WD 2011/ 008572PCT/ US2010/ 040617 - 1 -5-HT3 RECEPTOR MODULATORS, METHODS OF
MAKI NG AND USE THEREOF [ 0001] This application clains the benefit of U S.
Provi si oD 2Paitm@s8372 Appl i cati on 5Serial No. 61/225, 368, Priras2dwioyeizs, 2009,
whi ch 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 nodul ators, conpositions, their use in the treatnent of diseases
in which the 5-HT3 receptor is irrplicate]d for exanple, in the treatnent of
Irritable Bowel Syndrone (I1BS), chenotherapy- induced nausea and vom ting
(CINV), and post-operative nausea and vomting (PO\W), and the use of the

[0003] 11 abl o Bona TSgRGPERON oG URATORS M BRg Gr MAKTNE, cal t ncar e

systemin that |IBS managenent in ANDP USESTHEREOR i nated to cost 8 billion
dol lars annually 20in direct nedical care costs and as high as 25 billion
dollars in indirect econom c costs. [0004] Conpounds which alter the
activity of ¢#ftjai n sdhotapplicatisred@pis tresbehefit of B0 RroviBnafHatenf Applickeon

synptomatic treafne f h en .0 thls cl ass
is al oset?ong a?beréc}{zcgﬁpﬁg’?iedmgyt QWBYg'rcréésg’ﬁfeg?/ '%ﬂ'fpgﬁt?ﬁ%gtrge or'tly

f ol | owi ng it 8seéemiratpducti on in 2000, al osetron was w t hdr awn from t he mar ket
due to instances of 25ischemc colitis occurring in IBS patients. Later,

the drug was reinstated by the FDA because the demand by patients was so
great for ‘a treatnent for |BS. FIELROFZTHEANVESTEOdd and Drug Adm nistration
approved al osetron hydrochl oride (LOTRONEX(r)) tablets under restricted
conditions for patients in whomthe nedical benefits outweigh the risks.

[ 0005] Randse{aoor], a 5ﬂHa'Bresmépt:m'ronamtasgtorsémtonmrtj'@-h@mm)chev;ﬁbroped and 30
mar ket ed for egelms associ, etg]e L

J
for the tl’ea{nr‘ren'fltors COMmpast 1g:shce I%e m?hartr%gtr t cﬁrdasggsbs d@ﬁé&ﬂ% §)¥ﬁd in Japan

It o i an no feports of
i schem ¢ col recegoriaingliagmpd doredample, in the treatment of Imtable Bowel Syndrome (IBS),

chemotherapy-induced nausea and vomiting (CINV), and post-operative nausea and
vomiting (PONV), and the use of the compounds in combination therapy.
15
' BACKGROUND OF THE INVENTION

[0003] Irritable Bowel Syndrome (IBS) has a major impact on the healthcare
system in that IBS management in the U.S. is estimated to cost8 billion dollars annually

20  indirect medical care costs and as high as 25 billion dollars in indirect economic costs.
[0004] Compounds which alter the activity of certain serotonin receptors have
shown benefit for the symptomatic treatment of IBS. To that end, the only U.S. drug in
this class is alosetron, a serotonin type-3 (5-HT3) receptor antagonist. Shortly following
its introduction in' 2000, alosetron was withdrawn from the market due to instances of

25  ischemic colitis occurring in IBS patients. - Later, the drug was reinstated by the FDA
because the demand by patients was so great for a treatment for IBS. 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.
[0005] Ramosetron, a 5-HT; receptor antagonist originally developed and

30 marketed for emesis associated with cancer therapy, was approved in Japan for the
treatment of IBS. Since its introduction in 2008 no reports of ischemic colitis have

~ appeared.



-2- 100061 5-HT3 receptor nodul ators with inproved safety profiles are
therefore highly desired for the treatnent of I1BS. A 5-HT3 receptor

nodul at orwO=0amosgyent whi ch can either inhibit (e.g., amrCaruSagoisl) or
partially activate (e.g., a partial agonist) the 5- HT3 receptor.
5100071Nausea and vom ting caused by chenot herapy remai n anong the nost

di stressing side effects for patients u(r};:lergoi ng treatnent for cancer.
Dependi ng upon t he chenot herapy agents regi nens given, up to 90% of
patients may sufferfrom sone form of chenot herapy-i nduced nausea and
vomting (CINV). Synptons from CINV can be severely debilitating and often

resyl tin pato'oﬁ ts ref rgceaw; Frl%gulatgr%l‘wﬁ(%%a%(/%cﬂ'g? g%h lan){e’r fx\iiet h

obvi ously untavorabl e co mseqtiences as esslon the cancer.
Furt her nore, h@lbd‘desusd farrticketreatment ofiBSha 5‘?5@“ ®a¢ptcsymdemormnsagmt mgucthl me from

t he health j : t

medi cal i sout Mottt ISR AE RS S SRREL RIS O o
and del ayed Or\Ncepbout e CI NV occurs within the first 24 hours of treatnent;
del ayed CL NV Ogﬁﬁ:r S frl\%”ée%%rdl § hn?nﬁegs c#?ed ?Qag@#{%&a é'fr]erlQWangn {hgﬁ';[ g{ent

Del ayed ins a hig rea atients
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managenent of naus ncer. Bl ocking the
5- HT3 r edept crenitgrapl, with ¢bhe>u61MSnfavorpléc rplienugnappoagsds to pgessson ofgbat e
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addition, t h&lezszdthmbc staff,lwim @hldtd’alsr\memt@hd Wi mhqma@ﬁgamrmeda@lr@pﬁ ant
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treat nent of snﬁ@fﬁéct in patients undergoing chemotherapy, as healthcare providers tend to
underestimate the number of patients who s.uffer from delayed CINV. Furthermore,
delayed CINV greatly impairs patients’ ability to provide care to themselves once they
have been discharged.

20 - [0009] Compounds that target 5-HT; receptors are effective anti-emetics; they
constitute the single gréatest advance in the management of nausea and vomiting in
patients with cancer. Blocking the 5-HT3 receptor signal in the CNS or periphery appears
to prevent acute emesis. 5-HT; receptor modulators are approved to prevent acute CINV.
Palonosetron is also approved for the prevention of delayed CINV. In addition, the

25  combination of the neurokinin antagonist aprepitant (EMEND®), a 5-HT; receptor
modulator, and the corticosteroid dexamethasone has been shown to be highly effective in -
preventing both acute and delayed cisplatin-induced emesis.

[0010] Palonosetron has received approval for the treatment of post operative
nausea and vomiting (PONV). Therefore, 5-HT; receptor modulators may be useful for

30 the treatment bf PONV,

[0011] Clearly, there is a need for improved therapy for IBS, CINV, and PONV.

The present invention is directed to achieving this objective.



100111Cl early, there is a need for inproved therapy for IBS, CINV, and
PONV. The present invention is directed to achieving this objective. W
2011/ 0085¥oRCI/0087010/ 040617 - 3 - SUVWMARY OF THE | NVENPLCONUSR@OL2j6The
present invention relates to a conpound of formula I: 5 formula |
wherein: 10 represents an optional double bond; Qis a saturated,

bi cyclic, heterocyclic am ne, wherein th3e saturated, bicyclic, heterocyclic
anmi ne conprises at |east two atons between the ami de nitrogen of the
conpound of forrmula | and ‘any am ne nitrogen of Q and wherein the
saturated, bicyclic, heterocyclic 15amne is optionally substituted with
from1l to 3 substituents ind ach occurrence thereof
fromthe group consisting of g@%@%ﬁfﬁﬁgﬁ?i(’ﬁm and -NR7R8; X is
CH CH2, CR2, C(R2)2, N, NH, C=0, or S@; 20

[0012] The present invention relates to a compound of formula I:

N
0 n
N
X \
| X
A
1
5 Ry
formula I
wherein:
10 ====== represents an optional double bond;

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

15 amineis optionélly substituted with from 1 to 3 substituents independently selected at
each occurrence thereof from the group consisting of C;-Cj alkyl, halogen, —CN, —OR’,
and —NR7R8;

X is CH, CHj, CR?, C(R%),, N, NH, C=0, or SO5;
20
Y is CH, CH,, CR?, C(R%),, N, NH, NR?, O, or C=0;

R' is individually selected at each location from the group consisting of H, halogen, —

OR*, —NRR’, —NR*C(O)R®, —NR*C(0);R?, —NR’C(O)NR’R®, —S(0O){R®>, —CN, —
25  C(O)R®, —C(O)NR’R®, C,-Csalkyl, C,-Cs alkenyl, C,-Cg alkynyl, C3-Cs cycloalkyl, Cy-

G cycl'oalkylalkyl, aryl, and heteroaryl, wherein each of C,-Cg alkyl, C»-Cs alkenyl, C,-



Yis CH CH2, CR2, C(R2)2, N, NHL NR3, 0, or C=0; RI is individually

sel ected at each location fromthe group consisting of H hal ogen, - OR4,

- NRARS, -WB2C(1008F2 - NRAC(0) 2R5, - NR5C(0) NR5R6, - S(0) gRPCTASR)10404®HT( 0) R5,
-C(0) NR4R5, Ci1-C6 al kyl, C2-Ceal kenyl, C2-C6al kynyl, C3-Cé6cycl oal kyl, C4-
C7 cycl oal kyl al kyl ,” aryl, and heteroaryl, wherein each of C -C6 al kyl,

C2- Coal kenyl, C2- - 4 - C6 al kynyl, C3-Cé6cycl oal kyl, C4-C7

cycl oal kyl al kyl, aryl, and heteroaryl is optionally substituted with from1
to 3-substituents independently sel ected at .each occurrence thereof from
Cl1-C3 al kyl, 'hal ogen, -CN, -0OR2, -NR2R8, and phenyl which is opti onaIIy

substi t ut ed ,

al koxy, - é %}Hyﬁ%ﬁdﬁ%@@i %%iggycﬁ:n %a]@u%lyansée%agﬁtsa@ é%ﬁ:]% I ocatl on
fromthe gr ou{bstquéwsthrfmg loto 3Hubstitlentg nicpend@itly sele¢ipUaRBach-ORUEHE) RS,

Al kyl 0)215, ye 18 eSS Byt b R ey e R g A R, -

cycl oal kyl al kgllonalb'rwbstltlacﬂjl -Bdimes with Halogenher@i aik)ée@nFCdfalO@Ika/C@r&Ja Rikbxy,

C2- CBal kenyl ,_ 6@7 | kviQ ?@ rs. C3- C6eycl oal kyl, CA-C7 cycl oal kyl al kyl, aryl,

and heteroaryl |s optlonal y sSubstituted with from1l to 3 substituents
i ndependently sel ected at each occurrence t hereof from Cl-C3 al kyl,

hal ogen, - CNg2 t 1-3 tinmes
w thonal ogen® regeufigeriBRGIN ba ot forp B L THESE 1 HIdEER =2 3 Tor
-NR2R8; R3 i @Rsei—él&léd—fwlbﬁ((t))?e glNi&Jﬁ(Q)dh FNREQODIRRL, —@(Q)B‘ aHON, —

and het or oar I meELOKMRS, (e S CarBa, o BRIyt
and heteroary mher I'n eaéh of APken *kynyl ,

C3- Cocycldal k‘ytycl@mbyml,@aﬂ kgttraarkylwheram)phch efrta-Q el @n@aalwnyi £o-
optionally spb 1 tifiuents. .l y sel ected
at each occu?r%&%gpg’ﬁg é\%c? H’y g%‘}‘&%_c@oaif@djﬁﬁ, Einr)tz’ill %‘rge}%tewa%g%ﬂl%%% and
phenyl whi chsubstitaied wdth difomyl t@@bsbﬁtituswfe@dzpféﬂd@ﬁﬂaeslewtt41 chchl aggparenceCl - C4 al kyl

Cl- 4 hal oal or Cl-4

al kyl, C1-C4 ePf%C% %fbgﬁ%%eﬁox :H%R N cycI ﬁ?ﬁﬂrh%ﬁ

cycl oal kyl al ng}lonallyfs(ut)%tmed pbBeimg$ WltbhaIMHz@l -Ca aAh)é,r(éan h@h@ﬂ(yl CotCs busnmyl is
optional |y suttsg,l tehe%rl LR7R3. times with hal ogen, cyano, Cl-Ca alkyl, C-Ca
hal oal kyI or C-Ca alkoxy; 30R5 is H Cl-Ca alkyl, C-C4 haloalkyl, C-C4
alkoxyalkyl C3- Coeycl oal kyl, C4-C7 cycIoaIkyIaIkyI phenyl, or benzyl,

wher ei n phenyb ARLb AR ) With
hal ogen, Cyaﬁolsglée‘g%d;ﬁa’11 tHesga%Cbmh% oaﬁ%gaq%ﬁ%gc%ég@%yl k%)(@a'f@ﬁﬂ

C3-Cs cycloalkyl Cs- C7 cycloa]kyla]kyl aryl, and heteroaryl wherein each of C;-Cs alkyl,
C;3-Cg alkenyl, C3-Cg alkynyl, C;-Cq cycloalkyl, C4-C; cycloalkylalkyl, aryl, and

20 heteroaryl is optionally substituted with from 1 to 3 substituents independently selected at
each occurrence thereof from C;-C; alkyl, halogen, Q—CN, —OR’, —NR'R?, and phenyl
which is optionally substituted 1-3 times with halogen, C,-C4 alkyl, C;-C4 haloalkyl, C,-
C; alkoxy, —CN, —OR’, or —NR7R8;

25 RYisH, C;-Cq alkyl, C;-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cg cycloalkyl, C4-Cy
.cycloalkylalkyl, —C(O)R®, 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-C,4
alkoxy;

30  R’is H, C,-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C;
cycloalkylatkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-C4 alkyl, C|-C,4 haloalkyl, or C,-C4 alkoxy; or



R4 and R5 are taken together with the nitrogen to which they are attached
to forma five-to seven-nenbered heterocyclic ring, which conprises from1l
to 2 het ewoanmmsyel ected fromthe group consisting of RCTASYEN/04@LYgen,
and sul fur, and is optionally substituted 5 from1l to 4 tines with a '
substituent selected independently at each occurrence thereof fromthe
group consisting of hal ogen, cyano, C %4 al kyl, Cl1-C4 hal oalkyl, and Cl-C4
al koxy; R6 is Cl-C4 alkyl, Cl-Ca haloalkyl, or phenyl; 10 R7 and R8 are
each independently H CI-C4 al kyl, Cl-C4 hal oal kyl, G -C4 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 from1l to 3 tines with a

substi t uent sel ect ed i ndependently at each occurrence thereof fromthe
group consi s&f mgilbfarhak@gegﬁthemmthme riG@er Qawhittkipky ar€atiChedial forai fkt}ve- and

Cl-C4 al kOtho s@yén mg'm redzheter& l:l?c r?rﬁ/gvhncﬁco 6r SFS fr&nq tc?g’n&eﬂoﬁ]pgs setect 2; or

an oxi de thereo a phar n'aceu | Ca acceptable salt thereo SO vate
t hereof , or frodhagrotiheansisting of 5[tELB pxyeoned sufipaod iseitioradly pubswied

i nventi onsr elfr@;nqstoh(?m%s WQH&% gﬁt s%@gtg%’naﬁ)en%ﬁtly at e(aBt éogurfré?{cé'}h' %o# I

wher ei n: repr esents an optional IS a satbrated I cyclic,

het er ocycl i c framithegroyheonsistingtaf balsgenueyana & -Gaiatky b ICi-€4 hhle@lbylowlcﬂn% amne is
optional | y sg,%)w tuted with from1l to 3 substituents i ndependent l'y sel ected
at

R® is C;-C4 alkyl, Ci-C4 haloalkyl, or phenyl;

10
R” and R® are each independently H, Ci-Cq alkyl, Ci-Cy 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,

15 C,-C4 alkyl, Ci-C4 haloalkyl, and C-C4 alkoxy;
nislor2; "

pis0, 1,2, 0r3; and
20
qis 0, 1, or2;

or an oxide thereof, a pharmaceutically acceptable salt thereof, a solvate thereof,
or prodrug thereof.

25  [0013] Another aspect of the present invention relates to a compound of formula
I



10each occurrence thereof fromthe group consisting of Cl-C3 alkyl,

hal ogen, -CN, and -NR7R8; X is CH CH2, CR2, C(R2)2, N, NH, C=0, or SQZ;

15Y i s CHyoehijooeR2, C(R2)2, N, NH, NR3, 0, or C=0; Z i ®#CT/USROIBL04(R17 i S

i ndividually selected at each location fromthe group consisting of H,

hal ogen, - 20 OR4, -NR4R5, -NRAC(0)R5, -NR4C(0)2R5, -NR5C(0)NR5RS6,

-S(0),,R5, -CN, - C(0O)R5, -C(0O)NR4R5, Cl:C6 al kyl, C2-Co6al kenyl,

C2- C6al kynyl , C3-Cé6cycl oal kyl, C4- C7 cygfoal kyl al kyl, aryl, and

het eroaryl, wherein each of G -C6 al kyl, C2-C6al kenyl, C2- C6 al kynyl,

C3- C6cycl oal kyl , C4-C7 cycl oal-kyl al kyl, aryl, and heteroaryl is optionally

substituted with from1 to 3 substituent s%i ndependent |y sel ected at each

occurrence 25 thereof from Cl-C3 al kyl, | ogen, -CN,-NR7R8, and phenyl

which is WD 2011/008572PCT/ US2010/ 04067 - 7 - optionally substituted 1-3

times with halogen, C-C4 al kyl, C-Ca hgloahkyl, .C-Ca al koxY, -CN, -0R7,

or -NR7R8; R2 is individually selecy eagh | ocation fromthe group

consisting of H halogen, - 5 OR -NRAR5, -NR3JC(0)R5, -NRAC(0)2R5,

-NR5C( 0) NR5R6, -S(0)gR5, -CN, - C(0)R5,\ -C(0) NRAR5, Cl1-C6 al kyl, C2-C6

al kenyl, C2-Co6al kynyl, C3-C6 Cyd Cal = A7 cycl oal kyl al kyl, aryl, and

het eroaryl, wherein each of Cl-C6 al - Coyg) kenyl, C2- C6-al kynyl,

C3- C6eycl oal kyl, C4-C2 cycl oal kyl al k |, /Aahd heteroaryl is optionally

substituted with from1l to 3 substit i ndependently sel ected at each

occurrence 10 thereof from Cl-C3 &Ryl, hal ogen, -CN,-NR7R8, and phenyl

which is optionally substituted 1-3 tines, wth hal ogen, Cl1-C4 al kyl, C-C4

hal oal kyl, Cl-C4 al koxy, -CN, -0117, 8?”“—”‘%@7%; R3 is selected from

the group consisting of H Cl1-C6 al kyl, C3-C6al kenyl, C3-C6al kynyl,

- 15C3- Coéeycl oalhk%/l , CA-C2 cycloal kyl al kyl, aryl, and heteroaryl, wherein
each of O -C8'"8I°KYI, C3-Cs6al kenyl, C3-C6al kynyl,

C3- Coeycl sal kyl, cycl oal kyl al kyl, aryl, -and

------ represents an optional double bond;

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic, heterocyclic
amine is optionally substituted with from 1 to 3 substituents independently selected at

10  each occurrence thereof from the group consisting of C,-C; alkyl, halogen, —CN, —OR7,
and ——NR7R8;

X is CH, CH,, CR?, C(R?),, N, NH, C=0, or SO;
15 Yis CH, CH,, CR% C(R%),, N, NH, NR?, O, or C=0;
ZisCorN;

R' is individually selected at each location from the group consisting of H, halogen, —
20 OR*, —NR'R’, —NR*C(O)R? —NR’C(0);R*>, —NR’C(O)NR’R®, —S(O){R’, —CN, —
C(O)R®, —C(O)NR’R®, C,-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, Cy-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C,-Cg alkyl, C,-Cs alkenyl, C;-
Cs alkynyl, C;-Ce cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurrence

25  thereof from C,-C; alkyl, halogen, —CN, —OR’, —NR’R®, and phenyl which is



heteroaryl is optionally substituted with from1l to 3 substituents

i ndependently sel ected at each occurrence thereof from Cl-C3 al kyl,

hal ogen, WQNP1/@82 - NR7118, and phenyl which is option&Ciryussubossiciut ed 1-3
times with hal ogen, Cl-C4 alkyl, G -C4 hal oal kyl, 20 C4 al koxy, -CN, -0R7,
or -NR7R8; R4 is H Cl-Ca alkyl, Cl-Ca haloal kyl, Cl-C4 al koxyal kyl,

C3- Coeycl oal kyl, CA4-C2 cycl oal kyl al kyl, 5C(0) R6, phenyl, or benzyl, wherein
phenyl or benzyl is optionally substituted 1 to 3 tinmes wi th hal ogen,

cyano, Cl1-C4 al kyl, CI-C4 hal oal kyl, or Cl-C4 25al koxy; R5 is H Cl-Ca

al kyl, C1-C4 hal oal kyl, Cl-Ca al koxyal kyl, C3-Cé6cycl oal kyl -

cycl oal kyl al it AAER) el SRARZ hManebncpmggl\y%de4 ?JQ&IW 61'" ﬂﬁ)&;( onal |y

substituted I'ogen, “cyano ‘oal kyl ,
or Cl-Ca al kexgN, -oOR3or £NBR*t he group consisting of nitrogen, oxygen, and
sul fur, and is optionally substituted from1l to 4 tines with a substituent
selected |ndependently at each occurrence thereof fromthe group consisting
of hal ogen, (Ry&rlodwldnalmelaﬂmt eaddllo@iorhfibo ahekgroup candsti@goCH, bdlégory+— 5 R6 i S

Cl-C4 al kyl 7 snd dent |

h L ca 5k %"%ﬁj ﬁgtf’?q(%‘?r %pggé)élli‘kox@'g%%@g’-Eg@&@gl gcgl@ﬂylem Y

%bgzc?/c : gaIQ@}RaJ ‘k‘}ﬂ(O)Nm%(Rfﬁs alkiile By4Cs al@enybémq,ualkynmce;ee«pygndhy;t C?Lent |
y ‘apfc%cgse}ﬁ!lyﬁkyz,gpé, Anh 'ﬂat%a{yf Uerki r{'s%c]goft 1%%\ td% Eak

sel ected |ndepe occurrence t ereo group conS|st|ng
,of hal ogen, &yalkmyl,Ch-Ge4ydbdtpll, C.&lr-ogelotibyldylkaryl, araﬁdte@ar)@as mtlhmw n.
is 0, 1, or i s 1 or 2
and (2) when gl?sWu{eQ%\gﬂ%oﬁ{ P% 3%91%5%&?1% mc(e%érﬁimg@el%c%éatuac}g&%}ré?lgé and q i s
0, 1, or 19; ®H@rof fram Goxti:akyt helpganf —GN, ph@RrracEBfR cardiphenpd ebphabl e sal t

ther EOf a S%Lt‘{(ﬁntdﬁ’y MB&&&QJ i- 391';ne9(vﬂﬂ'hﬁllggénher éoglkyl Ci-Cq4 ha]oalky] C,-C4 alkoxy,
—CN, —OR’, or —NR'R%;

R3 is selected from the group consisting of H, C.-C6 alkyl, C3-Cg¢ alkenyl, C3-Cg alkynyl,
ISA C;3-Ce cycloaikyl, C4-Cq cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cg alkyl,

C3-Cs alkenyl, C3-Cg alkynyl, C3-Cs cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and

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

each occurrence thereof from C;-Cs alkyl, halogen, —CN, —OR’, —NR'R?, and phenyl

which is optionally substituted 1-3 times with ha-logen, C,-C4 alkyl, Cy-C4 haloalkyl, C;-
20  C,4 alkoxy, —CN, —OR”, or —NR'R?;

R*is H, C;-C4 alkyl, C;-C4 haloalkyl, C;-Cs4 alkoxyalkyl, C3-Cs 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;-C; alkyl, C,-C4 haloalkyl, or C;-C4
25  alkoxy;

R® is H, Ci-C4 alkyl, C;-Cq haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C;
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl 6r benzyl is optionally substituted 1 to
3 times with halogen, cyano, C,-C, alkyl, C,-C4 haloalkyl, or C;-C,4 alkoxy; or

30
R* and R’ are taken together with the nitrogen to which they are attached to form a five-

to seven-membered heterocyclic ring, which comprises from 1 to 2 heteroatoms selected



[ 0014] The present invention also relates to a nethod of treating a disease
or condition which is susceptible to treatnment with a 5-HT3 receptor

nodul at orwOBhi1go2Feet hod i nvol ves sel ecting a pati ent wWPCH/US2@i09¢®sT or
condition which is susceptible to treatnment with a 5-HT3 receptor nodul at or
and adm nistering to the patient a therapeutically effective anobunt of a
conpound of fornmula I or Il or a pharmacgutically acceptable salt thereof.
[ 0015] A further aspect of the present invention relates to nethods of

maki ng the 30conpounds of the present invention. [0016]1t has now been
found that conmpounds of formulae I and Il are 5-HT3 recept or nmodul at ors
Thi's 1 nventi gn, np oyl dessompaunds Lat, o iy bek N84 2e5R0 oM, DuldRt 3
(5-HT3) recegtor WPCHP B 'h§f(1‘|n|tg TS tSIVI’t |spconsP'sfl W|ththe
effects of otﬁioerluoepomds@dthfa—sbﬂ's&tueemmted mdmbudimlpasaaclsmenaice dferephii ch have
been approved to, treat hu ease |nc r

ranoset ron), q&w %rou%w"s' othalo%en c’b djgaetr L%Sgcﬁ glﬁgalk ror?)eé Gt nd PONV

( pal onoset r oakoxyfhe conpounds provided by formula | and Il 5are useful for
the treatpgent of irritable bowel syndrome, nausea, enesis (vomting), and
ot her disorders described herein. The 5-HT3 receptor nodul ators of the
present i nvemfiiob-Gratkyl r@ats aloatkplyer wienyIBS synptoms (e.g. |BS-D, |BS-M and
| BS-C). .DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0017] The present invention
relates to a corrpound of fermula I: wherein: represents an optional double
bond; and 20®’ |a3d& &*abacham(bplqndmtwrtldlfm atkgt, €i-02 halbalkyla@i-Oeglkardyalkgi @3-t he
sat ur at ed, b| i m ns

bet ween t he aﬁl loaﬁdy rd éﬁy§¥aq lﬁkﬁonp%go)rignﬁ?e")f oorrrlr)ﬁ'im@(E W% %ﬁﬁgﬁl ne

ni t r ogen 16f @erwydxswhmmlIynstﬂalswutsafrunnatted timgh whblsuhstntmemteclewcbl ic amne is
optionally subtltut d,w hfrom to S e sel ected
or each oecurRanestl s HshOro b8t G fop Rk oIS R ERERA el

hal ogen, CI\I,CI—CQ_‘BH(,yl, C;-C4 haloalkyl, and C)-C4 alkoxy;

nis 0, 1, or 2, with the provisos that: (1) when Z is N, then n is 1 or 2; and (2) when Z is
15 C,thennisO, 1, or2;

pis 0,1, 2, or 3; and

qis0,1,0r2;

20
or an oxide thereof, a pharmaceutically acceptable salt thereof, a solvate thereof,
or prodrug théreof.'
[0014] 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

25 method involves selecting a patient with a disease or condition which is susceptible to

~ treatment with a 5-HTs; receptor modulator and administering to the patient a

therapeuticallyv effective amount of a compound of formula I or II or a pharmaceutically
acceptable salt thereof, _
[0015] A further aspect of the present invention relates to methods of making the

30  compounds of the present invention. _
[0016] It has now been found that compounds of formulae I and Il are 5-HT3

receptor modulators. This invention provides compounds that bind to the serotonin type-



25 and -NR7128; WD 2011/008572PCT/ US2010/ 040617 - 10 - X is CH, CH2, CRz,
C(R2)2, N, NH C=0, or S@; Y is CH CH2, CR2, C(R2)2, N, NH, NR3, 0, or
C=0; 5RI wendiosi7dual |y sel ected at each | ocation frompPCRAISQI1000617
consisting of H halogen, - Oe, -NR4R5, -NRAC(0)R5, -NR4C(0)2R5,

-NR5C( 0) NR5R6, -S(0)gR5, -CN, - C(0)R5, -C(0)NR4R5, Cl1-C6 al kyl,

C2- Coal kenyl , C2-C6al kynyl, C3-Cé6cycl oal kyl, C4- C7 cycl oal kyl al kyl, aryl,
and heteroaryl, wherein each of Cl-C6 alkyl, C2-C6al kenyl, C2- C6 al kynyl,
C3- C6eycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl, and heteroaryl is optionally
10substituted with from1l to 3 substituents independently selected at each
occurrence t I d phenyl
which is opti gnal )ruegg‘é Q}IP %h%hk%é TP%&QJ V\Ptsr_lco%\%tentgﬂg tl&_&‘%ﬁﬁ%r &tﬂ{}

hal oal kyl , Crep@ztecbﬂ KHdxsecepta@ModulBkaes, sc)/leral NFWlR& ha1/5Ré_bn|a9pnomﬁ mltld@tehlumyn '

OIS St LIRS SIS RILEL 40 bty L
Cg( 8) E:?ggSk l@tar'ﬁ:ﬁlroab lapd PORY-(@8ahdsetny)., : Tl@ZGO@@&MdIy ﬁ;dv;de@y GBoykllead Kyl I 4
Co- Chal kony] 2R freat MR L HBRARG W IFRE o BB e (T EY o)
and het er oar ylhen disongxry dmalble? haemudbe iS{HIb e@e}WDrt rhodutaters of the pRsentitpseritionent s

i ndependent | }4] ﬁ{ﬁ%tr?n%ﬁ.%}}l@aﬁn’m%ﬁ rﬁe';%%a%}laﬁrﬁ%d ]fBrso(g? Cl-C3 al kyl,

hal ogen, - is optionally substituted 1-3
times with haI ogen, Cl1-C4 al kyl, Cl C4 hal oal kyl, C1- C4 aI koxy, -CN, -OW

or -NR7R8; 25R3 is sel Cl-C6 al kyl,
C3- Cbal kenyl , C3- Coal k%@?gl%ﬁﬁﬁ W}Q &p?ﬁll%y cyc kyI al kyl, aryl,
and het erIOaryI wherei n each of Cl-C6 al kyI C3- Coal kenyl C3- Coal kynyl

C3- C6§:ycl oal m %] f romzri\gﬁépes%ﬁl %Jltfolnl?é(lLtESt% ycorcrj;gglgﬁgg otrFLBE}ryl I's opti Onal ly

substituted tuents in y sel ected at each
occurrence thereof from Cl-C3 al kyl, hal ogen, -CN, -NR7R8, .and phenyl

O n
N
AN \
| X
Vo
®Y,
. formula |

wherein:
====== represents an optional double bond; and

20 Qs 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 whereiﬁ 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;-C3 alkyl, halogen, —CN, —OR/,

25 and —NR'R%;



30which is optionally substituted 1-3 tines with hal dgen, Cl1-C4 al kyl,
Cl- 4 hal oal kyl, Cl1- &4 al koxy, -CN, -Oe, or -NR’/R8; R4 is H C-Ca

al kyl , ClwQaohalogstkkyl , Cl - C4 al koxyal kyl, C3- C6cycl oal gr/US@A00F0617

cycl oal kyl al kyl, -C(0)R6, phenyl, or benzyl, wherein phenyl or benzyl is
optionally substituted 1 to 3 tines with hal ogen, cyano, Cl-Ca alkyl, Cl-Ca

hal oal kyl, or Cl-Ca alkoxy; 5 R is H C.-C4 alkyl, C-Ca haloalkyl, C-C4
al koxyal kyl , C3-Cé6cycl oal kyl, C4-C7 cycl'oal kyl al kyl, phenyl, or benzyl,
wher ei n phenyl or benzyl is optionally substituted 1 to 3 tinmes with

hal ogen, cyano, Cl-C4 al kyl, Cl-C4 hal oal kyl, or Cl-Ca al koxy; or 10R4 and

R5 are takenyt hi podhe nitragen, to, which they are attached to form
a five- to s)e(vfeg%ﬁ-}ﬁe ’eerf\%daﬂie zérr\lbtjycﬁi @’Orrisﬁ)d’, whi ch conprises from1l to 2

het er oat ons sel ected fromthe group consisting of nitrogen, oxygen, and

sul fur, and iYSis eﬁégﬁ?%dzyc@g)b%,iﬁ#’tﬁ@ Brgrr?ggo_to 4 times with a substituent

sel ect ed i ndepen y at ¢h "oCCUrT énte thereof fromthe group consisting
of hal ogen, cyano, Cl-C4 alkyl, Cl-Ca hal oal kyl, and Cl-Ca 15al koxy; R6 is

Cl-C4 al kyl, ,C -~C4 .haloal,kyl,..or.ph . . [ pendent |y
noa-ca BB "%Y'?%"Hg‘f‘%%?dk???c“ SR rﬁg@gﬁﬁgﬁg?ﬂgﬁggﬁ%@gl%ﬁ oal kyl ,
C4- C7 cycl oaDRy,-aNRJR’, —NRO @R’ pINRICIO).RY;, —BEREYD)NRIBREr-eB(@)gtiemN,or benzyl
is optionall g Swubst | g)trﬁgfr_ 3] i 1 tht ect ed
i ndependent | SY/:(@;I{ ’eagk occlt}r’r(“‘é)nreéélk%ﬁgf g&:lﬂ%ﬁ%#z?ﬂgﬁgﬁ,? %682§{9%lt<)ﬁ%4 of
hal ogen, cyafogyc@akghlkyl, lasl, anChetSsaryhwbaickydach efifdl-GhikgY Cailkatkgnyl,.Zon is 1 or
2, pis O, 1C(, %kyn?'[, (,33-;C6%)r110q]oaﬂ<y'l,%4-cb7 c}cloﬁﬁyl%l‘(yl?’a(}yl, and heteroaryl is optionally
10  substituted with from 1 to 3 substituents independently selected at each occurrence
thereof from C,-Cj alkyl, halogen, —CN, —_OR7, —fNR7R8, 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%;

15 R%is individually selected at each location from the group consisting of H, halogen, —
OR*, —NR*R®, —NR’C(O)R®, —NR*C(0);R?, —NR’C(O)NR’R®, —S(0O){R’>, —CN, —
C(O)R®, —C(O)NR'R’, C,-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, Cq-
C7 cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cs alkyl, C>-Cg alkenyl, C-
Cs alkynyl, C3-Cg cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally

20  substituted with from 1 to 3 substituents indeperidently selected at each occurrence
thereof from C;-Cs alkyl, halogen, —CN, —OR’, —NR'R?, and pheny! which is
optionally substituted 1-3 times with halogen, C;-C; alkyl, C-C4 ha]oalkyl,{C;-C‘; alkoxy,
—CN, —OR’, or —NR'R%,

25  R®is selected from the group consisting of H, C;-C¢ alkyl, C3-Cg alkenyl, C;-C¢ alkynyl,
C;-Cg cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and heteroaryl, wherein each of C-Cs alkyl,
C;-Cs alkenyl, C3-Cg alkynyl, C3-C6'cycloalkyl, Cs-Cy cycloalkylalk)\'l, 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

30  which is optionally substituted 1-3 times with halogen, C,-C, alkyl, C,-C4 haloalkyl, C;-
C,4 alkoxy, —CN, —OR’, or —NR'R?;



WO 2011/008572 . PCT/ US2010/ 040617 - 12 - [0018] Anot her aspect of the
present invention relates to a conpound of fornmula )p fornmula Il 5

wher ei n: worepr®ssat s an opti onal double bond; and 10Q iPSTAISSEDOH@IE,

bi cyclic, heterocyclic amne, wherein the saturated, bicyclic, heterocyclic
amne is optionally substituted with from1 to 3 substituents independently
sel ected at each occurrence thereof frorlrg_lhe group consisting of Cl-C3

al kyl, hal ogen, -CN, and -NR7R8; 15X i$§ , CH2, CR2, C(R2)2, N, NH, C=0,
or S&2; Yis CH CH2, CR2, C(R2)2, N, NH, NR3, 0, or C=0; Zis Cor N, 20
Rl is individually selected at each |ocation fromthe group consisting of

08 sl BT, B IR, SO0

C3- Coeycl oal kxplo,alk@@%kyC?—C(;O)R&@hkrwl ak katizyl, ahgrbm paerg! hrdteez)(b&srqphpna}ﬂyer ein each
of C-C6 alk 5C6a n al kyl, C4-C7
u}l/) tituted ?@63!’» F may \P./| r(lj%o I,,yc]yano YI Xllk%la]gg Ccﬁﬁga(fky? orlé -Cy

cycl oal kyl al aryl
: alkoxy,

R’ is H, C,-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-Cy
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,-C,4 alkoxy; or

10 R*and R® are taken together with the nitrogen to which they are attached to form a five-
to seven-membered heterocyclic ring, which comprises from 1 to 2 heteroatoms selected
from the group consisting of nitrogen, oxygen, and sulfur, and is optionally substituted
from 1 to 4 times with a substituent selected independently at each occurrence thereof
from the group consisting of halogen, cyano, C-Cs alkyl, C,-C4 haloalkyl, and C,-C4

15  alkoxy; '

R® is C)-Cy4 alkyl, C)-C4 haloalkyl, or phenyl;

_ R and R® are each independently H, C;-C4 alkyl, C-C4 haloalkyl, C,-C, alkoxyalkyl, Cs-
20  Cscycloalkyl, C4-Cs cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, where‘in 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;-C4 alkoxy;
25 nislor2;

pis 0, 1, 2, or 3; and

qis 0, 1,0r2;
30

or an oxide thereof, a pharmaceutically acceptable salt thereof, a solvate thereof,

or prodrug thereof.



-13- substituted with from1l to 3 substituents independently sel ected at
each occurrence thereof from Cl-C3 al kyl, hal ogen, -CN,-NR7R8, and phenyl
whi ch i s wptzoommBi7g . substituted 1-3 tinmes with hal ogen, PCrAGao1alokost7 Cl - Ca
hal oal kyl, Cl-Ca al koxy, -CN, -Ae, or -NR/R8; 5 R2 is individually

sel ected at each location fromthe group consisting of H £ halogen, - OR4,
-NR4R5, - NR4C(0) R5, -NR4AC(0)2R5, -NRS5C(Q)NRS5R6, -S(0)gR5, -CN, - C(0)RS5,
-C(0) NR4R5, Cl1-C6 al kyl, C2-C6al kenyl, "C2-C6al kynyl, C3-Cé6cycl oal kyl, C4-

C7 cycl oal kyl al kyl , aryl, and heteroaryl, wherein each of C -C6 al kyl,
C2- Coal kenyl, C2- 1 0Co al kynyl, C3-C6cycl oal kyl, C4-C7 cycl oal kyl al kyl,
aryl, and he aryl i tional subst i . i roml to
substituentshﬁ% ependéﬁ?ﬁ§’?8?@8{%EPEFmEQEﬁ&§€E%$%ﬂ%%8 Tﬁ%wg8fé??gﬁ1C1-C3
al kyl, hal ogén, -CN, -O0R7, -NR7R8, and phenyl which is optionally
substituted 1-3 times wth halogen, C-Ca alkyl, C-Ca haloal kyl, Cl-C4
al koxy, -CN, -0OR7, or -NR7R8; 15 R3 is s@ected fromthe group consisting
of H Cl-C6 al kyl, C3-C6 al kenyl, C3-C64l kynyl, C3-Cé6cycl oal kyl, C4-C7 '
cycl oal kyl al kyl, aryl, and heteroaryl, ereijn each of G -C6 al kyl,
C3- C6al kenyl, C3-C6al kynyl, C3-Cé6cycl oalK (A-C7 cycl oal kyl al kyl', aryl,
and heteroaryl is optionally substi® froml to 3 substituents
i.ndependent|y selected at 20 each occutrence fhereof fromG -C3 al kyl,
hal ogen, -CN, -0R7, -NR7R8, and phenyl is optionally substituted 1-3
times with hal ogen, Cl-Ca al kyl, Cl1- alkyl, Cl- C4 al koxy, -CN, -O0R7,
or -NR7R8; R4 is H C-C4 alkyl, C- halfoal kKXl , Cl-C4 al koxyal kyl ,
C3- C6eycl oal kyl, C4-C7 25cycl oal kyl ‘0) R6, phenyl, or benzyl,
wherei n phenyl or benzyl is optio y substituted 1 to 3 tinmes with
hal ogen, cyano, Cl-C4 alkyl, C-C4 hal oal kyl, or Ci-Ca al koxy; R5 is H,
Cl-Ca al kyl, CI-C4 hal oal kyl, Cl-Ca afokoxigdll kyl, C3-C6cycl oal kyl, C4-C7
SOCycIoalgyIaIkyI, phenyl, or benzyl, wherein phenyl or benzyl is
optional |y substituted 1 to 3 tines with hal ogen, cyano, Cl-Ca alkyl, C-C4
hal oal kyl , owh&kinC4 al koxy; or - 14 - R4 and RS are taken together with
the nitrogen to which they are attached to forma five-to seven-nenbered
het erocyclic ring, which conprises from1l to 2 heteroatons selected from
t he group coRSFSH tepgsents anioptiggedqubdpgénpnd and sul fur, and is optionally
substituted from1l to 4 tines with a substituent sel ected independently at
each occurrence thereof :

" 10  Qis asaturated, bicyclic, heterocyclic amine, 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 Cy-Cj alkyl, halogen, —CN, —OR’,
and —NR’R%;

IS X is CH, CH,, CR% C(R%);, N, NH, C=0, or SOy;
Y is CH, CHa, CR?, C(R?),, N, NH, NR?, O, or C=0;

ZisCorN;
20 |
R' is individually selected at each location 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-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, Cq-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cg alkyl, C,-C¢ alkenyl, C,-
25 Cgalkynyl, Cs;-Cs cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally



5from the group consisting of hal ogen, cyano, Cl-C4 al kyl, Cl-C4 hal oal kyl,
and Cl1-C4 al koxy; R6 is CL-C4 al kyl, Cl-Ca hal oal kyl, or phenyl; 10R7 and
R8 are eawbndepsndently H, Cl-C4 al kyl, Cl-C4 hal oal kpCT/US2010440617

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 from1 to 3
tines mnth a substituent selected independently at each occurrence thereof
fromthe group consisting of hal ogen, jg Cl-Ca al kyl, ClI-Ca hal oal kyl,
and Cl-Ca al koxy; 15 nis 0, 1, or 2, with t he provi sos t hat : (1) when Z is
N, then nis 1 or 2; and (2) mhen Z: is C, thennis O, 1, or 2; pis 0, 1,
2, or 3; and pharnaceutlcally

accept abl e sl P“‘?‘ﬁ%?”é‘gf“’m ‘ t83|5\‘)%5c‘g"ef“ﬁé?“‘5?6?"ge“‘fy Ej&‘l%ﬁéa‘i“ﬁ’é?%ﬁf‘ 25100191As
used above, tetof fisrd QI Elkyl haaogkeseromuow ofNRIRE, dnd\pbertyl @hichishe fol | owi ng

ol 1 owi ng. medHED “eSButrn EReein Belpky CPGblRE Gredrisil BSiuBBorar bon
group whi ch meGN,beOBf roai-ghR’'RSy br anched havi ng about 1 to about 6 carbon

atonms in the chain. Branched 30 neans that one or nore |ower alkyl groups
such as thyl, ethyl or propyl are attached to a |linear al kyl chain.

Exenpl ary al Rf/ls Igtiadyedly seledtadche eavhtidogtion fedrinyHe, grovppoogisying of Hpvatyggh, —n- but yI |
i phati ¢ Ty BReaBon gt ‘9?? O = PR car e b B e e B R
whi ch may beCgD)RAj-giI{OMIR'R ﬂl@aekliylhayclagkaiybmz czawnw,lﬁzact(, cieleakydaly- at ons i n
T £ R N T e T RN
10 Csalkynyl, C3-Ce cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurrehce
;hereof from C;-C; alkyl, halogen, —CN, ——OR7, —NR7R8, and phenyl which is
optionally substituted 1-3 times with halogen, C;-C4 alkyl, C)-Cq4 haloalkyl, C;-C4 alkoxy,
—CN, —OR’, or —NR'R?;
15 |
R is selected from the group consisting of H, C;-Cg alkyl, C3-Cs alkenyl, C3-Cs alkynyl,
C;-Cs cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cg alkyl,
C;-Cg alkenyl, C3-Cg alkynyl, C3-Cg cycloalkyl, C4-Cs cycloalkylalkyl, aryl, and
heteroaryl is optionally substituted with from 1 to 3 substituents independently selected at
20  each occurrence thereof from C;-C; alkyl, halogen, —CN, —OR’, —NR7R8 and phenyl
which is optionally substituted 1-3 times with halogen, C,-C4 alkyl, C;-C4 haloalkyl Ci-
C, alkoxy, —CN, —OR7 or NR7R8

R*is H, C,-C4 alkyl, C;-C4 haloalkyl, C,-C4 alkoxyalkyl, Cs3-Cs cycloalkyl, C4-C7

25  cycloalkylalkyl, —C(O)R®, phenyl, or bénzyl, 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 H, C,-C, alkyl, C,-C4 haloalkyl, C,-Cs4 alkoxyalkyl, C;-C¢ cycloalkyl, Cs-C5
30 cycloalkylalkyl, phenyl, or benzyl, wherein pheny! or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-C; alkyl, C,-C4 haloalkyl, or C,-C4 alkoxy; or -



Sethyl, or propyl are attached to a linear al kenyl chain. Exenplary al kenyl
groups include ethenyl, propenyl, n-butenyl, and i-butenyl. [0022] The term
"al kynyl "woeanosir2al i phati ¢ hydrocarbon group contai ni RgTAISC@ObaATar bon
triple bond and which may be straight or branched having about 2 to about 6
carbon atons in the chain. Preferred al kynyl groups have 2 to about 4
carbon l1l0atons in the chain. Branched neans that one or nore | ower alkyl
groups such as nethyl, ethyl, or propyl "are attached to a |linear alkynyl
chain. Exenplary al kynyl groups include ethynyl, propynyl, n-butynyl,
2-butynyl, 3-nmethyl butynyl, and n-pentynyl. [0023] The term "aryl" nmeans an
aromati c nongeycldsc or b= LG Fing syst arbon
atons, pref etiRa r\%y}i 3f° tgk%&%hhgﬁ%ﬁﬁ&%é\g? gnnt%a 6%3%%{51%%5&%‘&%3%@%"‘1 é‘}r%yl al kyl
groups. Represevihatémtgrarhglerqgydiepagi wiothuctenppisesrfydm a2 Indgybaténgs selge®024] The
term "hetero L, . aronmat | C i I | t . - WG [0 SyStem
of about 5 t Rods S e RsRep Hbke, BRRGE L) & ruGlandMeblioryhliudig B, DY

at ons, i n whfroh 1oné tiores with e sgfstitubrg selewerkindependsetly atrpgechsgsuresmed héraefe

el enent(s) o r, t .hon, X | e, NifHL0gER, r ~sulfur. In
the case ot e QoM SR or LG EIOHR, By b BRD ENBE bnd Bl i to be
aromatic foralkée;ring systemto be defined as "heteroaryl”. Preferred

het eroaryl s contain about 5 to 6 ring atons. The prefix aza, oxa, thia, or
thio before heteroaryl neans that at |east a nitrogen, oxygen, or sulfur
atom respecRf is€liyGs alksl, Ei-€s balbalkg, @ phényly at om A nitrogen atom of a
heteroaryl is optionally oxidized to the correspondi ng N-oxi de.
Representative heteroaryls include pyridyl, 2-oxo-pyridinyl, 25pyrim dinyl,
pyri dazi n§l , RpgndeRiare/dach tnderndemyly H, EuCanlityl, CpGr haddajy), G iHG.atkoayafky), Cs-

pyrazolyl, ipi LV~ j 50X yl [ | o hL.SAt hi yl,
triazolyl, ox&%i%g’g'é‘%yfj‘,‘ e%(%géél}ﬁglza(l)l{y )ﬁl_é@t( r ?%M}Io?%%r%lbfvﬁr,&g}pgéﬁgol yl,
benzof ur anyl beng@ng optiondyrsebsyityted fnaiol it3/ times2witlox bsigtadnit sgjdcted

di hydr obenzo J i ol ) [ m ol yl,
benzooxazol y[nfdé;%ﬁ%ézng I%g@%@ffﬁ&%g@%?g@gﬁ% r+®%%éﬁézt%%§gfﬁ%§3y %foz _
benzot ri azol ¢I-C. 8Be@z6] Hal@]kdi,ordCyCs algerimol i nyl , i soqui nolinyl,

qui nazol ipyl , cinnolinyl, pthalazinyl, quinoxalinyl,

2, 3-di hydr o- benzo[ 1, 4] di oxi nyl , benzo[1, 2, 3]triazinyl,

benzo[ 1, 2, 4] tisiGazi anyl with e pravisoetipt: (1) iwhdoLiizNrihén n igdiond] dndi(@ywhen Z is

6aH-t hi enO[ ZC?’ﬂlen nis0, 1, or2; -

pis0, 1,2, or3;and

20 v
qis 0, 1, or 2;
or an oxide thereof, a pharmaceutically acceptable salt thereof, a solvate thereof,
or prodrug thereof. _

25  |0019] As used above, and throughout the description of the invention, the

following terms, unless otherwise indicated, shall be understood to have the following
meanings.
[0020] The term “alkyl” means an aliphati‘.c hydrocarbon group which may be
straight or branched having about 1 to about 6 carbon atoms in the chain. Branched-

30  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-propyl, i-propyl, n-
butyl, t-butyl, n-pentyl, and 3-pentyl.



- 16 - dlimdazolyl, 1H pyrrolo[2,3-b]pyridinyl, imdazo[1,2-a]pyridinyl,
pyrazol o[ 1,5- a]pyridinyl, [1,2,4]triazolo[4, 3-a]pyridinyl,

[1, 2, 4] t rWazol1¢j08573- a] pyri di nyl, thieno[ 2, 3- b]furanyl, PCT/US2010/040617

t hi eno[ 2, 3-b] pyridinyl, thieno[3, 2-b]pyridinyl, furo[2, 3-b]pyridinyl,
furo[3,2- b]pyridinyl, thieno[3,2-d]pyrimdinyl, furo[3,2-d]pyrimdinyl,

t hi eno[ 2, 3-b] pyrazi nyl, 5im dazo[ 1, 2-a] pyrazi nyl
5,6,7,8-tetrahydroinidazo[1,2-a]pyraziﬁﬁ%f 6, 7- di hydr o- 4H

pyrazol o[ 5, 1-c] [ 1, 4] oxazi nyl 2-oxo-2,3-dihydrobenzo[d]oxazolyl, :

3, 3-di net hyl- 2- oxoindolinyl 2 0Xx0- 2, 3-di hydro- 1H—pyrro|o[2 -b] pyri di nyl,

benzo.[ cl[1, Zga!zgléadi azl?nf{ nH]“al en 9[ C%Jn an al?bk&t'i‘ci hyglro%g gor}/grbup containing a

3, 4-di hydr o- nzo[ b oxa
5, 6, 7, 8-t et r advparofaihod ddiitle b@KiGind M;cﬂm]yrby saaghpl brafiched having about 2 to

1(2)a]4}o§/£ : gizgl g%ogiéi%&pr?/atg"%s 'n)ﬁ?%(:ha OEPG‘TJT"B@‘%M#"% Ce)}Fa%Lé,t OUt 4 car?%(g'ns gr oups’
of from 1 toa®msarthechaat ddrenchéd mests that gietor n’mreahowheajkylcgroupyukh @s methyl,
conf i gur agl onyand C%r?l)lar@% ac%n(;f]tol D gx‘%fllie gtcﬁﬁﬁeﬁﬁén? lcllry g]kgrgl EI‘ORJPSSIE’\C]HEJ[ ure

t hrough an oxthéé . Pr I SOpPr opoxy,
cycl opropyl oxtyc:nyd;,)pcdp@hoénybmm 1, anddbdtéreyl.| | ke Lovver-al koxy ref ers to groups

contai ni ng 1&@?@;" f e te?r%r“?ﬁ%@n” 58 ﬁta{}‘%rﬁ%g{o y?og?]ggn% Bdrafile o o Patent

appl i cation, xy al so inc Peneai o y in which
each oxygen sdrbin—+sartipondge boral amhewhamamay belsmaight oobran¢hag hdmngnmm Zt t he

met hyl enedi oxy, g car%@#%ti@ﬁeﬁltﬁex%aﬂr PHRerted a&gﬁﬂ%potup?f?avga b QbJu?ﬁ BrBorl ' ng.

[ 0026] The tefm " eye neans a non-a I C nono- or I-cyclic ring
20 syst enPof amlmeirt th8chiain. diyensthed means g ot wme>re owverf dk)dlgrqppoiucabomt:thﬂ to

cbout 7 Corbgehal BESIRLe k AMASISHL GBI Koah L SR, Rghorent !
maagzf ?Eegyﬁhﬂ)aﬂﬂwﬁ@p&hiﬂyh*gwﬂﬁ -butymthi3etnethylbutynyl, and pedeotahMy| and al kyl are
ggcycl opr opyﬁfrre%]hyl an c?}'(rr:]ly‘o +é)aﬁ 5{%1%5%['5%%8%2% 'QPL cl%hc 0 r{gssygﬁmal Kyl

Ir Iei ied uit ?t t aoh@ew aboutdA ecanbyri atpmm@ref&xdyrpf e adpw 16earby atomhaﬁgtr:wieulrdis] and the
"haloalky? E%QQ%QW% Ke k? gﬁvgﬁ'l%%rafmﬁ%@%hébhmgﬁﬁéﬁLQUbstituted_mﬁth
one or nore [ﬁﬂ%}gen \iWnerceemh‘htth@aral”kwangarmmnat@ womiebnmdléisqypii@érd; 30.
[0030] The t ?ys@m (?ﬂl%?!.h Sttbjgil?oqlt 14fin , H‘Pss h]}e%ﬂéﬂl)p tgaa@mﬂtlamnggﬁ)% }lhat one

or nore hydraogen on e desi nat S re th a ction from
t he i ndi cat esvhishoopor mereef tljedwtnlaattht heg d@@ngsfarte@ttnmmoghenthawaarb%f@ncy is

not exceeded example, nitrogen, oxygen, or sulfur. In the case of multi-cyclic ring system, only one of

20 the rings needs to be aromatic for the ring system to be defined as “heteroaryl”. Preferred
heteroaryls contain about 5 to 6 ring atoms. The prefix aza, oxa, thia, or thio before
heteroaryl means that at least a nitrogen, oxygen, or sulfur atom, respectively, is present
as aring atom. A nitrogen atom of a heteroaryl is optionally oxidized to the
corresponding N-oxide. Representative heteroaryls include pyridyl, 2-oxo-pyridinyl,

25 pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, furanyl, pyrrolyl, thiophenyl, pyrazolyl,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, tetrazolyl, indolyl, isoindolyl, benzofuranyl, benzothiophenyl, indolinyl, 2-
oxoindolinyl, dihydrobenzofuranyl, dihydrobenzothiophenyl, indazolyl, benzimidazolyl,
benzooxazolyl, benzothiazolyl, benzoisoxazolyl, benzoisothiazolyl, benzotriazolyl,

30  benzo[l,3]dioxolyl, quinolinyl, isoquinolinyl, quinazolinyl, cinnolinyl, pthalazinyl,
quinoxalinyl, 2,3-dihydro-benzo[1,4]dioxinyl, benzo[1,2,3]triazinyl,
benzo[1,2,4]triazinyl, 4H-chromenyl, indolizinyl, quinolizinyl, 6aH-thieno[2,3-



- 17 - [0031]"Unsubstituted" atons bear all of the hydrogen atons dictated
by their valency. Wen a substituent is keto (i.e., =0), then two hydrogens
on the atwmarigoszpl aced. Conbi nati ons of substituents a&aa/useowaricabl es are
perm ssible only if such conbinations result in stable conpounds; by ”
"stabl e conpound” or "stable structure"” is 5nmeant a conpound that is
sufficiently robust to survive |solat|oq to a useful degree of purity from
a reaction mixture, and fornulation into an efficacious therapeutic agent.

[ 0032] The term "hal ogen” neans fluorine, chlorine, brommne, or iodine.

[ 0033] The term "conpounds of the invention", and equival ent expressions,

are neant to r. | erei nbefore
descri bed, mﬂﬁﬂﬁﬁ%ggk g@@#%@%;ﬁkvﬂﬁgﬁ kh&g rm”8 ﬁg% r%aceutlcally
accept abl e salpysdinylhi, Mirde@lcp 4@3F¥dp3trideﬁy$dl,\2$ﬂtesz010él @ra]dmdlmall; théeno[Rkder e t he
fgg;eﬂ]exerggﬂla@ﬁ thl%’ cgb B%@&y\ﬁ’dmy?ﬁh%r*%f‘ffb@ﬁb& %lefcu@gbao @?ldl ?h%rg'[gr Sg{ Vg.'?tes
mere ':1 he cohlpexdmslothpec[m%cépyrﬁmmntvhé:rs[éﬁed]mfnrmriwi thyeHOEia?rb Jxretiayl, i nst ances

en the gont {4ybut these
15i nstancgs a'ﬁ')égzp PEMEH@ ?gzt&?t\%&ghwld!@ fgip%lqrzliltngl 22‘ }iyg?(oexlél ude ot her
i nst ances V\he}'razdhfdidaﬂ{tl giaxagoylpepxi-2.8-dilfyd0Rdizplwoxaerlyh 3.dinmskly18f t reati ng”

i ! fo. i at ed
wih the df sorindia bl o8 g Rll A5 SHIR AT BRI RIS ARIAE T T
contain one benznbi[éléitymmﬁlﬁ ¢-diltydnos2H-bénzoliat | ﬁiwait"m!ssﬁ @7, $detrahydsot o
conter may bE HEFIEEERTEERa AR, O DA BRI R RIS D
(S)-. TheéOpr ehﬂendlmﬁﬁf@ml,mmthesllkneant to include all such pOSSI bl e i sorrer s,

as well as gy es ”’1% %,‘?ﬂkw»a@éang%r @p(c,%%smaﬂg g%gﬁbb&atgln%f fy;t& idhP! 175

Optically ac |ve(R) I sonmers may
be prepared b@nﬂgdﬂhlcydic cenfiaurating arrt coptbiinatipns2Berecfgtarhed todhe pasendl ved usi ng

conventional ¢t eaROHIER an YN BENHRIRRNRL $HBRE etRS propoxy, isopropoxy,

cyclopropyloxy, cyclohexyloxy, and the like. Lower-alkoxy refers to groups containing
15  one to four carbons. For the purposes of the present patent application, alkoxy also
includes methylenedioxy and ethylenedioxy in which each oxygen atom is bonded to the
atom, chain, or ring from which the methylenedioxy or ethylenedioxy group is pendant so
as to form a ring. |
[0026] The term “cycloalky!” means a non-aromatic mono- or multi-cyclic ring
20 system of about 3 to about 7 carbon atoms, preferably of about 5 to about 7 carbon atoms.
Exemplary monocyclic cycloalkyls include cyclopentyl, cyclohexyl, cycloheptyl, and the
like. o o
[0027] The term “cycloalkylalkyl” means an cycloalkyl-alkyl-group in which the
cycloalkyl and alkyl are as defined herein. Exemplary cycloalkylalkyl groups include
25  cyclopropylmethyl and cyclopentylmethyl.
[0028] Arylalkyl means an alkyl residue attached to an aryl ring. Examples are
benzyl, phenethyl, and the like. Attachment can be through the alkyl or aryl.
[0029] The term “haloalkyl” means both branched and straight-chain alkyl
substituted with one or more halogen, wherein the alky] group is as herein described.
30  [0030] 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 is not exceeded.



herein contain ol efinic double bonds or other centers of geonetric
asymmetry, and unl ess specified otherwise, it is intended that the
conmpoundswprelmigs7ot h E and Z geonetric isomers. LikewP€&/USad10/04@ut oneri c
forms are also intended to be included. [0036] As used herein, and as woul d
be understood by the person of skill in the 30art, the recitation of "a
conpound” is intended to include salts §olvates oxi des, and inclusion
conpl exes of that compound as well as aﬂy stereoi sonmeric form or a mxture
of any such fornms of that conpound in any ratio. Thus, in accordance with
some - 18 - enbodiments of the invention, a conpound as described herein,

| udi t
el ud g 0y Cont 2l @hhRPRYE LR RRES) bR B BT 50571 he
term "sol vat ea‘lerrcef &ften a outatiwentproketrd(i-of =@)othemitve Hydmgenslonithe dtdreasol i d - 5

state, wher eke’éla@?& E‘@o%b%b?ﬁs ogél]?dél @ué\ﬁ% &d?o‘?'vé(r%ﬁes% 3%619851?%%9& n the

crystal latti A sui ent for therapeut |c a nistration is
physi ol ogi caké¢mbinasiony wkiliein atable hemplywdyy by é&!lahlemosrtpewetf or Estabiepitrustuest’ isui t abl e

sol vent's £or okhRLABAYLS ETDIRIAY 180k Sy 118lon 300l BErefien vt er

is the solvent, the vate is re to_as a rate. ener al
sol vates ar epérisy feh dypactios mtwierﬁgdlﬂhewbuwpmm qfﬁpavlhes pppaope agene sol vent .

and isplatin ’\ t he Sql¥ﬁ%ﬁ“hMo goH ﬁ§hm&“%p Hﬁks8h&f%¥ The sol vate

is typlcally ried or azeotrope er a i ént cohditiohs 038] I ncl usi on
conpl exes ar §0038kscr i bdde ﬁamanmndﬁrpf tﬁléhevesmrénw eawdalﬁrtasmrﬁisemafar@har macy,

19t.h Ed. 1: 1%@&”{ en()l;rg(%Sc}){npmd(s;P %/eﬁgg % i&qusqgﬁ:ﬁ%b%%rpé/esgrﬂ;e T AGe inits

entirety. The nost conmon sl on co exes are t jose 15with
cyclodexﬂﬁinsmramdnawhmgybtm@émgmermginGXdewmamwb&wa&hdwgyﬁthémdc, are

S peci ficall Y i %Q?RQ{Q@% Zeﬁydﬁtésh%nelr& b‘n@ c&#téut %Ferhgp?@}n]-lgﬁy,tr&ér@)ce to

"phar maceutical Iy aéci e€rs to salts prépared from
phar maceut i caitetryle@!e@%p{hatbbleormoﬁht)dmrcsebm s cloimadaiseneantie embiagrgtheinor gani c

aci ds and baag& @qun%&awh&eﬁfe'cgﬁwgg iptrotgspor% Re warﬁggmmgﬁ of

formul ae | contarn a basic ts may prepared from
phar maceut i céistayceaadepthalobriexi omparmits are aemelines insliaated iythe trst, §uitheseand or gani ¢

aci ds. Sykt afj, n&faarersygrewﬁmaﬁa | YarRGEE R ARLRAE dRAdbhLARERI Sheh e the

conpounds of t I nventl on |nc e acetlc, benzenesulfonic
(besyl at e), b@ﬁ@@ﬁ@pﬂmaﬁphorsulfonlc citric, ethenesulfonlc fumari c,

gl uconi c, gl yjo34] A QR HEd ohafé% gm%g SmelloSRORLPRIGS frdnii €, el eic,

mal i c, nandellc nethanes foni c, tric, panoic, pantothenlc
phosphori c, SYeRIPMS md/os@fff«m4saocmtteeirw1mth%dlazrﬁqis dq§crlbed herein.

[0035] Compounds described herein may contain one or more asymmetric centers
20  and may thus give rise to enantiomers, diastereomers, and other stereoisomeric forms.
Each chiral center may be defined, in terms of absolute stereochemistry, as (R)— or (S)-.
The present invention is meant to include all such possible isomers, as well as mixtures
thereof, including racemic and optically pure forms. Optically active (R)- and (S)-, (-)-
and (+)-, or (D)- and (L)- isomers may be prepared using chiral synthons or chiral
25  reagents, or resolved using conventional techniques. When the compounds described
herein contain olefinic double bonds or other centers of geometric 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.
[0036] As used herein, and as would be understood by the person of skill in the
30 art, the recitation of “a compound” is intended to include salts, solvates, oxides,' and
inclusion complexes of that combound as well as any stereoisomeric form, or a mixture of

any such forms of that compound in any ratio. Thus, in accordance with some



tol uenesul fonic, and the |like. When the conpounds contain an acidic side
chain, suitable pharmaceutically acceptable base addition salts for the
conpoundswofotiesjresent invention include netallic sal PETASAEfO4@HT

al um num cal cium [lithium mgnesium potassium sodium and zinc or
organic salts made fromlysine, N, N - 30di benzyl et hyl enedi am ne,

chl or opr ocai ne, choli ne, dlethanolantnelsethylenedianine, megl um ne
(N-net hyl gl ucam ne), and procaine. -19-°100401 The 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 0 i cted arbitr rein E, or
a mxture of °f Gu o~ ?ﬁn%nwe lr0 ol aocro ound ?5564%] %reemat') C?g\'/r}%anﬁ%ﬁgﬁ%s Et,

and Ph represemmnmﬂtmyhlumuhyhwwamdhmhemykmmcMS@e@bmv@h@spwwednprehenS|ve
list of abbr |zed by organic chemists (i.e. persons of

ordi nary ski P ed ﬂée§¥¢% dppears in the first issue of each volune of the
Jour nal of Ol@éﬁ] ¢ Chélifiesdrmy‘sol Vite’ riefesst tp awbrnpdunil of foppule dbt If ipthesdidt ed in a
tabl e entitl " n tlon erein by
et er ence > naes PR Rlciectded Oy BROILRE AL AT porele ul MEHBRIBLEE P U
amount" is neatabletsolvcieﬁmfrthdn@eamp aronistratioh lscprbylsp@uglchlbftoltrtaelept@sévﬂagﬂ nvention
effective in ti Vv 0 red

‘ther apeut i ¢ e%ﬂ%te{?‘ed %g(ﬁ%glkgrg'f s%%b]e éotl%n%%jr tllte%f)%utpcr dqtl’llr?lst%o% Qr% eqsﬁénlb er of
factors wel | and witem When vpatervs tbws@f/en@rtlmh soanaiellyre@kned koead aa‘tytilatcaris ggtemen t he
description C S ude,
without 1el] %l?%%s%?gfouﬁ%oeﬁwd&rsﬁv% lthr JB'n{}g i §8§§+Tt£ Aive {Jﬂ% Sttt Lght
hei ght, g@nelttalsolphlyevcatlmg@nuhlrtg mrantlaxhdnrréfdueeellvatmssmea}ly dtlhdaorpartl cul ar
conpound use |n which it is fornulated and the
rout e of adn?ﬁ?§§$ﬁﬁ%%ﬁ%§ang¥ﬁgﬁ?h and, the nature and severity of

t he conditi of0088] ng t rlaclbseh cop(ple4sy ﬁhéeSt@bemiﬂ' Réraingtau ke iSciabce@odposi ti on”
means a conp | [ Ll and at

| east one co%%%%8H97@%ﬁ%% é?ﬁggtﬁgﬁﬁgzﬁﬁ @at ?haccep%ﬁbkggggpP ers,

di luents, adjaferanvedn itesntirgy- eﬁtesnosocomdmlmre}sipyeslummsm Cpmeb:ecrswirmyosgent S,
ber s 191 U SNAILG 08B Sycidil b B AORE" Buurdl THA Sl G AdE R
suspendlng agen smeefenlng agents, avoring agents rf 6 nts,
ant|bacterlabmag@wﬁgiwahnMﬁuh@as agents, lubricating agents and dlspen5|ng

agent s, 'depe‘i\gbﬁ]gron AR « %t‘gﬁﬁ]m%%; 0191y 104 taﬁtfe %549@5% ?aﬁt%??e'p%d A dosage

forns. As us ein, the't ceu Ica acce
‘ pharmaceutlcally acceptable non- tox1c acids or bases 1nclud1ng inorganic acids and bases

and organic acids and bases. Since the compounds of formulae I and II contain a basic

20  nitrogen, salts may be prepared from pharmaceutically acceptable non-toxic acids
including inorganic and organic acids. Suitable pharmaceutically acceptable acid
addition salts for the compounds of the present invention include acetic, benzenesulfonic
(besylate), benzoic, camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic, glutamic,
hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic, methanesulfonic,

25 mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfurie, tartaric acid, p-
toluenesulfonic, and the like. When the comp_ounds 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'-

30 dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,

meglumine (N-methylglucamine), and procaine.



carrier"” is used to nmean any carrier, diluent, adjuvant, excipient, or
vehi cl e, as described herein. Exanples of suspending agents include

et hoxyl atwo 20s0®8&ar yl al cohol s, pol yoxyet hyl ene sor bi t ®CTArsA0 1904011 an
esters, mcrocrystalline cellul ose, alum num netahydroxi de, bentonite,
agar-agar and tragacanth, or m xtures of these substances. 30Prevention of
the action of mcroorgani sns can be ensured by various antibacterial and
anti fungal agents, for exanple, parabens, chlorobutanol, phenol, sorbic
acid, and the like. It nmay al so be desirable to include isotonic agents,

for exanple sugars, sodiumchloride, - 20 - and the |like. Prolonged .
absorpLION ol 1t ok Thl GBS IRGRULLETL S BBRRREBERNIIL BROU Y
and gel atin. sﬁmﬁbee)nmmme brablamd is aptrintendsd t(dddSlgemspalgmlmonﬁguraimnvehi cles
(such as ol  Jus SrnpORLanRRlatte Sonotpl i ot 188 o DELESL 2. KRS 20 St °
Exanpl es of eunumnéﬁwswoHUMNdBnbaEMOse m | k sugar, sodlun1C|trate cal ci um
car bonat e cal ci : ?QﬂLe r ents

i ncl ude s?ar@ﬂ)?LIglnf@gggpgagnﬁ& eer l]é%%LTgéag?l?ggﬁégqﬂgggnples of

| ubri cants i msbestieclmagrespuhersivedistatf ebbreadionstilaed Yy orgadipétemasts fial c, as
nglh!ar fr; CQL ?Ih 8‘%?‘% ?%glér?@awe%ﬁh}n trPeOJrgg %BJL%( s Sl fhe @i!rsX ﬁ%e of eécﬁ%[v%%”e]oﬂ\% SJ%%?

medi cal j udgef@tganis @hembire Tl lisusehidhris tyowalébcmremmteﬂllrtdwt@blcehtitl;do&amqimdans and
| ower ani mal L. c response and the
i ke, and arzﬁﬁgﬁggﬁéﬁaaﬂy wngﬁh%*%%gggﬁgg%gh%gﬁ%rﬂkfﬁﬁ%b’ratio. [ 0045] The
ter m " phdPrmad®de] cal | yThadamgtiebdpeutitebnefécivrampuntidameant tysiesmibe 8 or ns of t he
conpound of Taltﬂguﬂtrayg&%ﬂogﬁ'd ?ﬁﬂg?ﬂg&ﬁl Mge%%on gt%ctn@éiﬂ%dﬁlgtn%%? kﬁ‘ §ctlvq qafes,
powders, elixirs reparati ons uspens ons,
sprays, i nhaltlalnp@duatug @t: deSIItd)z‘@mgelslc eéfmll §uqbras10ust®gmera(blmyarygtpmm_he@,a _
capsul es, anﬂuxﬁb‘&%??a'c{opsr»l/cﬁls\mtmt%H)J‘Vlwo#dr&mérqym JAAH hso §en thd 11Nl ections,
|nclud|ng | i posone preparations echni ques and or mu ons generally may
be found i n RessiipigpnemovideRtrareitdlo dateintia¢ arGacenvoefor. WE@%HQ‘Q%MI&Q% ng Co.
Easton, Ra., C erence in
re ont i rd: y RBETE R0 clBhCIL RS S peRACHARN g%ﬁga“gﬁﬁgd?% s as used
her ei n means cerds, @ndomhdwgbhlsibryttheper@mjmmowwm asped basdhaeprmias In he -
present i nvephtan W f0iaRbGnd %E&Jttﬂof*a% imA06h QlecR W%, FRl i arutdif@ment ,

suitable for use In contact with |ssues o)
severity of the condition being treated.

[0043] The term “pharmaceutical composition” means a composition comprising

20  acompound of formula I or II 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,
sweetening agents, flavoring agents, perfuming agents, antibacterial agents, antifungal
agents, lubricating agents and dispensing agents, depending on the nature of the mode of

25  administration and dosage forms. As used herein, the term “pharmaceutically acceptable
carrier” is used to mean any carrier, diluent,. adjuvant, excipient, or vehicle, as described
herein. Examples of suspending agents include ethoxylated isoétearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite, agar—agar and tragacanth, or mixtures of these substances.

30  Prevention of the action of microorganisms can be ensured by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, and the like.

It may also be desirable to include isotonic agents, for example sugars, sodium chloride,



25 humans and | ower animals with undue toxicity, irritation, allergic
response, and the |ike, commensurate with a reasonable benefit/risk ratio,
and ef f ecwOwvelfooss7eheir i ntended use, as well as the zwPCTAIS2@NI0EV6MDr B,
wher e possi ble, of the conpounds of the invention. The term "prodrug” neans
conmpounds that are rapidly transformed in vivo to yield the parent conpound
of the above formula, for exanple by hydrolysis in blood. Functional groups
30whi ch may be rapidly transforned, by ffetabolic cleavage, in vivo forma
cl ass of groups reactive with the carboxyl group of the conpounds of this
invention. They include, but are not limted to, such groups as al kanoyl
(such as ace 0 but [,t ut ed
and substi tu%%&h%l% ?"’"?@yé abso '8%%%}1?“‘%(5]@%@ %133 %’%'éﬂ%ﬁen%aﬁ%??‘,%ém

al koxycar bongHOU(lzwbhussaf egdnum;taambabswguon,tfm @tylesaliginuiguarhsterstetand et hyl -
and triethys , [ i b ch as

succi nyl), %JAM { EXFBEIQS%%E%%[’JC % 0 ﬁﬁle%ﬂ Qﬂ&eﬁ{s (ﬁ&mi’]kﬁ%ﬁl%ggvrvrgetggbol ically
cl eavabl e grebgsl,pblybhsutadipoixtdss tﬁusmﬁ uﬂgetableoﬂilﬁsv@l as olivediB, andvent i on are
cleaved ip v gs. The
corrpoundsglbe,art1 e?ﬁblte%f%%%g%gﬁl cglgﬁ?f Oqiga \%F’grgggﬁﬁ thés\al}gdﬁﬂac {%}ant age

t hat they nnlyullexwgab|scdwrrrpm@tpechl¢)uroawraoﬂawbamd digalagm ghgseka- t Exafmpeahtinced
solubility a r t conpound by
virtue of 't naopPlelfifefs ERRe Ly R Rl Wi Rl hRR BILAL, PP loh

di scussi on oExqmpbdrqﬁg&mp@tsllﬁqqunamcblmm stledrretefagtillumwwtngl sumbm galc.gb weHodr ugs,

H. Bundgaard ds in Enzynol ogy, K Wdder et al,
Ed., Academ & l-Egneﬂs’%@u %We&h&é@?@@%enfﬁggg A Text book of Drug Design and
Devel opméht , lﬂﬂ#‘dgsgaaere Lean§mnaa®utﬁ¢allBan¢dgdac’meaedit is, @fithinttlesr scépe ofDesi gn

and Appl i cat {ng, gf SsiaPe 1359 Shohd AV APBERH R 48 R ver Y
o ysuiigBe T disg e i

Revi ews, H. ndg our na armaceut 1 cal Sci ences,
1577: 285 ( 1988ipals Natkelyandate t@qultMBmorPh&qrﬂrp r@udnlse and3fe BloR afdl@84) ; Hi guchi

et al., "Pr 0; n‘%é@&m Q%mvrgisog%ﬁébt?éﬁér&ﬁ'?atn%m " Vol. 14 of the A C. S.
e

Syrrp05| um Sef1 es, I oreversi rriers in Drug Design, Edward B.
Roche, ed. 085]i can Phe tera ¢ pharmachtical p ecsepteblo AosagecfoPes” geeanrdosegess  (1987) ,

whi ch’ar gsi “fo?:é?%ﬁé ?o‘i’nﬁﬁﬁ@&ﬂh%)%vén‘?foﬁraﬁﬁ'ﬁa%ldd@s H?%Hr?p%“tdb'ie‘?} Xraﬁéd@éa”p' es of

prodrugs 1nc acetate ornate 20benzoat e
derivatives pfwdglscdhxls, sannts,almmd@rmammsomaludgg@lupsnsmns tShr@ys;mpl@umds of the

| nventi on. BQé&dIPe%gé’sr %@E‘iﬁmé E‘M&g%k%?a Eg%%tg?s%le% An§ AIHPROHE és of élPJst' ae |

and 11, wherern I's”a’ substifute tuted Dicyc eterocycllc
am ne. | n actworndipnapasatiging for ifiectionsp ingkiding llpwewmremnratlmseTmlmwba and

heterocycl i Cfo@rm.llgﬁcﬁls g&%rﬁﬁ% ?&nﬂ&?R%ﬁ{ﬁ%@th%mgéﬁﬁéal §a§r1c%§matcﬁogen in

the ring. They may contal |t|on ogens, as wel

het er oat 8¢rs, Pehlighing€o.oksstpenPaletes glition, which ip heseyrinenaparated b)olfefeﬁhlée r esent
i nvention, tnseenq,i ounds of formula I or Il include at |east 2 atons,
preferably from2 to 5 and pref erably carbon atons, connecting the am de
ni trogen to HRY6Ini t r odéaterm “phremageiitinally) pesapsatdy prodrugs” as used herein means

~ 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
25  humans and lower animals with undue toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and effective for their intended use, as
well as the zwitterionic forms, where possible, of the compounds of the invention. The
term “prodrug” means compounds that are rapidly transformed in vivo to yield the parent
compound of the above formula, for example by hydrolysis in blood. Functional groups
30  which may be rapidly transformed, by metabolic cleavage, in vivo form a class of groups
reactive with the carboxyl group of the compounds of this invention. They include, but

are not limited to, such groups as alkanoyl (such as acetyl, propionyl, butyryl, and the



1004811 n one enbodiment, Q of fornmula | or Il is a bicyclic am ne of
enpirical 30fornmula C710N1_2. In another enbodi nent of the present

i nvent i orvvOQui1#08372azabi cycl ohept ane, azabi cycl ooct ane, POT/US2010/040617
azabi cycl ononane. Suitable heterocyclic am nes include, but are not limted
to, quinuclidine, tropane, azabicyclo[3.3.1]nonane, nethyl - 22 -

azabi cycl o[ 3. 3. 1] nonane, 9-azabicyclo[3 i.l]nonan-3-one, 3, 9-di net hyl- 3, 9-
di azabi cycl o[ 3. 3. 1] nonane, 3,9-diazabié§ [ o[ 3. 3. 1] nonane, 3-oxa-9-

azabi cycl o[ 3. 3. 1] nonane, 3-thi a-9-azabi cycl o[ 3. 3. 1] nonane, 9-nethyl-3, 9-

di azabi cycl o[ 3. 3. l]nonane 3- et hyl - 3 9 di azabi cycl o[ 3. 3. 1] nonane, 3-o0xa-9-

5azabi cycl o] ?ﬁ?\’)“' A L nopane., af%ﬁ%g]tﬁeg ard %CLenEgr’%l %nc%l L{Bgtqateg’ benf'zl{)}ﬂ) i nventi on.

azabi cycl o[ 3 onane. od I Tre

t he saturat edkoﬁypnrymw @pcﬂmteém&mquiongl) axmalkwsn(yl (sech, as@methylaartdached to the
am de nitrog tri | ic ar e of, f he

met hyl ene unﬁet Iysnly? %on?est%%é(i'?rmedgv {l{ dlc(ag}ox@ c Idgl(JSru%. Is succnf n)h %lll&e.

enbodi ment oBedahse of theseset withhwispit themetalbhle:aﬂmlaavable@roum cfytbé ¢crmp0hmtser ocyclic
am ne 10(} 5 euSequ%cicofd[ r%t% %‘ll%%g?{\ttlgn 1;are Cle?{"gdq}? W% OQsttan‘?‘n}; shc(fl (H{)g core

of fornula I ene uni’t or nul e (R
confi gur ati oact ad momgsafﬁm mpoenmwdarmnhq m@abosklcailybsketawahk grdul&mdva t'be itself,

chiral . Anot | of ..t he pr nt iL.nyent i re of
st er eoi soner F@am %ﬁ%n e}d(l)'H?rﬁTgrofe%g)r'&alv%“WF'%%%]%%&&%O aﬁ%elderrbodl ment of
t he present uﬂMﬁnvamhwwawwéﬂamwabmuEMEddunhdycb$oncmﬁhamébmaywbpﬁman1ne or

e e bRl HE@Say NI foull O SORTEF bl Q0 Bvod el 1 LN

nltrogen S ertrar IS S group
consi sti @ oprovided in thw\ﬂqﬁo\@ung Designlof Pdn@s, lbBuddgagrd-ed, Elgeviep(1985); or 4; and

tricycl o copmughs HEraphophl s WG b B E Bealiifc Mol B2 J05 s6RIRRSL AT CO the
term nal N- nEetigdok of P@IAds@nhaed Dsvaldpaizhe Khmsaaoblqun@néiﬁ Belsdgaarélaslde:
' Chapter 5; “Design and Applications of Prodrugs,” p.113-191 (1991); Advanced Drug
Delivery Reviews, H. Bundgard, 8, p.1-38 (1992); Journal of Pharmaceutical Sciences,
15 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 Series,v and
Bioreversible Carriers in Drug Design, Edward B. Roche, ed., American Pharmaceutical
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
20 benzoate derivatives of alcohol and amine functional groups in the compounds of the
invention.
[0047] i The present inveﬁtion relates to.compounds of formulae I and II, wherein
Q is a substituted or unsubstituted bicyclic, heterocyclic amine. In accordance with the ,
present invention, the bicyclic, heterocyclic amines are saturated and contain at least one
25  nitrogen in the ring. They may contain additional nitrogens, as well as other heteroatoms,
such as oxygen and sulfur. In one embodiment of the present invention, the compounds
of formula I or I include at least 2 atoms, preferably from 2 to 5 and preferably carbon
atoms, connecting the amide nitrogen to any nitrogen in the amine group Q.
[0048] In one embodiment, Q of formula I or II is a bicyclic amine of empirical
30 formula C7.10Nj.2. In another embodiment of the present invention, Q is an
azabicycloheptane, azabicyclooctane, or azabicyclononane. Suitable heterocyclic amines

include, but are not limited to, quinuclidine, tropane, azabicyclo[3.3.1]nonane, methyl



NW wherein R is hydrogen or C1-C3 alkyl and Bis NH, NCH3, 0, S, SO or
SQ2. [0052] One enbodi nent of the present invention is the conpound of
formul a Iworop&oss72wherein X is CH | n another enbodi nremrCcTafS2elee4@@nesent
invention Xis N In yet another enbodinment X is C=0. In another enbodi nment
Xis SQ2. In yet another enbodinment, Xis CR2. WO .

2011/ 008572PCT/ US2010/ 040617 - 23 - [0033] I n one enbodinment, Y is N or NH
I n anot her enbodinent, Y is CH or CR2, éerein R2 is alkyl. [0054]In

anot her enbodinent, Zis C. In a further enbodiment, Z is N. [0055]In yet
anot her enbodinent, R2 is substltut ed phenyl. In yet anot her 5enbodi nment,
R2 is 4- quoro hen

rther B%O lL:3 t of Rl is H or

G . [0056]In yetC cér{l}? “°“%“r?bo&%ar‘r’é°ﬁf‘° H rrg 5on§ ; glm&h\)@l??% the nitrogen to
whi ch t hey adneza'btcyac[hédl]ncmaﬁ@fsmaaz'ébncycﬂn[?i 3ripwbarecttokeder ocyclic ring
structure hayi fir itoSt\] d35 L § ér tonms i nclude
ni trogen, ox@zﬁggyd%[?g] R 3 'K oRe wgﬂﬁ{; EJE&%R 't heq ﬁ 3‘?%‘ 7- menber ed
het er ocycl i cdiazabgydbBuctjnomend, 3-rsehyd-Gi%dladabioyal¢[B&. 1gooens, 1-08@hsi sting of
pi peridin I‘O|Ig razine dp razin t}ﬁ
t hi onor phgl [ E%B {'cio fgirjﬁgnneg%éh'a Psa”%(béc o] %’Jngnagg&ﬁ‘éazagi’cy gﬁ% y lll'dd‘? ﬁee.
[0057]Wth riga9]d to doopambddineht éfohaprbset ihveatich, ItHe,satgyamlpbleB:liof - X-Y-
| ncl ude: heterocyclic amine (i.e., Q) is attached to the amide nitrogen of the tricyclic core of

formula I or II (through the methylene unit in formula II) in the (S) configuration. In

another embodiment of the present invention, the saturated, bicyclic, heterocyclic amine

10 (i.e., Q) is attached to the amide nitrogen of the tricyclic core of formula I or II (through

the methylene unit in formula II) in the (R) configuration. In yet another embodiment, Q

is substituted and is, itself, chiral. Another embodiment of the present invention is a

mixture of stereoisomeric compounds of formula I or II.

(0050] In another embodiment of the present invention, Q is a saturated, bicyclic,

15 heterocyclic amine or methyl-substituted saturated, bicyclic, heterocyclic amine, in which

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

_~CH,

/< | Ss /CH3 \
(CHa)s / —
(C”z’ i (CHo): (CH2)s (CHz)r/ (CHas

whereinr=1,2,3,0r4;5=0,1, 2, 3, or 4; and R’ is hydrogen‘ or methyl. In these

figures, the Q group is connected to the tricyclic core structure through any carbon ring
20  member (i.e., not a terminal N-methyl).

[0051] Other suitable heterocyclic amines include:

NR10

SR,

wherein R'? is hydrogen or C;-Cs alkyl and B is NH, NCH3, O, S, SO, or SO;.

[0052] One embodiment of the present invention is the compound of formula I or
25 I, wherein X is CH." In another embodiment of the present invention X is N. In yet

another embodiment X is C=0. In another embodiment X is SO,. In yet another

embodiment, X is CR%.



R2"PC R0 R2-14fN-1-/9%d R2 R2ZR2R3R3R2 15[ 0058] Wth regard to conpounds of
formula I'l, exanples of -X-Y- also include: R2 and 113 [0059] Sui table aryl
groups fowothea/®sirdtituents of the present invention ar @C3alSee@do6it om t he
group consisting of phenyl, benzyl, naphthyl, indanyl, and indenyl.

Sui tabl e heteroaryl groups for the substituents of the present invention
are selected from 20t he group consi sti ng of pyridyl, 2-oxo-pyridin-21-yl,

pyrimdinyl, pyridazinyl, pyrazinyl, 32-tri azi nyl, 1,3,5-triazinyl,
furanyl, pyrrol yl, thi ophenyl . pyr azol yl, imdazolyl, oxazolyl, isoxazolyl,

t hi azolyl, isothiazolyl, 1, 2 3 tri azol yl, 1,2,4-triazolyl, 1,2, 3-

. oxadi azol ylI , 4-0 adlaz irazolyl ., 1.3 |azonI
tetrazol yl, l”ﬁ%’i yl, |ns(())r}ene fnembgr{ gf u&gﬁqp an q}éé‘nfftl)’%’%q"gé'ﬁEnyﬁ&ql ndol i nyI
oxoi ndol i nyI CRﬂlv\thydrrd{femlbilur anyl 25di hydr obenzot hi ophenyl, indazolyl,
benzi m dazol benzo xaz enzot benzoi Soxa

"benzoi sot hi a o?‘g} be‘ril)z Oﬁ‘leé%%tfolafmengei]n"c’%j uéther ot o lmeal,’ll nO?(JI nyl ,

i soqui nol i ny|00551w nazdi yanyrhqtheu:lemhommayj R npwbathtatzd pbrdnyl quwctcanahcrnyl

2, 3-di hydg oben 1. 4]di. n benzo

benzo[ 1, 2§ 4]?r'|§§gzmér?§fllijl h %ro%henﬁ I%"géun%ﬁrzl;%b()d (fn{% teas ?ne Of& ;’?Ol]ll ZI nyI
6aHt hi eno[ 2(0856]] i m dazpd yrhqthelr enlﬂbqnq;meml Rl d B’ bq»rplylnc dnth;ﬂe nitrogen to which

i mdazo[ 1, 2- ra

[ 13 2. 4] tri az@r}eﬁ% acﬂfcl t’o | ngﬁo 9I ng) Ad%treg)g [nngtruc]ture havd1gnfrcim 1to

t hi eno[ 2, 3- b} hcteraatyrlns Smtablnd:[e@roatobn}sp)}ciuddmngogen tikygemahd s@fur. b]npynpl di nyl,
furo[23b]pr , b ridin

5furo[ 3, 2-d] %T/gﬁol%m élt th |meerr{]8 %Qﬁetﬁ oc{/rﬁ?ln%%"%p@l?g %ggéfo%{"l’ meglrgbéyl ,
i m dazo[ 10 2- cca\]snptyrrgayﬂprp;hglmﬁ,p@rral;c&et piperatiyg Nempthylpipefadin® nadrpghptiazi nyl

g: ngl gygr gl ﬁnga‘%é’ﬁzd %Oxazm 'gox%z%i(aa'zlé %X%z ax%zgrpgni%enzo[ d] i m dazol e,

3, 3-di net hy1[020511x0| nd(Wlﬂnygqrd tbqomoxmdsoafotvyda@iaf[\ldl-lbyxarmles[oz—B-Y-b] pyri di nyl,
benzo[ c] [ 1, 2T ‘Bf?xadl azolyl, benzo[c][1, 2,5]thiadiazolyl, 3,4-dihydro-2H

10benzo[ b] [ oxazi nyl ,
5,6,7, 8- tetrgﬁydro [§1”Wgz 4]§§faz?r“b[4 3;;@\]/gyr%iz,«knyl ; §~va §:~
)R R? y =0 83 >—R2 0 =0 N
g 4 § R2 §_< ‘§‘N % N ~o 3 g R2 'E-O anqg_ N
R? RZ - R2 R? R3 N R?
15 [0058] With regard to compounds of formula 1, examples of —X-Y- also include:
§ i, i,
- J\>—R2 N
-§-N and N
R3 R3
[0059] 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 invention are selected from
.20  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,
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,
25 ‘dihydrobenzothi'opheny], indazolyl, benzimidazolyl, benzooxazolyl, benzothiazolyl,
benzoisoxazolyl, benzoisothiaiolyl, benzotriazolyl, benzo[1,3]dioxolyl, quinolinyl,
isoquinolinyl, quinazolinyl, cinnolinyl, pthalazinyl, quinoxalinyl, 2,3-dihydro-

benzo[1,4]dioxinyl, benzo[1,2,3]triazinyl, benzo[1,2,4]triazinyl, 4 H-chromenyl,



[1,2,4]triazol o[ 4, 3-a] pyrazinyl, and 3-oxo0-[1,2,4]triazol o[ 4, 3-a] pyridinyl.
[ 0060 Wt hin these enbodinents, the selection of a particular preferred
substi t uewD 2at1/@ss72one of Q X, Y, Z, and Rl through R8PrdDasp@i/oafsiect the
selection of a substituent at any of the others of Q X Y, Z and R
through R8. That is, preferred 15conpounds provided herein have any of the
preferred substltuents at any of the po?htlons [ 0061] I n one enbodi nent of

the present invention, the conpound of formula | is 5100621l n anot her
enbodi ment, the conpound of formula Il is-selected fromthe group
consisting of: - 26 - [0063]Cne enbodinent of the present invention

the compounditi g iR, REFRALG A sl (PLoRRRES Bl ©F anv O
enant i oner s, inadazofh e lpyredingl, mmnb[laim}psndmyicﬂlddi]mgzqi@[dém nyrwhrwt ures, -or
6 st comet i LR SUERURY A A S 5% gl EORRTSS o <
b]pyridinyl, furo[2,3-b]pyridinyl, furo[3,2-b]pyridinyl, thleno[3 2-d]pyrimidinyl,
5  furo[3,2-d]pyrimidinyl, thieno[2,3-b]pyrazinyl, furo[2,3-b]pyrazinyl , imidazo[1,2-
alpyrazinyl, 5,6,7,8-tetrahydroimidazo(1,2-a]pyrazinyl, 6,7-dihydro-4H-pyrazolo[5,1-
c][1,4]oxazinyl, 2-0x0-2,3-dihydrobenzo[d]oxazolyl, 2-0x0-2,3-dihydro-1H-
benzo[d]imidazole, 3,3-dimethyl-2-oxoindolinyl, 2-oxo0-2,3-dihydro-1H-pyrrolo[2,3-
b)pyridinyl, benzo[c][1,2,5]oxadiazolyl, benzo[c][1,2,5]thiadiazolyl, 3,4-dihydro-2H-
10 benzo[b][1,4]oxazinyl, 5,6,7,8-tetrahydro-[1,2,4]triazolo[4,3-alpyrazinyl,
[1,2,4]triazolo[4,3-a]pyrazinyl, and 3-oxo0-[1,2,4]triazolo[4,3-a]pyridinyl.
[0060] Within.'these embodiments, the selection of a particular preferred
substituent at any one of Q, X, Y, Z, aﬁd R through R®does not affect the selection of a
substituent at any of th_e others of Q, X, Y, Z, and R! through R®. That is, preferred
15 compounds provided herein have any of the preferred substituents at any of the positions.
[0061] In one embodiment of the present invention, the compound of formula I is

selected from the group consisting of:

HO




10[ 0065] The scope of the present invention al so enconpasses active

net abol ites of the present conpounds. [0066] The present invention also

i ncl udes worpounesy2of fornula | or 11, wherein one or mpCc&/uskomwiogoeat ons,
e.g., Cor H are replaced by the correspondi ng radi oactive i sotopes of
that atom(e.g., C replaced by 14C and H replaced by 3H), or a stable

i sotope of 15that atom (e.g., C replacedq_by 13C or H replaced by 2H)
Radi oi sot opes of hydrogen, carbon, phoég orous, fluorine, iodine and
chlorine include 3H 14C, 35s, 18F, 3213, 33p, 1251, and 36C,
respectively. Conpounds that contain those radioi sotopes and/or other

radi oi sotopes ,of other ato are within th cope of this ifyention.
Radi ol abel edn ounds. de Nped herein an odrugs thers an generally
be prepared b t hods 20 known to tho skilled in th rt.

Conveni ently, such radiol gheihed conpounds carn—: 27 - be prepared by
carryi ng out ¥¥e phocedur esYdi syl osed in t'he é;énples and "t ps by
substituting axeadi |y avaitgblne radi ol abel e gagent for
non- r adi ol abe r eagent . h gompounds hdve Ja xam ety of | uses,
e.g., as standardsMNand reagéntd' in determ nifig the ability of aV¥potenti al

pharmaceutical to bind to neurotransmtter piéggins. In addition, 5in the

case of stabl e—isotopes, suc onpounds may Ni the potentsal to favorably
nodi fy the biNol\ggi cal propextyes, e.g., phar ol ogi cal an
phar macoki net I-eproperties, conpounds of(EOWWugae | and I1\,_The details

concer ni ng seleot on of suigab sites for incorpgrating radyoacyive
i sotopes into é%bonpounds“. e khown to thosexs @ _ar,
ane-cusef ul

Nl I'ed=h\n t hs

10[ 0067] Conpoynds-wf t pres N_NVEFt\ on asc/ I @ er

as 5- HT3 recr /)ﬁ)‘@tor N hat
areNnot presentTy "excluded fromthe clains are ndt s

t /R f ound”upon exani na
conpounds t hat

patentable to tgig%hventors in this application. In that case, the

exclusion of sp&clgs and genera in applicants' clains are to be consi der ed
artifacts of pat prosecution and not reflective of the inventors'
concept or descpiphion of 15their invention. The invention, in a conpound

aspect, is all conpoupds of formula | or |1, exeept those that are in the
public's possesspor~N.0068]Wiile it may be possible for conpounds of
formula I or 11 pe “agm ni stered as the raw chemcal, it will often be

preferable tg,presentithem as part of a pharmaceutical conposition.
Accordi ngly, another aspect of the present invention is a 20pharmaceuti cal
conposition containing a therapeutically effective anount of a conpound

5  [0062] In another embodiment, the compound of formula II is selected from the

group consisting of:



of formula | or Il, or a pharmaceutically acceptable salt or solvate
thereof, and a pharmaceutically acceptable carrier. The carrier nust be
"accept abWwe20iwnosite sense of being conpatible with the eChars2émguwd? ent s of
the formul ati on and not deleterious to the recipient thereof. Furthernore,
when reference is made in an independent claimto a 25 conpound or a
pharmaceutical |y acceptable salt thereof, it will be understood that clains
whi ch depend from that i ndependent clal&lmhlch refer to such a conpound

al so include pharmaceutically acceptable salts of the conpound, even if
explicit reference is not made .to the salts. [0069] 1 n one enbodi ment of the
present inventiopn,ythe pharnmaceutical 30conposition further conprises one

or nore other t peutic ingredients, e.g., other conpounds effective in
the treatnment of S, CINV or PONV, that are known to persons of skill in
the art. Such ofher therapeutic agents are described below - 28 -

pect of the present invention relates t-o a nethod of
on which is susceptible to tre nt with a
s met hod | | ves sefegciing a ent with a
di sease or conditi-gh which is suscept to tre nt with’a 5-HT3

[ 0070] Anot her, as

receptor nodul ator j@and ad |ster&ngNto t he Q@tl nt a Stherapeutically

ef fective anount a s of Rormula | or r a ph3 nggputically
accept abl e salt eof . 11D s or co Qns whi chamne susceptible
to treatnent wt 5- ecepto duMat or cQdr dang 't;mthe pr esent
i nvention indbt@e, but ar&€ ndt, i Mo, , genefal Ninxi et i sor.deans,

soci al phobi as, ti go, obsessive-conpul sive di sorders, 10panic disorders,
post-traumatic §S di sorders, bulima nervosa, drug w thdrawal effects,
al cohol depende / pain (including visceral pain), sleep related central

apneas, chronic fatlgue syndrone, Parkinson's D sease Psychosis,

schi zophreni a |t|ve decline and defects in schizophrenia, Parkinson's
D sease, Hunti "s Chorea, presenile denentias, Alzheiner's D sease,
psychol ogi cal gorgders, obesity, substance abuse disorders, 15denentia
associ ated wi erinodegener ati ve di sease, cognition deficits, fibronyalgia
syndronme (see US. Patent Application Publication No 2004/0204467, which is
hereby incorporated by reference in its entirety), rosacea (see PCT

Publ i cation Nwe3WO 2Odee:kS\%g&ﬁwnthlt&"brés%nthWeﬂwl ﬂeﬁté@fd)&faﬂﬁeﬁééuthylly’ ef erence

inits entirety), cardiovascul ar di sorders nedi at ed seroton
chenot her apy a?cﬁ%@%?,{ahﬁaﬁﬁ Sensalifarin A 3ied th(aGPNP/?““d??fprg‘f“l%b%rrléfi‘?sﬁrébefj nduced
nausea and v@geini Nng (PONV), radiation induced nausea and

[006_4] Single enantiomers, any mixture of enantiomers, including racemic
mixtures, or diastereomers (both separated and as any mixtures) of the compounds of the
present invention are also included within the scope of the invention.
10 [0065] The scope of the present invention also encompasses active metabolites of
the present compounds.
[06066] The present invention also includes compounds of formula I or 11, wherein
one or more of the atoms, e.g., C or H, are replaced by the corresponding radioactive
isotopes of that atom (e.g., C replaced by '*C and H replaced‘by 3H), or a stable isotope of
15  that atom (e.g., C replaced by >C or H replaéed by 2H). Radioisotopes of hydrogen,
carbon, phosphorous, fluorine, iodine and chlorine include 3H, e, ¥s, |8F, 32P, 33'P, 125
and *°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

20  well known to those skilled in the art. Conveniently, such radiolabeled compounds can



vomting (RINV), gastrointestinal disorders (e.g. of the esophagus, stomach
and both large and snmall intestines), including irritable bowel syndrone

(1 BS) andwoastwmwesephageal reflux di sease (GERD) (see ERcofsanoPaicent No.
EPO430190, U.S. Patent No. 6,967,207, and U.S. Patent No. 5,352,685, which
are hereby incorporated by 25reference in their entirety), bronchi al

asthma, pruritus, mgraine (see Costall §t al., Current Drug Targets - CNS
& Neurol ogi cal Disorders, 3:27-37 (2004f and Israili, Current Med. Chem -
CNS Agents, 1:171-199 (2001), which are hereby incorporated by reference in
their entirety), and epil epsy (see PCT Publication No. WO 2007/010275,

whi ch is hereby incgrporated reference in. it ntiret 30100721As
desor i bed abgt B e RaTa RudKe oD F Sebibe o ERIMUR b seeBrBY “2e”s. rma
nodul at ors. AubstitkTil o readdlytagailabipdadiclbieledi reagam fargemin-radiolebelaiamagentt ($ech i nhi bi t
(e.g., an antagoni st) or partial]y.activate g artial ni.st) the
5- HT3 recept o7 Oﬂn%-rh’f%a V%)rle%()f%o{reé%agﬁ eg’re'%baééﬁg(?ag}s a\ﬁﬂ?ec?ﬁenltssméigtgrar'{] ?‘gl

agoni st can bientlilityhef apotdiiGal pbareptenricab tit bindioynevresarstngter progdnst ilméddgfohj cacy
relative to a full r; t.or._agoni,st . Nbdul [ Lch. are rtial agonists
may be co%si H‘et&ee(éasf Pgsgaﬁ’lps'smec’ S“%h %Oﬂlpé)‘;’/'g(%ﬁk%%%ec}ﬁé]gﬁ?néggﬁégvgﬁaibggoni stic

ef f ect s depemaiifigthe poivgidabprbperids, ©f., ghermdcological(apd/doghenuaeskibetldT3 agoni st) .
For - exanpl e, WaeRe Dot fnfdlibas 3PRBh e {fiadr. ARIRLAN M AN AALEL 3 agoni st
are present, tRE par ioal agoni st acts as '‘a conpetitive antagoni st,

conpeti ng wi shitableeitdsubd inaguomatsig ridivacti ecepomss inde the pemeopndgrgte jorasdiici ng a net
decrease in h@qﬂ&ﬁﬁgegggagctivation observed with the full agonist alone
(WIllians et ar. rincrpl'es and Practice of Pharnmacol ogy for

Anaest hetlDst #0062} h Ed.Con@abndspf et peesent ingeigion aBlacidwd lhereBairews il As3-a Pty
Ltd. , Car ! t OﬁTSPe%E q I. rr\lgcf:la%ozrg %l})n’a B\@fo%nd b?on]e?mir SP(% tﬁa@&?xﬁ&o%%é’sttﬁg apeynot
reference inite ontiTe y). 'Y ¢a Iy, par ar agoni sts" can activate
recept ors topgsangdy axdheisi freoh tbeidiamms iareaiot pagypabhste thwhevenionsid eljusipbcaiivpunt s of
the endogeno'llnsth!nI cg%n&lle%)E(:Efusprne&?netciegrnc%%%yraﬁ;r?‘{bprigaqﬁcglameareot\é%lé %8{5%%@ ion of
receptors when excess anount's o endogenous rgand are present u,

Bi oned. Phar emifastshod patelB pfBycutien 881 no2@08Jtive whihe mveolyacatept orveoriptioradfed by

referenceci ng i T 0Q7 Ln .0 Qdi resent
venti oS o Hish Rk SkhneRn d EHpmBb bile R SORBALIER cofiuid 6157 20F 7
sal t t her eof exsptghdse HiEBare acbppdricappseoionst . [ 0074] I n anot her enbodi nent of

the present gt i on i, GomRauIdy @k ahoMha: L Bmdid 1 Ny BRr maceut i cal Iy

acceptable s hereb\?/ Is a recep par agoni st;, whi ch may
result in a ndtinisteradegadhe raw chenried, iteidiradies be prefesabld to atasen thgfm aspert 6£ 4T3
receptor in [ 1007 - | : - hresent
i nventi on, tﬁgatr@g(g\gg&?rgﬁrgé&lp Igrl'?%égr l%tglﬁféﬁg%{gﬁg&%@ﬁ?{%ﬁ Ir]1tgjﬁ\tz§:ﬁmm'§§

t her apeu®2D capharmedebiécal fanepositionsantaiiingm thewpeutiorlly efiskiiveapioretaf a compound

Par ki nson’ s '(}i%mglgldﬂl,%pgtpﬁam§wutléa@lgf%céﬁﬂbl%gﬁb&%mv%e"M!:Jré&@,(éhéa' ncl ude, but

are not _
pharmaceutically acceptable carrier. The carrier must be “acceptable” in the sense of

being compétible with the other ingredients of the formulation and not deleterious to the
recipient thereof. Furthermére, when reference is made in.an independent claim to a

25  compound or a pharmaceutically acceptable salt thereof, it will be understood that claims
which depend from that independent claim which refer to such a compound also include
phannaceutiéally acceptable salts of the compound, even if explicit reference is not made
to the salts. ' V
[0069] In one embodiment of the present invention, the pharmaceutical

30  composition further comprises one or more other therapeutic ingredients, e.g., other
compounds effective in the treatment of IBS, CINV or PONV, that are known to persons

of skill in the art. Such other therapeutic agents are described below.



limted to, val proate and | evonepromazi ne. Suitable Parkinson's D sease
adj uncts 25include, but are not limted to, transdermal rotigotine,
rotigoti rwoand/wsszasagi | ine as a | evodopa adj uncts, | evotasagiooanshi dopa,
dopam ne agoni sts (bronocriptine, pram pexole, or ropinirole), COMI

i nhi bitors (entacapone or tol capone), MAO-B inhibitors (rasagiline or

sel egi I i ne), amant adi ne, anticholinergi§ agents (benztropine or

tri hexyphenidyl), and sal finam de. The" %ﬁpositions may additionally
conprise al prazol am hal operidol, 30chl orpronazi ne, risperidone,
paliperidone ol anzapi ne, zi prasidone, quetiapine, clozapine, l|ithium

o bi tors (BT e) ( SRRERPSR S Rep Rt REE T o BLARE (o
such as PANELigHREe gr.conditi@Owhicli BRUSAIbIeUp tragmeatspthct 5-Bis teheptgrmeslghatori nvent i on

relates to ar g‘g%ﬁgd %‘fvotwagsaeiecgmrggt{]ﬁalqiigg%glﬁ\cef cﬁs&%lmé Mfo%g’lﬂl c(hl Fﬁ)sc%)g oS et hod

i nvol ves selecting a pa admni sterin 'ent a
t her apeut i catdtseamierntewtth vé—Péan@mptoomoaxlmrmpéamlintsferrhg)tqm¢ patientaor || or a

pharmaceugi cglo), Lﬁl?%lﬁpetffé? %lut\t otfh%%rﬁggu{l E%R‘ZJI BPM\%F giahadhyrent - of

the present | nv ove met [ nvo vesPadm ni st ef | ng a
t her apeut i cahdcyptelfléwtthar@farmunt of other serotonin 5-HT3 re*ceptor

modul at or's SR Ser Al oPedERRERARE AL WIPHbRLON S8R TRy ofs i oh ar e

i ndi cated below.” Suit er serotonin dl"at ors and/ or
ser ot oni n 5- rekfiormeaiefataiin amdtdara;te ovith theprésantanvebtion lacledfnbut ard nit timgied o,

Al osetron (L geq\@(g ; S LNORMr) ),
Prucal opri degr n on'{ én%%'%&gﬁp%?(gg'ygﬁ LR Lérﬁ%r’ ?%Je%mer’r%ﬁ%?ﬁg%?go@é{;he pr esent
i nventi on) t haniadisrderapodraduhatictstress disardetsyiedimaaindrngsgtdeng wighdgawal effects,

therapeutic al[)lcyho?g%pgl%ehf 83 Eg“gﬂjdlg% eH" 35 ﬁfg ﬁgﬁsr%l&:?eg%mtrﬁ ?}Jn@gst 990515 om t he‘

group consisting o trn a S fruscari ni c
recept or ant fgjewvd M@Omgd?arlaesomaﬂ1$eewdbv¢h081aﬁdﬁlmmeh@nmnwve fieghing andes such

2 U hy| o€l Lgbast TR ALk S, MG IETONE betohte FBERALL(T).

REGULA D(r), soup extract yacryl1 ¢ resins
hydr ophi'l i ¢ PAdaheimess Diseass, mmmmwtﬁbmrder%nhzbsmalsebsmwumm@ph| 1),

Pl ant 290§ finerflh 88blke 0B hHMALAIATUE SRR, Eoeafl A0k M PG

sul fOSUCCI nat e, gl oct y+ | um su?‘lf osucci nat &, gmﬂner aﬁ% esi um
citrate, rragﬁbé\sltqtrm(kﬁydﬂb)?atd@ Appligation PubicetifnfNg 0044 0HST cviygdis berephosphat e,

monobasi ¢ 5091'0&%18&8%9 p@&r@nce in its entirety), rosacea (see PCT Publication No. WO

2007/138233, which is hereby incorporated by reference in its entirety), cardiovascular
disorders mediated by serotonin, chemotherapy induced nausea and vomiting (CINV),

20  post-operative induced nausea and vomiting (PONV), radiation induced nausea and
vomiting (RINV), gastrointestinal disorders (e.g. of the esophagus, stomach and both -
large and small intestines), including irritable bowel syndrome (IBS) and
gastroesophageal reflux disease (GERD) (see European Patent No. EP0430190, U.S.
Patent No. 6,967,207, and U.S. Patent No. 5,352,685, which are hereby incorporated by

25  reference in their entirety), bronchial asthma, pruritus, migraine (see Costall et al.,
Current Drug Targets — CNS & Neurological Disordérs, 3:27-37 (2004) and Israili,
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).

30-  [0072] As described above, the compounds of the present invention are useful as
5-HT; modulators. A 5-HT; receptor modulator is an agent which can either inhibit (e.g.,

an antagonist) or partially activate (e.g., a partial agonist) the 5-HT; receptor. A 5-HT3



20sodi um bi phosphate, glycerin, anthraqui nones or anthracene | axatives
(such as al oe, cascara sagrada, danthron, senna, aloin, casanthranol,
f rangul a,wendiwdsdyar b) , di phenyl net hanes (such as bi sac®dylusand/040617
phenol pht hal ein), and castor oil and the |ike; antispasnodics, such as the
antichol i nergic agents dicyclom ne HCl (BENTYL(r)), hyoscyam ne sufate
(LEVSIN(r)), and the like; anti depressa%s such as impramne 25
(TOFRANIL(r)), amitriptylin (ELAVIL(r)) ;" antidiarrheal agents such as
di phenoxyl ate HCl+atropi ne sulfate (LOMOTIL,), |operamde (I MOXDIUMTr)),
natural or synthetic opiates (such as di fenoxi n, di phenoxyl ate, par gori C,
opi umtincture and I eram de tlch o uch _as, bel | ado
al kol oi ds- at rop°| ?{é"%f}gagoéfglh“ihﬁse; par{ag 2 oms f:?lne Cgtlgcgt]{ﬁtr%cﬁ piP erug&nl R sbum n
tannate, al kmf;mnmhefﬁcza;b/mmtmenm sallhegelpmr eg)mscartflemhators “&G:Ihladwa'rtatﬁl ne,
mebi qui ne, trill izar i n t age
peri pher al ?ﬁon{‘c‘ls Bt rbc?(g??st': zraeﬁjtl%%aﬁsl‘% '%1 02515’5: Ig%thag {Ca amag 'Sﬂ%giglfttsl ne, and
the |ike. Sudetpaincl:eg upoﬁlhe-le‘paﬂ oksermoriic (cadman®is |5ffd:T3Ladm|stbLﬁoraxaenp1thlem mted
to, cisaptid toc [ e, and
the Iike. 5 og"}gﬁpa&%é or sp&oé?mgang HD&—EQ]a %"glr?l elpﬁé\%gﬁtl oﬁar}laell g?ﬁﬁ tg%a]t met hod
of treating empwtwe'l'amt@onm bmnbemng/wltlw&s f\slbai@(mst fagreseptatoceuphnoyianth enesi s
and admnlsterln ati eutl f 'v . t of a
conmpound of P or T gaa '?eﬂ Qecr‘i% © %lﬁﬁleareg ar mc':ﬂ:et'(f |°(Pgﬁa dyveva'ghcﬁe‘gf qggm?ﬂ}l&%mt her eof .
1008011 n anotWi#lianesrdbeldiAremipleaand Hechcreec&f@harmamlemfmomaetthezsabﬁ'ilﬁd et hod
further involves ad LSLErIN Ut i e, ctj.v f one or
nor e ot her hfllvey qgrrg?t :a c’ %%Ck%%l éenc F%ILet&Zén r?{c-meén%'& é)lccgoeggﬁ@%h Sncl ude,
but are not herebytneozbrpcmatecm)aﬂeﬁsetcc onits eatnrptyazﬁllracallyapneqbangwts cadexdteva®t hasone,
di menhydri na henh I n r ol
nabi | one, dr%)eﬁe 1075 ﬂgwedy esugg Sn%ina)gglra g%l?psoé er‘%hﬁk?ri?d%uxg a%ga'l['w@f){ggazepam
met ocl opr am dei,ogenodalzgahdiane podsemz)ameyleqn rodldaﬁsewrsmpulgainmﬁwemtm@ rwhen
Phe present - PhgisRiogE EAEb B, SEnd LERISFL AR, adpbl Phidlal. o' cae or
condi tions. YHBB76r8% (ROG5), whahvselztr@ehreomorvgeda)ypatnemmm trhlr‘ayENS d| sease or
condi tioncan m ni s t |
corrpoundl?)f %ul a Itl%g WPO&C en*blaaﬁ%ﬁttdfm rggrgﬁllweﬁt%n %%t ab e sa t ther eof .
Sui t abl e Cl\leqmmslealseE oophmmlutma(ﬂmscqemebl@w@t thtbcnf inF éHTotecbmm antagonig,
schi zophr eni d Par ' i f HIR1a
nodul ators h v%,been lrﬂégl@or égm?éld?'g%ﬁﬁlf@g%&?{nl‘ gwgrlsnogfttlgg@ ng\%gf(')n d| sease
(Zoldan J et laitllor m:chu;@ail)namﬂm viyher®9isibiHbAcplP 9aitial aghnisth i s her eby
| eor 801 a1 0y S LRGP W ER MRS SR, e i e
Psyé:hl at 29, ®e2a3B®6- 388 (2005), which are hereby i ncorporated by reference
in their ent B,

H‘ﬁ%h e Iﬁhrfbtr(e%@g ﬁém oPthQB%ymK}@ﬁ{%nQﬁ@E‘oo% KRB fithen

treat ment w tron 1 n patients er et
~ involves administering a therapeutically effective amount of one or more schizophrenia or

Parkinson’s Disease adjuncts. Suitable schizophrenia adjuncts include, but are not
limited to, valproate and levomepromazine. Suitable Parkinson’s Disease adjuncts

25  include, but are not limited to, transdermal rotigotine, rotigotine and/or rasagiline as a.
levodopa adjuncts, levodopa, carbidopa, dopamine agonists (bromocriptine, pramipexole,
or ropinirole), COMT inhibitors (entacapone or tolcapone), MAO-B inhibitors (rasagiline
or selegiline), amantadine, anticholinergic agents (benztropine or trihexyphenidyl), and
salfinamide. The compositions may additionally comprise alprazolam, haloperidol,

30  chlorpromazine, risperidone, palipéridone, olanzapine, ziprasidone, quetiapine, clozapine,
lithium carbonate, diazepam, carbamazepine, selective serotonin re-uptake inhibitors

(SSRI’s) (ZOLOFT® or CELEXA®) or tricyclic antidepressants, such as PAMELOR®.



25Al i ment Pharnmacol. Ther., 16:1357-1366 (2002), which is hereby

I ncorporated by reference inits entirety). A 5-HT3 nodul ator may be used
as an adjwaepiigosi7a conbi nati on wi t h anot her nedi cat i onPCrQB3@API006i1S
appreci ated that .certain features of the invention, which art, for clarity,
described in the context of separate enbodi nents, may al so be provided in
30conbi nation in a single enbodi nent. @versely, various features of the

i nvention which are, for brevity, descri'bed in the context of a single
enbodi ment.,, nmay al so be provided separately or in any suitable

subcombi nation. WD 2011/ 008572PCT/ US2010/ 040617 -32- 100831 Anot her aspect

of the prese ”Ve”t'%ﬁzhcﬁ'aé‘pe%tsoﬁ  Sheddhidfiventiort rfelaRe aarrnletﬂgd §r faft pet

conmpound of Ia | a: rocess i mvol ves 1 er medi at e
conpound of frmabda Ibawellsyndr@ﬁia_(lpﬁ) figrismthod inyole@ sv\lfh@mg |arpatl\ﬂnt withlIBS aral

count et on. UAAEE AL ASH AN LIRIRLLANGRLLL RS ELT SEhNE 8 dhefuce the

product compoun above an
substi t uent sl ol brmphannkyblelcalﬂ)eaca@twsahelmbref@r formula |. [0084] A further

aspect of 5t hﬁgp?ﬁese”t A me é.%ﬁ%dﬁrﬁ!:r%?&e %R:se@\t RLEioR Stré)lbo% %Qt% &ﬁﬂth@r

15product co nd of rocess I nvolves treating a first
i nt er nedi at eingdmgroadmanigiérirfeartherhpeutiddlly effective amount of other serotonin 5-HT;

receptor modulators and/or serotonin S-HT; receptor modulators, some of which are
indicated below. Suitable other serotonin 5-HT; receptor modulators and/or serotonin 5-
HT, receptor modulators include, but are not limited to, Alosetron (LOTRONEX®),

10 renzapride, cilansetron, Tegaserod (ZELNORM®), Prucélopride, and ondansetron.

[0078] In a further embodiment of the present invention, the above method further
involves administering a therapeutically effective amount of a therapeutic agent selected
from the group consisting of somatostatin analogs such as Octreotide; muscarinic receptor
antagonists such as Darifenacin, and Zamifenacin; laxatives such as methylcellulose:

15 (CITRUCEL®), Psyllium (METAMUCIL®, FIBERALL®, REGULOID®, KONSYL®),
malt soup extract, polyacrylic resins (e.g., hydrophilic forms such as polycarbophil and
calcium pb]ycarbophil), 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,

20  sodium biphosphate, glycerin, anthraquinones or anthracene laxatives (such as aloe,
cascara sagrada, danthron, senna, aloin, casanthranol, frangula, and rhubarb), '

" diphenylmethanes (such as bisacody!l and phenolphthalein), and castor oil and the like;
antispasmodics, such as the anticholfnergic agents dicyclomine HCI (BENTYL®),
hyoscyamine sufate (LEVSIN®), and the like; antidepressants such as imipramine

25 (TOFRANIL®), amitriptylin _(ELAVIL®); antidiarrheal agents such as diphenoxylate
HCl+atropine sulfate (LOMOTIL®), loperamide (IMODIUM®), natural or synthetic
opiates (such as difenoxin, diphenoxylate, pargoric, opium tincture, and loperamide),
anticholinergics (such as belladonna alkoloids-atropine hyoscyamine, and hyosine),
acetyltannic acid, albumin tannate, alkofanone, aluminum salicylates, catechin,

30 lidamidine, mebiquine, trillium, and uzarin, and the like; prokinetic agents, peripheral

opiate narcotic antagonists such as fedotozine, trimebutine, and the like. Suitable



- 33 - formula IV wherein Mis Hor a counterion, under am de bond
formation conditions effective to 5produce the product conpound. Q and Rl
are as devonred/mkiree and additional substituents on thePChds2ab®4@ne as
defined for forrmula I. [0085] A further aspect of the present invention
relates to a process of preparing a product conpound of formula Ic: (111)p
formula Ic This process involves treati a first internedi ate conpound of
formula V: NHQ CO2M r4/) , , oi??b formula V wherein Mis Hor a
counterion, under am de bond formation conditions effective to produce the
product compound. Q X, and Rl are as defined above. [0086] Anot her aspect

of Lhe Br eechbuhMeHhONeh.8L Bhede Al RS REESH-AL mBRSREIPrBPERBISuC!

metoclopromide, domperidone, and the like. :
[0079] Another aspect of the present invention relates to a method of treating
emesis. This method involves selecting a patient with emesis and administering to the

5 patient a therapeutically effective amount of a compound of formula I or Il or a |
pharmaceutically acceptable salt thereof. |
[0080] In another embodiment of the present invention, the above method further
involves administering a therapeutically effective amount of ohe_ or more other anti-
emetic compounds. Suitable anti-emetic compounds include, but are not limited to,

10 alosetron, alprazolam, aprépitant, dexamethasone, dimenhydrinate, diphenhydramine,
dolasetron, tetrahydrocannabinol, nabilone, dronabinol, droperidol, granisetron,

A haloperidol, lorazepam, metoclopramide, midazolam, olanzapine, ondansetron,

palonosetron, proclorperazine, promethazin¢, and tropisetron, . ‘
[0081] Yet another aspect of the present invention relates to a method of treating

15 CNS diseases or conditions. This method involves selecting a patient with a CNS disease

. or condition and administering to the patient an effective amount of a compound of

formula I or II 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-HT3; modulators have been reported in clinical studies of

20  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.,
Schizophrenia Research,. 88: 102-110 (2006); Alder et al., Am. J. Psychiatry, 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.,

25 Aliment Pharmacol. Ther., 16:1357-1366 (2002), which is hereby incorporated by
reference in its eﬁtirety). A 5-HT3; modulator may be used as an adjunct or in combination
with another medication. .
[0082] 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

30 combination in a single embodiment. Conversely, various features of the invention which
are, for brevity, described in the context of a single embodiment, may also be provided

separately or in any suitable subcombination.



- 34 -1 /IN(R)pH fornmula Ha This process involves treating a first

i nternedi ate conpound of fornula VI: 5 CO2M I /[--11 (R )H fornula VI
wher ei n MvD20H/08572 count eri on, under am de bond for mat iPOm/USReILI08G60NS
effective to 10produce the product conpound. Q and RI are as defined above
and addi tional substituents on the indole are as defined for fornula I1.
[0087] A further aspect of the present | Qye ent| on reI ates to a process of
preparing a product conpound of fornula ---- N (111) pH formul a
Hb

[0083] Another aspect of the present invention relates to a process of preparing a

product compound of formula la:

formula la

This process involves treating a first intermediate compound of formula I11:

NHQ
coM //(J )

formula 11
10
wherein M is H or a counterion, under amide bond formation conditions effective to
produce the product compound. Q and R' are as defined above and additional
substituents on the indole are as defined for formula I.
[0084] A further aspect of the present invention relates to a process of preparing a

15  product compound of formula Ib:

®Y,

formula Ib

This process involves treating a first intermediate compound of formula IV:
20 '



This process involves treating a first internediate conpound of fornula
Vil: - 35 - fornula VII wherein Mis H or a counterion, under am de

. bond f or msiDi2on/m837di ti ons effective to 5produce the prodaattuscanpaersnd. Q and
Rl are as defined above and additional substituents on the i-ndazole are as
defined for formula Il. 100881A further aspect of the present invention
relates to a process of preparing a prog ct conpound of formula Hc: (Rl )p
formula He This process involves treati g'a first internmedi ate conpound of
formula VIIl: (11 )p formula VIII wherein Mis H or a counterion, under

am de bond formation conditions effective to produce the product conpound.
Q and Rl are as defined above and additionaﬁH?ubstituents on the indazole

are as defined for fornmula I1. 20100%%}§ui @b,e counterions include, but
are not limted to, Li+ and Na+. - 2 n
_ N
| N
/P~
(R‘)p
formula IV

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

5  produce the product compound. Q and R' are as defined above and addi.tional
substituents on the indazole are as defined for formula I. |
[0085] A further aspect of the present invention relates to a process of preparing a

product compound of formula Ic:

®"Y,

10 formula Ic

This process involves treating a first intermediate compound of formula V:

NHQ
CO,M //(J )
N
l X
NN
®RY,
15 formula V

n

wherein M is H or a counterion, under amide bond formation conditions effective to
produce the product compound. Q, X, and R' are as defined above.
10086] Another aspect of the present invention relates to a process of preparing a

20 product compound of formula Ila:



[ 0090] The net hods of synthesis of the present invention involve standard
am de bond formation conditions that are famliar to one skilled in the art
“of organiwoxyntdesszcs. This typically involves activati oRCofUS2M6/0¢@®1IDOXYI
conponent followed by reaction of the am ne. Suitable activating groups

i nclude, but are not limted to, acyl halides, acyl 5azides,

acyl i m dazol es, anhydrides, and esters_gi_described by Montal betti et al.,
Tetrahedron, 61:10827 (2005), which is hereby incorporated by reference in

its entirety. Preferred activating reagents include thionyl chloride
(SOC12), oxalyl .chloride (COC)2, phosphorus oxychloride (POC13), carbonyl
. diimdazole (CDI), dicyclohexyl carbodiigide (DCC),
1-ethy1-3-(3-dinethylaninopropyl)carbod(inide) (EDCl), 1-

N-)

10hydr oxybenzotri azol e (HOBt),
0-(1H—benzotriazo|-1-y1)-N,N,N‘,N'-té% ame
(HATU), and 1-propanephosphonic acid ¢ygli4& anhydride (T3P).

[ 0091] Conmpounds useful according to t /jnv ntion may be prepared by the
application or adaptation of known met/ dsi by which is neant methods used
heretofore or described in the literdfd%re, for exanple, those described by
Larock, Conprehensive 150rgani c Transf Qi idgd ons, Wl ey-VCH Publishers, New
York (1989), which is hereby incorporated by reference in its entirety.

[ 0092] A conmpound of the present invention including a group containing one
Or more ni trogeBrobdsd ShvdlvelBeatiiBY fiREinkPRYALL Bnfcind bR 98pondi ng conpound
wherein one or nore nitrogen ring atomof the group is oxidized to an

N-oxi de, preferably by reacting 20with a peracid, for exanple peracetic
acid in acetic acid or mchl oroperoxybenzoic gcid in an inert solvent such.
as di chl oromet hane, at a tenperature fromgapout roomtenperature to refl ux,
preferably at elevated tenperature. [8Q93]/n the reactions described
hereinafter, it may be necessary to grotfct reactive functional groups, for
exanpl e hydroxyl, am no, imno, thi@, Spr\carboxy groups, 25where these are
desired in the final product, to averd eir unwanted participation in the
reacti ons. Conventi onal protectingagnoups may be used in accordance with
standard practice and as descri bed bel ow. L0094]The novel 5-HT3 nodul ators
of fornulae | and Il of this inventi dam#nVbe prepared by the nethods
illTustrated in the general reaction schenes as, for exanple,

'hyl ur oni um hexaf | uor ophosphat e

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

10 produce the product compound. Q and R' are as defined above and additional
substituents on the indole are as defined for formula II.
[0087] A further aspect of the present invention relates to a process of preparing a

product compound of formula I1b:

15 formula IIb

This process involves treating a first intermediate compound of formula VII:



30 described below, or by nodifications thereof, using readily avail able
starting materials, reagents, and conventional synthesis procedures. In

t hese reawOi20n08372 i s al so possible to make use of variPamtus2eloatoear e known
in the art but are not nentioned here. Although the - 37 - syntheses
depicted herein may result in the preparation of enantioners having a
particular stereochem stry, included w IE?gi_n the scope of the present

i nvention are conpounds of forrmulae | a Il in any stereoisoneric form
and preparation of compounds of formulae I and Il in stereoisoneric fornms
ot her than those depicted herein would be obvious to one 5of ordinary skill
in the chem cal arts based on the procedures presented herein.
100951General net-hod of constructing a cor’rlB\p,u/nd of fornmula la (A6 tricyclic
core): 121 is consistent with 1;)% lﬁ | 10QN H2 = am ne Conditions:
A) i. NaH, DWF;, ii. KI, 2-brono-1, 1-difefhoxyethane; B) 1 N NCl, THF;, C
ONH2, NaBH3CN, 1% HOAc in MeOH, D) i de base; E) T3P,

di i sopropyl et hyl am ne, THF;, F) HC1, Br cHea 2 100961Conmpound Al where
Rl = OH and OCH3 can be achi eved b)(R,g me{f{ hod 15reported by Bissantz et al.
(U.S. Patent Application Publication®No. 2008/ 0153862), which is hereby

i ncorporated by reference in its entiforetwla ViConversi on of Al where RI = OH
to R=C can be achieved by a nethod reported in Bay et. al., J. Og.
Chem, 55:3415 (1990), which is hereby incorporated by reference inits
entirety. CowhermiNis ldbr Aountrepe uRlleram@ld bood fRrmatidBreonditiorseffeive eved by a
met hod reported by, Riche et. al.,~20Just ebj ' ) , 121: 359
(1862), wﬁi cﬁrolgléceﬁléerperggluclt e roﬁr(')(}'a g&d]%yarggsfngggdcag’gfér?lﬁgtagggﬁ |lrety.

Conver si on ofubMitusvhesrethRindazolHart as dRifined flor focrawmlathle. achi eved by a net hod
reported by net., al . ine.. X 1 IS
hereby - 38ﬁ§)§|§ﬁcor p(ﬁ(\rﬁJ E‘H %@ecrééﬁggregﬁ%gt 1%%%@%%5%?&1&%&%%%@%%%E of Al
where RI = Obtodact Rompou@d bf fopheladici c triflate ester) can be readily achieved
(McCort et al., Tetrahedron-Lett., 40:6241 (1999), which is hereby
incorporated by reference inits entire(y). This material, or where Rl =
brono, iodo or chloro, can be used ag, anxgypling reagent for transition
met al - 5catal yzed cross coupling reactons)(e.g. Suzuki, Stille,

Sonogashira) to provide conmpounds Al NRI = al kyl, aryl, and
het er oaryl . |// N
®Y),
10 formula Ilc

This process involves treating a first intermediate compound of formula VIII:

15 . formula VIII

wherein M is H or a counterion, under amide bond formation conditions effective to
produce the product compound. Q and R' are as defined above and additional
substituents on the indazole are as defined for formula II.

20  [0089] Suitable counterions include, but are not limited to, Li* and Na".



[ 0097] . General nmethod of constructing a conpound of fornula |b (B6
tricyclic core): NHONI-TQLiO I. K2.L (R)p(R1 )p B4B5 Rl is

consi st erwowntinogmemul a 1 10QNH2 = ami ne Conditions: G PKIr/US2010/040617

2- brono- 1, 1-di met hoxyet hane, DBU, DVMSO, H) 2 N FICl, 1,4- dioxane; |) Q\H2,
NaBH3CN, 1% HOAc in MeOH;, J) hydroxi de base; K) T3P, diisopropyl ethyl am ne,
THF; L) HCI, MeOH or CH2d 2 [0098] Conpoypd Bl, where RI = Br

-(5- brono- 7-i ndazol ecarboxylic acid nmethyl 15 ester), is comercially

avai |l abl e from SI NOVA, BETHESDA, MD (catal og nunber SL- 02167). Conpound
Bl, where R = OH, OCH3, F, or O can be prepared fromthe corresponding

o- Lol ui dine Ribedh et ads HERBL! S M RIS dbnchvendirinycheSianRh e

3, 862, 958, is here I ncor ora erence ts ent
Conver si on oboﬁlfomv@lpeccmdltbnﬂhattaoe Rimiliar (D'rdne(splﬂiemmlthfcarwf ofganicesyriBesesr ) can be

readily achi S @%ﬁégﬁgﬁfv lvgstacﬁga%lon of t];gur%)(ggéo%ohaﬁtﬂ;]l’ow%ﬁb)(fs?e;ét(o;ll%?g%’ \(l)\Api ch

i's her eby i ncor y rererence ent mat er |
where Rl = bamime, Shitalits agtivatihg enouops indwdeblut aart imited tocagpl Hiakides, acyl

5  azides, acylimidazoles, anhydrides, and esters as described by Montalbetti et al.,
Tetrahedron, 61:10827 (2005), which is hereby incorporated by reference in its entirety.
Preferred activating reagents include thionyl chloride (SOCI;), oxalyl chloride (COClI),,
phosphofus oxychloride (POCls), carbonyl diimidazole (CDI), dicyclohexyl carbodiimide
(DCC), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) (EDCI), 1-

10  hydroxybenzotriazole (HOBt), O-(1H-benzotriazol-1-yl)-N,N,N’,N'"-tetramethyluronium
hexafluorophosphate (HATU), and 1-propanephosphonic acid cyclic anhydride (T3P).
[0091] Compounds useful according to the invention may be prepared by the .
application or adaptation of known methods, by which is meant methods used heretofore

‘or described in the literature, for example, those described by Larock, Comprehensive

15 Organic Transformations, Wiley-VCH Publishers, New York (1989), which is hereby
incorporéted by reference in its entirety.

[0092] A compound of the present invention including a group containing one or
" more nitrogen ring atoms, may be converted to the corresponding compound wherein one
or more nitrogen ring atom of the group is oxidized to an N-oxide, preferably by reacting

20  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. '

{0093] In the reactions described hereinafter, it may be necessary to protect.
reactive functional groups, for exanﬁple hydroxyl, amino, imino, thio, or carboxy groups,

25  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 below.

[0094] The novel 5-HT3; modulators 6f formulae I and II of this invention can be
prepared by the methods illustrated in the general reaction schemes as, for example,

30  described below, or by modifications thereof, using readily available starting materials,

| reagents, and conventional synthesis procedures. In these reactions, it is also possible to

make use of variants that are known in the art but are not mentioned here. Although the



- 39 - reagent for transition netal -catal yzed cross coupling reactions
(e.g. Suzuki, Stille, Sonogashira) to provide conpounds Bl where Rl =

al kyl , arwb,20amdsiret eroaryl . [ 0099] General nethod of com€TUSCA0MNG6AT
conpound of forrmula Ic (C9 tricyclic core): R and Rl are consistent with
formul al QNH2= am ne Conditions: M thionyl chloride, nethanol; N)

2, 2-di met hoxyet hanam ne, triethylamne, .THF;, 0) hydrogen (1 atm, 10%
pal | adi um on carbon, ethanol; Pt) RCHO,'3 xone, 10 DMF, H20; P2) RC(Ow) 3,
DVF; Q TFA, H20, CH2Cl2; R) QNH2, NaBH3CN, 1% HOAc in MeOH; S) hydroxide
base; T) T3P, diisopropyl et hyl am ne, THF;, U) HCl, MeOH or CH2C12

3:'8?'2? fI'Gener a:sysng%%eﬁgl {;ted eorglﬁzng_lalill](c:r}(:)slru t%e Pre%‘ﬁ%m&nan 18r|;1¢r>ps‘l lhav&lﬁ_la H%SCUTI A CyCl Ic
1- (chl or onet kyledchémively hoo yded v thivethe scm;ie ufrthhmelsemdlev(rﬁﬁ%re compounidsiofy | ammnl um

I odi de, DMF; nhos rus.aoxychl or C§H§ (Li HVDS,
THF;, ii. 1 Nf(%%}]l,ae ?ﬁ%ﬁ?%an&ﬁ%ﬂﬁﬁmer f‘épﬁéﬂf’ prfgﬂ g c°§|ccr’1m%éﬁaf Q'l%fr oxi de
base; AA) T3khd ldin samimmekiefdrmls athientban thodle;depiBed héreimwoui tmhalbwoude onani sol e;

AC) HO, g/b Olc;lf dmary SE}I in the chemical arts based on the procedures presented herein. -

[0095] " General method of constructing a compound of formula Ia (A6 tricyclic
core):
//8Me _cho o OMCHNHQ
v _c . :
OMe ——> AN N N N
A
(Rl (RI (Rl (Rl)p
Al A2 A3 Ad
QN
OLi /// w
S EXE B N
S y o~
R, Ry
AsS A6

R!is consistent with formula I
10 QNH, = amine

Conditions: A) i. NaH, DMF,; ii. KI, 2-bromo-1,1-dimethoxyethane; B) 1 N HCI, THF; C)
QNH,, NaBH3CN, 1% HOAc in MeOH; D) hydroxide base; E) T3P,'
diisopropylethylamine, THF; F) HCIl, MeOH or CH,Cl,
[0096] Compound Al where R' = OH and OCHj can be achieved by a method

15 feported by Bissantz et al. (U.S. Patent Application Publication No. 2008/0153862),
which is hereby incorporated by reference in its entirety. Conversion of A1 where R'=
OH to R' = Cl 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' = OH to R' = Br can be achieved by a method reported by Riche et. al.,

20 Justus Liebigs Ann. Chem., 121: 359 (1862), which is hereby incorporated by reference in
its entirety. Conversion of A1 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



[ 0101] Compound D1 where RI = OH and OCH3 can be achi eved by a net hod
10reported by Krutosi kova et al., Collect. Czech. Chem Comrun., 57:1487
(1992), whDchilv®siter eby i ncorporated by reference in it ®CEAISRO1610y0617
Conversion of D1 where Rl = CHto RI = O can be achieved by a nethod
reported in Bay et. al., J. Og. Chem, 55:3415 (1990), which is hereby

i ncor por at ed by reference inits enti re&g Conversion of D1 where Rl = OH
to RI = Br can be achieved by a net hod ported by Riche et. al., Justus
Li ebigs Ann. 15Chem, 121: 359 (1862), which is hereby i ncor porat ed by
reference inits entirety. Conversion of Dl where R OHto Rl = F can be
achi eved by et h 4 . Ry e.
Chem , 27: 265‘0???5@%?}); \?ﬁ?&%%%?%'}?%%‘rm %oﬂ‘éeééroétgérfg e‘gﬁeﬁeﬁ P letgnceqlﬁrlml ts
enti rety Co(pherddic giflastf esf) cahbe eally a:hmdt(MCRbrtrt Qr ﬁfet(quheénmlLetc 40:61l at e
ester) can b a h 6211
(1999) . whi cﬁ95‘§> b 3 R E b by Bt 1 SRR TR MhorBl by w80
mat eri al , orR bmmoRiodcomlﬂnro caﬁboub@d@saedﬂpbng)reagﬁathbearusr@d mggl-a coupl | ng

reagent f | yze .0 c
Suzaki. <11 ARSI R bR TStk ST SRk EBEME"S TP
aryl, and heccemnmanqﬁlAl VitOR| Saligk alyl, med hedetom§l. const ructi ng a conpound of

formula Iib, [OWB'?]r en T_Gegergll':nénletﬁcw o(\f)églls&rﬁctﬁ]%ra%})fnpodm(%g%rfﬁ‘ga% @6 tricyclic

core):
OMe
H,CO H;CO //( H;CO. O . CHO
//
E OMe H XN,
I N ‘// Z
(R'),, R,
B2 B3
NH
H,CO .0 /)NHQ LiO 0 H Q
I 1.K
— AP e N L
N 2.L
yAs” f A
®RY, RY,
B4 BS5

R! is consistent with formula I
10 QNH, = amine

Conditions: G) KI, 2-bromo-1,1-dimethoxyethane, DBU, DMSO; H) 2 N HCI, 1,4-
dioxane; I) QNH,, NaBH3CN, 1% HOAc in MeOH; J) hydroXide base; K) T3P,
diisopropylethylamine, THF; L) HCI, MeOH or CH,Cl,
[0098] Compound B1, where R' = Br (5-bromo-7-indazolecarboxylic acid methyl
15 ester), is commercially available from SINOVA, BETHESDA, MD (catalog number SL-
02167). Compound B1, where R!=OH, OCHs, F, or Cl can be prepared from the
corresponding o-toluidine by a method reported by Ruechardt et. al., U.S. Patent No.
3,862,958, which is hereby incorporated by reference in its entirety. Conversion of Bl
where R' =OH to R' = OTf (phenolic triflate ester) can be readily achieved (McCort et
20 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



"' 1P E2 rQ NH AE ozi)Hp E3 Rl is consistent with fornmula I
10QCH2N H2 = amin e 0Zl)p E4 Conditions: AD) QCH2NH2, NaBH3CN, 1% HOAc in
MeOH, AE)wWbydriowszte base; AF) T3P, diisopropyl et hyl am neCTISE010A@61HC! |
MeOH or CH2Cl12 15101031Conpound El, where Rl = Br
(6-brono-3-fornyl-4-indazol e carboxylic acid nethyl ester), is comrercially
avai l abl e fron1SINOMA BETHESDA, MD (catal og nunber SL-00263). Conpound El,
where RI = d- (6-chl oro-3-formyl-4-indazole carboxylic acid methyl ester),
is al so connerC|aIIy avai l abl e from SI NOVA, BETHESDA, MD (catal og nunber
SL-01561). Conpound El, where Rl = F (6-fluoro-3- 20fornyl-4-indazole

carboxylic apeiagenm%tr nXlLsit?oﬁtn?éalJcatia@zgdl s gmé Feia@tlolny(e?éfgilélﬂmSﬁllg,r om

Sonogashira) to provide compounds B1 where R' = alkyl, aryl, and heteroaryl.

[0099] General method of constructing a compound of formula Ic (C9 tricyclic
core): ‘
O OCH: s
H 3 o}
g[ 8\;/[ | X N\)\OCH3
- 7~ >No
®% ®Y,
cl cz P c3
Ox,OCH, H.CO OMe HCO_O
H\/EfHS Plorp2 //4 Q /’J
or
(N[ ook, —— N T (e
¥ > 4
( NH, - YFN /NN
Ry R"), ®",
C4 cs . C6
H,CO
. ( [,J [,J ->
I />—R
/N
: ®R",
: C7. o " s L3 C9

R and R! are consistent with formula |
QNH, = amine

Conditions: M) thionyl chloride, methanol; N) 2,2-dimethoxyethanamine, triethylamine,
THF; O) hydrogen (1 atm), 10% palladium on carbon, ethanol; P1) RCHO, Oxone,

10 DMF, H,0; P2) RC(OMe);, DMF; Q) TFA, H,0, CH,Cl;; R) QNH,;, NaBH3;CN, 1%
HOACc in MeOH; S) hydroxide base; T) T3P, diisopropylethylamine, THF; U) HCI,
MeOH or CH,Cl,

[0100] General method of constructing a compound of formula Ila (D8 tricyclic

core):



SI NOVA, BETHESDA, MD (catal og nunber SL-01547). WO
2011/ 008572PCT/ US2010/ 040617 - 42 - [0104] General nethod of constructing a
conmpound wb 2bawvaesd7a 11 b, where n = 1 (F6 tricyclic corepCTTS2Me/006T2Ne El
Rl is consistent with formula Il QCH2N H2 = am ne 5Conditions: AH)
1- (chl oronet hyl) - 4- met hoxybenzene, sodi um hydride (60%, tetrabutyl anmoni um
i odi de, DWMF; Al) i. Ph3PCH20CH3CL1, LiHNQ , THF; 1 N THF;, AJ) QCH2NHZ,
NaBH3CN, 1% HOAc in MeOH, AK) hydroxi dé 'bDase; AL) T3P,
di i sopropyl et hyl am ne, THF, AM trifluoroacetic acid; AN) HCl, MeOH or
CH2C12 10[ 0105] Conmpound El, where RI = Br (6-brono-3-fornyl-4-indazole
carboxylic acid nmethyl est erE%M s conmmerci al | yo@y@i | abl e from SI NOVA,
BETHESDA, MD (c&0aleog nunber [SL-00263). Conpouhd B~ °where R = C

ex

(6-chloro-3-fo -4- i ndaz boxyl i & aci | | estery, is also
cammercial ly ayai) abl e 1To A, BETHESDA,Y/M~(Cat al og number SL-01561).
Conmpound El, el = F o-fluar _15for(mp)p1- 4-\ | e carboxylic acid
nethyl ester)®%s al so commefciall bMable from S MBETHESDA, MD

(catal og nunber BL-01547). WO-3{117008572PCT/ US2D10/ 040617 -43
-10106] General nethod of constructing a conmpound of formula Ilc (G3

tricyclic Q Q
0 ~
CoMe 4 | HN N
Me0,C Li0,C
YN Y N z AA
®RD, /Z N /PN |
' OMe ®D, \\Q RY,
D4 OMe _ OMe
D5 D6 :

Q
‘\N Q—
O 1.AB 0 N
Z N
(R‘/) L@‘OMe // N
P R,
D7 D8

R!is consistent with formula 11
QCH,NH, =amine

Conditions: V) 1-(chloromethyl)-4-methoxybenzene, sodium hydride (60%),
tetrabutylammonium iodide, DMF; W) phosphorus oxychloride, DMF; X) i.

5  PhsPCH,OCH;CI, LiIHMDS, THF; ii. 1 N HCI, THF; Y) QCH>NH», NaBH3CN, 1%
HOACc in MeOH; Z) hydroxide base; AA) T3P, diisopropylethylamine, THF; AB)
aluminum chloride, anisole; AC) HCI, MeOH or CH,Cl,

[0101] Compound D1 where R' = OH and OCHj can be achieved by a method

10 reported by Krutosikova et al., Collect. Czech. Chem. Comﬁun., 57:1487 (1992), which is
hereby jncorporated by reference in its entirety. Conversion of D1 where R' = OH to R'
= Cl 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 D1 where R'=
OH to R' = Br can be achieved by a method reported by Riche et. al., Justus Liebigs Ann.

1S Chem., 121: 359 (1862), which is hereby incorporated by reference in its entirety.
Conversion of D1 where R' = OH to R' = F can be achieved by a method reported by



core): Rl is consistent with forrmula Il QCH2NH2 =am ne Condi ti ons:
AO) KI, 2-brono-1, 1-di net hoxyethane, DBU, DMSO, AP) 2 N HCl1, 1,4- 5

di oxane; wQRoQ@eRNeRR2, NaBH3CN, 1% HOAc in MeOH, AR) hydroxiuseolomasm17 AS)
T3P, diisopropyl ethylam ne, THF; - AT) HCl, MeOH or CH2C12 101071Conpound BI
where RI = Br (5-brono-7- |ndazolecarboxyllc acid nethyl ester), is
~commercially avail abl e from Sl NOVA, BET4 SDA, MD (catal og nunber SL-02167).
Compound Bl, where Rl = OH, OCH3, F, or can be prepared fromthe
10corresponding o-toluidine by a nethod reported by Ruechardt et. al., U.S.
Pat ent No. 3,862,958, which is hereby incorporated by reference inits
entirety. Con 40 I triflate
ester) can beyh(r%gea E{P 9l l@rm\m@em\gg@ 93{3 g)al”ﬁm‘lse’} e@gﬁg%ﬁd% 40: 6211
(1999), whi chfar@chm@wtuem6pp@rmthJywrrem‘lér%@er Rh |QT<_f(1éwtwlrcet199te Thi s
material, or o b i ng
Tor cagent 1o e Fandr (B kbl (R G 7L PR A TR FSTILED TERIE
“Suzuki, Stil he¢bySorrorrased lp)ar)efelr@mpmomedtaetabnﬁoumdsnal or\/w’rereeR Ri brema| kyl ,

aryl, and het Y/ itions
contalnlng th§£§§&M%%néQE%§%g?§ §$ﬁ§$%4%HA?ﬁ%+Q@oPHg%?%ﬁ% %@P@ﬁf
pharnaceut|campbmm@GSmna@m£5mmhpSm&1&gugh$n@pegmwm@hbmpwﬁﬁ&@lMmeeannunts of

t he corrpounds haLdps&yslcal Iy acceptable 20carriers. - 44 - [0109] It
i.s a further O%P '?’owﬁe r#esent invention to provide kits having a
[0102] General method of constructing a compound of formula IIb, where n=0
(E4 tricyclic core):
CO,Me MeO,C
Cf( - C{
// N
(R)p
El
L102
1 AF
2.AG
E3

R! is consistent with formula I |
10 QCH,NH, =amine

Conditions: AD) QCH,;NH,, NaBH;CN, 1% HOAc in MeOH; AE) hydroxide base; AF)
T3P, diisopropylethylamine, THF; AG) HCI, MeOH or CH,Cl,

15 [0103] Compound E1, 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 E1, where R' = Cl (6-chloro-3-formyl-4-indazole '
carboxylic acid methy! ester), is also commercially available from SINOVA,
BETHESDA, MD (catalog number SL-01561). Compound E1, where R' =F (6-fluoro-3-

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

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



plurality of active ingredients (with or without carrier) which, together,
may be effectively utilized for carrying out the novel conbination

t her api eswof2otimesi7aventi on. [0110]1t is anot her object @CTiuseowoow@nti on to
provi de a novel pharnaceutical 5conposition which is effective, in and of
itself, for utilization in a beneficial conbination therapy because it
includes a plurality of active ingredieq&g which may be utilized in
accordance with the invention. [0111] The“present invention al so provides
"kits or single packages conbining one or nore active ingredients useful in
treating the disease. A kit may provide (alone or in 10conbination with a
pharmaceLt] Cijig. aC CeRtARL EndhddGlbndlictiB cofibdurkidf EATRINNRerdh S o7 M @ |
or Il and an additional active |ngred]en al bne or 1 n combination with

di l uent or céditrtrieyc)ic cas): descri bed above. [0112] The products according to
the present inqgﬂ&%o% may be gy gsented in forns permtting adm nistration
by the nost suijt &b

€ route and'’t &9 nvent. also relates to

15phar maceut i galyc ﬂpoéﬂLio S o Painirmkgﬁm @asﬁﬁone product according to
the inventionSubktelj are sui nTor use in human or veterinary medicine.
These conposkﬁ%ons“nay be prgpar ording to the customary net hods,
using one or noge pharmaceutically Mdbl e adj uvants or excipients. The

adj uvants conprise, inter alia, il uents, sterile agueous nedi a, and the
various non-toxic organic solvents. The congositions may be 20presented in
the formof tablets, g&lls, granul es, powders, aqueous sol utions or

el i xi'® or syrups, and can contain one
ri sing sweeteners, flavorings,

col orings, or bt ai n pHftaaceutical Iy acceptabl e
preparati ons. 8] The fornul ationgl ofN conpounds of fornulae | and |

i ncl ude those®yuita for oral( parent exal (i ncludi ng subcut aneous,

i ntradermal , intranus pwkntrgbbritonqaiy bp ravenous, and
intraarticular), re@tal, colonic, and3topréal fncluding dermal , buccal,
nasal , sublingual, and intraocular) adm nistration. The nost suitable route
may depend upon the conditd on and disorder of the recipient. The .
formul ati ons may conveg&eﬁtly be peesented in unit doaa e formand may be
prepared by any; t he t hods wel i n 30t he artﬁgﬁ har macy. Such
met hods i nclude the step of Abringing o assbeéMati ono ound of fornula

or nore agents

Se)

| or Il or a ph ically accep sal t, gf sol vat thereof ("active
ingredient") wt g carrier, whiadh gapstitutes one rel accessory
®Y, \\©\ OMe l/ Z~NH
: OMe RY
F4 * F6

R! is consistent with formula II
QCH,NH, =amine

5  Conditions: AH) 1-(chloromethyl)-4-methoxybenzene, sodium hydride (60%),
tetrabutylammonium iodide, DMF; Al) i. PhyPCH,OCH;ClI, LiHMDS, THF; ii. | N HCI,
THF; AJ) QCH3;NH;, NaBH3CN, 1% HOAc in MeOH; AK) hydroxide base; AL) T3P,
diisopropylethylamine, THF; AM) trifluoroacetic acid; AN) HCIl, MeOH or CH,Cl,

10 [0105] Compound E1, 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 E1, where R' = CI (6-chloro-3-formyl-4-indazole
carboxylic acid methyl ester), is also commercially available from SINOVA,
BETHESDA, MD (catalog number SL.-01561). Compound E1, 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).



- 45 - ingredients. In general, the formul ations are prepared by uniformy
and intimately bringing into association the active ingredient with liquid
carriers w0 2bhiveByr2di vi ded solid carriers or both and tirem/useéionemessary,
shapi ng the product into the desired fornulation. 101141For nul ati ons
suitable for oral adm nistration may be presented as discrete 5units such
as capsul es, cachets, or tablets each cggtaining a predeterm ned anount of
the active ingredient; as a powder or ¢granules; as a solution or a
suspension in an aqueous liquid or a non-aqueous liquid; or as an

oil-in-water liquid enmulsion or a water-in-oil |iquid enulsion. The active
i ngredi ent | so b ente S ol us ect uar te .10[ 0115] A
tabl et may EEM r‘@de by%(:e(%%r%fné%é?agonf%8?5%ﬁélnéiléncar,nslt))uﬁ‘t%io(y)ﬁoerl% Flf/lq%(ggﬁécﬂghcor nor e

accessory ingerexi ents. Conpressed tablets may be prepared by conpressing in
a suitable machine the active ingredient jyp a free-flow ng formsuch as a
powder or granulHgen tional | y M wi tl a bi nder H9%ubrQ cangyo i nert
diluent, lubricatin surfage acti Mspersi Ng agent ../ Mol ded tabl ets
may be made by nol Npn a—=swit chi ne—a™m xtur & &Nthe powder ed
conmpound noi st ened an inert ¥/ di l uent. The S may optionally
be coated or scorgd) and may be faryul ated so as to pryyi de sustai ned, ‘
del ayed, or control fed rel ease of {hex active i ngr edi ent Bt herein. The
pharmaceutical conpositions may inglude a "phar mace(yti cally a(gcept abl e
inert carrier”, and this expression is intended tosinclude opne or nore
inert excipients, whiahcon udé?™0st ar ch ol S, granul atj ng agents,
mcrocrystalline ggflulos difuents, lubrifcanfs, binders,oi s_i\glt egrating
agents, and the ITker If ' s of the-di s¢lose

conposi tions may be coat&d_hy,t andard agle or nohafueo s 1 echni ques,
"Pharmaceutically accep e carrier" al enconpasses conty d rel ease
means. [01161Pharmaceutic&l conpositions nhy al so optional®RY, i ncl ude ot her
t her apeuti c 25i ngredients, Ghnti - caki ng agent’s, preservatives,Ssweet eni ng
agents, colorant s, . flavors., desigcants, plasticizers, dyes, and the |ike.
Any such opti onalgd lngd{ng,@t must be conpatible with the conpound of
formula | or Il to i'nsure the stability of the fornulation. The conposition

may contain EpkbtionsudiP) Ki@drerso-hdetreethoxypibrned PRY. PHISQxdiBINeHChd tose,
gl ucose, §rugi 08k, A@?'@@ﬁzﬂﬁﬁ,wﬁlﬁ%ﬁﬂ, PHHORUMMSSH; AR HydRfidevalel hRpPSeE,

mal titol, melezitose, 30stachyose, lactitol, palatinite, starch, xylitol,
manni t ol , mmy&BRckisersopylesvdpming THEKAT) Hol Matt ent@hGhher eof , - and ami no aci ds,

for exanpl e gipfy ne, ijo\lﬁi}joﬂﬁl BRI (5 B REMda ARG aBBL IR LTSS f OT
exanpl e al burmen. - 46 - 101171Exanpl es of excipients for use as the
phar maceut i Cg_qtqry i reipi yeavaidablei feqng SINOVA, BETHESDA, MD (catalog number SL-

02167). Compound B1, where R'= OH, OCHj, F, or Cl can be prepared from the

10 corresponding o-toluidine by a method reported by Ruechardt et. al., U.S. Patent No.
3,862,958, which is hereby incorporated by reference in its entirety. Conversion of Bl
where R' = OH to R' = OTf (bhenolic triflate ester) can be readily achieved (McCort et
él., 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

15  reagent for transitionbmetal-catalyzed cross coupling reactions (q.g. Suzuki, Stille,
Sonogashira) to provide compounds B1 where R'= alkyl, aryl, and heteroaryl.

[0108] The present invention provides compositions containing the compounds
described herein, including, in particular, pharmaceutical compositions comprising
therapeutically effective amounts of the compounds and pharmaceutically acceptable

20  carriers.



and the pharnmaceutically acceptable inert carriers and the aforenentioned
additional ingredients include, but are not limted to binders, fillers,

di si nt egreiot2et1/dosdsei cants, antim crobial agents, and co&Cirns2@agamics?
5101181The dose range for adult humans is generally fromO0.001 ng to 10
g/day orally. Tablets or other forns of presentation provided in discrete
units may conveniently contain an anount of conpound of fornmula I or 1]
which is effective at such dosage or as mul tiple of the same, for

i nstance, units containing 5 ng to 500 ng, usually around 10 ng to 200 ny.
The preci se amount of corrpound adm nistered to a patient will be the

10r esponsi bi |} of t t ) ver nployed
will depend l?lrllb%/l nunbztr 9? Ctm?(ené:geﬁnﬁvmﬁ@me{) rovid h@%&i‘%%

patient, theplpraétylcg”ectmesngrctbemtsb(wthgr WItbanedTIeradeChltsgesl@v,enaytw 101191A
dosage unit it nple, 0.01
to 0.1 ny, 1£f?ecggeé)aﬁ'nI%qkorggxi)ﬁnggrmuw}lf n%)veCf?é‘Bblq&tolr{?ﬁer%p egg%the%veﬁtxo%to 500 .
2 to 500 15n{911@ to 1WMQs wg)theSObJ@ctEOthnmveﬁlqnoo pO0ideg npel ghar@ac@mtlwg | nmg, 2
g, 3 rrg 4 3 W!L
14 1y, 5 ’ﬁlpgéuﬁ}gw&gh rrsgeffeitév@gm aﬁigﬁtsel? fggﬂltlhjzgtloggﬂ a%éheggal cjo%b%tlonl

nmy, 45 ng Smemgy b®5usrrgt mcﬂ(Ddesrgpluth acfi‘@ lmgpdléfrﬁs w@ch 88y hgptll%dmg 90 ng,
95 ng, 100 250 ng, 300 nmg, 350 ng, 400 ng, 450 ng, 500
ng) of a co%gaégl%aer&g@rtlg% égﬁer ein. 20[0120] The products according to the
present inveidn may The psmt miverttien eldo povideekjtsensingle aackages esmbinipgione or der
to obtain th I t p d rapidly
to a higner SrTBaRe R aRHALinE e R, ek B} oY (IGRRPIE
adequat el0 Focongtitegipn pith iaghérmacquticaiiyypcdzetahle dgsgw pycatrier ey eonmpmgdstadr m
treatnents a e
physi ol ogi caf‘)”%‘gglﬂf’fgﬁﬁ&r:% sic%l 'og?ilggtﬁ%g %&{l?nq?{?naeropggﬁ%ﬁg’?ﬁq “MILPPH} t he
active produwiwhylstb@calmhdiam\@t ered orally 1 to 4 ti rres per day. It goes

wi t hout sayi hat t. scri be
not nore tha o e or ﬁ\‘ﬁ%p%ogcgiacg%?fn % the F%&?ﬁr{l—{%}tgg {rxeidr{ gogﬁr‘gti on
about phar mapenitiitgddng vistpadion by ﬂnanamlntabierqute and theflmrenmre@tlsocrnlateswe for
exanpl e, ] . Pr j , dition
(2000) . b cinh ek otk ARG A kiaPfebd e Bha e BB o Bttt

[ 0122] The cowisly nm§ui<mblef for msrlnahumayror Ivmelt':raany iedigideri Tiest wmsntl@sgnay bsy

i ntravenous |nj IbRh 6L [ ection,

i ntraperi ton!éljg{)aq?&nécg%}? mg% {h@%wr)aﬁlg%%séﬁ%lhgg%l?? ﬁ%ﬁﬁhﬁgﬁ%ﬁ%{? ‘53% cular (in
the joints), adcmtatlmj@hmhts oherstradnts. dphediayaniscofipriss, ek afa.idiiuerdvstatilar ) |
intranasally I I Lok RSs malE corrpounds
of formula Iacg"leg"ﬁ n%giin iht gglog? ]g%gpgg%gﬁamg Som)ym@ ﬁ]% co B&t ai)[ne e cachet
cont ai ni A aprpmttéuremqfqr@cpfaaHannll@,fgrartw@s,a@wdvre, aqn@ueeﬁletm,s ogel , peI | et

paste, syr Up:r,uspensions, injectable solutions, elixirs or syrups, and can contain one or more agents

chosen from the group comprising sweeteners, flavorings, colorings, or stabilizers in
order to obtain pharmaceutically acceptable preparations.
[0113] The formulations of compounds of formulae I and II include those suitable
25  for oral, parenteral (including subcutaneous, intradermal, intramuscular, intraperitoneal,
intravenous, and intraarticular), rectal, colonic, and topical (including dermal, buccal,
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
30  the art of pharmacy. Such methods include the step of bringing.into association a
compound of formula lor Il ora phannaceutically acceptable salt or solvate thereof

(“active ingredient”) with the carrier, which constitutes one or more accessory



5bol us, el ectuary, slurry, capsule, powder, granules, as a solution or a
suspension in an aqueous liquid or a non-aqueous liquid, as an oil-in-water
i qui d emiD=20oD08F72a water-inoil |iquid emul sion, via aPGTASRe1&040617

formul ation (see, e.g. PCT Publication No. WD 97/11682, which is hereby
incorporated by reference in its entirety) via a |iposomal fornulation
(see, e.g., European Patent EP 736299 a S PCT Publication Nos. WO

1099/ 59550 and WD 97/ 13500, which are hereby incorporated by reference in
their entirety), via fornulations described in PCT Publication No. WO

03/ 094886, which is hereby incorporated by reference inits entirety, or in

Do s aor o | Mefaichi P GBI o QRIHL Brebartd by bnifsffly 3hd fufieedim N1 stered
transdernal |y f . reservoir-type o Fx-1 ype - pat ches,
m croneedl es brlmmmﬂﬂ asspaotaadm e acthvy frekaiiont with bewld eriers onfirghhdividsd slid15

el ectroporat Ic:?rplers Hl tgotﬁgr%ut negets;!a%r l;a rngﬁhe rodiil e §e§| fol’rﬁlgla JH ection,
P ﬁfa precéélﬁ ﬁ_‘% ?&r t;l

or a comnbi natton 0 g “ret ausm Nat ur e
Revi ews Drug I(Dllélcover >F08nl11t5>né 20@lle forndl edmingstraéonehay berm:@plpigfi @tdé@rd@y

ref er encesi n 8, BLIE L Lok Q13T ACAUBANDR B L O Aule dindhbe F30 b
bt By aiftng o Bl inediman

i ncor poratsed I'nto a |1 posacme nprove oun formul a |
or Il can al schbmgmianQaaedeGOOpgﬂavéQShgslaewblt@@gltW%l@wenélplE@)an@hmqws Met hods

for pegylatig mfm{i 9"‘*&@&&9‘935?' drxymamatgrqraw rﬁﬁ Goniipgates (i

PEG based hy osonmes) can ound 1n Harris et aI

Nat ur e Revi eMUIDnmgISWSEhn/@tlye mzreémm—mlaIS(OZJ@@BS)seramStarb@luseEﬂ@Ft@nces t her ei n
whi ch are her%gé/ i ncorporated by reference in their entirety. Conpounds of
formula | or can al so be admi nistered via a nanocochl eate or cochl eate
del i very 19ehil@llg) 25( BifoBklet may he Badecnysempiessi@raratdlding optidRall e vih ongNg) |

Conpounds of Fsgég.\ i
fo?prmluatl onsmf %&F}ﬁ&g I%E)ef!)&§4ﬁﬂlg %%gg%h%?xgﬁﬁg%%:bggﬁ@?{% I bgldo'?o t he
conpounds  f oswitkbiemmachige mb@weel?@mrémafamd]qmng/fomlh@h agempydn@s fall.ing

wi thin the S%%ﬁﬁlegf 8&&5‘211)! :ﬂ%@ﬁ&‘%ﬂ'& bﬂﬁxr ﬁJbﬁQqPPQneWcﬁlgg{telgbrlr@h sngljﬁa%e procedures

set forth in e ab tic sc preparfation of
addi ti onal C@m@mdspoﬁmgegenmlMollded)tablletls mag iba adhesmoldinghna suitablel be

appar ent r50 %gh RJ Q{Rﬁrggf%e g\llcl.l%red &)mi)g&dqp&m:fe lwu"l% B?nert]lﬁqaﬁiﬁijﬂumt.ess

ot herwi se " note r eagent S an sol vent were used as received from
The tablets may optionally be coated or scored and may be formulated so as to provide

sustained, delayed, or controlled release of the active ingredient therein. The
pharmaceutical compositions may include a “pharmaceutically acceptable inert carrier”,
and this expression is intended to include one or more inert excipients, which include

20  starches, polyols, granulating agents, microcrystalline cellulose, diluents, lubricants,
binders, disintegrating agents, and the like. If desired, tablet dosages of the disclosed
compositions may be coated by standard aqueous or nonaqueous techniques,
“Pharmaceutically acceptable carrier” also encompasses controlled release means.
[0116] Pharmaceutical compositions may also optionally include other therapeutic

25  ingredients, anti-caking agents, preservatives, sweetening agents, colorants, flavors,
desiccants, plasticizers, dyes, and the like. Any such optional ingredient must be
compatible with the compound of formula I or II to insure the stability of the formulation.
The composition may contain other additives as needed, including for example lactose,
glucose, fructose, galactose, trehalose, sucrose, maltose, raffinose, maltitol, melezitose,

30  stachyose, lactitol, palatinite, starch, xylitol, mannitol, myoinositol, and the like, and
hydrates thereof, and amino acids, for example alanine, glycine and betaine, and peptides

and proteins, for example albumen.



commerci al suppliers. Proton nucl ear magnetic resonance (NVR) spectra were
obt ai ned 50n Bruker spectroneters at 300, 400, or 500 MHz. Spectra are

gi ven i n Wwpro(1308zAd coupl i ng constants, J, are report e®CrASRE0i020617
Tetranet hyl silane (TMS) was used as an internal standard. Mass spectra were
coll ected using either a Finnigan LCQ Duo LC-M5 ion trap el ectrospray

loni zation (ES') or a mass Vari an 1200L4 I ngl e quadr apol e mass spectroneter
(ES!'). High performance |iquid chromat 6g$éph (HPLC) anal yses were 10

obtai ned 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

(Met hod A OI’[ ] '@hOd B)Eébiwﬁggﬁqiége{tbﬁ% ugergsrme ﬁla%chmtélm a{&epo(ﬁle%%rr%rso 1.0

90.0 10.0 20 10.0
and the pharmaceutically acceptable inert carriers and the aforementioned additional

ingredients include, but are not limited to binders, fillers, disintegrants, lubricants, anti-
microbial agents, and coating agents.

5 [0118] The dose range for adult humans is generally from 0.001 mg to 10 g/day
orally. Tablets or other forms of presentation provided in discrete units may conveniently
contain an amount of compound of formula I or II which is effective at such dosage or as
a mﬁltiple of the same, for instance, units containing 5 mg to 500 mg, usually around 10
mg to 200 mg. The precise amount of compound administered to a patient will be the

10 responsibility of the attendant physician. However, the dose employed will depend on a
number of factors, including the age and sex of the patient, the precise disorder being
treated, and its severity.

[0119] | A dosage unit (e.g. an oral dosage unit) can include from, for example,
0.01 to 0.1 mg, 1 to 30 mg, 1 to 40 mg, 1 to 100 mg, 1 to 300 mg, 1 to 500 mg, 2 to 500

15 mg, 31t 100 mg,' 5to 20 mg, 5to 100 mg (e.g. 0.01 mg, | mg, 2 mg, 3 mg, 4 mg, S mg, 6
mg, 7 mg, 8 mg, 9 mg,'IO mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 18
mg, 19 mg, 20 mg, 25 mg, 30 mg, 35 mg, 40 mg, 45 mg, 50 mg, 55 mg, 60 mg, 65 mg, 70
mg, 75 mg, 80 mg, 85 mg, 90 mg, 95 mg, 100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 350
mg, 400 mg, 450 mg, 500 mg) of a compound described herein.

20 [0120] The products according to the present invention may be administered as
frequently as necessary in order to obtain the desired therapeutic effect. Some. patients
may respond rapidly to a higher or lower dose and may find much weaker maintenance
doses adequate. For other patients, it may be necessary to have long-term treatments at
the rate of 1 to 4 doses per day, in accordance with the physiological requirements of each

25  particular patient. Generally, the active product may be administered orally 1 to 4 times
per day. It goes without saying that, for other patients, it will be necessary to prescribe
not more than one or two doses per day. ‘

[0121] For additional information about pharmaceutical compositions and their
formulation, see, for example, Remington, The Science an;i Practice of Pharmacy, 20"

30  Edition (2000), which is hereby incorporated by reference in its entirety.

[0122] The compounds of formula I or II can be administered, e.g., by intravenous

injection, intramuscular injection, subcutaneous injection, intraperitoneal injection,



90.0 15A = Water with 0.025% Trifluoroacetic Acid B = Acetonitrile with
0.025% Trifluoroacetic Acid Method B: Tine (mn) Flow (nL/mn) %A 98 0.0
1.0 90. 0 w0.2011208%¥21. 0 10.0 90.0 30.0 1.0 10.0 PCT/US2010/040617
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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 or Il can be administered orally, e.g., as a tablet or cachet.
containing a predetermined amount of the active ingredient, gel, pgllet, paste, syrup,

5  bolus, electuary, slurry, capsule, powder, granules, as a solution or a 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 is hereby incorporated by reference in its entirety) via a liposomal
formulation (see, e.g., European Patent EP 736299 and PCT Publication Nos. WO

10 99/59550 and WO 97/13500, which are heréby 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, or in some other form. The compounds
of formula I or 11 can also be administered transdermally (i.e. via reservoir-type or matrix-

. type patches, microneedles, thermal por'ation, hypodermic needles, iontophoresis,

15 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 reference in its entirety)).

[0123] Compounds of formula I or II can be incorporated into a liposome to
improve half-life. Compounds of formula I or II can also be conjugated to polyethylene

20  glycol (PEG) chains. Methods for pegylation and additional formulations containing
PEG-conjugates (i.e. PEG-based hydrogels, PEG modified liposomes) can be found in -
Harris et al., Nature Reviews Drug Discovery, 2:214-221 (2003) and the references
therein, which are hereby incorporated by reference in their entirety. Compounds of
formula I or II can also be administered via a nanocochleate or cochleate delivery vehicle

25 (BioDe]ivéry Sciences International, Raleigh, NC). Compounds of formula I or Il can

also be delivered using nanoemulsion formulations.

EXAMPLES

30 [0124] The present invention is not limited to the compounds found in the above
examples, and many other compounds falling within the scope of the invention may also

be prepared using the procedures set forth in the above synthetic schemes. The



90.0 31.0 1.0 90.0 10.0 20A = Water with 0.05% Trifluoroacetic Acid B =
Acetonitrile with 0.05% Trifl uoroacetic Acid WO

2011/ 0085v0Rami/00827010/ 040617 - 49 - Exanple 1 - Prepar aPComsSed10/040617

(R) -2-(qui nuclidin-3-yl1)-3, 4-di hydroll, 41di azepi nol6, 7, 1- hi I i ndol - 1(21/)-on
e, hydrochloride salt .5101251Step A: To a stirred solution of nethyl

1H-i ndol e- 7- car boxyl ate (2.0 g, 11.4 m"% in DM (10 M) was added sodi um
hydri de (800 ng, 20 mml) in portions e mxture was stirred at room
tenperature for 1 h, then potassiumiodide (160 ng, 0.9 mmuol) and

2- brono-1, 1-di net hoxyet hane (3.4 m, 28.5 nmol) were added. The m xture was
heated to 80 r I . reaction
was 10 quengr%g%ﬂ\{/angoﬁaéhltldeiglt%)m(fgggds op%r$&algﬁ%%}ﬁgﬁmﬁ%ﬁﬁﬁo%s vJﬂ ?ea cted with
et hyl acet at eppaBrjto omasﬁmdinawtsmlmﬂhnehendcaledS-over sodi um sul fat e, filtered,
and concent under, I t [ ified by
columm chro %r aphy U(n Sl %ﬁ%qg%ngé@gg%ﬁmggidaﬁa@ﬂ‘ ew%{a/ellﬁédcgtrgétggf)%d?g&afford
met hyl 1-(2, Qormnnemlmngl@tshquto&huqlqadmlagwﬁc rarraosey(NMR) spdctia ety obm%d as a

. semtransparent | iquid: 1HNVR ' 1 7.77 ,
e LB AR by e ipma 300900 ¥ oo S Shecta freefuch ot et >y 1 7
J= 8.0 Hz, 1H)u,phﬁig &ﬁstélds, JJare tepBrtddzin HeHYy., TetrabbthdlsBahe(TMS) das edas ah. 5 Hz,
1H), 4.48 (d x g 2 . 96 1 6 B: To
A rea SolnmaRedierd i hocpth 58 Gnedtihsiof s b Pimpdih LOBHRTOMS
7- car boxyl at ®n(rhp éEctenspay 70nmand>r)(E)Sﬂ)mrr\a8tas$vmaab®0@ simgleTgllad(aBdle mays was added
I'N HCl spectrometer (ESI). High performance liquid chromatograph (HPLC) analyses were
10  obtained using a Luna C18(2) column (250 x 4.6 mm, Phenomenex, Torrance, CA) with

UV detection at 254 nm using a standard solvent gradient progi‘am (Method A or Method

B).
Method A:
Time | Flow %A %B
(min) [ (mL/min) A
0.0 1.0 90.0 10.0
20 1.0 10.0 90.0
25 1.0 10.0 90.0
15 A = Water with 0.025% Trifluoroacetic Acid
B = Acetonitrile with 0.025% Trifluoroacetic Acid
Method B:
Time | Flow %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 1.0 90.0 10.0
20 A = Water with 0.05% Trifluoroacetic Acid

B = Acetonitrile with 0.05% Trifluoroacetic Acid



20(30 nll). The m xture was heated to 60 C for 2 h. The sol vent was
evaporated and the residue purified by colum chronmat ography (silica gel,
70: 30 hexwipesiigobsyk acetate) to afford nethyl PCT/US2010/040617

1- (2- oxoet hyl)-1Hindol e- 7-carboxyl ate (1.27 g, 87% as a light yellow
solid: 1HNMR (500 MHz, CDCI3) 69.77 (s, 1H), 7.84 (dd, J= 4.5, 1.0 Hz, 2H),
7.15 (t, J=8.0 Hz, 1H), 7.04 (d, J= 1.2 : , 6.67 (d, J= 1.5 Hz,
1H),3.90 (s, 3H), 2.05 (s, 25 2H); M5 ( %r+) mz 218 (MtH). 101271Step C
To a stirred suspension of (R)-(+)-3-am noquinuclidine (1.4 g, 7.0 nrhol)
in nethylene chloride (50 nL) was added sodi um hydride (562 ng, 14.0 nmol)
in portions apd t t red f etic acid (0.6 nL) was
added dr opwi géamPlgﬁl n}:,zg yra%o" Ogéih ﬁcmpnd I—i} d’%cl%]m- ol e- 7- car boxyl at e
(1.3g, 5.9 mol) fro 'az p"'o " ove éoﬁ' héocmg(r urd'continued to |
stir at roomtenperature for 2 h. Sod triacetoxyborohydride (4.2 g, 19.6
nmol ) was added in one portion and st E% ng was conti nued overni ght at room
tenperature. The sol vent was renoved er reduced pressure and the crude

material was purified by colum chrormt phy (silica gel, 90: 510:1

met hyl ene chl ori de/ met hanol / concentrat ed ammoni um hydroxide) to afford (R)-
met hyl 1-(2-(qui nuclidin-3-ylam no) et <M i ndol e- 7- carboxyl ate (1.64 g,
86%9 as a brown solid: 1H NMR ( 500 OD) 8 7.77 (d, J= 4.0 Hz; 1H),

7.62 (d, J= 3.8 Hz 1H), 7.30 (d, J= 1.5 Hz, 1H), 7.08 (t, J= 7.5 Hz, 1H),
6 58 d, 4.50 3.35 (s,
(3 0092 51;2?lm 1H) '@pzt\ SEO ﬁsté'g’d(solutlmfsme% lél_p\c?lel%cezrbchyh @1,70 1 (56
( m 3H) 1. 441, im%lXImDMHIO dl) &@s ddd2bsodimm li;ld)xde (880 @@Sﬂ&mrmﬂ)zn B&8or(sM+H) .
0128] Ste tirred | ution of | i dig- 3-
£/I am ]no) eltoh;[/)ﬂ‘ %‘éér'o? Setlmfdiagr umlteni'pe{atur% @réme gpﬁtass 0l §)8' r El% BBC above
in THF (20 nfn)nodi)mﬂdlzlzn@or(l@d)lrdnmethmememdd4lmltlﬁ ummiol)drepxadded. (fbp otixtdreat e (632

my, 15.1 15”&9{ ﬂe&tegr&)eSdmd(Fo% £h. er%&shrnrg?o ro% tgrgé)errgtu %Wﬂﬂe%‘&g»%‘?vegver ni g.ht and

t hen concentra under Teducet ue was dari over ni ght
under vad&urmmemclm’dfvothctamraxmﬂeiqbccciuharummmum chloride, extracted with ethyl acetate (3%),

o 0t o yAgEb bbRde MM APk o hiRdh R AR A Rl Sh v
(M-H) . [ 0129pStserE. themndarr@tenalrm psofiedtiyoolugin cbraméographin (siliva gel, 70:30
%)R;bgv(ezl gql&hﬁf_‘égés/e%ﬁacl% ate5?<y elﬁ%% ﬁg)n?lt h&'? ail]nl_th M%?) lH-ﬁ%BquXéél'b%&ﬁatfer om St ep
(1.77 g, 59%) as a semltransparent liquid: 'H NMR (500 MHz, CDCl3) 6 7.77 (dd, J =
15 4.5, 1.0 Hz, 1H), 7.66 (dd, J=4.3, 1.0 Hz, 1H), 7.19(d, J= 1.5 Hz, 1H), 7.10 (t, J = 8.0
Hz, 1H), 6.57 (d, J= 1.8 Hz, 1H), 4.54-4.52 (dd, J=5.0, 4.5 Hz, 1H), 4.48 (d, /= 2.5 Hz,
2H); 3.96 (s, 3H), 3.31 (s, 6H).
[0126] Step B: To a stirred solution of methyl 1-(2,2-dimethoxyethyl)-1H-indole-
7-carboxylate (1.77 g, 6.7 mmol) from Step A above in THF (30 ml) was added IN HCI
20 (30 ml). The mixture was heated to 60 °C for 2 h. The solvent was evaporated and the
residue purified by column chromatography (silica gel, 70:30 hexanes/ethyl acetate) to
afford methyl 1-(2-oxoethyl)-1H-indole-7-carboxylate (1.27 g, 87%) as a light yellow
solid: "H NMR (500 MHz, CDCl3) 6 9.77 (s, 1H), 7.84 (dd, J = 4.5, 1.0 Hz, 2H), 7.15 (t,
J=8.0 Hz, 1H), 7.04 (d, J= 1.5 Hz, 1H), 6.67 (d, /= 1.5 Hz, 1H),3.90 (s, 3H), 2.05 (s,
25 2H); MS (ESI+) m/z 218 (M+H).
[0127] Step C: To a stirred suspension of (R)-(+)-3-aminoquinuclidine (1.4 g, 7.0 .
mmol) in methylene chloride (50 mL) was added sodium hydride (562 mg, 14.0 mmol) in
portions and the mixture was stirred for 1 h. Acetic acid (0.6 mL) was added dropwise,

followed by methyl 1-(2-oxoethyl)-1H-indole-7-carboxylate (1.3g, 5.9 mmol) from Step



(10 nL) was added N, N-diisopropyl ethylamne (2.3 nL, 13.8 nmol) foll owed by
1- propanephosphonic acid cyclic anhydride (T3P) (4.1 nL, 13.8 nmol) at
room t enpEoabU®siIad the m xture was stirred for 17 h. PR@/USe@o0i®@n7 was
quenched with water, extracted with methylene chloride (3x), washed with
brine, dried over sodi um sul fate, 25filtered, and concentrated under
reduced pressure. The crude materi al pUI’IfI ed by col um chromat ogr aphy
(silica gel, 60:30:10 nethyl ene chlori dé?mat hanol / concentrat ed anmoni um
hydr oxi de) and preparative TLC (60:30: 10 nethyl ene

chl ori de/ met hanol / concent rat ed anmoni um hydr oxi de) to afford

(R)-2-(quinu (g{i I
3, 4-di hydr o- fb (rilm g%% nla]ﬁ%l % fox}t,nll{eﬂitﬂ Slt'rrlatorlc’(-)rﬂe%efa(t)ur{%.for‘mll EOdr'r%t erial was
di ssol ved i ntr@@a’mtyhanbydrdnm 2 gel@ttedmal) as #Otd (non@ oo endistiramg Was et hanol ) .

Th I ti ' il fford
The tesul i ngXSASBLAA 6o Rl dnplfain XA S HOMMbE edRet! T O

di hydlro L 1, Apussarepi the[cBydz natdrd] wakohurifie®by) caburen ﬁy@nmgrmwi(déca(mmng, 21%

a0 e, 01ty 18Pt Ao e llopbiV By bl AWSRIERD oFor 2 0, 7

IJ;) 7. 2 gﬁ (Ib té;t)ethylalg1 ;ﬁ(q@%ﬁgly@;uhoﬁﬂ) %Hé?ogt-; ;@?)@laﬁ Ip(gw ;15%%)!? a58 (gros
' ro Hs 11 z égDS 7 J 2’8 -

Ele) 3H)lvrs (ESHX)J) ﬁt@(@%(MHﬂ)lﬁ)lEm | &= ZSHPﬂapéEg;:ddrf 25 Hz, lH)J4 5(}1 o

Chydr sahi or fus- eas 33t guE e AEESPIRIN, Zesm b Ay PR e

, hydrochl or 0 carpboxyl at e
(2.0 g, 14a. 42|’:’rh=fi’l 1)7 (dl $HpI1vigd!. Eth(nﬁ)l\?lH)( G4y (lv\alslﬂatia'éd 2odah Uirh; Wfﬁsél@ (800
nmg, 20 mmol) i, t&l? The m xture was stirred at roomtenperature for 1
h, then pot aSSI umlo de (160 mg, 0.9 mmol) and 2- '

brono- 1, 1- di f828loxyet (Stapdd:( Bo astrred soigticn ofitB)-nethil le(Caddiode!idiM& nmi xt ure was

heat ed 10 1500 fno Bt SRR 2UFERL A oH SEEEARkIRSE iB0M, Prper at ure

the m xture y satura eous a ni um chl ori extracted
with ethyl a@@tﬂdb end( 120 (20 wel s Weschdgpd lithigmi hydroxigie imgolydeate 82 mgnd sul fat e,

filtered, anf?, n?ﬁﬂhfxﬁfr@@aéjﬂ%ﬁa{r?gﬁi(f&qpepﬁlﬁﬁg\%n%ghtgnﬁth%ﬁugﬁ ABh&r i al was

purifi ed y co romat ogr a I'1 ca ge exanes et hyl acetate)
to afford netidgr renluqes!pwsmmﬁbhmssdm W4 Jried lqvérpight uadgr veeyuppteyafatdecrody( 1. 77 g,

2905/‘) i‘SOaHienﬁMJlféi%‘qg%gH‘% adﬂhghl\' jjyla%lﬂo%l)(%%d%‘-zﬁcam% wh?ch7v7as(ugﬂz JIH)
7.10 (t, J— 2. the Rext step pithous fissther pirifigation; MSKESHMJZMQ(WH){ 52 (dd, J= 5.0,

4.5 He, 8 (d,
| 0131] sop 11397, (5 Slep B o ¥imed borbon oh e iliunsle1- - imbctiainls) -

1- (2, 2- dibret Hesyneddtypl) LH-pdplscfosasboxylate from Step D above in N,N-dimethylformamide
(10 mL) was added N,N-diisopropylethylamine (2.3 mL, 13.8 mmol) followed by 1-

propanephosphonic acid cyclic anhydride (T3P) (4.1 mL, 13.8 mmol) at room
temperature and the mixture was stirred for 17 h. The reaction was quenched with water,
extracted with methylene chloride (3x), washed with brine, dried over sodium sulfate,
- 25 filtered, and concentrated under reduced pressure. The crude material was purified by

' column chromatography (silica gel, 60:30:10 methylene chloride/methanol/concentrated
ammonium hydroxide) and preparative TLC (60:30:10 methylene
chloride/methanol/coﬁcentrated ammonium hydroxide) to.afford (R)-2-(quinuclidin-3-yl)-
3,4-dihydro-[1,4]diazepino[6,7,1-Ai]indol-1(2H)-one. This material was dissolved in

30  methanol and treated with HCI (1.25 M solution in methanol). The resulting
hydrochloride salt was lyophilized from water to afford (R)-2-(quinuclidin-3-yl)-3,4-
dihydro-[l,4]diazepino[6,7,l-hi]indo]-l(ZH)-ong hydrochloride (377 mg, 21%) as a light



25 7-carboxylate (1.8 g, 6.7 mmol) from Step A above in THF (30 m) was
added IN HCl (30 nl). The m xture was heated to 60 C for 2 h. The sol vent
was evapowared/m@sii2t he resi due purified by col utmm chr omrCogisagplap4qes? | i ca
gel, 70:30 hexanes/ethyl acetate) to afford nethyl

1- (2- oxoet hyl)-1Hi ndol e- 7-car boxyl ate (1.3 g, 87°/c) as a light yellow - 52
- solid: I HNW (500 MHz, CDClI3) 8 9. 7}1 : 7.84 (dd, J= 4.5, 1.0 Hz,
2H), 7.15 (t, J= 8.0 Hz, 1H), 7.04 (d, 1. 5 Hz 1H), 6.67 (d, J= 1.5 Hz,
1H), 3.90 (s, 3H), 2.05 (s, 2H); Ms (ESI+)nlz 218 (MtH). [0132]Step C. To a
stirred suspension of (5)-(-)-3-am noquinuclidine (1.4 g, 7.0 5mmol) in

nmet hyl ene ch 5 ¥Rsvagd rid mml) in
portions andy%mgdsﬁ%létgr@ s stﬁ?rggl%%)g)?mgwgijetf?:hggﬁgngyéﬁhf

added dropwi 48, 1.6 bl 16%92145)@ Aetlfy IHL 7 (12(oX 56t i}t )1H1}6~57r(d04%1 3-8k ’b@?xyl ate

(1.39, 5.9 ) of b hg v bijgrad,@f room
t enperat ure '} Sﬂ% ?E%ﬁfrﬁ Qﬁﬁﬁggﬂg%r@ﬂ g?ﬁﬁ gnlzﬁya?“% S(g' Ar‘m)(tSI) was
t hen added i hoﬁﬁe/’pﬁﬂtH@ﬁH)aﬁd3éd i 71 Q@Zm}d@ l@i:drﬂll(muéld) (b\¢é|(tm/gﬂt1 0dtz, r oom
t enper at uce. ]ﬁﬁﬁj$@s\{ﬁ)%/z 1al_livjoved under reduced pressure and the crude

material was p by c rm chromat ography (silica gel, 90: 10:1
net hyl ene chl ori de/ net hanol / concentr at ed ammnl um hydr oxi de) to afford

S) - et hy! ~7-carboxyl ate (1.39
0 6809 as aEE%“W' gm*pggﬂw?r%ﬁg‘ ;B%%Z"‘%Z m;e a1
Hz, 1H), 7.69 (dd, J="154."% ,710(t J= 7.5

Hz, 1H), 6.57 (d, J= 1.8 Hz, t, J= 6.5 Hz, 3.96 (s, 3H),
3.46 (s, 1H), 3.07-3.03 (m 1H) 2. 9@85 (m 1H, 2. 82 2.70 (m 5H,
2.63-2.60 (m 1H), 2.29-2.25 (m 1H) 268-1.59 (m 3H), 1.40-1.39 (m
1H), 1. 25-1.22 (m 1H); M5 (ESI+) mz 32F ‘(‘i}{hl—i). [0133] Step D: To a stirred
sol ution of (S)-nethyl 1(2(qU|nucI|d| -3 :

20yl am no) et hyl ) - 1H-i ndol e- 7- car boxyl 3 M 4 g, 4.3 mol) fromStep C
above in THF (20 m) and water (20 m ){ was-Zadded |ithium hydroxide

nonohydr gge (535 ng, 12.8 nmol). The nmixture was stirred at room
tenperature overni ght and then concentrated under reduced pressure. The
resi due was MBd overStapghit Tumeidy! Vaindolnt@rekylated2.6 gudet mmeRidisselved
(S)-1-(2-(qu [ : r h was
used 25in th@@ﬁlﬁ[ﬁ(%rﬁﬁv%&%@&h% %‘%1 dej(ﬁfjdr'ﬁ??ggﬂz%%m p?/g%%g %9 mn}"% 314
(MrH) . [ 013478t spredat r‘ﬁ@maermeratmrecﬂorslm then owassfuntmlde(ll@m Qﬁhmmol) and 2-
(S)-‘l-(2(qu | 4i ) 7 Step D
above in N, N F](r(\r)eltﬂh eﬁjo @%Lgﬁ %)5 ‘Wégb g@%(%g&d Tﬁﬁﬁﬁgg%#vg%%la%? ﬁc{/nl am ne
(4.3 m, 156. §0 rﬁrmd)stlfreqi pm@tw e.’rm@rrtgparr@pﬁe@pmmtecthamvduww| ¢ anhydri de
(T3P) ( 7 8 ena@d :ID% mlla)ed %E‘&Eolﬁpﬁnﬁﬁﬂ% 'cﬁ)lgrn%) é‘ﬂ?‘ac&ﬁ With %glyfi&ce{aféc{m)

terrper ature reacti on was uenc wat ér,
washed with brme drled over sodium sulfate filtered, and concentrated under reduced

pressure. The crude material was purified by column chromatography (silica gel, 70:30
hexanes/ethyl acetate) to afford methyl l-(2,2-dimethoxyethyl)—lH-indole-7-carboxylate
20 (1.77 g, 59%) as a semitransparent liquid: 'H NMR (500 MHz, CDCl3) & 7.77 (dd, J =
4.5, 1.0 Hz, 1H), 7.66 (dd, J= 4.3, 1.0 Hz, 1H), 7.19 (d, /= 1.5 Hz, 1H), 7.10 (t, /= 8.0
Hz, tH), 6.57 (d, /= 1.8 Hz, 1H), 4.54-4.52 (dd, /= 5.0, 4.5 Hz, 1H), 4.48 (d, /= 2.5 Hz,
2H), 3.96 (s, 3H), 3.31 (s, 6H).
[013'1] Step B: To a stirred solution of methyl 1-(2,2-dimethoxyethyl)-1H-indole-
25  7-carboxylate (1.8 g, 6.7 mmol) from Step A above in THF (30 ml) was added 1N HCI
(30 ml). The mixture was heated to 60 °C for 2 h. The solvent was evaporated and the
residue purified by column chromatography (silica gel, 70:30 hexanes/éthyl acetate) to

afford methyl 1-(2-oxoethyl)-1H-indole-7-carboxylate (1.3 g, 87%) as a light yellow -



extracted with nethylene chloride (3x), washed with brine, dried over
sodiumsulfate, filtered, and concentrated under reduced pressure. The
crude matwoial/ome&2purified by - 53 - col um chromat ographys2§isiokicean gel ,
60: 30: 10 net hyl ene chl ori de/ met hanol / concentrat ed anmoni um hydroxi de) to
afford
(S)-2-(quinuclidin-3-yl)-3,4-di hydro[ 1, %%dl azepino[ 6, 7, 1-hi ]i ndol-1(21)-one
This material was dissolved in methanol and treated with M (1.25 M
solution in nethanol) and the m xture was concentrated under reduced
pressure. The residue was |yophilized fromwater to afford

S) - 2- i di

51%-3,5193: E;%Jr“ld l[H1]N4R (°29 MHz, GRC1 30: 70 6+ 10184199475 #3nk® et ekl o e (800

nmy, 62% ) asJa 8vhilt,dH,d1.04dd, J=11.5 HavRI) 600 (dWHir, 1. iﬁ&dlb)) 35907(59334)( 405 (}5 4.0 Hz,

1H), 7. 77 d 7.26 (d, J= 1.8 Hz, 1H), 7.17 (t, J=

5 . ( %’é’&sﬁgﬁ”ﬂ%%& 208 (br s, 1H), 4. £y (br s, (1H)

4 46 (d, J =5[0933, H)StepéC(f&)(brrresi suspH)sronmfo&) «(3-Deminepuin@lidie (34 86-B. 69 (m

3. 46 3 9-1.98
R/B %é—g )r]}n n%le&%%fﬁ%rm%&fo %B(@ass?ﬂd ;dd}u’m l?yd%ge fSl& n§g %Ai]'wn’mog) irt

(m 3H) e 3 - Preparation 0
(S)-7-net hyl P@lquimndﬂ@lmldium\sasy.ﬂ_yre@fml di Asetie a¢if U6 mi o pienafded dropwise.l i ndol - 1(

217) - one, 7_hyFor118G/P§ %ig%glsladztox%?t&&ér%ﬁ&lﬁ%?b&%l{bg DooMRN) s uepl or! de

(0.7 ni, . m xture was
stirred for Bmbevernndtht redetion wassstirmee attreeim yimpgragure fir dthi Sediwh

(S) - 2- (qui nugli.di - - i

, 4] di azepi no[}lélbé;b%bﬁ Oi{fa”é’%i‘ﬂig’z f"’ lrs)'wéﬂ(s.)th(e 5 adde?rﬁrj On(g hgrtion aP? St mn WaSst ep E of
Exarrpl e 20i ncaripugddvan)ght atieom teapeiabime. fhhg salyet wasremvmd@rdewm
tenperature gdyfldfiRr QST ABPbas ARES bT S OfhRBeohYENLa gider reduced

pressure, resi ue was dal SSO n water an usi ng sat urat ed
sodi um car bO heid enethylepe e}dpwe(raqtbanol/concentrated ammonium hydroxide) to afford (S)-

((:igl) 6170)(;;_ gafngﬂllkpﬂg-tqmn clﬁfnyg-éda% goggthﬁ) ﬁﬁﬁﬁ&%gE?L&yﬂ%%é%gg@Qa@ﬂ 1- hi ] in
CD30D) 5 9. 9hrops, solld—DHWB,QSQ(HMH\;,_CJp(@)QZ? 79164,/ =84.3.4 .0z, 1Hp)7. 69g(d@7'—(d =
?d8 L é?')szyﬁ)lu()tAj 0@ =181, l}@ik‘h 1o, ZJ—J( stliHild'Q’ﬁ (@234 8(%, 1w, 4. 46
3. 86- 3. 69 (nﬂSBH)J .54%2, HBJ?%S@ 38y)3.46 (s, 130, 1.0%383 (g 1Hh%9Q_2335(21 Bk 11

2.26 (br s, %5‘242 7o (37951'11) %%3@150 61‘1")1 )'\529(—5% gmﬁ ), 3881099, 3ul, 934651] §ep B
Sodi um boroh r t’0 ‘a suspensi on of
(S)-1-oxo- 2- (@dﬁﬁdcﬁr&?g?@ 19*]))154@ (ES m/Zt3é§ tMhdr o- [ 1, 4] di azepino[ 6, 7, 1-
[0133] Step D: To a stirred solution of (S)-methyl 1-(2-(quinuclidin-3-
20  ylamino)ethyl)-1H-indole-7-carboxylate (1.4 g, 4.3 mmol) from Step C above in THF
(20 ml) and water (20 ml) was added lithium hydroxide monohydrate (53'5 mg, 12.8
mmol). The mixture was stirred at room temperature overnight and then concentrated
under reduced pressure. The residue was dried overnight under vacuum to afford crude
lithium (S)-1-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-indole-7-carboxylate which was used
25  in the next step without further purification: MS (ESI+) m/z 314 (M+H).
[0134] <Step E: To a stirred solutidn of crude lithium (S)-1-(2-(quinuclidin-3-
»ylamino)ethyl)—1H-indole-7-carboxylate from Step D above in N,N-dimethylformamide
(15 mL) was added N,N-diisopropylethylamine (4.3 mL, 26.1 mmol) followed by 1-
propanephosphonic acid cyclic anhydride (T3P) (7.8 mL, 26.1 mmol) and the reaction
30  was stirred at room temperature for 17 h. The reaction was quenched with water,
extracted with methylene chloride (3x), washed with brine, dried over sodium sulfate,

filtered, and concentrated under reduced pressure. The crude material was purified by



5hf | i ndol e- 7- car bal dehyde (148 ng, 0.5 mml) from Step A above in ethanol
(15 nL). The reaction mxture was heated at reflux for 2 h and then cool ed
to room twoperiAwgs’e and the sol vent was renoved under r@duasdopoemsture. The
crude product, (S)-?-(hydroxynethyl)-

2- (qui nucl i di n-3-y1)-3, 4-di hydro-[1, 4] di azepi no[ 6, 7, 1- hi ] i ndol - 1(214) - one
was used directly in the next step mﬁthgyt further purlflcatlon M5 (ESI +)
mz 326 (M+H). 10[0137]Step C. 4-(Di nethylanlno)pyrldlne (13 nmg, 0.05 mmol)
was added to a solution of

(S) - 7- (hydr oxyr net hyl ) - 2- (qui nucl i di n-3-y1) - 3, 4-di hydro-[ 1, 4] di azepi no[ 6, 7,
1- hi]indol 4 v ydri de
(0.1 1. 25t §FeBR ol (SERe (Bp018 phRen bl Bhar R BY T 0
at roon1tenp@nmbmueﬁwﬂmﬁwsbbwﬁhm(ﬂﬂ&«wéwdk@m3wﬁdb4dmeduced pressure, and

t he residue DU I o r l. w01 100 1
net hyl ene chpgﬁggé%hmkﬁghgﬁ g%n@en %%te Qgﬁﬁgﬁfﬁﬁpﬁfgﬁgfh ergﬁ%ag ford

(S) - (1- oxo- 2tr¢atad withcHC U1 25 M ydlption, IQn@tmnql)aandaﬂwdtxo{rqwqmnaq@piedgil@r7 1- hdin

?(I\)/L-H)? yl )%8%Lcea$g&&%§ﬁ%%%gwWQJI%((ghllﬂzEg | atteg té%fdr (52— Aq Iﬁt&g]tdr s ér 3?8
20[ 1, 4] d| azepll)-ﬁdffﬁhyﬂrﬂlhﬁdmkwnom%GﬁdtnldvlrI(Mrathedr(oglﬂdrldwg80®m3m2%ﬁﬁ5) from

St C ab d (3
TP Erenos MR iSR! Ntk (sBo W 249000 § 18 ke 30 FL2°UR, 73 Rl P23 ¢
stl ‘red unded.0dte, HInBEpkbre b8 Hn,ym)ogeh(t(mwbbnn@r@ém dy IOS/Hz,rillﬁht The
suspensi on vgs, Eﬂr'stﬁi)e%ig;’?u“ 4 ed $=anq, 1 h hﬁbﬁ dsi(bAL $HYVa %oﬁéiﬁt%:@?t rat ed

under reduced pressure an colunn chronﬁtogra l'ica ge
90: 10: 1 net hthﬁé%MSb(rm ad), rﬁe‘tﬂ#&ﬁb(rﬁddﬁcbﬁlt (9af ©4.Sdtmidhi A6 thydr ki de) and
preparative ($0;..1Q; W ky de/ met hanol / concentrated anmoni um
hydr oxi de) tg#gggﬁﬁgégg%gggﬁgﬁH&ﬁ?§?§ﬁW¥Hi

(qui nuclidin-3-y1)-3, 4-di hydro-[1, 4] di azepi no[ 6, 7, 1-M ndol - 1(211) -one. This

nmat eri al \/\/asg%.ﬁ@gévepre D865 AR :ﬁ‘&ﬂ ltzr E&Q 3,hyl (&%y‘fzg, M solution in

met hanol ) an fq 16 g i pressure. The
resi due was Iyoph|I|£ J ag%ﬁ\ ter berl

(S)-7-met hyl -2- (qui nuclidin-3-yl)-3, hydro [1, 4]d|azepino[6,7,1-

M ndol - 1(21- 0- one hydrochl ori de (100§§§i 85% as a white solid: 1H NMR (500
MHz, - 55 - CD30D) 8 7.80 (d, J= 4. , 1H), 7.75 (d, J= 3.8 Hz, 1H

7.17 (t, J=8.0 Hz, 1H), 7.17 (t, J 5 NU\yE, 1H), 4.90 (s, 1H), 4_22 (br
s, 1H), 4.11 (br s, 1H), 3.77-3.72 (m\2 3.48-3.29 (m 6H), 2.35 (d, J=

8.0 Hz, 1H), 2.21 (s 3H), _2.06-1.96 p ;. M5 (ESI+) mz 310 (M+H).
15 Me
[0135] Step A: Phosphorus(V) oxychloride (0.7 ml, 7.6 mmol) was slowly added

to DMF (5 ml) at 0 °C. The mixture was stirred for 15 min and then was treated with a
solution of (S)-2-(quinuclidin-3-yl)-3,4-dihydro-[1,4]diazepino[6,7,1-Ai]indol-1(2H)-one
20 (250 mg, 0.8 mmol) from Step E of Example 2 in DMF (5 ml). The reaction mixture was
warmed to room temperature and stirred overnight. After removing the solvent under
reduced pressure, the residue was dissolved in water and basified using saturated sodium
carbonate to precipitate (S)-1-oxb-2-(quinuclidin-3-yl)-1 ,2,3,4-tetrahydro-
[1,4]diazepino[6,7,1-hi]indole-7-carbaldehyde (148 mg, 63%) as a white solid: '"H NMR
25 (500 MHz, CD;0D) & 9.94 (s, 1H), 8.43 (d,J=4.0 Hz, 1H), 8.14 (s, 1H), 8.07(d,/=3.8
Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 4.71 (br s, 1H), 4.53 (s, 1H), 4.46 (d,J= 5.5 Hz, 1H),
4.08 (brs, 1H), 3.98 (dd, J = 12.0, 7.5 Hz, 1H), 3.86-3.69 (m, 3H), 3.45-3.31 (m, 3H),



5 Exanple 4 - Preparation of
(S)-9-chloro-7-nmethyl -2-(qui nuclidin-3-yl)-3, 4-di hydro-

11, 41di az®pi2otf®@$s721- ht | i ndol - 1( 2H) - one, hydrochl ori de ®arfUuS2a10/04@139] St ep
A. Tetrabutyl ammoni um chl oride (100 ng, 0.4 mmol),

trinmethyl (prop-1-ynyl)silane (1.1 m, 7.2 mol), nethyl 2-am no-5-chl oro-3-
i odobenzoate (1.0 g, 3.6 nmol), triphen%hphosphine (47.2 mg, 0.1 mol),

pal l adium(11) acetate (20 ng, 0.1 mmol ) “and sodi um carbonate (1.9 g, 18
mmol) in DMF were added to 15a seal ed tube and the reaction was stirred at
100 C for 15 1t After cooling to roomtenperature, the reaction m xture was

diluted with er, _ | sa t,ed g,gwa . gq(?sqi oride and
wat er. The orz'gﬁaﬂq’({ %g%%EH&%%BbBSVwS’?é ilu'm U?F[z’thg, |I+ferzggj,1 and '
concentrat ed(Mnder reduced pressure. The crude material was then purified

g}/f g?ljugt ﬁg;‘ﬂg&t ogr a%'f% Ii:séoldilu%bcg'glltydrigg (3%Qn£?)6%§§16 ngpéﬁlde%%t ate) to

20chl or o- 3- medshgrisioR of () IretddH @iiduglldin-BHH)- h2ldH dethpdipthbiidiaacmng(620- ny, 59%

50! 0% VNG o 5 o i 10,
g!—b h | (I\)/rBOE :E_SI ie)actiqn{nzii(@lgzr@vz(sMeH)eclj at.[re]]_ukG!)SZ bipncBgem@pfq:y to rroom temperature and the . 73
ol 1 £ om SRR ARl RN St el PR Sroilt B9 b GO0, S
added to net Byhemelidint3oyl)-8ld-difydro-))i ddiazepinel6r7elabdindnt- 1A Rtane evaswssdst i rred for

dri'ed over sORURTEEE POl SR R Aol e o B ey ot il
5- chl or 0-18- mi1BYIL- 1H- iStbaT: e Rianetholeyint)pyridine @1 iy g, GRPammiD amap eddegiad d) as a
T
(ESI +) m z 224indIRH)-dre Xbi e B aboveTin a mixtpierof eegtic anhydiide(0dfmipbehy|
gbgcgor (I’)l- ?[’)I_VFW#)%'J\;\Qgeogﬁlélgal‘hg%g?tg?r%y\l'a@tsﬁm(dlovémgght é‘t'r§om&:ra{l{r¢9 MeStep B
. solvent was removed under reduced pressure, and the residue was purified by column
15 chromatography (silica gel, 90:10:1 methylene chloride/methanol/concentrated
ammonium hydroxide) to afford (S)-(1-oxo0-2-(quinuclidin-3-yl)-1,2,3,4-tetrahydro-
[1,4]diazepino[6,7,1-hilindol-7-yl)methyl acetate (124 mg, 71%) as a white solid: MS
(ESI+) m/z 368 (M+H).
[0138] Step D: (S)-(1-Ox0-2-(quinuclidin-3-y1)-1,2,3,4-tetrahydro-
20  [1,4]diazepino[6,7,1-hAi]indol-7-yl)methyl acetate (124 mg, 0.34 mmol) from Step C
| above was dissolved in methanol (7 in]) and glacial acetic acid (3 ml). Excess 10%
. palladium on carbbn was added and the suspension was stirred under an atmosphere of
hydrogen (balloon pressure) overnight. The suspension was filtered through Celite and
the filtrate was concentrated under reduced pressure and purified by column
25 chromatography (silica gel, 90:10:1 methylene chloride/methanol/concentrated
ammonium hydroxide) and preparative TLC (90:10:10 methylene
chloride/methanol/concentrated ammonium hydroxide) to afford (S)-7-methyl-2-
(quinuclidin-3-yl)-3,4-dihydro-[1,4]diazepino[6,7,1-Ai]indol-1(2H)-one. This material
was dissolved in methanol and treated with HCI (1.25 M solution in methanol) and the
30  mixture was concAentrated under reduced pressure. The residue was lyophilized from
water to afford (S)-7-methyl-2-(quinuclidin-3-yl)-3,4-dihydro-[1,4]diazepino[6,7,1-
hilindol-1(2H)-one hydrochloride (100 mg, 85%) as a white solid: "H NMR (500 MHz,



S5hydride (313 ng, 7.8 mmol) in portions. The m xture was stirred at room
tenperature for 1 h, then potassiumiodide (60 ng, 0.4 mvol) and

2- br ono- IW0-2divesitexyet hane (2.1 m, 17.9 nmol) were ad®€a/USITNe/omictT ure was
heated to 80 C for 15 h. After cooling to roomtenperature, the reaction
was quenched with saturated aqueous amoni um chl oride, extracted with ethyl
acetate (3x), washed with brine, filtergg and dried over sodium 10sul f ate.
The filtrate was concentrated under redtted pressure and the residue
purified by columm chromatography (silica gel, 70:30 hexanes/ethyl acetate)
to afford nethyl 5-

68% o5 &SPl AN A hY -l ST Shb IR RPN T 0 ) 4 g

Hz, 1H); 7. 611‘( d,Jf] 88 He, OH 14,90 (&) H),8.204br(ss | HYL k)l | (er.s6PHY, 8.77-B.22 @, QHMz, 1H),
4.39 (d, J = N (

1014215t ep o3 73 i, 61} 2338 0 (R0 AR ’rre%ﬁg/?&) 20696 (m? 12 M (estH)
5-chloro-1 (Q&ZHGKMEHhoxyethyl) 3-net hyl- 1H i ndol e- 7- car boxyl ate (909 nyg,
2.9 mol ). from Step C above in THF (20 m ) was added 2N HC1 (20 nl). The -
m xture was heated to 60 C for 4 h. The sol vent was evaporated and t.he
resi due puri Exauplby - diepanatich ofo(Sirf-ahloapiymetsyli2-(aingelidin-3ey188 4-dihydro-
20hexanes/ et hyl acet §it,4}liazepimd]6,0,1 chijimpioir(2H)-one, hydrochloride salt

5-chl oro- 3-net hyl- 1- (2- oxoet hyl ) - 1H-i ndol e- 7- carboxyl ate (690 ng, 89% as
a yellow solid: M5 (ESI+)nmz 266 (M+H). 101431Step E: To a stirred

suspension of (S)-(-)-3-am noqui nuclidipe di hydrochl oride (621 ng, 3.1
mol ) in nethylene chloride (20 nl) added sodi um hydride (250 ng, 6.2
mol) in portions and the mixture was—sfirred for 1 h. Acetic acid 25(0.6

m.) was added dropw se and then nethy]|
i ndol e-7-car boxylate (690 ng, 2.6
m xture continued to stir at roomtenpe e for 2 h. Sodi um

triacet oxyborohydride (2.2 g, 10.4 @ added in one portion and
stirring was continued overni ght atCfoomteyperature. The sol vent was
renoved under reduced pressure and the crude material was 30purified by
col uim ch® omat ography (silica gel, 90:10:1 nethyl ene

chl ori de/ met Wéﬂgl I con&entA: aTeéfdblah*ﬁwwpwmnW@rléRU@@)"& B4atmekd (S)- net hyl

5-chl oro- 3- trlmethyl(prop 1- ynyl)51lane(l 1ml, 7. 2 mmol), methyl 2-amino-5-chloro-3-
met hy1-1- ((qui nuclidin-'3 é?anlno ynet hyl ) - TH i ndol e- 7- carboxylate(ﬁ}to g,

quant it at i veiodobegzoate (}{0¢g nH%O'htWthMPW&hPW%%W@cp 1 ol egiom

CD30D) 8 7. 69ce(a% (26 mg d1 Qm"(ﬁ) anél"%dlurz cg'gor(a%(l‘b 13 Qnﬁ?—)’m WF ere 34deld%o
3.02-2.97 (m 1H). 2.°84- g7 TH) | 5258m7H)
2.32 (s 13 mseazdzs»ﬁznwe(f@qnowas smectﬁt 190 tﬁ‘ far 14 Aftzr czozhr]g 970q"n  3H),
1.47-1.45 ( mem-?at&lturel t}ézea%tl&ﬁm(xmre Jvlig dllu% v(nﬁ%%lth"é} afd @asﬁ&jzwﬁM'éhDratecﬂ 0144] Step

F: To a stirred solution of (S)- hyl 1-(2-(quinuclidin-3-
aqueous ammonium chloride and water The organic layer was dried over sodium sulfate,

| or o- 3- net hyl- 1- (2- oxoet hyl ) - 1H
frgm Step D above was added and the

filtered, and concentrated under reduced pressure. The crude material was then purified
by column chromatography (silica gel, 70:30 hexanes/ethyl acetate) to afford methyl 5-
20  chloro-3-methyl-2-(trimethylsilyl)-1 H-indole-7-carboxylate (620 mg, 59%) as a light
yellow solid: 'H NMR (500 MHz, CDCl5) 8 9.50 (s, 1H), 7.80(d, /= 1.0 Hz, 1H), 7.72
(d, J=1.0 Hz, 1H), 3.98 (s, 3H), 2.37 (s, 3H), 0.40 (t, 9H); MS (ESI+) m/z 296 (M+H).
[0140] Step B: Methyl 5-chloro-3-methyl-2-(trimethylsilyl)-1 H-indole-7-
carboxylate (510 mg, 1.73 mmol) from Step A above and aluminum chloride (254 mg,
25 1.9 mmol) were added to methylene chloride (5 mL) and the reaction mixture was stirred
for 3 h at 0 °C. The reaction was quenched with water, extracted with ether, dried over
sodium sulfate, filtered, and concentrated to afford methyl 5-chloro-3-methyl-1H-indole-

7-carboxylate (410 mg, quantitative yield) as a dark green solid: 'H NMR (500 MHz,



yl am no) et hyl ) - 1Hi ndol e- 7-car boxylate (1.0 g, 2.7 mmol) from Step E above
in THF (15 mM) and water (15 m ) was added |ithium hydroxi de nonohydrate
(344 ny, WO20mmoBy72 The m xture was stirred at room t empeTAiSar1e/0an6eT ni ght
and then concentrated under reduced pressure. The residue was dried

over ni ght under vacuumto afford crude lithium

10(S)-5-chl oro-3-net hyl - 1- ((qui nuclidi n-sg-yl am no) net hyl ) - 1Hi ndol e- 7- car bo
xyl ate, which was used in the next step W thout further purification: M
(ESI+) mz 354 (M+H). 101451Step G To a stirred sol utlon of lithium
(S)-5-chloro-3-nmethyl-1-

: ﬁ%hﬂ”?hﬂﬁ?ﬁé@%&% ARER @ vsont BB P a R B T AT 86, T Prove
fol | owed by l40055§jﬁbw1(@l5h*087ﬂhmw4&t)ld cyclic anhydride (T3P) (4.1 ni,
13.7 ol ) a gomtegpe% Cﬁt”f"l stn're sélm?onrgf &H\r\xf% ﬁﬁ%ro%hﬂ%{hﬁpllfl? doI?éf' The

reaction mas qu nched {racte e ch oride (3x),
washed wi th tarbaxglated(i H@d4 Gmol};ﬁtdn LSmpsBJdbfoaQ ®, DMFI(thnbdvas addd sotioent r at ed

under redyceﬂ)gp%jgﬁﬁl og 7 78 mm%lé) Sogrt%gg.ﬁ[rélfﬁ‘!yft\lé\%zvag!sjtrujredla?potheﬁBérm for

chr omat ogr ap
chl ori de/ met hanbén meassiemticdides(@0 2advomalnand Rehromo-dgd)dimatiopretpey @tlinle TLC

60: 30: 10 I hl I
Provd (9 "o EYPERE S R BB ABRULFORERD'SH LTS SIRRAHIB N ) T

. (qui nuclidi meBrpyr}ipufeS;m-rchchgtdwa&c[utndh]aaﬂwaheepulrn@@ quepUs-avimahdim gifloride, one. Thi S
materi al V,\B‘S )g}agt% t eth&ﬂﬁﬂa%eB?X as% w tf\ meeﬁlté%(} Qn{l@md(ol/gzs? Mnsm ution in

nmet hanol ) . Rer &Sl i esa Iize romwater to
afford (- 95Ldfateofrd3e Tiltrmet sl concentrated under reduced pressure and the residue purified by

252- I 1).- d VA ] -1(211) -
ydr ochl or i de P IRogp IR T R RAERI AR ' fpthamst: M S 5
11.98 (s, 1Hghlorg:-19@,2¢dimethoxyethyl)-3-nethgiH)H-indoleG-qachoxylate (3080mgi68%AkHa 6. 88 (s,

e ?’t 98 (bg ggaw@re%ﬁﬁl?%%@ (5&6‘%&”@%&5?5 & 1}'4)'_6 oﬁgzt}?( ?%l &, .,]BH)

(2 44 (br s, iI-H)O HZ 18Y 6(%3r(s,d H) 52 (1,2.=080 HzoH)( 439 QIH)I SNEHZ, EBD.-8) 9618,z 344 30
I\/HrH) 2 5 2010/ 040617 - 58 - Exanple 5 - Preparation of
dnuetdges 8h g € 30 " i

(R -2-(quinu 5-tetrahydro- 1H
11, 51di azoci tp3, 2, 1- I$|te]p|Drchqa 1t4rmdeolumldcvf@mﬁ|ﬂixbﬁ10dl@r<>sbr(?t2 -dimethoxyethyl)-

3-methyl- 1 H-indole-7-carboxylate (909 mg, 2.9 mmol) from Step C above in THF (20
ml) was added 2N HCI (20 ml). The mixture was heated to 60 °C for 4 h. The solvent was
evaporated and the residue purified by column chromatography (silica gel, 70:30

20  hexanes/ethyl acetate) to afford methyl 5-chloro-3-methyl-1-(2-oxoethyl)-1H-indole-7-
carboxylate (690 mg, 89%) as a yellow solid: MS (ESI+) m/z 266 (M+H).
[0143] Step E: To a stirred suspension of (8)-(-)-3-aminoquinuclidine
dihydrochloride (621 mg, 3.1 mmol) in methylene chloride (20 mL) was added sodium
hydride (250 ﬁlg, 6.2 mmol) in portions and tIIe mixture was stirred for 1 h. Acetic acid

25 (0.6 mL) was added dropwise and then methyl 5-chloro-3-methyl-1-(2-oxoethyl)- 1 H-
indole-7-carboxylate (690 mg, 2.6 mmol) from Step D above was added and the mixture
continued to stir at room temperature for 2 h. Sodium triacetoxyborohydride (2.2 g, 10.4
mmol) was added in one portion and stirring was continued overnight at room
temperature. The solvent was removed under reduced pressure and the crude material was

30  purified by column chromatography (silica gel, 90:10:1 methylene
chloride/methanol/concentrated ammonium hydroxide) to afford (S)-methyl 5-chloro-3-

methyl-1-((quinuclidin-3-ylamino)methyl)-1 H-indole-7-carboxylate (1.0 g, quantitative



5[0146] Step A: To a stirred solution of methyl 1H-indol e-7-carboxylate (3.3
g, 18.8 mmol) in DMSO (18 nlL) was added potassiumtert-butoxide (2.1 g,
18. 8 nmolwoizn1ipwei7izons. After stirring at room tenper at RCE/USRI10D40817 a
solution of 3-brono-1,1- dinethoxypropane (10 g, 54.6 mmol) and potassium
iodide (188 ng, 1.1 mml) in DVMSO (15 nL) was added and the m xture was
stirred for 15 h. The reaction was 10quesf?ched W th saturated aqueous

anmoni um chl ori de and adjusted to pH 6 he aqueous phase was extracted -
with ethyl acetate (3x) and the conbi ned extracts were washed with

sat urat ed aqueous sodi um bi carbonate and brine, dried over sodiumsulfate,

filtered, and.cqnce raLe a ial was

purified by d6 Faﬁ asaP n&wosor'apﬁyﬁ]?%%ﬁg(g%é@ugﬁ) ig%ﬁ&al I esggtlﬁg) '

acetate) to @is6ed, nfe{hQHzlLH)sz B (s, %), 3.02-2.97 (m, 1H), 2.84-2.62 (m, 8H), 3.00-2.97 .

di met hoxypro 920 Llo

il TR R PN R 2RI R b2 d 10, 29 B b IR O

Hz, 1H) 7, izm(iﬂ) g¢7—:7a4g(Hle)é,l—l)47-74ilm(tH) NS (ESB) hiZ, 362 i1 +HB. gg Ed g;{)s 5
Hz, = S

3.25 (s gH) ?‘”("5'57 (g9, Forog E&’e“ sé’l#%“’"%ﬂ)}fﬁlp(#q’“&“md"% o o et hyl

1- (3, 3-di net Iyta)wlm)ﬂp»y)k)ﬂ Aidolerticdrboxplated0 deg; Bdxayrhel) frorh Bie quboSe B TH(1) from

. The react MR IR ot bl ol mIBh B T AR B o 1o

pH 8 and the Tahqumouxs “phas'edma@oaxt:mmaterd omrhighwhyhenaomeattaeed(lsmr The

combi ned or 9% uged V\@s e \Bix hrggd ‘@&a@ dg;% Q@’I‘mg{t ugcger QXC%[Iun%ggi‘f& cﬁx'dL Ilﬁm §m

filtered, and coOn tY &t ed e naterial was
purified 1By m#ijchiprQBGhﬂby’rdt(@maphgnn(isyhhmma)n@ﬁiyl) 180ind@leiercorgitet hy |

scerate) (0 S JEUMIn by 63 ARG ABN el bRIBLEVS GRTMASSAATS T,
‘I;E, 81I0-I) Hz7 730148] J= Bi& GizTo dkjrreddolb8or of lithium3S)O5-plAoroBHpethyl-1-59 - 7, 3623 Ets
3H), 2.99 (t FP“H'“Q%%'%"‘“’M'%“FHTE@] éﬂF’“e 788l i SicB ke in il 4 ’
(1 R)4 ((j |+2)x3 2mndc)(ms addst NV desomdpyldmmkam!lr@r(ildenl( zsgrnml) ﬂ)lldwq:mln‘lg |6 nmml i

porti ons% %;D% '[‘grp)msé% gae%t g%{%]?g%%@g)é?’l?‘ﬁhl%ggﬁﬁ%ﬁ@ sol ution of '
met hyl 1- ( 3- tonansrapypy and-the-mixtee ves ftirsd firoily | Bieaeactq@gwasguerichgd with Watef,r om St ep
B above in 1ei}trﬁq&e(amqne(t@&en%ﬁloy}@esgqg%&edfvﬂ hb?W@%rlpcy ol a5 Slﬂﬁl tic acid

(1% of total vent use ere ion mXxture’was stirre 0 Cfor 2
h and cool ed filtored. godcorsapeatedtundes redBoetl preastrnei Abetrodeyrhaserish yds Plué‘ ied P83 ny, 3.6

ml ) was th%@luﬁlqg dﬁ{&ﬁﬂagqum&’ga M fd}ﬁetﬂﬁ&%tchBHdQ?nét‘iMo‘%M%nt?aftédr red at

roomtenperature
20  ammonium hydroxide) and preparatlve TLC (60:30:10 methylene

chloride/methanol/concentrated ammonium hydroxide) to afford (S)-9-chloro-7-methyl-2-
(quinuclidin-3-yl)-3,4-dihydro-[1,4]diazepino[6,7,1-Ai]indol-1(2H)-one. This material
was dissolved in methanol and treated with HCI (1.25 M solution in methanol). The
resulting hydrochloride salt was lyophilized from water to afford (S)-9-chloro-7-methyl-

25  2-(quinuclidin-3-yl)-3,4-dihydro-[1,4]diazepino[6,7,1-Ai]indol-1(2 H)-one hydrochloride
(466 mg, 47% ) as a light yellow solid: "H NMR (500 MHz, CDCl3) & 11.98 (s, 1H), 7.96
(d, J=1.0 Hz, 1H), 7.66 (d, /= 1.0 Hz, 1H), 6.88 (s, 1H), 4.98 (brs, 1H), 4.50 (brs, 1H),
4.31 (brs, 1H), 4.23 (brs, 3H), 3.95 (t, /= 6.0 Hz, 1H), 3.68 (s, 1H), 3.34 (br s, 1H), 3.23
(brs, 1H), 2.44 (brs, 1H), 2.24 (br s, SH), 2.08-1.92 (m, 2H): MS (ESI+) m/z 344

30 (M+H).



was renoved under reduced pressure and the crude material was purified by
col um chromat ography (silica gel, 80:18:2 nethyl ene

chl ori de/wetzhawmmoB37eoncent r at ed ammoni um hydr oxi de) t o gPCE/USK) oMoy |

1- (3-(qui nuclidin-3-yl am no) propyl) - 1H ndol e- 7- car boxyl ate (317 ny, 77% as
a yellowoil: 1H NVR (300 MHz, CD30D) 158 7.78 (d, J= 13.0 Hz, 1H), 7.62
(d, J=12.5 Hz, 1H), 7.30 (d, J= 5.0 Hz 8 , 7.10 (t, J= 13.0 Hz, 1H),
6.56 (d, J= 5.5 Hz, 1H), 4.49 (t, J = 1785 Hz, 2H), 3.96 (s, 3H), 3.07-:
2.99 (m 1H), 2.82-2.65 (m 5H), 2.44 2. 27 (m 3H), 1.89-1.64 (m 5H),
1.53-1.32 (m 2H). [0149].Step D: A mxture of (R)-nethyl

1-(3- d 317 my,
e e e e s

mol) in tetrahydrof TIrre reflux until the
reaction was conpl ete by LC-MS. The solvent was removed under reduced
pressure to give lithium :

(R -1-(3-(quinuclidin-3-ylam no)prop <« 1H-i ndol e-7- carboxylate as an
off-white solid (574 ng, quantitative yiN : 11-1 NWR (500 MHz, 25 CD30D)
8 7.49. (d, J = 7.5 Hz, 1H), 7.26 (d,9R =7)0 Hz, 1H), 7.19 (d, J = 3.0 Hz,
1H), 6.98 (t, J= 7.5 Hz, 1H), 6.43 (d, - .0 Hz, 1H), 4.51 (d, J= 7.0 Hz,

2H), 3.05-2.99 (m 1H), 2.83-2.68 (m .49-2.32 (m 3H), 2.01-1.92 (m
2H), 1.71-1.61 (m 3H), 1.51-1.47 (m ITH), 1.36-1.28 (m 1H); Ms (ES1+) mz
328 (M+H). 101501Step E: A solution of I|th| um

(R -1-(3-§quitidel i di n-SEpyA:afio mefjrpdoplytign of nkéthyl 8-indvikaT-earPoxybatdiGdyd. at e (574

whi 1o N i 1SR TRERSD TRHE) 44 o dllylipd ERUGAR @ o e Bplfin L by
1-pr opanephosqzmorm Afe btitricg @lroam sentpydivrgifor { T3RlYt@n 8f gbror®-Bl-mol ). The
reaction - &etho%&ébgng m§kln{rﬁo€fgan§k)o{a9sﬂm Fo%[HEgLs%trHé §. 1fr%or§ . The

reacti on was quenc aqueous ase 'was extracted with
met hyl ene ' chDPMSQI€ 5(Bl)waarddedraad d@mbxtn@dva@xmm@cfpsli/\br&e\mhe!dwm th brine,

dried oveh Sgﬁgngﬁg M hfs%ﬁa'tedfa'qlxéo%g gﬂmo?iﬂrq a:ﬁ@)ﬂgéaﬂ]tdra% u%!%wﬁ% ﬁ"fr‘éjd‘hﬁ

pressure. e mat eri al ‘was purl r onat ography
(silica gel, pBG¢ %8s @(tm¢1yltbn@ylcﬂqttdp Kh@/andaﬁ\hamblh@tﬁx@em were edskedvoti um
(B~ 2 (qu nuet PéBsayeaus sogu bieapbopate an bige, drigg ows sagiam sufte Flgrsdognd |1 g
| - 1- one ( 127cment@lﬁd@uné_@ redycesf ﬁfeWt @h%@Wed’ﬂatq!Hl NRRYrERd bWHZlumED30 D 8 7.67
(7d 1 1‘J ( t_ J _ ogg‘l:c:%rapr%/ I_i%‘%c% lg thgeg_gthyljawtate)zo f?/e %t 6/1] 1-(3253 ‘? Hz, H)lH)
3. 80- 3. 455 ( md HEH)OXYISOIZB) EHwoteni-C%WylaE (3@%1923@) aﬁ@(ltght Wwhpw oil: HNMR20™ (m
(Z'F'g ; ZN(qu“EELQ | g({l n_,gff&l% “@;‘7'%9 %I 2_15.15] 1,88, 76818, A= 51T S, 5§95 W, o of
Hz, 1H), 7.11 (t, J= 7.5 Hz, 1H), 6.56 (d, J=3.5 Hz, 1H), 4.49 (t, /= 7.0 Hz, 2H), 4.09
(t, J=6.0 Hz, 1H), 3.97 (s, 3H), 3.25 (s, 6H), 1.97 (q, /= 6.0 Hz, 2H).
[0147] Step B: A mixture of methyl 1-(3,3-dimethoxypropyl)-1H-indole-7-
20  carboxylate (1.6 g, 5.8 mmol) from Step A above, 2 N HCI (15 mL) and THF (15 mL)
were heated at reflux for 4 h. The reaction was quenched with solid sodium bicarbonate
and adjusted to pH 8 and the aqueous phase was extracted with ethyl acetate (3x). The
combinéd organics were washed with brine, dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The crude material was purified by column
25  chromatography (silica gel, 80:20 hexanes/ethyl acetate) to give methyl 1-(3-oxopropyl)-
1 H-indole-7-carboxylate (278 mg, 21%) as a colorless oil: "H NMR (500 MHz, CDCl5) &
9.77 (s, 1H), 7.78 (d, /= 8.0 Hz, 1H), 7.73 (d,J=17.5 Hz, 1H), 7:18 (d, J= 3.0 Hz, 1H),



t et rahydro- 1H41, 5] di azoci no[ 3, 2, 1-hi]indol -1 -one (127 ng, 0.4 mmol) from
Step E above in nethanol was added HCI (1.25 Min nethanol) and the

sol uti on we=otieewat r at ed under reduced pressure to gi ve@CT/US2010/040617

(R -2-(quinuclidin-3-y1)-2,3,4,5-tetrahydro-

151H41, 5] di azoci no[ 3, 2, 1- hi ] i ndol - 1- one hydr ochl ori de (124 ng, 88% as an
off-white solid: 1HN|\/R(500 MHz, D20) 8 g 70 (d, J = 8.0 Hz, 1H), 7.32 (d,
J—75Hz 1H), 7.24 (d, J 3.0 Hz, 1H) 7.16 (t, J:.-7.5 Hz, 1H), 6.57 (d,
J 35Hz 1H), 431422(m 2H), 4.19-4.10 (m 1H), 3.97-3.90 (m 1H),
3. 84 3. 66 (m 2H) 3.62-3.48 (m 2H), 3.47-3.22 (m 4H), 2.58-2.47 (m 1H),

S A Ta e S

11, 51di azoci ﬁOPIBt 2 =b-Til1, |2hldol 1- one hydrochl oride salt 25[0152]Step A
The pr ocedur cribed V orm (S)-nethyl
RGBECE! Rl & P S0 BERURE A B

1- (3-(qui nucl propy car e from net hyl
1-(3- oxoprop}i!b)'d@bhloliZ&lrﬂgda‘? inoro))limi 4-didxammnil Gmdp was @ddeEﬁ@%pbdaurﬁ) and

8ol 1 ow i1 TR e " lopdh R Bl AL B S Ry R0 SR 1R R plet
7.62 (g J: 7 s&lution ofméﬁhle(Q-QXQmOpy\ﬂ):UBuﬁolleE? caflielxylatg (ZDB nig,,1.2Jmmgl) frotz , 1H),
Ty, 2 s 2. S0 Eraout byt tadmy b il ol bgaillegiliaidg? ()
5H), 1.52-1. fotal(solvertied). 1TheOedcti8n mfxtyre Wely stirled af ¢ESICHpr 2h an@dddlgdNg-Fdom
51015315t ep '?ér?%%‘?ur?.r§&d€fﬂr¥{rﬁac88>§y%%!oﬂ§<ﬂidie'876%%&?3.‘8n%ol%%m&?ad%ems used to .

convert (S)-ne
1- ( 3- (quilAuc pprtions B yhearaction) pridpy Was Sthiredntiobe-tdmpastivexXyd 4lt- g he savnst ep A

above to lit Waylrgrr(ogéd Jnd(eﬁregl&léh %g{u'redéng ey c¥+o%%a@iq?ap&gsgﬁ{%x)f‘ 8&t('f & e-7-

carboxyl ate, providing t as a pa (500
MHz, CD30D) ghrpma@gyaghy (3&108gﬂ §4218: Zlmlythyl?n%lO(rid<;/rr®ﬂnal701@om¢zntr4¢€9 7.20 (d, J=

3.5 Hz, 4.51 (t,
J= 7.0 Hz 2ﬁ@m%§‘”8‘§’y5']°é‘?fg(‘° g“%ﬁ?} mﬁ‘]“g% '&3@%2‘2% ?L)V 'aﬁ‘}'%’}@%%" %lz—ﬁ’ (m 4H)(
D.49-2. 42 ( minddle)7-caphokalaR (357 i 77¥ies 2 9¢lBS-l; (30epMHZ BOD) 92 (m 2H) .
1.82-1.7 7 2 - 1
Totears 43 Qo Frbvay<Tomb2 iy 6t by ISl 14 410 ﬁ’s Ls o2 Pl g o
15convert |IVh’I1l3mHZ 1H), 6.56 (d, /= 5.5 Hz, 1H), 4.49 (t, J"llSHZ 2H) 3.96 (s, 3H), 3.07-

(S) - 1- (3- (quiryel i fiy1s 35 ¥ AT NQNRLAYHY T HiF)d0dei 62 GAT ABXY LS fom Step_B

above to
(S)-2-(quinu@Hjpdin-3-yl1)-2,3,4,5-tetrahydro-1H11, 51cli azoci no[ 3, 2, 1-

n ol L 0P 0% !y BLALYEH -Bng SRS SplA fp IR (300
3.3 Hz, 291) indoled7-¢arhoxFlate (71 Bmpiz).931hinpl) GromBt€pdC abbve 2nd/lithinm Hydyoxidé., 40- 4. 25
(2_”‘252"') 55 ﬁl%ogmdy?raﬁ\gl g é@lgil_ %.§ﬁn§61%i%8§?ﬁ£ﬁ@an%@er (21,3804 Whs i) -
reflux until the reaction was complete by LC-MS. The solvent was removed under
reduced pressure to give lithium (R)-1-(3-(quinuclidin-3-ylamino)propyl)-1H-indole-7-
carboxylate as an off-white solid (574 mg, quantitative yield): 'H NMR (500 MHz,
25 CDs;OD) 8749 (d,J=7.5Hz, 1H),7.26 (d,J=7.0Hz, 1H), 7.19(d,/=3.0 Hz, 1H),
6.98 (t,J=7.5 Hz, 1H), 6.43 (d,J=3.0 Hz, 1H), 4.51 (d, J= 7.0 Hz, 2H), 3.05-2.99
(m, TH), 2.83—2.68 (m, 5H), 2.49-2.32 (m, 3H), 2.01—1 92 (m, 2H), 1.71-1.61 (m, 3H),
1.51-1.47 (m, 1H), 1.36—1.28 (m, 1H); MS (ESI+) m/z 328 (M+H).
[0150] Step E: A solution of lithium (R)-1-(3-(quinuclidin-3-ylamino)propyl)-1H-
30  indole-7-carboxylate (574 mg, 1.7 mmol) from Step D above in DMF (8 mL) was cooled
in an ice bath while N,N-diisopropylethylamine (1.3 g, 10.3 mmol) was added, followed
by I-propanephosphonic acid cyclic anhydride (T3P) (3.3 g, 10.3 mmol). The reaction



101551Step D: The procedure described in Step F of Exanple 5 was used to
convert _
(S)-2-(qguwvourelsiz3-yl) -2, 3, 4, 5-t et rahydro- 1H41, 5] di azecirsp@o@4@1'M ndol - 1
- one from Step C above to the correspondi ng hydrochloride salt (off-white
solid): 1H NWR (500 MHz, CD30D) 6 7.69 (d, J= 8.0 Hz, 1H), 7.37 (d, J= 7.5
Hz, 1H), 7.22 (d, 25J= 3.0 Hz, 1H), 7.1_% (t, J= 7.5 Hz, 1H, 6.52 (d, J=
3.0 Hz, 1H), 4.38-4.31 (m 1H), 4.29-4. 8 (m 1H), 4.18-4.12 (m 1H),
4.07-4.00 (m 1H), 3.95-3.87 (m 1H), 3.84-3.60 (m 3H), 3.50-3.34 (m 3H),
2.51 (s, 1H), 2.40-2.10 (m 3H), 2.10-1.90 (m 3H); M5 (ESI+) mz 310
(MtH) . WD 2 - I p i on of
(97 (qui e RSO R ROk 16 MR rar B Guped VRRGAEE L 7,00
one, hydr ochbmirthe@jusalistphast k5 6dtEcep with miethydens chlprided 3 s)dndttheggembined

2-f1 -3- [ fo A Qi Grovdbolu ' QS Bihanol (52
1) Bt 0 ¢ ekl YRRt i ov Ao Rl i ABTIGHSNRIAND L be
reacti on mi xtndeeredaged ptessuree dl heweudaingitetriabwasrpafifiekby cphianméhxenuategrovdy di | ut ed

ith th .

wih et hanoluRRdecARFER AL R Ui/ 81%%%@;@%h@}@g@%ﬁdsﬁs excess

t hi onyl chlo resi due was I SSO In et etat €, washed
wi t h sat ur at gide (R)eq(qeivudidiodhy 01, o4, 8-4atiabyrie-@ [-[d51diatogingl 2 84Ailindall toeg ed, and
concentrat ed der ,r.educ e -y j, — )
211 uor o- 3. neChyRREbAEE Spgh NG ShRadk tRoThE 00 8707 /=481 1 1 (e
next step w tHpGB3f{duUt=Hes Hput HY, i7eatd,ore 3.3 HXMRIY, 300 (\MHz,7.80DCI 3)), 85T (d75- 7. 72

(m 1H), 7.38-7. ( A 205 ( 1 2l v 20 3%6s, 3H). .
1015715t ep o0 =79 3 T, 4 i8a b 6! ?ﬁzhg?‘&g%sn%’qﬁé??’%e%z%g?%m’%%zé 139°% ol )
15f rom Stiep MnabhyedEnadonpzidndSuESHime 3ikd (MH. g, 23.8 Mol ) in carbon
tetrachlorid 8 nmL) at room tenperatur as, ad benzc er oxi de (10
ng, cat) andﬁpég‘ m xt uS?eQ F{ivaolgo %Sté'zﬁggdo@'fonrogl()léﬁ?((q%gga%{'rggHﬁ%%’%’gr the starting
mat eri al  was tetremsicorbd-[ 1,6 Jdazorinnf$ 2 1 dalindob h-onad 2T ongc@h mat efconufde £ r educed

pressure and_purifi by col [ (Sh 0% to 1% et hyl
acetate in h%lgoé'ﬁé"s'}]eetﬁ %noa\w?soard QJ]%?E{}%?gﬂaﬁg%gﬁg%}}eﬁéfﬁgéwﬁ uor obenzoat e
(3.6 g, 67% corctiitieRRd Ub®D rdduized FEBEI8 Yo v (FO2-(FuiB&lidim3-$IMR,3,4/5-80awdE8 (m

pi ot yl 431 7 S0 b igsetpt 2R Fihe sy Be 3 Bi¥ep o

(br onmonet hyl elid: fH NMFO{Se0 M, B,085 B76(d, 4.8 HrolY), 1.8, S Bz,aliye and
sol i d sodi um,Nhi rQo),n L,e H}O 3 % 1246 mmlg y\ﬁr;=§c§dﬁd t}ﬂ } be ,OVB0 and
t he mxturenalgé%(ﬁéa_t.e@ g 1H), 716 % J= 7.5 Hz, 11R), 6.571d, /= 3.5z, TH), 4.3174.

(m, 2H), 4.19-4.10 (m, 1H), 3.97-3.90 (m, 1H), 3.84-3.66 (m, ZH), 3.62-3.48 (m, 2H),

3.47-3.22 (m, 4H), 2.58-2.47 (m, 1H), 2.24-1.80 (m, 5H); MS (ESI+) m/z 310 (M+H).

20 .
Example 6 - Preparation of (5)-2-(quinuclidin-3-yl)-2,3,4,5-tetrahydro-1H-
[1,5}diazocino[3,2,1-hi]indol-1-one, hydrochloride salt
i
N
O .
N
Y
25 [0152] Step A: The procedure described in Step C of Example 5 was used to

form (S)-meihyl l-(3-(quinuclidin-3-ylamino)propyl)—lH-indolef7-carboxylate from
methyl 1-(3-oxopropyl)-1H-indole-7-carboxylate (from Step B of Example 5) and (§)-(-)-
3-aminoquinuclidine dihydrochloride, providing the product as a yellow oil: 'H NMR



25115 C for 2 h. The reaction mxture was then diluted with ethyl acetate,
washed with brine, dried (Na2SQ4), filtered, concentrated under reduced '
pressur e Wodopunogszed by col unm chromat ography (silica ®€r/USQmie062%0 et hyl
acetate in hexanes) to give nmethyl 2- fluoro-3-fornyl benzoate (1.8 g, 67%:
1H NWVR (500 MHz, CDCI3) 8 10.43 (s, 1H), 8.22-8.19 (m 1H), 8.09-8.06 (m
1H), 7.37-7.34 (m 1H), 3.98 (s, 3H). 163 - [0159] Step D To a stirred
sol ution of 2-fluoro-3-fornyl béenzoate (8 5 g, 2.8 mol) in nethanol (4 nl)
was added 2- hydrazi noethanol (0.2 nL, 2.8 mmol) and the m xture was stirred
at roomtenperature. After the starting material was consuned, the sol ution

vas transf er e o RbEr auYe d ybe @nd cs ovewed Al 150,C Lry 5.h. The

5crude react et hyl h ma er, dried
(Na2SO™4), fibberzedH), dcﬁ?deat—rm Hd U ernse (daducﬁeﬁin,r H3)5 wAe-4aasd nmp QH), f3|9éd by

St ort mot o 8 38R do%n, AR a5 60 R 45-5 38 Y, BG5S 53 28l TR "ok o
(1H Nm (500 Noi-1 GATEISH), 8.5~ 04t G, 02),(140-18) (mBLHOOM (88144 m: TR+, ?Egﬁ?s
T 301 (i ITSHg Lo0) SR e peatut fesbBpadtbiee Dial Bab el ¥ g0 S

mml) and metdnyere(-nekyd t (B equinichidiy- 3Mamxﬁ@pﬁpy\k}sHaddiﬂ«:}mmbwatc:ﬁbmr| de (0.3
m., 3.1 mmol

rLOpW se.
1- (2 hydr oxy%’f’ ?I%%O‘fﬁf’ l'ﬁhd‘é"%@e'g'(g'é’%% aﬁ’lém n(?r).l%o]:all)ng-} ﬁ‘r’rllgrgl) from Step D
a?OV(;SI g ][ret %ﬂgﬁﬁt@?ggfdu@%?ﬁg&ésa\m&)add\gdolainb{ NIMR (ﬁl)&t\déizéCWa@gt RD).5st| :red .
a or reaction
was cool ed t 9 ¢ ¢daha® %n(”il ' (ﬁ’r‘fig{g atl é%&gbﬁ%@gﬁﬁo F’ e F’({ri de.
The aqueoguis 4=ay)€le vm) @M(rdas)c%eds?\i tlh-l),rmﬁh&,lﬁﬂ'EO(Bhl QH),desane7 trha Hyy gani ¢
extracts wer nt er re ressure
and purifi edgﬁg I\ﬁfg% ”é{ﬁ" 496%’22 ]c]{f %{%ﬂ)#?g 295%&9& ate in
hexanes) to gi\\llﬂ!l),rmd)dlyDZlm(ﬁ‘l)QXQB-tth()rr 1H, 120+n6ta(mnek)71-sz1an hoxy) ate (0. 3g,
53%: 1H vaRg CDC13) 8 9.79 (s, 1H), 8.16 (s, 1H), 8.10-8.09 (m
1H), 7.99-7. YBUAT @7 2577 21 (m 1H), 5.61 (s, 2H), 3.92 (s, 3H).
[0161] Step Fj0134 a st isteped HRlpibdeure Oésc(ltﬁ)i-nﬁ Step B-cAEknog el b mac Liseditane

di hyd h d hydri d
IREES GNP MEREN, SN e IR R L
L) ang fSOdI Bip BSbb V6 es)@xighmucliyid Biytje, 880 tratydrd-1 §-[Mshlidzovies[@,2ddded and
stirred for

1- ( 2- oxoet hygﬂig‘ﬁqﬁlf%‘&;&w 'Ingﬂf?f];r%dgg{ﬁgé% 8ff(v6’.“§§?“di.I%NQ%HOOM%%C&QB) E above
in THF (13 nlg)7.60@, addsdiAlnepw.ad, aad 2 e 1HgSM0 @NG= SBSReNs),on vgs stirred
overm 9Nt S ol el 3R, 05 28R S G B Ay e
chr omat 0go apbyo (RZ; 4.95B10YMERNE), 2.25-1.55 (m, 8H); MS (ESI+) m/z 310 (M+H).

[0155] Step D: The procedure described in Step F of Example 5 was used to

convert (S)-2-(quinuclidin-3-yl)—2,3,4,5-tetrahydro-lH-[l,5]diazocino[3,2,l-hi]indol-1-

one from Step C above to the corresponding hydrochloride salt (off-white solid): 'H

NMR (500 MHz, CD;0D) 6 7.69 (d, J= 8.0 Hz, 1H), 7.37 (d, J=7.5 Hz, 1H), 7.22 (d,

25 J=3.0Hz, 1H),7.12(t,J="7.5 Hz, 1H), 6.52(d,J=3.0 Hz, 1H), 4.38-4.31 (m, 1H),

4.29-4.20 (m, 1H), 4.18-4.12 (m, 1H), 4.07—4.00 (m, 1H), 3.95-3.87 (m, 1H), 3.84-3.60

(m, 3H), 3.50-3.34 (m, 3H), 2.51 (s, 1H), 2.40-2.10 (m, 3H), 2.10-1.90 (m, 3H); MS

(ESI+) m/z 310 (M+H).



30chl ori de/ met hanol / concentrat ed anmoni um hydroxide) to afford (S)-nethyl
142- (qui nuclidi n-3-yl am no) et hyl)-1H i ndazol e- 7- car boxyl ate: | FI NVR (500
MHz, DvSMW6)208/8823 (s, 1H), 8.03 (dd, J = 8.0, 1.0 Hz, PCHUS2M0B%064Td, J =
7.0, 1.0 Hz, 1H), 7.22 (t, J - 64 - = 7.5 Hz, 1H), 4.68-4.65 (m 2H), 3.94
(s, 3H), 2.84-2.70 (m 3H), 2.64-2.45 (m 2H) 2.03-1.99 (m 2H), L86-1.75
(m 2H), 1.58-1.51 (m 3H), 1.45-1.32(2% 1.08-1.01 (m 1H); M
(ESI+)mz 329 (MtH). [0162] Step G To a firred sol ution of (S) - et hyl

1- (2-(qui nuclidin-3- 5ylamno)ethyl)-1Hindazol e-7-carboxylate (370 nyg,
1.12 mmol) from Step F above in tetrahydrofuran (5 nL) was added lithium
hydr oxi de no ohy and net hanol (5 nL).
The m xture &é g‘f gartat'fq% Eég%'r{# 5':‘1'“ §843'hn}l—% d th N concentrat ed
under reduced pr essu! ‘fﬁé" k% 3'|be0r gres O"fi oI uene (2 x 10
mL) and dried overni ght under vacuumto afford crude lithium (S)-1-(2-
10(qui nucl i di n-3-yl am no) et hyl ) - 1H1i 0y | e- 7-carboxyl ate (360 ng,
guantitative yield) which was used i i\tMfe next step w thout further
purification: 1HNMR (500 M—Iz DVBQd6) 8 %(.97 (s, 1H), 7.53 (dd, J = 8.0,
1.0 Hz, 1H), 7.32 (dd, J = 6.5, 1.0 H 1?1)3, 6.96 (t, J = 7.0 Hz, 1H),
4.85-4.75 (m 2H), 4.50-3. 50 (br s 2H), 0-2.70 (m 3H): 2.65-2.45 (m
4H), 2.11-2.07 (m 1H), 1.68-1.65 (m ' ,1151 1.46 (m 1H), 1.31-1.26 (m
1H), 1.10- 151.06 (m 1H); M (ESI+) (MrH). [0163]Step H: To a
suspension of lithium(S)-1-(2-(quinuclidin-3-

yl am no) e hy|0154]H- i nd&rple-To a:arrtmdwlbagtreof(zaﬁ@rcr@meﬂhyllbenmm Jcid (@drg, S6.ep G
above in THF QPro ! , 7 mol )
and the mi xt ﬁ’&"e%wﬁsghg FOP?rélatq'a?°|§nbm 10 Ervrvﬁg%{%eﬂrme{orp'mhqirb #lz%"mrytghe above
reacti on m Xtnorod) dmswsmbﬂédwezedbnm mpamepzlassmednvcrniabuadreﬂjasl iToe mindtyrelr | de
(T3P) (3.6 ¢ reacti.o Lrr f

eact i on” v "R mtineL TR SFRR AA oI Bhid bERuL il My 1y
extract ed w thiongt aydndac&axtesad@@was tﬂﬁﬂilsml)/¢d iarthyt dm@tamowbdhndadntbsgmied | ayers
were washed with bri.ne, f r under
reduced B?ess%ueouss lgmc? 'cﬁr é)g%%)’l d ﬁk%élg’o"u ﬁlHe% Sb CO@%%@&F&SP %Ie?%‘:%gff

(S) - 7- ( qui nuptebsdierte givy iethyl 2- ﬂuoro3methylbenzoate (3.6 g, 83%) as a clear oil that was

258, 9-di hydro | J d a e 63% : 1H
NVR (500 Mz, Eﬂ&%ﬁ ’%%S%?ﬂ%%%ﬁ'l‘g "3!”““’% W‘%Wwﬁg‘ Eﬁ Zf’%ﬁ) 8. 00
(dd, J 8. 07 71 (10, 1Y), 7.3847,35Tm3 IHY, 7.26-37.66 (&, OHNB, 91 1HPBH).L. BOsBH)S5 (m 2H),
70-3 80 (M S 38 ey pydil S QiR o 2o Sty (M 31
30[ 0164] $6 epfrbm STftp’ﬁaal-sivb amci;—xjd—bscmmqgwcmhr’nbiﬁ (4.2 g, 23.8 mmol) in carbon tetrachloride
(S)-7-(quinu i

[1,4]cli azepﬁnOFFIIB)%]%th%TPer%ggo‘{%g?%&bgrﬁzé)y pbef’dnélo 0% }%m)? gheft?lét#{eSt ep H
above ‘i n net waniwated 5t neflyx fwad. Sddddter ﬁrydtaomglmtqu@l wasi ainguine@Sthekrgdd uti on i n
met hanol , 1. l:lea%n \a;]as %oncentrated under reduced pressure and purified by column

chromatography (silica gel, 0% to 1% ethyl acetate in hexanes) to afford methyl 3-
20 (bromomethyl)-2-fluorobenzoate (3.6 g, 67%): 'H NMR (500 MHz, CDCl3) & 7.92-7.88
(m, 1H), 7.60-7.58 (m, 1H), 7.21-7.18 (m, 1H), 4.53 (s, 2H), 3.94 (s, 3H).
[0158] Step C: Dimethylsulfoxide was degassed with argon for 1 h. Methyl 3-
“(bromomethyl)-2-fluorobenzoate (3.6 g, 14.5 mmol) from Step B above and solid sodium
bicarbonate (10.5 g, 124.6 mmol) were added to the DMSO and the mixture was heated at
25 115°C for 2 h. The reaction mixture was then diluted with ethyl acetate, washed with
brine, dried (Na;SOy), filtered, concentrated under reduced pressure and purified by
column chromatography (silica gel, 0% to 2% ethyl acetate in hexanes) to give methyl 2-
fluoro-3-formylbenzoate (1.8 g, 67%): 'H NMR (500 MHz, CDCl3) § 10.43 (s, 1H),
8.22-8.19 (m, 1H), 8.09-8.06 (m, 1H), 7.37-7.34 (m, .l H), 3.98 (s, 3H).



- 65 - mmol) at roomtenperature. The m xture was stirred for 5 mn,
concentrated under reduced pressure and diluted with diethyl ether to

af ford (Syoze(igussracl i di n-3-yl)-8, 9- PCT/US2010/040617

di hydro-[ 1, 4] di azepi no[ 6, 7, 1- hi j i ndazol - 6(7H) one hydrochl oride as a white
solid: 1H NWR (500 MHz, DWVSO d6) 8 10.24 (bs 1H), 8.24 (s (1H), 8.10 (dd,
J=7.0, 0.5 Hz, 51H), 8.04 (dd, J= 8.0 0 Hz, 1H), 7.30 (t, J = 7.5 Hz,
1H), 4.80-4.60 (m 3H), 4.30- 3.90 (m 5!3—1) 3.70 (t, J = 12.0 Hz, 1H),
3.60-3.45 (m 2H), 3.30-3.05 (m 3H) 2.40-2.35 (m 1H), 2.10-1.80 (m 4H):
MS (ESI+) mz 297(|\/H—|) nple 8 - Preparation of

(S)-4-chl orogﬁﬁé)qw nu%é %fg/t;lr)efga@%ﬁj@wq‘&;@%ﬁrﬁ&ﬁe%g@(@9%62g 1-hilinda

zol -6(7H) - on dr ochl’of
2- am no- 5- chmgrod-ig methainy K‘behiwa& wld¢b2-BydyaziBBthanahi®? mlwad 8 ningsaidebel i n CHC13

( 90 m-) t hengl?)g&}g%s LtnTegrAt {8?1?1 ﬁMel ?\ﬂ@lct% kt&mﬂé‘ﬂ%h lq'fas ansﬁmzl,g’ rﬂre' 76.1

nmol ) was ad r OpwW se. e addition was € reaction
m Xt ure was sqlutromewsaamfmmtq:emwmvsm@efam mcpaowalfemat 150 86 facoe 1850 ny, 6.6

mol ) Wass adgr%ge regé?loh Qf%&iﬂugé@ \L é’tw Ia At& rvx"atsl'?ed(\agth dr%a (ﬁ%%é}ilterﬂ"e

reaction m xture was heate ux unti | the reactio conpl ete by
TLC (over ni geangentiajed |ueden:m§lp1:ng>rqsgurp mtlﬂé'ln*ﬁ)b)r etlumeshrgmategrpphydsilicagehas
observed. Th t hi I

- chl or o- 11t P RRasey SyPLEaRn Sl CHi R LRI | R
(300 MHz, CDear®xyRte)(@. 62’59-‘("@) liiN)MR 800Miiz COCIHp 8.08-9 62 (ns, IPB,I-% 00-7.987 (s,

énghI grggll(-l-sl ntljll@ol e- ;(ﬁ?" Qﬁgzéﬁé&%ﬁ%“%gﬁmﬁg 3 Q/g%th?rom Step A

above wad0 st (ESledne A2IDMBHIX 25 nl) at room t enperature Whl le .
25br onbacet agﬁemyde dig %téwo aas(ff?niefll%ohgt)%nrgf DMSD (.4HE! 3.2 Rinfny i Rt hen
pot assi um i odi de (209 nmo was added. .
1, 8- di azabi cyld<|>r0{e52 nLY U8 8€-was added ORBYJ; chiprige (0.31RL63. hrnio)) drepyvisherfteadded -
Oopat o, ThR RSB P YER l hth BcE Sak g bgrmgr ot
mmol) from Step D above in methylene chloride (17 mL) was added and the mixture was
15  stirred at —78 °C for 1.5 h. After N,N-diisopropylethylamine was added, the reaction was
cooled to 0 °C and quenched with saturated aqueous ammonium chloride. The aqueous
layer was extracted with methylene chloride and the organic extracts were dried
(Na;S0,), filtered, concentrated under reduced pressure and purified by preparatory thin
layer chromatography (30% ethyl acetate in hexanes) to give methyl 1-(2-oxoethyl)-1H-
20‘ indazole-7-carboxylate (0.3g, 53%): 'H NMR (500 MHz, CDCl3) 8 9.79 (s, 1H), 8.16 (s,
1H), 8.10-8.09 (m, 1H), 7.99-7.97 (m, 1H), 7.25-7.21 (m, 1H), 5.61 (s, 2H), 3.92 (s, 3H).
[0161] Step F: To a stirred solution of (S)-(—)-3-aminoquinuclidine |
dihydrochloride (0.3 g, 1.3 mmol) in THF (13 mL) was added sodium hydride (0.1 g, 2.7
mmol) and the mixture was stirred‘ for 1.5 h. Acetic acid (0.5 mL) and sodium '
25  triacetoxyborohydride (380 mg, 1.8 mmol) were added and stirred for 0.5 h. A solution of
methyl 1-(2-oxoethyl)-1H-indazole-7-carboxylate (0.3g, 1.3 mmol) from Step E above in
THF (13 mL) was added dropwise, and the resulting suspension was stirred overnight at
ambient temperature. The solvent was removed under reduced pressure, and the crude
~ material was purified by preparative thin layer chromatography (90:9:1 methylene
30 chloride/methanol/concentrated ammonium hydroxide) to afford (S)-methyl 1-(2-
(quinuclidin-3-ylamino)ethyl)- 1 H-indazole-7-carboxylate: 'H NMR (500 MHz, DMSO-
ds) 6 8.25 (s, 1H), 8.03 (dd, J = 8.0, 1.0 Hz, 1H), 7.85 (dd, /= 7.0, 1.0 Hz, 1H), 7.22 (t, J



- 66 - partitioned between H20 and ethyl acetate. The ethyl acetate |ayers
were conbi ned, dried (Na2SO4), filtered, concentrated and purified by

col um chwormatiogszphy (silica gel, 1:1 ethyl acetate/ heramaspomwo4wit or d

met hyl 5-chl oro-1-(2, 2-di net hoxyet hyl ) -1H i ndazol e- 7- carboxyl ate as a
l'ight yellow oil (404 ng, 11% regi oi soner confirmed by NOE): Ili 5NWVR (300
MHz, CDC13) 8 8.04 (s, 1H), 8.84 (s, H% 4.93 (d, J= 5.1 Hz, 2H), 4.50 (t,
J =51H, 1H, 3.99 (s, 3H), 3.27 (s, % [1.29 g starting materi al
recovered; 846 ng, 22% undesired regi 0|Asorrer met hyl

5-chl oro- 2- (di net hoxynet hyl ) - 2Hi ndazol e- 7- carboxyl ate coll ected as side

product, dark .y

5-chl oro- 1- (275‘91# ?W? ﬁgﬂ)%—&ej %ﬁ%ﬁiﬁﬁg 3%31 477 ? car}tlj?('f)z6‘I1a2t4e5 ({n7§1é{)’ng, 2.5

mml ) from Sté]b—lls‘?%(bovld) mg-rmnuzaal 1i.58—R.5 N(rtjGIH)( B45ﬂ.)32&md1ﬁ1—||130§8.01L) unti |

t he reaction t ’ -5 h). After cooling to room
gﬂgg@ ﬁm%zabﬁ

terrperature e rea m xture was adjusted to-8 with NaHCCB
t hen ext ract Eld6% t h etSteplG:abet dired sdthgonmf §Hrmahyl dy@+(guinwtidindenbi ned, dri ed

(Na2SO4), 5 &1&%&%&1}@%?@5{&- -g%ré‘(;lﬁlaﬁ’e 3 kn%dl Py fn%!) §%§ E%RQ% aphy

(silica gel ace exa toa
5-chl oro- 1- (@trdmdelfm!ll §5-mH vascddesl lehlﬁmdladlbmd h@ndﬁydat@(rﬂbm’g,-?\/xmrm@l)sol id

472 , 169 8. 05
ES, 15)91 A at(nl(% %’\Mg&gxg%@%%%ﬁ%@ ‘gasjs?mg&% ri}g& te{% JaPLgé g)éﬁ-k'?
M5 (ES 1+) ntmd tBGG:o(\MHt@ted 1Bt 6:8d Bted prefrure Jhhe @sidvaovas chi-evaBorateil math
di hyd hl or | t
emer ature. WA CRoITTHL) aha SrBTR ok JAF Rl E ol NEE i B2 §°3,2"s
added dr édpwi erinudlikn-3gotin@ethyh-kH undazeles- cstbpx)rlad(%o mgHawantigtipeyieldure for 1
h d aci al : ) | .
basi cia'f ;/aof afgﬁ%h %a?%a?jtﬂ@ %?E[rﬁ g;i/ﬂz:lstbno or %@q?%ﬁ&ﬁg%b%@zms)w\?\as
added, fol | oded 718 (sdthyl5353d¢& Hl=0k-&- llll(la-lli)kdeﬂr@di V-=16.i Ifddz dHa-6/%car/boxyl at e

2 , L i

(472 mg, 1.9 259l fyfs3m ﬁl)%bﬁ)‘i%bgbc 812‘2(9‘6 ) Tﬁ% i‘%ﬁ‘tzaél_@m(l 2 hy.

stirred at roomtérrperature was con Iet
The reacti on4lrﬁ % tHlrr2e0 Wars lerlcﬁént ﬁiatrm@P&nIdSIalbéé(meHi)ohﬁ b-1s261(ing &Hyel10and

fiedb h 18: 2 net hyl
Eﬁlr Ior: Se rret ﬁ'anwgghlgggtgr a?ré’%%gmg%%m hyd?gxi ée)enteo afford (S)-nethyl
5-chl oro- 1- [0263Iqui nuétepdi:nT@a spspambinoPetithiyem) (St H(3-tmiwdlidn-3- car boxyl ate as a
| i ght |1 2 §] ?ﬂ’l 5 Qp§tg 7 1
8I 83 3(/2 2&1%8;}{ geél(yzr’) - '7%33%(%?/‘4?‘]_ N é E‘gmmzj? fro é)b a%oﬁe 1;11 (s, 1H),
3. 50- 3. 38 ( MTHEKHO mB) Q&@d@ﬂ\/(\’rdusmpylfz%hmmﬂe o I(Ih167m"6>7) andﬂﬁ)mlxl;lareGS 2.55 -
(m 1H, 2. 10321 d(itrgmbjré?ﬁ te }_ﬁelf[ogpo &{HS e'#)leEab%X\ggaJtroZ% {(tg‘% \%ﬁ)addejd 65-1. 55

(m 1H); M5 (ESI+) nfz 363 0169 m Xt ure - met hyl
-chl or 02@_ ( Q-.p(qqupqph(@,sphqnquacgl. cyclic anhydride (T3P) (3 6 g, 5.6 mmol) and the reactlon was

stirred for 2.5 h. The reaction was quenched with saturated aqueous sodium bicarbonate
- (100 mL), extracted with ethyl acetate (3 x 250 mL), and the combined organic layers

were washed with brin¢, dried (Na,;SO,), filtered, and concentrated under reduced
pressure. The crude solid was purified by SCX-2 resin to afford (S)-7-(quinuclidin-3-yl)-

25  8,9-dihydro-[1,4]diazepino[6,7,1-hi]indazol-6(7 H)-one (207 mg, 63%): "H NMR (500
MHz, CD;0D) 6 8.17 (dd, J=17.5, 1.0 Hz, 1H), 8.15 (s, 1H), 8.00 (dd, / = 8.0, 1.0 Hz,
1H), 7.31 (t, /= 8.0 Hz, 1H), 4.80—4.75 (m, 2H), 4.70-3.80 (m 3H), 3.38-3.34 (m, 1H),
3.20-3.05 (m; 2H), 2.96-2.85 (m, 3H), 2.14-2.00 (m, 1H), 1.95-1.65 (m, 4H); MS (ESI+)
m/z 297 (M+H).

30 [0164] Step I: To a stirred solution of (S)-7-(quinuclidin-3-yl1)-8,9-dihydro-
[1,4]diazepino[6,7,1-hilindazol-6(7H)-one (207 mg, 0.7 mmol) from Step H above in
methanol (5 mL) was added hydrochloric acid (1.25 M solution in methanol, 1.1 mL, 1.4



yl am no) et hyl ) - 1H i ndazol e- 7- car boxyl ate (525 ng, 1.5 nmmol) from Step D
above and 5l ithi um hydr oxi de nonohydrate (183 ng, 4.4 mmol) in

t et rahydrwbuoamosgreer (14 ni, 1:1) was stirred at room PemuSc@Evou@1unt i |
the reaction was conplete by TLC (2-3 h). The solvent was renoved under
reduced pressure to give lithium (S)-5-chloro-1-(2-

(qui nucl i di n-3-yl am no) et hyl ) - 1FL|ndazo g 7-carboxyl ate as a green sol i d
(641 ng, 100%: NVR (300 MHz, CD30D) 8 8701..(s, 1H), 7.71 (s, 1H), 7.48 (s,
1H), 4.80 (t J 10 = 6.6 Hz, 2H), 3.10-2. 96 (m ZFD 2.95-2.88 (m 1H)),
2.80-2.58 (m SFD 2.33-2.27 (m 1H), 1.80-1.76 (m 1H), 1.72-1.60 (m 2H),
1.60-1.40 ( ( I 0170] Ste
E OO it oo CayroogycbtGode el The Rbee VB B Wty Sl 01700 St e
i ndazol e- 7- cedises preatuee e(rﬁzﬂﬂutmgwnm d&thyhﬁhe)r té aford ﬁ)e’/p(qEna@mive}wh SIHF (12 nl)
was 15cool ed N g} 10. 8
nmol ) was ad%e&hg? ﬁ%vgﬁkﬁ w?hdﬁgg%%égﬁﬁ ﬁﬁﬁ?%mgﬁgéggggﬁﬁﬁgﬁgﬂbdr de
(T313; 50 wtBMRY 560 MHz, adstatig 5 10.241bs, 1K), 8.2#n0(1 M), 8T0e(dd,@ac.0,8kb 2. xt ur e was

i) CThes ot ek pRTRBED 2Rl SotPa iy TR 2T P TR Pl s et ana
DOCh! o1 0- 72 (AUl mic) LAt 8 3. v 4] BrSndi Ry gl gl azepi %?F%B?’”T“ﬁfﬁiﬁazol
(710-one as g’h‘%ﬁﬁ-@m@ﬁ@ ‘f‘i’dﬁf(séggl“ﬁ%‘g %g@” HNVR 5500 MHz, CD30D) 8 8. 12

(s, 1H), 8.10 (s, lH) 8.01 (s, 1H), 477450(m 3H) 420-3.95(m 1H),

3.22-3.05 ( .85(m 2H) ,
1.85-1.75 xaf 'esi P‘l’agﬁ" 582 3%“" %{/‘ . 25101711St
G (9)-4] %hl ororr_l_g SEF?Pd?‘H 3l % e“y °° °" T% =P

[1.4]d|azep|no[6,7 h|]|ndazol 6(7H) (428 nmg, 1.30 nmol) from Step F
above was dissolved in 1.25 MHCl in G§§§H and concentrated under reduced
S

pressure. The resulting yell ow green d was triturated (MeOH DCM di et hyl
ether), filtered and dried under highgy doym to gi ve
(S)-4-chloro-7-(quinuclidin-3-yl)-8, 9 i\ hydy o-

30[ 1, 4] di azepi no[ 6, 7, 1- hi ] i ndazol -6(71 N hydrochl oride as a yellow solid
(359 nmg, 31%:NWR (500 MHz, D20) 8 7. SNH), 7.68 (s, 2H), . 4.43-4.20
(m 3H), 3.80- WO 2011/008572PCT/ U010/ 040617 -68 - 3.65 (m 1H),
3.65-3.50 (m 1H), 3.40-3.20 (m 2H), 3.20-3.00 (m 4H), 2.26 (s, 1H)

2. 0_0' 1.70 ( n]Olﬂﬂ) ; |V5S(egsﬂl:WeMﬁZ-%iﬁo-@Mﬁlﬂ}o%-methylbenzoate (6.6 g, 33.1 mmol)

was dissolved in CHCI; (90 mL) then cooled in an icebath while acetic anhydride (7.2

15 mL, 76.1 mmol) was added dropwise. After the addition was complete, the re_action
mixture was stirred at room temperéture for ca. 1 h, then KOAC (650 mg, 6.6 mmol) was
added, followed by isoamy! nitrite (9.7 mL, 72.8 mmol). The reaction mixture was heated
under reflux until the reaction was complete by TLC (overnight). While cooling to room
temperature, precipitation was observed. The precipitate was collected and dried to afford

20 methyl 5-chloro-1H-indazole-7-carboxylate as a yellow solid (4.83 g, 69%): 'H NMR
(300 MHz, CDCl3) § 11.25 (s, 1H), 8.10 (s, 1H), 8.05 (s, 3H), 7.97 (s, 1H), 4.09 (s, 1H);
MS (ESI+) m/z 211 (M+H).

[0166] Step B: Methyl 5-chloro-1H-indazole-7-carboxylate (2.65 g, 12.6 mmol; 1
eq) from Step A above was stirred in DMSO (25 mL) at room temperature while

25  bromoacetaldehyde dimethyl acetal (3 mL, 25.2 mmol) pre-mixed with potassium iodide
(209 mg, 1.3 mmol) was added. 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU; 2 mL, 12.6
mmol) was then added dropwise. The reaction mixture was stirred at 80 °C (external

temperature) overnight. The reaction mixture was neutralized with sat. NH4Cl then



Exanple 9 - Preparation of

(S)-4-fluoro-7-(quinuelidin-3-yl)-8,9-di hydro511, 41di azepi no[ 6, 7, 1-hili ndaz
-6(711)woneitpss7echl ori de 101721Step A- At 0 C, to PCT/US2010/040617

3-fl uoro-5-nethyl benzoic acid (8.0 g, 52 nmol) was added con. H2SO4(60 m)

foll owed by KNG3 (5.8 g, 57 mmol ). The reaction solution was 10t hen war ned

to anbi ent tenperature and stirred for %(Sh The reaction m xture was poured

into ice water-to precipitate 5-fluoro-3-nethyl-2-nitrobenzoic acid as a

white solid after filtration (8.0 g, 77% : NVR (500 MHz, CDCl13) 6 7.63 (dd,

J =8.0 Hz, 3.0 Hz, 1H), 727(dd J= 8.0 Hz, 3.0 Hz, I H; M5 (ESI+) niz

200 (wmr 101 1S 3- i
aci d (6. 0g, A0Ges By Fery D ARy tieeBls, Phe b g RDon il P EECR
car bonat e (|2(];:QS@4) tﬂ&rTn}er{é@te{?eg@rb‘gﬁ b}gd@nratl hznmatégra&mglﬁg&l%h‘ml ). The
r eaCt! on so loaréetV@/?\d? {)Eoda for H\ £Hor -ﬁo@%roa &E\g)a'%mﬁ )qlfp azlo

reaction mx ur e ‘was eXtrac acet at e.
The organi ¢ exboxxbtite asadighepHoaiodd404ims Hét, mgtOhotnpn qcpeﬁmmhdlbe'd\IQE\]a ), and

Coneent e iy RGN oSO Pl . el b oA P 0oL
(m 2H), ; 3. 85 5(1sHz, 3H),,3.92.(8 3H),3. 273(kl)61—l)|\45(2§%!sia)1 ing rdate il recddielrdd; 8460hgA1St ep C
o o e oA S S B o R RRSARRD A ™ T
on char coal wso@twbadllé@eddaeldscpkaalh'ctodnrlayejlohmdnagenat ion was carried out for
R T e T R e
met hyl 2-1am aabdeyfated@8Dmg; 2. sreimoy) foen 3tepBaab( . Basge 1u3484n 2a8 HCI\(hintg¢arglol 1 d. 1H
R (500, 1 D0 95k s o o e 00 Bl 5 (2
184 (M+H). [ @inpoiabire phelH afoharemdoum:ﬂnreMas adiuhied to 8 with NaHCO;, then
2-ami no- 5-f| lé|>(()t¥acte§ erE w, aceta eo?he orgamcolayers were combined, dried (Na;SO,), filtered,
concentrated and purified by column chromatography (silica gel, 1:1 ethyl
15 acetate/hexanes) to afford methyl 5-chloro-1-(2-oxoethyl)-1H-indazole-7-carboxylate as
an off-white solid (472 mg, 76%): 'H NMR (300 MHz, CDCl3) § 9.77 (s, 1H), 8.10 (s,
1H), 8.05 (s, 1H), 7.94 (s, 1H), 5.60 (s, 2H), 4.03 (d, /= 8.4 Hz, 1H), 3.93 (s, 3H); MS
(ESI+) m/z 253 (M+H).
[0168] Step D: (S)-Quinuclidin-3-amine dihydrochloride (355 mg, 1.8 mmol)
20  was stirred in MeOH (5 mL) at room temperature while sodium methoxide (25 wt% in
| MeOH, 0.8 mL, 3.6 mmol) was added dropwise. The reactibn mixture was stirred at room
temperature for 1 h. Glacial acetic acid (0.2 mL, 4.1 mmol) was added to neutralize the
basicity of the mixture. Sodium cyanoborohydride (224 mg, 3.6 mmol) was added,
fo]ll‘owed by methyl 5-chloro-1-(2-oxoethyl)-1H-indazole-7-carboxylate (472 mg, 1.9
'25 mmol) from Step C above in MeOH (8 mL). The mixtufe was stirred at room temperature
until the reaction was complete by TLC (1-2 h). The reaction mixture was concentrated
and absorbed onto silica gel and purified by column chromatography (80:18:2 methylene
chloride/methanol/concentrated ammonium hydroxide) to afford (S)-methyl 5-chloro-1-
(2-(quinuclidin-3-ylamino)ethyl)- 1 H-indazole-7-carboxylate as a light yellow solid (525
30  mg, 77%): 'H NMR (500 MHz, CD;0D) & 8.17 (s, 1H), 8.03 (s, 1H), 7.92 (s, 1H), 4.80
(t, J=6.5 Hz, 2H), 4.02 (s, 3H), 3.50-3.38 (m, 1H), 3.25-3.05 (m, 4H), 3.05-2.90 (m,



g, 5.5 mol) from Step C above in chloroform (15 nL) was added acetic
anhydride (1.2 5m) while maintaining the tenperature below 40 C. The
reacti on WoRODUW®@ssvas stirred at roomtenperature for 90PEITAUS2MGO4BOT aSSi um
acetate (157 ng, 1.6 mmol) and isoanyl nitrite (1.62 m, 12 nmmol) were
added to it. The reaction m xture was heated to reflux for overnight. The
reaction m xture was cooled to roomterr%grature, extracted with

di chl or et hane, washed with water, saturated sodi um bi carbonate and bri ne.
The organic 1lOextract was dried (Na2SO4) and concentrated in vacuo to
afford a red solid, which was purified by colum chromat ography (silica

gel, 0-50% ethyl, &cC / e o atf ore et . :
5-fl uoro- 1H ?H%az'z% ggsfng’e{?@éiwg%)gt(IM ) ?7861 lﬁcﬁyg%)’al‘?ellf%\gvmbzr@m sol i d:
1H NVR( 500 Mé3+1.55061 3H);V8 (EXB+)8/z 38 HM+H).96 (dd, J = 9.0, 3.0 Hz, 1H),
7.81 (dd, J 7 , 3. . e 3. ( MBS (ESI .7 ,195.

15[ 0176] St epT(E:%”?'he p%éégné%:lu%em 'igg?co??%e"?idt?ﬁ@&l lé’f)o bg%&”g&‘g%ﬁ‘é 8 was used to
convert met hylaminddthpd)- bH-Idaraictdzaibexylate 6525 mgy | .tmemdly foom Step® Moabande t o

nmet hyl 142, 25...di h 7.5-f - i - {- 105 ,
150/@?/ 1HNRR( “g"g‘iﬁ“ .rip")g%ﬁej&‘i'g’k’}‘ggé .({)géo"%%),’&%?ﬁ?ﬁgéﬁ? %8?“?%‘2‘9%4 (gﬁ ﬁ‘:?( 0 Hz,nrg
1H), 7.51 (dd;l)d=s 9ind aGroOmltbmpetdthre udtilolle reattiod wabcdinptets b2F)L.C (%3 51 The, J=
50 Hz, 1H), 9 . : 20, MtH) .

[0177] st ap ot afremSiiauddhedeq B BeitD iy (omhar PPNy
](c:?(r)\\r%ers E emetE hyquirm;ﬁdan-z-)dldmiadlz)hﬂlxlyéHhiyda)ZOE-W-ctachwmlaﬂeHs hgdazllid(¢4loag.boxyl ate
5 11 uor o 1- ( 30046a ROPS CRENIESPIPR) A0 o 7L NE: TASHhi 0850 (.
25[ 0178] Svep=6.6 HhaHyrowed 96 éndisc?.bHadsi(m, Hipp.8D-2058 (bx AHp[263382.06n,.used to
convert et e St 96 6. b 2 P95 B et b 198 il 19BEPAKH, 315 o St ep

F above to (
3- (2- (qui nuckEslirym3-3¢9 eviirip) et hyl ) - 1H- i ndazol e- 4- car boxyl ate (40 ng, 61%

R R SR e Tk P .
3- (2- (qui nucliriddzate-3-cyrbaxyilano)6at ing| ).8 irhdlnitiaa Steg Babowrib GXiFl (42 exlh wem St ep G
sbove 10 1 (0 4T LS4 AU 00k B AIOOL L LA g e
descri bed i nf@toepd by dfprdpesappbsphhitvadd eysbdarthgdride (TsP; S0 wt% in ethyl acetate; 7
mL, 10.8 mmol). The reaction mixture was stirred at room temperature until the reaction
was complete by TLC (30 min). The mixture was concentrated into a yellow oil, diluted
in MeOH, and purified by ISOLUTE® SCX-2 columns (4 x 5 g column) to afford (S)-4-
2(_) chloro-7-(quinuclidin-3-y1)-8,9-dihydro-[1,4]diazepino[6,7,1-hi]indazol-6(7H)-one as an-
off-white solid (505 mg, 85%): "H NMR (500 MHz, CD;0D) & 8.12 (s, 1H), 8.16 (s, 1H),
8.01 (s, 1H), 4.77-4.50 (m, 3H), 4.20-3.95 (m, 1H), 3.22-3.05 (m, 3H), 3.00-2.85 (m,
4H), 2.14 (s, 1H), 1.96-1.85 (m, 2H), 1.85-1.75 (m, 1H), 1.7541.60 (m, 1H); MS (ESI+)
m/z 331 (M+H). | |
25  [0171] Step G: (S)-4-chloro-7-(quinuclidin-3-yl)-8,9-dihydro-
[1,4]diazepino[6,7,1-Ai]indazol-6(7H)-one (428 mg, 1.30 mmol) from Step F above was
dissolved in 1.25 M HCl in CH30H and concentrated under reduced pressure. The
resulting yellow-green solid was triturated (MeOH/DCM/diethyl ether), filtered and dried
under high vacuum to give (S)-4-chloro-7-(quinuclidin-3-y])—8,9-dihydro-
30 [1,4])diazepino[6,7,1-ki]lindazol-6(7H)-one hydrochloride as a yellow solid (359 mg,
31%): '"H NMR (500 MHz, D,0) & 7.81 (s, 1H), 7.68 (s, 2H), 4.43-4.20 (m, 3H), 3.80—



convert |ithium

(S)-3-(2-(qui nuclidin-3-ylam no)ethyl)-1Hi ndazol e-4-carboxyl ate from Step
H above twoO 2011/008572 PCT/US2010/040617 4
(S)-4-fluoro-7-(quinuclidin-3-y1)-8,9-di hydro-[1, 4] di azepi no[ 6, 7, 1-

hi Ji ndazol - 6(711)-one, which was treated inmmediately with hydrochloric acid
foll ow ng 5the procedure described in Stgp G of Exanple 8 to afford
(S)-4-fluoro-7-(quinuclidin-3- )

y1) -8, 9-di hydro-[ 1, 4] di azepi no[ 6, 7, 1- hi ] i ndazol - 6( 7H) - one hydrochl ori de (30
ny, lo/c) as a white solid: 1H NMR( 500 MHz, CD30D) 6 8.13 (s, 1H), 7. 93

(d

Hzfj ) =100, gmor}&)']_'é_%s 375&%%1 éﬂfjs 4%3‘%19(&32?@ 3020'_%% &#')4148532 %64(3(%

-3. 19- 3 14 (rriZOQH)ZO(ih 98); ZMSGESXImmaBI)L(WH)G (dd, J= 6.0, 2.0 Hz, 101H),
1.91-1.88 (m 2H), 1.82-1.80 (m 1H), 1.68 (s, 1H); IVB(ESI+) mz 315
(MrH). Exanple 10 - Preparation of

(S) 4- met hOXtﬁg,ag,ﬂw n#.ve .%Bn f%’si-)gl;?o?o*(gM%&jdjmﬂ i£5.8fMyBAL-6, 7, 1-hi | i ndaz

-6(7H) - ochl pgl of% h a,loc,,%ytl on of
2 am no- 3 met hyl benz I'C aC| I n was added 48%

aqueous hydrogen brom de (18. 0 m). T reaction sol ut| on was stirred at
room tenperature overnight and then hed with saturated sodi um’

bi carbonate. The resultant m xture was stirred overnight. Precipitation was
collected by 20filtration and dried ig I’é’C\P to give

2- am no- 5- br ono- 3- net hyl benzoic acid (18.0yg9, 85% as a pink soli d 1H NWVR
(500 MHz, DMSO) 5 7.69 (d, J= 1.0 Hz, 7@33(d J =1.0 Hz, 1H), 2.10
(s, 3 H; M (ESI+) mz 231 (MH). [0 %p B: To a solution of

2- am no- 5- br ono- 3- net hyl benzoi c aci df (3.09, 13 mmol) from Step A above in
DMF was added cesium carbonate (6.4g, 20 mmol) 25fol | owed by i odonet hane
(0.8 M, 13 l[maizl) Thestepemc At ©PC A 3- fB:bioFir—mdthalbemtciaeirdt(SOgnmmmbl)mas

AN I R G B e G B R A
vacuo to 1af f dred wrmﬁdmb a@db@nt tarnp&atbn’e(ambstﬁremfd)l’rﬂyﬂ Ereelzetaatoaa nfigtugwas o084l as a
grey solid: q’n'ilo ice zv]éter to precipitate 5-fluoro-3-methyl-2-nitrobenzoic acid as a white solid after

filtration (8.0 g, 77%): "H NMR (500 MHz, CDCl3) & 7.63 (dd, J = 8.0 Hz, 3.0 Hz, 1H),

7.27 (dd, J = 8.0 Hz, 3.0 Hz, 1H); MS (ESI+) m/z 200 (M+H). |

[0173] Step B: To a solution of 5-fluoro-3-methyl-2-nitrobenzoic acid (8.0g, 40

15  mmol) from Step A above in DMF (100 mL) was added cesium carbonate (20.0 g, 60
mmol) followed by iodomethane (3.0 ml, 48 mmol). The reaction solution was stirred at
ambient temperature overni gf\t. The reaction mixture was diluted with water and
extracted with ethyl acetate. The organic extract was separated, washed with brine, dried
(Na;S04), and concentrated in vacuo to afford methyl 5-fluoro-3-methyl-2-nitrobenzoate

20 (8.4 g, 98%)as a yellow solid: 'H NMR (500 MHz, DMSO-de) 87.71-7.67 (m, 2H), 3.85

" (s, 3H), 2.32 (s, 3H); MS(ESI+) m/z 214 (M+H).
[0174] Step C: A solution of methyl 5-fluoro-3-methyl-2-nitrobenzoate (8.4 g,
39.4 mmol) from Step B above in methanol (150 mL) was purged with nitrogen.
Palladium on charcoal was added to the solution and hydrogenation was carried out for 24

25 hat latm. The reaction mixture was filtered through a pad of Celite and washed with
methanol. The filtrate was concentrated in vacuo to afford methyl 2-amino-5-fluoro-3-

methylbenzoate (6.8 g, 94%) as a white solid. 'H NMR (500 MHz, DMSO-ds) § 7.32 (dd,



NMR (500 MHz, CDC13) 57.89 (d, J= 2.4 Hz, 1H), 7.28 (d, J= 2.1 Hz, 1H),
5.84 (brs, 2H), 3.87 (s, 3H), 2.15 (s, 3H); M5 (ESI+)nlz 245 (MH).
101831St ewoQo11Tioes7pr ocedur e described in Step A of ExanpCe/iB2was40632d t O
convert nethyl 2-am no-5-brono-3-nethyl benzoate (2.3 g, 10 mmol) from Step
B above 5to nethyl 5-bronp-1H i ndazol e-7-carboxylate (2.2 g, 88% as a
white solid: 1H NVR (500 MHz, CDC13) 8 %é 25 (br s, 1H), 8.16 (d, J= 1.5
Hz, 1H), 8.13 (t, J= 1.5 Hz, 8.09" J =1.5Hz, 1H), 4.04 (s, 3 H);
M5 (ESI+) mz 256 (MtH). 1018418t ep D The procedure descri bed in Step B of
Exanpl e 8 was used to convert net hyI 5- brono- 1Hi ndazol e- 7- car boxyl ate (4.0

16 1) f b
g brormmnl) %2 rzqglosg ?%’ Xy@f ﬁﬁf"l ?nongngemi) (6:39 So%‘?? gtsg (f J}.’Hi % 13%% as a
Ilght transpangmsmsqﬂyrd/zlwwwwo MHz, CDC13) 5 8.03 (s, 1H), 8.00 (d, J
= 1 92 50 (t,
=55 Hz Ha-‘ﬁ”g]s 59" ‘ep@#asg@”?“ mét&ﬂf a%}é‘gfééf’“’)% ﬁ‘fm%'bﬁ%‘ﬁ/#ﬁﬁ’ (
101851St ep Eg, stomaot)dtant Siep Caboveein Ialylbro&rtmr(d)irmLZLWéQadZedjaqem dwyridel(y2) - 1 H-
151 ndazol gdZ);T vl\}bl%XrXan?tamméiEOlerggé(rgarg%emJg) Jfl?errr]e?h%{\) mlxt gsfag stllrF%d[g'tvso (4

m) was a otassium a enperature
under ar gon, rdool tempeatuizyfop?tamchadiotssion a¢etdS( 14§ mel ] ermi) jndasedmyl

di chl oro[ 1,11 ertﬁ géZonQFqngnbo?ﬁgerle Q(?c?efil Oﬁq\%\gg%]éﬁ?o%lrjnﬁmrym e%té: ko&%ﬂ&[%p‘at hane

adduct (53 rrg, e reac was eva ur ged
wi th argon. Wdhenigitatlid marcnaﬁ)mummmsMedhemoedtempersmrecemmewedi“ght then

allowed to c Oblo%rr(?eéhra%gnvqﬁ;[sﬁed w1|{h wa ur?tﬁg Blceg‘gt?ngte an %ﬂﬁé’gh% %}ggmg eact| On.

m Xt ure was wat er tere
Celite. The éxttetcr\aaseirmbtlﬁazﬁ@d amﬁsormmtrawdtnewbcm totafidrded teglsolast, vbichanasl t he

organic | ayeripurv¥a% coﬁlmn(c g@)ﬁph% sil cg gldO sGRd 8?%%%&% g)tb Qrryacuo. The

resi due obta chronat o i ca gel 0- 30%
et hyl 25acet ate&v’yh@ﬂamsl)(-l mdazafef-bceulqutatw(HSS mg, 43%) as a yellow brown solid: 'H

(]j-l giaﬁoglolngtn W%@BW e85§5(c 073‘5%? %gf;« @HZ 1%80/5'81 TH NT\/IQ-E?SOO MHz,
'CDClI 3) 38. 383(0d]z, JH),3.98 (SHiH) :IM§ (E$+2r7i/z(1l$ J= 1 0 HZ 8.10 (s, 1H),
6y, 1373 (sslyt N Tk drberedg oo st %@?@P it doom
t errper at ur e, corved nedlylif-flooroelff-mdaeid-7-tatBoxglate from Step D above to methyl 1-(2,2-
O ot L 5o oo el om S e
was added 30%4Hz, CPZl3) 6 8.08 (s, 1H), 7.66 (dd, J=10.0, 3.0 Hz, 1H), 7.51 (dd, J = 9.0, 30Hz
1H), 493(d J=5.0 Hz, 2H), 4.51 (t, J= 5.0 Hz, 1H), 3.93 (s, 3H), 3:31 (s 6H); MS
20  (ESI+) m/z 283 (M+H).
[0177] Step F: The procedure described in Step C of Example 8 was used to
convert methyl 1-(2,2-dimethoxyethyl)-5-fluoro-1H-indazole-7-carboxylate from Step E
“above to methyl 5-fluoro-1-(2-oxoethyl)-1H-indazole-7-carboxylate: MS (ESI+) m/z 237
(M+H).
25 [0178] Step G: The procedure described in Step D of Example 8 was used to
convert methyl 5-ﬂuoro-1-(2-oxoethyl)-1H—indazole-7-carboxylate from Step F above to
(S)-methyl 3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-carboxylate (40 mg, 61%)
as a light yellow liquid: MS (ESI+) m/z 329 (M+H). _
[0179] Step H: The procedure described in Step E of Example 8 was used to
30  convert (S)-methyl 3-(2-(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-carboxylate from
Step G above to lithium (S)-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-
carboxylate: MS (ESI+) m/z 314 (M+H).



hydr ogen peroxide (20.0 eq). The reaction m xture was stirred for 3 h, and
then quenched with aqueous sodiumsulfite. The m xture was extracted with
et hyl acevetelizmssmashed with water. The organi ¢ extractPCras2¢onesnt r at ed
in vacuo to give nmethyl 1-(2,2-

di met hoxyet hyl ) - 5- hydr oxy-1 H i ndazol e- 7- car boxyl ate as a white solid: IH
NMR (500 5MHz, CDC13) 8 7.96 (s, 1H), 7.7§0 (d, J = 2.5 Hz, 1H), 7.24 (d, J
= 2.5 Hz, 1H), 4.90 (d, J = 5.5 Hz, 2H),”4.86 (s, 1H), 4.52 (t, J= 5.5 Hz,
1H), 3.97 (s, 3H), 3.27 (s, 6H; M5 (ES 1+4) mz 249 (MrH). [0187]Step G To
a solution of nethyl 1-(2,2-dinethoxyethyl)-5-hydroxy-1H '
i ndazol e- 7- cgl,baxyl at 8 0. 6 1) . fromSt F ove in DVF (10 m)
was l1lOadded elg um ca(rgf)e%ﬁa?ge 3 uF?gc{égCID'.b%)d %%ﬁfp)l-s?fﬁqoargﬁgeg ‘y)af‘ u|seod Smet hane (40
pL, 0.64 nmotgonvemtithivune(S)-8g24quimuclidia-3sglaminegithgljdinddrble-4Htnebaxgletfrapm m xt ur e
vas Xt 12l e Y RS RIS VB DML ABLERALEZROD . and

1- (2, 2- di net higixgeblg(7})-brerehichxys tredtedicdardiagly/witiandioochloat eci I8Bwingg 969 :

1H NVR (500 | .9 , 7,56 {.d = 2.5 AH). .. Z2.25 (d, J
L R 87 slfiiproegdut deberfbed i e Bior Exbynp€ s Partdha (53-ffops- Ftquilgip 5: 25 0
3H) . 3.87 (sy)BhdihBirR 4liazeHipl6, VB H(ESkz0)-6(THr-0Rdy dfdvhid)ide (30188 Bokp H  To

met hyl 1-(2, 2-di et hoxygt z o- et S i nda = dv cGaF Db I 161. ny;
0.5 ol ) 6t o ABoueK{ S0 RIS BUEPhCLE (I R drdgen
chloride (3 A7) (dind=010e3.0dkctipA.7a(Y 6rid a2Hhdai0dbs, it d), AS0CbS, 0H),20h. The

- 20sol vent wasg c rat i 0 g e

5- ot hoxy- 1. (52 3%23%1)‘ Af 3 B 3EH8, %@72%%’?8&?9‘1 %’?%k“?/é’d(ésﬂ’) 2017 249
(MrH) . [ 0689] 13}, é9141.88Tne 2H),dci2a LB (dedbr 1.6%@, 1H); BISApSD) ofz BbdVpiHD. 8 was
used to convert nethyl :

5- net hoxy- 1- EZ- oxoet hyl ) - 1H-i ndazol e- 7- carboxyl ate from Step H above to
(S) - net hyl xample 10 - Pre[_)aratfon of (S)-4-l‘nethoxy-7-(qumuchdm-3-yl)-§,9—d1hydro-

6- met hoxy- 3- ( 2- (qui nllelfigzerineld,7dnilingazehG)-one hydrachderides_ car boxyl at e
25(250 ngy, 66% as a light yellowliquidi M5 (ESI+) mz 359 (MtH). -
[0190] Step J: The procedure describedN tep E of Exanple 8 was used to
convert (5)-nethyl : /.

6- met hoxy- 3- (2- (qui nucl i di n-3-yl am no) eth Lé} 1H i ndazol e-4- carboxyl at'e

from Step | above to |ithium (S)-6-nmetR5Xy-3 (2- (quinucli din-3-
yl am.no) et hyl ) - 1H i ndazol e- 4- car boxyl at r\f ESI+) mlz 344 (M+H).
/)

H,CO

15
[0181] ~ Step A: To a solution of 2-amino-3-methylbenzoic acid (10.0 g, 66 mmol)

in DMSO was added 48% aqueous hydrogen bromide (18.0 ml). The reaction solution
was stirred at room temperature overnight and then quenched with saturated sodium
bicarbonate. The resultant mixture was stirred overnight. Precipitation was collected by
20 filtration and dried in vacuo to give 2-amino-5-bromo-3-ﬁ1ethylbenzoic acid (13.0 g,
85%) as a pink solid: "H NMR (500 MHz, DMSO) § 7.69 (d, J = 1.0 Hz, 1H), 7.33 (d, J =
1.0 Hz, 1H), 2.10 (s, 3 H); MS (ESI+) m/z 231 (M+H).
[0182] Step B: To a solution of 2-amino-5-bromo-3-methylbenzoic acid (3.0g, 13
mmol) from Step A above in DMF was added cesium carbonate (6.4g, 20 mmol)
25  followed by iodomethane (0.8 ml, 13 mmol). The reaction was stirred at ambient
temperature overnight. The mixture was washed with water and extracted with
dichloromethane. The organic extract was dried (Na;SO,) and concentrated in vacuo to

afford methyl 2-amino-5-bromo-3-methylbenzoate (3.2g, 100%) as a grey solid: 'H



30[0191] Step Ki The procedure described in Step F of Exanple 8 was used to
convert lithium _ '

(5) - 6- metWwoxyt1@0872 ( qui nucl i di n- 3-yl am no) et hyl ) - 1H i ndRedIus:22e0/0¢@1boxyl at e
from Step J above to (S)-4-nmethoxy-7-(quinuclidin-3-y1)-8,9-di hydro- - 73
- [1, 4] di azepi no[ 6, 7, 1- M ndazol - 6(711)-one, which was treated i medi ately
wi th hydrochloric acid follow ng the pr%edure described in Step G of
Exanple 8 to afford (S)- B

4- met hoxy- 7- (qui nucl i di n-3-y1) -8, 9-di hydro-[ 1, 4] di azepi no[ 6, 7, 1- hi ] i ndazol -
6(710-one hydrochloride (60 ng, 39% as a white solid: 1H NWR (500 MHz,
CD30D) 8 8.0 1y Tra- e h. : =.2.0 Hz,
1H), 4. 72-4.éW%OéwZ&Rp%lgz'.gégg(’mZ'JQ_H%’, s %’? §|ﬁ)§£éﬁg&%@i’ (m 2H),
3.45-3. 35 ( nPH}¥BIR7 (238X 2(14 (s, JH);2MS (E&+) k45 M28). (brs 1H), 2.15-2.11 (m
2H), 2.20-1. m 1H); > LESI + . . E’fﬁ - Preparation
of (S)-4- et ﬁ?/?é‘?- ( q:jl%tr?a? 1 Fr?f%%‘;’/‘% 5@‘3@“7"85‘%5% 4 JPERARHIE 8 bhs uscié

11, 41di azepi oo &t MethylR-dminokazodm&Q-nidthybreazdaged2 Seh | @mimgd) fiom $tep B ab@e921St ep
A: To nethyl . 5-brono-1-(2,.2-di neth ) 5 by YA ylate from
Step D ofg]Extét)r'r"pﬁl?tév?%r?%&g@ﬁ%ﬁ%%rﬁgﬁ%&gy%ﬁé’? 8|o/gtq gé%ﬁ?nzog:]g'r %Qﬁg[;&e (622 ny,
4.5 mmol ), teoedMisCDAIPhangh phrosihi e phlFdd da(16),(&BWAt A, 1.9H3, 11D, mol )
and trinmethy L 37 : W tion m xture was
stirred at 1 ggé??op% - I.ZI)%e“né’aﬁ% er&gﬁgﬁ%g%o +tei_?)l met hyl bor oxi ne
(377ng, 3 mmivii34jwas adtpd:afid prévedure desciibed imdtsp BurftBrempls Biwas eskdftor 6 h.

Et hyl acetate wa nd .t ' ' '

coneent  at e TRCTIENG > YRS RRERCHRERR A FEBlo 1 ELES caBEte

chr omat o¢® aptoyndtisil Sibcemgéd(2,2 @iBOboxgtthyl)- 1 Headaadle//harmndsty (1-bgaZ0fOrsia net hyl

as o whi to SO HARPREY T o SRR COCEREY P SIIEVE A2 1O, P10
:7),' 65 gs,281H) 'lH)gZQZ (cgd,% 2J&-HB., 154)1-1?-?2 @H 7 56.182 29, 4.9 (£/5.55 Hz, 1HLH) 99 8. 98 ( S,
H), 3.28 (SBH 13—1)2(,;(SS Pﬁzg{‘%g%t%?/z@aﬂ\gﬁl{f) mz 279 (M+H). 101931Step B: The

procedure deScrib e 8 was used to 25 convert nethyl
1- (2, 2- di met Pd83let hy| Step-Brekdnsbiutien phinethpl ebrgmedrBExdimathexyethy3-1dy, 0. 8

oot iyt T3 (DBl PRI s SRR | ol from Sp BBV PR MBS 55 (g
added potassium acetate (646 mg, 6.6 mmol) at room temperature under argon, followed
by pinacolodiboron (445 mg, 1.8 mmol) and
dichloro[1,1’bis(diphenylphosphino)ferrocene]palladium(II) dichloromethane adduct (53
mg, 0.07 mmol). The reaction vessel was evacuated and purged with argon. Thé reaction

20  mixture was heated at 80 °C overnight, then allowed to cool to room temperature and
concentrated in vacuo. The reaction mixture was diluted with water and diethyl ether and
filtered through Celite. The filtrate obtained was extracted with diethyl ether and the
organic layer was dried (Na,SO04), filtered, and concentrated in vacuo. The residue
obtained was pixriﬁed by column chromatography (silica gel, 0-30% ethyl

25  acetate/hexanes) to afford methyl 1-(2,2-dimethoxyethyl)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1 H-indazole-7-carboxylate (287 mg, 50%): 'H NMR(500 MHz,
CDCIl5) 8 8.38 (d,/=1.0 Hz, 1H), 8.27 (d,/=1.0 Hz, 1H), 8.10 (s, 1H), 4.95(d, /= 5.5
Hz, 2H), 4.54 (t, J = 5.5 Hz, 1H), 3.98 (s, 3H), 3.26 (s, 6H), 1.37 (s, 12H); MS (ESI+) m/z
391 (M+H).

30 [0186] Step F: At room temperature, to a solution of methyl 1-(2,2-
dimethoxyethyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1 H-indazole-7-
carboxylate (287 mg, 0.7 mmol) from Step E above in methanol (12 ml) was added 30%



- 74 - [0194]Step C. The procedure described in Step D of Exanple 8 was
used to convert nethyl

1- (2, 2- diwetzhoopei7ayl ) - 5- met hy1- 1H i ndazol e- 7- car boxyl aP€TfusemmoBi@p? B above
to (S)-nmethyl 6-nmethyl-3-(2-(quinuclidin-3-ylamno)ethyl)-1Hindazole-4-
carboxylate: MsS (ESI+) mlz 343 (M+tH). 5[ 0195] Step D: The procedure
described in Step E of Exanple 8 was us?; to convert (5)-nethyl

6- net hyl - 3- (2- (qui nucl i di n- 3-yl am no) ef €T )-1H i ndazol e- 4- carboxylate from
Step C above to lithium (S)-6-nethyl-3-(2-(quinuclidin-3-

yl am no) et hyl ) - 1H i ndazol e- 4-carboxyl ate: M5 (ESI+) mlz 328 (MtH).

[ 0196] Step Gy Ten PLOGEFSDD el TRE IdBGHhn it PasTsiltla fo¥ SHPIG iilnfiShcH&ed

(5) - 6- met hy 1with {eduysodivoIsilfiienTBe mixamt wey etragted witkethpldaetate endiwasbed boxyl at e

fromStep D - - -3 2- ' :
yl am no) et hy‘?@?%a?'il' ﬁgé%?ﬁ?%@%%tr‘gag%#%ﬂm%%éﬁaf(ug%g);‘; ? Hgfs*&glﬁéé% f-white
solid, whi chdimathoxyethat)esahydnmeyeliFhinghapleni-tanbdxy ttecrs i vdvite solac | INMR (8% ng t he
pr ocedur e; de i { p f ' rd_6Q) I

6- net hyl % (gﬁ%q(gllsghjcﬁgé ﬁsﬂ E%y?'é?n@r(ig) e ﬁ??)]t@ ﬁél{ @S?nggz%ﬁﬁg}ibggr(%gxyl ate
hydr ochl ori desSadizapHp# 86 whil Hi 4556I(1, d = SIHIANK),(B00s\MHD), 3. D306 ); BIS3. 06 (s, .
1H), 8.04 (Sgsify, , 1H), 4.73-4.65 (m1H), 4.14-3.99 (m 2H),
3.83-3.71 (oo Ldjfdsh, (m 3H), 2.54 (d,J= 2.5 Hz, 1H), 2.51 (s, 3H),
2.28 (br s 119187]12. 17- 3tep@: (Tn a RHjtion 2f mexhyl 19Q,2¢dimethpyethyB-5BAroxyniifz 311
(MrH) . Exanpi T ' i .

(5) - 4- hydr ox‘lif‘i?afg’%qﬁ?aﬁéfg‘y%?#@%%q Bmgh drom Her T 00 i AYEGI A0S 1-hi 1i ndaz
ol - 6( 711)0 onasldbd/ebsimphdadionate (H®mg, [| 197§l Bfodipwad byTiodemesdnat40ar-, §f64

(S) - 4- met hoxy- i ouclidi n-3-y1) =8, 9;,di N .

[ 1, 4] di azepi Arﬁg%g(ag&llfg EI ':Iog]d‘gaz%}l%%%Oi\élgn?%ﬁ'eﬂ%g%?gt'or?gn,“x&r%w%tr)w?drv(%'rt# Step K of
Exanpl e 2510ethyl acetas¢,iveaskzedi vdth(vEaterl JrieddN,80d b dand 80acanfratesiuia vanpd itogféand br oni de
(5 mM) and t 1 XU ed 00, | 3 CQaly.Nng to
room t enper a'?gtp gn lagt? @P%? fjr%g%%?ﬂhﬁ%%yggﬁ@d?%ﬁ%z c%ﬁéf lastébggjgﬁgfge@ )%o 8. The
sol vent was dbNVEnSPAMEtE, CRCLAS BE8 ndH), A6 (d, / =2.5 Hz, 1H), 7.25 (d, /= 2.5 Hz, :

15 1H), 4.90 (d, J = 5.0 Hz, 2H), 4.51 (d, J= 5.0 Hz, 1H), 3.97 (s, 3H), 3.87 (s, 3H), 3.27 (s,
 6H); MS (ESI+) m/z 295 (M+H). | |

[0188] Step H: To methyl 1-(2,2-dimethoxyethyl)-5-methoxy-1H-indazole-7-
carboxylate (161 mg, 0.5 mmol) from Step G above in 1,4-dioxane (3 ml) was added 2N
hydrogen chloride (3 ml) and the reaction mixture was heated to 75 °C for 2 h. The

20 solvent was concentrated in vacuo to afford methyl 5-methoxy-1-(2-oxoethyl)-1H-
indazole-7-carboxylate: MS (ESI+) m/z 249 (M+H). ’
[0189] Step I: The procedure described in Steb D of Example 8 was used to
convert methyl S-methoxy-1-(2-oxoethyl)-1H-indazole-7-carboxylate from Step H above
to (S)-methyl 6-methoxyA-3-(2-(quinuclidin-3-ylamino)ethy1)-1H—indazole-4-carboxylate |

25 (250 mg, 66%) as a light yellow liquid: MS (ESI+) m/z 359 (M+H).
[0190] Step J: The procedure described in Step E of Example 8 was used to
convert (S)-methyl 6-methoxy-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-

_carboxylate from Step I above to lithium (S)-6-methoxy-3-(2-(quinuclidin-3-

ylamino)ethyl)-1H-indazole-4-carboxylate: MS (ESI+) m/z 344 (M+H).

30. [0191] Step K: The procedure described in Step F of Example 8 was used to
convert lithium (§)-6-methoxy-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-
carboxylate from Step J above to (S)-4-methoxy-7-(quinuclidin-3-yl1)-8,9-dihydro-



residue was purified by prep HPLC. The product was then treated i mredi ately
wth - 75 - hydrochloric acid follow ng the procedure described in Step G
of Exanplwoaotlmoasmord (S)- PCT/US2010/040617 '
4- hydr oxy- 7- (qui nucl i di n- 3- y1)-8, 9- di hydr 041, 4] di azepi no[ 6, 7, 1- M ndazol - 6(7
H) - one hydrochloride (43 ng, 21% as an off- white solid: "H NWVR (500 MHz,
CD30D) 8 7.98 (s, 1H, 7.76 (dd, J-25§|z 7.32 (d, J= 2.0 Hz, 1H),
4.71-4.60 (m 3H), 4.12-3.98 5(m 2H), 3333- 3 68 (m 3H), 3.41-3.34 (m
3H), 2.54 (d, J= 2.5 Hz, 1H), 2.29 (brs 1H), 2.27-2.10 (m 2H), 2.10-1.99
(m 1H); M5 (ESI+) mz 313 (M+H). Exanple 13 - Preparation of

6((S)-quinuc |h m da

J K] 1, 41benzt)1cfﬂ%1'32ee mx[%) mﬁmgazoy P%%P?’F‘%E’l &gtr%%tl dt"mie(si afe(ﬁggT Step A- To a
stirred sol ubydumhh)fnc aend Iﬁd»ltwmag’ihﬂprtoc@berdpmrtbed hStép @ of Bxaphphdio)afiord @rhydr ous
net hanol (10,nl. t n

dropw se and 1 %ho? ;gﬁl&%rﬁﬁnﬁjﬂsgg (Phsy% (%lt zﬁ&gé%gmgféﬁi(gﬁ?mg%m 4 %B%DThe

m xture was bydreshidide@0mgyBohaad whitedsobids Hé‘fMRaﬁﬁ(l@dVIHn,délszIB(ﬁﬁc@dS,pressure
to removesth e [ t hyl

acet at e, wasﬁ g)i ﬁd sa?tr}rlg?)itlli") §u()g(guj;si %’ggﬁfjr#)bf‘g% @fghy%gl4§£9§act ed

wi th ethyl abetdh)e’.8%si Y, 1&!&29@4):1, 211}, B4&+3e3p, (martl), @cﬁﬁdénh a6 &k, Uider

reduced pres t I -1 98% as a
whi to foam ¢ il RO BedE TR (hanhab So8m P Us eEPRlcah bt o7 b
NVR (300 MHz, DIVBOd6)5821(,J—15Hzl,807g_dd J =17.8, 15
Hz, 1H), 7. 7§xqmpleJ120’feBarat!wof (§)4-methyd-7-(quinugidin-35yh)i®) J’St)’épOB To a
stirred solution of Mlﬁwemnqiﬁvﬂdrluhmdwlrﬁ( oghioric 9 mol) from
Step A above in THF (33 nL) was added |ethyl amne (0.8 rrL 6.0 mmol)

foll onwed by 2, 2-di met hoxyet hanam ne (@77 \nL, 6.0 mmol) at rodm t enperature.
The reaction mxture was stirred overni-ght at reflux. The suspension-was
concentrated 25 under reduced pressure aRd.purified by col um

chromat ogr aphy (silica gel, 0%to 10% %acet ate in hexanes) to afford

met hyl 2-(2, 2-di net hoxyet hyl am no) - 3- ni nzoat e (1.4.9, 98%: 1H NWR
(500 MHz, DvsO-d6) 5 8.39 (t, J = 4.5 1N 1) 8.08-8.05 (m WO
2011/ 0085¢2PCT/ US2010/ 040617 Me

[0192] Step A: To methyl 5-bromo-1-(2,2-dimethoxyethyl)-1H-indazole-7-

carboxylate from Step D of Example 10 in DMF (100 mL) was added potassium
carbonate (622 mg, 4.5 mmol), tetrakis(triphenylphosphine)palladium(0) (347 mg, 0.3

15  mmol) and trimethylboroxine (377 mg, 3.0 mmol) and the reaction mixtu}e was stirred at
100 °C for 24 h. Then another portion of trimethylboroxine (377mg, 3 mmol) was added

~ and the reaction was further stirred for 6 h. Ethyl acetate was added and the reaction was

washed with water and concentrated in vacuo. The crude mixture was purified by column
chromatography (silica gel, 0-30% ethyl acetate/hexanes) to afford methyl 1-(2,2-

20 dimethoxyethyl)-5-methyl-iH—indazole-7-carboxy]ate (213 mg, 51%) as a white solid: 'H
NMR ( 500 MHz, CDClIs) 8 8.00 (s, 1H), 7.73 (s, 1H), 7.65 (s, 1H), 4.92 (d, /= 5.5 Hz,
2H), 4.54 (t, J= 5.5 Hz, 1H), 3.98 (s, 3H), 3.28 (s, 6H), 2.47 (s, 3H); MS (ESI+) m/z 279
(M+H).
[0193] Step B: The procedure described in Step C of Example 8 was used to

25  convert methyl 1-(2,2-dimethoxyethyl)-5-methyl-1H-indazole-7-carboxylate (213 mg, 0.8
mmol) from Step A above to methyl 5-methyl-1-(2-oxoethyl)-1H-indazole-7-carboxylate:
MS (ESI+) m/z 233 (M+H).



- 76 - 2H), 6.83 (t, J =8.0 Hz, 1H), 4.54 (t, J= 5.0 Hz, 1H), 3.87 (s,
3H), 3.31 (s, 6H), 2.93 (t, J 5.0 Hz, 1H). 102001Step C. To an argon purged
sol uti on WO 20|tfdey3722- (2, 2- di met hoxyet hyl am no) - 3- ni t r olpemasate/0§bi17d g, 4.7
mmol) from Step B above in ethanol 5 (50 nL) at room tenperature was added
10% pal | adi um on carbon. The reaction was stirred overni ght under an

at nosphere of hydrogen (balloon pressurgl The reaction m xture was
filtered through celite and concentrateéed under reduced pressure to give

met hyl 3-am i no-2-(2, 2-di met hoxyet hyl am no) benzoate (1.2 g, quantltatlve
yield) as a dark red oil: 1H NWR (300 Mz, DMSO-d6) 8 7.06 (d, J 5.0 Hz,

1H), 685(d = 7. 06(t J=
7.5 Hz. ﬂ)z9<é4(s %ﬁ)ojcm‘ﬂ}gé)rctc{edurg%éscrgb ﬁzlj‘l?_étrep? TEZ@%@]E% wa}h%edt@ 3.23 (s
6H), 3. 04 (dcbnvdrt methy 21-(232-Jimelthox gihyl)- SVSeﬂﬂEBIJH-)ndaicﬂe 2J§dler>MH%9 frorm@E(DJB.LSt ep D
To a stirred_sol t| £

di nmet hoxyet hytf amon(gfglet% eth%‘@@@”‘“?abd%'méla% ?Ol)eﬂr]ﬁ/l %Iéf)nd Z?il%ove in DVF (15
m.) 15was adctebbwraterrmsr(\ﬁsmmt/hIﬂBthﬂ{)e (0.5 n., 4.7 mol) and the reaction

was heat egl t@ ?rfl ux %?dtl%t rrﬁgﬁegur%gﬁ]ﬁ@etd-'ag{gsﬁrf?%g”@ﬂaﬁ%ﬁwdﬁ. was washed

wth water, act ed "W ene or i | tered,
and concent r egnert (Haeethyl chetherdt 3 {§2-€psnuchding-yjamieoethgl)d Fhiddazakgtier i al whi ch

' nexanes) _£a5a Pl P SRR B A M (bR R0 et vl acetate

i'n hexanes) %
benzo[ d] i m dalamﬁr@)e’ihﬁ)an"bmdyim ¢carhihR1atS O S KESLH) BIPEEB (dyHB 8. 25 (s, 1H),

7.90 (dd J 129 (t, J=
8.0 Hz, '@9@4 O sif Eslrgl Pfé’ze %)&g‘%'bﬁ%m Fertye A%Q’B‘Igﬁzg ‘q'{%sed B 01 (s

3H), 3. 220( spQrﬁH) hthMﬁw (SESHmethy3z(2 X Guiinoliidiny 3- yl.aJOQIOEﬂSI)eIW “mdazpts-& stirred
solution of ne ¥ T

251 sopr opyl - iﬁ%%k%eofféﬁ Sr?np ai{zggf'@é% cé?t ;'l)grﬁ?it{l )tlal 3f &2 (%u'g?célgmfg_above in

met hyl ene chlylmirdgethydy b7-audede- marboxyéa’td(%mgf 17%0) vaoeff-whiteciodd, aridcht was

react I on was, st I I eded%EeIJ Qgh”}ltr\%(ﬁ ?orrffétaHEl?ol O%rglhpp UFC%QX‘I}BQ@FH%C% r ef l ux

for 3.5 h. Tﬁ ate eaction m x was concentr er reduced pressure to
remove the ent‘:@wn!erihfolalfford:(ébebhhyl awedy!-HH2- ﬁmv@dclwnt-ﬁrymmftt@ﬁbl 1l ori de,

e S 1 PR St AANE R R MR A DANALR, NI GAERARE, 300 (1

met hyl ene chl'orl tere and concentrated under
reduced pr esQLD@@DD&SQBOseIHEtSWl(S 1H), 7.82 (s, 1H), 473—4 65 (m,1H), 4.14-3.99 (m, 2H),

1- (2- oxoet hyl I bex f %gvg; t Wo
steps): 1H N 31%%‘0% @]A\Mﬁéﬁﬁb Zagass zfﬁze“*pz%lg PRE T
Hz, - 77 - 1H|),,2 17-B10 (ai@H),2. L7 93<m;m® hﬁ(EiBi)n/z 11381, J— 8. o Hz 1H), -
5.48 (s, 2H), 3.84 (s, 3H); M5 (ES1+) mz 218 (MtH).
Example 12 - Preparation of (S)-4-hydroxy-7-(quinuclidin-3-yl)-8,9-dihydro-
20 [1,4]diazepino[6,7,1-hi]indazol-6(7H)-one hydrochloride

[0197] Step A: To a solution of (S)-4-methoxy-7-(quinuclidin-3-yl)-8,9-dihydro-
[1,4]diazepino[6,7,1-hi]indazol-6(7H)-one (200 mg, 0.6 mmol) from Step K of Example
25 10 in acetic acid (5 mL) was added 48% aqueous hydrogen bromide (5 ml) and the
mixture was heated to 100 °C for 3 days. After cooling to room temperature and diluting
with methanol, the pH was adjusted to 8. The solvent was concentrated in vacuo and the

residue was purified by prep HPLC. The product was then treated immediately with



[0203] Step F: To a stirred solution of (S)-(-)-3-am noquinuclidine

di hydrochloride (0.2 g, 0.8 mmol) in nethylene chloride (2 nL) was added
sodi um 5hworodenog21 g, 1.6 mml) and the m xture was SPCTASA0O80627 h. A
sol ution of nethyl 142- oxoethyl)-1H benzo[d]i m dazol e-7-carboxylate (0.2
g, 0.7 mol) from Step E above in nethylene chloride (3 nL) was added
foll owed by acetic acid (0.7 nL) and thz m xture was stirred at room
tenperature for 4 h. Sodiumtriacet oxyb ?bhydride (0.4 g, 2.1 mmol) was
then added in portions and the reaction was stirred at roomtenperature
overni ght. 10The crude reacti on was quenched w th nethanol, concentrated

under reduce i fied by \; .
chronatograﬂ%@gfg%%g %dﬁﬁ@wrﬁg%@no 8?f%gwggﬁh§%%l O#ékmnpk%mﬁag? the) to
af ford (S)-nmehpdrbxyt? (cﬁur(uqhdlm-ﬁqll)l-&i?-ldl-hSdro (1, 4]d1azepmo[6 7,1-hilindazol- 6(7H) one

Vol s v (A TPEROS e b M RSR L (ETRREYNE Ot iR cdeRs g 1Ty,

1- (2- (qui nuc(]s; tHn7.26 (dda BO)ke, ki), 732K, themapdqﬂ)m AAS0Em73dRA3 %t e (0. 2

g, 0.7 e it QX de g, 2.1
mol?), wa “{gﬁﬁ‘l}f& Qég(rﬁetr ?/!jgg%iﬁér?nﬁ%gsﬁigwagpﬁ %ﬂdﬁ@(bsol ux for 5
h. The reactlbhag@KUKZBHZM@sl%UbiéHLﬂ@Sﬂﬁﬂh)m@ﬁbbﬂétﬂue and concentrat ed
under reduced pressure to give |ithium

(S)-1-(2-( qutﬂﬂﬁ;hb 9% nﬁeﬂdr%m)@(t(ﬂydu)imﬂchhfn-}yz S,6- dlhydr0|m|dazo[4 5 1-

20b d d | i in e i :
e T R 8

(S)-1-(2-(quinuclidin-3-ylam no) et hyl )~1H benzo[d]lnldazole 7- car boxyl at e
(0.2 g, 0.7 mmol) from Step G above, iisopropylethylamne (0.7 niL, 4:1
mol ), and 1-propanephosphonic acid cye¥ic anhydride (T3P) (2.1 nL, 3.4

nmmol ) in N, N-di net hyl f ormam de (10 vas\ stirred at 25room tenperature
for 7 h. The crude reacti on was concenti{rated under reduced pressure and
then purified by SCX colum and preparativs_thin | ayer chromatography
(90:9: 1 net hyl ene chl ori de/ net hanol / a u%]hydrOX|de) to afford

- 64(S)-quinuclidin-3-yl)-
-5, 6-di hyd® oi m dazo[ 4,5, 1-fic][1, 4] benzodi-azepi n-7(4H) -one: 1H NVR (500 MHz,
DVBO- d6) S 8[0328](s, 1Mjep AZ. Bdla {tiolred Jolatidh. df 2+dbjordt Binjtrober@bat¢ didQ g, 5. 8. 0, 1.0

Hz, 7.32 4 4.39

2H), 3 91 3 @g&)}) in a%rou§mgﬂ£g§)‘l—‘§lf nellldia’t gl_ﬁzé\g%a%igggs%l %nl_gridfiﬁ) g‘%‘% 2'( r8n9 (m
1H), 2.81-2. ﬁlﬂno()rd;rop'&l'r&e and tH@ Feakti@bmixmre Whj stirred Fdernightm6reflnx. Bl mixtura9- 1. 39
(m 1H). - ngs Jiluke g%p%nﬁgﬁ%ogfmﬁ concentrated under l{,ecgl,(‘,id_ pressure to remove the excess

6((S)-qui nuc rormdazo
ik][1, 4] tbiznzthmnalz@ﬁnrtde Fidithdr) Fesimolﬁ'cd)itme@b'éqmelalteab@&hed with satirgicd hqugdusi n

e e L
concentratedmudeWwded@madugﬂewguneunﬂhenméﬁﬂdméH@WQQKWw@pHpKLted from
acetonitril eéél‘%i)ta%ra v&lﬂfe?oa@n t%n)wgs%sé’%ifirl We%e%tr}?ep%{hggtsfgmgb&%cation: 'H NMR
(300 MHz, DMSO-d;) 6 8.21 (d, J= 1.5 Hz, 1H), 8.07 (dd, /=7.8, 1.5 Hz, 1H), 7.73 (t, J
20 =8.1 Hz, 1H), 3.91 (s, 3H).
[0199] Step B: To a stirred solution of methyl 2-chloro-3-nitrobenzoate (1.1 g,
4.9 mmol) from Step A above in THF (33 mL) was added triethylamine (0.8 mL, 6.0
mmol) followed by 2,2-dimethoxyethanamine (0.7 mL, 6.0 mmol) at room temperature.
The reaction mixture was stirred overnight at reflux. The suspension was concentrated
25  under reduced pressure and purified by column chromatography (silica gel, 0% to 10%
ethyl acetate in hexanes) to afford methyl 2-(2,2-dimethoxyethylamino)-3-nitrobenzoate
(1.4 g, 98%): '"H NMR (500 MHz, DMSO-ds) § 8.39 (t, J = 4.5 Hz, 1H), 8.08-8.05 (m,



hydrochl oride salt as a white solid: 1H NVMR (500 MHz, DWVSO d6) 8 10.20 (br
s, 1H), 8.61 (s, 1H), 7.99 (d, J = 7.5 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H),
7.42 (t, We28umosyr2 1H), 4.77-4.55 (m 2H), 4.49-4.15 (®RCTAINRO1044047 3. 75
(m 1H), 3.74-3.61 (m 1H), 3.60-3.39 (m 2H), 3.38-3.21 (m 3H), 2.36-2.34
(m 1H), 1.97-1.81 (m 4H); M (ESI+) mz 297 10 (M+H). Exanple 14 -
Preparation of 2-methyl-6-((R)-qui nucllq n-3-yl)-

di hydr oi m dazo[ 4, 5, 1-j k][ 1, 41benzodi azepi n- 7( 411) - one hydr ochl ori de salt
15 [0207]Step A: To a stirred solution of nmethyl 3-am no-2-(2,2-

di met hoxyet hyl am no) benzoate (1.0 g, 3.9 mmvl) from Step C of Exanple 13 in
DVF (30 nl) et Q. ten.( t he
reaction vvasy\ﬁ gted overr’llﬁ 45%1(#12 ?Sg(g%:l?llor)u 31875(t §§]é 8@??533 Jd

sat ur at ed aqaé@dtkz $9dli um 20b| carbonate, extracted wit h rret hyl ene chI or| de,

dried (Na2S f| I terS?e%C%%n%%&ﬁ?%E#oﬁﬂlo gplregth %czed pressure to give

the crude ma er| aI was pu um1 c tography (silica gel,
0% t o 90% et Hipletraswttataming)-heixabragate @. 469‘ fd rrmnwefrhylswp@a@ye in ethanol

T e R s A A TR
7.8, 1.2 Hg, stirtdjl ov@BighOundértan agmespliers of bydropey) (balloob@rassrel) Tha r@ctian, 2H), 4. 44

t, J= 4.8 H, : ESI+) m
(b Ty [obhee e b thne Suhnli e lled sl g (5517 12
1- (2, 2- di-met methyket-tryinp-22(2, 2'rctimpthgw¢wmmirb>ébma{a@](ﬂmgdgmp@nye veldbeeyl ate from

Step A abovegdd R R £8b Riti£lBmso-4d 57.08R6.5 261086, Y. Blss Bkl = 7.8

trifluoroace Ic acld an reacti on r'red at roomte erature for 2
h and t héf héét&;d”é): 677614 & 78z, 3H5 6106 (THE 7r5eﬁetlmm%(x12]1)e4§\&@J 5.4

concent rat edy r3§&{§h 395@2@{,%%%59%%5%%%9% Bsiifhpospacet | ¢

acid, dilut e ene ori washed sat ur aqueous sodi um
bi car bonat e, (MeH)axt ract ed 5wi th net hyl ene chloride, dried (Na2804) :

filtered, an ncent r. I e met hyl
2-met hyl - g]ﬁaoet hyls)?etp??-ii- gﬁgtg[erdgg'fjﬁn&p"af% gag’é'?"gzogzy%/ate (oy4 569 :

THNVR ( 500 Wmetr@mmm@ngzm (&4 g mmmvl)m;m(%@p C gbavedn DMFI(15 1H)

7. dd, e 0 '
(8673|(_|) 1% 4%/Zs @’de %Qne't_l%ﬂl o%l‘\’(%lmfate SHL 4‘J7( arﬁitg Joeg%lon%{agﬁ e(te%t ZH) 3.84

procedur e desecﬂlux bestistirnad syespight. dhe mamplrexty@ Wésva’e‘lwd“thd”atef ethaéted Wlth

methylene chloride, dried (Na;SQ,), filtered, and concentrated under reduced pressure to
give the crude material which was purified by column chromatography (silica gel, 0% to
100% ethy! acetate in hexanes) to afford methyl 1-(2,2-dimethoxyethyl)-1H-

20  benzo[d]imidazole-7-carboxylate: 'H NMR (500 MHz, DMSO-d¢) & 8.25 (s, 1H), 7.90
(dd, J= 8.0, 1.0 Hz, 1H), 7.69 (dd, J = 8.0, 1.0 Hz, 1H), 7.29 (t, /= 8.0 Hz, 1H), 4.64 (d,
J=5.0 Hz, 2H), 4.48 (t, /= 5.0 Hz, 1H), 3.91 (s, 3H), 3.22 (s, 6H); MS (ESI+) m/z 264
(M+H). _

[0202] Step E: To a stirred solution of methyl 1-(2,2-dimethoxyethyl)-2-

25  isopropyl-1H-benzo[d]imidazole-7-carboxylate from Step D above in methylene chloride
were added water and trifluoroacetic acid and the reaction was stirred at room
temperature for 2 h and then heated at reflux for 3.5 h. The reaction mixture was
concentrated under reduced pressure to remove the excess trifluoroacetic acid, diluted
with methylene chloride, washed with saturated aqueous sodium bicarbonate, re-extracted

30  with methylene chloride, dried (Na;SQ,), filtered, and concentrated under reduced
pressure to give methyl 1-(2—oxoethyl)-lH-benzo[d]imidazole-7-cerboxylate (0.2 g, 44%
over two steps): 'H NMR (500 MHz, DMSO-dg) § 9.69 (s, 1H), 7.97 (dd, J = 8.0, 1.0 Hz,



convert nethyl 2-nethyl-1-(2-oxoethyl)-1H benzo [d] im dazol e-7-carboxyl ate
from Step B above and (R)-(+)-3-am noqui nuclidine dihydrochloride to

(R) - met hywo2enmtossrz- 1- ( 2- PCT/US2010/040617

(qui nuclidin-3-ylam no)ethyl)-1H benzo[d]i i dazol e- 7- car boxyl ate, except
that 1,4- dioxane was used as the solvent: M5 (ESI+) mz 343 (MH).

15[0210] Step D. The procedure descri beq7i7[1 Step G of Exanple 13 was used to
convert (R)-nethyl ~

2-met hyl- 1- (2- (qui nucl i di n- 3-yl am no) et hyl ) - 1H benzo[ d] i m dazol e7- car boxyl a
te fromStep C above to lithium (R)-2-nethyl-1-(2-(quinuclidin-3-

I th I 329 M
{0211] 9t ep £ BELT2 1% LU EAL Do G- BHEs A3 P M AP T
20convert | i M$i(GBRi+) mz 218 (M+H).

(R)- 2 et hy Liohy 27 QUSG! il ey L GmAQY UL solsazal | i dazol e,

7- car boxyl at rom St ep above to qui nuclidin-3-yl)-5, 6-
di hydr oi m dadibydrodh]aride k9.2 &, M3 mmwi)odmmpnhCWQrmel)(Z onhg wad HidRIVRAIBO0 MHz,

SO 96) 8 Tnfihyktty) % oty o i off st o Syl o 2, 11
3. 32- 3. 29( m oxdephy!)3 Hitengo[4m{dazoldHrarboBdate®. 28, 99 mimpl) mem Stgp BRbaye 87 (m

é'l;)') ; i ig i ﬁth%féhe %l:%nde %;Sﬁxﬁéﬁs”'{ddé lléwgd ?’ﬁﬁf?? Qci@@ ifiS) a]nlabtlﬁ r;]rrigalge 1.58 (m
procedur e dewey itived af morstemperateyf f@dm S Oélumrlm@w@mdlyﬂod%@rﬁ@ﬂtl mmol)

2-met hyl - 6( (R é oy zﬂfdg& l?qJXE{Bo%s Xr?d)tpéregct%h%g Eﬂjre{g'ag%%[témﬁ erdture overni

j k][ 1, 4] benzodi azepl n- one trom ove to the corres oridi ng
hydr ochl ¢#i déhe ngesraaqloré vhs qughéhed “stblmed)anol ¢onpiviRaie8 OQdeFeducediviBesute) 8 10. 66

(Sb{) IS-|,Z lH) ' Zr}fﬁglg@gd %lzrrgagat&) Hﬁﬁla%él)chrognfﬂ%ra(pq%%b? lgmg lj_%nezi'H% m 72:)':61- (t, J=

37003, 87 {phlateimehapou ey royide)a0 B (Gt | 2RI

201 0057 T, DS R B S o 15

Prepar ati on (HSI9-meBPRAMEHY (S) - qui nucli din-3-y1)-5, 6-

PO DA SRl 5, Sl lisocadaesn ol e dagignioe sa
benzo[d]imidazole-7-carboxylate (0.2 g, 0.7 mmol) from Step F above lithium hydroxide
monohydrate (0.1 g, 2.1 mmol), water (5 mL), and tetrahydrofuran (5 mL) was heated at
reflux for 5 h. The reaction solution was cooled to room temperature and concentrated
under reduced pressure to give lithium (S)-1-(2-(quinuclidin—3-y]amino)ethyl)-lH-

20  benzo[d]imidazole-7-carboxylate (0.2 g): MS (ESI+) m/z 315 (M+H).
© [0205] Step H: A mixture of lithium (S)-1-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-
benzo[d]imidazole-7-¢arboxyléte (0.2 g, 0.7 mmol) from Step G above, N,N-
diisopropylethylamine (0.7 mL, 4.1 mmol), and 1-propanephosphonic acid cyclic:
anhydride (T3P) (2.1 mL, 3.4 mmol) in N,N-dimethylformamide (10 mL) was stirred at
25  room temperature for 7 h. The crude reaction was concentrated under reduced pressure
and then purified by SCX column and preparative thin layer chromatography (90:9:1
methylene chloride/methanol/ammonium hydroxide) to afford 6-((S)-quinuclidin-3-yl)-
_ 5,6-dihydroimidazo[4,5,1-jk][1,4]benzodiazepin-7(4 H)-one: 'H NMR (500 MHz,
DMSO-dq) § 8.32 (s, 1H), 7.91 (d, /= 8.0 Hz, 1H), 7.86 (dd, /= 8.0, 1.0 Hz, 1H), 7.32 (t,
30 J=28.0Hz, 1H), 4.85-4.50 (m, 2H), 4.48-4.39 (m, 2H), 3.91-3.33 (m, 1H), 3.31-3.11 (m,
1H), 3.08-3.02 (m, 1H), 2.99-2.89 (m, 1H), 2.81-2.71 (m, 3H), 1.97-1.95 (m, 1H), 1.71-
1.56 (m, 3H), 1.49-1.39 (m, 1H).



10 convert nethyl 2-nethyl-1-(2-oxoethyl)-1H benzo [d]

i m dazol e-7-carboxylate from Step B of Exanple 9 and

(S)-(-)-3wamnagsi7aucl i di ne di hydrochl oride to (S)-nethpCT/US2010/040617

2- et hyl 1- (2- (qui nucl i di n- 3-yl am no) et hyl ) - 1H benzo[ d] i mi dazol e- 7- car boxyl a
te, except that 1,4- dioxane was used as the solvent: M5 (ESI+) mz 343
‘(MrH). [0214] Step B.: The procedure des%l bed in Step G of Exanple 13 was
used to 15convert (S) met hyl

2-met hyl- 1- (2- (qui nucl i di n- 3-yl am no) et hyl ) - 1H benzo[ d] i m dazol e-
7-carboxylate from Step A above to lithium

(S)-2-methyl;.1-(2- (qw
yl am no) et hylﬂ% élH- benzg#g] ??‘r{‘sggumfm'd’f‘ céPbbxd'Pmim'%o[eéél +) mz 329 (MH).
[ 0215] St ep Gik][THgbepradmechin-#4dRoue frive GtdprH Stoap wib disoBxdinphehdgl (faslused t o

convert lithij
(5) - 2- et hyllir}flmeﬁte wnth h %rlolch oric a§ld 1a2r5nl\/gus) lutl n ul'\ Snetfla_p%eon hﬁ .08 malgz)bl o
207- car boxyl abemfxnu)crw& ﬂpreBﬂal@cﬁvleartd@oQGemtthlnd@ﬂr(e@ced]memml iTdee res@lug 1) - 5, 6-

8 781 (0 90 Godifh fkf%h]abé‘ém%ﬁé?%* FRRb g gl SR Ve SN0

1H), 4.85-4. Bﬂroﬁ@iorﬂb—l}alta&a%@s@&i (HYNMR-)S00 B1197 DBISLEAJ) 10 2Bbr s3113R- 3. 29 (m

310 2552 91 (R gl {HadibE af gy 3o Srf 7T (g p BB,C 17 4T

(m 1H: NS QE$I4+35W2811149MI-9(m [200,145]4SB 8P (1B | H)hk 7pnad dniutie), dsser.3bhed in

Step! of Exa vert

2- mot hy - o ( &2 BEr A R0y S5 U hifu 7l B4y i) s 297

j K]1[ 1, 4] benz@d#dxepi n-7(4H) -one from Step C above to the correspondi ng .
hydrochl ori de salt (off-white solid): '"H NVR (500 MHz, DMSO-d6) 6 10.66 (br
s, 1H), 7.89 (d, J =8.0 -81 - Hz, 1H), 7.80 (d, J= 9.0 Hz, 1H), 7.34 (t,
J= 8.0 Hz, 1Hxample18~ Prégaration dftdmethyBo-(R)dinuelidiatd)yl)-8,624-4.21 (m 2H),
3.90-3.87 (m 1H), 3dhgdoimidagzeid,5lk][1,3)e6zdmlim2piaM(dR)k)ne, BydidelBorzde (m 3H),
2.58 (s, 3H), 2.36-2sal (m 1H), 1.971.84 (m 4H); M5 (ESI+) niz" 311
(MtH). 5 Exanple 16 - Preparation of 2-ethyl-64(R)-quinuclidin-3-yl)-5,6-
di hydroi m dazo[ 4, 5, 1-j k] [ 1, 41benzodiz2epi n- 7(4H) - one, hydrochl ori de salt

10 102171Step A: The procedure des@d in Step A of Exanple 20 was used

to
0 Nw
N
)—CH,
15 _ N
[0207] Step A: To a stirred solution of methyl 3-amino-2-(2,2-

dimethoxyethylamino)benzoate (1.0 g, 3.9 mmol) from Step C of Example 13 in DMF
(30 mL) was added trimethyl or}hoécetate (t.5mL, 11.8 fnmol) and the reaction was
refluxed overnight. The reaction mixture was washed with saturated aqueous sodium

20  bicarbonate, extracted with methylene chloride, dried (Na;SOy), filtered, and concentrated
under reduced pressure to give the crude material which was purified by column
chromatography (silica gel, 0% to 90% ethyl acetate in hexanes) to afford methyl 1-(2,2-
dimethoxyethyl)-2-methyl-1H-benzo[d]imidazole-7-carboxylate (0.8 g, 72%): 'H NMR
(300 MHz, DMSO-dg) 6 7.74 (dd, J= 8.1, 1.2 Hz, 1H), 7.55 (dd, / = 7.8, 1.2 Hz, 1H),

25 .7.21(t,J=17.5Hz, 1H), 4.56 (d, J= 4.8 Hz, 2H), 4.44 (t, /= 4.8 Hz, 1H), 3.90 (s, 3H),
3.21 (s, 6H), 2.58 (s, 3H); MS (ESI+) m/z 279 (M+H). '
[0208] Step B: To a stirred solution of methyl 1-(2,2-dimethoxyethyl)-2-

isopropyl-1H-benzo[d]imidazole-7-carboxylate from Step A above in methylene chloride



convert nethyl 3-am no-2-(2,2-di net hoxyet hyl am no)benzoate from Step C of
Exanpl e 13 to nethyl

1- (2, 2- diwotzhoopei7ayl ) - 2- et hyl- 1H benzo[ d] i mi dazol e- 7- cRChaNgd1a0e61EX Ccept
that 1,1, 1-trimethoxypropane was used instead of (trinmethoxynethyl)benzene,
15prOV| di ng the product as a brown oil: 1HNWR (500 MHz, CDC1l3) t5 7.91 (d,
J=8.0 Hz, 1H), 7.72 (d, J= 7.5 Hz, 1H) 7 26 (t, J=8.0 Hz, 1H), 4.65 (d,
J=5.0 Hz, 2H), 4.45 (t, J = 5.0 Hz, 1H) "3.97 (s, 3H, 3.29 (s, 6H), 3.01
(q, J= 7.5 Hz, 2H),, 1.49 (t, J= 7.5 Hz, 3H); M5 (ESI+) mz 293 (M+H).
102181Step B: The procedure descri bed in St ep E of Exanple 13 was used to
20convert net h]%

I
1- (2, 2-di net hoxX ad?eﬁy‘Ya)terfnd rﬁluimﬁ-el-“ 8?{(218Tdd'fe m ¢ 5’?0 ass e(?laart °8>r<nyl ate from Step
A above to netpylatu?e fot Ay ]and_t-h(aQ haxedet fefluy for Bl-SberTZn[rch]cncm roixnod was/ -

carboxyl ate, providi.ng.the product 500 MHz,
CDC13) 9. 79 E(gn’ce ﬁ%d ugdeé.?edtj ded pjesglgeg)rﬁﬁlovet gxcggs éﬂfo?oacchlc a?H !i\llmz%d( 7 2 9
(t, J= 8.0 Hwjth inejhylebe ABorfde, waiHpd wBh Surgted agledys s@di8m bjarbodate, ?e-§xtl=@§ed 2H) '

1.46 (t, 9: WItEanﬁ\a]eny?:I‘g?rl\és 1@{ %ﬁNé)(S%%J%er %and éoncé}gtrate%%rzléé?géghgela C. The

procedur e” descr 0 convert nethyl
2-ethyl -1- (2pmmwtthglv>nibﬂ#ybémwﬁ[yﬂ]1(2de®2lvl)elﬂ.2bmo[ldbmydaa¢le7fcartbmﬁ)$!tep B above

d (R-(+)-3-am i i di i t t hyl
282 2 G nlEF P P RIS MR GO S PYSDRERR 838 iy MRSl P L3 o
S)r 0\8/i gi ng thern@dgm, J&s].5 1WH 4, eHpaset, J%?M;lg?z ?fl@()sﬁ&-dg,,zgﬁ;]f&)lsﬁ)zgéz(g e
(m 2H), : 3§W§@%@W %W‘?n‘% 3.01 (q, J = 7.5 He, 2H),
2. 88- 2. 830(rr[021|191) 2. &epC:6Bhe(pivceBid desﬂml&ﬂ-ir?SﬁﬁF(olﬁExﬁﬂ;H’éB RadBe®@t026 (m -
1H), 1.67-1.60

1.26-1.23 ( m°°“f§\?n],“eﬁ)g? %-Eéih%l'&é‘%"%ﬁ‘y‘%t‘%;??Zf@[%?a%%éz&%%g’@ﬁg}%? ?%:egdur e
descri bed i nB3be dad OR)- (Exampinnmqmaumewﬁs’drobmoﬁMVeR)-métF@l 2nmeéthyth1-(2-
ety el 0 Sl oL A PORSLAL L
(R) - 2- et hyl - diokahe (wWaid usedab ttﬂlsalv&tyMamEﬁa) mzrm IM-+H).
101 benagl a0 Sid SRR AT o SN A5 RIS 0,
Hz, 1H), 7. 1@or(vert (R)-rretBylQ-rhithylUHR; (qeﬁm&hd(na -yldming)eChyBizl - Edﬂ)zs) [dBm@kz@e-00 (m
3H), 2.98-2. _Gar%n}ylatmrbm?step C gbove to lrguum (R)-Z-methyl-_l-(2-(qumuchdm-3- :
ylamino)ethyl)-1H-benzo[d]imidazole-7-carboxylate: MS (ESI+) m/z 329 (M+H).
[0211] . Step E: The procedure described in Step H of Example 13 was used to
20  convert lithium (R)-2-methyl-1-(2_-(quinuclidin-}ylamino)ethy])-IH-benzo[d]imidazole-
7-carbo$(ylate from Step D above to 2-methyl-6-((R)-quinuclidin-3-yl)-5,6-
.dihydroimidazo[4,5,1-jk][l;4]benzodiazepin-7(41-l)—one: "H NMR (500 MHz, DMSO-dj).
.67.81(d,J=17.5Hz, 1H), 7.72 (d, J= 7.5 Hz, 1H), 7.24 (t,J = 7.0 Hz, 1H), 4.85-4.39
(m, 2H), 4.38-3.98 (m, 2H), 3.97-3.41 (m, 1H), 3.32-3.29 (m, 1H), 3.17-3.12 (m, 1H),
25  3.04-2.99 (m, 1H), 2.89-2.87 (m, 1H), 2.80-2.73 (m, 3H), 2.53-2.47 (m, 2H), 1.96-1.95
(m, 1H), 1.70-1.58 (m, 3H), 1.46—1.44 (m, 1H); MS (ESI+) m/z 311 (M+H).
[0212] Step F: The procedure described in Step I of Example 13 was used to
convert 2-methyl-6-((R)-quinuclidin-3-y1)-5,6-dihydroimidazo[4,5,1-
Jjk][1,4]benzodiazepin-7(4H)-one from Step E above to the corresponding hydroch]orlde
30  salt (off-white solid): '"H NMR (500 MHz, DMSO-ds) & 10.66 (br s, 1H), 7.89 (d, J = 8.0
Hz, 1H), 7.80 (d, /= 9.0 Hz, 1H), 7.34 (t, /= 8.0 Hz, 1H), 4.75-4.74 (m, 1H), 4.85-4.84
(m, 1H), 4.24-4.21 (m, 2H), 3.90-3.87 (m, 1H), 3.67-3.65 (m, 1H), 3.56-3.52 (m, 2H),



1H, 1.82-1.51 (m 4H), 1.50-1.38 (m 4H), 1.34-1.20 (m 1H); Ms (ESI+) nlz
343 (M+H). 15[ 0221] Step E: The procedure described in Step H of Exanple 13
was used WO 200r98372 | it hi um PCT/US2010/040617
(R)-2-ethyl-1-(2-(quinuclidin-3-ylam no)ethyl)-1H benzo[d]i m dazol e-7-
carboxylate from Step D above to 2-ethyl-64(R)-quinuclidin-3-yl)-5, 6-
di hydroi m dazo[ 4, 5, 1-j k] [ 1, 4] benzodi azegbp- 7(4H) - one, providing the product
as a white solid: NWVR (500 MHz, MeOD) 8 8.°3Q (br s, 1H), 8.02, (d, J =8.0
Hz, 1H), 7.76 (t, J = 208.0 Hz, IH), 4.80-3.50 (m 8H), 3.49-3.37 (m 3H),
3.36-3.32 (m 2H), 2.55-2.14 (m 4H), 2.03-1.96(m 1H), 1.57 (t, J= 7.5 Hz,
3H); . M5 (ESI 2 R T, I dure i in Step
VA ei.%élﬁfvés(%ﬂgggws'g')(% 3%{%@5@5?&1, 7H), 1§78 R IME £ MEEESEH) hiod
2-ethyl- 64( RpHogM+Hicl i di n- 3-y1) -5, 6-di hydroi m dazo[ 4, 5, 1-j k][ 1, 4] benzodi aze
pin- 7(411)-one to the correspondi ng hydrochloride salt (white solid): 1H
NVR (500 MHz, 25 MeOD) 8 8.3Q (br s, 1H), 8.02 (d, J= 8.0 Hz, 1H), 7.75.
(t, J = 8.0 Exgmplell - Lrépardtioaiof 2rmeBiyd-6-((F)-§2indcIBBn3rp)-B6) , 3. 33-3. 17 - (m
2H), 2.5551.94 (m 5Hdjhylir&@widazo[45:1-jk][3,4Hrenz@t)zepins ($F5one) hydroclgogd¢ M+H) .
Exanpl e 17 - Preparatisgit of 2-ethyl-6-((S)-quinuclidin-3-yl)-5,6-
30di hydr oi m dazo[ 4,5, 1-] k][ 1, 41benzodi azepi n-7(41f) - one, hydrochl ori de salt
- 83 - [0223]Step A: The procedur%@cri bed in Step A of Exanple 20 was
used to convert nethyl 3-am no-2-( i met hoxyet hyl am no) benzoate from
Step C of Exanple 513 to nethyl %
1- (2, 2-di net hoxyet hyl ) -2-ethyl- 1H lpe d] i mi dazol e- 7-car boxyl ate, except
that 1,1, 1-trinmethoxypropane was used i ngtead of (trimethoxynethyl)benzene,
provi ding the product as a brown oi lf ™ %500 MHz, CDC13) 5 7.91 (d, J =
8.0 Hz, 1H), 7.72 (d, J= 7.5 Hz, 1 -6 (2 J = 8.0 Hz, 1H), 4.65 (d, J
= 5.0 Hz, 2H), 4.45 (t, J = 5.0 Hz, 1H), 3.97 (s, 3H), 3.29 (s, 6H), 3.01

(. J =7.5 r(EB]ZH) ' JS'te%gA:( ’Phe rgrbédzré%es%bed]ig S%E')F;ofWargﬁglilva%S%d ?093 (M+H) .

10 convert methyl 2-methyl-1-(2-oxoethyl)-1 H-benzo[d]imidazole-7-carboxylate from Step

B of Example 9 and (S)-(-)-3-aminoquinuclidine dihydrochloride to (S)-methyl 2-methyl-
1-(2-(quinuclidin-3-ylamino)ethyl)-1H-benzo[d]imidazole-7-carboxylate, except that 1,4-
dioxane was used as the solvent: MS (ESI+) m/z 343 (M+H).
[0214] ~ Step B: The procedure described in Step G of Example 13 was used to
15  convert (S)-methyl 2-methyl-1-(2-(quinuclidin-3-ylamino)ethyl)-1H-benzo[d]imidazole-
7-carboxylate from Step A above to lithium (S)-2-methyl-1-(2-(quinuclidin-3-
ylamino)ethyl)-1 H-benzo[d]imidazole-7-carboxylate: MS (ESI+) m/z 329 (M+H).
[0215] Step C: The procedure described in Step H of Example 13 was used to
convert lithium (S)-2-methy_]-l-(2-(quinuclidin-3-ylamino)ethyl)-lH—benzo[d]imidazole-
20 7-carboxylate from Step B above to 2-methyl-6-((S)-quinuclidin-3-y1)-5,6-
' dihydroimidazo[4,5,l-jk][l,4]benzodiazepin-7(4H)—oné: 'H NMR (500 MHz, DMSO-ds)
.07.81(d,/=7.5Hz 1H), 7.72 (d, J= 7.5 Hz, 1H), 7.24 (t, /= 7.0 Hz, 1H), 4.85-4.39
(m, 2H), 4.38-3.98 (m, 2H), 3.97-3.41 (m, 1H), 3.32-3.29 (m, 1H), 3.17-3.12 (m, 1H),
3.04-2.99 (m, 1H), 2.89-2.87 (m, 1H), 2.80-2.73 (m, 3H), 2.53-2.47 (m, 2H), 1.96-1.95
25  (m, 1H), 1.70-1.58 (m, 3H), 1.46-1.44 (m, 1H); MS (ESI+) m/z 311 (M+H).
[0216] Step D: The procedure described in Step I of Exarﬁple 13 was used to
convert 2-methyl-6-((S)-quinuclidin-3-yl)-5,6-dihydroimidazo[4,5,1- -
Jk][1,4]benzodiazepin-7(4 H)-one from Step CAabove to the corresponding hydrochloride
salt (off-white solid): "H NMR (500 MHz, DMSO-d¢) & 10.66 (br s, 1H), 7.89 (d, J =80



[0224] Step B: The procedure described in Step E of Exanple 13 was used to
convert nethyl

1- (2, 2- diwotzhoopei7ayl ) - 2- et hyl- 1H benzo[ d] i mi dazol e- 7- cRCHANYI108068T oM St ep
A above to nethyl 2-ethyl-1-(2-oxoethyl)-1H benzo[d]i m dazol e-7-

‘car boxyl ate, providing the product as a | ight pi nk solid: NMR (500 MHz,
‘CDCI3) 15 9.79 (s, 1H), 7.97 (d, J-Ssg : 7.89 (d, J = 7.5 Hz,
1H), 7.29 (t, J = 8.0 Hz, 1H), 5.28 (s, “2H), 3. 90 (s, 3H, 2.85 (q, J=7.5
Hz, 2H), 1.46 (t, J = 7.5 Hz, 3H); M5 (ESI+) nlz 247 (MtH). [0225] Step C
The procedure described in Step F of Exanple 13 was used to convert nethyl

20above and 16 T P RBTE R R TR Foh S ARl phh, P

2- et hyl- 1- ( 2¢m, 1H), 4.24-4.21 (m, 2H), 3.90-3.87 (m, 1H), 3.67-3.65 (m, 1H), 3.56-3.52 (m, 2H),

(qui nuclidin I n d (I(E§ provi ding
t he product %27%{13 2\61}\/?"% ghg?sgt%ég 3%‘&[&?7% %QB&LI\}I[HZ) P&%ﬁ)mSﬁ%)bW ﬁjn/— 8.0 Hz,
1H), 7.78 (d31M+1®.0 Hz, 1H), 7.25 (t, J = 7.5 Hz, 1H), 4.62 (t, J= 6.5
Hz, 2H), 3. 96 (s, 3H, 3.18- 3.14 (m 1H), 3.00 (q, J =7.5 Hz, 2H),
2.88-2.72°(m . 8H), 2.42-2.39 (d, 1H), 1.75-1.67 25(m 3H), 1.51 (q, J = 7.5
Hz, 3H), 1.48xdm@e 16 mPrepdratidfSof{ Z=8hy)6-((R)-qBDvclidia-Bhyl)-3,0226] Step D. The
procedure descri bed i wilytepm@ azb[45xE k1] edzatiszepmet{4Hpowo hydnothlpGlle met hy|
2- et hyl - 1- (2- (qui nucl isglt n- 3- yl am no) et hyl ) - 1H benzo[ d] i m dazol e- 7- .
carboxylate from Step C above to lithium
(S)-2-ethyl - 1(2(qU|nucI|d|n3yIﬁo)ethyl) - 84 -
1H benzo[ d] i mi dazol e- 7- car boxyl at e, bvi di ng the product as a |ight green
paste: '"H NWVR (500 Mz, MeOD) 8 7.55 d J=8.0 Hz, 1H), 7.37 (d, J = 7.5
Hz, 1H), 7.17 (d, J =.8.0 Hz, 1H), ) t, J= 5.5 Hz, 2H), 3.01-2.98 (m
" 3H), 2.95-2.86 (m 1H), 2.87-2.57 (m 6, 228224(m 1H), 1.76-1.57 (m
3H), 1.52-1.38 (m 4H), 1.34-1.20 ( 7 5 M5 (ESI+) mlz 343 (M+H).
102271Step E: The procedure describ NSt H of Exanple 13 was used to
convert |ithium
(S)-2-et Al -1- éz (qui nucl i di n-3-yl am no) et hyl ) - 1H benzo{gdz]ﬁl m dazol e- 7-
carboxyl ate 1R37h St ep Styrefbolie RTWCQU’éldWF'b@d(@eP(fu?frﬁi‘@WP was ysefte 6.
di hydroi mi dagg]yéy ﬁre&x 13Gh[nd. ﬁ@@eﬂﬁgﬁnb%ﬂglaﬂn;&)ﬂéﬂ}od@é"ﬁ@m Bt ‘O&*‘E’kﬁmbt@e
product as a 10col or Iyess oil: VeOD) br s, 1H),
8.02 (d, J= &3 methyldpg.2-drmethoxyethyl)-2- hb@‘ﬁzbenw[ﬁ)m‘dﬂzoﬁ"l" sarB%yaﬁﬁ 7H)
az 44230 39 (m%xc’é _:l;ata 1515t'r12ne% I\ﬁfﬂ)paﬂw}vas deed Arstedd Mtrﬁﬁ@thoil]ﬂ)eth}l)&ﬁzenét J =170
1 providing the product as abrown oil: '"H NMR (500 MHz, CDCl3) § 7.91 (d, J = 8.0 Hz,

1H), 7.72 (d, /= 7.5 Hz, 1H), 7.26 (t, /= 8.0Hz,1H),4.65(d,J 5.0Hz,2H),4.45(t,J

=5.0 Hz, 1H), 3.97 (s, 3H), 3.29 (s, 6H), 3.01 (q, /= 7.5 Hz, 2H), 1.49 (t, /= 7.5 Hz,

3H); MS (ESI+) m/z 293 (M+H).

[0218] Step B: The procedure described in Step E of Example 13 was used to

20  convert methyl 1-(2,2-dimethoxyethyl)-2-ethyl-1H-benzo[d]imidazole-7-carboxylate
from Step A above to methyl 2-ethyl-1-(2-oxoethyl)-1H-benzo[d]imidazole-7- »
carboxylate, providing the product as a light pink solid: '"H NMR (500 MHz, CDCl;) §
9.79 (s, 1H), 7.97 (d, /= 8.0 Hz, 1H), 7.89 (d, /= 7.5 Hz, 1H), 7.29 (t, /= 8.0 Hz, 1H),
5.28 (s, 2H), 3.90 (s, 3H), 2.85 (q, /= 7.5 Hz, 2H), 1.46 (t, /= 7.5 Hz, 3H); MS (ESI+)

25  m/z 247 (M+H). '

[0219] Step C: The procedure described in Step F of Example 13 was used to
convert methyl 2-ethyl-1-(2-oxoethyl)-1H-benzo[d]imidazole-7-carboxylate from Step B
above and (R)-(+)-3-aminoquinuclidine dihydrochloride to (R)-methyl 2-ethyl-1-(2-



102281Step F: The procedure described in Step | of Exanple 13 was used to
convert

2- et hyl - oXOYrigessvacl i di n- 3-y1) -5, 6-di hydroi m dazo[ 4, 5, PCrRjSpaoAdsenzodi aze
pi n- 157(411)-one from Step E above to the correspondi ng hydrochl ori de salt
(white solid): 11-1 NWR (500 MHz, MeOD) 8 8.3Q (br s, 1H), 8.01, (d, J= 8.5
Hz, 1H), 7.75, (t, J= 8.0 Hz, 1H), 4. 6684 23 (m 3H), 4.20-3.52 (m 5H),
3.50-3.35 (m 4H), 2.90-2.29 (m 2H), 828. 2.70 (m 4H), 1.57 (t, J =7.5
Hz, 3H); M5 (ESI+) mz 325 (MtH). 20Exarrp|e 18 - Preparation of

2 sopropyl - 64(R) - qui nucl i di n-3-y1)-5, 6-

S0, B TSPl s Bt < o2
di met hoxyet hyrdut m)\blarzzzpaaééﬁ(nmﬁ (600 RIH2, Gﬁﬁl;) 5f T.oN(dSY e 8.0CGIHA HEXanpl e 13 in

PI:E- E)ﬁtSy;nz;I) d@heag%olﬂ)é gHgf%) t QE ﬁ?qzﬁdp@]‘g%?g'acﬁ?)g%9%33mlp%e€§over ni ght

at roomt egp@di LAHI3X01 {{)g=7%5 85 2H) rmms@mmﬁot 2B@- zv@s(mwaﬂheds?wdmr‘(nsa_t u&at ed
aqueous spodi rbona re- i de,. . drie
(Nazson 511 1L ARG AT aBhoc O b il bomtEa i FEEL T e el e

mat 1(_'arltal . vvaﬁl p@l—rllﬁl)(ﬁx?lh){fl\@dﬂgm‘l‘) ﬁsmmﬂ@r gphy (sili cat ﬁel 0% to 30% it r11y|
acetate in es a me ro

H 5 benzol dfi’?ﬂ‘ﬂdazm gw? gf*lﬁ&?ff%‘il%d‘(‘sﬁ'(‘é"dd" 9@% %éﬂﬂﬁ%% 20 DVBO. d6)
?_7.87(9) |(_|(Ziid 1c]oav8n R)-rdetify1 Elz:;hyl l-l('l) (quinudBdifi-dellandiro)éthPl)- lﬂ-l&nkdi[d]lrﬂlld)lzoleﬁ-ng(()t s

' 3;0 . 3.38-3. %Bctx%{ate]f[_cén SI§p J(_Iglb?yse to ?ﬁyum @)&é?gﬁ-é{gm?uﬁémg )Wéﬂjno%l ( ES 1+)

m z 306 (0MH)H-beRABRDInGHepleB-caftoxglae] providihg stel pndsduoras@fwhmtsdsi)d 'H NMR

1 om St op A BOOVE NGEDRH B Erf Db hAd e hHE el &1 Plot oacet i c

acid and theygeaptd. 01n(tvya57 amzrmﬁsan ~ 3600, tsamefsaw@@nfm) AaB2hagmd then
heated at reflux for . The reaction m xture was concentrated under

reduced pressidh 820l ?‘eﬁ’?b\ﬁ‘bl)’tlhsé’ bR ERAHy |- ?4‘&896‘&091‘) MSHESH) mdi 343t ed wi t h

met hyl ene chf l\@H{ﬂ washed wi th saturated agueous sodi um bi car bonat e,
re-extracted with nethyl ene 15chl oride, dried (Na2SO4), filtered, and
concent r A% edl%Her r ededd Dredsseduse descreddn Sisp Ryaf Example 13 was used to

2-isopropyl 1 e wlibinl zrﬁine alrfb b@lifidaddte-NVR (300
MHz, %mgdegmg%%g%@ﬂamm %ﬁﬁ i 3dﬁ )eﬁryg ey [g]é Eddd J = (7.5,

0.9 Hz, 1H), Cﬂb%'a(etfm"m SwPQ ahoyg1o Zﬂghyl 65(@29“(%”“(*2111)3 Y‘>35 %4 (s, 3H),
3.22-3.17 ( ”Blh}(h%lmléaﬁfﬁ sl dﬁ(?[l @]Bmz@d'}azeﬂ\ﬁﬂ@%bﬁé Wcﬂvncﬁ@hhé Mbtﬂ)ot aQQ{VQ@@l] Step

C. The procedure describ In Step F of used to _convert

met hyl 2-i softidpy NW‘(@%%‘B& WPP-) %8 %@26[1 1W2dézbfé0ﬂ7célflb8>?9l(‘at’e from
gfep B abgveg g, (i), 260)3.5% @TisA9aUonsish (Hins, Hshyanongy bde 4 o @R} - et hyl

4H), 2.03-1.96 (m, 1H), 1.57 (t, J= 7.5 Hz, 3H); MS (ESI+) m/z 325 (M+H).
[0222] Step F: The procedure described in Step I of Example 13 was used to
convert 2-ethyl-6-((R)-quinuclidin-3-yl1)-5,6-dihydroimidazo[4,5,1-jk][ 1,4]benzodiazepin-
7(4 H)-one to the corresponding hydrochloride salt (white solid): 'H NMR (500 MHz,

25 MeOD) 6 8.3Q (brs, 1H), 8.02 (d, /= 8.0 Hz, 1H), 7.75 (t, J = 8.0 Hz, 1H), 4.79-3.54
(m, 8H), 3.52-3.33 (m, 3H), 3.33-3.17 (m, 2H), 2.55-1.94 (m, 5H), 1.57 (t, J= 7.5 Hz,
3H); MS (ESI+) m/z 325 (M+H).

Example 17 - Preparation of 2-ethyl-6-((S)-quinuclidin-3-yl)-5,6- A
30 dihydroimidazo|4,5,1-jk][1,4]benzodiazepin-7(4H)-one, hydrochloride
salt



i sopropyl-1-(2-(quinuclidin-3-ylam

i no)ethyl)-1H benzo[ d]i m dazol e- 7- car boxyl ate, except that 1, 4-di oxane was
used as twoe28uologgse: MS (ESI+) mlz 371 (M+H). 25[ 0232] SPep/uS2010/0¢06pT ocedur e
described in Step G of Exanple 13 was used to convert (R)-nethyl

2-isopropyl -1 -(2-(quinuclidin-3-ylam no)ethyl)-1H

benzo[ d] i m dazole-7-car boxyl ate from St tep. C above to lithium

(R -2-isopropyl-1-(2-

(qui nucl i di n-3-yl am no) et hyl ) - 1H benzo[ d] i m dazol e- 7- car boxyl ate: MS (ESI +)
mz 357 (M+tH). 30[0233] Step E: The procedure described in Step H of Exanple
13 was used to convert lithium :
(R)-2-isopropyl-1-(2-(quinuclidi n-@am‘no) et hyl ) - 1Hbenzo[ d] i m dazol e- 7-ca
rboxylate from Step D above to 2-i opyl -6-((R)-quinuclidin-3- - 86 -
yl)-5, 6-di hydroi m dazo[ 4, 5, 1-] k] [ 1, 4]’g zodi azepi n-7(4H) - one: NVR (500 MHz,
DIVISOd6)5782(d J =7.5 Hz, (dd, J = 8.0, 1.0 Hz, 1H), 7.25
(t, J 8.0 Hz, 1H), 489449(m M.48-4.01 (m 1H), 3.98-3.41 (m
1H),3.24312(m 3H), 3.04- 2.73 5ph~ 1.96-1.95 (m 1H), 1.75-1.58
(m 3H), 1.44-1.31 (m 7H); M5 (ESI ¥y 5339 (MH). 102341Step F: The
procedure described in Step | of Exanple 13 was used to convert

2-i sopropyl - ) - qui i

Jk1[1, 4] benz@% zepi ng%fldwgd} ot rr%%'s t%lg gtg é\r;aef%?%%lﬁgégé§ ?Sggboondl ng
hydr ochl or i deonsert methyhi- @rems@Kil,d)dlmqthbwml@@d)@)watemdgﬁ A Exanple (br s,

1H), 7.84.(d et . Xe,727t

I, % Syl ik 0 gl By i, 727

ﬁ/s 6(8E% | 1? I€T1 ngxcgtthat 2,1 18rimed@xyprypang-yas L[Eecg@stg:_ad@f (imethprymethylPppoZEng3 (m 6H);
+ Z ) 11 -

21 sopr opyl - &2 ??@gﬁhe o ndd‘S né@n c%/i%l:lgfl\%l??ﬁro%f{grhféb) 57.91(d,J=8.0 Hz,

15di hydr oi m tag a2 (/&7 kHiJJ,Hé),H)Zﬁ\(de# &0 &pj H)74.45Hd, dre,0 Hy,@HO W S5dL.iVde sal t

20[ 0235] St ep_ 0 t t1 hyl 2,
. di met hoxyet hy é’r#néﬁbér?; ?g{) ?’8!93 6%”230%1 m ¥5f‘%0§ﬂg?38%c§of7%g<arrpl e 13 in
DVF (15 nf) 3o MEXES(K) .75z 2A3)(Mndhe added oxone (0.8 g, 1.3 mmol ) and
I so-butyral dﬁlgyﬂe Step B: The procedure described in Step E of Example 13 was used to
convert methyl 1-(2,2-dimethoxyethyl)-2-ethyl-1H-benzo[d]imidazole-7-carboxylate

from Step A above to methyl 2-ethyl-1-(2-oxoethyl)-1H-benzo[d]imidazole-7-
carboxylate, providing the product as a light pink solid: 'H NMR (500 MHz, CDCl3) §
15 9.79 (s, 1H), 7.97 (d,J = 8.0 Hz, 1H), 7.89 (d, /= 7.5 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H),
5.28 (s, 2H), 3.90 (s, 3H), 2.85 (q, J = 7.5 Hz, 2H), 1.46 (t, J = 7.5 Hz, 3H); MS (ESI+)
m/z 247 (M+H). '
[0225] . Step C: The procedure described in Step F of Example 13 was used to
convert methyl 2-ethyl-1-(2-oxoethyl)-1 H-benzo[d]imidazole-7-carboxylate from Step B
20 above and (S)-(-)-3-aminoquinuclidine dihydrochloride to (S)-methyl 2-ethyl-1-(2-
(quinuc]idin-3-ylamino)ethyl)-1H-benzd[d]imidazole-?-carboxylate, providing the
product as a white paste: 'H NMR (500 MHz, CDC];) 8 7.92 (d,J=8.0Hz, 1H), 7.78
(d, J=8.0 Hz, 1H), 7.25 (t, /= 7.5 Hz, 1H), 4.62 (t,J=6.5-Hz, 2H), 3.96 (s, 3H), 3.18-
3.14 (m, 1H), 3.00 (q, /= 7.5 Hz, 2H), 2.88-2.72 (m, 8H), 2.42-2.39 (d, 1H), 1.75-1.67
25 (m, 3H), 1.51(q,J = 7.5 Hz, 3H), 1.46-1.26 (m, 2H); MS (ESI+) m/z 357 (M+H).
[0226] Step D: The procedure described in Step G of Example 13 was used to
convert (S)-methyl 2-ethyl-1-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-benzo[d]imidazole-7-
carboxylate from Step C above to lithium (S)-2-ethyl-1-(2-(quinuclidin-3-ylamino)ethyl)-



(0.2 m, 2.2 mol) and the reaction was stirred overnight at room
tenperature. The reaction m xture was washed w th saturated agqueous sodi um
bi car bonawe,2011é008352r act ed 25wi t h et hyl ene chl ori de, dr pea/USKaRD®HY7
filtered, and concentrated under reduced pressure. The crude material was
purified by colum chromatography (silica gel, 0%to 30%ethyl acetate in
hexanes) to afford nethyl

1- (2, 2-di net hoxyet hyl ) - 2-i sopr opyl - 1Hbé|§%(')[ d] i m dazol e- 7- car boxyl ate (0.5
g, 85%: 1H NWR (500 MHz, DI\/SOd6)8779 -87-(dd J=8.0, 1.0 Hz, 1H),
7.56 (dd, J= 7.5, 1.0 Hz, 7.22 (t, J= 8.0 Hz, 4.61 (d, J—50Hz,

o) 132 (a3l "pé&%%&ga*wéﬂ?%séfsw*dﬁ'é%efgﬁmﬁf‘zﬁhf%@é’r“é%e‘%‘ 5 To'a

stirred sol UNMRI(500 M, MEOD)-5(72553d A @D Iax Vi hyY §d, 2= 7.5 Hz, 1H), 7.17 (d,J =

oL sobrony! EBRBENEYL gkt 92 BESIRONH o5 B SN PRNE A1,

reaction was(mt&H)r:EIB—&IM (apTl, enparst(m; 8HY, 0521138 (m, 2Rl itTen.2b¢atBy); at

reftux fo ZP’%{EgE’? ﬁé)@gn m xture was concentrated under reduced

pressure &8 trifluoroacetic aci d, diluted wth nethyl ene
chl oride, wapien w th SsptHirEieetocadie deseriteddi Suap Hldszlthp'Iatleas asedxd r act ed
\rMeEiBCreTgt B?lleggcﬁ"]r % t(rl}!uéi {;gsr%}{yﬁ“}ﬁg ((Sull\lr%clsgr%-)_’;-ylgnlnlng)%trh? ’lflabenzcﬁg]ri.lr%%géoﬁ aj} ed under
2-i sopropyl - dariﬁ&ymmfednlﬂsie))Dldﬁobeuazzee{tl@]l46rr(m1anmherd7n~mr)kjoseyl ate: IH NIVR (300,
MHz, DIVBO dé S dd

0.9 Hz, a‘?y %‘”t‘?a(z°fj‘ Slwké“ﬁ%be“ﬁ azepin- Zl(ﬁ”? "§he. 3 T%V‘d"ég ‘Qip’€§“°t éSrB 3. 22 3 17
(m 1H) 1(1 B&I&JQQOI(WM(SOWHE%dODMX 3268 s( MEHR.02 G GBI HSt 8D, C. The

d d bed S 3 d
D eonr opyl - 17 60 Gx B0 1 RL 413! DeSE TP a3 87 nw Beg bEol ATer i) Gt ep B
above and I(S) 54 ¢ ii%)anmln@qwmocﬂzl oY) e1SHERYd e sl savi+gp. to (S) - met Ihyl
Tater oxrepl2ebye ) " Sert i LAl vl CIRORRI NS BRI i o 871
( M+5|) . 20[ 025&v&at E-gthPl -6-T(3% qPih G THG- ?l)—d@scﬁlﬂ)ldhﬁﬁhdatb (85848, Obersaiazpm- 13 was
use to onver
S o S o oS o stants arbis Rythe R o P osHiogds S1CHE S at e from
(Stqﬁpngcﬁjg:/ﬁ%lsg%mnweh@m% glllil-nggﬁpmygm(@j Z?)|5 gz “?:)az t7)?)>(<ty{ atgé) iz NS (ESI +)
17 357 (Weh] ) SSFOPSHSR) 0-THE (e Bucuta RE8ch 20T a B GH Exanp €
13 was used toomw@rts’/ {tt.hE WBHZ, 3H); MS (ESI+) m/z 325 (M+H).

(S)-2-isopropyl -1-(2-(qui nuclidin-3-ylam no)ethyl)-1 Hoenzo[d]i m dazol e-7
-carboxyl ate from Step D above to 2-isopropyl-6-((S)-quinuclidin-3- ,

y1) - 5, 6- dp hy gkfhple 482 Girédparation b J-bopbpAreZ QR)-qeig pélidin’ 841)5.8ne: NVR (500 M-z,
DVMSO- d6) 67.82 (d, J=dihyarbimidakbis,s,1Zjk][G,4fitdzodlazepi-R4H)Lokk, higdrotihride’. 25 (t,
J =8.0 Hz, 30 1H), 4s89-4.49 (m 2H), 4.48-4.01 (m 1H), 3.98-3.41 (m
1H), 3.24-3.12 (m 3H), 3.04- 2.73 (m 5H), 1.96-1.95 (m 1H), 1.75-1.58

(m 3H), 1.44-1.31 (m 7H); I\/B(ESLJ@IZ 339 (M+H).

25 [0229] Step A: To a stirred solution of methyl 3-amino-2-(2,2-
dimethoxyethylamino)benzoate (0.5 g, 2.0 mmol) from Step C of Example 13 in DMF
(15 mL) and H,0 (0.5 mL) were added oxone (0.8 g, 1.3 mmol) and iso-butyraldehyde

(0.2 mL, 2.2 mmol) and the reaction was stirred overnight at room temperature. The



- 88 - [0240] Step F: The procedure described in Step | of Exanple 13 was
used to convert

2-i sopr opyD-26(1(®83s7qui nucl i di n- 3-y1) - 5, 6-di hydr oi m dazo[#c$/m010/040617

j k][ 1, 4] benzodi azepi n-7(4H)-one from Step E above to the correspondi ng
hydrochl ori de salt (white solid): "H NVR (500 MHz, DMSO-d6) 8 10.29 (br s,
1H), 7.84 (d, J= 8.0 Hz, 51H), 7.80 (dd,8 J=:8.0, 1.0 Hz, 1H), 7.27 (t, J=
8.0 Hz, "1H), 4.73-4.44 (m 2H), 4.43- 4! 01 (m 1H), 3.98-3.69 (m  1H),
3.68-3.16 (m 8H), 2.28-2.27 (m 1H), 1.92-1.77 (m 4H), 1.37-1.33 (m 6H);
M5 (ESI +) rﬂz 339 (MtH). Exanple 20 - Preparation of

2- phenyl - R).- qui.nucl i di n
10di hydr 0| m %aézné) A étuf Wal?]“ﬁheg%?el'nsggcﬁteéjzaé‘ueous §°(d iﬂlﬂ blﬁ?{gonahe ffred‘gﬂ?torl de salt
[ 0241] Step Awnh/bt;:h!ylenéielamdeodrkd((ﬂaﬁ% ﬁMrbd)xycbtdmyéMedobdwreziowde (922 ny,

153.6 mol ) fr el irred in .06 acid
(25 iy ahdPErmemit e meley e Ryl BBy el bt (B o356 o7 5
The reacti on30% xthyk agetamsn bmhmjtotacﬁfordmﬂhylé ARErdihethexyethoDCarmipratyedunder

reduced pges andd [y chrlbgdl Yy G rmt(g)&)rﬁﬁ}%ym(&bl 6f§798| 80: 20
APmies i gegiy %% 5%,

hexanes/ e hy
di met hoxyet hgdd)JQ%pheay{k 1H; bemzdal[ AF715, daml B)/7 eathoxgloaH£ 1HY 4&1lgd,own oi |

e B Y S o PR
4.76 (4, (JE§| E3ﬂ(d‘l§,=37421H)Iz,@.);MS(ESH);H?/ZBOG(MZH) 1H), 3.99 (s, 3H), 3.07 (s,
1-H% 2, 2- di met H%?(@et hyl %te%l\é;?é%il ’"fé#%}é o(IfH]e ML’%%FE"&"P"E%{P)%%W ate (719

ng, 2.1 ool )soﬁrbw‘r-llStmnzd{d]&i’ﬁﬂvzz)leAm-Sarbﬁe/ﬂﬁdfrcblﬁ) Sre@fA abové i netlylene chloride
25trifluor oacetl or oet hane

ti 2 ).
for 2 b CThesadly R s B eriit asial e af8fior i e o B BAGI S ot t e,
and pH adj usfoed.5thmn8 then thBataddt wefhik ok 2alg UBeusaci adinikmrd waaednosnatied uildee aqueous

phast s or el By heghe SR BHA S0 oroanc

chloride, washed with saturated aqueous sodium bicarbonate, re-extracted wivth methylene

15  chloride, dried (Na,SOy), filtered, and concentrated under reduced pressure to give methyl
2-isopropyl-1-(2-oxoethyl)-1H-benzo[d)imidazole-7-carboxylate: '"H NMR (300 MHz,
DMSO-ds) § 9.69 (s, 1H), 7.87 (dd,J=8.1,0.9 Hz, 7.68 (dd, /= 7.5, 0.9 Hz, 1H), 7.26 (¢,
J=17.8 Hz, 1H), 5.44 (s, 2H), 3.84 (s, 3H), 3.22-3.17 (m, 1H), 1.34-1.27 (m, 6H); MS
(ESI+) m/z 261 (M+H). '

20  [0231] Step C: The procedure described in Step F of Example 13 was used to
convert methyl 2-isopropyl-1-(2-oxoéthyl)-1H—benzo[d]imidazole-7—carboxylate from
Step B above and (R)-(+)-3-aminoquinuclidine dihydrochloride to (R)-methyl 2-
isopropyl-1-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-benzo[d]imidazole-7-carboxylate,
except that 1,4-dioxane was used as the solvent: MS (ESI+5 m/z 371 (M+H).

25 10232] Step D: The procedure described in Step G of Example 13 was used to

~ -convert (R)-methy] 2-isopropyl-1-(2-(quinuclidin-3-ylamino)ethyl)—iH- .

benzo[d]imidazole-7-carboxylate from Step C above to lithium (R)-2-isopropyl-1-(2-
(quinuclidin—3-ylamino)ethyl)-1H—benzo[d]imidazble-7-carboxylate: MS (ESI+) m/z 357
(M+H). |

30 0233} Step E: The procedure described in Step H of Example 13 was used to
convert lithium (R)-Z-isopropyl;l -(2-(quinuclidin-3-ylamino)ethyl)- 1 H-
benzo[d]imidazole-7-carboxylate from Step D above to 2-isopropyl-6-((R)-quinuclidin-3-



- 89 - sodiumsulfate, filtered, and concentrated under reduced pressure to
gi ve nethyl 142- oxoethyl)-2-phenyl -1H benzo[ d]i m dazol e-7-carboxyl ate as a
|'i ght pi ‘WOo=011/08837226 g, 85% : NVR (500 MHz, CDC13) 89. 80T(Us20124600618. 06 (d,
J =8.0 Hz, 1H), 7.98 (d, J= 8.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 2H),
7.54-7.50 (m 3H), 7.37 (d, J =7.5 Hz, 1H), 5.26 5(s, 2H), 3.92 (s, 3H).
[0243] Step C. The procedure descri bed ig Step F of Exanple 13 was used to
convert 1-(2-oxoethyl)-2-phenyl-IH benz ?H] i m dazol e-7- carboxyl ate from
Step B above and (R)-(+)-3-am noqui nuclidine di hydr ochloride to (R)-nethyl
2- phenyl- 1-(2-

the. 10pr oauct 28 SRR ER Rtk oaoH [ ABRRRAtLBl TED Serf Mg 0y, 5V 1

12.0 Hz, 1H) DMB®B&) A, 821¢J1=275)H|ztzm)1ﬂye(da JA8D, 1@ HemH)2HDS (t7.15&0'l-1252 (m

M 135 (g oohatpul i ol o 2 it bl B, 25hs R0 ol e

m z 405 (M+H). 73 (R, 241] Shéep. 9I§)(mThe) proaesduing3dE s @a+hed(n, nHﬁtmp(BKB)‘mExanpl e

13 was us d &Ec‘ﬁnvert (R - et hyl
2- phenyl - ( uclidin-3-ylam no)ethyl)-1H benzo[ d] i m dazol e-

(7 ;:ar bO)r<]y| a][ 3)234]om St SppC: athepeockdurd deséribeédrin Step I of Example 13 was used to

R) - 2- pheny = (qui nuc) i din-3- .. . .

yl ami no) et hy'f‘}“"%rf—@‘sfgﬂ?{iﬁb‘%'{(gi'ﬂfﬁ%‘ifll'8‘9735@5?"861%}795‘{’8‘,‘1%%[%%1'di ng the product as

a white sol i @)1 k|bendNRz4pHOD 4 Myione PHECePE) aboterto THe c(od‘ﬁ:spﬂmdlﬁg EdeZC,hloElHB

7.56-7.50 (m .3 7.46, J =7, H)... 7..24 (d 7.07

(a3 =07, & g Oohiy s 4 oy s0p T s g 528 o |8y 7504 I GO, 85 (i

|d-|), 1. 3430 gﬁHS% mso?dd).,/ MS) ﬁE$lz+)HIn‘7273t91 (gl\ﬂtﬂ*ﬂ 1H), 0.274:,5«}&@@ 2H), 44 procedure
escribed in Step H s used_to_conver

(R -2 phenyl ¢ &1 (Bl AR GPnLD: 3G R et H) PESTHE ben2 B fim 9881 7- car bo

xyl ate from gypp.3Red3ome 6HY MS Ry 634 (MHUi nucl i di n-3-y1)-5, 6-

di hydr oi m 'dazo[ 4,5,1-jk][1, 4] benzodi azepi n- 7(4H) - one, providi ng the product

as a white 25solid: 1H NWR (500 MHz, Me0OD) 8 8.03. (d, J = 7.5 Hz, 1H),

7.91 (d, .i :EZar5leZ9 - mpathiﬁgoﬂl—-ﬁgprﬁml-é(l@)rqu?mﬁﬁdizl—ﬁﬂd)-S(Gm 3H), 7.46 (d, J

= 7.5 Hzj51H), 4. 63- 448 dkdiimidaD[4,51-% 1 4] bftzddaze si)7,(4 )-en%; Ry dFOcH1oRidoOH) |,

2.12-1.96 (m 1H), 1.99t1.64 (m 4H); M5 (ESI+) mz 373 (MrH). [0246] Step

F: The procedure described in Step | of Exanple 13 was used to 30convert

2-phenyl - 6((R) - qui nucl i di n-3-y1) -5, 6-di hydroi mi dazo[ 4, 5, 1- :

20 [0235] Step A: To a stirred solution of methyl 3-amino-2-(2,2-
dimethoxyethylamino)benzoate (0.5 g, 2.0 mmol) from Step C of Example 13 in DMF
(15 mL) and H,0 (0.5 mL) were added oxone (0.8 g, 1.3 mmol) and iso-butyraldehyde
(0.2 mL, 2.2 mmol) and the reaction was stirred overnight at room temperature. The

_ reaction mixture was washed with saturated aqueous sodium bicarb(_)nate, re-extracted

25 with methylene chloride, dried (Na;SO), filtered, and concentrated under reduced
pressure. The crude material was purified by column chromatography (silica gel, 0% to
30% ethyl acetate in hexanes) to afford methyl 1-(2,2-dimethoxyethyl)-2-isopropyl-1H-
benzo[d]imidazole-7-carboxylate (0.5 g, 85%): '"H NMR (500 MHz, DMSO-ds) § 7.79



] k][ 1, 4] benzodi azepi n-7(410-one from Step E above to the correspondi ng
hydrochl oride salt (white solid):NVR (500 WHz, D20) S 8.25-8.22 (m 1H),
8.11 (d, wo2811osr2 - 90 - 1H), 7.93. (d, J= 7.5 Hz, 2PFCTI/UR2@0080613= 7.5
Hz, 1H), 7.81. (t, J=8.0 Hz, 3H), 4.94-4.81 (m 3H), 4.44-3.55 (m 5H),
3.54-3.30 (m 3H), 2.61-2.02 (m 5H); M5 (ESI+) mz 373 (MtH). 5Exanple 21
- Preparation of 2-phenyl-6-((S)-quinuclidin-3-yl)-5, 6-

di hydr oi m dazo[ 4, 5, 1-j k] [ 1, 4] benzodi azé}g? n-7(4H) - one, hydrochl oride salt
[0247] Step A: The procedure described in Step F of Exanple 13 was used to
10 convert 1-(2-oxoethyl)-2-phenyl-1H benzo[d]im dazol e-7-carboxylate from

(SéanEt ﬁ;l Exfidgﬁ}e ﬁsﬁohé‘?{?, 113) 7.66 1da37 2PNPGHNHE) b 9b ey digiansy eahlaiide to

(2- (qui nucl | dFrS-(H-i?y RHi438) eV FA.0 HAHH) S BH)N . 88333 ¢m7 AR o Xy bHb.e,

di th H ‘500 MHz, DVsO-d6) 8 7.9
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2- phenyl - ul nuc am no enzo
207- car boxyl eetdecefl poassuBt @pem@bm/@(cess trifi okragetic acid, diluted with methylene
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Step H of EXx
(S) - 2- phenyl ¢(BSI{Rn qai @rel). di n- 3-yl am no) et hyl ) - 1H benzo[ d] i m dazol e7- car bo

xylate f rlgm ﬁh‘i‘?} B ab%ye% é:oThze-p?cr)]c%Qlyrle -deGs_cx(ilgeé)ir_x g%élp II}%?lElxg{lﬂé % X/lag ﬁs%d {50_
coﬁvert methyl 2-isopropyl-1-(2-oxoethyl)-1H-benzo[d]imidazole-7-carboxylate from
Step B above and (S)-(-)-3-aminoquinuclidine dihydrochloride to (S)-methyl 2-isopropyl-
1-(2-(quinuclidin-3-ylamino)ethyl)-1H—benzo[d]imidazole-7-carboxylate, except that 1,4-
dioxane was used as the solvent: MS (ESI+) m/z 371 (M+H).

20  [0238] Step D: The procedure described in Step G of Example. 13 was used to
convert (S)-methyl 2-isopropyl-1-(2-(quinuclidin-3-ylamino)ethyl)-1 H-
benzo[d]imidazole-7-carboxylate from Step C above to lithium (S)-2-isopropyl-1-(2-
(quinuclidin-3-ylamino)ethyl)-1H-benzo[d]imidazole-7-carboxylate: MS (ESI+) m/z 357
(M+H).

25 [0239] Step E: The procedure described in Step H of Example 13 was used to
convert lithium (S)-2-isopropyl-1-(2-(quinuclidin-3-ylamino)ethyl)-1H-
benzo[d]imidazole-7-carboxylate from Step D above to 2-isopropyl-6-((S)-quinuclidin-3-
yl)-5,6-dihydroimidazo[4,5,1-jk][1,4]benzodiazepin-7(4H)-one: 'H NMR (500 MHz,

"DMSQ-ds) 8 7.82 (d, J= 7.5 Hz, 1H), 7.76 (dd, J= 8.0, 1.0 Hz, 1H), 7.25 (t, /= 8.0 Hz,

30 1H), 4.89-4.49 (m, 2H), 4.48-4.01 (m, 1H), 3.98-3.41 (m, 1H), 3.24-3.12 (m, 3H), 3.04—
2.73 (m, 5H), 1.96-1.95 (m, 1H), 1.75-1.58 (m, 3H), 1‘.44—1.'31 (m, 7H); MS (ESI+) m/z
339 (M+H). '



-91 - di hydroi m dazo[ 4,5, 1-j k][ 1, 4] benzodi azepi n-7(410-one, providing the
product as a white solid: 1H NWMR (500 MHz, DvMsO-d6) 8 7.93-7.89 (m 3H),
7.62-7.58V0rp11216%5727. 39 (t, J = 8.0 Hz, 1H), 7.27 (s, 2IPFCT/UG2@6/04@17 2H) ,
4.67-3.49(m 5H), 3.17-2.85 (m 5H), 2.03- 1.24 (m 4H); Ms (ESI+) mz 373
(MtH). 5[ 0250] Step D: The procedure described in Step | of Exanple 13 was
used to convert 2-phenyl-6((S)-quinucl |g§ n- 3-y1) -5, 6-di hydroi m dazo[ 4, 5, 1-
j k][ 1, 4] benzodi azepi n-7(410-one from Step C above to the correspondi ng
hydrochl ori de salt (white solid): NVR (500 WMHz, D20) 68.28-8.25 (m 1H),
8.15 (d, J =80 Hz, 1H), 7.94 (d, J = 8.0 Hz, 2H), 7.9Q (t, J = 8.0 Hz,
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[0251] St op AN lsterir GLTERE R IR el b ASpoBHPE AR Alarde 1552
20di net hoxy esaty(waité sedifio St NOER €500 Mz, PMSD-Fo)idni612p (brrso hhl )57 8p (€ /618.ERanpl e 13
in DMF (9.nL H . ded , B . d
B R T e
stirred-over adylr, 13t), 398569 émp )8 .68-6.16Time 8HE &B-DRT7 (m, X H)r 1927437 Washed with

saturated aq sogi um bi e - acted with nmethyl ene chloride,

dried (Na_ZS&@,?HI?i?Iﬁgjr@qdﬁﬁéfﬁ\gg@%}e’?{tzr}éﬁg\?ﬁ%der reduced 25pressure to give

the crude material which was purified by colum chromatography (silica gel,

iO/cE t2 02 -18?;% ?E%iégl?%@f fﬁrgpsgrg‘t_i9.?513238§e)ny£8’.(&5.‘118{n‘?.cﬁ‘a‘%BBY,h)-s,s-

fl uor ophényl) -1H benzgg:l ]dl m 5’218545-"7"-%[5?4 tif)'('f/‘fdé?zgp'ﬁ?qm'?ne*/gx/gr:oc']lfll?\ﬁVR (500

MHz, CDCI3) 6 7.97 (da, J =80, 1.0 Hz, 1H), 7.80 (dd, J= 8.0, 1.0 Hz,

- 1H), 7.73-7.70 (m - 92 - 2H), 7. (t, J =8.0 Hz, 1H), 7.24-7.20 (m
2H), 4.72 (d, J = 5.0 Hz, 2H), 4.8 , J =5.0 Hz, 1H), 3.94 (s, 3H),

3.383.33 (m 1H), 3.19 (s, 6H; M“-ESI+) nmz 359 (M+H). [0252] Step B: The

solution of nmethyl 1-(2,2-dinet hog}yet |)-2-(4-

fl uorophenyl) - 1H benzo[ d] i m dazol e=F- canboxylate (1.1 g, 3.1 mmvol) from

Step A above N C
/
N

[0241] Step A: Methyl 3-amino-2-(2,2-dimethoxyethylamino)benzoate (922 mg,

15 3.6 mmol) from Step C of Example 13 was stirred in glacial acetic acid (2.5 mL) and
(trimethoxymethyl)benzene (2.0 g, 10.9 mmol) at 70 °C for 3 h. The reaction mixture was
cooled to room temperature, concentrated under reduced pressure, and purified by column
chromatography (silica gel, 80:20 hexanes/ethyl acetate) to give methyl 1-(2,2-
dimethoxyethyl)-2-phenyl-1H-benzo[d]imidazole-7-carboxylate as a brown oil (1.0 g,

20  83%): '"H NMR (500 MHz, CDCl3) §7.99 (d, J= 8.0 Hz, 1H), 7.95 (d, /= 8.0 Hz, 1H),
7.72-7.70 (m, 2H), 7.53-7.51 (m, 3H), 7.33 (t, /= 8.0 Hz, 1H), 4.76 (d, J = 5.0 Hz, 2H),
4.24 (t,J=5.0 Hz, 1H), 3.99 (s, 3H), 3.07 (s, 6H); MS (ESI+) m/z 341 (M+H).

[0242] Step B: Methyl 1-(2,2-dimethoxyethyl)-2-phenyl-1H-benzo[d]limidazole-
7-carboxylate (719 mg, 2.1 mmol) from Step A above was heated to reflux in 1:1

25  trifluoroacetic acetic acid/water (6 mL) and l,2-dich16roethane (2 mL) for 2 h. The
reaction mixture was concentrated, diluted with ethyl acetate, and pH adjus-ted to 8 with
saturated aqueous sodium bicarbonate. The aqueous phase was extracted with additional

ethyl acetate and the combined organic extracts were washed with brine, dried over



5in 1, 2-dichloroethane (5 nmL.) with water (3 nL) and trifluoroacetic acid (3
m.) was stirred at reflux for 2.5 h. The reaction mi xture was concentrated
under redwoOediyoez3ure, the residue was diluted w th nePiflisa@onkicor i de,
neutralized with saturated aqueous sodi um bi carbonate, dried (Na2SOH4),
filtered, and concentrated under reduced pressure to afford nethyl

2- (4-fluorophenyl)-1-(2-oxoethyl)-1H It\)ﬂiggp[ d] i m dazol e- 7- car boxyl ate 10(820
ng, 84% as a clear oil: 1H NMR (500 M- , CDC13) 9.80 (s, 1H), 8.05 (d, J
=8.0,Hz,1H) 7.98 (d, J = 7.5, Hz, 7.62 (dd, J = 7.5, 5.0 Hz, 2H),
7.36 (t, J =8.0 Hz, 1H), 7.21 ( t,J=75Hz 2H), 5.25 (s, 2H), 392(s

sH . M5 (ES' +Jf zuuéée?’mgé}/mnd Jo%e%ﬂéa @9«&@[&8&&% dUER H8RtTiBed in Step

F of Examp

2-(4-fluor opboemshjzb)-lef(erldXiaunhy[kl)lmmq@emapcb]mlaw seerlighepik scliddb36mat e 15f rom
Sten B aboves gl RR HIIRILOLIS! § 6566, MHEE 0ED-YS HE 148, A} P!

f I uor opheny13.0 Hz( PHY, q6B (deI=| &10 Hz,2H)) asd-106Y én3H)) 7.3H b ErZdf Hi,ilin),de20ol e- 7- car
boxyl at e, ex%egé1 g&g @4 di oxane was used as the solvent: MS (ESI+) nlz
423 (NH—l) )[ E) The procedure described in Step G of Exanple 13
was used to paasjert ( Srepr@tThel procedure described in Step F of Example 13 was used to

2 bt PRGN ok b B L Bl AR S o g v
('S) - 2- (4-f | uanda@her)Biymibequinuclidine dlhydrochlonde to (R)-methyl 2- phenyl 1-(2-
(Esi b iz bRy 3paaaar &) e Db ler a8 Bl Tl e's,?éS H of
Exanpl e 18 waodusada tvbltélmi@tée'rﬂ NMRt (30@MHz, CDCl;) & 8.02 (d, J=12.0 Hz, lH), 7.86
(5). 21 e Qo) oo e 003l o))<,
2- (4-fluorophenyl)= 69(5(HS) 2H), 4.00 (s 3H), 2.88-2.59 (m, 7H), 2.35 (s, 1H), 1.98 (s, lH)
" R (500 KAk @ MSKERD bl sttt |01 Y D775 9750 ?Jéﬁ?) 7.44
(t, J 8 0 (244]1H), BiepD:7TRAprOdUrE H}scrlﬂedﬁﬁsfbp%ﬂﬁxaﬁﬁbbe 134vad Qsed.t20 ( m
R LN KA T e N
procedure dESQﬁnbbﬁ}date frodtSegp € aliafve E»dah‘pine(R}LS\pha@l USSBChuﬁrﬂlcbdm-\Zer t
2-(4-T1uor Op?l%rr% n ethﬁ ﬁ)[ be O.Pc}fﬁrlutliaglole 7- ca¥b]62(ylate providi th h%lprr]?) uc [aWhlté

solid: "H NMR (500 MHz, DMSO-ds) & 7.71 (d, J = 7.5 Hz, 2H), 7.56-7.50 (m, 3H), 7.46

(d,J=7.5Hz, 1H), 7.24 (d, J= 7.5 Hz, 1H), 7.07 (d, J = 7.5 Hz, 1H), 4.77-4.64 (m, 2H),
© 20  2.64-2.18 (m, 7H), 1.89-1.85 (m; 1H), 1.44-0.96 (m, 7H); MS (ESI+) m/z 391 (M+H):

[0245] Step E: The brocédure described in Step H of Example 13 was used to

convert lithium (R)-2-phenyl-1-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-benzo[d]imidazole-

7-carboxylate from Step D above to 2-phenyl-6-((R)-quinuclidin-3-yl)-5,6-

dihydroimidazo[4,5,1-jk][1,4]benzodiazepin-7(4 H)-one, providing the product as a white

25  solid: '"H NMR (500 MHz, MeOD) & 8.03 (d, J=7.5 Hz, 1H), 7.93 (d, J = 7.5 Hz, 1H),

7.89-7.87 (m, 2H), 7.64-7.61 (m, 3H), 7.46 (d, J=7.5 Hz, 1H), 4.63-4.49 (m, 2H),

4.31-4.34 (m, 3H), 3.23-2.86 (m, 6H), 2.12-1.96 (m, 1H), 1.90-1.64 (m, 4H); MS (ESI+)

m/z 373 (M+H).

10246] Step F: The procedure described in Step | of Example 13 was used to

30  convert 2-phenyl-6-((R)-quinuclidin-3-yl)-5,6-dihydroimidazo[4,5,1-
Jjk][1,4]benzodiazepin-7(4 H)-one from Step E above to the corresponding hydrochloride
salt (white solid): '"H NMR (500 MHz, D,0) & 8.25-8.22 (m, 1H), 8.13 (d, J= 8.0 Hz,



- 93 - jK][1, 4] benzodi azepi n-7(4H)-one from Step E above to the

correspondi ng hydrochloride salt (white solid): 1HNWR (500 MHz, CD301?) 8
8.29 (s, wH)Rp11@8B28.03 (m 3H), 7.76 (t, J= 8.0 Hz, 1HPCTMSEGON4E07 (M

2H), 4.95-4.44 (m 3H), 4.34-3.60 (m 5H), 3.50-3.34 (m 3H), 2.60-1.96 (m
5H); M5 (ESI+) mz 391 (MtH). 5 Exanple 23 - Preparation of

2- (2-chl orophenyl)-64(S) - qui nucl i di n-3-y1)-5, 6-

di hydr oi mi dazo[ 4, 5, 1-j k111, 41benzodi azeprn- 7( 4H) - one, hydrochl ori de salt

10 102571Step A: Methyl 3-am no-2-(2, 2-di met hoxyet hyl am no) benzoate (498
ng, 2.0 mol) from Step C of Exanple 13, 2-chl orobenzal dehyde (303 ng, 2.15

nmol ) and 4 I l.ar, s{;eVv- 1 Lred, i hyL C nigle m.) at
room tenperaflagg'gsg&rj’ J??hfh%oﬁﬁhﬁgﬁét erel-f'zwglgﬁggggdyl g@?%zégggﬁégq-4'ép

1, 1- di acet at én,(3H)264453.53 (19 25HpdI53-3a30d nt, BH), 2% 1+ 202 (i, S );nVIR (ESTe) masS Theat ed
(external te efpture = 55 C for 10 mn. The reaction was quenched with

satur at ed aqueous sodi um bi carbonate, 10% aqueous sodiumthiosul fate and pH
adjusted to 8. The organi c phase was extracted wth- nethyl ene chl oride,
washed vvigh gri n 2?”;39 yer sodium sl tqgi, Llik].lggry?) c2and concentrat ed
under reduce x?)"rlélgsur' SCRETR UifeP e:z' eatmutie T ed ] :
chromat ography (sili cg""@é’r‘,"“'g‘:i“% ﬁé%:(rﬁ kilgll %‘?@izgg&{(gﬁgﬁ’pﬁx’/ﬁg{og‘g‘gﬁgﬁ hyl
2- (2- chl or ophenyl) - 1- (sil 2- di met hoxyet hyl )-11-f-
benzokf | i m dazol e- 7- car boxyl ate as brown oil (275 ng, 38%: 1H NMR (500
MHz, MeOD) 8 7.91 (d, J= 8.0 Hz, N@7.82 (d, J = 7.5 H, | H, 7.66-7.60
(m 3H, 7.56 (d, J =7.5 Hz, 1H),“-~40 (t, J = 7.5 Hz, 1H), 4.28 (t, J =
4.5 Hz, 1H), 4.27-4.08 (m 2H), 3.98 X\ 3H), 3.12 (s, 3H), 3.09 (s, 3H;
MS (ESI+) mz 375 (MtH). 25102581 &t &p B:) The procedure described in Step E
of Exanple 13 was used to convert N
2- (2-chl orophenyl) - 1- (2, 2- di net hox I/)T@enzo[ d] i m dazol e- 7-
carboxylate from Step A above to metfAyl'N
2-(2-chl or ophgnyl) - 1- (gfesROPhd WhdeahFRERZBE A IstEh FaA Wi dle G 3 WAOUEl & €.
provi di ng thgﬁg?]oduct (Sg? are F‘%eq%'rilé?: 1H I_\INR[QFSOO - ééel - MHz, CDCI3) 8
9.67 (s, 1QH) corgen8-(2-@xoethyd-Bpitenidz 1 H-bedyzol dfimidazgle-7-carbexgatg figpn Stapfp of 7. 55 (m
3H), 7.43 (t gt 20 nd &)} Mamidoqifhubidineldinydfbfliobide ¢ By DlpHefiyl-13H) . 3. 73
(s, 2H): MB Féé"@i?(’%}z%%(zé R g"f’ozé'b] SPep e 'T%gj(gggﬁeﬁu_rl’fe descri bed in
Step F of EXmm@qugliw@glaggmjetbﬂ)-1H—benzo[d]imidazole-?-carboxylate, providing the

product as a white paste: 'H NMR (500 MHz, DMSO-ds) & 7.95 (d, J= 8.0 Hz, 1H),

7.76-7.75 (m, 2H), 7.72 (d, J = 8.0 Hz, 1H), 7.59-7.58 (m, 3H), 7.36 (t,J=8.0 Hz, 1H),

15  4.52 (t,J=6.0 Hz, 2H), 3.95 (s, 3H), 2.70-2.54 (m, 1H), 2.48-2.30 (m, 5H), 2.20-2.10
(m, 1H), 1.95-1.77 (m, 2H), 1.50-1.21 (m, 4H), 1.17-1.00 (m, 1H), 0.99-0.84 (m, 1H);
MS (ESI+) m/z 405 (M+H).

[0248] Step B: The proceduré described in Step G of Example 13 was used to

convert (S)-methyl 2-phenyl-1-(2-(quinuclidin-3-ylamino)ethy])—lH—benzo[d]imidazole-
20  7-carboxylate from Step A above to lithium (S)-2-phenyl-1-(2-(quinuclidin-3-
ylamino)ethyl)-1H-benzo[d]imidazole-7-carboxylate, providing the product as a white
solid: 'H NMR (500 MHz, MeOD) § 7.76-7.73 (m, 2H), 7.67 (d, J=8.0 Hz, 1H), 7.61-
7.56 (m, 3H), 7.51 (d, J=7.5 Hz, 1H), 7.28 (t,J=8.0 Hz, 1H), 4.76-4.68 (m, 2H),
2.90-2.74 (m, 2H), 2.70-2.60 (m, SH), 2.59-2.44 (m, 1H), 2.09-2.05 (m, 1H), 1.62-1.45
25  (m, 3H), 1.40-1.23 (m, 2H), 1.22-1.10 (m,. 1H); MS (ESI+) m/z 391 (M+H). '
[0249] Step C: The procedure described in Step H of Example 13 was used to
convert lithium (S)-2-phenyl-1-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-benzo[d]imidazole-
7-carboxylate from Step B above to 2-phenyl-6-((S)-quinuclidin-3-yl)-5,6-



5 convert nethyl

2- (2-chl orophenyl) - 1- (2- oxoet hyl ) - 1H benzo[ d] i m dazol e-7- car boxyl ate from
Step B abwoeoamdsi’d) - (-) - 3- am noqui nucl i di ne di hydr ochl eciras2a10/04@)7 et hyl
2-(2- ‘

chl oropheny1) - 1- (2- (qui nucl i di n-3-yl am no) et hyl ) - 1H benzo[ d] i m dazol e-7-car
boxyl ate, providing the product as a |I9Pt pi nk paste: 1H NMR (500 WHz,
CDC13) 8 8.03 (d, J:8.0 Hz, 1H), 7.90 = 8.0 Hz, 1H), 7.60 (d, J =
7.5 Hz, 1H) 756(d J 80Hz 1H), 10751(t J=7.5 Hz, 1H), 7.44
(t, J= 7.5 Hz, ,735 (t, = 8.0 Hz, 1H), 3.98 (s, 3H), 2.97-2.82 (m

3 W (Eai i%w&?”‘n a1 e G g A LT N U P

G of Exanpl esalid: \MANMRSE00 MHzCDNBEX-s) (357-93-m886 by 3H), 7.62-7.58 (m, 2H), 7.39 (1, J

I5benzol d) i m Sy o 7eAE AiRe s G AR BRLEHE 1 el ptine -

(5)-2-(2- chI opopherty;IMSTESI+) m/z 373 (M+H).

2- uinu 3-ylamn hyl)-1H Qenzo[.d] Lm da Ie--arbo ate
E)r 0\(/|qd| ng’ t E’ZE{Nodﬁct @E@@ée‘tﬂ‘ﬁ/"f%"é‘ﬁf’ B%f.“”lf‘{di"l kfﬁ/?{??é%@“‘ﬂi?z% O’E’ﬁ/ 7.67-7.64
(m 3H), 7. 6&nkért 2-phenyB6-Q(SHguinddHdin-32yId5;6/dibbHrdimidazdf,5,17. 30 (t, J = 7.5 Hz,

10 % 80 B 500 o e o ey (7

[0261] St ep EaltThaitpsoner tanar esmomig d,0n 53 28p8 b ah, EYa8PS @, 13 8wz, used to _

convert lithium 3 _

(S) - 2- (2- chl bibpaA ¢80 o 2] A4 o8 -A HE UDakBhid)y Ay Y2 £35ehdb{™] i ni dazo

| e- 7- car boxybay, @ 38058 (B, 6R),B.3boye (rh, 3 H3; 1. &-2h b oh opne MEIES B4 (n2) 373 :

qui nucl i di n- 3 % i 5, 6-di hydroi m dazo[ 4, 5, 1-j k] [ 1, 4] benzodi azepi n-7(411) - one
provi di ng he product as a pink solid: Ili NI\/R (500. MHz, Me0OD) 8

8.11. (d, J = 80Hz 1H) 796(dJ 80Hz 768762(m3|—|)

7.57 (t, J = 7.5 749%( H% 3.3 m6H)
3.27-2. 82 (anm'”% z"se&“@ age@a“f °"1P 2Y' §3‘V g‘“’vgé mz 407
(MrH) . [0262] Step F: leade?'B' Ao 1otk ia A ‘1?860‘%'% i HD-ges '% 9% was
used to convert

2- (2-chl orophenyl) - 64(S) - qui nucl i di n-3-y1) -5, 6-di hydr oi m dazo[ 4, 5, 1-

jk][1, 4] benzodi azepi n-7(4H) -one from Step E above to the correspondi ng
hydrochloride salt (white solid): NVR (500 MHz, D20) 6 8.43 (s, ‘1H),
8.16 (d, J = 8.0 Hz, 1H), WO ZO@OSSUPCT/ US2010/ 040617 - 95 - 7.94-7.86
(m 4H), #.75-7.7 (m 1H), 4.81-402 (m 5H), 4.01-3.54 (m 3H), 3.5373.31
(m 4H,(m 4H); M5 (ESI+) mz 4Q M*\gl) Exanpl e 24 - Preparation of

64(R) - qui nucl i din-3-yl1)-5, 6-di hydr ¢i m dazo[ 4, 5, 1- :

j k][ 1, 41benzodi azepi ne-2, 7( 1H, 4H) @ oc%hl oride salt [0263] Step A

The sol ution of nmethyl 3-am no-2-
[0251] Step A: To a stirred solution of methyl 3-amino-2-(2,2-

20 dimethoxyethylamino)benzoate (1.0 g, 3.9 mmol) from Step C of Example 13 in DMF (9
mL) and H;0 (0.3 mL) were added oxone (1.6 g, 2.6 mmol) and 4-fluorobenzaldehyde
(0.5mL, 4.3 mmol) and the mixture was stirred overnight at room temperature. The
reaction’mixture was washed with saturated aqueous sodium bicarbonate, re-extracted
with r;lethylene chloride, dried (Na;S0Oy), filtered, and concentrated under reduced

25  pressure to give the crude material which was purified by column chromatography (silica
gel, 5% to 100% ethyl acetate in hexanes) to afford methyl 1-(2,2-dimethoxyethyl)-2-(4-
fluorophenyl)- 1 H-benzo[d]imidazole-7-carboxylate (1.1 g, 79%): 'H NMR (500 MHz,
CDCl3) 8 7.97 (dd, /= 8.0, 1.0 Hz, 1H), 7.80 (dd, /= 8.0, 1.0 Hz, 1H), 7.73-7.70 (m,



di met hoxyet hyl am no) benzoate (0.7 g, 2.4 mmol) from Step C of Exanple 13 in
THF (23 nL) wi'th di (1Hi m dazol -2-yl)nmethanone (0.4 g, 2.6 nmol) was

refl uxed woepni/@®si72 The 10reaction m xture was washed wrPCh/USat10/0&i68T
aqueous sodi um bi carbonate, re-extracted with nethylene chloride, dried
(Na2SO4), filtered, and concentrated under reduced pressure to give the
crude material which was purified by col gnﬂ chromat ography (silica gel, 0%
to 100% et hyl acetate in hexanes) to afférd nethyl

3- (2, 2-di net hoxyet hyl )-2- - ' ,

0x0- 2, 3-di h dr o- IH-benzo[d]lmdazoIe 4- car boxyl ate (0 4 g, 60%: 1H NWR

300 Mz, 3 _ 7. ‘17

(a0, 0y g 2RV E3g0) b 2 gR A7 W00, 0 Gy =30 By B -5 ]
4. 23 ?223 ((jrer,Z]l-Hz)),32¢:853}®s338-l—3)33(31 1),6s19 (§1H); YIS PESIFBreSBMTHE sol ut i on

| X
benzo[ d] i mi U AR Bthe 58‘“?8'.‘ ﬁp"d%w’%.‘%2’%{?6?‘?‘h?"r¥e_h%?'hy| ene chloride (10
T_)S \r/1v| t _kll_hZOV\/ﬁtleopl(eBleﬂw tamb[d]ﬁwldéﬁm-_‘) cmtqu(n flex3. Atmmapirem Stapek aioucte for

r ea I ure (0]

‘53’ F£ dic F]orofefﬂarlije @ én w1ﬁ1 weﬁe 85 mg,) ?IQC{ Mgﬂ&%ﬁﬁ%‘@ﬁ& rgffé%

remove thé exXcess t1C aci ene chl ori de,
washed with stitedraatefidx &gdedud hsmdctwmnbxtoarmmamoentrat@-lm)dtlrradncedipwsvh,

e or co iRkt Wit biled DCTE 1cod dbdrl o A8 FARGRILEARGRoUN T

reduced pressure I o-
251H- benzo|[ dpadidna awmbmatle— daa'dibba;ﬂCab dilted,2ng corgéntédied uhipripdRcédbiDOssivieirq

S)IYBE? 85?425 11 %.?4 ﬁ-%/l %F%B (?rﬁ?ql]éfi‘il (%l_%%etléll)llﬁ-[ %Q"lzol‘]ﬂ:{?ﬁda ol = -c('ang)qgﬁ)z 26 (d
I(:ES]Ic +)EX rrllﬂl 2@&0(&@1—8-9%) as-a <Jdar eil: [ 2GRS @PMB2z, AhEl: i D8EEUTI), 805 &, Ve, i n Step
2-gxo- 3??12) g;i%e]t]m??y;feg h % ﬁ%l%—éggc{ﬁim[ &] t?nogléz%}il)gié &ta‘{ b(§>9]f IH) from

Step B above7and, § Ry7-5(H3, 28),805r(n@uH) el (s HH)eMSi(ByHH) sl 10(Ma#l)t o (R) met hyl
2- —

oxo- 3- (2- (qui%ad i di n-SERT Frli’erf’d?cgfj?\rf/Idfs-cﬂf’eéi-'aﬂ?ﬁ&%ﬁ%ﬁpggé%of]d Pt %azol e- 4-
5car boxyl at ecoraxg @fethyt maat fllgrdptdhyiya4(2 oneshyl)sléibango 'dhal(tamlv-éﬂ'arbokﬂaté ESI +)nl z

345 ( M+H)lt5 0[ g ﬁ'@é?sptl??%ve ra@({] ﬁ%—? ra%qgo%ld{ngcl%?nsecdrlhygrochlondeﬁoe(\g metRyl 2":(>518‘erI € 13

was used
2- ox0- 3- ( 2- (QUompllmlnylohlr{2-3qlyxht&hmnd)ﬁarhmb))ethzl)afﬂbdnymidm&ibbﬁﬂi@@nb])xmatdazoI e-4-
carboxylate from

(qui nucl i di n- e’;‘fe{} %‘Fﬁ 8’faf'11e \V/V)(zais t%%gla%j Flso ‘r'%' Ih?lé @ériﬁ)o'f/gfléfﬁ%gg)ol e- 4- car boxyl at .
e: M5 10 (ES[oRs4n z Z%p(MHI)le p{cﬁé{&?ﬁ] (ﬂsepbeEm SkereG pf Beanaple €3 deswed ved i n
oL M o SRR e RS A ot
20  benzo[d]imidazole-7- carboxylate from Step C above to lithium (5)-2-(4-fluorophenyl)-1-
(2-(quinuclidin-3-ylamino)ethyl)-1H-benzo[d]imidazole-7-carboxylate: MS (ESI+) m/z
408 (M+H). . |
[0255] Step E: The procedure described in Step H of Example 13 was used to
convert lithium (S)-2-(4-fluorophenyl)-1-(2-(quinuclidin-3-ylamino)ethyl)- 1/-
25  benzo[d]imidazole-7-carboxylate from Step D above to 2-(4-fluorophenyl)-6-((S)-
~ quinuclidin-3-yl)-5,6-dihydroimidazo[4,5,1-jk][ 1,4]benzodiazepin-7(4 H)-one: 'H NMR
(500 MHz, CD;0D) & 8.02 (d, /=7.5 Hz, 1H), 7.95-7.90 (m 3H), 7.44 (t, /= 8.0 Hz,
1H), 7.40-7.34 (m, 2H), 4.64—4.44 (m, 2H), 4.40-4.20 (m, 1H), 3.96-3.66 (m, 2H), 3.20—
3.08 (m, 2H), 2.98-2.82 (m, 3H), 2.32-2.10 (m, 2H), 1.94-1.60 (m, 4H); MS (ESI+) m/z
30 391 (M+H).
[0256] Step F: The procedure described in Step I of Example 13 was used to
convert 2-(4-fluorophenyl)-6-((S)-quinuclidin-3-y1)-5,6-dihydroimidazo[4,5,1-



benzo[ d] i m dazol e- 4- carboxyl ate from Step D above to

64(R) - qui nucl i din-3-yl)-5, 6- '

di hydr oi mvOaaajus®21-j k] [ 1, 4] benzodi azepi ne- 2, 7( 1H, 411) Pdirarseo100B6dESI +) m z
312 15(M+H). [0268]Step F: The procedure described in Step | of Exanple 13
was used to convert

64(R) - qui nucl i din-3-yl)-5, 6-di hydroi m dgio[ 4,5, 1-jk][1, 4] benzodi azepi ne2, 7(
1H, 4H) -di one from Step E above to the cdrrespondi ng hydrochl oride salt

(of f-white solid): "H NWVR (500 MHz, DMBO-d6) 8 11.19 (s, 1H), 10.14 (s,
1H), 7.58 (d, J = 8.0 Hz, 201H), 717dJ—75Hz 1H), 7.10-7.07 (m

1H) . 4.72-4.7 2.30 ()
1t|)|), b a1 A %me“?%“ep%é(?‘ﬁgf’ f“ﬁﬁ‘mswﬂ%bf’iﬁ'r‘é)zhe @TZ%I%'"%@‘“"C%}O?’% wion
of  64(S) - qui sultqvhité 0liB): JEL NMR asodwmyijmmmazam BHY,-8.08-8.03 (m, 3H), 7.76

J k][1, 41benzodj a ' 411 dr,och -
fromStep B }E@Hﬁ @ﬂlg)gé']?ggo )Zfl? 4%—%34%6&% Juﬁl_ gﬁﬁ'aagdf)@g&&éﬁ‘l oride
to (S)-nethylm,3H),2.60-1.96 (m, SH); MS(ESI+) m/z 391 (M+H).

2- 0x0- 3- (2- (qui nucl i di n-3-yl am no) et hyl ) - 2, 3-di hydr o- 1 H benzo[ d] i m dazol e-4
- carboxyfate, except that 1,4-dioxane was used as the solvent: M

(ESI +) M z 34Bx4ifER3 - [FoepHthdegr 282-chiveopliiecagh-dL((H-qaenclidinedyl)-8,65t ep G of
Exanpl e 13 was used t dilydedsimédatzo[43)jkfll Aenzodiazepin-7(4H)-one, hydrochloride

2- 0X0- 3- (2- (qui nucl i disa1t 3- yl am no) et hyl ) - 2, 3-di hydro- 1 H

benzo[ d] i m dazol e- 4- car boxyl ate from Step A above to |ithium

(S)-2-o0xo0-3-(2-

(qui nucl i di n-3-yl am no) et hyl ) -2, 3- @dro-l H benzo[ d] i m dazol e- 4- car boxyl at

e: M5 (ESI+) mz 299 (MtH). [0271] p C The procedure described in Step H

of Exanple 13 was used to 10converg.JYThi um

(S) - 2-0xo0-3-(2-(qui nucl i di n-3-yl am no) et/hyl ) - 2 3-di hydro- 1H

benzo[ d] i m dazol e- 4-car boxyl ate fr 3

64(S) - qui nucl i din-3-y1)-5, 6-

di hydroi m dazo[ 4, 5, 1-j k] [ 1, 4] benzodi azepl ¢-2,7(1H, 4H) - di one: M5 (ESI+) mz

312 (M+H), [0272] Step D The procedure described in Step | of Exanple 13

was used'to l5convert

6- ((S) - qui nulZPdi n- 3- Piep-As Meth! Aypaing-T &g Behosythylgpin9oaBuR SB8i™ epi ne-

(Z\A;(lH 4H|) glzom.anélmmSte@m & BhpprR 11802 tém@roseil&megwpwoomg\ghwsmml)amude H)salt
ite soli . s, | 10.14 (s, 1H),

7.58 (d, J= f@ow‘\a'r i'ﬁées “‘fr%'"&ﬁm m ehyjer °r§&>f'%i¢‘wﬁ>ﬂ‘i%?%iemefeﬁwe fﬁd,

4.72-4.70 (Wh TcH)ns nﬂxté&-v@as39de@%d03h|)zene31 Rdiacetatd (1026 g, 39 mn2ol Bdhd2he30 (M 1H),

+
1.94-1, 7?5 reactl n mlxture vlvzasslhe temextemaﬁteglperlz;pure = 55 °C) for 10 min. The reaction was

quenched with saturated aqueous sodium bicarbonate, 10% aqueous sodium thiosulfate
and ‘pH adjusted to 8. The organic phase was extracted with methylene chloride, washed
with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure.
The crude material was purified by column chromatography (silica gel, 3:1 hexanes/ethyl

20  acetate) to give rﬁethyl 2-(2-chlbrophenyl)—1-(2,2-dimethoxyethyl)—lH—
benzo[d]imidazole-7-carboxylate as a brown oil (275 mg, 38%): 'H NMR (500 MHz,
MeOD) $ 7.91 (d, J= 8.0 Hz, 1H), 7.82 (d, /= 7.5 Hz, 1H), 7.66-7.60 (m, 3H), 7.56 (d,
J=175 Hz; 1H), 7.40 (t, J = 7.5 Hz, 1H), 4.28 (t, J = 4.5 Hz, 1H), 4.27-4.08 (m, 2H), 3.98
(s, 3H), 3.12 (s, 3H), 3.09 (s, 3H); MS (ESI+) m/z 375 (M+H).

25  [0258] Step B: The procedure described in Step E of Example 13 was used to
convert methyl 2-(2-chlorophenyl)-1-(2,2-dimethoxyethyl)-1 H-benzo[d]imidazole-7-
carboxylate from Step A above to methyl 2-(2-chlorophenyl)-1-(2-oxoethyl)-1H-
benzo[d]imidazole-7-carboxylate, providing the product as a red liquid: '"H NMR (500



20 Exanple 26 - Preparation of 64(S)-quinuclidin-3-yl)-5,6-di hydro-1H
[1,2,5]thi adi azol o[ 4, 3, 2-j k][ 1, 41benzodi azepi n- 7(4H) - one 2, 2-di oxi de,

hydr ochl owDde11gmbi72 25[ 0273] Step A1 To a stirred sol uti @oTAfS2010/040617

2-chl oro-3-nitrobenzoic acid (1.0 g, 5.0 mol) in anhydrous nethanol (10
m.) at 0 C was added thionyl chloride (0.5 nm, 7.4 mml) dropw se and the
reaction mxture was stirred overni ght reflux. The m xture was dil uted
wi t h met hanol and concentrated under reédlced pressure to renove the excess
- 98 - thionyl chloride. The residue was then re-dissolved in ethyl
acetate, washed with saturated aqueous sodi um bi carbonate, re-extracted

w th ethyl e n rg
reduced preglg[u e&§8'385\?e r‘dgé%%@(gﬁ{ q{f irjllfl)t’g%gé?ﬁ?oa (ghf tl'@ &3% as a
whi te foam thdy 7vag, Lused leanlr)e 30¢K I =St Celpz, WHD,BORUL (s,f 30 e (s _aH)t MScat i on:
DY IRMEBRRD 5 0 <L 5 P 80 (8% 5

: , 3. S, . : e . To a
stirred soI ups9] of mstepyd: ﬂm(pkdcedube&scrﬁﬁeﬂmb&e;zﬁafExe(niplellagwamgitmml) from
Step A abpve in THE (33 S trie m (0. 8 ,_ 6.0 mol -
f ol Fowed %y Pnye rbli"ﬁ@& lﬁdggy?%%%‘\g‘%ﬁﬂqgg'?%ﬁ’.‘ofhﬁ’fbgwfige@zm%’)daﬁgﬂemf'(%rﬁ?’fyéaﬁ%er ;t ure.
10The react i fhomSteptBist@vo @R d(S'I (&8 Bexdmmctl;ernnélgiline datydrofeﬁlbtjcte tansh- rtuhbyi 2t(Re I
suspensi on C e u redu rial was
purified bym%'@?rﬁﬂ’r‘? @E %S%&‘lu&jﬂc ‘gﬂﬁ ! f"i%gtgylgé e65/0 fl]bm'ri]ﬁ@o? J(!ﬁ rPoxé/cgef ate in
hexanoes? t o gbliamg tetrbduct a3-a(ligh@pinidipagmet hDNym(hyd) s_quno))c&) mso:opemzoate (1.4
Um 209 6. 680 (e 19 2o i Hegt g Bl S vy T s Wars O B0 () 3y
ol ut 1 on' of %;é‘;?? mﬁi”igfﬁﬁﬁ&@ggﬁgﬁbxgﬁ?ggg‘:‘r?@%zzgmwged 47
mol ) from St&p2B24Botd) 20t Waiibh PHY 3¢ /it 2rpéPa &és addéd
10@6pal!adlunmgmnqasbgm+)ﬁﬁhydquam bal | oon mas then attached and the
suspensi on roomte 20 reggtlon

mi xture waswgﬁp telr ;(rje Fﬁp 'gﬂ!e gqt’cleg%e drariegiie tﬁP ?t#@%é'a@gi? VERHIE&Y pressure
to give net hydnvé?n @ity 22 ( 2cRordpimgathaxyeqhiylcagino)henspayp-1EL. 2 g,
ggagt Iot a : pg;xzo[gij%ga?qi%7 %grrngpﬁ%éjfrgmftqqié_ﬂ\éokﬁ o%éhny%/'—%)[ %&rgpﬁ% WY 06 (d,
6.06 (t, J —(27(.q5|nhﬂl.dm13‘-|)/1am4no$e4h)(l)§1H-3b‘l)zo[dz]m3c&zélb 7 chrboxfad, gidvididghhe 3. 80 ( S,
?mi-l) 3. 23 ( Sprogllj_cl,)t as zf’wf(\)l?e s(oﬁ((i:I 1HJN_MR (500 I\?[HZ MeOD) 67— 64((518!3 ; 7%{2% 35 254
8.0 Hz, 1H), 7.55-7.51 (m, 2H), 7.30 (t, /= 7.5 Hz, 1H), 4.80-4.20 (m, 2H), 3.10-2.75
(m, 2H), 2.74-2.23 (m, 7H), 2.22-1.96 (m, 1H), 1.85-1.46 (m, 3H), 1.45-1.20 (m, 2H);
20 MS (ESI) m/z 425 (M+H), | |
[0261] Step E: The procedure described in Step H of Example 13 was used to
convert lithium (§)-2-(2-chlorophenyl)-1-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-
benzo[d]imidazole-7-carboxylate from Step D above to 2-(2-chIorobhenyl)—6-((S)-
quinuclidin-3-yl)-5,6-dihydroimidazo(4,5,1-jk][1,4]benzodiazepin-7(4 H)-one, providing
25  the product as a pink solid: 'H NMR (500 MHz, MeOD) 8 8.11 (d, J=8.0 Hz, 1H), 7.96
.(d, J=8.0 Hz, 1H), 7.68-7.62 (m, 3H), 7.57 (t, J= 7.5 Hz, 1H), 7.49 (t, /= 8.0 Hz, 1H),
4.91-3.37 (m, 6H), 3.27-2.82 (m, 5H), 2.25-1.97 (m, 1H), 1.92—1.19 (m, 4H); MS (ESI+)
m/z 407 (M+H). ‘ .
[0262] Step F: The procedure described in Step | of Example 13 was used to
30  convert 2-(2-chlorophenyl)-6-((S)-quinuclidin-3-yl)-5,6-dihydroimidazo[4,5,1-
Jjk][1,4]benzodiazepin-7(4 H)-one from Step E above to the corresponding hydrochloride
salt (white solid): "H NMR (500 MHz, D,0) & 8.43 (s, 1H), 8.16 (d, / = 8.0 Hz, 1H),



[0276] Step D: A solution of nethyl 3-am no-2-(2,2-di net hoxyet hyl am no)
benzoate (0.5 g, 2.0 mmol) from Step C above and sulfuric diamde (0.2 g,
2.4 ol )worrodiogsyrae (2 nl) was added to boiling di gl ymeCtasatip/odicopw se
and continued to reflux for 35 min. The flask was cooled to room
tenperature and the solvent was renoved in 30 vacuo. The crude reaction was
purified by columm chromatography (sili o gel, 0%to 100% et hyl acetate in
hexanes) to afford nethyl I '

3- (2, 2-di met.hoxyet hyl ) -1, 3-di hydro2, 1, 3- benzot hi adi azol e- 4- car boxyl ate

2, 2-di oxide (0.2 g, 27% 1H NWR (500 MHz, .- 99 - DVMsO-d6) 7.08 (br s,

1H), 6.59 (d H) Jan8, 0, Rz, 46, {dd, J =
6.0 1.5 Hz, 934%63 i”? 75’5H;72é" "Hz‘”a 6? (m34h: 43! ou (31D, E@?% 3,74
(s, 3H, 3. 1€tn (45H) B5Y-2.1R 0B 7AH)SMSEBl+) T4 @MtH)on of net hyl

3-(2, 2-di met hoxyet hyl ) -1, 3-di hydro-2, 1, 3- 5benzot hi adi azol e- 4-car boxyl at e
2,2-dioxide (0.2 g, 0.5 mol) from Step D above in nethylene chloride (10
m.) with wat Exarifle3#t) Rraphrhtiod ofifo@(Brgenididicd-ol)I0-Bihgdjoimaze{#iSilred at room
tenperatufe for 3.5 hjklTidberzadiazepinerd, k(1 Hidd)whenechydrecitloradeesdltunder reduced
‘pressure and dried overni ght under high vacuumto renove the excess
trifluoroacetic acid, providing net

3-(2-oxoethyl)-1, 3-di hydro-2, 1, 3-be hi adi azol e- 104- car boxyl ate
2,2-dioxide (0.2 g): IHNVR (500 MHz, Od6) 8 9 56 (s, 1H), 7.42 (dd, J=
7.5, 1.5 Hz, 1H), 7.19-6.99 (m 2H)o 7’%( 3.78 (s, 3H). [0278] Step
F. The procedure described in Step F f arrpl e 13 was used to convert

met hyl 3-(2-oxoethyl)-1, 3-di hydro- 2, t hi adi azol e- 4- car boxyl ate 2, 2-
di oxi de from Step E above and (9)-(- i noqui nucl i di ne di hydrochl ori de-
to (5)- 15nethyl

3[ 2- (qui nucl 3-yl am no) dr a- benzot hi adi azol e- 4-

car boxyl at e E’qéﬂdl oxi %ée‘p’} | fhel\%’/é][ (’%6%"7\5{1?2% W?ﬁ%? 8 11.43 (s, 1H), 9.61
(s, 1H), 7. 4Bin{ethoxyethyldnifo)benzodte0.7 &,.226mindl) frdm=St&p O oFBxanidt) 13 iA. THF(Z309 (m
1H), 4.95-4.9 . , ( 38 0279] St ep
G The proceﬁépg%gétpﬁ”ﬂ@azqﬁ %&%%%&Eﬁ%@%wms&ﬁ%@%‘g@ @bnvert
(S)-nmet hyb 3fedet{onuhinmued wadi waskedyw icnsatueatet davddus aqd&nﬁlbhyrﬁmcntez relexBracted

?g‘ Zgzgl adi azg tL ?neAhyFe%g Qlﬂo%cleactirned%NaQS%‘; O)filltgrgd faB conce gted ung) ?\{eeduge% lithium

(qui nucl i di npﬁss)afeamgrve)le:tdmdb]malera} dhikly daoputifitd By baamntivbmaiogaphyesdiecar boxyl
ate 2,2- di O)g(elzld(ﬁ/B tol\%OQ/E%Lyl acetate m‘?hexang wmfford methyl 3-(2,2-dimethoxyethyl)-2-
oxo-2,3-d|hydro-IH—benzo[d]lm1dazole-4-carboxylate (0.4 g, 60%): '"H NMR (300 MHz,
15 DMSO-ds) 5 11.29 (s, 1H), 7.30 (dd, J= 7.8, 1.2 Hz, 1H), 7.17 (dd, J= 7.8, 1.5 Hz, 1H),
7.05(t,J=7.8 Hz, 1H), 431 (t,J = 5.4 Hz, 1H), 4.23-4.22 (m, 2H), 3.85 (s, 3H), 3.18 (s,
6H).
[0264] Step B: The solution of 3-(2,2-dimethoxyethyl)-2-0x0-2,3-dihydro-1H-
benzo[d]imidazole-4-carboxylate (0.4 g, 1.4 mmol) in methylene chloride (10 mL) with

20  water (3 mL) and TFA (3mL) was stirred at room temperature for 1.5 h. The reaction
" mixture was concentrated under reduced pressure to remove the excess trifluoroacetic

acid, diluted with methylene chloride, washed with saturated aqueous sodium
bicarbonate, re-extracted with methylene chloride, dried (Na;SQ,), filtered, and
concentrated under reduced pressure to give methyl 2-0x0-3-(2-oxoethyl)-2,3-dihydro-

25  1H-benzo[d]imidazole-4-carboxylate (0.2 g, 61 %): 'H NMR (500 MHz, DMSO-ds) 8
11.43 (s, 1H), 9.61 (s, 1H), 7.45 (d, /= 8.0 Hz, 1H), 7.26 (d, J=8.0 Hz, 1H), 7.12-7.09
(m, 1H), 4.95-4.94 (m, 2H), 3.79 (s, 3H); MS (ESI+) m/z 234 (M+H).



[0280] Step H: The procedure described in Step H of Exanple 13 was used to
25convert lithium (S)-3[2-(quinuclidin-3-ylamno)ethyl]-1, 3-di hydro-2,1, 3-
benzot hi asDasolwssy2car boxyl ate 2, 2-di OXI de from Step G RODTNS2210/040617

64( S) qU| nucl i di n- 3-

yl)-5, 6-di hydro-1H[ 1, 2, 5] t hi adi azol o[ 4, 3, 2-j k] [ 1, 4] benzodi azepi n- 7( 4H) - one
2, 2- d| oxi de: Ms (ESI +) mz 349 (M+H). %ggSl] Step I: The procedure
described in St ep | of Exanple 13 was used to 30convert
6((S)-quinuclidin-3-yl)-5,6-di hydro-1H41, 2, 5]t hi adi azol o[ 4, 3, 2-

] k][ 1, 4] benzodi azepi n- 7(4H) - one 2, 2-di oxide from Step H above to the

o ahe" SRR ool el bt S LR PR, o

2H), 4.66-4. %vémem[ﬁ)z -0xb-B2-dxdBthiyR2, 31dH)1ydr@-1§5>en®[¢ﬂ®m©aqole24-l}qrb®(y%@—3 65 (m.

2H), 3.52-3. <3, m AH: . 7-1. 80
200053 e By R by BBl Qe 271150 (
6- (4- et hoxy@mzyzloquzmclcgm -Brivbaiiink)ethyl)-9 3 reltyldya- ) - bmzs[aa:nﬁdazetwa

hydr o- 1H- az ePArQ&E{B 1 )% n,cgq.%] (195 lanORGs &l¥5’§ aehl oy, hp?{/# oﬁnSlt?lm/z 345 ).

[ 0282] Qui huc anam ne was syn hesi ze nucl
10car boni tri [0366Glccor d|Snag D:oThe mmydmédscnmdhmatep%ﬁ@ambiedéma@nsehll@o WO

09/ 921855, Wbl LD Mt 0%xbBA3 é@fh@c}iﬁq DY FHRISNCEs b mé@m(gnt irety).

[ 0283] St ep tion of g, 57.1
ol ) was adblmzlos’bnhdamlhydanbdal(tﬁO%ﬂcﬁtm@atmvgrpllthlum(ﬁéfi@kmjr(lz (5.7 g, 142.8 .

I DVF h
ol ) 1 VP GRARITEY i TIS BRIR A AR L00GL, A gRosphere
g, 68.5 nfrol JEShOmL 89T @AbtY). ammoni um i odide (3.2 g, 8.6 nml). The resulting
m xture contipusd Lo Sfdofe ML HORID AR ARCEME dFRdahC T OUM LamRer at ur e

and stirred 2.5 h he mXlure was quenc aqueous anmmoni um
chl ori de (20€onvtr} lithnuh @R12r@xote@-(@iinheldined-mpnireddie)- ngmyé@elffﬂ_) The

combi ned or gg‘é”zg[dhiﬁl)/a%;ae-%lér%om&g]?rgmvgtéprb %Jv@?o é;g(Rﬁ(-q&Q\chimTll3-yl)-5,6-
dihydroimidazo[4,5,1-jk][1,4]benzodiazepine-2,7(1 H,4H)-dione: MS (ESI+) m/z 312
15 (M+H). '
[0268] Step F: The procedure described in Step I of Example 13 was used to
convert 6-((R)-quinuclidin-3-yl)-5,6-dihydroimidazo{4,5,1-jk][1,4]benzodiazepine-
2,7(1H,4H)-dione from Step E above to the corresponding hydrochloride salt (off-white
solid): '"H NMR (500 MHz, DMSO-ds) 8 11.19 (s, 1H), 10.14 (s, 1H), 7.58 (d, /= 8.0 Hz,
20 1H),7.17(d,J=17.5 Hz, 1H), 7.10-7.07 (m, 1H), 4.72-4.70 (m, 1H), 4.44-3.39 (m, 7TH),
| 3.27-3.17 (m, 3H), 2.31-2.30 (m, 1H), 1.94-1.75 (m, 4H); MS (ESI+) m/z 313 (M+H).

Example 25 - Preparation of 6-((S)-quinuclidin-3-yl)-§,6-dihydroimidazo[4,5,1-
. jk][1,4]benzodiazepine-2,7(1H,4H)-dione, hydrochloride salt

25
[0269] Step A: The procedure described in Step F of Example 13 was used to

convert methyl 2-oxo-3-(2-oxoethyl)-2,3-dihydro-1H-benzo[d]imidazole-4-carboxylate



20dri ed (Na2SO4), filtered, and concentrated in vacuo. The crude materi al

was purified by colum chronmatography (silica gel, 5 to 20 %ethyl acetate
i n hexanes,20wosi7di ng nmet hyl 1-(4- met hoxybenzyl) - 1H i n#crarssds0ani@oxyl at e
(16.6 g, 98% as a pale yellow oil: NI\/R 8 (500 MHz, CDC13) 7.90 (d, J =

10.0Hz,|H),7.49(d,J=10Hz 726725(m|H),7.20(t,J=
10.0 Hz, 1H), 7.16-7.15 (m | H), 704H§?9 = 10.0 Hz, 2H), 6.82 (d, 25J =
10.0 Hz, 2H), 5.29 (s, 2H), 3. 98 (s 3.77 (s, 3H): M (ESI+) mz 296

(MrH). - 101 - [0284] Step B: Phosphorus oxychloride (7.74 m, 84.6 nmml)
was added slowy to ice-cold DVF (200 nL) and the resulting m xture was
stirred at 0.C for To, this m.xture was .added on.o rrethyl

1- (4- net hoxyggrﬁzs%f)gli&xlaﬂ]&gl Ig-aﬂg@ﬁﬁ%wgf)%m?%g&@e% %%‘H’jf) g Trom Step A

above in DI\/FméthSLDDO)(d:)-(Za@}dmbﬂ&hrWB-)ytauﬁl&))Mh)E) 3,Bidilydch- Bi-benz3[dfimideheledeact i on

m xture was poured into el.water m x jMsted to 7
by adding 1 %Mte 'fﬁzgptam %u({ﬁ%f(a\/\%wase%f%%ftﬁeeﬁ)lven{E&&sl%& ?{ya(y@ 3 x 500
nm.) and the famli ned (Steg)ahffhelpagcedlsedBmebed/ansﬁedeuﬂEhampibeB wadlused R60 L) and
brine (4 §( 23 onvgrlt' S.?.methe/?g g(l\%-g?-?\}laﬂc ldlnge;lgn%h?)%&él)%%n& c}r”ﬁ-led under

reduced pressur rude 0)7 S
chr omat ogr apbgnzé[elimjdazaedicatberhax &nm§tep2®aboyeaﬂ%1utrdS}a2 bm a (IFet hyl

3 tormy- 1 (IR REXY BRI AR E: M GRLAREH aLsy lc%m?xgge%‘@ s an

(dd, J=10 (ESID).MzB9 (MH)), 7.55 (dd, J= 10.0, 50Hz lH) 730 t, J=

(s, 21y, 3 o0 “aty 5 G P grocfy Aleinalaeh B orbimg® R osdl] 050575 o

- C To a 40’8 @rwamhrhdmsu&@emsndﬁ (qdml(chémlfﬁoydymmb}ch))tZSi pihpdrgdlphosphoni um

chlorlde(35 Let rahvdrof ) ). was, careful ly
added a sol’ u |on az‘i—fﬁ?l?)légﬁxyq rﬂmﬁﬁf?@itt%%)a@ng?) %@@%Alﬁﬁ) g:’ghe
resul ting dadllhydrexmndlazx[mﬁr,bjk\}{IaS]lqudraednimz,7(4ﬂ,4@)fdmne3ﬂ8 MESIH) &G 3ihi s was
added a solu ﬂ of nmet hyl

3-fornyl-1-(4- hoxybenzyl)-ll—i—i ndol e- 4- carboxylate (16.7 20 g, 51.7
mml ) from St()epJZIB abowepiln Tletpradegate désaribad is Sepdl pf Brachplh wasysed te vvas

chi or i de'{ 200ES SRR SE P CHRRE G52 4REHERH RSS! 1T

conbi ned or gl 4ydors frver StepEsihedt twtltehotxcspnlailr(g‘zhyﬂr@ﬁk@ﬂdld_S)alt (ehiteed

(Na2SO4) , f||t e e C t f Lo (17.4
o 960 Thesdt LTS Y Sogmh T Byt it By L o sata 5 1

25 30% et hyl 1HEet1ayd Ji=7.helxars).10-0. Oaf(fnorlﬂl) 4azm mt(ur eHYM.4453.79 ety |

3- (3-net hoxyal,Ly1)-1- _(4-net b Y i nd hyl (17.4
g, 96% as a(}aZT%?v&’ Pgengl_ﬁﬁ%&?ﬁﬁ%uﬂ%‘ i‘?gfe’t%;hlyé ? ﬁ?é"?ﬁ(@é@% and I N
hydrochl @ei c aci d (100 m_) was added to the pal e yel I ow oil (11.0 g, 31.3
mmol) and th reslulzi5 Fa5| _tlle“?ch m3hﬁ%6e qu for 1 h. The
e ves ERFERCHo ol %f%*’? TR i e

) - g . Blo p ra e I ne X
m.), dried (Na2SO4), fhly sred and concentr at ed in vacuo The crude

material was purified by col um chro ography (silica gel, ethyl
acet at e/ hexanes: 10/90-40/60) to affi met hyl

-

ONW
N O

7
I\\

N

H

25 [0273] Step A: To a stirred solution of 2-chloro-3-nitrobenzoic acid (1.0 g, 5.0
mmol) in anhydrous methanol (10 mL) at 0 °C was added thionyl chloride (0.5 mL, 7.4
mmol) dropwise and the reaction mixture was stirred overnight at reflux. The mixture

was diluted with methanol and concentrated under reduced pressure to remove the excess



- 102 - 1-(4-nmethoxybenzyl)-3-(3-oxopropyl)-1Hindol e-4-carboxylate (16.7
g, 93% as an off-white solid: Ili NMR (500 WHz, CDC13) 8 9.82 (s, 1H),
7.77 (dd,wo0=20m0085725. 0 Hz, 1H), 7.47 (dd, J= 10.0, 5.0 PeT/usk)1o/0f06ld (t, J=
10.0 Hz, 1H), 7.12 (s, 1H), 7.05 (d, J= 5.0 Hz, 2H), 6.84 (d-, J= 5.0 Hz,
2H), 5.25 (s, 2H), 4.00 (s, 2H), 3.90 (s, 3H: 3.77 (s, 3H); 5 M5 (ESI+)
mz 338 (MrH). [0286] Step D: To a sol uk/ggn of qui nuclidi n-4-yl net hanam ne
di hydrochloride (433 ng, 2.0 mmol) in H (20 nL) at room tenperature was
added sodi um net hoxide (25 wt%in MeOH, 0.9 m., 4.1 nmol) dropw se. The
reaction mxture was stirred at roomtenperature for 1 h and then gl aci al

acetic acid ‘ho 31 Jﬁl’dndé zl‘hgv&gldl:e %?@gggzﬁgglge&Q%%%‘ £c%la %%aéh@g \'@53' city of

the m xture. I um cyanobo fol | oned
by methyl 1- Qaduruted tmucytben@ym)badBFb(oaatgxc}exthyleyl MtH-etth@Ie@Mer(Ue»S%ht e (691

Mg, 2.4 mol blt&éa"%féq%@e{nﬁat%@%}{? !re’?iu Wg)tés&@?to'ﬂr\)e mﬂg}ﬁ% ﬁ%%u énz:?%]t!e”e‘j at

room t enper at ure s conpl®ete
reaction m x¢turg %%s)as:a)whleentbmattl@dwaa\bsdmbb@n@mtcp mtlhquwlr@eﬂ purifipatiopuri f i ed

b I h t
' CK| g?l gg?rr;t L}gw]?%oncenﬁ’bﬁ é%fﬁgzl’%l ur%whglgr@%kll%)é?'oz gd a chrsd1 rsrthzhw)
1- (g me]t h;)xylbéhttydlli83|P(221K1ha|9rilﬂsl3ﬁdl n- 4-yl net hyl am no) et hyl ) - 1H |6ndolje ?

oxyl at e ol our

51 re gry, (PG (o SERBCaa il b EEy s o AR 6 O
6.84 (d, J —48n0n¢41)zfrorﬂla)e,p Apat®ye (sTHREP mI3 ve8 added trgithylar@ng @ .§ mL, @O-I) 3 13
(t, J= 7.2 0 (ot cobrr
2.44 (s, Hﬁ’“‘f%%”"‘%d%? z(ztd/mémﬁfgyeﬁgﬁ%"m?@ 'Eé 62? ﬁﬁ} O 15 M?r'ﬁ% 5%0287] St ep
E Am XﬂQJI‘ eThd remmhymxtmne(ws mmmzwgﬂ@a(@ﬂ(eqmeﬁumenmwa-

| met hyl am - t . f St D
Yoove and | | PHECTRASL Lt RO 68 PR Gurhe g Rt by Bl 7O Step
t et rahydr of uclanmmgreth((SldJcazgﬁan% to: 10yo wa)d agettdty indhgxanes)tedfifard merwl 2-(2. ke
reaction wasg %m}yéﬁnmmé?% HfonchBSuedlde B%Wﬂﬁ Wﬁw@c}mqﬁusbe&%ed

pressure to give oxyben
(qui nucl i di n839 ¢l hﬁﬂﬁﬂ?&hﬂh@)(}ét—&% §m, 2HD, bt d=B-¢ HepldRy4 -84 6, Es58 Hehi t e

019 (518 T SN A AN e 2 (60 R0t
(s, 1H), 3.78208, 3H) St Q:3Tq an argonpupgyd sgjutipn ofm)hyl 2(B% (t, J= 7.0 Hz, 2H),
2.77 (t, ‘_]: Zin%tﬂd%yet@gmmg)-3391tr(>§enzgd_g (1.41g,§9 n(rﬁol) ﬂrbhw 'Step B above in ethanol
(50 mL) at room temperature was added 10% palladium on carbon. A hydrogen balloon
was then attached and the suspension was stirred overnight at room temperature. The
20  reaction mixture was filtered through celite and concentrated under reduced pressure to
give methyl 3-amino-2-(2,2-dimethoxyethylamino)Benzoate (1.2 g, quantitative yield) as
a dark red oil: '"H NMR (300 MHz, DMSO-de) & 7.06 (d, /= 5.0 Hz, 1H), 6.85 (dd, J =
7.8, 1.2 Hz, 1H), 6.74 (t, J = 7.8 Hz, 1H), 6.06 (t,J = 7.5 Hz, 1H), 4.84 (s, 2H), 4.38 (t,J
= 5.4 Hz, 1H), 3.80 (s, 3‘H), 3.23 (s, 6H), 3.04 (dd, /= 7.2, 5.7 Hz, 2H); MS (ESI+) m/z
25 254 (M+H).
[0276] Step D: A solution of methyl 3-amino-2-(2,2-dimethoxyethylamino)
benzoate (0.5 g, 2.0 mmol) from Step C above and sulfuric diamide (0.2 g, 2.4 mmol) in
. diglyme (2 mL) was added to boiling diglyme (5 mL) dropwise and continued to reflux
for 35 min. The flask was cooled to room temperature and the solvent was removed in
30  vacuo. The crude reaction was purified by column chromatography (silica gel, 0% to
100% ethyl acetate in hexanes) to afford methyl 3-(2,2-dimethoxyethyl)-1,3-dihydro-
2,1,3-benzothiadiazole-4-carboxylate 2,2-dioxide (0.2 g, 27%): 'H NMR (500 MHz,



1.31 (t, J =7.5 Hz, 6H; M5 (ESI+) mz 448 (MtH). - 103 - [0288] Step F:

Li t hi um 1- (4-net hoxybenzyl) - 3-(2-(qui nuclidin-4-

yl met hy| awDreo)1etokyz2) - 1H i-ndol e- 4- car boxyl ate (845 ny, 1pr@Truseéip/oficeem Step E
above in THF (30 nmL) was cooled in an ice bath while

N, N-di i sopropyl ethylam ne (1.8 nmL, 11.2 nmmol) was added, followed by

1- pr opanephosphoni ¢ acid cyclic anhydri (T3P; 50 5wt% in ethyl acetate; 7
m., 11.2 mmol). The reaction mixture was stirred at roomtenperature until
the reaction was conplete by TLC (30 mn- 1 h) The m xture was
concentrated and then pur|f| ed W|th " SOLUTE(r) SCX-2 columms to give 6-(4-

met hoxybenzy,]_)}lvls% QS%I-?Q)% ?ﬁhﬁl Xl FEL, ryg() (14??1% 4H? 65}% 9h¥&{%ﬁj i no[ 5,4

, 3- cd] i ndol one’as a §O|Id

CD30D) 8 7. 781d1.0(=(60 DﬁPﬁ. Gﬂ-liﬂltl-l)' 51)15721HQ6821¢J7=80HZ 2@%974%.216%7 15 (m
2H), 7.11 (dg3J786H 2H), 6.83 (d, J= 8.7 Hz, 2H), 5.29 (s, 2H), :
3.90-3.72 (] %ﬁ) 5 o5 (t, J= 4.2 Hz, 2H), 2.90 (t, J= 7.5 Hz. 6H). 1.62
(t, J= 7.8 HP278H) ; I\/Stﬂ(pESﬁ*)e spiugionl GOt BY(2,2{dr28B)*3ebp)-G3-dihydro-2,1,3-

6- (4- Met hoxy i dibn-d- yh)- : .
tetrahydrg lﬁﬁaé%%?'ﬁ% lé?%@ggﬁt??\’goﬁqx):@egﬁgg( bé nﬁngo}) 'go.rg?e&%ﬁov? rom St ep F
above was 15diethgisheedoride (10 @5) Withi@hter ( rOHBOR rifidraoricanid(@b ed-)wvader reduced
pressure to %r}/?)aﬁl?ozn tarp%erat re or35h he r aﬁtl?rsmlé(tu:s)e ﬂas concentrat,

(4- net hoxybenz uc In tetr ﬁy'(:ﬂo 1H azepi no[
5,4,3- cd]i nobdgceﬁpms:rhyrd!rdwhbmm@bt tangerémghmamems@lrcrdo(el& agess100%9 : NMR (500

g/ljzg gDng D) E{&ﬂzo%)%ief(:? dld ;30\7 %é%ﬁé‘zhyl’]'%-o%gé\gﬁ(l% dltl}jdrg %ﬁgwﬁ?zdt%m% 22 (E
2H), 4. 0003, FQaibaxylqeR.2-dx3B (20 (:, HINMB (S00HAHZEPYISOSIDHO.66 (s, D), 248 o, 2H),
éi‘ 98 (t, J= %40,H2,5 O5hi, M ¢5Sl6do (M 214301 (MsH) 3. Fx@mlye 28 - Prepar ation
2- (qui nucl i di0378} y| metStepl B: -ThePraredure descrbeddn Sten Faf Bwimpd¢ 53 wasdusediloi ndol - 1- on
e hydrochl or chR'ert methyl 3-(2-oxoethyl)-1,3-dihydro-2,1,3-benzothiadiazole-4-carboxylate 2,2-
dioxide from Step E above and (S)-(-)-3-aminoquinuclidine dihydrochloride to (S)-
15 methyl 3-[2-(quinuclidin-3-ylamino)ethyl]-1,3-dihydro-2,1,3-benzothiadiazole-4-
carboxylate 2,2-dioxide: 'H NMR (500 MHz, DMSO-dG) 611.43 (s, 1H), 9.61 (s, 1H),
7.45 (d, J=8.0 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 7.12-7.09 (m, 1H), 4.95-4.94 (m, 2H),
3.79 (s, 3H); MS (ESI+) m/z 381 (M+H).
[0279] Step G: The procedure described in Step G of Example 13 was used to
20  convert (S’)—methyl 3-[2-(quinuclidin-3-ylamino)ethyl]-1,3-dihydro-2,1,3-
benzothiadiazole-4-carboxylate 2,2-dioxide from Step F above to lithium (S)-3-[2-
(quinuclidih-3-ylamino)ethyl]- 1,3-dihydro-2,1,3-benzothiadiazole-4-carboxylate 2,2-
dioxide: MS (ESI+) m/z 367 (M+H).
[0280] Step H: The proceduré described in Step H of Example 13 was used to
25  convert lithium (S)-3-[2-(quinuclidin-3-ylamino)ethyl]-1,3-dihydro-2,1,3-
benzothiadiazole-4-carboxylate 2,2-dioxide from Step G above to 6-((S)-quinuclidin-3-
yb-5,6-dihydro-1H-[1,2,5]thiadiazolof4,3,2-/k][1,4]benzodiazepin-7(4 H)-one 2,2-
dioxide: MS (ESI+) m/z 349 (M+H).
[0281] : Step I: The procedure described in Step I of Example 13 was used to
30  convert 6-((S)-quinuclidin-3-y!)-5,6-dihydro-1H-[1,2 5]th1ad|azolo[4 3,2- ’
Jk][1,4]benzodiazepin-7(4 H)-one 2,2-dioxide from Step H above to the corresponding

hydrochloride salt (off-white solid): "H NMR (500 MHz, DMSO-dg) 6 9.82 (brs, 1H),



- 104 - Exanple 27 in anisole (12 nL) was added dropwi se to a m xture of

al um numchloride (2.35 g, 17.61 mvpl) in anisole (18 nL) at 0 C. The

m xture WO 20811/008%5d i n an icebath until the reacti on wagCraspdieneoshy TLC
(-1 h). The reaction was quenched with sat. NaHCO3 and t he pH was adj usted
to 7-8 wth sat. NaHCO3. The aqueous phase was 5extracted several tines

wi th nmet hyl ene chloride. The conbi ned o%%anic | ayers were dried (Na2SO4),
filtered, concentrated and purified by cOl'um chromat ography (silica gel,
80:18:2 nethylene chIor|de/nethanol/concentrated ammoni um hydroxi de) to
afford 2-

lidi - & Bot et - 50 & 3-
(ot el |1 65 TR ok Bok R ADERPoadH BB B0kt s ) el L one
%H)79 (7553 ((jd} 90 (nd,2H)3. B-Bl6S (hHH), 7.5238. z(4t(m,2H)t83(933-I228(n%I4|)|_1é, 27269?—:1?2(?\/% (1E|)SI "
: roa - , :
Mz 310 (Mﬂ_‘fﬁ) ?%91’% 4§é9\?s (B8 BEL nad M Buif | |
2- (Quinuclidin-4 ylnethyl) 2 3,4, 6-tetrahydro- IH—azep|n0[5 4,3- cd]indol-1

_OPﬁal(,]élA'lSaggEcom ?2 {“P §6e@14¥'§§0 r\ig)gné?sl 31%191)31\%%4 hr}leghy?)S MHC in

L 1) " ¥y y
e e% iR Laro epi 0[ o 1s0on drochloride
2- (qui nucl i di n-4- ylne h %
2,3,4,6-tetrahydro-1H azepi no[ 5, 4, 3-cd] i 1-1-one hydrochloride as a white
solid (56 my, 36%: 1HNMR (300 MHz, CD3 5 7.72, (d, J=7.5 Hz, IH), 7.54
(d, J= 8.1 Hz, | H, 7.21 (t, J= 7.8 H , 7.18 (s, 1H), 3.81 (s, 4H),

3.38 (t,J=7.8 Hz, 6H), 3.11 (s, 2H), 1\99 (t, J= 8.1 Hz, 6H); M5 (ESI+)
mz 310 (M+H). 20Exanple 29 - Prepar gfd Qf

4- (qui nucl i di n-4-yl nmet hyl ) -3, 4-di hydr opyr a oIo[3 4, 5-

del i soqui nol i n-5(1H) -one, hydrochl ori g rqy

25[ 0292] Qui nucl i di n-4-yl met hanam ne wa .thhe3|zed fronqu|nucI|d|ne 4-
carbonitrile according to a reported nethod) (PCT Publication No. WO

99/ 021855, which-is hereby incorporated py(reference in its entirety).
102931Step A: To a stirred solution of pucl i di n-4-yl met hanam ne (1.0 g,
7.14 mol) in 1, 4-di oxane (30 nlL) mag{.:ied nmet hyl

3-fornyl- 1H i ndazol e- 4- car boxyl at e 3105 -

[0282] Quinuclidin-4-ylmethanamine was synthesized from quinuclidine-4-‘
| 10  carbonitrile according to a reported method (PCT Publication No. WO 99/021855, which
is hereby incorporated by reference in its entirety). '
[0283] Step A: To a solution of methyl indole-4-carboxylate (10.0 g, 57.1 mmol)
was added sodium hydride (60% dispersion in mineral oil (5.7 g, 142.8 mmol) in DMF
(200 mL) at 0 °C. The mixture was stirred under an atmosphere of nitrogen for 15 min.
15  To this were added 4-methoxybenzyl bromide (10.7 g, 68.5 mmol) and
" tetrabuylammonium iodide (3.2 g, 8.6 mmol). The resulting mixture continued to stir for .
10 min and then warmed to room temperature and stirred for 2.5 h. The mixture was
quenched with sat. aqueous ammonium chloride (200 mL) and extracted with diethyl
ether (3 x 500 mL). The combined organic layers were washed Awith brine (3 x 200 mL), '
20  dried (Na;SOy), filtered, and concentrated in vacuo. The crude material was purified by
column chromatography (silica gel, 5 to 20 % ethyl acetate in hexanes), providing methyl
1-(4-methoxybenzyl)-1 H-indole-4-carboxylate (16.6 g, 98%) as a pale yellow oil: 'H
NMR § (500 MHz, CDCl;) 7.90 (d, J = 10.0 Hz, 1H), 7.49 (d, J = 1.0 Hz, 1H), 7.26-7.25
(m, 1H), 7.20 (t,J = 10.0 Hz, 1H), 7.16-7.15 (m, 1H), 7.04 (d, J = 10.0 Hz, 2H), 6.82 (d,
25 J=10.0 Hz, 2H), 5.29 (s, 2H), 3.98 (s, 3H), 3.77 (s, 3H); MS (ESI+) m/z 296 (M+H).



(1.2 g, 6.0 mol) in 1,4-dioxane (10 nL). Then glacial acetic acid (1% of
total solvent used) was added and the reaction mxture was stirred at 60 C
for 2 h. WO 220800 ed to roomtenperature and sodi um t PCRAStavpwidhydri de
(3.8 g, 17.9 mol) was added. The reaction mxture was stirred at room
tenperature for 4 h). The sol vent was renoved under 5reduced pressure and
the crude materical was purified by colugﬂ chromat ography (silica gel,

70: 27: 3 di chl or onet hane/ met hanol / concentr at ed anmoni um hydr oxi de) to give
nmet hyl 3- ((quinuclidin 4- ylnethylanino)nethyl) 1H i ndazol e- 4- carboxylate as
a brown oil g, quantitative yield): 1HNWMR (500 MHz, CD30D) 6. 7.87 (d,

J=8.0 Hz 7.81 4. 38

(5. 21y, E*‘Zfﬁ L Sy ] findfocd e Zﬁgw Pyl a%s“d)'y 78 (t.
J=8.0 Hz 6td)|;e MBi PE‘S] (290 mLy arB2Be (ehlitif)g mikQROWAStiopd B0 X for xhuiTe thaf et hyl
3- I r i I b 2.9 g,
g, é(ﬂq‘fr{){‘i’cf'r%hq ofs SR DL AMADIIRY L1 oL MR 0 ArpsaiaBn i (= 0o
mmol) in tet ﬂéiﬁyg;lﬁ@# omal) fnerh Step (Alabbye BOME ) 10w Liandrthenixaure wes $tumed unt i | t he
react | on yasLORPHEL &MonnidR walIBuROINER icWRicl RIRNEhd gl wal 5 T educed

pressure grve I
3- ((qui nucl i aijusteti-ty [7 e eddihghNANEQHbt Fhel cpmpebnidrydia zotrastedodthtetiy bestate 3 a br own

gog' az(3 9 gsqﬂﬁgﬁ%gttﬁetdo@ %hﬁ‘l;%illjgy'eis%&%??d Wgat%@Sf&sL) aﬁé’ (d, SJ—
(2H) )2 gjz (tbrm}: (& *@50 ), drBH)(Na,3026f esd, 21d) condentrated pnded redu@d Presiure. 6H) 'V
ESI + z 3 %) L bl

3- ((qui nucl i i?en&g.@h?'ate%%qwg ?ﬁgf lﬁc? %‘él ‘ﬂ&) 8%1ra%lfy (etﬁ‘yl acc(i:ltr'"1 g{)h)%xinggt éo .9 g,
12.1 nmoll9 f4@%0tSta’éfprdBn<almd\3éonmvI-Tmmﬁmxmﬂpﬁzmwmubleeﬁcarbpxahtq (d:é7lgath whi | e
N, N-di i sopro ethl 4 || 1-
propa;liaphgspﬁ aéaé& c%csf)llg% gﬁrﬁy @WI%B‘I}DP&P;%?%%% '}B?g 9?}:gqufﬂ?yThe
reacti on m xv.8s addwas 18.0) 5.0 &d, &), 7. @@(ﬁdtkﬁ]b@ﬁ,é&@]l‘le, 10y 7.50 , JoentD.@ He,riH)

concentr ted, ot 1S5S RSPSHIL o B! SETRNSS bl B od by

di chl or onet haHe MRe(HShr)on/2 GMcMafH)r at ed ammoni um hydroxi de) to give

4- (qui nuclid ~
yl met hyl) % Lfﬁéél]hydro rpaon%T '8 Cscoaléfjg‘bs ?ﬂS'r(l)Blolfn 5(1H)-one as a yell ow oil
(468 ny, 13%metﬂd¢dW5tth5t®n@hdﬁlyIphos(ﬁB$ﬁm cBlo7deB25 7 gBW3(Immeb)n teFaldrofurB, (m

aZH) : 6|5_|) 15 (s sgé'ﬁ%)) wEs é&?r&fggy éqzjﬁ% Mﬁytlon 82’5@%3?21 918"% TH o3 dmB/1dsty J = 8.0
4- (Qui nUCI i dmmofl- Themeduliinig)dad, rdd ohixtyre vapstired el 61[03C4‘p|530 min. To this was
o soaut ol 54§85 Bl 2% IR LAR 9 .. G5 83 6 o0 ved
pressure2@o |,| Slg Mmply friomuSs¢p Bliabev4-in tetrahydrofuran slowly and the mixture was stirred
Ty RS PR e A L
1H), 7.55- 7¢86cted mith2tHy| acBtaeq3 (00 piH)., Ti: bired otdalhic 18eB8vefe washed= 8. 0 Hz,
6H), 1.78 (1 witl’] br'_n'ne8(2Q< ’%’ml,e)!_gr;ied (Na;SOy,), filtered, and concentrated in vacuo to afford a
yellow oil (17.4 g, 96%). The oil was purified by column chromatography (silica gel, 5 to
25 30% ethyl acetate in hexanes) to afford.a mixture of (£/Z)-methyl 3-(3-methoxyallyl)-1-
 (4-methoxybenzyl)-1H-indole-4-carboxylatemethyl (17.4 g, 96%) as a pale yellow oil. A
mixture of tetrahydrofuran (500 mL) and 1N hydrochloric acid (100 mL) was added to
the pale yellow oil (11.0 g, 31.3 mmol) and the resulting biphasic mixture was heated to
reflux for 1 h. The mixture was cooled to room temperature and diluted with ethyl
30  acetate (500 mL). The organic layer was separated and washed with brine (2 x 200 mL),
dried (Na;SO,), filtered, and concentrated in vacuo. The crude material was purified by

column chromatography (silica gel, ethyl acetate/hexanes: 10/90-40/60) to afford methyl



5 M5 (ESI+) mlz 297 (M+tH). Exanples 30 and 31 - Preparation of

7- (qui nucl i di n-3-yl nethyl)-7, 8-

di hydr opywez2o0114j08574, 5- del i soqui nol i n- 6( 2H) - one, enant i omeTaIS201a/0406B7
hydrochl oride salts 10 [0297] Qui nuclidi n-3-yl met hanam ne was synt hesi zed
from qui nucl i di ne- 3- carbonitrile according to a reported nethod (U. S
Pat ent 4,853,376, which is hereby 15i ncg)r porated by reference inits
entirety). [0298]Step A: The procedure déscribed in Step A of Exanple 29
was used to convert nethyl 3-formyl-1Hindazol e-4-carboxyl ate and

qui nucl i di n- 3-yl met hanam ne to net hyl

3-((quinucli | A ): 1H NWVR
(500 Mz, CDg(SJE) @X%Wf B3} 12%1 i, QQ%&""%AQ?% %Yy 5oy 4, 0.7
Hz, IH), 7 49hQ@so{1dd H IMBR3(500 MHZ3 CHC;) $19)82 (.1 I}, 7('13’ (dd,< =31000, 50, HZ 1), 3. 99
(s, 3H) 0 _(_ 35 5 4 z‘r)f d =1 7.7 Hz,
| H, 2.90 (%é;;(‘g’ %oﬂy 7”&127‘93 JZ ‘%E‘Z g ﬁ'% )Og(dzJ é‘g 25 (m
1H) 2. 06 2. B3 2Hy 6. 8.4-{)d J 359347 20§ 5(2_3](5 2H),,4.0D. (8;52-1—11) BH MH)IHY7 (s13H)Y-1. 70 (m
1H); M ( SI %g&g :’%”22 %W [ 0299] Step B: The procedure described in Step
B of Exa M, Sconvert nethyl ‘
3-((qui nucI 1 [286]3- y| mStelp\D: Alvlarsoluried hmu)nummm Agaaahanadineailydroghlatide fr om St ep
Aabovetol% %4 | me hlamn(éz | )11 ndazpl e- 4-
car boxyl at e: "tgg%ﬁﬂ}%oﬁrf'?% ?%\QW—F?)Q{ tﬁ%%‘frature as"f‘ﬂ%%ps?x(i)'ce uertléoxcfgscrl bed
in Step C of (ZﬁwavmheAeZIH \ﬂa)smu,sedmhml)cdmmet Thel reduitiommixture was stirred at
3-((quinuclidin | met hyl am no) nmet h Hi.n e car, oxyI t - 107 -
fromStep B a°85\/‘8m¥e 2 L/"-e?gfw ik ?"a\ %acéal )d‘fe% ?‘hd?f% 44}“}1m°&)rbopyard§ezd§tf)o[ 3,4,5-
de] i soquildol heutrdljz2Hhe temieity dM3h¢ BaBitur}. SwanQch(beHydnc[eQBﬁ]d@MelpnBol) was
7- (Qui nucI|d| net.h hydr 0
G Soqui nol | EARITTHE iy S LS IRVARERL Sey P i sponiing o
chiral H_PLC O Cinll gRAK Givhol bra (Slewﬁ"laboMSlnﬂge(Bﬂ)(E(]nU) The mixture was. stn'red at
gept ane/i SOpF O Qr%{)érgbreetuplyl the rea&non wats Qoemp ete %{lltl"}dc (? 291') Vﬁ\e O30 G A and
' was concentrated, absorbed onto silica gel, and purified by column chromatography
15  (80:18:2 methylene chloride/methanol/concentrated ammonium hydroxide) to afford
methyl 1-(4-me_thoxybenzyl)-3-(2-(quinuc]idin-4-ylmethy]amino)ethyl)-1H—indo]e-4-
carboxylate as colourless oil (53%): "H NMR (300 MHz, CDsOD) & 7.62 (d, /= 8.1 Hz,
1H), 7.58 (4, J = 7.5 Hz, 1H), 7.29 (s, 1H), 7.20-7.07 (m, 3H), 6.84 (d, /= 6.0 Hz, 2H),
5.31 (s, 2H), 3.93 (s, 3H), 3.74 (s, 3H), 3.13 (t, /= 7.2 Hz, 2H), 2.95 (t, /= 7.8 Hz, 6H),
20 2.84 (t,J=17.2 Hz, 2H), 2.44 (s, 2H), 1.46 (t, J = 7.8 Hz, 6H); MS (ESI+) m/z 462
(M+H).
[0287] Step E: A mixture of methyl 1-(4-methoxybenzyl)-3-(2-(quinuclidin-4-
ylmethylamino)ethyl)-1H-indole-4-carboxylate (520 mg, 1.1 mmol) from Step D above
and lithium hydroxide monohydrate (142 mg, 3.4 mmol) in tetrahydrofuran/water (30
25 mL, 1:1) was stirred at reflux until the reaction was complete by LC-MS. The solvent
was removed under reduced pressure to give lithium 1-(4-methoxybenzyl)-3-(2-
(quinuclidin-4-ylmethylamino)ethyl)-1 H-indole-4-carboxylate as a white solid (878 mg,
crude): '"H NMR (500 MHz, CD;0D) § 7.31 (d, J = 8.0 Hz, 1H), 7.15 (d,J=7.0 Hz,
1H), 7.10-7.05 (m, 4H), 6.80 (d, /= 8.5 Hz, 2H), 5.25 (s, 1H), 3.74 (s, 3H), 3.13 (t,J =
30 7.0 Hz, 2H), 2.81 (t,J = 7.0 Hz, 2H), 2.77 (t, J= 7.5 Hz, 6H), 2.30 (s, 2H), 1.89 (s, 1H),
1.31 (t, J=17.5 Hz, 6H); MS (ESI+) m/z 448 (M+H).



[0302] Step E: The procedure described in Step D of Exanple 29 was used to
convert

7- (qui nucWodon/@sye et hyl ) - 7, 8- di hydr opyr azol of 3, 4, 5- depcsasaémokion? 6( 2H) - o
ne, enantionmer A (absol ute stereochenm stry unknown) from Step D above to
the 10 correspondi ng hydrochloride salt: IHNVR (500 MHz, CD30D) 8
7.65-7.63. (m 1H), 7.57-7.51 (m 2H), ':‘6316 (s, 2H), 3.92 (dd, J= 14.0, 8.2
Hz, 1H), 3.87 (dd, J = 14.0, 7.4 Hz, 1—b 3.55-3.50 (m 1H), 3.47-3.41 (m
1H, 3.39-3.24 (m 3H), 3.13-3.09 (m 1H), 2.75-2.70 (m 1H), 2.44-2.38 (m
1H), 2.07 (bs, 1H), 2.03-1.88 (m 3H) M5 (ESI +)rdz 297 (MtH). 15[ 0303] Step
F. The proce descr sed to convert

7- (qui nucl i dfwgg-yl met eﬁﬁ:? L}'trﬂ@l E retgpo)x r%)e(lnzzgﬁo['(g' ﬂu'gucdlgl s‘ng nol i n-6(2H) - on
e, enanti oneylmBthymbsmal)etbyd)- SHemcbdnchem)@dyraye (@hakmenng mirod)rfroBt &pp Dabddeve to t he

o responl g ANEKSI Uk 5 i M RNy SRR R &5 7
g dg’g ) ) ;41? 012 mmn)z«ﬁhsmdedm)lg()wai ESLﬁroBﬂlthqspl%)H)c aci. cik?lw&nliﬂd:ﬁinéﬂgggo( '1H)

0 ; m ,
207 (bs, > 11 et pcdiet .G iy, e feldon bl faciad. T (M
Prepar at i on tafnpé’ra(ummumle rmmpnm%slcrmphgplb)y 18,0930y dd @). The mixture was

11, 41d|azep|no h 6 r ar.i 108 -
[0304] Step AP Skied 3 GEDORFRU AN ISR OTE" ?r%ghz Pl L Bve o1 (12.4 g, 80.2

mmol ) in net mauho)kybéﬂz(yo Zrdgpinatliddn-Eylneeshydei 2 d, 6{t¢trahmqrb I¢hdzepingl6,4(314 g, 120.3
nmol ) dropwi s e reacti mxt (YNE's t lete
by TLC (102 T Fel R aopig e SIEN Parmert TR GhEMHA RO L7
partitioned (el wsonHsaltH), mmaz arscH=et )| 7569:0515@132}{)‘]’%1 Gy &EHzZ,0r gani ¢

o Fuor o o it kSR EhT an Liadth! 8 RoaPorpoBoATE 15 086) 7T 500 e,
coc13) 8 7. 7E9Q(tJé¢58{zJ.6lH'bz162|ﬂ),J 7.8z, 6H); Ms(ﬂslﬁ)mmaemzﬂ)? 08 (1. 3= 7.5
EZ{‘I 3220 3- g&z&@l benzgéﬁp 6.L§S]§I %FQ)@Q'L@%%OM@ de" -|3|f-1P"§t @%ﬁ\yg’gove and Y

N- br onosucci felrﬁlhydﬁ) (H-@zdﬂlt@[S Q@-cﬁ]m”dﬁbl )me (Hémg bon nm&tlrfamn Bep |Fdxbo\(e8;2asrrL) at
roomte t of be The
ver T ow m ub Eofied L2 BCHnER Ol Sob R Rt PERER e REA R Wl it by
TLC (over ni ghtt metamcybemn 2|-(t1ummﬁld(re4‘}ylmﬂhy8t22ﬁ4 a-mdrapydro-ﬂi'-ledeﬂ)'yo[ﬁ,éburrn

chr omat ogr aph

1 h / d hyl
3- (bronmonet h ng 3 Tforygboél’rlll%% asae S Oaildle(i yel})?vﬁw{?%@g m;g%g/ 1H
NMR (500 M—Izcnmzy.va (3,&97.5HZ,JH),8£(M &H)—I,z THR9.201(t, / 38.07/HE Hip), 1H),
719 (t, I= 14 P B g 5128 8h Ta, 2D s 13 A8, §50 35Dy, 4.00-3.70 (m, 1), 3.38

20 (1, J=8.0 Hz, 6H), 3.09 (t, J = 4.5 Hz, 2H), 1.98 (t, J = 8.0 Hz, 6H); MS (ESI+) m/z 430
(M+H).

~ Example 28 - Preparation of 2-(quinuclidin-4-ylmethyl)-2,3,4,6-tetrahydro-1H-
azepino|5,4,3-cd]indol-1-one hydrochloride

25 NH

[0290] Step A: A solution of 6-(4-methoxybenzyl)-2-(quinuclidiﬁ-4-ylmethyl)-
2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one (363 mg, 0.84 mmol) from Step G of



[0306] Step C. A m xture of nethyl 3-(brononethyl)-2-fluorobenzoate (11.5 g,
46.4 mmol ) from Step B above and solid sodi um bi carbonate (33.0 g, 398.7 .
nmol ) i n WhBQ1(@s2n) was refluxed until the reaction was/useeplogice’ by TLC
(2-3 h). The 20m xture was cooled in an ice bath inmmedi ately and t hen
partitioned between brine and ethyl acetate. The conbi ned organics were
concentrated and purified by colum chrlcbgat ography (silica gel, 9:1
hexanes/ et hyl acetate) to afford nethyl fluoro-3- fornyl benzoate as a
white solid (5.44 g, 64%:1HNVR (300 MHz, CDC13) 8 10.43 (s, 1H), 8.21 (t,
J= 7.8 Hz, 1H), 8.07 (t, J—60Hz 1H), 7.35 (t, J=-7.8 Hz, 1H), 3.93 (s,
253H) . [0307 r r (3 60,
19. 9 ‘mol) flri’éarrr]npg‘iglné ogllleé rglﬁ W?‘? rgidr()p%v%t?gnﬁx?rezogne *f_.‘?,.géﬁ’& nmol )
in MeOH (16 @LB)SgNzhtﬂ mn@t)nahmdalw\(lﬂhnlr)lacﬁb mvlmnaturelﬁ@ﬂtlfrod mlanEscelbathThe

The aqueous phAde ERISER B e byRathe FORP TP dBE B Y, 3" Then”
t he conbi nedeIi@@mm:l teopht aves &djuneadao @i8i veith seNA2BOD). HhﬁIanmoesjpham)\M@ent rat ed

d f / I
acetate) to SREaFasER GG AMLAR T 158 s Bftined e BRIEOESORLY . s
- 109 - a ye(Na@Sr@Gdlltecbd(@nealtrggedGﬁﬁxgurlrﬂmb s0OmMErom@DETh By (Silida gek. (s 1H)

Ty 5 8a (78022 e ctyb8ehgbanocipeblyieligmurbhiimfrafdideb g ffot 12
(m 1H. [ 03018]n8¢131m E-ylr@tlasll)ﬂ 3,élﬂt9trahdero(lﬂ-&emn9[5;ﬂ53 &limdol} -oreees aa\dﬁded
methyl one. onrouRR o Safy: Btk t¥to Mife GGG 178l B LS GE

m xture wWas SBISI‘HZQ(HH};U 21 18J E &Kz, 30),M. 6. (s,AHs)p:% wabm'ad@ﬂm)es h3A3.05 (m,

1- (2- hydr oxy 1H-| 89, 1229 mol) from Step D
above in net ﬁ’f}fiﬂg( 1£|I <§r ?’g@gkid\zﬁlgﬂgféa%@éﬂ(@r opw se whil e maintaining

t he tenperat [281]at - 78tef.B: Th@Quimatdindrylmerby)-RS1#, Cste'trahy@cb aﬂ-azei&ocs‘fb{ 1-2 h.
The L eact) on ARUES SUSPENSE P fath Bl SOREBRYELBUATLAR 2 BP0 0 C

and sat. ous phase was ex ed Several times
with net hyI emetharul and abecemrrelted hmdecmﬂhaemp(tsmcgtargn@ 2@viendidives-gIncthydel
(Na2sO™4) , centr ive th . .

(2- oxoet yI )5} treﬁtdaai'grloel 925’5'"8@5(@5@@@5‘ %ner@fiﬁ%l\l}\‘/or(')dﬁ as(a flgtegs?lldc(rsgde) : 1H
NMR (300 M—lzmg,CE@a)B)H BMR/B0¢ MHﬂ,HD,—;OB) 56.721d, Jl=H7 5 Ha, [H); 85981, (m8.2HE,, 7. 98
(di 9= 7.5 ey 304, 7= 7.8 Hz, 1H), 7.18 s, 1H), 3.81 (s, 4H), 3.38 (t, /= 7.8 Hz, 6H), 3.11 (s,

2H), 1.99 (t, J = 8.1 Hz, 6H); MS (ESH+) m/z 310 (M+H).

20  Example 29 - Preparation of 4-(quinuclidin-4-ylmethyl)-3,4-dihydropyrazolo[3,4,5-
delisoquinolin-5(1H)-one, hydrochloride salt

Os N
N
NH
25 7 {0292] - Quinuclidin-4-ylmethanamine was synthesized from quinuclidine-4-

carbonitrile according to a reported method (PCT Publication No. WO 99/021855, which
is hereby incorporated by reference in its entirety). ‘

[0293] Step A: To a stirred solution of quinuclidin-4-ylmethanamine (1.0 g, 7.14
mmol) in 1,4-dioxane (30 mL) was added methyl 3-formyl-1H-indazole-4-carboxylate |



155.61 (s, 2H), 3.99 (s, 3H); M5 (ESI+) mz 219 (MtH). [0309] Step F: To a
stirred solution of quinuclidin-4-ylnmethanam ne di hydrochl ori de (894 ng,
4.2 mol )worzonmogznol (12 nl) at roomtenperature was addedsgadiogwst?

met hoxide (25 wt%in MeOH, 1.8 nL, 8.4 nmol) dropw se. The reaction was
stirred at roomtenperature for 1 h and then glacial acetic acid (0.6 niL,
9.7 mmol ) was 20added to neutralize the] sicity of the m xture. Sodium
cyanobor ohydride (528 ngy, 8.4 mmol) waS added, followed by a solution of
met hyl 1-(2-oxoethyl)-1Hindazol-e-7- carboxylate (920 ng, 4.2 mol) from
Step E above in nethanol (10 nL). The mi xture was stirred at room

Lemperature (s bisd MhoFFFLARaNA0 GATPHER S dbfe s GodlriodiBERact ! OF

m Xt ure was rat absor | ca y colum
25chr omat ogr agdy wi3@idddBand tlrrﬂsteWbenextcdulvas stdlae/draeﬁm%ﬁlﬁzlrﬁdﬂohwsnmmded ammoni um

hyd id t t | .. . .

Y O huc o e alTRLM sodium iacetoxyborohydride (38 2, 17,9 mmol) wag addeq The

yel low oi | ( BBStiangnixBetyas slitedNMRO(B GO prAdture D3 ODThe s@vep6wasremdigd, under09- 8. 03
2 2 = : . . = . , K 3 ,

Mo”5 Cledbbag ot e crfllmaiéidl ok burinka v cdlyhif cnrolibyontipRishie ST

8.1 Hz 6H) . g801®ZDiishlerpmEthare/methanot/eongéntrated pmonium hydroxide) to give

1-( 2- i | 563

- 1(?”H‘r3f%” et 3 Cia b OOk 7 OBE0 Ll B bR (967
4 9 mol) i notleztg,m,udmtodtweare,ld/)/a‘tHeNM(R](ESOOIMHz:LCm)OID\)aé 87 (dr £d84tHz, -1H)10 -

reflux until ?%}g%tleafg l—)lr 185745 ”'9' 2%/8H|tz)1yltfﬁi £andbhgy 359(9@}1)@‘?7(?9' vent was

renoved unde uced Ire t um
1-(2- (qU|10ucI8|0d112néH) PI68eL, Izylbarﬂ8r(o)161816}'H)l -61bf MAAESHemE-32a MoKyl ate (1. 20 g,

crude): | 300 D 7

7.55 (d, J= %‘q(—iz 1&62 B i‘%”’e oy e}y - i&]umlﬁ-ﬁdl %y’%‘éfg"oy"%“‘i)%ea"%gzm 2. 98
(t, J =6.6 I-Hﬂmd}izblp 4Zafbbx{lbte (A9 g, &9 Bintdd), fromttep A.aBBve(amd lithm hdr@6d{t, J =

8.1 Hz, 6H). 11] Step H

Y (2 Caut mucTR VR R RS T TR b Rt srobran e 15t 0 PRSI e e (1.2
3.6 Mol ) fr eeNuStuetil tﬁs‘e @iove wancohkifet¢ BY LGNS wilke sobehtedhsiremaved uoder bat h whi |l e

N, N-di i | et h

L0pr opandgnoSeHEResaRt Bl Fam Shodp B BB AR e PRTRY

21.6 ol ). Iherbb&ﬁmtamb?wmsa(zlrcia(m%qmnmanwylaﬁ) fid DR eﬁ@pe«ﬂaz,mfmiuh t he
reacti on was .Co ure n rated in

vacuo and thgﬁAgB |f|%g¥\ﬂ lrﬁ) 7§é§ﬁﬂ’) ﬂ))ﬂé 72;'& e SWgﬁ_@égw

7- (qui nucl i di2ry,2-82l(geH80 Hz,BH) mmmm[ IL4’A]t,cI=F anef ﬁﬂ)}[ 81SAESHYImid Aol - 6( 7H) -

one (267 ny, ﬁ‘ﬁ% 15Step |:
7- (Qui nUC|IdI( 'yl met hyl ) - 8, 9-di hydro-[ 1, 4] cl i azepi no[ 6, 7, 1- hi ] i ndazol - 6(7

10- 20 [0295) Step C: Lithium 3-((quinuclidin-4-ylmethylamino)methyl)-1H-indazole-4-

carboxylate (3.9 g, 12.1 mmol) from Step B above in THF (20 mL) was cooled in an ice
bath while N,N-diisopropylethylamine (9.4 g, 72.8 mmol) was added, followed by 1-
propanephosphonic acid cyclic anhydride (T3P) (23.0 g, 72.8 mmol). The reaction
mixture was stirred at room temperature for 5 h and then concentrated under reduced

25  pressure. The crude material was purified by column chromatography (silica gel, 60:36:4
dichloromethane/methanol/concentrated ammonium hydroxide) to give 4-(quinuclidin-4-
ylmethyl)-3,4-dihydropyrazolo[3,4,5-de]isoquinolin-5(1 H)-one as a yellow oil (468 mg,
13%): 'H NMR (500 MHz, CD;OD) & 7.62-7.60 (m, 1H), 7.54-7.53 (m, 2H), 5.15 (s,
2H), 3.53 (s, 2H), 2.93 (t, J = 8.0 Hz, 6H), 1.67 (t, J= 8.0 Hz, 6H); MS (ESI+) m/z 297

30 (M+H).
[0296] Step D: 4-(Quinuclidin-4-ylmethyl)-3,4-dihydropyrazolo[3,4,5-
delisoquinolin-5(1H)-one (468 mg, 1.58 mmol) from Step C above was dissolved in HCI



one (267 mg, 0.9 mml) from Step H above was dissolved in 1.25 MHCL in

nmet hanol and concentrated under reduced pressure to give

7- (qui nucWodbr/eessre et hyl ) - 8, 9- di hydr o[ 1, 4] cl i azepi no[ 6 peTAShIpiow@azol - 6( 7H
)-one hydrochloride as an off-white solid (299 ng, 100%: 1H NVR (500 MHz,
D20) 68.04 (s, 1H), 7.92 (d, J= 7.0 Hz, 2H), 7.21 (t, J = 208.0 Hz, 1H),
4.54 (s, 2H), 3.86 (s, 2H), 3.55 (s, 2 3.23 (t, J =7.5 Hz, 6H), 1.83
(t, J= 7.5 Hz, 6H; M5 (ESI+) miz 311 {MFH). Exanples 33 and 34 -
Preparation of 7-(quinuclidin-3-ylnmethyl)-7, 8-

di hydr opyr azol o[ 3, 4, 5-del i soqui nol i n-6(2H) -one, enantioners 25A and B, -
hydr ochl ori d t.

synt hesi zed ﬁ rz%aﬂ/l "?Jlmﬁtlﬁ%l ﬂéﬁndjcgrgcjemaé?géjgﬁ%ﬁ l?‘? !:ch%rg%}{ 833 %‘ngg amr%gé[‘)@?t ed :
met hod (U.S. ylﬁaﬂeﬁﬁ %Q@%p@?&olq{\m,éwe]l@qtuevlebythcnﬁrlpdrcableddw aneffer ence in

its entirety t oy I t\, 80 t

3-fornyl-1H %quélasoﬁzi(ﬁrﬁ@é?@%yﬁgﬁéﬁgg@ﬁﬁg’ @3@251#%77)61\/%3 )dd gl cesi um

car bonat e (15839n 2855.0%r@| JH), B.SOE-2K Y 308 10d.Y =&t0 L OH, He78r(i, X t=Lh-@Hwaél)st i rred
under an nw&gfg g‘zdnll(h/{l en for 15 min. To this solution were added

4- met hoxybe de '( g, 267 mmol) and sodiumiodide (7.3 g, 48.5
nmol ). The resultlng m xture continued to stir for 10 mn and then warned

fil d
0 oo TG f»r b iy @{ e AU
I

aqueous sodi um chl ori de (2 {Ima )% 5 3 x 500
m.). The 80nb| ned organic ayers? %ere a %e with brine (3 x 200 nL), dried
(Na2SO™4), "filtered, and concentrated und educed pressure. The crude

mat eri al was purlfled by col umm chromato phy (silica gel, 10 to 25 %
ethyl acetate in hexanes) to afford net -fornyl-1-(4-nmet hoxybenzyl)-1H
; N11-I NVR 6 (300 MHz, CDC13) 10.53
,17.58 (d, J=9.0,1.0 Hz, 1H), 7.44

15i ndazol e- 4-car boxyl ate (41.8 g, 53%
(s, I H, 7.77 (dd, J = 7.2, 1.0 Hz,
(dd, J = 9.0, 7.20, Hz, 1H), 7.20 (dd 6.6, 2.1 Hz, 2H), 6.89 (dd, J =
6.9, 2.1 Hz, 2H), 5.68 (s, 2H), 4.01 3F‘|), 3.77 (s, 3H); M5 (ESI+) mz
325 (M+tH). In addition, nethyl 3-for - 2N 4-

met hoxybenzy H i nd I e-4- ar boxyl at e l s, i soI at ed:
1H NVR 6 20 3‘2}3%' %ﬂ‘“ %’ﬁ%/'?m”f as s %‘1%728%‘1“’/% qiiyeligings3- 7.42
(dd, J = 9. OQékb&lMZe,ac&drﬁlngO aBﬁpérth me.ill%dQUCS, Paterd @,85B1376, 2iHjch iSheB&by( dd Jf
6.6, 2.1 3.77 (s, 3H; I\/B(ESI+) m z

325 ( I\/H—|)1'5_|Z[ Hﬁli_!)?fpf‘gdgy r%eﬂfeg%gf %’H‘rei[{'?s pen5| on of
(et hoxy et hyi2psy i phersgdpphoSiphmodedine dladcﬂbedde Steih POofE xadAlé 26wk piseidimo

Lol UL (190 B AR P bbb
: methyl 3-((quinuclidin-3-ylmethylamino)methyl)-1H-indazole-4-carboxylate: 'H NMR
(500 MHz, CD-s0D) & 7.90 (dd, J=7.3, 0.7 Hz, 1H), 7.81 (dd, J = 8.4, 0.7 Hz, 1H), 7.49
20 (dd,J=8.4,7.3 Hz, 1H), 4.45 (d,J=3.0 Hz, 2H), 3.99 (s, 3H), 3.41-3.30 (m, 2H), 3.23—-
3.12 (m, 4H), 2.96 (dd, J=12.3, 7.7 Hz, 1H), 2.90 (dd, /= 12.3, 7.7 Hz, 1H), 2.82-2.78
(m, 1H), 2.29-2.25 (m, 1H), 2.06-2.03 (m, 1H), 1.96-1.90 (m, 1H), 1.89-1.85 (m, 1H),
1.77-1.70 (m, 1H); MS (ESI+) m/z 329 (M+H).
[0299] Step B: The procedure described in Step B of Example 29 was used to

25  convert methyl 3-((quinuclidin-3-ylmethylamino)methyl)- 1 H-indazole-4-carboxylate
from Step A above to lithium 3-((quinuclidin-3-ylmethylamino)methyl)-1H-indazole-4-
carboxylate: MS (ESI+) m/z 315 (M+H).

[0300] Step C: The procedure described in Step C of Example 29 was used to

convert lithium 3-((quinuclidin-3-ylmethylamino)methyi)-1H-indazole-4-carboxylate



dark red m xture was stirred at-40 C for 30 mn. To this was added a
solution of nethyl 3-fornyl-1-(4-nethoxybenzyl)-1H i ndazol e-4-carboxyl ate
(45 g, 13sormulgsi7a t et rahydrofuran slowy and the m xt RC&/UsSa&1098G61T ed f or
30 min. The reaction was quenched with sat. aqueous sodi um chl oride (500
m.) and extracted with ethyl acetate (3 30x 500 nL). The conbi ned organic
| ayers were washed with brine (4 x 300 , dried (Na2504), filtered, and
concentrated under reduced pressure. The ‘crude oil was purified by colum
chromat ography (silica gel, 5 to 30 %ethyl acetate in hexanes) to afford
- 112 - net hyl

1- (4-met hoxybenzyl)s 3-( 2- hox oIe | ate (40.3 g,
82% as a ye ' r8v7\5/¥%’|>[? ?}bo&e }ﬁnﬂ u'nUXh %é’%mg‘%h dmp(r@gg '?TL;%yand 6N
hydr ochl or i cddbghitdia-aiLy)-oms Wdﬁdﬂtm’z m(Mﬁ}H)

L e o) A P R 22,002 0

114.5 nmmol) asic’ mx 0 reflux 5for
2.5 h. The ndegtsqunoAmsﬁ(WredrmoSuemebo\ewmrrabbrectb)apldpallatlvatcbnial\l\imﬁl et hyI

acetate ( } 5082}5?3)% cglafrr]fnflfslma rZO\QPISheggiRg/ ;Erggatnggéilet grb\%g ayvlh%h bri I ne (4

x 500 m); and concen er reduced
pressure to eluéroytd gnv&tehg'dtloihe(sz]sx and B.

ol o ol i AIPHE) e STdon o e hRRarau e 5B Povtah e syyscd 1) 25 §

Hz, 1H), 7. 4€or(ve7- (dumuc'ﬁdiﬁ 3-4106thG1)Hz8-dilydiropyrazd B[, 418 delisoquiBolin-6(ZHBordz, 1H) ,

iy, 360 (sorafipneiiBidnd febney i) fon b bl de M o Cuire' ™

descri bedoi ncSteapondingfhyfoehiprlide s29: S MRSEA0 Mz 6BYRD}) aﬁmShglbs (m, 1H),

above and aul e IUh 26 WAL RR R HBoD: RETAE 2 N R BEROT - o (2-

15( qui nucl i dHa; 3H)y3.seBeol (el By BETRY4 ) ad, HiHI),i3d®z 8.2 € (M,- 3381 Ho3aploat(m; 1HH NIVR

o1y 7%9?@% G 2Ry ok %%@3@1%@]7 s T, 763 "j‘g @%%@45%}%"@’ 84 (d.

J—88Hz 2&97(1\&15)5(3 2H), 3.97 (s, 3H), 3.74 (s, 3H), 3.41 (t, J= 7.1

3 9 0 2. 77
(dd J— Jlg f‘”éﬂi Sfiﬁ)@ 9““’6’?“63‘&{6 gfﬁs{“’nﬁef ‘géfe‘%%"%%‘amﬁﬁﬁo%(”?s H%Hé 42 20(m
1H), 1.96-1. 8&hveny- (dﬁﬁuclnﬂim?ﬁylheﬂ@l)(ﬁ dlB}-d)ropy]:a265>{3l4 Er@'eﬁs@nunﬂ]bl)n,ﬁ(lHﬁQnel 44 (m
1

, M5 (ES 1+) .m z 4 1St Th bed
S’lt_Dep B O]S Exg%rlgmédg %ﬁ%o('%gére?%he%sg er‘?l‘%wn ﬁo %te[])arIS)CboveI{o thgescrI ed in

1- (4- et hoxyb@me&ydn)drr@-h(yaro(:lquﬂlmln i VR Mbmﬁwbmnpﬁmmyv.)sa (m, 1H),

H ndazol e- 4- ar bo from p o] _

1- (4 et hoxy Zﬁ%’{ ?12 IO F4EPs 5 BROYE14.8 ¢ BN 5 87 (dd, = 14.0, 7.4

25( qui nuebi diHg; B4y 5.58L30M0l (@i AR Betrhy 4 ) od, HiHi), sz oL e (M- 1y hodploat(e, 1S ( ESI +)
Mz 449 2.75-2.70 (m, 1H), 2.44-2.38 (m, 1H), 2.07 (bs, 1H), 2.03~1.88 (m, 3H); MS (ESH+) m/z

297 (M+H).

25  Example 32 - Preparation of 7-(quinuclidin-4-ylmethyl)-8,9-dihydro-
[1,4]diazepino[6,7,1-hi]indazol-6(7H)-one hydrochloride



(MtH). 103171Step E: The procedure descri bed |n Step C of Exanple 29 was
used to convert |ithium

1- (4- met WRHEMOEIR - 3- ( 2- (qui nucl i di n- 3-yl net hyl am no) ePRFIUS20106k06daZ 0l e- 4-
carboxylate from Step D above to 2-(4-nethoxybenzyl)-7-(quinuclidin-3- 30
yl met hyl )-8, 9-di hydr o- 2H azepi no[ 5, 4 3 cd] i ndazol -6(711)-one: 1H NWMR (500

Mz, CD30D) 5 7.84 (d, J = 7.2 Hz & 72 (d, J = 8.3 Hz, 1H), 7.51 (dd,
J=8.4, 7.3 Hz, 1H), 7.18 (d, J—88HE 6.84 (d, J= 8.7 Hz, 2H),
5.54 (s, 2H), 3.91-3.87 (m 3H), -113-375371(m1H) 3.74 (s, 3H),

3.23-3.20 (m 2H), 318315mIH) 3.07-2.91 (m 4H), 2.69-2.64 (m 1H),
2.39-2.33 2 69

1y, 1 ea- 180 iR Tatlytlr eyt it Reatdhe s Raog 00 LT o
of 2-(4-nmet hmmbemmym)mou(o@unln)mwﬁlmsww&mmymlonde(14 g, 120.3 mmol)

58. 9-di hydr O?r%gt/acf’gﬂe?gz{cﬁgs m\ﬁ)g‘lcfrg %)Qﬂ?e%% reﬁ(n?tgtﬂg gt%%?T%éllg h§1A@3?D| ) in

trifluoroaceti ected to mc atron at 130 C
for 18 min. deénmox‘omeenmsmdé,lthﬁmd(tw whs mtmmlbet\am satoNeldQOy artdeethyil n

vacuo. Thg S%X%t rhécd) d.le%‘? aﬁﬁﬁﬁ%%'wu” hlgngh)eﬁIt%rQ(?arQac%ﬁcem%atgé H>t' on

t hrough an car m chr omat ogr aphy
(silica gel, gl&ﬂ@%lm%®m3mbylmmoaﬁ¢@aB’@ilﬂW nél(ﬁyﬁ or180%DCHINMRGEO sol vent

m xture B = oride h LEONSERLE At £d R um
hydroxi de) to a1‘€D‘%l |nuc27cphI hg é?ﬁ@tﬁ?f?*@ B%d Eégtf‘g ﬁ_fﬁ@ W

azepi no[ 5, 4, 39@(:!3]Blﬂljaz(bl(s 6({711) one (140 ngy, 88% as a coI orless oil: M5
(ESI+) mz 3

7-(quinuclid yI rret p:%lgé) B2 d""r%m(??megﬂzagléoﬁ?% T%hyibegzoate(”’ 8¢ 82.3

15cd] i ndagol mﬁ‘(o?)l-ﬂ)om)Step AraboveSind pV- Frombsmenm@e 68@ ¥eammnplyin ezpaasnat ive chiral

HPLC (CHI RAL h orid %ymignttroonq népeKl \S)re gla%acnii@%g‘agi csalonpr gp(%rl)gl I et hyl am ne

as the el uent) % gl e en I"ormer Vocedure
descri bed i npdBb:ae. Dhojellbwanistuee \2& Ivatsd umcedretﬂox ommrl&arrbactlon was complete by

7- (qui nucl i dJFDC%%\X%(ng%lé)h%d)thenl was coX entrate an% {'( V\onc)'ofluim?ﬁ c%gclg gg?‘acg%ébo( 7H) -on

e, 20enanti ofer ut'e stereochem s ve to
t he correspo@dicagelny:tlheahéstthyd ecesad)tto affdﬂNNRtWBDOarMnetﬁDB@m)lo&béhzeﬁe(d J =

55475 b o <Gl 13 ¢ e M g Ml DT o0y S0t

2H), 2.69- 2 612), (150 (tLIHF,7.52H361 H)bT.1% (t, IH)7,5 Bz, LH)( 063 &, 2H} ,902& @H) 1.98 (m
2H), 1.94-1. Fb%oélm :I'l_DStepM5 Amlxtun)e oriﬂmethyl’]'}(b(romcl)_rQ\ethyl) 2-fluorobenzoate (11.5 g,
46.4 mmol) from Step B above and solid sodium bicarbonate (33.0 g, 398.7 mmol) in
DMSO (150 mL) was refluxed until the reaction was complete by TLC (2-3 h). The
20 mixture was cooled in an ice bath immediately and then partitioned between brine and
ethyl acetate. The combined organics were concentrated and purified by column
chromatography (silica gel, 9:1 hexanes/ethyl acetate) to afford methyl 2-fluoro-3-
formylbenzoate as a white solid (5.44 g, 64%): 'H NMR (300 MHz, CDCl5) 8 10.43 (s,
| 1H), 8.21 (t, /= 7.8 Hz, 1H), 8.07 (t, /= 6.0 Hz, 1H), 7.35 (t, /= 7.8 Hz, 1H), 3.93 (s,
25 3H).
[0307] Step D: A mixture of methyl 2-fluoro-3-formylbenzoate (3.6 g, 19.9
mmol) frbm Step C above and hydroxy ethyl hydrazine (1.5 g, 19.9 mmol) in MeOH (16
mL) was irradiated with microwaves at 150 °C for 1.5 h. The reaction mixture was cooled
and partitioned between H>O and ethyl acetate. The aqueous phase was extracted with
30 additional ethyl acetate and then the combined organic extracts were dried (Na,SO4)
" filtered, concentrated and purified by column chromatography (silica gel, 70:30
hexanes/ethyl acetate) to afford methyl 1-(2-hydroxyethyl)-1H-indazole-7-carboxylate as



25103211Step |: The procedure described in Step D of Exanple 29 was used to
convert

7- (qui nucWodb/@ssre et hyl ) - 8, 9- di hydr o- 2H azepi no[ 5, 4, 3ecjuiseddanrele1d( 7H) - on
e, enantioner B (absolute stereochem stry unknown) from Step 6 above to the
correspondi ng hydrochl oride salt: NVR (500 MHz, CD30D) 8 7.86 (d, J= 7.3 Hz,
1H), 7.71 (d, J= 8.3 Hz, 1H), 7.54 (dd, 0])- 8. 3 7.3 Hz, IH), 3.94-3.88 (m

4H), 3.56- 303.51 (m 1H), 3.45-3.29 (rd 3.26-3.23 (m 2H), 2.69-2.62

(m 1H), 2.36 (br s, 1H), 2.10 (br s, 1H), 2 06-1.98 (m 2H), 1.94-1.88 (m
1H); M5 (ESI+)nmz 311 (I\/H—i). WD 2011/ 008572PCT/ US2010/ 040617 - 114 -

Exampl e 35 - HRY = e I, 3
rel ative aff?%@ Péj Zgg §$ﬁ¥d£‘q@‘6hgg(l?ﬁ%%r [?Clmgsﬁgﬁhﬁhgﬁ?ggré gtor was
measured i n Hzl &d), 0194 ghUd 80 HEi Nig); AI8 @ty =8 g 1H)sE8N(ti S+ ADIH2N 2HY,0Xi Mty
assay (SPA) f L, T S re dissolved to 10 mMin 100% DVSO,
t hen 5seri al 1*35—('}%4@921329%?8%29@5&%?‘&@5@&% ations in 100% DVSO i n 96- wel |
pol ypr opyl enp3pglat es @@ H: Oxhlgechididet.@ ehlt, 05.4 xinato@as addsickepwisttbans Wt h
D 3500 e o PSPl EME S S A ke S8 s, I
El mer), 3 |i 2C.offtehadditionSvdst3mplecethe eﬁxtnﬁermsaum af Perdd for B ﬁiﬁf )A sxmﬂldﬂ 5

/ mL SPA b A 10 fi I f 0.2
g Bi ndi nge? %{’mé r\\)g';péyeg@trl)sﬂgwldﬁzﬁﬁ a4 8’fy S@oﬁlé?é’ iy E’é’*‘gﬁgrﬁ) (I;I ner)
by addi ng costpee it mettylyneSBicride (40fmieamt addeddedpiwizg vmﬂmmnaimngthbuffer SPA
"noubat i on b TPEBI Braerac e BRI ab o fyrJreE TRIeEh  f uged
for 15 mia atvas]qlﬁﬁmuedpA’mMMthmmmmylammtbaddl@Inooﬁciahne sataN&kHEOy wa) mi n.
Radi oacti vit s count in t m cr.opl at r. ((Perkin
El ner) for X%e%mﬂ'f(gﬂ‘éelou%‘? &e‘ﬁﬁ eégﬁ‘i[? oﬁevecf% A tg meﬁ" e"ﬁﬁg d‘? Q0ESn buffer
only; nons pecorﬁhnmdmrgudlcng/emserd aiear (MayBa), ififtetelh encpcrcmwmated af giGOmdathAg 1-

2222. S f di f
bi ndi ng 1 7 onp BRI RO TP ThaRE ol b PREPRAANICHRS) | ca o

usi ng ten corgENCDEl;) Gres70E, IG{)mpeG(sng{)L B.gered8 (wi, LH), orsdadi et T.HHzj Y| uded as
Bi ndi ng. dat asBermareepl 3wty gt eE 2l ef var o rom 1 0BS Lid. The
i nhi bition cmsedjant (ISigp Fva Laimedbaidsh dfgoiRudiam-Lhierthabinisef f equation:
(K 2o S0 e (8 o SRR F S LSl bbbl 2059y
' : sodium methoxide (25 wt% in MeOH, 1.8 mL, 8.4 mmol) dropwise. The reaction was
stirred at room temperature for 1 h and then glacial acetic acid (0.6 mL, 9.7 mmol) was
20  added to neutralize the basicity of the mixture. Sodium cyanoborohydride (528 mg, 8.4
mmol) was added, followed by a solution of methyl 1-(2-oxoethyl)-1H-indazole-7-
carboxylate (920 mg, 4.2 mmol) from Step E above in methanol (10 mL). The mixture
was stirred at room temperature until the reaction was complete by TLC (1-2 h). The
reaction mixture was concentrated, absorbed onto silica gel, and purified by column
25  chromatography (80:18:2 methylene chloride/methanol/concentrated ammonium
hydroxide) to afford methyl 1-(2-(quinuclidin-4-ylmethylamino)ethyl)-1 H-indazole-7-
carboxylate as a yellow oil (563 mg, 39%): 'H NMR (300 MHz, CD;0D) & 8.26 (s, 1H),
8.09-8.03 (m, 2H), 7.27 (t, J = 7.2’ Hz, 1H), 4.95 (t, J>= 5.7 Hz, 2H), 4.01 (s, 3H), 3.50—
3.44 (m, 2H), 3.39 (t, J= 7.8 Hz, 6H), 2.93 (s, 2H), 1.85 (t, /= 8.1 Hz, 6H).
30  [0310] Step G: A mixture of methyl 1-(2-(quinuclidin-4-ylmethylamino)ethyl)-
1 H-indazole-7-carboxylate (563 mg, 1.7 mmol) from Step F above and lithium hydroxide

monohydrate (207 mg, 4.9 mmol) in tetrahydrofuran/water (16 mL; 1:1) was stirred at



25 Exanple 36 - Agonist Activity at Reconbi nant Human 5- HT3A Receptors.

[ 0323] Human enbryoni ¢ ki dney (HEK293) cells expressing the h5-HT3A receptor
subunit weoeos@wswd directly into poly-D-|ysine coated, PolTAskemakdeed, cl ear
bottoned, 96 well plates with approximately | x 105 cells per well. After
48 hrs incubation in DVEM growt h nedia (100 pL), cells were washed twi ce
(each 200 !'lIL) in 30Hank's bal anced sal{ solution (Invitrogen) before

i ncubation (1 hr) with Fluo-4 acetoxyne Iq (AM ester (100 'IL, 2.5 1.1M
Mol ecul ar Probes). Cells were washed twi ce (each 200 tiL) in Hank's

bal anced salt solution and incubated for a further 30 mn in - 115 -

Hank' s bal ancﬁgx ﬁrﬂénfterreﬁcHtrll \QIQS(%) ?e%AbS))TlE)(E hitor! LIQ: ﬁ?Rﬁﬁﬁ % n} waﬁe%ﬁfe%t fon in

[ Ca2] 1 was nEasure Ve TIGor escence uni US| ng a exstation
(excitation 488r rducaddresqurestoigose 1BHiam n#R- (dmwhdanéyylméthylemm@hthy@ E'isec)

ol uti on) o "l e EBel e MR UR A RS G B 073
First 3?@?2%@5?%‘? ?‘“‘of . "’f‘;;é‘ ﬂ%;@n‘gffﬁ}&“ ‘%@éﬁ”}?ﬁ“" a‘*@%’*’igﬁﬁg"vidt over
PO W 2 o

mgcgg?n?ccéa&pptornégonpz car bacho?tl(i mv) was a§§§§r240 tse;: after the

2 on. o q
by HEK293 celPI"i 1 e0BPy T eRBBPT hrie BSF b b Bar e rran 1 ieihce
conpar abl e t 0cirbexynme<(1mJgn3réeﬁmon$:emeStep:G hbde li)yTHh&Orrak) Wl coelfedi ecniive
concentrati o

Z aril s n VI VO
[ 0324] 5- HT, B?%Wn%awgﬁ’%?@ﬁws\"ﬁ%% "Om ﬁcwaaéy&reﬁ Mtt‘)’ﬂ I rent of
human 15@ dpr%ﬁatrdﬁlicﬁpl&ﬁ\1cckemwyslicrﬁhﬁﬂldbyr3ﬂ’hﬁ) w&@@md&t@lt\c;oﬂ raL @3 et mionl).and
ranosetron f I?I?fg- D..ln vVo.acti Vv Lors can sessed
usi ng the 5- fﬂ—ﬁe reaear gt"é‘afeﬂaéﬁ%""edn%‘ mﬁfry ‘8’98%?8%”’“8 S%F veg arr & qﬁte By
i nt ravenous adOi(¢eMeatigha) Toemodfturd wial capcerfiratdd in mh@mm then pugidind syttts in
anest heti zed i %@/ 2ezo| d- ‘; ﬁs_ﬁp Thi 5 || characterized
and wi dely uésgid‘ e#g}f cqumpg o ,qu'rng%léderf or r?eﬂt%)[% gl’(]iﬁ]l W%w vo (King et
al., 5- [1,4)diazepino[6,7,1-hilindazol-6(7H)-one (267 mg, 24%).
15 Step I: 7-(Quinuclidin-4-ylmethyl)-8,9-dihydro-[1,4]diazepino[6,7,1-Ai]indazol-6(7 H)-
one (267 mg, 0.9 mmol) from Step H above was dissolved in 1.25 M HCl in methanol
and concentrated under reduced pressure to give 7-(quinuclidin-4-ylmethyl)-8,9-dihydro-
[1,4]diazepino[6,7,1-hi]indazol-6(7H)-one hydrochloride as an off-white solid (299 fng,
 100%): 'H NMR (500 MHz, D,0) 5 8.04 (s, 1H), 7.92 (d,J= 7.0 Hz, 2H), 7.21 (t,J=
20 8.0 Hz, 1H), 4.54 (s, 2H), 3.86 (s, 2H), 3.55 (s, 2H), 3.23 (t, J = 7.5 Hz, 6H), 1.83 (t, J =
7.5 Hz, 6H); MS (ESI+) m/z 311 (M+H). :

Examples 33 and 34 - Preparation of 7-(quinuclidin-3-ylmethyl)-7,8-
dihydropyrazolo[3,4,5-delisoquinolin-6(2H)-one, enantiomers
25 A and B, hydrochloride salts



20 Hydroxtryptam ne-3 Receptor Antagonists, CRC Press, pp. 74-75 (1993),
which is hereby incorporated by reference in its entirety). Certain
conpoundswQRatli®ssry were evaluated for their ability toPCHRISRI/0$@1Dt oni n

i nduced bradycardia in vivo in the nouse (Saxena et al., Arch. Int.

Phar macodyn., 277:235-252 (1985), which is hereby incorporated by reference
inits entirety). Test substances and v Qicle [2 % Tween  80] were each
adm ni stered 250rally to a group of 57 I'é 1CR mice each wei ghing 24 2 g.
A dosing volunme of 10 ni/kg was used. Sixty minutes later, 5-HT (0.1 ng/kg
I V) -induced bradycardia was recorded in urethane (2250 ng/ kg IP, given 10

1t 29 T Uy, D - SRS T A155h Mo, L6500 1
Conpounds - cdtidmitrilelaxambihg tdNueb@ted miptHdd 8. S Bater(t ¢ NAS 3 BIFG, G2OB ihBer¢dy3 A*
Inhibition of oo bl BYVGed.Brddysaidya 1n Mce 1 74 |
[0313] Step A: To a solution of methyl 3-formyl-1H-indazole-4-carboxylate
S (49.5 g, 242 mmol) was added cesium carbonate (158 g, 485 mmol) in DMF (750 mL) at
0°C. The mixture was stirred under an atmosphere of nitrogen for 15 min.” To this
solution were added 4-methoxybenzyl bromide (41.6 g, 267 mmol) and sodium iodide
(7.3 g, 48.5 mmol). The reéulting m.ixture-co'ntinued to stir for 10 min and then warmed
to room temperature and stirred for 2.5 h. The mixture was filtered to remove soI‘id
10 cesium carbonate and the filtrate was quenched with sat. aqueous sodium chloride (200
mL) and extracted with diethyl ether (3 x 500 mL). The combined organic layers were
washed with brine (3 x 200 mL), dried (Na,SOy), filtered, and concentrated under
reduced pressure. The crude material was purified by column chromatography (silica gel,
10 to 25 % ethyl acetate in hexanes) to afford methyl 3-formyl-1-(4-methoxybenzyl)-1H-
15  indazole-4-carboxylate (41.8 g, 53%): 'H NMR & (300 MHz, CDCls) 10.53 (s, 1H), 7.77
(dd,J=7.2, 1.0 Hz, 1H), 7.58 (d, J=9.0,1.0 Hz, 1H), 7.44 (dd, J = 9.0, 7.20, Hz, 1H),
7.20 (dd, J = 6.6, 2.1 Hz, 2H), 6.89 (dd, J = 6.9, 2.1 Hz, 2H), 5.68 (s, 2H), 4.01 (s, 3H),
3.77 (s, 3H); MS (ESI+) m/z 325 (M+H). In addition, methyl 3-formyl-2-(4- '
methoxybenzy])-2H-indazole-4-carb6xylate (24.2 g, 31%) was also isolated: 'HNMR §
20 (300 MHz, CDCls) 10.88 (s, 1H), 8.10 (t, J = 7.2 Hz, 2H), 7.42 (dd, J = 9.0,1.0 Hz, 1H),
7.36 (dd, J=9.0, 7.20, Hz, 2H), 6.82 (dd, J = 6.6, 2.1 Hz, 2H), 6.07 (s, 2H), 4.01 (s, 3H),
3.77 (s, 3H); MS (ESI+) m/z 325 (M+H).
[0314] To a 78 °C cooled susbension of (methoxymethyl)triphenylphosphonium
chloride (119 g, 347 mmol) in .tetrahydrofuran (1000\mL) was carefully added a solution
25 of lithium bis(trimethylsilyl)amide (1.0M in THF, 347 mL, 347 mmol). The resulting
dark red mixture was stirred at —40 °C for 30 min. To this was added a solution of methyl
3-formyl-1-(4-methoxybenzyl)-1H-indazole-4-carboxylate (45 g, 139 mmol) in
tetrahydrofuran slowly and the mixture was stirred fof 30 min. The-reaction was
quenched with sat. aqueous sodium chloride (500 mL) and extracted with ethyl acetate (3
30 %500 mL). The combined organic layers were washed with brine (4 x 300 mL), dried
(Na;S0,), filtered, and concentrated under reduced pressure. The crude oil was purified

by column chromatography (silica gel, 5 to 30 % ethyl acetate in hexanes) to afford
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methy! 1-(4-methoxybenzyl)-3-(2-methoxyvinyl)-1H-indazole-4-carboxylate (40.3 g,
82%) as a yellow oil. A mixture of tetrahydrofuran (950 mL) and 6N hydréchloric acid
(30 mL) was added to methyl 1-(4-methoxybenzyl)-3-(2-methoxyvinyl)—lH-i.ndazole-4-
carboxylate (40.3 g, 114.5 mmol) and the resulting biphasic mixture was heated to reflux
for 2.5 h.” The mixture was cooled to room temperature and diluted with ethyl acetate
(1500 mL). The organic layer was separated and washed with brine (4 x 500 mL), dried
(Na;S0,), filtered, and concentrated under reduced pressure to afford methyl 1-(4-
methoxybenzyl)-3-(2-oxoethyl)-1H-indazole-4-carboxylate (30 g, 77%) as a yellow solid:
'H NMR & (300 MHz, DMSO-d3) 9.78 (s, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.49 (dd, J=7.2,
0.6 Hz, 1H), 7.48 (dd, /= 8.7, 7.5 Hz, 1H), 7.22-7.19 (m, 2H), 6.88—6.85 (m, 2H), 5.61
(s, 2H), 4.26 (s, 2H), 3.84 (s, 3H), 3.69 (s, 3H); MS (ESI+) m/z 339 (M+H).

[0315] Step C: The procedure described in Step A of Example 29 was used to
convert methyl 1-(4-meth6xybenzyl)-3-(2-oxoethyl)-1H-indazole-4-carboxylate from
Step B above and quinuclidin-3-ylmethanamine to methyl 1-(4-methoxybenzyl)-3-(2-
(quinuclidin-3;ylr'nethylamino)ethyl)-lH—indazoIe-4-carboxylate: 'H NMR (500 MHz,
CD;0D) 6 7.78 (dd, J = 8.5, 0.7 Hz, 1H), 7.74 (dd, J = 7.2, 0.7 Hz, 1H), 7.43 (dd, J =
8.5, 7.3 Hz, 1H), 7.13 (d, /= 8.8 Hz, 2H), 6.84 (d, /= 8.8 Hz, 2H), 5.55 (s, 2H), 3.97 (s,
3H), 3.74 (s, 3H), 3.41 (t,J= 7.1 Hz, 2H), 3.32-3.29 (m, 1H), 3.09-3.05 (m, 2H), 2.97—
2.85 (m, 4H), 2.77 (dd, J = 12.0, 8.1 Hz, 1H), 2.67 (dd, J = 12.0, 7.1 Hz, 1H), 2.47—2.42
(m, 1H), 1.96-1.90 (m, 1H), 1.76-1.70 (m, 3H), 1.65-1.60 (m, 1H), 1.51-1.44 (m, 1H);
MS (ESI+) m/z 463 (M+H). ‘

[0316] Step D: The procedure described in Step B of Example 29 was used to
convert methyl 1-(4-methoxybenzyl)-3-(2-(quinuclidin-3-ylmethylamino)ethyl)-1H-
indazole-4-carboxylate from Step C above to lithium 1-(4-methoxybenzyl)-3-(2-
(quinuclidin-3-ylmethylamino)ethyl)-1 H-indazole-4-carboxylate: MS (ESI+) m/z 449
(M+H). ' A
[0317] Step E: The procedure described in Step C of Example 29 was used to
convert lithium 1-(4-methoxybenzyl)-3-(2-(quinuclidin-3-ylmethylamino)ethyl)-1H-
indazole-4-carboxylate from Step D above to 2-(4-methoxybenzyl)-7-(quinuclidin-3-
ylmethyl)-8,9-dihydro-2 H-azepino{5,4,3-cd]indazol-6(7 H)-one: 'H NMR (500 MHz,
CD;OD) &7.84 (d,J=17.2 Hz, 1H), 7.72 (d, /= 8.3 Hz, 1H), 7.51 (dd, /= 8.4, 7.3 Hz,
1H), 7.18 (d, /= 8.8 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.54 (s, 2H), 3.91-3.87 (m, 3H),
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3.75-3.71 (m, 1H), 3.74 (s, 3H), 3.23-3.20 (m, 2H), 3.18-3.15 (m, 1H), 3.07-2.91 (m,
4H), 2.69-2.64 (m, 1H), 2.39-2.33 (m, 1H), 2.16-2.08 (m, 1H), 1.83-1.77 (m, 2H), 1.75-
1.69 (m, 1H), 1.64—1.57 (m, 1H); MS (ESI+) m/z 431 (M+H).

[0318] Step F: A solution of 2-(4-methoxybenzyl)-7-(quinuclidin-3-ylmethyl)-
8,9-dihydro-2H-azepino(5,4,3-cd]indazol-6(7 H)-one (219 mg, 0.51 mmol) in
trifluoroacetic acid (3 mL) was subjected to microwave irradiation at 130 °C for 18 min.
The mixture was diluted with methanol and concentrated in vacuo. The resulting residue
was converted to the free base by elution through an SCX-2 cartridge aﬁd then pﬁriﬁed by
column chromatography (silica gel, (12%-100% solvent mixture B in methylene
chloride; solvent mixture B = 70:27:3 methylene chloride/methanol/concentrated
ammonium hydroxide) to afford 7-(quinuclidin-3-ylmethyl)-8,9-dihydro-2 H-
azepino[5,4,3-cd]indazol-6(7H)-one (140 mg, 88%) as a colorless oil: MS (ESI+) m/z
311 (M+H).

[0319] Step G: 7-(quinuclidin-3-ylmethyl)-8,9-dihydro-2 H-azepino[5,4,3-
cd]iﬁdazol-6(71-1)—one from Step F above was resolved by preparative chiral HPLC
(CHIRALCEL OD column, using 80:20:0.1 heptane/isopropanol/diethylamine as the
eluent) to give enantiomers A and B.

[0320] Step H: The procedure described in Step D of Example 29 was used to
convert 7-(quinuclidin-3-'ylmethyl)-8,9-dihydro-2H-azepino[5,4,3-cd]indazol-6(7H)-one,

enantiomer A (absolute stereochemistry unknown) from Step G above to the

corresponding hydrochloride salt: 'H NMR (500 MHz, CD;0D) 6 7.86 (d,/=17.3 Hz,
1H), 7.71 (d, J = 8.3 Hz, 1H), 7.54 (dd, J = 8.3, 7.3 Hz, 1H), 3.94-3.88 (m, 4H), 3.56—
3.51 (m, 1H), 3.45-3.29 (m, 5H), 3.26-3.23 (m, 2H), 2.69—2.62 (m, 1H), 2.36 (brs, 1H),
2.10 (brs, 1H), 2.06~1.98 (m, 2H), 1.94—1.88 (m, 1H); MS (ESI+) m/z 311 (M+H).
[0321] ' Step I: The procedure described in Step D of Example 29 was used to
convert 7-(quinuclidin-3-ylmethyl)-8,9-dihydro-2H—azepino[5,4,3-cd]indazo]-6(7H)—one,
enantiomer B (absolute stereochemistry unknown) from Step G above to the
corresponding hydrochloride salt: 'H NMR (500 MHz, CD;OD) & 7.86 (d, J = 7.3 Hz,
1H), 7.71 (d, J = 8.3 Hz, 1H), 7.54 (dd, J = 8.3, 7.3 Hz, 1H), 3.94-3.88 (m, 4H), 3.56—
3.51 (m, 1H), 3.45-3.29 (m, 5H), 3.26-3.23 (m, 2H), 2.69-2.62 (m, 1H), 2.36 (br s, 1H),
2.10 (brs, 1H), 2.06-1.98 (rﬁ, 2H), 1.94-1.88 (m, 1H); MS (ESI+) m/z 311 (M+H).
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Example 35 - Compound Affinity for the Human 5-HT; Receptor.

[0322] 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) fonjmat. Test compounds were dissolved to 10 rﬁM in 100% DMSQO, then
serially diluted at 10x assay concentrations in 100% DMSO in 96-well polypropylene
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,, | mM EDTA and 10% DMSO with
10 nM [9-methy|-3H]BRL-43694 (Perkin Elmer), 3 pg of human 5-HTj; receptor
membranes (Perkin Elmer) and 0.5 mg/mL SPA beads (WGA PVT, Amer'sham
Biosci.ences) in a final volume of 0.2 mL. Binding reactions were set up in wells of
PicoPlates-96 (Perkin Elmer) by adding consecutively 50 uL of each competing
compound or buffer, SPA beads, the radioliga_nd and 5-HTj; receptor membranes. After
an overnight incubation at room temperature on a Nutator mixer, plates were centrifuged
for 15 min at 1,500 rpm, followed by incubafion in the dark for 30 min. Radioactivity
was counted in the TopCount microplate counter (Perkin Elmer) for 5 min. Total binding
control contained compdund dilution buffer only; nonspecific biﬁding was determined in
the presence of 30 uM 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. ICso 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; = IC50/(1+(Lﬂ(b)), where L = concentration of radioligand in
the assay, and Kp = affinity of the radioligand for the receptor.

Example 36 - Agonist Activity at Recombinant Human 5-HT34 Receptors.

[0323] Human embryonic kidney (HEK293) cells expressing the 45-HT3a
receptor subunit were seeded directly into poly-D-lysine coated, black-walled, clear
bottomed, 96 well plates with approximately 1 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 pL, 2.5 uM; Molecular Probes). Cells were washed twice

(each 200 pL) in Hank’s balanced salt solution and incubated for a further 30 min in

16
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“Hank’s balanced sélt solution (100 uL) prior to assay (25°C). Alteration in [Ca2+]i was .

measured (relative fluorescence units [RFU]) 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 puL). 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 experiments the muscarinic receptor agonist
carbachol (1 mM) was added 240 seé after the test drug administration. Muscarinic
recepfors are endogenously expressed by HEK293 cells; in every experiment, carbachol
elicited a response comparable to the maximum response elicited by the maximal A

effective concentration of 5-HT.

Example 37 - von Bezold-Jarisch Model in vivo

[0324] 5-HT, receptor modulators have proven efficacy in the treatment of human
Gl disorders as demonstrated by the approval of alosetron and ramosetron for IBS-D. In
vivo activity at 5-HT; receptors can be assessed using the 5-HT, mediated transient
bradycardia observed after the intravenous administration of 5-HT or 5-HT; selective
agonists in anesthetized mice (von Bezold-Jarisch reflex). This is a well characterized and
widely used model to assess 5-HT, 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 in 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 ICR mice each weighing 24 + 2 g. A dosing volume of 10
mL/kg was used. Sixty minutes later, S-HT (0.1 mg/kg 1V)-induced bradycardia was
recorded in urethane (2250 mg/kg IP, given 10 minutes before 5-HT)-anesthetized

animals. The highest oral dose tested is reported in Table 1.

Table 1. Biological Activity of Exemplified Compounds

20

23%
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Example | hSHTs HEK293 | @ radycardia
Number K; (nM) hS-HT35* . .
in Mice-
1 74
2 4 7
3 S 13
4 0.2
5 416
6 205
7 8 ' 19 77% @ 3 mg/kg
8 0.5
9 6
10 14
11 0.8
12 2
13 32
14 '40% inhibition @ 10 uM
15 80% inhibition @ 10 pM
16 39% inhibition @ 10 pM
17 130
18 51% inhibition @ 10 uM
19 74% inhibition @ 10 pM
20 23% inhibition @ 10 pM
21 406
22 69% inhibition @ 10 uM
23 206
24 75% inhibition @ 10 pM
25 7 . . 83
26 701
27 8
28 30
29 2 1 87% @ 3 mg/kg
30 (Enant. A) 217
31 (Enant. B) 24
32 73
33 (Enant. A) 579
34 (Enant. B) 241
Alosetron 0.5 NR
Ramosetron 0.06 NR

- * % agonist response at 1 uM is normalized to the response of 5-HT
(5-HT response = 100% at 3 pM); NR = no response

[0325] The present invention is not limited to the compounds found in the above

5 examples, and many other compounds falling within the scope of the invention may also
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be prepared using the procedures set forth in the above synthetic schemes. The
preparation of additional compounds of formula [ or II using these methods will be
apparent to one of ordinary skill in the chemical arts.
[0326] Although preferred embodiments have been depicted and described in
5  detail herein, it will be apparent to those skilled in the relevant art that various
. modifications, additions, substitutions, and the like can be made without departing from
the spirit of the invention and these are therefore considered to be within the scope of the

invention as defined in the claims which follow.

24
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WHAT IS CLAIMED:

1. A compound of formula I:
N

0 n

N
N \

| X
VA
®Y,
formula I

wherein:

------ represents an optional double bond;

Q is a saturated, bicyclic, heterocyclic amine, wherein the Sat_urated, bicyclic, heterocyclic

' ~ amine comprises at least two atoms between the amide nitrogen of the compound of

15

20

25

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, ——OR7,
and —NR'R";

X is CH, CH,, CR%, C(R®),, N, NH, C=0, or SO;
Y is CH, CH,, CR?, C(R%),, N, NH, NR?, O, or C=0;

R' is individually selected at each location 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,-Cs alkyl, C-Cs alkenyl, C,-Ce alkynyl, C3-Cs cycloalkyl, Cy-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C,-Cg¢ alkyl, C2-Cs alkenyl, C,-
Cs alkynyl, C;-C¢ cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally
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addi tional conpounds of formula I or Il using these methods will be

apparent to one of ordinary skill in the chemcal arts. [0326] Al t hough
preferred enbodi nents have been depicteﬂgand descri bed in 5detail herein,

it will be apparent to those skilled in

the rel evant art that various
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departing fromthe spirit of the invention and these are therefore
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fornula |  wihereef from €oCs alkglphategents-Chia —oPR |, orfaR 'Ry cand Ipbertybwhiich is
optionally substituted 1-3 times with halogen, C,-C, alkyl, C,-C4 haloalkyl, C;-C4 alkoxy,

—CN, —OR’, or —NR'R%;

R? is individually selected at each location from the group consisting of H, halogen, —
OR‘, —NR‘R®, —NR*C(O)R’*, —NR*C(0),R’, —NR’C(0)NR’R®, —S(0)R’, —CN, —
C(O)R®, —C(O)NR*R’, C,-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-C cycloalkyl, Ca-
C7 cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cs alkyl, C,-Cs alkenyl, Cs-

10 G alkynyl, Ci-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,-Cs alkyl, halogen, —CN, —OR’, —NR’R?, and phenyl which is
optionally substituted 1-3 times with halogen, C,-C; alkyl, C,-Cj4 haloalkyl, C,-C4 alkoxy,
—CN, —OR’, or —NR'R?;

15
R?is selet:ted from the group consisting of H, C;-Cs alkyl, C3-C¢ alkenyl, C3-Cg alkynyl,
C3-Cs cycloalkyl, C4-C cycloalkylalkyl, aryl, and heteroaryl, wherein each of C-Cs alkyl,
C;-Cg alkenyl, C3-Cg alkynyl, C3-Cg cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and
heteroaryl is optionally substituted with from 1 to 3 substituents independently selected at

20  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,-Cj4 haloalkyl, C;-
C4 alkoxy, —CN, —OR”, or —NR'R%,

R* is H, C,-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C;
25  cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C;-C4 alkyl, C;-C4 haloalkyl, or Cy-Cy4

alkoxy;

R’ is H, C,-C4 alkyl, C,-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C;
30  cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-C4 alkyl, C,-C,4 haloalkyl, or C;-C4 alkoxy; or

cl ai ns



Qis a saturated, bicyclic, heterocyclic am ne, wherein the saturated,

bi cyclic, heterocyclic am ne conprises at | east two atons between the am de
ni t rogen wo 20h@wossapound of formula | and any am ne nit Pogams2ab/o@eand
wherein the saturated, bicyclic, heterocyclic 15amne is optionally
substituted with from1l to 3 substituents independently selected at each

occurrence thereof fromthe group consisfting of Cl-C3 al kyl, hal ogen, -CN,
and -NR7R8; X is CH CH2, CR2, C(R2)2, NH, C=0, or SQ2; 20 Y is CH, CHz,
CR2, C(R2)2, N, NH, NR3, 0, or C=0; R is i ndi vi dual l'y sel ected at each
Iocatl on fromthe group consisting of H halogen, - Oe, -NR4R5,

A0 . S o R P LB o B, o, o

cycl oal kyl al toyﬁbyenangmber@jrldtemy@rcomgywmclvmmmlscs fetamhtcnz hmomnafkeﬂwted

C2- C6al kenyl fr?rg:%he %p‘{paéoﬁ%[_ {l?ﬁgof %@rf%.cé@g a#&l %u’lfu% stoﬁgcfrlragﬂ%d}%{itgdegyl , aryl,

and heteroary stl ute
subst i t uent sfromddpétidenwity a seéistwem delettedciaddpenstsotly ateadeoctiteaneatheeeiom C1- C3

i mes wi O DB o g B P e E2k 31 CRE RRBUNAYRYE Y T

or -NR7118; QkR’Z/; is individually selected at each | ocation from t he group
consisting of H halogen, - OR4, -NR4R5, -NR4AC(0)R5, -NR4C(0)2R5,:

- NR5C( 0) NR5R6 -S(0),IR5, -CN, - C(0)R5, -C(0)NR4R5, Cl1-C6 al kyl, _

C2- Coal kenyl | R® @leCBalkkyﬁly4C,4 h@BalKBchrmhcra'l\ kyl, C4- cycloal kyl al kyl, aryl, and
het er oaryl , V\/nerel n each of Cl-C6 al kyl, C2-C6 al kenyl, 10C6 al kynyl

C3- C6eyd oal kyl C4 C7 cycl oal kyl al kyl, aryl, and heteroaryl is opti onal | y
subst it uied & atd Rirapmeath inde@ndanbls H, Cubnaliyli Ad€phkaichdint.| G -Gellkoayadkl4E3- each

OCCUI‘ rence t Ee{ygBLIkI/lr epbcéyc%%lk‘%"lalﬁ(x'll —B@)Rg%ﬂeny1 gr\lbergﬁ76ﬁereﬁl$‘f1er8h8pyl whi ch
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,-C4 alkoxy;
15

nislor2;
pis0,1,2,or 3; and
20 qisO,l,orZ;'

or an oxide thereof, a pharmaceutically acceptable éalt thereof, a solvate thereof,

or prodrug thereof.

25 : 2. The compound according to claim 1, wherein Q has an empirical

formula C7-|0N1.2.

3. The compound according to claim 1, wherein Q is an
azabicycloheptane, azabicyclooctane, or azabicyclononane.
30

4, The compound according to claim 3, wherein Q is quinuclidine.



optionally substituted 1-3 tines wth hal ogen, Cl-C4 al kyl, C1-C4

hal oal kyl, Cl-C4 al koxy, -CN, -0OR7, or -NR7R8; 15 R3 is selected fromthe
group cospaivysk |1-1, Cl-C6 al kyl, C3-C6 al kenyl, C3PCohAISRYmPI617

C3- Coeycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl, and heteroaryl wherei n each
of Cl-C6 al kyl, C3-Co6al kenyl, CB-CBaIkynyI C3- Céeycl oal kyl , C4-C7

cycl oal kyl al kyl , aryl, and heteroaryl @loptlonally substltuted wth from1l
to 3 substituents |ndependently sel ected’'at 20 each occurrence thereof from
Cl-C3 al kyl, hal ogen, -CN, -NR7R8, and phenyl which is optionally
substituted 1-3 tines wi th hal ogen, C-Ca aIkyI CI-C4 hal oal kyl, Cl-C4

al koxy, -CN, -de, NR7R8; R4 is IkyI Cl-c4
al koxyal kyl , C3- CchchoaI Ky °°8&’°§‘?‘ a§g°g§3$ g:ﬁ Ekm Eerf:m the&&%ﬁ phenyl or
benzyl, V\herlabythp,ﬁettydcydrc alnempz:yhttacsedlpthemrradidIyoﬁtolusmaﬂ ittbel(S) to 3 tinmes
wth halogen r&gang -C4 alkyl, C-C4 haloalkyl, or Cl-Ca alkoxy; R5is
H C-Ca aka? (et %h hanaIkyI Cl - Ca al koxyal kyl , C3-Cé6cycl oal kyl, C4-C7
SOCycIoaIkyIaIkyI phenyl , or benzyl wher ei n phenyl or- benzyl is

optionall substituted 1 t 3 tlnes wi.th hal n al kyl, C-Ca
hal oal kyl 7 g or Cl-Ca aSKOX ?h oquﬁcord'E&g% cq%%a5wg¥rgln(?hﬁ<gur Cr‘ﬁ)hget her with
the nitr ogenbnbyrlmrhemmcvﬁ&yananes attdchexhte thetamidleoN iof forhitla @ irt the §dven- nenber ed

het er ocyclic rl @h mhlch conprises from1l to 2 heteroatons selected from

t he group conS|§ ng “of nitrogen, oxygen, and sulfur,- and is optionally
substituted from1l to 4 times with a substituent selected independently at

each occurrence theregf 5fromthe aqr S|, St ano,
[oCa alkyl . Cl.ca hal dal kyl™ cmpow g ﬁg%éna%%%ae.&??Wﬁkyl o

hal oal kyllQ or phenyl; 10R7 and R8 are each i ndependently H, CI-CA al kyl ,
Cl-C4 hal oal kyl, Ol - al k - C a

cycl oal kyl al kyl , C(8§RB gﬁ%%@1 “%#éggﬂggFﬁxﬁhqrgﬁﬁ%ﬁﬁgﬁy or benzyl is
optionally substituted from1l to 3 tinmes with a substituent sel ected

i ndependently at each occuiﬁ ﬁﬁfﬁnﬁ (Q&Pé ga%hew%rggﬁ( j sting of

-hal ogen, cyano, Cl-Caal ky and OXY; 15
15 ' 10. The compound according to claim 1, wherein X is SO;.
1. The compound according to claim 1, wherein Y is N or NH.

12. The compound according to claim 1, wherein Y is CH or CR2.
20
13.  The compound according to claim 1, wherein R? is substituted

phenyl.

14, The compound according to claim 1, selected from the grodp

25  consisting of:



nis1lor 2, pis0, 1, 2, or 3; and 20g is 0, 1, or 2; or an oxide
thereof, a pharmaceutically acceptable salt thereof, a solvate thereof, or
prodrug twereufas232. The conpound according to claim 1, PamaiseI/o@chas an

enpirical forrmula C7_10Ni - 2. 3. The compound according to
claim1l1, wherein Qis an azabicycl oheptane, azabicycl ooctane, or
azabi cycl ononane. 30 4. Thg,conpound according to claim 3,
wherein Qis quinuclidine. - 121 - 5. THhé conpound according to claiml1,

~wherein the saturated, bicyclic, heterocyclic amne is attached to the
am de N of fornula 1 in the (5) configuration. 56.The conpound according to

claim1, wherein the sa ted, bicy c, heterocyclic anine is attached to
the amde N o rnula . t he (R iguratio 7.
The corrpoundN rding t Ia|n11 whergin X is r

8. The conpoun accordl laim 1, ein X

|n X i

9. The conpouy ordlng {o Ia|n11

according to cI i is S

conpound accor o cI mherel
N@

N
/> />— CH;3
N N

5 and

15. A pharmaceutical composition comprising a therapeutically
effective amount of the compound according to claim 1 and a pharmaceutically

acceptable carrier.



12. The conmpound according to claim1, wherein Yis CHor CR2. . 20

13. The conpound according to claiml, wherein R2 is substituted phenyl.

14. The cwopouwmdsiziecording to claim 1, selected from theCgrusa@o@sonsi sti ng
of :  15. A pharmaceutical conposition conprising a therapeutically effective
amount of the conmpound according to claim1 and a pharmaceutically

acceptable carrier. - 123 - 16. A nethod of treating a

- di sease or- condition which is suscepti bl%Z to treatment with a 5-HT3
receptor nodul at or conpri si ng: selecting a patient with a
di sease or condition which is susceptible to 5treatnment with a 5-HT3
recept or nodul ator; and adm nistering to the patient a

t herapeutically effective anmount of a conpound according to claim1 or a
phar maceuti cal | y accepbabl & rsahdd dfiveatingfa.disease or condition which.is Stseeptige bod

accordi ng totr@itr%%dpwm’a ﬁﬂﬁ%@%%t%‘%dgfafog@Uﬁﬁgﬁ{"glocOndi tion is selected from -

the group consisting of I~ anxi e rders, social phobias, vertigo,
obsessi ve- conpul si ve delsagingdemstienpaith @ dgesopdendifiopwbich issaspeptiilctost r ess

di sor der Sy bHLz{trﬂ%rﬂgﬁtWa"sQﬁﬂ rng g nygd;]llgﬁ)rr;%\ﬁlgl effects, al cohol depen_dency:
pain, sleep related centra aﬁ)neas, chrionic fatigue syndronme, Parkinson's
Di sease Psychosi s, schimopsweragitathe patigni 4 therepadigcaliyreéleciivd adefmof s i n

schi zophr eni I \ 1 ?I-T!H i ' resenile
denenti as, %@?%%&é%&ég%ﬁﬁﬁ%ﬁa Y, @éthc%@{ %Eecpzabg%%@g%cﬁ?ogbr ders,
denentia associated with neurodegenerative di sease, cognition deficits,

fibronyal gia syndrorme,,r F’S?ﬁee%ath8c?£c%r%}’n§§&&%iﬂ{ 1@%9&9&5%@&9& Gted by
serotonin, chenotherapy i nduced nausea dand vom ting, post-operative induced
nausea arl@ voonditiongs sefeawtil &bmghe graduomdistinges eenceah dnxigyrdispnders, social
gast ' ol Rt €St bas NenflodsBeive chib Rl L4 ORUEL palE AN 0s APRMRE RN 2002
reflux di seage, : reil%ot&% ﬂﬁﬁho ,l %r'o_né\ﬁl’zg ast ngr,g’%os e
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,
15 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, post-operative induced nausea and vomiting,
radiation induced nausea and vomiting, gastrointestinal disorders, irritable bowel

20  syndrome, gastroesophageal reflux disease, Burkitt’s lympHoma, bronchial asthma,

pruritus, migraine, and epilepsy.

18. The method according to claim 16, wherein the compound
according to claim 1 or pharmaceutically acceptable salt thereof is a 5-HT; receptor

25  antagonist.

19. The method according to claim 16, wherein the compound
according to claim 1 or pharmaceutically acceptable salt thereof is a 5-HT; partial
agonist. '

30

20. The method according to claim 16 further comprising:



pruritus, mgraine, and epil epsy. 18. The met hod accordi ng
to claim 16, wherein the conpound according to claim1l or pharnmaceutically
accept ablwozalttoositer eof is a 5-HIT3 receptor 25ant agoni sPCT/US2010/040617 19.
The met hod according to claim 16, wherein the conpound according to claim1
or pharmaceutically acceptable salt thereof is a 5-HT3 partial agonist. 30
20. The nethod according to claim 16 fu %her conprising:. WO

2011/ 008572PCT/ US2010/ 040617 - 124 - adm nistering to the
patient a therapeutically effective anmount of a schizophreni a adjunct.

21. The nethod according to claim20, wherein the schizophrenia adjunct is
sel ected fromthe groy mcon51 L otf va!h roat.e. e%vqmepro ZI ne,

al prazol am hal operi dd 'mshﬁ"(% T O ﬁfeﬂ}ea E eridone, 'Vﬁainloﬁerl %Ione

ol anzapi ne, xahmalmendma@uncquetl api ne, clozapine, lithium carbonate,

di azepam carbamazepi ne, selective serotonin re-uptake inhibitors,
tricyclic antidepressants, and conbi nati ons thereof 1022. The net hod
according to cI ai m 16 2flur t ke metbogadesiding:to claim 20, wherein the sttlizbptirgtier i ng to
tagjeuﬁgt : egt ad unc 1s sQleé{tdzggrlll e &?%te%%%sd%enggor g[fr%ate lev%mlggrrorl%laglﬁg reli Vaiaezlqél%ﬁ t he
Par ki nson' s ]hﬁb)oeméalsenlad;ounzme|r3pemloe<cmeldaeﬁd®m ¢lireaging aijprasolosd, st i ng of

t ransder nal I‘Otl ot| ilin i nam vodopa,. .car a,

dopar ne. agodraeeRe iR 7 Eona AP Risa b BEBHE R, AL RLARR™

anti chol i ner gi- mptﬂgemls;oranebydardnnmresms, dridepmbinahs tharewét hod of treating
irritabl e bowel syndrone conprising: 20selecting a patient with irritable
bowel syndrone; and admi nistering to the patient a therapeutically

ef fectivdadanount of a 2@orrp6bmuietacd:ant:dnidhg to claiml ¥ furthergpmarigigar maceut i cal |y
accept abl e salt ther eo}:jmmléerl tc?the pgtle%ga %Q&Seu%cﬂg/ etffgctﬂle%hmur?[%f];urt her

conpri si ng:
Parkinson’s Disease adjunct.

23. The method according to claim 22, wherein the Parkinson’s
IS Disease adjunct is selected from the group consisting of transdermal rotigotine,
' rasagiline, safinamide, levodopa, carbidopa, dopamine agonists, COMT inhibitors, MAO-

B inhibitors, amantadine, anticholinergic agents, and combinations thereof

24, A method of treating irritable bowel syndrome comprising:
20 selecting a patient with irritable bowel syndrome; and
administering to the patient a therapeutically effective amount of a

compound aécording to claim 1 or a pharmaceutically acceptable salt thereof.

25. The method according to claim 24 further comprising:
25 administering to the patient a therapeutically effective amount of a second

serotonin 5-HT3 receptor modulator or a serotonin 5-HT, receptor modulator.

26. The method according to claim 25, wherein the second serotonin 5-
HTj; receptor modulator or serotonin 5-HT, receptor modulator is selected from the group
30 consisting of Alosetron, renzapride, cilansetron, Tegaserod, Prucalopride, ondansetron,

and combinations thereof.



25adm nistering to the patient a therapeutically effective anount of a

" second serotonin 5-HT3 receptor nodul ator or a serotonin 5-HT4 receptor
nodul at orwo 2011/008572 26. The nmethod according to cl CHUB2010kM@1EIi N t he.
second serotonin HT3 receptor nodul ator or serotonin 5-NT4 receptor

nodul ator is selected fromthe group 30consisting of Al osetron, renzapride,
cil ansetron, Tegaserod, Prucal opride, n%ansetron, and conbi nati ons
thereof. - 125 - 27. The met hod “according to claim 24 further
conpri si ng: adm nistering to the patient a therapeutically
effective anDunt of a therapeutic agent selected fromthe group consisting

of  somtostatin anal ogs, TRSRLRN £LSGER AP ARRRLSAG XAl ves.

anti spasnodi cs, antidepressan agent &ki neti c agent s,
peri pheral opiate nar @(blmn@tewmgagtbnpzstesga tacrdpemomﬂwmﬁftthnambmpé@f 28. A

met hod of trﬁ\@ah&?iﬁg%?%e?ec?e‘a%ﬂtﬁég %ucf%sﬁﬁr? 4o BQ%tln a%logr!bﬁnﬁfc%ﬁﬁ%' s; and

admi ni stering t patient a Pcard Ive a
10conmpound aceeptatianggerists laxptive, athpasrmdaqsrmmémrésztSL yntdeobed agrnss, sal t

thereof . profi @t?chaglp dtp?rgé]r{é%‘?o tSREr%than g?.ﬁ (ly H# @o%&k&u%ﬁ‘s%ergﬁ‘m“ si ng:

adm ni sterl n er apeu IC ective anount of one or
nore ot her anti-enetic conpounds. - 30. The nethod accordi ng

to claim29, wherein the ope (ﬂiodm?'ir@e}tfﬁggﬁrem?%ﬁé)rﬁﬂg;i c conpounds are

selected fromthe group consi al osetron, al prazol am
aprepi tant, di menhydr iselettiog adatpﬁnEWhlydnfammEi dol aset ron,

tet rahydr ocannabi nol , a@rﬁmslte?lﬂg(ﬁ &L pmm dantﬂsl;ra ¢ {19&?1? ChEQhe 28D LEET T ON,

hal operi dol, 20l orazepam am ol anzapi ne,
ondanset ﬂ@n cqmmoond)mmdmg to plriot| gtrqo;étamzacnlslcalpr@mmsah@er@fop| setron, and
conbi nations thereof. 31. A nmethod of treating CNS di seases or conditions
conprising: selecting a patient with a CNS di sease or condition; and

29, The method according to claim 28 further comprising:

administering to the patient a therapeutically effective amount of one or
~ more other anti-emetic compounds. '
15
30.  The method according to claim 29, wherein the one or more other
anti-emetic compouhds are selected from the group consisting of dexamethasone,
alosetron, alprazolam, aprepitant, dimenhydrinate, diphenhydramine, dolasetron,
tetrahydrocannabinol, nabilone, dronabinol, droperidol, granisetron, haloperidol,
20  lorazepam, metoclopramide, midazbfam, olanzapine, ondansetron, palonosetron,

proclorperazine, promethazine, tropisetron, and combinations thereof.

31. A method of treating CNS diseases or conditions comprising:
selecting a patient with a CNS disease or condition; and
25 administering to the patient a therapeutically effective amount of a

compound according to claim 1 or a pharmaceutically acceptable salt thereof.

32. The method according to claim 31, wherein the CNS disease or
condition is selected from the group consisting of schizophrenia and Parkinson’s disease.
30

33, A compound of formula II:



25adm nistering to the patient a therapeutically effective anount of a
conpound according to claim1l or a pharmaceutically acceptable salt

t her eof . WO 2011/008572 32. The nethod accordi ng to cl ai mPBT/USaMIe/0&I6m7 t he CNS
di'sease or condition is selected fromthe group consisting of schizophrenia
and Par ki nson's di sease. 30 33. A conpound of formula Il: - 126 -
(R)p formula Il wherein: represents an, ptional double bond; Qis a
saturated, bicyclic, heterocyclic anine,“wherein the saturated, bicyclic,
het erocyclic amine is optionally substituted with from1l to 3 substituents
i ndependently sel ected at 10each occurrence thereof fromthe group
consisting of Cl1-C3 al kyl, halogen, -CN, sOR", and -NR7R8; X is CH CH2,
CR2, C(R2)2, N, NH, C=0, or SO2; 15Y is , CH2, CR2, C(R2)2, N, NH, NR3,
O, or C=0; Zis Cor N, R is individuahNly selected at each |ocation from
the group consisting of H, hal ogen, - 20‘&N 4y - NRARS5, - NR4AC(0) R5,

-NR4AC(0) 2R5, - NR5C(0) NR5R6, -S(0), | AXNC(0)R5, -C(0)NR4R5, Cl-C6

al kyl, C2-C6 al kenyl, C2-C6al kynyl , Cécycl pal kyl, C4- C7 .

cycl oal kyl al kyl, aryl, and heteroaryl, \whereih each of C -C6 al kyl,

C2- Coal kenyl , C2'

formula II

wherein:

------ represents an optional double bond;

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic, heterocyclic
amine is optionally substituted with from 1 tb 3 substituents independently selected at

10 each occurrence thereof from the group consisting of C;-C; alkyl, halogen, —CN, —OR’,
and —NR7R8; V

X is CH, CH,, CR?, C(R?*),, N, NH, C=0, or SOy;
15 Y is CH, CH,, CR% C(R%;,, N, NH, NR?, O, or C=0;
Zis CorN;

R' is individually selected at each location from the group consisting of H, halogen, —
20 OR*, —NR'R’, —NR*C(O)R?, —NR*C(0),R’, —NR’C(O)NR’R®, —S(O)R’, —CN, —
C(O)R®, —C(O)NR'R?, C,-Cs alkyl, C,-C alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, Cs-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cg¢ alkyl, C,-C¢ alkenyl, C,-
Cs alkynyl, C3-Cg cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independent]y selected at each occurrence

25  thereof from C;-C; alkyl, halogen, —CN, —OR’, —NRR?, and phenyl which is



Co al kynyl, C3-C6cycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl, and heteroaryl is
optionally substituted with from1 to 3 substituents independently sel ected
at each owounriemsy225t hereof from Cl-C3 al kyl, hal ogen, PCTNS26010/8¥3617 NR7R8,
and phenyl which is WD 2011/ 008572PCT/ US2010/ 040617 - 127 - optionally
substituted 1-3 tines with hal ogen, C-Ca alkyl, CI-C4 hal oal kyl, Cl-Ca

al koxY, -CN, -Ae, or -NR/R8; R2 is i ndlz\él dually selected at each | ocation
fromthe group consisting of H hal ogen, 5 OR -NR4R5, -NR4AC(0)R5,
-NR4AC(0) 2R5, - NR5C(0) NR5R6, -S(0)gR5, -CN, - C(0)R5, -C(0)NR4R5, CI- CG

al kyl, C2- Coeal kenyl C2-C6 al kynyl, C3-C6cycl oal kyl, C4- C7

cycl oal kyl al k ry, n tero

C2- Ceal kenyl ; 9{‘683@ Lgt'tlfqeadkg%%%wb ﬁ%f)%evm@ @ﬂ‘g}a&'hcq‘al C‘&Fgl k)‘}fa%ig’r’yl and
het er oaryl i s-@yt+OR. IoIry—TsRl’rPéil tuted vvlth froml to 3 substituents

i ndependently sel ected at each occurrence 10 thereof from Cl-C3 al kyl,

hal ogen, -CN, -0127, -NR7R8, and phenyl which is optionally substitut ed 1-3
tinmes with hef mg@wldl@ny@emdwyhachmcammﬁalgkgup coistia ot kasogen,—€N, - 0127,

or - NR7R8 us sCo kyl,

C3- Coal kenyr{% ﬁyﬁ\%f“fc% %9@»@1 }rﬁ%&ﬁ%?ﬁ I:f’%?& _Y aryl,
and heter oarg(Q)RW}eCGD)ﬂﬂRé&%;hI.@ algyl; CoCadlksplyl, %mmﬂ@ﬁé cycﬂ&ll@@, @4} kynyl
C3-C6 cycl oalkk 7, C IaI r r tlonally
Subst ¢ ut ed i VR ORGSR Ry e ottt Lo Mol ' cach
occurrence tGelleoll, Eﬁ@ﬂ)@loa(wl éJACyIcyclbraltmlan,,arylGMd hhleﬁdaa'l nsamdorpaﬂienyl whi ch

| | d
IhZI 82} Ik;lna ubstgbtecgﬁ/tlthjhﬁm IJTo t&k?n? ea\éﬁl%Jg%ggéq\lgsagct%:ﬁgchao'_iwrl&w C4 aI Kyl ,
al - g? Rga"@ﬁle 1rk]1ydepf f@:m CaCabkwyaa\bgew —awre%&eirr@&mzyand plyOFhick sl oal ky! al kyl ,
|
subst i tut oa PionS/ s PG 1 HREE FLE nBREI G CT aBfEAC ol ?%aca'kég oal kyl |

or Cl-Ca 25a+—my,—0Réqrs—le@ - Ca aI kyl ; Cl-C4 hal oal kyI Cl -

al koxyal kyl , C3-Cécycl oal kyl, C4-C7 cycl oal kyl al kyl , phenyl or benzyl,
wher ei n phenyl or benzyl is optlonally substituted 1 to 3 times with
hal ogen, cyaRbis s€dctefrah khelgrouplcoBisting bbid] GiyCs alkyl, CBICs@tkemyllk@xGs alkomyl,

15  C;-Cgcycloalkyl, C4-Cs cycloalkylalkyl, aryl, and heteroaryl, wherein each of C,-Cs alkyl,
C;3-Cs alkenyl, C3-Cg alkynyl, C3-Cq cyclOalkyl, C4-C5 cycloalkylalkyl, aryl, and
heteroaryl is optionally substituted with ffom 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,-C, alkyl, C,-C4 haloalkyl, C;-

20 C4alkoxy, —CN, —OR’, or —NR'R;

R*is H, C,-C, alkyl, C;-C4 haloalkyl, C,-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C7

cycloalkylalkyl, —C(O)Rﬂ phenyl, or benzyl, wherein phenyl or benzyl is optionally

substituted 1 to 3 times with halogen, cyano, C;-C,4 al_kyl, C;-C4 haloalkyl, or C,-C4
25  alkoxy; '

Ris H, C,-C; alkyl, C-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cg cycloalkyl, Cs-Cy
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-C, alkyl, C,-C,4 haloalkyl, or C-C4 alkoxy; or

30 '
R* and R’ are taken together with the nitrogen to which they are attached to form a five-

to seven-membered heterocyclic ring, which comprises from 1 to 2 heteroatoms selected



30 - 128 - fromthe group consisting of nitrogen, oxygen, and sul fur, and
is optionally substituted froml to 4 tines with a substituent selected

i ndependaemOl2g11aw08ach occurrence thereof fromthe groupPCOASRGHI0ME1DT

hal ogen, cyano, Cl-C4 alkyl, Cl-Ca haloal kyl, and Cl-Ca al koxy; 5 R6 is
Cl-Ca al kyl, Cl-C4 hal oal kyl, or phenyl; R7 and R8 are each independently
H C-C4 alkyl, C-C4 haloal kyl, Cl1-C4 132I8koxyal kyl, C3- C6 cycl oal kyl ,

C4- C7 cycl oal kyl al kyl , -C(0)R6, phenyl, “0or benzyl, wherein phenyl or
10benzyl is optionally substituted from1l to 3 tines with a substituent

sel ected i ndependently at each occurrence thereof fromthe group consisting

of hal 00en. - GUAND erdhrcC &#ngkatrgg%%ﬁgrli% } fihe, 50 ofghortily Aok n.

is 0, 1, 1 SOS nNnis 1 or 2
and (2) whenfcmmlso iﬁmes whbnsu’osiitserosela_ctedonde@enqsnﬁl)sat@achloccwenmthgeofand qis

0, 1, or 2 r t hcal b sal t
thereof a sﬁ%\} ereo mhgfﬁﬁ éoaruag&[]ge?ggﬁyl t - L&foa@l%ﬁ%ﬂgg k?‘

corrpound accdk(liﬂyng to claim 33, wherein Q has an enpirical 25formul a
C7_101\11 35. The conpound according to claim33, wherein Q

is an azaTLM cycl ohept ane, azabicycl ooctane, or azabicyclononane. - 129 -
37. The conpokhid Caca elkall, ﬁth‘sbaleallexlmrQBeny\bmere| n the saturated,

R’ and R® are eac.h independently H, C;-C4 alkyl, C,-C4 haloalkyl, C;-C4 alkoxyalkyl, C;-
Cs cycloalkyl, C4-C7 cycloalkylalkyl, —C(O)RS, phenyl, or benzyl, wherein phenyl or

10  benzyl is optionally substituted from 1 to 3 times with a substituent selected
independently at each occurrence thereof from the group consisting of hélogen,.cyano,

C,-C4 alkyl, C-C4 haloalkyl, and C;-C4 alkoxy;

nis 0, 1, or 2, with the provisos that: (1) when Z is N, thennis 1 or 2; and (2) when Z is
15 C,thennis O, 1, or2;

pis0, 1,2, or3; and
qis0,1,o0r2;

20

or an oxide thereof, a pharmaceutically acceptable s{alt thereof, a solvate thereof,

or prodrug thereof.

34,  The compound according to claim 33, wherein Q has an empirical

25 formula C7.|0N1.2.

35. The compound according to claim 33, wherein Q is an

azabicycloheptane, azabicyclooctane, or azabicyclononane.

30 36. The compound according to claim 35, wherein Q is quinuclidine.



bi cyclic, heterocyclic amne is attached to the amde N of fornula Il in
the (5) configuration. 538. The conpound according to claim 33, wherein the
sat ur at edwolotyBi7’e, heterocyclic amne is attached to POE/UB2010040d1Df

formula Il in the (R) configuration. 39. The conpound
according to claim 33, wherein Xis CHor CR2. 10 40. The
conpound according to claim33, wherein Zé is N 41. The
conpound according to claim 33, wherein“X'is C=0. 1542. The conpound
according to claim33, wherein X is SQO2. 43. The conpound
according to claim33, wherein Y is N or NH 44. The

conmpound accordi ng to, | ai r r )
45. The conpound accor2f| ngﬁ%eoc% P2 %agg&dn V\ﬁio clditd 3% W T\tl%c;aturated,

46. The conpoyeiicdetsorcoélivgntine l@htaacmda@the\me@eeanﬁnnslaNiBW?(S)I’he conpound
accordi ng toog,}fggrg@, 3, wherein R2 is substituted phenyl. 48.The conpound
according to c 3, selected fromthe group consisting of: - 130 -

5 38. The compound according to claim 33, wherein the saturated,
bicyclic, heterocyclic amine is attached to the amide N of formula Il in the (R)

configuration.

39. The compound according to claim 33, wherein X is CH or CR.

10
40. The compound according to claim 33, wherein X is N.
41.  The compound ac»cording to claim 33, wherein X is C=O.
15 42, The compound according to claim 33, wherein X is SO,.
.43. The compound according to claim 33, wherein Y is N or NH.
44.  The compound according to claim 33, wherein Y is CH or CR%.
20 |
45. The compound according to claim 33, wherein Z is C.
46. The compound according to claim 33, wherein Z is N
25 ' 47.  The compound according to claim 33, wherein R%is substituted

phenyl.

48. The compound according to claim 33, selected from the group

consisting of:



49. A pharmaceutical conposition conprising a therapeutically 5effective
amount of the conmpound according to claim33 and a pharmaceutically

accept ablwocarwaoss72 50. A nethod of treati RGTAISAVISAHBET OF
condition which is susceptible to treatnment with a 5-HT3 receptor nodul at or
conprising: 10selecting a patient with a disease or condition which is
susceptible to treatnent with a 5-HT3 rggeptor nodul ator; and

administering to the patient a therapeutically effective anount of a
conmpound according to claim 33 or a pharnaceutically acceptable salt

t hereof. 1551. The nmet hod according to claim50, wherein the di sease or
condition is sel ed fromthe group consisting of general anxiety

di sorders, soci hobi as, vertigo, obsessive-conpul sive disorders, panic
di sorders, post-X¥&aumatic stress disorders, bulima nervosa, drug

wi t hdrawal effects, al cohol dependency, pain, sleep related central apneas,
chronic fatigueNsyndrome, Parkinson's Disease Psychosis, 20schizophreni a,
cognitive decli\ne And def i n schi zophreni a, Parkinson's ease, - 131
- Huntington' g Skokea, pr ile denmenfiag, Al zh 's Dis , Obesity,
subst ance abus Lgorders/ dementia ated w neur odegenerati ve

di sease, cognition Ydefici flbrgny | gi a sngro , rosaceaN ar di ovascul ar
di sorders nedi at gd{by Sexotomnin, C t her apy {ynhduced nal’sa and vomi ti ng,
post - operative i and I{ing, Sradiafi i

vom ting, gastrg estiff isord IXritab povel sy me,N
gastroesophadb® ref,l ux d¥sedlte, it s, | ymsfomd! br oncHt ar’ ast #nda,
pruritus, magrai and epil epsy. 52. The net hod accordi ng
to claimb50, wh ixa the conpQund 10according to claim 33 or
phar maceuti cal | ceptable salt thereof is a 5-HT3 receptor antagonist.
53. The nethod according to claimb50, wherein the conpound according to
claim33 or p eutically acceptable salt thereof is a 5-HI3 parti al

N

NH .

49. A pharmaceutical composition comprising a therapeutically

5 effective amount of the compound according to claim 33 and a pharmaceutically

acceptable carrier.

50. A method of treating a disease or condition which is susceptible to
treatment with a 5-HT3 receptor modulator comprising:
10 selecting a patient with a disease or condition which is susceptible to
treatment.with a 5-HT; receptor modulator; and
administering to the patient a therapeutically effective amount of a

compound according to claim 33 or a pharmaceutically acceptable salt thereof.

15 51. The method according to claim 50, wherein the 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,

20  schizophrenia, cognitive decline and defects in schizophrenia, Parkinson’s Disease,



15agoni st . 54. The nethod according to claim50 further conprising:

adm nistering to the patient a therapeutically effective amount of a

schi zophregi2at1agpiract . 20 . 55. The net hod acecrdispgoogoett ai m 54,
wherein the schizophrenia adjunct is selected fromthe group consisting of

val proate, |evonepronazine, alprazolam haloperidol, chlorpronmazine,

ri speridone, paliperidone, olanzapine, F.)jlprasi done, queti api ne, cl ozapine,

lithium carbonate, diazepam carbamazepine, sel ective serotonin 25re-uptake
inhibitors, tricyclic antidepressants, and conbi nati ons t her eof 56.
The net hod according to claim50 further conprising: admnistering to the

tient th i.cal tive of , i ' '
pat et 2. LR ARG el SRR BN 9t PRl B3R, 3y Riaeasiee
saf i nam de, {iewrdetnpamearakodiopd wittlmpenisgencagionidisease, cOgNion deficits, t ors, MAO- B
" ohi bi t | : chol i ner ai _ . : . ‘n :
55, A et hod TPy AEar st i AREEG AR Ser ARALROBPLOBLIACS | oot ing a
pati ent wit hcliemoiheaby evdbeedmbussy ardt omatinga pebt-aphmitive stdgeddmguses ancheonpting, ent  a

et apeuttC ol LRGN XA  SOTREUI AESALE Mok oglel m 33 of 2
58 further ceymgromsi gagtroctGridgdahiesitiediseage, Borkite Iyrapthpmatbrenchiabastipeaut i cal |y

effective a”ﬁ’_‘iﬂﬁxs%i aisesandisgr otonin '5-HT3 receptor nodul ator or a
e g SIS

serotonin 5 rrecépt or nodu or. 60. The nethod according to
claim59, wherein the second serotonin 5- HT3 receptor nodul ator or

serotonin 5-HT4 recepgg.re nigl %Qﬁ&{ack&dﬁ?ltoeaﬁiﬁ]dsof &R%Fi;]lgﬁel cggn??@’dwconsi sting

of Al osetron, renzapri ansetron, Tegaserod, ucal opri de,
ondanset 1on, aodingdorblaimall ampbatiaeeutioflly acceptable salt thereof is a 5-HT; receptor

antagonist.

53. ' The method according to claim 50, wherein the compound
according to claim 33 or pharmaceutically acceptable salt thereof is a 5-HTs partial

15  agonist.

54. The method according to claim 50 further comprising:

administering to the patient a therapeutically effective amount of a
schizophrenia adjunct.

20

55.  The method according to claim 54, wherein the schizophrenia .
adjunct is selected from the group consisting of valproate, levomepromazine, alprazolam,
haloperidol, chlorpromazine, risperidone, paliperidone, olanzapine, ziprasidone,
quetiapine, clozapine, lithium carbonate, diazepam, carbamazepine, selective serotonin

25  re-uptake inhibitors, tricyclic antidepressants, and combinations thereof

56.  The method according to claim 50 further comprising:
administering to the patient a therapeutically effective amount of a
Parkinson’s Disease adjunct.
30
57. The method according to claim 56, wherein the Parkinson’s

Disease adjunct is selected from the group consisting of transdermal rotigotine,



61. The nethod according to claimb58 further conprising: admnistering to
the patient a therapeutically effective anbunt of a 20t herapeutic agent

sel ect ed woam1tdess7gr oup consi sting of sonatostatin anal @gF/USRUSOAGILTI C
receptor antagonists, |axatives, antispasnodics, antidepressants,
antidiarrheal agents, prokinetic agents, peripheral opiate narcotic

ant agoni sts, and conbi nati ons thereof. 3. 62. A nmethod of treating
enesi s conprising: 25selecting a pati entP?i th enesi s; and :
adm nistering to the patient a therapeutically effective anount of a
conpound according to claim 33 or a pharmaceutically acceptable salt

t her eof . - T had. . of.di n abBMEink; ’

conpri si ng: ?ﬁég%anslag'?%}'?%g&? %B%%hcggobatcp ?’e({r?? A@Q? %%’r" gstjségtl calnf"y{t&er?’%’é?i_ ve
anount of onB irdvibitwoy, emattdvere, antichelmamgic agews Apdeamtgnations th@sof- :

64. The method according to claim63, wherein the one or nore other
anti-enetic conpounds are selected fromthe group consisting of

dexanet hasone, al oset 6&n, Alnpttedef teating prigpietbanwel, syddrome hgraprisimast e,

di phenhydf am ne, dol a§g£"rﬁﬁ§f‘8‘{’}%&‘,{‘g@?l%@ﬁ]%mismmmagm | one, dronabi nol,

droperidol, granisetron, orazepam net ocl oprami de,
m dazol am ol anzapi ne adondensgtathepatisal agherspsutictly efiectict empunt afzé ne,

pronet hazi neCO progpd §c§51rd9\@’to é\giﬁ %Om'prﬂ%{ 9&%c§lg_€‘arc§egfable sgﬁthen‘%of.mt hod of

treating CNS di'seases or ~con 1'ons COITSI‘ISI n ecting a patient with a
CNS di sease or condition; and 10adm nistering to the patient a

t herapeutically eff ects%‘ve ﬁ%ﬁ?{mﬁ%‘?’gﬁ‘?@%”’%ﬁﬁ%gj"”%é?? .claim33 or a

pharmaceuti cal ly acceptable _ he met hod
accordi ng0to cl ai m 65 adminésteging ta the paDR® atherepeviicaly effentide amoynt pka spepnslct ed

fromthe gr O@ot&%{?%jﬁﬂir%pﬂ m§&h‘£t5r0<9 Qrs%ioﬂin%nlqnpl%géﬁito@ %@blﬁtogi Sease.

60. The method according to claim 59, wherein the second serotonin 5-
HT3 receptor modulator or serotonin 5-HT, receptor modulator is selected from the group
15  consisting of Alosetron, renzapride, cilansetron, Tegaserod, Prucalopride, ondansetron,

and combinations thereof.

61. The method according to claim 58 further comprising:
administering to the patient a therapeutically effective amount of a
20  therapeutic agent selected from the group conéisting of somatostatin analogs, muscarinic
receptor antagonists, laxatives, antispasmodics, antidepressants, antidiarrheal agents,

prokinetic agents, peripheral opiate narcotic antagonists, and combinations thereof.

62. A method of treating emesis comprising:
25 selecting a patient with emesis; and
administering to the patient a therapeutically effective amount of a

compound according to claim 33 or a pharmaceutically acceptable salt thereof.

63. The method according to claim 62 further comprising:
30 administering to the patient a therapeutically effective amount of one or

more other anti-emetic compounds.



15 67. A process of preparing a product conpound of formula
la: formula |la 20wherein: Qis a saturated, bicyclic, heterocyclic am ne,
wher ei n tWwe 28atwsieed, bicyclic, heterocyclic am ne compCirasgoianddegast two
atons between the am de nitrogen of the conmpound of formula |I and any am ne
nitrogen of Q and wherein the saturated, bicyclic, heterocyclic 25amne is
optionally substituted with from1 to 3 substituents independently sel ected
at each occurrence thereof fromthe gr'oh% ‘consi sting of Cl1-C3 al kyl,

hal ogen, -CN, -OR7, and -NR7R8; - 134 - R is indivi duaIIy sel ected at
each | ocation fromthe group consi Stl ng of H, hal ogen, - - NRARS,

-NRAC(0) R5, -NR4C(0)2 ,

e O)C( NR)4R5, Cl- cec( al) k?? cgﬂdgétg‘% °° i’“g&?z&%é‘ ‘?%kw"erﬁwt'&""g%p)c'ﬁ% P eyl |

C4- C7 cycl oahitiyénadtic gbmpaunyis qreaaicbtddd’romtblarg;duP cwm;tleg of @amtmor@ .C6 al kyl,

C2- Coal k I |, d
al keny alos%% Ioﬁ%zl@lahmyg rky%ltagg{h da% V\fdrﬁﬁ% k&(ﬁheﬁﬁy%l’a%?\ El%e!ﬁ%h ary an

heteroaryl is op stituents
i ndependent | gttrsIB/IdeIcarmablaol ead bneg dnabrimohaleopteidel egyfinifetrom hglbp@Bioh| kyl |

hal ogen, stituted 1-3
times w tECNIO azggm méNR@W %nﬂ, &gﬁg%‘dm%oaﬁ 0§1a9&g09(r]§| Fi?gr)% -CN, -0le,
or -NR7RS8; 1proRdrpemzirg, p@bme{ﬂaazaieMWplse@bn mimhmhkwther@f— Ca al koxyal kyl ,

C3- C6eycl oal kyl, C4-C2 cycl oal kyl al kyl, -C(0)R6, phenyl, or benzyl, wher ei n
phenyl or benzyl is optionally substituted 1 to 3 tinmes w th hal ogen,

cyano, Cl-C4 al kyl, C§5C4 Aahatleddiof treatimg QS disgases kosopditios @mprisingd,  C1- C4

al kyl, Cl-C4 hal oaI Kyl I yl,
cycl oal kyl al kyl , phens?lec F%a@nkﬁﬁ%%ﬁé&nﬁﬁ op@&]\éﬁioﬂai‘gnz |. is optionally
substitutiéd 1 to 3 ti mrrwtetrhglttaﬂheg@wnt a:ts}lanmeutl@”y@éfeﬁivmmour@]?fm hal oal kyl,
or Cl-Ca alk aken itrogen to
whi ch t hey a?gé;{%tu %ﬁgﬁﬂ{ggg Sﬁﬁg)g&eﬁ%‘e- t%&gg Jr?e\r%eslrgghnﬁm?erocycl iC
ring, which conprises from1l to 2 heteroatons sel ected fromthe group

consisting of nitrogeRs oX¥AeRemafibeSil clafif¥h, WRrBRAUROERE ikeAUBSI I t ut ed

fromlto 4 tines V\nthasu trtuent selecte pende y at each
occurrence t hendioh is selected from the group consisting of schizophrenia and Parkinson’s disease.

15

67. A process of preparing a product compound of formula la:

formula Ia

20  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
25  amine is optionally substituted with from 1 to 3 substituents independently selected at
each occurrence thereof from the group consisting of C,-Cj3 alkyl, halogen, —CN, —OR7,

and —NR7R?;



fromthe group consisting of halogen, cyano, Cl1-C4 al kyl, Cl-Ca hal oal kyl,
and Cl-C4 25al koxy; R6 is Cl-C4 alkyl, C-C4 hal oal kyl, -or phenyl;

“and R8 arwoeartimnositdependently H, Cl-Ca al kyl, Cl-C4 hal earkRigk1001o6Ca
C3- 30C6 cycl oal kyl, C4-C7 cycl oal kyl al kyl, -C(0)R6, phenyl,
or benzyl, wherein phenyl or benzyl is optionally substituted from1l to 3
times with a substituent selected VI)28&1/008572PCT/U82010/040617 -

al koxyal kyl ,

i ndependent |

y at each occurrence thereof” fromthe group consisting of

hal ogen, cyano, Cl-C4 alkyl, Cl-C4 hal oal kyl, and Cl-C4 al koxy; n is

2; 5pis O,

1, 2, or 3;-and qis O, 1, or 2; 10said process conprisi

treating a f 'gl’ .fsfi@iv?@%’h??eﬁ'éc?éd%t ga%w&%ﬁodn f?gm th%rg%lp%ortsllski'hg l&ﬁ% hgloggnz,Mr (-

011) p formul

10

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-Cs alkynyl, C3-Cs cycloalkyl, Ca-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C,-Cg alkyl, C,-C¢ alkenyl, Ca-
Cs alkynyl, C;-Cs cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurrence
thereof from C;-C5 alkyl, halogen, —CN, —OR7, —NR7R8, and phenyl which is
optionally substituted 1-3 times with halogen, C,-C4 alkyl, C,-C4 haloalkyl, C,-C; alkoxy,
—CN, —OR’, or —NR'R%; ' '

R*is H, C;-C4 alkyl, C,-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, Cs4-C

cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or benzyl is optionally

20

25

30

substituted 1 to 3 times with halogen, cyano, C;-C4 alkyl, C-C4 haloalkyl, or C-Cy4
alkoxy;

R® is H, C,-C4 alkyl, C-C4 haloalkyl, C,-C4 alkoxyalkyl, C;-Cs cycloalkyl, C4-C7
cycloalkylalkyl, phenyl, or benzyl, wherein pheny! or benzyl is optionally substituted 1 to
3 times with halogen, cyano, Cy-C4 alkyl, Cl-‘C4 haloalkyl, or C,-C4 alkoxy; or

R* and R® are taken together with the nitrogen to which they are attached to form a five-
to seven-membered hetefocyclic ring, which comprises from 1 to 2 heteroatoms selected
from the group consisting of nitrogen, oxygen, and sulfur, and is optionally substituted
from 1 to 4 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;-C4
alkoxy;

R® is C-Cj4 alkyl, C)-C4 haloalkyl, or phenyl;
R’ and R® are each independently H, C;-Cy 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

R7

135 -

1 or

ng:

1), 7



wherein Mis Hor a counterion, under am de bond formation conditions
effective to produce the product conpound. 68. The process according to

cl ai m 67, wotzer1giogs7® i s a counterion 20sel ected from t hePgTaspo10O®®ILEt i Nng of
Li + and Na+. 69. A process of preparing a product conpound of fornula Ib: 9
N) (Rl)p formula Ib - 136 - wherein: Qis a saturated, bicyclic,

het erocyclic am ne, wherein the saturat q bi cyclic, heterocyclic am ne
conprises at |east two atons between the~am de nitrogen of the conpound of
5formula 1 and any amine nitrogen of Q and wherein the saturated, bicyclic,
het erocyclic am ne is optionally substituted with from1 to 3 substituents

independentl seI each ocgcurrence eof from conS|st|ng
of Cl-C3 al ky Fepeﬁaﬁno 8tnea°h GUTERE 8‘-6 fﬁﬂﬁ%‘é’" t%&%‘?wﬁgnsﬂsﬁ' PV Fh?zﬁg serect ed at

each Iocatioﬁ|CﬁdkwtﬁngmnmmqtenQCsChNgmqt H, hal ogen, - OR4, -NR4R5,
-NRAC(0) R5, -NR4C(0)2R5, -NR5C(0) NR5R6, -S(0),A5, -CN, - C(0)R5,

-C(0) NR4R5, C1-C6 al kyl, C2-Ceal kenyl, C2-C6, al kynyl, C3-Cécycl oal kyl, C4-
C7 cycl oal kyh &l korl2; aryI and heteroaryl, wherein each of C-C6 al kyl,

C2- C6a|ke$y C6 al kynyl., C3-C6cycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl, and
heteroaryl is optionally 15substituted with from1 to 3 substituents
i ndependent | yisdell s bedt aadl each occurrence thereof from Cl-C3 al kyl,

hal ogen, -CN, -OR , -NR7R8, and phenyl which is optionally substituted 1-3
times with hal ogen, Cl-C4 al kyl, Cl1-C4 hal oal kyl, Cl1-C4 al koxy, -CN, -de,
or -NR7R8; qis0,1,0r2; -

10  said process comprising:

treating a first intermediate compound of formula III:

NHQ

co»4f4jy

>N
I [ S

RY,
formula II1
15
wherein M is H or a counterion, under amide bond formation conditions effective to

produce the product compound.

68. The process according to claim 67, wherein M is a counterion

20  selected from the group consisting of Li* and Na®,

69. A process of preparing a product compound of formula Ib:

RY,
formula Ib
25



20R4 is H, Cl-Ca alkyl, CI-C4 hal oal kyl, Cl-C4 al koxyal kyl ,

C3- Coeycl oal kyl, C4-C7 cycl oal kyl al kyl, -C(0)R6, phenyl, or benzyl, wherein
phenyl orwbenmylosi7’s optional ly substituted 1 to 3 ti nmes Pairtus2tialosmen, :
cyano, Cl1-C4 alkyl, C-Ca hal oal kyl, or Cl-C4 al koxy; 25R5 is H Cl-C4

al kyl, Cl-C4 hal oal kyl, Cl-C4 al koxyal kyl, C3-C6cycl oal kyl, C4-C7

cycl oal kyl al kyl , phenyl, or benzyl, wherein phenyl or benzyl is optionally
substituted 1 to 3 tines with halogen,'gﬁéno, Cl-Ca al kyl, CI-C4 hal oal kyl,
or Cl-Ca al koxy; or R4 and R5 are taken together with the nitrogen to which
they are attached to forma five- 30to-seven-nenbered heterocyclic ring,

whi ch conprlsggefron11 to 2 heteroatons selected fromthe group consisting
of nitrogen, oxygen, and sulfur, and is optionally substituted from1 to 4
times with a substituent sel ected independently at each occurrence t-hereof

hal ogen, _cyad, < CAuese A Refrotsshp pioey Ut BE SRLQHR SARRLICERBAL
al kyl , G - CAathiak oarthjaisks atdeasyzive mtpims btweFn thmdmiR8 nitrogereaicthe cqmt@p%@fent ly H,

Cl-Ca al k¥a| &o%nul% acg%r&% kXehmtrc%len %?%hg%yr?“\lﬂye satug%ed % cqxclte?e%(%mlic’ 04. C7

cycl oal ky enzyl, wherein benzyl is
optionally sarbmt:nsmptle)u:hllfy sastitutedovith framb mwhlt@nQUMMd@etmsebeﬂeéett ed

i ndependent | I nsi§ i_nggof

hal ogen, cyaérﬁa(%ﬁ T%%%&faﬁggﬁﬂ%nﬁﬁf£@§5ﬁ9$mt §§PFB%%9a|§§iYW§n is 1 or
2; pis O, 1and2-N&’R3; and gis 0, 1, or 2; sald process conpri sing:

treatlng a first |nterned|ate conpound of formula IV:

10 R'is individually selected at each location from the group consisting of H, halogen, —
OR‘, —NR‘R’, —NR*C(O)R’, —NR*C(0),R’, —NR’C(O)NR’R®, —S(O)¢R’, —CN, —
C(O)R?, —C(O)NR'R’, C,-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, Cs-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cs alkyl, C,-Cs alkenyl, C,-
Cs alkynyl, C3-C¢ cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally

15  substituted with from 1 to 3 substituents independently selected at each occurrence
thereof from C;-C; alkyl, halogen, —CN, —OR/, —NR7_R8, 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?;

20 R%is H, C,-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C7
cycloalkylalkyl, —C(O)RS, 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;-Cy4
alkoxy; '

25 R’is H, C,-C4 alkyl, C;-C4 haloalkyl, C,-C, alkoxyalkyl; C3-Cs cycloalkyl, C4-C7
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; or

R*? and R® are taken together with the nitrogen to which they are attached to form a five-
30 to seven-membered heterocyclic ring, which comprises from 1 to 2 heteroatoms selected
from the group consisting of nitrogen, oxygen, and sulfur, and is optionally substituted

from 1 to 4 times with a substituent selected independently at each occurrence thereof



NHQ CO2M (R I )p formula IV wherein Mis H or a counterion, under

am de bond formation conditions effective to 25produce the product
conpound.wdQnTiesjrocess according to clai m 69, wher ei nPHIUS2@00006mT €r i ON
selected fromthe group consisting of Li+ and Nat. WO

2011/ 008572PCT/ US2010/ 040617 - 138 - 71. A process of preparing a pr oduct
conpound of fornmula Ic: 9 NR) (Rl )p fP{rmIa | c Swherein: Qis a
saturated, bicyclic, heterocyclic am ne,”'wherein the saturated, bi cyclic,
het erocyclic am ne conpri'ses at |east two atons between the am de nitrogen
of the conmpound of formula | and any amine nitrogen of Q and wherein the

sat ur at ed, "Dl GYOLd Sou\HALBEYPLAGAOBIIR 8 A0 EOBRL Y BHORHIC e Wi th

fromltoSsu mts Th sél urrence ther eof
fromthe groalpoxyonm sting of Cl1-C3 al kyl, halogen, -CN, -0127, and - NR7RS;

R® is C,-Cq4 alkyl, C;-C4 haloalkyl, or phenyl;

R’ and R® are each independently H, C;-Cq alkyl, C,-C4 haloalkyl, C;-Cy4 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,

10  C;-C4 alkyl, C-C4 haloalkyl, and C;-C4 alkoxy;
nis | or2;

pis 0,1, 2, or 3; and
15
qis 0, 1, or 2;

said process comprising:
treating a first intermediate compound of formula IV:

20

NHQ
CoOM /AJ )

R,

formula 1V

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

25  produce the product compound.

70. The process according to claim 69, wherein M is a counterion

selected from the group consisting of Li* and Na",



Xis CH CH2, CR2, C(R2)2, N, NH, C=0, or SO2; 15 Rl is individually

- sel ected at each |ocation fromthe group consisting of H,£ halogen, - 0124,
-NRARS. , WBRAG(O3R2, - NRAC(0) 2R5, - NR5C(0) NR5R6, - S(0) qRET/US@NO/0406C( 0) RS,

- -C(0)NR4R5, Cl-C6 al kyl, C2-Ceal kenyl, C2-Ceal kynyl, C3-C6cycl oal kyl, C4-

C7 cycl oal kyl al kyl , aryl, and heteroaryl, wherein each of Cl-C6 al kyI

C2- Coal kenyl, C2- 20C6 al kynyl, C3-Céeygl.0al kyl,  C4-C7 cycl oal kyl al kyI

aryl, and heteroaryl is optionally substituted with from1 to 3

substituents independently selected at each occurrence thereof from Cl-C3

al kyl, hal ogen, -CN, -0127, -N127118, and phenyl which is optionally

substltuted13t|rres th IkyI Cl-Ca

al koxy, -CN, -O0R7, or WNR?&%?ACg%%EEmP%'W ndi m%un%aﬁ %% Iat each

| ocation fromthe group consisting of K haI ogen - 0124 - NRARS,

-NRAC(0) R5, -NR4AC(0)2R5, -NR5C(0)NR5 0)gR5, -CN, - C(0)Rs,

-C(0) NRAR5, Cl1-C6 al kyl, C2-Co6al kenyl al kynyl , C3-C6cycl oal kyl, Cr

- 139 - C7 cycloal kyl al kyl, aryl, and ~9ary| , Wherein each of G -C6

al kyl, C2-Ce6al kenyl, C2- C6 al kynyl, ycl oal kyl, C4-C7

cycl oal kyl al kyl, aryl, and heteroar yk iy s optionally substituted with from1

to 3 substituents |ndependently sel ect8d at each occurrence thereof from

Cl-C3 al kyl, hal ogen, -CN, -0R7, -NR7®8pulalkd phenyl which is 5optionally

substituted 1-3 times with halogen, C-C4 alkyl, Cl1-C4 haloal kyl, Cl-Ca

al koxy, -CN, -0OR7, or -NR7R8; R4 is H, Cl-C4 al kyI Cl-C4 hal oal kyl, CI-C4

al koxyal k¥yI , wiggei@6cycl oal kyl , C4-C7 cycl oal kyl al kyI -C(0)R6, phenyl, or

benzyl, wherein phenyl or benzyl is optionally 105ubst|tuted lto 3 times

wi th hal ogen, cyano, Cl-Ca alkyl, Cl-Ca haloal kyl, or Cl-C4 al koxy; R8

is H ClI'-C4 Qlikadaturgdd, Gikytiaml lrm¢rkz<yy|c1ic mhe,%eadimmxyahr’abpd,,bn@@h@ﬂietymbm;b kyl ,

C4- C7 cycl oa I yl is

optionally SAU M% &Hﬁ’r 85#?%%%\{%@8&5%%% %{\ﬁl tihﬁ dle%h'% Qm%‘}gén%)%paﬁﬁd& al kyl ,

Cl- C4 hal oal foyrhyla rndGiny @mirel niktooggn oHR amwaﬂdnlﬂ& satruatddakieynlit:dgwdtechmth t he

ni trogen, 0 npgr ed

het er Ocyc(lt’| C%hg Ro% mi%llﬁglﬁ)sﬁthgeﬁm‘ﬁ%&n I ﬂgﬁgeﬂ%gnc}eger}%gm gFt ?te d from

t he group cogesh sctqurrgwcoﬂhemmf frogehn gromy@eaﬂstlramﬂcsﬁh fllyy!, halogenj -s-COPt+ORAI | v

substituted , 4 —NRR%:

C2-

X is CH, CH,, CR?, C(R%),, N, NH, C=0, or SOy;

15
R' is individually selected at each location 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)qR?>, —CN, —
C(O)R®, —C(O)NR*R’, C,-Cg alkyl, C,-Cg alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, Cq-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C-Cg alkyl, C,-Cg alkenyl, C,-

20  Csalkynyl, C3-Cg cycloalkyl, C4-C; cycloalkylalkyl, aryl, and heteroaryl is optlonally
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 haioalky], C,-C4 alkoxy,
—CN, —OR’, or —NRR?;

25
R? is individually selected at each location from the group consisting of H, halogen, —
OR*, —NR'R?, —NR*C(O)R’, —NR*C(0),R*, —NR’C(O)NR’R®, —S(O)R’, —CN, —
C(O)R?, —C(O)NR*R’, C)-Cg alkyl, C3-Cs alkenyl, C-Cg alkynyl, C3-Cs cycloalkyl, C,-



20 from1 to 4 tinmes with a substituent selected independently at each
occurrence thereof fromthe group consisting of hal ogen, cyano, Cl-Ca

al kyl , ClwQaohalogstkkyl , and Cl - Ca al koxy; R6 is Cl-Ca alPKyIus2@o/o@b17
hal oal kyl , or phenyl; 25 R7 and R8 are each independently H Cl1-C4 al kyl,
Cl -4 hal oal kyl, Cl-C4 al koxyal kyl, C3- C6 cycl oal kyl, C4-C2

cycl oal kyl al kyl, -C(0)R6, phenyl, or begé wher ei n phenyl or benzyl is
optionally substituted from1 to 3 tine With a substituent selected

i ndependent|ly at each occurrence thereof fromthe group consisting of

hal ogen, cyano, 30CI-C4 alkyl, Cl1-C4 haloalkyl, and Cl-Ca alkoxy, nis 1 or
2; - 140 - and pI R

conpri si ng: @?%h(mméémyghwsan§htmﬂ%ﬁd Fgmg%%ggﬁféﬁa%yfggﬁﬁ %io

wher ei n M i sCiliomyh Ce-Qupptclralkyh Cnﬁadysamalmlaileylm;ridanﬂmkwwarydm qpt)omhilw ons
effective t C)su'g tqgtléﬁﬁxtﬁ ?r%thQ‘%“sSBsn?ueH{Q ?r]lili@getndg) lecq?cHR . X hSecurfher ding to

claim71l, whe ount’erton gr oup conS|st|ng of
Li + and Na+. me@oﬂﬂ®n6®€3dkﬂfmﬂm&paF{mg—aObnedMRﬁﬁpnnmbuwHWbmhﬁornula ha:
20t or mul as ha optionally substituted 1-3 times with halogen C,-C4 alkyl, C,-C,4 haloalkyl, C-C4 alkoxy,

—CN, —OR’, or —NR'R?;

R*is H, C,-C, alkyl, C,-C4 haloalkyl, C,-C, alkoxyalkyl, C;3-Cg cycloalkyl, C4-Cs
cycloalkylalkyl, —C(O)RS, phenyl, or benzyl, wherein phenyl or benzyl is optionally

10 substituted 1 to 3 times with halogen, cyano, Ci-C4 alkyl, Cy-C4 haloalkyl, or C-Cy4 -
alkoxy;

R’ is H, C,-Cy4 alkyl, C,-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-Cy
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
15 = 3 times with halogen, cyano, C-Cy4 alkyl, C;-C4 haloalkyl, or C-C4 alkoxy_; or

R* and R’ are taken together with the nitrogen to which they are attached to form a ﬁvé-
to seven-membered heterocyclic ring, which comprises from 1 to 2 heteroatoms selected
_from the group consisting of nitrogen, oxygen, and sulfur, and is optionally suBstituted
20 from1lto4 tiﬁes 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,4
alkoxy;

R is C,-C4 alkyl, C)-C4 haloalkyl, or pheﬁyl;

25
R” and R® are each independently H, C,-C, alkyl, C;-C,4 haloalkyl, C;-C4 alkoxyalkyl, Cs-
Cs cycloalkyl, C4-C cycloalkylalkyl, —C(O)RS, phenyl, or benzyl, wherein phenyl or
benzyl is optionally substituted from 1 to 3 tir.nes with a substituent selected
independently at each occurrence thereof from the group consisting of halogen, cyano,

30  'C-C4 alkyl, C-C4 haloalkyl, and C,-C,4 alkoxy;

nis 1 or2;



wher ei n: Qis a saturated, bicyclic, heterocyclic am ne, wherein the
saturated, bicyclic, heterocyclic 25amne is optionally substituted with
from1l towB2eu®si’zuents i ndependently selected at WD. PCT/US2010/040617

2011/ 008572PCT/ US2010/ 040617 - 141 - each occurrence thereof fromthe group

‘consi sting of Cl1-C3 al kyl, halogen, -CN, -OR7, and -NR7R8; Rl is
individually selected at each |ocation h00n1the group consisting of H,

hal ogen, - 5 0124, -NR4R5, -NR4C(0)R5, -NR4C(0)2R5, -NR5C(0)NR5RS,

-S(0),A5, -CN, - C(0)R5, -C(0)NR4R5, Cl-C6 al kyl, C2-Ceal kenyl ,

C2- Coal kynyl , C3-C6 cycloal kyl, C4' C7 cycloalkylalkyl, aryl, and

het eroaryl, wherein each of Cl-C6 al kyl, C2-C6al kenyl, C2- C6 al kynyl,

C3- C6eycl oal kyl, C4-C7 cycl oal kyl al kyl, aryl, and heteroaryl is optionally
substituted misthlfXond;Bndo 3 substituents independently selected at each
occurrence 10 thereof from Cl-C3 al kyl, hal ogen, -CN,-NR7R8, and phenyl
which is optionally substituted 1-3 times with hal ogen, C-C4 alkyl, Cl-Ca
hal oal kyl, Chis@aladrkoxy, -CN, -012.7, or -NR7R8; R4 is H Cl-Ca aIkyI

Cl-Ca halgalkyl, Cl - Ca al koxyal kyl, C3-C6cycl oal kyl, C4-C7

15cycl oal kyl al kyl , -C(0) R6, phenyl, or benzyl, mherepn phenyl or benzyl is

- optionally ssdbsprio¢ess @ahptising: 3 tines with halogen cyano, Cl-Ca alkyl, C-Ca
hal oal kyl, or Cl-Ca a I hal oal kyl, C'-C4

al koxyal kyl , C3- Cﬁcyckégﬁ% fﬁ§82§ggd?§;y§? d%yhn? a-\;:;4phenyl or benzyl,

wher ei n phenyl or benzyl is optionally substltuted 1 to 3tines with

hal ogen, cyano, C-C4 alkyl, C-Ca hanaIkyﬁH or Cl-C4 al koxy; or R4 and RS

are taken together with the nltrogen(&pM yh they are attached to forma

five- to seven-nenbered heterocyclic Jf©n vhi ch conprises from1l to 2

het er oat ons sel ected 25 fromthe grgup isting of nitrogen, oxygen, and

sulfur, and is optionally substitut m 1l to 4 tines with a substituent

sel ect ed i ndependently at each occugmence thereof fromthe group consisting

of halog?g cyano, Cl1-C4 al kyl, Cl-Ca hal oal kyl , and Cl-Ca al koxy;

formula V

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

produce the product compound.

15 72. The process according to claim 71, wherein M is a counterion

selected from the group consisting of Li* and Na”.

73. A process of preparing a product compound of formula Ila:

20 formula Ila

wherein:

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic, heterocyclic

25  amine is optionally substituted with from 1 to 3 substituents independently selected at



- 142 - R7 and R8 are each independently H Cl-C4 al kyl, Cl-C4 hal oal kyl,
Cl - Ca al koxyal kyl, C3- C6 cycloal kyl, C4-C7 cycloal kyl al kyl, -C(0)R6, :
phenyl , owokenzpBi72awher ei n phenyl or benzyl is optional pgTaishewiosasted from
1 to 3 tines with a substituent sel ected i ndependently at each occurrence
thereof fromthe group consisting of halogen, cyano, 5CI-C alkyl, C-C4
hal oal kyl, and Cl1-C4 al koxy; nis 0, 1, 2, pis O, 1, 2, or 3; and g is
0, 1, or 2; said process conpri sing: }e‘ﬁtl ng a first internediate conpound
of formula VI: co2M /?"1.1 (111)pH forrrula Vi wherein Mis.Hor a
counterion, under am de bond formation conditions effective to 20produce

t he product ound rocess accordl 1Mis a
count eri on qu %cuge?cez}%rég??rogt eu%ro%poconmstfng 8) %e)?v’oﬁfl\’(k'f’ihmrﬁf% (?g
process of pamﬂpaNRﬁRg a pr oduct conpound of for mula lib: - 143 -

R'is individually selected at each location from the group consisting of H, halogen, —

5 OR* —NR*'R’, —NR'C(O)R’, —NR*C(O),R*, —NR’C(O)NR’R®, —S(0O){R’, —CN, —
C(O)R’, —C(O)NR'R?, C|-Csalkyl, C,-Cs alkenyl, C;-Cg alkynyl, C3-C cycloalkyl, C-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-C¢ alkyl, C;-C¢ alkenyl, Cs-

~ Cealkynyl, C3-Cq cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each oécurrence
10 thereof from Ci-C3 alkyl halogen, —CN, —OR’, —NR’R®, and phenyl which is

optionally substituted 1-3 times with halogen, C, Cs alkyl, C,-Cq haloalkyl, C;-Cy4 alkoxy,
—CN, —OR’, or —NR'R?;

R*is H, C;-C4 alkyl, C)-Cy4 haloalkyl, C1-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C7

15  cycloalkylalkyl, —C(O)'R(’, phenyl, or benzyl, wherein phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, Acyano, C-C4 alkyl, Cy-C4 haloalkyl, or C-C4
alkoxy;

R’ is H, Ci-Cq alkyl, Ci-C4 haloalkyl, C;-C4 alkoxyalkyl, C5-Cg cycloalkyl, C4-C7
20  cycloalkylalkyl, 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,-C, alkoxy; or

R* and R? are taken together with the nitrogen to which they are attached to form a five-
to seven-membered heterocyclic ring, which comprises from 1 to 2 heteroatoms selected

25  from the group consisting of nitrogen, oxygen, and sulfur, and is optionally substituted
from 1 to 4 times with a substituent selected independently at each occurrence thereof
from the group consisting of halogen, cyano, C;-C4 alkyl, Cy-C4 haloalkyl, and C;-C4
alkoxy;

30  R%isC-C4 alkyl, C;-C4 haloalkyl, or phenyl;



(R)p fornmula I'ib wherein: Qis a saturated, bicyclic, heterocyclic am ne,
wherein the saturated, bicyclic, heterocyclic amne is optionally

- substit utwo 20i1dess7zom 1 t o 3 substituents independent| yPSglUsSce10d4@l7 each
occurrence thereof fromthe group consisting of Cl-C3 al kyl, hal ogen, -CN,
and -NR7R8; 10 Rl is individually selected at each | ocation fromthe group
consisting of H, hal ogen, - OR4, NR4R§M2_NR4C(O)R5 - NR4AC( 0) 2R5,

-NR5C(0) NR5R6, -S(0),,R5, -CN, - C(0)R5,°-C(0) NR4R5, C1-C6 al kyl,

C2- Coal kenyl , C2-C6 al kynyl, C3-C6 cycl oal kyl, C4- C7 cycloalkylalkyl,
aryl, and heteroaryl wherein each of Cl-C6 aIkyI, C2- Coal kenyl, C2- 15C6
al kynyl, C3- y a I ryl is
opti onal | y sg% feaéég n??%aegﬁ?'% ?be le%‘ ¥'{‘f’é°r? syy Cﬁ(feiqg(ogﬁ‘ ;Qlfisel ected
at each occu€x@nbelkylhéx-éeéydqa&maml %C@)Rylpher‘ryhloog@nyl meem-ph}Rlyl or- NR7R8, .

and phenyl ﬁﬁpe t al ogen, ClI1- c4

al kyl , "‘Q‘{?‘Z{\ ?&@P%lly%??s&%a oxg/',to §J{Eﬁlgs ‘31836 gdé’%m?"l{lgfﬁ?%teazo R4 is H,

Cl -Ca aI kyI in@kpe@lentin bicattkgdcyrredce Bareafl kmmlgk%p,cowti@sowaidg@alckwo C4- C7
cycl oal kyl al wher ei n phenyl or benzyl is
optlonallé sggbfykﬁ§8 Eﬁmmﬁﬂ§P¥b%% b&?? halogen cyano, Cl-C4 alkyi, Cl-Ca
hal oal kyl, or Cl-Ca al koxy; 25 R5is H C-Ca alkyl, C-Ca haloalkyl, C-C4
alkoxyalkyl ﬁ% gycl oal kyl, CA4-C7 cycl oal kyl al kyl, phenyl, or benzyl,
wher ei n pheny Or(BehzyI is optionally substituted | to 3 tines with

hal ogen, cyano, Cl-C4 alkyl, Cl-C4 haloal kyl, or Cl-Ca al koxy; or - 144 -
R4 and R5 ar mgp%epo;9g§5her with the nitrogen to which they are attached
to forma fiVve-to Seven-nenbered heterocyclic ring, which conprises from1
to 2 heté@oatons selected fromthe group consisting of nitrogen, oxygen,

and sul fur, gptlonally substituted 5 fromlto 4 tines with a

substi t uent elécte i ndependently at each occurrence thereof fromthe :
group consisting of hal ogen, cyano, Cl-C4 al kyl, Cl-Ca hal oal kyl, and Cl-Ca
al koxy; - Ca hal oal kyl, or phenyl; 10 R7 and R8 are
each |ndepenofleocé P&@iﬁd“@ﬁs’aﬁ al kyl, Cl-C4 hal oal kyl, C1-C4 al koxyal kyl, C3-
C6 cycl oal kyl, C4-C7 @y@h@aﬁk&hﬁﬁhyﬁ?wxgmnwmgPfﬁh@n@ﬂﬂior benzyl, wherein
phenyl oqsbenzyl is optionally substituted from1l to 3 tines with a
substituent sel ected independently at each occurrence thereof fromthe
group consi sting of hal ogen, cyano, Q

formula VI

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

20  produce the product compound.

74. The process according to claim 73, wherein M is a counterion

selected from the group consisting of Li* and Na".

25 75. - A process of preparing a product compound of formula IIb:



15C1 -Ca al kyl, Cl-Ca haloalkyl, and Cl-Ca alkoxY; nis 0, 1, or 2; pis O,
1, 2, or 3; and qis 0O, I, or 2; said process conprising:. treating a first
i nt er redivwoeotiaopsyand of formula VII: . CO2M, (111)pH PoTrsk@onwide17 WO
2011/ 008572PCT/ US2010/ 040617 - 145 - wherein Mis H or a counterion, under
am de bond formation conditions effective to produce the product conpound.
76. The process according to claim75, w@erein Mis a counterion 5sel ected
fromthe group consisting of Li+ and Na+. 77. A process of preparing a
product conmpound of formula Ilc: 10 wherein

formula 11b

wherein:
5
Q is a saturated, bicyclic, heterocyclic amine, 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 —NR7R8;
10

R' is individually selected at each location from the group consisting of H, halogen, —
OR*, —NR‘R’®, —NR*C(0)R®, —NR*C(0),R?>, —NR’C(O)NR’R®, —S(0O){R’, _CN, —
C(O)R®, —C(O)NR'R®, C,-Cs alkyl, C1-Cs alkenyl, C-Cs alkynyl, C3-C¢ cycloalkyl, Cs-
C7 cycloalkylalkyl, aryl, and heteroaryl, wherein each of C,-Cs alkyl, C;-Cs alkenyl, C»-

15  Cgalkynyl, C3-Cg cycloalkyl, C4-C7 cycloalkylalkyl, aryi, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurreﬁce
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,-C,4 alkoxy,
—CN, —OR’, or —NR'R?;

20
R*is H, C-C; alkyl, C,-C,4 haloalkyl, C,-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C7
cycloalkylalkyl, —C(O)R®, 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;-Cy4
alkoxy;

25

R’ is H, Ci-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-Cy
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C-Cs alkyl, C,-C4 haloalkyl, or C,-C4 alkoxy; or



Qis a saturated, bicyclic, heterocyclic am ne, wherein the saturated,
bicyclic, heterocyclic amne is optionally substituted with from1 to 3.
subst i t uamD=20iMYeendent | y sel ected at 15each occurrenc@Crise@ofo4dondm t he
group consisting of Cl-C3 al kyl, halogen, -CN, and -NR7R8; Rl is
i ndi vidual ly selected at each location fromthe group consisting of H,
hal ogen, - OW -NR4R5, -NR4C(0)R5, -NR4gM))2R5 - NR5C( 0) NR5R6, - S(0) gR5,
-CN, - 20 C(0O)R5, C(OINR R C C al kyI al kenvl C C al kvnvl C C cycl nal kvi
C_4 5 _1- 6.5 _2- 6 ., _ 3 _6__ __ 4 C
cycl oal kyl al kyl , aryl, and heteroar yI V\,her ein each of C-C6 al kyl,
C2- Coal kenyl , C2 C6 aI kynyl, C3- CchcI oal kyl, C4-C7 cycl oal kyl al kyl, aryl,
and heteroaryl is optl onally substituted with from1l to 3 substituents
i ndependent | R* saaad Rtdre thkert togeilodn mﬂnahﬂmtwgce tq Whick they freatacditd @Foman k five-
hal ogen, -CN, hen ut ed
o hes i 1 B ER o SRS R Wy yfize SR 16 b Bador S 1 N
-ON or - NR7R®m the g@dﬁcons@dlngqf nhtogen o%ea,ld,nylsulf@mm:as Mpmlmybsmu@d-@
al koxyal kyl , C WA - yl, or
penzy - uher OO Ghargeiar isnfienlscYE) BRAAL K och el Rpe JBREFY, | 0
wth hal ogen frkotaclgrou@d_Gr@itl@ dfylhlogmcmo,r{éf(balluywcl Cbmal@alkﬂaarail Guefay; 5 R5 is
H Cl-C4 al k)é ox A - CA hal oal kyl , Cl-C4 al koxyal kyl, C3-Cé6cycl oal kyl, C4-C7
cycl oal kyl al kykl phenyl or benzyl, wherein phenyl or benzyl is optionally
substituted 1 to 3 tinmes with hal ogen, cyano, C-Ca al kyl, Cl-Ca hal oal kyl,
or -4 alk n together with the nitrogen to
whi ch they aﬁie‘){s?'t a%%@RAtE a@“f grﬁﬁ%kg{ﬁ é}%hﬁt o seven-menbered heterocyclic
ring, whiléh conprises from1l to 2 heteroatoms selected fromthe group .
consi sting of,mMi % kLo f tH0 tuted
From 1 to 4 npbRuAERey KRG RnRIR Oty G riBalY ERPFUlSLAIGEE
occurrence t Kacgddalify,cnGilveclgaliadpkgon€i(QIR° n@eoﬁ Wehewérwhetﬁymnyl@lf Ca

ﬁlalk)cl)lall k)cl:ll -Ca hg\ﬂ?gl Fyéﬂallﬁﬂf%stg&e%ﬂﬁatl) %Q?ﬁ%s with alsSbsfluef@eidy! . Ol -

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

15 C;-Cq4 alkyl, C-C4 haloalkyl, and C;-Cs4 alkoxy;

nis0, 1, or2;

pisO0, 1,2, or3; and
20
qis 0, 1,0r2;

said process comprising:
treating a first intermediate compound of formula VII: .

25 .

/N
®H, M

formula VII



R7 and R8 are each independently H Cl1-C4 alkyl, G-C4 haloalkyl, C-C4
al koxyal kyl, C3- 20C6 cycl oal kyl, C4-C7 cycl oal kylal kyl, -C(0)R6, phenyl,
or benzylwowhawmsitT2aphenyl or benzyl is optionally substiPCuttsdomodeil to 3
times with a substituent sel ected independently at each occurrence thereof
fromthe group consisting of halogen, cyano, Cl1-C4 al kyl, Cl-C4 hal oal kyl,
and CA-Ca al koxy; 25nis 1 or 2; pis O,,1, 2, or 3; and qis 0, 1, or 2;
30 said process conprising: treating a st internediate conmpound of
formula VIIl: - 147 - HNCO2Mrei,n , (Rl)p formula VIIl 5wherein Mis H
or a counterion, under am de bond formation conditions effective to produce
t he product cpnpoynd..,78. The rocess. acg m [ein Mis a
counterion seﬁgrg'tn d'sfl? 8 anteP rb(?e BnsK s Sld {%gm#t'%ﬂ%é trllod1 Rgecwog

produce the product compound

76. The process according to claim 75, wherein M is a counterion

5 selected from the group consisting of Li* and Na".

77. A process of preparing a product compound of formula Ilc:

S
®RY,

formula Ilc
10

wherein:

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic, heterocyclic
amine is optionally substituted with from 1 to 3 substituents independently selected at

15  each occurrence théreof from the group consisting of C;-C; alkyl, halogen, —CN, —OR7,
and —NR'R%;

R' is individually selected at each I‘ocatioﬁ from the group consisting of H, halogen, —
OR?, —NR'R’, —NR*C(O)R’, —NR*C(0),R*, —NR’C(O)NR’R®, —S(O),R’>, —CN, —
20 C(O)R®, —C(O)NRR, C,-Cs alkyl, Cp-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, Cq-
C; cycloalkylalkyl, aryl, and heteroaryl, wherein each of Cy-C¢ alkyl, C;-Cg alkenyl, C;-
Cs alkynyl, C;-C¢ cycloalkyl, C4-C5 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
25  optionally substituted 1-3 times with halogen, C;-C; alkyl, C;-C4 haloalkyl, C;-C4 alkoxy,
—CN, —OR’, or —NR'R?;
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Rf‘ is H, C,-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxyalkyl, C3-C¢ c;ycloalkyl, C4-Cy
cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C,-C; alkyl, CI-C4 haloalkyl, or C-C4
alkoxy;

R’is H, C;-C; alkyl, C,-C4 haloalkyl, Cl-C4 alkoxyalkyl, C3-C¢ cycloalkyl, C4-Cs
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-Cj4 alkyl, C,-Cy4 haloalkyl, or'CI-'C4 alkoxy; or

R* and R’ are taken together with the nitrogen to which they are attached to form a five-
to seven-membered heterocyclic ring, which comprises from 1 to 2 heteroatoms selected
from the group consisting of nitrogen, oxygen, and sulfur, and is optionally substituted
from 1 to 4 times with a substituent selected independeﬁtly at each occurrence thereof
from the group consisting of lhalogen, cyano, C-C4 alkyl, C;-C4 haloalkyl, and C;-Cs4
alkoxy;

"R® is C)-C4 alkyl, C;-C4 haloalkyl, of phenyl;

R7 and R® are each independéntly H, C,-C4 alkyl, C;-C4 haloalkyl, C,-C4 alkoxyalkyl, Cs-
Ce 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,

C,-C4 alkyl, C-C4 haloalkyl, and C;-C4 alkoxy;
nis 1 or2;

pis0, 1,2, or 3; and

qis0, 1,0r2;

said process comprising:

treating a first intermediate compound of formula VIII:



WO 2011/008572 PCT/US2010/040617

- 147 -

Q
N~
Co,M //H)”
N
l// N

R,

formula VIII

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

produce the product compound.

78. The process according to claim 77, wherein M is a counterion
selected from the group consisting of Li* and Na".
10 ‘



