NUTRI TI ONAL COVPOSI TI ONS CONTAI NI NG PUNI CALAG NS DESCRI PTI ON TECHNI CAL

FI ELD [ 0001] The present invention relates generally to nutritional

conposi t iwo@oIEpIsesi ng puni cal agi ns and net hods of usi mgTRUsSReMiBAl
conpositions conprising punical agins. D SGLOSURE OF THE | NVENTI ON [ 0002] In
an enbodi ment, the present invention is directed to nutritional
conpositions conprising a protein source, a fat source, a carbohydrate
source, and punical agins. [0003] In another enbodiment, the invention is

di ted t th i i j i i bj ect
T ot he admi ni ot r ac S BEREROR SARELATRRS, SERFIDS O RRING, £ ool o°
an enbodinent, is directed to a neANDJUSEBITHEREOING al l ergic i nflammatory

responses in a pediatric subject via adm nistration of punical agi ns. BEST
MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0005] Reference now will be made in

detail tot odi rTEﬂ{]- . the i ' - i ch
are set fornﬁofg]oow. ac%a@g%&pﬁe&%@g&%g%gggHﬁg'csr\i\/g% 0@%?%?‘?@&% t he
i nventi od, rSeriabNbi 6/054 016 fibdd Mhe 29,R06R] which id lerétacincorpbravdd Uy loferappan ent
to those skilled in the art that various nodifications and variations can
be made in t'HEPPF%ent invention without departing fromthe scope or spirit
of the invention. For instance, features illustrated or described as part
of one enbodi nent, can be used on another enbodinent to yield a still
further enbodi nent. [0006] ThusFIEED Q¥ ThileAEENIHON t he present invention
covers such nodifications and variations as cone within the scope of the
appended clains and their equivalents. O her objects, features and aspects

of the ppesqopojnvent i RERnOInS&AtR%GEatd t@EeralofindPyd-9¥s-HT Practher f ol | owi ng
detail ed description. It is to be , , ,
modulators, compositions, their use in the treatment of diseases in which the 5-HT;
receptor is implicated, for example, in the treatment of Irritable 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. The present

15 invention also relates to methods of synthesis of the 5-HT; receptor modulators.
BACKGROUND OF THE INVENTION

[0003] Irritable Bowel Syndrome (IBS) has a major impact on the healthcare

20  system in that IBS management in the U.S. is estimated to cost § billion dollars annually
in direct medical care costs and as high as 25 billion dollars in indirect economic costs.
[0004] At present, compounds that alter the activity of certain serotonin receptors
are the only approved pharmaceutical treatments for IBS. To that end, the only U.S. drug
currently approved for diarrhea predominant IBS is alosetron, a serotonin type-3 (5-HT3)

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

30  [0005] 5-HTj3 receptor modulators with improved safety profiles are therefore
highly desired for the treatment of IBS. A 5-HTj; receptor modulator is an agent which

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



understood by one of ordinary skill in the art that the present discussion
is a description of exenplary enbodinents only, and is not intended as

i mting wbeolwesiber aspects of the present invention. [pO@Q&poodhesspsesent
invention is directed, in sone enbodi nents,. to nutritional conpositions
conprising a protein source, a fat source, a carbohydrate source,
andpuni cal agi ns. The nutritional conposition may be provided in any form
known in the art, such a s a powler, a gel, a suspension, a paste, a solid,

a liquid, a/dtquid concentrate, ,or ady-t.0-us roduct. The. nutritional
corpast ¢ | on Mk eoiSCdRga £ bfipbdiord R ah s HEEBORTHS broel iSRSt non
children's niihfdal ir@beor leattdhent N IESIt EXiptulyasontpoBdy ifitlule fidseirogr, or
any other nutritional conposition designed for children or infants. As used
herein, the eespEde,diPPEROeand BPP73Ri | d" refer to human subjects between the

ages of one 13 ye S i o TR n" or
Toni 1" rerdoge e Yo nUEdl g I FOFEaRERBORERNferab  ork i Rong e BT
years ol d. Tierdssengside biftels &n'pationts undargoiag trpatoducior canean Depewding oport thon

that satisfies at |least a portion of the nutrient requirenepts of a child.
As used her &PAMOTGEADY RRRS Ph?egﬁilﬁnsr%%u%tﬂpfi%/f’ HgPﬁienﬂﬁJH@hS‘%f%é?roﬁéSqf%%s t han
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satisfies the nutrient reduirenents of an infant by ‘being a substitute for
human mi | k. HeGoogtlyRighilitatinggind o ftan ecsuimmpatesntswhfusingdnehdraogesepol ypheno

ds t hat [ f )
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tanni ns 10 t RbafcdiDIFRRMAHordVEITSIV is DurdedGfne &b tHeGRSBEH] Bstdh &onfen b e iraant
pomegranate tannin. [0009] In sonme enbodi nents of the invention,

puni cal agi nshahealtheass staft, who gonldratharviseartcrbiopsirtnatients Ar madiasdesves.r angi ng
from about 0[()ﬁ to abé’llll{\i 0 2945948 Rlo b0& c%?eggga:talc&g N QlMSaved Ny
0 ven s are presen n

enbodi ment s the in I on, punicalagins a inan anoun rangi ng

from about QAQRSCHOVaRows wWithi2thadirg 2afhoubeo famanagit deddyed (CANV1Scutsfrdnh g4
conposition of the invention js adm nistered to an infant or child, an

amount of pdivuEEPdgP heusdakerigeicameanobielayedGINY remens 2 habhypdseretiad may
be admi nisst :}'i(fe(c)‘sfgelrclpin%aﬁ@ﬁts SRRQLSiTE BE SnothB8 TR WLt reRHEN 8% 3HINS

adm ni stere
underestimate the number of patients who suffer from delayed CINV. Furthermore,

delayed CINV greatly impairs patients’ ability to provide care to themselves once they
have been discharged.
[0008] Compounds that target 5-HT; receptors are currently the most effective
20  anti-emetics; they constitute the single greatest advance in the management of nausea and
vomiting in patients with cancer. Blocking the 5-HT3 receptor signal in the CNS or
periphery appears to prevent acute emesis. All approved 5-HT; receptor modulators,
except palonosetron (ALOXI®), are approved to prevent acute CINV. Palonosetron is the
only 5-HTj; receptor modulator currently approved for the prevention of delayed CINV.
25 1In addition, the 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.
[0009] Palonosetron has received recent approval for the treatment of post
operative nausea and vomiting (PONV). Therefore, 5-HT; receptor modulators may be
30  useful for the treatment of PONV.
[0010] Clearly, there is a need for improved therapy for IBS, CINV, and PONV.

The present invention is directed to achieving this objective.



infant or child via the conposition of the invention may range from about 5
ng to about 50 ng per day. In sone enbodi nents the anmpbunt of punical agi ns
adm ni st ewedodomssos4i nfant or child via the conposition etTiUseodony=ssi on may
range from about 10 ng to about 35 ng per3day. [00011] In sone enbodi nents,
the nutritional conposition of the present invention further conprises
punicic acid. Punicic acid is a polyunsaturated fatty acid, 18:3 (n- 5). It
i s obtained from ponegranate seed oil. Its chemcal fornmula is CL8H30Q2.
Punicic acid is a conjugated linolenic acid. It has three conjugated doubl e
bonds, and it is chemcally simlar to the conjugated |inoleic acids, which
have two.[00012] The term " puSUMMARY OF THE DéCENTHON n, refers to a
conjugated linolenic acid isomer containing cis-9, trans- 11, cis-13 double
bonds in the G s carbon chain, its non-toxic salts, active esters, active

i somers, act met ab r.ad nicic acid, and
m Xt ures th Pg [008?%? sﬁnﬁ%ﬁéﬁ%ﬁgﬁlF%%ﬁb@ﬁgﬁﬂﬂ%éfﬁ%@%ﬁﬁron puni ci c
acid is present in an anount ranging fr n1about 0.01 to about 40 ng/g of

t he conposition. In further enbodinent5|of the invention, punicic acid is
present in an amount ranging from about 10.02 to about 20 ng/g of the
conposition. [00014] If the conpOsiti e(\the invention is adm nistered to
an infant or child, an anmount of puncic acgtwh)f anging from about 25 ng to
about 10 g per day may be adm ni sterfed. urt her enbodi ments, the anount
of punicic acid adm nistered to an ijpfant of child via the conposition of

i i bout 5 g per day. [00015] If

punicic acid is added to the nut
invention, the weight ratio of p
1: 10,000 to about 4:1. In sone e the present invention, the
wei ght ratio of punical agins: puniq?d aci d may be fron1about 1:1,000 to
about 1:1. In further enbodi nent®!),the ratio g from about 1:500 to
about 2: 3. [ 00016] In additional enbodi ments of tﬁ% i nvention, the
nutritional conposition may further conpfhggliponegranate | eaf extract.

Al t hough previous research has

nicic acid may be from about

wherein:

10 Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-Cs alkyl, halogen, —

15 CN,—OR’, and —NR'R%;
X is CH, CR3, or N;

J is selected from the group consisting of a direct bond, C=0, and SO5;
20
cach R' is independently selected from the group consisting of H, halogen, —OR*, —
NR'R’, —NR*C(0)R’, —NR*C(0),R’, —NR’C(O)NR’R®, —S(0)R’>, —CN, —C(O)R’,
—C(O)NR4R5, C,-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C3-Cg cycloalkyl, C4-C;
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cgalkyl, C,-C¢ alkenyl, C,-Cq
25  alkynyl, C3-Cs cycloalkyl, C4-C7 cycloalkylalkyl, aryl, and heteroaryl is optionally



focused on the ponegranate fruit, the extract from ponegranate | eaves nmay

al so provide health benefits. The use of ponegranate |eaf extract in

conbi nat iwo 208%135@uni cal agi ns i n accordance wi th the preseniS20000ea8i on may
provi de increased | evels of health benefiys in infants, children and adult
manmal subj ects. [00017] In some enbodi ments of the invention, pomegranate
| eaf extract is present in an anmobunt ranging from about 4 ng/g to about 60
ng/ g of the conposition In further enbodi nents of the invention,

pomear anat o | el & LGtk BaER R Bl RTRR, F ARG IR LA o Abaut 12 Mo/ o

to about 48° e conp PP $Tt9°6H 01t he
i nvention i &h@d@ﬂmlﬁt@r@ohlkﬂ @dlogonf antNor ol LANRAR®, aﬂ@plmnyoévhmrmgr anate
| eaf extract ran from about 1 to about 15

admi ni ster ewptipﬁgmﬁ‘*bﬁéﬂteéﬁb%ﬂmﬁ%ﬁ’ﬂt@ hajogen, é?m%%lgﬂ Cp&q@@mﬁa{ é?lr%aa?flkoxy,

extract adnlnkﬁger@§r @%7§ﬁant or child via the conposition of the
invention may rdnge from about’ 3 g to about 12 g per day. In sone
enbodi nedts, the anount ofponegranate | eaf extract adnlnlstered to an

i nfant or ch| d via nposi ti on of th vent i nge fro out 5

g to about 1@ S?J@Qte%gt mt @é@llg]comflstt%) thalﬁg%n nﬁﬁ% ro&ﬂ%cﬂ@?

porregr anat e | egi*cepsi,RaCt N I?hﬁo f )qgof(gqnlng%ginsc m@{@ | eaf
5,000 o b

extract may be fron1about 1 olt > 1: 100. 1n’sdme enbodi nents  of
t he present allwebt-ConlkenyheCarnei @hynyﬂ,aﬁ?z -0 gfclqallnil,dat-@giyeboallpdategr anyhtasd | eaf

tract be f t 1:2 to agb - 60. furth iments,
The rati o ety SiRaBoREvEo 4 wiin doos K g0t {omsbuheEh A oherce
enbodi ngpt s,auzﬁecp@g 5lkéhy@Ne)-CSARPAS] ¢i-ofcyRioallig, OF @5@57&110 Mgﬂ;ﬁl@&ﬂ 91, and

cont enpl at es the use of punlcalaglns Wi th punicic acid ponegr anat e | eaf
extract. Theictasetsyniappaenaly spbtitetad agthritom piod shlstisuant, indgnengrntiy gelania et

eal. extract. (e LML ARLOPREASedC! RS BuBlelieat kh BoRel LARkn hARAONE.

chil dren, puni dgins are p ovId

in an inf antwlilohi tptiondllycdubktitued’ 1S3 fibes WithdaRIgeRr©dOcilkyl Oe-Cf Garsdikagl, @ -
product may be nutrltlonaIL% conple;% and may contain suitable types and
amount s of 1G4AlkexYear®dh t 8 —pVBtkein, vitami ns, and ninerals.

15
R* is selected from the group consisting of H, halogen, —OR*, —NR*R’, —NR4C(O)R5,
—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,-Ce alkynyl, C3-Cs cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-C¢ alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg cycloalkyl,

20  C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
substituents independently selected at each occurrence thereof from C;-Cs alkyl, halogen,
—CN, —OR7, —NR7R8, and phenyl which is optionally substituted 1-3 times with
halogen, C;-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxy, —CN, —OR7, or —NR7R8;

25  RYis H, C;-C;4 alkyl, C;-C4 haloalkyl, C;-C4 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,-C4 alkyl, C;-C4 haloalkyl, or C;-C4
alkoxy;

30 R°is H, C;-C;4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C;
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,4 alkoxy;



As used herein, the term"nutritionally conplete” refers to a nutritional
conposition that may be used as the sole source of nutrition, which would
supply towvesubissist essentially all the required daily aoowst®oolsssstam ns,
m nerals, and/or trace elenents in conbingtion with the proteins,

car bohydrates, and lipids. [00022] If the conposition of the present
invention is provided as an infant fornmula, the anount of lipid or fat in
an infant forrmula can vary fromabout 3 to about 7 g/100 kcal. Lipid
sources can be any used in the art, e.g., vegetable oils such as palmoil,

canola oil, corn oil, soybean oil, palnolein, coconut oil, nmediumchain
triglyceri der%isIC;-Chiagthy1,of eCehsloakylovephenil;, hi gh ol eic safflower oil, fish
oil, and the like. The anmount of carbohydrate can vary from about 8 to

about 12 g/ 100 kcal. Carbohydrate sources can be any used in the art, e.g.,

| act ose, glngﬁ E x rn €

syrup solids, ﬁc}ﬁ%ﬁé Qa[&%&gbf%% Elg]sﬂ ‘Fﬁ% armuh? cb) ﬁﬁ)lroglftﬁgf %5%4 aﬁcﬁ{ggﬁl’rﬂ srdén
conposi t son (Eécyplbal\kwﬁ@l Grcyalvalkyfading, W(M%phex@m oréxeyzyﬂ;nh&ralhm]nhnﬁl aro
about 5 g/lqgﬂﬁé Pro elquour S can use n the art, e.

nonfat m |k ys ittanally subshiiedfrom dyfo artail%ﬁ ith g 8?1’;?%%?1%9?6&1 ein, anino
acids, and tiRgedchftlylaf e&h%ﬁﬁﬂr&féle WMer&ITIRG fffergr@uﬁ s RER dé &f ﬁhl@é&lr &rino,
cont ai ns both bovine"whey and bovi ne casein. I'n an enb ment,  t he whey may
be a denat ur@dCwilkyl, pr-6idilvatkyheedCrdi.elkdxy; anot her embodi ment, the whey
may be anundenat ured whey protein concentrate. In a specific enbodinent,
the protein source may contain both a denatured and an undenat ured whey
protei n jgonGeRtr at@.3;[ 00024] 1f the conposition of the present invention is
provi ded as an infant fornula, suitable exanpl es of infant formulas may

i ncl ude soy based, partially or extensively hydrol yzed, |actose-free,

| ow | act ose, §be %g? lﬁgoteln free, antiregurgitation, premature, or
standard i nffaRt”’ The type of infant fornula used nay be based on
t he needs of the |nfant for proper digestion and health. [00025] The
conposition of the present invention nay be provided to both term and
pretern1|nféwﬁ§’ L% result, if the conposition of the present invention
is proviided as an infant fornula, the infant formula nay be a terminfant
formula or a preterminfant fornula. Simlarly, if the conposition of the
present i nvemtah@mideghereof, a pharmaceutically acceptable salt thereof, a solvate thereof,

or prodrug thereof.
[0012] The present invention also relates to a method of treating a disease or
condition which is susceptible to treatment with a 5-HT; receptor modulator. This

20  method involves selecting a patient with a disease or condition which is susceptible to
treatment with a 5-HT3 receptor modulator and administering to the patient a
therapeutically effective amount of a compound of formula I or a pharmaceutically
acceptable salt thereof.
[0013] Another aspect of the present invention relates to a process of preparing a

25  compound of formula la:




provided as a human mlk fortifier, the human mlk fortifier may be a term
human m Ik fortifier or a pretermhuman mlk fortifier. [00026] Long chain
pol yunsatwoabedssatty aci ds (LCPUFA) have been shown toprhe/tusopontssi in

i nfant devel opnent. Arachi donic acid (ARAg-C20:4, n-6) and docosahexaenoi c
acid (DHA, C22:6 n-3) are of particular interest due to the high
concentrations of each found in the infant brain and retina. ARA and DHA
are synthesized fromtheir respective 18 carbon precursors, linoleic acid
(18:2, n-6) -an - | i.nol eni i d 18: -3 hr ou l-t er nat.e desaturation
ind of ongat | I PRER IR AR AiL s AT il STRBA0 P B BBl E st " ki
infants that are breast-fed. In infants that are fornul a-fed, however, DHA
and ARA nust be supplenented into the diét.( F00Q27] Evi dence indicates that
infants with altered LCPUFA |levels, r N0g frominadequate intake of
dietary LCPUFA, may be at risk for ney;g]o% c&i probl ens, may score | ower
on cognitive tests, and have |ower retThal \devel opnent than infants fed
human m | k. Thus, the provision of YERPUFA, Bon particular ARA and DHA, in

anounts closel y .approxi mating those.found in man.m | k S ort
Sdequat e or oudie BB i oTdsoRBerdf SGecaide bR so' B HBREE S nf ants.
Thus, in someoditeetd pEBLE compbixdl.i nvention, the nutritional conposition
contains at |east one LCPUFA. In a particular enbodinent, the nutritiona
conposi t Pon [88Htlai ns BHArHieE pmectgAhe Pryeey g)vepfiomipiees @ MORSS P PICBRHIS 2
conposition, I t4,0 of ARA: DHA may be from about 1:3 to about
9:1. In one(gﬁﬁﬁgﬁﬁgﬁF&%@ﬁghé present invention, this ratio is from about
1:2 to about 4:1. In yet another enbodinen}{, the ratio is fromabout 2:3to
about 2:1. In one particular enbodineng t@g ratio is about 2:1. In another
particul ar enbodi ment of the invention, €cHatio is about 1:1.5. In other
enbodi nents, the ratio is about 1:1.3. LR aotlher enbodinents, the ratio is
about 1:1.9. In a particular enbodi ment, éjfatio is about 1.5:1. In a
further enbodinment, the ratio is about [00029] If DHA is included
in the invention, the |evel of DHA megrbbe betrieen

Q

'

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

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

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

20  (vomiting), and other disorders described herein.



about 0.0% and 1.00% of fatty acids, by weight. In other enbodinents, the

| evel of DHA may be about 0.32% by weight. In sone enbodi nents, the |evel

of DHA mayohweosissost 0. 33% by wei ght. | n anot her enbodi meatrjustéve/ok=sel of
DHA may be about 0.64% by wei ght. I n another enbodi nent, the | evel of DHA
may be about 0.67% by weight. In yet another enbodinent, the | evel of DHA
may be about 0.96% by weight. In a further enbodi nent, the | evel of DHA nmay
be about 1.00% by weight. [00030] IfARA is included in the invention, the

| evel of ARA nmay be bet 99 9 Y, j wei ght. In
anot her enbodi nent, theﬁﬁgggﬁigfhigﬁjggéﬁggeg%%ﬁPEbQ§§€§§§O§%ight. In
anot her enbodi nent, the |l evel of ARA nay be about 0.5% by weight. In yet
anot her enbodi nent, the |evel of DHA nmay be between about 0.47% and 0. 48%
by wei ght. [[B8b31] 1|t Theauescahiaventionrelatss toppmpeindpef freykdi i nvention may
be from about 2 ng/ 100 kil ocalories (kcal) to about 100 ng/ 100 kcal. In
anot her enbodi nent, the anount of DHA be from about 5 ng/ 100 kcal to
about 75 ng/ 100 kcal. In yet another enbpdi nent, the anount of DHA nay be
from about 15 ng/ 100 kcal to abou®s60 {100 kcal . [00032] If used, the
amount of ARA in the present inventi may (be,)f rom about 4 ng/ 100
kil ocal ories (kcal) to about 100 ng/ 100 kcal. In another enbodi nent, the
anount of ARA nmay be from about 10 to about 67 ng/ 100 kcal. In
yet anot her enbodi ment, the anoun be from about 20 ng/ 100 kca
to about 50 ng/ 100 kcal. In a part ment, the anount of ARA may
be from about 25 ng/ 100 kcal to ak 0 kcal. In one enbodi nent,
t he amount of ARA is about 30 ny/ , ) 0033] If the conposition of
the invention is supplenented with/oils conta\ning DHA and/or ARA, it may
be acconplished using standard te€hni ques knowrTi®m2the art. For exanple, an
equi val ent anount of an oil which is normally present in the conposition
may be réplaced with DHA and/ or ARA.[OdbGHTaﬁf utilized, the source of one
or nore of the LCPUFA can be any source known in the art such as marine
oil, fish oil, single cell oil, egg yolk lipid, brain lipid,

wherein:

Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,

10 heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-C; alkyl, halogen, —
CN, —OR7, and —NR7R8;

15
X is CH, CRS, or N;

J is selected from the group consisting of a direct bond, C=0, and SO»;

20  each R’ is independently selected from the group consisting of H, halogen, —OR*, —
NR'R’, —NR*C(0O)R’, —NR*C(0),R’, —NR’C(0)NR’R®, —S(0),R’>, —CN, —C(O)R’,
—C(O)NR'R?, C1-Cs alkyl, C2-Cs alkenyl, C,-Cs alkynyl, C3-Cg cycloalkyl, C4-C5
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cgsalkyl, C,-Cs alkenyl, C»-Cs
alkynyl, C;-C¢ cycloalkyl, C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally

25  substituted with from 1 to 3 substituents independently selected at each occurrence



and the |like. Any LCPUFA can be in natural form provided that the

remai nder of the LCPUFA source does not result in any substanti al

del et eri owe 2ed%wsis4on an i nfant or child. Alternativelypcausehessssan be
used in refined form [00035] If used, theg_LCPUFA source nmay or mnay not
contain eicosapentaenoic acid (EPA). In sonme enbodi nents, especially for
feeding to infants the LCPUFA used in the invention contains little or no
EPA. For exanple, in certain enbodinents that the nutritional conpositions
used herein ntain | t bout / kGahyEPA; .4 N S0 epbodi nent s
"aes than aBB0E TG oot REanAEBR: T ansRd met M EETEREN about s
nmg/ 100 kcal dpBénalgngibbtitugtilld tigkehetthéategeh,repCsalfubet-a@nthamhikyl, Q-ERAoxy,

[ 00036] In sone enbodi nents of the invention, the nutritional conposition
cont ai ns addirCiNmaPReotipondhRs: whi ch may incl ude probiotics or prebiotics.
The term "probiotic" nmeans a m croorganismthat exerts beneficial effects
on the health of the host. Any probiotic known in the art nmay be added,
provi ded5i t Rsis selbd¢tabfremfthe grmptebnsstingrof\d, thaloghe -o0ReT —adRProneR ' @O)Rhe

conei st ng s Nl OBRe TN ChABUEH B T AL Rac P RReE:-Ca
probiotic Cadikﬁf@}-@%{ll?@fﬁ@j ¢%—Q§alkm"@§€§c3@%aﬂ{§@,®43@; c3lc'l‘ba§l€}flélﬁ-%rl[‘aryl, and

enbodi ments, the nutriti‘onal conpdsition of the present invention
addi ti onal | yhetawoqayl, seth the plogmetthas vehep d eb$ 01, iRcis nohH, aral wherpimalatloof €i-Cs as

used herein, s.a .hon- digestible.faod |ngredient that stjnulates. the

or ot hand! SRR T ERORR. GrOeRbiPe LR OelRIOE et nstploTib a5 ¢
known i not henctdrbarfBly opgordlgedbstiitey wididnh 1it§ 3 Stibstiaking ih@dpchgnbiyRalted ani t h
t he other conponents of the conposition. In a particular enbodjnent, the

prebiotic camchecasicaes wercpf GamGreCyalspiphdlogen st Ng—dPR’, —NR'R®, and phenyl
fructo-olig I : ' E | - 0l J: ide ) )
galactoolig§§§§%Egﬁwggabhggﬁgp?ggdfﬁg%gg@%%%géggﬁﬂxy1%kgfFbgégggﬁgpkéé,
soybean ol i gosdkedyaridss—@Ri, bp-oNRGosacchari de, gentio-ol i gosacchari de,
mannool i gosacchari de, |actul ose, |actosucrose, raffinose,

ari bi no-ol i gosacchari de, glucans, siallyl-oligosaccharide, polydextrose,

inulin, jkucgzol is&@&@d:ﬁgﬂlrthg@rouﬁr&gnmtﬁfglﬂffq{ halogen, —OR*, —NR*R’, —NR4C(O)R5,
—NR*C(0),R’, —NR’C(0)NR’R®, —S(0),R’, —CN, —C(0)R’, —C(O)NR'R’, C;-C;
alkyl, C,-Cg alkenyl, C,-Ce alkynyl, C3-Cs cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-C¢ cycloalkyl,
C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3

20  substituents independently selected at each occurrence thereof from C;-Cs alkyl, halogen,

—CN, —OR7, —NR7R8, and phenyl which is optionally substituted 1-3 times with
halogen, C;-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxy, —CN, —OR’, or —NR7R8;

R*is H, C;-C; 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 C;-C4
alkoxy;

R’ is H, C;-Cy alkyl, C;-Cy4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C5
30  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,4 alkoxy;



t hereof. [00038] In sone enbodi nents, the use of punical agins alone, or in
conbination with punicic acid or ponegranate |eaf extract, or the

conbi nat iw0 2069/135ds4t hree aid in i Mmune system devel opnertcTarsdomoneBi on in
pedi atric subjects. For exanple, theuse ob_punical agins alone, or in
conbination with punicic acid or ponegranate |eaf extract, or the

conbi nation of all three nmay enhance resistance to infection and/or reduce
all'ergic inflammatory responses i ncluding, but not limted to asthma,
wheezi ng, en it nchitis, and eczema. Thus, in
sone enbodlggﬁ?gjq? %qpnv ﬁ%ﬁﬁ#g'%émlgygd to a nethod for enhanC|ng t he
i nmune response in a pedlatric subj ect conpr|5|ng adnlnlsterlng t he
nutritional conposition of the present invention the pediatric subject.

In further ﬂ%éﬁ?§mmﬂwgmﬁw#@ﬁﬁﬁ5nhﬂ%4%kﬁe@t66hﬂﬁﬂﬁyhéhﬁ%dmﬁﬁwméﬁhéntlng

resi stance t } ] 1@£1|c e oSt 115 rji.ng the
nutrltlonal(9(%b03| |g% 6$W?ﬁ %%a/gént i‘nventi o E%W%Eéﬁbeggét 3 gﬁ%ject

I n ot her 5e nﬁmdzytnm}suonhhg substigmndd Bomilstodi tireest verth & su‘t&tlmhhsmdhctdalr r edu0| ng
allergic infl jatric sub ect .co i Si ng

3 responses in a g
admi ni stering ‘H’ﬁ g’rait £4< g‘rPéEP“%%‘r‘Eﬁé‘%fir W%?hetgﬁ%upp %’é’éﬂflgi’ ‘Pﬁqno?\YaPB t he

pediatric SU@J@{Mk A8, Qﬁ@QKQ ﬁ@ﬁd(ghﬁlmg&§l pediatric subject” refers to
human subj ect's are | ess 13 years ol d. In sone enbodi nents, the

term"pediatric subject” refers to human subjects that are | ess than 8
years ol d. [OOﬂb?] Further in sone enbodi nents, the use of punical agi ns
al one or in &t8nbir tPon mnth punicic acid, or ponegranate |eaf extract, or
t he conmfjipnation of all three may aid in enhancing cardi ovascul ar heal th,
eye health, brain devel opnent and function, gastrointestinal health and
function. FursRef,2.0nd:ae of punical agins alone, or in combination with
punicic acid or ponegranate |eaf extract, or the conbination of all three
may aid in reducing the risk of inflannation, cancer, or the netabolic
syndrone, ingkoding obesity and di abetes nellitus. Thus, in sone

enbodi nents, the invention is directed to a nethod for enhancing

cardi ovascul ar health, and eye health in a pediatric subject by

admi ni styer i ah*&?ld%%éﬂ‘;&ﬁr, ?ﬁgirlm&%ﬁ%&%h& hARpRbIctAR HREEFENLol A BkdN to the

pedlatrlc subj ect
or prodrug thereof.

[0017] As used above, and throughout the description of the invention, the
following terms, unless otherwise indicated, shall be understood to have the following
meanings.

20 [0018] The term “alkyl” means an aliphatic hydrocarbon group which may be
straight or branched having about 1 to about 6 carbon atoms in the chain. Branched
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.

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

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

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

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



enbodi nents the invention is directed to a nethod for enhancing brain
devel opnent and function in a pediatric subject by admnistering the
nutriti onsb 20empBEemit | on of the present invention to theppedisatoiossdsubj ect .
I n other enbodinents the invention is dirggted to a nethod of inproving
gastrointestinal health and function in a pediatric subject by

adm nistering the nutritional conposition of the present invention to the
pedi atric subject. Such an enbodi nent of the invention could include

provi ding a | £t hy, in ti.ngl mcro fdor alance in th di agri
Sty ect 1 n USRS BRTHERR T U] Rt Eo RPN R Bald TP BN Rifop o

reduci ng t hetérhsia taé chdih| Braimhédimecandhane of mofe Bwaedikat gloapssildhacmehyl,
adm nistering the nutritional conpasition of the present Invention to the
pedi atric subpdcar propyl Rig stiieheddpisdeaeskenyl chni Fyrenplanalkendigraps sl a

nmet hod for rea%;h i i-b':(ffjnﬁfl 1 | 4 ¢ I l iatric subject
by adm ni st eri né’l{bﬂ%&ﬂg% Irhi tio dl%ﬁ%@’s% ﬁ%%ng#t%éédgrlgggﬁﬁ}?hventi on to
t he pedi atri[0031)bj ect . THertersu CdryBmmennd anl iaroemdtic nidrecydouatrmdti-ogtlid higg syssdm of

nmetabolic s ro i ediatric subjects coul i | ude reduction in, the
risk of obeﬁ}%iogﬁautgi“gﬁgwasa%%|pret Efé%ﬁéd&@ﬁwﬁ%&ér 08 aﬁprawaﬁ i“}ﬁlélfﬁf’%, t he

conbi nati on £§1aRYNEGAHAR GRedthlallvPHRI Blotip@ficthde phih AnPRARGEANat e | eaf
extract, or the cConbination of all three provides an enhanced effect with

respect to t[A82XHeal t h Bertefm tlct¢roaty8dmedyows ardrmaticsméaicyelveer mhlgitcychering
activity of the c i i on of. puni cal agi n it i ci.C id or wth
Sonegr anat ¢ Yo5F rpp it o e MR AR et Sl i Eut Fh PaPlsatte T ha
the added acyhivh bite &%RECIFhMIBRS BRHE rRAk sk EemGORRAIREEt@) Sthatilaf csbe, &br
separately. [00041] The follow ng exanple describes an enbodi nent of the

present i nveremple, nixoger, oxirpad chenfus. i thiicasaafangdopelioring pstan.gintisontetfei n
o : . . X !
speci 1 car| o Apet ey R pmffe kP A el BT SRE AREB T PN e

that the spéagtdroaslsicontain &gat Hey 6 vihg Brohlde TixPrgTixeazabex S diis ol eliie befode be
exenpl ary onle¥, w th the scope of the invention being indicated by the
cl ai ms whi cFEParshimedes that ahisre 2 QSRR BXYRCPOUGHUYT Atam) ESReqtiVElysiSPEESERt t he

nutri entlSCorgg%r}ﬁ@anorﬁf Aolrﬁ?ro.géﬁ A8 Jf%rh%wr@aryl is optionally oxidized to the

corresponding N-oxide. Representative heteroaryls include pyridyl, 2-oxo-pyridinyl,
pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, furanyl, pyrrolyl, thiophenyl, pyrazolyl,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, tetrazolyl, indolyl, isoindolyl, benzofuranyl, benzothiophenyl, indolinyl, 2-

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

25  d]imidazolyl, 1 H-pyrrolo[2,3-b]pyridinyl, imidazo[1,2-a]pyridinyl, pyrazolo[1,5-
a]pyridinyl, [1,2,4]triazolo[4,3-a]pyridinyl, [1,2,4]triazolo[1,5-a]pyridinyl, thieno[2,3-
blfuranyl, thieno[2,3-b]pyridinyl, thieno[3,2-b]pyridinyl, furo[2,3-b]pyridinyl, furo[3,2-
blpyridinyl, thieno[3,2-d]pyrimidinyl, furo[3,2-d]|pyrimidinyl, thieno[2,3-b]pyrazinyl,
imidazo[1,2-a]pyrazinyl, 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazinyl, 6,7-dihydro-4H-

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



enbodi nent of a nutritional conposition of the present invention. Table
15- HT3 RECEPTOR MODULATORS, METHODS OF MAKI NG AND USE THERECF [ 0001] This
appl i cat iwo 20é%isps4t he benefit of U S. Provisional PaterCTASpétoai4son
Serial No. 61/057,014, filed May 29, 200811 which is hereby incorporated by
reference in its entirety. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to serotonin type-3 (5-HT ) receptor nodul ators,
conpositions, their use in the treat ment of diseases in whi ch the 5-HT3

receptor i Sé'é?}}l]’gﬁ féh F}/ram gﬁﬂcl 4]tr1aztofI 38 § g%ﬂt I r ﬁ\ﬁglazolgfw\? |

Syndrone (| nause

post - operatiaapyrﬁtﬁm&empﬁdanmﬂmbulkag (PO\I\/) and the use of the conpounds in
conbi nati on therap The present invention also relates to methods of

synthesi s of(09%Y 52 Hral hﬁé@%t%@%dﬂﬁa@ﬁ 8ragips piareRdoNCs atkoTatemp REARTFIEIG
[0003] Irri ttﬁ%cﬁg@%‘?’%kclﬁy&%ﬁ“ | tlg)lll Eﬁ% é@n?ﬂ&ﬁlﬂ?&ed Gledql tﬁé}ﬁéétﬁa' thcare

systemin that agenen I's estl e to cost illion
dol | ar s annuadubyrd nhmijghantoxprgaii (ﬁdanqﬁassendod;et meﬁlndy,&shdMyghro@erESolprdﬁokph

dollars in indjrect econo cost s 000 ent conmpounds that alter
the activityY6LPERMEINC G dRTh apét%ep‘et# sLOéNeé éyéﬁfFV 9 SHUY ggntaining

phar maceut i Gal § FRALI®BLS F&thd FRpost? otfﬁf%tpr@sréﬁ P}B‘lldétlbh ki USo
currently approved for diarrhea predom nant |s al osetron, a“serotonin

type-3 (5- Hﬁeqludeaeﬁhﬂcnadwny;ﬁudcﬂthylaﬂmwxdnmg/hwduseaphwm@@un lwbo@dad(tm the
wi t hdrawn by the . FDA due a{l %cur elnce i @\Qem c colitis tthen
rei nst at ed BYCTHEERRT HBE BE]eW i NFRethe O’éy rge?‘ ?nﬁidb‘?"ya%r‘?ltpe’étpﬁ% POr
this di gpasesgtd FordlPdng. the US Food and Drug Adm ni stration approved

al osetron hydrochl oride (LOTRONEX(r)) tablets under restricted conditions
for patientd00HIwhom tTHe teiseli easloabeemicens nanwsPEtic menei eiksultifQubsying.- HT3

recept or ds't\}%]t%&f&%b 32&0 %pﬁtlc}y%(;b(%\l %SWEF%% 3 ol 5 fbe{b%‘h% Garllhd Qt!ans

desired for rea rece is an ag

whi ch can eilefplirphidiotydie. ogcloalamsaﬁktla@wcsdp):n@t, cpalbhd:@ﬂchcl@héptylah@d (he g.,
a partial agonlst) the 5-HT receptor. Indeed, a nunber of 5-HT receptor
nmodul ators di€ progressi ng through

15 [0025] The term “cycloalkylalkyl” means an cycloalkyl-alkyl-group in which the
cycloalkyl and alkyl are as defined herein. Exemplary cycloalkylalkyl groups include
cyclopropylmethyl and cyclopentylmethyl.

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

20 [0027] The term “haloalkyl” means both branched and straight-chain alkyl
substituted with one or more halogen, wherein the alkyl group is as herein described.
[0028] The term “substituted” or “substitution’ of an atom means that one or
more hydrogen on the designated atom is replaced with a selection from the indicated
group, provided that the designated atom's normal valency is not exceeded.

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

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

[0030] The term “halogen” means fluorine, chlorine, bromine, or iodine.



clinical trials for the treatnment of |BS. Exenplary conpounds incl ude
ranosetron, renzapride, DDP225, and DDP733. [0006] Nausea and vom ting
caused bywoheetsksaapy remai n anong the nost di stressi ngcsiuseoosiizei s for
pati ents undergoi ng treatnent for cancer.iDependi ng upon the chenot herapy
agents or reginens given, up to 90% of patients may suffer fromsonme form
of chenot her apy-i nduced nausea and vomting (CINV). Synptons from Cl NV can
be severely debilitating and often result in patients refusing further

cour ses of iRt her anyy. il bl Qebys UK ARLRDL &) ERSEANCIGER AR, [ig0ar ds

to progressio f the cancer er nor e T'denso

nmedi cal systmeant eoasbiatO@nipoi@d{ 60gonthe fdigrld hedicecisbdbik devdtided Omhich
otherwi se attend to other patients or nedical issues. [0007] CINV is

di vi ded i nt SXPirssiamineludss digarpdiags. shapharmpoqutisly aseenigta satfsnihe oxides.cind) Ny
hip | f 24
occurs wi t hig E&@atééfolsglt hﬁaﬂ%ﬁ’%&r@%é&%%%ﬁ% %@%r r P@f‘er@ﬁé‘e%s rom

hours to 120 ours ng 'treat nent Al ns a highly under
treat ed $i danefrhedistes, whedtcr enhst theydbegeding ab elavhdis isapyant ascihbakt thear e

provi ders ten derestimate the nunber . of ients suffer from
del ayed Cl N\?aﬂfF&P@ﬁ WB% vhegeihg capfery W@&P@%ﬁ{} tﬁwéﬁepém@&w eattculagpi | ¢y

to provide Galifnde® whbfIRENRSt YGEmiBaN PMEENRE eidh&CRaRORY:, bhPREE]
Conpounds that target 5-HI3 receptors are currently the nost ‘effective

anti-eneti csnstatto@y a@cmls@ly tlitserativecarsli ingInot grtealce 61 cxtivierndlecriimstanices wheragpe ment
of nausea and vo Ln patients with cancer. Bl ocking the 5-HT3 receptor
signal in tH& EKI r&é?l phery appears to prevent acute enesis. All

approvedo5- Fﬂiiﬁsz]ecept OrheTBighk I AEMDE of BYARRY NRAhONASIRIra@Ih drACRf fidnh the ar e
approved to prevent acute CINV. Pal onosetron is the only 5-HT3 receptor

nmodul at or cuyR@HMSaRpresizel apweiatadenigh tegakiordms éerscabfrda%@ncm\wsed herein,
addi tion, t @8&@&&%&‘%&% n?'f of i‘ﬁat[%%f{s%eﬂaégi t@”ﬁﬁ&i’e r&g}gﬁ@{e iEPI tant

( EMEND( r )) recep he cor roi d

dexanet hasor@o3sgs bee rC@ﬂpxmds Aesoibdd igttiyt redyf @aitdily end or oS PfiRGideihters
acute and del ayed ci spl atin-induced enesis. [0009] Pal onosetron, has
recei ved rec@AMayiBrogide rispio eHBLQRA Hatiereemerorld hasiareajwmetirsermand

vomi tings( PG} chl-lr_glecrcﬁgcpﬁl%y bR d'c_ﬁ_t’%c(f, GPERhO5S MQM&@&%&H@HM&R@ 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
reagents, or resolved using conventional techniques. When the compounds described

20 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.
[0034] As used herein, and as would be understood by the person of skill in the
art, the recitation of “a compound” is intended to include salts, solvates, oxides, and

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

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

solvent for therapeutic administration is physiologically tolerable at the dosage



useful for the treatnment of PONV. [0010] Clearly, there is a need for

i nproved therapy for IBS, CINV, and PO\V. The present invention is directed
t o achi ewog@oadnissosabj ecti ve. SUMVARY OF THE | NVENTI ON [ O@tTjusidve/opssesent
invention relates to conpounds of formulajd-: Qfornula | wherein: Qis a
saturated, bicyclic, heterocyclic amne, wherein the saturated, bicyclic,
het erocyclic am ne conprises at |east two atons between the am de nitrogen
of the conmpound of formula | and any anine nitrogen of Q and wherein the

saturat ed, bldfiﬁ lofed. rEEta ! ?e yo%ﬂngabzee eCe&ntsto?%era I?c]atlc thﬁffll aJu(tn![l %r% L. ?f] from

1to3 substl s i ndep occurrence t'heredf from

the group cmﬁalv@dtetrngvﬁxﬁizat@r altke/éolvdmltb)gwlvatc is@erre@Y as @aRgdrafdR I B&ieraf, 1 S
CH, CR3, or N J is selected fromthe group consisting of a direct bond,
c=0, and SO solvafsqrepringd pydisprlnimaihg sorapquad i therappipptint sghenprddpldts ng

of H, hal og

SR e L e T LA T L

al kenyl , 5C2-aZéotedpky myiticr aGdi €6 coyditioad. kyl , C4- C7 cycl oaI kyI al kyl, aryl, and
het er oaryl , ein each of Cl1-C6 alk Ike CGaIk nyl ,
C3-C6 cycl oaﬁﬁfﬁ] @?aevevsammﬁ %gﬁewﬁ@&l@ and

optional | ysuybgtj s fo@mdl 14963 t t He%géﬁﬁ | | ect ed
at each occurrerlézef?ﬁg)r%e% f?ode (g:g gslﬁg@fbh‘g@gg?n &q%eﬂbﬁi%

and phenyl whfeednce sn dpeitoetal The sadsseammpely empdoyeidmedusipn mmﬁbw@m th@ie C

al kyl, C1-C4 ct ed

rom the ar ot COR NG ThE R Y ooig. nap 4R iRty peiice

4C(O 2R3y - Mﬁc&%z@k&ﬁ%ﬁ&m@é >, -CN, -(OQR 5, -C(ONR 4R5, G -C6 al kyl ,
C2- C al kenyl -C al ﬁ@t C -C cycl oal kyl, CA-C cycl oal kyl al kyl, aryl
pid

and heter oar[9037]vv| th t Vphsemadeaticalhyeircaptablset” micrsstorselts prepaad fimbrer ei n

each of G - @ %&%Lﬁ?a% a%ep%b‘feefyﬂ tox%zac% q"b‘é%@ﬂlclu&ng %%r@ﬁ% Qc‘%iska)ﬁld ba% Cr

cycl oal kyl a
and organic acids and bases. Since the compounds of formula I contain a basic nitrogen,

salts may be prepared from pharmaceutically acceptable non-toxic acids including

15  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,
mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric acid, p-

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

25  meglumine (N-methylglucamine), and procaine.

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

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

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



heteroaryl is optionally substituted with from1l to 3 substituents

I ndependently sel ected at each occurrence thereof from G -C3 al kyl,

hal ogen, wONp09/18R&4- NR7R8, and phenyl which is optional PgTaIsbabiotuused 1-3
times with halogen, G-C4 alkyl, G -C4 hajgpal kyl, Cl- C4 al koxy, -CN, -OR7,
or -NR 7R8; R3 is selected fromthe group consisting of H, halogen, -OR4,
-NR 4R5, -NR 4C(O R5, -NR 4C(O) 2R5, -NR 5C(O) NR5R6,-S(OgR5, -CN, -C(OR 5,
-C(ONR 4R5, G -C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C6 cycl oal kyl,

C4- C7 cycl oal kyl al ky| ryl. nd. h roaryl erein f G-06_ al kyl,
G- Gb o kenyr el anBin FL5ieR KRR, 1 MR, S50 Bnagplif ¥
aryl, and het@oe@iichiis uatto sk b Yusaibaility dugels Wiptdtedy sasp ih WwidclBit would

substituents 1 ndependently sel ected at each occurrence thereof fromG -C3
al kyl , hal oguherwisg regefy but prvhickyreartion wimdgHehis. ThsinptesEneoypuR RSV ERfs

substituted .1;3 ti ] I j = I3 kyl, CG-C4

al koxy, - CN,r%%%?{E},ag%r%t %%J}E@ag?gg@?tés@we@%éﬁé{gwgex%e@ @aﬁ%ﬁ%{al kyl, G-C4
al koxyal Byl ,fufiBtogslityy diho atkyval oCAddprotegtmindakdiyh aftérythe coriflE)id6of thh esagtion or
benzyl, wherein phenyl ar. he |.is.optionally suhstituted 1 to 3 tines

wi th™ hal ogerf! "eAFHABS %dvhleﬁﬁﬂgﬂﬁ%taoneﬁlww“ﬁ@%#q@| Ty “EFD BACRICREKS., RS s

H G -C4 al kyhoon@is Ghhcltrkion! ik in 1 prblostlo ki@l htion S GRrsoN 6F Baki skiffd- C7
cycl oal kyl al ky% , phenyl, or benzyl, wherein phenyl or benzyl is optionally
subst i t ut ed cantrenddyehvismnwhask ghaips e wouldabrosuitable @4 “piokegting Gou@s” hlivhleky | |

-4 alk : i Cl-A4 al kyl ,, Cl1- | | . | - .R7 R8
ot e ench §nadtiscan el Mupose e St ieEpded Pk i ndd e SR
C3- C cyol oakslotbencCArdzedie @l iy adiihic @%@iﬂ@oh@ﬁﬁ[&g'& Sefs, BRRZYbsk wherein

phenyl or benzyl is optionally substituted from1l to 3 tines with a
substit uent ($2YBcwbighiinkspniaenppiptesk byeigédicnse diyits erfietyt her eof from t he

0 0 75 S, ISl G B PR e 14
respectively. A comprehensive list of abbreviations utilized by organic chemists (i.e.
persons of ordinary skill in the art) appears in the first issue of each volume of the Journal

15  of Organic Chemistry. The list, which is typically presented in a table entitled “Standard
List of Abbreviations,” is incorporated herein by reference in its entirety.
[0041] The term “therapeutically effective amount” is meant to describe an
amount of compound of the present invention effective in modulating 5-HT3 activity and
thus producing the desired therapeutic effect. Such amounts generally vary according to a

20  number of factors well within the purview of ordinarily skilled artisans given the
description provided herein to determine and account for. These include, without
limitation: the particular subject, as well as its age, weight, height, general physical
condition, and medical history, the particular compound used, as well as the carrier in
which it is formulated and the route of administration selected for it; and, the nature and

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

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

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



or an oxi de thereof, a pharnmaceutically acceptable salt thereof, a solvate
thereof, or prodrug thereof. [0012] The present invention also relates to a
met hod ofwoneatissgs4a di sease or condition which i s susceptriuse@otassss eat ment
with a 5-HT receptor nodulator. This nethpd.invol ves sel ecting a patient
with a disease or condition which is susceptible to treatnent with a 5-HT
receptor nodul ator and adm nistering to the patient a therapeutically

ef fective amount of a conpound of forrmula | or a pharmaceutically

accept abl e Sc%l‘r‘ielr’fa Pselfsg(? $0' mLaOnOa{LnB.ca'lé‘rﬁ]e(%:[ gi'lauren%1 %Be(\%g t?fxctiphlg tpérevse%ntle, Iag \(/igsrc]}llogd‘]
relates to a process of preparing a corrpdurr]éi1 o1 Forimt 202y S process

i nvol ves tr drtdingERarhplesbf dusp@idipciorh® igadiugrodtick yiited Bosedral ditchoerein Mis
H or a counterion, under am de bond formati on conditions effective to
produce t he o ¥¥YehykBapRIbiel and corbatpn astersr MpEpcryspling cefulessealpmanisnt

nvent i on 1 &hakRRurd Q4@ QGRS Sl —REFRA Lithcn AOGARKAT O hRlMbdaddys. Thi S
process involves treating a i"FSt Mt er medr at e corrpoungl of Formula 111:
wherei n M i Prévamtion of thercton ofwmicusdganians ca leamdured byrahtiouws aoibadttiiadnad
effective to produce the_. product comnpoun 0015] It has pow been. found
that conpourfdS B2k Rt T FXapRcs? nf»,égl@;s_%la}ia dwrea@owg{.’]wﬁﬁidsa%@eﬁ@%n
provi des CPWpﬁlﬁg/gﬁotb'%%"esipdb'f@t_otiﬁclhﬁ@is%hﬁta%@h@, fo¥ Bemb1€ uddis3 kodiGHERIRHdeM t h
high affinity. mbers of this class have been denonstrated to i nhibit

ser ot oni n- i rraddledlilr. diylagel @bsorptioh o€ theThjestaplearhmanaskuiggal famcendicdrerght wi t h

the effects of other reported 5-HI3 receptor. nodul ators,. several, of whjch
have been agBPBVGTE 85 Vit SRl T HO ot AR RIS p M Grondeigtats 15h,

ranoset rgn) , gefatiy Ex@nmples O d@ARDRE dadflers RBIUGHS SdolRits, BF Aihi & iende wattd, PONV
(pal onosetron). The conpounds provided by forrmula | are useful for the

treat nent ofcthanel, palyols. Butkele e Diercoh ageetable efeiush pyolinaainggnd and ot her
<o ders g RS, DL TGS R LS TN i) e

milk sugar, sodium citrate, calcium carbonate, and dicalciurn' phosphate. Examples of
disintegrating agents include starch, alginic acids, and certain complex silicates.

15  Examples of lubricants include magnesium stearate, sodium lauryl sulphate, talc, as well
as high molecular weight polyethylene glycols.
[0043] The term “pharmaceutically acceptable” means it is, within the scope of
sound medical judgment, suitable for use in contact with the cells of humans and lower
animals without undue toxicity, irritation, allergic response and the like, and are

20  commensurate with a reasonable benefit/risk ratio.
[0044] The term “pharmaceutically acceptable dosage forms” means dosage
forms of the compound of the invention, and includes, for example, tablets, dragees,
powders, elixirs, syrups, liquid preparations, including suspensions, sprays, inhalants
tablets, lozenges, emulsions, solutions, granules, capsules, and suppositories, as well as

25  liquid preparations for injections, including liposome preparations. Techniques and
formulations generally may be found in Remington's Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa., latest edition, which is hereby incorporated by reference in
its entirety.
[0045] The term “pharmaceutically acceptable prodrugs” as used herein means

30  those prodrugs of the compounds useful according to the present invention which are,
within the scope of sound medical judgment, suitable for use in contact with the tissues of

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



wherein: Qis a saturated, bicyclic, heterocyclic am ne, wherein the
saturated, bicyclic, heterocyclic am ne conprises at |east two atons

bet ween twe 2a0v/dsosai t rogen of the conpound of fornul a | pamasamy/oasmsae
nitrogen of Q and wherein the saturated,.cyclic, heterocyclic amne is
optionally substituted with from1l to 3 substituents independently sel ected
at each occurrence thereof fromthe group consisting O C1-Cs al kyl,

hal ogen, - CN, -OR7, and NR 7R8; X is CH, CRS or N, J |s selected from

the group Con%m? tn's{l] te w ﬁa geatsﬁr?atblebé)engﬁt/gk Tati dS%eCtl_ye or helr 1n1send¢&_\}hse as

|ndependently sel' éc ed rom f Oup consi s 1n

NRARS, -NR 4&QRhe zwiiRridailc@dRG WheM:f)diﬁb@) Mﬁ%omﬁé@cﬁ%thm@%m&o@( OhR 5,
-C(ONR 4R5, C1-C6 alkyl, C2-C6 al kenyl, C2-C6 al kyny C3- C6 .cycl oal kyl ,
C4- C7 cycl odriay| Rpdipe. nzaﬁaw conpRIngethe %rsrrwldlym&s@nﬁe%?cwqﬂo mld(%% %HYWI

C2-C6 al kenyly, rpg’ancgl:ﬁf ﬁﬁle KYE elfo agclﬁgg ?Xlgd %hsqg bFI %Ingtgdtﬁl é%lups

aryl, and heteroar I'sS optiona rom 1
substltuéntsmeMememdemmdMWBmkbnheﬂba&mﬂdmhc@kmumgencet@ﬁnenfdﬁ%@ﬁgﬁmpes
al kyl , hal ogen, NR 7R8, henyl i.ch is. optiona

subst i tut ed Teacyvp .“f@sthmrhomgaﬁwf e BAYEPP 0”@1 igierigRo iRy ne . st

al koxy, -CN, n ng of
b hal ogen. arg ﬁﬁ,ﬁlmi@é’d tg%ﬂécﬁ%ﬁoélp?és %l;tang@}Jl ?&N%ﬁ%sc%ée@ﬁ%@ﬁoﬂ%p ¥RtyFANSIdSthé

5C( O) NR5R6, -IeDunRBstituGN, andGuBjtRuts(d arag]{ GuiRagiRzodlandeubdtityted b@zo@)al kenyl ,

i EheY o ks i S Cthogrgrod s BRSO e aflim it o

al kyl, G@- CeréﬂhKﬁIWj mo@ges@&s Brkyeayhith E3arbOx \ANEcRRI(Kibth.as Shcckaiyl), and the like.
cycl oal kyl al kyl , , and heteroaryl is optionall i;‘CgTUbStI tuited with from1

to 3 substi t%ﬁwq rﬁlmwéwethtwlyclsﬁneémtéwh&@lhedéwab pyrsrdehe esneamds r om

Supsti tut o OBt PEERng s i hRIC e R Sy PRI qhSifhat Bl ORENpg
al koxy, -CN,act 533%0 dotigs: NRc eB8ipotidds tsatieg drtrectaboliently tiea@blgocmigivetharg of

H, hal ogen, - -NR 4R5, -NR 4C(O) R5, -NR 4 O)2R5 - NR
5C( O) NR5R6, ag(v@tmthat they rnay:(e@}l tgnproge@qu; ilityps @gesult of enhanced

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

20  Chapter 5; “Design and Applications of Prodrugs,” p.113-191 (1991); Advanced Drug
Delivery Reviews, H. Bundgard, 8, p.1-38 (1992); Journal of Pharmaceutical Sciences,
77:285 (1988); Nakeya et al, Chem. Pharm. Bull., 32:692 (1984); Higuchi et al., “Pro-
drugs as Novel Delivery Systems,” Vol. 14 of the A.C.S. Symposium Series, and
Bioreversible Carriers in Drug Design, Edward B. Roche, ed., American Pharmaceutical

25  Association and Pergamon Press (1987), which are incorporated herein by reference in
their entirety. Examples of prodrugs include, but are not limited to, acetate, formate, and
benzoate derivatives of alcohol and amine functional groups in the compounds of the
invention.

[0046] The present invention relates to compounds of formula I, wherein Q is a

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

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



al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C6 cycloal kyl, C4-C7

cycl oal kyl al kyl, aryl, and heteroaryl, wherein each of C-C6 al kyl, C2-C6
al kenyl , W@-20®/3kidsynyl , C3-C6 cycl oal kyl, C4-C7 cycl oal legiraiskyd/o4m8y| , and
heteroaryl is optionally substituted withyfrom1l to 3 substituents

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

hal ogen, *7 -CN, -OR ,-NR R, and phenyl which is optionally substituted
1-3 times with hal ogen, C-C4 al kyI C -C4 hal oal kyl, G -C4 al koxy, -CN,

2330?236 g;/cl- yaRﬁ 7?}%1mcgffle§e 1&1’V8 10 e%l }%ilf} h%teé?%cgga&%h 1¥cl}1de% at a&t?#z kt?n%al kyl,

wher ei n phemttfeiblyoemy) tol4Sanfdﬁird:iefh@l}} yarlsatbe&bms JUo@flecting @héamidm&rogeh o any
hal ogen, cyano, G-C4 alkyl, G -C4 haloal kyl, or G-C4 alkoxy; R5 is H,
G -4 al kyl m@geezmmﬂ%mﬁmup@ C4 al koxyal kyI C3- C6 cycl oal kyl, C4-C7

choaIkIaI henwl,, r Ongl |
sﬁbsti tu%/ed ?bﬂ%ﬂ g ti %son\?mgnﬁgﬂﬁloggﬁ %Cs?gﬁr}gﬁﬂ%%’&‘g&%F%ﬁ%ﬂ%ﬁc&%ﬁH og kyIy
or G - C45al kortheRémbedititnief thé pnekent ﬁilmﬁﬁoﬂ]ﬂ offokiyihila Ias a bfwnlyd amiRé oind RS
are each i ndependent | C4a|k al k al koxyal kyl ,
&5 C oyl odTRyNCal Grmtsh Gy oar kyt KR Pcries o RoSTRRLAY IS Torciapsgnion 0
wherein phenyl, Qiabg,gel%ﬁé thie, Q%&@E@okﬁén§ %%Eéﬂlé%ﬁgloﬁﬁ&mSlut’é@le?he{eh;@%hé’“ th a

substituent select ependent at edch occurrence thereof fromthe
group consi sﬂrmn@ iptlutig|bogene nocymmt@d taCyuidgcladiRg |trop@is, @dabheyicd B Byll]noran@l Cl-C4
alkoxy, nis

o ae”t hor et Bty | Baming s fidilols s ooty s e tafiads ="
t her eof ,j00r MiARBIYEofNEI BBhand 091dihzabryUSeN3 ARRYEac, 30katdar oughout t he

description of the invention, the follow@[% ternms, unless otherw se
i ndi cat ed, s%ablFY%@Bl}nﬂé@@néoﬁthl@r%?é@‘@CY% ol Ingwinagd-meanilags. [0018] The

Lo oL RIS SH Bhal S Ayoeashen araus My cbegst el aht o

azablcyclo[3.3.l]nonane, 3-thia-9-azabicyclo[3.3.1]nonane, and azabicyclo[3.2.2]nonane.
[0048] In one embodiment of the present invention, the carbon of the bicyclic,

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

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

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

_~CHj

< f\ N~ s f\

(CHa)s / (CHy)s /N\(cH2

(CH2 (CH2)7

d (CH2)r

whereinr=1,2,30r4,s=0, 1,2, 3 or4; and R’ is hydrogen or methyl. In these figures,
25  the Q group is connected to the tricyclic core structure through any carbon ring member

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



means that one or nore |ower al kyl groups such as nethyl, ethyl or propyl
are attached to a linear alkyl chain. Exenplary al kyl groups include

met hyl , ewbyboy/msqgaopyl, i-propyl, nbutyl, t-butyl, n-peatrgs2oo@ndgs484pentyl.
[0019] The term "al kenyl "™ nmeans an al i phaig c hydrocarbon group containing a
car bon-car bon doubl e bond and which may be straight or branched having
about 2 to about 6 carbon atons in the chain. Preferred al kenyl groups have
2 to about 4 carbon atons in the chain. Branched neans that one or nore

| ower al kyl ps su h eth | are attached to a

| i near alkeégp hai n. qg§995ﬁ55b¥me¥xﬁc Cm?%ﬁﬁgwﬁﬁ%lude et henyl , propenyl,

n- butenyl, and i-butenyl. [0020] The terq] 1al kynyl " means an allphatlc

hydr ocar bon group containing a carbon-carben triple bond and which may be
straight or branched havi ng about 2 {ggﬁg&g_grcarbon atons in the chain.
Preferred al kynyl groups have 2 to 4 carhon atons in the chain.
Branched neans that one or nore | ower* al kyl groups such as nethyl, ethyl,

or propyl ar )] e y nyI groups
i ncl ude et hy‘ﬁhq%lkgirlo%qlﬁhfog%no e %% Fﬂ)}%&%k lsf/lﬁy %FX nﬁy?‘gu?raé(y and
n-pentynyl . [p09Q1] TheAdwhdp ablybd erﬁb@cﬁﬁleﬁtrbfah@pi&tsm imeAtey Blthe€canpound of
nultl-cycllc rlng syst em of. 6 to about 14 carbon atons, preferably of 6 to

about 10°carfBenuladoreereia Ry i Helayrs alikyf-yahgnydyor sglb%mb@d ph@pfr ledBRhapieiaTed v
groups i ncl %?oolapﬁ&wﬂ@@ 5@@&1&@5 enyl ARPPL sBie Iﬁg gﬁéf%&?@&%b difR@nR2an

aromati ¢ nonocyclic or ti-cyclic rlng systen1o 5 1o apout 14 ring
at ons, prefeséﬁhwnqﬂmmﬂ,S to about 10 rlng atons |n whi ch one or nore of

the atons | ring stemis/are eI t her t.han arbon for

exanpl e, ni m@%ﬁ oxyGERNOGFr )G Spiof emy 85 IRyenipm gt %%PP‘?EﬂHdﬂfg
system onl onﬁﬂnﬁa@fwﬁé}@mra't[&&dﬁ%%@?\lﬁmbﬁ @renpiic for the ring systemto
be defined as "heteroaryl". Preferred heteroaryl's contain about 5 to 6 ring

atonms. TRe dP8F3]x aza,Swirble arfigaoupsiiot thi sulisefusnts di¢heproseny Invaetzonsare hat  at

| east a nitrQq e or sul fur to espectively is present as a
Fing atom  ACRELHSPEN PSRt ofuRPYn SFERE T PR Ingh By P OEEE® e
cor r espondi rgifhbRbetteoarIORbGHE0E altelsu@stﬂﬂ@tne@r&ahevb@séﬂﬁ ﬁidéﬂﬁorpé’t’é iséi¢bted from
2- 0xo-pyridinyl, pyrimdinyl, pyridazinyl, Pyra2|nyl tr|a2|nyl furanyl,

pyrrolyl, t Hh@gw@wpnsnﬁyﬂrge@f oyl 2oxepraiipr 1-ybpasmidinyl, pwidegsl pyrazinyl,
thiazol yl 15,221%327119}1, 3,5 -t{rlaf’iﬁgll, ¥dranﬁ%o%9 hYAphenyl, pyrazolyl, imidazolyl,

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

20  isoquinolinyl, quinazolinyl, cinnolinyl, pthalazinyl, quinoxalinyl, 2,3-dihydro-
benzol[1,4]dioxinyl, benzo[1,2,3]triazinyl, benzo[1,2,4]triazinyl, 4 H-chromenyl,
indolizinyl, quinolizinyl, 6aH-thieno[2,3-d]imidazolyl, 1 H-pyrrolo[2,3-b]pyridinyl,
imidazo[1,2-a]pyridinyl, pyrazolo[1,5-a]pyridinyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4]triazolo[1,5-a]pyridinyl, thieno[2,3-b]furanyl, thieno[2,3-b]pyridinyl, thieno[3,2-

25  b]pyridinyl, furo[2,3-b]pyridinyl, furo[3,2-b]pyridinyl, thieno[3,2-d|pyrimidinyl,
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-4 H-pyrazolo[5,1-
c][1,4]oxazinyl, 2-ox0-2,3-dihydrobenzo[dJoxazolyl, 2-0x0-2,3-dihydro-1H-
benzo[d]imidazole, 3,3-dimethyl-2-oxoindolinyl, 2-0x0-2,3-dihydro-1H-pyrrolo[2,3-

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



t hi adi azolyl, tetrazolyl, indolyl, isoindolyl, benzofuranyl,
benzot hi ophenyl, indolinyl, 2- oxoindolinyl, dihydrobenzofuranyl,

di hydr obewnpaoéwspisenyl , i ndazol yl, benzi m dazolyl, benzeoxramsedoglossiss
benzot hi azol yl , benzoi soxazol yl, benzoi sotdqi azol yl, benzotriazol yl,
benzo[ |, 3] di oxol yl, quinolinyl, isoquinolinyl, quinazolinyl, cinnolinyl,
pt hal azi nyl, qui noxalinyl, 2,3-dihydro-benzo[ 1, 4]dioxinyl, benzo]
1,2,3]triazinyl, benzo[l, 2, 4]triaziny| 4H—chroneny| i ndol i zi nyl,

qui nol i zi nyl eno. oI ]pyrldlnyl

i mi dazof | benfd;lgi[tl ghoxaFlLl %§r6a7czilé|terc% 94 Paﬁ] ‘{Jma&%ﬁg “ﬁ{’yrﬁmﬂfflt riazol of 4, 3-
a] pyri di nyI J12 4]&1aéd>lb[4 32phy@ddinyd; arﬁl]}ilwd i, my]maidttb[eno&]gyﬁdmw ur anyl ,

t hi eno[ 2, 3 r|d|n t hi eno[ 3, 2- yridin furo[ 2 Ip r|d|nyl
furo[ 3, 2- ] o} 5 Hinyl | Vithwrbes, e@lby}igwtﬁnﬂtﬁ Wij/qctlom af %)p@“ﬂgu 31 wfqnﬁfid. nyl |

t hi eno[ 2, 3- r
Untenol2, 3+ LpuTael Bl dtatgrol i & %f@z%&%hat pllogt the selection ofi
51- C] [154] (mhslitmgﬂt at @yofah@otBedioli v BobeRz & Qtﬂdcﬁfaiﬁiayis pr&fe%redlcnmpbyﬂldSZ-

g)é(r)llz 2?8; I[ Pylz)rg‘j’l ]gﬁrélilgqas%: Q%b%ﬁ‘?% Paf%)r%/ 4 %T'ﬁ%i’%ﬂf‘é{aﬁfﬂf dhe Blosmons

3, 4-di hydr o-ghkdf1enzo[ thiphe %ﬂﬂ%&?ﬂe‘ﬂybf the present invention, the compound.is selected
5,6,7, 8- tetrahy ro[l,2,4]triazolo[4,3- a]pyrazinyl, [I|,2,4]triazolo[4, 3-

a]pyra2|nyl1h8ndxuypmg@ﬁwknngaﬁol0[4 3- a]pyrldln-2(3FD yI and the like.
[0023] The term "al koxy" Jreans groups of from1l to 8 carbon atons of a
straight, branched, or cyrlhic configuration and conbi nations thereof
attached to t arent s cture through an n. Ex es incl

met hoxy, etho pr opoxy |§Q9{opou cyclop?ﬁéﬁfoxy, ohexyl o and
the like. Lo&erNaIkox¥ refers to g s contaifing one t four car ons. For
t he purposes 9 he pr&y 5 ppl i cat PepN<al kox .

nmet hyl enedi o and et hyl epedi oxy Wi ch each o ygen 3

atom chain, riyng f Wi ch t ®t hyl e oky
IS pendant so~as Mo for#r alNring. Zip'Th ﬁcyc gal Ryl " a
non-aromati ¢ mono-<“Hoy nul tiCleycl i A, systenlof about 3 ?%sabout 7 €% bon
atons, preferably of about 5 to about 7 carbon atons. Exenplaryﬁgiiicycllc

cycl oal kyl s include cycl opentyl, cycl ohexyl, cycloheptyl, and t ke.

[ 0025] The term' cycloalk%fgjkyl nea%f?jn cycloaltiéjalkyl grou whi ch
t he

A\ ‘ ;
e e O
10 CHj, H,C CH, F



cycl oal kyl and al kyl are as defined herein. Exenplary cycl oal kyl al kyl
groups include cycl opropyl nethyl and cycl opentyl nethyl. [0026] Aryl al kyl
means an wbkydy/rsemisdue attached to an aryl ring. Exanpl esTtarseoooemsayd ,
phenethyl, and the like. [0027] The termJjdal oal kyl" neans both branched
and straight-chain al kyl substituted with one or nore hal ogen, wherein the
al kyl group is as herein described. [0028] The term "substituted" or
"substitution" of an atom neans that one or nore hydrogen on the designated
atomis replaced with a selection fro he i ndi cat group, provided that
t he desi gnat toms nol valencybt ot excee [ 0029]
"Unsubstitutg%g;atons beéi?b of the drogen ato di ctated by
val ency. Wen substituent is keto (j.e- =0), thenN hydr ogen the
atom are rephackth Conbionafiops of subitithents andllor yariabl es ar
pern155|ble only if such gonbf nations rasu{t in st onpounds;OoR
"stabl e conp s{ruct ur e s Meant a und t hat
sufficiently ¢ isolation t9 a useful degree=qf pu
a reaction nlxturqjland fornuka&*on i nt oy @ efif i caci ous ther gpeut |
[0030] The term "hal’ogen" neans fruorine,’ chlorine, brom ne,” or ’
i odi ne.[0031] The term "conpounds of the |nveh§%; , and equi val ent
S

expressions, are nmeant to enbrace conpounds o neral fornmula lras

her ei nbef ore descri bed, which ex sion incl t he prodrugsf |the
phar maceuti c accept salt he oxi desp-ahd\t he solvat e.g.
hydr at es, wh the con so per ts Simlarly, refereqeg

i ntermedi ates, whether or \pot the nsel ves g o\, ai med, meant to
enbrace thei?gal f\s, artdgsol yat es, mh re the cc SO pern1@ F r the
sake of clarit parti cublar _{ nst en the cont t so perm C

sonetines indjcdtey in t &t , N’ese i nstanc re purel

illustrative awd Nt is 'mtended to de oth |nstances o the
context so perntts&)@OOBZ] Thegternt"net of treatimgpdneans anel@aratlon
or relief fromthe synptons and/ or effects a5500|ated mnth t he disorders
descri bed herein. As used herein, reference to "treatnent” of a patient is

| ntended o jpfgiude PrRNYR:Send SR CHTRRUA, ARRSTH RRAIEEIN™Y

contain one ric cent
5  acceptable salts, or non-salt forms, of any of the compounds of formula I described

herein.
[0057] 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 [0058] The scope of the present invention also encompasses active metabolites of
the present compounds.
[0059] The present invention also includes compounds of formula I, wherein one
or more of the atoms, 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 *H), or a stable isotope of that

15  atom (e.g., C replaced by °C or H replaced by *H). Radioisotopes of hydrogen, carbon,
phosphorous, fluorine, iodine and chlorine include 3 H, 14C, 3 S, 18F, 32P, 33 P, 125 I, and 36Cl,
respectively. Compounds that contain those radioisotopes and/or other radioisotopes of
other atoms are within the scope of this invention. Radiolabeled compounds described
herein and prodrugs thereof can generally be prepared by methods well known to those

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

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



and may thus give rise to enantioners, diastereoners, and ot her

stereoi soneric fornms. Each chiral center may be defined, in terns of

absol ut e woar@oshesai stry, as (R)- or (S)-. The present POTarsteoon43484 meant
to include all such possible isoners, as_aell as m xtures thereof,

i ncluding racem c and optically pure forns. Optically active (R - and (S)-
(-)- and (+)-, or (D)- and (L)- isoners nay be prepared using chiral

synt hons or chiral reagents, or resol ved using conventional t echni ques.

Wen the CO”B avaﬁiaeoslg ad?oei%a e({ r% ng9 aa}lon r?ldf% t ﬁ%ﬁ' ggrn oun%t her

centers of geo ESS Sp ECI erw'se,

i ntended t hatavé haaﬁampaﬂéﬁnalm@éwég,,b@@ﬂancfaramﬂldzre@@nmhrdb&mﬁmms ablllt
Li kewi se, all tautoneric forns are also intended to be included.‘[0034] As
used herein,° érmt%labﬁ@ma%tleﬂd%P@@d@&ewt%mﬁ@fr@eﬁﬂ%f Iy paldition, 4n theecasg ¢ |

the recitat 'CH@ta‘BIe 1s@t0ﬁé% mgbﬁt}gds?'{jl ' thd dtgﬁ a?ﬁ?fa@?wjaggﬂ rgﬁc@@’ﬁ%es’

oxi des, and 1 nclusion conp exe conpo as wel
st er eoi sonerticlofioalmroparties, migx tphaenawblogiopl aubidsrﬂharrmodﬁnetlh@topeﬂmp,mfnd in any

rati o. Thus, in accordanc enbodlnen s .of e

conpound as C(E?Eg’@l’”i“%‘ég lgi‘ \lt\rlI IFF?I @?tgﬁq TRRCFTRIRHE e&B‘Pﬁ %tf@t“éta i Sﬁ?ﬁaﬁ"ﬁac euti cal
conposi tion %ncd%?&laﬁh%? ra‘éﬁoa%ﬁ&‘eaifs@f%ﬁés, mf'%)ntﬁe G&K{?&Hﬂg ardi8lowitio these REM¥Y dedhcas
the salt form [003 he term "sol vate" refers to a conmpound of formula |

in the soli dust at e, mhereln nol ecul es of a SU|tabIe sol vent are

i ncorporated, ipn,.the crystal lattice. SUIt ol v. for ther
IR 1 1 TR SRR e R R e PR R S
Exanpl egoof pi teadtér moda0EsS H by bOesumBtipbh 6x AfihilbStheeddnRdbuadLthet aha nel
and water. \Wen water is the solvent, the solvate is referred to as a

hydrate. In Ig@weﬂfaﬁxclwd\fmr@@eeﬁl@nﬁ@rm peiengiblestelthe myenthis is grpermigation.t he
appropriate N [
antlsolventIﬁ Eg%%%f@%%éaﬁgo yp| a#%gnggggﬁégvﬁéhgo%%gpe m%i bg%n@ﬁwﬂ
condi tions. 4r@@36]of baehtisbotutianildaxe scfictveesShe ibedtord) cherpngtdesriptioa of
Sci ence and Practice of Pharmacy, 19th Ed. 1:176-177 (1995& whi ch is

her eby i ncortpeif BVerfiasy Theriayention. ing qopypornd psnsetyis affrompsyndsefirpnily L
enployeq5|nq&E%;QP)gggwgﬁﬁﬁ§h ‘ﬁﬂﬁg?ﬁﬁw &p cycl odextrins, and al
n conpl e

cycl odextri Xes natur synt etic, are specifically enconpassed
wi thin the dDéétis. While it may be possible for cornpounds of formula I to be administered as

the raw chemical, it will often be preferable to present them as part of a pharmaceutical
composition. Accordingly, another aspect of the present invention is a pharmaceutical
composition containing a therapeutically effective amount of a compound of formula I, or

20  apharmaceutically acceptable salt or solvate thereof, and a pharmaceutically acceptable
carrier. The carrier must be “acceptable” in the sense of being compatible with the other
ingredients of the formulation and not deleterious to the recipient thereof. Furthermore,
when reference is made in an independent claim to a compound or a pharmaceutically
acceptable salt thereof, it will be understood that claims which depend from that

25  independent claim which refer to such a compound also include pharmaceutically
acceptable salts of the compound, even if explicit reference is not made to the salts.
[0062] In one embodiment of the present invention, the pharmaceutical
composition further 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

30  ofskill in the art. Such other therapeutic agents are described below.
[0063] Another aspect of the present invention relates to a method of treating a

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



[0037] The term "pharmaceutically acceptable salt" refers to salts prepared
from pharmaceutically acceptable non-toxic acids or bases including

i nor gani cwecn@sisssd bases and organi c aci ds and bases. Scmasddp4mieapounds
of fornmula | contain a basic nitrogen, sapis nmay be prepared from

phar maceuti cal |y acceptabl e non-toxic acids including inorganic and organic
acids. Suitable pharmaceutically acceptable acid addition salts for the
conpounds of the present invention include acetic, benzenesul fonic

(Desylate), fR08RNGu iFRIPRERUILIL SienflvlihlahiseBAFIBRILER Wi § WIREMe
gl uconi c, glutam’c, hydrobromc, 9 rochloric, Tsethionrc, lactic, ei c,

mal i ¢, mandebin@atniedt WahasUHTe RiceptoftoidGlatoniahd bdmindadRxigto tiRaitiehheni c,
phosphoric, succinjic, sulfuric, tartaric acid, ptoluenesulfonic, and the
like. Wen ttherapaisaibnefdectismempnntaf agoppound phformplailor aphpimaasetically

pharnaceutiqgt&xdﬂgggﬁﬁggbg base addition salts for the conpounds of the

present invention Inc netallic salts made from al um num cal ci um

| ithium Smadi@edlum pddiasseuen coaddiousnvaittl azd siscaprtibbr garvatnaamtith ansdildsf r om
| ysine, N5N - dibenzyl et hyl enedi am ne, chl oroprocai ne, choli ne, ..
di et hanol ani"REFPIEH %%@Pé‘ﬁ‘?%g‘j}ncﬁréﬁﬁ\fﬁ? RESPRIREPHYT 5104}5{%:1‘%’%@}? nofjignited
procai ne. [ Q038hehnen:GaY 1SR s80a1FhoBRY, wAiRPBb&AL AR HRNENE dRBRR s
appearing herein is selécted for convenience only and is not intended to
desi gnat e a marctdiguies, roskifriuoatatstress, disdrders sbudianib oevoss, dorg wishdyhealopdfedts,
depicted arbitrarily herein.a may be Z E. .. or a mxtur f the two.in
any pr opor { ANPHO] GBS eEIA DR F e atr ey ShrSried i Pinsipt sb¥BIS ng, -
and " pr gpectfadgucl syRglohRNBhrkis6S s X SdAES PeyRh&IY ReMEofhinérEa, ABPhitiCAHEDINe alR¥ICh
termnology is well understood by persons of skill in the art and is used
in the cont edefecsf inpelygerdseniaiiaridnsanns/Bisoesseduetingten’s Chewe myatenilp dementisr i es
of reagents. . e G . which is
used to mai KT AN BrpfioRlal 5iand HSHP LB G bR BRHE, o
ot herw se r eRéientibtdsotiatedvithndueaiithative divedes co@bilien dcfvgs Mitab@ehliciag gr oup
prevents reaction at that step, g%ﬁgg{ be subsequeny*%ﬁrennved t 0 expose

u

the ori gi nalSYPdfReYCi (%wﬁtliﬂitenfﬁépg wndlubbrationdin SEEQI0BA67.o¢Eel i harder t he
Compl LN St LSA5CLAR B0 BRCHHATE LAY S SR SLEN oy V0L 6
processes of200Ad 38233 mthichnis htiteby peogwnated bprafemeaccyinstsichtirety), cardiovascular
disorders mediated by serotonin, chemotherapy induced nausea and vomiting (CINV),
post-operative induced nausea and vomiting (PONV), radiation induced nausea and
vomiting (RINV), gastrointestinal disorders (e.g. of the esophagus, stomach and both
20  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
reference in their entirety), bronchial asthma, pruritus, migraine (see Costall et al.,
Current Drug Targets — CNS & Neurological Disorders, 3:27-37 (2004) and Israili,
25  Current Med. Chem. — CNS Agents, 1:171-199 (2001), which are hereby incorporated by
reference in their entirety), and epilepsy (see PCT Publication No. WO 2007/010275,
which is hereby incorporated by reference in its entirety).
[0065] As described above, the compounds of the present invention are useful as
5-HTs modulators. A 5-HTj3 receptor modulator is an agent which can either inhibit (e.g.,
30  an antagonist) or partially activate (e.g., a partial agonist) the 5-HT3 receptor. A 5-HT;
receptor modulator which is a partial agonist can bind the 5-HT; receptor but only results

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



can readily envision those groups that would be suitable as "protecting
groups." Suitable groups for that purpose are discussed in standard

t ext booksworroddnessdsuel d of chemi stry, such as G eene, PreCeatsees/0@3484ps in
Organic Synthesis, John Wley & Sons, Newiork (1991), which is hereby
incorporated by reference inits entirety. [0040] The abbrevi ations M, Et,
and Ph represent nethyl, ethyl, and phenyl, respectively. A conprehensive

| ist of abbreviations utilized by organic chemists (i.e. persons of
ordinary ski]l i he art). ars.in.the. fir i S .Of h volu f the
Sour nat ot AEGRTABRLSRE TS Dyth Gabteh B! RPHRUCHH AR &
tabl e entit|dgendbi@mstartte Lavel ofkeroddiin etidepémns 5S-HTSagdoRBOI FOF ataplBeriginn by
reference in its entirety. [0041] The term "therapeutically effective
amount " i s rhofhiulkagonistErg BErotMiRBd RETtET 22D STETICIHNT. theD45HiH SEARIS 4%ttt | on
effective | ﬁ;ﬂ&é i S Y . i l

t her apeuti crhe c!ttlﬁ%é%gﬁgoél%uﬁ)?ﬁ 5IJ eg{é%)élﬁtglpf#?%@a Og{ggg)g?%ﬁtg& tg gcgg%{}[n%gr of
fact ors wel Iprediuciigna hdiecpaaseiintheakcaptah acavation abkérdvbéditarnthd fdiregogistidond he
description provided herein to determ ne d account. for. These j n¢l ude,
wi t hout |im<5’\§ﬁia€aﬁetﬁﬂeﬁﬁﬂ%ﬁlelit%ﬁ'ﬁ ?’ragasf dcbnaryacqley 05§”F’€S§heé’df§;4mgﬁght,
hei ght, gengralcyphiusi &R! BIRRWVC Ribnc@RYiaTRAL 6@ CAHt8h 8bYih, Vhﬂﬁz@@f)t, vatdhag
conpound used, as well as the carrier in ich it is formul ated ‘and the
rout e of adrlicndbytinerpeated dlyecfcemce ority ¢ntiretyd, Clitieallyapartiel agodistsenap rctiyatof
the condition b inﬂ)t.reat ed. [0 42%1 Tge term "}%har ceyti cal £9 osition”
means a conpSSIPHID EERAFEHGURMATHBL TACHE ISP ARSI AROWRS PERSt one
conmponeny CaREbgsmbigliPhAraBsRMKHt 6athey cae fRt ek ®vERfifuRkiSH o8 idcbfbEsSwhen

adj uvants, excipients, or vehicles, such as preserving agents, fillers,

di si nt egr at iwgeagEIoUsts ofsndagsaousdiand aredirpicst €AhungioaydnbhrrmageBendi ng
agents, swe I woal:LiaM QL . r i.Ng. agent:

anti bacteri ;tg%%gfe}%tg gg%g’%?ﬁ?%%%%ﬁ%%ﬁ’ﬁﬁ%’%@%ﬁ?’ égflé{r%l@%b@n %ttlzent&)'di spensi ng
agents, depg0066]g on tTmsnatont emdbdintvat oDte pefsc@dnidntish rtaé cempand dosage
forms. As used herein, the term"pharmaceutically acceptabl ecarrier” is
used to mearfosRrfingde claim | Qimhaléw,euwjﬂwa?ﬁprab&w?{tﬁh@ﬁ? 15 gO-HEnieeerior as
descri bgd heﬁgg BnisExanmpl es of suspendi ng agents include ethoxyl ated

i sostearyl a cgholl s, pol yoxyet hyl ene sorbitol and sorbitan esters,

m crocryst al[006iH cel | Uhasethcad¢mipodimontroettlahyrdsemk indentidng feamintpepnd gaordigar
and tragacanth, .or m xtures of theseta%lljbstltatﬂces

to clalrnrl or pharmaceutically acceptable salt thereof is a 5-HTj; receptor partial agonist,
which may result in a net increase or a net decrease in activation of the 5-HT; receptor in
the patient.

20  [0068] In another embodiment of the present invention, the above method further
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
include, but are not limited to, transdermal rotigotine, rotigotine and/or rasagiline as a

25  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,
chlorpromazine, risperidone, paliperidone, olanzapine, ziprasidone, quetiapine, clozapine,

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

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



Prevention of the action of mcroorgani sns can be ensured by various

anti bacterial and antifungal agents, for exanple, parabens, chlorobutanol,
phenol , swokwe/@sisd, and the like. It nmay al so be desir ablrast@ojomaBaide

i sotoni ¢ agents, for exanple sugars, sodigmchloride, and the |ike.

Prol onged absorption of the injectable pharmaceutical formcan be brought
about by the use of agents del aying absorption, for exanple, alum num
nonosterate and gel atin. Exanpl es of suitable carriers, diluents, solvents,

or vehicles Pﬁlgd]ude A%urfhe?tasp%rlf 3Pthg ﬁ ggé)nt%iveﬁy %rf I%I?atgs axr}léﬂlg 0% t?eeartl%

veget abl e oi such as olrve abl e ofr anlc esters su as

et hyl ol eat amthqa pivessyatiroexcilBS e rliss hﬁﬁiokldﬁvdl@&ts@&etmgm b&iicdugath,IBS (add um
citrate, calcium carbonate, and dical ci um phosphat e. anpl es of
di si nt egr at iaAdgBIgEARS tq the patent thgransutiggLly; fiffe@tl&% alagunt&rﬁ & ceppeaidofciorpriax

silicates. g&%g§n£% &m&%gaﬂ%aﬂ%Qﬁhpggopagne5|un1stearate sodi um | auryl

sul phate, talc, "as wel ecul ar wei ght pol yet hyl ene gl ycol s.
[ 0043] The t[GﬁTﬂ]" phar riataeulhmcahquuaemieﬁtt]&b;bre&fenﬂmnﬁtmm thesabowe trizthodtfhiehacope
e in contact with the | s of

of sound nedic dgnent., sujtable for
humans and 18 Ve%ﬁpﬁawr%@ﬁ%w%ﬂaﬁ@ qf’é@ﬂl&? ggoustof pthay ?qsﬂtonm E!r gi ¢

response andgf %‘or'ﬂl&ﬁllat&@ An@fof sGHSHBRNEHME k& cPlok Hlo"aufa?c% QpRRle w@ﬁd’heirb t/risk
rati o. [0044] The term "pharmaceutical |y acceptabl e dosage forms" means

dosage fornsn@tmtﬁbeb@wﬁmuddGQﬂwthﬂomnueﬁ{ﬂbm@mawdnuwubudesndbnmﬂ@ummék

et O S RS A P Bl BB LA PRt L o
granul esy Caf@ﬁéﬁllpﬁﬂe cABfkcBHRPRGhIR6d @aLmRW)IpﬁﬁalbpM dndtme@asmAt i ons for
i njections, inc udlng | i posone preparations. Technlques and fornul ati ons

general |y mespmgtostasinnaaliogs seshian GlosaotidepRaseRITELICEeRAPT AEIGORESICIVATE k

by ref er encd e T AR Z3itond B S s R R R R B R Do o
prodrugs” asyiiech MGETAMUEHNTS FIBBRATDFOREGYL.GID RONSNDOU RS susetttact,

according to the present invention which are, wthin the scope of sound
medi cal | uddiebrerylisursingice- fydrqpbdic fermppchas pabyerroppil #dseldemor  humans

R L R ey S L S
for their i nubndedinasedioatyl sodium sulfosuccinate, rmneral 011 magnesium citrate, magnesium
hydroxide, magnesium sulfate, dibasic sodium phosphate, monobasic sodium phosphate,
sodium biphosphate, glycerin, anthraquinones or anthracene laxatives (such as aloe,
cascara sagrada, danthron, senna, aloin, casanthranol, frangula, and rhubarb),

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

25  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,
lidamidine, mebiquine, trillium, and uzarin, and the like; prokinetic agents, peripheral
opiate narcotic antagonists such as fedotozine, trimebutine, and the like. Suitable

30  prokinetic agents include, but are not limited to, cisapride monohydrate (PROPULSID®),

metoclopromide, domperidone, and the like.



well as the zwitterionic forns, where possible, of the conpounds of the

i nvention. The term "prodrug" nmeans conpounds that are rapidly transforned
in vivo twopi@/gdsishe parent conpound of the above fornulpar/usesosexsspl e by
hydrol ysis in blood. Functional groups wwpgh may be rapidly transforned, by
met abol i c cl eavage, in vivo forma class of groups reactive wth the
carboxyl group of the conpounds of this invention. They include, but are
not Iinited to, such groups as al kanoyl (such as acetyl, propionyl,

butyryl , %6 i ke) %mgenz O@ﬁ Bf’tthﬁ%re%gﬁl el%%ptr%ﬁt%g rlglgéel??&%%l%eat%ﬁonyl)

benzoyl and's titut oxycar b oxycar

trialkylsil )Hme(sfsuq'hlsalﬁeﬂlbﬂ iBbhyk selaadlgtarpaﬁbﬂwiﬂh Yingsis phaRsinBteinkes Rd W t h
di carboxylic acids (such as succinyl), and the |ike, Because of the ease
wi th which tm@emfeatta%p@earﬂﬂsye%?félé@am%nfgqf@w@@wn@ Rbfosmmsditids usef ul

accordi ng tgahtaﬂhécegpé’a?lt %t&;ﬁ@sa@ﬂtﬁ@%@@' in vivo, the conpounds bearing such

groups act pr o-drug e conpounds bearing the netabolically cleavable
groups have [D02]advantlageothta¢mbdiyenmyf texjrickrint invopic@y éd dbooawitoddutthdry as
anced .sol ubi | i t and/ te of absorption conf grred upon

aresult of e
the parent daﬁogzswnﬂvsvrlpg aéh fPeuHea bf‘efgeéﬂﬁ%ala?mvwé ORePLIBBIS Qhgr apti-

cl eavabl e growpic c@\m%ﬁﬁr'id%u%lt%lé GHE3hRAc 8 mPE AR tigtSudeS b LY hgtatnitdl fhe
fol l owi ng: Design of Prodrugs, H. Bundgaard, ed., ElSevier (1985); Methods

i n Enzynol ogygseion,\alptdananat apsiépitalt] dexaheciblesning dimedy/drin@e, cbp@@y@@ﬁmqew%) ;

A Text book of ,Dr Si n and | o Kr.a ard-lLarsen. H.
Bundanard dolaeligh, KBS RN BNE BRI reP RS RSO AR S SEM AR Y 115 101
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invention relates to OITpOU ereln
conditions include, but are not limited to, schizophrenia and Parkmson’s disease.

Beneficial effects of 5-HTz modulators have been reported in clinical studies of
Parkinson’s disease (Zoldan J et al., Advances in Neurology, 69:541-544 (1996), which is
hereby incorporated by reference in its entirety) and schizophrenia (Zhang-Jin et al.,

20 Schizophrenia Research, 88: 102-110 (2006); Alder et al., 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.,
Aliment Pharmacol. Ther., 16:1357-1366 (2002), which is hereby incorporated by
reference in its entirety). A 5-HT; modulator may be used as an adjunct or in combination

25  with another medication.

[0074] It is appreciated that certain features of the invention, which are, for
clarity, described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention which
are, for brevity, described in the context of a single embodiment, may also be provided

30  scparately or in any suitable subcombination.

[0075] Another aspect of the present invention relates to a process of preparing a

compound of formula la:



substituted or unsubstituted bicyclic, heterocyclic amne. |In accordance
with the present invention, the bicyclic, heterocyclic am nes are saturated
and cont avo 2a49/158@3t one nitrogen in the ring. They maypconsasn/oasiditi onal
nitrogens, as well as other heteroatons.._2#-theconpounds of the invention,
the bicyclic, heterocyclic amne includes at |east 2 atons, preferably from
2 to 4 and preferably carbon atons, connecting the am de nitrogen to any
nitrogen in the amne group Q [0047] In one enbodinent, Qis a substituted
or unsubstituted bicyclic amne. In anothgr enbodi nent of the present
invention, Qof fornula | is a bicycligc agine of enpirical formula C 10N 1
. In a nmore preferred enbodi nent of theypresgnt i nvention, Qis an
azabi cycl ohept ane, azabi cycl ooct ane, i cycl ononane. Suitable
het erocyclic am nes include, but are itRd to, quinuclidine, tropane,
azabi cycl o[ 3. 3. 1] nonane, net hyl azabic 3. 3. 1] nonane,
9- azabi cycl o[ 3. 3. 1] nonan- 3-one, 3, 9- diljet hylR’3, 9-
di azabi cycl o[ 3. 3. 1] nonane, 3, 9-di azabi cycl o[ 3. 3. 1] nonane, 3-oxa-9-
azabi cycl o[ 3 .3 .1Jnonane, 3-thia-9-azabicyclo[3 .3 .1Jnonane,
9- et hyl - 3, SChigipresensieyplyes[tating a finsh dHarmediate eampgund of dorguby Hbi cycl o[ 3 . 3

. 1Jnonane, 3-o0xa-9- azabicyclo [3. 3.1 Jnonane, 3-thia-9-azabicyclo[3. 3 1
Jnonane, and azabi cycl o[ 3. 2. 2] nonane. kaﬂS] | n one enbodi nent of the
present invention, the carbon of the blcycl HReterocyclic am ne attached
to the am de nitrogen of the tricycli ;formula | is chiral and in
the (S) configuration. In another enb o the present invention, the
carbon of the bicyclic, heterocycI|QR1n1ne ttached to the am de nitrogen

of the tricyclic core of formula I is'chiral and in the (R configuration.
Anot her enbodhisreintM &f Hioha cplitsesr, undsteintitd© Bondsformatiod ¢onditivhs sffestB@its omeri ¢
conmpounds of fornul a | [0049] In anotger e@bodlnent of the present

i nventi oA, @Pducy ﬂ&f‘amreﬁlacttéampamdyc% R, Rhetngio e b delimgtl abovsy

met hyl - subst ed sat I h
nitrogen is [Pg’rdétl ary. A'ﬁlﬁ]g%gas&%%g%ﬁhé I’esa%tnlwseﬁge %ee?:atqeesgtg}agger)ﬁétsﬁ P@Jre g%g{g@
consi sti ng aompohed ef formuka Ib; 2, 3 or 4; s 0, 1, 2, 3 or 4, and R9 is
hydrogen or nmethyl. In these figures, the Q group is connected to the
tricyclic core structure through any carbdh ring nenber (i.e., not a
term nal N-methyl).[0050] O her suitabb terocycllc am nes i ncl ude:
wherein R10 is hydrogen or Cl1-C3 al kyl a d s NH, NCH3, O S, SO or So2.

(RY), R>

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

10 ®RY), R2
wherein M is H or a counterion, under amide bond formation conditions effective to
produce the product compound. Q, R', and R? are as defined above
[0077] Suitable counterions include, but are not limited to, Li* and Na'.
[0078] The methods of synthesis of the present invention involve standard amide
15  bond formation conditions that are familiar to one skilled in the art of organic synthesis.
This typically involves activation of the carboxyl component followed by reaction of the
amine. Suitable activating groups include, but are not limited to, acyl halides, acyl

azides, acylimidazoles, anhydrides, and esters as described by Montalbetti et al.,



[ 0051] Anot her preferred enbodi nent of the present invention is the
conpound of fornmula I, wherein Ris H, lower alkyl, phenyl, or substituted
phenyl . Iwoan®/psesherred enbodi nent, R is substituted plremyus2@nd4shss s SO2.
In anot her preferred enbodi nent, R is 4-fpuorophenyl. [0052] Yet another
preferred enbodi nent of the invention is the conmpound of formula I, wherein
at least one of RLis H F, d, or Br. [0053] Suitable aryl groups for the
substituents of the present invention are selected fromthe group

consi sting of, tr%hedr% 6]t ﬁ(ﬂ%@f (i?)lpv%lc?( és’% 5‘3[ Xorpm%pe% ndenvle. i oHL EI%Qth

het er oaryl groups tuen eSent i nventron

sel ected fr dmefehed geuwpng esagent llﬁ‘/g.l(ﬁfthl@ﬁy'l' ctﬂlydndeZ(somf)mﬁalﬂ ichtokidy tcoc1)2,
pyrim di nyl, pyridaziny] yrazin -triazin 5-triazinyl,

fﬁr any: y pymhe mom&%yablﬁ@ﬁy(PO‘é&fl&%@pwl diirpilergbcol 1) dcs%levmewl CarboskiEidn yl
[ : g@(% @5& 1,2, 3-
E)x:agizgzgl yl I,( 1,3 fl—%@g&gcﬁézé E/%P’Iamf@é&%f%gﬁgn@ﬂ I?f 4-t hi adi azol yI ,

tetrazol ¥l , Hykidodyybnzo'thhdeIQBt) énZ-bbourogniado] - me)qu N , Nptmambthylunduhmnyl ,
oxoi ndol i nyl droben of hydr oben hi o nda o

benzi m daz oiRe BRI 8 T O s GEARETON G0 BoNy B S S gt afoitum
benzoi sot hi %%ﬂdoroﬁlfdﬁfl@été f@ﬁ@wlandqeﬁ%ﬁiﬂ Pﬁ&s%h@fﬁ@'a&'d oy Bl ﬂﬁﬂyﬂﬂ&{é fT3P)

i soqui nol i nyl, quinazolinyl, cinnolinyl, hal'azi nyl, qui noxal i ny

2, 3-di hydr oH80ZY[ | 4]®hrmp@umyl$ uselﬁdrazoc[rldlng t@}herln'a@ltmllmay be prepared by the
benol 24tr 4H- chr n ndol olizinyl

oab thi enol 278l I&ﬁﬁ%oaaéa&t%ﬂon SRR P B, b My e e b paregfore

a] pyri ditoy! ,orpiéscrel of the ItcradiRy lf(bICBxal‘shble [Hos@dé’s]cﬁbécﬁll}OLﬁ{oék FondlrBhdrsG Nyl

|,2,4]triazol of | ridin thieno[2,3- ]furan thlen023-
T I R AR A I AR LTS

i di nyl f 3, 2- dinyl, th 2, 3-
| byrari myt | POPERBd 0SSR I ot 0L 2 Gl pvrarimd

5 6, 7, 8-t et r[ad80jr oi m dazemboutd Elfpynidlz il Meludify & giup ofitamétd gneraandre[ 5, | ¢ [
, 4] oxazi nyl , 2-o0x0-2, 3-di hydrobenzo[ J] oxazol yl, 2-oxo-2, 3-di hydro-1 H
benzo[ d] i i dagege rng, aésoraﬁ FRAYHRA converiest Rdks saryasponlinggnmpoyngd |“H5¢Eﬁ”%)01lle or

Pt ool 2B RersaLabl o gsobyl, oyt by o
5, 6, 7, 8-t et naillyaperafid, for 4$arn1blapa1tao¢tih Rid a pyriazdidpt m- cleoerék])kybeazmb afid,i-
al pyrazinyl anaiggrt golx%(n? sltch as dllhtlgrloglzet anL at a-tern%é) thilired%ro% about room temperature
to reflux, preferably at elevated temperature.
[0081] In the reactions described hereinafter, it may be necessary to protect
20  reactive functional groups, for example hydroxy, amino, imino, thio, or carboxy groups,
where these are desired in the final product, to avoid their unwanted participation in the
reactions. Conventional protecting groups may be used in accordance with standard
practice and as described above.
[0082] The novel 5-HT; modulators of formula I of this invention can be prepared
25 by the methods illustrated in the general reaction schemes as, for example, 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 syntheses
depicted herein may result in the preparation of enantiomers having a particular
30  stereochemistry, included within the scope of the present invention are compounds of

formula I in any stereoisomeric form, and preparation of compounds of formula I in



[ 0054] Wthin these enbodi nents, the selection of a particular preferred
substituent at any one of Q X, J, Rl, R2, and R3 does not affect the

sel ecti oowoho@/saizgt i t uent at any of the others of Q XpchjusRiy/oisags and R3.
That is, preferred conpounds provided hergin have any of the preferred
substituents at any of the positions. [0055] In one enbodi nent of the
present invention, the conpound is selected fromthe group consisting

of : [ 0056] Che enbodinent of the present invention relates to

phar maceuti & e 180 eciofto Is gthgﬁthéﬁ h hoRt d&) 19?%% iof Orlﬁﬁ’be%gv%u%/to one oqe
conpounds of or mu escri erel |ngle eénant I omers, any

m xture of ejrdinbiyosil B, the BEdmidalngts rba@mnOth@rpMcam&sS pxesenwbdatsetr@ﬁ.eorrer s (both
separated and as any m xtures) of the conpounds of the present invention
are also included within the scope of the invention. [0058] The scgpe of
the present GeREEALPEpcedyres farGomstncting aa@95“9@“%P%E@)‘fq‘t"éslaéf\“tﬁfécyﬁ}‘%sent
compounds. [©@®%Y] The present invention also includes conpounds of formnula
|, wherein one or nore of the atons, e.g., Cor H, are replaced by the
correspondi ng radi oactive isotopes of that atom (e.g., C repl aced oy 14C
and H replaced
by C or H repl
f1uori ne, |odHne an
and 360, res ds N hat cont aj <

ot her rad|0|@b%ope§@of otth Rt onsRare withi%)the §€ope of thﬂé)lnvehilon
Radi ol abel ed conpbunds descri bedi2herein and prodradgs t hereof can génerally
be prepared by nmethods well known to those skilled in the art.

Conveni ently, sueh radjol | unds can be prepared by carrying out
t he proc%duresﬁgﬁ tLl Iem%g%t%%néﬁg%gles and Schenes by substituting
areadi ly avallable radi ol abel ed reagent for a non-radi ol abel ed reagent.

Ceagent o i n GRCARn R e C U B EP W sk BB IR BMETCal o i na

to neurotrams dﬁHCL@ﬂdﬂHQﬁQ}ﬁ@b In addltlon in the case of stable isotopes,
such conpounds may have the potential to favorably nodi fy the bi ol ogi cal
properties, e.g., pharnacol ogi cal and/or pharmacoki netic properties, of

]‘Egrpoun% ofjob®¥ ™! & lcomJRfddet Shhid B UGRAUMBCE LAY RRic0ld 53k bR Sites
reported by Krutosikova et al., Collect. Czech. Chem. Commun., 57:1487 (1992), 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' =

15  OH to R' = Br can be achieved by a method reported by Riche et. al., Justus Liebigs Ann.
Chem., 121: 359 (1862), which is hereby incorporated by reference in its entirety.
Conversion of Al where R' = OH to R' = F can be achieved by a method reported by
Ashton et. al., J. Fluorine. Chem., 27:263 (1985), which is hereby incorporated by
reference in its entirety. Conversion of A1 where R' = OH to R' = OTf (phenolic triflate

20  ester) can be readily achieved (McCort et al., Tetrahedron Lett., 40:6211 (1999), which is
hereby incorporated by reference in its entirety). This material, or where R' = bromo,
i0do or chloro, can be used as a coupling reagent for transition metal-catalyzed cross
coupling reactions (e.g. Suzuki, Stille, Sonogashira) to provide compounds A1 where R
= alkyl, aryl, and heteroaryl.

25
[0084] General procedure (GP-A) for the Mannich coupling of the indole

core: A mixture of indole A1 (1 eq), and appropriate amine (1.1 eq) and 37% aqueous



i ncorporating radi oactive isotopes into the conpounds are known to those
skilled in the art. [0060] Conpounds of the present invention as described
her ei n arwous@fissosas 5- HT3 receptor nodul ators. |t nmaypoE/USeend4upon
exam nation that conpounds that are not presently excluded fromthe clains
are not patentable to the inventors in this application. In that case, the
excl usi on of species and genera in applicants' clainms are to be considered
artifacts of patent prosecution and not reflective of the inventors'
concept or qﬁ (Bt he| nv nt| n
aopect, 15 arnubEn, T gl BAIGBLERY LB o Mhrq B8 Ol (6P FEREK

publ i c's posHEesfix@lie vx[a@@ﬁllt]ed\ﬁhtol i€c-watdiayd hadpoakaiild @ith ON wapoObydisxidE.
formula | to be admnistered as the raw chemcal, it will often be

pref erabl e tcprudidm PiesigHtaavas dilieredrang tmmﬁ&léﬂﬂqr&ﬂs cxBngsesMithon.
Accor di ngly, 4; angtRfkn A8 PER cc%bﬁl&?o@' fﬁl% é@é(s%& LR Yrihe2di %Ha(g\!mngt i cal
ally e o) co

conposi tion containing a therapeuti Frective amount ound of
formul a b, dilteaedyhad vacentratedlmder mmle@d piebsrswl difood tiealeviat¢dEprotesténdole 3nd a
phar maceut i cal carrier nust be

c abI carrijer. cce ble" in
the sense ofanﬂe%{rﬁatﬁxb%@a i hmx) Ut YVH%S Frenily yseeldyihaud ﬁaﬁlef H@ﬂ?%ﬂﬁm ati on

and not del gigi@YSudi@ R chBGIER 'H ReAeef by F4Ss Hfalyarr e, when reference
is made in an I ndependent claimto’ a conpound or a pharmaceutically

acceptable salt thereof, it will be understood that clainms which depend

(o et OGRSt Sl MRS BE R R R R

referenqe i glitim@&@Bot@adel’Ralty N hsxtufeQFGR mbthyPgereADA [MBARIm R¥drbkige Pr esent
i nvention, the pharmaceutical conposition further conpri ses one or nore

ot her t her apaerahydiatrfBed) émtegahysrefuraniyafer (1cDrsutisd at 1eux upil the reagéon
treat ment of th
reatment o vi/fls%?s %té\'%{%i"c U Mrpet sgﬁ;enfa\;f%s KOOy g%&g&%@%%@&%&o@h” €

art. Such ot erapeuti c agent's are descri

aspect of theudyl@hmnt salthW®Rtak dricd ehdt @iphtvaceurahd egbsoquehtlg atddgitkoud ifgerse
or condition mhlch is susceptible to treatment with a 5-HI3 receptor

modul at or . THIUfigaiqedl herR}”B‘ii% §tr%félﬂrécff48ﬁan%mgﬁaittWe ht NMR ar by gesedstystsr
conditiqg which is susceptible to treatment with a 5-HT3 receptor nodul ator
and adm nistering to the patient a therapeutically effective anobunt of a
conpound of [P0886iul a | Genexalhacedioe(GPe€) for cyclization: A mixture of the lithium

carboxylate salt A3 (1 eq) and 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU) (1.5 eq) in DMF was stirred at 50 °C until the reaction was
complete by LC-MS. The mixture was concentrated under reduced pressure and the

20 crude material was purified by silica gel chromatography (typical eluents
dichloromethane and dichloromethane/methanol/concentrated ammonium hydroxide) to
afford the desired carboxamide A4. The product structure was verified by 'H NMR or by

mass analysis.

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

30



acceptabl e salt thereof. [0064] Di seases or conditions which are
susceptible to treatnent with a 5-HT3 receptor nodul ator in accordance with
t he presewd 200vemisuon i nclude, but are not limted to, gemarsalooameBet y

di sorders, social phobias, vertigo, obsess)ve-conpul sive disorders, panic
di sorders, post-traumatic stress disorders, bulima nervosa, drug

w t hdrawal effects, al cohol dependency, pain (including visceral pain),
sleep related central apneas, chronic fatigue syndrome, Parkinson's Disease
Psychosis, cl n enla
Par ki nson' s pﬁe%%ﬁ%fo%ﬁln%%qs%&?@%ﬁét%&%% b&% gglg%gfﬁgﬁ%eﬁrlgn |(§§WIZM%E£| mer's
Di sease, S ogi cal dlsorders obeS|ty substance abuse di sorders,
denenti a aSSOCIated W th neurodegeneratlve dlsease cognition deficits,
fibronyal gi a syndrome ( QéWUSﬂ)Patent on Publ
2004/ 0204467, which is qﬂqpﬁpor y refere
rosacea (see PCT PubliltatjonN h@reby

i ncor porat ed by refere TN its entlr y)P{cardlova arNdi sorders
medi at ed by ser ot oni RDschendt her apy RiducedRhausea &nd vonﬁflng (CINV),
post-operative i nduced ndisea and vom timg (PONV), radiaBdon induced nausea

and vomting (RINV), gastrointestinal disorders (e.g. of the esophagus,
Pat ent No. EP0430190, U.S. Pate 6, 967, 207, |and U. S. Patent No.
Targets - CNS &Neurol ogi cal DRSprderf; 3:27-3 and Israili, Current
2007/ 010275, which is hereby incorporated by reference inits entirety).
can eithgr inhibit (e.g., an antagonlst) or partially activate (e.g., a

stomach and both large and small intestines), inclQding irritable bowel

5,352,685, which are heré&by i nflor ed by ref intheir entirety),
whl f 2

Med. Chem - CONS Agents, 1:171-199,,(2001), wh ]% %ereby i ncor porated by

[ 0065] As described abovguadireccoipeuRdsrefut he present invention are

partial agor‘tt dluoth 3}?3% Osz‘bE’ ‘Z’gib %‘Gﬁ% ;;é (69&%23 G4 Qq, &@féf‘, I§ a
y ase

N\ ts entirety),

004)

syndrone (IBS) and gastroesophagealLi refkligx dis GERD) (see European
br onchi al asthma, pruritus, m (seex.Cost /al ., Current Drug
reference in their entirety), and epilepsy (see P Publ i cati on No. WO
useful as 5-HT3 nndulatqm&;:AmﬁmHTS receptor nodul ator is an agent which

partial ago’i\l lo, %@a{b Sirf ERFPLG) Do BTU, DMF, I) HCI,
MeOH or CH2C12
10 [0088] Compound B1, where R' = Br (6-bromo-3-formyl-4-indazole carboxylic

acid methyl ester), is commercially available from SINOVA, BETHESDA, MD (catalog

number SL-00263). Compound B1, where R' = CI (6-chloro-3-formyl-4-indazole

carboxylic acid methyl ester), is also commercially available from SINOVA,

BETHESDA, MD (catalog number SL-01561). Compound B1, where R' = F (6-fluoro-3-
15  formyl-4-indazole carboxylic acid methyl ester), is also commercially available from

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

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

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



in partial efficacy relative to a full receptor agonist. Mdul ators which
are partial agoni sts may be considered |igands which display both agonistic
and ant agwoietwseshf ect s dependi ng upon the | evel of seroraseovfpesadogenous
5- HT3 agoni st). For exanple, when both fuij_agonist (e.g. serotonin) and
partial agonist are present, the partial agonist acts as a conpetitive

ant agoni st, conpeting with the full agonist for receptor occupancy and
producing a net decrease in the receptor activation observed with the full

agoni st al On%e&‘gf{%ld@r@ro@a h%ne an gin(%e d)saf%ngthe %}r%:cf glg fateﬁqg&a”gf:eoj ogyf or

Anaest het i st'S ["ac Cience Asica Pty

Ltd., CarltaarboaultdbhyddB2. (ﬁiwgrbduoa/@tr@diuﬂesmafreﬁﬁyd bntlaNMRair &g s aﬂélgzglg nce
inits entirety). Cinically, partial agonists can activate receptors to
gi ve a desired submaxi mal response when i nadequate anounts of the

endogenousmhgn d are @élf‘e?ﬁ]]grog dnh}é Y;PCE‘E') fof THE G Hgﬁ't‘?onpéﬁeﬂin%tiﬁ&%'of’et '-3” of

receptors Xxcess anount ogenous I'i gand are present
Bi omed. Bharmbmtdk&hydﬁ@()&): Nﬁnﬁ@re(df@mﬁl)zolem @kreq, anbeppnbprihﬂecaoylmmr ated by

reference inits entirety 066] Thus n of the present
i nvention, th&ey C&%@é&&ﬂm&w il 5 ﬁ@f SBRINE 19) Becept abl e
salt ther eOfdléIﬁor%né’tﬂﬂ-ﬁg WaS SERE P4t BYh SRR Bfure {ROGHd rehﬁloﬁrl%srt%ﬁlp%fp gglient

of the present i1nvention, the conpound according to claiml
pharnaceutlddSKy6h@m5%ﬁ1ﬁﬂnmxgabmmsHe¢@bﬂﬂhgbadSmwﬁﬂumeﬁb@tbﬂngammgamhed

agoni st result in a cre a ecrea actlvatlon
0P The 5. rrat it B s SRR v T SRRy SR bn B P RET ke R okt Fhe
present jionvemticeiyl aédigte plaQ¥RrdBichiesirddur R ihdi8lc\3eEarBehil dbh§§E€B2 NTh&
therapeutlcalIéégffectlve amount of one or nore schizophrenia or

Par ki nson' s Mp&ushsteucar ovestvsrifiglby dbNVBon by opks arilssiadj unct's i ncl ude, but
are not limted to, val proate and | evonepronazi ne. Suitable Parkinson's
D sease adjuncts include, but are not limted to, transdermal rotigotine,

rotigotine go09Qr rasagéderaEprdtedureqGPIBPrali vithictive haNRLIIRf mamhmioma
dopam ne agohi sts (bronocriptine, pram pexole, or ropinirole),

i nhi bi tors (LFATROEHIRRYds corey A AdhEy of ndesof 3-Rabpxaldshyde B&sféiﬂ)lainﬁe or

i hoxypreni a1 ST (PR F S0 GRLALE R0t ubaPREe 0N St 1

conprise al phdﬂmio&wthaha Iablp)em tdmiperature for 4 to 16 hours. To this was added sodium
triacetoxyborohydride (3 to 4 eq) and the mixture stirred for an additional 2 to 16 hours.
The mixture was directly adsorbed onto silica gel and chromatographed (typical eluents
dichloromethane and dichloromethane/methanol/concentrated ammonium hydroxide) to

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

by 'H NMR or by mass analysis.

[0092] General procedure (GP-G) for the hydrolysis of the methyl ester
(lithium carboxylate salt): A mixture of the methyl ester B3 and lithium hydroxide

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

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

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

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



chl orpromazi ne, risperidone, paliperidone, ol anzapine, ziprasidone,
queti api ne, clozapine, |ithiumcarbonate, diazepam carbamazepi ne,

sel ecti veweenavmsa re- upt ake inhibitors (SSRFs) (ZOLOFPCT)USeo09/CE4BKA(T))
or tricyclic antidepressants, such as PAMEAOR(r).[0069] A further aspect of
the present invention relates to a nethod of treating irritable bowel
syndrone (I1BS). This nethod invol ves selecting a patient with IBS and

adm nistering to the patient a therapeutically effective anount of a

compound of formula,l, or har.npc ically a t.abl e .sal hereof . [ 0070]
' another diivomild Sl BUATIEER birRan SREFERM SuSEbirsh RSk Rieher
i nvol ves adntypici elutitg dichidiemaghent arkiadithlo®hicitint et Uedncohtrath&hmonium
serotonin 5-HI3 receptor nodul ators and/or serotonin 5-HT receptor

modul at or s, hyerRidm apfhpli Rltase pHERcHER BEing etinn. cxShanea i seidfyriel sluspisn

5- HT3 recept { .

el ude. ot ap SREAET S SpAURlAONTBE ARAngD IETEER B CROGLAL Bs.

ci | anset Son, ThEgqgadiet sithtBELNORMfi3d by i NMR @p by deiss emdpsis et r on;
somat ost ati n anal ogs such as QOctreotide; muscarinic receptor antagonists
such as Darifenacin, and Zanm fenacin; |axatives such as methyl cellul ose
(1 TRUCEL( 1 )bgodTsy! | i eV brel QP ToPEGHVekdivi to BRFHERLIN Mo an ce-
KONSYL(r)), malt soup extract, polyacrylic resins (e.g., hydrophilic formns
such as pol yolt @dyhin ofdincicarbewimide BSI(Y caribapdthildrpmethlantivagjadded dirdrogdi oct vy

cal ci um sul f osucgci nat e, .di octyl t asssj um sul f osucci nat di octyl sodi um
ul fosucci nat B ary rbimetael ARe AR b RS u RS HET LG Bty oo ot
magnesi um suhé AdsRiuc &al asdr st 8 AL dURO R MO S AIBIuEs otIRMDARE Sol ROKAUR FHRSHINRE
sodi um bi phosphat e, gl ycerin, anthraqui nones or anthracene |axatives (such

as al oe, cast#endzgetatiriledantfpidghe desicd BS hyidsrahlordgsaltt Hhapwductrwasngul a,
and rhubarb),_ .di I n (1 s bi sacodyl and phenol pht hal ei n), and
castor oil 5@8’?@§9B¥ﬁgﬁ&% %f%%%ﬁﬁ@ ﬁgs, such as the anticholinergic agents
di cycl omi ne HCO (BENTYL(r)), hyoscyam ne sufate (LEVSIN(r)), and the |ike;
anti depr essa@élﬁeramﬁca&uﬂew@r@mﬁﬂl&ﬂiga%b{hhwﬁd of BoHthalaldbYC4nTriGlefiy! L(1)) ;
anti di anghegtg@gents such as di phenoxyl ate HC +atropine sulfate
(LOMOTIL(r)), loperamde (IMODIUMr)), natural or synthetic opiates (such
as di fenoxin, diphenoxylate, pargoric, opiumtincture, and Iqﬁﬁjanide),
anticholinergics (such as hel | adonna al.kq}.0i ds-atropi ng, hos¢yam ne, and
hyosi ne), 2" CHO 2 >
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Rland R? are consistent with Formula T
QNH, =amine

Conditions: J) i. PPh;PCH,OCH;Cl, KHMDS, THF; ii. 4 N HCI; K) NHQ,
20  NaBH(OAc);, 1% HOAc in CH,Cly; L) hydroxide base; M) HBTU, DMF; N) HCI,
MeOH or CH2C12



acetyltannic acid, album n tannate, al kofanone, alum num salicyl ates,
catechin, |idam dine, nebiquine, trillium and uzarin, and the |iKke;

pr oki net iwoagenissos4per i pheral opiate narcotic antagoni SPETASCIIAS5484
fedotozine, trinebutine, and the |ike. Suz3able prokinetic agents include,
but are not limted to, cisapride nonohydrate (PROPULSID(r)),

nmet ocl oprom de, donperidone, and the |ike.[0071] Another aspect of the
present invention relates to a nethod of treating enesis. This method

| nvol ves _segﬁﬁ%]ng a Q%neran%rl?ﬁé %@C.@ larghe gg:eﬂgf l?ﬂrﬁl&gg&tml}mhgat' ent a

t herapeutic effective a ound

phar maceut i qaﬂhmlmem@hlc&hyaé toreh@b@0H0 °C QOd12Y sispeviat ber enbodi ment  of
the present invention, the above method further involves adm nisteri n?
Y

t her apeut i cdmethosymstyDiFéhspyphespbenigmechirided eabietrahydrqfuppygs careful
conpounds. %‘dh&d’ﬂ‘&’k uOH bf SRSt 69 exa%‘%ﬂkgg&lﬂg?ﬂ 31%% t%fu ndQLe qg Fhied to,

al osetron, prazo am aprepitant, sone, dinen ri'nat
di phenhydr amenétinglddria set-orange mettmahzyadrsoﬂaah aaddi0ral for Bl(amlmﬁmaanddhﬂnwbnmmﬂ

RECARCOR R TG I i T E

tropi setron. stth@?o"’f]16\1%@5{%&%&%&%% ok ltlhﬁn@ﬁr%%?%trah?&%ﬂirh&ﬁhd I%Iet%ﬁ(ﬂ to
a method of treating CNS di seases or conditions. This nethod involves

sel ecting a watddded, follavedbyCNS haidoeblonc eeiddbrd) fmddhe hipbaad mixiust eas egtedo
t he patient effective anpunt of a co nd of la | .or .

bhar raceut | PPy CARES b s are B SonRrabPreddhiadh ot g uddgrim oty
condi ti aps ideetatéderhelfandd Ry émasl Wé@h&@@lﬂl%atécfdtﬁlﬁféﬁraq{ié@s@B&iuﬁar ki nson' s
di sease. Beneficial effects of - HT nodul at ors have been reported in

clinical st dmaébor@fe F”ﬁ(il Riins dped (hiaz§@a)s dltered) yurcopontraggd undpgiigdneadpressure.
Neur ol ogy, 4%& 1(1&19\%65) méﬁfé?%ﬁ slifald f aky, hﬁar&%ﬂg@{;ﬁ%eﬁ ntSGﬁ ce in

Its entirety I Z0p nia ang- I n e reni a search,

88: 102-1 l(hn(i%(}@@)lcetﬁb dedicBlor@hethardand netgiothtb affoyd thé@l%sﬁﬂ&ron&ﬂ@ga(teiﬁOS)
which are hereby incorporated by reference in their entir rain,

responses i ﬁHW%&C%hwl<B‘@éﬁera¢tbélraéi&uq&h Tbee%rpéz@ﬁﬁtrwm wsa@@ﬁ%hw H 1Bs

patients; (l\/b}y b ﬁd{l nt Pharnmacol. Ther., 16:1357-1366 (2002),
which is here &Iéla[hiaosgraat by reference in its entirety). A 5-HT

nodul at or may be used as an adjunct or in conbination

[0096] General procedure (GP-K) for the reductive amination of the indazole
3-carboxaldehyde core: A mixture of indazole 3-carboxaldehyde C1 (1eq) and
appropriate amine (1.2 to 1.5 eq) in 1% glacial acetic acid in dichloromethane was stirred

20  at room temperature for 4 to 16 hours. To this was added sodium triacetoxyborohydride
(3 to 4 eq) and the mixture stirred for an additional 2 to 16 hours. The mixture was
directly adsorbed onto silica gel and chromatographed (typical eluents dichloromethane
and dichloromethane/methanol/concentrated ammonium hydroxide) and then subjected to
solid phase extraction using cation exchange SCX resin (typical eluents methanol and 7 N

25  ammonia solution in methanol) to afford the desired indazole 3-aminoethyl adduct C2.

The product structure was verified by "H NMR or by mass analysis.

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

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



wi th anot her nedication. [0074] It is appreciated that certain features of
the invention, which are, for clarity, described in the context of separate
enbodi nenve,20manss@kso be provided in conmbination in a siPoglus2eoibedsaent .
Conversely, various features of the invengjon which are, for brevity,
described in the context of a single enbodi nent, may al so be provided
separately or in any suitable subconbination. [0075] Another aspect of the
present invention relates to a process of prepari ng a conmpound of formula

l a: Thi s proces v n i.nt und. | a
[1: wherein C%II& htEfu%l %%&V%? e?llecglrll& rvagtlrlﬁl ”(% 3& ue%ﬁ”{a?%inwglg ugl f‘%rlghorr%lns
ef fective t gupifiestitie TH&:q)r@dilwﬂslt@ﬁct@I@waﬁﬂﬁH@le' 'H RMR anbly fRagy safsisdef i ned
above [0076] A further aspect of the present invention relates to a process
of preparing a conmpound of formula Ib: This process involves treating a
first inter te co I erion,
under am dqug%j formar?iat){%glc@I gl(?llhjglr#gﬂ) M)efglil e&fﬂé&b% )((:tgrt féﬁepfr}%1
conmpound5 QcaRbxymndsaRAHh¢lecqgand B TiE Al . abgvia DO As sBrrcd ahioenr:tempelemre ns

i ncl ude, but a not limted to, Li+ +. [0078] The net hods, of

synt hesi s ofunfng‘eﬂ?%@él@Htwa? ﬁe@ﬁfqt m@@ﬁ Slﬂspa%% SERTGENFRTHHURASF FRdPrsh
condi tions t @stsuféra%dftl?%rh&i@ﬁlaﬁeﬁap&}% ﬁtl‘riﬁe'decﬁr difhet &eocﬁl'i tilief gélrcﬂ?d?haﬁography
synthesis. This typically involves activation of the carboxyl conponerit

fol | owed by (t}@wﬂ Fluante tichheomathaes ar@udichdptom ctlpneAnatthangl/ corsapsatehahmdeiunbut

and ost er s bl eBE¥ouMan B0y b R SR S RO ng B G 1

(2005), 10hi Ghethgndl@h®hW aiehRQLALSH nbﬁleﬂﬁfl@lP eN&fFortRhd dSir8dtarbetamide C4.
Preferred activating reagents include thionyl chloride (SOC ), oxalyl

chl ori de (ccihe)modlph@i@mﬁwwsaﬁvﬁmw@éﬂ\(lb@cbsynas&am%rﬁwl di i m dazol e
(CDI), dicyclohexyl carbodiimde (DCC), |-ethyl-3-(3-dinethylam nopropyl)
carbodiimde) (EDCl), 1- hydroxybenzotriazole (HOBt), O-(l

H benzot ri aZ0099]-y! ) - Gererhl pﬂo‘cedmet(ca’nm for! cenearsion toakatClcanphneaphat e
(HBTU), O (7-azabenzotrijazol -t et ranmet hyl ur oni um

hexaf | uor opHE&hIsat @n(qmarbwéc é@kb%@aﬁ&%&m@a&%w&s addadihydeagsydr i de

1(33T/3{:?1'e [1807 Yn1 SRR PUNGS it efhdho 2GRNk RTe has EAR APHEN AR rdR¥e PhreRuEPH £
the residue was recrystallized from hot absolute ethanol. The solid was lyophilized from
water and acetonitrile to afford the desired C4 hydrochloride salt. The product was

verified by mass analysis and '"H NMR.

20  General Procedures for Constructing a Compound of Formula Ia (DS Tricyclic

Core)
CO,Me COMe (110 CO,Me —CHO
/S )/ S

(Rl) R2 (R Rz (Rl) RZ
Al D1 D2
NHQ NHQ Q
CO,Me CO,Li O
N N
| \ R3 R | \ R3 1.§ » | X \ 3
y Z 2.T R
wf, e w7 gt !
P P R, R?
D3 D4 D5

R!, R and R? are consistent with formula I
QNH, = amine



application or adaptation of known nethods, by which is neant nethods used
heretof ore or described in the literature, for exanple, those described by
Larock, Geopn@hsesive Organi c Transformations, W/ ey- VCRcpwskewhesss4 New
York (1989), which is hereby incorporatedidy reference in its entirety.

[ 0080] A conpound of fornmula | including a group containing one or nore
nitrogen ring atons, nay be converted to the correspondi ng conpound wherein
one or nore nitrogen ring atomof the group is oxidized to an N oxide,
preferably by reacting with a peracid, for exanple peracetic acid in acetic

acid or mc or% ero 0| S: 4 o
HEE e i

her ei naft er ,D MaRErdelalr o protect reactive functional groups, for
exanpl e ﬁydroxy, anlno imno, thio, or carboxy groups mhere these are
desired in tﬁ?ﬂ(fe]' nal Qande'ilg ocgduregb(f f)?f’drr th%'w?s eled" ia?foﬁ l?@md?)  he
reacti ons. ntiona pro SEHGR 1 S

standard pr aoké:qthosptbrasodehioride en2 a@)owas ac{d@6)812»];v1§r hﬁcmulal Di&iFHR3 ﬂm@dul at ors
of formula I of this invention can be prepared %y the nethods illustrated
in the generSfulingepiteis vsniies bl C for0aninyise e Todws ot pedrdietobuions by

modi fi cat i Orlﬁdélg'%e(‘?feq) ;I:)Nﬁ draafl hﬂ’xtﬁl‘éadohg%e% t§tsﬁ{] ol BhoTRL &ftleqhattion

reagents, convention synthesi s procedures. these reactions, it is
al so pod9i blreixtwe mak powse imd aw dgciaattsmixtat aad @H]mmmijusmdttbé byretddingtl Hre not

nment i oned here hough the synt hes e ted herei y result in the
preparat i on Ot POABP ks %&aategave& B Petgﬁeéﬁeéewg?ﬁewvf?meﬁm%d
within the sgapewefe M‘sﬁed)(;v@tﬁ%he'd}ié%f(NaEHDBrﬁt&éﬂTﬁﬁ&'B&?ceﬁtfratfe@ﬁﬂaér@educbdﬂ any
stereoi someric form and preparation of conpounds of fornula

|nstereonsoqmmmmffdmn@nubhemﬁmﬁawmqmoﬁedhgpﬂmangWGHBMngmpmyGybedabvmbus to

f ordi ki I, | ts b th
resent od. ndrsis el Bt gipElhe BFiRgeRaG R Re B ARt Brredichul a
la (A4 Tisi c%ehutb@rdRELIonREmeRBy 'BMNMRING MeasSs @i ss. ent vvnth fornula I QNH2 =
am ne

[0101] General procedure (GP-P) for the aldehyde homologation of the
indole 3-carboxaldehyde core: To a -40 °C cooled suspension of
(methoxymethyl)triphenylphosphonium chloride (3 eq) in tetrahydrofuran was carefully

20  added a solution of KHMDS (0.5M in toluene, 3 eq). The resulting dark red-orange
mixture was stirred at -40 °C for 30 minutes and then warmed to 0 °C. To this was added
a solution of D1 (1 eq) in tetrahydrofuran and the mixture stirred for 16 hours at room
temperature. A 1:1 mixture of tetrahydrofuran and methanol was added, followed by 4N
hydrochloric acid (4 eq) and the biphasic mixture was heated at 60 °C for 4 hours. The

25  mixture was cooled to room temperature and diluted with ethyl acetate. The organic layer
was washed with water, saturated aqueous sodium bicarbonate, and brine, dried
(Na,SQ,), filtered, and concentrated under reduced pressure. The crude material was
purified by silica gel chromatography (typical eluents hexanes and ethyl acetate or
dichloromethane and methanol) to afford the desired homologated indole 3-

30  carboxaldehydemethyl adduct D2. The product structure was verified by "H NMR and

mass analysis.



Conditions: A) ONH2, CH20, HOAc; B) hydroxide base; C) HBTU, DW;, D) HO ,
MeCH or CH2d 2 [0083] Conpound Al where RL = OH and OCH3 can be achi eved by
a met hod weposwssosby Krut osi kova et al, Collect. Czech. pCrarseooComnssa. ,
57:1487 (1992), which is hereby incorporatged by reference in its entirety.
Conversion of Al where RL = CHto RL = O 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. Conversion of Al where RL = CH

L ehigs ann 00, 2T GuRS Al Redlf 105 R g Helere ihinghion Bl the P 4=

reference i rbarb@xaeaﬁhyﬂewre Gomyaiei d@inddle Ncatbbeildetytie P2HequnBlapprpriagn be
achi eved by a nethod reported bi/ Ashton et. al., J. Fluorine. Chem, 27:263
a

(1985), whi Aipg (hefeby eﬂh@o%@ tab acqbiy apidrand dighdorprcthage s ptitagd at room
Co o b
Fondi 1y ach SuBaRERE 4T 15 nehh! Qs et lPRaNeh Wi blobd AR BT o £27 be

is hereby i mq@amxbﬁmtrﬁdtdngsttre&fdeﬁoemaaddinonaﬂé temé howky lhe Idlvent veds ecmatgd or
where Rl = brorm go or chl be used asga llng% reagent f
Lransi tion 8T EuECISEAR 88 WW&a WALRYT ﬁ’éi%(y ellipa &) chirinatograp Ve,
Sonogashi ra)( t aJP El‘ﬁgﬁtg RichRIFDALMGS: Md d’iﬁﬁ&%nﬁﬁlaﬂe@ﬁé@[a{nol/ &ntentr@8fammonium

het er oaryl . General procedure (GP-A) for the Mannich coupling of the

i ndol e core: hyArqmd@t)m effol thadeired Mdofe J-amifocthyhaddyspP3pThaperdant siarcute 1 eq)
and 37% aqueousf ar d | aci al acetic acid was stirred at
room t enper at tir' é’nirgalbigﬁﬁ\ﬁﬁﬁsandﬁae@ %Y%ge was poured onto ice-water and
made al kgl i ne with I N sodi um hydroxide. The resulting precipitate was
filtered and the nother |iquor was extracted wi th di chl oromet hane. The

conbi ned or d&h@?ds wer eGenespklrogedwred GR) fair the dydrelyssood thefmethl ester and
concentrat eq 9 rcarﬁﬁygﬁ s ngtgszﬁ?Hﬁﬁu}e %f‘?ﬂg A ﬁ’lyf D& 485 A ]&H@l&?%}@z{(lﬁgd0| e 3-

am nonet hyI was subsequen used w

purificati Ol’tnorﬁih@dlta&i (3quD ltCﬁettﬁl@ydﬂ@ﬁrMﬁtbf (regd \iaey; slittetNMR-eflux yitiNAS Scaction
anal ysis. [0085] Ceneral procedure (GP-B) for the hydr ol ysis of the nethyl
ester (1ithi'vihCaMR%YY 'khe. SOJazem W%W@OEYF d ppder meduged pisstuss angbthgng

lithium @ydr edlﬁhm{'@alhtyﬂf] a8 dkidd Eter hIEhLRLEAR AT STHEARMNBLEL Cithobk AR

stirred at e ux unti e reaction
purification. The product structure was confirmed by "H NMR or by mass analysis.

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

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

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

[0105] General Procedure (GP-T) for conversion to the HCI salt: To an ice-
cold solution of the carboxamide D5 (1 eq) in dichloromethane was added hydrogen
chloride (1-4 eq) in methanol. The mixture was concentrated under reduced pressure and

30  the residue was recrystallized from diethyl ether. The solid was lyophilized from water
and acetonitrile to afford the desired DS hydrochloride salt. The product was verified by
'H NMR and mass analysis.



was conplete by LC-MS. The sol vent was renoved under reduced pressure and
the crude lithiumsalt A3 was dried under high vacuum and subsequently used
wi t hout fwotbhevisposai fication. The product structure waspcoridseeoomasdsy 1H NVR
or by mass anal ysis. [0086] Ceneral procegiure (GP-C) for cyclization: A

m xture of the lithium carboxylate salt A3 ( 1 eq) and 2-(lI

H benzotri azole-1-yl)-1,1,3,3-tetramet hyl uroni um hexaf | uor ophosphat e ( HBTU)
(1.5 eq) in DM was stirred at 50 OC until the reaction was conpl ete by
LC-Ms. The m xture was concentrated under reduced pressure and the crude
material was purified by silica gel chromatography (typical eluents

di chl or onet hgaferanerodedideq GIEY fande MRIboANA tiOD HCER IDAT £idy AITDdHeUM
hydroxi de) to afford the desired carboxam de A4. The product structure was
verified by 1H NVR or by massgpanal ysis. [0087] General procedure (GP-D) for
conversion to the HO salt:; Td-an icecold solution wf<the carboxam de A4 (
1 eq) in dichloronethane WS addad hydr ogen chl oY y-3 eq) in nethanol.
The m xture was concentrate redu essu e solid was

| yophilized from water and i Yesir ed A4

hydrochl oride salt. The pro was verified by massanal ysis and 1H

NVR. General Procedures forRiGonst r\y @ a Conpo@®iy of fFormula I1b (B5
Tricyclic Core) RWMl R2 are consi sten th Fornul a Q\NH2 = am ne
Conditions: El) Cs2CO8, R2X, pPMEOR,E2) ArB((H) 2, Cul‘)bb\c)z Et 3N, CH2d 2; F)
NH2Q, NaBH(OAc) 3, 1% HOAc in 'CH2d 2; G hydroxi de base; H) HBTU, DWVF,; I)
HO, MeOH or CH2QI 2 [ 0088] E%H’Rklﬁgcoﬁémen‘!‘@ﬁh%n&a = Br

(6- br ono- 3- fornyl - 4-i ndazol NgaLQgﬁy ic acid nethyl ester), is comercially
avai |l abl e from SI NOVA, BETHESDA, MD (catal og nunber SL-00263). Conpound B,
where R1= O (6-chloro-3-fornyl-4-indazole carboxylic acid nethyl ester),

st 01561y gy BORUEP T sl B0 By BUSORE, 4 Thdacat o

carboxylic acid nethyl ester), is also comercially available from

[0106] Oxygen gas was bubbled into a solution of carboxamide D5 (1 eq) in DMF
and potassium tert-butoxide (1.0 M solution in THF, 5 eq) at room temperature. Nitrogen
gas was then bubbled through the mixture and the reaction was quenched with 4 N HCI in

10  dioxane (pH 5). The reaction was diluted with diethyl ether to afford an off-white solid
which was purified by silica gel chromatography (typical eluents dichloromethane and
dichloromethane/methanol/concentrated ammonium hydroxide) to afford the desired
carboxamide D6. The product structure was verified by "H NMR and mass analysis.
[0107] The present invention provides compositions containing the compounds

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

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

accordance with the invention.



SI NOVA, BETHESDA, MD (catal og nunber SL-0 1547). [0089] Ceneral procedure
(GP-El) for the alkylation of the indazole 3- carboxal dehyde core: A

m xt ure oWoiznebassdse Bl ( 1 eq), and appropriate al kyl hacirds2¢o8/0egp4 and
cesium carbonate (4 eq) in dinethylsul foxigle was stirred at room
tenperature until the reaction was conplete by LCG-M5 (8 to 10 hours). The
m xture was diluted wwth water and extracted with ethyl acetate. The
conbi ned organi cs were washed with water and bri ne, dri ed (Na2SO ),
filtered, a ncentr. ted un S

purified by f‘ﬂca ge|ﬂl H Bira ov?%“’%“("tprg‘(@g g Odesh i “Eg esrr%l% 1&0

et hyl acet at Q)r@ﬁoréwﬁﬂeqﬁgxmiehansefanm titihgael dlsda@e aAkarrﬂaﬂhevﬂewbﬁ@lor in
al kyl ated i ndazol e 3- carboxal dehyde B2. The product structure was verified
by 1H NVR orcoBipinagies witha Mace{uaea@m a@ﬁ@blaﬂﬂb%@éa%r (tspegmpyoungs of he
arylation of ok, 1 908k dionst LRRIALASINARIFRIE in Aty ahidpsel Bl
( 1 eq), appropriate ar roaryl boronic aci (12 eq), cupric
acet ate (51 Saetipr), a&dehctlbecéaltqvbam ne (2 eq) in dichloronmethane was stirred
roomte ture u e reactjon s conplete.by L 16 hours). The
i xt ure was 101 Hetly orbli g durs ol Fenaﬁweew%wa%/s P%a o igns
crude mat eriQlmgs, RMhin{dh8GoPYy ﬁie'ﬂl&s‘ﬂ sﬂ?a'bl&%h%%mﬁlé ﬁpgﬁlo(nta)fﬁ r‘é?a'tes% uents
hexanes and ‘et hyl acetate) to afford the desired aryl ated i ndazol e

3- car boxal detipdeadggtical hempesidenstcostaiming afrleashase predidtiaechriipg IHRINR aitiohy

mass anal ysi eral .procedure F r t reduct i ye ani tion
of the | niaziieh XA TR A aenyRRTEEHe S hrtlhe. MRatgargoutiontaRe

3- car boxgl defwyshecBiechideth) todhd cithap nh Ak Rls aliiiordclordndre pﬂiar%la%g\)tldé/ﬂ? stirred
in 1%glacial acetic acid and dichl oronet hane at roomtenperature for 4 to

16 hours. TaceHtablonduaHdeer axethiams. tThea@@{V@;avwﬁmﬁy@wm@ea @ dilgents.stpyiland

th 1 Xt f
directly aasorbah i ndMtely BORo Suh? OPUR . TAL R TRt e,
di chl or onet hﬁmnaacﬂn thicabirm bﬁfﬁbldﬂ@@ﬂl’sﬂ‘@ﬁaﬁ@l@@ IpodBsenjucalLbl@ipme o um

hydroxi de) to afford the desired indazol e 3-am nonethyl adduct B3. The
product st r FEERENEIORRINGERDIE sRlytings, mlrw SYFUPByANeres calafatwe@r njagp ggqnts

General ar O%Q%H’ efrc(rgale ro EOI{I E% ss f9%ort G4 (ﬁssrta%'ﬂu%lr djphi um
car boxyl ate sa n) ester and 117 thium I‘OXI de
order to obtaln pharrnaceutlcally acceptable preparatlons.
[0112] The formulations of compounds of formula I include those suitable for

oral, parenteral (including subcutaneous, intradermal, intramuscular, intraperitoneal,
intravenous, and intraarticular), rectal, colonic, and topical (including dermal, buccal,

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

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

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

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

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



nonohydrate (3 eq) in tetrahydrofuran/water (1:1) was stirred at refl ux
until the reaction was conplete by LC-Ms. The sol vent was renoved under
reduced pwessaywss@ad the crude lithiumsalt B4 was dri esdcurudesoohughs vacuum
and subsequently used wi thout further purgdication. The product structure
was confirmed by 1H NMR or by mass anal ysis. [0093] General procedure
(GP-H) for cyclization: A mxture of the lithiumcarboxylate salt B4 ( 1
eq) and HBTU (1.5 eq) in DVF was stirred at roomtenperature until the

reacti on was: c | e by LC-MS.. The. m xt ur ntrat,e nder
" aucedpr N B ERE Bro o HeAR indlsficl) MhukRo B PregeER LRVRSMEfahy o
silica gel qlhaswematography (typical eluents dichloronethane and

di chl or onet hane/ net hanol / concent rat ed amroni um hydroxj de) and solid phase

extracti on U81HY cati oh I mavds nywde hrecompressipy; & anoldingeontionalty wHhenc ahd 7
N | g cati o . ; e
ot oducr ot rangt Sektdly FRHABRAL) oy R b R AT JrEn P AR T

Gener al pr ocadaisle naCkint thd arive orpvatigit ana frocdfloe/ ik formaluth aslopanddroecol d

sol ution of the carboxapide B 1.eqg) in dichloropmethane was added
hydrogen chi&FTHe: 911@041&@23}111??#5@&%@#)%1 ah K1Gir UaaC WibeiSdne PUTR under
reduced presgyi€ oRAfplifiolgshtd WhoMES tabRE MY BE hade8y MoRThi o 2 ahgelut €

et hanol. The solid was |yophilized fromwater and acetonitrile to afford

t he desi r ed B&hinedy mettirsoif the avdereddosmnonod owistewed widh drf ined ligyidrdaksient.

analvo1 s AN N SR SO 3. O SRS Y M SRR

= am ne 1gondiutth88, delyell, or cBFRSIRGH2 G the KddMOPagrddibnt théreind TeHC ;  K)
NH2Q NaBH(QAc) 3, 1% HOAc in CH2C 2; L) hydroxi de base; M HBTU, DMF;, N)
HO , MeOH orpherp@er{iad 9onpEsisanaypnelede ar phyrmpegyfically aqcpetakll dedit/epericr”,

honol ogati o fi.. J l. 0 . . a -4 . ed
cuspens on oraCHLRREREER R AR RSRET S Tf O hfin ek Pt Ry RE A

t et r ahydr of ukathdspsol gk, glratulytingdigests am el cfstadin®fel pldsasdiludiits, lubricants,

I I .Sl : (0. I u [ . ul ti .
bis(trinmethylsilyl)amde (0.5Min tol uene 35%13 The resul t ngdark
red- orange miBdc divpiserating sasatsatnd the lise Hlesingl, Ablgideseesnat thrdisclissdred

15  compositions may be coated by standard aqueous or nonaqueous techniques,
“Pharmaceutically acceptable carrier” also encompasses controlled release means.
[0115] Pharmaceutical compositions may also optionally include other therapeutic
ingredients, anti-caking agents, preservatives, sweetening agents, colorants, flavors,
desiccants, plasticizers, dyes, and the like. Any such optional ingredient must be

20  compatible with the compound of formula I 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,
stachyose, lactitol, palatinite, starch, xylitol, mannitol, myoinositol, and the like, and
hydrates thereof, and amino acids, for example alanine, glycine and betaine, and peptides

25  and proteins, for example albumen.
[0116] Examples of excipients for use as the pharmaceutically acceptable carriers
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.

30 [0117] The dose range for adult humans is generally from 0.001 mg to 10 g/day
orally. Tablets or other forms of presentation provided in discrete units may conveniently

contain an amount of compound of formula I which is effective at such dosage or as a



to 0 OC. To this was added a solution of B2 ( 1 eq) in tetrahydrofuran and
the m xture stirred for 16 hours at roomtenperature. A 1:1 m xture of

t et rahydrwbueo@nssosd net hanol was added, followed by 4N lrgaruseébonsses acid (4
eq) and the biphasic m xture was heated a4g 60 OC for 4 hours. The m xture
was cooled to roomtenperature and diluted with ethyl acetate. The organic
| ayer was washed with water, saturated aqueous sodi um bi carbonate, and
brine, dried (Na2SO ), filtered, and concentrated under reduced pressure.

h d 1 al fi. b . 2| ¢h h i gal
I o 9 TGl PR LS B R ST i

afford the degoo et hthiyregat Shount dazansoudd adibdxtatedady gpen@it iyl badduct C .
The product structure was verjfied by 1H NVR or_ by mass anal ysis. [0096]
General pr odetepablicpoidhe piendankpivsigirey iRV aisi-ibg dess camwlqyed Wi dgpaideon a

3-car boxal d A X L - .2q) and
Zontone: oo AR P ind TOGHE By LGRE AR Sy B i
di chl or ofet hennedwas] s devewtg. at room t enperature for 4 to 16 hours. To this

was added sodi triacetoxyborohydride (3 to 4. and the mxture stirred
for an addi t[SBJ:ﬂ]I 2 toAﬂBS%SBP’é?g{Wé‘QW 0&?%?%‘5%%‘?1“@ F&lm&bl & Bl Pont o

silica gel angh Gy prat 065 aphead 1 (4 ¥PRGRl hOPALS 1 S0U AEOTRS SUAriRe NG s00
e then

di chl or onet hane/ nmet hanol / concent r at anmoni um hydr oxi de) and
subj ect ed t ongd tiod Ophmas & tet) mag t5itord 00 wig(s- & Atlilong.dxopahoe. $0X, Aesd,? mg, 6

typical el uent hangl 7 N i | utign i t 1),to afford
{he” doci r od TROAZE! Ehg: SMEOBETE 1! B Lar e nd Tgrbdadte dPriet drede
verifiedoby ndl INVR: 010 Y, zrserlﬁg, Nabys me, 4088715 HRNSY Rlg, §5 ﬁfg,estyfr% 65l Yo f Or

the hydrolysis of the neth ester (lithiumcarboxylate salt): m xture of

the nethyl 886 a2 &nugl X medd mgdt o dhmaohhPdnat290 e, 839 nmg 300 mg, 350

t et rahydr of er X Lr : .11 the reaction was
conpl ete byqﬁ%w%&#géinﬁ%égﬁg?%ghféﬁgeeg%eg%egr%rhleé%%ed pressure and
t hecrude |it[bi1on sal t &2 preducty dcecrditpcierthdpr@henv asehtioramdy S¢bsatieatd ys used

wi thout further purification. The product structure was confirnmed by 1H NWVR
or by mass dFAINGRTS3S TOGEROBT]Y IR &0 obirindBeidestred disrapcutie effesic Spwgprbents A

I L
The m xt ur e deass alogueat Fatweberypatents,riedayg belnecessary to have long-term treatments at
the rate of 1 to 4 doses per day, in accordance with the physiological requirements of each
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
20  not more than one or two doses per day.
[0120] For additional information about pharmaceutical compositions and their
formulation, see, for example, Remington, The Science and Practice of Pharmacy, 20"
Edition (2000), which is hereby incorporated by reference in its entirety.
[0121] The compounds of formula 1 can be administered, e.g., by intravenous
25  injection, intramuscular injection, subcutaneous injection, intraperitoneal injection,
topical, sublingual, intraarticular (in the joints), intradermal, buccal, ophthalmic
(including intraocular), intranasally (including using a cannula), or by other routes. The
compounds of formula I can be administered orally, e.g., as a tablet or cachet containing a
predetermined amount of the active ingredient, gel, pellet, paste, syrup, bolus, electuary,
30  slurry, capsule, powder, granules, as a solution or 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



pressure and the crude material was purified by either or both silica gel
chromat ography (typical eluents dichloronethane and

di chl or orw0haeelsasts hanol / concent rat ed anmoni um hydr oxi derTarsdomokssds phase
extraction using cation exchange SCX resigm (typical eluents nmethanol and 7
N ammoni a solution in nethanol) to afford the desired carboxam de C4. The
product structure was verified by 1H NVR or by mass anal ysis. [0099]

Gener al procedure (GP-N) for conversion to the HO salt: To an i cecold

sol ution of .t h Crg%?%X%n}ege%ce 4 & %ntl?&%r) V]}il. qlp% rﬁ LIFRLNARG @ ?%qd%eur ean

hydr ogen chl ori ure was co under

reduced pregsine ERM3629®atdeRC T lB‘abM\@&oﬁ Nbl’sthOiM/Sgiﬂd) afnﬁWOf'FD?f/ 135090‘1’&1111'(03 are
et hanol . The solid was | ophlllzed fromwater and acetonitrile to afford

the desired @aehwm%ewp@ﬁ. byacigranee inrihelr SRbHRL Vindmpdations descHhediigRCT

anal ysi s an |02k

Formi a 14 (TSMUENGRDEE PRISEHEES Aoty BORRERLIA R ORI Rl
formula b Qdr2n sorafmtrheﬁo)mm tTihorrempn BOEH&muDMF¢anR)lsd be adAirhBREH OCH3C ,
KHVDS, THF; i i n di oxane; NaBH( OAc).3, 1% HOAC i CHZO 2;
R) hydroxi dé ‘if‘émN%)( PHB’Y@ rewlr“iijpeg)@ma“&?é@l?ed’rat 1‘2”{%%@] %@ﬂ@r

procedure ( @rfdonf Hﬂ;potdgﬁnl\c[n'em %nt(tlﬂlrofﬁéisaél'e&Poﬁ%]}atfolﬂeul'tﬂa%hﬁ ot 8ther forms of
Phosphor us oxychloride ( 1.2 eq) was added slowy to ice-cold DVF and the

resul ting msmnwlwrmmmjwt@d, @ita @nalgndtem Qz”@nymﬁﬂteeseceftmgtrmthom(gra&dld@d a

S hour o Thet PR A R e Bt hin s (0T, Kneds fathy Mebfetftefhvg oo

was adj ust edefeente Byitaddirtg))IN NaOH. The conpound was extracted with ethyl
acetate (4 x) and the conbined organic |ayers were washed with brine, dried
(Na2SO ), filM¥led, arferrepmudnof@radladrde eﬁ@@mpé@te@ﬂé@gdﬂp@somﬁw@ igpeye

I
product str whbink eMmlsod@cmfpergsredobyncﬂkhdﬂmaaftdnmmamitadﬁing PEG-conjugates
(i.e. PEG-based hydrogels, PEG modified liposomes) can be found in Harris et al., Nature
15 Reviews Drug Discovery, 2:214-221 (2003) and the references therein, which are hereby
incorporated by reference in their entirety. Compounds of formula I can also be
administered via a nanocochleate or cochleate delivery vehicle (BioDelivery Sciences
International, Raleigh, NC). Compounds of formula I can also be delivered using
nanoemulsion formulations.
20
EXAMPLES

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

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

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



[ 0101] CGeneral procedure (GP-P) for the al dehyde honol ogati on of the indole
3-car boxal dehyde core: To a -40 OC cool ed suspensi on of

(met hoxy meohgeyyissosphenyl phosphoni um chl oride (3 eq) in tretrnmbydonedses an was
carefully added a solution of KHVDS (0.5M42n toluene, 3 eq). The resulting
dark red-orange m xture was stirred at -40 OC for 30 m nutes and then
warnmed to 0 OC. To this was added a solution of D ( 1 eq) in
tetrahydrofuran and the m xture stirred for 16 hours at roomtenperature. A
1: 1m xture of tetrahydrofuran and nethanol was added, followed by 4N
hydrochloric acid (4 eq) and the biphasic mxture was heated at 60 OC for 4
hour s. The re was cooled to roomtenperature and diluted with ethyl
acet at e. b@gﬁ?t | ayer waswashed with water —saturated aqueous sodi um
bicarbonate and brine, driedTimg2sBom fillt%ded,| %R cbncentrated under
reduced pressure. The crude némiai h(mmimrified by silica gel

chromat ography (typical eluepb® hexdfies and 98tthyl| Hc@et at e or

di chl oronet hane and net hanol )20 0 affQrd the 1ddsi rjegh.donpl ogat ed i ndol e 3-
car boxal dehydenet hyl adduct 5 Thepproduct 19fg uciop@ Was verified by 1H

NVR and mass anal ysis.[0102 )y the reductive
am nat i on of the ?lndolga 3- éarﬁpcge%%t&?@ ﬁo%gil%uég?%% ﬁ%{% OEdI ndol e

3- car boxal dehyde D2 (| eq) and appropriate anmn eq) in 1%

gl acial acetic acid and dlchloronethane was stlrred at room tenperature for

4 to 16 hours. To this was added sodiumtriacet oxyborohydride (3 to 4 eq)

and the nmi xtMethodtB:red for an addjtional 2 to 16 hours. The sol vent was

removed under reduced pressuy &imed| Floav cr uddomat er¥edd was purified by

silica gel chromatography (ty@nmal | @hlisnind di chl gr onet hane and

di chl or onet hane/ met hanol / concent r atf €@ amoniogrd hyldrooxi de) to afford the

desired indol e 3-am noethyl pagggct|[Pg. The [ppaducitogsgructure was verified

by 1H NVR and nmass anal ysi s. g@éUd lgeneral quceqyf@ ( -R) for the

hydrol ysis of the nethyl est 51T T HT UIIILdIléXOy ﬁ) ): Am'xture of the

met hyl ester D3 and Iithiuq& 5 " at 1&
o i O §

tetrahydrofuran/mater (1: 1) wa the reacti on was
conpl et dOy LC-M5. The sol VBAtASHERNItFkHY Q(EﬁﬁeﬁﬁP@Hﬁ%%H Midssure and the

crude lithiumsalt D4 was dried under high vacuum and subsequently used
W thout fur t]Jfﬁrmple 1 - Preparation of Methyl 1-methyl-1H-indole-4-carboxylate (Ala)

CO,Me CO,Me
Ny A, N\
N N
H \
CH,
Ala

Conditions: A) NaH, CH3I, DMF

15  [0124] Step A: To a stirring suspension of sodium hydride (60% dispersion in
mineral oil, 9.90 g, 248 mmol) in DMF (150 mL) was slowly added a solution of methyl
indole-4-carboxylate (10.0 g, 62.1 mmol) in DMF (100 mL) at room temperature under
an atmosphere of nitrogen. The mixture stirred for 30 minutes, then iodomethane (15.4
mL, 248 mmol) was added and the mixture continued to stir at room temperature for an

20  additional 16 hours. The mixture was quenched with a saturated solution of ammonium
chloride (500 mL) and the aqueous mixture was extracted with ethyl acetate (3 x 300
mL). The combined organic layers were washed with water (4 x 300 mL) and brine (200
mL), dried (Na,S0Oys), filtered, and concentrated under reduced pressure. Purification of

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



purification. The product structure was confirmed by 1H NVMR or by nass

anal ysis. [0104] General Procedure (GP-S) for cyclization: A mxture of the
l'i t hi um cwmohkoowyissise salt D4 ( 1 eq) and HBTU (3 eq) in PEF/usasomts4ss ed at
roomtenperature until the reaction was conplete by LC-MS. The m xture was
concentrated under reduced pressure and the crude material was purified by
either or both silica gel chromatography (typical eluents dichloronethane
and di chl or onet hane/ met hanol / concentrat ed anmoni um hydr oxi de) and solid
phase extracty usi t 1LOR n X I esi tyRi.ca nt s.,et.hanol
a7 N ama e e Al ERERBR RSl 7 14, R bup S Snah 88 "0,
The product @&Mﬁmgoﬁ@&n&tﬂgi i sg1RY SA0HMVINYRCEIT, eEs1 andl=y 578z, (H)103R
General Procedure § -Bﬂfor conversion to the HJ salt: To an icecold

sol ution of (dhé=d XHpd g2l @8, (H)17d4)s.ilhD)d7-8% (s bt Hatse 3Was . BddedH); MS
hydr ogen chl ki de (1: in methanol. The m xture was concentrated under
reduced pres@é?g m&éﬁﬁﬁgﬁgm due was recrystallized fromdiethyl ether. The
solid was |yophilized fromwater and acetonitrile to afford the desired D5
hydrochl 6ri dexasaple 2 - Theppradidnall Methyl Bbiehzydd IBindolt-HNéRr soxg1ata s 1b)

anal ysi s. General Procedure (GP-U) for the Debenzylation of the D5 Tricyclic

Core Rland R3 are consistent widheFormul a | Qe = am ne Conditions: KO Bu
( 1.0 Msolution in THF), 2, . rt [0106J_Oxygen gas was bubbled into a
sol ution of carboxam de D5 ( G)IANY n_DVE ao gssiumt rt-butoxide (1.0
M solution in THF, 5 eq) at nper at ur &M 0gen gas was then bubbl ed
t hrough the m xture and the reaction was quenched w,/fm4 N HO in di oxane
(pH 5). The reaction was diluted with diethyl ﬂbWafford an off-white
solid which was purified by silica gel chromatography™(typical eluents

di chl or onet hane and di chl or onet hane/ net hanol / concentrat ed ammoni um
hydr oxi de) t@onditicasdA) BeBeje&H edCo@hpR®f de D6. The product structure was
verified by 1H NVMR and nmass anal ysis. [0107] The present invention provides

par i cul ar ., IBFEmacout BhA: dapUSHIaTgHanaBH R g erhey Mo Doy
ef fective anpuphSvRladifesRARAYALR @09, ARIEE Slthine bY (89 ¢P18Ds famol) in
10  DMF (200 mL) in portions. The mixture was stirred under an atmosphere of nitrogen for
20 minutes. To this was added benzyl bromide (8.48 mL, 74.4 mmol) and the mixture
continued to stir for 16 hours. The mixture was poured into an ice/water mixture and
extracted with diethyl ether (3 < 500 mL). The combined organic layers were washed
with brine (3 x 200 mL), dried (Na,SQO.), filtered, and concentrated under reduced
15  pressure. Purification by column chromatography (silica gel, 5 to 15 % ethyl acetate in
hexanes) afforded methyl 1-benzyl-1H-indole-4-carboxylate (Alb, 13.89 g, 92%) as a
pale yellow oil, which crystallized upon standing: '"H NMR (500 MHz, CDCl3) & 7.90 (d,
J=17.5Hz, 1H), 7.46 (d, J=7.5 Hz, 1H), 7.30-7.25 (m, 4H), 7.20-7.16 (m, 2H), 7.10-
7.05 (m, 2H), 5.36 (s, 2H), 3.98 (s, 3H); MS (ESI+) m/z 266 (M+H).

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

CO,Me MeO,C

CHO
A
0 - 2
N
i i

B1

Conditions: A) NaNO,, 6 N HCI, H,O



carriers. [0108] It is a further object of the present invention to provide
kits having a plurality of active ingredients (wWwth or without carrier)

whi ch, togethe@rissoray be effectively utilized for carryi rgrastomhesssovel
conbi nation therapies of the invention. [£109] It is another object of the
invention to provide a novel pharmaceutical conposition which is effective,
in and of itself, for utilization in a beneficial conbination therapy
because it includes a plurality of active ingredients mhich nay be utiIized
in accordan WoturI]lEtlﬁe Ihnve t' ?PWLSO 1r]e‘8JreJ ?m %?e({' ftied rog re ?rtgd) 1 Vn'tdes
kits or sing e % ages’ ¢co onelor Ve § ng re emt’s. us Jf in
treating thewuxnaaﬂesAA kit nay prOV|de (alone or in conblnatlon wth a
pharmaceutically acceptable diluent or carrier) the compounds of fornula I
and an additional active ing@edlent (alone or in conmbination with diluent

or carrier),[0b]descriYepiAaBaveousHIlI3$.0Thie ohp dalution avweicdithlp mel)tns
f b
Phe” most >ur R BroPRied ohl A3RAb Riyihd SR8 Tl b1 PG MRLELLBY e 2Y

conposi t i ong5®anL8jsnhmgl)dh alselalslbn @ﬂ@dﬁl[rﬁ(ﬂitﬁte (aa ©aqy, 0i3agnd19 i ‘k}@tet (D06 mili, o
which are suitable for use in hunan or veterlnarg&ned|0|ne These

conposi t i onS UGN BENPRTEHET: elhcdBiEgHE Mg Stiged perig nfEHsEdure g digchne
or nore phar&ﬁﬁ&%{l gl 1%8&&9%?9'%oﬁfie)uvﬁﬁtc%n%ﬁne‘a@(f%&h@ﬁgém waiwadigvant s

conprise, inter luent's, ster aqueous ne the various
non-t oxi c or\glamwates@ véﬁ@ sal)Théncc@Padi)f amandrigdeWNaiO pr dbentgadics wetdhe form

of tablets, pills ranul es, powders ueous sol utiqgn I ensi ons,
i nj ect aﬁﬁ) 5‘5%%“8??% “BFl‘i ffa‘ﬂ“sead’ireséwwﬁgﬁpfﬁﬁlalti’:t&ﬁl ‘8%%&%??(%@%? 8 Bdent s

chosen fromd{d.Waliihc pRFRNHaf Wik SIRELE 'B? rfﬁtratfdnawmeﬂgﬁth ER Sty NER1atOf50
stabilizers in order to obtain pharmaceutically acceptabl e preparations.

[0112] The ﬁnLhuh@hwomssGﬂO¢mhpnunm@déNaﬁﬁhhuhéﬁndmnﬂhdddbnhmbbﬂsmmmab+e

for oral, subcu aneous ul ar,
ot raper | ¢ ossrbsnsiiee Lot AR AR AP R CR M YRR
topical (ing QQ'SBQS denmebz (JP‘JJ(E@'l Hé“@ﬁ?'? 67%@@99@125 180 39\ proGYl [ )
admini stration. The nost suitable route may depend upon’the condition and

di sor derl5of ltthe3 Pécs,BtonMS (BvéH ok 206 aMitdhs may conveniently be

Example 4 - Preparation of (5)-5-Methyl-2-(quinuclidin-8-yl)-2,3-
dihydropyrrolo[4,3,2-delisoquinolin-1(5SH)-one, hydrochloride salt

NZ
X
N\

0)

N\
CH,

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

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

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



presented in unit dosage formand may be prepared by any of the nethods
well known in the art of pharmacy. Such nethods include the step of

bri ngi ng wotze0vassesai at i on a conpound of fornmula | or a poharuse@ewtsssal |y
acceptabl e salt or solvate thereof ("actiye_ingredient”) with the carrier,
whi ch constitutes one or nore accessory ingredients. In general, the
formul ations are prepared by uniformy and intimately bringing into
association the active ingredient with liquid carriers or finely divided

solid carri N4 i f n a r t into the
desired for rGrju |u8g8mt%ﬁ%§ E%P' 4?26? g(oyi% g’ (r)nlggllgst fation
nmay be preséningdiady dicaed atith hyﬂrd&llc&ml@ﬁu@@ngge@snal pRCH®RIrs GPoD tb glket s

each contai ni n redeterm ned anoun he active ingredient; as a

powder or grigh gm@@ Ylags(qinysfidin: &b o3 él@d@o@éﬁgl%ﬁ 12rd6&1ﬁ0%%@6h£(5ﬁ)@@?d or a
non- aqueous r{;) i e d%r?ﬁ%‘s Mﬁ]{;ob%ﬁ%tﬁﬂ/ls'd 8@ 150 B8 s rsggd J=81Hz

wat er -i n-oi I'IPiqui active ingredient y al’so present éd as

a bol us, sel edtyany (d,or= past; 1H)02.12 m A H Rl 18t (dapy= be.3 gl e iz, Qe1yp4 .68 $inpn - or
nol di ng, optionally with one or nore accessor{rﬁl ngr edi ent s, ressed

Co
tabl ets may B8: pSépaseh, %93 e8Pk S &g ilhDe3- 3 [Bt18Me SHachihen Hd. adBi(ve
i ngredient i € g ally
m xed with al fnggﬁ?ﬁ{;@ri alr\l/ItSO(E@Ii}%}}(%@?@ﬁgﬂmﬁggﬂga?% C? ggcczbteﬂlg{gtl ve,
or dispersing agent. Ml ded tablets nay be nade by nol di ng in a suitable
machi ne a mEtamp@e 6f- Riepapsictiert dihdochiypretnd-2-(0- medryd-amabicyelo[3. hé tonandgui d
di luent. The tabl et s yig3,3akhydroplinnld)4,3c204d] BdqeinoHa-d(®H)-ane hydyodhoride
formul atjgpd so as to garvi de sustai ned, del ayed, or controlled rel ease of
the active ingredient therein. The pharpgaceutical conpositions may include
a "pharmaceutically acceptable inert scu@and this expression is
intended to include one or nore inert ex plents whi ch i ncl ude starches,
pol yol's, granulating agents, mcro cryst ine cellul ose, diluents,
| ubricants, binders, disintegrating aggntsy and the like. If desi red
t abl et dosages of the di scl osed conposi tyony nay be coated by standard
agueous or nonaqueous techni ques, "Pharp& ‘\ cally acceptable carrier”
al so enconpasses control |l ed rel ease neg 115] Phar maceuti cal
conpositions may al so optionally includesthér therapeutic ingredients,
anti-caki ng agents, preservatives, sweeteni ng:}a,gent s, colorants, flavors,

[0130] Step A: Following general procedure GP-A, endo-9-methyl-9-
azabicyclo[3.3.1]nonan-3-amine dihydrochloride and methyl 1-methyl-1H-indole-4-

15  carboxylate (A1) were converted to methyl 1-methyl-3-(endo-N-(9-methyl-9-
azabicyclo[3.3.1]nonan-3-ylamino)methyl)-1H-indole-4-carboxylate: MS (ESI+) m/z 356
(M+H).

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

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

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

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



desiccants, plasticizers, dyes, and the |like. Any such optional ingredient
nmust be conpatible with the conpound of forrmula I to insure the stability
of the fowoub@iissis4 The conposition may contain ot her aadirtust@d/oasisneeded,
including for exanple |actose, glucose, figictose, gal actose, trehal ose,
sucrose, maltose, raffinose, maltitol, nelezitose, stachyose, lactitol,
palatinite, starch, xylitol, mannitol, myoinositol, and the |like, and
hydrates thereof, and am no acids, for exanple al anine, glycine and

bet ai ne, an e S;a r e | e | es of
exci pients ﬁgb zggqés tzglgﬁg?ﬁhgz%{lta éqggcééﬁgﬁfgfga ?ers %h fﬁ

phar maceut i 03381% 630@€ BEBNL. 261 INEY {m, M) 1 64-S1.80 (] 418); MO (ESTENHI03 DRI M+H);

addi ti onal giedlents include, but are not limted to binders, fillers,
d|S|ntegranﬁ§ ¢ gBP Y@ Q); e8! Witer obi al agents, and coating agents.

[0117] The dose range for adult humans is generally from0.001 ng to 10

o/ day or al | Yoxa @b @l e &tdzsﬁroffgf.m&il PAQgEMueh alﬂ.g.rgiezvs ded in discrete

units nmay conve ent sl ﬂ) (84 h ﬁ;m é’zm' chis
effectlve at such dosa e o ?%soa Itl ln?ﬁ |ns ance units

containing 5 ng to 500 ny, usually around 10 ng to 200 ng. The precise
anount of conpound adm nistered to a paﬁfgil wll be the responsibility of
t he attendant physician. However, the d npl oyed wi Il depend on a nunber
of factors, including the age and sex of fhe patient, the precise disorder

being treated, and its severity. [01l1 N sage unit (e.g. an oral dosage
unit) can include from for exanple, 0.Q01 tjo 0.1 ng, 1 to 30 nyg, 1 to 40
nmg, 1 to 100 ng, 1 to 300 ng, 1 to 50 nio 500 ng, 31to 100 ng, 5to
20 ng, 5to 100 ny (e.g. 0.01 ng, 1 , 3 ny, 4 g, 5ng, 6 ny, 7 ny,
8 ng, 9 ng, 10 ng, 11 ng, 12 ng, 13 ng, 14 Wﬁ{ 15 ng, 16 ng, 17 ng, 18 ny,
19 ng, 20 ny, , 40 ng, 45 1y, 50 ny, 55 ngy, 60 ngy, 65

.%o m. "o, 80 g 85, B0 . Be S m it e 200, 250

[0119] Te Rh@LYRLE ABELYIGNBIS QldtIB@OIﬁétﬁmeﬂe RY SRR MRyPS-fafRyINI-St er ed
as frequently as necessary in order to obtain the desired therapeutic

ef fect. Somenghyl: Eritisdamely-4-eshondate api NMR €90 MHzgBRE:0rd 110w (s, ddBe7 8hd nay
find much wegker oBl QLENANGE, 7 68 (dd../=7.2, 078 Hz, 1H), 7.51 (t,J = 7.2 Hz, 1H), 4.23
(s, 3H), 4.02 (s, 3H); MS (ESI+) m/z 218 (M+H); MS (ESI+) m/z 218 (M+H).
[0134] Step B: Following general procedure GP-F, (S)-(—)-3-aminoquinuclidine
15  dihydrochloride and methyl 3-formyl-1-methyl-1H-indazole-4-carboxylate were
converted to (S)-methyl 1-methyl-3-((quinuclidin-3-ylamino)methyl)-1H-indazole-4-
carboxylate (64 mg, 32%): "H NMR (500 MHz, MeOD) & 7.85 (d, J = 7.5 Hz, 1H), 7.81
(d,J=7.5Hz, 1H), 7.50 (t, /= 8.0 Hz, 1H), 4.31-4.24 (m, 2H), 4.08 (s, 3H), 3.98 (s,
3H), 3.12-3.06 (m, 2H), 3.02-2.90 (m, 3H), 2.78-2.70 (m, 1H), 2.12-2.05 (m, 2H), 1.98—
20  1.80 (m, 2H), 1.72-1.66 (m, 1H), 1.63-1.53 (m, 1H); MS (ESI+) m/z 329 (M+H).
[0135] Step C: Following general procedure GP-G, To a solution of the product
from Step C, (S)-methyl 1-methyl-3-((quinuclidin-3-ylamino)methyl)-1H-indazole-4-
carboxylate was converted to lithtum (S)-1-methyl-3-((quinuclidin-3-ylamino)methyl)-
1H-indazole-4-carboxylate: MS (ESI) m/z 315 (M+H).
25  [0136] Step D: Following general procedure CP-H, lithium ($)-1-methyl-3-
((quinuclidin-3-ylamino)methyl)-1 H-indazole-4-carboxylate was converted to (.S)-2-
methyl-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2 H)-one, which

was immediately and treated with hydrochloric acid following general procedure GP-I to



doses adequate. For other patients, it may be necessary to have long-term
treatnents at the rate of 1 to 4 doses per day, in accordance with the
physi ol ogvoabowsspsisr enent s of each particul ar patient. @emarsaddopgssishe
active product may be administered orallys4-to 4 times per day. It goes

W t hout saying that, for other patients, it will be necessary to prescribe
not nore than one or two doses per day. [0120] For additional information
about pharnaceutical conpositions and their fornulation, see, for exanple,
Rem ngt on, The en Pragt . c f- Ph gg [y whi ch
is hereby i r2a gﬁygaq?m?ecrqléih%g y?) / gt@lye% Y eZtO?O[Q4 ﬁe_ﬂ s34 lgédgon% nds
of formula bn@ﬁl@d@@clﬁ&i’de%&f(ﬂl g, 884 Pas arh)ff—lwh‘tiﬂ’eamedeISNMR @C)UIMHZ DMSO-

i ntramuscul ar bection, subcut aneous i2$ect|on i ntraperitoneal injection,

t opi cal , subfel % Al (s.ilkbr a6 td.eat &8 Ha AHphed] ¢i At d)2 He, rﬂtH)aaéf’r .ﬁ@u-f pddtal |

ggg;gﬁ;;nc ﬁwg; YARY L 78 HIRLLRTS 14 [OYCANBSRL! Yaf PGl DP 048] B8 309 s,

adni ni st 6r ey al7by3.7@ (19, 1HRS.58-8 abl(et 2H) 3caches (ﬁQBH@,I mmg 2a (mr eH@tzenn ned
anount of the active |n8red|en

| | et t
el ectuary, si-Utey, 1HDapolrksd ﬁiﬁmﬂ@??\/l%ﬂgﬂﬁp g@ 2%25\6*?%&%{1?(2%8 é% (é\[%‘ﬁ)sﬁenm on

in an aqueous 44 gii d or a non-aqueous liquid, as an oil-in-water liquid
enuIS|on or a mater-ln 0|I I|qU|d enul sion, via a nlcellar formul ati on
(see, i ncor porat ed by
ereronce | PV b otk Pl (UNIBIAR 20 Pl Coea
Patent EP 736299 and PB)SW% e ishr esalo

whi ch are hereby incorporated by reference in their entlrety), Vi a
formul ati ons described in PCT Publicatido . WD 03/094886, which is hereby
incorporated by reference in its entir or in sone other form The

conpounds of formula | can also be adm nkstered transdermally (i.e. via
reservoir-type or matri x-type patcheé{ i‘sy oneed| es, thernmal poration,
hypoder mi c needl es, iontophoresis, elegtrgporation, ultrasound or other
forms of sonophoresis, jet injection, ﬁonbination of any of the
precedi ng nethods (Prausnitz et al. i Revi ews Drug Di scovery 3:1 15
(2004), which is hereby |ncorporated by re)R‘ ceinits entirety)). [0122]
Conpounq§ of fornmula | can be |ncorporatﬁq3 a | iposone to inprove

hal f-1if Compounds of fornula | can al so be conjugated to pol yet hyl ene

gl ycol (PEG)[0137]

Step A: Following general procedure GP-E1, methyl 3-formyl-1H-
indazole-4-carboxylate (B2) and 2-iodoopropane were converted to methyl 3-formyl-1-
isopropyl-1H-indazole-4-carboxylate: "H NMR (500 MHz, CDCLy) & 10. 44 (s, 1H), 7.74

15  (d,J=7.0Hz 1H), 7.69 (d,/=7.0 Hz, 1H), 7.19 (t,J= 7.0 Hz, 1H), 5.01-4.96 (m, 1H),
4.01 (s, 3H), 1.66 (d, J = 7.0 Hz, 6H); MS (ESI+) m/z 247 (M+H).

[0138] Step B: Following general procedure GP-F, (S)-(—)-3-aminoquinuclidine
dihydrochloride and methyl 3-formyl-1-isopropyl-1H-indazole-4-carboxylate were
converted to (S)-methyl 1-isopropyl-3-[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-

20  carboxylate: MS (APCI+) m/z 357 (M+H).

[0139] Step C: Following general procedure GP-G, (S)-methyl 1-isopropyl-3-
[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-carboxylate was converted to lithium
(8)-1-isopropyl-3-[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-carboxylate: MS (ESI)
m/z 343 (M+H).

25  [0140] Step D: Following general procedure GP-H, lithium (S)-1-isopropyl-3-
[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-carboxylate was converted to (5)-2-
isopropyl-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3.,4,5-de]isoquinolin-6(2 H)-one (72



chains. Methods for pegylation and additional formnulations containing

PEG conjugates (i.e. PEG based hydrogels, PEG nodified |iposones) can be
found in wenpigissis4al ., Nature Reviews Drug Discovery, 2CZA%20204348003) and
the references therein, which are hereby.incorporated by reference in their
entirety. Conpounds of fornula | can also be adm nistered via a

nanocochl eate or cochl eate delivery vehicle (BioDelivery Sciences

I nternational, Raleigh, NC). Corrpounds of forrrul a |l can also be delivered

usi ng nanoeg}f /gnats%rf{nﬁ 35 wWiLE after 2@ é’%lza 1230 otk n[or%?rsﬂep %r W—'I ﬁﬁ/lﬂ ?§(ﬁ)d

reagents an S V\BI’ USEd rom comer Ci a

Proton nucl eMHzmanﬂ i5c7. GMCHE@QQHNWR) —BPeGhE)eRe-Oh nﬁd qmngK fi,
spectroneters at 300) 400 00 l\)/Hz Sp ec?frla a)\rNg gi venﬁrln g)pm (d) aﬁd

coupl i ng condbah{’8 (t. J %P &lzy BRI B4o3i3a (Herlﬂi 3. T t3r . R)s2 P B Mwas

Fi i gan Lo T TR T oR0 P b eaP e FD ol Sk FEAF et ) 328 nB8.”

Vari an 1300lHzicry] BSquadiape)325asstispect roneter (ESI). High performance
liquid chr orraté)lﬁra ph (HPLC) anal yses were obtained using a Luna C18(2)
col um (250 [Q14fle mm SerRokeHewingmsperahpeceduny GRils (S SePREt-on at 254 nm

t A
AL Vater RO DI P e R o R M B,
Tri f1 uor oacf)-2-ikprabylt (qothuBlidiA-3=ylYai8edihydibhy@zd6[A A5 -dt Jisouoetietd(ZHAci d B
et hyl 1 - ettt DY it AL L epbgt o %lcqfﬁ%ﬁteéxeﬁcﬁ“hﬁsﬁ@ (R R DU
DVF [01 T t 0%
di sper sfl‘éL PRI R0 2PoB R 1 go% @ S RENEHETRL TS B ST Tl
added a sol Uz diH),St24nt Ayl 16iTda)| 161)45 dér(cﬂ;obeyll@t%é{zg 1H)OS @P— 46)27 (in, i) 4) 79 tt, DIVF

100 ni) at { d
( ) at Toomt SIReL & U $-WAL. 1), 3.44-3.15 (m, 5H), 2.44 (s, 1H), 2.20-2.18 (m,
1H), 1.97-1.95 (m, 1H), 1.92-1.88 (m 1H), 1.82-1.77 (m, 1H), 1.53-1.50 (m, 6H); MS
(EST+) m/z 325 (M+H); HPLC >99% (AUC), f 13.56 min.

15 Example 8 - Preparation of (8)-Ethyl-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-
delisoquinolin-6(2H)-one, hydrochloride salt

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

20  indazole-4-carboxylate (B1) and 2-iodoethane were converted to methyl 3-formyl-1-
cthyl-1H-indazole-4-carboxylate: '"H NMR (500 MHz, CDCl3) & 10. 44 (s, 1H), 7.74 (d,
J=7.0Hz, 1H), 7.69 (d, /= 7.0 Hz, 1H), 7.19 (t, J = 7.0 Hz, 1H), 5.01-4.96 (m, 1H),
4.01 (s, 3H), 1.66 (d, J = 7.0 Hz, 6H); MS (ESI+) m/z 233 (M+H).

[0143] Step B: Following general procedure GP-F, (S)-(—)-3-aminoquinuclidine

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



an atnosphere of nitrogen. The m xture stirred for 30 m nutes, then

i odonet hane (15.4 nL, 248 mml) was added and the m xture continued to stir
at room twopesatssese f or an additional 16 hours. The m xPruraseas/ogaenched
with a saturated solution of amoni um chlgyide (500 nL) and the aqueous

m xture was extracted with ethyl acetate (3 x 300 nL). The conbi ned organic
| ayers were washed with water (4 x 300 nL) and brine (200 m.), dried (Na SO
), filtered, and concentrat ed under reduced pressure. Purification of the

resul ting regjgdye to e|n
hexanes)affgrﬁyejﬁ met h;‘ﬁqﬁ ﬂ lrB%I C&P %g}?bédkﬁ%iewy(l,&le%ﬂ%
57903()1 ?3 ag q'(qumudhdﬁlhsxyrayrah@)lrﬂdﬂzﬁ)dlHﬁﬁdazeteamdmﬂgx liﬁvNNRoﬁ%ﬂ@d%-lﬁthu%D? 3) d
= S,
IH), 7.09 (s(S) ﬂﬁ}hylé @@u{ﬂschdmaé-Y’lae,nnzs)n@eéhylkllﬁfln&eﬂ%%@c#Omlﬁter Mﬁ Gy 2
Exanmple 2 - %qg@g@tl on of Methyl |-benzyl-1 H-indol e-4-carboxylate (Al b)
Condi ti ons: , NaH or Cs2CO3, DMF [0125] Step A To a solution of
met hyl i ddol[@145]car boxSteabeFolldvilg genddl. prdcannrd P W ditlidoe(d)-$ eethiydi®-hydr i de

R L e RN TR

m nut es. TO etﬂWl-37 (‘ﬁ?ﬁm@ﬁléﬁﬁfﬁ ﬂ?ﬂ@dlh@ﬂl@%ﬂ%l@@ 48 di‘hsoqzlﬂlo‘ﬂlnf@(@m-oﬁ@q\/lghe

m xture continued to stir hours. The m'xture was poured Into an
i ce/ wat er m(%tP@rIe)IaﬂoBléXMﬁt)t ed vvlth di ethyl ether (3 x 500 m.). The

mbi ned I hed with b d 2S0
M L A e

l |1 w
e e il el et e i

pal e yel | ow (gmmuclmnéWlbwscilbydrpmaij@{ésﬂ &t/ ngloﬁmé(wh@l(%b on@x:l 3)

7 507,16 (i J@M&d@%ﬁ Ehsd 9y Gadgtdfbudy 7508 < s g Ty

Q

(ESI+) mz 27653247 arrm €d,J = 7.PHEpanHats 2N(dof =Mat hmt, ﬁ{)‘ @rlm(h J=168
H i ndazol e- 4-car box I at e Bl Conditions: A NaNO 2,
H2OConpound @ thh‘é\?/%(tRi 9 g pdidael- 06 Mg 2Dndéf (i éCf Sbﬁ) b@ehﬁi} 8.54-

reportedsi n pat ent, W0920441 8302311 2 53248 (m, 1H), 2.20-2.18 (m, 1H), 1.97-1.95 (m,
1H), 1.92-1.88 (m 1H), 1.82-1.77 (m, 1H), 1.43 (t, /= 7.0 Hz, 3H); MS (ESI+) m/z 311
(M+H); HPLC >99% (AUC), fz 12.57 min.

Example 9 - Preparation of (S)-Isobutyl-7-(quinuclidin-3-yl)-7,8-
dihydropyrazolo|[3,4,5-de]isoquinolin-6(2 H)-one, hydrochloride salt

O N
,N
N oon,
20 CH,
[0147] Step A: Following general procedure GP-E1, methyl 3-formyl-1H-

indazole-4-carboxylate (B1) and bromo-2-methylpropane were converted to methyl 3-
formyl-1-isobutyl-1 H-indazole-4-carboxylate: 'H NMR (500 MHz, CDCl3) & 10.63 (s,

25 1H), 8.16-8.02 (m, 1H), 8.01-8.00 (m, 1H), 7.54-7.51 (m, 1H), 4.67-4.66 (m, 2H), 3.93
(s, 3H), 2.28-2.22 (m, 1H), 0.89-0.82 (m, 6H); MS (ESI+) m/z 261 (M+H).



[0126] Step A Aqueous HCO (56.0 rnL of 6N solution in water, 0.33 nol) was
added dropwi se over 1 hour to a stirring suspension of nethyl | -indo

| e- 4- car bwoypb@issqss. 0 g, 28.5 Mol ) in a solution of soscwruspecdiises (24. 0
g, 0.34 nol) in water (500 nL) at anbientsgenperature. The m xture was
stirred overnight at anbient tenperature, and then extracted with ethyl
acetate (5 x 300 nlL). The conbi ned organic |ayers were washed with water (2
x 300 nL), brine (200 nmL), and dried (Na SO ) . The organics were

concent rat eiﬂgﬁjer r ecg{%ﬁﬂt [}:{gﬁgwy g %‘, Ital %roeédaucfe Ei;P li,tc(?gg )V?grpml% ulrnvglgdln ffter

cooling in ice ba was €co ron,

washed w t h digyddoglidryde am@eﬁahya 3(fi>(ﬂm§r1.l11so®n®mea@ﬂe@k( 4Q>Qrbﬂsk)11aw‘kderdl’l ed
(Na2SO™4) to afford nmethyl 3-fornyl-I -indazole- 4- carboxyl at e

35% as a y@opﬁwww&methymw%bwa@un@m Frygymigo s tidl- té’-mqlaq))le 47 92

d J=28.1 Y( : 7.58 (t, J =7.2 I

g. 96 (s, 3FDJ%N§EIFESMS)@P®¢%6@Z%7I\}I+M ﬁ%xarrpl e 4 - Pﬁepar ation of v

(5) - 5- Methy|[0P49]qui nu(SteijnRllyW)ng&eﬁeraHpﬂmyeﬁw@ﬁPF@J @)nakt1B;1 2-idejutyl-3-

Sy S RS R AT o B
-methyl - 1 <. ndQpufi4: R@[ﬂ?ﬁ@fﬁd‘u@@%zla(rﬁh%)rﬂ&ﬁf]-@PiDM@ézto?éMIchbeﬁhte WJEQI\)B

I-nethyI-S [ (qui nucl’i di n-8-yl am no) net hyl | -indol e -4-carboxyl at e:
(ESI+) mz 328 30RM)-H). [0128] Step B: Fol | owi ng gener al procedure GP-B

5) -1 - met hyl - t d | e-4- t
(9) L ety 901 gLy . P am o iet il ol 1 O canbpp at e ves
- i ndol e-14- cgrhexidliaines- Mﬁuﬁ@&etﬁ 1 H-lﬁae&o(ewbarboxil%&%]s coheRtelito Fgj-bow ng

general procedure GP-C | i thi um( ).- yl - 3-

[ (qui nucl i d.lspt@ixl+7a¢ﬁun@1)>h@mi§ryl]) - dmdwam%obm@ér@bmum®nvﬁgﬂwn@th ed to

1Se]S|) sbiurﬁg:}%{% {@gHMIHCl | 9@%%8 é9)\/\/5§5%%%§¥ 37@’4 (Ightzgfa?’%ﬂﬁ% i? lr?yg]?’ oz(ﬁ‘?r oric

acid foll owigqrgn-gesveinali rm@dm&n@fr? 88903 B (m, 2H), 3.64— 342 m, 1H), 3.41-3.39
(5)-5-net hyl - 2- (qui nucIPPdl n- -2 di hydroi(:)yrro)l 0B4 3, ( %

f e] i soqui nol(m-2H)52.6§—-20k3e(m, H’}Br@@ﬁﬁ(b?l e, @A), MS (AINVR W@WH)DNBOJ 6) d
(1 m 209135, dlsng 5 SapPoFolin Gengst Pty G Gy 2yigblind Tyguperidipy ™
.73 (m | H)3-yl§-7@d1@15ﬂirob?9azol§[%S%F%Cﬁﬁﬂolﬁt@(QHgoﬂQWQMOHV@ted % @R2(m
isobutyl-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3.,4,5-delisoquinolin-6(2 H)-one,
hydrochloride salt: "H NMR (500 MHz, DMSO-ds) 5 10.05-9.59 (bs, 1H), 7.85-7.72 (m,
1H), 7.61-7.46 (m, 1H), 7.46-7.32 (m, 1H), 5.28 (d,/=17.0 Hz, 1H), 5.15 (d, /= 17.0
20  Hz, 1H), 4.87-4.64 (m, 1H), 4.33-4.14 (m, 2H), 3.66-3.52 (m, 1H), 3.51-3.26 (m, 1H),
3.25-2.92 (m, 3H), 2.40-2.31 (m, 1H), 2.31-2.05 (m, 2H), 2.05-1.54 (m, 4H), 0.96-0.79
(m 6H MS (ESI+) m/z 339 (M+H); HPLC >99% (AUC), tg 12.32 min.

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

25 F



IH), 1.99-1.97 (m 3H); M5 (ESI+) mz 296 (M+H); HPLC 98. 4% (AUC), 9.80
mn. Exanple 5 - Preparation of

' n</ 0- 5- e/ R5(59- met hyl - 9- azabi cycl o[ 3. 3. 1] nonan- 3- PCT/US2009/045484
yl)-2, 3-di hydropyrrol o[ 4, 3,2-tffe]isoquingiin-|I (5 H)-one, hydrochloride
salt [0130] Step A : Follow ng general procedure GP-A, e/ ?<io-9-nethyl-9-
azabi cycl o[ 3. 3. 1] nonan- 3- am ne di hydrochl ori de and net hyl 1-nethyl -

| Hi ndol e-4- carboxylate (Al) were converted to nethyl

| - met hyl - 3- (e/ ?<i 0o- N- (9- nethyl 9-

azabicycl o nona met h car

(Estn oL BTy St B RE B gpeefi P g p M Pl Tl .
nethyl |- mtlh&’dZ’O&’4 @érBGkﬁatN(Bl) and 4-fluorophenylboronic a01d were converted to methyl 3.
(9-net hyl - 9-azabi cycl o[ 3. 3. 1] nonan- 3- ylanlnoeneq

h
1 ndol o - cfamﬂy@ffampm@y%mﬂmewarwﬁ e TENNIR (300 MHz, DMSO-do)

§| et Egl) { (5 B e %gé;f@fé%n/%%@gr %‘% liwe ~Ga-Hr 1M o132]

?tg ep tCh roglmﬂ%ﬂ@?qmgl 7. péﬂpﬁﬂ@ﬁ ez?fﬁls 92 (4, I3H)I ers tEsm hyd 28 (\eH3Ri 0- N-
met hy azabi cyc nonan- 3-yl amn
H-i ndol e- 4- dQtBdxyl at eéth OHOwHIZReneLs! FcliOC@J ure G@’gE r@rhw& gnaeghnegldin 3 . 3

1 3-yl d whi ch
was | mwoa vl Rt e o PRGBSk 2 Finduad PR vt B i o

GP-D to aff Qﬁ@{hﬂll Q- ﬂuorbﬁhdi@l)tﬁl[(qﬁmuchdln 3-ylamino)methyl]-1H-indazole-4-
azablcyclo[3 3. 1] nonan- 3- glg 3-dih dropyrrolo[4 3,2- felisoquinolin-1(5
H) - one, Hydr%ﬂqﬂxawedé/l%éﬁ I+ WZ{\MQ )-MHz, DVMBO-J 6) d 9.56 (bs, IH), 7.53

El.Cisz( s, 72§|)[h¥%4]89 (s, ﬁ%ﬁ{?d@?ﬁ%‘“’% %&t‘%n{)ﬂog%urgg%%é(@ ‘?g"lfqyl 15(310 (rln 5I4-H) 1. 10
(m 4H): NB fuESphenyt)3- [B@Anlqdwahhys yHﬁhﬁb)n%l%lI AH@)ldaztoR 42a1$d>xytana wasxanpl e 6

- Preparation of (5)-2-M qui
di hydr opyr aZ8f§§rEd40 511411% é ‘FRSPI? )% I:Zslulahgldl%géafrl%wpmtaﬁ] -slagole-

[0133] Step 4%arb&8hit9‘0&h'ik91 \ge?sr\fs'é@lm ﬂ%%@%@pewﬁfo@furtﬂé%ﬂﬂﬁcﬁoh qgsh Y

i ndazol e- 4-car boxyl ate (Bl) i odonet hane were converted to net
3- fornyHSInHmh¢93($ndﬂ%dﬁtole 4 carboxylate: 1H NVMR ( OO MHz, CDO 3) d

I1I9|) ,547( 21 (m)lég 7 2 p Dy Eﬁlzovhlhggeneral prbcedH%e Gg P?%tlglum (S)] 1_(4-7 2, 078 Hz,

fluorophenyl)-3- [(qulnuchdln 3-ylamino)methyl]-indazole-4-carboxylate was converted
to (S)-2-(4-fluorophenyl)-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-
6(2H)-one: "H NMR (500 MHz, DMSO-ds) 8 9.60-9.40 (bs, 1H), 8.03 (d, J = 8.5Hz,

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

[0156] Step E: Following general procedure GP-1, (S)-2-(4-fluorophenyl)-7-
(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2H)-one was converted to

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

30 98.0% (AUC), & 13.39 min.



(s, 3H, 4.02 (s, 3H; Ms (ESI+) mz 218 (MtH); Ms (ESI+) nlz 218 (MH).
[0134] Step B : Follow ng general procedure GP-F,

(5)-(-)-3wemeogsisaucl i di ne di hydrochl ori de and net hyl Pefrarsoai4susaet hyl -
| -1indazol e-4-carboxyl ate were converted. §p- (5) - et hyl

| - met hyl - 3- ((qui nucl i din-3-ylam no)nethyl)-1 -indazol e-4- carboxylate (64
ng, 32%: 1H NMR (500 MHz, MeQD) d785(d, J =7.5Hz, IH, 7.81 (d, J =
7.5 Hz, IH), 7.50 (t, J = 8.0 Hz, 4.31-4.24 (m 2H), 4.08 (s, 3H),

3.98 (s, 3H), 312306(m 2H) 302290(m 3H), 278270(mIH)

I2I—|)12 f/BO?E(S{E-F’Sa%mIE 1%2 re gz) (g E?’ %Ot%g%ﬁ%\?ﬁ%ldlhggmg& ro’(‘:‘gsguﬁtran

GP-G To a solution of lﬁ(éq P% F YHe t hyl

| - met hyl - 3- ((qui nucl i di n-3-yl am no) net hyl )<] /-f-indazol e-4- carboxyl ate was
converted to Iithium (5)-I-nethyl - 3- ((qu@i di n- 3-yl ani no) net hyl y- |
-indazol e- 4-carboxylate: Ms (ESI) nmz 31 H . [0136] Step D:. Fol |l ow ng
general procedure CP-H, lithium(5)-I -ﬁEt vl - 3-

((qui nuclidin-3-ylamno)nmethyl)-1/-f-intgzoke-4-carboxyl ate was converted
to (5)-2- nethyl-7-(quinuclidin-3-yl)-7,_8
fe]isoquinolin-6(2 )-one, which was i athyly and treated vm'th

hydrochl oric acid foll owi ng general pré gy GP-1 togive

(5)-2- nethyl 7- (qui nuclidin-3-yl)-7, 8- d|hydropyrazolo[3 4, 5-

fsg} : Zoqlilj_llanﬁl 'é( 2H) - SQE&?A Wﬁﬁﬂﬁw d}fﬂlgﬁyl%afoﬁ‘m&‘gl@Hqﬁdazgfé% cﬂ%o?ﬁa‘[@f(ﬁl)’m' te
7.53 (t, J :(5'0 R 20D, rmlnbl)) andsd@uMydﬂldg(Bzg 4 ninkd)l) ub"THB/IIMF Q. 5:1 260r7lL)-|z

3755 70 (ntesieapendd B Sl Mopotsfiobduandgiffncgy o @Lz%‘?é%ﬂol?ﬁaél o)

2.22- 2.19 (dided Hd th@nﬁ{%réa%n(nﬂktu%auovb@ to & dt)anrﬂlé’ntie&ﬁpe(r%#el)for L CTH8. 3%
(AUC), tR 13.35 m n. Exanple - Preparation of

(S)-2-1s opr apixtury wag ghensbed Wutha:%ayllra)tedimuthn ﬁﬂﬂ&%@h éli)ﬁlr@LI fdexgagfed with
d 0137 Fol I
00t vl R L1510 DY RRONAL! 5,521 ek R Tk a0y B! L e 2

2- i odoopr opaNe,Y&)) £fileRad, and eﬁhdeﬁtrﬂéﬂ blydleﬁedwz ﬁesduré Opl!itﬁﬁl)éhon bf the resulting
H i ndazol e- 4- carboxyl ate: 1H NWMR (500 4 (s, IH, 7.74

(d, J = 7.0 IPHS duq lp.}) coltprngghl(oglatqgr&phy (@lllp& gell, ﬁ.[y toﬁS%getbyl acgtate n hgxqqfs | H),
5.01-4.96 ( rgffolr('f@d 'the desired product as a mixture of regioisomers: methyl 3-formyl-2-((2-

(trimethylsilyl)ethoxy)methyl)-2 H-indazole-4-carboxylate (2.06 g, 25%) as a yellow

15 solid: "H NMR (300 MHz, CDCl3) & 10.97 (s, 1H), 8.21-8.10 (m, 2H), 7.50 (dd, /= 8.7,
7.5 Hz, 1H), 6.25 (s, 2H), 4.04 (s, 3H), 3.71 (dd, J = 8.4, 8.4, 2H), 0.89 (dd, J = 8.4, 8.4
Hz, 2H), 0.00 (s, 9H); MS (ESI+) m/z 335 (M+H)" and methyl 3-formyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-indazole-4-carboxylate (4.96 g, 60%) as a yellow
solid: "H NMR (300 MHz, CDCl3) 8 10.54(s, 1H), 7.89-7.83 (m, 2H), 7.55 (dd, J= 8.4,

20  7.5Hz, 1H), 5.88 (s, 2H), 4.03 (s, 3H), 3.56 (dd, /=9.3, 8.1, 2H), 0.89 (dd, /= 8.4, 8.4
Hz, 2H), —0.01 (s, 9H); MS (ESI+) m/z 335 (M+H)".
[0158] Step B: Following general procedure GP-F, except that dioxane was used
as solvent and sodium hydride was used as base, methyl 3-formyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-indazole-4-carboxylate was converted to (S)-methyl 3-

25  ((quinuclidin-3-ylamino)methyl)-1-((2-(trimethylsilyl )ethoxy)methyl)-1 H-indazole-4-
carboxylate (1.77g, 85%): "H NMR (500 MHz, CDCl3) & 7.81 (dd, J = 7.5, 0.5 Hz, 1H),
7.75 (d, J= 8.0 Hz, 1H), 7.44 (dd, J=8.0, 7.5 Hz, 1H), 5.82 (s, 2H), 4.32-4.20 (m, 2H),
3.99 (s, 3H), 3.56 (dd, J= 8.5, 8.5, 2H), 3.48 (dd, J =2.5 Hz, 2H), 3.18-3.10 (m, 1H),



4.01 (s, 3H), 1.66 (d, J = 7.0 Hz, 6H); M5 (ESI+) nlz 247 (M+H). [0138]
Step B: Follow ng general procedure GP-F, (5)-(-)-3-am noquinuclidine

di hydr ochwono@eissosd net hyl 3-fornyl -1-isopropyl -1 H i ndazolus2ebsoassdBoxyl at e
were converted to (5)-nethyl -53 -

| -i sopropyl -3-[(quinuclidin-3-ylam no)nethyl]-I Hindazol e-4- carboxyl ate:
M5 (APCI +) m z 357 (I\/HrH) . [0139] Step C. Follow ng general procedure GP-G
(5)-methyl [|-isopropyl-3- [(quinuclidin-3-ylamno)nmethyl]-I

el o A LT 1015210

H i ndazol e- 4ntaHhoxy0-at Bt (nv8 H)FEBRY (dd, 3 =313, KNHZI) 2H) [-@ﬂ)é@s] 9HD€MSD(ES-T9) how ng
gener al procedure GP-H, lithium (5)-1-i sopropyl
[ (qui nucl i di4#> N&*T%)m no) met hyl ] -1 H-indazol e- 4- car boxyl ate was converted to

(50 S oo 7 (OB SR i Ergh LA ol fmutin

| yophyl i 2at iydaminopmnethglet] (2 trinh el s tydyethok iAndvi/1§-3 B0inlA4o] c-Me@Dpx daté. (6.77g) 62

I 7.50-7.48 2 1- 4.98-4.9 4.78 (t,
S He, W%ﬁ)conﬁe‘% ‘9 C%e(lﬁﬁuuﬂ@') 33 (b3 Pl ]IQYISE(IQ 80 (m 3I(-|)
2.21 I x i 1.57
2y J(i ! H)(tnrﬁetﬂxﬁ) gylﬁ%h&%mcﬂﬂ%d) nljlh; %%gz’!ol?ﬁ c(ﬁ)PBo Izl}e Ms gt | %nﬁz?ﬂFlo améivI'\:I) »
general pr odddte GP-1, (5) 2-i sopropyl -

(qui nucl i di 30? &II )- 7, 88t Bydlrooapl){nx lZlI%IO Icrsdd% h%hlurn (SI %CI I'IIlIIIu%Ihdln ?( 2H) -one vas

converted t

) - 2- i soApOPYHanimb étﬁf,ﬂl(}IlL(gl-StrﬁldﬂI&lmFy d)%ﬂ@x?)fﬁétgﬁ)’flﬂzﬁhéﬂo% -4-chrbokylate (1.73 g,

]|squ|noI|n 6(2 - onhe ochloride sa @ as an off-white
sol i d lH NMR &ye i@ pyodee{(&0 gd.) b@ dedglyopyd chlprideg. 4

HZH) 5 16 ( gg 0 Jmﬂg %w droé)wélIs%BongfzS 11@7§1'(11:I‘1nI_IZvﬁI I&ﬂtl%a%?r(ggnf} a%d %@ﬁghc

H)y, 3.64 (treadlion nﬂxﬁhré‘ﬁllovIrdd)to warddo 3mb5cn¢ fﬁrn}ﬁl’ﬁturc%né@tu(rsd fdrIth,ad&tlBﬁ)al& 18

I

I

(m IH, 1.97-1.95 (m |I. 92-1.88 mIH) 82-1.77 1.53: 1. 50
(m 6H): M6 Edieryagion mizgirg Wﬂyoncemir{%’se gmmyeyd prter@urearsiethﬁricwde madsH e 8
- Prepanati 19 A ropyrazol o

[3, 4, 5- l?ff oalII‘?IrIﬂé’ I%I‘lzﬁﬁr&g%%%ﬁ eIlu%tg ls’ogfd(I CII%(_IIM] Step A

Fol | owi ng g&hérlaﬂonmﬂmne’dwﬂ&mﬁ?calccntmﬁeﬁylhmﬁmﬁm hy rolkideiiin dechtremethane) to

afford partially pure desired product (9.21 g). This material was dissolved in methanol
(40 mL) and treated with 7N ammonium hydroxide in methanol, the solid formed was
filtered and the filtrate concentrated under reduced pressure to afford (S)-7-(quinuclidin-

20 3-yD)-2-((2-(trimethylsilyl)ethoxy)methyl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-
6(2H)-one (1.50g, 91%) as a pale yellow solid: 'H NMR (500 MHz, CDCl3) 8 7.70 (d, J =
7.0 Hz, 1H), 7.64 (d, /= 8.0 Hz, 1H), 7.58 (dd, /=7.0, 7.0 Hz, 1H). 5.76 (s, 2H), 5.26—
5.12 (m, 2H), 4.78-4.72 (m, 1H), 3.97-3.70 (m, 3H), 3.60-3.22 (m, 5H), 2.60-1.90 (m,
5H), 0.96 (dd, J = 5.5, 5.5 Hz, 2H), -0.05 (s, 9H); MS (ESI) m/z 413 (M+H)".

25 [0161] Step E: To a sealed tube containing a solution of (S)-7-(quinuclidin-3-yl)-
2-((2-(trimethylsilyl)ethoxy)methyl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2 H)-one
(0.71 g, 1.73 mmol) from Step D above in dioxane (10 mL) was added 6N HCI (20 mL).
The reaction mixture was flushed with argon, sealed and heated to 115 °C for 30 min,
cooled to ambient temperature and concentrated under reduced pressure. The residue was

30  preabsorbed on silica gel and purified first by column chromatography (5 to 20% 6:3:1
dichloromethane/methanol/concentrated ammonium hydroxide in 9:1

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



4- carboxylate (BlI) and 2-iodoet hane were converted to nethyl
3-fornyl-lethyl- | Hindazol e-4-carboxylate: 1H NMR (500 MHz, CDCl 3) d 10.
44 (s, |Hyp2009/85¢45d, J = 7.0 Hz, IH), 7.69 (d, J = 7.0 key/uskiog/ods4gd (t, J
= 7.0 Hz, IH), 5.01-4.96 (m IH), 4.01 (s543H), 1.66 (d, J = 7.0 Hz, 6H);
M5 (ESI+) mz 233 (MrH). [0143] Step B: Foll owi ng general procedure GP-F,
(5)-(-)-3-am noqui nucl i di ne di hydrochl oride and nethyl 3-fornyl-l -ethyl-

| H i ndazol e- 4- carboxyl ate were converted to (' S) -nethyl

S A AP o AR A A

(5) -met hyl Imedifiyt)- Fhe bdlgettonuetd Idmlbvé’d wl @Uh@@ddﬂ!ﬁb Idyéu)ed|product trifluoroacetate
H-i ndazol e- 4- carbox | ate was converted to lith

(5) -1 - et hyl -s3Lt¢yag GiSﬁQﬂ(Yqu ay %SOéutwnah%H)Iﬂ@k lwmthqmqhﬂ rggrad thesabsaky| at e:
M5 (ESI) n1 elff’i%g%({ (F{I_Jig?o eg((c[&ggg% dgcet F %Ht? h@%ﬁ/gﬁaﬁ oﬁlde Qﬁlpfo?ﬁur e GP-H

l'ithium (5)- am no
H i ndazobe- R@ayslmcbbr;;altlah ef Maaiemwd/mdm;d h1y¢ro¢51)3f12e salt from ethanol (10 mL),

hyl - 7- | ) 7 8- di hyd | , 4, 5- 1
Ji s)c/)qui néﬁf'rfnﬁ%ﬁ%zif b et R spiC rz@?@(r%ﬁ% 6 mﬂ)@%@ﬁedé% E:
Fol I owi ng 93361&1@&11(915 @%ﬁ{i#fg%lﬁfdrb% (2lo[3;44- Qyjlsoé?ﬁlgﬁh%%'ﬁlj - hpdrochloride

yl) -7, 8-di hydropyrazolo i soqui nol i n-6(2H) - one was converted to
(5)-2-ethyl -slt (3 R ¢ B Yol narBappiphayswhithyadido gy NAEBI(50 BMAZ5 ds-DMSO)

f | h | ari d | 0 6) d
10 50-5- 00 (b0-F1 fy 151Gy st TSk 2 ed e 83y, 11 B3F % 3h% wﬁvs%ﬁig )
Z]t = 3 Elgz 7'HJZr9(d §=2}‘b 1(19 IH]) 53265 ?4{#5 2}&)’4)1,795'& ﬁé@ﬂzﬁﬁﬁ%@@ﬁzﬁf 'Zﬂh)
{52 5 ok g,

m t =
7.0 Hz, 3H): ﬁl%é?%éﬂ&#% 7%3HFRA+H) HPLC >99%(Auc;n, tR 12.57 nin.
Exarrple 9 - Preparation of (S)-Isobutyl-7-(quinuclidin-3-yl)-7,8-
di hydr opyr azotaanjhie 14 - Propdrakioa @ (RPL MethyR 7/ nidelidiny3yHeig-or i de salt
[0147] Step Al Foll OWdIHy(ﬁ%P?Pz?doldIB QAL 1s8q&iRofth-6(2B1-bNé, df&mtidd salt

Hi ndazol e- 4-carboxylate (BlI') and br ono- 2- rret hyl propane were converted to

met hyl 3- N?

@) N
N
N
A\
15 CH,
[0162] Step A: Following general procedure GP-F, (R)-(+)-3-aminoquinuclidine

dihydrochloride and methyl 3-formyl-1-methyl-1H-indazole-4-carboxylate were
converted to (R)-methyl 1-methyl-3-[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-

20  carboxylate: MS (APCI+) m/z 329 (M+H).
[0163] Step B: Following general procedure GP-G, (R)-methyl 1-methyl-3-
[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-carboxylate was converted to lithium
(R)-1-methyl-3-((quinuclidin-3-ylamino)methyl)-1 H-indazole-4-carboxylate: MS (ESI)
m/z 315 (M+H).

25  [0164] Step C: Following general procedure GP-H, (R)-1-methyl-3-[(quinuclidin-
3-ylamino)methyl)-1H-indazole-4-carboxylate was converted to (S)-2-methyl-7-
(quinuclidin-3-yl]-7,8-dihydropyrazolo[3,4,5-delisoquinolin-6(2 H)-one, which was



formyl -1-isobutyl-1 Hindazol e-4-carboxylate: 1H NVR (500 MHz, CDC 3) d
10.63 (s, IH), 8.16-8.02 (m IH), 8.01-8.00 (m IH), 7.54-7.51 (m IH),
4.67-4. 66WwOrmos2idF9s43. 93 (s, 3H), 2.28-2.22 (m I|H), 0.82c®nB2000mu548H); M5
(ESI+) mz 261 (M+H).[0148] Step B : Follewi ng general procedure GP-F
(S)-(-)-3-am noqui nucl i di ne di hydrochl ori de and net hyl

3-fornyl-1-isobutyl-1 Hindazol e-4-carboxyl ate were converted to (5)-nethyl
| -i sobutyl -3-[(quinuclidin-3-ylamno)nethyl]-1 Hindazol e-4- carboxyl at e:
?/E) (Arr\EtCIh;/-I) Ir%llzn'lse ajf?lyltregped [\)v(l{hu| lf(]"igc!: ot 1ecpact% foﬁ&l)v&nor%%e?lgr[ E§1i0F cfure %rPOlCtg%%ee(R();P G
H- i ndazol e- 42-ﬁlaﬂi?DXB(h@lh&cMﬁﬁ-SC}Q)WSFdlﬁyﬂrbpyrhidldS[BWﬁ Ez’@soqllmbﬁﬁ%(ﬂ N)-or,

-[ (qui nucl i di n- yl am nq) net h - 1H i ndazol e- 4- car boxyl ate : M5 %ESI m z
357 (M) . 1{3’@1@@]01‘1@?@@“ RN (AR gl roeLivel P (1€ hSOILS) -
Lo sobutyl - 3, %gggouc}bﬁz 1), AT FORHIY I 5 2 nfeg o dear boxd ate
i sobutyl 57- (J}HIIGIISCHZI dHn-B7Yy(t).7 %98 Hi, N 908 1(62301)08.32-43.69 (rh elH)s 8G8+-N9% (1; 6( 2
H) -one: 1H NWVR (500 MHz, MeOD) d 7.69-7.65 (m_ IH, 7.56-7.54 (m 2%
5.32-5. 15 ( MH2Rf0-328 (ma2i)z 32331 R, JHRE-%-242((m, 1@94)2 2%299- (. d ) (#P82H)

3.64-3.42 ( LBy . 91 (m 6H);
MBS ( APCI +) ?1%4 @93(%&%3 %Sgﬁéf?zgﬁzy +I£?).’ ﬁ%(%ﬁ %é)vy&ng] ge étrRalf% 3:)élrsﬂ[(%{(?ledure GP- |
(5)-2-isobutyl-7-(qui nuclidin-

3-yl) -7, 8- diEmaomyalp\ 8 a Prepdration of (RediFoanor 2roleithnyl 61-@ v udiddn-3epd)-8nverted to
(S)-2- isobutyl - 7- ( quidibgdroply razdlofB.H;57disditindlinmy2 Hr-oha[h3 ddodoride salt

] i soqui nol i n-6(2H)-one, hydrochloride salt: 1H NVR (SOCO MHz, DMsO-J 6) d
10.05-9.59 (bs, IH), 7.85-7.72 (m IH), -7.46 (m IH), 7.46-7.32 (m
IH), 5.28 (d, J = 17.0 Hz, IH, 5.15 (d, 17.0 Hz, IH), 4.87-4.64 (m
IH), 4.33-4.14 (m 2H), 3.66-3.52 (m IH7Y3.51-3.26 (m IH, 3.25-2.92 (m
3H), 2.40-2.31 (m IH), 2.31-2.05 (m 34d) N2.05-1.54 (m 4H), 0.96-0.79 (m
6H M5 (ESI+) mz 339 (MtH); HPLC >99%( A tR 12.32 min. Exanple 10 -
Preparation of (S)-2-(4-Fluorophenyl)- guaucl i din-3-yl)-7, 8-

di hydropyrazol o [ 3, 4,5-de] isoquinolin @ N one, hydrochl oride salt[0152]
Step A : Follow ng general procedure {3 et hyl 3-fornyl -1 Hi ndazol e-

4- carboxyl ate (Bl) and 4-fl uorophenyl borom c%l d were converted to nethyl
3- fornyl-(4-fluorophenyl)-I Hindazol e-4-carboxylate: 1H NVR ( OO MHz,
DMSO-J 6) [0165] Step A: Following general procedure GP-E1, methyl 6-ﬂu0r0-3-forrnyl-

1H-indazole-4-carboxylate was converted to methyl 6-fluoro-3-formyl-1-methyl-1H-
indazole-4-carboxylate: 'H NMR (500 MHz, CDCls) 8 10. 44 (s, 1H), 7.57 (dd, J=9.1,

15 2.1Hz 1H),7.30(dd,J=7.9, 2.1 Hz, 1H), 4.18 (s, 3H), 4.01 (s, 3H); MS (ESI+) m/z 237
(M+H).
[0166] Step B: Following general procedure GP-F, (R)-(+)-3-aminoquinuclidine
dihydrochloride and methyl 6-fluoro-3-formyl-1-methyl-1H-indazole-4-carboxylate were
converted to (R)-methyl 6-fluoro-1-methyl-3-((quinuclidin-3-ylamino)methyl)-1H-

20  indazole-4-carboxylate: 'H NMR (500 MHz, CDCl3) 6 7.52 (d, J=9.5 Hz, 1H), 7.18 (d, J
= 8.4 Hz, 1H), 5.35 (br s, 1H), 4.24 (d, /= 13.7 Hz, 1H), 4.16 (d, /= 13.7 Hz, 1H), 4.00
(s, 3H), 3.98 (s, 3H), 3.17-3.12 (m, 1H), 2.93-2.91 (m, 1H), 2.83-2.75 (m, 4H), 2.53—
2.50 (m, 1H), 2.02 (br s, 1H), 1.74-1.62 (m, 2H), 1.56—1.44 (m, 1H), 1.41-1.31 (m, 1H);
MS (ESI+) m/z 347 (M+H).

25  [0167] Step C: Following general procedure GP-G, (R)-methyl 6-fluoro-1-
methyl-3-((quinuclidin-3-ylamino)methyl)-1H-indazole-4-carboxylate was converted to



d 10.39 (s, IH, 802 (d, J =9.6 Hz, IH), 7.92-7.88 (m 2H), 7.80 (d, J =
6.9 Hz, IH), 7.72-7.69 (m IH), 7.56-7.50 (m 2H), 3.92 (s, 3H) ; M (ESI+)
mz 299 (WbHpoy/s8i33] Step B : Fol | owi ng general procedece/uSEbob/045484
(5)-(-)-3-am noqui nucl i di ne and nethyl 3:-§@rnyl-(4-fluorophenyl)-|I

H i ndazol e- 4- car boxyl ate were converted to (S)- nethyl

1- (4-fluorophenyl)-3-[(quinuclidin-3-ylam no)nethyl]- |Hindazol e-4-
carboxyl ate: MS (ESI+) rﬂz 409 (l\/HrH) . [0154] Step C. Foll owi ng general

pr ocedur e GPr

fluor ophenyl %“{ uérﬁlﬁog [ d| n (g}rlr]imu ldmt%y*a]m”ilo)p&ethr?'cll‘)alz[gll%d 01(:ea4r boxyl at e
was convert edrifodylatd: MSIQEST) m/z 333 (M+H)

(5)-1-(4-fl uor henyl) 3- é(g: i nucl i d| n- 3-yl am ng %ll i ndazol e-

4- car boxyl atl@ | ch” waxeriBedollawings2enesed pocegr u]t1 fupp {Ret-flgeior F cat i on:

'\G’E_ I(_| ES: ” h%rﬁqetﬁ%% (ﬁﬁ{ chd\{h R gla@b5mkingh SR HidaZAL OM B yRENE L LoREASERMT ©

f I uor ophényl(®)-3- fﬂl(m]WFlﬂethyU7-(lqlﬂﬁl}dlﬂm By))RE8 fayt idropyikerotl| 84 5-ddisbquiydlat-e was
converted t

5" (a1 uor GshEhgny s e et 1. 1 OB LR B Tt .

b os (d 9 = sre g . 7Ry S 1y M5 @6 Dot Ay B /5

(m 1 H) 7. 46-THA31 H)ow. 72181d, 5= 88, §.d HZJ 1H) 140 B(sHBH), 13 1 -35924, QF), 3176=316% :
(m 619! b (ath 4% B b o o ssefD & 2 (eafhohi g yameraf 2867

procedurig G o (rh 51)H7>2Ms4cﬁ§1mpmpﬁ%rtmlq NG
(qui nuclidin-3-y - di hydr opyrazol o[3, 4, 5- Je] i soqui nol i n-6(2 H)-one was

converted t c{0169] Step E: Following general procedure GP I (R)-4-fluoro-2-methyl-7-

baui nol i n- QASRE B PR g Pp el Vel sl B e o iyt °
9.96-9.50 ( t(?) 4Lf|ﬁ|)0ro-@ rﬂl@ﬁ@l—ﬂ@q]lﬁﬂilclﬂdﬁl)-?ﬁ 3/7) ﬂ@-ﬂﬁlg&%ﬂaﬂzo?&[@ A 5@@@@0@1@@111( m

IH), 7.65-7.52 (m , IH), 5.24
(d J = 17. H(RH)- 011¢—|)hyd1200818r146 gadt: stNMRrI,SSOOMHZfDMS@d<)rﬁIQ}$)(S BH)ZJZ 2.8d, (m

. 2 AL AT gﬁﬁ éﬁ?jnfss@d) Wz0,35" M, s SRS 28 0uAY) 5 15/ LA 3°

(S)-7-(Qi nuel7 diHy: 34 |4)777(t8.f£|l9imyfd£ apyr 286k 313, 347§§7t J=11.6 Hz, 1H), 3.56-3.46
tffe]isoquinolin- 6(2 - one, éﬁ/)drochl oride salt 015 Step A© A mxture of

met hyl S f or(y2H), 3BTl o0 caethokf émaelfé)BlZ)Zl —2.16 (m, 1H), 2.03-1.82 (m, 3H);
MS (ESI+) m/z 315 (M+H); HPLC >99% (AUC), g 12.39 min.

Example 14 - Preparation of (R)-2-Ethyl-7-(quinuclidin-3-yl)-7,8-
20 dihydropyrazolo|[3,4,5-de]isoquinolin-6(2 H)-one, hydrochloride salt

[0170] Step A: Following general procedure GP-F, (R)-(+)-3-aminoquinuclidine
dihydrochloride and methyl 3-formyl-1-ethyl-1H-indazole-4-carboxylate were converted

25  to (R)-methyl 1-ethyl-3-[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-carboxylate: MS
(APCI+) m/z 343 (M+H).



(5.0 g, 24.5 mol) and sodium hydride (1.2 g, 29.4 nmol) in THF/ DVF (5.5:1,
2601L) was cooled to 00C. (2-(Chloronethoxy)ethyl)trinethylsilane (5.20 ni,
29. 4 mmolywowe®/asibed and then the reaction m xture all owed/useomiusssat

anbi ent tenperature for 18 h. The m xturesmas quenched with a saturated
solution of NaHCg 3 (100 nL) and extracted with ethyl acetate (3 x). The
conbi ned organic | ayers were washed with brine (100 nL), dried (Na SO),
filtered, and concentrat ed under reduced pressure Purification of the

resul ting r ?ﬂe by Oﬂ‘jggg%pﬂwm Er%P]Q%cé g@é) me%{ol/%ltloetﬁsl%-et hyl

acetate in es) af ¢S1 T 6d

r egi oi somer s((qu*ﬁmchylin 3yfa®1[1ﬁb’)|meﬂi}(ll BH-lﬁaarzbrm harbsxylyﬂe)vets lRONYE 1 ttd it hurd

H i ndazol e- 4- car boxyl at /(3 el low solid: 1H NWR 5300 VHz
cDal 3) d 10. 6%1(%hy11%(qu18u@@1831>éar{1rw Wr}lyl ﬂ&ed%ﬂe -4-yarbogylate: MBHHD | 1) |

6.25 (s, 2H)m/@gl(1 ﬁ) 3.71 (dd, J 8.4, 8.4, 2H), 0.89 (dd, J = 8.4,
8.4 Hz, 660 W 9H) 'MB (ESI+) mz 335 (MH) + and net hyl
3-fopnyl 5I ([01272](t ri rrE&tbp/CmHoylbx)vetgrgmymhpxtoh@du)re GPHH | litlamo({ - Uethal- B)oxyl ate

(748867gé3 (ﬁq Cﬁdgﬂe}s@ aeaaonsﬁ lﬁ”z! %%F%CW%ylatsV@écegveﬁgmgg @ ?oa (s,

3H), 3.56 (dghyl7-QuihucBdih.3-¢l h 10374 th 2H)-one:0181 (s,
o9H): MBS (ESIQ%y ;716221113 35 dl 3I—§|ﬁ)78 & ggrofango 6E_ ’Igg%?l(s)(\%mngﬂge%e)rqzloneprocgz)edure
GP-F, except(AtPIﬁ?eItr)ld{Zcﬁdér(Mﬁrbé)s used as solvent and sodi um hydride was used

i naasol o AV Blboxy! e bad MonV 4G4 Bty RGPS TR A dinuctidin-s

di I ek 7-
e T Pl iy e e T

J =7.5, 0.5 (Aginuglgin- 37y1)7~% 8(@hy¢romfrazqio[r3|z4 5- rlr;]}soqwn@hn@mﬁ) gnmeydroclﬂoedw

o 3 5s ¢ P TiyviR Porp. DisE iy o 7l Ty a4 258 B 1) S 55/8.5,
2.58-2.52 (M, 'IH)) 724 0871 90 Hami) b0 (472018 886, GFB)_SOl'%gd y-50 4H61EM | H),

1.40-1.34 (m , 9(dd J I—? 9 ESI +)
mz 445 (rvr+r4)7r8 4[7@1@9]%131@@%4?@0@% fng2g3eﬁ%£rar % dSéddt (@2 , 3B 3m8t hyl
3- | 13- h 2044 | S thyl
P ndadgr e Gt 210 PR TR DY b b rf%???écr D] PO GRS, )
(5) - 3- ((qui nugd jtdira 73}Hta$H)nMs~@Sij M4 310 (RF+H); HPLC 98.5% (AUC), g 13.84 min.

Example 15 - Preparation of (R)-2-Isopropyl-7-(quinuclidin-3-yl)-7,8-
dihydropyrazolo|[3,4,5-de]isoquinolin-6(2 H)-one, hydrochloride salt

20
[0174] Step A: Following general procedure GP-F, (R)-(+)-3-aminoquinuclidine

dihydrochloride and methyl 3-formyl-1-isopropyl-1H-indazole-4-carboxylate were
converted to (R)-methyl 1-isopropyl-3-[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-
carboxylate: MS (APCI+) m/z 357 (M+H).

25 [0175] Step B: Following general procedure GP-G, (R)-methyl 1-isopropyl-3-

[(quinuclidin-3-ylamino)methyl]-1H-indazole-4-carboxylate was converted to lithium



(trimethylsilyl)ethoxy)nmethyl)-I Hindazol e-4-carboxylate; M5 (ESI) nmz 431
(acid MtH)+. [0160] Step D. To a m xture of crude lithium

(5) - 3- (( gmOru@/isshsa- 3- PCT/US2009/045484

ylam no)met hyl )-1-((2-(trinmethylsilyl)ethgxy)nethyl)-IHindazol e-4-carboxyl
ate (1.73 g, 3.98 mmol) from Step C above in pyridine (10 nL) at 00C was
added thionyl chloride (3.0 nL, 39.8 mvol) dropwi se over 5 min. Stirring
was conti nued for 5 m'n and then the reaction m'xture allowed to warmto

anbi ent t e E yodﬁ%]gy @é'lglﬁc 1d11]; or la%nln%grggh}/lEQ%}-ln% ole 1 c?lrboxal%%el QVI?I i xture

was concentr uce pressure e cPue et er Cal ur ified

by col um chygrmedgr dphyxt(ssdpl wﬁa)ugﬁlrtheﬁpﬁ@ﬁda@l@%m (8Sh m/z 343 (M+H).
di chl or onet hane/ net hanol / concentrat ed anmoni um h¥EYOXI de in

di chl or onet H§h#| to afYten §: palfawiag gengsulmeocsdure @lrth (BHldtorf@yr3-g) . This

I

gé(ra(r);(lade i ﬁ((ﬂie V]Iefri-ylaﬁ%ﬂ@o| i g 1f(1)l$ﬂrrgd?IEB o %Ib%%ﬁé% gbﬁ%ﬁépl t(? rat I o
concentr at edsopmoteyﬂ 7r-(eldumelﬂdlpﬁeﬁBHrSedlhgadraf)mmio[38) 5 Zle[lsm]unwthhr&ﬁzm -one: H
3-yl)-2-((2-(t t hyl si |yl th 8-di hydrq I345
el Soqut nolVHE GO UERUNORS Sakp ™ SRyt ol ol afsof [ ch 1R (500
MHz, CDd 3) % 7 dd,
My, O OT 4 Gy 207 60y LD gl 98,95 g 04t ) ouf S
3.97-3. 70 (rﬁ8(B(ﬂ),,3E@ BQ1 3s, ZH)(Inl25H)9 (rﬂ 160; 1.9901.8 Mm5HH), 1@39666@1711 1H),= 5.5,
5.5 Hz, +. [0161] St E T
seal ed tube lc%&da? (’rs%%l-%%} %$£g§é +)(”J éL?j}ﬁ‘( :?: IiEtJi n- 3] yl )ep 0@
2-((2-(t |yl

((2- (tipi mypiye JS' y )EﬁE@-BXW)o%INM%nZPaﬁPfHCQd{géQ@W AR abg %}yﬁn di oxane (10

] i soqui nol i n-6( -one fromStep D
m.) was adde(qm@nbltdmh 3(32})7;8L6)1hydfh1eyram@[t3L‘bﬁdniilmlamehm@éﬂﬁ) -orsheds ainvértartgon,

concent r at edrbaasroedee iy By Tt o e BER sk R S [ Ca
gel and puridneerldrbdntdridd¥sak O'HHRIVIE 0OMRERIDIY- ) 1(93(2@%06@@ le) 7.80 (d,J

di chl or onet hane/ et hanol / concent rat ed armmoni um hydr oxi de i n
di chl or orret rFa&é/HnetIHa,nbﬁa Tevdns UbBegdeod, Ly- By Helkd), s@4dtabe 16 7 Hz 1H), 5.16

sem - pr eHP 0%, ac tri in t.er, -bot | u S

cont a!on lpl h%o@ﬁaig% {97 é'f'df 2#%3 f]I eé?ﬁ%hlé?éo(ﬁ/@r/o: B\?&T"%q%’

renmoved in \@4:419.1% 5B, 21%@ eH) pr aslucity I1H)up9 nﬁﬁqrﬁ)ahk)zmpgg (m

di ssolved in a solution 1. HG in met hanol and the sol vent
lH) 1.82-1.77 (m, lH) 153 1.50 (m, 6H); MS (ESI+) m/Z 325 (M+H) HPLC >99%

(AUC), tg 8.87 min.

Example 16 - Preparation of (R)-7-(Quinuclidin-3-yl)-7,8-dihydropyrazolo|3.,4,5-
20 delisoquinolin-6(2H)-one, hydrochloride salt

[0178] Step A: To a stirred suspension of (R)-(+)-3-aminoquinuclidine
dihydrochloride (916.0 mg, 4.6 mmol) in dichloromethane (60 mL) was added sodium
25  hydride (368 mg, 9.2 mmol) in portions and the mixture was stirred for 1 h. Acetic acid
(0.15 mL) was added dropwise. Then methyl 3-formyl-1H-indazole-4-carboxylate (B1)
(776 mg, 3.8 mmol) was added and the mixture continued to stir at room temperature for

an additional 2 h. Sodium triacetoxyborohydride (4.2 g, 19.6 mmol) was added in one



removed (4x) to exchange the trifluoroacetate salt to the hydrochl oride
salt form Recrystallization of the desired product hydrochloride salt from
et hanol (WO 2mvy155d5el | owed by | yophilization from acet oniptmiusedopmi=ss (1: 5, 6
m.) afforded (S)-7- (quinuclidin-3-yl)-7,8 di hydropyrazol o[ 3,4,5- i

]i soqui nolin-6(2H) -one, hydrochloride salt (85.9 ng, 18% as an anor phous
white solid: 1H NI\/R(500 MHz, 6-DMSO d 13.15 (s IH) 10. 15 (s, IH) 7 65
(d, J = 8.5 Hz, 775(dd J=7.0, 7.0 Hz, 745(d J =7.0 Hz,

Ly 3 Te ?,ﬁ%‘f‘%ﬁ%z ringdPodippe ?ﬁ?mg‘}t%?%“% RN Rﬁé”%nég,v'%) 2

283 (MrH) +; rbibeddhRBPaddat&d pregsufz’eQ and the chxdempdteridl Avas parifipabato@mnof (

) -2-Met hyl - 7- (qui nucl j di n-3-y hydr opyrazol o [ 3, 4, 5-de

i fgggh n?L i n-hromatpeigpy (SHgfargéb ﬁpdpf ld@clglarqmqthﬁps/zﬂpet@ copCCRiEE Wﬁ@:ﬁ’é‘:ﬁer al
u | e

: 3-fornyl -1 G%r}'g{%xg#eg)t? éﬁgrnggﬁ Mg dc(%glt %ag’\lﬁe%?géconﬂ % ?) - met hyI

I - met hyl 53- [c(at:hnxxmaﬂd aschi bro@n\sb Adri 6 gm;daytl ]ytelld)Hl-H DR §1560 MHz;aCD@kg)) loat &0

(1) met nyl (et gt 03112 AB0: hORIRaY o5l Ao eohgag /o S FS el 15 a"

H-i ndazol e- Arr@@( 9xylsed szm) @,Q@\(srjﬁdﬂz%i llm'y% (s, 3H), 3.28-3.25 (m,1H),

(i ?)-1-methyl-3-((quinuclidin-3-ylam no)nethyl)-T Hindazol e-4-carboxyl at e:
I\/S?( ESI) m B.B5. (UI\(IITl-I)lH) %9%@4?1 @néﬁ{)@ 7Bl 6%Wln§{)géri@réll2 fomo &l Y 2 (e -ZR0H,
(1201 - ot hyds JphL B el i, By 5% BR) A )i s ¢ BASKR @strsaniyyt ate
(qui nucliipdi A8y ] - 7, 8- di hydropyrazol o[3,4,5- i ]isoquinolin-6(2H) -one,

whi ch wasi medi ately treated with hydrochloric acid follow ng general
procedure GH017%o gi veSt¢mIp: To a solution of (R)-methyl 3-((quinuclidin-3-ylamino)methyl)-

el soqui not (Rl Hechuobuflae (Lol TR ARNDAALP O S B THESSC BB
10. 20 (s, | HpBOml) whs édﬂedlltlﬁul& Hydtdxidd ﬁl%noh@df&'ﬂe (7t21 rﬂg,=1 72 ®mid), Thémixtdred0 (d,

J=6.5H, |H, 527 (d J=17.0 He, d. J =16.5 Hz. |H), 4. 77
(t, J =9.0W stlpmi at ppoggte peragyy ovg‘mg@t gnda@e ﬁ?nqep.})rate@ulgg:rged&ge% PCSIER-

K e ML
m n. ((quinuclidin-3-ylamino)methyl)-1 H-indazole-4- carboxylate which was used in the next
step without further purification: MS (ESI+) m/z 301 (M+H).
[0180] Step C: To a solution of crude lithitum (R)-3-((quinuclidin-3-
ylamino)methyl)-1H-indazole-4-carboxylate from Step B above in N,N-
20  dimethylformamide (30 mL) was added N,N-diisopropylethylamine (5.7 mL, 34.4 mmol)
followed by 1-propanephosphonic acid cyclic anhydride (T3P) (17 mL, 28.65 mmol) at 0
°C for 17 h. The solution was concentrated and purified by column chromatography
(silica gel, 70:30:3 dichloromethane/methanol/concentrated ammonium hydroxide), SCX-
2 column and preparative TLC (silica gel, 70:30:3
25  dichloromethane/methanol/concentrated ammonium hydroxide) to afford (R)-7-
(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-delisoquinolin-6(2H)-one. This material
was dissolved in methanol and treated with HCI1 (1.25 M solution in methanol). The
mixture was concentrated under reduced pressure. The residue was lyophilized from
water to afford (R)-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2 H)-
30  one (373 mg, 23% ) as a light-yellow solid. "H NMR (500 MHz, D,0) 8 7.32 (d,J=8.3
Hz, 1H), 7.26 (dd, /= 8.3, 6.9 Hz, 1H), 7.10 (d, /= 6.9 Hz, 1H), 4.83 (d,/=17.1 Hz,
1H), 4.71 (d, J=16.8 Hz, 1H), 4.53 (t, /= 8.9 Hz, 1H), 3.60 (dd, /= 12.9, 10.6 Hz, 1H),



Exanpl e 13 - Preparation of ( )-4-Fluoro-2-nethyl-7-(quinuclidin-3-yl)-7, 8-
di hydropyrazol o [ 3, 4,5-de] isoquinolin-6(2 H)-one, hydrochloride salt

[ 0165] Stwp 2809/15805k0Wi ng general procedure GP-El, met hylPCT/US2009/045484
6-fluoro-3-fornyl |l H indazol e-4-carboxyl age- was converted to net hyl
6-fluoro-3-fornyl-1 -nmethyl- |H ndazol e- 4-carboxylate: 1H NVR (500 MHz,
CDA3) d 10. 44 (s, IH, 7.57 (dd, J =9.1, 2.1 Hz, IH), 7.30 (dd, J = 7.9,
2.1 Hz, IH), 4.18 (s, 3H), 4.01 (s, 3H); I\/IS (ES|+) rﬂz 237 (MrH). [0166]
Step B: Foll I e ) no

di by ochl ori e SHaEU gt ZE0F P02 o T ThEURgT 37 (RESHD RS (St

H i ndazol e- 4}8(3c”(l\/bch<)yH@tLE mg%(zmmyeﬁuemmn(u ?) - met hyI

6-fl uoro-I-nmethyl -3-((qui nuclidin-3-ylam no) rret hyI )-I Hi ndazol e-
4carboxy|ate 1H NI\/R Mz, = 9.5 Hz, IH) 7.18 (d,
3 280 e, Fiapplsids prspliigt G2 Benal 7 SQuinsiiling DO 4 16 (003 <
13.7 Hz, IH) 4.00 (s, lhwropxrm q13.4.5¢glisoguinplin-6(2H)- mleﬂhﬂ}iroqﬂtysdezwzltl (m

| H), 2.83-2.75(m 4H), 2.53- 2.50 (m IH), 2.02 (br s, IH, 1.74-1.62 (m
2H), 1.56-1.44 (m IH), 1.41-1.31 (m I¥J,YMS (ESI+) mz 347 (M+H). [0167]
Step C. Foll ow ng general procedure GP- )-nmet hyl 6-fluoro-I| nethyl -

3-((quinuclidin-3-ylam no)nethyl)-I Hindazol e-4-carboxyl ate was converted
tolithium (i ?)-6-fluoro- 1-nethyl-3 -Q{g™uclidin-3 -yl am no) net hyl) -

| Hi ndazol e-4- carboxylate: M5 (ESI) nf 3 (MH) . [0168] Step D

Fol | owi ng general procedure GP-H, |ith#U {?)-6-fluoro-Inethyl- 3

-((qui nuclidin-3 -ylam no)net hyl) - z0l e- 4- car boxyl ate was converted
to (i )-4-fluoro-2-nethyl-7-(quinuclidimn-3-yl 3- di hydr opyrazol o[ 3, 4, 5- |
] i soqui n(gl in- 6(2H)-one and purified by preparwtige HPLC: 1H NMR (500 MHz,

CD30D) d-7.44 (dd, J = 9. IH), 7.30 (dd, J 9.0, 1.6 Hz, IH),

7,
51 ke 1hy 07 (C %E%A%‘éew e il opt i ki 3 L o

(m 3H), 2 Gﬂda(zbfe-éﬁ-carbb&ylatg (BBy aa}da([Zhlbmméthf)l)beazé&wﬁeré cdnveied 2dnethgl 06- 2. 00
(m IH; M (ESI ? mz 315 é 0169] Step E: Fol | MgFgeneral
procedur e Ghepzyl¢ ﬁfb‘mdfl f.fdp m@%&rﬁywlm MS (ESI+ ) m/z 295 (M+

(qui nucl, :Qd' gtnf’sz\j' )~ 7. Byl BY FABN AR QB beddurl BPLE ULNO LA 2B mBe was

converte

1H-indazole-4-carboxylate and (R)-(+)-3-aminoquinuclidine dihydrochloride were
converted to (R)-methyl 1-benzyl-3-((quinuclidin-3-ylamino)methyl)-1H-indazole-4-
carboxylate: "H NMR (500 MHz, CDCls) & 7.74 (dd, J=3.8, 0.5 Hz, 1H), 7.49 (dd, J =
4.5, 0.5 Hz, 1H), 7.33 (dd, J = 7.8, 7.5 Hz, 1H), 7.29-7.24 (m, 3H), 7.16 (dd, J = 8.0, 0.8

15  Hz, 2H), 5.59(m, 3H), 4.31(d, /=7.0 Hz, 1H), 4.25 (d, /="7.0 Hz, 1H), 3.14-3.07 (m,
1H), 2.91-2.88 (m, 1H), 2.79-2.52 (m, 5H), 2.50 (dq, /= 10.0, 2.0 Hz, 2H), 1.96-1.87
(m, 3H), 1.64-1.61 (m, 1H), 1.45-1.32 (m, 2H); MS (ESI+) m/z 405 (M+H).

[0183] Step C: Following general procedure GP-G, 1-benzyl-3-((quinuclidin-3-
ylamino)methyl)-1H-indazole-4-carboxylate was converted to lithium (R)-1-benzyl-3-

20 ((quinuclidin-3-ylamino)methyl)-1H-indazole-4-carboxylate: MS (ESI+) m/z 391 (M+H).
Step D: Following general procedure CP-H, lithium (R)-1-benzyl-3-((quinuclidin-3-
ylamino)methyl)-1H-indazole-4-carboxylate was converted to (R)-2-benzyl-7-
(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2H)-one, which was
immediately treated with hydrochloric acid following general procedure GP-I to give

25  (R)-2-benzyl-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2H)-one,
hydrochloride salt as an off-white solid: "H NMR (500 MHz, CD;0D) § 7.62 (d, J = 4.0
Hz, 1H), 7.56-7.51 (m, 2H), 7.29-7.25 (m, 5H), 5.65 (s, 2H), 5.29 (d, J = 8.5 Hz, 1H),



(1?)-4-fluoro-2-nethyl-7-(quinuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5-
fe]isoquinolin- 6(2H)-one, hydrochloride salt: 1H NWR (500 WHz, DVsO-J 6) d
10. 28 (s,wOHpgy/185062 (dd, J = 10.2, 1.4 Hz, IH), 7.25 (decTtwsmj4ss8 Hz,
IH, 5.28 (d, J = 17.0 Hz, IH), 5.16 (d,-g1 = 17.0 Hz, IH, 4.77 (t, J = 9.0
Hz, IH), 4.06 (s, 3H), 3.72 (t, J =11.6 Hz, IH), 3.56-3.46 (m 2H),
3.37-3.28 (m 3H), 3.24-3.18 (m IH), 2.21-2.16 (m IH), 2.03-1.82 (m 3H);
M5 (ESI+) mz 315 (I\/H—I) HPLC >99% (AUC), tR 12.39 min. Exanple 14 -

Preparation ) t n cl - I

di hsdr opyr azSS §d3'] g&%e?ﬁsﬁ% hgl |dn§ig(122ﬁlj§ 3%)8n9(73’3878y(8nr 0(%91 30r6%g sg]fl’tlH)’
[0170] Step 3A4-Bajd @M\A}IQ) Qease(bils, HL)CEdMZESEGBnF;lH) 2.18-2.11 (m, 2H), 2.05 (br s,
(1?)-(+)-3-am noquinuclidine dih chloride and net 3-fornyl -1 -ethyl -
) ol o DE R e oS dha bt ®h AT)- ot Hgimin

| - et hyl -3-[ (qui nucl i di n 3-ylamno)nethyl]-1 Hi ndazol e-4-carboxyl ate: M

(APCI +) fﬂZ IﬁlMih*l LFalt m&ﬁﬁ% 4Fﬂhbp<¥‘ﬂ ﬂ-ezr-'&i uhudiafRESd-£8- G (
'5

) - et hyl hydrochl It
H i ndazo e 4 car box Ia eragg 271(%01r(1) ér’te ne, hydrochloride sa

(i1?)-1-ethyl-3- [(C]UI nucl i di n- 3-yl am no) hyI]-I H-| ndazol e- 4- car boxyl at e:
M5 (ESI+) mz 329 (MHH) . [0172] Step -7 fFol | owmi ng general procedure GP-H,
lithium (7?)-1-ethyl-3- [(quinuclidin-3> m no) met hyl ] - |

H i ndazol e- 4- car boxyl at e was converte(g tad (5)-2-

et hyl - 7- (qui nucl i di n-3-yl)-7, 8- di hydr opyr azol o[ 3, 4, 5- i
]isoquinolin-6(2H)-one: Ms (APCl+) mz B3 11 (M+H) . [0173] Step D:

Fol | owi ng general procedure GP-1, (77 yl - 7- (qui nucl i di n- 3-

yl ) -7, 8-di hydropyrazol o[ 3, 4, 5- fe]i soquisoiN n-6(2H)-one was converted to
(1?)-2-ethyl-7- (quinuclidin-3-yl)-7,8-dihy yrazol o[ 3, 4, 5-

fe]isoqui nolin-6(2H)-one, hydrochl oride sal H NVR (500 M—|z, DVBO-J 6) d
10.47 (s, IH), 7.79 (d, J =8.3 Hz, IH, 7. .51 (m IH), 7.44 (d, J =
7.0 Hz IH), 5.29 (d, J = 16.8 Hz, IH), 5.15 (dr J = 16.8 Hz, IH), 4.78-4.76
(m IH, 4.50-4.45 (m 2H), 3.72-3.68 (m IH), 3.56-3.42 (m 2H), 3.36-3.28

E m ?I:l)') 3. iﬁléﬁ]lﬁ ( mSt&ﬂ‘D\ A?nfi;@tul% él”%ne(tilﬁ_:fv}rlﬂ fd}w?lﬁﬁn&z@e 4-@rbb)@1a‘ce§BQ§ 1.78
(AUC), t R 1:{3 8@, oA, mﬁmanﬁfl@omhen%(ﬁpmcamddﬂ 5af, 32.3 rnrnol) and copper(Il) acetate

)-2-1 SOHh Opy(l5‘96 o gl.flbquljr?llof) qx;ars] dega}/ssgd uﬂd86r nitrogen (3%). Anhydrous dichloromethane (240

ml) and triethylamine (4.5 ml, 13.5 mmol) were added. The mixture was degassed under

nitrogen (2x) and stirred at ambient temperature for 21 h. The mixture was concentrated
under reduced pressure and the residue was purified by column chromatography (silica
gel, 0-30% ethyl acetate in hexanes) to afford methyl 1-(4-fluorophenyl)-3-formyl-1H-

15 indazole-4-carboxylate (454 mg, 9%) as a brown solid. '"H NMR( 500 MHz, CDCl3) 3
10.38 (s, 1H), 8.01 (d, J= 8.3 Hz, 1H), 7.91-7.88 (m, 2H), 7.80 (d, /= 7.1 Hz, 1H), 7.69
(dd,J=8.4,7.3 Hz, 1H), 7.53 (t, J= 8.7 Hz, 2H), 3.93 (s, 3H); MS (ESI+) m/z 299
(M+H).
[0185] Step B: To a stirred suspension of (R)-(+)-3-aminoquinuclidine

20  dihydrochloride (360 mg, 1.8 mmol) in dichloromethane (15 mL) was added sodium
hydride (144 mg, 3.6 mmol) in portions and the mixture was stirred for 1 h. Acetic acid
(0.15 mL) was added dropwise. Then methyl 1-(4-fluorophenyl)-3-formyl-1H-indazole-4-
carboxylate (454 mg, 1.5 mmol) from Step A above was added and the mixture continued
to stir at room temperature for an additional 4 h. Sodium triacetoxyborohydride (1.3 g, 6.0

25  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



di hydr opyrazol o [ 3, 4, 5-de] isoquinolin-6(2 H)-one, hydrochloride salt
[0174] Step A Foll ow ng general procedure GP-F,
(1?)-(+)-Boamwmsspsisnucl i di ne di hydrochl ori de and net hyl PCT/US2009/045484
3-fornyl -1-isopropyl -1 Hindazol e-4-carbogyl ate were converted to
(i?)-methyl I-isopropyl-3-[(quinuclidin-3-ylamno)nethyl]-l Hindazol e-4-
carboxylate: M5 (APClI+) mz 357 (MtH) . [0175] Step B: Foll ow ng general
procedure GP-G (i ?)-nmethyl |-isopropyl-

[(qU|nucI|d|1H§%M%8CopgﬁquT¥mLﬁn@F§gﬂﬂ%é¥ gxﬂufﬁrboxylate was converted to

li t hi um(R) - £S6pr yl'am no) net hyl ]

- 1Hi ndazol &héhl@r@hﬁ:ﬁiayib/meﬁlaﬂﬁl/cdhcwsatwﬁdmbﬁluhhleydw&tie)ab affond (Ryaudthflurt her
purification: M5 (ESI) mz 343 (MH) [0176 C Follomnﬁ§ ﬁenera
#

procedur e Gi tﬂu(’(%h@&yloédﬁ%ﬁwhdgl -3 yta(naapmf‘él%wlhﬂ zindazpleatric#sy P plight
H i ndazol e Ih% g@? C“ilI;N L hyc]\QH(zF%D%h 87,89 (dp/ =73 Hz, 1H), 781

i sopropyl - qU|n opyrazo
]i soqui nél i r(dﬁ(%l&)4—Hm,elH)J.H6BlNR6Q &ﬁmIH/);IZ,%MECDWQ H72 61H)77.az 1.29 (thHH), 4.37

i 51)48 55 e B A3 % w3 4t 5Phed ol G, Mg 22281
SS: |6H23 o 3(%1 SHD, éﬁkid' b*): 13n14} %0%131281&1“%%021‘% (;ill 171%) 3. 2@5:2(1m(m| (ﬁ)‘%lm) #?%Zn(e?al
procedure GPI-$6 (ngi YH), 27ﬁsbp9 opy! H7163 159 (rn 1 H); M_s (ESI+) m/Z 409 (M+H).

((:ggilg:’{f Lhd![ gﬂf’Séj - Ey&ig Xlu?lono EI?)’-rﬁét?lgll f-‘a-hs p eny) :p (é&lnH):h&n% was

(17?)-2- I1@oprﬂminoinétﬁw)nmpinudme 3=chhox Ylat @DDYEL QRYhRSH! RIS StbpB above in
fe]isoquinolin-6 - one, @Hﬁdrochlorlde salt: 1H NWVR (500 NPB DMSO-J 6) d

10. 30-9. 90 (B3F (Zt ﬂ}nL)mé@lz 53mb vgasadgpd lithiym hydrgpidy mpmohygrateld 52 mea36( d,

5024 97 Pl TRGhorshsshed afepy! Ehpprdlhieh gttty

3.44-3.15 ( rﬁndEﬂ'l)edu&d%es(sﬁr,e Tlr@ resﬂu@ Qg dii&d 6‘176rn1|ghi) undl:r QdcubimID affiord Edodic
1.92-1.88 (n1IFD F& 1.53- ;. M5 (ESI+) mlz 325
(MrH): HPLC 1Y @@%QRAM“ ﬂlmoahewl)rﬁ qulE}%‘ar%qlé ﬂ@fmnomﬂ%t AT edazsic-¢-

7- I
t1 el saau o ny B s A N P B riGeation M U e
suspensi on df94((MHHX +) - 3- anlnqu|nucI|d|ne di hydrochl oride (916.0 ng, 4.6

ol ) in d Cmg’;]omat ha§tep I(DGR rlr’lgilf&rem? ?idﬁil qurg%gs lI”P4 fluorophenyl)-3-
((quinuclidin-3-ylamino)methyl)-1 H-indazole-4-carboxylate from Step C above and
HBTU (688 mg, 1.8 mmol) in N,N-dimethylformamide (5 mL) was stirred at room

20  temperature for 22 h, and then concentrated under reduced pressure. The crude material
was filtered through an SCX-2 cartridge. The filtrate was concentrated and purified by
column chromatography (silica gel, 90:10:1 dichloromethane/methanol/concentrated
ammonium hydroxide) and preparative HPLC to afford (R)-2-(4-fluorophenyl)-7-
(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-delisoquinolin-6(2H)-one. This material

25  was dissolved in methanol and treated with HCI1 (1.25M solution in methanol). The
mixture was concentrated under reduced pressure. The residue was lyophilized from
acetonitrile/water to afford (R)-2-(4-fluorophenyl)-7-(quinuclidin-3-yl)-7,8-
dihydropyrazolo[3,4,5-de]isoquinolin-6(2H)-one, hydrochloride salt (83 mg, 16%) as an
off-white solid. "H NMR (500 MHz, CD;0D) & 7.94 (m, 1H), 7.86-7.82 (m, 2H), 7.70-

30  7.66 (m, 2H), 7.36-7.31 (m, 2H), 5.37 (d, /= 17.0 Hz, 1H), 5.27 (d, J=17.0 Hz, 1H),
4.76-4.72 (m, 1H), 3.96-3.91 (m, 1H), 3.84 (ddd, /= 13.0, 7.7, 1.7 Hz, 1H), 3.71-3.66



hydride (368 ng, 9.2 mmol) in portions and the m xture was stirred for 1 h.
Acetic acid (0.15 nL) was added dropwi se. Then nethyl 3-fornyl-I

H i ndazolwo4emarsbisiyl ate (Bl) (776 ng, 3.8 mmol) was adeeu/mpeoblpasai xt ure
continued to stir at roomtenperature forgan additional 2 h. Sodium
triacetoxyborohydride (4.2 g, 19.6 mmol) was added in oneportion and
stirring was continued overnight at roomtenperature. The sol vent was
renoved under reduced pressure, and the crude nmaterial was purified by

col umm chr ot (i) g - 10:

Gi chl or omet REhT et harory ChrtUng P00 G Aidiry Al 63 HD) 205 2P dpa2iD,

(7?) - met hyl 2B0%-Qu2i (Ad)diH) oS- (BSyHank 120 etHy] PPLCHIONIeZOCE 1412 0@rexyl at e
as a brown solid (2.15 g, quant yield): 1H NWR ( 500 MHz, CDCl 3) d 7.80
(dd, J =7.2, 0.7 Hz, IH, 7,68 #dd, J =84 0.7 H IH, 7.36 (dd, J =
8.3, 7.3 Hz,E’i%I,’lezi?BQP jegarafion ‘1ARQ‘ZF(Z‘,'.Cl‘ﬁq{?l’h{l".“lb'7'ﬁl,“19“clldiﬁ'.32yl)flz’,8'I H) ,
3.96 (s, 3H), 3.28-3diydrgpyrgrolof3.4p-dz|iseayinplin642 H)pome hydepchlapidesajt
2.73-2.69 (m IH, 2.19-2.12 (m IH, 2.04-2.00 (m IH), 1.80-1.74 (m IH),
1.65-1.57 (m 1H),1.52-1.46 (m |IH. M¥ l+) mz 315 (MtH) [0179] Step B:
To a solution of (i?)-nmethyl 3-((quinuclidin-3-ylam no)nethyl)-

| H i ndazol e- 4-carboxylate (1.8 g, 5.7 ) from Step A above in THF (30
m) and HO (30 mM) was added |ithi unQydroxi de nonohydrate (721 ng, 17.2
mmol ). The mi xture was stirred at room fenperature overnight and then
concentrated under reduced pressure. i due was dried overnight under
vacuumto afford crude lithium (R)-3- nucl i di n- 3-yl am no) net hyl ) - |

H i ndazol e- 4- car boxyl at e whi ch was used”i n the next step without further
purification: M5 (ESI+) mz 301 (M+H) . [01£ Step C. To a solution of
crude lithium (i?)-3-((quinuclidin-3- ylam et hyl ) - |

H-i ndazol e- 4- car boxyl ate from Step B above in \N, Ndi net hyl f ormam de (30 nlL)
was added , L/ -diisopropyl ethylamne (5.7 ni, 349 4 nmol ) foll owed by

1- h i i d i hydr i T3P), (17 .nL. 28.65 | 0 0C
Lo SRR VS R T ATy B s
chr onat ogr a%}’is&ﬁﬁﬁdlﬁ%é)@fﬁ)azong Prod0ng (h hhQ PiEhReGeC %?E?Qrﬁ?!e/ 190 m!eﬁlbfr%; ed

anmoni um hydr oxi de), colum~and preparative TLC (silica gel, 30: 3
di chl or onet hadaenetnkd hef) ingohd 2 ntmal),echpprmd hiodidely drrog,i &) mwDafMBr d (i ?) - 7-

10 dimethylcyclohexane-1,2-diamine (11 pL, 0.07 mmol), potassium phosphate tribasic (144

mg, 0.74 mmol) and toluene (1 ml) was placed in a sealed tube and degassed with
nitrogen for 2 min. The reaction was heated at 110 °C for 24 h and, after cooling the
solution to room temperature, the solvent was evaporated and the residue was purified by
preparative TLC (silica gel, 90:10:1dichloromethane/methanol/concentrated ammonium

15  hydroxide) and preparative HPLC. The resultant compound was then treated with 1.25 M
HCI in methanol to afford (R)-2-(4-chlorophenyl)-7-(quinuclidin-3-yl)-7,8-
dihydropyrazolo[3,4,5-de]isoquinolin-6(2H)-one, hydrochloride salt (2.5 mg, 2%) as a
light yellow solid. "H NMR (500 MHz, D,0) & 7.52 (d, J = 8.5 Hz, 1H), 7.44 (dd, J =
8.5,7.0 Hz, 1H), 7.37 (d, /= 7.0 Hz, 1H), 7.20-7.15 (m, 4H), 4.95 (d, /= 17.5 Hz, 1H),

20 4.80(d,J=18.0 Hz, 1H), 4.65-4.58 (m, 1H), 3.78 (t,J= 10.5 Hz, 1H), 3.49-3.43 (m,
2H), 3.33-3.25 (m, 3H), 2.45 (s, 1H), 2.20-2.15 (m, 1H), 2.04-1.94 (m, 3H); MS (ESI+)
m/z 393 (M+H); HPLC 98.4% (AUC), #g 15.66 min.



(qui nuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4,5- fe]isoquinolin-6(2H)-one.
This material was dissolved in nethanol and treated with HO ( 1.25 M

sol uti on wo 20®ti3s05al ) . The m xture was concentrated undecTrisdwomdssps essur e.
The residue was |yophilized fromwater togafford (i

)-7-(qui nuclidin-3-yl)-7,8-di hydropyrazol o[ 3,4,5- i ]isoquinolin-6(2H)- one
(373 ng, 23%) as a Iight-yellom/solid 1H NNR (500 MHz, D20 d 7.32 (d, J
=83 Hz, IH, 7.26 (dd J 8.3, 6.9 Hz, .10 (d, J = 6.9 Hz, IFD
4.83 (d, J = 17.1 Hz, 4 71 (d, J = 16 8 FE IH), 4.53 (t, J = FE,

A e

)-2-benzy|-7-(quinucI|d|n 3-yl)-7, 8- d|h ropyrazol o [3, 4, 5-de]

i soqui nolin-6(2 H)-one, hydrochloride [0181] Step A: Foll owi ng general
procedure GP-El, nethyl 3-fornyl- |H nd e- 4-carboxylate (Bl) and

(chl oronet hyl ) benzene were converted to thyl 1- benzyl-3 -fornyl -

| H i ndazol e- 4-car boxyl ate: M5 (ESI+) iz N295 (MtH) . [0182] Step B:
Fol | owm ng general procedure GP-F, nethy benzyl -3 -fornyl | H

i ndazol e-4-carboxylate and (i?)-(+)-3 ogui nucl i di ne di hydrochl ori de
were converted to (i?)-methyl |-benzyl gui nucl i di n- 3-yl am no) net hyl ) -1
H i ndazol e- 4- carboxylate: 1H NVR (500 3) d 7.74 (dd, J = 3.8, 0.5
Hz, IH), 7.49 (dd, J = 4.5, 0.5 Hz, IH, 7. dd, J =7.8, 7.5 Hz, IH,
7.29-7.24 (m 3H), 7.16 (dd, J = 8.0, 0.8 H, 5.59(m 3H), 4.31(d, J =
7.0 Hz, IH), 4.25 (d, J =7.0 Hz, IH), 3.14-3.9#z(m IFD 2.91-2.88 (m
I
1.

H, 2.79-2.52 (m 5H), 2.50 (dgq, J = 10.0, 2.0 Hz, 1.96-1.87 (m 3H),

L6 L6 (il &Sl (L 0B LSt 09 (e B3 5 o

yl ani no) net mé;]ﬁodunfdﬂinﬁqy:@]oﬁe $rI0ah ROy A WaSm SUEP/E loF Eﬁiafhﬁle' ligt Nibkshé-4?) -

| - benzyl -3 - % ui nuclidi n-3-ylanm no)methyl)-1 Hindazol e-4 arboxylate VS
(ESI +) mf z 39athexybepzence Seplrf.6Fampadhi ¢ogp dodific fﬁrlde&dlﬁ?emgnl)# mrpkirg um
(1%?)-1-benzy (5 %6;( p%tj nu%ghélgotyﬁsm?n WAPAQUTELI 25 Inghh bBARESR) Gy, Ar.car boxyl ate

was converte
(qui nucl i di I’d-lﬁlebl'ﬂy)e’cﬂyl&ediahﬁdd‘ @)W 00 1ahdot), 54-dieddns gu8inmialh bid DM ( DRE,

whi ch was |nned|ately treated with hydrochloric acid follomnnglgeneral
pr ocedur 18 cpol) was ]@lpqﬁéi in a sealed tube and degassed with argon for 2 min. Then the sealed tube
was closed and heated at 110 °C for 17 h. The solution was cooled to room temperature,
extracted with ethyl acetate (3x), washed with water and brine, and dried over saturated
sodium sulfate. The filtrate was evaporated and purified by preparative TLC (silica gel,
90:10:1 dichloromethane/methanol/concentrated ammonium hydroxide) and preparative
15 HPLC. The resultant compound was then treated with 1.25 M HCI in methanol to afford
(R)-2-(4-methoxyphenyl)-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-
6(2H)-one, hydrochloride salt (5.6 mg, 3%) as a light yellow solid. '"H NMR (500 MHz,
D,0) 6 7.61(d,J= 8.4 Hz, 1H), 7.51 (dd, /= 8.3, 7.1 Hz, 1H), 7.43 (d, /= 7.0 Hz, 1H),
7.40 (d, /= 8.9 Hz, 2H), 7.01 (d, /= 8.9 Hz, 2H), 5.07 (d, /= 17.2 Hz, 1H), 491 (d, J =
20 17.3 Hz, 1H), 4.76-4.67 (m, 1H), 3.89-3.84 (m, 1H), 3.82 (s, 3H), 3.57-3.50 (m, 2H),
3.44-3.30 (m, 3H), 2.50 (br s,1H), 2.25-2.21 (m, 1 H), 2.17-2.10 (m, 3H); MS (ESI+)
m/z 389 (M+H); HPLC >99% (AUC), tg 14.42 min.



(i )-2-benzyl -7-(qui nuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5- i

]i soqui nol i n-6(2H)-one, hydrochloride salt as an off-white solid: 1H NMR
(500 MHz,wODRB®@Nssw47.62 (d, J = 4.0 Hz, IH), 7.56-7.51 @auw/udk)og/nds489-7. 25
(m 5H), 5.65 (s, 2H), 5.29 (d, J =8.5 H5-1H,5.19 (d, J = 8.5 Hz, IH),

4.70 (t, J = 9.5 Hz, IH), 3.89-3.78(m 2H), 3.68-3.63 (m IH), 3.44-3.40
(m 3H), 2.63 (br s, IH), 2.44-2.38 (m IH), 2.18-2.1 1 (m 2H), 2.05 (br
s, IH; M5 (ESI+) nmlz 373 (MtH); HPLC >99% (AUC), tR 14.38 nmin. Exanple 18
- Preparation of ( )-2-(4-Fl uorophenyl) 7- (qui nuclidi n 3-yl)-7, 8-

di hydr opyr a 19- | oride salt
[0184] St epz%l %eﬁl lt‘lfefp?i At? Wé} ro%g7|—(?]l ﬁﬂl%ll -3 %C’gb ey te (Bl)
(3.3 g, 161 mol), W&s%wa st ippn ol 12, By deRiorRe el
copper(Ill) acetate (3.99 g, 21.9 mol) was egassed under nitrogen (3c )
Anhydr ous dichl oronethane (240 m) and tr ylamne (4.5 m, 13.5 mol)
wer e added. The m xture was degassed unde rtrogen (2x) and stirred at
anbi ent tenperature for 2 1 h. The m xture s concentrated under reduced
pressure and the residue was purified byXxgolym chromat ography (silica gel,
0-30% et hyl acetate in hexanes) to afford] nmethyl

| - (4-fluorophenyl)-3-fornyl-1 Hi ndazol e- anpoxyl ate (454 ng, 9% as a
brown solid. 1H NMR( 500 MHz, CDd 3) 8-\, IH), 8.01 (d, J = 8.3 Hz,
| H), 791788(m2H) 780(d J—BFleIH) 7.69 (dd, J =8.4, 7.3

Hz, 7.53 ESI+) miz 299 (M
[0185] SPep [@15% a stSt?Rénglé@weaéheomoeﬁdum m@tfwosf(%ﬁwﬁf‘q %t?éhﬁléﬁnel_i)

di hydr ochl orj,gdg, (133%9“#39"3]1 @azm&%.)cmwx A WRICBHRLARNS o (i dr e BAAAE
sodlumhydrlé ? % In portions and the m xture s stirred
for 1 h. Acqtroducsecincti(y0 64]ﬁomb)3 fvamy k2 ex(tdmoinissigl)cthtvey) meetylly2 H-indazole-4-

| - (4-f1 henyl ) -3, f H-i | e-4- carboxyl at 4 1.5
1 om Stop. A ABOVEL Qb A DROR R B YR AN o 3¢ 14 5D Smr@“ )

S e (D -2g ) ARl b (@ SO WAL 1), BARKGHAOR BIVERLOS ¥ i(dd, 9= 0.0

mmol ) was a I'n one port stirring Was cadnti'hued o
t enper atllr e.8.31es5,201)v@nd (dad = ehoiedzuide F0.02 dUd.el apd esguyt 6- ‘tmmloﬂhﬁ)mylﬂde

i chi or ot hat&N aEFGHONY EGHEaNE T Bt B BGRB8k 8
(12) ey gddoisgr SRETHON R €BeLHaHL A ) B109)726 B 1, 7.2

H-i ndazol e- 4-car boxyl ate as a
(dd, J=2.0 Hz, 1H), 5.83 (s, 2H), 4.03 (s, 3H), 3.57 (dd, /= 8.5, 7.5, 2H), 0.91 (dd, J =

8.5, 7.5 Hz, 2H), -0.03 (s, 9H).

15 [0191] Step B: Following general procedure GP-F, except that dioxane was used
as solvent and sodium hydride was used as base, methyl 6-bromo-3-formyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-indazole-4-carboxylate (0.60 g, 1.45 mmol) was
converted to (R)-methyl 6-bromo-3-((quinuclidin-3-ylamino)methyl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-indazole-4-carboxylate (0.49 g, 64%): "H NMR (500

20 MHz, CDCl) 6 7.92 (s, 1H), 7.89 (s, 1H), 5.67 (s, 2H), 4.27-4.18 (m, 2H), 3.99 (s, 3H),
3.55(dd, J= 8.0, 8.0 Hz, 2H), 3.16-3.10 (m, 1H), 2.98-2.70 (m, 5H), 2.56-2.50 (m, 1H),
2.00-1.90 (m, 3H), 1.72-1.64 (m, 1H), 1.50-1.44 (m, 1H), 1.40-1.32 (m, 1H), 0.90 (dd, J
= 8.0, 8.0 Hz, 2H), -0.04 (s, 9H); MS (ESI+) m/z 525 (M+H)".

[0192] Step C: Following general procedure GP-G, (R)-methyl 6-bromo-3-

25  ((quinuclidin-3-ylamino)methyl)-1-((2-(trimethylsilyl )ethoxy)methyl)-1 H-indazole-4-
carboxylate was converted to crude lithium (R)-6-bromo-3-((quinuclidin-3-
ylamino)methyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indazole-4-carboxylate; MS
(ESI) m/z 509 (acid M+H)".



yellow oil (492 ng, 80%: 1H NMR (500 MHz, CDCI3) d 7.89 (d, J = 7.3 Hz,
IH), 7.81 (d, J =8.4 Hz, IH, 7.63-7.60 (m 2H), 7.46 (t, J = 7.9 Hz ,
IH), 7.2W6.28eb/1(58542H), 4.37 (d, J = 14.1 Hz, | H), 4.27pCuusiooshds44 Hz,
IH), 4.00 (s, 3H), 3.39-3.34 (m IH, 3.2863.01 (m 5H), 2.81 (dd, J =
13.4, 2.3 Hz, IH), 2.30-2.25 (m IH, 2.20-2.17 (m IH, 1.92- 1.86 (m

IH), 1.75-1.69 (m 1H) 1.63-1.59 (m 1 H); MS (ESI+) nmfz 409 (M:H). [0186]
Step C To a solution of ( )-nethyl 1-(4-fiuorophenyl)-3-((quinuclidin-3-

yl am no) et H i 78 2 tep B
tbove h At 95 ) "SRR o' SR A gdgaTRiohe e b §8-6
monohydr at e trdma- mgqulauﬁlmﬁrelﬂamfﬁbﬁnahymu L€ msnessﬁymrye)@tmkyynmmly-eﬁper at ure
overnight and then concentrated under reduced pressure. The residue wa

dried over nilBfzolfnterrboaraig/t4te. & Ypenodrindeprppanel (A0 k) was added 6N HC! (4
1- (4-f1 uor O%ﬁé’tﬂe I%a&t{oﬂug&uﬁé wdb Rudiodham agw%tﬁ\m A?d ﬂléazédnga@'og 147 30

car boxyl ate was used I n the next ste urther puriftication;
M5 (ESI +)p MmlnSQGbltéd\ﬁbH)nblet[t(ﬂdrﬁﬁdratﬁtmd[d:onéemﬂatddmndelafedweddmeshuﬂeh ifhm (R) -

1- (4-fl uorophen - C|IdJ -yl am methyl)-1 .

1 ndasol o FoSdie s R e D s PO gy HPEC B3Py i
L, L/ - di met hy) .t @hiRmiA¢at? Bbth é{@e%tsséo'nfa'ir?éé P5% AN rEAREE ﬁélﬁra@ rﬁd%l'iﬁe%f the and
t hen concentrated under reduced pressure. The crude naterial was tered

t hrough an SCKe<ftsoeart rdntged 1T hecupiant it deswad prodnetdnflnamaedatanalt pas phiiled by
col um chromat pgr.aph Sili , +10: 1 )

G eh o omer MAHES R R e A 4 B RS hearmenaVrases s BPRBNIEL i ve
HPLC to lﬂf f q{ydrc(x'u?&) 't@ai(férdf(llw-@W@@@W{(&{mﬁuchdln 3-ylarn1no)rnethyl? 1H-indazole-4-

(qui nucl i di n-3- yl? 8- di hydr opyrazo o[3,4 ]i soqui no

i n- 68\11? one.
Thi s mat eri aarbeasliepeid 6] Mengi 40° meastargorpliaus pyhetstse Hd ik NMBo(500 MH25##

The oot duo VEQTogti (2Za 3 i TUeTSAEr: T rvabar Gt ora 2. BERSUr e

(1?)-2-(4-flyusy B 273, N$1gy, pdien2 36 Y) 1),8- 1990 e PV, 2Z00-a[ 5 @h,5-
fe] i soqui nol i n- gﬂr%l)[byo%e ggg?ochjl oride s)gln% ()83 ny, hmg% mgg an 01Ef (whl te
solid. 1H NMERD(58% IM&m,.GEBOD) d 7.94 (m IH), 7.86-7.82 (m 2H), 7.70-

7.66 (m,2H) 36- 7. (d J =
17.0 Mz, H)[OIJ‘”?G 4. % éﬂ] F(ﬁgwmgﬂ’é’é’ré%ﬁf] n SJ&?"H? %X%Jﬁgpf&giog%‘ 13. 0,
7.7, 1. 7 He ,cytlidation aﬁd.géle&ﬁ(pﬁ’@cetﬂﬂ)a GBI 48-ths Bydr{¢hlorddd) saltFoSatdn 6@ )6N | H) ,
2.48-2.41 (m IH), qm 2H) ,
bromo-3- ((qulnuchdln 3-ylamino)methyl)-1H-indazole-4-carboxylic acid was converted
to (R)-4-bromo-7-(quinuclidin-3-yl)-7,8-dihydropyrazolo[3,4,5-de]isoquinolin-6(2 H)-
one, hydrochloride salt (42 mg, 38%) as an amorphous white solid: 'H NMR (500 MHz,
20  d4+-MeOH) 8 7.86 (d, /= 1.0 Hz, 1H), 7.64 (s, 1H), 5.33—5.17 (m, 2H), 4.71 (t,J=9.5
Hz, 1H), 3.74-3.56 (m, 3H), 3.48-3.30 (m, 3H), 2.62-2.58 (m, 1H), 2.44-2.32 (m, 1H),
2.20-2.08 (m, 2H), 2.06-1.94 (m, 1H); MS (ESI+) m/z 362 (M+H)"; HPLC >99.0%

(AUC), fx 10.25 min.

Example 22 - Preparation of 7-(Endo- N-(9-methyl-9-azabicyclo[3.3.1]nonan-3-yl))-
25 2-methyl-7,8-dihydropyrazolo|3,4,5-delisoquinolin-6(2 H)-one,

hydrochloride salt
Hﬁ\Nf

O N

-z,

CH



2.08-2.02 (m IH; M5 (ESI+) mz 299 (MtH); HPLC >99% (AUC), tR 12.90 mi n.
Exanple 19 - Preparation of (

) - 2- (4- Chwonopmessh) - 7- (qui nucl i di n-3-yl)-7, 8- di hydr oppcaasb@9fods4d4 5- de]
i soqui nolin-6(2 H)-one, hydrochloride salg7[0188] Step A- A m xture of

(1 0-7-(qui nuclidin-3-yl)-7,8-di hydropyrazol of 3, 4, 5-

<i e]isoquinolin-6(2H)-one (100 ng, 0.35 nmmol) from Step C of Exanple 16,

| -chl oro-4- iodobenzene (100 ngy, 0.42 mml), copper (I) iodide (3.3 ng,
0.02 mmol ), N, Ndi net hyl cycl ohexane- |,2-diamne ( 11 nL, 0.07 nmmol),

pot assi um p ate trd basi 144 .74 Ié d toluene 1 m) was
pl aced in aqﬁ%ed t ugE® dﬁ@éodﬁlggggﬁwoltmo?ﬁ%%o E%F%#O'é'%t rhe reaction
was heat ed atzadidR18C. ¥ Dhordh-Nadied diRfdrEEh] QR dndtndthel 3SRIrbhlyi-PindtRy1L IGRM
tenperature, the solvent was evaporated and the residue was purified by

prepar at i ve iazolesi-carbaxyjatc wagpearnyerted ehmethghbenvdnéSnié?atanl/%oncent r at ed
nmoni h J.d I ' t h
?r ea?legmvsvi %/ﬂarz%?ﬁ'%cefwﬁgﬂngﬁa%%&%%{ﬁ@n{e‘gl%ﬁr%%{]ﬁdiz%eﬂ-&%%xﬁ%@pl%ﬂﬂdﬂ"?ﬁ)o en

I'n nethano
(i7?)-2-(4- Cfl‘l/leQ@b?“%'S)%ﬂ%((dgyi:mmHiz,diH),3 36| (4; =88 Hz, 1H), 7.50 (t, J= 7.5 Hz,

di hydr opyr azol o[ 3, 4, <L§\})| soqui nol | n[\/%glééo}-%—one, hydrochl oride salt (2.5
nmy, 2% as ali %ﬁﬁ (ydH @(ﬂ,ghl), A9 (vt} S0-/H2 (mp28), J1&-3938 (o 2H), 306 5
Hz, IH, 7. : 5 8. 0 I 3 : Z~1. 0 : :

7 20-7 15 (w1 36Ta st 2dad o oy Trh B 52Tyt oMt §3s gy

4.65-4.58 (mBH) HR3-B0d &n(2H),1.05-0.04 BmHzH); NS (ABCH9-432437 (H3H) . 3. 33-3.25
(m 3H), 2.45 (s, IH), 2.20-2.15 (m IH), 2.04-1.94 (m 3H); I\/BT(£ESI+) n z
393 (M+HP: HPLLlog. 4003tBy Foliqwing gemratimoeedaredpR-Gancthyblapgibat-3 d6P- of ~ (

-2-(4-Meth = [~ [ I, QiaN-1 3= - ' r 5-de
i)SOC]l(Ji nol i nqé%&gﬁﬁx%%écglc{?%?g nlgfrii_:%’gégﬁo%m%tgﬁgbl?’_E%ég%&gx_%_%%@ﬁxg%aﬁe?gé%f ( !
) - 7- ( qui nucldodiertcd-ty llithidm8-~ohie thy t8 ¢ (Hrmathyl -Ofa3albicpelo[Ii3e] [nsmmed-nol 1 n-6(2 ) - one
150 , 0.4 { f I -b -4- th b
(o o O bk PRl Sa R R e o i L hoybenzene
0.51 mol ), [PedASSi umPGoePlISwidy RASIE plofRrfBP-1; RRIMP noth Y[ (o-
(55 nm., O. mm?),

di net hyl et hyl enedi am ne 1, 4-di oxane (1.5 nmLl) and DVSO
(1.5 ni)lSwasnghge®dzabicyalof®all dbnand3eylamthotie ethgd d di-widetrolartgarboxgratowas n.

was cool ed (8T SBberparar e BNl P AeRuE e Bray oDt 2reltder T vashed
with water aigyddbpyr@soldDd, 31é]edqeMelin- St ee@hich was immediately treated with
hydrochloric acid following general procedure GP-I to give 7-(endo- N-(9-methyl-9-
azabicyclo[3.3.1]nonan-3-yl))-2-methyl-7,8-dihydropyrazolo[ 3,4,5-delisoquinolin-6(2 H)-
20  one, hydrochloride salt: '"H NMR (500 MHz, DMSO-ds) § 9.44 (s, 1H), 7.75 (d, J=8.2
Hz, 1H), 7.53 (t,J= 7.9 Hz, 1H), 7.45 (d, /= 6.8 Hz 1H), 5.19-5.15 (m, 1H), 5.09 (s,
2H), 4.08 (m, 3H), 3.84-3.76 (m, 0.2H), 3.75-3.66 (m, 1.8H), 2.97 (d, /= 4.8 Hz, 0.2H),
2.84 (d, J=6.8 Hz, 2.8H), 2.33-2.22 (m, 5H), 2.15-2.00 (m 2H), 1.72-1.38 (m, 3H); MS
(ESI+) m/z 325 (M+H); HPLC 98.9% (AUC), g 13.55 min.

25  Example 23 - Preparation of (5)-7-(quinuclidin-3-yl)-8,9-dihydro-2H-azepino[5,4,3-
cdlindazol-6(7H)-one, hydrochloride salt



sodium sul fate. The filtrate was evaporated and purified by preparative TLC
(silica gel, 90:10:1 dichl oronethane/ net hanol / concentrated anmoni um

hydr oxi dewoana/se@par ati ve HPLC. The resul tant conpoundpaaastéendisseat ed
with 1.25 MHC in nmethanol to afford .¢8-

(1?)-2-(4-met hoxyphenyl)-7-(quinuclidin-3-yl)-7,8-di hydropyrazol o[ 3, 4, 5-
fe]isoquinolin- 6(2 )-one, hydrochloride salt (5. 6 nmg, 3% as a |light
yell ow solid. 1H NWR (500 MHz, D20O) d 7.61 (d, J 84Hz IH), 7.51 (dd, J

7o (a5 TRy Tt KS medopiply e bropohih leﬁxarfﬁel@ o) ol 21
| H), 4.76-4.i6dazble-4- beoxﬁaﬁQBB) &l ‘t(eli’ﬂzyHHrl)mld% wete (:6nve&bﬂ to 1&651?1} B~b5ﬁ)zy(l-m- 2H)

3.44-3.30 (m 3H), 2.50 (br s,I 2. 25- g 21)217 0 (m 3H:
M5 (ESI +) mfgﬂgﬂglf(molema@ (3UCy,, 48€/F) 4 NMMR %MMQCIQMS 10.54 (s,

(54 5 oe] 1 Q0a07 RGBT [P AR SN a3 e Mo Sbr P4 Bk

Fol | owi ng th7e4(pnme(dur3@I)J N2$tE0 (QnCB‘H)EXamQé H),13.98%d, BH); MS (ESDHf)Bn@%Dr nyl -1
H i ndazol e- 4-car boxyl ate was converted to a m xture of regioisoneric

products : ) 6-bromo-3 -formyl-2-((2-(trimethylsilyl)ethoxy)nethyl)-2

Ry
E‘Da”déf"lflé“é%ﬂr e R S T R e el
IH), 6.18 ( Smde&bl)e 4-darBdxlste (3H) g, B2. 76.n(mid) wds coreticd . hgthH)-perryB3-Rdd, J =

8. -0.02 3- f 1] -
St ot o %V&éﬁ%&%ﬁ@bowlw (%@&&1@)49@#\%%@9%% (ﬁbgds)w 339

2- (',[I’I met hyI%‘PP
o0k, Phy GO TRaQu L SO iy Pt 300 3 B il 8038k 1
(dd, J = 8.530L727 H)07.91- 7(pld(mJ2Ha 8.65 (s, DB, g7 (28H), 397 Q3315 MOKESI+)

[ 0191] Step B : Foll ow ng general procedure GP-F, except that di oxane was
used as sol \/é/ﬁt3 %M%ﬁdl um hydri de was used as base, net hyl

El— PLS?Z) 0I3e]j r]boxy 2?%6{: F@EB&M ehéﬂ n?rlloo P? was E:Ig’%@r(t)e%la moﬁug')udldl{l% I
6- br ono- 3- ( (dihydﬂwﬂl(brdier(i%} yﬂgam6ﬁ@1)1’ﬁ61t) layd methyl (13:)enzyl 3-(2- oxoethyl) 1H-indazole-
o T LR G T iy SRS SRR g 27, 25
(Zm 2H), & ( %auﬁlﬁchd?i@} lelg’mﬁlée)e(tﬁgg% 15-i8d&ol 84 Qaﬂﬂ%xylg@(ﬂ@n&(sll@%}g’s a(ﬂi‘nklsl)'hd
'H NMR (300 MHz, CDC13)8770(dd J=17.0,0.5Hz, 1H), 7.49 (dd, J= 8.5, 0.5 Hz,
1H), 7.34-7.31 (m, 1H), 7.29-7.22 (m, 3H), 7.14-7.12 (m, 2H), 5.57 (s, 2H), 3.97 (s, 3H),
3.14-3.09 (m, 1H), 3.06-3.01 (m, 1H), 2.96-2.91 (m, 1H), 2.84-2.79 (m, 5H), 2.42-2.38
20  (m, 1H), 2.02 (s, 2H), 1.83-1.76 (m, 2H), 1.68-1.62 (M, 1H), 1.49-1.43 (m, 1H), 1.31-
1.25 (m, 1H); MS (ESI+) m/z 419 (M+H)
[0201] Step D: Following general procedure GP-L, (S)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-carboxylate (520 mg, 1.24 mmol) and
lithium hydroxide monohydrate (129 mg, 3.07 mmol) were converted lithium (S5)-1-
25  benzyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-carboxylate (509 mg, quant.
yield), which was used in the next step without further purification: MS (ESI+) m/z 405
(M+H).
[0202] Step E: To a solution of the crude lithium (S5)-1-benzyl-3-(2-(quinuclidin-
3-ylamino)ethyl)-1H-indazole-4-carboxylate ( 509 mg, 1.24 mmol) from Step D above in
30 DMF (25 mL) was added N, N-diisopropylethylamine (1.22 mL, 7.44 mmol) at 0 °C. To
the above reaction was added 1-propanephosphonic acid cyclic anhydride (T3P) (50% in
cthyl acetate, 3.94 g, 6.2 mmol) and the mixture was stirred at 0 °C for 1.5 h. The



2.00-1.90 (m 3H), 1.72-1.64 (m IH, 1.50-1.44 (m IH), 1.40-1.32 (m IH,

0.90 (dd, J =8.0, 8.0 Hz, 2H), -0.04 (s, 9H); M5 (ESI+) mz 525 (MH) +.

[0192] Stwp 2h9/1580skowi Nng general procedure GP-G (i ?) - mechgus2@9bssn- 3-

((qui nuclidin-3-ylam no)nmethyl)-1-((2-(trggethylsilyl)ethoxy)nethyl)-I

H i ndazol e- 4- carboxyl ate was converted to crude lithium

(i 7?)-6-bromo-3-((quinuclidin-3- ylam no)nethyl)-

1-((2-(trimethylsilyl )ethoxy)nethyl )- | H i ndazol e- 4- carboxyl ate; Ms (ESI)

m z 509 (aC| 19 { . | ut i on
aclyho-n yguge_ ng tr§atg w br1 f I%g gﬁ’%ga?u teﬁ% 3% ({)}3}1?1} 3P soL(ﬁun?

of crude Iit'RiUM U|n

1-((2-(tri n’&ildf’ﬁy‘b@iakey@ﬁeﬁlbpxﬁb)emh{p%hﬁd wht ezl veith 4rcﬁl@rdme¢yi@t(e >01080mD)
0.90 mml ) in propanol (40 rnL) was added 6N HO (4 The reactjon
mi xture was aﬁﬂtﬁ%%%l“‘%ﬁ%“@?@é#‘Y%Se‘&?fédvaéhﬁﬂi Wik pege, tdéleé@tiaz@@d dylterng. pRdh

cool ed o antbhed | TRALALI LI, HANGROLRRL RIS, pefcedy DheRAUT e, The

resi due was concentrate y reverse phas sem -preparative
HPLC (5- Zo%cm&ﬁnamgﬂap]nj' @ilica geB19619: 1 bichlorehetbatesm ctbaricdicomatn@a@d ¥mmonium

e e 2l e el St UL T Bl 02

AR A e R S S

il;ll- :\I R/gafgl)g 749847695t(mg31|H)p7 48+ (nl, DH)NP.3240%) (ras3n 7eirr9¥'plhﬁ)(m M) 156_75(? Esd
, 4?3%8%84 R Tibkg 203 b meftay S Safyin ybs5 60 i Tepy2 25

> 565 20 118 19521 92 o) Wls (2109 80 G|t 188 1.68 (m 2H).

[0194] Step E ol I owi ng the procedure In Step anple 16 for the
cyclizati on [82@B]gener dteppF otedewmg@endrak moctduec 6 d . dORL drenzid-/s@iuinuclidin-

f t di thyl)-|
B

?)-4-D L afepdiony,d z
o) soqu norin 6131 R R st R BB S S s

V\hltesolld (500 MHz, 4|\/EO—|)d786dJ:10HZ H, 7.64 (s,
TR ﬁ{’%@ﬂé " 2?2%65?0 1(’““[%6“6%1 ﬁf“%d%é 5;)47 (%15%?61(‘@‘ o”sﬁ% R0 2H) |
2.06-1.94 ( rdihydrh -2 AMEzep S| 5t9, 3 rodFindrd -6 (HH) o W‘d@lcﬁn‘?é}&dQB/((S) 7-(quinuclidin-3-

y1)-8,9-dihydro-2H-azepino[ 5,4,3-cd|indazol-6(7H)-one, hydrochloride salt: 'HNMR

(500 MHz, DMSO-d) 6 13.08 (bs, 1H), 10.36 (bs (1H), 7.78 (d, /= 7.0 Hz, 1H), 7.70 (d,

J=8.5Hz, 1H), 7.48 (t, /= 8.0 Hz, 1H), 4.70 (t, /= 8.0 Hz, 1H), 4.10-3.35 (m, 5H),

20 3.30-3.05 (m, 5H), 2.90-2.85 (m, 1H), 2.10-1.80 (m, 4H): MS (ESI+) m/z 297 (M+H);
HPLC >99.0% (AUC), tr 10.99 min.

Example 24 - Preparation of (5)-2-Methyl-7-(quinuclidin-3-yl)-8,9-dihydro-2H-
azepino[5,4,3-cd]indazol-6(7H)-one, hydrochloride salt

25
[0205] Step A: Following general procedure GP-J, methyl 3-formyl-1-methyl-

1H-indazole-4-carboxylate (B1) was converted to methyl 1-methyl-3-(2-oxoethyl)-1H-



(AUC), | 0.25 mn. Exanple 22 - Preparation of 7-(i in -

7V- (9- met hyl - 9- azabi cycl o[ 3. 3. 1] nonan- 3-yl)) -

2- met hyl -woQeaitsyadnopyr azol o[ 3, 4, 5-tffe]i soqui nol i n- 6( 2 PErASR@Y/045484
hydrochl ori de salt[0195] Step A Fol | ow nhgy general procedure GP-F,

endo- 9- n& hy{-9- azabi cycl o[ 3. 3. 1] nonan- 3- am ne di hydrochl ori de and net hyl
3-fornyl-1 -nethyl- |H ndazol e- 4-carboxylate were converted to nethyl

| - met hyl -3-[(9 rrethyl 9- azabicyclo [3.3.1]nonan-3-yl am no)rrethyl]-l

7 85 (A igeRoRtBh S Nk g K B3, ooy ol Foglad /5 857 o6
(s, 3H, 3.93 (IH) %b (m3113p‘73l-53(%1 (), 4ﬂ(s QH}&ﬁ)@ 31(1)"n3 AH, 319, 06- 2. 97 (m

I H), 2.64-2.47 5H), 2 (m TH)), (m 2H), 1.53-1.35 (m
3H), 1.23-1. [0%0 m 2H)StenBo?odowmg(gmenalrtyrocmr@ ﬁﬁdﬂ&(}sﬁﬁ)z&gmmqqmmyhdlp@wes]
Step B: Foll ral dur

met lﬁyl -9-aza |cyc an’fsi rﬁetﬁ%gln%ln Falg)(giﬁ“lxn @1 tlﬁ) HFS é/-4-c§1r‘tlog(yfate were

- 1Hi ndazol &:oﬁvéi&rdbﬁm&%@ym&l@m%mt(qdlnhohdlhIShylumno)ethyl) 1 H-indazole- 4-

1- net hyl - 3-[ (9- et hyl - 9-azabi cycl o ‘5‘5 3.1 }nonan-3 - M/Llam no) msthg/

H i ndazol e- &aﬂ@lﬁiﬁ@i@ﬂ@ﬁ éﬂg, 6‘&5%0 Esh yelgy san [NRUR (309 dildz DB 9&5I owi ng
| d -

PThonan- 5-y it 0y fes hyr L i i ER et 7t 68 MR ALE o el dbfi 872

<i 0- V- (9- mst(hyllfﬁ Ar@by, 8MY,1309133 33 (d] meanS3Egl+)))n/23433@\Vl¥H)7 8-
di hydr opyrazol of 3, 4, 5- <i eil soqui nol i n- 6%2 H) - one, whic i redi atel y

treat ed vm t HORYAr ochl c¥erCadolovig ssapmrbpigesdralCPok, d@bﬁlﬁ’ﬂé’l &mogthyle3 éﬁ ve

| - endo-

azabi cyclol 9P PO amp g - ipgolr Sesopyis e senygleg g o (911

]i soqui nol i rmﬁ(lﬂH} -€2-anenuchiyiohr D¢ hanone )dth ybal A-indhkb INMR A b1 vV S DVED) &/6) d
9.44 (s, IH) 75 (d, J =82 Hz, IH, 7.53 (t, J =7.9 Hz, IH), 7.45 (d,
3:68Hz|3i%)9(Ms*P1)9515(m IH), 5.09 (s, 2H), 4.08 (m 3H), 3.84-3.76

g m8 gZZH) %03@%3 66 (Sszp B ﬁbﬁow@lg %@n&gl 2prt;cedu€e &r; htﬁru S) lzmgfﬁyﬂ g lg% J K/B

(ESI+) mz I{aﬁln(lmdrﬁ) 3 )I‘Hﬁnﬁm%h}g%lHAnld})zolet-Rcafbosﬁamwas deo 2® 2-methyl-

e atkon o Shada e ot e e (e

procedure i nviBxapRiSO-2s) SPf.Qytm,%ﬁ)Ov.%l(f Ji=H BUBZOHE-4 66 (m, 1H), 4.12 (m, 1H),
4.09 (s, 3H), 3.89-3.60, 3.55 (m, 2H), 3.32 (m, 2H), 3.16 (m, 1H), 3.09 (m, 1H), 3.00 (m,
1H), 2.81 (m, 2H), 2.10-2.03 (m, 2H), 1.80-1.61 (m, 2H), 1.45 (m, 1H); MS (ESI+) m/z
311 (M+H).

20 [0209] Step E: Following general procedure GP-N, (S)-2-methyl-7-(quinuclidin-
3-y1)-8,9-dihydro-2 H-azepino|5,4,3-cd]indazol-6(7H)-one was converted to (S)-2-methyl-
7-(quinuclidin-3-yl)-8,9-dihydro-2 H-azepino[5,4,3-cd]indazol-6(7 H)-one, hydrochloride
salt: "H NMR (500 MHz, DMSO-d¢) & 10.54 (bs, 1H), 7.84 (d, J=7.3 Hz, 1H), 7.79 (d,
J=73Hz, 1H), 7.53 (t,J = 7.4 Hz, 1H), 4.71 (m, 1H), 4.03 (s, 3H), 3.98-3.39 (m 5H),

25 3.30 (m, 3H), 3.20-3.05 (m, 2H), 2.51-2.34 (m, 1H), 2.01-1.79 (m, 4H); MS (ESI+) m/z
311 (M+H); HPLC >99% (AUC), # 8.32 min.



4- carboxylate (Bl) and benzyl brom de were converted to nethyl |-benzyl- 3-
fornyl -1 Hindazol e-4-carboxylate (3.75 g, 48%: 1H NWR (300 MHz, CDC 3) d
10. 54 (s,woOHp(9/185068 (dd, J = 7.5, 1.0 Hz, IH), 7.46 (ddpci/us289/045484 2 Hz,
IH, 7.46-7.41 (m IH, 7.40-7.29 (m 3H)717.25-7.20 (m 2H), 5.74 (s, 2H),
3.98 (s, 3H); M5 (ESI+) mz 267 (MtH). [0199] Step B: Foll ow ng general
procedure GP-J, nethyl |-benzyl-3-fornyl-1 H ndazol e- 4-carboxylate (3.75
g, 12.76 mmol ) was converted to nethyl |-benzyl-3-(2- oxoethyl)-I

H i ndazol e- 4-carboxyl ate (2.79 g, 71%: 1H NWR (300 MHz, CDCl 3) d 9.92 (s,

757 30 (e s 3’6#@%@3’“%@? o ‘ﬂ"’w‘ m%@@ﬁeiﬁm ST

(s, 2H), 3.97 (s, 3I—I)aze (@tsgbt C. Fol | ow ng
general procedure GP-K, (5)-(-)-3- am ui nucl i d| ne di hydrochl oride (531
ng, 2.67 mmol) and nethyl |-benzyl- xoet hyl)-1 H-indazol e-
4-carboxylate (1.37 g, 4.45 mol) vver _onverted to (S)-nethyl

| - benzyl - 3- (2- (quinuclidin-3-ylam no)ethyl)-1 Hindazol e-4-carboxyl ate
(520 nmg, 46% as a pink solid: 1H NVR={ MHz, CDCI3) d 7.70 (dd, J = 7.0,
0.5 Hz, IH), 7.49 (dd, J = 8.5, 0.5 Hz , 7.34-7.31 (m IH), 7.29-7.22
(m 3H, 7.14-7.12 (m 2H), 5.57 (s, § »97 (s, 3H), 3.14-3.09 (m IH),
3.06-3.01 (m IH, 2.96-2.91 (m IH,RAB42.79 (m 5H), 2.42-2.38 (m |H),
2.02 (s, 2H), 1.83-1.76 (m 2H), 1.68-1.62 M IH, 1.49-1.43 (m IH),
1.31- 1.25 (m IH); M5 (ESI+) mz 419 (MH) [ 01] Step D: Fol | owi ng
general procedure GP-L, (5)-nethyl |-benzyl-3-(2

(qui nucl ddi M0318)| ami nodten ﬁyIF)OUDng gﬂnalzabp@cad@aﬂ?okymeélmé 3(®z©yhb~ethyl 2H-

mrol ) and |i.thiu dr oxi.de rmno drate 29 re nverted
i t hi um (S) 1{1%2128[”-4%% oypﬂatte d}\ﬁals r(f‘ r{ ato (ea} et n ét x)oe y)-lvﬁ-lndazgle 4=
H-i ndazol e- %a@@k?ﬁl‘d/'lﬂt}ﬂ\d({i@@o MHz, GBIMJIE) Wi 9?901 H')l7C$14 (Mig:uﬁmﬂlzl NH}, iyesonext
step without further purification: I\/B ESI I? 405 (M+H) . [0202] Step E:
To a sol uti dd,.6f 7thdzctbd@ 4l i(e Hiruhd {5) H) il 213) (4232((QU2H1).,|él9i7dS ), 1.57
3-yl am no) et(t[ugld) | Hindazol e-4-carboxylate ( 509 ng, 1.24 mol) from Step
D above in 7 :

10 [0211] Step B: Following general procedure GP-K, (8)-(—)-3-aminoquinuclidine

dihydrochloride and methyl 1-ethyl-3-(2-oxoethyl)-1H-indazole-4-carboxylate were
converted to (S)-methyl 1-ethyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-
carboxylate: "H NMR (500 MHz, CDCls) & 7.72 (d, J=7.3 Hz, 1H), 7.56 (d, J=7.2 Hz,
1H), 7.37 (t,J=7.2 Hz, 1H), 4.42 (q, 2H), 3.96 (s, 3H), 3.33 (m, 2H), 3.21 (m, 1H), 3.00
15  (m, 5H), 2.63 (m, 1H), 2.01 (m, 2H), 1.81 (m,1H), 1.67 (m, 1H), 1.43 (t, 3H); MS (ESI+)
m/z 357 (M+H).
[0212] Step C: Following general procedure GP-L, (S)-methyl 1-ethyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-carboxylate was converted to lithium (S)-1-
ethyl-3-(2-(quinuclidin-3-ylamino)ethyl)- 1 H-indazole-4-carboxylate: 'H NMR (500
20 MHz, DMSO-ds) o 8.49 (s, 1H), 7.35 (d,J=7.3 Hz, 1H), 7.19 (t,J= 7.2 Hz, 1H), 7.08
(d, /=72 Hz, 1H), 4.31 (q, 2H), 3.23 (m, 2H), 2.90-2.50 (m, 5H), 1.81-1.49 (m, 5H),
1.30 (t, 3H), 1,14 (m, 1H); MS (ESI+) m/z 342 (M+H).
[0213] Step D: Following general procedure GP-M, lithium ($)-1-ethyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-carboxylate was converted to (S)-2-cthyl-7-
25 (quinuclidin-3-yl)-8,9-dihydro-2H-azepino[5,4,3-cd]indazol-6(7H)-one: "H NMR (500
MHz, DMSO-ds) 6 7.87 (d,J=7.3 Hz, 1H), 7.75 (d, /= 7.4 Hz, 1H), 7.47 (t,J= 7.2 Hz,
1H), 4.66 (m, 1H), 4.45 (q, /= 7.1 Hz, 2H), 4.12 (m, 1H), 3.89-3.60, 3.55 (m, 2H), 3.32



DMF (25 nmL) was added ,JV-diisopropylethylamne ( 1.22 nL, 7.44 mol) at O
0C. To the above reaction was added 1-propanephosphonic acid cyclic
anhydri dewOB8#®)156@3@% i n et hyl acetate, 3.94 g, 6.2 mmol pcanm$doom@43MKt ur e
was stirred at 0 OC for 1.5 h. Thereactiomw m xture was treated with brine
(25 rnL) and saturated aqueous solution of sodium bicarbonate (25 nL). The
conpound was extracted with dichloronethane (4 x 100 nL) and the conbi ned
organic |l ayers were washed with brine, dried (Na SO ), filtered, and
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H) - one: M5 (IEBI 3:8903.60 &ﬁm(I)VBH)S (rn PORC}2 Gh3H 3. 16, o), rig0peneltsl 3.00 (m,

pr ocedure ) - 7= (quj.nuclidin-3-y])-8,9-

G bydr o 21+ atbptaAdts ats: L Bi0aadatibomigl i Gl Ut 6o/ £4.2 He 31
(5)-7-(ayi nuakidsn) 3z %3 gmﬁﬁ%#‘u’é&%%ﬁ\w AP O Pn 3- CJ] 1 ndazol - 6(7

H) - one, hydrochl orlde sal OJ 6) d 13.08 (bs, IH),
10.36 (bs (IH), 7.78 (d, J = 7.0 Hz, IH ,770 d J =8.5Hz, IH, 7.48
(t, J = 8.0 EsamplpR6 - Preparation pf SBZ@sqﬂzopylFIr(q nuQiddn-33y1)-8:9-dihydro32Bo- 3. 05
(m 5H), 2.90-2.85 (rmeepind[S,L3-LFHAdBO1-6(AH)Adde, hjbrochBiride saltz 297 ( MtH) ;
HPLC >99. 0% (AUC), tR 10.99 mn. Exarrpl e 24 - Preparation of

(5)-2-Methyl -7-(qui nuclidin-3-yl)-8, ydro-2 Hazepi no[ 5,4, 3-

/]1indazol -6(7 H)-one, hydrochl oride s I [0205] Step A: Fol |l ow ng general
procedure GP-J, nethyl 3-fornyl-I-nethy i ndazol e- 4-carboxyl ate (Bl) was
converted to nethyl |-nethyl-3-(2- oxt -I Hi ndazol e- 4- car boxyl ate: 1H
NVR (500 MHz, CDA 3) d 9.90 (s, IH, 7. dd, J = 7.3 Hz, IH), 7.69 (m
IH, 7.45 (m IH), 4.31 (s, 2H), 4.10 H), 3.91 (s, 3H.

15 [0215] Step A: Following general procedure GP-J, methyl 3-formyl-1-isopropyl-
1 H-indazole-4-carboxylate was converted to methyl 1-isopropyl-3-(2-oxoethyl)-1H-
indazole-4-carboxylate: "H NMR (500 MHz, CDCls) & 9.90 (s, 1H), 7.82 (d, J= 7.4 Hz,
1H), 7.64 (d, J= 7.3 Hz, 1H), 7.43 (t,/ = 7.4 Hz, 1H), 4.84 (m, 1H), 4.32 (s, 2H), 3.97 (s,
3H), 1.65 (d, 6H).

20 [0216] Step B: Following general procedure GP-K, (8)-(—)-3-aminoquinuclidine
dihydrochloride and methyl 1-isopropyl-3-(2-oxocthyl)-1H-indazole-4-carboxylate were
converted to (S)-methyl 1-isopropyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-
carboxylate: "H NMR (500 MHz, CDCls) & 7.73 (d, J=7.3 Hz, 1H), 7.60 (d, J=7.2 Hz,
1H), 7.37 (t,J=7.2 Hz, 1H), 4.83 (m, 1H), 3.97 (s, 3H), 3.50-2.90 (m, 8H), 2.31 (m, 2H),

25  2.01 (m, 1H), 1.88 (m,1H), 1.71 (m, 1H), 1.55 (d, 6H); MS (ESI+) m/z 343 (M+H).
[0217] Step C: Following general procedure GP-L, (S)-methyl 1-isopropyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-carboxylate was converted to lithium (S)-1-



[ 0206] Step B: Foll owi ng general procedure GP-K,

(5)-(-)-3-am noqui nucl i di ne di hydrochl ori de and net hyl

| - met hyl -Bo(Bewpsorsthyl ) -1 H-i ndazol e- 4- car boxyl at e wer e PCOIUS0AAS4E0
(5)-nmethyl |-nethyl-3-(2-(quinuclidin-3-ytzamno)ethyl)-1 Hindazol e-4-
carboxylate (723 ng, 64% as a yellow solid: 1H NVMR (300 MHz, DVBO-J 6) d
9.65 (bs, IH), 7.83 (d, J =7.3 Hz, IH), 7.80 (d, J =7.2 Hz, IH), 7.51 (t,
J =7.2 H, IH), 471(m IH), 4.10 (s, 3H), 391343(m 4H); Ms (ESI +)
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converted tavHizt bPMS0O- )SBTH@'E@YI'H) 3:304d,(ae73Ugs, llfﬂl)n? 36 | ariTDHet Ty, 7:00
H i ndazol e- 4- car boZpﬁl ate: (ESI +) mz 329 §M+H) [0 081 Step D

Fol | owi ng gddefal’ @clé&uﬂ&@ns Mi) |3| hinurAH)53- 9020k (915D, {B1-1.49 (m, 4H),
Eg;ﬂ gu;:Tth ﬂ;,?lgh;w( %ﬂi:) nPQ hyllﬁ qig;d]k/ﬁ @rs%a) b}%@b%ﬁm/as converted to

’nuc
I(+ azgﬁll) n6[75 5[{mi?]cJ] [ ndaz;ob* %ﬂowingogmeralp‘rd&dﬁré GIPOMVHm(lu@I@C}-ﬂso@op@l (Z (85
32‘1) 3. 89- 3. (e@muglwhls 3(>f+fmwﬂ)eth>é) éé’ l(lﬁezotqa')‘-ca@01ﬁakwa5|qq)wer@d09 - 1 H),

3.00 I 1

I H); I(\/g] (Eg?ls‘ﬁp%%% é@ﬁm}}b% ﬁ?g?ocg‘flyémezﬁ E%pll—ﬂq[ﬁq oy nggﬁlgégpelr ﬁ%r oce ur e
GP-N, (9S)-2- NMIREMDOMIHQUDMSG déjlaﬂ &l J =8, PHd] I‘H')dr/(%Zd J=174Hz, 1H), 7.49 (t,
H azepi no[ 5, 4, 3-cJ] i ndazo one was converted t

-2-net hyl -
7- (qui nucl i f 773-K2.)Hg, @Wi(ﬁylﬁb“?@nhﬂ@@i%b%@ W@nc,gﬁ)b éwé%aﬁ@l gﬁb?ﬂ?ﬂﬂﬁe,
hyd hl d 10.54 (b IH), 7.84 (d, J
_y7rchzlgr| &Wﬁ%“%ﬁ‘“% @?W”ﬁ(ﬁﬁc@"é@( J = 7(4SH2,|_?H), 4. 7(1 (m
IH), 4.03 (902BH), 3. %eIBESSFo(lnwﬁllg)gen&aBﬁroémuréﬁP-N,S(SX-Q-1&113@}(147}- 2H) ,
(2 Aaé) 2. t3 g gn(]gﬁmﬁ?lﬁhﬁgﬁi) %gigg}(l({poﬁé}—lé%z;pgwg[ég %C;f)]lng;{lzzol% 7]7—1)(0|\1/|11é was clglz%ec‘f’teiigtg o
(S)-2-Ethyl -&y 6q4 l'7dd ﬂm%cﬂdl)l 1?8@' 5[}{?&18 27 BAZERI52)3- éi]ﬂldgzol 6(7H)-one,

/]1indazol -6(7 H)- roch ori e salt [0210] Step A Foll owi ng gener al
procedure G?rydrochkﬂidy Isalﬁ 'HoX MR 65130-MHIZIyIDMSI()=||:l(r)d8121((il3@-(bs1s 1¢Br Dok yd,ate7\das

o ST by U i TR L 1 g g e e

4.12-3.10 (m, 8H), 2.31 (m, 2H), 2.10-1.78 (m, 5H), 1.48 (m, 6H); (MS (ESI+) m/z 339
(M+H); HPLC >99% (AUC), #z 9.25 min.

Example 27 - Preparation of (5)-2-benzyl-7-(quinuclidin-3-yl)-8,9-dihydro-2 H-
azepino[5,4,3-cd]indazol-6(7H)-one, hydrochloride salt

0 0

[0220] Step A: Following general procedure GP-E1, methyl 3-formyl-1H-
indazole-4-carboxylate (B1) and benzyl bromide were converted to methyl 1-benzyl-3-
formyl-1H-indazole-4-carboxylate (375 g, 48%).: '"H NMR (300 MHz, CDCl3) 8 10.54 (s,

25 1H),7.78 (dd,J=17.5,1.0 Hz, 1H), 7.46 (dd, J=8.7, 1.2 Hz, 1H), 7.46-7.41 (m, 1H),
7.40-7.29 (m, 3H), 7.25-7.20 (m, 2H), 5.74 (s, 2H), 3.98 (s, 3H): MS (ESI+) m/z 267
(M+H).



(d, J =7.3 Hz, IH), 7.41 (t, J =7.4 Hz, |H), 4.46 (q, 2H), 4.32 (s, 2H),
3.97 (s, 3H), 1.57 (t, 3H). [0211] Step B: Foll ow ng general procedure

GP- K, (5)wO-2pesdtssossnoqui nucl i di ne di hydrochl ori de and nmeChgis2009/045484

| - et hyl - 3- (2-oxoethyl)-1 Hindazol e-4-carppxyl ate were converted to
(5)-nethyl |-ethyl-3-(2-(quinuclidin-3-ylam no)ethyl)-I Hindazol e-4-
carboxylate 1H NWVR (500 MHz, CDCI3) d 7.72 (d, J =7.3 Hz, IH, 7.56 (d, J
=7.2 Hz, 737(tJ-72Hz 4.42 (q, 2H), 396(s 3H), 3.33 (m

2 52 (ki 5 St byl AT st R g b Zh 1

Fol | owi ng gaﬁwzale-épbmaﬂylate (33?5 lg, 14.%0 mimadlhyhs tor®ehyd todmétByl 1-benzyl-3-(2-
(qui nuclidin-3-ylam no)ethyl)-1 Hindazol e-4-carboxyl ate was converted to

l'i t hi um (S) -axeetyl- 1fé11(dzquq1§r<‘r@dthiyw¢1(231%/$ &mWﬁo)IétWR)(BOO MHz, CDCls) 5 9.92

Ca 5720755 gy R G T 10, TR 383 5 ¥ e 527 53 g (a iy 3%y 3ol 1y >
4.31 (q, 52Hy, 3(&7223/ (%B H).17-2. 20a- 89, §1 (§|ch324}3$@§ H49s. WLO%B M4 (Bt

3H), 1,14 (m SI'+) mz 342 (M+H) Step D | owi ng
gener al prod@/él}ﬂ (MF"HM I|th| um (5)-1-ethyl -3-(2-

(qui puct | di a3l am nol el BYlbnl b ERZPHECALESERRNSR © YARi RADARERGR.  ©

H azepi no[ 5 &hﬁ@&ﬂlmﬁ&@z@l n%( 7. 6H)m1ﬁ61e) andtﬂeifM%l(&ﬁﬁylmoﬁv&@mlmn&z&em
(d, J = 7.3 HZ, IH Hz, (1 Hz, IH),
4 66 (m | H4- caszqzwlqta(l Pe 4745_qu14201) *zr:})e convwd(tm(S)rrpyt hlJagnzefléﬁ 3.55 (m

2 102 ?@( (oSt Aybifingl et PaLile; Ehebo Ryl (4P g beos P niy ol
3H); (M ( ESHH)IMF[ zsoBMH(z,l\@m:lg) Bozm«hdszep ED. 5H@i,|1<1>1/)j Ng9 g&hor=a8.5p0.o¢R(lur e
GP-N, (S5)-2-eth nucl i di n- 3- 9- di ro-2

H- azepi nol 5, ILH)B éﬂﬂ %HQEO]IHB@ 296y 281@@ \)'?\Hb 7c](.‘5‘m7é§t(€d 2Hp, 3.5 (22 RA7- (.. 3H),

har oohl or g 5 L CHi RN (500 Bk OB o b b2 T oe Ay 57,
= 7.3 Hz, |Hm, IH)SZOOZ{(:k 2H),4.83-4.M2m, LH)), 1.48 H%Z(CEM IH)}-1.4921 k& (m) HY), 18169 (m
008 (ot Iyl T iy 28 0, 2 2
| H) , 2.10-2.19%24M  2H5ted D8Goliofind fBnedbrocdd38 APl @&)-methy? 1Henz@t)-2-
(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-carboxylate (520 mg, 1.24 mmol) and
lithium hydroxide monohydrate (129 mg, 3.07 mmol) were converted lithium (S)-1-
benzyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-carboxylate (509 mg, quant.
20  yield) which was used in the next step without further purification: MS (ESI+) m/z 405
(M+H).
[0224] Step E: To a solution of the crude lithium (S5)-1-benzyl-3-(2-(quinuclidin-
3-ylamino)ethyl)-1H-indazole-4-carboxylate ( 509 mg, 1.24 mmol) from Step D above in
DMF (25 mL) was added N, N-diisopropylethylamine (1.22 mL, 7.44 mmol) at 0 °C. To
25  the above reaction was added 1-propanephosphonic acid cyclic anhydride (T3P) (50% in
ethyl acetate, 3.94 g, 6.2 mmol) and the mixture was stirred at 0 °C ambient temperature
for 1.5 h. The reaction mixture was treated with brine (25 mL) and saturated aqueous
solution of sodium bicarbonate (25 mL). The compound was extracted with
dichloromethane (4 x 100 mL) and the combined organic layers were washed with brine,
30  dried (NaySQOy), filtered, and concentrated under reduced pressure the crude material
purified by column chromatography (silica gel, 90:9:1

dichloromethane/methanol/concentrated ammonium hydroxide) to afford (S)-2-benzyl-7-



M5 (ESI+) mlz 325 (M+H); HPLC >99% (AUC), tR 8.78 mn. Exanple 26 -
Preparation of (S)-2-I1sopropyl-7-(quinuclidin-3-yl)-8,9-dihydro-2 Hazepi no[
5,4, 3- /]wodamoiss@¢7 H)-one, hydrochloride salt [0215] Scepsfooobedssoni ng
general procedure GP-J, nethyl 3-fornyl-175isopropyll H

i ndazol e- 4- car boxyl ate was converted to nethyl |-isopropyl-3-(2-oxoethyl)-|
H ndazol e- 4 car boxyl ate: 1H NMR (500 MHz, CDC 3) d 9.90 (s, IH) 7.82 (d,
J =7.4 Hz, 7.64 (d, J =7.3 Hz, 743(tJ—74Hz 484(m

gener a 3383@@3}5%%@%3@ %%dlﬁy*%mﬁa%eanoé%i%ﬁdﬂ .%zg%ﬁ@d@oia Pl BT

methyl | -i sopkRigydolid: (}ZNMHQBWIK/DHZI Cb@l;)m%ﬂ-%GﬁrleXYMQLEMV@ﬁezH)JnVGFted
to (5)-methyl I-iso (qui nucl 1 di n-3-yl am nogﬁeth

H-| ndazol e- 4-3%a3 I3%e7 119%7N|\?F(H( 360, Wiz (s, |Y>d¢ (7131%(%20 -3.907(n3 ),

(s 3Z|) 0 S 3gh ?“m%r% By %01@ ﬂ)zﬁés_zz?%ﬁm%) 1% 13583 % ’N@(Eﬁﬁ’h?
(m 1H), 51. 5bz0d7 (IGIHH) M5 (ESI+) mz 343 (M+tH). [0217] Step C Fol | owi ng
general procedure GP-L

thyl |-
(qui nucl i di 19223)1 ani nodteR ﬁyfﬁ@wlﬁglgﬁﬂéﬁ;ﬁﬂégﬂg‘&GBé&)ﬂﬁh@@eﬁ@é -Teeireeidig- t o

i ndazol o, 4 LLrReany o S eGP D) 8R4 Pl 4 mmopyas 4 57
El d,85J( = 7I |?_>|) ddilyertdd) to (B)-26efityl- Zl(qaltﬂlcﬁdlh‘lzi-yl)l&ﬂ) dihy0f-7 M-azdpiro[3,43-tiZ]indak{1;
. m

6H), 1.43 ( rﬁ(Wﬁyne %ydwctlH&?fldﬁ kple (3@5% égpq)) 5@3\12“1%;2%)1({%% DM"%@%% 5 S‘éL ég(()@( &

Fol | owi r o r I
(qui nuclrllgdlgnr@- 3:73 r@?gghﬁ% )QEPN?—EJS Kdazo e@% %gb bjo% at e 7-9% %()J%/grst%zd to
]( S) d2- : Sg%ﬂb)yv 23-1. GQI(IRIJMI)( dg‘g (8-23H) ‘[‘)ﬁ/lsgmgﬂﬂydlrﬁ%%ﬂ-l(méﬁi ﬂci[Gé345$HO

i ndazo - ; :

Teca, o 2 31 %%% 3934 20ym B2 1 P, S oS s o 38 6 (m
IH) 4.12- 3(%}6)”!{{ 98, @%%Ad@)l tR21'2!)221%m10 1.78 (m 5H), 1.48 (m 6H) VB
(ESI+) mz 339 ( [0219] St'ep E: Fol l'owi ng general procedure GP-N
(S)-2-isopropyl -7- (qU|nucI|d|n3 yl )-8, 9-di hydro-2
H azepi no[ 5,121&2811165 RBndaeparadipn OIf-IIRbMqumclédin\ﬁe}’l)w-dihydm-ZH-aZepin0[5,4,3-
(5) - 2-i d6pr opy! - 7- ( quidlindazodi6(7/3-orie) hgdectldridirsalt2
H azepi no[ 5, 4, 3-cJ] i ndazol - 6(7 H)-one,

[0226] Step A: Following general procedure GP-K, (R)-(+)-3-aminoquinuclidine
dihydrochloride (0.71 g, 3.56 mmol) and methyl 1-benzyl-3-(2-oxocthyl)-1H-indazole-4-
20  carboxylate (1.37 g, 4.45 mmol) from Step B of Example 27 were converted to (R)-
methyl 1-benzyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indazole-4-carboxylate (1.1 g,
59%) as an oil: 'H NMR (500 MHz, CDCl3) § 7.71 (dd, J= 7.5, 1.0 Hz, 1H), 7.49 (dd, J
=8.5, 1.0 Hz, 1H), 7.35-7.32 (m, 1H), 7.30-7.23 (m, 3H), 7.14-7.12 (m, 2H), 5.57 (s,
2H), 3.97 (s, 3H), 3.38 (t,J = 7.0 Hz, 2H), 3.32-3.16 (m, 1H), 3.05-3.00 (m, 1H), 2.97-
25 2.93 (m, 1H), 2.89-2.79 (m, 5H), 2.50-2.46 (m, 1H), 1.90-1.85 (m, 2H), 1.75-1.68 (m,
1H), 1.57-1.50 (m, 1H), 1.37-1.30 (m, 1H); MS (ESI+) m/z 419 (M+H).
[0227] Step B: Following general procedure GP-L, (R)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1 H-indazole-4-carboxylate (1.1 mg, 2.63 mmol) and



ochloride salt: 1H NWR (500 MHz, DMSO-J 6) d 10.39 (bs, IH), 7.91 (d, J
.5Hz IH), 7.87 (d, J = 7.4 Hz, IH), 7.55 (t, J = 7.2 Hz, IH), 5.00 (m
H) , 66W()rmo9hlsl$0544 12-3.10 (m 8H) 2.31 (m 2H), 2.1@ct/dBooomys4sH), 1.48
m 6H): (MB (ESI+) mz 339 (MrH): HPLC >89% (AUC). tR 9.25 nin. Exanple 27

hydr

=7

I

(

- Preparation of (S)-2-benzyl-7-(quinuclidin-3-yl)-8,9-dihydro-2 Hazepi no[
5

g

,4,3- /]indazol -6(7 H)-one, hydrochloride salt [0220] Step A: Foll ow ng
ener al procedure GP-El, nethyl 3-fornyl- |H ndazol e- 4-carboxylate (Bl)

o naaral o ARTRGARiT SPREEAE (L0 ME TN qii PAEY pigerl LB Do 54 (s,

|7H)46 ; Z? Edﬁ:nlzj,lz:ll) 3=(2;(c%(1)nu$hg)ml'32ylahllrﬁo)etYl%P}iZiSH gﬂlez%ole-ﬁ c&r%xyﬂat&(l@(g, |qh%nt 3 o8

(Gi 3H) : thwslny](l w?wh{%aszléqd fﬂylew P 1yithoupfrgger PIHFfFC@ﬁP%gHg@r\@f @Ooafi éggure
-J, ne

nmol ) was %:/ocnl\blgpfgg%7 %3]2‘? h 7b§§n2;él%z(§‘| ?E)%gﬁgbﬂ (%)‘%Fﬁ &66 7509@1 ﬁ{)

H-i ndazolse- A&sza(sp@piylsamn( ZHZQZ 85 2771(9/Qm A BIIWL:( 300 1H) 2GBC) 3} (64, PHP2 (S,
IH, 7.83 (dd, J @g 8.7, 1.0 Hz, IH),
7.38-7.32 (n%75|11+)45 (m,ébi)vl é(%l(iﬁ(ngﬁ)H) WSy 1+)1m/2(49.5 (HH)-5.61 (s, 2H), 4.37

2

Goneral ' prodoiile cp, i) FRIGHATE e pitcd DY Bheerb O ROk R pmbl 2 PR
ng, 2.67 muol- belﬂbe-r(rﬁi(d[mhudhdheﬁl-g&drmﬁeXeﬂryd))(Héhin@dz))}eM thrbovddzo EO9 mg, 2.63
4- b | at e t S).- net )

|- Egﬁzgfysa(@mgfidmwgemf@ﬁﬁo -#-éﬁwi éﬁﬁ@ﬁ?ﬂc{m%ﬁég %b@a%ﬁmm%ﬁé

520 469 I 3 7, 0,
é 2 Hzm::J IIOH) @]]ﬁéaz%lem)oﬁfe(ts@} @%M@ﬁﬁ%twégmggm ﬁln%ﬁ @@oﬁ\fﬁfi cJDcE)
(m 3H), 7.1%7.98129% m, 12H) 7.45-B13 (m 212)4)7 3237 93 (s 3HBH) 11937 15,(61, @H) (5rﬁ7 qu)

$'06°5 01 (o 2908, okt 85 Tl i TG 500 |
LSk 12 g AR s i o0 0 Pl i
(qui nucl i di 19229)1 ani ndtept By IFollbwhig graamdbecddura APelly (Rt2ebdrB 207 fgyindclRin-
ol ) ar](g 3-y1)-8,9-dihydro-2 H-azepino|5,4,3-cd]indazol-6(7H)-one was converted to (R)-7-
(quinuclidin-3-yl)-8,9-dihydro-2H-azepino|[5,4,3-cd]indazol-6(7H) one (101 mg, 52%) as
a white solid: MS (ESI+) m/z 297 (M+H).
[0230] Step E: Following general procedure GP-N, (R)-7-(quinuclidin-3-yl)-8,9-
dihydro-2H-azepino[5,4,3-cd]indazol-6(7H)-one was converted to (R)-7-(quinuclidin-3-
20 yl)-8,9-dihydro-2H-azepino|5,4,3-cd]indazol-6(7H)-one, hydrochloride salt (76 mg, 67%)
as a white solid: "H NMR (500 MHz, DMSO-de) & 13.08 (bs, 1H), 10.38 (bs (1H), 7.78
(d,J=7.5Hz, 1H), 7.71 (d, /= 8.0 Hz, 1H), 7.48 (t, /= 8.0 Hz, 1H), 4.70 (t, /= 8.0 Hz,
1H), 4.20-3.40 (m, 5H), 3.28-3.05 (m, 5H), 2.40-2.35 (m, 1H), 2.10-1.80 (m, 4H); MS
(ESI+) m/z 297 (M+H); HPLC >99% (AUC), g 11.02 min.



| 'i thi um hydr oxi de nonohydrate (129 ng, 3.07 mml) were converted |ithium
(S)-1benzyl - 3-(2-(quinuclidin-3-ylam no)ethyl)-I Hindazol e-4-carboxyl ate
(509 ng, woandy/15505el d) which was used in the next step wcrhsadoofousssher
purification: M5 (ESI+) mz 405 (M+tH) . [PR24] Step E: To a solution of the
crude lithium (5)-I-benzyl-3-(2-(quinuclidin- 3-ylam no)ethyl)-I

H i ndazol e- 4- carboxylate ( 509 ng, 1.24 mmol) from Step D above in DMF (25
m.) was added JV, JV-diisopropylethylam ne(1l.22 nilL, 7.44 nmol) at 0 0C. To
t he above reacti on was added 1-propanephosphonic acid cyclic anhydride

(T3P) (50%'1&3@@&2@8 §6e ﬁ?n n F( 31 Jn)nu ’E‘j‘wrtgt gl Ied

at 0 OC anbi en errpera | | ea e
1;1;‘ éé@ arbonate (25
"d'i‘ ) and the

with brine (25 nL) a e%lg
mL). The conpound wa E‘}&y%}ﬂ

conmbi ned organi c | ay@¢ePifalSe gh'é‘il;pvgl W%WW ‘tﬁ’ “eﬁi‘ Na SO ), filtered,
and concentrated under reduced pressure the crude material purified by
col um chromat ography (silica g 90:9:1

di chl or onet hane/ net hanol / concen ed ammnl ydroxide) to afford
(S)-2-benzyl -7-(quinuclidin-3- yI)N8 9- di hydr o- g%

H azepi no[ 5, 4, 3-cd] i ndazol - 6( 70y-one (316 Mgy 66% as a white solid: 1H
NMR (300 MHz, CDCOl 3) d 7.98-7.95 I H), .5743(m 2H), 7.32-7.25 (m
3H), 7.1 19-7.15 (m 2H), 5.57 { , 4.85 \IH), 4.20-3.90 (m 2H),
3.45-3.38 (m IH), 3.35-2.90 ( : IH), 1.95-1.55 (m 4H);
M5 (ESI+). mz 387 (MtH). [0225] St epHF . Fol I ovm ngdgﬁlneral procedure GP-N,
(5)-2-benzyl -7- (qU|nucI|d|n- 3-yl)-8, 9-di hydro-2

H [ 5, d 7 ted t
(55 5" boney i ORHIGE] LocRagH, X'y Hrg0 8GR TheByitRd TR dSRERRIFL &4 tO
]i ndazol - 6(279|'®8-1ﬁﬁ©1) lé]l]!;d I’a(ll}bhblO(Ql(II&nE,alq 68 Blﬁldm andH3P4tiyl bbtahivRl . ()BD%hM‘le in

DVMSO-J 6) d 10.51 (bs l(dg 5 Hz, IH), 7.66 (d, 8.0 Hz,
IH) 7 47 (STH]f |.2}}90 17119§ 9()tmmgl).1.n$ (120 mi_p{)at ropnpiSmMperAIre H{ld@\_f,‘ﬁ}l atrgosp@elies

2 35 2 é an;f”ll‘t genév %gdg é%d(%m)‘? @!}71 %é&%ééf%@ (J;Rz “3‘5%”? ﬁ’/ﬁ%&e&ﬁﬁgé@mg 8%

(AUC), tR 1£f_0226 hrithren. cobded i kawn2 8 mpeRiteea Tat inortuod w@s dlluted with ethyl acetate
)- 7-(qui nucl (|5 86 rnn_L:)g _a}{(li Zv_agl’le%_vgiltlpg/actj&rgfegi al(ill-lgozug slocﬂurn blcarbonate solution (200 mL),

brine, dried (Na,SOy), filtered, and concentrated under reduced pressure. Purification by

column chromatography (silica gel, 0 to 30 % ecthyl acetate in hexanes) afforded methyl

15 3-allyl-1H-indole-4-carboxylate (5.61 g, 88%) as a pale yellow oil: 'H NMR (500 MHz,
CDCl) 6 8.44 (bs, 1H), 7.59 (m, 1H), 7.44 (m, 1H), 7.16 (m, 1H), 7.04 (s, 1H), 6.05 (m,
1H), 5.00 (m, 2H), 3.96 (s, 3H), 3.64 (m, 2H); MS (ESI+) m/z 150 (M+H).
[0232] Step B: To a 0 °C cooled suspension of sodium hydride (60% dispersion
in mineral oil, 0.450 g, 11.24 mmol) in DMF (50 mL) was slowly added a solution of

20  methyl 3-allyl-1H-indole-4-carboxylate (2.20 g, 10.22 mmol) from Step A above in DMF
(30 mL). The mixture stirred at 0 °C under an atmosphere of nitrogen for 1 h. To this
was added benzenesulfonyl chloride (1.30 mL, 10.22 mmol). The mixture continued to
stir for 16 h while gradually warming to room temperature. The mixture was carefully
quenched with saturated aqueous ammonium chloride solution (300 mL) and the aqueous

25  mixture was extracted with ethyl acetate (3 x 300 mL). The combined organic layers
were washed with water (4 x 100 mL), brine, dried (Na,SQOy), filtered, and concentrated
under reduced pressure. Purification by column chromatography (silica gel, 0 to 30 %

cthyl acetate in hexanes) afforded methyl 3-allyl-1-(phenylsulfonyl)-1H-indole-4-



/]1indazol -6(7 H)-one, hydrochloride salt [0226] Step A : Foll ow ng general
procedure GP-K, (i?)-(+)-3-am noquinuclidine dihydrochloride (0.71 g, 3.56
mrol ) andworRbéwissds4benzyl - 3- (2- oxoet hyl ) -1 Hi ndazol e- 4pcrarsbaxphase (1. 37
g, 4.45 mmol) from Step B of Exanple 27 wege converted to (R)- nethyl

| - benzyl - 3- (2- (qui nucl i di n-3-ylam no)ethyl)-1 Hindazol e-4-carboxylate (1.1
g, 5999 as an oil: 1H NWR (SOCO MHz, CDCl 3) d 7.71 (dd, J = 7.5, 1.0 Hz,
IH), 7.49 (dd, J = 8.5, 1.0 Hz, 7.35-7.32 (m IH), 7.30-7.23 (m 3H),

IH),
3 32.3 1o (MRS 3550 piighebRpit oyt g thos syt (10
SH), 2.50- ZMIGIK@DOH\JH)IZ (JD@Q)&S&@ (ﬁfan?H)gs ém7ﬁ=l)17%8(ﬁ1mleFD55 (-kn5ﬁ{)175@ (m
IH), 1.37-1.30 IH; M5 (ESI+) mlz 419 ﬁ g) 20227 Step B : Foll ow ng
general pr oc( )e7@(m,, 2K),)7-Fetom2H)L 586 ey [HRS5(GI (m, 1H), 4.97 (m, 1H), 3.89 (s,

(qui nucl i d| I n t i 4-carboxylate (1.1 ng, 2.63

nmmol ) andl it u%’?ﬁ?ﬁrgﬁﬁd\wﬁm%é Vérggbaé\%g% ng, 7.89 nmmol) were converted

lithium GR) [DMJB”]ZW 3}tép?€( C[ld)ld’ml% cddlod Solyli@idhajeetyhglaltyl-1-(phenylsulfonyl)-

H i ndazol e- 4- car boxyl ate ( g guant yield) which was used in the next
63)

step w t hout!Hf-ifdolse Cﬁﬁl?Pi‘YIF‘T@éf‘ig 1360 rvrel) Soor Srp B abows 8yd - 7. 37-7.34 (m
| 7.30-7 | 5. 54
2t|)|), 3.27 (nﬂﬁ%ﬂ@ r@%@e‘ﬁv‘@%d?ﬁ?g%&éﬁ %ﬁ@?’o})?g‘l%?nggﬁ&&fz 523 2.12 (EnS I H),

1. 75-1. 45 ( riptrais)irofilradGvaterl50 frihy) vidadddBOCESI4-y iz wa@B S((Mnl) 54.p@228]). St ep
C FoIIovvin t he procedure desc¢ribed in Ste 7 R) -

| - benzyl - e(raﬂﬁ%%miwrﬁ Serrg& AnFORB) EMRGEIT? qu&ﬁrdeﬁﬂfawewzleéfeﬁéeﬁw ate
(1.09 ngg 2 s@%ré@@ﬁc}ue%sgscﬁ&mh%f{l‘%s%@s (200 rnLa The tetrahydrofuran was removed

(i ?)-2-benzyl -7-(quinuclidin-3 ro-2 Hazepino|[ 5,4, 3-

cJ] i ndazol - 8(deHedord p(rﬁzaremgd tl&llmxtlas veas Iplaghtonyébd:tmmels athiyhcotake @WII(BOO
MHz, CDd 3)

oy To (o it G0 pudp pobs el e W dndefincta ooty 1 3g

(m 1TH, 3. 35d2hdntBThed fbanid 18Rrs werdSvasRd With bride, ¥dicd (8B SOY), fHdad, M%l
(ESI +) mz 387 (MtH). [0229] Step D:. Fol |l ow ng general procedure GP- U

(i?)- benzyqoncren(h@mdnmdeﬁ 1gflgeed pressure. The remdue was dissolved in a 3:1 mixture of
0GR RSk Ry, S A e SRR
one (101 ny, adaé’(% Tiasmétivdistigres of todin tb@pétﬁ&réfor%éd&&ﬁnzﬂ%ﬂb The
tetrahydrofuran was removed under reduced pressure and the mixture was partitioned
between ethyl acetate (200 mL) and water (200 mL). The aqueous layer was extracted
with ethyl acetate (3 x 200 mL) and the combined organic layers were washed with brine,
20  dried (Na,SOy), filtered, and concentrated under reduced pressure to give methyl 3-(2-
oxoethyl)-1-(phenylsulfonyl)-1H-indole-4-carboxylate (2.50 g, 45%) as a crude yellow
oil, which was directly elaborated without purification.
[0234] Step D: A mixture of (S)-(—)-3-aminoquinuclidine dihydrochloride (202
mg, 1.01 mmol) and methyl 3-(2-oxoethyl)-1-(phenylsulfonyl)-1H-indole-4-carboxylate
25 (330 mg, 0.92 mmol) from Step C above in 1% acetic acid in dichloromethane (20 mL)
was stirred at ambient temperature for 16 h. Sodium triacetoxyborohydride (584 mg, 2.76
mmol) was added, and the resulting suspension was stirred for 2 h at ambient
temperature. The solvent was removed under reduced pressure, and the crude material
purified by column chromatography (silica gel, 10:1:0.1
30  dichloromethane/methanol/concentrated ammonium hydroxide) to afford (S)-methyl 1-
(phenylsulfonyl)-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate (172 mg,
40%) as a yellow oil: MS (ESI+) m/z 468 (M+H).



[0230] Step E: Follow ng general procedure GP-N,
(i?)-7-(quinuclidin-3-yl)-8,9-

di hydr o- AWoas@pisssh 5, 4, 3- c<i ] i ndazol - 6( 7H) - one was conveciras2a00/045484
(1?)-7-(qui nuclidin-3- yl)-8,9-di hydro-2 #§ azepi no[ 5, 4, 3-cJ] i ndazol -6(7

H) - one, hydrochloride salt (76 ng, 67% as a white solid: 1H NVR (500 MHz,
DMSO-J 6) d 13.08 (bs, IH), 10.38 (bs (IH), 7.78 (d, J = 7.5 Hz, IH), 7.71
(d, J =80 Hz, IH, 7.48 (t, J = 8.0 Hz, | 4.70 (t, J = 8.0 Hz, IH),

H),
4.20-3.40 , 3.28-3.0 , 40- 2. | . 1051. 8 J 4H) ;
Vo (251 4) mey (i yer Epie ChuBlp iy el it dgd 50
%P1 0 gt ool g Staany i wraon
(Phenyl sul f dﬁtyalayd@fp’@ai(mmh) dvas 2ddsg hjthpinshydrexide moarirete (13%mepi Ao mmply, 3-

mbtiyl ol a4 ET By ey R et Vg g R R AP o "
29. 68 MBI ) ,coacshtiatadainkdyd rebhared pecstire 0 Whs odsiduicorasi duied IdiFern8sh® Gnddr ,va8uu@d tamol )
: .

added P PPHAA gruge $aTyh TLF b arsioy oS e s RS BB P0G or
16 h then cqpiQE sl QBRI SRET RELERd il IR ek edidl Rithad rebihdt e fvddoR: Ry

acetate (500 nL) and washed with saturated agueous sodi um %I car bonat e
sol ution (208Shb)n/zBp4 M tHdried (Na SO4), filtered, and concentrated under

duced . Purification by col hr onmt hy . (sili |0t
ecuced o egjuig, P dLR v Bl el VI Gl BBI P LA, B 1
H- i ndol a94- qaniaoudi : i i | 037 khOVRof5OGy Mz,
DO 3y 8, o B R (&
IH), 6.05 (¥ abasiyin MO ({0l pyas addgbHBIU @ﬁ-@ mg3 064 numpl) 2py thovBIXESMWY 1 2

(0% i sper ST OROPh TR e irO g adf Bt RERTRAR R f B TS o2
sl owl y addedpresstrel 140 0Q, plovidiidw | : 1 3Iniatury bf {S)46-(phetatied n el 2bexitualiéin{32y30 g,
10.22 mmol ) from Step A a The m xture stirred at

bove in DVF (30 nli). t 0 oC
under an at rodpierEalrrerl trazgeinobst3 £dhndord -enf anda b 2-Agrieerlsah viledditiGny |

L S 5 19,02 L TR s OIS il 0y

guenched wi tly whtmm elfrechatoguephygsiboagel] Ll Ohl dchldensohantinonthgnd0Conrkdtraed t he

aqueous ammonium hydroxide) to afford (S)-6-(phenylsulfonyl)-2-(quinuclidin-3-y1)-2,3,4,6-
tetrahydro-1H-azepino[5,4,3-cd]indol-1-one (92 mg) and (S)-2-(quinuclidin-3-yl)-2,3,4,6-
tetrahydro-1H-azepino[5,4,3-cd]indol-1-one (52 mg) as an off-white solid. These

20  materials were immediately dissolved in methanol (2 mL) and treated with hydrochloric
acid (1.25 M solution in methanol, 1 eq) separately. The mixtures were stirred for 15
min, concentrated under reduced pressure, and dried under vacuum. The resulting solids
were lyophilized from water (8 mL) and acetonitrile (1 mL) to afford (S)-6-
(phenylsulfonyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino|5,4,3-cd]indol-1-

25  one, hydrochloride salt (23.5 mg) and (S)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-
azepino[5,4,3-cd]indol-1-one, hydrochloride salt (29.1 mg) as off-white solids: (S)-6-
(phenylsulfonyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino|5,4,3-cd]indol-1-
one, hydrochloride salt: "H NMR (500 MHz, DMSO-de) & 10.31 (bs, 1H), 8.14 (d, J=8.2
Hz, 1H), 7.99 (d, /= 8.5 Hz, 1H), 7.93 (d, J= 7.6 Hz, 1H), 7.83 (s, 1H), 7.68 (t, J= 5.6

30 Hz, 1H), 7.61 (m, 2H), 7.48 (t, /= 7.5 Hz, 1H), 4.71 (m, 1H), 3.80-3.31 (m, 5H), 3.19
(m, 4H), 2.27 (m, 1H), 2.15-1.78 (m, 4H), 1.31 (m, 1H); MS (ESI+) m/z 436 (M+H);
HPLC 98.7% (AUC), tr 16.42 min. (S)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-



m xture was extracted with ethyl acetate (3 x 300 nL). The conbi ned organic
| ayers were washed with water (4 x 100 nlL), brine, dried (Na2SO&4),
filtered,wandiessent rat ed under reduced pressure. Puri prcratscan/obsascol um
chromat ography (silica gel, 0 to 30 %ethg)-acetate in hexanes) afforded
met hyl 3-allyl-I-(phenylsulfonyl)-1 Hindol e-4-carboxylate (3.15 g, 87% as
a pale yellow oil, which crystallized upon standing: 1H NVR (500 IHz,

cbAd3 d819 (m IH, 7.8 (m 2H, 7.63 (m IH, 7.55 (m IH, 744(3

580 (s 3ol g gl st ol R CPbshE nafed ) o' 2

0C cool ed so UIIS)(bSOTH)"th%)(bs 6&11)1 bl - APhemyi, e PBy(d,~/= 7.9 Hz, lH) 7.31 (s,

| H i ndol e- 4- car boxyl ate %4 80 13.50 nmol) from Step B above and

Net hy| mor phidii eS8 (NJoﬂ &l QHM B, (2414490133 (m, B33 241A.88 .S Hbf 2.30
tetrahydrof ra ( 4.0
nmmol ). The esgmg’? %@?W%Q?@r@gﬁiﬁ}mﬁg%((&ﬁ!I é?r{ggn“gre &Ar(@ﬁh%grén was
di | uted it hmia. saturated aqueous solution ONa S O (200 nL). The
tetrahydrofuran was renoved under reduced pressure and the m xture was
partitioned between et hyI acet ate (200 m_]) and water (200 nlL The aqueous
| ayer was exiYupRledlwiPrapaafion of driMethy %(weuﬂtqm:%ﬂ)ﬁ?ed SAB-AHa
organic layers were wWaehadlSd.31dlindarel-odieene; Reidhsohioride salter ed, and
concentrat ed under reduced pressure. The residue was dissolved in a 3:1

m xture of tetrahydrofuran:water (50 ,\to which sodium periodate ( 11.55
g, 54.0 mmol ) was added. The m xture stitfed at roomtenperature for an
additional 24 h. The tetrahydrofuran waszrenoved under reduced pressure and
the mi xture was partitioned between ephyNagetate (200 mL) and water (200
m.). The aqueous | ayer was extracted vvith et/hyl acetate (3 x 200 nlL) and

t he conbi ned organic | ayers were vvashe nt R brine, dried (Na2SO4),
filtered, and concentrated under reducgd presgsure to give nethyl 3-(2-
oxoet hyI)-I - (phenyl sul fonyl') -1 H-indol e-7 cgrboxyl ate (2.50 g, 45% as a
crude yellow oil, which was directly el abordti&d without purification.
[0234] Step D A m xture of (5)-(-)-3-am noquinuclidine dihydrochl oride

(202 my,101. 4023tol ) arfdeprdt Wy)ﬂlowit(gzthopwedwb)in Exqmple 2y bxebf thatytythyl iodide
H i ndol e- 4- car box itﬁ%ﬁgggé%z%m%i(?ez, m@ﬁ? nc{orlomcg}begylatea(g% 4'()?) n]i%)o Cv%sI ¢

acid in dichf8r's
converted to methyl 1-methyl-1H-indole-4-carboxylate (6.44 g, 88%): '"H NMR (300

MHz, CDCl3) & 7.91 (d, J= 7.5 Hz, 1H), 7.52 (d, /= 8.1 Hz, 1H), 7.25 (t,J = 7.8 Hz,
1H), 7.18 (d, /= 3.0 Hz, 1H), 7.10 (d, /= 3.0 Hz, 1H), 3.98 (s, 3H), 3.82 (s, 3H); MS

15 (ESI+) m/z 190 (M+H).
[0238] Step B: Following general procedure GP-O, methyl 1-methyl-1H-indole-
4-carboxylate (6.40 g, 24.16 mmol) was converted to methyl 3-formyl-1-methyl-1H-
indole-4-carboxylate (5.41 g, 76%): "H NMR (300 MHz, CDCls) & 10.49, (s, 1H), 7.98 (s,
1H), 7.88 (dd, /= 7.5, 1.2 Hz, 1H), 7.57 (dd, /= 8.1, 1.0 Hz, 1H), 7.36 (t,.J= 7.8 Hz,

20  1H), 3.99 (s, 3H), 3.90 (s, 3H); MS (ESI+) m/z 218 (M+H).
[0239] Step C: Following general procedure GP-P, methyl 3-formyl-1-methyl-
1H-indole-4-carboxylate (3.0 g, 13.82 mmol) was converted to methyl 1-methyl-3-(2-
oxoethyl)-1H-indole-4-carboxylate (1.73 g, 54%): "H NMR (500 MHz, CDCls) § 9.83 (s,
1H), 7.79 (d, J = 7.5 Hz, 1H), 7.51(d, J = 8.5 Hz, 1H), 7.25-7.22 (m, 1H), 7.09 (s, 1H),

25 4.01 (s, 2H), 3.90 (s, 3H), 3.78 (s, 3H); MS (ESI+) m/z 232 (M+H).
[0240] Step D: Following general procedure GP-Q, methyl 1-methyl-3-(2-
oxoethyl)-1H-indole-4-carboxylate (250 mg, 0.61 mmol) and (S)-(—)-3-aminoquinuclidine



was stirred at anbient tenperature for 16 h. Sodiumtriacetoxyborohydride
(584 ng, 2.76 mmol) was added, and the resulting suspension was stirred for
2 h at amwoendy/tssosper at ure. The sol vent was renoved undecTrisdwomdssps essur e,
and the crude material purified by columggchromatography (silica gel,

10:1: 0.1 di chl or omet hane/ et hanol / concentrat ed anmoni um hydr oxi de) to
afford (S)-nethyl 1- (phenylsulfonyl)-3-(2-(quinuclidin-3-ylam no)ethyl)-I
H- i ndol e- 4- car boxyl at e (172 ng, 40% as a yellowoil: MS (ESI+) mz 468

| - ( pheny! sul 11% rt?%’zﬂ%n eirg SISI?I\[]JGC edgo &5‘3 été%lam n{c%{'e? ﬁz I(SlulPuChdm -3-
H i ndol e- 4- Ibm&)etwlplyélﬁablmrcaib&%ldﬁé@3)1 o, FIVH @m@@m CDCLy) §
tetrahydrofuran (10 rnLg was added I|th|un1hydrOX|de monohydrate (12

3.07 nmol ) Z*-|63Aﬁit,ér 13 )H) Vkﬁé@&F@r(kaH{)st7|2ﬁr(bd~a$OéﬁbﬂHBbﬂQ bﬂhggre
overni ght and, hen poncenttalsds yodensfedueed, prossi TGS [AShifps es

dried overnig vac trude
(5)-1-(phenyd. $0J¢[rf103H/) 258 :( 26 (rqmmyQI%dn 06 3my L EHW 11&8H)-¢180y ), 1H) H . 7alal 6 (m,
4-car boxyl at e e next step wi t hout further

pﬁrl fi cgtl ;)r?-H)NyéElg?-iimn@H) ME‘QS\?{#W/Z 342086 Sstep F : To a solution of
tqﬁlﬁLgI?dll g-UF;gl%otg%ﬁp?%n¥kﬁ%g%§&¥ &Bg%%%%oxylé?ynfﬂg%érndhwﬁyg% nmol )

from Step E (gbiaueidim-3BNVminbietingl)- 1 ieiadeldeiechrbdBilit¢ 24Dlithym Bydbxidool ) and t he

m xture was stirred at anbient te erat for The Xture
concent r at ednmﬁ Tl £an Y ied 4oyt @o?ﬁéth%i‘ @.@mgc ip- %ylﬁv%qﬁ?tw%

(S) - 6- (nlenylpdofny. |c5r'ng§lgtlé' Rfchivelis rﬁsgd ¥l t)le néet3ic ? ool ﬁﬁ‘%ﬂfdg&lﬁcatlon

H azepi no[ 5, 4, 3-c<i]indol-I-one and (5)-2-(quinuclidin-3-yl)
t et r ahydr o- HMEKESE®VM®§28@M3H&<|]|ndoI-I one by LC-Ms. The crude materia

it ol or oret HAPRA et har 1) EoRGLRY PR eate B RBRICA S St ) SE b g
(5)-6- (phen)(gﬁﬁlhémﬁﬂh) lé’rnﬁﬁ%tlﬁbkl}lllHCihﬂolé #&a)rb&y&té’r(@ﬁ th@ 0 oDy as

H-azepi no[ 5, i ndol -1-one (92 ny)
(5) - 2- (qui nw@nvmqqug@rq iy (@umméltufﬂaﬁyﬂb@ﬁl 4,6-tetrahydro-1H-azepino[3,4,3-

macor alls. wst BT AREar g yROZur FENTRS R Aot Do 2R et

hydrochl ori c7 #eig JES. @ﬁzMlemll @1y + B.onet, hanod 91 &s, &), serarat@hy, 4.0 .80
m xtures were stirred for 15 mi concentrat ed under reduced fressure and

dried under(Vaéﬁhni7&ﬁe3ﬂé§h11@nb—ééﬁﬁﬂs1H)3]5 —2.90 (m, 7H), 2.20-2.10 (m, 1H),
1.90-1.50 (m, 4H); MS (ESI+) m/z 310 (M+H)

[0243] Step G: Following general procedure GP-T, (S)-2-(quinuclidin-3-yl)-

20  2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one was converted to (§)-2-(quinuclidin-
3-y1)-2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one, hydrochloride salt (68 mg,
38%): "H NMR (500 MHz, DMSO-de) & 10.37 (bs, 1H), 7.75 (d, J = 7.5 Hz, 1H), 7.62 (d,
J=28.0 Hz, 1H), 7.30 (s, 1H), 7.25 (t, J= 8.0 Hz, 1H), 4.80-4.70 (m, 1H), 4.10-3.90 (m,
1H), 3.80 (s, 3H), 3.75-3.35 (m, 4H), 3.28-3.18 (m, 3H), 3.15-2.75 (m, 2H), 2.35-2.30

25  (m, 1H), 2.10-1.80 (m, 4H); MS (ESI+) m/z 310 (M+H); HPLC >99% (AUC), tz 13.07

min.



were |lyophilized fromwater (8 nL) and acetonitrile ( 1 nL) to afford
(5)-6- (phenyl sul fonyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-|

H azepi novb,24093t56b54] i ndol - | - one, hydrochl oride salt @23/US2009p4a84d
(5)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydgp-1 Hazepi no[
5,4,3-cJ]indol-1-one, hydrochloride salt (29.1 ng) as off-white solids:
(5)-6- (phenyl sul fonyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-|

H azepi no[ 5, 4, 3-cJ] i ndol -1 one, hydrochl ori de salt: 1H NWR (500 VHz, DMSO-J
6) d 10.31 (bs, IH, 8.14 (d, J = 8.2 Hz, 7.99 (d, J = 8.5 Hz, I H),

Z H;93 (7 d48J(t-E;za lt%zﬁ ai@[éﬁg%flnzﬁ 9‘%’;‘8‘]‘#‘ %%l)ﬁz ?ﬁsq_&e'fpﬂglyﬁ)@l (m

4H). 2.27 (m IH), ¢ hydyagplor SI+) Mz 436

(M+H); HPLC 98. 7%(AUC), tR 16.42 m
(5) - 2- (qui nucl i di n-3-y|)-2,3,4,6-te@dro-l
Hazepi no[ 5, 4, 3-cd] i ndol -| -one, hydroghloride salt: 1H NVR (500 MHz, DVSO J

6) d 11.18 (bs, IH, 9.98 (bs (IH), 7. % 7. , IH), 7.55 (d, J =
7.9 Hz, IH), 7.31 (s, IH), 7.18 (t,O¥&= 7N/ Hz, IH), 4.72 (m I|H),
4.10-3.33 (m 5H), 3.24-2.89 (m 5H), .30 (m IH, 2. 07-1. 79 (m 4H); M
(ESI+) mz 296 (M+H); HPLC 97.6% (A | RV11. 75 min. Exanple 31 -
Preparati on of (5)-2-Methyl-7-(quinusl{i#aigf3-yl)-8,9-di hydro-2 Hazepi no[
5,4,3- /]indazol -6(7 H)-one, hydrochloride s [0237] Step A: Fol |l ow ng
the procedure in Exanple 2, except that neth di de was used instead of
benzyl brom de, nethyl indole -4-carboxylate .0 g, 40.0 nmmol) was

converted to hyl 1 thI- IH-|ndoIe car boxyl 6, 44 9 :. 1H NWR
(300 MHz, Cd@:ga] I(é Fpl DWi;ngggqqgra pmec{ufeé%édmet yLl-é)erg )11_5%/% 1e_7 o5

J=17.8 T a % z
é t, 98" (s, 3H)¢l§a3péé te ZAiL@DML ' coh ene%i +t9 nk&hyl'lFBen %/ﬁ-@or(lﬂﬁl 197 rndgltegt k&poﬁ;}r&te

Fol | owi ng gdnh2da, 7@%()C1éHNMR GJ&OMHQE(ED@I@ E-Imwhgs le |-8-03r‘((slpllé) 7486c(dd,bb‘-xyl ate
(6.40 g, 24. 16 ertedt et h for | - 1 Hi ndol e-
4- car boxyl at7 5( H{V%a7é§’@(g(\{ 3 1 7 %&@Oﬁéﬁy (m’lw 7.98
(s, I'H, 7838.3s(d2H3*)9753H1»¥s 1#!)2921 id, J =8.1, 1.0 H, IH,
7.36 (t, J:7§ )] (83%9 (l;@s ,Z (sfj 3H); M5 (ESI+) mlz 218
(MHH) . [10239[])24§]ep C: Sﬁcp BowioHgwoergenaral moocxhnimﬁ@ IG?ﬂ@hylrﬂeme -3-formyl-
3-fornyl-1- rﬁ}-ﬂ}/d!oiel:h-carboxylate was converted to methyl 1-benzyl-3-(2-oxoethyl)-1H-indole-4-

carboxylate: "H NMR (500 MHz, CDCls)  9.83 (s, 1H), 7.77 (dd, J= 7.5, 1.0 Hz, 1H),

7.47 (dd, J=7.5,1.0 Hz, 1H), 7.32-7.27 (m, 3H), 7.19 (t,J = 7.5 Hz, 1H), 7.15 (s, 1H),

7.10-7.08 (m, 2H), 5.32 (s, 2H), 4.01 (s, 2H), 3.90 (s, 3H); MS (ESI+) m/z 308 (M+H).

15 [0246] Step C: Following general procedure GP-Q, (S)-(—)-3-aminoquinuclidine

dihydrochloride and methyl 1-benzyl-3-(2-oxocthyl)-1H-indole-4-carboxylate were
converted to methyl 1-benzyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indole-4-
carboxylate (516 mg, 57%): "H NMR (300 MHz, CDCl3) § 7.67 (dd, J= 7.5, 1.0 Hz, 1H),
7.45-7.40 (m, 1H), 7.32-7.27 (m, 4H), 7.22 (s, 1H), 7.15 (t, /= 7.5 Hz, 1H), 7.08-7.05
20 (m,2H), 5.27 (s, 2H), 3.95 (s, 3H), 3.54-3.40 (m, 5H), 3.38-2.90 (m, 6H), 2.45-2.30 (m,
2H), 2.20-1.65 (m, 3H); MS (ESI+) m/z 418 (M+H)
[0247] Step D: Following general procedure GP-R, (S)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate was converted to crude lithium 1-
benzyl-3-(2-(quinuclidin-3-ylamino)ethyl)-1 H-indole-4-carboxylate, which was used in
25  the next step without further purification: MS (ESI+) m/z 404 (M+H).
[0248] Step E: Following general procedure GP-S, lithium (5)-1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1 H-indole-4-carboxylate was converted to (S)-6-benzyl-2-



i ndol e -4-carboxylate (3.0 g, 13.82 mmol) was converted to nethyl

| - met hyl - 3-(2- oxoethyl)-1 Hindol e-4-carboxylate (1.73 g, 54%: 1H NWR
(500 MHz,wODRMBEs@49.83 (s, IH), 7.79 (d, J = 7.5 Hz, | BrI/Us200(0a54849 = 8.5
Hz, IH), 7.25-7.22 (m IH), 7.09 (s, IH,g%#.01 (s, 2H), 3.90 (s, 3H), 3.78
(s, 3H; Ms (ESI+) mz 232 (M+tH). [0240] Step D: Fol |l ow ng general
procedure GP-Q nethyl |-nethyl-3-(2- oxoethyl)-I Hindole -4-carboxylate
(250 ng, 0.61 mol ) and (5)-(-)-3-am noqui nucl i di nedi hydrochl ori de were
converted t |2 33.(2-6quin i, G N33- 1.n P

it naol o 4- QAP RUS TIPS 33T e AT SO LR " H RO RY (o
= 7.5 Hz, ||‘IMHZ7CE@130@79]8(%1 3—075|EIZ 1}&9 737) aZJ%t75Hz=1H3) 0.3biz7.25 th, 4H),03 (s,
IH), 5.70 (br s (s 3H), 3. 3.31 (m

3.16-3.06 (rﬁ 1(}9)08%1 Q@I-) %03 (. 551-1)(5 2HBE-85. 400((111H) 2‘1—90 380g8n, 2H|)_D>9b3-"(fh
I'H), 1.85-1 8 , 5
o a4 (Me ?bézﬁﬁ 183, ;555090#6? ol 50 Sﬁei% 2y ﬁ%r %gédhég(%ﬁ)& ]\%% L hyI

| - met hyl 53- (2% 386 UMAED)] | d| n-3-ylam no) et hyl)-I Hi ndoI e 4- car boxyl ate and
l'i thi um hydr oxi de nonohydrate were converted to lith

(5) - I - met hy![9249]12- ( quiSierFi GpHowing2spsrabnressyirg GPtM%@@P@ZYMdﬁW@@&W&ﬁe

whi ch t h m
505 iy p3aay 0Lt FEERpMARAULAMHENPONEUES bORRILPR (YR tmdi- ™ 2
E g)g-SI nmet hyl(qﬁm(uﬂidnﬁ-qwslhg,gll:i Gei-llfe?r-aﬁyd&ba]lﬁ -appeidiy, M)}&d]h{dbhﬁ-@he, Wdesch lwoixly Isalt e

, Y
() 6y it (05 T bl SR G MHE BMS Qs Huy oLk, B4 do TipEHa, HD.

oy 1ol 060 T B g 7 I, G3RB (% SR ol) A0 e Sy
4. 85- 4 70 (I()2H)4 0B, BH),(4010-28) (m3SHB 3(26-338)(m, 3H3 3. (0-2.8D (m, DB)52 B8 | H) ,

25,7 0 AP A s b B b SR T 1

(S)-2-(qui nug 38 3-yl)- 2,3,4,6-tetrahydro-|

H azepi no[ 5, 4, 3-cd] i ndol -1 - one was converted to (5)-2-(quinuclidin-
3-yl)-2,3,4,6-tetrahydro-| H azepi no[5, 4, 3-cd]i ndol -l -one, hydrochl ori de
salt (68 ny,Exa@aple 33 H Pxrparasion ofkR)-20NBurlidin-3-yDe2,3.4,6-tegrahydyo-17-75 (d, J
= 7.5 HA5 I H), 7.62 (ad¢pidofs,83-0d}iadoltl-pne, hydBochdqriddhalt 7. 25 (t, J = 8.0 Hz,
IH), 4.80-4.70 (m IH), 4.10-3.90 (m

N

N

i
[0250] Step A: Following general procedure GP-Q, methyl 1-benzyl-3-(2-
oxoethyl)-1H-indole-4-carboxylate from Step B of Example 32 and (R)-(—)-3-

20  aminoquinuclidine dihydrochloride were converted to (R)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1 H-indole-4-carboxylate (701 mg, 68%): "H NMR (300
MHz, CDCl3) 8 7.63 (dd, J=7.5, 1.0 Hz, 1H), 7.44 (dd, /= 7.5, 1.0 Hz, 1H), 7.32-7.23
(m, 4H), 7.19-7.05 (m, 4H), 5.31 (s, 2H), 3.95 (s, 3H), 3.20-3.05 (m, 3H), 2.95-2.70 (m,
7H), 2.50-2.40 (m, 1H), 1.85-1.65 (m, 3H), 1.55-1.22 (m, 2H); MS (ESI+) m/z 418

25 (M+H)

[0251] Step B: Following general procedure GP-R, (R)-methyl 1-benzyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate (516 mg, 1.24 mmol) and lithium
hydroxide monohydrate (129 mg, 3.07 mmol) were converted to lithium (R)-1-benzyl-3-



IH), 3.80 (s, 3H), 3.75-3.35 (m 4H), 3.28-3.18 (m 3H), 3.15-2.75 (m 2H)
2.35-2.30 (m IH, 2.10-1.80 (m 4H); M5 (ESI+) mz 310 (MtH); HPLC >99%
(AUC), t RvD20@r1sm0sa. Exanpl e 32 - Preparation of PCT/US2009/045484
(S)-6-benzyl -2-(quinuclidin-3-yl)-2,3,4,6g4etrahydrol H

azepi no[ 5, 4, 3-cd] i ndol -1 -one, hydrochloride salt [0244] Step A: Fol |l ow ng
general procedure GP-O, nethyl 1-benzyl- | Hindole- 4-carboxylate (AI b) was
converted to nmethyl |-benzyl-S-fornyl-I Hindole”-carboxylate (12.4

17 TH N (200 M s g8 7Pl ko a8ty sl e i -

7.19-7.15 (rEteprthhOLﬁflﬁ&lefpurlect‘dhonMQES%) K04 W@Sl +) mz 294 (MHH).
[ 0245] Step B:._ Follow ng general  procedure GP- net hyl
| - benzyl - 3- fl82R)1 | 1 iSHepfe Follewmssepeat @Oﬁﬁ@r%*ﬁv%rltt%ﬁn&(é?)ﬁebqul 3-(2-

| -b | - 3- | ., CDd 3

b ohe) (o (GpORGhamilh RGP Frflagear oru ke IR 4RRRINES D0 3)

|( Ir—nl) 2Z|) 32573%ﬂveﬁrmd {BKR)-6- Beﬂ@l-@t—(qlzlﬂluchcﬁna B2, 3,4 tetfahyBro w-a)m%lo[z 5%39 (7 M?-Ei)
S Z

Hobaat St op Cé]mfhb‘rll "0 @34@@&%@%) Eibwaw %HZQCH?DCIsN%S CURLEST it

5 3- |
|(-%)el(’12§/| Sa(2 0 et t hy ?ﬂlﬁlq—i)- 0?;2? ﬁlégiﬁl oxy gg)egm:%bc%% Sr’tlgI 531§ﬁ3th I
| - benzyl - 3- (m)(qussm@m(mmaow 80018}, BYAS) 1./ +Hi 1. 0004, 6HA-3. ERLI0H, 2B, (516

, 579 300 7. O Hz, |H),

Tas- 7. 40 (MRl G bhat 95 D S e b (7 L s e,
| H), 7.08-7./9%54m ZFDSteéDz]:oﬁ%er%:%enel%l gl%cécﬁlre gLy, %)%B&z§p2f§'iiﬂm@'[bdm-
3.38-2.90 (m B6H) ¥) mz 418
( MrH) [0247]3 st)é;ﬁ D6-t&igihlydwi- hig- agemecp[ém gc-ms]@gmmm@mm mes). Sih%mmydl) was

comort ed 1 SoRvtd Pr ke GBS e el vl PR O] A GoyeT
H-i ndol e- 4- q@n@ﬁfg bk, IH’N}\@%S‘O@MH%@MS@) yg% ﬂeﬁ(ssmpwmt(a@u; fur blaer

purification: ESI+) mz 404 l'owi ng gener al
procedur e GFH7SIH)J 1 66(dti (5)7.5-b@hz\ilH)37.28 s, (lliﬂwhh%(tlﬂﬂ% (BHy,I 12y, AGPet Al ) - |

(H si) ) g()lbir?zy @éq?ﬁu‘i ﬂ%ﬁ a”%ﬁfnh%%ﬁy%?b% f%ﬂr%%&%l PO (m, 1H), 1.80-1.35 (m, 4H);

H azepi noCS’j\’)[SquH}m,g@Q% (Mmg) 1H NWMR (300 MHz, CDCl 3) d 7.98 (d, J =7.5

Hz, IH), 7.39 , 732725(m 4H) ,
[0254] Step E: Followmg general procedure GP-T, (R) 2-(quinuclidin-3-yl)-

2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one (90 mg, 0.305 mmol) in methanol (2
mL) was converted to (R)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino|[5,4,3-

20  cd]indol-1-one, hydrochloride salt (100 mg, 66%): "H NMR (500 MHz, DMSO-ds)
5 11.21 (bs, 1H), 10.34 (bs, 1H), 7.72 (d, /= 7.5 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.35
(s, 1H), 7.19 (t, /= 7.5 Hz, 1H), 4.80-4.68 (m, 1H), 4.10-3.33 (m, 5H), 3.28-3.18 (m,
3H), 3.15-2.75 (m, 2H), 2.35-2.30 (m, 1H), 2.07-1.80 (m, 4H); MS (ESI+) m/z 296
(M+H); HPLC >99% (AUC), tg 11.94 min.

25  Example 34 - Preparation of (R)-2-Methyl-7-(quinuclidin-3-yl)-8,9-dihydro-2H-
azepino[5,4,3-cd]indazol-6(7H)-one, hydrochloride salt

X

o N

0~ ZF



7.10-7.08 (m 2H), 6.97 (s, IH, 5.31 (s, 2H), 4.85-4.70 (IH, 4.10-3.80
(m 2H), 3.35 (t, J =11.0 Hz, IH), 3.15-2.90 (m 7H), 2.20-2.10 (m IH),
1.90- 1. 50wOrmosissos4Vs (ESI+) niz 386 (MtH). [ 0249] St epPET/USEB@blogssBNg
general procedure GP-T, (5)-6-benzyl-2-(ggd nucli din-3-
yl)-2,3,4,6-tetrahydro-1 Hazepino[5,4,3-C ]indol- | -one was converted to
(5)-6-benzyl-2- (quinuclidin-3-yl)-2,3,4,6-tetrahydro-I H azepino [5,4,3-C
]Jindol- | -one, hydrochloride salt (95 ng, 959 : 1H NI\/R(SOOM—IZ DVBO-J 6)
d 10.51 (bs, IH), 7.74 (d, J = 7.5 Hz, 7.66 (d, J = 8.0 Hz, IH), 7.47

, ITH, 7. t,J:7.' 2 5 42 4.71
(o 1h) 4 005y sidpgt: gl gféler(aﬁpr% uk ?"1@%6%1 ErdBi 58
2.20 (m | H)oxo@thgzg llf—l ﬁﬁlo(em c4iodxyIMR (1B9hg;)3. 29 ﬁnl%@ﬁfr&IMSh@pDHPE%ﬁﬁl%%l(aﬁUC)
tR 10.70 m n. Exanple 33 - Preparation o

) - 2- ( Qui nucl (Réh(h) %amn)aqlan@chdlee ﬂéwdmy@ﬂde &8 Hargpt- fdmnmInwere copvertpdito| - one,

" beonzyl 53 (3 RUbAHGRR 1 E et OG- S, REOE P BE IRt e o

and (i7?)- ( )m§-68%§r h@mmntqstbo FilHtectﬂ)d‘ly)CHlDGNdH ey, @HI?HQOIH)BWURSCthOJ 8.0

(i1?)-methyl |- benz é ui nucl i di n- 3-yl am no) et h\7/
H i ndol e- 4- dd&B6Ry aiét (71 ﬂg 1B 703 (LHHNVRIP ( 7653)@1{)331&3708631,(dd

1 oot RO L0 4017k By S o G 57 A, 6,

(m 7H, 2. 510?Q(n402H)m 6BH).60 ImBEH)L 169 A0 (BH) H), 1. 3551 D53, (B); AENESMS AES! +)
mz 418 [0251] Step B : Followi ng general procedure GP-R (i?)-nethyl
| - benzyl ( (Mqtﬁ)nucl i di n-3-ylam no)ethyl)-I Hindol e-4-carboxylate (516

e T T e e M
| Hi ndo | e- 4qeandodiy3atleninaiiticy)-W&sindeledl-¢anbdxtyeate €500 1sg, dp46/mtﬂmd)).andﬂmhmher
o O bl ol ook i ALSTMPATRT )
(1%) 6 Benyl- 3ot fuer TRCR Y s v LR gl s
step without further purlﬁcatlon MS (ESI+) m/z 328 (M+H)
[0257] Step C: Following general procedure GP-S, lithitum (R)-1-methyl-3-(2-
(quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate (746 mg, 1.46 mmol) was
converted to (R)-6-methyl-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino[ 5,4,3-
cd]indol-1-one (309 mg, 68%): "H NMR (300 MHz, CDCls) § 7.97 (d, J= 7.5 Hz, 1H),
20 7.42(d,J=8.0Hz, 1H), 7.31 (t,J = 8.0 Hz, 1H), 6.91 (s, 1H), 4.85-4.70 (1H), 4.10-3.80
(m, 2H), 3.78 (s, 3H), 3.37 (t, /= 13.5 Hz, 1H), 3.15-2.90 (m, 7H), 2.20-2.10 (m, 1H),
1.90-1.50 (m, 4H); MS (ESI+) m/z 310 (M+H)
[0258] Step D: Following general procedure GP-T, (R)-6-methyl-2-(quinuclidin-
3-y1)-2,3,4,6-tetrahydro-1H-azepino[5.4,3-cd]indol-1-one (309 mg, 1.0 mmol) and HCI
25  were converted to (R)-6-methyl-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-
azepino[5,4,3-cd]indol-1-one, hydrochloride salt (240 mg, 69%): 'HNMR (500 MHz,
DMSO-dg) 6 10.56 (bs, 1H), 7.75 (d, J= 7.5 Hz, 1H), 7.62 (d, /= 8.0 Hz, 1H), 7.30 (s,
1H), 7.27-7.22 (m, 1H), 4.80-4.70 (m, 1H), 4.10-3.90 (m, 1H), 3.78 (s, 3H), 3.75-3.45
(m, 4H), 3.28-3.18 (m, 3H), 3.15-2.75 (m, 2H), 2.35-2.30 (m, 1H), 2.10-1.80 (m, 4H);
30  MS (ESI+) m/z 310 (M+H); HPLC >99% (AUC), #z 9.05 min.



cJ]indol -1-one (354 ng, 55%: N 300 MHz, CDC13) d 7.98 (d, J = 7.5
Hz, IH), 7.39 (d, J = 7.5 Hz, , 71.32-7. 25(m 4H), 7.10-7.08 (m 2H),
6.97 (s, wHpodhsSis4(s, 2H), 4.85-4.70 (I H), 4.10-3.80 (mwCTAISR09B4:A84 (t, J =
11.0 Hz, IH), 3.15-2.90 (m 7H), 2.20-2.1¢ (m IH), 1.90-1.50 (m 4H); M5
(ESI+) mz 386 (MrH). [0253] Step D: Foll owi ng general procedure GP-U,

(i ?)-6-benzyl -2-(quinuclidin- 3-yl)-2,3,4,6-tetrahydro-|

H-azepi no[ 5, 4, 3 cd] i ndol -1 -one (200 ng, O. 519 nmol ) was converted to

I(-li- ;)zegl ﬁ, gl[Jls @3?5 %ﬂ?&tlﬁn%{ %gtbreg qu E@fh ygbﬁ3,ﬁ%tet%&rﬂ 6) d

11.12 (s, IH, 7.69 azej"m’qg“s O'Hekb'y Fpe = 7.5, 0.6Hz,

| H), 7.28(s,||—|),717(t J =28 4654.45(m|H) 4.15-3.50
(m 3H), 3.20-2.65 (m 7H), 2.00- 1 IH), 1.80-1.35 (m 4H); MS (ESI+)
mz 296 (M+H). [0254] Step E: Fol | owt general procedure GP-T

(i?)-2-(quinuclidin-3-yl)- 2,3,4,6-tetnsahydro-|

H azepi no[ 5, 4, 3-cd] i ndol -1 -one (90 g, %805 mrol) in nmethanol (2 nlL) was
converted to (i ?)-2-(quinuclidin-3-yl)-2,
H azepi no[ 5, 4, 3- cd]indol -1-one, hydroTt
(500 MHz, DMBSO-J 6) d 11.21 (bs, IH
IH, 7.56 (d, J =8.0 Hz, IH), 7.35 (s,
4.80-4.68 (m IH), 4.10- 3. 33 (m 5H), 3.28-
2.35-2.30 (m IH, 2.07-1.80 (m 4H); M (ESI '
(AUC), tR 11.94 nin. Exanple 34 - Preparation of

) - 2- Met hy!l - 1023 nucl |SiemA3F91ﬂc)w1agge@ﬁrhlmp@dgrekﬁlz&mﬁbylﬂ “aengyl-3-(2-

/11 ndazol - 6(7 rochl oride sal St e F g general
procedure C5|19X®e Pf@nl%l %F & %rleX%at(e oéogt%% ﬂ} Xa}m ;g‘%anﬁ?g))ﬁ\%gr boxyl at e
(775mg, 3. Zﬁlnﬁﬁ@qlﬂlmfdh@fﬁeﬂil@}mr&h&frld@%fﬁ b@n\%rtkd &R)-methyl 1-benzyl-3- (2-
(1?)-(+)-3-am noqui nuclidine dih dro chlorl

de
converted tdappeslidigdngaminoygshy il Hndole ]i’m&}’ﬁqt%iﬂrﬁ)-l:;n&lﬁ&ﬁ)n&} &WK;OQ

T, % AP B 76584@00%?%%4@@95% Kb 7&26%435‘1 :

7.03 (s, | H)(rn 3Hyg. (%7 (33‘(}11 4312)773( $s, 231')1,)3 9§3(s15H$ 30@43f05 (BHBH)ZZ 9§L22707@n

J, 4, 6-t et rahydr o- |

(i de salt (100 ng, 66%: 1H NWR
4 (bs, IH), 7.72 (d, J = 7.5 Hz,
9 (t, J =7.5 Hz, IH),

m 3H), 3.15-2.75 (m 2H),
n12 296 (M+H); HPLC >99%

7H), 2.41- 5 g% ‘;3 E% 1.84- 1.75
(m 2H), 1. 673{)1 663 (@H}H) i%@lﬁ Aim,% 1|ﬁ5|r1 2@ (352E ZMS(( Hpyz 4M5 (ESI +)
m 2 (M+H)

[0260] Step B: Following general procedure GP-R, (R)-methyl 1-benzyl-3-(2-

15 (quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate (516 mg, 1.24 mmol) and lithium
hydroxide monohydrate (129 mg, 3.07 mmol) were converted to lithium (R)-1-benzyl-3-
(2-(quinuclidin-3-ylamino) ethyl)-1H-indole-4-carboxylate, which was used in the next
step without further purification; MS (ESI+) m/z 404 (M+H).

[0261] Step C: Following general procedure GP-S, lithitum (R)-1-benzyl-3-(2-

20 (quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate (725 mg, 1.24 mmol) was
converted to (R)-6-benzyl-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino[5,4,3-
cd]indol-1-one (354 mg, 55%): "H NMR (300 MHz, CDCl3) § 7.98 (d, J= 7.5 Hz, 1H),
7.39 (d, J="7.5 Hz, 1H), 7.32-7.25 (m, 4H), 7.10-7.08 (m, 2H), 6.97 (s, 1H), 5.31 (s,
2H), 4.85-4.70 (1H), 4.10-3.80 (m, 2H), 3.35 (t,/=11.0 Hz, 1H), 3.15-2.90 (m, 7H),

25  2.20-2.10 (m, 1H), 1.90-1.50 (m, 4H); MS (ESI+) m/z 386 (M+H).

[0262] Step D: Following general procedure GP-T, (R)-6-benzyl-2-(quinuclidin-
3-y1)-2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one (100 mg, 0.259 mmol) was
converted to (R)-6-benzyl-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino[5,4,3-



342 (M+H) [0256] Step B: Foll owi ng general procedure GP-R, (i ?)-mnethyl

| -met hyl - 3-(2- (quinuclidin-3-ylamno)ethyl)-lI Hindol e-4-carboxylate (500
ng, 1.46 worb)y/@sab4l i t hi um hydr oxi de nonohydrate (129 ngcTAisGwonwual) were
converted to lithium (i?)-1-methyl-3- (2-¢gui nuclidin-3-ylam no) ethyl)-

| Hi ndol e- 4- car boxyl ate, which was used in the next step w thout further
purification: Ms (ESI+) mz 328 (MtH) . [0257] Step C. Fol | ow ng general
procedure GP-S, lithium (i ’7)-I -met hyl - 3-(2- (quinuclidin-3-ylam no)ethyl)-I

H i ndol e- 4-ca at e 4

(i )6 et hy RIBSOEPRE o RO Ry €I sbo Sy SAT RO DM Qs Jo 51
cdl i ndol -1 - g 1€30% 77w, 8 895 HzlmHNW% g%_pgu\m HPR ]9 7008 (= 755
4, 85 4 70 (IH9, (2Hz) 1859, éb(n(1 rﬂH)2§+)42 (8218, %%1 (IBH)H) 3. 1@73%1(%5&) 1365§|L|§(m1 H) ,
3.15-2.90 ( ( 9 S|+ z 310
(M) T0258] tepOD22 sE0n ] %&@gze%ﬂm AL SR %P‘-"#WSQ@SI@EW dad™

(i ?)-6- st hyiM-2); gimmwsbg%l(Ach MND73.ndin4, 6-t et rahydr o- |

H-azepi no[ 5, 4, 3-cd] i ndol -1 -one (309 rrg, 1 0 mmol ) and HC1 were converted to
(i1 ?)-6-nethyl-2- (qw nucl i di n- 3- ¥ lé 6-t et rahzydro Hazepi no’%

5,4, 3- cd] i ndoramplg 36 - Hﬁ?ﬂ?@é‘ﬁpé‘ ( b6'§4of|ﬂ(“°(% Bﬂj clighin- b

DVBO-J 6) d 10.56 ( bdetrabydro7l H-gzepino[3,4:3-zdEindel-1-one, hydrahlqrifle SJ‘“- 8. o He,
IH, 7.30 (s, IH, 7.27-7.22 (m IH, 4.80-4.70 (m IH), 4.10-3.90 (m IH),
3.78 (s, 3H), 3.75-3.45 (m 4H), 3.28¢33 M8 (m 3H), 3.15-2.75 (m 2H),
2.35-2.30 (m IH), 2.10-1.80 (m 4H); ESI+) mz 310 (M+H); HPLC >99%
(AUC), tR 9.05 mn. Exanple 35 - Preparatdon of (

) - 6- benzyl - 2- (qui nucl i di n-3-yl)-2, 3, 408; €T\ ahydrol H azepi no[ 5, 4, 3-

/1indol -1-one, hydrochloride salt [0259) St¢p A : Follow ng general
procedure GP-Q nethyl |-benzyl-3-(2- ! ) -1 Hindol e-4-carboxyl ate
fromStep B of Exanple 32 and (i?)-(+) 1 noqui nucl i di ne di hydrochl ori de
were converted to (7?)-nmethyl |-benzyl -3

(qui nuclidi n-3-ylam no)ethyl)-lI Hindol e-4-ganrpoxylate (701 ng, 68%: 1H
NVR ( OO MHz, CDO 3) d 7.63 (dd, J = 7.5, Hz, IH), 7.44 (dd, J = 7.5,
1.0 Hz, IH), 7.32-7.23 (m 4H) 7.19-7.05 (m 4H) 5.31 (s, 2H), 3.95 (s,
3H), 3.20-3.05 (m 3H), 2.95-2.70 (m

10 [0263] Step A: To a solution of methyl 1H-indole-4-carboxylate (3.0 g, 17.1
mmol) in DMSO (25 mL) and 1,4-dioxane (25 mL) in a sealed tube were added
potassium phosphate (7.3 g, 34.3 mmol), dimethylethylenediamine (1.0 mL, 9.1 mmol),
L-proline (1.1 g, 9.1 mmol), 1-bromo-4-fluorobenzene (1.3mL, 11.42mmol), and copper
iodide (1.1 g, 5.7 mmol). The mixture was purged with argon gas; the tube was sealed and

15  heated at 110 °C overnight. The reaction mixture was cooled down to rt, washed with
water (100 mL) and the aqueous mixture was extracted with dichloromethane (3 x 150
mL). The combined organic layers were dried (Na,SQO,), filtered, and concentrated under
reduced pressure. Purification of the resulting residue by column chromatography (0% to
50% dichloromethane in hexanes) afforded methyl 1-(4-fluorophenyl)-1H-indole-4-

20  carboxylate (2.1 g, 68%) as a white solid: 'H NMR (300 MHz, DMSO) & 7.87-7.82 (m,
2H), 7.75 (d, J = 8.4 Hz, 1H), 7.68-7.63 (m, 2H), 7.49-7.42 (m, 2H), 7.32 (t,.J = 7.8 Hz,
1H), 7.20 (dd, J = 3.0, 0.9 Hz, 1H), 3.93 (s, 3H); MS (ESI+) m/z 270 [M+H] .

[0264] Step B: Following general procedure GP-O, methyl 1-(4-fluorophenyl)-
1H-indole-4-carboxylate was converted to methyl 1-(4-fluorophenyl)-3-formyl-1H-

25 indole-4-carboxylate: "H NMR (500 MHz, DMSO) & 10.20 (s, 1H), 8.58 (s, 1H), 7.76—



7H), 2.50-2.40 (m IH), 1.85-1.65 (m 3H), 1.55-1.22 (m 2H); M5 (ESI+) niz
418 (M+rH) [0260] Step B : Foll ow ng general procedure GP-R, ( )-nethyl

| - benzyl -Bo(Be9/5spsnucl i di n- 3-yl ami no) et hyl ) -1 Hi ndol eréTamedonyisat e (516
ng, 1.24 mmol) and |ithium hydroxi de nonoggdrate (129 ng, 3.07 mmol) were
converted to lithium (i?)-1-benzyl-3- (2-(quinuclidin-3-ylamno) ethyl)-

| Hindo | e-4-carboxylate, which was used in the next step w thout further
purification; M (ESI +) mz 404 (MtH) . [0261] Step C. Fol |l ow ng general

e T L A T SO LY A SRR

was”’conv
(i ?)-6-benzyiH)2- (qui nucl i din-3-yl)-2,3,4,6- tetrahydro I H-azepl no[5 4, 3-
cd]i ndoI -I -one é354 55% : 1H NWVR (300 MHz,
Hz, . erzsCHfollpw)ng gengpl 17r02@U(f%fiPmmethylllo@?ﬂwo?hﬁnyQH}

(]5_19(7) I(-; I "i)fongyl3]é‘1 1§dé)6@2?'0 arbéﬁglﬁfe%%ocoglf%ed 4 18@-@@3@?8y1833 éi H§t I\/% B
EIE% +é gieSﬁZBﬁﬁemWH)Fa n{dlﬁllkgélz]car‘ﬁbeydaﬂa }Fglﬂ\ﬁm‘(\s(?g;d?gﬂﬁmmloﬁ pGedure)FP7 T
H azepi no[5y442é(’é%ﬁ)r %@él(s |298n§,8%/i%ég% 0. 259 rrrm?/) was converted to

(1?)-6-benzyhadsi( qui nugl) ﬁ‘ FoBoWing dge gva‘ffpl%c&ﬁfré W@r&cépt that 1,4-dioxane was
H azepi no[ 5,4, 3-cJ] i ndol-1-one, chloride salt (68 nmy, 89%: 1H NMR

(500 MHz, DNVS@!ds ¥ solved, Gethybs- (44ﬂﬂ)3r0phel?§4) Be2- ozodhyl)afmdouem parbomat(:d J

= 8.0 Hz, t = 7.5 H

5.42 (s, 2H)®ndi‘%)7€ )(%m}@hfnﬂcﬂfgn%d@?(dr(oﬁﬂﬂogﬂﬁ werp “é’éw %to((éf H?FIBY? 1% Yoo 2 80
2 2. Bm HMB 361

I(—Ig]LC 5)99180 (%%C%@%glﬁ (?fdhumaelicﬁn-@ )al e(ﬂg%etﬂﬁl):’rle a?tgltglsl odna)rt())dgyzat& NMRED

) - 6- (4- f 1 uor(8ph&Hya. PMS(Dé]éﬁrﬁﬁ(:ﬁSa.(m éHgs|7)52z7310z(n63Ht)e% 2ﬁﬁyd(r6 § Hz, 1H),

corutron of frbir PRkt o B0 sl o oo BP0 PR 1B s
rnL) and 1, 4}}@; 0%ankesT &h, 1))l 4401 d0geal |y 1t26e 28&re |HOAAS (PST9ssi Up2

phosphat e (7 3 g, 34.3 mol ), dinethylethylenediamne (1.0 nL, 9.1 mmol),
Z-proline (1ML 9.1 mmol ), |-brono-4-fluorobenzene (1.3nL, 11.42mmol),

and cop Q%Qaé[ﬁg“eﬂfe( 1. X6 E5 £01GWRI)aend 1P BL AN EPUBSRPMAARA 14ut h argon gas;

fluorophenyl)-3-(2-(quinuclidin-3-ylamino)ethyl)-1 H-indole-4-carboxylate was converted
to crude lithium (R)-1-(4-fluorophenyl)-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indole-4-
carboxylate: MS (ESI+) m/z 406 [acid, M+H] .
[0268] Step F: Following the procedure in Step C of Example 16, lithium (R)-1-

20  (4-fluorophenyl)-3-(2-(quinuclidin-3-ylamino)ethyl)-1H-indole-4-carboxylate was
converted to (R)-6-(4-fluorophenyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-
azepino[5,4,3-cd]indol-1-one (5.5 mg, 10%).
[0269] Step G: Following general procedure GP-T, (R)-6-(4-fluorophenyl)-2-
(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino|[5,4,3-cd]indol-1-one was converted to

25  (R)-6-(4-fluorophenyl)-2-(quinuclidin-3-yl)-2,3,4,6-tetrahydro-1H-azepino[ 5,4,3-
cd]indol-1-one, hydrochloride salt: '"H NMR (500 MHz, d;-MeOH) & 7.90 (d, J=7.5 Hz,
1H), 7.64 (d, J = 8.0 Hz, 1H), 7.55-7.52 (m, 2H), 7.42 (s, 1H), 7.34-7.29 (m, 3H), 4.25—
3.55 (m, 6H), 3.54-3.05 (m, 6H), 2.52-2.51 (m, 1H), 2.15-1.98 (m, 3H); MS (ESI+) m/z
390 [M+H]"; HPLC 97.2% (AUC), t 10.22 min.

30



heated at 110 OC overnight. The reaction m xture was cooled down to rt,
washed with water (100 nL) and the aqueous m xture was extracted with

di chl or orw0hamels§@d4x 150 nl). The conbi ned organi c | ayersTwse@oaussed (Na SO
), filtered, and concentrated under reducgg. pressure. Purification of the
resulting residue by colum chromatography (0% to 50% di chl oronet hane in
hexanes) afforded nethyl |-(4-fluorophenyl)-I Hindole-4- carboxylate (2.1
g, 68% as a white solid: 1H NVR (300 MHz, DMSO) d 7.87-7.82 (m 2H), 7. 75

5 A e e R

| - (4-fl uorophenyl) - St ndoI e-4-carboxyl ate was converted to nethyl

| - (4-fl uorophenyl)-3-fornyl -1 Hi ndol e- 4 car boxyl ate: 1H NWR (500 MHz,
DVSO) d 10.20 (s, IH),8.58(s | H), 37§7 3 (m 2H), 7.67-7.65 (m 2H),
7.52-7.48 (m 2H), 7.42 (t, J 8.0 Hz, “ 89(s 3H). [0265] Step C
Fol | owi ng general procedure GP— P, nmet hyI (4 fl uorophenyl)-3- fornyl-I

H-i ndol e- 4- car boxyl ate was converted to fethyl |-(4-fluorophenyl)-3-(2-
oxoet hyl)-1 Hindol e-4-carboxyl ate: b 300 MHz, DVBO) d 9.74 (s, IH),
7.73- 7.26 (m 8H), 4.03 (s, 2H), 3.83 BH). [0266] Step D. Fol |l owi ng
general procedure GP-Q except that 1,4 ane was used as the solvent,
met hyl |- (4-fluorophenyl)-3-(2-oxoeth i ndol e- 4- car boxyl ate and

(i ?)-(+)-3- am noqui nucl i di ne di hydrochl orid re converted to (i?)-nethyl
| -(4- éorophenyl) 3- (2 (qui nuclidin-3-yl ami Ao) et hyl ) - |

Hi ndole 4-carboxylate; 1H NVR (300 MHz 7,65-7.58

7.52-7. 40 (n['ﬁE z%er(f* Fyl owvn%enfrﬂ pmfecgae %PIQL?X?@t (d?ﬁt(‘ 4FP}10X%16@1&S( s
3H), 3.17-2.034 Qﬂhe%bpventzm%ﬂiygl%zetﬁ}m3 {ﬁxoe I[:l‘ if@14- mcaﬁkﬂ(ylagﬁ ({z’?‘SI}lg
IH), 1.44-1.40 (m IH) ESI+) mz 422 ’[0267]
Step E: Fol |02 mgmj;bﬁn«anaﬂtembmf@dample@ eﬁa,d equil-p- Hrﬂhhlyﬂ’-amb@@zcloﬁ 3.1]nonan-3-

fl uor ophenyl - (qui nucl i din-3-yl ani no) et - | Hindol e-4-car boxyl ate
VaS Con3§ C%u{l%gv Ve etdhtplfﬁp -me¥hy?q1-met¥1yl-?-¥i-)(9- thyl-@-

(i?)-1-(4-f |a‘2%1 Y. )InSndn23- gﬁﬁilﬁt&)@ﬂhlygllfﬁ ol @mcadbeyiat MY (H1H%el Fos-
car boxyl ate E | +) mz 406 [acid,

[0271] Step B: Following general procedure GP-R, endo-methyl 1-methyl-3-(2-
(9-methyl-9-azabicyclo[3.3.1]nonan-3-ylamino)ethyl)-1H-indole-4-carboxylate was

15  converted to crude lithium (endo)-1-methyl-3-(2-(9-methyl-9-azabicyclo[3.3.1]nonan-3-
ylamino)ethyl)-1H-indole-4-carboxylate: MS (ESI+) m/z 356 [acid, M+H] .
[0272] Step C: Following the procedure in Step C of Example 16, lithium (endo)-
I-methyl-3-(2-(9-methyl-9-azabicyclo[3.3.1]nonan-3-ylamino)ethyl)-1H-indole-4-
carboxylate was converted to endo-6-methyl-2-(9-methyl-9-azabicyclo[3.3.1]nonan-3-yl)-

20 2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one (5.5 mg, 10%).
[0273] Step D: Following general procedure GP-T, endo-6-methyl-2-(9-methyl-
9-azabicyclo[3.3.1]nonan-3-yl)-2,3,4,6-tetrahydro-1H-azepino[5,4,3-cd]indol-1-one was
converted to endo-6-methyl-2-(9-methyl-9-azabicyclo[3.3.1]nonan-3-yl)-2,3,4,6-
tetrahydro- 1 H-azepino[5,4,3-cd]indol-1-one, hydrochloride salt: '"H NMR (500 MHz,

25 DMSO0)69.28 (s, 1H), 7.77 (d,J=7.0 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.29-7.23 (m,
2H), 5.34-5.31 (m, 1H), 3.87-3.70 (m, 5H), 3.47-2.63 (m, 7H), 2.35-2.20 (m, 2H), 2.19-
1.80 (m, 5H), 1.79-1.51 (m, 3H); MS (ESI+) m/z 338 [M+H]"; HPLC >99% (AUC), tz
13.61 min.



[0268] Step F : Follow ng the procedure in Step C of Exanple 16, lithium
(R -1- (4-fluorophenyl)-3-(2-(quinuclidin-3-ylam no)ethyl)-

| H i ndol ewd-20@vi3s0sy| at e was converted to PCT/US2009/045484
(1?)-6-(4-fluorophenyl)-2-(quinuclidin-3-94)-2, 3,4, 6-tetrahydro-1 Hazepi no[
5,4,3-c<i]indol-l-one (5.5 ng, 109 . [0269] Step G Foll ow ng general
procedure GP-T, (i ?)-6 (4 fl uorophenyl) - 2-

(qui nuclidin-3-yl)- , 6-tetrahydro-| H-azepi no[5,4,3-C Jindol- | -one
was convert

(i 2)-6-(4- f%atng%lﬁ% Pre%a c‘(iatlon r(])lijgndg 7(5 @etkbeWgPZ}]octan -3-

H azepi no[ 5, 4, 3- cd] N30 QPyWE]'”E 15 ilijadwihplin-6 gg'ﬁf’ck&m‘de
4-MeOH) d 7.90 (d, J5& t7.5 Hz, IH, 7.64 (d, J =8.0 Hz, IH, 7.55-7.52 (m
2H), 7.42 (s, IH), 7.34-7.29 (m 3H), 4.25- 3.55 (m 6H), 3.54-3.05 (m
6H), 2.52-2.51 (m IH, 2.15-1.98 (mh8H); M5 (ESI+) miz 390 [ MtH] +; HPLC
97.2% (AUC), tR 10.22 min. Exanple 37 - NPreparation of

' n</ o0- 6- et hyl - 2- (9- net hyl - 9- azabi cycl . 3. 1] nonan- 3-
yl)-2,3,4,6-tetrahydro-1 H azepino[ 5,4 /1indol -1-one, hydrochloride salt
[0270] Step A : Follow ng general procedu GP- Q except that 1, 4-dioxane
was used as the solvent, nethyl |-nethy]- 3]?( 2- oxoet hyl ) -1

H i ndol e- 4- car boxyl ate (775ngy, 3.26 mMmD om Step D of Exanple 3 1 and
e/ ?<i 0- 9-met hyl - 9- azabi cycl o[ 3. 3. 1] nonani3- lam ne were converted to

endo- met hyi | - net hyl - 3- (2- (9- net hyl - 9- N

azabi cycl o[ 3. 3. 1] nonan- 3-yl am no) et hyl ) wndol e- 4-car boxyl ate: M5 (ESI+)
mz 370 [[M+H] +. [0271] Step B : Fol |l ow ng geﬁ@{3al procedure GP-R,

endo- mstﬁ | - met hyl - 3- ( 2-

(9-met hyl - c[ ‘Ezﬁi cycl cegtg%g ]Sloﬁﬂfﬂ?ﬂ%cgl&él (@6%23%?? ??’h?ls; érl]cqided in portions to a

H- i ndol e- 4- xyl at s convert to cr

(el ?<io)-I- rmtdmy)hoiﬂ{%(rﬁethﬁ-md’mydyc&{azaﬂnoﬂ:ayn]s@mﬁrﬁz dhildrpeidmade Shd-stirred at
ylamno)ethl) | Hindol e-4- boxyl ate;, M5 (ESI+) nlz 356 [aci M+-H] +.
[0272] St ep aELign EBRGTAYTS ﬁ%(@r J@e%a Feaction aidpreamisthyEsAnwnd- lx@egwi-ﬂﬁr um
(endo) - 13- mehfyhreds. @grb&%glﬁ'@t(bﬁh b Bﬁ%lnpgt%{} Aof Example 6 in 1% a gtlc acid in

. 1] nonan- 3- yl am no) et hyl carboxyl ate was converte
en<i o- 6- net hpthl@rofr@thmet K30 H@aa@abdttﬁyicﬂnd[sﬁrred af analnem-t@nydryture for 3 h. Sodium

& o e B bl R0 S e Y s @ e AR B Rt S )

stirred for 16 h at ambient temperature. The solvent was removed under reduced

pressure, and the crude material purified by column chromatography (silica gel, 10:1:0.1
15  dichloromethane/methanol/concentrated ammonium hydroxide) to afford methyl 1-
methyl-3-((8-methyl-8-azabicyclo[3.2.1]octan-3-ylamino)methyl)-1 H-indazole-4-
carboxylate (0.54 g, 100%) as a yellow oil: '"H NMR (300 MHz, CDCl3) & 7.75 (d, J="7.5
Hz, 1H), 7.53 (d, /= 8.5 Hz, 1H), 7.38 (t, /= 6.0 Hz, 1H), 5.49 (s, 1H), 4.26 (s, 2H), 4.04
(s, 3H), 3.96 (s, 3H), 2.99-2.89 (m, 1H), 2.45 (s, 3H), 2.10-1.85 (m, 6H), 1.74-1.62 (m,
20  4H), LC/MS (ESI+) m/z 343 (M+H).
[0275] Step B: To a solution of methyl 1-methyl-3-((8-methyl-8-
azabicyclo[3.2.1]octan-3-ylamino)methyl)-1 H-indazole-4-carboxylate (0.54g, 1.6 mmol)
from Step A above in THF (5 mL) was added lithium hydroxide monohydrate (1.6 g, 38
mmol) in water (5 mL). The mixture was heated at 90 °C for 1 h and then concentrated
25  under reduced pressure. The residue was dried overnight under vacuum to afford crude
lithium 1-methyl-3-((8-methyl-8-azabicyclo[3.2.1]octan-3-ylamino)methyl)-1H-indazole-
4-carboxylate (1.54 g), which was used in the next step without further purification:

LC/MS (ESI¥) m/z 329 (M+H).



9-azabicyclo[3 .3 . 1] nonan-3-yl)-2, 3,4, 6-tetrahydro-

| H azepi no[ 5, 4, 3-cd] i ndol - 1-one was converted to

e/ ?<i 0- 6-wet2hyg58054 9- met hyl - 9- azabi cycl o[ 3. 3. 1 ] nonan- Beyiys2@9/085444 6-
tetrahydro-1 H azepino[5, 4, 3-c<i]indol-l-eone, hydrochloride salt: 1H NWR
(SOCO MHz, DMSO) d 9.28 (s, IH), 7.77 (d, J = 7.0 Hz, IH), 7.62 (d, J = 8.0
Hz, IH), 7.29-7.23 (m 2H), 5.34-5.31 (m IH, 3.87-3.70 (m 5H), 3.47-2.63
(m7H),235220(m2H) 2.19- 180(m5H) 179151(m3H);MS

I(Dlrzg:og a[ril én ?ﬂhndo thn%kﬁh;%"%‘g%%( Qg%delﬁt uglzla thmlgo@%?ogfa;\ 3-

yl)-7, 8- di hygnioipydleadd. qbaam%flaﬁlﬁﬁ}mstﬁglwmmndazcﬁéa ddboxfite (1y3g el BT UE
salt [0274] St ep A Sodi um hydri de (60% was added .in portions to
a sol ution df- aéaﬁre?tmmol)gné%(tﬂl%@@wp@nazmﬂf&m “@Séw%afonmh}arté@ﬁpwﬁu&re and

stirred at %p![lfy'l :Fh?ﬁﬁ@%@& %F?ccj Entilatiﬂox}% I‘J@lﬁf%daﬁ'%sg%f@tﬁéﬁﬁ urd BNy

3-fornyl-1 -ne ndazo car ate fromStep
A of Exanpl gafiitioned Yemeeh dichacodethandirchivaieio rfﬁtdmneodsﬂﬁ)yatrtz)asm@sacadﬁwdh and

stirred at ajphi ent te erature for 3 h. . Sodiumtriac r dr| (1.2
g, 5.6 mol)d IO & ﬁﬁwmalbﬂ@mrﬁnﬁcglagﬁé ﬁi@ﬁ%%ﬁ{e R g P
at anbi ent tQHRGHAIM"Biderid8uRA PY&BhreWaSe CRIR S YOFRS disQANGEH nl?é’tﬁa%%%@d and
the crude material purified by colum chromatography (silica gel, 10:1 :0.

1 di chl or orgtrbapitgtedbusiandicthybetbentThatpeecipitato was filtengd nok dded undsr eﬁfdfuwdd

i ndazol e 4 uuFB PP Ertinka- G R bar e Sl OSSR (300 e,
CDA 3) QO7 7(51%)(dﬂ%pﬂazola[35r ﬁﬂe]lsbljﬂtmoﬂn-ﬁ@lf)d)nel36 nﬁg)5Th|Zs,mdtH)ial Was3ssblved th =

6.0 Hz, % Hi (s, 3H),
2.99-2. 89 (rﬁlethﬂ)ol bmig a{l@tregpﬁ W1ti_1 exms& hs@roehﬂprlgagld 25M 1016'201(1?11 4H) ;

et hyl -5 (P fshy Tefitbys b3 (PR HsicRatod Butb A fer TR pressure

H-i ndazol e- 4ndajiiedxyiatvaciin thgve 2-rhcthyio]-|8- ﬁfeﬂfplStaepbléyca@[G\aal]bataf[HFyl§5 n1_)
was added I|ithi um hydroxj de nonohydrate é\(%i 6 0, mol ) i n water m) .
The i xt ur e Wirdihydepatrzatol b Soliseguinolj- éf)m@ﬁlymbﬁtdﬁé@lé@%%e A’roéfﬂlhced

pressurqs ThE TSGR willit SR VANRR G RASL, RSB 59 A1 (0119), §7M48, s
=8.5Hz, 1H), 7.53 (t, /= 7.0 Hz, 1H), 7.43 (d, /= 7.0 Hz, 1H), 5.04—4.93 (m, 3H), 4.08
(s, 3H), 3.99 (s, 2H), 2.73 (s, 3H), 2.44-2.39 (m, 2H), 2.33-2.27 (m, 2H), 2.03 (d, /= 8.5
Hz, 2H), 1.84 (d, /= 10.0 Hz, 2H); MS (ESI+) m/z 311 (M+H); HPLC >99% (AUC), tx
11.96 min.

20  Example 39 - Compound Affinity for the Human 5-HT3 Receptor

[0277] The relative affinity of the various compounds for the human 5-HT;
receptor was measured in a radioligand binding assay, using a scintillation proximity
assay (SPA) format. Test compounds were dissolved to 10 mM in 100% DMSO, then
serially diluted at 10x assay concentrations in 100% DMSO in 96-well polypropylene

25  plates and further diluted to 4x assay concentrations with the assay buffer. Samples were
incubated in 50 mM Tris-HCI, pH 7.5, 3 mM MgCl,, 1 mM EDTA and 10% DMSO with
10 nM [9-rnethyl-3H]BRL-43694 (Perkin Elmer, Waltham, MA), 3 ug of human 5-HT;
receptor membranes (Perkin Elmer, Waltham, MA) and 0.5 mg/mL SPA beads (WGA
PVT, Amersham Biosciences) in a final volume of 0.2 mL. Binding reactions were set up

30  in wells of PicoPlates-96 (Perkin Elmer, Waltham, MA) by adding consecutively 50 pL.
of each competing compound or buffer, SPA beads, the radioligand and 5-HT; receptor



l'i thi um 1- et hyl - 3- ((8-net hyl - 8-azabicyclo[3 .2.1 ]octan-3-yl am no) net hyl ) -
| H i ndazol e- 4-carboxylate ( 1.54 g), which was used in the next step

wi t hout fwotbhevisposai fication: LG M5 (ESI+) nlz 329 ( M-HpCT[IB2008j0488ep C. A
m xture of crude lithium]l-methyl-3-((8-ngthyl-

azabi cycl o[ 3. 2. 1] oct an- 3-yl am no) net hyl ) -1 H-i ndazol e-4-carboxylate (1.5 @)
and HBTU (1.2 g, 3.2 mmol) in L, -dinethylformam de (5 nL) was stirred at
anbi ent tenperature for 18 h. The reaction was concentrated under reduced
pressure and_th xt or o n and wat er .
The aqueous ql%nﬁgrra I%\Aslas&fftaefta%l act htt '%CIHIB(I}? nhail%g(tr)écl)}%rre rﬁ]gﬁ%tu%eno eg(;%o i hed
organi c | aygjlsteyRee déﬁttrﬁﬁlge(dl‘ﬂar Bﬁn)m atf 1,50Cetped f@lﬂtﬂwdﬁd@}cﬁaﬂfaabﬁﬂl thedlark foedoced
pressure. The crude m xture was dissolved in methanol and preci % tat ed

usi ng di et hymnet&ﬁé%oacfrﬁéy VWreequiteddp ehanpGount miceplats gounteed ety Efmend frced
8-
B hydropyr a2l Cuiguerindr téinTRod Mot ARl R Eh R ofvtHBRRDIE bidid

di ssol ved i nvasetchamdied(in thenrpscandof 30eavied Dibd- TnzéxSpscsﬁhbﬂudmngmdememmd
(1.25 M sol tlog in. msthano'lgfp. .T(He pxturag \/T\@s stl‘[:‘red for 1 h, filtered,
concentrat e BretingdirasRseiiicdindipe romygtagpindaneu it ?XR?&&‘E’HWY%GQF%med
2-met hyl - 7- (;8 dﬁﬁﬁ&ﬁt’é ! F%ﬁ@bﬁééﬁﬁ@lﬁ&ts%f EhR ﬁ@%&%h)wﬁh ondansetron included as a
7, 8- di hydr opyrazol o[ 3, <i e]isoquinolin-6 one, hydrochloride salt (20
my, 4% over qomoml@pst)y ras Hrvo ofluesviviteal cpmiged fidh mﬂ@@@dlwgﬁatamJ 6) d
9. l(sl 7.5 J.= 7 7.43 (d,
32 7.0 He, RHE IS gy sofisifom J0BS 10" T gmibiiduiranb ) W 5 (S
3H), 2. 4@ 2. 3Rulad 26H thCRIre 280t 8uaBbl (K- Q@SOgP+gJKD)9)8wﬁeﬂazL 2H), 1.84
(d, J =10.0 Hz, 2H); M5 ( ESI+3 g % (AUC), tR 11.96
m n. Exanpl etoagenﬂa@@mpﬁmdwhgﬁm mthyassay, anf &Ko almits ofthoredieligand fooie7] The
relative affl of the various conpounds for the human 5-HT receptor was
measured in & rpao(vil ol i gand bi ndi ng assay, using a scintillation proximty
assay (SPA) format. Test conpounds were dissolved to 10 nMin 100% DVSO,
then seri al IFxathpled0@d AgonishA cisiant Recemabinaat Hamsan $+HIOQReObfizors N 96- wel |
pol ypropyl ene plates and further diluted to 4x assay concentrations with

the assay bypp®s]. Sanpi@sanenbryonicKiétegdHER259) oMs Tkpiesdikd the PELEFTR, 3 MM

Myl 2, 1M EDTA and 10% DMSO with
15  receptor subunit were seeded directly into poly-D-lysine coated, black-walled, clear

8-
5

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 pL) 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

20  (each 200 pL) in Hank’s balanced salt solution and incubated for a further 30 mins in
Hank’s balanced salt solution (100 L) prior to assay (25°C). Alteration in [Ca®']; 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

25  well (50 pL). Baseline was calculated from the 5 data points immediately prior to the first
drug administration and the maximum response was that achieved over the 240 sec
following drug administration. In all experiments the muscarinic receptor agonist
carbachol (1 mM) was added 240 sec after the test drug administration. Muscarinic
receptors are endogenously expressed by HEK293 cells; in every experiment, carbachol

30  elicited a response comparable to the maximum response elicited by the maximal

effective concentration of 5-HT.



10 nM [ 9- net hyl - 3H] BRL- 43694 (Perkin Elnmer, Waltham M), 3 ng of human
5-HT3 receptor nenbranes (Perkin Elnmer, Waltham MA) and 0.5 ng/ nL SPA
beads (WEHORWB/158058r sham Bi osci ences) in a final vol unepoi/i@2@omis4sBi ndi ng
reactions were set up in wells of PicoPlayes-96 (Perkin Elner, Waltham M)
by addi ng consecutively 50 nL of each conpeting conmpound or buffer, SPA
beads, the radioligand and 5-HT receptornenbranes. After an overni ght
i ncubation at roomtenperature on a Nutator m xer, plates were centrifuged
ubation in the dark for 30 mn.

for 15 mn 1 r ol | .oned i
Radi oact i vi taI§/Xam Qgcl)t]%fr’r}é eiz?\ldf‘ﬂa%lsfgp %eﬁlfn h €ropl ate counter (Perkin Elner)

f 5mn. T bi ndi trol tai ned di l.uti ff | y;
nonspeci 11 ¢ R ng weisP A BFHOR BT H AT 6 S TORRRCR 1Y 36 ML) 2t
Speci 1 ¢ bi ol dig#8S odEHABATIARE LIS Wi A oF BB s ARASPAGh G ONTSH 1. DI BT

total binding. Al experinments were perforned in duplicate using ten
concent r at i ofi¥o aftiveigepett Tsgeedpépanan b ashesseiansethe SnHT needigted tepssignicont r ol
in every.un. |C50.val ues ware.determ ned from specificrbiagi at.a using
XLt 4, 1 Scurv bR R aS R Pl R oA RE S nriT R P e (1)

was cal cul atagdniktsaiuibdiehcthen@idrusioBtzotdiaisch iefldxiK IFhid S04 €1 dakd dterDed and
where L = concentration of radi ol iTgand in the assay, and KD = affinity of
the radi ol i gasglyfused prdelita gesssot-HIpkegepios funstion Mywivp sKinggtpli ty at

Reconbi nant @Hﬂﬂﬂ - HT. A j hANEY; hHEKS:

cel | s expressing p%é%ﬁﬁ%&%@%%ﬁ{aggig%bgg???\e/\%?@'?gggg%b%ﬁf g]%:{%c ; | ntg%)
pol y- D-1 ysi necapated byhtedace waitd @direty). €artamodongrondds @@ablvel) iwagpé eabsatvd fon
R T e e T e
bal anced 5a'Jrcﬁ.ollnHWhﬁﬂn&éo?’)%%ﬁ@ngﬁ%zgﬁ%B?)Wbm%htl@hbl%g}r (nc@)rﬂb"r&teccg'lb% Rerkhgs 4

acet oxynet hyl (AM ester ' | ecul ar obes). 2l1s were
washed tw cen (teaotircB00 Titt)substardasn kndvdhatla cbdl wednt 804 ovent ¢agh admanibtacsdbat ed

for a further 30 mins in nk' s_.b ced salt so]uti 10 prior t
nasay (250 A EBRO hIPE R RGAY s Stret erbe at gt M beREhPE B ¢
[ RFU] ) usi ngioamEl@xedsatsb@NSik8X@iruddsi f8r, 438T oM anelk € W Smidesdbkadyeaidia was
frequency of recording 3 sec). After recording for at |east 80 ‘sec,

IS recorded in urethane (2250 mg/kg IP, given 10 minutes before 5-HT)-anesthetized

animals. The highest oral dose tested is reported.

Table 1. Biological Activity of Exemplified Compounds

Example | h5-HT;, | HEK293 I“h‘bI‘;‘d":l‘c‘:is'HT
Number Ki (aM) | ~S-HT34" Bradycardia in Mice
4 1
5 13
6 1 NR 100% @ 3 mgka
7 2 93% (@ 3 mg/kg
g 1 97% @ 0.3 mo/ke
9 2
10 7
11 5
12 2 6% 73% (@ 1 mg/kg
13 2 6%
14 2 4% 90% @ 3 mg/kg
5 3 3% 96% (@ 3 mo/kg
16 5 35% 87% @ 3 mg/kg
17 5
18 29 9%
19 68
20 57
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hbhove synt hetic

Alosetron

0.5

NR

95% @ 1 mg/kg

Ramosetron

0.06

NR

77% @ 0.1 mg/kg

10

* 9% agonist response at 10 uM is normalized to the response
of 5-HT (5-HT response = 100% at 3 uM); NR = no response

[0280]

elicited by the
n Bezol d-Jari sch
en efficacy in the
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5-HT receptors can
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ve agonists in
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in vivo (King et
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, Arch. Int.
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hi ghest oral dose
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resent invention is
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chenmes. The

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

preparation of additional compounds of formula I using these methods will be apparent to

one of ordinary skill in the chemical arts.

[0281]

The invention has been described in detail with particular reference to

some embodiments thereof, but it will be understood by those skilled in the art that

variations and modifications can be effected within the spirit and scope of the invention.



preparation of additional conpounds of fornula | using these nmethods wll
be apparent to one of ordinary skill in the chemcal arts. [0281] The

i nvent i orwbasodessis4descri bed in detail with particul ar refTasemnom43484 sone
enbodi ments thereof, but it will be underggdood by those skilled in the art
that variations and nodifications can be effected within the spirit and
scope of the invention. WHAT IS CLAIMED: 1. A conpound of forrmula I :
formula | wherein: Qis a saturated, bicyclic, heterocyclic am ne, wherein
t he saturat e\Q”H,gi“ig. IL&IMﬂﬁt:erocycl ic amne conprises at |east two atons
bet ween the am'de nitrogen of the conpound of fornula | and any am ne
nitrogen of Q and wherein '%ue sat ur at efd, i i‘ycl ic, heterocyclic amne is
optional Iy substituted- witH FPERPUGQS TR dt i ¢ yent s i ndependent |y sel ect ed
at each occurrence thereof fromthe group consisting OCLl-C al kyl, hal ogen,
- CN, -OR7, and -NR 7R8; X is CH CR3, o4 N, J is selected fromthe group
consisting of a direct bond, C=O and SO ; each Rl is independently
selected fromthe group consisting of HI hal ogen, -OR4,- NRAR5, -NR
4C(OR5, -NR 4C(0O2R5, -NR 5C(0O R : QQgR5, -CN, -C(OR 5, -C(ONR 4R5,
Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 alXynyl, (CB2£6 cycl oal kyl, C4-C7

cycl oal kyl al kyl, aryl, and heteroary in each of Cl-C6 al kyl, C2-C6
al kenyl, C2-C6 al kynyl, C3-C6 cyclo -C7 cycl oal kyl al kyl, aryl, and
heteroaryl is optionally substitu 1 to 3 substituents

i ndependent|y selected at each odgturrencet heréerf from Cl-C3 al kyl, hal ogen,
-CN, -OR7, -NR 7R8, and phenyl i pti O/fal |y substituted 1-3 tines
wi t h hal ogen, Cl-C alkyl, Cl1-C4 h ) -C4 al koxy, -CN, -OR7, or -NR
7R8; R2 is selected fromthe group/cofsi sti ng}}of H, hal ogen, -OR4, -NR 4R5,
-NR 4C( O R5, -NR 4C(0O) 2R5, -NR 5F'Q) NRSRG, - S(O)gR5,, -CN, -C(OR 5, -C(ONR
4R5, C1-66 al kyl, C2-C al kenyl, C2-C al kynyl, C -CRcycI oal kyl, C4-C

cycloal kyl al kyl, aryl, and heteroaryl, pgihhathe proviso that when J = SQO2,
Ris not H and wherein each O Cl-C6

wherein:

10 Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-Cs alkyl, halogen, —

15 CN,—OR’, and —NR'R%;
X is CH, CR3, or N;

J is selected from the group consisting of a direct bond, C=0, and SO»;
20
cach R' is independently selected from the group consisting of H, halogen, —OR*, —
NR'R’, —NR*C(0O)R’, —NR*C(0),R’, —NR’C(0)NR’R®, —S(0),R’>, —CN, —C(O)R’,
—C(O)NR'R?, C1-Cs alkyl, C2-Cs alkenyl, C5-Cs alkynyl, C3-Cg cycloalkyl, C4-C5
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cgsalkyl, C,-Cs alkenyl, C»-Cs
25  alkynyl, C3-Cg cycloalkyl, C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally

substituted with from 1 to 3 substituents independently selected at each occurrence



al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C6 cycloal kyl, C4-C7
cycl oal kyl al kyl, aryl, and heteroaryl is optionally substituted with from1
to 3 subswotwentssosundependent|y sel ected at each occurr egrastéveneaBs from
Cl1-C3 al kyl, hal ogen, -CN, -OR7,-NR7R8, aggl- phenyl which is optionally
substituted 1-3 tinmes with hal ogen, Cl-C4 al kyl, Cl1-C4 hal oal kyl, Cl- C4
al koxy, -CN, -OR7, or -NR 7R8; R3 is selected fromthe group consisting of
H, halogen, -OR4, -NR 4R5, -NR 4C(O R5, -NR 4C(0O 2R5, -NR

a

5C( O NR5R6, - 5. < CN, R 5, -G(O AR j & | K - C6

al kenyl | cz-t%g’ﬁq%ﬂﬁﬁ%@ég@%%goa%% :C7 §%|’%‘1{§‘§/€i‘*§(h¥§}, 2ryl, and
het eroaryl, opfiensliysudsirtitedf]-Ciimeb wathkylogef4=,Q6, dkieaylC, heldalkgl, @l kylkoxy,
C3-C6 cycl oal kyl, C4-C7 cycloal kyl al kyl, aryl, and heteroaryl is optionally
substit ut ed +P&m o t5'B8Rsubsti t uents i ndependently sel ected at each
occurrence thereof fromG -C3 al kyl, halogen, *7 -CN, -OR,-NR R, and
phenyl which is optionally substituted 1-3 tinmes with hal ogen, C -C4 al kyl,
G - C4 halsoal Bk sel@itedCronl thoxoup-cGiNistinGRT, H, dialoghiR —7RR ", RANRRH—XRA@O)RI Ky |

C -C4 hal oal k j.- al ko 1o C3- gycl gal ky -C

cycl oal kyl alky R,“&&Z&Rﬁ,&‘}%ﬁﬁm Rgrﬂﬁgﬁ;— md(oexﬁéelrw_%(%}N%“&izﬁ}rcﬁs
ool oal kyl | B Lot o Or SR, CLLIRBIETE - Oy bl Bt &,
al koxyal ky! ,heeBoagl, myil thapioyiso tieavdiendyc$@alReiginat Kyind wheniplcaclof Gefizy|

wher ei n phenyl .0 e | i t.j onal substituted. 1 t ijoes with

hal ogen, lOcy g %E&ﬁgrfy&yéze%lkw?h&éﬁygé‘f% al,lkyﬁr@ 7%%?%%3%&%\%@1@1 c4
al kyl', Gp- Chchabasi iKkSFtsioery@b@ﬂﬁ(ﬁtéd Ritharsi Reo akebBiaehts inGgRENGRR skl at
Cl-& alkyl, C1-CA haloal kyl, Cl-C4 al koxyal kyl, C3- C c¢cycl oal kyl, CA4-C7
cycl oal kyl aldgh occugemyrberephiay C1-6r allsenkglpgenane®®i m@RenyNROR . isagh 2henyi s
optionally bt ut. ] - W bst it Uept I

i ndependent Isvylgglﬁ iseogjt(t: ﬁg%&%%té Hﬁ:eg 1’?%1 {el{rngg ?’lyrh%%gg‘ﬁzéjﬁé ‘b%ﬁﬁi}lt gh's(‘ls“ tha ?)%%&g -

hal ogen, cyanmlkdsd; CACH| kyOR’, 61- 4RI, oal kyl, and Cl-C4 al koxy; nis 1, 2,
or 3; pis O, 1, 2, or 3; and qis O, 1, or 2

15  R%is selected from the group consisting of H, halogen, —OR4, —NR4R5, —NR4C(O)R5,
—NR*C(0),R’, —NR’C(0)NR’R®, —S(0),R’, —CN, —C(0)R’, —C(O)NR'R’, C;-C;
alkyl, C,-Cg alkenyl, C,-Ce alkynyl, C3-Cs cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-C¢ cycloalkyl,
C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3

20  substituents independently selected at each occurrence thereof from C;-Cs alkyl, halogen,
—CN, —OR7, —NR7R8, and phenyl which is optionally substituted 1-3 times with
halogen, C;-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxy, —CN, —OR’, or —NR7R8;

R*is H, C;-C; 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 C;-C4
alkoxy;

R’ is H, C;-Cy alkyl, C;-Cy4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C5
30  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,4 alkoxy;



or an oxi de thereof, a pharnmaceutically acceptable salt thereof, a solvate
thereof, or prodrug thereof. 2. The conpound according to claim1, wherein
Q has an wopvewads4f ormul a C7- 10N1-2 . 3. The conpound actarsdeca@43484 cl ai m

1, wherein Qis an azabi cycl oheptane, azadicycl ooctane, or

azabi cycl ononane. 4. The conpound according to claim3, wherein Qis

sel ected fromthe group consisting of quinuclidine,

9- met hyl - 9- azabi cycl o[ 3. 3. 1] nonane and 8-net hyl - 8-azabi cycl o[ 3. 2. 1] oct ane.

5. The CO”P%QC%C@%EI%;Ir@]r-&]?haglo%i(}rz?holli%ﬁge@%-ei n G1 of the bicyclic,

het erocyclic amneis“Chira n ) configuration and attached to
the amde N. 6. The conpound according to claiml1, wherein C1 of the
bicyclic, heterocyclic amne is chiral and in the (R) configuration and

attac hedht o R raddhy age caghandepgadeaghinb dndCededr Hi-fg hlgalkyh Cm G alkgrarpléyh Cx :j s
CH 8. T ' ' | K :
e @Jﬁ}&%%ﬂ}f?@;gﬁﬂfg?%awlaﬂﬁ'mCJ(Ol)fS?z)E]&iﬂ,e%ﬁe'ﬁZ)?lD\fvﬁelr ﬂirb‘?le n%rg;oun

according to clfaim wher I's "substi e ‘conmpound
accordi ng t deatdiiso@jonatiesdistituled $orBD to 3timeshhieh e supatirdt @ebeorddi ng to claim

1, selected .fromthe group consistin f:12,. A pharmaceuti cal conposition
conpri si ng a}n@qupi%@ut%f 3P| QpCuFeRE g B FRISEERHO %?@g%faﬂpng to
claim1l and @_phakieeeywt, inarhli. agg bligsgarrier. 13. A nethod of treating
a di sease or@]coadi?i?oﬁ whi cﬁklxls’ sugjgle(%ti blxggto treatment with a 5-HT3
receptor nodul ator conprising: selecting a patient with a di sease or
condi tion V\/nicq '%s usceptible to treatnment with a 5-HT3 receptor

nodul at or; dhfl 'atmi'nPstering to the patient a therapeutically effective

anount gfp a conpound according to claim1l or a pharnaceutically acceptable

salt thereof. 14. The method according to claim 13, wherein the disease or
pis 0, 1,2, or 3; and

qis 0, 1,0r2;

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

or prodrug thereof.

2. The compound according to claim 1, wherein Q has an empirical
formula C7.;oN1.
20
3. The compound according to claim 1, wherein Q is an

azabicycloheptane, azabicyclooctane, or azabicyclononane.

4. The compound according to claim 3, wherein Q is selected from
25  the group consisting of quinuclidine, 9-methyl-9-azabicyclo[3.3.1]nonane and 8-methyl-
8-azabicyclo[3.2.1]octane.

5. The compound according to claim 1, wherein C-1 of the bicyclic,
heterocyclic amine is chiral and in the (S) configuration and attached to the amide N.
30
6. The compound according to claim 1, wherein C-1 of the bicyclic,

heterocyclic amine is chiral and in the (R) configuration and attached to the amide N.



condition is selected fromthe group consisting of general anxiety

di sorders, social phobias, vertigo, obsessive-conpul sive disorders, panic
di sor der swopositssosaunmat i ¢ stress di sorders, bulim a neryosais2anogs4ss

wi t hdrawal effects, al cohol dependency, pagn, sleep related central apneas,
chronic fatigue syndrone, Parkinson's Di sease Psychosis, schizophrenia,
cognitive decline and defects in schizophrenia, Parkinson's Disease,

Hunti ngton's Chorea, presenile denentias, Al zheiner's Disease, obesity,
subst ance abusedi sorders, denentia associ ated wi th neurodegenerative

di sease, cognition deficits, fibronyal gia syndrone, rosacea, cardi ovascul ar
di sorders nedi at ed by Ber otThy dompohededdoatiapio dlmeutechsaaausen @md vom ting
(CINV), post-operative induced nausea and vonmting (PONV), radiation

i nduced nausea and voniting (RINV), gastrointestinal disorders,

gastroesophageal refl yx b s xﬂﬁg onchi al
ast hma, pruritus, nlgralne aﬁ%“& Bg%gyﬁﬂﬁ%#}qﬁgl%bt @Hg%kggdlng to claim

13, wheréin the conpound accordlng to claim1 or pharnaceutlcally
acceptable salt thereof is 5- HT3 receptor anta o i st met hod
according to claim13,’ V\/nerﬁ}erFofqi’Qu’& Uﬁ’&g e ﬁ’tjheff?}n%f 41 HH f“%‘?eﬁ

phar maceut i Gal.hy acceptabl e salt thereof is a 5-HT3 partial agonist. 17.
The net hod according to claim 13 further conprising: admnistering to the
patient a therapeutically effective amount of a schizophrenia adj unct. 18.
The met hod according to claim 17, wherein,.th ch| en|a 6junct i's

sel ected fromthe grod@ consle<PRguy a%@ﬁﬂ?%gi ?Hq gﬁ%@ H

al prazoligm hal operidol, chlorpromazine, risperidone, pallperldone,

ol anzapi ne, ziprasidone, queti api ne, clozapine, |ithium carbonate,
di azepam carbanazepidé; s el hecaompeuad esoBHng tor daip} rlecied Hiom thergsoup
tricyclic aq;h ants, and conbi nations thereof 19. The net hod

according to c ﬁ 3 furt her conprising: admnistering to the patient a
therapeutlcally effectlvggj\ mount of a Parkinson's Di sease adj unct.

2. /t

z
A

z
TZ. 2

z

15 Cl OCH, CH, CH,



20. The nethod according to claim19, wherein the Parkinson's D sease
adjunct is selected fromthe group consisting of transdernal

roti goti nworamagsdsune, safnam de, | evodopa, carbidopa, eoparseeve/oagehni sts,
COMTI inhibitors, MAOB inhibitors, amantadygge, anticholinergic agents, and
conbi nations thereof 2 1. A nethod of treating irritable bowel syndrone
conprising: selecting a patient with irritable bowel syndrone; and

adm nistering to the patient a therapeutically effective anmount of a

conpound according to claim1 or a ph ceuticall ceptable sal t

t hereof . 22 nethod rdlng to ym2 1 fur conpri si ng:
adninisterin%igg t he pa a therap ically eff |ve anount second
serotonin 5- recept or dulator or, rotonin g eceptor at or
23. The net hgd Atgor di ng a|n122, @i n the s. serotonin

receptor nodul gtor/ or serqtonin 5HT4 sept or nodularer\i s sel ectteg from
the group co g of sexyon, re mrhﬁe, cil ansg N%n, TegasepQd
Prucal opri de, @HSetro~ sgfrat ost at i | ogs, rmuscarihni g=fecep

ant agoni sts, | axatjyes, antispagpodics, @@ i épressant s, di ar

agents, prokinetic égents peri pheral opi’ate narcotlc antagonvsts an&{
conbi nations thereof. 24. A nethod of treat|no esi s conprising: selecting
a patient with enesis; and administering to th aatlent a ther utically
effective amount of a compound ag ding to cla|n11 or a phar eutically
acceptable s t her eofy . The hod accor cIa|n124 t her
conpri si ng: ni steri o the paglent a ther pe tlcallﬁ{@ |ve anount
of one or nore other anti-gnmeti cogpnpaunds. met hod accor ng to

cl ai m 25, @1€¢i n\t he éke or\nore r antl- & conmpounds© el ected
fromthe groupiconsisting of { dex one, alosetr , alprazol

aprepitant, o@ ydring i phe gdwam ne, dol as

tetrahydrocan i-Nol , oxe, dronaby droperl , granls

hal operi dol , Ioraze%amq netocKﬁpranlde ol am ol anzagi ne, ondan@gtron
palonosetron procl or perazi ne, pronethazine,” tropisetron, and conbi nations
t her eof .

12. A pharmaceutical composition comprising a therapeutically
5  effective amount of the compound according to claim 1 and a pharmaceutically

acceptable carrier.

13. A method of treating a disease or condition which is susceptible to
treatment with a 5-HTj; receptor modulator comprising:
10 selecting a patient with a disease or condition which is susceptible to
treatment with a 5-HT3 receptor modulator; and
administering to the patient a therapeutically effective amount of a

compound according to claim 1 or a pharmaceutically acceptable salt thereof.

15 14.  The method according to claim 13, 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,

Huntington’s Chorea, presenile dementias, Alzheimer’s Disease, obesity, substance abuse



27. A nethod of treating CNS di seases or conditions conprising: selecting a
patient with a CNS di sease or condition; and adm nistering to the patient
an ef f ectwoeo@mssiss of a conpound according to claim1l ®CTAIS2009/045484
pharmaceutically acceptable salt thereof..1088. The nethod according to claim
27, wherein the CNS disease or condition is selected fromthe group

consi sting of schizophrenia or Parkinson's disease. 29. A process for
preparation of a product conpound of formula Ia: mherein Q is a saturated,
bi CyCl I, he&lfor&)er%( ciernen ssgma ﬁ]b eu%oha% %Itﬁé{lrv%td?sgase [ cftlolncde %er ocyclic
am ne conprises a eas StWesR the ‘am de i ogen of the

compound of fileomyhigial syﬁ@@n&nmsmn@rmbbmgﬁﬂd@érdasaﬂ@hlwe@byasérotolﬂﬁl
sat ur at ed, blcycllc het erocyclic amine is optionally substituted with from
1 to 3 subst§ F@éﬂleéapb’ﬁ%}%%@ﬁ?@ & EeraiEing dCHYV b ReH-GEEAirE dptiscd pasednd r om

the group ¢ %ﬁlﬁﬁ 9&)1@(/?%&?@ HdleedNRL998Rd vorhh qugz]gf Qﬁ%#&#@nﬁﬁ each

Rl i s i ndepende sel éct om the group consi st ogen,

- OR4, - NBARAisorddRs Zg@ét@)d%phagbﬂ rdﬂi(@ﬁ%e (GBRDY &k RE R ph8M@) bridbehialCN,
-C(OR 5, Caéi)NRM?S Cl- - al kenyl, C2-C6 al kynyl, C3-C6

cycl oal kyl , nﬁﬁpE§EWbHP%?F§|%V%q”%W%ﬂ and heteroaryl, wherein each

O C1- C6 aIkyI C2-C6 al kenyl, C2-C6 alkynyl, C -C6 cycloal kyl, ¢4-C7

cycIoaIkyIaIkyI, aryl, and heteroaryl is optionally substituted with from1l

to 3 substituents indedendekitelpetbed aesputingito Céa‘chlbmrei@ﬁmeponmned)f from

Cl1-C3 al kyl, halo 7 ,an h naIIy
substi 1 ut v EEIIR S sprinn sl o R i exa iR S et

al koxy, 19CN,ant ist.or -NR 7R8; R is selected fromthe group conS|st|ng of
H, halogen, -OR, -NR4r R>5, -NRCOR, -NR 4C(O 2R5, -NR

5C(O) NR5R6, - S(O) gR5, -CN, -C(O R 5, -C(O) NR 4R5, ClCGaIkyI, CZCaIkenyI

herern S crca“ o o M B G BRI Sy Y e SRR 1 S

according to claim 1 or pharmaceutically acceptable salt thereof is a 5-HT; partial

agonist.
15
17. The method according to claim 13 further comprising;:
administering to the patient a therapeutically effective amount of a
schizophrenia adjunct.

20 18.  The method according to claim 17, 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
re-uptake inhibitors, tricyclic antidepressants, and combinations thereof

25

19. The method according to claim 13 further comprising;:
administering to the patient a therapeutically effective amount of a
Parkinson’s Discase adjunct.
30 20.  The method according to claim 19, wherein the Parkinson’s

Disease adjunct is selected from the group consisting of transdermal rotigotine,



C4- C7 cycl oal kyl al kyl, aryl, and heteroaryl is optionally substituted with
froml to 3 substituents independently sel ected at each occurrence thereof

f rom Cl- GBoabdvyissoshal ogen,

substituted 1-3 tinmes with hal ogen, G -C4opalkyl, C -C4 haloal kyl, G -C4

-CN, -OR7,-NR7R8, and phenyl pemiushooom4zapt i onal | y

al koxy, -CN, -OR7, or -NR 7R8; R3 is selected fromthe group consisting of
H, hal ogen, -OR4, -NR 4R5, -NR 4C(OR5, -NR 4C(O 2R5, -NR

5C(O) NR5R6, - S(O) gR5, -CN, -C(OR D5, -C(ONR 4R5, G -C6 al kyl, C2-C6

al kenyl , C2-

| Kynw - cl | - C7 |.0al kyl.... ar and
het er oaryl , r aéﬁléllehsa)gé%]ﬁé%’ef %%0&%’@’ ga?b@gpaégé %@ngl éélhl%t? Wdé%lablltl?gs n%%f’,‘o'
C3- C6 cycl oas kitlibitoed atabney tlep@lticibladdeyit agaty land avdbiheti@isabergdf i s optional |y

substituted with from1l to 3 substituents independently sel ected at each

occurrence thereof fromG -C3 al kyl, halogen, -CN, -OR7,-NR7R8, and phenyl

which is optionally sufs
hal oal kyl ,

hal oal kyl5, Ci -C4 al koxgkkckyd a pGenCoithyeltddt kywel sgddiGmecyed oal kyl al kyl ,
-C(O) R6, phenyl, or benzyl., wherein phen
ety

substituted 1 to 3 ti _
or G-C4 al %uﬁ@aéc@r&hggd% fbky

G-C4

4 4o SR hAL Bl AL

C -4 al koxy,

c4

| b | js. i |1
HR i (36 @RUTE Y bGP Oy SIFaRyYe A iesethal oal kyl
harfacGhichidy Q@bpible s&it tefoot! koxyal kyl,

C3-C6 cycl oal kyl, C4-C7 cycloalkyIaIEyI, phenyl”, or benzyl, wherein phenyl
or benzyl

al kyl ,
hal oal kyl ,

is optionally substituted 1 to 3 tinmes with hal ogen, cyano, G -
G -4 hal oal ky

| i - CA k .. i.s. 4 - | kyl, .G -C4
or phenyl : BF g:ld'lqﬁé'“%fp‘gé %%)éﬁd”il% e%%@%&@gf—f&/%qs@gél kyl, Cl-C4

hal oal kylp, Cl-C4 al koxyaikidlerin&ds the pati&itt @ahdeXpoutichttyCerEtal @@kt @l ¥beond
-C(O R6, phenyl, or benzyl, wherein phenyl or benzyl is optionally

substi t ut ed sefasenin Stidl grepeniersmegul orosyspsetprientl Ts eceptpemodnld®sendent | y at
each occurrence thereof fromthe group consisting of hal ogen, cyano, ClL-C4

al kyl ,

3;

Cl-C4 hal oal kyl, and Cl1-C4 alkoxy; nis 1, 2, or 3; pis 0, 1, 2,

and gq is 0, 1, or 23.saiThcph&hed sccotdiig tosdlagi 22, wherein the second serotonin

15

20

25

30

5HTj3 receptor modulator or serotonin SHT4 receptor modulator is selected from the group

consisting of Alosetron, renzapride, cilansetron, Tegaserod, Prucalopride, ondansetron,
somatostatin analogs, muscarinic receptor antagonists, laxatives, antispasmodics,
antidepressants, antidiarrheal agents, prokinetic agents, peripheral opiate narcotic

antagonists, and combinations thereof.

24. A method of treating emesis comprising:
selecting a patient with emesis; and
administering to the patient a therapeutically effective amount of a

compound according to claim 1 or a pharmaceutically acceptable salt thereof.

25. The method according to claim 24 further comprising;:
administering to the patient a therapeutically effective amount of one or

more other anti-emetic compounds.

26.  The method according to claim 25, wherein the one or more other
anti-emetic compounds are selected from the group consisting of dexamethasone,
alosetron, alprazolam, aprepitant, dimenhydrinate, diphenhydramine, dolasetron,

tetrahydrocannabinol, nabilone, dronabinol, droperidol, granisetron, haloperidol,

4

or



treating a first internediate conpound of fornmula Il wherein Mis Hor a
counterion, under am de bond formation conditions effective to produce the
product cwoprowdsos30. The process according to cl ai m 29pcwiuse@onsddBs s Li +or
Na+. 31. A process for preparation of a_ppoduct conpound of formula Ib :
whereinQ is a saturated, bicyclic, heterocyclic am ne, wherein the
saturated, bicyclic, heterocyclic amne conprises at |east two atons
between the am de nitrogen of the conpound of forrrul al and any am ne
nitrogen of O and wherei sat mne is
optionally su Seeifut eeéOCIORr%mfe i aZ?fa%éom §¥ Sédri\ nsg"itrndg)gpe6 Seeglrtoﬁy sel ected
at each occuyrodoperdziel prometiaoine! tiehigt@dParkioddsiSidtiogs EHeEé:bf.Cs al kyl,

hal ogen, - CN, -OR7, and -NR 7R8; each Rl is independently selected from
the group consisting of H, halogen, -OR4,- NRAR5, -NR 4C(O R5, -NR

4C(0O) 2R5, - NR 5C( O) NR5f6, - : gf@) - al kyl ,
C2-C6 al kenyl, C2-C6 ?ﬁyn%,@e@ tcy Iil%a K (rsegﬁ %gﬁdjﬁ 31%331}%['% ,
aryl, and heteroaryl, seletied apsanhwih aCC]NS:Eilsadtslewr,coﬁH@ﬁ aatlkenyl , C2- CG

al kynyl C-C6 cycloal C4- C7 cycl oal kyl al k aryl,_.and heteroar is
opt i onal | y substitut e&%“ﬂlﬁte’FlP%Fﬁ etpﬁtl t@f\gﬁgﬁ‘?t{"ﬁé‘m%mf §|a9co§ &cted

at each occypkRRaq 6r'h%{h%ﬁ£a5eﬁﬁ€ﬂll§3ac%tz?dlé<éx’dlbth&%f)gen -CN, -OR7, -NR 7RS8,
and phenyl which is optionally substituted 1-3 tines wth halogen, Cl-C4

al kyl, Cl-C4 hal oal kyl, Cl C4 al koxy, -CN, -OR7, or -NR 7R8; R2 is selected
fromthe group consi s al o R5 N

4C(0) 2R5, -NR 5C(0) NFERS g‘%‘@)*ﬁ?&g i %erdm Z}ﬁ“‘sw V@ﬁfﬁ)%&‘e?ﬁg%tﬁ)easé@rm kyl |
C2-C6 a|1benYJond1Q3n@se@éckédﬁYdmt Ke3arblp 6oHElseia C%BYkGhlz@ﬂhféﬁla%f(Paﬂéh%h"@dhkéélse

aryl, and heteroaryl, wherein each of G - al kyl; C2-C6 al kenyl, C2-C6

al kynyl, C3-C6 cycl oal kyl, C4-C7 cycl oal kyl al kyl, ar yI and heteroaryl is
optlonally substitute vmth | ected
at each occurrence thcejzr eof éﬁ)f)o%g%]fo@ g?f%i?ég% %g{el% B%%HW@&MI S‘[ﬁl

and phenyl which is optionally substituted 1-3 times w th hal ogen, -
al kyl, G -C4 hal oal kyl, G -C4 al koxy, -CR? or -NR 7RS;

wherein

15 Q isasaturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-Cs alkyl, halogen, —

20 CN,—OR’, and —NR'R%,

cach R' is independently selected from the group consisting of H, halogen, —OR*, —
NR'R’, —NR*C(0)R’, —NR*C(0),R’, —NR’C(O)NR’R®, —S(0)R’>, —CN, —C(O)R’,
—C(O)NR'R?, C1-Cs alkyl, C2-Cs alkenyl, C,-Cs alkynyl, C3-Cg cycloalkyl, C4-C5

25  cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cg alkyl, C,-Cs alkenyl, C,-Cs
alkynyl, C;-C¢ cycloalkyl, C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurrence

thereof from C;-C; alkyl, halogen, —CN, —OR’, —NR7R8, and phenyl which is



R4 is H GCG-C4 alkyl, G-C4 haloal kyl, G -C4 al koxyal kyl, C3-C6 cycl oal kyl,
C4- C7 cycl oal kyl al kyl, -C(O R6, phenyl, or benzyl, wherein phenyl or benzyl
i's opti onsbl2gosesbsti tuted 1 to 3 tines with hal ogen, cyaow/usehoG4s4ad kyl ,

C -C4 haloalkyl, or G-C4 al koxy; R5 is Hjio€l-C4 al kyl, Cl1-C4 hal oal kyl
Cl- 4 al koxyal kyl, C3-C6 cycl oal kyl, C4-C7 cycl oal kyl al kyl, phenyl, or
benzyl, wherein phenyl or benzyl is optionally substituted 1 to 3 tines
wi t h hal ogen, cyano, Cl-C4 aIkyI Cl-C4 hal oal kyl, or Cl1-C4 al koxy; R6 is

S G 2o onflbod BT o8l IR Bl € B RIERET IR
cycloalkylakaDq Cﬂ@)&@-%ﬂﬂgﬁyl or benzyl, wherein phenyl or benzyl S

optionally substituted from1l to 3 tines with a substituent selected
independently at each occurrence thereof fron1the group consi sting of

hal ogen, g@qi %ct%fr@%kt}{é ﬁlgga cgﬁm%ﬁlg%lﬂqﬁla L §K404 I@ﬂ{@XLNIQ“C %1@ 2,

or 3; pis pfocess tonpri si

treatingsa f--NR‘C(@)B" e CéONMinu%(@DqHSQPFENaAG(O)MheFQ((D)NR% € - 65 a
counterion, uynde d_f n_con ffect duce the
product conﬁg@ﬂdé gzﬂﬂﬁﬁi‘§¢8@%&@B&d§b@ﬂ%ﬁ§MMagéia ”ﬂﬁ@kﬁr aP Li +
or Nat. heteroaryl, wherein each of C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C3-Cs cycloalkyl,

C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3

substituents independently selected at each occurrence thereof from C;-Cj alkyl, halogen,

10 —CN,—OR’, —NR’R® and phenyl which is optionally substituted 1-3 times with
halogen, C,-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxy, —CN, —OR7, or —NR7R8;

R* is selected from the group consisting of H, halogen, —OR*, —NR*R’, —NR4C(O)R5,
—NR*C(0),R’, —NR’C(O)NR’R®, —S(0)R’, —CN, —C(O)R’, —C(O)NR'R’, C;-Cs

15  alkyl, C,-Cgalkenyl, C,-Cg alkynyl, C3-Cg cycloalkyl, C4-C5 cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-C¢ alkyl, C,-Cg alkenyl, C,-Cg alkynyl, Cs-Cq cycloalkyl,
C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
substituents independently selected at each occurrence thereof from C;-Cs alkyl, halogen,
—CN, —OR7, —NR7R8, and phenyl which is optionally substituted 1-3 times with

20  halogen, C;-C4 alkyl, C,-C4 haloalkyl, C;-C4 alkoxy, —CN, —OR7, or —NR7R8;

R is H, C-Cy alkyl, C,-C4 haloalkyl, C,-Cy4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C5

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;-C4
25  alkoxy;

R’ is H, C;-C; alkyl, C,-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C;
cycloalkylalkyl, phenyl, or benzyl, wherein phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C;-Cy4 alkyl, C;-C4 haloalkyl, or C;-C4 alkoxy;

30
R® is C,-Cy alkyl, C,-C4 haloalkyl, or phenyl;
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R’ and R® are cach independently H, C;-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxyalkyl, Cs-
Cs cycloalkyl, C4-C7 cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or
benzyl is optionally substituted from 1 to 3 times with a substituent selected
independently at each occurrence thereof from the group consisting of halogen, cyano,
C-C4 alkyl, C-C4 haloalkyl, and C;-C4 alkoxy;

nis 1,2, or3;

pis 0, 1,2, or 3; and

qis 0, 1,0r2;

said process comprising:

treating a first intermediate compound of formula 11

CcO,M
M (-NHQ
~
| \ R3
/N
[RY, R2

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

produce the product compound.
30.  The process according to claim 29, wherein M is Li or Na'.

31. A process for preparation of a product compound of formula Ib:

wherein
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Q is a saturated, bicyclic, heterocyclic amine, wherein the saturated, bicyclic,
heterocyclic amine comprises at least two atoms between the amide nitrogen of the
compound of formula I and any amine nitrogen of Q and wherein the saturated, bicyclic,
heterocyclic amine is optionally substituted with from 1 to 3 substituents independently
selected at each occurrence thereof from the group consisting of C;-Cs alkyl, halogen, —

CN, —OR7, and —NR7R8;

cach R' is independently selected from the group consisting of H, halogen, —OR*, —
NR'R’, —NR*C(0)R’, —NR*C(0),R’, —NR’C(O)NR’R®, —S(0)R’>, —CN, —C(O)R’,
—C(O)NR'R?, C1-Cs alkyl, C2-Cs alkenyl, C,-Cs alkynyl, C3-Cg cycloalkyl, C4-C5
cycloalkylalkyl, aryl, and heteroaryl, wherein each of C;-Cgalkyl, C,-C¢ alkenyl, C,-Cq
alkynyl, C;-C¢ cycloalkyl, C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally
substituted with from 1 to 3 substituents independently selected at each occurrence
thereof from C;-C; alkyl, halogen, —CN, —OR’, —NR7R8, and phenyl which is
optionally substituted 1-3 times with halogen, C;-C4 alkyl, C,-C4 haloalkyl, C,-C4 alkoxy,
—CN, —OR’, or —NR'R?;

R? is selected from the group consisting of H, halogen, —OR*, —NR*R’, —NR4C(O)R5,
—NR*C(0),R’, —NR’C(0)NR’R®, —S(0),R’, —CN, —C(0)R’, —C(O)NR'R’, C;-C;
alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C3-Cs cycloalkyl, C4-C; cycloalkylalkyl, aryl, and
heteroaryl, wherein each of C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-C¢ cycloalkyl,
C4-C; cycloalkylalkyl, aryl, and heteroaryl is optionally substituted with from 1 to 3
substituents independently selected at each occurrence thereof from C;-C; alkyl, halogen,
—CN, —OR7, —NR7R8, and phenyl which is optionally substituted 1-3 times with
halogen, C;-C4 alkyl, C;-C4 haloalkyl, C;-C4 alkoxy, —CN, —OR’, or —NR7R8;

R*is H, C;-C; alkyl, C,-C4 haloalkyl, C;-C4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C5;
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;-C4
alkoxy;
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R’ is H, C;-Cy alkyl, C1-Cy4 haloalkyl, C;-Cy4 alkoxyalkyl, C3-Cs cycloalkyl, C4-C5
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;-C4 alkoxy;

RS is C1-C4 alkyl, C;-C4 haloalkyl, or phenyl;

R’ and R® are each independently H, C;-C4 alkyl, C,-C4 haloalkyl, C;-C4 alkoxyalkyl, Cs-
Cs cycloalkyl, C4-C; cycloalkylalkyl, —C(O)R®, phenyl, or benzyl, wherein phenyl or
benzyl is optionally substituted from 1 to 3 times with a substituent selected
independently at each occurrence thereof from the group consisting of halogen, cyano,
C,-C4 alkyl, C;-C4 haloalkyl, and C,-C4 alkoxy;

nis 1,2, or3;

pis 0, 1,2, or 3; and

qis 0, 1,0r2;

said process comprising:

treating a first intermediate compound of formula II1

1 \
®RY, R2
wherein M is H or a counterion, under amide bond formation conditions effective to

produce the product compound.

32.  The process according to claim 31, wherein M is Li" or Na'.



