NI USCARI NI C ACETYLCHOLI NE RECEPTOR ANTAGONI STS HELD OF THE | NVENTI ON

This invention relates to novel derivatives of

8- azoni abi cycl o[ 3, 2, 1] oct anes, pharmaceutical conpositions, processes for
their preparation, and use thereof in 5 treating M3 muscarinic acetylcholine
receptor nediated di seases. BACKGROUND OF THE | NVENTI ON Acetyl chol i ne
rel eased frBR2EWIPTHLr gi ¢ neurons in the peripheral and P&EASRUM/035638) ous
systens affects many different b|olog|cal processes through |nteract|on W th
two major cl asses MUSEAR f {LECE HRTOR A :

muscarinic 10 acetylchollne recen
(mMAChRs) belong to the superfam coupl ed receptors that have

seven transmenbr arisdveatios relaldyab ﬂo'ﬁsﬂ aerfuaueesw Bfa!&ﬁﬁblgfcld[fﬁ\@hp]%‘&tanéﬁr ned
ML- Mb, and each is the product of a distinct gene. Each five

subt ypes di sphatyRaceical conprsiFpne BIosessesPr theib peparpidan, and use shergof
acet yl cholsi ”%ﬁ%ﬂﬁ%ﬁcﬁnﬁ’c ?gﬂeﬁrﬁh&xﬁrﬁée{poo?'xﬁeﬁﬁdédrhxéé%eﬁebrat e organs and 15

these receptors can-nediate i nhi bi y and excitatory actions. For

exanmpl e, in snmooth nuscl e fRACKGROUND OF THE SNVENIION and gastroi ntesti nal
tract, MB mAChRs nedi ate coniractile responses. For_ review, please see

(Brown 1989 247 / iAfstyldhplireselensed fmesbplingigc mﬁlgowéélmfrlphgr@lfaaﬂ@@m@h has been
noted in av di k&t gk ance,

ast hma and cﬁ{gﬁ}%s%c ructlve 5@%&?%%%?}35@92%24@%%@%&5 ﬁ‘gﬁmt ory
conditions | etwd major|ctasses of auetyﬂnhlohne:meyeﬂms fileopedtiniccand deturbscirodic ne

aut or ece 1.on _on at.het rves h nary
snoot h g’ @cc e‘f%h%lflﬁée‘ieﬁ ﬁ%%%?‘?b@%? ?%'gcerpi rggrg‘ébgg“f)tb(?&ﬁnggb ‘gggal nerve
stiful ation. skpérfamiHQIR- phé&immbleﬂ meceprsmlmeﬁ hive Rén¥eahstvRBaheasHhiding, t Y

medi at ed by increased stinulation of MAChRs{ Costel | o, Evans, et al. 1999

72 1id) {M nekbegs arotivg sublyppsof mACHRs, ‘WS@MMMSI grgcachss the ppdugt ofianf | anmat i on

of the gastroﬁ;tlS gtsgteln

& aéac‘m ?ﬁmese five subtypes displays unique pharmacological properties.
Muscarinic acetylcholine receptors are widely distributed in vertebrate organs, and
15  these receptors can mediate both inhibitory and excitatory actions. For example, in

smooth muscle found in the airways, bladder and gastrointestinal tract, M3 mAChRs

mediate contractile responses. For review, please see {Brown 1989 247 /id}.
Muscarinic acetylcholine receptor dysfunction has been noted in a variety of
different pathophysiological states. For instance, in asthma and chronic obstructive
20  pulmonary disease (COPD), inflammatory conditions lead to loss of inhibitory Mo
muscarinic acetylcholine avtoreceptor function on parasympathetic nerves supplying
(, the pulmonary smooth muscle, causing increased acetylcholine release folloWing vagal
perve stimulation. This mAChR dysfunction results in airway hyperreactivity mediated
by increased stimulation of M3 imAChRs{Costello, Evans, et al. 1999 72 /id} {Minette,
25 Lammers, et al. 1989 248 /id}. Similarly, inflammation of the gastrointestinal tract in
inflammatory bowel disease (IBD) results in M3 mAChR-mediated hypermotility
{Oprins, Meijer, et al. 2000 245 /id}. Incontinence due to bladder hypercontractility
has also been demonstrated to be mediated through increased stimulation of M3
mAChRs {Hegdé & Eglen 1999 251 /id}. Thus the identification of subtytpe-selective
30 mACHR antagonists may be useful as therapeutics in these mAGhR-mediated diseases.
Despite the large body of evidence supporting the use of anti-muscarinic

receptor therapy for treatment of a variety of disease states, relatively few anti-



i nfl ammat ory bowel disease (3D) results in M3 mMAChR-nedi ated hypernotility
{OQoprins, Meijer, et al 2000 245 /id}. Incontinence due to bl adder
hypercontractility has al so been denponstrated to be nedi ated t hrough

i ncreased stimulation of M8 mMAChRs {Hegde & Eglen 1999 251 /id}. Thus the
identification of subtytpe-selective 30 i nAChR ant agoni sts may be useful as

“therapeuti Cwolbbsiehgs | NAehR-nedi at ed di seases. D%Q}(}sguoﬁ)ﬂﬁdsar ge body

of evidence supporting the use of anti-nuscarinic receptor therapy for

treatnment of a vari.ety of disease states.. relatjvely few antj-

2005/ 037280Pd‘f’i%§2'86ﬁ$‘6%‘§‘8§%”%us%55?‘% %F ﬁ%‘%‘n@%“&n@%"ﬁﬁ‘é‘aﬁnﬁa&%@ fu"h“‘%(\’%la clinic.
Thus, there repolsisahdartapible stauedingidogkadestni hACHRse CoagiEbhe of causing
bl ockade at MB mMAChRs. Conditions associated with an increase in stinulation
of M3 MAChRs, assugidtedasitlaat increase GORB)ylatioRBY M3 mAShR s muthay asthinee GOPDHEBDe woul d
benefit by conmpounds that are inhibitors of mACIfit 5 binding. SUWARY OF
THE | NVENTI ONnd urinary fidogtinencevoyld hensfioby ermepoupds thatrase nbibitors af mesEhilhg a
muscar i ni G acbei\%aﬂﬁ%hol i ne receptor (MAChR) nedi at ed di sease, wherein

acetyl chol'ine”™dbimds to an M3 mMAChR 10 and whi ch nethod conpri ses

adm nistering an effective amunt of a conpound of Fornula (1) or Fornula
(I'l) [except the conpound of Formil a with R2 and R3 as 2- thiophene and

R4 as -0C(0) CH3] or a phar macelMMARY DIELHEINVENTIQN: { her eof . Thi s
invention also r e!ﬁﬁﬁﬁv&nﬂoﬁgﬁ%ﬁ@?ﬁrQheﬂi%ﬁ'o?h&hﬂ;g atﬂ?l%cﬁ‘irﬂgh&%l&lcoﬁne _
acetylcholine to its receptors in a manmal in néed thereof which conprises

admi ni st er i ngreteptor fmACHRe mediated disckseavirendin agetydéliodive binds torapuviy mACHR conpound

of Formula (1) .or Fornula (I11). .. .
10 ° and which method comprises administering an effective amount of a compound of

Formula (I) or Formula (IT) [except the compound of Formula (II) with R2 and R3 as 2-
thiophene and R4 as ~OC(O)CH;] or a pharmaceutically acceptable salt thereof.

This invention also relates to a method of inhibiting the binding of acetylcholine
to its receptors in 2 mammal in need thereof which comprises administering to

15  aforementioned mammal an effective amount of a compound of Formula (I) or Formula

dn.

The present invention also provides for the novel compounds of Formula (I} or
Formula (II), and pharmaceutical compositions comprising a compound of Formula (I)

or Formula (II), and a pharmaceutical carrier or diluent.

20 Compounds of Formula (I} or Formula (II) useful in the present invention are
represented by the structure:
C
+/ -
~~N_ Rt / ~N /
H H o
R3 R3
R4 R2 I Ra R2

25  wherein:

the H atom indicated is in the exo position;



The present invention also provides for the novel conpounds of Formula (1)
or Fornmula (11), and pharnmaceutical conpositions conprising a conpound of
Formula (I) or Formula (I11), and a pharnmaceutical carrier or diluent.
20Compounds of Fornula (1) or Formula (11) useful in the present invention
are represented by the structure: 25 wherein: the H atomindicated is in the

exo positio 5/ 037280PCT/ US2004/ 033638 Rl represle@l{ n

associ at ed \Wt%%ﬁggom tive charge of the Natom R nm /ﬁszgﬁl{o%é)not
limted to ch tide, brom de, g’lﬁ’g | fate, cgenzegﬁlpﬁ,:l fonate and tol uene
sul f onat e; TCREFS s 3é‘r"’é“an1"8’é’|8 St ‘ﬁe BQ§itEve chirep 0 dogy &lpmaphgi sting
of straight orbuhgﬁmmdqaeman&@wmaé kodided EARRS bédrad gﬁﬁoﬂ&t@&gmmeﬂe from1
to 6 carbon atons), cycloalkyl groups (having from5 to 6 carbon atomns)

eycl oal kyl - al kyiforgteaving 6 to 10 car bon atoms), heterocycloal kyl (havi ng 5
to 6 carbon atons) and N or O as the heteroatom heterocycloal kyl -al kyl
(having 6 to 10 carbon atoms) and N or O as the heteroatom 10 aryl,

opti onal | y5sulRStanll R3esk iatetenddhdly esleaéd/from &iCzrows ¢dﬂ§i§ﬁﬂg&bf3ﬂﬁl f dxlb}e@dhed
heteroaryl; R4 is sleeted fromthe gro@g COI’ISI sting of (Cl-06)alk

(C3- C12) cycl o&halylower iyl grounsdkasingrete m 1 to 6 catbon atoms), cycloalky

het oronryl . (EOgB{ArHEoR y%é'%‘ﬁ*e@ﬂsﬁk%o%@feﬁl%(ﬁ% UGB o)
-CH2CH, -CN, aoES), -héidﬁﬁﬁﬂﬂ@ll@ﬂ (h&vﬁi@ZR?) 6 cafbidd Mtdizns) and NRDNORE aORYoatom,
:SOZN( R7) (R8) o %) R6 0 g 0 R6 :
CH2N( R2) COZ]S ﬁ%‘f ; aoms) G Hip
(G o) ol ot (e efﬁi%z‘?‘é‘%im@%%y‘ %%l‘%ﬁ?‘%ar yf"‘i‘“‘*"’"‘*‘*‘éﬂf""yl
(G sI~C6) al kyl heteroaryl; R6 is selected fromthe group consisting of

(-3l lo! R A R conii T PGS LR SMhalio,
Cy)heterocycloalkyl, (C1-Cg)alkyl{Cs-Cia)cycloalkyl, (Cy-Cealkyl(Cs-
Cyheterocycloalkyl, aryl, heteroaryl, (C,-Ce)alkyl-aryl, (Cy-Cg)alkyl-heteroaryl, -ORS,

15 -CH,ORS5, -CH,OH, -CN, -CF3, -CH,0(CO)R6, -CO.R7, -CH,NH,, -
CHoN(R7)SORS, -SON(R7YRSB), -CON(R7)(R8), -CH;N(R8)YCORS), -
CHuN(R8)SO5(R6), -CHoN(RB)CO2(RS), -CHN(R8)CONH(RT);

RS is selected from the group consisting of (C;-Ce)alkyl, (C;-Ce)alkyl(Cs-
20 Cjppeycloalkyl, (C;-Ce)alkyl{Cs-Cheterocycloalkyl, (Ci-Cealkyl-aryl, (C;-Cealkyl-
heteroaryl;

R6 is selected from the group consisting of (C,-Cg)alkyl, (C5-Cra)cycloalkyl, (Cs-
Cpheterocycloalkyl, (C;-Ce)alkyl(Cs-Cir)eycloalkyl, (Ci-Cealkyl(Cs-
25  Crheterocycloalkyl, aryl, heteroaryl, (Ci-Cgalkyl-aryl, (C)-Ce)alkyl-heteroaryl;

R7 and RS are, independently, selected from the group consisting of H, (C;-Ce)alkyl,
(C3-Crp)eycloalkyl, (Ca-Crheterocycloalkyl, (Ci-Colalkyl{Cs-Ciz)eycloalkyl, (Ci-
Ce)alkyl(Cs-Cpheterocycloalkyl, (C;-Cg)alkyl-aryl, and (Ci-Cg)atkyl-heteroaryl.

30



25C7) het erocycl oal kyl , aryl, heteroaryl, (Cl-GC6)alkyl-aryl,
(C-Co)alicyl-heteroaryl; R7 and R8 are, independently, selected fromthe
group consisting of H (Cl-C6)al kyl, (C3-Cl12)cycloal kyl,

(C3-C7) heterocycl oal kyl, (C1-C6)al kyl (C3-C12)cycl oal kyl,

(G C6) al kyl (C3-C7) heterocycl oallcyl, (Ci1-C6)alkyl-aryl, and
(Cl-C6)allcyl-heteroaryl. 30 WD 2005/ 037280PCT/ | TS2004/ 033638

Sui t abl e phggpreerdiskeal |y acceptable salts are well kno%ThgzgoQ@%?,sski | I ed
S,

in the art and include basic salts of inorganic and organic aci such as

hydr ochl ori c aci d, r .G .-aGi ' | hosphor i cid,
net hane sul phonic Sadgt%gle%gé ﬁan@n?%,%g%ﬁb?%&éft%?regge(lalﬂcln 8&38‘? ‘3‘?%%%163 "h&'?d,
tartaric aci dart midinélodedtnisid, saltsaaftinargandd ahd cogemld aidzciudh adsydeachhirc agigj d,

fumaric acid, l.ei c. acj d enzoi., cid, ,sal.i,cyljc acjd, .phenyl acetic acid
and mandel i ¢ BEProis agifylphirc a ﬁa&ﬁﬂg@ﬂf Acids %g;hg@@gi@g%{)@clgém:ige of
conmpounds of ¢niihdHicacid] dcefé adi@ malcacid] tutarditPacid it Red, k6088 d Wxkhic &id,

pharmaceutical |y acceptable cation. Suitable pharnmaceutically acceptable
cations ar® werHNERsinfumsric eidemalgiciariddbenpoit Redaselicvlis acidnihenilacesic keidi ne,
al kal i ne eart B, RUHRRN 445 Gl : | ' pﬁ’ﬁ“ fal | owi ng
ternms, as used herel n,éé?%?{g%dt O:Qﬁ,%bﬁgr{aﬁqﬁ_ I &%{1@%%#%9 t ;Bn?dss oghl or o,
fluor, brono Berowlad@mr Formdila (1) miykalso' bediormeal wigh 4 pharipatehtisly acagiptablend

branched chai patigRi §|Ei{a%?e p%];rn}acglﬁic%ﬁy acceptable cations are well known to those skilled in
the art and include alkaline, alkaline earth, ammonium and quaternary ammonium
10  cations.
{-“ The following terms, as used herein, refer to:
* "halo” - all halogens, that is chloro, fluoro, bromo and iodo.

* "Cq-10alkyl” or "alkyl" - both straight and branched chain moieties of 1 to 10

carbon atoms, unless the chain length is otherwise limited, including, but not limited to,
15  methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl
and the like.
+ "cycloalkyl” is used herein to mean cyclic moiety, preferably of 3 to 8
carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the like.
« "alkenyl" is used herein at all occurrences to mean straight or branched chain
20  meiety of 2-10 carbon atoms, unless the chain length is limited thereto, including, but
not limited to ethenyl, 1-propenyl, 2-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-
butenyl and the like.
+ "aryl" - phenyl and naphthyl;
* "heteroaryl” {on its own or in any combination, such as "heteroaryloxy”, or
25  "heteroaryl alkyl") - a 5-10 membered aromatic ring system in which one or more rings
contain one or more heteroatoms selected from the group consisting of N, O or S, such
as, but not limited, 1o pyrrole, pyrazole, furan, thiophene, quinoline, isoquinoline,
quinazolinyl, pyridine, pyrimidine, oxazole, tetrazole, thiazole, thiadiazole, triazole,
imidazole, or benzimidazole.
30 + "heterocyclic” (on its own or in any combination, such as "heterocyclicalkyl")
- a saturated or partially unsaturated 4-10 membered ring system in which one or more
rings contain one or more heteroatoms selected from the group consisting of N, O, or S;

such as, but not limited to, pyrrolidine, piperidine, piperazine, morpholine,
4



carbon atons, unless the chain length is otherwise limted, including, but
not limted to, 15nethyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl,
i so-butyl, tert-butyl, n-pentyl and the |iKke. "cycl oal kyl" is used
herein to nmean cyclic noiety, preferably of 3 to 8 carbons, including but
not limted to cyclopropyl, cyclopentyl, cyclohexyl, and the |ike.

“al kenyl " |swggﬁgmg1ﬁg@| n at all occurrences to nean straiyg ;W%?ﬁ[“gfgif%(:hed

chain 20 noiety of 2-10 carbon atons, unless the chain Ieng Imted
t hereto, incl n openyl
2-met hyl - | - pr g‘%lédr%g?r B?Lrta%’tr}ﬁtg#ﬁlﬂﬂogﬁéjgt eny ?an ’ F&%ﬁ{rﬁ)&% Xulﬁurrﬁb phenyl
and napht hyl ; opthﬂﬂlgmmigeﬂ'to(hemulfdnsootm solfoxide. any conbi nati on, such as
"het eroaryl oxy", or 25 ];er | n-. a 5-10 aromatic ring
system in which oné '8Pl %ﬁﬁéayﬁﬂ{fé &ﬁ@“ﬁ?”dﬁﬁ H%P@ﬁg'ﬁ‘ie&ihté”%fépect ed
fromthe groumcangist ésrlﬁﬁﬁéd Move) alhiched to%hcaﬁ‘ylaﬁeterbé&l HetdrdFtiiEdoiety? a]s 3
i ny

pyrrole, pyrazole, furan, thi ophene, quinoline, isoquinoliné, quinazo
pyridi ne, pByr |aimdleﬁm:d}mxmommsd}themmhch¢at¢dhl azol e, thiadi azoI e, triazole,

i m dazol e, or benzin 30. r clic” n i 0 |,,n any

conbi nation, such as?® qﬁ@ﬁerquege@)'??ﬁ%mmaspg‘é‘ﬁ %ﬁtﬂg@ V\ﬂ ‘ﬁH’Pt'i Wiy

unsat urat ed 4-d@RsBHRSLH-e) 4ndGheSieh BRI VWREGNMARSHMY ARERAISKOPSmEieRt ai n one
or nore heteroatons selected fromthe group consisting of N, 0, or S; such

as, but not I|inited "wherenmmwod | wpistes (pt fer Y diofaties)phpetopathardormab phbhne, 4
membered saturated or unsaturated ring” is used herein to mean the formation of an
10  aromatic ring system, such as naphthalene, or is a phenyl moiety having attached a 6
(/ ' membered partially saturated or unsaturated ring such as a Cg cycloalkenyl, i.e. hexene,

or a C5 cycloalkenyl moiety, such as cyclopentene.,

Preferred compounds useful in the present invention include:
(Endo)-3-(2-methoxy-2,2-di-thiophen-2-yl-ethyl)-8,8-dimethyl-8-azonia-

15 bicyclo[3.2.1]octane 1odide;
3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-propionitrile;
{Endo)-8-methyl-3-(2,2,2-triphenyl-ethyl)-8-aza-bicyclo[3.2.1]octane;
3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-propionamide;
3-{(Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-2,2-diphenyl-propionic acid;

20 (Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane
iodide;
(Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane
bromaide; .
3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1}oct-3-y1)-2,2-diphenyl-propan-1-ol;

25  N-Benzyl-3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-
propionamide;

(Endo)-3-(2-carbamoyl-2,2-diphenyl-ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane

s

todide;
1-Benzyl-3-[3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-propyl]-

30  urea;
1-Ethyl-3-[3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-propyl]-urea;
N-[3-{({Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-propyl ] -acetamide;

5



WO 20051037280PCMIrs2004/ 033638 t etrahydropyran, thionorpholine, or

i m dazol idine. Furthernore, sulfur may be optionally oxidized to the sul fone
or the sulfoxide. "arylalkyl"™ or "heteroarylal kyl" or "heterocyclical kyl"
is used herein to nean Cl1-10 al kyl, as defined above, attached to an aryl,
het eroaryl or heterocyclic nDiety, as 5 al so defined herein, unless

ot herw se i %Q@%@ﬂmso "sulfinyl" - the oxide S (0) spondl ng
sulfide, the term"thio" refers to the sulfide, and the ?Ig?ﬁgfoﬂﬁf&?%ﬁy

Cor oo v ot TSP AR R BTS2 oot bt S aeesmoe:

unsat urat ed rizgEnde- S%QHyIfsaézﬁlbﬂcskIé[JTEa]bcf-kl-%i)fm-ﬂﬁﬂ)'idiiheﬁlﬁ yiBrobfbnftfiRaL i C
ring system such as naphthal ene, is a moi éty havi ng attached a 6

nenber ed par t i(Ende)-3s@taypea-2d- dérithlﬂﬂhf}ﬁ@tbfl 5 -§, Hgn%hudw arenig- C6 cycl oal kenyl ,

i .e. hexene, yl noiety, such as cyclopentene. Preferred
conpounds usef u‘iy@bﬁ?%gﬁ}%{ag%solgﬁ? i nvention incl ude:

( Endo) - 3- ( 3- nﬂf-[ﬁ?@mﬂa)%nﬁe&ylkﬂ-mhmycm{ylz-I}ﬁchyly))-ﬁz-a;mheﬁ_r,ﬂtplmﬁyi]S azoni a-
15bi cycl o[ 3. 2. 1locta e i odi de;
34Endo) - 8- met HFAZEBESIHgNAMIAS | o[ 3. 2. 1] oct - 3-y1) - 2, 2- di pheny! - pr opi oni tri | e;

Endo) - 8- net h : ;
(Erco) s gﬁﬁmif‘agﬁ 4,2y byt A o ke 2

| oct - 3-y1)-2, - ﬁﬁedqﬂ&rpﬁtbﬂr&amrhlwlo{?' 2.1]Joct-3-y1)-2,2-diphenyl-propyl]-

34Endo) - 8- net h [3 2. 1loct - 3-y1)- 2, 2-di phenyl - propi oni ¢ aci d;
20 (Endo)-3-(ﬂxetha%esa&% g af‘i‘enyl et hyl )-8, 8-di rret hyl - 8- azoni a- bi cycl oP

. 2. 1] oct age i(Baddg)s-{2, 2-d1phenyl-3 -{(1-phenyl-methanoyl)-amino]-propyl}-8,8-dimethyl-8-

(En o) - 3- (2- cyan022dp | - et hy] 8,8-dimsthyl-S—avvnia-bicycIoP.2.1]octa
& omi de; @%FEFR%? é%‘rﬁ?'l%@‘fe% ‘é@)ﬁ bi cycl o
2 1l oct - 3- yl)M@re%i’éiér&'ﬂ% gblﬂ{d@BQé?ﬁl]in TR resgé mventlon 1nc1ude

N-Benzyl 34endo) nmet hyl aza-bic 1] oct - 3-y1) -2, 2-di phenyl propi ona
rni de; (Endo) <Bnd@-3e@rmhethenyi2.2-di-thiop en-2 yl-ethyl) -8,8- dxmethyI-S-azoma-

(250 PP YRS Byl O azont 0 cvel o p 2 - Loctane i odi de
. 2. 11oct - 35y 1 (Efda)-3eptyamy?, 2 diphpyyliett30)-8)8-dimnethyl-8-azonia-bicyclo[3.2.1]octane

iodide;
(Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane
bromide;
(Endo)-3-(2-carbamoyl-2,2-diphenyl-ethyl)-8,8-dimethyi-8-azonia-bicyclof3.2.1]octane

20  iodide;
{Endo)-3-(2-cyano-2,2-di-thiophen-2-yl-ethyl}-8,8-dimethyl-8-azonia-
bicyclo[3.2.1]octane iodide; and
{Endo)-3-{2,2-diphenyi-3-[{1-phenyl-methanoyl)-amino]-propyl}-8,8-dimethyl-8-
azonia-bicyclo[3.2.1]octane bromide.

25

Methods of Preparation.

Preparation
The compounds of Formula (I) and Formula (II) may be obtained by applying
_ synthetic procedures, some of which are illustrated in the Schemes below. The
30  synthesis provided for these Schemes is applicable for producing compounds of
Formula (I} and Formula (If) having a variety of different R1, R2, R3 and R4 which are



1- Et hy1- 3- P-gendo) - - S- et hyl - 8- aza- bi cycl o[ 3. 2. 1] oct- 3-y1) - 2, 2-di phenyl - prop
yl kur ea;

N13( ( Endo) - 8- net hyl - 8- aza- bi cycl oP. 2. 11oct - 3-y1) - 2, 2-di phenyl - propyl i - acet am
ide; 5 WD 2005/ 037280PCT/ US2004/ 033638

N- P- (( Endo) - 8- et hyl - 8- aza- bi cycl o[ 3. 2. 1] oct - 3-y1) - 2, 2- di phenyl - propyl j - benz

am de; WO 2005037280
34( Endo) - 8- met hy1- 8- aza- bi cycl o[ 3. 2. 1] oct - 3-34) - 2, 2-di - t EF%[BEMW(]Z??&F pr opi on
itrile;

( Endo) - 3- ( 2- cﬁﬁ‘f@df‘@lﬂ’fmg FHOSHmeRs whish awshijable protsetsifrarhievessompatibilii cycl of 3

. 2. 1] oct ane i @dthdRs reRetions outlined herein. Subsequent deprotectlon in those cases then affords
N-[34( Endo) - 8- met hyl- 8- aza- bi cycl 053 2. f] oct - 3-y1)- 2, 2-di phenyl - pr opy1] -
benzenesul f on&aigeunds of the nature genera] y disclosed. While some schemes are shown with

[ 3- ((Endo) - 8- v propyl furea;
N- [ 34( Endo) - S%W%IP %}:fggﬁg%}‘? ﬁﬁ’%@%ﬁ%%%ﬂﬂ[‘g%&ééﬂﬁ%ﬁ? Of)eh%‘ﬁ){il - propyl) -
Eret gaglesul( bonanmi dﬁIhﬁ@eﬂd?prepirahon metho(;1 is shown in Scheme I. The synthesis stalated "

Endo) - 3- (2, 2-dj, pheny1- 3 enyl anqyl) - am no| i met hyl- 8-
azoni a- bi cycl 8‘{1 énée‘ﬁ “i%‘l“'bﬁbﬁ“é?‘é?n}lﬁg’ %ﬁ%ﬁé@r dedaleeholi n t he
present invenbi
(Endo) - 3- ( 2- rrgt %noi%&eﬁleﬂ%flﬁm?lg%ﬁreor‘ﬂde?a C gu]ﬁmlg reaChgn mﬂrlntal%ehayion8deg‘z(%dm abi cycl o
P. 2. 11oct ane ifioti HERZ(R3)R4) then fumished compound 4 wh1ch was easily converted to
15( Endo) - 3- (23&){n lqlmzmﬁsdl phenyl - et hyl ) - 8, 8- di net hy1- 8- azoni a- bi cycl op. 2. 1Jo
ctane i odi de; ) ‘

(Endo) - 3- (18- cwehénel.2- di phenyl - et hyl ) - 8, 8- di net hyl - 8- azoni a- bi cycl op. 2. 11 oct
ane /br om de;

( En&o) - 3-(2-carbanoyl- 2, 2- di phenyl - et hyl ) - 8, 8- di met hyl- 8- azoni a- bi cycl o[ 3. 2.
1] oct ane 20 i odi de;

(Endo) - 3- (2- cyano- 2, 2- B0l o herlAg.ﬂyEJ emhyl )-8, 8 d| ma}hx%& awni abi cycl o[ 3.

2. 1] oct ane i odi de; and H 1oo=c, H

(Endo) - 3- (2, 2- di phenyl- 3-T(1- phenyl - e noy H ani noj - propy1l) - 8, 8-di net hyl -8
- azoni a-bi cycl oP. 2. 1} oct an1e g de. 2 “on 3 |
’f N ~n" R1”
R4 R2 H MeR1 H
NaH, DMF 4 R3 | R3
R4 R2 5 R4 R2

A mere specific preparation method leading to compounds with Formula (IF) is
outlined in Scheme II. Alkylation of ester HC(Ph),CO,CH; with 3 afforded compound
15 6. Hydrolysis of 6 generated acid 7. 1,3-Dicyclohexylcarbodiimide (DCC) mediated
condensation of the acid with alcohol (R7)OH then furnished ester 8. Condensation of
acid 7 with amine (R7)(R8)NH under suitable amide coupling conditions well known to
those skilled in the art such as 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC.HCI) and 1-hydroxybenzotriazole hydrate (HOB1) provided amide
20 9. Reduction of 6 generated alcohol 10. Reaction of 10 with acid chloride (R6)COCI
or acid (R6)YCO;H afforded ester 11. Alkylation of 10 with appropriate reagents such
as (R5)Br then furnished 12.
Compounds with structures similar to 6, 7, 8, 9, 10, 11 and 12 were converted to

corresponding ammonium salts by reacting with appropriate reaction reagents such as

7



25 Met hods of Preparation. Preparation The conpounds of Forrmula (I) and

Formula (Il1) may be obtai ned by applying synthetic procedures, sone of which

are illustrated in the Schenes bel ow. The 30 synthesis provided for these

Schemes is applicable for producing conpounds of Forrmula (I) and Formul a

(I'l') having a variety of different RI, R2, R3 and R4 which are WO

2005/ 037280R6hnidndHag/ 033638 reacted, enpl oyi ng substitqgﬁ%i%mﬂk:g?are
I"6ns 0

suitabl e protected, to achieve conpatibility with the reac % i ned
herei n. Subs nt otection, in those cases, then_ affords conpounds of
the nature g gﬁgg‘é‘ﬂd&ﬁ&r@el Sgg‘@a n ), Sqhgme), n@@%@?‘ﬁ?@%éﬂ@%@@fb onpounds
only of For muh@hédsiwere hﬂﬂizﬁdirﬁsoﬁﬁrﬁéﬁémfti% phdcbdigés ati on purpose only. SThe

general preparation nmethod is show in SChene |I. The synthesis started with
conpound 1. Feshemelbn with |ithium al um nium hydride (LAH) afforded al cohol
2. Displacenment with iodine prqvided 3. Coupling reaction with the anion
derived from HCR2(123) (R4) then ¥yrnj shed conmpound 4, which was easily

converted to a msalt S /ﬂ,‘ : . l:A e_specific
preparati on met 4 UCHE Srpouhds h a | ' lined in
Schenme 1I. Al kyfatio C with 3 dffordged pound 15 6.
Hydrol ysis of 6 gehe i . Keg cl ohexyl car bodi i wedex-("DCC)

medi at ed condensation of the acid w & cohol (R7)0H thepn!faHitshed ester
8. Condensation of acid 7 -with am R R7\)(R8) NH under s abl e am de
coupling conditions well known jo those skill edRefCit he a suah as

1- ( 3-di net hyl am nopropyl ) - Ba yl car bodi i m | oride (EDC. HCl) and
1- hydr oxybenzotri azol e hydrE e (HOBt) provi &g%gwmc e 20 9. I*eﬁﬂ?i’d‘fqobn of 6
generated al cohotN10. React®#on of 10 witKR-<acid chloride-§ R6) COC1 or acid
(R6) CORH af f or ded)8s Al kyl ation of/t8{wkt h-appr opffate s eggents such
as (R5)Br then f#fni sl i Flfaj to 6, 7,

8, 9, 10, 11 and 12

R;RyNH 11 12

NEADC.HCI. HOBt

8 9

5 A more specific preparation method leading to compounds with Formula (IT) is
outlined in Scheme HI. Alkylation of HC(Ph),CN with 3 provided nitrile 13.
Hydrolysis of 13 under either basic conditions (e.g., NaOH and H,0,) or acidic
conditions (e.g., H,SO,) afforded amide 14. Reduction of 13 led to amine 15 that was
conviently transfromed to amide 16, carbamide 17, sulfonamide 18 and urea 19.

10 Condensation of 15 with aldehyde (R8)YCH(O) followed by reduction with
NaBH(OAc); furnished amine 20 that was easily converted to amide 21, carbamide 22,
urea 23 and sulfonamide 24.
Compounds with structures similar to 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23

and 24 were converted to corresponding ammonium salts by reacting with appropriate

8



WO 2005/ 037280PCT/ 1 JS2004/ 033638 MeBr and Mel (not shown in the schene).
Appropriate protection and deprotection nmethods were utilized in sone
preparation procedures. Schenme H 5A nore specific preparation method

| eadi ng to conpounds with Formula (I1) is outlined in Scheme H . Al kylation
of HC(Ph)2CN with 3 provided nitrile 13. Hydrolysis of 13 under either basic
conditions (e.g., NaOH and 11202) or acidic conditions (e.g., 112504)

af f or ded arwggoogfbs-,zg{gductl on of 13 led to amne 15 thatp %91333 tly
trartsfronmed to am de 16, carbam de 17, sulfonam de 18 awg Srea gd% 10

Condensation of 15 wth al foIIo uction with

NaBH( OAc) 3 f FFFHSRERPEEHT HE éﬁfégﬁa{*ﬂm%a@v% S« Shp e 21,

carbam de 22, rh&Rn%Rd dBstotHdnanaRddd Svedcutilized i s@ﬁx’é@ﬁ%ﬁﬂﬁ todedifdsuct ur es
simlar to 13;:r ,n15 %go 17, 18, 19, 201 1zglm 22, 2 andﬂ\g4 a/ereS converted
to corresponcﬁﬂrgmaﬁﬂam um sal ts by reacting with appropriate WO

2005/ 037280PCT/ US2004/ 033638 reaction reagents such as Mel 3r and Mel (not
shown in the schene). Appropridpg rot ection and depr ot ectl on net hods were

utilized in sor reparati on prgces CheB. bl !
20051037280PCT 04y e A nor i c—ptegar afi pod | eading to
conpounds w t h”For nul a Nét.PYF | s

3

R,COMH

- ‘15 Iy
/ﬂ H O CIC(iV

N—r—0
O T
"--..N 'f
’ ave

cocl
R/ N-R8

. ~N or O H
( R.COH
N Y a\ Pt O EDC.HC!, HOB
v

RyCHO
NaBH(OAG),




outlined in Scheme IV. Al kylation of 25 wth (R5)Br provided 26. Reaction of
25 with Lawesson's reagent afforded 27. Oxidation of 27 with S02C12 and KNO3
furni shed 28 that was converted to either 29 or sul fonam de 30. 5Conpounds
With structures simlar to 26, 27, 29 and 30 were easily converted to the
correspondi ng ammoni um salts by reacting with appropriate reaction reagents

such as %Brwm%g){ﬁlmgnot shown in the schene). Appropri §qRhflRsiskPn and
0

deprot ecti on met S were utilized in sone preparation procedures. Schenme |V
SYNTHETI C EXAMPLES The, fol | owi.ng exanpl es are provided as illustrative
of the present i nve’hﬁ%ﬁsﬁﬁ‘ﬁcﬁbetpaﬁapﬂ‘?{‘\eﬁ‘ﬁgyﬁg‘&ﬁw 99&590 @E%&h%‘l’r@“iaefﬁ\ﬁ)

2005/ 037280PCTd i SORRSE . Alkylation of 25 with (Rs)Br provided 26. Reaction of 25

(Endo) - 3- ( 2- net hoxy- 2, 2-di -t hi ophen-2-v1-et hyll-8, 8-di nmet hyl - 8-azoni abi cycl o
(3. 2. 1l oct ane wulliLdwesson’¥eagens atfonded7. Pxidation of 27 with SO,Cl, and KNO;
2- (8- net hyl - 8- azahi l,0[ 3.2, 1l oct - 3- 4, 1-dithi. en- 2-yl et hanol
(prepared acco 1%8?§%y§6Wﬂ ed(tﬂféﬁ%,ﬁ(??%‘ﬂm)&gﬂ' 51lab
net hyl enechd ori de apshnpaglaRith RIS st to 86,2 7N29&1d)30 v ey conmertidt assi um
hydr oxi de (0.25tnL, 3.2 nmol) and tetrabutyl ampniumchloride (5ng, 3 nol %
was added. Thetortheearfesppndingramioniiig salis by sercting With pppromrisfe saiion geagpntylay . an
additional 0.2 I Lhp0e ] hu £ OX] ded. Upon
conpl eti on, thée{?c}rlékgg%ﬁgn m x{ﬁgéh%q%g%fgée}%ﬁt&g }r’%{g}éﬁ%&( Ig?egtti\%?ae@ddi | ut ed
wi t h et hyl eneddpkatedtide netichdd Fewwasiliedt misoine papamtionlprecaqresous | ayer was
extracted with %%g\y’é]enechl oride and the conbined organic |ayers were washed
with brine, dr¥ r MpSO4 and concentrated in vacuo. The crude product
was recrystallizgd from nethyl enechl qride/ethyl acetate tgq,give 109ng of the
titIF conpound: (ES) mz 362 (MtN

H  Lowesson' Reagent Ho SOCLKNOy H

8 8
9 DS
S { sH 4 1\ sog
25 N 28
leﬁr. K,CO, HN(R,}R,)
N
H N
S \ H
X S
Iy oR, $
X S
SO,NR,R
26 N \ " 2Ty
10
¢ SYNTHETIC EXAMPLES
The following examples are provided as illustrative of the present invention but
not limiting in any way:
15 Example 1

10



15Exanple 2 // 34(Endo)-8-nethyl-8-az, a-bicyclof 3 .2. 1l oct-3

-v0- 2, 2-di phenyl -propionitrile 2a) Preparation of

((endo) - 8- et hyl - 8-aza- bi cycl o[ 3. 2. 1] oct-3-y1) - net hanol A m xture of

1, 1-di met hyl et hyl (endo) - 3- (hydroxynet hyl)-8-azabi cycl o[ 3.2.1] 20

oct ane- 8- carboxyl ate (0.50 g, 2.05 mol) and LiAlH4 (6.16 nL, 1.0 Min THF,
6. 16 nunol) at 80C wth a mcrowave reactor fo e
sol ution mswiédrégﬁ%ﬂ’?(@d with saturated Na2SO4 sol ution, i’ ?@Pegmsﬁgr’l%ugh
celite and conc ] g, 97 %: LCMS
(ES) mlz 156 ( M= {a w e R 1.90 (n, 1H),
2.13 (m 411), e g)jg,l o%ﬂa!qé:od&ﬁﬁ 17 (s, 2H) 3.59 (d 211) 2b) Prepar ati on
of (endo)- 3-i odonet -8-ne e/ - 8-aza- bi cyclo%‘g .2.1 ]octane
20051037280PCT/ 1J§Qe@qlp@q3@°§8 8-methyl8-azapighsleld 0¢t6’dylaré lc@ﬂmphen 228- 8 mol )

ol ) i - croctZ S0P LTI R) Gk 0 BERASR 35 O30 ol o

25.8 mmol ). 5Thensteygencchintideandtiodameikane §0.40mle.d.4 mmoi)Y 5016 agseouf podtassivaml and

266 (M- - H ANELCREA7 8L paedis MR g Shipsite om 3 eapiteliy 5. o
( m 211), 3. 45 ddded. 2Itik)reacBoBibixXitre whi hpatedto)refRixefpns af Each @y, an additional

d 8- nmeth b lo[3 2.1 t 2, 2-di ph I tril
3-((endo) - 8-me gmlL 180(1%%'1%!]1&1'180 n%l OO{mL potals?u% hydrgxlzle was addieg 833/11 cp rrr?peét%rr]xl 1:h£I ©

reaction mixture was cooled to room temperature, diluted with methylenechloride and

10 washed with water. The aqueous layer was extracted with methylenechloride and the
( - combined organic layers were washed with brine, dried over MgSO, and concentrated
in vacuo. The crude product was recrystallizéd from methylenechloride/ethyl acetate to

give 109mg of the title compound: LCMS (ES) m/z 362 (M)".

15 Example 2

¢ 3-{{Endo)-8-methyl-8-aza-bicvelo[3.2.17oct-3-y1)-2 2-diphenvl-propionitrile

2a) Preparation of ((endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-methanol
A mixture of 1,1-dimethylethyl (endo)-3-(hydroxymethyl)-8-azabicyclof3.2.1)

20  octane-8-carboxylate (0.50 g, 2.05 mmol) and LiAlH, (6.16 mL, 1.0 M in THF, 6.16

mmol) was heated at 80°C with a microwave reactor for 60 min. The solution was then

mixed with saturated Na,SO; solution, filtered through celite and concentrated to

afford the title compound (0.31 g, 97 %): LCMS (ES) m/z 156 (M+H)"; 'H-

NMR(CDCl3) & 1.28 (s, 1H), 1.59 (m, 4H), 1.90 (m, 1H), 2.13 (m, 4H), 2.32 (s, 3H),
25  3.17 (s, 2H), 3.59(d, 2H).

2b) Preparation of (endo)-3-iodomethyl-8-methyl-8-aza-bicyclo[3.2.1]octane

11



A sol ution of (endo)-3-iodonethyl-8-nethyl-8-aza-bicyclo[3.2.11octane(1.06
g, 10 4.0 mmol) and Ph2CHCN (2.32 g, 12.0 rnnol) in DVF (20 nth) was m xed
with Nall (0.288 g, 12.0 nnnol). The resultant m xture was stirred at room
tenperature for 60 mnutes. Filtration and purification via a reverse phase
HPLC (Gl son) then afforded the title conpound (1.16 g, 93 %: LCMS (ES)

tn/z 331 (Mek MR(CDC13) 1.64 (in, 211), 2.14 (in,
211), 2. 351 (ﬁ)mﬁm J’fsmsz((m 2)11) 2, (75 (m 5)11) 153(83 Sﬁﬂﬁ";’%?g]sg (d,

1011). Exanple

( Endo) - 8- et hvl 3- (4 solugon ofiipging, (6078, o8 ymugol) and (endoX-p apethy)-813%8¢t ane  20A

sol ution of trbrbhasBlaEEAaNa) fiethadd (B0 g1 ABmimBY) ih GHCT HR0EL Py hixe@s m xed
wi th n-BuLi (0. 73% 133?!1131 6%§/|)I n Hexe(meg 13 rrm)ll) Thgﬁsol uﬁon v)\{/as stirred

for 10 m nut es Vih®Phd@aaeEsiy8.4 &3 rrg@ql(gni%$ mmol). The resultant mixture was stirred for
(endo) - 3-i Odorrg; sk, Bk B e hioBifARt ShH TPkl B0y (389 D 11 2445 nunol )

|nDIVF(10 e mxture was stirre roomtenper for nut es,

m xed Wt h 112Ee/1 266 M+ HOMREDA, ph2102&h) 4H)e 2689, (nPaH)f 2.09(d,GH),vi a a
h HP t ed the titl d (23.8 ng, 17
LoV (£S) P8 Gagthy iange 5 e iBicrs) 6 1 07 (d. 2hy 2 12 (n i,
2.22 (m 411), 2% f@%pafdﬁbn éid. Senc%)@ﬁnétﬂ 1835)a+b1§m ETQS]Sc?-% A)- § el(EV?; 211),
7.21 (n, 311), WO 2005/ 0372 2004/0 anpl e 4

3- ((Endo) - 8- rrepwylﬁngﬂlﬁza b| cyclof 3. 2.1l oct-3-yl)-2, 2-di nhenvl pr opi onam de
A solution of (endo)-3-iodomethyl-8-methyl-8-aza-bicyclo[3.2.1]octane(1.06 g,

10 4.0 mmol) and Ph,CHCN (2.32 g, 12.0 mmol) in DMF (20 mL) was mixed with Nat
z‘ | (0.288 g, 12.0 mmol). The resultant mixture was stirred at roorn temperature for 60
_ minutes. Filtration and purification via a reverse phase HPLC (Gilson) then afforded
the title compound (1.16 g, 93 %): LCMS (ES) m/z 331 (M+H)"; 'H-NMR(CDCL,) &
1.64 (m, 2H), 2.14 (m, 1H), 2.26 (m, 2H), 2.34 {(m, 2H), 2.52 (m, 2H), 2.75 (m, 5H),
15 3.83(s,2H),7.39(d, 10H).

Example 3

(Endo)-8-methyl-3-(2.2.2-triphenyl-ethyl)-8-aza-bicyclo[3.2.1]octane
20 A solution of triphenylmethane (0.276 g, 1.13 mmol) in THF (0.5 mL) was
mixed with n-Bul.i (0.706 mL, 1.6 M in Hexane, 1.13 mmol). The solution was stirred

for 10 minutes and added by a solution of (endo)-3-iodomethyl-8-methyl-8-aza-
bicyclo[3.2.1]octane (100 mg, 0.377 mmol) in DMF (1.0 mL). The mixture was stirred
at room temperature for 60 minutes, mixed with HyO (0.1 mL), concentrated and

25 filtered. Purification via a reverse phase HPLC (Gilson) then afforded the title
compound (23.8 mg, 17 %): LCMS (ES) m/z 382 (M+H)"; "H-NMR(CDCl3) § 1.07 (d,
2H), 2.12 (m, 1H), 2.22 (m, 4H), 2.31 (m, 2H), 2.65 (d, 3H), 2.97 (d, 2H), 3.63 (s, 2H),
7.21 (m, 3H), 7.30 (d, 12H).
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A sol ution of 3-((endo)-8-nethyl-8-aza-bicyclo[3.2.1]oct-3-yl)-2, 2-di phenyl -
5 propionitrile (53 ng, 0.16 nunol) in CH2C12 (0. 25 nL) was m xed with
112504 (0.28 nL, 96 % and stirred at 40C for 30 hours. The m xture was then
poured into ice, neutralized with NH3.1-120, extracted with Et 0Ac and
concentrated. The resultant residue was dissolved in DVM6O and filtered.
Purification erse phase HPLC (G | son) provided t ound
(17.2 ny, W%ﬁoﬁosﬁ%és) mz 347 (MtH); 1H 10NMR(CDC13) @%165@4@8&9 11),
1.98 (m 1H) 2.28 (m 414), 2.39 (in, 211), 2. 67 (d, 3H, 2.79 (d, 211),
3.66 (s, 211), 5.82 (s, br, 111), 6.88 (Exampledi13y "7 37 (in, 10H). Exanple
153- ((Endo) - 8- net hy1-8-aza -bicvclo 13 2.1

| oct-3-v1l)-2.2-di phenvl - proni oni c acrdis A solution of

2-[ (3-endo) - 8- net hyl - 8- azabi cycl o[ 3. 2« w3 1) -1, 1- di phenyl et hanol ( 100
ng, 1.56 mml) in HCOOH (0.25 nmL) was”qui ¢kl ) dded’ by H2SO4 (2.73 nL, 90 %
at 0C. The reaction vial was capped i nmedi al{e and stored in a refri gerator
at -20C for 7 days. The sol ution was pour ¢ L& i ce, neutralized with 20
NH3. H20, extracted with Et OAc and concentrated. The resultant residue was
rsehase HPLC

di ssol ved in Hﬁéé End fl|t?l’6d !PUI‘IfI t|o ev
(G lson) then L %ES) m x. 350

Mt 11-1- NVR( Me@D _ 0
213;'? "‘2 69 (5. 3|(_|) | ﬁzk%lﬁt%%x of. 3- %@ﬂ&o% S%CZﬁ;yl(ﬂ%Zfiﬁéﬁclo[jZQZoc( myz)zzli—hlphgnﬁ (m
811). WO 2@05@%@%@@1@%@6&1@&9@3& Ehp0e2pmL) was mixed with H2304 (©.28

(Endo): 3- (2- Y80 of oy LG 2t HoR ' So Rollh "Bl Wihenlte 3.8l PheiPindd o2 110°
3- (( endo) 8- n‘ehélm‘hhﬁedawahﬁﬂ]dyﬁi@( &tActkd ogith Bt(YAY add 2onkdepliatdd.| -The resultant
residue was dissolved in DMSO and filtered. Purification via a reverse phase HPLC
(Gilson) provided the title compound (17.2 mg, 30 %): MS (ES) nv/z 347 (M+H)"; 'H-
10 NMR(CDCL) 4 1.31 (d, 2H), 1.98 (m, 1H), 2.28 (m, 4H), 2.39 (m, 2H), 2.67 (d, 3H),

2.79 (d, 2H), 3.66 (s, 2H), 5.82 (s, br, 1H), 6.88 (s, br, 1H), 7.37 (m, 10H).

Example 3

T,

15  3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2.2-diphenyl-propionic acid
A solution of  2-[(3-endo)-8-methyl-8-azabicyclo[3.2.1]oct-3-y1]-1,1-
diphenylethanol { 100 mg, 1.56 mmol} in HCOOH (0.25 ml) was quickly added by
H,504 (2.73 mL, 90 %) at 6°C. The reaction vial was capped immediately and stored in

a refrigerator at —20°C for 7 days. The solution was poured into ice, neutralized with

20  NH3.H;0, extracted with EtOAc and concentrated. The resultant residue was dissolved
in DMSO and filtered. Purification via a reverse phase HPLC (Gilson) then afforded
the title compound (52 mg, 48 %): LCMS (ES) m/z 350 (M+H)"; 'H-NMR(MeOD) &
1.39 (d, 2H), 1.86 (m, 1H), 1.97 (m, 2H), 2.30 (m, 4H), 2.69 (s, 3H), 2.84 (d, 2H), 3.69
(s, 2H), 7.28 (m, 2H), 7.36 (m, 8H).
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propionitrile (310 ng, 0.938 nmmol) in acetone (6.0 nL) was m xed with MeBr
(4.69 nmL, 2.0 Min 1-BuOve, 9.38 mmol). The resultant m xture was stirred at
roomtenperature for 60 mnutes and filtered. The solid was washed with
acetone (2 x 3 inL) to afford the title conmpound (333 ny, 83 %: LCVS (ES)
mz 345 (M; 'H 10 NNR(NEOD) 8 1.82 (d, 211), 2.17 (in, 1H), 2.35 (m 2H),
2.49 (m 4H) w 210, 3.07 (s, 311), 3.10 (s, 311), , 7.36
(m 211), 7. 435’9’2&1%32%8 7.49 (m 410. Exanple H pCHdabid0s3H
(Endo) - 342- cvano- 2, 2- di phenvl -et hvl | - 8, 8- dlnet%yl 8- azoni a- bi cvcl of 3. 2. 110oct
ane 15 i odi de A sol ution of Example 6

3-((endo) - 8- net hyl- 8-aza-bicycl o[ 3. 2. 1]oct-3-yl)-2, 2-di phenyl propionitrile
(26.5 ng, 0.080 nmol) in CH2A 2 (0.5 _nk)y afid MeCN (0.5 roL) was mixed with
Mel (0.125 L, 2.00 nunol). The resul tBaty m xikure was stirred at room
tenperature for 3 hours, diluted witH {3 nL) and concentr at ed.
Purification 20 via a reverse phase HPLC (& then afforded the title
conmpound (22.9 ng, 60 %: LCM5S (ES) mz 3 111- NVR(CDC13) 8 1.83 (d,
21), 2.17 (m 111), 2.35 (m 211), 2.49 ( , 3.01 (d, 211), 3.07 (s,
311), 3.10 (s, 311), 3.79 (s, 211), 7.36 (M 21), 7.43 (m 41), 7.49 (in,
41). Exanple @n&%@@m PRIIAAYI BN, D ifetihe-8 B dnid bRGEE: Y ibcidne

2-di phenyl - propan-1-01 A m xture of

3- ((endo) - 8- nerymid8- aza- bi cycl o[ 3. 2. 1] oct - 3-y1) - 2, 2- di phenyl - 5 propionic

acid (42.5 gg, 0.12 d . __?%_- b 3B gﬁmD
was heat ed \%g th a m&c %%/neaor@egéﬁe‘%m &%g@% or I#LOS%'%IH#t I:@ 24 ﬁ’;ﬁ?n W th
sat ur at ed Na2S@bpimitritel Gh) nig, 0198 B exindih iroamgtone €6.0 tnel. Jowak wised enihrMb&d(tl 6bhe
resuliant resi dye di ssol ved [n,DMSO. and filtered Purlflcatlon via a
r evelse phase HgL@V\@%’I lgcf‘?é)“qlrﬁ‘&nbg?f%‘?‘@éd ctesltant MugSoWAY s 4t fogm 71
%: LCM5 (ES) ®ndperature for 60 minutes and filtered. The solid was washed with acetone (2 x 3 mL)

to afford the title compound (333 mg, 83 %): LCMS (ES) m/Z 345 (M)"; 'H-

10 NMR(MeOD) & 1.82 (d, 2H), 2.17 (m, 1H), 2.35 (m, 2H), 2.49 (m, 4H), 3.01 (d, 2H),
3.07 (s, 3H), 3.10 (s, 3H), 3.79 (s, 2H), 7.36 (m, 2H), 7.43 (m, 4H), 7.49 (m, 4H).

Example 7

( (Endo)-3-(2-cyano-2,2-diphenyi-ethyl}-8.8-dimethyl-8-azonia-bicyclo[3.2.1octane
15 iodide
A solution of 3-({endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-
propioﬁitrile (26.5 mg, 0.080 mmol} in CH;Cl (0.5 mL) and MeCN (0.5 mL) was

mixed with Mel (0.125 mL, 2.00 mmol). The resultant mixture was stirred at room

temperature for 3 hours, diluted with DMSO (0.3 mL) and concentrated. Purification

20  via a reverse phase HPLC (Gilson) then afforded the title compound (22.9 mg, 60 %):
LCMS (ES) m/z 345 (M)"; 'H-NMR(CDCl) & 1.83 (d, 2H), 2.17 (m, 1H), 2.35 (m,
2H), 2.49 (m, 4H), 3.01 (d, 2H), 3.07 (s, 3H), 3.10 (s, 3H), 3.79 (s, 2H), 7.36 (m, 2H),
7.43 (m, 4H), 7.49 (m, 4H).

14



10 336(M+H) +; 1H NMR(CDC13) 8 1.40 (d, 2H), 1.92 (m 111), 2.29 (m 6H),
2.59 (m 211), 2.68 (d, 3H), 3.72 (s, 2H), 4.16 (s, 211), 7.13 (m 311),
7.30 (m 711). Exsplel 15

N- Benzyl- 3- ((endo) - 8- net hyl - 8- aza- bi cycl 013. 2. 11oct - 3-y1) - 22- di phenvi - propi o
nam de A sol ution of

3-((endo) -8 za-bicyclop. 2.1joct-3-y1)-2, 2-di ph L Qni.c aci d
(8(2.(0 rrg? Ojvggt%&gnﬁ%%);@i n CHZé 2 ?3. 0 Jrr1_) vvasym')xed Wi tﬁ Eﬁgﬂgﬁﬁﬁgg% (28.2

ILL, 0.258 mmol), EDC (49.5 ng, O0.258 Wt (3.2 mg, 0.024 mmol) and
(CH3C112) 3N (0232 niL, 1.65 rxinol). Th e was stirred at room
tenperature for 60 hours and concentrajed. The resultant residue was

di ssolved in DVMBO and filtered. Purifiktation via a reverse phase HPLC
(Glson) then afforded the title co?mﬁ-u( o8 Mg, 30%: LCMS (ES) miz
439(M+H) +; 11-1-NVR(CDC13) 5 1.34 (d, 21~ 96 (m WO

2005/ 037280PCT/ US2004/ 033638 111), 2.23 , 2.38 (m 4H), 2.63 (d,
31-1), 2.83 (d, 211), 3.66 (s, 211), 4.4 11), 6.93 (in, 2H), 7.22 (m
311), 7.38 (m 1011). Exanple 10 S

3-({(Endo)-8-methvl-8-aza-bicyelo[3.2.1}oct-3-y1)-2.2-diphenvi-propan-1-ol
A mixture of 3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyi-
5  propionic acid (42.5 mg, 0.122 mmol) and LiAlH, (0.488 mL, 1.0 M in THF, 0.488

mmol) was heated with a microwave reactor at 100°C for 1 hour. It was diluted with

saturated Na;SOy solution, filtered through celite and concentrated. The resultant

P

residue was dissolved in DMSO and filtered. Purification via a reverse phase HPLC
(Gilson) then afforded the title compound (29.1 mg, 71 %): LCMS (ES) m/Zz

10 336(M+H)"; "H-NMR(CDCI3) & 1.40 (d, 2H), 1.92 (m, 1H), 2.29 (m, 6H), 2.59 (m,
2H), 2.68 (d, 3H), 3.72 (s, 211}, 4.16 (s, 2H), 7.13 (m, 3H), 7.30 (m, 7H).

Example 9

N-Benzyl-3-{{endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2.2-diphenyi-propionamide

A solution of 3-((endo)-8-methyl-8-aza-bicyclo[3.2.1Joct-3-y1)-2,2-diphenyl-
propionic acid (82.0 mg, 0.235 mmol) in CH,Clz (3.0 mL) was mixed with PhCH,;NH;
20 (28.2 uL, 0.258 mmol), EDC (49.5 mg, 0.258 mmol), HOBt (3.2 mg, 0.024 mmol) and
(CH3CH; ;3N (0.232 mL, 1.65 mmol). The mixture was stirred at room temperature for

60 hours and concentrated. The resultant residue was dissolved in DMSO and filtered.
Purification via a reverse phase HPLC (Gilson) then afforded the title compound (29.8
mg, 30 %): LCMS (ES) m/z 439(M+H)"; lH~I\II'«/IR((L‘DC1::,) & 1.34 (d, 2H), 1.96 (m,

15



(Endo) - 3- (2- car hanoy1- 2, 2- di phenyl - et hy11- 8, 8- di net hy1- 8- awni a- bi cycl o
[3.2.1 Joctane iodide The title conpound was prepared from

3-((endo) - 8- net hyl- 8-aza- bi cycl o[ 3. 2. 1] oct- 3-yl)-2, 2-di phenyl - pr opi onanm de
by follow ng the procedure of Exanple 7 (33 % 10 yield): LCM5 (ES) m z 363
(M+; 111-NWR(CDC13) 51.49 (d, 2H), 1.95 (m 111), 2.25 (in, 2H), 2.42 (n,
411), 2.84 (d, 2H), 3.17 (s, 3H), 3.23 (s, 311), 3.93 (s, 211), 5.65 (s,
111), 5.91wse0skddy2s07. 39 (m 1011). Exanple 11 15 PCT/U32004/033633

1- Benzyl- 343- ((endo) - 8- neti wl- 8- aza- bi cycl of 3. 2. 1l oct - 3-y11- 2, 2-di nhenyl -pro

nyl lurea |

34( Endo) - 8- rrgl%{?] 23§ éza) §|3§ (cl’o %263(1(1 3IJQ??S?’l()d 22H)2 (? HRSI? 41 fdoglﬁan‘i ne A
sol uti on of 39(5((1@{13&))),782@131?)1788&na1051)cycl o[ 3.2.1] oct 3-y1) -2, 2-di phenyl -
20 propionitrile (250 ng, 0.758 mml) in THF (2.5 nL) was rrixed w th BH3
(2.53 n, 1.5 Min THE, 3.79 mmol ) at F@mplH) m xture was stirred at room
tenperature for 20 hours and diluted with 1120 (1.0 nL). The sol ution was
then m xed with K2C8 (0.1 g) and stflrr;ed at roomtenperature for 1 hour.
Organic layers were separated and aqueous part was extracted with Et0OAc
(2 x 3 nL). The organic |ayers mr%)SlOS?ZSOPCT/ U52004/ 033638

conbi ned, dried over Na2SO4 and corcent rat

phase HPLC (G lson) afforded the titled cg
335 (MrH) +; 1H NVMR(MeOD) 8 1.35 (d, 2H)
(s, 211), 2.68

5

dH’Purlflcatlon via a reverse
d (159ny, 63%: LCMS (ES) niz
LAAm 31), 2.34 (s, 41), 2.55

{Endo)-3-(2-carbamoyi-2.2-diphenyl-ethyl)-8.8-dimethyl-8-azonia-bicyelo[3.2.1Joctane

1odide

The title compound was prepared from 3-({(endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-
3-y1)-2,2-diphenyl-propionamide by following the procedure of Example 7 (33 %
10 yield): LCMS (ES) m/z 363 (M)"; 'H-NMR(CDCls) 8 1.49 (d, 2H), 1.95 (m, 1H), 2.25
(m, 2H), 2.42 (m, 4H), 2.84 (d, 2H), 3.17 (s, 3H), 3.23 (s, 3H), 3.93 (s, 2H), 5.65 (s,
1H), 5.91 (s, 1H), 7.39 (m, 10H).

Example 11

';\‘:\, °>_ L@

15
1-Benzyl-3-[3-({endo)-8-methyl-8-aza-bicyelo]3.2.1Joct-3-y}-2.2-diphenvl-propyil-

urea

11a) 3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-vI)-2.2-diphenyl-propylamine
A solution of 3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-

20  propionitrile (250 mg, 0.758 mmol) in THF (2.5 mL} was mixed with BH; (2.53 mL,
1.5 M in THF, 3.79 mmol) at 0°C. The mixture was stirred at room temperature for 20
hours and diluted with H;O (1.0 mL). The solution was then mixed with K,COs (0.1 g)

and stirred at room temperature for 1 hour. Organic layers wete separated and the

aqueous part was extracted with EtOAc (2 x 3 mL). The organic layers were

16



(s, 311), 3.73 (m 511), 7.26 (m 4H), 7.33 (m 211), 7.43 (m 411). 511b)
1- Benzyl- 3- 1- 3- ((endol - 8- net hyl - 8-aza- bi cycl o[ . 2. 1] oct-3-y1) -2, 2-di phenyl -
oropvll-urea A solution of

3-((endo) - 8- net hyl- 8-aza- bi cycl o[ 3. 2. 1] oct - 3-y0- 2, 2-di phenyl propyl am ne
(50.0 nmg, 0.149 mmol) in CH2C12 (2.0 nL) was m xed with PhCH2NCO (20.4 gr.,
0. 164 mol ) wangestcsH3861- 12) 3N (62. 8 gat, 0.447 nunol). T%f/ﬁibﬂcﬂosﬂ%@(t ure 10
was stirred at roomtenperature for 1 hours and concentrated. Purification

15, L O R Ml e, 1 O
3H), 2.25 (m HALL(GHsoh) afforde@thétitfled®cdipoud (39mb) 63%): CEMSES W5 38 97 (s,

21), 4.23 (s, 211),,7.22 (in,_ 6 7.33 (in, 41-1). 15Exanple 12
LEnyis i3 @(Itﬁﬁbw%mﬁ%émme&l Las ol iy 2@ SH e CoD, 35S & Sudieny - o
gP{( e;}g(r))e?s_ n(a?t%‘ﬁgz?%Z@a@?g%%g}épgﬂifﬁégﬁ’g?@ﬁw él?’?i'HBhenyl - propyl am ne and

C10CH2NCO Hy 11 1 Buntigl-3-[Be((@flop 8-antidi8erzh-bidvsia[n. €lodflX-4B % M diphshyl- LCVS ( ES)
mz 406 (M+H)+; 11-1- NVR(MEOD) 51.03 (t, 311), 1.33 (d, 210, 1.94 (in, 3H),
2.25 (m 411)propylkreay  2H) 2.67 (s, 311), 3.07 (q, 2H), 3.68 (s, 2H), 3.94
(s, 2H), 7.24 ( a? } o EXaiy Q. 1\ i .
2005/ 037280PCT/ P%@%%ogloggggeggms it 1-8-BRHRY fo[3:2.110c4B-y1)-2,2-dipheny!

propylamine (50.0 mg, 0.149 mmol) in CH;Cl, (2.0 mL) was mixed with PhCHNCO

(20.4 pL, 0.164 mmol) and (CH3CH; N (62.8 pL, 0.447 mmol). The result mixture

_ 10 was stirred at room temperature for 1 hours and concentrated. Purification via a
( ‘ reverse phase HPLC (Gilson) then afforded the titled compound (13.0mg, 19%):
LCMS (ES) m/z 468 (M+H)"; 'TH-NMR(MeOD) § 1.24 (d, 2H), 1.94 (m, 3H), 2.25 (m,
4H), 2.49 (d, 2H), 2.67 (s, 3H), 3.62 (s, 2H), 3.97 (s, 2H), 4.23 (s, 2H), 7.22 (m, 6H),
7.33 (m, 4H).

15 Example 12

1-Ethvl-3-[3-{{endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2.2-diphenyl-propyi]-urea

( The title compound was prepared from 3-((endo)-8-methyl-8-aza-
bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-propylamine and CH3CH,NCO by following the
20 procedure in Example 11 (45% yield): LCMS (ES) m/z 406 (M+H)"; 1H-I\H\/IR(I\/I&*:OD)
3 1.03 (1, 3H), 1.33 (d, 2H), 1.94 (m, 3H), 2.25 (m, 4H), 2.55 (d, 2H), 2.67 (s, 3H), 3.07
(q, 2H), 3.68 (s, 2H), 3.94 (s, 2H), 7.24 (m, 6H), 7.34 (m, 4H).

Example 13




N- 13- ( (Endo) - 8- net hyl - 8- aza- bi cycl of 3. 2. 1l oct - 3-y1) - 2, 2-di phenyl - propyl | - ace
tam de A sol ution of

3-((endo) - 8- net hyl - 8-aza- bi cycl o[ 3. 2. 1] oct -3-y1) -2, 2-di phenyl propyl at ni ne
(33.4 ng, 0.10 mmol ) in CH2C12 (0.5 n.) was m xed with Ac20 (18.9 p.L, 0.20
mmol ) and pyri di ne (16 2 AL, 0.20 mml). The m xture was stirred at room5

t enper at ur eydyoy r and concentrated. Purification vi phase
?‘len a?lforded the title corrpound (10. 7ng, %%Srﬁ"\é%kﬁgs
. ; (

HPLC (G lson) t
377 (M4 H) +;
(s, 411), 2.5 : G :
(m 6H), 7.33 (TA so‘lﬁti]oh of 35((:_%660[;8-&16&19'1 8-aza—b1cyclo[3 2, l]oct-3-yl)—2 2—d1 hen 1-
N- 1. 34Endo) - 8- et hvl - 8- aza- bi cycl or3. 2. 11oct - 3-v1)-22-di phenvl pro v1l-benza
M de The 1 ¢ | BrORBABESNES e, b pURallinGHbigs (0.5 mL) Was mixed with AGO (18,

3- ((endo) - 8- 2,2

3-yl)-2,2-di gﬁféhy%gmg}%gﬁn%hgl 2 Hli(%?dzﬂn%@ }r%‘i‘i‘“é‘&m“’ﬁb” témgra(t)f:()g ure in
Exanpl e 135 ( 8fémipetud for L G &Eﬁbnd&}ﬂatétﬁ%dﬂ‘ﬁbhﬁmwcliiev%ﬁmgm’lﬁ 1.28 (d,
2H), 2.00 (m 311), 2.24 411) 3.65 (s,

21% 24001 (Lo méatbriqime BlddombrunblI0fmes 10%) HUS GR M. 20Bxampl o

15 +, 1
34( Endo) - 8- ma% W 8 %Izqu%% l? 132%((1 FH%tl 832 g/lsz)2] px |- t}ﬂi %ghfu_zl)-’\%f}pr oni on
itrile WO ZOQEQHEZEQE’GH),%&@@@HB&@B& 2H), 7.24 (m, 6H), 7.33 (m, 4H).

(ES) nz
L H), 2.26
€ " 7.24

10 Example 14

-benzamide
The title compound was prepared from 3-((endo)-8-methyl-8-aza-bicyclo{3.2.1]oct-
15 3-yl)-2,2-diphenyl-propylamine and (PhCO)0 by following the procedure in Example
13 (8% yield): LCMS (ES) m/z 439 (M+H)"; '"H-NMR(MeOD) & 1.28 (d, 2H), 2.00
(m, 3H), 2.24 (s, 4H), 2.59 (4, 2H), 2.67 (s, 3H), 3.65 (5, 2H), 4.21 (s, 2H), 7.31 (m,
6H), 7.39 (m, 6H), 7.50 (m, 3H).

20 Example 15

3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1Toct-3-y1)-2.2-di-thiophen-2-yl-propionitrile

18



The title conpound was prepared from

(endo) - 3-i odonet hy1l- 8- net hyl- 8- azabi cycl o[ 3. 2. 1] oct ane and

2, 2-di -t hi ophen-2-yl-acetonitrile by followi ng the procedure in Exanple 2C
(34%vyield): LCM5 (ES) mz 343 (M+H)+; 1H- NVR(CDC13) 8 1.79 (m 211), 2.21
(m 2H), 2.33 (m 214), 2.62 (m 2H), 2.73 (m 4H), 3.80 (m 2H), 4.35 (s,
5211), 7. 02y 7.23 (m 211), 7.37 (m 211). Exa

(Endo) - 3- ( 2- c%%sg& ,62-di -t hi onhen-2-y1l-ethvl11-8 WT?USJZ@M%%SS

8- di net hyl- 8- azonigbi cycl of 3. 2. 1l oct ane.i odi d 10The tit]e ound was
prepared from 3- ffﬁ’ﬁ&‘% c%mﬂ‘é‘inﬁﬁsgmgﬁrﬁgﬁom (endo)-3-iodomethyl-8 methyl §-aza-

bi cycl of 3. 2. Iigkde32) ta%eamﬂzzldhm A2 Yal:et&hﬁ‘ﬂé féuwl Y prlofidnpiM ng the
procedure in Ef(%11 17&: N : @h@ )2_;1 111r-péNl\/R?8DCf3 8 1.82
(d, 2H), 2. BBH(BXﬁInEIE!EP( Q“/QEeleiD rLCM& S)nz’zw (MTH 1'H-NMREDCIMS R19), 3. 37

SEEXS%? L 13, 98, P, o0, 33 o 25 20 o A, 5 (e, s 50T, S 433
NA3- f f Endg) - &1 ?Mkﬂ&@@?@(ﬁ}@lﬁi@?%ﬁmﬁ 3-vl)-2, 2-di phenyl - propv1l-

benzenesul f onan de sol'ution of
3-ffendo) - 8- met hyl- 8- aza- bi cycl o[ 3. 2. Example 86 y1) - 2, 2- di phenyl - 20

propylam ne (67.0 ng, 0.20 nunol) in GH2C12 (2.0 inL) was m xed with PhSQ2C1
(28.2 itL, 0.22 nmol) and (CH3CH2) 3Nj(84.3 pls, 0.60 mml). The result

m xture was stirred at roomtenperatine for 1 hours and concentrated.
Purification via a reverse phase H -Hs¢n) then afforded the title
conpound (51.5ny, 54%: LCMS (ES) nfz 47

¢
(Endo)-3-(2-cyano-2,2-di-thiophen-2-yl-ethyl)-8,8-dimethyl-8-azonia-
bicyelo[3.2.1]octane iodide
10 The title compound was prepared from 3-((endo)-8-methyl-8-aza-

bicyclo[3.2.1]oct-3-y1)-2,2-di-thiophen-2-yl-propionitrile by following the procedure in
Example 7 (43 %): LCMS (ES) m/z 345 (M)"; '"H-NMR(CDCL,) § 1.82 (d, 2H), 2.35
{m, 2H}, 2.23 (m, 3H), 2.58 (m, 4H), 2.82 (m, 2H), 3.37 (s, 6H), 4.25 (s, 2H), 7.02 (m,
2H), 7.24 (m, 2H), 7.36 (m, 2H).

15 Example 17

N-13-((Endo)-8-methvi-8-aza-bicvclo[3.2.1]oct-3-y-2.2-diphenvl-propvl -

benzenesulfonamide
A solution of 3-{(endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-
20  propylamine (67.0 mg, 0.20 mmol) in CH,Cl, (2.0 mL) was mixed with PhSO,C1 (28.2
pL, 0.22 mmol) and (CH,CH,),N (84.3 uL, 0.60 mmol). The result mixture was stirred

at room temperature for 1 hours and concentrated. Purification via a reverse phase

HPLC (Gilson) then afforded the title compound (51.5mg, 54%): LCMS (ES) m/z 475

19



WD 20051037280PCT/ US20041033638 (M+H); H- NVR(MeOD) 6 1.39 (d, 2H), 2.01 (m
311), 2.30 (s, 411), 2.69 (s, 511), 3.60 (s, 211), 3.68 (s, 2H, 7.12 (m
411), 7.27 (m 6H), 7.55 (m 2H), 7.63(m 1H), 7.78 (m 2H). Exanple 18 5
NH,

f 34( Endo) - 8- net hvl - 8- aza- bi cycl 013. 2. 11oct - 3-y1) - 242-di phenyl - propv1l-urea

To a sol uti ogoQhesn37ase
3-((endo) - 8- net hyl- 8-aza-bi cycl o[ 3. 2. 1] oct-3-yl) -2, 2-di pHPeCrr'lr'r Sz?%%@%lsrm ne

vas auded, OTﬁe&h U#&@sﬁﬁﬁPéﬁ‘f%@%ﬁ%iﬁé@%ﬁ?ﬁp?#ﬁﬁ%dgﬁg%iﬁamf‘é')

concentrat ed. fgggtg Qﬂ)\ﬁl@%ﬁl a%vs ) rﬂ . S(l?.pzf_ﬁajéﬂﬁ) lﬁﬂlﬁg? f or ded

the title conpou 0D) &
1.33 (d, 211),28. 01 (m 3H), 2.29 (s, 411) 2.57 (m 2H) 2.68 (s, 311),
3.69 (s, 211), 4.01 (s, 211), 7.25 (m 611), 7.34 (m 411). 15Exanple 19
N13- OEndo) - 8- net hyl - 8- aza- bi cycl or 3. 2. Exaouple38v11- 2, 2- di phenvl - nropv11-
nmet hanesul fonam de The title conmpound was prepared from

3-((endo) - 8- net hyl-8-aza- 20 H 0

bi cycl o[ 3.2.1)oct-3-yl)-2,2-di phenle am'>‘re'Hzand MeS02C1 by fol |l ow ng
the procedure in Exanple 17 (28% vyiefd) : ZLCNE (ES) mlz 413 (M1l);

111- NVR(MeOD) 8 1.39 (d, 211), 1.97 (in, i 30 (s, 4H), 2.68 (s, 3H,
2.76 (s, 3H), 3.68 (s, 211), 3.84 (s, 21 3 (s, 611), 7.33 (s, 411).

5

[3-{(Endo)-8-methyl-8-aza-bicyclo[3.2. 1 Joct-3-y1)-2.2-diphenyl-propyi]-urea
(' To a solution of 3-{(endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-
propylamine (50.0 mg, 0.149 mmol) in CH,C], (4.0 mL), CISONCO (31.2 pL, 0.358

mmol) was added. The mixture was stirred at room temperature for 2 days and

10 concentrated. Purification via a reverse phase HPLC (Gilson) then afforded the title
compound (21.6mg, 38%): LCMS (ES) m/z 378 (M+H)"; ‘H-NMR(MeOD) & 1.33 (d,
2H}, 2.01 (m, 3H), 2.29 (s, 4H)}, 2.57 (m, 2H), 2.68 (s, 3H), 3.69 (s, 2H), 4.01 (s, 2H),
7.25 (m, 6H), 7.34 (m, 4H).

15 Example 19

N-I3-({(Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-yD)-2.2-diphenyl-propyij-

methanesulfonamide

The title compound was prepared from 3-({(endo)-8-methyl-8-aza-
20  bicyclo[3.2.1]oct-3-y1)-2,2-diphenyl-propylamine and MeSO,Cl by following the
procedure in Example 17 (28% yield): LCMS (ES) m/z 413 (M+H)'"; 'H-NMR(MeOD)
8 1.39 (4, 2H), 1.97 (m, 3H), 2.30 (s, 4H), 2.68 (s, 3H), 2.76 (s, 3H), 3.68 (s, 2H), 3.84
(s, 2H), 7.23 (s, 6H), 7.33 (s, 4H).

20



WO 20051037280Pa/ U- 82004/ 033638 Exanpl e 20

(Endo) - 3-{ 2, 2-di nhen31- 34( 1- phenyl- net hanoyl1- am nol - nronv11- 8, 8-di net hvl - 8-

azoni a- bi cvcl of 3. 2. 1l oct ane brom de 5A sol ution of

N- P- ((endo) - 8- net hyl - 8- aza- bi cycl oP. 2. 11oct- 3-y1) -2, 2-

di phenyl - propyl | - benzam de (29 ng, 0.0683 mmol) in CHL, (0.5 InL) and

acetone (0. S mxed with MeBr (0.342 inL, 10 Mi B t hyl

et her, O. 683"6%%/9%% resultant m xture was stirred atp?%[g%d{’%dﬁ%%gat ure

for 3 hours and concentrated. Purification via a reverse phase HPLC (G | son)

then afforded the title conpound (19.(3‘3—%‘:!!&%,@64 %: LCVMS (ES) trik 453

(M+; "HNWR(MeOD) 8 1.20 (d, 211), 2.32 (m 711), 2.65 (d, 211), 2.98 (s,

3H), 3.02 (s, 311), 3.60 (s, 211), ,45:22 (s, 211), 7.30(m 6H, 7.39(m 611),

7.50 (s, 3H). BI OLOG CAL EXAMPLES—3&: The i nRy bi y effects of conmpounds at

the M3 mMAChR of the present inventd e dg‘é@ued by the following in

vitro and in vivo assay: Analysis Of |nrhipi i on of Recept or Activation by

Cal ci um Mobi li zation: 20 Stinmul ation of gAEhRs expressed on CHO cells were

anal yzed by nonitoring receptor-activa sa#Ci um nobi | i zati on as previously

descri bee. CHO cells stably expressi ng W8 mMAChR s were plated in 96 well

bl ack wall/clear, bottomplates. After 18 to 24 hours, nedia was aspirated

and repl aced W& @-&diphgnyl- gayl-mathapeyi-aminol wronyl 8.8 Ief

R1A- grade BSA{iffRvclold.2. 1184k ide@nd 4 p, M Fl uo- 3-

5 A solution of N-[3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]Joct-3-y1)-2,2-
diphenyl-propyl}-benzamide (29 mg, 0.0683 mmol) in CH,Cl, (0.5 mL) and acetone
(0.5 mL) was mixed with MeBr (0.342 mL, 2.0 M in -butyl methyl ether, 0.683 mmol).

The resultant mixture was stirred at room temperature for 3 hours and concentrated.

"

Purification via a reverse phase HPLC (Gilson) then afforded the title compound (19.6

10 mg, 64 %). LCMS (ES) m/z 453 (M)'; 'H-NMR(MeOD) & 1.20 (d, 2H), 2.32 (m, 7TH),
2.65 (d, 2H), 2.98 (s, 3H), 3.02 (5, 3H), 3.60 (s, 2H), 4.22 (s, 2H), 7.30(m, 6H),
7.39(m, 6H), 7.50 (s, 3H).

BIOLOGICAL EXAMPLES

15
The inhibitory effects of compounds at the M3 mAChHR of the present invention are

determined by the following in vitro and in vivo assay:

Analysis of Inhibition of Receptor Activation by Calcium Mobilization:
20 Stimulation of mAChRs expressed on CHO cells were analyzed by monitoring
receptor-activated calcivm mobilization as previously described'®. CHO cells stably

expressing M3 mAChRs were plated in 96 well black wall/clear bottom plates. After 18
to 24 hours, media was aspirated and replaced with 100 pl of load media (EMEM with
Earl's salts, 0.1% RIA-grade BSA (Sigma, St. Louis MO), and 4 pM Fluo-3-

25  acetoxymethyl ester fluorescent indicator dye (Fluo-3 AM, Molecular Probes, Eugene,
OR) and incubated 1 hr at 37° C. The dye-containing media was then aspirated,
replaced with fresh media (without Fluo-3 AM), and cells were incubated for 10
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25 acetoxynet hyl ester fluorescent indicator dye (Fluo-3 AM Mol ecul ar
Probes, Eugene, OR) and incubated 1 hr 'at 37 C. The dye-containing nedia was
then aspirated, replaced with fresh nmedia (wthout Fluo-3 AM, and cells
were incubated for 10 mnutes at 37 C. Cells were then washed 3 tines and

i ncubated for 10 mnutes at 37 Cin 100 gl of assay buffer (0.1%gelatin
(Sigm), 12 4.6 MM KC1, 1 mM KH2 PO4, 25 nM Na Cad 2,
1.1 mM NgCl%d%f%& ucose, 20nmM HEPES (pH 7.4)). 50 pl F%%Pﬁiﬁggﬁg“ﬂ
(1x10-11 - 1x10-5 Mfinal in the assay) was 5 added and the plates were

i ncubat ed for migutpsat 33t C3 Lelts wee dhcagy titesand| ingrbated furd OanihitepatdIe ent

| i ght i ntensity. pl _ | BR cul gr roﬁﬁﬁ r et | oaded
cells were ext%%QQGPSO%%%S'%p% g@'llﬁéﬁ%(g{@cé%nﬂh%ﬁfmp %Cl\gﬁﬁéﬁ\d I{i}ﬁggﬁ’iﬁ aser.
CelI's were actiiaP@4 23¥mMAHHD 005,01.@knmtaeg?wlmcm%©@ {Om et JoniMl )
prepared in buffer containing 0.1%BSA at a rate 01 5_0 glisec. Calcium

mobi | i zati on, HEPEst@Hemgﬁsoh@oWand (xet 0k @5 SR ERAYMIEORESPHARAL | ON, was
nmeasured as change 1nh 566 nmem ssion Intensity. The change I n~emnm ssion
intensity Ps dildedeni yherpddtes wete ingubaiedofoo 0 mirc at ¥7°Uin Pletee vsrelthen flixedantot t ed

caner o Dat a AdRe-eat B9 ETraly brdoa DIdRE eler e et e HABR ol ot ti ng
and anal yzed Wsddbdcds aRbRagoRRitebicnatidniaihe (483 anlyEohns b WattAgronNales acklls

bronchoconstriction A rway responsiveness to nethacholine was determ ned in

¢
awake, unrest mgravstivaied BraddingeSOuliof acetylehodine (fr bippM falontspared in buffer

pl et hysnogr aphy was e measur anced .pause .{Penh), a unitless
measur e that ﬁégtmng)slﬁg\%ﬁ gt %%rﬁ_éﬁgp %ecmﬁ?qﬁleﬂ{g&é‘&@ﬁﬁw?lﬂmﬁaﬁi r way

resi st ancqot hahae aiéytshalic Bdcii@BARhRAtionNWL] RBGBreWal PhakBE HPSHaaIn nen. M ce
weré pretreated with 50 gl _of conpound (0.003-10 gg/ nouse) in 50 gl of

vehi cl e (10% BvBniiwersiiiafbg shangaingmision intaesity it dizestly relatedito gytaseliy smogr aphy
chamber. Once L biye, GBMREL ﬁ@ﬁﬂ%ﬁ&eﬁ\%@on?kl#%‘ﬁéiﬁﬁn%&“&d brate for 10

m n before taking a basel i ne  Penh neasur enen or mnutes. Mce were then
chal | enged wi tssimmdaneveslysising akodéd @EDaniel iDuta fdifts am/collgctddosved setondt es. Penh

was recorded C[%Pstdatr;luuga%%e\{m Ijlc?ttring7 and agalyzed using GraphPad PRISM software.

15
Methacholine-induced bronchoconstriction
Airway responsiveness to methacholine was determined in awake, unrestrained BalbC
mice (n =6 each group). Barometric plethysmography was used to measure enhanced
pause (Penh), a unitless measure that has been shown to correlate with the changes in

20  airway resistance that occur during bronchial challenge with methacholine'?. Mice
were pretreated with 50 pl of compound (0.003-10 pg/mouse) in 50 ul of vehicle (10%
DMSO) intranasally, and were then placed in the plethysmography chamber. Once in
the chamber, the mice were allowed to equilibrate for 10 min before taking a baseline
Penh measurement for 5 minutes. Mice were then challenged with an aerosol of

25  methacholine (10 mg/ml) for 2 minutes. Penh was recorded continuously for 7 min
starting at the inception of the methacholine aerosol, and continuing for 5 minutes
afterward. Data for each mouse were analyzed and plotted by using GraphPad PRISM

software.
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starting at the inception of the nethacholine aerosol, and conti nui ng
for 5 mnutes afterward. Data for each nouse were anal yzed and
plotted by using G aphPad PRI SM software. CLAIMS 1. A conpound havi ng
structure | as indicated below wherein: the Hatomindicated is in
the exo pofitAmMS Rl - represents an anion associated with the
positive charge of the N atom R2 and R3 each represent phenyl; and
R4 represents -CN. 2. A conpound according to claim1l wherein R1- is
sel ected f&on1brog3 (nmh%g ggugahﬁgggqmﬁgﬂég%go ul fonate and tol uene
sul fonat e. oun ichis
(endo) - 3- ( 2- cyano 2 2-di henylethyl) 8, 8-di net hy1- 8-azoni a- bi cycl of 3.
2. 1] oct ane oM de&R1 4.dﬁPconpound according to claiml1l which is
(endo) - 3-(2-cy I phenyl et hyl ) - 8, 8-di net hyl- 8- azoni a- bi cycl o[ 3.
2. 1] octane brgpm dexl -5 A pharnmaceutical conposition conprising a
conpound accdrding o any of clains 1 to 4 and a pharmaceutically
acceptabl e carrier 6. A pharmaceutical conposition
conpri si ng
(endo) - 3- (2- cyano- 2, dRphenyl et hyl ) - 8, 8- di net hy1- 8- azoni a- bi cycl o[ 3.
2.1]octane iodide. 7. A pharmaceutical conposition conprising
(endo) 3- ( yeYaRno- 2, 2- di phenyl et hyl ) - 8, 8- di net hy1- 8- azoni a- bi cycl o[ 3.

2. 1] oct ane brom de.

the H atom indicated is in the exo position;

R1 represents an anion associated with the positive charge of the N atom;
R2 and R3 each represent phenyl; and
R4 represents —CN.

2. A compound according to claim 1 wherein R1™ is selected from bromide, iodide,

sulfate, benzene sulfonate and toluene sulfonate.

3. A compound according to claim 1 which is (endo)-3-(2-cyano-2,2-diphenyl-
ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane iodide.

4, A compound according to claim 1 which is (endo)-3-(2-cyano-2,2-diphenyl-
ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane bromide.

S. A pharmaceutical composition comprising a compound according to any of

claims 1 to 4 and a pharmaceutically acceptable carrier thereof,

6. A pharmaceutical composition comprising (endo)-3-(2-cyano-2,2-diphenyl-

ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane iodide.

7. A pharmaceutical composition comprising (endo)-3-(2-cyano-2,2-diphenyl-

ethyl)-8,8-dimethyl-8-azonia-bicyclo[3.2.1]octane bromide.
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8. Use of a conpound according to any of clains 1 to 4 in the
manuf acture of a nedi canent for the treatnment of a nuscarinic
acetyl choline receptor nedi ated di sease, wherein acetyl choline binds
to said receptor. 9. Use according to claim@8 wherein the disease is

sel ected fréom t lésegfaupmpomsd sdcbrigngdio @RoOBIabnODE 4 tCthe vembifire of a
di sease, chr on| o br?nchl tis, asthma, chronic respiratory obstruction,

pul monary fRestGEest G‘F%??&P?ntéﬁﬁﬁ?‘éséﬁ%}l%ﬁ%ﬂﬂph@ﬁ’@lf@cepwﬁiqdif’éed diggpse,
Use accor di r&gagﬁﬁbﬁgﬁwqﬁmgtggﬁﬁeé fstpe conmpound is to be

adm nistered via 1nhalation via t wbuth or nose. 11. Use accor di ng
to any of clainms 8 to 10, wherein the conpound is to be adm ni stered

via a nedi amen di spe er sel e t from reservoir owder
i nhal er, a nul ti S&élggo g‘f’ﬁ DERER %ﬁlel?'e ‘ﬁf'eaéeﬁéf’]@FtS@I BRI er .

consisting of chronic obstructive lung disease, chronic bronchitis, asthma, chronic

respiratory obstruction, pulmonary fibrosis, pulmonary emphysema and allergic

rhinitis.

10.  Use according to claim 8 or 9 wherein the compound is to be administered via

inhalation via the mouth or nose.
11. Use according to any of claims 8 to 10, wherein the compound is to be

administered via a medicament dispenser selected from a reservoir dry powder inhaler,

a multi-dose dry powder inhaler or a metered dose inhaler.
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