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of which is unsubstitured or substrutad wish halogen, -CN, C,, -2lkyl, C,,,o-alkoxy_, or
Ci.p-alkylihio;
R is hydrogen, halogen, -CN, -CHO, -CH, -OR’, -SR?, -NH,, -NHR?, -NR’R*, -NO., -
SOR}, -SO,R?, -CORY, -CO.R?, -CONH,, -CONHR?, -CONR’RY, or -CH=NOR’; or
10 R is phenyl, phenoxy, benzoyl, benzyl or benzyloxycarbonyl, each is which is
unsubstiteted or substtuted with halogen, -CN, C, ;-alkyl, C,_,o-a-lkoxy, or C -
alkylthio; or
Risa 35 or 6 membered saturated, partly saturated or aromatic heterocycelic ring coataizing

pne to three heterozatoms; and

15 R’ znd R*' independently are siraight, branched, or cyclic C,.,-alkyl, C.»alkenyl,
_C..;-alkynyl, ‘or combinations thereof, or R’ and R* incependently are phenyl,

phenoxy, benzoyl, benzyl or benzyloxycarbony! groups, each of the foregoing .'of
which are unsubstitutad or sudstituted with H, halogen, -CN, C,_js-alkyl, C, -alkoxy,
C,.p-alkylthio, or aryl; or

20 R’ and R* independently are 5 or 6 membered sawrated, partly sarurated or aromatic
heterocyelic rings containing one to three hatercatoms.
2 a preferred embodiment both m and n are I in siructural formula I and the

compounds of the invention have the structural formula:
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In a particularly, preferred embodiment of the compounds of structural formula IT, R®
10 is-CH,, -CH.CH;, -CH.CH,CH,, -CE,CH,CH,CH, or -CH,CH(CH,),.

The compounds of the present invention (f.e., Formulas I and II) ere particulzly
usefitl to induce anzlgesia by seleciive agonism of the muscarinic M4 receptor. They are
useful both in vivo (e.g., for the t-easment of pain in mammals, preferably humars, in need
thereo?) as well 25 in vitro (e.g;., 10 study the role of rnusca:-inic' M4 receptors in biological
processes).

Definitions

Except as otherwise expressly indicated, the fellowing definitions are employed
herein:

The term alkvl refers to a sarurated strzight, branched, or cyclic (or a2 combination
20 thereof) C,-C,, hydrocarbon and specifically includes, but is not limited to, methyl, ethyl,

propyl, isopropyl, cyclopropylmethyl, cycloburylmeihyl, butyl, isobutyl, t-butyl, peatyl,
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5 metyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-buryl, cyclopropylmethyl, peaty],
cyclopentyl, cyclobutyimethyl, isopentyl, neopsntyl, hexyl, isohexyl, cvciohexyl, 3-
methyipentyl, 2,2-dimethyibutyl, and 2,3-dimethylbutyl.
The term alkylzmino refers to an amino group that has an alky] substiruent
The term alkynyl refers to 2 C, te C), straighe or branched hydrocarbon with at least
10 one triple bond.
| The tezm lower 2lkvnyl refers to 2 C, to C alkynyl group, speciﬁcallylincluding, butis
not limited to, acetyleny] and propynyl.

The term aryl refers to phenyl, substituted phenyl, or heteroaryl (as further defined
below) wherein the substituent is halo, alkyl, alkoxy, alkylthio, hzloalkyl, hydroxvalkyl,
alkoxya‘:kyl, methylenedioxy, cyano, C(O)(lower alkyl), carboxy, CO.zlkyl, -amide, amino,
alky]a:m 10 and dizlkylamino, and wherein the aryl group can have up to 3 substiwents.

‘The term halo, 2s used herein, includes fiuoro, chloro, bromo, 2nd iodo.

The term aralkyl refers to 2z ary] group with an alkyl substituent.

The term zlkary] refers 10 an alky] group that has an ary] substituent, including benzyl,
20 subs:imutad benzyl, phenethy) or substituted phenethyl, whersin the substituents are zs defined

for aryl groups.

A heteroatomis NN, §, or O.
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benzimidzzaly!, purinyl, casbazolyl, oxazolyl, thiazolyi, isothizzolyl, 1,2,3-thiadizzalyl,
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isooxazolyl, pymalyl, pyrazalyl, quinazalinyl, pyridazinyl, pyraziayl, cinnoliny

carTies 2 negative charge and czn be used es the negarive portion of a salt.

The term “pharmaceutically acceptable acid” refers to an organic or inorganic moiety that ean be

administarad in association with a pharmaceutical agent, for example, as a counterion in a salt.

The 12 “enantiomerically enziched composition or compound” re efers to a
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The term “prodrug’’ rafars to compounds that are r2pidly transformad i vivo to yield

the pareat compound of the above farmulae, for example, by hydrolysis in blood. A therot ugh
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ce.a:.c,.ll, co-npa (’)GI‘COMMSFLDJN a~ nt§7, a(1JL:V2nt r:.atelial5
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gl yceCspd ycer Xne, pr6Epyd| 7e glycBl er ot 15’“%‘€nt hetic Sol ~~ents

w. t i paet-er-et—3—er+-5-SuSt—as e I =y ar conol__or n(ﬁt:._%/T, pa: abens

z~- al 09 dapiCsmethgh asj | :’.@SCDfQTFT@JééI d or so:il um bil SATFTEC; ci 7el atfn

agent-s—s—gh—as—ethyteredirar T metetTaacer ¢ acl d (ﬁuff rs s.i1ch ap
acet at @9, riQ-edyles or ph@spﬁe@-e%“)’b.-l d agen s *Por | (A& justne: 7t _ef

t oni ey—steh—as—soedHt——FF—cttorrde e _0ex 1c;se I Ie arent al
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introduced i:ao tl:e cor:tai ner The C. ~ru3:"Wis t~~n S v\wvul ed b;{

i0Tr.C," lipidr:!3terl~ .1 ::omthe sides of the con:aiae: and to

di sperse li, is aQ:e~s:~s, t;:~~reby fu'r.lin~- ti:e liposor.:al
susperslarl. the ;;ollewirg Exar~:~les ~e providod icr il:ust:ative
punases onI and ~e net intended, r:or should they be cons: *~ed as

i -~iti¥ %Héoqlnventl onin any rr:a ~. ner. Those s'.;il Pe@usps/idste 2~
WIII C.O~|ZCI3|Ct~I ~. e VanPal O': S a:d roQd: ~ CS::OCP& O the fAITONTI ~
LX3: ?I p~eS Cc3..'1 be nude W ~hout cxce~di rg the spirit cr scope of the
ir:ventio:l. E~~:"4~IP anple 1 Etl:i (~-c arrlcyclof~.~l | <3, i
>~c=c-?-ylicer.~~)-?-cv raecetate (3) A \ ce cf

6-(a~at-icycla[~. ~. 1. JWOHWC\H and Fly nn) Svrtnssa
1993, 10S0) (I, 6.0 ~, mj:lol), e:hyl anogc~tat~ (7.0 :rL, 66 .a::~ol)
t:rd tri~thyla.~l:iae (ti.9¢cxd 15 February 53%3 ~i """ 0O 00/11001
PCr/L~S99/185'0 .~.:L, -~r9.Sr.".:T.;0) VoZS+i;." .',~ct ~0CiO: .".n
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S.3 "= 1lol) was daso'.ved i:|l a osolute e: ~-:ol (100 r eSGLutICh
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wi thout ft _rLher pu-i;;ica:ion. Exa.~lple ~ 3-(.i-.4= atricncl0~3.3.1.1 <3,
i>J:sec-"W)-~;-chloro-!,".~th:~cia=ole (S) Thernixture of i5one:s 4 (S00

m-, ?. 7TQdbonh&®y) rvas daselve~ in 50 nL of ethanol and CTmsﬁn %Esultlng

so?ution :~'2S C~~a55ed 17y b'.lbb?ing ar;o :. Pd~C (30 i

added and the reaction rni:ctu:e was shred uncle: hydre~e : at osph re
th:ou~lz celire and tl:e C3L21ySL was

was’> e%mes{sﬁ’?r’ é?rh%flagm%méﬂeffgc?”eedég” Thift'aining 1 ~?' o ~T~:!or.:3 saturated
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ol 150::1er5 ~. . TS T ur e -2 SVethathled 1r1L0 1LS TVO
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solid S (300:ng,SRFRAFomERI | 1001 Exanpl e
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nmobi | e p: .[ase—W: UI.abCLUII T—tteTwtir Ot T FA—toobtay n the r' and

\r:e:."'~aaolic HCO to give the
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ce: ~espoagi.: | FH
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crude .-;fgrxj.aje of 1 —jrsQpery (10 ? ). 'Lpar<oft'nis
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.M. Ve".'SIiGI t0 '~ ~e:: C S~liSIO~1'rel.~:'"~?2 O ~WAhk—3.Q.10 '~
Cf ~ ~ Exanple 8 3-(5-c=c:-:cval0j3.3.1. | <3, i>~;, === ,V1J'5_E|ebr9ary 2003
ro~o~-,:-1,2Z,Stl::a,::c=o0le (11 and 12) 5 i c~ above r-.:eraio:~ed gene”sl
procedure was fo?;oYVed Lsi.”.~ n-p:ooa:lol zs tl;e zlcol~ol to eive I1 (12
:7g) and 12 (6 ng. 71,~0 cc~bined for born 11.and 1?). EYalrple 9
3-(~-c=atricyclc j3.3.1.1 <3,7>J~.=c-? ~~.")-a-5u:0:.,~1,?,~!In:"c~ia=ale
(13 cnd 1.") .1 ~~e 2bove nentioned gene: al procecure ws ' d using
n- but a. -‘§8|°2”ééd°ihe al cohol 0 to give 13 (6 rl;) ~.d 1~ (%C."Ié'(‘)sr%p'!l "3, %
co:nb%;!td fo%sbgth 1? a:~g I%?. Exarlple 10 3-(3-a=c:ricyc 10j3.3.1.1 <3,
7>3de PR 2 RRRNREAEBANE PR y) I, 2, S-ti:ica:c=ol ~ (1~ end 16) The
above nentioned general procedure was followed Lsla~ cyclop=opylr;.echanol
to give 1~Se3BARE: &f. Feaopeies 32,343{1978. % conb: ; ~ed for both IS and 16). a
EZzarnple 11 3-(3-a=.a:ricy~c!0~3.3.1. | <.~ '>~de~-? ;~l)---(Z-met i:yl

,nropozy)-l. ~, $ghiad:erole (1 i crpdgl S) T'r:e aboye :nentiened
ge.~.~.e: al proced~~r a W25 lollowed|us:n~ iso-bu~ar-¢f as tcle alcohol to
give 17 (4.6 m~ d ( =8)~25% e0Orbi ned for bot and 18). E-~anple
1? a 3-(S-a_a:ficyc P}@{Rgv?ﬂ;gtq 7 ec-CC

,ul)-~"-('cycloqro A v! ~BtgN, DMF-1 .| i:i@H,Cl, ~ole and ZS) Tne above

ment i oned generaly procedure ~, ~as folowed ~~sir, ~ cyclop-opyl et hanoi as
;1:e alcohol to give ?4 (?.2 m) a:1di?5 (?.7 n :, 20%conbined for both 2~
and ?6). 15 February 2003 Exanple |3s3-(5-~;,arri cvelld~, 3.3.1.1 <3,

7>Je' ec-Z:v!J--~(Il-nme: Fyl propoxv~-1,?,~-thiadia~oles (?6and ~ 7~ The
above nentioned ge.”".er,J progjre wzs followed using %sc-but anol as the
al cohol to give z6 (I .3 ng) znd 27 (2.4 ng, 15.'0 C ihed for both 26
a.-~d 2'7]. Exanple 14 3-(d- cyclof3.3.1.1 <3) Jdec-

yl)-9-allylthi oPPTS, Bazdmeadi a. -} ol e H.GEREFHO proc c?. L upe:
3-(5-.4zztricycTlof 1. 13, 7> ecﬁWﬁT’o: 0- -8~ t hi adi azole (8, 34
ng, O 117 nrnol esz wa§ co: nbif*-~0y wi th & ydro po%gssi um car bonate (I S
mg, 0.130 mmol es) “end” anhydr qus sbdi um hydrogerpsul ~dc (8 ng, 0.142 ’
mol es). To this dr&, air-freeNn xture 1O under argon was addd anhydrous
dimet hyl forr:zamde (.~ nlL). Thl'is m xture was stirred at roomtenpe: attic
a for 20 r.~inutes at which ti.Me TLC showed no renai ni ng chl or ot hi adi asol
a (R~ 4.31, nonitored on Si Oz aaal yical plates using 10% AdeOH( hTH; )/ CHC ;
}. At this tinme the nixture ywa&s cooled to 0C and to_i-fSwas added _
corresponding 1-bronoal | : (0.40 muol es) . Aft;rﬁ&i rring for 30 m nutes

at 0C_the Hifk was_evapfrat ed and- PéBHE i ed usi|hg | S8l B

chr o sgIaph KO OH, T7a; 4 o NaOs NeEB) / :I%%tr‘o yigkd the s and r
i 50: rlerS. Exanple I'~ (~- ALar ri cyclo~3. 3.~1f./1/ < 7>Jdet-2 yl J-4
peor~y!thio-1 ,2, 5-rt@adia_CHrer (28 aeS(@PI0 The  a¥re mentioned gener al
procedure v~~as followG using 1-bronopropane as the 20 al kyl brom de to

give 28 (7.5 mg), Z9 (4.2 n?, 33% conbined for both 28 and 29) and 10 :ng
of the mxture ¢f the tu~o. 26 Ts ' Ts

- N
PCC I( A~
Br g =
: g\

N
H,, PU/C (10%)
OBn OH 0

O | e

)77:-—1/ EOH ‘ﬁ%

gcone. HCl

AcOH

\
o

Alternatively, one may employ another similar approach:



15 Febrwary 2003 Exanple 16 3-(.:-.~satrici~clej3.3.1.1<3, 7>Jdegr- ?ebruary 2003
yl)-~-ezh~~l zhio-1,Z. S-thiadia:.cle (30) T2~e above nenti oned gener zl

p- ocedure ~~~u followed using 39 ng of fi and broraoet hane zs the
alL~~Ibro:nide to give 30 (4.8 ng 13."). Exanmp3e 17 3 -(3 -.4=cz tricycl o
j3. 3.1. | <38, 7>Jdec-Z 3~l)-4-bu;~~Irhi ‘0-1 , Z) S-thiadia=ole (31) The

above 1t | d gene:al procedure was followed using 36 of $ aad |
b’rombtﬁéhozﬂgcg 4he al >yl bromide to give 31 (2.6 ny 7%3’@@5?3%%0 18 10
3-(.i :~rzatric~~clo j3,3. L 1 <3, 7>Jdec-Z
.>>1)-4-(cyclvpropylrrethyl)thio-I1,Z, S-thiadia.:ole (3?) The above

nent i ongt~ge. =ey zI proc@durigsvieid® f oltbawed usi ng 32P3W.ofolBaand

cycl opropyl br omi dBc@&Htte al | : yl br to gh¥e"8Z (5.1 mg 15/).
Exanpl e 19 4-(3-peogtricyclo 3.3.1. 0 <3, 7>Jndy-9 o
~~|)-3-chloro-1.Z,Sthiadiazole (40) 15 40 was sb5a: hesi zed starting with 39
(see Bok et al., Heterocycles |12, 343 (1979);  Speckanp et al., Tetrahedron
27, 3143 .1 971 ); and B ok et cl., Tetr ‘on 35) 267 ( 19 7 9); arid
Bok et al .)NWedr on BF:CFEFFP1977)) following the s=-nt<hetic schene
sa~-ne as forthe zighp%i%om 8.fi - SmN~—mranpl e 20° 30 4Pd. ~:

atricycl 0oj 3.3.1.0<3, ¥>Jnon-9 ~~I)-3-all\o" |, Z, S-thiadi a~ol es: Ceneral
procedur a Sodi um exi de was nade by addi ng NzH (15 ngy, 60% oi |
suspension, 0.4 n.nol) into corresponding alcohol (2 nL) with snrr:na. The
stirring was comd nued at rt for 3~ mn. ?O% 15 February 2003 WD 00111001
PCTi US99/ 185%8¢ The CJT\J’%K‘S{' ’i.cﬁ2v1220~e " fedF A, 0.0 :.ol) was

e iNm ey 2

add: d to-fhe L1i 1?2\” “ralKoxi,ge solWtionasdgd tl:e r acthbn il Xillre

W 25 stir-easl 6J== = Nii e TSORERpE TN -1 20~ e' . ~.
Lilde." v3.,iJ \-;\}-\H.;-.-Q-i"-d tit eSit. ~i'raa:1 1:1 f.7T i, Zi1 O, d
W~L~ar '~at2<: a' a'llC7de (~~rl:~) '"351:e "1!I: ~P < ef (~ .~
.~.Duad ) _and. b:1ne (2D rilL -ie3 oyer sod:u:-."1 c=rben ate znd

r et avAPPELS Oﬁﬁéz?nééﬂ%@@t%%é'@%%’éé‘é’&"?z"le’ aal ~~~1i ~dthens '~je " to
reverse pl:a5e HPLC {y' MC-pack ODS IrlLJL ~~C L1 'Jt f'S11 1.L CI. LiV
G-J A~ "r~nl" = T TL Jofreacidnsdhgence ~ - 1 /11 T A1 L~

A R I S VA AV ] 1l.akdhschesed ). ~"1 ~N l:~ Flyi-s..

~WC. ~r.c: LG Vi ] "~ - ) N :G.IL tae 'r' al'ld Ll'le
S 15vAM. s er5, V\hiba Were t=ed:ed ~~':L11 :: ?ei ~"l.~\1v11C ~d t0 ~: Ve
i~~ CO :eSpOnd : 1? hydroc:,loride sa:ts. Exanple ?f D,N_
45(3-,~:ctricvecloj3.3.1.0<3,7>Jr,o0r:-9 y)-3-~:%o~~-\ls,’?,5-tl:ica':'~:oles

(33 crd 3;) Tl:'e above nertioncd Se.”leral p-ecedure was followed u5in-~
et | : dyntbpsisnd Azabombadimodntanesgi ve ~3 (1.1 ~~) .-1d 3.~ (0.9 rn°, 19.3%
col ::bined yield). Exsrnple ?? 4-(3-,?~ctr:cvclo j3.3. ~. 0<~, 7>Jrzcn-9

yl)-3 ~rop@ oxv-!,?. ~-f i:icd. a€¥les (~ .i cnd-8N) 5 T-ne above nentioned
general pragcedura was followed{jusing propanol as the alcohol to .-
(Et0),POCH.CN H,, Pd/C LAH, THF
Nad, DME MeQH raflux
0 o '
\ / 8] o] 0 O
_/ _/
N
(CH,0),, E:0H follow scheme | @ 2
ag. H.SO, Noe— w /
o O reflux N / \\\
/ 0 LI
2



give 3~ (?.93 ng) a.~d 36 (?.11 n?,-".7%conbined yield). Exarpl@bduary 2003
4-(?-. 4. atr|c>>c|013 3. 1. 0<~, 7>Jron 931) 3-iscburyl~.ry-1,3,S-thiaaic=ol es
(3i cnd 3s) TI~~e above nentioned ~ene:al procedure was follo~~"ed ~. airQ

but anol as tile aI cohol to J give 37 (2.~ 1 ng) and 3S (1.65 r-1gQ) =7."

cetnb?:,, ~S " ' 15 February 2003 CVO 00! 110 N8 899| 1SS ~
0. Exarrp‘sq’ﬁ%h’(i?l 20tk as5.:y 1118 tail I ai 2SS pééwggm i :noaly
LSed ~ ' "71TC]_tI a 2.7.S~jeSi3. i i.5F St :1 et », z~~~a
n~ r n~h~ ~y ., ) ..c:ph:..,. "w
E.Pvaenva?eﬁ%m. Gormeaeobd ot Frebgmrand S © 7,5,
-1’\ e i~ .~ t: "oooat artli A~~~ o :n:aories (~S..D s) such ~s
hLa. ~: n ah§ compayt su?(th’ ipvef §°“a=-L'38€E-"‘1| %Cﬂ»lw:?y: *Mbwa"wm}s end~: v s~
~a.~5r " -r J~T t 1 Ili Cst: :.il. .aii:~~Ji u'v Z Cvi ~
Vi . amtagdmists. tin :aepretferraduﬁb@di:r:tent,\z-.e aorr,pof:rﬁdsss,f.the im'eraioaract sehctivghica taair. .
Fenale CD-1 :.;ice, Wei~hi:~~ 2C30 grarr:s u~e:e obtai:7ed -on C:a.-les
Ri vey abeilad, @Ea@ﬁu(mo%rswzbe vefyOBlock paim. A C157.). A coj:l::iercially
available tail-~lick a:'alaesia peter 1 was used (W)C el TF 5 . Anal ;esia
Meter, Eﬁ'q'!'g'ls t?t*e c=L1F'e E qoﬁ ’E'l&‘/EH T"MIS, gn’{ In LLL/I’:- L.\u.. d! S-- ="t
heat source was STt that con o mce Nad a tdil-r~ic~ ratency o: 2-~

set ongG-.s A 10- secer .d_cut:- (,)IA'_”_ ]:al_-._‘the___.
| at ety PHTRVGE o r""étg‘é“‘tb’ EESR R AT T A TRE Tat éﬁ(‘iy Of' égth rr ouse
(a .:~eaz 0Oi-, t.v0 r-te t uIt f.0 ecbﬁ é.

obt ai‘?récf’rt‘ji')e 690(“3"??""“' Eﬁa?OeP& ?fr?B Sdswgress tblige“%d a‘n %0 rn| a.
tir..e-points ai=.er i:ljectio:l O COrn DLAdS nd the %I~ :a.Yi:T7L: "~

. 2055¥BAlgIn-4 phaTRecqyigrlly~2oceppably caer gr éémt 0 |fs¥ 2 fppppagion of oxyagss

f17al: a: IL, ~%IVIhF = ~(DO5t~j ~ Lj | 3tenC~J - DreG-"rL' j late. TICV) =

( CLIreddradls. t The |2giive paizRals < bacehiaGydred Ry lanp@roPoRare gogtasier examplar a
presented i;z Table 1, in~~ra. Scoring of Salivation: the salivation was
not exhallyy pcai-aasaealm, §mzadve:~;dusrpeinctaidexma¢ip, td3chenuElyl 2 ItoScellv. I8 144, a. "1 d waS
SCG ed FI.CCOrd:nd t0O t178 r0~10"'~~."1i j SCF.le: ~, nO SI~"1l O S,all'3
V, " Ickdaty, gaa,«:r%mmfégﬂ;j S N74L117; |, eYi de: |Ce Cf S -~ 11'.1 1:1 v.'7: 1
oS TUIOL:tl:, 1.1;1t .M ol7e en a.'111 :n'...1's In .1:11 e; 217d ~

ev. deaoe}.@us&ﬁﬂ' re'nasné :@*ﬁ-gh ittt cadylacddd: 5‘\“,5‘57-1301"613::@;”*@% H*érs@ sahs T. "1 LZZI e

b+ a$,athe paxiilu=:1

1 ATm e

EaCl-1 21?1.~." I al CO -~ 2t ~, 15, 30 and 60 rain tinme points a~:e;
I nj %Curgl*lxegﬁa@g =hE qqéekxl'cg%xo FL4 Xc:{‘?? of T Bole- ed’ﬂri%‘dtcoﬁxpozrx\.s 284 Nt
teTDer ~tlre, tem-el Cr pf obe 7e 1 'Pne::7zoco~!ple

e
rec;lg‘r&g to 4(;311% g:rgn s..l?satso%gc[ Evgn m SU€ - Exig(lﬂe Q'n‘lr{'g é‘?&gocﬁ.%%grau%d at i ?

{ before cor 2487 ne
ec n of .co. r:cs, Sedati.on: Seratlo i s~. i
e bR ottty £a OB S TR ﬁ‘“@?}f el SR8, ° i

n. ICJ‘ ~s erare~ss~d ir. C'0-hl ce"s . T.e foliowr 1}? otqcol was used to

dot BHh BRIIGIPRES 54 % RETISERIC (0Falp 519, Rogre 204, speyh RS9 RPFeEEEd in CHO 1~1
cells. Arr:e. ™. :brare p:ep=-ation ws r,:aae L: om CHO hl cel | s expressing

| - upscomie peid, benzoiahcid, &anial sl @AEINE Ky ANBRANEIGHePAy HLBFED 26 - 70C t: nti |

t'Zatved o:i the d=y o. assay. For _ .
naphthalenesulfonic acid, naphthalenedisulfonic acid, and polygalacturonic acid. The

compounds can also be administered zs pharmaceutically acceptable quatermnary szlts known
by those skilled in the art, which specifically include the quaternary ammonium salt of the

formula -NR + Z-, wherein R is alkyl or benzyl, and Z is 2 countetion, including chloride,

bromide, iodide, -O-alkyl, toluenesulfonate, methylsulfonate, sulfonate, phosphate, or

17



" ~T3T'P, p"-pT'1~~ .~ ~OXl.i~: ly 20 ~:" D prQte::!) t”A?.5 each

assay, CHO-:~1 M~re.:.,. re ara.io~ a:., a irtcuba:ed tti t|71¥ofspruary 2003
CcGr-:bparMd ~M..~r ~.5 i : M3~ -tN, XOL=r70.".~ ~1t"11,D LPG ™., "1-7~)
1:1 ~~1 .~ h"EPES buffer, pH7 in a.”. assay vole®. of 200 ~:1. assays

were incuba:ed is 96-well polyproayl ene pates-for 40 ?:inures at room

ten:pe.-a:~r~. ?~Terspeci is bi:~di? vt~as dete:nir:ed in sa:-r:pies

ir.c~, :baowohioer’, pa:allel iz the aresence of 1 D ~M a: rmhrgeg/(@dj a)

instead i of test compound. The inci_ba:ions were t~-.ni,ated by rapid

vacuu: raljoa usiag a Packard p p?a.e arvester t> rouga 90- wel |

NIVE hé‘f‘ PO“-’éﬁeﬁmﬁlﬁsle'tz@r’ Py ’pr‘éfs-oaléékfc P EFF % Tt 'ee"t“ﬁ’yFet"T’ % ne. The

ri per plate was washed rapidly fot r tines t~iu ~ 0.3 r.:l a?i quots of

vvat er aSCPmRapbenzyat Waps'lrd-moét?, tpnglenss, bearvicaroend diphesatackatelp for d minutes. T
;e plate w~ counted >~s:.'~g a Paci ‘r.rd scintillation counter af:er

addi tion. Ofe Sﬁvci:o:\ﬁﬁ@.LﬁSi@iin:%ded 2@tl‘&@hﬂ:&:ﬁdcbx&tehl@ﬁafc'ebubké.caﬁmar gvaree:

anal ~. ~~ed by nonlinear r erression a*a?ysis. Res',:Its i:on ti:is ssay a:.e

esed {10, 8RhcWudt f8rabil b Je1REr fboﬁmapeﬂrhc%e&f:eﬁncaﬁy e@%@'ﬂte' %Lt'lo wimadi to th a

zgoni st bindin= site of the ~:eséuri.A 1~~4 reenter. Co:rpo~.::~ds

~W~c 3 = LY. 0 3 WO | ol PCT/1J599 185 %
R @Lﬁ@se‘wapéc?we“aﬁ i B e 20C Q 20T e ?tﬁarwegeap%ﬁ
CGsOCe. 'S 2", COQI1t:VC cao:~e~; s~~ch as_AD. Tale 3

Tai | - FF iZa B8 2pFyeemenansioadideners: § hegergafrom gbouy 001 p ﬁé%aff%%,—»

A~" =~ L.Lso v..~n~ Salivatiaal ~ Scda:ion~ |~iypothcr.”. ~ia
(oC~(DTé©T&bMOJr t35§9 {gtke-per day, mors gsnexlady [0.3>to18peut 25 mg'gpdﬁingmr xCody ~. s~ -~
- -~~-~~o~~s1’>I HO ~.51 1.0l Sligo |.G 0.741) ~~ lr~~-z~~ HO~ > o
. o~wakhtdfute reciBrenBpaay~ HGVpicEll top 1k:Jl dﬁsazSQ\dHtrhm“f-ol*zBO”W 13wtk ~>5 10
~o sedation 10 1 _19 ~_ - ~T ~ ~ ~10- 'HO ~ ~~ -~1- ,- 0
-0 s%ﬁdﬁ'é'c%=~~ e‘éﬂt%:gcosﬁeC}rH of” thL%“‘J*ﬂE@_'&eﬂaH:%t:Bﬂ RrilRives25 | HCl
~.5 ~-1~~B|ght ~1.5 71-27= ~-~~--- ~~0 sed~:ioa ~0
% S | a ! ° i ‘l"" ¥} u.s.iea 2l red lT h I ~~0. 3~
@anﬁ%eygggétr%%ﬁ i@s oxn éI’Je chz io fia c o ezﬁa%er‘ OLI“ oLb G&zva ed. ~If Lg’ " 4.535

Clalrn 1. ,An azac cli t|r syst ens
v Dgstokiercen 2o M0 QUL o8 RESCTYG RS RS S by ey S00a
PCTJUS99/ 18570 i.ncl udi nJ georret rical isoners, enant| orrers di ast er eoner s,

r acerRAES! thedegvaliydi ¥ byrP aarpesns knompdo £ipst Bk edinithe & phar maceutical ly

acceptabl e acid, and prodrugs t1'~er eot; :herein
The methods of the irvention comprise administration to 2 mammal (preferably

human) suffering fom pain a pharmaceutical composition according to the invention in an

w

a:;nount sufficient to alleviate the pain. The compound is conveniently administered in an'y.
suitable unit dosage form, including but not limited to one comtaining 1 to 3000 mg,
preferably 5 10 500 mg of active ingredient per unit dosage form. A oral dosage of 1-500,
preferably 10-250, more preferably 25-250 mg is vsually conveniant.

The active ingredieat should be administered to achisve peak plasma concentrations of
20 the active compound of about 0.001-30 uM, preferably about 0.01-10 pM. This may be
achiaved, for example, by the intravenous injection of a soluticn or formulation of the active
ingredient, optionally ia saline, or an agueous medium or administered as 2 bolus of the active

ingredient.
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Qtd5 Y*X~Z .+ Y~~X ~~~'"~~Z R R R . ~I_RZRZRX, ~ . ,15M¥rdry, 303
~ 1 ~Y'~]~~~~o0or V\ ~~Z ~Z RJ ZR, R, 3t is -CHz-, -NH, -O or
-S-: V, W Y and Z independently are CHor N n and mindependently are O,

1, 2, 3 or 4, R-and R are at any position on the azacyclic ring;

i ncludin the J)OI nt of attachr nent of the heterocycle Q_ and ndg{pendently
are hyd?‘ 10 O—|) hal ogen, -'\TH,, carboxy, straight or%@ﬁ?:ﬁe

C .,o-al kyI C ,0 al kenyl, or C .,0 al kynyl straight or branched C, . 15
Febr uary 2003 V\D Do/ 11001 PCTI L' 899/ 18~'"4 Si de Effeci Psoile at EDso Dose
Human : ~LThe nePapsnimli¢c RT exs§de CPOPRINSCIp§BaF®g commepsign will depend on

(rnol k?)H ' Pot he: ni a(n'_1~2)S:. ~li, ~ati onSeds:ion(~C) ~8 ~uC~ ~~-_S:datiea

| 2 | 2b@Pptiony disoiowdom, omcuiﬁxoﬁemma’rye R003:PCTHEB0 1867025 aheal feaxys, or

strai ght or branched C, _, o-alkyl substituted with -OH -CN, -CHO -OH,

OR |, knSRs 1o bk of sihHR the aNRTtRs tcN’E’G’tei PR seze BRQRwil 2GRy wBOHR , - CONH,
CO\IHR -CO?~R R, or -C.a=NOR ; or " and RZ i ndependently ar a phenyl,
PhenQXk ;- De e chic e XLy it bﬁr%x%yﬁ@}reb%e@m%@@@u %F ke

unsubst i tuied or substituted al ogen - , 0- al koxy,

ot Kylthio R i.s hydro al.ogen, . e .+ OR.. -SR‘
%.VTﬁ:azwcL,lsU F&C dos aﬁﬁr im e %ﬁiou%esémjb.s c%% %GHQ' téon .uanED’Z H

CarTl: ) I or - CHENOR ;- or hen phenoxy, benzoyl,
ben~.”—e§l i5 the-2 ""'” Ry dar BT~ Radh “? g‘ﬁ“ﬁyc UnStAIST yi"ﬂt ‘88 or
substltuted W th halogen -CN, C. salkyl C_,oal.:oxy, or C.,o" '

al kyFEFREE2En ) e GpTHosFos fBd bW ragl CSRRELF RICB T HArse! o SaburiatEd or
aromatic heterocyclic ring containing one to three heteroatons; and R .nd
R i ndepolatentllyyndems net ingdngtd (o buintisedipeor preyddei o G, claimedkempdsitiofz

s-al kenyl, C=.,s-al hynyl, or conbinations thereof, or R and R

i ndep}mdﬂh-bliygﬂdientp:hemoh ,adﬁ«h‘nestesey)a: renz.aymayben r:'yvlidadr inbreazybxy cir bonyl
groups, each of which are unsubstituted or substituted with H, hal ogen,

- LN, staller 80584 #\e.adfinistOedkk@yng Giarvs éfdgyl thio, or aryl; or

r—

Oral compositions will generally include an inert diluent or an edible carrier. They

" may bé enclosed in gelaiin capsules or compressed into tadblets. Fer the purpose of oral
therapeutic administra: ion, the active compourd can be incorporated with excipients and vsed

in the form of tablets, uOChCS, or capsules. Pharmaceutically compatible binding age=zts,

i and/or adjuvant materials can be included as part of the composition.

The tablets, pills, capsules, troches and the like can comain any of the following
ingredients, or compounds of a similar rarure: 2 binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipisnt such as starch or lactose, 2 dispersing agent such 2s

alginic acid, Primogel, or com starch; a Jubricant such as magnesium stearate or Sierores; 2

) glidant such as colloidal silicon dioxide; a swestening agent such as sucrose or sacchasin; cr 2

unit form is a capsule, it can contain, in addition to material of the above tvpe, a liquid carrier

such as a fatty oil. In addition, desage unit forms can contain various other rmateriais which
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R a -td R ‘independently are 5 or 6 nenbered sar, :rated, partkyF aturatgg
or aromatic heterocyclic rings containing one to three hetero ruar 3
00/1 1 00l 15 February 2003 PCT/US99I18570 2. The conpound according to
claiml, wherein mand n both are 1 and having the structural fonula: N Q
Il wherejn 15 RXis S "Yand Za: al ', and Ris OR_or SR . 3. The
conpound"A8%3Pli ng to claim2, wherein R is -CH, -CH GBVS2HEEH-CHB or
-CHzCH(CH~):. 4. The conpound according to claim 1 selected fromthe gr oup
consi sting of a) Ethyl 2-(~-a: atricyclo[3.3.1.

<3, 757 -2e pivisdefeln 25 by dnoae etiatier, exorp Bt tnptings-qBuazaghelicyodned®. 3. 1. 1

<3, 7>] dec- 2-yl)-2-cyazoacetate; c) 3-{5-Aza-2-chlorotricyclo[3.3.1.1<3,

7>] degei2s.yl ) -4-chl oro-1,2,5-thiadia. ~ole; d) 3-(5 :Azat: icyclo[3.3.1.1<3,

i >l dec-2-yl)-4-chloro-1, 2, 5-thiadi ~zoie; 35 r e

3-(5-azat ﬁ@!&ﬂ\@[cgmgo@r ¢l drél deg iy hde Ay ENoKYed+ 2o e adaazel e; 1)
3-(5-azatric~~clo[ 3.3.1.J<3, 7>]dec 2-~~I)- ~-ethoa:y-1, 2 5 z1' tladl azol e; Q)
3- (54azpkdd, 53 % _].)‘p 0 ik azol e; h)
3- 5“222}{[. C%J%) 3*%3‘3110 f -O szkvbﬁfgxycranf X éd g%ol e; 15
Febr \ary 2003 %& o ve . S .- .

37 (5 R AR PR ]1%1 agditiont °7‘§T BRIYE SODPS LS SPEPH Bt DYV NESREE AL 1z, s u
ia.dlazQe) 4nd j) 3-(5-aza. trch | o] 3. 3. 1. 1<3, 7>] dec- 2- yI) 4- (2- e,

h31- PErapoRrespyvapi Ve, Sres RRd AT a2 En g (*S-azatric5~clo[3.3.1. 1

<3. 7>]dec 2-yl)-4-propyl thio-1, 2 5- thladlazole 6. A pha.-nmaceuticzl
conposi t | B &kpcahedung od ReampetHiaalit esseRisne Cedvaghes oY saliasureqf can

pha. - maceutically accep~abl e carzer. 7. A pha~nnaceuticzl conposition
conpelisitagniact eipouhd acivemtditag!s tatkaine dnpmdte gésded anamewt v |y
acceptable ca..-rier. A pha~~naceutical conpositioa coh;prising a conpound
accoreiefigis t ®zClsapgRdent and degilet aczinaceuth eal byivbeiepteatfiegtago@en 9. A
pharmaceuti cal conposition conprising a corzpound according to claim4 and

a) phaznaeeit ek of 80680 eRb&nearrier. 10. , ~ phannaceutical conposition
conpri si ng the conpound accor ding to claim5 atyd a pharnmaceutical | ~~

accept ab'«%l&%r«f' of susp 65510 nsWoshd forl ParERDAVIARY: 2803 dlcublBgugfo-a.geaposi tion
according to clal m for t e manuf acture of a nedi caanent for the treatnent

Of p%ﬁe mégrcraé-n & vé’en Qﬁ&Pongéséecg—'xtp% eﬁ??ga?tﬂ‘lé‘?hwr ShAb M, £ef BF ifdagofranuf act ure
saline scluiien, fixed oils, polyethylene glyccls, glycerine, propylens glycol or cther synthetic
solvents; antibacierial agents such as benzyl alcohol or methyl parabers; antioxidants such as

3 ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetrazaetic acic,
buffers such as acstatas, citrates or phesphates and agents for the adjustment of tonicity such .
as sodivm chloride or dextrose. The pzrenial preparazion can be enclosed in zmpoules,
disposable syringes or multiple dose vials made of glass or plastic.

I administered intravenously, preferred carriers are physiological saline or phosphate
) buffered saline (PBS).
in one embodiment, the active compounds ars prepared with carriers that will protect
the compound against rapid elimination from the boCy, such as a controlizd release
formulation, including implan:s and microencapsulated delivery systems. Biodegradable,

biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
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aJ ca] caV] ca] ca] ca] ca] caV] ca] ca] ca] cal] ca]caV]ca]ca]ca]ca | UFs<
09Q b= wa kil &%) av il Y dsoard bajleakuavdorfiavicaycafidarasa] caV] ca] ca] ca] caV] cal
ca] caV] ca] ca] caV] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca]ca
t9%6BQUI $*-jtv. 6} xrmgb\Ud ZU WV]c aUc alJc aUc aJc aUc aljc aUc aUc a]c
alU) ¢ a]JcalU] ca]ca] ca] ca] ca] ca] cBizapled] ca] ca] ca] ca] ca] ca]caV]ca]ca]ca]ca
6T-198(, {vagkf [y d_zU U c
Eeoyl 2-(5-czctricyele[3.3.1.1<3,7>]dzc-2-y])-2-cyanoccetate (3)
The cruce product 2 (4.5 g, 18.3 mmol) was dissolved in absolute ethanol (100 mL).

The solution was degassad by bubbling argon and to it was added glacial acetic acid (5 mL)

and P&/C (10%, 500 mg). The mixturs was stred un der 2 hydrogen aimosphere overnight,

filiered through a pad of celite, rotavapped and dried on hi-vac pump to give the acetate salt of

the desired product. This residue was taken in methylene chloride (300 mL) and N2HCO, sat.

solution (150 mL). Separated the crganic lay r and washed it with NaHCO, sat. solution (150

mLX3), d-ied over sodium sulfate and rotavapped to give 3 2s a yeliow cil (4.5 g, 99%).

Example 3

3-(3-Aze-2-chloromicyclo[3.5.1.1<3,7>, Jdec-2-yl)-4-chloro-1,2,5-tkiadiczole (4)

Sodium hydride (400 mgz, 60% oil suspensicn, 10 mmel) - was added to
me:hancl/ethanol mixfure (1:1, 15 mL). A solution of 3 (2.5 g, 10 mmo!l) in the same
methanol/ethanol mixture (2 mL) was added and resulting reaction mixture was stirred at rt
for 50 min. It was cooled to O °C znd iscamyl nitdite (1.5 mL, 11 mmol) was added to it.
Stirred for 10 min. The solvent was removed cn a rotavap aad the residus was azeoroped
with adced toluens 3 times. The residue was éissolved in DMF (5 mL), cooled 10 0 °C and
was 2dded to a cooled (0 °C) solution of S,Cl, (2.4 mL, 30 mmol) in 2 mL cf DMF dropwise

with stirring. The mixturs was stirred at it for 48 h. The reaction was quenched by adding ice
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Example 4
3-(5-.-1:a!ric_vclo[3. 3.2.1<3, 7>]dac-_"-_vl)-4?c11/oro-!,2.5-:/71':::'[&:015 (3)

-

) - The rnixrure of isomers 4 (800 mg, 2.76 mmol) was dissclved in 50 mL of ethano! and
the ’°SL1L.H7 solution was dagassed by bubbling argon. PA/C (300 mg, 10%) was 2dded and
the reaction mixmure waos stirred under hydrogen atmosphere for 2 d. The mixture was filtered

through celits and the catalyst was washed with methylere chloride containing 15% ammonia

saturated methanol (200 mL). The filirate was rotavapped the residue was subjected to radial
chromatography using a chromatotron (eluert; 5% ammonia saturated methanol in methylene

chloride) to give the mixture of isomers 5. A part of this mixture \';"as separatad inio its two
components 6 and 7 using HPLC (C,, 7% acetonitrile in water + 0.1% TFA). Thre
pseudoasymmetry for thess two components (‘r” for 6 and ‘s’ for 7) was essigned using NOE
difference and homonuclear proton COSY experiments. The rest of the mixwure § was
dissolved in 2N ag. HCl ia methanol (5 mL) ané was concenirated under vacuum to give pals

yellow solid 8 (300 mg, 37%).
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ml) and brine (20 mL), éred over sodium carborate and rotavapped. The residus was filtersd
through a small celumn of silica and then subjected to racial chromatography on a
chromatotron, eluting with 5% ammonia satvrated methanol in methylene chi 'me o reverse
ph:sé HPLC (YMC-pack ODS-AQ, 20X10 mm 1.D,, S-5 pM; mobile phase wateracetonitrile
with 0.1% TFA) to obizin the ‘r’ and the ‘s’ isomers, which were treated with methanolic HCI

to give the corresponding hydrochloride salis.

Example 6
C3-(3- c:.‘;frz"yc lo[3.3.1.1<3,7>]dec-2-yl)-4-meihexy-1,2,5-thicdiazoles (20 and 21)
The above meaationed general procedurs was followed using methancl as the zlcohol -
to give a crude mixture of ‘r’ and ‘s’ isomers (10 mg, 50 %). A part of this mixture was used

for separation of the isomers on HPLC (water:acetonitrile/80:20 with 0.1% TFA) followed by

of 20 znd 1.3 mg of 21.

Ull

conversion to their HCl salts to give 0.5 m

Example 7
3-(5-czatricyele[3.3.1.1<3,7> ) dec-2-yl)-4-ethoxy-1,2, 3-thiadiazoles (22 and 23)
The above mentioned general procedurs was foliowed using ethanol as the alcchol to

give a crude mixsure of ‘r” and ‘s’ isomers (10 mg, 50 %). A part of this mixture was used for
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The a2bove meationed genera] procecdure was followed using n-butanoel as the alecohol

0 togive 13 (6 mg)a1d 14 (2.5 m3, 35% combined for beth 13 and 14).

Example 10
3-(5-azacricyclof3.3.1.1<3,7>]dec-2-vi)-4-(cyclcorozyimethoxy)l, 2, 5-rhiadiczolz (15 and 16)
The above mentioned general procedure was followed using cyclopropyimethanol to

give 15 (2 mg) and 16 (2 mg, 16% combinad for bota 15 and 16).

[V 3

Example 11
3-(5-azairicyelo[3.3.1.1<3,7> ] des-2-y])-4-(2-metkyl-propoxy)-1,2, 5-thiadiazole (17 cnd 18)
The 2bove menticned general procedure was followed using iso-buranol as the alcohol

to give 17 (4.6 mg) 2ad 18 (2 mg, 26% combined for both 17 and 18).

Example 12
Y 3-(S-azatricyelef3.3.1.1<3,7>]dec-2-yl)-4-(cyclopropylethoxy)- 1,2, 3-thiadiazoles (24 and 23)
The above mantionad general procedure was follewed using cyclopropylethanol as the
aleohol to give 24 (2.2 mg) and 25 (2.7 mg, 20% combined for both 24 and 15).
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10%08; ()J J@#@ﬂ@q{g {-Y <RI 7R RacIAEI-F-c /zlthio-1, 2,5-1thiadiazoles: General procecure.

3-(5-Azatricyclo[3.3.1.1<3,7>]dec-2-yl)4-chloro-1,2,5-thiadiazole (8, 34 mg, 0.117
mmoles) was combined with anhydrous potzssium carbonate (18 mg, 0.130 mmoles) and
anhydrous sodium hydrogen sulfide (8 mg, 0.142 mmoles). To this dry, zir-free mixture

10 under argon was added anhydrous dimethylformamide (4 mL). This mixture was stirred at
room temperature for 20 minutes at which time TLC showed no remaining chlorothiadiazole
(R, 0.31, monitored on SiO, analytical plates using 10% MeOH(NH,)/CHCL). At this time
the mixture was cooled to 0°C and to it was added corresponding l-bromoalkane (0.40
mmoles), After stirring for 30 minutes 2t 0°C the mixture was evaporated and purified using

I5  column chromatography (neutral aluminz; 1% MeOH(NH,)/CHCL) to yield the s and r
isomers.
Example 15
3-(5-Azatricyclo[3.3.1.1<3,7>] dec-2-yl)-4-propylthio-1,2, 5-thiadiazoles (28 and 29)
The above mentoned general procedure was followed using l-bromopropane zs the

20 alkylbromide to give 28 (7.5 mg), 29 (4.2 mg, 33% combined for both 28 and 29) and 10 mg

of the mixture of the two.
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111 yZ109&' () T83rbovsgmentioned general procedurs was followed using 36 mg of 8 and 1I-

bromobutane as the alkylbromide to give 31 (2.6 mg 7%).

Example 18
10 3- (5—.4:atricyclo[3.3. 1.1<3,7>)dec-2-yi)-4-(cyclopropylmethyl)thio-1,2,5-thiadiazole (32
The abovc mentioned general procedure was followed using 32 mg of 8 and

cyclopropylmethylbromide 2s the alkylbromide to give 32 (5.1 mg 15%).

Example 19
4-(3-Azatricyclo[3.3.1.0<3,7>non-9-yi)-3~-chloro-1.2, :$-zhz'aa'iazole (40)
15 40 was synthesized starting with 39 (see Bok er al,, h"e!erocycle: 12, 343 (1979);
Speckamp et al., Tetrahedron 27, 3143 (1971); 2nd Bok et cl., Tezrahedron 35, 267 (1979);
and Bok et al., T erra/ze_dran 33, 787 (1977)) following the synthetic scheme same zs for the

synthesis of 8 from 1.

Example 20
20 4-(3-Azatricyclof3.3.1.0<3,7>non-9-yl)-3-alkoxy-1,2,5-thiadiczoles: General procedure
Sodium alkoxide was made by adding NaH (15 mg, 60% oil suspension, 0.4 mmol)

into corresponding alechol (2 mL) with stirring. The stirring was continued at rt for 30 min.
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Example 21 )
0 4-(3-Azatricyelof3.3.1.0<3,7> Jron-9-yi)-3- r:fro:w-l,Z S-thicdiazoles (35 and 34

The zbove mentioned general procedure was followed using ethanol a5 the aleohol to

give 33 (1.1 mg) and 34 (0.9 mg, 19.2% combined yield).

Example 22
4-(3-Azatricyclo[3.3.1.0<3,7> non-9-yl)-3-propyloxy-1,2,5-thicdiazoles (35 and 36)

5 The above mentioned general procedure was followed using propanol as the alcohol 0.

(7} )
th

give 35 (2.95mg) and 36 (2.11 mg, 47% combirec yield).

Example 23
4-(3-Azamicyclo[3.3.1.0<3,7>]non-9-yl)-3-iscburyloxy-1,2, 5-thiadiczoles (37 and 38)
The zbove mentioned general procedure was followed using butanol as the zlcohol 10

-

) give37(2.51 mg) and 38 (1.68 mg, 47% combined yield).
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enocuzh 2ssay s bat opiates (2.2, merphine :

steroidal aniinflammatories (NSAD's) such as ibuprofen are inefrective. As such, it is a

adlichacen

wn

o e 1 ace ot L o 1. P fem: mk emmrrn] mAemamArtm A s Cnm el s bt o -~
useful assay system for investigating the utili H t of

- . o .
Ol nove:r COmMpOUnGs I0r the wealment o

,_
<!

severe and chronic cain,

Fernzle CD-] mice, weighing 20-30 grams were obizined from Charles River
laboratories (Wilmingtor, MA, USA). A commercially available tail-flick analgesia meter
) was used (Model TF-5 Analgesia Meter, Emdie Insirument Co., Maidens, Virginiz). The

~

radizmt heat source was set such that conirol mice had a tail-fiick latency of 2-4 seconds. A

The latency of each mouse (2 mean of two separate test results for each time-point), was

obtained 2t O (immediately prior to desing), 5, 13, 30, and 60 min. time-points afler injection
of compounds and the % Maximum Possible Effect (%% MPE) was calculated by using the

formula, % MPE = [(postdrug latency - predrug latency) + (cutoif time - predrug latency)] X

100. The results zre presented in Table 1, infre.

Scoring of Salivation: The salivation was noted by close visuz] inspestion of the
animal’s mouth and was scored according to the following scale: 0, no sign of saliva within
animal’s mouth; 1, evidence of saliva in animal’s mouth, but none on animal’s muzzle; and 2,

evidence of saliva in animal’'s mouth and on animal’s muzzle. Each animal was scored at §,

15, 30 and 60 min time points 2fer injection of compounds.
erature, a tempercture probe (type T

Body Temperature: At ambient temperz

Thermocouple Thermomater, BAT-10; Physiiemp Inc., Clifion, NJ) was inserted 1.0 cm into

29
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contral baseline), 10, 25 and 35 min afer injection of compounds.

Sedation: Sedation weas noted by close visual inspection of the animal,

Example 25
5 Binding to cloned human M4 nACKRs exzpressed in CHO-K1 cells

ic cloned humen M4 mACHRs

(I'J

The foliowing protocol was used to dersc: bindin

expressed in CHO-K1 cells.

A membrane preparation was made ffom CHO-K! cells expressing human M4

s

mAChRs. Aliguots of membrane were stored at -70°C uatil thawed on the day of assay. For

.

) each zsszy, CHO-K1 M4 membrane preparation (approximazely 20 pg of protsin) was

incubated with test compound and 2.5 nM *H-cxotrzmorine M (DuPont, NEN) in 20 mM

HEPES buffer, pH 7 in an assay volume of 200 pl. Assays were incubated in 96-well

o

polypropylene plates for 40 minutes at room temperature.  Nonspecific binding was

determined in samples izcubated in parallel in the presence of 10 pM atropine (Sigma) instead

»  of test compound. The incubaiions were termizated by rapid vacvum filiration using a

Packard plate harvester through 96-well Whatman GF/B filter plates presozked in 0.5%

polyethylenimine. The filter plate was washed rapidly four times with 0.2 ml aliquots of

water. The plate was dried by placing uncer 2 heet lamp for 5 minutes. The plate was

counted using 2 Packard scintillation counter zfier addition of 35 pl Microscint 20 scintillation

) fluid. Data were analvzed by norlinear regression analysis

Results from this 2ssay are used to show the ability of compeunds of this invention 10

bind to the 2gonist binding site of the muscarinic M4 rezepier. Compounds which bind 1o this
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Table3
o Side Effect Profile at ED;, Dose Human M4 in
Cmpd | Salt Egm,':l;f:c) CHO-K1 assay

wETETE Salivation Sedation Hypcz:?:;rmia (oh)
7 TFA - - - - >88
5 HCl >15 - - - €.5
10 | HC 5.5 - - . 0.66
12 HCl 4.5 1.0 Slhight 1.0 0.74
13 TrA - - - - 10
14 HCI >10 1.0 Slignt 2.0 3.8
16 HCl 1.4 1.6 Sedzation 1.5 <14
18 HCI >5 0 No sedation 0 -
19 - 4 - - , .- 10
21 | HA >5 -0 Nosedazion | . 0 59
23 HCI 1.5 0.4 No sedation 0.5 0.26
25 HCl 4.5 1.2 Slight 1.5 -
27 HCI >3 0 No sedation 0 1.55
29 <1 0 Very slight 0.5 -
30 0.3 0.4 Sedztion 1 -
31 0.3 0.6 No sedation 0 -
32 <] 1.2 Sedation <2 -
34 HCI >2 - - ' - 4.6
36 HCl >3 - - - 3.2
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including geometrical isomers, enantiomers, diastersomers, racernates, acid addition salts,

salts thereof with a pharmaceutically acceptable acid, and prodrugs thereof, wherein

Qis

X is-CH,-, -NH-, -O- or ~S-;

]Y or " V\ //Z
)\\ZJ\R >_\

~ SY
v x xSz
\=—{ 5——-/
"R R
/z{—ﬁ\ //_<
N
7 R /\X
,,W\ /\K/:Y\

V, W, Y and Z independently are CH or N;

n and m independently are 0, 1, 2, 3 or 4;

R! and R? are at any position on the azacyelic ring, including the point of attachment of

the heterocycle Q, and independently are hydrogen, -OH, halogen, -NH,, carboxy,

straight or branched C, ,,alkyl, C,.,-alkeny}, or C, s-alkynyl, straight or branched C,.

“n
29
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0%, 25 S Y R Qg SR s PR g ) o8
oo aeet ) G 0BRSS Loy SRS O

"10% & ()-!Y g%g,&‘l % -&10% & () - PydBYNC 10B! 5! #10% " & ()-Y
"10% & () -z 310 x| &10% & () - FF10% & () -10% & () -av' AYNC

10B! 59031094 | & () - FE# 1006 & () - F11 109 & () - ¥1,1006 & &@P#lq%)&' Q -

#10% - & (F: RWEsVIREPEeB! 6 M ot HEor OF ot 1 0% &Y 5 YAHTO0MNR R), -N@2:10% &' () -

1 90109%&' () - .

'Y 10% & () -3 aBPRLAGIR 8- TR -COYH. & QONER L 0RER IR - G3CHEWOR™(0F - s !

10% & ()-°

Y10% & () o pbeavk’ phendBCoRe@R&.1 0ar&yDur & efyylomadb 0o &edch- of adilde® () - c+a&l
0% & ()-c+a&l0% & ()-c+a&l0% & () - c+a&l0% & () - c+CDETUY v\ =6@&10aa&10% & (
) - c+a&10% & veyubstiBMB (B substituted with halogen, -CN, C,-alkyl, C alkoxy, or C,

W&a&10% & () - c+a&l0% & () - c+a&1l0% & () - c+ kxyj P1@&10% & () - c+a&l0% & ()-c+
a&l10% & (') - cHaBAB%& ()-Cc+a&l0% & () -c+a&l0% & () - c+a&l0% & () - c+j K1@&10%
& (a&l0%n & ()-c+a&lO0n & ()-c+a&l0n & ()-c+a&l0% & ()-c+a&l0% & () -c+a&l0% &
' g %?gr SAR@SE3 QS &iefbered 8atl R4 Saft)y 2rbeatdd0NEr kit Rl 0Mc&ng osttia&kt0%n & () -¢
+
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one to three heteroatoms; and

R’ and R* independently are straight, branched, or cyclic C,,s-alkyl, C, s-alkenyl,
C,.s-alkynyl, or combinations thereof, or R’ and R‘ independently are phenyl,
.phenoxy, benzoyl, benzyl or benzyloxycarbonyl groups, each of which are
unsubstituted or substituted with H, halogen, -CN, C, salkyl, C,,,-alkoxy,
C,..o-alkylthio, or aryl; or

R? and R* independently zre 5 or 6 membered samurated, partly saturated or aromatic

heterocyclic rings containing one to three heteroatoms.
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VWr S41E&10% & () -c+a&l0% & () -c+a&l0% & () - c+5WH( 6 15 February 2003
W) a&l0% & () -c+a&l0%n & () -c+N41@&10% & ().- c+5WH( 6

Wa&10% & (é( c+a&l0% & ()-c+a&l0% & ()-c+a&l0WN & ()-c+

eF1@&10% BRABWIR () - c+a&10% & () -c+a&l0% & () - c+a&10% & PQTsex885004 & () - c+
a&l0N & ()-c+"& 4r41@&10% & () -c+a&l0% & ()-c+a&l0% & ()-c+a&l0% & () -c+a
&10% & () - c+5WB( 6

We4: AB T34 L 0o &ofdinTtoail O ®hérkingn a8l 0 YA a(e) - andABiNG the structural

Wa&10% & ()-c+a&l0% & () - c+OQRTUVYX91@&10% & () - c+5W( 6

Wea&10% &'férmut=ta&l0% & () - c+a&l0% & ()-c+a&l0% & ()-c+Y_hl u{eF1@a&l0% & ()
-C+WA&10% & () -c+a&l0% & () -c+a&l0% & ()-c+(a&l0%n & ()-c+a&l0%n & ()-c+r41@
a&l0%n & ()-c+a&l0% & ()-c+a&l0% & () -c+a&l0% & () -c+a&l0% & () - c+5WH( 6

Wer S41@&10% & () - c+a&l0% & () - c+ta&iQ% & () - c+5WH( 6

Wa&10% & ()-c+a&l0% & () -c+Ndli A & ()-c+5WH( 6

Wa&10% & ()-c+a&l0% & () - c+a81b% & - c+a&l0% & () -c+eF1@&10% a&l0% & () -
c+a&l0% & ()-c+a&l0% & () - c+a&lO% =& c+a&l0% & ()-c+a&l0%n & () -c+r4l@&l
0% & ()-c+a&l0% & ()-c+a&l0% & () - c+a&l@A& ()-c+a&l0% & ()-c+5W5(6

W&, 378=N41@&10% & () - c+5Wb( 6

Wa&10% & ()-c+a&l0% & ()-c+a&l0% & ()-c+a&l0% & () - c+=DIP*di eF1@&10% a&10
%N & () -$Hadl0%n & ()-c+a&l0% & ()-c+a&l0% & () -c+a&l0% & ()-c+a&l0% & ()-c+i
jourS41@&10% & () -c+a&l0% & ()-c+a&l0% & ()-c+a&l0% & () -c+a&l0% & () - c+5W
$(6 War Ml%&igﬁ%& ()-c+a&l0% & ()-c+a&l0% & ()-c+5Wh( 6

V\&a&lo%& ()-Cc+a&l0% & ()-c+N41@&10% &' () - c+5WH( 6

Wa&10% & () -c+a&l0% & ()-c+a&l0% & () -c+a&l0% & () -c+sT1@&10% & () - c+5a&l
0% & ()-c+a&l0% & ()-c+1a&l0% & ()y \1?&1-0%& ()-c+a&l0% & ()-c+a&l0%n & () -

C+trA1@&10N & () -c+a&l0%n & () -c++a&1PWN & () -c++a&l0% & () -c++a&l0n & ()-c+
5WS(6 W& $rS41@&10% & () - c+a&10% - c++a&10% &' () - c+5W6( 6

Wea&10% & () - c+a&l0% & () - c+$. <@BCHNA41@&10% & () - c+5WB( 6

Wea&10% & () - c+a&l0% & () - c+a&l0% & () - c+a&l0% & () - c+HIMI™ egeF1@&10% a&l10
NE& ()- c+a% NE& ()-c+ta&l0Nn & ()-c+a&l0% & ()-c+a&l0% & ()-c+a&l0% & ()-c+g
hi owxzr X91@&i10% & () - c+a&l0% & () - c+a&l0% & () - c+a&10% & ()-c+a&l0% & ()-c
+5WB(6 Wez| rS41 810% & ()-c+(a&l0% & ()-c+a&l0% & () - c+5V( 6

Wea&10% & (Y-2844810% 84 () - c+S: 1@&10% & () - c+5\W8( 6

W) a&lo%&g &10%& ()-c+a&l0% & ()-c+a&l0%n & ()-c+vW4 =p0L10%+& () -
BL10%X & () 1-‘9@ m‘%&& ()- -pl 10%+& ()-gl0e*10e*10e*- 910%*& ()-(|[:vU4 =
X10%&' ()-B :!110%+& ()- !yl0%+& ()-- #Y10%+& ()- | MLO%+&' ()--
HL10%;+&1§1_E Tz|[:vU4 = -m 10%+& ()-B ,, 10%5* I(&_l OW,%?&é
J10%+& (Dt G9TpEndsaceydingoipydlans & ¢iersip Uy By Q0. -CH.CH,CH;

"Y10%-) ~& ()- 10l c+l 101 c+l 10l c+l - &310% c+l & ()-- 1yl0%+& ()--
/ 910% +& -E¥CR(CHEB48AVY4.0%-) ~&' () - W &AVYA0%-) ~&" () - w ) &AvYd.0%) & ()-w
&AVY10%-) ~& () -w &AVY0%-) ~& () -w &Av‘%iO%-) ~& ()-w -

''Y10%) ~& () --.<=>?Jr V6348Av% 0%-) ~ ) w &AVYd0%:-) ~& () -w &AVU0%-) ~& () -w
BV YRAFAIBSEI B UNY 26G0RIRMAD GiRsy i&elegte RSP PO RRE T 0%6-) ~& () - W
SAVYL0% ) ~& () -w &AvY0%) ~& () -w &AVIA 0% ) ~& () -w &AVYL0% ) ~& ()-w
EAVYLO%) ~& () -w &AVYA0%) ~& () -w [\ af ghi rV; 04&&AVIA0%) ~& () - W

&AV Y4 0%- P ét%y 1205 epgoansinly- 3 &: 1(<§de8ng 199RE)- 28y PGHIAEAY 94 0%-) ~& () - W

5Wi% j | npgr N204&AV¥10%-) ~& () -w

b) Ethyl 2-(5-azatricyclo[3.3.1.1<3,7>]dec-2-y1)-2-cyanoacetate;

¢) 3-(5-Aza-2-chlorotricyclo[3.3.1.1<3,7>]dec-2-yl)-4-chloro-1,2,5-thiadiazole;

d) 3-(5-Azatricyclo[3.3.1.1<3,7>)dec-2-yl)-4-chloro-1,2,5-thiadiazole;
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85WIYRAVYA 0%-) ~&' () - w &AVIL0%) ~& () -w &AVYA0%-) ~& ()-w &Avo%o)_/ ) g o
rsl LO4&AVIA0% ) ~& () - &AVIA0%) ~& ()-w SAVIL0% ) ~& ()-w &AvId0okErEary A
&AVYA0%-) ~& ()-w &AVYL0%) ~& ()-w &AVYA0%-) ~& ()-w VV6048AVY40%-) ~& ()-w
&AVYA0%-) ~& () -w &AVYA0%-) ~& ()-w &AVIL0%-) ~& () -w &Av‘%iO%-) ~& ()-w
5WI%mivk 048AY %0%) ~& ( &AVYL0%) ~& () - W &AVIA0%) ~& (

5\WIYRAV YA 0% 2% Hﬂng&wﬁétﬂé JRIET-20y RE TR Y alobA g 6)1

BEWIYRAVYL0%-) ~& () -w &AVYL0%-) ~&' () W &AVYA0%-) ~& () -w &AVYA0%-) ~& ()-w

| LO4&AVYA0%-) ~& &AVYL0%-) ~& () - w &AVYA0%-) ~&' S) W &AVI40%) ~& ()-w

8AVYA 0%-) ~& (I dnemioyalobh3. 1 4:<8 7> WegBuiitbomprie] 2)S-tiadipraleAy 94 0%-

&Y109%N&' () - MLO~&10~&10~& &F: 10%-&&' () - &GAVoA0%-) ~& () -w 5\Wi% p| [ : F4

& £10% & ()- 9A0%D D& ()- 9d0%'f& ()- & 10% & ()- & #mMO0% & ()- &
F10% & () - 20 J-(Faragicydop3&B. () <3,3x0p e0 Uy R4 propo'- 1,094 18iafezcl€Sy 10% & () -

&S 10% & ()- & - 10% & ()- k.|[:F4 &$10% & ()- & 10% & ()- &m 10% & () -
10% & ()- &s10% & ()-F & 10% & ()-.v9qgrst|[NA410' 10' 10' & . F10% & () -

&@ 10% & (h) BASLORIGPR-3. BB DH&-1-y)-428L00% B2,6)thindiebaltdAd 10 | yYGLOIXESE' () -
/P LL10% "+& ()- a49%d0% & ()- & gl0% Z& ()- &FZ10%' Z& ()- &

31092 Z& ()- %Al [: NA410 &, 109" Z& ()- &y)10%&Z Z& ()- , $ 110% & ()-&
8109 Z&' ())- 3EO@HDRIA[}.3. 0T<R] DIBR3RYI|-H-(BYcldBoRhebbyy)],2,5-thiadiazole; and
&Y109%%&' () - 10Z' z10Z' Z10Z' Z &99910%' Z& ()- &sS5 109" Z& () -
&sS2Y109%2' 7& ()- & /110%' Z& ()-(pO |[:bU4 & &z 10% & ()- &@Y10% & ()-
& 10% & () S@EoosrELyc)ol3.3094<3| ] de-2- WE AR I()-Prfok]): RS- 1Eiadi@iol0% & () -
& 10% & ()- &F10% & () - &I 10% & ()- S, MLOYC C& ()-Z

&3 10% &' ( [ 0% & - &F+10% & () - .

( $109A AL 3)(()D az%‘m&éi‘g@jkgé e 1)<° ?]%ﬁfa{ X})f)PfPﬂg’i&lPlb“ 'f%zad’#&fd% & ()-z &SYd0% '
& ()- b

6. A phamaceutical composition comprising a2 compound according 1o claim 1 and a

pharmaceutcally acceptable carrier.

" 7. A pharmaceutical composition comprising a compound according to claim 2 and a

pharmaceuticelly acceptable camrier.

8. A pharmaceutical composition comprising a compound according to claim 3 ‘and a

pharmaceutically acceptable carrier.
9. A pharmacesticel composition comprising 2 compound according to claim 4 and a
pharmaceuticelly acceptable carri er.

10. A pharmaceutical composition comprising the compound according to claim 5 and a

pharmaceurically acceptable carrier.
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13. Use of a composition according to claim 8 for the manufacture of a medicament for the

treatment of pain.

10 14. Use of a composition according to claim 9 for the manufacture of 2 medicament for the

' treatment of pain.

15. Use of a composition according to claim 10 for the manufacture of a medicament for the

treanment of pain.
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