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ETHER MUSCARI NI C ANTAGONI STS 20 BACKGROUND OF THE | NVENTI ON The present
invention rekatgmeds? 1, 4-di -substituted piperidines, wherein thegadsoRqsitio
substituent s attached through an ether |inkage, which conpounds are -
useful in the treatnent of cognitive disorders, pharnmaceutical conpositions
contai ni ng the conpounds, 25 nethods of treatnent using the conpounds, and
to the use of said conpounds in conbination with acetyl cholinesterase
inhibitors. Al zheiner's disease and other cognitive disorders have received
much attentiod® | ately, yet treatnments for these di seases have not been very
successful. According to Melchiorre et al. (J. Med. Chem 30 (1993), 36,
3734-3737), conpounds that selectively antagonize M2 muscarinic receptors,
especially in relation to ML nuscarinic receptors, should possess activity

.agai nst cognitive disorders. Baungold et al. (Eur. J. of Pharmacol., 251,
(1994) 315-3%0D) disclose 3-a-chloroinperialine as a highly selective n2
muscari ni ¢ antagoni st. 35 The present invention relates to a

class of 1,4-di-substituted piperidines, sone of which have nR2 selectivity
even higher than that of 3- a-chloroinperialine. Logemann et al (Brit. J.
Pharmacol . (1961), 17, 286- 296) .describe certain di-Nsubstituted

pi perazi nes, qlgut these are different fromthe inventive conpounds of the
present invention. Furthernore, the 40 conpounds of Logemann et al. are

not di scl osed to have activitgr ) NMUS NIST

20 BACKGROUND OF THE INVENTION

The present invention relates to 1,4-di-substituted
~ piperidines, wherein the 4-position substituent is attached through an
ether linkage, which compounds are useful in the treatment of cognitive
disorders, pharmaceutical compositions containing the compounds,

25 methods of treatment Lising the compounds, and to the use of said
compounds in combination with acetyicholinesterase inhibitors.

Alzheimer's disease and other cognitive disorders have
received much attention lately, yet treatments for these diseases have not
been very successful. According to Melchiorre et al. (J. Med. Chem.

30 (1993), 36, 3734-3737), compounds that selectively antagonize M2
muscarinic receptors, especially in relation to M1 muscarinic receptors,
should possess activity against cognitive disorders. Baumgold et al. (Eur.
J. of Pharmacol., 251, (1994) 315-317) disclose 3-a-chloroimperialine as
a highly selective m2 muscarinic antagonist.

'35 The present invention relates to a class of 1,4-di-substituted
piperidines, some of which have m2 selectivity even higher than that of 3-

- a~chloroimperialine. Logemann et al (Brit. J. Pharmacol. (1961), 17, 286-

296) describe certain di-N-substituted piperazines, but these are different

from the inventive compounds of the present invention. Furthermore, the

40 compounds of Logemann et al. are not disclosed to have activity against
cognitive disorders.

MMARY OF THE INVENTI

The present invention relates to compounds according to the
45  structural formula i,



SUMMARY COF THE | NVENTI ON The present invention relates to conpounds .

according to the 45 structural fornula 1, WO 98/ 06697 :

PCT/ US97/ 13894 - [err] or an isoner, pharnaceutically acceptable salt,
ester or SWP\?Q{"Q"[ hereof, wherein X is a bond, -0-, -S-, - SGCI/USSTN3894] -
-CO, -C(ORerr])[err]-, -CHerr]-0, -0- 52C:H[err]-, -CH=CH, -CHerr]-
-CH(C[err]-C[err] aIkyI)-, -C(derr],-Cerr] alkyl)[err]-, -CONR[err] -
-NR[err]CO, -OC(ONR[err]-, -NR[err]C(O) o, -SCIerr]NR[err]- or
-NR[err]STerr]-; Ris (err]-Cerr] Cyci al [err] 10 nis 1,2
or 3; Rerr] is H Jerr]-Cerr] aIkyIB% C[err] cycl oal kyl ,
Cerr]-Cerr] cycloal kyl substituted by 1 oups |ndependently

selected fromRerr], (err]-Cerr] cycl og%;keny t- R19 b toxycarbonyl or
R3 and R4 are independently selected fro OI’ISI Stl ng of 15 H,
hal o, -CF[err], Cerr]-(err] alkyl, C[err] koxy and -OH, R5 and
R6 are independently selected fromthe group co |st|ng of H derr]-Cerr]
al kyl, -CF[err], Cerr]-Cerr] al koxy, -OH, C[eH -Cerr] al kyl carbonyl ,
C[err] derr] aI koxycar bonyl , R{err] CONH, ])[err] NCO, R[err]OCO\IH—
R[ er r] NHCONH- afd aNHlpm]',anbamaoe}nicaﬂy aoceptable salt, ester or solvate thereof, '

wherein
X is'a bond, -O-, -8-, -S0-, -802-, -CO-, -C(OR7)2-, -CHz-O-, -O-
5  CHg-, -CH=CH-, -CHg-, -CH(C1-Cg alkyl)-, -C{C4-Cs alkyl)2-, -CONR17-,
-NR17CO-, -O-C(O)NR17-, -NR17C(0)-O-, -SOoNR17- or -NR17S0,-;
R is C3-Cg cycloalkyl,

R®
R®. /~/
LRl Of) GO
Ri0 R12 RH/N
'Rﬁ
10 nis1,2or3;

R2 is H, C2-C7 alkyl, C3-C7 cycloalkyl, C3-C7 cycloalkyl substituted
by 1 to 4 groups independently selected from R18, C3-Cg cycloalkenyl, t-
RY®

/ S 16
butoxycarbonyl or _C_/N R :

R? and R4 are independently selected from the group consisting of
15 H, halo, -CF3, C1-Cg alkyl, C1-Cg alkoxy and -OH;
RS and RS are independently selected from the group consisting of
H, C1-Cg alkyl, -CF3, C1-Cg alkoxy, -OH, C1-Cg alkylcarbonyl, C1-Cg
alkoxycarbonyl, R1I3CONH-, (R13)oNCO-, R130CONH-, R13NHCONH- and
NHzCONR13-;
20 R7 is independently selected from the group consisting of C1-Cg
alkyl; or the two R7 groups may be joined to form —(C(R14)2)p- wherein p
is an integer from 2 to 4;
RS, R?, R10, R11 and R12 are independently selected from the group
consisting of H, halo, C4-Cg alkyl, C1-Cg alkoxy, benzyloxy, benzyloxy



20 - " R7 is independently selected fromthe group consisting of
Cerr]-Cerr] alkyl; or the two Rerr] groups may be joined to form

-(C(Rerr]) [worokppssrwherein p is an integer from2 to 4; R er rBCTG%o5r1889,
Rlerr], Rerr] and Rlerr] are independently s@&-ected fromthe group

consisting of H halo, (err]-Cerr] alkyl, (err]-Cerr] alkoxy,

benzyl benzyl g 8( 0669
PCT/ US7] 13894 3s“§ﬁ%‘§¥gf)8?e% )] hﬂf’ﬁ‘epﬁ]"}'kV‘hBPUhé[%Pﬂ]CQ:FQW#-]
al kyl, pol yhal o CFNOg] -CNer8D2a+D| -NFEDEMH )2.=G|H0 mealo]C1—Ga~alkox

e N iy %Cgﬁt%?% Q%rfm %ﬁ#‘}‘&% ?ﬁ%%?@%yl

het er oaryl - sul f osulfonylcatyl, (&f-Ee alk , -NHCOO-(C1-Cs)alkyI

OCON
phenyI(R[ﬁ;/Ei]réiyE&err o erri Q{éji: %@Bc%(gﬂgégglﬁi IS, mofe éndently
sel ected fromthe grouﬂq cdﬁé @?F? yipe fam dhe group, cepsisting OfH
err]-derr] Cycbbaéla bfo]aﬂ&]er(C]‘-Géb ))CODRES, 3 lafe!éroa v,

er

and adamintyi | 1’ (67, bhef %wf%ﬁé%snﬁtx retthary

and adamantyl A( L
and 10 C[err] derr] ERWB lndﬁﬁendentiychaiectédrfrdm the igroupe dohsisting lof Handp

consi sting of1d-| gegr]auéﬂ?[err] al kyl, Cerr]-Cerr] cycloal kyl, aryl
substituted by 1 td 3% ibs |ndependently sel ected from R3 and heteroaryl
substituted by 1 to 3 33 psndemwmlyrﬁeledgdlfméhagrm ronsisting of H, C4-

] ] xycar bonyl ,
o kERME e Lolamiie jenmicdb.c s 4

[err]- (CH[err])mFE[d&‘Hﬁn N
groups independently selected from R3;
15 R16 is H, C4-Cg alkyl, -COR20, C4-Cg alkoxycarbonyl, -CON(R14),,
-CONH(H3-aryl) -S04.2-R15, -S04 2-(CH2)m-R21 -SON(R14)2 -COSR14

Y (CH2)14

or
R17isH, C1-Cs alkyl, aryl or heteroaryl;
R18 is independently selected from the group consisting of halo,
20 -CFj3, C4-Cg alkyl, C1-Cg alkoxy, -OH, =0, -CON(R14); and -N(R14)COR?15;
R18is H, -OH, C4-Cag alkyl, C3-Cg cycloalkyl, aryl substituted by 1
to 3 groups independently selected from R3 or heteroaryl substituted by 1
to 3 groups independently selected from R3;
R20 js H, C1-C2p alkyl, C1-Cg alkoxy(C1-Cg)alkyl, C3-Cg cycloalkyt,
25  aryl, aryl(C4-Cg alkyl)-, aryloxy, aryloxy(C1-Cg alkyl)-, tetrahydrofuranyl or
heteroaryl, whersin the aryl or heteroaryl group is substituted by 1 to 3
groups independently selected from R3;
mis Oto 3; and
R21 is C7-C1g bridged cycloalkyl or C7-C1o bndged cycloalkyl
30 wherein the cycloalkyl portion is substjtuted by 1 or 2 substituents selected
from the group consisting of C4-Cg alkyl or =O.
Preferred compounds of formula | are those wherein X is -S-,
-S0O-, -SO2- or -CHz-, with -SO3- and -CHz- being more preferred. Also
preferred are compounds of formula | wherein R is R8, R?, R10, R11, R12-
35 substituted phenyl, preferably alkoxyphenyl, or 8,4-methylenedioxyphenyl,
with 3,4-methylenedioxyphenyl being more preferred. R3 and R4 are



R17 is H derr]-Cerr] alkyl, aryl or heteroaryl; Rerr] is independently
sel ected fromthe group consisting of halo, 20 -CF[err], (err]-Cerr]

al kyl, Cerr]-Cerr] alkoxy, -OH =0, -CON(R[err])[err] and
-N(R[err] ) wOH8®6697, Rierr] is H -OH derr]-Cerr] alkyl, CCIVUSITTINMI ]
cycloal kyl,- aryl substituted by 1 to 3 groufs i ndependently sel ected from
R3 or heteroaryl substituted by 1 to 3 groups independently select ed from
R3; Rlerr] is H Jerr]-Cerr] alkyl, err]-(err]

al koxy(Clerr]-Cerr])alkyl, Clerr]- C[err] cycl oal kyl, 25 ar
aryl (Cl err] - Ol epréferably igach Rydrbgen., R2ig|preferabiyroybicalig o a
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substltuents se gr oup, onS|s or':O.
Preferred cdhmposubstityted maléﬂ'lef&ﬂb Ylspl’ fB|0

-sqerr]- or -Chi{-é?b'i'éferamyt’ﬁdeﬁéiidﬁn'tWhyfmdgelﬂéhﬁ”dH bei ng nore pref crred.
Al so preferred are corrpou ﬁf for%]tf gt V\/ner 1A I?/err]
Rlerr], Rerr], Rerr] 35 & e, en Br’%?e?i?;?g[’lﬁczé&‘pﬁﬁ phenyl, or
3, 4- et hyl enedi ocepypositidn camphs:&g4a mﬂppbaddttﬁng/stractjai’altfermglanbire
preferred. R3 ap

PCT/ US97/ 13894 Qm%’%@r gp‘@gﬂ%ﬁﬂ%@%ﬁma@x a°ﬁ§p¥a?’%f’8f'éer’ab| y cycloal kyl or
[err] wherethh Rlerr] is pﬁfoﬁnmgpemmwmﬂmms]heqls&oiaa:lompmlmfbbnyl
or -SO[err]Reryd Lﬂéﬁ‘?&l‘%ﬂr gf?ﬂ 6ﬂa gFf Gelﬁid%rl thrripdsition useful in the

iv di rd

Rl err]-substi tute
ers a d neurodegeneratlve diseases such as

_R1s

treatme?{t of cogn
Alzheimer's disease.
- Another aspect of this invention is a method for treating a
15 cognitive or neurodegenerative disease comprising administering to a
patient suffering from said disease an effsctive amount of a compound of
formula I. | -

Another aspect of this invention is a method for treating
cognitive and neurodegenerative diseases, such as Alzheimer's disease

20 with a compound of formula | in combination with an acetyicholinesterase
inhibitor. _

Another aspect of this invention is a method for treating a
cognitive or neurodegenerative disease comprising administeringtoa
patient suffering from said disease an effective amount of a combination of

25 a compound of formula | as defined above, including stereoisomers,
pharmacseutically acceptable salts, esters and solvates thereof, said
compound being capable of enhancing acetylcholine (ACh) release
(preferably an m2 or m4 selective muscarinic antagonist) with an
acetycholinesterase (ACh'ase) inhibitor.

30 Another aspect of this invention is a kit comprising in
separate containers in a single package pharmaceutical compounds for
use in combination to treat cognitive disorders in one container a
compound of formula | capable of enhancing acetylcholine release
(preferably an m2 or m4 selective muscarinic antagonist) in a

35 phamaceutically acceptable carrier and in a second container an
acetylcholinesterase inhibitor in a pharmaceutically acceptable carrier, the
combined quantities being an effective amount.



substituted aryl, it is preferably R err]-substituted phenyl, especially 2-
5 substituted phenyl wherein the substituent is nmethyl or halo. R err] and

Rlerr] are myvebsogdory i ndependently hydrogen and - CH ERR]. AnatdmwussaAassat
of the invention is a pharmaceutical conpositgen conprising a conpound
havi ng structural fornmula |I in conbination with a pharnmaceutically

acceptabl e carri Mt her aspect of the invention is the
use of a conpoun preparation of a pharmaceuti cal
conposition useful in the tExeepewherd stalgdictherwise, Sthedeﬂowmyidefmitlon? f
neur odegener ati ve, S pect, 0
thi's i nventi on | PR ITRARNELS Hé BpeLAEsh s ans ﬁég'ﬁf?ﬁa Thegp HehRhiohS ol
neur odegener at i vevhethes sctemprigrussidiy aaelfnrme@m inationawith:othantesnss er i ng
from said di sgase an effe_ctAH@ 'B?’lﬂ’% ER ém'lgaaﬂcarﬁﬁﬂtéﬁ%ﬁn

err odegener at | vebldh o Aarbos alems N ri’s% : iaa@i oo sarhon deublsnponda
of formula | in combinati onCytloalkeh rm@‘séhtﬂ”'abamtéﬂ eafbdovbhé’hﬁgrhavﬁ'i@tsher
neur odegener at | vaod EARD %@%“?hﬁgeg el PR RebEa - Ean Satureted | ng
from said di seasa:arboey:ﬂmcmng/eommgseﬂ affa £2¢Civyoloalkyh ring #d aéCpOJgpound of
rccept abl e <1t 1RUeA8 i icipd ok dahi e AGTEUodit BT HldriS otthe
of enhanci ng acet'}ﬂgshwhﬁﬁél{bﬁmteﬁelf@a@@‘? kyliring:eary have rigtoo? substitutentsi ve
nmuscarini ¢ ant agesH|&éted o the e;sxseh .stw?%mf-‘cg éﬁﬁhﬁééb BRaRipidY of 30
Anot her aspect of this inv nt| IS, a
optionally su stltuted bridged cycloalkyl groups are 7,7-dimethyl-5-oxo-
bicyclo[2.2.1}hept-4(R)-yl (which, when the group R1€ is -SO2-(CH2)m-R21
15 and mis 1, forms a camphorsulfonyl group), adamantyl, mrytanyl,
noradamantyl, norbornyl, bicycio[2.2.1]heptyl, 6,6-dimethylbicyclo[3.1.1]-
heptyl, bicyclof3.2.1]Joctyl and bicicylo[2.2.2]octyl. |

Cycloalkenyl represents a carbocyclic ring having from 3 to 6

carbon atoms and at least one carbon-to-carbon double bond in the ring.
20 _ Halo represents fluoro, chloro, bromo or iedo.

Aryl represents optionally substituted phenyl or optionally
substituted naphthyl, wherein the substituents are 1 to 3 groups as defined
in RS, -

Heteroaryl represents optionally substituted heteroaryl

25 groups, wherein the substituents are 1 to 3 groups as defined in R8, and
the heteroaryl group is pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyi,
thiopheny!, furanyl or pyrolyl.

Polyhalo represent substitution of at least 2 halo atoms to the
group modified by the term “"polyhalo”.

30 Sulfony! represents a group of the formula -SOz-
' Sulfiny! represents a group of the formula -SO-. _

When a variable appears more than once in the structural
formula, for example R7 when X is -C(OR7)2- , the identity of each variable
appearing more than once may be independently selected from tne

35  definition for that variable.

Variables RS and RE can be attached independently to
substitutable carbon atoms in the piperidinyl ring, or both variables can be
attached to the same ring carbon atom. Similarly, when R2 is R18-



separate containers in a single package pharmaceutical conpounds for. use.in
conbi nat i on to treat cognitive disorders in one contai ner a conpound of
formula | capabl e of enhancing acetylcholine release (preferably an n2 or
m4 sel ect Wfé Brinic antagonist) in a 35  pharmaceuti cal POT/ES238%0| e
carrier and in a second contai ner an acetyl‘@'hol I nesterase inhibitor in a
phar maceutically acceptable carrier, the conbined quantities being an

ef fective amoungubstituléd 7and R‘B is alkyl, two substltuegts or one = Seg royp.
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Compound of formula I can exist in unsolvated as well as
solvated forms, including hydratéd forms. In general, the solvated forms,
15 with pharmaceutically acceptable solvents such as water, ethanol and the
like, are equivalent to the unsolvated forms for purposes of this invention.
A compound of formula | may form pharmaceutically
acceptable salts with organic and inorganic acids. Examples of suitable
acids for salt formation are hydrochloric, sulfuric, phosphoric, acetic, citric,
20" "malonic, salicylic, malic, fumaric, succinic, ascorbic, maleic, methane-
sulfonic and other mineral and carboxylic acids well known to those
skilled in the ant. The salts are prepared by contacting the free base forms
with a sufficient amount of the desired acid to produce a salt in the
conventional manner. The free base forms may be regenerated by
25 ftreating the salt with a suitable dilute aqueous base solution such as dilute
aqueous sodium hydroxide, potassium carbonate, ammonia or sodium
bicarbonate. The free base forms differ from their respective salt forms
somewhat in certain physical properties, such as solubility in polar
solvents, but the salts are otherwise equivalent to their respective free
30 base forms for purposes of the invention.
Compounds of formula | are prepared by processes known:
to those skilled in the art as exemplified by the following reaction

procedures:
METHOD A:
RS RS
OT\ /] N aBH4 HO /]
NN LN
RS R EtOH Rs R2

35 1 2



heptyl, bicyclo[3.2.1]octyl and bicicylo[2.2.2]octyl. Cycl oal kenyl
represents a carbocyclic ring having from3 to 6 carbon atons and at | east
one car bon- o ogwdsen doubl e bond in the ring. 20 PieaYuUs97/13894
represents fluoro, chloro, brono or iodo. AryF-represents optionally
substituted phenyl or optionally substituted naphthyl, wherein the
substituents are 1 to 3 groups as defined in R8. Heteroaryl represents
optionally substituted heteroaryl 25 groups, wgerealn Bhe substituents are
1 to 3 groups as defined hﬁﬁepﬁ], and the hetqro ar up is ridinyl,
pyri mdinyl, pyrazinyl, | | A’PP':‘i qg?ggyl , TXa ™~NOY yl
Pol yhal o represent2substt 8 i at_| Ras hal o atons to theygroup
nodi fied by the term "pol yh ". 30 H Sul fonyl re Epes a
group of the formula -SJ erB3a-. Sulfin);|l- l-r:epresents a droup Bf the fornula
-SO-. Wien a variabl e appears nore thangsonce in the structural fornula, for
exanple R err] when X is -C(CR[err]Hae ]-, the RMdentity of each variable
appearing nore than ond¥Xrfdy be inde | ected fromtne 35
definition for that varrabte™Varia | Rlerfr] and R err] can be attached
i ndependently to substGCatalysbl e Bar ons 1 2pi peridinyl ring, or
both vari abl es can be Baseached to“t he sane rghg carbon atom Simlarly,
when Rlerr] is Rerr]- WO 98/ 06697 l

PCT/ US97/13894 - 6- A substituted 4-piperidinone 1 is reduced with NaBH4 and the
resulting 4-piperidinol 2 is reacted with a 4-iodophenol derivative, 3a, in
5 the presence of an activator such as diethyl azodicarboxylate (DEAD) and
a phosphine such as triphenylphosphine (PPhg), to give a phenyl! ether 4.
The phenyl ether is reacted with a compound R-X-H, wherein R and X are
as defined above, in the presence of a catalyst such as copper iodide to
give a compound of formula I.

10 Alternatively, the following procedure can be used:

' R4 5

3 : R

r R,— R* Rl Lo /!

Y PPh,, DEAD Sh
2+ \X—Q__/)—OH - R )(/Lh/ l
THF ~ F I ‘g2
3b , B

A compound of formula 2 is reacted with a phenol, 3b, in the
presence of an activator such as DEAD and a phosphine PPhg to give a
compound of formula I. This altemate route is preferred when X is not S,

15 O,orN.
METHOD B: |
R* 5 : R* 5
Ra 2] RB R
ARy O MCPBA Al O~/
SO, e M ;
Rig \FH jNvpz2  Acid Rig A N~ g2
RS 5 R®

1A ©Ohe g
Compounds of formula I-A, wherein X is S, can be converted to
compounds of formula I-B, wherein X is ${O)., , by treatment with an
20 oxidant such as m-chloroperbenzoic acid (MCPBA) in the presence of an
organic acid such as methanesulfonic acid.



substituted cycloal kyl and R err] is alkyl, two substituents or one.=0
group may be attached to any of the nethylene ring nenbers. In the
definition of R20, any of the substituents having an aryl or heteroaryl
portion ca¥0WB80eahstituted by 1 to 3 R3 groups on 5 . substi PGTAISPHELIIBMNg
carbon atons of said aryl or heteroaryl grcﬁl'ps. Compounds of this invention
may exist in at |least two stereo configurations on the carbon to which
Rl err]. and/ or mt_@;ached, except. when R5 and Rl err] are attached to
t he sane carbon an regdentical. Fyr tedtiGi €0i sorregi smis present when
X is SO or C(OR eR])Ferr (maﬁthMY gr ou e not tIgs sane).
Also within fornula J nuner UR(IBIO)gr possi bi I\ /.
st er eoi sonerismg Al lj| siblle s eremsomar,;f of f orgrul al| e%thi\‘nthe
scope of the inve Cormpguad~ ~gf 1 g can Mexg gTNEA uns JJ‘N*‘jﬁzaS
wel | as solvated forns, inclggling hydra;é ﬁforms I n general, RBe sol'vated
forms, 15 w th phar macehQ cally accept bl ® sol vents sucdh as water, ethanol
and the |like, are equivalent to the anbaClBHad forns for pur poses of this
i nvention. A conpou . I tabl e
salts with organic gggﬂ{pr?;u?{d%f?ogr& ‘é&mﬁeswwgﬁoﬁél%ﬁfﬁ for salt
formation are rwbeleolsl%sugablemnregeprmﬁ@nbm@rowmenarbbe transfermezbinto
mal oni ¢, sakli cy, m;
sul fonic an§ derﬁp?n%'? gI 8 ox_xl | cd"gglt 56%??‘@ %I‘Hﬂpeuﬁd%r{géﬁs | ed
in the art. Thé’%'l‘%n%rfﬁ W ;PrYe'Z? gdhne zesylting pireriding withsa ketona;5 W|th a
suffici e_fll_';] a][munhem‘ Ri emddRs toget hepwﬁhtmemtadn@decamlfbnhra h?hé@é&@titﬁ onal
manner . e fre e _sa
with a suitabl Sﬁ?f??é&ﬁﬂ%&%i@5@%ﬁﬂ%e@h%ﬁ%%@sﬁ#@%&cﬁ%@ B8 i um
hydr oxi de, pot detiaisopraptxide: hearesulling iminiumliionrisbireatedowith a retueirfg ee
base forms 1 ff ghedt’SBH 46 NaGNBRAG tb/give 8 ¥ompdlintPof formula 1
METHOD D:
a R s R*
R I o] /R5 1) Deprotection R I o)
SRS EE N S
/\/N ) base ) /\/N
3 L O
. E N,
-D Y G

Compounds of the formula I-D, wherein Y is a protecting group, are
prepared according to methods A, B, and/or C. Compounds of formula I-D
15 are converted to compounds of formula I-E by deprotection under
standard conditions, followed by treatment with a reagent G, wherein G is
R16aL, wherein R162 is as defined above for R15, except itis not H, and L
is a leaving group such as Cl or Br; or G is R15aNCO, wherein R152 is as
defined above for R15, except it is not H.

20 METHODE:
4
R3 — Y R — R
= PPhs, DEAD 5
2 + CHacONH—WOH i ided) CHaCONH"’\__/)‘O /R
THF o rl
3c . Rs/v g2
a R“

1) 6N HC), heat
> Q- I-F
2) RQ-L /V Ng



somewhat ‘in certain physical properties, such as solubility in polar
solvents, but the salts are otherw se equivalent to their respective free
30 base fOVOBS/96597 purposes of the inventior, Compounds of fQIGHNYN3&Me
prepared by processes known to those skill ed™™n the art as exenplified by
the follow ng reaction procedures: METHOD A [err] WO 98/ 06697

PCT/ US97/ 13894 -7- A @bﬁbbbhﬁgfbf'fomWErllﬁllewiQ B -GEOI-UGEISQQI, larélaBH4 and

the resulting 4-pi nal rivative

e 1 oog tng - BeBRRd Y frdt piBpafifg i Comnblind gf 1bRGIRS DSind. s sipicatiires
(DEAD) and a phosjescribedin isteps 1 mindl2 of methed W. n€hé RBoundobiornnula Bhisny!

C e et e Db RSy S0 1 AR IS W S RURC R B N iR and X

are as defined a Sence o such as copper 1odi de

to give a conﬁour&llllme derwm\ee is. acydated or sumnaée%wlth/@n Retivate tﬁag@m ng

rocedure can be (Hgay r nol ,
gb edure iyl é d\osﬂmumke?éﬁ&asib&v?ous?yaeﬁﬁwob%ha démgﬁ3 to

gi ve a conpound @W@r ﬁﬁ&’f!ﬁtl& tqrﬁfglééﬁt‘]ﬂgﬁﬁ m%oggnﬁégﬁhl
not S. 15 O or MNf dtivhtdd RBagents include RCO-halogen, RCOOCOCHS, ROCO-
halogen and RSQ2-halogen.
10 As indicated, in the above processes it is sometimes
desirable and/or necessary to protect certain groups during the reactions.
- Conventional protecting groups, familiar to those skilled in the art, are
operable.

The above reactions may be followed if hecessary or desired

15 by one or more of the following steps; (a) removing any protective groups
from the compound so produced; (b) converting the compound so-
produced to a pharmaceutically acceptable salt, ester and/or solvate; (c)
converting a compound in accordance with formula [ so produced to
another compound in accordance with formula |, and (d) isolating a

20 compound of formula }, including separating sterecisomers of formula I.

Based on the foregoing reaction sequence, those skilled in
the art will be able to select starting materials needed to produce any
.compound in accordance with formula 1.

The compounds of formula | exhibit selective m2 and/or m4

25 muscarinic antagonizing activity, which has been correlated with
pharmaceutical activity for treating cognitive disorders such as Aizheimers
disease and senile dementia.

The compounds of formula | display pharmacological activity
in test procedures designated to indicate m1, m2 and m4 muscarinic

30 antagonist activity. The compounds are non-toxic at pharmaceutically
therapeutic doses.

For preparing pharmacettical compositions from the
compounds of formula | capable of enhancing ACh release, and ACh'ase
inhibitors, pharmaceutically acceptable inert carriers are admixed with the

35 active compounds. The pharmaceutically acceptable carriers may be
either solid or liquid. Solid form preparations include powders, tablets,
dispersible granules, capsules, cachets and suppositories. A solid carrier
can be one or more substances which may aiso act as dilutents, flavoring



Conpounds of formula I-A, wherein Xis S, can be tonverted to conpounds of

formula I-B, wherein Xis S(0)[err], by treatnment with an 20 oxidant such

as mchl oroperbenzoic acid (MCPBA) in the presence of an organic acid such

as met han®¥Q98B692 aci d. WO 98/ 06697 PCT/US97/13894

PCT/ US97/ 13894 METHOD C. [err] Conpounds of1@-ormul a 1-C (prepared by Method
A and/or B), wherein Y is a suitable nitrogen protecti ng group can be

transformed int Qgﬁnts SONINLEIS, mnbn‘cahwlsas%eMng &eo,p{gz,t,actl ng

group under sta ard c ndltlo reacting the resul
pi peridine wt h Heg ?\ﬂ@rgrﬁfﬁﬂ\% "'? e materials h the

attached c?r bon for m R er rl.quilffennqirepamtlons mclaﬂersdmmrmgrsus?ﬁneréhs' ih
of alL t Sopr opoxi de e resu |ng
i um i on 1s BHisaBESy 4 a1 eBamin Ahay Be mbiiieil nakT or Waterabiaryiangi v a
conpound of & or glycal solutimsidor pafenteial (kjegtiomds of the formula |I-D, wherein
Y is a protecting group, Lo ie ad/
Corrpoungs of formula I -D ﬁl)@og‘ﬁe coﬁgggé@dfd'ﬂgg oun %?’%%ﬁ éegy
depr ot ecti on untRebe MHGBPG: shertly thedore usete dauid preaamimsﬁor either
reagent G wher gidl &pmﬁ{a@fm]ddmwmbn S fiquii8 16! dlﬁt?&'gﬁ fOf

| G
et XD hhendihe ook, Thopadi %ﬁnd&pamqrepemms & i s

not H. 10  most conveniently provaded in unit dose form and as such are used to
provide a single liquid dosage unit. .

The invention also contemplates altemnative delivery systems
including, but not necessarily limited to, transdermal delivéry. The
transdermal compositions can take the form of creams, lotions and/or

15  emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose.

Preferably, the pharmaceutical preparation is in unit dosage
form. In such form, the preparation is subdivided into unit doses
containing appropriate quantities of the active components. The unit

20 dosage form can be a packagéd preparation, the package containing
discrete quantities of preparation such as packeted tablets, capsules and
powders in vials or ampules. The unit dosage form can also be a capsule,
cachet or tablet itself, or it may be the appropriate number of any of these
in a packaged form.

25 The quantity of active compound in a unit dose preparation
may be varied or adjusted from 1 mg to 100 mg according to the particular
application and the potency of the active ingredient and the intended
treatment. This would correspond to a dose of about 0.001 to about 20
mg/kg which may be divided over 1 to 3 administrations per day. The

30 composition may, if desired, also contain other therapeutic agents.

The dosages may be varied depending on the requirement
of the patient, the severity of the condition being treating and the particular .
compound being employed. Determination of the proper dosage for a
particular situation is within the skill of those in the medical art. For

35 convenience, the total daily dosage may be divided and administered in
porttions throughout the day or by means providing continuous delivery.

When a compound of formula | capable of enhancing ACh
release is used in combination with an ACh'ase inhibitor to treat cognitive



20 METHODE: WD 98/ 06697
PCT/ US97/ 13894 Conpounds of forrmula I-F, wherein Qis -CO or -S(err]-,

are prepar ggoB¥ndder St Preparing a conpound of fornula 5 usi ngedi76s97/13894
procedures described in steps 1 and 2 of nethed A. The conmpound of formula

5 is then hydrolyzed to an aniline with strong acid such as 6N HCl. The 5
(RO [orr10 of  REROrgRHaSee fud actilp SBhEierth wad By YepiBidiared ™ o
above, agd Lis simqbarrewsjy ousequentially,horl a gingle rpharninaesatigal. cdmposities of
activated reagent .

RSO[ err] - hal ogen.csﬁf’r}%'ﬁgjg m%%ﬁ%’i’ﬁ@%ﬁ%‘? %85@*@%@9?%@?% S
soneti nes desir aand am&CGh'ase inhibitorint @ phasmaceutieally-acceptablescarier cgntbee
reactions. ven ot ' Henks iﬁé*%:'b' Shel Ly t he
art, are opgg;bl %h@ﬁ%;%‘y%&eﬂféebgtﬂ}%s mat()f be . omng@r%@?lggz{dsﬂrn;ﬁgtéa
desi red 15 by ofidivualy or gether inery.sayestienat orel or pareiera) dasge form
Bompound S0 pr oa e e o R ey OOt g or
sol vate; (c) conSHPPPSItPHY: E%ﬁ%cﬁﬁéyﬁ éi‘;ﬁgt’i‘gggﬁégi\ﬂ?ﬁ? mea'q ‘@Ef”d‘f'ﬁ)ﬂuced
to anot her conpowange froae 00datoctOOMgrkgdodyl weight.and (d) isolating a 20
conmpound of rula 1, inclyd) r @k |+ f a 1.
Barsne)d on the{(?or egoi ng reawowgéggﬁr@éeélg%%bg@ﬁi'?%gghfpr!ﬁgﬁeﬁg will be
abl e to sel ect sfellawing prapafations and:exampleswiirh-sheid not be construed to

limit the scope of the disclosure. Alternative mechanistic pathways and
analogous structures may be apparent to those skilled in the art.
Example 1

| QSOOG |
CH30
N THF . N
T . O

Add NaBH4 (1.2 g) portion-wise to an ice-cold solution of N-cyclo-
hexylpiperidine-4-one (7) (10.5 g) in ethanol (EtOH) (200 mL). After the
addition is complete, remove the cooling bath and stir the mixture for 24 h

20 at room temperature. Remove the solvent and partition the residue '
between water and ethyl acetate (EtOAc) (125 mL each). Dry the organic .

layer over MgSO4 and evaporate to give 9.0 g of the crude product 2
which is used directly in the next step.

Step 2: ! DEAD | o .
PhsP
2 + AL \O
OH N
SIS

25 To a solution of 2 in THF (150 mL), add 4-iodophenol (3) (11.08 g)

" followed by PPh3 (13.1 g). Chill the mixture in an ice bath and slowly, with
stirring, add a solution of diethylazodicarboxylate (8.75 g) in THF (10 mL).
Stir the resulting mixture overnight while allowing to warm to room
temperature. Evaporate the mixture to dryness and take the residue up in

15



conpound in accordance with formula 1. The conpounds of forrmula | exhibit
selective nferr] and/or m4 25 nuscarinic antagonizing activity, which has
been correlated with pharmaceutical activity for treating cognitive

di sor der SV Al zhei mers di sease and Sﬁ$l|e denenti a. NHPMds of
formula | display pharmacol ogi cal activity'Tn test procedures designated to
indicate m, n2 and m4 nuscarinic 30 antagonist activity. The conpounds

are non-toxic StOMica(250arall).iWash the EtOApenith tNA4CEH 50FaL), g over Mg

ggﬁ;gglcﬁgt lAc(;:ﬁl Pﬁp%&gnds Eﬁ asﬁaﬁﬁgﬁ)g%augﬁgr%ﬂﬁsbaﬁﬁ%a %‘bt abl e
inert carriersgal@lating with BiQAc follovesl bn&l-tla@z&s%bammusrh&-ls (100:3:1)

phar maceuti cal yy qffef gi%m ciuers may be either solid or liquid. Solid
form preparati ong i_ncl E ers, aial et di sBer si bl e granul es, uI es,

cachets and suSieRs Jrieata sR'”S'GPle 4 mz@ﬂeﬂ’ﬂ@b«bﬁaﬁa
whi ch may al 50(4@3 M) ChrldJKQOUé (1f0 Q)’i?f 'DMPU (Qmﬁﬁﬁaéﬁﬂz in an oitbath at

PCT/ US97/ 13894 ubricants ng agents,

bi nders or tabil 8?’ %ﬁ?"é’d‘f‘%f‘r réw tf"t ﬂﬁ&/‘emp:%éﬁ’é ﬁb&ﬁﬂgﬁ'ﬁ- ng

material . Li qunﬂoﬁm maﬁee(?@Oameaad f‘merumeswemeonet solidsipeOAG ¢7G Atl),

enul si ons. n P

gl ycol soluti on;s& ?or pﬁé? nga\gﬁmeéctg %ﬁ&}@%rﬁultﬁﬁﬁ{&w{l@ 3’\)&?’% S(gm

preparat i ot wflagh gsade .sﬂnpgrggé,delutlng with EtOAc to give 0.45 grams of oily product.
Convert to its hydrochloride to give a solid, mp= 223-224°C.

In a similar manner, using appropriate starting materials, the
following compounds are prepared.

o,
JregeN< I
1A HachN O\J Mp = 138-139°C
1B 2 HRMS
O NO_O J
% ﬁ“ O\Q calc'd: 431.1971
0 ' found: 431.1965

1C HRMS
{ :@(‘L ’@_ O p calc'd: 445.2127
found: 445.2129

10" HRMS

0\(:?
] ] calc'd: 479.2910
CHs. ~O~<

found: 479.2904

" 1Cwas _prepared by adding NaH (0.005 g) to a solution of 1B (0.05 g)

15  at ambient temperature and stirring for 20 min. CHgal (0.017 g) was added
and the reaction mixture was stirred for 2 h. The reaction mixture was
diluted with water and extracted with EtOAc. The EtOAc. layer was
separated and concentrated, and the crude material was purified by silica
gel prep. TLC, eluting with acetone/CH2Cl2 (1/4) to obtain 1C (0.027 g).

20 ™ 1D is prepared from 1C by debenzylation, followed by reductive
amination with the cyclohexanone derivative.



to be converted, shortly before use, to liquid formpreparations for either
oral or parentertal admnistration. Such liquid fornms include solutions,
suspensi onswaséhgegad Si ons. These particul ar solid form prepar CTUs97/2389%4 10
nost conveniently provided in unit dose forri3nd as such are used to
provide a single liquid dosage unit. The invention also contenplates
alternative delivery systens including, but not necessarily limted to,

transdermal delivery. The transdernmal conpOsi©i can take the form of
creans, lotions and/or 15 enulsions an ‘oé :;-e in a transder nal
en

patch of the matrix or reservoir typea ti in the,art for
this purpose. Preferably, the phar@QBgod pr epar at uﬁqit dosage
form In such form the preparation iIs subd0/| ded into un| ses

cont ai ning appropriate quantities of the acfliv onents The unit 20
dosage formcan be a packaged preparat| ont ai ning discrete
quantities of preparation such as qo'%aél tabl et s, gap i andBpowders in
vials or anpules. The unit dosage can also be a C ps cachet or
tablet itself, or it rra%bi@ pproprlate nunber of any these in a
packaged form 25 uantlt?/ of active co ound in uni t
dose preparation may H'éeﬁtdhﬁéﬂogu j Examapler 1 200 mg) in@ Q&%ﬂﬁ@ﬂ&)dﬂlﬂ@ to
the particul ar amlac%h Hﬁoqnsstn!@ mﬂ%ﬂﬁthé)i‘esftjhﬁlg?‘ﬁﬁxtuféb pel the

20 mgi kg whi o niEFRErAS: dotidte e maRRGS i wAts N, Brsfl B&&(ﬁ i ras%”t
conposi tion By, the solation adth EHxGlg (@ X80 mii)h ddrytthe rcombined argantslayirsa
dosages may be valeMdions aRl PRk GHMROBIRA ot BFARILE YR i

severity of the cond el ng rea ar conB
enpl oyed. DeternpfﬁﬂqmwaBﬂYSHBOWQﬁ)éﬁM dﬁsae@tan@punt of sulfoxid (Using 82

mg of NaBO3s*4 H20 resuits in the sulfoxide B predominating.) Separate
_the sulfoxide and sulfone by chromatography over flash grade silica gel,
10 eluting with CH2Cl2:EtOH:aqueous NH3 (100:3:1) to give:
.A: mp= 250-252°C (HCI salt); and
B: gummy solid. :
Example 3

m“@%am

mms prryt-Oroy
| o N-goc
trifluoroacetic acid
CH2Cly

s
) g,

Treat a solution of compound 5, prepared via method A, in CH2Clz
(15 mL) with trifluoroacetic acid (3 mL) and stir the resulting mixture 30
min. at room temperature. After evaporating to dryness, add the residue to
1N NaOH and extract with CH2Clz. After drying over NapSO4, evaporate
20 the solvent to give 1.0 grams of compound 6.



particular situation is within the skill of those in the nmedical art. For
35 convenience, the total daily dosage nmay be divi ded and adm ni stered |n
portions throughout the day or by neans providi ng continuous dellverx

a conpounHWBP’&ﬁfhula | capabl e of enhan0|qg ACh rel ease isPF

conbi nation with an ACh'ase inhibitor to tT'€at cognitive WD 98106697
PCT/ US97/ 13894 di sorders, these two active conponents nay be

co- admi ni st er edStEpn® ta’rwa)mkwrerobeqmdudldf)StepﬂandSNme é cal

"ol base and an RvRCt: (I AEIARE HelnicRl BMaRobriiaBie fa 3 gﬁ Aatng

can be 5 adm rmmtureeavemghtatrfp@metweratwae Teothis mixtues, NlaENBHa
adm ni stered i I 0
par ent er al dos%epﬁ g?lm suc‘??H p}g%ﬁd hffr re‘é WQHQPNE f8f13 QHSQ nsi on,

solution, s pp

e g amias o AR NSO B oo o Rehecti 0B )
i nhi bitor may ram@stif P K. 9%:«1% ﬂéahnasa/ddtga)&ﬁa& tN@f'[il"HtewW\ EtOAc. After

2nd exanpl es. IR AGer NaHECydopNE Paconentiand pldnecspbloy he
di scl osure. Al tehromatographyitargiee 132 gtdfihy titterdmpaindyous st ructures may
be apparent to .e e 1 [err] Add NaBH4 (1.2 g)
portion-w se toﬁchgngoé dggg lﬁﬂb fg%d'l\l- cygﬂo@s hexyl pi peri di ne-4-one (1)
(10.5 g) iAQethanol (Et OHN @ zdoilanmanner,dising appenfiriate starting angledials, therove
the cool ing batﬁlléﬂﬁnébbﬁwpbﬁﬂd%’ﬁrﬁb&réd?r 24 h

Os " HRMS:

| calc'd: 500.2471
N\q found: 500:2465

Example 4

Q'ﬁ

Ji)f Cﬁ}@

O CHj
15 Step 1: Dissolve the product of Example 3 (0.55 g) in CH2Cl2 (8 mL) and
add CH3SOg3H (0.2 mL). After stirring for 20 min., add MCPBA (0.93 g of
50-60%) and stir the reaction for 4 h at room temperature. Add the
reaction mixture to 1N NaOH (50 mL), stir for 30 min. and extract with
CH2Clz. Dry the organic layer over NaHCO3 and evaporate to obtain 0.45
20 grams of the desired 1,4-bipiperidine derivative.
Step 2: To the product of Step 1 (65 mg) in CH2Cl2 (2 mL), add
triethylamine (EtsN) (0.5 mL) followed by o-toluoy} chloride {35 mg). Stir
the reaction mixture at room temperature for 1.5 h under N2, then apply
directly to a preparative silica gel TLC plate, eluting with 5% CH3zOH in
25 CH2Cls to obtain 60 mg of the title compound.
HRMS: calc'd: 563.2216; found: 563.2211.
In a similar manner, using appropriate starting materials,
compounds of the following structural formula are prepared, wherein the
‘variables are as defined in the table:



20 .at roomtenperature. Renpve the solvent and partition the residue
bet ween water and ethyl acetate (EtQAc) (125 nL each). Dry the organic
| ayer over WBSgHsgyyd evaporate to give 9.0 g of the crude proRPOTAUSE/13894 h

is used directly in the next step. Step 2: 285- To a solution of 2 in
THF (150 L), add 4-iodophenol (3) (11.08 g) followed by PPh3 (13.1 g).
Chill the mxture in an ice bath and slowy, with stirring, add a solution
of diethyl azodi carboxylate (8.75 g) in.} ). Stir the resulting

m xture overnight while allowing to war'mt om tenperature. Evaporate the
m xture to dryness and take the residue up O WD 98/ 06697

dry over MgSO4 and evaporate. Chronatograph tHe rfsidue on 450 g
flash-grade silica gel, eluting with Et CAc fol d by

CHerr]d[err]:EtOH aqueous NH err] (100:3:1) tQsgive 1.5 g of product 4. 5
Step a: Heat a solution of 4 (0.58 g), 4-nethoxybenzenethiol (0.42 g), Cul

PCT/ US97/ 13894 -12- Et OAc (250 nlL). MWash thw‘mlﬂmth 1IN HC (150 ni),

(47.6 ny), and Klerr]COlerr] (1.0 g) in DVPU (O m) under Nerrl in an
oi | -bath at 140{1gp[prr]C Ror 4.5 hx A?ter coqq.’eng to rfoga, t ENRST it HRMS
pour the m xtur Info ice water} (700 (1.) and filter. Sﬁ e the wet
solid in EtOAc (Z0 n \ dUL n\/pr MypSQ4 tand evanorate Hurt the gesultjnd
mat eri al over 25 Ao h prade-4ili Ln EH4t i ng,w ;hHEt
gi ve 0.45 grams o? Convert '\g slydr ocHl ori dp t 7ﬁg§93
solid, np= 223-’;24[e r]C In a s m | ar {manner® using agpr opr ate
materials, the - alc‘d
48 HaCOO‘ S0z CHa HH1 H 15372003
N CH3_ found:
§37.2097
. jcalc'd:
4C Haco-@- -§02- —CN-@OCHZCH" HH| H 5032216
(o) found:
503.2214
calc'd: |
| o -S02- t\ -CHs HHI H 562168
o NYNH tound:
_ o 516.2171
R Ha ' caic'd:
4E <°_ -802 (f 3 HHI H g5 2301
o N CHg, tound:
| *° 545.2325
(o) .
. caic'd:
o) X found:
(o) 565.2007
calc'd:
o ’ %o . | found:
. 551.1886
calc'd:
4H | P -S02- —CN J | HHL H ga1216s
o "0 found:
0 531.2172
. calc'd:
al e -S02- __CN, Q HH] H |g42165
° "g\o foung;m
' 578.
lc'd:
4| 0 -S02- N-_O. CH HH| H |57 2008
3 -
<OU _C ﬁé ™ found: y
_ 517.200
caic'd:
4K <° -802- HeC HHY H 15792165
o -CN found:
| o 579.2160




fol |l ow ng conpounds are prepared: [err] 1 C was prepared by addi ng NaH
(0.005 g) to a solution of B (0.05 g) 15 at anbient tenperature and
stirring for 20 mn. CH[err]l (0.017 g) was added and the r ,bl on _nm xture
was stirrBPIN66Y b The reaction mxture \4@5 diluted with &gf v
extracted with Et OAc. The Et OAc. | ayer was ‘Separated-and concentrated, and
the crude material was purified by silica gel prep. TLC, eluting with

acet one/ CHz2Cl - ) btaln{l 0.1027 20 1 I,$ {pr,.epdicaddi rom 1C
by debenzyl atijo (&T @@/ gLfSC%I v ANyt Pl'ﬁi cﬂl dlfsex%rzaae
derivati ve. 0 ound:
PCT/ US97/ 13894 -r-ea-t-—t-be—p:—egea—e&—éjam-e 243324y 30
acetic acid (4 &M jw QerrBOéﬂﬁo (155 iH, Hlhe Hes n 1132
m xt ure over nijght t<r errperature @e [ure WMth v Bd
basify with Kllerr] €®rrY. Extdact 5 on wigh CHjerr] & gr1r9]33 (G2 x
30 nmL). Dry tHhe cofbi ned organijc Iaqus 0\@‘? *ygSCIerr andjevapqrate to
gi ve 200 ng of ' ' wWCi s pFeuum gty rs o | AUTF o a
lesser anount joRNs{l {0 DyB. (US _@J of er} P Hibo HedgEs gsae |t he
sul f oxi de B prledomi} neg+ Sefar at e I‘jﬁ;xﬂﬁe and sul one tyound:
chr omat ogr aphy ovell fl ash gradd sili ca gel , o01(Pel utinl wit 551.1885
CHerr]C[err]f - ggueaus, NHleldd  (1100;3; 1)chin.CHhy e w P34 296aldd2] edr] C
(HC salt): a 4 : g?n%a i d. SH ‘C"'J DO} HH [PH 565.2042
o z,se found:
565.2029
R . (o) caic'd:
4P <°:©’ SO2 HH| H |59 2008
o —CN 0 found:
529.2007
calc'd:
4Q (0:©/ -S09o- t\ o) H,H H 543.2165
(o] N‘(O found:
o 543.2165
' ' calc'd:
4R <0:©r -S02- \O CHy HH1 H 15191624
o} N_S found:
- xr 519.1634
calc'd:
4S <0:©/ -S02- \C?q ?Ha HH] H 516.2168
_NO found:
° I oHs 516.2171
calc'd:
AT <0 -S0»- HH| H 5901886
.0 : found:
N\s 599.1883
/2 \\o
_ CH caic'd:
4U <° -SO2- ‘CN /7% |HH| H 555 1838
o ~s=N{ found:
o o ©CHs 552.1831
calc'd:
4v <° -802- HH| H |gs0.2561
o) - found:
- 659.2557
Nag -
'C S o
~ calc'd:
Wi e -SO2- HH] H 16592461
o) found:
659.2444
N<
O )




Exanple 3 [err]

in CHerr]d[err]
resul ti ng nNWo9s066%0 mi n.

15 Treat a solution of conmpound 5, prepared via nmethod A,

at

Af ter

i

evapor at

(15 m) with trifluoroacetic acid (3 mL) and stir the

room t enper at ur PREUSB7/13894

dryness, add the residue to I N NaCH and extr with CHerr]d[err]. After
dryi ng over Na2SO4, evaporate 20 the solvent to give 1.0 granms of conpound
6. WD 98/ 06697 .
-14- Step 2: To| i [xtAl t he| p*B&0 trmlico and N BoC -
in CHerr]dJerf] (10 p add t]taniu opoxijde (3f4 fond: st ifr
the m xture ovefni ght at room tefperat §re. $| soBHxtjure, pdd-
(0.74 g) in CH{ H (4 ) _andistir an undpr N2 tor h.__Qiengh
5 the reaction ' I Xt prgoat |1 OH L)l BnE Et |AC mi)
and stir for 1 mmrea:tig% nd-lzexlﬁr he fliltrafe wi Q‘I};%%
After drying ov er’], repove the s sat d pdrify fhe re B DY
chr omat ogr aphy e 1.32 g offthe title cOrerlS%g HRVS: cple' d 6. §aé’
500. 2471, found % i a simlar npef . (Hs| cdc'd:
appropriate sta fil s, R2CR51 I o ound }i §” Efapgtje 15498059
Step 1: Dissolv of anrrpl 3 in GHerr|d[e %m.)
and add CHerr] p r]H (0 2 m)] Afte} stirrgng for 24 mn.| add 1
Eg.eQS g of SO-GB?AA IUOSTTF The ?ggta.r n_ré i aéHro & e' ehat J?gg-tgxzu
% sV |y found:
o" ‘o 565.2045
" - caic'd:
4AB (0 -S02- CHa.| H 15792165
o} U H found:
: 579.2181
YO
o]
_ calc'd:
4AC <0 -SO2- _CN\ A~ CH3,| H |51 1888
o} _ s, CHs H found:
Jgd%o 551.1890
4AD (0 -S032- \C\ . |-CHa,| H ?[t;.%:372
0O N, ,( ) H found:
.. . §77.2370
O CHg
_ calc'd:
4AE <0]©/ -S02- \O -CH3,| H [553 0016
o N H found:
i 563.2228
)
aaF| O -S02- \C\ -CHa,| H |Ze%47s
o . NYO’SCHS H found: i
3 canCHs 559.2472
4hG (0 ~S0z- \O H, H |-CHa gggg:szs
{1 o) N found:
0 597.1840
Cl (isomer E)
“al o -S0;- \C\ H, H |-CHa| 225 % s
@] o : N\|(© found:
587.1840
O c (isomer A
4AH <0 -SO2- \O HH} H gglg.c::s_m
' o N found:
583.1666
o ¢




reaction mxture to 1IN NaCH (50 niL),

CHerr]CJerr].
0.45 20
product ofW¢

Dry the organic | ayer over

stir for

30 mn.
NaHCO3 and evaporate to obtain
rans of the desired 1, 4-bipiperidine derivative. Step 2: To the
BB5%97 (65 ny) in CHerr]Cl[err], (2 m), add tri ROHASHIIA4

and extract with

(Et[err]N) (0.5 nL) fol lowed by o-tol uoyl dfForide (35 ng). Stir the

reaction mxture at roomtenperature for 1.5 h under N2, then apply

ng

directly to a prepdragl VR SJ 1 da I C plate, erutt TS9%07CH-e++oH
in 25 CH2Cl2 3ﬁ8ttq| n gy of'ﬁ%’ i nd. ﬁ% ca '21;?'164
563. 2216; found: 543.@ZN~" In g siml si ng| apprdpri atj{gogddarti
materi al s, conpounds of the folll ow ng| strucgur formpul a arje pr qmarads7
wherei n t he varrapires—are—as—deg+e ; MO0/ 0ERG7
PCT/ US97/ 13894 4A${ [@ W) -oHH HH| H [calcd
PCT/ US97/ 13894 - 16 ERR N found:
O CH, 1613.2760
aak| o -CHo- _ calcd: -
| ( 2 b HH I H 352207
o] NoAS tound:
o o 533.2217
4AL O - - CH - calc'd:
< :@ S02 3 CHa.| H |5g3.19s7
0 n M H found:
_ s 583.1939
o)
4AM 0 - - CH calc'd:
< :@ 802 } HH] H |g60.1780
o N AN found:
s 569.1773
O
4AN 8] - - . calc'd:
1 ¢ U SO2- \C\ CHa,| H |s67.1826
o X ' N H found:
o ¢ . 597.1846
‘4A0| © - - caic'd:
¢ S0z t\ H o HH1 H 15762325
o] NY found:
o 578.2313 |.
4AP O - - - calc'd:
Y :@ S0z \O N ¢ HHI H g9 1770
o} NV @ found:
o 598.1770
4AR| O - - calc'd:
( :I:)/ S02 \C\ HH] H 5775372
o} N CH found:
o &y e -| 577.2358
3
4 O - - . caic'd:
AST ¢ U SOz \C\ CH3,| H |591.2520
o N cH H found: -
o 3 591.2523
. CHj
4AT! © . - . ; calc'd:
¢ U S0z \O CHa.l H 15912520
o] N -CHa found:
o) CHs §91.2530
4 O - - calc'd:
AU ¢ :@/ SO \Q @ HH| H 509.2216
o) O found:
o 599.2205




WD 98/ 06697
PCT/ US97/ 13894

PCT/ USO7/ 13584808697 [err]
PCT/ US97/ 13894 [err]

PCT/ US97/ 13894
Method A) in t

m xture to anbi
reaction m xtur

ey

Jt@t}i@/ wat ¢rHgds
N

O  CFy

-17- [err] [err] WO 98/ 06697
[err] WD 98/ 06697 PCT/US97/13894
WD 98/ 06697 -19-
-20- [err] 605) Dissolve conpount 7(0.57g)(prepared via -
oM HE-ae-the—Heat 7.1t +00ferr€-for —Cootrth "%f_(}n
S @21 /ﬁﬁ)g

617.1933
found:
617.1920

ey

-SO5-

G0

o OCH3a

-CHgs,
H

calc'd:
593.2321
found:
593.2324

ey

-CHop-

Ty

o OCHa

H, H

calc'd
{(M+1):
529.2702
found:
529.2720

~ ey

| -s05-

-CH3,

calc'd
(M+1):
613.2372
found:
613.2382

= 2xy

-S805-

j@

H,H

{m.p.=
72-74°C)

ey

-SO5-

AN
N

o

H, H

.} calc'd

{(M+1):
600.2168
found:
£00.2162 |

= ey

1 -SO9o-

rers

HH

calc'd
(M+1):
635.1886
found:
£35.1889

ey

-S05-

Py

o)

Cl
N._CHa
oY
S
O

H, H

calc'd
(M+1):
676.1554
found:
676.1569

e

-SO2-

‘Oug,ﬁ

H, H

calc'd
(M+1):
614.2325
found:
614.2340

ey

-805-

Q

o N\'

HH

calc'd
(M+1):
600.2168
found:
600.2162

4BF| ©
<

o

-S0»-

je¥e
°Q

HH

{(LRMS
(M-1):
found:
623)




NaOH and extract with Et OAc. Separate the organic | ayer and concentrate to
give 0.41 g of product [err]. 10 Step 2: Add 4-net hoxybenzenesul f onyl
chloride (75 ng) to a solution of 100 ng of product 8 in THFréFS m_)

cont ai ni ngVEY8MEE74 ng) at OC. Stir the reagtion mxture ov@GHEHTAHN
warm ng to anbient tenmperature. Pour the r&Ction mxture into

hal f -saturated NaHCO err] solution and extract wth Et OAc. Concentate the

organic | ayer Bnm Ur Ty on SiTfc ef, U ST TI{CRMBL T} I N
(96:4) to give %@Grgé&:@tit St ﬁ}\ @ E&( | leka)) . |
WD 98/ 06697 o) : PCT/ yS97/ 1j38¢ad:- 21}
In a simlar npnner{, using apprppri at |

materfal s, fthe f|d9dwi ng
conmpound is prgpargqd: [err] Fol [ b of tlhe

phar macol Og| cal—tedt. .5 a¥ ocedurks SCAL = LAGCTLVL I The CORPO nd
of interest is|&BHt|edO A s apiSObsy ™Qhi [ fCH3,q tHe ed
human nm, n2, pB8 a d$ caripi : Tt]_? qour ce 51'43
receptors in twesSJst di €s wer g nmenbr pnes 1 [ orn st abl'y t{r ansflagms D
cell lines whikh re expressing each|of th® ré&ceptor|subtypes. Fea1lmson
%i S| jroglcd
.4 ((MatEEr PB).
found: 6

The hongenat es| wer ¢

caic'd
5 NN H 614.2325

found:

grow h, the cell, 'vler.g pgll eted ¢ shbsequeyt | ychorm;%niﬁ
Pol ytron in 50 \? um(slo /K ph buffgr,” 'p
o I N; {
S
o)

o 614.2334
48K | O -802- \C\ ,/% CH3,| H |SeT
5 N_ASAN H 614.2325
0 2"1‘2'32:3_28_
Example 5

| o
: o
T O w I G
CH3CONH N NH; ‘O
, 8

5 Dissolve compound 7 (0.57 g) (prepared via Method A) in 6N HC!
and heat at 100°C for 5 h. Cool the reaction mixture to ambient
temperature and ditute with ice/water. Basify the reation mixture with 3N
NaOH and extract with EtOAc. Separate the organic layer and
concentrate to give 0.41 g of product 8.

10 Step 2: Add 4-methoxybenzenesulfonyl chloride {75 mg) to a solution of
100 mg of product 8 in THF (3 mL) containing EtsN (74 mg) at 0°C. Stir
the reaction mixture overnight while warming to ambient temperature.
Pour the reaction mixture into half-saturated NaHCO3 solution and extract
with EtOAc. Concentate the organic layer and purify on silica gel, eluting

15  with EtoO:Et3N (96:4) to give 50 mg of the title compound. M.p.=112-
118°C (HCl salt).



centrifuged at 40,000 x g for 20 mnutes at 4[err]C. The resulting 15
supemat ants were di scarded and the pellets were resuspended in Buffer B at
a final coneembsiedsdrn of 20 ng wet tissue/m . These nenbranes REXESHIIASMA
at -80[err]Cuntil utilized in the binding a®days described bel ow. Binding
to the cloned human nuscarinic receptors was performnmed using

[ err] H qui nuclidinyl benzil y
menbr anes (apprOX| mately 8, ﬁ’t%s an “P%q]l%’ﬁ% ﬁgﬁ?@%‘%@?ﬁ& fortéﬁ%IE Fﬂe
m2, and m4 cont aifellewing:eempeund 'Sﬁﬁ@éfﬁd/el y) were incubated with 3H Q\B

(f| nal concentration of 100-200 pM a I ng concentrations of

unl abel ed drug |2§€f|nal \Te mgt:m@r]Cfor M]Q, ?

Non- specific bin g ~r, res [err&é’%ﬁélg r opi ne.
The incubations were term nated by lolacuumflltrat pver ? ss fiber
filters using a Skatron filtration apparatus and t? fllters wer e washed

with cold 10nmM Na/ K phosphate butter, pH 7.4. Scintillation cocktail was

added to the filters and t |alsvve i ng ate verni ght . K The bound
radi ol i gand was quantifi edhﬁ’l| Oé“r‘ﬂcﬁr Wﬁppﬁeﬂ p@@ﬁﬂ\a@P'

efficiency). Bhe preeaﬁﬂre!ﬂ data wer e anal yzed for I C[err] values (|. . the
concentration of A bit bi nding by 509 using the
EBDA conput er o‘i x0T 58 Afinity values (K;) were then
det erni ned using the foll omngcompnm d gfinterestisdestedsor its ablitg to inhibitO

98/ 06697 binding to.the cloned human m1, m2b| and ﬁ'ﬂi/ r‘rlﬁ%éﬂﬁﬁ c?éﬁr

Hence a | ower val | cat es reater %I affinty
publications, t hé@%@% Ibﬂlser‘éeso? W@Fprg,n@nh ese studies were membranes

10 from stably transfected CHO cell lines which were expressing each of the
receptor subtypes. Following growth, the cells were pelleted and
subsequently homogenized using a Polytron in 50 volumes cold 10 mM
Na/K phosphate buffer, pH 7.4 (Buffer B). The homgenates were
centrifuged at 40,000 x g for 20 minutes at 4°C. The resuiting

15 supematants were discarded and the pellets were resuspended in Buffer
B at a final concentration of 20 mg wet tissue/ml. These membranes were
stored at -80°C until utilized in the binding assays described below.

Binding to the cloned human muscarinic receptors was
performed using 3H-quinuclidiny! benzilate (QNB) (Watson et al., 1986).

20 Briefly, membranes (approximately 8, 20, and 14 pg of protein assay for
the m1, m2, and m4 containing membranes, respectively) were incubated
with 3H-QNB (final concentration of 100-200 pM) and increasing
concentrations of unlabeled drug in a final volume of 2 ml at 25°C for 90
minutes. Non-specific binding was assayed in the presence of 1 uM

25 atropine. The incubations were terminated by vacuum filtration over GF/B
glass fiber filters using a Skatron filtration apparatus and the filters were
washed with cold 10mM Na/K phosphate butter, pH 7.4. Scintillation
cocktail was added to the filters and the vials were incubated overnight.
The bound radioligand was quantified in a liquid scintillation counter (50%

30 efficiency). The resulting data were analyzed for IC5g values (i.e. the
concentration of compound required to inhibit binding by 50%) using the
EBDA computer program (McPherson, 1985). Affinity values (K;) were
then determined using the following formuta (Cheng and Prusoff, 1973);




I ncorporated herein by reference, explain the procedure in nore detail. 5

Cheng, Y.-C and Prusoff, WH., Relationship between the inhibitory

const ant t he concentration of inhibitor which causes 50 per cent
Pplssihy o

i nhi bition ]) of an enzymatic reacti Bi ochem PharHe/yp97/13894 _
3099- 3108, 1973. McPherson, G A Kinetic, A Li gand, Lowry: A Collection
10 of Radioligand Binding Analysis Prograns, Elsevier Science Publishers
BV, Amsterdam 1985. Watson, MJ, Roeske, YR and Yamanmura, H. I. [[err]H
Pirenzepine and (-)[3H) qwﬁucl |d-|-n§d_.b.e.n.z+.La binding to rat cerebral

regul ati on of antagoni st binding tg subtypes. J.

li%éh&

| . . Ther. 237;,411-4 he d ee of

e e ey 20 L e o B SEUSH bl Sl

receptors was divided by The ftﬂ]&winb Wﬁlbgtlbﬁé 1he éﬂ%%ﬁgntgﬁfmgﬂgﬁ;%%at l) ?
di in

NSimlar carcONepmsTEE hettin by Bleriice, BRIARR e Siotecire in more detail

M CRODI ALYSBS METHODOLOGYChengf ML-Cowndd:msoﬁeMi-b iRslaticrsHip between g a

d 25 f
i 6 Spr ague- é&“’?@tﬁ_gﬁﬁs%?a U e GloorDUARA ot ot WFich Paiipes So

pent obarbital (B Wﬁﬁao)mmenéwnatmgactswemhem dppamoacol. The
skul' | was expozz 308D-@108! ¢978hrough to the dura at a point 0.2 nm

G 6o Sanra s o cHeE Bt A obheliheth, i, Lovest Agatesion
drilled opddi ngpf Radieligand Binding Analysis Programs. Elsevier Science Publishers
BV, Amsterdam, 1985.
Watson, M.J, Roeske, W.R. and Yamamura, H.. [3H]
Pirenzepine and (-)[3H)quinuclidinyl benzilate binding to rat cerebral
cortical and cardiac muscarinic cholinergic sites. Characterization and
15  regulation of antagonist binding to putative muscarinic subtypes.
J. Pharmacol. Exp. Ther. 237: 411-418, 1986.
To determine the degree of selectivity of a compound for
binding the m2 receptor, the Kj value for m1 receptors was divided by the
Kj value for m2 receptors. A higher ratio indicates a greater selectivity for
20 binding the m2 muscarinic receptor. A similar calculation is made to
determine the m4 selectivity.

cortical and cardiac nuscarini c cleéoneensitionsofirad r\cterl zation and 15

l LY. Y
The following procedure is used to show that a compound
25 functions as an m2 antagonist. :
Surgery: For these studies, male Sprague-Dawley Rats
(250-350 g) were anesthetized with sodium pentobarbital (54 mg/kg, ip)
and placed on a Kopf sterotaxic apparatus. The skull was exposed and
drilled through to the dura at a point 0.2 mm anterior and 3.0 mm lateral to
30 the bregma. Atthese coordinates, a guide cannula was positioned at the
outer edge of the dura through the drilled opening, lowered
perpendicularly to a depth of 2.5 mm, and permanently secured with
dental cement to bone screws. Following the surgery, rats were given
ampicillin (40 mg/kg, ip) and individually housed in modified cages. A
35 recovery period of approximately 3 to 7 days was allowed before the
microdialysis procedure was undertaken.



perpendicularly to a depth of 2.5 mm. and permanently secured wi th dental
cenent to bone screws. Follow ng the surgery, rats were given anpicillin
(40 g/ kg, Yweyesmiegy7 ndi vidual ly housed in nodified cages. A 3BCTUSIT1ASH4
period of approximately 3 to 7 days was all e28d before the mcrodial ysis
procedure was undert aken. WO 98/ 06697

Used to conduct in vivo m dHinrBaalyels, A ol BB AR bR | O
Systenms, |Inc. (BASpd tdreonduct inlvivbysicsogialysisiwae obtamadeﬂonhslqamtaabn
B el
gui de. The probethieugbdhecguide Gééﬂyl'%ﬁéﬁd in: needigslike pesfusable-peabg ect i on
pump (CMA-1109) - (GR&125 forf 'dsrn%gtéatdaﬁﬁ@fs%ﬁw nﬁghhﬂxm halife end of

I nsertion, were Itter

Xi
material and accéR@ gplﬁefo he QaNas ¢ °mﬁ,dp?)$9§g°r\ﬁ§§ngé‘l’4m§&i"9(§° &t 2
[err]I/min with Rlnaﬂfhﬁjeétl&h'bﬁﬁip (ORA-/100]. fﬂétsléﬁrel’cdllam% etiared; ahdl. 2 ™™

Lot I M neost i gm K o‘éﬁtaa'e?egét'nm“?"n%’%%%sf e e, B BB Bt

m crodi al ysi s wasvith litteradateriab and @edess to $aodrandiwatepr The probemasperfusedon

et 5150 LA A T AT

over a 15

Four to five bas MQ ¥.P4eM) sebtaiping &@m%glyaosmdb a.amatehandmg
conbi nation of dpegstigMirkebidtiidacat sty 734”“ ToHchiavb Stabld'Baddine readiRgs,

conpl etion of microdialysis was allowed to proceed for 90 minutes prior to the coliection
of fractions. Fractions (20 pl) were obtained at 10 minute intervals over a
15 3 hour period using a refrigerated coliector (CMA/170 or 200). Four to five
baseline fractions were collected, following which the drug or combination
of drugs to be tested was administered to the animal. Upon completion of
the collection, each rat was autopsied to determine accuracy of probe
placement. y _
20 Acetyicholine (ACh) analysis: The concentration of
| ACh in collected samples of microdialysate was determined using
HPLC/electrochemical detection. Samples were auto-injected (Waters
712 Refrigerated Sample Processor) onto a polymeric analytical HPLC
column (BAS, MF-6150) and eluted with 50 mM NazHPOg4, pH 8.5. To
25 prevent bacterial growth, Kathon CG reagent (0.005%) (BAS) was
included in the mobile phase. Eluent from the analytical column,
containing separated ACh and choline, was then immediately passed
through an immobilized enzyme reactor cartridge (BAS, MF-6151)
coupled to the column outlet. The reactor contained both
30 acetylcholinesterase and choline oxidase covalently bound to a polymeric
‘backbone. The action of these enzymes on ACh and choline resulted in
stoichiometric yields of hydrogen peroxide, which was electrochemically'
detected using a Waters 460 detector equipped with a platinum electrode
at a working potential of 500 mvolts. Data acquisition was carried out
35 using an IBM Model 70 computer equipped with a microchannel IEEE
board. Integration and quantification of peaks were accomplished using
"Maxima® chromatography software (Waters Corporation). Total run time
per sample was 11 minutes at a flow rate of 1 mi/min. Retention times for



the collection, each rat was autopsied to determ ne accuracy of probe

pl acenment. 20 Acetyl choline (ACh) anal ysis: The concentration
of ACh in collected sanples of mcrodial ysate was determ ned usin

HPLC/ el ecMQ¥WMS697cal det ection. Sanpl es were auto-injected FPOHUEIELIMNG
Refri gerated Sanple Processor) onto a pol y?@'ri c anal ytical HPLC col um
(BAS, MF-6150) and eluted with 50 MM Na[err]HPO err], pH 8.5. To 25

prevent bact er iggbtyléiolne. anththelind were €05 ahd(R8tARiited, Bé&emy.nq*ouded in
t he nmobil e phase.m&,ue'_'r%:{3 fro he an |I tjcal colynn, contalning, separated
ACh and chol | nEIONIERS KLAORAHIET ROSPPIS SaaRges i JEkpRICl PPN dURIE enzy me
react or 3 a[) tr Ldummmragﬁy.atllsmstanwdsduerg lrirz]eafded anmeébégiﬁhing[limicrdl@élct or
cont ai ned bot t e and chol i ne oxi dase coval ently
bound to a pol )#}&?riacggé %Hﬁ%@%@?ron of these enzynes on ACh and
choline reshilted in stoi dnereasesiin AGhelavslsaregomsigtent pdthopriesynaptic o2 was
el ectrochem calréydaﬂsfgma\-% ShNg a Waters 460 detector equippedwth a
at a I‘EI n

pl ati num el ectro g potential of 500 nvolts, Data acquisition

was carried out 35 usi i@ ganefalirempIuUNds in aesatdancequith feamvlatlwveare
m crochannel | kddteloitHithd fOlIBGAR] ratipew of r@dané: fi cation of peaks were

acconpl i shed using " l.a' chropat ogr.aphy,s r ers Corporation).
Total run time per s tgg'%ggkom?aﬁ?ﬁ%?tgg 'ﬁY‘ ?#&g‘a\/ﬁ?éﬁtof 1 m/mn.
Retention 10nes for Kjbiadiag/toas2 receptor, nM: 0.23 to 167.90.
PCT/ US97/ 13894 - 24- Wiﬁhﬁ@%irﬂﬁ rgggptqu{m.n% 14%6¢7.80° and 7.8 m nutes,
respectively. To y . P e '
Kj binding to m4 receptor, nM: 1.78 to 353.66.
‘Compounds of formula | in combination with an ACh'’ ase
inhibitor have an effect on ACh release. The present invention therefore
15 also relates to administering a compound of formula | in combination with
any other ACh' ase inhibitor including, but not limited to, E-2020
(available from Eisai Pharmaceutical) and heptylphysostigmine.



nmonitor and correct for possible changes in detector sensitivity during
chromat ogr aphy, ACh standards were included at the beginning, mddle and
end of eacRygagpbdd7queue. 5 | ncreases in ACh | evePCT/IS®7/138%4
consistent with presynaptic n2 receptor ant&fnism |n general, conmpounds
I n accordance with fornula | were tested with the follow ng ranges of

results: K; bindj t.o Al. receptor, nM 7.29 to 999.20. 10 . Kg
binding to n2 rek@%t é’%’ﬂée 23 to 167.90. K1 bi ndi ng to nB receptor, nM
8 to 607.50. K[e al 0 353. 66. Conpounds
of formula I in onbl ha ?6 EOER? &g%cetn?érmé or have an effect on

ACh rel ease. The present |nvent|on theref Iso relates to

adm ni stering a conpound of formula I i tion with any ot her ACh'
ase inhibitor including, but not limte 020 (avail able from Ei sai
9

Pharmaceutical) and heptyi physosti g ne. 06697
PCT/ US97113894 -25- What is Cained: 1. d haV| ng khe structural
formula [err] or an isomer, pharnmaceuticall )R R% salt, ester or
solvate thereof, 5 whereinXisabond, -0-, - N - SO, -SQerr], - CO,
-C(OR[err])[err]-, -CHerr]-0, -0 I!!2
or an isomer, pharmaceutically acceptable salt, ester or solvate thereof,
5 wherein

X is a bond, -O-, -S-, -SO-, -SO2-, -CO-, -C(OR7)2-, -CH2-O-, -O-
CHa-, -CH=CH-, -CHgo-, -CH(C1-Cg alkyl)-, -C{C1-Cs alkyl)2-, -CONR17-,
-NR17CO-, -O-C(O)NR17-, -NR17C(0)-O-, -SO2NR17- or -NR17S05-;

R is C3-Cg cycloalkyl,

stlevissEeCies!
O /’o F o /,N /s\N F
’ F'ps

0 R8 _ 9 .
"X, nid O = GO
R0 R117N
n" |
nisi,2or3;

R2 js H, C»-C7 alkyl, C3-C7 cycloalkyl, C3-C7 cycloalky] substituted
by 1 to 4 groups independently selected from R18, C3-Cg cycloalkenyl, t-
R‘ID

: -/
N-R'6
15 butoxycarbonyl or —(_/ 3

R3 and R4 are independently selected from the group consisting of
H, halo, -CFa, C1-Cg alkyl, C1-Cg alkoxy and -OH;

R5 and R® are independently selscted from the group consisting of
H, C1-Cs alkyl, -CF3, C1-Cg alkoxy, -OH, C1-Cg alkylcarbonyl, C1-Cg

20 alkoxycarbonyl, R1IBCONH-, (R13)o2NCO-, R1I30CONH-, R13SNHCONH- and

NH2CONR13-;

R7 is independently selected from the group consisting of C1-Cs
alkyl; or the two R7 groups may be joined to form —(C(R14)2)p- wherein p
is an integer from 2 to 4;

AR TR




CHerr]-, -CH=ECIH, -CHerr]-, -CHderr]-Cerr] alkyl)-, -C(Cerr]-Cerr]
alkyl)[err]-, -CONR[err]-, -NRerr]CO, -OC(ONR[err]-, -NRerr]C(O-0,
-Sgerr]NRlerr]- or -NRerr]SJerr]-; Ris (err]-Cerr] cycloal kyl, [err]
10 n is 1,WOB06697 Rlerr] is H Cerr]-derr] alkyl, (err]-REEOI713894
cycl oal kyl, C3-C7 cycl oal kyl substituted by2 to 4 groups independently
selected fromRerr], (err]-Cerr] cycloal kenyl, t- 15 butoxycarbonyl or

R3 d R4 i nd : ok ,
erert], el oy E;P?hg???’] "i“ﬁgﬁ iReppAuBnty Galestod fiofl 16 gl
Rlerr] are i ndepensisting pf &hihale.c811Gaalkvh &1gPe alkedh henzylaxyo berzyloxy
Jerr] - err]\ abystitutdd by -ND, 6 MR ivdl6 ICACEiNY!, pSlyhald €;L¢5 Qg ]
al kyl car bonyl %Ser]é&%b] _a* 0oX 4 nbeqF{[ err Ce alk _
(Rlerr])2NCO, r] 2 TPy 7 “#nd Ry e alkoWer 1] s
i Edependggt 15/ satylokpd(C{-0p alkyl)sBie WC 0 wliopl) $Qp.0f g)ﬁ[lwlfdn)ﬂ}[ hetdroahly! ; or
the two rou n - n | n
i nt eger f ro?n 2 ?@'fW' Q&M@%&B&ﬁﬁb-, LGCORIAM)z, JNH%'?C""@G)E‘M
_ch/ usgg/ 13|894 '?Ectm[(aﬂ%am' iphengl, dwidroxwCerC¢ alioy) & marphalino; |
i ndependent sel ec i : nd-Elerr
al kylo, Cerr ]y Cber rkyﬁailslg%%a,é- er%@g%é}%gg?ﬂr@?@?%‘ﬁ P?h?igg%?fl—hﬂ-r r]
or *N(RL4), hal Gecalyls Gacke oyeioalky -(Coe AYRCEQRTS.-aryb heteraary
-NJerr], -@\ =§Q206-éikyl)ar9\lj[-€c{-bs alkyhbeterdaryrand adaprkhtylol yhal o
Cerrl i Cerr] alkoxypygig independently selected from the group consisting of H and
C1-Cgs alkyl; .
R15 is independently selected from the group consisting of H, C1-
C2p alkyl, C3-Cg cycloalkyl, ary! substituted by 1 to 3 groups
15 independently selected from R3 and heteroaryl substituted by 1 to 3
groups independently selected from R3;
R16 is H, C4-Cg alkyl, -COR20, C4-Cg alkoxycarbonyl, -CON(R14),
-CONH(R3-aryl), -S01.2-R15, -S01.2-(CH2)m-R21, -SON(R4),, -COSR14

o) Yo\
or \/(CHz)m ; |
20 R17 is H, C4-Cg alkyl, aryl or heteroaryl;

R18 js independently selected from the group consisting of halo,
-CF3, C1-Cs alkyl, C1-Cg alkoxy, -OH, =0, -CON(R*4)2 and -N(R14)COR15;

R19 is H, -OH, C1-C2¢ alkyl, C3-Cg cycloalkyl, aryl substituted by 1
to 3 groups independently selected from R3 or heteroaryl substituted by 1

25 to 3 groups independently selected from R3; , .

R20 js H, C4-C2p alkyl, C1-Cg alkoxy(C1-Cg)alkyl, C3-Cg cycloalkyl,
aryl, aryl(C4-Cg akyl)-, aryloxy, aryloxy(C1-Cg alkyl)-, tetrahydrofuranyl or
heteroaryl, wherein the aryl or heteroaryl group is substituted by 1 to 3
groups independently selected from RS;

30 misOto 3; and .

R21 is C7-C19 bridged cycloalkyl or C7-C1po bridged cycloalky!
wherein the cycloalkyl portion is substituted by 1 or 2 substituents selected
from the group consisting of C1-Cg alkyl or =0.

35 2 A compound of claim 1 wherein X is -S-, -SO-, -SO2- or -CHa-.

.




5 acyloxy, (Cerr]-Cerr] alkyl)[err]Si-, (Clerr]-Clerr] alkyl)SOerr],

aryl sul fonyl, heteroaryl- sulfonyl, acyl, (C[err]-C[err] al koxy) CO-,
OCC]\I(R[err]\)vbensmksm NHCOO- (C[ err] - C[err])al %? - NHCO- ( ] er r | PCI/@S9%/13894

al kyl'), phenyl, hydroxy(Clerr]-Cerr] alkyl)- nmor pholino; R13 is

i ndependent | 'y sel ected fromthe group consisting of H (Cerr]- (err]

alkyl, derr]- C[e err wbbi&hgl if ¢ iﬁ{fbrg"g'éﬂe' %e COOR[err], aryl,

het eroaryl, 10 - err rr] al kyl)heteroaryl
and adamantyl R14 is |ndependently sel ect ed frognt group consisting of H
and (err]- C[err] al kyl; Rerr] endentl d fromthe group
consisting of H (err]- (err] ﬁeor] de ycl oal kyl, ary)
substituted by 1 to 3 groups 15 dent | 1o edfteom Rl err] and
het eroaryl substituted by 1 to 3 groups independent}y4sel ected from R3;
Rlerr] is H (err]-Cerr] alkyl, -CORerr], Cerr]-Cerr] al koxycarbonyl,
-CON(Rjerr])[err], -CONH(Rerr]-aryl), -SOerr]-Rerr],

-Sqerr]-(CHerr] mR[ I ]
is H derr]- C[err ?{/{:&mg w%?h E‘gtdéﬁfﬂ?}’ 2R1 err R}:ﬁiéfse}? ﬁ%e‘ge |°h of
selected fromthe uch.qmm sting of halo, -CF3, (err]-Cerr] aI kyI

Cerr]-Clerr] &l koxy , =Owhetsin] &isr p(péfﬁti]o Qndcemlap:eyoarb&iﬂm’rr]
Rlerr] is H - g 1]5 Cerr] alkyl, Cerr]-Cferr] cycloal kyl, aryl
substituted by 1 {9 gr oups |ndependently selected fromRerr] or

het er oaryl substituted by 1 25 to 3 groups independently selected from

5H 2
Z[E(r);l’( C[R[e(ra; ]r] CI[:rr éP'hpg"err a%?er r ia'@%g (r)dala%llea%rrerem REis

aryl ((err]-Cerr] N)_g16aryl OXy, aryI oxy(C[err]-C[err] al kyl) -

t et rahydr of uranyl or \keter oarﬂ isw2(Q@)-R2? Bad H3P isR -Bebsﬁtutatyphgnyiup is
substituted bygl to 3 groups i ndependent ly selected fromR3; 30 mis
0to 3; and err}:3 err] err brld edccloalkyl or C[er% %err]

bri dged cycl oal ky |°ﬁ"'in?é' a'ﬂ!ﬁ :r%rarl%oéﬁlﬁlﬁ'ﬁﬂ

substituents sel eﬁﬁeﬂe independently hydrogen or methyl.

| 7. A compound as defined in claim 1 selected from the group
15 consisting of compounds represented by the formula

RS
"X
o
"
N .

RZ
wherein R, X, R2, R3 and RS are as defined in the following table
X R2 R3 RS

HaCO-Q— -S02- | | ‘O H H
LY |7 Q- @ H| H
' o

CHs

o] -S02- | CHa H H
I m Lo,

* € L M 0§



fromthe group consisting of CJerr]-Clerr] alkyl or =O 35 2. A conmpound
of claim1l wherein Xis -S, -SO, -SJerr]- or -CHerr]-. V\098/06697
PCT/ US97/ 13894 -27- 3. A conpound of claim1 or 2 wherei éﬁy

A conpounWOROEERT of clains 1, 2 or 3 whergjn Rerr] is cyc Qﬁmﬁ

, Wherein Rerr] is -C(O-Rerr], C[err]-'@érr] al koxycar bonyl or
-SO[err]Rerr]. 5. Acogpound of any of clains 1, 2, 3 or 4 wherein R2 is

Rlerr] is -C(O-R[|e R[err] bstitutied,pfenyr.] 10 6. A
conpound of any of ‘EII’] R ¢rr], |R@rrfl, Rlerr]
and R6 are indeper ydr en or th onpoynd ag defined in
claim1 selected fromthe groyp 15 Eon @g of cofpounds redresented by
the formula [err] jwherein R, 4, Rerf], R[gr] and Rfjerr] jare gs defined in
the foll ow ng tabl err 7 Up697,
PCT/ US97113894 - 24- & -§02- N-sO%e | H | H
o
o) -S02- H H
(0:@ 'CN‘,'S;‘CH;.
o ©
¢ S st IR T N
(o) f
—CN“S.,
/3
<IN EHE
© . _CN‘S,
o ©
o -S02- N °CH3 H
- N, CHg
(OU -C "s“:\/ .
<O:©/ -S02- © -CHz| H
o~ || QY
N
YO
o -SO2- N -CHa] H
%U | _C ;s{\CHa
o O
o) -SO32- -CH3z| H
e Q.0
e)
O CHy
o -SO2- H |-CHs3
¢ ”YQ
o
O ¢l
(00 -S02- t\’ . H |-CHs3
o ”Y@
_ o ¢
o} -S02- . H H
< - N [: )
0
C ¢

L



[err] ** WO 98/06697 '

PCT/ US97/ 13894 -29- [err] [err] -30- 8. A pharmaceutical conposition
conpri sing syeofgeynd as defined in any of clains 1 to 7, al opgiptisyrizged
conbination with an acetylcholinesterase ink@$itor, in conbination with a
pharmaceutically 5 acceptable carrer. 9. The use of a conpound of any of

claims 1 to 7, alon ' e
inhibitor, for the gre Lon 0 [ nt tredtiHg [a poghitive or
neur odegenerative difs 0 10 ocksy f repar}i ng phar praceut i cal
conposition as defined~in"claim I si ng IdNYxi ng ¢ congound pf any of
claims 1 to 7, alond_or_in combipationlwith &h aBretvl cholindsterake
i mhibitor, with a pHargacgti cal Cep e carrier. 15,17 it for
treating a cognitivsg c(ode %1%‘? tgv d'gse corrpri?#ng i'r-l'Aseparate
containers in a sindl eOpadKage armaceut i
o CHy_ .
S¢ I el BN “OHs| H
o) _ U 7\
S
O
ST % H|H
o U [N
]
@)
O -502- _ -CH3z} H
< N
o _ 1(@
o ¢
o -SO2- H
B Ne :
T 0
' O
o -S0p- ' -CHz| H
IO [P A C ?
T Q0
O
<O@/ -S02- ' H H
(o) \C, Z N
N I
. o |
o) -SO32- c, o HI| H
g oD
o . N M
S
0
(0@/ -§02- -CHz| H
: Q%
. N S ]
(9]
(00 -802- N -CHz| H
° Q
N
0

R O



jpound i n accordance
20
or each being in a

anPCIES9ITHM g an

conpounds for use in conbination, in o
with any of claims 1 to 7 and in a sep rT&HQSHEET&IAlSeBE
acetyl cholinesterase inhibitor, said c rrpourRERuAQEDnhl bi
phar maceuWQ269%ccept abl e carri er and TNEITTombrnee:
ef fective amount. -30-

8. A pharmaceutical composition comprising a compound as defined
in any of claims 1 to 7, alone or in combination with an
acetylcholinesterase inhibitor, in combination with a pharmaceutlcally

5 acceptable carrier.

9. The use of a compound of any of claims 1 to 7, alone orin
combination with an acetylcholinesterase inhibitor, for the preparation of a
medicament for treating a cognitive or neurodegenerative disease.

10
10. - A process for preparing a phan'naéeutical composition as defined in
claim 9 comprising admixing a compound of any of claims 1 to 7, alone or
in combination with an acetylcholinesterase inhibitor, with a
pharmacuetically acceptable carrier.

15

11. A kit for treating a cognitive or neurodegenerative disease
comprising in separate containers in a single package pharmaceutical
compounds for use in combination, in one container a compound in
accordance with any of claims 1 to 7 and in a separate container an

20 acetylcholinesterase inhibitor, said compound and inhibitor each being in
a pharmaceutically acceptable carrier a_nd their combined quantities being
an effective amount.

12. A method of treating a cognitive or neurodegenerative disease

25 comprising administering to a patient suffering from said disease an
effective amount of a compound of any of claims 1 to 7, alone or in
combination with an acetylcholinesterase inhibitor.
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