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MUSCARI Nl C ANTAGONI STS ’ FI ELD OF THE

| NVENTI ON The present i nvention relates to di-Nsubstituted .

pi per azi 1, 4-di-substituted piperidines usef r eat ment
of cogni tr\?(\?e sorders 5 pharmaceutical conpositions ?%ﬁfw t he
conpounds, net hods of treatnent usi ng the conmpounds, and to the use of
sai d conpounds in conbination with acet yl chol i nesterase inhibitors.
BACKGROUND OF THE | NVENTI ON Al zhei mer' s di sease and ot her

cognitive disorders have received nuch 10 attention lately, yet treatnents

for these di seases have nowm According to
Mel chiorre et al. (J. Med 7), conmpounds

that selectively antagonize n2 muscarinic recept ors, especially in

relation to ml nuscarinic reCEFﬂEFD%F?h s activity agai nst
cognitive g_bsorders Bay d et Phar macol ., 251, (1994)
315-317) disclo e pyesentdnyantio rﬁ‘a@ﬁsntﬂ 't'd@déiﬂ*ﬁ"@m?s%ﬂect ive np

nuscari ni ¢ fo4dirguisstitited piperidines usefifldn meeseaﬁnem\oe Bbgitive BisBrduds,cat ed on
the disgov [rﬁ %%Jtﬁhﬁéﬁngasnmns E&Htalh'i’ L*Rétdoﬁﬁo‘?ﬂdg ! rﬂ?ﬁﬁﬂ% %?jre%ﬁﬂgﬂtm col

1, 4-di - subst]

(1961), 17us Fg?é@é'?a tfbﬂ"@dm‘sﬁ isald corpReunds incombinatipnwithyzi nes,
but these acetydbﬁdhaeetatas‘ermmwtbs i nventive conpounds of the present 20
invention. Furthernore, the conpounds of Logemann et al. are not disclosed

to have activity agai nst cognl tive disorders. I nt ernati onal
Pat ent Publ i cation Numnber gy%@ﬁl%ﬁﬁvwl% 1993

(Sm t h-Kl'i ne Beaddhwithers disease andtiesr cognitiverdisorderdchiavedidcgived ndsh ar e
endot ngbi N sRSFAGH Rieldr Vel 42RlrAb s 611368 dlselishbde RSt BLh Jeh) badkaRth O ™! &
According to Melchiorre et al. (J. Med. Chem. (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. Phannacol., 251, (1994) 315-317) disclose
15  3-o-chloroimperialine as a highly selective m2 muscarinic antagonist. '
The present invention is predicated on the discovery of a class of
di-N-substituted piperazines and 1,4-di-substituted piperidines. Logemann et a/.
{(Brit. J. Pharmacol. (1961), 17, 286-296) describe certain di-N-substituted
piperazines, but these are different from the inventive compounds of the present
20 invention. Furthermore, the compounds of Logemann et al. are not disclosed to
have activity against cognitive disorders.
International Patent Publication Number W0O93/08799 published May 13
1993 (Smith-Kline Beecham) discloses inter alia indane derivatives that are
endothelin receptor antagonists and are (in part) of the following formula:

Ry Ryo
_f:\' X
Y P,
25 23 R2~X R10 .
wherein:
R4 is -X(CH2)nAr or -X(CHz)nRs;
Ra is H or Ar;
P4 is -X(CH2)nRs;
30 P2 is -X(CH2z)nRs or -XRgY;

Rs is H, alkyl, atkenyl, alkynyi, CO2H, COzalkyl, or CO2Ar;



Rl is -X(CH2)nAr or -X(CH2)nRS; R2 is Hor Ar, Pl is

-X(CH2) nR8; 30 P2 is -X(CH2) nR8 or - XR9Y, -R8 is H

al kyl, al kenyl, al kynyl, CX®2H, CCQal kyl, or CQRAL; |,
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RO is al kyl, alkenyl or phenyl; R10-is H, alkyl

(whi ch may be substituted with COZH CQ2al kyl or

C2(CH2) nAr), al kenyl, phenyl, O—I al ‘k@xy S(O qal kyl, S(O) qal kenyl,

S(O qaryl, NHD Hal kyl, N(al kyl)2, F, O, Br, I, CF3,
NHCHO, NHOCal kyfte is iy sliamd %Pheny‘ 5 - XROY:

Xis (CH2)n, o FH\Hs Hyaiity (whioh ntifyChe substituted with CO2H, COzalkylor Y i's CH3 or

X(o2) nIAr ny HA‘ralldoiy 2S{G)AIRNY SE)qamBaY! '
griugif t @ k&m%“ %?1 ToEs NHGHP, NQalkerX(E gi%%ggg 1

0 sub#i t-t)GRﬁYs Z1 and Z2 are independently H,

| kyl, -al k | S(O qgal kyl, NH2,
%Ha?/kyl : N(eg?/kyl 8%? ﬁg*kw(é&%oh-la-lo NHCCal kyl , (O aatiy o
- X(CHR) nR8 phe fﬁc Bé’rﬁi@@”@hﬁfycl oal kyl ; Z3 is Z1

or - XROY:; Ar is a valfety of substitutéd oPunsubstituited hgefocytlivand aenfaticand g i s

0, Lo 2 hydroc rkon graups, including pi pipdHiiby) Qﬁd%r%"ﬂe%%%ﬁg"gﬁ%s? ot ed.

" al ke% , r%q pheny
(The i NP4 5@“@ » radi cal s as given in that patent do not in general
pertain to the D,rng araindiapendentiyMd,nalkyi catizénys, aikyryl, OGN dikdxy, Ty be used.)

'2I'ge pr esent (O)HVgXt ki al ‘ sﬂ'{xmgggrrpounng acc%wdﬂlI ng t'c')w%%als I} uct ur al
formul a | ,-%(EHe)nRe, pheny benzyl or cycloalky / -
Zzis Z4 or -XRgY;
15 nis O oranintegerfrom 1t0 6,and qis 0, 1 or 2;
and the groups designated as ‘alkyl’, ‘alkenyl’, ‘alkynyl’ or ‘phenyl' can all |,
be substituted. .
(The definitions of radicals as given in that patent do not in general
pertain to the present invention, even though similar symbols may be used.)

20 SUMMARY OF THE INVENTION
The present invention relates to compounds according to the structural
formuia I, - -

including all stereoisomers and pharmaceutically acceptable salts, esters,
25 and solvates thereof,
wherein:
Zis N, CH or C~alkyl;
X is -0~, ~8~, ~SO~, -S02~, ~CO-, -CHa— ~CONR20- , -NR20-802~,
—NR20CO-, or -S02-NR20~;
30 Qis -0O-, -8—, -80-, -802~, or -CHo—;



I ncluding all stereoisonmers and pharmaceutically acceptable salts esters,

25 and sol vates thereof, wher ei n:

Zis N CHor Calkyl; XIS-O—, -S-, -SO, -S2-,
-CO, - - R20-, -NR20-802-,

- sop! NRZ(%-B;”IMM@\I 30 Qis -0, -S-, - so Tmisks | yp.
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Ris [err] R1 and I§21 are independently selected from

t he group consisting of hydr ogen’ al kyl, al kenyl, cycl oal kyl,

cycl oal kenyl Iﬂécl oal kyl al kyl', 5 cycl oal kenyl al kyl, phenyl al kyl, and

hydr oxyal kyl ; R2 is cycl oal kyI _cycl oal kyI substi t ut 'ed wth 1to

3 |ndependently sel cl oal kyl al kyl ,
[err] (wher ei nR[ rr||s Hiky| a'ke yl, COQ[err]
wherein R err] is Zal,k 8 ryI cIoaIk—yI_), W th

the proviso that

R® % R
&I R -}/\ }R“_(’ DNes £ N

s R“QV\RZZ' KN’) . OI: KN’
R? and R21 are independently selected from the group conslstmg of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
5 cycloalkenylalkyl, phenylalkyl, and hydroxyalky!; -
R2 is cycloalkyl, cycloalkyl substituted with 1 to 3 mdependently selected
R3 groups, cycloalkenyl, cycloalkyialkyl, :
R8
s R3 ' Rs
R 7
» (wherein RY is H, alkyl, alkenyl, SO2RZ or CORZ
wherein Rz is alkyl, alkenyl, aryl, heteroaryl, or cycloalkyl), with the proviso that
10 R2is R8-substituted-1-piperidinyl only when Z is CH or C-alkyl; or, whenZis
CH, R2 may also be alkoxycarbonyl, -N(R®)(hydroxyalkyl) wherein R%is H, -
hydroxyalkyl, or alkyl, or -N(R9)2 wherein the two R9 groups may be jomed to
" form an alkylene group;
RS, R4, RS, RS, A22, R24, and R25 are mdependently selected from the
15 group consisting of H, alkyl, halo, alkoxy, benzyloxy, benzyloxy substituted by
nitro or aminoalkyl, polyhaloalkyl, nitro,'sulfonyl, hydroxy, amino, alkylamino,
formyl, alkylthio, acyloxy, alkylsulfonyl, arylsulfonyl, acyl, alkoxycarbonyl,
alkylsulfinyl, ~OCONH2, —OCONH-alkyl, -OCON(alkyl)z, -NHCOO-alkyl,
~NHCO-alkyl, phenyl, hydroxyalkyl, and 1-morpholinyl;
20 33 is hydrogen, lower alkyl or cyclopropyl;

R20 is H, phenyl or alkyl;

R27 and R28 are independently selected from the group consisting of H,
alkyl, hydroxyalkyl, alkoxyalkyl, arylalkyl, mercaptoalkyl, alkyithioalkyl, and
carboxyalkyl, and additionally R27 and R28 may be joined to form an alkylene

25 group; and
n is 0 or an integer from 1 to 3.

Another aspect of the invention is a pharmaceutical composition which
comptises a compound having structural formula I as defined above, including



10 R2 is R3-substituted-1 -piperidinyl only when Z is CH or C-alkyl; or,

when Z is CH, R2 may al so be al koxycarbonyl, -N(R9) (hydroxyal kyl) .
wherein RO is H, hydr oxyal kyl, or alkyl, or -N(R9)2 wherein the two R9
groups nmay be Joined to form an al kyl ene group; R3, R4, R5,

R6, R22, WRIBOMIY R25 are independently sel ected fromtr@Tﬂﬁ”’l‘ljﬁ)up
consi stl ng of H, alkyl, halo, al koxy, benzyl oxy, benyloxy substituted by
nitro or am noal kyl poI yhal oal kyl, nitro, sulfonyl, hydroxy, am no,
al kyl am no, fornyl, alkylthio, "at‘!y'l'oxy, al kyI suI fonyl, ar yI sul fonyl ,
acyl, al koxycarbonyl, al kyl sul fin - SCO\I

_ 0CON( al lejerpoisomarsabasmegeutically acc aﬁ 4est§¥$eﬁp S0 aﬁrqiw , and
1- mor pholjh @phbindtion with a ptﬁ&nasedtpdﬂpgeoepthhlwarﬂérkyl or cycl opropyl ;

R20 is H, phe%g?éra%hgwofthe n}ventlon*s B%Eead?% dJr G gg%ﬁgt'y

| ected f
al koxyal idsfined apoxpKipplucing Siaraisamers, Phamyacenbeall k%qc‘%m Salts
car bogyaldgtérs, andl soRdissither@iof, folRhé praplarEﬂBn ohy pharmacaditat mrhposniam
al kyl ene ZSQQgQWé’ﬁ'ﬁaﬁ%t of cognitive dlsopq1 rs aﬂdq{eﬁﬁh#dﬁﬁpﬁ&e c{égaslzst o 3.

Anot her &8 nvent ar maceut1 c conmposit1on whi
conpr i se§uahm|§l]ﬂ'@19\"§\ﬁ‘$®as§tructural formula | as defined above,

i ncl udi ng Yet another @6p&6t/db Gl wention comprises a method for making a
PCT/ US97/

stereoi s gc%%tm%ma?smol loomgggxgat a%(fng % cﬂng ound Of formula fas sol vat es
t her 46f def'ned|abwgmph@!ﬂ%ﬁquW‘ﬁer§haFw tically %"c&mﬂ?ﬂﬁ ﬁ carrier.
Anot her a5p68! and sbivatdsithersiof,avith & mhﬂnamtnéllyaamamhladanferf ormula | as

defi ned above, I qR650S I @ble salts,
5 esters, an&rg@?é}%gggﬁﬁgﬁ{ggﬁv ; '§ rﬂ@lﬂb ar at |dc§ﬁao% ¢ ngaceut i cal
conposi t ingurodegengsativel d‘§¢ﬁ%%°’?9"§&'ﬂ9r§ :pte IBg 4o & RAtiept §‘6€

neur odegeszid disesse dhmeﬁ\m amounisofchcompdtimhef formula Iasdefined above,

Yet gaot Hﬁlggffhaes%reg so HEE | Wﬁﬂﬁb@&ﬁﬂg}ﬁbh@ﬁﬁbﬁ £anshesk gf'é)ran Iiflest

phar COnposi n ‘conpri sing XI'ng a compoun ormula | as 10
deflned abexesf. i ncl udi ng stereoi soners, pharmaceutically acceptable - salts,

esters, and s@nclkesaspeer eithis invérition iplaamethoduor treating aognitiveanide carrier.
neurodegenerative diseases, such as Alzheimer's disease, with a compound of
formula I as defined above, including stereoisomers, pharmaceutically = -~
20 acceplable salts, esters, and solvates thereof, in combination with an -
acetylcholinesterase inhibitor. -

Another aspect of this invention is a method for treatmg a cognitive or
neu'rodeganeratwe disease comprising administering to a patient suffering from
said disease an effective amount of a combination of a compound of formula I as

25 defined above, including stereoisomers, pharmaceutically acceptable salts,
esters, and solvates thereof, said compound being capable of enhancing
acetylcholine release (and being preferably an m2 or m4 selective muscarinic
antagonist), together with an acetyicholinesterase inhibitor.

Anhother aspect of this invention is a kit comprising in separate containers

30 in a single package pharmaceutical compounds for use in combination to treat
cognitive disorders, wherein
one container contains a compound of formula I as defined abovs, including
stereoisomers, pharmaceutically acceptable salts, esters, and solvates thereof,
said compound being capable of enhancing acetylcholine release (and

35 preferably being an m2 or m4 selective muscarinic antagonist) in a -

pharmaceutically acceptable carrier, and



Anot her aspect of this invention is a nmethod for treating a cognitive or
neur odegener ati ve di sease conprising admnistering to a patient suffering

from sai d di sease an effective anount of a compound of formula |I as
defi ned %0417 > i ncl udi ng stereoi somers, pharmaceutical |y acceptabl e
salts, eg}t&%rs, 2nd sol vates t her eof . AﬁSf’Hé’r’"&@ﬁect of

this invention is a nethod for treating cognitive and _ _
neur odegenerati ve di seases, such as Al zheiner's di sease, with a conpound of
formula | as defined above, includi ng’%t"ér eoi soners, pharmaceutically 20
acceptable salts, esters, and solvates t eof, in nbi nation wth an

p %%% S iylcngr on

acet yl chol | RcR8cOngLon $Qnipins an ace '“eﬁFﬁ,S?fﬁei" el aof this .

i nvent i onpharmaceatically dcoveptatdatcampra cognitive or neur odegenerati ve
di sease co | Qi L et | i ffering from sai d

di sease anmgﬁ ggl?ﬁle a l'murﬁn‘P OPQE‘QE:%‘nEﬁ%{VP?rﬁ%‘?Mé conpound of forrmula | as

25 defined above, including stereoisoners, pharmaceutically acceptable
salts, eBDETALER DESCRIRTION OF §iHEPREFERRED EMBODIMENTS capabl e of
enhanci ng acetyl choline release (and being preferably an n2 or mt

sel ectg ve nusdard pasicularly préfdirad ghoup of comsinds’of Md drMlia L, Zis N. In
acetyl chol 'é}ﬁSt er ot her aspect of this

se inhi b|_tor.1 . ﬁr.l :
i nvent i onBRENEY BY B'E%BH“& RS il Prapeshesially & ai ners 30 in a single
package phar ndoeancthar prefamed group fof compounds, 20istBQ ar iespedialiy ©axtSO,.
cogni tive di sqhdRk anclfa prafBrred group of CUMPSLMISARB R HMMéhylS @ compound of
formula |I as ci'eﬁoggq abogl)e I NC udipng . (sﬁ ereol sorrg‘tr'e;“,‘ﬁphar maceutically
accept abl e sal'P&n ré?'g,e":’fﬁf(ﬁrgﬁp\s’&? oppHRds, &t is sai d conmpound bei ng
capabl e of egpapcing ﬁget Pchol i ne rel ease (and 35 preferably being an n2
or nmd sel ve scari ntagonist) in a pharmaceutically
acceptable c eror and\\ / . WD 98/ 00412 '
PCT/ U7/ 1065% ' (wherein R5 and R® are H, CHg, nitro, NHp, -5-
ahsecond MIlaTrmﬁ, mﬁé'thbilaﬁ. aspauisily)4-riethoxypRéRyIAS X i phéfeidbly O, BCR .
phar maceu 3 M %
uant 1 11 o8 $0H ARG 88, ARLAL I 1. cycloalkyl, cycloatiytalion oP G AR R -
DESCRI PTI istl.oF THE PREFERRED EMBODI MENTS 5 ) In a
particul arly phefmttisrhrefetred grbup etpempendy, R3hd R4 &td B, and B1isHN. 1 n
15 cycloalkyl or alkyl and R21 is H. - R1 is preferably H, CHg or cyclohexylmethyl,
and R2 is cyclohexyl. : -
In another preferred group of compounds, R3 and R4 are H, X is O, SO or
S0,, and R1 is H, cycloalkyl or alkyl and R21 is H. R1is preferably H or CHa.
In another preferred group of compounds, at least one of R27 and R28 is
20 alkyl. In particular, at least one of R27 and R28 is alkyt and the other is H or alkyl;
more preferably, one of R27 and R28 is methyl and the other is hydrogen.
In another preferred group of compounds, R is 4-methoxyphenyl.
In a particularly preferred group of compounds of the formula I:
R is a phenyl group, which may be substituted with nitro or especially with
25 methoxy, where each of these groups is preferably in the 4-position, or in
particular a 2-pyrimidinyl group;
Xis 8, SO, or especially SO2 or O;
Q is O or especially CHo;
nis 1 or 2 or especially 0;
30 R1is H and R21 is cyclohexylmethy};
R27 and R28 are CHg or especially H;
ZisN; and '
R2 is cycichexyl or 1-piperidinyl.



-another preferred group, nis 1 or 2 or especially O.

I n anot her preferred group of conpounds, X is SO or especially O or SC2.

In yet another preferred group of compounds, R8 is H or nethyl.

I n anot he referred group of conpounds, Ris [err] 10

(wher ei "WRF88MI2R6 are H, CH3, nitro, NH2, PCT/USSZNO0ENT NO, Or
nmet hoxy), especially 4-nmethoxyphenyl; X is preferably O SO

or SO2, R3 and R4 are H, and-Rl is H, cycloal kyl, cycloal kyl al kyl or al kyl,
and R21 is H -5 - I n anot her preferred
group of compounds, R3 and R4 are H, and Rl is H, 15 cycl oal kyl
or alkyl and fEXtcepswhiere stiled sthpmkeﬂb@fqtloﬂ;n@&arﬁor&yaﬂmmu dyl,

and R2 i g4 f roup of
e ompoun ds éghgéé clt" ca’a and c|a| Tla)ese def‘ﬂﬂﬁbré'ﬁﬂd}?ﬁhgfh‘égg thith d‘gRl P h
cycl oal kyds Va'ﬁ&lfl °'am&° "ﬁt'é’"ﬁ"" Eteﬁ?@f é:PéEW"PF%Fh@@mﬂOﬂ of

| n anot hé‘alkgl”efpphesdogmiwpo telkyfbbytcalsalta that“alkyti portions of falkédy’and R28 i s

20 gl ky.ho hal nl g ar, at |east one of R27 and R28 is al'kyl and the

ot her 7i s Ig (Prefer g % one of R27 and R28 is
met hyl and theA"Sfl H@preﬁgnmﬁgﬂgnt or branche saturated hydrocarhon chain her

pr ef er r echayingp to20 carfonatdms, Ereferablwbtmammwmbms A 'lower alkyl’

R e hopiblp At BECARLRAGRE fofr a'm&gg b6 ghddfs. 'O 2 el 1y with
25 rreltohoxy, ’ﬁl‘@?’&’%@ﬁe%ﬁ at‘%/??é pGarben ghain qufQ"YpL 3R si t?/on

or in0 15 carbon atoms,raote preferably thpm carbdn raycbmg,rhmmg at least one
X1s S, %t@ﬁ%%h%duﬁle%@nd)fmﬁhe free valency at Jeast one carbd ﬁto‘f'?bf)r
r y

especi al | or especltal | ; _
30 repapved fram e figyblp bong| ohexyl met hyl ; R27
and R28 are CI@/oinalle pepreaéntg d-saturated carbocychc ring having 3 to $2¢arbon and

R2 is cyqulg,gxyl or - pi peridinyl . WO 98/ 00412

PCT/ US97/

Exceff where M%k%'l\’l‘l RRIPSENts 13carBesvslis Aga Mavingitrarg ﬁs‘oﬁ)ﬁry"ﬁ h r o u g hout

atoms and at least one carbon-to-carbon double bond in the ring.

Acyl represents a radical of a carboxylic acid and thus includes groups of
the formula Alkyl-CO-, Aryl~CO-, Aralkyl-CO~, Cycloalkyl-CO—, wherein.the
various hydrocarbon radicals are as defined in this section. g

20 : Halo represents fluoro, chloro, bromo or iodo. '

Aryl represents phenyl or naphthyl, each of which may be substituted with
one to three groups R¢ selected from halo, alkyl, hydroxy, alkoxy, phenoxy,
amino, alkylamino and dialkylamino groups. Preferred aryl groups are phenyl .
substituted phenyl, 1-naphthyl, 2-naphthyl and mdanyl groups.

25 Heteroaryl represents a cyclic group having atleastone O, S and/or N
interrupting a carbocyclic ring structure and having a sufficient number of pi
electrons to provide aromatic character. The aromatic heteracyclic group
preferably has from 2 to 14, especially from 3 to 9 carbon atoms, e.g., 2-, 3- or
4-pyridyl; 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2-, 4- or 5-imidazolyl,

30 4-, 5- or especially 2-pyrimidinyl, 2-pyrazinyl, 3- or 4-pyridazinyl, 3-, 5- or
6-[1,2,4-triazinyl], 3- or 5-[1,2,4-thiadiazolyl], 2-, 3-, 4~, 5-, 6- or 7-benzofuranyl,
2., 3-, 4~, 5-, 6- or 7-indolyl, 3-, 4- or 5-pyrazolyl, or 2-, 4- or 5-oxazolyl, etc.
Preferred heteroaryl groups include 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or
3-thienyl, 2-, 4- or 5-imidazolyl, and 7-indolyl.

35 Polyhalo indicates substitution of at least 2 halo atoms in the group
modified by the term “polyhalo”.

Sulfonyl represents a group of the formula ~SOo-.



the present specification and clains. These definitions apply whether a
termis used by itself or in conbination with other terms. For
exanpl e, the definition of "al kyl " applies not only to aIkyI but
also to . yl" portions of "al koxy", 5 "polyhal

Al kyl re%’pgg,gﬁ S a straight or branched saturated hydroc p%%ﬁ”%‘ﬁg

having 1 to 20 carbon atons, preferably 1 to 8 carbon atons. A Iovver

al kyl" group has 1 to 6 carbon atons, preferably 1 to 4 carbon atorms.
Al kenyl represents a straight or bram:ﬁe'd hydrocar bon chain of from3 to 10
15 carbon atons, nore Eeeferal&g é%PJTZ & atons, having at |east one
car bon- t o- car bSHIigYLASPESIGHERIR GIPUR Abthe Temm at | east one carbon atom
removed from t Alkylémelreprésents a straight or branch€y saturhted hydrodsa’rbenbham

sat ur at ed

Cycl oal keﬂ%ﬁhaqcﬁcéd Eerﬁbﬁ%t&]ﬁ%cﬁﬂ iﬂﬁ‘gﬁrjtﬁ a@raﬁ gt ms, a'? @%ecar bon

at oms andVale“F'éﬁsW Ghé°(:ﬁ‘retﬂﬂ¥9?§g %redaﬂ#m eisame ¢argon

Acyl rspraﬁﬁﬂtwhea thedll lgdeneogroapdastDio/20 carbondtems. mraﬁartelddlwlme groups of

J\[IQ.I’GI Lagnﬁgg‘"@car on [, |3ﬁ 4 ﬁ’% tﬁg%hg%qroﬁtﬁ t%lc’l:flbs sect I O Wher ein the

Hal o repr esent Baeh fafieal afigroyp that agrearsmoergdhan once in aStNCWVP“P@Br esent s
phenyl or foraaiiplé R%wisen BP rs\thB)gmatabeswunendehﬂyi sgletted from thene to

t hree gro al ky, hydroxy, al koxy, phenoxy,
am no, W’%ﬁ%&%%@ﬁlr%#%ﬁéﬁiﬁ : Preferred aryl groups are

phenyl0 Gampoungds ekt E’rW'I' at leastiwn sigreqispmeniciany | -
groups. Z2gonfigurations béﬁdensmme/hsymemm substityteticargroatenhtowhighat: | east
one O, S and/or N\ | geerrupting a carbocyclic ring structure and
having a sufficient r of pi el ectrons to provide aromatic
character. The aromaLr c et erocyclic group preferably has from2 to

%4 Oresgefctﬁé g Oi“ S0 th| R%rlbaﬁaéﬁélfmi?uﬁe@steramsoﬁen%ma be 4-pyridyl,
5-i m dazopResnr Siamolg Wi 51 i o el ﬂiwheawﬁ% Ayl 3 or

4- pyr i dazwheh,atleast ®nemf R27 and 828 is ot hydrogani i\l possible sterapigamers of

62’4 ibi a¢é7 Yh}ew&hmtﬁe,scépeoﬁthenﬁvemrom benzofuranyl I2-I 3-E 4-,
- - or in raz olyl, etc,
Preferred het e&&ﬁﬁﬂu"éﬁ@uéqm%?ﬁgéefs rr%un%:?v%e F 'Oas ?'V%?éB furyI 2-
or $ornis, éncjuding hydratedbiortsi i generial;ithe mrmsx amrer s,qlvatelswrth -

PO'dy ]?a' o ngrﬁaée%ﬁrcﬁmpéééémﬁme Boffenft stchids watéraér%aaépéﬁu fHe iKecafE cUp
ma e \t Feng&trne unso)(vaqec? forRs fgéwoses og t;us IXventeo?\r esent S & group

of the fof
PCT/ U397/ 10696A compound of formula I may form pharmaceutically acceptable salts with -

organic and inorganic acids. Examples of suitable acids for salt formation are -
hydrochloric, sulfuric, phosphoric, acetic, citric, malonic, salicylic; malic, fumaric,
succinic, ascorbic, maleic, methanesulfonic and other mineral and carboxylic
acids well known to those skilled in the art. A salt is prepared by contacting a

25 free base form with a sufficient amount of the desired acid to produce a saltin -
the conventional manner. The free base form may be regenerated by treating
the salt with a suitable dilute agueous base such as dilute aqueous sodium
hydroxide, potassium carbonate, ammonia or sodium bicarbonate. The free
bases differ from the corresponding salts somewhat in certain physical

30 properties, such as solubility in polar solvents, but the salts are otherwise
equivalent to the corresponding free bases for purposes of the invention.

Compounds of formuia I and their salts can be prepared by standard
methods. The methods of the following Schemes are preferred; the starting
materials either are known or can be prepared by standard methods, and the



-7- Sul finyl represents a group of the fornula -SO.

Al kyl ene represents a straight or branched saturated hydrocarbon chain
having 1 to 20 carbon atons, preferably 1 to 8 carbon atons, and two free’
val enci ng which for the purpose of this invention are not on the sane

car bon %% when the al kyl ene group has 2 to 20 car63UsaU®6®. Preferred
al kyl ene groups are nethyl-ene or pol ynet hyl ene groups of the formula
-(CH2) (2-20)-. : Each radi cal or group that appears nore than once
in a structural formula, for exafpte RO when R2 is -N(R9)2, may be

i ndependent|ly selected fromthe whol e definition for that radical or
group. 1eadicals in thacfammylaed@inigsstatherwise, siated) havathe nieanings givenl forst t wo'

st er eoi sfomiula I, with theoprbiiguthat R® 6ai akebea n&@eﬁ%\‘éﬁ&ﬁrﬁ ﬁl%hbﬁhéﬁESt ituted

carbon a |, C r .oU IS ched. . Further

st er eoi sc})%%éshn%'ygb{eb% érld Ofptp S %F@&'&eggmﬂpeﬂ%ﬁ?'&ﬂggﬂgr@ﬁa ﬁr e not

i dentical, orSghemeXis SO or when "at | éast one of  R27 and R28 is not
hydr ogen., 2Al R8. ﬁs‘ls'bbl e stereoisomes ¥ Ry fornmula | are within the scope
of the i nlv | can exist in unsolvated
as well as splvd}ed hydrated fornms. In general, the
forms that a rcal l #?'ﬂ'c ﬁﬁt abl e sol vents such
as water, ethgno iv% t'(al ke unsol vated forns
for the purposes 0 Joas i of formula | may
form pharmaceutically acce organi ¢ and i norganic
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carboxylic acy nown to those skill at. Asalt is
prepared by contacting a 2 free base formwaAd a-s ffiB ent amount of the
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di.lute aqueq;gm_ﬁas\_e*?#e as dilute aqueous sodi um de o POt assi um
car bonat e, ammolkj_gtor’ s¢didym bi car bonate. The free ) b“a'gesﬁﬁ?fer from

t he correspondi ng- sal t sf somewhat in certain physi caqg 0 préperties, such
as sol ubi i tyg nRol ar Jsol vents, but the salts are ot herwi sgp2 . A .
equi val ent to the corresponding free bases for purpose$ of the”invention.
Conpounds oj( RAnBfa | and their salts can be pr epare 3bh4s -aitétar d

met hods. Rfe yaf Knds @Hohe fol | owi ng Scheres ar gg 52y ~ Jstarting

materials eitlpgr dre khown or can be prepared by stan ard met ho s, -and the

X 21
. _ . . 'R
. - N
R28 _f N1R27 ' st_f 1R27'
O - C
. 1
5 Ab Rz . A7 R2

In Scheme A, Q can be ~O~, —=S~, or —CHz—. In Step (a), L1 and L2 are
groups that can be eliminated during the reaction. L2 is preferably a leaving
group such as a halogen atom, especially bromine or fluorine, and L1 is
preferably an alkali metal, e.g., sodium or potassium. The reaction is carried out

10 in an inert organic solvent, which is preferably anhydrous, e.g., DMSO, DMF, or
a polar ether such as dimethoxyethane. '

When X is O or S, the reactant contributing the group X can be prepared
by reaction of the parent compound containing the group XH and an alkali metal
hydride in situ in the inert organic solvent.

15 Step (b) comprises the reduction of the carbonyl group to hydroxy-
methylene with a reducing agent such as an aluminum hydride, e.g., lithium
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radicals in the fornmul ae (unless otherw se stated) have the neanings given

for formula I, with the proviso that R2 can also be a
nitrogen-protecting group that is replaced (e.g., at _the end of the
Schene) Vﬁ?ﬁ&%g’group R2 according to fornula I: PCT/USOYAM06e A
[err] In Schenme A, Q can .be -0,

-S-,.or -CH2-. In Step (a), L1 and L29are

aluminum hydride, or a borohydride, e.g., sodium borohydride, in an inert
organic solvent. When an aluminum hydride is used, the solvent should be -
anhydrous and is preferably an ether solvent such as THF; when a borohydride
is used, the solvent can be a lower alkanol, especially methanol or ethanol, or
5 THF, DMF, or DMSO, all of which may be anhydrous or aqueous. Step (c)
comprises the conversion of the hydroxy group into a leaving group LS, e.g., a
sulfonate ester group such as a group SOg-(lower alkyl) or with a halogen atom,
especially bromine or iodine. This conversion can be carried out with a sulfony)
chloride, e.g., methane-, ethane- or 4-toluene-sulfonylchloride, and an organic

10 base, e.g., a tertiary amine such a pyridineg or triethylamine; or with a
halogenating agent, e.g., SOCl2 or PBrg, if desired with displacement of the
resulting bromide by. iodide when an iodide is required.

Step (d) comprises the amination of the reactive group L3, e.g. Cl, with a
piperidine or piperazine to form the desired product of the formula I. This

15 reaction can be carried out neat with the piperidine or piperazine or in an
organic solvent, and an acid-binding agent can if desired be used. An excess of .
the piperidine or piperazine may serve both as acid-binding agent and as -
organic solvent. When a piperazine is used, its second nitrogen atom can bind
the acid liberated in the reaction and no extra acid-binding agent may be

20 necessary. ' :

Step (e) can be carried out by condensation of the reactants in the
presence of a basic catalyst, e.g, an amine such as piperidine. Under these
circumstances an excess of the catalyst can setve as solvent. Alternatively, the
reaction can be effected in the presence of a strongly basic catalyst such as LDA

25 (lithium diisopropylamide) or lithium HMDS (lithium hexamethyldisilazane),
which preferably is added at a low temperature, e.g., -78°C to 0°C, in an inert
anhydrous organic solvent such as THF or diethyl ether. The reaction with the
aldehyde may then be effected at a low temperature, at room temperature or at
moderé'tely elevated temperature, e.g., at -78 to +60°C, preferably about O to

30 +30°C, and under an inert atmosphere, e.g., nitrogen. When the aldehyde
R21A.CHO is used to introduce the group R21, then R21A has one carbon atom
fewer than R21 such that R21A-.CH; is R21. The intermediate carbinol of the

formula
4
R2 R*q.

g ,\4‘/l (CHy),
S OH
R21

O



groups that can be elimnated during the reaction. L2 is preferably a

| eavi ng group such as a hal ogen atom especially brom ne or fluorine,
and L1 is preferably an alkali nmetal, e.g., sodiumor potassium The
reaction_is carried out 10 in an inert organic solvent, which is

pr ef er ab? BM&rous, e.g., DVMBO DMF, or a pol ar BEHEP7A486 as

di met hoxyet hane. Wen X is Oor S, the reactant contributing
the group X can be prepared by reaction of the parent conpound
containing the group XH and an al kalT 1@et al hydride in situ in the

Inert organi¢c solvent. 15 Step,.(b) conprjses, the reduction of the -
car bony| ganthentke delydsated (for exaﬁﬁ'?vﬂiéﬁ%zwm‘laﬁ'dapﬁ afereonyersiemef thech as an
al u ;n num/ hydioxyl group ipto a lledvingigroup, e.g., a halide or sulfonate)\@ihRe lahd

PCT/ US97/ 4o ting compound with a double bond can be hydrogenated, e.g. with - 9-
al um num@y?r%?'éle,gor g)borc‘)% ri 8 s O, sod?u% 'E)groﬁ gh'(?é,w'l n an inert
organi ¢ soydregen apg aralalysh Q}K’?‘rﬂﬁf W@F‘?H@ ¢ompeung °ftth%¥%"m%ﬁ§- shoul d be
anhy drgousWiven the hydedgenatiby also rediees thal carbonyd grdum thérifie rsdastion of

bor ohydri : t he sol vent can be a | ower al kanol,
especi al Id;/’%rrffe’lI vgrr]\ngtgP (thﬁnn%ﬁs?yﬁ%d r DMSO, all of

R . 5 HF, DVF, [
whi ch may be Shepdisan ‘Bﬁni’@ﬁﬁm&é ou} Ry thenethods oISteps (b) (fegﬁ‘?ﬂﬁﬂ)i ses the
conver si ognd{c)t{benversivnof tiye bydroxy igroup it ileaying grauplt?) aboge, ari -
sul f onat eg t@ b9rf9é’“\%“;’£§°f‘§}ﬁ$ @E)%QVGSOB-(I ower alkyl) or with a hal ogen

at om o . C rom ne, or iqdine._This conversion can be
carrit out wilfH imdasirgd .ptrodugleagroup Ktina QFH%@%-@'.‘QJ‘.&WR!?%-,

et hane- oef Stepqb)eaebs rkpeatpti befareiSteps (and (g)carg xaried out. - 10 base,
e.g., aterti : ' t

hal ogenat i ng %%ﬁﬁ%ﬁ@?ﬁ%@?&@ﬂ@g%@@ﬁ%@ﬁ%ﬁ%% es ?Ag‘d?rent of

t he A7n S hemeAsgﬁ‘Pf'Fﬁﬁﬂlﬁ'?ﬁﬂ saljen ol AfompRUR éﬂtﬁ‘%kﬂr&@q 2y equi r ed.
Step-(d) eoApwithes coinpoand bathediormilatAx; folkowed wethgrredpction ofthg. Cl, with a
Piper{gll fahiling ARSI probBEbId)nfiSes IprEfrdbilP L daind SRp! gl .1 . Thi's
15 reaction cdn _be carri ou‘J\S ngat w th the plperi dn‘g_e or piperazine or
in an condensation can hppfifcted in 1pgpreseqeg of @ cRMRRYR |9ﬂj“‘¥8€&5 can if
desi red bsewingcas Amilzidcanveis awid (or a protic acid) and atdehydrglingdigeat.oThe@i per azi ne

may serve hghluis agfd ig'cBWQﬁiBHtLl}?ﬁ ﬁéni@r'?t%ﬁigowe'r alkoxide), as?ecié!ggﬁ”ibf o

APIR % M A A MR AR I
ggndﬁgfﬁw&g Zonde?sation prc:gu'jc: réc;;g., imiseeean m)endmrddugtra:&qwitg?énggt ab% i
=11 c t, ©.6.; um'borottydride, but preferably one't t O
catalyst, reactive ?orgvkag:@s the Lewis aoid %r%%t&cgéc?&'es%ggi%hy %;Qgi%u@n -- :
cyanoborohydride. Aiternatively, the reaction can be effected with sodium
_ triacetoxyborchydride as both Lewis acid and reducing agent, in the presence of
25 acetic acid. :
The condensation and reduction is carried out in the presence of an inent
organic solvent, preferably a chlorinated hydrocarbon, e.g:, 1,2-dichloroethane

or especially methylene chloride.



ci rcunst ances an excess of the catal yst can serve as solvent.
Al.ternatively, the reaction can be effected in the presence
of a strongly basic catal yst such as LDA 25 (lithium

di i sopropyossRed) or |ithiumHVDS (lithi um hexanet hyl di S\drarenfokes : -

which preferably is added at a | ow tenperature, e.g., -78[err]Cto O[err]C,
In an inert anhydrous organi ¢ sol vent such as THF or
diethyl ether. The reaction with the-77 - al dehyde may t hen be
effected at a | ow tenperature, at roomtenperature or at

noder at el \SohemenBed terrperature e.g., at -78 to +60[err]C, preferably
about 0 to +30[err]C, and undeé&a d nggt at m)sphere e.g.

ni trogen. \Weng Wy : Q‘W 6 ntroduce
the group R21, . the has one(@ar bon atom Y fever. than R21
such t hat R21A—C§|f S, . “Fhe—tnmtermediat e. o

formula [err] . WD 98/ 00413,

PCT/ US97/ 10696 / (o) -10- - - can

then be dehydrated (gor_gexanpl e Irect wwth acid or, after conversion of

t he hydr orf Rhoa avi ng group, e.g., a halide or sulfonate,

w th base), and nng comggund wi t h g8 dgubl e bond can be

hydr ogenat ed, e.g. hydr ogen 2?Pd/C to the
0

compound of the B®r ®duces the
car bonyl- group, then the

he

eduction of the f (f) can be

tﬂg‘ met hods of

obvi at ed. | Step (f) can then be carrj & out

Steps (b) (reduction) and (c) (corwjar of the Kydroxy group into a
| eavi ng group L3), ap8ver? and Ste by the nethod of Step (d) above.
10 1f itR~ 2y a]‘(ﬁCi-l@)nro ceagroupRllzp addition to R21, then
t he process of{ Step (e)] can be repeated bej(or and (g) are
carried out. X tive met hda/fo “Hr§par i a)mnpounds of
the fornul ae A5 BRd 7 irﬁ%che A(gorrpri ses he ondgnsati on of a
compound of the formul a N or A6 a conpou hegbpr mul a A4,
foll owed by the reduction of the 15 sul T cggdensat on oduct, e.g.
imne, preferably in the same st er-R%¥ conden n\;an be effected
in the presence of a conpound or conb‘@)n r"'isf"lg ild Lew s
acid (or a protic acid) and a dehydraheng Aggent . The m I d Lewis acid

i s conveniently a titaniumtetra(lower.al koxi de), especi Iy
Ti (O 2-Pr)4, which is commercially avail able and gives gBod results. The
In Scheme B, Q is -O—or —S—. In Step (a) the compound of the formula

B1 (wherein RA is R or preferably H) is reacted with a reactive derivative of an
5 acid of the formuld L4.(CHa)n.CH2.CO2H, or such an acid with a substituent R?
and/or R21 on the 2-carbon atom, wherein L4 is a reactive group such as a
chiorine or bromine atom. The reactive derivative is preferably the acid chloride,
but may be the bromide or anhydride. The reaction is effected under Friedel
Crafts conditions with a catalyst and inert organic solvent; the catalyst is for
10 example anhydrous aluminum chloride or boron trifluoride, and the solvent is
preferably nitrobenzene. The reaction is typically started at low temperature,
e.g., at 0-20°C, and continued at moderately elevated temperature, e.g.,
30~100°C.
A group R2' (where R21 is other than hydrogen) may be introduced in
15  Step (b) as described under Scheme A above. When the group RA is hydrogen,
the group R may be introduced in Step {(c) by reaction of the starting material
with a compound of the formula RL4, wherein L4 is a leaving group, e.g., a
sulfonate ester group but preferably a halogen, especially Ci or Br. The reaction
is preferably carried out in an organic solvent in the presence of a strong



20 resulting condensation product (e.g., imne) can then be reduced with a
mld reduci ng agent, e.g., a sodium borohydride, but preferably one,
that is not reactive towards the Lewis acid or protic acid,

especi ak‘% %F';oga? cyanobor ohydride. Alternativel he reaction can
be effecte h sodi um triacet oxybor ohydri de asﬁ?ﬂ%’ W {18%%s acid and
reduci ng agent, in the presence of 25 acetic acid. The
condensati on and reduction is carried out in the presence of an inert

organi c solvent, preferably a chl or fRted hydr ocar bon, e.g.,

1, 2-di chl or oet hane or especi al Irx nst_ggl ep‘e chloride. WO
08/ 0041 Anorganic base, e.g., sodium or potassiurn hydride or hydroxide, angan/ingd7/ 10696

-11- orgafictsolvent d.grarihydrous DMSO, DMF, or a polar ether such as
dimethoxyethane. Steps (d) and (e} may then be carried out as descnbed under
Scheme A above for Steps {b), (c) and (d) therein.
Scheme C:

_, Q‘(cHa)n @ R Q*( Haa

c2

R RYA.CHO
zj___ Re7 @\ orr2.13
1

X‘ Q‘(CH) | R R

R21
K/ 528 T R
C3 2 R'a
R -~ ,A ~(CH Cox
R X ( Z)n R2 Ad _
S
. R21
Y Rze_f 1327
o
- C5 1

RZ
in Scheme C, Qis O or S. In Step (a), the group R is introduced by
reaction of the starting material with a compound of the formula RL4, wherein L4
is a leaving group, as described under Step (c) of Scheme B above. The '
10 remaining éteps (b) through (g) can then be effected according to the processes
described above for steps (b) through (g) respectively of Scheme A.



In Scheme B, Qis -Oor -S. In Step (a) the conmpound of the formula
Bl (wherein RAis Ror preferably H is reacted with a reactive derivative
of an 5 acid of the fornula L4. (CH2)n. CH2. CO2H, or such an acid with a

substi t Wy dsnRd2 and/or R21 on the 2-carbon atom WegrRk#edhe S 2

reactive group such as a chl orine or brom ne atom e reactive

derivative is preferably the acid chloride, but may be the brom de or

anhydride. The reaction is effected L{ der Fri edel - Crafts conditions
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with a catalyst and inert organic sol'¥ent; the catalyst is for 10 exanple
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The process of Step (a) (reductive amination) can be carried out
according to the alternative condensation/reduction process of Scheme A
5 (described above as an alternative method for preparing compounds of the
formulae A5 and A7). The group LS is preferably a chlorine atom or especially a
bromine or iodine atom. The product of the formula D2 can then be reacted with
an alkyl-lithium reagent, e.g., n-Buli or t-BuLi, in an inert anhydrous organic
solvent, to replace the group L5 with Li, and the resulting organometallic
10 compound can be reacted with the aldehyde RCHO to yield the compound of the
formula D3. The benzylic hydroxy group in D3 can then be reduced, for
example with a trialkylsilane, preferably Et3SiH, and a strong acid, preferably
trifluoroacetic acid. If the product of the formula D4 is to contain a group R1 or
R21, this group may be introduced into the compound of the formula D1.
15 The group R? in this process is preferably a nitrogen-protecting group,
e.g., a benzyloxycarbonyl (CBZ) or especially a t-butyloxycarbonyl (BOC) group.
Such a protecting group can be replaced with a group R2 defined above under
formula 1. A protecting group such as an amidating group can be removed by
“hydrolysis; e.g., a protecting BOC group can be removed with trifluoroacetic
20 acid or with HCI in EtOAc. The desired group R2 can then be introduced (in one



In Scheme C, Qis Oor S. In Step (a), the group Ris introduced by
reaction of the starting material with a conpound of the fornula RL4,

wherein L4 is a leaving group, as described under Step (c) of Schene B
above. %eppé&‘%erml ning steps (b) through (g) can then_be effected

accor di e processes descri bed above for stBpYUINO® ough (g)
respectively of Schene A ' . WO 98/ 00412

PCT/ US97/ 10696 -13 -

Schene D. [err] -14 -

or more steps); for example, a 1-piperidinyl group or N-RY-1-piperidinyl group
can be introduced by reductive condensation with a compound of the formula

O=CN—B'OC

followed by removal of the protecting BOC group by hydrolysis. Both the
5 reductive condensation and the hydrolysis can be effected as described above.
Any further substituent RY (wherein RY is as defined above) can then be
introduced on to the newly liberated nitrogen atom. For example, an amide can
be formed by condensation with the acid chloride (RY.CI, when RY is an acyl
group), if necessary in the presence of a base, or by condensation with the acid
10 itself (RY.OH, when RY is an acyl group) in the presence of 1-hydroxy-
benzotriazole, 1-(3-dimethylaminopropyl)—a-ethylcarbodiimide, and N-methyl- -
morpholine.
After the process of Scheme A, B, C or D has been carried out, a resultmg
compound of the formula I wherein Q represents 8 can be oxidized to a
15 compound wherein Q represents SO or SOg; the oxidizing agent is preferably é .
peracid such as peracetic acid, 3-chloroperbenzoic acid, or perboric acid, in the
presence of a strong acid used in excess, e.g., methanesulfonic acid. if the..
compound wherein Q is S is being oxidized to the sulfoxide (or the sulfoxide to
the sulfone), then about one equivélent of oxidizing agent should be used; if the
20 compound wherein Q is S is being oxidized to the sulfone, then about two
equivalents (preferably at least two equivalents) of oxidizing agent should be
used.

- PHARMACOLOGICALACTIVITY
The compounds of formula I exhibit selective m2 and/or m4 muscarinic
25 antagonizing activity, which has been correlated with pharmaceutical activity for
treating cognitive disorders such as Alzheimer’s disease and senile dementia.
The compounds of formula I display pharmacological activity in test
procedures designed to indicate m1, m2 and m4 muscarinic antagonist activity.
The compounds are non-toxic at pharmacsutically therapeutic doses. Following
30 are descriptions of the test procedures.

MUSCARINIC BINDING ACTIVITY

The compound of interest is tested for its ablllty to inhibit binding to the
cloned human m1, m2, and m4 muscarinic receptor subtypes.. The sources of
receptors in these studies were membranes from stably transfected CHO cell

35 lines which were expressing sach of the receptor subtypes. Following growth,



The process of Step (a) (reductive ami nation) can be carried out

according to the alternative condensation/reduction process of Schene A

5 (descri bed above as an alternative nethod for preparing conpounds of the
formul ae AS and A7). The group L5 is preferably a chlorine atom or

especi al Iwods/mo412 brom ne or iodine atom The product pofrusdracéer nul a D2

can then be reacted with an al kyl-lithiumreagent, e.g., n-BuLi or

t-BuLi, in an inert anhydrous organic. 5. solvent, to replace the group
L5 with Li, and the resulting organonetallic 10 conmpound can be reacted

\tf)vi th |t he ﬁhé%ﬂ@'%e‘%@létﬁd)&nﬂ' ﬂ:ﬂsb@uﬂmaﬁé&%iug a Polyiraﬁrmlsel D3. tTEe
Cr1al kyl si feupaed poRre M ek SARandEBr B e Bl B), The, ooy T
t ri f 1 uor odhamegenatesiwere cargfuged ah 40,080 xgtori28rminutesat 4°C.t heontain a
tnguForRl IOrliasulting supérhktarits werd H@éﬁlr'dm'adtﬁﬁef‘ﬁén@_tw%ﬁb reuepbhded ﬁméoggld 0;
ot ogf PR 8 ol spoenilh 128 ol TR ol 1
especi al | ystered a$:80%Ce untilutiized in thredindine @sgays describedihglow. pr ot ecting group
Cant ggt Ir ﬁpl ace@indihg 16 ey elbﬁe&{%udﬁni rned:'eﬂhwmupm:g was Q/erforﬁ@ﬂfﬂ&:ﬁg . A
o o v St e SN L, DRLCHIFRL ans
trifl uor oc@pproximately & 20sapd 14inghofpreteimassayder theatl ge2, apd group R2 can
then k@ i nhadrtdsing inerAb@ines, respectively) Werd Sridibaiet with 3H-QNB (final
PCT/ US97/ T iBntration of 100-200 pM) and increasing concentrations of unldBeled 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 atropine. The incubations were terminated by

vacuum filtration over GF/B glass fiber filters using a Skatron filtration apparatus,

15 and the filters were washed with cold 10 mM Na/K phosphate buffer, pH 7.4.

Scintillation cocktail was added to the filters, and the vials were incubated

overnight. The bound radicligand was quantified in a liquid scintillation counter

(50% efficiency). The resulting data were analyzed for ICsg values (i.e. the

concentration of compound required to inhibit binding by 50%) using the EBDA

20 computer program (McPherson, 1985). Affinity values (Kj) were then determined -
using the following formula (Cheng and Prusoff, 1973):

. ICso
Ki= 1+ . s qs
l affinity (Kp) of radioligand] _

Hence a lower value of K; indicates greater binding affinity.
The above procedure is known in the art and has been the subject of
25 detailed publications. , |
' To determine the degree of selectivity of a compound for binding the m2
receptor, the K; value for m1 receptors was divided by the K; value for m2
receptors. A higher ratio indicates a greater selectivity for binding the m2
muscarinic receptor.
30 MICRODIALYSIS METHODOLOGY
The following procedure is used to show that a compound 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
35 Kopf stereotaxic apparatus. The skull was exposed and drilled through to the
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or nore steps); for exanple, a 1-piperidinyl group or N RY-1-piperidinyl
group can be introduced by reductive condensation wth a conmpound of .
the formula [err] foll owed by renoval of the protecting BOC group by

hydr ol y§i:Sesdaplzh the 5 reductive condensation and th ng | ysis can be
ef f ect ey,&as escri bed above. Any further substitugﬁltrll 721P¥9f (wherein
Rl err] is as defined above) can then be I ntroduced on to the newy

| i berated nitrogen atom For exanple, _an am de can be forned by
condensation with the acid chl oride"?@%\??(}, when Rlerr] is an acyl

ro , ILf necessary.in th res of base,, or by copdensation with the
9ePd 10 dyracd oo At anier e Anas § v ke 3t bredtnan cAldhesence. of

1- hydr oxgeordinatesh arguide canrulla was positioned at the outer edge of the dura

1- (3- di ngf-didrAie HiNea RPshing, fowereadeRssHdidll ﬁg@ﬁe é‘%'rfg)rp. and

nmor phol i ne. ALt ér th rocess of Schene ,

Car i od Bemangniy sapyredguit dentaoRRENTS hodeisStevr.nEplowing s surgery,

r epr ésentats Weeagivien aompidilline@O0traglkg] ip) andripdividdaliyy hoesed i medifiedent s SO or
S2; the ldi &1 s ; ' acetic
aci d, 3- S or oﬂgér}%gg ol cndg?ﬂcaiéﬁg?ﬁﬁ%ﬁ%r@itg 7&&9%?&?%5&\2%%@%?&6“6 of a
strong amiarodialysis proggdiredvas, ugdert anesul fonic acid. If the

conpound wherMicro@lialysis: i All bEthegequipmienkand instromentatiomxiisksl foor t he

sul f oxi dg, il stdbtaindd o Blbinﬁﬁﬁbé(l om8/ @e.xi di zi ng
ed ng oxi di zed

in vivb ¥ic %?@Ma
agent_ sh sed; If the 20, conmpound, where S S
to th s&‘i‘gréﬁﬂéj RisrodiBlysts Reqgedurs TeBrRd e nsariop thialioishs aide Sact 1 v
equi val ecdrmulendf @ hinj reedip-likee perfusaile prabe (CMA/1230hm x 0.5 nmiPh)ANMACOLOG CAL
ACTI VI T¥dapth of 3,mm in shifuHBY8HE e Shd bP B duidé. THBIpRbe wabect ! ve 2 and/or
md nuscarinic gnana ni, . act ty, . whi.ch has rel at ed th
phar nace‘Efli'T'{,eﬁ?eda‘E?fP(ﬁthﬁagf"lﬂﬁ'l ubing tlolr%é'l‘%ﬁ@%’bﬁﬂ iAUmR gﬁg@r shg‘ﬁch \z,ims
Al zhei mewere cbliaeed and tethered, landgdfaliewingsprobe insertion, werdiplaceshinpaainds of
formg a ﬁar% %ﬁ%ﬁ@ﬁa’ BN WHOIRter RdtbNAlldhd dbck8S to food artf RERFUTHS desi gned

to indi t car, t .Ct . T
conpoundaroRp AR AT SB 4 SR Wit BigBEs PrYeR tlacl Janmi dscka0 milF| i ng 30
are descCafld basnidf Mg@l2tled miy) cordainingss.5 mM glugssaaR2NNY BiasComateACT! VI TY
The Corrpsfétpg r@h nbBERIrAMb brémidesatsH 7. Tb achidib istablé BatélitidYehditgsdi ng to

sour ces Biorodiaysiszalied o phgeed S T BB S BBchdRasolSHBRC: ol y
t r ar20 ecfractiofsiORrattionsK20 |il)rwere dhitainedat d Oaniputssintervale avar aB-howr recept or
subt ypespeficy LsiMh BrefHgdthted collector (CMA/170 or 200). Following the collection |
of four to five baseline fractions, the drug or combination of drugs to be tested
was administered to the animal. Once collection was complete, each rat was
autopsied to determine how accurately the probe was placed.
- 25 Acetylcholine (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 NazHPOy4, pH 8.5. To prevent bacterial growth, Kathon CG
30 reagent (0.005%) (BAS) was included in the mobile phase. Eluate 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 acetylcholinesterase
and choline oxidase covalently bound to a polymeric backbone. The action of
35 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
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cells were pelleted and subsequently honpgeni zed using a Pol ytron in 50
vol unes daoddd2 ™ Na/ K phosphate buffer, pH 7.4 (Buff ;
honngena?gg mer% centrifuged at 40,000 x g for 20 ninu?ggﬁgt 4 err]C. The
.resulting supernatants were discarded and the pellets were resuspended in
5 Buffer B at a final concentration ?% 20 ng wet tissue/m . These

menbr anes were stored at -80[eérf{Cuntil utilized in the binding

assays descrihed: beI OoW. t he cloned h muscarinic
rec egt or saGauisiion was farrie pytusing an 'MBE%L#&O PNAYter EEH‘PP?Q%?‘(QJ\IB) o
( Wat son emmbchant[éB[EEE Board. | integration and quantificatiompppeaksmerd y 8, 20, and

}gsgg{:[}g rASIRhBH RshRS MRl bhfonitho @@h y 38R (WHSRODoRs &hﬁ??)genbr anes,
100- 200 p ﬁH‘tF'HEP@é§?W5FC‘Hﬂ%iEW' 7t & oW hate, ot 1 ey Ssteron”'

final s/ol timves éér atetyichalinaZnel clicliné avere @.5rand 7&:minutes spettively.ofadi ng was
assayed 'lgyobﬁsr BrEaERE& 18 giﬂséxlﬂé ichithgé §i?aodé't§ctoﬂ_ E&w.mymﬁmans wer e

term nate tratlon ass.fiber filters using a
Skat ron f¢hw Wfﬁpﬁ}bpéag o chﬁ{?dfa}t ‘E%gsgmw MQW@&’WEt h cold 10
mVl Na/ K pand pheaeh bainple quaue.7. 4. " Scintillation cocktail was added to
the filters, apdrddags)y, r?ﬂb‘ﬁ 140618 dr@@&hﬁét@ﬁt with Ipreé?ﬁﬁbﬂk A2t recdp@rbound

radi ol i gand was, quanti inaliquid scintillation counter | (50%

ef fi cmenc?')‘ agPAisM-csul t | ng data were anal yzed for |C50 val ues (| e. the
concentra q-f & uired to inhibit binding by 5009 u5| ng the

EBDA 20 Pher so 85 Af fi _n| ty val ues, were then
det er mi ned The peasent tﬂ’Y@"’?‘Qﬂ BISRi fﬁ[}t%‘%ﬁ?@e 'a\éﬁ)ﬂn?'plﬁ'ﬁ 'Ps |tf973)
Ki = [errby administering anytdonsound capablevol erﬂwanbmglAﬁ)hdeleaseﬂghmar bi ndi ng

taLfel ghtjyeg}usg?myg ang& rﬁ?e dao\ég P&QEW&FQNB 'frPQ&ﬂbinﬁtxé:‘i' gﬁrén and ‘has been

term ne the

degr e¥5 of ag@v@bpllm%raéﬁ ‘@'E'éﬁfpd’dﬁgerf’g@ the MG [Pledse- ﬁ@hancm receptor, the
Ki val ue tempboiind B:aﬂ'tevrm m2selbictive enbiscarinib ankagonist,Lice. fome heing a '

recetors | r inding the -
P Hﬂ@cﬁr@h Rl kot ) Gt &@‘%ﬁ&ﬁa}% BLive mifedeinidl nding the
foI | owi ngaptagebistiie. pae HawRgEralin ifegm rPB?ﬁ‘f %‘h% dbe,n

N2 ant agofizsér m4 selective muscarnigamnyagdnists fdrq:ractningﬂmsaspaet of tBer ague- Dawl ey

Rats 4 850.an§n&4 include witFE& mm.bh%-wcﬁfbrm&rﬁﬁﬁé UREER0Y P aAkipal (54

190, P) s 8 et s b B o Boohtpost |

Ingleheim), tripitramine, and himbacine.
The tests reported in the following Table show that the compounds
numbered 5, 9, 10, 14 and 15 in particular have useful values of the m1/m2 and
25 m4/m?2 ratios and should have valuable properties for the treatment of cognitive

disorders.

30
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dura at a point 0.2 mmanterior and 3.0 mmlateral to the bregna. At these
coor di N3y§sepedsz0ui de cannul a was positioned at the out gzswﬁ..t he dura
through the drilled opening, |owered perpendicularly to e of 2.5 mm
and permanently secured with dental cenent to bone screws. Foll ow ng
t he surgery, 5 rats were given anmpicillin (40 ng/kg, ip) and

i ndi vidually housed in nodified - 73c*ages. A recovery period of
approxi allowed bhefaore the mcrodialvsis
pr ocedul FARE dndACHVIRIES M cr odi flKjgam); MiI/m2& mid¥mefui prent
and i ns| OFEGAMPAINDSed to | ComsrAgUfMprecy|md m. dr ozl 5
obt ai nedlOF EARMYEAl yti cal Systens, I.nf. 10 (.BA%. The m ysis
pr ocedu rd:qu. ret—the—trnsertiomthrongp—the—gitde -8 a thin,
needl e- Wusa Ho' probe] (CvAl 12. 3] nm x 0]356m) |t o 78 th of 3
mmin s{ikad t b'&;a d- the endj-of the gujde. The prabg was nect ed
bef or ehq Wi UDTNg L0 a nycrol ] ect 0%78 CVA 100 wer e
col | ar egp t ~qd, —and, fbllow ng pfob€ Y ngertior}, re in a 15
| arge clea | g'l\d‘S'OOV\A th litterfmateri fl addjaccess and
wat er. Jmne o~pr obe was peyruased at E.l.erl [T WHCIT R ffer
(NaCl 1%&@?&0 b 2 1| 319t |k o .olﬁvy ing 5.5
mM gl ucpses N—&?Sorbate, ahd 1 [efr] Moredosti gmine x®m de at
pH 7. 4. [ Toacmt Stant & Dasgr e, readl n MICT o af VSIS S
al | owed mﬁ?c§;—o¢ 90 m ntjt es prior 11245'!% Bl edti of ;%Qp fyactions.
Fractiops (R84 ]l\)N-v@e obf ai ned at h 0-m nhte ilrjer val s 3- hour
peri od Hbi Ty refTTgerated cpriector < g0 or 20y —Fo "he
col l ect{ & ~Qf four to fjve basel i hdmhlese }&hs, |t heldr .
conbi na m‘b gu!g@o be tepted westltadfri ni gtqred to | mal .
Once coltectiron S—CONMpHete,; [ eaci rat— as autqgpsted
accur at fday_khe Rrbhe was pl ackd. 205 (decq 9:13chocui n&6( ACH
The con ) pl | ect ed _sajpl es.63f m cr
determ | octrertcat tetectrom: Se s
aut o-i nj i gerated SIS, }105  Hr 0@6ss
pol ymer m ( BAS, |VHCPdalbp) aaw
mM Na2H P 0P V ‘ e 1 Y Keatior—Es
(0: 0059 lJSA as i ncluded i} @{p]f% 88 El udt e2fro
anal yti ¢ 0u N tai ni ngj separ at ed| AChsaanp chglzine, wa ;
I mMredi ap-ewy pavsed—throgh—ak—-rrphi ZY-HB-eact-or—cat | dge
( BAS, M:rq,lﬁé}lw\ e oni265 . The3Seaft or cont ai ned
bot h acgtwd | ias{e) ase sal‘ta 7.7 [
. Cy ‘(9“,\' 10 183-184, | 151 115 |17
no L HCl salt 13.2 1.5
> 11 181-182,1314 88
"N &N’\ 4
rn“‘o N HCl salt 3.6
. 12 150-154,| 173 92
| dimaleate
(3.0 GO | 19
9_61 13 67 17 |33
CH0
‘@‘E L0 4.0 2.0
2 <t 14 232, |112 6.1 |16
CH,O-< >—S-{'§jm- 3 ’ ‘
6 ’CE—O (Isomer A) | HClsalt |  18.4 2.6
c0L=>-8 _ng,‘m o 15 253-254,11.23 0.11 |0.27
8 (}-O (IsomerB) | HClsalt |  11.2 2.5




and chol i ne oxi dase coval ently bound to a polyneric backbone. The action of
35 these enzynes on ACh and choline resulted in stoichionetric yields of

hydr ogen per oxi de, which was el ectrochem cally detected using a

Wat ers 4@ ofigdsect Or equi pped with a platinum el ecidogi@rpdso@ WOI Ki NG
potential of 500 nvolts. Data WO 98/ 00412
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acqui sition was carri ed out usi ng an ﬁM Model 70 conputer equipped with a
m crochannel | EEE board. Integration d quantification of peaks were
acconpl i shed using "Maxi ma" chromat ography software (Waters Corporation).

Ret ent | on TABCE B ERRRRoraiRGeuris 41 e Rahieren HPloasé.Stghastdl Choke i nut e

respect i vel {ACH)drom Striattim obConseiousRatscloliéwingReritonéal Adminigtratiom det ect or

sensitivity during chromat ography, ACh standards were included at the
begi nni nfy, niddl e gnd Comp&Uutfll hd feussanp! e Sund and results ncr eases
in ACh | pvel s are cmﬁegrr—vm-ewn'a'p goni sm
RESULTS [oF THE TESTS o The cgy esept i nvenyi on~al sofel atgs to
achi evinp simlar symo@t—%-{ﬁmk&éﬂ : hgaoa@-.}}&@%n cpnpound
capabl e pf enhanci ACh Tebease, $Su -h@ 2! nascarin aég bni st ,
e.g., Sc ] r ONB, in conbination wWyth an 15 acetyl cholingsterase
i nhi bi t of . SBrgdfler abll y Gdrapdutid 14, ésmsmershhajciCompound t5,1jsmewat B s ¢i t her an
m2 sel ecfi arfi ni L , Al ope n . o ¢of (Ki for
1)1 (K5 | op SHBHRIF e oDoRR HibAD: 2t (L DBKL 1Ot dis 0 P (1
ant agoni pt Time e. onfe Mean®goh rat Standardk; | f Meam%/qfki| f &tandigrdgr ¢at er t han
1. The | (Mintfesy' |™ iiefifbl V4 Nuséredr Ni cf anbagsliiest § foremspctifing this
aspect of—tThe 20, Tqnven I ngrude noul T TRALLatl 0 '
3-[err]- ALML—&I—&R AE—1DX 11@\,%‘%?\5 ALY 3841 B1aNB8 (rhese | ast
t hree coppouldds (Bilng W@BBabl ¢ from.GR)ehrﬂ'nquB.ET I ngl®&H@i m
tripitramne,,an nbaga Be. e redorte the
fol |l ow n Oa ff t?gét‘??:lc rlput?l'l.!,ﬁ tl?l?r.lt%r?cr 5 gr'%?f, +41and 15 in
particul hr _h®Pe Meful 9%POes df thd-98/ np| and03:86 : nd “shoul d
have val pabl gggor opey ti ¢go.ar the tregegent|of 10eg9a ti vie 4.40di s¢rders.

70 86.66 6.26 . 175.31 6.60

80- - 95.26 4.15 . 278.67 31.06

90 895.90 1.66 266.94 17.84

100 102.30 . | - 16.27 245.19 . - 16.74 -

110 108.24 _13.56 217.34 9.29

120 85.62 16.35 222.39 20.20

130 103.94 13.20 205.69 . 12.36

140 99.35 13.94 188.49 11.52

150 9147 | 1151 189.79 . 13.56

160 - 90.80 20.28 184.27 13.03

170: 89.0 12.35 189.27 23.70

180 - 83.13 10.95 189.86 . 12.41

Notes: '

5 (1) Control; gives first baseline.
(2) Control; gives second baseline.
(3) Control; gives third baseline. ,
{4) Compounds were injected at 50 minutes.
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Ki(nm; ml/n2 & nd/ne OF COVPOUNDS Conmpound

M P. [er mL ne m m+  OF FORMULA | No.
P Wondhz T1 [err] 1 5%'%"’5”"“‘?@ 106
4.5 1.3 [err] : 67- 68
42 27 1.5 [err] 3 219- 221
82 130 37 0.6 0.320 - [err]

4 >0. 9

[err]

di mal eatfeliowingl formulae, and théhSacid addition saltd:. 6 [err]

6

205 (dec . 633 _
’—QG

. s, L
Y
and CH3;0 lSl N’\.
o — WD),

and also the compounds of the followmg formulae, and their acid addition salts:

: ;] LHs
E_Q—CHZ o '{,\\1'\1 N-gl :

o)
O ’ ‘.CHa )
it :

and [ o) S N~ CHs:

in all of these compounds, the methyl group attached to the piperazine ring
(where present) is in the (R)-conformation.

Pharmaceutical compositions can be prepared from the compounds of
formula I, which are capable of enhancing ACh release, by admixing them with
10 pharmaceutically acceptable, inert carriers. Acetylcholinesterase inhibitors can
be used as optional constituents of such pharmaceutical compositions to
provide a better, frequently even synergistic, effect. The pharmaceutically
acceptable cartiers. may be sither solid or liquid.- Preparations in solid form
include powders, tablets, dispersible granules, capsules, cachets and

Bariciary preféirad comp%gzgrlxlds of tﬁ%qgrmtilqé jrpgiqelfh%sg@@the 21

35



[err] 7 191- 193, 105 26 . 21
HO salt 4.0 0.8 [err] 8

191-193, 88 27 23 HAO salt 3.3 0.9 [err]

9 WO 982412206, 265 35 PCT/Us97/10696 i Ml eat e
salt 7.7 [err] 10 183- 184, 151
11.5 17 HCO salt 13.2 1.5 [err] 11
181-182, 314 88 HQngth 3.6 [err]

12 150- 154, - 173

d' mal eat ggeposltog%s 9 A solid carrierSérf be Bﬁébtmore ‘substances Which mdy’also

14
18.4

0.11 O.
WO 98/ 00

-19 -5
Acet yl

Peritone
Conpound

10

156

20

25

30

35

act as dijusnts, flavoring pgents, solybijizers, fibricants, suspenging agents, - ch sal t
binders @r tablet{disinfegrating agents; it may alé6 be an encagsafaﬁn§54 1.23

ﬁ-@enal (I'somer B) HC salt 2.5
) PCT/ US97/ 10696

TREgRAarstions; indiquidformdneiyde $slulipns rauspansians and emulsiopsse of
Chslamexample méy\bb méntiome8isolalonsnim ivatérsdh wWateRsropyleAt | owi ng
E‘Xnéﬂ%}guﬁ'{tgﬁa?ﬁ?‘mm o | | CorrEound and resul ts

Also included are preparations in solid forr which are intended for
conversion, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspénsions and
emuisions. The solid forms are most conveniently provided in unit dose form for
this purpose and are used to provide a single liquid dosage unit.

The invention also contemplates alternative delivery systems including,
but not necessarily fimited to, transdermal delivery. The transdermal
compositions can take the form of creams, lotions and/or emulsions and can be
included in transdermal patches of the matrix or reservoir type as are
conventional in the art for this purpose.

Preferably, the pharmaceutical preparatlon is in unit dosage form. In such
form, the preparation is subdivided into unit doses containing appropriate
quantities of the active components. The unit dosage form can be a packaged
preparation, the package containing discrete quantities of preparation such as
packeted tablsts, capsules and powders in vials or ampoules. 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.

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 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 treated condition, and the particular compound administered.
Determination of the proper dosage for a particular situation is within the skill of -
those in the medical art. For convenience, the total daily dosage may be divided
and administered in portions throughout the day or by means providing
continuous delivery.



- Sanpl e Compound 14, |soner A Compound 15, Isoner B Col |l ection

Dose =10 ny/ kg; 3rats Dose=10 ng/kg; 3 rats Ti me Mean % of
St andard Mean % of St andar d (M nut es) basel i ne error
basel i ne rror 20 (1) 99. 47 98. 61
1.74  WOBMHES T 100.85 4. 62 93. 87 §§”US"’“°‘6‘

40 (3) 99. 71 3. 14 102. 42 1.41 50 (4)
99. 20 1.59 103. 86 3.90 60 . 100. 78
4.20 102. 14 4.10 240 86.66 .~ 6.26

175. 31 6. 60 80 95. 26 4.15 278. 67
31. 06 A¥hen a compAmdosf formula I orha mnpound caBdi®of enhancingl 7.84
%83 " Act ¥4 §Q Js used lnjtgb agatxon with & chohnestje‘?%sge‘smhibttor to 11g 6
16.35 treatppgnitiye disordersy °§B1W° active gafponents mayke 9&‘“"""'5‘9’38 20
205. 69  simultadéoiiily or sequentidlly. Altemativélg, 85Single pharmisteitical 188. 49
11.52 13. 56
160 5 comg% comprisin é%npound of féﬂ'ntg% Iora oorﬁé%urgtgcapable of 170

89.0 enhangingzACh releasggg%za;n acetylc olggesﬁ;ase inhibitof dp a 83. 13
10. 95 pharifi@etically acceptableidarrier catobe adrriinistetdd. Theiconipongntsasf fir st
naseline. the. co(‘f@mat%aﬁp e aﬂhﬁﬁi etéd ﬁﬂﬂné\?&l 'erS%ether fn?&n Cont rol; gives
third bas r‘g) ri'ds |nJeh
98/ 00412 conventional oral or parentera osage orm, such as capaql
-20 10 cachet, suspansgiom, dotution, puppasitory nasaljapray) etof Theelo{sageml thel i ncl ude
those of Ll cnolinelldral RBiLiRF Mllyiangs Wnt BOIOA 180i0H AYMGEdy waiblkes: [err]
_ The invention disclosed herein is exemplified by the following Examples,

which should not be construed to limit the scope of the disclosure. Alternative

mechanistic pathways and analogous structures may be apparent to those

15 skilled in the art.

)

EXAMPLES :
| ' o - |
DMSO |
@-SOzNa s P ) T @‘ﬁ
20 4.2 g (29 mmoles) of 5-fluoroindanone and 5.05 g (31 mmoles) of sodium

benzenesulfinate were combined in dry DMSO (20 mL). The mixture was
heated to about 120°C for 48 hours, cooled to room temperature, and poured
into ice water (300 mL). The precipitate that developed was filtered off and '
triturated with 100 mL dry ether, then filtered off again and dried in vacuo to give

25 1.57 g (20% Yield) of the desired sulfone as a brown powder. This was used
directly in the next reaction.

Step B o
o .
I LiAlH,, I
(5 =
I o THF l OH
O O .
1.07 g (3.9 mmoles) of 5-phenylsulfonylindanone was taken up in dry

30 THF (20 mL) at room temperature. A 1M solution of lithium aluminum hydride in
THF (3.9 mL) was added slowly. The resuiting mixture was stirred for one hour



and al so the conpounds of the follow ng fornulae, and their acid addition
salts:.[err] and in all of these '
conpounds, the nmethyl group attached to the piperazine ring (where
present wogsoes2t he (R)-conformation. Phar maceotussrtoed@nposi ti ons
can be prepared fromthe conpounds of - formula I, which are capabl e of.
enhanci ng ACh rel ease, by adm xing themw th 10 pharmaceutically
acceptable, inert carriers. Acetyl chgbl nest erase i nhibitors can be used
as optional constituents of such pharmaceutical conpositions to provi de

a better e ically
accept abﬁeﬁﬁﬁgéé%tﬁ %n&éﬂsg e%%ﬁﬂxaﬁél&%ﬁt}hq%@%% Bnﬁ gg'a% | ons | n solid
form splytien abd tasmwits watgh aplid petassiumsearbengle was %@de apddh cachets
and mixture was stirred until the salts formed a granular precipitate. This was f‘ltered

off and washed with ether, and the organic solvents were evaporated to give

5. 0.998 g of the desired alcohol (92%), which was sufficiently pure for the next

reaction
: som2 |

N
(_OH
0.700 g (2.55 mL) of the starting indany! alcohol were taken up in neat
10 thionyl chloride (2 mL), and the resuiting mixture was stirred at room
temperature for one hour. The volatiles were removed on a rotary evaporator,
and the crude chioride was taken up in DMF (5 mL) with N-hydroxyethyl-
piperazine (0.94 mL, 3 equiv.). This mixture was heated to about 60°C for
16 hours, cooled to room temperature, and poured into ice water (100 mL). The
15 crude product was extracted with methylene chloride, the organic layers were
~ dried and evaporated, and the residue was purified by column chromatography -
on silica gel. The column was eluted with ethyl acetate containing 5% methanol
and then with ethyl acetate contammg 5% methanol and 2% triethylamine to
give the desired product.
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O' OH
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suppositories. A solid carrier can be one or nore substances which nay al so

act as dibey'enosz Tl avoring agents, solubilizers, lubric endi ng
e PN e

agents, bi nders or tablet-disintegrating agents; 0 be an
encapsul ati ng material. 5 Preparations in liquid forminclude
sol utions, suspensions and erul si ons. As an exanple may be nentioned
solutions in water or in mater-propi?%ﬁé‘ gl ycol for parenteral

I njectio g i,ncluded are preparations in solid form which
are inte - ion, shortly before use, to liquid form __

pr epar ati ons fAsolutiomef rasominglr(11® g)damitrahenzena (tRink) ah5P@wasSuch | i qui d
fornms i tnqkéuied Ypdpitise With B-oRRASTopPAYIRcHIoride (12.7 Wﬁh%ﬁﬁngTPﬁ. solid forms .
are nos | e | se tormtor ”this purpose an
are used 6@%@&7 5596% @{ %f"’gg%d&@@%&@%gﬁ%e H’Hﬁﬁ"f ng, and the Thepi n\F/)ent-i on
al so Sonttempesatuts was kepihelow 158Ci Aftey 15yminutes the mhixtiire was heated fout not °
necessar i 40.4590Tah@ kepPthekd With S8ATFY fofS HouRy 1bngdiaSit %S?ﬁ&?wa{ad {0

or .énul sions and can

it take th f | .ot
be "' 'R ERherAlire paf lGhRAFS slEndaiamiett, e earton mii s o; 1 1ype- as
are patwed withi stisring inte ciushed icef (200tg)icontainipg senc. HCI (10 mL). Thisef er abl y,
Lhe hraparagtidtactod MARMEN Adbithi oty ayor ISR BIEREOH. o' 50"
quanltqiot PZ@‘%‘P&%@’&EW%&“@%@@H%‘@“ cq‘?ﬁéqﬂﬂi ? %ggﬁéok%gﬁ’?%gf?dg‘é”ta packaged
pr epar at iand was ceqrystaliized trom hotrwaigr o Yelds white solid, th.ps 188-1428@ar at | on such
as 6 AC b nd powders in vials or anpoul es. The

it d - : Le, het I ' | f, it
my be & he. ap SReR e EhyarienaranpRB Y sdio, ARimEonh PR ARG For m 25
The quantwasytreatedawith/Nalddip sumale, 0% inhinerd olf) witke ptimingi Aftleray be vari ed
o e SErkAG § il trdO U S henLHliREAC K QUEERCSL 7, 20

| [ | . | : [

woul d é?'dé%ﬁ%'s 398838%%8%&% @?é'acSSﬁ'Pg'dE‘dﬁi d?‘@egwﬁﬂcﬁﬂ"% kg, -“whi ch may
be di vi ddd5 mL) anglthen extracted adih RiCAQ (2 x 50 mlje Evapgrativhof thengiad t i on may,
sosagas. ST e e (O et e e, T
t he sevegﬁg n%&é’t?ﬁgﬁ% @tggghﬁgﬁﬁ%‘h and t hg—:i particul ar corrﬁ"t'iimd,
T SHMI O & . S rerzay 18

adni #0st ¢ ohexyt i .8 a particul ar

¢ \ 1= B LFOEH VSO ) OA) NEOTTH e/8]=1zz0 40
situation is \t@rhbé W-(@lhﬁié@bhbhylaiy)-4-chroiﬁme!("P._Qt dnraehiw ﬁdsoafh!.) méé@{ 4
por't 1 ons eavestb it Nafis' G0 a5 RinesFastie bYamioht. TBE friilous el tvery.
product was purified through a column of silica gel (EtOAc:CHaCly, 2:8) to give
pure 7-(4'-nitrophenyloxy)-4-chromanot (550 mg). This compound (550 mg)
25 was converted to the chloride with thiony! chloride (0.28 g) in CH2Clz (30 mL) at
0°C for 1 hour and then at room temperature for 3 hours. Work-up yielded crude
4-chloro-7-(4'-nitrophenyloxy)-chroman (500 mg). This was heated with
N-cyclohexylpiperazine (0.9 g) at 130°C for one hour. The mixture was then
diluted with water (35 mL), made basic with KoCO3 and extracted with EtOAc.
30 The residue from evaporation of the dried organic layer was purified through a
column of TLC-grade silica gel (35 g). The desired product was recrystallized
from acetonitrile, m.p. 67-68°C.
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-22 - . When a conpound of forrmula | or a compound capabl e of
enhanci ng ACh release is used in conbination with an

acet yl chovoeselsey ase inhibitor to treat cognitive @iy sgﬁ{oégs t hese two
active conponents may be co-adm nistered si mul t aneousl y” or
sequentially. Alternatively, a single pharmaceutical 5 conposition
conprising a conmpound of forrmula | or a compound capabl e of enhanci ng
ACh rel ease and an acetyl ohol i nester a% Mmhibitor in a

phar maceuté cal l,é ;Eccept able carrier can be adm nistered.. The conpaonents of

t he conbi n be adm ni stered individually or together in any

convent i on%é 8 [ ent er al HOQS2 or as capsul e, tablet,
10 Ch i ‘ ’TE.,“
e

powder , slip itory, nasal .spray, etc.
tao 100 ng/ kg body weight.

The dosage of th '

exenplified by the foll ow ng Exanpl

tolimt the scope of the di él&gque., \\treﬂ Ve mechani sti ¢ pat hways
! par §n

and anal ogoug_ sty tHE 5_ skilled in the art.
TiO3PRR A 0 4.2 g (29

EXAMPLES ST EXY
mol es) of ez uols rone daGNBH:05 g (31 Mol e of sodi um
onbi med—TT ATy DMVSO ¢ 20 . yThe m xture was

fihi bitor may range from 0. 001
I N\gPblsRN di scl osed herein is
whi ch should not be construed

benzenesul finat @ were &

heated to about 120[ert]C fofH#82 hours, cool ed t dppopat enperature, and
pour ed into ice water (300 nL). The precipitat e@t devel oped was
filtered off and triturated with 100 nL dry eth then filtered off

agai n and gl ' 40 give 25 1.57 g (20%yield) of the desired
sul fone a ] . Tnis was us?d directly_in the next ,
reaction. A solution of 6-methoxytetraione (35 mmol), and AiBrg (75 mmol) in '

5 toluene (250 mL) was heated on an oll bath at 100°C for 5 to 6 hours. The
solution was cooled to room temperature and then poured onto a mixture of
1N HCI (200 mL) and crushed ice (500 g). This was stirred with EtOAc (300 mL) -
and filtered through a sintered glass funnel. The filtrate was transferred to-a
separatory funnel and the aqueous layer was extracted with EtOAc (2 x 100 mL).
10  The organic layers were combined and dried with MgSO,, filtered and
evaporated to a solid, 6-hydroxytetralone, which was pure by NMR and TLC
(1:1 hexane:EtOAc). - ' -
6-Hydroxytetralone (31 mmol) was dissolved in dry DMF (50 mL), chilled
15 in an ice/water bath and blanketed with a stream of nitrogen. NaH (60% in '
mineral oil, 31 mmol) was added slowly and in portions. Once gas evolution
ceased, 2-chloropyrimidine (31 mmol) was added, the ice bath was removed
and the solution heated at 100°C for 1.5 hours. It was then cooled to room
tempergtui'e and the solvent was removed in vacuo. The residue was treated
20 with water and CH2Clz (200 mL each). Evaporation of the organic layer yielded
crude material which was purified by flash chromatography (1:1 hexane:EtOAc)
to afford 6-[(2-pyrimidinyl)oxy]-tetralone as a fight yellow powder.

-Cyclohexyl-1-piperazinyl-{6-[(2-pyrimidinyl)oxy]]- -tetrahydro-
naphthalene, B:
25 - 6-[(2-Pyrimidinyl)oxy]-tetralone (3.2 mmol), N-cyclohexylpiperazine

(3.2 mmol) and Ti(O-2-Pr)4 (3.2 mmol) were dissolved in CHzClp (10 mL). The
solution was stirred at room temperature for 20 hours and then quenched with
NaCNBHg (6.4 mmol in 5 mL EtOH). Water (20 mL) was added, the resulting



Step B [err] 1.07 g (3.9 mmol es) of 5-phenyl sul fonyli ndanone
was taken up in dry 30 THF (20 nL) at roomtenperature. A 1M sol ution of

l'ithium al um num hydride in THF (3.9 nmL) was added slowly. The
resul ti ngudybeidofz€ Was stirred for one hour V\gc.g _

PCT/ US97/ 10696 : - 23- l%p'%g’gt room
tenperature, and quenched cautiously wth 2M sodi um hydr oxi de sol ution

and then with water. Solid potassium carbonate was added, and the
m xture was stirred until t he salts"f?ﬁﬂ‘ed a granul ar precipitate. This was

filtered | W t h eft,ael(, athe ani c solvents wer e
evapor at éﬂ‘#‘ﬁed\’% % a pagk of elitg, and dpe Waﬁgm wWihi ch was
suf fi ci erCHyClUMO rilx Theeongaric layer wasdried wnth Nagsoﬁambe(i‘aﬁcﬂ'ateh to '

0. 700 g gﬁ?lﬁ“ihé”cht profifct s | §ﬁ9 PR iafoBlphygh | 1 neat 10 -

L ermpor at (FgERa s gthandrtod ) GRst: t?a%f&\ﬁg%m gpl gave g pure

evapoat Cproduct 4-gyolbhiejgl- ‘cplpéeamwlfiﬁ{(tzepymdm%xy]pnam%ﬁﬂrﬁi) with
N- hydr oxy Ouage%eo Th.e' Eorivefeli%o %%alét&@ﬂ'tvlg) 178L18 e was

heated to oyrs 0 room e rature, and
pour ed |rﬁ%99‘6@9\ﬂh£‘: %?U@%?ES‘“QWFE% "‘@'ﬁ%"gr"@ﬂiﬂ'ﬁta%s extracted with
met hyl en e, the organic |ayers were dried and evaporated, and
t he residue was purifi qql by col umm chr omat ogr aphy on silica gel. The
col um vaye! uf ed wit IET yl a@ﬁaﬂ@m 9. 5 hanol _
NaH, DMP :
Ny, 100°C PlpendmelAcOH

N - @;0

NN
T |
o . —_— N\
1) 10% Pd-C 2 “N s
2) NaBH,4 : _ o
g © 3)SOCl, -. O
. 4) Cyclohexyl- oo
. : . piperazine :
10 . 5-((2-PyrimidinylJoxy)inda

5-Hydroxyindanone (3.2 g, 21.6 mmol) was dissolved in dry DMF (20 mL)
in a 3-neck flask fitted with an Na inlet and refiux condenser. The system was
blanketed with N2, and 60% NaH in mineral oil (860 mg) was added slowly and
in portions at 0°C. Then 2-chloropyrimidine (2.5 g) was added, the ice bath was

15  replaced with an oil bath, and the solution was heated at 100°C for 3 hours.
This was then cooled to room temperature before removal of DMF in vacuo. To
the residue was added water (50 mL)}, the mixture was extracted with CH2Cl2
(50 mL), and the aqueous layer extracted twice more with CH2Cl>. The organic .
layer was extracted with 1N NaOH (50 mL) to remove unreacted phenol and

20 then dried with NaxSO4 and evaporated to a dark brown solid (3.6 g). The solid
was extracted with EtOAc; filtration removed an insoluble precipitate. The
filtrate was dried as before and evaporated to yield the product which was pure
by NMR and TLC (1:1 hexane: EtOAc)

25 To piperidine (0.25 mL) at 0°C was added acetic acid (0.2 mL) followed
by cyclohexanecarboxaldshyde (918 mg, 8.2 mmol) and 5-[(2-pyrimidinyl)oxy]-



and then with ethyl acetate containing 5% nmethanol and 2% triethylamne to

gi.ve the desired product. 20 Exanple 2: [err] WO 98/ 00412

PCT/ US97/ 10696 -24 -

6- Hydr oxy wb ssiep4izanone. 1: A sol ution of respefushodedl- 0 9) iN
nitrobenzene (120 nlL) at 5C was treated dropwi se with

[err]-chl oropropionyl chloride (12.7 g) with stirring. Anhydr ous

Ald3 (31 g was added portionwi se wi_thrstirring, and the 5 tenperature
was kept below 15[err]C. After 15 m nuies the m'xture was heated to

40- 45[ er 1 I fraafiche; Pl1.84)6 @2%&13%;59:-5% w% %@gﬁabdn\{s)‘“?ﬁgt hen
'i" %

cooled to
reaction nW‘éﬁeé”%% sated &t 1 é%# fpu @@Fh‘yﬁéé fedtg 200 q)
cont ai ni ngthedwe solﬁﬁbn,(wmchd_aﬂer‘ﬁmhng, was conmnh'atedamtuduw Theédigue and t he

537 YAk el O, i M g,
recrystil | ’i%gwﬁ \{a@orq l?“ﬁ%g %sﬁvﬁﬁﬁ g PleWtQ@QSmZ[ err]C.
7- (4" - Ni t r derkdmown )oil4-Runrificatioroiye flagh chromatography whthsiol hekare:ethyl

6- hydr oxyc, &5@ o] DME (10 ni) . was treated with
NaH (10 mmm g% tédlane relg? ﬁ) : After 15 30 mnutes it

was treat edg SoNeX g e idings- (5 nl) and
stirred at 90[e‘l’hd Qxérwwﬁs blwanl.y redﬁceﬂtocihelsattg'atedkstanevlﬂithumd%ﬁ:h ice

vater 4o caél}él ﬁbb Cbnté‘%r a?4ths for'ds fi %gnﬂgc a gﬁlt%::?éﬁTorat'Q”

of the dr ani c ¥ gave a gum resi hi s ,
crude pro l§“n§ qrﬂed ke oneg, he next step Wi t hout furt her” purification.
20 1-Cycl -.;! YRS g gyan- 4-yl ] - pi per azi ne.. 3:

G ude 7-(4'-ni W@gﬁ ' uﬁarehgqg‘aeeaee&inét drd (ELSH, (338 ") vas
reduced with, ure overnig ht e crude
product weRI ?'?t S&%ﬁmfggmépmpeggeqaqm@mzwﬂcz 8) to
give 15 (1pUHex§né EtGM)tum;bh&kglmy)aszulsﬂpmmd)(ab(oﬁﬁa tog)hours) endconpound

(550 ng) ZZ\ o%qaxeswe@%t ﬁ &éimqsfemaeb Wﬁena'anahha é#i&.éo 28 g)

I n CH2Cl 2 & erature
Ntht.ﬁi' W‘@ 2Clz and water. The organic layer is dned

for 3 hou
4- chl or o- 7withi NagSOyeiucthy soluent ishevaparatéd Off toyjeld e arude alduhol, avhich t h
N-cycl Ohexﬁé'@ba‘%ﬁ%&l@ﬁntﬁgutgptﬂ#céﬁorﬂ?’oc for one hour. The m xt ure was t hen
20 o Chlori T '
The alcohol (1 equivalent) is dissolved in CH2Cl2 and chilled in anice
water bath. Thionyl chloride (1.2 equivalents) is then added and the solution
stirred under a CaS0Oy4 drying tube and monitored by TLC (25% EtOAc in -
Hexane) until the alcohol has disappeared. An equivalent amount of water is
25 added and the mixture is basified to pH 8 with solid NaHCOg. The aqueous
layer is extracted with CH2Cla. The organic extracts are combined, dried and
evaporated to provide the crude chloride, which is used without further
punﬂcatlon

30 5-ylloxylpyrimidine, 9:
-The chloride (1 equivalent) and cyclohexylpiperazine were dissolved in
CHaCN, refluxed for 2 hours, and then cooled to room temperature. Water was
added and the mixture was extracted with EtOAc (4 x). The organic extracts
were dried and evaporated to yield the crude product which was purified by
35 column chromatography using TLC-grade silica gel and EtOAc as eluant.



diluted with water (35 nlL), made basic with K2CO3 and extracted wth Et QAc.
30 The residue fromevaporation of the dried organic |ayer was purified

t hrough a col um of TLC-grade silica gel (35 g). The desired product °
was recr lJ,zed fromacetonitrile, mp. 67-68[err]C. WO
65/ 0043 O bilorts P (86§/ 10696

-25 - Exanple 3: [err] 6- Hydr oxyt etral one. 4.

A sol ution of 6-nmethoxytetral one (35 rrm)l) and AIBr3 (75 nmol) in
tol uene (250 m) was heated on an of#8path at 100[err]C for 5 to 6 hours.

The sol uti on cooled to roomtenperature and then poured onto a

5

mxture of 2114 '°'Q?EY@T1 rRipeazinylrarisysiohexdmetig)-g)3-diideo-tHs “sti r r ed

Wi th Et GélentB9oxylpyrimidineatintataaite easch mibtoneodt diasterdopiets (g

fopoRidrisn

nel .

The

filtrategae 3&'\% {}ﬁﬁe[gg\%%?x 100 separatory funnel and the aqueous | ayer

m.). 10 The organic |ayers were conbi ned

was extracte
and drleglgm filtered and evaporated to a solid,

6- hydr oxyt et r al one, d/\/n@h was pure by NMR and TLC 0(1 1 hexane: Et OAC) .

6-[ (2-Pyrinidinyl)oxy#tetral ohs0G, ox tetral one (31

mmol ) was di ssol XPirigingpiperiding | ed
and bl anketed w F@* %‘2
mol ) was adMdMe® s™ow y aifd io'_Portlons " onc s evolutlon

¢/ wat e
eral

N

The alcohol (0.4 g) was treated with thionyl chloride (20 mL) at ambient
temperature for 3 hours. Thiony! chloride was removed under vacuum, the
crude product was treated with piperidinopiperidine (1.22 g), and the reaction
mixture heated overnight at 130°C. At the end of this time the reaction mixture -

10 was cooled to ambient temperature, diluted with dichioromethane and washed .
- with 10% sodium hydroxide solution. The crude product was purified on silica

gel (triethylamine:ethyl acetate 1:20) to give the desired product (0.05 g).

‘HRMS for CogH3asN203S:  Caled.: 455.2368;- Found: 455.2373.
15

\\//

The chloride (0.6 g, 2.0 mmol ) (from the first crude product of the process
of Example 5), DMF (10 mL), sodium iodide (1.8 g), triethylamine (0.21 g) and
20 piperazine (0.38 g, 2.0 mmol) were heated ovemight at 50°C, and stirred for an
additional 2 hours at 70°C. The reaction mixture was then cooled to room
temperature and diluted with ethyl acetate. The solution was washed with 10%
Na2COa3, water and brine, and then concentrated to yield a mixture of two

r bath

oil,

31



ceased, 2-chloropyrimdine (31 mmol) was added, the ice bath was renoved

and the .solution heated at 100C for 1.5 hours. It was then cooled to room
tenperature and the solvent was renoved in vacuo. The residue was treated
20 with wetesesend .CH2C 2 (200 nL each). Evaporation of gciGudayfiRbd ¢ | aver

yi el ded crude material which was purified by flash chromatography (1:1
hexane: Et OAc) to afford 6-[(2-pyrimdinyl)oxy]-tetralone as a |ight

yel | ow powder. 4- Cycl ohexyl - 1- pi | gjgram nyl -[6-[ (2-pyrimdinyl)oxy]]-1

. 2.3.4-tetrahydro- napht hal ene, 6

6-[(2- Pyr| eraz

(3.2 mml ) an %ég'zblg&]% C\gﬁsmé%;l% @ @&@%@9@“&%@&'&@9&[0 m.). The
sol uti on WSNGeNYLacetale; Teemes sqm?réécqmmwhm Tabl1)ymenched

W th 0\8,@xd-far (sonferBrdompoundnts, Fabld)1) 84er (20 nl) vas added ‘the

resul ting WO 98/ 00412

s 1Lt ored t pLatereampairds thelafe degared i e Tobleg L R
CH2d 2 (1(5'“”‘5 a?ﬁ{% &g% 8{333}3@1" '?ﬁa%’ RRredby,ARgjogausImethods. evapor at ed- t o
yi el d the cruddVhiteoal numbes ohiembitiiments of thisinventidty arodesbibed herah o aphy on

TLC-gr ade jshphardndiat HilehBBdinehtébhi-beé ditehdd f Biolaothbr dbodimaned M€ Pure

5 product
2- cycl ohegat utiliss the somRAGSitions andpissRRsAs YIS iavgipns Thesetare, dwilibedr o-
napht hal empprétiated that the scepe efithioinveatich meludesaltealdtiverdnibodiments

L79- 158 Slapiefiatibils which &l iwtq&o%&%g 8pdoiGadn? Yah nd 2 eaui val ents

of mal eic r’rﬁ)
invention is not to be limited to the SPGCIﬁc embodiments that have been
presented herein by way of example.



10 5-((2-Pyrimdinyl)oxy)indanone: 5- Hydr oxyi ndanone (3.2 g,

21.6 mol ) was dissolved in dry DVF (20 nlL) in a 3-neck flask fitted
with an N2 inlet and reflux condenser. The system was bl anketed Wi th
N2, and 6&% *n mneral oil (860 ny) was added slowy and in
portions P% ]C. Then 2-chloropyrinmidine (2.5 g) wasPGRBO1066e i ce
bath was 15 replaced with an oil bath, and the soluti on was heated at
100[err] C for 3 hours. This was then cooled to room t enperatture-before.
removal of DMF in vacuo. To t he- 8@st due was added mszfeet(;é ee _
m xture was extracted with CH2d 2 (50 ni), and the y Iaced
extracted twce nore with CH2G 2. The organic = Iayer wth
1 N NaOH @!ﬁ’!_mﬁi_) to renmove unreacted phenol and 20 then 2804
and evaporated to a dark brown solid (3.6 g). The .sol.id was extracted
with Et QA fiAcoopound hawizgdtie structusalfosimhwla pr eci pit ate. The filtrate

was dried as before and evaporate .’soF}u el d the product which was pure
by NMR and TLC (1:1 hexane: Et q\ Q

2- (2- (Cycl ohexyl net hyl ) - 3H 1-'0x0- i
piperidine (0.25 nL) at O[err]C
by cycl ohexanecar boxal dehyde (918
WD 98/ 00412
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i ndanone, 7 (1.85 g, 8.2 mmol) (synﬂﬁ3 zetI—EWthe sanme route as 5 above).
The m xture was heated at 100[err or 25 m nutes. Methanol (20 nl)
was added to t he hot solution, whigh, after cooling, was concentrated
i n vacuo. The residue was treated WPth water and CH2d 2 (20 nmL each),
and the %:gatatéieéngmér #Rveofor & phafnadeulicAif RebptdbiaBal, dstél brdoivdig, ol vent
gavengt gt?"ru material as a dark brown of I. Purification by fl ash

chro *with 1:1 hexane: et hyl acetate resulted in- the. pure
enone, 8. wherem '

2-(2-(Cycl ohem]srmtdmlar | hydro 1- oxo i ndan- 5-yl) pyrim di ne:
The enone was e ed the Wi d-C 10
cat.al yst (100’%5 @n’ éPar etpp _%.m_ﬁ;géﬁo t'éfﬁ;ﬁ was
filtered —NR20C f ot oSQpdNB%Hie sat ur at ed- ket one. “Alternative
Reductig on of @t@ne-(gsnene@—pnsogdufre)criz-, ’

Ris A

ey O, O, 9]

pﬂ"lmdl ne, 8: 25 To
fic acid (0.2 nm) followed
2 and 5-[(2-pyrimdi- nyl)oxy]

N ..or N

R1 and R2! are independently selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, cycloalkylatkyl,
15 cycloalkenylalkyl, phenylalkyl, and hydroxyalkyl;
R2 is cycloalkyl, cycloalkyl substituted with 1 to 3 independently selected
R3 groups, cycloalkenyl, cycloalkylatkyl,
8
/-R'\ R3 R3

N— RY —N
&-J \—) + (wherein RY is H, alkyl, alkenyl, SOoRZ or CORZ

wherein RZ is alkyl, alkenyl, aryl, heteroaryl, or cycloalkyl), with the proviso that
20 R2is R3-substituted-1-piperidinyl only when Z is CH or C-alkyl; or, when Z is

THIS SHEET HAS BEEN

R O A REPLACED




The ketone (1 equivalent) is dissoived—in-Et-Od-and NaBH4 (0. 75

equivalent) is added. This isy§ ﬁJ{ at or 9o terrperature and nonitored by
TLC 15 (1:1 Hexane: Et OAc) unt) i ﬁl’ s di sappeared (about 2 to 4

hours) a®esmoarzt he reaction i en the Et Opeéguded ﬁqu@d in vacuo
and the residue treat ed mount of CH2C 2 and water. The

organic layer is dried wth Na2SO4 and the solvent is evaporated off
to yield the crude al cohol, which is used directly wthout
purification. 20 Conversion of AI condl 1o Chloride (general procedure)

Th | coh | ent h d

water. bat GH FBAY A e Akacerb oL e ByATeR A REARR R o ne

sol ution hydrox;ﬁlkylrmchlhyldew-hdl%}n&@hetény&agwmﬂ%gpsmaylbe)mdip TLC (25%

Et OAc |nff t %g %dﬂg{? t he al cohol Pas di sappear edd f\n eq-ugva! tGRt g

amount of "wat er xture i 0 Wi sol i
b gayﬁélr §"€%zg1§ﬁ\99 R?'H?"@)q d'l'fﬂ!‘e Rani c

NaHCO3. The a
extra@s gl‘oeip(rmllfslsnag of f, iatkyl, dvatb, alkoxyebamylm@euemzylmcycsubdhmtélbb)cr ude

hl ori d
2 L1 (4. PE8 G ﬁ‘f’g@pf’mﬁm& ?Lf'w?“m g‘%ﬁi @"ﬁbo A dr 0- 1+ i nde
n- 30 5- "]'Uk 'ﬁ@‘h 'Eéy' nyl, 0Ny vaI ent) and
cycl ohexyéhipysalfiagl, H—E)O@Nb!zd-l—@@@Nlddalky‘l, -ocom:amgzmz +NMICOCedlkylhyr 2 hours,

and then ¢ W B'E?& ﬁ@i-‘?ﬁ added and t he m'xture
was extrac*apl %ﬁdE@%}y‘ ? e aor nIOC ext acts were dried and
evapot@ited to 5 éﬁhyqfﬁﬂe'&’r'ﬁﬂé YRR R bwas purified by 35 col um

chr omat ogr aphyRe&isrid, ﬁhéﬁygoaﬂkylsldndca gel and Et CAc as el uant.

V\D 98/00412  g27 and R28 are independently selected from the group condiétig-61H/ 10696

2 [ [ 1- ( 4- aljerh bydsayyalkvl alicryalivly pvialiyl erantoalivkalkyinjoalod. andy dr o- 11
i den- 5- yI taxbpkyatkylrand additiomallycRE€ and 828 naybel joined todform tanr aliylena
(pro QR’%P- and ' unknown), mp. 150-154[err]C

Exa e 5 err
rrp n is O or an'integer from 1 to 3.

2, A compound of claim 1, whereinZis N, Qis -CHz-and nis 0, 1 or2. -

3. A compound of any of claims 1 or 2, wherein X is O, SO or SO, and

.-
20 whereinRis or , wherein R5 and R6 are H, CHg,

nitro, NH2, acetylamino, or methoxy.

4. A compound of any of claims 1, 2 or 3, wherein R1 is H, cycloalkyl,
cycloalkylalkyl or alkyl and R21 is H. '

25 _
5. A.compound of any of claims 1, 2, 3 or 4, wherein X is O or SOz, R2 is
cyc!ohe)éyl or 1-piperidinyl, and wherein at least one of R27 and R?8 is alkyl and

the other is H or alkyl.

6. A compound of claim 1 selected from the group consisting of the following
30 formulae: :

X N N
Cr OO0 s¥ea GO

I
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/
The al cohol (0.4 g) was treated with thionyl chloride (20 nL) at anbient

tenperature for 3 hours. Thionyl chloride was renoved under vacuum the
crude product was treated wth. piperidinopiperidine (1.22 g), and the

reacti onwa ogino4s2 m xture heated overnight at 130[err]lC .At .the end of
rgck 6

this time the reaction-m xture 10 was cool ed t \ig

tenperature, diluted with dichloronethane and washed with 10%

sodi um hydr oxi de sol ution. The crude product was purified on silica-
gel (triethylam ne:ethyl acetate 1: 20;21-0 gi ve t he desired product (0.05
HRVS f or C26H35N2CBS Cal cd.: 455.2368; Found: ~455. 2373.

9) -

Exanpl e 6 - 15 2- [[1 - chl oh : '
- pi per azi nyl )-2-(cyc| dr& 1I$| nden- '

5-yl ] oxy] pyri m di ne. [e N/\ The chl ori de

(0.6 g, 2.0 mml ) (fromthe flr@t crude pr&iy he process
of Exanple 5), DMF (10 nli), s’odiumiodide(ng) rlethylamne(o 21 9)
and 20 pi perazine (0.38 0 mvol|QHyere h ed overni ght at

hours at 70[err]C.

50[err]C, and stir gpd oy Nr\°add|t|on t t y
enperature an

The reaction m xtuge Yad t herf c ed to
diluted with ethyl ~agetate. The solutio wi €h 20%
Na2CC3, water and brine, and then concentrated tTo ypel d a m xture of two

VO 98/ 00412 CH,
PCT/ US97/ 10696 0 CH, S - 29-
o

O
0 CHy
o—g )-S NS
[}
and L o) (N N (| CHs.
wherein the methyl group attached o the plperazme ring is in the (R)-
5 conformation.

7. A pharmaceutical composition which comprises a compound as defined
in claim 1 in combination with a pharmaceutically acceptable carrier.

8. A process for the preparation of a pharmaceutical composition as
10  defined in claim 7 comprising admixing a compound as claimed in any of claims
1to 6 with a pharmaceutically acceptable carrier.

9. The use of a compound of any of clalms ito 6 for the preparation of a
medicament for treating a cognitive or neurodegeneratwe disease.

15 10.  AKit for treating a cognitive or neurodegeneratlve disease comprising
separate containers in a single package that contain pharmaceutical
compounds for use in combination, wherein one container contains a compound
in accordance with any of claims 1 to 6 that enhances acetylcholine release and
a separate container contains an acetylcholinesterase inhibitor, said compound

-
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di astereoners. Separation was carried out by chromatography on silica gel
using ethyl acetate; diastereoner Rf: for Isoner A (conpound 14, Table 1) =
0.3, and for Isoner B (conpound 15, Table 1) = 0.4. Furt her
conpound @re described in the Tables or Ilsted by pé&psss, 5
innediatgrSQﬁ?ter t he Tabl es can be prepared by anal ogous rretha‘g6

Wil e a nunber of enbodinents of this invention are described herein, it

is apparent that the enbodi nents cann§§ altered to provide other

enbodi nent s t hat utlllze the conpdsitions and processes of this

| nvent i onaPAdIEY Sachorly i & Hhemmare iR 4R Wahe a8 O ore”
defined i pomhinetoauastiting bejnacan pHeativerameumt. t he invention is not to be
limted to the specific embodi ments that have been presented herein by

way of exanpl eA method for treating a cogmtlve or neurodegenerative disease - 30-

or a5t or E9TeBADD adinstaing oL BRME Sl o g detind B erlhfe” 2 L7l

car box§| i @meuntiof a compound of agy pgFlaims 1 dp §a§’9"9r9§|"b6? ination with an

wher ei n:  acetylcholinesterase inhibftof.s N, CH or C-al kyl ; X is
-0, -S, -SO, -S@2-, -CO, -0OH2-, -CONR20-, - NR20- SQ2-

-NRZOCI}, or -SCQ-NRZO- '

This Sheet Has Been Reﬂlaced

-
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10 Qis -0, -S, -SO, -S@2-, or -CHz-; ) —Kis
[err]~ - . Rl and R21 are indepeﬂ@r@f’fo{>
fromthe group consisting of hydr ogen, al kyl, al
cycl oal kyl, cycl oal kenyl, cycl oal kyl al kyl , 15

phenyl al kyl , and hydroxyal kyl ; R2 is

cycl oal kyl substituted with 1 to 3 i nde‘ﬁ@ﬁd‘ént ly sel ect d4d
groups, cycl oal kenyl, cycl oal kyl al kyl [err]
(wherein R er (]ajis' H, al kyl, al kenyl, SQ2R err] or COR
wherein R[err(](’ 18S:a] kyl, aryl, or_cycloalkyl), with the
20 R2 is R3-substituted-1 -pipéeridinyl only when Z is ;
when Z is 1. A compound having the structural formula -31- CH R
may al so be al koxycarbonyl, -N(R9) (hyeBoxsal kyl) wherein RO is H,

hydr oxyal kyl, or al kyl, or -N R9h2' <} RO groups may be j oi ned
to - form an al kyl ene group; I R5, R6, R22, R24, and
R25 are independently selected fromt t’consisting of H alkyl,
hal o, al koxy, benzyl oxy, benzyl oxy substitutled bpg2t nitro or am noal kyl,
pol yhal oal kyl , nitro, hydroy, am no, al kyIKNn' no, fornyl, alkylthio,

acyl oxy, al kyl sul fonyl, arylsulfonyl, ?_gyl ; a7\|<o car bonyl ,

al kyl sul finyl, -OCONH2, -QOCONH al kyl, (a 2, -NHCOO al kyl

- NHCO- al kyl , phenyl, hydroxyal kyl, and 1- olinyl; 10 R8 is
hydr ogen, |ower al kyl or cycl opropyl; l2 R20 is H, phenyl or
al kyl; and R :

or a stereoisomer thereof, or a pharmaceutically acceptable salt, carboxylic acid.
5 ester or solvate thereof,
wherein:
Zis N, CH or C—alkyt;
X is =O—, =S—, =8O—, =S0O2—, -CO—, —CHz—, -CONR20—, -NR20-SO,—,
~NR20CO—, or —SO2—-NR20—;

10 Q is -0—, =8—, —-SO—, =S0O2—, or -CHo—;
Ris '
SIS 5 S xS
0 / [ O / L] 0 / 1) O . / ]
F{s R25 Rs 5 R5
&I R \(E}Rsf/‘\ 6 € AN g
{2 X o L P N
' 24 R=<, "N , or N

R* and R21 are independently selected froin the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, cycloalkylalkyt,
15 cycloalkenylalkyl, phenylalkyl, and hydroxyalkyl;
R2 is cycloalkyl, cycloalky! substituted with 1 to 3 independently selected
R3 groups, cycloalkenyl, cycloalkylalkyl, '
R® RS
~NC -‘/N!ERV __N/—'.\/
— S + (wherein RY is H; alkyl, alkenyl, SO2RZ or CORZ
wherein R? is alkyl, aryl, or cycloalkyl), with the proviso that
20 R2is R3-substituted-1-piperidinyl only when Z is CH or C—alkyl; or, whenZ is

AR



R27 and R28 are independently selected fromthe grou
al kyl » hydroxyal kyl , al koxyal kyl, arylal kyl, mercapt papkyt—atkyt m foqdl kyl ,
and® car boxyal kyl , and additionally R27 and R28

55 gt

an al kyl ene 15 group; and nis 0 or an i

2. A compound of claim1, wherein Zis N, QIS-CH-andI\I':ﬂ 2.
3. A conpound of any of clal ne 1 or 2 \MTerel n X | O SO or SQ2,

20 vvherelans[err] [err] ' = H,
CH3, ni ©Ho R2Npay alﬁ@ézeyalkﬁxmrbwl wé‘!(ﬁéxyydroxyalkvlhwherem B8ipblund of any
of clains 1 hfdreiyaaqlvmea@wrbﬁu(ﬂswm@wm ol tho! R groups ey w}dméc%kyl or
al kyl and tl A conmpound of any of clains 1, 2, 3 or 4,
wherein X is 5"09" enﬁzgr?lép cycl ohexyl or 1-piperidinyl, and wherein
at | east one of F&% Rk RSRRE, R, A%, andR3s are mdepm&nﬂxeseiested foom $heky | .

fbl | OC\M c gﬁggg&%gr giuong*gﬁh F—Hiﬁik??‘lﬁfb fan%bm?mﬁbw@@uagu@{eéw
PCT/ US97/ 1040 or aminoal lyhaloalkyl, nitro, roxy, agino %lkylfmmo,
formyl, alkylthio, acyloxy, alkylsulfonyl, arylsuffonyl, acyl, alkoxycarbonyl,
alkylsulfinyl, -OCONHj3, —OCONH-alkyl, “OCON(alkyl)2, -NHCOO-alkyl,
~NHCO-alkyl, phenyl, hydroxyalkyl, and 1-motpholinyl;
10 R8 is hydrogen, lower alkyl or cyclopropyl;
R20 js H, phenyl or alkyl; and
R27 and R28 are independently selected from the group consisting of H,
alkyl, hydroxyalkyl, alkoxyalkyl, arylalkyl, mercaptoalkyl, alkylthioalkyl, and
carboxyalkyl, and additionally R27 and R28 may be joined to form an alkylene
15 group; and :
nis O or an integer from 1 to 3.

2. A compound of claim 1, whereinZis N, Qis -CHo-andnis 0, 1 or 2.

3. A compound of any of claims 1 or 2, whetein X is O, SO or SO, and
RS

N= RS .
2 . P
20 whereinRis N or , wherein RS and R6 are H, CHa,

nitro, NHp, acetylamino, or methoxy.

4, A compound of any of claims 1, 2 or 3, wherein R1 is H, cycloalkyl,
cycloalkylalkyl or alkyl and R21 is H.

25 ' . .
5. A éompound of any of claims 1, 2, 3 or 4, wherein X is O or SOz, R2is
cyclohexyl or 1-piperidinyl, and wherein at least one of R27 and R28 is alkyl and
the other is H or alkyl. '

6. A compound of clatm 1 selected from the group consisting of the following
30 formulae:

Cr OG-0 Lo -0

AT



and wherein the nethyl group attached to the piperazine ring is in

the (R - 5 conformation. 7.  Apharmeceutical conpesition which
conprises a conpound as defined inclaiml in conbination with a
pharmaceutically acceptable carrier. . 8. A process for the
preparati on of a pharmaceutical conposition as 10 defined in claim?7
conprising adm xi ng a conpound as clained in any of clains 1to6 with
a pharmaceutically acceptable carrier. 9. The use of a conpound of
any of clains 1 to 6 for the preparati of a medi cament for treating
a cognitive or neurodegenerative diseas®¥. 15 10. A kit for treating a
cogni tive_or .neyrodegenerative disease conprisin separate containers
in a singfd ﬂﬂ'yﬁgﬁ%egﬁ}?’eg%%? ﬁhﬁﬁgﬁﬁﬁ%@}'&ﬂce&able samﬂmmith%? use in
conbi nat i combirtesl guantities beingameffectivet moente conpound in accordance
with any of clains 1 to 6 that enhances acetyl choline rel ease and a -

_separate contai ner contains an acetyl cholinesterase inhibitor, said
conmpound
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having the above formula,

s e
R/x ~(CHo)a ®
n‘l
R2!
R"-E;»n”
R2

Di-N-substituted piperazine or 1,4-di-substituted piperidine compounds in accordance with formula (I) (including all isomers, salts,
esters, and solvates), wherein Q, n, R, RL, R, R3, R4, R2!, R?7, R%, X, and Z are as defined herein are muscarinic antagonists useful for
treating cognitive disorders such as Alzheimes’s discase. Pharmacentical compositions and methods of preparation are also disclosed. Also §
disclosed are synergistic combinations with acetylcholinesterase inhibitors of compounds capable of enhancing acetylcholine release and
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