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Pl PERI DI NES AS MJSCARI NI C ANTAGONI STS 20 BACKGROUND OF THE | ' ON
The present invention relates to 1,4-di-substituted piperidines

useful in the treatnent of cognitive disorders, pharnmaceutical conpositions
contai ni ng the conpounds, nethods of treatnent using the conpounds,

and to the use of said conpounds in conbination with 25

acetyl cholinesterase inhibitors. Al zhei ner' s di sease and
ot her cogni%ive di sorders have received nuch attention |lately, yet
treatnments for these di seases have not been very successful.
According to Melchiorre et al. (J. Med. Chem (1993), 36, 3734-3737),
conmpounds that selectively antagoni ze M2 30 muscarini c receptors,
especially inrelation to ML nmuscarinic receptors, shoul d possess
activity agni nst cognitive disorders. Baungold et al. (Eur. J. of
Pharmacol ., 251, (1994) 315-317) disclose 3-a-chloroinperialine as a

hi ghly sel ective n2 nuscarinic antagoni st. The present

I nvention relates to a class of 1,4-di-substituted 35 pi peri di nes, sone
of which have n2 selectivity even higher than that of 3-
[err]-chl grgoi nperialine. Logemann et al (Brit. J. Pharnacol. (1961), 17,
286- 296) describe certain di-Nsubstituted piperazines, but these

are different f oNDL NBTITOTED PIPERIIOEPAS MUSCRRINIO ANIFAEBRRETs| nventi on.
Furthernore, the conpounds of Logemann et al. are not disclosed to

have activity agai nst 40 cognitive disorders. SUMVARY OF THE

| NVENTI ON ﬁ G “ pggﬂg Brngéﬁ i% nvention relates to conpounds
accordi ng 0o t ACKGROUN i NI

The present invention relates to 1,4-di-substituted piperidines
useful in the treatment of cognitive disorders, pharmaceutical compositions
containing the compounds, methods of treatment using the compounds,
and to the use of said compounds in combination with

25  acetylcholinesterase inhibitors.

Alzheimer's disease and other cognitive disorders have
received much attention lately, yet treatments for these diseases have not
been very successful. According to Melchiorre et al. (J. Med. Chem.
(1993), 36, 3734-3737), compounds that selectively antagonize M2

30 muscarinic receptors, especially in relation to M1 muscarinic receptors,
should possess activity against cognitive disorders. Baumgold et al. (Eur.
J. of Pharmacol., 251, (1994) 315-317) disclose 3-c-chloroimperialine as a
highly selective m2 muscarinic antagonist.

The present invention relates to a class of 1,4-di-substituted

35 piperidines, some of which have m2 selectivity even higher than that of 3-
o~chloroimperialine. Logemann et al (Brit. J. Pharmacol. (1961), 17, 286-
296) describe certain di-N-substituted piperazines, but these are different
from the inventive compounds of the present invention. Furthermore, the
compounds of Logemann et al. are not disclosed to have activity against
40 cognitive disorders.

SUMMARY OF THE INVENTION
The present invention relates to compounds according to the
structural formula !,
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or an i soWRP8OM33r maceutically acceptable salt, ester or s‘lﬂ"ﬂﬁéﬁ!’éﬂ!ﬁéreof,

wherein Xis a bond, -0, -S-, -SO, -SJerr]-, -CO,

-C(OR[err])[err]-, -CHerr]-O, -O 5 -2€Herr]-, -CH=CH, CH[err]

CH Cerr]-Cerr] alkyl)-, -C((err]-Cerr] aIkyI)[err] -CONRerr]-, -

R err] CO, -SCIerr]NR[err]- or -NR[err]SCIerr] Ris

err err] cycl oal kyl , X 10 Rlerr] is
[err], CJerr]-Cerr] al kg" “FJ\ err] cycl oal kyl ,

r] cycl oal kenyl, Cerr] aI kenyl , CCR[err],

-C[err] al kyl ), COO(aryI) COO(heteroaryI)

fgﬁr]‘[a

N

]-
- CN,

:Qq

-Clerr] alkyl)aryl), - err] al kyl)heteroaryl)
rr] alkyl)aryl, -(C[err]- heteroaryl or
[err]; Rerr] is ( - err] cycloal kyl,
] cycl oal kenyl, t-butoxycarbonyl ng [err] 15
err] are independently selected'tromthe group consisting of
0, - CFpeian]isoftiees pharGjaneiticalik atcepthblerdaliCiester] oraddivaty thedof,OH;

whersain
Xis a bond, -O-, -S-, -SO-, -S03-, -CO-, -C(OR7)2-, -CH»-0-, -O-
5 CHpz-, -CH=CH-, -CHa2-~, -CH(C4-Cs alkyl)-, -C(C1-Cg alkyl)2-, -CONBW-’ -

NR17CO-, -SO»NR17- or -NR17S05-;

R is C3-Cg cycloalkyl,

selisviseXeCae e
o) /'0 /o /,N /'\N ZZ
’ l;"15

Y]

=9 R R8
/"/
or R“O } \ :
R0 R'2 R“/ N
R'H
10 R1is H, -CN, -CF3, C1-Cg alkyl, C3-Cg cycloalkyl, C3-Cg

cycloalkenyl, C3-Cg alkenyl, -COR15, -COO(C1-Cg alkyl), -COO(aryl), -
COO(heteroaryl), -COO({C4-Cg alkyl)aryl), -COO((C1-Cs alkyl)heteroaryl),
-(C4-Cs alkyl)aryl, -(C4-Cg alkyl}heteroary! or -CON(R13),;

R2 is C3-Cg cycloalkyl, Ca-Cg cycloalkenyl, t-butoxycarbonyl or

AWr
15 _<._/N R

R3 and R4 are independently selected from the group consisting of
H, hale, -CF3, C1-Cg alkyl, C1-Cg alkoxy and -OH;
R5 and RS are independently selected from the group consisting of
H, C4-Cg alkyl, -CF3, C4-Cg alkoxy, -OH, C41-Cg alkylcarbonyl, C¢-Cg
20 alkoxycarbonyl, RI3CONH-, R14OCONH-, R1I3SNHCONH- and
NH>CONR?13-;
R7 is independently selected from the group consisting of H and

alkyl, provided that both R7 groups are not H; or the two R7 groups may be
joined to form —(CHz)p- wherein p is an integer of 2 to 4;



R5 and R6 are independently selected fromthe group consisting of H,
Cerr]-Cer b -CFlerr], Clerr]-Cferr] alkoxy, -OH (

al kyl car bomwoaé ersr] Cerr] 20 al koxycar bonyl , R[err]CO\lHel;d'ﬂmg-’ﬁiﬁk
Rl err] OCONH, R err] NHCONH and NH[err]CO\IR[err] R7
i s independently selected fromthe group cohsi sting of H and al kyl ,
provided that both R7 groups are not H or the two R7 groups nay be

joined to form - (CH}e- RANRIEIg 1Pa4 ¢ A2 draﬁmenagna}g ﬁg d];rfﬂtnoﬁVg}oup
Y3 M2 consistingupt i, helos CiyCo Al G1-Coy ko, enaaR, ey S

i ndependent |y sqlbtittddfbyoNO. erm(m#) halo C1-Ognalkylt polyhafo 84-OCahiky

gjg;” t ﬂ gér Ly%% eqﬁ[ e%b] L r@%"r' Kﬁﬁaﬁa' _ané l OX@'\Q?Q ?;1 ¢ﬁ3?rk°’%ol yhal o

Clerr]-Cerb] oadyoxy, {01 -C4 alkyNQBBr (¢1 Cs@lkyI)SUer, arylsulfdhyi; hlb{eeoaﬂyl-

(Gorrl Gerr] S '%“Wg'v‘?"ﬁ]@“’és?@&ﬂ C[gdr NQ*‘*‘J wéﬂ??ﬁi‘?ﬁ%monw,

het er oar yl - dog Rlkyhc phenyl kyix oxynapholino;
-OCON(Rlerr])[err], RNHE%QUG ﬁ&éﬂtuqéléétbhef é%the groyp co sisting of H, C1-Cg

NHCO- ) O

mor phf)lcl[ ﬁ(r)r] a ery[] Ca— 6 CYF\'Q?;'WE ( éﬂﬂéyé %1:’?!’ ég &’%ﬁ}‘?:)e g; oup

consi sting19f HCH Efkg%p B 4C1-Cs alkygh&nelroaﬁ}i aha]adé[rﬁéé)%scycl oal kyl,

I ky.
T STk dondhlbae T e sk opeblin i H e

R14 is i ndepenc@fﬂ()syalkpl ected fromthe group consisting of H and

| kyl Kyl
g[[gm g[[gm gyc?/oa'ﬂs js H C}lc@ralh\éﬁ[ﬁﬁ ch;;b?ab‘m&[%&{:%ﬁﬂ&& gyt

Clerr]-(err] alkyl R %Ei["eGn']Cs akyl rCOR érCh -G rilsoxyeamenyl, ( 14)2 CO'

(R[err])[eqs]NQQ rr] Rlerr]; and R[err] is H,
err err] al kyl eteroaryl Preferred
((::E)rrpotng[s of]forrrﬁl aﬁ%@r'ﬂ Pm&eealml@.aarlrvr%eit%roawl SO, -sderr]- or

-CH err]-. Also preferred are conmpounds of forrmula I V\/nereln R 20 is

Rlerr]. Rerrl. Reetil. Rbgikhed fhikial B iaiEd A2 Fie Sherein Xis -

3, 4- met hy| enediSRypH&pyorbEHzg ﬁdﬁmpreferredpr@cemp@dmdsz@fémmﬂa lavherein R

A B B e A

[err] azvrﬂw—maﬂmw eayleand mhy)aeas}noxyphenyl being M@ ein R16 is

gfyl plrtef ?;ab| Bbre%d”hb éM?FR"d?eEir@FeHbl %a%h dr@?/eﬁ” A1 ns}eﬂ?afgalrﬁ{ﬂ?”] s
Rlerr]-subst i tlﬁyéﬂophén ﬁalﬂgld'g%reap}e&jera ?y meﬂ?ﬁsﬁ'bé? Q‘ﬁg@@%[\ ?/erw&m n
the substituent is nethyl or halo. The R err] R substltuent attached
to a ring carbon of the piperidine ring isgg@ﬁra hydr ogen. R5
and R6 are prefgyabhy L AdGRRAAE BEESREN 'Y | $Herein R16 is

25 preferably -COR15 wherein R15 is ethyl or aryl. When R15is aryl, itis
preferably R8-substituted aryl, preferably R8-substituted phenyl, especially
2-substituted phenyl wherein the substituent is methyl or halo. The R15
substituent attached to a ring carbon of the piperidine ring is preferably
hydrogen. RS and RE are preferably independently hydrogen and -CHg.

30 Another aspect of the invention is a pharmaceutical
composition comprising a compound having structural formula |l in
combination with a pharmaceutically acceptable catrrier.

Another aspect of the invention is the use of a compound
formula 1 for the preparation of a pharmaceutical composition useful in the

35 treatment of cognitive disorders and neurodegenerative diseases such as
Alzheimer's disease.



30 Anot her aspect of the invention is a pharmaceuti cal

conposition conprising a conpound having structural formula | in
conbi nat WEP8A42H a pharmaceutically acceptable carrier. PCT/US711176
Anot her aspect of the invention is the use of a conpound formul a |

for the preparation of a pharnmaceutical-4conposition useful in the 35
treatnment of cognitive disorders and neurodegenerative di seases such as

Al zhei ner' s di sease. A WD 98/ 0%425. . .

PCT/ US97/ 11176 nother aspect of this invention is a method for treating a

Anot her aspeognitivetdri seurndegenerative diseasehcampusingragdminisiering to a cogni tive

neur oded BAGLAI sufferfic f8A s &8 Tedd th BABLISARbURPof 2 c@mrp(?unpp&t ent

sufferl ng from sai I Ve anount o

fornula |. fgmulal Anot her aspect of this invention is a nethod
for ”e%i ng Cog'ﬂﬁdtﬁé*ré‘ékﬁbd?%ﬂmgmbﬁtn em thoRPfof h as

Al zhei ner' s di sease sy Q grgngHgat ion with

n
an acetyl ch&PQﬂ’é‘yﬁe@%Eeum ege,qﬁfq)t[qjq)alseases sucﬁuas Alizhelmerg\ i3ease aspect

of this invih &eohfpoundedfamuRa | i esrhbination With &8 GitktyiotiliRbsterase
neurodegeneﬁlﬂﬂbl\b{e di sease conprising admnistering to a pati ent

suffering f %f-d disease an effective anount of a conbination of a
conpound of fornul a | Arsotoef aspatt o this invemtion ds agnetl‘mrﬁormaang,a

h t d
Cormour? ve SIS IBkEgiabie el g ET ATl 13
(pref er abl ypa en@swﬁerm@ kem»d\msaﬂm aﬁeeﬂmmgynt et 3 cpmbination of

acetychol i nﬁséd?ﬁgéﬁntﬁ 6%6’}&95 | g3 igHirie?f above, including stereotsoméﬂ"?.kot her aspect
of this |nve§t|o containers in a

It Cco Sl
singl e pack®& é"Bﬁ‘a’?%f@é'Mtqc&&Pr% Gﬁgnﬁstf’[ﬁ and S°R’ redfnSeiht i on to
treat cogni compalintbbeiagscapabe ef enhaacmgraaet)ﬂehohm(m@h)wnbleésé ormul a |

capabl f I an n2 or md
sel ect |e1v§; &@ﬁﬁﬁ%ﬁm%m S E!%t'{'g nﬁfs%%nmchantﬁégﬁﬁi)l cal 3/4 accept abl e
carrier andapﬁty&h9h06$i§f%3ﬁ1(Aﬁhésehmﬂh'b'mf acetyl chol i nesterase i nhibitor

in a pharmaceutically Aafﬁﬁﬁ&t a@é&tm&ﬁns%vedﬁhﬁ is a kit cémphsgdnquantities
bei ng an effecti ve anpuy DE

Except wher 8SRRER 8d3°6'3¢!8f=’\7§ @ea single &WB@\Q%Q%@T‘%‘?‘E‘?%‘\@B}P&“&“’S for
t hr oughout tBe inrcomebihatigreto treabtogmitive distirdenstn ohiecsentdizierai t i ons appl y

regard'ﬁs REmEUNLEs Rrintid" bapAiBbrBhHandfy addtylchofifdbigghs on Wi th ot her

ter (preferably an m2 or m4 selective muscarinic antagonist) in a
pharmaceutically acceptable carrier and in a second container an
acetylcholinesterase inhibitor in a pharmaceutically acceptable carrier, the
combined quantities being an effective amount.

25
DETAILED DESCRIPTION
Except where stated otherwise the following definitions apply
throughout the present specification and claims. These definitions apply
regardiess of whether a term is used by itself or in combination with other
30 terms.

Alkenyl represents a straight or branched hydrocarbon chain
of 2 to 6 carbon atoms having at least one carbon-to-carbon double bond.
Cycloalkyl represents a saturated carbocyclic ring having 3 to
6 carbon atoms.
35 Cycloalkeny! represents a carbocyclic ring having from 3 to 6
carbon atoms and at least one carbon-to-carbon double bond in the ring.
Halo represents fiuoro, chloro, bromo or iodo.



Al kenyl represents a straight or branched hydrocarbon chain of 2to 6
car bon atom“gggg/ég‘ at | east one carbon-to-carbon doubl e bond
A

Cycl oal kyl s a saturated carbocyclic ring having 3 ¢ pET/USI71LT6
carbon atons. 35 Cycl oal kenyl represents a carbocyclic ring
having from3 to 6 carbon atons and -l east one carbon-to-carbon
doubl e bond in the ring. Hal o represents fluoro, chloro,
bromo or i odo. WO 98l fepsresents optionally substituted phenyi or opti

PCT/ US97/ 11176 Yl fepr prionaly phenyl or optionally

Aryl represent s SYBetityted napathyl wherelnthesybstityents are Jria 3 groups as defined
substituted naplii BBl , wherein the substituents are 1 to 3 groups as defined

neteroaryl 5 groups, whSEIAPRPRaRERRERDEN BUbSARed nBlsiRhY o

defined in A8, gneups, whereirethessubstidugnts gire dptoi 3 groupsdasigefingy in RBdamy | |
Y1 S s bt . 35 WBMdroany groub PW*?‘“V RV, SR BIC PYtoanv, o

nodi fi ed by t hethiephenylofuraaylcor. pyrolyl. Sul fonyl represents a
group of the fOfmJ' a - S2pglyhalo represent substltutuo'?%f hg&é'asf Ql?fa‘i‘é‘éf&ﬁsi’oﬂf]é)“p
of the formula -S a variabl e appears nore t

once in the strEE‘?l!R grodified by the tefm, p?')ﬂ?aexanpl e R7 when X is
-C(OR[err]){Gerr]-, the idSulfonyl rdpreserits\eagicaip ef the forma[apmé.ng nore t han

once may be independently he 15 | for that
vari abl e. S lr{yj,rgﬁrasgﬁ% LR ﬂéﬂ@d{? %t QC'hed :
i ndependently to sulW¥hen at wdriable appearsainons than ohee i free sWlictyralr i ng,

or both variabl ggnpaan 1*3‘? exam eﬁ"t\ﬁﬁgﬁg( iEQC‘(?ﬁ@fmihéiid’%tﬁﬁ‘bb%cﬁbgﬂéble

Conpounds of this I nvention exi st 1n at
confi gurations 8RPe&ENgG mqr@rihaa elechag ke indepaadentirpelectedhfrematheached,

except 15 V\hggfnlﬁﬁoﬁrfgrﬁt@t%ﬁagté ached to the same carbon and are

i denti cal . Furt her | S ri en Xi5.S
C(OR[err])[err] (when the ariable %%Eqaﬁsfg‘s&aa mepgaﬁe t%'%aso
w thin fornul a substtutabde earboreatonss in the plpehdmybnng,l or bothi mua‘b@es can be

st er eoi soneri S%gﬁ%ﬂ%cﬁ%sﬁ%ebéfmitrﬁ{ge&r%%{téragf 25 fornmula | are wthi nt he

scope of the in o ound of formula | can exist
in unsol vated as well as Compounsds/of this men’sqnmaylaxwhg atyldasi tawd Sterams. | n

general, g SOLYR4 af|8ﬁ§r5n thF carbé’l‘l wlPl'in' ﬁa‘\aﬁﬁydmd‘ be aﬁﬁggéﬁtﬂ)éegt t he

sol vents such as wa are ent
unsol vated for nﬁ’hPBrR%éf‘Sﬁ e§"%§“? ?‘hm@rﬁqrﬂﬁ caggpn and are identical. A
conmpound of f or Futthet stegoitomarishaisrpresent wheh X is SO, or C(OR7) (when the

two R7 groups are not the same). Also within formula | there are numerous
other possibilities for sterecisomerism. All possible sterecisomers of
25 formula | are within the scope of the invention.

Compound of formula { can exist in unsolvated as well as
solvated forms, including hydrated forms. In general, the solvated forms,
with pharmaceutically acceptable solvents such as water, ethanol and the
like, are equivalent to the unsolvated forms for purposes of this invention.

30 A compound of formula | may form pharmaceutically
acceptable salts with organic and inorganic acids. Examples of suitable
acids for salt formation are hydrochloric, sulfuric, phosphoric, acetic, citric,
malonic, salicylic, malic, fumaric, succinic, ascorbic, maleic, methane-
sulfonic and other mineral and carboxylic acids well known to those skilled

35 inthe art. The salts are prepared by contacting the free base forms with a
sufficient amount of the desired acid to produce a salt in the conventional
manner. The free base forms may be regenerated by treating the salt with
a suitable dilute aqueous base solution such as dilute aqueous sodium



acceptable salts with organic and inorganic acids. Exanples of suitable
acids for salt formation are hydrochloric, sulfuric, phosghori Cc, acetic,

citric, WO9BOMRS onic, salicylic, malic, fumaric, succini BCTHS¥AIRT6

mal ei ¢, met hane- sul fonic and other mneral and carboxylic acids well
known to those skilled 35 in the art. Jge salts are prepared by contacting
the free base forns with a sufficient anount of the desired acid to

produce a salt .,in,{he conyentiopal r : e nms may be
regener at ed bWW g ?ﬁ{lémS%ﬂVBO ﬁﬁammg&ggoq’sﬁﬂd}% I%E%i%loﬁ?ge'azﬁéous base
sol uti on sucfreedasel forras alifferdrombeir vespective saibfomn® samewhat in certain

PCT/ US97/ 111 pgdr oxi de,

pot assi um caaﬁ%ﬂg?lee FORRIHSS guglr'l ag' o?ﬂ'ﬂ'?n"'%i“é&'? tljaornsaq[hée.mﬁ‘“h%@t the safitrs ee, base
forns dif f er otheswisehequivalespta thejiresapetivenirag basadomas forpurepses af the

physi cal gr opffdntieh. such as solubility in polar solvents, but the salts
are ot herwi se equival ent Jo itpei rI rﬁ%pect;t I ve rea base fornms for
purposes of the 5 i n&arppeynds of formula i may eprc@bﬁﬁ PYRIOGPSH8% rul a | may
be produced Riowhd6aR6$S skilled itk tivsvarttas exaraplifisd by tie followimg sedctios

exenplified by the follow ng reaction procedures: 10 METHCD A:
React i on Schg}f&ce@_eui'.es. [err] A 4-iodoaniline
derivative Il is reacted with a piperidone derivative 15 1I11, wherein

Rl err] i‘FOEi Mﬁ] as previously defined or a suitable nitrogen
Reaction Scheme A-1:

| 0 R
Ao AN Toes Nl
I NaCNBHg A H
!
HzN R2' ('\‘ v
I I RS, > e
R
RS
'\(L RX-H R'K(j
1. CHali L, _CN VI R4/\/’ ~-CN
v R4 A Cul/K2CO3 R3
2. PhOCN D _p6 DMF/A 5 6
Ry P A 3
|!_12' A Ia 5.32'

A 4-iodoaniline derivative Il is reacted with a piperidone derivative

15 III, wherein R2' is either R2 as previously defined or a suitable nitrogen
protecting group, in the presence of a reducing agent such as NaCNBHj,
preferably in the presence of a Lewis acid such as titanium isopropoxide
to give aniline derivative IV. This is reacted with a strong base such as
CHjsLi, followed by treatment with phenyl cyanate to give cyanoaniline V.

20 A solution of compound V is then heated with compound VI, wherein R
and X are as defined above, in the presence of a catalyst such as
copper(l) iodide and a base such as K2COj3 to give compound Ia, wherein
R is cyano and the remaining variables are as defined above.

25



protecting group,
preferably g
to give anlllne

In the presence of a reducing agent such as NaCNBH3,
$)614py €sence of a Lewi s acid such as titani um igopEaRAf{-ae

erivative IV. This is reacted with a strong base such as

CH err]Li, followed by treatnment with pheny

cyanate to give cyanoaniline

V. 20

A solution of compound V is then hé&ted with conpound VI,
and X are as defined above,

wherein R
In the presence of a catalyst such as

copper (1) i odi dReaption SureeneWed: as Klerr]CJerr] to give conpound |a,

wher ei n

above. 25
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Schene A-2:

ni trogen prot ectl ng gr oum co

conpounds of forliTa b b

by treating Ib with a ket(ﬂne Q[II,;

Rlerr] is cyano and t he remal ni ng vari abl es @re as defined

V\098/Q§2i
LA N et

>0 N1 R7X Reacti on

|fg'1>¢%w%CNBHa u:.«a/w%]“ m.“ o

f the protecting 5 p, followed
ere| n Rerr] and R[% Rst oget her

is a
und

with the carbon to which they

Q‘re att ached,

forma group R[éllrr]

previ ously defined,

under condHti onkb as descrl bed i nI&chene

conpound of fornula Ic,

wherein Rlerr]

is cyano and the re

1to give a
ning vari abl es

are as defined aboveWhen RM2Tiscpniroggrepratecting group, compound Ia can be

5

10

15

transformed into compounds of formula Ib by removal of the protecting
group, followed by treating Ib with a ketone VII, wherein R2A and R28,
together with the carbon to which they are attached, form a group R2 as
previously defined, under conditions as described in Scheme A-1 to give a
compound of formula Ic, wherein R1 is cyano and the remaining variables
are as defined above.

METHOD B:

3 R
S
Rr2
+ Ie

3 R* R1
If

Compounds of type Id, wherein X is -S- and all other variables are
as previously defined, can be transformed into compounds of type Ie and
If, wherein X is -S(O)- or -S(0)2-, by treating Id with a suitable oxidant
such as m-chloroperbenzoic acid or NaBOg3, preferably in the presence of
an acid such as CH3SO3H or acetic acid.

R4 R1 6 R.

\QI \r MCPBA or
T
s \F !

NaBOg3
J ~ R2
Id

O=(n

B
RS

CH3SO3H

METHOD C:
F
R-X . R—X s
| =-R® VI, NaH =xR"  Hp-Pd/C =R
<5 L (O —— Dw
NOs NO2 NH2
VII IX X



Compounds of type Id, wherein Xis -S- and all other variables are as
previously defined, can be transfornmed into conpounds of type le and

| f, wher W9801825 -S(O)- or -S(Oferr]-, by treating |d w PETHSEINIIHD| e

oxi dant 15 such as mchl oroperbenzoic acid or NaBO3, preferably in the

presence of an acid such as CH3SO3H.gw acetic acid. VETHOD C.
[err] WD 98/ 01425
PCT/ US97/ 11176 -8- J[err]

Compounds of fornula I Cﬁnx be nmade by treatnent of a 4-
fl uoroni trobenzene, VIII, mcomound of formula VI, as previously
defined, in the presence% a‘/ Nfg base such as NaH to give a 5
substituted nXtrobenzene dergatide | X. The nitro group is then reduced to
t he aniline X under standard i tL@fs, such as treatment with H2 gas in
the presence of a catal yst such wg-bal | adi um on charcoal. Conpound X

can be converted to various corrpomgds cif formula | using the procedures
described in Methods A, B, D and B 10 'METHOD D [err]

Compounds of f or mggmpaundd st formuld Bean alsd b aetiecby treatmentvetra abl es
e o P! Bbtanifabonsae AL Gith SE5HBOURS of oG8 PE M Brlolslp® '™
defined, in the presence of a strong base such as NaH to give a
5 substituted nitrobenzene -derivative IX. The nitro group is then reduced to
the aniline X under standard conditions, such as treatment with Hz .gas in
the presence of a catalyst such as palladium on charcoal. Compound X
can be converted to various compounds of formula I using the procedures
described in Methods A, B, D and F.

10 METHOD D:
RY-L RY
r3 R4 H 6 R R 6
N ,? Cu/Cu(ClO4)z NGl R
R | N or R U \(\'
R® base (optional) RS
Ig Ih

Compounds of formula Ig, wherein R? is H and all other variables
are as previously defined, can be transformed into compounds of type Ih,
wherein R! is alkyl or alkenyl, by:

15 Method D-1: Treatment of Ig with an alkenylating agent R1-L, wherein L is
a halogen, preferably iodine or bromine, in the presence of a mixture of
Cu® and Cu(ClOy). ; or
Method D-2: Reaction of an alkylating agent R1-L with Ig, where Ig is
either used in excess or optionally in the presence of an added base such
20 as CHal.i.

1

RS R* | R6 /X R3 R l? RE
NS L NGl N4
l 1‘ ______»XH /\/L)/ N
B~ il R R
RS R
X1 Ii
Compounds of type Ii, wherein X is -CH=CH-, can be prepared by

25 treating an aryl bromide XI (prepared according to Method A-1, steps 1



15 Met hod D-1: Treatnment of Ig with an al kenyl ati ng agent Rerr]-L,

wherein L igoo9gp1ad hal ogen, preferably iodine or brom ne, igctﬁ}%gp, fsEnce
od D-2: Reaction

of a m xture of Cu and Cyc gerr])[err]; or Met h

of an al kylating agent Rlerr]-L with Ig, where Ig is either used in
excess or optionally in the presence of an-%dded base such 20 as CH3Li .
METHOD E: [err] Conmpounds of type li, wherein X

|s -CH=CH, cangjpe 35?%@?'6%'? )%f[ Htﬂ%{%@ggﬁ%ﬁ% lcabAIP&t dfcrds pRNiSRAAME

according to Metho
PCT/ US97/ 11176 acetate.  and 2) with an olefin X1 in the presence of a

catal yst such as palladium acet ate. METHOD F:
[err] 5 Hc)DF_Corrpounds of formula 1Ij, wherein Gis alkyl, aryl,
aryl al kyl, al k - *aryl oxy or aryl al koxy as defined above, can be
prepared by treating conpound g% t® an acylating agent G CO) Cl
(i.e., an acid chlorideor a REhIRf df or mggee) in a suitable sol vent such
as CHerr]dJ[err]. 1OGJLCI METHCOD '\l. N /\ M
[err] Ig F—— R‘X l 2 1N
RS e
5 v

Compounds of formula 1j, wherein G is alkyl, aryl, arylalkyl, alkoxy,
aryloxy or arylalkoxy as defined above, can be prepared by treating
compound Ig with an acylating agent G(CO)CI (i.e., an acid chloride or a
chloroformate) in a suitable solvent such as CH2Clz.

10
METHOD G:
\
O _NH
_N:=C=0 RS R4\N’ /n6
-
o M SR
~ P )
X HIg/ \RZ

Ik
Compounds of type 1k, wherein M is alkyl, aryl, or arylalkyl, can be
prepared by heating compound Ig with an isocyanate M-N=C=0 in a
15 suitable solvent such as CHaCN or toluene at a temperature sufficient to
effect reaction, such as 80-150°C.

METHOD H:
R R T e RS md z RO
N Hy, Pd/C Xl A
I NF /5¢ R, THF Rg/ Ry
1 R Im
20 Compounds of formula Im, wherein R" is alkyl or cycloalkyl, can be

prepared by hydrogenation of the corresponding compound of formula I,
wherein R" is alkenyl or cycloalkenyl, in the presence of a suitable catalyst
such as palladium on carbon in a suitable solvent such as THF or ethanol.

25



Compounds of type Ik, wherein Mis alkyl, aryl, or arylalkyl, can be
prepared by heating conpound Ig with an isocyanate MN=C=0in a 15
sui t abl e W@PHYA2S such as CH3CN or toluene at a tenperat ur @ECIMSPVENENt to

ef f ect

reaction, such as 80-150[err]C METHOD H:. [err] 20

Compounds of fornmula Im wherein R'" is4@-kyl or cycloal kyl, can be
prepared by hydrogenation of the correspondi ng conpound of forrmula I,

wherein R

cat al yst

or et hanol.

i s al kenyl or cycloal kenyl, in the presence of a suitable
such as palladiumon carbon in a suitable solvent such
25 WD 98/ 01425
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10

15

20

25

METHOD { errl

R4

R4
R3 ,_ or alkyl R® \
Halogen _\b_ 1)alkylllthium AR .
?'—/ 2) RCOalkyl or R OHY= ?—/
RCHO
SFN

XV

X _
l Reduce

In

Compounds of type In can be prepared by treating a compound of
formula XIII (prepared from compound II of reaction scheme A-1 using
various methods, particularly Methods A,D, F, and/or G) with an
alkyllithium reagent such as n-butyllithium or t-butyllithium in a suitable
solvent such as diethyl ether or THF a low temperature, such as -78°C to
0°C. The resulting anion is treated with an aldehyde RCHO or a ketone
RCO-alkyl, wherein R is as defined above, to give a carbino! of formula
XIV. The carbinol is treated with a suitable reducing agent, preferably
triethylsilane in the presence of a strong acid such as trifluoroacetic acid to
give In.

As indicated, in the above processes it is sometimes
desirable and/or necessary to protect certain groups during the reactions.
Conventional protecting groups, familiar to those skilled in the art, are
operable.

The above reactions may be followed if necessary or desired
by one or more of the following steps; (a) removing any protective groups
from the compound so produced; (b) converting the compound so-
produced to a pharmaceutically acceptable salt, ester and/or solvate; (c)
converting a compound in accordance with formula | so produced to
another compound in accordance with formula |, and (d) isolating a
compound of formula |, including separating stereoisomers of formula 1.

as THF

VETHOD



Reduce Compounds of type In can be prepared by
treatingaﬁm formula XIIl (prepared from conp
reaction sc eme%ﬂ\n% usi ng vari ous nethods, particularl y?’@?{#ﬁéﬂk‘ D

F, and/or G with an al kyl'l'i t hiumreagent such as n-butyllithium or
t-butyllithiumin a suitable 10 solvent sdd8h as diethyl ether or THF a | ow
tenperature, such as -78[err]Cto O[err]C. The resulting anion is

treated with an al dehyde nggh Bﬁ%ﬁ’kéﬂ?e ES as
defined above, to give a car |n(f)1l *’%gftﬁnﬁ; react %ﬁg h?
treated with a mmmﬂébp@mtmge@g&ﬁmmm meéeaﬂsy\eeded tprnreﬁiuw §ﬂlVane in

the presence Ofc&nﬁbﬁﬁﬂﬁh aetsrdanes vith forhiula/pr oacetic acid to 15 give In.
As indicated, int

, e above, processes, it S SO esj rah) e and/ or
necessary to protect certir‘g COMRANdS of; fﬂﬁ"'ﬂ'ﬁ?ﬁ’@ﬁf?ﬁ'ﬁgﬂ"e 2 @g)ﬁﬁé'?ﬂl onal
protecting §rouwmtiscadmicl dmagonizingoactivity] Whisth has been @orrelated with  oper abl e.

dosi r ed bw%wﬁ%qﬂ%‘ﬁaémmp HapT ot s¥Sifele pUGEES afokailers

protective groulisease andrsenilehderventiaund so pr oduced (b) converting the

conpound so- produceght o ﬁHEﬁ{déB&q‘Hﬁhﬁ ﬁﬁggﬁﬁ@nggﬁﬁ%ﬁ ﬁ[ﬂ a l

and/ or solvate; (c) conver oun
so produced to ipgest QWHQfescdﬂﬁiﬁmdltﬁladﬁéfﬁjﬁﬁeéﬁvﬂﬂd M MUSQRNNIC and (d)

i sol ating 39 antaﬁami%f’hlE!fi‘wﬁ/f2 TRé Eohibdunds b HENGXREROHIErMKESRABRRP! SOMET S

of formula i.
PCT/ US97/ 11176 theraputic doses. - 11-

Based on the foregoi ng refot prepasiagusivarmaceotical compadsitionsifrom the t he art

conpound ' accETHRATAdS bf foririla TRBRLM o dHffiEihd ACK RS, 3R Achace. o
formula | exhi bnh|ba¢ersacpharmamuandlybacmtatﬂe ineit camiensi areaadnaixedi witmthe

activity, 4B chadiis feRBoGAIL STk hatiiaBeutically RRBHIRAE Lol At rﬁs%'bwé' ty for

treati ng COgI’lI t | ve ers suc | Sease an senil e
derent | a. either solid or liquidkh Solig fprn RIePatioas ingluds paisiors, tablets,

phar macol ogi cal diggérsitlé yranules, capsules, cachets and suppositories. A solid carrier
can be one or more substances which may also act as dilutents, flavoring
agents, solubilizers, lubricants, suspending agents, binders or tablet

20 disintegrating agents; it may also be an encapsulating material.

Liquid form preparations include solutions, suspensions and
emulsions. As an example may be mentioned water or water-propylene
glycol solutions for parenteral injection.

Also included are solid form preparations which are intended

25 to be converted, shortly before use, to liquid form preparations for either
oral or parentertal administration. Such liquid forms include solutions,
suspensions and emulsions. These particular solid form preparations are
most conveniently provided in unit dose form and as such are used to
provide a single liquid dosage unit.

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

35 Preferably, the pharmaceutical preparation is in unit dosage
form. In such form, the preparation is subdivided into unit doses
containing appropriate quantities of the active components. The unit
dosage form can be a packaged preparation, the package containing



In test procedures designated to indicate nil, n2 and n4 nuscarinic 10
ant agoni st activity. The conpounds are non-toxic at pharnmaceutically

t her apeutWe 98ie1d2ss . For preparing phar mE&EIHSIERIL76
conpositions fromthe compounds of formula | capabl e of enhanci ng ACh
rel ease, and ACh' ase i nhibitors, RKbarnmaceutically acceptable inert

carriers are adm xed wt h the 15 active conpounds. The pharmaceutically
acceptabl e carrlers may. ei t her oI|d r ligyid Solid form

P opar at 1 onodietata RIS of PrepaiRUeg such 25 pasketed Thifts. SRnsles 3G

capsul e; t Caﬁbﬁﬁ%@ﬁﬁvnawpmoamboreseﬂhé\uamIdbdagalfomecan also beaancanstme],et or
nore substance | S ent s,

sol ubi | i zer s8¢ Hrgﬁhﬁﬁs%hsﬁéﬁﬁ@%g@ éﬁﬁgéﬁﬁtger@g%} ?ﬁ%%? J %%8

di si nt egr at i imga pgekaged fommay al so be an encapsul ating material .

el st on®. Ab. ah- exampi DY of Bpiihe ComponHa S BShirGod Broparation

gl'ycol sol ut maysbé uanpdloerat&lsied frigne dtigto 100 mg according to the PN“@Qlﬂfncl uded
are solid foégb&'&ﬁ rk? &rtﬁe'd%@@weafbntfaﬂdQﬁeQﬁl&YﬂbHed shortly
bef ore use or m

atio el t
par ent ert al Hemrn%& r BB ¥R @ qsplaﬂazoﬁé I fﬂ{hqyﬁ& Wy ﬁ:{ 3%?1 t 20
suspensi ons  aiik@ WHich ey bd ibvided over t b 3radminisirationsper elayr heons are

orovi de W s ”wg%ﬁﬁﬁﬁﬁv@gﬁggyésﬂ%l plB3ntah BRdH ndragelic Ao 10 ) o,
cont enpl at es al t er nat i ilheoddsagasymayheevaried depending o the, reguirement of

necessarily {,tghgﬁ%&tté ﬂ?%gé\?é}ﬁg]e&fgﬁé c@ﬁhh%ﬁrﬁélngghﬁatm ndttﬁé’b%‘i‘ﬁ‘édﬁil

conposi tions enul si ons
and can be | composindi being employediletarnipgtion of the pggpqr)giqﬁage ora yeservoir

type as are Pﬁﬁl(ﬁl‘éﬂ Qﬁiﬂtlohrls Wlthlriitﬁe &l of tHosennrthe seedicd art. For

Pr ef er ab] h, t f
Such T ortd ¢ RenyPRARa. TS ora dalliaa Rl WidY And BaRMstered ip L0 !
appropri ate goatidris tresughioutitheatzy erby organsaproyidinghgontinyous delivesysage form

b k d 1425
can be a packaged pr epajfibhdlcomBEuRATH 6 R cabbRKf enhanci@ ABKP1425

di s
quantities ofelerepds aispdrin sombination witbranACHAse: iphibitgs 3o treat gagnitive
powders in Vifdsrders, dNBsE 8Fo atlive %Brﬁpdﬂ\@hmmai/wémGMnahm:’ed a capsul e,

N ﬁgg Zt %o a% ehgéé%géé of (rﬁehfueﬁﬁglly, ortahSnnﬁ@ﬁ%@ﬁ%&é@gwghPBEgl{S%eOf
COWDOUHd i N zomprisinyp accegmppandof formula | capablgeofien am:mgAg,‘d] elease from 1
g? E ﬁ elggt W g‘ﬁ%cgrﬁ M %8 lﬂlﬂs{tﬁaﬁté ?Hh@aceuﬂcaﬁ?@cb@ﬁfdb%‘ caftfbridad pot ency
administered. The components of the combination can be administered
individually or together in any conventional oral or parenteral dosage form
25  such as capsule, tablet, powder, cachet, suspension, solution, suppository,
nasal spray, etc. The dosage of the ACh'ase inhibitor may range from
0.001 to 100 mg/kg body weight.
The invention disclosed herein is exemplified by the
following preparations and examples which should not be construed to
30 limit the scope of the disclosure. Alternative mechanistic pathways and

analogous structures may be apparent to those skilled in the art.

35



treatnment. This would correspond to a dose of about 0.001 to about 20

ng/ kg whi ch vgagal&)ﬁ gii vided over 1 to 3 adm nistrations per daﬁ'ﬂ/@&gn}pm
conposi tion ‘nay, i desired, also contain other therapeutic agents.

The dosages may be varied dependi ng on the requirenent of t he patient,
the severity of the condition being treatkﬁ@'and the particul ar

conpound bei ng enpl oyed. Determ nation of the proper dosage for a
particular situation is wthin the skilgxgthpiéose in the nedical art. For

por 1 ons. 1 hr oughout t netaA-GyaholhidteRbvpRemytbiain e Ber very.

When a conmpound of formula | ceiaispipleridinedricicagbdxylate rel ease is used

i n conbi nation th,an ACh'ase inhibitor to treat cognitive
di sorders, thesﬁ%' active conmponents may be co-adm ni stered 20

si mul taneously or sequentially, or a single pharnmbcetyjcal composition
conprising a conpound of forgula | capable of enha j Afh rel ease

and an ACh' ase inhibitbr in g phar macgHp ohgf.ceprabINe carrier can be
adm ni stered. The g®&Rponent ﬂ the co 'ir?fgjf'% ona?‘%an be m ni st ered
I ndi vidual ly or toer +N g convent romat—dral or pprenteral,dosage form

25 such as capﬁ_ﬂ‘l . tabl et, po%r, cachet, suspensi ofyy~So| ution,
suppository, 2¥ nagal sppayo”erc. 2The dosage of the ACh' e i nhibitor
0]

may range fgom .001 to 100 ny/ kg body weight. O _
I nvention di scl osed *PSraeéﬁl\wHén%ﬁfB?hih | £bdBaniiite 1 (8.8 g, 40.LGMhidY and N

n -

preparations and exanpl es I ch shoyl d ngt _be c trlﬁ%eéto 30 . I'imt the

scope of the di tﬁﬂ‘bﬁ%?amqné’ﬁﬂ?ﬁ'i’wmﬁe(ﬁi%gi 88%3@1 ), aphiydrous

anal ogous st r ucCHLE3, (B miE adidPE(@WPr)k ¢13.7ap et&R inhinel). iStirtthe rasuiting 35

\é\gT??J/sg%fﬁ 176 purple solution at room temperature under N2 for 12 h._/l\ggr cooling to

Example 1 10  0°C, treat themnixture with a solution of NaCNBH3 (8.3 g, 132.6 mmol) in

4-[ cyano[ 4-[ (4- qﬁ P LRSI témpeRlire overnight. Quench with 600

[1 ,4'-bipiperi glﬂr?e XwﬂXEﬁéngt e g‘taep 1: g )

[err] ml mixture of water/EtOAc (1:3), and then remove the insoluble substances
by filtration through a bed of Celite®. Separate the organic phase, wash

with brine, dry with NazSO4 and remove the solvent to obtain 16.7 g of the

15 crude product, which is chromatographed on silica gel using
EtOAc/hexane (1:4) as the eluent to give 8.3 g (49%) of the product 3 as
white solid.

The

Step 2:
I\

0
1. MeLi
3 —— » ! o
2. PhOCN N
' 4
CN

To a dry flask kept under a static pressure of N2> add anhydrous THF

20 (250 ml) and 3 (15.0 g, 37.0 mmol), cool to -78°C, and add 1M CHaLi in
hexane (26 ml, 37.0 mmol) at a rate such that the reaction temperature is
maintained below -65C. Add phenyl cyanate (6.7 g, 56.0 mmol) at such a
rate as to prevent the reaction from exotherming above -60°C and stir for 1
h. Allow the resulting solution to come to room temperature and stir

25 overight. Pour the reaction mixture into water and extract with EtOAc.
Wash the combined extracts once with brine, dry over anhydrous NaxSOy4,
remove the solvent and flash chromatograph the residue on silica gel
eluting with EtOAc:hexanes (1:4) to give 8.25 g (52%) of the product 4 as
off-white solid.



To a solution containing 4-iodoaniline 1 (8.8 g, 40.2 mmol) and N
tert-but oxycarbonyl - 4-pi peridone 2 (8.0 g, 40.2 mmol) in anhydrous

CH2Cl 2 (®O9M1425dd Ti (O-iPr)4 (13.7 g, 48.2 mol ). Stir PREUSAHINITE ng
purple solution at roomtenperature under N2 for 12 h. After cooling to 10
O[err]C, treat the mxture with a sol uti-t$- of NaCNBH3 (8.3 g, 132.6 mmol)

I n CHerr]OH (30 mM) and stir at roomtenperature overni ght. Quench
wi th 600 nd ,m xture of water/EtOAc (1:3), and then renove the

i nsol ubl e sub§!lg8n%'es by filtration through a bed of Celite. Separate
t he organi ¢ phase, wash Wi th brine, #Rxe SO and renove the
solvent to obtain 16% g of the 15 crude uct ch Ay chromat ogr aphed
on silica gel using ECORK QO3 aneCcO as theelwent to give 8.3 ¢
(49% of the pyodu as _____whije SO|Id St epl 2:

[err] To aDMFy flask kept under a st@ti®y pressure of N2
add anhydrous THF 20 &250 m) and 3 (15.0 g, 37.0 rl‘} cool to -78C, and
add 1 M CH err]Li i nOCH3 hexane (26 m, 37.0 nmml a rate such that
the reaction tenperature is mai nt ai negg bel ow K Add phenyl cyanate
(6.7 g, 56.0 mmol ) at such a rate as to prevent h& reaction from
exot hermi ng above Sfithanixjuteaid (5.0g, 120 mmol), 4-mathooqytmqpmemlr5e(sh969 ng
solution to CONB diR IR, ULt s, &rﬁur&fs ngo%r(@sn\%m?

reacti on m xture e cgnbl ned

ct'w
extracts &nceand DMb (6 mal) aHWO%Q ﬁ repniiering the progeass\af the e

SF"t vem ij\”fjhf teaetioh by A oqz‘&n ha&@Wdté\Scsé% %@béﬁfe&aeg@do mi) wit ehmnlgng
\(/)V:c f-whit ec'soféé‘é' ?gmové t évlgzbybs ar?cegiby/?mraiton §eBaraqe %e orgamc

PCT/ US97/ 11176hase, wash wnh brine, and dry with NaxS0O4. Remove the silvgntainddrer r ]

reduced pressure to give a brown oil residue and purify by
10 chromatography on silica gel, eluting with hexane/EtOAc (5:1) to give the
sulfide 6 (2.6 g, 49 %) as colorless oil.

Step 4:

S
6 SmAe HsCO N
EtOAc
7

Stir a solution of 6 (2.6 g, 5.91 mmol) in EtOAc (50 ml) containing
15  5.7N HCI (20.5 ml) at room temperature for 4 h. Cool the reaction mixture
and basify to pH 8 with a saturated solution of NaHCOg3. Separate the
organic phase, wash with brine and dry with Na2SO4 to give 1.7 g (85 %)
of the product 7 as yellow oil.

Step &:

O ——
7 + N, TI(OIP1)4
COzEt  NaCNBH3 N
8 e
N

1
20 CO,Et



Stir a mxture of 4 (5.0g, 12.0 mml), 4-nethoxythi ophenol 5 (1.96g

14. 0 mol ), I 79, 14.0 mmol ), anhydrous Klerr]CJerr] ( 0
nmol) 5 an‘gBBR/I@? m) at 110[err]C for 6 h under N2, nonitg(r:'?&g”{ﬁg%

progress of the reaction by TLC. Cool,
(50 M) with stirring and renove the iriol ubl e substances by
filtration. Separate the organic phase, wash with brine, and dry with

Siroie oy bYOEMsraogtesd ot g i o
hexane/ Et OAc (5P e"lq\g’“@ %éf ﬁ&rragtyg Pisc?é‘dfsﬁ(é"@%gg(e §1%vq|§s£@mr8ﬁ’ll ess
oi | i i Et glﬁ& 4'agh%ridugh dry CHxCl2 (15 mEI;) tﬁtérfabfte sniaoth atirrrig. 6StiRabrawm 5. 91
mml) in EtOAc 0 n .
tenperature for Qﬁrgﬂg}%'dgq U{‘%m%g%ﬁl?%ﬂ' ﬁﬁz&ttﬁgemweﬁgﬁ@ Bﬁé it ?Wghpq—i 8 with
a sat ur at ed Sol solutioncsf NaBHsC (1.0 gsd fRemmalhin CH3OH (6 mi). Stistedseomwash
with brine and ] t ' s r 7
as yellow oil. %ﬁ{'p%gﬁé\gﬁq%’ éhdgt’g%? ﬁmegr&%ybﬁ%}g{l otftﬁoﬁcﬂgé’t%tr
PCT/ US97/ 11176 (3:1). Remove the insoluble substances by filtration thrgugh a bed of

Celite®. Separate the organic phase, wash with brine and dry with

Na>S0O4. Remove the solvent to obtain a yellow oil and purify by

10 chromatography on silica gel using EtOAc/hexane (9:1) as the eluent to
give 820 mg (51 %) of 9 as sticky white solid.
Using a similar procedure, compounds of the following
structure are prepared

add water (50 nml) and benzene

2
N
CN R®
15 wherein the variables are as defined in the table: _
2 5 HRMS HRMS
Ex. R R R calc'd found
1A HaCO O_ _O H | 422.2266 | 422.2258
1B HyCO _@_ -CH2CgHs | -CH3z| 444.2110 | 444.2099
isomer A
1C HyCO _@_ -CHoCgHs { H | 444.2110 | 444.2108
isomer B
1D @_ _O H | 392.2160 | 392.2160
1E Cl% _O H | 460.1381 | 460.1374
Cl
H | 448.2786 | 448.2780
1F (CH3)3C—©— _O 8.2786
1G <O:©r _O H | 436.2059 | 436.2052
O
1H CI-@— _O H 426.1771 | 426.1771
11 O_ _O H | 398.2630 | 298.2636




To a m xture containing 7 (1.1 g, 3.24 mmol), N carbethoxy-4-
pi peridone 8 (1.66 g, 9.72 mmol) and Ti(OiPr)4 ( 4.61 g, 16.20 nmol)
add enouWR %428 H err]Cl[err] (15 n) to enable snooth st‘quwmgﬁr at

room tenperature under N err] for 12 h, cool the mxture (O[err]C) and
treat with a 5 solution of NaBH[err]G[\s.(l.O g, 16.20 mmol) in CHerr] OH
(6 n). Stir at room tenperature for 12 h, anq quench the reaction

wash with bri 2SM. Rermve_t_he ol vent t obtain a

with 300 m t QAclvwater 31—t RerBYE t he—-RSphtb-a—subst ances by
filtration {t Bgoug ;@%_ itq[edr]f. 4&23?& 4149523313 ni ¢ phase,
ri ne

yel | ow oi |l jand lII’I f\/

Et OAc/ hexa e1((9 as dent i \e47.0988 ( 3¥3A4998% |9 as sticky
white soli SCO U’s@ afsinillar procedure, conppunds of the
f ol | owi ng Sttet-tr-e—are pTe ‘a’r}U’

[err] 15 wherein /Ag@n\wmw | similaF pregedyss, i ¢ampPPUNds of trssbfcélowmg

[err] d

PCT/ US97/ 111%\‘8c?§feoészérepare

l,_‘1216- [err]
SRCWE;
1

wherein the variables are as defined in the table:

Ex| x | R R2 Data
1L{ -o- | -on | -ClO)0C(CHg)s | MP=109111°C
mp=248-252°C
iM| -o- -CN _O (dec.)
HRMS
1 N 'CHZO- 'CN Ca'c‘d:
—O 476.2008
found:
476.2010
: HRMS
1 o -CH20' 'CH3 Caic'di
—O 379.2749
found:
379.2748
5
Example 2
Ethyl 4-[cyano[4-[(4-methoxyphenyl)sulfinyl)phenyllamino][1,4'-
bipiperidine]-1'-carboxylate and
Ethyl 4-[cyano[4-[(4-methoxyphenyl)sulfonyl]phenyl]lamino][1,4'-
10 bipiperidine]-1'-carboxylate
1] \\ 'I
O Ce JT T
H3CO N’CN HaCO
MCPBA h
9 —M8M8M> N N
CH3SO3H 10 h 1 I\/ﬁ
|



Again using a simlar procedure, conmpounds of the follow ng structure
are prepareqyoogmpiszs Wherein the variables are as defined i npdfisdabiR:

[err] . f ound: 5

Exanmpl e 2 Et hyl

4-[cyanol 4- [(4 rret hoxyphenyl ) sul fi nyl ] pherT§’7I amno][1,4' -
bi pi peri di ne]-1"-carboxyl ate and Et hyl

4-[ cyanol 4- [(4 met hoXy rireieslodid sbiutivh] afithivstierd frohl Exdmpld 9 (750 mg, 1.52

gg%gi;gd' nel - Imnf&lf RPEMh§Bus CHoClz (15 ml) containing CHaSCaH (9.1 mi, 4'

PCT/ US97/ 11176 mmol), add 70-75 % m-chloroperbenzoic acid (520 mg, 2:277mmol). Stir

i) | ﬁeaﬁﬁ'yﬁr%'ﬁé SXSing OB oo BRI AS T erif%éat‘r%zH (9.1

m, 4.56 5 reaglion na'amlfeooﬂé and basibr Rl fowith isaturated Gy, 2.27

mml ). Stir Sepﬁaté)fhé Fgaific fpihﬁsetWQBh &htH did hﬁﬂnﬂ'y%tﬁ Riab80,0 m N,

t hen cool the 'g reaction mxture to afn basi g PyH8W|th saturated
NaHCO err] . emove the solvent to glve 730 mgo white soli Pun

chromatography on silica gel using 2.5 % CH3zOH in CH2Cl> as the eluent

to give 255 mg of the sulfone 11, followed by 305 mg of the sulfoxide 10.
10 10: HRMS for Co7H35N404S calc'd: 511.2379; found 511.2381
11: HRMS for C27H35N405S calc'd: 527.2328; found 527.2324 .

Using a similar procedure, compounds of the following

structure are prepared
R2
fo\©\ N7
N

AR
15 _wherein the variables are as defined in the following table:
Ex. R X Rt R2 Rs | Data

-SOp- HRMS

calc'd:
2D HaCO _@_ -S0O- -CN

454.2164
2E HaCO _@_ -SO- -CN

found:
2F HSCO-O_ 'SO' 'CN

454.2150
H HRMS
2G HsCO @_ -S0o- -CH3

2H HaCO _@_ -SO- -CH3

calc'd:
. .| -CHa-C=CH,
21 H3CO-©- SO2 H

438.2215
found:
438.2230

H HRMS
calc'd:
443.2368
found:
443.2376
HRMS
H calc'd:
427.2419
found
427.2422
H HRMS
calc'd:
469.2525
found:
469.2533

Q| Of OPP| O G




Separate the organi c phase, wash with brine and dry with Na[err]SOerr].
Renove the solvent to give 730 ng of white solid. Purify b

chromat ofQIWY4¥n silica gel using 2.5 % CHerr]OH in CH EY%T']‘J@P'{/B#T'Q as the
el uent to give 255 ng of the sulfone 11, followed by 305 ng of the
sul foxi de 10. 10 10: HRMS for Cerr]HI@®-r]Nferr]Jerr]S calc'd: 511.2379;
found 511. 2381 11: HRVS for (Jerr]JHerr]Nerr](err]S calc'd:
527.2328; f S 2324 — sty —sTntar—pt e,
conpounds of Ié@mﬁzy_ -s0s{ r UEHE Lld prefared | H E:EE?

[err] 15 erefn t varfabl e$ are as defli ned\iid the fol | 85s.n0g7¢ pbl e:
438. 2215 found:
f ound: 98/ 01425 45Hs.§1|566
PCT/ US97/ 11737 - 8] HRMS
[err] 2 H3CO<©— -SO- CN CHzCeh 3 HA caca:

~~~453. 2576 446.1902
’ found:
446.1904
- . HRMS

2L HaCO _@_ -SO- CN CH2CeHs | -CH3 | o0
460.2059

found:
460.2054
- N HRMS

2M HaCO _O_ S0z €N CHoCgHs | -CHa calo'd:
476.2008

found:
476.2010

i - HRMS
2N HaCO _@_ -SO- -CN CH2CgHs | -CHa

10
S
J

DX

calc'd:
460.2059
found:
460.2050
H HRMS
calc'd:
408.2110
found:
408.2112
MS
H (Chm+1=
471, 429,
306, 299,
225, 179,
134, 109
MS
{Chm+1=
455, 439,
397, 301,
274, 225,
166, 134,
109
HRMS
H calc'd:
476.1983
found:
476.1982
HRMS
H calc'd:
424.2059
found:
424.2060

20 @_ -SO- -CN
2P HaCO _@_ -802- -C(O)CH2

2Q HaCO _@_ -SO- -C(O)CH2

2R FaC _@. -SO- -CN
28 @_ -S02- N

Ol 0| O O G




424. 2059
f ound:
424. 2060

WO 98/01425

-10-

PCT/US97/11176

2T

-S0»-

-CH2CgH5

MS
(FAB)m+1
=519.2,
503.2,
429.1,
367.2,
289.1,
257.1,
232.1

2U

-SO-

-CH2CgH5

O

MS
(FAB)m+1
=502.3,
488, 443,
396.2,
340.1,
320.1

2V

-SO-

-C(0)OCH2CH3

Q

. MS
(FAB)m+1
=485.2,
469.2,
395.2,
378.2,
331.2,
320.1,
273.1,
257.1,
232.1

2W

—802-

-C(O)OCH2CH3

MS
(FAB)m+1
=501.2,
485.2,
419.2,
394.2,
347.2,
320.1,
274.1,
257.1,
232.1

2X

-80p-

HRMS
calc'd:
492.1933
found:
492.1932

2Y

_302..

-CO(CHgp)gCH3

O] O

MS
(FAB)m+1
=583.3,
567.4,
447 .4,
431.3,
413.4,
293.1,
246.1,
237.1




WD 98/ 01425
PCT/ US97/ 11176

PCT/ US97MQ 98/¢3425

98/ 01425
PCT/ US97/ 11176

[err]

-19- [err]

-20-
f ound:

WD 98/ 01425
- PETUSITIIT6)\D

-21 -

2Z

Haco-@—

-SO-

-CO(CH2)8CHa

®

H

MS
(FAB)m+1
=567.4,
485.3,
402.3,
391.3,
347.2,
232.2,
216.3,
164.2,
137.2

2AA

-302-

HRMS
calc'd:
492.1279
found:
492.1282

2AB

-SOp-

~MS
MH+ 480
(100%)

2AC

-soz-

2AD

-S05-

MS
(FAB)M+1
=539.8,
523.9,
432 .4,
385.2,
248.9,
234.9

2AE

-SO-

2AF

-soz-

2AG

-SO-

HRMS
calc'd:
442.1720
found:
442.1732

2AH

-Soz-

-CN

HRMS
calc'd:
458.1669
found:
458.1667

2A1

-S0o-

::z\=c>
c

2AJ

-SO-

-CN

OO O] O|o[0]  Oo[0] ©

HRMS
calc'd:
414.2579
found:
414.2583




HVS

391. 3,

324. 1, WO 98/01425 El;%wlss)ewgns
OCH3 F 5 To an ice-cold suspension of NaH (7.1 g,
0. 178 nmol) in anhydrous DMF (125 m )-21add 4- et hoxy- benzenet hi ol 21
(25.0 g, 0.178 nol) WD 98/ 01425

PCT/ US97/ 11176 =22 RS ' over
45 min, and s}2AK{he r@t&e at ﬁ@anlterrp@NaturJ* for mijn.H ?alc'd:
430.2528

found:
430.2527

H -

2AL _@_ 'SOZ' 0
H3CO Ay ot

2AM HN -S0O- -CN

H MS
MH+ 466
(100%)

- - 0]
| oo ) |07 Oy

OCH34

200 [ yyco-d Y- |52 L()'Noz

H MS
(FAB)m+1
=564.2,
548.3,
463.1,
427.2,
391.3,
324.1,
310.1,
293.1
HRMS
H calc'd:
492.1933
found:
492,1932
HRMS
H calc'd:
508.1882
found:
508.1884
HRMS
-CH3 calc'd:
468.2321
found:
468.2329

olielelle

-S02- -
2AR!  h.co _@_ -S02- -CN

O] O O

Example 3

Step 1:
OCHj4 F

S
. NaH / DMF /©/ O
———— HaCO NO

SH 21 NO, 22 23

5 To an ice-cold suspension of NaH (7.1 g, 0.178 mol) in anhydrous
DMF (125 ml), add 4-methoxy-benzenethiol 21 (25.0 g, 0.178 mol)

2



Cool the reaction mxture in an ice-bath, and treat with neat 1-fluoro-4-
nitrobenzene 22 (25.2 g, 0.178 nol). Stir the resulting m xture at room

t enper at WQ98P14¥5ni ght, pour into water (1100 nl) and extr RETURPVHIEE OAc (3
5 X 500 nl). Dry the conbined organic layers with Na2SO4 and renove the
solvent to give 43 g (92% of the produez2-23 as yel l ow crystals. Step
2: [err] To a suspension of 23 (13.2 g,

yaroganat e CH é&iﬁma%fq St sheiuiie &SR] Githertutedts up.

filtration tGanldhe seactibromixture incan ice-batn @nditeeat with npat Mluwearﬂ to give
11.5 ¢ (100%mt96béRﬁh%dw2ﬂl¢g522g1 @%7@%&&.&’8&:‘ By r%@hltﬁ'l mixturehtSido

err 1 ani |1 ne eri
Ger  vat i ve 249mperature QUG BeRONAN AAIE 11000 ang otEA wib E8Ae (3 ut e
ani line dgri w800 emiR6Dry the combined organic layers with NaxSOpemdemaie the

L, 1-Dinet hyl ef %159 bwe 0@%‘/3)”01’1\%' rgéu&wgs%qﬁgfy#r}&@lsnolzol'

plperldlneca

Add a ni xtur &tep & ne 12 (3.0g, 8.2 mml) prepared from 4-

phenoxyani | i ne and N-carboet hoxy-4-pi pgri & no using the procedures

of Exanpl e, step 1 ycI ohexenyl ng, 5.4 mmol) in

Et OAc (30 nl) 28 ed sus er (llg) perchl orate 25
hexahydr at e (% Og 0% Pap! ) ahdCOOPpET rret al ~20'NHgy, 3 mol) in

EtOAc (15 m) und Nl er .Aft n re.for 12

hour s, add an oaaﬁé'éﬂgn?f?f‘lﬂ gi {cﬁ‘é C%O?% @Tr}ﬁ%ﬁrﬁbgf M2 ) .

Extract 10de 10% Pd on carbon (1.3 g) and hydrogenate the mixture at 60 psi for 12 h.
Remove the catalyst by filtration through a bed of Celite® and evaporate
the solvent to give 11.5 g (100%) of the product 24 as dark yellow solid.

Step 3:
o Ti(OIPT)/ H3CO© O
O o
N

25 O
15 React aniline 24 with N-cyclohexyl-4-piperidinone derivative 25 as
described in Example 1, step 1, to give substituted aniline derivative 26.
Example 4
1,1-Dimethylethy! 4-[2-cyciohexen-1-yl-(4-phenoxyphenyl)amino]-1-
piperidinecarboxylate

SAS! °
NH @-Br O O,«O
12 Q Cu°lCu(CIO4): 13 Kj

. N
20 Boc Boc
Add a mixture of amine 12 (3.0g, 8.2 mmol), prepared from 4-
phenoxyaniline and N-carboethoxy-4-piperidinone using the procedures
of Exampile, step 1, and cyclohexenyl bromide (875 mg, 5.4 mmol) in
EtOAc (30 ml) to a well stirred suspension of copper (Il) perchlorate
25 hexahydrate (1.0g, 2.7 mmol) and copper metal (207 mg, 3.3 mmol) in
EtOAc (15 ml) under Na. After stirring at room temperature for 12 hours,

add an aqueous solution of KCN (5.5 g in 70 ml of water). Extract the




WD 98/ 01425 PCT/ U897/ 11176

-23- clear solution with EtQAc (2 x 100 m).

conbi ned orga;?ls}(':) s extracts with Na2SO4 and renove the sol vent Eﬁln%

di stillation. Chr omat ogr aph t he resi du& on silica gel using

Et OAc/ hexane (110) as the el uent to gi 8- 1. 25 g (52% of the product 13
as sem-solid foam 5 Use a simlar procedure to prepare
compound 4A:  resuftant clear solution with EtOAc (2 x 100 mi). DryHharqumbihed organic

1--Cycl ohexyl - ﬁ&?ﬁé‘é %{%N?gg&h@a’lﬁrﬁmé’l@%%hf Bk'[oﬁs?tll tion.

ni t rophenyl) met 10
Di ssol ve ani | i n@hedméagPapiy the residueion silicagekusing &t Aﬂi xane (110) as the
nit robenzyl br O"%I‘a@ﬁf{o é%gq ?ga?gw?me(%dﬁaﬂ Iggage,ﬁpgompmgmon at

60[err]C for 3 coo to Toom tenperature, 4 (50 m) and
basify the ol ution with Yses simila rﬁgaeﬂwenppprppm spmpoumf Act with

CH err]d[err] 4A 3X, 30n1$) conbl he org mp:.ggcgrgagts dry with
Na2SO4 and evaporatgp 1 to obta E ange oifl (830 nmg). Purify the

crude material | by using CH efr]C [err]: Et OH NH err] OH

(100: 3: 1) as e|uant bta npound 28 a$ a yellow oil, 370ng (539% .

M5 ( FAB) m+1=53p. 2, 316 2, 369.2, 307)1, 293.1, 263.0, 215.1.

Use a simlar proceflure to prepa orrpounds 5A| 5B and 5C. [ er]]
Example 5

1-Cyclohexyl-N-[4-[(4-methoxyphenyl)thio]phenyl]-N-[(3-
nitrophenyl)methyl}-4-piperidineamine

Jome!
Br/\@ H3CO N/\©
——-
26 + CH3CN h

NO, NO.

N
o]
27 60°C 28 O

10 Dissolve aniline 26 (500 mg, 1.3 mmol) from Example 3 and 3-
nitrobenzylbromide 27 (270 mg) in CH3CN (10 ml). Heat the solution at
60°C for 3 h. After cooling to room temperature, add water (50 ml) and
basify the solution with saturared aqueous K2COg. Extract with CH2Cl2
(3x, 30mis), combine the organic extracts, dry with NaxSO4 and evaporate

15  to obtain an orange oil (830 mg). Purify the crude material by

chromatography using CH2Clz2:EtOH:NH4OH (100:3:1) as eluant to obtain

compound 28 as a yellow oil, 370mg (55%). MS (FAB)m+1=532.2, 516.2,

449.2, 369.2, 307.1, 293.1, 263.0, 215.1.

Use a similar procedure to prepare compounds 5A, 5B and 5C:
5A O HRMS for Ca5H35N20S:
calc'd: 411.2470;

S s@ N . .
H300'©, r}I’Q found 411.2460
CH

5B O MS (Cl)m+1= 439.1, 425.1,
395.1, 357.1, 332.1, 299.0,

o Weagl ol ate
HaCO N 273.0, 246.1, 2121




WD 98/ 01425 PCT/ Us97/ 11176

- 24- [er)r?% Exanpl e
-Oycl ohe ¥R 202%her i di nyl ) [ 4- [ (E) - 2- (4- net hoxyphenyl ) - PCT/US97/11176
et henyl ] phenyl ] cyanam de [err] 14 5 Heat a m xture of

p- bromoani line 14 (100 ng, 0.28 nmol ), -24- vinyl ani sol e 15 (479 nmg,

0. 37 mmmol ), palladlumdlacetate(o 64 ng, 0003 nmol ) ,

tri-o-tolyl phesphi-Re— E-S—-0—5- at
110[err]C 42 |h in a capped heavy- tu @BM%F@QCWHWNBQéNZ TP the
cooled mxtyre, gdd wa 280 r].] Balc'dfchaypgamat er layer|with
10 CH[err]CI[errhé @ V\@Q;l |nea %5 sol utions w{th
water, dry qvet \/%E%ate. Chr|dRED g% fie residue of
silica gel usi ng Et OAc/ hexa 1.10) as the eluent to give the pfoduct
16 (61.1 ny, 53% as V\/mte pOWdE'S(ample g1RV5 for C[err]H[err]N[err]O

calc'd 416.2702; found 416. 26

N- (1- cycl ohexyl - 4- pi(hePyaiphgxry: %PP%“P{'WJMT[@@’M\éﬂ?/tth?‘MPB?nyn' ample 7

phenyl ] decanani de sthenyllphemydjoyRrnamide
Br
OCHg HaCO Q \ CN
fﬁ N
e
16
: O

10

15

20

Heat a mixture of p-bromoaniline 14 (100 mg, 0.28 mmol ), 4-
vinylanisole 15 (479 mg, 0.37 mmol), palladium diacetate (0.64 mg, 0.003
mmol), tri-o-tolylphosphine (1.7 mg, 0.004 mmol), and dry Et3N (0.3 ml) at
110°C for 72 h in a capped heavy-wall tube flushed with dry N2. To the
cooled mixture, add water and CH,Clp. Extract the water layer with
CH2Cl2 (2 x 10 ml), wash the combined CH2Cl2 solutions with water, dry
over MgSQO4 and evaporate. Chromatograph the residue on silica gel
using EtOAc/hexane (1:10) as the eluent to give the product 16 (61.1 mg,

53%) as white powder.
HRMS for Co7H34N30: calc'd 416.2702; found 416.2688.

Example 7
N-(1-cyclohexyl-4-piperidinyl)-N-[4-[(4-methoxyphenyl)thio]-
phenyl]decanamide

HaCO :

)
Ct

26

18

Reflux a solution of aniline 26 from Example 3 (0.67 g, 1.7 mmoles)
and acid chloride 18 (0.32g, 1.7 mmoles) in CH2Clz2 (10 ml) for4 10
hours. After cooling, add water {10 ml), then basify with solid K2COs3.
Extract the aqueous layer with CH2Cl2 (2x, 10 mi). Dry the organic layer



Reflux a solution of aniline 26 from Exanple 3 (0.67 g, 1.7 mmvles) 20

and aci d chiwddgi@sdsd (0.32g, 1.7 mmoles) in CH2C 2 (10 nl) f
hours. After cooling, add water (10 m ), then basify with soIquJ”ﬁI@?ﬁl176

Klerr]CJerr]. Extract the aqueous IaEEr with CH2CI2 (2x, 10 m). Dry
the organic | ayer WD 98/ 01425
PCT/ US97/ 11176 - 25- and

evapor ate the sghd evapdatetigsolvehttocobidin the cruderamidey Byrify by

VE (FAB) %?phﬁﬁsﬂ%%@%&l@@%‘? FIOAFIOF109 %1 Fadbigine! van
Usi ng a sim | arMS FABme]= 55#@31&9552 264 he20DRI H6H. ng182.1.structure are

pr epar ed
Exanpl e 8 10 Using a similad §fockdure, compounds of the following

N-.( 1- Oycl oh8xy| StruGluieATRIPHBAAMEE, - (4- net hoxyphenyl ) - N-[ 4- [ (4-
nmet hoxyphenyl ) t hi o] phenyl J urea [err]

o a0
H3CO N

|

R1

wherein R1 is as defined in the table:
Ex R1 Data

MS (FAB) m+1=439.1, 425.1,
395.1, 357.1, 332.1, 289.0,
273.0, 246.1, 2121

MS (FAB) m+1= 468.2, 386.3,

7A -C(O)CH3

7B | -C(O)CH2CH3

303.1, 232.1
2C o) MS (FAB) m+1= 507.3, 395.2,
387.3, 304.1, 273.1, 257.1,
—C 232.1

MS (FAB) m+1= 467.4, 385.3,
360.3, 307.2, 267.2, 246.2,
232.1

7D | -C{O)CH(CHa)2

Example 8
10 N-(1-Cyclohexyl-4-piperidinyl)}-N'-(4-methoxypheny!)-N-[4-[(4-
methoxyphenyljthio]phenyljurea

/@,Nco s o OCHjg
HaCO Haco’C C‘N N :
O
CH3CN

N

120°C © 29

Place a solution of aniline 26 (0.33 mmoles) from Example 3 and 4-
methoxy-phenylisocyanate (0.5 mmoles) in CH3CN (1.5ml} in a sealed vial
15 and heat in an oil bath at 120°C for 3 h. Allow the mixture to cool to room
temperature and let stand overnight. Filter the resultant precipitate and
wash with cold CH3CN to give the chromatographically pure urea 29

(TLC, eluting with CH2Cl2:EtOH:NH40H (100:3:1)).
Using a similar procedure, compounds of following structure
20 are prepared,



Place a solution of aniline 26 (0.33 mmol es) from Exanple 3 and 4-
nmet hoxy- p, Iloirl%(gcyanate (0.5 mmoles) in CHerr]CN (1.5m) in a seal ed vial

15 and an oil bath at 120[err]C for 3 h. Al ow t ReT/RSXH1IEIY t o
cool to room tenperature and |l et stand overnight. Filter the resultant
precipitate and wash with col d CH3CR®ro give the chromatographically
pure urea 29 (TLC, eluting with CHerr]OJ[err]:EtOH NH err] OH
(100:3:1)). Using a simlar _gQrocedure, conpounds of
following structure 20 are prepared, 98/ 01425
PCT/ US97111176 S@ CN - 26-
[err] wherein t hed | e N~ws” as defined in the table:
[err] Fli‘ Exanpl e 9

wherein the variable R1 is as defined in the table:

Ex. R? Data

454.3, 396.2, 347.2,
289.1, 246.1, 232.1

8B o
3O

8C -C(O)NHCH2C(O)OCH2CH3 -

8D o -
gae

8E . o -
A

8F N
OJA”J@

Example 9
N,N’-Dicyclohexyi-N-(4-phenoxyphenyl)-4-piperidinamine

ool o
. 9

Hydrogenate a mixture of the product of Example 4A (56.9 mg, 0.13
mmol) and 10% Pd/C (8 mg) in THF (2 mL) at 1 atm pressure of Ha for 5 h.
Filter the mixture through Celite®, wash the Celite® with CH2Clz and

concentrate the filtrate to obtain 54. 1 mg of the product as a colorless oil.
10  HRMS for CogHa1N20: calc'd: 433.3219; found 433.3212.

Examples 10A to D
Using a procedure similar to that described in Example 1,
compounds of the following formula are prepared:

16
? og
o) 0 riz
CN



N, N - Di cycl ohexyl - N- (4- phenoxyphenyl ) - 4- pi peri di nam ne 5

Hydr ogenat e vao 945440 € of the product of Exanple 4A (56.9 ng, 0, 13

mmol ) and 10% Pd/C (8 ng) in THF (2 nL) at 1 atm pressure of R 1&176
Filter the m xture through Celite, wash the Celite[err] with CHerr]C[err]

and concentrate the filtrate to obtai-B754. 1 ng of the product as a
colorless oil. 10 HRMS for Cerr]H err]Nerr]O calc'd: 433.3219; found

433. 3212. _wherein the variables are as defifeeffiihgabA to D Usi ng
a procedure siprtar [ TO T UeESTIr b - conmpounds of the

foll ow ng forrwIEe?‘-ae pr efrar ed: ) [err]

WO, 98/ 01425 calc'd found PCT/ US97/ 11176

-27- whef dPA the v H’l’%bl es {a®87.2328cf B8LRLI 16 fhe t abl e: [err]
10B c o 607.1782 | 607.1769

@,c—

10C CH3CH2S02 561.1842 | 561.1848
10D | CH3(CH2)2802 | 575.1998 | 575.2006

Example 11

0O O

) + ( . ,
® 0 ' fj
N

4 Boc 30 31

To a solution of 4 (1.0 g, 2.34 mmo!) in anhydrous THF (10.0 ml) at

-78°C was added n-BuLi {0.94 ml, 2.34 mmol, 2.5M hexane) . The
resulting bright yellow mixture was stirred for 10 min., then was treated

10  with a solution of piperinal 30 (281 mg, 1.87 mmol) in THF (3.0 ml). The
mixture was stirred at -78°C for 1 hr, then warmed to room temperature
overnight. The mixture was quenched with sat. NH4Cl, the THF was
evaporated and the aqueous residue was extracted with EtOAc (3X). The
combined organic phase was washed with water and bring, dried over

15 Naz2SO0y, filtered and the solvent was removed to obtain 1.07 g of crude
product, which was chromatographed on silica gel using EtOAc/hexane
(1:4) as the eluent to give 240 mg (28%) of the product 31 as a yellow
solid.

20



[err] To a solution of 4 (1.0 g, 2.34 mmol) in
anhydrous THF 0 0 m) at -78[err] C was added n-BuLi (0.94 m, 2.34
mol , 2. 5SWOHER . The resulting bright yell ow m xteewUSSIALIEHKI rr ed
for 10 min. then was treated 10 with a solution of piperinal 30 (281 ng,
1.87 mol) in THF (3.0 m). The m xbgre was stirred at -78[err]C for 1
hr, then warned to room tenperature overni ght. The m xture was
guenched with sat. NHerr]d, the THF was evapor at ed and the aqueous
resi due was ted with EtOAc (3X). The conbi ned organi c phase was
washed with water an®rine, dried over 15 Na[err]SOerr], filtered and

t he sol vent wag obtain 1.07 of co de 2 odl5:t, whi ch was
chr onat ogr aphed gel Cisi ng gEt gﬁ«c/ he a) s the el uent

. NPT oduct s a ye@ SONT dNH, 20 WO
98/ 01425 > PCTLAS97/ 11176

to give 240 ngC

- 28- [err] To aTgé\I ution of 31 &240 , 10.53 mmol) in
CHerr]C[err] (10.03g1) N added EtSSiH(l.f 1) foll owed

by trifluoroacetic acid (6.8 g, 5 53.0 mmol ). Thé résuﬁting yel | ow

solution was heat e‘f’o a sglgtgénuéf 3f (555 'mg, 0.53 mmol) in CH,Cls (10.0 ml) was

added Et,SiH (1.1g, 9.53 mmol) followed by trifluoroacstic acid (6.04 g,
5 53.0 mmol). The resulting yellow solution was heated at refiux 12 hrs,

then cooled to room temperature. Most of the volatiles were evaporated

and the residue basified to pH 8 with 1.0N NaOH. The residue was

extracted with EtOAc (4X) while saturating the agueous phase with NaCl
crystals. The combined organic phase was dried over NaxSQy, filtered

10 and concentrated to give 220 mg of product 32 as a yellow oil.

<N NHa NaBH(OAc)a NJLNHZ
32 ('\,, o} N-Boc Q

N
H 33
N,
Boc
To a solution of amine 32 (240 mg, 0.72 mmol) in CH,Cl5 (4.0 ml)
was added a solution of N-Boc-4-piperidone (215 mg, 1.08 mmol) in
16 CH,Cl, (2.0 mi) followed by glacial acetic acid (0.16 ml, 2.88 mmol). The
mixture was stirred at room temperature for 30 min, then NaBH(OAc)3
(456 mg, 2.16 mmol) was added and stirring at room temperature was
continued for 12 hr. The reaction mixture was diluted with EtOAc and
washed with 1N NaOHR (3X). The organic phase was dried over NasSOy4,
20 filtered and concentrated to 620 mg of yellow solid. The crude product
was flash chromatographed on silica gel, eluting with EtOH:EtOAc (20:80)
to afford 115 mg (31%) of product 33 as a white solid.

25



then cooled to roomtenperature. Mst of the volatiles were evaporated
and the resjdug ified to pH 8 with 1.0N NaOH. The residuep ﬁJS97/11 176
extracted wth f‘:’?%%c (4X) while saturating the aqueous phase \r\n&

crystals. The conbi ned organic phase was dried over Na[err] SO err]
filtered 10 and concentrated to give 222%y of product 32 as a yeI | ow
oi l. Step 3: [err]

Boc @q.solution of amne 32 (240 ng, 0.72 mmol) in
CHerr]d[err] rr1) s added a solution of N-Boc-4-piperidone

(215 ng, 1.08 rrerI)
acetic acid (0.16 ' 8

rrPC [err] Eréo wed by gl aci al
rgb rr d at room
temperature for 30 min, then NaBl c)3 err (456 ] 1UHmmI) was
added and stirring at roomtenper@t e conti nued f 2 hr. The
reaction mxture was diluted with OAc and washed wrth OH (3X).
The organi ¢ phase was dri 33 over Na[erx]SJerr], 2034f| | tered
concentrated to 620 ng of yell ow soIN gh The crude product flash
chromat ogr aphed on silica gel, eluting'pdeth EtO—I Et OAc (20 80) to
afford 115 ng (31 % _of product 33 as_a,white so WO

08/ 01425 o a solution of amine 33 (110 mg, 0.21 mrp@-)ﬁmgg{pyq%

-29- [err] CH,Cl, (2.0 ml) was added CF3CO,H (0.16 mmol, 2.1 mmol). The

5 resulting mixture was stirred at room temperature for 1 hr, then quenched
with water. The biphasic mixture was basified with 1N NaOH, extracted
with CH,Cl, (3X), the combined organic phase was dried over NazSO4

and evaporated to give 59 mg (67%) of product 34 as a yellow solid.

Step 5:
10 To a solution of amine 34 (43 mg, 0.10 mmol) in CH,Cl, (1.5 ml)

containing EtsN (12.1 mg, 0.12 mmol) was added o-toluoyl chioride (18.6
mg, 0.12 mmol). The yellow mixture was stirred at room temperature for
1 hr. The crude reaction mixture was directly applied on a prep TLC plate
(2000 micron) and eluted with EtOH:EtOAc (20:80) to give 25 mg (45%) of
15 the title compound as yellow viscous oil.
Similarly, prepare the compounds of the following formula:

<§J©f‘©? oo

wherein X, R! and R'® are as defined in the following table:_

! 6 HRMS HRMS
EX. X R R calc'd found
11A -CH,- )OL H 437.2553 | 437.2555
NH2
11B -CH,- /?LN S-co— | 537.3077 | 537.3090
Hz
11C -CH,- -CH; CHaQ 526.3070 | 526.3072
t C...
11D -CH,- -CH,4 mﬁ_ 568.2634 | 568.2634
S




To a solution of amne 33 (110 ng, 0.21 mol) in anhydrous CcH2Cl 2 (2.0
m) was ed CF{Serr]CCIerr]H(O.16 mmol, 2.1 mol). The 5 resul ting

m xture B0935eqg at roomtenperature for 1 hr, then queRCH®897/11176 Wit h
wat er. The bi phasic m xture was basified with 1 N NaOH, extracted W th
CHerr]d[err] (3X), the conbined orgamn30-phase was dried over Na2SO4

and evaporated to give 59 ng (67% of product 34 as a yellow solid.

gq[egrf] CilFerr] (1. Eomafiﬁw*f{gﬁg';ﬁ)é?%@%&(ﬁ%?5‘%*'»3?35@?9?3}?'ﬁ%ﬁ}i)” was added

o-tol uoyl chpracedergs.s. 6 mg, 0.12 mmwol ). The yellow nm xture was

stirred at r ARSI B‘I’NBN rACTIVI hr. The crude reaction m xture was
directly appww (2000 m C[or;g__and eluted with
Et OH: Et CAc (20: 80) to dhecompopng abintergst igdesteddor jts @bilgytpinhiit as yel | ow

;/i SCO:JS @ | . binding to the SloAbY Hunyan ﬁiﬁm%nhhﬁah(‘rﬁmm\;i?rﬁe &e fogl %[vv' ng]
or mul a. err . ereln , rr an err
are as defi nS¥PtyRe$nd hPCﬁQ"H&?%I&E {%ﬁ#péqr s In these,studies wete 'B"[W']99P91425

PCIT : US97/ 111f#6m stably transfected CHO celi lines wlhich were expressingéach of thce]I

Fol | owi ng ar L, L) Ce.0dl e pr ocedur es.
MUSCARI NI C Bﬁﬁ%ﬁiﬁrﬁg{f*ﬁgvﬂ’"@%fm' the ‘%'@%%}ecéél{%ﬁﬂ&"& interest is
tested for isubsesuently hanogeniged using aRalytronyin 50 Molures coltt Hoims nil, nP
and nd C agjly Jid Thfie HOW eptors in

t hese smi i%?g&%&%u&en PH ﬁu?rsgﬁngits%{b?ﬁet ran@gactgéegi‘,egg-lo cell lines

|
whi ch were esgntatigesdat4Q,Q08x g fr 20 m'““‘PE@éﬂ%{Gr Thertaslting Fol | owi ng
growt h, the gsgldrhatite wistbl disettdetcand the pelldhs a@e TbsYspUNHRASHI Buferusi ng a

oA Eon ™ BRSO re 8 fa TYo0 g e R ke homrindd wafe 2o
mnutes at 4¢tered Gt -80RC untiLutilized in the bindipg msaays desevived Helvear ded and t he
e vt el o e By B loned rurar s (6RBRFIAL o0 0] 20
utilized i n PREOHNOG Pﬁ@ﬁ'ﬁﬂl&"%@&ﬂ' bepzilate dNB)5(Watson et al., 1986). Bj ndi ng
to the cl QneBriéléymﬂembﬁﬁﬁéé (approgieedtely s, 200and 14 pdP6f prortdRcseay Her
[err]H qui nut(f'nlel m|1n¥r|\2,baenr}17'}nl4a ct:oentggi\lr% Vn\%l%(r)tgs,e lt'es%lebtivé%@e're incubated
with 3H-QNB (final concentration of 100-200 pM) and increasing
20 concentrations of unlabeled drug in a final volume of 2 ml at 25°C for 80
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 and the filters were
washed with cold 10mM Na/K phosphate butter, pH 7.4. Scintillation
25 cocktail was added to the filters and the vials were incubated overnight.
The bound radioligand was quantified in a liquid scintillation counter (50%
efficiency). The resulting data were analyzed for ICsp values (i.e. the
concentration of compound required to inhibit binding by 50%) using the
EBDA computer program (McPherson, 1985). Affinity vaiues (K;) were
30 then determined using the following formula {Cheng and Prusoff, 1973);
ICsq

1+jco i joligand
affinity (Kp) of radioligand

Hence a lower value of Kj indicates greater binding affinity.

Ki'—'

The following publications, the entire contents of which are
incorporated herein by reference, explain the procedure in more detail.

35 Cheng, Y.-C. and Prusoff, W.H., Relationship between the
inhibitory constant (Kj) and the concentration of inhibitor which causes 50



Briefly, nenbranes (approximately 8, 20, and 14 [err]g of protein assay for
the m, n2, \pHds ont ai ni ng nenbranes, respectively) were i éubat ed

with [err]H\B (final concentration of 100-200 pM and i ncr el W@”ﬁ'@"‘
concentrations of unI abel ed drug in a fi nggévol ume of 2 m at 25[err]C for

90- m nutes. Non-specific binding was?assayed in the presence of 1
[err] M atropi ne. The incubations were term nated by vacuum filtration
over GF/ B peylcesn ihibitionf(IC4q) rof anseémgynaatitkegactionf iBibelkémoPhapnacaelt us

and the filter ed with cold 10mM Na/ K phosphate butter, pH

7.4. Scintill aﬁ%ﬁi@@'m%cw was added to the filters and the vials

wer e incubated over ni ght.McPhersofh&.AoKinbtica BBDA,ddganddsownyand iCdlledtiom a

ol o A ERoGHR Bindi8 Hnaiysis FREbHRE" BidovidPSoRFEMIB USRS

requi red toSi ntBVi Amsterdamy 11%550% usi ng the EBDA conputer program

(McPherson, 1985). Affi m%@@] ﬁé]w @QmaHlﬁ'ﬁ Agqt PHT ned usi ng
$§§ rus

the foll owi ng forrrul a.(Chen
[err] Riganzerine 6%9 injfc 'ﬂ["Bﬂ’ Pc@f‘@%‘ggﬂoe'@tt cerehralii ng

affinity. cortlcal and cardlacThmsbﬁhlhl@Vbhwné snéél Charatterization aAd

contents of whic e | n refere expl ain the
procedure in mfP@u@g'Pquf argggoms{ 8'"d'"9 o p putaf @?féscaf‘ nt&% Brusof f,
WH., Rel al@onshiRhavetacekExph&her. 237:i411F418,0r986const ant (K[ err]) and the

concent ration of inhibit 1.0
PCT/ US97/ 11176 Of o WhleHhife R degiBe of selectiVfy BF %ﬁ%gound for |

cent i nhi bi ti oPingingdhem2 gecepton Abe Kivalue formt meepips vasdiviged Pﬁé"@ﬂ’
22: 3099- 3108, KyYahie for m2 receptors. A hughéhahﬁr‘ﬁdieateﬁaqgrdﬁtéﬁéélectl Br

er

Li gand, Lowry: A Collecti di oI ng Anal ysi s Prograns.
El sevi er Sci en@éﬁglthgﬁ'@?@us&a@v reRﬁE’fq{r % lat?on is made to

Wat son, M{5 Rersé&eniné'tRe rﬁm@etévﬁwsgra HI. [[err] H] Pi renzepi ne and
(-)[[err] H) qui nucl i di nyl benzilate binding to rat cerebral cortical

and cardi ac nuscarinic chollnergic sites Characterizati on and
regul ation of 4 : U ve nuscarinic subtypes. 10 J.

Phar nacol . Tr N ;1&%@% “ Bm&ﬁmm ne

t he degree of sel ect|V| ty oélH “’?ﬁ)g re is used t% 8‘."’#8"% e receptor,
the Klerr] val déngtignsngs pedegamtagamst. di vi ded by the K[err] value for
N2 receptopg. A higher r%u@d@dlwmsé gﬁ@i@bemaelmguem\my Rats

tdjle{] glr nmgntehte h rerﬂ r(ggé g}%[gc& &pfﬁe/gre\gst?\ehzed with soJlum penL{ogarbltal @4 mg(?kg,t IB) 15
and placed on a Kopf sterotaxic apparatus. The skull was exposed and
drilled through to the dura at a point 0.2 mm anterior and 3.0 mm lateral to
the bregma. At these coordinates, a guide cannula was positioned at the

25 outer edge of the dura through the drilled opening, lowered
perpendicularly to a depth of 2.5 mm, and permanently secured with
dental cement to bone screws. Following the surgery, rats were given
ampicillin (40 mg/kg, ip) and individually housed in madified cages. A
recovery period of approximately 3 to 7 days was allowed before the

30 microdialysis procedure was undertaken.

Microdialysis: All of the equipment and instrumentation
used to conduct in vivo microdialysis was obtained from Bioanalytical
Systems, inc. (BAS). The microdialysis procedure involved the insertion
through the guide cannula of a thin, needie-like perfusable probe

35 (CMA/12,3 mm x 0.5 mm) to a depth of 3 mm in striatum beyond the end of
the guide. The probe was connected beforehand with tubing to a
microinjection pump (CMA-/100). Rats were collared, tethered, and,
following probe insertion, were placed in a large, clear, plexiglass bowl




M CRODI ALYSI S METHODOLOGY The follow ng procedure is
used to show that a conpound functions as an n2 antagonist. 20

Sur gery: W08 studies, male Spr ague- Dawl ey Rats PQT7B73B006g) wer e
anest heti zed wi th sodi um pentobarbital (54 ng/ kg, ip) and placed on a
Kopf sterotaxic apparatus. The skull wa82exposed and drilled through
to the dura at a point 0.2 mmanterior and 3.0 nmlateral to t he

bregma. At t?/p(f, GitteP P &teRat X Pﬁw Watltid> ﬂfﬁsbftdbgr\ggs Bbrtli&a 25

ter ed d pg ae d

per pend cul aRt 3 Mg Wit RInGsY S Buller (NaGh 4 BV K3 il CAGR 12 mM:

dent al | f:erre?ﬁ/lgcl hwmrﬂ)ﬁcm&mﬁglsl @mdM ltfdmeﬁﬁommML-ésﬁo?bw ﬁn&lWﬁM

anpl Ci In n L ALV ous I _ND ca

r rengovery per T‘B‘as pt?rgb?' Zdt)o ﬂé}‘}g"?\égﬁﬂ Ibaﬁﬁﬂ"?)é?%qlﬁgghe 30

m cr 8?' ?Ithsla migrodiziykis wasaallowmtétd pkmeed for 90 minutes prior tgntdhuu cdlll@gtlewg is:
m cr odi al ysi @P(Xgéw‘%bﬁr %@hgﬁ% 6??@” vgéuljgl {h@@gp aﬁ%e% @3@ (i? Quer ?@AS)
The ni cr odi ahggi pemd)detmaras réfrigetated coliecton MAY B70 or 200) t qung:hfntehe gw de
cannula of -aphdeihe fi&@ﬁ’&r&-\vak@cgﬁéétagaiapwmﬁo%ﬁ*cﬁhe(% oinffatiofl- °

to a depth o mMmin striatum

was connect e@f Baigsrterhmtesipd Waﬁtﬂﬁ/rﬂ'@'sﬁfeg to the anjmal. ovnpemnmiemmpf

(CVA-/1Q0) - iﬂ@éolw%h@ncéhérﬁfadwaé autupsisl toedstermine acémhbyawr pebby obe
I nsertion, %eepn aﬁed in a large, clear, plexiglass WO 98/ 01425

PCT/ US97/ 111R'&¢C -32- : with
litter material and ac dcet Mduraj(AQh)vmaiysisThé'WodnmemsatmfbiJA%

t 2 |/ CadCl 1.2
m - LT\ golldcrely Shfties ob BN wek aemiida dyg™h, 2T LOTLL o
and 1 [err] |\,H C/e msgheg\iﬁaléiem@mndesampkﬂs werp autinjested(Watees| e

basel i nqg eagy Agofri §5rate6‘8‘d b@bm%bss onf h PdFmbAc RINRKARA) FFL(?O m nut es

FERER e (el rmiii ATt e et R

refrigerat edpmylelnebaoter(astymmm Katha@0CG rdagent {0.006598 (BAS) wasel i ne'

fractfons wereiiald Gt 8dnobb bUbad EMiURhd e ehanRearasiiec fon o

drugs to be m ni St er ed on conpletion of 10
the col | ect i epntaining separated Alih @psi ehwling, wasdhen nmnmdjaﬁe&cpaasecbr obe

pl acemenip  through an immobilized %Qyme%gbtd?%a%%é (828, YMFs815M)oup led
concentration A

det er ni ned ul4 &{f C‘%}m“ W‘ﬁt}/ e f@:{ ”E%HEQZ’P ?Fﬁ @il B 2‘%/6‘2?@

aut o-i nj ect edh¢iifve exislase covalently bound to a polymeric backbone The action of

these enzymes on ACh and choline resulted in stoichiometric yields of
hydrogen peroxide, which was electrochemically detected using a Waters

25 460 detector equipped with a platinum electrode at a working potential of
500 mvoits. Data acquisition was carried out using an IBM Model 70
computer equipped with a microchannel IEEE board. Integration and
quantification of peaks were accomplished using "Maxima"
chromatography software (Waters Corporation). Total run time per sample

30 was 11 minutes at a flow rate of 1 mi/min. Retention times for acetylcholine
and choline were 6.5 and 7.8 minutes, respectively. To monitor and
correct for possible changes in detector sensitivity during chromatography,
ACh standards were included at the beginning, middle and end of each
sample queue.

35 Increases in ACh leveis are consistent with presynaptic m2
receptor antagonism.

e probe



15 712 Refrigerated Sanple Processor) onto a polyneric analytical HPLC
col um (BASy, ) and eluted with 50 MM Na[err]HP( err],

prevent bactemaP’]'g'?owth Kat hon CG reagent (0.005% (BAS) wa Pé”rlﬁs;’lmi%
included in the nobile phase. Eluent fromthe anal ytical col urm

cont ai ni ng separated ACh and choline, was-33ten i medi ately passed 20

t hrough an i mobili zed enzyrre reactor cartridge (BAS, M--6151) coupled

to the colum outlet. Elehfed &ith baﬁdb Bpfd?mm! Mhahelwwmtm@é&f@nd
chol i ne oxi das&% Ientlni #md to,a ITEI‘I [0 F (gone ela ti.on of

t hese enzynes K@i“ hdn ﬁ@dr"QgJP F%WE{% rﬂdrtlhg EPHYLY of
hydr ogen peroxmﬁbs wlcgmms el ectrochem cally detected usi ng a Waters 25
460 detector equipped with a platinumelectrode at a working potential of

500 m/0| ts ”as GaFF' e An | DI\II l\ adal 7nt It
conput er equi ppEd i Kih nM, T t rfoKp alMheh2 | F{)ﬁ ﬁy K’\tnig.rmm DWZ%(‘; Wity
quantificati of eaks were |lacconpl i shegk: M$khgoy Maxi ma” Ki mafiG

chr omat ogr aphy W YiH-S-5—CoFr POt t&‘in‘T. "TU)L Fr— -ttt (Jg /Ki';nr?.)p e 30

was 11 mnutes aN 4 f1@67.2atd of 40.81 / i n. 18ed entli on G6.4es for 1.6
acetyl chol i ne a ol ifne e 6.15 a . 8 m'mstgeg, pspegtg velly. To
moni t or and 2E dov %QB"‘ “c\;g';b%% € \,na?jé(z -rtretettot crraig‘é[t v t'y
during chronmafo@Gaghy, 285 ACh15t2indar ds 1B e iIncl uBBd_at t he3ikqi nEi ng,
c-;reas

-

N

m ddl e and engd gach sa gugue. s in
ACh | evel s ar e\—gnﬁi S+ g’ZJ -t gp%?y“a (mme 1%.“‘37 .1golpt O 71[12 m
WO 98/ 01425 2AC 10.0 0.44 22.7 1.60 PC$/QJ897 11176
- 33- dr ef gred donp s la ), t fol{ owi ng
val ues for 2% ”‘23‘55"5. hL , AL . cggg.grv re ??uuu', and
the sel ecti vi t{y2AM r2t2ds dal cdBaf ed:| [ elBl5 41.4 3.0

5 Other compounds in accordance with formula | were tested

with the following ranges of resulits:
Kj binding to m1 receptor, nM: 2.3 to 2227 with undetermined

values up to > 10000.
K; binding to m2 receptor, nM: 0.44 to 583 with undetermined

10  values up to > 4300.
K binding to m4 receptor, nM: 0.96 to 1332.5 with undetermined
values up to > 3000.
Selectivity Ratios:

m2 Selectivity Ratio:
15 Kj for m1/Kj for m2: 0.3 to 22.7 without regard to any

undetermined K| values.

m4 Selectivity Ratio:
K; for m4/Kj for m2: 0.3 to 6.9 without regard to any

undetermined Kj values.

20 Compounds of formula | in combination with an ACh' ase
inhibitor have an effect on ACh release. The present invention therefore
also relates to administering a compound of formuia 1 in combination with
any other ACh' ase inhibitor including, but not limited to, E-2020
(available from Eisai Pharmaceutical) and heptylphysostigmine.



5 Ot her conpounds in accordance with formula | were tested

with the follow ng ranges of results: Klerr] binding to n
recept or Wohe@01#253 to 2227 with undet erm ned val ues upcrwss7/1aa00.
Klerr] binding to n2 receptor, nM 0.44 to 583 with undeterm ned 10 val ues
up to > 4300. Ki bi nding tgqJ™ receptor, nM 0.96 to 1332.5
W t h undet er m ned val ues up to > 3000. Sel ectivity
Rat i os: n2 Selectivity Ratio: 15 Klerr] for
mi/ K[ err] fdNhabis Glaimed: 22 7 WlthOUt regard to any undet er m ned
Klerr] val ues. ectivit t| Klerr]
for md/ Kl erry for A@omgogng@aglrg bﬁa[ﬂﬁiﬁ %&@W?o any undet er mi ned
Klerr] val ues. 20 Conpounds of H4%rnmula | in conbination with
an ACh' ase i nhi bitor have an ef ffo?( Ch reI ease. The present

I nvention therefore al so rel ates EI sta I ng a conmpound of
formula I in conmbination with any ot “ase i nhibitor i ncl udi ng,
but not limted to, E-2020 (avai | ablR® fro i sai Pharnaceutical) and
hept yl physosti gm ne. WO 98/ 01425 —R6

PCT/ US97/ 11176 N - 34-

What is C ai ned: 1. A conpound havi ngi the structural fornula
[err] or a pharmaceutically accept abiR?salt, ester, or solvate
thereof, whesiel Phaﬁn utic Ily&dc%p?aﬂi@gﬂh astbr, cr%olvat§@1ereDSQIﬁér"e]ﬁ1 - O,
C(CR[eré])[err X JI 410 Clc-b(rarﬁ( 7 Zsej\'%[err]
-CH(derP]-Cerr] &R C('é[’e &g?r]' P[%r)?]' err] -

NR[err] CO-, CHgl, eOH:NBI-ler-QHg-prH((N Egraligd)-erC(C1-Cs alkyl)2-, -CONRV7R-i s
Qerr]-derrlpsysRalddlNR17- or -NR17SO2-;

R is C3-Cg cycloalkyl,

3 8 G O O
0] /’O Z 0 Z . N /'\N Y
’ Eps

o Ré R®
R \//\
or R10 - ;
R10 R2 R11/N
10 R

R1is H, -CN, -CF3, C1-Cg alkyl, C3-Cg cycloalkyl, C3-Cg
cycloalkenyl, C3-Cg alkenyl, -COR15, -COO(C1-Cg alkyl), -COO(aryl), -
COO(heteroaryl), -COO((C1-Cg alkyl)aryl), -COO((C1-Cg alkyl)heteroaryl),
~(C1-Cg alkyharyl, -(C1-Cs alkyl)heteroaryl or -CON(R13)z;

15 R2 is Ca-Cg cycloalkyl, C3-Cg cycloalkenyl, t-butoxycarbonyl or

—-<Z.:N—R‘6 )

R3 and R4 are independently selected from the group consisting of
H, halo, -CF3a, C1-Cg alkyl, C1-Cg alkoxy and -OH;
R5 and R6 are independently selected from the group consisting of
20 H, C4-Cg alkyl, -CF3, C1-Cg alkoxy, -OH, C4-Cg alkylcarbonyl, C1-Cg
alkoxycarbonyl, R13CONH-, R14OCONH-, R13NHCONH- and
NHoCONR?13-;

(AL Y



[err] Rlerr] is H -CN, -CF[err], (err]-Cerr]

al kyl, ( eng ] cycloalkyl, Cerr]-Cerr] cycl oa
C[err] C[erri”%ﬁgfﬁy CCR[err] -CoO(Cerr]-Cerr] alkyl), +&6%751r1§/6
COQ het eroaryl), COQ(C[err] C[err] al kyI aryl), -COQ((Clerr]-Cerr]

al kyl ) heteroaryl), (derr]- C[err]‘ rkyl)aryl, -(Cerr]-(err]

al kyl ) het eroaryl or CO\I(R[err])[err] 15 Rlerr] is (err]-(err]

cycloal kyl, Clerr]- ﬁ?%% H@ﬁ{ &fr@H’Hﬁ@’ ﬁd%ﬁﬂsnéﬂn of H and
e

er d
E her ]gr oup cons?ikyl RgPid that bOﬂP-I HP ﬁ?ﬁﬁ@' e ren@re'wpl %f%??lfe%a'ﬁ‘%yr e
c Fr r][ (Cj:[ ?r r jta:l]'ienktp fonh —QEH2)p wherelt;p is an |Rtbgﬁﬂabfl&i0a4= e i ndependently
sel ecte romthe Q

-CF[err], Cerr]- C? ﬁg ﬁ ﬁ” n&ﬁ‘&a&mcﬁgeﬁxﬁp&lk s%ﬁer r B%%Yhé group
derr]- C[ esr ] consustmgabkldxhalmr BarGE alkslleCyCealidoxy Fpenaylayokianzyloxy
E[C%r USS@/C?IIT-? 6ﬂﬂgstltuted by MNibs'dr LR Chalo €41-Cg alkyl\PoRMlaitt32C, gy, -
R7 is i ndependdfl yCNeI@@lzechlﬂr iz, (B Slzp -IdERs inslyhalo &1-Ce aflexy,
al kyl, provi deg LSUDFC T ARY1)S0Y, é BulfdRylRhefreaRs- may be

J oi ned to form )z;g\j @qtb r i'n
Rlerr], Rl err]sul hﬂcy aﬁ%éyfg[@r'r 6&?{%%% 'tdg:tqébﬁcéeq)@)é{lﬁb from

t IhE gr ouEmS l-N}Q@g- Q[k l)-l pheériyd, hydrexy(C(CgralkytpbkmorpBblinag;] - C err ]
halo Gerr]-Cert] B iﬁy indhepraty SFBFId ﬁ qrpRieansletilb 6 pEicd )
-CN, -SJerr], aIkﬂ-iC;;—@H&,ycldd{l@ﬂ e{Cj-Cealkyl)C 5,y hateroqsér rl-derr]

oot ) s err) TEHTESIARAT RarCE B Retéfobbdn yoanthik) | '

(Clerr]-Clerr] al koRY4 &independrnty selerigdfrem theme@mqoopaﬂﬂp afitbapp) al kyl |
10 - NHCO 6 e@q_]cé:gw] al kyl'), phenyl, hydroxy(Clerr]-Cerr] alkyl) or

nor phol i no; ' dent d f
consi sting of H, C[BP?}S b Eﬂr‘]:ZO a'kypeé)m |CVCL§%/3&$Y? V@f[ pf{efg%{yﬂz E;”OUp
-(derr]-Cerr] al kpi§ @ERO3ECE allat, -COMRET, eﬁp@e)dlkoxycarbonyl (R14)aNCO-
or -S04.2-R15; and
R17 is H, C1-Cg alkyl, aryl or heteroaryl.

20
2. A compound of claim 1 wherein X is -SO- or -SO»-.
3. A compound of any of claims 1 or 2 wherein R is
RB
9
O—34 R
'S / or
0" N\F R10 Ri2 °
R11
25
4. A compound of any of claims 1, 2 or 3 wherein R3 and R4 are each

hydrogen and RS and R® are independently hydrogen or methyl.

5. A compound of any of claims 1, 2, 3 or 4 wherein R1 is cyano, C1-Cs
30 alkyl or C3-Cg alkenyl.

6. A compound of any of claims 1, 2, 3, 4 or 5 wherein R? is cyclohexyl

N— R‘IG
r "C , wherein R16 is -C(O)-R15.

AR O



-((err]-Cerr] alkyl)aryl, -((err]-Cerr] alkyl)heteroaryl and adanmantyl;
R14 is |nde($)endently sel ected fromthe group consisting of H and 15

Clerr]- ARy | Rlerr] is H err]-d ePEr/UsHIANTS
Cerr]- C[err] cycl oal kyl, aryl or heteroaryl; Rlerr] is H,
Cerr]-Cerr] alkyl, -CCR[err], Clerr]-€3&rr] al koxycarbonyl,

(Rlerr])[err] NCO or -SJerr]-Rerr]; and Rlerr] is H,
Cerr]-Cerr]sal ky, r und of claim
[opt A S coﬁ{dblggg aé‘ﬁéf?ﬁé’&‘ﬁ%&lam’?i selectedzf from ¢ %‘e aims 1 o
2 wher ei n R ,o@nSIstlng of compounds represented by the ormula [err]

25 : A conpound of any of _b g 1, 2 or 3 wherein R3 and R4 are

each hydrogen and R5 and R6Rare fepengent |y hydrogen or nethyl.

Ny wherein Rlerr] is cyano,

5. ofa of clainms 1, 2, ‘~-
d er W%ﬂ Ill” kyl or Clerr]- C[er a kenyl 6. A conpound
of a 3, 4or 5 mherel cycl ohexyl

[err] wherein R err] -C(O-Rerr]. WO
98/ 01425 CT/ US97/ 11176
-36- 7. A conpound as defined in clai nnz sel ected fromthe group
fgpfi sting Ofwﬁé}%oﬁ[]% Rr“??{285%1hgdargyasté1e(?in]ce%ri%g following table
R X R? R2 R5
o -8- -CN . H
ST O
o [°l > O |
@_ -CH20- -CN _O H
H3CO-®-— -SO- -CN « N-COLCHcHy |
HaCO _@_ -SO3p- -CN _O H
HsCO _@__ -SO- -CN _O H
Haco—Q— -SO2- -CH3 _O H
HaCO _@__ -S0O- -CH3 _O H
HsCO _@__ -S02-| -CHp-CH=CHg2 _O H
HsCO _@_ -SO- | -CH2-CH=CH2 _O H
HacO‘O_ -S05-| -CH2CgHs _O H
C‘C -50,- -CN _O H
Cl
o) -S02- -CN H
T O
cl _@_ -SO- -CN _O H
O_ -S02- -CN _O H




wherein R, X, Rerr], are as defined in the follow ng
" R e AR P
8. A pharmaceutical conposition conpri si n%_ra conpound as defined in

any of clainms 1, 2, 3, 4, 5 6 or 7, al ong3 in conbination with an
acetyl chol i nesterase i nhi bitor, in conbi nation with a pharnmaceutically
acceptable carfrer. g 5

Hac)k ”Q_ -SO- -CN _O H

HeCO _@__ -802- -CN _O H
& o o [=

(g:@ -CH»- -CN -CN Hat: H

)

0 -CHo- -CN H
© OV ONE

]

(2]:)/ -S03- -CN .CN H32: H
o)
0 -SO»- -C cl
o 2 " C”\@ ’
0]
- - - - H
(20/ CH» CHs -CN 32 H

0
8. A pharmaceutical composition comprising a compound as defined
in any of claims 1, 2, 3, 4, 5, 6 or 7, alone or in combination with an
acetylcholinesterase inhibitor, in combination with a pharmaceutically
acceptable carrier.

5
9. A process for the preparation of a pharmaceutical composition as
defined in claim 8 comprising admixing a compound as claimed in any of
claims 1 to 7, alone or in combination with an acetylcholinesterase
inhibitor, with a pharmaceutically acceptable carrier.
10

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

11. A kit for treating a cognitive or neurodegenerative disease

15  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 7 that



9. A process for the preparation of a pharnmaceutical conposition as
defined in claim8 conprising adm xi ng a conpound as clained in any of
clains 1 W@90142% one or in conbination with an acetyl chol B¢F&ETAHA6

inhibitor, with a pharnaceutically acceptable carrier. 10 10. The use
of a compound of any of clains 1 to 7, -8Beone or in conbi nation with an
acetyl cholinesterase inhibitor, for the preparation of a medi canent

for treating ﬁh&r?&@ QégﬁicﬂbhﬁgVéfé@@geﬁh@\vgtsgiﬂﬁrﬂé%g&ner containstan A kit for

treating a cognity Sease npr si ng separ at e
cont ai ners |ﬂ°%tybihﬁbn€819mg@|bﬁﬂt saigrfiampound ang HBFWH@&G?PBQG'%WOUMS

for use in CQ'HHa’?ﬁia'c@DtscWéé&éftQﬂ% é‘é?ﬂélaaﬁclthelr confbMédiqianttiseBamgnd i n
of cl ains to 7 that

accordance V\ntkégra i’
-38- enhanc®Q effective aMAUMte el ease and a separate container contains an
acetyl cholinesterase inhibitor, said conpound and inhibitor each being in a

pharmaced® i call y Acmethoxbfor ttaatinigea cagnitivé er nevcodegentrativendisease bei ng an
effective a”%'r%rising administering to a patient suffering from said disease an

effective amount of a compound of any of claims 1 to7, alone or in

combination with an acetyicholinesterase inhibitor.

10
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