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The present invention relates to di-Nsubstituted piperazines and
1,4-di-substituted piperidines useful in the treatnment of cognitive

di sor der s, woognsipé1ar maceut i cal conpositions containing t RCHEHHBINAYS,

met hods of treatnent usi ng the conpounds, and to the use of said
conmpounds in conbination with acetyl chol i nesterase inhibitors.
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attention lately, yet treatnents for these di seases have not been very
successful. According to Melchiorre et al. (J. Med. Chem (1993), 36,
3734-3737), conpounds that selectively antagonize M2 nuscarinic
receptors, especially in
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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
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 muscarinic receptors, especially in
relation to M1 muscarinic receptors, should possess éctivity against cognitive
disorders. Baumgold et al. (Eur. J. of Pharmacol., 251, (1994) 315-317) disclose
3-a-chloroimperialine as a highly selective m2 muscarinic antagonist.

The present invention is predicated on the discovery of a class of di-
N-substituted piperazines and 1,4-di-substituted piperidines, some of which have
m2 selectivity even higher than that of 3-a-chloroimperialine. Logemann et ai
(Brit. J. Pharmacol. (1961), 17, 286-296) describe certain di-N-substituted

piperazines, but these are different from the inventive compounds of the present
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[err] SUMMARY OF THE INVENTION

The present invention relates to compounds according to the

structural formula |,
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including all isomers and pharmaceutically acceptable salts, esters, and solvates
thereof,

wherein one of Y and Z is N and the other is N, CH, or C-alkyt;

X is -O-, -S-, -SO-, -S0»-, -NRE-, -CO-, -CHg-, -CS-, -C(ORS)o-,
-C(SR5)o-, -CONR20., .Clalkyl)z-, -C(H)(alkyl)-, -NR20-SO2-, -NR20CO-,
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including all isomers and pharmaceutically acceptable salts, esters, and

sol xat es thereof ——Whereln . aone of Y and Zis N and t he
other is N, CH, . or Calkyl, Xis -0, -S, -SO, Sqerr]
-NR[err]-, -CO, -CHerr]-, -CS-, C(OQ[err])[err] C(SR[err])[err]
-CONR[err]-, -Clalkyl)2-, -C(H) (alkyl)-, -NRerr]- Sqerr] -NR[ err] CO,
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hydrogen, acyl, alkyl, alkenyl, cycloalkyl, cycloalkyl substituted with
up to two alkyl groups, cycloalkenyl, bicycloalkyl, arylalkenyl, benzyl, beniyl
substituted with up to three independently selected R3 groups, cycloalkylalkyl,
polyhaloacyl, benzyloxyalkyl, hydroxyC2-C2palkyl, alkkenylcarbonyt,
alkylaryisulfonyl, alkoxycarbonylaminoacyl, alkyisulfonyl, or aryisulfonyl,
additionally, when X is -CH2-, R may also be -OH; in further addition, when X is
not N, R may also be hydroxymethyl, in further addition, R and X may combine to



[err] [err] hydr ogen, acyl, al kyl,
al kenyl, cycloalkyl, cycloalkyl substituted with up to two al kyl -
groups, cycl oal kenyl, bicycl oal kyl, aryl al kenyl, benzyl, benzyl
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form the group Prot-(NOAA};-NH- wherein r is an integer of 1 to 4, Prot is a
nitrogen protecting group and when r is 1, NOAA is a naturally cccuring amino
acid or an enantiomer thereof, or when ris 2 to 4, each NOAA is a peptide of an
independently selected naturally occuring amino acid or an enantiomer thereof;

R? and R21 are independently selected from the group consisting of
alkyl, alkenyl, cycloalkyl, cycloalkenyl, bicycloalkyl, alkynyl, cyano, aminoalky!,
alkoxycarbonyl, aminocarbonyl, hydroxyguanidino, alkoxycarbonylalkyl, phenyl
alkyl, alkylcarbonlyoxyalkyl,

alytN—C— | "Rt R T

H, —OH, (provided R! and R2! are both not —OH and Y is not N), formyl, —CO
alkyl, -COacyl, —COaryl, and hydroxyalkyl; additionally R and R21 together may
form the group

.I\lkyu

=CH,, = N—-OR®, = N—CN . = N-N(R®),, = CH-Alkyl, alkylene, = O, = C — Alkyl,

. ' =C(halo)2, in further addition, R1 and R21 together with the carbon atom to

\
Fook

which they are attached may form the group



substituted with up to three independently sel ected R3 groups, -
cycl oal kyl al kyl , pal yhal oacyl , henzyl oxyal kyl , i
hydroxy([ err]-C[ err] al kyl, al kenyl carbonyl , al kyl aryl sul fonyl
al koxycar bonyl am noacyl , al kyl sul fonyl, or aryl sul fonyl, additionally,
when X is -CHerr]-, Rmay also be -OH, in further addition, when X is
not N, R mayWeP&1%e hydroxynmethyl, in further addition, RPOTASYAIEI2
conbine to WD 96/ 26196

" PCT/ US96/ 01532 -6- - 5- formthe
group Prot-(NOAA)r-NH whereinr is an integer of 1 to 4, Prot is a
nitrogen protecting group and when r is 1, NOAA is a naturally occuring
ani no acid ¥R an%ﬁaﬁtqgaﬂmr withethe carban atomete whick thieyt are attached md@4arm s
a peptide of an i n&igggnden‘,l ¥ sel ected natural|ly occuri ng am no acid or
an enanti oner tqlgytymt,e erocyclic ting oontalwg,art]: 78810 &9ms apd ongEpkMdent | y
selected fromt I St 4 Qe of al kyl, al kenyl, cycl oal kyl,
cycl oal kenyl , b%%%%gpwﬁ{éaﬁélﬁy', cyano, am noal kyl al koxycar bonyl ,
ami nocar bonyl, hydr oxygum2iigH)alkyh aienys paeaKyItycidalky ¥aB¥ituted with 115 8
al kyl car bonl yoxyal kyl ,

independently selected RS groups, cycloalkenyl, hydroxyC2-C2galkyl, alkynyl,

alkylamide, cycloalkylalkyl, hydroxyarylalkyl, bicycloalkyl, alkynyl, acylaminoalkyl,
arylalkyl, hydroxyalkoxyalky|, azabicyclo, alkylcarbonyl. alkoxyalkyl,
aminocarbonylalkyl, alkoxycarbonylaminoalkyl, alkoxycarbonylamino(alkyl)alkyl;
alkylcarbonyloxyalkyl, arylhydroxyalkyl, alkylcarbonylamino(altkyt)alkyl,
dialkylamino, '

CO ES(O)Q
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wherein n is 1-3
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wherein t is an integer of 3 to 5,

CH R .
2)m wherein m is an integer of 4 to 7,



[err] H -OH, (provided R err] and R err] are both not -OH and
Yis not N, fornyl. -CO alkyl, -COacyl .. -COaryl and hydroxyal kyl ;
additionally R err] and R err] together may formthe group

=CH err], = NORlerr]. = NCN, = NN(Rerr])[err], = CHA kyl, alkylene, =
O =C- Akyl, =C(halo)[err], in further addition, R err] and

Rl err] togewOeénémd h t he carbon atomto PCT/US96/01532

[err] whi ch they are attached nay formt;le group

29
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(wherein R29 is H, alkyl, acyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,

dialkylaminocarbonyi, alkylsulfonyl, aryisulfonyl),
Q

-CN -H
——R—Nl..'2 , or _j_NHz U

{wherein Q is O, NOH, or NO-
akyl), or when Z is -CH-, R2 may also be alkoxycarbonyl, hydroxymethyi, -N(R8)z;

R3. R4 R22, R24, and R25 are independently selected from the group
consisting of H, halo, alkoxy, benzyloxy, benzyloxy substituted by nitro or
aminoalkyl, haloalkyl, polyhaloalkyl, nitro, cyano, sulfonyl, hydroxy, amino,
alkylamino, formyl, alkylthio, polyhaloalkoxy, acyloxy, trialkylsilyl, alkylsulfonyl,
arylsulfonyl, acyl, alkoxycarbonyl alkylsulfinyl; -OCONH2, -OCONH-alkyl,
~-OCON(alkyl)2, -NHCOO-alkyl, -NHCO-alkyl, phenyl, hydroxyalkyl, or morpholino;

each RS and RS is independently selected from the group consisting
of H and alkyl, provided that when X is C(ORS)2 or C{SR5)2, both RS groups
cannot be H, and in addition, when X is C(ORS)2 or C(SRS)y, the two RS groups in
X may be joined to form —(CHgz)p- wherein p is an integer of 2 to 4;

R7 is independently selécted from the group consisting of H, alkyl, arylalkyl,
cycloalkyl, aryl and aryl substituted with R3 and R4 as defined herein;

each R8 is independently s'electéd from the group consisting of H,
hydroxyalkyl, or alky! or two R8 groups may be joined to form an alkylene group;

RS is H, alkyl, or acyl:

R20 js H, pheny! or alkyl; and
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- 6- or Rlerr] and Rlerr] together with the carhaon atomto which they
are attached may form a saturated heterocyclic ring containing 3 to 7
carbon atons and one group selected fromS, O and NH

Rlerr] is H alkyl, alkenyl, cycloal kyl, cycloal kyl substituted with 1 to 3
I ndependent | wodgk&oé ed R3 groups, cycl oal kenyl, hydroxy( er p¢Fnposnispal kyl ,

al kynyl , al kyl am de, cycl oal kyl al kyl hydroxyarylalkyl bi cycl oal kyl ,
al kynyl , acyl am noal kyl , aryl al kyl , hydroﬁyalkoxyalkyl azabi cycl o,
al kyl car bonyl . al koxyal kyl, aninocarbonylalkyl

al koxycar bonyl am noal kyl , al koxycar bonyl am no( al kyI ) al kyl ;

al kyl car bonyl oxyal kyR#7 amdm?dre)mab&mﬂentwl soidoted frommhergromﬁ ebhsistirg sHM,
di al kyl am no, (wherein g is an integer of 0 to 2? [err]
wherein n is 1-8lkyl, hydroxyalkyl, arylakkyl, aminoalkyl, haloalkyl, thicalkyl, alkylthioalkyl,

carboxyalkyl, imidazolyalkyl, and indolyalkyl, additionally R27 and R28 may
combine to form an alkyiene group..

In a praferred group of compounds Y and Z are N
In another preferred group of compounds Yis CHand Zis N

In another preferred group of compounds R is

O- oo, D

and X is O, SO or SO2.

In another preferred group of compounds R3 and R4 are H and

sither R1 is cycloalkyl, alkyl, or CN and R21 is H or R1 and R21 together form
=CH2 or =0.

In another preferred group of compounds R is
R4

- . 4D

Xis O, SO or SO2, R3 and R4 are H and either R1 is cycloalkyl,
alkyl, or CN and R21 is H or R and R21 together form =CHz2 or =O.



wherein mis an !nteger of 4 to 7,

wherein t is.aninteger.of 3 t0 5 WO . 96/26196 L
PCT/ US96/ 01532 -7- [err]
(wherein Rerr] is H alkyl,-acyl, alkoxycarbonyl, am nocarbonyl,

al kyl am nocar bonyl , di al kyl am nocar bonyl, al kyl sul fonyl, arylsul fonyl),
[err] WO 96/26196 (wher ePETAUSI6H1R2 NOH, or
NO- al kyl), or when Zis -CH, Rerr] réay al so be al koxycar bonyl ,

hydroxynmet hyl , -N(R[err])[err];
In another preferred group of compounds Y and Z are N, R1 is

cycloalkyl, alkyl or CN, R21 is H and R2 is cycloalkyl or )

In another preferred group of compounds Y is CH, Zis N, and R2is

Ra —\
E N_R29
cycloalky! or —

In another preferred group of compounds at least one of R27 and
R28 is alkyl. |

in another preferred group of compound one of R27 or R28 is methyl
and the other is hydrogen.

In another preferred group of compounds R is

O

<O:©— or alkoxy—O—

Another preferred group of compounds is the group represented by
the formula

wherein R, X, R1, R27, and R21 are as defined in the following table



Rlerr], Rerr], Rerr], Rerr], and R err] are independently selected from
t he group consisting of H hal g, al koxy, benzyloxy, benzyl oxy
substituted by nitro or am noal kyl , hal oal kyl, pol yhal oal kyl, nitro,
cyano, sulfonyl, hydroxy, am no, al kyl am no, fornyl, alkylthio,

pol yhal oal koxy, acyl oxy, trialkylsilyl, alkylsulfonyl, aryl sul fonyl,
acyl, al koxywardsasmwbs al kyl sul finyl; -OCONH err], - OCONH al kP€T/US96/01532
-OCON(al kyl)[err], -NHCOO al kyl, -NHCO al kyl, phenyl, hydroxyal kyl, or

mor phol i no; each R err] anEP'R[ err] is independently
selected fromthe group consisting of H and al kyl, provided that when X
Is C(ORlerr])[err] or C(SR[err])[err], both R[err] groups cannot be H,

and in addition, when X is CR[eer[err] or err fthe t WO

Rl err] groups in [#fromnmay]Me joi ned toXormi(CH[err])p- R n
i nteger of 2 to 4;table of R7 is indepehdently selecte he gr up
consi sting of H qkcempounryyl al kyl bal kyl , aryl an
substituted with R@Sand R4 as defined hereih; IS
I ndependent |y sel ¢ he 5ting of H, hydr oxygl kyl } or
al kyl or two R[er|N16§ 4@353 : €Bk m an al kyl endd gr ouptH
Rerr] is H alkyl, X 'r] is H phenyl] or alkyl; aﬁud
WO 96/ 26196 PCT/1IS96/01532
Rlerr] and R err] | nd¢ ndent i frqom t he groug,gonsi sf,ing ¢f
H, al kyl, hyd : % , ex J_"f_t_ha.ga’ika,«.l_
alkyl'thioal kyl, | 2gg 4(CH30)-CeH4 |SO [CN _leHs |n

269 2-pyrimidinyl O _|CHs H CH3

214 4(CH30)-CeH4 |SO |CO2CH3 H H

2
232 2-pyrimidinyl O [|i-propy! H
123 4(CH30)-CgH4 | SO |CH3
] CH;
236 4(CH30)-CeH4 | SO /N___N/ H
:N=N
296 4-(CH30)-CgH4 | SO |CH3 CO2Me |H

or having the structural formula

oacVens
el OYOQ



car boxyal kyl, i m dazol yal kyl, and indol yal kyl, additionally R27 and R28 may

conbine to forman alkylene group. +n —a—preferred group—
of conpounds Y and Z are N I n anot her preferred group of
conpounds Yis CHand Zis N I n anot her pref erred gr oup

of conmpounds Ris [err] and X is O _SO or err]

| n anot her woyssi2é196ed group of conpounds R3 and R4 are H aﬁ&’r ssg]

Rlerr] is cycloal kyl, alkyl, or CN and R[eH] is Hor Rerr] and R[err]

t oget her form —CH[err] or =0. s I n anot her preferred
group of compounds Ris [err] X
is O SO or S02, R3 and Rlerr] are H and either Rl err] is cycloalkyl,

al kyl , or CN and Rlerr] is Hor Rerr] and R err] together form=CH2 or =0.

o oaot

Another group of preferred compounds of formula | are:
(in the table that follows, when R2 is substituted cyclohexyl, the
substituent positions are numbered as follows:

)
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the other is hydrogen. In anot her preferred group of
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[err] Anot her preferred group of compounds is the group

represented by the formila . _lere] wherein R X, -0+
Rlerr], Rerr], and Rlerr] are as defined in the follow ng table
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169 4(CH err]O-Clerr]Herr] SO CN H H

| SO 227(-) 2-pyrimdinyl =~ 0 cyclohexyl H .
289 4(CHerr]O-Cerr]Herr] SO CN CH3 H
269 2- pyri m dinyl O CHerr] H CH3
214 4(CHerr]O-Cerr]Herr] SO CJerr]CHerr] H
H : wWokene196 2- Pyrimdinyl O i-propyl PCT/US96/015321
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(in the table that follows, when RL.err] is substituted cycl ohexyl, the

substituent positions are nunbered_as foll owsi—_. — [err]
WD 96/ 26196 PCT/ US96/ 01532
-12- :
WO 96/26196 PCT/US96/01532
-16-
|
T
> o
x N
o o o
T
S c‘;r‘é zlzlzlEl x|l o]l z| 2z
) 3|
2 2 &
I * N
olO © || @ . N |lo T
S<Q {05 olx|xlE]l x|lalz{z] ©
3
2 Eu
~| 8 x %
al o z| 2 o D
7] Y Ol © TIZTII| I Ijnj| 212 EII
O M
3 R
3
o| 3 -3
Z
1 I ols Ixzizlzlxlxlowlzlz !
® < (] I
X T ?
Qe ® |2 T T o
ol @ |9 zlxix| i xln]| 2|0 %
3 .
o <>
[5]
L2
»
< °
2 ~
8.§ ols zlxlz| x|l x|l vl z| z )

. o
2 o
el <
E -la olelalR|® o
8l x| oloc|lalc] ol x| >IN .




PCT/US96/01532

[prr]

-17-

-13-

siy '1E9, Sid ‘0€9.
l,olokzouo IOloLfo..OLoz
N N HO N N N Z
N N N HO N N A
oS 3 oS S 0S oS X
H H H H H H gzH
H[ tHO-2-W) H H H H Y]
H H H - H H 12d
H H H H H H T
H H H H H H cH
xeyo Xeyo OT. ‘xoyo| xeyo Xoyo 2H
N—N
— 0-
€4o NO ND| suuoj zH yim NO ND 1)
PHOD- YHOD- ¥H9D PHOO-| mojeq
(OEHO) (OBHO)¥| -~(OEHO)-v (OBHO)¥| ©es .| mojeq ees , Y
€9 €9 £€9 29 169 0€9| ‘ou-dwod

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/ US96/ 01532

— WD 96/26196
-15-

err]

WD 96/ 26196
PCT/ US96/ 01532

-14-

PCT/US96/01532

WO 96/26196

N N N N N N Z

HO N N HO N HO A

oS S ¢0S L 208 S X

H H H H H H get

H H H H| ®HO-2-(1) H 1ed

- H H - H . 1ed

H H H H H H| ve

H H H H H H Y

Xayo Xeyo X8yo Xeyo Xeyo Xeyo Y]

€HOON =

SULI0} 0 = Suo} O = suwoj

L2t UM ND ND L2t uum NO| izHum i

YHOO- ¥H9O- YHOO- I@ \zl\,U
(OEHO)+ (OH)-+ xeyo (OEHO)- ]
TZ) ov9 ~ 6€9 8c£9 1€9 9€g| -ou 'dwoo




WD 96/ 26196

[err]

PCT/ US96/ 01532

-16-

PCT/US96/01532

WO 96/26196

-19-

N N N N N N Z
HOD HO N HO N N A
oS oS oS 0=9 €08 20S X
H H H H H H sz
H H H H| ¢HO-e-(S)[ tHO-e-1) L2H
- - H H H H 12d
H H H H H H o
H H H H H H ed
Xeyo Xouyo xeyo xoyd Xeyo X8yo zd
CHOON =
Swo} 0 = suuoj |
p2H um 2y uim ND NO NO €HO~(S) o
YH9D- YHO9D- YH9D- YH9D-
(OEHO W (OEHO)- xeyo (0BHO)-¥| (OEHO)+ SH9D| d
L9 9v9 Sv9 ¥v9 £v9 ev9| "ou dwod




PCT/US96/01532

-20-

-17-

N N N N N N Z
N HO HO N N N A
S oS 3 oS S oS X
H H H H H H ged
€HO-2-(t) H H| tHO2(H) H| tHO2(d) 2t
- - - H H H ted
H H H H H H vd
H H H H H H eH
xeyo xeyd Xayo xoyo xeyo Xoyo eH
O = suuo} O = Suuo}

€HO 1zt UM Lzt um NO NO EHO~(4) it

YH9D- YH9D- _ YH9)-
(OEHO)-v (OEHO)-v SH9O (OEHO | Xxeud SH 9D ~H
€S9 259 LG9 089 6v9 8v9| -ou dwod

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/ US96/ 01532

WD 96/ 26196

[err]

PCT/US96/01532

WO 96/26196

-21-

N HO N N N N Z
HO N HD N HD HO A
oS oS 0S <0S oS oS X
H H H H H H ged
H H H[ ¢tHOe(H) H H ed
- H - H °HO - 1ed
H H H H H H v
H H H H H H ]
Xoyo Of.. xoyo Xayo xeyo xoyo 2t
*HO— O —FHD
¢HO= suuo} _ _ ZHO= suLo}
sgH Uum NO| suoj jzH pim EHO-(H) NO| 1cHum it
¥H9O- YHID- VH9D- YH9D-
YH9D-(J)- (OEHO)-¥ (OEHO)-¥ (OEHO)-¥| (OEHO)-v SH9 d
669 859 169 969 669 ¥69| -ou ‘duiod




[err]

-18-

PCT/US96/01532

‘WO 96/26196

«22.

N HO N N N N Z
HO N HO HO HO HD A
S 0S €08 208 08 ¢0S X
H H H H H H ged
H H H H H H ed
- H . - H - 1ed
H H H H H H vd
H H H H H H e
Xouo AH\/_I Xeyo xeyo xeyo xeyo 2H
O = suuoj CHD=swiuo}| Q= suwo} O= suLo}
igd | €HO00D- 1z Yim 12H Yim SHNOO- 1zH Yim 1
I|O YH9D- YH9)- YH9D-
(0EHO)v| (OEHON¥| PHOO-(d)-¥| (OEHO)v SH 90 m
G99 $99 €99 299 199 099| "ou ‘dwod




PCT/US96/01532

PCT/ US96/ 01532

-23.

W0 9R/ 26196

-20-

[err]

N N N N N N z
HD HO HOD HO N HO A
oS oS oS oS 208 €0S X
H H H H H H szH
H H H H| tHO2W) H et
- - - H H - red
H H H H H H} vd
H H H H H H e
xeyo xeyo xeyo xoyo Xoyo XeYyo zd
o= O =suuo}{ HO-N = suuoj CHO= Sulo)
SuLO} | zH im Lt UM jgHum|  €HO00D- EHO-(S)| zH Uum 1
IﬁUHmv YH9D- YH9D- YH9D-
YH9D-(d)-¥ (OEHO)-v (OBHO)-+¥| (OEHO)+ SH 9D ]
129 699 899 299 999| ‘ou dwod

029

WO 96/26196

WD 96/ 26196
PCT/ US96/ 01532

-19-




PCT/US96/01532

-21-

N N N N N N Z

HO HO HO HO HO N A

| Jowos| OS oS 0s oS S 0S X

H H H H H H gzH

H H H H H H P

- - - - - H 1zd

H H H H H H )

H H H H H H e

xoyo f«OOOOIOl xeyo xoyo xoyo Xoyo e
Vv JOWI0S| CHD =
EHOON = 2HO = suuoj SWI0}

SULIO} | ZH YUM | 2HO = Suuoj | ZH Yim 2t UM elouees| zH UM €40- ]

O3 o] O o2 O o
(OEHO)-¥ (OEHO)-¥ (OEHO)-+ o
129 9.9 5.9 ¥.9 €19 29| ou "dwod

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




WD 96/ 26196

[err]

PCT/US96/01532

-29.

WO 96/26196

PCT/ US96/ 01532

25-

uLo} peyoElE e1e ABL) Yojym O} Wole uogrea ey} yum Jeiiebol | zH PuB |H 'b.9



PCT/US96/01532

-26-

-23-

N N N N N N 4
HO HO HO HO HO N A
S oS 208 ¢0S oS ¢0S X
H H H H H H geH
H H H H H H e
- - - - - H ied
H H H H H H +d
H] H H H H H ed
xeyo | xeya(SH9D)v X8yd Xoyd Xoyd Xoyo 2t
O =Sul0}| €HD =suuoj| eHD =swio}| O =Sswlo}
tgd Yim et uim 1zd Uim jzd Ym ] O = Suloj jzH yim -0E4 d
Q| 2=l O Q] o] o
(OBHO)-v (OEHO)-¥ H
£89 289 189 089 6.9 8.9| "ou-dwod

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/US96/01532

- 24-

N N N N N N Z
HO HD HO HO HO HO A
¢0S ¢0S oS oS S °0s X
H H H H H H get
H H H H H H 2H
- : - - B - 12H
H H H H H H o
H H H H H H ed
mzmoooo|Ol
x3yo | xeya(SHOD)Y xeyo xeyo xoyo zH
O =SWwio} | 2HO = Suuo} | 2HO = Suldj| O = Suuo) 2HD =
124 Uum szt Yim 1 UMM | 2l UM | ZHO = SWLIO) 1z UM | SUUO) 1zH LM 1
IQ PHoO- PH9D- IQ YH9O-
(OfHOM¥ (€4D)-¥ (O%HOM YHID(A)Y d
689 889 189 989 89 ¥89| -ou ‘duico

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




[err]

PCT/US96/01532

-08-

- 25.

N N N N N N Z

HO HO HO HO HO HO A

¢0S ¢0S 0S oS oS S X

H H H H H H gzt

H H H H H H zd

CHO- - - - H - 12d

H H H H H H wd

H H H H H H Y

Xoyd xayo xeys xoyd xeyo Xeyo e
O=Swi0}| O = Sulo}} eHO = SUIO} ¢HD = Suuo)

€HO- 1zd UM 1zt yim 1z Yim NO- gt Yim 1-]

SH9D- YHID- YH9O- m _ YH9D- n _
(OBHO)-v (OfHO)-2| (OCHD)-£ (OEHO)-+ |
S69 69 £69 269 169 069| ‘Ou ‘duiod

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/ US96/ 01532

WD 96/ 26196

-26-

[err]

PCT/US96/01532

WO 96/26196

-20-

N N N N N N 4
HO HO HO HO HO HO A
HN-COS 20S 3 ¢os| oOs ) X
H H H H H H gecH
H (€HO)-2 H H H H et
- . - - - . 1z2d
H H H H H H y
H H H H H H ed
Xoyo Xeyo Xeyo xeyo] xeyd xoyd zd
. SuLo}

O = SuMo} O = sulo} O = Swo} { SHO n.mE.o* 12 [CHO = suuo}
L2y Uim j2d uim j2d uim j2d uim yum j2d tim 1]

woo-|  weor|  wweor|  vkuewd| (Y| weso
(OEHO)-¥| (OBHO)+| (OEHD)-2| Axoihzueq-y | N (0€HO)-2 H
10L 004 669 169 g969]| "ou ‘dwod

869




PCT/US96/01532

[err]..—

PCT/ US96/ 01532

-27-

N N N N N N Z
HO HO HO HO HO HO A
¢0S 208 oS 0S ¢0S oS X
H H H H H H gzd
(®HD)-2-(1) HO)e H H H H w2t
H - €HO- - - H 12d
H H H H H H v
H H H H H H cd
xeyo Xoyd xeyd xeyd xeyo Xoyd zH
MIO -
SHD = Suwuo} Q = sulo} S0}
SHeD-(S) 1zH uim €EHO- iz Uim]  zH Yim NO- 14
SH9D- SH9D- | SH9O- SH9D- _“ = SH9O-
(OEHO)-v (OEHO)¥| (OEBHO)v (OEHO)-€ (OEHO)-¥ |
70 00 S0Z v0L €04 20Z| -ou-dwod

WO 96/26196

PCT/ US96/ 01532
96/ 26196

WO 96/ 26196
-28-




"HOO-N N-O%H
\_/

SIH 2L

PCT/US96/01532

-31-

- 29.

N N N N N N Z
HO HO HO N HD N A
¢0S ¢0S 208 %0S 20S 208 X
H H H H H H g2t
H H H H H| EHO)-2-(1) L2
THO- - - H - H 12H
H H H H H H e
H H H H H H eH
Xeyo xeyo _b:n..ooo.z\,l..VI ...:«0000@ xeyo xeyo zd
O = Suuoj HO = O =suuo}
NO- t2H Uim SULO} | zH Yum EHO| HUM]| SHZO-(W) o
VRSO | YHOO- SHOD- YH9D-
(OEHD)-¥ | 21L ot0U @8S (OEHO )Y YHOO-(10)€| (OBHO)M¥| (OEHO)+ H
€1 2il ] 0tZ 602 80Z[ ‘ou dwoo

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/US96/01532

-32-

N N N N N N Z

HO HO HO HO N N A

<0S -HNOD- 208 c0S °0S 208 X

H H H H H H ged

H H H HIZHEDuZz -|0)| (EHO)e(H) 22

- . - . H H 12t

H H H H H H v

H H H H H H et

mzmoooo-z“Hvl xeyo :Ol xXeyo xeyo xeyo zH
O =SWliO}| 2HD = Suuo}| O =suuo}| | Joulos] jkdoxd

O = SULO} | 2H UM pzH hm pzd m |  p2H yIm EHO- -2-(8) 1o
YHOD- YHOO- YHOO- YHOO- YHOD- YH9O-

(OEHO)-¥| (OCHD- | (OEHO)-¥| (OH)-¥| (OEHO)-¥| (OEHOV d

6LL 8L LiL 912 114 _ #1L| ‘"ou-dwoo

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/US96/01532

-33-

-31-

WD 96/ 26196

[err]

WO 96/26196

PCT/ US96/ 01532

- 30-

N N N N N N Z

HD HD HO HO N N A

oS ~ %08 20S <0S ~ 208 ¢0S X

H H H H H H ged

H H H H|iKdod-u-z-Ta)| (CHO)2-(1d) L2t

- NO- - - H H 12t

H H H H H H vH

H H H H H H cd
m_*Noooo.zol

Xxoyo Xxoyo xeyo xoyd xeyo 2d

QO = suuo}
O = SWlo} 1zH Yum EHO-| O =suuo} |24 yum 1zt Yum | g sewos) EHO|  Adoid-g-(H) td
PH9D- YH99- erAtzgv.» YH9)- YH9)- YH9D
(OEHO)-v (O€HO)-¥ —/ (0%40)¥|  (OEHO) -(0EHO)-¥ H
el vel gel zel rel 0cl| -ou-dwod




PCT/US96/01532

PCT/ US96/ 01532

N N HO N N N Z

N N N N N N A

oS c0S 0S 20S c0S 20S X

H H H H H H gzt

€HO)e-)| (EHD)-2-(1) H| €Ho)c-®)| (eHD)-€[ (EHO)2-(1) 728

H - H H H H jed

H H H H H H ot

H H H H H H ed

1Adosdojoho xoyo QI ingojoka | idayojoko | 1Ayuedojoho zd

O = suoj |

EHO-(S) b2t YU €HO|  EHO-(S) m:oumv eHO-(S) (H
YH9O- YH9D- YH9O- YH9O- YH9O- YH9O-

(OEHO)-¥ (OtHO)¥| (OfHO)¥| (OEHO)-¥#| (OEHO)¥| (OEHO) H

1L 0eL 62 8eL L2l geL| ‘ou ‘dwiod

WD 96/ 26196

WO 96/26196

-32-

[err]




WD 96/ 26196

PCT/US96/01532

[orr]

-33-
- 34-

N N HO N N N y2

N N N N N N A

208 c0S 20S 20S c0S ~¢0S X

H H H H " H H gzd

€no)e| (EHO)z-(1) H (€O | €HO)2-(W) (EHO)E 224

H H H H H H 12d

H H H H H H ]

H H H H H H eH

Adosdojoko _H__H__:l._l QI jinqopho|  1A10001940 | Aluedojoho 2H

EHO-(S) €HO-(S) EHD EHO-(S) €HO-(S) EHO-(S) ]
YH9D- YH9D- ¥H9D- YH9)- ¥YHOD- YH9O-

(0€HO)+ (OEHO)-¥| (OEHO)¥| (OEHO)+| (OEHO)¥| (OEHD)- Y

181 9eL gel Vel eeL ceL| -ou-dwod

WD 96/ 26196

WO 96/26196

PCT/US96/ 01532
PCT/ US96/ 01532

[err]




[err]

~ PCT/US96/01532

WO 96/2619%6

SIYH "ev.L

foooo.%:g.oo.:.wv
— \I
SH*O-*HO0OO-HN-5(®HD)
N N N N N N 3
N N N HD N N A
-HNOD- ¢0S ¢0S ¢0S €0S ¢0S X
H H H . H H acH
-2(CHO)-S'E
H (EHO)-€ (€HO)-€ SW0} gzt UM (€HO)e| (EHO)2-(n) 2
H H H - H H 12d
H H H H H H v
H H H H H H et
Xoyd _H__|I.VI Xeyo xeyo Kiooopho | 1fideyojoko zd
ZHD
€HO €HO-(S) SHO-(S)| =Suuo} 124 UM €HO-(S) EHO(S) 1|
eV ¥H9O- YHIO- YHOD- YH9D- YH9O-
ejou 885 | (OEHO)v¥| (OEHO)¥ (0BHO)¥| (OBHO)-¥| (OEHO)¥ H
373 17 7] ovL 6€. 8eL] -oudwod




PCT/ US96/ 01532

WD 96/ 26196

- 35-

WD 96/26196

[err]

- 36-

PCTTUS96/ 01532

PCT/US96/01532

WO 96/26196

-37-

N N N N N N y 4

N HO N N N N A

-HNOO- oS o S “HNOD- “HNOO- X

H H H H H H ged

H H H H H H 24

H H H H H H 124

H H H H H H 4

H H H H H H e

xayo xoyd xeyo xayo Xoyd xeyo zH

€HO HO- €HO NO €HO €HD 1
YH9D- 8IoN

OJON 089S AOM_._O.: OJON 098 BJON oeg =11 OION 89S d

6v.L 8v. LvL ovL SyL bvL] ‘oudwod




-37-

WD 96/ 26196

[err]

PCT/ US96/ 01532

C

PCT/US96/01532

-38-

Sty L
I_,OI HNOD-CHOIN-SHD o
SIY 'Sh.
tHO
“SOH
_a_,p...ooo.:z\

WO 96/26196

St Y "6vL

om

e

®HO

1A2ueq-00D-HN

YH9D{00D-(EHOIN-CHOL S1 Y "ovL

SIH"
ihzueg 1Y “p¥L

JOI
1A2ueq-000-HN



PCT/US96/01532

-39-

N N N N N N Z
HO HO N N N N A
oS oS oS 20S|-HNOO-| -HNOD- X
H H H H H H get
EHO)-1 H H H H H et
- - H H H H 1zd
H H H H H H o
H H H H H H ed
xauyd Xayo xeyo X8yo xeyo xeyo zd
O0—N

O = SuLo} 0=

jgH UM | suuoj 124 yim No| €MD €HO i
YHOD- I.OHOV ¥H9D- 8l10N

(OEHO)~v 0 (OSHO)-¥| ©wNeeg| eeg| eloN eeg H
§62 vSL €6 2SL 162 0SZ| -ou-dwiod

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/US96/01532

[err] .

-40-

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]

-YH90-[00D-NC(EHD)}-¥st Y 252

SIH IGL . Wz si 4 0SL

ueq
°HO d./i

King-1-00OOHN

4O

\/._ZOO IZOOOO

HO
| H
€4



WD 96/ 26196

[err]

- 40.

PCTLUS96/ 01532

PCT/US96/01532

WO 96/26196

-41-

N N N N N N Z
HO HO HO HO HO HD A
oS 20S 0S S oS oS X
H H H H H H g2t
H H H H H H Led
iAyie . €HO H -| kdoid-g 12d
H H H H H H o
H H H H H H ed
m:Nuooo..AUI
Xeyo xeyo xeyo | xeyo xeyo 2d
o =
HO| 2HO =suuo} jzH yum HO|  HOEHO-| swuoj ;24 yum HO 1o
YHOD- ¥HSD- O_ﬁwv YHOD- Ih”ﬁwv PHID-
(OEHO)-v (OEHO)-v (OEHO)- (OEHO)v H
192 092 65/ 867 161 96Z| -ou duwod




PCT/ US96/ 01532

PCT/US96/01532

-42-

N N N N N N Z

HD HO HO HO HO HO A

0S ~€0S S S oS oS X

H H H H H H getl

H H H H H H 224

H H - H - - ed

H H H H H H v

H H H H H H e

Xayd Xayo mzuoooo._«“vl xeyo mzwoooo-AHvl xayo 2
H-0— 2HO=

HO-CHO-|  HO-HO-| ZHO = suuoj ;24 yym 3 ZHO = SuuIoj |zH Yum | SO} o4 LM i

YHOD- YHOO- YH9O- YHOO- YH9D- IHH_ﬁmv
(OEHI) (OEHO)-+ (OtHO)-¥| (OEHO)- (OEHD)-¥ o
297 992 5oz ol €92 29L] -ou dwiod

WD 96/ 26196

WO 96/26196

-41-

[err]




PCT/US96/01532

-43-

-42-

N N N N N N Z
HD HO HO HO HO HD A
| 10WOS| 0S| e 4owos| OS ¢0S 208 0S| @ Jewos| QS X
H H H H H H ged
H H H H H H zed
. - H - H - 1ed
H H H H H H vt
H H H H H H cd
..f«oooo.ﬁvl
xayd | xeyo xeyo Xayd xeyo M
g JouIos] V Jowios| g JOWI0S|
€HOON = EHOO-N= 40 = suuoy €HD EHOO-N =
SWOJ o4 Yim | suuoj (24 ynm €HO 1z UM 1-000-CHD-| Suuo} ;zH Uum 1
O O 1) ] -
YH9O-(0EHD)-¥| (OEHO)-¥| (OEHO)+ T
€LL ell L 0LL 69 89Z| ‘ou-dwoo

WD 96/ 26196

WO 96726196

PCT/ US96/ 01532

[err]




PCT/US96/01532

-43-

N N N N 3

HO HO HO HOD A

¢0S <0S 0s c0S X

H H H H szd

EHD)e-(W) H H H 22

H - - H 1ed

H H H H #H

H H H H ed

faoc.NOm.z\/le mzmooo?Ol xoyd Xouo ”
REE ®HO

EHO| CHO = SUMOj 1zH YUM | SWIO} 1z UM | -O0-0-SHO )
YH9O- PH9D- YH9O- YH9D-

Hwo (OEHO)-¥ (OEHO)¥ (o€HO)-¥| (OEHO)-¥ d

8L 111 9Ll Gl y,L| ‘ou-dwod

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]




PCT/US96/01532

[err]

-45-

- 44-

N N N N N Z
N HO HO N N A
208 S 20S ¢0S 20S X
H H H H H gz
SHO-2-(t) H H] €HO-2-(W)| (EHD)-2-(u) 228
H - - H H 124
H H H H H vt
H H H H H e
vl | |
xeyo xeyo 2H
eHO= ~ CHO= 1 JOUOS| | Jewos)
EHO-(S)| Suuoj gHuim|  suwio ot uwm | vH9O-2(EHO)|  Hang-u o
YHOO- YH9O- YH9D- YHIO- YHOD-
(OEHO)-¥ (OEHO)-¥ (OEHD)-P (OEHO)-+| (OEHD)-¥ d
€82 28 182 0BZ 6L

WD 96/ 26196

WO 96/26196

PCT/ US96/ 01532

[err]

‘OU "dwod




PCT/US96/01532

-46-

. 45-

N N N N N 2
N HO N N N A
¢0S 0s 208 2os|  cos X
H H H H H geH
EHO-2-(H) H EHO-2-(H) €HO-2-d)| EHO-2-(u) et
H - H H H red
H H H H H v
H H H H H e
nu.zmoooo.z/\|||VI AOI
xayo | xayo Xeyo 2
¢ 19W0S]

CHO= } Jowos) SH9D- 2 Jewos!
E€HO-(S) suio} | zH HIM |JAiuedojoho €(2HD)- ing-u H

PH9D- YH9O- YH9D- YH9D- PH9D-
(OEHO)-¥ (OBHO)-v (OEHO)-+ (0eHO)-¥| (OEHO)-¥ H
882 18 982 68l ¥8.] "ou ‘dwod

WO 96/26196

WD 96/ 26196
PCT/ US96/ 01532




-YH9D-IO0ODNZ(EHD))-¥ SI H *262

PCT/US96/01532

[err]

47-

- 46-

N N N N N Z
N N N N N A
20S oS 20S S S X
H H H H H szd
€HO-2~(H) H €HO-2-(H) EHO-2-(H) (€HD)-2-(H) L2
H H H H H ied
H H H H H vt
H H H H H e
L _ G2 Sie -

I e e L O
€HO-(S) NO €HO-(S) €HO-2-(0) €HO-(S) ]

YH9D- YH9D- YH9O- yH9D-
(OEHO)-¥ -(26. ®lou o88) (OEHO)-v (O€HO)- (OEHO)-¥ d
€64 264 162 062 68.] -ou-dwod

WD 96/ 26196

WO 96/26196

[ US96/.01532

[err]

P




PCT/ US96/ 01532

WD 96126196

err|.

47-

PCT/US96/01532

WO 96/26196

-48-

N N N N N Z
N N N N N A
20S 20S S 20S c0S X
H H H H H geH
H €HO-2-(d) €no)e-|)| (EnO)e-)| (EHO)2-(u) 2d
H H H H H \2d
H H H H H Y
H H H H H e
S ale -

xoUo-EHO-| H o...z00.©l 1KAIng-1-000 Ol X6U0 "
€HO EHO(S) €HO-(S) EHO-(H) €HO-(S) i

PHOO- PHOD- PHOO- 18 PHOD-
(OEHO)-¥ (OEHO)-v (OEHD)-¥ (OEHO)-v |
862 261 961 S61 Y6L| -ou dwod




WO

PCT/US96/01532

PCT/ US96/ 01532

_Jerrl

--A8-

N N N N N Z

N ') N HO N A

c0S S cos ¢0S 20S X

H H H H H seH

EHO-€ €HOC EHO-2-(H) €HO-2 EHO-2-(d) 2zH

H €HO H €HO H st

H H H H H vt

H H H H H et

xayd-(HO)-¥ xayd xeyo xayo zH

~ EHO-(S) €HD €HO-(S) “€HD EHO-(d) 1o
HOD- PH9D- I.DHMV YH9D- PH9D-

(OEHO)-v (OEHO)v : (OEHO)-¥ (OEHO)-¥ H

€08 208 108 008 66Z| ‘Ou -dwod

WO 96/26196

PCT/ US96/ 01532
96/ 26196

WO 96/ 26196
- 49-




WD 96/ 26196

[err]

PCT/US96/01532

Lo

WO 96/26196

PCT/ US96/ 01532

N N Z
N N A
20S 20S X
H H gz
€HO-2-(H) | (EHD)-2-(1) 2
H H 12t
H H vd
H H e

. xoyd-(HO)-v
fno.c.uom.zﬁY gl "
€HO-(S)] EHO-(S) o
X0 (OEHO)-¥ H
508 v08| -ou ‘dwoo




[err]

WD 96/ 26196

PCT/US96/ 01532 _ .51

WO 96/26196 ) PCT/US96/01532

-51-

Another aspect of the invention is a pharmaceutical composition
which comprises a compound having structural formula | as defined above in
combination with a pharmaceutically acceptable catrier.

Another aspect of the invention is the use of a compound formula |
for the preparation of a pharmaceutical domposition useful in the treatment of
cognitive disorders and neurodegenerative diseases such as Alzheimer's
disease.

Yet another aspect of the invention comprises a method for making a
pharmaceutical composition comprising mixing a compound of formula | with a
pharmaceutically acceptable carrier.

Another aspect of this invention is a method for treating a cognitive
or neurodegenerative disease comprising administering to a patient suffering from
said disease an effective amount of a compound of formula I.

Another aspect of this invention is a method for treating cognitive
and neurodegenerative diseases, such as Alzheimer's disease with a compound
of formula | in combination with an acetylcholinesterase inhibitor.

Another aspect of this invention is a method for treating a cognitive
or neurodegenerative disease comprising administering to a patient suffering from
said disease an effective amount of a combination of a compound capable of
enhancing acétylcholine release (preferably an m2 or m4 selective muscarinic
antagonist) with an acetycholinesterase inhibitor.

Another aspect of this invention is a kit comprising in separate

‘containers in a single package pharmaceutical compounds for use in combination

to treat cognitive disorders in one container a compound of formula | or a
compound capable of enhancing acetylcholine release (preferably an m2 or m4

selective muscarinic antagonist) in a pharmaceutically acceptable carrier and in a



Anot her aspect of the invention is a pharnmaceutical conposition whi ch

conprises a conpound having.structural formula_l_as defined above in
conbination with a pharnaceutically acceptable carrier.
Anot her aspect of the invention is the use of a conpound formnula I for

t he preparation of a pharmaceutical conposition useful in the treatnent of
cognitive di 4rdgREmsand neurodegenerative di seases such as PErSHsNES32 S

di sease. Yet anot her aspect of the invention conprises a
met hod for making a phar waceuti cal conmpo$2ti on conprising mxing a
conpound of fornmula | with a pharmaceutically acceptable carrier.

Anot her aspect of this invention is a nethod for treating a cognitive or
neur odegener at i satonteatainaroarp acstylcholinbsterase inhibitprtio acpharmaeeuticallyf er i ng
from sai d di sease an effective anount of a conpound of fornula I.

Anot her aspect @gceptable carienithe ﬁoﬂ‘bi@mﬂm@” @ﬁ"lﬁ@h@ﬁ?@"’@ﬁﬂwmve and
neur odegener ative di seases, such as Al zheiner's disease with a conpound

of fornmula | in conbination with an acetyl cholinesterase inhibitor.

Anot her aspect mg f&or treating a cognitive or
neur odegener at | ' ering to a patient suffering

from  said di seaserigirecf ﬂlﬁﬁiﬂt&@tmreﬁteéeﬁéefemabl admpisteationraiaund
capabl e of enhanci ng acetyl choline release (preferably an n2 or md

sel ective nuscacempound ofcthiscigeerition)on\acstyleholinec(iAlH) seleass fremacartéxioh bi t or .
Anot her aspect of this invention is a kit conprising in separate

contai ners in aCanNsEipus fﬁhckage phar maceuti cal conpounds for use in

nmbi nat to t t t d of
Formul'a | or a  cdugueaechplhpvlar RLigirR  fr AL /ARHAA R 1% SRERR ™ ©
(preferably an ﬁﬁoﬁfn r’p& dmifisfatidnye nuscarini c antagonist) in a
phar maceutical |y acc a e carrler and in a

Figure 3 illustrates the effect of 3 mg/kg of Tacrine (i.p. administration) on

~ ACh release from striatum of conscious rat.
Figure 4 is a plot similar to figure 4 for 1 mg/kg of a compound of this
invention (i.p. administration).
Figure 5 is a plot similar to figure 4 for 1 mg/kg of a compound of this

invention in combination with 3 mg/kg of Tacrine (both i.p. administration).

DETAILED DESCRIPTION

Except where stated otherwise the foliowing definitions apply
throughout the present specification and claims. These definitions apply
regardless of whether a term is used by itself or in combination with other terms.
Hence the definition of "alkyl" applies to “alky!" as well as the “alkyl® portions of
"alkoxy®, "haloalkyl®, etc.

| Alkyl represents a straight or branched saturated hydrocarbon chain

having 1 to 20 carbon atoms, more preferably 1 to 8 carbon atoms.

Alkenyl represents a straight or branched hydrocarbon chain of from
2 to 15 carbon atoms, more preferably 2 to 12 carbon atoms, having at least one

carbon-to-carbon double bond.
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contai ner an acetyl choli nesterase inhibitor in a pharmaceutical ly
~acceptable carrier, the conbined quantities being an effective anount.

BRI EF DESCRI PTI O\I CF THE DRAW NGS Figure 1 illustrates the dose
rel ated efy, ? .p. admnistration of a conmpound OFCIUBIENISBY ent i on
on acetyl chol I ne (ACh) rel ease fromcortex of consci ous rat.

Figure 2 is a plot simlar to figure 1 fo®3-ACh rel ease fromthe striatum
following i.p. adm nistration. Figure 3 illustrates the effect of
3 ny/ kg of Tacrine(l p. adm nistration) on ACh release fromstriatum
of conscious rat. Alkynyl réprgsentsé stsalghtrnrcbraachad lydrocarbog wheinoffteom 1
ng/.kg of a conpound of this i nvention (i.p. adm nistration)

Figure 5 is &tpliftcasbon amma.mqragmferably gﬁoﬂ qagwgam h@UWPcﬁHGa%P"Phl s
i nvention in conbinati,on #H / kg of Tacrine (both i.p.
admi ni st r at i GRAfpon-to-carbei-iFigle EH’ SCRI PTI ON Except where

stated ot herw se the fgkag%@ Ht?sh n| 9&%1‘5’13@ tbocycﬁtmgﬂgﬁﬂgﬂﬁﬂz)r esent

specification and cl ai rons app s of whet her
atermis usggrdn dtbmsl f or in conbination with other terns. Hence the
definition of "al kyI applies to "alkyl" as well as the "al kyl" portions of
"al koxy", hal oal kyl ", @ycloalkenyl representsacarbed:yo}lc ringhavingfremsb ta 8gadian or
branched saturated hydrocarbon chain ing 1 to 20 carbon atons, nore
preferably 1atqmsaodablgﬂsmmarbon-to-carbon double bond i the fip@pr esent s a

Tore preferably 9 to (BCUSIPRISH TApEHRENE: & sAIRtED tridgee GriseyEit KRG naling's
car bon-t o- caw)?gcgwl oplg_nd

Acyl represents a radical of the formula

Alkyl—C—  wherein alkyl is as defined previously.

Halo represents fluoro, chloro, bromo or iodo.

Aryl represents phenyl! or naphthyl.

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

Hydroxyguanidino represents a group having the formula

NH-C=N-OH

Azabicyclo represents a saturated bridged ring containing from 4 to
8 carbon atoms and at least one nitrogen atom.

Sutfonyl represents a group of the formula -SO»-.

Sulfinyl represents a group of the formula -SO-.

Alkylene represents a group having the formula -(CHz)q, wherein q
is an integer of from 1 to 20.

Naturally occurring amino acid (NOAA) means an acid selected from
the group consisting of alanine(ala), arginine (arg), asparagine (asn), aspartic

acid (asp), cysteine (cys), glutamine (gin), glutamic acid (glu}, glycine (gly),



WD 96/ 26196 :

PCT/ US96/ 01532 - - — _ . -53-

Al kynyl represents a straight or branched hydrocarbon chain of from 2to
10 carbon atons, nore preferably 2 to 8 carbon atons, having at |east one
carbon-to-carbon triple bond. Cycl oal kyl represents a
saturated car{eoéeséles i ng having 3 to 12 carbon atonms. pcT/US96/01532

Cycl oal kenyl represents a carbocyclic ring having from5 to 8 carbon

atons and at | east one carbon-to-carbon doub54- bond in the ring.

Bi cycl oal kyl represents a saturated bridged carbocyclic ring having 5 to
12 carbon atons. Acyl represents a radical of the formula

[err] wherein alhigthdihé (Ri8), dsdlbisine grewaaeiﬁbxleu) lysine (lys), methlomnel'(@iét)
represents fluoro, chloro, bromo or 1 odo. Aryl represents

phenyl or napht lphlenylalanme (phe), proline (pro), gatime (set) rtlmsonhes(mﬁ;ttmmptmm ®p).at
| east 2 halo atons to the grou nodi fi ed by the term "pol yhal o".
Hydr oxyguani di néyfpéﬁpdyéhta@dé’ﬂgﬂ% Dhaving the fornul a

[cg:\{ Li ning from4 to é"@?ﬂl‘é’% rﬁ?&ﬁ’gg E?ﬂy @”s‘éﬁa“ﬁfﬁeﬁﬂi“?% # ng
) protecting a nitrogen on a naturally occurring amino acid (or an enantqomer
thereof) from reaction. Preferred nitrogen protecting groups are carbobenzyloxy
{CBZ), CH30CO(CH2)9CO, and t-butoxycarbonyl. Of course any operable
nitrogen protecting group is included.

When a variable appears more than once in the structural formula,
for example RS when X is -C(OR5),- , the identity of each variable appearing more
than once may be independently selected from the definition for that variable.

Compounds of this invention may exist in at least two stereo
configurations based on the asymmetric carbon to which R1 is attached, provided
that R1 and R21 are not identical. Further stereoisomerism is present when X is
SO, or C(ORS)2 (when the two R5 groups are not the same) or when R is
-CR5=C=CRS, . Also within formula ! there are numerous other possibilities for
stereoisomerism. All possible sterecisomers of formula | are wifhin 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.

_ A compound of formula | may form pharmaceutically acceptable salts
with organic and inorganic acids. Examples of suitable acids for sait 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. The salts are prepared by contacting

the free base forms with a sufficient amount of the desired acid to produce a salt in



Sul fonyl represents a group of the fornula -SOerr]-.

Sulfinyl represents_a group of the formila -SQ w.. . — Akylene
represents a group having the fornula -(CH err])[err], wherein g is an
integer of from1l to 20. ' Natural ly occurring am no acid
(NQAA) neans an acid selected from the group consisting of alanine(ala),
argi ni ne (wogé26Bspar agi ne (asn), aspartic acid (asp), PCYAISea/M832( cys) ,
glutam ne (gin), glutamc acid (glu), glycine (gly), WO 96/ 26196
PCT/ US96/ 01532 -65- - 54- :
hi stadine (his), isoleucine (ile), leucine (leu), lysine (lys), nethionine
(met), phenyl al ani ne (phe), proline (pro), serine (ser), threonine
(thr), trypt dipdeonventiphal mannert ORiefeed base formsinaybe meggneraded by treating

Ni t rogen protecting gr oup (Prot) means a group capable of protecting a
ni trogen on aheSaltwi |a/swtéaln dilyig agivpaes hase| splytion such asdilytecaqueousher eof )
fromreaction.  Preferred nitrogen protectin rqups are carbgbenzyl

(CBz) | i er PRI biToxde) phtasFn S, Atk s sAgiim Bleatbiatd. TH

oper abl e bl ' | Sual ; : a
vari abl e appg{;&&%@k&?ﬁgﬁﬁgﬁ@g\ {lg'%ﬁ? ﬁ%ﬂe?p?ﬁ%ﬁ?@'ﬂ'lsf%(}mn%\yga,t n cep 8'rn %ryaérr}r:p‘?#e
Rlerr] when rogertiéd, GocR aislsolubiility in ?élbﬁsbldéﬁlb,' bitt tAé safs Bre/ dtHerls® appearing
nor e t han once nay be independently selected fromthe definition for

t hat vari abl @quivalent to their respectiv€drgechasgsforhs fdri purposesnifithe inmeptioni st i n at

| east two stereo configurations based on the asymetric carbon to which
Rl is attached, provi de@mpoupdin acgasdancewith foraula 1 may bepradusadibyal .

(wnen t he. ¢ whreRgED e To Bis8 et 6 Tog aftes st oy e Tollohing rebtion

steps:
Process A (for compounds of formula | where R21 isHand X is O,
SO, or SO2)
3 7
R _; ,—-7“2
_ R _ LY, \Z—-nz ]
R-X L1 -+ RZB /\_/ I

wherein L1 is a leaving group and L2 is H or an alkali metal andV, Z,
R, R1, R2, R3, R4, R27 and R28 are as defined above for formula I, and X is O, SO
or SOa.

Process A is preferably carried out neat or in a solvent such as DMF,
DMSO, or acetonitrile, at temperatures ranging from 0°C to 110°C for a period of
about 1-24 hours. It is preferable that L1 be a chloride leaving group, but other
leaving groups such as bromide, or mesylate, will suffice. It is preferable that L2
be hydrogen.

Starting materials of formula 1l when X Is O, SO, or SO2 may be
formed by the following reaction sequence



-CRlerr]=C=CRjerr],. Also within fornula | there are numerous ot her
possibilities for stereoj somerism. All possihle stereoisoners of fornula

| are within the scope of t he inventi on. Compound of
formula I can exist in unsolvated as well as sol vated forms, including
hydrated forns. In general, the solvated fornms, with pharnaceutically
accept abl e sowoagks9such as water, ethanol and the |ike, arepcT/ussgnissal ent
to the unsolvated forns for purposes of this _|nvention. A
conpound of forrmula | may forn1pharnaceuticaﬁ5y acceptabl e salts W th
organi c and inorganic acids. Exanples of suitable acids for salt formation
are hydrochl oric, sulfuric, phosphoric, acetic, citric, malonic,
salicylic, malic, fumaric, u00|n|NaHascorb|c mal ei ¢, met hanesul fonic
and other mneral and car S}S Il known to those skilled in

the free b
ce a s_alt in

the art. The salts are pre ed DY contacti
sufficient anount of the deS| red acid to pro

96/ 26196 E §§86 1532
- 55- t he conventi onal J#a @) eg basg fpr s M her &ed
by treating the salt with a §U|tatNae)HJI|Iute aqueou

as. di | ut e aqueous sodi um hydr oxi de, potassi um carbonate, a

sodi um bi carbonate. The freepgfase forns differ fromtheir respective
salt fornms somewhat in certain | cal 1) Mg () es,, such as solubility
in polar solvents, but theRs¥X CHQ hepygeer, equiValent to their

respective free base forns for purposes of the % nventi on.

Co T rone ok oo s G e OB e o eGSR
in presence of zinc in solvent such as water, at 50-95°C for 1-3 hours.
Alternatively R-X-H is reacted with NaH in solvent such as THF or DMF at 0° to
room temperature for 1-3 hours. In step (b) the substituted benzaldehyde is
added to the reaction mixture from step (a) and the reaction carried out for 1-24
hours at 20-70°C. In step (c) X2 represents e.g. chloride or bromide. The reaction
with R1MgX2 is carried out in THF or diethyl ether solvent at 0°C -70°C for 1-24
hours. Reaction with SOCl2 is preferably done in excess thiony! chloride as
solvent at 25-70°C for 1-24 hours. Compounds of formula lil are readily available.
Some reaction schemes for making other compounds of formula Il are shown

below:

R-S0,Cl  _Zn_. R s0,Na




Process A (for compounds of fornmula | where R21 is Hand X is Q SO, or

SOerr]) [err] .. wherein Iferr] is a leaving
group and LTerr] is Hor an alkali netal and Y, Z R, Rerr], Rerr],
Rlerr], Rerr], Rerr] and Rlerr] are as defined above for fornula I, and X
is O SO or SCIerr]. Process A is preferably carried out
neat or i yent such as DWF, DMSO, or acetonitril epcTasos/ersper at ur es
rangi ng from err]Cto 110C for a period of about 1-24 hours. It is
preferable that L[err] be a chloride | eavi®g group, but other | eavi ng
groups such as brom de, or nesylate, will suffice. It is preferable that

Ll err] be hydrogen. Starting materials of fornmula Il when

Xis O SO or SJerr] may bi forned by the follow ng reaction seqguence
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In step (a) the chloride conmpound is reacted with sodi um hydroxi de I n
presence of zinc in solvent such as water, at 50-95[err]C for 1-3 hours.
Alternatively RX-H is reacted with NaH i n sol vent such as THF or DWMF at
Oferr] to roomtenperature for 1-3 hours. In step (b) the substituted
benzal dehyde wwpesned@dded to the reaction nmixture from step (reTASsO152
reaction carried out for 1-24 hours at 20-70C. In step (c) X err]
represents e.g. chloride or broni de. 758 reaction with Rlerr] MyX[err]
is carried out in THF or diethyl ether solvent at O[err]C -70[err]C for
1-24 hours. Reaction with SOCl[err] is preferably done in excess thionyl
chl oride as sol vent at 25-70[err]C for 1-24 hours. Conpounds of formula

1l are readily avail all e. Some reaction schenes forruwﬂng ot her
conmpounds of fornul re shown el ow. ©
S d) S N 1O

+ HO N
"\l/N DMF N\<0 <:> ;(0
cl | A

{1) NBBHz
(2) SOCI, EO\N ,
N D fcu-l3
IWF
Process B
RS
LY
L"’X—/ ) )"‘ 27
\=/ ety R-L4
) v .
\ R2

wherein L4 is a leaving group and L2 is H or alkali metal and X, Y, Z, .
R, R1, R2, R3, R4, R21, R27 and R28 are as defined above for formula I.
Process B is preferably carried out in solvent such as DMF at about
- 25 to 120°C for about 1-24 hours. ltis preferred that L2 be Na or hydrogen and

that L4 be a chioride leaving group.
Compounds of formula IV may be produced by the following reaction

scheme:

Ra

R4
Ho—@)—(o Bromomethyl benzene, DMF, NaH
RIA

(d)




[err] WD 96/ 26196

PCT/ US96/ 01532 -57- Lerr] o)
96/ 26196 PCT/ US96/ 01532
WO 96/26196 PCT/US96/01532
-59-
R3
A &R‘ (@) 1"014 or Tl(t-OPr)4
O RiA X" 2
! R
uN
(f) NaCNBH3

R3
R4 R1A
A\ Pd(OH)2 (on carbon)/H,
SAn N = i
R27_ 1__“28
S
N,
{&}){

o

N o2
.l g
IV(A) KN\)

In the above reactions scheme R1A is preferably in accordance with the definition

of R7 for formula I.

Step (d) may be perfomed in acetone or DMF solvent at 20-100°C, for 1-24 hours
under basic conditions, e.g. with K2COs.
Step (e) may be performed neat or in methylene chloride, at 20-70°C, for 1-24
hours. |

Step (f) may be performed in ethanol or methanol at 25-70°C for 1-
24 hours. '

Process C (for compounds of formula | where R21 is H)



- 58- [err] wherein L[err] is a
| eaving group and L[err] is Hor alkali netal_and X..Y Z R Rerr],
Rlerr], Rerr], Rerr], Rerr], Rerr] and Rerr] are as defined above for
formula I. Process B is preferably carried out in solvent such
as DWVF at about

WO 96/26196 ' PCT/US96/01532

Rak/i + L5-R2 .

L2 Vi

wherein LS is a leaving group and L2 is H or alkali metal and X, Y, Z,
R, R1, R2, R3, R4, R27 and R28 are as defined above for formula I.

Process C is preferably carried out in solvent such as DMF, DMSO
or acetonitrile at about 0 to 110°C for 1-24 hours. It is preferable that L2 be

hydrogen and that LS be a chloride leaving group.

Compounds of formula VI may be produced by the following reaction

1) NaBH4
X 2) SOCl,
R27

OO #—
© @—<

R23

scheme:

‘Other compounds of formula VI may be produced by similar

reactions.



25 to 120[err]C for about 1-24 hours. It is preferred that L2 be Na or
hydrogen and that l[err] be a chloride leaving group.

Compounds of fornula IV may be produced by the follow ng reacti on schene:
[err] WD 96/ 26196
PCT/ US96/ 01532 - 59-

WO 96/26196 PCT/US96/01532

-61-

Process D (for compounds of formula | where R21 is H)
3
R R‘ R28

R-X— <_ /_<Y‘ + H';;’Yy -,
Vil - IX

werein Y1 is H or alkyl, and compound X is (alkyl)2AICN or a Grignard reagent.

Process D is preferably carried out by first treating a compound of
formula VI, titanium tetrachloride (TiCl4) or titanium tetra isopropoxide, and a
compound of formula IX neat or in solvent such as methylene chloride for about 1-
24 hours at 20 to 70°C. Fiﬁally a compound of formula X is added and the mixture
is stirred for 1-24 hours at 20-70°C. Compounds of formula ViIl may be produced
by steps (a) and (b) of process A.

Process E (for compounds wherein R21 is not H)

o)
w

In the above reaction L is a leaving group. the reaction is performed

insolvent, e.g. THF, at -70 C to room temperature for 1/2 to 12 hours.



[err] In the above reactions schenme R err] is preferably in
accordance with the definition of R7 for farmula L— Step (d) may be

perfoned in acetone or DMF solvent at 20-100[err]C, for 1-24 hours under
basic conditions, e.g. with Klerr]CJerr]. Step (e) nmay be perforned
neat or in nethylene chloride, at 20-70[err]C, for 1-24 hour s.

Step (f) may wegpestbor ned i n et hanol or net hanol at 25-70[ err(TAIO601532

24 hours. Process C (for conpowds of formula | where Rlerr]
is H WD 96/ 26196 Twer

PCT/ US96/ 01532 - 60-

Process F (for compounds of structure XI or Xl when Y and Z are
both N, especially for non-racemic compounds where R and R27 are both CHz)

R
Ry B Rer A, 4 11
: R )1 Y/Inz',
Y
H
Ry H K/ Rvg k’ R,
S Ra o
O, 2
Xl Xl
Ry T4 Ra fe B R R4R1
NHy =t NHCOCFs _D HCOCF;
B
1 2 3 ¢

R %k
Rs J4 Rz R
,wm e
RO,S
RO.S ROgS 02 .
ﬁ‘“ o
ROS Ncom _ ROS o

Alternative to steps (f) and (g): « P ic
6 —> l 8
ROzS COMe

Reagents: a: (CF3CO)20; b: dibromodimethylthydantoin, CHaSOsH; ¢: Meli,
then n-BulL.i, then RSO.F; d: NaOH; e: RzCH(OSO2CF3)COzEt, KoCOs3; f:
ICH2CO2Et, NagCOg3; g: LiAlH4; h: AcOCH2COCI; i: BH3.Me2S.



[err] wherein L[err] is a leaving group and L[err] is H or
alkali nmetal and_X_Y. Z R Rerr]l, Rerr]l, Rerr], Rerr]l Rerr] and

Rlerr] are as defined above for formula I. Process Cis
preferably carried out in solvent such as DM, DMSO or acetonitrile at
about O to 110[err]C for 1-24 hours. It is preferable that L[err] be
hydrogen 3pgoddksds LLerr] be a chloride | eaving group. PCT/US96/01532
Compounds of fornula VI may be produced bé/ the foll ow ng reaction schene:
1) NaBH4 [err] . ~0o- .

Reaction of diol (8) with thionyl chloride gives a mixture of chloric?es
(10), which are in equilibrium with each other. This mixture is reacted with
primary amines to afford compounds of the invention (11) and (12).

)\,OH 4 R1
’é/\« __soc, Q’i‘c @A 'Eg"

10
RZNHQ/
Ry 4 R15 iy ! Rz
ﬁﬁ’ SN + q
ROS" “R, RG,S K’ “Ra

11 12
When the starting material 1 and reagent R;;CH(OSO2CF3)CO.Et are
optically pure or enriched, the products 11 and 12 are non-racemic.

Process G

For compounds of formula | where R1 is alkyl, R21 is H,and Y is N,
especially compounds of this type when X is SOz and the carbon to which R! and
R21 are attached is not racemic.



O her conpounds of formula VI may be produced by simlar reactions.

WD 96/ 26196 . _ - PCT/ US96/ 01532
-61- Process D (for conpounds of fornmula | where Rlerr] is
H) [err] werein y[err] is Hor alkyl, and conpound X is

(al kyl')[err] Avdogmsiss & i gnard reagent. Pr oc e PETDS9601532

preferably carried out by first treatingﬁa conpound of formula VIII,

titaniumtetrachloride (TiC[err]) or t
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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
phamaceutically acceptable salt, ester and/or solvate; (c) converting a compound
in accordance with formula | so produoed to anothar compound in accordance
with formula I, and {d) isolating a compound of formula I, including separating
sterecisomers of formula I.

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

In the above processas it is sometimes desirable and/or necessary
to protact certain groups during the reactions. Conventional protecting groups,
familiar to those skilled in the art, are operable. After the reaction or reactions, the

protecting groups may be removed by standard procedures.



R3 R3 [err]
In_the above reaction L is a leaving group. _the reaction is perforned

insolvent, e.g. THF, at -70 Cto roomtenperature for 1/2 to 12 hours.
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The compounds of formula | exhibit selective m2 and/or m4
muscarinic antagonizing activity, which has been correlated with pharmaceutical
activity for treating cognitive disorders such as Alzheimers disease and senile
dementia.

The compounds of formula | display pharmacological activity in test
procedures designated to indicate m1 and m2 muscarinic antagonist activity. The
compounds are non-toxic at pharmaceutically therapeutic doses. Following are

descriptions of the test procedures.

MUSCARINIC BINDING ACTIVITY

The compound of interest is tested for its ability to inhibit binding to
the cloned human m1, m2, m3, and m4 muscarinic receptor subtypes. The
sources of receptors in these studies were membranes from stably transfected
CHO cell lines which were expressing each of the receptor subtypes. Following
growth, the cells were pelleted and subsequently homogenized using a Polytron
in 50 volumes cold 10 mM Na/K phosphate buffer, pH 7.4 (Buffer B). The
homgenates were centrifuged at 40,000 x g for 20 minutes at 4°C. The resulting
supernatants were discarded and the pellets were resuspended in Buffer B at a
final concentration of 20 mg wet tissue/ml. These membranes were stored at
-80°C until utilized in the binding assays described below.

Binding to the cloned human muscarinic receptors was performed
using 3H-quinuclidinyl benzilate (QNB) (Watson et al., 1986). Briefly, membranes
(approximately 8, 20, and 14 ug of protein assay for the m1, m2, and m4
containing membranes, respectively) were incubated with 3H-QNB (final
concentration of 100-200 pM) and increasing concentrations of unlabeled drug in
a final volume of 2 m! 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 and the
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filters were washed with cold 10mM Na/K phosphate butter, pH 7.4. Scintillation
cocktail was added to the filters and the vials were incubated overnight. The
bound radioligand was gquantified in a quuid scintiliation counter (50% efficiency).
The resulting data were analyzed for ICso values (i.e. the concentration of
compound required to inhibit binding by 50%) using the EBDA computer program
(McPherson, 1985). Affinity values {K;) were then determined using the following
formula (Cheng and Prusoff, 1973);

ICso

1+ . . 10
| affinity (Kp) of radioligand]

Hence a lower value of Kj indicates greater binding affinity.

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

Cheng, Y.-C. and Prusoff, W.H., Relationship betwsen the inhibitory
constant {(Kj) and the concentration of inhibitor which causes 50 per cent inhibition
(ICs0) of an enzymatic reaction. Biochem. Pharmacol. 22: 3099-3108, 1973.

McPherson, G.A. Kinetic, EBDA, Ligand, Lowry: A Collection of
Radioligand Binding Analysis Programs. Elsevier Science Publishers BV,
Amsterdam, 1985.

Watson, M.J, Roeske, W.R. and Yamamura, H.l. [3H] Pirenzepine and
(-)[3H)quinuclidiny! benzilate binding to rat cerebral cortical and cardiac
muscarinic cholinergic sites. Characterization and regulation of antagonist
binding to putative muscarinic subtypes. J. Pharmacol. Exp. Ther. 237: 411-418,
1986.

To determine the degree of selectivity of a compound for binding the
m2 receptor, the Kj value for m1 receptors was divided by the Kj value for m2
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This mxture is reacted with primary aff-nes to afford compounds of the
i nvention (11) and (12). [err]

receptors. A higher ratio indicates a greater selectivity for binding the m2

muscarinic receptor.

MICRODIALY SIS 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
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 outer edge of the dura through the drilled
opening, lowered perpendicularly to a depth of 2.5 mm, and permanently secured
with dental cement to bone screws. Following the surgery, rats were given
ampicillin (40 mg/kg, ip) and individually housed in modified cages. A recovery
period of approximately 3 to 7 days was allowed before the 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, needle-like perfuséble probe {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 with litter material and access to food and water. The probe was perfused at
2 ul/min with Ringer's buffer (NaCl 147 mM; KCl 3.0 mM; CaClz 1.2 mM; MgClz

1.0 mM) containing 5.5 mM glucose, 0.2 mM L-ascorbate, and 1 uM neostigmine
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bromide at pH 7.4). To achieve stable baseline readings, microdialysis was
allowed to proceed for 90 minutes prior to the collection of fractions. Fractions (20
) were obtained at 10 minute intervals over a 3 hour period using a refrigerated
collector (CMA/170 or 200). Four to five baseline fractions were collected,
following which the drug or combination of drugs to be tested was administered to
the animal. Upon completion of the collection, each rat was autopsied to

detarmine accuracy of probe placement.

Acetylcholine (ACh) analysis: The concentration of ACh in
collected samples of microdialysate was determined using HPLC/electrochemical
detection. Samples weare auto-injected (Waters 712 Refrigerated Sample
Processor) onto a polymeric analytical HPLC column (BAS, MF-6150) and eluted
with 50 mM NazHPO4, pH 8.5. To prevent bacterial growth, Kathon CG reagent
(0.005%) (BAS) was included in the mobile phase. Eiuent 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 acetyicholinesterase and choline
oxidase covalently bound to a polymeric backbone. The action of these enzymes
on ACh and choline resulted in stoichiometric yields of hydrogen peroxide, which
was electrochemically detected using a Waters 460 detector equipped with a
platinum electrode at a working potential of 500 mvolts. Data acquisition was
carried out using an IBM Model 70 computer equipped with a microchannel! IEEE
board. Integration and quantification of peaks were accomplished using "Maxima"
chromatography software (Waters Corporation). Total run time per sample was 11
minutes at a flow rate of 1 mUmin. Retention times for acetylicholine and choline
were 6.5 and 7.8 minutes, respactively. To monitor and correct for possib)e
changes in detector sensitivity during chromatography, ACh standards were

included at the beginning, middie and end of each sample queue.



[err] The above reactions may be followed if necessary or
desired by one or nore of the foll ow ng stens. (3a) renoving any _protective
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For compoud numbers 169, 227(-), 289, 269, 214, 232, 123, 236,
296, 300, 301, 302, 304, and 305:
Ki, nM, m1: 2.1 to 224
Ki, nM, m2: 0.05to 16.6
m2 selectivity ration (Ki, m1/Ki, m2) = 9.3 to 42
Ki, nM, m4: 0.33 to 36
m4 selectivity ration (Ki, m1/Ki, m4): 3to 12

Numerous other compounds in accordance with formula | were

tested with the following range of results:-
K;j binding to m1 receptor, nM: 0.01 to 4770 with undetermined

values up to > 4200. An undetermined value occurred when a Kj was not

completaly determined, but was found to be above some value of up to 4200 nM.

Kj binding to m2 receptor, nM: 0.01 to 1525 with undetermined
values up to > 4600. An undetermined value occurred when a K; was not

completely determined, but was found to be above some vaiue of up to 4600 nM.

0.3 to 41.5 without regard to any undetermined K;j values.
When compound No. 169 from the table of compounds was
administered the following increases in ACh release above baseline levels were

measured.



The conpounds of forrmula | exhibit selective n2 and/or mi muscari ni c
antagoni zing activity, which has been correlated with pharnaceuti cal
activity for treating cognitive disorders such as Al zhei ners di sease and

senile denenti a. The conpounds of forrula I display

phar macol ogi cal activity in test procedures designated to indicate m
and nR2 nuscar woesesagoni st activity. The conpounds ar epODUS%6MI83e at
pharmaceutically therapeutic doses. Follow ng are descriptions of the
test procedures. MJUSCARI NI C BI NDI NG ACTI0vI TY The

conpound of interest is tested for its ability to inhibit binding to t he
cloned human m, n2, nB, and m4 muscarinic receptor subtypes The
sour ces of receptors in t e n 2

transfected CHO cell Ilines vvhr ch wer e expressi ng each of the receptor
subt ypes. Fol | owi ng gr owt h, the cells were pelleted and subsequently
honogeni zed usi ng a Pol yt ﬁa E.'ﬂ ao vol unes 0 Na/ K phosphat e
buffer, pH 7.4 (Buffer ngenat es ed at 40,000 x ¢
'? 2 - arded and

for 20 m nutes at 4[err] ting

the pellets were resuspe @c?e(ﬁ&n Buffer B at Fatl on of 20
ng wet tissue/m . These nenbranes were stored at (Flgufgeferr]c unti |
utilized in the binding assays descri bed bel ow. Binding to
the cl oned human nuscari ni@® receptors was perfornmd®00 using

3H qui nucl i di nyl benzil ate (ONB) (Watson et al., 1986). Briefly, nenbranes
(approxi mately 8,20, and 19 [err]g of protein assa)ﬂof’or the mM, n2, and m
cont ai ni ng menbr anes, resqectl vely) were incubat ed th 3H Q\IB (fi nal
concentration of 100-200 pM and i ncreasing concentrétr ons of unl abel ed
drug in a final volune of 2 m at 25[err]C for 90 m nutes. Non-specific
bi ndi ng was assayed in the presence of 1 [err] M atropl ne. The

i ncubations were term nat ¢ gl ass fi ber
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filters using a Skatron f||trat|on apparatusand the

Dosage mg/kg Peak ACh release
(Compound 169) as % increase over Baseline
(Figure 2)
30 270
10 150
3 125
1 : 30
0.1 10

Oral administration of compound. 169 also caused a significant
increase in ACh release.

We have made the surprising discovery that compounds of formula |
in combination with an acetylcholinesterase (ACh' ase) inhibitor have a

synergistic effect on ACh release, as shown below. Here Tacrine was used as the
ACh'ase inhibitor.
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were washed with cold 10nmM Na/ K phosphate butter, pH 7.4. Scintillation
cocktail was added to the filters and the vials were incubated overnight.
The bound radioligand was quantified in a liquid scintillation counter
(50% ef fi qy@o¢%l96 The resulting data were anal yzed f orrcr@iseeneids2val ues
(i.e. the concentration of conpound required to inhibit binding by 50%
usi ng the EBDA conputer program (McPhefkon, 1985). Affinity val ues
(K[err]) were then determ ned using the follow ng formul a (Cheng and
Prusoff, 1973); [err]

Hence a | ower val ue ofDg¢@err] indi cates great ePebk@ihrelessbi nity.

The follow ng publications, the entire contents of which are
i ncorporated herein by reference, explain thelpunBERREQ OVEl AR
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Wat son, M J, Roeske, \Wderiner8imgiqpand a, H.|-.[136 (iguem5kpi ne and _
(-)[[err]Hquinuclidi ngdmpeound 1884 mgkdi(hp)to rat cerebral cortical and
cardi ac

As shown immediately above, when administered in combination,
compound 169 and tacrine produce a synergistic increase in ACh release.

The present invention also relates to achieving similar synergistic
results by administering a compound of formula | in combination with any other
ACHh' ase inhibitor including, but not limited to, E-2020 (available from Eisai
Pharmaceutical)} and heptylphysostigmine.

The present invention also relates to achieving similar synergistic
results by administering any compound capable of enhancing ACh release, such
as scopolamine or QNB in combination with an ACh'ase inhibitor. Preferably the
ACh release enhancing compound is an m2 selective muscarinic antagonist, i.e.
one having a (Ki for m1/Kj for m2) ratio greater than 1 or an m4 selective
muscarinic antagonist (Ki for m1/Ki for m4 greater than 1). The m2 or m4 selective
muscarinic antagonists for practicing this aspect of the invention include without
limitation 3-a-chloroimperialine, AF-DX 116, AF-DX 384, BIBN 99 (these three
compounds being available from Boehringer-Ingleheim), tripitrémine. and
himbacine.

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

compounds. The pharmacsutically acceptable carriers may be either solid or



muscarini c cholinergic sites. Characterization and regul ati on of antagoni st

binding to putative nuscari.nic subtypes. J. Pharmacol. Exp. Ther. 237:

411- 418, 1986. . To determine the degree of selectivity
of a conmpound for binding the n2 receptor, the Kl err] value for m
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receptors. A higher ratio indicates a greater selectivity for binding the
1% muscarini c receptor. M CRODI ALY&-S METHODOLOGY :
The follow ng procedure is used to show that a conpound functions as an
nR2 ant agoni st. Surgery: For these studies, nale
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be an encapsulating material.

Liquid form preparations inciude 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 to be
converted, shortly before use, to liquid form preparations for either oral or
-parentertal administration. Such liquid fqrms 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. _

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

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



wi th dental cenent to bone screws. Followi ng the surgery, rats were given

anmpicillin (40 no/kg,_ip) and individually housed in nodified cages. A
recovery period of approximately 3 to 7 days was all owed before the

m crodi al ysi s procedur e-was undert aken. M crodi al ysi s:
Al'l of the equipnment and instrunentation used to conduct in vivo

m cr odi al wyb9e/¥6186 Obt ai ned from Bi oanal yti cal Systens, | nRCI/USIIOISBAS). The
m crodi al ysis procedure involved the insertion through the guide

cannula of a thin, needle-like perfusabl e'7[§robe (CWA/ 12,3 mmx 0.5 mm) to a
depth of 3 mMmmIn striatum beyond the end of the guide. The probe was
connect ed bef orehand with tubing to a m croinjection pu (CVA-/100).

Rat s were colthapetency of the abtivecidgradiant and|the intendgd treatment.c %\i&)\f\f?u'der e
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accuracy of phapeeRdiA86dRAH administered in portions throughout the day or by means
providing continuous delivery.

When a compound of formula | or a compound capable of enhancing
ACh release is used in combination with an acetylcholinesterase inhibitor to treat
cognitive disorders thase two active components may be co-administered
simultaneously or sequentially, or a single pharmaceutical composition
comprising a compound of formula | or a compound capable of enhancing ACh
release and an acetylcholinasterase inhibitor in a pharmaceutically acceptable
carrier can be administered. The components of the combination can be
administered individually or together in any conventional oral or parenteral
dosage form such as capsule, tablet, powder, cachet, suspension, solution,
suppository, nasal sbray. etc. The dosage of the acetylcholinesterase inhibitor
may range from 0.001 to 100 mg/kg body weight.

The invention disclosed herein is exemplified by the following
preparation and examples which should not be construed to limit the scope of the
disclosure; Alternative mechanistic pathways aﬁd analogous structures may be
apparent to those skilled in the art.

PBEPARATIONS
Preparation 1



Acetyl chaline (ACh) analysis: The concentration of ACh in col l ected
sanples of mcrodialysate was determned using HPLC el ectrochem cal
detection. Sanples were auto-injected (Waters 712 Refrigerated Sanple
Processor) onto a polyneric anal ytical HPLC colum (BAS, M--6150) and

el ut ed with 50 MM Na[errJHPO err], pH 8.5. To prevent bacterial growh,
Kat hon CG r eagpkneios (0. 005% (BAS) was included in the nobipcryseeerss2

El uent fromthe anal yti cal colum, contai ning separated ACh and chol i ne,
was then i medi ately passed through an i midbilized enzyme reactor
cartridge (BAS, M--6151) coupled to the colum outlet. The reactor
cont ai ned both acetyl cholinesterase and choline oxi dase coval ently bound
to a polyneric backbone. The action of ~tkese g nmes on ACh and choline

resulted in stoichionetri 8-dS0] @--' per oxi de, which was
el ectrochem cal |y det ect ed g a"Wang 460 get ector equipped with a
pl-ati num el ectrode at a wo Ng potential of g 0 nvolts. Data acquisition

was carried out using an | BM Model 70 conputer equipped with a

m crochannel | EEE board. Integr atll'on and guantification of peaks were
acconpl i shed using "Maxi ma" chromat ography software (Waters
Corporation). Total run tinme per sanple was 11 mnutes at aflowrate of
1 mM/mn. Retentif tlrresfor ace hol® ne and Ch0|l vver ..m

m nutes, respect %
detector sensitivity dur| ng chr omat ogr a ACh stand wer e |ncI

at the beginning, fiddle and end of each sanpl e queue. WO 96/26196
PCT/ US96/ 01532 - 89-

Increases in ACh | evels are consi stent with presyn opt| c nR2 receptor

ant agoni sm 21.4g (130 mmol) of 1 and 15.0g (108.6 mmol) of 2 were placed in a

round bottom flask. DMSO (100 ml) was added and the mixture was warmed to
130°C where it was stirred fof 70 hours. The reaction was cooled and poured into
400g of ice and stirred thoroughly. The mixture was filtlered and a white
precipitate was collected which was washed with water. The solid was

racrystallized from ethanol.

Do), 2 (s (DL
CH; ~ MeOH 2 CH,
3 4

Compound 3 (13.72g, 52.7 mmol) was dissolved in methanol (100
ml) and cooled to 0°C where NaBH4 (1.2g, 31.6 mmol) was added in small
portions. The mixture was stirred for one half hour, then warmed to refiux, stirred
for 4 hours, and cooled to room temperature. The solvent was removed on a
rotary evaporator. The residue was dissolved in ethyl acetate (400 ml) and
washed with water and brine, dried over NasS0O4 and then filtered. The solvent

was removed with a rotary evaporator.



RESULTS OF THE TESTS For conmpoud nunbers 169, 227(-), 289,

269, 214, 232, 123, 236 296, 30Q. 301 2302, 304, and 305 _

Ki, nM m: 2.1 to 224 Ki, nM n2: 0.05 to 16.6

n2 selectivity ration (Ki, n_1/'Ki, n) = 9.3 to 42 Ki, nM

md: 0. 33 t owlD6/26196 ' md selectivity ration (Ki, pottsese1ssd): 3 to
12 Numer ous ot her conpounds in accordance with formula I
wer e tested with the followi ng rdfige of results:

Klerr] binding to nml receptor, nM 0.01 to 4770 with undeterm ned
values up to > 4200. An undeterm' ned val ue occurred when a Kl err] was not

corrpl et el term ned ut found to be .-- s some Val-se, Of g to 4200
., @ g 1525 wi th
undeterm aI p tH’ 4600 An unte m ne va occOgHed when a

Klerr] was not corrpl etely det er mi ned, but was found to be abovE sone
val ue of up to 4600 nM n2 Selectivity Ratio [K[err]
for- ml/Klerr] for &2] 0.3 to 41.5 vil'thout regard to any
undeterm ned K[ err] val ues. When conpound No. 169 fromthe
tabl e of conpounds was adm' ni stered the foI | owi ng increases in ACh

rel ease above baseline | evels ed.
A CHoCla (120 ml) solution of4 (149. 53 mmol) was cooled to 0°C

and SOCIz (7.8 ml, 107 mmol), in 20 ml CH2Clz was added over a 30 minute
period. The mixture was warmed to room temperature and stirred overnight. The
volatiles were removed on a rotary evaporator and the residue dissolved in 500
mi ethyl acetate. The organic solution was washed with water, saturated with
NaHCOs3, and brine. The mixture was dried over Na2S0;, filtered and the solvent

was removed on a rotary evaporator.
Preparation 2
N l
(oo,
N CHa
8
(o0 X
o e Ho—@—-lk DMF <::>_
N + CHg Hs
5

Compound 6 (25g, 180 mmol) was dissolved in 80 ml DMF and
cooled to 0°C. Sodium hydride- (7.2g 60% dispersion in mineral oif) was added
under nitrogen. Stirring was continued for 20 minutes then the reaction mixture
was warmed to room temperature when compound 5 (20g, 180 mmol), dissolved
in 40 ml DMF, was added with syringe. ‘The solution was heated to 100°C and
stirred for 3 hours, then cooled to room temperature. DMF was removed with a
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-70- _From:Cortex of Conscious Rat (i.p. admi nistration).
Dosage m kg Peak ACh rel ease ( Conpound 169)
as % increase over Baseline
(Figure 1) 30 1500
10 WO 96126196 400 ' 1 PCT/US96/01532
75 From Striatum of Conscious Rat (i.p. Admnistration)
Dosage ng/ kg Peak ACh rel ease ~76- ( Conpound 169)
as % increase over Baseline
(Figure 2) 30 270
10 rotary evaporator, tham250 ml water was added and the pH adjusted with NaOH
125 1 30 . 0.1
10 to 12 Jhesplitionwasextrcted with et agetets) died pver hiag§O4 and
significant l0CI i rel . ve made the
surprising di sc&'@%’ﬁﬁﬁ‘aﬁQ%%m&sg@?émg\’%wghF rotary ﬁ"%ﬁ?ﬁ’gﬁﬁat ion with an
acetyl cholinesterase (ACh' ase) inhibitor have a synergistic effect on
ACh rel ease, as shown bel ow. Here Tacrine was used as the ACh' ase
i nhi bitor. : N\r_ .
< ° _®\(°“3 e ("/N
- EIOH CHs
(o} .
7 8

Compound 7 (22g, 100 mmol) was dissolved in 450 ml EtOH, and
cooled to 0°C. NaBHjy (1.9g, 51 mmol) was added in portions. The mixture was
warmed to room temperature and stirred overnight. Water (300 ml) was added
and then removed on a rotary evaporator. Ethyl acetate was added to the residue
which was then washed with water. The organic layer was dried over Na2SQO4,

filtered, and removed with a rotary evaporator.
H N |
Nj—o SOCl; (o >—o—<E>_.<c
0 ——————
CHa CH2Cl2 N ' CH3

9

Compound 8 (22g, 100 mmol) was dissolved in 400 ml CH2Clo and
cooled to 0°C. SOCI2 (9 ml, 120 mmol) was dissolved in CHzCl2 (50 mi) and
added to compound 8 with a dropping funnel, under nitrogen. After addition was
complete, the mixture was stirred at 0°C for 1/2 an hour, then at room temperature
for 2 hours. The solution was decanted into an Erlenmeyer flask to remove the
precipitate. 10% NaHCO3 was added until the pH of the aqueous layer was 8.
The layers were separated and the CH2Cl; layer was dried with MgSO4. The
layer was then filtered and the solvent was removed on a rotary evaporator.



From Stri atum of Consci ous Rat WO 96/ 26196

PCT/ US96/ 01532 _ -71-

Peak ACh rel ease as %

i ncrease over Baseline

(Figures 3 to 5) Tacrine 3 ng/kg (i.p.) 30 (figure 3)
Compound &8Seeheidd! K9 (i.p.) 40 (figure 4) PCT/USS@M532ne 3

ng/ kg and 130 (figure 5) Conmpound 169 1 ng/kg (i.p.)
As shown inmedi ately above, when admi ni st&ed in conbi nati on, conmpound

169 and tacrine produce a synergistic increase in ACh rel ease.
The present invention also relates to achieving simlar synergistic
resul ts by agyepreation 8ng a conpound of fornmula | in conbination with any
ot her ACh'y@se inhibitor including, but not limted to, E-2020
(avail able from Phar maceutical ) and heptyl physosti gm ne.

ST

The present inve p relates to achieving simlar synergistic
results by admn any conpound capabl e of enhancing ACh rel ease,

such as scopol am nel or Q\NB i n conbi nati on with an ACh' ase i nhibitor.
Preferably the [’:;‘
1\
SOV OAEINOS
- CH3
10 O 11 :
12 °

Compound 10 (54g, 400 mmol) was dissolved in 500 mi DMF and
cooled to 0°C. NaOCH3 (20.5g) was added in portions with stirring. The ice bath
was removed and compound 11 (68.49. 400 mmol) was added with stirring. The
mixture stirred at room temperature for 3 hours, then at 80°C for 1 hour, and
cooled to room temperature. The DMF solution was concentrated to 200 mi, then
400 ml water and 300 ml ethyl acetate was added with stirring by a mechanical
stirrer. The pH was made basic with NaOH, and the organic layer was separated,
and dried over MgSQ4. The solution was filttered and the solvent was then

removed by a rotary evaporator.



ACh rel ease enhanci ng conpound is an n2 sel ective nuscarinic antagoni st,
I.e. one having a (K[err] for nil/Klerr] for n?) ratio greater than 1 or
an nd sel ective muscari ni ¢ antagoni st (Ki for ml/Ki for mad greater than
1). The n2 or mt selective muscari ni ¢ antagoni sts for practicing this
aspect of the invention include w thout limtation

3-[err]-chl oppiggRels 2l i ne, AF-DX 116, AF-DX 384, BIBN 99 (treHussmNIss2
conpounds bei ng aval |l abl e from Boehringer-1ngleheim, tripitramne, and

hi nbaci ne. For preparing phaf8maceutical conpositions from
t he conpounds of formula I, conpounds capabl e of enhanci ng ACh rel ease,
and ACh' ase inhibitors, pharmaceutically acceptable, inert carriers are
adm xed with the active conpounds. The pharmaceutically acceptable
carriers may be either solid or V\q 96/ 26196

PCT/ US96/ 01532 - 7 J liquid
Solid form prepa S'g nclude powders, b i bl e ,
capsul es, cachet wu supRy ories. A so |d arrler can be one o+ NpsQHg
substances whi ch al so § AS ﬂgl ut ént s;Nf1 avori ng agents, | zers,
l-.ubricants, suspending agents, pFHters or tAabl et—d'l-sm'rtegratl ng ageggs; it
may al so be an encapsulatlng mat eri al . Liquid
preparations include sol ypi ons, °suspensi o] d enul sions. As gn exanpl e
may be nentioned water or water-propyl ene g¥ycol sol utions for
parenteral injection. Al's 8‘ i ncl uded are sol ¥4 form
preparations which are intended to be r:fverted shortly befor , to

liquid form preparations for either oral or

Compound 12 (33.4g, 147 mmol) was dissolved in 1L CHzCla.
Compound 13 (25g, 148 mmol) and triethylamine (21 mi) were added next. To
this solution was added TiCl4 (75 ml of a 1M CHClz solution). Stirring was
continued at room temperature overnight (18h). The reaction was quenched with
a solution of NaCNBHg3 (27g, 440 mmol, in 150 ml MeOH). After stirring for 2-3
hours, water was added and the pH adjusted to 13 with NaOH. The orgénic layer
was separated and dried over MgSOg, followed filtration and removal of the
solvent. The residue was dissolved in ethyl acetate and extracted with 3N HCI.
The layers were separated and the aqueous layer was basified with NaOH (pH =
13). CHoClp was used to extract'the aqueous layer. The CH2Clz layer was then
dried over MgSOQy, filtered and evaporated to give compound 14.

HO,
(o]
@\ H3

\

14

/
O




parentertal adm nistration. Such liquid fornms include sol utions,

suspensi ons and emil si ons. These particul-ar—solid form preparations are
nost conveniently provided in unit dose formand as such are used to
provide a single |liquid dosage unit. The invention al so
contenplates alternative delivery systens i ncl udi ng, but not necessarily
limted twoospemwéder mral delivery. The transdermal CoOnpUBUSIsOIRI2 can t ake
the formof creans, |otions and/or enul sions and can be included in a
transdernmal patch of the matrix or reservb®r type as are conventional “in
the art for this purpose. . Preferably, the pharnaceuti cal
preparation is in unit dosage form In such form the preparation is
subdi vided into unit déthasok{@00ank)was adueddpcoatpound HUATgi 45 awmol), t he

active conponents. The unit dosage formcan be a packaglgd Eprepar ation,
the package &llowsdhye5aiRstOE)2/Cq Eha Mixture was placespa @ Rar shakerder 110 8

P e obou SRR LR RS BR] S e i Guop Sy e e
appropri ate EtQHLW?fFerﬁéveiﬂyrﬁH rdsitfusPwhe ditsBRed ¥ ethyl 8¢étate and washed in
active compound 1Tn a unit 5 X ge

The quantity "0 _ ose preparation nmay D “varied
\% ng/ ;g tlgg NaOH.1 TRE pHPofthE atRiedds Riyd WastiRert Adjusiatito @ ltiven therdqueduson and
PCT/ US96/ 015%#yer was extracted with CHaClo, dried with NagSO4, then evapdated to praduse
potency of the active jingredient and the intended treatnment. This uld

g
correspond t §ompaynd IV ﬂ%w%@m@wmmdtfrmcmtwmncww -di vi ded
over

Preparation 4
(Process C)

[0 0
H.CO
HaCO—O—SH \ F -®_<H 3 < } S < > fH
Vil

4.3 g (1 equivalent) of 60% sodium hydride dispersion in mineral oil
was weighed into a flame-dried 250 ml flask under nitrogen. The minerél oil was
removed by washing with hexane, and 100 mi of dry N,N-dimethylformamide was
added by syringe. The suspension was cooled in an ice water bath while 15g (1
equiv.) of 4-methoxythiophenol was added in portions. The mixture was stirred for
1 hour at room temperature after addition was complete, and 14.6g (12.6 mL, 1.1
equiv.) of 4-fluorobenzaldehyde was added in one portion. The mixture was
stirred for 3 days at room temperature, then péured slowly into 600 mL of ice water
with vigorous stirring. The yellow solid was separated by filtration, then triturated
twice with 150 mL portions of hexane by vigorous stirring. The product obtained is

a light yeliow powder, 23 g (88% yield), sufficiently pure for further reaction.

Preparation $



1 to 3 admnistrations per day. The conposition may, if desired, also

contai n other t herapeutic agents. — The dosages may be
vari ed depending on the requirenment of the patient, the severity of the
condition being treating and the particul ar conpound bei ng enpl oyed.

Det erm nati on of the proper -dosage for a particular situation is W t hin
the skill ofwioyaeeén the nedical art. For conveni ence, thepCTUSHS0L5A2 |y
dosage may be divided and adm nistered in portions throughout the day
or by neans provi di ng conti nuous deliver§0- When a
conpound of forrmula I or a conpound capabl e of enhanci ng ACh rel ease is

used in conbination with an acetylcholinesterase inhibitor to treat .
cognitive disorders these two active conponents may be co-adni ni st ergd
si mul t aneously or sequentially, or a single pharmaceutical conpasi tIE

conprising a conpound ornmul a | a conpound capabl ﬁ'ﬁ /
rel ease and an dtst raye | phr Oidg i=pfrar nEceut
accept abl e carrier ®a# be adm nkst¥ered. The conponents of the

conbi nati on can be adm ni stered individually or together in any
eonvent i onal oral or par 7S igsams ofmagemaﬂnmbewl ullige; weee SHI’M with 3.8

powder, cachet, nsi on olu 03| tor etc.. . The
dosage of the a!,‘!!-t 9{)&%}?! ?F@ﬂ’é‘%é @“BHHP 15“' wasr?&? ga& o%“@x%ﬁh‘f’ﬂd&oo
ng/ kg body wei g
exenplified by {5 ol Vas,Afded in B?@B&Qgﬁddr%s}h’!}ﬁ@%h@ﬁﬁﬁngﬁ o aicwhile
be construed tod gblid &lgfoﬁé‘tfp?hafbrém solutigh WalsG¥ fod gradBaMpid *20°C and
mechani sti c pat hvvays and anal ogous structures may apparent to those
skilled in the gtired for fivefidur\Hen Wifined to 0°C. Gas was evolved during this period,

and the solution darkened to green. The volatiles were removed in vacuo, and

the crude material was used in the next reaction without delay.

Preparation 6
HsCO—O—I- Cl HacO—O—-S -0 -_O
th

6.9 grams (39.1 mm) of (1R,2S)-2-phenyicyclohexanol (prepared in
accordance with J.K. Whitesell, M-S Wong, J. Org. Chem, 56(14), p. 4552, 1991)
were dissolved in 150 mL dry THF with 6 mL dry pyridine. The solution was
cooled to -78°C, and para-methoxyphenyl sulfinyl chloride (derived from 6.75 g of
the corresponding disulfide) was added slowly. The solution developed a white
precipitate as it was stirred at -78°C for one hour. The reaction was quenched
with saturated sodium bicarbonate, diluted with ethyl acetate, and extracted with
bicarbonate solution and brine. The organic layers were dried over sodium
sulfate, concentrated, and purified by column chromatography in a gradient of
10% ethyl acetate/hexane to 25% ethyl acetate/hexane, yielding 10 grams (78%)
of the desired sulfinate, slightly contaminated with the minor diastereomer. This
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- T4

Lere] 2149 130 mol) of 1 and 15.0g

(108. 6 nmol) of 2 were placed in a

was added and the m xture was warned to
for 70 houwo9sEsr6r eacti on was cool ed and poured into
stirred thoroughly. The m xture was filtered and a white

round bottom fl ask. DVSO (100 m)
130[err]C where it was stirred

pODYSHI01832¢ and
precipitate

was col |l ected which was washed wi t'h‘a\ﬂ/ater The solid was recrystallized
from et hanol . [err] ' Compound 3 (13.72g, 52.7
mmol ) was di ssol ved i n net hanol 100 and cooled to O[err] C where

NaBH] erdigsteradmerigasspunified) byerystallization fro xane/ethyl acetate, a

procedure also applicable to the crude product.

w0 el

| 1.25 grams of magnesium turnings (52 mm, 2.3 equivalents) were
stirred in 5 mL of dry THF. One drop of 1,2-dibromoethane was added, followed
by a small portion (roughly one gram) of 4-bromobenzaldshyde diethy! acetal.
The solution was heated to initiate formation of the Grignard reagent, and the
remaining acetal (to a total of 11.2 grams, 45 mm, 2 equivalents) was added in
portions, along with THF (to a total of 25 mL.) The mixture was heated to reflux for
45 minutes, then cooled to room temperature. The Grignard solution thus '
obtained was added in portions to a solution of the starting sulfinate ester (7.5

grams, 22.6 mm) in 150 mL dry toluene at 0°C. After one hour, the reaction was

quenched with saturated sodium bicarbonate solution, diluted with ethyl acetate,

and extracted with brine. The organic layers were dried over sodium sulfate,
concentrated, and puriﬂed by brief column chomatography in 25% ethyl
acetate/hexane to give recovered chiral alcohol and the desired acetal, which was

used directly in the next reaction.

Preparation 8

PSS VoW N e N



portions. The mixture was stirred for one half hour, then warned to refl ux,

stirred for 4 hours,—and cooled to roomtenperature. The sol vent was
renoved on a rotary evaporator. The residue was dissolved in ethyl
acetate (400 m) and washed with water and brine, dried over

Na[ err] SO err |WaAE2619%n filtered. The sol vent was renovecponisdeissOt ary
evapor at or . WO 96/ 26196 '

PCT/ US96/ 01532 -82- -75- [err] 4

A CHerr]Cl[err] (120 m) solution of 4 (14g, 53 mvl) was cooled to .
O[err]C and SOCI[errH‘]h (7.8 M, 107 mol), in 20 M CHerr]C[err] was added
over a 30 ninute pefhedcetshoblainad from the reaction of 75 grams ofcsulfinaté esterand

The T osi PR aken p BT LTHE Wil {1 mhlrlisd wars &caiaie armountafn was
vashed 0 hnih e st 3Rl ool e AR Wi wibed o b afee, &'
evapor at Ofthree hours, the mixture was cooled to room temperature, diluted with ethyl
; acetate, and extraciéd with saturated sodium bicarbonate solution. The organic

layers were dried over sodium sulfate and concentrated to give the desired

aldehyde as a crystalline solid, 5.42 grams (97% over two steps).

Preparation 9
0O

oA, — OO

2 grams (8.17 mm) of the starting 4-(4-
methoxyphenyi)thiobenzaldeyde and 1.75 g (1 equivalent of 80%) meta-

chloroperbenzoic acid were taken up in 40 mL of dichloromethane at 0°. After 30
minutes, 300 mg of additional MCPBA was added, and the reaction stirred 30
minutes more. The solution was diluted with ethyl acetate and extracted with
saturated sodium bicarbonate. The organic layers were dried over sodium
sulfate, concentrated, and the product'was_ crystallized from ethy! acetate/hexane
to give a first crop of 1.65 grams.

EXAMPLE 1

(Process A)



Preparation 2 [err] : Compound 6 (25g, 180 mml) was
dissolved in 80 mi DVME and cooled to QlerrlC Sodium hydride (7.20 60%

di spersion in mneral oil) was added under nitrogen. Stirring was conti nued
for 20 m nutes then the reaction mxture was warned to roomtenperature
when conpound 5 (20g, 180 nmol), dissolved in 40 ml DWVF, was added with
syringe. Twe%Réméi on was heated to 100[err] C and stirredp€pussmotsaars, then
cooled to roomtenperature. DMF was renoved with a WO 96/ 26196
PCT/ US96/ 01532 -83- -76- rotary
evaporator, then 250 ml water was added and the pH adjusted with NaCH to
12. The solution was extracted with ethyl acetate, dried over Na2SO4 and
filtered. The solvent was then renoved with a rotary eHaporator.

O_soz Ne

@rs%—@—r

II

chos

Compound II' (1.0g, 3.5 mmol) was dissovied in DMF (10 ml),
followed by addition of K2COg3 (1.5g). Compound IlI' (0.66g, 3.9 mmol) was next
added. The mixture was warmed to 50°C and maintained for 18 hours with
stirring. The mixture was cooled to room temperature and ethyl acetate (EtOAc)
(150 mi) was added. The organic layer was washed with water (5 x 50 mi) and
saturated NaCl (1 x 25 ml). The organic layer was dried over NazSQy4, filtered,
and the volatiles removed with é rotary evaporator. The resulting oil was purified

by column chromatography, on silica gel, with ethyl acetate as solvent.

EXAMPLE 2
(Process A)



[err] Compound 7 (22g, 100 mml) was dissolved in 450 m

Et OH, and cooled to O[err]C NaBHerr](1.99, 51 mol) was added in
portions. The m xture was warmed to roomtenperature and stirred

overni ght. Water (300 m) was added and then renoved on a rotary
evaporator. Ethyl acetate was added to the residue whi ch was t hen washed
wth water. JopeBk@ani ¢ | ayer was dried over Na2SO4, fil perreshonpssl
renoved with a rotary evaporator. [err] Conmpound 8
(229, 100 nmmol) was dissolved in 400 nl CH e84 Ci[err] and cooled to .
O[err]C. SOCl[err] (9 m, 120 mml) was dissolved in CHerr]Cl[err] (50 m)

and added to conpound 8 with a dropping funnel, under nitrogen. After
addi ti on was ~conplete, the mxture was stirred at O[err]Gfor 1/2 an
hour, then at roomtenperature for 2 hours. The sol ution decant ed

into an Erlenneyer flask tgfrepve the X eci pighte. 10%[NaHCP err] was
added until the pH of the ueo ey 8- The | ayeris werje separ at ed
and the CH2Cl 2 | ayer was dr'.e(:lN ith MySW he H:I;ayer_,.vvas n filtered

and the solvent was renoved on a rotary evaporat Or:

I

o
' > N Ha
= OO
=N Nj

1

To the solid chloride (770 mg) was added a solution of 2 equivalents
of cyclohexyipiperazine in 5 mL CHaCN. The mixture was heated with stirring at
reflux for 2 hours then allowed to stand for 18 hours. The resulting solid was
suspended.in 1:1 EtOAc : water. The aqueous layer was basified with solid |
‘K2CO3. The organic layer was washed several times with water, dried with
MgSO4 and evaporated to obtain' the crude product. This was purified by
chromatography on a column of silica gel, (TLC grade), and 50:3:1
CH2Cl2:EtOH:NH40H as the eluant.

EXAMPLE 3
(Process B)



WD 96/ 26196 PCT/ US96/ 01532
-71- Prepartion 3 L.err] - . —Conmpound 10
(549, 400 mml) was dissolved in 500 M DW and cooled to Of[err]C
NaOCH err] (20.5g) was added:in portions with stirring. The ice bath was
renoved and conpound 11 (68.4g, 400 mml) was added wth stirring. The

m Xt ure Stioge@ehsét roomtenperature for 3 hours, then atpé&bpsssnps32for 1
hour, and cooled to roomtenperature. The DMF sol ution was concentrate
to 200 m, then -85- :

v v
N CHs
ywme (ol
2) 100° ==N D
"

To an ice cold solution of compound IV' (1 equivalent) in dry DMF under
nitrogen was added 0.9 equivalents of NaH, (60% dispersion in mineral oil). After
20 minutes 2-chloropyrimidine was added (0.9 equivalents). The solution was
heated at 100°C for 4 hours. After cooling to room temperature water was added
(10 mis per 1 m! DMF) and the solution extracted with ethyl acetate. The organic
extracts were dried with MgSO4 énd evaporated to obtain the crude product which
was then purified by column chromatography, (Silica gel, TLC grade and 50:3:1
CH2Cl2:EtOH:NH40H as eluant).

Example 4
(Process C)



400 M water and 300 ml ethyl acetate was added with stirring by a

nmechani cal stirrer —Fhe~pH was nade basic with NaOH- and the organic

| ayer was separat ed, and dried over MgS err]. The solution was filtered
and the sol vent was then ‘renoved by a rotary evaporator. WO
96/ 26196 ' PCT/ US96/ 01532

- 78- WO 96124196 I | Conpound 12 (33. 49, PCTAR6#1832) Was
dissolved in 1L CH err]C[err]. Compound 13 (25g, 148 mmol) and

triethylamne (21 m) were added next. To 86t hj s sol ution was added
TiCl[err] (75 mM of a1 MCHerr]Cl[err] solution). Stirring was
continued at roomtenperature overnight (18h). The reaction was quenched

Br

Hs
+ Q
7 _H>

v

&,

To a solution of VI' (0.25g, 0.73 mmol) in 5 ml acetonitrile was added
a solution of VII' (0.12g, 0.73 mmol, dissolved in 3 ml acetonitrile). The mixture
was stirred at room temperature (20°C) for 0.5 hours, then warmed to 45°C and
stirred for 6 hours. The mixture was cooled to room temperature and ethy! acetate
(150 mi) was added and the organic layer was washed with saturated NaCl (1 x
50 ml). The organic layer was dried over Na2S04. The organic layer was filtered
and the volatiles removed with a'rotary evaporator. The resulting oil was purified
by flash chromatography using 50 g silica gel and 9 : 1 CH2Clo/MeOH (saturated
with NH4OH) as solvent. 0.19g of a syrup was collected.



a solution of NaCNBH err] (27g, 440 mmol, in 150 ml MeOH). After stirring
for2-3 “hours water was. added_and the pH adiysted to 13 with NaOH The

organi c | ayer was separated and dried over MgSO err], foll owed
filtration and renoval of the sol vent The resi due was dissolved in
ethyl acetate and extracted with 3N HCl . The | ayers were separated and
t he aqueowo dsayeis Was basified with NaOH (pH= 13) . Chefhissmasszused to
extract the aqueous |layer. The CH2Cl 2 | ayer was then dried over MgSO4,
filtered and evaporated to give conpound -
HO [err] WD 96/ 26196

PCT/ US96/ 01532 -79-

Et hanol (300 Example$ (processi) conpound 14 (17g, 45 nmol), fol | oned by

2.59 Pd(CH)[err]/C. The m xture was placed on a Parr shaker for 1 to 8
hours nmonitored by TLC at 60 psi of hydrogen then filtered through Celite
and the Et OH was renoved. The resi due was dissolv in ethyl acetate

and washed in =Re agqugous | ayer hen adjusted to 7,
then the aque i egs th CH[err]CI[ rr], dried with
Na[err] SO err], then f V. This was then

recrystalized from err]CNto produce D re I\')"

VIIr
: CN
Et,AICN H,co—Q—s—-®-—<
Ti(OiPr), :N—>
2 grams (8.17 mmol) of the starting 4-(4-

methoxyphenyl)thiobenzaldehyde, VIII', and 1.65g (10 ml, 1.2 equivalents) of N-

XI

cyclohexylpiperazine, X', were taken up under a nitrogen atmosphere in 1 mL of
dry dichloromethane at room temperature. 2.9 mL (10 mmol, 1.2 equivalents) of
titanium tetraisopropoxide were added by syringe, and the resulting solution was
stirred at room temperature for 18 hours. The reaction developed a white
precipitate during this period. The reaction was cooled in an ice water bath while
16.3 mL of a 1 molar toluene solution (2 equivalents) of diethylaluminum cyanide
were added in portions by syringe. The resulting homogeneous red/brown
solution was stirred for 30 minutes at room temperature. The reaction was diluted
by the addition of 100 mL ethyl acetate, and quenched by the slow addition of 25
mL water, with vigorous stirring. After 1 hour, the inorganic sclids were removed
by filtration through Celite, and the filtrate was washed with a saturated brine

solution and dried by anhydrous sodium sulfate. The product was concentrated,



Preparation 4 (Process O [err]

4.3 g (1 equival ent) of _60% sodi um_hydri de dispersian_in mneral oil -
was weighed into a flane-dried 250 ml flask under nitrogen. The m neral oil
was removed by washing with hexane, and 100 mi of dry

N, N- di et hyl f GYOB6i264R¢ was added by syringe. The suspensi ®cCTmsss/asae ed
in an ice water bath while 15g (1 _Egui v.) of 4-nethoxythi ophenol was
added in portions. The m xture was sti"PPed for 1 hour at room
tenperature after addition was conplete, and 14.6g (12.6 niL, 1.1

equiv.) of 4-fluorobenzal dehyde was added in one portion. The m xture was
stirred fdher putfied by column chromategraphy in a gradient- ¢fcacetatefhexane.ayieldingr. of

i ce wat er Wi th vigorous stifrin Th el l ow solid was separated by
fil tratiorﬁ,-%ﬂ@"‘%d?’@r%ﬂs@'ﬁdpmém&k\ﬂéﬂ)‘ﬁo nL portions of hexane by

vigorous stirring. The product obtained is a light yell ow powder, 23 g
(88%yvyield), sufficiently pure for further reaction. WO 96/ 26196
PCT/ US96/ 01532 Example 6 - 80-

Hydrolysis of cyano compound to amide

o]
N
el - moo O
N

halte O

O O

2 grams (4.6 mm) of the starting nitrile were stirred in 25 mL of

N

tertiary butanol with 1.2 grams (21 mm) of powdered potassium hydroxide. The
mixture was heated to reflux for 30 minutes, cooled to room temperature, and
diluted with 250 mL of water. The solution was extracted twice with ethyl acetate,
and the organic layers were dried over sodium sulfate. Evaporation gave the
amids (2 grams, 96%) as an amorphous solid which can be used in subsequent
reactions without further puritication.

Example 7
Hydrolysis of amide to acid
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[err] 6. 75 granms of bis(paranethoxyphenyl)disul fide were
Sti+ed-wth 3-6 m—of glacial-acetic_acid.__and the m xture was cooled_
to -40[err]C. Sul furyl chloride (7.5 nL) was added in portions, and the
solution was nmaintained at -40[err]C while the solid dissolved. The

br own sol utW@ 962628 war med gradually to -20[err] C and FOTUSsesksior five
hours, then warned to O[err]C. Gas was evol ved during this period, and
t he sol ution darkened to green. TheB%vl atil es were renoved in vacuo, and
the crude material was used in the next reaction wthout delay.

Preparation 6 [err] 6.9 grans (39.1 nm of

(1R, 2S) - 2- pheny| 6:95 gramsof starting emide-(2.1 mm) werectaken apdn 20 mh of 4N

G ssof Judraclorisaake The readon s heald i (8T for T Bour d HeyYolumBrotva
61 75 o 1 soiiof e rppdi PR wiariTINe diyalodhiond'sgl bPfhel.c "ol Tt on
oV i it preciMSeE, TG Gicva ot Yy i i Uhed Wit O one

hour . tion was quenched w th satufated sodiu ate,

di | ut eairyvethyl ethey to give O85:gramscoiproduct; EZ%vyield. This bolickwhs saitsblgol uti on and
brine. The organic |ayers were dried over sodium sul fate, concentrated,

and puforussiwitlhou durthes pamifieationogr aphy in a gradi ent of 10% et hyl
acet at e/ hexane to 25% et hyl acetate/ hexane, yielding 10 granms (78% of
the desired sulfinate, slightly contam nated with the m nor diastereoner.

This Example 8
Formation of Methyl Ester

Hsco—O—I—O—f M heo _O_Z _O_(I:ozcm
Q Q
O O

A solution of methanolic HCI was prepared by the addition of 3 mL of
acetyl chioride to 50 mL of dry methanol. To this solution was added 400
milligrams (0.88 mm) of the starting acid. ‘The flask was fitted with a Soxhlet

extraction thimble containing freshly activated molecular sieves (3 A), and the
solution was heated to reflux for 16 hours. The reaction was cooled to room
temperature, and the acid was neutralized with solid sodium carbonate. The
solution was diluted with 300 mL of dichloromethane and washed with distilled

- water. The organic layers were dried over magnesium sulfate and purified by
column chromotography in 3% methanol/dichloromethane to give 310 milligrams
(76%) of the desired product.

Example 9



WD 96/ 26196 . PCT/ US96/ 01532

- 81- di astereoner was purified hy_crystallization from hexane/ ethyl
acetate, a procedure also applicable to the crude product.

Preparation 7 [err] _ 1.25 grams of magnesi um turnings (52
mm 2.3 equivalents) were stirred in 5 nL of dry THF. One drop of 1

, 2- di br onoet ayssems added, followed by a small portion (rorgivosysms32gr an
of 4-bronobenzal dehyde di ethyl acetal. The sglution was heated to initiate
formation of the Grignard reagent, and the 83 ni ng acetal (to a total of
11.2 grams, 45 mm 2 equival ents) was added in portions, along wwth THF (to
a total of 25 nL.) The m xture was heated to reflux for 45 mnutes, then
cool ed to room t enper at ur Eornmation®@fitgwazale sol uti on t hus obt ai ned was added
in portions to a solution of the starting sulfinate ester (7.5 grans,H22.6
mm) in 150 nL dry toluene at O[err]C. After one hour, the reaction wN

acetate, and extracted hgbr' ' organi c | ayers
sodi um sul fat e, Heﬁ@@’@'@, @-u i fi ety H{GO—
25% et hyl acetate/ hexané to give& rec ?hgd chiral alce
acetal, which was used directly in tRe Xt reaction.

O

250 milligrams (0.57 mm) of the Starting nitrile were taken up under a

nitrogen atmosphere in 4 mL of dry toluene with 0.15 mL trimethylsilyl azide (2
equivalents) and 14 milligrams ot dibutyltin oxide (1 equivalent). The solution was
heated at 100° for 48 hours, whereupon additional equivalents of the azide and
tin reagents were added and the solution was heated an additional 24 hours. The
reaction was cooled to room temperature and evaporated to a brown solid, which
was purified by preparative thin-layer chromatography in 20%
methanol/dichioromethane. 27 milligrams of the desired tetrazole were isolated.

Example 10

Alkylation of tetrazole

N
N“ \,}“ NN
Lo
oo -4~ T oo )
O O
20 milligrams (0.57 mm) of the starting tetrazole were treated with an

ethereal solution of diazomethane (excess) at 0°. The solution became

homogeneous after ten minutes, and after an additional thirty minutes the solution



Preparation 8 [err] WO 96/ 26196
PCI/ US96/ 01532 -82- N .The _..
acetal obtained fromthe reaction of 7.5 granms of sulfinate ester was
taken up in 60 nL of THF with 10 nL distilled water. A catalytic anmount of
par at ol uer09¢2619hi c aci d was added, and the sol uti on wasrorasse1ssn 60.
After three hours, the mxture was cooled to roomtenperature, diluted
with ethyl acetate, and extracted®drth saturated sodi um bi carbonate
solution. The organic |ayers were dried over sodium sulfate and
concentrated to give the desired aldehyde as a crystalline solid, 5.42

gr ans was gvaperatedand parifigd by preparative thinFlayenchromatograpy in 7¢6%)

i g;rSagﬁ'| 885;(@%2 ofe%gﬁezasr%&éé%?bmrge‘}c?%wt:seo%le‘)f hi obenzal deyde and
Example 11 '
{Process E)
Alkylation of methyl ester

Haco—O-Z {’;CL H,CO _O__z ‘Ojg_icm

o O

100 milligrams (0.2 mm) of the starting ester were taken up under a

nitrogen atmosphere in 4 mL of dry tetrahydrofuran at 0°. 0.53 mL (0.26 mm, 1.3
equivalents) of potassium hexamethyldisilazide solution {0.5 M in toluene) were
added by syringe, and the resuiting solution was stirred for ten minutes. 0.02 mL
of iodomethane (1.3 equivalents) were then added by syringe The reaction was
stirred for 20 minutes while warming to room temperature, then diluted by the
addition of 50 mL ethy! acetate, and extracted with saturated sodium bicarbonate
solution ahd brine. The organic layers were dried by anhydrous sodium sulfate,
concentrated, and purified by preparative thin-layer chromotagraphy in 5%
methanoVdichloromethane, giving 24 milligrams of the desired product.

Example 12
Alpha-alkylation of cyano compounds



chl or oper benzoic acid were taken up In 40 nL of dichloronethane at O[err].
After 30 minutes, 300_ng _of additional MCPBA_was added, and the reaction
stirred 30 m nutes nore. The solution was diluted with ethyl acetate and
extracted with saturated sodi um bi carbonate. The organic |ayers were dried
over sodi um swggmessconcentrated, and the product was cryst rcTUswsohIS3R0OM
et hyl acetate/hexane to give a first crop of 1.65 grans. EXAMPLE 1
(Process A) WO 96/ 26196 -92-
PCT/ US96/ 01532 "

e Clls oy

H3CO ° N HaCO 4
OHOf — O+

O O

200 milligrams (0.46 mm) of the starting nitrile were taken up under a

- 83- [err]

nitrogen atmosphere in 10 mL of dry tetrahydrofuran at 0°. 1.2 mL (0.6 mm, 1.3
equivalents) of potassium hexamethyldisilazide solution (0.5 M in toluene) were
added by syringe, and the resulting orange solution was stirred for ten minutes.
0.05 mL of iodomethane (1.3 equivalents) were added by syringe, which
decolorized the solution. The reaction wes stirred for 20 minutes while warming to
room temperature, then diluted by the addition of 100 mL ethyl acetate, and
extracted with saturated sodium bicarbonate solution and brine. The organic
layers were dried by anhydrous sodium sulfate, concentrated, and purified by
column chromatography in a gradient of hexane/ethy! acetate, giving 180
milligrams of the desired product (92% yield) as an oil that slowly solidified.

Example 13
Oxidation of Sulfide to Sulfoxide
/

Haco—O—s . Hsco—<:>—< —O—-\:‘
T Q

5 b

O

} o

U



Compound 11" (1.0g, 3.5 mmol) was dissovlied in DMV (10 m), fol |l oned by
addition of Klerr]CJerr] (21.59)._Conmpound I11'(0 66g, 3.9 muml) was next
added. The m xture was warmed to 50[err]C and mai ntained for 18 hours with
stirring. The mixture was cooled to roomtenperature and ethyl acetate

(Et CAc) (150 mM) was added. The organic |ayer was washed with water (5
X 50 nl) wobezsi96saturated NaCl (1- x 25 m ). The organi c PEVUB6NAT2dr | ed
over Na2SO4, filtered, and the vol ati%:?s renoved with a rotary
evaporator. The resulting oil was purifi & by col unmm chromat ography, on
silica gel, with ethyl acetate as sol vent. EXAMPLE 2

(Process A WO 96/ 26196 . .

PCT/ US96/ 01532 1.82 grams of the starting sulfide (4.4 mm) weyg. dissolved in 20 mL

of dichloromethane and 17 mL of a 0.5 N solution of methanesulfonic acid in
dichloromethane. 1.15 grams of commercial MCPBA (60-80% pure) were added
at 0°, and the solution was stirred for thirty minutes. The reaction mixture was
diluted with ethyl acetate and extracted with saturated sodium bicarbonate. The '
organic layers were dried over sodium sulfate, concentrated, and purified by
column chromatography in a gradient of 75% ethyl acetate/hexane to 5%
methanol/ethyl acetate to give 1.22 grams of the desired sulfoxide and 0.4 grams

of the corresponding sulfone.

Example 14

Synthesis of compounds 300, 301, 302, 304, and 760.

0

(-BOC),0/NaOH_

89% o
501 N\H 202 O'Bu
MeO—@—SH ' S
! ol
NaH g 9%
0
75% MeO "Y



[err] To the solid chloride (770 ng) was added
a solution of. 2 equivalents _ of_cycl ohexyl pi perazine in 5 nL CH err] CN.

The m xture was heated with stirring at reflux for 2 hours then all owed
to stand for 18 hours. The resulting solid was suspended in 1:1 Et CAc:
wat er. The aqueous | ayer was basified with solid KlerrJ]CJ err]. The

organi c | ayer woess2e@shed several tinmes with water, dried W tpermusoshs3s? and
evaporated to obtain the crude product. This was purified by

chromat ography on a colum of silica gel, (Ti%-grade), and 50:3:1
CHerr]C[err]:EtOH NH err] OH as the el uant. EXAMPLE 3

(Process B)

' HO, CHs
S
CH3;MgBr TFA or -
— ' TosOH, PhCH3, 110°C
MeO' O
e O'Bu
Q/s 1 <}o. Ti(OiPr),
H 40% from S04

gs mCPBA
MeO .MeO

Compound 302

Compound 300 Compound 301



WD 96/ 26196 PCT/ US96/ 01532

-85- [erc] - wJoan.ice cold salution of
conmpound 1V (1 equivalent) in dry DVF under nitrogen was added 0.9
equi val ents of NaH, (60% dispersion in mneral oil). After 20 m nutes
2-chl oropyrimdi ne was added (0.9 equival ents). The sol ution was heat ed

at 100[ er Mo»eBI964 hours. After cooling to roomtenperat moarusséi@ssanvas added
(10 mMs per 1 M DWMF) and the solution extracted with ethyl acetate. The
organic extracts were dried with MySOP%nd evaporated to obtain the
crude product which was then purified by colum chromat ography, (Silica
gel, TLC grade and 50:3:1 CHerr]Cl[err]:EtOH NH err] OH as el uant).

Step 1:

To a stirred mixture of 501 (5.0 g) in 50 ml of aqueous NaOH {20% w/w)
was added, at 0°C, Di-tert-butyloxy dicarbonate (3.4 g, 1.2 eq.) dissovled in 50 mi
of diethyl ether. The cooling bath was removed and the mixture was stirred at
room temperature for 2 hours. Two phases were separated and the aqueous
phase was extracted with 2x50 m! of ethyl acetate. The combined organic phases
were dried over NaxSO;, filtered and concentrated to give a crude product.
Purification by flash chromatography on silica gel (10% EtOAc-Hex.) afforded 3.5
g (89%) of 502 as a white solid (m.p. =89-90°C).

Step 2:

NaH (460 mg, 60% in mineral oil) was washed with dry hexanes and was
stirred with 8 ml of dry DMF. To this mixtue was added 4-methoxythiophenol by
syringe. The mixture was stirred at RT for 20 min. while the slurry became a clear
solution. Compound 502 dissolved in 8 mi of DMF was added dropwise and the
mixture was stirred at room temperature over night. Water (80 ml) was added and
the mixture was extracted with 3x100 mi of EtOAc. The combined organic phases
were dried over NazS0y, filtered and concentrated to give a crude. Purification by
flash chromatography on silica gel (20% EtOAc-Hex.) afforded 3.6 g {74%) of 503
as a white solid (m.p. = 105-107°C).

Step 3:

To a solution of 503 (1.5 g) in 40 ml of dry THF at 0°C, was added MeMgBr
(1.15 ml, 3.0 M in ether). The mixture was stirred at 0°C for 1 h. and was
quenched with 20 mi of a 10% KHSO4. The aqueous phase was extracted with
2x50 ml of ethyl acetate. The combined organic phases were dried over NazSO4,



Exanpl e 4 (Process O WO 96/ 26196

PCT/ US96/ 01532
[err]

—_— _ - 86- —H3C

WO 96/26196 PCT/US96/01532

-96-

filtered and concentrated to give a crude. Purification by flash chromatography on
silica gel (30% EtOAc-Hex.) afforded 1.3 g (96%) of 504 as a solid, mp 129-130°.

Step 4:

At 0°C, 1.3g of 504 was dissolved in a mixture of 5 mi TFA and 15 mi
CH2Cl2. The cooling bath was removed and the mixture was stirred at RT for 2h,
quenched with saturated bicarbonate at 0°C, and the aqueous layer extracted
with EtOAc. The combined organic phases were dried over NaxSOy, filtered and
concentrated to give a white solid compound 505 which was used in the next step

without further purification .
Step 5:

The white solid from step 4 was dissolved in 10 ml methylene chloride and
to this solution was added 350 mg of cyclohexanone foliowed by 1.3 g of titanium
(IV) isopropoxide. The mixture was stirfed at RT over night. At 0°C, 440 mg of
NaCNBHg, dissolved in 2 ml of methanol was added and the mixture was stirred
at RT for an additional 3 h. The mixture was quenched with water and extracted
with EtOAc. The combined organic phases were dried over NasSQy, filtered and
concentrated to give a crude product. Purification by flash chromatography on
silica gel (100% EtOAc) afforded 0.5 g (40%) of Compound 302 as a white solid.
The solid was dissolved in ethyl acetate, and treated with 2-3 equivalents of
ethereal dry HCI. The mixture was evaporated to dfyness in vacuo to give the
hydrochloride, m.p. 227-30°.

Step 6:
To a stirred solution of 350 mg of compound 302 in 60 m! EtOAc and 60 m!
CH2Cl2 were added 1.7 ml of MeSO3H (0.5 M in CH2Cly), foliowed by 262 mg of



To a solution of VI' (0.25g, 0.73 mml) in 5 m acetonitrile was added

a solution of M 1-(0.12g -0 73 mmuol _dissaolved in 3 m acetonitrile). The
m xture was stirred at roomtenperature (20[err]C) for 0.5 hours, then
warmed to 45[err] C and stirred for 6 hours. The m xture was cool ed to
-roomtenperature and ethyl acetate (150 mM) was added and the organic

| ayer waswossskémswi t h sat urated Nad (1 x 50 nl). Thecpusswmiss2! ayer was
dried over NaJerr]SO err]. The organic |layer was filtered and the

vol atiles renmoved with a rotary evaporat &8/- The resulting oil was purified
by flash chromat ography using 50 g silica gel and 9: 1 CHerr]Cl[err]/MCH

(saturated with NHerr]OH) as solvent. 0.199g of a syrup was col | ected.
WD 96/ 26196 mCPBA (50-60%) at -40°C. The mixture was allowed to reach 0°C@NdBAS/ 01532
-87- Ie5§hrocess D)

quenched with saturated bicarbonate solution (100 ml). The mixture was

extracted with 3x100 ml of EtOAc. The combined organic phases were dried over
Na2S04, filtered and concentrated to give a crude product. Purification by flash
chromatography on silica gel (15% EtOH-EtOAc) afforded 0.2 g (55%) of
compound 304 as a white solid.

HPLC Separation of compound 304 on a Chiralcel OJ column; (Chiral
Technologies, Inc., Exton, PA):

Compound 304 was separated on a 100-200 mg scale under the following
conditions:

Solvent system:- 0.1 % diethyl amine/3 % ethanoVhexane
Flow rate: 160 ml/min

Retention Time: 70 min for enantiomer A (compound 300, mp=141-142)
90 min for enantiomer B (compound 301, mp=141)

Synthesis of Compound 760:



[err] 2 grams (8.17 mol) of the starting 4-(4-
nmet hoxyphenyl )t hi obenzaldehyde, VILL., and 1.65¢g (10, 1.2 equival ents)

of N cycl ohexyl pi perazine; X, were taken up under a nitrogen
at nosphere in 1 nL of dry dichl oronet hane at roomtenperature. 2.9 nL
(10 mml, 1.2 equival ents) of titaniumtetrai sopropoxi de were added by

syringe, and we6/26a%ul ti ng sol uti on was stirred at room {REFAISHERISIZE f Or
18 hours. The reaction devel oped a white é\,{e]ci pitate during this period.
The reaction was cooled in an ice water bat¥While 16.3 nL of a 1 nolar
tol uene solution (2 equival ents) of diethylalum num cyani de wer e added

I n portions by syringe. The resulting honogeneous red/brown sol ution was
stirred for 30 m nutes at roomtenpera The reaction was dil uted by
t he addition of 100 _ hyI _ a quwl?n hed by the sl ow addi tion of
25 m. wat er, H[g(t@ 25 our j nar g sgpi ds
were renoved by fil t|on el i te, andiiGfd hed
with a saturated brine sol ution § dr1 ed by anhydrolS sodiu u e.
The product was conce@omaounk 505 H WD 96/ 26196 _

PCT/ US96/ 01532 -88- t hQasosmubpes by collirm
chromat ography in a gradi ent of acetate/hexane, yielding 3.

desired product (95%yvyield.) _

o] N
H3C0—©—:: Co.&
(0
N
Compound 760 b

8o,k

_ Compound 505 (0.375g, 1.15 mmol) and 4-
carboethoxycyclohexanonone (0.294¢, 1.72 mmol) were dissolved in 6 mL of
CH2Cl2. The reaction mixture was then cooled to 0°C followed by addition of Ti(i-
PrO)4 (1.3 mL, 4.42 mmol). The reaction mixture was stirred at room temperature
ovemight, when TLC indicated there was no starting material. To the reaction
mixture was slowly added a solution of NaCNBH3 (0.364g, 5.8 mmol) in MeOH
(2mL). The reaction mixture was then stirred at room temperature for 2h. The
reaction was quenched by addition of 50 mL of 1N NaOH followed by 50mL of
ethyl acetate. The reaction mixture was stirred at room temperature for 1 h then
was extracted with ethy! acetate (50 mL x 3). The organic layer was dried with
NaHCOg3. Soivent was removed and the residue was separated on a silica gel
column (5% methanol/CH2ClI2) to afford the sulfide (0.46g, 83% yield) as an oil.

‘The sulfide (0.038g, 0.08 mmol) was dissoived in 2mL. of
HOAc followed by addition of NaBO3/4H20 (0.037g, 0.24 mmol). The reaction
mixture was stirred at room temperature overnight, when TLC indicated there was
no starting material. To the reaction mixture was then added 1N NaOH until basic.
The reaction mixture was extracted with ethyl acetate (20 mL x 3). The organic
layar was dried with NaHCO3. Solvent was removed and the residue was
separated on a silica gel column (5% methanol/CH2ClI2) to afford Sch 65546
(0.007 mg, 17% yield) as an oil.



Exanpl e 6 Hydrol ysis of cyano conpound to amde [err]

b - 2. grans (4 6. my) of the starting.nitrile were stirred in 25
m. of tertiary butanol with 1.2 grans (21 mm) of powdered potassium

hydr oxi de. The m xture was heated to reflux for 30 m nutes, cooled to room
tenperature, and diluted with 250 nL of water. The solution was extracted
tw ce Wt wedsmsissacet ate, and the organic |ayers were dripegusssnseodi um
sul fate. Evaporation gave the am de (2 grans, 96% as an anorphous solid
whi ch can be used in subsequent reactions®®&ithout further purification.

Exanmple 7 Hydrol ysis of amde to acid [err] WO
96/ 26196 PCT/ US96/ 01532
- 89- Example 15

Synthesis of Compound 306.

H |
N
TMS-CN '
D ot
+ AcOH
60° |
. 311

To a solution of 25 mmol of cyclohexanone in 20 ml of acetic acid is added

Preparation of 511

62.5 mmol of cyclohexylpiperazine. The system is blanketed with N2 and 31.3
mmol of TMS-cyanide, is added. The solution is then heated at 60°C under N2
for approximately 20 hours. Acetic acid is removed on a rotary evaporator and the
residue treated with 100 ml of water. This is extracted with EtOAgc, (3X, 50 mi).
Organic layers are washed with '_IOO ml. of water, dried with Na2SO4 and
evaporated to give the crude product as an oil which is purified by column
chromatograpy using 100:3:1 CH2Cla:EtOH:NH4OH as eluant. An oil was
obtained, 10g of which was dissoived in 100ml CH2Cl> and 50 mi water, then
basified to pH 8 with K2CO3. The organic layer was dried with Na2SO4 and
evaporated to obtain a light ysllow powder, 6.6g.



0.95 grans of starting amde (2.1 nm were taken up in 20 nL of 4N
hydrochl oric acid. The_reaction was _heated to.reflux—for 16 hours. The

vol une of the solution was reduced in vacuo, whereupon the di hydrochloride
salt of the desired product precipitated. The solid was isol ated by
filtration and washed with dry ethyl ether to give 0.85 grans of product,
77% vyield. TRiGosghded was suitable for use without further pariUspeES320N.
Exanpl e 8 Formati on of Methyl Ester [err]

A sol ution of methanolic HCl was prepared bylO0he addition of 3 mL of acetyl -
chloride to 50 nL of dry nethanol. To this solution was added 400
mlligrams (0.86 mm of the starting acid. The flask was fitted with a
Soxhl et extraction thinble cogt ng freshly activated nDIecuIar sieves (3
A), and the solution was heatedﬁ?g=$Q%¢%f;2pr 16 houys | )

cooled to roomtenperature, and the & S neutr g q 1 YT

carbonate. The solutlo- was diluted wth 300 nL of g (
washed with di st j#4 21 XyThe or@ani Iamqynnwere'dried ov¥
sul fate and puri | chr qmat ogr a
et hanol / di chl or O%g Ave 31 | 1igrans (769@ of the de
pr oduct .

511

Preparation of Compound 306:

In a three necked round bottomed flask is placed 5.4 mmol of Mg and the
flask is fitted with a condenser, dropping funnel and nitrogen inlet. The system is
flame dried under nitrogen. Bromodiphenyylether (5.4 mmol), is dissolved in |
anhydrous THF, (10 ml), and added drop-wise. Addition of a drop of ethylene
dibromide, iodine and occasional warming may be necessary to initiate Grignard
formation. Once initiated the mixture is heated at reflux until all the Mg dissolves.
Next, 1.8 mmol of cyanoamine 511 as a solution in 5 ml of dry THF is added, reflux
is continued, and the reaction moﬁitored by TLC.

The reaction mixture is cooled to room temperature and quenched by
addition of a saturated NH4Cl solution, (10 mi ). This is diluted with 10m! of water
and extracted with 15 mi EtOAc, (3x). The organic extracts are dried with NaSO4
and evaporated to give the crude product as an oil which is purified by column
chromatography using ether/EtOAc as eluant. 370 ml of clear colorless oil was
obtained.



WD 96/ 26196 PCT/ US96/ 01532

- 90— — . Bormation of tetrazale [err]

250 milligranms (0.57 mm) of the starting nitrile were taken up under a
nitrogen atnosphere in 4 nL of dry toluene with 0..15 niL trimethylsilyl
azide (2 equi valents) and 14 mlligranms of dibutyltin oxide (1

equi val entwo s@s9ssol uti on was heated at 100[err] for HSns0E32

wher eupon addi ti onal equivalents of the azide and tin reagents were
added and the solution was heated an additi®nal 24 hours. The reaction
was cooled to roomtenperature and evaporated to a brown solid, which
was purified by preparative thin-layer chromatography in 20%

met hanol / di chl or onEh@ gitealeate sall was)preparad by dissdlving the dildh r18zm! of BOAC and

i sol at ed. o, ExargPI e 10 . Al kyl ation of tetrazole
treating with 200 mg of maleic acid. A white powder was obtained (510 mg, mp =

144-1486).

Example 16

Synthesis of Compound 303

Example 15 is repeated except in place of cyclohexanone there is used a
o .

compound of the formula . Compound 303 is obtained as a di-maleate:

O/OQ Ims
O

CO,H

COH

Compound 303
mp: 137-139



[err] 20 mlligranms (0.57 mm of the starting tetrazole
were treated with an ___ethereal solution of__di azonethane (excess) at

O[err]. The solution becane honbgeneous after ten mnutes, and after an
additional thirty mnutes the solution WO 96/ 26196
PCT/ US96/ 01532 -91- was evapor at ed

and purifi ed viyoggeggsar ati ve thin-1ayer chromatograpy in 7. 5%CTUs96/01532
met hanol / di chl oronmet hane. 10 m | ligrans of product were isol ated.

Exanpl e 11 (Process E) =102-p kyl ati on of nethyl ester
[err]

F Reductive alkylation with

cyclohexanone and NaCNBHj,

R0 04,
O

NaH (334 mg,, 60% oil suspension) was washed with 15 m| of
hexane, then stirred with 5 ml of DMF. Compound 522 (1.03 mi) was added
without solvent, the mixture stirred at room temperature for 20 min, a solution of
5§21 (2.42g obtained by reductive alkylation) in 1.7 ml of hot DMF added, and the
resulting mixture stirred at room termperature for two days. The mixture was
quenched with water, and éxtracted with ethyl acetate. The extracts were purified
by flash chromoatography over Sng to give 3.0g of product 523, mp 128-9°.

o e M”‘Q—
EtOAC, MeSO,H

Compound 305

m-Chloroperbenzoic acid (MCPBA, 81 mg) was added to a solution of 523 (105
mg) _and MeSO3H (0.5 M in CH2Cl, 1.0 ml) in 50 ml of ethy! acetate at -40°.
Sufficient CH2Cl2 was added at this temperature to effect dissolution of solids,



100 mlligrans (0.2 mm) of the starting ester were taken up under a
nitrogen atnosphere in 4 m of dry tetrahydrofuran at Oferr]. 0.53 nL (0.26
mm 1.3 equival ents) of potassi um hexanet hyl di silazide solution (0.5 Min
tol uene) were added by syringe, and the resulting solution was stirred for
ten mnutes. 0.02 nL of iodonethane (1.3 equivalents) were then added by
syringe Thayé&ésidsOnN Was stirred for 20 mi nutes while war oTaIsheo15520M
tenperature, then diluted by the addition of 50 nL ethyl acetate, and
extracted with saturated sodi um bi carbonat-808vl uti on and brine. The organic
| ayers were dried by anhydrous sodium sul fate, concentrated, and purified
by preparative thin-1ayer chronotagraphy in 5% net hanol /di chI or onet hane,

gi ving 24 mil | ang theemixiure laliowed ito wrmrtodmmt\ temperature. Thebmixigreovds?

Al pha-al kyl ati on of cyano comnmpou WO 96/ 26196
pCT/ Us96/ 0153 2xauenched wuth excess NaHCOs solution, and exjracted with pthyl pcetate. The

extracts were concentrated and purified by preparative thin-layer chromatography,
developing with 20% ethanol-ethyl acetate to give Compound 305 N-oxide. This

material was dissolved in CH2Cl2, CS2 added, and the resulting mixture stirred for
3 hrs. at room temperature. Evaporation of volatiles and purification of the residue

by preparative TLC as above gave Compound 305, mp 125°,

Example 18 (Process F)

methoxyphenyl. B3 and R4 are H., R1 is (S)-CHs, and R27 is (R)-CH5 and
Preparation of Compound (3)

: To an ice cooled solution of trifluoroacetic anhydride (19 mL) in
CH.Cl2 (100 mL) add over 15 min (S)-{-}-a-methylbenzylamine (12.2 g) in CH.Cl»
(25 mL) with stirring, then stir at RT for 1h. Cool in ice and add methanesulfonic
acid (40 mL) then powdered dibromodimethyl hydantoin (15 g). Stir till dissolved,
then store for 20h at RT, protected from light. Add to a stirred solution of NaHSO3
(5 g} in ice-H2O (100mL), stir 5 min., separate, extract with CH.Cl,, wash the
combined organics with H2O and dry (MgSOQ,). Filter on 30 g flash silica and elute
with CH.Cl, (300 mL). Evaporate the total eluates to dryness, add Et2O (100 mL),
stir 10 min. and add hexanes (500 mL). Stir 0.5h, filter, wash with hexanes and
dry to obtain the 4-bromocompound (12.3 g) as white crystals.

Mp: 153-1550. Mass spectrum: MH* = 296/298.

Preparation of Compound (4)

Cool a solution of compound (3) (11.95 g) in dry THF (160 mL) to
=70° under N2 and add methyllithium (1.4M in Et;0, 28.8 mL). Stir 5 min. then add
n-butyllithium (2.5M in hexanes, 17 mL). Stir 5 min. then add 4-
methoxybenzenesutfony! fiuoride (16 g). remove the cooling bath, stir for 0.5h,
add 1N-HCI ag. (200 mL) and exteract with CHaClo. Wash with H20, dry (MgSQy)
and filter on a 15 g pad of flash silica gel, wash with 5% Et,0-CH.Cl, and



200 mlligrams (0.46 mm of the starting nitrile were taken up under a
nitrogen atnosphere in-10-wl of dry_.tetrahydrofuran at Oferr]. 1.2 nm (0.6
nm 1.3 equival ents) of potassium hexanethyl disilazide solution (0.5 Min
tol uene) were added by syringe, and the resulting orange sol ution was
stirred for ten mnutes. 0.05 nL of iodonmethane (1.3 equivalents) were
added by syworsgRé19svhi ch decol ori zed the solution. The reacRCTHUSHEB3Zt | rred
for 20 mnutes while warmng to roon1tenpei§%ure, then diluted by the
addition of 100 nL ethyl acetate, and extratted with saturated sodi um
bi carbonate solution and brine. The organic |ayers were dried by anhydrous
sodium sul fate, concentrated, and purified by col um chromatq%gr agh?/ in.a

B ogedia4@) as

gradi ent of heRvaporatenPecastallisewith El2Qrhexanssand drytg givesthe;

product (92% yofewhite2pystdlsoi | that slowy solidified. Exanpl e
13 Oxi dati on yof Sulihhsle ) d - err] VO
96/ 26196 hﬁ’é 5,'1&)61 Magsgﬂéérﬂ}fﬁ. M+ = US96/ 01532

-03-
Preparation of Compound (5)

Reflux on a steam bath for 2h a mixture of compound (4) (17.5 g)
and NaOH (6 g) in H20 (15 mL) and ethanol (120 mL). Cool, add H>20O and extract
with CH2Cl> . Dry over K2COg, filter and evaporate. Triturate with Et2O-hexanes
till solid, filter and dry to afford the amine {10.4 g), as a white solid.

Mp: 113-115°. Mass spectrum: MH+ =292

Preparation of Compound (6)

To solution of compound (5) (1.46 g) in CH2Cl2 (20 mL) and
potassium carbonate (2 g) in H20 (10 mL) add ethyl (S)-lactate
trifuoromethanesulfonate (1.1 g) and stir at RT for Sh. Wash with water, dry
(MgS04), evaporate and chromatograph on fiash silica gel, eluting with a 0-15%
gradient of Et20 in CH2Cl2. Evaporate the pure fractions and triturate in hexanes
to obtain the crystaliine ester (1.90 g)

Mp: 56-580. Mass spectrum: MH+ =392.

Preparation of Compound (7)

Reflux a mixture of compound (6) (1.73 g), acetonitrile (15 mL),
anhydrous sodium carbonate (1.5 g) and ethyl iodoacstate (1.4 mL) for 48h., work
up in H20-CH2Clp, dry (MgSO4) and evaporate. Chromatograph on silica, using
a 0 to 10% gradient of Et20 in CH2Cl» and evaporate appropriate pure fractions to

separately obtain the solid product (1.46 g) and recovered starting aminoester
(0.53 q).

Mp: 69-710. Mass spectrum: MH+ =478.

Preparation of Compound (8)



1.82 grans of the starting sulfide (4.4 nm were dissolved in 20 nL of
dichloromethane_and 17 n_of a 0.5 N solution of pethanesulfanic acid in
di chl oronet hane. 1.15 grans of commercial MCPBA (60-80% pure) were added
at O[err], and the solution was stirred for thirty mnutes. The reaction

m xture was diluted with ethyl acetate and extracted with saturated

sodi um bi ceydssgiss. The organic layers were dried over pewaisesnisaz f at e,
concentrated, and purified by col um chr omat ography in a gradient of 75%
et hyl acetate/ hexane to 5% met hanol / et hi@8-acetate to give 1.22 grans of

t he desired sul foxide and 0.4 grans of the correspondi ng sul fone.

Exanpl e 14 Synt hesi s of compounds 300, 301, 302, 304, and
760. [err] Stir lithium aluminum hydride (0.45 g) in THF (15 mL) under N2 with

ice cooling and add over 2-3 min. a solution of diester (7) (1.30 g) in THF {25 mL).
Stir in ice for 0.5h., add EtOAc (5 mL) dropwise, then add the solution to stirred,
ice cooled 2N-NaOH solution (50 mL). Separate, extract the aq. with 3:1 Et20-
CH2Cl2, combine, dry and evaporate the organics and triturate with a littie Et20 to
obtain the diol as a white powder (0.88 g).

Mp: 123-125°. Mass spectrum: MH+ = 394.
p f f mixt (10)

Reflux a mixture of compound (8) (0.125 g), thionyl chloride (0.25
~mL) and 1,2-dichloroethane (5 mL) for 1.5h., evaporate, co-evaporate with 3 mL
dichloroethane and dry at high vacuum to obtain the mixture of
dichlorocompounds as a pale yellow foam, suitable for use in the next step.

Preparation of compound numbers 730 and 803

These compounds are examples of compounds 11 and 12 as shown
for process f.

Convert diol {(0.125 g) to the dichlorides as described above, then
reflux this product for 2h. in acetonitrile (2.5 mL) with trans-4-aminocyclohexanol
hydrochloride (0.32 g), sodium iodide (0.5 g) and diisopropylethylamine (0.6 mL).
Cool, and partition in H,O-CH;Cl,. Dry and evaprorate the organic phase, and
subject the residue to preparative TLC, eluting with acetone. Extract the
separated bands with 1:1 CH2Cl>-MeOH, evaporate and dry at high vacuum to
obtain the free bases as foams. -

The less polar band (0.056 g) is compound no.730. Dissolve this in
CH2Cl2 (2 mL) and add to stirred Et20 (15 mL) containing 4M HCl-dioxan (0.4
mL). Centrifuge, wash by suspension-centrifugation in ether (2 x 15 mL) and dry
under N2 to obtain the dihydrochloride as a white powder.

Mp: 195-2059°, with decomposition. Mass spectrum: MH+ = 473.



WO 96/ 26196 _ PCT/ US96/ 01532
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The more polar band (0.076 g) is compound 803. Convert this to the
hydrochloride as above.

Mp: 215-225 C, with decomposition. Mass Spectrum MH+ =473

Example 19 (Process G)

Preparation of compound 667 and 656

Step 1(a)

A solution of the aldehyde (Compound VII' of preparation 4,
Process C, 4.9g, 0.02mol) in 50 mL THF was cooled in an ice water bath and
methyimagnesium bromide (8.5mL, 3.0M) was slowly added. Afier 0.5h the
temperature was warmed to room temperature where stirring was continued for
16h. After dilution with ethyl acetate and addition of water the organic layer was
washed with water, brine, and concentrated. Drying under vacuum produced a
yellow oil (5.1g ) which was used without further purification.

A dichioromethane (150 mL) solution of the sulfide was
cooled in an ice water bath where MCPBA (11.7g, 60%) was added. After stirring
for 1h the temperature was warmed to room temperature and stirred for 16h. After
diluting with ethyi acetate the reaction was washed with 10% sodium carbonate,
walter, and brine. The solution was concentrated and purified by chromatography
with ethyl acetate to the sulfone alcohol.



Compound 300 Compound 301 WO 96/ 26196

PCILUS96/ 01532 - 95- Step 1:
To a stirred mxture of 501 (5.0 g) in 50 mM of agueous NaCH (20% w' w)

was added, at O[err]C, Di-tert-butyloxy dicarbonate (3.4 g, 1.2 eq.)

di ssovlied in 50 m of diethyl ether. The cooling bath was renoved and

the m xt urwowaRe19éirred at room tenperature for 2 hourBcT/IswsOM3aSES Were
separated and t he aqueous phase was extracted with 2x50 ml of et hyl
acetate. The conbi ned organic phases W7z dried over Na2SO4, filtered .
and concentrated to give a crude product. Purification by flash

chromat ography on silica gel (10% Et QAc-Hex.) afforded 3.5 g (89% of

502 as a white solid (rBtgp1€g9-90[err]C). Step 2: NaH (460
ng, - 60%in mneral oil) was washed with d anes and was stirred with

8 mM of dry DM. To this m xpue was addge~#~Net hoxyt hi ophenol by
syringe. The n§ . tifired at RT &or m n. ile the slurr

a cl ear solut gnd O%ﬂ'qs.sol ed 8 ni H
dropwi se and t he' \g®\ “E WaS «ok er i ght .
Water (80 nl) was add 0.6 eq. BHs-SMe,/25°C )
1 Yd =84% 3
MCPBA
F ,()/LOH
o.

To a clear pale yellow solution of the p-anisylthioacetophenone 1
(0.8g; 3.1 mmol) in anhydrous tetrahydrofuran (5mL) was added (S)-
oxaborolidine catalyst 2 (0.168g; 0.6 mmol) and stirred at room temperature for 15
“minutes. A solution of borane-methyl sulfide in tetrahydrofuran (2M from Aldrich
Chemicals; 1.86 mmol; 0.93 mL) was added dropwise over 6 minutes to the
solution of ketone 1 and catalyst 2 at room temperature. After 10 minutes of
stirring, thin layer chromatography (TLC) showed absence of starting material and
formation of a new, slightly more polar spot. The reaction was quenched by
adding methanol (5mL) and stirring for 15 minutes. Volatiles were removed on
- the rotary evaporator and the residue was dissolved in methylene chloride (50
mL). The organic extract was washed with water, 1N.HCI, water, 10% NaHCO3,
brine and dried over magnesium sulfate. Concentration of the organic extract
gave the carbinol 3 as a clear pale yellow oil (0.76g; yield=94%).
HPLC : AS-Column (5% i-PrOH in Hexanes); Rt ~ 19 min; R: S=
97:3 (94% ee / R-Alcohol)
[a]D =+26.1 (c=0.1; CHCI3)

A clear pale yellow solution of 3 (0.76g; 2.92 mmol) in
anhydrous dichloroethane (8mL) at room temperature was treated sequentially
with solid NaHCO3 (0.6g; 7 mmol) and solid meta-chloroperoxybenzoic acid
(1.1g; 6.43 mmol). The flask was fitted with a reflux condensor and the reaction
mixture was heated to reflux. TLC at the end of 8 hours showed absence of 3 and
formation of a more polar spot. Reaction mixture was allowed to cool to room
teperature. The organic layer was decanted away from the white pracipitate of



the m xture was extracted with 3x100 ml of EtOAc. The conbi ned organic
phases were dried.over Na2SO4, filtered and concentrated to give a
crude. Purification by flash chronmat ography on silica gel (20%

Et OAc- Hex.) afforded 3.6 g (749 of 503 as a white solid (mp. =
105-107[err] O). Step 3: To a solution of 503(1.5g) in 40 m
of dry THF avo®§as196] C, was added MeMyBr (1.15 m, 3.0 Mpcrumeésnasae. The
m xture was stirred at O[err]C for 1 h. and was guenched with 20 mM of a
10% KHS err]. The aqueous phase was extradiO8d with 2x50 m of et hyl
acetate. The conbi ned organi c phases were dried over Na[err]SOerr],

WD 96/ 26196 '
PCT/ US96/ 01532 sodium salts, washing the solid residue with methylens chlofifie (2x20 nili)] tFiecd

and concent r at geimbined cfgeoAties wEY WeishBa M wRler] 1% NESS OB SBRRBR Wl
SR st g et e i o
m xture of 5 msulfété antticdriicentrated f&-pbtain SO[8Y of a peile yellowi sulidb aFlashailicagel

removed and thEhmlﬁétHﬁl%tdhgs(ZB*" OAcBHIBI2 "avgfﬁﬂﬁg (8896 Woht? W‘%ﬁ]fonewatsr?

: , )
saturated bicarbaonate at O[err the €QUS er tracte
Et OAc. The conﬂ?‘ﬁgéo@?'daﬂrc"%u 038 =dr 3(&@9%5@% Itered and
concentrated to give a white solid conmpound 505 which was used in the next
step wi t hout further wpification.

bl F
H30 yo) Q/CHa MSC'. TEA - Hac DYH;

To a suspension of the alcohol (4.0g, 13.6mmol) in
dichloromethane (30mL) was added triethylamine (2.75g, 27.2mmol). The
mixture was cooled in an ice/water bath and methanesulfonyl chioride (1.87g,
16.3mmol) was added dropwise. After 1h the mixture was diluted with
dichloromethane and washed with water, 2% HCI, water, 10% NaHCO3 and
brine. After drying over sodium sulfate the solvent was evaporated to afford the
crude product as a gum. It was used without further purification.

Step 3: : .

H CH, \ 2CH3
[::r‘ Cw*mmmmme:> EN:]

H Ti(Oi-Pr)4 f
NaCNBH;

2-(R)-Methylpiperazine (30g, 0.3 mol) and cyclohexanone
(32g, 0.33mol) were dissolved in methylene chloride (60mL) and cooled in an
ice/water bath where titanium (V) isopropoxide (93g, 0.33mol) was added
dropwise. Stirring was continued for 1h at 0° G then at room temperature for 16h.
A solution of sodium cyanoborohydride (21g, 0.33mol) in methanol (200mL) was
added with stirring continued for 24h. The mixture was diluted with 1L ethy!
acetate and stirred with 400mL 10% NaOH for 1h. The aqueous solution
containing a white precipitate was discarded. The organic layer was washed with




Step 5: The white solid fromstep 4 was dissolved in 10 nl
methyl ene chl oride_and Lo this solutionwas added 350 ng of

cycl ohexanone followed by 1.3 g of titanium (I'V) isopropoxide. The
m xture was stirred at RT over night. At O[err]C, 440 ng of NaCNBH[ er r ]
dissolved in 2 m of nethanol~was added and the m xture was stirred at

RT for an awidpéneassal 3 h. The m xture was quenched w t h wacIvuseseissxt r act ed
with Et OAc. The conbi ned organi c phases were dried over Na[err]SOerr],

filtered and concentrated to give a crad@product. Purification by flash
chr omat ogr aphy on silica gel (100% Et OAc) afforded 0.5 g (40% of
Conmpound 302 as a white solid. The solid was dissolved in ethyl acetate,

and treated wwatecad brjne.fallewed byfconcentrationeon adotaryievapdratorriThieumesiduas

evaporated to rmas fi %h‘éﬁ?dtﬁatb hySwitH'25:1 CHYORYMNEOH Higd- with? /- 30.
Step 6: ;ﬁi b? a rre g& %?bg 25C”:SO M of co%po%ﬁ%iurSOdzavlvn 60 m
Et OAc and 60 rﬁq“°°uﬁ:ﬁ['1£??'}' o Wi e added 1. 7 mM of MeSOBH (0.5 Min

CH[err]CI[err])_ foll oned by 262 ng of WO 96/ 26196 )
PCT/ US96/ 01532 Step 4 -97- nCPBA
(50-60% at -40C. The gixgure was allowed to reach Olerr]g a

quenched wi th saturaje CAQr bonat e SOlcllj-ltlon (100 m;fjjgpd re was
.r‘CH3

OMs

The mesylate from step 2 (4.8g, 13mmol) and 1-cyclohexyl-

3(R)-methylpiperazine (3.5g, 19.4mmol) were dissclved in 40mL CH3CN and

_heated to 60 C where stirring was continued for 24h, then refiuxed for 8h. The
solvent was removed and the residue dissolved in ethyl acetate. The organic
layer was washed with 10% sodium carbonate and brine. The solvent was
evaporated and the residue chromatographed with 4:1 dichloromethane/acstone.
When step 1a is used, two diastereomers (compounds 656 and 667) were
collected in a 1:1 ratio (656: R¢ 0.40, ethyl acetate: Anal. calc. C 68.39, H 7.95, N
6.13, S 7.02; found C 68.01, H 8.02, N 6.09, S 7.05. 667: Rf 0.30, ethyl acetate:
found C 68.06, H 8.08, N 6.18, S 6.84). When step tb is used starting with the (S)-
oxaborofidine shown, then the product is 656 while (R)-oxaborolidine catalyst
gives 667.

Compound 656 Compound 667
Isomer A Isomer B



extracted with 3x100 m of EtOAc. The conbi ned organi c phases were dried

over Na[err] SO erxr], filtered_and concentrated fo give a crude product.
Purification by flash chromat ography on silica gel (15% Et O+ Et OAc)
afforded 0.2 g (55% of conpound 304 as a white solid. HPLC
Separation of conpound 304 on a Chiralcel QJ colum; (Chiral

Technol ogi egyo déig19s EXtON, PA): Conpound 304 was pg¢asenned on a
100- 200 ng scal e under the follow ng condi tions: Sol vent
system 0.1 %diethyl am ne/3 % et hanol / hexidfe Flow rate: 160
m/mn Retention Tinme: 70 mn for enantionmer A (conpound 300,
np=141-142) 90 mn for enantionmer B (conpound
301, np=141) Byyappropiiate choicergf starting Giaterials, the folving

96/ 26196 PCT/ US96/ 01532
- 98- compounds were prepared. In these tables the following notes apply.

t-BOC means t-butloxycarbonyl. The compound numbering
is not consecutive. A (+) or (-) after a compound number indicates the optical
rotation of the sterecisomer for which data is given. "IsoA" or "IsoB" after a
compound number indicates an assignment of A or B to different sterecisomers of
a compound having the same structural formulas without regard to optical rotation.
When the chiral atom has been identified, *isoA" or isoB" is listed after a
substituent for that atom. NBA is nitrqbenzyl alcohol, G/TG is glycerol/thioglycerol.

Chex means cyclohexyl.



Compound 505 (0.375g, 1.15 mmol) and 4- car boet hoxycycl ohexanonone

(02949, 1.72 mmol) were dissolved in.Gnl.Qf CH err]Cl[err]- The _
reaction m xture was then cooled to O[err]C foll owed by addition of Ti(i-
PrO[err] (1.3 m, 4.42 mmol). The reaction mxture was stirred at room
tenperature overni ght, when TLC i ndicated there was no starting

mat eri al . wodsgisseacti on m xture was slowy added a secCRUssNISR
NaCNBH[ err] (0. 364g, 5.8 nmol) in MeCH (2mL). The reaction m xture was

then stirred at roomtenperature for 2h. Fh&l- reaction was quenched by

addition of 50 nL of 1 N N aoll owed by 50nd. of . Zp-Bi-ad-8+— The
reaction mxture was stirredfay fopm tle ner kit br b dr t hep wag
extracted with ethyl acetate]($0 3). | Thel of garfi d ef papN[dridd with
NaHCO err]. Sol vent was repoyefl hnp e|resfdbel wvaq der aejasilica
gel colum (5% et hanol §CH erf 1IC 4r 1] o] .Eio t syl ;ﬁ (0.J464,
83% yield) as an oil. julfl ol o8y, Q.08
mol ) was di ssolved in 2nL OAc eholE| dddedficdn [B a
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An oil
and 50

The organic | ayer was

evaporated to obtain a | pghusesmissew

dried with Na2SO4 and
- 100-

which is purified.by col um

EtOH: NH[ err] OH as el uant.

-113-

of water,

de product as an._qil

and.

basified to pH8 with Klerr]CJerr].
WD 96/ 26196

10g of which was dissolved in 100m CHerr]Cl[err]

obt ai ned,
t hen

m water,
6. 69.

Organic |layers are washed with 100 ml .
chromat ograpy using 100:3:1-CH err]Cl[err]

evaporated to give

dried Wt hyiiaksEfs SA err]

powder ,
PCT/ US96/ 01532
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In a three necked round bottoned flask is placed 5.4 mol
flask is fitted with a—caondenser, dropping funnel
systemis flame dried under nitrogen.
di ssolved in anhydrous THF, (10 m ), and added drop-w
drop of ethyl ene di brom de, iodine and occasi onal
necessary towoseénée Gignard formati on.

of My and the

Se.

and_nitrogen inlet.
Br onodi phenyyl et her (5.4 mmol),
Addition of a
war m ng may be
Once initi at edp¢inesssiorsszire is

The

is

heated at reflux until all the My dissol ves. Next, 1.8 mol of
cyanoam ne 511 as a soI ution in 5 m of dry '?ﬁF S added refl ux S
continued, P o reagtorpHxt ur e
is cooled th ur e [&nd} o enhedb dti pn| of alsat tled
NH err] Cl sp 18 u} el B at gr
extracted e qrgahi S e drigd Wt
Na[err] S e oy i & t he} d nod as 3qn o i ch
s purifiedf by aphy™Nus| np ividst el as eljuan 70
of clear colQ aiRed @ O|R6/ oL@ |
PC-I-/ USQG/O (') = %2 . % - (\{ °. - g 3
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in place
WD 96/ 26196

— [err]

-102-

Exanpl e 15 is repeated except
np: 137-139

PCT/ US96/ 01532

of _cycl ohexanone there is used a

Synt hesi s of Conpound 303
Conmpound 303

PCT/US96/01532
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Reductive al kylation with
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in 50 n
and

acet at e.

1.0 m)
-103-

The mM XtROTAISHEIEL532

and extracted with eth
Aifi ed By preparative thin-layer

1,

WD 96/ 26196

o

81 ng) was added to a solution

CHerrlClerr

Sufficient CH2Cl 2 was added at this

sol uti on,

-40[err] .

) and MeSQerr] HO. 5 Min

m Chl or oper benzoi ¢ acid ( MCPBA,

acetate at
extracts were concentrated and puw

(105

of et hyl
the m xtunpoedrdspised to warmto room tenperature.

tenperature to effect dissolution of solids,

PCT/ US96/ 01532
quenched with excess NaHCJO err]

of 523
The

[err]

c
> 0 -5 < 961-6S1 = diN _|AXeyojoA0 tHO HN jAoueing-g| 29|
o0& ol ZHeo
28 S (L+)ee :(HO)I 2(eW)0020%(¢H)) £HD 0 suso| 11
" - o o o(ereejeunp) 921-€21 = diN |Axeyojoko CHO|___¢HO=D Kuejui-z| 091
C_.cc o (ejeejewp) €64-161 SEELS) €HD [0} _|Auhjued-2| 661 |
19 "28€ '(L+N) 26€:(PHO)ID |Axeyo;oko €HD
= 28¢ (L) 26€:(FH JAX8UOJOAD ‘HO
— 3 g 162 ‘6.2 'G9E
o 16 6t (1+W) ‘HAH-(e+)av [Axeyojako €HD
>'19}.‘6ec ‘L2 ‘86¢ 'S6E ‘8ep (1+N): }Axa0]0A9 EHD
o_opoc ‘182 '092 'L0E
' 3 Teze 1ee “zov (LHN) ‘HINH-(eAY)avS JAx8Y0jo4d Ltk
S D0 86¢ 'LS2 '62C ‘ClY
18- 6 ‘OSNG-D.L/D-VEN-SW jAxeyojoko €4
(7] —
: - pi-LpL = dN JAxeyojoko €HD
< S 2oL 'kve ‘28e ‘86 "80y (L+HN): |AX3YO|AD _tHO|
X Q >
=—0 " ep (1+W):(euringos))i JAxeyojohd EHO|E = v:w_.m.mnmﬁn 8yl
= eejewp) 9/ 1-v21 = diN JAX8U0[oAd H O] JAuAdoyd-1-BN-L ibL
2S5 “(Gweewip) g81-081 = dW |Axeyoj94o eyo| I= ueq| oviL|
Zvse uee ‘e liv (1+wieser{vH 1Axeyojoho ND PH9D- ad T
— O o —8Btc pac 'LSe ‘€L '00E
£ (g* JOSNG-D.L/D-VEN-SW |Axeyojoko ND VHSD-OSHD-¢| _ t¥L
=R A TR . , ¢ oSl
O - © poz ‘6o ‘1€ ‘Sop ‘Ley (L+N)a jAxeyojoko €HD] _HON=D YH9Q-OFHO-¥| el
— .m mw Ownkx t OSI
S & _c'Bed 'sga '8Le 'sov ‘Lev (LtN):B JAxeyojoka €40] HON=0|  ¥H®0-OfHO-#| 2pi|
2 0. DG
WD ._—= . ‘122 '8E¢C ‘852 _ .
Q ‘S6£-0OSNG-D1/9-VEN-SNIS JAxeyojohd €HD 0 YH9Q-0fHO-€] O]
(@)] C 3D o L o -
CE %800l
E3r5ogm80
CESETTE L
s8382z18? -



Prepar ation of Conpound (3) To an ice cool ed sol ution of

trifluoroacetic anhydride (19 rTL_)__L.El CHerr]Cl[err] (100 nlL) add over
15 mn (S)-(-)-[err]-nethyl benzylamne (12.2 g) in CHerr]Cl[err] (25
m.) with stirring, then stir at RT for 1h. Cool in ice and add
met hanesul f oni ¢ acid (40 nmL) then powdered di bronodi net hyl hydantoin
(15 g). Stiwdsede19i ssol ved, then store for 20h at RT, PETUSWOIBA from
light. Add to a stirred sol ution of Naquegé_ (59) in
ice-H err]Q(100m.), stir 5 mn. separate ract with CHerr]Cl[err],
wash the garf s WML y erfr])) . bl tler on
30gf|ash&1|3aandeut . =t [ 3 =200 ). |Evaggrdte the
t ot al eluat&{s 'f(idryns , Et Err m(lo =~ [3ti|~1d i [and add
hexanes (505 . St Sl i | {gr rkdindy a Sor ¥t
obt ai n t he |& bfBnocompolind {92, 3 [8) it t r {csfral N " Mp:
153- 155 er rigs ss spéclruni:{Mtie 2 9%. lo BNl @ In & elffr af i on
of Conpoundhy 4}8 ] RCom| 2 T fajcof f[SomPBund [3) |P11} 95 g) -
in dry THF d6Q=snm) tq 2 -1 er i & 14 ; t %t unf (1, 4M
in Et[err] @+ 2§R8 nl). i 10 = 1 agel |y [T t WA LY u 2 in
hexanes, 1 2 Stir ~h - 2 Ry esjl jon
fluoride ( o) % rem)\e-gh ol i b, Q§§ +0. = B 1 gﬂpl aq
(200 ni) arl® eferact r IECHEE | IN <h rafe Bl 7V g
(MySq err])|e fil i1 offes S8 @, 8|®Th 5%
Et[err] O CHSr gq:[ ﬂ;ebnd Sho <" B/ S g'_-g g -8
PCT/ US96/ 01R2'|Z & 3 o3l ol-HREE = B1oh- % alad
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ice

in THE (25

then add the

ice cool ed 2N-NaCOH sol uti on (50 mpcrasopessat e,

N2 with

- 105-

in THF (15 hL) under

a solution of diester (7) (1.30 g)
add Et OQAc (5 nL) dropw se,

0. 5h.

inice for

sol ution to whiokeisk

i t hi um al uni num hydride (0.45 g)
Stir

WD 96/ 26196
PCT/ US96/ 01532
cooling and add over 2-3 mn,

m) .

Stir

dry and
obtain the

conbi ne,

CHerr]C[err],
evaporate the organics and triturate with alRDttle Et20 to

extract the ag. with 3:1 Et[err] O
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reflux this product for 2h. in acetonitrile (2.5 nL) with

t rans-4-am nocyclohexanol = hydrochlaride (0.32 g) sodiumiodide (0.5 @)
and dil sopropyl et hylam ne (0..6 nL). Cool, and partition in
Herr]OCHerr]Cl[err]. Dry and evaprorate the organi c phase, and

subj ect the residue to preparative TLC, eluting with acetone. Extract the
separated wods2emet h 1: 1 CHerr]Cl[err]-MOH evaporate armCTAsp6/o1s3hi gh

vacuumto obtain the free bases as foans. The | ess
pol ar band (0.056 g) is conpound no.730. Dil8dolve this in
CHerr]d[ Et[e 15 mL) containing 4M
HCl - di oxan ) by sion-centrifugation in
ether (2 X to ijn the di hydrochl ori de as
a white pord- 205 wi t h deconposi tion.
Mass spectfiu 96£?619‘
PCT/ US96/ 0 -106-
The nore pg 803 ert this to the
hydr ochl or | & ;2 C, with deconposition.
Mass Spect Exanpl e 19
(Process G Z co 667 and 656
N Gg
; 23
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[£] o100 [£] [$3 23 3 ol
gl51& |81 |3 [318 |2 |99l  [d]&
E' B ® % % = = N .
Sl sl 2 IS [2lsF || BEL| B
SLILEl R [ |88l LloEa3sE
=1 2 s \
sl aEle & |BxEE BiSlkb=iER
] 0] o B 0] 7,] kg Kabo n IOMDE3 mﬂ%
b o h 3 h 3
115 % [
Els|S =] pd
: alE|E 2 2 [EF
21515 56
I s
wad 0 ~ < jou<
NIO jv o o v D
k&'a,a aHé S EB




Step 1(a) [err] A solution of the al dehyde
(Conmpound VII'" of preparation 4, __Process C_4.9g, 0.02nmol) in 50 m. THF

was cooled in an ice water bath and met hyl magnesi um br om de (8. 5ni,
3.0M was slowy added. After 0.5h the tenperature was warned to room
tenperature where stirring was continued for 16h. After dilution with
et hyl acet atwoasdsissldi tion of water the organic |ayer was peespbgsaM t h
wat er, brine, and concentrated. Drying under vacuum produced a yel | ow
oil (5.1g) which was used without further pdeefication.

A di chl oronet hane (150 m) solution of the sulfide was cooled in an ice

wat er bath where MCPBA (11.79, 60% was added. After stirring for 1h the
tenperature was warned to roomtenperature and stirred for 16h. After
diluting with ethyl acetate the reaction was washed with 10% sodi um

car bonat e, wat er, and brine. The solution was concentrated and purified
by chromat ogr aphy with ethyl acetate to the sul fone al cohol. WO
96/ 26196 PCT/ US96/ 01532
-107- Step 1(b)
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[err]

MCEBA .. B To a clear pale yollow sol ution-of._the
p- ani syl t hi oacet ophenone 1 -~ (0.8g; 3.1 mmol) in anhydrous tetrahydrofuran
(5m) was added (S)- oxaborol i dine catalyst 2 (0.168g; 0.6 mmol ) and
stirred at roomtenperature for 15 m nutes. A solution of borane-nethyl
sul fide i nywedgeidgdr of uran (2M from Al dri ch Chem cal s; ptT®89amasd2; 0. 93
m.) was added dropwi se over 6 mnutes to the solution of ketone 1 and
catalyst 2 at roomtenperature. After 10 #2384t es of stirring, thin layer
chromat ography (TLC) showed absence of starting material and formation
of a new, slightly nore polar spot. The reacti on was quenched by addi ng
met hanol (5nL) and stirring for 15 mnutes. Volatiles were renoved on

the rotary evaporator and the residue was dissolved in nethylene chloride

(50 m.). The organic extract was washed with water, 1N HCl, water, 10%
NaHCO err], brine and dried over magnesium sul fate. Concentration of the
organi ¢ extract gave the carbinol 3 as a cI ear pale yellow oil (0.76g;

yi el d=949% . PLG  JAS lg‘ efanes); Rerr] -
19 mn; R S = 97:3 (94% et/ R [err]D = +26.1
(c=0.1; CHC[err]) < low sol uti on of
3 (0.76g; 2.92 mol) in niigdr p room
tenperature was treated seqyefi- o | ¢r1] (0.69; 7
mol ) and solid neta-chl orope gxynmc q : 193 mmol ). The

flask was fitted with a refju ohde m Xt ure was

heated to reflux. TLC at the¢ ¢hd pf
formati on of a nore pol ar spmf
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teperature. The organic |ayer was decanted away fromthe white precipitate
of WO 96/ 26196
PCT/ US96/ 01532 -108- sodi um
salts, washing the solid residue with nethylene chloride (2x20 nL). The
conbi ned organic extract was washed with water, 10% Na[err]S[err]J err]
sol ution, wawep626196 10% NaHCO3 sol ution and brine. Dried theTmusgeoiss: | ayer

over nagnhesi um sul fate and concentrated to obtain -0.8g of a pale yell ow
solid. Flash silicagel chr omat ogr aphy (Qm-Et QAc-CHerr]Cl[err]) gave
0.759 (88% from 1) of sulfone a 1Y all salid np: 125-126[err] C
[err]D =+ 22.1 (C = 0.095; ] [lerr] To
a suspensi on of the al cohol : 3. pl ) 11 di chl or onmet hane (30m.)
was added triethylam ne (2.75q, IRE) | [The M xture was cooled in an
I ce/ wat er bath and net hanesul flo Sfiflel (1.]879 16. 3nmmol ) was added
dropwi se. After 1h the m xturs 4] el g th di chl or onet hane and
washed with water, 2% HCl, watjer] j<§ == 1], and brine. After drying
over sodium sulfate the solve : o] d!go ¥fford t he
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Compounds having the formula

206




crude product as a gum It was used without further purification. [err]

2- (R) - Met hyl pi perazine (30g. 0.3 _nnl) and _cyclohexanone (32g~ 0. 33nol)
wer e dissolved in nmethylene chloride (60nm.) and cooled in an i cel/ wat er
bath where titanium (1V) isopropoxide (93g, 0.33nmol) was added dr opwi se.
Stirring was continued for 1h at O[err] Cthen at roomtenperature for 16h.
A sol uti oRy@be/seesl UM cyanobor ohydride (21g, 0.33nol) in rROIEEEPISEL200N)
was added with stirring continued for 24h. The m xture was diluted with
1L et hyl acetate and stirred with 400n2%0% NaOH for 1h. The aqueous

sol ution containing a white precipitate was discarded. The organic | ayer
was washed with WD 96/ 26196

PCT/ US96/ 01532 -109- wat er and
bri.ne, followed by concentration on a rotary evaporator. The residue
purified by flash chromatography w.ith 1 CHerrlCllerr] NeQH (saturated

wth aqueous amoni a), yikelh F BO%
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[err] The nesylate fromstep 2 (4.8g, 13mvl) and
1- cycl ohexyl - 3(R) - net hyl pi perazine (3.5g, 19.4mml) were dissolved in
40m. CH err] CN and heated to 60 C where stirring was continued for 24h,
then refluxed for 8h. The sol vent was renoved and the residue dissolved
in ethyl acetate. The organic | ayer was washed with 10% sodi um car bonat e
and brine. Tgogmhgent was evaporated and the residue clrcwnssemysaphed
with 4:1 dichl oronet hane/ acet one. When step la is used, two

di ast ereoners (conpounds 656 and 667) were-128-collected in a 1:1 ratio
(656: Rf 0.40, ethyl acetate: Anal. calc. C68.39, H7.95 N 6.13, S
7.02; found C 68.01, H8.02, N6.09, S 7.05 667: Rerr] 0.30, ethyl

acet at e: found C 68.06, H 8.08, N 6.18, S 6.84). Wen step 1b is used
starting with the (S)- oxaborol i di ne shown, then the product is 656
whi I e (R)-oxaborolidine catalyst gi ves 667. [err]
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H9
HZ
R is 4-CH3-CgHg; X is SOs; R! is CH3; R2 is chex; R3 is OCH3; R4, R8, R9, and R2! are H

(M+1) 445, 289, 277, 195, 167
283 |Ris CgHs; X is SO72; R! is CHj3; R2 is chex; R3 is Cl: R4, R8, R9, and R2! are H; Y and Z are N;
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rotation.
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WD 96/ 26196
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96/ 26196 ' PCT/ US96/ 01532
WO 96/26196 PCT/US96/01532
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In like manner compounds 600 to 804 from the previous table were
produced with the following physical data:



[err] VO 96/ 26196

PCI/US96/ 01532 : -116. [err] VWO
96/ 26196 o PCT/ US96/ 01532
- 117_ LT
WO 96/26196 PCT/US96/01532
-131-
" Compound

Number Melting Point or Mass S Data
600 FAB iﬁﬁAﬁﬁ:DM§0): 435 Lﬁd 5, 301, 338, 324
601 mEm-mT

_mq: L -
FAB (NBA-G/TG-DMSO): 471 (M+1), 455, 411, 3 ENBM-A-).SSII, 64, 287
mp
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765 "MS:calcd for C28H30N2503: 480; found 481.6 (M+1).

—— R S lel T CORSNSOR 7. Fousd J5T- (V)
e e e TN T Tt T T

768 [ mp=149-10
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797 «calcd for

708 Mass Spec C1: 441 (M+1
700 mEﬂE—MO 0)
800 mp=143-146

803 m -223 (dec) Mass Spec MB+ =473
804 | mp= dec) Mass Spec MH+ =473
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What is Claimed:
1. A compound having the structural formula },

AT

.- This Sheet Has Been Replaced R
| R—X 1

including all isomers and pharmaceutically acceptable salts, esters, and solvates

thereof,
wherein one of Y and Z is N and the other is N, CH, or C-alkyl;
X is -O-, -S-, -80-, -802-, -NR6-, -CO-, -CHz-, -CS-, -C(OR5)5-,
-C(SR5)y-, -CONR20., -C(alkyl)2-, -C(H)(alkyl)-, -NR20-SO2-, -NR20CO-,
8
iy OR® I'\Ikyl
CI=O N —SO0»- NR2° e T
—-N— ; _C_. , * I
OH
0
(EH-R" ?Rs
-C- —CH- CH=CH- . —CsC— ,0r -NH—C—NH-;

Ris
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R— —C= C—CH R CH; =C (RB)QC—C——C

X' N—
—/ (wherein X1 is -CHa-~, -O-, or -NR7-),
K i LS
Na /
3/§/° R N Taﬁ
R , *  Alkyl=—N—C—

Alkyl-N(alky!)-CONH K/

/_'\
7\
Alkyl- N N-CgH,- Alkyl- N N-
I N
ACYI" N\_, 'CGH4 7

hydrogen, acyl, alkyl, alkenyl, cycloalkyl, cycloalkyl substituted with
up to two alkyl groups, cycloalkenyl, bicycloalkyl, arylalkenyl, benzyl, benzyl
substituted with up to three independently selected R3 groups, cycloalkylaikyl,
polyhaloacyl, benzyloxyalkyl, hydroxyC2-C20alkyl, alkenylcarbonyl,
alkylarylsulfonyl, alkoxycarbonylaminoacyl, alkylsulfonyl, or arylsulfonyl,
additionally, when X is -CHz2-, R may also be -OH; in further addition, when X is
not N, R may also be hydroxymathyi. in further addition, R and X may combine to
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form the group Prot-(NOAA)-NH- wherein r is an integer of 1 to 4, Protis a
nitrogen protecting grbup and when r is 1, NOAA is a naturally occuring amino
acid or an enantiomer thereof, or when r is 2 to 4, each NOAA is a beptide of an
independently selacted naturally occuring amino acid or an enantiomer thereof;

R1 and R21 are independently selected from the group consisting of
alkyl, alkenyl, cycloalkyl, cycloalkenyl, bicycloalkyl, alkynyl, cyano, aminoalkyl, |
alkoxycarbonyl, aminocarbonyl, hydroxyguanidino, alkoxycarbonylalkyl, phenyl
alkyl, alkylcarbonlyoxyalkyl,

R® R® R3 R3
—G—R‘ _.L|I/§/194 _l_l/y 194 /i. N T Ré _/.;“ 7B
LN KN N"l l"’*ru)\R.
R? 3
/L \rR-sw/ ¢ N-N—R%
)\ m’k < ) (S (N —/\ N
R 20
R
R® O Kyﬂs
L s
alkyl-l!l—(!:—.- , “",!;;?\93 N R_

H, —OH, (provided R? and R21 are both not —OH and Y is not N), formyt, —CO
alkyl, -COacyl, —COaryl, and hydroxyalkyl; additionally R and R21 together may
form the group

Alkyl
f
=CH,, = N~OR®, = N~CN . = N-N(R®),, = CH-Alyl, alkylene, = O, = C — Alkyl,
. =C(halo)g, in further addition, R1 and R21 together with the carbon atom to which

\
Fooo

they are attached may form the group
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or R! and R21 together wiih the carbon atom to which they are attached may form
a saturated heterocyclic ring containing 3 to 7 carbon atoms and one group
selected from S, O, and NH;

'R2 is H, alkyl, alkenyl, cycloalkyl, cycloatkyl substituted with 1 to 3
independently selected R3 groups, cycloalkenyl, hydroxyC2-C2palkyl, alkynyt,
alkylamide, cycloalkylalkyl, hydroxyarylalkyl, bicycloalkyl, alkynyl, acylaminoalikyl,
arylalkyl, hydroxyalkoxyalkyl, azabicyclo, alkylcarbonyl. alkoxyalkyl,
aminocarbonylalkyl, alkoxycarbonylaminoalkyl, alkoxycarbonylamino{alkyl)alkyl;
alkylcarbonyloxyalkyl, arylhydroxyalkyl, alkylcarbonylamino(alkyl)alkyl,

dialkylamino,

S O

(whersin q is an integer of 0 to 2)
R®

7 Ff NS e

wherein n is 1-3

'

wherein t is an integer of 310 5,

This Sheet Has Been Re Iaced

O
: AT

CHa)m wherein m is an integer of 4 to 7,
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{(wherein R29 is H, alkyl, acyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyi,
dialkylaminocarbonyl, alkyisutfonyl, arylsulfonyt),

—ﬁ'._c:H N or ‘jj:'NHz L

*

{wherein Q is O, NOH, or NO-
alkyl), or when Z is -CH-, R2 may also be alkoxycarbonyl, hydroxymethyl, -N(R8)z;

RS R4. R22, R24, and R25 are independently selected from the group
consisting of H, halo, alkoxy, benzyloxy, benzyloxy substituted by nitro or
aminoalkyl, haloalkyl, polyhaloalkyl, nitro, cyano, sulfonyl, hydroxy, amino,
alkylamino, formyl, alkyithio, polyhaloalkoxy, acyloxy, trialkylsilyl, alkylsuifonyl,
aryisulfonyl, acyl, alkoxycarbonyl aIkyIsulfinyi; -OCONH2, -OCONH-alkyl,
-OCON(alkyl)2, -NHCOO-alkyl, -NHCO-alkyl, phenyl, hydroxyalkyl, or morpholino;

each R5 and R® is independently selected from the group consisting
of H and alkyl, provided that when X is C(OR5)2 or C(SR5)2, both R5 groups
cannot be H, and in addition, when X is C{ORS)2 or C(SR5)2, the two R5 groups in
X may be joined to form —(CH2)p- whereih p is an integer of 2 to 4; |

R7 is independently selected from the group consisting of H, alkyl, arylalkyl,
cycloalkyl, aryl and aryl substituted with R3 and R4 as defined herein;

each R8 is independently selected from the group consisting of H,
hydroxyalkyl, or alkyl or two R8 groups may be joined to form an alkylene group;

R? is H, alkyl, or acyl:

R20 js H, phenyl or alkyl; and
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R27 and R28 are independently selected from the group consisting of H,
alkyl, hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl, thioalkyl, alkyithioalkyl,
carboxyalkyl, imidazolyalkyl, and indolyalkyl, additionally R27 and R28 may

combine to form an alkylene group..
2, A compound of claim 1 wherein Y and Z are N
3. A compound of claim 1 wherein Y is CH and Z is N

4. A compound of claim 1 wherein R is

Ra

\\/ (:@- i}

and X is O, SO or SO2.

5. A compound of any one of claims 1 or 4 wherein R3 and R4
are H and either R1 is cycloalkyl, alkyl, or CN and R21 is H or R1 and R21
together form =CH2 or =O.

6. A compound of any one of claims 1, 4, or 5 wherein R is

RA_ .| -
- o,

Xis O, SO or SO2, R3 and R4 are H and either R1 is cycloalkyl,
alkyl, or CN and R21 is H or R1 and R21 togather form =CH2 or =O.

-
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7. A compound of claim 6 wherein Y and Z are N, R1 is cycloalkyl,

3 pm—
| : ’(\/ N-R29
alkyl or CN, R21 is H and R2 is cycloalkyl or e

8 A compound of claim 6 wherein Yis CH, Zis N, and R2 s

3
R } NR29
-/

cycloalkyl or
9.  Acompound of claim 7 wherein at least one of R27 and R28 is
alkyl.
10. A compound of claim 9 wherein one of R27 or R28 is methy!

and the other is hydrogen.

11. A compound of any one of claims 7, 8, 9, or 10 wherein R is

(:::©_ lor alkoxy—Q—

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

hae
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wherein R, X, R1, Ré. and R21 are as defined in the following table
# from table |R X |R] R21 RS
ggmpounds
169 4(CH30)-CeH4 {SO |CN H H
iso
A
227() 2-pyrimidinyl__ [0 | eyclohexyl H H
289 4(CH30)-CeH4 |SO |CN CH3 H
269 2-pyrimidinyl | O |CHg3 CH3
214 4(CH30)-CgH4 | SO | CO2CH3 H H
2
232 2-pyrimidinyl i-propyl H H
123 4(CH30)-CgH4 | SO| CH3 __|H H
236 4(CH30)-CeH4 | SO —</N'°'i'/CH3 H H
N=N
206 4-(CH30)-CeHa | SO | CH3 CO2Me |H
or having thé structural formula
L A0
iog )
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13. A compound of claim 1 selected from the group consisting

of compounds numbers 600 to 805 of the table of such compounds appearing in

the specification.

14, A pharmaceutical composition which comprises a
compound as defined in any one of claims 1 to 13 in combination with a

pharmaceutically acceptable carrier.

15. A method for treating a cognitive or neurodegenerative
disease comprising administering to a patient suffering from said disease an

effective amount of a compound of any of of claims 1 to 13.

16. A method ot treating a cognitive or neurodegenerative
disease comprising administering to a patient suffering from said disease an
effective amount of a combination of a compound of any one of claims 1 to 13 with

an acetylcholinesterase inhibitor.

17. A method of treating a cognitive or neurodegenerative
- disease comprising administering to a patient suffering from said disease an
effective amount of a combination of an acetyicholine release enhancing

compound with an acetylcholinesterass inhibitor.
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18. The method of claim 17 wherein the acetyicholine release

enhancing compound is an m2 selective muscarinic antagonist.

19. The method of claim 17 wherein the acetyicholine release

enhancing compound is an m4 selective muscarinic antagonist.

20. A kit for treating a cognitive or neurodegenerative disease
comprising in separate containers in a single package pharmaceutical
compounds for use in combination, in one container a compound in accordance
with any one of claims 1 to 13 and in a separate container an acetyicholinesterase
inhibitor, said compound and inhibitor each being in a pharmaceutically

acceptable carrier and their combined quantities being an effective amount.

21. A kit for treating a cognitive or neurodegenerative disease
comprising in separate containers in a single package pharmaceutical
compounds for use in combination, in one container an acetylcholine release
enhancing compound and in a separate container an acetylcholinesterase
inhibitor, said compound and inhibitor each being in a pharmaceutically

acceptable carrier and their combined quantities being an effective amount.

22. The kit of claim 21 wherein said acetyicholine release

enhancing compound is an m2 selective muscarinic antagonist.

23. The kit of claim 21 wherein said acetylcholine release

enhancing compound is an m4 selective muscarinic antagonist.
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What is C ai ned: 1. A corrpou'nd havi ng the structural fornmula

I, [err] — R2
including all isomers and pharmaceutically acceptable salts, esters, and
sol vates thereof, wherein one of Yand Zis N and the other is
N, CH or Calkyl; Xis -0, -S, -SO, -Sderr]-, -NRerr]-,
-CO, -CH wodens19sCS-, -C(ORlerr])[err]-, -C(SRerr])[errpcrmysdsiordzeerr]-,
-Clalkyl)[err]-, -C(H (alkyl)-, -NR[err]-SOerr]-, -NRerr]CO,
2/5
[~
1&
18
| 8
19
=
18 E
- @
E
= o
18 § o
8 =S
{8 8 -

30 mg/kg, ip (n=3)
10 mg/kg, ip (n=4)
3 my/kg, ip (n=3)
1 mg/kg, ip (n=3)
0.1 mg/kg, ip (n=4)
COMPOUND 169
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[err] acyl, cycl oal kyl, cycl oal kyl substituted
Wit » to two alkyl groups, C;!C| palkenyl hi mml pal ky| aryl al keny|

benzyl, benzyl substituted with up to three i ndependent |y sel ected R3
groups, cycloal kyl al kyl, pol yhal oacyl, benzyl oxyal kyl,

al kenyl car bonyl , al kyI aryl sul fonyl, aI koxycar bonyl am' noacyl ,

al kyl sul f owglosr2éans aryl sul fo nyl, additionally, R and X negrrusesbisse to
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rm the. group Prot-(NOAA)[err]-NH wherein r is an intggess =FFL
to 4 Prﬁlm “ml“ ﬁ aufn' prot ecting group and when r_ ,,,-'_\O"A .‘
nat ural | ~acid or an enantiomer ther §oj W to
4, each NOAA i s an i ndependent|y sel ected naturally ¥ |
or an enantioner thereof; RLﬁ?g_] and R € | ndependent |y
sel ected fromthe group consisting of alk al kenyl , cycl oal kyl
cycl oal kenyl, bicycloal kyl, alkynyl, cyano, ami noal kyl, alkoxycarbonyl,
am nocar bonyl hydroxygi;?anl di no, al kox%/ca&lzgnyl al kyl, phergl al kyl,
al kyl car bonl yoxyal kyl g\ R4 N—N—RZ [&+N

TN r—
s~ NN N
RZO ’
R® R’

R—C== C—CH- R™-CH—C=C— (R&);C=C==C

T\ REPLACEMENT SHEET
—/ (wherein X1 is -CHgz-, -O-, or -NR7-), ! 29 JA.N 1997
5 5 w—f“  p
/\/ R , N 9
* Alkyl—N—C—

Alkyl~N(alkyl) -CONH

Alkyl- N N-CgH,- Aky N N -
\ N
Acyl-N  N-CgH,- o

acyl, alkenyl, cycloalkyl, cycloalkyl substituted with
up to two alkyl groups, cycloalkenyl, bicycloalkyl, aiylalkenyl, benzyl, benzyl
substituted with up to three independently selected R3 groups, cycloalkylalkyl,
polyhaloacyl, benzyloxyalkyl, hydroxyC2-Cagalkyl, alkenylcarbonyl,
alkylarylsulfonyl, alkoxycarbonylaminoacyl, alkylsulfonyl, or ,aryls_ulfonyl,
additionally, when X is -CHz-, R may also be -OH; in further addition, when X is

not N, R may also be hydroxymethyl, in further addition, R and X may combine to

This Sheet Has Been R,
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H, - -OH —(provided-Rlerr] and Rerr] are both not -OH and Y is not N),

- fornyl., - - COacyl, -CQaryl, and hydroxy PﬂA R err]
" and R[erilgﬁumhﬁm mformthe group
Al"kyl L= 2, in further addition, R grr] and R err] [together
with the carbon atomto which 2 0 AUG 1998 [err]
they are attached may formthe group -136-
- 140- or Rlerr] and Rlerr] together with the caybon atom 0 Whiich they
are attached may forma saturated heterocyclic ribhg—containing 3 tdq 7
carbon atons and one group selected fromS, O and NH R err]

Is H alkyl, alkenyl, cycloalkyl, cycloal kyl substituted with 1 to 3
i ndependent | y sel ect\whaRiseCldim@ggoups, cycl oal kenyl ,

hydroxy([err]-C[err]al kyl, alkynyl, alkylam de,

cycl oal kyl al kyl ,

hydroxyaryl al kyl, bitycl oal kal compsumy haviagithe stracturahformatayl,al kyl

hydr oxyal koxyal kyl , azabi cycl o, al kyl carbonyl . al
am nocar bonyl al kyl , al koxycar bonyl am noal kyl ,
al koxycar bonyl am no( al kyl ) al kyl ; R3

koxyal kyl ,

including all isomers and pharmaceutidally acceptable salts, esters, and solvates
thereof,
| wherein one of Y and Z is N and the other is N, CH, or C-alkyl;
X is -O-, -S-, -80-, -SO2-, -NRS-, -CO-, -CHo-, -CS-, -C{ORS)2-,

-C(SRS5),-, -CONR20-, -C(alkyl)2-, -C(H)(alkyl)-, -NR20-SO2-, -NR20CO-,

RB

' QR® Al
C=0 N o
_"\’_ —3—'- 20 - 1
. + =S0,-NR“"- oH
O
g o | |
-C~  —CH- _ ~CH=CH- —C=C— .0r _'NH— C— NH- ;

Ris



al kyl car bonyl oxyal kyl', aryl hydroxyal kyl , al kyl carbonyl am no(al kyl ) al kyl,

2 T e wnerel'n ' {RERCRGENENT SHEGTY, 7,

[err] = wherein t i{
i nteger of 3 to 5,

n
-137- 2 G AUG 1998 f

H CH,
0
0!
. ~
(>
o) ' <o
3 //Ra 3
Ré$4>ﬂqzz . L\%f/' . =N
R® RO
& /l\ AR X
— -N—Fﬁbf /NL _K/j—R“ \| )
N )\,( we N



-141- in Rerr] is H alkyl, acy etk
am nocarH“ﬂ!m"HmH mnmcar bonyl, dial kyl am nocarjiid Lk
| sul f

aI kyI ), or when Z is -CH- Rlerr] may al so be al koxyd:
hydr oxynet hyl , - N(R8) 2; Rzg.r], R4rrf
Rerr] are i ndependent |y selected fromthe group ca
al koxy, benzyl oxy, benzyloxy substituted by nitro qr am noal kyl ,
hal oal kyl , pol yhal oaI ¥l , nitro, cyano sul fonyl hydr oxy, am no,
al kyl am no, for nyl R"m o, N acy¥o @ al kyl silyl ;s

al kyl sul fonyl aryg ony cyI Lkag“ bonyl yl's rnyl ,
-OCONH err], - Kyl hzal kyl ) NHCOO & >N- NHCO- al kyl ,

phenyl, hydroxyal kyl, or nor phol I no; each Rerr], and R[ err]
I s i ndependently selected fromthe group c%n5| sting
RS R’

(R8)2 C=—C=—=C

R’—C== C—CH- R’~CH,—C= C—

/_—/‘ /_/ 4 /N/ﬂ 3
Nog O NK S T g
\\ 3
3/§/ R , N | I
R ' ' Alkyl—N—C—
N
Alkyl-N(alkyi)-CONH——;/— D
(
‘ \ , \ -
Alkyl- N N-CgHy- Alkyl- N N- Q
-/ \_/
Acyl-N N-CecH 2
YN N-CgHy P
acyl, cycloalkyl, cycloalkyl substituted with

up to two alkyl groups, cycloalkenyl, bicycloalkyl, arylalkenyl, benzyl, benzyl
substituted with up to three independently selected R3 groups, cycloalkylalky!
polyhaloacyl, benzyloxyalkyt, alkenyicarbonyil,

alkylarylsulfonyl, alkoxycarbonylaminoacyl, alkylsulfonyl, or arylsulfonyl,

additionally, R and X may combine to



'H and al k
_\both R5 gmu
"C(SR[ err]

rovi ed hat when X is C(ORlerr])|[ef
"I“) lﬁ] H, and in addition, -
’L TR err] groups in X nmay be

when

ofned to torm -} gH2) p-
wherein p is an integer of 2 to 4 R7 is inflepe gctled
fromthe group consisting of H, alkyl, aryI al kyl , CyEL gﬁ%yqdﬁ?g/l nd
aryl substituted with R3 and R4 as def i ned3fer ei n: each i

i ndependent|y selected fromthe group consisting of H,

hydroxyalkyl,

al kyl or two R8 groups nmay be joined to form an al ky[[éne group,
Rlerr] is Hormlthglgroop Rrok(NOAA)~NH- wReesin]r nsanﬂnteg)@rbfh #1.43Ptotlis gand
-142- R27 and R28 are independently sel ect from t he' group

consi sti ng nifrogen prbtectinglgrdupard Whien reisyl, QWA istainadadally |ooch?ih§9érh 9,
t hi oal kyl, al kyl t hi oal kyl, carboxyal kyl, im dazolyal kyl, and inddlya

addi t i onal |qcn¢2pean]emam:dn{|erm]ereafyorwhm1 nis zmﬂoemhmehwiseﬁﬁ: group.
2. A compound of claim 1 wherein Y and Z are N.
independently selected naturally occuring amino acid or an enantiomer thereof;
R1 and R21 are independently selected from the group consisting of
alkyl, alkenyl, cycloalkyl, cycloalkenyl, bicycloalkyl, alkynyl, cyano, aminoalkyl,
alkoxycarbonyl, aminocarbonyl, hydroxyguanidino, alkoxycarbonylalkyl, phenyl

alkyl, alkylcarbonlyoxyalkyl,

S R3 X R RS - R3 N. RS
I iFl“ ._"/\/\?l___R4 (XI 4 _||/\°_|§_R4 ﬁ/
A W O L N A N
N" N" N \o4
R 9
RS
B . i
NSN AV M pgse  gIR*  N-N—R% N—f N
)I\N/ 4 ’ \ (S) , (\/ N//}q ' / ..N/ N
R R20 AZO
Ré O /H3
Yy A
alkylN—C— | 7 f=y R® '\N/' '

H, —OH, (provided R1 and R21 are both not —OH and Y is not N), formyl, —CO
alkyl, -COacyl, —COaryl, and hydroxyalkyl; additionally R1 and R21 together may
form the group

ll\lkyl

=CH,, = N—OR®, = N—CN ., = C— Alkyl,

= N—N(R®),, = CH-Alkyl, alkylene, = O,

=C(halo)2, in further addition, R1 and R21 together with the carbon atom to which

\
/"/‘:/Lo

they are attached may form the group



A conpound of clalmlv\,herelnYlsCI-landzl 4.

3 Qngo)rﬁﬂmn "ﬂ&“ﬂﬂl]ﬂlﬂl‘merel nRIS 5. Alcq npégnd of gﬁm Ie of
[

0
clains ™ &r 4 wher®eid R3 and R4 are H and either K err @9@3 k
oget er f

err]

al kyl, or CN and Rlerr] is Hor Rerr] and R err] ﬂ =

or :O. 6. A conpound of 'cilﬁo'one off ctarrme—t—d4—od
wherein Ris Xis O SOor SOlerr], Rerr] and err]
are Hand either Rlerr] is cycloalkyl, alkyl, or CN and R err]T5H or

Rl err] andoRRerdrd Ry ebdethef With thetdRbbh sémtoWnhich they are attached may form

a saturated heterocyclic ring containing 3 to 7 carbon atoms and one group

selected from S, O, and NH;

R2 is H, alkyl, alkenyl, cycloalkyl, cycloalkyl substituted with 1 to 3
independently selected R3 groups, cycloalkenyl, hydroxyC2-C2oalkyl, alkynyl,
alkylamide, cycloalkylalkyl, hydroxyarylalkyl, bicycloalkyl, alkynyl, acylaminoalkyl,
arylalkyl, hydroxyalkoxyalkyl, azabicyclo, alkylcarbonyl. alkoxyalkyl,
aminocarbonylalkyl, alkoxycarbonylaminoalkyl, alkokycarbonylamino(alkyl)alky!;

alkylcarbonyloxyalkyl, arylhydroxyalkyl, alkylcarbonylamino(atkyl)alkyl,

dialkylamino,

(wherein q is an integer of 0 to 2)

3 | R®
O e Y o N
7 U (Hch)n o

wherein n is 1-3

i
€ 1o

wherein m is an integer of 4 to 7,

wherein t is an integer of 3 to 5,



A conpound of claim®6 V\/nereln Y and Z are N, R[err]
‘I s cycII “B“im!ﬂullulmu I!ll [ di
R err] is cycloal kyl or , YU

claim6 wherein Y is Zis N, and Rerr] is

cycl oal kyl or 9. A conpound of claim?7 erZ0m

one of R err] and Rerr] is al kyl . -141- 10. A corrpou%‘lw g m
9 wherein one of Rerr] or Rerr] is methyl and the other TS

11. A conpound of any one of clains 7, 8, 9, or 10 whe

0 eyt

(wherein R29 is H, alkyl, acyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,

dialkylaminocarbonyl, alkylsulfonyl, arylsulionyl),
Q

N-CN N-H e
*—“—NHZ or _ﬂ_NHz -
’ . (wherein Q is O, NOH, or NO-
alkyl), or when Z is -CH-, R2 may also be alkoxycarbonyl, hydroxymethyl, -N(R8)2;

R3. R4 R22, R24,.and R25 are independently selected from the group
consisting of H, halo, alkoxy, benzyloxy, benzyloxy substituted by nitro or
aminoalkyl, haloalkyl, polyhaloalkyl, nitro, cyano, sulfonyl, hydroxy, amino,
alkylamino, formyl, alkylthio, polyhaloalkoxy, acyloxy, trialkylsilyl, alkylsulfony!,
arylsulfonyl, acyl, alkoxycarbonyl, alkylsulfinyl, -OCONH,,, -OCONH-alkyl,
-OCON(alkyl)2, -NHCOO-alkyl, -NHCO-alkyl, phenyl, hydroxyalkyl, or morpholino;

each R® and RS is independently selected from the group consisting
of H and alkyl, provided that when X is C(OR9)2 or C(SR5)2.. both RS groups~
cannot be H, and in addition, when X is C(ORS)2 or C{SRS)y, the two R5 groups in
X may be joined to form —(CH2)p- wherein p is an integer of 2 to 4;

R’ is independently selected from the group consisting of H, alkyl, arylalkyl,
cycloalkyl, aryl and aryl substituted with R3 and R4 as defined herein;
each R8 is independently selected from the group consisting of H,

hydroxyalkyl, or alkyl or two R8 groups may be joined to form an alkylene group;
R9 is H, alkyl, or acyl:

R20 is H, phenyl or alkyl; and



ined in claiml selected fromt
,of coﬂ“mmﬂ mnmahed by the fornul a
©-144- ein R X, Rerr], Rerr], and d
omthefollowlngtable _#fromtable R
R err] R err] of conpounds J‘QB 4
SO CN H H TrReT
227(-) 2-pyrimdinyl O cycl ohexyl H
4(CH err]O-Cerr]Herr] SO CN CH3 H 269

2-pyrimdi nyl R2Dand@R®ard independently seliécted frontithergrbup co?‘&si%tmg of H,
4(CHerr]O-(err]J]Herr] SO CJerr]CH err]
alkyl, hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl, thioalkyl, alkylthloalkyl

carboxyalkyl, imidazolyalkyl, and indolyalkyl, additionally R27 and R28 may

combine to form an alkylene group.
2. A compound of claim 1 wherein Y and Z are N.
3. A compound of claim 1 wherein Y is CH and Z is N.

4. A compound of claim 1 wherein R is

3'/ - S, <D

and X isO, SO or 802.

5. A compound of any one of claims 1 or 4 wherein R3 and R4
are H and either R1 is cycloalkyl, alkyl, or CN and R21 is H orR1 and R21
together form =CHg2 or =O.

6. A compound of any one of claims 1, 4, or 5 wherein R is

R o] _
O- . O

Xis O, SO or SO2, R3 and R4 are H and either R1 is cycloalkyl,
alkyl, or CN and R21 is H or R1 and R21 together form =Ci, or =O.




232
~4(CH err]
“4(CH err]
[err]
Cderr] M

[err]

|

i i - propyl H H__ 123
Mﬁ W == =™ T
296

4(CH[err]O)-C[err]H[err] SO CHerr]
H or having the gtrdctiur alo RuGMYHE
[err] ) - 145-

7. A compound of claim 6 wherein Y and Z are N, R1 is cycloalkyl,

R
E N_RZQ

alkyl or CN, R21 isHand R2 is cycloalkyl or

8. A compound of claim 6 wherein Y is CH, Zis N, and R2 s

RS / \
E N-R2°
cycloalkyl or —/
9. A compound of claim 7 wherein at least one of R27. and R28 is
alkyl.

10. A compound of claim 9 wherein one of R27 or R28 is methyl

and the other is hydrogen.

11. A compound of any one of claims 7, 8, 9, or 10 wherein R is

<Z:©_- | or alkoxy—O—

*

12. A compound as defined in claim 1 selected from the group

consisting of compounds represented by the formula
R‘l

: : : 8
R21 N

‘\/NO



1 represented by the structural fornula

A conpou
‘|ﬁr'[]he tallmnlmuiiﬁ'HIlHIIIR[err] R[e”]R[R[es;]r] aud Rlerr] are as diafmed

Rl err] A-(EHerr]O-Cerr]Herr] -SOerr]- CN REPLAGEMENT Sﬁﬁ?[’ (R)-2-
2- pyri mdinyl O (R-CHerr]- H - 4 (CHerr}O-CerrlH -SO
~ON H (R)-2- [err] 144 s:J[ ot ]Auézms H H
4-(CHerr]O-(err]Herr]- -SO -CN (R.-2-
4-(CHerr]O-Cerr]Herr]- -SOerr]- (R-CHerr]
4-(CH err] O -( err] Hvberdin R Ril | JR8,(Md Raﬂéare]asWHg table
4-(CHerr]O-Cerr]Herr] -SCIerr] (S)-2-propyl- -H (R -2-
CH[err] 4-(CHerr]O-(err]Herr] -SOJerr]- (R)-2- propyl H (R -2-
4-(CH err] O [¥fomatler R -SO err]- (X-CHRarr]- RER) - 2-|R8
of :
compounds
169 4(CH30)-CgH4 | SO |CN H H
iso
A
227(-) 2-pyrimidiny! O | cyclohexyl H _ H
289 4(CH30)-CgH4 | SO |CN CH3 H
269 2-pyrimidinyl O |CHs3 : H CHg
214 4(CH30)-CeH4 | SO | CO2CH3 H H
2 "
232 2-pyrimidinyl O li-propyl
123 4(CH30)-CeH4 | SO |CH3 - H H
236 4(CH30)-CgH4 | SO N_N/CH3. H
—< |
N=
296 4-(CH30)-CeH4 | SO |CH3 COoMe | H

or having the structural formula

oo o
el WQ



CH err]
-SJgerr]-
4- (CH[err

cognitive or

err] Herr]- -SO 4- ( err]
!ﬂ"%‘mu@]m (R-2- [err] LACEMENT SHEET
-SC{err] CH err]- Jerr]
A pharmaceutical conposition
conpound as deflned in any one of clains 1 to 13 i %ﬂg®h6ﬁséni a
phar maceutically acceptable carrier. -145- 15, it fQr_tredting a
neur odegener ati ve di sease conpri sing ijn separate contai pers in

a single package pharmaceutical conpounds for use in CONMDMratt+om—-A/ one

cont ai ner a conpound in accordance with any one of clains 1 to 13.and in a

separate container an acetyl chol

i nhi bitor

sai d conpound

esterase inhibitor,
each being in a phar macﬁut i cally acceptabl e

A kit

13.

A compound of claim 1 represented by the structural formula

R‘l
27
R-X— : : —L R
R21 NA/\ ‘

and

ier and their
combi ned quantities being an effeliti ve anount. d.
'3 Pey 3 8 ng in separate

for

YN~ g2
R28
‘wherein R, X, R1, R21, R27 and R2 are as defined in the table:
R X Rt R21 | R27 R2
4-(CH30)-CgHaz |-S05- |CN H  [(R)2
CHga —O
2-pyrimidinyl o) (R)-CH3- H 2-
CHs _O
4-(CH30)-CgHa- | -SO- |-CN H | (R)2-
CHs —O
O P [ F O
4-(CH30)-CgHs- | -SO- [-CN H (R)-2-
- {CHs _O
4-(CH30)-CgHy4 |-SO2- | (R)-CHa- H R)-2-1 -
CH3s —O
4-(CH30)-CgH4 |-SO2- [ (S)-CH3- H (R)-2-
CHg —_<::>
4-(CH30)-CgHy |-SOg2- [(S)-2-propyl- |H | (R)2- '
CHg '_*<:>
4-(CH30)-CgHg4 |-SO2- | (R)-2-propyl- |H | (R)-2-
CHg '_<::>
4-(CH30)-CgH4 |-SO2- | (S)-CHa- H  [(R)-2-
CHs —O
4-(CH30)-CgH4- | -SO- ~N H H
{O MR\ —< >
CH3J§N>— .
4-(CH30)-CgH4 | -SO2- | (S)-CHga- H (R)-2-
0&3 -—CN'C°2¢2H5
4-(CH30)-CgHy4 |-SO2- | CHa- H H Hago




conmpound and inhibitor each being in a pharnmaceutically a(‘rpm—a‘b-l—q carrier

.and t hei
kit of c

wherein said acetyl choline rel ease enhanqn,@g congo
muscari ni ¢ ant agoni st.

“mnmnuﬂmmg: gsaggl Sﬁcﬁgl ?Lfee(r:tei \e/: >WET %d is an

m2 sel ective® mtscdri fi c* ant agoni st. 18. \rhe Ki tﬁo‘iﬁ%gl hi fn 16

nd2itsAH

14. A pharmaceutical composition which"t‘b'rﬁf)ﬁses a compound as
defined in any one of claims 1 to 13 in combination with a pharmaceutically

acceptable carrier.

15. A kit for treating a cognitive or neurodegenerative disease
comprising in separate containers in a single package pharmaceutical compounds

for use in combination, in one container a compound in accordance with any one

of claims 1 to 13 and in a separate container an acetylcholinesterase inhibitor, said
compound and inhibitor each being in a pharmaceutically acceptable carrier and

their combined quantities being an effective amount.

16. A kit for treating a cognitive or neurodegenerative disease
comprising in separate containers in a single package pharmaceutical compounds
for use in combination, in one container an acetylcholine release enhancing
compound and in a separate container an acetylcholinesterase inhibitor, said
compound and inhibitor each being in a pharmaceutically acceptable carrier and

their combined quantities being an effective amount.

17.  The kit of cla1m16 wherein said acetylcholine release enhancing

compound is an m2 selective muscarinic antagonist.

18.  The kit of claim 16 wherein said acetylcholine release enhancing

compound is an m4 selective muscarinic antagonist.
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