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Background of the invention
EP-0,389,037, published on September 26, 1990 discloses _N,-(3—hydro$cy-4-

10 piperidinyl)(dihydrobenzofuran, dihydro-2H-benzopyran or dihydrobenzodioxin)
carboxamide derivatives and EP-0,445,862, published on September 11, 1991 discloses
N-(4-p1pcnd.myl)(dlhydrobenzofuran or dihydrobenzo-2H- benzopyran)carboxamlde
derivatives. Both applications disclose gastrointestinal motility stimulating properties for
said compoeunds. The d1methyl-d1hydrobenzofuran and dimethyl-dihydro-2H-benzo-

15~ pyran derivatives of the present invention show 5-HT3-antagonism. '

Description of the invention =
The present invention is concerned with a method of treating warm-blooded animals

suffering from 5-HT3 mediated disorders such as anxiety, psychosis, depression,
20  schizophrenia, cognitive disorders, drug abuse, migraine, exﬁesis, irritable bowel

syndrome and related disorders, which comprises the systemic administration to said

warm-blooded animals of an effective 5-HT3 antagonistic amount of a compound of

formula
- CH; CH3 ..
R} "o><(cnz),,,
RL N 8= e
g h—NH—-(CHz),,—— C§‘_NH—C - 34 : (1)
RZLN R5 "
OH o
25
a pharmaceutically acceptable acid addition salt form or a stereochemically isomeric
form thereof, wherein
R! and R2 represent hydrogen, or .
R1 and R2 taken together form a bivalent radical of formula
30 -CH=CH-CH=CH- ' (a),
-CH=C(Cl)-CH=CH- (byor .
-CH=CH-C(C))=CH- © : This Sheet Has Been Replaced

n represents 2, 3 or 4; |




The present invention is concerned with the use of a conpound of fornula
(I') for the manufacture of a nedicine for treating warm bl ooded ani nal s
suffering from5-HT3 nedi at ed di sorders such as anxiety, psychosis,
depression, schizophrenia, cognitive disorgers, drug abuse, nigraine,
enesis, irritable bowel syndrome and rel ated disorders, which conprises the
system ¢ adm nistration to said warm bl ooded animals of an effective 5-HI3
ant agoni stic anount of a conpound of fornula [err] OH a pharnmaceutically

. acceptabl e aci dkﬁﬂéirésbmlhﬁﬁogerfmmethﬁxﬁ stereochemcally isoneric form

t hereof , wherein r err] represent hydrogen, or [err] and [err]
t aken toget her ‘F‘d’[’ %fJ"Eﬁaﬂgﬂ% radi cal of fornmula - CH=CH CH=CH

(a), R4 represents hydrogen, amino or Cj_3alkylcarbonylamino; and
RS represents hydrogen or halo.

The present invention is also concerned-with the use of the compounds of formula
the pharmaceutically acceptable acid addition salts and the stereochemically isomeric
ns thereof for the manufacture of a medicament for treating 5-HT3 mediated

rders such as anxiety, psychosis, depression, schizophrenia, cognitive disorders,

g abuse, mi gfaine, emesis, irritable bowel syndrome and related disorders.

'n the foregoing definitions and hereinafter the term halo defines fluoro, chloro,

10 and iodo, preferably chloro; Cj4alkyl defines straight and branch chained

rated hydrocarbon radicals having from 1 to 4 carbon atoms such as methyl, ethyl,
»yl, 1-methylethyl, butyl, 1-methylpropyl, 2-methylpropyl and 1,1-dimethylethyl,
erably methyl. Cj.galkyl defines Cj4alkyl and the higher homologues thereof such
‘or example, pentyl and hexyl. Cj.3alkylcarbonyl defines straight and branch

ned acyl radicals such as methylcarbonyl, ethylcarbonyl, propylcarbonyl, preferably
1ylcarbonyl.

"he term pharmaceutically acceptable acid addition salt as used hereinbefore defines
10n-toxic, therapeutically active acid addition salt forms which the compounds of
wla (I) may form. The compounds of formula (I), having basic properties, may be
rerted into the corresponding therapeutically active, non-toxic acid addition salt

1s by treating the free base form with a suitable amount of an appropriate acid
wing conventional procedures. Examples of appropriate acids are inorganic acids,
:xample, hydrohalic acid, e.g. hydrochloric, hydrobromic and the like acids, sulfuric
. nitric acid, phosphoric acid and the like; or organic acids, such as, for example,
¢, propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, propanedioic,
aedioic, (Z)-2-butenedioic, (E)-2-butenedioic, 2-hydroxybutanedioic,
lihydroxybntanedioic, 2-hydroxy-1,2,3-propanetricarboxylic, cyclohexane-

mic, 2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids. The term
naceutically acceptable addition salts also comprises the solvates which the
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- CH=C( C1) - CH=CH- (b) or -CH=CH C(Cl)=CH (c); n
represents 2, 3 or 4; mrepresents 1 or 2; R4 represents hydrogen anm no
or [err]- and R5 represents hydrogen or halo. The present invention is also
concerned with the use of the conpounds o formula (I), the
pharmaceutical |y acceptable acid addition salts and the stereochemnically
I soneric forns thereof for the manufacture of a nedi canent for treating
[err] medi ated di sorders such as anxiety, psychosis, depression,
schi zophreni a, cognitive disorders,

The term stereochemically isomeric forms as used hereinbefore defines the different

isomeric forms which the compounds of formula (I) may possess. Unless otherwise
mentioned or indicated, the chemical designation of compounds denotes the mixture of

5 all possible stereochemically isomeric forms, said mixtures containing all diastereomers,
and/or enantiomers of the basic molecular structure. All stereochemically isomeric forms
of the compounds of formula (I) both in pure form or in admixture with each other are
intended to be embraced within the scope of the present invention.

10 Hereinafter the term 'enantiomerically pure’ concerns compounds having an
enantiomeric excess of at least 94% (i.e. minimum 97% of one enantiomer and
maximum 3% of the other enantiomer) up to an enantiomeric excess of 100% (i.e. 100%
of one enantiomer and none of the other), in particular compounds having an
enantiomeric excess of 96% up to 100%, more in particular having an enantiomeric

15  excess of 98% up to 100%. The term “enantiomerically enriched” concerns compounds
having an enantiomeric excess ranging from more than 0 % up to about 94%. The terms
“diastereomerically enriched” and “diastereomerically pure” as used hereinafter should
be understood in a similar way, but then having regard to the diastereomeric excess of

the mixture in question.
20

Interesting compounds for use as 5-HT3 antagonists are those compounds of formula
() wherein R3 is halo, preferably chloro.

Also interesting compounds for use as 5-HT3 antagonists are those compounds of
25 formula (I) wherein R4 represents hydrogen or amino.

More interesting compounds for use as 5-HT3 antagonists are those compounds of
- formula (I) wherein
R! and R2 represent hydrogen;
30 n represents 2 or 3;
R3 represents methoxy and has the cis-configuration;
m represents-1; T
R4 represents amino; and

R3 represents halo.
35

Particularly interesting compounds for use as 5-HT3 antagonists are those interesting
compounds of formula (I), wherein R3 is methoxy having the cis-configuration, that are
laevo-rotatory.
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drug abuse, migraine, enesis, irritable bowel syndrone and rel ated

di sorders. In the foregoing definitions and hereinafter the termhalo
defines fluoro, chloro, brono and iodo, preferably chloro; [err] defines
strai ght and branch chai ned saturated hydrocarbon radicals having from1l to
4 carbon atons such as nethyl, ethyl, propyd, 1-nethylethyl, butyl,

1- met hyl propyl, 2-nethyl propyl and 1, 1-dinethylethyl, preferably nethyl.
[err] defines [err] and the higher honol ogues thereof such as, for exanple,

pentyl and hexyl. [err]alkyl carbonyl defines straight and branch chai ned
acyl radi cal sP@tﬁwdé;@mPewgq %(—b@w-,ammmﬁcbbmaﬁy&hyw&ﬂhf%t{(ﬁcﬂﬁsiihydro-

pr erably_mekoub ogshainy DOl FOMIIBIRARGB patinhypessal e 2cid |

addition sa a r ei nbef or e,de es e non-toxic erapeutically

active acid %%ﬁ?ﬁi‘%&ﬁ%%’?ﬁi‘%ﬁ‘ft@émé'&rﬁﬂaaﬂ%sc rorNnl inlA-E3¢d gihyerp-

form The _c0n!poxmﬁ-spyﬁinidinyl)mhi_mo]dtl)yl]-Dﬂ\diIilﬂ_lrb@'sﬂnEthﬁkylﬁ%ﬁﬁdrﬁﬁnylpﬂjbcﬁ’ﬁethyl-

;33?’?{ E)ﬁd ggmﬁbén%fu%)ﬂ’cgr% RO ',na(i’ldttﬁf:.e]ghaa%'(ralg&%c'uﬁ(":iz«.{lfyyacc":iecpttalxb\fé_::étc;ici1 gcﬁfit%&lxsl ts acid
thereof. '

The compounds of formula (I), wherein R3 is methoxy and has the cis-configuration
are represented by formula (I-a). Hereinafter the intermediates wherein R3 is methoxy
10 and where possible has the cis-configuration will be designated by appending the suffix
-a to their numerical reference. |

An additional feature of the present invention comprises the fact that the laevo-
rotatory enantiomers of the compounds of formula (I) wherein R3 represents methoxy
15  and has the cis-configuration, i.e. the laevorotatory enantiomers of the compounds of
formula (I-a), are deemed novel.

The compounds of formula (I) can generally be prepared following art-known
procedures such as described in EP-0,389,037 and alternative processes known in the
20 art. Some intermediates of formula (I, I, AV), (V), (VD, (VI), (IX), (X) and
(XT1I) are described in EP-0,389,037, EP-0,445,862 and EP-0,076,350. Some
methods for preparing compounds of formula (I), especially compounds of formula
(I-a), and novel intermediates will be described hereinunder.

25 In the following preparations, the reaction products may be isolated from the reaction
" mixture and, if necessary, further purified according to methodologiés generally known
~ in the art such as, for example, extraction, distillation, crystallization, trituration and

chromatography.

30 In order to simplify the structural representations of thé compounds of formula (I) and
certain starting materials and intermediates thereof, the radical

CH; ,CHj
R3 . O (CHz)m
1
—N NH~C R*
R3
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forms by treating the free base formwith a suitable anount of an
appropriate acid follow ng conventional procedures. Exanples of appropriate
acids are inorganic acids, for exanple, hydrohalic acid, e.g. hydrochloric,
hydrobrom ¢ and the |i ke acids, sulfuric acid, nitric acid, phosphoric acid
and the like; or organic¢ acids, such as, f@r exanple, acetic; 6+
hydr oxyaceti c, 2-hydroxypropanoi c, 2-0Xx0propanoic, propanggi Qi
but anedi oi ¢, (Z)-2-butenedioic, (E)-2-butenedioic, 2- hydrg%gﬁe(ét’Has veBReplaced
2, 3-di hydr oxybut anedi oi ¢, 2-hydroxy- 1,2, 3-propanetricar boMMﬁ uﬂl
cycl ohexane- swif anin; @H)ybenzoi ¢, 4-am no- 2: hydr oxy
| i ke acids. The t&f m Pparnmaceutically acceptable addition salts
al so. conprises thelsglnates which the conpounds of formula (1) may form
such as al coholR¥esand in particul ar hydrates. The conpounds of formula
(1) may also exist iggtheir tautomeri¢c form Said form although not
g)égl icitly i Wilﬁ%&@a?tcpﬁél%h&@rﬁgfb)i(ﬁ I nt er](_jgd t_o 'be i ncl-uc_tled within the
pe of the present | nventl on.
The compounds of formula (I) may be prepared by N-alkylating a piperidine of

formula (II) with an intermediate of formula (III).

Lw! + HeD N-alkylation

{d1m : an

W! as described in the reaction of (I1I) with (IT) and in the following reaction
schemes is an appropriate leaving group such as, for example, halo, e.g. chloro, bromo
or iodo, or a sulfonyloxy group, e.g. methanesulfonyloxy, 4-methylbenzenesulfonyloxy
and the like leaving groups. The N-alkylation reaction of (II) with (III) is conveniently

10  conducted following art-known alkylation procedures.

The compounds of formula (I) may also be prepared by the N-acylation of an amine
of formula (IV) with a carboxylic acid of formula (V) or a functional derivative thereof,
such as an acylhalide, a symmetrical or mixed anhydride or an ester, preferably an

15 activated ester, following art-known procedures.

CH; ,CHj
R3 0" “MCHm -
fl) _
L—N NH, + HO—~C R¢ — O
. 5
av) v R

It may be expedient to protccf amino or hydroxy groups during the course of the reaction
to avoid undesired side reactions. Suitable protecting groups comprise readily removable

20  groups such as Cy_qalkylcarbonyl, C,_jalkyloxycarbonyl, phenylmethyl, tertiary butyl
and the like protective groups.

The compounds of formula (I) may also be prepared by N-alkylating an intermediate
of formula (VII) with an alkylating reagent of formula (VI), wherein R6 is hydrogen or
25 Cigalky! and W2 is an appropriate leaving group such as, for example, halo, e.g.
chloro, bromo or iodo; a sulfonyloxy group, e.g. methanesulfonyloxy, 4-methyl-
benzenesulfonyloxy; Ci-galkyloxy, e.g. methoxy, ethoxy; C.galkylthio, e.g. methyl-



-3+ The term stereochemcally isonmeric forns as used herei nbefore defines
the different isoneric forns which the conpounds of formula (1) may
possess. Unl ess otherwi se nentioned or indicated, the chem cal designation
of conpounds denotes the m xture of 5 al | possi bl e stereochemcally

I someric fornms, said m xtures containing abt di astereoners, and/or
enantioners of the basic nolecular structure. Al stereochernically

i someric forms of the conpounds of formula (1) both in pure formor in

adm xture wth. 6l c%mé Iy iy 3 ope:-af
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m ni mum 97% O, fghcRBANSAid CRAvA¥R dnay be carried out by treating the intermediate of formula

(VIII) with an acid, such as, for example, a hydrohalic acid, e.g. hydrochloric acid.

5 2
! W - ..
R NY
| +  HoN-(CHp),D >
~N
R? ) |
ORS

CH; ,CHs
VD o><(CHz>m

R?
- 2
RL_ N YNH—-(CHZ)“—' "Y-NH-C R — @
(v

RZLN R?

ORS
The compounds of formula (I) can alternatively be prepared by N-alkylating an 2-amino-
pyridine of formula (IX) with an intermediate of formula (X).

1
R N\\(NHz
i | N + Wl (CH,), D O
R _
OH *
10 =)

The alkylation reactions of (VI) with (VII) and (IX) with (X) may be carried out
according to art-known procedures, e.g. by stirring and optionally heating the reactants
without solvent or in admixture with an inert organic solvent such as, for example an

15  alcohol, e.g. 2-propanol, butanol, a dipolar aprotic solvent, e.g. acetonitrile optionally in
the presence of an appropriate base, e.g. potassium carbonate.

The compounds of formula (I) may also be converted into each other following art-

known group-transformation reactionsT
20

Aminogroups may be transformed in Cj.3alkylcarbonylamino by art-known
N-acylation reactions and conversely Cj.3alkylcarbonylamino groups may be trans-
formed in amino groups using art-known hydrolysis reactions.

e
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maxi mum 3% of the other enantioner) up to an enantiomeric _excess of. 100%
(i.e. 100% of one enantioner and none of the other), in particular
tonmpounds havi ng an enantiomeric excess of 96% up to 100%Th t Has Been Replaced
particul ar having an enantioneric 15 excess of 98%up to 1 “umm
"enantiomerically enriched" concerns conpdunds having an en [

excess ranging fromnore than 0% up to about 94% The terns

"di astereonerically enriched" and "di astereonerically pure" as used

herei nafte hoy] ' . Sh4v | j regard
Lo the i ast o SyTdiat QEIORRLER, yllerBinttSis pDBrotEN madith oSl il | °0F
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wherein RS i gefiqfes Preferably chloro. Also interesting conpounds for use
as [err] ant agonlqsts are those conpounds of 25 fornula (1) wherein [err]
represents hydrogen or am nq.. ) ) )
5 The intermediates of formula (VII) may be prepared by N-alkylating an intermediate
of formula (II) with a reagent of formula (XI) and subsequently removing the protective

group P in the thus obtained intermediate (XIII) following art-known reaction

procedures.
P-NH-(CHp),-W'
(X1 removal of P
H—D =  P-NH—(CHp),—D —_— (Vin
10 m ' X

In (XI), (XIIT) and the other intermediates containing the group P in the following
schemes, P represents a suitable protective group which is readily removable by, for
example, hydrogenolysis or hydrolysis. Preferred protective groups are, for example,

15 Cj4alkylcarbonyl, e.g. methylcarbonyl, ethylcarbonyl; C;.4alkoxycarbonyl, e.g.
ethoxycarbonyl, 1,1’-dimethylethyloxycarbonyl; trihalomethylcarbonyl, e.g. trifluoro-
methylcarbonyl; diphenylmethyl; triphenylmethyl or arylmethyl, wherein aryl is phenyl
optionally substituted with up to two substituents selected from Cj4alkyloxy or halo.

20 The intermediates of formula (IT) may be derived from an appropriately substituted
piperidine of formula (XIV) with an intermediate acid of formula (V) or a functional
derivative thereof, following art-known amide forming procedures, and subsequently
removing the protective group P!, following art-known procedures. P! represents a
readily removable protective group and has the same meaning as the group P

25  hereinabove.

CHs CH,
R3 _ 0" “(CHm
g 0 1. N-acylation
pPl— NH, + HO—C R* -— 1))
T o 2. removal of P!
RS .
x1v) )]

The intermediates of formula (XIV), wherein R3 is methoxy and has the cis-
configuration, i.e. the 3-methoxy-4-aminopiperidines of formula (XIV-a), may be

30 obtained, for example, by catalytic hydrogenation of an imine of formula (XVI-a) and
subsequently transforming the secondary amine of formula (XV-a) into the 3-methoxy-



Mofe interesting compounds for use as [err] antagonists are those conpounds
of fornmula (1) wherein [err] and [err] represent hydrogerlhis%etﬂasBaanrlaced

Fepresents 2 or 3; R3 represents nethoxy and has the cis-cﬁnm mlﬁll:m mm
ly
nteresting

represents-1; R4 represents am no; and R5 represents hal o.
I nteresting conpounds for use as [err] antsagoni sts are those'l
conpounds of formula (1), wherein [err] is nethoxy having the
cis-configuration, that are | aevo-rotatory.

4-aminopiperidines of formula (XIV-a) by hydrogenolysis. The imines of formula
(XVI-a) may be prepared following art-known imine formation procedures starting from
a 3-methoxy-4-oxo-piperidine of formula (XV1I-a) and an amine of formula (XVIII).

OCH; . OCHj3 o7
! —_— . .. . ]
pl— i}o + Ar—CH—NH; — Pl— S:N—CH—-N
(XVILa) (XVII) ' (XVl-a)
OCH3; OCH,
R7
— = Pl :j-m—éH_N —_— P'—NCS—NHZ
5 (XV-a) (XIV-a)

In the intermediates of formula (X VIII), (XVI-a) and (XV-a), R7 is hydrogen,
C1.6alkyl or hydroxyCj.galkyl and Ar is phenyl optionally substituted with halo,
Ci.6alkyl, C;.galkyloxy; or naphthyl optionally substituted with halo, C_galkyl,

10 Cj.galkyloxy.

The reactionsequence starting from an intermediate of formula (XVII-a) up to an
intermediate of formula (XIV-a) may also be performed as a one-pot procedure.

15 Enantiomerically enriched or enantiomerically pure intermediates of formula (XV-a)
and (XIV-a) may be prepared according to one of the following methods.

The starting racemic 3-methoxy-4-oxo-piperidine of formula (XVII-a) or the
corresponding ketal such as, for example, a diCj_galkylketal, e.g. 4,4-diethoxy-

20 3-methoxypiperidine, may be separated into its enantiomers and further converted into an
enantiomerically pure cis-3-methoxy-4-aminopiperidine of formula (XIV-a) as described
hereinabove. Said separation in enantiomers can be performed, for instance, by column
chromatography using a chiral stationary phase, e.g. Chiracell OD.

Altematively: the intermediate imine of formula (XVI-a) can be prepared using one of

25  the enantiomers of a chiral amine of formula kXVIII), wherein R7 is defined as
hereinabove but other than hydrogen, said amines being represented by (XVIII-b), e.g.
(-)-(R)-o-aminobenzene-ethanol or (+)-S-a-aminobenzeneethanol, which after

i hydrogenation yields diastereomeric amines of formula (XV-a), which may be
conveniently separated by physical separation methods such as selective crystallization or

30 chromatographic techniques. Hydrogenolysis of the arylmethylgroup (Ar-CH(R7)-)
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4- 0xo0- 2- pyrim di nyl ) am no] propyl ] - 3- net hoxy- 4- p| peri di ny

met hyl - 7- benzof ur ancar boxam de and (-)-ci s-4-am no- 5- CthIm

1-[2-[ (3, 4-di hydro-
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imethyl- 5 7- benzof urancar boxam de, and t he pharmaceutically acceptabl e

acid addition salts thereof. The corrpounds of fo wherejn R3 is
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has the cis-configuration w be desi nae p the suf.f.i to
their numneri caletanoghes way of o tammg enantl encally p Xrea.’: rﬁetﬂox mmoplpcndmes of*
formula (XIV-a) was found during the optimization of the above reaction sequence.
5  When one reacts a racemic ketone such as a 3-methoxy-4-oxo-piperidine of formula
(XVII-a) with an enantiomerically pure chiral amine of formula (XVIII-b), e.g.
(-)>-(S)-a-methylbenzylamine, and subsequently hydrogenates the thus formed imine of
formula (X VI-a), one would expect a ratio of diastereomeric amines of formula (XV-a)
of approximately 1:1. Unexpectedly, however, it was found that after the above
10  reaction sequence said diastereomeric ratio differs substantially from the ratio 1:1. In
other words, the amines of formula (XV-a) were diastereomerically enriched or even
diastereomerically pure. Hence, in the course of this reaction sequence one diastereomer

is converted into the other by configurational inversion of the stereocenter bearing the

methoxygroup.
15 Thus, a novel and inventive way to obtain novel enantiomerically enriched or

enantiomerically pure 3-methoxy-4-aminopiperidines of formula (XIV-a) and more in
general intermediates of formula (XIX-a) was found following the procedure described

in more detail hereinunder.

OCH, R8 OCH3 llzs
|
A—N 0 + Ar—CH—NH, e A—N N—CH—Ar

I
(XXII-a) (XXTD (XX1-a)
OCH; s . OCHj3
—_— A—N NH——(I:H—Ar —_— A—NS—NH:
2 0cKa) (KX-0)

In (XIX-a), (XX-a), (XXI-a) and (XX1I-a) the radical A represents hydrogen,
-(CH2)n-NHg, -¢€CH2)y-NH-P, P! orlwherein n, P, P! and L are as defined
hereinabove. A racemic mixture of 3-methoxy-4-oxo-piperidine of formula (XXII-a)

25 may be reacted with one enantiomer of a chiral amine of formula (XXIII), wherein R8s
Ci.alkyl or hydroxyCj.galkyl, Ar is phenyl optionally substituted with halo, Cy.galkyl,
Ci-galkyloxy; or naphtyl optionally substituted with halo, C1.6alkyl, Cy.galkyloxy;
yielding a diastereomeric mixture of the intermediate imine of formula (XXI-a). Said
reaction may be carried out using art-known imine-formation procedures, such as, for

30 instance, stirring the reactants at reflux temperature in a reaction-inert solvent such as,



An*additional feature of the present invention conprises the fact that the
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| aevorotatory enanti onmers of the conpounds of formula ( M
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art-known procedures such as described in EP-0,389,037 and alternative
processes known in the 20 art. Some intermediates of formula (1), (II1),
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- suitable solvent such as, for cxamplc an alcohol, e.g. methanol or ethanol; an ether,
e.g. tetrahydrofuran or 2,2’-oxybispropane; an ester, ¢.g. ethylacetate; an aromatic
hydrocarbon, e.g. methylbenzene; in the presence of appropriate catalysts, e.g.
palladium-on-charcoal, platinum-on-charcoal, rhodium-on carbon and the like, yielding

10  adiastereomerically enriched or diastereochemically pure amine of formula (XX-a).

Alternatively, the intermediate imine of formula (XXI-a) is not isolated. In this case a
racemic mixture of a 3-methoxy-4-oxo-piperidine of formula (XXII-a) is reacted with
one of the enantiomers of a chiral amine of formula (XXIII) under hydrogenation
conditions, yielding diastereomerically enriched or diastereomerically pure intermediate

15 amines of formula (XX-a). Said reaction is performed in analogous reaction conditions
as described hereinabove. However in this case, the reaction preferably is performed in
admixture with an acid, such as, acetic acid, oxalic acid, chloroacetic acid, 2-hydroxy- '
1,2,3-propanetricarboxylic acid, and in particular (-) [S-(R*,R*)}-2,3-dihydroxy-
butanedioic acid, especially when the solvent is an alcohol.

20 In the amines of formula (XXIII), R8 is suitably hydroxymethyl, methyl or ethyl,
especially methyl and Ar is preferably an unsubstituted phenyl or naphthyl, especially
phenyl. Preferred amines of formula (XXIII) are the enantiomers of o-methylbenzyl-
amine, i.e. (-)-(S)-a-methylbenzylamine or (+)-(R)-a-methylbenzylamine.

Sometimes, during the hydrogenation reaction a small amount of trans-3-methoxy-

25 4-aminoderivative can be formed, which may be removed by crystallization or
chromatography.

A preferred way of preparing a diastereomerically enriched or pure amine of formula
(XX-a) is first preparing an imine of formula (XXI-a) with one enantiomer of a-methyl-
benzylamine and subsequently hydrogenating the imine of formula (XXI-a) by stirring it

30 in methylbenzere uinder a hydrogen atmosphere using a rhodium catalyst.

In order to avoid the undesired further hydrogenation of certain functional groups in
the reactants and the reaction products, it may be advantageous to add an appropriate
catalyst-poison to the reaction mixture, e.g. thiophene, quinoline-sulphur and the like.
Higher pressures and/or temperatures may enhance the reaction rate.

35 The resulting intermediate of formula (XX-a) has a diastereomeric ratio, that differs
very much from the 1:1 ratio. In other words, the intermediate of formula (XX-a) is
diastereomerically enriched or diastereomerically pﬁre. The respective diastereomeric




chromat ogr aphy. 30 In order to sinplify the structural representations

of the conpounds of fornula (I) and certain starting rr&ﬁﬁsrgh@eltﬁasemghmﬁijd

Fntermedi ates thereof, the radical [err] will hereafter
the synbol D and the radi cal REPLACEMENT SHEET 5 [err

represented by L. The conpounds of fornulalld) may be pr
N- al kyl ating a piperidine of

: forms may then, if necessary, be further separated using conventional physical methods
such as chromatography or fractional crystallization optionally after salt formation, The
‘ thus obtained diastereomerically pure amines of formula (XX-a) may then be further
: hydrogenolyzed, removing the chiral auxiiiaxy group Ar-CH(R3)-, yielding

5 enantiomerically pure 3-methoxy-4-aminopiperidines of formula (XIX-a).

It is noteworthy that the configuration of the stereocenter bearing the methoxygroup
_ is determined by the configuration of the cnantiomcﬁcally pure amine of formula (XVIII)
r that is used. Hence, either configuration of said stereocenter can be obtained by selection
: 10  of one or the other enantiomer of the amine of formula (XXIII). It may further be noted
that the choice of the acid used during the hydrogenation of the i imine, can also influence
up to a certain degree the diastereomeric ratio of the amines of formula (XIX-a). The

— =

choice of catalyst can also influence up to a certain degree the amount of trans-4-amino-

3-methoxy derivative that is formed.
15

The diastereomerically enriched or diastereomerically pure intermediates of formula

(XX-a) and the enantiomerically enriched or enantiomerically pure intermediates of
formula (XIX-a) and the pharmaceutically acceptable acid addition salts thereof are
deemed novel. Also the enantiomerically enriched or enantiomerically pure intermediates

20  of formula (II-a), (IV-a), (VII-a), (X-a), (XI1I-a), (XIV-a) and the pharmaceutically
acceptable acid addition salts are also deemed novel. Said intermediates may be prepared
as described hereinabove starting from enantiomerically enriched or enantiomerically
pure intermediates of formula (XIV-a). '

} 25 In this way and starting from enantiomerically enriched or enantiomerically pure
intermediates described hereinabove a novel and inventive way to prepare
enantiomerically enriched or enantiomerically pure compounds of formula (I-a),
especially, the laevo-rotatory enantiomers of the compounds of formula (I-a) is

provided.
30

It is evident that the cis and trans diastereomeric racemates of the compounds of
formula (I}, (I-a), or any of the other intermediates may also be resolved into their
optical isomers, cis(+), cis(-), trans(+) and trans(-) by the application of art-known
methodologies. Diastereoisomers may be separated by physical separation methods

35  such as selective crystallization and chromatographic techniques, e.g. counter current

h distribution, and enantiomers may be separated from each other by the selective
crystallization of their diastereomeric salts with enantiomerically pure acids or their
enantiomerically pure derivatives. :



formula (1) with an internmediate of formula (111). Terr] W as described
in the reaction of (IIl) with (I1) and in the follow ng reaction schenes_ is

an appropriate |eaving group such as, for exanple, hal oThieSkeet eplaced,
or iodo, or a sulfonyloxy group, e.g. nethanesulfonyl oxy, I
4- et hyl benzenesul f onyl oxy and the |ike d12avi ng groups. n

reaction of (I1) wth (I1Il) is conveniently conducted follow ng art-known
al kyl ation procedures. The conpounds of fornula (1) may al so be prepared by
the N-acylation of an am ne of fornmula (1V) with a carboxylic acid of

o o ) O RSO o a0 L S eSS e R 1oL 7% 2,
fol | owi ng arsterkoisomerix focwslaredsHTBaeachtor antaggnids aedpmdnsemtedtby the facethat ani no
or hydroxy gtfu%llj Rgvedo%aril P&nhggti\(fe? %rsc)e(ar(r)l{)lc:[ ﬂ%n(a?ggrclitsfng "he von Bezold-Jarish
5 chemoreflex evoked by serotonin in rats (Pharmacology and Toxicology, 70, Supp II,
17-22 (1992)). This test is described hereinafter as bxzimplc 10.
The compounds of formula (I), especially the compounds of formula (I-a), are active
during a long period of time. Moreover, the present compounds of formula (I),

especially the compounds of formula (I-a), show a high degree of cardiovascular safety.
10
In view of their 5-HT3-antagonistic activity the subject compounds may be

formulated into various pharmaceutical forms for administration purposes. To prepare
these pharmaceutical compositions, an effective amount of a particular compound, in
base or acid addition salt form, as the active ingredient is intimately-mixed with a

15 pharmaceutically acceptable carrier. Said carrier may take a wide variety of forms
depending on the form of preparation desired for administration. These pharmaceutical
compositions are desirably in unitary dosage form suitable, preferably, for

“administration orally, rectally or by parenteral injection. For example, in preparing the

compositions in oral dosage form, any of the usual pharmaceutical media may be

20 employed, such as, for example, water, glycols, oils, alcohols and the like in the case of
oral liquid preparations such as suspensions, syrups, elixirs and solutions; or solid
carriers such as starches, sugars, kaolin, lubricants, binders, disintegrating agents and
the like in the case of powders, pills, capsules and tablets. Because of their ease in
administration, tablets and capsules represent the most advantageous oral dosage unit

25 form, in which case solid pharmaceutical carriers are obviously employed. For
parenteral compositions, the carrier will usually comprise sterile water, at least in large
part, though other ingredients, for example, to aid solubility, may be included. Injectable
solutions, for example, may be prepared in which the carrier comprises saline solution,
glucose solution or a mixture of saline and glucose solution. Injectable suspensions may

30 also be prepared in which case appropriate liquid carriers, suspending agents and the like
may be employcd? In the compbsiiions suitable for percutaneous administration, the
carrier optionally comprises a penetration enhaﬁcing agent and/or a suitable wetting
agent, optionally combined with suitable additives of any nature in minor proportions,
which additives do not cause a significant deleterious effect to the skin. Said additives

35  may facilitate the administration to the skin and/or may be helpful for preparing the
desired compositions. These compositions may be administered in various ways, e.g.,
as a transdermal patch, as a spot-on, as an ointment. Acid addition salts of the



to avoi d undesired side reactions. Suitable protecting groups conprise
readily renovabl e groups such as [err], [err], phenylnethyl, tertiary butyl
.and the like protective groups. The conpounds of forrmula (I) or a conpound
of formula [err] may al so be prepared by N-al kylating an i nternedi ate of
formula (VI1) or an enantionerically enrliged or enantionerically pure

I nternmedi ate of forrmula [err], with an al’kylating reagent of forrmula (VI),
wherein [err] is hydrogen or [err] and [err] is an appropriate |eaving
group such as, for exanple, halo, e.g. chloro, brono or iodo; a sulfonyl oxy
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base form, are obviously more suitable in the preparation of aqueous compositions.
It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in dosage unit form for'ease of administration and uniformity of dosage.

5 Dosage unit form as used in the specification herein refers to physically discrete units
suitable as unitary dosages, each unit containing a predetermined quantity of active
ingredient calculated to produce the desired therapeutic effect in association with the
required pharmaceutical carrier. Examples of such dosage unit forms are tablets
(including scored or coated tablets), capsules, pills, powder packets, wafers, injectable

10  solutions or suspensions, teaspoonfuls, tablespoonfuls and the like, and segregated

multiples thereof.

In view of their 5S-HT3-antagonising activity the compounds of formula (I) and
especially the novel compounds of formula (I-a) are useful in the treatment of 5-HT3-

15 mediated disorders such as anxiety, psychosis, depression (Arzneim. Forsch., 42(1),
239-246 (1992)), schizophrenia, cognitive disorders, e.g. memory impairment
(Arzneim. Forsch., 42(1), 246-249 (1992)), drug abuse, migraine, emesis, e.g.
cytotoxic drug and radiation induced emesis (Drugs 42(4), 551-568 (1991)), irritable
bowel syndrome, especially diarrheapredominant irritable bowel syndrome, and related

20  disorders. Consequently, the present invention provides a method of treating warm-
blooded animals suffering from 5-HT3-mediated diseases such as anxiety, psychosis,
depression, schizophrenia, cognitive disorders, e.g. memory impairment, drug abuse,
migraine, emesis, e.g. cytotoxic drug and radiation induced emesis, irritable bowel
syndrome, especially diarrheapredominant irritable bowel syndrome, and related

25 disorders. Said method comprises the systemic administration of an effective 5-HT3-
antagonistic amount of a compound of formula (I), a pharmaceutically acceptable acid
addition salt or a stereoisomeric form thereof, to warm-blooded animals.

The present compounds of formula (I) are useful for the manufacture of a-
medicament for treating 5-HT3 mediated diseases. The novel compounds of formula

30 (I-a) are useful asa medicine.
In general it is contemplated that an effective amount would be from about 0.001

mg/kg to about 50 mg/kg body weight, preferably from about 0.02 mg/kg to about 5
mg/kg body weight. A method of treatment may also include administering the active
. ingredient on a regimen of between two or four intakes per day.
35
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may subsequently be transforned into the final conpounds by cleaving the
protective etherfunction. Said cleavage nay be carried out by treating the

fntermediate of formula (VIIl1) with an acid, such as, for exanple, a
hydrohalic acid, e.g. hydrochloric acid. 5 [err] The con‘pow#d&—eif——f—&%—a—

(1) can alternatively be prepared by N-akidl ating an 2-a
formula (I X) with an internediate of formula (X). [err] [?hﬂ Bgenrk% laced
reactions of (VI) with (M) and (I X) with (X) may be carr ml ng
to art-known_procedures, e.g. by stirring and optionally.h
reactants w Al t or in adm xture with an inert organlc solvent
such as, fOFA@)&@kﬁ,oﬂ@f%in@{-@gﬂiﬁéq e.g. 2-propanol, butanol, a dipolar
aprotic solvent, e.g. acetonitrile optionally in the presence of an
appropriate g-é%‘-@—é‘ g. potassium carbonate.
a) 3,4,4-trimethoxy-1-(phenylmethyl)piperidine (0.676 mol) was purified by column
5 chromatography over silica gel (eluent: CH2Clo/CH30H 98/2). The pure fractions were
collected and the solvent was evaporated. This residue (mixture of enantiomers) was
separated in it's enantiomers by column chromatography over a Chiracell OD column
(cluent: hexanes/2-propanol 98.5/1.5). The fraction, corresponding to a first
chromatographic peak, was collected and the solvent was evaporated. A sample was
10  purified by distillation (bp at 0.5 mmHg: 120°C), yielding: 56 g of (-)-3,4,4-trimethoxy-
l-(phenylmethyl)pipcridine'[a]]230 =-54.00° (c = 0.5% in methanol) (interm. 1). '

The fraction, corresponding to a second chromatographic peak, was collected and the
solvent was evaporated. A sample was purified by distillation (bp at 0.5 mmHg:
120°C), yielding 64 g of (+)-3,4,4-trimethoxy-1-(phenylmethyl)piperidine; [a]lz)o =

15  49.60° (c = 0.5% in methanol) (interm. 2).
b) A mixture of intermediate (1) (0.21 mol) in methanol (600 ml) was hydrogenated at
50°C with palladium-dn-charcoal 10% (3g) as a catalyst. After uptake of Hp (1 equiv),
the catalyst was filtered off. Calcium oxide (0.63 mol) was added to the filtrate. The
reaction mixture was stirred at room temperature. Ethyl chloroformate (0.63 mol) was

20 added dropwise. The reaction mixture was stirred for 2 hours at 50°C. The reaction
mixture was stirred overnight at room temperature. The solvent was evaporated.
Methylbenzene was added to the residue. The suspension was filtered and the filtrate
was evaporated. The residue was purified by distillation, yielding 32.6 g (63%) of
(-)-ethyl 3,4,4-trimethoxy-1-piperidinecarboxylate; [a]IZDO =-39.40° (¢ =0.5% in

25 methanol) (interm. 3).
¢) A mixture of interm. (3) (0.132 mol), 4-methylbenzenesulfonic acid (0.6 g) in
2-propanone (180 ml) and water (30 ml) was stirred and refluxed for 18 hours. The
reaction mixture was cooled and N,N-diethylethanamine (0.6 ml) was added. The
solvent was evaporated (temperature was kept < 40°C). The residue was dissolved in

30 CHjCly. This solution was washed twice with a saturated NaCl solution. The organic
layer was separated, dried (MgSOy), filtered and the solvent was evaporated. The
residue was purified by distillation, yielding 19.2 g (-)-ethyl 3-methoxy-4-oxo-1-
piperidine-carboxylate (72.3%); [a]lz)o = -44.40° (c = 0.5% in methanol) (interm. 4).

d) A mixture of intermediate (4) (0.095 mol) and benzenemethanamine (0.11 mol) in
35 methanol (200 ml) was hydrogenated under atmospheric conditions with palladium on



Thé conpounds of forrmula (I) may al so be converted into each other

follow ng art- known group-transfornmation reactions. 20 Am nogroups nay be

transforned in [err]al kyl carbonyl am no by art-known N-acyl dtis (Sheeﬂéai@m
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activated charcoal 10% (2 g) as a catalyst in the presence of 4% solution of thiophene in .
2,2’-oxybispropane (2 ml). After uptake of hydrogen, the catalyst was filtered off and
the filtrate was evaporated. The residue was dissolved in methanol (250 ml) and the
resulting mixture was hydrogenated at 50°C with palladium on activated charcoal 10% (2
g) as a catalyst. After uptake of hydrogen (1 equiv), the catalyst was filtered off and the
filtrate was evaporated. The residue was p:ri.ﬁcd by distillation (bp at 0.1 mm Hg:

5°C), yielding 13.4 g (70%) ethy] (-)-cis-4-amino-3-methoxy-1-piperidinecarboxylate;
[oz]20 = -78.9° (c = 1% in methanol) (interm. 5).

In a similar manner but starting from intermediate (2) was also prepared
(+)-ethy! cis-4-amino-3- mcthoxy—l-pzpcndmecarboxylate [a]zo = -80.64° (c = 0.6%

in methanol) (mterm 6)

Example 2
a) A mixture of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (0.5 mot), (-)-(S)-o-

methylbenzenemethanamine (0.53 mol), 4-methylbenzenesulfonic acid monohydrate
(1.25g) and methylbenzene (625ml) was stirred and refluxed with a Dean-Stark
apparatus for 3 hours. The reaction mixture was evaporated and distilled, yielding 121 g
(79.5%) of (-)-ethyl [cis(S)]-3-methoxy-4-[(1-phenylethyl)imino]-1-piperidine-
carboxylate (interm. 7).

b) A mixture of intermediate (7) (0.4 mol) and methylbenzene (750 ml) was
hydrogenated at room temperature and atmospheric pressure with rhodium-on-carbon

(5 g) as a catalyst. After uptake of hydrogen (1 eq.), the catalyst was filtered off and the
filtrate was evaporated. The residue was dissolved in 4-methyl-2-pentanone and
converted into the 4-methylbenzenesulfonic acid salt (1:1) with 4-methylbenzenesulfonic
acid . monohydrate (1 eq.). The salt was filtered off and dried. This fraction was
recrystallized twice from a mixture of 2,2’-oxybispropane/methanol (250 m1/180 ml).
The precipitated product was filtered off and dried, yielding 61.7 g (32.5%) of (-)-ethyl
[cis(S)]-3-methoxy-4-[(1-phenylethyl)amino]- 1-piperidinecarboxylate 4-methylbenzene-
sulfonate (1:1); [“]12)0 =-62.16° (¢ = 1 % in methanol) (interm. 8).

In a similar manner, but usmg (+) (R)-a—methylbenzene methanamine was prepared :
(+)-ethyl [cis, (R)]-3-methoxy-4-[(1-phenylethyl)amino]-1-piperidinecarboxylate
4-methylbenzenesulfonate (1:1); [a]Izjo =62.79° (c = 1 % in methanol) (interm. 9).

Example3 :
a) A mixture of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (0.2 mol), (-)-(S)-o-

methylbenzenemethanamine (0.4 mol) and (-)-[S-(R*,R*)] 2,3-dihydroxybutanedioic acid



57 The internediates of formula (VII) may be prepared by Nalkylating an
internediate of fornmula (I1) with a reagent of fornul a fplsheef#& Been Replaced
subsequently renoving the protective group P in the thus
intermediate (XII1) follow ng art-known reaction procedu (XI')
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(MgSO0g), filtered and the solvent was evaporated. The residue was dissolved in 4-methyl-

2-pentanone and converted into the 4-methylbenzenesulfonic acid salt (1:1) with 4-

methylbenzenesulfonic acid . monohydrate (1 eq.). The salt was filtered off and dried.

This fraction was recrystallized from 2,2’-oxybispropane/CH30H (500 m1/100 ml). The

10  mixture was stirred for 24 hours. The precipitate was filtered off and dried (vacuum;

50°C), yielding 32 g of (-)-ethyl [cis,(S)]-3-methoxy-4-[(1-phenylethyl)amino]-
1-piperidinecarboxylate 4-methylbenzenesulfonate (1:1); [a]IJZDO =-61.6°(c=0.5% in

methanol) (interm. 8).
In a similar manner, but using (+)-(R)-a-methylbenzene methanamine, was also prepared :
15  (#)-ethyl [cis, (R)]-3-methoxy-4-[(1-phenylethyl)amino]-1-piperidinecarboxylate
4-methylbenzenesulfonate (1:1) (interm. 9).
b) Intermediate (8) (0.067 mol) was converted into the free base with aqueous
ammonia. This mixture was extracted with methylbenzene. The organic layer was
separated, dried (MgSOy), filtered and the solvent was evaporated. The residual free
20  base was dissolved in methanol (250 ml) and hydrogenated at room temperature and
atmospheric pressure with palladium on activated charcoal 10% (2 g) as a catalyst. After
uptake of Hj (1 equiv), the catalyst was filtered off and the filtrate wés evaporated. The
residue was purified by distillation (boiling point at 0.1 mm Hg: 85°C), yielding 9.9 g
(79.2%) of ethyl (—)-cis-4-amino—3-methoxy—1-pipeﬁdinecafboxylate (interm. 5).
25 Inasimilar manner, but starting from intermediate (9), was also prepared :
(+)-ethyl cis-4-amino-3-methoxy-1-piperidinecarboxylate (interm. 6).

Example 4
a) A mixture of 53.3 g of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (described in

30 EP-patent 76.350), 33 g of (-)-(R)-c-aminobenzeneethanol and 700 ml of ethanol was
refluxed overnight. After cooling, the reaction mixture was evaporated and the residue
was distilled, yielding 59.1 g (92%) of ethyl (R)-4-[(2-hydroxy-1-phenylethyl)imino}-
3-methoxy-1-piperidinecarboxylate; bp. 180°C (pressure = 3.75.10-4 Pa) (interm. 10).
b) A solution of 59.1 g of intermediate (10) in 500 mi of ethanol was hydrogenated at
35 normal pressure and at room temperature with 2 g of platinum-on-charcoal catalyst.
After the calculated amount of hydrogen was taken up, the catalyst was filtered off and



pi peridine of formula (XIV) with an internediate acid of fornula (V) or a
functional derivative thereof, follow ng art-known ani de formning
procedures, and subsequently renoving the protective group [err], follow ng
art-known procedures. [err] represents a readily renovable protective group
and has the sane neaning as the group P~ bl her ei nabove. [err] The

I nternmedi ates of fornmula (XIV), wherein R3 is nethoxy and has the cis-
configuration, i.e. the 3-methoxy-4-am nopiperidines of formula (XIV-a),
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formula (XV?
eluent was evaporated, yielding 18 g (30%) of ethyl (-)-[4(R),cis]-4-[(2-hydroxy-1-

phenylethyl)amino]-3-methoxy-1-piperidinecarboxylate as a residue;
5 [a]]2)0 =-96.70° (c = 0.5% in methanol) (interm. 1 1).

c) A solution of 18 g of intermediate (11) in 250 ml of methanol was hydrogenated at

normal pressure and at room temperature with 2 g of paladium-on-charcoal catalyst

10%. After the calculated amount of hydrogen was taken up, the catalyst was filtered

off and the filtrate was evaporated. The resiude was distilled, yielding 6.2 g (55%) of
10 ethyl (-)-cis-4-amino-3-methoxy-1-piperidinecarboxylate (interm. 5).

Example 5
a) 4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofurancarboxylic acid (described

in EP-0,389,037) (0.05 mol) was dissolved in a mixture of N,N-diethylethanamine

15 (7 ml) and trichloromethane (250 ml). Ethyl carbonochloridate (0.05 mol) was added
dropwise at <10°C. The reaction mixture was stirred for 30 min at <10°C. The mixture
was added to a solution of intermediate (5) (0.047 mol) in trichloromethane (250 ml),
stirred at 10°C. The reaction mixture was stirred for 30 min at room temperature. The

reaction mixture was washed with water, 5% NaOH and again water. The organic layer
20  was separated, dried (MgSQOy), filtered and the solvent was evaporated. The residue

was purified by column chromatography over silica gel (eluent: CHyClp/CH30H 98/2).
The pure fractions were collected and the solvent was evaporated, yielding 19 g (94%)
of (+)-ethyl cis-4-[(4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofuranyl)-
carbonylamino]-3-methoxy-1-piperidinecarboxylate (interm. 12).

25 b) A mixture of intermediate (12) (0.045 mol) and potassium hydroxide (0.45 mol) in
2-propanol (300 ml) was stirred and refluxed for 12 hours. The reaction mixture was
cooled and the solvent was evaporated. Water (100 ml) was added to the residue. The
solvent was evaporated. The residue was partitioned between dichloromethane and
water. The organic layer was separated, washed with water, dried (MgSOQy), filtered

30  and the solvent was evaporated. The residue was purified by column chromatography
over silica gel (eluent: CHCly/(CH30H/NH3) 97/3). The pure fractions were collected
and the solvent was evaporated. The residue was dried (vacuum;50°C), yielding: 12.5 g
(+)-cis-4-amino-5-chloro-2,3-dihydro-N-(3-methoxy-4-piperidinyl)-2,2-dimethyl-
7-benzofurancarboxamide (77.2%); [alag = 33.40° (c = 0.5% in methanol) (interm.

35 13).

This Sheet Has Been Repl




-8- 4-am nopi peridines of formula (Xl V-a) by hydrogenol ysis. The i m nes of
formula (XVl-a) may be prepared follow ng art-known imne formation
procedures starting froma 3-net hoxy-4-oxo-piperidine of fornmula (XVII-a)
and an amne of formula (XVIIl). [err] In the internediates of fornula
(XVI11), (XVI-a) and (XV-a), [err] is hyd]rgogen, [err] or [err] and Ar is
phenyl optionally substituted with halo, [err], [err]; or naphthyl
optionally substituted with halo, [err], 10 [err]. The reactionsequence

starting frogy lb@terrredl ate of forrrula (XVIl1-a) up to an |nterrred| ate of
formul a (XIV_?B%T&— al so be perforned as a one-pot procedure.

Enant i oneri c@&) N"E‘rﬁ‘#?@ﬁﬁt!e"ﬁ}ed@%?’) @ ireel).|efhyb (2echlose Qéhlfﬁ?él’%ﬁe 0% or mul a
(XV-a) and (holf-and NTRYdibfyRiRRaNMRE (0.022 hblyid N N-diRRtAfolhemide! (1 50VnMOwas

met hods. stirred for 72 h at 70°C. The reaction mixture was cooled and the solvent was

5 evaporated. The residue was partitioned between dichloromethane and water. The
organic layer was separated, dried (MgSOg), filtered and the solvent was evaporated.

The residue was purified over silica gel on a glass filter (eluent: CHClp/CH30H 97/3).
The pure fractions were collected and the solvent was evaporated, yielding: 5 g (+)-ethyl
cis-[2-[4-[[(4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofuranyl)carbonyl]-

10 amino]-3-methoxy-1-piperidinyl]jethyl]carbamate (63%); [a]lz)o =1.20° (c = 0.5% in

methanol) (interm. 14).

b) A mixture of intermediate (14) (0.0106 mol) and potassium hydroxide (0.106 mol) in
2-propanol (45 ml) was stirred and refluxed for 4 hours. The mixture was cooled. The
solvent was evaporated and the residue was stirred in water, then evaporated again. The

15 residue was dissolved in dichloromethane and this solution was washed with a small
volume of water, dried (MgSQOy), ﬁltg:red and the solvent was evaporated. The residue

was purified over silica gel on a glass filter (eluent: CHyCly/CH30H/(CH30H/NH3)

90/9/1). The pure fractions were collected and the solvent was evaporated, yielding 3.2

g (76%) (-)-ci -4-amino—ﬂ-[l-(2-aminoethyl)-_3-methoxy-4-pipcridinyl]-5-chloro-2,3-
20 dihydro-2,2-dimethyl-7-benzofurancarboxamide; [a]lz)o = -1.50° (c = 0.2% in methanol)

(interm. 15).

Example 7
a) A mixture of intermediate (13) (0.023 mol) and 2-propenenitrile (0.028 mol) in

25  2-propanol (150 ml) was stirred and refluxed for 16 hours. The reaction mixture was
cooled and the solvent was evaporated, yielding 8 g (85.5%) (-)-cis-4-amino-5-chloro-
N-[1-(2-cyanoethyl)-3-methoxy-4-piperidinyl}-2,3-dihydro-2,2-dimethyl-7-benzofuran-
carboxamide; [a]?o =-1.60° (c = 0.5% in methanol) (interm. 16).

b) A mixture of intermediate (16) (0.02 mol) in methanol (250 ml) and tetrahydrofuran

30 (100 ml) was hydrogenated under atmospheric conditions with Raney nickel (3 g) as a
catalyst. After uptake of hydrogen (2 equiv), the catalyst was filtered off and the filtrate
was evaporated, yielding 7 g (85.2%) (-)-cis-4-amino-N-[1-(3-aminopropyl)-3-
methoxy-4-piperidinyl]-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofurancarboxamide
(interm.17).

35
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The starting raceni ¢ 3-net hoxy-4-oxo-pi peridine of fornula (XVil-a) or the
correspondi ng ketal such as, for exanple, a [err], e.qg. 4,4-diethoxy- 20
3- net hoxypi peri di ne, may be separated into its enantioners and further
converted into an enantionerically pure cig-3-nethoxy-4-am nopi peridi ne of
formula (XIV-a) as descri bed hereinabovefléaid Separation in enantioners
can be perforned, for instance, by colum chronmat ography using a chiral
stationary phase, e.g. Chiracell OD. Alternatively, the internmediate imne

of formula ( - an be prepared using one of 25 the enantioners of a
chiral am neé%alfm"?%grgrcml a wherein R7 is defined as herei nabove but

other t han harbisanedias (7 RTES mcovsginiehidda hbutanel BRI (egingdo 4o °C

(-)-(R-[err ]récgmea? bedizRnen Sdrbamd (10338(rmidl) Frak 8ddeld-a230 RClBR&RBERLISNO! |

whi ch after hydrogenation yields d er eoner i m nes of fornula (XV-a),

whi ch may" be SUCHOEHTGRACRGRY BRI B TH) Bt el apd M FRRORIHBES Yatich as

sel ecti vescr heiad ld Rfibx ®mpetata@ (16C)Tahe eazibn mitieewdsgrnsd afds@dfiogaiver ysi s

of the aryl m'itl kt%lugr Oilﬂg rr(ix u_reC'v_vI 5 Zﬁdv)ed to cool to 20 °C. Water (769 ;nl) was added and the
mixture was stirred for 15 minutes. The layers were separated. The organic layer was
evaporated (1.66 mm Hg ; 60 °C), yielding 458.9 g (92.1%) of (*)-cis-4-amino-
5-chloro-2,3-dihydro-N-[3-methoxy-1-[3-[(4-methoxy-2-pyrimidinyl)amino]propyl]-

10  4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide (interm. 18).

b) Hydrochloric acid in 2-propanol (434 ml) was added dropwise over a 15-minutes
period to a solution of intermediate (18) (0.769 mol) in 4-methyl-2-pentanone (3845

ml), stirred at 15-20 °C (cooling on ice bath was required). The reaction mixture was
stirred for 1 hour at 15 °C. The precipitate was filtered off, washed with 4-methyl-2-

15 pentanone (769 ml) and dried (vacuum; 50 °C), yielding 425.9 g (93.6%) of (+)-cis-4-
amino-5-chloro-2,3-dihydro-N-[3-methoxy-1-[3-[(4-methoxy-2-pyrimidinyl)amino}-
propyl]-4-piperidinyl}-2,2-dimethyl-7-benzofurancarboxamide dihydrochloride (interm.

19)
B. Preparation of the final compounds

20 Example9 .
A mixture of intermediate (17) (0.017 mol) and 2-methylthio-4-pyrimidinone (0.022

mol) in acetonitrile (300 ml) was stirred and refluxed for 16 hours. Extra 2-methylthio-
4-pyrimidinone (2 g) was added and the reaction mixture was stirred and refluxed for 16
hours. The reaction mixture was cooled. The solvent was evaporated. The residue was
25  purified oversilica gel on a glass filter (eluent: CHCly/CH30H/(CH30H/NH3)
90/9/1). The pure fractions were collected and the solvent was evaporated. The residue
was triturated in 2, 2’-oxybispropane. The solid was filtered off and dried (vacuum;
room temperature), yielding 2.65 g (29.7%) (-)-cis-4-amino-5-chloro-2,3-dihydro-
N-[1-[3-[(3,4-dihydro-4-oxo-2-pyrimidinyl)amino]propyl}-3-methoxy-4-piperidinyl)-
30 2,2-dimethyl-7-benzofurancarboxamide; mp. 164.3°C; [a]lz)o =-17.54°(c=1%in

metﬁanol) (comp. 1).

In this manner there were prepared :
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-9- fromthe respective diastereoneric amnes of fornula (XV-a) yields the
respective enantioneric 3-mnethoxy-4-am nopi peridines of formula (XIV-a).

Yet anot her way of obtaining enantionerically pure

3- et hoxy- 4- am nopi peri dines of forrmula (Xl V-a) was found during the

optim zation of the above reaction sequerdfe. 5 When one reacts a racemc
ket one such as a 3-net hoxy-4-oxo-piperidine of formula (XVIl-a) with an
enantionerically pure chiral amne of formula (XVIII1-b), e.g.
(-)-(S)-[err]-nethyl benzyl am ne, and subsequently hydr ggen€Hes the thus
formed imne of fornula (XVlI-a), one would expect a rati)of diastereofreric
am nes of fornula (XV-a) of approximately 1:1 g3Unexpe®@ edl(GHahowever, it

was found thEbleiter the above 0
j—NH (CH—N NH—C R*
> N :

OH

Co. No. | R3 R4 |n |m |[physical data
1 OCH3 | NHz |3 |1 |cis; mp. 164.3°C; [a]?():

-17.54°(c = 1% in methanol)

2 | OCHz | NHp |2 |1 |cis; mp.179.9°C, [a]385=-156 45°

(c=0.1% in CH30H)
3 | OCH3 | NHy |3 |1 |cis; mp. 164.3°C, [olqy =
17.21°(c=1% in CH30H)

4 | OCH3 | NH2 |2 |1 Jcis; [a]%85=158.53° (c=0.1% in
CH30H)

5 OCH3 | NHz |3 |1 |[cis;2.5H20/mp. 163.8°C
6 OCH3 | NH2 |2 |1 |cis; mp. 198.8°C
7 H NH2 |2 |1 |[mp.204.4°C
8 H NHy {3 {1 |H20/mp.165.8°C
9 H NHz (3 [2 [mp.221.1°C

10 H H 2 |1 [mp.1269°C

11 H H 3 |2 |mp.106.1°C

Example 10

5 A mixture of 4.15 g of 2-chloro-4-hydroxyquinazoline, 4.57 g of 4-amino-N-[1-(3-
aminopropy!)-4-piperidinyl]-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofurancarbox-
amide (described in EP-0, 445, 862) and 0.80 g of calcium oxide was stirred for 1 hour
at 140 °C. The reaction mixture was dissolved in a mixture of dichloromethane and
methanol. The whole was washed with watet, dried, filtered and evaporated. The

10  residue was purified twice by column chromatography (silica gel ; CH2Cl2 /
CH30H(NH3) 90:10 ; CH2Clp / CH30H(NH3) 88:12 ) The eluent of the desired
fraction was evaporated and the residue was boiled in 2,2'-oxybispropane. The product
was filtered off and dried, yielding 3.2 g (50.8%) of 4-amino-5-chloro-2,3-dihydro-N-
[l-[3-[(4-hydroxy-2—quinazolinyl)amino]propyl]-47pipcridiny1]-2,2-dimethyl-7-

15 benzofurancarboxamide; mp. 159.6 °C (comp. 12).
cet Has Been Replaced
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10 reaction sequence said diastereoneric ratio differs substantially from
the ratio 1:1. In other words, the amnes of formula (XV-a) were

di astereonerically enriched or even diastereonerically pure. Hence, in the
course of this reaction sequence one diagfereoner is converted into the

ot her by configurational inversion of the stereocenter bearing the

nmet hoxygroup. 15 Thus, a novel and inventive way to obtain novel
enantionerically enriched or enantionerically pure

3- met hoxy- 4- am nopi peri dines of fornmula (XIV-a) and nore in general

i nt er nedi at es of mhretere welepréparstizs found fol | owi ng the procedure
described in nore detail hereinunder. [err] In (XIX-a), (XX-a), (XXlI-a) and
(XXI'l-a) the rg&:cal A represents hydrogen, [err], or L, -wherein n, [err]
and L are as defined herei nabove. A racemc mxtyge gfi,

3- et hoxy- 4- oxo- pi peridine of fornmula (XXII-a) 2

R3 0]
. R” .(.) : . -
Z N\ NH—(CH— NH—C- R*
>N
Cl
OH
No. R3 R4 n | physical data
12 H NH 3 | mp. 159.6°C
13 H NHj 4 |mp.152.3°C
14 H NH3 2 | mp. 160°C (decomp.)
15 | OCH3 NHj 3 |cis/1/2HyO/mp. 185.6°C
16 | OCH3 [-NH-CO-CH3|3 |cis; HyO/mp. 181.2°C
17 | OCH3 H 3 | cis; mp. 140.5°C
18 | OCH3 H 2 | cis; mp. 150.0°C
19 H H 2 |mp.238.1°C
20 H H 3 |mp. 131.1°C
ple 11

xture of 2.6 g of 2,6-dichloro-4-quinazolinol (described in J.Med.Chem., 1968,
D,3.7gof 4-amino-N-[1-(2-aminoethyl)-4-piperidinyl]-5-chloro-2,3-dihydro-
imethyl-7-benzofurancarboxamide (described in EP-0, 445, 862), 0.8 g of calcium
:and 5.64 g of N.N-dimethylacetamide was stirred for 3 hours at 140°C. After
ag, the reaction mixture was evaporated and the residue was taken up in a mixture
:hloromethane and methanol. The whole was washed with water. The partly

~ pitated product was filtered off (first fraction). The organic layer was decanted,
, filtered and evaporated (second fraction). The combined fractions were purified
: by column chromatograpi;y (sili::; gel ; CHClp / CH30H(NH3) 95:5 ; CH2Cla/
OH 92:8). The eluent of the desired fraction was evaporated and the residue was

-~ . LR Y Ve TN | PO N Al P R Y SR K B R R T TR e Y

-
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25 may be reacted with one enantiomer of a chiral amine of fornula

(XXI11),

wherein R8 is [err]al kyl or hydroxy[err], Ar is phenyl optionally

substituted with halo, [err], [err]al kyloxy; or naphtyl optionally
substituted with halo, [err], [err]; vyi elgli'ng a diastereoneric m xture of

the intermediate imne of fornmula (XXl -a)4

using art-known imne-formation procedures, such as, for 30 instance,

stirring the reactants at

such as,

and, i f necessary, urified, for
Taglc% P

5

10

15

20

25

CHz ,CH3

3 0
9]

R
RL__N Tl '
= \ll—NH—(CH,)n—N NH—C NH,
2N
R Cl
OH .

Co. No. R, R2 R3 physical data

21 | -CH=CH-C(Cl)=CH-| H
22 | -CH=C(Cl)-CH=CH-| H
23 | -CH=C(Cl)-CH=CH- | OCH3
24 -CH=CH-C(Cl)=CH- | OCH3

mp. 206.6°C

mp. 242.4°C

mp. 215.5°C; cis

1/2 HyO/mp. 237.9°C; cis

W W N NS

Example 12
Water (2880 ml) was added to intermediate (19) (0.72 mol, resulting in complete

dissolution of intermediate (19). Hydrochloric acid (193 ml) was added dropwise. The
reaction mixture was heated to reflux temperature (95 °C). The reaction mixture was
stirred and refluxed for 24 hours. More hydrochloric acid (128.6 ml) was added at
reflux temperature. The reaction mixture was stirred and refluxed for 2.5 hours.
Heating was stopped. Dichloromethane (360 ml) was added. The layers were
separated. Dichloromethane (1080 ml) was added to the aqueous phase. At 20-25 °C,
the biphasic mixture was alkalized with ammonium hydroxide (433 ml) (until pH > 10;
addition over a 30-minutes period; external cooling required!; the mixture was
homogeneous at start, precipitation resulted at pH = 6-7 and dissolved at higher pH).
The layers were separated. The aqueous layer was extracted with dichloromethane (360
ml). The organic extracts were combined, dried, filtered and evaporated (vacuum; 40
°C). The residue was dried (-vacuum; 40 °C), yielding 321.2 g (88.3%) of (-)-cis-4-
amino-5-chloro-N-[1-[3-[(3,4-dihydro-4-oxo-2-pyrimidinyl)amino]propyl]-3-methoxy-
4-piperidinyl]-2,3-dihydro-2,2-dimethyl-7-benzofurancarboxamide (comp. 1).

C. Pharmacological example
Example 13 : von Bezold-Jarish test

Male spontancous hypertensive rats (= 6 months) were anaesthetized by ether inhalation
and the femoral vein and artery were dissected and cannulated with polyethylene

reflux tenperature in a reaction-inert solvent

14 Biis fnQAine? NRIPWere Eparddenat i ¢ hydrocarbon, e.g. methyl benzene,
using a Dean-Stark apparatus. "The 1mne of fornula (XXl -a) may be isoldted

Said reaction may be carried out
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I nStance by colum chromat ography, distillation or cystallization.
Subsequently the 5 I mne may be hydrogenated by stirring the i mne under
hydrogen at nosphere in a suitable solvent such as, for exanple, an al cohol,
e.g. nethanol or ethanol; an ether, e.g. tetrahydrofuran or

2, 2' - oxybi spropane; an ester, e.g. ethylé@etate; an aromati c hydrocarbon,
e.g. nethyl benzene; in the presence of appropriate catalysts, e.qg.

pal | adi um on- charcoal platinun}on charcoal, rhodiumon carbon and the

like, yiel d' %ﬁ%%ﬂ% Falifr)i Lt¥rcﬁr36{h%%narar&fnﬂﬁcedaﬂﬁ@m?w cally

pure amneo orrru ternative the 1nternediate i m ne of
formul a (XXIlndl)CC|lgcarll6 algesit ated. In this case a racemc nmxture of a

3- met hoxy- 4 ?él‘%?n'é?ﬁcdf i @Hﬂhﬁn@&gs ar)thé %éﬁﬁ@étl%ieﬂ/wasftoﬁﬁ&tﬁf tot he
enant i omer s

am ne formula (XXl |.) under 0
condi ti ons, a/stalrugwedal%m%mémné%cwamwhgarca$ur'a é§¥ %%ﬁe%@g he, pure
inter ”Edliit animals waie ﬂﬂ?l§ anaké R conttal 1r(]é@£roa)of s&otoin @A mghg) wapgivéroviaght | n

OO0 kb e o PR BLBE DR Tt lerls

scrotomne injection normally evolves in three phases : 1) a short and sharp decrease
(von Bezold-Jarish reflex), 2) an increase and 3) a longer lasting decrease in systolic
blood pressure. Inhibition of the first sharp decrease in blood pressure (von Bezold-

10  Jarish reflex) is taken as a measure for 5-HT3-antagonism. Some time after the control
injection of serotonin the test compound was injected intraperitoneally. After 30 minutes
serotonin was again injected intravenously and the presence or absence of the first short
and sharp decrease was recorded. The same procedure was repeated after 60 minutes.
The compounds were tested at different doses.

15 The Lowest Active Dose (LAD) which is shown in Table 4 may be defined as the dose
(in mg/kg body weight) at which at least half of the animals tested show inhibition of the

von Bezold-Jarish reflex.

Table 4
Co. No. LAD (mg/kg)
5 0.04
7 0.04
9 0.16
12 0.16
14 0.01
19 0.01
21 0.16
11 0.16 _
8 0.04
24 4. 0.16 . . -
23 0.16
16 0.16
17 0.04
6 O._Ol
10 0.01
1 0.04
2 0.04 : This Sheet Has Been Re
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acid, 2-hydroxy- 1,2, 3-propanetricarboxylic acid, and in particular (-)
[S (R, R*)]-2, 3-di hydroxy- butanedioic acid, especially wh

lﬂeé/nRe laced
unsubsti tuted phenyl or naphthyl, especially phenyl. Preferre mﬁnmwml
formula (XXI11) are the enantionmers of [err]-nethyl benzyl- a
trans- 3- rreth —amnt nnoderi vative can be fornmed, which may be renoved
by crystallizat mfoﬂﬂwmfomubmmghmpWypymézﬂrphaﬂrammcafcqmpapmpnm@ desage

an al cohol. 20 In the amnes of forrmula (XXII1), [err] 4sS
(-)-(S)-[err]-nethyl benzylami ne or (+)-(R)-[err]-nethyl benzyl am ne.
01 ot er comer | il foim SAULRE sferdiet _t@%aﬂﬁﬁhlswﬁmo%%mqeﬁn g

adim xture with an acid, such as, acetic acid, oxalic acid, chloroacetic
hydroxynet hyl , nmethyl or ethyl, especially4rethyl and Ar is ﬁﬂ[
Sonetines, dugi & dVEL &ation reaction a small anount of
preparing an im ne o one enant | oner

benzyl am e &A¢80MA the Pyespftdr @Rt i ng the imine of formula (XXl -a) by
stirring it "Actwe ingredient" (A.IL) as used throdghout these example$ felates to a compound

of formula (I), a pharmaceutically acceptable acid addition salt or a stereochemically
isomeric form thereof.

10 Example 14 : Oral solutions
9 g of methyl 4-hydroxybenzoate and 1 g of propyl 4-hydroxybenzoate are dissolved

in 4 1 of boiling purified water. In 3 1 of this solution are dissolved first 10 g of
2,3-dihydroxybutanedioic acid and thereafter 20 g of the A.L. The latter solution is
combined with the remaining part of the former solution and 12 1 of 1,2,3-propanetriol

15  and 31 of sorbitol 70% solution are added thereto. 40 g of sodium saccharin are
dissolved in 0.5 1 of water and 2 m! of raspberry and 2 ml of gooseberry essence are
added. The latter solution is combined with the former, water is added g.s. to a volume
of 20 | providing an oral solution comprising 5 mg of the A.L per teaspoonful (5 ml).

The resulting solution is filled in suitable containers.
20

Example 15 : Capsules

20 g of the A.L, 6 g sodium laury! sulfate, 56 g starch, 56 g lactose, 0.8 g colloidal
silicon dioxide, and 1.2 g magnesium stearate are vigorously stirred together. The
resulting mixture is subsequently filled into 1000 suitable hardened gelatin capsules,

25 each comprising 20 mg of the A.L.

Example 16 : Film-coated tablets
Preparation of tablet core
A mixture of 100 g of the A.L, 570 g lactose and 200 g starch is mixed well and

30 thereafter humidified with a solution of 5 g sodium dodecyl sulfate and 10 g polyvinyl-
pyrrolidone in about 200 ml of water. The wet powder mixture is sieved, dried and
sieved again. Then there are added 100 g microcrystalline cellulose and 15 g
hydrogenated vegetable oil. The whole is mixed well and compressed into tablets,
giving 10.000 tablets, each-comprising 10 mg of the active ingredient.

35 Coating

- To a solution of 10 g methyl cellulose in 75 ml of denaturated ethanol there is added a
solution of 5 g of ethyl cellulose in 150 ml of dichloromethane. Then there are added 75
ml of dichloromethane and 2.5 ml 1,2,3-propanetriol. 10 g of polyethylene glycol is



30" in methyl benzene under a hydrogen at nosphere using a rhodi um catal yst.
In order to avoid the undesired further hydrogenation of certain functional
groups in the reactants and the reaction products, it nay be advant ageous
to add an appropriate catal yst-poison to the reaction mxture, e.g.
t hi ophene, quinoline-sul phur and the |ike25H gher pressures and/ or
tenperatures may enhance the reaction rate. 35 ~ The resulting
internediate of forrmula (XX-a) has a diastereoneric ratio, that differs
very much fr deankt Rk rds, t ' I at f.ormul a
(XX-a) is di ;rg%)ltér eornedéfis_f:)ang1 7ejn'?'|1 gﬁ%@'S%"}?ﬂEEF ’eﬁ%&%?@igﬁ%%paggg to'Itﬁ‘!':e )
respective di fesmerrang than there arefagided; may then, if necessary, be further
separ at ed usi 2§ ;R ME@REsiABLaBlRARb S!S 1Ron€ B P BB IR OF 8H2¥n-O"

B e S AR Ly ol RnE A SO Bf tckn

fractional crys éal |.i zati on optional \ ormat 1 on. .
trated colour suspension and the whole is homogenated. The tablet cores are coated with

5  the thus obtained mixture in a coating apparatus.
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t hus obtained diastereonerically pure am nes of fornmula (XX-a) may then be
further hydrogenol yzed, renoving the chiral auxiliary group Ar-CH(R8)-,
yielding 5 enantionerically pure 3-methoxy-4-am nopi peridi nes of formula
(XIX-a). It is noteworthy that the config%ration of the stereocenter
beari ng the net hoxygroup is determ ned by Phe configuration of the
enantionerically pure amne of formula (XVIII) that is used. Hence, either
configuration of said stereocenter can be obtained by selection 10 of one
or the other @qpantionmer of the amine of fornmula (XXII1). It may further be
noted that t oi ce of the acid used during the hydrogenation of the-

i mine, can allsdUserffiasompoupdof Praulkert ai n degree the di astereomeric ratio
of the am nes of formula (Xl X-a). The choice of catalyst can also influence
up to a certain degree the anount of trans-4-aghjocHg- met hoxy derivative
that is formed. 15 The di astereonerically enric@g@\or di astereonerically

pure internmediates of formula R3 0 “(CHn
R! N I o
Z N\ NH—(CH—N NH—C R* .
R XN | RS
OH
5

a pharmaceutically acceptable acid addition salt form or a stereochemically isomeric form
thereof, wherein '

R! and R2 represent hydrogen, or

R1! and R2 taken together form a bivalent radical of formula

10 -CH=CH-CH=CH- (a),
-CH=C(CI)-CH=CH- (b) or
-CH=CH-C(Cl)=CH- )

n represents 2, 3 or 4;
R3 represents hydrogen or methoxy;
15 m represents 1 or 2;
R4 represents hydrogen, amino or Cj.3alkylcarbonylamino; and
RS represents hydrogen or halo, _
for the manufacture of a medicament for treating 5-HT3-mediated disorders.

20 2. A use according to claim 1, wherein R3 represents methoxy and has the cis-
configuration.

3. A use according to claim 2, wherein the compound is laevo-rotatory.

25 4. A use according to claim 1, wherein the compound is (-)-cis-4-amino-5-chloro-
2,3-dihydro-N-[1-[3-[(3,4-dihydro-4-ox0-2-pyrimidinyl)amino]propyl]-3-methoxy-4-
piperidinyl}-2,2-dimethyl-7-benzofurancarboxamide or (-)-cis-4-amino-5-chloro-
N-[1-[2-[(3,4-dihydro-4-ox0-2-pyrimidinyl)amino)ethyl]-2,3-dihydro-3-methoxy-
4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide, or a pharmaceutically acceptable

"30 acid addition salt form thereof.
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(XX-a) and the enantionerically enriched or enantionerically pure

I nternmedi ates of fornula (Xl X-a) and the pharmaceutically acceptable acid
addition salts thereof are deened novel. Al so the enantionerically enriched
or enantionerically pure internediates 20 of formula (Il-a), (IV-a),
(M1-a), (Xa), (Xill-a), (XIV-a) and theZpharmaceutically acceptabl e acid
addition salts are al so deened novel. Said internedi ates may be prepared as
descri bed herei nabove starting fromenantionerically enriched or
enantionerically pure internediates of formula (XIV-a). 25 In this way
and starting fromenantionerically enriched gy tiomerically pure

I nt ermedi ates descri bed herei nabove a novel a I n\ventive way to prepare
enantionerically enriched or enantiogerical |l p’ptyeHgpnpounds of fornmula
(1-a), espeC|aIIy, t he | aevo-rot at enaaﬁl r/s of the conmpounds of

formula (1 -a)Rr:%—ﬁﬁﬂ(cx-?S n—N NH—C R* (-a),
s .-

ora pharmaceuncally acceptable acid addition salt thereof, wherein
R1 and R2 represent hydrogen, or
5 R!and R2 taken together form a bivalent radical of formula

-CH=CH-CH=CH- - (a),
-CH=C(CI)-CH=CH- (b) or
-CH=CH-C(Cl)=CH- (c);

n represents 2 or 3;
10  R3represents methoxy and has the cis-configuration;
m represents 1 or 2;
R4 represents hydrogen, amino or Cj._3alkylcarbonylamino; and
R5 represents hydrogen or halo.

15 6. A compound according to claim 5, wherein the compound is (-)-cis-4-amino-5-
chloro-2,3-dihydro-N-[1-[3-[(3,4-dihydro-4-ox0-2-pyrimidinyl)amino]propyl}-3-
methoxy-4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide or (-)-cis-4-amino-3-
chloro-N-[1-[2-[(3,4-dihydro-4-0x0-2-pyrimidinyl)aminojethyl]-2,3-dihydro-3-
methoxy-4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide or a pharmaceutically

20  acceptable acid addition salt form thereof.

7. A pharmaceutical composition comprising an inert carrier and as an active ingredient
an effective 5-HT3-antagonistic amount of a compound as claimed in claim 5.

25 8. Anenantiomerically enriched or enantiomerically pure cis-3-methoxy-4-amino-
piperidine of formula

OCH;

A—N —NH; XIX-a)

30  oraphamaceutically acceptable acid addition salt thereof, This Sheet Has Been Rep
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It is evident that the cis and trans diastereoneric racemates of the
compounds of formula (1), (l-a), or any of the other interiRdialEs BoRReFALEO
be resolved into their optical isoners, cis(+), cis(-), tra

trans(-) by the application of art-known nethodol ogies. D ag'&ﬁﬁmgmﬂ} Il
may be separated by physical separation #8t hods 35 such a I

crystallization and chromat ographi ¢ techni ques, e.g. counter current
di stribution, and enantioners may be separated from each other by the

el ective ¢ | ] ' ' ' ' | 1
onant | oner | CAFEin ASERE0RS, (CHENNHANCH SRR PPRPR Lokl P and P cach
-12- The coripdepeadendy represent G1-alkylcarbanyhiiCiastiyboxyrarhony): tHbalepetyle salts

and

10

15

20

25

30

carbonyl; diphenylmethyl; triphenylmethyl or aryimethyl, wherein aryl is phenyl
optionally substituted with up to two substituents selected from Cj.4alkyloxy or halo;
and L represents a radical of formula

Rl N NH~(CH))n—
Zr
>~ N
R? ,
OH

wherein R! and R2 represent hydrogen, or

R! and R2 taken together form a bivalent radical of formula
-CH=CH-CH=CH- (a),
-CH=C(Cl)-CH=CH- (b)or
-CH=CH-C(Cl)=CH-;

_and n represents 2, 3 or 4.

9. An intermediate as claimed in claim 8 wherein the intermediate is an enantiomerically
enriched or enantiomerically pure cis-3-methoxy-4-aminopiperidine of formula

OCH;

P‘—Né—NHz (XIV-a),

wherein P! is Cj.4alkylcarbonyl; Cy4alkyloxycarbonyl; trihalomethylcarbonyl;
diphenylmethyl; triphenylmethyl or arylmethyl, wherein aryl is phenyl optionally
substituted with up to two substituents selected from Cj_salkyloxy or halo; or an acid
addition salt thereof.

10. A process of preparing an enantiomerically enriched or enantiomerically p'urc cis-
3-methoxy-4-aminopiperidine of formula

OCHj

wherein A is hydrogen,.-(CHz)n-NHz, -(CH2)o-NH-P, P! or L, wherein P and P! each
independently represent Cj4alkylcarbonyl; Cy.4alkyloxycarbonyl; trihalomethy!l-
carbonyl; diphenylmethyl; triphenylmethyl or arylmethyl, wherein aryl is phenyl

*+ C L M s =
|




stereoi soneric fornms are 5-HT3-receptor antagonists, as denonstrated by the
fact that they have been found active, for exanple, in antagonising the von
Bezol d-Jarish 5 chenorefl ex evoked by serotonin in rats (Pharnacol ogy and
Toxi col ogy, 70, Supp Il, 17-22 (1992)). This test is described hereinafter
as exanple 10. The conpounds of formula (429; especially the conpounds of
formula (l-a), are active during a |long period of time. Mreover, the
present conpounds of formula (1), especially the conpounds of formula

(I-a), show a hjgh deqgree of cardjovascular safety., .10 0 Wi ir
5- HT3- ant agon?lg{qg'eu)é& SVW%‘Y ughlotjw&spgggwgtgéﬁgp gl’f‘%ikﬁuwrggnéﬁ ?’nt'o
vari ous phar nagidutdpeaskents aradicdl of feminiani st rati on purposes. To prepare these
pharmaceuti cal conpositions, an effective amount of a particul ar conpound,
in base or acid additien sglt @ Ipcpgs—Lhe active ingredient is intimately
mxed with a 15 phar e’uﬁ]{al |y acceptable carrier. Said carrier may
take a wide variety of 2f BN

R , = .-

OH
5  wherein R! and R2 represent hydrogen, or
R! and R2 taken together form a bivalent radical of formula
-CH=CH-CH=CH- (a),
-CH=C(Cl)-CH=CH- (b)or
-CH=CH-C(Cl)=CH-;
10 and n represents 2, 3 or 4,

characterized by
reacting a racemic 3-methoxy-4-oxo-piperidine of formula (XXII-a) wherein A is as

defined hereinabove, with one enantiomer of a chiral amine of formula (XXIII), wherein
R8 is Cj.galkyl or hydroxyCj.galkyl and Ar is phenyl optionally substituted with halo,

15 Ci.galkyl, Cy.galkyloxy, or naphthyl optionally substituted with halo, C;.galkyl, or
C1-6alkyloxy; thus forming an intermediate of formula (XXI-a), which is hydrogenated
in the presence of a catalyst, such as palladium-on-charcoal, platinum-on-charcoal, or

rhodium-on-carbon;

OCH; RS OCHj3 RS
| ) |
A—N\/_;/>:O + Ar—CH—NH; ———— A-—-N(j:N—CH-—Ar
(XXIID .
XXH-a) XX1-a)
OCHj OCHj
Rs
|
—— A-N NH—~CH—Ar —— A—N NH;
&KXa . _ (XIX-a)

20 .
thus forming a diastereomerically enriched or diastereomerically pure intermediate of

formula (XX-a) and subsequently removing the chiral auxiliary group Ar—_CH(Rs)-, and
if desired, converting the intermediates of formula (XIX-a) into an acid addition salt
form by treatment with acid; or conversely, converting the acid addition salt into the free

25  base with alkali. ' e
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dependi ng on the form of preparation desired for adm nistration. These
phar maceuti cal conpositions are desirably in unitary dosage form suitable,
preferably, for administration orally, rectally or by parenteral injection.
For exanple, in preparing the conpositions in oral dosage form any of the
usual pharmaceutical nedia nmay be 20 emMeyed, such as, for exanple,

wat er, glycols, oils, alcohols and the like in the case of oral liquid
preparations such as suspensi ons, syrups, elixirs and solutions; or solid

' h kaol i.n. | ubri '
Grsint egrat 1 ng- I EREES o oreRURL Lot br ondle ) ameBAE B . capsu oo

and tablets. Because of their ease in adninistration, tablets and capsul es

represent the ”&%&ﬁﬁgjyﬁéﬁﬁﬂ&ﬂbﬁcz{%% ﬁ&fea%gsnémb{ne lly p Riflerhéiitbbeh case
solid pharmaceutical carriers are 2 vi ously enployed: “For Farent ?ral
conposi tions, tmdaéXFXagrwhgrein At sajd insermedineesdeingirerreseatedi by @ Vidast in
| arge part, thoygingd BRimbngredi ents, for exanple, to aid solubility, may
be included. Injectable sol utions, for exanpl e, may be prepared in which
the carrier conprises saline solution,

2acting an enantiomerically enriched or enantiomerically pure intermediate of formula
V-a) with an acid of formula (V) or a functional derivative thereof, and subsequently
oving the protective group P1, thus yielding an enantiomerically pure intermediate of
aula (I1-a); '

CH>3<CH3
OCH; 0" “(CHy
9 1. N-acylation
1N NH, + HO—C R* —> (0-2)
' 2. removal of P!
RS
(XIV-a) v

-alkylating an enantiomerically enriched or enantiomerically pure intermediate of

wla (II-a) with a reagent of formula (XI), and subsequently removing the protective
pp P, thus yielding an enantiomerically enriched or enantiomerically pure intermediate
ymula (VII-a);

CH; ,CH;
" 07 (CHy)
1. P-NH-(CHp),- W' OCH; 2m
XD "
(U-a) >  HyN—(CHy),—N NH—C R?
2. removal of P
RS

(VIl-a)

acting an enantiomerically énriched or enantiomerically pure intermediate of formula
-a) with a reagent of formula (VI), wheréin RS is hydrogen or C;.galkyl and W2 is

wnrnnriate leavine orninn and when nereccary rleavinag Af the nratentivae ather.

This Sheet Has Been R
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gl ucose solution or a mxture of saline and glucose solution. Injectable
suspensi ons may 30 al so be prepared in which case appropriate liquid
tarriers, suspending agents and the |ike nay be enployed. In the
conpositions suitable for percutaneous ad?Lnlstration the carrier
optionally conprises a penetration enhanctfhg agent and/or a suitable
wetting agent, optionally conbined with suitable additives of any nature in
m nor proportions, which additives do qpt cause a significant del eterious
effect to the skin. Said addiR} may facilitate the adm nistration
to the skin and/oqvﬁgy be, hel pf f preparing the deg#red conpositions.
These conpositions nmay be ad Pbd in various ways, e.g., as a
transdermal patch, as a spot Ron, sGan oi ntment. Acid addition salts of the
13 OR

(VD
and , if desired, further purifying the enantfomerically enriched compounds of formula
(I-a) to obtain enantiomerically pure compounds of formula (I-a), and if further desired,
converting the compounds of formula (I-a) into a therapeutically active non-toxic acid
5  addition salt form by treatment with acid; or conversely, converting the acid addition salt

into the free base with alkali.
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coirpounds of fornmula (1) due to their increased water solubility over the
correspondi ng base form are obviously nmore suitable in the preparation of
aqueous conpositions. It is especially advant ageous to fornulate the

af orenenti oned pharnmaceuti cal conpositions in dosage unit formfor ease of
adm ni stration and uniformty of dosage. Dosage unit formas used in the
specification herein refers to physically discrete units suitable as
unitary dosages, each unit containing a predeterm ned quantity of active

i ngredient calculated to produce the desired therapeutic effect iyAB 899
association with the required pharnmaceutical carrier. Exanples of such~
dosage unit fornms are tablets (including scored or coated tablets),
capsules, pills, powder packets, wafers, injectable solutions or

suspensi ons, teaspoonfuls, tablespoonfuls and the |ike, and segregated

mul tiples thereof. In view of their 5-HT3-antagonising activity the
conpounds of formula (1) and ABSTRACT

Use of dimethylbenzofurans and dimethylbenzopyrans as 5-HT3 antagonists

10

Method of treating 5-HT3-mediated disorders, which comprises systemic administration

of an effective amount of a compound of formula (I)

CHg CH;
(CHz)m
N
g Tr—NH-(CHz),,— NH—C
R2

15 OH

the pharmaceutically acceptable acid addition salt forms and the stereochemically
isomeric forms thereof, wherein R! and R2 represent hydrogen, or Rl and R2-taken
together form a bivalent radical of formula -CH=CH-CH=CH- (a), -CH=C(Cl)-

20 CH=CH-(b) or -CH=CH-C(Cl)=CH- (c); n represents 2, 3 or 4; R3 represents
hydrogen or methoxy; m represents 1 or 2 ; R% represents hydrogen, amino or
Cj-3-alkylcarbonylamino; and R3 represents hydrogen or halo; novel compounds; *
compositions; processes for preparing novel compounds and intermediates.
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especially the novel conpounds of formula (l-a) are useful Aep2xF&-fr EtSnent
of [err] pediated—di-sorders_such as anxiety, psychosis, depression

(Arznei m iorggﬁpf’*cﬁ%{ $HEETS9- 248G 1992) ), schizophrenia, cognitive

di sorder g @eg‘?_“m@rmmygddrrp?aj. ronged (An.zhei m r sERLAZCIINT 2465249 SG
(1992)), A Gépimblse,: patgrdithe page@sts..| €. 9. Cy BTG G- Baugaant. X aslizaptrr.

i nduced qi&rswigBsuge«42(4)., (bRleds8. (1993)) .| igitiahhe bowetdsyRdransi. .
especi al ||} dibaracheappegdanNaptpagéd I Eabl e bowe Giﬂgﬁgﬁ% R0 & ¥ edeed ..

di sor der § pAGensgaueRidiyy Lhe present |hventioh provides a,yse; of ;2 600pound
of formula{ry—tor—thenantfactiie—6f—a nedi canent for treating e
war m bl ooded aRi?’mq)rssesLsfl"fyelrdg&goranBy[err] - d;bﬁ_ed diﬁﬁ,&é@ SUTEES
anxi ety, psych%slit,’ﬁre dapigssi on, schizophreni a AgH OV derrer- ey
menory i npairnent, érug abuse, migraine, enesis, e.g. cytotoxic drug and
radi ati on i nduR&dersessaisdydragensamine op Gastlkyleadpoaaming gadi al | y

di ar r heapr edonRiaggredents Hydddgen @ Walo. syndrone, and related disorders. Said
use conprises the system’c adm nistration of an effective :

S-[err]-ant agonte Hc%cn%rirrll)v%mior? ];s a?so concerned with the use of the compounds of formula
(D), the pharmaceutically acceptable acid addition salts and the stereochemically isomeric
forms thereof for the manufacture of a medicament for treating 5-HT3 mediated

~ disorders such as anxiety, psychosis, dcprcssioh, schizophrenia, cognitive disorders,

drug abuse, migraine, emesis, irritable bowel syndrome and related disorders.

In the foregoing definitions and hereinafter the term halo defines fluoro, chloré,
bromo and iodo, preferably chloro; Cj-4alkyl defines straight and branch chained
saturated hydrocarbon radicals having from 1 to 4 carbon atoms such as methyl, ethyl,
propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-methylpropyl and 1,1-dimethylethyl,
preferably methyl. Cj.galkyl defines C1..4a1kyl and the higher homologues thereof such
as, for example, pentyl and hexyl. Cj.3alkylcarbonyl defines straight and branch
chained acyl radicals such as methylcarbonyl, ethylcarbonyl, propylcarbonyl, preferably
methylcarbonyl. :

The term pharmaceutically acceptable acid addition salt as used hereinbefore defines

the non-toxic, therapeutically active acid addition salt forms which the compounds of

- formula (I) may form. The compounds of formula (I), having basic properties, may be
converted into the corresponding therapeutically active,. non-toxic acid addition salt
forms by treating the free base form with a suitable amount of an appropriate acid
following conventional procedures. Examples of appropriate acids are inorganic acids,
for example, hydrohalic acid, e.g. hydrochloric, hydrobromic and the like acids, sulfuric
acid, nitric acid, phos:phoric acid and the like; or organic acids, such as, for example,
acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic, 2—6xopropanoic, propanedioic,
butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic, 2-hydroxybutanedioic,
2,3-dihydroxybutanedioic, 2-hydroxy-1 ,2,3-propanetricarboxylic, cyclohexane-
sulfamic, 2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids. The term
pharmaceutically acceptable addition salts also.comprises the solvates which the
compounds of formula (I) may form such as alcohblates and in p;lrticular hydrates.

The compounds.of formula (I) may also exist in their tautomeric form. Said form
although not explicitly indicated hereinabove is intended to be included within the scope
of the present invention. ' This is the replacement sheet
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conpound of formula (1), a pharmaceutically acceptable acid addition salt
or a stereoisoneric formthereof, to warm bl ooded ani mals. The present
conpounds of fornmula (1) are useful for the manufacture of a medi canent for
treating [err] nedi ated di seases. The novel conpounds Ofﬂ{lg)gﬂg}{hﬁsﬁéenﬁ 145
useful as a nmedicine. In general it is contenplated that
amount woul d be from about 0.001 ng/kg to.gbout 50 ng/ kg
preferably from about 0.02 ng/kg to about 5 ng/kg body wei
treatment may al so include adm ni'stering the active ingredi ent on a regi rren
of between two or four intakes per day. -14-

" In this manner there were prepared :

Table 2 -
CH; CHs
3 10)
o)
N i P
Z " NH—(CHpa—N NH—C R
SN |
Cl
OH
Co. No.| R3 R4 n | physical data
12 H NHz |3 |mp.159.6°C
13 H NHy 4 |mp.152.3°C
14 H NH; 2 | mp. 160°C (decomp.)
) 15 | OCH3 NHp 3 |cis/1/2 HpO/mp. 185.6°C
16 | OCH3 |-NH-CO-CH3|3 |cis; HO/mp. 181.2°C
17 | OCH3 H 3 | cis; mp. 140.5°C
18 - | OCH3 H 2 | cis; mp. 150.0°C
19 H H 2 |mp.238.1°C
20.] H H 3 |mp. 131.1°C
~ Example 11

A mixture of 2.6 g of 2,6-dichloro-4-quinazolinol (described in J.Med.Chem., 1968,
p-130), 3.7 g of 4-amino-N-[1-(2-aminoethyl)-4-piperidinyl]-5-chloro-2,3-dihydro-
2,2-dimethyl-7-benzofurancarboxamide (described in EP-0, 445, 862), 0.8 g of calcium
oxide and 5.64 g of N.N-dimethylacetamide was stirred for 3 hours at 140°C. After
cooling, the reaction mixture was cvaporatéd and the residue was taken up in a mixture
of dichloromethane and methzmél._Thc whole was washed with water. The partly
precipitated product was filtered off (ﬁrstffmction). The organic layer was decanted,
dried, filtered and evaporated (second fraction). The combined fractions were purified
twice by column chromatography (silica gel ; CH2Cla / CH30H(NH3) 95:5 ; CHqClp /. .
CH30H 92:8). The eluent of the desired fraction was evaporated and the residue was
crysgallizcd from acetonitrile. At (°C, the product was filtered off and dried in vacuo at
60°C, yielding 1 g (18.3%) of 4-amino-5-chloro-N-[1-[2-[(6-chloro-4-hydroxy-2-quina-
zolinyl)amino]ethyl]-4-piperidinyl]-2,3-dihydro-2,2-dimethyl-7-benzofurancarbox-
amide; mp. 206.6°C (comp. 21).

Thig is the replacement sheet
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Experimental part A Preparation of the internediates Exanple 1 a)

3,4, 4-trinmet hoxy-1-(phenyl net hyl)pi peridine (0.676 nol) was purifi edm br

col‘urm 5 chromat ography over silica gel (eluent: [err] H.
fractions were collected.and the solvent was evapor at ed. |Ll
(m xture of enantioners) was separated in it's enantioner

chr omat ogr aphy over a Chiracell OD col ummg(el uent: hexanes/ 2- propanol
98.5/1.5). The fraction, corresponding to a first chromatographi c peak, was
coll ected and the sol vent was evaporated. A sanple was 10 purified by

distillation (bp at 0.5 nmmHg: [err]), yielding: 56 g of
(-)-3, 4, 4-trlilpgt pmyssfmnrepgh@w¢mmﬂpbfqymuﬂaﬂlﬁé,q%ame_nz_ewl. 00[err] (c =
0.5%in nethanol) (interm 1). The fraction, corresponding to a second

chromat ogr aphi ¢ peak, was collected and the ) ) )
a) preparing an enantiomerically enriched or enantiomerically pure intermediate of

formula (XIX-a), wherein A is Pl_, said intermediates being represented by (XIV-a),

according to claim 9;

b) reacting an enantiomerically enriched or enantiomerically pure intermediate of formula
(X1V-a) with an acid of formula (V) or a functional derivative thereof, an_d subsequently
removing the protective group P!, thus yielding an enantiomerically pure intermediate of
formula (II-a);

; CH3 CH3
OCH3 ] o - (CHZ)m
9 1. N-acylation
pI—N NH, + HO—C R? ' - (T-a)
' 2. removal of P!
. R .
(X1V-a) \%)

c) _N-alkylatihg an enantiomerically chriched or enantiomerically pure intermediate of
formula (II-a) with a reagent of formula (XI), and subsequently removing the _pfotectivc
group P, thus yielding an enantiomerically enriched or enantiomerically pure intermediate
of formula (VII-a);

CH; CHs

. - . - O (CHZ)m
1, P-NH-(CH,),,-W' OCHs b
(0,0)] 1"

-2 ~  H;N—(CHj),—N NH—C R?

2. removal of P '

R 5
(Vii-a)

d) reacting an enantiomerically enriched or enantiomerically pure intermediate of formula
(VII-a) with a rcagent of formula (VI), wherein RS is hydrogen or Cy.galkyl and W2is
an appropriate leaving group and, when necessary, cleaving of the protectivg ether-
function, to yield an e:1zi61io:ncricully enriched or ex.i'u_nliomcricully pure coﬁp<>unxd of
formula (I-a);

This is the replacement shewt
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sol vent -was evapofat ed. A sanple was purified by distillationggdapietn 018

nHg:

= 0.5% i
nDI) I n
pal | adi u
t he cata
filtrate
chl orofo
stirred

120[err] O,
(+)-3,4, 4- trlrrethoxy 1- (phenyl nethyl)pl peri di ngs

yi el di ng 64

g of

rret;&g:pt Y §P

r-—|
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frttpirage
The reaction m xturf i
1$POFS RECEET QUkh "ém at

room t enperat ure.

The sol vent was evapor at ed.

{L‘LII)’I TenzerTe was added (o

the residue. The sug?ggpa_,%t
The residue was puritied by

(-)-ethyl 3,3, 4-tri

ed.
S

Back f the invention :

EP-0,389,037, published on September 26, 1990 discloses N_-(S-hydroiy-4-
piperidinyl)(dihydrobenzofuran, dihydro-2H-benzopyran or dihydrobenzodioxin)
carboxamide derivatives and EP-0,445,862, published on September {l, 1991 discloses
N-(4-piperidinyl)(dihydrobenzofuran or dihydrobenzo-2H-benzopyran)carboxamide
derivatives. Both applications disclose gastrointestinal motility stimulating properties for
said compounds. The dimethyl- dxhydrobenzofuran and dimethy!-dihydro- ZH-benzo-
pyran derivatives of the present invention show 5-HT3-antagonism.

10

15

Description of the invention .
The present invention is concerned with a method of treating warm-blooded animals

suffering from 5-HT3 mediated disorders such as anxiety, psychosis, depression,
schizophrenia, cognitive disorders, drug abuse, migraine, emesis, irritable bowel
syndrome and related disorders, which comprises the systemic administration to said

- warm-blooded animals of an effective 5-HT3 antagonistic amount of a compound of
formula

20

CH; ,CHs
0>< (CH)m
R4

RS

R3
- o)
R! N 1
Y7 I NH—(CH),— C§-NH—-C
RN N
OH ' :

a pharmaceuwtically acceptable acid addition salt form or a stereochemically isomeric
form thereof, wherein

R! and R2 represent hydrogen, or

R! and R2 taken together form a bivalent radical of formula
-CH=CH-CH=CH- (a),
-CH=C(Cl)-CH=CH- or .
-CH=CH-C(C)=CH- (c)

n represents 2, 3 or 4;

This Sheet Has Been Replaced
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25 met hanol) (interm 3). c) A mxture of interm (3) (0.132 nol),

4- met hyl benzenesul fonic acid (0.6 g) in 2-propanone (180 m) and water (30
M) was stirred and refluxed for 18 hours,_ The reaction m xture was cool ed
and N, N-di et hyl et hanamine (0.6 m) was adc71ed The sol vent was evapor at ed
(tenperature was kept < [err]). The residue was dissolved in 30 [err].
This solution was washed twice with a saturated NaCl sol ution. The organic
| ayer was separlétmﬂx;eseinéleyﬂr{ngunrdrmeihdxyered and the sol vent was evapor at ed.

The residue wa distillation, yielding 19 2 g (-)-et hyl
3- net hoxy. - 4- oi%péj’résﬁh&q ‘g?rdu ne- car boxyl at egrgz 3%99; [err] (c = 0.5%in

met hanol ) (i nt pm;entﬂ)ydnogenxmmeoofl‘usm%k amel@r@umyn% 095 nol) and

benzenenet hanamgs\@pfelentdhyRbgenidt hdfp. Methanol (200 m) was hydrogenated
under at nospheric ]c)ondl ti ons wi t h pal I adi um on ' :

The present invention is also concerned with the use of the compounds of formula
(D), the pharmaceutically acceptable acid addition salts and the stereochemically isomeric
forms thereof for the manufacture of a medicament for treating 5-HT3 mediated
disorders such as anxiety, psychosis, depression, schizophrenia, cognitive disorders,
drug abuse, migi'aine, emests, irritable bowel syndrome and related disorders.

In the foregoing definitions and hereinafter the term halo defines fluoro, chloro,

bromo and iodo, preferably chloro; Cj-4alkyl defines straight and branch chained

- saturated hydrocarbon radicals having from 1 to 4 carbon atoms such as methyl, ethyl,
propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-methylpropyl and 1,1-dimethylethyl,
preferably methyl. Cj.galkyl defines Cj.4alkyl and the higher homologues thereof such
as, for example, pentyl and hexyl. Cj.3alkylcarbonyl defines straight and branch
chained acyl radicals such as methylcarbonyl, ethylcarbonyl, propylcarbonyl, preferably
methylcarbonyl.

The term pharmaceutically acceptable acid addition salt as used hereinbefore defines
the non-toxic, therapeutically active acid addition salt forms which the compounds of
formula (I) may form. The compounds of formula (I), having basic properties, may be
converted into the corresponding therapeutically active, non-toxic acid addition salt
forms by treating the free base form with a suitable amount of an appropriate acid
following conventional procedures. Examples of appropriate acids are inorganic acids,
for example, hydrohalic acid, e.g. hydrochloric, hydrobromic and the like acids, sulfuric
acid, nitric acid, phoéphoric acid and the like; or organic acids, such as, for example,
acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, propanedioic,
butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic, 2-hydroxybutanedioic,
2,3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propanetricarboxylic, cyclohexane-
sulfamic, 2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids. The term
pharmaceutically acceptable addition salts also comprises the solvates which the
compounds of formula (I) may form such as alcoholates and in particular hydrates.

The compounds of formula (I) may also exist in their tautomeric form. Said form
although not explicitly indicated hereinabove is intended to be included within the scope
of the present invention.
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15 activated charcoal 10% (2 g) as a catalyst in the presence of 4%
solution of thiophene in 2,2'-oxybispropane (2 m). After uptake of
hydrogen, the catalyst was filtered off and the filtrate was evaporated.
The resi due was di ssolved in nethanol (25@8-m) and the resulting m xture
was hydrogenated at [err] with palladiumon activated charcoal 10% (2 g) as
a catalyst. After uptake of hydrogen (1 equiv), the catalyst was filtered
off and the filtrate was evaporated. The residue was purified by

A RN ER LG ER R o D TR
! nt et hgnol )" idnérRy ﬁﬂihnﬁ)vmdhrthacémmdnas of‘rﬁjmala (Dumayp pessessniniesootherwise
' nternediate nge tioned or mglcatgcﬁ % hcmlcal?dcsxgnanqn of compounds denotes the mixture of
5  all possible stereochemically isomeric forms, said mixtures containing all diastereomers,
and/or enantiomers of the basic molecular structure. All stereochemically isomeric forms
of the compounds of formula (D) both in pure form or in admixture with each other are
intended to be embraced within the scope of the present invention.

10 Hereinafter the term ‘enantiomerically pure' concerns compounds having an
enantiomeric excess of at least 94% (i.e. minimum 97% of one enantiomer and
maximum 3% of the other enantiomer) up to an enantiomerié excess of 100% (i.e. 100%
of one enantiomer and none of the other), in particular compounds having an
enantiomeric excess of 96% up to 100%, more in particular having an enantiomeric

15 excess of 98% up to 100%. The term “enantiomerically enriched” concerns compounds
having an enantiomeric excess ranging from more than'0 % up to about 94%. The terms
“diastereomerically enriched” and “diastereomerically pure” as used hereinafter should
be understood in a similar way, but then having regard to the diastereomeric excess of

the mixture in question.
20

Interesting compounds for use as 5-HT3 antagonists are those compounds of formula
() wherein R3 is halo, preferably chloro.

Also interesting compounds for use as 5-HT3 antagonists are those compounds of
25  formula (I) wherein R4 represents hydrogen or amino.

More interesting compounds for use as 5-HT3 antagonists are those compounds of
" formula (I) wherein
R and R2 represent hydrogen;
30 n represents 2 or 3;
R3 represents methoxy and has the cis-configuration;
m represents-1; =
R4 represents amino; and

R3 represents halo.
35

Particularly interesting compounds for use as 5-HT3 antagonists are' those interesting
compounds of formula (I), wherein R3 is methoxy having the cis-configuration, that are
laevo-rotatory.
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(+)-ethyl cis-4-am no-3-nethoxy-1-piperidinecarboxylate; [err] (c = 0.6%in
nmet hanol) (interm 6). Exanple 2 a) A m xture of ethyl

3- met hoxy- 4-o0xo- 1- pi peri di necarboxylate (0.5nol), (-)-(S)-a-

met hyl benzenenet hanam ne (0.53 nol), 4-nethyl benzenesulfonic acid
monohydrate (1.25g) and met hyl benzene (625#t) was stirred and refluxed with
a Dean-Stark apparatus for 3 hours. The reaction m xture was evaporated and
distilled, yieldi ng 121 g (79.5% of (- ) ethyl [err] carboxyl ate (interm

s Pydr ogenat BeR FONRIPES AR Qi - Amae STy AU RN e 07 gl
r hodi um on- cadbxe-2- ﬁyrgpidéxwl)annm]aropst] :3-methorydepipdrebinylddrdigen (1 eq.), the
cal yst was fi Hcﬁ{‘ﬁq’ R goﬁ%cmsximxha B €) LRS- BHARS BHIBF- NI 2154 By dfEls

di ssol ved in entan
-oxo—2—pynm1 nyl)amino]ethyl]-2,3-dihydro-3-methoxy-4-piperidinyl]}-2,2-dimethyl-
5  7-benzofurancarboxamide, and the pharmaceutically acceptable acid addition salts

thereof.

The compounds of formula (I), wherein R3 is methoxy and has the cis-configuration
are represented by formula (I-a). Hereinafter the intermediates wherein R3 is methoxy
10  and where possible has the cis-configuration will be designated by appending the suffix
-a to their numerical reference.

An additional feature of the present invention comprises the fact that the laevo-
rotatory enantiomers of the compounds of formula (I) wherein R3 represents methoxy
15  and has the cis-configuration, i.e. the lacvorotatory enantiomers of the compounds of
formula (I-a), are deemed novel.

The compounds of formula (I) can generally be prepared following art-known
procedures such as described in EP-0,389,037 and alternative processes known in the
20 art. Some intermediates of formula (I1), (IIT), (IV), (V), (VD), (VID), (IX), (X) and
(XTI1) are described in EP-0,389,037, EP-0,445,862 and EP-0,076,350. Some
methods for preparing compounds of formula (I), especially compounds of formula
(I-a), and novel intermediates will be described hereinunder.

25 In the following preparations, the reaction products may be isolated from the reaction
' mixture and, if necessary, further purified according to methodologies generally known
in the art such as, for example, extraction, distillation, crystallization, trituration and
chromatography. "

30 In order to simplify the structural representations of the compounds of formula (f) and
certain starting materials and intermediates thereof, the radical

CH; ,CHj3
R3 0" NMCHn
0O
]
—N NH~C R*
RS
will hereafter be represented by the symbol D and the: radical Thig is the replacemsnt shee
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x

converted into the 4-nethyl benzenesulfonic acid salt (1:1) with

4- met hyl benzenesul fonic acid . nonohydrate (1 eq.). The salt was filtered
off and dried. This fraction was recrystallized twice froma m xture of

2, 2' - oxybi spropne/ net hanol (250 m /180 m ), The precipitated product was
filtered off and dried, yielding 61.7 g (35'.50/() of (-)-ethyl _
[cis(S)]-3-nmethoxy-4-[(1-phenyethyl)am no]-1-pipei di necarboxyl ate

4- et hyl benzene- D sulfonate (1:1); [err] (c = 1% i n met hamglsheet HaERET Repiaded

In a simlar manner, but _usi ng (+)-(R-[err]-nethyl benzene S
prepared: (+)-eRhyl Ngi sNH—(CHh— - m" "”I |

(R)] - 3- net hoxy-4-[ 1 pﬁfnryl et hyl ) am no] - 1- pi peri di necar boxy!
'4-methylbenzene§1§| (2:21); [err] (c =1 %in nethanol) (intrm 9).
Exanple 3 a) A fmixtune of ethyl 3-nethoxy-4-oxo-1-piperidinecarboxylate
(0.2 nol), (-)-(S)-aCH - :

will hereafter be represented by L. . o e

The compounds of formula (I) may be prepared by N-alkylating a piperidine of -
formula (IT) with an intermediate of formula (III). :

N-alkylation

L-w! + H—-D
9108) (ID

W! as described in the reaction of (IT) with (IT) and in the following reaction
schemes is an appropriate leaving group such as, for example, halo, e.g. chloro, bromo
or iodo, or a sulfonyloxy group, e.g. methanesulfonyloxy, 4-methylbenzenesulfonyloxy
and the like leaving groups. The N-alkylation reaction of (II) with (III) is conveniently

10  conducted following art-known alkylation procedures. '

The compounds of formula (I) may also be prepared by the N-acylation of an amine
of formula (IV) with a carboxylic acid of formula (V) or a functional derivative thereof,
such as an acylhalide, a symmetrical or mixed anhydride or an ester, preferably an

15 activated ester, following art-known procedures.

CH; ,CH;
R? ' 07 MCHY)pm
0 _
L—N NH, + HO-C R¢ — O
5
) v R

It may be expedient to protccf amino or hydroxy groups during the course of the reaction
to avoid undesired side reactions. Suitable protecting groups comprise readily removable

20 groups such as C;_4alkylcarbonyl, C; 4alkyloxycarbonyl, phenylmethyl, tertiary butyl
and the like protective groups. '

The compounds of formula (I) may also be prepared by N-alkylating an intermediate
of formula (VII) with an alkylating reagent of formula (VI), wherein RS is hydrogen or
25 Cjgalkyl and W?2 is an appropriate leaving group such as, for example, halo, e.g.
chloro, bromo or iodo; a sulfonyloxy group, e.g. methanesulfonyloxy, 4-methyl-
benzenesulfonyloxy; Cj.galkyloxy, e.g. methoxy, ethoxy; Cj.galkylthio, e.g. methyl-
| This s the replacement sheet
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met hyl benzenenet hanam ne (0.4 nol) and (-)-[S- (R, R¥)]

2, 3-di hydr oxybut anedi oi ¢ aci d 16 (0.2 nol) in nethanol (500 m) was

hydr ogenat ed at room tenperature and atnospheric pressure with palladi um on
activated charcoal 10% (2 g) as a catal yst ’-6-i n the presence of a 4%

sol ution of thiophene in 2,2 -oxybispropane (2 m). After uptake of [err]
(1 eq.), the catalyst was filtered off and the filtrate was evaporated. The
resi due was partitioned between nethyl benzene and [err]. The organic |ayer

was separ at ed, ihiy, e@§ithidl When RS k@]%ﬂll@mdniﬁi@nﬁaiat%ﬂfomﬁa evnpamméd mlﬁeh

resi due was di ssol ved in one and ted

4- et hyl benzerf8&\#4 ?ﬂ"&"‘é’épﬁu’@‘h‘}l‘?"“é &?%ﬁa@rﬁl ﬁ°meé‘{"ﬁ§/B E79¢he I%‘ﬁ?l&v aci d.

monohydr at e ( letksifunctid) eSaidileavags nialy bt earidd ohif byenehtidg thedntermediate of formula
(VIII) with an acid, such as, for exa_mple, a hydrohalic acid, e.g. hydrochloric acid.

R} N, w? - . .-

T e .
2 \ :
R ' vI)

6
OR CHXCH;;
VD 07 NCHy),,

R! NH —(CHp,~ C}-NH RE —= 0
2LN RS
R

ORS
- The compounds of formula (I) can alternatively be prepared by N-alkylating an 2-amino-
pyridine of formula (IX) with an intermediate of formula (X). '

RL_ N _NH;
i 1 o
, P + W -(CH2),-D
R
OCH )
10 @)

The alkylation reactions of (VI) with (VII) and (IX) with (X) may be carried out
according to art-known procedures, e.g. by stirring and optionally heating the reactants
without solvent or in admixture with an inert organic solvent such as, for example an

15 alcohol, e.g. 2-propanol, butanol, a dipolar aprotic solvent, e.g. acetonitrile optionally in
the presence of an appropriate base, e.g. potassium carbonate.

The compounds of formula (I) may also be converted into each other following art-

known group-transformation reactions
20

Aminogroups may be transformed in Cj.3alkylcarbonylamino by art-known
N-acylation reactions and conversely C;.3alkylcarbonylamino groups may be trans-
formed in amino groups using art-known hydrolysis reactions.
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This fraction was recrystallized from 2, 2'-oxybi spropane/[err] (500 m /100

m). The mxture was stirred for 24 hours. The precipitate was filtered off

and dried (vacuum [err], yielding 32 g of (-)-ethyl

[cis, (S)]-3-methoxy-4-[(1-phenylethyl)am n9] - 1-pi peri di necar boxyl at e

4- et hyl benzenesul fonate (1:1); [err] (¢ ='0.5%in nethanol) (interm 8).

In a simlar manner, but using (+)-(R)-[err]-nethyl benzene net hanam ne, was

al so prepared: (+)-ethyl [cis,

. (R] - 3-met hoxy- ¢oldpbuRiesptohin ?),anhé}ei}rm-‘rialhg&bF@h Mg Bk Basbrded inthe -

4- et hyl benzenesul tonat e (1:'-%25& I_nt erﬁg.g : nter nEdl at E#B%q}ﬁxo 067 nol)
was conver t edCOmESORdiag FPTBRO hgreih, a(‘.ﬁ}é&‘fﬂég‘a T¥ARYR "HPRYIIFRY was

extracted wi t RchElgisd. benzene. The organic layer was separated, dried [err],

filtered and the sol vent was evaporated. The residual free base was

di ssol ved [ n nethanal 50 m.)- an r C a6

at mospherit pre Efﬁeﬁ%ﬁ%ﬁﬁf%% UW?} @%@%&dﬁ%ﬁﬁéfgﬁ%ﬂ%ﬁﬁe as a

cat al yst. Aft ef formula (II) with a reagent of formula (XI) and subsequently removing the protective
group P in the thus obtained intermediate (XIII) following art-known reaction

procedures.
P-NH-(CHp),-W'
HeD Xn o P—NH—(CHz),—D removal of P VI
- 10 m . (xm)

In (XD), (XIII) and the other intermediates containing the group P in the following
schemes, P represents a suitable protective group which is readily removable by, for
example, hydrogenolysis or hydrolysis. Preferred protective groups are, for example,

15  Cjaalkylcarbonyl, e.g. methylcarbonyl, ethylcarbonyl; Cj4alkoxycarbonyl, e.g. '
ethoxycarbonyl, 1,1’-dimethylethyloxycarbonyl; trihalomethylcarbonyl, e.g. trifluoro-
methylcarbonyl; diphcriylmcthyl; triphenylmethyl or arylmethyl, wherein aryl is phenyl
optionally substituted with up to two substituents selected from Cj4alkyloxy or halo.

20 The intermediates of formula (II) may be derived from an appropriately substituted
piperidine of formula (XIV) with an intermediate acid of formu}a (V) or a functional
derivative thereof, following art-known amide forming procedures, and subsequently
removing the protective group P!, following art-known procedures. P! represents a
readily removable protective group and has the same meaning as the group P

25 hereinabove.

CH; CHs

R3 07 N(CHn

1. N-acylation

pl— NH, + HO—C R* - m
) o 2. removal of P

RS. '
X1v) 4

The intermediates of formula (XIV), wherein R3 is methoxy and has the cis-
configuration, i.e. the 3-methoxy-4-aminopiperidines of formula (XIV-a), may be
30 obtained, for example, by catalytic hydrogenation of an imine of formula (XVI-a) and
subsequently-transforming the secondary amine of formula (XV-a) into the 3-methoxy-
This is the replacement sheet
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upt ake of H2 (1 equiv), the catalyst was filtered off and the filtrate was
evaporated. The residue was purified by distillation (boiling point at
0.013 kPa: 85[err]C), yielding 9.9 g (79.2% of ethyl

(-)-cis-4-am no- 3- net hoxy- 1- pi peri di necar_l%(_)xyl ate (interm 5). In a simlar
manner, but starting frominternediate (9), was al so prepared: (+)-ethyl

Ci s-4-am no- 3- net hoxy- 1- pi peri di necarboxylate (interm 6). Exanple 4 a) A
m xture of 53.3 g of ethyl 3-nethoxy-4-oxo-1-piperidinecarboxyl ate

(descri bed i -nbgipendindSofIoRnula E8I\Gapby hydrogdrphysist {The amrines bé formuleet hanol

and 700 m of hanol .was refluxed. averni ght.. . Af ' |
m xture was é?ﬁ%@ggtaé&mma{%&ﬁ%‘&“é\é "ﬁ)&l&g’“dl“é’fél ﬁoﬁé%?&%rg{%u%&@%ﬁﬁé?lgg%
of ethyl (R)-a%-ethoky-drmoypiperitinngf fotryla (XNilkwa)and an amine of formula (XVIII).
3- et hoxy- 1- pi peri di necar boxyl ate; bp. [err] (pressure = [err] Pa) (interm

10). b) A solution of Hy g of internediate (10) in 500 Hiof ; et hanol was
hydr ogenat ed at no pressure aﬁ’rd at rggmterrperat(!'_é_//%"th g of

pl ati num on-chatedal c yStr. Ar—CH—NH; —  P!—N N—CH—Ar

(XVIl-a) (XVID) ' (XVI-a)

OCH; OCHj
. R L
—— PIN NH—CH—Ar — P'—N NH,

5 (XV-a) (XIV-2)

In the intermediates of formula (XVIII), (XVI-a) and (XV-a), R7 is hydrogen,
Ci.6alkyl or hydroxyCj.salkyl and Ar is phenyl optionally substituted with halo,
C1.6alkyl, Cy.galkyloxy; or naphthyl optionally substituted with halo, Cj_galkyl,

10 Cj.galkyloxy.

The reactionsequence starting from an intermediate of formula (XVII-a) up to an
intermediate of formula (XTV-a) may also be performed as a one-pot procedure.

15 - Enantiomerically enriched or enantiomerically pure intermediates of formula (XV-a)
and (XIV-a) may be prepared according to one of the following methods.

The starting racemic 3-methoxy-4-oxo-piperidine of formula (XVII-a) or the
corresponding ketal such as, for example, a diC).galkylketal, e.g. 4,4-diethoxy-
20  3-methoxypiperidine, may be separated into its enantiomers and further converted into an
' enantiomerically pure cis-3-methoxy-4-aminopiperidine of formula (XIV-a) as described
hereinabove. Said separation in enantiomers can be performed, for instance, by column
chromatography using a chiral stationary phase, e.g. Chiracell OD.
Altémativcly., tixc intcrmediaté imi.ne— of formula (XVI-a) can be prepared using one of
25  the enantiomers of a chiral amine of formula .(XVIII), wherein R7 is defined as
hereinabove but other than hydrogen, said amines being represented by (XVIII-b), e.g.
(-)-(R)-o-aminobenzene-ethanol or (+)-S-a-aminobenzeneethanol, which after
hydrogenation yields diastereomeric amines of formula (XV-a), which may be
conveniently separated by physical separation methods such as selective crystallization or
30 chromatographic tcéhniqucs. Hydrogenolysis of the arylmethylgroup (Ar-CH(R7)-)
Thig is the replacement sheet

pete: 1 6 AUG 1996



After the cal cul ated anmount of hydrogen was taken up, the catal yst was
filtered off and -17- the filtrate was evaporated. The residue was
purified over NH2-silicagel (eluent [err] / cycl ohexane / nethanol

60:40: 0.5). The pure fractions were coll ect ed and the el uent was
evaporated, yielding 18 g (30% of ethyl (9-[4(R),cis]-4-[(2- hydr oxy- 1-
phenyl et hyl ) am no] - 3- met hoxy- | -pi peridi necarboxylate as a residue; D5
[err] (¢c = 0.5%in methanol) (interm 1 1). c¢) A solution of 18 g of

Lotk SRRk B YA IRSL0 o SR
- enantiomeric 3-methoxy-4- ammoplpcndmes of formula (XIV-a).
Yet another way of obtaining enantiomerically pure 3-methoxy-4-aminopiperidines of

formula (XIV-a) was found during the optimization of the above reaction sequence.

S  When one reacts a racemic ketone such as a 3-methoxy-4-oxo-piperidine of formula
(XVII-a) with an enantiomerically pure chiral amine of formula (XVIII-b), e.g.
(-)-(S)-a-methylbenzylamine, and subsequently hydrogenates the thus formed imine of
formula (XVI-a), one would expect a ratio of diastereomeric amines of formula (XV-a)
of approximately 1:1. Unexpectedly, however, it was found that after the above

10  reaction sequence said diastereomeric ratio differs substantially from the ratio 1:1. In
other words, the amines of formula (XV-a) were diastereomerically enriched or even
diastereomerically pure. Hence, in the course of this reaction sequence one diastereomer
is converted into the other by configurational inversion of the stereocenter bearing the
methoxygroup.

15 Thus, a novel and inventive way to obtain novel enantiomerically enriched or
enantiomerically pure 3-methoxy-4-aminopiperidines of formula (XIV-a) and more in
general intermediates of formula (XIX-a) was found following the procedure described

in more detail hereinunder.

OCH4 28 OCH;, }lzs
}
A—N (o] + Ar—CH—NH; —_— A—N N—CH—Ar

XX
(XXT-2) e (XX1-a)
OCH; ” OCH;,
———————  A—N NH—CH—Ar —— = A—NC§—NH2
20 (XX-2) . (XIX-a)

In (XIX-a), (XX -a), (XX1I-a) and (XXII-a) the radical A rcpresents hydrogcn
-(CH2)n-NH2, -€CH2)q-NH-P, P! or I-wherein n, P, P! and L are as defined
hereinabove. A racemic mixture of 3-methoxy-4-oxo-piperidine of formula (XXII-a)

25 may be reacted with one enantiomer of a chiral amine of formula (XXIII), wherein R8 is
Ci.6alkyl or hydroxyCj.galkyl, Ar is phenyl optionally substituted with halo, Ci_galkyl,
C1-6alkyloxy; or naphtyl optionally substituted with halo, Cj.salkyl, Cj.salkyloxy;
yielding a diastereomeric mixture of the intermediate imine of formula (XXI-a). Said
reaction may be carried out using art-known imine-formation procedures, such as, for

30 instance, stirring the reactants at reflux temperature in a reaction-inert solvent such as,
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10% After the cal cul ated amobunt of hydrogen was taken up, the catal yst was
filtered off and the filtrate was evaporated. The resiude was distilled,
yielding 6.2 g (55% of 10 ethyl

(-)-cis-4-am no- 3- net hoxy- 1- pi peri di necarboxyl ate (interm 5). Exanple 5 a)
4- am no- 5-chl or o- 2, 3-di hydro- 2, 2- di net hyI'—le’- benzof urancar boxylic acid
(described in EP-0,389,037) (0.05 nol) was dissolved in a mxture of

N, N-di et hyl ethananmine 15 (7 m) and trichloronethane (250 m). Ethyl -

car bonochl orida 1), ]
m xture was T%’?aggfq?’%? a%" grﬁc\rlll@g{&ﬁfet?g] gé%ﬁ%inﬁiﬁﬁp Leq{\ﬁ/gﬂsg aa%fi@ds?g@g o
sol ution of iappamatusdi ate (5) (0.047 nol) in trichloronethane (250 m),

stirred at Ler e ik SERFLATAS Hieg b Bé@folﬁ&d RACCSE robssad, pitfia, fgroom

tenperature. The reaction m xture was ﬁa 6 a again

wat er. The oripstance W@bﬂ"@@“ommgmﬁbb&]ﬂ%‘t"éwn ‘Efrqyé'd Z%@ba?" s?‘i"FPé!F @5 and

the sol vent Wagnmapse ﬁ:}cﬁggcnﬂ%& b&%ﬁhﬁig&hd\ﬁﬁin@ Widek hgdrofgon armosphere in a

chromat ogr aphs%n%’l& golgtlznt such ds, for(cxampfé, an Ll hrJl e9§ /mr}thanol or ethanol; an ether,
e.g. tetrahydrofuran or 2,2’-oxybispropane; an ester,-¢.g. ethylacetate; an aromatic
hydrocarbon, e.g. methylbenzene; in the presence of appropriate catalysts, €.8.
palladium-on-charcoal, platinum-on-charcoal, rhodium-on carbon and the like, yielding

10 adiastereomerically enriched or diastereochemically pure amine of formula (XX-a).

Alternatively, the intermediate imine of formula (XXI-a) is not isolated. In this case a
racemic mixture of a 3-methoxy-4-oxo-piperidine of formula (XXII-a) is reacted with
one of the enantiomers of a chiral amine of formula (XXIII) under hydrogenation
conditions, yielding diastereomerically enriched or diastereomerically pure intermediate

15  amines of formula (XX-a). Said reaction is performed in analogous reaction conditions
as described hereinabove. However in this case, the reaction preferably is performed in
admixture with an acid, such as, acetic acid, oxalic acid, chloroacetic acid, 2-hydroxy-
1,2,3-propanetricarboxylic acid, and in particular (-) [S-(R*,R*)]-2,3-dihydroxy-
butanedioic acid, especially when the solvent is an alcohol.

20 In the amines of formula (XXIII), R8 is suitably hydroxymethyl, methyl or ethyl,
especially methyl and Ar is preferably an unsubstituted phenyl or naphthyl, especially
phenyl. Preferred amines of formula (XXIII) are the enantiomers of (x-mcthylbcnzy_l-
amine, i.e. (-)-(S)-o-methylbenzylamine or (+)-(R)-a-methylbenzylamine.

_ Sometimes, during the hydrogenation reaction a small amount of trans-3-methoxy-

25 4-aminoderivative can be formed, which may be removed by crystallization or
chromatography.

A preferred way of preparing a diastereomerically enriched or pure amine of formula
(XX-a) is first preparing an imine of formula (XX1-a) with one enantiomer of a-methyl-
benzylamine and subsequently hydrogenating the imine of formula (XX1-a) by stirring it

30 in methylbenzere inder a hydrogen atmosphere using a rhodium catalyst.

In order to avoid the undesired further hydrogenation of certain functional groups in
the reactants and the reaction products, it may be advantageous to add an appropriate
catalyst-poison to the reaction mixture, e.g. thiophene, quinoline-sulphur and the like.
Higher pressures and/or temperatures may enhance the reaction rate.

35 The resulting intermediate of formula (XX-a) has a diastereomeric ratio, that differs
very much from the 1:1 ratio. In other words, the intermediatc of formula (XX-a) is

diastereomerically enriched or diastereomerically pure. The respective diastereomeric
Thig is the replacement sheet
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The pure fractions were collected and the sol vent was evaporated, vyielding
19 g (949 of -(+)-ethyl

¢i s-4-[ (4-am no-5-chl oro- 2, 3-di hydro- 2, 2-di net hyl - 7- benzof uranyl ) -

car bonyl am no] - 3- mret hoxy- 1 - pi peridi necar ggxyl ate (interm 12). 25 b) A
'm xture of internediate (12) (0.045 nol) a pot assi um hydr oxi de (0.45 nol)
in 2-propanol (300 m) was stirred and refluxed for 12 hours. The reaction
m xture was cool ed and the sol vent was evaporated. Water (100 m) was added

to the resi dug,mthga s@kY 8P hecdRane b8 BRI §haratétfusisddhventimal ﬂ@rsichg,hgtﬂggi

bet ween di chl or onet Hane and wat €. The or {)I c. | ayer s_separat ed, washed
with water, dSPRRSCREPRUIETaRhY P'é{fefdloge‘ cr&‘%@ 1zaqan é’é'i’%‘n’? afk&é%&\?%rmﬂaﬂéﬂxe The
{esi iﬂug?y/g)s p%ﬂsfoibﬁﬁhdd%difs&ltm rkbﬂpﬁ%@lg}iﬁ&{ufgmﬂa stXJastmlagaieIn(tﬁlfUﬂﬁer:

err : ur r.actions r.e coll.ected an ol v was
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It is noteworthy that the configuration of the stereocenter bearing the methoxygroup
" is determined by the configuration of the enantiomerically pure amine of formula (XVIII)
that is used. Hence, either configuration of said stereocenter can be obtained by selection
10  of one or the other enantiomer of the amine of formula (XXIII). It may further be noted
that the choice of the acid used during the hydrogenation of the imine, can also influence
up to a certain degree the diastereomeric ratio of the amines of formula (XIX-a). The
choice of catalyst can also influence up to a certain degree the amount of trans-4-amino-

3-methoxy derivative that is formed.
15

The diastereomerically enriched or diastereomerically pure intermediates of formula
(XX-a) and the enantiomerically enriched or enantiomerically pure intermediates of
formula (XIX-a) and the pharmaceutically acceptable acid addition salts thereof are
deemed novel. Also the enantiomerically enriched or enantiomerically pure intermediates
20 of formula (II-a), (IV-a), (VII-a), (X-a), (XIII-a), (XIV-a) and the pharmaceutically
acceptable acid addition salts are also deemed novel. Said intermediates may be prepared
as described hereinabove starting from enantiomerically enriched or enantiomerically

pure intermediates of formula (XTV-a).

25 In this way and starting from enantiomerically enriched or enantiomerically pure
intermediates described hereinabove a novel and inventive way to prepare
enantiomerically enriched or enantiomerically pure compounds of formula (I-a),
especially, the laevo-rotatory enantiomers of the compounds of formula (I-a) is

provided.
30

It is evident that the cis and trans diastereomeric racemates of the compounds of
formula (I), (I-a), or any of the other intermediates may also be resolved into their
optical isomers, cis(+), cis(-), trans(+) and trans(-) by the application of art-known
methodologies. Diastereoisomers may be separated by physical separation methods

35 such as selective crystallization and chromatographic techniques, e.g. counter current
distribution, and enantiomers may be separated from each other by the selective
crystallization of their diastereomeric salts with enantiomerically pure acids or their

enantiomerically pure derivatives.
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7- benzof urancarboxam de (77.2%; [err] (¢ 0.5%in nethanol) (interm 35
13). -18- Exanple 6 a) A m xture of internediate (13) (0.017 nol), ethyl
(2-chl oroet hyl )carbanate (0.02 nol) and N, N-di et hyl et hanam ne (0. 022 nol)
in N, Ndinethylformam de (150 m) was stirred for 72 h at [err]. The
reaction mxture was cool ed and the sol vel¥ was 5 evapor ated. The resi due
was partitioned between dichloronmethane and water. The organic | ayer was
separated, dried [err], filtered and the sol vent was evaporated. The
residue was purified over silica gel on a glass filter (eluent: [err]

9113). The compounds of formula (I), the pharmaceutically acceptable salts and
stereoisomeric forms are 5-HT3-receptor antagonists, as demonstrated by the fact that
they have been found active, for example, in antagonising the von Bezold-Jarish

5 chemoreflex evoked by serotonin in rats (Pharmacology and Toxicology, 70, Supp II, -
17-22 (1992)). This test is described hereinaftér as example 10.
The compounds of formula (1), especially the compounds of formula (I-a), are active
during a long period of time. Moreover, the present compounds of formula (I),

especially the compounds of formula (I-a), show a high degree of cardiovascular safety.

10
In view of their 5-HT3-antagonistic activity the subject compounds may be -

formulated into various pharmaceutical forms for administration purposes. To prepare
these pharmaceutical compositions, an effective amount of a particular compound, in
base or acid addition salt form, as the active ingredient is intimately mixed with a

15 pharmaceutically acceptable carrier. Said carrier may take a wide variety of forms
depending on the form of preparation desired for administration. These pharmaceutical
compositions are desirably in unitary dosage form suitable, preferably, for
administration orally, rectally or by parenteral injection. For example, in preparing the
compositions in oral dosage form, any of the usual pharmaceutical media may be

20 employed, such as, for example, water, glycols, oils, alcohols and the like in the case of
oral liquid preparations such as suspensions, syrups, elixirs and solutions; or solid
carriers such as starches, sugars, kaolin, lubricants, binders, disintegrating agents and
the like in the case of powders, pills, capsules and tablets. Because of their ease in
administration, tablets and capsules represent the most advantageous oral dosage unit

25 form, in which case solid pharmaceutical carriers are obviously employed. For
parenteral compositions, the carrier will usually comprise sterile water, at least in large
part, though other ingredients, for example, to aid solubility, may be included. Injectable
solutions, for example, may be prepared in which the carrier comprises saline solution,
glucose solution or a mixture of saline and glucose solution. Injectable suspensions may

30 also be prepared in which case appropr?aE liquid carriers, suspending-agents and the like
may be cmploycdt In the compbsifions suitable for percutaneous administration, the
carrier optionally comprises a penetration cnhafxcing agent and/or a suitable wetting
agent, optionally combined with suitable additives of any nature in minor proportions,
which additives do not cause a significant deleterious effect to the skin. Said additives

35 may facilitate the administration to the skin and/or may be helpful for preparing the
desired compositions. These compositions may be administered in various ways, e.g.,
as a transdermal patch, as a spot-on, as an ointment. Acid addition salts of the
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The pure fractions were collected and the sol vent was evapor at ed, yi el di ng:

5 g (+)-ethyl _
€i s-[2-[4-[[ (4-am no-5-chl oro-2, 3-di hydro- 2, 2-di net hyl - 7- benzof ur anyl ) car bo

nyl]- 10 am no] - 3- met hoxy- 1- pi peri dinyl ] ethyl]carbamate (63%; [err] (c =
0.5%in methanol) (interm 14).-b) A m xtyge of internediate (14) (0.0106
nol ) and pot assi um hydroxide (0.106 nol) in 2-propanol (45 m) was stirred
and refluxed for 4 hours. The m xture was cool ed. The sol vent was
evaporated and the residue was stirred in water, then evaporated again. The
15 resi due wampdisdsaiffemhula(I)dethiochanbicheass water sohitility oivert the novespondinged

evapor ai ed. | The 1, &5 VTRl oitt b O e preplrsh o G aibllscBpBRNET .
(el uent: [err] loBesperially peantageeus to fermudate theafaremontioned pbarmaceuting sol vent
was evapor at @empptiRbst i Qlogalé Lﬂit(faﬁ%or(caﬁc'&iaaﬂﬁﬁiﬁﬂd%ﬂ'a% luiformity of dosage.
-(2-am nogt h%c?ségé IETIE;[ t%% %; ugc%l iIFl) ?hrel s%lccr:}%lzt]xti-o?:-h%rei'r? xtccf)érs ’to31:-)hy?fcally discrete units
suitable as unitary dosages, each unit containing a predetermined quantity of active
ingredient calculated to produce the desired therapeutic effect in association with the
required pharmaceutical carrier. Examples of such dosage unit forms are tablets
(including scored or coated tablets), capsules, pills, powder packets, wafers, injectable
10  solutions or suspensions, teaspoonfuls, tablespoonfuls and the like, and segregated

multiples thereof.

In view of their 5-HT3-antagonising activity the compounds of formula (I) and
especially the novel compounds of formula (I-a) are useful in the treatment of 5-HT3-

15  mediated disorders such as anxiety, psychosis, depression (Arzneim. Forsch., 42(1),
239-246 (1992)), schizophrenia, cognitive disorders, e.g. memory impairment .
(Arzneim. Forsch., 42(1), 246-249 (1992)), drug abuse, migraine, emesis, e.g.
cytotoxic drug and radiation induced emesis (Drugs 42(4), 551-568 (1991)), irritable
bowel syndrome, especially diarrheapredominant irritable bowel syndrome, and related

20  disorders. Consequently, the present invention provides a method of treating warm-
blooded animals suffering from 5-HT3-mediated diseases such as anxiety, psychosis,
depression, schizophrenia, cognitive disorders, e.g. memory impairment, drug abuse,
migraine, emesis, e.g. cytotokic drug and radiation induced emesis, irritable bowel

-syndrome, especially diarrheapredominant irritable bowel syndrome, and related

25  disorders. Said method comprises the systemic administration of an effective 5-HT3-
antagonistic amount of a compound of formula (I), a pharmaceutically acceptable acid
addition salt or a stereoisomeric form thereof, to warm-blooded animals.

The present compounds of formula (I) are useful for the manufacture of a
medicament for treating 5-HT3 mediated diseases. The novel compounds of formula

30 (I-a) are useful asa medicine. T

In general it is contemplated that an effectivé amount would be from about 0.001
mg/kg to about 50 mg/kg body weight, preferably from about 0.02 mg/kg to about 5
mg/kg body weight. A method of treatment may also include administeripg the active
ingredient on a regimen of between two or four intakes per day.

35
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20  di hydro-2, 2-di net hyl - 7- benzof ur ancar boxami de; [err] (c = 0.2%in
methanol) (interm 15). Exanple 7 a) A mixture of internmediate (13) (0.023
mol ) and 2-propenenitrile (0.028 nol) in 25 2-propanol (150 m) was
stirred and refluxed for 16 hours. The-'reaction m xture was cool ed and the
sol vent was evaporated, yielding 8 g (857@% (-)-cis-4-am no-5-chloro- N[
1

- (2-cyanoet hyl ) - 3- met hoxy- 4- pi peri di nyl]-2, 3-di hydro- 2, 2-di net hyl - 7- benzof u

ran- D carbo arriolee;n ] (c =0.5%in nethanol) (interm 16). b) A mxture
of i nternmedi : . 02 rml) .in methanol (250 m) and tetrahydrofuran
30 (100 ni A. \Raspamahon ofj thed iate at nospheric conditions wth Raney

ni ckel (3 g) at al yst . After upt ake of hydrogen (2 equiv), the
cat al yst MS‘M

(85.2% (-)-@ B A ooy - ?S\e;?&éu'ﬁht Fising (9,675 Mol 3t einfdd By s ¢
5 chromatography over silica gel (eluent: CHaClo/CH30H 98/2). The pure fractions were
collected and the solvent was evaporated. This residue (mixture of enantiomers) was
separated in it's enantiomers by column chromatography over a Chiracell OD column
(eluent: hexanes/2-propanol 98.5/1.5). The fraction, corresponding to a first
chromatographic peak, was collected and the solvent was evaporated. A sample was
10  purified by distillation (bp at 0.5 mmHg: 120°C), yielding: 56 g of (-)-3,4,4-trimethoxy-
1-(phenylmethyl)piperidine [a]lzjo =-54.00° (c = 0.5% in methanol) (interm. 1).

The fraction, corresponding to a second chromatographic peak, was collected and the
solvent was evaporated. A sample was purified by distillation (bp at 0.5 mmHIg):
120°C), yielding 64 g of (+)-3,4,4-trimethoxy-1-(phenylmethyl)piperidine; [a]zo =

15  49.60° (c = 0.5% in methanol) (interm. 2).

: b) A mixture of intermediate (1) (0.21 mol) in methanol (600 ml) was hydrogenated at
50°C with palladium-on-charcoal 10% (3g) as a catalyst. After uptake of H (1 equiv),
the catalyst was filtered off. Calcium oxide (0.63 mol) was added to the filrate. The
reaction mixture was stirred at room temperature. Ethyl chloroformate (0.63 mol) was

20 added dropwise. The reaction mixture was stirred for 2 hours at 50°C. The reaction
mixture was stirred overnight at room temperature. The solvent was evaporated.
Methylbenzene was added to the residue. The suspension was filtered and the filtrate
was evaporated. The residue was purified by distillation, yielding 32.6 g (63%) of
(-)-ethyl 3,4,4-rimethoxy-1-piperidinecarboxylate; [a] 12)0 =-39.40° (¢ =0.5% in

25 methanol) (interm. 3).

' c) A mixture of interm. (3) (0.132 mol), 4-methylbenzenesulfonic acid (0.6 g) in
2-propanone (180 ml) and water (30 ml) was stirred and refluxed for 18 hours. The
reaction mixture was cooled and ﬁ,ﬂ-diethylethanaminc (0.6 ml) was added. The
solvent was evaporated (temperature was kept <40°C). The residue was dissolved in

30 CH)Cly. This solution was washed twice with a saturated NaCl solution. The organic
layer was separated, dried (MgSOy), filtered and the solvent was evaporated. The
residue was purified by distillation, yielding 19.2 g (-)-ethyl 3-methoxy-4-0xo0-1-
piperidine-carboxylate (72.3%); [a]IZDO = -44.40° (¢ = 0.5% in methanol) (interm. 4).

d) A mixture of intermediate (4) (0.095 mol) and benzenemethanamine (0.11 mol) in
35  methanol (200 ml) was hydrogenated under atmospheric conditions with palladium on
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met hoxy- 4- pi peri di nyl ] -5-chl oro- 2, 3-di hydr o- 2, 2- di net hyl - e zofurancarbox
amde (interm 17). 35 -19- Exanple 8 a) Internedlate ( mmd
was di ssolved in 1-butanol (2310 ml) (heating to 50[err] re
Pot assi um carbonate (1.538 nol) was addeddét [err] (heterog
2- Chl or 0- 4- net hoxypyri m di ne (0.960 nol) s added and the reactlon n1xture
was 5 heated to reflux tenperature [err]. The reaction m xture was stirred

and refluxed for 11 hours. The m xture was allowed to cool to [err]. Water

(769 m) was aeddaed obcdal@0% (2 g) as a catalyst in the presence of 4% solution of thiophene in
- 2,2’-oxybispropane (2 ml). After uptake of hydrogen, the catalyst was filtered off and
the filtrate was evaporated. The residue was dissolved in methanol (250 ml) and the
resulting mixture was hydrogenated at 50°C with palladium on activated charcoal 10% (2
5 g)asacatalyst. After uptake of hydrogen (1 equiv), the catalyst was filtered off and the
filtrate was evaporated. The residue was p:ri'ﬁed by distillation (bp at 0.1 mm Hg:
85°C), yielding 13.4 g (70%) ethyl (-)-cis-4-amino-3-methoxy-1-piperidinecarboxylate;
[alg = -78.9° (¢ = 1% in methanol) Ginterm. 5).

In a similar manner but starting from intermediate (2) was also prepared :
10 (+)-ethyl cis-4-amino-3-methoxy-1-piperidinecarboxylate; [a]lz)o = -80.64° (¢ =0.6%

in methanol) (interm. 6).

Example 2
a) A mixture of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (0.5 mol), (-)-(S)-a-

15 methylbenzenemethanamine (0.53 mol), 4-methylbenzenesulfonic acid monohydrate
(1.25g) and methylbenzene (625ml) was stirred and refluxed with a Dean-Stark
apparatus for 3 hours. The reaction mixture was evaporated and distilled, yielding 121 g
(79.5%) of (-)-ethyl [cis(S)]-3-methoxy-4-{(1-phenylethyl)imino]-1-piperidine-
carboxylate (interm. 7).

20 b) A mixture of intermediate (7) (0.4 mol) and methylbenzene (750 ml) was
hydrogenétcd at room temperature and atmospheric pressure with rhodium-on-carbon
(5 g) as a catalyst. After uptake of hydrogen (1 eq.), the catalyst was filtered off and the

filtrate was evaporated. The residue was dissolved in 4-methyl-2-pentanone and
converted into the 4-methylbenzenesulfonic acid salt (1:1) with 4-methylbenzenesulfonic

25 acid. monohydrate (1 eq.). The salt was filtered off and dried. This fraction was
recrystallized twice from a mixture of 2,2’-oxybispropane/methanol (250 ml/180 ml).
The precipitated product was filtered off and dried, yielding 61.7 g (32.5%) of (-)-ethyl
[cis(S)}- 3-mcthoxy-4-[(1-phenylethyl)ammo] 1-piperidinecarboxylate 4-methylbenzene-
sulfonate (1:1); [a]20 =-62.16° (c = 1 % in methanol) (interm. 8).

30 In asimilar manner, but usmg (+) (R)-a—methylbenzcne methanamine was prepared :
(+)-ethyl [cis, (R)]-3-methoxy-4-[(1-phenylethyl)amino)-1-piperidinecarboxylate
4-methylbenzenesulfonate (1:1); [a]IZDO =62.79° (¢ = 1 % in methanol) (interm. 9).

Example 3 .
35 a) A mixuure of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (0.2 mol), (-)-(S)-a-
methylbenzenemethanamine (0.4 mol) and (-)-[S-(R*,R*)] 2,3-dihydroxybatanedioic acid
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Irn'xture. was stirred for ‘15 m nutes. The | ayers were separatetd—Fhe—organic .

ayer was evaporated (1.66mm Hg; [err]), yielding 458.9 92, 1% of

¢)-cis-4-am no- 5-chloro-2, 3-di hydro- N-[ 3- net hoxy- 1 ) TQ’IS%heet/gaSBee“Re laced

-[3-[ (4- et hoxy- 2- pyri mi di nyl ) ami no] propyl]- 10 n“m "m) ’”'

4- pi peri di nyl ] -2, 2- di net hyl - 7- benzof ur and&r boxani de (i nter

Hydrochloric acid in 2-propanol (434 n) was added dropw se over a

15-m Eu'l[es period to a solution of internediate (18) (0.769 nol) in '

4-met hyl -2-p anQn | P | hef€ -bat h

was _requi red@g’ ‘f’ﬂ@ lfgggl%ﬁglngpné )ﬂlgélggt\&ggoéb?t%?gﬁg %ﬁéﬁlbehrg%ﬁid%gﬁerr . The

prgcij pi tgte prassufe Witk paltadisin pn aetivated chvircpal A0fe(2g)ias 2 catalysh Bhing RESENE M58 ni )

and dried (v . : 4 §_gi ) 3A R8P upedk i(3e4)), th
f%ﬁg{%xpggﬁgﬁé%ﬂdﬁf t;)g?,@ ?ﬁ@?ﬁl@&ng (® il 3AREAuptdkeof 12i (3 4.), the

|
am no- 5-chl or ne . .
1- [ 3- [ ( 4- met ¢atalyst was filered offand)the{ilge. was evaporated. The residue was partitioned

propyl | - 4 pi Rewbdh MYty hénzne ai® HIDINH OEITERYS stavic Riybpwasieperadidngisdochl or i de
(interm 19) (NI?gS(E;r ,e gﬁ‘érgé !ar(l)cp thgfsoltvcr% vusré%po%gtgg.%%drgsidue was disﬁolvcd in 4-methyl-
2-pentanone and converted into the 4-methylbenzenesulfonic acid salt (1:1) with 4-
methylbenzenesulfonic acid . monohydrate (1 eq.). The salt was filtered off and dried.
This fraction was recrystallized from 2,2°-oxybispropane/CH30H (500 ml/100 ml). The
10  mixture was stirred for 24 hours. The precipitate was filtered off and dried (vacuum;
50°C), yielding 32 g of (-)-ethyl [cis,(S)]-3-methoxy-4-[(1 -phcnylcthyl)amino]-
1-piperidinecarboxylate 4-methylbenzenesulfonate (1:1); [a]lz)o =-61.6° (c=0.5% in

methanol) (interm. 8).
In a similar manner, but using (+)-(R)-o-methylbenzene methanamine, was also prepared :

15  (+)-ethyl [cis, (R)]-3-methoxy-4-[(1-phenylethyl)amino]-1-piperidinecarboxylate
4-methylbenzenesulfonate (1:1) (interm. 9).
b) Intermediate (8) (0.067 mol) was converted into the free base with aqueous
ammonia. This mixture was extracted with methylbenzene. The organic layer was
separated, dried (MgSO4), filtered and the solvent was evaporated. The residual free

20  base was dissolved in methanol (250 ml) and hydrogenated at room temperature and %
atmospheric pressure with palladium on activated charcoal 10% (2 g) as a catalyst. After
uptake of Ha (1 equiv), the catalyst was filtered off and the filtrate was evaporated. The
residue was purified by distillation (boiling point at 0.1 mm Hg: 85°C), y'ielding 99¢g
(79.2%) of ethyl (-)-cis-4-amino-3-methoxy-1-piperidinecarboxylate (interm. 5).

25  In a similar manner, but starting from intermediate (9), was also prepared :

' (+)-ethyl cis-4-amino-3-methoxy-1-piperidinecarboxylate (interm. 6).

Example 4
a) A mixture of 53.3 g of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (described in

30 EP-patent 76.350), 33 g of (-)-(R)-o-aminobenzeneethanol and 700 ml of ethanol was
refluxed overnight. After cooling, the reaction mixture was evaporated and the residue
‘was distilled, yielding 59.1 g (92%) of ethyl (R)-4-[(2-hydroxy-1-phenylethyl)imino]-
3-methoxy- 1-piperidinecarboxylate; bp. 180°C (pressure = 3.75.10-4 Pa) (interm. 10).
b) A solution of 59.1 g of intermediate (10) in 500 m! of ethanol was hydrogenated at

35 normal pressure and at room temperature with 2 g of platinum-on-charcoal catalyst.
After the calculated amount of hydrogen was taken up, the catalyst was filtered off and
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20 Exanple 9 A mxture of internediate (17) (0.017 nol) and

2- et hyl t hi o-4-pyrim di none (0.022 nol) in acetonitrile (300 mM) was
stirred and refluxed for 16 hours. Extra 2-nethylthio- 4-pyrimdinone (2 Q)
was added and the reaction m xture was stjfred and refluxed for 16 hours.
The reaction m xture was cool ed. The sol vent was evaporated. The residue
was 25 purified over silica gel on a glass filter (eluent: [err] 90/9/1).
The pure fractions were collected and the sol vent was evaporated. The

resi due was theifilmateivasievapofated?’ Trexgdidwpwapmuified Dver NBbisilicagal (¢lb¢nter ed of f
and dried (v : e, ' Zdre &

()-cis 4-a n@ﬁg&gﬁﬁ?@?&%&@@g%ﬂ%ﬁo4@?5%&%&: Brackbris ulected and the
-[3-[ (3, 4- di dyehtavas-coxporRtegyyicldingi 18yg (38Fa)rod e payd pir)-[4(B).cisl-Addrhytirpxypér i di nyl
]- D30 2&%&@@%@& FRBHBk FHBREB e BPa rebfifhe3 [err]: Lerr] (c

= 1% in net
[alq =-96.70° (¢ = 0.5% in methanol) (interm. 11).

c) A solution of 18 g of intermediate (11) in 250 ml of methanol was hydrogenated at

normal pressure and at room temperature with 2 g of paladium-on-charcoal catalyst

10%. After the calculated amount of hydrogen was taken up, the catalyst was filtered

off and the filtrate was evaporated. The resiude was distilled, yielding 6.2 g (55%) of
10  ethyl (-)-cis-4-amino-3-methoxy-1-piperidinecarboxylate (interm. 5).

Example 3
a) 4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofurancarboxylic acid (described

in EP-0,389,037) (0.05 mol) was dissolved in 2 mixture of N,N-diethylethanamine

15 (7 ml) and trichloromethane (250 ml). Ethyl carbonochloridate (0.05 mol) was added
dropwise at <10°C. The reaction mixture was stirred for 30 min at <10°C. The mixture .
was added to a solution of intermediate (5) (0.047 mol) in trichloromethane (250 ml),
stirred at 10°C. The reaction mixture was stirred for 30 min at room temperature. The

reaction mixture was washed with water, 5% NaOH and again water. The organic layer
20  was separated, dried (MgSQy), filtered and the solvent was evaporated. The residue

was purified by column chromatography over silica gel (eluent: CH7Clo/CH30H 98/2).
The pure fractions were collected and the solvent was evaporated, yiclding 19 g (94%)
of (+)-ethyl cis-4-[(4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofuranyl)-
carbonylamino]-3-methoxy-1-piperidinecarboxylate (interm. 12).

25 b) A mixture of intermediate (12) (0.045 mol) and potassium hydroxide (0.45 mol) in
2-propanol (300 ml) was stirred and refluxed for 12 hours. The reaction mixture was
cooled and the solvent was evaporated. Water (100 ml) was added to the residue. The
solvent was evaporated. The residue was partitioned between dichloromethane and
water. The organic layer was separated, washed with water, dried (MgSOy), filtered

30 and the solvent w-as'evapora_ted. The residue was purified by column chromatography
over silica gel (eluent: CHCly/(CH30H/NH3) 97/3). The pure fractions were collected
and the solvent was evaporated. The residue was dried (vacuum;50°C), yielding: 12.5 g
(+)-cis-4-amino-5-chloro-2,3-dihydro-N-(3-methoxy-4-piperidiny})-2,2-dimethyl-
7-benzofurancarboxamide (77.2%); [u]ggs = 33.40° (c = 0.5% in methanol) (interm.

35 13).
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In this manner there were prepared: -20- [err] [err] Exanple 10 5 A

m xture of 4.15 g of 2-chloro-4-hydroxyqui nazoline, 4.57 g of

4-am no- N-[ 1-( 3-

am nopropyl ) -4-pi peridinyl]-5-chl oro- 2, 3-_dli8hydro- 2, 2-di et hyl - 7- benzof ur anc
arbox- am de (described in EP-0, 445, 862) and 0.80 g of cal ci um oxi de was

stirred for

1 hour ai [err]. The reaction m xture was dissolved in a

m xture of dichl oronmet hane and net hanol. The whol e was washed w th wat er,
dried, filterpghmygleéevaporated. The

10

15

20

25

v e s e -

30

35

a) A mixture of intermediate (13) (0.017 mol), ethyl (2-chloroethyl)carbamate (0.02
mol) and N,N-diethylethanamine (0.022 mol) in N,N-dimethylformamide (150 ml) was
stirred for 72 h at 70°C. The reaction_ mixture was cooled and the solvent was '

evaporated. The residue was partitioned between dichloromethane and water. The
organic layer was separated, dried (MgSO3), filtered and the solvent was evaporated.

The residue was purified over silica gel on a glass filter (eluent: CHpClp/CH30H 97/3).
The pure fractions were collected and the solvent was evaporated, yielding: 5 g (+)-ethyl
cis-[2-[4-[[(4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofuranyl)carbonyl]-
amino]-3-methoxy-1-piperidinyljethyl]jcarbamate (63%); [a]lzjo =1.20°(c = Q.S% in

methanol) (interm. 14).

b) A mixture of intermediate (14) (0.0106 mol) and potassium hydroxide (0.106 mol) in
2-propanol (45 ml) was stirred and refluxed for 4 hours. The mixture was cooled. The
solvent was evaporated and the residue was stirred in water, then evaporated again. The

residue was dissolved in dichloromethane and this solution was washed with a small
volume of water, dried (MgSO4), filtered and the solvent was evaporated. The residue

was purified over silica gel on a glass filter (eluent: CHCly/CH30H/(CH30H/NH3)

' 90/9/1). The pure fractions were collected and the solvent was evaporated, yielding 3.2

g (76%) (-)-ci -4-amino—_N_—[1-(2—aminoeihy1)-3-methoxy-4-pipcridinyl]—5-chloro-2,3-
dihydro-2,2-dimethyl-7-benzofurancarboxamide; [a]lzjo = -1.50° (c = 0.2% in methanol)

(interm. 15).

Example 7 |
a) A mixture of intermediate (13) (0.023 mol) and 2-propenenitrile (0.028 mol) in

2-propanol (150 ml) was stirred and refluxed for 16 hours. The reaction mixture was
cooled and the solvent was evaporated, yielding 8 g (85.5%) (-)-cis-4-amino-5-chloro-
N-[1-(2-cyanoethyl)-3-methoxy-4-piperidinyl]-2,3-dihydro-2,2-dimethyl-7-benzofuran-
carboxamide; [a]20 =-1.60° (c = 0.5% in methanol) (interm. 16).

b) A mixture of intermediate (16) (0.02 mol) in methanol (250 ml) and tetrahydrofuran
(100 ml) was hydrogenated under atmbspheric conditions with Raney nickel (3 g) asa
catalyst. After uptake of hydrogen (2 equiv), the catalyst was filtered off and the filtrate
was evaporated, yielding 7 g (85.2%) (-)-cis-4-amino-N-[1-(3-aminopropyl)-3-
methoxy-4-piperidinyl}-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofutancarboxamide
(interm.17).

Thig is the replacement sheet
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10 residue was purified tw ce by colum chromatography (silica gel ; [err]
[ [err] 90:10; [err] / [err] 88:12 ). The eluent of the desired fraction
was evaporated and the residue was boiled in 2,2 -oxybi spropane. The
product was filtered off and dried, yieldigg 3.2 g (50.8% of

4-am no-5-chloro-2, 3-di hydro-N- [1

-[3-[ (4- hydr oxy- 2- qui nazol i nyl ) am no] propyl ] - 4- pi peridi nyl]-2, 2-di net hyl -7-
15 benzof urancarboxam de; np. 159.6 [err] (conp. 12). -21- In this

- manner there Bemnlp8epared: Table 2 [err]

a) Intermediate (17) (0.769 mol) was dissolved in 1-butanol (2310 ml) (heating to 50°C
required). Potassium carbonate (1.538 mol) was added at 30 °C (heterogeneous).
2-Chloro-4-methoxypyrimidine (0.960 mol) was added and the reaction mixture was

5  heated to reflux temperature (104 °C).. The reaction mixture was stirred and refluxed for
11 hours. The mixture was allowed to cool to 20 °C. Water (769 ml) was added and the
‘mixture was stirred for 15 minutes. The layers were separated. The organic layer was
evaporated (1.66 mm Hg ; 60 °C), yielding 458.9 g (92.1%) of (%)-cis-4-amino-
5-chloro-2,3-dihydro-N-[3-methoxy-1-[3-[(4-methoxy-2-pyrimidinyl)amino]propyl]}-

10  4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide (interm. 18).

b) Hydrochloric acid in 2-propanol (434 ml) was added dropwise over a 15-minutes
period to a solution of intermediate (18) (0.769 mol) in 4-methyl-2-pentanone (3845

ml), stirred at 15-20 °C (cooling on ice bath was required). The reaction mixture was
stirred for 1 hour at 15 °C. The precipitate was filtered off, washed with 4-methyl-2-

15  pentanone (769 ml) and dried (vacuum; 50 °C), yielding 425.9 g (93.6%) of (+)-cis-4-
amino-5-chloro-2,3-dihydro-N-{3-methoxy-1-[3-[(4-methoxy-2-pyrimidinyl)amino]-
propyl]-4-piperidinyl}-2,2-dimethyl-7-benzofurancarboxamide dihydrochloride (interm.
19)

B. Preparation of the final compounds

20 Example9 .
" - A mixture of intermediate (17) (0.017 mol) and 2-methylthio-4-pyrimidinone (0.022

mol) in acetonitrile (300 ml) was stirred and refluxed for 16 hours. Extra 2-methylthio-
4-pyrimidinone (2 g) was added and the reaction mixture was stirred and refluxed for 16

. hours. The reaction mixture was cooled. The solvent was evaporated. The residue was
25  purified over silica gel on a glass filter (eluent: CHClo/CH30H/(CH30H/NH3)

90/9/1). The pure fractions were collected and the solvent was evaporated. The residue

was triturated in 2, 2’-oxybispropane. The solid was filtered off and dried (vacuum; '

room temperature), yielding 2.65 g (29.7%) (-)-cis-4-amino-5-chloro-2,3-dihydro-

N-[1-[3-[(3,4-dihydro-4-ox0-2-pyrimidinyl)amino]propyl]-3-methoxy-4-piperidinyl}-
30  2,2-dimethyl-7-benzofurancarboxamide; mp. 164.3°C; [a]5q =-17.54° (c = 1% in

metﬁanol) (comp. 1).

In this manner there were prepared :

Thig is the replacerent sheet
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OH Exanple 11 A m xture of 2.6 g of 2,6-dichloro-4-quinazolinol (described
in J. Med. Chem, 1968, p.130), 3.7 g of 4-am no-N-|

1= (2- am noet hyl ) - 4- pi peri di nyl ] -5-chl oro- 2, 3-di hydr o-

2, 2-di et hyl - 7- benzof ur ancar boxam de (described in EP-0, 445, 862), 0.8 g
of cal cium oxide and 5.64 g of N,N—dinethgpacetanide was stirred for 3
hours at [err]. After cooling, the reaction m xture was evaporated and the
residue was taken up in a mxture of dichloronmethane and nethanol. The
whol e was washed with water. The partly precipitated prﬁggémeas filtered
off (first fraction). The organic | ayer was decanted, drj ﬁiltered and
evapor at ed ( nd fraction). The conbined fracR?ons we |?Ted tw ce by
colum chro phy (silicgggel; [err] 95 [errﬁ?/ ] 92:8). The
eluent of the desired fractgon exepy/-aned NHR€~+¢ e S
crystallized fron1acetonitrkLe#JAt O[err]C, pr oduct { filtered off
and dried in vacuo at o Y o

OH

Co. No. | R3 R4 |n |m |physical data
1 OCH3 { NHz (3 {1 |cis; mp.164.3°C; [a]]230=

. -17.54°(c = 1% in methanol)

2 |OCH3 | NHz |2 |1 [cis;mp.179.9°C, mggs = -156.45°
(c=0.1% in CH30H)

3 | OCH3 | NHy |3 |1 |cis; mp. 164.3°C, [aloy =
17.21°(c=1% in CH30H)

4 |OCH3 | NHz |2 |1 |cis;[al3g = 158.53° (c=0.1%in
CH30H)

5 OCHz | NHy |3 |1 |cis; 2.5 HO/mp. 163.8°C
6 |OCH3 | NHz {2 |1 |cis;mp.198.8°C
7 H NHz (2 |1 |mp.204.4°C
8 H NHy |3 |1 |H20/mp.165.8°C
9 H NHz (3 |2 |mp.2211°C

10 H H (2 |1 [mp.1269°C

11 H H 3 12 |mp.106.1°C

Example 10

5 Amixture of 4.15 g of 2-chloro-4-hydroxyquinazoline, 4.57 g of 4-amino-N-[1-(3-
aminopropy!l)-4-piperidinyl}-5-chloro-2,3-dihydro-2,2-dimethyl-7-benzofurancarbox-
amide (described in EP-0, 445, 862) and 0.80 g of calcium oxide was stirred for 1 hour
at 140 °C. The feaction mixtire was dissolved in a mixture of dichloromethane and
methanol. The whole was washed with water, dried, filtered and evaporated. The

10  residue was purified twice by column chromatography (silica gel ; CH2Cl2/
CH30H(NH3) 90:10 ; CH2Clp / CH30H(NH3) 88:12 ). The eluent of the desired
fraction was evaporated and the residue was boiled in 2,2'-oxybispropane. The product
was filtered off and dried, yielding 3.2 g (50.8%) of 4-amino-5-chloro-2,3-dihydro-N-
[1-[3-[(4-hydroxy~2-quinazolinyl)amino]propyl]-4.-piperidinyl]-z,?.-dimethyl-?-

15  benzofurancarboxamide; mp. 159.6 °C (comp. 12).
Thig is the replacement sheet

Dste: {6 AUG 1398



[err], yielding 1 g (18.3% of 4-amno-5-chloro-N [1

-[2-[ (6-chl or o- 4- hydr oxy- 2- qui na-

zol i nyl)am no] et hyl ] - 4- pi peridi nyl]-2, 3-di hydro- 2, 2-di net hyl - 7- benzof ur anca
rbox- amde; np. [err] (conp. 21). -221-1n this manner there were
prepared: Table 3 [err] Exanple 12 Water (2880 ml) was added to
internmediate (19) (0.72 nol, resulting in conplete dissolution of
intermediate (19). Hydrochloric acid (193 m) was added dropw se. The

In this manner there were prepared :

Table 2

CH; ,CHj
3 0
N 0
z \||-—NH—-(CH,),,—N NH—C R*
NN
Cl
OH
Co. No.| R3 R4 n | physical data
12 H NH2  [3 |mp.159.6°C
13 H NHy 4 |mp.152.3°C
14 H NHj 2 | mp. 160°C (decomp.)
15 | OCHj3 NH, 3 |cis/1/2H70 /mp. 185.6°C
16 | OCHj3 |-NH-CO-CH3|3 |cis; HyO/mp. 181.2°C
17 OCH3 H 3 | cis; mp. 140.5°C
18 | OCH3 H 2 | cis; mp. 150.0°C
19 H H 2 |mp.238.1°C
20.| H H 3 |mp. 131.1°C
Example 11

A mixture of 2.6 g of 2,6-dichloro-4-quinazolinol (described in J.Med.Chem., 1968,
p-130), 3.7 g of 4-amino-N-[1-(2-aminoethyl)-4-piperidinyl]-5-chloro-2,3-dihydro-
2,2-dimethyl-7-benzofurancarboxamide (described in EP-0, 445, 862), 0.8 g of calcium
oxide and 5.64 g of N.N-dimethylacetamide was stirred for 3 hours at 140°C. After
cooling, the reaction mixture was evaporated and the residue was taken up in a mixture
of dichloromethane and methanol. The whole was washed with water. The partly
precipitated product was filtered off (first fraction). The organic layer was decanted,
dried, filtered and evaporated (second fraction). The combined fractions were purified
twice by column chromatography (silica gel ; CH2Cla / CH30H(NH3) 95:5 ; CH2Cl2 /
CH30H 92:8). The eluent of the desired fraction was evaporated and the residue was -
crystallized from acetonitrile. At 0°C, the product was filtered off and dried in vacuo at
60°C, yielding 1 g (18.3%) of 4-amino-5-chloro-N-[1-[2-[(6-chloro-4-hydroxy-2-quina-
zolinyl)amino]ethyl]-4-piperidinyl]-2,3-dihydro-2,2-dimethyl-7-benzofiirancarbox-
amide; mp. 206.6°C (comp. 21).

Thig is the replaoertient steet
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10 reaction mxture was heated to reflux tenperature [err]. The reaction

m xture was stirred and refluxed for 24 hours. Mdre hydrochloric acid
(128.6 n) was added at reflux tenperature. The reaction m xture was
stirred and refluxed for 2.5 hours. Heating was stopped. Dichl oronet hane
(360 M) was added. The | ayers were separated. Dichloronmethane (1080 m)
was added to the aqueous phase. At [err] 15 the biphasic m xture was

al kal i zed wi t h anmmoni um hydroxide (433 m) (until pH > 10; addition over a
30- mi nut es peri s manics thead wereQrépaged:equi red! ; the mi xture was honopgeneous
at start, precipitation resulted at pH = 6-7 and di ssol ved at hi gher pH).
The | ayers we b parated. The aqueous | ayer was extracted with

di chl or onet ha O m). The organic extra wgre conbined, dried,
filtered and evaporated (vacuunm 40 20 [err] e Tesidue was dried (vacuum
40 [err] yielding 321.2 g (88.3% ofgi-)-cise%- '

am no- 5- chl oro-lN[l-[3-[(3,4-di h - 4- 0xQ- 2 i m di nyl ) am no] propyl ] - 3-ne
thoxy- 4-piperk I\]';%Hg_-(ehﬂl}/_q;,o- 2 ZIQ_Il_r_T'gT - bﬁﬁzzof ur ancar boxam de
(conp. 1). |
~ N
_ R? Cl
.OH
5
Co. No. Rl R2 R3 |n |physical data
21 -CH=CH-C(CI)=CH- H 2 | mp.206.6°C
22 -CH=C(C])-CH=CH- H 2 | mp.2424°C
23 -CH=C(Cl)-CH=CH- { OCH3 |3 | mp. 215.5°C; cis
24 -CH=CH-C(Cl)=CH- | OCH3 |3 1/2 HoO/mp. 237.9°C; cis

Example 12
Water (2880 ml) was added to intermediate (19) (0.72 mol, resulting in complete

dissolution of intermediate (19). Hydrochloric acid (193 ml) was added dropwise. The
10 reaction mixture was heated to reflux temperature (95 °C). The reaction mixture was
stirred and refluxed for 24 hours. More hydrochloric acid (128.6 ml) was added at
reflux temperature. The reaction mixture was stirred and refluxed for 2.5 hours.
Heating was stoppéd. Dichloromethane (360 ml) was added. The layers were
separated. Dichloromethane (1080 ml) was added to the aqueous phase. At 20-25 °C,
15 the biphasic mixture was alkalized with ammonium hydroxide (433 ml) (until pH > 10;
addition over a 30-minutes period; external cooling required!; the mixture was
homogeneous at start, precipitation resulted at pH = 6-7 and dissolved at higher pH).
The layers were separated. The aqueous layer was extracted with dichloromethane (360
ml). The organic extracts were combined, dried, filtered and evaporated (vacuum; 40
20 °C). The residue was dried (Vacuum; 40 °C), yielding 321.2 g (88.3%) of (-)-cis-4-
amino-5-chloro-N-[1-[3-[(3,4-dihydro-4-oxo-2-pyrimidinyl)amino]propyl}-3-methoxy-
4-piperidinyl}-2,3-dihydro-2,2-dimethyl-7-benzofurancarboxamide (comp. 1).

C. Pharmacological example

25 Example 13 : von Bezold-Jarish test .
. Male spontaneous hypertensive rats (+ 6 months) were anaesthetized by ether inhalation

and the femoral vein and artery were dissected and cannulated with polyethylene
This is the replacertient sheet

Date: . 1 6 AUG 1996



C. Pharmacol ogi cal exanple 25 Exanmpl e 13: von Bezol d-Jarish test Mle
spont aneous hypertensive rats ([err] 6 nonths) were anaesthetized by ether
i nhal ation and the fenoral vein and artery were di ssected and cannul at ed
wi t h pol yet hyl ene -23- catheters. Lidogaine (20% was adm nistered to

t he wound around the cannulas to induce |0Cal anal gesia. The aninmals were
restrained in Bollnman cages, and the arterial catheter was connected to a
strain gauge bl ood pressure transducer and systolic pressure was anal ysed.
When the 5. cathe@rs. Lidevatnef(Q0%Y wavadifinisigiediorthe wolindabimhthe cammenastioni n

(0.04 ny/kg) indiice %c\z{ﬁpnai/gic?ia.t he
The animals were restrained in Bollman cages, and the arterial catheter was connected to
a strain gauge blood pressure transducer and systolic pressure was analysed. When the
5  animals were fully awake a control injection of serotonin (0.04 mg/kg) was given via the

femoral vein catheter. The response of the?ystolié blood prcssufe t0 a intravenous

* serotonine injection normally evolves in three phases : 1) a short and sharp decrease

" (von Bezold-Jarish reflex), 2) an increase and 3) a longer lasting decrease in systolic
blood pressure. Inhibition of the first sharp decrease in blood pressure (von Bezold-

10  Jarish reflex) is taken as a measure for 5-HT3-antagonism. Some time after the control
injection of serotonin the test compound was injected intraperitoneally. After 30 minutes
serotonin was again injected intravenously and the presence or absence of the first short
and sharp decrease was recorded. The same procedure was repeated after 60 minutes.
The compounds were tested at different doses.

15  The Lowest Active Dose (LAD) which is shown in Table 4 may be defined as the dose '
(in mg/kg body weight) at which at least half of the animals tested show inhibition of the

von Bezold-Jarish reflex.

Table 4 .
e
Co. No. LAD (mg/kg)

5 0.04

7 0.04

9 0.16

12 0.16

14 0.01

19 0.01

21 0.16

11 0.16

8 0.04

24 4. 0.16. . | . —

23 0.16

16 0.16

17 0.04

6 0.01 -

10 0.01

- 0.04

-2 0.04.
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femoral vein catheter. The response of the systolic blood pressure to a
I ntravenous serotonine injection nornmally evolves in three phases: 1) a
short and sharp decrease (von Bezold-Jarish reflex), 2) an increase and 3)
a longer lasting decrease in systolic bl ogzg pressure. Inhibition of the
first sharp decrease in blood pressure (vofl Bezold- 10 Jarish reflex) is
taken as a neasure for [err]. Sone tinme after the control injection of
serotonin the test conpound was injected intraperitoneally. After 30
m nutes serotonin was again injected intravenously and the presence or .
absence of thg EbhebsidbPEkarmpes Sharp decrease was recorded. The sane
procedure was repeated affer m nut e The .c ounds r o
di fferent dos es'.rﬁiff’uo %H}ég?"sﬁt’,‘?mgﬁfy[%g’éal@E%acm%ﬁ@qipo&ﬁg&mﬁ&l %Hszll%ﬁ"bl e
4 may be defi pgefors sufisbléfseysemicrontdpicabadhyinivadn Jo warmabloodedanimaladn hal f
of the anigml S tedsét ed sgcjnw I nhi itirlm- of the von Bezol d-Jarish reflex.
Tabl e 4 accordance with the present invention.

"Active ingredient” (A.L) as used throdghout these examples felates to a compound

of formula (1), a pharmaceutically acceptable acid addition salt or a stereochemically

isomeric form thereof.

10 Example 14 : Oral solutions
-9 g of methyl 4-hydroxybenzoate and 1 g of propyl 4-hydroxybenzoate are dissolved

in 41 of boiling purified water. In 3 ] of this solution are dissolved first 10 g of
2,3-dihydroxybutanedioic acid and thereafter 20 g of the A.L The latter solution is
combined with the remaining part of the former solution and 12 1 of 1,2,3-propanetriol
15 and 3 1of sorbitol 70% solution are added thereto. 40 g of sodium saccharin are
dissolved in 0.5 1 of water and 2 ml of raspberry and 2 ml of gooseberry essence are
added. The latter solution is combined with the former, water is added q.s. to 2 volume
of 20 1 providing an oral solution comprising 5 mg of the A.IL per teaspoonful (5 ml).

The resulting solution is filled in suitable containers.
20

Example 15 : Capsules
20 g of the A.L, 6 g sodium lauryl sulfate, 56 g starch, 56 g lactose, 0.8 g colloidal

silicon dioxide, and 1.2 g magnesium stearate are vigorously stirred together. The
resulting mixture is subsequently filled into 1000 sujtable hardened gelatin capsules,

25 each comprising 20 mg of the A.L.

Example 16 : Film-coated tablets
Preparation of tablet core
A mixture of 100 g of the A.L, 570 g lactose and 200 g starch is mixed well and
30 thereafter humidified with a solution of 5 g sodium dodecy! sulfate and 10 g polyvinyl-
pyrrolidone in about 200 m! of water. The wet powder mixture is sieved, dried and
sieved again. Then there are added 100 g microcrystalline cellulose and 15 g
hydrogenated vegetable oil. The whole is mixed well and compressed into tablets,
giving 10.000 tablets, each comprising 10 mg of the active ingredient.
35 Coating X
To a solution of 10 g methy! cellulose in 75 ml of denaturated ethanol there is added a
solution of 5 g of ethyl cellulose in 150 m! of dichloromethane. Then there are added 75
ml of dichloromethane and 2.5 ml 1,2,3-propanetriol. 10 g of polyethylene glycol i;

Thia is the replacement sheet
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Co. No.
0.16 12
0.16 11
0.16 16

LAD (ng/ kg) 5 ©0.04 7 0.04 9

0.16 14 0.01 19 0.01 21
0.16 8 0.04 24 0.16 23
0. 16 25

molten and dissolved in 75 ml of dichloromethane. The latter solution is added to the
former and then there are added

2.5 g of magnesium octadecanoate, 5 g of polyvinylpyrrolidone and 30 ml of concen-
trated colour suspension and the whole is homogenated. The tablet cores are coated with
the thus obtained mixture in a coating apparatus.

This is the replacement sheet.
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17 0.04 6 0.01 10 0.011 0. 04
2 0.04 -24- D. Conposition Exanples The follow ng

formul ati ons exenplify typical pharmaceutical conpositions in dosage unit
formsuitable for system c or topical adm 9%’_3t ration to warm bl ooded
animals in 5 accordance with the present“Invention.

Claims
1. Use of a compound of formula

CH; ,CHs

0><(CH2)m

. | R3 o - -
RL _N_- 1 :
Z N\ NH—(CHay— \/:/>—NH—C R* @,

R? XN RS
OH '

5 .
a pharmaceutically acceptable acid addition salt form or a stereochemically isomeric form
thereof, wherein

R1 and R2 represent hydrogen, or
R! and R2 taken together form a bivalent radical of formula
10 -CH=CH-CH=CH- (a),
-CH=C(CI)-CH=CH- (b) or
-CH=CH-C(Cl)=CH- )
n represents 2, 3 or 4;
R3 represents hydrogen or methoxy;
15 m represents 1 or 2; |

R4 represents hydrogen, amino or Cj.3alkylcarbonylamino; and

. R3 represents hydrogen or halo, .
for the manufacture of a medicament for treating 5-HT3-mediated disorders.

20 2. A use according to claim 1, wherein R3 represents methoxy and has the cis-
configuration.

3. A use according to claim 2, wherein the compound is laevo-rotatory.

25 4. A use according to claim 1, wherein the compound is (-)-cis-4-amino-5-chloro-
2,3-dihydro-N-[1-[3-[(3,4-dihydro-4-ox0-2-pyrimidinyl)amino}propyl]-3-methoxy-4-
pipcridinyl]—2,2-d.imcthyl-7¥bcnzofurancarb6xamide or (-)-cis-4-amino-5-chloro-
N-[1-[2-[(3,4-dihydro-4-ox0-2-pyrimidinyl)amino]ethyl]-2,3-dihydro-3-methoxy-
4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide, or a pharmaceutically acceptable

"30  acid addition salt form thereof.

5. A laevo-rotatory enantiomer of a compound of formula

Thig is the replacerment sheet
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"Active ingredient” (A 1.) as used throughout these exanples relates to a

compound of formula (1), a pharmaceutically acceptable ani_dM

or a stereochenmically isoneric formthereof. 10 Exanpl e 14 O al

solutions 9 g of nethyl 4- hydroxybenzoatezgnd 1 g of prop lsSheetHasBeenR

4- hydr oxybenzoate are dissolved in 4 1 of 0|I|ng purlfled

this solution are dissolved first 10 g of 2, 3-di hydroxybut El’”@mﬂ nd
thereafter 20 g of the A 1. The latter solution is conbined wt

remai ning part of the former solution and 12 1 of 1,2, 3-propanetriol 15
and 3 1 of sorbitol 70% solution are added t kg etH; 40 g of sodium )
saccharin are dissolved in 0.5 1 of water and 3m of raspberry and 2 nml of
gooseberry essence are added. The |ater sol W®io CH®mconbi ned with the
former, water js aﬁded q s. to a umre of020 provi ding an oral sol ution
conprising 5 HRELN ea Qﬂii@ r¥he resut.fi ng sol ution
is filled in SUI ab contalners

RS

ora pharmaceuncally acceptable acid addition salt thereof, wherein
R1 and R? represent hydrogen, or
5 R and R2 taken together form a bivalent radical of formula

-CH=CH-CH=CH- (a),
-CH=C(Cl)-CH=CH- (b) or
-CH=CH-C(C])=CH- (c);

n represents 2 or 3;
10 R3 represents methoxy and has the cis-configuration;
m represents 1 or 2;
R4 represents hydrogen, amino or C1-3alkylcarbonylammo, and
RS5 represents hydrogen or halo.

15 6. A compound according to claim 5, wherein the compound is (-)-cis-4-amino-3-
chloro-2,3-dihydro-N-[ 1-[3-[(3,4-dihydro-4-oxo-2-pyrimidinyl)amino]propyl]-3-
methoxy-4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide or (-)-cis-4-amino-3-
chloro-N-[1-[2-[(3,4-dihydro-4-oxo-2-pyrimidinyl)amino)ethyl]-2,3-dihydro-3-
methoxy-4-piperidinyl]-2,2-dimethyl-7-benzofurancarboxamide or a pharmaceutically

20  acceptable acid addition salt form thereof.

7. A pharmaceutical composition comprising an inert carrier and as an active ingredient
an effective 5-HT3-antagonistic amount of a compound as claimed in claim 5.

25 8. Anenantiomerically enriched or enantiomerically pure cis-3-methoxy-4-amino-
piperidine of formula

OCH;

A—N —NH; (X1X-a)

30 ora pharmaceutically acceptable acid addition salt thereof,

This is the replacement sheet
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20 Exanple 15: Capsules 20 g of the A l., 6 g sodiumlauryl sulfate, 56 ¢
starch, 56 g lactose, 0.8 g colloidal silicon dioxide, and 1.2 GhiBkesk BE Replac
stearate are vigorously stirred together. The-resulting mxture i

subsequently filled into 1000 suitabl e hargened gel atin capsul es, 1muL"HHHH|”",
conprising 20 ng of the A l. Exanple 16: Filmcoated tablets A mxtu

100 g of the A l., 570 g |lactose and 200 g starch is mxed well and 30
thereafter humdified with a solution of 5 g sodi um dodecyl sulfate_and 10

g pol yvinyl - pheredt Ade hediogemb(DH2)3 M 1I- (Ol WNISP, PToe LyehesinBand B eaeh e

i ssieved, dried an i eved agai n [ [ 00: _

Im' clr o\ér yst al : | gpcggfrﬁhl %@55"&2gllf%‘kg‘@%&a'ﬁﬂgéﬁé%g@gg@? E@r %hg}oln?cthlyﬁe whol e
is mxed vl l cab@ﬁ;diﬁmshmﬂhylmiphtwbhehsl,orgmmnglyh.mmw aybisghgnyleach
conprising 100;5%n9fly bdiufftdd with Lp & s_'ﬁﬂ§titucnts selected from Cj-4alkyloxy or halo;

5 and L represents a radical of formula

NH—(CH)n—

t_ _N
R :c/m/
RN N .
OH
wherein R1 and R2 represent hydrogen, or
~ R! and R2 taken together form a bivalent radical of formula
10 - -CH=CH-CH=CH- (a),

-CH=C(Cl)-CH=CH- (b) or
-CH=CH-C(Cl)=CH-;

and n represents 2, 3 or 4.

15 9. Anintermediate as claimed in claim 8 wherein the intermediate is an enantiomerically
enriched or enantiomerically pure cis-3-methoxy-4-aminopiperidine of formula

. OCH;

P'—N NH, (XIV-a),

20  wherein P! is Cj.salkylcarbonyl; Cj.4alkyloxycarbonyl; trihalomethylcarbonyl;
diphenylmethyl; triphenylmethyl or arylmethyl, wherein aryl is phenyl optionally
substituted with up to two substituents selected from Cj.4alkyloxy or halo; or an acid
addition salt thereof.

25 10. A process of preparing an enantiomerically enriched or enantiomerically pure cis-
3-methoxy-4-aminopiperidine of formla

OCH3

wherein A is hydrogen, -(CH2)q-NH2, -(CH2)o-NH-P, P! or L, wherein P and P! each
30 independently represent Cj.4alkylcarbonyl; Ci4alkyloxycarbonyl; trihalomethyl-
carbonyl; diphenylmethyi; triphenylmethyl or arylmethyl, wherein ary! is phenyl

Thig is the réplacement shest
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35 Coating To a solution of 10 g net hyl cel lulose in 75 nl_of

denaturated ethanol there is added a solution of 5 g of ethyl ceI | ul Re lacec
150 ml of dichl oronmethane. Then there are added 75 m of dichl d cen

and 2.5 m 1,2, 3-propanetriol. 10 g of pol yethylene glycol is “l“““‘
mol ten and dissolved in 75 m of dichlorom&thane. The latter sol

added to the former and then there are added 2.5 g of nagnesium
oct adecanoate, 5 g of polyvinylpyrrolidone and 30 m of concen- trated
col our suspe nSd#ﬁBnﬂl}dsdbEtﬁutéh abith ipStohwoRanalal-selthied frohl €f 4atkylesy aralegoat ed

with 5 t he thﬁir%g;e%én%egra 1ca}ofrf%nmr1"laa coati ng appar at us.

Rl. _N_ _NH—(CHpn—
ad -
> N

RZ ) , - . . -
OH |

5  wherein R! and R2 represent hydrogen, or
R! and R2 taken together form a bivalent radical of formula
-CH=CH-CH=CH- (a),
-CH=C(Cl)-CH=CH- (b)or
-CH=CH-C(Cl)=CH-;
10  and n represents 2, 3 or 4,

characterized by
reacting a racemic 3-methoxy-4-oxo-piperidine of formula (XXII-a) wherein A is as

defined hereinabove, with one enantiomer of a chiral amine of formula (XXIII), wherein

R8s Cj.galkyl or hydroxyCj.galkyl and Ar is phenyl optionally substituted with halo, . .
15 Ci.galkyl, Ci-¢alkyloxy, or naphthyl optionally substituted with halo, Cj.salkyl, or

C}-6alkyloxy; thus forming an intermediate of formula (XXI-a), which is hydrogenated

in the presence of a catalyst, such as palladium-on-charcoal, platinum-on-charcoal, or

rhodium-on-carbon;

t - ]
5: R A_Q:N_CH_A,

(XXIID
. (XXT-a) (XX1-a)
OCH; OCH,
RS ’
|
——— A—N NH-CH—Ar ———= A—N NH,
KXa) : (XIX-a)

20
thus fofming a diastereomerically enriched or diastereomerically pure intermediate of

formula (XX-a) and subsequently removing the chiral auxiliary group Ar-_CH(Rs)-, and
if desired, converting the intermediates of formula (XIX-a) into an acid addition salt .
form by treatment with acid; or conversely, converting the acid addition salt into the free

25 base with alkali.

Thig is the replacement sheet
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-26- Cains 1. Use of a conpound of formula [err] 5 a pharmaceutically
acceptable acid addition salt formor a stereochernl caIIy |somer|c form

thereof, wherein [err] and [err] represent hydrogen, dhis[Sheet poed
taken together forma bival ent radical of forrrula [err] IIIl II|||||| ril

-30-

11. A process for preparing a compound of formula (I-a), characterized by

a) preparing an enantiomerically enriched or enantiomerically pure intermediate of
formula (XIX-a), wherein A is P, said intermediates being represented by (XIV-a),
according to claim 9;

b) reacting an enantiomerically enriched or enantiomerically pure intermediate of formula
(XIV-a) with an acid of formula (V) or a functional derivative thereof, and subsequently
removing the protective group P!, thus yielding an enantiomerically pure intermediate of
formula (II-a); '
| CH>3<CH3
OCHj Q" “(CHm

. ' 9 1. N-acylation
P! — NH, + HO-C —R4 - (@-a)
2. removal of P!

RS

(X1V-2) )

2:) N-alkylating an enantiomerically enriched or enantiomerically pure intermediate of
formula (II-a) with a reagent of formula (XI), and subsequently removing the protective
group P, thus yielding an enantiomerically enriched or enantiomerically pure intermediate
pf formula (VII-a);

OCHj;

1. P-NH-(CHy)p-W! : ;
X ) p
(0-a) - Ho;N—(CHy)p— NH— R%
2. removal of P

R5

(VI-a)

d) reacting an enantiomerically enriched or enantiomerically pure intermediate of formula
(VII-a) with a reagent of formula (VI), wherein R6 is hydrogen or Cj.galkyl and W2 is
an appropriate leaving group and, when necessary, cleaving of the protective ether-
function, to yield an enantiomerically enriched or enantiomerically pure compound of
formula (I-a);

Thie is the replacement steet.
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n represents 2, 3 or 4; R3 represents hydrogen or nethoxy; 15 m

represents | or 2; R4 represents hydrogen, amino or [err] and [err]

represents hydrogen or halo, for the manufacture of a nedi canent for

treating 5-HT3-nedi ated disorders. 20 = 2.3A use according to claimil,

wherein R3 represents nethoxy and has the cis- configuration. 3. A use

according to claim2, wherein the conpound is |aevo-rotatory. 25 4. A use

according to claim1, wherein the nd is (-)-cis-4-am no-5-chloro-

- 2,3-dihydro-N-[1-[3-[(3, 4- d|h§ﬂ i? 0- 2- pyri m di nyl ) am no] propyl ] - 3- net ho

xy-4- pi peridinyl | (24-8- diﬁethyl }beP{OfUF&ﬁe&Fbe*ﬁnl del-dr

(-)-cis-4-am no-5-chl oro-

N-[1-(2-[(3, 4-di hydr o- 4- oxo- 2 pyr|O&glnyl)anino]ethyl]-2,3-dihydro-3-nethox
(VD

y -
and , if desired, further purifying the enantiomerically enriched compounds of formula
(I-a) to obtain enantiomerically pure compounds of formula (I-a), and if further desired,
converting the compounds of formula (I-a) into a therapeutically active non-toxic acid
5 addition salt form by treatment with acid; or conversely, converting the acid addition salt

into the free base with alkali.

- . . - v — /
as Been Reilaced

\\Il\l\\ N

AN YR | This I the replacement steet
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4-pi peridinyl] -2, 2-di net hyl - 7- benzof ur ancar boxanmi de, or a pharnmaceutically
.acceptable 30 acid addition salt. formthereof. 5. A |laevo-rotatory
enanti oner of a conpound of fornul a -27- 5. A laevo-rotatary enantioner
of a conpound of formula (1), or a pharmaceutically acceptable acid
addition salt thereof, wherein [err], n, m are as defined in claim1l and
wherein [err] represents met hoxy and has the cis-configuration. 6. A
conmpound as described in claim4. 7. A pharnaceutical conposition
conprising an inert carrier and as an active

ABSTRACT

Use of dimethylbenzofurans and dimethylbenzopyrans as 5-HT3 antagonists

Method of treating 5-HT3-mediated disorders, which comprises systemic administration
of an effective amount of a compound of formula (T)

c Hs CHj
: . R3 (CHz)m
N
z \”—NH—(CHz),.— NH—
\ N . .

OH

- the pharmaceutically acceptable acid addition salt forms and the stereochemically
~ isomeric forms thereof, wherein R! and R2 represent hydrogen, or R! and R2taken
together form a bivalent radical of formula -CH=CH-CH=CH- (a), -CH=C(CI)-
CH=CH-(b) or -CH=CH-C(Cl)=CH- (c); n represents 2, 3 or 4; R3 represents
- hydrogen or methoxy; m represents 1 or 2 ; R4 represents hydrogen, amino or
Cj.3-alkylcarbonylamino; and R represents hydrogen or halo; novel compounds; ~
compositions; processes for preparing novel compounds and intermediates.

-
heet Has Been Re‘laced

T

This is the replacement sheet
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Uo2zeq IPOS
Jingredient an effeetive 5-HT3-antagonistic amount pf= TRR ml ai ned
In claim$S. 8. An enandorrerlcally enri ched ci s-3- ngtl 2 ridine

d’Hns Eﬂ\ dan enantiomeric excess rangi ng ffomnore than 0 Polup to
met hoxy- 4- an nppiperARR fmﬂder vative
|W§X€%@ib§ §£%E$east 94% and haw ng a formulp {err]

or a phar maceutlcall acc ol acidlafod tion saly thereofs—whereinf A is

hydr ogen, [err]. L, wherein P and [err] each indg¢pendently represeht
[err] trihal onet hyI carbonyl; di phenyl methyl; triphenytmethyl or

aryl methyl, wherein aryl is henyl al | |tuted th up to two
subst i t uent k- b pricess dof prepary rarc]onmouﬁépgp [\g‘@ 5) radi cal of

f ormul a

» ’)

‘a) preparing an enantiomerically enriched or enantiomerically pure intermediate of
formula (XIX-a), wherein A is P1, said intermediates being represented by (XIV-a),
according to claim 9;

b) reacting an enantiomerically enriched or enantiomerically pure intermediate of formula
(XIV-a) with an acid of formula (V) or a functional derivative thereof, and subsequently
removing the protective group P1, thus yielding an enantiomerically pure intermediate of
formula (II-a);
CH>3<CH3
OCH;, 07 “MCHm

0 1. N-acylation
i i
pl— NH, + HO—C R* > (-a)
2. removal of P!

RS

(XIV-2) | )

-c) _I\_I-al_kylatihg an enantiomerically enriched or enantiomerically pure intc_nncdiate of
formula (TI-a) with a reagent of formula (XI), and subsequently removing the protective
group P, thus yielding an enantiomerically enriched or enantiomerically pure intermediate
pf formula (VII-a);

CP%<CH3
OCH; 0 (CH2)mm

1. P-NH-(CHp),-W! ;
Xn 4
(I-a) = HN—(CHp)p— NH~—C R*
2. removal of P

RS

(VD-a)

d) reacting an enantiomerically enriched or enantiomerically pure intermediate of formula
(VII-a) with a reagent of formula (VI), wherein R6 is hydrogen or Cy.galkyl and W2 is
an appropriate leaving group and, when necessary, cleaving of the protective ether-
function, to yield an enantiomerically enriched or enantiomerically pure compound of
formula (I-a);

N O L



o

qLp 223~ 1?05
[err] wher eRpP{ RCEMENTISHEETY &i§t esept hydrogen, or [err] and [err] taken

~ toget he PODMcaiphiby apsyrtl . 'Y ik cﬁjedo.f fprmula [err] and n represents 2, 3 or

T4, Q(('fé&n{sylt er a@aetoapageﬂal%d in claim8 wherein tfgg;nmggmgmllsﬁtg
is an e a pﬂ{ﬁfﬂ;@,ﬁl y =anrl ehpskedr.menpntionerical ly pure
ci s- 3- ;ggstgl%@m ngpgege_ﬁﬁlj pegederivptive of formula [err] 10 Jur 1998

L1
DATE OF RECEIPT ... 227, o1l

USE OF DIMETHYLBENZOFURANS AND DIMETHYLBENZOPYRANS
AS 5-HT, ANTAGONISTS

Background of the invention '
EP-0,389,037, published on September 26, 1990 discloses N-(3-hydroxy-4-
piperidinyl)(dihydrobenzofuran, dihydro-2H-benzopyran or dihydrobenzodioxin)

- carboxamide derivatives and EP-0,445,862, published on September 11, 1991 discloses
'N-(4-piperidinyl)(dihydrobenzofuran or dihydrobenzo-2H-benzopyran)carboxamide
derivatives. Both applications disclose gastrointestinal motility stimulating properties for
said compounds. EP-0,309.043. published on March 29, 1989 discloses subsimted

- N-(1-alkyl-3-hydroxy-4-piperidinyl)benzamides as gastrointestinal stimulating agents.
The dimethyl-dihydrobenzofuran and dlmethyl-dxhydro-Zﬂ-benmpyran derivatives of
the present invention show 5-HT3-antagomsm

ipd f the inwv :

The present inveation is concerned with the use of a compound of formula (I} for the,
manufacture of a medicine for treating warm-blooded animals suffering from 5-HT3
mediated disorders such as anxiety, psychosis, depression, schizophrenia, cognitive
disorders, drug abuse, migraine, emesis, irritable bowel syndrome and related
disorders, which comprises the systemic administration 1o said warm-blooded ammals
of an eﬁ‘ecnve 5-HT3 antagonistic amount of a eompound of formula

CH>3<CH3 )
e R3 0 (CH)
° . 0
R! N _ 1"
2N S - RS
OH

a pharmaceutically écceptable acid addition salt form or a stereochemically isomeric
form thereof, wherein

R and R2 represent hydrogen, or
R! and R? taken together form a bivalent radical of formula

-CH=CH-CH=CH- ) (a),
-CH=C(C1)-CH=CH- (b) or
- ~CH=CH-C(Cl)=CH- ©)

n represents 2,3 or 4;



" wherein [err] is [err] 4alkylcarbonyl; [err] trihal onethyl cHEBOAGEMENT SHEET
. di phenyl methyl; triphenylnmethyl or arylnethyl, wherein aryl is ﬁ?%ﬂyr
optionally substituted with up to two substituents sel ected frb !rﬁ¥¥#
hal o; or an acid addition salt thereof. 10. A process of preparlng an
enantionerically enriched or enantionerically pure cis-

3- met hoxy- 4- am nopi peridine.derivative of fornmula [err] mhereln Ais

hydr ogen, (CHZ)n NH2, -(CH2)n-NH-P, [err] or L, wherein P and [err]
i ndependent | Rie

tri phenyl net hyl
substituted
represents a radi

each

T —tri hal onet hyl - carbonyl; diphenyl nethyl;

rylmet hyl, wherein aryl is phenyl optionally

No two substituents selected from[err] or halo; and L
of formula [err]

al
OH

will hereafter be represented by L.

The compounds of formula (I) may be prepared by I_\I_-alkylating a piperidine of
formula (II) with an intermediate of formula (III).

N-alkylation

L-wl + H—-D
(III) (ID

W1 as described in the reaction of (III) with (II) and in the following reaction
~ schemes is an appropriate leaving group such as, for example, halo, e.g. chloro, bromo
or iodo, or a sulfonyloxy group: e.g. methanesulfonyloxy, 4-methylbenzenesulfonyloxy

and the like leaving groups. The N-alkylation reaction of (II) with (III) is convemently
conducted following art-known alkylation procedures.

The compounds of formula (1) may also be prepared by the N-acylation of an amine
of formula (IV) with a carboxylic acid of formula (V) or a functional derivative thereof,
such as an acylhalide, a symmetrical or mixed anhydride or an ester, preferably an
activated ester, following art-known procedures.

B
. R3 0) (CH))m

0
1] :
L-NC§—NH2 + HO-C R¢ — @

RS
av) V)
- It may be expedient to protect amino or hydroxy groups during the course of the reaction
to avoid undesired side reactions. Suitable protecting groups comprise readily removable

groups such as Cj_4alkylcarbonyl, CMalkyloxycarbonyl phenylmethyl, tertiary butyl
and the like protective groups.

The compounds of formula (T) or a compound of formula (I-a) may also be prepared

by N-alkylating an intermediate of formula (VII) or an enantiomerically enriched or.
enanﬁomeﬁcallmur_g‘n_temsdmw, with an alkylziting reagent of
formula (V), wherein RS is hydrogen or Cj.galkyl and W2 is an appropriate leaving
group such as, for example, halo, e.g. chloro, bromo or iodo; a sulfonyloxy group, e.g.




wherein [err] and [err] represent hydrogen, or [err] and [err] take_n
- together forma bivalent radical of formula [err] and n represents ‘2, 3 or

4, characterized by 29 reacting a racemic 3-nmet hoxy- 4- OX REPIATEMENTSHEST
formula (XXII-a) wherein Ais as defined hereinabove, with one enanéul onmer

of a chiral amine of formula (XXII1), wherein [err] is [err] off Derm] 1868
Ar is phenyl optionally substituted witi3halo, [err], or naphthyl
optlonally substituted with halo, [err] : :

compounds of formula (I) due to their increased water solubility over the
corresponding base form, are obviously more suitable in the preparation of aqueous
compositions. o

It is especially advanlageous to formulate the aforementxoned pharmaceutical
compositions in dosage unit form for ease of administration and uniformity of dosage.

- Dosage unit form as used in the specification herein refers to physically discrete units

suitable as unitary dosages, each unit containing a predetermined quantity of active
ingredient calculated to produce the desired therapeutic effect in association with the
required pharmaceutical carrier. Examples of such dosage unit forms are tablets
(including scored or coated tablets), capsules, pills, powder packets, wafers, injectable

solutions or suspensxons, teaspoonfuls, tablespoonfuls and the like, and segregated
multiples thereof. -

~ In view of their 5-HT3-antagonising activity the compounds of formula (I) and
especially the novel compounds of formula (I-a) are useful in the treatment of 5-HT3-
mediated disorders such as anxiety, psychosis, depression (Arzneim. Forsch., 42(1),

- 239-246 (1992)), schizophrenia, cognitive disorders, e.g. memory impairment
(Arzneim. Forsch., 42(1), 246-249 (1992)), drug abuse, migraine, emesis, e.g.
cytotoxic drug and radiation induced emesis (Drugs 42(4), 551-568 (1991)), irritable
bowel syndrome, especially diarrheapredominant irritable bowel syndrome, and related
disorders. Consequently, the present invention provides a use of a compound of

formula (1) for the manufacture of a medicament for treating warm-blooded animals
suffering from 5-HT3-mediated diseases such as anxiety, psychosis, depression,

schizophrenia; cognitive disorders, e.g. memory impairment, drug abuse, migraine,
emésis, e.g. cytotoxic drug and radiation induced emesis, irri_table bowel syndrome,
especially diarrheapredominant irritable bowel syndrome, and related disorders. Said use
comprises the systemic administration of an effective 5-HT3-antagonistic amount of a
compound of formula (I), a pharmaceutically acceptable acid addition salt or a
stereoisomeric form thereof, to warm-blooded animals.

The present compounds of formula (I) are useful for the manufacture of a
medicament for treating 5-HT3 mediated diseases. The novel compounds of formula

" (I-a) are useful as a medicine.

In general it is contemplated that an effective amount would be from about 0.001
mg/kg to about 50 mg/kg body weight, preferably from about 0.02 mg/kg to about 5
mg/kg body weight. A method of treatment may also include administering the active
ingredient on a regimen of between two or four intakes per day.



6al kyl, or [err]; thus forming an intermediate of f or mul a RFRKAGEMENTBHERT i s

hydrogenated in the presence of a catalyst, such as palladi umon-charcoal

pl ati num on-charcoal, or rhodiumon-carbon; [err] thus forn§rny an 1398

di astereonerically enri ched or dlastereonerlcally pure |nterned|ate of

fornula (XX-a) and subsequently renoving the chiral auxiliary group
-CH(R8)-, and if desired, convertinglBhe internediates of formula (Xl X-a)

|nto an acid addition salt . formby treatment with acid; or conversely,

convert i ng activated charcoaliil0%d? g3 as 3 citalys in the pressacefd% splutionofitaippheng in A

D epar i ng. S SyeRhee (2 L %*‘*’E’ oF ydoger, o cail it 3fs Bluced detinad)
i nt er medi atthe Glwaty wWas ey #%spg’eéé‘? Wmag&(bg(? ﬁbé\“ﬁ-é’éﬁ ates
bei ng repr qeaER mBituiWad] @hmgamalsogc ivith@aliadinf jon activated charcoal 10% (2
g) as a catalyst. After uptake of hydrogen (1 equiv), the catalyst was filtered off and the
filtrate was cvaporated. The residue was purified by distillation (bp 2at0.013 kPa: 85°C),
yielding 13.4 g (70%) ethyl (-)-cxs-4-axmno-3-methoxy—I-pxpcndmecarboxylam, [“]20 =
-78.9° (¢ = 1% in methanol) (interm. 5).
In a similar manner but starting from intermediate (2) was also prepared
" (+)-ethyl m—4—ammo—3—medxoxy-1-p1pendmecarboxylaxe [a]20 = -80.64° (c = 0.6%
in methanol) (interm. 6).

- a) A mixture of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (0.5 mol), (-)-(S)-a-
methylbenzenemethanamine (0.53 mol), 4-methylbenzenesulfonic acid monohydrate
(1.25g) and methylbenzene (625ml) was stirred and refluxed with a Dean-Stark
apparatus for 3 hours. Thereacnonnuxmrewasevapomwdanddxsnlled.ywldmg 121 g
(79.5%) of (-)-ethyl [cls(S)]-B-methoxy-ct-[(l-phenyle:byl):mmo]—l -piperidine-
carboxylate (interm. 7).

. b) Amxxmreofmmmedmem (04mol)andmethylbenzenc(750ml)was
 hydrogenated at room temperature and aunosphenc pressure with rhodium-on-carbon
(S g) as a catalyst. Afteruptakeofhydrogen(l ¢eq.), the catalyst was filtered off and the
filtrate was evaporated. The residue was dissolved in 4-methyl-2-pentanone and
converted into the 4-methylbenzenesulfonic acid salt (1:1) with 4-methylbenzenesulfonic

. acid . monohydrate (1 eq.). The salt was filtered off and dried. This fraction was
recrystallized twice from a mixture of 2,2'-oxybispropane/methanol (250 ml/180 ml).
The precipitated product was filtered off and dried, yielding 61.7 g (32.5%) of (-)-ethyl
[cis(S)}-3-methoxy-4-[(1-phenylethyl)amino}-1-piperidinecarboxylate 4-methylbenzene-
sulfonate (1:1); [“]20 =-62.16° (c = 1 % in methanol) (interm. 8).

In a similar manner, but using (+)-(R)-c-methylbenzene methanamine was prepared :

(+)-ethyl [cis, (R)}-3-methoxy-4-[(1-phenylethyl)amino]-1-piperidinecarboxylate
4-methylbenzenesulfonate (1:1); [o)5 = 62.79° (¢ = 1 % in methanol) (interm. 9).

Example3 _
a) A mixture of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (0.2 mol), (-)-(S)-a-
methylbenzenemethanamine (0.4 mot) and (-)-[S-(R*,R*)] 2,3-dihydroxybutanedioic acid



b) reacting an enantionerically enriched or enantiomerically pure

, internediate of formula (XIV-a) with an acid of fornula (V) _ TaTondl] .
derivative thereof, and subsequently renoving the prot ective%ﬁ%%#gﬁ ) !‘
thus yielding an enantionerically pure internediate of formnul al(Olde i~ s
30 CH3 CH3 [err] c) Nalkylating an enantionerically enriched or
enantionericall'y pure internediate of fogénula (I1-a) with a reagent of
formula (Xl), and subsequently renoving the protective group P, thus

i el ding an antjonerically entiched or enaptionericall ure L
y g (8. mols ?n methanol (XOO ml) was hydrogenated at room nt-.mpt-.rag{n'é3 and atmospheric

pressure with palladium on activated charcoal 10% (2 g) as a catalyst, in the presence of a
4% solution of thiophene in 2,2’-oxybispropane (2 ml). After uptake of H3 (1 eq.), the
catalyst was filtéred off and the filtrate was evaporated. The residue was partitioned
between methylbenzene and HoO/NH4OH. The organic layer was separated, dried
(MgSOy), filtered and the solvent was evaporated. The residue was dissolved in 4-methyl-
2-pentanone and converted into the 4-methylbenzenesulfonic acid salt (1:1) with 4-
methylbenzenesulfonic acid . monohydrate (1 eq.). The salt was filtered off and dried.
This fraction was recrystallized from 2,2’-oxybispropane/CH30H (500 m1/100 mlI). The
_mixture was stirred for 24 hours. The precipitate was filtered off and dried (vacuum;

50°C), yielding 32 g of (-)-ethyl {cis,(S)]-3-methoxy-4-[(1-phenylethyl)amino}-
1-piperidinecarboxylate 4-methylbenzenesulfonate (1:1); [a]lzbo =-61.6° (c=0.5%in

. methanol) (interm. 8). . |

In a similar manner, but using (+)-(R)-a-methylbenzene methanamine, was also prepared :
(+)-ethyl [cis, (R)]-3-methoxy-4-((1-phenylethyl)amino]-1-piperidinecarboxylate
4-methylbenzenesulfonate (1:1) (interm. 9). | - o
b) Intermediate (8) (0.067 mol) was converted into the free base with aqueous
ammonia. This mixture was extracted with methylbenzene. The organic layer was
separated, dried (MgSQy), filtered and the solvent was evaporated. The residual free
base was dissolved in methanol (250 ml) and hydrogenated at room temperature and
atmospheric pressure with palladium on activated charcoal 10% (2 g) as a catalyst. After
uptake of Hz (1 equiv), the catalyst was filtered off and the filtrate was evaporated. The
residue was purified by distillation (boiling point at 0.013 kPa: 85°C), yielding 9.9 g
(79.2%) of ethyl (-)-cis-4-amino-3-methoxy-1-piperidinecarboxylate (interm. 5).

* In a similar manner, but starting from intermediate (9), was also prepared :
(+)-ethyl cis-4-amino-3-methoxy-1-piperidinecarboxylate (interm. 6).

Exampled

a) A mixture of 53.3 g of ethyl 3-methoxy-4-oxo-1-piperidinecarboxylate (described in
EP-patent 76.350), 33 g of (-)-(R)-a-aminobenzeneethanol and 700 m! of ethanol was
refluxed overnight. After cooling, the reaction mixture was evaporated and the residue
was distilled, yielding 59.1 g (92%) of ethyl (R)-4-[(2—hydroxy-l-phenylethyl)imino].-
3-methoxy-1-piperidinecarboxylate; bp. 180°C (pressure = 3.75.10-4 Pa) (interm. 10).

b) A solution of 59.1 g of intermediate (10) in 500 ml of ethanol was hydrogenated at
normal pressure and at room temperature with 2 g of platinum-on-charcoal catalyst.

After the calculated amount of hydrogen was taken up, the catalyst was filtered off and



i nternedi ate—of—formuta (Vil-a); CH3 CH3 [err] d) reacting #EPLAGEMENT SHEET
enant i oner i cahl¥n&hidsBe@dReplacednant i omerical ly pure internedi ate of f(g rmlﬂ aBSB

(VII-a)W|tha rrrula(VI) wherein R6 is $ W :
W2 is an appro mngm‘m group and, when necessarm Eﬂ BERR
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6. A 'cornpound as described in claim 4.

7. A pharmaceutical composition comprising an inert carrier and as an active
ingredient an effective 5-HT3-antagonistic amount of a compound as claimed in claim
5. '

8. An enantiomerically enriched cis-3-methoxy-4-aminopiperidine derivative having,

an enantiomeric eXcess ranging from more than 0 % up to 94% i j
pure cis-3-methoxy-4-aminopiperidine derivative having an enantiomeric excess of at.
least 94%, and having a formula_

OCH,

o S oo

or a pharmaceutically acceptable acid addition salt thereof,

- wherein A is hydrogen, -(CH3),-NH3, -(CH2),-NH-P, Pl or L, wherein P and P! each
independently. represent Cy_4alkylcarbonyl; Cy4alkyloxycarbonyl; trihalomethyl-
carbonyl; diphenylmethyl; triphenylmethyl or arylmethyl, wherein aryl is phenyl
optionally substituted with up to two substituents selected from C;_4alkyloxy or halo;
and L represents a radical of formula

R N N
YN
OH

wherein R1 and R2 represent hydrogen, or

R! and R2 taken together form a bivalent radical of formula
-CH=CH-CH=CH- (a),
-CH=C(Cl)-CH=CH- (b)or
-CH=CH-C(Cl)=CH-;

and n represents 2, 3 or 4.

|
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desired, converting the conpounds of fornmula (I-a) into a therapeutically
active non-toxic acid 5 addition salt formby treatnent with acid; or

conversely, converting the acid additi@s salt into the free base with
al kal i . '

9. An intermediate as claimed in claim 8 wherein the intermediate is an

enantiomerically enriched or enantiomerically pure cis-3-methoxy-4-aminopiperidine
- derivative of formula

OCH;

pl— /\j-miz (XIV-a),

wherein Pl is C1-4alkylcérbonyl; C-4alkyloxycarbonyl; trihalomethylcarbonyl;
diphenyimethyl; triphenylmethyl or arylmethyl, wherein aryl is phenyl optionally
substituted with up to-two substituents selected from Cy_4alkyloxy or halo; or an acid
addition salt thereof. | '

10. A process of preparing an enantiomerically enriched or enantiomerically pure cis-
3-methoxy-4-aminopiperidine derivative of formula

OCH,

A—Né‘NHI (XIX-2)

wherein A is hydrogen, -(CH2),-NHp, -(CHy)p-NH-P, P! or L, wherein P and P! each
independently represent C:4alkylcatbonyl; Cj-salkyloxycarbonyl; trihalomethyl-
carbonyl; diphenylmethyl; triphenylmethyl or arylmethyl wherein aryl is pﬁenyl
optionally substituted with up to two substituents selected from C_4alkyloxy or halo; -
and L represents a radical of formula

R~ NS NH~(CHp—
e

RN N
OH :

wherein R! and R2 represent hydrogen, or _

R! and R2 taken together form a bivalent radical of formula
-CH=CH-CH=CH- (a), |
-CH=C(Cl)-CH=CH- (b)or
-CH=CH-C(CI)=CH-;

and n represents 2, 3 or 4,
characterized by

* C L M S *
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reacting a racemic 3-methoxy-4-oxo-piperidine of formula (XXII-a) wherein A is as
defined hereinabove, with one enantiomer of a chiral amine of formula (XXIII),
wherein R8 is C_galky! or hydroxyCl-6alkyl and Ar is phenyl optionally substituted
with halo, Cj.galkyl, C).galkyloxy, or naphthyl optionally substituted with halo, C;.
salkyl, or Cj.galkyloxy; thus forming an intermediate of formula (XXI-a), which is

hydrogenated in the presence of a catalyst, such as palladium-on-charcoal, platinum-
on-charcoal, or rhodium-on-carbon;

OCH, ‘fs | OCH,4 ‘.‘s
A—N Q + Ar—CH—NH, ——» A—N N—CH—Ar
L (XxXun . :
(XXIl-a) (XXI-a)
' OCHjy o OCH;
{
—_— A—N(:-/>—NH"CH—Ar ——» A—N NH,
(XX-a) (XIX-a)

thus forming a diastereomerically enriched or diastereomerically pure intermediate of
formula (XX-a) and subsequently removing the chiral auxiliary group Ar-CH(RS)-, and
if desired, converting the intermediates of formula (XIX-a) into an acid addition salt

form by treatment with acid; or conversely, converting the acid addition salt into the
free base with alkali. )

11. A process for preparing a compound of formula (I-a); characterized by

a) preparing an enantiomerically enriched or enantiomerically pure intermediate of

formula (XIX-a), wherein A is P1, said intermediates being represented by (XIV-a),
according to claim 9;

b) reacting an enantiomerically enriched or enantiomerically pure intermediate of
formula (XIV-a) with an acid of formula (V) or a functional derivative thereof, and

subsequently removing the protective group P1, thus yielding an enantiomerically puré
intermediate of formula (II-a); '

|'|!I|I|c| 0 4 PR
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' OCH, ¢ NCHym -
- : (“) l. N-acylation
pl— >NH, + HO-C RY — (2
2. removal of P!
_ . wE
(XIV-a) :

V)

c) N-alkylating an enantiomerically enriched or enantiomerically pure intermediate of
formula (II-a) with a reagent of formula (XI), and subsequently removing the protective

group P, thus yielding an enantiomerically enriched or enantiomerically pure
intermediate of formula (VII-a); '

CH,; ,CH;
' o’ N
1. P-NH-(CHy),-W! OCH;, o (CHy)py
D ) 1l
0 > HN=(CHp)y—N, ~NH~C R*
2. removal of P
RS

(VIl-a)

d) reacting an enantiomerically enriched or enantiomerically pure intermediate of
- formula (VII-a) with a reagent of formula (VI), wherein RS is hydrogen or Cj_galkyl
and W2 is an appropriate leaving group and, when necessary, cleaving of the protective

etherfunction, to yield an enantiomerically enriched or enantiomerically pure
compound of formula (I-a);

(VI-a)  + | \\( _— (I-a)
~N
R*

OR®

(VD
and , if desired, further purifying the enantiomerically enriched compounds of formula
(I-a) to obtain enantiomerically pure compounds of formula (I-a), and if further desired, -
converting the compounds of formula (I-a) into a therapeutically active non-toxic acid

addition salt form by treatment with acid; or conversely, converting the acid addition
salt into the free base with alkali.

* C L M $ * :
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ABSTRACT

Use of dimethylbenzofurans and dimethylbenzopyrans as 5-HT3 antagonists

Method of treating 5-HT3-mediated disorders, which comprises systemic administration
of an effective amount of a compound of formula (1)

CH; ,CH,
R3 - 07 N (CHn
R! N : 9 .
N \'r—NH—(CI-Iz),,—N NH—C R @,
R N : R’
OH

the pharmaceutically acceptable acid addition salt forms and the sterpochcmically
isomeric forms thereof, wherein R! and R2 represent hydrogen, or Rl and R2-taken
together form a bivalent radical of formula -CH=CH-CH=CH- (a), -CH=C(CI)-
CH=CH-(b) or -CH=CH-C(Cl)=CH- (c); n represents 2, 3 or 4; R3 represents
hydrogen or methoxy; m represents 1 or 2 ; R4 represents hydrogen, amino or
C1.3-alkylcarbonylamino; and RS represents hydrogen or halo; novel compounds;
compositions; proccssés for preparing novel compounds and intermediates.
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5. A laevo-rotatary enantiomer of a compound of formula (I),
or a pharmaceutically acceptable acid addition salt thereof,
wherein R!', R?, RY, R%, n, m, are as defined in claim 1 and
wherein R® represents methoxy and has the cis-configuration.

6. A compound as described in claim 4.

7. A pharmaceutical composition comprising an inert carrier and as an active
ingredient an effective S-HT3-antagonistic amount of a compound as claimed in claim
s. '

8. An enantiomerically enriched cis-3-methoxy-4-aminopiperidine derivative having
an enantiomeric excess ranging from more than 0 % up to 94% or an enantiomerically
pure cis-3-methoxy-4-aminopiperidine derivative having an enantiomeric excess of at
least 94%, and having a formula

AN NH, (XIX-2)

~“or a pharmaceutically acceptable acid addition salt thereof,

wherein A is hydrogen, -(CH3)o-NH3, -(CH2)o-NH-P, P! or L, wherein P and P! each
independently represent C;.4alkylcarbonyl; Ci4alkyloxycarbonyl; trihalomethyi-
carbonyl; diphenylmethyl; triphenylmethyl or arylmethyl, wherein ary! is phenyl .
optionally substituted with up to two substituents selected from Cjgalkyloxy or halo;
and L represents a radical of formula

R! /NTNH-(CH;_),— '
be:
R- .

wherein R! and R2 represent hydrogen, or
R! and R2 taken together form a bivalent radical of formula
| CH=CH-CH=CH-  (a), |
-CH=C(CI)-CH=CH- (b)or
-CH=CH-C(Cl)=CH-;

and n represents 2, 3 or 4.
- e L m s e
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