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N-(4-PIPERIDINYL)(DIHYDROBENZOFURAN OR DIHYDRO-2H-
BENZOPYRAN)CARBOXAMIDE DERIVATIVES

A numbcl; of substituted (3-hydroxy-4-piperidinyl)benzamide derivatives have been
described as stimulators of the motility of the gastrointestinal system in EP-A-0,076,530;
EP-A-0,299,566 and EP-A-0,309,043. '

In EP-A-0,307,172; EP-A-0,124,783; DE-3,702,005; EP-A-0,147,044;
EP-A-0,234,872 and US-4,772,459 there are described benzofuran, benzopyran or
benzoxepin carboxamide derivatives being substituted on the nitrogen with an
alkylamino group or with a mono- or bicyclic hetero ring optionally through an alkyl
chain. These compounds are taught to be anti-emetic, anti-psychotic or neuroleptic
agents.

WO-A-84 03 281 describes N-azabicycloalkylbenzamides and -anilides useful as
dopamine antagonists, antihypertensives and analgesic potentiators.

WO-A-88 01 866 describes N-heterocyclylbenzoheterocyclic amides useful as anti-
emetic agents especially for administration with cancer chemotherapeutic agents.

The N-(4-piperidinyl)(dikydrobenzofuran or dihydro-2H-benzopyran)carboxamide
derivatives of the present invention differ therefrom structurally and pharmacologically
by their favourable gastrointestinal motility stimulating properties.

The present invention is concerned with novel benzamide derivatives having the formula
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the N-oxide forms, the salts and the stereochemically isomeric forms thereof, wherein :
A is a radical of formula

-CH»>-CH»- ' _ (a-1),
-CH-CHa-CHg- (a-2), or
-CHz-CH2-CH2-CHay- (a-3),

wherein one or two hydrogen atoms in said radicals (a-1) to (a-3) may be replaced by a
C1-6alkyl radical; '

R1is hydrogen or halo;

R2 is hydrogen, amino, mono or di(Cj-galkyl)amino or Cl.@lkylwbonylamno,
R3 is hydrogen or Cj.-galkyl;

L is C3.g¢cycloalkyl, Cs.scycloalkanone, C3-galkenyl optionally substituted with aryl,
or L is a radical of formula

-Alk-R4 o (b-1),
-Al-X-RS ®2),
-Alk-Y-C(=O)-R7 N (b-3), or
-Alk-Y-C(=0)-NRORI0 (b-4),

wherein each Alk is Cy.galkanediyl; and
R4 is hydrogen, cyano, C).galkylsulfonylamino, Cg.scycloalkyl, Cs.gcyclo-
"alkanone, aryl, di(aryl)methy! or Het;
RS is hydrogen, C;.galkyl, hydroxyC_galkyl, Cg.scycloalkyl, aryl or Het;
X is O, 8, SOz or NRS; said RS being hydrogen, Ciealkyl or aryl;

~ Rishydrogen, Cy.galyl, Cs.goycloalkyl, aryl, aryICy.galicyl, diarylmethyl,

- Cr.¢alkyloxy or hydroxy;

Y is NRS or a direct bond; said R8 bemg hydrogen, Cj.galkyl or aryl;
R9 and R10 each independently are hydrogen, Cy.galkyl, C3_gcycloalkyl, aryl or
‘arylCy.6alkyl, or R9 and R10 combined with the nitrogen atom bearing R9 and R10
may form a pyrrolidiny! or piperidinyl ring both being optionally substituted with
C1.-6alkyl, amino or mono or di(Cl.salkyl)anﬁno, or said R9 and R10 combined with
the nitrogen bearing R9 and R10 may form a piperazinyl or 4-morpholiny! radical
both being optionally substituted with C;galkyl;

each aryl being unsubstituted phenyl or phenyl substituted with 1,2 or 3 substituents
each independently selected from halo, hydroxy, Ci-galkyl, Cy.galkyloxy, amino-
- sulfonyl, Cygalkylcarbonyl, nitro, trifluoromethyl, amino or aminocarbonyl; and
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each Het being a five- or six-membered heterocyclic ring containing 1,2,3 or 4
heteroatoms selected from oxygen, sulfur and nitrogen, provided that no more than 2
oxygen and/or sulfur atoms are present, said five- or six-membered ring being optionally
condensed with a five- or six-membered carboxylic or heterocyclic ring also containing
1,2,3 or 4 heteroatoms selected from oxygen, sulfur and nitrogen, provided that the
latter ring does not contain more than 2 oxygen and/or sulfur atoros and that the total
number of heteroatoms in the bicyclic ring system is less than 6; when Hetisa
monocyclic ring system it may optionally be substituted with up to 4 substituents; when
Het is a bicyclic ringsystem it may optionally be substituted with up to 6 substituents;
said substituents being selected from the group consisting of halo, hydroxy, cyano,
trifluoromethyl, Ci.galkyl, arylCy.galky), aryl, Cy.alkyloxy, C1.galkyloxyCygalkyl,
hydroxyCj-galkyl, Cy-galkylthio, mercapto, nitro, amino, mono and di(Cj.galkyl)amino,
arylC)-¢alkylamino, aminocarbonyl, mono and di(Cj.galkyl)aminocarbonyl,
C1-salkyloxycarbonyl, arylCj.galkyloxycarbonyl, a bivalent radical =0 and =S;
provided that when RS is Het, Het is connected to X on a carbon atom.

As used in the foregoing definitions halo is generic to fluoro, chloro, bromo and

-iodo; C1-galkyl defines straight and branched chain saturated hydrocarbon radicals

having from 1 to 6 carbon atoms such as, for example, methyl, ethyl, propyl, butyl,
hexyl, 1-methylethyl, 2-methylpropyl and the like; C3-gcycloalkyl defines cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; Cs_gcycloalkanone defines cyclopentanone and
cyclohexanone; C3-galkenyl defines straight and branched chain hydrocarbon radicals
containing one double bond and having from 3 to 6 carbon atoms such as, for example,
2-propenyl, 3-butenyl, 2-butenyl, 2-pentenyl, 3-pentenyl, 3-methyl-2-butenyl and the
like; and when a C3_galkenyl is substituted on a heteroatom, then the carbon atom of
said C3-galkenyl connected to said heteroatom preferably is saturated ; Cj.galkanediyl
defines bivalent straight or branched chain hydrocarbon radicals containing from 1 to 6
carbon atoms such as, for example, 1,2-ethanediyl, 1,3-propanediyl, 1,4-butanediyl,
1,5-pentanediyl, 1,6-hexanediy! and the branched isomers thereof.

The salts as mentioned hereinabove are meant to comprise the therapeutically active
non-toxic addition salt forms which the compounds of formula (I) are able to form. The
latter can conveniently be obtained by treating the base form with such appropriate acids
as inorganic acids, for example, hydrohalic acids, e.g'. hydrochloric, hydrobromic and
the like, sulfuric acid, nitric acid, phosphoric acid and the like; or organic acids, for
example, acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-0xopropanoic,
ethanedioic, propanedioic, butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic,
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2-hydroxybutanedioic, 2,3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propanetricar-
boxylic, methanesulfonic, ethanesulfonic, benzenesulfonic, 4-methylbenzenesulfonic,

cyclohexanesulfamic, 2-hydroxybenzoic, 4-amino-2-hydmxybcnzoic and the like acids..

Conversely the salt form can be converted by treatment with alkali into the free base
form. '

The compounds of formula (T) containing acidic protons may also be converted into.
their therapeutically active non-toxic metal or amine salt forms by treatment with
appropriate organic or inorganic bases. ' ' |

The term addition salt also compnses the hydrates and solvent addition forms which
the compounds of formula (I) are able to form. Examples of such forms are e.g.
hydrates, alcoholates and the like.

As defined hereinabove, R7 may be hydroxy and in that instance Y in radical (b-3)

in particular is a direct bond.

" The H—oxidés of the compounds of formula (I) are meant to comprise those
compounds of formula (I) wherein one or several nitrogen atoms are oxidated to the
N-oxide form, in particularly those N-oxides wherein the piperidine-nitrogen is
N-oxidated.

In the compounds of formula (I) wherein R4 and RS is Het, said Het may be partly
or completely saturated, or unsaturated. The compounds of formula (I) wherein Het is
partly saturated or unsaturated and is substituted with hydroxy, mercapto or amino, may
also exist in their tautomeric forms. Such forms although not explicitly indicated
hereinabove, are intended to be included within the scope of the invention.

In particular, Het may be :

i) an optionally substituted five- or six-membered heterocyclic ring containing 1, 2, 3
or 4 heteroatoms selected from oxygen, sulfur and nitrogen, provided that no more
than 2 oxygen and/or sulfur atoms are present; or

ii) an optionally substituted five- or six-membered heterocyclic ring containing 1,2 or 3
heteroatoms selected from oxygen, sulfur and nitrogen, being fused with an
optionally substituted five- or six-membered ring through 2 carbon atoms or 1
carbon and 1 nitrogen atom, containing in the remainder of the fused ring only
carbon atoms; or

ili) an optionally substituted five- or six-membered heterocyclic ring containing 1,2 or 3
heteroatoms selected from oxygen, sulfur and nitrogen, being fused with an
optionally substtuted five- or six-membered heterocyclic ring through 2 carbon
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2,3-dihydrobenzofuran and 3,4-dihydro-1(2H)-benzopyranyl, with tetrahydrofuranyl
being preferred. '

Another more particular subgroup of Het comprises heterocyclic ring systems which
are selected from the group consisting of pyrrolidinyl; piperidinyl; pyridinyl which is
optionally substituted with one or two substituents each independently selected from
halo, hydroxy, cyano, Cj_galkyl, trifluoromethyl, C;_galkyloxy, aminocarbonyl, mono
and di(C1_galkyl)aminocarbonyl, amino, mono and di(Cj_galkyl)amino and C;_galkyl-
oxycarbonyl; pyrimidinyl which is optionally substituted with one or two substituents
each independently selected from halo, hydroxy, cyano, C1_galkyl, Cy_galkyloxy,
amino and mono and di(C;_galkyl)amino; pyridazinyl which is optionally substituted
with Cj_galkyl or halo; pyrazinyl which is optionally substituted with one ore two
substituents each independently selected from halo, hjdroxy, cyano, Cy_galkyl,
Cj-galkyloxy, amino, mono- and di(Cj_galkyl)amino and Cj_galkyloxycarbonyl;
pyrrolyl which is optionally substituted with Cj_galkyl; pyrazolyl which is optionally
substituted with Cy_galkyl; imidazoly! which is optionally substituted with Cy_galkyl;
triazolyl which is optionally substituted with Cj.galkyl; quinolinyl optionally substituted
with up to two substituents each indcpcndentl& selected from halo, hydroxy, cyano,
C1.-galkyl, Cj.galkyloxy, amino, mono and di(Cj_galkyl)amino and trifluoromethyl;
isoquinolinyl optionally substituted with up to two substituents each independently
selected from halo, hydroxy, cyano, Cj_galkyl, C;_galkyloxy, amino, mono and
di(C1_galkyDamino and trifluoromethyl; quinoxalinyl optionally substituted with up to
two substituents each independently selected from Cl_'5alk_yl, hydroxy, halo, cyano and
Cj.-galkyloxy; quinazolinyl optionally substituted with C_galkyl; benzimidazolyl
optionally substituted with C1_6a1kyl, indolyl optionally substituted with Cy_galkyl,
5,6,7,8-tetrahydroquinolinyl optionally substituted with up to two substituents each
independently selected from halo, hydroxy, cyano, Cy_galkyl, C1-galkyloxy, ammo,
mono- and di(C]-galkyl)amino and trifluoromethyl; 5,6,7,8-tetrahydroquinoxalinyl
optionally substituted with up to two substituents each independently selected from
C1-6alkyl, hydroxy, halo, cyano and Cj_galkyloxy; thiazolyl optionally substituted with
C; -galkyl; oxazolyl optionally substituted with C1-6alkyl; benzoxazolyl optionally
substituted with Cy_galkyl; benzothiazolyl optionally substituted with C1_galkyl. This
subgroup of Het radicals will be represented by the symbol HetZ.

Further particular heterocyclic ring systems within this subgroup are for example,

piperidinyl, pyridinyl optionally substituted with up to two substituents selected from
Cj_4alkyl, cyano, halo and trifluoromethyl; pyrazinyl optionally substituted with cyano,

ThlsSheetHasBeenR laced

I



-7-

halo, Cy_galkyloxycarbonyl and Cy_qalkyl; and pyridaziny! optionally substimtod with
halo.

Another more particular subgroup of Het comprises optionally substituted five- or
5 six-membered cyclic amides containing one, two or three nitrogen atoms, said five or
six-membered heterocyclic ring being optionally condensed with a five- or six-
membered carbocyclic or heterocyclic ring containing one or two nitrogen atoms or one
sulfur or oxygen atom. This subgroup of Het will be represented hereinafter by the

symbol Het3.
10
Typical monocyclic amides covered by R4 and RS being Het in the compounds of
the present invention, can be represented by the following formulae :
R13—NJKN—- : GA N— I E— s or l I:T—
2N ’
Kc;‘ y \l( r N
0 R14
@1 @2 d-3) @4
15
wherein X3isOor S;
R13 i5 hydrogen, Cy_galkyl or arylCj.galkyl;
R14 is hydrogen, halo, Cj_galkyl or aryl;
Gl is -CHy-CH3-, -CH=CH-; -N=N-, -C(=0)-CHy- or -CH-CHy-CH3-,
20 wherein one or two hydrogen atoms each independently may be replaced
by C;-galkyl; and
G2 is -CHp-CHp-, -CH2-N(RI3)- or -CHy-CHy-CHp-, wherein one or two
hydrogen atoms each independently may be replaced by Cj-galkyl.
25 Typical bicyclic amides covered by the definition of R4 and RS being Het, can be
represented by the following formulae :
x*
RIS
I N N’ @L
'/ * R15
?I/K xs /il 6
RIS
@-5) @o - (d-7)
This Sheet- Has Been Replaced
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R N :
G’fj‘N/l—'Sf/""’ . ¢ ] Y . N—
\)\N/\RI p N\
o
d-8) (@9 (d-10)
o O . 0
7/ R /
A ¢ e
N— ; N or RIS/"\ _N ;
NN Z /~ N
Rl7 Rls

(d-11) - (¢-12) (d13)

wherein X4 and X each independently are O or S;

cach RI15 independently is hydrogen, Cj.galkyl or arylCy_galkyl;

each R16 independently is hydrogen, halo, Cj-6alkyl or Cl_ﬁalkyloxy;

R17 is hydrogen, halo, C1-galkyl or aryl; and

cach R18 independently is hydrogen, C;_galkyloxy or C1_galkyl

wherein the radicals (d-5), (d-6), (d-7) and (d-8) may be connected to respectively Alk

or X by replacing either a hydrogen or a radical R15 and R16 by a free bond;

G3 is -CH=CH-CH=CH-, -(CHp)4-, -S-(CHp)3-, -S-(CH2)3-, -S-CH=CH-,
-CH=CH-O-, -NH-(CH2)»-, -NH-(CH»)3-, -NH-CH=CH-, -NH-N=CH-CHj-,
-NH-CH=N- or -NH-N=CH- ; '

G4 is -CH=CH-CH=CH-, -CH=CCI-CH=CH-, -CCI=CH-CH=CH-,
-N=CH-CH=CH-, -CH=N-CH=CH-, -CH=CH-N=CH-, -CH=CH-CH=N-,
-N=CH-N=CH- or -CH=N-CH=N- .

Further particular heterocyclic ring systems within this subgroup are selected from
the group consisting of 2,3-dihydro-2-oxo-1H-benzimidazolyl optionally substituted
with Cj_galkyl; 2-oxo-1-imidazolidinyl optionally substituted with Cj _4alkyl;
2,5-dioxo-1-imidazolidinyl optionally substituted with C)_4alkyl; 3,4-dihydro-4-oxo-
1,2,3-benzotriazin-3-yl optionally substituted with 1, 2 or 3 Cj_galkyloxy groups; ’
1-ox0-2(1H)-phthalazinyl; 2,3-dihydro—5-ox6—5ﬂ-ﬂ1iazolo[3,2-a]pyn'midin-6—yl
optionally substituted with Cy_4alkyl; 5-oxo-5H-thiazolo[3,2-a]pyrimidin-6-yl
optionally substituted with Cj_galkyl; 1,6-dihydro-6-oxo-1-pyridazinyl optionally
substituted with C1_4alkyl or halo; and 1,2,3,4-tetrahydro-2,4-dioxo-3-quinazolinyl.

This Sheet Has Been Replaced
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Interesting compounds within the invention are those compounds of formula (I)
wherein R1 is hydrogen or halo; and/or R is hydrogen, amino or Cj.galkylamino;

and/or R3 is hydrogen.

Other interesting compounds within the invention are those compounds of formula
(D wherein R1 is hydrogen or halo; and/or R2 is hydrogen, amino or Cj_galkylamino;

and/or R3 is Cy_4alkyL.

More interesting compounds are those interesting compounds wherein

L is C3_geycloalkyl or C3_galkenyl optionally substituted with aryl; or

L is a radical of formula (b-1) wherein R4 is hydrogen, cyano, C3_gcycloalkyl,
Cs_gcycloalkanone, aryl, di(aryl)methyl or Het; or _

L is a radical of formula (b-2) wherein X is O, S or NH and R is hydrogen,
Ci-4alkyl, C3_gcycloalkyl, aryl or Het; or

L is a radical of formula (b-3) wherein Y is NR8 or a direct bond, R8 is
hydrogen or aryl and R7 is hydrogen, C1-4alkyl, aryl, Cj_galkyloxy or hydroxy; or

L is a radical of formula (b-4) wherein Y is NH or a direct bond and R? and
R10 each independently are hydrogen or Cy_4alkyl, or R? and R10 combined with the
nitrogen bearing said R and R10 may form a pyrrolidinyl or piperidinyl radical.

Most interesting compounds are those more interesting compounds wherein A is a
radical of formula (a-1) or (a-2) wherein the carbon atom adjacent to the oxygen atom is
optionally substituted with one or two Cj_4alkyl substituents.

Preferred compounds are those most interesting compounds wherein

L is Cs_gcycloalkyl or C3_galkenyl optionally substituted with aryl; or

L is a radical of formula (b-1) wherein Alk is C1_4alkaned1yl and R4 is cyano,
C3_gcycloalkyl, diarylmethyl or Het; or

L is a radical of formula (b-2) wherem Alk is Cj_galkanediyl, X is O or NH
and R is hydrogen, Cy_4alkyl, C3_gcycloalkyl, aryl or Het; or

L is a radical of formula (b-3) wherein Alk is C1.4a1kaned1y1 YisNHora
direct bond and R7 is Cj.4alkyl, aryl, Cj_galkyloxy or hydroxy.

More preferred compounds are those preferred compounds wherein _
Het is pyrrolidinyl; piperidinyl; pyridinyl optionally substituted with Cj_galkyl
or cyano; pyrazinyl optionally substituted with Cj_galkyl; benzimidazolyl optionally
substituted with Cq_galkyl; or indolyl optionally substituted with Cy_galkyl; or

"
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Het is a radical or formula (c-1), (c-2) or (c-4); or
Het is a radical of formula (d-1), (d-3), (d-5), (d-8), (d-9), (d—12) or (d-13).

Particular preferred compounds are those more ﬁréfened compounds wherein Het is
tetrahydrofuranyl optionally substituted with C1_4alkyl; 1,3-dioxolanyl optionally
substituted with Cj_4alkyl; 3,4-dihydro-1(2H)-benzopyranyl; pyrrolidinyl; piperidinyl;
pyridinyl optionally substituted with cyano; pyrazinyl optionally substituted with
Cj.4alkyl; benzimidazolyl; indolyl; 2,3-dihydro-2-oxo-1H-benzimidazolyl optionally
substituted with Cy_4alkyl; 2-oxo-1-imidazolidinyl optionally substituted with
C1-4alkyl; 3,4-dihydro-4-oxo-1,2,3-benzotriazin-3-yl optionally substituted with three
C1-4alkyloxy groups; 1-oxo-2(1H)-phthalazinyl; 2,3-dihydro-5-oxo-5H-thiazolo-
[3,2-a]pyrimidin-6-yl optionally substituted with C1_4alkyl; 5-oxo-5H-thiazolo-
[3,2-a]pyrimidin-6-yl optionally substituted with Cj_4alkyl; 1,6-dihydro-6-oxo-1-
pyridazinyl optionally substituted with Cj_4alkyl or halo; and 1,2,3,4-tetrahydro-2,4-

dioxo-3-quinazolinyl.

More particular preferred compounds are those preferred compounds wherein R1 is
hydrogen or chloro; and/or R2 is hydrogen, amino or (1-methylethyl)amino; and/or R3
is hydrogen; and/or L is a radical of formula (b-1) wherein R4 is cyano, cyclopentyl,
tetrahydrofuranyl, piperidinyl, 7-methyl-5-oxo-5H-thiazolo[3,2-a]pyrimidin-6-yl;
3-ethyl-2,3-dihydro-2-oxo-1H-benzimidazolyl; 1,6-dihydm-3-methjl-6—oxo—1-
pyridazinyl; or -

L is a radical of formula (b-2) wherein X is O or NH and RIisHor

4-fluorophenyl; or

L is a radical of formula (b-3) wherein Y is NH or a direct bond and R7 is
methyl, ethoxy or 3,4,5-trimethoxyphenyl.

At present, the most preferred compounds of formula () are
5-amino-6-chloro-3,4-dihydro-N-[1-[(tetrahydro-2-furanyl)methyl}-4-piperidinyl]-2H-
1-benzopyran-8-carboxamide; :
(-)-(R)-5-amino-6-chloro-3,4-dihydro-N-[1-{(tetrahydro-2-furanyl)methyl]-4-
piperidinyl]-2H-1-benzopyran-8-carboxamide; and
(-)-(R)-4-amino-5-chloro-2,3-dihydro-N-[1-[(tetrahydro-2-furanyl)methyl}-4-
piperidinyl]-7-benzofurancarboxamide. -

Th:s SheetHas Been Replaced
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In order to simplify the structural representations of the compounds of formula ()
and of certain starting materials and intermediates thereof, the radical

o
A
will hereafter be represented by the symbol D.

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

N-alkylation

reaction

L-W + H--D -

(mm @

W as described in the reaction of (III) with (I) and in the following reaction
schemes is an appropriate leaving group such as, for example, halo, preferably, chloro,
bromo or iodo, or a sulfonyloxy group, ¢.g. methanesulfonyloxy, 4-methy1benzene-
sulfonyloxy and the like leaving groups.

The N-alkylation reaction of (I) with () is convemcntly conducted in a reaction-
inert solvent such as, for example, water; an aromatic hydrocarbon, e.g. benzene,
methylbenzene, dimethylbenzene, chlorobenzene, methoxybenzene and the like; an
alkanol, e.g. methanol, ethanol, 1-butanol and the like; a halogenated hydrocarbon, e.g.
dichloromethane, trichloromethane and the like; an ester, e.g. ethyl acetate, y-butyro-
lactone and the like; a ketone, e.g. 2-propanone, 4-methyl-2-pentanone and the like; an
ether, e.g. 1,4-dioxane, 1,1'-oxybisethane, tetrahydrofuran and the like; a polar aprotic
solvent, e.g. N,N-dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide,
hexamethylphosphoric triamide, 1,3-dimetyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone,
1,3-dimethyl-2-imidazolidinone, 1,1,3,3,-tetramethylurea, nitrobenzene, 1-methyl-2-

pyrrolidinone and the like, or a mixture of such solvents.

The addition of an appropriate base such as, for example, an alkali or an earth
alkaline metal carbonate, hydrogen carbonate, carboxylate, amide, oxide, hydroxide or
alkoxide, e.g. sodium carbonate, sodium hydrogen carbonate, potassium carbonate,
calcium oxide, sodium acetate, sodium amide, sodium hydroxide, sodium methoxide
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and the like or an organic base such as, for example, an amine, e.g. N.N-dimethyl-
4-pyridinamine, N N-diethylethanamine, N-(1-methylethyl)-2-propanamine, 1,4-diaza-
bicyclof2,2,2]octane, 4-ethylmorpholine and the like, may be utilized to pick up the acid
which is liberated during the course of the reaction. In some instances the addition of a
jodide salt, preferably an alkali metal iodide, or a crown ether, e.g. 1,4,7,10,13,16-
hexaoxacyclooctadecane and the like, may be appropriate. Stirring and somewhat
elevated temperatures may enhance the rate of the reaction. Additionally, it may be
advantageous to conduct said N-alkylation under an inert atmosphere such as, for
example, oxygen-free argon or nitrogen gas. Alternatively, said N-alkylation may be
carried out by applying art-known conditions of phase transfer catalysis reactions. Said
conditions comprise stirring the reactants, with an appropriate base and optionally under
an inert atmosphere as defined hereinabove, in the presence of a suitable phase transfer
catalyst such as, for example, a trialkylphenylmethylammonium, tetraalkylammonium,
tetraalkylphosphonium, tetraarylphosphonium halide, hydroxide, hydrogen sulfate and
the like catalysts. Somewhat elevated temperatures may be appropriate to enhance the
rate of the reaction.

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

The compounds of formula (T) can also be prepared by the amidation reaction of an
amine of formula

O

with a carboxylic acid of formula
Rl

2 .
HO—C R ™

\a
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or a functional derivative thereof, such as a halide, a symmetrical or mixed anhydride or
an ester, preferably an activated ester. Said functional derivative may be generated in
situ, or if desired, be isolated and further purified before reacting it with the amine of
formula (IV). Functional derivatives may be prepared following art-known procedures,
for example, by reacting the carboxylic acid of formula (V) with thionyl chloride,
phosphorous trichloride, phosphoryl chloride and the like, or by reacting the carboxylic
acid of formula (V) with an acyl halide, e.g. acetyl chloride, ethyl carbonochloridate and
the like. Or the intermediates (IV) and (V) may be coupled in the presence of a suitable
reagent capable of forming amides, e.g. dlcyclohexylcarbodnmldc 2-chloro-1-methyl-
pyridinium iodide and the like.

Said amidation reactions may conveniently be carried out by stirring the reactants in
a suitable reaction-inert solvent such as, for example, a halogenated hydrocarbon, e.g.
dichloromethane, trichloromethane and the like, an aromatic hydrocarbon, e.g. methyl-
benzene and the like, an ether, e.g. 1,1'-oxybisethane, tetrahydrofuran and the like or a
dipolar aprotic solvent, e.g. N.N-dimethylformamide, N,N-dimethylacetamide and the
like. The addition of a suitable base may be appropriate, in particular a tertiary amine

-such as, N,N-diethylethanamine. The water, the alcohol or the acid which is liberated

during the course of the reaction may be removed from the reaction mixture according to
methodologies generally known in the art such as, for example, azeotropical distillation,
compléxaﬁon or salt formation. Further it may be expedient to protect amino or hydroxy
groups durihg the course of the reaction to avoid undesired side reactions. Suitable
protecting groups comprise readily removable groups such as, C; galkylcarbonyl, '
Ci4alkyloxycarbonyl, arylmethyl, tertiairy butyl and the like protective groups.

The compounds of formula (I) can alternatively be prepared by the reductive

N-alkylation reaction of an appropriate ketone or aldehyde of formula L'=0 (VI), said

L'=0 being a compound of formula L-H wherein two geminal hydrogen atoms in the .
C;.salkanediyl or C; ¢cycloalkanediyl moiety are replaced by =0, with a piperidine of
formula H-D (II).

reductive N-alkylation

L=0 =~ H-D — - 0
reaction

VD o
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Said reductive N-alkylation reaction may conveniently be carried out by reducing a
mixture of the reactants in a suitable reaction-inert solvent. In particular, the reaction
mixture may be stirred and/or heated in order to enhance the reaction rate. Suitable
solvents are, for example, water; Cj.galkanols, e.g. methanol, ethanol, 2-propanol and
the like; esters, e.g. ethylacetate, Y-butyrolactone and the like; ethers, e.g. 1,4-dioxane,
tetrahydrofuran, 1,1'-oxybisethane, 2-methoxyethanol and the like; dipolar aprotic
solvents, e.g. H,Iﬂ-dimethylformamide, dimethyl sulfoxide and the like; carboxylic
acids, e.g. acetic acid, propanoic acid and the like; or a mixture of such solvents. The
term "“art-known reductive N-alkylation procedures" means that the reaction is carried out
either with sodium cyanoborohydride, sodium borohydride, formic acid or a salt thereof,
e.g. ammonium formate and the like reducing agents, or alternatively under hydrogen
atmosphere, optionally at an increased temperature and/or pressure, in the presence of an
appropriate catélyst such as, for example, palladium-on-charcoal, platinum-on-charcoal
and the like. In order to prevent 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, sulphuf
and the like. In some instances it may also be advantageous to add an alkali metal salt to
the reaction mixture such as, for example, potassium fluoride, potassium acetate and the
like salts. :

The compounds of formula (I) wherein L is a radical of formula (b-2) and R3is aryl
or Het, said RS being represented by R3-2, can altematwcly be prepared accordingto  °
one of the following alkylation procedures.

R3a_wl + HX—Alk—D

(VI (I-b-2-a) \
R3*—X—Ak-D
-b-2-b)
RS X . W AL D / (I-b-2-b)

(vim) [104)

In (VII) and (IX) W! and W2 are appropriate leaving groups such as, for example,
halo, e.g. chloro or bromo, C;_galkyloxy or C;_galkylthio, e.g. mcthoxy or methylthio.

W2 can also be a sulfonyloxygroup or pyridinium group.

This Sheet Has Been laced

Rl i



10

15

20

25

30

-15-

The alkylation reactions of (VII) with (I-b-2-a) and (VIII) with (IX) can be carried
out according to art-known procedures, e.g. by stirring the reactants without a solvent or

" in an inert organic solvent such as, for example, an aromatic hydrocarbon, €.g. benzene,

methylbenzene, dimethylbenzene, and the like, a lower alkanol, e.g. methanol, ethanol.
1-butanol and the like, a ketone, ¢.g. 2-propanone, 4-methyl-2-pentanone and the like,
an ether, e.g. 1,4—dioxa_he, 1,1'-oxybisethane, tetrahydrofuran and the like, a polar
aprotic solvent, e.g. N.N-dimethylformamide, N.N-dimethylacetamide, dimethyl-
sulfoxide, nitrobenzene, 1-methyl-2-pyrrolidinone and the like or a mixture of two or
more of such solvents. The addition of an appropriate base such as, for example, an
alkali or an earth alkaline metal carbonate, hydrogen carbonate, hydroxide, alkoxide,
hydride, amide or oxide, e.g. sodium carbonate, sodium hydrogen carbonate, potassium
carbonate, sodium hydroxide, sodium methoxide, sodium hydride, sodium amide,
calcium carbonate, calcium hydroxide, calcium oxide and the like or an organic base,
such as, for example, a tertiary amine, ¢.g. N.N-diethylethanamine, N-(1-methylethyl)-
2-propanamine, 4-ethylmorpholine and the like, may be utilized to pick up the acid
which is liberated during the course of the reaction. In some instances the addition of a
iodide salt, pmfefably an alkali metal iodide or a crown ether, e.g. 1,4,7,10,13,16-
hexaoxacyclooctadecane and the like, may be approriate.

The compounds of formula (l) wherein L is a radical of formula (b-4), said
compounds being represented by (I-b-4), can also be prepared by reacting a piperidine of
formula (X) with an amine of formula'(XT),

R 0O | 9 o)

N f R o

RIO /NH + W3—C—Y-—Al-D — >N—-C—Y—Alk-—D
. RIO

oD - ® b4

In (XI) R? and R10 have the same meanings as described hereinbefore. W3 is an
appropriate leaving group such as, for example, halo, e.g. chloro or bromo; hydroxy;
Ci-6alkyloxy or Cq-galkylthio, e.g. methoxy or methylthio.

The compounds of formula (I) wherein L is a radical of formula (b4) and Y is
NRS3, said compounds being represented by (I-b-4-a), can also be prepared by reacting
an amide of formula (XII) with an amine of formula (XOI). W4 is an appropriate leaving
group such as, for example, hydroxy; Ci.galkyloxy, e.g. methoxy.
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R9\ - 9 ’ R9 i )
/N—c-w' + H~—NR}-Ak—-D  ——— \N—C—NR“—AH:—D
R‘o RIO/
X oam ' | (@-b4-2)

The reactions of (XI) with (X) and (XII) with (XIII) are conveniently conducted in a
suitable reaction-inert solvent, such as, for example, a hydrocarbon, e.g. benzene,
methylbenzene; a kctonc, e.g. acetone; a halogenated hydrocarbon, e.g. dichloro-
methane, trichloromethane; an cther, e.g. 1,1-oxybisethane, tetrahydrofuran and the
like; a polar aprotic solvent, ¢.g. N.N-dimethylacetamide, N,N-dimethylformamide or a
mixture of such solvents. An appropriate base such as for example, an alkali metal
carbonate, sodium hydride or an organic base such as for example, N.N-diethylethan-
amine or N-(1-methylethyl)-2-propanamine may be utilized to pick up the acid which is
liberated during the course of the reaction..Somewhat elevated temperatures may enhance
the rate of the reaction. '

The compounds of formula (I) wherein L is a radical of formula (b-3) and Yis

-NR8, said compounds being represented by formula (I—b—3-a), may also be prepared by

reacting a carboxylic acid of formula (XIV) or a functional derivative with an amine of
formula (XI). |

L]
R"-I(l:—OH + H-NR‘—AIIS—D —_— R7—C—NR3—AKk-D
av) o ab3-)

The reaction of (XIV) with (XIII) may generally be conducted following the same
procedures as previously described for the amidation reaction of (V) with (IV).

The compounds of formula (I) wherein L is a radical of formula (b-1) wherein R4
represents cyano, aryl or Het, said radical being represented by R4-2 and said
compounds by (I-b-1), can also be prepared by the addition reaction of a piperidine of
formula (II) with an alkene of formula (XV) in a reaction-inest solvent such as, for
example, an aromatic hydrocarbon, e.g. benzene, methylbenzene and the like, an
alkanol, e.g. methanol, ethanol, 2-propanol and the like, a ketone, e.g. 2-propanone and
the like, an ether, e.g. tetrahydrofuran and the like, or 2 mixture of such solvents.

R¥*—Cy galkenediyl-H  +  H—D —————-  R**—C, alkancdiyl-D

XV) M I-b-1)
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The compounds of formula (I) wherein L is a radical of formula (b-2) wherein X is
O and R3 is H or C;_galkyl, said radical being represented by R3- and said compounds
by (I-b-2-c) can be prepared by reacting a piperidine of formula (II) with an epoxide of
formula (XVI).

pSv_/ N\ o+ H-D ——  HO—CH®R*®)—CH—D
VD @ @529

The reaction may be conducted by stirring and, if desired, heating the reactants in a
reaction-inert solvent such as, for example, water; a ketone, e.g. 2-propanone, 4-methyl-
2-pentanone; an ether, e.g. tetrahydrofuran, 1,1"-oxybisethane; an alcohol, e.g.
methanol, ethanol, 1-butanol; a dipolar aprotic solvent, e.g. N,N-dimethylformamide,
N.N-dimethylacetamide, and the like, or a mixture of such solvents.

The compounds of formula (I) can also be converted into each other following art-
known procedures of functional group transformation. Some examples of such
procedures will be cited hereinafter.

Compounds of formula () containing a hydroxy function may be O-alkylated
according to art-known Q-alkylation procedures, e.g. by stirring the former with an

“appropriate alkylating agent, if desired, in the presence of a base and a solvent.

Compounds of formula (I) bearing a protective dioxolan ring may be deacetalized to
yield the corresponding oxo compounds. Said deacetalization may be conducted
following procedures widely known in the art such as, for example, by reacting the
starting materials in an acidic aqueous medium.

The compounds of formula (I) containing a cyaho substituent can be converted into
the corresponding amines by stirring and, if desired, heating the starting cyano

~ compounds in a hydrogen containing medium in the presence of an appropriate catalyst

such as, for example, platinum-on-charcoal, Raney nickel and the like catalysts and
optionally in the presence of a base such as, for example, an amine e.g. N.N-diethyl-
ethanamine and the like, or a hydroxide, e.g. sodium hydroxide and the like. Suitable
solvents are, for example, alkanols, e.g. methanol, ethanol and the like; ethers, e.g.
tetrahydrofuran and the like or a mixture of such solvents.

The compounds of formula (T) containing an amino group can also be prepared by
treating a carbamate with a base, such as, for example, a hydroxide, e.g. potassium
hydroxide, sodium hydroxide and the like. Suitable solvents are alkanols, e.g. methanol,

2-propanol and the like; ethers, €.g. tetrahydrofuran and the like.
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Amino groups may be alkylated following art-known procedures such as, for
example, N-alkylation, reductive N-alkylation and the like methods, as described
hereinbefore.

The compounds of formula () containing an ester group may be converted into the
corresponding carboxylic acids following art-known saponification procedures, e.g. by
treating the starting compound with an aqueous alkaline or an aqueous acidic solution.

The compounds of formula (I) wherein R1 is halo may be converted into
compounds wherein R1 is hydrogen following art-known hydrogenolysis procedures,
e.g. by stirring and, if desired, heating the starting compounds in a suitable reaction-inert

-18-

.solvent in the presence of hydrogen and an appropriate catalyst such as, for example,

palladium-on-charcoal and the like catalysts.

The compounds of formula (I) may also be converted to the corresponding N-oxide
forms following art-known procedures for converting a trivalent nitrogen to its N-oxide-
form. Said N-oxidation reaction may generally be carried out by reacting the starting
material of formula (I) with an appropriate organic or inorganic peroxide. Appropriate
inorganic peroxides comprise, for example, hydrogen peroxide, an alkali metal or earth
alkaline metal peroxide, e.g. sodium peroxide, potassium peroxide, barium peroxide and
the like; appropriate organic peroxides comprise peroxy acids such as, for example,
benzenecarboperoxoic acid or halo substituted benzenecarboperoxoic acid, e.g. 3-chloro-
benzenecarboperoxoic acid and the like, peroxoalkanoic acids, e.g. peroxoacetic acid and

~ the like, alkylhydroperoxides, e.g. t.butyl hydroperoxide and the like.

Said N-oxidation may be carried out iri a suitable solvent such as, for example, water, a
lower alkanol, e.g. methanol, ethanol, propanol, butanol and the like; a hydrocarbon,
c.g. benzene, methylbenzene, dimethylbenzene and the like; a ketone, e.g. 2-propanone,
2-butanone and the like, a halogenated hydrocarbon, e.g. dichloromethane, trichloro-
methane and the like or mixtures of such solveats. In order to enhance the reaction rate,
it may be appropriate to heat the reaction mixture. '

Some of the intermediates and starting materials in the foregoing preparations are
known compounds while others are novel. They may be prepared according to art-
known methodologies of preparing said known or similarly known compounds. Some
of which are described in EP-A-0,389,037. The procedures for preparing some other '

.intermediates will be described hereinafter in more detail.

The intermediates of formula (II) may be derived from an appropriately substituted

piperidine of formula (XVII) by reacting the latter with a reagent of formula (V) or a

functional derivative thereof, following the amidation procedures described for the
preparation of () starting from (IV) and (V). and subsequently removing of the
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protective group P1 in the thus obtained intermediate (XVIII) following art-known
procedures, e.g. by hydrolysis in an acidic or an alkaline medium or by catalytic
hydrogenation, depending upon the nature of Pl,

R! '
' 8 removal of P'
Pl-N >—-NR3H ha\/E P‘-—NC>—N—-—C R? —————
llz?’ . '
' . o)
VI cvim A

In the reaction of (XVII) with (V) and in the following reaction schemes P1

represents a suitable protective group which is readily removable by hydrogenation or

hydrolysis. Preferred protective groups may for example be, hydrogenolyzable groups,
e.g. phenylmethyl and the like or hydrolyzable groups, such as C;_4alkyloxycarbonyl,
¢.g. ethoxycarbonyl, benzyloxycarbonyl and the like.

The intermediates of formula (If) wherein R3 is H, said intermediates being
represented by formula (II-a), may alternatively be prepared as described in the
following reaction scheme. Reaction of an isocyanate of formula (XIX) with an
intermediate of formula (XX) yields an intermediate of formula (XVIII) wherein R3 is
H, said intermediate being represented by formula (XVIII-a). In formula (XX) W35 is an
alkali metal, e.g. lithium, sodium and the like; or halo magnesium ¢.g. magnesium
bromide or magnesium chloride. The reaction can be carried out in a reaction-inert

“solvent such as, for example, an ether, e.g. tetrahydrofuran, 1,1-oxybisethane,

1,2-dimethoxyethane and the like; a hydrocarbon, e.g. pentane, hexane and the like.
The reaction can be carried out according to reaction procedures as described in
Tetrahedron Letters, 27, 1971 (1986) or in J. Org. Chem., 32, 1273 (1967).

Rl
P'—N\/::>—N=C=O + w5 R —» KVIIld) —— (Ia)

removal of P1
0]
XIX)
. \a
XX}

The thus obtained intermediates (XVIII-a) can be deprotected as described
hereinabove to yield the intermediates of formula (II-a).
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The intermediates of formula (IV) can be derived from 'an appropriately substituted
piperidine of formula (XXI) by alkylating the latter with an appropriate reagent L-W
(), following the alkylation procedures described for (I) starting from (1) and (III)

5 and, subsequently removing the protective group P1 in the thus obtained intermediate
(XXTI) following art-known procedures described hereinbefore.

N-alkylation removal of P1
R3 LW @ )

R3

(XX (XXm

10 The carboxylic acids of formula (V) can be prepared from intermediates of formula
(XX101), by treating them with an alkyl lithium, e.g. n.butyl lithium, methyl lithium and
the like; an alkali metal, e.g. lithium, sodium and the like; a transition metal, e.g.
magnesium, zinc, cadmium and the like or an amide, e.g. sodium amide and the like,
followed by treatment with CO or a reagent of formula L1-C(=0)-L1. L1 represents an

15  appropriate leaving group such as, for example, Cj-galkyloxy, halo and the like. In
formula (XXIII) WO represents hydrogen or an appropriate reactive leaving group such
as, for example, halo, e.g. chloro, bromo or iodo.

R! R!

Wb R? ——=  HO-C R?

OK..A _LA

(XX1Im) A2
20
Said reaction can conveniently be carried out in a reaction-inert solvent such as for

example, an aliphatic hydrocarbon, e.g. pentane, hexane, cyclohexane and the like; an

aromatic solvent, e.g. benzene, chlorobenzene and the like; an ether, e. g. tetrahydro-

furan, 1,4-dioxane and the like or a mixture of such solvents and optionally in the
25 presence of an amine, e.g. ethanamine, N,N-diethylethanamine, N,N,N',N'-tetra-

methylethylenediamine and the like.
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The intermediates of formula (XXII) wherein W0 is a reactive leaving group, said
W9 being represented by W6-2 and said intermediates being represented by (XXII-a),
can in turn be obtained from (XXIV) following art-known halogenation procedures
optionally followed by the separation of the undesired isomers. '

RI
halogenation

R2 —_—— wée R2

¢ &

xxav) (XX1Il-a)

For example, an intermediate of formula (XXIV) can be halogenated with a dihalide,
e.g. chlorine, bromine and the like, optionally in the presence of a catalyst such as, a
10  Lewis acid, e.g. ferric chloride, ferric bromide, aluminum chloride and the like.
Intermediate (XXIV) can also be halogenated with N-haloamides, e.g. N-chloro-
succinimide, N-bromosuccinimide and the like. In some instances the reaction can be
catalyzed by the addition of acids, e.g. acetic acid, hydrochloric acid and the like. Said
halogenation reactions can conveniently be carried out in a reaction-inert solvent such as,
15 for example, water; an aliphatic hydrocarbon, ¢.g. peatane, hexane, cyclohexane and the
like; an aromatic solvent, e.g. benzene, methylbenzene and the like; a halogenated
hydrocarbon, e.g. dichloromethane, tetrachloromethane and the like; an ether, e.g.
1,1'-oxybisethane, tetrahydrofuran and the like; ora dipolar aprotic solvent, e.g.
acetonitrile and the like.
20 -
The intermediates of formula (XXIV) wherein R! is other than hydrogen, said R!
being represented by R1-2 and said intermediates by (XXIV-a), can be prepared by
halogenation of an intermediate of formula (XXV).

Rl -a

R2 halogenation R2
- e
% o

S S

A . A
25 | ooxv) o OXXTV-a)
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The halogenation reaction can be carried out according to the halogenation
procedures described hereinabove for the halogenation of (XXIV).

The starting materials of formula (XXV) can be obtained by cyclizing an {
5 intermediate of formula (XXVT) in the presence of boron tribromide or an acid such as,
for example, hydrochloric acid, hydrobromic acid and the like, or mixtures of these acids

with acetic acid.
cyclization
Qe S
R%0 A : 0]
~ .
OH
L A

XXVD XXV)

10
In intermediate (XXVI) and throughout the following description and reaction
schemes R19 is Cy_galkyl.

The intermediates of formula (XXVI), in turn, can be prepared by deprotecting the
15 functionalized alcohol in intermediate (XXVII).

removal of _
Ol O
: tective group
Rl9o A pro R%0 A\
: ‘op? : OH
XXV XXvVD

_ In formula (XXVII) P2 is a protective group such as for example, tetrahydro-

20  pyranyl, tertiairy butyl, phenylmethyl and the like. These protective groups are readily
removable by hydrolysis with for example, an acid, e.g. hydrochloric acid, hydrobromic
acid, acetic acid and the like or by catalytic hydrogenation in the presence of hydrogen
and an appropriate catalyst. In case R2 is amino, it may be expedient to protect this
group during the course of the above and the following reactions to avoid undesired side’.

25 reactions. Suitable protective groups are, for example, Cj_galkylcarbonyl, C;_galkyl-
oxycarbonyl, benzyloxycarbonyl! and arylmethyl groups. The removal of the protective
group may generally be carried out by deblocking, for example, a Cj_galkylcarbonyl

group with an appropriate acid or base in an anhydric or aqueous organic solvent or in

U
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water; or by catalytic hydrogenation in the presence of hydrogen and an appropriate
catalyst depending upon the nature of the protective group.

The intermediates of formula (XX VII) can be obtained by reduction of an
5 intermediate of formula (X3XVIII). '

reduction .
RZ e R2

R0 cr\:: R0 A .
CH ()
\(C\Hz)n
(XXVII) op? (XXVID

It i to be understood that in formula (CXVIII) and the subsequent formulae one or
10 two hydrogen atoms of the carbon chain may be replaced by a C1_galkyl radical, and n

can be 0, 1 or 2. The double bond of formula (XXVIII) may be reduced by catalytic

hydrogenation in a suitable solvent, ¢.g. methanol or ethanol and the like in the presence

of hydrogen and an appropriate catalyst e.g. platinum-on-charcoal, palladium-on-
charcoal, Raney nickel and the like, optionally at an increased temperature and/or
15 pressure. '

The intermediates of formula (XXVII) can be prepared by reacting an aldehyde
(XXIX) with a suitable ylide such as, for example, a phosphorus ylide (e.g. R20 and
R21 are aryl or alkyl : Wittig reaction) or an ylide prepared from a phosphonate (e.g.
20 R20js alkyloxy and R2! is O~ : Homer-Emmons reaction).

R?.O
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inert solvent such as, for example, an ether, e.g. tetrahydrofuran, 1,4-dioxane and the
like. ’

The intermediates of formula (XXIX) can conveniently be obtained from an
alkyloxybenzene derivative of formula (XXX) folldwing art-known formylation
procedures, optionally followed by the separation of the undesired isomers. '

formylation

R0

oo RXIX)

For example, the alkyloxybenzene derivative of formula (XXX) can be formylated

- by reaction with an appropriate base such as, for example, an alkyl lithium, e.g. methyl

lithium, n.butyl lithium, and the like, and subsequently reacting the thus obtained
metalated alkyloxybenzene derivative with a formamide, e.g. N.N-dimethylformamide,
N-methyl-N-phenylformamide, and the like. Said formylation may also be conducted
under Vilsmeier-Haack (phosphoryl chloride, formamide) or Gattermann (zinc(I)-
cyanide, hydrochloric acid) conditions in an acidic medium.

Alternatively, the starting materials of formula (XXV), wherein A is -CHa-CHy-,
wherein one or two hydrogen atoms may be replaced by Cj.galkyl, said intermediates
being represented by formula (XXV-a-1), can be obtained by cyclizing an intermediate
of formula (XXVI-a-1) in an acidic medium according to the procedures described in J.
Het. Chem., 17, 1333 (1980).

: Q cychzauon
Rl90 rRY0

XXX) ' (XXVI-a-l) OH (XXV-a-1)

It is to be understood that in formula (XX VI-a-1) and (XXV-a-1) one or two
hydrogen atoms of the ethyl or tetrahydrofuran moiety may be replaced by a Cj.galkyl

radical.

The desired intermediates of formula (XXVI-a-1) can be obtained from an alkyloxy-
benzene derivative of formula (XXX) by reacting the latter with an ethylene oxide
derivative in a reaction incrt solvent such as. for example. an ether., e.g. tetrahydrofuran.
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1,4-dioxane, and the like in the presence of a base. Appropriate bases are, for example,
alkyl lithium, e.g. methyl lithium, n.butyl lithium and the like.

The intermediates of formula (V) can also be prepared by hydrolyzing the ester
5 group of formula (XXXI) in a basic or acidic aqueous medium.
Rl

0 hydrolysis
R2—0-—-C R?

)

-4
(XXX

In (XCXXT) and throughout the following description and reaction schemes R22 is a
10 Cj_4alkyl radical.

The above esters of formula (XXXI) in tum can be obtained by halogenation of the
intermediates of formula (XXXII) according to the procedures described hereinbefore

for the preparation of the intermediates of formula (XXIII-a) from (XXIV).
’ R] -a

o . 0
] halogenation ST
RZ—0—C R? ———» R2-0-C R?
o S 0
<. k_ R

xxxm o)

The intermediates of formula (XXXII) , wherein A is -C(CH3)2-CHp-, said
intermediates being represented by formula (XXXII-a-1) can be obtained by cyclizing
20  the phenyl allyl intermediate (XXXIII), in the presence of an acid, for example, formic
acid, acetic acid, hydrogen bromide and the like, or a mixture of these acids. .

9 | cyclization l?
R?2—0—C R? R2—0-C R?
HO Cﬁzc _CHs o
{ . .
CH, CH; CHs
(XXXII) | ' (XXXIl-a-1)
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The above phenyl allyl intermediate (XXXIIT) can be prepared by a Claisen
rearrangment of a phenyl allyl ether of formula (XXXIV).

o) ' 0o

] ]
I HO CI\I2 ,CH3
/CHz C§
CH3—-C\ : _ CHy
CH; coxav) (XXXII)

Said reaction can be carried out in a reaction-inert solvent at a somewhat elevated
temperature, in particular the reflux temperature of the reaction mixture, Suitable solvents
are, for example, aliphatic or aromatic hydrocarbons, ¢.g. methylbenzene, phenyl-
benzene and the like, halogcnatcd hydrocarbons, e.g. chlorobenzene and the like,

10  alcohols, e.g. cyclohexanol and the like, ethers, e.g. 1,1'-oxybisethane, 1,1'-oxybis-
benzene and the like, amines, e.g. N.N-dimethylaniline and the like; dipolar aprotic
solvents, e.g. N,N-dimethylformamide, 1-methyl-2-pyrrolidinone and the like.

The phenyl allyl ether of formula (XXXTV) can in turn be prepared by the
15 Q-alkylation reaction of a phenol intermediate of formula (XXXV) with an alkylating
reagent of formula (XXXVI) following art-known Q-alkylation procedures.

o ' CHs Q-alkylation 0
RuO—C-O-Rz + cnz—c—cnz—w R220—C~®—-R2

HO /0
H:
(RXXV) (OTKVD) A
CH;—C
N\

(XXX1V)

CH;
In formula (XXX VI) W is defined as described hereinbefore for intermediate (1),

20 Said Q-alkylation reaction can conveniently be carried out by mixing the reactants,
optionally in a reaction-inert solvent such as, for example, water; an aromatic solvent,
¢.g. benzene and the like; a Cj.galkanol, e.g. ethanol and the like; a ketone, e.g.
2-propanone and the like; an ether, e.g. tetrahydrofuran and the like; or a dipolar ziprotic .
solvent, e.g. N,N-dimethylformamide and the like. The addition of an appropriate base :

25  such as, for example potassium carbonate, sodium hydroxide or sodium hydride and the
like may optionally be used to pick up the acid which is formed during the course of the
reacton. -

This Sheet Has Been Rep

T



-27-

The intermediates of formula (XXXT), wherein A is -CHy-CHy-CHjy-, wherein one
or two hydrogen atoms may be replaced by Cy_galkyl, said intermediates being
represented by formula (XXXJ-a-2), can be obtained by reduction of a 2H-benzopyran

5 of formula (X3XOXVI) following the reduction procedures described hereinbefore for the
preparation of the intermediates of form_ula XXVID.

R”—o—cg —_— R“—o—cg

XXXI-a-2)

10 Itis to be understood that in formula (XXI-a-2) and the subsequent formulae

XXXVII) and (XXXVIII) one or two hydrogen atoms of the pyran moiety or the
carbon chain may be replaced by Cy_galkyl

. ~ The intermediates of formula (XXXVII) can be prepared by a Claisen rearrangement
15 of a phenylether of formula (XXXVIII) followed by a cyclization reaction.

R! R!
s ) 0O
" il
rR2Z2_0o—C Rr2 —-—-— R2—0—C R?
0] o .
\ /
CH—-C=CH
CCXXVI) COXVID)

Said reaction can be carried out according to reaction procedures as described in
20 Elderfield, Heterocyclic Compounds, Vol. 2, pages 393-418. Preferably the rearrang-
ment is carried out in a reaction-inert solvent at temperatures above 100°C. Suitable
solvents are for example, hydrocarbons, e.g. phenylbenzene, diphenylmethane,
naphthalene, decahydronaphthalene and the like; halogenated hydrocarbons, e.g. chloro-}
benzene and the like; alcohols, e.g. cyclohexanol and the like; ethers, e.g. 1,1-oxybis-
25  benzene and the like; or dipolar aprotic solvents, e.g. N,N-dimethylacetamide,
N,N-dimethylformamide and the like.
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The above described intermediates can also be converted into each other following
art-known procedures of functional group transformation as described hereinbefore for
the compounds of formula (I).

The intermediates of formula () and (XVII) wherein R1, R2, R3, A and P1 have
the above described meanings are deemed to be novel, and as such they represent an
additional feature of the present invention.

The compounds of formula (T) may have asymmetric carbon atoms in their stucture.
The absolute configuration of these centres may be indicated by the stereochemical
descriptors R and S. Unless otherwise mentioned or indicated, the chemical designation

_of compounds dcnqtés the mixture of all possible stereochemically isomeric forms, said

mixtures containing all diastereomers and enantiomers of the basic molecular structure.
Stereochemically isomeric forms, as well as mixtures thereof, are obvmusly intended to
be embraced within the scope of the invention. ,

The compounds of formula (I) containing an alkene moiety may be present in a "E"
or "Z" form, said E- and Z-notation having the meanings described in J. Org. Chem.,
35, 2849-2868 (1970). '

Stereochemically isomeric forms of the intermediates described in the foregoing
reaction schemes and of the compounds of formula (I) may be obtained by the
application of art-known procedures. For example, diastereoisomers may be separated
by physical separation methods such as da@Mm, selective crystallization, chromato-
graphic techniges, ¢.g. counter current distribution, liquid chromatography and the like
tcchniqucé. Pure enantiomers may be obtained by separating the corresponding
racemates for example, by the selective crystallization of their diastereomeric salts with
optically active resolving agents, chromatography of diastereomeric derivatives,
chromatography of the racemate over a chiral stationary phase and the like techniques.
Alternatively, enantiomerically pure forms can conviently be obtained from the
enantiomerically pure isomeric forms of the appropriate starting materials, provided that
the subsequent reactions occur stereospecifically.

The compounds of formula (I) and the intermediates of formula (II), the N-oxide
forms, the pharmaceutically acceptable salts and possible stereoisomeric forms thereof
possess favourable gastrointestinal motility stimulating properties. In particular the
present compounds show significant motility enhancing effects on the colon. The latter
property is clearly evidenced by the results obtained in the “"colon ascendens induced
contractions" test described hereinafter.
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The stimulatory effect of the subject compounds of formula () and (II) on the

motility of the gastrointestinal system may further be evidenced by, for example, the

various test models described in The Journal of Pharmacology and Experimental
Therapeutics, 234, 775-783 (1985) and in Drug Development Research 8, 243-250
(1986). The "Gastric emptying of a liquid meal in rats" test, the "Gastric emptying of an
acaloric meal in conscious dog after administration of lidamidine" test and the
"Amplification of contractions induced by transdermal stimulation of Guinea pig ileum
test, all of which are described in the above mentioned articles, further revealed that a
representative number of compounds also significantly accelerated gastric emptying.

In addiﬁon, some of the compounds of formula (I) and (II), the N-oxide forms, the
pharmaceutically acceptable acid addition salts and possible stereoisomeric forms thereof
have a particular receptor binding profile. Some groups of compounds within the
present invention, particularly those wherein the radical A is not substituted with
Cj-gsalkyl have a poor SHT3 antagonistic activity. Most compounds of the invention do
not show any apparent marked receptor-binding affinity with serotonergic-SHT] and
serotonergic-SHT? receptors and have little or no dopaminergic antagonistic activity.

In view of their nseful gastrointestinal motility enhancing proi:mies the subject
compounds may be formulated into various forms for administration purposes.

To prepare the pharmaceutical compositions of this invention, an effective amount of
the particular compound, in base or acid addition salt form, as the active ingredient is
combined in intimate admixture with a pharmaceutically acceptable carrier, which 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 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 represcnt the most
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are
obviously employed. For parenteral compositions, the carrier will usually comprise

R AR, St
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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 suspeasions may also be prepared in which case appropﬁaig liquid
carriers, suspending agents and the like may be employed. In the compositions suitable
for percutaneous administration, the carrier optionally comprises a penetration enhancing
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 may facilitate the administration to the skin and/or may be
helpfui for preparing the desired compositions. These compositions may be administered
in various ways, ¢.g., as a transdermal patch, as a spot-on, as an ointment. Acid
addition salts of (I) due to their increased water solubility over the corresponding 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.
Dosage unit form as used in the specification and claims 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 suspensions, tcaspoonfuls, tablespoonfuls and the like, and segregated
multiples thereof.

In view of their capability to stimulate the motility of the gastrointestinal system and,
in particular their capacity to enhance the motility of the colon, the subject compounds
are useful to normalize or to improve the gastric and intestinal emptying in subjects
suffering from a disturbed motility, e.g. a decreased peristalsis of the stomach and/or of
the small and/or large intestine.

In view of the utility of the compounds of the present invention, there is provided a
method of treating warm-blooded animals suffering from motility disorders of the
gastrointestinal system such as, for example, gastroparesis, flatulent dyspepsia, non-
ulcer dyspepsia, pseudo-obstruction, and in particular impaired colonic transit. Said
method comprises the systemic administration of an effective gastrointestinal motor-
stimulating amount of a compound of formula (I), a N-oxide, a pharmaceutically
acceptable acid addition salt or a possible stereoisomeric form thereof, to warm-blooded
animals. Some particular compounds of the invention also posses therapeutic value in
the treatment of upper bowel motility and gastroesophageal reflux disorders.
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Those of skill in the pertinent art could easily determine the effective motor-
stimulating amount from the test results presented hereinafter.
In general it is contemplated that an effective amount would be from 0.001 mg/kg to 10
mg/kg body weight, and more preferably from 0.01 mg/kg to 1 mg/kg body weight.

The following examples are intended to illustrate and not to limit the invention in all
its aspects. Unless otherwise stated all parts therein are by weight.

Emnmmm. .

AP ion of the i i
a) To a solution of 310 parts of methyl 4-(acetylamino}-2-hydroxybenzoate in 2820
parts of N.N-dimethylformamide there were added portionwise 71 parts of a dispersion
of sodium hydride in mineral oil (50%) and, after stirring for 1 hour at room
temperature, one crystal of potassium iodide and 172 parts of 3-chloro-3-methyl-1-
butyne under a nitrogen atmosphere. The whole was stirred for 24 hours at 90°C and
was then poured into NaOH 10% (ag.). The product was extracted with dichloromethane
and the extract was dried, filtered and evaporated. The residue was successively stirred
in petroleumether and dissolved in dichloromethane. The latter solution was washed with
water, NaOH 10% and water and was then dried, filtered and evaporated. The residue
was purified by column chromatography (silica gel ; CH2Clp). The eluent of the desired
fraction was evaporated, yielding in two fractions 41 parts (10.1%) of methyl
4-(acetylamino)-2-(1,1-dimethyl-2-propynyloxy)benzoate (interm. 1).
b) A mixture of 36 parts of intermediate 1 and 188 parts of N,N-dimethylacetamide was
stirred for 24 hours at reflux temperature. The reaction mixture was evaporated and the
residue was dissolved in dichloromethane. This solution was washed with water, NaOH
5% and water and was then dried, filtered and evaporated. The residue was purified by
column chromatography (silica gel ; CHoClp / CH30H 99:1). The eluent of the desired
fraction was evaporated, yielding 23.7 parts (66.2%) of methyl 5-(acetylamino)-2,2-
dimethyl-2H-1-benzopyran-8-carboxylate (interm. 2).
¢) A mixture of 23.7 parts of intermediate 2 and 198 parts of methanol was hydro-
genated overnight at normal pressure and room temperature with 2 parts of palladium-
on-charcoal catalyst 10%. After the calculated amount of hydrogen was taken up, the
catalyst was filtered off and the filtrate was evaporated, yielding 21.2 parts (88.9%) of
methyl 5-(acetylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-8-carboxylate
(interm. 3).

I
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d) A mixture of 21.2 parts of intermediate 3; 10.3 parts of N-chlorosuccinimide and 158
parts of acetonitrile was stirred for 2 hours at reflux temperature. The reaction mixture
was evaporated and the residue was dissolved in dichloromethane. This solution was
washed with water, dried, filtered and evaporated. The residue was purified by column
chromatography (silica gel ; CH2Clp / CH30H 99:1). The eluent of the desired fraction
was evaporated, yielding 23 parts (95.8%) of methyl 5-(acetylamino)-6-chloro-3,4-
dihydro-2,2-dimethyl-2H-1-benzopyran-8-carboxylate (interm. 4).

¢) A mixture of 20 parts of intermediate 4; 36 parts of potassium hydroxide and 250
parts of water was stirred for 16 hours at reflux temperature. After cooling, the solvent
was decanted and the residue was washed with dichloromethane (2x). The aqueous layer
was acidified with 69.9 parts of HCl (conc.). The precipitate was filtered off, washed
with water and dried in vacuo at 70°C, yielding 13 parts (79.4%) of 5-amino-6-chloro-
3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-8-carboxylic acid; mp. 165°C (interm. 5).
Example 2

a) A mixture of 58 parts of methyl 4-(acetylamino)-2,3-dihydro-2,2-dimethyl-7-
benzofurancarboxylate, 123 parts of potassium hydroxide and 1100 parts of water was
stirred for 3 hours at reflux temperature. After cooling, the reaction mixture was acidified
to pH 1 with HCL. The precipitate was filtered off and dried in vacuo at 80°C, yielding
36 parts (79.0%) of 4-amino-2,3-dihydro-2,2-dimethyl-7-benzofurancarboxylic acid
(interm. 6).

b) A mixture of 36 parts of intermediate 6; 66.2 parts of sulfuric acid and 142 parts of
methanol was stirred for 1/2 hour at reflux temperature. After cooling, the reaction
mixture was basified with methanol saturated with ammeonia, and was then evaporated.
The residue was partitioned between dichloromethane and water. The organic layer was
separated, washed with water, dried, filtered and evaporated. The residue was
crystallized from acetonitrile at 0°C. The product was filtered off and dried in vacuo at
40°C, yielding 20 parts (53.2%) of methyl 4-amino-2,3-dihydro-2,2-dimethyl-7-
benzofurancarboxylate (interm. 7).

c) A mixture of 15.3 parts of intermediate 7; 23.3 parts of 2-iodopropane, 9.13 parts of
N.N-diethylethanamine and 72.1 parts of hexamethylphosphoric triamide was stirred for
28 hours at 130 °C. After cooling, the reaction mixture was poured into water. The ;
product was extracted with dichloromethane and the extract was washed with water,
dried, filtered and evaporated. The residue was purified by column-chromatography
(silica gel ; CHyClp / CH30H 99:1). The eluent of the desired fraction was evaporated
and the residue was crystallized from 2,2'-oxybispropane at 0°C. The product was

- —
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filtered off and dried in vacuo at 40°C, yielding 10 parts (54.2%) of methyl 2,3-di-
hydro-2,2-dimethyl-4-[(1-methylethyl)amino}-7-benzofurancarboxylate (interm. 8).

d) A mixture of 9 parts of intermediate 8; 3.2 parts of sodium hydroxide and 60 parts of
water was stirred for 1 hour at reflux temperature. After cooling, the reaction mixture
was acidified to pH 6 with HCI (conc.). The precipitate was filtered off, washed with
water and dried in vacuo at 60°C, yielding 7.2 parts (76.0%) of 2,3-dihydro-2,2-di-
methyl-4-[(1-methylethyl)amino}-7-benzofurancarboxylic acid (interm. 9).

Exampie 3 _
a) To a suspension of 17.0 parts of 4-amino-5-chloro-2,3-dihydro-7-benzofuran-

carboxylic acid (prepared as described in EP-A-0,389,037) in 435 parts of
trichloromethane there were added successively 9.13 parts of N.N-diethylethanamine
and 8.68 parts of ethyl chloroformate, keeping the temperature below 5°C. After stirring
for 2 hours while cooling on ice, the whole was added to a solution of 14.5 parts of
ethyl 4-amino-1-piperidinecarboxylate in 218 parts of trichloromethane at a temperature
below 5°C. Stirring was continued overnight at room temperature. The reaction mixture
was washed with NaOH 5% (2x) and with water (2x) and was then dried, filtered and
evaporated. The residue was successively triturated with 2,2"-oxybispropane (3x) and
crystallized from acetonitrile. The product was filtered off, washed with acetonitrile and
dried, yielding 19.7 parts (66.9%) of product. An additional amount of 1.2 parts (4.1%)

- was obtained from the combined 2,2'-oxybispropane layers. Total ylcld 20.9 parts

(71%) of ethyl 4-[[(4-amino-5-chloro-2,3-dihydro-7-benzofuranyl)carbonyljamino}-1-
piperidine-carboxylate; mp. 158.6°C (interm. 10).

b) A solution of 18.4 parts of intermediate 10 and 28.0 parts of potassium hydroxide in
125 parts of 2-propanol was stirred for 4 hours at reflux temperature. The solvent was
evaporated and replaced by 100 parts of water. The mixture was evaporated again and
the residue was stirred in 100 parts of water for 15 min. while heating on a water-bath.
After cooling, the solid was filtered off, washed with water and dissolved in boiling
2-propanol. There were added 400 parts of water to the solution. The product
crystallized upon cooling and was filtered off, washed with water and dried, yielding
12.35 parts (83.5%) of 4-amino-5-chloro-2,3-dihydro-N-(4-piperidinyl)-7-benzo-
furancarboxamide; mp. 190.3°C (interm. 11).

All intermediates listed in Table 1 were prepared in a similar manner.
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Int. No. Rl R2 -O-A- Physical
data (mp.)
11 a ‘NHp -0-(CHa)2- 190.3°C
12 a NHy -O-(CHY)3- 158.5°C
13 a - NHy -0-C(CH3)p-CHp- | 1375°C
14 c NHp -0-C(CH3)2-(CH2)2- |  170.8°C
15 a . H -0-C(CH3)p-CH- | 173.6°C

16 a H. -O-(CH)2- -
17 a H -0-C(CH3)2-(CH2)2- | 126.3°C

18 H NH-CH(CH3)2 | -O-C(CHg3)2-CHp- -

Example 4

To a stirred and cooled (ice-bath) mixture of 20 parts of (-)-(R)-tetrahydro-2-
furanmethanol and 39.2 parts of pyridine there were added dropwise 24.7 parts of
methanesulfonyl chloride. Stirring at room temperature was continued for 16 hours. To
the reaction mixture there was added dichloromethane and the whole was washed with
HCI 1N, dried, filtered and evaporated. The residue was purified by column
chromatography (silica gel ; CHCl / CH30H 99.5:0.5). The cluent of the desired
fraction was evaporated, yiclding 26.7 parts (75.6%) of (-)-(R)-tetrahydro-2-
furanmethanol methanesulfonate(ester); [y = -15.78° (conc. = 1% in CH,Clp)
(interm. 19).

In a similar manner there was also prepared :-

(+)-(S)-tetrahydro-2-furanmethanol methanesulfonate(ester); [a]D =+16.17°

(conc. = 1% in CH2Cly) (interm. 20).

Example 5

To a solution of 10 parts of 3-(cyclohexyloxy)-1-propanol in 160 parts of dichloro-
methane there were added 11.2 parts of _N,N_—diethylcthanéminc and dropwise 8.14 parts
of methanesulfonyl chloride. The whole was stirred for 9 hours at room temperature.
The reaction mixture was washed with Na»COs (aq.) and water and was then dried,
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filtered and evaporated. The residue was purified by column chromatography (silica gel ;
CH2Cly / CH30H 99:1). The cluent of the desired fraction was evaporated and the
residue was co-evaporated with methylbenzene. The product was filtered off and dried,
yielding 8.6 parts (57.8%) of 3-(cyclohexyloxy)-1-propanol methanesulfonate (ester)
(interm. 21).

Exanple 6
A solution of 5.5 parts of 3,3-bis(4-fluorophenyl)-1-propanol and 2.92 parts of thionyl

chloride in 39.9 parts of dichloromethane was stirred for 4 hours at 60°C. The reaction
mixture was evaporated and then co-evaporated with methylbenzene. The residue was
dissolved in ethyl acetate and this solution was washed with NayCO3 (ag.), water and
NaCl (sat)) and was then dried, filtered and evaporated. The residue was purified by
column chromatography (silica gel ; (C2Hs)20 / n. hexane 2:98). The cluent of the
desired fraction was evaporated, yielding 4.5 parts (76.7%) of 1-[3-chloro-1-(4-fluoro-
phenyl)propyl]-4-fluorobenzene (interm. 22).

B. Preparation of the final compounds

Example7 .

A solution of 2.96 parts of intermediate 11; 3.2 parts of sodium carbonate and 160 parts
of 4-methyl-2-pentanone was stirred for 1/2 hour at reflux temperature using a water
scpai'ator. There were added 3.6 parts of tetrahydro-2-furanmethanol methanesulfonate
(ester) and stirring at reflux temperature was continued for 48 hours. The reaction
mixture was taken up in dichloromethane and this solution was washed with water,
dried, filtered and evaporated. The residue was purified by column chromatography
(silica gel ; CHzCly / CH30H 95:5). The eluent of the desired fraction was evaporated
and the residue was crystallized from acetonitrile. The product was filtered off and dried,
yielding 1.63 parts (42.9%) of 4-amino-S-chloro-2,3-dihydro-N-[1-[(tetrahydro-2-
furanyl)methyl]-4-piperidiny1]-7-benzofurancarboxamide; mp. 175.4°C (comp. 3).

Example 8
A mixture of 3.09 parts of intermediate 12; 3.18 parts of sodium carbonate and 160 parts

of 4-methyl-2-pentanone was stirred at reflux temperature using a water separator. There’
were added 2.74 parts of 6-(2-chloroethyl)-7-methyl-5H-thiazolo[3,2-a]-pyrimidin-5-
one and 0.1 parts of potassium iodide and stirring at reflux temperature was continued
for 36 hours. The reaction mixture was evaporated and the residue was partitioned
between trichloromethane and water. The organic layer was separated, washed with
water, dried, filtered and evaporated. The residue was purified by column chromato-
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graphy (silica gel ; CH2Clz / CH30H 90:10). The cluent of the desired fraction was
evaporated and the residue was boiled in acetonitrile. After cooling, the product was
filtered off and dried, yielding 2.7 parts (53.8%) of 5-amino-6-chloro-3,4-dihydro-N-
(1-[2-(7-methyl-5-oxo-5H-thiazolo{3, 2—a]pynm1d1n—6-yl)ethyl]—4—p1pendmyl]-ZH-1-
benzopyran-8-carboxamide; mp. 211.8°C (comp. 2).

Example 9
A mixture of 21.7 parts of intermediate 12; 5.7 parts of chloroacetonitrile, 9.2 parts of

N.N-diethylethanamine and 430 parts of N,N-dimethylformamide was stirred overnight
at 60°C. The reaction mixture was evaporated and to the residue there was added
NapCO3 (aq.). The product was extracted with dichloromethane (3x) and the combined
extracts were dried, filtered and evaporated. The residue was suspended in acetonitrile.
A first fraction of the product was filtered off and the filtrate was evaporated. The
residue was purified by column chromatography (silica gel ; CH,Clp / CH30H(NH3)
97:3). The eluent of the desired fractions was evaporated and the residue was stirred in
acetonitrile. A second fraction of the product was obtained and the combined fractions
were dried in vacuo, yielding 22.1 parts (90.5%) of S-amino-6-chloro-N-{1-(cyano-
methyl)-4-piperidinyl}-3,4-dihydro-2H-1-benzopyran-8-carboxamide; mp. 194°C
(comp. 10).

Example 10 . |
A mixture of 4.3 parts of 2-(3-chloropropyl)-2-methyl-1,3-dioxolane, 7.4 parts of
intermediate 13; 4.7 parts of N,N—dicmyleﬂ;anarhinc, a catalytic amount of potassium
iodide and 106 parts of N,N-dimethylformamide was stirred for 17 hours at 70°C. The
reaction mixture was evaporated and to the residue there was added NazCO3 (aq.). The
product was extracted with dichloromethane and the extract was dried, filtered and _
evaporated. The residue was purified by column chromatography (silica gel ; CH2Cla /
CH30H(NH3) 97:3). The eluent of the desired fraction was evaporated and the residue
was triturated in 2,2'-oxybispropane. The product was filtered off and dried, yielding
2.1 parts (20.2%) of 4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-N-[1-[3-(2-methyl-
1,3-dioxolan-2-yl)propyl]-4-piperidinyl}-7-benzofurancarboxamide; mp. 136.5°C
(comp. 8).

Example [1

A mixture of 6 parts of intermediate 14; 1.13 parts of 2-propenenitrile and 78 parts of
2-propanol was stirred for 4 hours at reflux temperature. The reaction mixture was
evaporated and the residue was suspended in 2,2'-oxybispropane. The precipitate was
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filtered off and dried in vacuo at 60°C, yielding 6.8 parts (96.6%) of 5-amino-6-chloro-
N-{1-(2-cyanoethyl)-4-piperidinyl]-3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-8-
carboxamide (comp. 25).

Example 12 : .
A mixture of 22 parts of compound 10 in 356 parts of tetrahydrofuran and 79 parts of

methanol was reduced at normal pressure and room temperature with 6 parts of Raney
nickel. After completion of the reaction, the catalyst was filtered off and the filtrate was
evaporated. The residue was purified by column chromatography (silica gel ; CHyCly/
CH30H(NH3) 93:7). The cluent of the desired fraction was evaporated and the residue
was successively triturated in 2,2'-oxyblsptopanc and stirred in a small amount of
acetonitrile. The product was filtered off and dried, yielding 14 parts (63.0%) of

ammo-N—[l-(2-ammoeﬂ1yl)—4—p1pendmyl]-6—chloro—3 4—d1hydro—2H-1-benzopyran -8-
carboxamide; mp. 130°C (comp. 11).

Example 13
A mixture of 16.7 parts of compound 55; 19 parts of potassium hydroxide and 92 parts

of 2-propanol was stirred for 3 hours at reflux temperature. The reaction mixture was
evaporated and the residue was'co-cvapomted with water (2x) and then partitioned
between dichloromethane, methanol and water. The aqueous layer was separated and re-
extracted with dichloromethane. The combined organic layers were dried, filtered and
evaporated. The residue was crystallized from water. The product was filtered off and
dried, yielding 8.3 parts (65.1%) of N-[1-(3-aminopropyl)-4-piperidinyl}-5-chloro-2,3-
dihydro—2,2-dim_cthyl—7—bcnzofurancarboxamide hemihydrate; mp. 123.1°C (comp. 71).

Example 14

To a cooled (ice-bath) mixture of 2.3 parts of compound 11 and 74 parts of trichloro-
methane there were added 0.86 parts of N,N-diethylethanamine and dropwise a solution
of 0.77 parts of ethyl chloroformate in 40 parts of trichloromethane, keeping the
temperature below 10°C. After stirring for 1/2 hour at room temperature, the reaction
mixture was washed with water, dried, filtered and evaporated. The residue was purified
by column chromatography (silica gel ; CH2Cla / CH3OH(NH3) 95:5). The eluent of '
the desired fraction was evaporated and the residue was crystallized from acetonitrile.
The product was filtered off and dried, yielding 1.4 parts (50.7%) of ethyl [2-[4-{{(5-
amino-6-chloro-3,4-dihydro-2H- 1-benzopyran-8-yl)carbonyl]Jamino]- 1-piperidinyl]-
cthyl]carbamatc'; mp. 160.3°C (comp. 16). '
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Example 15 -

A mixture of 3.67 parts of compound 14; 1.85 parts of 2-chloro-1H-benzimidazole, 4.7
parts of N.N-dimethylacetamide, a catalytic amount of potassium iodide and 2.10 parts
of sodium carbonate was stirred for 3 hours at 120°C. After cooling, the reaction mixture
was diluted with water. The product was extracted with dichloromethane (2x) and the
combined extracts were washed with water, dried, filtered and evaporated. The residue
was purified by column chromatography (silica gel ; CH2Clp / CH3OH(NH3) 95:5).
The eluent of the desired fraction was evaporated and the residue was converted into the
cthanedioate (1:2) salt in ethanol. The product was filtered off and dried, yielding 0.56
parts (8.3%) of 4-amino-N-[1-{2-(1H-benzimidazol-2-ylamino)ethyl]-4-piperidinyl]}-5-
chloro-2,3-dihydro-2,2-dimethyl-7-benzofurancarboxamide ethanedioate(1:2)
hemihydrate; mp. 211.7°C (comp. 70). |

Example 16
A mixture of 3.1 parts of 2-chloro-3-methylpyrazine, 4.4 parts of compound 14 and

0.79 parts of calciumoxide was stirred for 24 hours at 120°C. After cooling, the reaction
mixture was partitioned between dichloromethane and NH4OH (dil.). The aqueous layer
was separated and re-extracted with dichloromethane. The combined organic layers were
dried, filtered and evaporated. The residue was purified by column chromatography
(silica gel ; CH2Cla / CH30H(INH3) 98:2). The eluent of the desired fraction was
evaporated and the residue was triturated in 2,2‘;oxybispropane. The product was
filtered off and dried, yielding 3.3 parts (59.9%) of 4-amino-5-chloro-2,3-dihydro-2,2-
dimethyl-N-{1-[2-[(3-methyl-2-pyrazinyl)amino]ethyl]-4-piperidinyl}-7-benzofuran-
carboxamide; mp. 163.2°C (comp. 15).

Example 17 _
Through a solution of 3.5 parts of intermediate 11 in 19.8 parts of ethanol and 25 parts.

of water was bubbled oxirane for 1 hour at room temperature. The reaction mixture was
evaporated and the residue was purified by column chromatography (silica gel ; CH2Cly /
CH3OH(NH3) 95:5). The eluent of the desired fraction was evaporated and the residue
was crystallized from acetonitrile. The product was filtered off and dried in vacuoat
70°C, yielding 1.64 parts (40.2%) of 4-amino-5-chloro-2,3-dihydro-N-[1-(2-hydroxy- =
ethyl)-4-piperidinyl}-7-benzofurancarboxamide; mp. 185.7°C (comp. 49).
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Example 18 |
To a mixture of 12.2 parts of compound 8 and 83 parts of water there were added 1.53

parts of sulfuric acid. After stirring for 4 1/2 hours at room temperature, the reaction
mixture was poured into a mixture of NH4OH (dil.) and ice. The product was extracted

" with dichloromethane and the extract was dried, filtered and evaporated. The residue was

purified by column chromatography (silica gel ; CHzClp / CH3OH(NH3) 97:3). The
eluent of the desired fraction was evaporated and the residue was triturated in
2,2'-oxybispropane. The product was filtered off and dried, yielding 2.3 parts (40.3%)
of 4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-N-{1-(4-oxopentyl)-4-piperidinyl]-7-
benzofurancarboxamide; mp. 119.2°C (comp. 9). '

Example 19
a) A mixture of 7.6 parts of compound 3; 5 parts of potassium acetate and 158 parts of

methanol was hydrogenated at normal pressure and 50°C with 2 parts of palladium-on-
charcoal catalyst 10%. After the calculated amount of hydrogen was taken up, the
catalyst was filtered off and the filtrate was evaporated, yielding 6.91 parts (100%) of
4-amino-2,3-dihydro-N-{1- [(tctrahydro-z-ﬁxranyl)mcthyl]-4—p1pendmyl]~7-benzofuran
carboxamide (comp. 75).

b) A mixture of 8 parts of compound 75; § parts of 2-iodopropane, 3.1 parts of
N.N-diethylethanamine and 25.8 parts of hexamethylphosphoric triamide was stirred for |
20 hours at 130°C. After cooling, the reaction mixture was poured into water. The
product was extracted with dichloromethane and the extract was washed with water,
dried, filtered and evaporated. The residue was taken up in 2,2'-oxybispropane. After

" filtration, this solution-was evaporated and the residue was taken up in 2-propanol.

2,2'-Oxybispropane was added to enhance crystallization. The prec1p1tatc was filtcred
off and dissolved in dichloromethane. This solution was washed with water, dried,
filtered and evaporated. The residue was purified by column chromatography (silica gel ;
CH2Cly / CH30H(NH3) 97:3). The eluent of the desired fraction was evaporated and
the residue was converted into the ethanedioate (1:1) salt. The product was filtered off
and dried in vacuo at 60°C, yieldih g 0.3 parts (2.7%) of 2,3-dihydro—4{(1—methylethyl)-
amino}-N-{1-{(tetrahydro-2-furanyl)methyl]-4-piperidinyl]-7-benzofurancarboxamide
ethanedioate(1:1); mp. 211.7°C (comp. 76).

Example 20

A mixture of 5 parts of compound 63 and 230 ml of HCI 3N was stirred for 1 hour at
reflux temperature. After cooling, the reaction mixture was evaporated. The residue was
stirred in 5 parts of water. The product was filtered off, washed with a little water and
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dried in vacuo at 70°C, yielding 1.7 parts (31.5%) of 4-[{(5-amino-6-chloro-3,4-
dihydro-2H- 1-benzopyran-8-yl)carbonyl]lamino]-1 -p1pend1nebutan01c acid monohydro-
chloride monohydrate; mp. 204.5°C (comp. 68).

All compounds listed in Table 2 were prepared following methods of preparation
described in examples 7-20, as is indicated in the column Ex. No.

Table 2
Rl
0
fi
L—N NH—C 2
o)
\'A
Co. | Ex. L R!| R2 -O-A- Physical data
No.| No. _ (mp.)
o
1] 7 Q—CH;—— a |NH, -O{(CHy)3- 121.0°C
CH
S\'//N 3
218 [ N | A |NH, -O<(CHy)3- 211.8°C
CH,),—
o :
317 (_]—CHr Cl | NHy -O<(CHp)y- 1754°C
. CH3><(CH733“
4110 o o Cl | NH CHy)p- 139.8°C
v 2 -0-(CHy)z :
Q
5118 CH;—C—~(CHy)3— C |NH, -O-{CHy),- 137.4°C
CH3><(CH2)3—
6 | 10 oo Cl | NH -0-(CHp)3- 111.2°C
X 2 O-(CH)3
7 (18] CH—C-(CH):— |a|NHy| -o(CHys 104.9°C/ Hy0
CH3><<CH,)3—
8 |10 0" ~o Ql |NHy | -O-C(CH3),-CH;- 136.5°C
S }
Q
9 |18 CH;—C—(CHp);— Cl |NHp | -O-C(CHi3)p-CHyp- 119.2°C
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Co. | Ex. Rl| R2 -O-A- Physical data
No. | No. (mp.)
10] 9 NC-CHy- C | NH “O-(CHp)3- 194°C
11] 12 HpN-(CHp)p- Qa |NHp -0{(CHp)3- 130°C
/N CH3
12] 16 l:\ I Q | NHy -O{(CHy)3- 178.8°C
N" "NH—(CHz)—
13| 9 NC-CH>- A |NHp | -O-C(CH3),-CHy- 110°C
14] 12 HoN«(CHy)p- a |NHz | -O-C(CH3)-CHy- 155°C
2 |
15 16 [\ | Qa |NHy | -O-C(CH3),-CHy- 163.2°C
N “NH—(CH,),~—
16 | 14 | HC,0-C~NH—(CHy),— NH,[ -O{CH)s 160.3°C
17| 10 F—Q—o—(cnz)a-— NHp | -O-C(CHg),-CHy- 131.0°C
R
18 | 14 | HsCO-C-NH—(CHy),— | Q |[NHy | -O-C(CHz),-CHy- 209.9°C
19] 10 F—@—o—(cnz)s— Qa | NHy -0-(Cips- 143.1°C
o)
20] 7] HC,- ~(CH);— | O |NHp | -O-C(CH3)y-CHo- 199.9°C
o)
21| 7 Hscz-N'lLN—(CHp)g-— a | NHy -O{CHp)3- 193.8°C/(COOH),
12H0
o_
2| 7 Q"CHz" a | NHy -O-(CHp)y- 190.2°C/ ()-(R)
(b oswcuzon = -11.7°
° .
23| 7 Q—Cﬂz—- a | NHp -O0{(CHg)p- ,1916°C/ ()-4S)
0 -
[@)p 05%CH;0H = +13.1
0 ..
24 { 7 UCHz" Cl | NHy [-0-C(CH3)~(CHy),- 175.7°C
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Co. | Ex. L Rl| R2 -O-A- Physical data
No. | No. ' (mp.)
25| 11 NCHCHp)»- C1 | NHy |-O-C(CH3)»-(CHp),- 155°C
26| 12 HoN~(CHp)3- Q1 | NHy |-0-C(CH3),{(CHp)a- 182.8°C
271 9 NC-CHy- a | NHp -O-(CHp)p- 227.8°C
s. _N. ,CHs _
2|8 i \N(’ ] Q | NH |-0-C(CH3)-(CHy),- m°C
CHy),—
29 | 11 NC«(CHp)»- Q | NHy -O-(CHp)p- 203.5°C
0
30 7 H5C2—NJLN—(CH7)3—- a | NH, -0{017)2 149.8°C
31| 12 HoN<(CHo)p- - a |NHy -0{(CHy)y- 157.8°C
CH; '
e
32| 16 I a |NHy -O-(CHy)y- 152.5°C{ 1/2Hy0
NH-—(CHZ)Z—
CH,0 .
33| 9 /l’.:"@‘zh— a |NHy | -O-C(CH3)y-CHy- 205.5°C
OCH,3
341 11 NC{(CHp)2- Qa |NHp | -O-C(CH3)-CHp- -
35 | 12 HoN<(CHy)3- a |NHy | -0-C(CHz),-CH)- 132.9°C/H,0
36 | 10 | 4-F-Cgtgr-CH(CHp)4- | 1| H | -O-C(CH3)-CHy- 195.0°C/HC
37 | 10 | @-F-CgHp-CH{(CH)3- | O -0-C(CH3),-CHp- 133.3°C
o)
38 | 14 | H;C0~C-NH-(CHp,— | O |NHy -O<CHa),- 166.1°C
9] 9 NC-(CH)3- Q |NHp | -0-C(CH3)-CHy- 165.1°C"
40| 12 HyN-(CHp)4- a1 |NHy | -O-C(CH3)p-CHy- 150.7°C
41! 12 HoN-(CH)3- Q1 | NHp -O-(CHp)y- -
This Sheet Has Been Rep:
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Co. | Ex. L Rl | R2 O-A- Physical data
No. | No. (mp.)
0
42| 8 Hscz_NJLN_(CH,)4_ a | NHy -O-(CHp)- 148.7°C
0 . ,
43| 8 HSCZ_N/U\N_(CH,) — | QN -O-(CHp)3- 155.6°C/HC132H,0 |
X
44| 8 | HC-N N-(CH);— | O |NHp -O-(CHp)y- 182.0°C
./
CHy),— '
45109 l C |NHy | -O-C(CH3)-CHyp- 209.0°C
N
H
Q
46 | 10| HsCHO-C-NH-(CH),— | Q| H | -O-C(CH3),-CH,- 229.0°C/HCI
CH;0
47| 9 lemo _C—(CHy)s—| O |NHy -O-(CHy)y- 202.1°C / (COOH)
CH;0
48| 7 | BsC,—N” "N—(CHy;— | O |NHp -O-(CHp)3- 192.9°C / (COOH)p
s O _
G
49| 17 HOL(CH2)p- Cl | NHp -O-(CHp)- 185.7°C
50| 9| (CH3CH-O{CHy, | |NHy| -O{CHps- 1979°C/ (COOH),
1/2H,0
s1] 9 H5C,0-C—CH— alnm| . -o(CcHYs 98.8°C
s2| 9 (  N—CHp),— Cl | NHy -O-(CHp)3- 250.5°C /2HCI
1/2H70
53 | 10 | (4-F-CgHy)p-CH{(CHD)4- | 1 [NHp | -O-C(CH3)p-CHp- 169.1°C
sa | 10 | @-F-CeHan-CHA(CHY3- | a |NHy | -O-C(CHa)p-CHy- 169.0°C
Th:sSheetHasBeen
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Co. | Ex. L Rl R2 -O-A- Physical data
No. | No. (mp.)
: Q
55| 10 | HsC;0-C~NH-(CHps— | Q| H | -O-C(CH3),-CHy- 156.5°C/HCL
' HO
56 | 10| (CH3)CH-O(CHp)y- Q | NHy -O{(CHp),- 237.2°C/HCl
571 10 < :N—(cn,)z— Qa | NHp -O-(CHp)p- 193.0°C
9 .
581 9 HsC,0-C—CH,— a |NHy -O{(CHo)p- 1352°C
o -
l
59120 HO-C—~CH,— a {NHy -O-(CHy)p-  2735°C/HC
12H0
R |
60 | 20 HO~C—CHy— a | NHp -O0{(CHy)3- 253.8°C /Hp0
o .
61| 7 (_J—CHz- NH; | -O-C(CH3),-CHy- 147.6°C
o
621 10| HCO-C—(CH):s— | a|NHp -O-(CHp)p- 220.7°C/HCL
0 : .
. 1"
63| 10| HCO-C—(CH)— | a|NmHy -O0{(CHy)3- 186.4°C/(COOH),
b/ R
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Co. | Ex. L Rl| rZ -O-A- Physical data
No. | No. (mp.)
70| 15 NT[—NH_(CHZ)r'_ a [NHp | -0-C(CH3)CHy- | 211.7°C/2(COOH),
N 12H,0
711 13 HoN-(CHp)3- al g | -O-C(CHz),-CHy- 123.1°C/ 12H0 !
0 s
721 7 QCH;—- | Q| " | -OC(CH3)-CHp- | 217.0°C/HCI 12H20 .
1) 7 O_o_(cn,),_ al B | -OCCH)-CHy- 1545°C/HQ
. HyO ;
0
741 7 Q-CHZ—- al " -O(CHy)p~ 115°C
o
75 | 192 Q—CHz”' H |NH -0-(CHp)p- -
o
76 | 19b Q—CHZ—- H| * -O-(CHy)p- 211.7°C/(COOH),
771 9 F—@—CH:CK—(CHZ),_— al H -0-(CHp)p- 134.8°C/(E)
S CH;
1| 8| i \N’/:I al| °H [-0-CCH-(CHy),- 97.7°C
(CHp),— |
0 :
Q : .
79 | 10 | H,C,0-C-NH-(CHp):— | -0-C(CH3)<(CH),- 122.6°C
80| 13 HpN-(CH))3- a -0-0(CH3)(CHo)y- 128.6°C -
o)
81| 7 (_]—cnz-— a| H |-0-C(CH3%<(CHy),- 119.0°C
82| 10| (CH3pCH-O(CHy3- | Q| H |-0-CCH3-(CHyy- - 2154°C/HCl
83] 9 NC-CHy. H| * | -O-C(CHz)-CHyp- -
84 | 12 HoN-(CH2)p- H| * | -O-C(CH3)-CHy- -
0 . .
85| 10 CH,—C—(CHps— | Q| H [|-0-C(CH3)<(CHp),- 208.5°C/HCl
86 | 13 HyN-(CHp)p- al| H | -O-C(CH3)-CHy- 2 HQl
87] 9 4-F-CgHy-O-(CH)3- Cl| H -0-(CHp)y- 134.0°C
88 | 10 | (4-F-CgHg)CH-(CH2)- | | H | -O-C(CH3)-CHp- 193.4°C/HCl
This Sheet Has Been Replaced




Co. | Ex. L Rl | R2 -O-A- Physical data
No. | No. : (mp.)
o)
891 7] B, -NJLN—(CHZ);;—— G|l H -O(CHp)- 141.5°C
CHZ— 0,
9% | 7 a | NHy -0<(CHp)s- - 1318°C
91| 17 HO-(CHy)p- Q | NHy -O-(CHp)3- 126.0°C
CH,_ @
92| 10 JCH—C—(CH):— | A H -O«(CHy),- 104.5°C
CHy”
93] 7 Hsc'z-NJLN—(CH,)4— Q| H -O(CHyy- 112.8°C
9| 9 NC-CHp- aj H -O-(CH)- © 208.6°C
- CHs, (CHps— |
95| 8 o><o al " -O«(CHp)p- - 1170°C
: A .
. 9 .
96 | 18| - CH;—C—(CHp)s— al = -O-(CHp)y- | 89.1°C
o I
974 7 Q—Cﬂz“‘ a[NHy| -O{CHys 126.5°C/(--R)
(oD 1%cHz0n = -11-8°
) CH;
= —NH-CH
CH;

The compounds listed in Table 3 are prepared according to similar procedurcs as
described in any of the preceding examples (7-20).

Table 3
Cl

-
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“O-A-

Co. L
No.
o
98 ¢§'(CH2)1_ -O-(CHp)3-
~N
a
. 0O | |
99 N—~(CHa)z -0-(CHg)3-
~N
o
/N . CHz— -0-(CHp)3-
101 |
o
o .
102 @:u\N—(CHz)s— -O-(CH2)3-
N’&o
H
H~(CHp)s—
103 N -O-(CH)3-
N -
NH—(CH,),—
104 AN -O-(CH)3-
\1 _
CH3 _
-0-(CH2)3-
105 LY
Y\(ccny)z
<l:ooczns
106 @—N—(Cflz)z— -0-(CHY)3-
107 CH30-(CH2)3- -0-(CH2)3-
0
108 DN—'(’:—(Cth— -O-(CH3)3-
109 | (CH3)2CH-NH-(CH3)2- -O-(CH2)3-
110 | (CH3)CH-NH-(CHp)4- |  -O-(CHo)3-
11 H-C—NH—(CHy)s— -O-(CHy)3-
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Co. L . -O-A-
No. '
Q
112 H—-C—NH—~CHp),— -0-(CHy)3-
Q
113 HsC0~C—NH~CHy)s— -0-(CHp)3-
Q
114 | HC0-C—NH—CH):— |  -O-(CHp)s3-
115 O_ -0-(CH)3-
116 HO-(CH2)2-0-(CH2)2- -0-(CHp)3-
117 | HN’U\:—(CH,),— -0-C(CHg3)2-CH3-

118 F—@—cnz— -O-C(CH3)p-CHp-
Q
119 F ‘@—C—(CHQ);— -0-C(CH3),-CHp-

120 CH=CH-CHz- -0-C(CHz)2-CH2-

121 [>—cm,— .| -0-C(CH3),-CHa-

122 D—CHz'— -0-C(CHj3)-CHp-
C. Pharmacological examples

The useful gastrointestinal motility stimulating properties of the compounds of the
present invention and in particular their capability to enhance the contractility of the colon
can be demonstrated in the following test.

Example 21

lon ndens in ntractions. _
The experiment was conducted according to similar procedures as described in The
Journal of Pharmacology and Experimental Therapeutics, 234, 776-783 (1985).
Colon segments, 4.5 cm long, were vertically suspended with a preload of 2 g in 100 ml
of a De Jalon solution {[KCl 5.6 mM ; CaCl*_;.2I-I'20 0.54 mM ; NaHCO3 5.9 mM ; NaCl
154.1 mM ; glucose 2.8 mM] at 37.5°C and gassed with a mixture of 95% Oz and 5%

This Sheet Has Been Replaced .

(I il



10

15

20

-49-

CO;. Contractions were measured isotonically with a HP 7 DCDT-1000, JSID
Displacement Transducer Control Unit.

After a stabilization period of about 20 minutes, 3.4x10-6 M methacholine was given ata
time interval of 15 minutes. When reproducible contractions were obtamed, the test
compound was administered to the bathing solution. The compound effect was followed
for 10 minutes and expressed relative to the maximal concentrations induced by
3.4x10-6 M methacholine. The % effect for a representative number of compounds of
formula (I) is depicted hereinbelow in Table 4

Table 4
Co. Dose Dose
No. 3.10-6M 3.1007M
2 - 28
3 52 20
. 16 - 30
17 . 30
19 - 35
20 - 41
2 .| 46 29
23 48 26
30 - © 36
65 . - 27
81 - 27
D.C ition Examol

The following formulations exemplify typical pharmaceutical compositions in dosage
unit form suitable for systemic or topical administration to warm-blooded animals in
accordance with the present invention.

"Active ingredient” (A.L) as used throughout these examples relates to a compound
of formula (I), a pharmaceutically acceptable acid addition salt or a stereochemically
isomeric form thereof.

Example 22 ; Oral solution

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 solixtion are dissolved first 10 g of
2,3-dihydroxybutanedioic acid and thereafter 20 g of the A.1l. The latter solution is
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combined with the remaining part of the former solution and 12 1 of 1,2,3-propanetriol
and 3 | of 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 g.s. to a volume
of 20 1 providing an oral solution comprising 5 mg of the A.L per teaspoonful (5 ml).
The resulting solution is filled in suitable containers.

Example 23 : Capsules

20 g of the ALG 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 suitable hardened gelatin capsules,
each comprising 20 mg of the A.L.

EKamle 24 : Ei !m coated tablets

Preparation of tablet core

A mixture of 100 g of the AL, 570 g lactose and 200 g starch is mixed well and
thereafter humidified with a solution of 5 g sodium dodecyl sulfate and 10 g polyvinyl-
pyrrolidone (Kollidon-K 90®) in about 200 ml of water. The wet powder mixture is
sieved, dried and sieved again. Then there are added 100 g microcrystalline cellulose
(Avicel®) and 15 g hydrogenated vegetable oil (Sterotex ®). The whole is mixed well
and compressed into tablets, giving 10.000 tablets, each comprising 10 mg of the active

“ingredient.

Coating
To a solution of 10 g methyl cellulose (Methocel 60 HG®) in 75 ml of denaturated

ethanol there is added a solution of 5 g of ethyl cellulose (Ethocel 22 cps ®) 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 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 (Opaspray K-1-2109®) and the whole is homogenated. The
tablet cores are coated with the thus obtained mixture in a coating apparatus.
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1. A compound having the formula :

Rl
o)
O
\'A

a'N-oxide form, a salt or a stereochemically isomeric form thereof, wherein :
A is a radical of formula

-CHy-CHj- (a-1),
~CHy-CHy-CHj- (a-2), or
~ -CH-CHz-CH2-CHy- (a-3),

wheréin one or two hydrogen atoms in said radicals (a-1) to (a-3) méy be replaced by a
Ci-salkyl radical; _

R1 is hydrogen or halo;

~ R2 is hydrogen, amino, mono or di(Cj-galkyl)amino or Cl.éalkylmrbonylammo
R3 is hydrogen or Cj_galkyl;
Lis C3.5cycloalky1; Cs_gcycloalkanone, C3.galkenyl optionally substituted with aryl,
or L is a radical of formula

-Alk-R4 ' (b-l),
-Alk-X-RS | (b-2),
-Alk-Y-C(=0)-R7 (b-3), or
-Alk-Y-C(=0)-NROR10 (b-4),

wherein each Alk is Cj_galkanediyl; and

R4 is hydrogen, cyano, C;.galkylsulfonylamino, C3.5cycloalky1, Cs.gcyclo-
alkanone, aryl, di(aryl)methyl or Het;

RS3 is hydrogen, Cj.galkyl, hydroxyCj.salkyl, C3.¢cycloalkyl, aryl or Het;

X is O, S, SO; or NRS; said RS being hydrogen, Cjgalkyl or aryl;

R7 is hydrogen, Cj_galkyl, C3.gcycloalkyl, aryl, arylCj_galkyl, di(aryl)mcthyl,
Ci-galkyloxy or hydroxy;

Y is NR8 or a direct bond; said R8 being hydroaen Ci.¢alkyl or axyl

R9 and R10 each independently are hydrogen, Cy.galkyl, C3.6cycloalkyl, aryl or
arylCj_galkyl, or R? and R10 combined with the nitrogen atom bearing R9 and RIO
may form a pyrrolidinyl or piperidinyl ring both being optionally substituted with
C6alkyl, amino or mono or di(Cjgalkyl)amino, or said R9 and R10 combined with
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the nitrogen bearing R? and R10 may form a piperazinyl or 4-morpholinyl radical
both being optionally substituted with Cy_galkyl;

each aryl being unsubstituted phenyl or phenyl substituted with 1,2 or 3 substituents
each independently selected from halo, hydroxy, C;.galkyl, C1-salkyloxy, amino- '
sulfonyl, Cj-galkylcarbonyl, nitro, trifluoromethyl, amino or aminocarbonyl; and

each Het being a five- or six-membered heterocyclic ring containing 1,2,3 or 4
heteroatoms selected from oxygen, sulfur and nitrogen, provided that no more than
2 oxygen and/or sulfur atoms are present, said five- or six-membered ring being
optionally condensed with a five- or six-membered carboxylic or heterocyclic ring
also containing 1,2,3 or 4 heteroatoms selected from oxygen, sulfur and nitrogen,
provided that the latter ring does not contain more than 2 oxygen and/or sulfur atoms

~ and that the total number of heteroatoms in the bicyclic ring system is less than 6;
when Het is a monocyclic ring system it may optionally be substituted with up to 4
substituents; when Het is a bicyclic ringsystem it may optionally be substituted with
up to 6 substituents; said substituents being selected from the group consisting of
halo, hydroxy, cyano, triflucromethyl, Cj.galkyl, arylC;.galkyl, aryl, Cj.galkyloxy,
C1-salkyloxyCj.galkyl, hydroxyC,_galkyl, C;.galkylthio, mercapto, nitro, amino,
mono and di(Cy-galkyl)amino, arylC; galkylamino, aminocarbonyl, mono and
di(C}-galkyl)aminocarbonyl, Cl;salkyloxycarbonyl, arylCj.galkyloxycarbonyl, a
bivalent radical =O and =S; provided that when RS is Het, Het is connected to X on
a carbon atom.

2. A compound according to claim 1 wherein A is a radical of formula (a-1) or (a-2)
wherein the carbon atom adjacent to the oxygen atom is optionally substituted with one
or two Cj_4alkyl substituents; R1 is hydrogen or halo; R2 is hydrogen, amino or
C1.-6alkylamino; R3 is hydrogen; and

L is C3_gcycloalkyl or C3_galkenyl optionally substituted with aryl; or

L is a radical of formula (b-1) wherein R4 is hydrogen, cyano, C3_gcycloalkyl,
Cs.gcycloalkanone, aryl, di(aryl)methyl or Het; or

L is a radical of formula (b-2) wherein X is O, S or NH and R? is hydrogen,
C1-4alkyl, C3_gcycloalkyl, aryl or Het; or '

L is a radical of formula (b-3) wherein Y is NR8 or a direct bond, R8 is
hydrogen or aryl and R7 is hydrogen, Ci-4alkyl, aryl, Cj.4alkyloxy or hydroxy; or

L is a radical of formula (b-4) wherein Y is NH or a direct bond and R and
R10 each independently are hydrogen or Cy_galkyl, or R9 and R10 combined with the

nitrogen bearing said R9 and R10 may form a pyrrolidinyl or piperidinyl radical.
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3. A compound according to claim 2 wherein

L is C5_gcycloalkyl or C3_galkenyl optionally substituted with aryl; or

L is a radical of formula (b-1) wherein Alk is C;_4alkanediyl and R% is cyano,
C3_gcycloalkyl, diarylmethyl or Het; or

L is a radical of formula (b-2) wherein Alk is C1_4alkanediyl, X is O or NH
and R is hydrogen, Cy-4alkyl, C3_gcycloalkyl, aryl or Het; or

L is a radical of formula (b-3) wherein Alk is Cj_4alkanediyl, Y is NH or a
direct bond and R is C1_4alky1, aryl, Cq.4alkyloxy or hydroxy.

4. A compound according to claim 3 wherein Het is tetrahydrofuranyl optionally
substituted with Cq_4alkyl; 1,3-dioxolanyl optionally substituted with C1_galkyl;
3,4-dihydro-1(2H)-benzopyranyl; pymrolidinyl; piperidinyl; pyridinyl optionally
substituted with cyano; pyraziny! optionally substituted with C1_4alkyl; benzimidazolyl;
indolyl; 2,3-dihydro-2-oxo-1H-benzimidazolyl optionally substituted with Cy_4alkyl;
2-oxo-1-imidazolidinyl optionally substituted with Cj_galkyl; 3,4-dihydro-4-oxo-1,2,3-
benzotriazin-3-yl optionally substituted with three C1_4alkyloxy groups; 1-oxo-2(1H)-
phthalazinyl; 2,3-dihydro-5-oxo-5H-thiazolo-[3,2-a] pyrimidin-6-yl optionally
substituted with Cy_galkyl; 5-oxo-5H-thiazolo-[3,2-a]pyrimidin-6-yl optionally
substituted with Cj_galkyl; 1,6-dihydro-6-oxo-1-pyridazinyl optionally substituted with
C1.-4alkyl or halo; and 1,2,3,4»teu'ahydro-2,4-dioxo-3-quinazolinyi.‘

5. A compound according to claim 4 wherein R.1 is hydrogen or chloro; R2 is
hydrogen, amino or (1-methylethyl)amino; R3 is hydrogen; and L is a radical of formula
(b-1) wherein R4 is cyano, cyclopentyl, tetrahydrofuranyl, piperidinyl, 7-methyl-5-oxo-
SH-thiazolo[3,2-a]pyrimidin-6-yl; 3-ethyl-2,3-dihydro-2-oxo-1H-benzimidazolyl;
1,6-dihydro-3-methyl-6-oxo-1-pyridazinyl; or

L is a radical of formula (b-2) wherein X is O or NH and RY is H or
4-fluorophenyl; or :

L is a radical of formula (b-3) wherein Y is NH or a direct bond and R7 is
methyl, ethoxy or 3,4,5-trimethoxyphenyl.

6. A compound according to claim 1 selected from the group consisting of
S-amino-6-chloro-3,4-dihydro-N-[ 1-[(tetrahydro-2-furanyl)methyl]-4-piperidinyl]-2H-
1-benzopyran-8-carboxamide;

(-)-(R)-5-amino-6-chloro-3,4-dihydro-N-[ 1-[(tetrahydro-2-furanyl)methyl}-4-
piperidinyl]-2H-1-benzopyran-8-carboxamide; and
(-)-(R)-4-amino-5-chloro-2,3-dihydro-N-[1-[(tetrahydro-2-furanyl)methyl}-4-
piperidinyl}-7-benzofurancarboxamide.
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7. A pharmaceutical composition comprising an inert carrier and as active ingredient a
gastrointestinal motility stimulating amount of a compound as claimed in any of claims
1-6.

8. A method of preparing a pharmaceutical composition as claimed in claim 7,
characterized in that a therapeutically effective amount of a compound as claimed in any
of claims 1 to 6 is intimately mixed with a pharmaceutical carrier.

9. A compound as claimed in any of claims 1 to 6 for use as a medicine.

10. A compound having the formula :
Rl
o)

{]
H—-ND—N—-—C R @
&3

0)
\A

a N-oxide form, a saltora stereochemically isomeric form thereof, wherein
A is a radical of formula

-CHp-CHp- ' (a-1),
—CHz-CHz—CHz— _ (a-2), or
-CH2-CH3-CH2-CHp- (a-3),

wherein one or two hydrogen atoms in said radicals (a-1) to (a-3) may be replaced by a
C)-galkyl radical;

R1 is hydrogen or halo;
R2 is hydrogen, amino, mono or di(Cj.galkyl)amino or Cj_galkylcarbonylamino; and
R3 is hydrogen or Cj.galkyl.

"11. A process for preparing a compound of formula (I) as claimed in any of claims 1 to 6,

characterized by :

a) N-alkylating a piperidine of formula H-D (1) with an intermediate of formula L-W
(I11), wherein W is a reactive leaving group and L is as defined under formula (I), in a
reaction-inert solvent, optionally in the presence of a base and/or an iodide salt;
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wherein R3 and L are as defined under formula (I) with a carboxylic acid of formula .
Rl
"
HO—C R?
o

or a functional derivative thereof, wherein R1, R2 and A are as defined under formula
(D) in areaction-inert solvent, optibnally in the presence of a reagent capable of forming
amides;

¢) reductive N-alkylating an intermediate of formula H-D (II) with a ketone or

-aldehyde of formula L'=0 (VI), wherein L'=0 is a compound of formula L-H wherein

two geminal hydrogen atoms in the Cj.galkanediyl or C3.gcycloalkanediyl moiety are

replaced by =0, in a reaction-inert solvent;

d) reacting an intermediate of formula R3-2W1 (VII) or R3-2X-H (VII) wherein
R3-ais aryl or Het, with a piperidine of fomn_:la HX-Alk-D (I-b-2-a) or W2-Alk-D,
wherein Alk and X are as defined under formula (I) and W1 and W2 are both reactive
leaving groups in a reaction-inert solvent, thus yielding a compound of formula
R¥4X-Al-D (I-b-2-b);

€) reacting an amine of formula R9-NH-R10 (XT) wheorein R? and R10 are as defined

1l
under formula (I) with an intermediate of formula W*—C—Y—Alk—D (X) wherein W3 is
a reactive leaving group and Y and Alk are as defined under formula (1), in a reaction-
inert solvent, thus yielding a compound of formula

R9\ 0
N-—C—Y—-Alk—D I-b-4 ;
10/
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f) reacting an amide of formula | , ,"’I" ,l"" ml m '",
R9 O
O NG o)
Rlo/

wherein R? and R10 are as defined under formula (I) and W4 is a reactive leaving
group, with an amine of formula H-NR8-Alk-D (XIII), wherein R8 and Alk are as
defined under formula (I), in a reaction-inert solvent, thus yielding a compound of

formula
R 0
: >N_—-C-NR3—A11<-D (-b-4-a)
Rlo

g) reacting a carboxylic acid of formula R7-COOH (XIV) wherein R7 is as defined
under formula (I) with an amine of formula HNR8-Alk-D (XTIT) wherein R8 and Alk are
as defined under formula (I) in a reaction-inert solvent thus yielding a compound of }
formula

n
R’—C—NR3-Alk—D (-b-3-a) ;
h) reacting a piperidine of formula H—D () with an intermediate of formula

R4-2.Cy_galkenediyl-H (XV), wherein R4-2 is cyano, aryl or Het in a reaction-inert
solvent, thus yielding a compound of formula R4‘a-C2-6a1kanediy1-D (I-b-1);

i) reacting a piperidine of formula H-D (II) with an epoxide Rs‘bA XVD)
wherein R3-Pis Hor Ci.6alkyl in a reaction-inert solvent, thus yielding a compound of
formula HO-CH(R-D)-CHp-D (I-b-2-c);

and D represents the radical

o
n
R

* 4 L ] S *
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wherein R1, R2, R3 and A are as defined under formula (I) or optionally convemng thc
compounds of formula (I) into each other following art-known functional group
transformation procedures, and, if desired, converting a compound of formula (I) into a
therapeutically active non-toxic salt by treatment with an appropriate acid or conversely,
converting the salt form into the free base form with alkali; and/or preparing N-oxide
forms and stereochemically isomeric forms thereof. '

______________________,___—-—
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