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QUINUCLIDINE DERIVATIVES AND
- MEDICINAL COMPOSITION THEREOF

TECHNICAL FIELD

This invention relates to medicines, pasticularly quinucli-
dine derivatives or their salts, or quaternary ammoniuim salts
having muscarinic receptor antagonistic activities and also
to pharmaceutical compositions containing such com-
pounds.

BACKGROUND ART

Studies have been made on the muscarinic recepior, and
it is known that compounds having muscaritic receptor
antagonistic activities cause bronchodilation, suppression of
gastrointestinal motility, suppression of acid secretion, dry
mouth, mydriasis, suppression of bladder contraction,
hypohidrosis, tachycardia, or the like. 1t'is known that the
muscarinic receptor includes at least three subtypes. The M,
receptor mainly exists in the brain or the like, the M,
receptor in the heart or the like, and the M receptor in the
smooth muscles or gland tissues.

A pumber of such compounds having muscarinic receptor
antagomsnc activities are hitherto known and, for example,
atropine is a typical example (“The MERCK INDEX,
ELEVENTH EDITION”, p. 138). However, atropine
antagonizes the My, M, and M, receptors non-selectively, so
that it is difficult to use it for the treatment of a specific
disease. In recent years, according to the progress of the
studies on the subtypes of the muscarinic receplor, com-
pounds having selective antagonistic activities against the
M,, M, or M; receptor have been investigated (an unexar-
ined pubhshed British Patent Application No. 2,249, ,003, an
unexamined published Japanese Patent Application (kokai)
1-131145, and an unexamined published Japanese Patent
Application (kokai) 3-133980). There is a demand for a
compound having selective antagonistic activity aga.msl
muscarinic M, receptor among these three subtypes and is
free from the cardiac side effects resulting from the M,
receptor.

The compound represented by the following general
formula is described in an unexamined published Japanese
Patent Application (kokai) 62-252764.

Rs /CO—"L""Z
E\\ N R
/< Y
Ry X
Rz

(wherein L represents NH or O;

X and Y each independently represents a hydrogen atom
or a C,_4 alkyl group or they may be combined together
to form a bond;

R, and R, each. independently represents a hydrogen
atom, a Cy_¢ alkyl group . . . (omission) . . . ;

R; and R, each independently represents a hydrogen
atom, a halogen atom, CF;, a C, ¢ alkyl group .. .
(omission) . . . , a phenyl group, an amino group which
may optionally be N-substituted by one or two groups
selected from phenyl, C,_¢ alkyl groups or may option-
ally be N-disubstituted by C,, polyethylene . . .
(omission) . . . ;
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The compound described in the above patent literature is
dlscloscd as a 5-HT antagonist and no disclosure about the
muscarinic receptor antagonistic activity is found. The
above compound is cleasly distmgmshed from the com-
pound according to the prescm invention in phanmacological
effects.

DISCLOSURE OF THE INVEN"ITION

The inventors of the present a;iplicatiou have carried out
extensive studies on compounds having the above-described

_muscarinic M, receptor aptagonistic activities. As a result,

we created novel quinuclidine derivatives having a basic

. skeleton different from that of the conventional compound,
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and found that such. compauuds have excellent selective
antagomsuc activily against musCarintic M, receptor, result-
ing in the completion of the present invention.

Thus, the compounds of the present invention relate to
quinuclidine derivilives represented by the following gen-
eral formula (I); their salts, or quaternary ammoniom salis;
pharmaceutical compositions comprising said compounds or
salts thereof and pharmaceutically acceptable carriers, par-
ticularly to muscarinic M, recéptor antagonists.

®

X

{symbols in the formula have the following meanings:

Ring A:an aryl group, a cycloalkyl group, a cycloalkenyl
group, a heteroaryl group having 1 to 4 betero atoms
selected from the group consisting of an oxygen atom,
a nitrogen atom and a ‘sulfur atom or a 5- 1
7-membered saturated heterocyclic group, wherein said
ring may be substituted by an optional substituent;

X: a single bond or a methylene group;

R: a halogen atom, a hydroxy! group, a lower alkoxy
group, a carboxyl group, a lower alkoxycarbonyl
group, a lower acyl group, a mercapto group, a lower
atkylthio group, a sulfonyl group, a fower alkylsulfonyl
group, a sulfinyl group, a lower alkylsulfinyl group, a
sulfonamido group, a lower alkanesulfonamido group,
a carbamoyl group, a thiccarbamoyl £roup, a YRODO- OF
di-lower alkylcarbamoyl group, a nitro group, a cyano
group, an amino group, a mono- or di-lower alkylamino
group, a methylenedioxy group, an ethylenedioxy
group or a lower alkyl group which may be substituted
by 2 halogen atom, 2 hydroxyl group, a lower alkoxy
Sroup, ap aMino group of & Mono- oz di-lower alky-
lamino group;

:0ort,

m: 0 or an integer of 140 3, and
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n: an integer of 1 or 2, heremaﬁet the same apply
similarly)
Among the componnd (I) of the present invention, par-
ticularly preferred compounds are quinuclidine derivatives
wherein the ring A represents an aryl group, a cycloalkyl

4A

diseases. (e.g., chronic obstructive pulmonary dxseases,

- chronic bronchitis, asthma -and rhinitis).

group, a cycloalkenyl group, a heteroaryl group having 1 to .

4 hetero atoms selected from the-group conpsisting of an
oxygen atom, a nitrogen atom and a sulfur atom or a 5- to
7-membered saturated heterocyclic group, in which such a
ring may be substituted by a substituent selected from the
group consisting of a halogen atom, a hydroxyl group, a
lower alkoxy group, a carboxyl group, a lower alkoxycar-
bonyl group, a Jower acyl group, a mercapto group, a lower
alkylthio group, a sulfonyl group, a lower alkylsulfonyl
group, a sulfinyl group, a lower alkylsulfinyl group, a
sulfonamido group, a lower alkanesulfonamido group, a
carbamoyl group, a thiocarbamoyl group, a mono- or
di-lower alkylcarbamoyl group, a nitro group, a cyano
group, an amino group, a mono-or di-lower alkylamino
group, a methylenedioxy group, an ethylenedioxy group,
and a lower alkyl group which may be substituted by a
halogen atom, a hydroxyl group, a lower alkoxy group, an
amino group or a mono- or di-lower alkylamino group, and
their salts, or quaternary ammonium salts;
quinuclidine derivatives wherein R represents a halogen
atom, a lower alkyl group, a hydroxyl group, a lower
alkoxy group, a nilro group, a cyano group, an amino
group or a mono- or di-lower alkylamino group, and the
ring A represents an aryl group, 2 cycloalkyl group, a
cycloalkenyl group, a 5- or 6-membered monocyclic
heteroaryl group having 1 to 4 hetéro atoms selected
from the group consisting of an oxygen atom, a nitro-
gen atom and a sulfur atom or a 5- to 7-membered
saturated heterocyclic group, in-which such a ring may
be substituted by a halogen atom, a Jower alky! group,
a hydroxyl group, a lower alkoxy group, a nitro group,
a Cyano group, an amino group or a mono- or di-lower
alkylamino group, and their salts, or quaternary ammo-
nium salts;
quinuclidine derivatives wherein m is 0, and the ring A
represents an aryl group, a cycloalkyl growp or a
cycloalkenyl group which may be substituted by a
halogen atom, a lower alkyl group, a hydroxyl group or
a lower alkoxy group, or a 5- or 6-membered mono-
cyclic heteroaryl group having 1 to 4 hetero atoms
selected from the group consisting of an oxygen atom,
a nitrogen atom and a sulfur atom, and their salts, or
quaternary ammonium salts;
quinuclidine derivatives wherein the ring A sepresents a
phenyl group which may be substituted by 2 halogen
atom or a lower alkyl group, a cycloalkyl group, a
pyridyl group, a furyl group or a thienyl group, and
their salts, or quaternary ammonium salts;

quinuclidine derivatives wherein X represems a single
bond, and their salts, or quaternary ammomum salts;
and

quinuclidine derivatives wherein n is 2, and their salts, or

quaiernary ammonium saits.

The present invention also provides muscarinic M; recep-
tor antagonists which comprise quinuclidine derivatives (I)
or their salts, or quaternary ammonium salts, that is, the
compound (I} of the present invention and pharmaceutically
acceptable carriers, preferably agents for the prevention
andfor treatment of urinary discases (e.g., neurogenic
pollakiuria, neurogenic bladder, nocturnal enuresis, unstable

Hereinafter, the compound (I} of the present invention
will be described in detail.

Different from the conventional muscarinic M, receptor
antagonist, the compound (I) of the present invention is

- structurally characterized in that it has as a basic skeleton a

10
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tetrabydroisoquinoline skeleton (1a) or- isoindoline skelgton
{Ib) havmg a qnmnchdmyioxycarbunyl group, etc. bonded

‘o the nitrogen atom in the ring as shown below.

(i)

()

Funhetmore, the compound B ofthe present invention is
characterized in that it haé ring A, that is, 2 cyclic group

" selected from an aryl group, a cycloalkyl group, a cycloalk-
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bladder, cystospasm and chronic cystitis), or respiratory |

enyl group, a heteroaryl group’ haying 1 (o 4 Betero atoms
selected from the group consisting of an oxygen atom, a
nitrogen atom and a sulfur atom or a 5~ to 7-membered
saturated heterocyclic group, at the 1-position of the tet-
rahydroisoquinoline or isoindoline through X.

Unless otherwise specified, the term “lower” s used in
the definition of the general formula ‘in this spcclﬁcanon
means a linear or branched carbon chain having 1 to 6
carbon atoms. Accmdmgly, the “lower alkyl group” means
linear or branched alkyl group having 1 to & carbon atoms.
Specific examples include methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, l-methylbutyl, 2-methylbutyl, 1,2-
dimethylpropyl, hexyl, ischexyl, 1-methylpentyl,
2-methylpentyl, 3-methylpentyl, 1,1-dimethyibutyl, 1,2-
dimethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3
dimethylbutyl, 3,3-dimethyibutyl, I-ethylbulyl,
2-cthylbutyl, l,l,Z-tnmethylpmpyl, 1,2,2-trimethylpropyl,

1-ethyl-1-methylpropy! and 1-ethyl-2-methylpropyl groups.

Among these groups, alkyl groups having 1 to 4 carbon
atoms such as methyl, ethyl, propyl, mopropyl and butyl
groups are preferred, and a methyl ‘group is more preferred.

The “aryt group” means aromatic hydrocarbon groups and
preferably aryl groups having 6 to 14 carbon atoms. Specific

- examples include ‘phenyl, naphthyl, indenyl, antbryl and

phenanthryl groups, and 2 phenyl group is more preferred.

Examples of the “cycloalkyl group” include those having
3 to 8 carbon atoms, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclobeptyl and cyclooctyl.
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Among these groups, cyclopropyl, cyclobutyl, cyclopentyl
and cyclohexyl groups are preferred, and a cyclobexyl group
is more preferred.

Examples of the “cycloalkenyl group” include those hav-
ing 3 to 8 carbon atoms such as 1-cyclopropenyl,
2-cyclopropenyl, i-cyclobutenyl, 2-cyclobutenyl,
1-cyclopentenyl, 2-cyclopentenyl, 3-cyclopentenyl,
1-cyclohexenyl, 2-cyclohexenyl, 3-cyclohexenyl,
1-cyloheptenyl, 2-cycloheptenyl, 3-cycloheptenyl,
4-cycloheptenyl, 1-cyclooctenyl, 2-cyclooctenyl,
3-cyclooctenyl, 4-cyclooctenyl, 2,4-cyclopentadienyl, 2,5-
cyclohexadienyl, 2,4-cycloheptadienyl, and 2,6-
cycloheptadienyl.

The “heteroaryl group containing 1 to 4 hetero atoms
selected from the group oonslsung of an oxygen atom, a
nitrogen atom and a sulfur alom™ means a 5- or 6-membered
be!emary} group which may be condensed with a benzene
ting. Specific examples include 5- or 6-membered monocy-
clic heteroaryl groups containing 1 to 4 hetero atoms
selected from the group consisting of an oxygen atom, a
pitrogen atom and 2 sulfur atom, such as furyl, thienyl,

pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl,
isothiazolyl, isoxazolyl, pyridyl, pyrazinyl, pyrimidinyl and
pyridazinyl groups; and 5- or 6-membered heteroaryl groups
condensed with a benzene ring, such as indolyl, indazolyl,
indolizinyl, guinolyl, quinazolinyl, quinolizinyl,
quinoxalinyl, cinnolinyl, benzimidazolyl, benzofuranyl,
dihydrobenzofuranyl, benzoisoxazolyl, benzooxazolyl, ben-
zothiazolyl and benzothienyl groups.

Among these groups, preferred are 5- or 6-membered
monocyclic heteroaryl groups containing 1 to 4 hetero atoms
selected from the group consisting of an oxygen atom, a
nitrogen atom and a sulfur atom, and furyl, thienyt and
pyridyl groups are more preferred.

The “5- to 7-membered saturated heterocyclic gronp”
means a 5-, 6- or 7-membered saturated heterocyelic group
containing 1 1o 2 oxygen, nitrogen and/or sulfur atoms.
Specific examples include pyrrolidinyl, imidazolydinyl,
piperidinyl, piperazinyl and morpholinyl groups.

The “aryl group”, “cycloalkyl group”, “cycloalkenyl
group”, “heteroaryl group containing 1 to 4 hetero atoms
selected from the group consisting of an oxygen atom, a
nitrogen atom and a sulfur atom™, “5- or 6-membered
monocyclic heteroaryl group containing 1 to 4 hetero atoms
selected from the group consisting of an oxygen atom,.a
nitrogen atom and a sulfur atom” or “5- to 7-membered

6
hydroxyl group and a lower alkoxy group are still more

-~ preferred; and a halogen atom-and a lower alkyl group are -

a2

particularly preferred.

Examples of the halogen-atom include fluorine, chlorige,
bromine and iodine, When the substituent is a halogen atom,
the number of the substituents is not particularly lmited.
Whea two or more halogen- atoms are substituted, any
combination of the above atoms is possible. Examples of the
balogen atom-substituted lower alkyl group include
fluoromethyl, chloromethyl, bromomethyl, iodomethyl,

1-fluoroethyl, 1-chioroethyl, 1-bromoethyl, 2-chioroethyl,
2-bromoethyl, dichloromethyl, trifinoromethyl,
trichloromethyl, tribmmomethyl, triiodomethyl and dichlo-
robromomethyl Among these groups, a trifluoromethyl
group is preferred.

Examples of the “lower alkoxy group” include methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentyloxy (amyloxy), isopentyloxy, tert-
pentyloxy, neopentyloxy, 2-methylbutoxy, 1,2-
dimethylpropoxy, l-ethylpropoxy and hexyloxy. Among

* these groups, lower alkoxy groups containing an alkyl group

25
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saturated heterocyclic group” as the group A may be subs

stituted by an optional substituent. The number of the
substituent is not limited to one but may be plural. Any
group that can substitute for such a ring can be employed as
the optional substituent. Preferred examples include a halo-
gen atom, a hydroxyl group, -a lower alkoxy group, a
carboxyl group, a lower alkoxycarbonyl group, a lower acyl
group, a mercapto group, a lower alkylthio group, a sulfonyl
group, a lower alkylsulfonyl group, a sulfinyl group, a lower
alkylsulfinyl group, a sulfonamido group, a lower alkane-
sulfonamido group, a carbamoyl group, a thiocarbamoyl
group, a mono- or di-lower alkylcarbamoyl group, a nitro
group, 1 Cyano group, an amino group, a mono- or di-lower
alkylamino group, a methylenedioxy group, an ethylene-

50
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dioxy group and a lower alkyl gronp which may be substi-

tuted by a halogen atom, a hydroxyl group, a lower alkoxyl
group, an amino group or a mono- or di-lower alkylamino

group; a halogen atom, a lower alkyl group, a hydroxyl

group, a lower alkoxy group, a.nitro group, a cyano group,
an amino group and a mono- or di-lower alkylamino group
are more preferred; a halogen atom, a lower alkyl group, a

&5

‘methylsulfinyl,

having 1 to 4 carbon atoms, such as methoxy, ethoxy,
propoxy and butoxy are préferred, and methoxy and ethoxy
groups are more preferred.

Examples of the lower. alkoxycarbonyl group include
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
isopropoxycarbonyl, butoxycarbonyl, isobuioxycarbonyl,
sec-butoxycarbonyl, tert-butexycarbonyl, peniyloxy
(emyloxy)carbonyl, isopentyloxycarbouyl, tert-
pentyloxycarbonyl, neopentyloxycarbonyl,
2-methylbutoxycarbonyl, 1,2-dimethylpropoxycarbonyl,
1-ethylpropoxycarbonyl and hexyloxycarbonyl.

Examples of the “lower acyl group” include formyl,
acetyl, propionyl, butyryl, valeryl and pivaloyl, and formyl,
acetyl and propionyl are preferred.

The “lower alkylthio group” means a mercapto group of
which hydrogen atofn has been substituted by the above-
exemplified lower alkyl group; such as methylthio,
ethylthio, propylthio, isopropylthio, butylthio, pentylthio
and hexylthio groups.

Examples of the “lower alkylsulfonyl group” include
methylsulfonyl, ethylsulfonyl, propyisulfonyl,
isopropylsulfonyl, buylsulfonyl, _pentylsulfonyl and hexyl-
sulfonyl.

Examples of the “Jower alkylsulfinyl group” include
“ethylsulfinyl, propylsulfinyl,
isopropylsulfinyl, butylsulfinyl, pentylsulfinyl and hexyl-
sulfinyl.

Examples of the “IGWer alkanesulfonamxdo group”
include methanesulfonamido, ethanesuifonamido,
propanesulfonamido, isopropanesulfonamido,
butanesulfonamido, penfanesuifonamide and hexane-
sulfonamido.

The “mono- or di-lower alkylcarbamoyl gronp” means a
carbarnoyl group in which one or two hydrogen atom(s)
bave been substituted by the above-exemplified lower alkyl
group(s), such as methylcarbamoyl, ethylcarbamoyl, propy-
Icarbamoyl and dimethylcar-basnoyl groups.

The “mono- or di-lower alkylamiso group” means an
amino group in which one or' two hydrogén atom(s) have
been substituted by the above-exemplified lower alkyl group

(s), such as methylamino, ethylamino, propylamino,

dimethylamino, diethylamino and dipropylamino groups.
The term “lower alkyl group whick may be substituted by
a halogen atom, a hydroxyl group, a lower alkoxy group, an

. amino group or a mono- or di-lower alkylamino group”

means a lower alkyl group in which at least one optional
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hydrogen atom has been substituted by a halogen atom, a
hydroxyl group, a lower alkoxy group, an amino group ora
mono- or di-lower alkylamino group, The lower alkylgroup
substituted by a halogen atom is as described in the above
description of the halogen atom.

The compound {I) of the present invention contains a
quinuclidinyl group. The nitrogen atom of the quinncﬁdinyl
group may form oxide (I=1) or quaternary aramonfum salt.
Where a quaternary ammonium salt is formed, specific
examples of the group bound to the nitrogen -atom include
lower alkyl, lower alkeny! and Jower alkynyl.

The term “lower alkeny” as used herein means a linear or
branched alkeny! group having 2 to 6 carbon atoms, such as
vinyl, propenyl, butenyl, methylpropenyl, dimethylvinyl,
pentenyl, methylbutenyl, dimethylpropenyl, ethylpropenyl,
hexenyl, dimethylbutenyl and methylpentenyl. Among these
groups, a propenyl group is preferred.

The “lower alkynyl group” means a linear or branched
alkynyl group having 2 to 6 carbon atoms, such as ethynyl,
propynyl, butynyl, methylpropynyl, pentynyl, methylbuty-
nyl and hexynyl groups. Among these groﬁps, alkynyl
groups having 2 to 3 carbon atoms such as ethynyl and
propynyl are preferred.

5
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The anion for the quaternary ammonium salt is not -

particularly limited and the examples include jons of a
halogen atom, triflate, tosylate and mesylate, preferably ions
of a halogen atom, ie. halide ions (e.g., chloride ion,
bromide ion, iodide ion and trijodide ion). Examples of other
anions include inorganic anions such as nitrate ion, sulfate
ion, phosphate ion and carbonate ion, carboxylates sach as
formate (HCOO™), acetate (CH,COO"), propionate, oxalate

and malonate, and amino acid anions such as glutamate. -

Among the halide ions, bromide ion and iodide ion are
preferred. Incidentally, the anion can be converted into a
preferable anion as needed by the ordinary ion exchange
reaction.

The compound (I) of the present invention contains an
asymmetric carbon atom so that there exist opucal Isomers
based on it. In addition, some of the invention oompounds
have stereoisomers or tautomers. The present invention also
embraces diastereomers and enantiomers obtained by the
separation of the above isomers as well as mixtures thereof.

Some of the compounds (I) of the present invention can
form salts with an acid as well as the above-described
quaternary ammonium salts with a quinuclidyny! group.
Examples of such salt include acid addition salts with a
mineral acid such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, nitric acid or phosphoric acid;
and those with an organic acid such as formic acid, acetic
acid, propionic acid, oxalic acid, malonic acid, suecinic acid,
fumaric acid, maleic acid, lactic acid, malic acid, citric acid,
tartaric acid, carbonic acid, picric acid, methanesulfonic
acid, ethanesulfonic acid or glutamic acid. The compounds
(1) of the present invention also embrace hydrates, solvates
with ethanol or the like, and substances in any polymor-
phism crystals.

(Preparation Process)

The compound (I} of the present invention can be pre-
pared in accordance with various processes. The typical
preparation processes are explained below.

30

3
F:rst Preparatxon Method

0‘ Ho-~—

ng A (n

(CTZ)” .
e

H

(Rym ——

(in the formula, Q' represents a leaving group which is
s advantageous in the present reaction, and ring ARX m
S and p have the same meanings as defined above. Heremaftcr,
the same will apply similarly).

This reaction is’ carried out by stirriog the corapound
represented by the general formula () and quinuchidinol
represenjed by the general formula (11} in an amount
corresponding to the reaction in an ined solvent al room
temperature or under heating.

The leaving group Q' embraces, for example, a halogen
atom, a lower alkoxy group, 2 phcnoxy group and an
imidazoly! group. -

Examples of the inert solvent inclade dimethylformamide
(DMF), dimethylacetamide, tetrahydrofuran (THF),

" dioxane, dimethoxyethane, diethoxyethane, benzene, tolu-
- enc and xylene and mixed solvents thercof.

40
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It is preferable to add a base (e.g., sodium, sodium
hydride, sodium methexide and sodium ¢thoxide) in order to
accelerate the present reaction.

Second Preparation Method

©
N
s St /u\ 7
(Rym—— S @ O
V3
x
-
(Gl (“
(Rpn = N\‘I/o——*@
o
@y

‘x
(wherein the ring A, R, X, m, n and Q" have the same
meanings as defined above.)

This reaction is carried out by stirring the compound
represented by the general formula (IV) and-the compound

Patent provided by Sughrue Mion, PLLC - hitp:fiwww sughrue.com
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represented by the general formula (V) in the above-

- described inert solvent at room temperature or under heat- -

ire.

10

treatment of urinary incontinence, pollakinria, chronic

- obstnictive pulmonary. diseases, chronic bmnchms, asthma

it is preferable to add a base (e.g., sodium, sodium '

hydride, sodium methoxide, sodium ethoxide, tricthylamine
and pyridine) in order to accelerate the present reaction.
(Other Preparation Methods)

Among the compounds of the present invention, a com-
pound in which the nitrogen atom of the quinuclidinyl group
forrms oxide or a quaternary ammonium salt can be prcpared
by N-oxide formation or N-alkylation of a tertiary amine
compound in the compounds of the present invention.

The N-oxide formation reaction can be carried out by the
oxidation reaction in a conventional manner, more
specifically, by stirring a tertiary amine compound in the
compounds of the present invention and a corresponding
amount or excess amount of oxidizing agent in an inert
solvent such as chloroform, dichloromethane or
dichloroethane, an alcohol such as methanol or ethanol or
water or a mixed solvent thereof under cooling or at room
temperature, or in some cases under heating. Examples of
the oxidizing agent include organmic peracids such as

m-chloroperbenzoic acid, sodium periodate and hydrogen
peroxide.

The N-alkylation reaction can be carried out in accor-
dance with the conventional N-alkylation reaction, more
specifically by stirring a tertiary amine compound in the
compound of the present invention and a corresponding
amount of an alkylating agent in an inert solvent such as
dimethylformamide, chloroform, benzene, 2-butanone,
acetone or tetrahydrofuran uader cooling or a room
temperature, of in some cases under heating.

Examples of the alkylating agent include lower alkyl
halides, lower alky! trifluoromethanesulfonates, lJower alkyl
p-toluenesulfonates and lower alkyl methanesulfonates,
preferably lower alkyl halides.

" or thinitis,
The affinity and amagonum of the compound of the

" present invention for the muscarinic receptor was confirmed

by the following tests.
Muscarinic Receptor Binding Test (io vitro)

a. Preparation of Membraries

From a male Wistar rat (Japan SLC), tbe heart and
submandibular gland were excised, mixed with a 20 mM
HEPES buffer (pH 7.5, which will' hereinafter be abbrevi-
ated as “HEPES buifcr") containing 5 times the volume of
100 mM sodium chioside and 10 mM magnesium chloride
was added, followed by homogenization under ice-cooling.
The resulting mixture was filtered through gauze, followed
by uliracentrifugation at 50, ,000xg and 4° C. for 10 winutes.
The precipitate obtained was suspended in an HEPES buffer,
followed by further uItraeenmfugauon at 50,000xg and 4°
C. for 10 minutes. The precipitate obtained was suspended

. in an HEPES buffer. The resulting suspension was stored at

25

-80° C, and provided for the test after.melting upon use.

b. Muscarinic M, Receptor Binding Test

The test was carnied out in accordance with the method of
Doods et al. (J. Pharmacol. Exp. Ther., 242, 257-262, 1987)
with some modifications. The cardiac membrane sample,
FH}qumuchdmyl benzilate and the test compound were
incubated in a 0.5 ml HEPES buffer a1 25° C. for 45 minutes,
followed by suction filtration through a glass filter
(Whatman GF/B). The filter was washed three times with 5

- ml portions of an HEPES buffer. The radioactivity of the

PH}-quinuclidiny] benzilate adsorbed on the filter was mea-
sured by a liquid scintillation counter. Tocidentally, nonspe-

. cific binding of the receptor was determined by the addition

35

For the preparation of the compound of ‘the present -

invention, it is sometimes necessary to protect.a functional
group. In such a case, introduction of a proper protecting
group and deprotection operation in a conventional manner
are carried out additionally.

The compound of the present mventlon so prepared is
provided as is in the free form, or after subjected to the salt
formation treatment in a conventional manner, it is isolated
and purified as its salt. Isolation and purification are carried
out by the ordinary chemical operation such as extraction,
concentration, evaporation, crystallization, filtration, recrys-
tallization or a varicty of chromatography.

Industrial Applicability

The compound of the present invention bas affinity and
selectivity for the muscarinic M; receptor and, as an M,
receptor antagonist, it is useful as an-agent for prevention or
treatment of various M, receptor«related diseases, particu-

larly urinary diseases such as urinary incontinence or pol- :

lakiuria in neurogenic pollakiuria, newrogenic bladder, noc-
turnal epuresis, unstable bladder, cystospasm or chronic

cystitis; respiratory diseases such as chronic obstructive

pulmonary diseases, chronic bronchitis, asthma or rhinitis;
or digestive diseases such as irritable bowel syndrome,
spaslic colitis or diverticulitis.

In particular, the compound of the present invention has
high selectivity for the M, receptor. existing in the smooth
muscle or gland tissues compared with the M, receptor
existing in the heart or the like, so that it has high wtility as
an M, receptor antagonist having less side effects on the
heart or the like, particularly as an agent for prevention or

40
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of 1 uM atropine. The binding of the compound of the
present invention for the muscarinic M,receptor was deter-
mined from a dissociation constant (Ki) calenlated, in accor-
dance with Chen and Prusoff (Biochem. Pharmacol. 22,
3099, 1973), based on the concentration (1C,,) of the test
compound at which 50% of the binding of the [*H}
quinuclidinyl benzilate, that is, a labeled hgand was inhib-
ited.

¢. Muscarinic M, Receptor Binding Test

In & similar manner to the above muscaritic M, receptor
binding test except that the submandibular gland was used as
a membrane sample and. fH}-N-methylsco;aotamme was
used as a labeled ligand, a muscarinic M, receptor binding
test was carried out.

Results: The compound (1) of the present invention had a

" Ki value of from 10°% to' 107%° for M, receptor, which

50

suggested that the affinily for M, receptor was at least 10/
times as high as that for M,, receptor.
Muscarinic Receptor Antagomsm Test (in vxvo)

a. Test on Rhythmic Bladder Contraction in Rat

A female Wistar rat (130200 g) was subjected to ure-

thane anesthesia (1.0 g/kg s.c.), followed by ligation of the

ureter on the kidney side. A urethral catheter was allowed to
remain in the biadder, and about 1.0 ml of physiclogical
saline was injected into the bladder through the catheter to
cause rhythmic bladder contraction. Intravesical pressure
was measured by, a pressuré transducer. After rhythmic

. contraction continued stable for at Jeast 5 minutes, the test
.compounnd was cumutauvely administered from the external

jugular vein. Five to ten minutes later, the intravesical

. pressure was measured. An inhibition ratio of bladder con-

traction was determined compared with the bladder contrac-
tion before administration of the test compound and the dose
of the test compound required for 30% inhibition of the
bladder contraction before administration was designated as
ED,,.
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As a result of the test, the compound of the present
invention showed good ED,, value.

b. Test on Salivary Secretion in Rat

Amale Wistar rat (160-190 g) was subjected to anesthesia
with urethane (0.8 g/kg i.p.), and the test compound was
administered (to the control group: solvent). Fifteen minutes

later, 0.8 sanol/kg of oxotremorine was. administered. In-

each case, the drug was adminisiered through its femoral
artery. The saliva secreted for 5 minutes after the adminis-
tration of oxotremorine was collected and weighed. The
inhibition ratio against the amount of saliva in the control
group was determined and the dose of the test compound
required for 50% inhibition of the amount of saliva in the
control group was designated as 1D,

As a result of the test, the D, value of atropine tested as
a comparative compound was substantially the same with
the ED,,, value obtained in the above rat rhythmical bladder
contraction test, while the IDg, value of the invention
compound was at least 5 times as much as the above-
described ED,, value, which suggested that the compound
of the present invention has relatively weak action against
the salivary secretion.

c. Test on Bradycardia in Rat

The tesl was carried out in accordance with the method of
Doods et al. (J. Pharmacol. Exp. Ther., 242, 257-262,
1987). A male Wistar rat (250-350 g) was subjected to
anesthesia with pentobarbital sodivm (50 mg/kg i.p.). The
neck region was excised, followed by the division of right
and left vagus nerves. After a cannula was inserted into a
trachea to secure airway, a stainless rod was inserted from
the orbit and the spinal cord was destroyed. Under artificial

12

- parenterally in the form of an ux.;ectxmz suppository, trans-
. dermal agent, inhalant-or intravesical injection. - -

The dose is optionally determined in each case in cop-
sideration of the conditions, age, sex and the like of the
patient to be administered. In the oral admmwtratlon, the

- daily dose may generally range from aboit 0.01 mg/kg to

100 mg/kg per adult. It is administered once or in 2-4
pomons Where intravencus administration is adopted in
cons’ *eration of the conditions of the patient, the daily dose
may generally range from about 6.001 mg/ki to 10 mg/kg
per adult, once or plural portions per day

Examples of the pharmacentical carrier include nontoxic
solid or liquid pharmaceutical substanees.

Examples of the solid composition for the oral adminis-

" iration include tablets nills, cansules. nowders and oranules

20

2

30

respiration (at 10 cc/kg and 50 times/minute), the rectal

temperature was maintained at 37.5° C. and a heart rate was
mounitored at the common carotid artery. An indwelling
needle was fixed to the femoral artery, from which the drug
was administered. After the destruction of the spinal cord,
the rat was allowed to stand for 15 minutes fo aftain the
equilibrium, followed by the administration of atenolol (10
mg/kg). After the equilibration for additional 15 minutes, the

lest compound was administered. Fifteen minutes later,

oxotremorine was cumulatively administered, thereby the
reduction in the heart rate was measured. The amount of the
test compound required for 10-times rightward shift of the
dose-response curve of the control group was designated as
DR,,.

Results: The compound (1) of the present invention bad
sufficiently low activity against bradycardia and no brady-
cardia was observed at the-admmlslrauon amount of several
mg/kg.

As a result of the above-described muscarinic receptor
binding test (in vitro), it was found that the compound (I} of
the present invention had selectivity and high affinity for M,
receptor. Even in the muscarinic receplor antagonism test (in
vivo), the compound of the present invention showed good
muscarinic M, antagonistic activity but low activity on the
bradycardia having relationship with muscarinic M, recep-
tor. Accordingly, it was found that the componnd (I) of the
present invention has selective antagonistic activity against
muscarinic M; receptor, and furthermore, it has less side
effects such as dry mouth compared with the conventional
anti-cholinergic agent.

A pharmacentical composition containing one or more of
the compounds of the present invention and salts thereof is
prepared using an ordinary pharmaceutically acceptable
carrier.

In the present invention, the administration of the phar-
maceutical composition can be carried out ¢ither orally or

335
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or the like. In such sohd composnwns, ope or more active
substances are mixed with at least one inert diluent such as
lactose, mannito}, glucose, hydroxypropylcelulase, micro-
crystalline cellulose, starch, - p@lyvmylpyrmhdone, agar,
pectin, magnesium metasilicate or magnesiurs aluminate. In
the composition, it is possible to incorporate additives other
than the above inert diluent, for example, a lubricant such as
magnesium stearate, a disiniegrator such’ as ceflulose cal-
cium glycolate, a stabilizer such as lactose, a solubilization
aid such as glutamic acid of aspartic acid in & conventional
manner. A tablet or pill may optienally be coited with sugar
or a film of a gastric or enteric substance such as sucrose,
gelatin, hydroxypropylcclhﬂose ar hydroxypropylmethyl-
cellulose phthalate.

Examples of the lquid-composition for oral administra-
tion include pharmaceutically acceptable emulsions,
solutions, suspensions, syrups and <elixirs which contain a
commonly employed inert diluent such as punﬁed water or
ethanol. The composition-can also contain, in addition to
such an inert diluent, a welting agent, auxiliary agent such -
as suspending agent, sweetener, flavoring agent, aroma
and/or antiseptic.

The injection, for parenteral administration according to
the present invention include a sterile aqueous ¢r nonaque-
ous solution, suspension or emulsion. Examples of the
agueous solution and suspension include distilled water and
physiological saline for imjection. Examp}es of the non-
water-soluble solution or smspepsion include ethylene
glycol, polypropylene glycol, polyethylene glycol, veg-

- etable oils such as cacao butter, olive oil or sesame ofl,

45
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alcohols such as ethanol, gum arsbic and “Polysolvate 80"
(trade name). Such a composition may further contain an
isotonicity agent,-antiseptic agent, wetting agent, emulsify-
ing agent, dispersing agent, stabilizer (for example, lactose)
and/or solubilizing aid (for example, glutamic acid, aspartic

.acid). They are sterilized by, for example, filtration through

a bacteria-retaining filler, ‘incorporation of a sterilizer, or
irradiation. Alternatively, a sterile solid composition which

“has been prepared in advance is dissolved insterile water or

a sterile injection solvent upog use.

BEST MODES FOR CARRYING OUT THE
'INVENTION

The present invention will bereinafter be described in
further detail with reference to the following Examples.
However, the compounds of the present investion should not
be construed as being limited 1o the compounds which will
be described later in Examples bt embrace all the com-
pounds represented by the above fotmula (I} and salts,
hydrates, solvates, geometrical and optical isomers and any
polymorphisin forms of the compound (I).

Incidentally, the starting compounds for the compound of
the present invention include novel compounds and prepa-
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ration examples of such starting compounds will be
described below as Reference Examples.

REFERENCE EXAMPLE 1

To a 130 ml dichloromethane solution \containing 628¢g

triethylamine, 3.1 ml of ethyl chloroformate was added
dropwise under ice-cooling, followed by stirring at room
temperature overnight. The reaction solution was washed
successively with water, 1N hydrochloric acid, water and
brine and then dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure, thereby 10.58
g of ethyl 1-phenyl-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate was obtained as pale yellow oil.

Infrared absorption spectrum vmax(heal)cm : 1700,
1430, 1296, 1230, 1122. Nuclear magnetic resonance spec-
trum (CDCl;, TMS internal standard); &: 1.29 (3H, t, J=7.3
Hz), 2.75-3.45 (3H, m), 3.90-4.40 (1H, m), 4.21 (2H, q,
J=7.3 Hz), 6.38 (1Y, s), 6.95-7.45 (9H, m).

In a similar maoner to Reference Example 1, the com-
pounds of the following Reference Examples 2 1o 14 were
obtained.

REFERENCE EXAMPLE 2

Methyl 1-phenyl-2-isoquinclinecarboxylate
Starting compounds: 1—phenyhsomdolme, methyl chlorofor-
mate

Infrared absorption spectrnm vmax{(KBryem™: 1708,
1460, 1376, 1100 Nuclear magoetic resonance spectrum
(CDCl,, TMS internal standard); & 3.60, 3.72 (3H, sx2),
4.89, 4.96 (2H, sx2), 5.94, 6.03 (1H, sx2), 6.95-7.10 (1H,
m), 7.15-7.35 (8H, m)

REFERENCE EXAMPLE 3

Ethyl 1-(4-pyridyl)-1,2,3,4-tetrabiydro-2-
isoquinolinecarboxylate

Starting compound: 1-(4-pyridyl)-1,2,3,4-
tetrahydroisoquinoline :
Properties: pale yellow oil

Mass analysis (m/z, EI): 282 (M"); Nuclear magnetic
resonance spectrum (CDCl,, TMS internal standard); &: 1.29
(3H, t, J=7.1 Hz), 2.60-3.45 (3H, m), 3.85-4.20 (1H, m),
422 (2H, q,3=7.1 Hz), 6.31 (1H, 5), 7.14'(2H, dd, }=4.4,1.5
Hz), 7.17-7.26 (4H, m), 8.51 (2H, dd, J=4.4, 1.5 Hz)

REFERENCE EXAMPLE 4

Ethyl 1,2,3 4-tetrahydro-1-(2-thienyl)-2-
isoquinolinecarboxylate

Starting compound: 1,2,3,4-tetrahydro-1-(2-thienyl)
isoquinoline
Properties: pale yellow oil

Mass analysis (m/z, EI): 287 (M*); Nuclear magnetic
resonance spectrum (CDCl,, TMS internal standard); 8: 1.32
(3H, t, J=7.3 Hz), 2.65-3.60 (3H, m), 4.00-4.30 (1H, m),
4.23 (2H, q, J=7.3 Hz), 6.53 (1H, s) 6.70-6.95 (2H, m),
7.15-7.30 (5H, m)

REFERENCE EXAMPLE 5

Ethyl 1,2,3,4-tetrahydro-1-(3-thienyl)-2-
isoquinolinecarboxylate
Starting compound: 1,2,3,4-tetrahydro-1-(3-thicnyl)-
isoquinoline
Properties: Orange oil

14
Mass analysis (m/z, FAB): 288 (M*+1); Nuclear magpetic
resonance spectrum (CDCL, TMS internal standard); 5:
1.2-13 (3H, m), 2.7-2.8 (1H, m), 2.9-3.0 (1K, m), 3.1-3.3
(1H, m), 3.9-4.2 (3H, m), 6.2-6.4 (1H, m), 683 (1H, s),

5 6.95-726 (6H, m)
of 1-phenyl-1,2,34-tetrahydroisoquinoline and 3.34 g of

20
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REFERENCE EXAMPLE 6

Ethyl 1-(2-furyl)-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate

Starting compound: 1-(2-furyl)-1,2,3,4-
tetrahydroisoquinoline '

Mass analysis (m/z, EI): 271 (M"); Nuclear magnetic
resonance spectrum (CDCH,, TMS internal standard); 5: 1.30
(34, t, J=6.5 Hz), 2.75-2.85 (1H, m), 2.90-3.10 (1H, m),
3.20~3.50 (1H, m), 4.05-435 (4H; m), 6.00 ‘(1H, s),
6.20-6.45 (2H, m), 7.15-7.25 (4H, m), 7.33 (1H, )

REFERENCE EXAMPLE 7

(1R)-Ethy] 1-phenyl-1,2,3 4-tetrahydro-2-
isoquinolinecarboxylate
Starting compound: (1R)-1-phenyl-1,2,3,4-
tetrahydroisoquinoline )
Elemental analysis (for C,H;,NO,);

- C{%) - HA{%) N (%) -
Caled.: 76.84 6.81 498
Found: 6.82 4.93

76,53

Specific optical rotation [al,*: 1992 (C=1.03,CHCL,)
Mass analysis (m/z, FAB): 282 {(M*+1)

REFERENCE EXAMPLE &

(18)-Ethyl 1-phenyl-1,2,3,4-tetrahydro-2-
isoquinolioecarboxylate
Starting compound: (1S)-1-phenyl-1,2,3,4-
tetrabrydroisoquinoline
Elemental analysis (for C,;H,,;NO,)

C (%) H (%) N (%)
Caled.: 76.84 6.81 498
Found: 76.64 6.82 499

" Specific optical rotation [aPPD%: ~200.9 (C=1.09, CHCL,)

55
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Mass analysis {(m/z, EI): 281 {M*)
REFERENCE EXAMPLE 9

Ethyl 1-(4-chlorophenyl}-1,2,3,4-tetrahydro-2-
‘isoquinolinecarboxylate
Starting compound; 1-(4-chloropheny!}-1,2,3,4-
tetrahydroisoquinoline '
Propertics: Pale yellow oil
Mass analysis (m/z, EI): 315 (M*); Nuclear magnetic
resonance spectrum (CDCl;, TMS Internal standard); &:

-1.29 (3H, t, J=7.0 Hz), 2.70-3.52 (3H, m), 4.00-4.30 (1H,

m), 4.20 (2H, q. J=7.0 Hz), 6.35 (1H, 5), 7.05~7.35 (8H, m)
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REFERENCE EXAMFLE 10

Ethyl 1-(4-fluorophenyl)-1,2,3,4-tétrahydro-2-
isoquinolinecarboxylate

Starting compound: 1-(4-fluoropheanyl)-1,2,3,4-
tetrahydroisoquinoline
Properties: Pale yellow oil

Mass analysis (m/z, FAB): 300(M*+1); Nuclear magnetic
resonance spectrum (CDCl;, TMS internal standard); &: 1.30
(3H, t, J=8.9 Hz), 2.75 (IH dd, ¥=12.5, 34 Hz), 2.9-3.1

(1H, m), 3.1-3.3 (1H, m), 4.0-4.3 (3H, m), 6.2-6.4 (1H, m),

16

Properties: yellow oil

Mass analysis (my/z, FAB): 288 {(M*+1); Nuclear magnetic
resoance spectrum (CDCly, TMS internal standard); 3:
0.70-2.00 (11H, m), 1.26 (3H, t, J=7.3 Hz), 289 (H, 1,
I=7.1 Hz), 325420 2H, m), 4.14 (2H, q, J=7.1 Hz),
4.65-4.95 (1H, m), 7.00~7.30 (4H, m).

6.93-7.03 (3H, m), 7.16-7.24 (5H, m). 1o
REFERENCE EXAMPLE 11 REFERENCE EXAMPLE 14
Ethyl 1,2,3,4-tetrahydro-1-(4-tolyl)-2-
isoguinolinecarboxylate
Starting compound: 1,2,3,4-tetrahydro-1-(4-tolyl) is
isoquinoline ; - -2
lso??ﬁnce nnahmuc lml'r n'\ 208 {M“‘\ Nuclear mggabhn Ethyl lg{&ﬂzﬁi)g;éi;?ﬁ;;e!;::;Ydro 2
resopance spectmm (CDC13 TMS internal standard) 8 SOquInoR 4
1.20-135 (3H, m), 2.30 (3H, s), 2.70-2.80 (1H, m),
2.90-3.10 (1H, m), 3.23 (1H, t, }=10.0 Hz), 3.95-4.30 (3H, ,, «
m), 6.29, 6.41 (1H, brsx2), 7.00-7.25 (8H, m) Starting compouwnd: 1-(3-furyl)-1,2,3,4-
REFERENCE EXAMPLE 12 tetrahydroisoquinoline .
Ethy! i-benzyl-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate Properties: ;
Starting compound: i-benzyl-1,2,3,4- 25 roperties: yellow oil
tetrahydroisoquinoline
Properties: Pale yellow oil . . Mass analysis (m/z, Ely: 271 (M"); Nuclear magnetic
Mass analysis (m/z, FAB): 206 (M*+1); Nuclear magoetic - resonance spectrunm (CDC, TMS internal standard); §: 1.31
resonance specirum {CDCl;, TMS internal standard); & (3H, 1, J=7.0 Ha), 2.55-340 (3H, m), 3.90-4.30 (1H, m),
1.02, 1.23 (3H, tx2, J=7.1 Hz), 2.63-3.20 (4H, m), 422 (OH. a. 3 76/}{ 62 S O m). 6.05-7
330-3.50 (1H, m), 3.75-4.25 (3H, m), 5.27, 5.38 (1H, 12,  +22 (2, ¢, J=7.0H2), 6.20-6.45 (2H, m), 6.95-7.40 (6H,
3=6.8 Hz), 6.85-7.28 (9H, m). m).
REFERENCE EXAMPLE 13 .
Eﬁ]y] 1 —cyclobexyl—1,2,3,4‘tetrahydro-2- 2 The chemical structural formulas of the compounds
isoquinofinecarboxylate obtained in Reference Examples 1-14 are. shown in the
Starting compound: l-cyclohexyl-1,2,3,4- following Tables 1-2. .
tetrahydroisoquinoline
TABLE 1
Reference Reference
Example Example
No. Structural Farmula No. Stroctural Formula
g |
N o
L T s
g}
7
~
CH. o,
3 \'( ~cHq

&
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TABLE 1-continued
Reference Reference
Example Example
No. Structoral Formula . No. Strucral Formula
3 . 8
N. O.
~
Cilis
(¢
v l
=
N
4 9
N Lo}
S~
\ﬂ/ Cols
R o
S
e
5 10
N Q.
\ .
CpHg
/ [e]
s
TABLE Z-continued
45 S
TABLE 2
Reference 56
Example
No. Structural Formula
13 55
60
CH; o
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TABLE 2-continued =~~~ - -

14

e
o}
l

[o]

EXAMPLE 1

To 2 30 ml toluene solution containing 0.70 g of ethyl
1-phenyl-1,2,3,4-tetrahydroisoquinoline-2-carboxylate and
0.41 g of 3-quinuclidinol, 0.03 g of sodium hydride (60%)
was added. The resulting mixture was stirred at 140° C. for
2 days while removing the ethanol formed. The reaction
mixture was cooled o room temperature; brine was added,
and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was removed under reduced pressure. The result-
ing residue was purified by silica gel column chromatogra-
phy {chloroform:methanol=
10:1—chloroform:methanol:28% aqueous ammonias
10:1:0.1), thereby 0.11 g of 3-quinuclidinyl 1-phenyl-1,23,
4-tetrahydro-2-isoquinolinecarboxylate was obtained as
yellow oil. The resulting oil was dissolved in 10 'ml of
ethanol, followed by the addition of 27 mg of oxalic acid.
Then, the solvent was removed under reduced pressure. The
resulting solid was recrystallized from. isopropanol and
isopropyl ether, thereby 0.08 g of 3-quinuclidiny] 1-phenyl-
1,2,3,4-tetrahydro-2-isoquinolinecarboxylate monooxalate
was obtained as colorless crystals.
Melting point: 122-124° C. (i-PrOH-i-Pr,0)
Elemental analysis (for C,sH,¢N,04.0.75H,0)

C H (%) - N (%)
Caled.: 64.43 538 5.01
Found: 64.25 6.15 588

In a similar manner to Example 1, the compound of *
Example 2 was obtained.

EXAMPLE 2

3-Quinuclidinyl 1-phenyl-2-isoindolinecarboxylate
monohydrochloride
Starting compound: methyl 1l-phenyl-2-
isoindolinecarboxylate
Melting point: 164-165° C. (EtOH-Et,0)
Elemental analysis (for C,,H,sN,0,CL1.75H,0)

C (%) H (%) N (%) Ci (%)
Caled.: 63.45 690 6.73 851
Found: 63.54 6.59 6.76 812
EXAMPLE 3

To a 50 ml toluene suspension containing 720 mg of ethyl 6s

1-(4-pyridyl)-1,2,3 4-tetrahydro-2-isoquinolinecarboxylate
and 973 mg of 3-quinuclidinol, 102 mg of sodium hydride

20

{60%) was added at room femperature. The xesuitmg mix-
- ture was heated-under yeflux for 5 hours and 40 minutes -
while the resulting ethanol was removed together with
toluene. The reaction mixture was cooled to room
s temperature, followed by addition of 20 ml of water. The
) resulung ‘mixture was extracted with chioroform. The
organic layer was washed with water and brine, dried over
" anhydrous sodium sulfate and then concentrsted under
reduced pressure.
jo  The resulting residue was punﬁsd by silica gel column
chromatography (chloroform methanol:28% aqueous
aminonia=100:2:1), theréby 827 mg of 3-quinuclidinyl 1-(4-
pyridyl)-1,2,3 4-tetrahydro-2-isoquinolinecarboxylate were
obtained as yellow oil. The resulting oil was dissolved.in 5
ml of ethyl acetate, 2 m! of a 4N hydrogen chloride in ethyl
15 acetate solution was added, The solvent was then removed
under reduced pressure. Ethanol and ether were added to the
residue, and the crude crystals thus obtained was recrystal-
lized from ethanol and ether, thereby 402 mg of
3-quinuclidinyl 1-(4-pyridyD)-1,2,3,4-tetrahydro-2-
20 isoguipolinecarboxylate ehhydmchlonde was obtained as
- pale yellow crystals. :
Melting point: 167-169° C. (B1OH-EL,0)
Elemental analysis (for C,,H,,N,0,Ci,2.211,0)

25

. C (%) H (%) N@®) -~ Ci®
Calod.: 5551 665 883 1490
Found:  55.46 698 8.64 14.84

% In a similar manner to Example 3, the compounds of

Examples 4 to 6 which will be described below were
obtained.

EXAMPLE 4

35 3-Quinuchidiny! 1,2,3,4-tetrabydro-1-(2-thienyl)-2-
isoquinolinecarboxylale monooxalate
Starting compound: Ethyl 1,2,3,4-tetrahydro-1-(2-thienyl)-
2-isoquinolinecarboxylate
Elemental analysis (for C,,H, N,0,S:1.3H,0);

C ) H (%) N S(®)
Caled.: 57.32 5.98 581 6.65
Found: 57.62 6.00 5.84 6.27

Mass analysis (m/z, FAB): 369 (M*+1)
EXAMPLE 5

(1RS,3'R)-3-Quinuclicinyl 1,2,34-tetrabydro-1-(3-
50 thienyl)-2-isoquinolinecarboxylate
Starting compounds: ¢thyl 1,2,3,4-tetrahydro-1-{3-thienyl)-
2-isoquinolinecarboxylate, (3R)-3-quinuctidinol
Properties: Brown oil
Elemental analysis (for C,,H,,N,0,8.0.3H,0);
55

C (%) H (%) N (%) S (%)
Caled.: 67.46 6.63 7.49 8.58
Found: ~ 67.3% 676 7.21 8.46

60
~ Mass analysis (m/z, FAB)Y: 369 (M7+1)
EXAMPLE 6

3-Quinuclidinyl 1-(2-furyl)-1,2,3,4etrahydro-2-
‘isoquinolinecarboxylate
Starting compound: ethyl 1-(2-furyl}-1,2,3 4-tetrahydro-2-
isoquinolinecarboxylate
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Properties: Pale yellow oil
“ " Elemental analysis (for C;,H, N,0,.05H,0); "~ =~

22
Melting point: 212-214° C. (CH,CN-Et,0) .
*~ Blemental analysis (for C,5H, N;0,Cl);

H (%) C1{%)

C (%) H (%) ‘N (%) 5 C (%) N (%)
Calcd.: 69.79 697 775 Calod.: 69,25 682 702 8.89
Found: 70.03 705 7.44 Found:  60.24 6.89 703 897

Mass analysis (m/z, FAB): 353 (M*+1)
EXAMPLE 7

To a 30 m! pyridine solution containing 2.09 g of (1K)-
1-phenyl-1,2,3,4-tetrahydroisoquincline, 2,26 g of
3-quinuclidinyl chloroformate monohydrochloride was
added at room temperature, followed by stirring at 80° C. for
4 hours. Then, 0.12 g of 3-guinuclidinyl chloroformate
monohydrochloride, followed by stimring at 80° C. for 4
hours. Then, 1.01 g of 3~quinuclidinyl chloroformate mono-
hydrochloride was added, and 1he mixture was stirring at 80°
C. for 25 hours. The reaction mixture was concentrated
under reduced pressure. Water was added to the residue,
followed by washing with ethyl acetate twice. The resulting
aqueous layer was adjusted to pH 9 with saturated sodium
hydrogencarbonate aqueous solution, followed by extraction
with ethyl acetate. After the organic layer was dried over
aphydrous sodium sulfate, the solvent was removed under
reduced pressure, thereby 3.02 g of (1R,3'R8)-3'-
quinuclidiny! 1-phenyl-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate was obtained as yellow oil.

Mass analysis (m/z, FAB): 363 (M*+1); Nuclear magnetic
resopance spectrum (DMSO-d,;, TMS internal standard); 3:
1.20-2.00 (5H, m), 2.40-2.95 (6H, m), 3.00-3.60 (3H, m),
3.80-3.95 (1H, m), 4.55-4.70 (1H, m), 6.25 (1H, brs),
7.05-7.35 (10H, m).

EXAMPLE 8

To a 120 ml toluenc suspension containing 12.0 g of
(1R)-ethyl 1-phenyl-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate and 16.27 g of (3R)-3-
quinuclidinol, 1.69 g of sodium hydride (60%) was added at
room temperature. The resulting mixture was heated. for 3
hours while the resulting ethanol was removed ogether with
toluene. The reaction mixture was cooled lo room
temperature, and 50 mi of brinec was added, followed by
extraction wilh ethyl acetate. The organic layer was washed
with water and then extracted with 20% hydrochlotic acid.
The resulting aquecus layer was adjusted to pH 9 to 10 by
adding a 1N aqueous solution of sodium hydroxide, fol-
lowed by extraction with ethyl acetale. The organic layer
was washed with brine, dried over anhydrous sodium sulfate
and then concentrated under reduced pressure. The residue
was dissolved in 140 ml of ethanol, and 10 ml of a 4N
hydrogen chloride in ethyl acetate solution was added to the
resulting solution. The solvent was then removed under
reduced pressure. Acetonitrile and ether were added to the
residue, and the resulting crude crystals were recrystattized
from acetoniirile and ether, thereby 10.1 g of (1R,3'R)-3"-
quinuclidinyl 1-phenyi-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate monohydrochloride was obtained
as colorless crystals.

40"

65

Specific optical rotation [a}5?*: 98.1 (C=1.00, EtOH)
In a similar manter 1o Example 8, the compounds of the
following Examples 9 to' 16 were obtained.

EXAMPLE 9

{18,38)-3"-quinuclidinyl 1-phenyl-1,2,34-
tetrahydro-2-isoguinolinécarboxylate
* monohydrochloride
Starting compounds: (1S)-ethyl 1-phenyi-1,2,3,4-
tetrabydro-2-isoquinolinecatboxylate, (35)-3-quinuclidinol
Melting point: 211-212° C. (EtOH-EL,0)
Elemental analysis (for C,,H,,N,0,CLO.25H,0);

C %) H(%) N (%) <l (%)
Calcd.: 68.48 6.87 654 879
Found: 68.32 6,75 8.54

694

Specific optical rotation [a],?*: ~97.4 (C=0.50, EIOH)
EXAMPLE 10

(18,3'R)-3"guinuctidinyl 1-phenyl-1,2,3.4-
tetrahydro-2-isoquiinclinecarboxylate
monohydrochloride
Starting compounds: (1S)rcihyl 1-phenyl-1,2,3.4-
tetrahydro-2-isoguinolinecarboxylate, {3R)-3-quinuclidinol

Melting point: 195~196° C: (EtOH-Et,0) '
Elemental analysis (for C,3H,,N,0,(1.0.25H,0);

C®  H@® . N®  dA®
Calcd.: 68.48 687 654 879
Found: 68.73 6.88 695 870

Specific optical rotation [a],>*: ~151.2 (C=0.50, EtOH)
EXAMPLE 11

(1R,3'8)-3"-quinuchdinyl 1-phenyl-1,2,3,4-
tetrahydro-2-isoquinolinecarboxylate
menohydrochloride -

Starting compounds: (1R}-ethyl l-phenyl-1,2,3,4-
tetrahydro-2-isoquinolinecarboxylate, (35)-3-quisuclidinol
Melting point: 194-195° C.-(CH,CN-ELO)

Elemental analysis (for C,3H,,N,0,Ch);

C (%) H (%) N {%). Ci (%)
Calod.: 69.25 6.82 7.02 8.80
Found: 69.08 671 6.99 8.91

Specific aptical rotation [a},*: 163.2 (C=0.50, E{OH)



6,017,927

23
EXAMPLE 12

3-quinuclidinyl 1-(4-chlorophenyl)-1,2,3.4-
tetrahydro-2-isoquinolinecarboxylate monofumarate
Starting compounds: 1-(4-chlorophenyl)-1,2,3,4-tetrahydro-
2-isoquinolinecarboxylate
Melting point: 164-166° C. (EtOH-Et,0)
Elemental analysis (for C,;H,oN,0,CLO.5H,0);

C (%) H (%) N (%) Ct (%)
Caled.: 62.13 5.79 5.37 679
Found: 62.19 5.68 523 6.49
EXAMPLE 13

(1RS,3'R)-3'-quinuclidinyl 1-(4-fluorophenyl}-1,2,3,
4-tetrahydro-2-isoquinolinecarboxylate
Starting compounds: ethyl 1-(4-flucrophenyl)-1,2,3,4-
tetrahydro-2-isoquinolinecarboxylate, (3R)-3-quinuclidinol
Properties: colorless oil
Elemental analysis (for C,;H,;N,0,F0.1H,0);

F (%)

C (%) H (%) N (%)
Caled.: 72.27 6.64 7.33 4.97
Found: 72.05 6.63 7.15 499

Mass analysis (m/z, FAB): 381 (M*+1)
EXAMPLE 14

3-quinuclidinyl 1,2,3,4-tetrahydro-1-(4-tolyl)-2-
isoquinolinecarboxylate
Starting compounds: ethyl 1,2,3,4-tetrahydro-1-(4-tolyl)-2-
isoquinolinecarboxylate
Properties: colorless oil
Elemental analysis (for C,,H,4N,0,.0.8H,0);

C (%) H (%) N (%)
Calcd.: 13.74 763 717
Found: 73.96 7.50 6.95

Mass analysis (m/z, FAB): 377 (M*+1)
EXAMPLE 15

3-Quinuclidinyl 1-benzyl-1,2,3 4-tetrahydro-2-
isoquinolinecarboxylate
Starting compound: ethyl 1-benzyl-1,2,3, ,4-tetrahydro-2-
isoquinolinecarboxylate
Properties: pale yellow oil
Elemental analysis (for C, H,;N,0,.05H,0);

C (%) H (%) N (%)
Calced.: 74.18 758 7.26
Found: 7495 7.83 7.18

Mass analysis (m/z, FAB): 377 (M*+1)

5
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20
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EXAMPLE 16
3-Quinuclidinyl 1-cyclohexyl-1,2,3,4-tetrahydro-2-
- isoquinolinecarboxylate

Starting compounds: ethyl 1—cyclohexyl~1,2,3 4-tetrahydro-
2-isoquinolinecarboxylate

Properties: pale yellow amorpbous

Elemental analysis-(for C,,H,,N,0,.0.3H;0);

(%) (%) N (%)
Caled:: 7388 879 7.49
Found: 73.76 875 137

Mass analysis (m/z, FAB): 369 (M*+1)
EXAMPLE 17

In 12 mi of dichloromethane, 1.20 g of (IR,3'R)-3"
quinuclidiny! 1-phenyl-1,2,3,4-tetrahydro-2-

' isoquinolinecarboxylate was di&solved 0.33 g of sodium

hydrogencarbonate and 0.79 g of m-chloropcrbenzoxc acid

- (80%) were added under ice-cooling, followsi by stirring at

25

as

room temperature for one hour. Water was. added to the
reaction mixture and then the mixture was exiracted with
dichloromethane. The organic layer was washed with an
aqueous solution of sodium thiosulfate and then dried over
anhydrous magpesium Sulfate, The solvent was then
removed under reduced pressure, and the residue was puri-
fied by silica gel column chromatography
(chloroform:methanal=20:1), thereby 0.43 g of (1'R,3R)-3-
{[(1'-phenyl-1, 2'3'.4'-tetrahydro-2"isoquinolyljcarbonyl}
oxyJquinuclidine 1-oxide was obtained.

Properties: white arnorphous

Mass analysis (m/z, FAB): 379 (M*+1); Nuclear magnetic
resonance spectrmm (CDCL, TMS intemal standard); &:
1.85-2.15 (3H, m), 2.15-2.35 (2H, m}), 2.75-2.90 (1H, m),

© 2.90-2.95 (1H, m), 3.20-3.50 (6H, m), 3.70-3.80 (1H, m),

45

3.85-4.10 (1H, m), 5.14 (1H, brs), 6.14, 6.43 (1H, brs x2),
7.05-7.40 (9H, m).

EXAMPLE 18
To a 8 ml 2-butanone solution containing 1.04 g of
(1R,3R)-3"-quinuclidinyl 1-phenyl-1,2,3,4-tetrahydro-2-
isoguinolinecarboxylate, 0.18. ml of methyl iodide was

added, followed by stirring at 55° C. for 40 minutes. After
air cooling, the crystals precipitated were collected by

- filiration and then washed successively with 2-butanone and

- diethyl ether, thereby 0.93 g-of (1'R,3R)-1-methyl-3{[(1"-

50

58

60
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phenyl-1',2',3' 4tetrahydro-2'isoguinolylycarbonytjoxy]
quinuclidinium iodide was obtained as colotless crystals.
Melting point: 202-203° C. {2-butanone)

Elemental analysis {(for €, H,.N,0.1)

%) (%) N (%) 1 (%)
Caled.: 5115 5.7 555 25.16
Found: 5717 5.71 551 2515

In a similar manner 1o Example 8, the compound of the
following Example 19 was obtained.

‘EXAMPLE 19

(1RS,3'R)-3"quinuclidinyl 1«(3-{uryl)—1,2,3v -
tetrahydro-2-isoquinolinecarboxylate
Starting compound: ethyl 1~(3—furyl)-1,2,3 A-tetrahydro-2-
isoquinolinecarboxylate
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Mass analysis (m/z, ED): 352 (M*)

25 »
The chemical structural formulas of the compounds
obtained in Examples 1-19 are shown below in Tables 3-5.

Properties: yellow oil
Blemental apalysis (for C,,H,,N.0,;.03H,0);
TABLE 3

Example
No.

Example
No. Structural Formula
1 p s
N\ﬂ/o\@
= o N
(o]
e

SR %T@
S

Structural Formula

L
QRS
T

e
N *2HCL
9

0 .
o\@
N

Coon

|
COOH

™

N

10

S
C (%) H (%) N (%)
Caled.: 70.49 6.93 783 65
Found: 70.35 , 6.83 © 163
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. TABLE 4 -
Example Examp!é
No. Structural Formula . No. Structural Forautla

HID

ST

*HCTI

12 16
O N TO
Y @
N
COOH
a

*HOOC
13 17
14 18

CH;3

Patent provided by Sughrue Mion, PLLC - hitp:/Ayww sughrue.com
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TABLE §- e : TABLE 6-continued
Example '
No. Suractural Formula s
19
N o
T //l, 10
o
/ N :
~  Example Example
o , 15 No. Ring A No. Ring A
6-(a) &) z
Each of the above-described compounds in Examples 7 ;
3-6, 12-14, 16 and 19 can be obtained as an optical resolved P ¢ P
form as shown in the following Tables 6-8 using an optically S
resolved intermediate in a similar manner to Examples 8-11.
TABLE 6 1246) : 20) :
25 i =
30, Cl ' [}
13-(a) 13-0) :
35 ©
F F
‘ 40
"\ .
N 14-(a) 1) B
4 . .
4-(a) (&) z . : /
\ \ ' i
S s
_ = o CH; | CH;
0 50 ] 50 1642) 16(b) :
?s] a o, b O
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- TABLE 7 - TABLE 7-continued -~ - -
\ 5
\[r 75 NYQ’M
%
10 Ring A N
Exampic Example Example ~Bxample
No. Ring A Na. Ring A No, Ring A No. Ring A
30) 3@ : 1s ’ o
S 16:(c) 16 :
N N 20
0 @ :
N . TABLE 8
s K 3 =
xample .
= e No. Structurat Formula
19-(a)
5+c) 5-(d) H
S S o N
35
6-(c) 6-(d) : °©
= 19-(b)
- = 208
= O
120 12-@) : @ N
45 °
- 19-(c)
a a Nor i,
© T
13-(c) 13-(d) z 0
. B t N
[s)
$s 19-(d) .
F F
@ %,
14-(¢) 14-(d) = i \[‘/
ES 60 " o
; o
65

CH,

CH,

The other compounds embraced by the present invention
will be shown 'in Tables 9-33. They can be synthesized by
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any one of the above-described preparation processes, pro-
cesses described in’ Examples or processes known 1o those”
skil:ed in the art and do not require any particular experi-

ment. Incidentally, these compounds are described as a

34

“TABLE S-contimed-- - -~

[l
Compound
No. R? R* R*® R* Ring A
A7 H H Br H
A-8 <l H Br H
A9 CH, H H H
TABLE 10
N
Compound
Ne. R! R? R® R Ring A
A-10 CHy H " H

5
racemic compound, but optical active substances based on
an asymmetric carbon is also included.
TABLE 9
10
R
2
m o 15
R T
3
4 X e} \@
N
Ring A
20
Compound
No. R R* R* R Ring A
A a H H H
? 25
— 30
A2 H H da H
A3 Qa H O H
© "
- 45
A4 F H H H
@ 50
A5 H H F H
@ 55
A6 Br H H H 60

!

65
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R.l
R
2
N [¢)
R T
3
R‘
Compound
No. R* R? R? R* Ring A
A-11 »CH, H H H l
A-12 iCH, H H H l
A-13 H CH; H H l
A-14 H CH;, H H l
A-15 H H CH, H ]
A-16 H R CH, H ]

10

18

20

25

35

40

45

50

55

60

65
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TABLE 10-continued
R!
R
2
N Q
R T
3
R X O
. N
Ring A
* Compound
No. R? R? R? R* X Ring A
A17 CH, H CHy, H —
A-18 H CH, CH, H —
&
Compound
No. R R R R* © Risg A
A-19 CH, H CH, <H,
A-20 a H H H

Ci
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C “TABLE 11-continued

RY

o

==<
&

R* X
N
Ring A
Compound
No. R RZ R? R* X Ringa
A1 It H H — )
¥
a
A2 H H o H — :
F
A-23 H 8 a H —
s
e
N
A4 H g a H —
& ‘
AEN

Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com

15

30

35

40

45

50

55

Ring A
Compound )
No. R*  R? R? R* Ring A
A26 H H CH, H
/
e
N
A27 Cl ki H H
v )
\ N
A-28 H CH, H H
& SN
=
A-29 ci o H H
o '
o N
o
A-30 a #H H )34 Jj
O
A-31 H B e H
R
3
o
A-32 H H Ci H

60

65

o

wid

i
V)@.__-



6,017,927

A-36 H H H H CH

60

TABLE 12-continued * “TABLE 13-continued
R! ’
5
R
2
N 0,
R
, g o
R* X 0
N
Ring A
Compound 15
No. R*  R? R® R* X  RingA Compound
No. R, R OB X Ring A
A H OCH, OCH, H — .
w0 A-37 0 H n CH, -
A34 H —OCH,0—~ H - 25 J“:
' CH,
3 A8 H H H CH,
w g
\\ 1
TABLE 13 N
3s
R!
R A-39 H H B CH;
2
N o 40 PR
R T
3
R X o)
N
Risg A ) as A-40 ¢ H H CH,
i
Compound s
No. RO R R X Ring A e
A-35 : H H H H CH so
A4 a B H CH,
a 3
. A-42 a4 B H CH, l

68
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TABLE 14-contiaued

10
Compound
No, Ring A .
- s Compound
b : No. Ring A
‘ B-8
20
Br ‘
B-2 .
25
B-9
Hy
i ' 30
B-3
“ B-10
35 !
B_4 B
Hal
40
B-11
a
Bs 45
CoHs
[a]
50
Ct
' B-12
B-6 ,
a 55
’ CHLCHCH
Ci
60
B-7
\ij 65,
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-~ TABLE 15=ontinved -

5
o O@
N 1
Compound
No. Ring A is Compound
No. Ring A
B-13
B9
20
Hy
CH\/C
CH; NO,
25
B-14 B-20
CHY L OpNT
CH;
B-21
B-15 35
’ ON.
CH;.
40
CH, B-22
B-16
45
NH;
50
CN v B-23
B-17
55
HN
NC B-24 -
B-18 60 HN
NC,

45
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TABLE 16 TABLE 16=contimed
5
N\n/o ’ W&\@
.0
° N
. 10
Ring A
Compound
Compound 5 No. Ring A
No. Ring A B-31
B-25
20
OCH,
OCH,
OH
25 B32
B-26
30 B OCH,
OC'H;
HO
B33
B27
s
_CH;
40 ‘
OCH, \CH3
B-28 B-34
45
H{CO HsCHN
50 B35
B-29
HaCHN.
HyC L,C
55
B-36
B-30
60
H,C.
~n ’
/
HxC
OC,Hs

65
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TABLE 17 - - ) * - TABLE-17-continued
5
N\“/ . N\“/O
o ‘ 0 @
Ring A N 10 Ring A
p . g
Compound
Compound pot .
No. Ring A is No. -~ RingA
B-37 B-43
n O
COOCH;
NH;
25 B-44

B-39

B-38 ;
]
SH
OH B-45
35 jl/

40 SCH,
CEy B-46
B-40 ,
45
‘ SCH,
FC O/
50
B-41 B-47
© FyC
55
B-42 S0,CH;
0 B-48
COOH 85

Patent provided by Sughrue Mion, PLLC - hitp//www.sughrue.com
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TABLE 18-continucd

\I(O
o @
10
Ring A
B-49 I 15
26
B-50
@ %
B-51 s
0 *
B-60
B-52 2 /k
6 0
B-53 40
d TABLE 19
48
B-54
7
50
N\ )
B-55
N7 l 55
=
B-56

__z<>__

60

65

B-62
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‘TABLE 19-continued

51
TABLE 19-contimued -
- ; T
O e
Compound
No. Ring A
B-63
N? “nm
\_ !
NN
B-64
)
g
B-65
‘)\N
Nd
B-66
“
L
B-67 J\
N& r
g
B-68
@%
S
N
B-69 \
AN
N
B-70
@
N
H

15

20

25

0 \NL/
Ring A
Compound
No. Ring A
B-71
B-72

30

35 -

40

45

50

55

65

Compound
No. Ring A
B-73
N
H
B-74. i
(Nj
&)
B-75 ‘
[Nj
N
B
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TABLE 21 TABLE 21=continued
\ 5
NT \[(o (
o o \®
& Lo o Pox
CH;  (X=BrD CH; (X=BrD
Compound Compound
No. Ring A 15 No. Ring A
B-76 B-82
N a
B-77 (}3“3 25 B-83
C.
T Y
A ™ ¢t
] 0 “
CHs !
B78 : B8 \
35 & )
a 40 “
B0 B85
© )
Br B-86 ;
50 .
B-80
‘ F
55
B-87 ) \
1
B-81 60
o 3
CHy

5
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TABLE 22-continued

i
'/ N o. ‘
T19
J
CHy

Y

N
P NT(}@
O
T

x 10
X =8 CHy, (X=BrnD
Compound Componad
No. Ring A 15 No Ring A
B-88
B-94
CH;
20
HsC
B-89 CHa
HiC 25 :
B95
0
N
35 B-%6
- /©
B-g1 © e .
B-97
NC ‘, .
. 45
CHACH,CH,
B9
B.98
50
CH;
c1—< ’
. S5
CH, . © NOy
B-93 B-99

60

65

(]
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TABLE23 - -~~~ oo TABLE 23-continued

N x
10 |
CH; (X=BnD
Compound Compound
No. Ring A ) No. Ring A
B-100 ' 15 B
ON
20 H;CO /
B-101 B-108 /
\ Hy00,
25
NH, B-109
B-102 30 . i
Hg«b 15 OC,Hs
B-103 B-110
HyN.
40
OCH;
B-104 OCH;
45 B-111
OH 50 H,007 OCH,
B-105 ’ OCH,
oH \ —_
55
HO ‘ : TABLE 24
B-106
60 0\®
g X
OCH; 65 tlsng (X=Br,1)
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Compoun
No. - Ring A - - S B-120
B-12 FC
5
s B-121
Cﬂ\ 10
CH,
B-113
15 COOH
B-122
HsCHN
B-114 20
H;CHY
COOCH;
25 B123
B-115
LES 30
N
Vd
A SH
B-116 "
35
TABLE 25
40 N o
NH;
e}
B-117 Ring A N* x
45 CHy (X=BrD
Compound
No. - Ring A
B-124 /
50
OH
B-118
55
SCH;
B-125
CF;
60
B-119
SCH;
65 o™

B
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--TABLE 25-continved - TABLE 25-continued
5
N _ O
O @
N* X
i0 o [
CH; (X =Br, 1)
Compound
No. Ring A
15
B-134
20
SO,CHy B-135
B-127
25
B-128
F 30
B-129 ‘ 35
40
B-130
@ )
B-131 )
F 50
B-132 ] s5
1Y)
B-133
/
™ 65
N
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TABLE 26-continued : - TABLE 27
. 5
r\n/o
b - !
CHy, (X=BrD CHy;  (X=ByD
Compound "Compound .
No. Ring A Ne. Ring A
B-140 15 B-148
i / N
R \J
== 20 N
B141 B-149
(N/ 7
/ 25 ﬁ’
H X N
B-142 /l\ B-150 ,
30
~? o N/*N
—/ K
N
B-143
35 B-151
7
N S
N @é
B-144 40 W
B-152
N7 \m
= 45 : =
B-145 2N
N “nn B-153
\/ 50 k @
o
B-146 .
/’\ B-154
N\/ /NH 58
NN AN
B-147 N
60
a B155
~ @
65 s
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TABLE 27<ontinued
5
T' X 10
CHy (X=Br,D)
Compound
No. Ring A
Compound ) is B-159
No. Ring A
B-156 O
20
B-160
'!‘ :
CH, . ’ .
23
(s}
TABLE 28 B161
3.
~
Ra 35
‘ . F
O
O L pie
46 .
Compound
No. Ring A
R CH,
B-157 \@ * B-163
N& é
] r
CoHs 50 i >
B-164
B-158
@ 55 ‘
N* R
i v N
nCBH’i
B-165
60
. s \

[
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TABLE 29-continued co ) ©°° TABLE 30-continued
5
N b-
S CH,
10
X=8Br,D
Compound
Compound No- Riog A
No. Ring A 15 B-171
B-166
g/ ? 20
S F
72
B-167 B
25
/ (03
B-168 30 CHy
B-173
o
35
B-174
TABLE 30
\N
N 0.
@ s B-175
O X
™~
CHj g AN
KX=Br,D .
Compound 50
No. Riog A B-176
B-160 s
3
55 '
B177
B-170 (/ ;o
60 e
B-3178
/
a 65 /
o
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- TABLE 30:continued TABLE 31-continued -
5 Compound
No. Ring A
N ° 8
Y L < B-185
O
~
Ring A Cis 10 7
N’ X =Br, ¢ “
SJ
Compound
No. Ring A s6
15 B-1
TABLE 31
20
Compound B-187
Ne. Ring A
B-179 ‘ \
i 25 o
(S .
“ o TABLE 32
B-180
N.
35 O \ﬂ/o\lla’
’ 0
F
B-181 40
Compound
No. R,
) 5 .
CHy B-188 -
B-182 \@q .
/ 50
S B-189 \@' )
N
N,
B-183 55 i,
B-190
w A
B-184 Tw ¥
CH3

65
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TABLE 33-continued

10

15

B-191

B-192
25.

B-199

B-193

33

CHs

B-194

B-195

50

B-196 55

B-197

65

We claim:
1. A quinuclidine derivative represented by the following
30 formula {I): )

®

Ny {CH)n (z)‘

i
(Rym e i
i A NTO@
X o

where the symbeols in the formula have the following mean-
45 Ings: .
Riag A:
(1) an aryl group having 6 to 14 carbon aloms
(3) a cycloalkyl group having 3 to 8 carbon atoms
{4) a cycloalrenye group having 3to 8 carbon atoms;
wherein groups (1) to (5) above may be unsubsti-

tuted or substituted by one or more substituents
selected -from ‘the group consisting of a halogen
atom, a hydroxyl group, a lower alkoxy group, a
carboxyl group, a lower alkoxycarbonyl group, a
lower acyl gromp, 2 mercapto group, a lower
alkylthio group, a sulfonyl group, a lower alkyl-
sulfonyl group, a sulfinyl gronp, a lower alkyl-
sulfinyl group, a sulfopamido group, a lower
alkanesulfonamido group, a carbameyl group, a
thiocarbamoyl group, 2 mono- or di-lower aklyl-
carbamoyl group, a nilro group, a €yano group, an
amino group, 2 mono- or didower alkylamino
group, a methylenedioxy group, an ethylenedioxy
group, and a lower -alkyl group which may be
substituted by a halogen atom, a hydroxy! group,
a lower alkoxyl gronp, an amino group or mono-
or di-lower alkylamino group



6,017,927

73

X: a single bond or a methylene group;

R: a halogen atom, a hydroxyl group, a lower alkoxy
group, a carboxyl group, a lower alkoxycarbonyl
group, a lower acy! group, a mercapto group, 2 lower
alkylthio group, a sulfonyl group, a lower akylsuifonyl
group, a sulfinyl group, a lower alkylsufinyl group, a
sulfonamido group, a lower alkanesulfonamido group,
a carbamoyl group, a thiocarbamoyl group, a mono- or
di-lower alkylcarbamoyl group, a nitco group, a cyano
group, an amino group, a mono- or di-lower alkylamino
group, a methylenedioxy group, an cthylenedioxy
group or a lower alky! gronp which may be substituted
by a halogen atom, a hydroxyl group, a lower alkoxy
group, an amino group or a mono- or di-lower alky-
lamino group;

L0orl;

m: 0 or an integer of 1 to 3, and

n: an integer of 1 or 2,

a salt thereof, an N-oxide thereof, or a qua!emary ammo-
pium salt thereof.

2. The quinuclidine derivative, a salt thereof, or a qua-
ternary ammonium salt thereof according to claim 1,
wherein R represents a halogen atom, a lower alkyl group,
a hydroxyl group, a lower alkoxy group, a mitro group, a
¢yano group, ap amino group or a mono- or di-lower
alkylamino group, and the ring A represents an aryl group
having 6 to 14 carbon atoms, a cycloalkyl group having 3 to
8 carbon atoms or a cycloalkenyl group having 3 to 8 carbon
atoms, in which said ring may be substituted by a halogen
atom, a lower alkyl group, a hydroxyl group, a lower alkoxyl
£roup, a nilro group, a cyano group, an ammo group or @
mono- or di-lower alkylamino group.

3. The quinuclidine derivative, a salt thereof, or a qua-

25

35

ternary ammonium salt thereof according to claim 2,

wherein m is 0, and the ring A represents an aryl group, a
cycloalky! group or a cycloalkenyl group which may be
substituted by a halogen atom, a lower alkyl group, a
hydroxy! group or a lower alkoxy group.

4. The quinuclidine derivative, a salt thereof, or a qua-
ternary ammonium salt thereof according o claim '3,
wherein the ring A represents a phenyl group which may be
substituted by a halogen atom or a lower alkyl group, or
cycloalkyl group.

5. The quinuclidine derivative, a salt thereof, or a qua-
ternary ammonium salt thereof according to any one of
claims 2 to 4, wherein X represents a single bond.

6. A quinuclidine derivative, a salt thereof, or a Quaternary
ammonium salt thereof according to any one of claim 1,
which is selected from the group consisting of
3-quinuclidinyl 1-phenyl-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate, 3-quinvclidinyl 1-(4-
chlorophenyl)-1,2,3,4-tetrahydro-2-
isoquinolinecarboxylate, 3-quinuclidioyl 1-(4-
fluorophenyl)-1,2,3,4-tetrahydro-2-isoquinolinecarboxylate,
3-quinuclidinyl 1,2,3,4-tetrahydro-1-(4-tolyl)-2-
isoquinolinecarboxylate, and 3-quinuclidiny! 1-cyclohexyl-
1,2,3 4-tetrahydro-2-isoquinolinecarboxylate.

40
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7. A pharmaceutical composition which coxi;pn’ses a qui-
nuclidine derivative represented by the following formula

o:

®

where the symbols in the formula bave the following mean-
ings:

Ring A:

(1) an ary! group having 6 1o 14 carbon atoms

(3) a cycloalkyl group having 3 to 8 carbon atoms

{4) a cycloakenyl group having 3 1o 8 carbon afoins;

wherein groups (1) to (5 above may be unsubsti-

“tuted or substituted by one or more substituents
selected from the group consisting-of a halogen
atom, a hydroxyl group,.a lower alkoxy group, a
catboxul group, a lower, alkoxycarbonyl group, a
lower acyl group, a meércaplo group, a lower
alkylthio group, 2 sulfouyl group, a lower alkyl-
sulfony! group, a sulfinyl group, a lower alkyl-
sulfinyl group, a sulfonamido group, a lower
alkanesulfonamido group, a carbamoyl group, a
thiocarbamoyl group, 2 mono- or di-lower akiyl-
carbamoyl group, 4 pilro group, a CYano group, an
amino group, a mono- or di-lower alkylamino
group, a methylenedioxy group, an cthylenedjoxy
gronp and a lower alkyl group which may be
substituted by a halogen atom, 2 hydroxyl group,
a lower alkoxyl group, an amino group or mono-
or di-lower alkylamino group

X: a single bond or a methylene group;

R: a halogen atom, a hydroxyl group, 2 lower alkoxy
group, a carboxyl group, a lower alkoxycarbonyl
group, a lower acyl group, a mercapto group, a lower
alkylthio group, a sulfony! group, a lower akylsulfony!
group, a sulfinyl group, a lower alkylsuﬁnyi group, a
sulfonamido group, alower alkanessifogamido group,
a carbamoyl group, a thiocarbamoyl group, a mono- or
di-lower alkyicarbamoyl group, a nitro group, a cyano
group, an amino group, a mono- of di-lower alkylamino
group, a methylenedioxy group, as -ethylenedioxy
group or a lower alkyl group which may be substituted
by a halogen atom, a hydroxyl group, a lower alkoxy
group, an amino group or a mono- or di-lower alky-
lamino group;

EQory;

m: 0 or an integer of 1 o 3 and

n: aw integerof 1 or 2, or

a salt thereof, an N-oxide thereof, or qua(emary ammo-
pium salt thereof,

and a pharmaceutically acceptable carrier.
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