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[57] ABSTRACT
A novel carbostyril derivative of the formula:

(1)

or a pharmaceutically acceptable acid addition salt
thereof, and a process for preparing same. The com-
pound (I) shows potent bronchodilating activity and is
useful as a bronchodilator.
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1 2
BRONCHODILATING
8-HYDROXY-5-(1R)-1-HYDROXY-2-(N-((1R)-2-(P-
METHOXYPHENYL)-1-METHYLETHYL)- OCH;
AMINO)ETHYL) CARBOSTYRIL AND >
INTERMEDIATES THEREOF
Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica- 10
tion; matter printed in italics indicates the additions made
by reissue.
This invention relates to a novel carbostyril deriva-
tive and a process for preparing same. More particu- 15
larly, it relates to a compound of the formula: CH;
| HO OCH3
CH; (D E
OCH; 20 =
N OH
HO
25

or a pharmaceutically acceptable acid addition salt
thereof.

The carbostyril derivative (I) or a pharmaceutically
acceptable acid addition salt thereof shows potent ;-
adrenoceptor stimulating action and is useful as a bron-
chodilator.

The compound (I) of the present invention can exist
in the form of four optical isomes (i.e., (R) (R)-, (R) (S)-,
(S) (R)- and (S) (S)-isomers) due to the two asymmetric
carbon atoms involved in the side chain:

?H CHj;

I
—{H—CH;~— NH—CH OCH;

wherein the asterisk denotes an asymmetric carbon

atom. The present invention includes within its scope all
of four optical isomers and mixtures thereof.

Throughout the specification, the terms *(R) (R)-iso-
mer”, “(R) (S)-isomer”, “(S) (R)-isomer” and (S) (S)-
isomer” mean the configuration of the asymmetric car-
bon atoms at the position of —CH(OH)— and that of
—CH(CH3)~—, respectively. Therefore, for example,
“(S) (R)-isomer” means that the asymmetric carbon
atom at the position of —CH(OH)— has (S)-configura-
tion and the asymmetric carbon atom at the position of
—CH(CH3)— has (R)-configuration. Further, through-
out the specification, the term “a-isomer” means a ste-
reoisomer which is a mixture of (R) (R)- and (S) (S)-iso-
mers, and the term “B-isomer” means a stereoisomer
which is a mixture of (R) (S)- and (S) (R)-1somers. Be-
sides, the compound of the present invention has the
following two tautomeric structures which are mutu-
ally convertible from one to another. Both of these
isomers are also included within the scope of the present
invention.
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According to the present invention, the compound (I)
18 prepared by reducing a compound of the formula:

(ID
CH;
QCHj;
N
H

=

YO

or

wherein YO— is hydroxy or a protected hydroxy, to
give a compound of the formula:

(IV)
CH;
N
H
R

HO

YO

wherein YO— is the same as defined above, and when
YO- is a protected hydroxy, further removing the pro-
tecting group therefrom.
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In the above-mentioned reactions, a wide variety of
protecting groups which have been usually employed to
protect hydroxy group can be used as the protecting
group (Y). Examples of such protecting group include

lower alkanoyl such as formul, acetyl and pivaloyl;

substituted or unsubstituted phenyl-lower alkyl such as
benzyl, p-methoxybenzyl and 3,4-dimethoxybenzyl;
substituted or unsubstituted benzyloxycarbonyl such as
benzyloxycarbonyl and p-methoxybenzyloxycarbonyl;
or substituted or unsubstituted phenylsulfonyl such as
benzenesulfonyl and p-toluenesulfonyl.

The reduction of the compound (II) or (I1I) can be
accomplished by reacting it with a reducing agent in a
solvent. Suitable examples of the reducing agent include
sodium borohydride, lithium aluminum hydride, ithium
borohydride, sodium monoacetoxyborohydride, dibo-
rane or sodium cyanoborohydride. Methanol, ethanol,
isopropanol, dimethylformamide, dimethylsulfoxide,
tetrahydrofuran, ether, dimethoxyethane, diglyme, di-
oxane, toluene or a mixture thereof is suitable as the
solvent. It is preferred to carry out the reaction at a
temperature of —20° to 30° C.

On the other hand, the subsequent removal of the
protecting group can be conducted by conventional
manners such as, for example, hydrolysis, organic base
treatment or reduction. For example, when the protect-

ing group is formyl, acetyl or benzenesulfonyl, said
group may be removed by hydrolysis of the compound

(IV) with an acid or an alkali. Suitable examples of such
acid include, for example, formic acid, trifluoroacetic
acid, benzenesulfonic acid, p-toluenesulfonic acid, hy-
drochloric acid or hydrobromic acid. Suitable examples
of such alkali include, for example, sodium carbonate,
potassium carbonate, sodium hydroxide or potassium
hydroxide. This reaction may be conducted with or
without a solvent. Examples of the solvent are water,
methanol, ethanol or dioxane. It is preferred to carry
out the reaction at a temperature of —30° to 70° C,,
especially 20° to 50° C. When the protecting group is
benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, ben-
zyloxycarbonyl or p-methoxybenzyloxycarbonyl, the
removal of said protecting group may be conducted by
catalytic hydrogenation of the compound {IV) in hy-
drogen gas in the presence of a catalyst. This catalytic
hydrogenation is preferably carried out at a tempera-
ture of 0° to 100° C., especially 20° to 40° C., under
atmospheric or increased pressure. Preferred examples
of the catalyst include palladium-BaCQj, palladium-
charcoal and palladium-black. Methanol, ethanol, tetra-
hydrofuran, water or a mixture thereof is suitable as the
reaction solvent. Further, when the protecting group is
acetyl or pivaloyl, said group may be removed by the
treatment of the compound (IV) with an organic base.
The treatment of the compound (IV) can be carried out
in conventional manners, for example, by treating it
with an organic base such as methylamine, dimethylam-
ine, ethylamine or diethylamine. This reaction may be
conducted with or without a solvent. Examples of the
solvent are water, methanol, ethanol, dioxane or a mix-
ture thereof. It is preferred to carry out the reaction at
a temperature of 0° to 100° C., especially 20° to 70° C.

When a racemic modification of the compound (11} or
(IIT) (YO—=a protected hydroxy) is used as the start-
ing compound (IV) in which YO— is a protected hy-
droxy, i.e., a compound of the formula:
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(IV’)
CHx>

HO

N
Y'0 H

wherein Y'O— is a protected hydroxy, is obtained in
the form of a mixture of two stereoisomers (i.e., a- and
B-isomers) and may be, if required, separated into each
of the stereoisomers prior to removal of the protecting
group (Y") therefrom. For example, each one of the a-
and 8-isomers of the compound (IV") may be obtained
by acylating the compound (IV") to give a compound of
the formula:

(V)

wherein RCO-— is an acyl group and Y'O— is the same
as defined above, subjecting said compound (V) to
chromatography to separate it into each of a- and S8-1so-
mers thereof, and then removing the acyl group there-
from. The acylating agent which is used for acylation of
the compound (IV") includes, for example, acetyl chlo-
ride, acetyl bromide, chloroacetyi chloride, p-nitro-
benzov! chloride, and the like. The acylation is prefera-
bly carried out in the presence of an acid acceptor (e.g.,
sodium hydroxide, potassium hydroxide, sodium car-
bonate, potassium carbonate, sodium bicarbonate, po-
tassium bicarbonate) in a solvent (e.g., ethyl acetate,
methylene chloride, chloroform, benzene, water or a
mixture thereof) at a temperature of 0° to 30° C. Subse-
guent chromatographic separation of a- and 8-isomers
of the compound (V) can be effected on a column of
silica gel, using methanol, chloroform, methylene chlo-
ride, ethyl acetate, benzene, n-hexane or a mixture
thereof as an eluent. Then, the removal of the acyl
group from the thus-separated each stereoisomer (a- or
B-isomer) of the compound (V) can be accomplished by
conventional hydrolysis thereof, for example, by treat-
ing said isomer with a base (e.g., potassium hydroxide,
sodium hydroxide, potassium carbonate, sodium car-
bonate) or an acid (e.g., hydrochloric acid, sulfuric acid,
nitric acid) in a solvent (e.g., water, aqueous methanol,
aqueous ethanol) at a temperature of 20° to 100° C.
The a- or 8-isomer of the compound (IV’) obtained
above (i.e., 2 mixture of (R) (R)- and (S) (S)-isomers
thereof or a mixture of (R) (8)- and (S) (R)-1somers
thereof) may be, if required, further separated into each
of the optical isomers of the compound (IV’). For exam-
ple, each one of (R) (R)- and (S) (S)-isomers of the
compound (IV") may be obtained by acylating the a-i1so-
mer of the compound (IV') with an optically active
acylating agent to give a compound of the formula:



Re. 33,024

5
CH; (V')
COR
HO | OCH;
N
N
—,

N~ O

YO H

wherein R'CO- is an optically active acyl group and
Y'O— is the same as defined above, subjecting the com-
pound (V') to chromatography to separate it into each
of (R) (R)- and (S) (S)-isomers of the compound (V"),
and then removing the acyl group therefrom. The opti-
cally active acylating agent which is used for acylation
of the compound (IV") includes, for example, an opti-
cally active 1-(2-naphthylsulfonyl)pyrrolidine-2-carbo-
nyl chloride. The acylation of the compound (IV’) is
carried out in the presence of an acid acceptor (e.g.,
sodium hydroxide, potassium hydroxide, sodium car-
bonate, potassium carbonate, sodium bicarbonate, po-
tassium bicarbonate) in a solvent (e.g., ethyl acetate,
methylene chloride, chloroform, benzene, water or a
mixture thereof) at a temperature of 0° to 30° C. Subse-
quent chromatographic separation of the (R) (R)- and
(S) (S)-isomers of the compound (V') and the removal
of the acyl group therefrom may be carried out in the
same manner as mentioned hereinbefore. Each one of
(R) (S)- and (8S) (R)-isomer of the compound (IV') may
be obtained from the 8-isomer of the compound (IV’) in
the same manner as above.

On the other hand, the compound (IV’) which is
prepared from an optical isomer of the compound (II)
or (1IT) (YO—=a protected hydroxy) is a mixture of
two optical isomers thereof which are a pair of diastere-
oisomers. For example, a mixture of (R) (R)- and (S)
(R)-1somers of the compound (IV’) is obtained when the
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(R)-isomer of the compound (II) or (III) (YO—=a 40

protected hydroxy) is used as the starting compound,
while a mixture of (R) (S)- and (S) (S)-isomers of the
compound (IV’) is obtained when the (S)-isomer of the
compound (II) or (III) (YO—=a protected hydroxy) is
used as the starting compound. However, said mixture
may be, if required, separated into each of the two opti-

cal 1somers of the compound (IV’) prior to removal of
the protecting group (Y") therefrom. For example, each

one of the (R) (R)- and (S) (R)-isomers of the compound
(IV') may be obtained by subjecting the compound
(IV') to fractional recrystallization; or by acylating the
compound (IV’) to give the compound (V), subjecting
the compound (V) to chromatography to separate it
into each of (R) (R)- and (S} (R)-isomers of the com-
pound (V), and then removing the acyl group there-
from. The fractional recrystallization is carried out by
recrystallizing the compound (IV’) from a solvent (e.g.,
methanol, ethanol, isopropanol, water or a mixture
thereof). The acylation of the compound (IV"), the
chromatographic separation and the remowval of the
acyl group may be carried out in the same manner as
described hereinbefore. Each one of the (R) (S)- and (S)
(S)-1somers of the compound (IV') may be obtained in
the same manner as above.

Moreover, since the 8-isomer (or a-isomer) of the
compound (V) separated above can be readily con-
verted into the a-isomer (or 8-isomer) of the compound
(IV'), the compound (IV') may be, if required, recov-
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6

ered exclusively in the form of either the a- or 8-isomer
thereof. For example, the conversion of the 3-isomer of
the compound (V) into the a-isomer of the compound
(IV') is carried out by treating said 8-isomer with thio-
nyl chloride in a solvent {(e.g., methylene chloride, chlo-
roform, benzene, toluene, tetrahydrofuran, dioxane or
dimethoxyethane) to give an a-isomer of a compound of
the formula:

(VI)

OCH3

wherein RCO— and Y'O— are the same as defined
above, and then removing the acyl group therefrom.
The conversion of the a-isomer of the compound (V)
into the B-isomer of the compound (IV") may be carried
out in the same manner as above.

Furthermore, the optical isomer of the compound (V)
separated above can be readily converted into an opti-
cal isomer of the compound (IV’) in which the asym-
metric carbon atom at the position of —CH(OH)— has
the opposite configuration from that of the former opti-
cal 1somer. For example, the conversion of the (S) (R)-
isomer of the compound (V) into the (R) (R)-isomer of
the compound (IV’) is carried out by treating the com-
pound (V) with thionyl chloride in a solvent (e.g., meth-
ylene chloride, chloroform, benzene, toluene, tetrahy-
drofuran, dioxane or dimethoxyethane) to give the (R)
(R)-isomer of the compound (V1), and the removing the
acyl group therefrom. The conversion of the (R) (R)-,
(R) (S)- or (S) (S)-isomer of the compound (V) into the
(S) (R)-, (S) (S)- or (R) (S)-isomer of the compound
(IV’) may be respectively carried out in the same man-
ner as above.

The starting compound (II) and (III) of the present
Invention is a novel compound and can be prepared, for
exampe, by the steps of halogenating or oxidizing a
compound of the formula:

COCH; (VII)

I

=0

N
YO H
wherein Y'O— is the same as defined above, to give a
compound of the formula:

COCH;X (VIID)

=

—,
N~ o
Y'O H

or
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-continued
COCH(OH); (1X)

= _.
5
N o
Y0 H

wherein X is halogen atom and Y'O— is the same as g
defined above, reacting the compound (VIII) or (1X)
with a compound of the formula:

(X)

H
o 15
HyN—CHCH; OCH3
to give a compound of the formula: -
(I1)
CH;
OCH;
N
H 25
Y
N o
YO H 30
or
11T
CHs (111"
OCH: 35
40

wherein Y'O— is the same as defined above, and if
necessary, removing the protecting group therefrom.

The compound of the formula (VII) to be used in the
above-mentioned process may be prepared, for exam-
ple, by oxidizing O-protected 5-acetyl-8-hydroxyquino-
line with 80% m-chloroperbenzoic acid in a solvent
(e.g., chloroform, methylene chloride, tetrahydrofuran,
acetonitrile), and then heating the resultant O-protected
S-acetyl-8-hydroxyquinoline N-oxide in a solvent {(e.g.,
acetic anhydride). Alternatively, the compound (VI1I)
may be prepared by introducing a protecting group (Y')
into 5-acetyl-8-hydroxycarbostyril (cf., Japanese patent
publication (unexamined) No. 141879/1976) in a con-
ventional manner.

Halogenation of the compound (VII) is preferably
carried out in a solvent (e.g., chloroform, methylene
chloride, tetrahydrofuran, methanol or a mixture
thereof) at 20° to 60° C. under stirring. Suitable exam-
ples of the halogenating agent include N-bromosuccini-
mide, N-chlorosuccinimide, bromine or chlorine.

On the other hand, oxidation of the compound (VII)
is preferably carried out at 20° to 100° C. in the presence
of an oxidizing agent (e.g., selendium dioxide) in a sol-
vent (e.g., dioxane, tetrahydrofuran or an aqueous mix-
ture thereof).
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The reaction of the compound (VIII) or (I1X) with the
compound (X) may be accomplished at 10° to 30° C. in
a solvent (e.g., dimethylsulfoxide, dimethylformamide,
chloroform, methanol, ethanol or a mixture thereof)
under stirring. Further, the removal of the protecting
group (Y') from the compound (II') or (III') may be
carried out in the same manner as mentioned hereinbe-
fore.

The compound (I) or an acid addition salt thereof
shows potent bronchodilating activity and long-lasting
therapeutic effect thereof, can produce selective stimu-
lation of Bz-adrenoceptor and hence is useful for treat-
ment or prophylaxis of various chronic obstructive
pulmonary disease such as bronchial asthma or chronic
bronchitis. For example, when estimated by the use of
isolated tracheal chains of guinea pigs, the bron-
chodilating activity of 8-hydroxy-5-{(1R)-1-hydroxy-2-
[N-((1R)-2-(p-methoxyphenyl)-1-methylethyl)-amino]e-
thyl }carbostyril of the present invention is about 10 and
100 times as strong as those of procaterol (chemical
name: 8-hydroxy-5-{1-hydroxy-2-(isopropylamino)-
butyl]carbostyril hydrochloride hemihydrate, J. Med.
Chem., 20(8), 1103(1977) and Isoproterenol (chemical
name: 4-{1-hydroxy-2-[(1-methylethyl)amino]ethyl}-
1,2-benzenediol hydrochloride), respectively. More-
over, since the compound (I) is characterized by the
high potency ratio of the 82-adrenoceptor stimulating

action to the 8i-adrenoceptor stimulating action such as
positive chronotropic action (e.g., increase in heart

rate), said compound of the invention has particularly
high safety for use as a bronchodilator. In addition, the
toxicity of the compound (I} of the present invention is
considerably low.

The carbostyril derivative (I) of the present invention
can be used for pharmaceutical use in the form of either
the free base or an. acid addition salt thereof. Pharma-
ceutically acceptable acid addition salts of the carbos-
tyril derivative (I) include, for example, salts thereof
with an inorganic acid such as hydrochloric acid, hy-
drobromic acid, phosphoric acid, nitric acid or sulfuric
acid, and an organic acid such as acetic acid, propionic
acid, glycolic acid, lactic acid, maleic acid, fumaric
acid, malonic acid, succinic acid, aspartic acid, ascorbic
acid, glutamic acid, nicotinic acid or methanesulfonic
acid. Such pharmaceutically acceptable salts may be
prepared, for example, by treating the free base of the
compound (I) with a stoichiometrically equimolar
amount of an acid.

The compound (I) and a salt thereof can be adminis-
tered either orally or parenterally. The pharmaceutical
preparation of the compound (I) may be either solid
preparations such as tablets, pills, powders, capsules or
granules, or liquid preparations such as solutions, sus-
pensions or emulsions. Such preparations may be pre-
pared in a conventional manner, for example, by admix-
ing a compound (I) or a pharmaceutically acceptable
salt thereof with a conventional carrier or diluent such
as calcium carbonate, calcium phosphate, corn starch,
potato starch, lactose, talc, and magnesium stearate.
The daily dose of the compound (I) or a salt thereof
may vary depending on the administration route, the
age, weight or conditions of patients and the severity of
diseases to be treated. In general, however, a preferred
dose of said compound (I) or a salt thereof may be 0.01
to 30 ug, especially 0.01 to 3 ug, per kilogram of body
weight per day,
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Practical and presently-preferred embodiments of the
present invention are illustratively shown in the follow-

ing Examples.
EXPERIMENT 1 s

(Bronchodilating activity)

Isolated tracheal muscle preparations of Male Hart-
ley guinea pigs (body weight: 430-645 g) were used to
estimate the bronchodilating activity of a test com-
pound according to Magnus’ method. The preparation 10
was suspended in an organ bath filled with 20 ml of
Tyrode’s solution (37° C.), and said solution was contin-
uously bubbled with air. Histamine 2HCI was added to
the bath (final concentration; 1x 103 g/mi) and the
test compound was added thereto about 15 minutes
after the addition of histamine 2HCL. Tension changes
in the tracheal smooth muscle were recorded isometri-
cally with a force-displacement transducer. Molar
conentration of the test compound which produced
3% relaxation of the histamine-induced tracheal con-
traction were estimated from the concentration-
response curve, and the potency ratio of the test com-
pound to Isoproterenol was calculated therefrom. The
results are shown in Table 1.

TABLE |

Test compounds

15

20

25

Potency ratio

Comp. No. | 166
Comp. No. 2 78
Comp. No. 3 )2 30
Procaterol 17
Isoproterenoi 1

Note

Comp. No. I: E-Hydmxy-ﬁ-{[lR)-l—hydroxy-l-{N—{(lR}-Z-(p-mﬂhmyphcny)-l—
methylethyhamino]ethyl }carbostyril hydrochloride

Comp. No. 2: 8-Hydroxy-5-{1-hydroxy-2-{N—(2-op-methoxy-phenyl)-l-methyte-
thyliaminojethyl }catbostyril hydrochloride (a-isomer obtained in Example 3 men-

33

tioned hereinafter)

Comp. No. 1 S-Hydrmy-i-{]-hydrnxy-z-[N—(l-ﬁp-mcthmy-phen:.rl)-l-m&thylt—
thyliaminoJethyl}carbostyril hydrochloride (a mixture of a- and B-isomers)
Chemical name of procaterol: 8-Hydroxy-5-{-hydroxy-2-(isopropylamino)butyljcar-
bastynl hydrochloride hemihydrate

Chemical name of Isoproterenol: 4-{ [-hydroxy-2-{(l-methylethyl)aminoJethyl}-1.2-

benzenediol hydrochloride. 40

EXPERIMENT 2
(Method)

Inmbitory effect on antigen-induced
bronchoconstriction

Male Hartley guinea pigs (body weight: 280-520 g)
were passively sensitized by intravenous injection of
rabbit antiserum against ovalbumin (0.2 ml/100 g of 50
body weight, PCA titer: X 1000), 24 hours later, the
animals were anesthetized with a-chloralose (120
mg/kg, 1.v.) and immobilized with gallamine triethio-
dide (5 mg/kg, i.v.) under artificial respiration. Lung
volume changes were measured as overflow of air from
the lung by the Konzett-Rdssler method (cf. Arch. Exp.
Pathol. Pharmakol., 195, 71 (1940)). The test compound
was administered intravenously to the animals one min-
ute before said animals were challenged with ovalbumin
(30 ug/kg, 1.v.). The EDsg (i.e., the dose of the test 60
compound which is necessary to produce 50% reduc-
tion of antigen-induced bronchoconstruction) was esti-
mated from the dose-response curve.

45

55

Acute toxicity 65

A test compound was dissolved in 5% glucose solu-
tion, and the test compound solution (0.2 ml/10 g of
body weight) was administered .intravenously to Male

10
ddY strain mice (body weight: 25-28 g). The LDsg of
the test compound was estimated by the Up and Down

method.

(Results)
The results are shown in the following Table 2.
TABLE 2
Inhibitor-effect Acute
on antigen-induced  toxicity Therapeutic
bronchoconstriction (LDsp) index
Test compounds® (EDsp) (ug/kg) (mg/kg) (LDso/EDsg)
Comp. No. 1 0.09 84.6 9.4 % 10°
Comp. No. 2 0.18 91.3 5.1 % 10°
Procaterol 0.64 70.3 1.1 x 107
Note

*same as shown in the footnote of Table 1.

EXAMPLE 1

(1) 293 mg of 5-acetyl-8-benzyloxycarbostyril are
dissolved in 15 ml of chloroform, and 200 mg of N-
bromosuccinimide are added thereto. The mixture is
refluxed for 2 hours under stirring. 300 mg of N-
bromosuccinimide are added to the mixture and 4 hours
after the commencement of the reaction. 100 mg of
N-bromosuccinimide are further added thereto. Six
nours after the reaction is started, the mixture is cooled
and 1s allowed to stand at 20° C. for 2 days. Precipitated
crystals are collected by filtration. Then, the crystals
are washed with methanol and ether and then dried. 110
mg of 35-bromoacetyl-8-benzyloxycarbostyril are
thereby obtained as colorless crystals. On the other
hand, the filtrate is concentrated to dryness, and the
residue is treated in the same manner as above, whereby
60 mg of S5-bromoacetyl-8-benzyloxycarbostyril are
further recovered from the filtrate. Total yield: 170 mg
(45.8)

M.p. 203°-205° C. (decomp.) (recrystallized from
methanol-chloroform)

Mass (m/e): 373, 371 (M+)

IR vinax™° (cm—1): 1675

NMR (de-DMSO) v: 4.85 (s 2H), 5.39 (s, 2H), 6.65 (d,
J=10 Hz, 1H), 7.2-7.7 (m, 6H), 7.86 (d, =9 Hz, 1H),
8.51 (d, J=10 Hz, 1).

(2) 750 mg of S-bromoacetyl-8-benzyloxycarbosytril
are dissolved in 5 ml of dimethylsulfoxide, and 660 mg
of N-(2-(p-methoxyphenyl)-1-methylethyl)amine are
added thereto. The mixture is stirred at room tempera-
ture for 1.5 hours, whereby a mixture containing 8-ben-
zyloxy-5-{1-0x0-2-[N-(2-(p-methoxypheny!)-1-methyle-
thyl)amino]ethyl}carbostyril is obtained. 10 ml of meth-
anol and 380 mg of sodium borohydride are added to
the mixture, and the mixture is further stirred at room
temperature for one hour. The reaction mixture is ex-
tracted with chloroform, and the extract is washed with
water, dried and then evaporated under reduced pres-
sure to remove chloroform. The residue is purified by
silica gel chromatography (solvent; chloroform:me-
thanol=9:1), and then treated with an ethanol-hydro-
gen chloride solution. The crude product thus obtained
18 recrystallized from a mixture of isopropanol and
ether. 210 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-
methoxyphenyl)-1-methylethyl)aminojethyl }carbos-
tyril monohydrochloride are obtained as colorless crys-
tals. (a mixture of a- and B-isomers) Yield: 21.2%

M.p. 193°-212° C.

Mass (m/e): 440 (M +-—H,0)

IR vpgxchioreform (cm—1): 1660
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(3) 495 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-
methoxyphenyl)-1-methylethyl)amino]ethyl}carbos-
tyril monohydrochloride are dissolved in a mixture of
26 ml of tetrahydrofuran and 4 mi of water, and 250 mg
of 109 palladium-charcoal are added thereto. The mix-
ture is stirred at room temperature for 1.5 hours under
a hydrogen atmosphere. After the reaction, the mixture
is filtered to remove catalyst, and a 109 methanolic
hydrogen chloride solution is added to the filtrate. The
mixture is concentrated under reduced pressure, and the
residue it recrystallized from a mixture of isopropanol
and ether. 350 mg of 8-hydroxy-5-{1-hydroxy-2-2-[N-
(2-(p-methoxypheny1-1-methylethyl)amino]ethyl}car-
bostyril dihydrochloride are obtained as colorless crys-
tals. (a mixture of a- and B-isomers) Yield: 79.3%

M.p. 143°-154° C. (decomp.),

IR vimax"W? (cm—1): 1640.

EXAMPLE 2

(1) 8.35 g of selenium dioxide are dissolved in 10 ml of
water, and 250 ml of dioxane and 14.65 g of 5-acetyl-8-
benzyloxycarbostyril are added thereto. The mixture is
refluxed for 24 hours under stirring. After the reaction,
300 ml of dioxane is added to the mixture, and the mix-
ture is filtered to remove inorganic materials. Inorganic
materials are washed with 200 ml of methanol and 200
ml of dioxane. The filtrate and washings are combined
and concentrated to about 200 ml under reduced pres-

sure. 600 ml of water and 20 ml of 10% hydrochloric
acid are added to the solution, and the solution s al-

lowed to stand at 20° C. for 3 hours. Precipitated crys-
tals are collected by filtration, washed with iso-
propanol-ether ad n-hexane and then dried. 14.97 g of
8-benzyloxy-5-(dihydroxyacetyl)carbostyril 3 hydrate
are obtained. Yield: 88.5% The product is recrystallized
from a mixture of dioxane and water to give pale yellow
needles.

M.p. 132°-147° C.

IR vy (cm—1): 1655, 1682.

(2) 993 mg of 8-benzyloxy-5-(dihydroxyacetyl)car-
bostyril } hydrate are dissolved in 10 ml of dimethyl-
sulfoxide, and 500 mg of N-(2-(p-methoxyphenyl)-1-
methylethyl)amine are added thereto. The mixture is
stirred at room temperature for 2 hours, whereby a
reaction mixture containing 8-benzyloxy-5-{1-0x0-2-
[N-(2-(p-methoxyphenyl)-1-methylethyl)iminojethyl}
carbostyril is obtained. The reaction mixture 1s ice-
cooled, and 10 ml of methanol and 460 mg of sodium
borohydride are added thereto. The mixture is stirred at
room temperature for 2 hours. The reaction mixture is
extracted with chloroform, and the extract is washed
with water and 109 hydrochloric acid, drnied and then
evaporated under reduced pressure. The residue is re-
crystallized from a mixture of isopropanol and ether.
1010 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-
methoxyphenyl)-1-methylethyl)amino]ethyl}carbos-
tyril monohydrochloride are obtained as colorless crys-
tals (a mixture of a- and B-isomers). Yield: 68%

M.p. 193°-212° C.

Mass (m/e): 440 (M +—H;0)

IR Vm ax(‘.‘hfﬂfﬂﬁ??‘m (cm— l): 1660

(3) 8-Benzyloxy-5-{1-hydroxy-2-[N-(2-(p-methox-
yvhenyl)-1-methylethyl)aminolethyl}carbostyrili mono-
hydrochloride is treated in the same manner as de-

10

15

20

25

30

35

45

30

53

60

12

EXAMPLE 3

(1) 2.65 g of 8-benzyloxy-5-(dihydroxyacetyl)carbos-
tyril § hydrate, 1.65 g of N-(2-(p-methoxyphenyl)-1-
methylethyl)amine, 30 ml of dimethylsulfoxide, 760 mg
of sodium borohydride and 20 ml of methanol are
treated in the same manner as described in Example
2-(2). Then, the reaction mixture is extracted with ethyl
acetate. The extract is ice-cooled under stirring, and 300
ml of an aqueous 3% sodium hydroxide solution are
added thereto. A solution of 2.51 g of acetyl chloride 1n
10 ml of ethyl acetate is added dropwise to the mixture
at 5°-10° C. The mixture is stirred at room temperature
overnight. The ethyl acetate layer is washed with a
saturated sodium bicarbonate solution and a saturated
sodium chloride solution successively, dried and then
evaporated under reduced pressure to remove ethyl
acetate. The residue is chromatographed on the column
of silica gel (solvent, chloroform:methanol=230:1),
whereby the a- and B-isomers of 8-benzyloxy-5-{1-
hydroxy-2-[N-(2-(p-methoxyphenyl)-1-methylethyl)-N-
acetylaminolethyl jcarbostyril are obtained, respec-
tively.

a-isomer: (i.e., a mixture of 8-benzyloxy-5-{(1R)-1-
hydroxy-2-[N-((1R)-2-(p-methoxyphenyl)-1-methyle-
thyl)-N-acetylamino]ethyl}carbostyrii and  8-ben-
zyloxy-5-{(15)-1-hydroxy-2-{N-(18)-2-(p-methoxy-
phenyl)-1-methylethyl)-N-acetylamino}ethyl }carbos-
tyril). .

Yield: 640 mg (169%), colorless needles

M.p. 177°-180° C. (recrystallized from ethyl acetate)

Mass (m/e): 482 (M——H?0)

IR vl (cm—1): 1640, 3260, 3342

NMR (CDCl) &: 1.28 (d. J=6.5 Hz, 3H), 1.82 (s,
3H), 2.66 (d, J=6.5 Hz, 2H), 3.77 (s, 3H), 5.19 (s, 2H),
6.6-7.4 (m, 7TH), 7.4 (s, SH), 8.35 (d, J=10.5 Hz, 1H).

B-isomer: (i.e., 2 mixture of 8-benzyloxy-5-{(1R)-1-
hydroxy-2-[N-((1S)-2-(p-methoxyphenyl)-1-methyle-
thyl)-N-acetylaminolethyl}carbostyril and  8-ben-
zyloxy-5-{(18)-1-hydroxy-2-[N-((1R)-2-(p-methoxy-
phenyl)-1-methylethyl)-N-acetylamino]ethyl }carbos-
tyril).

Yieid: 1.805 g (45.1%), colorless prisms

M.p. 162°-163° C. (recrystallized from ethyl acetate)

Mass (m/e): 482 (IM——H>0)

IR vimax"?! (cm—1): 1665, 3160, 3490

NMR (CDCl3) 8: 1.18 (d, J=6.5 Hz, 3H), 1.91 (s,
3H), 2.5-2.8 (m, 2H), 3.76 (s, 3H), 5.17 (s, 2H), 6.5-7.35
(m, 7H), 7.39 (s, SH), 8.42 (d, J=10.5 Hz, 1H)

(2-a). 500 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-p-
methoxyphenyl-1-methylethyl)-N-acetylamino]ethyl}
carbostyril (a-isomer) are added to a mixture of 15 mi of
methanol and 6 g of an aqueous 5% sodium hydroxide
solution. The mixture is refluxed for 5 hours under
stirring. After the reaction, the mixture i1s evaporated
under reduced pressure to remove methanol. The resi-
due is acidified with 109% hydrochloric acid and ex-
tracted with chloroform. The extract is washed with
water, dried and then evaporated under reduced pres-
sure t0 remove chloroform. The residue i1s recrystal-
lized from a mixture of isopropanol and ether. 470 mg of
8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-methoxyphenyl)-
1-methylethylaminojethyl}carbostyrii monohydro-
chloride (a-isomer) are obtained as colorless needles.

scribed in Example 1-(3), whereby B8-hydroxy-5-{1- 65 Yield: 95%

hydroxy-2-[N-(2-(p-methoxyphenyl)-1-methylethyl-
Yamino]ethyl }carbostyril dihydrochloride is obtained.
(a mixture of a- and S-isomers).

M.p. 200°-203° C.
Mass (m/e): 40 M +—H>0)
IR Va0 (cm—1): 1652, 2350-2750, 3280, 3405



Re. 33,024

13

(2-b). 750 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-
(p-methoxyphenyl)-1-methylethyl)-N-acetylamino]e-
thyl }carbostyril (8-isomer) are treated in the same man-
ner as described in paragraph (2-a). 680 mg of 3-ben-
zyloxy-5-{ 1-hydroxy-2-[N-(2-(p-methoxyphenyl)- 1-
methylethyl)amino]ethyl }carbostyril monohydrochlo-
ride (8-1somer) are obtained as colorless needles. Yield:
91.6%.

M.p. 217-219° C. (recrystallized from isopropanol-
ether)

Mass (m/e): 440 (M— —H>20)

IR Va0l (cm—1): 3290, 3400.

(3-2). 247 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-
(p-methoxyphenyl)-1-methylethy)amino)ethyl }carbos-
tyril monohydrochloride (a-isomer) are dissolved in a
mixture of 5 ml of tetrahydrofuran and 1.5 ml of water,
and 100 mg of 10% palladium-charcoal are added
thereto. The mixture is stirred at room temperature
under a hydrogen atmosphere for 1 hour. After the
reaction, the mixture is filtered to remove catalyst, and
2 ml of a 10% methanolic hydrogen chloride solution is
added to the filtrate. The mixture is condensed under
reduced pressure, and the residue is recrystallized from
a mixture of isopropanol and ether. 183 mg of 8-
hydroxy-5-{ 1-hydroxy-2-[N-(2-(p-methoxyphenyl)-1-
methylethyl)amino]ethyl}carbostyril dihydrochloride.
hydrate (a-isomer) are obtained as colorless crystals
Yield: 82%

M.p. 154°-155" C. (decomp.)

IR vpmax™o!l (cm—1): 1638, 3140, 3330

NMR (D,O) I': 1.36 (d, J=7 Hz, 3H), 2.92 (d, J=8
Hz, 2H), 3.32 (d,J =6 Hz, 2H), 3.77 (s, 3H), 5.45 (§,J=6
Hz, 1H), 6.62 (d, J=10 Hz, 1H), 6.80 (d, J=8 Hz, 2H),
6.95 (d, J=8 Hz, 1H), 7.10 (d, J=8 Hz, 2H), 7.20 (d,
J=8 Hz, 1H), 8.08 (d, J=10 Hz, 1H).

Monohydrochloride: colorless prisms M.p. 213°-216°
C. (decomp.) (recrystallized from methanol-water).

(3-b). 247 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-
(p-methoxyphenyl)- l-methylethyl)amino}ethyi}carbos-
tyril monohydrochloride (8-isomer) are treated in the
same manner as described in paragraph (3-a). 175 mg of
8-hydroxy-5-{ 1-hydroxy-2-[N-(2-(p-methoxyphenyl)-1-
methylethyl)amino]ethyl}carbostyril dihydrochloride
(8-isomer) are obtained as colorless crystals. Yield:
79.5%

M.p. 161°-163" C. (decomp.) (recrystallized from
isopropanol-ether)

IR Va0l (cm—1): 1640, 3160, 3375

NMR (D;0): 1.38 (d, J=6 Hz, 3H), 2.8-3.8 (m, 5H),
3.77 (s, 3H), 5.40(q, J 8 Hz, 5 Hz, 1H), 6.62 (4, J=9 Hz,
1H), 6.81 (d, J=8 Hz, 2H), 6.96 (d, J=8 Hz, 1H), 7.11
(d, J=8 Hz, 2H), 7.19 (d, J=8 Hz, 1H), 8.07 (d, J=9
Hz, 1H).

EXAMPLE 4

(1) 460 g of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-
methoxyphenyl)-1-methylethyl)amino]ethyl }carbos-
tyril (a-isomer) are dissolved in 300 ml of chloroform,
and 300 ml of an aqueous 5% potassium carbonate solu-
tion are added thereto. 3.6 g of (S)-1-(2-naphthylsul-
fonyl)pyrrolidine-2-carbonyl chloride are added drop-
wise to the mixture with stirring under ice-cooling, and
the mixture is stirred at room temperature for 2 hours.
The chloroform layer is collected, dried and then con-

centrated under reduced pressure to remove solvent.
The residue 1s chromatographed on the column of silica

gel (solvent, chlorofrm:methanol=49.1), whereby the
following two compounds are obtained, respectively.
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8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-((1R)-2-(p-
methoxyphenyl)-1-methylethyl)-N-((2S)-1-(2-naphthyl-
sulfonyl)pyrrolidine-2-carbonyl)amino)ethyl}carbos-
tyril

Yield: 2.1 g (28.2%), colorless caramel.

IR vpax™Wo! (cm—1): 3390, 1650, 1605,

Mass (m/e): 727 (M——H-;0)

8-benzyloxy-5-{(1S)-1-hydroxy-2-[N-((1S)-2-(p-
methoxyphenyl)-1-methylethyl)-N-((28)-1-(2-naphthyl-
sulfonylpyrrolidine-2-carbonyl)aminojethyl }carbox-
tyril

Yield: 2.2 of (29.5%), colorless caramel

IR vpyax"Wo! (cm—1): 3390, 1650, 1605

Mass (m/e): 727 (M——H,;0)

(2-a). 2.61 g of 8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-
((1R)-2-(p-methoxyphenyl)-1-methylethyl)-N-((2S)-1-
(2-naphthylsulfonyl)-pyrrolidine-2-carbonyl)amino]e-
thyl }carbostyril are dissolved in 100 ml of methanol,
and 35 ml of IN potassium hydoxide-methanol and 10
ml of water are added thereto. The mixture is refluxed
for 3 hours with stirring. The mixture is concentrated
under reduced pressure to remove solvent. The residue
is extracted with chloroform, and the extract is washed
with 5% hydrochloric acid, dried and then concen-
trated under reduced pressure to remove solvent. The
residue is recrystallized from a mixture of isopropanoi
and water. 1.1 g of 8-benzyloxy-5-{(1R)-1-hydroxy-2-
[N-{(1R)-2-(p-methoxyphenyl)-1-methylethyl)amino]e-
thyl}carbostyril hydrochloride are obtained as colorless
prisms. Yield: 63.6%

M.p. 203°-205° C. (decomp.)

Free base:

M.p. 130.5°-132.5° C.

[a]p?0—45.31° (c=1.05, methanol)

IR vpax™o! (cm—1): 3340, 3160, 1640

Mass (m/e): 440 (M+—H;0O)

NMR (CDCl3) v: 1.08 (d, J=6.7 Hz, 3H), 2.5-3.0 (m,
5H), 3.76 (s, 3H), 4.8-5.10 (m, 1H), 5.14 (s, 2H), 6.5-7.3
(m, 7TH), 7.39 (s, SH), 8.05 (d, J=9.6 Hz, 1H).

(2-b). 2.61 g of 8-benzyloxy-5-{(18)-1-hydroxy-2-[N-
((1S)-2-(p-methoxyphenyl)-1-methylethyl)-N-((2S)-1-
(2-naphthylsulfonyl}-pyrrolidine-2-carbonyl)amino]e-
thyl}carbostyril are dissolved in 100 ml of methanol,
and 35 ml of IN potassium hydroxide-methanol and 10
ml of water are added thereto. The mixture is refluxed
for 3 hours with stirring. The mixture is concentrated
under reduced pressure to remove solvent. The residue
18 extracted with chloroform, and the extract is dried
and concentrated under reduced pressure to remove
solvent. The residue is recrystallized twice from ethyl
acetate. 1.1 g of 8-benzyloxy-5-{(1S)-1-hydroxy-2-[N-
((1S)-2-(p-methoxyphenyl)- 1-methylethyDamino]ethyl}
carbostyril are obtained as colorless needles. Yield:
68.8%.

M.p. 130.5°-132° C.

[a]p?04-40.9° (c=1.0, chloroform)

IR vmex"Wo! (cm—1): 3340, 3160, 1640

Mass (m/e): 458 (M +), 40 (M +—H;0)

NMR (CDCl3) 8: 1.08 (d, J=6.7 Hz, 3H), 2.5-3.0 (m,
5H), 3.76 (s, 3H), 4.8-5.10 (m, 1H), 5.14 (s, 2H), 6.5-7.3
(m, 7TH), 7.39 (s, SH), 8.05 (d, J=9.6 Hz, 1H).

(3-a). A mixture of 3.5 g of 8benzyloxy-5-{(1R)-1-
hydroxy-2-[N-((1R)-2-(p-methoxyphenyl)-1-methyle-
thyl)amino]ethyl}carbostyril hydroxide, 240 mg of 10%
palladium-charcoal, 100 ml of tetrahydrofuran and 10
ml of water 1s shaken at room temperature at an atmo-

spheric pressure under a hydrogen atmosphere for 2
hours. Insoluble materials are collected by filtration and



Re. 33,024

15

washed with an aqueous 109 ethanol solution. The
filtrate and washings are combined, and the combined
solution is concentrated under reduced pressure to re-
move solvent. The residue is crystallized with a mixture
of ethanol, water and isopropyl ether, and crystalline
precipitates are collected by filtration, 2.38 g of 8-
hydroxy-5-{(1R)-1-hydroxy-2-[N-{((1R)-2-(p-methoxy-

phenyl)-1-methylethyl)amino]ethyl }carbostyril hydro-
chloride are obtained as colorless crystals. Yield: 83%

M.p. 170.0°-171.5° C. (decomp.)

[a]p??2—64.40° (c=1.00, methanol)

IR vimax™o! (cm—1): 3300 (broad), 1640, 1610, 1600

NMR (D20) 8: 1.36 (d, J=7 Hz, 3H), 292 (d, J=8
Hz, 2H), 3.32 (d, J=6 Hz, 2H), 3.77 (s, 3H), 5.45(t,J=6
Hz, 1H), 6.62 (d, J=10 Hz, 1H), 6.80 (d, J=8 Hz, 2H),
6.95 (d, J==8 Hz, {H), 7.10 (d, J=8 Hz, 2H), 7.20 (d, 8
Hz, 1H), 8.08 (d, J=10 Hz, 1H).

(3-b). A mixture of 916 mg of 8-benzyloxy-5-{(15)-1-
hydroxy-2-[IN-((1S)-2-(p-methoxyphenyi)-1-methyle-
thyl)amino]ethyl}carbostyril, 100 mg of 109% palladi-
um-charcoal, 2 ml of 1IN hydrochloric acid and 20 mi of
tetrahydrofuran is shaken at room temperature at an
atmospheric pressure under a hydrogen atmosphere for
2 hours. Insoluble materials are collected by filtration
and washed with an aqueous 10% ethanol solution. The
filtrate and washings are combined, and the combined
solution is concentrated under reduced pressure {o re-
move solvent. The residue is crystallized with a mixture
of methanol and ether, and crystalline precipitates are
collected by filtration. 623 mg of 8-hydroxy-5-{(15)-1-
hydroxy-2-[N-{((1S)-2-(p-methoxyphenyl)-1-methyle-
thyl)amino]ethyl }carbostyril hydrochloride are ob-
tained as colorless crystals, Yield: 77%

M.p. 166°-167° C. (decomp.)

[@]p?0—65.5° (c=1.0, methanol)

IR vmax™o! (cm—1): 3390, 3320, 1640, 1610, 1600

The Mass and NMR data of this product are identical
with those of the product obtained in the above-men-
tioned paragraph (3-a).

EXAMPLE 3

(1) 330 mg of 8-benzyloxy-5-(dihydroxyacetyl)car-
bostyrii 4 hydrate. 165 mg of (R)-N-{(2-(p-methoxy-
phenyl)-1-methylethyllamine, 7 ml of dimethylsuifox-
ide, 7 ml of methanol and 38 mg of sodium borohydride
are treated in the same manner as described in Example
2-(2) except that the reduction reaction is conducted at
0° to 10° C. Then, the reaction mixutre is extracted with
ethyl acetate. The extract is washed with water, dried
and then concentrated under reduced pressure to re-
move solvent. 10 m of ethyl acetate and 10 ml of an
aqueous 10% potassium carbonate solution are added to
the residue, and 0.5 ml of acetyl chloride are added to
the mixture with stirring under ice-cooling. The mix-
ture is stirred at the same temperature for 30 minutes.
The ethyl acetate layer is collected and washed with
water and a saturated sodium chloride solution, succes-
sively. The ethyl acetate solution is dried and concen-
trated under reduced pressure to remove solvent. The
residue is chromatographed on the column of silica gel
(solvent, methanol:chloroform=1.19), whereby the
following two compounds are obtained, respectively.

8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-((1R)-2-(p-
methoxyphenyl)-1-methylethyl)-N-acetylamino)ethyl}
carbostyril

Yield: 50 mg (10%), colorless caramel

Mass (m/e): 482 (M——H-0)
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8-benzyloxy-5-{(1S)-1-hydroxy-2-[N-((1R)-2-(p-
methoxyphenyl)-1-methylethyl)-N-acetylaminojethyl}
carbostyril

Yield: 410 mg (82%), colorless caramel

Mass (m/e): 482 (M ——H70)

(2) 8benzyloxy-5-{(1R)-1-hydroxy-2-[N-{(1R)-2-(p-
methoxyphenyl)-1-methylethyl)-N-acetylamino}ethyl }
carbostyril is treated in the same manner as described in
Example 3-(2-a) and (3-a), whereby 8-hydroxy-5-{(1R)-
1-hydroxy-2-{N-((1R)-2-(p-methoxyphenyl)-1-mthyle-
thyl)amino]ethyl }carbostyril hydrochloride is obtained.

EXAMPLE 6

8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-((1R)-2-(p-
methoxyphenyl)-1-methylethyl)-N-(p-nitrobenzoyl-
yaminolethyl }carbostyril is obtained in the same manner
as described in Example 5-(1). A mixture of 3.7 g of
8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-((1R)-2-(p-
methoxyphenyl)-1-methylethyl)-N-(p-nitrobenzoyl-
yamino]ethyl }carbostyril, 100 ml of 96% potassium
hydroxide-ethanol and 10 ml of water is refluxed for
one hour under stirring. The mixture is concentrated
under reduced pressure to remove solvent. The residue
is extracted with chloroform, and the extract is washed
with water. 109% hydrochloric acid and a saturated
sodium chlornde solution, successively. The chloroform
solutioh is dried and concentrated under reduced pres-
sure to remove solvent. The residue is recrystallized
from an aqueous 10% isopropanol solution. 1.85 g of
8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-((1R)-2-(p-
methoxyphenyl)-1-methylethylaminojethyl }carbos-
tyril hydrochloride are obtained as colorless prisms.
Yield: 65%

The physico-chemical properties of this product are
identical with those of the product obtained in Example
4-(2-a).

(3) 8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-({(1R)-2-(p-
methoxyphenyl)- 1-methylethyl)amino}ethyl }carbos-
tyril hydrochloride is treated in the same manner as
described in Example 4-(3-a), whereby B8-hydroxy-5-
{(1R)-1-hydroxy-2-[N-({(1R)-2-(p-methoxyphenyl)-1-
methylethyl)aminojethyl}carbostyril hydrochloride is
obtained.

EXAMPLE 7

(1) 10 g of B-benzyloxy-5-(dihydroxyacetyl)carbos-
tyril 3 hydrate, 5 g of (R)-N-(2-(p-methoxyphenyl)-1-
methylethyl)amine, 100 ml of dimethylsulfoxide, 100 ml
of methanol and 1.15 g of sodium borohydride are
treated in the same manner as described in Example
2-(2). Then, the reaction mixture is extracted with ethyl
acetate. The extract is concentrated under reduced
pressure to remove solvent. 250 mli of ethyl acetate and
a slution of 8.36 g of potassium carbonate in 70 ml of
water are added to the residue, and 3.76 g of chloroace-
tyl chloride are added dropwise thereto at 5° to 7° C.
under stirring. The ethyl acetate layer is collected and
washed with water and a saturated sodium chloride
solution, successively. The ethyl acetate solution is
dried and concentrated under reduced pressure to re-
move solvent. The residue is dissolved in 80 ml of hot
methanol, and the solution i1s allowed to stand at room
temperature. Crystalline precipitates are collected by
filtration. 10.2 g of 8-benzyloxy-5-{(18)-1-hydroxy-2-
[N-({1R)-2-(p-methoxyphenyl)-1-methylethyl)-N-
chloroacetylaminojethyl}carbostyril hemihydrate are
obtained as colorless needles. Yield: 61.9%

M.p. 109°-114° C.
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Mass (m/e): 516 (M +—H;0)

[a] 20— 106.83° (c=1.02, chloroform)

(2) 7.12 g of 8-benzyloxy-5-{(1S)-1-hydroxy-2-[N-
((1R)-2-(p-methoxyphenyl)-1-methylethyl)-N-
chloroacetylaminolethyl }carbostyril hemihydrate are
dissolved in a mixture of 70 ml of chloroform and 70 ml
of methanol, and the solution is concentrated under
reduced pressure to remove solvent. The residue is
dissolved in 70 ml of methylene chloride, and 2.38 g of
thionyl chlonide are added thereto at 5° to 7° C. The
mixture is stirred at the same temperature for one hour.
Then, the mixture is concentrated under reduced pres-
sure to remove solvent. The residue is dissolved in 70 ml
of dioxane, and 15 ml of water are added thereto at
room temperature. The mixture 18 stirred at the same
temperature for one hour. A solution of 9.3 g of 96%
potassium hydroxide in a mixture of 50 ml of water and
50 ml of methanol is added to the mixture, and the
mixture is stirred for 20 minutes. The mixture is concen-
trated under reduced pressure to remove solvent. The
residue is extracted with ethyl acetate, and the extract is
washed with water and a saturated sodium chloride
solution, successively. The ethyl acetate solution is
dried and concentrated under reduced pressure to re-
move solvent. The residue is recrystallized from a mix-
ture of ethyl acetate benzene. 4.13 g of 8-benzyloxy-5-
{(1R)-1-hydroxy-2-[N-((1R)-2-methoxyphenyl)-1-
methylethyl)aminolethyl}carbostyril are obtained as
colorless needles.

Yield: 67.7%

The physico-chemical properties of this product are
identical with those of the product obtained in Example
4-(2-3).

(3) 8-benzyloxy-5-{(1R)-1-hydroxy-2-[N-((1R)-2-(p-
methoxyphenyl)-1-methylethyl)amino]ethyl }carbos-
tyril is treated in the same manner as described in Exam-
ple 4-(3-a), whereby 8-hydroxy-5-{(1R)-1-hydroxy-2-
[N-((1R)-2-(p-methoxyphenyl)-1-methylethylaminole-
thyl}carbostyril is obtained.

EXAMPLE 8

() 2 g of B8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-
methoxyphenyl)-1-methylethyl)-N-acetylamino]ethyl }
carbostyril (8-isomer) are dissolved in 25 ml of methy-
lene chloride, and 960 mg of thionyl chloride are added
thereto at 5° to 10° C. The mixture is stirred at 10° to 15°
C. for one hour. Then, the mixture is concentrated
under reduced pressure to remove excess thionyl chlo-
ride and methylene chloride. The reside is dissolved in
80 ml of water, and the solution is allowed to stand at
room temperature for 4 hours. The solution is concen-
trated under reduced pressure to remove water. The
residue is crystallized with a mixture of water and tetra-
hydrofuran, and the resultant crystals are recrystallized
from a mixture of methanol, chloroform and ether, 1.6 g
of 8-benzyloxy-5-{ 1-acetoxy-2-[N-(2-(p-methoxy-
phenyl)-1-methylethylamino]ethyl}carbostyril (a-iso-
mer) hydrochloride.methanol are obtained as colorless
prisms. Yield: 70.3%

M.p. 175°~-178° C. (decomp.)

Mass (m/e): 501 M+ 1)+, 500 (M +), 499 (M — 1)+,
400 M+, —CH31COOH) |

IR Vmaxﬂujﬂ! (Cm_l). 3350, 24%"2150, 1740, 1673

Free base:

NMR(CDCl;)v: 1.08 (d, J=6.5 Hz, 3H), 1.94 (s, 3H),
2.4-3.3 (m, 5SH), 3.74 (s, 3H), 5.14 (s, 2H), 6.14 (q,J =5.8
Hz, 1H), 6.6-7.1 (m, 7TH), 7.26(s, 5SH), 8.06 (d, J=10 Hz,

LH),

10

15

20

25

30

33

45

30

55

65

(2) 0.5 g of 8-benzyloxy-5-{!-acetoxy-2-[N-(2-(p-
methoxyphenyl)-1-methylethyl)amino]ethyl }carbos-
tyril (a-isomer) hydrochloride.methanol is dissolved in
a mixture of 10 ml] of methanol and 2 ml of water, and
180 mg of triethyldamine are added thereto. The mixture
1s refluxed for 5 hours under stirring. The mixture is
concentrated under reduced pressure to remove sol-
vent. The residue is extracted with chloroform, and the
extract is washed with 5% hydrochloric acid. The chlo-
roform solution is dried and concentrated under re-
duced pressure to remove solvent. The residue is re-
crystallized from a mixture of isopropanol and ether.
365 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-
methoxyphenyl)-1-methylethyl)aminolethyl }carbos-
tyril (a-isomer) hydrochloride are obtained. Yield:
86.1%

The physico-chemical properties of this product are
identical with those of the product obtained in Example
3-(2-a).

(3)  8-benzyloxy-5-{1-hydroxy-2-[N-2-(p-methoxy-
phenyl)-1-methylethyl)aminolethyl}carbstyril  (a-iso-
mer) hydrochloride is treated in the same manner as
described in Example 3-(3-a), whereby 8-hydroxy-5-{1-
hydroxy-2-[N-(2-(p-methoxyphenyl)-1-methylethyl-
Jaminolethyl }carbotyril (a-isomer) hydrochloride is
obtained.

EXAMPLE 9

(1) 100 mg of 8-benzyloxy-5-{1-hydroxy-2-[N-2-(p-
methoxyphenyl)- 1-methylethyl)-N-acetylamino]ethyl}
carbostyril (B-isomer) are dissolved in 2 ml of methy-
lene chloride, and 35.7 mg of thionyl chiloride are added
thereto under ice-cooling. The mixture is stirred for 15
minutes. After the reaction, the mixture is concentrated
under reduced pressure. 4 ml of dioxane are added to
the residue. The mixture is ice-cooled and 75 mg of
potassium acetate are added thereto. The mixture is
stirred at room temperature for 15 minutes. 40 mg of
sodium hydroxide are added to the mixture, and the
mixture is stirred at room temperature for 0.5 hour.
After the reaction, the mixture is extracted with ethyl
acetate, 5 ml of an aqueous 5% sodium hydroxide solu-
tion are added to the organic layer. The mixture is
stirred under cooling and treated with 45 mg of acetyl
chloride. After the reaction, the organic layer is col-
lected, washed with water, dried and then evaporated
under reduced pressure to remove ethyl acetate. The
residue is recrystallized from ethyl acetate. 80 mg of
8-benzyloxy-5-{1-hydroxy-2-[N-(2-(p-methoxyphenyl)-
1-methylethyl)-N-acetylamino]ethyl }carbostyril (a-iso-
mer) are obtained as colorless needleds. Yield: 80%

M.p. 177°-180° C.

IR-spectrum and Rf-value of the product are identi-
cal with those of the product obtained in Example 3-(1).

(2) 8-Benzyloxy-5-{1-hydroxy-2-[N-(2-(p-methoxy-
phenyl)-1-methylethyl)-N-acetylaminojethyl}carbos-
tyril (a-isomer) 1s converted to the corresponding 3-1s0-
mer in the same manner as described above.

EXAMPLE 10

(1) 10.84 g of 8-benzyloxy-5-(dihydroactyl)carbos-
tyril 4 hydrate and 5.66 g of N-(2-(p-methoxyphenyl)-1-
methylethyl)amine are dissolved in 100 ml of dimethyl-
sulfoxide, and the solution is stirred at room tempera-
ture for one hour. The mixture is extracted with chloro-
form, and the extract is washed with water and a satu-
rated sodium chloride solution, successively. The chlo-
roform solution is dried and concentrated under re-
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duced pressure to remove solvent. The residue is crys-
tallized with a mixture of ethyl acetate and n-hexane,
and crystalline precipitates are collected by filtration.
13 g of 8-benzyloxy-5-{1-0x0-2-[N-2-(p-methoxy-
phenyl)-1-methylethylaminolethyl }carbostyril are ob-
tained as yellow solid. Yield: 87.6%.

M.p. 151°-152° C.

Mass (m/e): 454 (M)

IR Vo™ (cm—1): 1660, 1650

NMR(CDCl3)v: 1.32 (d, J=7 Hz, 3H), 2.8-2.9 (m,
2H), 3.77 (s, 3HO. 5.24 (5, 3H), 6.70 and 8.55 (1H each,
d, J=10 Hz), 6.79 and 7.04 (2H each, d, J=9 Hz), 6.91
and 7.36 (1H each, d, J=9 Hz), 7.40 (s, 5H), 7.78 (s, 1H)

(2) 8-benzyloxy-5{1-0x0-2-[N-(2-(p-methoxyphenyl)-
l-methylethyl)imino]ethyl }carbostyril is treated in the
same manner as described in Example 2-(2) and (3),
whereby 8-hydrxy-5-{1-hydroxy-2-[N-(2-(p-methoxy-
phenyl)-1-methylethyllamino ethyl carbostyril is ob-
tained (a mixture of a- and B-isomers)

EXAMPLE 11

(1) One g of 8-benzyloxy-5-(dihydroxyacetyl)carbos-
tirili 4§ hydrate and 520 mg of (R)-N-(2-(p-methoxy-
phenyl)-1-methylethyl)amine are dissolved in 10 ml of
dimethylsulfoxide, and the solution is stirred at room
temperature for one hour. After the reaction 18 com-
pleted, the mixture is treated in the same manner as
described in Example 10-(1). 1.06 g of B-benzyloxy-5-
{1-0x0-2-[N-((1R)-2-(p-methoxyphenyl)- 1-methylethyl-
YiminoJethyl fcarbostyril are obtained as pale vyellow
scales. Yield: 75%

M.p. 114°-116° C.

[a]p?®—97.5° (c=1.06, methanol)

IRVmax"o! (cm—1): 1670, 1625

The Mass and NMR data of this product are identical
with those of the product obtained in Example 10-(1).

(2) 8-benzyloxy-5-{1-0x0-2-[N-((1R)-2-(p-methoxy-
phenyl)-1-methylethyl)iminolethyl }carbostyril is
treated in the same manner as described in Example
2-(2) and Example 5, whereby 8-hydroxy-5-{(1R)-1-
hydroxy-2-[N-((1R)-2-{p-methoxyphenyl)-1-methyle-
thyl)aminolethyl }carbostyril hydrochloride is obtained.

EXAMPLE 12

(1) A solution of 1.65 g of (R)-N-(2-p-methoxy-
phenyl)-1-methylethyl)amine in 5 ml of dimethylsulfox-
ide 1s added to a solution of 3.3 g of 8-benzyloxy-5-
(dihydroxyacetyl)carbostyril 4 hydrate in 45 ml of di-
methylsulfoxide, and the mixture is stirred at room tem-
perature for 30 minutes. 60 ml of methanol are added to
the mixture under ice-cooling, and 0.39 g of sodium
borohydride is added thereto at 5° to 10° C. The mix-
ture is stirred at the same temperature for 15 minutes.
The mixture is concentrated under reduced pressure to
remove solvent. The residue is extracted with ethyl
acetate, and the extract is washed with water and a
saturated sodium chloride solution, successively. The
ethyl acetate solution is dried and concentrated under
reduced pressure to remove solvent. The residue is
converted to its hydrochloride, and the hydrochloride
is crystallized with a mixture of isopropanol and and
ethyl acetate. The resultant crystals are recrystallized 3
times from ethanol. 2.28 g of 8-benzyloxy-5-{(15)-1-
hydroxy-2-[N-((1R)-2-(p-methoxyphenyl)-1-methyle-
thyl)amino]ethyl }carbostyril hydrochloride % ethanol
hemihydrate are obtained as colorless needles. Yield:
46%

M.p. 164.5°-167° C. .
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[a] P +9.60° (c=1.0, methanol)

Mass (m/e): 440 (M ——H7;0))

IR vmex"¥o! (cm—1): 3405, 3350, 3200, 2740-2450,
1650, 1605.

NMR(de-DMSO): 1.15 (d, =8 Hz, 3H), 2.4-2.8 (m,
2H, 2.82-3.9 (m, 4H), 3.72 (s, 3JH), 4.36 (broad s, 1H),
5.33 (s, 2H), 6.58 (d, J=10 Hz, 1H), 6.86 (d, J=9 Hz,
Z2H), 7.14 (d, J=9 Hz, 2H), 8.36 (d, J=10 Hz, 1H),
6.8-7.7 (m, TH)

(2) 8-benzyloxy-5-{(1S)-1-hydroxy-2-[N-({1R)-2-(p-
methoxyphenyi)-1-methylethyl)aminojethyl }carbos-
tyril hydrochloride 18 treated in the same manner as
described in Example 4-(3-a), whereby 8-hydroxy-5-
{(18)-1-hydroxy-2-[N-((1R)-2-(p-methoxyphenyl)-1-
methylethyllaminolethyl }carbostyril is obtained.

EXAMPLE 13

(1) A solution of 7.8 g of bromine in 30 ml of methy-
lene chloride is added dropwise to a refluxing solution
of 13 g of S-acetyl-8-benzyloxycarbostyril and 7.56 g of
boron trifluoride etherate in 170 ml of methylene chlo-
ride, and the mixture is refluxed for 30 minutes under
heating. The mixture 18 concentrated under reduced
pressure to remove solvent. The residue is made alka-
line with an aqueous 10% potassium carbonate solution,
and the resultant precipitates are collected by filtration.
The crystals are recrystallized from a mixture of chloro-
form and methanol, 12.51 g of 5-bromoacetyl-8-ben-
zyloxycarbostyril are obtained as pale yellow needles.
Yield: 75.7%

‘The physico-chemical properties of this product are
identical with those of the product obtained in Example
1-(1).

(2) A mixture of 3.72 g of 5-bromoacetyl-8-benzylox-
ycarbostyril, 3.3 g of N-(2-(p-methoxyphenyl)-1-
methylethyl)amine, 2.6 g of sodium bicarbonate, 10 ml
of methylene chloride and 2 ml of dimethylformamide is
refluxed for 30 minutes under stirring. The mixture is
concentrated under reduced pressure to remove sol-
vent. The residue is extracted with chioroform, and the
extract 18 washed with 10% hydrochloric acid, dried
and then concentrated under reduced pressure to re-

move solvent. The residue is rcrystallized form a mix-
ture of ethanol and isopropanol. 3.53 g of 8-benzyloxy-
5-{1-0x0-2-[N-(2-(p-methoxypheyl)-1-methylethyl-
Yamino}ethyl }carbostyril hydrochloride are obtained as
colorless needles. Yield: 71.6%

M.p. 201.5°-208° (decomp.)

Mass (m/e): 456 (M +), 335, 121

IRV a0 {cm—1): 3380, 1690, 1660.

(3) 8-benzyloxy-5-{1-0x0-2-[N-(2-(p-methoxy-
phenyl)-1-methylethyl)aminojethyl}tcarbostyril hydro-
chlonide is treated in the same manner as described in
Example 1-(2) and (3), whereby 8-hydroxy-5-{1-
hydroxy-2-[N-(2-(p-methoxyphenyl)-1-methylethyl-
yamino]ethyl }carbostyril dihydrochloride is obtained.
(a mixture of a- and 3-isomers)

(PREPARATION OF STARTING COMPOUNDS)
Preparation 1

(1) 27 g of 5-acetyl-8-hydroxyquinoline hydrochlo-
ride are dissolved in 540 ml of anhydrous dimethylform-
amide and 350 g of powdered potassium carbonate are
added thereto. 18.4 g of benzyl chloride are added to
the mixture at 50° C. under an argon atmosphere, and
the mixture 1s stirred at the same temperature for 4.3

hours and then further stirred at room temperature for
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1.5 hours. After the reaction, water is added to the
mixture, and the aqueous mixture is extracted with ethyl
acetate. The extract is washed with water, a saturated
sodium chloride solution, dried and then evaporated
under reduced pressure to remove ethyl acetate. The
residue is recrystallized from ethanol. 19.1 g of 5-acetyl-
8-benzyloxyquinoline are obtained as brownish prisms.
6.35 g of said product are further recovered from the
mother liquor.

Total yield: 25.5 g (76.1%) M.p. 131°~133° C.

(2) 5 g of 5-acetyl-8-benzyloxyquinoline are dissolved
in 50 ml of chloroform. The solution is ice-cooled and
3.12 g of 80% m-chloroperbenzoic acid are added
thereto under stirring. The mixture is stirred at room
temperature for 24 hours and at 50° C. for 7.5 hours.
The mixture is then stirred at room temperature for 64
hours. 2 g of 80% m-chloroperbenzoic acid are further
added to the mixture during the reaction. After the
reaction, chloroform is added to the mixture. The mix-
ture 1s washed with water, a 4% sodium bicarbonate
solution and a saturated sodium chloride solution, dried
and then evaporated under reduced pressure to remove
chloroform. $-Acetyl-8-benzyloxyquinoline-N-oxide is
obtained as yellow solid.

M.p. 136.5°~137.5° C. (recrystallized from acetone)

The yellow product obtained above is dissolved in 60
ml of acetic anhydride, and the solution is stirred at 100°
C. for 8.5 hours. After the reaction, the mixture is evap-
orated under reduced pressure and the residue is recrys-
tallized from methanol. 1.95 g of S-acetyl-8-benzylox-
ycarbostyril are obtained as pale brownish prisms. 1.06
g of said product is further recovered from the mother
hiquor. Total yield: 3.01 g (56.8%)

M.p. 174°-176° C.

Preparation 2

15.23 g of 5-acetyl-8-hydroxycarbostyril and 15.7 g of
benzyl chloride are added to a mixture of 200 ml of
acetone and 90 mi of water, and 10.35 g of potassium
carbonate are added thereto. The mixture is refluxed for
12 hours under stirring. Then, the mixture is evaporated
under reduced pressure to remove acetone, and the
residue is extracted with chloroform. The extract is
washed with water, dried and evaporated under re-
duced pressure to remove chloroform. The residue is
recrystallized from a mixture of ethyl acetate and n-hex-
ane, 10.14 g of 5-acetyl-8-benzyloxycarbostyril are ob-
tained as prisms. 1.58 g of said product are further re-

covered from the mother liquor.
Total yield: 11.72 g (53.3%)

Preparation 3

(1) 19.3 g of a-methyl-a-nitro-p-methoxystyrene are
dissolved in a mixture of 180 ml of methanol and 60 ml
of tetrahydrofuran, and 11.4 g of sodium borohydride
are added thereto under ice-cooling. The mixture is
stirred at room temperature overnight. 3 g of 10% pal-
ladium-charcoal and 30 ml of methanol, are added to
the mixture, and the mixture is shaken at room tempera-
ture at an atmospheric pressure under a hydrogen atmo-
sphere for 9 hours. Insoluble materials are filtered off,
and the filtrate is concentrated under reduced pressure
to remove solvent. The residue is extracted with chloro-
form, and the extract is dried and concentrated under
reduced pressure to remove solvent. 15.5 g of N-(2-(p-

methoxyphenyl)-1-methylethyl)amine are obtained as
colorless oil. Yield: 94.4% B.p. 110°-115° C./S mmHg
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(2) 81.7 g of .Q'--I‘ifé(z-(p-methoxyphenyl)-—l-methylethyl-
Jamine and 150 g of (S)-1-(2-naphthylsulfonyl)pyrroli-
dine-2-carboxylic acid are dissolved in 1000 m! of meth-
anol and the solution is concentrated under redued
pressure to remove methanol. The residue is recrystal-
lized twice from a mixture of ethyl acetate and isopro-
panol (1:1), once from isopropanol, twice from a mix-
ture of isopropanol and ethanol (1:1) and then from a
mixture of isopropanol and ethanol (1:2) 57.56 g of a salt
of (R)-N-(2-(p-methoxyphenyl)-1-methylethyl)amine
with (S)-1-(2-naphthylsulfonyl)pyrrolidine-2-carboxylic
acid are obtained as colorless needles.

M.p. 163.5°-167° C.

The above-obtained salt (57.56 g) is converted to its
free base by using an aqueous potassium carbonate, and
the free base is distilled under reduced pressure. 14.22 g
of (R)-N-(2-(p-methoxyphenyl)-1-methylethyl)amine
are obtained as colorless oil. Yield: 35%

B.p. 90°-95° C./2 mmHg

Hydrochloride:

M.p. 252°-254° C. (decomp.)

[a]lp?5—23.2° (c=2.0 water).

What we claim is:

1. A carbostyril compound of the formula:

CH3
N OCH}
H

(D
HO

HO

or a pharmaceutically acceptable acid addition salt
thereof.

2. The compound of claim 1 which is a mixture of
8-hydroxy-5-{(1R)-1-hydroxy-2-[N-((1R)-2-(p-methox-
yphenyl)-1-methylethyl)amino]ethyl}carbostyril  and
S-hydmxy-S-{(IS)-I-hydroxy-Z-{N-((15)-2-(p—methoxy-
phenyl)-1-methylethyl)amino]ethyl }carbostyril, or a
pharmaceutically acceptable acid addition salt thereof.

3. The compound of claim 1 which is 8-hydroxy-5-
{(1R)-1-hydroxy-2-[N-((1R)-2-(p-methoxyphenyl)-1-
methylethyl)amino]ethyl}carbostyril or a pharmaceuti-
cally acceptable acid addition salt thereof.

4. A pharmaceutical composition which comprises a
therapeutically effective amount of a bronchodilating
compound of the formula:

(I)

CHj

OCH:

or a pharmaceutically acceptable acid addition salt
thereof, and a pharmaceutically acceptable carrier
therefor.

5. A method of producing a bronchodilating effect on
a warm-blooded animal comprising administering to
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said warm-blooded animal an effective amount of a
compound of the formula:

CHj I 5

10

or a pharmaceutically acid addition salt thereof. 15

6. A carbostyril compound of the formula wherein Y
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OCH,

1s benzyl, p-methaxybenzyl, or 3-4-dimethoxybenzyl.

7. The compound according to claim 6 wherein Y is
benzyl.
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