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PATENTS ACT 1952-1973
APPLICATION FOR A PATENT

We TAKEDA CHEMICAL INDUSTRIES, LTD.
of 3-6, Doshomachi 2-Chome, Chuo-ku, OSAKA 541 JAPAN

hereby apply fcr the grant of a Patent for an invention entitled:

SULFUR-CONTAINING HETEROCYCLIC COMPOUNDS

which is described in the accompanying complete specification. This
Application is a Convention Application and is based on the Applications
numbered: 335240-1988 and 303603-1989 for a Patent or similar protection
made in Japan (both) on 28 December 1988 and 21 November 1989, respectively.

Our address for service is:
GRIFFITH HACK & CO.
71 YORK STREET

SYDNEY N.S.W. 2000
AUSTRALIA

DATED this 28th day of December 1989

TAKEDA CHEMICAL INDUSTRIES, LTD.
By their Patent Attorneys
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SULFUR-CONTAINING HETEROCYCLIC COMPOUNDS
I, Hiroshi Iwata, Director
of 3-6, Doshomachi 2-Chome,

Chuo-ku, OSAKA 541 JAPAN

do solemnly and sincerely declare as follows:

1. Iam authorised by the above mentioned applicant for the patent to make
this declaration on its behalf.

2. The name and address of each actual inventor of the invention
is as follows:

__Takashi Sohda27-20, Higashikanmaki 2-Chome, Takatsuki,
OSAKA , 569 JAPAN, Masao Tsuda 7-12, Morikitacho 5-chome,
Higashinada-ku, Kobe, HYOGO 658 JAPAN, Iwao Yamazaki
9-21, Hibarigaokayamate 1-chome, Takarazuka 665 JAPAN

3. The facts upon which the applicant is entitled to make this application
are as follows:

The applicanc is the assignee of the invention
from the inventors

4. The basic application(s) as defined by Section 141 of the Act was (were)
made as follows:

Country Japan on 28 December 1989
in the name(s) Takeda Chemical Industries,Ltd
andin  Japan on 21 November 1989

in the name(s) Takeda Chemical Industries, Ltd

5. The basic application(s) referred to in the preceding paragraph was
(were) the first application(s) made in a Convention country in respect of
the invention the subject of this application.

Declared at Osaka, Japan

this 5th day of December 1989
Signed By Takeda Chemical I/nqustrles. Ltd.
Position //x/\,fa/),ﬂ Mkﬂ%

le'OShl Iwata Director
General Manager, Patent & Licensing Dept.
Authorized Signing Officer

GRIFFITH HACK & CO

PATENT AND TRADE MARK ATTORNEYS

MELBOURNE SYDNEY PERTH
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Title
SULFUR-CONTAINING HETEROCY CLIC COMPOUNDS

International Patent Classification(s)

C0o7D 337/08 A61K 031/38 A61K 031/41 C07D 335/06
C07D 335/08 C07D 409/12 C07D 417/12 CO07D 495/04
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Application No. : 47320/89 (22) Application Date : 28.12.89
Priority Data

Number (32) Date (33) Country

63-335240 28.12.88 JP JAPAN

1-303603 21.11.89 JP JAPAN

Publication Date : 19.07.90
Publication Date of Accepted Application : 21.05.92

Applicant(s)
TAKEDA CHEMICAL INDUSTRIES, LTD.

Inventor(s)
TAKASHI SOHDA; MASAO TSUDA; IWAO YAMAZAKI

Attorney or Agent
GRIFFITH HACK & CO. , GPO Box 4164, SYDNEY NSW 2001

The present invention relates to sulfur-containiag
heterocyclic compounds and salts thereof which are useful
for treatment of osteoporosis.

The compounds and salts according to the presaut
invention possess bone resorption inhibitory activity, and
they inhibit the quantitative loss of bone due to release
of calcium from bones into blood.

CLAIM

1. A sulfur-containing heterocyclic compound of
the formula (I)

T a [\ SC=0)k’
N /
) XN 1o
R

wherein ring A is a benzene ring which may be substituted;
R is a hydrogen atom or a hydrocarbon group which may be

substituted; B is a carboxyl group which may be esterified
or amidated, X is -CH(OH)- or -CO-; k is O or 1; and k' is

0, 1 or 2 or a pharmaceutically acceptable sajit #hereof.
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Complete Specification for the invention entitled:

SULFUR-CONTAINING HETEROCYCLIC
COMPOUNDS

The following statement is a full description of this invention,
including the best method of performing it known to us:-
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to sulfur-containing
heterocyclic compounds and salts thereof which are useful
for treatment of osteoporosis.

The compounds and salts according to ths present
invention possess bone resorption inhibitory activity, and
they inhibit the quantitative loss of bone due to release
of calcium from bones into blood.

2. Description of the Prior Art

Osteoporosis, is known as a disease associated with
the loss of bone calcium into the blood with the
consequent decrease of bone mass which causes the bones to
become fragile and liable to be fractured.

The cardinal manifestations of osteoporosis are
kyphosis and fracture of thoracic vertebrae, lumber
vertebhrae, femoral neck, distal ends of radii, ribs,
proximal ends of humeri and so on. The cause of such
malady varies from endocrine disorder to nutritional
disorder. The therapeutic drugs used in such cases are
estrogens, calcitonin (calcium regulating hormone),
vitamin D, calcium preparations and so on.

However, these therapeutic approaches are not
effective enough in that symptoms and patients which can
be treated are limited and, moreover, they are not
definitely effective in preventing or alleviating the loss
of bone mass.

PREFERRED EMBODIMENT OF THE INVENTION
The present invention is therefore directed to:

1. a sulfur-containing heterocyclic compound of
the general formula (I)

«_ACH2 Dk

B
L//,; }\L _</S<=0)k’

N 7 /
R S (1)

R
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wherein ring A is a benzene ring which may be substituted;
R is a hydrogen atom or a hydrocarbon group which may be
substituted; B is a carboxyl group which may be esterified
or amidated, X is -CH(OH)- or -CO-; k is 0 or 1; and k' is
0, 1 or 2 or a pharmaceutically acceptable salt thereof.

2. A process for producing the compound (I) or a
salt thereof, which comprises

(1) subjecting a compound of the general formula
(I1)

/

;fx\’/(CHz)k—*<

I
A | \IS(=0)k’ (1)
X CH-COY
R

wherein B' is an esterified carboxyl group; Y is a hydroxy
group or a halogen atom and the other symbols respectively
have the same meanings as defined above or a salt thereof
to cyclization reaction and, if necessary, further to
oxidation or/and hydrolysis, hydrolysis followed by
amidation, or hydrolysis followed by amidation and
oxidation to produce a sulfur-containing heterocyclic
compound of the general formula (Ia)

B 4
o~ LBk

| A lL\\ /§(=0)k’ (Ia’)

wherein each symbol has the same meaning as defined above
or a salt thereof, or alternatively

(ii) reducing a compound of the general formula
(Ia) defined above a salt thereof to produce a sulfur-
containing heterocyclic compound of the general formula (Ib)

75808:LG
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wherein each symbol has the same meaning as defined above
or a salt thereof.

3. A pharmaceutical preparation for use in the
treatment of osteoporosis comprising an effective
anti-osteoporotic amount of the compound (I) or
pharmaceutically acceptable salt thereof.

In formula (I), the substituent or substituents on
ring A, i.e. the benzene ring which may be substituted,
include, among others, halogens, nitro, alkyl groups which
may be substituted; hydroxy which may be substituted;
thiol which may be substituted, amino, acyl groups, mono-
or dialkoxyphosphoryl, phosphono group, aryl groups which
may be substituted, aralkyl group t'hich may be substituted
and/or aromatic heterocyclic groups which may be
substituted. The benzene ring may be substituted by 1 to
4 and preferably 1 or 2 of such substituents, which may be
the same of different.

The halogen mentioned above include fluorine,
chlorine, bromine and iodine. The alkyl groups or the
alkyl moieties of substituted alkyl groups are preferably
straight-chain or branched alkyl groups of 1 to 10 carbon
atoms, such as methyl, ethyl, propyl, isopropyl, butyl,

7580S:LG
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isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, hexyl, heptyl, octyl, nonyl, decyl, etc., and
cycloalkyl groups of 3 to 7 carbon atoms, such as cyclo-
propyl, cyclobutyl, cyclohexyl, cycloheptyl, etc. and
tﬁese alkyl groups may be substituted by 1 to 3 substi-
tuent groups swch as halogens (e.g. fluorine, chlorine,
bromine and iodine), hydroxy, alkoxy groups of 1 to 6
carbon atoms (e.g. methoxy, ethoxy, propoxy, butoxy and
hexyloxy), mono- or di(Cj;_-g alkoxy)phosphoryl groups,
phosphono group and so on.

Specific examples of such substituted alkyl groups
include trifluoromethyl, trifluoroethyl, trichloromethyl,
hydroxymethyl, 2-hydroxyethyl, methoxyethyl, l-methoxy-
ethyl, 2-methoxyethyl, 2,2-diethoxyethyl, 2-diethoxyphos-
phorylethyl, 2-phosphonoethyl and so on.

The substituted hydroxy includes, among others,
alkoxy, alkenyloxy, aralkyloxy, acyloxy and aryloxy. The
alkoxy groups mentioned above is preferably a
straight-chain or branched alkoxy group of 1 to 10 carbon
atoms, such as methoxy, ethoxy, propoxy, butoxy,
tert-butoxy, pentyloxy, hexyloxy, heptyloxy, nonyloxy,
etc. or a cycloalkoxy group of 4 to 6 carbon atoms, such
as cyclobutoxy, cyclopentyloxy, cyclohexyloxy and so on.
The alkenyloxy group, also mentioned above, is preferably
an alkenyloxy group of 2 to 10 carbon atoms, such as
allyloxy, crotyloxy, 2-pentenyloxy, 3-hexenyloxy,
2-cyclopentenylmethoxy, 2-cyclohexenyloxy and so on. The
aralkyloxy group is preferably an aralkyloxy group of 6 to
19 carbon atoms and more desirably a Cg-14 aryl-Cji_4a
alkyloxy group, such as benzyloxy, phenethyloxy and so on.
The acyloxy group is preferably an alkanoyloxy group, a
Cp-10 alkanoyloxy group, such as acetyloxy, propionyloxy,
n-butyryloxy, hexanoyloxy and so on. The aryloxy group is
preferably a Cg-14 aryloxy group such as phenoxy, bi-
phenyloxy and so on. These groups may be further

(.
| =

-
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substituted by 1 to 3 substituent groups such as the
above-mentioned halogens, hydroxy, Cj..g alkoxy groups and
mono- or di-(Cj-g alkoxy)phosphoryl groups. Specific
examples of such substituted hydroxy include trifluoro-
methoxy, 2,2,2-trifluoroethoxy, difluoromethoxy, 2-
methoxyethoxy, 4-chlorobenzyloxy, 2—(3;4—dimethoxyphenyl)-
ethoxy and so on.

The thiol which may be substituted includes, among
others, alkylthio, aralkylthio and acylthio groups. The
alkylthio groups are preferably straight-chain or branched
C1-10 alkylthio groups such as methylthio, ethylthio,
propylthio, butylthio, pentylthio, hexylthio, heptylthio,
nonylthio, etc. or C4-g cycloalkylthio groups such as
cyclobutylthio, cyclopentylthio, cyclohexylthio and so on.
The aralkylthio groups are preferably C7-.319 aralkylthio
groups and more desirably Cg-14 aryl-Cji-4 alkylthio
groups, such as benzylthio, phenethylthio and so on. The
acylthio groups are preferably alkanoylthio groups,
particularly Cp_-10 alkanoylthio groups, such as acetyl-
thio, propionylthio, n-butyrylthio, hexanoylthio and so
on. These groups may be further substituted by 1 to 3
substituent groups such as the above-mentioned halogens,
hydroxy, Ci-.g alkoxy groups and/or mono- or di(Cji-g
alkdxy)phosphoryl groups. Specific examples of said
substituted thiol include trifluoromethylthio, 2,2,2-
trifluoroethylthio, 2-methoxyethylthio, 4-chlorobenzyl-
thio, 3,4-dichlorobenzylthio, 4¢-fluorobenzylthio, 2-
(3,4-dimethoxyphenyl)ethylthio and so on.

The substituents for said substituted amino include,
among others, the above-mentioned Cj;-10 alkyl groups,
Cop-10 alkesnyl groups (such as allyl, vinyl, 2-penten-1l-yl,
3-penten-1-yl, 2-hexen-1-yl, 3-hexen-1l-yl, 2-cyclohexenyl,
2-cyclopentenyl, 2-methyl-2-propen-1-yl, 3-methyl-2-buten-
1-yl, etc.), Cg-14 aryl groups and C7-19 aralkyl groups.
These substituents may be the same or different and the
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number of them may be 1 or 2. These substituents may be
further substituted by various substituent groups such as
the above-mentioned halogens, Cl—3 alkoxy groups, mono-
or di (Cl_6 alkoxy) phosphoryl groups and phosphono
group. Specific examples of said subtituted amino group
includes methylamino, dimethylamino, ethylamino,
diethylamino, dibutylamino, diallylamino, cyclohexylamino,
phenylamino, N-methyl-N-phenylamino, N-methyl-N-(4-
chlorobenzyl)amino, N,N-di(2-methoxyethyl)amino and so on.
The acyl group includes acyl groups derived from
organic carboxylic acids and those derived from sulfonic

acids having C hydrocarbon groups (such as methyl,

ethyl, n—propy%,Ghexyl, phenyl, etc). The acyl groups
derived from organic carboxylic acids include formyl,
Cl—lO alkyl-carbonyl groups (such as acetyl, propionyl,
butyryl, valeryl, pivaloyl, hexanoyl, octanoyl,
cyclobutanecarbonyl, cyclohexamecarbonyl, cycloheptane-

carbonyl, etc.), C alkenyl-carbonyl groups (such as

2-10

crotonyl, 2-cyclohexenecarbonyl, etc.), C6—l4

aryl-carbonyl groups (such as benzoyl etc), C7_19
aralkyl-carbonyl groups (such as benzylcarbonyl
benzhydrylcarbonyl, etc.), 5- or 6-membered aromatic
heterocycle-carbonyl groups (such as nicotinoyl,
4-thiazolylcarbonyl, etc.), 5- or 6-membered aromatic
heterocycle-acetyl groups (such as 3-pyridylacetyl,
4-thiazolylacetyl, etc.) and so on. The acyl groups

derived from sulfonic acids having C hydrocarbon

groups include methanesulfonf&, etha;egulfonyl and so on.
These groups may be further substituted by 1 to 3
substituent groups such as the above-mentioned halogens,
hydroxy, C1~6 alkoxy groups, and amino. Specific
examples of said substituted acyl groups include
trifluoroacetyl, trichloroacetyl, 4-methoxybutyryl,
3-cyclohexyloxypropionyl, 4-chlorobenzoyl,
3,4-dimethoxybenzoyl and so on.

7580S:LG
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The mono- or di-alkoxyphosphoryl groups mentioned
hereinbefore are preferably di-lower alkoxyphosphoryl
groups such as dimethoxyphosphoryl, diethoxyphosphoryl,
dipropoxyphosphoryl, diisopropoxyphosphoryl,
eﬁhylenedioxyphosphoryl, dibutoxyphosphoryl and so on.

The aryl moieties of said substituted aryl groups
include, as preferred examples, Cg-14 aryl groups such as
phenyl, naphthyl, anthryl, etc. and these groups may be
substituted by 1 to 3 substituent groups such as the
above-mentioned Cj-.g alkyl groups, halogens, hydroxy and
Ci1-6 alkoxy groups. Specific examples of such substituted
aryl include 4-chlorophenyl, 3,4-dimethoxyphenyl, 4-cyclo-
hexylphenyl, 5,6,7,8-tetrahydro-2-naphthyl and so on.

The aralkyl moiety of said aralkyl group which may be
substituted includes, as preferred examples, C7-319 aralkyl
groups such as benzyl, naphthylethyl, trityl, etc. and
these groups may be nuclearly substituted by 1 to 3
substituent groups such as the above-mentioned Cj_-g alkyl
groups, halogens, hydroxy, and Cj_g alkoxy groups.
Specific examples of said substituted aralkyl group
include 4-chlorobenzyl, 3,4-dimethoxybenzyl, 4-cyclohexyl-
benzyl, 2-(5,6,7,8-tetrahydro-2-naphthyl)ethyl and so on.

- The aromatic heterocycles of said aromatic
heterocyclic groups which may be substituted are
preferably 5- or 6-membered aromatic heterocyclic groups
containing 1 to 4 nitrogen, oxygen or/and sulfur atoms,
such as furyl, thienyl, imidazolyl, thiazolyl, oxazolyl,
thiadiazolyl, etc. and these groups may be substituted by
1 to 3 substituent groups such as the above-mentioned Cj-g
alkyl groups, halogens, hydroxy and Cj;_g alkoxy groups.

When the benzene ring is substituted by two alkyl
groups in adjacent positions, these groups may form an
alkylene group of the formula -(CH2)m- wherein m is an
integer of 3 to 5 (such as trimethylene, tetramethylene

and pentamethylene) and when it is substituted by two
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alkoxy groups in adjacent positions, they may form an
alkylenedioxy group of the formula —O-(CHZ)n—O— where

n is an integer of 1 to 3 (such as methylenedioxy,
ethylenedioxy and trimethylenedioxy). In such cases, a
5- to 7-membered ring is formed with the carbon atoms of
the benzene ring.

The hydrocarbons of said hydrocarbon groups which
may be substituted, :iepresented by R, include, among
others, the above-mentioned alkyl groups (preferably
C alkyls), alkenyl groups (preferably C

1-10
alkenyls), aryl groups (preferably C

2-10

6-14 aryls) and

7-19 acralkyls). The
substituents on such hydrocarbons include, among others,

aralkyl groups (preferably C

the above-mentioned 5- or 6-membered aromatic heterocyclic
groups, halogens, dialkoxyphosphoryl groups, phosphono
group and so on.

Preferred examples of R are unsubstituted Cl—6
alkvl groups such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl,
hexyl and so on.

The esterified carboxyl B includes, among others,

alkoxycarbonyl groups, preferably C alkoxycarbonyl

groups (such as methoxycarbonyl, etioigcarbonyl,
propoxycarbonyl, butoxycarbonyl, etc.), aryloxycarbonyl
groups, preferably C6—l4 aryloxycarbonyl group:s (such as
phenoxycarbonyl etc.), and aralkyloxycarbonyl groups,
preferably C7_19 aralkyloxycarbonyl groups (such as
benzyloxycarbonyl etc.).

The amidated carboxyl group B is preferably a
carbamoyl group of the formula ~CONR1R2 where Rl
R2 each is a hydrogen atom, a hydrocarbon group which
may be substituted or a 5- or 7-membered heterocyclic

group which may be substituted.

and

The hydrocarbons of the above-mentioned hydrocarbon
groups which may be substituted,'Rl and R2, include,
1-10 alkyl
groups, alkenyl groups, preferably said C2_lO groups,

among others, alkyl groups, preferably said C

75808:LG
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aryl groups, preferably said C6—14 aryl groups, and
aralkyl groups preferably said C7_19 aralkyl groups and
these groups may be substituted by 1 to 2 substitutent
groups such as, for example, halogens (such as fluorine,
chlorine, bromine and iodine), hydroxy, Cl—6 alkoxy,

amino which may be substituted by C alkyl (such as

1-6
dimethylamino, diethylamino, dipropylamino, etc.) amino

substituted by acyl (e.g. C alkanoyl groups) (such

as acetylamino, propionylam%né? benzoylamino, etc.),
carbamoyl which may be substituted by Cl—s alkyl (such

as dimethylcarbamoyl, ethoxycarbamoyl, dipropylcarbamoyl,
etc.), C1—6 alkoxycarbonyl (such as methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, etc.), mono- or
dialkoxyphosphoryl (such as dimethoxyphosphoryl etc.),
phosphono group and said aromatic heterocyclic groups.

The 5- to 7-membered heterocycles of said 5- to
7-membered heterocyclic groups which may be substituted,
used as R1 and R2, include, among others, 5- to
7-membered heterocycles containing one sulfur, nitrogen or
oxygan atom, 5-or 6-membered heterocycles containing 2 to
4 nitrogen atoms, 5- to 6-membered heterocycles containing
1 to 2 nitrogen atoms, and one sulfur or oxygen atom, and
each of these heterocycles may be fused to a 6-membered
ring containing a maxzimum of 2 nitrogen atoms, a benzene
ring, or a 5-membered ring containing one sulfur atom.

Preferred examples of said 5- to 7-membered
heterocyclic groups include pyridyl, pyrimidyl, pyrazinyl,
pyridazinyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl,
pyrido[2,3-d]lpyrimidyl, benzopyranyl, 1,8-napthyridinyl,
quinolyl, thieno(2,3-blpyridyl, tetrazolyl, thiadiazolyl,
oxadiazolyl, triazinyl, triazolyl, thienyl, pyrrolyl,
pyrrolinyl, furyl, pyrrolidinyl, benzothienyl, indolyl,
imidazolidinyl, piperidyl, piperidino, piperazinyl,
morpholinyl, morpholino and so on.

R1 and R2 may combinedly form a 5- to 7-membered ring,

7580S8:LG
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in the manner of -N\\ , and examples of such ring include

morpholine, piperidine, thiomorpholine, homopiperidine,
piperidine, pyrrolidine, thiazolidine, azepine and so on.
Specific examples of said substituted alkyl group,
R1 or RZ’ include trifluromethyl, trifluoroethyl,
difluoromethyl, trichloromethyl, 2-hydroxyethyl,
2-methoxyethyl, 2-ethoxyethyl, 2,2-dimethoxyethyl,
2,2-diethoxyethyl, 2-pyridylmethyl, 3-pyridylmethyl,
4-pyridylnethyl, 2-(2-thienyl)ethyl, 3-(3-furyl)propyl,
2-morpholinoethyl, 3-pyrrolylbutyl, 2-piperidinoethyl,
2-(N,N-dimethylamino)ethyl, 2-(N-methyl-N-ethylamino)-
ethyl, 2-(N,N-diisopropylamino) ethyl, 5-(N,N-dimethyl-
amino)pentyl, N,N-dimethylcarbamoylethyl,
N,N-dimethylcarbamoylpentyl, ethoxycarbonylmethyl,
isopropoxycarbonylethyl, tertbutoxycarbonylpropyl,
2-diethoxyphosphorylethyl, 3-dipropoxyphosphorylpropyl,
4-dibutoxyphosphorylbutyl, ethylenedioxyphosphorylmethyl,
2-phosphonoethyl, 3-phosphonopropyl, and so on. Specific
examples of said substituted aralkyl representing, R
R2, are 4-chlorobenzyl, 3-(2-fluorophenyl)propyl,
3-methoxybenzyl, 3,4-dimethoxyphenethyl, 4-ethylbenzyl,
4-(3-trifluorophenyl)butyl, 4-acetylaminobenzyl,
4-dimethylaminophenethyl, 4-diethoxylphosphorylbenzyl,
2-(4-dipropoxylphosphorylmezhylphenyl)ethyl and so on.
Specific examples of said substituted aryl, representing
Rl or R2, include 4-chlorophenyl, 4-cyclohexylphenyl,
5,6,7,8~ tetrahydro-2-naphthyl, 3-trifluoromethylphenyl,
4-hydroxyphenyl, 3,4,5-trimethoxyphenyl, 6-methoxy-
2-naphthyl, 4-(4-chlorobenzyloxy)phenyl, 3,4-methylene-
dioxyphenyl, 4-(2,2,2-trifluoroethoxy)phenyl,
4-propionylphenyl, 4-cyclohexanecarbonylphenyl,
4-dimethylaminophenyl, 4-benzoylaminophenyl, 4-diethoxy-
carbamoylphenyl, 4-tert-butoxycarbonylphenyl,

lor

75808:LG
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4-diethoxyphosphorylphenyl, 4-diethoxyphosphorylmethyl-
phenyl, 4-(2-diethoxyphosphorylethyl)phenyl,
2-diethoxyphosphorylmethylphenyl, 3-diethoxyphos-
phorylmethylphenyl, 4-dipropoxyphosphoryl-
phenyl,4-(2-phosphonoethyl)phenyl, 4-phosphonomethyl-
phenyl, 4-phosphonophenyl and so on. Specific examples of
said substituted 5- to 7-membered heterocyclic group

repiesenting R, or Rz,include 5-chloro-2-pyridyl,

3—methoxy—2—pyiidyl, 5-methyl-2-benzothiazolyl,
5-methyl-4-phenyl-2-thiazolyl, 3-phenyl-5-isooxazolyl,
4-(4-chlorophenyl)-5-methyl-2-oxazolyl, 3-phenyl-1,2,4-
thiadiazol-5-yl, 5-methyl-1,3,4-thiadiazol-2-y1l,
S5-acetylamino-2-pyrimidyl, 3-methyl-2-thienyl,
4,5-dimethyl-2-furanyl, 4-methyl-2-moropholiayl and so
on. Among the above-mentioned species, ring A is
preferably a benzene ring which may be substituted by
halogen, alkyl and/or alkoxy.

The substituent group B is preferably an
alkoxycarbonyl group or a group of the formula
-CONR, R and R

172 1 2
a hydrocarbon group which may be substituted or a 5- to

where R each is a hydrogen atom,
7-membered heterocyclic group which may be substituted.

The substituent R is preferably a hyrdogen atom, a
Cl—lO alkyl or phenyl group.

The compound (I) or a salt thereof can be produced
by the per se conventional processes.

For example, the following processes (A through F)
may be employed. The salts of the compounds mentioned
below are similar to or the same as those of compound (I)
(1) Process A

A compound of general formula (Ia')

7580S:LG
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wherein B’ is an esterified carboxyl group and the other
symbols respectively have the same meanings as defined
hereinbefore or a salt thereof can be produced by subject-
ing a compound of general formula (II) or a salt thereof
to cyclization reaction.

The esterified carboxyl group B’ may be the same as
that defined for B. Thus, B’ is preferably an alkyl
ester, particularly an ester with a Cj-.g alkyl group, such
as methyl, ethyl, propyl, isopropyl, butyl, tert-butyl,
pentyl, neopentyl, hexyl, etc., or an aralkyl ester,
particularly an ester with a C7-39 aralkyl group, such as
benzyl, phenethyl, 3-phenylpropyl and so on.

This cyclization reaction is conducted in the same
manner as the usual Friedel-Crafts reaction.

Thus, this cyclization reaction can be carried out by
such per se known procedures as those described in Organic
Reactions, Vol. 2, page 114, John Wiley & Sons, Inc., New
York, 1962 and Shin Jikken Kagaku Koza 14, Syntheses and
Reactions of Organic Compounds (II), Maruzen, 1977, for
instance. To be specific, the reaction can for example be
conducted as follows.

This reaction is generally carried out in a solvent
which does not interfere with the reaction or in the
absence of a solvent.

Examples of the solvent mentioned just above include
aromatic hydrocarbons such as benzene, toluene, xylene,
etc., -halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane, 1,1,2,2-tetrachloro-

ethane, etc., ethers such as diethyl ether, dioxane,
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tetrahydrofuran, etc., nitrobenzene, nitromethane and
carbon disulfide as well as various mixtures thereof.

This reaction is conducted in the presence of a
Lewis acid.

Examples of the Lewis acid include hydrogen
fluoride, sulfuric acid, phosphoric acid, phosphoric
anhydride, aluminum chloride, tin tetrachloride and zinc
chloride.

The proportion of such Lewis acid is preferably 2 to
10 moles per mole of compound (II) or a salt thereof. 1In
any case, the reaction temperature is about -20°C to about
200°C and preferably about 0°C to about 100°C. The
reaction time is generally about 30 minutes to about 100
hours and preferably about 1 to 30 hours.

(2) Process B

A compound of general formula (Ia")

\ (Ia")

wherein each symbol has the same meaning as defined
hereinbefore or a salt thereof can be produced by
subjecting compound (Ia') or a salt thereof to a
hydrolysis reaction.

This hydrolysis reaction is carried out in an
aqueous solvent or water in the conventional manner.

Examples of the aqueous solvent mentioned just above
include mixtures of water with alcohols such as methanol,
ethanol, etc., ethers such as tetrahydrofuran, dioxane,
etc., amides such as N,N-dimethylformamide etc.,
sulfoxides such as dimethyl sulfoxide etc., or ketones
such as acetone, methyl ethyl ketone and so on.

This reaction is conducted in the presence of a base

or an acid.
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The base mentioned just above may be an inorganic
base, exemplified by alkali metal carbonates such as
potassium carbonate, sodium carbonate, etc. and alkali
metal hydroxides such as sodium hydroxide, potassium
hydroxide, lithium hydroxide, etc. or an organic base,
exemplified by varicus alkoxides such as sodium methoxide,
sodium ethoxide, potassium tert-butoxide and so on. The
acid may be an inorganic acid such as hydrochloric acid,
sulfuric acid, hydrobromic acid, etc. or an organic acid
such as acetic acid, trifluoroacetic acid and so on. The
acid or base is preferably used in excess with respect to
compound (Ia’). The preferred proportion of the base is
about 1.2 to 6 equivalents based on compound (Ia‘’). The
preferred proportion of the acid is about 2 to 50 equi-
valents based on _ompound (Ia').

This reaction is conducted generally at about -20°C
to about 150°C and preferably at about -10°C to about
100°C.

(3) Process C

A compound of general formula (Ic)

‘/

_(ci; )k—/

,A H\ s< 0K’ (1c)
C/‘

wherein B" is an amidated carboxyl group and the other

symbols respectively have the same meanings as defined
hereinbefore or a salt thereof can be produced by subject-
ing compound (Ia") or a salt thereof to amidation reac-
tion.

This reaction is carried out by reacting compound
(Ia") or a salt thereof with an amine compound.

The amine compound is preferably a compound of the

following general formula (IIIX)

2'&‘2‘
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R
S NH

Ry~ (III)

wherejn each symbol has the same meaning as defined
hereinbefore. This reaction between compound (Ia") or
sait thereof and amine compound is conducted in the same
manner as the condensation reaction well known in the
field of peptide synthesis.

This reaction can thus be carried out by the various
per se known processes described in M. Bedansky and M. A.
Ondetti: Peptide Synthesis, Interscience, New York, 1966,
F. M. Finn and K. Hofmann: The Proteins, Vol. 2, edited by
H. Nenrath & R.L. Hill, Academic Press New York, 1976, and
Nobuo Izumiya et al.: Peptide Gosei no Kiso to 2Zikken,
Maruzen, 1985, for instance, namely the acyl azide method,
acyl chloride method, acid anhydride method, mixed
anhydride method, DCC method, activated ester method,
Woodward’s reagent K method, carbonyldiimidazole method,
redox process, DCC/HONB method and so on.

Thus, for example, this reaction can be carried out
under the following conditions.

The starting material amine compound may be used in a
proportion of about 1 to 10 moles per mole of .‘ompound
(Ia") or a salt thereof.

This reaction is conducted in a solvent which does
not interfere with the reaction.

Examples of such solvent include amides such as
dimethylformamide etc., sulfoxides such as dimethyl
sulfoxide etc., pyridines such as pyridine, picoline,
lutidine, etc., halogenated hydrocarbons such as chloro-
form, dichloromethane, etc., ethers such as tetrahydro-
furan etc. and nitriles such as acetonitrile etc., as well
as appropriate mixtures of such solvents. These solvents
can be used in anhydrous or hydrous condition.

The reaction temperature is generally about -20°C to
about 50°C and preferably about -10°C to about 30°C. The
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reaction time is about 1 to 100 hours and preferably about
2 to 40 hours.
(4) Process D

A compound of general formula (Id)

/B
= \x]/(CHZDk—%\.
A S(=0)k "’ (1d)
N J/
NN

1l
0 R

wherein k" is 1 or 2 and the other symbols respectively

have the same meanings as defined hereinbefore or a salt
thereof can be produced by subjecting a compound (Ia'),

(Ia") or (Ic), wherein k' is invariably equal to 0, or a
salt thereof to an oxidation reaction.

This oxidation reaction is carried out by the usual
oxidation procedure using an oxidizing agent.

The oxidizing agent to be used for this reaction is
a mild oxidizing agent which does not substantially affect
the skeletal structure of sulfur-containing heterocyclic
compounds, such as perbenzoic acid, m-chloroperbenzoic
acid, hydrogen peroxide, peresters, sodium metaperiodate,
phenyl dichloroiodide, ozone, hydrogen peroxide and sodium
hypochlorite, to mention only a few preferred examples.

This reaction is conducted in an organic solvent
that will not interfere with the reaction.

The solvent mentioned just above includes, among
others, aromatic hydrocarbons such as benzene, toluene,
xylene, etc., halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane,
1,1,2,2-tetrachloroethane, etc., ethers such as diethyl
ether, dioxane, tetrahydrofuran, etc., and alcohols such
as methanol, ethanol, propanol, etc., inclusive of various
mixtures of such solvents.

The use of the above oxidizing agent in an equimolar
or subequimolar proportion to compound (Ia'), (Ia") or
(Ic), wherein k' is 0, or a salt thereof, results
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preferentially in the formation of compound (Id) wherein
k" is 1. The compound (Id) wherein k" is 2 is formed when
the oxidizing agent is available in excess, in which case
the compound (Id) wherein k" is 1 is further oxidized.

This reaction proceeds at or below room temperature
(30-20°C). The preferred reaction temperature is about
-50°C to about 20°C.

The reaction time is about 30 minutes to about 10
hours.

(5) Process E

A compound of general formula (Ib) or a salt thereof
can be produced by subjecting compound (Ia'), (Ia"), (Ic)
or (Id), or a salt thereof, to a reduction reaction.

This reaction is a reaction starting with a compound
prepared by any of Processes A through D to produce a
compound of general formula (I) wherein X is -CH(OH)-,
that is to say compound (Ib) or a salt thereof.

This reaction can be conducted by a per se known
reduction process, for example by the procedures described
in Shin Jikken Kagaku Koza, 15 - Oxidation and Reduction
[II], Maruzen, 1977.

For example, this reaction is carried out by
treating compound (Ia'), (Ia"), (Ic) or (Id), or a salt
thereof, with a reducing agent.

As the reducing agent, use may be made of metals and
metal salts, for example metal hydrogen complex compounds
such as alkali metal borohydrides, e.g. sodium
borohydride, lithium borohydride etc., metal hydrides such
as sodium hydride etc., organic tin (e.g. triphenyltin
hydride etc.), nickel and zinc compounds, and catalytic
reduction systems comprising transition metal catalysts
such as palladium, platinum, rhodium, etc. in combination
with hydrogen.

This reaction is conducted in an organic solvent
which will not interfere with the reaction.

The solvent mentioned just above includes, among
others; aromatic hydrocarbons such as benzene, toluene,
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halogenated hydrocarbons such as chloroform,
1,1,2,2-tetrachloro-
ethane, etc., ethers such as diethyl ether, dioxane,

xylene, etc.,

dichloromethane, 1,2-dichloroethane,
tetrahydrofuran, dimethylene glycol monomethyl ether,

etc., alcohols such as methanol, ethanol, propanol, etc.,
and amides such as dimethylformamide etc., and these
solvents are selectively used according to the typevof
reducing agent.

The reaction temperature is 0°C to 130°C and
preferably 10°C to 100°C.

The reaction time approximately ranges from 1 to 24
hours.
(6) Process F
This is a process for producing a phosphono
group-containing compound or a salt thereof from a
monoalkoxy- or a dialkoxyphosphoryl group-co..taining
compound which is among the compounds synthesized in
processes A through E.

This re#zction is carried out with an inorganic acid,
such as hydrochloric acid, hydrobromic acid, etc., or a
trialkylsilyl halide in a solvent which does not interfere
with the reaction.

When an inorganic acid, such as hydrochloric acid,

hydrobromic acid, etc., is employed, the solvent may be an

alcohol, such as methanol, ethanol, 2-methoxyethanol,

propanol, butanol, etc., or water or a
The acid
excess and the reaction time is generally 10
preferably about 30 to 100°C.

50 hours.

ethylene glycol,
is generally used in large
to 150°C

time is 1 to

mixture thereof.
and

The reaction
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When an alkylsilyl halide, such as chlorotrimethyl-
silane, bromotrimethylsilane, iodotrimethylsilane, etc.,
is employed, the solvent may be a halogenated hydrocarbon,
such as carbon tetrachloride, chloroform, dichloromethane,
1;2—dichloroethane, 1,1,2,2-tetrachloroethane, etc., or
acetonitrile or a mixture thereof.

The proportion of the alkylsilyl halide is generally
1 to 10 equivalents and preferably 2 to 5 equivalents
based on the monoalkoxy- or dialkoxyphosphoryl
group-containing compound. The reaction temperature is
generally -30°C to 100°C and preferably -10°C to 50°C, and
the reaction time is 30 to 100 hours.

The resulting sulfur-containng heterocyclic compound
can be isolated and purified by the well-known separation
and purification procedures such as concentration,
concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redistribution,

chromatography and so on. The same separation and

-purification procedures.are also applicable to the

preparation of the starting compound described below.

The starting compound (II) for the present invention
can be prepared by a known method or a method analogous
thereto, for example by the following process.

R D o Ok
HS-CH-COOH - &J S~GH-CooH
m Z " Reaction step 1 (Ta) ¢

,(CHZ)R~?H-B’

Halogenation < B |
Reaction step 2 - /(CH3N<7' (1b)
° [?g] S-CH-COY
NS |

R

Oxidation <

Reaction step 3

B/
Gtk (1)
_,-//-\\’
(A ?(=0)k’
R-CH-COY *

(O
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In the above formulas, Z is a leaving group; Y’ is a
halogen atom; and the other symbols respectively have the

same meanings as defined hereinbefore.

Reaction step 1

. In this reaction step, compound (V) or a salt thereof
is reacted with compound (VI) or a sél£ thereof in the
presence of a base to give compound (IIa) or a salt
thereof.

Examples of said leaving group Z include halogens,
preferably chlorine, bromine and iodine, and hydroxyl
groups activated by esterification, such as organic
sulfonic acid residues (e.g. p-toluenesulfonyloxy), Ci1-4
alkylsulfonyloxy (e.g. methanesulfonyloxy) and organic
phosphoric acid residues such as diphenylphosphoryloxy,
dibenzylphosphoryloxy, dimethylphosphoryloxy and so on.

The reaction of compound (V) or a salt thereof with
compound (VI) or a salt thereof is conducted in a solvent
which does not interfere with the reaction.

Examples of such solvent include aromatic hydro-
carbons such as benzene, toluene, xylene, etc., ethers
such as dioxane, tetrahydrofuran, dimethoxyethane, etc.,
alcoiols such as methanol, ethanol, propanol, etc., esters
such as ethyl acetate etc., nitriles such as acetonitrile
etc., pyridines such as pyridine, lutidine, etc., amides
such as N,N-dimethylformamide etc., sulfoxides such as
dimethyl sulfoxide etc., halogenated hydrocarbns such as
chloroform, dichloromethane, 1,2-dichloroethane, 1,1,2,2-
tetrachloroethane, etc., and ketones such as acetone,
2-butanone, etc., as well as various mixtures of such
solvents.

This reaction is conducted in the presence of an
inorganic base, such as sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium carbonate, sodium

hydrogen carbonate, etc. or an organic base such as

. /'/" <
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amines, e.g. pyridine, triethylamine, N,N-dimethylaniline
and so on.

The preferred proportion of such base is about 1 to
5 moles of compound (V) or a salt thereof.

This reaction is conducted generally at -20°C to
about 150°C and preferably at about -10°C to about 100°C.

The starting compound (V) or salt thereof can be
synthesized, for example by the processes described in
Chem. Pharm. Bull. 30, 3580 (1982) and Chem. Pharm. Bull.
30, 3601 (1982).

Reaction step 2

In this step, compound (IIa) or a salt thereof is
halogenated to give compound (IIb) or a salt thereof.

This reaction can be conducted by the per se known
processes.

For example, the reaction can be carried out by the
processes described in Shin Zikken Kagaku Koza 14,
Syntheses and Reactions of Organic Compounds [II],
Maruzen, 1977.

Thus, for example, this reaction can be conducted by
reacting compound (IIa) or a salt thereof with a
halogenating agent such as a chlorinating agent (e.g.
phosphorus pentachloride, thionyl chloride, oxalyl
chloride, etc.).

The reaction is conducted in a solvent which does
not interfere with the reaction or in the absence of a
solvent.

The solvent mentioned just above includes, among
others, aromatic hydrocarbons such as benzene, toluene,
xylene, etc., ethers such as dioxane, tetrahydrofuran,
dimethoxyethane, etc., nitriles such as acetonitrile,
amides such as N,N-dimethylformamide etc. and halogenated
hydrocarbons such as chloroform, dichloromethane,
1,2-dichloroethane, 1,1,2,2~-tetrachloroethane, etc., as
well as various mixtures of such solvents. This reaction
is carried out under heating (35°C to 120°C). The
reaction time approximately ranges from 1 to 20 hours.
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Reaction step 3

In this step, compound (IIb) or a salt thereof is
subjected to an oxidation reaction to give compound (IIc)
or a salt thereof.

5 This reaction is conducted in the same manner as
process D.
The compound (IIa) can also be synthesized by the
following process.
7
SN (CH:)RC.H_B’ ’ Z /(CHZ)k-—"
10 - '{/A\H ] R COSH (A\“ LCoR”
S (VH) k\/)
(V) Reaction step 1 (V)
15 B’
Z (Cﬂz)k'j
Al SH
N
Reaction step 2 éH)
* { (CH) A
—CH— AN Nk .
R~ CH ~ COOH @ S—CH— C00.i
(X) - N I
Iy :
Reaction step 3 a
25 In the above formulas, R' means a lower alkyl group
and all other symbols are respectively as defined
hereinbefore.
Reaction step 1
This is a reaction step where compound (V) is
30 reacted with compound (VII) or a salt thereof in the
presence of a base to give compound (VIII).
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Examples of leaving group Z include the groups
mentioned hereinbefore. Examples of lower alkyl group R’
are Ci-4 alkyl groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl and so on.

. The reaction of compound (V) with compound (VII) ox a
salt thereof is conducted in a solvent which does not
interfere with the reaction.

Examples of such solvent include aromatic hydro-
carbons, such as benzene, toluene, xylene, etc., ethers
such as dioxane, tetrahydrofuran, dimethoxyethane, etc.,
esters such as ethyl acetate etc., amides such as N,N-
dimethylformamide etc., sulfoxides such as dimethyl
sulfoxide etc., halogenated hydrocarbons such as chloro-
form, dichioromethane, 1,2-dichloroethane, 1,1,2,2-tetra-
chloroethane, etc., and ketones such as acetone, 2-
butanone, etc., and appropriate mixtures thereof.

This reaction is conducted in the presence of an
inorganic base, such as sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium hydrogen carbonate,
etc., or an organic base, such as pyridine, triethylamine,
N,N-dimethylaniline and so on.

The proportion of such base is preferably about 1 to
5 moles per mole of compound (V).

‘This reaction is conductad generally at -20°C to
150°C and preferably at about -10°C to 100°C. The re-
action time is generally 30 minutes to 10 hours.

Reaction step 2

This is a reaction step where compound (VIII) is
hydrolyzed in the presence of a base to give compound
(IX).

This reaction is conducted in a solvent which does
not interfere with the reaction. Examples of such solvent
are alcohols, such as methanol, ethanol, propanol, iso-
propyl alcohol, 2-methoxyethanol, etc., and mixtures of
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water with such alcohols, tetrahydrofuran, acetone,
N,N-dimethylformamide, dimethyl sulfoxide and sc¢ on.

This reaction is conducted in the presence of an
inorganic base such as sodium hydroxide, potassium
hydroxide, potassium carbonate, etc., ammonia, or an
organic base such as secondary amines, e.g. dimethylamine,
diethylamine, morpholine, piperidine, etc., and so on.

The preferred proportion of such a base is about 1
to 10 moles per mole of compound (VIII).

This reaction is conducted generally at -20°C to
150°C and preferably about -10°C to 80°C.

Reaction step 3

This is a reaction step where compound (IX) or a
salt thereof is reacted with compound (X) or a salt
thereof in the presence of a base to give compound (IIa)
or a salt thereof.

Examples of leaving group Z are hydroxyl groups
activated by halogen, preferably chlorine, bromine or
iodine, or by esterification, such as organic sulfonic
1-4 alkyl-
sulfonyloxy (e.g. methanesulfonyloxy), and organic

acid residues (e.g. p-toluenesulfonyloxy), C

phosphoric acid residues such as diphenylphosphorylecxy,
dibenzylphosphoryloxy, dimethylphosphoryloxy and so on.

The reaction of compound (IX) or a salt thereof with
compound (X) or a salt thereof is conducted in a solvent
which does not interfere with the reaction.

Examples of such solvent are aromatic hydrocarbons
such as benzene, toluene, xylene, etc., ethers such as
dioxane, tetrahydrofuran, dimethoxyethane, etc., alcohols
such as methanol, ethanol, propanol, etc., ester such as
ethyl acetate etc., nitriles such as acetonitrile etc.,
pyridines such as pyridine, lutidine, etc., amides such as
N,N-dimethylformamide etc., sulfoxides such as dimethyl
sulfoxide etc., halogenated hydrocarbons such as
chloroform, dichloromethane, 1,2-dichloroethane,
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1,1,2,2-tetrachloroethane, etc., ketones, such as acetone,

2-butanone, etc. and appropriate mixtures thereof.

inorganic base, such as sodium hydroxide, potassium

This reaction is conducted in the presence of an

hydroxide, potassium carbonate, sodium.carbonate, sodium

hydrogen carbonate, etc., or an organic base such as a

tertiary amine, e.g. pyridine, triethylamine,

N,N-dimethylaniline and so on.

5 moles per mole of compound (IX).

150°C and preferably at about -10°C to 100°C.

The proportion of such base is preferably about 1 to

This reaction is conducted generally at -20°C to

As the salt of compound (I) according to the in-

vention, a pharmaceutically acceptable salt is preferably

used.

among others, salts with inorganic bases,

salts with

The pharmaceutically acceptable salt includes,

organic bases, salts with organic acids and salts with

basic or acid amino acids.

The inorganic bases include,

among others, alkali metals (e.g.

and alkaline earth metals

and the organic bases include,

sodium,

potassium,

(e.g. calcium, ragnesium,

among others,

etc.)
etc.)

trimethyl-

amine, triethylamine, pyridine, picoline, N,N-dibenzyl-

ethylenediamine, diethanolamine and so on.

The inorganic

acids mentioned above include, among others, hydrochloric

acid, hydrobromic acid, hydroiodic acid, phosphoric acid,

nitric acid,

also mentioned above include, among others, formic a

acetic acid,

sulfuric acid, etc. and the organic acids

cid,

trifluorocacetic acid, oxalic acid, tartaric

acid, fumaric acid, maleic acid, methanesulfonic acid,

benzenesulfonic acid, p-toluenesulfonic acid, citric acid

and so on.

The basic or acidic amino acids include

arginine, lysine, aspartic acid, glutamic acid, etc., to

name but a few.

ey
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Among the various types of salts mentioned above,
said salts with bases mean salts which are formed when
compound (I) contains a carboxyl group for B and/or an
acidic group such as carboxyl or sulfo on ring A or in the
substituent group B or R, and said salts with acids mean
salts formed when compound (I) contains a basic group such
as amino on ring A or in the substituent B or R.

The toxicity of compound (I) and its salt are very
low. For example, when the compounds synthesized in
Examples Nos. 18 and 22 were administered oraily in a dose
of 300 mg/kg to mice, no death was encountered. The
compound (I) and salt according to the present invention
has excellent bone resorption inhibitory activity. Thus,
they have the action to inhibit the dissolution and
diminution of bone in the body. Furthermore, compound (I)
and salts thereof have bone formation promotion activity.

Therefore, compound (I) and salts according to the
present invention can be used, as a drun for man and
domestic animals, safely in the prevention and treatment
of various diseases arising from bone resorption, such as
osteoporosis.

Compound (I) and salts thereof can be administered
orally or otherwise (for example by intravenous or
intramuscular injection).

Usual dosage forms for oral administration include
solid and liquid forms, such as tablets (inclusive of
sugar-coated and film-coated tablets), pills, granules,
powders, capsules (including soft capsules), syrups,
elixirs, emulsions, suspensions and so on.

These oral dosage forms can be manufactured by the
per se known procedures diluting the compound (I) or a
pharmaceutically acceptable salt thereof with the carriers
or excipients used commonly in pharmaceutical practice.

Examples of said carriers or excipients include
binders such as syrup, gum arabic, gelatin, sorbtol, gum
tragacanth, polyvinylpyrrolidone, etc., filler such as

lactose, sucrose and other sugars, corn starch, calcium
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phosphate, glycine, etc., lubricating agents such as

magnesium stearate, talc, polyethylene glycol, silica,
etc., disin*tegrating agents such as potato starch, and
wetting agents such as sodium laurylsulfate and so on.

The dosage forms for parenteral administration
include, among others, various injectable pieparations
(e.g. subcutaneous, intradermal, intramuscular and other
injections), suppositories and so on.

The injectable preparations can be manufactured by
the per se known procedures, for example by suspending or
emulsifying compound (I) or a salt thereof in a sterile
aqueous or oily vel .cle. The aqueous vehicle for
injections include, among ot  '=, physiological saline and
various isotonic solutions & .d, if necessary, suitable
suspending agents such as carboxymethylcellulose sodium or
nonionic surfactants can be employed in the preparation of
injections. The o0ily vehicle may for example be sesame
0il or soybean o0il, and as a cosolvent, benzyl benzoate,
benzyl alcohol or the like can be used:. The injections so
prepared are generally filled into suitabie ampules.

It is also possible to incorporate in such a
preparation a different active ingredient showing bone
resorption inhibitory activity (for example, Ipriflavone)
to provide a product showing a still more potent bone
resorption inhibitory effect.

Compound (I) or a salt thereof can be used as a
prophylactic and therapeutic agent for diseases arising
from bone resorption, such as osteoporosis. While the
daily dosage of compound (I) or a salt thereof depends on
the patient's condition and body weight, method of
administration, and other factors, the oral dosage for an
adult human (weighing about 50 kg) is 1 to 500 mg,
preferably 15 to 300 mg, as active ingredient (compound
(I) or a salt thereof) and this dosage is administered in
a single dose to 3 divided doses a cay.

EFFECTS OF THE INVENTION
Compound (I) or a salt thereof, which is provided by
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the present invention, has potent bone resorption
inhibitory, bone metabolism improving, and bone formation
promoting activities and is used in the prevention and
treatment of various diseases arising from bone
resorption, such as osteoporosis, in man and animals.
Compound (I) or a salt thereof, of the present
invention, is only sparingly toxic and can be safely used.
The following test, reference examples and working
examples are intended to illustrate the present invention
in further detail and are by no means limitative of the
scope of the invention.
Test 1 Study on bone resorption inhibition
Bone resorption inhibitory activity was determined
according to the methecd of Raisz [Journal of Clinical
Investigation (J. Clin. Invest.) 44, 103-116 (1965)].
Thus, a Sprague-Dawley rat at day 19 of pregnancy
was subcutaneously dosed with 50 pPCi of 45Ca (a
radioisotope of calcium, in CaClz). On the next day,
the animal was laparotomized and the fetuses were removed
aseptically. The right and left humeri (radii and ulnae)
of each rat fetus were dissected from the body under the
dissection microscope. The connective tissue and
cartilages were removed as far as possible to prepare bone
culture specimens. Each piece of bone was incubated in
0.6 ml of BGJb medium Fitton-Jackson modification (the
tradename owned by GIBCO Laboratories U.S.A.) containing 2
mg/ml of bovine serum albumin at 37°C for 24 hours. Then,

incubation was carried out for two additional days in the

7580S:LG
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above-mentioned medium to which the test compound had been
added at a final concentration of 10 pg/ml. The radio-
activities of 45Ca in the culture medium and bone were
determined and the ratio (%) of 45ca released from the

bone to the medium was calculated according to the follow-
ing formula.

B
A=__ =  x 100
B + C
A = ratio (%) of 45Ca released from the bone to the medium
B = 45Ca count in the medium
C = 45Ca count in the bone

The bones from the fetuses of the same litter were
similarly incubated without addition of the test compound
for two days and served as controls.

The values for 5 bones per group were expressed in
mean. The ratio (%) of this value for the treatment group

to the control value was determined. The results are
shown in Table 1.
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Example No.

45ca released
(% of control value)

10
12
14
19
21
22
23
28
30
31
33
35
36
46
50
55
56
59
631)
632)
127
128
131
132
133
136
138
140
141
143
144
146
150
153
155
157
160
161
163
167
174
176
183
191
198
201

84
62
84
81
70
73
57
65
79
75
64
53
58
73
76
73
78
76
64
79
86
69
76
69
57
79
67
63
61
57
44
52
62
71
63
80
71
54
50
50
48
73
82
47
58
62
65
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Note 1) 2-oxide Note 2) 2,2-dioxide

Table 1 shows that the compound according to the
present invention inhibited the release of 45Ca by
44-86% as compared with the control, thus producing an
excellent bone resorption inhibitory effect.

Test 2 Study on treatment of osteoporosis

Oophorectomy was performed on Sprague-Dawley rats at
10 weeks of age and starting from the following day, the
rats were orally dosed with the test compound 6 days a
week for 3 weeks, or a total of 18 days. On the day
following the last dosing, the right femur was removed
from each rat and subjected to soft X-ray photography with
a soft X-ray apparatus (Softex CSM, Softex). Using a
microdensitometer (PDM-5, Konica Medical), the transverse
section of the femur on the soft X-ray film was scanned at
a point one-fifth from the distal end (metaphysis) and
from the density wave pattern, bone density was calculated
according to the microdensitometric method described by
Inoue et al. [Journal of Japanese Orthopedic Association
(J. Jdpn. Orthop. Ass.) 57, 1923 (1983)].

After soft X-ray photographing, the 1/3 distal part
of the femur was sectioned off at right angles with the
major axis. After the bone marrows were washed off with a
rinse pump, the femur section was put into a porcelain
crucible, placed in a oven and dried at 110°C for 24
hours. The dry weight was the determined.

The porcelain crucible containing the bone was
transferred to a muffle furnace (FP-41, Yamato Chemical)
and heated at 500°C for 3 hours and at 800°C for 2 hours
for calcification of the bone and the ashes were weighed.

The mean + standard errors of the measured values
for the right femurs of 7 rats per group were determined.
The results are shown in Table 2 through 4.

7580S5:LG
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Table 2
Group Daily dose Bone Dry weight Ashes
(mg/kg) density (mg) (mg)
Sham operation
Control 0 1.304 116.2 80.0
$0.021+%%" t2.6 2.0
Oophorectomy
Control 0 1.062 107.7 74.3
t0.035 t3.3 2.2
Compound
(Example No.
Treatment group 100 1.336 120.0 82.4
t0.072%% t3.4+# t2.4%*
*p<0.05
**p<0.01 (compared with oophorectomized controls)
Table 3
Group Daily dose Dry weight Ashes
(mg/kg) (mg) (mg)
Sham operation
Control 0 130.4 88.3
t4.4%* £2.5%*
Oophorectomy
Control 0 112.3 74.3
3.7 2.5
Compound
(Example No.
Treatment group 100 128.2%* 84.1
t5.0 3.5
*p<0.05
*+*p<0.01
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Table ¢
Group Daily dose Dry weight Ashes
(mg/kg) (mg) (mg)
Sham operation
Control 0 131.4 85.7
S 2, 1k% t1.3%*
Oophorectomy
Control 0 114.2 76.3
t3.6 2.2
Compound
(Example No. 163)
Treatment group 100 127.6% 82.3
3.7 2.1
Compound
(Example No. 161)
Treatment group 100 ' 127.5+% 83.7
4,3 3.0
*p<0.05
**p<0.01

It is apparent from Table 2 through 4 that the
compound of the present invention is effective in
preventing the decrease of bone mass and suppressing the
in vivo release of calcium from the bones.

The symbols used below in the reference and working
examples have the following meanings.
s:singlet, d:doublet, t:triplet, g:quartet, d,d:double
doublet, m:multiplet, br:broad, J:coupling comnstant,

THF :tetrahydrofuran, DMF:N,N-dimethylformamide

Reference Example 1

To an ice-cooled suspension of aluminum chloride
(48.0 g) in dichloromethane (500 ml) were added dropwise
ethyloxalyl chloride (48.0 g) and phenylcyclohexane (48.0
g) in that order, and the mixture was stirred with ice-
cooling for 30 minutes. The reaction mixture was then
poured into ice-water and the organic layer was separated.
The aqueous layer was extracted with chloroform and the

extract was combined with the organic layer. The organic
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solution was then washed with water, dried (MgSOa4) and
subjected to distillation in vacuo to give ethyl 4-
cyclohexylphenylglyoxylate (68.0 g, yield 87%).

bp. 163-165°C/0.3 mmHg :

NMR (5 ppm, CDCl3): 1.40(3H, t, J=7 Hz), 1.4-2.1 (8H, m),
2.60 (1H, m), 4.43 (2H, q, J=7 Hz), 7.34 (2H, d, J=9 Hz),
7.96 (2H, d, J=7 Hz).

Reference Example 2

In the same manner as Reference Example 1, ethyl
5,6,7,8-tetrahydro-2-naphthylglyoxylate was obtained.
Yield 80%.
bp. 152-154°C/0.5 mmHg
NMR (6 ppm, CDCl3): 1.41 (3H, t, J=7 Hz), 1.8 (4H, m),
2.8 (4H, m), 4.44 (2H, q, J=7 Hz), 7.18 (1H, g, J=9 Hz),
7.7 (2H, m).

Reference Example 3

In the same manner as Reference Example 1, ethyl
3,4-dimethoxyphenylglyoxylate was obtained. Yield 78%.
bp. 158-160°C/0.1 mmHg
NMR (6§ ppm, CDCl3): 1.38 (3H, t, J=7 Hz), 3.93 (3H, s),
3.95 (3H, s), 4.41 (2H, g, J=7 Hz), 6.91 (1lH, d, J=8 Hz),
7.5-7.7 (2H, m).

Reference Example 4

' In the same manner as Reference Example 1, ethyl
3,4-ethylenedioxyphenylglyoxylate was obtained. Yield
86%.
bp. 172-175°C/0.5 mmHg

Reference Example 5

In the same manner as Reference Example 1, ethyl
4-hexylphenylglyoxylate was obtained. Yield 84%.
bp. 160-162°C/0.5 mmHg
NMR (6§ ppm, CDCl3): 0.87 (3H, t, J=7 Hz), 1.40 (3H, t,
J=7 Hz), 1.2-1.8 (8H, m), 2.67 (2H, t, J=7 Hz), 4.33 (2H,
q, J=7 Hz), 7.28 (2H, d, J=9 Hz), 7.90 (2H, d, J=9 Hz).

Reference Example 6




Samem———S

10

15

20

25

30

35

-35-

A solution of sodium borohydride (2.0 g) in ethanol
(100 ml) was added dropwise to an ice-cooled solution of
ethyl 5,6,7,8-tetrahydro-2-naphthylglyoxylate (34.5 g) in
ethanol (200 ml). After completion of -dropwise addition,
acetic acid (6 ml) was added and the reaction mixture was
poured into water and extracted with chloroform. The
chloroform layer was washed with water, dried (MgSO4) and
the solvent was distilled off to give ethyl 2-hydroxy-
2-(5,6,7,8-tetrahydro-2-naphthyl)acetate (34.5 g, yvield
99%) as an oil.
NMR (6§ ppm, CDCl3): 1.22 (3H, t, J=7 Hz), 1.8 (4H, m),
2.7 (4H, m), 3.32 (lH, d, J=6 Hz), 4.0-4.4 (2H, m), 7.1
(3H, m).

Reference Example 7

In the same manner as Reference Example 6, ethyl
2-hydroxy-2-(4-cyclohexylphenyl)acetate was obtained.
Yield 83%.
mp. 85-86°C (ethanol)

Elemental analysis: C1gH2203
Calcd.: C, 73.25; H, 8.45
Found : C, 73.26; H, 8.46

Reference Example 8

~In the same manner as Reference Example 6, ethyl

2—hydroxy—2—(3,4-dimethoxyphenyl)acetate was obtained as
an oil. Yield 82%.
NMR (6 ppm, CDCl3): 1.21 (3H, t, J=7 Hz), 3.10 (1lH, d,
J=6Hz), 3.87 (6H, s), 4.21 (2H, g, J=7 Hz), 5.07 (1lH, d,
J=6 Hz), 6.7-7.0 (3H, m).

Reference Example 9

In the same manner as Reference Example 6, ethyl
2-hydroxy-2-(3,4-ethylenedioxyphenyl)acetate was obtained
as an oil. Yield 74%.

NMR (6 ppm, CDCl3): 1.24 (3H, t, J=7 Hz), 3.41 (1lH, d,
J=6 Hz), 4.1-4.4 (2H, m), 4.26 (4H, s), 5.04 (1H, d, J=6
Hz), 6.8-7.0 (3H, m). '

e
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Reference Example 10

In the same manner as Reference Example 6, ethyl
2-hydroxy-2-(4-hexylphenyl)acetate was obtained as an oil.
Yield 98%.

NMR (6 ppm, CDCl3): 0.86 (3H, t, J=7 Hz), 1.24 (3H, t,
J=7 Hz), 1.1-1.8 (8H, m), 2.60 (2H, £, J=7 Hz), 4.0-4.4
(2H, m), 5.11 (1H, s), 7.13 (2H, d, J=9 Hz), 7.32 (2H, d,
J=9 Hz).

Reference Example 11

10 To ethyl 2-hydroxy-2-(4-cyclohexylphenyl)acetate (52
g) was added thionyl chloride (100 ml) and the mixture was
refluxed for 1 hour. The reaction mixture was then
concentrated under reduced pressure, and the residual oil
was diluted with water and extracted with ether. The

15 ether layer was washed with water, dried (MgSO4) and
subjected to vacuum distillation to give ethyl 2-chloro-2-
(4-cyclohexylphenyl)acetate (50 g, yield 89%).

bp. 160-162°C/0.5 mmHg

NMR (6§ ppm, CDCl3): 1.24 (3H, t, J=7 Hz), 1.2-2.0 (1O0H,
.20 my, 2.5 (1m, m), 4.21 (2H, g, J=7 Hz), 5.3 (lH, s), 7.18

onas (2H, d, J=9 Hz), 7.40 (2H, d, J=9 Hz).

Reference Example 12

o o o ~In the same manner as Reference Example 11, ethyl
0o 2—chloro—2—(5,6,7,8—tetrahydro—2-naphthyl)acetate was
’ é:: 25 obtained as an oil. Yield 89%.
oo bp. 139-141°C/0.5 mmHg
NMR (6§ ppm, CDCl3): 1.24 (3H, t, J=7 Hz), 1.8 (4H, m),
2.7 (4H, m), 4.21 (2H, q, J=7 Hz), 5.26 (lH, s), 7.0-7.2
teee (3H, m).

:nu‘ 30 Reference Example 13
LS 4 [}

In the same manner as Reference Example 11, ethyl
2-chloro-2-(3,4-ethylenedioxyphenyl)acetate was oktained
as an oil. Yield 90%.

bp. 165-167°C/0.3 mmHg
35

A6
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NMR (6 ppm, CDCl3): 1.27 (3H, t, J=7 Hz), 4.1-4.4 (2H,
m), 4.27 (4H, s), 5.25 (1lH, s), 6.8-7.1 (3H, m).
Reference Example 14

In the same manner as Reference Example 11, ethyl
2;chloro—2—(4—hexylphenyl)acetate was obtained as an oil.
bp. 152-155°C/0.5 mmHg
NMR (6§ ppm, CDCl3): 0.88 (3H, t, J=7 Hz), 1.26 (3H, t,
J=7 Hz), 1.1-1.8 (8H, m), 2.60 (2H, t, J=7 Hz), 4.1-4.4
(2H, m), 5.33 (1H, s), 7.19 (2H, d, J=9 Hz), 7.40 (2H, d,
J=9 Hz).

- Reference Example 15

To a solution of ethyl 2-hydroxy-2-(3,4-dimethoxy-
phenyl)acetate (19.5 g) in benzene (200 ml) was added
phosphorus tribromide (8.18) dropwise at 50°C and the
mixture was stirred at 60°C for one hour. The reaction
mixture was then washed successively with water, saturated
aqueous solution of NaHCO3 and water and dried (MgSO4).
The benzene was distilled off and the residue was
subjected to silica gel chromatography. From the fraction
eluted by ethyl acetate-hexane (1:3, v/v), ethyl
2-bromo-2-(3,4-dimethoxyphenyl)acetate (18.5 g, yield 75%)
was obtained as an oil.

NMR (6 ppm, CDCl3): 1.27 (3H, t, J=7 Hz), 3.86 (3H, s),
3.89 (34, s), 4.23 (2H, q, J=7 Kz), 5.31 (lH, s), 6.80
(lH, d, J=8 Hz), 7.0-7.2 (2H, m).

Reference Example 16

In acetone (400 ml) was dissolved 4-cyclohexylaniline
(50 g) followed by addition of 47% aqueous HBr (147 g).
Then, a solution of NaNOp (21.6 g) in water (30 ml) was
added dropwise at 0-5°C and the mixture was stirred at 5°C
far an additional 30 minutes. Thereafter, the reaction
mixture was warmed to 15°C and methyl acrylate (147 g) was
added. With vigorous stirring; Cu0 (1 g) was added in
small portions, whereupon an exothermic reaction took

place to liberate a nitrogen gas. After the evolution of
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nitrogen gas had subsided, the reaction mixture was
further stirred for 2 hours and, then, concentrated. The
residue was diluted with water and extracted with ethyl
acetate. The ethyl acetate layer was washed with water,
dried (MgS0O4) and the solvent was distilled off to give
methyl 2—bromo—3—(4—cyclohexylphenyl)pfopionate as a crude
oil (91 g, yield 98%).
NMR (6 ppm, CDCl3): 1.2-2.0 (10H, m), 2.5 (lH, m), 3.15
(1H, d.d, J=14 and 7 Hz), 3.43 (1H, d.d, J=14 and 7 Hz),
3.70 (3H, s), 4.37 (lH, t, J=7 Hz), 7.10 (4H, s).
Reference Example 17

A solution of ethyl 2-chloro-2-(5,6,7,8-tetrahydro-
2-naphthyl)acetate (32 g) in acetone (50 ml) was added to
a mixture of thioglycolic acid (14 g), K2CO03 (52.7 g) and

acetone (250 ml). This mixture was refluxed for 5 hours

and, concentrated in vacuo. The residue was poured into
water and extracted with ether. The aqueous layer was
acidified with concentrated hydrochloric acid and
extracted with ethyl acetate. The ethyl acetate layer was
washed with water, dried (MgSO4q) and concentrated. The
residue was subjected to silica gel chromatography. From
the fraction eluted by chloroform-ethyl acetate-methanol
(20:2:1, v/v), ethoxycarbonyl(5,6,7,8-tetra-
hydro-2-naphthyl)methylthioacetic acid (31.8 g, yield 81%)
was obtained as an oil.

MMR (6 ppm, CDCl3): 1.23 (3H, t, J=7 Hz), 1.8 (4H, m),
2.7 (4H, m), 3.07 (lH, d, J=15 Hz), 3.30 (1lH, d, J=15 Hz),
4.18 (2H, g, J=7 Hz), 4.79 (1H, s), 6.9-7.2 (3H, m).

Reference Example 18

In the same manner as Reference Example 17, ethoxy-
carbonyl(3,4-dimethoxyphenyl)methylthiocacetic acid was
obtained as an oil (yield 98%).

NMR (6§ ppm, CDCl3): 1.23 (3H, t, J=7 Hz), 3.18 (2H, dd,
J=21 and 15 Hz), 3.87 (6H, s), 4.20 (2H, g, J=7 Hz), 4.81
(1H, s), 6.7-7.1 (3H, m), 9.40 (1lH, broad).
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Reference Example 19

In the same manner as Reference Example 17,
ethoxycarbonyl (4-cyclohexylphenyl)methylthiocacetic acid
was obtained as an oil (yield 85%).

NMR (6§ ppm, CDCl3): 1.23 (3H, t, J=7 Hz), 1.2-2.0 (8H,
m), 2.5 (1H, m), 3.18 (2H, dd, J=21 and 15 Hz), 4.18 (2H,
q, J=7 Hz), 4.83 (1H, s), 7.17 (2H, d, J=9 Hz), 7.38 (2H,
d, J=9 Hz).

Reference Example 20

Triethylamine (46.5 g) was added dropwise to a
mixture of thioglycolic acii (20.8 g), ethyl 2-chloro-2-
(4-hexylphenyl)acetate (58 g) and DMF (250 ml) under
ice-cooling. After completion of dropwise addition, the
mixture was further stirred for one hour with ice-cooling,
and the resulting reaction mixture was poured into water
and extracted with ether. The aqueous layer was acidified
with concentrated hydrochloric acid and extracted with
ethyl acetate. The ethyl acetate layer was washed with
water, dried (MgSO4) and concentrated to give ethoxycaz-
bonyl(4-hexylphenyl)methylthicacetic acid as a crude oil
(63.5 g, yield 92%).

NMR (6§ ppm, CDCl3): 0.83 (3H, t, J=7 Hz), 1.26 (3H, t,
J=7 Hz), 1.1-1.8 (8H, m), 2.59 (2H, t, J=7 Hz), 3.11 (1lH,
d, J=15 Hz), 3.30 (1H, d, J=15 Hz), 4.1-4.4 (2H, m), 4.84
(1H, s), 7.26 (2H, d, J=9 Hz), 7.35 (2H, d, J=9 Hz).

Reference Example 21

In the same manner as Reference Example 20, metho-
xycarbonylphenylmethylthioacetic acid was obtained as an
oil (yield 98%).

NMR (6 ppm, CDCl3): 3.11 (1H, d, J=15 Hz), 3.31 (1lH, d,
J=15 Hz), 3.75 (3H, s), 4.90 (1H, s), 7.3-7.5 (5H, m).

Reference Example 22

In the same manner as Reference Example 20, metho-
xycarbonyl (4-chlorophenyl)methyltl.icacetic acid was
obtained as an oil (yield 87%).
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NMR (é ppm, CDCl3): 3.03 (1lH, d, J=i5 Hz), 3.35 (1lH, d,
J=15 Hz), 3.67 (3H, s), 4.81 (1lH, s), 7.1-7.5 (4H, m).

Reference Example 23

In the same manner as Reference Example 20, ethoxy-
cérbonyl(3,4—ethylenedioxyphenyl)methylthioacetic acid was
obtained as an oil (yield 97%). '

NMR (6§ ppm, CDCl3): 1.26 (3H, t, J=7 Hz), 3.13 (1lH, d,
J=15 Hz), 3.30 (l1H, d, J=15 Hz), 4.1-4.4 (2H, m), 4.26
(4H, s), 4.78 (1H, s), 6.8-7.1 (3H, m).

Reference Example 24

In the same manner as Reference Example 20,
2-[ethoxycarbonyl (4-cyclohexylphenyl )methylthio]propionic
acid was obtained as an oil (yield 89%).

NMR (6§ ppm, CDCl3): 1.1-2.0 (16H, m), 2.5 (lH, m), 3.49
(2H, q, J=7 Hz), 4.1-4.4 (2H, m), 4.88 (1lH, s), 7.1-7.4
(4H, m).

Reference Example 25

In the same manner as Reference Example 20, methyl
2-carboxymethylthio-3-(4-cyclohexylphenyl)propionate was
obtained as an oil (yield 84%).

NMR (6 ppm, CDCl3): 1.2-1.9 (10H, m), 2.5 (1H, m), 2.96
(1H, d.d, J=15 and 7 Hz), 3.35 (l1H, d, J=16 Hz), 3.49 (1lH,
d, J=16 Hz), 3.52 (lH, d.d, J=15 and 7 Hz), 3.68 (3H, s),
3.6-3.8 (1H, m), 7.12 (4H, s).

Reference Examples 26 throuah 41
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In substantially the same manner as Reference Example

1, the compounds shown in Table 5 were obtained.

Table 5
’ l4\/6_,:3\—COCOOC 2ls
R¥ 5
geference Rl R Yield  mp
xample No. ’ (%) (°C/mmlig)
26 H, 4-CH, 85  112-115/0.4
27 H, 4-(CH,).CH- 75 124-127/0.4
28 i, 4-(Cily)sC- 82 140-142/0.7
29 I, 4-C4HsC(Cll3),- 75 145-148/0.4
30 H, 4-(CHs)sCCH,- 59 150-153/1.0
g o4 - 81 153-155/0.5

; 32 i, 4-( - 78 170-172/0.5
T 33 i, 4—i><c”“ 69 160-162/1.0
34 H, 4-<:><CH3 75 172-174/0.8

35 2-CHy, 5-CH, 85 116-118/0.7

(continued)
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36 2-CHy, d-CH, 85 (§Z§£§Ef§ffization)

37 3-CHl,, d-Cils 80 125-127/0.8

38 3-Clls, 4-Clls 90 133-135/2.0

39 2-(CH)oCH-, 4-(CH:)CH- 64 130-132/0.4

10 3, 4-(CHaDa- 75 138-141/0.3

1l 3, d-(Cia)s- 70 153-155/0.2

Reference Examples 42 through 57

In substantially the same manner as Referencs

Example 6, the compounds shown in Table 6 were obtained.




Table 6

ooooo

RN s &
{Zgzi§>‘CHCOOCzH5
R® l
3z OH )
R f 3 d o )
Eia;;igczo. RY ., R YzZi) Reggyétgllization NMR( & ppm CDCZ.)
0 solvent
75-76
42 H, 4-CH, 76 Ether-
hexane)
1.24(6H,d,J=7),1.25C3H, t,I=7),
43 H, 4-(Cl.).CH- 96 0il 2.91C1H,m),3.40C1H,d, J=6),4.1-
4.4C2H,m),5.13(C1H,d, J=6),7.22
(2H,d,J=9),7.34(2H,d, J=9)
1.27(34,t,3=7),1.29(94,s),3.35
44 H, 4-(CH,).C- 96 0il (1H,braod),4.0-4.5C2H, m)",5.13
(1H,s),7.34(4H, s)
0.66C3H,t,J=7),1.21C3H,t,]=7),
45 0, 4-CHCCHD.- 97 0i1 1.26(6H,5),1.682H,a, J=7),3.35

(1H,braod),4.0-4.4(2H,m),7.29
(4H,s)

(continue i)
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mp (°C)
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Ref . . .
Example No.  R! , R? Y(l;l)d Recrystallization NMRC 8 ppm CDC23)
0.89(9H,s),1.22C31,t,J=7),2.46
6 : c . g . (2H,s),3.4(1H,braod),4.0-4.4
1 ., 4-(CHs)5C-ChH.- 7 oLl (2H,m),5.11(1H,s),7.10¢2H,d, J=
9),7.32(24,4d, J=9)
1.21(3H,t,J=7),1.4-2.2(8H,m),
47 04— 98 0il 2.95C1H,m),3.47C1H,br s),4.0-
4.4(24,m),5.11(1H,s),7.19C2H,
d,J=9),7.31(2H,d, J=9)
48 I, 4—@ 06 79-80
(Hexane)
1.23C3H, t,J=7),1.24(3H,5),1.5-
99 0il 2.1(8H,m),3.4(1H,br),4.0-4.4

(24,m),5.12(1H,s),7.32(4H, s)

(continued)
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Reference
Example No. R' , R?

“vield

(%)

Recrystallization
solvent

NMR( 8 ppm CDC8,)

50

CHa
H, 4—

98

0il

1.16(3H,s),1.22C34,t,J=7),1.3-
2.1C10H,m),3.45C1H,br),4.1-4.4
H,m),5.14(1H,br s),7.37(4H,
s)

51

2-Clly, 5-CH,

96

0il

1.17C3H,t,J=7),2.26(3H,s),2.35
(3H,s),3.48(1H,d,J=5),4.0-4.4

21,m),5.27C14,d, J=5),6.9-7.1

(dH,m)

52

2-CH,, 4-CH,

97

0il

1.18C3M, t,J=7),2.27(3H,s),2.36
(3H,s),3.41(1H,d,J=5),4.0-4.4
(2H,m),5.28(C1H,d, J=5),6.95C2H,
d,J=9),7.17(2H,d, J=9)

53

3-CHs, 4-CH,

95

0il

1.17C34,t,J=7),2.26(6H,s),3.47
(14,d,]=5),4.0-4.4(2H,m),5.03
(14,d,J=5),7.0-7.2C4H, m)

(continued)



Reference

R' , R?
Example No. ’

Yield
(%)

mp (°C)

Recrystallization

solvent

NMRC & ppm CDCL3)

54 3-C.Hs, 4-C.Hs

94

0il

1.16C6H, t,J=7),1.21(3H,t,J=7),
2.63(4H,q,3=7),3.1(1H,br),4.0-
4.4(2H,m),5.09(1H,s),7.1-7.3
(4H,m)

Z'CCH3)2CH‘,

» 4-(CH;) . CH-

quant.

0il

l.l-l.4(15H,m),2.7-3.1(1H,m),
3.1-3.5(2H,m),4.0-4.4C21,m),
5.41(1H,s),6.9-7.3(4H,m)

56 3, 4-(CHz)s-

93

0il

1.17C3H, t,3=7),1.8-2.4C2H, m),

2.83(2H,t,J=7),3.80C1H,d,
4.13(24,q,J=7),5.05(1H,d,]
7.1-7.4(3H,m)

|
i

)

6 ?
6),

o7 3, 4-(CHz)s-

quant.

0il

1.20C34,t,J=7),1.7(6H,m),2.6-
2.9(dl,m),3.57(11,d,J=63,4.18
(2H,q,J=7),5.0(11,d,J=6),7.0
(3H,m)




]
0ooo

- 47-

Reference Examples 58 through 73

In substantially the same manner as Reference

Example 11, the compounds shown in Table 7 were obtained.

Table 7
Rl\ 5 6
+( CHCO0CHs
R¥ N éQ
Reference R! R?2 Yield mp
Example No. ’ (%) (°C/mmllg)
58 H, 4-CH, quant . Note 1)
59 H, 4-(CHs3),CH- 82 116-118/0.5
GO H. 4‘<CH3)3C‘ 91 135‘138/05
3 H, 4-C,HsC(CH;3),- 92 135-138/0.5
62 H, 4-(CH3);C+CH,- 99 138-140/1-.5
: \
63 h, 4—i/x— 89 152-154/0.6
64 H, 4-@—- 98 Note 2)
— 3
65 H, 4—|\><C“ 9l 158-160/1.0
66 i, 4- X 85 163-165/0.7
67 2-CHa, 5-CHj 88 108-110/0.5

(continued)
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Reference . ) Yield mp
Example No. R , R (%) (°C/mmig)
68 2"CH3, 4‘CH3 93 115“118/0.5
69 3-Clls, 4-CH, .90 118-120/0.7
70 3-C:Hs, 4-C.lls quant. Note 3)
71 2-(Cll3)2CH-, 4-(CH3),CH- 95 129-132/0.5
72 3, 4-(CHz) s~ 92 128-132/0.3
73 3, 4-(CHz)s- 89 145-148/0.2
Note 1) NMR (& ppn, CDCga): L. 26(30,t,J=7),
2.36(3H,s), 4.1-4.3C2H, m), 5.32CLH,s), 7.1
ceve 9(2H, d, J=9), 7.38(2H, d, J=9)
o Note 2) NMR (8ppn, C D ga): L. 24(3H,t, J=T7),
o L3-2.1(l2, ), 2. 710, n), 4. 20(2H, q, {=T)
Lz 5.30(1H,s), 7.18(2H,d, J=9), 7.40(2H,d,J=9)
Note 3) NMR (8 ppn, CDCgs): 1. 20(80, ¢, J=T7),
N L26C3H, &, i=7), 2.66(4H, q, J=7), 4. 23(2H, q,
. J=1), 5.31(1H,s), 7.1-7.3(3H, n)
PR Reference Examples 74 throuagh 90

,,,,,

In substantially the same manner as Reference

Example 20, the compounds shown in Table 8 were obtained.




Table 8

l\ SHCOOC . Hs
R\ S = CHCOOH
R
giiﬁ;igcﬁo. R' , R? R reld NMR(C 8 ppm CDCL,)
(%)
1.24(34,t,J=7),2.34(31,s),3.09(14,d, J=
74 H, 4-CH, H 90 15),3.29C1H,d,J=15),4.1-4.3(2H,m),4.85
(1H,s),7.17(24,d,J=8),7.33(2H,d, J=8)
1.26C6H,d, J=7),1.26(3H, t,J=7),2.90C1H,
),3.11C1H,d,J=16),3.31C1H,d, I=16),4.1
75 H, 4-(CH,).CH- i 90 n - P
? -4.3(2H,m),4.86(1H,s),7.21(2H,d, J=8),
7.38(2H,d, J=8) .
1.24(34,t,J=7),1.29(91,s),3.08(1H,d, J_
76 H, 4-(CH;).C- H 86 =16),3.34(1H,d,J=16),4.20(21,q,J=7),4.
84(1H,s),7.36(dH,s),9.45(1H, broad)
0.66(34,t,J=7),1.24C31,t,J=7),1.29(6H,
77 K d=Cull CCCHLY . 03 s),1.64(2H,(2H,a,J=7),3.05C1H,d, J=16),

3.30(1H,d, J=16),4.19(2H,q, J=7),4.83(lH,
s),7.28(2H,d,J=8),7.42(2H,d, J=8)

(continued)
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Yield
(%)

NMR( & ppm CDC23)

Reference .,
Example No. RY, R
78 H, 4-(CH3),C-CH,~

89

0.90(94,s),1.26(3H,t,J=7),2.48(2H,s),

3.12(1H,d,J=16),3.31(1H,d, J=16),4.1-4.
3(2H,m)4.85(1H,s),7.12(2H,d,J=8),7.34
(2H,d, J=8)

79 q, 4—E>—
/

86

1.25(34,t,J=7),1.4-2.1(8H,m),2.9(1H,
m),3.07C1H,d, J=15),3.30(1H,d, J=15)4.17
(2H,q,J=7),4.82(14,s),7.19(2H,d, J=9),
7.38(2H,4d,J=9),10.19(1H,br s)

80 H, 4—

88

1.23(34,¢t,J=7),1.3-2.1(12H,m),2.7(1H,
m),3.05C1H,d,J=16),3.30C1H,d,J=16),4.

18C21,q,J=7),4.81(1H,s),7.15C24,d, J=9),

7.35(2H,d,J=9),8.85C1H,br s)

>

95

1.22C34,t,J=7)>.1.24(3H1,s),1.4-2. 1(8H,
m)3.05(1H,d, J=16),3.32(1H,d, J=16),4.18
(2H,q,J=7),4.83(1H4,s),7-19(2H,q, J=9),
7.35(2H,d,J=9)

(continued)
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Reference R! R2
Example No. ’

Yield

(%)

NMR(C & ppm CDC23)

/— \ ,CH,
82 1, 4——&\__~//<:

H

92

1.16C3H,t,J=7),1.25C3H,s),1.3-2.1C10H,
m),3.08(1H,d, J=16),3.33(1H,d,J=16),4.
20(2H,q,J=7),4.83(1H,s),7.1-7.5(4H, m)

1I

96

1.22(34,t,J=7),2.29(3H,s),2.36(34,s),
3.10(1H,d,J=16),3.36(1H,d,J=16),4.19(2
H,q,J=7),5.08(1H,s),7.03(2H,s),7.27C1H,
s),9.40CIH,br s)

1l

97

1.21(34,t,J=7),2.27(3H,s),2.36(3H, s),
3.10(1H,d, J=16),3.36(1H,d, J=16),4.18
(2H,q,J=7),5.08(1H,s),7.0(2U,m),7.33
(1H,d,J=8),10.09C1H,br s)

83 2-CHs, 5-CH,
34 2-CH,, 4-CH,
85 S_CZHS, 4‘C2H5

H

90

1.19C6H,t,J=7),1.23(3H,t,J=7),2.63(4H,
q,J=7)3.08(1H,d,J=16),3.32(1H,d, J=16),
4.20021,q,J=7),4.81(1H,s),7.1-7.3C3H,
m),8.07(C1H,br s)

(continued)




3%
-

nnnnn

Reference . R .
Example No. RY , RF R

Yield

(%

NMR( & ppm CDCL3)

2-(CH3).CH-, i
4-(CH3)»CH-

1.21(6H,d,J=7>,1.23(3H,t,J=7),1.27(6H,
d,J=7),2.7-3.1C24,m),3.12(1H,d,J=16),

3.40(1H,d, J=16),4.18(2H,q,J=7),5.19(1H,

s),6.9-7.2(24,m),7.37(1H,4d,J=8),9.35(1
H,br s)

37 3, 4-(CH2)s- H

1.24(3H,t,J=7),1.9-2.3(2H,m), 2.88(4H,

t,J=7),3.12(1H,d, j=165,3-32(1H,d, J=16),

4.20(2H,q,]1=7),4.84(1H,s),7.1-7.4(3H,
m),8.60C1H,br s)

88 3, 4-(CHs)a- CH,

1.24(3Hx2/5,t,J=7),1.26(3Hx3/5,t,J=7),
1.38(3Hx2/5,t,J=7),1.44(3Hx3/5,t,I=7),
9.0-2.2(2H,m),2.8-3.0(4H,m), 3. 19C1Hx
2/5.a,J=7),3.58(1Hx3/5,q,J=7),4.1-4.3
(2H,m),d.88(1Hx2/5,s),4.89C1HX3/5,s),
7.1-7.4C3H,m)

(continued)
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Reference

Example No. RY , R?

NMR( 8 ppm CDC23)

89

3. 4‘(CH2)4'

1.1-1.3C3H,m), 1.38(3Hx2/5,¢,J=7),1.44
(31x3/5,t,1=7),1.8(40,m),2.75(4H, br s),
3.19(1Hx2/5,q,J=7),3.58(1Hx3/5,a,J=T),
4.1-4.4(2H,m),4.83(1Hx2/5,s),4.85(1HX
3/5,s),7.0-7.3C3H,m)

90

3, 4-(CHz)s-

R Yield
(%)

CHa 72

H quant .

1.24C34,t,J=7),1.4-2.0(6H,m),2.80(4H,
m),3.07C1H,d, J=16),3.33C1lH,d, J=16),4.
19(2H,q,J=7),4.79C11,s),7.0-7.3C3M, m),
7.90C1H,br s)
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Reference Example 91
Potassium thioacetate (CH3COSK, 8.31 g) was added in
small portions to a solution of ethyl 2-chloro-2-(3,4-
dimethylphenyl)acetate (15 g) in DMF (80 ml). The mixture
was stirred at room temperature for 2 hours, at the end of

which time it was poured into water and extracted with

ethyl acetate. The ethyl acetate layer was washed with

water, dried (MgSO4) and the solvent was distilled off to

give ethyl 2-acetylthio-2-(3,4-dimethylphenyl)acetate

(16.5 g, 94%) as an oil.

NMR (6 ppm, CDCt3): 1.22 (3H, t, J=7 Hz), 2.21 (6H, s),
2.30 (3H, s), 4.0-4.35 (2H, m), 5.2 (1lH, s), 7.05-7.2
(3H, m).

Reference Example 92

Morpholine (21.6 g) was added drop@ise to a solution
of ethyl 2-acetylthio-2-(3,4-dimethylphenyl)acetate (16.5
g) in ethanol (70 ml) at room temperature and the mixture
was further stirred at the same temperature for 2 hours.
The reaction mixture was then poured into water, acidified
with 2N-HCl and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried (MgSO4) and the
solvent was distilled off. Finally the residue was
subjected to silica gel column chromatography with
chloroform-hexane (1:3, v/v) to give ethyl
2-thio-2-(3,4-dimethylphenyl)acetate (8.8 g, 63%) as an
oil.
NMR (6 ppm, in CDC#3): 1.23 (3H, t, J=7 Hz), 2.23 (6H,

broad s), 2.53 (1E, d, J=7.5 Hz), 4.17 (2H, q, J=7

Hz), 4.60 (l1H, 4, J=7.5 Hz), 7.0-7.3 (3H, m).

Reference Example 93

A mixture of ethyl 2-thio-2-(3,4-dimethylphenyl)ace-
tate (4.5 g), 2-bromobutyric acid (3.3 g), potassium
carbonate (5.5 g) and DMF (30 ml) was stirred at room
temperature for 1 hour, after which it was poured into
water and extracted with ether. The aqueous layer was
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acidified with concentrated hydrochloric acid and

extracted with ether. The ether layer was washed with

water, dried (MgSO4) and the solvent was distilled off to

give 2-[ethoxycarbonyl(3,4-dimethylphenyl )methyl-

tﬁio]butyric acid (5.5 g, 89%) as an oil.

NMR (5 ppm, CDC£3): 0.9-1.1 (3H, m), 1.1-1.3 (3H, m),
1.6-2.0 (24, m), 2.25 (6H, s), 2.97 (1H x 1/2, t, J=7
Hz), 3.38 (l1H x 1/2, t, J= 7Hz), 4.1-4.3 (2H, m),
4,78 (1H x 1/2, s), 4.80 (1H x 1/2, s), 7.0-7.3 (3H,
m) .

Reference Examples 94 through 97

In substantially the same manner as Reference Example

93, the compounds shown in Table 9 were obtained as oils.

cyp
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Table 9
CH,
CHa—it:j>—$H"COOCsz
S— (l)HCOOH

R
giiigizce R Yéeld NMRC 8 ppm,CDC8,)
No. CA)

1.23(34,t,3=7>,2.25(6H,s),3.0
94 H 90 | 5(1H,d,J=16),3.29C1H,d, J=16),
| 4.18(2H,q,3=7),5.13(1H,s),7.0
-7.3(34,m),9.98CIH, br s)
1.23(3H%x3/5,t,4=7),1.27(3Hx
2/5,t,3=7),1.37C3Hx3/5,t,J=T),
95 CH, 90 | 1.44(3Hx2/5,t,J=7),2.24(6H,s),
3.16C1%x2/5,a,3=7),3.59C1Ux
3/5.a,1=7),4.1-4.3C2H,n),4.86
(IH,s),7.1-7.3(3H,m)

0.75-1.05C3H,m), 1.15-1.30(3H,

. m),1.3-2.004H,m),2.24(6H,s), 3.
" 96 C3Hy 88 | 04CLHX1/2,t,J=7),3.48C1Hx1/2,

, t,J=7),4.1-4.3(2H,n), 4. 79CLHX

cod 1/2,s),4.80C1Hx1/2,s),7.05-7.3
(3H,m)

| | 1.20C30x1/2,t,J=7),1.21(30x1/
/ ; | 2,t,J=7),2.22(BHx1/2,s),2.23

| 97 88 | (BHX1/2,s),4.0-4.3C2H,m),4.49
_<<::> (1H,s),4.52C1Hx1/2,s),4.55C1H
- X1/2,s),7.0-7.5(8H,m)

[ e R .-
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Working Examples
Example 1

In THF (400 ml) was dissolved methoxycarbonyl
(4-chlorophenyl)methylthioacetic acid (71 g), followed by
addition of oxalyl chloride (39 g) and, then, DMF (5
drops). The mixture was allowed to stand at room
temperature overnight, concentrated and the residue was
dissolved in dichloromethane (100 ml). The solution was
added dropwise to a suspension of aluminum chloride (69 g)
in dichloromethane (400 ml) with ice-cooling. After
completion of dropwise addition, the reaction mixture was
further stirred at room temperature for 3 hours, after
which it was poured into ice-water, and the organic layer
was separated. The aqueous layer was extracted with
chloroform. The combined organic layer was washed with
water and dried (MgSO4). The solvent was then distilled
off and the residue was subjected to silica gel
chromatography. From the fraction eluted by ether-hexane
(1:1,v/v), methyl 6-chloro-3,4-dihydro-1H-2-benzo-
thiopyran-4-one-l-carboxylate was obtained as crystals (27
g, yield 40%). Recrystallization from ethy’ acetate-
hexane gave colorless plates.
mp. 118-119°C
Elemental analysis: C11H903SC1
Calcd: C, 51.47; H, 3.53
Found: C, 51.40; H, 3.58

In methanol (100 ml) was suspended methyl 6-chloro-
3,4-dihydro-1H-2-benzothiopyran-4-one-l-carboxylate (21.5
g) followed by addition of 2N-KOH (70 ml). The mixture
was stirred at room temperature for one hour. The
resulting reaction mixture was poured into water,
acidified and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried (MgSO4) and
the solvent was distilled off to give 6-chloro-3,4-
dihydro-1H-2-benzo-

7580S:LG
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thiopyran-4-one-l-carboxylic acid (18.8 g, yield 93%).
Recrystallization from ethyl acetate gave colorless
prisms.
mp. 220-221°C
Elemental analysis: CjqgH703SCl
Calcd.: C, 49.49; H, 2.91
Found : C, 49.51: H, 2.91
Example 2

In ether (500 ml) was dissolved ethoxycarbonyl (4-
hexylphenyl)methylthioacetic acid (63 g), followed by
addition of thionyl chloride (33 g) and, then, pyridine (5
drops). The mixture was refluxed for 30 minutes and then,
concentrated, and the residue was dissolved in dichloro-
methane (50 ml). This solution was added dropwise to a
suspension of aluminum chloride (50 g) in dichloromethane
(350 ml) with ice-cooling. After completion of dropwise
addition, the reaction mixture was further stirred with
ice cooling for 3 hours and, then, poured into ice-water.
The organic layer was separated and the aqueous layer was
extracted with chloroform. The organic layers were
combined, washed with water and dried (1gSO4). The
solvent was then distilled off and the residue was
subjected to silica gel chromatography. From the fraction
eluted by ether-hexane (1:2, v/v), ethyl
6-hexyl-3,4-dihydro-1H-2-
benzothiopyran-4-one-l-carboxylate was obtained as an oil
(42 g, yield 70%).
NMR (6 ppm, CDCl3): 0.83 (3H, t, J=7 Hz), 1.2-1.7 (8H,
m), 1.30 (3H, t, J=7 Hz), 2.64 (2H, t, J=7 Hz), 3.27 (1lH,
d.d, J=16 and 1 Hz), 4.24 (2H, g, J=7 Hz), 4.27 (1H, d.d,
J=16 and 1 Hz), 4.41 (1H, s), 7.1-7.4 (2H, m), 7.94 (1lH,
d, J=2 Hz).

In methanol (150 ml) was suspended ethyl 6-hexyl-3,4-
dihydro-1H-2-benzothiopyran-4-one-l-carboxylate (41 q)
followed by addition of 2N-KOH (150 ml). The mixture was
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stirred at room temperature for one hour. The reaction
mixture was poured in water, acidified and extracted with
ethyl acetate. The ethyl acetate layer was washed with
water, dried (MgSO4) and the solvent was distilled off to
give 6-hexyl-3,4-dihydro-1H-2-benzothiopyran-
4-one-l-carboxylic acid (27.5 g, yield 74%). Recrystal-
lization from ether-hexane gave colorless plates.
mp. 66-67°C
Elemental analysis: CjgH2003S
Calcd.: C, 65.72; H, 6.89
Found : C, 65.73; H, 6.90
Example 3

In the same manner as Example 2, ethyl 6-cyclohexyl-
3,4-dihydro-1H-2-benzothiopyran-4-one-1l-carboxylate was
obtained. Yield 69%. Recrystallization from hexane gave
colorless prisms.
m.p. 51-52°C
Elemental analysis: Cj1gH2203S
Calcd.: C, 67.89; H, 6.96
Found : C, 68.08; H, 7.01

In methanol (200 ml) was suspended ethyl 6-cyclo-
hexyl-3,4-dihydro-1H-2-benzothiopyran-4-one-l-carboxylate
(52 g) followed by addition of 2N-KOH (100 ml). The
mixture was stirred at room temperature for one hour,
poured into water, acidified and extracted with ethyl
acetate. The ethyl acetate layer was washed with water,
dried (MgSO4) and the solvent was distilled off to give
6-cyclohexyl-3,4-dihydro-1H-2-benzothiopyran-4-one-1l-carb-
oxylic acid (33g, yield 73%). Recrystallization from
ethyl acetate-hexane gave colorless plates.
m.p. 171-172°C.
Elemental analysis: Cj1gH1803S
Calcd.: C, 66.18; H, 6.25
Found : C, 66.16; H, 6.28

Example 4




10

15

20

25

30

35

60

In the same manner as Example 2, ethyl

3,4,6,7,8,9-hexahydro-1H-naphto [2,3-c]thiopyran-4-one-
l-carboxylate was obtained as an oil. Yield 81%.
NMR (0 ppm, CDC13): 1.27 (3H, t, J=7 Hz), 1.75 (4H, m),
2,75 (4H, m), 3.19 (1H, 4, J=16 Hz), 4.18 (1lH, 4, J=16
Hz), 4.19 (2H, q, J=7 Hz), 4.31 (1lH, s), 6.87 (lH, s),
7.81 (1H, s).

In methanol (20 ml) was suspended ethyl

3,4,6,7,8,9-hexahydro-1H-naphto[2,3-c]thiopyran-4-one-l-carb

oxylate (2.9 g) followed by addition of 2N-KOH (10 ml).
The mixture was stirred at room temperature for one hour,
poured into water, acidified and extracted with ethyl
acetate. The ethyl acetate layer was washed with water,
dried (MgSO4) and the solvent was distilled off to give
3,4,6,7,8,9-hexahydro-1H-naphto[2,3-c]lthiopyran-4-one-1-
carboxylic acid (2.3 g, yield 89%). Recrystallization
from ethyl acetate gave colorless prisms. m.p. 204-205°C
Elemental analysis: C14H14O3S
Calcd.: C, 64.10; H, 5.38
Found : C, 64.38; H, 5.40

Example 5

In the same manner as Example 2, ethyl
6,7-ethylenedioxy-3,4-dihydro-1H-2-benzothiopyran-4-one-1-
carboxylate was obtained as an o0il. Yield 73%.

NMR (8 ppm, CDCl;): 1.31 (3H, t, J=7 Hz), 3.21 (1lH,
d.d, J=16 and 1 Hz), 4.15-4.35 (6H, m), 6.72 (1lH, s), 7.66
(1H, s).

In ethanol (200 ml) was suspended ethyl 6,7-ethyl-
enedioxy-3,4-dihydro-1H-2-benzothiopyran-4- one-l-carbo-
xylate (55 g) followed by addtion of 2N-NaOH (200 ml).

The mixture was stirred at room temperature for one hour.
The reaction mixture was poured into water, acidified and
extracted with ethyl acetate. The ethyl acetate layer was
washed with water, dried (MgSO4) and the solvent was
distilied off to give 6,7-ethylenedioxy- 3,4-dihydro-1H-

7580S:LG
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2-benzothiopyran-4-one-l-carboxylic acid (32.5 g, yield
65%). Recrystallization from ethyl acetate gave colorless
prisms.
mp. 207-208°C
Elemental analysis: Cj12H31005S
Calcd.: C, 54.13; H, 3.79
Found : C, 54.37; H, 3.82

Example 6

In the same manner as Example 2, methyl 3,4-dihydro-
1H-2-benzothiopyran-4-one-l-carboxylate was obtained as an
oil. Yield 73%.

NMR (6 ppm, CDCl3): 3.25 (1M, d, J=24 Hz), 3.77 (3H, s),
4.26 (1H, d, J=24 Hz), 4.47 (1H, s), 7.0-7.5 (S5H, m),
7.9-8.1 (1H, m).

In methanol (1530 ml) was suspended methyl 3,4-di-
hydro-1H-2-benzothiopyran-4-one-l-carboxylate (32 g)
followed by addition of 2N-KOH (150 ml). The mixture was
stirred at room temperature for one hour, poured into
water, acidified and extracted with ethyl acetate. The
ethyl acetate layer was washed with water, dried (MgS04)
and the solvent was distilled off to give 3,4-
dihydro-1H-2-benzothiopyran-4-one-l-carboxylic acid (22 g,
vield 73%). Recrystallization from ethyl acetate-hexane
gave colorless prisms.
mp. 124-125°C
Elemental analysis: CjoHgO3S
Calcd.: C, 57.68; H, 3.87
Found : C, 57.88; H, 3.90

Example 7

In the same manner as Example 2, ethyl 6,7-dimethoxy-
3,4-dihydro-1H-2-benzothiopyran-4-one-l-carboxylate was
obtained. Yield 69%. Recrystallization from methanol
gave colorless rods.

m.p. 82-83°C
Elemental analysis: Cj34H;1605S

R SR




e

10

15

20

25

30

35

-62-

Calcd.: C, 56.74; H, 5.44
Found : C, 56.95; H, 5.44

In methanol (20 ml) was suspended ethyl 6,7-di-
methoxy-3,4-dihydro-1H-2-benzothiopyran-4-one-1-
cérboxylate (6 g) followed by addition of 2N-KOH (15 ml),
and the mixture was stirred at room feﬁperature for one
hour. The reaction mixture was then poured into water,
acidified and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried (MgS0O4) and the
solvent was distilled off to give 6,7-dimethoxy-3,4-
dihydro-1H-2-benzothiopyran-4-one-l-carboxylic acid (4.4
g, yield 82%). Recrystallization from methanol gave
colorless prisms. m.p. 212-213°C
Elemental analysis: C32H1205S
Calcd.: C, 53.72; H, 4.51
Found : C, 53.76; H, 4.61

Example 8

In the same manner as Example 2, methyl 7-cyclohexyl-
1,2,4,5-tetrahydro-3-benzothiepin-5-one-2-carboxylate was
obtained. Yield 76%.

NMR (6 ppm, CDCl3): 1.2-2.0 (10 H, m), 2.55 (1lH, m), 3.21
(1H, d.d, J=14 and 5 Hz), 3.4 (lH, m), 3.41 (1H, d, J=18
Hz), 3.63 (l1H, d.d, J=14 and 5 Hz), 3.81 (3H, s), 4.00
(1H, d, J=18 Hz), 7.15 (lH, d, J=8 Hz), 7.36 (lH, d.d, J=8
and 2 Hz), 7.77 (1H, d, J=2 Hz).

In methanol (150 ml) was suspended methyl 7-cyclo-
hexyl-
1,2,4,5-tetrahydro-3-benzothiepin-5-one-2-carboxylate (40
g) followed by addition of 2N-KOH (100 ml), and the
mixture was stirred at room temperature for one hour. The
reaction mixture was then poured into water, acidified and
extracted with etyl acetate. The ethyl acetate layer was
washed with water, dried (MgSO4) and the solvent was
distilled off to give 7-cyclohexyl-1,2,4,5-tetrahydro-3-
benzothiepin-5-one-2-carboxylic acid (27.5 g, yield 72%).

W
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Recrystallization from ethyl acetate gave colorless
plates.
m.p. 210-211°C
Elemental analysis: Cj7H2003S
Caled.: C, 67.08; H, 6.62
Found : C, 67.25; H, 6.63
Example 9

In the same manner as Example 2, ethyl 6-cyclohexyl-
t-3-methyl-3,4-dihydro-1H-2-benzothiopyran-4-one-x-1-
carboxylate was obtained. Yield 80%.
NMR (6§ ppm, CDCl3): 1.32 (3H, t, J=7 Hz), 1.45 (3H, d,
J=7 Hz), 1.2-1.9 (10H, m), 2.55 (1H, m), 4.26 (2H, q, J=7
Hz), 4.43 (1H, q, J-=7 Hz), 4.43 (1H, s), 7.12 (1H, d, J=8
Hz), 7.36 (1H, d.d, J=8 and 2 Hz), 7.91 (1H, d, J=2 Hz).

In methanol (50 ml) was suspended ethyl 6-cyclohexyl-
3-methyl-3,4-dihydro-1H-2-benzothiopyran-4-one-l-carboxyl-
ate (11.5 g) followed by addition of 2N-KOH (40 ml), and
the mixture was stirred at room temperature for one hour.
The reaction mixture was then poured in water, acidified
and extracted with ethyl acetate. The ethyl acetate layer
was washed with water, dried (MgSO4) and the solvent was
distilled off to give 6-cyclohexyl-t-3-methyl-3,4-dihydro-
l1H-2-benzothiopyran-4-one-r-l-carboxylic acid (7.4 g,
yield 70%). Recrystallization from ethyl acetate gave
colorless plates.
mp. 185-186°C
Elemental analysis: Cy7H9q03S
Caled.: C, 67.08; H, 6.62
Found : C, 67.33; H, 6.68

Example 10

In DMF (10 ml) was dissolved 6-cyclohexyl-3;4-dihydro-1H-
2-benzothiopyran-4-one-l-carboxylic acid (500 mg) followed
by addition of diethyl phosphorocyanidate (85%, 365 mg).
The mixture was stirred for 30 minutes under ice-cooling
and, then, 3-aminopyridine (160 mg) and triethylamine (202
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mg) were added thereto. The reaction mixture was further
stirred for one hour under ice-cooling and poured into
water and extracted with ethyl acetate. The ethyl acetate
layer was washed with water, dried (MgSO4) and the solvent
was distilled off to give 6-cyclohexyl-N-(3-pyridyl)-3,4-
dihydro-lH—2—benzothiopyran—4—one—l»céfboxamide (490 mg,
yield 79%). Recrystallization from ethyl acetate-hexane
gave colorless plates.
mp. 194-195 °C
Elemental analysis: C21HppN202S
Calcd.: C, 68.82; H, 6.05; N, 7.64
Found ; C, 68.59; H, 5.90; N, 7.63

Examples 11 through 55

In the same manner as Example 10, compounds in Table

10 were obtained.

-3
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Table 10 R
R! ONC s
\7%3\, 5 &
}KY \/KRS
R 0
mamele| R pe |RY R¢, RY|US4 | mp  |isarion
NO. (%) (°O> solvent
11 H, i,
H _ _
-0 "] e | BT | 1818 T
l 2 H, H,
s-(0- | M| 7O BT Gk
I3
f, a| WSy |12 203-204 | eyt
6_
| 4
& H " O OCH, 49 | 220-221 | Ethyl
6-(H)- | | 0CH: acetate
S
e iy 59 | 290-29] | stny1
- Yy
6—CH H /LL_S:LLCH3 acetate

(continued)
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5 {old Recrystal_— T
Example R', R? R R?, R Yiel I’I;l p lization-
No. (%) ( O) solvent j
16 i, : éthyl ’
H, Q-1 5.2 | 117-118 | zestate-
! ; H £ ex
i -
{ 0C.Hs
f‘
i
ﬁi l 7 H ’ Chloxeform-
; H, 4 OCHJ 7 5 206_207 methanol .
| 6—(H)— | ol
! ]. 8 H Chloroform-
} ! methanol
: H| 7N F| 78| 250-251
-(D— |1 O
19 H, Ethyl
oo ul > 82| 1837184 |acetate
6 ()~ e
3
i
i 2 O H' OCt 3 Ethzlt
e H, H CH;O 6 O 208“209 aceta
65— H )— |
S &) ~CH,CH
b 21 |y ' Ethyl
H 60 | 176-177 | zcetate-
N 6_@— _@—CQ he:
ﬂ (continued)
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Example R l', RZ|R3 R! . RS Vield m p Il’»t_acr)?tal—
No. (% ) <°O> solvent "
2 2 | H,
H,
}{ 8'6‘ 171”172 Ethanol
61 )~ ClizP (0) (OC, 1) 2
23 H, Note 1)
H,
CH; 6 3 164—165 Methanol
6—CH )~ Clt P (0) (OC;H5) 2
2 4 i,
Ethyl
. . 8 4| 133-134 |peetaeer
29 H,
Ethyl
H, ] 75| 181-182 |scetate-
6- Cli,CH,P(0) (0C,H5) »
25 Iéu P(0) (0C,lls)
H, al S 7T 18 4] 119-120  [ethanol
6—(H )~
27
H, :
: ~<O)- 8 9| 225-226 |Ethy
: 6, T-(Clly) 4~ H o i:izsze_

L}

(continued)




Dt e

¢ a¢
c
‘ o o0&

° a

-68-

w\(ﬂl‘:!"" R

| 1
Example RI’ R ? R? R", RS Zigl] m p }J::?cz?:?tal_ ,
No. (%) (°C) | soivent
28 ;
6,7-(CHz) v~ | 1 dziﬂ 7-7| 229-230 | chtorofom-
H,
2 g —CHZCHZ Chloroform-
6,7-(Clz)- H @ 7 0| 206-207 |methanol
4 OCH,
OCH;
30
6,7-(CH2) (- ' 8 5| 183-184 [Methanol
2| OrO-s
31 i,
6,7-(CHz2) 4~ | 85| 917-218 |Methanol
P(0) (0Cll3),
32 H,
6,7-CHde-| | © 88| 199-200 |uetnanar
Hi c,peo) coctia)
33 H,
6,7-(CH2) 41, 8 1| 107-198 |mtharel
1 F0) (0C,Hg)
(continued)




e

eo0se
L)

°
6ade

- ()9..

R', R?

R.J

Recrystal-

Example vield mp lization
No . (%) , <°O> solvent
34 H
6’7_<CH2>4_ H 6 9 205_206 LCthanol
P(0) (0C,4ll7)
35 H
6,7—<CH2)4— . g9 | 177-178 Ethanol
CH2P(0) (OC,Hs) .
36 H,
6,7-CCH;) .- 8 9| 132-133 |Ethanol
B\ 6P 0y (0t Caliy)
37 H,
6,7-(CH) | 1y o 76| 154-155 |Zoti...
CH,P(0) (OC Hq), neene
38 f,
v | 80| 210-211 |mehanol
H | P(0)(0c,Hs),
39 H,
H, Yy i 7 8 202_203 Ethanol
Cng(O)(OCZHS)Z
(continued)
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Zxample R l’ R * R k] R 4’ RS visld m p zezzés;il—
No. ( % ) <°O ) s;lve;f:
40 .
H H H @ 7 6 : 158—169 Methanol
P(Q) (0C43H;) 2
41 ;
R R 8 8| 193-194 | =thancl
CH,P(0) (01 CaH1) 2
4 2 H, H,
: Ethyl
G-Cutis |, |© . [B0| 123124 | possaee
% CHzP(O)(OlCJHﬂz S
|
' 4 3 H H,
8 2| 139-1d0 | zehencl
6-CeH 14 H
F(0) (0C,Hs) 2
: 4 4 i,
RS H) . —s
© 86| 136-137 | =emenet
6-CsH. 4 H| CH.P(0)(0C,Hs)
4 5 }i, H, Ethvl
L | acetate
St 6-c2 |, © 8 1| 168-169
K P(0) (OCH,) »

(continued)
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l
Eijzmple R' R* [R?® R*, RS Zield mp Recrystal-
B (%) (0) | orrene”
46 H, 1, 4
I d- Methano !
s-co |H| © | 81| 184-185 | setrano
PC0)(0C.Hs) ;-
47 | 4 ;
.‘ | '
6 - CJ H g? 83 188‘189 Ethanol
P(0)(0C:H; ),
4 8 H, H, ,
6 —Cg }Nj 77| 166-167 | nevane
CH,P{0)(0C,Hs)
49 | g H,
5—cg | H|C 75| 193-19d | Eshancl
CH,P(0)(01C3H) .
50 _ _ H,
6,7-0(CH,),0 |
@ 80 | 175-176 | sthancl
» H1 P(0)(0C.H1):

|
51 16,7-0(CH,),0- |H,

Ethanol-

‘ H 3l 250-251 ¢hloroform
t CH,PC0)(0C2Hs )

(continued)
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Example R 1, R 2 R3 R 4, RS viald mp Recrystal-
e (%63 (0) | heen
1
5 2 6:7_O<CH2>ZO— H:
H 88 | cadmaed | i
PC0)(0C.Hs) s
153
| 6,7-C0CHSD» | _ [ -O-F 85 | 195-196 | wernanos
54 OCH, Note 2)
6,7-(0CHs) @—cm@-@cm 87 | 222-223 | Hethanol
AN
H 0CH,
5 5 H’ CH3, ceh
H OCH, |53| 93-94 | mevens

Mote 1) 1,3-txans-iIsomer

Nota 2) Hydrochloride
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A mixture of 7-cyclohexyl-l ahydro-3-benzo-

H ooy

f=
wm
|

cr
b
ot
g

‘
thiepin-5-one-2-carboxylic acid (1.0 g) and thionyl
chloride (2 ml) was heated under reflux for 30 minutes
aﬁd, then, concentrated. The rssidual oil was dissolved
in dichloromethane (5 ml). This solution was added
dropwise to a solution of 4—diethoxyphosphorylaniline (757
mg) in pyridine (10 ml) at room temperature. After
stirring for 30 minutes at room temperature, the reaction
mixture was concentrated. The residue was diluted with
IN-HC1l (50 ml) and extracted with ethyl acetate. The
ethyl acetate layer was washed with water, dried (MgSO4)
and the solvent was distilled off to give 7-cyclo-
hexyl-N-(4-diethoxyphosphorylphenyl)-1,2,4,5-tetrahydro-3-
benzothiepin-5-one-2-carboxamide (760 mg, yield 45%). Re-
crystallization from ethanol gave colorless prisms.

m.p. 222-223°C

Elemental analysis: (Cp7H34NOg5PS

Calcd.: C, 62.90; H, 6.65; N, 2.72

Found : C, 62.79; H, 6.55; N, 2.71

Examples 57 and 58

In the same manner as Example 56, the compounds in

Table 11 were obtained.




Table 11
R4
R! ,CONC_,
\\\/0\ \,/ R
l‘\ /
Rz/ 6 O>——\R3
Exenplg R', R* R’ R*, R°® rield m p Lization
No- (%) (OO) solvent
57 | H, H,
EOME @ 77 2357230 |restaner
CH.P(0)(OC,H;5) -

o8

H,
e

60

227-223

Methanol-
chlorofor:

mne wwma
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Example 52

Sodium borohydride (102 mg) was added to a solution of
7-cyclohexyl-N-(3,4-methylenedioxyphenyl)-3,4-dihydro-1iH-
2-benzothiopyran-4-one-l-carboxamide (1.1l g) in ethanol
(20 ml) and the mixture was stirred at room temperature
for 2 hours. After addition of acetic acid (1 ml), the
reaction mixture was poured into water and extracted with
ethyl acetate. The ethyl acetate layer was successively
washed with water, saturated agueous solution of NaHCOj3
and water, dried (MgSO¢) and the solvent was distilled off
to give 7-cyclohexyl-N-(3,4-methylenedioxyphenyl)-c-4-
hydroxy-3,4-dihydro-1H-2-benzothiopyran-r-l-carboxamide
(0.97 g, yield 88%). Recrystallization from ethyl acetats
gave colorless prisms.
mp. 208-209°C
Elemental analysis: C3Hp5N04S
Calcd.: C, 67.13; H, 6.12; N, 3.49
Found : C, 66.91; H, 6.19; N, 3.15

Examples 60 throuah 62

In the same manner as Example 59, the compounds in

Table 12 were obtained.
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Zramples 53 ' -

A sclution of m-chloroperbenzoic acid (70%, 662 mg)
in chloroform (5 ml) was added to a solution of 7-cyclo
hexyl-N-(3,4-methylenedioxyphenyl)-3,4-dinhydro-1H-2-benzo-

thiopvran-4-one-l-carboxamide (1.1 g) in chloroform (15

=

)

ml) under ice-cooling and the mixture-was stirz=d for
hour at the same tsperaturs. The reaction mixture was
successively washed with watar, saturated agqueous solution
of NaHCO3 and water, dried (MgSO4) and the solvent was
distilled ofZ. The residue was subjectad to silica gel
chromatography with ethyl acetats-hexane (2:3, v/v).
Removal oif the solvent from the first eluate gave
7-cyclohexyl-N-(3,4-methylenedioxyphenyl)-3,4-
dihydro-1H-2-benzothiopyran-4-one-l-carboxamide-
2,2-dioxide (0.28 g, yield 23%).
Recrystallization from ethyl acetate-hexane gave colorless
needles.
mp. 224-225°C
Elemental analysis: C23H723NO0gS
Calcd.: C, €2.57; H, 5.25; N, 3.17
Found : C, 62.41; H, 5.23; N, 3.21

Solvent removal from the following eluate gave

7-cyclohexyl-N-(3,4-methvlenedioxyphenyl)-3,4-dihydro-1H-

2-benzothiopyran-4-one-l-carboxamide-2-oxide (0.58 g,
yield 53%) (a mixture of 1,2-cis and -trans, 6:4). Re-
crystallization from ethanol gave colorless prisms.

mp. 208-209 °C

Elemental analysis: C23H3NOgS
Calcd.: C, 64.92; H, 5.45; N, 3.29
Found : C, 64.57; H, 5.28; N, 3.45

Examples 64 throuagh 67

In the same manner as Example 63, the compounds in

Table 13 were obtained.
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C°0)

Mota 1)

82|  33-89

CH,PC0)(OC,Hs)

61

H, Vota 2)

© 0 85

CH.PC(0)(0C,Hs)

6 2

g Mota 3)

% 33

O
CH.PC0O)(0C.Hs)

p—

Mots 1) Powder, a 2:1 mixturs oOf
1,4-cis-and k£xans-iscmers
Mota 2) Powder, a 3:1 mixtura of
1l,4-cis~-and trans-isomers
Note 3)

Recrystallization ethyl
acetate as 2:1 mixture
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To a solution of 7-cyclohexyl-N-(4-diethoxy-
phosphorylmethylphenvl)-1,2,3,4-, S5-tetrahydro-
3-benzothispin-5-one-2-carboxamide (0.53 g) in chloroform
(10 ml) was added dropwise a solution of
m-chloroperbenzoic acid (80%, 0.64785 in chloroform (10
ml), and the mixturs was allowed to stand at room
temperatures overnight. The reaction mixture was then
successively washed with agueous potassium carbonate
solution and water, dried (MgSOs). The solvent was then
distilled off to give 7-cyclohexyl-N-(4-diethoxy-
phosphorylmethylphenyl);l,2,4,5—
tetrahydro-3-benzothiepin-5-one-2-carboxamide-3,3-dioxide
(0.49 g, 87%).
gave colorless plates melting at 237 - 238°C.
CogH3gNO7PS

Calcd.: C, 59.88; H, 6.46; N, 2.48
Found : C, 59.77; H, 6.53; N, 2.650

Examples 62 and 70

Recrystallization from chloroform-ethanol

Elemental analysis,

In substantially the same manner as Example 68, the

compounds shown in Table 14 wer= obtained.

Table 14
QOOC:HS
f¢:>//A\SO"
: \i bt
o
e
0
Example Tield M.p. Recrystallization solvent
No. Rl (%) (°C)
69 <::>_ 91 80 - 91 Ethyl acetate-hexane
70 CH3‘ 38 84 - 85 Ethyl acetates-hexane

Exampla 71
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A mixturs of ethyl 6-methyl-3,4-dihydro-1H-2-benzo-
thiopyran-4-one-i-carboxylate-2,2-dioxide (0.583 qg),
2N-XOH (10 ml) and methanol (10 ml) was stirrsd at room
temperature for 30 minutes, after which it was acidified
with 2N-#HCl and extracted with ethyl acstats. The ethyl
acetate layer was washed with water, dried (MgSOq¢) and the
solvent was distilled off. To the residue was added
thionyl chloride (2 ml) and the mixturs was refluxed for
30 minutes and, then, concentrated under r=duced pressure.

10 The oily residue was dissolved in dichloromethane (5 ml)
and the solution was added droowise to a solution of
diethyl 4-aminobenzylphosphonate (0.487 mg) in pyridine
(10 ml) at room temperature. The mixture was stirred at
room tem?erature for 30 minutes, after which it was poured
13 into water and extracted with ethyl acetats. 11e ethyl
acetate layer was successively washed with 2N-HCl and

water, dried (¥gSOs) and the solvent was distilled off to
give N-(4¢-diethoxyvhosphorylmethylphenyl)-6-methyl-
3,4-dihydro-1H-2-benzothiopyran-4-one-l-carboxamide~
20 2,2-dioxide (0.32 g, 33%). Recrystallization from ethanol -
gave colorless needles melting at 212 - 213°C.
Elemental analysis, C22H2NO7PS
Calecd.: C, 55.11; H, 5.47; N, 2.92
Found : C, 55.37; H, 5.62; N, 2.89
23 Example 72
In substantially the same manner as Exmaple 71,
e N-(diethoxyphosohorylphenyl)-4-methyi-3,4-dihvdro-1H-2-
h benzothiopyran-4-one-1l-carboxamide-2,2-dioxide was syn-
thesized. Yield 55%. Recrystallization from ethyl
acetate - hexane gave colorless prisms melting at 129 -
e 130°C.
Elemental analysis, C21H24N 795
Calcd.: C, 54.19; H, .20; N,
Found : C, 54.14; H, 5.39;
35 Example 73
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In ether (200 ml) was dissol-red ethoxyvcarbonyl
dimethylph
addition o

(
nvl)methylthicacatic acid (56 g) followed by

=)
bt

—

thionyvl chloride .7 g) and, then, pyridine

(
(0.1 ml). The mixture was stirrsd at room temperat

[
H
(b
Fh
6]
[a

=+

or 30 minut=as, aftar which

rt

1 hour and, then, r=fluxad x
was concentrated under reducad prassur=. The oily residue
was dissolved in dichloromethane (100 ml) and the solution
was added dropwise to an ice-cooled suspension of aluminum
chloride (62.4 g) in dichloromethane (300 ml) over a
period of 1 hour. The r=action mixture was further
stirz=sd with ice-cooling for 1 hour, after which it was
poured into ice-water (1 2) and the organic layer was
separated. The organic layer was washed with water, dried
(4gS04) and the solvent was distilled off to give ethyl
6,7-dimethyl-3,4-dihydro-1H-2-benzothiopyran-i-one-
l-carboxylate (49.5 g, 80%). Recrystallization from
hexane gave coloreless plat=ss melting at 68 - 69°C.
Elemental analysis, C14H1503S

Caled.: C, 63.61; H, 6.10

Found : C, 63.68; H, 6.15 .

Examples 74 throuah 88

In substantially the same manner as Example 73, the

compounds shown in Table 15 wer= obtained.

e g
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Table 15
o cooc s
N
N\
L H
N2/
i\ 0
Example No. R' , R? peld wp Necrystals NMR(8ppm, CDCOy)
(%) (OO) solvent
1.29C3l, ¢, J=7),2.38(3M,s),3.26(1I
74 I, 6-Cli, 73 o d,1=lﬁ),4.22(2ﬂ,q.1=7).4.27(1H,d
J=16),4.40C11,s),7.12C21,d, I=8),
7.31(11,dd, $=8,2),7.95C1I,d,J=2).
1.26C6H,d,1=7),1.31C3N,1,J=7),2.9
5CHT,m), 3.27C1H,dd, J=16,1),4.24
75 I, 6-(Clly).Cll- 70 oi 21,q,1=7),4.27C11,d.,J=16),4.42

(111,s),7.11C21,d
J=8,2).8.00C1H,d,

=8),7.31(1N,ad,

J
J=2).

(conl:inuedd)

...’[8_




Example No. R , R*? vield mp Recrystal- NMR(é&sppm, CDCQ,)
% (o) i

1.30(3I, ¢, J=7),1.31C01,s),3.22C1H,

76 M, 6-CCll3)4C- 80 oin d,J1=16),4.20C21,q,1=7),4.28C!,d,
J=16),4.40C11,s),7.15C11,d,J=8),
7.52C11,dd,1=8,2).
0.67C3M1,1,1=7),1.27C31,t,J=7),1.2
8(6I,s),1.65C2H,q,1=7),3.23C1,d,

77 I, 6-C.l1,C(Cll4).- 84 o J=16),4.22C21,q,J=7),4.28C1H,d, J=
16).4.40C1M,s),7.17C1I,d,1=8),7.4
61N, ad,J=8,2),8.10C11,d,]1=2).
0.91C01,s), 1.30C31, t,J=7),2.54(2
Il,s),3.27CLI, dd, J=16,1),4.24C21,

78 [, 6-(Cl3),CCl,- 63 oin q,J=7),4.27C111,d,J=16),4.43C11,s),

7.13C1M,d,J=8),7.24(11I,
7.89C11,d, J=2).

dd, J=8,2),

(conltinued)
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Yield mp Recrystal-
Examp]e NoO. Rl ) R2 lization ]\[ l\/[ R ( 3 [)Dlll, C D C QJ)
96) (OC) solvent

1.30Q31, ¢,J=7),1.3-2.2C8II,m),2.65
Cl1,w),3.20C10,d, J=16),4.21(21,q,
79 I, 6- 78 ol J=7),4.26C11,d,J=16),4.39C11L,s),
7.15C11,d,J=8),7.31C1l1,dd, J=8,2),
7.93C11,d, J=2).
[.28Q31,t,J=7),1.3-2. 1121, w), 2.
70C10,m),3.22C11,d,J=16),4.20C21,
80 I, 6-—[:::>— 87 0i q.J=7),4.26C11,d,J=16),4.39C11,s),
7.12C10,d,13=8),7.31C11,dd, 1=8,2),
7.93C10,a,1=2).
[.21Q3M,s),1.26Q3M, 1, 4=73,1.5-2.1
(811, w),3.25(10,d,J=16),4.20C21,q,
81 ,6 — ¢ 81 0i 1 J1=7),4.26C11,d,J=16),4.38ClN,s),
[::>K\ 7.12C10,4,3=8),7.43(C1N,dd, 1=8,2),
8.06C11,d,J=2).

' .
oc
&

|

(continued)




" . Recrystal-
Example No. R' , R? Yield np ization - NNMRC(CS :
(%) 0 lmv:nt (ppm, CDCO0y)
1.16C31,s),1.28C31,t,J=7),1.3-2.1
cil. (1011, m),3.23C11,d, 1=16),4.22C21,
82 i, 6— ’ 84 0il a,J=7),4.28C1,4,J=16),4.40CLI,s),
7.12C1N0,d,J=8),7.42C111,dd, J=8,2),
8.07C1,d,J=8).
83 5-Cll, 8-Clls 73 102-103 vl
hexane
Ethyl
84 6-Cll,, §-Clls 69 70- 80 acetate-
hexane
1.20Q31,¢,3=7),1.22C30,t,J=7),1.3
131, L, J=7),2.67C4ll,q,J=7),3.22
85 6-C.lls, 7-C.Us 80  oin (in,d,J=16),4.24C200,q,J=7),4.28

(11,d,3=16,4.38C11,s),7.0C11,s),
7.93C1H, ).

(continued)
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Recrystal-

Example MNo. R' s R* Yield mp lizati N MR ( 8 ppm, CDCa. )
(%) () sotvent !

6-(Cli,).ClI-,
386 56 113-114 uexane
7"‘(C”3)2C“—

L.28C31, ,1=7),2.0-2.3C21,m),2.92 Cl
i, L, 3=7),3.22C00, 4, 1=16),4.21 7}
87 6, 7-CCll2)y- 83 o (1, d,J=16),4.22C211,q,1=7),4.38 |

(11, s),7.07CHLs),7.96C11,s) .

88 6. 7_(0”2)5" 81 78_ 79 llexane
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In ether (300 ml) was dissolved
2-[ethoxycarbonyl(3,4-dimethylphenvl)methylthio]propionic
acid (40.5 g), followed by addition of thionyl chloride
(24.4 g) and, then, pyridine (0.1 ml). The mixturs was
stirred at room temperature for 1 hour and resfluxed for 30
minutes. The solvent was distilled off under reducad
pressurs and the oily residue was dissolved in
dichloromethane (80 ml). This solution was added dropwise
to an ice-cooled suspension of aluminum chloride (38.4 q)
in dichloromethane (300 ml) over a period of 1 hour. The
reaction mixture was further stizzad for 1.5 hours with
ice-cooling and, then, poured into ice-water (1 2). The
organic layer was separated, washed with water, dried
(MgS0O4) and the solvent was distilled off. The oily
residue was dissolved in ethanolic sodium ethexide (pre-
pared from 0.315 g cf sodium and 200 ml of ethanol) and
the solution was refluxed for 153 minutses. The reaction
mixture was then poured into water, acidified with 1N-HC1l
(100 ml) and extracted with ether. The ether layer was
washed with water, dried (MgSO0s4) and the solvent was
distilled off. Finally, the residue was chromatographed
on a silica gel with ether-hexane (1:3) to give ethyl
6,7—dimethyl—;—3—methyl—3,4—dihydro—1H~2—benzothiopyran—4—
one-r-l-carboxylate (23.5 g, 62%). Recxrystallization from
hexane gave colorless prisms melting at 83 - 84°C.
Elemental analysis, Cis5H1803S

Calecd.: C, 64.72; H, 6.52

Found : C, 64.90; H, 6.55

Examples 20 throuagh 94

In substantially the same manner, the compounds shown

in Table 16 were obtained.
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Table 16

. CO0C. 115

R L
3
Bl %,

R/ R

0
xample No. R! | R2 R y[ijld 0 :ij:{?;:b NMR(8ppn, CDCa.)
(% (°c) solvent

1.08Q3IL, b, J=7),1.31Q3M, 1, J=7),

90  6-Clla, 7-Cll;  Cells 51 0i ] - 1.6-1.8C21,mw),2.28(61,s),4.22
ClL t, 1=7),4.24Q21,q, 1=7) ,4.43

(l,s),6.96C11,s),7.81C11,s).

0.97C31,1,J=7),1.31C31,t,1=7),

91  6-Clly, 7-Clly  Cully 53 0il 1.4-1.8041,m);2.28C61, s),4.24
i, q,J=7),4.31(10, ¢, J=7),4.42

(11,s),6.97C11,s),7.81C111,s).

92 G-Cll,, 7-Cll, .-<:::> 30 116-117 o

hexane

93 6, 7‘(C”2>3' C”J 48 77" 78 [lexane

94 6, 7-(Cliz),- Clls 43 86- 87 lexane

..L8_
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A mixturs of ethyl 6,7-dimethyl-t-3-methvl-3,4-4i-
hydro-1H-2-benzothiopyran-4-one-r-l-carzoxvlats (21 q),
2N-XOH (100 ml) and methanol (100 ml) was stizzed at 50°C
for 30 minutas, at the end of which time it was acidified
with 1N-#Cl and extractad with ethyl acstata. The ethyl
acetate layer was washed with watsr, dried (MgSO4q) and the
solvent was distilled off under r=duced prassure. The
procadure yielded 6,7-dimethyl-t-3-methyl-3,4-dihydro-1H-
2-benzothiopyran-4-one-r-l-carboxylic acid (16.5 g, 87%).
Recrystallization from ethyl acetats gave colorless prisms
melting at 203 - 204°C.

Elemental analysis, (C313H1403S

Calcd.: C, 62.38; H, 5.64

Found : C, 62.67; H, 5.87

Examples 96 throuagh 116

In substantially the same manner as Example 95, the

compounds shown in Table 17 werz obtained.
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Table 17
Pl COOH
i;,({\? g
ol
R:/\B/\I/;a
o R
L Recrystal-
zjample R' , R? R viald. . @D lization
No. 9% ) (00) solvent
ag H,B—CH3 H 79 185‘168 ;thyl acatate-
hexane
Ethvl
97 H,B'(CH:)gCH— H 76 110—111 acetate-
nexane
98 H, (CH)sC- H 78 190-191 acelate-
nexane
99  H,6-C.HsC(CHs)»- H 73 158-159 ZSner
Zthyl
100 H,6-(CH;).C-CH.- H 78 146-147  acerate-
nerxane
ot 1,6 - 188 124-195 eevr.
nexane
102 H,6- H o 68 166-167 acovare-
L\‘—;>_ nexane
CH Ethyvl
103 H,6-( <X 63 155-156  acecace-
nexane
Ethvl
04 B6-( XM 49 1657166 acseece-
hexane
(continued)
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Recrystal-
= lization
solwvent

Example R

No.

, R? R

O S
\o
o\ (0
~—
FaN
[}
Q
O |

O]

wt
-

105  5-CHs,8-Cil; H

fo =

(T

n
cetate

fu

106 6-CH,,B~CH, H 94 168-169 vt

nexane

107  6-CHs,7-CHs Ho 78 183-184 T

Ethvl
108 6‘CH3,7“CH3 C:Hs 70 157‘158 acetate-

nexane

109 6‘CH317‘CH3 C:H7 76 187‘168 ac

acetate

110 6-CHs,7-CH; —{@§§> 30 179-180  Ethvl
H

111 6-C.Hs,7-Calls 75  189-190  =thvt

acetatsz
6'(CH3):CH‘, Ethvl
112 H 97 l44‘l45 acetate-
7-(CH;>:CH- naxane
113 6,7-(CHy)s- Ho 75 177-178 SRl
l1d  6,7-(CH) s ci, 71 192-193  =Eeavi
115 6,7-CCHy) - G, 78 185-186  onir ..

204-205  ZiYa..

~]
(@2

llB 6,7“<CH2)5' H

‘ Reference Examples 117 througn 199

ems an
-

000

0sa0 In substantially the same manner as Reilerence

. Y
e0on

Example 10, the compounds shown in Table 18 were obtained.

¢caeco
[ 4. (2

(33 [}

¢ e

3 L}

« e
-

t Lt

<

¢ ¢

8 [}

¢ @

o s




fan A

e -

Table 18
P4
, cong
L\/i R
7”<\T/)\1
RZ/QS/’ \lf‘ ’%03
O i\
Example rield . Recrystal-
:IZ?P R ’ R? R R* ) R® vield " lization
. (% c) solvent
Ethyl
117 i, n i ", —@cnzpco)(omug)g 86 | 193-194 fl&aw-
wexane
I18 i, G-Ce I I, -©-C”Zp(0)(o(3|13),_, 94 | 199-200 | methanol
o oo oo | Ether-
119 I[,G-Cqll1 1o, -O-cnP@)C ). | 83 | 87- 83 | exane
Ethanol
120 ﬁ,?"OC”AC”gO' 1 ”, _©_C”2P(O)(01C3”7).' . gl 253'254 Cl\lzs'ot'(n:m

(continued)

-16-



3
LR R
279y

pewlel pp p U vieta| wp [rocEyziels
) (%) 1 (°c) solvent
121 |6, 7-oci.cu.0- | | oy, <O)-Ci.PC0)(0C,H,), | 86 | 182-183 |Ethanol
122 n, 6-( - I (OClls Ethyl
, n, —ci.~C)-ocl, 09| 206-207 | [ e¥iee
123 i, 6-( - | o, —<O-rodoc,), 74 | 210-211 | Methanol
124 n, 6~ )- oo, <O, 77 | 195-196 | Ethanol
125 m, 6 )~ T @S OICN B 71 | 174-175 | genanol
126 i, 6~ )- | ou,  ~O-ci.P0)(OCH,), 64 | 219-220 | methanol

(continued)

_Z6..
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Recrysktal-

Lxample R! R2 R3 R4 ) RS {ield mp 1ization
Ho. ' (%) | (C0c) solvent
Note 1)
127 _ i | <O 30 | .
"0 U CHLPC0) (0C. 1) 0il
128 i, 6-( - | 1, ~<O-Ci.PC0)(0iCsli;). | 80 | 179-180 {gehanol
- NoLte 2) ©
129 i, 6 )- Il |1, -Ci,Ci,PC0YCOC,s): 51 | oi1 &
lEthyl
130 i, 6-( I |1, -ClI,CIICILPCO)(OC.1Is). | 49 t114-115 |acetate-
hexane
131 I, G—l:} I @ S OIHAIBE 79 | 185-186 | ELhanol
132 I, ﬁ---[)— o, ~<O-CHPO)(0C:ND. | 91 | 154-155 | Ethanol

(cantinued)



3
Yy

Recrystal-

S A R LR vieldl mp | Gioation
(%) | Coc) solvent
133 i, 6= || ~O-P(0)(OC.Hs): 65 | 174-175 ; Ethanol.
Cli | Ctner
134 i, 6= | Lo, ~<Orcipo)(oc.iis), | 94 | 120-130 | Ether-
(2] \\_ C” -
135 I e—-E/\ L ~O-rdoc.s), 87 | 189-190 | Zeovh .
CIl: Wl ®
136 ) 6= KM L n | O e, | 92 | 144515 o e-
hexane
137 I oo, ~<O)-P0)(0C,1Is), 93 | 186-187 | Ethanol
18 | w6 ) 1|1 ~O-C.P(0)(0CI): | 83 | 181-182 | Eehanol

(continued)

..176..



Example ) Recrystal-
vo. R' , R? R? R* , RS vyield np lization
(96) (%3) solvent
T Brhyl
140 |1, G-Clls it 1, <O-ci.P)(0C.1s), | 89 | 169-170 | wthanol
141 |11, 6-Cciy)Cli- oo, —=O-P)0C.IL). 88 | 209-210 | Sietiee |
142 i1, 6-CCly),Cl- Il I, @—[}1]21)(())(()(;2][5)2 91 .| 154-155 | tthanol
143 |11, 6-CCIy)4C- i <O-P0)OC.I), 88 | 218-210 | acerate
Wd |1, 6-omdse- | | <O-CLCILPOOC:) 71 | 133-134 | bemthce-
hexane

(continued)
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Example Recrystal-
No. R' , R* R® R* , RS Yield mp lization
96) (%3) solvent
145 I1,6-C.1C(ClHy )| I I, -©—P(O)(OC3H5)3 91 | 212-213 |kthanol
Ethyl
146 | 11,6-C.llsCCCD 2= | 11 | 11, ~<O)-Cl.PCO)(OC.I5), | 91 | 132-133 |acetate-
hexane
Ethyl
147 I,6-(CH4)5CCll,- 1l I, —<i>_P(O)(OC2”5)2 76 191-192 aceiate—
hexane
148 | 1,6-Ccd Clli- | 00| i, —O-Cli,P0Y(OC, 1), | 83 | 172-173 | Erhanol
149 | 5-Cll,, 8-Cli, | ~O-PO0C, 1), 41 | 282-983 | Gt e
150 | 5-Clly, 8-Clls i, ~O-CliP0Y(OC,Hs): | 56 | 221-222 | Eehanol

(conLinued)

_96_
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Example

R*  , R

vield

wp

Recrystal-
tizalLion

No.
(96) (OO) soulvent
151 @S IOICAIDE 63 | 230-231 | senanol
o2 i, ~O-CiPY(OC.I): | 88 | 101102 | inancy
Lthyl
153 i, -Or-ceo 72 | 200-210 | acetares
iegxane
| "
154 i, ~<O-ce 82 |-202-203 | acerate-
hexane
ce Ethyl
> e = 79| 200-210 | seetare-
,C0 )
15 I, QCQ 84 | 234-235 | Bed

(continued)
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Example ” . Recrystal-
Mo R* , R? R? R , RS Yield np lizalion
(96) (°C> solvent
ELhy L
157 | 6-Cils, 7-Cll; I e 83 | 199-200 | acetate
i,  —<O-cl,
158 | 6-Cll,, 7-Cn I F 83 | 189-200 | meera
- 1, - 10 - cetate-
’ : I, _%Z§>_F ° ﬁcxaie
F Ethyl
150 | 6-Clly, 7-Cll, I 82 | 210-211 | acetate
”, [ hexane
Eihyl
160 | 6-Clly, 7-Cll | o, ~Or-pr)(0CH:), Bd | 182-183 | acetate-
161 6-Clly, 7-Clly I I, ‘@‘P(O)(OCJ[;-)Z 85 | 219-220 | Ethanol
162 6-Clly, 7-Cll, 11 i, —@CIIZP(O)(OCHQg g2 | 199-200.| methanol

(continued)
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Ry s Recrystal-
Eranple R' , R R? RC O, R® ield ) ey ion
: (% (°C) solvent
163 6-Clly, 7-Cll, i I, _@C‘lzp(o)((}czns)z 91 194-195 | Ethanol
Ethyl
164 B“CHJ. 7‘CH3 Il ”. —(CHz)zP(O)(OCsz)a 46 100‘101 acetalkte-
hexane
LEthyl
165 (6-Clly, 7-Cll,4 1 I, -(Cl,)P(0)(0C,ls)- 48 107-108 | acerate-
hexane
166 | 6-Ci,, 7-Ci cii i, ~O-ce gq [uoredm [EW
- 1, - k] 3 ' acelkate
207-208
167 | 6-Clty, 7-ClI Cll gg | Mered | Lo
: |, =QO)-Ci.P0)(0C. 115D, 0l g5 | 2esteee
Note5) | Bthyl
68 G-Cliy, 7-Cl C,llis - — 56 acelate—
l Y ’ i, @ e 23(-237 | hexane

(continued)
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Exaumple

Recrystal-

No. R' |, R? R3 N ) RS Yield wp lization
(96) (QC) solvent
Hote 6)
169 6-Clla, 7-Cll4 Colls | 7, _@p(o)(oczns)g 738 | oi1
tote 7) LEthyl |L
170 6-Cll,, 7-ClI C.ll 3 acetate-
: ) o) 0 <O-cipo)(ocits). | 801 R S
Ethyl
171 | 6-Cll, 7-Clla | Cully i ~O-co 54 | 218-219 | acerate
Note 8)
172 | 6-Clly, 7-Cliy Callz | 11, —<(:)>—p(o)(oC2ns)2 29 | o1
lote 9)
173 6-Cli,, 7-Cli, Cally I, ”<:>_P(O)(OC2“5)2 27 0i.l
. Hote 10)
174 | 6-Clls, 7-Clls | Calli | 11, <O)-CH,PO)C0C, M), | 81 | oi

(conlinued)




. Example
I No.

R' , R*

RJ

R* , RS

Yield

o

Recrystal-
lization
solvent

175

G-Cna; 7_C”3

1, ~O-ce

78

Ethyl
acelate-
hexane

176

6~C”3 ) 7—C”3

~0O)-P(0)(0C.1I5),

74

Ethy!l
acetkate-
hexane

177

6-Clly, 7-Cll,

—{(O)—Cli,PC0)(0C,15)

76

Erhyl
acetate

178

6_02“5, 7_C3H5

it

i, ~<O)-co

87

195-196

Ethyl
aceltate-
hexane

179

6-C:lls, 7-Cells

~O)-P0)(0C,115)

90

233-234

lthaunol

6-C.lls, 7-C.lls

it

~O)~Cit,P0Y (0.5

93

185-186

Ethanol

(cotninued)
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[ ° e
° @ °

e s ©° ©

Sl B S & L
e (9/0) (OO) solvent
181 6-(Cll3)-Cll-,
I 2 9 50 2 - Ethanol
8-(Cll,),ClI- i, @P(O)(OC_HS)_ 44-245 o
189 6-(Cl4).Cll-,
i “’ Cli, 9 " 7 4 - Ethanol
8-(Cll2)ClI- ~O-CiLPOX(OC.11). | 77 | 234-235
R N I o ~O-ce 71| 202-203 | scorate
Ethyl
184 |6, 7-(CllL)s- it o, <O-P)0C,Is). 86 | 184-185 | acetate
185 ﬁ, 7‘(0”_})3_ I ”' _@C”JP(O)(OC;]“)Q 81 209_210 Etl;z:zéorm
185 |6, 7-CCll)a- I EREEIRIOICIRIBE 44 | 121122 | ‘“cetare-
hexane

(continued)
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o . . Recrystal-
h:zfp]e R ’ R? R3 RY ' RS vield e }izaiion
(96) (°C) solvent
- sthyl
187 6, 7-(CH.)s- It {1, -(Cll.)1PC0)(OC.1I5). 38 | 119-120 ;Le}éauu-
hexane
Ethyl
188 |6, 7-(CllDs- Cil, . ~<O-ce 79 | 195-196 | acetate-
hexane
180 |6, 7-CCli)am s | 11, —<O)-PO)(0CAIs), 27 | 179-180 | Loyl |
190 | 6. 7-(Cli.),- Cll, | 11, _©_C”2p(o)(002”5)2 38 .| ethane
147-148
l[ O Ethyl
191 6, 7_(0"2){_ 1 ? = 42 acetate-
QCII-;P(O)(OC-;.II:—,)-,» 73- 75 | hexane
192 | 6, 7-(CliD.- | O 83 | 139-140 | Ethanol
ClI,PC0)(0C,l1s),

(continued)
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Example . Recrystal-
No.L R’ , Rz R3 R‘ , 'Rs Yield e ]iz;ﬁ?on
(96) (00) solvent
Ethyl
193 |6, 7-(Cll).- I 76 | 154-155 | acetate-
I, ~O)-Cin.Cit.PC0(0C,115) - poenat
- lote 13) | Ethy
194 {6, 7-CCl.) - Cll4 i, ~<O-ce 80 N:IL;-12313 LEL‘C;L&
Mote 14)
195 |6, 7-(CilL).- Cits | 11, ~O)-PCOYCOC.1IS)- 83 | o1
tote 15) thy)
196 6, 7-CCll.) - Cli - ). 9 |- - acetale-
4 |, ~«O-Cli,PO)(0C.115) J0a-10g | 2se
llote 16)
197 |6, 7-CCllL),- Clly | I, -(Cll2)1PCO)(OC.1Is) . 45 | oi
198 6, 7-CCli,)s- Il I, _<i>_p<0>(ocgus)2 90 | 193-194 | ethanol ©

(continued)
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G000
L X-X-X-]

Recrystal-
lization
%) | (C.) solvent

Example
No.

R , P2 RJ R! Rs vield mp

?

199 6, 7-(Cll.)s- 1 1, —<:>—C"2p(0)(002“5)2 90 182-183 | Ethanol
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example 200

To a solution of 6,7-dimethyl-3,4-dihydro-1H-2-benzo-
thiopyran-4-one-l-carboxylic acid (0.945 g) in THF (10 ml)
were added oxalyl chloride (0.609 g) .and DMF (2 drops),
and the mixturs was stirred at room tsmperatur= for 1
hour. On the other hand, a mixture éf
diethoxyphosphorylamine (4.9 g), sodium hydride in oil
(60%, 0.32 g) and THF (30 ml) was stirred with ice-cooling
for 30 minutes and, then, the above solution was added.
The mixture was stirred with ice-cooling for 30 minutes,
pourad into water and extractad with ethyl acetate. The
ethyl acetate layer was washed with'water, dried (MgSO4)
and the solvent was distilled off to give
N-diethoxyphosphoryl-6,7-~
dimethyl-3,4-dihydro-1H-2-benzothiopyran-4-one-
l-carboxamide (0.29 g, 19%). Recrystallization from ethyl
acetate gave colorless prisms melting at 192 - 193°C.
Elemental analysis, CjgH22MN05PS

Calcd.: C, 51.74; H, 5.97; N, 3.77

Found : C, 51.71; H, 5.86; N, 3.74

Example 201

In substantially the same manner as Example 200,
6-cyclohexyl-N-diethoxyphosonoryl-3,4-dihydro-1H-2-benzo-
thiopyran-4-one-l-carboxamide was synthesized. Yieald 36%.
Recrystallization from ethyl acetate gave colorless
needles melting at 163 - 164°C.

Elemental analysis, CpqHpgNOs®S
Calcd.: C, 56.46; H, 6.63; N, 3.29
Found : C, 56.37; H, 6.65; N, 3.09
Example 202

In THF (10 ml) was dissolved 6,7-dimethyl-
3,4-dihydro-1H-2-benzothiopyran-4-one-l-carboxylic acid
(0.473 g) followed by addition of oxalyl chloride (0.305

g) and, then, DMF (1 drop). The mixture was stirred at

room temperature for 2 hours. This reaction mixture was

i
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and the whole mixture was stirred at room tem
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30 minutes. The ethyl acetats layer was then sevarated,
washed with water, dried (MgSO4) and the solvent was
distilled off to give 6,7-dimethyl-3,4-dihydro-1H-2-
benzothiopyran-4-one-l-carboxamide (0.38 g, 81%).
Recrystallization from ethyl acetate gave colorless plates
melting at 197 - 198°C.
Elemental analysis, Cj2H13N032S

caled.: C, 61.25; H, 5.57; N, 5.95

Found : C, 61.20; H, 5.53; N, 6.00

Example 203

A mixture of 6,7-dimethyl-t-3-methyl-3,4-dihydro-1H-
2-benzothiopyran-4-one-r-l-carboxylic acid (0.5 g) and N
thionyl chloride (2 ml) was r2fluxed with stirring for 1

hour, concentrated and the rssidue was dissolved in

chloroform (3 ml). The solution was added to aqueous
ammonia (20 ml) - ethyl acetatz (30 ml), and the mixture
was stirrad at room temperaturz for 30 minutes. The ethyl

acetate layer was separated, washed with water and dried
(MgSO4). The solvent was then distilled ofi to give
6,7-dimethyl-t-3-methyl-3,4-dinydro-1H-2-penzothiopyran-4-
one-z-l-carboxamide (0.305 g, 61%). Recrystallization
from ethyl acetate gave colorlass needles melting at 130 -
191°C.
Elemental analysis, Cj3H15N02S

Calcd.: C, 62.62; H, 6.06; N, 5.06

Found : C, 62.69; H, 6.12; N, 5.63

Examole 204

To a mixture of N-(4-dischoxyphosvhorylphenyl)-5-
cyclohexyl-3,d4-dihydro-1H-2-benzopyran-4-one-l-carboxamide
(1.8 g) and carbon tetrachloride (30 ml) was added
iodotrimethylsilane (1.6 g) under ice-cooling, followed by
stirring at room temperaturs for 30 minutes. The reaction

mixture was concentrated, and methanol (30 ml) and 2N-HCL
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(100 ml) wers added thersto in that orderxr. The mixturs
was extractad with ethyl acetate, and the ethyl acetate
layer was washed with watsr and dried (MgSO4). The
solvent was then distilled off to give 6-cyclohexyl-N-
(4-vhosphonophenyl)-3,4-dihydro-1H-2-penzothiopyran-
4-one-l-carboxamide (0.92 g, 58%). Recrystallization from
ethyl acetats - methanol gave colorless prisms melting at
232 - 233°C.

Elemental analysis, C22H24NOSPS
Calcd.: C, 59.32; #H, 5.43; N, 3.1
Found : C, 58.90; H, 5.31; N, 3.0

Example 205

In substantially the same manner as Example 204,

>

(8]

6,7-dimethyl-N-(4-phosphonophenyl)-3,4~-dihydro-1H-2~benzo-
thiopyran-4-one-1l-carboxamide was obtained. Yield 70%.
Recrystallization from ethyl acetates - methanol gave
colorless prisms melting at 252 - 264°C.
Elemental analysis, CigH1gNOs?PS

Calcd.: C, 55.25; H, 4.54; N, 3.58

Found : C, 55.06; H, 4.72; N, 3.35

Examoie 206

4
4

To a solution of 6-cyclonexvl-N-(4-diethoxy-
phosphorylmethylphenyl)-3,4-dihydro-1H-2—~
benzothiopyran-4-one-l-carboxamice (2.6 g) in acetonitrile
(50 ml) was added bromotrimethvlsilane (3.1 g) and the
mixture was stirred at room ts=mperaturs for 12 hours. The
reaction mixturs was then poured into water and extractesd
with ethvl acetate. The ethvl acestate layer was washed
with water, dried (MgSO4) and the solvent was distilled
off. The procedure yielded §-cyclohexyl-N-(4-
phosphonomethylphenyl)-3,4-dinrydzo-1H~2-benzothiopyran-
4-one-l-carboxamide (0.91 g, 40%). Recrystallization from
ethyl acetate - methanol gaves colorless prisms melting at
226 - 227°C.

Elemental analysis, C23H2gNOsPS
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Caled.: C, 60.12; H, 5.70; N, 3.05
Found : C, 59.71; H, 5.59; N, 2.98
Example 207

In substantially the same manner'as Example 206,
6,7-dimethyl-N-(4-phosphonomethylphenyl)-3,4-dihydro-1H-2-
benzothiopyran-4-one-l-carboxamide was synthesized.
Recrystallization from ethyl acetate - methanol gave
colorless prisms melting at 244 - 245°C.

Elemental analysis, Cj19HpQNOsPS
Calcd.,: C, 56.29; H, 4.°7; N, 3.45
Found : C, 55.97; H, 4.87; N, 3.34
Example 208

In substantially the same manner as Example 59,
N-(4-chlorophenyl)-6,7-dimethyl-c-4-hydroxy-3,4-dihydro-1-
H-2-benzothiopyran-r-l-carboxamide was obtained. Yield
78%. Recrystallization from ethanol-chloroform gave

colorless prisms melting at 244-245°C.

Elemental analysis, CjgHjgNO25Cl
Caled.: C, 62.15; H, 5.22; N, 4.03
Found : C, 62.02; H, 5.18; N, 4.06

Example 209

In substantially the same manner as Example 59,
N-(4-diethoxyphosphorylphenyl)-6,7-dimethyl-c-4-hydroxy-3-
,4-dihydro-1H-2-benzothiopyran-r-l-carboxamide was
obtained. Recrystallization irom ethyl acestats-hexane
gave colorless prisms melting at 152-163°C.

Elemental analysis, C23H309NO52PS

Caled.: C,59.60; H,6.52; N,3.20

Found : C,59.07: H,6.55; N,2.99

Prevaration Example 1 Tablets

Composition per tablet

(1) Compound (the compound svnthesized in Example 22)
50 mg
(2) Corn starch 30 mg

(3) Lactose 113.4 mg
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(4) Hydroxvoropvlcelluloss ) mag
(5) water 0.03 mi
(6) Magnesium stearate 0.6 mg
Of the above ingradients, (1), (2), (3) and (4) wers
asulting mass was

blended and kneaded with (5) and the r
1

~

dried in vacuc at 40°C for 15 hours.

The mass was pulverized and sieved through a l6-mesh
screen to give granules. The granules wers mixed with (6)
and the composition was comprsssion-molded with a rotary
tablet-making machine (manufactured by XKikusui Seisakusho
Co., Ltd.) to give 200 mg tablats

Praparation Example 2 Enteric-coated tablets

(1) Compound (the compound synthesized in Example 146)

50 mg
(2) Corn starch 30 mg
(3) Lactose 113.4 mag
(4) Hvdroxycellulose 6 mg
(5) Water 0.03 ml
(6) Magnesium stearate 0.6 mg
(7) 'Cz2llulose acstata phthalazs 10 mg
(8) Acetone 0.2 ml
Of the above ingrediencs, (1), (2), (3), (%), (53) and
(6) wer=a used to give tablsts in the same manner as
Preparation Example 1. The tz2bl2ts wers film-coatad with

Prevaration Examcis 3 Capsules

(1) Compound (the compound svmthesized in Example 163)
30 mg

(2) Corm starch 40 mg

(3) Lactose 74 mg

(¢) Hvdroxwvprooyvlcellulose 6 mg

(5) Water 0.02 ml

Of the above ingrsdisnts, (1), (2), (3) and (4) wers
blended and kneaded with (S5) and the r=zuslting mass was
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dried in wvacuo at £40°C for !5 hours. The dried mass was
culvarized and sieved throuch a 1§-mesh sczs==n to give
granules. Using a capsule filling machine (Zanessi,
Italy), the granules wer= filled into No. 3 gelatin

capsules to give capsules.

Dropartion Examplza 4 ‘Iniection

(1) Compound (the compound svnthesized in Example 23)

5 mg
(2) Sodium salicylate 50 mg
(3) Sodium chloride 180 mg
(4) Sodium metabisulifits 20 mg
(5) WMethylparaben 36 mg
(6) Propylparaben d mg
(7) Distilled water ‘for injection 2 ml

Of the above ingredients, (2), (3), (4), (5) and (6)
were dissolved in one-halif of the indicated volume of
distilled water for injection with stirring at 80°C.
After the r=sulting solution was cooled to 40°C, (1) was
dissolved in the solution. To the solution thus obtained

o

r

Fh

was added the remaining volume of distilled watsx

injection to make the indicetzd wolume and aseptically

H\

iltersd through an eoprooriacts f£ilter paper to give a

0]

tarile injectable solution.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A sulfur-containing heterocyclic compound of
the formula (I)

B
5 (i
T A SC=0)k’
N | /
XN 1)
R
10 .

wherein ring A is a benzene ring which may be substituted;
R is a hydrogen atom or a hydrocarbon group which may be
substituted; B is a carboxyl group which may be esterified
or amidated, X is -CH(OH)- or -CO-; k is O or 1; and k' is
15 0, 1 or 2 or a pharmaceutically acceptable salt thereof.
2. A compound as claimed in claim 1 wherein ring
A is a benzene ring which may be substituted by 1 or 2
substituents, which are the same or different, selected

from a group consisting of a halogen, a Cl— alkyl and

10

' 63. A compound as claimed in claim 1 wherein ring
A 1is a benzene ring which may be substituted by 1 or 2
Cl—lO alkyl groups, which are the same or different.
4. A compound as claimed in claim 1 wherein ring
25 A is a benzene ring which may be substituted by a C3_7
cycloalkyl group.
5. A compound as claimed in claim 1 wherein R is
a hydrogen atom, a Cl_10 alkyl or a phenyl group.
6. A compound as claimed in claim 1 wherein R is
30 a hydrogen atom or a methyl group.
7. A compound as claimed in claim 1 wherein B is
a Cl_10 alkoxycarbonyl group or a group of the formula
—CONR1R2 where Rl and R2 is a hydrogen atom, a
hydrocarbon group which may be substituted or a 5- to
35 7-membered heterocyclic group which may be substituted.
8. A compound as claimed in claim 1 wherein B is

R, where R, and R

a group of the formula —-CONRl 2 1 5

75805:LG
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each is a hydrogen atom, a hydrocarbon group which may be
substituted or a 5- to 7-membered heterocyclic group which
may be substituted.

9. A compound as claimed in claim 8 wherein R

1
is a hydrogen atom and R

5 is a group of the formula
~C6H5(CH2)nP(O)(OR')2 where n is 0 or 1 and R'
is a Cl~6 alkyl group.

10. A compound as claimed in claim 1 wherein ring
A is a benzene ring which may be substituted by 1 or 2
substituents, which are the same or different, selected
from a group consisting of 8 halogen, a Cl—lO alkyl and

a C1~6 alkoxy; R is a hydrogen atom, a Cl—lo alkyl or

a phenyl group; B is a C alkoxycarbonyl group or a
1-10

group of the formula —CONRlR2 where R1 and R2 each

is a hydrogen atom, a hydrocarbon group which may be
substituted or a 5- to 7-membered heterocyclic group which
may be substituted; and each of k and k' is 0.

11. A compound as claimed in claim 1, namely
6-cyclohexyl-N:- {(4-diethoxyphosphorylmethylphenyl)-3,4-di-
hydro-1H-2-benzothiopyran-4-one-l-carboxamide.

12. A compound as claimed in claim 1, namely
6,7-dimethyl-N-(4-diethoxyphosphorylphenyl)-3,4-dihydro-1H-2
-benzothiopyran-4-one-carboxamide.

13. A compound as claimed in claim 1, namely
6,7-dimethyl-N-(4-diethoxyphosphorylmethylphenyl)-3,4-dihydr
0-1H-2-benzothiopyran-4-one-carboxamide.

14. A process for producing a sulfur-containing
heterocyclic compound of the general formula (I) defined
in claim 1 or a salt thereof, which comprises

EM)Q)subjecting a compound of the general formula (II)

N ./
P \I,,(CH-_» I I
A ng |S(=0)k’
e CH-COY

wherein B' is an esterified carboxyl group; Y is a hydroxy
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group or a halogen atom; ring A is a benzene ring which

may be substituted; R is a hydrogen atom or a hydrocarbon
group which may be substituted; k is 0 or 1, and k' is 0,
1 or 2 or a salt thereof to a cyclization reaction and,
further to oxidation and/or hydrolysis,

or hydrolysis followed

if necessary,
hydrolysis followed by amidation,
by amidation and oxidation to produce a sulfur-containing
heterocyclic compound of the general formula (I)

(CH,)k
SC=00k’

(I a)

wherein B is a carboxyl group which may be esterified or

amidated and the other symbols respectively have the same

meanings as defined above or a salt thereof, or

alternatively
the general formula (I)

(2) reducing a compound of

defined above or a salt thereof to produce a sulfur-
containing heterocyclic compound of the general formula

(Ib)

(CHz)
SCG=00k”
e s .
" Y (Ib)
OH

wherein each symbol has the same meaning as defined above
or a salt thereof.

15. A pharmaceutical preparation for use
treatment of osteoporosis comprising an effective anti-
osteoporotic amount of a compound or pharmaceutically
acceptable salt as claimed in any one of Claims 1-13, and
a pharmaceutically acceptable carrier or diluent.

16. A sulfur-containing heterocyclic compound of
formula (I) substantially as described with
reference to any one of the Examples and excluding the

in the

herein

Reference Examples.
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17. A process for producing a sulfur-containing
heterocyclic compound of formula (I) substantially as
herein described with reference to any one of the
Examples and excluding the Reference Examples.

18. A pharmaceutical preparation for use in the
treatment of osteoporosis substantially as  herein
described with reference to any one of the Preparation
Examples.

19. A pharmaceutical preparation for use in the
treatment of osteoporosis comprising a sulfur-containing
heterocyclic compound as claimed in claim 16 or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or diluent.

Dated this 26th day of February 1992

TAKEDA CHEMICAL INDUSTRIES LIMITED
By their Patent Attorneys
GRIFFITH HACK & CO




