
EP0376 197 B1 Description The present invention relates to
sulfur-containing heterocyclic compounds and salts thereof which are useful
for treatment of osteoporosis. 5     The compounds and salts according to
the present invention possess bone resorption inhibitory activity, and they
inhibit the quantitative loss of bone due to release of calcium from bones
into blood. Description of the Prior Art 10     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 vertebrae, 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 15  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. 20  REFERRED EMBODIMENT OF THE INVENTION The present
invention is therefore directed to: (1) a sulfur-containing heterocyclic
compound of the general formula (I) 25 [ERR] 30 wherein ring A is a benzene
ring which may be substituted; R is a hydrogen atom or a hydrocarbon 35
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 (i) subjecting
a compound of the general formula (II) 40 45 [err] wherein B' is an
esterified carboxyl group; Y is a hydroxy group or a halogen atom and the
other 50      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 (la) 



55 2    EP 0 376197 B1 [err] 10      wherein each symbol has the same
meaning as defined above or a salt thereof, or altematively (ii) reducing a
compound of the general formula (la) defined above or a salt thereof to
produce a sulfur-containing heterocyclic compound of the general formula
(lb) 15 20 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- 25   osteoporotic amount of the
compound (I) or pharmaceutically acceptable salt thereof. In the 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 30 be substituted, aralkyl groups which 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 or different. The halogens 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 35 carbon atoms, such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, and
cycloalkyl groups of 3 to 7 carbon atoms, such as cyclopropyl, cyclobutyl,
cyclohexyl, cycloheptyl, and these alkyl groups may be substituted by 1 to
3 substituent groups such 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(err alkoxy)- 40
phosphoryl groups, and phosphono group. Specific examples of such
substituted alkyl groups include trifluoromethyl, trifluoroethyl,
trichloromethyl, hydroxymethyl, 2-hydroxyethyl, methoxyethyl, 1
-methoxyethyl, 2-methoxyethyl, 2,2-diethoxyethyl, 2-
diethoxyphosphorylethyl, and 2-phosphonoethyl. The substituted hydroxy
includes, among others, alkoxy, alkenyloxy, aralkyloxy, acyloxy and
aryloxy. 45 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, and cyclohexyloxy.
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, and 2- 50 cyclohexenyloxy. The
aralkyloxy group is preferably an aralkyloxy group of 6 to 19 carbon atoms
and more desirably a [err]aryl-[err] alkyloxy group, such as benzyloxy, and
phenethyloxy. The acyloxy group is preferably an alkanoyloxy group, a [err]
alkanoyloxy group, such as acetyloxy, propionyloxy, n-butyryloxy, and
hexanoyloxy. The aryloxy group is preferably a C6 -14 aryloxy group such as
phenoxy, and biphenyloxy. These groups may be further substituted by 1 to 3
substituent groups such as the above- ss mentioned halogens, hydroxy, [err]
alkoxy groups and mono- or di-([err] alkoxy)phosphoryl groups. Specific
examples of such substituted hydroxy include trifluoromethoxy,
2,2,2-trifluoroethoxy, difluoromethoxy, 2-methoxyethoxy, 4-chlorobenzyloxy,
and 2-(3,4-dimethoxyphenyl)ethoxy. 3    EP 0 376197 B1 The thiol which may
be substituted includes, alkylthio, aralkylthio and acylthio groups. The
alkylthio groups are preferably straight-chain or branched [err] alkylthio
groups such as methylthio, ethylthio, propylthio, butylthio. pentylthio,
hexylthio, heptylthio, nonylthio, or [err] cycloalkylthio groups such as
cyclobutylthio, cyclopentylthio, and cyclohexylthio. The aralkylthio groups
are preferably [err] aralkylthio 5  groups and more desirably [err]
aryl[err] alkylthio groups, such as benzylthio and phenethylthio. The
acylthio groups are preferably alkanoylthio groups, particularly [err]
alkanoylthio groups, such as acetyl- thio, propionylthio, n-butyrylthlo,
and hexanoylthio. These groups may be further substituted by 1 to 3
substituent groups such as the above-mentioned halogens, hydroxy, [err]
alkoxy groups and/or mono- or di(err alkoxy)phosphoryl groups. Specific
examples of said substituted thiol include trifluoromethylthio, 10
2,2,2-trifluoroethylthio, 2-methoxyethylthio, 4-chlorobenzylthio,
3,4-dichlorobenzylthio, 4-fluorobenzylthio and
2-(3,4-dimethoxyphenyl)ethylthio. The substituents for said substituted
amino include, among others, the above-mentioned [err] alkyl groups, [err]
alkenyl groups (such as allyl, vinyl, 2-penten-1-yl, 3-penten-1-yl,
2-hexen-1-yl, 3-hexen-1-yl, 2-cyclohexenyl, 2-cyclopentenyl,
2-methyl-2-propen-1-yl, 3-methyl-2-buten-1-yl,etc.), [err] aryl groups and
15  [err] aralkyl groups. These substituents may be the same or different
and the number of them may be 1 or 2. These substituents may be further
substituted by various substituent groups such as the above- mentioned
halogens, C1-3 alkoxy groups, mono- or di([err] alkoxy)phosphoryl groups
and phosphono group. Specific examples of said substituted amino group
include methylamino, dimethylamino, ethylamino, 



diethylamino, dibutylamino, diallylamino, cyclohexylamino, phenylamino,
N-methyl-N-phenylamino, N-meth- 20 yl-N-(4-chlorobenzyl)amino, and
N,N-di(2-methoxyethyl)amino. The acyl group includes acyl groups derived
from organic carboxylic acids and those derived from sulfonic acids having
[err] hydrocarbon groups (such as methyl, ethyl, n-propyl, hexyl, phenyl).
The acyl groups derived from organic carboxylic acids include formyl, [err]
alkyl-carbonyl groups (such as acetyl, propionyl, butyryl, valeryl,
pivaloyl, hexanoyl, octanoyl, cyclobutanecarbonyl, cyclohexanecarbonyl, 25
cycloheptanecarbonyl), [err] alkenyl-carbonyl groups (such as crotonyl,
2-cyclohexenecarbonyl), [err] aryl-carbonyl groups (such as benzoyl), [err]
aralkyl-carbonyl groups (such as benzylcarbonyl benzhydrylcarbonyl), 5- or
6-membered ar- omatic heterocycle-carbonyl groups (such as nicotinoyl,
4-thiazolylcarbonyl), 5- or 6-membered aromatic heterocycle-acetyl groups
(such as 3-pyridylacetyl, 4-thiazolylacetyl,) and so on. The acyl groups
derived 30 from sulfonic acids having [err] hydrocarbon groups include
methanesulfonyl, and ethanesulfonyl. These groups may be further
substituted by 1 to 3 substituent groups such as the above-mentioned
halogens, hydroxy, [err] alkoxy groups, and amino. Specific examples of
said substituted acyl groups include trifluoroacetyl, trichloroacetyl,
4-methoxybutyryl, 3-cyclohexyloxypropionyl, 4-chlorobenzoyl, and 3,4-
dimethoxybenzoyl. 35     The mono- or di-alkoxyphosphoryl groups mentioned
hereinbefore are preferably di-lower alkox- yphosphoryl groups such as
dimethoxyphosphoryl, diethoxyphosphoryl, dipropoxyphosphoryl, diisopropox-
yphosphoryl, ethylenedioxyphosphoryl, and dibutoxyphosphoryl. - The aryl
moieties of said substituted aryl groups include, as preferred examples,
[err] aryl groups such as phenyl, naphthyl, anthryl, and these groups may
be substituted by 1 to 3 substituent groups such 40 as the above-mentioned
[err] alkyl groups, halogens, hydroxy and [err] alkoxy groups. Specific
examples of such substituted aryl include 4-chlorophenyl,
3,4-dimethoxyphenyl, 4-cyclohexylphenyl, and 5,6,7,8-
tetrahydro-2-naphthyl. The aralkyl moiety of said aralkyl group which may
be substituted includes, as preferred examples, [err] aralkyl groups such
as benzyl, naphthylethyl, trityl, and these groups may be nuclearly
substituted 45 by 1 to 3 substituent groups such as the above-mentioned
[err] alkyl groups, halogens, hydroxy, and [err] alkoxy groups. Specific
examples of said substituted aralkyl group include 4-chlorobenzyl,
3,4-dimethox- ybenzyl, 4-cyclohexylbenzyl, and
2-(5,6,7,8-tetrahydro-2-naphthyl)ethyl. The aromatic heterocycles of said
aromatic heterocyclic groups which may be substituted are prefer- ably 5-
or 6-membered aromatic heterocyclic groups containing 1 to 4 nitrogen,
oxygen or/and sulfur atoms, 50 such as furyl, thienyl, imidazolyl,
thiazolyl, oxazolyl, thiadiazolyl, and these groups may be substituted by 1
to 3 substituent groups such as the above-mentioned [err] alkyl groups,
halogens, hydroxy and [err] 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 [err] wherein m is an integer of 3 to 5
(such as trimethylene, 55 tetramethylene and pentamethylene) and when it is
substituted by two alkoxy groups in adjacent positions, they may form an
alkylenedioxy group of the formula [err]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. 4    EP 0 376197 B1 The hydrocarbons of said hydrocarbon
groups which may be substituted, represented by R. include, the
above-mentioned alkyl groups (preferably [err] alkyls), alkenyl groups
(preferably [err] alkenyls), aryl groups (preferably [err] aryls) and
aralkyl groups (preferably [err] aralkyls). The substituents on such
hydrocarbons include, among others, the above-mentioned 5- or 6-membered
aromatic heterocyclic groups, 5 halogens, dialkoxyphosphoryl groups, and
phosphono group. Preferred examples of R are unsubstituted [err] alkyl
groups such as methyl, ethyl propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, neopentyl, and hexyl. The esterified carboxyl B
includes alkoxycarbonyl groups, preferably [err] alkoxycarbonyl groups
(such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl),
aryloxycarbonyl groups, 10 preferably Cs -14 aryloxycarbonyl groups (such
as phenoxycarbonyl), and aralkyloxycarbonyl groups, preferably C7-19
aralkyloxycarbonyl groups (such as benzyloxycarbonyl). The amidated
carboxyl group B is preferably a carbamoyl group of the formula [err] and
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. is    The
hydrocarbons of the above-mentioned hydrocarbon groups which may be
substituted, [err] include alkyl groups, preferably said [err] alkyl
groups, alkenyl groups, preferably said C2-10 groups, aryl L
groups, preferably said [err] aryl groups, and aralkyl groups, preferably
said [err] aralkyl groups and these groups may be substituted by 1 to 3
substituent groups such as, halogens (such as fluorine, chlorine, bromine
and iodine), hydroxy, [err] alkoxy, amino which may be substituted by [err]
alkyl (such as 20 dimethylamino, diethylamino, dipropylamino), amino
substituted by acyl (e.g. [err] alkanoyl groups) (such as acetylamino,
propionylamino, benzoylamino), carbamoyl which may be substituted by [err]
alkyl (such as dimethylcarbamoyl, ethoxycarbamoyl, dipropylcarbamoyl),
[err] alkoxycarbonyl (such as methoxycar- bonyl, ethoxycarbonyl,
propoxycarbonyl), mono- or dialkoxyphosphoryl (such as
dimethoxyphosphoryl), phosphono group and said aromatic heterocyclic
groups. 25     The 5- to 7-membered heterocycles of said 5- to 7-membered
heterocyclic groups which may be 



substitued, used as [err] include, among others  5- to 7-membered
heterocycles containing one sulfur, nitrogen or oxygen atom, 5- or
6-membered heterocycles containing 2 to 4 nitrogen atoms, and 5- or
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 maximum of 2 nitrogen atoms, a 30 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]pyrimidyl, benzopyranyl, 1.8-naph- thyridinyl, quinolyl,
thieno[2,3-b]pyridyl, tetrazolyl, thiadiazolyl, oxadiazolyl, triazinyl,
triazolyl, thienyl, pyr- rolyl, pyrrolinyl, furyl, pyrrolidinyl,
benzothienyl, indolyl, imidazolidinyl, piperidyl, piperidino, piperazinyl,
35 morpholinyl, and morpholino. [err] may combinedly form a 5- to
7-membered ring, in the manner of and examples of such ring include
morpholine, piperidine, thiomorpholine, homopiperidine, piperidine,
pyrrolidine, thiazolidine, and azepine. 45     Specific examples of said
substituted alkyl group, [err], include trifluoromethyl, trifluoroethyl,
difluoromethyl, trichloromethyl, 2-hydroxyethyl, 2-methoxyethyl,
2-ethoxyethyl, 2,2-dimethoxyethyl, 2,2- diethoxyethyl, 2-pyridylmethyl,
3-pyridylmethyl, 4-pyridylmethyl, 2-(2-thienyl)ethyl, 3-(3-furyl)propyl,
2-mor- pholinoethyl, 3-pyrrolylbutyl, 2-piperidinoethyl,
2-(N,N-dimethylamino)ethyl, 2-(N-methyl-N-ethylamino)ethyl,
2-(N,N-diisopropylamino)ethyl, 5-(N,N-dimethylamino)pentyl,
N,N-dimethylcarbamoylethyl, NN-dimethylcar- 50 bamoylpentyl,
ethoxycarbonylmethyl, isopropoxycarbonylethyl, tert-butoxycarbonylpropyl,
2-diethox- yphosphorylethyl, 3-dipropoxyphosphorylpropyl,
4-dibutoxyphosphorylbutyl, ethylenedioxyphosphoryl- methyl,
2-phosphonoethyl, and 3-phosphonopropyl. Specific examples of said
substituted aralkyl, represent- ing [err] are 4-chlorobenzyl,
3-(2-fluorophenyl)propyl, 3-methoxybenzyl, 3,4-dimethoxyphenethyl, 4-
ethylbenzyl, 4-(3-trifluorophenyl)butyl, 4-acetylaminobenzyl,
4-dimethylaminophenethyl, 4-diethoxyl- 55 phosphorylbenzyl, and
2-(4-dipropoxylphosphorylmethylphenyl)ethyl. Specific examples of said
substituted aryl, representing [err], 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-chloroben- zyloxy)phenyl,
3,4-methylenedioxyphenyl, 4-(2,2,2-trifluoroethoxy)phenyl,
4-propionylphenyl, 4-cyclohex- 5    EP0376197B1 anecarbonylphenyl,
4-dimethylaminophenyl, 4-benzoylaminophenyl, 4-diethoxycarbamoylphenyl,
4-tert- butoxycarbonylphenyl, 4-diethoxyphosphorylphenyl,
4-diethoxyphosphorylmethylphenyl, 4-(2-diethox- yphosphorylethyl)phenyl,
2-diethoxyphosphorylmethylphenyl,  3-diethoxyphosphorylmethylphenyl,  4- 



dipropoxyphosphorylphenyl,   4-(2-phosphonoethyl)phenyl,
4-phosphonomethylphenyl,  and   4- 5  phosphonophenyl. Specific examples of
said substituted 5- to 7-membered heterocyclic group, representing [err]
include 5-chloro-2-pyridyl, 3-methoxy-2-pyridyl, 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-yl, 5-acetylamino-2-pyrimidyl,
3-methyl-2-thienyl, 4,5-dimethyl-2-furanyl, and 4- methyl-2-morpholinyl.
Among the above-mentioned species, ring A is preferably a benzene ring
which may 10 be substituted by halogen, alkyl and/or alkoxy. The
substituent group B is preferably an alkoxycarbonyl group or a group of the
formula [err] where [err] each is a hydrogen atom, a hydrocarbon group
which may be substituted or a 5- to 7- membered heterocyclic group which
may be substituted. The substituent R is preferably a hydrogen atom, a
[err]alkyl or a 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 20 A compound of general formula (la') [err] 30 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
subjecting a compound of general formula (II) or a salt thereof to
cyclization reaction. 35     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 [err] alkyl group, such as methyl, ethyl,
propyl, isopropyl, butyl, tert-butyl, pentyl, neopentyl, hexyl, etc., or an
aralkyl ester, particularly an ester with a C7-19 aralkyl group, such as
benzyl, phenethyl, and 3-phenylpropyl. This cyclization reaction is
conducted in the same manner as the usual Friedel-Crafts reaction. 40
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 45 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-tetrachloroethane, ethers such as diethyl ether, dioxane,
tetrahydrofuran, nitrobenzene, nitromethane and carbon disulfide as well as
various mixtures thereof. so     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. In
any case, the reaction temperature is [err] and preferably [err]. The 55
reaction time is generally 30 minutes to 100 hours and preferably 1 to 30
hours. 6    EP 0 376 197 B1 (2) Process B A compound of general formula
(la) 10                                  [err] wherein each symbol has the
same meaning as defined hereinbefore or a salt thereof can be produced by
15 subjecting compound (la') or a salt thereof to a hydrolysis reaction.
This hydrolysis reaction is caried 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-dimethylfor- mamide, sulfoxides such as dimethyl sulfoxide, or ketones
such as acetone, and methyl ethyl ketone. 20    This reaction is conducted
in the presence of a base or an acid. The base mentioned just above may be
an inorganic base, exemplified by alkali metal carbonates such as potassium
carbonate, sodium carbonate, and alkali metal hydroxides such as sodium
hydroxide, potassium hydroxide, lithium hydroxide, or an organic base,
exemplified by various alkoxides such as sodium methoxide, sodium ethoxide,
and potassium tert-butoxide. The acid may be an inorganic acid such 26 as
hydrochloric acid, sulfuric acid, hydrobromic acid, or an organic acid such
as acetic acid, and trifluoroacetic acid. The acid or base is preferably
used in excess with respect to compound (la'). The preferred proportion of
the base is about 1.2 to 6 equivalents based on compound (la'). The
preferred proportion of the acid is 2 to 50 equivalents based on compound
(la'). This reaction is conducted generally at -20 C to 150 C and
preferably at -10 C to 100 C. 30 (3) Process C A compound of general
formula (Ic) 



35 [err] 40 R wherein B' is an amidated carboxyl group and the other
symbols respectively have the same meanings as 45 defined hereinbefore or a
salt thereof can be produced by subjecting compound (la) or a salt thereof
to amidation reaction. 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 (III) 60 [ERR]
(III) 55 wherein each symbol has the same meaning as defined hereinbefore.
This reaction between compound (la) or salt thereof and amine compound is
conducted in the same manner as the condensation reaction well known in the
field of peptide synthesis. 7    EP0376 197 B1 This reaction can thus be
carried out by the various per se known processes described in M. Bodansky
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 lzumiya et al.: Peptide
Gosei no Kiso to Zikken, Maruzen, 1985, for instance, namely the acyl azide
method, acyl 5  chloride method, acid anhydride method, mixed anhydride
method, DCC method, activated ester method, Woodward's reagent K method,
carbonyldiimidazole method, redox process, and DCC/HONB method. 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 1 to 10
moles per mole of compound (la) or a salt thereof. 10     This reaction is
conducted in a solvent which does not interfere with the reaction. Examples
of such solvent include amides such as dimethylformamide, sulfoxides such
as dimethyl sulfoxide, pyridines such as pyridine, picoline, lutidine,
halogenated hydrocarbons such as chloroform, dichloromethane, ethers such
as tetrahydrofuran and nitrites such as acetonitrile, as well as
appropriate mixtures of such solvents. These solvents can be used in
anhydrous or hydrous condition 15     The reaction temperature is generally
-20 * C to 50 * C and preferably -10 * C to 30 * C. The reaction time is 1
to 100 hours and preferably 2 to 40 hours. 



(4) Process D 20     A compound of general formula (Id) 25 [err]
(Id) 30 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 (la), (la) or (lc), wherein k' is invariably equal to
0, or a salt thereof to an oxidation reaction. 35     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. 40     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, halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane, ethers such
as diethyl ether, dioxane, tetrahydrofuran, and alcohols such as methanol,
ethanol, propanol, inclusive of various mixtures of such solvents. 45
The use of the above oxidizing agent in an equimolar or subequimolar
proportion to compound (Ia'), (la') or (Ic), wherein K' is 0, or a salt
thereof, results 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 [err] C). The preferred reaction temperature is 5o  [err]. The
reaction time is 30 minutes to 10 hours. (5) Process E 55     A compound of
general formula (lb) or a salt thereof can be produced by subjecting
compound (la'), (Ia"), (lc) or (ld), 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 (lb) or a salt 8    EP 0 376
197 B1 



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, 5  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, metal hydrides such as sodium hydride, organic tin
(e.g. triphenyltin hydride), nickel and zinc compounds, and catalytic
reduction systems comprising transition metal catalysts such as palladium,
platinum, rhodium, in 10  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, xylene, halogenated hydrocarbons
such as chloroform, dichloromethane, 1,2-dichloroethane,
1,1,2,2-tetrachloroethane, ethers such as diethyl ether, dioxane,
tetrahydrofuran, dimethylene glycol mon- 15 omethyl ether, alcohols such as
methanol, ethanol, propanol, and amides such as dimethylformamide, and
these solvents are selectively used according to the type of reducing
agent. The reaction temperature is 0 * C to 130 * C and preferably [err].
The reaction time approximately ranges from 1 to 24 hours. 20  (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-containing
compound which is among the compounds syn- thesized in processes A through
E. 25     This reaction is carried out with an inorganic acid, such as
hydrochloric acid, hydrobromic acid, or a trialkylsilyl halide in a solvent
which does not interfere with the reaction. When an inorganic acid, such as
hydrochloric acid, hydrobromic acid, is employed, the solvent may be an
alcohol, such as methanol, ethanol, 2-methoxyethanol, ethylene glycol,
propanol, butanol, or water or a mixture thereof. The acid is generally
used in large excess and the reaction time is generally 10 to 150 C 30  and
preferably 30 to [err]. The reaction time is 1 to 50 hours. When an
alkylsilyl halide, such as chlorotrimethylsilane, bromotrimethylsilane,
iodotrimethylsilane, is employed, the solvent may be a halogenated
hydrocarbon, such as carbon tetrachloride, chloroform, dichloromethane,
1,2-dichloroethane, 1,1,2,2-tetrachloroethane, or acetonitrile or a mixture
thereof. The proportion of the alkylsilyl halide is generally 1 to 10
equivalents and preferably 2 to 5 equivalents 35  based on the monoalkoxy-
or dialkoxyphosphoryl group-containing compound. The reaction temperature
is generally [err] and preferably [err] 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 40
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. 45 50 55 9
EP 0 376 197 B1 [err] Halogenation Reaction  step  2 10 Oxidation Reaction
step  3 15                                               [err] In the above
formulas, Z is a leaving group; Y' is a halogen atom; and the other symbols
respectively have 20 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 salt thereof in 26 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-toluenesul- fonyloxy), [err] alkylsulfonyloxy (e.g. methanesulfonyloxy)
and organic phosphoric acid residues such as diphenylphosphoryloxy,
dibenzylphosphoryloxy, dimethylphosphoryloxy and so on. 30     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 hydrocarbons such as benzene, toluene,
xylene, ethers such as dioxane, tetrahydrofuran, dimethoxyethane, alcohols
such as methanol, ethanol, propanol, esters such as ethyl acetate etc.,
nitriles such as acetonitrile, pyridines such as pyridine, lutidine, etc.,
amides such as 



35  NN-dimethylformamide, sulfoxides such as dimethyl sulfoxide,
halogenated hydrocarbns such as chlo- roform, dichloromethane,
1,2-dichloroethane, 1,1,2,2-tetrachloroethane, etc., and ketones such as
acetone, 2-butanone, 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, or an organic base such 40 as amines, e.g.
pyridine, triethylamine, and N,N-dimethylaniline. The preferred proportion
of such base is 1 to 5 moles per mole of compound (V) or a salt thereof.
This reaction is conducted generally at -[err] to about 150 [err] C and
preferably at -10 [err] 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). 45
Reaction step 2 In this step, compound (IIa) or a salt thereof is
halogenated to give compound (llb) or a salt thereof. This reaction can be
conducted by the per se known processes. 50     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). 55     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, ethers such as dioxane, tetrahydrofuran, dimethoxyethane, nitriles
such as acetonitrile, 10    EP0376197B1 amides such as
N,N-dimethylformamide and halogenated hydrocarbons such as chloroform,
dich- loromethane, 1,2-dichloroethane, 1,1,2.2-tetrachloroethane, as well
as various mixtures of such solvents. This reaction is carried out under
heating [err]. The reaction time approximately ranges from 1 to 20 hours. 5
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. 10     This reaction is conducted in the same manner as
process D. The compound (IIa) can also be synthesized by the following
process. 15 Z               (VI)        [ERR] Reaction  step  1 20 [ERR]
Reaction  step  2             (H) 30 Z 35 Reaction step 3
[ERR] In the above formulas, R means a lower alkyl group and all other
symbols are respectively as defined 40 hereinbefore. Reaction step 1 This
is a reaction step where compound (V) is reacted with compound (VII) or a
salt thereof in the 45  presence of a base to give compound (VIII).
Examples of leaving group Z include the groups mentioned hereinbefore.
Examples of lower alkyl group R' are [err] alkyl groups such as methyl,
ethyl, propyl, isopropyl, and butyl, isobutyl. The reaction of compound (V)
with compound (VII) or a salt thereof is conducted in a solvent which does
not interfere with the reaction. 50     Examples of such solvent include
aromatic hydrocarbons, such as benzene, toluene, xylene, etc.  ethers such
as dioxane, tetrahydrofuran, dimethoxyethane, etc., esters such as ethyl
acetate, amides such as NN- dimethylformamide, sulfoxides such as dimethyl
sulfoxide, halogenated hydrocarbons such as chloroform, dichloromethane,
1,2-dichloroethane, 1.1,2,2-tetrachloroethane, and ketones such as acetone,
2-butanone, and appropriate mixtures thereof. 55     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, and
N.N-dimethylaniline. The proportion of such base is preferably about 1 to 5
moles per mole of compound (V). 11    



EP 0 376 197 B1 This reaction is conducted generally, at [err]to  and
preferably at [err]. The reaction time is generally 30 minutes to 10 hours.
Reaction step 2 5 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,
isopropyl alcohol, 2-methoxyethanol, and 10  mixtures of water with such
alcohols, tetrahydrofuran, acetone, N,N-dimethylformamide, and dimethyl
sulfoxide. This reaction is conducted in the presence of an inorganic base
such as sodium hydroxide, potassium hydroxide, potassium carbonate,
ammonia, or an organic base such as secondary amines, e.g. dimethylamine,
diethylamine, morpholine, and piperidine. 15    The preferred proportion of
such base is 1 to 10 moles per mole of compound (Vill). This reaction Is
conducted generally at[err] and preferably [err]. Reaction step 3 20
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 acid residues (e.g.
p-toluenesulfonyloxy), C1-4 alkylsulfonyloxy (e.g. methanesulfonyloxy), and
organic phosphoric acid residues such as diphenyl- 25  phosphoryloxy,
dibenzylphosphoryloxy, and dimethylphosphoryloxy. 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, ethers
such as dioxane, tetrahydrofuran, dimethoxyethane, alcohols such as
methanol, ethanol, propanol, esters such as 30  ethyl acetate, nitriles
such as acetonitrile, pyridines such as pyridine, lutidine, amides such as
N,N- dimethylformamide, sulfoxides such as dimethyl sulfoxide, halogenated
hydrocarbons such as chloroform, dichloromethane, 1,2-dichloroethane,
1,1,2,2-tetrachloroethane, etc., ketones, such as acetone, 2-butanone, and
appropriate mixtures thereof. This reaction is conducted in the presence of
an inorganic base, such as sodium hydroxide, potassium 35 hydroxide,
potassium carbonate, sodium carbonate, sodium hydrogen carbonate, or an
organic base such as a tertiary amine, e.g. pyridine, triethylamine, and
N,N-dimethylaniline. The proportion of such base is preferably about 1 to 5
moles per mole of compound (IX). 



This reaction is conducted generally at -20 * C to 150 * C and preferably
at [err]. As the salt of compound (I) according to the invention, a
pharmaceutically acceptable salt is preferably 40  used. The
pharmaceutically acceptable salt includes, among others, salts with
inorganic bases, salts with organic bases, salts with organic acids and
salts with basic or acid amino acids. The inorganic bases include, among
others, alkali metals (e.g. sodium, potassium,) and alkaline earth metals
(e.g. calcium, magnesium,) and the organic bases include, among others,
trimethylamine, triethylamine, pyridine, picoline,
N,N-dibenzylethylenediamine, and diethanolamine. The inorganic acids
mentioned above include, among 45 others, hydrochloric acid, hydrobromic
acid, hydroiodic acid, phosphoric acid, nitric acid, sulfuric acid, and the
organic acids also mentioned above include, formic acid, acetic acid,
trifluoroacetic acid, oxalic acid, tartaric acid, fumaric acid, maleic
acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid,
and citric acid. The basic or acidic amino acids include arginine, lysine,
aspartic acid, glutamic acid, to name but a few. 50     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 gruop 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 55 in Example Nos. 18 and 22 were administered orally
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 salt
thereof have bone formation promoting activity. 12    EP 0 376 197 B1
Therefore, compound (I) and salts according to the present invention can be
used, as a drug 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 5 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, and suspensions. These oral dosage forms can be manufactured by
the per se known procedures diluting the compound 



10 (I) or a pharmaceutically acceptable salt thereof with the carriers or
excipients used commonly in parmaceutical practice. Examples of said
carriers or excipients include binders such as syrup, gum arabic, gelatin,
sorbitol, gum tragacanth, polyvinylpyrrolidone, fillers such as lactose,
sucrose and other sugars, corn starch, calcium phosphate, glycine,
lubricating agents such as magnesium stearate, talc, polyethylene glycol,
silica, etc., is disintegrating agents such as potato starch, and wetting
agents such as sodium laurylsulfate. The dosage forms for parenteral
administration include, among others, various injectable preparations (e.g.
subcutaneous, intradermal, intramuscular and other injections), and
suppositories. 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 vehicle. The aqueous 20
vehicle for injections include, among others, physiological saline and
various isotonic solutions and, if necessary, suitable suspending agents
such as carboxymethylcellulose sodium or nonionic surfactants can be
employed in the preparation of injections. The oily vehicle may for example
be sesame oil or soybean oil, and as a cosolvent, benzyl benzoate, or
benzyl alcohol can be used. The injections so prepared are generally filled
into suitable ampules. 25     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 30 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 day. 35 EFFECTS OF THE INVENTION Compound (I) or a salt thereof,
which is provided by 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 4o 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. 45 Test 1 Study on bone resorption inhibition Bone
resorption inhibitory activity was determined accordng to the method 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 [err] so radioisotope of calcium, in [err]. 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 55 bovine serum albumin at [err] for 24 hours.
Then, incubation was carried out for two additional days in the
above-mentioned medium to which the test compound had been added at a final
concentration of 10 [err]/ml. The radioactivities of [err] in the culture
medium and bone were determined and the ratio (%) of [err] released from
the bone to the medium was calculated according to the following formula.
13    EP0376197B1 B [err] 5 A =    ratio (%) of [err] released from the
bone to the medium B =    45 Ca count in the medium C =    [err]Ca count in
the bone The bones from the fetuses of the same litter were similarly
incubated without addition of the test 10 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. 15 20 25 30 35 40 45 50 55 14



EP 0 376197 B1 Table 1 Example No.           45Ca released 5
(% of control value) 1                   84 10                    62 12
84 10                   14                     81 19                    70
21                    73 22                    57 23                    65
28                    79 15                   30                     75 31
64 33                    53 35                    58 36
73 20                    46                    76 50                    73
55                    78 56                    76 59                    64
25                    631)                  79 632)                  86 127
69 128                   76 131                   69 30
132                   57 133                79 136                   67 138
63 



140                   61 141                   57 35                    143
44 144                   52 146                   62 150
71 153                   63 40                    155                   80
157                   71 160                   54 161                   50
163                   50 45                    167                   48 174
73 176                   82 183                   47 191
58 198                   62 50                    201                   65
Note 1) 2-oxide        Note 2) 2,2-dioxide 15    EP 0 376 197 B1 Table 1
shows that the compound according to the present invention inhibited the
release of [err] by 44-86% as compared with the control, thus producing an
excellent bone resorption inhibitory effect. Test 2 Study on treatment of
osteoporosis 5 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, 10 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. Jpn. 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 15 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 [err] C for 24 hours.
The dry weight was then determined. The porcelain crucible containing the
bone was transferred to a muffle furnace (FP-41, Yamato Chemicl) and heated
at 500 [err] C for 3 hours and at 800 [err] C for 2 hours for calcification
of the bone and the ashes were weighed. 20     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. Table 2 25   Group
Daily dose Bone density Dry weight (mg) Ashes (mg) (mg/kg) Sham operation
Control                      0    1.3040.021**    116.22.6    80.02.0
Oophorectomy Control                        0    1.0620.035    107.73.3
74.32.2 30   Compound (Example No. 22) Treatment group    100
1.336[err]0.072*   120.03.4*    82.42.4* "p<0.05 **p<0.01 (compared with
oophorectomized controls) 35 Table 3 Group
Daily dose (mg/kg)  Dry weight (mg)  Ashes (mg) 40   Sham operation Control
0           130.44.4*       88.32.5* Oophorectomy Control
0           112.33.7      74.32.5 Compound (Example No. 146) Treatment
group      100           128.2*5.0     84.13.5 *p<0.05 **p<0.01 45 50 55 16
EP 0 376 197 B1 Table 4 



Group                                    Daily dose (mg/kg)  Dry weight
(mg)  Ashes (mg) 5   Sham operation Control                            0
131 .42.1**     85.7+1.3** Oophorectomy Control
0           114.2+3.6      76.32.2 Compound (Example No. 163) Treatment
group     100           127.6*-3.7     82.32.1 Compound (Example No. 161)
Treatment group     100           127.5* 4.3     83.7+3.0 10   *p<0.05 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. 15     The
symbols used below in the reference and working examples have the following
meanings. s:singlet, d:doublet, t triplet, q:quartet, d,d:double doublet,
m:muliplet, br:broad, J:coupling constant, THF:tetrahydrofuran,
DMF:N.N-dimethylformamide Reference Example 1 20 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 25 the organic layer. The organic solution was
then washed with water, dried (err) and subjected to distillation in vacuo
to give ethyl 4-cyclohexylphenylglyoxylate (68.0 g, yield 87%). bp. 163-165
[err] C/0.3 mmHg NMR [err] J=9 Hz), 7.96 (2H, d, J=7 Hz). 30 Reference
Example 2 In the same manner as Reference Example 1, ethyl
5,6,7,8-tetrahydro-2-naphthylglyoxylate was obtained. Yield 80%. 35 bp.
152-154[err]/0.5 mmHg NMR ([err]): 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. q, J =9 Hz). 7.7 (2H., m).
Reference Example 3 40 In the same manner as Reference Example 1, ethyl
3,4-dimethoxyphenylglyoxylate was obtained. Yield 78%. bp. 158-[err]/0.1
mmHg NMR ([err] 1.38 (3H, t, J=7 Hz), 3.93 (3H, s), 3.95 (3H, s), 4.41 (2H,
q, J=7 Hz), 6.91 (1H, d, 



45  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.
so Yield 86%. bp. 172-175 [err] C/.5 mmHg Reference Example 5 55    In the
same manner as Reference Example 1, ethyl 4-hexylphenylglyoxylate was
obtained. Yield 84%. bp. 160-162 [err] C/0.5 mmHg NMR ([err]: 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). 17    EP 0
376197 B1 Reference Example 6 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 5  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 (err) and the solvent was
distilled off to give ethyl
2-hydroxy-2-(5,6,7,8-tetrahydro-2-naphthyl)acetate (34.5 g, yield 99%) as
an oil. NMR (8 ppm, [err]: 1.22 (3H, t, J=7 Hz), 1.8 (4H, m), 2.7 (4H, m),
3.32 (1H, d, J=6 Hz), 4.0-4.4 (2H, m), 7.1 (3H, m). 10 Reference Example 7
In the same manner as Reference Example 6, ethyl
2-hydroxy-2-(4-cyclohexylphenyl)acetate was obtained. 15 Yield 83%. mp.
85-86 * C (ethanol) Elemental analysis: [err] 20
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 ([err]: 1.21 (3H, t, J=7 Hz), 3.10 (1H, d, J=6Hz), 3.87 (6H, s), 4.21
(2h, q, J=7 Hz), 5.07 30 (1 H, 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%. 35  NMR ([err]: 1.24 (3H, t, J=7 Hz), 3.41 (1H, 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). Reference
Example 10 40 In the same manner as Reference Example 6, ethyl
2-hydroxy-2-(4-hexylphenyl)acetate was obtained as an oil. Yield 98%. NMR
([err]1.1-1.8 (8H, m), 2.60 (2H, t, J =7 Hz), 4.0- 45 4  (2H, m), 5.11 (1H,
s), 7.13 (2H, d, J=9 Hz), 7.32 (2H, d, J=9 Hz). Reference Example 11 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 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
[err] C/0.5 mmHg NMR (err): 1.24 (3H, t, J=7 Hz), 1.2-2.0 (1OH, m), 2.5
(1H, m), 4.21 (2H, q, J=7 Hz), 5.3 (1H, s), 7.18 (2H, d. J =9 Hz), 7.40
(2H, d, J=9 Hz). 18    EP 0 376197 B1 Reference Example 12 In the same
manner as Reference Example 11, ethyl
2-chloro-2-(5,6,7,8-tetrahydro-2-naphthyl)acetate was obtained as an oil.
Yield 89%. 5  bp. 139-141 [ERR]0.5 mmHg NMR ([ERR]: 1.24 (3H, t, J=7 Hz),
1.8 (4H, m), 2.7 (4H, m), 4.21 (2H, q, J=7 Hz), 5.26 (1H, s), 7.0- 7.2 (3H,
m). Reference Example 13 



10 In the same manner as Reference Example 11, ethyl
2-chloro-2-(3,4-ethylenedioxyphenyl)acetate was obtained as an oil. Yield
90%. bp. 165-167 C/0.3 mmHg NMR ([ERR]): 1.27 (3H, t, J=7 Hz), 4.1-4.4 (2H,
m), 4.27 (4H, s), 5.25 (1 H, s), 6.8-7.1 (3H, m). 15 Reference Example 14
In the same manner as Reference Example 11, ethyl
2-chloro-2-(4-hexylphenyl)acetate was obtained as an oil. 20  bp. 152-155
[ERR] /0.5 mmHg NMR (ERR: 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 25 To a
solution of ethyl 2-hydroxy-2-(3,4-dimethoxyphenyl)acetate (19.5 g) in
benzene (200 ml) was added phosphorus tribromide (8.18) dropwise at [ERR]
and the mixture was stirred at [ERR] for one hour. The reaction mixture was
then washed successively with water, saturated aqueous solution of NaHCO3
and water and dried (ERR). The benzene was distilled off and the residue
was subjected to silica gel 30  chromatography. From the fraction eluted by
ethyl acetate-hexane (1:3, V/V), ethyl 2-bromo-2-(3,4-dimethox-
yphenyl)acetate (18.5 g, yield 75%) was obtained as an oil. NMR ([err]):
1.27 (3H, t, J = 7 Hz), 3.86 (3H, s), 3.89 (3H, s), 4.23 (2H, q, J = 7 Hz),
5.31 (1 H, s), 6.80 (1 H, d, J = 8 Hz), 7.0-7.2 (2H, m). 35  Reference
Example 16 In acetone (400 ml) was dissolved 4-cyclohexylaniline (50g)
followed by addition of 47% aqueous HBr (147 g). Then, a solution of NaNO2
(21.6 g) in water (30 ml) was added dropwise at 0-5 [err] C and the mixture
was stirred at 5 [err] C for an additional 30 minutes. Thereafter, the
reaction mixture was warmed to 15 [err]C and 40  methyl acrylate (147 g)
was added. With vigorous stirring, [err] (1 g) was added in small portions,
whereupon an exothermic reaction took place to liberate a nitrogen gas.
After the evolution of 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 (MgSO4) and the solvent was distilled
off to give methyl 2-bromo-3-(4-cyclohexylphenyl)propionate as a 45  crude
oil (91 g, yield 98%). NMR ([err]: 1.2-2.0 (1OH, m), 2.5 (1H, 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 (1
H. t, J = 7 Hz), 7.10 (4H, s). Reference Example 17 



50 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), [err] (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 55  acetate
layer was washed with water, dried (MgSO4) 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-tetrahydro-2-naphthyl)methylthioacetic acid (31.8 g,
yield 81%) was obtained as an oil. 19    EP 0 376 197 B1 NMR [err]: 1.23
(3H, t, J=7 Hz), 1.8 (4H, m), 2.7 (4H, m), 3.07 (1H, d, J 15 Hz), 3.30 (1
H, d, J=15 Hz), 4.18 (2H, q, J=7 Hz), 4.79 (1H, s), 6.9-7.2 (3H, m).
Reference Example 18 5 In the same manner as Reference Example 17,
ethoxycarbonyl(3,4-dimethoxyphenyl)methylthioacetic acid was obtained as an
oil (yield 98%). NMR [err]: 1.23 (3H, t, J=7 Hz), 3.18 (2H, dd, J=21 and 15
Hz), 3.87 (6H, s), 4.20 (2H, q, J=7 Hz), 4.81 (1 H, s), 6.7-7.1 (3H, m),
9.40 (1 H, broad). 10 Reference Example 19 In the same manner as Reference
Example 17, ethoxycarbonyl(4-cyclohexylphenyl)methylthioacetic acid was
obtained as an oil (yield 85%). 15  NMR (err): 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 20     Triethylamine (46.5 g) was added dropwise to a
mixture of thioglycolic acid (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 (err) and con- 25 centrated to
give ethoxycarbonyl(4-hexylphenyl)methylthioacetic acid as a crude oil
(63.5 g, yield 92%). 



NMR (err): 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 (1H, 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). 30
Reference Example 21 In the same manner as Reference Example 20,
methoxycarbonylphenylmethylthioacetic acid was obtained as an oil (yield
98%). NMR (err): 3.11 (1H, d, J=15 Hz), 3.31 (1H, d, J=15 Hz), 3.75 (3H,
s), 4.90 (1H, s), 7.3-7.5 (5H, 35  m). Reference Example 22 In the same
manner as Reference Example 20,
methoxycarbonyl(4-chlorophenyl)methylthioacetic acid 40  was obtained as an
oil (yield 87%). NMR (err): 3.03 (1H, d, J=15 Hz), 3.35 (1H, d, J=15 Hz),
3.67 (3H, s), 4.81 (1H. s), 7.1-7.5 (4H, m). Reference Example 23 45 In the
same manner as Reference Example 20,
ethoxycarbonyl(3,4-ethylenedioxyphenyl)- methylthioacetic acid was obtained
as an oil (yield 97%). NMR (err): 1.26 (3H, t, J=7 Hz), 3.13 (1H, d, J=15
Hz), 3.30 (1H, d, J15 Hz), 4.1-4.4 (2H, m), 4.26 (4H, s), 4.78 (1H, s),
6.8-7.1 (3H, m). 50 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%). 55  NMR (err): 1.1-2.0 (16H, m),
2.5 (1H, m), 3.49 (2H, q, J-7 Hz), 4.1-4.4 (2H, m), 4.88 (1H, s), 7.1- 7.4
(4H, m). 20    EP 0 376197 B1 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%). 5  NMR (err): 1.2-1.9 (1OH,
m), 2.5 (1H, m), 2.96 (1H, d.d, J=15 and 7 Hz), 3.35 (1H, d, J=16 Hz), 3.49
(1H, d, J=16 Hz), 3.52 (1H, d.d, J=15 and 7 Hz), 3.68 (3H, s), 3.6-3.8 (1H,
m), 7.12 (4H, s). 



Reference Examples 26 through 41 10    In substantially the same manner as
Reference Example 1, the compounds shown in Table 5 were obtained. 15 20 25
30 35 40 45 50 55 21    EP 0 376 197 B1 Table 5 5 Reference
2           Yield    mp Example No.
([err]/mmHg) 26         H, 4-[err]                  85    112-115/0.4 27
H. 4-([err]-             75    124-127/0.4 20 28         H. 4-[err]
82    140-142/0.7 25          29         H, 4-[err]         75
145-148/0.4 30         H. 4-[err]          59    150-153/1.0 30 31
H, 4-                    84    153-155/0.5 35 32           H, 4-
78    170-172/0.5 40         33           H, 4-                 69
160-162/1.0 34         [err]                75    172-174/0.8 45 35
[err]               85    116-118/0.7 



so (continued) 55 22    EP 0 376 197 B1 Reference
Yield    mp Example No       [err]                 (%) ([err] 5 36
[err]               85   Recrystallization hexane 37          [err]
89     125-127/0.8 38          [err]             90     133-135/2.0 39
[err]   64        130-132/0.4 20 40          3, 4-[err]               75
138-141/0.3 25 41          3, 4-[err]               70     153-155/0.2 30
Reference Examples 42 through 57 In substantially the same manner as
Reference Example 6, the compounds shown in Table 6 were 35 obtained. 40 45
50 55 23    EP 0 376 197 B1 10 20 



25 30 5    EP 0 376197 B1 5 10 15 0 20 35    EP 0 376 197 Bl 10 15 25 45 50
55 26    EP 0 376197 B1 . . 10 20 N 26 30 55 Reference Examples 58 through
73 



In substantially the same manner as Reference Example 11, the compounds
shown in Table 7 were obtained. 27    EP 0 376197 B1 Table 7 10
Reference        [ERR]         Yield        mp Example No.
[ERR] 58         H. [ERR]               quant.      Note 1) 59         H,
4-[ERR]            82    116-118/0.5 20 60         H, 4-[ERR]          91
135-138/0.5 25       61          H. 4-[err]        92    135-138/0.5 62
H. 4-[err]         99    138-140/1.5 30 63          H, 4-[err]
89    152-154/0.6 35 64          [err]                       98       Note
2) 40       65           H. 4[err]     91    158-160/1.0 66         H,
4[err]                85    163-165/0.7 67         2-[err]             88
108-110/0.5 so
(continued) 55 28    EP 0 376 197 B1 Reference
Yield        mp Example No.        [err]                       ([err]Hg) 5
68          2-[err]                 93      115-118/0.5 tO           69
3-[err]                90      118-120/0.7 



15           70           3-[err]            quant.      Note 3) 71
2-[err]   95          129-132/0.5 20 72          3. 4-[err]
92      128-132/0.3 25 73           3, 4[err]                89
145-148/0.2 30 Note    1) N M R (err): 1. 26(3H  t, j=7), 2. 36(3H, s), 4.
1-4. 3(2H, m), 5. 32(1H. s), 7. 1 35 9(2H, d, J=9). 7. 38(2H, d, J=9). Note
2) N M R ([err]ppm. C D C[err]):  1. 24(3H, t, J=7), 40 1. 3-2. 1(12H. ),
2. 7(1H, m). 4. 20(2H, q, J=7). 5. 30(1H, s), 7. 18(2H, d. J=9), 7. 40(2H,
d, J=9) 45 Note    3) N M R ([err] ppm, C D C [err]): 1. 20(6H t, J=7). 1.
26(3H, t, J=7), 2. 66(4H, q, J=7), 4. 23(2H. q. J=7),  5. 31(1H. 8), 7.
1-7. 3(3H, ) ss Reference Examples 74 through 90 In substantially the same
manner as Reference Example 20, the compounds shown in Table 8 were
obtained. 29    EP 0 376197 B1 5 15 20 25 30 45
- 50 55 



30    EP 0 376 197 B1 00 15 30 35 00                 00 50 55
EP0376197B1 00 5 10 a 15 20 25 30 35 50 55 32    EP 0 376 197 B1 5 10 15 



m 25 30 45 45 55 33    EP 0 376197 B1 5 10 Z 20 25 30 35 40 45    EP 0 376
197 B1 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 (err)
and the solvent was distilled off to give ethyl 2-acetylthio-2-(3,4-
dimethylphenyl)acetate (16.5 g, 94%) as an oil. NMR [err]  1.22 (3H, t, J=7
Hz), 2.21 (6H, s), 2.30 (3H, s), 4.0-4.35 (2H, m), 5.2 (1H, s), 5
7.05-7.2 (3H, m). Reference Example 92 Morpholine (21.6 g) was added
dropwise to a solution of ethyl 2-acetylthio-2-(3,4-dimethylphenyl)- 10
acetate (16.5 g) in ethanol (80 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-HCI and extracted with ethyl
acetate. The ethyl acetate layer was washed with water, dried (err) 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. 15    NMR (err):  1.23 (3H, t, J=7 Hz), 2.23 (6H, broad
s), 2.53 (1H, d, J=7.5 Hz), 4.17 (2H, q, J = 7 Hz), 4.60 (1 H. d, J = 7.5
Hz), 7.0-7.3 (3H, m). Reference Example 93 20     A mixture of ethyl
2-thio-2-(3,4-dimethylphenyl)acetate (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 acidified with concentrated hydrochloric acid and
extracted with ether. The ether layer was washed with water, dried (err)
and the solvent was distilled off to give
2-[ethoxycarbonyl(3,4-dimethylphenyl)methylthio]butyric acid (5.5 g, 89%)
as an oil. 25    NMR (err):  0.9-1.1 (3H, m), 1.1-1.3 (3H, m); 1.6-2.0 (2H,
m), 2.25 (6H, s), 2.97 (1H x 1/2, t, J=7 Hz), 3.38 (1H x 1/2, t, J= 7Hz),
4.1-4.3 (2H, m), 4.78 (1H x 1/2, s), 4.80 (1 H x 1/2, s), 7.0-7.3 (3H, m).
Reference Examples 94 through 97 30 In substantially the same manner as
Reference Example 93, the compounds shown in Table 9 were obtained as oils.
35 40 45 50 55 35    EP 0 376197 B1 Table 9 [err] [err] 10 Reference
Yield         [err] Example       R      [err 15      No.
1.23(3Ht,J=7).2.25(6Hs),3.0 94         H       90
5(1H,d,J=16),3.29(HdJ=16), 



20                                  4.18(2Hq.J=7),5.13(1H,s),7.0
-7.3(3H,m),9.98(1Hbr s) 1.23(3HX3/5,t,J=7),1.27(3Hx 25
2/5,tJ=7),1.37(3Hx3/5,t,J=7), 95        [err]      90
1.44(3Hx2/5,tJ=7),2.24(6H,s), 54
3.16(1HX2/5,q,J=7),3.59(1HX 30
3/5,q,J=7),4.1-4.3(2H,m),4.86 (1Hs),7.1-7.3(3Hm)
0.75-1.05(3H.u),1.15-1.30(3H. X
i),1.3-2.0(4H,m)2.246Hs),3. 96       C3H7      88
04(lHXl/2,t$J=7),3.48(IH x 1/2. tJ=7),4.1-4.3(2H.m)A4.79C1HX 40
1/2s) .4.80(1HXl/2,s).7 05-7. (3H,m) 1.20(3HXl/2,tJ=7).1.21(3HXl/ 45
.        2,tJ=7),2.22(6HXI/2,s),2.23 97                 88
(6HXI/2,s),4.0-4.3(2HM),4.49 -no
(IH,s).4.52(1HXI/2,s).4.55(1H so           .            _         XI/2, s)
7. 0-7.5(80. m) 55 36    EP 0 376 197 B1 Working Examples Example 1 5
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 io  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 (err). 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-1 H-2-benzothiopyran-4-one- 1-carboxylate was obtained
as crystals (27 g, yield 40%). Recrystallization from ethyl acetate-hexane
gave 15  colorless plates. mp. 118-119 C Elemental analysis: [err] 20
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-1-carbox- 25 ylate (21.5 g)
followed by addition of 2N-KOH (70 ml). The mixture was stirred at room
temperature for one hour. The resulting reacrion mixture was poured into
water, acidified and extracted with ethyl acetate. The ethyl acetate layer
was washed with water, dried (err) and the solvent was distilled off to
give 6-chloro- 3,4-dihydro-1H-2-benzothiopyran-4-one-1-carboxylic acid
(18.8 g, yield 93%). Recrystallization from ethyl acetate gave colorless
prisms. 30  mp. 220-221 [err] Elemental analysis: [err] Calcd.:   C, 49.49;
H, 2.91 35                                Found:   C, 49.51:   H, 2.91
Example 2 40    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 dichloromethane (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, 45 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 (err). 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-1
H-2-benzothiopyran-4-one-1-carboxylate was obtained as an oil (42 g, yield
70%). 5o  NMR (err): 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 (1H, d.d, J=16 and 1 Hz), 4.24 (2H,
q, 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 (1H, d, J=2 Hz). In methanol (150 ml) was suspended ethyl
6-hexyl-3,4-dihydro-1H-2-benzothiopyran-4-one-1-carbox- ylate (41 g)
followed by addition of 2N-KOH (150 ml). The mixture was stirred at room
temperature for one 55  hour. The reaction mixture was poured in water,
acidified and extracted with ethyl acetate. The ethyl acetate layer was
washed with water, dried (err) and the solvent was distilled off to give
6-hexyl-3,4-dihydro- 



1H-2-benzothiopyran-4-one-1-carboxylic acid (27.5 g, yield 74%).
Recrystallization from ether-hexane gave colorless plates. 37    EP 0 376
197 B1 mp. 66-67-C Elemental analysis: [err] Calcd.:    C, 65.72;   H. 6.89
Found:   C, 65.73;   H. 6.90 10  Example 3 In the same manner as Example 2,
ethyl 6-cyclohexyl-3,4-dihydro-1 H-2-benzothiopyran-4-one-1 -carbox- ylate
was obtained. Yield 69%. Recrystallization from hexane gave colorless
prisms. m.p. 51-52 e C 15 Elemental analysis: [err] Calcd.:  C, 67.89;   H.
6.96 Found:   C, 68.08;   H. 7.01 20 In methanol (200 ml) was suspended
ethyl 6-cyclohexyl-3,4-dihydro-1 H-2-benzothiopyran-4-one-1- 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- 25  benzothiopyran4-one-l-carboxylic acid
(33g, yield 73%). Recrystallization from ethyl acetate-hexane gave
colorless plates. m.p. 171-172[err]. Elemental analysis: [err] Calcd.:   C,
66.18;   H. 6.25 Found:   C, 66.16;   H. 6.28 5  Example 4 In the same
manner as Example 2, ethyl
3,4,6,7,8,9-hexahydro-1H-naphto[2,3-c]thiopyran-4-one-1- carboxylate was
obtained as an oil. Yield 81 %. NMR (err): 1.27 (3H, t, J=7 Hz), 1.75 (4H,
m), 2.75 (4H, m), 3.19 (1H, d, J=16 Hz), 4.18 (1H, d, J = 16 Hz), 4.19 (2H,
q, J = 7 Hz), 4.31 (1 H, s), 6.87 (1 H, s), 7.81 (1 H, s). 



In methanol (20 ml) was suspended ethyl
3,4,6,7,8,9-hexahydro-1H-naphto[2,3-c]thiopyran-4-one-1- carboxylate (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 45 with water, dried
(err) and the solvent was distilled off to give 3,4,6,7,8,9-hexahydro-1
H-naphto[2,3-c]- thiopyran-4-one-1-carboxylic acid (2.3 g, yield 89%).
Recrystallization from ethyl acetate gave colorless prisms. m.p.
204-205[err] Elemental analysis: [err] 50
Calcd.: C, 64.10;   H. 5.38 Found:   C, 64.38;   H. 5.40 55 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 oil. Yield 73%. NMR (err): 1.31 (3H, t, J = 7 Hz), 3.21 (1
H, d.d, 38    EP 0 376 197 B1 J=16 and 1 Hz), 4.15-4.35 (6H, m), 6.72 (1 H.
s), 7.66 (1 H, s). In ethanol (200 ml) was suspended ethyl
6,7-ethylenedioxy-3,4-dihydro-1H-2-benzothlopyran-4-one-1- carboxylate (55
g) followed by addition 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 5  ethyl acetate layer was
washed with water, dried (err) and the solvent was distilled off to give
6,7- ethylenedioxy-3,4-dihydro-1H-2-benzothiopyran-4-one-1-carboxylic acid
(32.5 g, yield 65%). Recrystalliza- tion from ethyl acetate gave colorless
prisms. mp. 207-208[err] 10                                Elemental
analysis: [err] Calcd.:  C, 54.13;   H, 3.79 Found:   C, 54.37;   H, 3.82
15 Example 6 In the same manner as Example 2, methyl
3,4-dihydro-1H-2-benzothiopyran-4-one-1-carboxylate was obtained as an oil.
Yield 73%. 20  NMR (err): 3.25 (1 H, d, J = 24 Hz), 3.77 (3H, s), 4.26 (1
H, d, J = 24 Hz), 4.47 (1 H, s), 7.0-7.5 (5H, m), 7.9-8.1 (1 H, m). In
methanol (150 ml) was suspended methyl
3.4-dihydro-1H-2-benzothiopyran-4-one-1-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 (MgSO4)
and the solvent was distilled off to give 3,4-dihydro-1
H-2-benzothiopyran-4-one-1-carboxylic acid (22 g, yield 73%).
Recrystallization from ethyl acetate-hexane gave colorless prisms. mp.
124-125 C 30                                 Elemental analysis: [err]
Calcd.:  C, 57.68;   H. 3.87 Found:   C, 57.88;    H, 3.90 35 Example 7 In
the same manner as Example 2, ethyl
6,7-dimethoxy-3,4-dihydro-1H-2-benzothiopyran-4-one-1- carboxylate was
obtained. Yield 69%. Recrystallization from methanol gave colorless rods.
40 m.p. 82-83 *C Elemental analysis: [err] Caled.:  C, 56.74; | H, 5.44 45
Found:  C, 56.95;   H. 5.44 In methanol (20 ml) was suspended ethyl
6,7-dimethoxy-3,4-dihydro-1H-2-benzothiopyran-4-one-1- carboxylate (6 g)
followed by addition of 2N-KOH (15 ml), and the mixture was stirred at room
temperature 50 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 (err) and the solvent was distilled off to
give 6,7- dimethoxy-3,4-dihydro-1H-2-benzothiopyran-4-one-1-carboxylic acid
(4.4 g, yield 82%). Recrystallization from methanol gave colorless prisms.
m.p. 212-213 [err] 55 39    EP 0 378 197 B1 Elemental analysis: [err]
Calcd.:   C, 53.72;   H. 4.51 Found:   C, 53.76;   H, 4.61 5 Example 8 In
the same manner as Example 2, methyl
7-cyclohexyl-1,2,4,5-tetrahydro-3-benzothiepin-5-one-2- 10 carboxylate was
obtained. Yield 76%. 



NMR (err): 1.2-2.0 (10 H. m), 2.55 (1H, m), 3.21 (1H, d.d, J=14 and 5 Hz),
3.4 (1H, m), 3.41 (1H, d, J=18 Hz), 3.63 (1H, d.d, J=14 and 5 Hz), 3.81
(3H, s), 4.00 (1H, d, J=18 Hz), 7.15 (1H, d, J=8 Hz), 7.36 (1H, d.d, J=8
and 2 Hz), 7.77 (1H, d, J=2 Hz). In methanol (150 ml) was suspended methyl
7-cyclohexyl-1,2,4,5-tetrahydro-3-benzothiepin-5-one-2- 15 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 (err) 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%). Recrystal- 20  lization from ethyl acetate gave
colorless plates. m.p. 210-211 [err] Elemental analysis: [err] 25
Calcd.:   C, 67.08;   H, 6.62 Found:   C, 67.25   H, 6.63 Example 9 30 In
the same manner as Example 2, ethyl 6-cyclohexyl-t-3-methyl-3,4-dihydro-1
H-2-benzothiopyran-4- one-r-1-carboxylate was obtained. Yield 80%. NMR
(err): 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 35  (1H, d, J=2 Hz). In
methanol (50 ml) was suspended ethyl
6-cyclohexyl-3-methyl-3,4-dihydro-1H-2-benzothiopyran-4- one-1-carboxylate
(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 (err) and the solvent was
distilled off to 40 give
6-cyclohexyl-t-3-methyl-3,4-dihydro-1H-2-benzothiopyran-4-one-r-1-carboxyli
c acid (7.4 g, yield 70%). Recrystallization from ethyl acetate gave
colorless plates. mp. 185-186[err] Elemental analysis: [err] Calcd.:   C.
67.08;   H, 6.62 Found:   C, 67.33;   H, 6.68 50  Example 10 In DMF (10 ml)
was dissolved
6-cyclohexyl-3,4-dihydro-1H-2-benzothiopyran-4-one-1-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 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 (err) and the solvent was distilled off to give
6-cyclohexyl-N-(3-pyridyl)-3,4-dihydro-1H-2-benzothiopyran-4-one-1-carboxam
ide (490 mg, yield 79%). Recrystallization from ethyl acetate-hexane gave
colorless plates. 40    EP 0 376197 B1 mp. 194-195 C Elemental analysis:
[err] 5                              Calcd.:    C, 68.82;   H. 6.05;    N,
7.64 Found;    C, 68.59;   H. 5.90;    N, 7.63 10 15 20 25 30 35 40 45 50
55 41    EP 0376197 B1 Example 11 through 55 In the same manner as Example
10, compounds in Table 10 were obtained. 15 Table 10[err] 10 Example No.
(%)             solvent [err]
acetate 



25 1 2     H,                H, H    N            70    255-256    Ethyl
[err]                                             acetate 30 163 1 2
203-204    Ethyl acetate H       220-221    Ethyl 6
acetate 45 5 9    290-291    Ethyl [err]                         acetate
(continued) 55 42    EP 0 376 197 B1 Example   [err]   Yield    m p
Recrystal- 5     No.                                             ( err)
solvent Ethyl 5 2   117-118       acete- 15 [err] 1 7 Chloroform- 25 1 9
ethyl 8 2   183-184        acetate 2 0                       H    [err]
Ethyl 35                          [err]             6 0   208-209
acetate 40 21 



H       [err]         6 0   176-177       acetate (continued) 50 55 43
EP 0 376197 B1 Example[err] No.
[err] 22 10                     H                    8 6   171-172
Ethanol [err] 2 3                       H                      Note 1) 6 3
164-165    Methano [err] 20 2 4                       H, Ethyl H
8 4   133-134    acetate- 25 25 7 5   181-182   acetate 30            6
H                                      hexe e[rr] 2 6                    H
35           H.            [err]  8 4  119-120               thanol [err]
40 27 [err]   8 9  225-226   Ethyl [err]
acetate- 45
hexane (continued) 



50 55 44    EP 0 376 197 B1 Example  [err]    Recrystal- 5 (err] 2 8
229-230  cheloroform [err] H                                  methanol 2
[err] 20 6.7-[err] 8 5   183-184  methanol 25 3 1                     H, 30
6,7[err] H                  8 5   217-218  methanol [err] 3 2
H, 6,7-[err]  199-200  methanol 3 3                     H, 8 1   197-198
Ethanol [err] (continued) 50 55 45    EP 0 376 197 B1 



Example   [err]  Yield          m p      lzation 5    No.
[err]    solvent 34 10           6,7-[err]                    6 9   205-206
Ethanol [err] 35 9 1   177-178  Ethanol [err] 20 3 6
H, 8 9   132-133  Ethanol [err] 25 3 7                       H 6.7-[err]
7 6   154-155  Ethyl 30
hexane [err] 38                        H, 35 H, H                         8
0   210-211   Ethanol H   [err] 40 3 9 H. H        H   [err]              7
8   202-203  Ethanol [err] (continued) 50 55 46    EP 0 378 197 B1 m p
lization 5    No.                                        (%)       (err)
solvent 



4                         H 10              H. H       H
7 6    168-169   methanol [err] 41                        H, H, H      H
8 8    193-194   Ethanol [err] 20 4 2      H               H Ethyl
6-C,H[err]    H   [err]123-124   acetate- 25 4 3   H, 30
6-C,H[err]       H                   8 2   139-140   Ethanol [err] 44 35 8
6   136-137   Ethanol 6-[err]      H   [err] 40 4 5      H,
H,                                Ethyl. 6-[err]               8 1
168-169 [err] 45 (continued) 50 55 47    EP 0 376 197 B1 Example  [err]
Recrystal- No.                                    (%)   lization 46     H ,
H, 10            6 -C      H   6                    81  184-185 Methanol 



P(O)(err) 15            H, 6 -C [err]     H   [err]                  83
188-189 Ethanol P(O)[err] 20 4 8     H,             H, Ethyl 6 -C [err]
H                     77  166-167  hexane 25      m
[err] H            H, 30            6-[err]                  75  193-194
Ethanol [err] 5 0  6,7-0[err] 80  175-176  Ethanol H   P(O)[err] 40 5 1
6,7-[err] H, 45                                             81  250-251
chloroform H   [err] (continued) 50 55 48    EP 0 376 197 B1 Example
[err]      Yield    mp        Recrystal- No.
(%)    (err)       lization 5 2    6,7-0[err]          H, H
88 223-224 Methanol- 10
chloroform [err] 5 3 6.7-(OCH3)2                     F       85   195-196
Methanol 



H 20 5 4                                                        Note 2)
6,7-[err]              [err]  87  222-223  Methanol H 25 5 5        H
CH3, 30                              H                   [err]    53
93-94    hexane 6 [err]           H       CH2          CH3 35    Note 1)
1,3-trans-Isomer Note 2) Hydrochloride 40  Example 56 A mixture of
7-cyclohexyl-1,2,4,5-tetrahydro-3-benzothiepin-5-one-2-carboxylic acid (1.0
g) and thionyl chloride (2 ml) was heated under reflux for 30 minutes and,
then, concentrated. The residual oil was dissolved in dichloromethane (5
ml). This solution was added dropwise to a solution of 4-diethox- 45
yphosphorylaniline (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 1N-HCI (50 ml) and extracted
with ethyl acetate. The ethyl acetate layer was washed with water, dried
(err) and the solvent was distilled off to give
7-cyclohexyl-N-(4-diethoxyphosphorylphenyl)-1,2,4,5-tetrahydro-3-benzothiep
in-5- one-2-carboxamide (760 mg, yield 45%). Recrystallization from ethanol
gave colorless prisms. 50  m.p. 222-223 [err] Elemental analysis: [err]
Calcd.:   C, 62.90;   H. 6.65;   N, 2.72 55
Found:   C, 62.79;   H, 6.55;   N, 2.71 49    EP 0 376 197 B1 Examples 57
and 58 In the same manner as Example 56, the compounds in Table 11 were
obtained. Table 11 CON\ 10 [err] 



Recrystal- No.                               [err]  solvent 20    5 7
H, 77   235-236  Methanol- chloroform [err] 25 5 8     H,
H, methanol- 30                                                          60
227-22   chloroform 35 Example 59 Sodium borohydride (102 mg) was added to
a solution of 7-cyclohexyl-N-(3,4-methylenedioxyphenyl)-3,4- dihydro-1
H-2-benzothiopyran-4-one-1 -carboxamide (1.1 g) in ethanol (20 ml) and the
mixture was stirred at 40  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 aqueous solution of NaHCOs and water, dried
(MgSO4) and the solvent was distilled off to give 7-
cyclohexyl-N-(3,4-methylenedioxyphenyl)-c-4-hydroxy-3,4-dihydro-1
H-2-benzothiopyran-r-1 -carboxamide (0.97 g, yield 88%). Recrystallization
from ethyl acetate gave colorless prisms. 45  mp. 208[err] Elemental
analysis: [err] Calcd.:   C, 67.13;   H, 6.12;   N, 3.40 50
Found: | C, 66.91;   H. 6.19;   N, 3.15 55 50    EP 0 376 197 B1 Examples
60 through 62 In the same manner as Example 59, the compounds in Table 12
were obtained. 5     Table 12 [ERR] 5 Example      [ERR] 



20 6  0      H,           H,                                Note  1) 0   82
88-8 25                                  [ERR] 30     61
H                                  Note 2) 6.7-[ERR]
0   85      70-7 [ERR] 35 6 2         H.        H Note 3) 1  83   120-12
40[ERR] [ERR] 45 Note 1) Powder, a 2:1 mixture of 1,4-cis-and trans-isomers
Note 2) Powder, a 3:1 mixture of 50              1,4-cis-and trans-isomers
Note 3) Powder,Recrystaliation ethyl acetate, a 2:1 mixture of 2,5-cis-and
trans-isomers 55 51    EP 0 376 197 B1 Example 63 A solution of
m-chloroperbenzoic acid (70%, 662 mg) in chloroform (5 ml) was added to a
solution of 7-
cyclohexyl-N-(3,4-methylenedioxyphenyl)-3,4-dihydro-1H-2-benzothiopyran-4-o
ne-1-carboxamide (1.1 g) in 5  chloroform (15 ml) under ice-cooling and the
mixture was stirred for 1 hour at the same teperature. The reaction mixture
was successively washed with water, saturated aqueous solution of
NaHCO[err] and water, dried (err) and the solvent was distilled off. The
residue was subjected to silica gel chromatography with ethyl
acetate-hexane (2:3, v/v). Removal of the solvent from the first eluate
gave 7-cyclohexyl-N-(3,4- methylenedioxyphenyl)-3,4-dihydro-1
H-2-benzothiopyran-4-one-1 -carboxamide-2,2-dioxide  (0.28 g, yield 10
23%). Recrystallization from ethyl acetate-hexane gave colorless needles. 



mp. 224-225 [err] 15                            Elemental analysis:
C23H23NOr S Calcd.:   C, 62.57;   H. 5.25;   N. 3.17 Found:   C, 62.41;
H, 5.23;   N. 3.21 20     Solvent removal from the following eluate gave
7-cyclohexyl-N-(3,4-methylenedioxyphenyl)-3,4-dihydro- 1
H-2-benzothiopyran-4-one-1-carboxamide-2-oxide (0.58 g, yield 53%) (a
mixture of 1,2-cis and -trans, 6:4). Recrystallization from ethanol gave
colorless prisms. mp. 208-209 * C 25                         Elemental
analysis: [err] Calcd.:   C, 64.92;   H, 5.45;   N, 3.29 Found:   C, 64.57;
H, 5.28;   N. 3.45 30 35 40 45 50 55 52    EP 0 376197 B1 Examples 64
through 67 In the same manner as Example 63, the compounds in Table 13 were
obtained. 5 Table 13 10 Recrystal- [err]    solvent 20    6 4  H
H                                    Note 1)  Ethyl [err]
1      73   140-142  acetate- [err]                             hexane 25
65H. 6-[err]          2    16   179-180  Ethyl 



30 6 6                  H,                                  Note 2) 6,7-
[err]                         1      11   145-147  Ethyl acetate- 35
[err]                             hexane 6 7                  H,
.          Note 3) 40       6,7-[err]               2       11    28-130
acetate- P(O)(err)2                                 hexane 45       Note 1)
1:1 (ca.) mixture of cis-and trans-isomers Note 2) Powder, a 1:1 (ca.)
mixture of cis-and trans-isomers Note 3)  Powder Example 68 55 To a
solution of
7-cyclohexyl-N-(4-diethoxyphosphorylmethylphenyl)-1,2,3,4-,5-tetrahydro-3-b
en- zothiepin-5-one-2-carboxamide (0.53 g) in chloroform (10 ml) was added
dropwise a solution of m- chloroperbenzoic acid (80%, 0.6478) in chloroform
(10 ml), and the mixture was allowed to stand at room 53    EP 0 378 197 B1
temperature overnight. The reaction mixture was then successively washed
with aqueous potassium carbonate solution and water, dried (err). The
solvent was then distilled off to give 7-cyclohexyl-N-(4-
diethoxyphosphorylmethylphenyl)-1,2,4,5-tetrahydro-3-benzothiepin-5-one-2-c
arboxamide-3,3-dioxide  (0.49 g, 87%). Recrystallization from
chloroform-ethanol gave colorless plates melting at 237 - 238 [err] C. 5
Elemental analysis, [err] Calcd.:   C, 59.88; | H, 6.46;   N, 2.49 Found:
C, 59.77;   H, 6.53;   N. 2.66 10 Examples 69 and 70 In substantially the
same manner as Example 68, the compounds shown in Table 14 were obtained.
15 



Table 14 20 0 25 Example              Yield   M.p.    Recrystallization
solvent No.        [err]       (%)        [err] 30 69         [err]
91       90 - 91         Ethyl acetate-hexane 70         CH3      38
84  - 85        Ethyl acetate-hexane 35 Example 71 40     A mixture of
ethyl 6-methyl-3,4-dihydro-1
H-2-benzothiopyran-4-one-1-carboxylate-2,2-dioxide (0.565 g), 2N-KOH (10
ml) and methanol (10 ml) was stirred at room temperature for 30 minutes,
after which it was acidified with 2N-HCI and extracted with ethyl acetate.
The ethyl acetate layer was washed with water, dried (err) and the solvent
was distilled off. To the residue was added thionyl chloride (2 ml) and the
mixture was refluxed for 30 minutes and, then, concentrated under reduced
pressure The oily residue was dissolved in dichloromethane (5 ml) and the
solution was added dropwise to a solution of diethyl 4-aminobenzyl-
phosphonate (0.487 mg) in pyridine (10 ml) at room temperature. The mixture
was stirred at room temperature for 30 minutes, after which it was poured
into water and extracted with ethyl acetate. The ethyl acetate layer was
successively washed with 2N-HCI and water, dried (err) and the solvent was
distilled so off to give
N-(4-diethoxyphosphorylmethylphenyl)-6-methyl-3,4-dihydro-1
H-2-benzothiopyran-one-1 -car- boxamide-2,2-dioxide (0.32 g, 33%).
Recrystallization from ethanol gave colorless needles melting at 212 - 213
[err] C. Elemental analysis, [err] 55                           Calcd.:
C, 55.11;   H, 5.47;   N, 2.92 Found     C ,55.37;    H, 5.62;   N, 2.89 54
EP 0 376 197 B1 Example 72 In substantially the same manner as Exmaple 71,
N-(diethoxyphosphorylphenyl)-6-methyl-3,4-dihydro-
1H-2-benzothiopyran-4-one-1-carboxamide-2,2-dioxide was synthesized. Yield
55%. Recrystallization from 5 ethyl acetate - hexane gave colorless prisms
melting at 129 - 130[err] C. 



Elemental analysis, [err] Calcd.:   C, 54.19;   H. 5.20;   N, 3.01 10
Found:   C, 54.14;   H. 5.39;   N. 2.92 Example 73 15    In ether (300 ml)
was dissolved ethoxycarbonyl(3,4-dimethylphenyl)methylthioacetic acid (66
g) followed by addition of thionyl chloride (41.7 g) and, then, pyridine
(0.1 ml). The mixture was stirred at room temperature for 1 hour and, then,
refluxed for 30 minutes, after which it was concentrated under reduced
pressure. The oily residue was dissolved in dichloromethane (100 ml) and
the solution was added dropwise 20 to an ice-cooled suspension of aluminum
chloride (62.4 g) in dichloromethane (300 ml) over a period of 1 hour. The
reaction mixture was further stirred with ice-cooling for 1 hour, after
which it was poured into ice- water (err) and the organic layer was
separated. The organic layer was washed with water, dried (err) and the
solvent was distilled off to give ethyl 6,7-dimethyl-3,4-dihydro-1
H-2-benzothiopyran-4-one-1-carbox- ylate (49.5 g, 80%). Recrystallization
from hexane gave coloreless plates melting at 68 - 69 [err] C. 25 Elemental
analysis, [err] Calcd.:   C, 63.61;   H, 6.10 Found:   C, 63.68;   H, 6.15
30 35 40 45 50 55 55    EP 0 376 197 B1 Examples 74 through 88 In
substantially the same manner as Example 73, the compounds shown in Table
15 were obtained. 5 10 20 25 40 



EP 0 376 197 B1 10 15 0    EP 0 376197 B1 *   - 11 10 20    EP 0 376 197 B1
* 10 15 20 30    EP 0 376 197 B1 00 5 20 25 30 50
00 55 Example 89 



In other (300 ml) was dissolved
2-[ethoxycarbonyl(3,4-dimethylphenyl)methylthiolpropionlc acid (40.5 g),
followed by addition of thionyl chloride (24.4 g) and, then, pyridine (0.1
ml). The mixture was stirred at 60    EP 0376 197 B1 room temperature for 1
hour and refluxed for 30 minutes. The solvent was distilled off under
reduced pressure 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 g) in dichloromethane (300 ml) over a period of 1
hour. The reaction mixture was further stirred for 1.5 hours with
ice-cooling and, then, poured into ice-water 5  (1 [err]). The organic
layer was separated, washed with water, dried (err) and the solvent was
distilled off. The oily residue was dissolved in ethanolic sodium ethoxide
(prepared from 0.315 g of sodium and 200 ml of ethanol) and the solution
was refluxed for 15 minutes. The reaction mixture was then poured into
water, acidified with 1N-HCI (100 ml) and extracted with ether. The ether
layer was washed with water, dried (err) and the solvent was distilled off.
Finally, the residue was chromatographed on a silica gel with 10
ether-hexane (1:3) to give ethyl
6,7-dimethyl-t-3-methyl-3,4-dihydro-1H-2-benzothiopyran-4-one-r-1-carbox-
ylate (23.5 g, 62%). Recrystallization from hexane gave colorless prisms
melting at 83 - [err]. Elemental analysis, [err] 15
Calcd.:   C, 64.72;  H, 6.52 Found:   C, 64.90;    H,6.55 20 25 30 35 40 45
50 55 61    EP 0 376197 B1 Examples 90 through 94 



In substantially the same manner, the compounds shown in Table 16 were
obtained. 5 * 15 20 25 30 [err] 35 40    EP 0 376197 B1 Example 95 A
mixture of ethyl
6,7-dimethyl-t-3-methyl-3,4-dihydro-1H-2-benzothiopyran-4-one-r-1-carboxyla
te (21 g), 2N-KOH (100 ml) and methanol (100 ml) was stirred at 50[err]for
30 minutes, at the end of which time it 5 was acidified with 1 N-HCI and
extracted with ethyl acetate. The ethyl acetate layer was washed with
water, dried (MgSO4) and the solvent was distilled off under reduced
pressure. The procedure yielded 6,7-
dimethyl-t-3-methyl-3,4-dihydro-1H-2-benzothiopyran-4-one-r-1-carboxylic
acid (16.5 g, 87%). Recrystal- lization from ethyl acetate gave colorless
prisms melting at 203 - 204, C. 10                                Elemental
analysis[err] Calcd.: C, 62.38;   H, 5.64 Found:   C, 62.67;   H, 5.67 15
20 25 30 35 40 45 50 55 63  



EP 0 376197 B1 Examples 96 through 115 In substantially the same manner as
Example 95, the compounds shown in Table 17 were obtained. 5 Table 17 10 15
Recrystal- Example  [err]       R   Yield    mp       lization No.
(%)    [err]   solvent 96   H,6-[err]              H    79    185-168
Ethyl acetate- 20
hexane Ethyl 97   H,6-[err]        H    76    110-111  acetate- hexane 25
Ethyl 98   H,[err]           H    78    190-191  acetate- hexane 30
99   H,6-[err]   H    73    158-159  Ether- Ethyl 35      100   H,6-[err]
H    78    146-147   acetate- hexane 5Ethyl 101   H,6                  H
88    124-125   acetate- 40             hexane Ethyl 102   H.6-[err]
H    68    166-167   acetate- hexane 45 Ethyl 103   H.6 [err]      H
H    63    155-156   acetate- hexane 50
Ethyl 104                   H    49    165-166   acetate- 



(continued) 55 64    EP 0 376197 Bl Example          2               Yield
mp      Recrystal- NO.        [err]        R                      lization
(%)    [err]    solvent 105   5-[err]          H    97    194-195   Ethyl
Ethyl 10      106   6-[err]          H    94    168-169   acetate- hexane
107   6-[err]         H    78    183 184   acetate 15
Ethyl 108   6-[err]   70    157-158   acetate- hexane 20
76     1718 Ethyl 109   6[err]        C3H    76    167 168   acetate-
hexane 25      110   6-[err]    30    179-180   Ethyl acetate 111   6-[err]
H    75    189-190   Ethyl acetate so            6-[err]
Ethyl 112                        H    97    144-145   acetate- 7-[err]
hexae, 113   6,7-[err]          H    75    177-178   acetate 114
6,7-[err]   71    192-193   Ethyl Ethyl 115   6,7-[err]   78    185-186
acetate- 40 ~~~~~~~~~~~~~~hexane 116   6,7-[err]          H    75
204-205   Ethyl 



45 Reference Examples 117 through 199 In substantially the same manner as
Reference Example 10, the compounds shown in Table 18 were so obtained. 55
65    EP 0 376 197 B1 5 10 20 35    EP 0 376 197 B1 5 10 15 20 40 50    EP
0376 197 B1 5 10 15 - 20 30  



EP 0 376 197 B1 10 35 35    EP 0 376 197 B1 6 10 25 30 35 45    EP 0 376197
B1 5 20 20 40 45    EP 0 376 197 B1 5 15
. 30 35   



EP 0 376 197 B1 5 0 15 16 20    EP 0 376 197 B1 10 35    EP 0 376 197 B1 5
0 25 0 -) V t 0          0 35 40    EP 0 376 197 B1 5 0 10 c 20 30 35 40 



45 50 55 76    EP 0 376 197 B1 C 20 40 45    EP 0 376 197 B1 10 15 C 35 50
EP 0 376 197 B1 5 10 20 45    EP 0 376 197 B1 5 20 



EP 0 376 197 B1 temperature for 1 hour. On the other hand, a mixture of
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, poured Into water and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried (err) and the solvent was
distilled 5  off to give
N-diethoxyphosphoryl-6,7-dimethyl-3,4-dihydro-1H-2-benzothiopyran-4-one-1-c
arboxamide (0.29 g, 19%). Recrystallization from ethyl acetate gave
colorless prisms melting at 192 - 193 [err] Elemental analysis, [err] 10
Calcd.:   C, 51.74;   H, 5.97;   N, 3.77 Found:   C, 51.71;   H. 5.88;   N,
3.74 Example 201 In substantially the same manner as Example 200,
6-cyclohexyl-N-diethoxyphosphoryl-3,4-dihydro-1 H-
2-benzothiopyran-4-one-1-carboxamide was synthesized. Yield 36%.
Recrystallization from ethyl acetate gave colorless needles melting at 163
- 164 [err] C. 20 Elemental analysis, [err] Calcd.: C, 56.46;   H, 6.63;
N, 3.29 Found:   C, 56.37;   H, 6.65;   N, 3.09 25 Example 202 In THF (10
ml) was dissolved
6,7-dimethyl-3,4-dihydro-1H-2-benzothiopyran-4-one-1-carboxylic acid 30
(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 added to aqueous ammonia (20 ml) - ethyl acetate (40
ml) and the whole mixture was stirred at room temperature for 30 minutes.
The ethyl acetate layer was then separated, washed with water, dried (err)
and the solvent was distilled off to give 6,7-
dimethyl-3,4-dihydro-1H-2-benzothiopyran-4-one-1-carboxamide (0.38 g, 81%).
Recrystallization from ethyl 35  acetate gave colorless plates melting at
197 - 198[err]C. Elemental analysis,[err] Calcd.:   C, 61.25;  H, 5.57;  N,
5.95 40                           Found:  C, 61.20;   H, 5.53;   N. 6.00
Example 203 45     A mixture of
6,7-dimethyl-t-3-methyl-3,4-dlhydro-1H-2-benzothiopyran-4-one-r-1-carboxyli
c acid (0.5 g) 



and thionyl chloride 2 ml) was refluxed with stirring for 1 hour,
concentrated and the residue was dissolved in chloroform (3 ml). The
solution was added to aqueous ammonia (20 ml) - ethyl acetate (30 ml), and
the mixture was stirred at room temperature for 30 minutes. The ethyl
acetate layer was separated, washed with water and dried (err). The solvent
was then distilled off to give 6,7-dimethyl-t-3-methyl-3,4-dihydro-1 H- 50
2-benzothlopyran-4-one-r-1-carboxamide (0.305 g, 61%). Recrystallization
from ethyl acetate gave colorless needles melting at 190 - 191 [err].
Elemental analysis, [err] Calcd.:   C, 62.62;   H, 6.06;   N, 5.06 Found:
C, 62.69;   H. 6.12;   N, 5.63 81    EP 0 376 197 B1 Example 204 To a
mixture of N-(4-diethocyphosphorylphenyl)-6-cyclohexyl-3,4-dihydro-1
H-2-benzopyran-4-one-1 -car- boxamide (1.8 g) and carbon tetrachloride (30
ml) was added lodotrimethylsilane (1.6 g) under ice-cooling, 5  followed by
stirring at room temperature for 30 minutes. The reaction mixture was
concentrated, and methanol (30 ml) and 2N-HCI (100 ml) were added thereto
in that order. The mixture was extracted with ethyl acetate, and the ethyl
acetate layer was washed with water and dried (err). The solvent was then
distilled off to give
6-cyclohexyl-N-(4-phosphonophenyl)-3,4-dihydro-lH-2-benzothiopyran-4-one-1-
carbox- amide (0.92 g, 58%). Recrystallization from ethyl acetate -
methanol gave colorless prisms melting at 232 - 10  233 [err] Elemental
analysis, [err] Calcd.:   C, 59.32;  H, 5.43;   N, 3.14 15
Found:   C, 58.90;   H, 5.31;  N, 3.02 Example 205 20    In substantially
the same manner as Example 204,
6,7-dimethyl-N-(4-phosphonophenyl)-3,4-dihydro-1 H-
2-benzothiopyran-4-one-1-carboxamide was obtained. Yield 70%.
Recrystallization from ethyl acetate - methanol gave colorless prisms
melting at 262 - 264 [err] C. 25                           Elemental
analysis, [err] Calcd.:    C, 55.25;   H, 4.64;   N, 3.58 Found:   C,
55.06;   H, 4.72;   N,3.35 30 Example 206 



To a solution of
6-cyclohexyl-N-(4-diethoxyphosphorylmethylphenyl)-3,4-dihydro-1H-2-benzothi
opyran- 4-one-1-carboxamide (2.6 g) in acetonitrile (50 ml) was added
bromotrimethylsilane (3.1 g) and the mixture 35 was stirred at room
temperature for 12 hours. The reaction mixture was then poured into water
and extracted with ethyl acetate. The ethyl acetate layer was washed with
water, dried [err] and the solvent was distilled off. The procedure yielded
6-cyclohexyl-N-(4-phosphonomethylphenyl)-3,4-dihydro-1H-2-ben-
zothiopyran-4-one-1-carboxamide (0.91 g, 40%). Recrystallization from.
ethyl acetate - methanol gave colorless prisms melting at 226 - 227 [err].
40 Elemental analysis, [err] Calcd.: C, 60.12;  H 5.70;  N, 3.05 Found:
C, 59.71;   H, 5.59;   N. 2.98 45 Example 207 In substantially the same
manner as Example 206, 6,7-dimethyl-N-(4-phosphonomethylphenyl)-3,4- 50
dihydro-lH-2-benzothiopyran-4-one-1-carboxamide was synthesized.
Recrystallization from ethyl acetate - methanol gave colorless prisms
melting at 244 - 245 [err]. Elemental analysis, [err] 55
Calcd.:   C, 56.29;   H, 4.97;   N. 3.45 Found:   C, 55.97;   H, 4.87;   N.
3.34 82    EP 0376 197 B1 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-1-carboxamide was obtained. Yield 78%.
Recrystallization from ethanol- 5 chloroform gave colorless prisms melting
at 244-245 * C. Elemental analysis, [err] Calcd.:    C, 62.15;   H. 5.22;
N, 4.03 10                          Found    C, 52.02;   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-1
H-2-benzothiopyran-r-1 -carboxamide was obtained. Recrystallization from
ethyl ace- tate-hexane gave colorless prisms melting at 162-163 [err]. 



20                           Elemental analysis, [err] Calcd.:    C,59.60;
H,6.52;    N,3.20 Found:    C,59.07:    H,6.55;    N.2.99 25 Preparation
Example 1 Tablets Composition per tablet 30 (1) Compound (the compound
synthesized in Example 22)  50 mg (2) Com starch
30 mg (3) Lactose                                       113.4 mg 35
(4) Hydroxypropylcellulose                            6 mg (5) Water
0.03 ml (6) Magnesium stearate                              0.6 mg Of the
above ingredients, (1), (2), (3) and (4) were blended and kneaded with (5)
and the resulting mass 40 was dried in vacuo at 40 [err] for 16 hours. The
mass was pulverized and sieved through a 16-mesh screen to give granules.
The granules were mixed with (6) and the composition was compression-molded
with a rotary tablet-making machine (manu- factured by Kikusui Seisakusho
Co., Ltd.) to give 200 mg tablets. 45 Preparation Example 2 Enteric-coated
tablets (1) Compound (the compound synthesized in Example 146)  50 mg 50
(2) Corn starch                                        30 mg (3) Lactose
113.4 mg (4) Hydroxycellulose                                  6 mg (5)
Water                                            0.03 ml (6) Magnesium
stearate                               0.6 mg (7) Cellulose acetate
phthalate                       10 mg (8) Acetone
0.2 ml 83    EP 0 376 197 B1 Of the above ingredients, (1), (2), (3), (4),
(5) and (6) were used to give tablets in the same manner as Preparation
Example 1. The tablets were film-coated with an acetone solution of (7)
using a bar coater (manufactured by Freund) to give 210 mg enteric tablets.



5 Preparation Example 3 Capsules (1) Compound (the compound synthesized in
Example 163)   30 mg 10                (2) Corn starch
40 mg (3) Lactose                                         74 mg (4)
Hydroxypropylcellulose                           6 mg (5) Water
0.02 ml 15     Of the above ingredients, (1), (2), (3) and (4) were blended
and kneaded with (5) and the reusiting mass was dried in vacuo at 40[err]
for 16 hours. The dried mass was pulverized and sieved through a 16-mesh
screen to give granules. Using a capsule filling machine (Zanassi, Italy),
the granules were filled into No. 3 gelatin capsules to give capsules. 20
Prepartion Example 4 Injection (1) Compound (the compound synthesized in
Example 23)  5 mg (2) Sodium salicylate                              50 mg
25                 (3) Sodium chloride                                180
mg (4) Sodium metabisulfite                           20 mg (5)
Methylparaben                                  36 mg (6) Propylparaben
4 mg 30                 (7) Distilled water for injection
2 ml Of the above ingredients, (2), (3), (4). (5) and (6) were dissolved in
one-half of the indicated volume of distilled water for injection with
stirring at 80 C. After the resulting solution was cooled to 40[err] C, (1)
was dissolved in the solution. To the solution thus obtained was added the
remaining volume of distilled water 35 for injection to make the indicated
volume and aseptically filtered through an appropriate filter paper to give
a sterile injectable solution. Claims Claims for the following Contracting
States: AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 40 1. A
sulfur-containing heterocyclic compound of the formula (I) 45
[err] [err] R 60 wherein ring A is a benzene ring which may be substituted
by 1 to 4 substituents, which are the same or different, selected from (1)
a halogen, 55       (2) nitro, 



(3) a e[rr] straight-chain or branched alkyl or [err] cycloalkyl group
which may be substituted by 1 to 3 substituents, which are the same or
different, selected from a halogen, hydroxyl, [err] alkoxy, mono- or
di[err] alkoxy)phosphoryl and phosphono group, 84    C   L  M   S Of the
above ingredients, (1), (2), (3), (4), (5) and (6) were used to give
tablets in the same manner as Preparation Example 1. The tablets were
film-coated with an acetone solution of (7) using a bar coater
(manufactured by Freund) to give 210 mg enteric tablets. 5 Preparation
Example 3 Capsules (1) Compound (the compound synthesized in Example 163)
30 mg 10                (2) Corn starch
40 mg (3) Lactose                                         74 mg (4)
Hydroxypropylcellulose                           6 mg (5) Water
0.02 ml 15     Of the above ingredients, (1), (2), (3) and (4) were blended
and kneaded with (5) and the reuslting mass was dried in vacuo at 40 [ERR]C
for 16 hours. The dried mass was pulverized and sieved through a 16-mesh
screen to give granules. Using a capsule filling machine (Zanassi, Italy),
the granules were filled into No. 3 gelatin capsules to give capsules. 20
Prepartion Example 4 Injection (1) Compound (the compound synthesized in
Example 23)  5 mg 25                 (2) Sodium salicylate
50 mg (3) Sodium chloride                               180 mg (4) Sodium
metabisufite                           20 mg (5) Methylparaben
36 mg (6) Propylparaben                                   4 mg 30
(7) Distilled water for injection                     2 ml Of the above
ingredients, (2), (3), (4), (5) and (6) were dissolved in one-half of the
Indicated volume of distilled water for injection with stirring at 80 [err]
C. After the resulting solution was cooled to 40 [err]C, (1) was dissolved
in the solution. To the solution thus obtained was added the remaining
volume of distilled water 35 for injection to make the indicated volume and
aseptically filtered through an appropriate filter paper to give a sterile
injectable solution. Claims 



Claims for the following Contracting States: AT, BE, CH, DE, FR, GB, IT,
LI, LU, NL, SE 40 1. A sulfur-containing heterocyclic compound of the
formula (I) 45 [err] 50 wherein ring A is a benzene ring which may be
substituted by 1 to 4 substituents, which are the same or different,
selected from (1) a halogen, 55       (2) nitro, (3) a [err] straight-chain
or branched alkyl or [err] cycloalkyl group which may be substituted by 1
to 3 substituents, which are the same or different, selected from a
halogen, hydroxyl, [err] alkoxy, mono- or di([err] alkoxy)phosphoryl and
phosphono group, 84    EP 0 376 197 B1 (4) (i) hydroxyl, or (ii) a [err]
straight-chain or branched alkoxy, [err] cycloalkoxy, [err] al- kenyloxy,
[err] aralkyloxy, [err] alkanoyloxy or [err] aryloxy group which may be
substituted by 1 to 3 substituents, which are the same or different,
selected from a halogen, hydroxyl, [err] alkoxy and mono- or di[err]
alkoxy) phosphoryl group, 5        (5) (i) thiol, or (ii) a[err]
straight-chain or branched alkylthio, [err] cycloalkylthio, [err]
aralkylthio or C2-1 alkanoylthio group which may be substituted by 1 to 3
substituents, which are the same or different, selected from a halogen,
hydroxyl, [err] alkoxy and mono- or di[err] alkoxy)phosphoryl group, (6) an
amino group which may be substituted by 1 or 2 substituents, which are the
same or different, 10       selected from a [err] alkyl, [err] alkenyl,
[err] aryl and [err], aralkyl group wherein the substituent may be further
substituted by a halogen, [err] alkoxy, mono- or di[err] alkoxy)-
phosphoryl or phosphono group, (7) a [err] acyl which may be substituted by
1 to 3 substituents, which are the same or different, selected from a
halogen, hydroxyl, [err] alkoxy and amino group, is       (8) a mono- or
dialkoxyphosphoryl, (9) phosphono, (10) an aryl group which may be
substituted by 1 to 3 substituents, which are the same or different, 



selected from [err] alkyl, halogen, hydroxyl and [err] alkoxy group, (11) a
[err] aralkyl group which may be substituted by 1 to 3 substituents, which
are the same or 20        different, selected from a C1 -6 alkyl, halogen,
hydroxyl and [err] alkoxy group and (12) a 5- or 6-membered aromatic
heterocyclic group having 1 to 4 nitrogen, oxygen and/or sulfur atoms,
which may be substituted by 1 to 3 substituents, which are the same or
different, selected from a [err] alkyl, halogen, hydroxyl and [err] alkoxy
group; R is (i) a hydrogen atom or (ii) a [err] alkyl, [err] alkenyl, [err]
aryl or [err] aralkyl group which 26     may be substituted by a 5- or
6-membered aromatic heterocyclic group having 1 to 4 nitrogen, oxygen
and/or sulfur atoms, halogen, dialkoxyphosphoryl or phosphono group; B is a
carboxyl, [err] alkoxy-carbonyl, [err] aryloxycarbonyl, [err]
aralkyloxy-carbonyl group or a group of the formula [err] where [err] and
[err] each is (1) a hydrogen atom, 30       (2) a [err]alkyl, [err]
alkenyl, [err] aryl or [err] aralkyl group which may be substituted by 1 to
3 substituents, which are the same or different, selected from (i) a
halogen, (ii) hydroxyl, (iii) a [err] alkoxy, (iv) an amino which may be
substituted by a [err] alkyl, (v) an amino substituted by an acyl, (vi)
carbamoyl which may be substituted by a [err] alkyl, (vii) a [err]
alkoxy-carbonyl, (viii) a mono- or dialkoxyphosphoryl, (ix) phosphono group
and (x) a 5- or 6-membered aromatic heterocyclic 36        group which may
be substituted or (3) (i) 5- to 7-membered heterocyclic group containing
one sulfur, nitrogen or oxygen atom, 5- or 6- membered heterocyclic group
containing 2 to 4 nitrogen atoms, or 5-or 6-membered heterocyclic group
containing 1 to 2 nitrogen atoms and one sulfur or oxygen atom, and each of
these 40          heterocyclic groups being optionally fused to a
6-membered ring containing a maximum of 2 nitrogen atoms, a benzene ring,
or a 5-membered ring containing one sulfur atom or (ii) substituted
hetrocyclic group selected from 5-chloro-2-pyridyl, 3-methoxy-2-pyridyl, 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-yl,
5-acetylamino-2- 45          pyrimidyl, 3-methyl-2-thienyl,
4,5-dimethyl-2-furanyl or 4-methyl-2-morpholinyl or altematively [err]
and[err] , taken together with the adjacent nitrogen atom, form morpholine,
piperidine, thiomorpholine, homopiperidine, piperidine, pyrrolidine,
thiazolidine or azopine; X is -CH(OH)- or -CO-; k is 0 or 1; and k' is 0, 1
or 2 or a pharmaceutically acceptable salt thereof. 50  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 halogen, a [err]o alkyl and a [err] alkoxy. 3. A compound
as claimed in claim 1 wherein ring A is a benzene ring which may be
substituted by 1 or 



55     2 [err] alkyl groups, which are the same or different. 4. A compound
as claimed in claim 1 wherein ring A is a benzene ring which may be
substituted by a C3-7 cycloalkyl group. 85    EP 0 376 197 B1 * C   L   M S
* 5. A compound as claimed in claim 1 wherein R is a hydrogen atom, a [err]
alkyl or a phenyl group. 6. A compound as claimed in claim 1 wherein R is a
hydrogen atom or a methyl group. 5  7. A compound as claimed in claim 1
wherein B is a [err] alkoxycarbonyl group. 8. A compound as claimed in
claim 1 wherein B is a group of the formula [err] where [err] and [err] are
as defined in claim 1. 10  9. A compound as claimed in claim 8 wherein
[err] is a hydrogen atom and R2 is a group of the formula [err] where n is
0 or 1 and R' is a [err] 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 halogen, a
[err] alkyl and a [err] 15     alkoxy; R is a hydrogen atom, a [err] alkyl
or a phenyl group; B is a [err] alkoxycarbonyl group or a group of the
formula [err] where [err] are as defined in claim 1; and each of k and k'
is 0. 11. A compound as claimed in claim 1, namely
6-cyclohexyl-N-(4-diethoxyphosphorylmethylphenyl)-3,4- dihydro-1
H-2-benzothiopyran-4-one-1 -carboxamide. 20 12. A compound as claimed in
claim 1, namely 6,7-dimethyl-N-(4-diethoxyphosphorylphenyl)-3,4-dihydro- 1
H-2-benzothiopyran4-one-1-carboxamide. 13. A compound as claimed in claim
1, namely 6,7-dimethyl-N-(4-diethoxyphosphorylmethylphenyl)-3.4- 25
dihydro-1 H-2-benzothiopyran-4-one-1-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 (1) subjecting a
compound of the general formula (II) 30 [err] 35 R 40 



wherein B' is [err] alkoxy-carbonyl, [err] aryloxy-carbonyl, [err]
aralkyloxy-carbonyl group or a group of the formula [err] where [err] are
as defined in claim 1; Y is a hydroxy group or a halogen atom; the other
symbols are as defined in claim 1 or a salt thereof to a cyclization
reaction and, if necessary, further to oxidation or/and hydrolysis, 45
hydrolysis followed by amidation, or hydrolysis followed by amidation and
oxidation to produce a sulfur-containing heterocyclic compound of the
general formula (la) 50 [err] 55 wherein each symbol is as defined in claim
1 or a salt thereof, or alternatively 86    EP 0 376197 B1 C   L   M   S *
(2) reducing a compound of the general formula (la) defined above or a salt
thereof to produce a sulfur-containing heterocyclic compound of the general
formula (lb) 5 [err] 10                                                 R
wherein each symbol is as defined in claim 1 or a salt thereof. 15 15. A
pharmaceutical preparation for use in the treatment of osteoporosis
comprising an effective anti- osteoporotic amount of a compound or
pharmaceutically acceptable salt claimed in Claim 1 and a pharmaceutically
acceptable carrier or diluent. Claims for the following Contracting State:
ES 20 1. A process for producing a sulfur-containing heterocyclic compound
of the general formula (I) B 25                                       [err]
[err] R          (I) 30 wherein ring A in a benzene ring which may be
substituted by 1 to 4 substituents, which are the same or different,
selected from 



(1) a halogen, 35       (2) nitro, (3) a [err] straight-chain or branched
alkyl or [err] cycloalkyl group which may be substituted by 1 to 3
substituents, which are the same or different, selected from a halogen,
hydroxyl, [err] alkoxy, mono- or di[err] alkoxy)phosphoryl and phosphono
group, (4) (i) hydroxyl, or ii) a [err] straight-chain or branched alkoxy,
[err] cycloalkoxy, [err] al- 40       kenyloxy, [err]is aralkyloxy, [err]
alkanoyloxy or [err] aryloxy group which may be substituted by 1 to 3
substituents, which are the same or different, selected from a halogen,
hydroxyl, [err] alkoxy and mono- or dl[err]alkoxy) phosphoryl group, (5) ()
thiol, or [err] straight-chain or branched alkylthio, [err] cycloalkylthio,
[err] aralkylthio or [err]alkanoylthio group which may be substituted by 1
to 3 substituents, which are the same or 45       different, selected from
a halogen, hydroxyl, [err] alkoxy and mono- or di[err] alkoxy)phosphoryl
group, (6) an amino group which may be substituted by 1 or 2 substituents,
which are the same or different, selected from a[err] alkyl, [err] alkenyl,
[err] aryl and [err] aralkyl group wherein the substituent may be further
substituted by a halogen, [err] alkoxy, mono- or di[err] alkoxy)- 50
phosphoryl or phosphono group, (7) a [err] acyl which may be substituted by
1 to 3 substituents, which are the same or different, selected from a
halogen, hydroxyl, [err] alkoxy and amino group, (8) a mono- or
dialkoxyphosphoryl, (9) phosphono, 55       (10) an aryl group which may be
substituted by 1 to 3 substituents, which are the same or different,
selected from a [err] alkyl, halogen, hydroxyl and [err] alkoxy group, (11)
a [err] aralkyl group which may be substituted by 1 to 3 substituents,
which are the same or different, selected from a [err] alkyl, halogen,
hydroxyl and [err] alkoxy group 87    EP 0 376 197 B1 C   L  M   S* and
(12) a 5- or 6-membered aromatic heterocyclic group having 1 to 4 nitrogen,
oxygen and/or sulfur atoms, which may be substituted by 1 to 3
substituents, which are the same or different, selected from a [err] alkyl,
halogen, hydroxyl and [err] alkoxy group; R is (i) a hydrogen atom or (ii)
a [err] alkyl, [err] alkenyl,[err] aryl or[err] aralkyl group which 



5     may be substituted by a 5- or 6-membered aromatic heterocyclic group
having 1 to 4 nitrogen, oxygen and/or sulfur atoms, halogen,
dialkoxyphosphoryl or phosphono group; B is a carboxyl, [err]
alkoxy-carbonyl, [err] aryloxy-carbonyl, [err] aralkyloxy-carbonyl group or
a group of the formula -[err] where [err] each is (1) a hydrogen atom, 10
(2) a [err] alkyl, [err] alkenyl, [err] aryl or [err] aralkyl group which
may be substituted by 1 to 3 substituents, which are the same or different,
selected from (i) a halogen, (ii) hydroxyl, (iii) a [err] alkoxy, (iv) an
amino which may be substituted by a [err] alkyl, (v) an amino substituted
by an acyl, (vi) carbamoyl which may be substituted by a [err] alkyl, (vii)
a [err] alkoxy-carbonyl, (viii) a mono- or dialkoxyphosphoryl, (ix)
phosphono group and (x) a 5- or 6-membered aromatic heterocyclic 15
group which may be substituted or (3) (i) 5- to 7-membered heterocyclic
group containing one sulfur, nitrogen or oxygen atom, 5- or 6- membered
heterocyclic group containing 2 to 4 nitrogen atoms, or 5-or 6-membered
heterocyclic group containing 1 to 2 nitrogen atoms and one sulfur or
oxygen atom, and each of these 20          heterocyclic groups being
optionally fused to a 6-membered ring containing a maximum of 2 nitrogen
atoms, a benzene ring, or a 5-membered ring containing one sulfur atom or
(ii) substituted hetrocyclic group selected from 5-chloro-2-pyridyl,
3-methoxy-2-pyridyl, 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-yl. 5-acetylamino-2- 25          pyrimidyl,
3-methyl-2-thienyl, 4,5-dimethyl-2-furanyl or 4-methyl-2-morpholinyl or
alternatively [err], taken together with the adjacent nitrogen atom, form
morpholine, piperidine, thiomorpholine, homopiperidine, piperidine,
pyrrolidine, thiazolidine or azepine; X is -CH(OH)- or -CO-; k is 0 or 1;
and k' is 0, 1 or 2 or a pharmaceutically acceptable salt thereof which
comprises 30       (1) subjecting a compound of the general formula (11) 35
[err] [err] 40 wherein B' is [err] alkoxy-carbonyl, [err] aryloxy-carbonyl,
[err] aralkyloxy-carbonyl group or a group of the formula [err] are as
defined above ; Y is a hydroxy group or a halogen atom; the other symbols
are as defined above 45           or a salt thereof to a 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 (la) [err]
88    wherein each symbol is as defined above or a salt thereof, or
alternatively (2) reducing a compound of the general formula (la) defined
above or a salt thereof to produce a sulfur-containing heterocyclic
compound of the general formula (lb) 5 B 10 15       wherein each symbol is
as defined above or a salt thereof. 2. A process 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 halogen, a
[err] alkyl and a [err] alkoxy. 20 3 A process as claimed in claim 1
wherein ring A is a benzene ring which may be substituted by 1 or 2 [err]
alkyl groups, which are the same or different. 4. A process as claimed in
claim 1 wherein ring A is a benzene ring which may be substituted by a C3-7
25     cycloalkyl group. 5. A process as claimed in claim 1 wherein R is a
hydrogen atom, a [err] alkyl or a phenyl group. 6. A process as claimed in
claim 1 wherein R is a hydrogen atom or a methyl group. 30 7, A process as
claimed in claim 1 wherein B is a [err] alkoxycarbonyl group. 8. A process
as claimed in claim 1 wherein B is a group of the formula [err] are as
defined in claim 1. 35 9. A process as claimed in claim 8 wherein [err] is
a hydrogen atom and R2 is a group of the formula [err]where n is 0 or 1 and
R' is a [err]alkyl group. 10. A process as claimed in claim 1 wherein ring
A is a benzene ring which may be substituted by 1 or 2 40     substituents,
which are the same or different, selected from a halogen, a [err] alkyl and
a [err] alkoxy; R is a hydrogen atom, a [err] alkyl or a phenyl group; B is
a [err] alkoxycarbonyl group or a group of the formula [err] are as defined
in claim 1; and each of k and k' Is 0. 11. A process as claimed in claim 1,
wherein the compound of formula (I) is 6-cyclohexyl-N-(4-diethox- 



45     yphosphorylmethylphenyl)-3,4-dihydro-1
H-2-benzothiopyran-4-one-1-carboxamide. 12. A process as claimed in claim
1, wherein the compound of formula (I) is 6,7-dimethyl-N-(4-diethox-
yphosphorylphenyl)-3,4-dihydro-1 H-2-benzothiopyran-4-one-1 -carboxamide.
so  13. A process as claimed in claim 1, wherein the compound of formula
(I) is 6.7-dimethyl-N-(4-diethox- yphosphorylmethylphenyl)-3,4-dihydro-1
H-2-benzothiopyran-4-one-1-carboxamide. 14. A process for the preparation
of a pharmaceutical preparation for use in the treatment of osteoporosis
comprising an effective anti-osteoporotic amount of a compound or
pharmaceutically acceptable salt 55     claimed In Claim 1 and a
pharmaceutically acceptable carrier or diluent 89    EP 0 376 197 B1 Claims
for the following Contracting State: GR 1. A process for producing a
sulfur-containing heterocyclic compound of the general formula (I) 5 [err]
10 R wherein ring A in a benzene ring which may be substituted by 1 to 4
substituents, which are the same 15     or different, selected from (1) a
halogen, (2) nitro, (3) a [err] straight-chain or branched alkyl or [err]
cycloalkyl group which may be substituted by 1 to 3 substituents, which are
the same or different, selected from a halogen, hydroxyl, [err] alkoxy, 20
mono- or di([err] alkoxy)phosphoryl and phosphono group, (4) (i) hydroxyl,
or (ii) a [err] straight-chain or branched alkoxy, [err] cycloalkoxy, [err]
al- kenyloxy, []err] aralkyloxy, [err] alkanoyloxy or [err] aryloxy group
which may be substituted by 1 to 3 substituents, which are the same or
different, selected from a halogen, hydroxyl, [err] alkoxy and mono- or
di[err] alkoxy) phosphoryl group, 25       (5) (i) thiol, or (ii) a [err]
straight-chain or branched alkylthio, ][err] cycloalkylthio, [err]
aralkylthio or [err]alkanoylthio group which may be substituted by 1 to 3
substituents, which are the same or different, selected from a halogen,
hydroxyl, [err] alkoxy and mono- or di[err] alkoxy)phosphoryl group, (6) an
amino group which may be substituted by 1 or 2 substituents, which are the
same or different, 



30       selected from a [err] alkyl, [err] alkenyl, [err] aryl and [err]
aralkyl group wherein the substituent may be further substituted by a
halogen, [err] alkoxy, mono- or di[err] alkoxy)- phosphoryl or phosphono
group, (7) a [err] acyl which may be substituted by 1 to 3 substituents,
which are the same or different, selected from a halogen, hydroxyl, [err]
alkoxy and amino group, 35       (8) a mono- or dialkoxyphosphoryl, (9)
phosphono, (10) an aryl group which may be substituted by 1 to 3
substituents, which are the same or different, selected from a [err] alkyl,
halogen, hydroxyl and [err] alkoxy group, (11) a [err] aralkyl group which
may be substituted by 1 to 3 substituents, which are the same or 40
different, selected from a [err] alkyl, halogen, hydroxyl and [err] alkoxy
group and (12) a 5- or 6-membered aromatic heterocyclic group having 1 to 4
nitrogen, oxygen and/or sulfur atoms, which may be substituted by 1 to 3
substituents, which are the same or different, selected from a [err]alkyl,
halogen, hydroxyl and [err] alkoxy group; R is (i) a hydrogen atom or (ii)
a [err] alkyl, [err] alkenyl, [err] aryl or [err] aralkyl group which 45
may be substituted by a 5- or 6-membered aromatic heterocyclic group having
1 to 4 nitrogen, oxygen and/or sulfur atoms, halogen, dialkoxyphosphoryl or
phosphono group; B is a carboxyl, [err] alkoxy-carbonyl, [err]
aryloxy-carbonyl, [err] aralkyloxy-carbonyl group or a group of the formula
[err] each is (1) a hydrogen atom, so       (2) a [err] alkyl, [err]
alkenyl, [err] aryl or [err] aralkyl group which may be substituted by 1 to
3 substituents, which are the same or different, selected from (i) a
halogen, (ii) hydroxyl, (iii) a [err] alkoxy, (iv) an amino which may be
substituted by a [err] alkyl, (v) an amino substituted by an acyl, (vi)
carbamoyl which may be substituted by a [err] alkyl, (vii) a [err]
alkoxy-carbonyl, (viii) a mono- or dialkoxyphosphoryl, (ix) phosphono group
and (x) a 5- or 6-membered aromatic heterocyclic 55       group which may
be substituted or (3) (i) 5- to 7-membered heterocyclic group containing
one sulfur, nitrogen or oxygen atom, 5- or 6- membered heterocyclic group
containing 2 to 4 nitrogen atoms, or 5-or 6-membered heterocyclic 90    EP
0 376197 B1 * C   L  M   S* 



group containing 1 to 2 nitrogen atoms and one sulfur or oxygen atom, and
each of these heterocyclic groups being optionally fused to a 6-membered
ring containing a maximum of 2 nitrogen atoms, a benzene ring, or a
5-membered ring containing one sulfur atom or (ii) substituted hetrocyclic
group selected from the group consisting of 5-chloro-2-pyridyl, 3- 5
methoxy-2-pyridyl, 5-methyl-2-benzothiazolyl,
5-methyl-4-phenyl-2-thiazolyl, 3-phenyl-5-isoox- azolyl,
4-(4-chlorophenyl)5-methyl-2-oxazolyl,  3-phenyl-1,2,4-thiadiazol-5-yl,
5-methyl-1,3,4- thiadiazol-2-yl, 5-acetylamino-2-pyrimidyl,
3-methyl-2-thienyl, 4,5-dimethyl-2-furanyl or 4-methyl- 2-morpholinyl or
alternatively [err] taken together with the adjacent nitrogen atom, form
morpholine, piperidine, 10    thiomorpholine, homopiperidine, piperidine,
pyrrolidine, thiazolidine or azepine; X is -CH(OH)- or -CO-; k is 0 or 1;
and k' is 0, 1 or 2 or a pharmaceutically acceptable salt thereof which
comprises (1) subjecting a compound of the general formula (II) 15 20
CH-COY R 25       wherein B' is [err] alkoxy-carbonyl, [err]
aryloxy-carbonyl, [err] aralkyloxy-carbonyl group or a group of the formula
[err] are as defined above; Y is a hydroxy group or a halogen atom; the
other symbols are as defined above or a salt thereof to a 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 30       sulfur-containing heterocyclic compound of
the general formula (la) B [err] 35 [err] 40 wherein each symbol is as
defined above or a salt thereof, or alternatively (2) reducing a compound
of the general formula (la) defined above or a salt thereof to produce a
sulfur-containing heterocyclic compound of the general formula (lb) 45
[err] 50 55       wherein each symbol is as defined above or a salt
thereof. 



2. A process 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 halogen, a [err] alkyl and a [err] 81    EP 0 376 197 B1
alkoxy. 3. A process as claimed in claim 1 wherein ring A is a benzene ring
which may be substituted by 1 or 2 [err] alkyl groups, which are the same
or different. 5 4. A process as claimed in claim 1 wherein ring A is a
benzene ring which may be substituted by a [err] cycloalkyl group. 5.  A
process as claimed in claim 1 wherein R is a hydrogen atom, a [err] alkyl
or a phenyl group. 10 6. A process as claimed in claim 1 wherein R is a
hydrogen atom or a methyl group. 7. A process, as claimed in claim 1
wherein B is a [err] alkoxycarbonyl group. 15  8.  A process as claimed in
claim 1 wherein B is a group of the formula [err] are as defined in claim
1. 9. A process as claimed in claim 8 wherein [err] is a hydrogen atom and
R2 is a group of the formula [err]where n is 0 or 1 and R' is a [err] alkyl
group. 20 10. A process 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 halogen, a [err] alkyl and a [err] alkoxy; R is
a hydrogen atom, a [err] alkyl or a phenyl group; B is a[err]
alkoxycarbonyl group or a group of the formula [err] are as defined in
claim 1; and each of k and k' is 0. 25 11. A process as claimed in claim 1,
wherein the compound of formula (I) is 6-cyclohexyl-N-(4-diethox-
yphosphorylmethylphenyl)-3,4-dihydro-1
H-2-benzothiopyran-4-one-1-carboxamide. 12. A process as claimed in claim
1, wherein the compound of formula (I) is 6,7-dimethyl-N-(4-diethox- 30
yphosphorylphenyl)-3,4-dihydro-1 H-2-benzothiopyran-4-one-1 -carboxamide.
13. A process as claimed in claim 1, wherein the compound of formula (I) is
6,7-dimethyl-N-(4-diethox- yphosphorylmethylphenyl)-3,4-dihydro-1
H-2-benzothiopyran-4-one-1 -carboxamide. 35  14. A process for the
preparation of a pharmaceutical preparation for use in the treatment of
osteoporosis comprising an effective anti-osteoporotic amount of a compound
or pharmaceutically acceptable salt 



claimed in Claim 1 and a pharmaceutically acceptable carrier or diluent.
15. A sulfur-containing heterocyclic compound of the formula (I) 40 45
[err] R          (I) 50     wherein ring A is a benzene ring which may be
substituted by 1 to 4 substituents, which are the same or different,
selected from (1) a halogen, (2) nitro, (3) a [err] straight-chain or
branched alkyl or [err] cycloalkyl group which may be substituted by 1 55
to 3 substituents, which are the same or different, selected from a
halogen, hydroxyl, [err] alkoxy, mono- or di[err] alkoxy)phosphoryl and
phosphono group, (4) (i) hydroxyl, or (ii) a [err] straight-chain or
branched alkoxy, [err] cycloalkoxy, [err] al- kenyloxy, [err] aralkyloxy,
[err] alkanoyloxy or [err] aryloxy group which may be substituted by 92
EP 0 376 197B1 1 to 3 substituents, which are the same or different,
selected from a halogen, hydroxyl, [err]alkoxy and mono- or di(err] alkoxy)
phosphoryl group. (5) (i) thiol, or (ii) a [err]  straight-chain or
branched alkylthio, [err] cycloalkylthio, [err] aralkylthio or [err]
alkanoylthio group which may be substituted by 1 to 3 substituents, which
are the same or 5        different, selected from a halogen, hydroxyl,
[err] alkoxy and mono- or di[err] alkoxy)phosphoryl group, (6) an amino
group which may be substituted by 1 or 2 substituents, which are the same
or different, selected from a [err]alkyl,[err] alkenyl, ][err] aryl and
[err] aralkyl group wherein the substituent may be further substituted by a
halogen, [err] alkoxy, mono- or di[err] alkoxy)- 10       phosphoryl or
phosphono group, (7) a [err] acyl which may be substituted by 1 to 3
substituents, which are the same or different, selected from a halogen,
hydroxyl, [err] alkoxy and amino group, (8) a mono- or dialkoxyphosphoryl,
(9) phosphono, 15       (10) an aryl group which may be substituted by 1 to
3 substituents, which are the same or different, selected from a [err]
alkyl, halogen, hydroxyl and [err] alkoxy group, 



(11) a [err]is aralkyl group which may be substituted by 1 to 3
substituents, which are the same or different, selected from a [err]alkyl,
halogen, hydroxyl and [err] alkoxy group and (12) a 5- or 6-membered
aromatic heterocyclic group having 1 to 4 nitrogen, oxygen and/or 20
sulfur atoms, which may be substituted by 1 to 3 substituents, which are
the same or different, selected from a [err] alkyl, halogen, hydroxyl and
[err] alkoxy group; R is (i) a hydrogen atom or (ii) a [err] alkyl, [err]
alkenyl, [err] aryl or [err] aralkyl group which may be substituted by a 5-
or 6-membered aromatic heterocyclic group having 1 to 4 nitrogen, oxygen
and/or sulfur atoms, halogen, dialkoxyphosphoryl or phosphono group; 25
B is a carboxyl, [err]  alkoxy-carbonyl, [err] aryloxy-carbonyl, [err]
aralkyloxy-carbonyl group or a group of the formula [err] each is (1) a
hydrogen atom, (2) a [err] alkyl, [err] alkenyl, [err] aryl or [err]
aralkyl group which may be substituted by 1 to 3 substituents, which are
the same or different, selected from (I) a halogen, (ii) hydroxyl, (iii) a
[err] 30       alkoxy, (iv) an amino which may be substituted by a [err]
alkyl, (v) an amino substituted by an acyl, (vi) carbamoyl which may be
substituted by a [err] alkyl, (vii) a [err] alkoxy-carbonyl, (viii) a mono-
or dialkoxyphosphoryl, (ix) phosphono group and (x) a 5- or 6-membered
aromatic heterocyclic group which may be substituted or (3) 35          ()
5- to 7-membered heterocyclic group containing one sulfur, nitrogen or
oxygen atom, 5- or 6- membered heterocyclic group containing 2 to 4
nitrogen 'atoms, or 5-or 6-membered heterocyclic group containing 1 to 2
nitrogen atoms and one -sulfur or oxygen atom, and each of these
heterocyclic groups being optionally fused to a 6-membered ring containing
a maximum of 2 nitrogen atoms, a benzene ring, or a 5-membered ring
containing one sulfur atom 40          or (ii) substituted hetrocyclic
group selected from 5-chloro-2-pyridyl, 3-methoxy-2-pyridyl, 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-yl,
5-acetylamino-2- pyrimidyl, 3-methyl-2-thienyl, 4,5-dimethyl-2-furanyl or
4-methyl-2-morpholinyl or alternatively [err], taken together with the
adjacent nitrogen atom, form morpholine, piperidine, 45     thiomorpholine,
homopiperidine, piperidine, pyrrolidine, thiazolidine or azepine; X is
-CH(OH)- or -CO-; k is 0 or 1; and k' is 0, 1 or 2 or a pharmaceutically
acceptable salt thereof. 50 55 93   



EP O 376 197 B1 * C   L   M   S * Patentanspriche PatentansprUche fUr
folgende Vertragsstaaten: AT, BE, CH, DE, FR, GB, IT, U, LU, NL, SE 1.
Schwefelhaltige, heterozyklische Verbindung der Formel p), 5 (zC HI)k- 10
{lur~~~~~~~S(=O)k ' 10 R           (I) 15     worin Ring A ein Benzolring
ist, der gegebenenfalls mit 1 bis 4 gleichen oder verschiedenen
Substituenten substituiert ist, ausgewahit aus (1) einer Halogen-. (2)
einer Nitro-, (3) einer geradkettigen oder verzweigten C,-,o-Alkyl- odor
C3-7-Zykloalkylgruppe, die gegebenen- 20        falls mit 1 bis 3 gloichen
oder verschiedenen Substituenten, ausgewlhIt aus einer Halogen-, Hydroxyl-,
C1 -6-Alkoxy-, der Mono- oder Di(Ci -6-alkoxy)phosphoryl- und
Phosphonogruppe, substi- tuiert sind, (4) (i) einer Hydroxyl- oder (ii)
olner geradkettigen oder verzweigten C1-io-Alkoxy-, Ci-s-Zykloal- koxy-,
C2-io-Alkenyloxy-. Cs-1g-Aralkyloxy-, C2-1o-Alkanoyloxy- odor
Cs-i4-Aryloxygruppe, die 25        gogebonenfalls mit 1 bis 3 gleichen odor
verschiedenen Substituenten, ausgewhilt aus einer Halogen-, Hydroxyl, C1
-s-Alkoxy- und der Mono- oder Di(C, -s-alkoxy)phosphorylgruppe,
substituiert sind, (5) (i) Thiol oder (ii) einer geradkettigen oder
verzweigten Ci-io-Alkylthio-, C4-s-Zykloalkylthio-, C7-ig-Aralkylthio- odor
C2-Io-Alkanoylylthiogruppe, die gegebenenfalls mit 1 bis 3 gleichen oder 30
verschiedenen Substituenten, ausgewahlt aus einer Halogen-, Hydroxyl-,
C0-s-Alkoxy- und der Mono- odor Di(Ci -6 -alkoxy)phosphorylgruppe,
substituiert sind, (6) einer Aminogruppe, die gegebenenfalls mit 1 bis 2
gleichen odor verschiedenen Substituenten, ausgewahit aus einer
C1-io-Alkyl-, 02-io-Alkenyl-, Cs6-i4-Aryl- und C7-1s-Aralkylgruppe, worin
der Substituent gegebenenfalls mit einer Halogen-, C1-q-Alkoxy-, der Mono-
oder Di(Ci-6-alkoxy)- 35        phosphoryl oder Phosphonogruppe weiter
substituiert ist, (7) elner C-1 9--Acylgruppe, die gegebenenfalls mit 1 bis
3 gleichen odor verschiedenen Substituen- ten, ausgewdhit aus einer
Halogen-, Hydroxyl-, CI -6-Alkoxy- und der Aminogruppe, substituiert ist,
(8) einer Mono- oder Dialkoxyphosphorylgruppe, 



(9) Phosphonogruppe, 40        (10) elner Arylgruppe, die gogebenenfalls
mit 1 bis 3 gloichen odor verschiedenen Substituenten, ausgewAhIt aus einer
C1 -6-Alkyl-, Halogen-, Hydroxyl- und Ci --s-Alkoxygruppe, substituiert
ist, (11) einer C7-i,-Aralkylgruppe, die gegebenenfalls mit I bis 3
gleichen odor verschiedenen Substituenten, ausgowAhlt aus elner
C1-6-Alkyl-, Halogen-, Hydroxyl- und C0-6-Alkoxygruppe, substituiert ist.
45        und (12) einer 5- odor 6-gliedrigen, aromatischen,
heterozyklischen Gruppe mit 1 bis 4 Stickstoff-, Sauerstoff- und/oder
Schwefelatomen, die gegebenenfalls mit 1 bis 3 gleichen oder verschiedenen
Substituenten, ausgewghft aus einer C1-6-Alkyl-, Halogen-, Hydroxyl- und Ci
r--Alkoxygruppe, substituiert ist; worin R (i) ein Wasserstoffatom oder
(ii) eine C1-ic-Alkyl-, C2-Io-Alkenyl-, Os-1s-Aryl- odor C7-1s- 50
Aralkylgruppe ist, die gagebenenfalls mit einer 5-oder 6-gliedrigen,
aromatischen, heterozyklischen Gruppe mit 1 bis 4 Stickstoff-, Sauerstoff-
und/oder Schwefelatomen, Halogen-, Dialkoxyphosphoryl- odor Phosphonogruppe
substituiert ist; worin B eine Carboxyl-, Ci -io-Alkoxycarbonyl-, CS -1
4-Aryloxycarbonyl-, C7-1s-Aralkyloxycarbonylgrup- pe odor eine Gruppe der
Formel -CONR1 R2 ist, wobei RI und R2 jeweils bedeutet 55        (1) ein
Wasserstoffatom, (2) eine CI-10-Alkyl-, C2-i o-Alkenyl-, C6-14-Aryl- oder
07-is-Aralkylgruppe, die gogebenonfalls mit 1 bis 3 gleichen oder
verschiedenen Substituenten, ausgewlhlt aus (1) einer Halogen-, (ii)
Hydroxyl-, (iii) einer Ci -6-Alkoxy-, (iv) einer gegebenenfalls mit C1 -
6-Alkyl substituierten Amino-, (v) einer mit 94    EP O 378 197 B1I
1 *   C   L  M   S   * Acyl substituierten Amino-, (vi) einer
gegebenenfalls mit C, -s-Alkyl substituierten Carbamoyl-, (vii) olner C,
-s-Alkoxycarbonyl-, (viii) olner Mono- oder Dialkoxyphosphorylgruppe, (ix)
Phosphonogrup- pe und (x) einer gegebenenfalls substituierten, 5- odor
6-gliedfigen, aromatischen. heterozyklischen Gruppe, substituiert ist; s
oder (3) (i) eine 5- bis 7-gliedrige, heterozyklische Gruppe mit 1
Schwefel-, Stickstoff- oder Sauerstoff- atom, eine 5- oder 6-gliedfige,
heterozyklische Gruppe mit 2 bis 4 Stickstoffatomen oder eine 5- odor
6-gliedrige, heterozyklische Gruppe mit 1 bis 2 Stickstoffatomen und 1
Schwefel- oder Sauerstoffatom, wobei jede dieser heterozyklischen Gruppen
gogebenenfalls mit einem 6-gliedri- 



10          gen Ring mit maximal 2 Stickstoffatomen, einen Benzolring oder
eonen 5-gliedrigen Ring mit 1 Schwofelatom verschmolzen ist, oder (ii) eine
substituierte, heterozyklische Gruppe, ausgewahit aus 5-Chlor-2-pyridyl,
3-Methoxy- 2-pyridyl, 5-Methyl-2-benzothiazolyl,
5-Methyl-4-phenyl-2-thiazolyl, 3-Phenyl-5-isoxazolyl, 4-(4-
Chlorphenyl)-5-methyl-2-oxazolyl, 3-Phenyl-1,2,4-thiadiazol-5-yi,
5-Methyl-1.3.4-thiadiazol-2-yl, 5- 15          Acetylamino-2-pyrimidyl,
3-Mothyl-2-thienyl, 4,5-Dimethyl-2-furanyl oder 4-Methyl-2-morpholinyl,
odor wobei anderseits R1 und R2 zusammen mit dern benachbarten
Stickstoffatom Morpholin, Piperi- din, Thiomorpholin, Homopiperidin,
Piperidin, Pyrrolidin, Thiazolidin oder Azepin bilden; worin X = -CH(OH)-
odor -CO- ist; k = 0 odor 1 ist; und k' = 0, 1 odor 2 ist; oder ein
pharmazeutisch annehmbares Salz davon. 20 2. Verbindung nach Anspruch 1,
worin Ring A ein gegebonenfalls mit 1 oder 2 gloichen oder verschiede- non
Substituenten, ausgewAhlt aus einer Halogen-, einer C1-1o-Alkyl- und einer
C r-6-Alkoxygruppe, substituierter Benzolring ist. 25  &  Verbindung nach
Anspruch 1, worin Ring A ein gogebenonfalls mit 1 oder 2 gleichon oder
verschiede- nen C, -Io-Alkylgruppen substituierter Benzolring ist. 4.
Verbindung nach Anspruch 1, worin Ring A ein gogebenenfalls mit einer
C3-7-Zykloalkylgruppe substituierter Benzolring ist. 30 5. Verbindung nach
Anspruch 1, worin R ein Wasserstoffatom, eine C1-1 o-Alkylgruppe odor eine
Phenyl- gruppe ist. 6. Verbindung nach Anspruch 1, worin R ein
Wasserstoffatom oder elne Methylgruppe ist. 35 7. Verbindung nach Anspruch
1, worin B eine C1-1 o-Alkoxycarbonylgruppe ist. &  Verbindung nach
Anspruch 1, worin B eine Gruppe der Formel -CONR, R2 ist, wobei RI und R2
wie in Anspruch 1 definiert sind. 40 9. Verbindung nach Anspruch 8, worin
RI ein Wasserstoffatom und R2 eine Gruppe der Formel -CsHs-
(CH2).P(O)(OR')2, mit n = 0 oder 1 und R' = eine C, -6-Alkylgruppe, ist.
10. Verbindung nach Anspruch 1, worin Ring A emn gegebenenfalls mit 1 oder
2 gleichen oder verschiede- 45     nen Substituenten, ausgewahlt aus einer
Halogen-, einer C1-io-Alkyl-und oiner C1-s-Alkoxygruppe, substituierter
Benzolring ist; R ein Wasserstoffatom, oine C1-1o-Alkyl- oder eine
Phenylgruppe ist; B eine C1 -1 o-Alkoxycarbonylgruppe oder oine Gruppe der
Formel -CONR, R2 ist, wobei RI und R2 wie in Anspruch 1 definiert sind; und
sowohl k als auch k' gleich 0 sind. 50  11. Verbindung nach Anspruch 1,
namlich 6-Zyklohoxyl-N-(4-diethoxyphosphorylmethylphenyl).3,4-dmhydro- 



1 H-2-benzothiopyran-4-on-1 -carboxamid. 12. Verbindung nach Anspruch 1,
namlich 6.7-Dimethyl-N-(4-diethoxyphosphorylphenyl)-3,4.dihydro-1 H-2-
benzothiopyran-4-on-1 -carboxamid. 55 13. Verbindung nach Anspruch 1,
namlich 6.7-Dimethyl-N-(4-diethoxyphosphorylmothylpheny)3.3,4-dihydro- 1
H-2-benzothiopyran-4-on-1-carboxamid. 95    iIEP 0 376 197 B11111 lii! 1
!  ! 14. Verfahren zur Herstellung einer in Anspruch 1 definierten,
schwefelhaltigen, heterozyklischen Verbin- dung der aligereinen Formel (I)
odor eines Saizes davon, das umfaft das Unterwerfen (1) einer Verbindung
der allgerneinen Formel (II), 6 10 '
~~~~~~~~~CH-COY R 15       worin B' elne Ca-io-Alkoxycarbonyl-, Cs-i
4-Aryloxycarbonyl-, C7-1s-Aralkyloxycarbonylgruppe oder eine Gruppe der
Formel -CONR1 R2 ist, wobei RI und R2 wie in Anspruch 1 definiert sind; Y
elne Hydroxygruppe oder ein Halogenatom ist; die anderen Symbole wie in
Anspruch 1 deflniert sind, odor ein Salz davon einer Zyklisierungsreaktion
und falls notwendig weiters einer Oxidation und/oder Hydrolyse, wobel die
Hydrolyse von Amidierung gefolgt wird, oder die Hydrolyse von 20
Amidierung und Oxidation gefolgt wird, um eine schwefelhaltige,
heterozykilische Verbindung der allgemeinen Formel (la) B 25
.                       Hw\ S(s)k' 30
R worin jedes Symbol wie in Anspruch 1 definiert ist, oder ein Salz davon
herzustellen, oder andererseits 35       (2) eine Verbindung der zuvor
definierten allgemeinen Formel (la) oder ein Salz davon zu reduzieren, um
eine schwefelhaltige, heterozyklische Verbindung der aligemeinen Formel
(lb), worin jedes Symbol wie in Anspruch 1 definiert ist, oder ein Salz
davon herzustellen. 0  15. Pharmazeutisches Priparat zum Einsatz bei der
Behandlung von Osteoporose, das eine wirksame. anti- osteoporotische Menge
einer Verbindung odor eines pharmazeutisch annehrnbaren Salzes nach An- 



spruch 1 und einen pharmazeutisch annehmbaren Trager oder Verdlnner umfaft.
PatentansprUche fUr folgenden Vertragsstaat: ES 65 1. Verfahren zur
Herstellung einer schwefethaltigen, heterozyklischen Verbindung der
aligemeinen Formel (I) 96    EP 0 376197 B1 I 11111111111111 HE11111 11
1111 * C   L   M   S * .>(CHak-( (-              )S(O)k' 10 worin Ring A
ein Benzolring ist, der gegebonenfalls mit 1 bis 4 gleichen oder
verschiedenen Substituenten substituiert ist, ausgewAhlt aus (1) elner
Halogen-, (2) einer Nitro-, 1s       (3) einer gerakettigen odor
verzweigten Ci-io-Alkyl- oder C,-7-Zykloalkylgruppe, die gegebenen- falls
mit 1 bis 3 gleichen oder verschiedenen Substituenten, ausgewahlt aus einer
Halogen-, Hydroxyl-, Ci-g-Alkoxy-, der Mono- oder
Di(CI-6-alkoxy)phosphoryl- und Phosphonogruppe, substi- tuiert sind, (4)
(i) elner Hydroxyl- oder (ii) einer geradketligen oder verzweigten
C1-1o-Alkoxy-, C -s-Zykloal- 20        koxy-, C2-io-Alkenyloxy-,
C6-ig-Aralkyloxy-, C2-io-Alkanoyloxy- odor GS-14-Aryloxygruppe, die
gegebenenfalls mit 1 bis 3 gleichen oder verschiedenen Substituenten,
ausgewshlt aus einer Halogen-, Hydroxyl-, C1-6-Alkoxy- und der Mono- odor
Di(Ci-6-alkoxy)phosphorylgruppe, substitu- iert sind, (5) (i) Thiol odor
(ii) einer geradkettigen oder verzweigten Ci-lo-Alkylthio-,
C4-6-Zykloalkylthio-, 26        C7-1i-Aralkylthio- oder
C2-io-Alkanoylylthiogruppe, die gegebenenfalls mit 1 bis 3 gleichen oder
verschiedenen Substituenten, ausgewdhlt aus einer Halogen-, Hydroxyl-,
Ci-r-Alkoxy- und der Mono-.odor Di(C, -6-alkoxy)phosphorylgruppe,
substituiert sind, (6) einer Aminogruppe, die gegebonenfalls mit 1 bis 2
gleichen oder verschiedenen Substituenten, ausgowahit aus einer
Ci-io-Alkyl-, C2-1o-Alkenyl-, 06-14-Aryl- und C7-1 -Aralkylgruppe, worin
der 30        Substituent gegebenonfalls mit einer Halogen-, C1-q-Alkoxy-,
der Mono- oder Di(CI-s-alkoxy)- 



phosphoryl oder Phosphonogruppe weiter substituiert ist, (7) einer C, -i
s-Acylgruppe, die gogebonenfalls mit 1 bis 3 gleichen odor verschiedenen
Substituen- ton, ausgewlhlt aus einer Halogen-, Hydroxyl-, C, -6-Alkoxy-
und der Aminogruppe, substituiert ist, (8) einor Mono- oder
Dialkoxyphosphorylgruppe, 35        (9) einer Phosphonogruppe, (10) einer
Arylgruppe, die gegebenenfalls mit 1 bis 3 gleichen odor verschiedenen
Substituenten, ausgewghit aus olner C, -6-Alkyl-, Halogen-, Hydroxyl- und
C1 -6-Alkoxygruppe, substituiert ist, (11) einer C7-1s-Aralkylgruppe, die
gagebenenfalls mit 1 bis 3 gloichen odor verschiedenen Substituenten,
ausgewahHt aus elner C1 -6-Alkyl-, Halogen-, Hydroxyl- und
C1-6-Alkoxygruppe, 40        substituiert ist, und (12) einer 5- odor
6-gliedrigen, aromatischen, heterozyklischen Gruppe mit 1. bis 4
Stickstoff-, Sauerstoff- und/oder Schwefelatomen, die gogebenenfalls mit 1
bis 3 gleichen oder verschiedenen Substituenten, ausgewihit aus einer
C1-r-Alkyl-, Halogen-, Hydroxyl- und Ci -6-Alkoxygruppe, substituiert ist;
45     worin R Qi) ein Wasserstoffatom oder (Qi) eine C,-,o-Alkyl-,
C2-10-Alkenyl-, CG6-1-Aryl- oder C7-_i- Aralkylgruppe Kst die
gegebenenfalls mit einer 5- oder 6-gliedrigen, aromatischen,
heterozyklischen Gruppe mit 1 bis 4 Stickstoff-, Sauerstoff- und/oder
Schwofelatomen, Halogen-, Dialkoxyphosphoryl- oder Phosphonogruppe
substituiert ist; worin B eine Carboxyl-, C1-io-Alkoxycarbonyl-,
C6-14/-Aryloxycarbonyl-, C7-1s-Aralkyloxycarbonylgrup- 50     pe odor elne
Gruppe der Formel -CONR1 R2 ist, wobei RI und R2 jeweils bedeutet (1) ein
Wasserstoffatom, (2) eine Ci-,o-Alkyl-, C2-lo-Alkenyl-, CS-i4-Aryl- oder
C7-i -Aralkylgruppe, die gogebenenfalls mit 1 bis 3 gleichen odor
verschiedenen Substituenten, ausgewihit aus fi) einer Halogen-, Qi)
Hydroxyl-, fiii) einer C1 -6-Alkoxy-, (iv) einer gegebenonfalls mit Ci-
r-Alkyl substituierten Amino-, (v) einer mit 56        Acyl substituierten
Amino-, (vi) einer gegebonenfalls mit C1 -6-Alkyl substituierten
Carbamoyl-. (vii) einer C1r-6-Alkoxycarbonyl-, (viii) elner Mono- oder
Dialkoxyphosphorylgruppe, (ix) Phosphonogrup- pe und (x) einer
gogebonenfalls substituierten, 5- odor 6-gliedrigen, aromatischen,
heterozyklischen Gruppe, substituiert ist; 97    EP 0 376 197 B1 oder (3)
(i) eine 5- bis 7-gliedrige, heterozyklische Gruppo mit einem Schwefel-,
Stickstoff- oder Sauer- 



stoffatom, eine 5- oder 6-gliedrige, heterozyklische Gruppe mit 2 bis 4
Stickstoffatomen oder eine 5- oder 6-gliedrige, heterozyklische Gruppe mit
1 bis 2 Stickstoffatomen und einem Schwefel- 5          oder
Sauerstoffatom, wobei jede dieser heterozyklischen Gruppen gogebenenfalls
mit einem 6- gliedrigen Ring mit maximal 2 Stickstoffatomen, elnem
Benzolring odor einen 5-gliedrigen Ring mit einem Schwefelatom verschmolzen
ist, oder (ii) elne substituierte, heterozyklische Gruppe, ausgew~hft aus
5-Chlor-2-pyridyl, 3-Methoxy- 2-pyridyl, 5-Methyl-2-benzothiazolyl,
5-Methyl-4-phenyl-2-thiazolyl, 3-Phenyl-5-isooxazolyl, 4-(4- 10
Chlorphonyl)-5-methyl-2-oxazolyl, 3-Phenyl-1,2,4-thiadiazol-5-yl,
5-Methyl-1,3,4-thiadiazol-2-yl, 5- Acetylamino-2-pyrimidyl,
3-Methyl-2-thienyl, 4,5-Dimethyl-2-furanyl oder 4-Methyl-2-morpholinyl,
oder wobei andererseits Ri und R2 zusammen mit dem benachbarten
Stickstoffatom Morpholin, Piperidin, Thiomorpholin, Homopiperidin,
Piperidin, Pyrrolidin, Thiazolidin odor Azepin bilden; worin X = -CH(OH)-
oder -CO- ist; k = 0 oder 1 ist; und k' = 0. 1 odor 2 ist; odor eines 15
pharmazeutisch annehmbaren Sakzes davon, das umfaSt (1) das Unterwerfen
einer Verbindung der aligemeinen Formol (II), '~~~~~~~~~~~~ 20
(CHz)< 20~~~~~~~~~~~C2) CH-COY 25 worin B' eine C1-lo-Alkoxycarbonyl-,
Cs-i4-Aryloxycarbonyl-, C7-19-Aralkyloxycarbonylgruppe odor eine Gruppe der
Formel -CONRI R2 ist, wobei R, und R2 wie in Anspruch 1 definiert sind; Y
eine 30        Hydroxygruppe oder ein Halogenatom ist; die anderen Symbole
wie zuvor definiert sind, odor ein Salz davon einer Zyklisierungsreaktion
und falls notwendig weiters einer Oxidation und/oder Hydrolyse, wobei die
Hydrolyse von Amidierung gefolgt wird, oder die Hydrolyse von Amidierung
und Oxidaiion gefolgt wird, um olne schwofelhaltige, heterozyklische
Verbindung der aligemeinen Formel (la), 35 (CK2)< a             "~~~S(0)k
40 ~ ~  ~     ~ ~       4 R             (a 45       worin jedes Symbol wie
zuvor definiert ist, oder ein Salz davon herzustellen, oder andererseits
(2) eine Verbindung der zuvor definierten allgemeinen Formel (la) odor ein
Salz davon zu reduzieren, um eine schwefelhafflige, heterozykilische
Verbindung der aligemeinen Formel (lb), 50
Is 



AJ              xS()S)kc' 55                                       rg
9           ( G       b) worin jades Symbol wie zuvor definiert ist, oder
ein Salz davon herzustellen. 98    EP 0 376 197 B1                 iii
iillii ii lll j  *11C   L   M   S   * 2. Verfahren nach Anspruch 1, worin
Ring A ein gegebenenfalls mit 1 oder 2 gloichen oder verschiedenen
Substituenten, ausgewAhIt aus olner Halogen-, einer C1 -1o-Alkyl- und einer
C1 -6-Alkoxygruppe. substi- tuierter Benzolring ist. 5  3. Verfahren nach
Anspruch 1, worm Ring A ein gogebenenfalls mit 1 oder 2 gleichen odor
verschiedenen C1-1, -Alkylgruppen substituierter Benzolring ist. 4.
Verfahren nach Anspruch 1, worin Ring A ein gegebenenfalls mit einer
CB-7-Zykloalkylgruppe substitu- ierter Benzolring ist. 10 . Verfahren nach
Anspruch 1, worin R ein Wasserstoffatom, eine C, -io-Alkylgruppe oder eine
Phenyl- gruppe ist. 6. Verfahren nach Anspruch 1, worin R ein
Wasserstoffatom odor eine Methylgruppe ist. 16 7. Verfahren nach Anspruch
1, worin B eine C, -1o-Alkoxycarbonylgruppe ist &  Verfahren nach Anspruch
1, worin B emne Gruppe der Formel -CONR, R2 ist, wobel R. und R2 wie in
Anspruch 1 definiert sind. 20 9. Verfahren nach Anspruch 8, worin R1 ein
Wasserstoffatom und R2 eine Gruppe der Formel -Cr.Hs- (CH2).P(O)(OR')2, mit
n = 0 odor I und R' = eine Ci -s-Alkylgruppe, ist. 10. Verfahren nach
Anspruch 1, worin Ring A ein gegebenenfalls mit 1 oder 2 gleichen oder
verschiedenen 26     Substituenten, ausgewahit aus einer Halogen-, einer
C1-1 c-Alkyl- und einer C1 -s-Alkoxygruppe, substi- tuierter Benzolring
lst; R ein Wasserstoffatom, eine Cl-1o-Alkyl- odor eine Phenylgruppe !st; B
eine C1-1o-Alkoxycarbonylgruppe odor eine Gruppe der Formel -CONR1R2 ist,
wobei RI und R2 wie in Anspruch 1 definiert sind; und sowohl k als auch k'
gleich 0 sind. 3o  11. Verfahren nach Anspruch 1, worin die Verbindung der
Formel (I) 6-Zyklohexyl-N-(4-diethoxyphosphoryl-
methylphenyl)-3,4-dihydro-1H-2-benzothiopyran-4-on-1-carboxamid ist. 12.
Verfahren nach Anspruch 1, worin die Verbindung der Formel (I)
6,7-Dimethyl-N-(4-diethoxyphospho- 



rylphenyl)-3,4-dihydro-1H-2-benzothiopyran-4on-1-carboxamid ist. 35 13.
Verfahren nach Anspruch 1, worin die Verbindung der Formel (I)
6,7-Dimethyl-N-(4-diethoxyphosphoryl- methylphenyl)-3,4-dihydro-1
H-2-benzothiopyran-4-on-1 -carboxamid ist. 14. Verfahren zur Herstellung
eines pharmazeutischen PrAparats zum Einsatz bei der Behandlung von 40
Ostooporose, das eine wirksame, anti-osteoporotische Menge einer Verbindung
odor eines pharmazeu- tisch annehmbaren Salzes nach Anspruch 1 und einen
pharmazeutisch annehmbaren TrAger odor VerdlUnner umfa8t. PatentansprUche
fUr folgenden Vertragsstaat: 6R 45 1. Verfahren zur Herstellung einer
schwofelhaltigen, heterozyklischen Verbindung der allgemelnen Formel (I) 50
8 oug(C112)k-( 56A  ||             S( O)k' 55
R          (I )    EP O 376197 B13I 111111  111111  11111 11 111 ! worin
Ring A ein Benzolring ist, der gegebenenfalls mit 1 bis 4 gleichen oder
verschiedenen Substituenten substituiert ist, ausgewahft aus (1) elner
Halogen-, (2) einer Nitro-, 5        (3) einer geradketfigen oder
verzweigten C1-I o-Alkyl- odor CB-7-Zykloalkylgruppe, die gegebenen- falls
mit 1 bis 3 gleichen oder verschiedenen Substituenten, ausgewghlt aus einer
Halogen-, Hydroxyl-, C1 -6-Alkoxy-, der Mono- odor Di(CI
-6-alkoxy)phosphoryl- und Phosphonogruppe, substi- tuiert sind, (4) (i)
einer Hydroxyl- oder (ii) einer geradkettigen oder verzweigten
C1-1o-Alkoxy-, C4-s-Zykloal- 10        koxy-, C2-lo-Alkenyloxy-,
Cs-ts-Aralkyloxy-, C2-to-Alkanoyloxy- odor CE-14-Aryloxygruppe, die
gogebenenfalls mit 1 bis 3 gleichen odor verschiedenen Substituenten,
ausgewlhlt aus einer Halogen-, Hydroxyl-, C1-6-Alkoxy- und der Mono- odor
Di(Ci-s-alkoxy)phosphorylgruppe, substitu- iert sind, (5) (i) Thiol oder
(i) elner geradkettigen odor verzweigten C,-io-Alkylthio-,
C4-6-Zykloalkylthio-, 15        C7-is-Aralkylthio- oder
C2-o-Alkanoylylthiogruppe, die gegebenenfalls mit 1 bis 3 gleichen oder 



verschiedenen Substituenten, ausgewhilt aus einer Halogen-, Hydroxyl-, C1
-s-Alkoxy- und der Mond oder Di(Ci -6-alkoxy)phosphorylgruppe, substituiert
sind, (6) einer Aminogruppe, die gegebenenfalls mit 1 bis 2 gloichen odor
verschiedenen Substituenten, ausgewlhIt aus einer C1-io-Alkyl-,
C2-ic-Alkenyl-, C6-14-Aryl- und C7-1 -Aralkylgruppe, worin der 20
Substituent gogebenenfalls mit einer Halogen-. C1-3-Alkoxy-, der Mono- odor
Di(Ci-v-alkoxy)- phosphoryl oder Phosphonogruppe welter substituiert ist,
(7) elner C1 -is-Acylgruppe, die gogebenenfalls mit 1 bis 3 gleichen odor
verschiedenen Substituen- ten, ausgewhilt aus einer Halogen-, Hydroxyl-, C1
-6-Alkoxy- und der Aminogruppe, substituiert ist, (8) einer Mono- odor
Dialkoxyphosphorylgruppe, 25       (9) einer Phosphonogruppe, (10) einer
Arylgruppe, die gegebenenfalls mit 1 bis 3 gleichen odor verschiedenen
Substituenten, ausgewhilt aus elner C1 -g-Alkyl-, Halogen-, Hydroxyl- und
Ci -s-Alkoxygruppe, substituiert ist, (11) einer C7-Is-Aralkylgruppe, die
gegebenenfalls mit 1 bis 3 gleichen oder verschiedenen Substituenten,
ausgewAhlt aus einer C1-r-Alky1-, Halogen-, Hydroxyl- und Ci-r
-Alkoxygruppe, 30        substituiert ist, und (12) elner 5- odor
6-gliedrigen, aromatischen, heterozyklischen Gruppe mit 1 bis 4
Stickstoff-, Sauerstoff- und/oder Schwefelatomen, die gegebenenfalls mit 1
bis 3 gleichen odor verschiedenen Substituenten, ausgewlhit aus eliner
Ci-r-Alkyl-, Halogen-, Hydroxyl- und Ci -s-Alkoxygruppe, substituiert ist;
35     worin R (i) ein Wasserstoffatom oder (ii) eine C1-jo-Alkyl-,
C2-Io-Alkenyl-, CS-14-Aryl- oder C7-19- Aralkylgruppe ist, die
gogebonenfalls mit einer 5- oder 6-gliedrigen, aromatischen,
heterozyklischen Gruppe mit 1 bis 4 Stickstoff-, Sauerstoff- und/oder
Schwefelatomen, Halogen-, Dialkoxyphosphoryl- odor Phosphonogruppe
substituiert ist, worin B eine Carboxyl-, C1-1 a-Alkoxycarbonyl-,
C6-14-Aryloxycarbonyl-, C7-19-Aralkyloxycarbonylgrup- 40     pe odor eine
Gruppe der Formel -CONR, R2 ist, wobei R1 und R2 jeweils bedeutet (1) ein
Wasserstoffatom, (2) eine C_1 o-Alkyl-, C2-.o-Alkenyl-, C6-14-Aryl- odor
C7-19-Aralkylgruppe, die gegebenenfalls mit 1 bis 3 gleichen odor
verschiedenen Substituenten, ausgewahlt aus (r) einer Halogen-, (11)
Hydroxyl-, (iii) einer C1 -s-Alkoxy-, (iv) einer gogebenenfalls mit Ci -
s-Alkyl substituierten Amino-, (v) einer mit 45        Acyl substituierten
Amino-, (vi) elner gegebenenfalls mit C1 -s-Alkyl substituierten
Carbamoyl-, (vii) einer Ci--s-Alkoxycarbonyl-, (viii) einer Mono- oder
Dialkoxyphosphorylgruppe, (ix) Phosphonogrup- pe und (x) einer
gegebenenfalls substituierten, 5- odor 6-gliedrigen, aromatischen,
heterozyklischen Gruppe, substituiert ist; odor (3) 50          (i) eine 5-
bis 7-gliedrige, hoterozyklische Gruppe mit I Schwefel-, Stickstoff- oder
Sauerstoff- 



atom, eine 5- oder 6-liedrige, heterozyklische Gruppe mit 2 bis 4
Stickstoffatomen oder eine 5- odor 6-gliedrige, heterozyklische Gruppe mit
1 bis 2 Stickstoffatomen und einem Schwefel- oder Sauerstoffatom, wobei
jede dieser heterozyklischen Gruppen gogebenenfalls mit einem 6-gliedri-
gen Ring mit maximal zwei Stickstoffatomen, einen Benzolring odor eonen
5-gliedrigen Ring mit 55          einem Schwefelatom verschmolzen ist, oder
(ii) eine substituierte, hoterozyklische Gruppe, ausgewahHt aus
5-Chlor-2-pyridyl, 3-Methoxy- 2-pyridyl, 5-Methyl-2-benzothiazolyl,
5-Methyl-4-phenyl-2-thiazolyl, 3-Phenyl-5-isooxazolyl, 4-(4-
Chlorphenyl)-5-methyl-2-oxazolyl, 3-Phenyl-1,2,4-thiadiazol-5-yl,
5-Methyl-1,3,4-thiadiazol-2-yl, 5- 100    EP 0 376 1978 113!IIII 1IIB 1III
1111111 I! Acetylamino-2-pyrimidyl, 3-Methyl-2-thienyl,
4,5-Dimethyl-2-furanyl odor 4-Methyl-2-morpholinyl, oder wobel andererseits
Rt und R2 zusammen mit dem benachbarton Stickstoffatom Morpholin,
Piperidin, Thiomorpholin, Homopiperidin, Piperidin, Pyrrolidin, Thiazolidin
odor Azopin bilden; worin X = -CH(OH)- odor -CO- ist; k = 0 odor 1 ist; und
k' = 0, 1 oder 2 ist; odor oines 5      pharmazeutisch annehmbaren Saizes
davon, das umfaft (1) das Unterwerfen einer Verbindung der aligemeinen
Formel (II), B' 10                                   (CH
(I) CH-Car 75                                                 R worin B'
sine Ci-I a-Alkoxycarbonyl-, G6 -1 4-Aryloxycarbonyl-, C7-
s9-Aralkyloxycarbonylgruppe oder eine Gruppe der Formel -CONR1 R2 ist,
wobel RI und R2 wie in Anspruch 1 definiert sind; Y eine 20
Hydroxygruppe odor ein Halogenatom ist; die anderen Symbole wie zuvor
definiert sind, oder ein Salz davon elner Zyklisierungsreaktion und falls
notwendig weiters einer Oxidation und/oder Hydrolyse, wobei die Hydrolyse
von Arnidierung gefolgt wird, oder die Hydrolyse von Amidierung und
Oxidation gefolgt wird. um oine schwofelhaltige, hoterozyklische Verbindung
der aligemooinen Formel (la), 25 B 30                           f55) R
(a 0 



35 worn jodes Symbol wie zuvor definiert ist, oder ein Salz davon
herzustellen, oder anderseits (2) eine Verbindung der zuvor definierten
aligemeinen Formel (la) oder ein Salz davon zu reduzieren, um eine
schwofelhaltige, hoterozykcische Verbindung der aligemeinen Formel (lb), 40
B All              q(=O)k' 09 50       worin jedes Symbol wie zuvor
definiert ist, odor ein Salz davon herzustellon. 2. Verfahren nach Anspruch
1, worin Ring A ein gegebenenfalls mit 1 oder 2 gleichen oder verschiedenen
Substituenten, ausgew~hft aus einer Halogen-, einer C1-1 o-Alkyl- und einer
Ci -s-Alkoxygruppe, substi- tulerter Benzolring ist 55 3. Verfahren nach
Anspruch 1, worin Ring A ein gogebenenfalls mit 1 odor 2 gleichen odor
verschiedenen C1-I o-Alkylgruppen substitulerter Benzolring ist. 101    EP
0 376197B1                   | ||||||| ||||| ||||| 11|1| |11||| * C   L   M
S * 4. Verfahren nach Anspruch 1, worin Ring A ein gegebenenfalls mit einer
CS-7-Zykloalkylgruppe substitu- lerter Benzolring ist. 5. Verfahren nach
Anspruch 1, worin R ein Wasserstoffatom, elne Ci -io-Alkylgruppe oder eine
Phenyl- 5      gruppe ist. 6. Verfahren nach Anspruch 1, worin R ein
Wasserstoffatom oder eine Methylgruppe ist. 7. Verfahren nach Anspruch 1,
worin B eine C1-i o-Alkoxycarbonylgruppe ist. 10 &  Verfahren nach Anspruch
1, worin B eine Gruppe der Formel -CONR, R2 !st, wobei R1 und R2 wie in
Anspruch 1 definiert sind. 9. Verfahren nach Anspruch 8, worin RI ein
Wasserstoffatom und R2 eine Gruppe der Formel -CsHs- tS
(CH2).P(O)(OR')2, mit n = 0 oder 1 und R' = eine C1 -s-Alkylgruppe, ist.
10. Verfahren nach Anspruch 1, worin Ring A ein gegebenenfalls mit 1 odor 2
gleichen oder verschiedenen Substituenten, ausgewahit aus einer Halogen-,
einer C1 o-Alkyl- und einer Ci -6 -Alkoxygruppe, substi- tuierter
Benzolring ist; R ein Wasserstoffatom, esne C1-io-Alkyl- odor eine
Phenylgruppe !st; B eine 



20     Ci-1o-Alkoxycarbonylgruppe oder eine Gruppe der Formel -CONR1R2 ist,
wobei R. und R2 wie in Anspruch 1 definiert sind; und sowohl k als auch k'
gleich 0 sind. 11. Verfahren nach Anspruch 1, worin die Verbindung der
Formel (I) B-Zyklohexyl-N-(4-diethoxyphosphoryl-
methylphenyl)-3,4-dihydro-1H-2-benzothiopyran-4-on-1-carboxamid ist. 25 12.
Verfahren nach Anspruch 1, worin die Verbindung der Formel (I)
6.7-Dimethyl-N-(4-diethoxyphospho- rylphenyl)-3,4-dihydro-1
H-2-benzothiopyran-4-on-1 -carboxamid ist. 13. Verfahren nach Anspruch 1,
worin die Verbindung der Formel (I) 6,7-Dimethyl-N-(4-diethoxyphosphoryl-
30     methylphenyl)-3,4-dihydro-1 H-2-benzothiopyran-4-on-1-carboxamid
ist. 14. Verfahren zur Herstellung eines pharmazeutischen Praparats zum
Einsatz bei der Behandlung von Osteoporose, das eine wirksame,
anti-osteoporotische Menge elner Verbindung odor eines pharmazeu- tisch
annehmbaren Salzes nach Anspruch 1 und einen pharmazeutisch annehmbaren
Trager odor 35     Verd(nner umfaBt. 15. Schwefelhaltige, heterozyklische
Verbindung der Formel (I), . 4" Q(CKS) S(ZO)k' 45() wofin Ring A- ein
Benzolring ist, der gogebenenfalls mit 1 bis 4 gleichen oder verschiedenen
w0     Substituenten substituiert ist, ausgewdhlt aus (1) einer Halogen-,
(2) einer Nitro-, (3) einer geradkettigen oder verzweigten C1-jo-Alkyl-
oder CS-7-Zykloalkylgruppe, die gegebenen- falls mit 1 bis 3 gleichen oder
verschiedenen Substituenten, ausgewshit aus einer Halogen-, S5
Hydroxyl-, Ci -6-Alkoxy-, der Mono- odor Di(CI -6-alkoxy)phosphoryl- und
Phosphonogruppe, substi- tuiert sind, (4) (i) einer Hydroxyl- odor (ii)
einer geradkettigen oder verzweigten C1-1o-Alkoxy-, C4-s-Zykloal- koxy-,
C2-io-Alkenyloxy-, Cs-is-Aralkoxy-, C2-lo-Alkanoyloxy- odor
Cs-14-Aryloxygruppe. die ge- 102    *N II I M S* gebenenfalls mit 1 bis 3
gleichen odor verschiedenen Substituenten, ausgewhilt aus einer Halogen-,
Hydroxyl-, C1 -6-Alkoxy- und der Mono- oder DI(Ci
-s-alkoxy)phosphorylgruppe, substituiert sind, 



(5) (i) Thiol oder (ii) einer geradkettigen odor verzweigten
Ci-1o-Alkylthio-, C4-6-Zykloalkylthio-, C7-1s-Aralkylthio- odor
C2-1o-Alkanoylylthiogruppe, die gegebenenfalls mit 1 bis 3 gleichen odor 5
verschiedenen Substituenten, ausgewihit aus einer Halogen-, Hydroxyl-,
Cl-6-Alkoxy- und der Mond odor Di(CI -6-alkoxy)phosphorylgruppe,
substituiert sind, (6) einer Aminogruppe, die gegebenenfalls mit 1 bis 2
gleichen odor verschiedenen Substituenten, ausgewlhkt aus einer Ci
-io-Alkyl-, C2-10-Alkenyl-, C6-14-Aryl- und C7-1,-Aralkylgruppe, worin der
Substituent gegebenenfalls mit einer Halogen-, Ci-s-Alkoxy-, der Mono- oder
Di(CI-6-alkoxy)- 10        phosphoryl oder Phosphonogruppe weiter
substituiert ist, (7) elner Ct-isg-Acylgruppe, die gegebenenfalls mit 1 bis
3 gleichen oder verschiedenen Substituen- ten, ausgewlhlt aus einer
Halogen-, Hydroxyl-, Ci -6-Alkoxy- und der Aminogruppe, substituiert ist,
(8) einer Mono- odor Dialkoxyphosphorylgruppe, (9) einer Phosphonogruppe,
15       (10) einer Arylgruppe, die gegebenenfalls mit 1 bis 3 gleichen
odor verschiedenen Substituenten, ausgewahlt aus einer Ci -s-Alkyl-,
Halogen-, Hydroxyl- und C1 -6-Alkoxygruppe, substituiert ist, (11) einer
C7-,s-Aralkylgruppe, die gegebenenfalls mit 1 bis 3 gleichen oder
verschiedenen Substituenten, ausgewlhit aus einer C1-6-Alkyl-, Halogen-,
Hydroxyl- und Ci-r-Alkoxygruppe, substituiert ist, 20        und (12) einer
5- odor 8-gliedrigen, aromatischen, heterozyklischen Gruppe mit 1 bis 4
Stickstoff-, Sauerstoff- und/oder Schwefelatomen, die gegebenenfalls mit 1
bis 3 gleichen oder verschiedenen Substituenten, ausgewAhIt aus einer
Ci-s-Alkyl-, Halogen-, Hydroxyl- und Ci-6-Alkoxygruppe, substituiert ist;
worin R (i) ein Wasserstoffatom oder (ii) eine Ci-io-Alkyl-,
02-io-Alkenyl-, Cs-1-Aryl- oder 07-19- 25     Aralkylgruppe ist, die
gegebenenfalls mit einer 5- oder 6-gliedrigen, aromatischen,
heterozyklischen Gruppe mit 1 bis 4 Stickstoff-, Sauerstoff- und/oder
Schwefelatomen, Halogen-, Dialkoxyphosphoryl- odor Phosphonogruppe
substituiert ist; worin B eine Carboxyl-, Ci-lo-Alkoxycarbonyl-,
C6-14-Aryloxycarbonyl-, C7-19-Aralkyloxycarbonylgrup- pe oder eine Gruppe
der Formel -CONRj R2 ist, wobei R. und R2 jeweils bedeutet 30        (1)
ein Wasserstoffatom, (2) eine Ci-lo-Alkyl-, C2-lo-Alkenyl-, C6-1-Aryl- odor
C7-19-Aralkylgruppe, die gegebonenfalls mit 1 bis 3 gleichen odor
verschiedenen Substituenten, ausgewAhlt aus (i) einer Halogen-, (ii)
Hydroxyl-, (iii) einer Ci -s-Alkoxy-, (iv) einer gegebenenfalls mit C, -
r-Alkyl substituierten Amino-, (v) einer mit Acyl substituierten Amino-,
(vi) einer gegebenenfalls mit C1-r-Alkyl substituierten Carbamoyl-, (vii)
35        einer Ci -s-Alkoxycarbonyl-, (viii) einer Mono- odor
Dialkoxyphosphorylgruppe, (ix) Phosphonogrup- pe und (x) einer
gogebenenfalls substituierten, 5- oder 6-gliedrigen, aromatischen,
heterozyklischen Gruppe, substituiert ist; 



oder (3) (i) elne 5- bis 7-gliedrige, heterozyklische Gruppe mit 1
Schwofel-, Stickstoff- odor Sauerstoff- 40          atom, eine 5- oder
B-gliedrige, heterozyklische Gruppe mit 2 bis 4 Stickstoffatomen oder eine
5- odor 6-gliedrige, hoterozyklische Gruppe mit 1 bis 2 Stickstoffatomen
und einem Schwefel- odor Sauerstoffatom, wobei jede dieser heterozyklischen
Gruppen gegebenenfalls mit oinem 6-gliedri- gen Ring mit maximal zwei
Stickstoffatomen, einem Benzolring odor oinem 5-gliedrigen Ring mit 1
Schwefelatom verschmolzon ist, 45          oder (ii) eine substituierte,
heterozyklische Gruppe, ausgewdhlt aus 5-Chlor-2-pyridyl, 3-Methoxy-
2-pyridyl, 5-Methyl-2-benzothiazolyl, 5-Methyl-4-phenyl-2-thiazolyl,
3-Phonyl-5-isooxazolyl, 4-(4- Chlorphonyl)-5-mothyl-2-oxazolyl,
3-Phenyl-1,2,4-thiadiazol-5-yl, 5-Methyl-1,3,4-thiadiazol-2-yl, 5-
Acetylamino-2-pyrimidyl, 3-Mothyl-2-thienyl, 4,5-Dimethyl-2-furanyl odor
4-Methyl-2-morpholinyl, oder wobei andererseits R. und R2 zusammen mit dem
benachbarten SlIckstoffatom  Morpholin, so     Piperidin, Thiomorpholin,
Homopiperidin, Piperidin, Pyrrolidin, Thiazolidin odor Azopin bilden; worin
X = -CH(OH)- odor -CO- ist; k = 0 odor 1 ist; und k' = 0, 1 odor 2 ist;
oder ein pharmazeutisch annehmbares Salz davon. 55 103    C   L       S
Revendlcatfons Revendlcatlons pour les Etats contractants sulvants: AT, BE,
CH, DE, FR, GB, IT, Li, LU,. NL, SE 1. Compose heterocyclique soufr4 de
formule (I): 5 (CS Jk-   NA 10                         Mn
W\SS0 15     dans laquelle le cycle A est un cycle benzenique qui peut
porter de 1 & 4 substituants, identiques ou diffdrents, choisis parmi a)
les atomes d'halogene, b) le groupe nitro, c) les groupos alkyle on C1-lo
lin6aires ou ramifits ou cycloalkyle on C3-7, portant 6ventuellement 20
de 1 & 3 substituants, identiques ou difflrents, choisis parmi les atomes
d'halogene et les groupes hydroxyle, alcoxy en C,-s, mono(alcoxy on Ci
-s)phosphoryle, di(alcoxy en C, -s)-phosphoryle et phosphono, 



d) (1) le groupe hydroxyle ou (2) les groupes alcoxy en C,-io lin6aires ou
ramifi6s, cycloalcoxy on C4-r, alcenyloxy on C2-,o, aralkyloxy en Cs-ts,
alcanoyloxy en 02-10 ou aryloxy en C6-14, portant 25       eventuellement
de 1 & 3 substituants, idenbiques ou differents, choisis parmi les atomes
d'halogbne et les groupes hydroxyle, alcoxy on Ci -6, mono(alcoxy en C1
-s)phosphoryle et di(alcoxy en C, -s)- phosphoryle, e) (1) le groupe thiol
ou (2) les groupes alkylthio en Ci -ic lineaires ou ramifies,
cycloalkylthio on C4-s, aralkylthio en C7-tg ou alcanoylthio on C2-10,
portant eventuellement de 1 a 3 substituants, 30       identiques ou
diffdrents, choisis parmi les atomes d'halogene et les groupes hydroxyle,
alcoxy en C, -s, mono(alcoxy en Ci -r.)phosphoryle ot di(alcoxy on C0-6
)-phosphoryle, f) le groupe amino, portant dventuellement 1 ou 2
substituants, identiques ou diff6rents, choisis parmi les groupes alkyle on
Ci -,o, alonyle en C2-10, aryle en C6-14 et aralkyle en 07-19, lesquels
substituants peuvent eux-mfmos 8tre substitu6s par des atomes d'halogbne et
par des groupes 35       alcoxy en C1 -3, mono(alcoxy en C, -6)phosphoryle,
di(alcoxy on C, -s)-phosphoryle et phosphono, g) les groupes acyle en 6,s,
portant eventuellement de 1 & 3 substituants, idenbiques ou differents,
choisis parmi les atomes d'halogene et les groupes hydroxyle, alcoxy en
C,-r et amino, h) les groupes monoalcoxyphosphoryle ou dialcoxyphosphoryle,
i) le groupe phosphono. 40       j) les groupes aryle, portant
6ventuelolment de 1 & 3 substituants, identiques ou differents, choisis
pamni les atomes d'halogbne et les groupes hydroxyle, alkyle en Ci-6 et
alcoxy en C1 -6, k) les groupes aralkyle on C7-is, portant eventuellement
de 1 a 3 substituants, identiques ou diff6rents, choisis parmi les atomes
d'halogene et les groupes hydroxyle, alkyle on C1-6 at alcoxy en Ci -6. et
45       1) les groupes hdterocycliques aromatiques & 5 ou 6 chaihons,
comportant de 1 A 4 atomes d'azote, d'oxygene etlou de soufre, portant
6ventuellement de 1 & 3 substituants, identiques ou diff6rents, choisis
parmi les atomes d'halogene et les groupes hydroxyle, alkyle en Ci -6 et
alcoxy On C1 -6; R repr6sente (1) un atome d'hydrogene ou (2) un groupe
alkyle en C, -lo, alcdnylO On C2-io, aryle en CE--4 ou aralkyle on 07-i,
qui pout ftre substifu4 par un groupe h6t~rocyclique a 5 ou 6 chaTnons 50
comportant de 1 & 4 atomes d'azote, d'oxygbne eotou de soufre, un atome
d'halogbne, un groupe dialcoxyphosphoryle ou un groupe phosphono; B
repr6sente un groupe carboxyle, (alcoxy en Ci-io)carbonyle, (aryloxy en
CE-14)carbonyle ou aralkyloxy en C7-1s)carbonyle, ou un groupe de formule
-CONRR2 dans laquelle Ri et R2 reprdsen- tent chacun 55       a) un atome
d'hydrogbne, b) un groupe alkyle on Cl-o. alc6nyle en 02-1o, aryle en CE-14
ou aralkyle on C7-19, portant 6ventuellement de I a 3 substituants,
identiques ou diffdrents, choisis parmi (1) les atomes 



d'halogbne, (2) le groupe hydroxyle, (3) les groupes alcoxy en C1-6, (4) le
groupe amino, portant 104    C   L  M   S* dventuellement un substituant
alkyle en Ci -6, (5) le groupe amino portant un substituant acyle, (6) le
groupe carbarnyle. portant eventuellement un substituant alkyle en C1 -6,
(7) les groupes (alcoxy en C1-6)carbonyle, (8) les groupes
monoalcoxyphosphoryle ou dialcoxyphosphoryle, (9) le groupe phosphono, et
(10) les groupes h6tfrocycliques aromatiques a 5 ou 6 chatnons, portant
eventuelle- 5        ment des substituants, ou c) (1) un groupe
het6rocyclique comportant de 5 a 7 chatnons parmi lesquels un atoms de
soufre, d'azote ou d'oxygene, un groupe heterocyclique comportant 5 ou 6
chatnons parmi lesquels de 2 a 4 atomes d'azote, ou un groupe
hdterocyclique comportant 5 ou 6 chaThons parmi lesquels 1 ou 2 atomres
d'azote et un atome d'oxygene ou de soufre, chacun de ces groupes het
rocycliques 10       pouvant dventuellement 8tre condense avec un cycle a 6
chatnons comportant au plus 2 atomes d'azote, un cycle benzenique ou un
cycle A 5 chatnons comportant un atome de soufre, ou c) (2) un groupe
heterocyclique substitue choisi parmi les groupes 5-chloro-2-pyridyle,
3-methoxy-2- pyridyle, 5-methyl-2-benzothiazolyle,
5-m6thyl-4-ph6nyl-2-thiazolyle, 3-phenyl-5-isoxazolyle, 4-(4-
chlorophenyl)-5-m6thyl-2-oxazolyle, 3-phenyl-1,2,4-thiadiazol-5-yle,
5-methyl-1.3,4-thiadiazol-2-yle, 5- 15       acetylamino-2-pyrimidyle,
3-methyl-2-thienyle, 4,5-dim6thyl-2-furanyle et 4-m6thyl-2-morpholinyle, ou
encore RI et R2, consid6r6s conjointement avec l'atome d'azote adjacent,
forment un groupe morpholino, thiomorpholino, piperidino, homopip6ridino,
pyrrolidino, thiazolidino ou azepino; X represente un chatnon -CH(OH)- ou
-CO-; k vaut 0 ou 1 ; et 20     k' vaut 0,1 ou 2; et ies sels d'un tel
compose, acceptables en pharmacie. 2. Compos6 conforme a la revendication
1, dans loquel le cycle A est un cycle benzenique qui peut porter 1 ou 2
substituants, identiques ou diff6rents, choisis parmi les atomes
d'halogbne, les groupes 25     alkyle an C-10o et les groupes alcoxy en C1
-6. 3. Compose conforme I la revendication 1, dans lequel le cycle A est un
cycle benzenique qui peut porter, comme substituants, 1 ou 2 groupes alkyle
en C1 -1o identiques ou diff6rents. 30  4. Compose conforme & la
revendication 1, dans lequel le cycle A est un cycle benzenique qui paut
porter, comme substituant, un groupe cycloalkyle en C3-7. 5. Compos6
conforme a la revendication 1, dans lequel R repr6sente un atome
d'hydrogene, un groupe 



alkyle en C o- o ou un groupe phenyle. 35 6. Compos6 conforme a la
revendication 1, dans loquel R repr6sente un atomie d'hydrogene ou un
groupe mdthyle. 7. Compose conforme & la revendication 1, dans loquel B
repr6sente un groupe (alcoxy en C-1 o)- 40     carbonyle. 8. Compose
conforme & la revendication 1, dans lequel B represente un groupe de
formule -CONR, R2 o0 R1 at R2 ont les significations indiquees dans la
revendication 1. 45  9. Compos4 conforme & la revendication 8. dons lequel
R. represente un atome d'hydrogbne et R2 represente un groupe de formule
-C-lH4-(CH2)nP(O)(OR')2 dans laquelle n vaut 0 ou 1 et R' represente un
groupe alkyle en C1-6. 10. Compos6 conforme a la revendication 1, dons
lequel le cycle A est un cycle benzenique qui paut 50     porter 1 ou 2
substituants, identiques ou differents, choisis parmi les atomes
d'halogene, les groupes alkyle en C1-lo et les groupes alcoxy en C1 -6, R
represente un atome d'hydrogene, un groupe alkyle en Ci -1o ou un groupe
phenyle, B reprdsente un groupe (alcoxy en C,-1 o)carbonyle ou un groupe de
formule -CONRi R2 oO RI et R2 ont les significations indiqu6es dans la
revendication 1, et k et k' valent chacun 0. 65 11. Compose conforme & la
revendication 1, qui est le
6-cyclohexyl-N-(4-diethoxyphosphorylm6thylphenyl)- 3,4-dihydro-1
H-2-benzothiopyrane-4-one-1 -carboxamide. 105    EP 0 376 197 B1311111
l1111111| 11 12. Compose conforme a la revendication 1, qui est le
6.7-dim6thyl-N-(4-diethoxyphosphorylph6nyl)3,4- dihydro-1
H-2-benzothiopyraneo4one-1 -carboxamide. 13. Compos6 conforme a la
revendication 1, qui est le
6.7-dimethyl-N-(4-diethoxyphosphorylmethylphenyl)- 5     3,4-dihydro-1
H-2-benzothiopyrane-4-one-1 -carboxamide. 14. Proocde de production d'un
compose het~rocyclique soufr6, de formulo gen6rale (I) definie dans la
revendication 1, ou d'un sel d'un tel compose, qui comporte 1) le fait de
soumettre un compose de formulo generale (II) 10 (CH 75
(f)SS(-O)k' 



CH-COY R 20 dans laquelle B' represente un groupe (alcoxy en Ci
-Io)carbonyle, (aryloxy en C6-14)carbonyle ou (aralcoxy en C7-1
9)carbonyle, ou un groupe de formule -CONR, R2 oO RI et R2 ont les
significations indiquees dans la revendication 1, Y represente un atome
d'halogene ou un groupe hydroxyle, et les autres symboles ont les
significations indiquees dans la revendication 1, 25       ou un sel d'un
tel compose & une reaction de cyclisation, puis, si necessaire, & une
oxydation ettou une hydrolyse, une hydrolyse suivie d'une amidation, ou une
hydrolyse suivie d'une amidation et d'une oxydation, de facon & obtenir un
compos6 heterocyclique soufr6 de formulo generale (ia) 30
B (Ia) 35a                                                          f dans
laquelle chaque symbole a la signification indiquee dans la revendication
1, ou bien, autrement, 40       2) le fait de reduire un compose de formule
generale (la), definie ci-dessus, ou un sel d'un tel compos6, pour obtenir
un compose heterocyclique soufrn de formule gen6rale (lb) 46
(CHE,)k (lb)                          S(O)k ' 50
OX        R dans laquelle chaque symbole a la signification indiquee dans
la revendication 1, ou un sel d'un tel compose. 55 15. Pr6paration
pharmacoutique destinee & etre employde dans le traitement de
l'ost6oporose, qui contient une quantit6, efficace contre l'osteoporose,
d'un compose conforme & la revendication 1 ou d'un sel d'un tel compose,
acceptable en pharmacie, et un v6hicule ou un diluant acceptable en
pharmacie. 106    EP O 376 197 B1                        c Revendicatlons
pour l'Etat contractant sulvant: ES 1. ProcWd4 de production d'un compose
h6terocyclique soufre de formule (1): 5 :3 , (CH2,^ 



(I)            I-'.-               SCO O)k' 10 R dans laquelle le cycle A
est un cycle benzenique qui pout porter de 1 & 4 substituants, identiques
ou 15     differents, choisis parmi a) les atomes d'halogbne, b) le groupe
nitro, c) les groupes alkyle on C,-,0 lin6aires ou ramifles ou cycloalkyle
en C3-7, portant eventuellement de 1 a 3 substituants, identiques ou
diffdrents, choisis parmi les atomes d'halogbne et les groupes 20
hydroxyle, alcoxy on C, -s, mono(alcoxy en C, -s)phosphoryle, di(alcoxy en
C, -6)-phosphoryle et phosphono, d) (1) le groupe hydroxyle ou (2) les
groupes alcoxy on C,-,o lin~aires ou ramifies, cycloalcoxy on C4-6,
alcenyloxy en C2-1o. aralkyloxy en C6-19, alcanoyloxy en 02-10 ou aryloxy
an C6-14, portant eventuellement de 1 a 3 substituants, identiques ou
differents, choisis parmi les atomes d'halogbne 25       et les groupes
hydroxyle, alcoxy on C1-6, mono(alcoxy on C,-6s)phosphoryle et di(alcoxy on
C,-6) phosphoryle, e) (1) le groupe thiol ou (2) les groupes alkylthio en
C,-,o lin~aires ou ramifies, cycloalkylthio en C4-6, aralkylthio en C7-Iq
ou alcanoylthio en C2-1O, portant eventuellement de 1 A 3 substituants,
identiques ou diffdrents, choisis parmi les atomes d'halogbne et les
groupes hydroxyle, alcoxy on 30        C1 -6, mono(alcoxy en C,
-6)phosphoryle et di(alcoxy on C, -s)-phosphoryle, f) le groupe amino,
portant 6ventuellement 1 ou 2 substituants, identiques ou differents,
choisis parmi les groupes alkyle en C1-1o, alcenyle on C2-10, aryle en
Cs-14 ot aralkyle en C7-1S, lesquels substituants peuvent eux-mames etre
substitues par des atomes d'halogbne ot par des groupes alcoxy en C, -a,
mono(alcoxy en Ci -6)phosphoryle, di(alcoxy on C, -s)-phosphoryle et
phosphono, 35       g) les groupes acyle en Ci-is, portant eventuellement
de 1 & 3 substituants, identiques ou differents, choisis parmi les atomes
d'halogbne et les groupes hydroxyle, alcoxy on C,-s et amino, h) les
groupes monoalcoxyphosphoryle ou dialcoxyphosphoryle, 1) le groupe
phosphono, j) les groupes aryle, portant eventuellement de 1 & 3
substituants, identiques ou differents, choisis 40        parmi les atomes
d'halogbne et les groupes hydroxyle, alkyle on Ci -6 et alcoxy en Ci-6, k)
les groupes aralkyle en C7-1s, portant 6ventuellement de 1 a 3
substituants, identiques ou diffdrents, choisis parmi les atomes d'halogbne
et les groupes hydroxyle, alkyle en C, -6 et alcoxy en Cl-s, et I) les
groupes heterocycliques aromatiques a 5 ou 6 chaihons, comportant de 1 a 4
atomes d'azoto, 45        d'oxygbne et/ou de soufre, portant eventuellement
de 1 a 3 substituants, identiques ou difffrents, 



choisis parmi les atomes d'halogbne et les groupes hydroxyle, alkyle en Ci
-s et alcoxy en C, -6; R represente (1) un atome d'hydrogene ou (2) un
groupe alkyle en C,-lo, alcenyle en C2-,a, aryle en C6-14 ou aralkyle on
C7-19, qui pout 8tre substitu6 par un groupe hdterocyclique a 5 ou 6
chainons comportant de 1 a 4 atomes d'azote, d'oxygene et/ou de soufre, un
atome d'halogbne, un groupe 50     dialcoxyphosphoryle ou un groupe
phosphono; B reprdsente un groupe carboxyle, (alcoxy en C,-iO)carbonyle,
(aryloxy en C,6-14)carbonyle ou aralkyloxy on C7-1 9)carbonyle, ou un
groupe de formule -CONR1 R2 dans laquelle RI et R2 repr~sen- tent chacun a)
un atome d'hydrogbne, 55        b) un groupe alkyle en C1-1o, alcenyle en
C2-io, aryle on C6-14 ou aralkyle en C7-1s, portant 6ventuellement de 1 a 3
substituants, identiques ou diff6rents, choisis parmi (1) les atomes
d'halogene, (2) le groupe hydroxyle, (3) les groupes alcoxy en Ci-s, (4) le
groupe amino, portant dventuellement un substituant alkyle en C, -s, (5) le
groupe amino portant un substituant acyle, (6) le 107    EP O 376 197 B1
Ili3i II I *C   L  M   S* groupe carbamyle, portant eventuellement un
substituant alkyle en Ci-6, (7) les groupes (alcoxy en C1 -s)carbonyle, (8)
les groupes monoalcoxyphosphoryle ou dialcoxyphosphoryle. (9.) le groups
phosphono, et (10) les groupes heterocycliques aromatiques a 5 ou 6
chathons, portant 6ventuelle- ment des substituants, ou s        c) (1) un
groupe hdtdrocyclique comportant de 5 a 7 chainons parmi lesquels un atome
de soufre, d'azote ou d'oxygene, un groupe het~rocyclique comportant 5 ou 6
chainons parmi lesquels de 2 a 4 atomes d'azote, ou un groups
h6t6rocyclique comportant 5 ou 6 chafnons parmi lesquels 1 ou 2 atomes
d'azote et un atoms d'oxygane ou de soufre, chacun de ces groupes
hetdrocycliques pouvant eventuellement 8tre condense avec un cycle a 6
chaihons comportant au plus 2 atomes 10       d'azote, un cycle benzenique
ou un cycle a 5 chaTnons comportant un atoms de soufre, ou c) (2) un groups
h~terocyclique substitu6 choisi parmi les groupes 5-chloro-2-pyridyle,
3-methoxy-2- pyridyle, 5-methyl-2-benzothiazolyle,
5-methyl-4-ph6nyl-2-thiazolyle, 3-ph6nyl-5-isoxazolyle, 4-(4-
chlorophenyl)-5-m6thyl-2-oxazolyle, 3-ph6nyl-1,2,4-thiadiazol-5-yle,
5-methyl-1,3,4-thiadiazol-2-yle, 5- acetylamino-2-pyrimidyle,
3-methyl-2-thienyle, 4,5-dimethyl-2-furanyle et 4-methyl-2-morpholinyle, 15
ou encore R1 et R2, considerds conjointement avec l'atome d'azote adjacent,
forment un groups morpholino, thiomorpholino, pip~ridino, homopipdridino.
pyrrolidino, thiazolidino ou az6pino; 



X repr6sente un chainon -CH(OH)- ou -CO-; q         kkvaut 0ou 1; et k'
vaut 0, 1 ou 2; 20        ou d'un sel d'un tel compose, acceptable on
pharmacie, ledit proc6d6 comportant 1) le fait de soumettre un compose de
formule generale (II) 25
(C/2) \ (II)                              S(-O)k ' 30
2 dans laquelle B' represente un groups (alcoxy en C1-io)carbonyle,
(aryloxy en C6-14)carbonyle ou (aralcoxy en C7 -1 9)carbonyle, ou un groups
de formule -CONR1 R2 ob R. et R2 ont les significations 35       indiqu6es
plus haut, Y reprdsente un atoms d'halogbne ou un groups hydroxyle, et les
autres symboles ont les significations indiqudes plus haut, ou un sel d'un
tel compose & une reaction de cyclisationr puis, si necessaire, a une
oxydation et/ou uneshydrolyse, une hydrolyse suivie d'une amidation, ou une
hydrolyse suivie d'une amidation et d'une oxydation, de fagon a obtenir un
compose heterocyclique soufre de formulo generale (la) 40 S(-O)k' 45
(Ia) a     R 50       dans laquelle chaque symbols a la signification
indiquee plus haut, ou bien, autrement, 2) le fait de reduire un compose de
formule gen6rale (la), dMfinie ci-dessus, ou un sel d'un tel compos6, pour
obtenir un compose hetdrocyclique soufre de formule gdn6rale (lb) 55 108
EP 0 376 197 B1                   1   111111 11111 11111 111111 *  C   L  N
S  * (C(H.)k-! (Ib)                         S(=O)k' OH        R 10
dans laquelle chaque symbole a la signification indiqude plus haut, ou un
sel d'un tel compos6. 2. Proc~d6 conforme a la revendication 1, dans lequel
le cycle A est un cycle benz6nique qui peut porter 1 ou 2 substituants,
identiques ou difffrents, choisis parmi les atomes d'halogbne, les groupes
alkyle 



en C,-lo et les groupes alcoxy en Cl-B. 15 3. Proc~d6 conforme a la
revendication 1, dans lequel le cycle A est un cycle benz~nique qui peut
porter, comme substituants, 1 ou 2 groupes alkyle en C, -1 o identiques ou
diff6rents. 4. ProcWdX conforme a la revendication 1, dans lequel le cycle
A est un cycle benzdnique qui pout porter, 20     comme substituant, un
groupe cycloalkyle en C3-7. 5. Proc~d6 conforme a la revendication 1, dans
lequel R repr~sente un atome d'hydrogbne, un groupe alkyle en C, -,0 ou un
groupe phenyle. 25  S. Proc~d6 conforme & la revendication 1, dans lequel R
repr~sente un atome d'hydrogbne ou un groupe m6thyle. 7. Proc6d6 conforme a
la revendication 1, dans loquel B reprdsente un groupe (alcoxy en C,-,0)-
carbonyle. 30 8. Proc6d6 conforme a la revendication 1, dans lequel B
repr~sente un groupe de formulo -CONR1 R2 oO Ri et F2 ont les
significations indiqudes dans la revendication 1. 9. Proc~d4 conforme a la
revendication 8, dans loquel R. repr~sente un atome d'hydrogbne et R2 35
repr6sente un groupe de forrmule -C06H4(CH2)nP(O)(OR')2 dans laquelle n
vaut 0 ou 1 et R' repr6sento un groupe alkyle en. Ci-. 10. Proc~d4 conforme
a la revendication 1, dans lequel le cycle A est un cycle benzdnique qui
pout porter 1 ou 2 substituants, identiques ou differents, choisis parmi
les atomes d'halogbne. les groupes alkyle 40     en Ci-10 et les groupes
alcoxy en Ci-_,, R represente un atome dhydrogbne, un groupe alkyle en
C1-10 ou un groupe ph6nyle, B represente un groupe (alcoxy on Cs-1
o)carbonyle ou un groupe de formule - CONR, R2 oO RI et R2 ont les
significations indiquees dans la revendication 1, et k et k' valent chacun
0. 45  11. Proc6d6 conforme & la revendication 1, oO le composa  de formula
(I) est le 6-cyclohexyl-N-(4- di~thoxyphosphorylmethylph6nyl)-3,4.dihydro-1
H-2-benzothiopyrane-4-one-1 -carboxamide. 12. Procdd6 conforme a la
revendication 1, oO le composa de formule (I) est le 6,7-dim6thyl-N-(4-
didthoxyphosphorylphdnyl)-3,4-dihydro-1
H-2-benzothiopyrane-4-one-1-carboxamide. 50 13. Proc6de conforme a la
revendication 1, oi le compose de formula (I) est le 6,7-dimethyl-N-(4-
di6thoxyphosphorylmethylph6nyl)-3,4-dihydro-1
H-2-benzothiopyrane-4-one-l-carboxamide. 14. Procd6 de production d'une
pr~paration pharmaceutique destinde a Otre omployde dans le traitement 55
de l'ost6oporose, qui contient une quantit6, efficace contre l'ostdoporose,
d'un composa conforme a la revendication 1 ou d'un sel d'un tel compos6,
acceptable en pharmacie, et un vehicule ou un diluant acceptable en
pharmacie. 



109    EP 0 376 197 B1 I 111111111111111111 IID 11 1111 Revendicatlons pour
I'Etat contractant sulvant: GR                       C    L   M   S  * 1.
Proced6 de production d'un compose heterocyclique soufre de formule (1): 5
(CH:)k\ (ID             Al      O(0)k' dans laquelle le cycle A est un
cycle benz~nique qui pout porter de 1 A 4 substituants, identiques ou 16
differents, choisis parmi a) les atomes d'halogbne, b) le groupo nitro, c)
les groupes alkyle en C1 -10 lin6aires ou ramifies ou cycloalkyle en Ca-7,
portant eventuellement de 1 & 3 substituants, identiques ou diff6rents,
choisis parmi les atomes d'halogbne et les groupes 20       hydroxyle,
alcoxy en C, -s, mono(alcoxy en Ci -s)phosphoryle, di(alcoxy en C1
-s)-phosphoryle et phosphono, d) (1) le groupe hydroxyle ou (2) les groupes
alcoxy en C1-10 lineaires ou ramifies, cycloalcoxy en C4-6, alcenyloxy en
C2-10, aralkyloxy on Cs-is, alcanoyloxy en C2-io ou aryloxy en Cs-14,
portant eventuellement de 1 & 3 substituants, identiques ou differents,
choisis parmi les atomes d'halogbne 25       et les groupes hydroxyle,
alcoxy en CI -6. mono(alcoxy on C1 -s)phosphoryle et di(alcoxy on C1-s)
phosphoryle, e) (1) le groupe thiol ou (2) les groupes alkylthio on C, -10
lin6aires ou ramifids, cycloalkylthio en C4-6, aralkylthio en C7-19 ou
alcanoylthio en C2-10, portant eventuellement de 1 a 3 substituants,
identiques ou differents, choisis parmi les atomes d'halogbne et les
groupes hydroxyle, alcoxy en 30        C1 -6, mono(alcoxy en C,
-6)phosphoryle et di(alcoxy en C, -s )-phosphoryle, f) le groupe amino,
portant 6ventuellement 1 ou 2 substituants, identiques ou differents,
choisis parmi les groupes alkyle en Ci-1o, aic~nyle en C2-jo, aryle en
Cs-14 et aralkyle en C7-19, lesquels substituants peuvent eux-mames etre
substitues par des atomes d'halogene et par des groupes alcoxy en Ci -a,
mono(alcoxy en Ci -6)phosphoryle, di(alcoxy en Ci -6)-phosphoryle et
phosphono, 35       g) les groupes acyle en C1 -9,9 portant eventuellement
de 1 a 3 substituants, identiques ou differents, choisis parmi les atomes
d'halogene et les groupes hydroxyle, alcoxy en C1 -6 et amino, h) les
groupes monoalcoxyphosphoryle ou dialcoxyphosphoryle, 



i) le groupe phosphono, J) les groupes aryle. portant eventuellement de 1 a
3 substituants, identiques ou differents, choisis 4o        parmi les
atomes d'halogbne et les groupes hydroxyle, alkyle en C1 -6 et alcoxy en
C1-6, k) les groupes aralkyle en C7-is, portant eventuellement de 1 & 3
substituants, identiques ou differents, choisis parmi les atomes d'halogbne
et les groupes hydroxyle. alkyle en Ci-s et alcoxy en C1-6, 0t 1) les
groupes heterocycliques aromatiquss a 5 ou 6 chalnons, comportant de 1 a 4
atomes d'azote, 45       d'oxygbne el/ou de soufre, portant eventuellement
de 1 & 3 substituants, identiques ou differents, choisis parmi les atomes
d'halogbne et les groupes hydroxyls, alkyle en Ci -6 0t alcoxy en C -6; R
represente (1) un atome d'hydrogene ou (2) un groupe alkyle en Ci -i1,
alcenyle en C2-lo, aryle en Cs6-14 ou aralkyle en C7-t,. qui peut 8tre
substitue par un groupe heterocyclique A 5 ou 6 chalnons comportant de 1 a
4 atomes d'azote, d'oxygene et/ou do soufre, un atome d'halogbne, un groupe
50     dialcoxyphosphoryle ou un groupe phosphono; B repr6sente un groupo
carboxyle, (alcoxy en Ci-1o)carbonyle, (aryloxy on Cs6-1s)carbonyle ou
aralkyloxy en C7-is)carbonyle, ou un groupe de formule -CONR1 R2 dans
laquelle RI et R2 represen- tent chacun a) un atome d'hydrogbne, 55
b) un groupe alkyle en C1-10, alcenyle en C2-io, aryle on CS-14 Ou aralkyle
en C7-is, portant 6ventuellement de 1 & 3 substituants, identiques ou
differents, choisis parmi (1) les atomes d'halogene, (2) le groupe
hydroxyle, (3) les groupes alcoxy en Ci-s, (4) le groupo amino, portant
eventuellement un substituant alkyle en Ci -s, (5) le groupe amino portant
un substituant acyle, (6) le 110    EP O 376 197 B1              llllllll
ii ii lll *C   L  M   S* groupe carbamyle, portant eventuellement un
substituant alkyle en C1 -6, (7) les groupes (alcoxy en C1 -s)carbonyle,
(8) les groupes monoalcoxyphosphoryle ou dialcoxyphosphoryle. (9) le groupe
phosphono, et (10) les groupes h6t~rocycliques aromatiques & 5 ou 6
chatnons, portant eventuelle- ment des substituants, ou 5        C) (1) un
groupe h~terocyclique comportant de 5 & 7 chaihons parmi lesquels un atome
de soufre, d'azote ou d'oxygene, un groupe het6rocyclique comportant 5 ou 6
chatnons parmi lesquels de 2 & 4 atomes d'azote, ou un groupo
heterocyclique comportant 5 ou 6 chatnons parmi lesquels 1 ou 2 atomes
d'azote et un atome d'oxygbne ou de soufre, chacun de ces groupes
heterocycliques 



pouvant 6ventuellement etre condens6.avec un cycle a 6 chathons comportant
au plus 2 atomes 10       d'azote, un cycle benzenique ou un cycle a 5
chatnons comportant un atome de soufre, ou c) (2) un groupo hdterocyclique
substitu6 choisi parmi les groupes 5-chloro-2-pyridyle, 3-methoxy-2-
pyridyle, 5-methyl-2-benzothiazolyle, 5-methyl-4-phenyl-2-thiazolyle,
3-phenyl-5-isoxazolyle, 4-(4- chlorophenyl)-5-m6thyl-2-oxazolyle,
3-phenyl-1,2,4-thiadiazol-5-yle, 5-m6thyl-1,3,4-thiadiazol-2-yle, 5-
ac6tylamino-2-pyrimidyle, 3-m6thyl-2-thi6nyle, 4,5-dimethyl-2-furanyle et
4-mdthyl-2-morpholinyle, 15       oU encore Ri et R2, consideres
conjointement avec l'atome d'azote adjacent, forment un groupe morpholino,
thiomorpholino, piperidino, homopiperidino, pyrrolidino, thiazolidino ou
azepino; X represente un chatnon -CH(OH)- ou -CO-; kvautO ou 1; et k' vaut
0, 1 ou 2; 20        OU d'un sel d'un tel compos6, acceptable en pharmacie,
ledit proc6d6 comportant 1) le failt de soumettre un compos4 de formule
g6n6rale (II) 25                                                  (CH (II
I       I           SC=O)k' CH-COY 30 dans laquelle B3' ropresente un
groupe (alcaxy en C1 -1 o)carbonyle, (arylaxy en Cs -1 4)carbonyleou
(aralcoxy en C7-19)carbonyle, ou un groups do formule -CONR1 R2 oO Ri 01 R2
ant los significations 35       indiqu6es plus haul, Y represonlo un alamo
d'halogbne ou un groupe hydroxyle, 01 los autres symbolos ont les
significations indiqu~es plus haul, ou un eel d'un tel compos6 & une
r6action do cyclisation, puis, si n~cossaire, & uneoaxydation el/au une
hydrolyse, une hydrolyso suivie d'une amidalion, ou une hydrollyso suivie.
d'une amidation e1 d'une oxydation, do fagon I abtenir un compos6
h~t~racycliquo soufrd do formule g~n~rale (la) 40 CCH)k""; uO)k' cIa)
50~~~~~~~~~~~ dans laquolle chaque symbalo a la signification indiqu6e plus
haul, ou blon, autrement, 2) le fait do rgduire un compos4 do formule,
g6n~rale (la), d~finie ci-dessus, ou un Sel d'un tel campas4, pour obtenir
un compos6 h~t~rocyclique saufr6 do farmulo g6n~ralo (lb) .55 (m S %(S111



EP 0 376 197 B1 I!1c 5                           (Ib)
S (=sO)k ' 10       dans laquelle chaque symbole a la signification
indiquee plus haut, ou un sel d'un tel compos6. 2. Proc6de conforme a la
revendication 1, dans loquel le cycle A est un cycle benzenique qui pout
porter 1 ou 2 substituants, identiques ou differents, choisis parmi les
atomes d'halogene, les groupes alkyle en C,-10 et les groupes alcoxy en C1
-S. 15 3 Proced6 conforme a la revendication 1, dans lequel le cycle A est
un cycle benzenique qui pout porter, comme substituants, 1 ou 2 groupes
alkyle en C,-lo identiques ou diffdrents. 4. Proced6 conforme a la
revendication 1, dans loquel le cycle A est un cycle benz6nique qui pout
porter, 20     comme substituant, un groupe cycloalkyle on C3-7. 5. Procede
conforme a la revendication 1, dans loquel R represento un atome
d'hydrogbne, un groupe alkyle en C,-10 ou un groupe ph6nyle. 25  6. Procede
conforme a la revendication 1, dans lequel R represente un atome
d'hydrogene ou un groupe methyle. K4,.   7. Proced6 conforme a la
revendication 1, dans lequel B reprdsente un groupe (alcoxy en Ci-io)-
carbonyle. 30 8. Procede conforme a la revendication 1, dans lequel B
represente un groupe de formule -CONR, R2 oO R1 et R2 ont les
significations indiquees dans la revendication 1. 9. ProcWd4 conforme & la
revendication 8, dans loquel R1 represente un atome d'hydrogbne et R2 35
repr6sente un groupe de formule -C6 H4(CH2)nP(O)(OR')2 dans laquelle n vaut
0 ou 1 et R' represente un groupe alkyle en C1-6. 10. Procede conforme a la
revendication 1, dans loquel le cycle A est un cycle benzenique qui pout
porter 1 ou 2 substituants, identiques ou difftrents, choisis parmi les
atomes d'halogene, les groupes alkyle 40     en C, -,0 et les groupes
alcoxy en Ci -6, R repr6sente un atome d'hydrogene, un groupe alkyle on Ci
-1o ou un groupe phenyle, B reprdsente un groupe (alcoxy en C1 -o)carbonyle
ou un groupe de formule - CONR, R2 oO R1 et R2 ont les significations
indiqu6es dans la revendication 1, et k et k' valent chacun 0. 4s  11.
Procdd4 conforme A la revendication 1, ob le compose de formule (I) est le
6-cyclohoxyl-N-(4- diethoxyphosphorylm6thylph6nyl)-3,4-dihydro-1
H-2-benzothiopyrane-4-one-1 -carboxamide. 12. Procede conforme a la
revendication 1, oO le compose de formule (I) est le 6,7-dimethyl-N-(4-
diethoxyphosphorylphenyl)-3,4-dihydro-1
H-2-benzothiopyrane-4-one-1-carboxamide. 50 



13. Proc6d4 conforme a la revendication 1, oU le compos6 de formule (I) est
le 6,7-dimethyl-N-(4- di6thoxyphosphorylm6thylphenyl)-3,4-dihydro-1
H-2-benzothiopyrane-4-one-1 -carboxamide. 14. Proc6d6 de production d'une
pr6paration pharmacoutique destinee a Otre employee dans le traitement 55
de l'ost6oporose, qui contient une quantit6, efficace contre l'osteoporose,
d'un compos6 conforme A la revendication 1 ou d'un sel d'un tel compose,
acceptable en pharmacie, et un vehicule ou un diluant acceptable en
pharmacie. 112    EP 0 376 197 B1 15. Compose h6terocyclique soufre de
formule (1): A S(C)\)k' 10
R dans laquelle le cycle A est un cycle benzenique qui pout porter de 1 a 4
substituauts, identiques au diff6rents, choisis parmi a) les atomes
d'halogbne, i5       b) le groups nitro, c) les groupes alkyle en C1-10
lineaires Cu ramifi6s Cu cycloalkyle en Cs-7, portant eventuellement de 1 a
3 substituauts, identiques Cu differents, choisis parmi les atomes
d'halogene et les groupes hydroxyle, alcoxy en C1-6, mono(alcoxy en
Cl-6)phosphoryle, di(alcoxy en Ci -6)-phosphoryle et phosphono, 20       d)
(1) le groupe hydroxyle Cu (2) les groupes alcoxy en C,-io lineaires ou
ramifls, cycloalcoxy en Cs-s, alcenyloxy on C2-io, aralkyloxy en Cs-iS,
alcanoyloxy en C2-1O ou aryloxy en Cs-14, portant eventuellement de 1 a 3
substituants, identiques Cu diff6rents, choisis parmi les atomes d'halogene
et les groupes hydroxyle, alcoxy on C1-6, mono(alcoxy en C, -6)phosphoryle
et di(alcoxy en C1 -6)- phosphoryle, 25       e) (1) le groupe thiol Cu (2)
les groupes alkylthio on C, -, lin6aires ou ramifi6s, cycloalkylthio en
C4-6, aralkylthio en C7-19 Ou alcanoylthio en C2-,0, portant dventuellement
de 1 & 3 substituants, identiques ou differents, choisis parmi les atomes
d'halogene et les groupes hydroxyle, alcoxy en C, -6, mono(alcoxy en C,
-6)phosphoryle et di(alcoxy en C, -6)-phosphoryle, f) le groupe amino,
portant eventuellement 1 ou 2 substituants, identiques ou diff6rents,
choisis 30       parmi les groupes alkyle on Ci-ia, alcenyle on C2-ao,
aryle en C6-14 et aralkyle on C7-is, losquels substituants peouvent
eux-m8mes Otre substitu6s par des atomes d'halogbne at par des groupes *
alcoxy en Ci -a, mono(alcoxy en Ci -r)phosphoryle, di(alcoxy en C1
-6r)-phosphoryle et phosphono, 



g) les groupes acyle en C1-is, portant eventuellement de 1 a 3
substituants, identiques ou differents, choisis parmi les atomes d'halogene
et les groupes hydroxyle, alcoxy en C1 -6 et amino, 35       h) les groupes
monoalcoxyphosphoryle ou dialcoxyphosphoryle, i) le groupo phosphono, j)
les groupes aryle, portant eventuellement de 1 a 3 substituants, identiques
ou diff6rents, choisis parmi les atomes d'halogbne et les groupes
hydroxyle, alkyle on Ci -6 et alcoxy en C1 -6. k) les groupes aralkyle en
C,-i,. portant eventuellement de 1 & 3 substituants, identiques Cu 40
diff6rents, choisis parmi les atomes d'halogbne et les groupes hydroxyle,
alkyle en Ct-6 et alcoxy en Ci -6, et 1) les groupes h6terocycliques
aromatiques a 5 ou 6 chaMnons, comportant de 1 & 4 atomes d'azote,
d'oxygene et/ou de soufre, portant dventuellement de 1 a 3 substituants,
identiques ou differents, choisis parmi les atomes d'halogbne et les
groupes hydroxyle, alkyle en Ci -6 et alcoxy en C1 -6; 45     R represente
(1) un atome d'hydrogbne Cu (2) un groupe alkyle on Ci -to, alcenyle en
C2-1o, aryle en C6-14 Cu aralkyle on C7-i, qui pout 8tre substitue par un
groupo heterocyclique A 5 ou 6 chaihons comportant de 1 a 4 atomes d'azote,
d'oxygene et/ou de soufre, un atome d'halogene, un groupe
dialcoxyphosphoryle ou un groupo phosphono; B reprdsentb un group.
carboxyle, (alcoxy en Ci-ia)carbonyle, (aryloxy en Cs-14)carbonyle ou 50
aralkyloxy en C,-i s)carbonyle, ou un group. de formule -CONR1 R2 dans
laquelle R. et R2 repr6sen- tent chacun a) un atome d'hydrogene, b) un
groupo alkyle en Ci-io, alo6nyle en C2-io, aryle en C6-14 Ou aralkyle on
C7-1s, portant eventuellement de 1 a 3 substituants, identiques Cu
differents, choisis parmi (1) les atomes 55       d'halogbne, (2) le group.
hydroxyle, (3) les groupes alcoxy en Ci-6, (4) le groupe amino, portant
eventuellement un substituant alkyle en Ci -6, (5) le groupe amino portant
un substituant acyle, (6) le groupe carbamyle, portant eventuellement un
substituant alkyle on Ci -6. (7) les groupes (alcoxy en C, -s)carbonyle,
(8) les groupes monoalcoxyphosphoryle ou dialcoxyphosphoryle, (9) le groupo
113    EP O 376 197 B1                    111111111111111111111111111 * C
L  M   S* phosphono, et (10) les groupes hdterocycliques aromatiques & 5 ou
6 chathons, portant 4ventuelle- ment des substituants, ou c) (1) un groupe
h6t6rocyclique comportant de 5 a 7 chatnons parmi lesquels un atome de
soufre, 



d'azote ou d'oxygene, un groupe het~rocyclique comportant 5 ou 6 chathons
parmi lesquels de 2 a 5        4 atomes d'azote, ou un groupe
het6rocyclique comportant 5 ou 6 chatnons parmi lesquels 1 ou 2 atomes
d'azote et un atome d'oxygbne ou de soufre, chacun de ces groupes
hdt~rocycliques pouvant dventuellement 8tre condense avec un cycle A 6
chatnons comportant au plus 2 atomes d'azote, un cycle benzenique ou un
cycle & 5 chatnons comportant un atome de soufre, ou c) (2) un groupe
heterocyclique substitue choisi parmi les groupes 5-chloro-2-pyridyle,
3-mdthoxy-2- 10       pyridyle, 5-methyl-2-benzothiazolyle,
5-mdthyl-4-phdnyl-2-thiazolyle, 3-phenyl-5-isoxazolyle, 4-(4-
chlorophenyl)-5-methyl-2-oxazolyle, 3-phdnyl-1,2,4-thiadiazol-5-yle,
5-methyl-1,3,4-thiadiazol-2-yle, 5- acdtylamino-2-pyrimidyle,
3-methyl-2-thienyle, 4,5-dimethyl-2-furanyle et 4-methyl-2-morpholinyle, ou
encore Ri et R2, considdrds conjointement avec l'atome d'azote adjacent,
forment un groupe morpholino, thiomorpholino, pipnridino, homopipdridino,
pyrrolidino, thiazolidino ou azepino; i5     X represente un chatnon
-CH(OH)- ou -CO-; k vaut 0 ou 1 ;et k'vaut 0, 1 ou 2; et les sels d'un tel
compose, acceptables en pharmacie. 20 25 30 35 40 45 50 55 114    




