Description _

The present invention relates to novel deri-
vatives of methylene-diphosphonic acid, possessing
therapeutic properties permitting their use in the treat-
ment of inflammation symptoms. -

More precisely, the invention re1ates to com-

pounds, for their use as anti-inflammatory agents of gene-

ral formula : ' .
0 0
Ry Ol R ﬂ/o Ry |
P ¢ R\\ (1)
y 2'n
S
R,
where

R.l is hydrogen or a straight or branched Tower
alkyl group hav1ng from 1 to 4 carbon atoms,
R2 is hydrogen;

an alkyl group which is optionally substituted by a hydro-
xy1l group, a thiol group, one or more halogen atbms,

an alkoxycarbonyl group or a -N Z] group, where 21 and

ZZ’ considered independently of oné another, are hydrogen

or a Tower alkyl group,

a phenyl group which is optionally subétituted once or

several times by a halogen, nitro group, lower alkyl group,

lower alkoxy group, triflUOromefhyl, or else a NH2 group,
or a COOH group or CO00alkyl group,
a-C-N ‘group, where X is oxygen or sulf d Z.
~ group, yg ur an |
2

;and'Zz are as defined above;
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a heterocyclé-with 5 or 6 membérs, containing 1 or 2
heteroatoms chosen from amongst nitrogen and sulfur;

a heterocycle with 5 members fused to a benzene ring and
and having the formula

st
where X is oxygen, an NH group or sulfur and Ry is hydrogen
or a halogen atom, preferably ch10r1ne,
' R3 is hydrogen or a hydroxyl group, f1na11y
n is an integer between 0 and 10, with the pro-
viso that n cannot be 0 if R3 is OH. The invention also

relates to compounds of above formula I where
1) Ry is hydrdgen or an isopropyl group

R2 is the group -((:HZ)_3

R3 is hydrogen and n is 0 or
2) R] and R3 are hydrogen, R2 is 1- methy], imi-~

dazolyl and n is 6.

If Ry is hydrogen, the acids of the formula (I)
are capable of forming salts with inorganic or organic
bases. These salts form an integral part of the invention.

Some compounds of the formula (I) have already
been described but in no case have the1r therapeutic proper-

.ties been mentioned.
Thus, U.S. Patent No. 4,071,584 describes, but

does not claim, compounds of the formula (I), where R] is
CH3 or C2H5, R3 is H and R2 is the |
- ,0P
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group, where-P'is'CH3 and Q is Br or NOzg or P is H and
Q is Br, NO2 or C1, and n is 0.
- This patent also describes the acid (I) where
R1 is H, P is H and Q'is C1. These products are obtained
by transformation of phosphorus-containing derivatives
which are themselves claimed as corrosion inhibitors, oil
additives or flame retardants.

In the review publication Synthesis, of February
1980, pages 127-129, the authors describe, inter alia,
the compound (I), where R1 is C2H5, R4 is H,'R2 is CGH5
and n is 0, without mentioning any therapeutic property
of this compound.

' Japanese Patent Application 80/98,193 /Chemical
Abstracts 93, 23648z, (198@7 cites, as herbicides, the com-
pounds (I) where R, is H, R, is pyridyl, Ry is H and
n is 0. '

Zeitschrift fir Praktische Chemie, 1970 (3),

' 475-482, describes the compound (I), where Ry is H, R, is

CHz, Ry is H and n is 0. The article concerned is purely
chemical. _
’ The other compounds (I) are novel and consti-~
tute another object of the present invention.
The present invention also relates to a process
for the preparation of the compounds of the formula (I).

If R3 is H, the following process is employed :

; _O... . _ '

R

N\ 0. 0 R Ry O 0 M | 0 0R.
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R; = lower alkyl
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Na or K
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R, O 1 O R
1 | {
> ‘ >l=-—-c--—l=< 1 (1) Rq
o ' = .
R1 o) (fﬁz)— 0 31 Llower alkyl
S
o
R,

The starting.material used is a lLower alkyl ester
of methylene-diphosphonic acid 1, of which the corresponding
sodium derivafive is prepared by rgaction.with a sodiumn%ntro*
duciﬁg agent such as spdium hydride, in a suitable solvent
such as a benzene hxdrocarbon, preferably toluene, or in
dimethylformamide. |

The reaction is carried out at a temperature of bet~
ween 0 and S0°C and preferably at ambient temperature
€20°¢). 1t is atsq possible to prepare the metal derivative
by reaction with potassium hydro:;ide in toluene. .

In the metal derivative thus 6btained, uhicﬁ is not
isolated, the metal atom is then replaced by the
=(CH2) ,~S=Ry group. .

if n is d, the sodium derivative is reacted with
the disulfide RZS-S-Ré in the solvent used to prepare
the sodium derivative. The reaction temperature and time
vary considerably depénding on the reagents used. The reac-
tion ;empefaturé is.between 20°c and the boiling point
of thé solvent, whilst the reaction time varies from a few
hours to several days.

_ The disulfide can also be replaced by the correspon=-
ding sulfenyl chloride R2SCL.
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If n is other than 0, the sodium derivative is reacted
with a haLogén compound Hal(CH), -S-RZ' at a tempera-
ture between ambient tempeéature and the reflux temperature of
the solvent. A variant of this process consists of using a
dihalogen derivative HaL-(CHZ);-HaL and then reacting the
intermediate thus obtained with the thiol RySH.

Finaliy, if n is 3, a variant of the process consists
of cérfying out a substitution reaction between the diphos~-
phonic ester, as indicated and an allyl halide, and thereafier
reacting the aLLYL‘diphosphonate thus obtained with the thial
RpSH. If the thiol RpSH used is volatile, it may be
neceésary to carry out the reaction in an autoclave at a
temperature of between 80 and 150°C.

I; evéry case, if the -(CHz)n-s-Rz group intro-
duced contains reactive substituents, they have to be blocked
beforehand by means of a reagent which can subsequently easily
be removed.

Thus, for example, OH-groups can.be blocked by fo;ming
a dihydropyran ester and carboxyl groupS'ean be blocked in
the form of the sodium salt.

If Rz is OH, the compounds (I) are prepared in

" accordance with the following reaction scheme: ,

P (OR;) ke
R,S — (CH,)) —CO C1 1°3 N R,S == (CH,) — 8_.. ._9\ ’
OR,
z | 3
"RIO 0 OH.. o o'
t 1_ N K { /OR‘]
bl . / ] ]
R1_0 (tHa)n R - R} = alkyl

1
Ry
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The acid chloride 2 is reacted with a tr%atkyl phos~
phite at a_témperature between 20 and 50°C. The compound
3 is thus obtained. This is not jsolated, but treated with
a dia;kyl phosphite in the presence of a secondary amine
such as dibutylamine at a temp;rature of between 0 and 20°cC,
In a variént of this process, the compound 2 is re~
placed by a chloride of a halogen-containing acid
HaL-(CHZ)n-COC[ (4), which similarly Lleads, in fwo stages,

to the compound:

This compound, when treated with a thiol RySH in a solvent

" such as acetonitrile in the presence of 1,5-diaza~bicyclo~

(5,4 ,0)~-undec~5-ene at a low temperature leads to the ¢om=
pouAds (1), where R3 is OH and Rq is alkyl.

From compounds (I) where Rq is alkyl, the compounds
(1) where Rq is hydrogen afe obtained by hydrolysis. This

is carried out by heating the ester in dilute hydrochloric

acid under reflux for a period which varies from a few hours

to 24 hours, depending on the particular case. After isola-
tion by evaporation, the acid thus obtained can be converted:
in a known ‘manner into oné of its salts. This process is
carriéd out in a hot solvent so that the salt crystallizes
on cooling.

| The hydrolysis of the esters can also be carried

out by treatmenf with trimethylsilyl bromide in a solvent
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such as carbon tetrachloride at a not very high temperature,
most commonly at ambient temperature.

The examples which foLLéw are given by way of ilius=
tration of the invention,
EXAMPLE 1 .

Tetramethyl benzoxazol=2~yl=thiomethylene-~diphos~-

phonate (SR 41625) ) .O
e
(I) Ry = CHg; n = 0; Rp= -_“Q;;;v

Yy

2.5 g of‘sodium hydride are added to a mixture of
24 g.of tetramethyl hethylene-diphosphonate and 50 ml of
dimethylformamide under a nitrogen atmosphere, at 15°¢C.

Thé mixtﬁre is stirred for 1 hour at 15°C and 44 g of di-
benzoxazol=-2-yl-disulfide are then added at 20°C. Stirring
at 25°C is continued for 68 hours and the dimethylformamide
is then evaporated in vacuo at 20°C. The residue, dissolved
in methylene chloride, is thomatographed on a ¢tolumn of
500 g of siLfca.

On eluting with methylene chloride, the unreacted
starting materials are removed, and on.subsequent eluting
with a 96:4 (volume/volume) mixture of methylehe chloride/
~ethanol, the expedted product is obtained in a form which
is stitl impure,

It is purified by renewed cﬁromatography, on 160
g of sitica. Using a 97;3 (volume/volume) methyléne chioride/
ethaﬁol sogvent mixturé, a product is obtained which c¢rystal=-
tizes on coot{ng the-sotution to 0°€;_metting point:
76-89c.

On proceeding in the same manner with the tetraiso-

propyl ester of methylene-diphosphonic acid and vafying tte
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N disulfide used, the various esters shown in Table 1 are ob-
7 :
tained.
TABLE 1
H-c v CH-
K S
>c:—:._. O\ﬁ ﬁ/o-—-c:
\ -
H5C P CH__ 7 Chy
HyC / AN CH
S CH 3
Nen—o (20 0—ce”
/ 3 N e
HSC q .Dt
. T2 o
Code No. n R2 Working conditions jPhysical
{temperature and properties
heating time)
Z Ci
SR 0 . 90°c - 5 hours 140°¢
41265 ” (acetonitrile)
SR 0 1259 .~ 6 hours Yellow oil
41452 F cocH f Chromatography
l on a thin layer
. of silica, ethyl
acetate/etharnol,
!8:2 (volume/vol-
‘umel; Rf = 0,7
EXAMPLE 2
Tetraisopropyl 4=phenylthio—=butylene-1,1-diphosphonate
{SR 41341)
CH. / A\
(1)R1=_Cg °S; n=32 Ry = /

“CHS

The sodium derivative of tetraisopropyl methylene-di=~

phbsphonate (34.4 g) is phepared as in Example 1, and there~

after 28.7 g of 1-bromo=3~phenylthio-propane are added and

the mixture is heated at 100°C for 1 hour.

The solvent is evaporated to dryness in vacuo and
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the residue is then taken up in 500 mL.of water and_extracted
with methylene éhloride. The organic phase is separated
off and dried bver sodium sulfate, and the solvent is evapora-
ted in Qacuo. The residue is heated at 130°C in a high
vacuum-to remove thg volatile p?oducts and is then chromato-
graphed on a columﬁ of silica gel, elution being carried out
with a 99:1 (volume/volume) mixture of chloroform/methanol.

| An oil (23 @) is thus obtained, which is again puri-
fied by chromatography on silica gel, using the same solvent
sygtem. Chromatography on a thin Layer of silica, using
a 95:5 (volume/volume) butan=2-one/water mixture as the sol=~
vent system gives a spot of Rf 0.5?. -

EXAMPLE 3

Tetraisopropyl n-octylthiomethylene~diphosphonate
(SR 41454) '
(1) Rq = —CXH ; n = 0; Ry = -(CHy)7-CH3

~

of anhydrous toluene and dimethylformamide as the solvent.

After heating for 16 hours at 100°C, the same treat-
ment.yields the expected product in ‘the form of an oil,
characterized by an Rf.of 0.65 in chromatography on 3 thin
~Llayer of silica using an 8:2 (volume/volume) ethyl acetate/
ethanol mixture as the ;oLvent system,

on following the same procedure but replacing the
dioctyl=disulfide by anlequivatént amount of di-p=tolyledj-
sulfide, tetraisopropyt.p-foLyLthiomethyLene-diphosphonate
(SR41455) is obtained as an oil, charaéterized By an Rf of
0.57 in chromatography on a thin layer of silica using an 3:2
(volume/ volume) ethyL_acetatelethanéﬁ mixture as the solvent

system.
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Similarly, using di=(3=trifluoromethyl=phenyl) dgsuL"
fide, tetraisopropyl (3=trifluoromethyl~phenylthio)-methylene~
diphosphonate is obtained; Rf: 0.51 (95:5.(voLume/voLume)
éthyl acetate/ethanol) (SR 42248).

| Finally, using di-(3~tr€fluﬁromethyl-#-nitro-phenyL)

disulfide, the same method gives tetraisopropyl (3=trifluoro~
methyl-&-nitrophen&tthio)-methylene-diphosphonate;.Rf: 0.51

(95:5 (volume/volume) ethyl acetate/ethanol) (SR 42247).

EXAMPLE &4

Tetraisopropyl 7=-(4=nitrophenylthio)=heptylidene~1,1

diphosphonate (SR 42147)

el
CH-

3.8 g 3f a 50% strength suspension of sodium hydride

in oil is'added, a little at)a time, to a solution of 27

g of tetraisopropyf methylene~diphosphonate in 200 mlL of

toluene. After all has been added, the mixture is stirred

for 1 hour, 27 g of 1=-(4-nitrophenylthio)=-6-bromo~hexane

are then added and the whole is heated for 3 hours at 809,
The mixture is evaporated to dryness in vacuo and

the residue is taken up in hexane. The solution is washed

twicte with water and then dried over sodium sulfate. The

-solvent is evaporated to dryness and the residue is chromato=-

gréphed on a silica column, elution being carried out with

‘a 98:2 (volume/volume) mixture of methylene chloride/methanol.

8.5 g of an oil are thus obtained, characterized

by an Rf of 0.37 in chromafography on a thin Llayer of sili:za,

using a 95:5 (volume/volume) mixture of ethyl acetate/ethanol

as the solvent systen.
Proceeding in the same manner but varying the bromine

derivative used, the following are obtained:
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Tetraisopropyl 7=(4-methoxy-phenylthio)=heptylidene~1,1-di~

phosphonate (SR 42306) _

Rf: 0.37 (95:5 {(volume/volume) mixture of ethyl acetate/
ethanol);

Tetraisopropyl 7=(4=chloro=phenylthio)=heptylidene=1,1~di=
phosphonate (SR 41964)

Rf: 0.37 (95:5 (volume/volume) .mixture of ethyl aéetate/
ethanol);

Tetraisopropyl 7-(3,4~dichloro~phenylthio)=heptylidene~1,1~
diphosphonate (SR 42146)

Rf: 6.37 (95:5 (volume/volume) mixture of ethyl acetate/
ethanol); -

Tetraisopropyl 7=-(4-chloro-phenylthio)~undecylidene~1,1=di~-
phosphonate (SR 42145) |

Rf: 0.37 (95:5 (volume/volume) mixture of ethyl acetate/

ethanol) .

EXAMPLE 5

Tetraisopropyl (3-phenyl-propylthio)-methyLene-diphas~

phonate (SR 41907)

A mixture of 29.2 g of tetraisopropyl methylene-di~-

phosphonate, 80 ml of toluene, 11.2 g of potassium hydroxide

.and 23.2 g of di-{s-phenyl-propyl)-disulfide is stirred for

20 hours at 25°9c.
The mixture is washed 5 times with 50 mlL of water
and the solution is then dried over sodium sulfate and evago-

rated to dryness in vacuo.

An oil is obtained, which is_chromatographed over
a column of 500 g of silica. After removal of impurities
eluted with methylene chloride, elution with a 95:5 (voluma/

volume) mixture of methyteﬁe chloride/ethanol gives the ex~
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pected product (11.2 g). When chromatograhhed on a thin
lLayer of sitiﬁa, using a 95:5 (volume/volume) mixture of
ethyl acetafe/ethanol, it has an Rf of 0.5.

On following the same procedure bgt using di-(2~
methoxycarbonyt-ethyL)-disulfié;, tetraisopropyl (Z-methoxy"
carbonyL-ethylthios-methy(ene-diphosphonate (SR 42250) is
obtafned; Rf = 0.37 (using a 95:5 (volume/volume) mixture

of ethyl acetate/ethanol).

EXAMPLE 6

Tetraethytl (N, N-diethylthiocarbamylthio)~methylene~

diphosphonate (SR 41905)
The procedure of Example 3 is foltoued, starting

from tetraethyl methylene-diphosphonate and bis=(diethyl=-thio=-

. ¢carbamyl)~disulfide. In the same manner as that described,

an oil is obtained which has an Rf of 0.5 when chromatographed
on a'thin layer of silica (using an 8:2 (volume/volume)

mixture of ethyl acetate/ethanol).

EXAMPLE 7

Tetraiéopropyl perfluorohexylthio~methylene~disphos~—

phonate (SR 42327)

A mixture of 16 g of tetraisopropyl methylene-diphus~

" phonate and 1.05 g of sodium hydride is stirred at 259¢

under a nitrogen atmosphere. After 1 hour 10 mt of perflyoro=-
héxytsutfenyl chloride are added. The temperafure rises
spontaneously to 80°C. This temperature is maintained

for 3 hours and the mixture is then poured into 50 ml of
water.and extracted u{th ether. The solvent is evaporated

and the residue is taken up in 100 ml of hgxane._,The solution
is washed 5 times Qith 100 ml of water, then dried and concen-

trated to dryness in vacuo.
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The fesidue is chromatographed on a silica column.
The unreacted_materials are removed.with methylene chloride
and the expected product is then eluted with a 97:3 {(volume/
volume) mixture of methylene chloride/ethanol.
The product is obtained’in the form of an oil. Rf

= 0,60 Cusing a 95:5 (volume/volume) mixture of ethyl acetate/

ethanol),

EXAMPLE 8

Tri=(tertiary bhtylamine) salt of methylthio~

methylene=-diphosphonic acid (SR 41036)

(D R1 = H; n=0; Ry = CHz

0.65 g-of sodium hydride is added, at 0°C, to a
mixture of 8.8 g of tetraisopropyl methylene~diphosphonate
in 25 ml of toluene, and the ﬁixture is then stirred for
1 hour at 15%C. 25 ml of dimethyl-disulfide are added
and the mixture is then heated at 60°¢C for 24 hours. It
is concentrated to dryness in vacuo and the residue is then
taken up in 250 ml of isopropyl ether. Insoluble material
is filtered off and the filtréte is concentrated to drYness.
This product is chromatographed on an alumina coLumn {150
g). Elution is first Earried out with isopropyl_ether to
remove impurities and then with methylene chloride, to give
the expected prﬁduct.

3 g of the ester obtained above, in 12.mL of 6N aque-~
ous hydrochloric acid solution, are heated under reflux for
S hours. The solution is washed 3 times with 30 ml of pentane
and the aqdedus phase is then decolorized with active char~
coal and concentfated to dryness in vacuo.

The crude acid thus obtained is converted to a salt

by adding 2.4 g of tertiary butylamine in 200 ml of boiling
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absolute ethanol. On cooling, the tri=(tertiary butytamine)
salt is obtained in the form of a colorless sotid; melting
point 2129, | | |

| fhe acids (I) listed in Table 2 are prepared in a

similar manner, but varying the disulfides used.
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. TABLE 2
At
' 0 0 .
HO I iI OR
/7
\\P-—— H =P
0~ (CHy), o
< .
|
Ry
Code { [ Operating conditions _
No. :n RZ Substitution | Hydrolysis ?;gf::;d
! temp. and Conc. of HCL
: duration and duration
72?500 ?0 _cﬁ”CH3 110%c . HCL 6N Di-Ctertiary
f _ butylamine)
: “\\CHS 24 hrs 5 hrs cali
{ M.p.: 252°%
SR F 20%c HCL 6N Hydro-
41179 - | chloride
' ’ N 16 hrs 24 hrs M.p.: >280°%C
SR 3 P 20% HCL 6N Hydro-
"41264 ;0 ' ‘ chloride
. . E ANy 3 hrs ; 8 hrs M.p.} >300°¢
SR . 20%¢ . HCL 8N Hydro-
41266 .0 | (CH,),NH, ; chloride
2 hrs ; 18 hrs M.p.:285-290°¢
SR cHy J20°%C © HCL 8N | Hydro-
41344 0 [CCH LN | Pchloride
. CHs 20 hrs i 18 hrs M.p.: 1?§fq_;;
2 1 .
. i
:SR’ : o : i
41482 0 ' 1107 ¢ 1 HCUL 6N Tri-(tertiary
b _ : ! - butylamine)
: 48 hrs i 6 hrs isalt
“"M.p.: 24°C.
with 1/2 H20
SR . |20%¢ HCL 6N Free acid
41688 o ! Cl _ | .
_ .%Z::>y_ 16 hrs 16 hrs M.p.: >260°%¢
C1
|

B,



TABLE 2 (continuation)
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SR cl 20%¢ HCL 6N Free acid
41689
. 16 hrs 16 hrs M.p.: 226%¢
VIR : butylamine)
salt
= M.p.: 270°¢C
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EXAMPLE 9

Di=(tertiary butylamine) salt of (4~chlorophenyl)-

thiomethylene-diphosphonic acid. (SR 41319

(I Ry = H2 n =0; Ry = -C1

The procedure followed is as in Example &4, the solvent
being dimethylformamide instead of'toluene.

To effect the substitution, heating with a disulfide
is carried out at 25°_for 6 hours, The ester is isolated
as indicated in Example & and is then hydroiyzed with 12N
HCL for 18 hours.
| The acid is obtained in the same manner a§ described
previously and is converted to the di-(tertiary butylamine)
salt as indicated in Example 4. Melting point: 253°C (de-
composition).

The coﬁpounds (1) according to the invention LlListed
in Table 3 are prepared in a similar manner, but varying
the disulfides used.

TABLE 3



Code No. Ry Operating conditions
_ Substitution [ Hydrolysis ?rO?:::d
temp. and Conc. of HCL sota
duration and duration
SR 41263 N 20% HCL 6N Free acid
| . N/'L 24 hrs 12 hrs M.p.: >300°%
H
. e e e ! e e e e
SR 41388 NIt " 20% HCL 10N Free acid
2 . M.p.: 272°C (decomposition)
4 hrs 12 hrs (Crystallized with1 mole-
cule of water)
SR 41480 N 20%¢ HCL 6N Free acid :
c1 N/“ 16 hrs 16 hrs M.p.: >260°%¢C
i
SR 41552 CHy=(CH,) = 20%¢c HCL 12N Tertiary butylamine
salt -
18 hrs 20 hrs

M.p.: 218%

- B -
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EXAMPLE 10

Tert{any butylamine salt of 3-mefhyLthio-propytidene“

1,1-diphosphonic acid (SR 41273)

(1) R1'= H; n = 2; Ry = CHsz

The procedure foLLowed’is as in Example 4, the disul~
fide being replacea by 1-bromc;2-methylthio-ethane.

After the mixture has been heated for 20 hours at
30°C; the ester is isolated and then hydrolyzed és indicated
in Example 4, using 8N HCL at the reflux temperature for
7 hours,

Finaliy, the acid is converted to a salt by treatment

with tertiary butylamine. Melting point: 212-4%¢c.

EXAMPLE 11

Di=(tertiary butylamine salt) of 4-phenylthio~butyl i~

dene=1,1-diphosphonic acid (SR 41342)

\

A solution of 5 g of the'estgr SR 41341 (Example

(1) Ry = H; n = 3; Ry =

1) in 18 mlL of 6N hydrochloric acid is heated under reflux
for 7 hours., It is evaporated to dryness and the residue
is taken up in 25 ml of water. The precipitate is filtered
off, dried and recrystallized from acetonitrile, and the
product is then converted to a salt with tertiary butylamine,
Melting point: 223°c,. |

Using the same procedure but varying the starting

ester, the products Listed in Table 4 are obtained.
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TABLE &
o . '
H
HO\\ 3 !//0
Pe=e CH~ P
wo” on
(CH)
:
|
Ra
Code n{ R, Hydrolysis Product isolated
No. lConc. of HCL '
iand duration
SR : s
41421 0 -(CHZ)TCHS i HCL 12N Free acid .
. : 16 hrs iM.p.: 155-160"C
SR . Di=-{tertiary
41456 i 0 ° “{::j>-cu HCL 12N butylamine) salt
. . ; : \ L . 0
3 M.p.: 255-260°C
P . 16 hrs (decomposition)
SR f ; 7R\ ' ETri-(tertiary
41272 0~ HCL 6N tbutylamine) salt
. ! : — : . - 0,
: : oY 8 hrs M.p.: 198=-2027¢
.E-R_—.———.-- ;...-—- .‘-. - ae S " . et mumas Aa S
41908 : 0 HCL 12N ;Free acid
. : - CH = : :
P () 16 hrs ‘M.p.: 176-8°C
SR s e HCU 12N Di-Ctertiary
. . - [N
41960 : 0 ;_E_N// 2’3 : %butyLamine) salt
“Sen 16 hrs iM.p.: 235°% (de-
] . 25 icomposition)
SR P /N
42249 g HCL 12N Free acid
% CFs 10 hrs M.p.: 202-204°%¢
SR :
41959 | 6 ¢ N\ HCL 6N Di=-(tertiary
: 4 Cl , 'butylamine salt
; = i 12 hrs iMm.p.: 220-224"c
SR i - ; | -
42143 1 6 | C1 HCL 12N 'Di-(tertiary ;
: % c1 butylamine) satt |
: 12 hrs

M.p.224-226%
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EXAMPLE 12

MonoammoniumﬁhexadecyLthiomethyLene—diphosphdnate

- (SR _41453)

(I> R4 = H; n =10; Ry = =(CHy)q5~CH3

The procedure of Examp;e & is followed, but using,
as the solvent, a 40:2 (volume/volume) mixture of toluene
and diﬁethytfofmamide.

| After the mixture has been heated at 10066 for

20 hours, the corresponding ester is obtained, and this 1is
hydrolyzed by heating under reflux with 12N HCL for 15 hours.
The crude acid dissolved in ammonia gives a monoammonium
salt} métting point: 103-11d°c.

FoLLowing the éame procedure but varying the disulfide

used, decyLthiomethyténe-diphosphonic acid is obtained and

" §s isolated in the form of the di-(tertiary butylamine) salt

(SR 41457). Melting point: 170-175%.

EXAMPLE 13

Di=(tertiary butytamihe)'salt of (thydroxyethyL"

thio)methylene~diphosphonic acid (SR 41318)

(I) Ry = H; n = 0; Ry = HO=CHpCHp="

a) A mixture of 35 g of di=(2-hydroxyethyl)~disulfide,
80 ml of 3,4-dihydro=2H=pyran énd 0.1 g of para~toluenesul~
fonic acid is heated at 70°C for 1 minute.

 The mixture is cooled to 40°C and stirred for 10

minutes, poured ih;o 200 ml of water and exfracted with ether.
The ethep éolution is dried and the solvent is evaporated
to dryness, giving 71 g of the disulfide in which the 2 alco~
hol groups are blodked in the form of the 3,4~dihydro=2H=-
pyranyl efhgr. |

b) The above disulfide is condensed with tetraiso-
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propyl metHyLene-diphosphonate in accordance with the tech~
-nique of Exambte 5, the mixture being kept at 20°C for
3 hours.
_ ¢) The product obtained in the preceding paragraph

(18 g) is dissolved in 150 ml of methanol and 2 mL of concen~
trated hydrochlorié acid are added. This mixture is heated
under reflux for 1 hour, then concentrated by evaporation
" of methanol, and poured into 200 ml of water. If is extracted
twice with methylene'chloride and the extract solution is
dried "and concentrated to dryness. 13 g of the ester with
the protective groups removed are thus obFained.

d) The ester is hydrolyzed as indicated in Example
4, by heating under reflux with 6N hydrochloric acid for
16 hours. |

The acid thus obtained, when treated with tertiary
butylamine in ethanol, gives the di-(tertiary butylamine)
salt SR 41318; melting point: 168°¢C.

EXAMPLE 14

Disodium methylthiomethylene-diphosphonate (SR 41553)

(1> Rq =H; n=0; Rz = CH3

S g of.methylthiomethytene-diphosphonic acid (Example
4) aré dissolved jn 50 mL of di#tilled water containing 1.8
g of dissolved sodium hydroxide.

Tﬁe solution is filtered, 200 mlL of methanol are
then adﬁed and the mixture is left to crystallize. The pre-
cipitate is filtered off aﬁd washed with methanol., It is
dried at 80°cC in vacuo and the disodium salt (crystatlized
with 1/2 molecule of water) is thus 6btained; melting point:

>270°%."
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EXAMPLE 15

Tri=-(tertiary buty[aﬁine) salt of benzothiazol=2~ylL~

thiomethylene-diphosphonic acid (SR _41481)

————

(I) Ry =H; n=20; Ry = i /\ N
R, - | P

S
a) Di=(benzothjazol=2=yl)~=disulfide

A solution of 20 g of-iodine and 115 g of potassium
iodiae in 400 ml of water is added dropwise to a solutian
of 30 g of 2-mercapto-~benzothiazole and 1.6 g of sodium
hydroxide in 800 mlL of absolute ethanol. After completian
of the additidn, the mixtu}e is stifred for 30 minutes at
ambiént temperature and the precipitate is then filtered
off, washed with ethanol and fhen washed with ether,

After drying, 28 g of disulfide are obtained; melting
point: 174°C.

b) The. above disulfide is condensed with tetramethyl
methylene~diphosphonate using the technique of Example §
Ctheating for 2 hours at 20°C).

¢) 7 mL of trimethylsilyl bromide are added to 2 solu=
tion of 6.5 g of the tetramethyl ester obtained above in 80 ml
of carbon tetrachloride at a temperature of 10°¢ under a |
nitrogen.atmosphere, and the mixture is stirred_for 30 minutes
at this temperature,

10 mL.of water are added and the aqueous phase is
separated off and washed with ether, Evaporation'of the
aqueous phase gives 4-g of the expected acid. The latter
is converted to the tri-(tertiary.butyLamine) salt by treat-
ment with tertiary butylamine in ethanol; melting point:

202~204°¢,

Following the same method but using di=(thien=2-yll-
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disulfide, thien-z-yt-thiomethyténe-diphosphonic acid is
ultimately obfained, and is isolated in the form of the tri-
(tertiary butylamine) salt, which crystallizes with 2 mole~
cules of water (SR 41549); melting point 210°C.

7.

EXAMPLE 16

Tertjary=butylammonium 4~-(methylthio)~butylidene~

1,1=-diphosphonate (SR 41177)

(I) Ry = H; n=3; Ry = CHz

a) Tetraisopropyl buten~3-ylidene=-1,1-diphosphonate

" 0.5 g of sodium hydride is added in the course of
5 minutes'to a mixture of 6.8 g of tetraisopropyl methylene-
diphosphonate and 20 mL of toluene at 10°é. The mixture
js stirred at 159C for 1 hour, 15.5 mL of allyl bromide
are then introduéed and the whole is stirred atl20°c for
20 hours.

The reaction mixture is taken up in 100 mlL of iso-
propyl ether and 50 mt 6f water., The organic phase is decan-
ted, washed 3 times with 50 ml of water and then dried and
evaporated to dryness. An oil (4.5 g) is obtained, ;nd is

distilled in vacuo; boiling point/0.02 mm: 108-110°cC.

b) Tetraisopropyl 4-(méthylthio)-butyLidene-1,1"di-

phosphonate

A mixture of 4.5 g of the product obtained above,
50 mtL of ﬁethytmercaptan and 0.1 g of benzoyl peroxide is
heated at 130°C in an autoctave for 2Q hours.

After the end of tﬁe reaction, the reaction mixture
is distilled in a very high vacuum and the fractipn (3.5

g) which distils at between 120 and 130°C under 2 x 1077

mm of mercury is collected.

¢) A mixture of 3.6 g of the ester obtained above



34
- 25 =
and 14 mU of 8N hydrochloric acfd is heated under reflux
for 14 hours., It is evaporated to dryness in vacuo and *he
residue is taken up in 30 ml of water and 30 mlL of ether,

The aqueous phase is separated off, treated with active
charcdal and again evaporated to dryness. The résidue is
taken up in 20 mL of ethanol and treated with 2.5 ml of ter-~
tiary butylamine. Addition of 20 ml of ether gives 1.4 3
of the expected salt; melting point: 190°c. -

EXAMPLE 17

Di-(tertiary butylamine) salt of 5-mercapto-pentyli-

dene-1,1-diphosphonic acid (SR 41527)

Following the procedure of ExampLe 4, starting from
tetraethyl methylene-diphosphonate and 4~acetylthio~1-bromo-
~butane, tetraeth}l S-acetylthio-pentylidene~1,1-diphosphcna:e
is prepared in the form of an oil.

The ester thus obtained is greated with 12N HCL for
7 hours as indicated in Example 9. This hydrolyzes the ester
groups and the acetyl group of the thiol, and gives the com=
pound SR 41527, which is isolated in the form of its di-(ter-
tiary butylamine) salt; melting point: 160°C.

EXAMPLE 18

Di=-(tertiary butylamine) salt of 7-(1-methyl-imidazol~

2-yl-thio)=heptylidene=~1,1-diphosphonic acid (SR 42132)

a) Tetraisopropyl 7-bromo-heptylidene=1,1-diphosphonate
is prepared by the method indicated in Example 16a), us-ng
1,6=dibromohexane. |

"b) A solution of 10 g of the above bromine derivative.
2 g of 2-mercapto-1-methyl=-imidazole and 0.8 g §f_sodium
hydroxide in SO ml of 96° ethanol is heated at 80°C for 2

hours.
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The mixture is evaporated to dryness, the residue
is taken up %n water and the solution i§ extracted with ether.
The ether solution is washed with a 3N sodium hydroxide solu=-
tion and then with water, dried over sodium sulfate and evapo=~
rated to dryness. ’

Tﬁe product is chromatographed on a silica column,
elution being carried out with a 98:2 (volume/volume) mixture
of methylene chloride/methanol., & g of the expected estear
are thus obtained. |

" ¢) The ester is hydrolyzed with 12N hydrochloric acid
by heating under reflux for 16 hours. The expected compound
is isoLated.in the form of the di-(tertiary butylamine) sal+;
melting point: 158-162°C.

EXAMPLE 19

Tetraethyl 5-(4-fLuoro-phehylthio)-1-hydroxy-pentylim

dene=1,1-diphosphonate (SR 419064)

8.8 g . of triethyl phosphite are added, with stirring,
to 12.1 g of 5—(4-fLuoro-phenytthio)-vaLeryL chloride at
30°%C, under a n{trogen atmosphere. The reaction mixture
is stirred for 3 hours at 359C and is then cooled to 0%,
and a mixture of 0.45 mL of diﬁutytaminé_and 6.5 mL of diethyl
phosphité is introduced in thelcourse of.10 minytes. Stirring
is_éontinued at 59C for 1 hour and 20 mlL of a 1& hydro~-
chloric acid solution and 100 mlL of ethyl ether are then
added. After having stirrgd the mixture, the ether Llayer
is separated off and the aqueous phase is re-extracted with
100 ml of méthyLene.chLorfde. The organic extracts are conm=~
bined and'dried over sodium sulfate, and the solvents are

evaporated in vacuo.

The residue is chromatographed on a silica colunmn,
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elution beéng carried oﬁt with a 95:5.(volume/volume) mixture
of nethylene.chloridelethanol. | |
The expected product is thus obtained in the form
of a colorless oil (8.7 g).
Chromatography on a thi; layer of silica shows an
Rf.of 0.40 (using ; 95:5 (voluﬁe/volume) mixture of ethyl
acetate/ethanol),
The products (I) Llisted in the table beloﬁ are prepared

in the same manner, but varying the acid chloride used and/or

the phosphite.



[ code No,

T_W_.EE_.!_

0 OH OR
I ™
) - ¢ ___ Al
CH)y
S

=0

( H2 n OR1

k,

Characteristics

Rf = 0.34 (95:5 (vol/vol) ethyl
acetatelethanol)

! - 2 Thin lay chromatography on silica
- SR 41962 -CH3 '(CH2)4'CH3 Colorless oail
: Rf = 0.40 (80:20 (vol/vol) ethyl
e e vt — acetate/ethanol)
SR 41963 | -C,Hg Calorless oil
Rf = 0.3 (95:5 (vol/vol) ethyl .
acetate/ethanol)
SR 42292 -Egﬁ;m. o -Eﬁsmm'“ B .Wéalorless'oil — B
-é-CH Rf = 0.3 (95:5 (vol/vol) ethyl
. 3 acetate/ethanol)
CH
I - s e -
SR 41940 =C,Hg Colortess oil
. CHy Rf = 0.5 (90:10 (vol/vol) ethyl
acetate/ethanotl)
| SR 41876 -C2H5 0il

- 82 -




__TABLE V _(continuation)

PEUR——

SR 42089

SR 42295

SR 42014 i

' C1 4 Colorless oil
‘ﬂ\ - IRf = 0.25 (95:5 vol/vol) ethyl
S acetate/ethanol)

5 Colorless oil

—(CHZ)Z-CH3
Rf = 0.30 (95:5 (vol/vol) ethyl
J acetate/ethanot)
CH4 "1 10 {cColorless oil

Rf = 0.25 (95:5 (vol/vol) ethyl
acetatelethanol)
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EXAMPLE 20

Tetraethyl S=(pyrid=2=yl=thio)=1~hydroxy=pentylicdene=

1,1~diphosphonate (SR 42090

a) Tetraethyl S5-bromo=1-hydroxy=-pentylidene~diphos-
phonate is prepared in accorda;ce with the technique of Example
19, using 5-bromovaleryl chloride as the acid chloride.

This product is isolated in the form of an oil.
Chromatography on a thin layer of silica shows ;n Rf of 3.4
(using an 80:20 (volume/volume) mixture of ethyl acetate/
ethanol).

b) A mixture of 2.2 g of 2-mercagto—pyridiné and 2
g of 1,5=-diaza~bicyclo(5.4.0)~undec~5~-ene in 6 mlL of aceto~-
nitrile is added in the course of 15 minutes to a solution
of 4;4 g of the preceding product in 5 ml of acetonitrile,

cooled to D°C. The mixture is stirred for 1 hour at 0°

and then chromatographed on a silica column (150 g). After

'washing the column with methylene chloride, elution is :arried

out with a 95:5 (voLumelvoLumé) mixture of methylene chloride/

ethanol, -

The expected product is obtained in the form of a

‘yellowish oil. Thin layer chromatography on silica shows

an Rf of 0.15 (using a 95:5 (volume/volume) mixture of ethyl
acetate/ethanol).

Following the same procedure but replacing the S-bromo-
valeryl chioride in a) by é-bromohexanoyl chloride, diethyt_
6=-bromo=1-hydroxy~hexylidene~1,1-diphosphonate 1is obtained.

.This compound, when treated by the method indi:ated

in paragraph b) with S-chloro-2-mercapto-benzothiazole, gives

'tetraethy( 64E(5-chloro-benzothiazoL-Z-yL)-thio]-1-hydroxy-
hexylidene-1,1-diphosphonate (SR 42294) in the form of a color=-
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less solid. Melting point: ?2°C

(isopropyL_ether).

EXAMPLE 21

Di=(tertiary butyLaminé) salt of 4~(4~-chlorophenvl-

thio)-1-hydroxy-butyliaene-1,1-diphosphonic acid

(SR 41903) |

A mixture of 5 g of tetraethyl 4—(4-chl§rophenthhio)m'
1-hyaroxy-butytidene-1,1-diphosphonate and S0 mf of 12N hydro=-
chloric acid is refluxed for 12 hours under nitrogen. The
mixtuﬁe is'evaporated to dryness in vacﬁo, the residue is
then.dissoLved in 100 mlL of distilled water and the solution
is washed twice with 100 mi of ethér. The aqueous phase is
evaporated to dryness. A colorless solid remains, which is
dissolved in 30 ht of isopfopanot and treated with 3.6 mi of
-tertiary butylamine. The precipitate is filtered off arnd
washed with isopropanol, acetone and finally ether. After
.having dried the broduct in vacuo, a colorless solid (& 3)
is obtained; melting point: 202-205°C (decomposition). )

| Following the same procedure but starting from the

ester SR 42090 (Example 20), S5~(pyrid=2-yl=thio)-pentylidere~
1,1-diphosphonic a;id fs obtaihed; it is isolated in the form
of the free acid (SR 42099); melting point: 194-7°¢
(isopropanol). |

EXAMPLE 22

Di=(tertiary butylamine). salt of 5~(4-fLuorophenyLm

thio)=1~-hydroxy=pentylidene-1,1-diphosphonic acid

.{SR_41909)

5 mL of trimethylbromosilane are added to a stirred

'solution, cooled to 10°9C, of the ester SR 41906 (Example

19) in 15 mL of carbon tetrachloride and-the mixture 1is left
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for 40 hours at 25°C. 40 ml of water are added and the
mixture is sfirred for 1 hour. The aquéous phase is decanted,
washed twice with 30 m( of methylene chloride and evaporated
to dryness in vacuo. The residue is taken up in 30 ml of
water and this solution is agégn evaporated to dryness in
vacuo. |
The sirupy residue is converted to the dibutylamine
saLt-by the method indicated in ExampLe'21. Finally, a color-
Less solid is obtained; melting point: 211-5°C.
" Following the same procedure but starting from various

- esters obtained previously, the acids shown in the table

which follows are obtained.



Code No. -

TABLE VI

Form in which isolated
Characteristics

SR 42142

10

Di~(tertiary butylamine) salt

M.p.: 242-246°¢

SR 42097

——— - —— o - et o o

"SR 42304

SR 42015

A e L R T - LT YT

.10

1o

Di-(tertiary butylamine) salt

H.p.: 195-200°C (decomposition)

free acid. prystatlizés with 1 molecule

of water.

M.p.: 205-208%¢

2

-CH2CH cn

2

Salt with 2.5 molecules of tertiary butylamine

M.p.: 202-205°C (decomposition)

- €¢ -




TABLE VI (continuation)

SR 42296 ‘, ] _ﬂ:_j(::]’CI Free acid
§ % S M.p.: 165-168°C
SR 42016 ' . Disodium salt
o= o
M.p.: >300°C
. CH, '
SR 42293 v Tertiary butylamine salt (1.75 moles)
"=C~-CH
3 M.p.:220-225°C (decomposition)
CH
3 _
SR 41961 . _(CHZ)a_CHS Tertiary butylamine salt (1.5 moles)
M.p.: 175-178°C ' -0
SR 42017 Free acid

0

M.p. 145-148°C

- 4§ -
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The compounds according to the invention are advan-
tageously used és.anti-inflammatory énd anti=-rheumatic drugs
and their pharmacological properties have been demoﬁstrated
as follows,

IN VITRO STUDY

The in vitro study is based oﬁ the fact that c¢hondro~
cytgs in a culture secrete neﬁtrat proteinases gfter stimula=
tion-by a factor synthesized by peritoneal macroﬁhages or
by the mononuclear cétts of the blood.,

The involvement of this type of stimulation in rheu~
matic conditidns has been clearly deménstrated in numerous
publications.

The principle of the test hence consists in studying
the secretion of neutral proteinases by stimulated chondro-
cytes treatéd with the products in.comparison with the sec~
retion of the stimulated but untreated chondrocytes.

The following procedure was used.

Preparation of the chondrocytes

The chondrocytes are isolated from cartilage from
the nasal septum of the calf or from articular cartilage
of the rabbit, by-gnzymatﬁc digestion, and are cultured in
DMEM medfum containing 10%4 of calf serum, to a density of
5 x 1013 cells per 10 cm Petri dish. The culture mediunm
is renewed every 48 hours.

After one week's quiture, the cells are sub-cultured
by treatment with'grypsin'EDTA. The ceLLs are thgn again
cultu}ed in DMEM medium containing 10% of fetal calf serum

to a density of 2 x 103 ceLLé per 16 mm dish. Confluence

~occurs after .3 days' culture.



Preparation of the conditioned medium of

peritoneal macrophaggg_

The peritoneal macrophages of the.rabbit are obtained
by the method described by DESHMUKH=-PHADKE et al., Biochemical
Biophysical Research Communication, 85, 490-6, (1978).

The mononuélear cells éf human- blood are prepared
and cultured in accordance with the procedure of DAYER et al,
[The Journal of Immunology, 124, 1712-1720 (1980)1.

After cuLturé, the medium containing the "chondro-
cyte'étimulatiﬁg factor” is recovered, filtered on an O.ZZF
Millipore filter and frozen at -20°¢C.

Stimulation of the chondrocytes

At the time of confluence, the culture medium of
the chondrocytes is replaced by DMEM medium containing 1%
of fetal calf serum, mixed with 20% of medium containing
the chondrocyte stimulating factor.

The products tp'be tested are introduced into the
culture medium at the same time as the stimulation medium,
at a concentration which avoids cytotoxicify of the product
or insolubility of the product. After 3 days' culture, the
medium-is recovered in order to determine its content of
neutral proteinases.

Determination of the neutral proteinases

The procedure of VAES et al., Biochemical Journal,
172, 261, (1978) is used.

The results obtainédmwith the various products of
the invention are listed in Tablg 7. They are expressed
as a percentage inhibition of the sécretion of neutral pro-

teinases by stimulated chondrocytes treated with the products

to be studied, relative to that of stimulated chondrocytes
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not treated with the products.

46

TABLE
Code No. of Chondrocyte in Code No. of Chondrocyte in
the product ' culture the product culture
: % inhibition B : % inhibition
SR 41 036 72 18 SR 41 319 8s I 1
SR 41 100 20 = 1 SR 41 179 75 27
SR 41 421 97 ¥ 2 'SR 41 264 50 % 10
SR 41 457 95 % 3 SR 41 263 90 * 1
SR 41 453 40 ¥ 2 SR 41 480 56 g
SR 41 268 68 % 8 SR 41 481 7% L9
SR 41 344 31 %6 SR 41 177 69 L4
SR 41 482 83 X ¢ '" SR 41 342 99 I 1
SR 41 456 98 * 2 'SR 41 388 90 ¥ 1
SR 41 908 82 = 2 I SR 41 960 55 = 4
SR 41 689 90 I 3 | SR 41 690 o7 I 1
SR 41 688 96 L 4 | sr 42 249 92 I 4
SR &1 549 58 & 4 SR 41 687 89 = 2
{SR 41 527 s4 * 3 SR 41 959 792
SR 41 625 92 ¥ 0 SR 42 099 50 = 5
IN VIVO STUDY:

Adjuvant arthritis

The injection of

Mycobacterium into the

rat causes a polyarthritis which in certain respects resembles.

human rheumatoid arthritis.

A suspension of . Mycobacterium tuberculesis

Procedure

(0.4 mg per 0.05 mL of medicinal paraffin) is injected intra-

dermally into the tail of male Sprague-Dawley rats having

“an average weight of 150 g.

After iS_days; the animals exhibiting the most marked

arthritis symptoms are selected. These rats are divided
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into groups of 5 animals, and each group is then treated
cutaneously Qith the product fo be studied at a dose of 10
mg/kg per day for 6 days per week. One of the groups is
only given solvent and serves as the reference group.

After 3 weeks: treatment, the animals are
sacrificed and the right rear paw is removed at the tibio~
tarsal joint and then weighed.

For each group, the mean and tﬁe sténdard
error of these uéighfs is determined.
’ The activity of each product is expressed
in terms of the difference in percent of the average weight
of the paws of the treated arthritic rats relative to that
of the arthritic_paws of the reference rats.

The results obtained ﬁith various products

of the invention are Listed in Table 8.
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TABLE VIII
Code No. of Adjuvant arth- Code No. of | Adjuvant arth-
the product ritis the product ritis
Weight of the _ Weight of the
paw _ . paw ;
% inhibition ) % inhibition !
SR 41 036 23 SR 41 319 | 29 i
SR 41 100 37 SR 41 452 15 |
SR 41 421 | 55 SR 41 272 | 25
SR 41 454 | 33 | sk 41 179 25
SR 41 453 58 il SR 41 264 43
SR 41 266 29 SR 41 263 19
SR 41 344 35 | SR 41 273 .39
SR 41 388 42 ‘ SR 41 552 36
SR 41 482 41 : SR 41 689 31
SR 41 690 .35 SR 41 319 35
SR 41 688 i 38 SR 41 549 34
SR 41 480 40 | srR 41 481 40
SR 41 342 38 E SR 41 687 - 38
SR 41 527 34 | % SR 41 959 60 '
SR 41 341 24 % SR 42 017 49
SR 41 961 53 | sk 41 903 ‘55
SR 41 903 55 % SR 42 016 48
SR 41 909 53 1 sr 42 099 44
SR 42 015 47 { sr 42 097 50

Moreover, the products according to’ thé invention
are of Low toxicity.

They can. be used in human therapy for the treatment
of condifiqns due tolfnfLammatbry phenomena and in particular
for the treatment of.arthritid conditions. In particular,
the compounds accordiﬁg'to the invention can be used in the

treatment of rheumatoi@ poLyarthritisf
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The compounds accordin§ to the iﬁvention can be pre-
sented in fo}ms suitable for oral, endorectal and parenteral
administration.

These forms can in particular be biLLs or tablets
;ontaining an amount of active brinciple from 10 to 500 mg
per unit.

Thé dajly posology of.these products'in.an adult
can Be of the order of 100 mg to 5 g, taken in -.several
portions. |

The following galenical composition may be given

by way of exaﬁple:

PILLS
M 41 421 200 mg
Aerosil 1 mg
Magnesium stearate | 3 mg
starch STA RX™1500 _96 mg

300 mg



