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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 pre~isely, the invention rel~tes to com­
pounds, for their use as anti-inflammatory agents of gene­
ral formula 

0 0 
Rl 0

"" II ~3 11/0 Rl 
P-C p" (I) 

R 0/ 
1 (~H2}n 

0 Rl 

s 

where 
R1 is hydrogen or a straight or branched lower 
alkyl group having from 1 to 4 carbon atoms, 
R 2 i s hydrogen; 

an alkyl group which is optionally substituted by a hydro­
xyl group, a thiol group, one or more halogen atoms, 
an alkoxycarbonyl group or a -N<:'~l group, where z1 and 
z2 , considered inde~endently of on~ another, are hydrogen 
or a lower alkyl group, 
a phenyl group which is optionally substituted once or 
several times by a halogen, nitro group, lower alkyl group~ 

lower alkoxy group, trifluoromethyl, or else a NH 2 grriupJ 
or a COOH group or COOalkyl group, 

x 
11 _..,..zl 

a - C N-- group , where X i s oxygen or s u 1 fur and Z .
1 Z2 

·and z2 are as defined above; 
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a heterocycl~,with 5 or 6 memb~rs, 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 

where X is oxygen, an NH group or sulfur and R4 is hydrogen 
or a halogen atom, preferably chlorine, 

R3 is hydrogen or a hydroxyl group, finally 
n is an integer between 0 and 1.0, with the pro·· 

viso that n cannot be 0 if R3 is OH. The invention also 
relates to compounds of above formula I where : 

l) R1 is hydrogen or an isopropyl group 

R2 is the group -(CH 2 >. 3-@ 
R3 is hydrogen and n is 0 or 

2) R
1 

and R3 are hydrogen, R2 is 1-methyl, imi­
dazolyl and n is 6. 
If R1 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 their therapeutic proper­
ties been mentioned. 

Thus, U.S. Patent No. 4,071,584 describes, but 
does not claim, compounds of the formula (I), where R1 is 
CH3 or c2H5 , R3 is H and R2 is the 
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group, where ·P ·is CH3 and Q is Br or N0 2 , or P is H and 

Q is Br, N0 2 or Cl, and n is O. 
This patent also describes the acid (I) where 

R1 is H, Pis Hand Q is Cl. These products a~e obtained 

by transformation of phosphoruS".;.con.taining. derivatives 

which are themsel·ves 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 , R3 is H, R2 is C6H5 
and n is 0, without mentioning any therapeutic property 

of this compound. 
Jap.anese Patent Application 80/98, 193 [Chemical 

Abstracts~' 23648z, (198oJT cites, as herbicides, the com­

pounds (I) where R1 is H, R2 is pyridyl, R3 is Hand 

n is O. 

Zeitschrift fUr Praktische Chemie, 1970 (3), 

475-482, .describes the compound (I), where R1 is H, R2 is 
CH3 , R3 is H ·and n is O. 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 : 

I 

Ri 0 0 0 O R' "II , II/ i 
P- CHz- p 

R' / ' ·1 O . 'o R' 
1 

1 

lower alkyl 

= Na or K 

\.0 R.; 
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' 0 0 ' R.1 0 
'Ii )!/o a, 

CI> R1 
~ ?--CH-? 

f 0/ 
I 'o ' R1 
I 

R1 = lower a liq• l 
(CH2)_ 
I u 

s 
1 
R., -

The starting material used fs a lower alkyl ester 

of methylene-diphosphonic acid 1, of which the correspondin~ 

sodium derivative is prepared by reaction. with a sodium··int:ro-

ducing agent such as s~dium hydride, in a suitable solvent 

such as a benzene hydrocarbon, preferably toluene, or in 

dimethylformamide. 

The reaction is carried out ~t a temperature of bet­

ween 0 and so 0 c and preferably at ambient temperature 

C20°c>. It is also possible to prepare the metal derivative 

by reaction with potassium hydroxide in toluene. 

In the metal derivative thus obtained, which is not 

isolated, the metal atom is then replaced by the 

-CCHz>n-s-R2 group~ 

If n is O, the sodium derivative is reacted with 

the disulfide R2s-s-R2 in the solvent used to prepare 

the sodium derivative. The reaction temperature and time 

vary considerably depending on the reagents used. The reac­

tion temperature is between 20°c and the boiling point 

of the solvent, whilst the reaction time varies from a few 

hours to several days. 

The disulfide can also be replaced by the correspon­

ding sulfenyt chloride R2SCl. 
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If n is other than O, the sodium derivative is reacted 

with a halogen compound HalCCH 2>n -S-R2 at a tempera-

ture between ambient temperature and the reflux temperature of 

the solvent. A variant of this process consists of using a 

dihalogen derivative Hal-CCH2>n-Hat and then reacting the 

intermediate thus obtained with the thiol R2SH. 
. . 

Finally, if n is 3, a variant of the process consists 

of carrying out a substitution reaction between the diphos-

phonic ester, as indicated and an allyl halide, and thereafter 

reacting the allyl-diphosphonate thus obtained with the thi1:1L 

R 2 SH • I f the th i o l R 2 SH used i s v o lat i l e., i t may be 

necessary to carry out the reaction in an autoclave at a 

temperature of between 80 and 1so0 c. 
In every case, if the -CCHz>n-S-R2 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 forming 

a dihydropyran ester and carboxyl groups can be blocked in 

the form of the sodium salt. 

If R3 is OH, the compounds CI> are prepared in 

accordance with the following reaction scheme: 

' 
RzS - (CHz)n- co Cl 

z 

P (OR1) ... 
.) ~ 

t 
HOP (OR1), 

- :> 

t I 

R,o 0 . OH o/oR, 
. ,11 I I 

P-C-P 
r / I "a r 

R, 0 (CHzln R, 
~ . 

I 
Rz 

0 OR
1 

• / 1 
- (CH z) -... C - ? 

n Q ' I 

3 

(I) 

OR1 

R- • OH ;, 

"'' ~ 1 • alkyl 
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T h e a c i d c h lo r i de 1 i s r e a c t e d w i t h a t r i a l k y l p h o s •· 

phite at a temperature between 20 and so0 c. The compound 

1 is thus obtained. This is not isolated, but treated with 

a dialkyl phosphite in the presence of a secondary amine 

such as dibutylamine at a temperature of between 0 and 20°c. 

In a variant of this process, the compound ! is re­

placed by a chloride of a haltigen~containing acid 

HaL-CCH2>n-COCl C4>, which similarly leads, in two stages, 

to the compound: 

This compound, when treated with a thiol R2SH in a solvent 

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

CS,4,0)-undec-S-ene at a low temperature leads to the com-

pounds CI>, where R3 is OH and R1 is alkyl. 

From compounds CI) where R1 is alkyl, the compounds 

CI) where R1 is hydrogen are 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-

1 r; 

tion by evaporation, the acid thus obtained can be converted· 

in a known ·manner into one of its ·salts. This process is 

carried out in a hot solvent so that the salt crystallizes 

on cooling. 

The hydrolysis of the esters can also be carried 

out by treatment 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 follow are given by way of illus·· 

tration of the invention. 

EXAMPLE 1 

Tet ramet hy"l benzox a zo l-2-y l-t hi om ethyl en e-d i p hos:· 

phonate (SR 41625) . 
0 

CI) R1 = CH3; n ,= 0; Rz= --< -, 
2.5 g of sodium hydride are added to a mixture of 

24 g of tetramethyl methylene-diphosphonate and SO ml of 

dimethylformamide under a nitrogen atmos~here, at 15°c. 

The mixture 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 chromatographed on a column of 

500 g of silica. 

On eluting with methylene chloride, the unreacted 

starting materials are removed, and on subsequent eluting 

with a 96:4 <volume/volume> mixture of methylene chloride/ 

ethanol, the expected product is obtained in a form which 

is still impure. 

It is purified by renewed chromatography, on 160 

go+ silica. Using a 97:3 <volume/volume) methylene chloride/ 

ethanol solvent mixture, a product is obtained whi~h crystal­

lizes on cooling the solution to o0 c; melting point: 

On proceeding in the same manner with the tetra1so-

propyl ester of methylene-diphosphonic acid and varying t~e 
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disulfide used, the various esters shown in Table 1 are ob-

tained. 

TABLE 1 

____ __, __ ..,._.. _____ ,__ __________________ , __ 
Code No. n Rz Working conditions jPhysical 

-
----4---i-----....... ~C;...;:t:..:e:...;m:...p:...:.e.:...or11-a.-.;t:...u;...;r;;..;e;...;...a_n_·d _ _.l'.1....p-r_o_p_e_r_t i e ._~::. ---·-· heatin time) 

SR II 90°c - 5 hours l140°c 

~4_1_2_6_s __ -1-_ __.,_~---------~-------_,_l_<_a_c_e_t~it:~~~.~-
SR 
41452 O 1· O~ \ COCH 25 C - 6 hours j ~~ ;~~: t~! ~aphy J . 

1 on a thin Layer 

l
of silica, ethyl 
a~etate/etha~ol=I I :8.2 Cvolume/"Vol.. 1 

;.._ ____ 1--_ .... ! -------.:....----------: _u_m_e_)_;. -~~-9 ~.~.J 

EXAMPLE 2 

Tetra i sopropy L 4-ph eny l th i o-buty l en e-1, 1-d i pho ~ho.n.!!.! 

CSR 41341 ). 

....,..CH .. 
(1 > R1 = -CH ~ ; n = 

"'-CH • 
.) 

3; Rz = (_) 

The sodium derivative of tetraisopropyl methylene-di-

phosphonate C34.4 g) is prepared 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 chloride. The organic phase is separated 

18 

off and dried over sodium sulfate, and the solvent is evapora­

ted in vacuo. The residue is heated at 130°c in a high 

vacuum to remove the volatile p~oducts and is then chromate-

graphed on a column of silica gel, elution being carried out 

with a 99:1 (volume/volume> mixture of chloroform/methanol. 

An oil (23 g) is thus obtained, which is.again puri-

fied by chromatography on silica gel, using the same solvent 

system. Chromatography on a thin layer of silica, using 

a 9 5 : 5 C v o l um e I v o l um e > but an- 2-one Iwate r mi x tu re as th e so L •· 

vent system gives a spot of Rf 0.57. 

EXAMPLE 3 

Tetraisopropyl n-octylthiomethylene-diphospho~~~ 

CSR 41454) 
/CH. 

= -C~ ~ ; n = O; R2 = -CCH2>7-CH3 
~,..~ 

'-··~ 
The methoa of Example 1 is followed, using a mixt·Jre 

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 a thin 

layer of silica using an 8:2 (volume/volume> ethyl acetate/ 

ethanol mixture as the solvent system. 

On following the same procedure but replacing the 

dioctyl-disulfide by an equivalent amount of di-p-tolyl-di-

sulfide, tetraisopropyl p-tolylthiomethylene-diphosphonate 

CSR4145S> is obtained as an oil, characterized by an Rf of 

0.57 in chromatography on a thin layer of silica using an ~:2 

<volume/ volume) ethyl. acetate/ethanol mixture as the solvent 

system. 
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Similarly, using di-C3-trifluoromethyl-phenyl) disul­

fide, tetraiscipropyl C3-tr1fluoromethyl-pheny_lthio)-methylene­

diphosphonate is obtained; Rf: 0.51 C95:5 (volume/volume> 

ethyl acetate/ethanol) CSR 42248>. 

Finally, using di-C3•trif luoromethyl-4-nitro-phenyl) 

disulfide, the same method givis tetraisopropyl C3-trifluoro­

methyl-4-nitrophenylthio>-methylene-dtphosphonate; Rf: 0.51 

C95:5 (volume/volume) ethyl acetate/ethanol) CSR "42247>. 

EXAMPLE 4 

Tetra i sop ropy l 7- C4-n it roph eny l th 1 o >-hepty l i dene·:lt..1. 

diphosphonate CSR 42147) 
_.;CH­

=-CH " 
'CH-

; n = 6; 

" 3.8 g of a 50% strength suspension of sodium hydride 

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

g of tetraisopropyl methylene-diphosphonate in 200 ml of 

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

for 1 hour, 27 g of 1-C4-nitrophenylthio)-6-bromo-hexane 

are then added and the whole is heated for 3 hours at ao 0 co 

The mixture is evaporated to dryness in vacuo and 

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

twice with water and then dried over sodium sulfate. The 

solvent is evaporated to dryness and the residue is chromate-

graphed 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 chromatography on a thin layer of sili:a, 

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

as the solvent system. 

Proceeding_ in the same manner but varying the bromine 

derivative used, the following are obt~ined: 
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Tetraisopropyl 7-C4-methoxy-phenylthio>-heptylidene-1,1-di­

phosphonate CSR 42306) 

Rf: 0.37 C95:5 (volume/volume) mixture of ethyl acetate/ 

ethanol); 

Tetraisopropyl 7-C4-chloro-phen9lthio)-heptylidene-1,1•di­

phosphonate CSR 41964> 

Rf: 0.37 C95:5 (volume/volume> .mixture of ethyl acetate/ 

ethanol>; 

Tetraisopropyl 7-C3,4-dichloro-phenylthio)-heptylidene-1,1-

diphospho~ate CSR 42146) 

Rf: 0.37 C95:5 .(volume/volume> mixture of ethyl acetate/ 

ethanol>; 

Tetraisopropyl 7-C4-chloro-phenylthio>-undecylidene-1,1-di­

phosphonate CSR 42145> 

Rf: 0.37 C95:5 <volume/volume> mixture of ethyl acetate/ 

ethanol). 

EXAMPLE 5 

20 

Te t r a i so er op y l C3- eh en y l- prop y l th i o > - met h y le n e- d iE.b.!?..! ... 

phonate CSR 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-(3-phenyl-propyl)-disulfide is stirred for 

20 hours at 2s 0 c. 

The mixture is washed 5 times with 50 ml of water 

and the solution is then dried over sodium sulfate and evapo­

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 (volume/ 

volume) mixture of methylene chloride/ethanol gives the ex-
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/·- pected product C11.2 g). When chromatographed on a thin 
¥ 

layer of silica, using a 95:5 (volume/volume) mixture of 

ethyl acetate/ethanol, it has an Rf of O.S. 

On following the same procedure but using di-C2-

methoxycarbonyl-ethyl)-disulfide, tetraisopropyt (2-nethoxy-

carbonyl-ethylthio>-methylene-diphosphonate CSR 42250) is 

obtained; Rf = 0.37 (using a 95:5 <volume/volume> mixture 

of ethyl acetate/ethanol). 

EXAMPLE 6 

Te t r a e t h y l C N , N- d i e t h y l t h i o c a r b am y l t h i o ) - m e t h X l e n e.­

d i p ho ie hon ate CSR 41905) 

The procedure of Example 3 is followed, starting 

from tetraethyl methylene-diphosphonate and bis-Cdiethyl-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 

Tetra i sop ropy l pe rf Luo ro he xy Lt hi o-met hy l ene:,gj!£.!:!.£!.-

phonate CSR 42327) 

A mixture of 16 g of tetraisopropyl methylerie-diphos­

phonate and 1.05 g of sodium hydride is stirred at 2s 0 c 

under a nitrogen atmosphere. After 1 hour 10 ml of perf Luoro-

h~xylsulfenyl chloride are added. Th~ temperature rises 

spontaneously to so 0 c. This temperature is maintained 

for 3 hour~ and the mixture is then poured into 50 ml of 

water and extracted with ether. The solvent is evaporated 

and the resi~ue is taken up in 100 ml of hexane •. The solution 

is washed 5 times with 100 ml of water, then dried and concen-

trated to dryne~s in vacuo. 
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The residue 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 (using a 95~5 (volume/volume> mixture of ethyl acetate/ 

ethanol). 

EXAMPLE 8 

Tri-Ctertiary butylamine) salt of methylthio­

methylene-diphosphoni c acid CSR 41036) 

CI) R1 = H; n = O; Rz = CH3 

0.65 g of sodium hydride is added, at o0 c, to a 

mixture of 8.8 g of tetraisopropyl methylene-diphosphonate 

in 25 ml of toluene, and the mixture is then stirred for 

1 hour .at 1s 0 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 filtrate is concentrated to dryness. 

This product is chromatographed on an alumina column (150 

g). Elution i~ first carried out with isopropyl ether to 

remove impurities ~nd then with methylene chloride, to giv~ 

the expected product. 

3 g of the ester obtained above, in 12 ml of 6N aque-

ous hydrochloric acid solution, are heated under reflux for 

5 hours. The solution is .washed 3 times with 30 ml of pentane 

and the aquecius phas~ is then decolorized with active char-

coal and concentrated to dryness in vacuo. 

The crude acid thus obtafned 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•Ctert1ary butylamine) 
~f 

salt is obtai~ed in the form of a colorl~ss solid; melting 

point 212°c. 

The acids (I) listed in Table 2 are prepared in a 

similar manner, but varying the disulfides used. 
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Code 
No. 

· SR· 
41100 

SR 
41179 

SR 
'. 4.1264 

SR 
41266 

SR 
41344 

;SR 
41482 

SR 
41688 

.· 

- 1 s. -· 

TABLE 2 

Operating conditions 
n R2 Substitution Hydrolysis 

temp. and Cone. of HCl 
duration and duration 

f _,.........cH 3 110°c HCl 6N :o -CH 
! 

"-cH3 24 hrs ·S hrs t 

r I i 
I 

i 

!) 20°c j HCl 6N •o 
, 

16 hrs ' 24 hrs l I 

I 
' 20 °c i HCl 6N ; 

!) 1 ~ 0 
I 3 hrs i 8 hrs ' I 
i i 

! 

zo 0 c ! HCl 8N 
.Q CCH 2 >2NH 2 1 

2 hrs I 18 hrs 
' 

20°t 
i 

...,cH 3 
'. HCl 8N 

0 i CCH 2~N I '-CH 20 hrs 18 hrs ! 3 r 
I 
I 
I 

110°c 
I 

0 ! HCl 6N -0 48 hrs 6 hrs 

0 

C 
. 20 c 

O' Dl l. · 'I ~ · 16 hrs 
I .Cl -
I 

HCL 6N 

16 hrs 

~ 

Product 
isolated 

Di-Ctertiar 
butylamine) 
salt 

M.p.: 2S2°C 

Hydro-
chloride 

M.p.: >280° 

Hydro-
chloride 

M.p.: >300° 
·- ··~--- ... ·~--- _ .... 

Hydro-
chloride 

i 
j M.p.: 285-29 
I 
! Hydro-
! chloride 

iM.p.: 176 °c 
~ . 
Tri-Ctertia . butylam1ne> 

: salt 
.· . 0 

M.p.: 24 C. 

y 

c 

c 

ry 

with 1 / 2 H.f.~---""~-
Free acid 

.M.p.: 

i 

I 
I 
; 
I 
i 

~J 

........ 

.... ~ .... 

'. ·~~·: 
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TABLE 2 (continuation> 

SR Io I Clb 20°c HCl 6N Free acid 
41689 

'I ' I ·I 
116 .hrs .. 16 hrs M.p.: 226°C -

--· 
SR 

0 UCl 41690 20°c HCl 6N Di-Ctertiary 

fl ~ 
butylamine) 

1 · 1· -

salt 

M.p.: 270°c 
-----
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EXAMPLE 9 
'-.. 1....; 
~ Di-(tertiary butylamine) salt of C4-chlorophenyt)-

thiomethylene-diphosphoni c acid. CSR 41319) 

CI) R1 = H; n = 0; Rz = -0-Cl 
The procedure followed is as in Example 4, the solvent 

being dimethylformamide instead of toluene. 

To effect the substit~tion, heating with a disulfide 

is carried out at 25° for 6 hours. The ester is isolated 

as indicated in Example 4 and is then hydrolyzed with 12N 

HCl for 18 hours. 

The acid is obtained in the same manner as described 

previously and is converted to the di-Ctertiary butylamine> 

salt as indicated in Example 4. Melting point: 253°c Cde-

composition>. 

The compounds (I) according to th~ invention listed 

in Table 3 are prepared in a similar manner, but varying 

the disulfides used. 

TABLE 3 



c ( 
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Code No. n R2 Operating conditions 

rsubstitution Hydrolysis Product 

temp. and Cone. of HC l- i sol a_ted 

duration and duration ,...------ --. -· .... 
SR 41263 0 

Q-J 
20°c HCl 6N Free acid 

21. hrs 12 hrs M.p.: >300°c 

II 
·-· .. ·---- ...... -.. - ... ··-· ··-··· ... --· ··---·----... - ----... -· .. ·-·- ......... - ---·· ·--··· . -

I 
SR 41388 .o (JC Nllz 

.· 20°c HCl 10N Free acid 
0 (decomposition> M.p.: 272 C 

4 hrs 12 hrs (Crystallized with1 mole-
cule of water> 

.... 
- ... ........ _____ -·-··-· . ... . ----·---.. -·· ... -·---- ·- ____ ................. 

00 

SR 41480 0 

c10:J 
20°c HCl 6N Free acid ~ 

16 hrs 16 hrs 
I 

M.p.: >260°c 

II 
! - ----·- ..... ------ -···-·· ·---·-----··--· ... ··-··- ·-·---~- I SR 41552 0 CH 3-CcH 2 >6- 20°c HCl 12N Tertiary butylamine I 

i salt 
18 hrs 20 hrs I M.p.: 218°C 

I 
I ....... _ --

N 
...... :i 
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EXAMPLE 10 

Tertiary butylamine salt of 3-methylthio-propylid..f:..Q!..''. 

1,1-diphosphonic acid CSR 41273) 

(I) R1 = H; n = 2; R2 = CH3 

The procedure followed is as in Example 4, the disul-

fide being replaced by 1-bromo-2-rnethylthio-ethane. 

After the mixture has been heated for 20 hours at 

30°c, the ester is isolated and then hydrolyzed as indicated 

in Example 4, using SN HCl at the reflux temperature for 

7 hours. 

Finall~, the acid is converted to a salt by treatment 

with tertiary butylamine. Melting point: 212-4°c. 

EXAMPLE. 11 

Di-Ctertiary butylamine salt) of 4-phenylthio-bu~.i' .. LL·· 

dene-1~1-diphosphonic acid CSR 41342) 

CI> R1 = H; n = 3; Rz = -0 
A solution of 5 g of the ester SR 41341 CExamplE! 

1) in 18 ml of 6N hydrochloric acid is heated under ref Lui 

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 4 
0 ao, 11 
P - CH--­

/ I 
HO (CH,)~ 

I .. , .. 
s 
I 
'R.z 

Code i n' R2 
:Hydrolysis 

No. f I l~~~c~u~:t;~~ 
'Product. iSOl~ 

SR I I 
-·--r 

41421 
i 

0 , (CH ) CH HCL 12N r 2 1 3 
· I 16 hrs ----·-·--·...:..,.;._...:...__ , _________ ..;..___~ 

I 
I 

SR l 
41456 . 0 

1 
' i 
! 
i 

i----+--.. ··· r· - --········---·---·-·-, 

HCl 12N 

16 hrs 

Free acid 
0 M • p • : 1 S 5 -1 §JL.f. __ _ 

Oi-<tertiary 
.~utylamine) salt 
l 0 
!M.p.: 255-260 C 
! C de c om po s i t i on > -·-
I 

SR 
41272 0 -0-. ~ !rri-Ctertiary 

HCl 6N ;butylamine) salt 
1

1
;M.p.: 198-202°C 

COCH 8 hrs 
i.----······L·-- l. --······ .... ··--··- .... ··-·-······· .. ········ -· --····-·-----·--...:.! _______ _ 

SR 
41908 

SR 
41960 

0 HCl 12N ;Free acid 

16 hrs 
; 0 
'.M.p.: 176-8 C 

0 . s.. /c 2 H 5 H cl 1 2 N , o i - ct er ti a r y 
1butylamine) salt 

\ 

'-=c-N,_ 16 hrs ! o 
~, ! M • p • : 2 3 5 C C de •·· 1 

C2HS ~composition> .____________ .-=:..----~-------......::..::..!::.1=:....::..;:....:...~~:.,__ 

SR 
42249 0 

-··-·· 
SR 
41959 6 

l 

; 

-0 
CF .. 

~ 

-Oc1 

! 
i 

HCL 12N I Free .acid 

10 hrs jM.p.: 202-204°c 
·····-·· . - ~ .... ----···--1 ·--··--···· .. ·-----1 

HCL 6N loi~Ctertiary 
~ bu t y l am i n e s a I. t: . 

-;12 hrs ! 0 
jM.p.: 220-224 c I 

-·--·-1 L 
I 

t I • .... ---.. ·····-+·---·-··-··------. --· 
ISR I I 
i42143 ! 6 I -0-Cl 
I j ! 

! ~ ~ Cl 
I 

HCL 12N 

: 12 hrs 

i 
I 
'.Di-(tertiary 
butylamine> salt 

·M.1J.224-226°c 

I 
I 
'i. 
I 
I 
I 
I 
I 

' 

--------------------------·--·-~·j 
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EXAMPLE 12 

Monoammonium .. hexadectlthiome~hylene-diphosphonat! 

· CSR 41453) 

CI) R1. = H; n = 0; Rz = ~CCHz>15-CH3 
The procedure of Example 4 is followed, but using, 

as the solvent, a 40:2 (volume/volume> mixture of toluen~ 

and dimethylformamide. 

After the mixture has been heated at 100°c for 

20 hours, the corresponding ester is obtained, and this is 

hydr~(yzed by heati~g under reflux with 12N HCl for 15 hour$. 

The crude acid dissolved in ammonia gives a monoammonium 

salt; melting point: 103-110°c. 

Following the ~ame procedure but varying the disulfide 

used, decylthiomethylene-diphosphonic acid is obtained arid 

is isolated in the form of the di-Ctertiary butylamine) salt 

CSR 41457>. Melting point: 170-17S 0 c. 

EXAMPLE 13 

Di-Ctertiary butylamine) salt of C27hydroxyethyl­

thio)methylene-diphosphonic acid CSR 41318) 

(I) R1 = H; n = 0; Rz = HO-CHzCHz- . 

a> A mixture of 35 g of di-C2-hydroxyethyl)-dis~Lfide, 

80 ml of 3,4-dihydro-2H-pyran and 0.1 g of para-toluenesul• 

fonic acid is heated at 70°c for 1 minute. 

The mixture is cooled to ·4a 0 c and stirred for 10 

minutes, poured into 200 ml of water and extracted with ether. 

The ether solution is dried and the solvent is evaporated 

to dryness, giving 71 g of the disulfide in which the 2 alco­

hol groups are blocked in the form of the 3,4-dihydro-~H­

pyranyl ether. 

b) The above disulfide is condensed with tetraiso-
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propyl methylene-diphosphonate in accordance with the tech­

nique of Example 5, the mixture being kept at 20°c for 

3 hours. 

c> The product obtained in the preceding paragraph 
' C18 gj is dissolved in 150 ml of methanol and 2 ml of concen~ 

trated hydrochloric 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. It is extract~d 

twice with methylene chloride and the extract solution is 

dried ·and concentrated to dryness. 13 g of the ester wi'l':h 

the protective· groups removed are thus obtained. 

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-Ctertiary butylamine) 

salt SR 41318; melting point: 168°c. 

EXAMPLE 14 

Disodium methylthiomethylene-diphosphonate CSR 4_12J_~) 

(I) R1 = H; n = O; Rz = CH3 

S g of methylthiomethylene-diphosphonic acid (Example 

4) are dissolved in 50 ml of distilled water containing 1.8 

g of dissolved sodium hydroxide. 

The solution is filtered, 200 ml of ·methanol are 

then added and the mixture is left to crystallize. The pre-

c i pi tat e i s· f i l t ere d off and washed with met ha no l • It i s 

dried at ao 0 c in vacuo and the disodium salt <crystallized 

with 1/2 mol~cule of wat~r> is thus obtained; melting point: 

>270°c. · 
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,", EXAMPLE 15 
:!.,. ..... 

Tri-Ctertiary butyl.amine) salt of benzothiazol-2:i'..!:,-· 

thiomethylene-diphosphonic acid (SR 41481) 

(I) R1 = H; n = O; Rz = N 

R2 ·-<
5
)) 

a) Di-Cbenzothiazol-2-yl)-disulfide 

A solution of 20 g of iodine and 115 g ~f potass1um 

iodide in 400 ml of water is ad~ed dropwise to a solution 

of 30 g of 2-mercapto-benzothiazole and 1.6 g of sodium 

hyd~oiide in 800 ml of absolute ethanol. After completion 

of the addition, the mixture is stirred for 30 minutes at 

ambient temperature and the precipitate is then filtered 

off, washed with ethanol and then 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 5 

Cheating for 2 hours at 20°c>. 

c) 7 ml of trimethylsilyl bromide are added to a solu• 

tion of 6.5 g of the tetramethyl ester obtained above in 80 ml 

of carbon tetrachloride at a temperature of 10°c 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-Ctertiary butylamine> salt by treat-

ment with tertiary butylamine ih ethanol; melti~g point: 

202-204°c. 

Following the same method but using di-Cthien-2~yLl-
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disulfide~ thien-2-yl-thiomethylene-diphosphonic acid is 

ultimately obtained, and is i~olated in the torm of the tri­

(tertiary butylamine) salt, w~ich crystallizes with 2 mole­

cules of water CSR 41549>; melting point 210°c. 

EXAMPLE 16 

Tertiary-butylammonium 4-Cmethylthio)-butylidene-

1,1-diphosphonate CSR 41177) 

CI) R1 = H; n = 3; Rz = CH3 

a) Tetraisopropyl buten-3-ylidene-1,1-diphosphonaJ.! 

0.5 g of sodium hydride is added in the course of 

S minutes to a· mixture of 6.8 g of tetraisopropyl methyl~ne­

diphosphonate and 20 ml of toluene at 10°c. The mixture 

is stirred at 1s 0 c for 1 hour, 15.5 ml of allyl bromide 

are then introduced and the whole is stirred at 20°c for 

20 hours. 

The reaction mixture is taken up in 100 ml of isa-

propyl ether and 50 ml of water. The organic phase is decan-

ted, wash~d 3 times with 50 ml of water and then dried and 

evaporated to dryness. An oil (4.5 g) is obtained, and 1s 

distilled in vacuo; boiling point/0.02 mm: 1os-110°c. 

b) Tetraisopropyl 4-Cmethylthio)-butyUdene-1,1·:~­

pbosphonate 

A mixture o1 4.5 g of the product obtained above, 

50 ml of methylmercaptan and 0.1 g of benzoyl peroxide is 

heated at 130°c in an autoclave for 20 hours. 

Aft.er the end of the reaction, the reaction mixtur·e 

is distilled in a very high vacuum and the fraction (3. 6 

g) which distils at between 120 and 130°c under 2 x 1a··5 

mm of mercury is collected. 

c> A mixture of 3.6 g of the ester obtained above 
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and 14 ml of 8N hydrochloric acid 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 ml of ether, 

The aqueous phase is separated off, treated with active 

charcoal and again evaporated to dryness. The residue 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 g 

of the expected salt; melting point: 190°c. 

EXAMPLE 17 

Di-Ctertiary butylamine) salt of 5-mercapto-pentyLi­

dene-1,1-diphosphonic a~id CSR 41527) 

Following the procedure of Example 4, starting from 

tetraethyl methylene-diphosphonate and 4-acetylthio-1-bromo· .. 

butane, tetraethyl S-acetylthio-pentylidene-1,1-diphosphcna~e 

is prepared in the form of an oil. 

The ester thus obtained is treated with 12N HCl for 

7 hours as indicated in Example 9. This hydrolyzes the ester 
t 

groups and the acetyl group of the thiol, and gives the c: Om"• 

pound SR 41527, which is isolated in the form of its di-(ter­

tiary butylamine) salt; melting. point: 160°c. 

EXAMPLE 18 

D ;- Ct er t i a r y bu ·t y lam in e) s a l t of 7- C 1-m et h y l- i mi d_!~'?..!· .. ·• 

2- y l - t h i o) - h e pt y l i de n e-1 , 1 - d i p h o s p h on i c a c i d C S R !!1.:L~-~) 

a) Tetraisopropyl 7-bromo-heptylidene-1,1-diphosphonate 

is prepared by the method indicated in Example 16a>, us·~g 

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 of sodium 

hydroxide in 50 ml of 96° ethanol is heated at ao 0 c for 2 

hours. 
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The mixture is evaporated to dryness, the residue 

is taken up in water and the solution is extracted with ether. 

The ether solution is washed with a 3N sodfum hydroxide solu-

tion and then with water, dried over sodium sulfate and evapo-

rated to dryness. 

The product is chromatographed on a silica column~ 

elution being carried out with a 98:2 (volume/volume) mixture 

of methylene chloride/methanol. 4 g of the expected ester 

are thus obtained • 

c) The ester is hydrolyzed with 12N hydrochloric acid 

by heating under reflux for 16 hours. Th~ expected compound 

is isolated in the fo~m of the di-Ctertiary butylamine) salt; 

melting point: 158-162°c. 

EXAMPLE 19 

Tetra ethyl 5- C 4-f l uo ro-eh eny l th i o) -1-hydroxy-pen t.r..Ll."" 

dene-1,1-diphosphonate (SR 41906) 

8.8 g.of triethyl phosphite are added, with stirring, 

to 12.1 g of 5-<4-f luoro-phenylthio>-valeryl chloride at 

30°c, under a nitrogen atmosphere. The reaction mixture 

is stirred for 3 hours at 3S 0 c and is· then cooled to a0 c, 

and a mixture of 0.45 ml of dibutylamin~ an~ 6.5 ml of diethyl 

phosphite is introduced in the course of 10 min~tes. Stirring 

is continued at ~ 0 c for 1 hour and 20 mt of a 1N hydro-

chloric acid solution and 100 ml of ethyl ether are then 

added. After having stirred the mixture, the ether Layer 

is separated off and the aqueous phase is re-extracted with 

100 ml of methylene chloride. The organic extracts are com-

bined and dried over sodium sulfate, and the solvents are 

evaporated in vacuo. 

The residue is chromatographed on a silica column, 
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elution being carried out with a 95:5.Cvolume/volume) mixture 

of methylene chloride/ethanol. 

The expected product is thus obtained in the form 

· of a colorless oil CS.7 g). 

Chromatography on a thin layer of silica shows an 

Rf of 0.40 (using a 95:5 <volume/volume> mixture of ethyl 

acetate/ethanol). 

The products CI) listed in the table below are prepared 

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

the ph.osphite. 
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TABLE V 

R1o 0 OH 0 /OR1 '-" l p . 
P-C-C ' 

/ I '-.. 
R10 CfHz)n OR1 

s 
12 

·~--~~-~~~~~~-~---· -~ ___ .. _ ... _ ... -·-· ... -.... ·····-------· -·- ..... · ··-··.-···-····-· ·· ·· -·--·----··-·-··---··-··---··-· · n · Characteristics . 

f_code No.L~---··-·-··---~~---·-·-· ...!.~x....£_hromato9ra~hy on silica 

I 1 · 3 Colorless oil 

'

'·SR 41962 1 -CH 3 -CCH2>4-CH3 Rf= 0.40 (80:20 (vol/vol) ethyl 
1 

a c e t a t e I et h an o L> ·-·-··-~· . I ' -·• ··-·-·-· ... ·----·-·· r SR 4 ~-9~·~ l-::-;;il5-·- ·-. ··---·· -0--~--· ·--·-----··-~ ;~l~r~~~· (~; ~ 5 Cvo l /voll .ethyl 

acetate/ethanol> 

SR 42292 r-:·c~.H~·-· .. ·····r-·-· ········~H~·-·-·· .. ···---···- ........... --··--··--1--·· .. ·--~~l'~;~·~;;-~~r~·;~-vol /vop ethyl 

-C-CH3 acetate/ethanol) I 

CH 
.._ ___ l----• ·--t--·--•·•u• ~••H•••--•-•·•o• -··-•• • ••-------·I•••-•-••• 

SR 41940 -C2H5 OcH; 4 

SR 41876 -C2H5 -Oc1 3 

............ ·--····---- .. -·-- ..... ·-··-·----- -·--~-·--·- ---
Colorless oil 
Rf = 0.5 C90:10 Cvot/vol> ethyl 
acetate/ethanol> 

.............. ,_, .. .,_ .............. ___ . _____ , ___ , ........ -... --
Oil 
Rf = 0.34 C95:5 <vol/vol> ethyl 
acetate/ethanol) 

..... _, -·· ..... ·--·····-·--·--··-------------

:{'·· 

f\J 
00 

c...; 
"""-.) 
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TABLE V (continuation> -----------....- --·----·----·--·---···- ···----------· ·'------------------, 
SR 42295 l~C 2 H5 

I SR 42::4_ i -C2H5 

~42089 ,. -C2H5 
I 
I 
!..-. ..• 

j__:OCl 
-CCH 2>2-cH 3 

4 Colorless oil 
Rf = 0.25 (95:5 vol/vol> ethyl 
acetate/ethanol> 

5 !Colorless oil 
Rf = 0.30 (95:5 (vol/vol) ethyl 
acetate/ethanol) 

"'"'" ••o•• ••••• •'"'•ooMo••••O •-•·-" ·-·-----·-h •·-----·-··-----· 

CH 3 
10 Colorless oil 

Rf = 0.25 (95:5 (vol/vol) ethyl 
acetate/ethanol) 

' 

., 

~t· 

•• l\J . '° 

w 
...... ~ 
w:::· .• • 
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EXAMPLE 20 

Tetra ethyl 5- C py r i d-2-y l-t hi o)-1-hyd ro xy-pent y l i c!_!~~·-

1, 1-d i p hosp hona t e CSR 42090) 

a) Tetraethyl 5-bromo-1-hydroxy-pentylidene~dipho1-

phonate is prepared in accordance with the technique of HKample 

19, using 5-bromovaleryl chloride as the acid chloride. 

This product is isolaied in the form of an oil. 

Chromatography on a thin layer of silica shows an Rf of D.4 

(using an 80:20 (volume/volume) mix~ure of ethyl acetate/ 

ethanol). 

b) A mixture of 2.2 g of 2-mercapto-pyridine and 2 

g of 1,5-diaza-bicycloC5.4.0>-undec-5-ene in 6 ml of aceto-

nitrite is ad~ed in the course of 15 minutes to a solution 

of 4.4 g of the preceding product in 5 ml of acetonitrilq, 

cooled to o0 c. The mixture is stirred for 1 hour at 0°t 

and then chromatographed on a silica column C150 g). After 

washing the column with methylene chloride, elution is ;arried . 
out with a 95:5 (volume/volume> 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 re~lacing the 5-bromo-

valeryl c~loride in a) by 6-bromchexanoyl chloride, diethyl 

6-bromo-1-hydroxy-hexylidene-1,1-diphosphonate is obtained. 

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

in paragraph b) with 5-chloro-2-mercapto-benzothiazole, gives 

tetraethyl 6-C<S-chloro-benzothiazol-2-yl)-thioJ-1-hydroxy­

hexylidene-1,1-diphosphonate CSR 42294) in the form of a colo~-
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less solid. Melting point: 12°c 

(isopropyl ether>. 

· EXAMPLE 21 

Di-Ctertiary butylamine) salt of. 4-C4-chlorophen~l-

" thio>-1-hydroxy-butylidene-1,1-diphosphonic acid 

CSR 41903) 

A mixture of 5 g of tetraethyl 4-C4-chlorophenylthio)-

1-hydroxy-butylidene-1,1-diphosphonate and 50 ml of 12N hydro­

chloric acid is refluxed for 12 hours under nitrogen. The 

mixture is evaporated to dryness in vacuo, the residue is 

then dissolved in 100 ml of distilled water and the solution 

is washed twice with 100 ml of ether. The aqueous phase is 

evaporated to dryness. A colorless solid remains, which is 

dissolved in 30 ml of isopropanol and treated with 3.6 ~l of 

tertiary butylamine. The precipitate is filtered off and 

washed wtth isopropanol, acetone and finally ether. Aft~r 

having dried the product in vacuo, a colorless solid (4 9) 

is obtained; melting point: 202-205°c (decomposition). 

Following the same procedure but starting from the 

ester SR 42090 <Example 20), 5-Cpyrid-2-yl-thio)-pentylidere-

1,1-diphosphonic acid is obtained; it is isolate~ in the form 

of the free acid CSR 42099>; melting poin~: 194-7°c 

(isopropanol). 

EXAMPLE 22 

Di-Ctertiary butylamine>- salt of 5-C4-fluorophe!~l.!:·· 

thio>-1-hydroxy-pentylidene-1,1-diphosphonic ac2~ 

. CSR 41909) 

5 ml of trim~thylbromosilane are added to a stirred 

. solution, cooled to 10_0 c, of the ester SR 41906 CExampl.·~ 

19) in 15 ml of carbon tetrachloride and·the mixture i~ left 
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for 40 hours at 25°c. 40 ml of water are added and the 

mixture is stirred ~or 1 hour. The aqueous phase is decnnt~d, 

washed twice with 30 ml of methylene chloride and evaporated 

to dryness in vacuo. The residue is taken up in 30 ml o4 

. " 
water and this solution is again evaporated to dryness iri 

vacuo. 

The sirupy residue is converted to the dibutylamir\E! 

salt by the method indicated in Example 21. Finally, a ~olar­

less solid is obtained; melting point: 211-s 0 c. 

Following the same procedure but starting from various 

esters obtained previously, the acids sho~n in the table 

which follows are obtained. 
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TABLE VI 

c 

HO o
1 

OH 0 OH 
~Ir I 11/ 

P-C-P 

HO/ (CHz) "-oH 
I n 
s 
i 
R2 

( 

r---.. ······· .... - ........ ...... : -·------...... ____ ........ _ ... _____ ,..,,.. _________ ,_,. __ ,. ___________ .......... --··--·- ............. - .. 

Code No. 1 n Rz 

SR 42142 10 -0cH3 
Form in which isolated 
Characteristics 

Di-Ctertiary butylamine> salt 

0 M.p.: 242-246 C 
-·· - ---t 

SR 42097 10 

----.. ·-·-·-·--····--·-··1 .. 
SR 42304 i 5 

-CH 3 

ri~Cl 
-...s)!.J . 

Di-Ctertiary butylamine> salt 

M.p.: 195-200°c <decomposition) 

Free acid. Crystallizes with 1 molecule 
of water. · 

0 M.p.: 205-208 C 
~--·.;. .... _ .. _ ···"-· ............. _ .. -.---·.:..·'l-------------+---------------------------4 I 5 -cH 2 CH 2 c1~ Salt with 2.5 molecules of tertiary butylamine SR 42015 

I M.p.: 202-20S 0 c (deco•positionl 

I •••.... ···-- ... ··-··-···· ···-·· ·• ... . .... - .... ~ .. - . . . . .. . ... .. .. . . . .. . . . ·- - ....... -. . ~ .. ---

VI 
VI 

·. 

..:-... 
l' '• 
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TABLE VI (continuation) 

[ 
I ~ -T·· ·---J[j)Cl . ... ···-·· --····--·-·· ,_,,, ...... ····-----.. -··· -·---·- .. ·· .. 

SR 42296 Free acid 

0 

l ! s M.p.: 165-168 C 
! ---·-- --·· 

: i 

SR 42016 ' 4 -0-CHs jDisodium salt 

. ; 
0 

I ' 
M.p.: >300 C 

i 
~H3 I 

SR 42293 1 Tertiary butylamine salt C1.75 moles> 
-C ··CH 

I 3 M.p.:220-225°c (decomposition) 
I 

I CH 3 

SR 41961 I 3 -CCH 2>4-cH 3 
Tertiary butylamine salt C1.5 moles) 

I 0 M.p.: 175-178 C ' 

: 

~o SR 42017 : 2 Free acid 
; 

. I M.p. 145-148°C 
---·· ··----·--···· ... . . . .. . ..... . . - . • •·• • • •o• ••--•-·•••••·•oo ''"""' ••• -•••••- -•"' -· --•• ,._,, ·----·•-4••--"' 

.. ---

c 

"" .J'-

.. 

..t... 
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The compounds according to the invention are advan-

tageously used as anti-inflammatory and anti-rheumatic d~ugs 

and thei~ pharmacological properties have been demonstrated 

as follows. 

IN VITRO STUDY 

The in vitro study is based on the fact that chondro-

cytes in a culture secrete neutral proteinases after stimula-

tion by a factor synthesized by peritoneal macrophages or 

by the mononuclear cells of the blood. 

The involvement of this type of stimulation in rheu-

matic conditions has been clearly demonstrated in numerous 

publications. 

The principle of the test hence consists in studying 

the secretion of neutral proteinases by stimulated chondro-

cytes treated 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 ·enzymatic digestion, and are cultured in 

DMEM medium containing 10% of calf serum, to a density of 

S x 1015 cells per 10 cm Petri dish. The culture medium 

is renewed every 48 hours. 

After one week's ~ultur~, the cells are sub-cultured 

by treatment with trypsin EDTA. The cells are then again 

cultured in DMEM medium containing 10% of fetal calf serum 

to a density of 2 x 105 cells per 16 mm dish. Confluence 

occurs after 3 days' culture. 
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Preparation of the conditioned medium of 

peritoneal macrophages. 

The peritoneal macrophages of the rabbit are obtained 

by the method described by DESHMUKH-PHADKE et al., Biochemical 

" Biophysical Research Communication, ll, 490-6, (1978). 

The mononuclear cells of human· blood are prepared 

and cultured in accordance with the procedure of DAYER et al. 

(The Journal of Immunology, 124, 1712-1720 (198Q)J. 

After culture, the medium containing the "chondro~ 

cyte ~timulating factor" is recovered, filtered on an 0.22~ 

Millipore filt~r and frozen at -2a0 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 to be tested are introduced into the 

culture medium at the same time as the stimulation medium; 

at a concentration which avoids cytotoxicity 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, C1978> is used. 

Th e · res u l t s ob ta i n e d W· i th the v a r i o us products of 

the invention are listed in Table 7. They are expressed 

as a percentage inhibition df the secretion of neutral pro-

teinases by stimulated chondrocytes treated with the product~ 

to be studied, relative to that of stimulated chondrocyt:es 
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i.._..'.· not treated with the products. 

TABLE VII 

Code No. of Chondrocyte in Code No. of Chondrocyte in 
the product culture. the product culture 

% inhibition - % inhibitio 
I 
I + I + 
ISR 41 036 72 - 8 SR 41 319 I 85 - 1 

ISR 
+ + 41 100 20 - 1 SR 41 179 I 75 - 7 

lsR 41 421 97 + 2 SR 41 264 50 + 10 - -
I 

41 95 + I + iSR 457 - 3 SR 41 263 90 - 1 

I I 

+ + SR 41 453 40 - 2 SR 41 480 56 - 9 

SR 41 266 68 + 8 SR 41 481 7·4 + 
9 - -

SR 41 344 31 + 6 SR 41 177 69 + 4 - -
SR 41 482 83 !: 6 SR 41 342 99 + 1 -
SR 41 456 98 + 2 SR 41 388 90 + 1 - -
SR 41 908 82 + 

2 41 960 55 
+ 

4 - SR -
SR 41 689 90 + 3 41 690 97 + 1 - SR -

ISR 41 688 94 + 1 42 249 92 + 4 - SR -
+ ' I + 

1SR 41 549 58 - 4 SR 41 687 I 89 - 2 
I 
I + I + 
lSR 41 527 I 54 - 3 SR ·41 959 i 79 - 2 

I 
! 

+ I + 
SR 41 625 92 - 0 ' SR 42 099 i 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. 

Procedure 

A suspension of. Mycobacterium tuberculosis 

C0.4 mg per 0;05 ml of m~dicinal paraffin) is injected intra-

dermally into the tail of male Sprague~oawley rats having 

an average weight of 150 g. 

After 15 days, the animals exhibiting the mos~ marked 

arthritis symptoms are selected. These rats are divided 
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L- into groups of 5 animals, and each group is then treated 

cutaneously with the product to 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 riQht rear paw is removed at the tibio­

tarsal joint arid then weighed~ 

For each group, the mean and the standard 

e r r o r of t h e s e w·e i g h t s i s de t e rm i n e d • 

The activity of each product is ~xpressed 

in terms of t~e diff~rence in percent of the average weight 

of the paws of the treated arthritic rats relative to that 

of the arthritic ~aws of the reference rats. 

The results obtained with 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 a rt h·· 
the product ritis the product ritis 

Weight of the Weight of the 
paw paw I 

I 
r. inhibition r. inhibition r ___ J 

11 

i 

SR 41 036 23 SR .41 319 29 

SR 41 100 37 11 SR 41 452 15 
11 .. I . , .. 

SR 41 421 55 ll SR 41 272 I 25 I ,, ! 
SR 41 454 33 11 SR 41 179 I 25 

1, 

v SR 41 453 58 ii SR 41 264 43 I 
SR 41 266 19 29 SR 41 263 

SR 41 344 35 SR 41 273 39 
i :j ; 

SR 41 388 42 SR 41 552 36 I I, I 
I SR 41 482 41 II SR 41 689 31 

SR 41 690 35 
!I SR 41 319 35 !I 

SR 41 688 38 II SR 41 549 34 

II 
I 

I 
SR 41 480 40 SR 41 481 40 I 
SR 41 342 38 ll SR 41 687 38 i 

' I . J 

SR 41 527 34 It SR 41 959 60 I 

~ I 
I 

'--1' I 
SR 41 341 24 

,. 
SR 42 017 49 I 

I I 

I 

I 
I 

SR 41 961 53 I SR 41 903 . 55 
! 
I 

SR 41 903 55 
I 
i 
I 

SR 42 016 48 

' SR 41 909 53 SR 42 099 44 

SR 42 015 47 SR 42 ·097 50 _____ I 

Moreover, the products according to the invent i ori 

are of low toxicity. 

They can be used in human therapy for the treatn1er1t 

of conditic;ins due to inflammatory phenomena and in particular 

for the treatment of arthritic conditions. In particular,. 

the compounds according to the invention can be used in the 

treatment of rheumatoid polyarthritis. 
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The compounds according to the invention can be pre-

sented in forms suitable for oral, endorectal and parenteral 

administration. 

These forms can in particular be pills or tablets 

containing an amount of active principle from 10 to 500 mg 

per unit. 

The daily 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 example: 

PILLS 
(IO 

CM 41 421 

Aerosil 

Magnesium stearate 

Starch STA RX(tt)1500 

200 mg 

1 mg 

3 mg 

_9§.. .!!!.9 

300 mg 


