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Alkyl(aryl ) th iomethyl  der iva t ives  of phosphorus  a re  a l i t t le studied c lass  of organic  compounds,  but 
evidence in the l i t e r a tu re  indicates  that  they p o s s e s s  a s e r i e s  of p r o p e r t i e s  which can success fu l ly  be used  
in p rac t i ce  [1-8]. In this  connection,  it was in te res t ing  to synthes ize  a s e r i e s  of b is (a lkyl th iomethyl )phos-  
phonic acid der iva t ives .  We p r e p a r e d  these  compounds by condensat ion of b is (mercaptomethyl )phosphonic  
acid,  whose syn thes i s  was r epo r t ed  e a r l i e r  [9], with alkyl halides by the following scheme:  
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The reac t ion  p roceeds  v i r tua l ly  complete ly ;  however ,  the isolat ion of products  in the case  of R = CH2----- 
C H - C H  2-  and H O O C - C H  2 is made difficult  because  they a re  v i scous ,  noncrys ta l l ine  oils which decompose  
a t t empts  to dist i l l  them in vacuum. Bis(al lyl thiomethyl)phosphonic acid was c h a r a c t e r i z e d  as its e s t e r s .  
In this c a se ,  t r i a lky l  phosphi tes  we re  used  as the es te r i fy ing  agents.  Es te r i f i ca t ion  of b i s ( f i - ca rboxymethy l -  
thiomethyl)phosphonic acid was c a r r i e d  out in two s tages :  the carboxyl  group was e s t e r i f i ed  with alcohol 
in benzene solut ion with azeot ropic  dis t i l la t ion of wa te r  in the p r e s e n c e  of p- to luenesulfonic  acid as the 
ca ta lys t ,  and subsequent  e s t e r i f i ca t ion  of the phosphonic acid group was accompl i shed  by t r e a t m e n t  with the 
t r i a lky l  phosphtte.  Bis(benzyl thiomethyl)phosphonic acid is a c rys ta l l ine  m a t e r i a l  having mp 87-89~ The 
cor responding  sulfone was obtained upon its oxidation with pe race t i c  acid. 

In addition, it was in te res t ing  to study the r eac t ion  of b i s (mercaptomethyl )phosphonic  acid with acyl 
hal ides .  Its r eac t i on  with benzoyl  chlor ide was studied in pa r t i cu l a r ,  and was c a r r i e d  out at the boundary 
of phase  separa t ion :  a wa te r  phase  of a bas ic  solution of b i s (mercaptomethyl )phosphonic  acid; the benzoyl  
chlor ide  in benzene was used  as the organic  phase.  The reac t ion  p roceeds  suff icient ly smoothly  and b i s -  
(benzoylthiomethyl)phosphonic acid is obtained in a good yield.  The p r o p e r t i e s  of all  products  synthes ized  
are  p r e sen t ed  in Table 1. 

E X P E R I M E N T A L  

S y n t h e s i s  o f  E s t e r s  o f  B i s ( a l l y l t h i o m e t h y l ) p h o s p h o n i c  A c i d .  We dissolved 52 g 
of b i s (mercap tomethy l )phosphonic  acid and 40 g of NaOH in 150 ml  of w a t e r .  To the obtained solution was 
added 100 g of al lyl  b romide  and the reac t ion  mix tu re  was heated  with s t i r r i ng  and a t e m p e r a t u r e  of 70 ~ to 
a neut ra l  r eac t i on  (4 h). The upper  l aye r  was s e p a r a t e d  f rom the reac t ion  mix tu re  and the lower l aye r  was 
ex t r ac t ed  with e ther .  Then the aqueous l aye r  was acidif ied with 30 ml  of conc. HC1. The upper  l aye r  which 
fo rmed ,  bis(a l lyl thiomethyl)phosphonic  acid,  was sepa ra t ed  and the wa te r  l ayer  a f te r  evapora t ion  to 70 ml  
was f i l t e red  f rom the p rec ip i t a t ed  sa l t s  and ex t r ac t ed  with e ther .  The upper  l aye r  and e ther  ex t r ac t  were  
combined,  and the e the r  and low-boil ing products  were  dist i l led in vacuum,  during which a prec ip i ta te  s e p a -  
ra ted ,  After separa t ion  of the p rec ip i t a t e ,  we obtained 54g (69%) of bis(al lyl thiomethyl)phosphonic acid.  
Found %: C 41.21; H 6.26; P 12.87; S 24.70; acid number  234.9 mg KOH/g. CsH1502PS 2. Calcula ted %: 
C 40.34; H 6.30; P 13.02; S 26.85; acid number  235.3 mg KOH/g. 
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TABLE I. 

Compound 

Properties of the Synthesized Compounds 
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*Upper value is the found value, and the lower is the calculated value. 

A mixture of i0 g of bis(aliylthiomethyl)phosphonic acid and 10.2 g of triethyl phosphite was heated 
for 2 h at a bath temperature of 130-140 ~ The excess triethyl phosphite and diethylphosphorus acid were 

distilled in vacuum. After distillation of the reaction mass, 6.6 g of the ethyl ester of bis(allylthiomethyl): 
phosphonic acid was obtained. Other esters of bis(allylthiomethyl)phosphonic acid were obtained analogously. 

Reaction of Bis(mercaptomethyl)phosphonic Acid with Chloroacetic Acid. 
To a solution of 17.5 g of bis(mercaptomethyl)phosphonie acid and 26.6 g of NaOH in I00 ml of water was 
added a solution of 26.2 g of chloroacetie acid in 50 ml of water and the mixture was stirred at a tempera- 
ture of 68-70 ~ to a neutral reaction (~ 5 h). The reaction mass was acidified with 40 ml of conc. HC1. The 
solution was evaporated in vacuum. The NaCI which precipitated according to the degree of evaporation 
was filtered. As a result of such treatment, 28.0 g (92%) of bis(fl-carboxymethylthiomethyl)phosphonic acid 
was obtained as a yellowish syrupy liquid. Acid number: found, 383 mg KOH/g; calculated, 408~ mg KOH/g. 

We heated 23.5 g of bis(fi-earboxymethylthiomethyl)phosphonic acid and 14.2 g of ethyl alcohol in 60 
ml of benzene in the presence of 0.46 g of p-teluenesulfonie acid at a temperature of 75-80 ~ with azeotropic 
distillation of water until its separation ceased (N 14 h). After distillation of the benzene and excess alcohol, 
22 g (77%) of bis(earbethoxymethylthiomethyl)phosphonic acid was obtained as a yellowish syrupy mass. 
Acid number: found, 180 mg KOH/g; calculated, 170 mg KOH/g. 

We heated 21.5 g of bis (carbethoxymethylthiomethyl)phosphonic acid and 2 i. 6 g of triethyl phosphite 
at a temperature of 130 ~ to a neutral reaction (~ 3 h). Then the unreacted triethyl phosphite and diethylphos- 
phorus acid were distilled in vacuum. The yield of crude product was 22 g (94%). After distillation of the 
reaction mass was isolated 16.9 g of the ethyl ester of bis(carbethoxymethylthiomethyl)phosphonie acid. 

Synthesis of Bis(benzylthiomethyl)phosphonic Acid. We dissolved 7.3 g of bis(mer- 
captomethyl)phosphonic acid and 5.6 g of NaOH in 70 ml of water and added 11.5 g of C6HsCH2CI. The re- 
action was carried out with stirring at room temperature to a neutral medium (~ 4 h). Two layers formed. 
The lower layer was separated, extracted with ether, dissolved in 150 ml of ethanol, and acidified with 20 
ml of conc. HCI. The separated precipitate was filtered and recrystallized from a mixture of benzene and 
petroleum ether. We obtained 10.5 g of bis(benzylthiomethyl)phosphonic acid. 

Synthesis of Bis(benzylsulfony~phosphonic Acid. To asolutionof4o4gof 
bis(benzylthiomethyl)phosphonic acid in 30 ml of CHC13 at a temperature of 0 ~ was added a solution of 6 g 
of peracetic acid (volume concentration 0.95) in 20 ml of CHCI 3. The formed precipitate was filtered. The 
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weight of crude product was 5 g (95.8%). After recrystallization from alcohol, 45 g (86 %) of bis(benzylsul- 
fonylmethyl)phosphonic acid was obtained. 

S y n t h e s i s  of  B i s ( b e n z o y l t h i o m e t h y l / p h o s p h o n i c  A c i d .  To a solution of 3.4 g of bis- 
(mercaptomethyl)phosphonic acid and 6.1 g of NaOH in 50 ml of water was added with energetic stirring a 
solution of 11.9 g of C6H5COC1 in 50 ml of abs. benzene. The mixture was st irred for 0.5 h at 0 ~ to a weakly 
basic medium. The solution was acidified with 10 ml of conc. HC1. The formed precipitate was filtered 
and recrystal l ized from benzene. We obtained 5.2 g cf bis(benzoylthiomethyl)phosphonic acid. 

C O N C L U S I O N S  

The reactions of bis(mercaptomethyl)phosphonic acid with alkyl and acyl halides were studied and a 
series of new thiomethyl phosphorus derivatives was synthesized. 
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