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It is  known that  many monofunctional  a lkyla t ing  agents  a r e  mutagenic  compounds,  the ac t iv i ty  of 
which is a s soc i a t ed  with the i r  ab i l i ty  to r e a c t  with the nueleophi l ie  groups  of nucleic  ac ids .  However,  
only bifunet ional  a lkyla t ing  agents ,  such as b i s - f i - h a l o d i a l k y l a m i n e s ,  b i s - e x p o x i d e s ,  b i s - e t h y l e n i m i n e s ,  
etc .  have proved  to be act ive an t i tumora l  compounds.  It is be l i eved  that the cause  of the inhibi t ion of 
ce l l  d iv is ion is the abi l i ty  of these  compounds to c r o s s l i n ,  the ac t ive  groups of DNA and the reby  p reven t  
i ts  s epa ra t ion  during m i t o s i s .  A mutagenie  effect  of acyla t ing  organophosphorus  compounds is also 
known [11; however ,  thus far  no an t i tumora l  effect  to them has been noted. Natura l ly ,  a pos s ib l e  ant i tu-  
mora l  effect  of bifunet ional  organophosphorus  a e y l a t o r s  was as sumed .  

We synthes ized  a bifunct ional  phosphory la t ing  agent,  s y m m - b i s  ( p - n i t r o p h e n y l ) e t h y l e n e - l , 2 - d i p h o s -  
phonate,  as a potent ia l  ant i turnoral  compound. The s y m m - d i c h l o r i d e  of the dietbyl  e s t e r  of e thylene-  
1 ,2-diphosphonie  acid was p roduced  by the r eac t ion  of the t e t r ae thy l  e s t e r  of e thy l ene - l , 2 -d iphosphon ie  
acid with phosphorus  pen taeh lo r ide  at 70 ~ 
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The d ich lor ide  obtained r e p r e s e n t s  a white c r y s t a l l i n e  subs tance  with m. p. 51-52 ~ and is hydroscop ic .  
It is  r e a d i l y  soluble in mos t  o rgan ic  solvents ;  it does not d i s so lve  in pe t ro l eum e ther .  At tempts  to 
r e d i s t i t l  i t  under vacuum proved  unsuccess fu l ;  it decomposes  at 100 ~ (0.007 ram). The d ich lo r ide  of the 
dietbyl  e s t e r  of e t hy l ene - l , 2 -d iphosphon i e  acid r e a c t s  v igorous ly  with eye lohexylamine ,  forming the s y m m -  
d ieye lohexy lamide  of the diethyl  e s t e r  of e thy l ene - l , 2 -d iphosphon ie  acid,  while with p -n i t rophenol  in the 
p r e s e n c e  of t r i e t hy l amine  at a t e m p e r a t u r e  of -10 ~ it fo rms  s y m m - b i s  (p-n i t rophenyle thy l )e thy lene-2-d i=  
phosphonate  in 72% yie ld  
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Symm-bis (p-nitrophenylethyl)ethylene-l,2-diphosphonate aeylates eyclohexylamine at room temperature 
and forms the symm-dicyclohexylamide of the diethyl ester of ethylene-l,2-diphophonic acid, identicalwith 
a sample obtained from cyclohexylamine and the dichloride of the ethylene-1,2-diphosphonic acid triethyl ester. 
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EXPERIMENTAL 

Production of the Symm-dichloride of Ethylene-l,2-diphosphonic Acid 

Diethyl Ester. In a three-necked flask, equipped with a reflux condenser, mixer, and thermometer, 

were placed 15 g of the tetraethyl ester of ethylene-l,2-diphosphonic acid and 25 ml anhydrous CCI 4. 

Anhydrous PCI 4 (21.0 g) was added in small portions with mixing over a period of five hours at a temper- 

ature of 68-70 ~ , after which the reaction mixture was mixed for another three hours at 75 ~ . The solvent 
and phosphorus oxychloride were distilled off at 60 ~ (120 ram). The oily residue was washed with 
petroleum ether and exposed at 80 ~ (i ram) for one hour. 

The symm-dichloride of ethylene-1,2-diphosphonic acid diethyl ester crystallized upon standing. 

Yield 13.36 g (94.5%); rn.p. 51-52 ~ (in a sealed capillary). Found %: C 25.73; H 5.14; P 22.52; Cl 23.33. 

C6H~4P2C]204. Calculated %: C 25.4; H 4.95; P 21.9; C1 24.80. 

S y m m - d i c y e l o h e x y l a m i d e  o f  E t h y l e n e - l , 2 - d i p h o s p h o n i c  A c i d  D t e t h y l  E s t e r .  
To 2.0 g of the dichloride of e thylene- l ,2-diphosphonic  acid diethyl es te r  in a dry ether solution was 
added an equal solution of 2.8 g of cyclohexylamine.  After an hour the precipitate formed was fil tered 
off, washed with ether,  dried,  and t reated with water .  The undissolved diamide was fil tered off and 
crys ta l l ized  f rom aqueous alcohol (1 : 1). Yield 0~ g (82.1%); m.p. 211-214% Found %: C 52.86; H 9.45; 
N 6.96; P 15.12. C18H38P20r 2. Calculated %: C 52.94; H 9.31; N 6.86; P 15.14. 

P r o d u c t i o n  o f  S y m m - b i s ( p - n i t r o p h e n y l e t h y l ) e t h y l e n e - l , 2 - d i p h o s p h o n a t e .  
In a three-necked flask, equipped with calc ium chloride tube, dropping funnel, t he rmomete r ,  and mixer ,  
was placed 8.81 g of the dichloride of e thylene-l ,2-diphosphonic acid diethyl es ter  in 200 ml of abs. ether,  
which was cooled to -45 ~ and then 8.7 g of p-nitrophenol in 50 ml abs. ether was added. Over a period 
of 35 rain, 10.9 g of dry  t r ie thylamine was added with mixing; the tempera ture  was maintained at ~-10 ~ 
After addition of the entire amount of t r iethylamine,  the mixing was continued for another two hours;  
during this per iod the tempera ture  rose  to room tempera ture .  On the following day the precipi ta te  formed 
was fi l tered off. The precipi tate  was treated with benzene at 40 ~ The undissolved tr iethylamine hydro-  
chloride was removed.  Evaporation of the benzene mother  l iquor under vacuum yielded 11 g U2.5%) 
symm-b i s  (p-nitrophenylethyl)ethylene-l ,2-diphosphonate with m.p. 96-104 ~ The diphosphonate is readi ly 
soluble in acetone, benzene, and ethyl acetate,  poorly  soluble in alcohol and water.  It was crysta l l ized 
from abs. alcohol: m.p. 103-106% Found %: C 44.37; H 4.66; N 5.54; P 12.58. C18H22P2010N 2. Calculated%: 
C 44.26; H 4.50; N 5.74; P 12.69%. 

R e a c t i o n  o f  S y m m - b i s ( p - n i t r o p h e n y l e t h y l ) e t h y l e n e - l , 2 - d i p h o s p h o n a t e  w i t h  
C y c l o h e x y l a m i n e .  A 0.5 g portion of symm-bis)p-ni t rophenylethyl)e thylene- l ,2-diphosphonate  was 
careful ly t r i tura ted with cyelohexylamine. The react ion mass  was left for 12 h at room temperature .  
After dilution with abs. ether,  the precipi ta te  was fil tered off (0.75 g), dissolved in ethanol, and diluted 
with an equal amount of water;  a crys ta l l ine  precipitate was formed.  Yield. 0.3 g (70%) of the symm-  
dicyclohexylamide of 1,2-diphosphonic acid diethyl es te r  with m.p. 211 ~ A mixed sample with a specimen 
obtained f rom the dichloride of ethylene-1,2-diphosphonic acid diethyl es te r  gave no depress ion of the 
melting point. 

C O N C L U S I O N S  

Symm-bis  {p-nitrophenylethyl)ethylene- 1,2-diphosphonate, which is a bifunctional phosphorylat ing 
agent, was produced.  
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are l e t t e r -by - l e t t e r  t r a n s l i t e r a -  
t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  j ou rna l .  Some or all o f  th is  peri-  
odical  l i terature may  wel l  be  ava i lab le  in E n g l i s h  translat ion.  A comple t e  l i s t  of the cover - to -  
cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at  the back of  the f i r s t  i s s u e  of  t h i s  y e a r .  
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