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We had earlier reported on a method of synthesizing various derivatives of phosphacyclopentene [i], 
on the structure [2, 3] and an investigation of the biological activity of these substances [4, 5]. It was found 
that phosphacyclopentene derivatives, containing aryl, aroxyl, or alkoxyl groups at the phosphorus atom, 
possess low toxicity and exert a characteristic effect upon experimental animals, causing a loss of mobility, 
a change to the "side position," and a decrease in the reflex excitability [4]. These substances proved to 
be strong antispasmodic agents and manifested a protective effect when mice were poisoned by convulsive 
poisons with various mechanisms of action , including certain anticholinesterase organophosphorus com- 
pounds [5]. We were interested in determining the characteristic features of the molecular structure of 
compounds of the type studied, which are responsible for these specific properties, unusual for organophos- 
phorus substances. We have begun investigations including the synthesis and study of the biological activity 
of various phosphacyclopentene derivatives with variation both of the structure of the ring and of the nature 
of the substituents at the phosphorus atom. 

In this work we report on the synthesis and the results of a primary study of the biological activity of 
two new groups of compounds, containing a five-membered ring with the phosphorus atom. These are the 
P-amides of phosphacyclopentene-3 and P-esters of 1,2~oxaphosphacyclopentene-4. The formulas, con- 
stants, and analytical data of the substances synthesized are presented in Tables 1 and 2. 

The synthesis of P-amides of l-oxo-3-methylphosphacyclopentene-3 (see Table i) was conducted in 
the following way. To a solution of equimolar amounts of the secondary amine and trimethylamine in abso- 
lute ether, a solution of the calculated amount of l-bromo-l-oxo-3-methylphospholene [i] in an equal or 

half volume of anhydrous methylene chloride was added dropwise with ice cooling and mixing. The reaction 
mixture was mixed and then heated to the boiling point of the ether for several hours. After filtration of 
the triethylamine hydrobromide and removal of volatile products, the pure compounds were isolated by 
three fractional distillations. 

P-Esters of 1,2-oxaphosphacyclopentene (see Table 2) were produced from 2-chloro-2-oxo-3,3,5-di- 
methyl-l,2-oxaphosphacyclopentene-4 [6] and the corresponding alcohols in the presence of diethylamine. 
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T A B L E  1. Compounds  of the T y p e  FIaC--E--CH~\ II 
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36,8 116--20 1,48320,9745 71,33 
(o,o]7) I 171,51 

43,0 110--12 1,5200 1,0920 55,40 
(0,013) I 55,45 

22,0 I40--1(0,010) 1,5228 M.p. 52,3 
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13,20 5,74 t 
13,731 5,76 1 
15,56] 6,831 15,~51 7,o3 l 
15,50 7,3') 1 
15,55 7,03( 

Growth 
formula 

CIsH~6NOP 

CIoHxsNOP 

C~HIGNO~P 

* Top  n u m b e r s  - va lue s  found, bo t tom n u m b e r s  - ca lcu la ted .  
t F o u n d  %: C 53.32; H 8.01. c a l c u l a t e d  %: C 53.72; H 8.02. 
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TABLE 2. Compounds of the Type 

o 
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No. R 1 % (p, mrn Hg) MR* , H*, % formula 
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44,8 103--5 (0,221 
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7,95 

,45001,03 9 58,61 14,4854,54L 8,84 
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,5 721,I 25 82,55 1560 321 6,54 
62,72 13:o2/6o:5ol 6.35 
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* Top numbers - values found, bottom numbers - calculated. 
This compound was also synthesized by N. I. Rizpolozhenskii and 

F. S. Mukhametov. 

TABLE 3. Results of Evaluation of the Biological Effects of the Compound 
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0 
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89 

0 
0 

15 
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89 

The  r e a c t i o n  p r o c e e d s  w e a k l y  in e t h e r  so lu t ion ,  and p r e c i p i t a t i o n  of t r i e t h y l a m i n e  h y d r o c h l o r i d e  con t inues  
fo r  s e v e r a l  days .  To a c c e l e r a t e  the r e a c t i o n ,  the e t h e r  was  r e p l a c e d  by b e n z e n e  and  the r e a c t i o n  m i x t u r e  
h e a t e d  to the bo i l i ng  po in t  of  b e n z e n e  fo r  s e v e r a l  h o u r s ,  j u s t  a s  was  done in the  s y n t h e s i s  of  a m i d e s  of the  
a n a l o g o u s  c y c l i c  t h ionephosphon ic  a c i d s  [7]. Th i s  m e t h o d  led  to an  i n c r e a s e  in the  y i e l d  of  the  p r o d u c t s  and  
a r e d u c t i o n  of the  r e a c t i o n  t i m e .  

The  r e s u l t s  of a p r e l i m i n a r y  e v a l u a t i o n  of the b i o l o g i c a l  e f f ec t s  of t h e s e  compounds  a r e  c i t ed  in 
T a b l e  3. As  can  be s e e n  f r o m  T a b l e  3, only  one p r e p a r a t i o n  - the d i b u t y l a m i d e  (I) - in  the m a x i m m n  t o l e r -  
ab l e  d o s e  c a u s e d  a change  of the  m i c e  to the  s i de  pos i t i on .  I n j e c t i o n s  of the  e s t e r s  {IV)-(VI) i nduced  the 
c h a r a c t e r i s t i c  s y n d r o m e  of e x c i t a t i o n  of  the  c h o l i n o r e a c t i v e  s y s t e m s  of the o r g a n i s m .  By an  e v a l u a t i o n  of 
the e f f ec t s  of e q u i m o l a r  so lu t i ons  of the  compounds  s t u d i e d  ( c o n c e n t r a t i o n  10 -3 M) on r a b b i t  s e r u m  and 
b r a i n  c h o l i n e s t e r a s e ,  conduc t ed  a c c o r d i n g  to the  I - Ies t r in  me thod ,  d e m o n s t r a t e d  tha t  the a m i d e s  show no in -  
h i b i t i n g  e f f ec t s  upon the p s e u d o o h o l i n e s t e r a s e  ( se rum)  and t rue  c h o l i n e s t e r a s e  (bra in) ,  w h e r e a s  e s t e r s  of  
o x a p h o s p h o l i n e ,  m o r e  toxic  s u b s t a n c e s ,  i nh ib i t ed  both e n z y m e s  to the s a m e  d e g r e e .  

Our  i n v e s t i g a t i o n s  i n d i c a t e  that  such  ch a nge s  in the s t r u c t u r e  of p h o s p h a c y c l o p e n t e n e  d e r i v a t i v e s  a s  
r e p l a c e m e n t  of the a l k y l  o r  a l k o x y l  g r o u p  on the p h o s p h o r u s  a t o m  by an  a m i d e  g roup  o r  r e p l a c e m e n t  of one 
c a r b o n  a t o m  in the  r i n g  by oxygen  l e a d  to a s u b s t a n t i a l  change  in the  n a t u r e  of  the  b i o l o g i c a l  e f f ec t s  of 
t h e s e  s u b s t a n c e s .  

C O N C L U S I O N S  

1. F i v e - m e m b e r e d  h e t e r o c y c l e s  w e r e  s y n t h e s i z e d :  P - a m i d e s  of  1 - o x o - 3 - m e t h y i p h o s p h a c y c l o p e n t e n e -  
3 and P - e s t e r s  of  2 - o x o - 3 , 3 , 5 - t r i m e t h y l - l , 2 - o x a p h o s p h a c y c l o p e n t e n e - 4 .  

2. A p r e l i m i n a r y  e v a l u a t i o n  was  m a d e  of the b i o l o g i c a l  a c t i v i t y  of  the  compounds  ob ta ined .  
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All abbrev ia t ions  of per iodica ls  in the above bibl iography are le t ter-by-let ter  t rans l i te ra-  
t ions of the abbrev ia t ions  as g iven  in the or iginal  R u s s i a n  journal.  Some or all o f  th is  peri-  

odical  l i terature may  we l l  be ava i lab le  in E n g l i s h  translat ion.  A complete l i s t  of the cover-to- 
cover Eng l i sh  t rans la t ions  appears  at the back of the f i rs t  i s s u e  of th is  year.  
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