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Recently severa l  r e s e a r c h e r s  produced phenylvinylphosphinic acid and its es te rs  [1, 2]. This com- 
munication presents  the proper t ies  of amides of phenylvinylphosphinic acid (PVPA), which were  produced 
according to the usual method 
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All the amides obtained, except for  the piperidide of PVPA, are  crys ta l l ine  substances.  The analy- 
ses,  yields,  melting points, and boiling points of the amides obtained a re  cited in Table 1. 

An attempt was made to produce the ethyleneimide of phenyl-fl-ethylene-iminoethylphosphinic acid 
by the react ion of the chloride of phenyl-fl-ehloroethylphosphinic acid (one mole) with ethyleneimine (two 
moles) in the p resence  of t r iethylamine (two moles) as a hydrogen chloride acceptor .  Judging by the data 
of analysis,  IR and NMR spectra ,  the basic react ion product under these conditions is the ethyleneimide 
of phenyl-~-chloroethylphosphinic acid. 

The IR spect ra  of the compounds obtained were  studied. The absorption frequencies of cer ta in  char -  
acter is t ic  groups are  cited in Table 2. F r o m  the peculiari t ies  of the IR spect ra  of the amides of PVPA 
obtained, we can note the substantially reduced v (P=O) for the allylamide of PVPA (by approximately 

35 cm -~) (Fig. 1). This is evidently due to the presence  of a hydrogen bond > N - H . . . O = P - ;  moreover ,  

O H 

~, (NH) 3150 cm -~ indicates a "cis," i . e . , / P - N -  configuration of these groups in the molecule. The 

PVPA derivatives obtained are  interesting in that they contain two rr-electronic sys tems ,  which may in- 
t e rac t  with the phosphoryl  group. Kabaehnik et al. [3], considering the question of ~r-rr conjugation in sys-  
tems with a te t rahedra l  phosphorus atom, found in a determinat ion of the dissociat ion constants of phos- 
phinic acids that two vinyl or  vinyl and phenyl groups on the phosphorus atom exert  an additive effect. In 
the case of diarylphosphinic acids, no such additivity was observed. The disturbance of additivity in diaryl-  
phosphinie acids is explained by the authors by s ter ic  hindrances,  interfering with the format ion of mole-  
cular  r ,-orbitals,  including the two aryl  rings and the P=O group. On the IR spec t ra  of derivatives of di- 
phenyl-,  phenylvinyl-,  and vinylphosphinic acids, the influence of s ter ic  factors  upon the interaction of 

CGH 5 O 
re-electronic sys tems  with the phosphoryl group is not manifested. Actually, v (t>=--O) in ~ i ~ C l  

CGH5 

and o  s\o o  5o_o i 
>PC1 is equal to 1234 [4] and 1234/1243 cm - t ,  respectively;  ~ (C=C) in 

CH2=CH / CH2=CH ~ 
O 

II 
and CH2=CHPC12 are  also pract ical ly  the same (1600-1610 cm -1 in both cases).  These facts a re  in 
bet ter  agreement  with the hypothesis of the interaction of the rr- electrons of the aryl  and vinyl groups 
with the d-orbi ta ls  of phosphorus,  i. e., of prr-drr conjugation. 

- - I n s t i t u t e  of Organic Chemistry ,  Academy of Sciences of the USSR, Kazan ' .  Translated f rom Izvest iya 
Akademii  Nauk SSSR, Seriya Khimieheskaya, No. 5, pp. 839-843, May, 1966. Original ar t ic le  submitted 
December  28, 1963. 

803 



O 
C6H5.. It 

T A B L E  1. A m i d e s  of P h e n y l v i n y l p h o s p h i n i c  A c i d  C H 2 = C H . ) P - R  

CH2x 
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CH2--CH2 
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CH~--C H,_, 
CsHs 

(3~Ha 
CH2=CH--CH~--NH 

M.p,, ~ and b.p., Found % 
~ (p, mm Hg) v N 

Calculated % 

P N 

31--33 
94--95(0,09) 

114--115(0,05) 

63--64 

41--42 
108--109 (0,06) 

91--92 

i5,90 
15,85 

12,89 
12,78 

13,02 
12,86 

13,80 
13,71 

14,63 

7,03 
6,90 

5,90 
5,77 

6,07 
5,83 

6,27 
6,25 

6,68 
6,59 

16,06 

13,19 

13,08 

13,90 

14,97 

7,25 

5,96 

5,90 

6,28 

6,76 

"I Yield, % 

69,1 

51,7 

68,3 

71,8 

86,2 

T A B L E  2. Da ta  of IR and PMR S p e c t r a  

Formula of compound 
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16t0 1234/1243 

1605 1196 

1600 1198 

1603 [170/120] 

1605 174/121/ 

1605/1637 153/116~ 

--  176/1218ti 

Chemical shift with respect to 
benzene (6), millionths* 

Protons of amide 
groups 

5,08 3 (P--H)t2 llz 

5,59 (,~ILvCH~) 
4,27 (Cr tf2) 

4,33 (:r H~) 
3,84 (~NCH2) 

5,83 (CH3) 
4,27 (CH2) 

,, 1O d (P--II)t2Hz 

Protons of vinyl 
groups 

H,\ \ / 
.>c=c/P~ 

H~ z \ 

H3 H4 H~ 

[,~ 1,29 0,47 

L,8 11,19 0,48. 

.,4 1,24 0,47' 

,6 1,16 0,48 

,7 1,25 0,47 

* The  i n d i c a t e d  v a l u e s  of 6 fo r  H~ and H 4 p e r t a i n  to the  c e n t e r s  of 
m u l t i p l e t s ;  6 fo r  H 2 p e r t a i n s  to the  m o s t  i n t e n s i v e  s i gna l ,  a l though  
i t  is  p o s s i b l e  tha t  the  s i gna l  of t he  pheny l  g r o u p  is  s u p e r i m p o s e d  
upon the  m u l t i p l e t  f r o m  H 2 (the a s s i g n m e n t  was  m a d e  by  a na logy  
wi th  o t h e r  v iny l  s y s t e m s ;  m o r e  d e t a i l e d  da t a  w i l l  b e  p u b l i s h e d  
l a t e r ) .  
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Fig. 1. IR spec t rum of allylamide of phenylvinyl- 
phosphinie acid. 
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Fig. 2. PMR spectrum of the ethyleneimine of 
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phenylvinylphosphinie acid (:=(; (;ll~ 
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Table 2 presents  the data of the proton magnetic 
resonance (PMR) spectra .  On all the spectra ,  the sig- 
nals can be divided into two groups.  The protons of 
the amide groups give distinct, well resolved signals, 
the chemical  shifts of which are  cited in Table 2. The 
PMR spect ra  of various ethyleneimine derivatives are  
described in the l i tera ture  [5, 6]. The authors of [6], 
on the basis of the data of the PMR spectra of N-acyl-  
ethyleneimines,  on which a single signal f rom the pro-  
tons of the ring was observed,  proposed that the re -  
action of N-aminoethylation in the ease of ethylenei- 
mines of earboxylie acids proceeds according to the 
scheme 
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The authors also propose an analogous scheme 
for the corresponding derivatives of phosphorus acids. 

Without going into a discussion of the proposed 
mechanism of the react ion of opening of the ring of 
ethyleneimides of acids, we might note that the rate  
of inversion of nitrogen in ethyleneimides of PVPA 

and phenyl-fl-chloroethylphosphinic acid is ra ther  high. In the PMR spect ra  of these compounds, two 
peaks with spin-spin interaction constants J (P-H)  equal to 12 Hz belong to the protons of the ethyleneimine 
group (Fig. 2). In the region of weak fields, the PMR signals belong to the protons of the vinyl and phenyl 
groups.  The chemical  shift of the protons of the phenyl group and that of benzene differ little. The pro-  
tons of the vinyl group give three groups of signals.  Since the signal f rom the phenyl group is super im-  
posed upon the multiplets f rom the protons of the vinyl group, it is difficult to determine accurate ly  the 
chemical  shifts and spin-spin interaction constants of the protons of the vinyl group. Hence, the values 
of the chemical  shifts of the protons of the vinyl group cited in Table 2 correspond to the centers  of the 
multiplets,  whose assignment was made by analogy with other vinyl sys tems [7]. 

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

S y n t h e s i s  o f  t h e  D i e t h y l a m i d e  o f  P h e n y l v i n y l p h o s p h i n i c  A c i d .  To a solution of 
r ,  

6.28 g of diethylamine in 50 ml of dry benzene, with cooling in the range - 5 to 5 ~ mixing, and protect ion 
f rom atmospheric  moisture ,  we added dropwise a solution of 8.0 g of the chloride of PVPA [2]. After  the 
reaction,  the precipi tate  of diethylamine hydrochlor ide was f i l tered o f f ,  and the f i l t rate was removed under 
water  jet pump vacuum. The res idue was distilled under high vacuum. Yield 6.85 g of the diethylamide 
of PVPA (71.8% of the theoretical) with b.p. 108-109 (0.006 ram). The substance c rys ta l l izes  upon standing 
re.p. 41-42 ~ The allylamide, piperidide, and morpholide of PVPA were  produced analogously. The ethyl- 
eneimide of PVPA was produced using tr iethyIamine as the base. 

I n t e r a c t i o n  of  t h e  C h l o r i d e  of  P h e n y l - B - C h l o r o e t h y l p h o s p h i n i c  A c i d  w i t h  
E t h y l e n e i m i n e  in  t h e  P r e s e n c e  of  T r i e t h y l a m i n e .  The conditions of t h e r e a c t i o n w e r e  
analogous to those cited above. F r o m  7.2 g of the chloride of phenyl-fl-ehloroethylphosphinic acid [2], 
2.8 g of ethyleneimine, and 6.9 g of t r ie thylamine we obtained 4:3 g of t r ie thylamine hydrochloride and 
3.19 g of a crystalline substance with m.p. 44-45~ C 52.11; H 6.06; P 13.39; N 6.21~ CIoHI3NOPCI. 

Calculated%:C 52.28; H 5.66; P 13.50; N 6.10. A band ~, (C-C1) 791 cm -I is observed in the IR spectrum, 

and the absorption band of the vinyl group in the region of 1600 cm -I is absent. 
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The  s i g n a l s  of the  phenyl  r i n g ,  a m u l t i p l e t  wi th  6 : 5 �9 10 J ( P - H )  = 12 Hz, be long ing  to the  p r o t o n s  
of the  e t h y l e n e i m i n e  r i n g ,  connec t ed  to p h o s p h o r u s ,  a r e  o b s e r v e d  in the  PMR s p e c t r u m .  

The  IR s p e c t r a  w e r e  ob ta ined  on the  UR-10 s p e e t r o p h o t o m e t e r ;  a d r o p  of the  t e s t  l iqu id  o r  s u s p e n -  
s i on  of the  c r y s t a l l i n e  s u b s t a n c e  in l iquid  p e t r o l a t u m  was  p r e s s e d  b e t w e e n  p l a t e s  of K B r .  

The  PMR s p e c t r a  w e r e  ob ta ined  on a s p e c t r o m e t e r  wi th  r e s o l v i n g  p o w e r  ~ 5 �9 10 -8 a t  a f r e q u e n c y  
of 30 MHz.  The  s t a b i l i t y  of the  p e r m a n e n t  m a g n e t  du r ing  the  m e a s u r e m e n t  was  ~ 5 �9 10 -8. The  c h e m -  
i ca l  sh i f t s  w e r e  d e t e r m i n e d  r e l a t i v e  to the  sh i f t  of b e n z e n e ,  us ing  b e n z e n e  and c y c l o h e x a n e  as  the  i n t e r n a l  
s t a n d a r d s ,  a c c o r d i n g  to the  f o r m u l a  6 = A f / 3 0  m i l l i o n t h s ,  w h e r e  A f  is  the  d i s t a n c e  b e t w e e n  the  s i g n a l  
of b e n z e n e  and the g iven  s i g n a l  in Hz. The  a c c u r a c y  of the  m e a s u r e m e n t  of the  c h e m i c a l  sh i f t  was  ~- 0.03 
m i l l i o n t h .  

C ONC L USIONS 

i. Amides of phenylvinylphosphinic acid and the ethyleneimide of phenyl-fi-ehloroethylphosphinic 
acid were produced. 

2. The IR spectra of the substances obtained were studied. On the basis of the values of the fre- 
quencies of the P=O and C=C groups, the presence of pTr-dTr-conjugation in the systems considered was 
hypothes iz ed. 

3. The rate of inversion of nitrogen in the ethyleneimides of phenylvinylphosphinic and phenyl-fi- 
chloroethylphosphinic acids, according to the PMR data, is very high. 

1. 

2. 

3. 
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All  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  above  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 ig ina l  R u s s i a n  jou rna l .  Some or all o f  this  p e d -  
odical  l i terature may wel l  be ava i lab le  in En~,lish 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  year .  
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