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Previously it was shown [1-3] that different chlorophosphines, depending on the character of the 
substituent at the phosphorus atom, react with ~,fl -unsaturated acids with variable ease. The most ac- 
tive in these reactions are the diehlorophosphines that contain electron-donor substituents; electron- 
aceeptor aromatic radicals in the chlorophosphines retard the reaction with o~,fl -unsaturated acids. A 
reaction scheme is given on the basis of these data, which includes direct nucleophilic attack of the fl - 
carbon atom of the unsaturated acid by the phosphorus atom. 

In orcer to further elucidate the effect of the nature of the substituent at the phosphorus atom 
the intensity of the reaction a study was made of the reactiorl of vinyldichlorophosphine with acrylic and 
propiolic acids. 

In contrast to the previously studied exothermic reactions of the alkyl- or aryldichlorophosphines 
with acrylic acid, vinyl-diehlorophosphine reacts with it endothermally, givIng in high yield the acid 
chloride of vinyl-(fl-ehloroformylethyl)phosphInie acid (II), the structure of which was confirmed by the IR 
spectrum (Fig. la). Infrared spectrum of (If) (v,em-i): 1240 (I~-O); 1615 and 970 (C=C); 1740 (C=O); 3080 
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Fig. 1. Infrared spectra: a) acid chloride of viayl-(fl-chlo- 
roformylethyl)phosphinic acid (II); b) ethyl ester of vinyl- 
(fl-carboethoxyethyl)phosphinic acid (IIl); c) ethyl ester of 
vinyl-(fl-carboxyethyl)phosphinie acid (VI). 
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*Found: C1 34, 08%. CsHTC1202p . Calculated: CI 35,2%. 
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When compared  with the alkyldichlorophosphines,  the lower  reac t iv i ty  of vinyldichlorophosphine to-  
ward  ac ry l i c  acid can be explained by  the na ture  of the vinyl group in that it d e c r e a s e s  the nucleophil ici ty 
of the phosphorus  a tom,  which is in ag reemen t  with the mentioned reac t ion  scheme.  Poss ib le  a l te rna te  
s chemes ,  in which the acid chlor ides  of t r iva lent  phosphorus acids enter  into the react ion  with ac ry l i c  
acid as e lec t rophi les ,  r equ i re  for  the alkyldichlorophosphines the acknowledgement  of the exis tence  of the 

C1 
hypothet ical  a lkylchlorophosphinous acid R P (  , and a l s o  they a re  not in a g r e e m e n t  with our exper imenta l  
r e su l t s .  OH 

The hydro lys i s  of acid chloride (II) gave vhty l - ( f l -carboxyethyl ) -phosphin ic  acid (I), while the r e a c -  
tion of (II) with alcohol gave the ethyl e s t e r  (III). In f ra red  spec t rum of (III) (Fig. lb) (v, cm-1): 1040 (P--O 
--C); 1240 (P=O); 1620 (C=C); 1730 (C=O). The acid chloride (II) when heated  with acet ic  anhydride is 
eas i ly  conver ted  to 2 -v iny l -2 ,5 -d ioxo-1 ,  2-oxaphospholane (IV). 

The reactions of oxaphospholane (IV) with alcohol and with aniline go differently. When reaction is 
with alcohol the P--O bond in the ring is cleaved with the formation of the ethyl ester of vinyl-(fl -carboxy- 
ethyl)phosphinic acid (V), in the IR spectrum of which (Fig. Ic) is observed a distinct peak at 1040 cm -I, 
which is characteristic for the P--O--C group. When reaction is with aniline the bond between the O of the 
oxaphospholane ring and the C of the carbonyl group is cleaved with the formation of vinyl-(fl -phenylearba- 
moylethyl)phosphinic acid (VI). 

The reaction of acid chloride (II) with butylamine, when run in the presence of triethylamine, gave 
2-vinyl-l-butyl-2,5-dioxo-l, 2-azaphospholane (VII). 
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The react ion of vinyldichlorophosphine with propiolie acid proceeds vigorously  with the formation 
of the acid ,zhloride of v inyl-@-chloroformylvinyl)phosphinic  acid, which could not be isolated in the pure 
state. The formation of the acid chloride was cor robora ted  by the fact that the ethyl es te r  of vinyl-(fl - 
carboethox~zinyl)phosphinic acid (VIII) was obtained and charac te r ized  as the resul t  of t reat ing it with 
alcohol, while t rea tment  with acet ic  anhydride gives 2-vinyl-2,  5-dioxo-1 ,2-oxa-3-phospholene  (IX). The 
yields and constants of the obtained compounds are  given in Table 1. 

EXPERIMENTAL SECTION 

The spectra were obtained on a spectrometer of the UR-10 type. A drop of the substance was pres- 
sed betwee~ two ICBr plates. The layer thickness of the substance was not controlled. 

Vinyldiehlorophosphine was obtained as described in [4], from phenyldiehlorophosphine and vinyl- 
dichlorophosphine sulfide; yield 63.8~; bp 104-105 ~ From [5]: bp 104 ~ 

Acid Chloride of Viny l -~  -chloroformylethyl)phosphinic Acid (II). To a mixture  of 50 ml of absolute 
benzene an~ 31.5 g of vinyldichlorophosphine, with s t i r r ing ,  in drops,  was added 19.5 g of acry l ic  acid. 
Here the t empera tu re  of the react ion mixture  dropped from 24 to 18~ Then the mixture  was heated at 
60 ~ for i .5 h, and the benzene was removed in vacuo. After keeping the residue in vacuo at 0.05 mm of 
Hg we obta~xed 46.8 g of the acid chloride of vinyl-(~ -chloroformylethyl)phosphinic acid (II) as a c lear  
liquid that f~nes  in the air .  

Vinyl--(fl -earboxyethyl)phosphinic Acid (I). With shaking, to 30 ml of distilled water  was added 8.8g 
of acid chloride (II) in port ions.  The HC1 and excess  water  were removed in vacuo. Distillation of the r e -  
sidue gave 4 g of acid (D as a thick syrup.  

Ethyl Es te r  of Vinyl-{fl-carboethoxyethyl)phosphinic Acid (HI). To 9 g of acid chloride (H), con- 
tained in an Arbuzov flask that was cooled in ice, was added 6.5 g of absolute alcohol in portions. The l ib- 
era ted HC1 ~md excess  alcohol were  removed in vacuo. Distillation of the residue gave 3.5 g of ethyl es te r  
<IIi). 

2-Vinyl-2,  5-dioxo-1, 2-oxaphospholane (IV). A mixture  of 12.1 g of acid chloride (II) and 5 g of 
acetic anhydride was s t i r red  at 60 ~ for  1 h. We obtained 4.4 g of CH3COC1 (bp 51 ~ n~ 1.3920) and 5.8 g 
of oxaphosp:~olane (IV) as a thick liquid, which solidified to c rys ta l s .  

Ethyl Es te r  of Vinyl-(~ -carboxyethyl)phosphinic Acid (V). To 1.6 g of the oxaphospholane was added 
0.8 g of absolute alcohol. After 15 h the excess alcohol was removed at 0.05 mm of Hg. The residue r e -  
p resents  es~.er (V). 

Vinyl:-(fl -phenylcarbamoylethyl)phosphinic Acid (VI). To 2 g of the oxaphospholane was added 1.2 g of 
anhydrous ~niline; a r i se  in the t empera tu re  of the react ion mixture  was observed.  After 15 h the mixture 
was kept in vacuo at 0.05 mm of Hg. We obtained 2.5 g of acid (VI) as a thick yellowish syrup. 

2 - V i n y l - l - b u t y l - 2 ,  5-dioxo-1,2-azaphospholane (VII). To a s t i r red  mixture of 2 g of butylamine and 
5 g of t r ie t~ylamine in 20 ml of absolute ether,  with cooling in ice, in an argon s t ream,  was added 5 g of 
acid chlorice (II) in drops.  The react ion mixture  was s t i r red  at room tempera ture  for  3 h. The precipi tate  
(C2H5)3N.HC1 was fi l tered,  and the ether was distilled off. Distillation of the res idue gave 2 g of azaphos-  
pholane (VII). 

Reaction of Vinyldiehlorophosphine with Propiolic Acid. To a solution of 21.5 g of vinyldichloro- 
phosphine in 50 ml of absolute benzene, with cooling in ice, in an argon atmosphere, was added 13 g of 
propiolic acid in drops. The next day the benzene was removed in vacuo. The residue, a thick dark brown 
liquid, contains the acid chloride of vinyl-(f~-chloroformylvinyl)phosphonic acid. It decomposes when dis- 
tilled. 

Ethyl Ester of Vinyl-(fl-carboethoxyvinyl)phosphinic Acid (VIII). In a distillation flask was placed 
12 g of the ~:eaction product of vinyldichlorophosphine with propiolic acid and, with cooling in ice, 7 g 
of absolute ~Icohol was added. We obtained 3.2 g of ester (VIII). 

2-Vinyl-2, 5-dioxo-l, 2-oxa-3-phospholene (IX). In a distillation flask with a low takeoff was placed 
16 g of the reaction product of vinyldichlorophosphine with propiolic acid, and 13 g of acetic anhydride was 
added in drops. The reaction mixture was heated at 50 ~ for 1 h. Distillation gave i. 8 g of CH3COCI and 
2 g of the o~:a-3-phospholene (IX). 
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C O N C L U S I O N S  

The reaction of vinyldichlorophosphine with acrylic acid, accompanied by the initial attack of the 
phosphorus atom on the fi -carbon atom of the acid, leads to the formation of the acid chloride of vinyl- 
(fl-chloroformylethyl)phosphinic acid. 

i. 

2. 
3. 
4. 
5. 
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