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The condensat ion of alkene a - o x i d e s  with t r iva lent  phosphorus acid ch lor ides  [1] has been  studied 
extensively  and is used in prac t ice .  The opening of the a -ox ide  ring by these reagents  p roceeds  with the 
inser t ion  of the oxyalkene group at all  of the P -  C1 bonds of the acid chloride molecule .  

The reac t ions  of th i i ranes  with P(III) chlor ides  have received litt le study. Besides  the patent data 
[2, 3], which a re  not reproduced in the case  of the phosphorus ch lor ides ,  it was shown [4, 5] that PC[~ 
f o r m s  with e thylene sulfide a mix tu re  of the mono- ,  d i - ,  and triaddition products .  Propylene sulfide r eac t s  
with PC13 only in the p resence  of ZnC12. The a lky t -  and aryldichlorophosphines  r eac t  with the ethylene 
and propylene sulfides without a ca ta lys t .  However ,  only the condensation products  of one P -  C1 bond were  
isolated in this case  [6-8]. 

The initial  act  in the d iscussed  react ions  can be cons idered  to be d o n o r - a c c e p t o r  in teract ions  of the 
nv type, where  the orb i ta l s  of the n -e lec t rons  of the he te roa tom and the d -o rb i t a l s  of the phosphorus atom 
a r e  the boundary orbi ta ls .  In such case  a compar i son  of the reac t iv i ty  of oxirane and thi i rane compounds 
will  make  i t  poss ib le  to indirect ly judge the efficiency of the in teract ion of the d -o rb i t a l s  of P(III) and the 
n -e l ec t rons  of the valence L -  and M-layer .  F o r  this purpose  we made a compara t ive  study of the reac t ions  
of ethylene oxide (EO) and ethylene sulfide (ES) with the s t y r y [ -  and isobutenytdichlorophosphines [9, 10]. 

Anhydrous toluene and dioxane w e r e  used as the solvents ,  As was to be expected,  EO adds smoothly 
to the s t y r y l -  and isobutenyldichlorophosphines at  20-25 ~ An induction period (15-20 min) is observed  in 
toluene solutions,  a f t e r  which the react ion  is exothermic .  This  phenomenon is absent  in dioxane and exo-  
thermic  reac t ion  is observed  when the f i r s t  port ions of EO a re  added, which is completed at  20 ~ a f t e r  the 
addition of two moles  of the reac tan t  pe r  mole of dichlorophosphine.  Dif ferences  in the react iv i ty  of the 
s t y r y l -  and isobutenyldichlorophosphines a re  prac t ica l ly  absent  here .  As a resu l t ,  the reac t ion  of EO 
proceeds  in harmo~y with the following equation. 

R R 
\ \ 

C=CHPC1,. -F 2CH.z--CH2 ~ C=CHP(0CH~CH.zCI)2 
/ \ /  / 

R' 0 R' 

The condensation products  of EO with alkenyldichlorophosphines a re  eas i ly  i somer ized  during f r a c -  
tional disti l lation. Consequently,  before  dist i l lat ion the react ion  m a s s  is f i r s t  refluxed until the tes t  for  
P(III) is negative.  

The solvent  a lso  exe r t s  an effect  on both the ra te  and di rec t ion of the i somer iza t ion ,  especia l ly  of the 
b is - (2-ch loroe thyl )  alkenylphosphinites.  The i somer iza t ion  proceeds  m o r e  rapidly in dioxane than in 
toluene, and leads to monomolecu la r  t r ans fo rmat ion  products  in high yield.  

R R 0 OCH~CH2C1 
\ \ I I /  

C~GHP(0CtI2CH.~CI)~ --~ C~CH~P 
/ / \ 

R' R' CH~CH-.C1 

*The react ions  were  checked via  the C1- in the hydrolyzate  of a sample  of the react ion  mass .  
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A large amount of t a r ry  products is formed during i somer iza t ion  
in toluene. 

The course  of the react ion of ES with alkenyldichlorophos-  
phines was checked by the r e f rac tomet r i c  method. As it proved, 
ES does not reac t  with dichlorophosphines at  50-60 ~ The react ion 
proceeds slowly in the presence of HC1, and quite rapidly when 
catalyzed with ei ther  pyridine hydrochloride or  pyridine. 

The pyr id ine-cata lyzed react ion of ES with s ty ry ld ich loro-  
phosphine in toluene proceeds smoothly with the insert ion of the 
thioethyIene group at both P - C I  bonds. 

CsHsN PhCH=CHPC12 + 2CH2--CH~ ~ PhCH=CHP(SCH2CH~C1)2 
\ /  

S 

Isobutenyldichlorophosphine reac ts  with more  difficulty in the same 
reaction.  The monoaddition product  was obtained in toluene at 50- 
60 ~ even with a fourfold excess  of ES. 

c H~ CHs SCH~.CH2CI 
\ c~,~ \ / 
C=CHPCh + CH~--CHs ,--- C=CH--P 

/ \ / / 
CHa S CH3 "xCl 

In dioxane at 50-60 ~ the condensation is completed in 1 h to give 
bis-(f i-chloroethyl)  isobutenyldithiophosphinite. 

CH3 CH~ 

C=CHPCI.2 + 2CH~--CH2 ~ C=CHP--(SCH~CH2CI)2 
/ \ /  / 

CHa S CHa 

As a resul t ,  in cont ras t  to EO, ES reacts  with alkenyldichloro-  
phosphines only in the presence  of cata lysts .  

The obtained resul ts  cor re la te  with the known data [4] that 
the thiirane ring is opened with much g r ea t e r  difficulty by tr ivalent  
phosphorus chlor ides  than the oxirane ring. Together  with this, 
they testify to the fact  that the ability of alkene sulfides to reac t  
with tr ivalent  phosphorus chlorides is also determined by the s t r u c -  
tural  t rai ts  of the la t ter ,  and can be associated with a cer ta in  
"depletion" of the e lectron density on the phosphorus atom. 

It is relevant  to mention that the epithio compounds are  more  
react ive  in the react ions with the dia lkyl(aryl)chloroars ines  [11] 
than the oxiranes.  Here a distinct tendency is observed for  an 
increase  in the exo-effect  of the react ion as the I-effects  of the 
substituents increase.  The same rules were  also observed in the 
react ions  of oxiranes and thiiranes with dialkyl isothiocyanoarsines 
[121. 

The combination of the presented data is in agreement  with 
the assumption that the p r imary  acts in these react ions have a 
d o n o r - a c c e p t o r  nature,  i.e., the phosphorus atom in d ich loro-  
phosphines (the same as the arsenic  atom in ars ines)  is capable 
of functioning not only as a donor of unshared e lec t rons  (n-donor), 
but also as an acceptor  of e lect rons  via the unoccupied d-orbi ta ls  
of the atom. 

CI \ CI C1 R 

-}- P--R . . . .  P--R --, +C--C--X--P--R --- CCI--C--X--P 
\ L I \ I I \ 

\Cl / C1 C1 Ct 
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In this case ,  the same as in other  exchange react ions that proceed via the interact ion step involving the 
pd-orbi ta ls  [13, 14], the maximum effect  of the react ion is observed under the condition of their  ( n - 1 ) p ~ -  
nd 7r bonding. 

The catalytic effect  of bases  in the discussed reac t ions ,  and also the beneficial  effect  of solvents ,  
can be explained by the specific solvation of the reagent  (O- or S-heterocycle)  or  substra te  (P(III) com-  
pound) molecules .  

EXPERIMENTAL METHOD 

Reaction of Isobutenyl-  and Styryldichlorophosphines with Ethylene Oxide (typical experiment) .  With 
s t i r r ing ,  0.3 mole of dry  ethylene oxide was bubbled into a solution of 0.15 mole of the alkenyldichlorophos-  
phine in 50 ml of abs. toluene (or dioxane) at 20-25 ~ Then the react ion mass  was s t i r r ed  at 20-25 ~ for  1 h, 
under reflux for 1-4 h, and fractionally distil led. Compounds {I) and (II) (Table 1) were  obtained by the 
same method. 

2-Chloroethyl  Es te r  of 2-ChloroethyUsobutenylphosphonic Acid; yield e i ther  46% (in toluene) or 82% 
(in dioxane), bp 110-112 ~ (0.01 mm); d 2~ 1.2082; n~ 1.4860. Found: CI 28.44; P 13.01%. C8H15C12PO 2. Cal-  
culated: CI 28.98; P 12.65%. 

2-Chloroethyl  Es te r  of 2-Chloroethylstyrylphosphinic Acid; yield e i ther  40% (in toluene) or  86% (in 
dioxane); bp 120-122 ~ (0.025 mm); d~ ~ 1.3439; n~ 1.5398. Found: Cl 24.75; P 10.93%. CluH15C12PO2. Cal-  
culated: C1 24.20; P 10.58%. 

Reaction of Isobutenyl-  and Styryldichlorophosphines with Ethylene Sulfide (typical experiment) .  
With s t i r r ing ,  to a solution of 0.15 mole of the alkenyldichlorophosphine in 50 ml of abs. toluene or d i -  
oxane at 20 ~ were  added a catalytic amount of dry pyridine and 0.6 mole of ethylene sulfide. The react ion 
mass  was s t i r r ed  at 20 ~ for  1 h, at 50-60 ~ for 2-5 h, and then fract ionally distilled. Compounds (III)-(V) 
(see Tab le  1) were  obtained by the same method. 

Bis-(~-chloroethy[)  Isobutenyldithiophosphinite; yield 58%; bp 100-102 ~ (0.01 ram); d 2~ 1.2668; n~ 
1.5835. Found: C[ 25,21; P 11.47; S 23.32%. CsH15CI2PS2. Calculated: Cl 25.63; P 11.12; S 23.14%. 

(~-Chloroethyl) Isobutenytthiochlorophosphinite;  yield 85.5%; bp 106 ~ (1 mm); d 2~ 1.2656; n~ 1.5575. 
Found: Cl 32.41; P 14.09; S 14.45%. C6HllC12PS. Calculated: C1 32.71; P 14.28; S 14.74%. 

Bis-(/~-chloroethyl) Styryldithiophosphinite; yield 64.5%; bp 125-127 ~ (0.0095 ram); viscous liquid. 
Found: C1 22.01; P 10.00; S 19.37%. C12H15CI2PS 2. Calculated: Cl 21.88; P 9.53; S 19.69%. 

C ON C LUSION S 

In contras t  to ethyl3ne oxide, ethylene sulfide reac ts  with the s ty ry l -  and isobutenyldichlorophosphines 
only in the presence  of catalysts .  The course  of the discussed react ions  is facilitated by solvents with a 
high electron--donor capacity.  The obtained resul ts  are discussed f rom the standpoint of p r imary  d o n o r -  
acceptor  interact ions of the reactants .  
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