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In [1] it  was  shown that  the adducts of a lkenyl te t rach lorophosphors  with PCI 5 a r e  smoothly reduced 
by hydros i l anes .  Start ing with visual  observa t ions ,  the ru les  that  were  d i scovered  between the s t ruc tu re  
of the r eac t an t s  and the reduct ion condit ions,  and a lso  the effect  of solvents ,  a theory  was e x p r e s s e d  r e -  
garding the m e c h a n i s m  of these  reac t ions ,  according to which the a lkenyl te t rach lorophosphors  ini t ia l ly 
f o r m  complexes  with the hydros i lanes .  

RPC14.PC1 s -~ HSiR3' --+ RPCI4-HSiR 3' -+ RPC12 

The val idi ty  of this theory  can be ver i f ied  by studying the r eac t ions  of a lkenes  with PCI 5 and hydro-  
s i lanes using equ imola r  r a t i o s  of the r eac tan t s .  The yield of the a lkenyldichlorophosphines  in these  r e a c -  
t ions,  which exceeds  50%, s e r v e s  as proof  that  the hydros i l anes  can compete  fo r  the PCI 5 in forming  the 
adducts with the a lkenyl te t rach lorophosphors .  The r e su l t s  of studying the reac t ions  of a lkeneswi th  PC15 in 
the p re sence  of t r i ch lo ros i l ane  a r e  given in th i s  paper .  

F o r  r eac t ion  we took a lkenes  that  d i f fered in the conditions of condensation with PC15 and in the 
c h a r a c t e r  of the t r an s fo rm a t i ons  of the t rans i t ion  complexes  (isobutylene, s ty rene ,  vinyl ace ta te ,  methyl  
vinyl sulfide, i soprene ,  and piperylene) .  Benzene and toluene were  used as the solvents .  Depending on 
the conditions of mixing the r eac t an t s  and the conditions of des t roying  the t rans i t ion  complexes ,  the r e -  
act ions in the indicated s y s t e m s  proceed  along two direct ions:  phosphoryla t ion and chlorinat ion of the a l -  
kenes .  In all ca ses  the t rans i t ion  complexes  a re  fo rmed  at 0~ and even at negat ive  t e m p e r a t u r e s .  Of the 
a lkenes  taken by us the ea s i e s t  to r eac t  a re  the dienic hydrocarbons .  Methyl vinyl sulfide and isobutylene 
r eac t  with somewhat  g r e a t e r  difficulty. The phosphorylat ion of s ty rene  p roceeds  m o r e  slowly, while that 
of vinyl aceta te  p roceeds  at min imum speed.  However ,  in all c a s e s  the alkene is a lmos t  quanti tat ively 
bound in the complex a f te r  v igorous  s t i r r ing  fo r  6-8 h at 0-5 ~ 

As a resu l t ,  the conditions for  the fo rmat ion  of the adducts in the d i scussed  s y s t e m s  a re  n e a r l y  the 
same as  in the prev ious ly  studied reac t ions  without the hydros i lanes .  The comple te  inclusion of the a l -  
kene in the complex tes t i f i es  to the fact  that  in the p re sence  of t r i ch lo ros i l ane  the p r o c e s s  does not stop 
at the s tage of fo rming  the complexes  of the a lkenyl te t rach lorophosphors  with PC15. 

The des t ruc t ion  of the fo rmed  complexes  p roceeds  with not iceable  speed only at  ~ 20 ~ and is  usual ly 
comple ted  in 20-30 h. The des t ruc t ion  ra te  i n c r e a s e s  not iceably  with inc rease  in the t e m p e r a t u r e .  The 
amount of chlor inat ion products  of the alkene i n c r e a s e s  s imul taneously  with this .  The l a t t e r  p r o c e s s  p ro -  
ceeds  to substant ia l ly  l e s s  degree  when excess  t r i ch loros i lane  is  p resen t  in the reac t ive  m a s s .  

The dichiorophosphines a re  obtained in 60-80% yield under the opt imum conditions (25-50% excess  
t r i ch lo ros i l ane ,  fo rmat ion  of the complex at 0-5 ~ and i ts  des t ruc t ion  at 20-25~ Mixing the r eac tan t s  at 
20-25 ~ leads  to exo thermic  reac t ion ,  with the resu l tan t  fo rmat ion  of a substantial  amount of ch loroa lkenes ,  
and the yield of the dichlorophosphines drops  to 30-60%. 

The e lementa l  ana lys i s  data (Table 1) and the IR spec t ra  of the obtained dichlorophosphines tes t i fy  to 
the fact  that  the c h a r a c t e r  of the phosphorylat ion p r o c e s s e s  in the d iscussed  s y s t e m s  is the same  as  in the 
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TABLE i. 
m 

bp, "C (p, 
Corn- I% ~" "mmofHg) 
pound I 

(I) CICI-I~C(GHDCHCH, 6I 5 I 79--81(1) 
([I) CHsCIICICH=CHCH, 75'0 ] 8/i--85(I) 

,(I]~I) (CI-I~),C~CH 80 0 | 82--8t-(35) 
(IV) C6H~CIt~C~I I 70,5 1109--111(I) 

CI~CH\c H (vD 181,o / ~6-~ oH,c/; 1 ](2,~.10-,) 

P r o p e r t i e s  of Alke~ rldichlorophosphines RPCI 2 

iCalc~l- 
Empirical ated, % 
formula [ q  [ ~ 

r,, 
Found ,% 

1,366011 535, 51,57] i4,8, 
1,3701 l t:5245 5i,561 15,2, ~ 
t,2723 | i,5i0r 45,591 19,4~ 
1,3427 | 1,59&4 l,&lS0 ] 1,6228 3t"82| lt~'9~ 40,831 17,3~ 
1,567i 11,~75 58,t~01 12,32 

C6H~CI~P 51,82 15,09 
CmH,CI~P 51,82] 15,09 
C4HTCI~P 45,221 t9,74 
C,H~CI~P 3~ 631 t5,12 
C3H~CI,PS * &0:571 17,71 

! 
C,H~CI,P O 58,68[ 12~81 

I 
*Found: S 18.12%. Calculated: S 18.29%. 

reac t ions  of the alkenes with PC15 without the hydros i lanes .  Thus,  the s t ruc tu re  of 4-chloroa lkenyl -2 ,  3- 
dichlorophosphines can be assigned to react ion products  (I) and (II), which were  obtained f rom dienic hy-  
drocarbon~.  This  s t ruc tu re  is supported by the vibrat ion f requencies  of the C--H, C =C, and P--C1 bonds 
(VC_ H 2960 and 2908; 6 C _  H 1440, 1374, 1360, v c =  C 1606, 1650, V p _ c  l 480 cm- t ) .  The s t ruc tu re  of 
compounds (III)-(V) is also conf i rmed  by the f requencies  of the s t re tching  vibrat ions  of the C = C and 
P--C1 bones [for (III) v C =C 1596, 1568, v p _ c 1  480 am-t ;  fo r  (IV) Z,C_ C 1606, VP_C1 475 cm-t ] .  The 
IR spec t rum of compound (VI) (v C = O 1772, V C_  H 2967 and 2915, 6 C _  H 1350 cm -t) is in agreement  
with the s t ruc tu re  of 2 ,2 -d ich lo ro - l - ace ty le thy ld ich lo rophosph ine .  However,  the s trong shift of the 
s t re tching  vibrat ions  of the P--Ct  bond (v P--C1 560 and 537 cm -t) does not pe rmi t  making unequivocal 
conclusions and additional studies a re  needed in o rd e r  to ascer ta in  its s t ruc ture .  

The obtained r e su l t s  a re  in ag reement  with the previous ly  exp re s sed  [1] concepts  regarding  the 
mechanism of the p r o c e s s e s  fo r  the format ion  of alkenyldichlorophosphines f rom the adducts of alkonyl-  
t e t rach lorophosphors  and PC15. In addition, they pe rmi t  speaking about the cha rac t e r  of the p r o c e s s e s  
fo r  the phcsphorylat ion of alkenes with PCt 5, which p roceed  in the p resence  of chlor ine anion aceep tors  
(PC15, hydrosf lanes) .  Both the l i t e ra tu re  data and the data obtained by us tes t i fy  to the fact that the 
abil i ty of the alkenes to en te r  into the d i scussed  reac t ions  c o r r e l a t e s  with the i r  ~ -donor  p rope r t i e s .  
F r o m  this the donor - -accep tor  in te rac t ions  of the ~v  type can be rega rded  as being the p r i m a r y  in t e rac -  
t ions of the s lkene and PC15 molecu les .  The i r  rea l iza t ion ,  with the format ion  of the C- -P  bond, is pos-  
s i n e  only via a stabil ization of the t rans i t ion  s ta tes  of the v acceptors .  The chlorinat ion of the alkene 
occu r s  in f:he opposite case .  

--HCI, --C!~'~ RCH:CHPCIa ttSiC!~ RCH~CHPCI~ 
RCH l I1 --*PCh-- 

C}t~ -~c1 ~RCH--CHPCh _ ~  RCH=CHC1 

E X P E R I M E N T A L  M E T H O D  

Prepa ra t ion  of Alkenyldich[orophosphines (Typical Exper iment ) .  With s t i r r ing  and cooling to 0 ~ 
in a n i t rogen a tmosphere ,  0.3 mole of t r i ch loros f lane  was added to a suspension of 0.25 mole of PC15 in 
e i the r  100 ml of d~y benzene or  toluene,  and then 0.25 mole of the alkene was slowly added in drops .  
After  adding the alkene the reac t ion  mass  was kept at 0-5 ~ for  6-8 h, and at 20-25 ~ until aH of the adduct 
had dissolved.  The SIC14, PCI 3, exces s  HSiCI 3, and solvent were  vacuum-dis t i l led  below 40 ~ while the 
res idue  was f rac t ional ly  dist i l led.  The yield and p rope r t i e s  of the obtained compounds a re  given in Table  1o 

C O N C L U S I O N S  

Alkenyldichlorophosphines a re  fo rmed  in high yields when a[kenes are  phosphory[ated by t r ea tmen t  
with PCI 5 in the p resence  of hydros i lanes  under  conditions that promote  the format ion  of t r imo lecu l a r  
complexes  of alkene,  PCls, and hydros i lane .  
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