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I N T E R A C T I O N  O F  D I A L K Y L  T R I M E T H Y L S I L Y L  

P H O S P H I T E S  W I T H  C A R B O N  T E T R A C H L O R I D E  

T .  K h .  G a z i z o v ,  L .  N.  U s t a n o v a ,  
D .  V .  R y z h i k o v ,  a n d  A .  N .  P u d o v i k  

UDC 5 4 2 . 9 1 : 5 4 7 . 1 ' 1 2 8 ' 1 t 8  

Trialkyl phosphites interact with CCI 4 to form the corresponding dialkyl trichloromethyl phosphonates [i]. 
These reactions begin with ~mcleophilic attack by the phosphorus atom on a chloi'ine atom of the CCI 4 [2, 3] and 
proceed through the formation of a quasiphosphonium compound containing the trichloromethyl anion as the 
counterion. It is also known that in reactions of dialkyl trimethylsilyl phosphites with electrophilic reagents, 
the stage of desilation of the intermediate product proceeds very rapidly [4]. We have investigated reactions 

of dialkyl trimethylsilyl phosphites with CCI4, emphasizing particularly the properties of the quasiphospho- 
nium compounds, which carry alkoxyl and trimethylsiloxyl groups simultaneously on the phosphorus atom, and 
which contain the trichloromethyl anion as the counterion. 

In these studies we found that diethyl trimethylsilyl phosphite (I) interacts with CCI 4 to form diethyl chloro- 
phosphate (If), diethyl trickloromethyl phosphonate (III), trimethyl ehlorosilane (IV), trimethyltrichioromethyl 
silane (V), dimethylmethylenesilane (VI) in the form of the dimer, and chloroform (VII) 

In the reaction of the phosphite (I) with CC1 o the intermediate quasiphosphonium compound, in which the 
phosphorus atom carries simultaneously the ethoxysilyl and trimethylsiloxyl groups and the trichloromethyl 
anion, is desilylated to form the phosphate (If), the silane (V) (direction i, i.e., SN2-desilylation), or to form 
the phosphate (II), chloroform, and the silane (VI) (direction 2, apparently an E2 reaction); the ir/~ermediate 
may also enter into an anion exchange reaction to form a new quasiphosphonium compound containing the chlo- 
rine anion as the counterion (direction 3). The new intermediate decomposed to form the phosphonate (III) and 
the silane (IV). 

Scheme 

o 
i II 

t --'~ (RO)~_PC| + (CHa)aSiCCIa 
( u )  �9 ( v )  

O--Si(CHa)~ 
b 

i + ~ I! 
(RO):POSi(CHa) + CC14 (RO~)PCI ---~ (RO):2PC1 + HCCla + [(CHa)2SiCH2] 

CC13 (II) (VII) (V1) 

O/Sl(CHa)a 0 

113 I+ _ , (RO)~PCClaC1 ~ (RO),PCCla -F (CHa)aSiC1 
(ul) (iv) 

A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan' Branch, Academy of Sciences of the 
USSR. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 8, pp. 1830-1832, August, 
1984. Original article submitted May 3, 1983. 

0568-5230 /84 /3308-  1673508.50 �9 1985 P lenum Publ ish ing  C o r p o r a t i o n  1673 



The react ions  of the dimethyl  (VIII) and dipropyl t r imethy ls i ly l  phosphite (IX) with CC14 proceed  analo-  
gously.  As the s ize of the alkyl group is reduced in the s e r i e s  P r  > Et > Me, the dec rea se  in s t e r i c  shielding 
apparent ly  resu l t s  in a g r e a t e r  tendency for  the react ion to go in the direct ion of higher yields of products  
fo rmed  through anion exchange in the in te rmedia te  product .  The rat io  of yields of dialkyl chlorophosphates  
to dialkyl t r ich loromethylphosphonates  in this s e r i e s  changes as follows: 1:4.80,  1:3.03,  1:1.63. 

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

The GLC was c a r r i e d  out in a Khrom-41  ch romatograph  with a f lame ionization detec tor  and a heat -  
r e s i s t an t  g lass  column /2 m) packed with 10% polyethylene glycol adipate on Tsve tokhrom 1K DMDKhS (0. 250- 
0. 315 ram),  column t e m p e r a t u r e  140 ~ vapo r i ze r  160~ 

React ion of Diethyl Tr imethy l s i ly l  Phosphite  with CCI 4. To 59.6 g (0.28 mole) of the phosphite (D, 
43.7  g (0.28 mole) of CC14 was added, and the mix tu re  was s t i r r e d  for  3 h at 45-55 ~ The low-boil ing product  
was dist i l led off in the in terval  50-70 ~ Upon heating the reac t ion  mix tu re  to 100 ~ for  10-15 min with a ref lux 
condenser  7.2 g (13.2%) of c ry s t a l s  of the si lane (V), mp 47 ~ prec ip i ta ted  in the condenser ,  Found: C 25.48; 
H 4.89;  C155.82;  Si 14.60%. C4H9C13Si. Calculated:  C 25.06; H 4.70;  C155.61;  Si 14.62%. 

GLC of the low-boil ing products  gave the silane (IV) (30.86%), ch lo ro form (3.71%), and the d imer  of the 
si lane (VI). In the IR spec t rum of the mix ture  there  were  absorpt ion bands at 693, 870, and 935 c m  -~, c h a r a c -  
t e r i s t i c  for  1 , 1 , 3 , 3 - t e t r a m e t h y l - 1 , 3 - d i s i l a c y c l o b u t a n e ,  i . e . ,  the d imer  of the si lane (VI) [5]. According to 
the reac t ion  scheme ,  the yield of  the d imer  of the silane (V1) should be half the yield of ch lo roform.  

Dist i l lat ion of the stil l  res idue  gave 9.7 g (19.7%) of the phosphate (II), bp 80.5-82 ~ (9 ram) ,  n~  1. 4170, 
d42~ ] .1919 [6]; and 38.3 g (59.7%) of the phosphonate (HI), bp 121-123 ~ (10 m m ) ,  n~  1.4601, d42~ 1.3658 [7]. 

In the reac t ion  of the phosphites (VIII) and (IX) with CC14 under  analogous condit ions,  the products  r e -  
covered  in the f i r s t  case  were  dimethyl  chlorophosphate  (10.2%) and dimethyl  t r i ch lo romethy l  phosphonate 
(49.1%), and in the second c a s e ,  dipropyl chlorophosphate  (30.8%) and dipropyl t r ichloromethylphosphonate  
(50.5%). 

C 0 NC LUSIONS 

In the interaction of dialkyl trimethylsilyl phosphites with carbon tetrachloride, the products that are 
formed are a dialkyl chlorophosphate, a dialkyl triehloromethylphosphonate, trimethylchlorosilane, trimethyl- 
trichloromethylsilane, dimethylmethylenesilane, and chloroform. 
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