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R E A C T I O N  P R O D U C T S  O F  S E L E N O P H O S P H O R U S  A C I D  

E S T E R S  W I T H  S U L F U R Y L  C H L O R I D E  

E .  V.  B a y a n d i n a ,  R .  K h .  G i n i y a t u l l i n ,  
a n d  I .  A .  N u r e t d i n o v  

UDC 542.91:547,1 '118 

I t  Was shown [1, 2] that se lenophosphorus  acid e s t e r s  and f ree  se lenophosphorus  acids r eac t  with So2C12 
to f o r m  phosphoryla ted  selenyl  ch lo r ides  

(ao)~(Se)OR + so~cl~ --RCi (Rol~P(o)seCl + soz 

--KCI I (RO)~P(Se)OH -~- SO~CI~ - -  

The phosphoryla ted se lenyl  ch lor ides  were  not cha r ac t e r i z ed  owing to the i r  ex t r eme  thermolabi l i ty .  

It should be noted that the phosphoryla ted  sulfenyl  ch lor ides  obtained by reac t ion  of thiophosphorus acid 
de r iva t ives  with SO2C12 a re  cons ide rab ly  more  s tabte  products  [3-5]. 

In the p re sen t  work,  we have invest igated the reac t ion  of se lenophosphorus  acid e s t e r s  with SO2C12 to 
fo rm di f ferent  o rganose lenophosphorus  compounds .  

The reac t ion  of the se lenophosphorus  acid e s t e r s  with SO2C12 was conducted in CHC13 or  toluene a t - 3 0  
to - 2 0  ~ . The  products  decomposed on contact  with mo i s t  a i r .  

It was found that the e l e m e n t a r y  ana lyses  and 3ip NMR data of a number  of the products  were at var iance 
with the postulated format ion  of phosphoryla ted  selenyl  ch lor ides .  In a p r e l i m i n a r y  communcat ion  [6] we 
showed that  the reac t ion  of a ry l  se lenophosphate  e s t e r s  with SO2C12 gives chloroselenophosphonium sal ts .  
Thus,  it is common to all the reac t ions  invest igated that SO 2 is evolved;  this was de te rmined  in the dist i l late 
of volati le products  and solvent  with the aid of an aqueous SeO 2 solution [7]. 

The s tabi l i ty  of the se lenophosphate  reac t ion  products  depends on the nature of the subst i tuents  on the 
phosphorus a tom.  Thus,  the react ion  product  of O,O-diphenyl  O-ethyl  se lenophosphate  with SOzC12 is s table 
up to 44 ~ while the analogous reac t ion  of O,O,O- t r imethyl  se lenophosphate  with SO2C12 gives a substance which 
decomposes  in solution at 5 ~ . 

A. E.  Arbuzov Institute of Organic and Phys ica l  Chemis t ry ,  Kazan Branch of the Academy of Sciences of 
the USSR. Trans la ted  f rom Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 1, pp. 153-156, January ,  
1977. Original  a r t i c le  submit ted  November  17, 1975. 

This material & protected by copyright registered in the name o f  Plenum Publish&g Corporation, 227 West 17th Street, New York, N. Y- 10011. No part | 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying. l microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $Z50. 

131 



TABLE 1 

Starting material 

(CsH~0) 2P(Se)OC2H~ 
C6HhOP (Se) (0C~Hh) 2 
(C2H50) sPSe 
i-C~HgOP(Se) (OCH3) .~ 
CsHhP (Se) (0C2H5) 
CaHhP (Se) (OC2H~) 2 

Sip chemleal shift i ppm '" 

starting reaction 
material product 

-63 -34 
' -~8 -34 
-73 --40 * 
-~77 -42 * 
-94 -72 

-108 -90 * 

* At - 2 0  ~ 

On studying the 311) NMR s p e c t r a  of the reac t ion  products  indicated in Table 1, we found that the shielding 
of the 3~p nucleus in these compounds is a lways s t r o n g e r  than in the s t a r t ing  m a t e r i a l s .  These data a re  in ac -  
cord  with a phosphonium s t ruc tu r e .  I t  was shown in [8, 9] that s i m i l a r  changes in 311) chemica l  shif t  (CS) occur  
on pass ing f rom neut ra l  organic se l eno-  and thiophosphorus compounds to phosphonium der iva t ives .  

It  is known that  there  is l i t t le  d i f ference  between the alp chemica l  shif ts  of organic  se l eno-  and thiophos-  
phorus  compounds of the same  type [10, 11]. Dialkyl se lenophosphates  have a 31p CS in the vicini ty of - 2 0  ppm 
[12]. On the bas is  of this ,  we can conclude that compounds of genera l  fo rmula  (RO)2P(O)SeC1 will a lso have a 
CS in the vicini ty  of - 2 0  ppm. As can be seen  f rom Table 1, however ,  the CS values of the react ion products  
of the se lenophosphates  with SO2C12 a re  somewhat  higher .  These data ,  and a lso  the e l e m e n t a r y  ana lyses  of the 
products ,  give us to r ea son  to suppose that the selenophosphate  e s t e r s  r eac t  with SO2C12 to fo rm products with 
a d i f ferent  s t ruc tu re  f rom the phosphoryla ted  selenyl  ch lor ides  of [1,2]. 

The genera l  scheme  for  these reac t ions  can be r e p r e s e n t e d  as follows: 

RO Se FRO SeC1]§ 
\ P J  + S02C12-~ [ \ P  / I C1-+S02 

Ro / \OR [RO / \OR _I 

As indicated above,  the react ion  product  of O,O,O-t r ie thyl  se lenophosphate  and O,O-diethyl  se lenophos-  
phoric  acid with SO2C12 is one and the s a m e ,  viz . ,  O,O-diethyl  Se-ch loro  se lenophosphate  [1, 2]. In view of the 
r e su l t s  that we have obtained by invest igat ing the reac t ion  of se lenophosphate  e s t e r s  wtih SO2C12, it would be of 
i n t e r e s t  to study the react ion  of O,O-dia lkyl  se lenophosphor ic  acids with SO2C12. After  removing the volati le 
products  and pa r t  of the solvent  under vacuum at low t e m p e r a t u r e ,  we recorded  the 31p NMR s p e c t r a .  The 311~ 
chemica l  shif ts  of the reac t ion  products  of O,O-dialkyl  se lenophosphor ic  acids with SO2C12 are  in the vicini ty 
of - 2 0  ppm. When heated to >0-5 ~ these subs tances  decompose  to fo rm e lementa l  se len ium.  

The s i m i l a r i t y  in the 31p NIVIR p a r a m e t e r s  of s e l eno -  and thiophosphorus acid de r iva t ives  has been noted 
above [10, 11]. T h e r e f o r e ,  on the a s sumpt ion  that  O,O-diaikyl  se lenophosphor ic  acids r e a c t  with SO2C12 to fo rm 
phosphoryla ted  selenyl  ch lor ides ,  we p repa red  O,O-diethyl  S-ch loro  thiophosphate and studied its 31p NMR 
s p e c t r u m .  This compound was p repa red  by reac t ing  the O,O,O- t r ie thyl  thiophospha~e with SO2C12 [3]. The 31p 
CS of O,O-diethyl  S-ch loro  thiophosphate is - 1 9  ppm. Thus,  we can conclude that O,O-dialkyl  se lenophosphor ic  
acids r e a c t  with SO2CI z to fo rm O,O-dialkyl  Se-ch lo ro  se lenophosphates .  

We can regard  it as proven that ,  in con t r a s t  to the data  in [1, 2], se lenophosphate  t r i e s t e r s  and f ree  s e l e -  
nophosphoric  acids r e a c t  with SO2C12 to fo rm products  with d i f ferent  s t r uc tu r e s  

RO Se I-RO SeC17+ 

\ "/" i "%/ / cl-+so..  P -t-SO~Cl~ 

, / \ L n o / \ o a J  RO OR 

RO Se BO 0 
\ J \ / /  P ~- S0.2CI~ -~ P ~ 30..~ 4-, HCI 
/ \  / 

RO OH RO X<SeCl 

It  has been es tab l i shed  that  when some  of the c rys ta l l ine  products  of the above react ions  a r e  heated,  they 
decompose  to fo rm alkyl halide (identified by GLC) and e lementa l  se lenium.  The phosphorus-conta in ing  sub-  
s tance  remain ing  a f t e r  decomposi t ion  is the co r respond ing  chlorophosphate .  

1 3 2  



It is quite possible that the decomposition of the chloroselenophosphonium salt proceeds via alkyl chlor- 
ide elimination and formation of a phosphorylated selenyl chloride, which decomposes to the chlorophosphate 
and elemental selenium under these conditions. 

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

The 3~p NMR s p e c t r a  of CHC13 s o l u t i o n s  of the s e l e n o p h o s p h o n i u m  s a l t s  w e r e  ob ta ined  us ing  a KGU-4 
i n s t r u m e n t  wi th  a w o r k i n g  f r e q u e n c y  of 10.2 MHz, at  - 2 0  ~ in the c a s e  of t h e r m o l a b i l e  s u b s t a n c e s  and a t  ~20 ~ 
in the o t h e r  c a s e s .  The c h e m i c a l  sh i f t s  a r e  g iven  r e l a t i v e  to 85% H3PO 4 a s  e x t e r n a l  s t a n d a r d .  

The s u b s t a n c e s  w e r e  p u r i f i e d  by r e p r e c i p i t a t i o n  f r o m  c h l o r o f o r m  wi th  e t h e r .  A f t e r  r e m o v a l  of a l l  t r a c e s  
of s o l v e n t  u n d e r  a v a c u u m  of ~0.06 m m  at  0 ~ f o r  2 h, s o m e  of the compounds  had a de f in i t e  m e l t i n g  point .  The 
m e l t i n g  po in t  of s u b s t a n c e s  d e c o m p o s i n g  be low 20 ~ was d e t e r m i n e d  unde r  a l a y e r  of d r y  VM-1 m i n e r a l  o i l .  

R e a c t i o n  of O - P h e n y l  O , O - D i e t h y l  Se l e nophospha t e  with SO2C12 (S tandard  E x p e r i m e n t ) .  A c h l o r o f o r m  
s o l u t i o n  of 2.3 g SO2C12 (1:2) was  added  d r o p w i s e  a t - 2 0  ~ to a s t i r r e d  s o l u t i o n  of 5.0 g O - p h e n y l  O , O - d i e t h y l  
s e l e n o p h o s p h a t e  in CHC13 (1:2). The m i x t u r e  was  kep t  a t - 2 0  ~ f o r  30 ra in ,  and the v o l a t i l e  p r o d u c t s  we re  e v a c -  
ua ted  with  a w a t e r - j e t  pump th rough  a t r a p  coo led  with  l iquid n i t r o g e n ,  and then p a s s e d  th rough  an  aqueous  s o l u -  
t ion of SeO 2. The a m o u n t  of s e l e n i u m  l i b e r a t e d  (0.63 g) was used  to d e t e r m i n e  the amoun t  of SO 2 (] .03 g, 94.5%). 
The r e a c t i o n  m i x t u r e  was  then t r e a t e d  wi th  70 ml  e t h e r .  A f t e r  1 h at  - 0  ~ the s o l v e n t  was d e c a n t e d  off f r o m  
the p r e c i p i t a t e d  c r y s t a l s ,  which w e r e  r e p e a t e d l y  t r e a t e d  with  e t h e r  and d r i e d  a t  0.06 m m  and 0 ~ f o r  2 h to g ive  
4.6 g (74.0%) of p h e n o x y d i e t h o x y c h l o r o s e l e n o p h o s p h o n i u m  c h l o r i d e ,  mp 33-34~ 53~ P = - 3 4 . 0  ppm.  Found:  
C 33.47; H 4.29; P .  8.11%. C10H15CI2031~e. C a l c u l a t e d :  C 32.97; H 4.12; P 8.52%. 

A n a l o g o u s l y ,  4.5 g (70.7%) of d i p h e n o x y e t h o x y c h l o r o s e l e n o p h o s p h o n i u m  c h l o r i d e  was  p r e p a r e d  at  - 2 0  to 
- 3 0  ~ f r o m  5.7 g of O - e t h y l  O , O - d i p h e n y l  s e l e n o p h o s p h a t e  in  CHC13 (1:2) and 2.28 g of SO2C12 in CHC13 (1:2), 
m p 3 8 - 3 9  ~ , 531P = - 3 1 . 0  ppm.  Found :  C 41.13: H 3.64; P 7.52%. C14H15Ct203PSe. C a l c u l a t e d :  C 40.78; H 3 . 4 3 ;  
P 7 .52%.  

R e a c t i o n  of 4.9 g O , O - d i e t h y l  p h e n y l s e l e n o p h o s p h o n a t e  in 5 m l  CHC13 with  2.4 g SO2C12 in 3 ml CHC13 a t  
- 2 0  t o - 3 0  ~ gave  3.6 g (65.2%) of d i e t h o x y c h l o r o s e l e n o p h e n y l p h o s p h o n i u m  c h l o r i d e ,  mp 31-32  ~ 531P = - 7 2  ppm.  
Found :  C 34.59;  H 3.95;  P 8.48%. Ct0H~sC1202PSe. C a l c u l a t e d :  C 34.48;  H 4.31; P 8.90%. 

R e a c t i o n  of 10.0 g O , O - d i e t h y l  e t h y l s e l e n o p h o s p h o n a t e  in 10 m l  CHC13 with 5.9 g SO2C12 in 6 ml  CHC13 a t  
- 3 0  ~ gave  a s u b s t a n c e  wi th  a mp  o f - 1 4 ~  * d e c o m p o s i t i o n  po in t  11-12 ~ ~31p = - 9 0  ppm.  

R e a c t i o n  of 1 0 . 0 g  O , O - d i m e t h y l  O - i s o b u t y l  s e l e n o p h o s p h a t e  in l 0  ml  CHC13 with  5.5 g SO2C12 in 6 m l  a t  
- 2 0  to - 3 0  ~ gave  a s u b s t a n c e  with 63~ P = - 4 2  p p m .  

R e a c t i o n  of 20.0 g t r i e t h y l  s e l e n o p h o s p h a t e  in CHC13 (1:2) wi th  11.02 g SO2C12 in CHC13 (1:2) a t - 3 0  ~ gave  
a s u b s t a n c e  wi th  53~ P = - 4 0  ppm,  which  d e c o m p o s e d  a t  5 ~ 

R e a c t i o n  of O , O - D i e t h y l  S e l e n o p h o s p h o r i c  Acid with SOzC12. A s o l u t i o n  of 3.1 g SO2C12 in 5 ml toluene 
was  added  a t  - 4 0  to - 4 5  ~ to a s t i r r e d  s o l u t i o n  of 5.0 g O , O - d i e t h y l  s e l e n o p h o s p h o r i c  ac id  in 5 ml to luene .  The 
m i x t u r e  was  s t i r r e d  a t  the s a m e  t e m p e r a t u r e  fo r  0.5 h. The v o l a t i l e  p r o d u c t s  w e r e  d i s t i l l e d  off under  a v a c u -  
um of ~ 10 m m  to g ive  a s u b s t a n c e  with  a 631P of - 2 2  ppm a t  - 2 0  ~ . 

A n a l o g o u s l y ,  r e a c t i o n  of  7.0 g O , O - d i - n - b u t y l  s e l e n o p h o s p h o r i c  ac id  in 10 m l  to luene  with 3.5 g SO2C12 in 
5 ml toluene at-40 to -45 ~ gave a substance with a 531 p of-17 ppm at-20 ~ 

Reaction of 7.5 g O,O,O-triethyl thiophosphate in I0 ml toluene with 5.11 g SO2CI 2 in 5 ml toluene at -5 ~ 

gave 3.86 g (49.8%) of O,O-diethyl S-chloro thiophosphate, bp 30-31~ ram, n~ = 1.4668, 531P = -19 ppm. 
According to [3] bp = 49-50~ ram, n 2~ = 1.4672. 

' D 

Deco mposi tion of Phenoxydie thoxychloroselenophos phonium C hlo ride. Phenoxydie thoxyc h!o roselenophos- 

phonium chloride (6.8 g) was heated to 40 ~ for i0 rain. Violent decomposition occurred with evolution of alkyl 

chloride, which was identified by GLC. In addition, 1.45 g selenium was formed, this amount corresponding to 
the theoretical amount (1.48 g). Distillation of the decomposition products gave 1.2 g (29.1% yield) of O-phenyl 

O-ethyl chlorophosphate, bp 78-79~ ram, n 2~ = 1.5015, d24 ~ = 1.2420,531 p = +3.5 ppm. Found: P 14.09~/o; MR 
52.34. CsHIoCIO3P. Calculated: P 14.06; MR 51!).13. 

*Mel t ing  poin t  d e t e r m i n e d  u n d e r  a l a y e r  of d r y  m i n e r a l  oil. 
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C O N C L U S I O N S  

Selenophosphorus  acid e s t e r s  r e a c t  with SO,C12 to form-chlorose lenophosphonium sa l t s ,  while react ion 
of O,O-dialkyl  se lenophosphor ic  acids with SO2C12 under  analogous conditions gives  O,O-dialkyl  Se-ch loro  
se lenophosphates .  
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R E A C T I O N  O F  T H E  C A R B O N Y L S  O F  G R O U P  VI  M E T A L S  

W I T H  B E N Z O N I T R I L E  A N D  w - C Y A N O A L K Y L B E N Z E N E S  

A.  N.  N e s m e y a n o v ,  V .  S.  K a g a n o v i c h ,  UDC 542.91:541.49:547.582.4:546.765 
V. V.  K r i v y k h ,  a n d  M. I .  R y b i n s k a y a  

E a r l i e r  we repor ted  [1] on the product ion of new chelate  complexes  of type (I): 

I rE 
(OC)2dr ~/f~'-=-' 

(1) 

X = (CH~)n (n = 2 --  4); OCIt~ 

In a continuation of r e s e a r c h  into the poss ib i l i ty  of synthes iz ing  complexes  of such a type f rom group VI meta ls  
with other  chela te  groups  we synthes ized  the a~,--cyanealkyl de r iva t ives  of a r e n e c h r o m i u m  t r t ca rbony l s  and t r ied 
to obtain chela tes  f rom them.  

In o r d e r  to obtain the a r e n e m e t a l  t r i ca rbony l  complexes  we again  studied the reac t ion  of the h e x a c a r -  
bonyls of gl"oup VI me ta l s  with a~-cyanoaIkylarenes,  in spi te  of the fact  that (according to [2]) n i t r i l e s ,  including 
those containing an arene  ring, only give complexes  of the (RCN)nM(CO)6_ n type (where n = 1-3) at the ni t rogen 
a t o m .  I t  should be noted that only reac t ions  with n i t r i l es  in which the CN group is d i rec t ly  attached to the a r e -  
mat ic  ring or  is s epa ra t ed  f rom it by one CH 2 unit have so f a r  been invest igated.  It  s e emed  of in te res t  to de -  
t e rmine  whether  the outcome of the reac t ion  of group VI me ta l  ca rbonyls  with a rene -con ta in ing  n i t r i les  would 
be affected by d i f fe ren t  deg ree s  of sepa ra t ion  of the CN group f rom the a ry l  ring, by the nature  of the meta l ,  
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