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REACTION OF TRICOORDINATE PHOSPHORUS COMPOUNDS 
ldlTH PSEUDOHALOGENS. SCOPE AND MECHANISM 

ALEKSANDRA SKOWROiSKA, EWA KRAWCZYK and JANUSZ BURSKI 
P o l i s h  Academy o f  Sciences, Cen t re  o f  Mo lecu la r  and 
Macromolecular S tud ies ,  Boczna 5 ,  90-362  t 5 d i ,  Poland 

A b s t r a c t  The s e l e c t i v i t y  o f  su lphu r ,  se len ium and oxygen r e -  
moval from pseudohalogens: phosphorus d i s u l p h i d e s  1 and 2, d i -  
se len ides  3 and oxophosphoranesul phenyl  c h l o r i d e s  4 has been 
i n v e s t i g a t e d .  A mechan is t i c  r a t i o n a l i z a t i o n  i s  proposed t o  
account f o  r s u 1 phu r (se 1 en i urn) /oxygen ex t rus  i o n  va r i a t  i o n  as 
a f u n c t i o n  o f  s u b s t r a t e s  s t r u c t u r e  and r e a c t i o n  c o n d i t i o n s .  

A s  a p a r t  o f  o u r  c o n t i n u i n g  i n v e s t i g a t i o n '  o f  n u c l e o p h i l i c  d i s p l a -  
cement r e a c t i o n s  on su lphenyl  su lphu r  we have examined t h e  reac-  
t i o n s  o f  a number o f  pseudohalogens: disulphides>P(O)SSP(O)<l, 

=P(S)SSP(S)< 2, diselenides>P(O)SeSeP(O)<3, oxophosphoranesulphe- 
n y l  chlor ides>P(O)SCl 4 and thiocyanogen (SCN)2 5 w i t h  v a r i o u s  
t r i c o o r d i n a t e  phosphorus compounds, We have found t h a t  pseudohalo- 
gens 1,2,3 and 4 a r e  s u b j e c t  t o  f a c i l e  d e s u l p h u r i s a t i o n ,  deseleny- 
l a t i o n  and deoxygenat ion by P ( I  I I )  d e r i v a t i v e s .  The exper imenta l  
data a r e  summarized i n  t h e  Table. I n  v iew  o f  t h e  s y n t h e t i c  and me- 
c h a n i s t i c  i m p l i c a t i o n s  o f  these r e a c t i o n s ,  a d e t a i l e d  i n v e s t i g a t i o n  
o f  t h e i r  scope and mechanism was undertaken. 

c o o r d i n a t e  phosphorus compound and on t h e  n a t u r e  o f  t h e  pseudohalo- 
gen these r e a c t i o n s  can proceed under ve ry  m i  I d  c o n d i t i o n s  predomi- 
n a n t l y  o r  e x c l u s i v e l y  v i a  two main paths:  pa th  a l e a d i n g  t o  t h e  
d e s u l p h u r i s a t i o n  o r  d e s e l e n y l a t i o n  p roduc ts  9 and 10 ,o r  ,path b w i t h  
the  f o r m a t i o n  o f  deoxygenat ion p roduc ts  13,14 and 1 3  ,14 o r  b o t h  
pathways a r e  i n v o l v e d  s imu l tanous ly .  I f  t h e  P ( I  I I) compounds bear 
OR groups s u s c e p t i b l e  t o  t h e  n u c l e o p h i l  i c  a t t a c k ,  t h e  p roduc ts  o f  
d e a l k y l a t i o n  (R=alky l )  o r  d e s i l i l a t i o n  (R=Me3Si) 1 1  and 12 have 
at so been observed (path c> .  

ved, as w e l l  as t h e  s tereochemical  consequences on t h e  P ( I I I )  and 
P(IV) centers .  A p p l i c a t i o n  o f  t h e  F.T. 3 l P  NMR a t  low temperatures 
p rov ided  impor tan t  i n f o r m a t i o n  concern ing t h e  e x i s t e n c e  o f  p o s s i b l e  
s h o r t - l i v e d  species i n  d e s u l p h u r i s a t i o n ,  d e s e l e n y l a t i o n  and deoxy- 
g e n a t i o n  o f  pseudohalogens. A t h e r m a l l y  l a b i l e  phosphonium s a l t  6 

We wish t o  r e p o r t  t h a t  depending on t h e  s t r u c t u r e  o f  t h e  t r i -  

I t  was o f  c r u c i a l  importance t o  d e f i n e  t h e  i n t e r m e d i a t e s  i n v o l  
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w i t h  P-S-P o r  P-Se-P b r i d g e  was observed a t  -1OOOC i n  t h e  r e a c t i o n  
o f  1 ,2,3 and 4 w i t h  s e l e c t i v e  d e s u l p h u r i s a t i o n  o r  d e s e l e n y l a t i o n  
reagents (see Table) .  A t  h i g h e r  temperatures c l e a n  decomposi t i o n  
o f  6 i n t o  the  d e s u l p h u r i s a t i o n  o r  d e s e l e n y l a t i o n  products  occured 
v i a  n u c l e o p h i l i c  a t t a c k  o f  t h e  2-  a n i o n  on the  phosphoryl  c e n t e r  o f  
6 ( s tep  a ' ,  Scheme 1 ) .  The n a t u r e  o f  t h e  deoxygenat ion process i s  
a l s o  c l e a r  i n  s p i t e  o f  i t s  g r e a t e r  comp lex i t y .  3 'P  NMR s t u d i e s  re -  
vealed t h a t  separate stages can be d i s t i n g u i s h e d  i n  t h e  r e a c t i o n s  
o f  1 ,3 and 4 w i t h  deoxygenat ion reagents,  A t  -1OOOC t h e  phosphate- 
phosphonium i n t e r m e d i a t e  6 was de tec ted  ( s t e p  a, Scheme 1 ) .  I n  t h e  
r e a c t i o n  w i t h  n o n - s e l e c t i v e  reagents some d e s u l p h u r i s a t i o n  p roduc ts  
were a l s o  noted a long w i t h  t h e  i n t e r m e d i a t e  6. R a i s i n g  t h e  tempera- 
t u r e  t o  -90°C r e s u l t e d  i n  the  f o r m a t i o n  o f  a new species,  an oxygen 
b r idged  th io (se1  eno)phosphate-phosphoni um i ntermedi a t e  8 (s teps b, 
b"). Subsequent temperature e l e v a t i o n  r e s u l t e d  i n  t h e  decomposi t i o n  
o f  8 o r  8 t o  t h e  deoxygenat ion p roduc ts  by n u c l e o p h i l i c  a t t a c k  o f  
t he  2-  anion on t h e  th io(se1eno)phosphory l  c e n t r e  o f  8. Transforma- 
t i o n  o f  t he  phosphonium s a l t  6 i n t o  3 i s  due t o  n u c l e o p h i l i c  l i g a n d  
exchange a t  t h e  phosphoniurn phosphorus atom ( s t e p  b) which proceeds 
acco rd ing  t o  t h e  SHAB p r i n c i p l e  w i t h  the  f o r m a t i o n  o f  a s t r o n g e r  
phosphorus oxygen bond. I n  t h e  case o f  C 1 -  an ion,  l i g a n d  exchange 
takes p lace  t w i c e :  6=7=8'. The s t r u c t u r e  o f  phosphonium i n t e r -  
mediates 6,8 and 8' i s  e v i d e n t  f rom t h e i r  3 l P  chemical  s h i f t s  and 
coup1 ing  cons tan t  values [e.g.,phosphate-phosphonium s a l t  6 
R=OCH2But 6P(IV)=5,6 ppm (d), SP( lV+)=38,7 ppm (d),  Jpsp=lO Hz; + 

t h i o p h o s p h a t e - p h o s p h o n i u m  s a l t  8 R=OCH2But SP( I \ / )=51  , 3  (d),  S P ( I V ) =  
-11,7 ppm I d ) ,  Jpop=23 Hz]. 

The in termediacy o f  spec ies 6,8 and 8' i s  i n  accord w i t h  s t e r e -  
ochemical r e s u l t s ,  s ince  d e s u l p h u r i s a t i o n  o f  pseudohalogens 1 and 4 
proceeds w i t h  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  t h e  phosphoryl  phospho- 
rus atom and w i t h  t h e  r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  t he  P atom de- 
r i v e d  from the  t r i c o o r d i n a t e  phosphorus compounds invo lved .  However, 
deoxygenat ion o f  1 occurs w i t h  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  bo th  
phosphorus c e n t e r s ,  whereas deoxygenat ion o f  4 i n v o l v e d  i n v e r s i o n  
o f  c o n f i g u r a t i o n  a t  P ( I V )  atom and racemiza t i on  a t  P atom d e r i v e d  
from t r i c o o r d i n a t e  d e r i v a t i v e ,  The exper imenta l  f a c t s  presented 
above a re  dep ic ted  i n  Scheme 1.  

We found t h a t  t he  c o m p e t i t i v e  r e a c t i o n s  i n v o l v i n g  d e s u l p h u r i -  
s a t i o n  and deoxygenat ion can be c o n t r o l l e d  t o  f a v o u r  desu lphu r i sa -  
t i o n  o n l y .  T h i s  was accompl ished by t h e  a d d i t i o n  o f  boron t r i f l u o -  
r i d e  e t h e r a t e  complex i n  excess t o  t h e  r e a c t i o n  m i x t u r e  a t  - l O O ° C .  

Low temperature s t u d i e s  a l s o  demonstrated t h a t  i n  a d d i t i o n  t o  
s u b s t i t u e n t  s t r u c t u r e  a t  b o t h  phosphorus atoms, which p l a y  an i m -  
p o r t a n t  r o l e  i n  the  s e l e c t i v i t y  o f  d e s u l p h u r i s a t i o n ,  d e s e l e n y l a t i o n  
and deoxygenat ion,  a l s o  t h e  r e a c t i o n  temperature has a g r e a t  i n f l u -  
ence on the  r a t i o  o f  t he  p roduc ts  formed, For example, when the  
r e a c t i o n  o f  t r i n e o p e n t y l  phosph i te  w i t h  d i s u l p h i d e  1 was c a r r i e d  
o u t  - 7 O o C ,  t he  d e s u l p h u r i s a t i o n - d e o x y g e n a t i o n  r a t i o  was 1 :3 .  A t  
-1OOOC the  same r e a c t i o n  gave o n l y  d e s u l p h u r i s a t i o n  p roduc ts .  
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D i s u l p h i d e  1 w i t h  t r i pheny lphosph ine  a t  -7OOC a f f o r d e d  a m i x t u r e  o f  
products  (17% d e s u l p h u r i s a t i o n  and 73% deoxygenat ion) ,  whereas a t  
-1OOOC o n l y  deoxygenat ion p roduc ts  were obta ined.  

a' inv .  I r e t .  

\ 
- - - w \ p - z  + y = p L  

10 
'li 

a 
>P-Y-Z + 

I I  
X x 9  

>P-Z + R Z  
I1 x 1 1  12  

" bll 
\ /  

P r e t .  / 

x42b.y 
i nv . 
\ 

74 

J 
+ b' i n v .  

\ f  ,P-x-P'+ x = P L  
r e t .  + y v  . 

ij 
x 7  ~8 Y 13 Y 

> P-,Y c 1 -P- / P - X 7 P L  --A 
I :- \ Ilrot. m.\ I 1  

Scheme 1 

On t h e  b a s i s  o f  t he  exper imenta l  r e s u l t s  presented here,  t h e  
key i n t e r m e d i a t e  i n  d e s u l p h u r i s a t i o n  as w e l l  as deoxygenat ion p ro -  
cess i s  t he  phosphonium s a l t  6 w i t h  t h e  P-S-P o r  P-se-P b r idge .  
Such a s a l t  has e l e c t r o p h i l i c  c e n t r e s  a t  phosphoryl  and phosphonium 
phosphorus atoms. Depending on t h e  e l e c t r o n i c  and s t e r i c  f a c t o r s  o f  
s u b s t i t u e n t s  a t  bo th  phosphorus atoms and the  r e a c t i o n  c o n d i t i o n s ,  
t he  n u c l e o p h i l i c  a t t a c k  o f  t h e  c o u n t e r - i o n  may occu r  on t h e  phos- 
pho ry l  o r  on t h e  phosphonium c e n t r e  o r  on bo th  c e n t r e s  s imul t anous ly .  
Therefore,  t h e  s e l e c t i v i t y  o f  d e s u l p h u r i s a t i o n ,  d e s e l e n y l a t i o n  and 
deoxygenat ion depends on t h e  r e l a t i v e  r a t e s  o f  n u c l e o p h i l  i c  s u b s t i -  
t u t i o n  on bo th  phosphorus atoms, 

dohalogens w i t h  P ( I  I I )  d e r i v a t i v e s  a r e  notewor thy f rom the  synthe-  
t i c  p o i n t  o f  v iew:  
a/ React ion o f  d i s u l p h i d e s  1 and d i s e l e n i d e s  3 w i t h  t r i p h e n y l p h o s -  

ph ine a t  -1OOOC occurs v i a  pa th  b, Scheme 1 and can be conside-  
red as an a l t e r n a t i v e  method f o r  t h e  syn thes i s  o f  d i t h i o -  and 
d i  selenopyrophosphates R R '  P(X)OP(X)RR'  , X=S,Se. 

proceeds e x c l u s i v e l y  v i a  pa th  c ,  Scheme 1 w i t h  the  f o r m a t i o n  o f  
sym. selenopyrophosphates RR'  P(O)SeP(O)RR' , T h i s  r e a c t i o n  p r o v i -  
des a unique approach t o  such a c l a s s  o f  phosphorus anhydr ides.  

i s o t h i o c y a n a t e s  i n c l u d i n g  o p t i c a l l y  a c t i v e  ones i n  the r e a c t i o n  
o f  th iocyanogen w i t h  mixed anhydr ides 15 i s  o f  s p e c i a l  i n t e r e s t .  

F i n a l l y  we w ish  t o  r e p o r t  t h a t  t h e  f o l l o w i n g  r e a c t i o n s  o f  pseu- 

b/ React ion o f  d i s e l e n i d e s  3 w i t h  d i a l k y l t r i m e t h y l s i l y l  phosph i te  

c /  The e f f i c i e n t  syn thes i s  o f  a c y l ,  phosphoryl  and th iophosphory l  
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\ /P-OA + (SCN)2-)P(0)NCS + A-N=C=S 

15 
TABLE, 

\ /P=C6H402P; A=RC(O)-, RR’ P(0)- 2 R R ’ F ( S ) -  
b Desul phur  i s a t  i on , desel  e n y l  a t iona and deoxygena t ion  

o f  pseudohalogens 1 , 2 , 3 , 4  
a, P ( I V) compounds P (  I I I j compounds 4 

[ ( E ~ o )  2p (0) sJ (Me2N) 3p 1 0 0  

[(E t o )  2p (0) s] 2 ( B U ~ C H  o P 25 

17 [(E t o>  2p (0) s] 2 Ph3P 

[(E t o >  2p (0) s] 2 &>P-OMe c i s  15 

I 3  

Ph3P 

100 

1 0  

b% 

75 
83 

21 

90 

1 0 0  

100  

1 o o x  
90 
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