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MCTIIANOLYS IS OF (TRIPIIENYL PHOSPI!AZENYL) CELORO 
AND FLUOROCYCLOTRIPHOSPI1AZERES 

K . C . KUMARASWAMY AHD S . S . KRISBMAHURTFY 
Department  of I n o r g a n i c  and  P h y s i c a l  C h e n i s t r y ,  
I n d i a n  I n s t i t u t e  of Science,Ban&%lore-560012,I~TDIA 

A b s t r a c t  Thc d i f f e r e n t  m e c h a n i s t i c  f e a t u r e s  
i n v o l v e d  i n  t h e  r e p l a c e n e n t  of  c h l o r i n e  and. 
f l u o r i n e  atoms from N ~ P ~ ( N P P ~ I ~ ) X ~ [ : <  = C l ( 1 )  o r  
F ( I I ) ]  by methoxide  have been i d e n t i f i e d .  An oxo- 
phosphazadiene  d e r i v a t i v e  i s  a l so  i s o l a t e d .  

Cyclophosphazenes b e a r i n g  t h e  t r i p h e n y l  pb0sph.a- 
z e n y l (  -1JPPh3 ) group have  aroused i n t e r e s t  i n  view o f  

( a )  t h e  s u b s t i t u e n t  e f f e c t  e x e r t e d  by t h e  -MPPh3 g r o u p  

i n  t h e  a m i n o l y s i s  reactions, ( b )  confo rma t ion  o f  t h e  
-NPPh3 group w i t h  r e s p e c t  t o  t h e  phosphazene r i n g  and 

i ts  r e l a t ion  t o  t h e  f o u r  bond phosphorus-phosphorus 
c o u p l i n g  and  ( c )  b a s i c i t y  s t u d i e ~ l - ~ .  
t h e  r e s u l t s  o b t a i n e d  on t h e  r e a c t i o n s  o f  t r i p h e n y l  
phosphazenyl  

F ( I 1 ) l  w i t h  sodium methoxide  i n  me thy l  c y a n i d e .  

?Ye r e p o r t  h e r e  

d e r i v a t i v e s  N3P3(NPPh3)Z5[X = C l ( 1 )  o r  
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The methoxy d e r i v a t i v e s  NQPQ(NPPhQ)(II)5-n(~~~3). 

( X  = 61, F; n = 1-5) (I1 - X V I )  are i s o l a t e d  e i ther  a s  

pure conpounds o r  a s  a mixture  of isomers by column 
chromatography and t h e i r  s t r u c t u r e s  e s t a b l i s h e d  from 
'IT and P NMR spectroscopy. The 1' ITLIR d a t a  a r e  
shown i n  Fig.1.  

31 1 

(3.65.15.2) (3 .47.12.7)  

FIGURE 1 The s t r u c t u r e s  of t h e  methoxg der iva-  
t i v e s  Y3P3(NPPh3) ( X ) 5 - , ,  (OCH3In; Chemical s h i f t s  
( 6  ,ppm) and coupling cons t an t s  ( 3  J*(P-H) ,112) 
f o r  -0C173 protons a r e  given i n  paren theses .  

T h e  predoninant isomer formed a t  t h e  mono s t a g e  of 

t h e  -WPh3 sck- 
ch lo r ine  replacement from compound I has a cis-non- 
geninal  d i spos i t i on  of t h e  rnethoxy and 
stituents(Compound 111). The replacement of t h e  f i r s t  
f l u o r i n e  atom from compound I1 proceeds e x c l u s i v e l y  by 
t h e  nongeninal pathway and t h e  geometr ical  isomers 
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( V ,  V I  ) a r e  f o r m u  i n  roughly equal  proport  i ons .  

from compound I ,  a t t a c k  by mettioxide occurs  a t  a l l  

phosphorus c e n t r e s  CrPC12 , ~ P C l ( 0 C C ~ )  and 

t o  y i e l d  a complex mixture  products  of which isoners 
V I  and V I I  are t h e  major components. Attack a t  a 

a t  t h e  t r is  s t a g e  and t h e  isomer,  gem-N3P3(NPPh3)Clz 

(OCH3)3(XI) is formed predoninant ly .  For t h e  f l u o r o  
compound 11, s u b s t i t u t i o n  by metkoxide a t  zP(PTPPh3)F 

does not occur  till t h e  very l a s t  s t a g e .  Tke f l u o r o  
(methoxy) d e r i v a t i v e ,  IT,P~(NPP~cJ)F(OCF~)~(XV), con ta ins  

a 5P(NPPh3)F group whereas  t h e  corresponding ch lo ro  
d e r i v a t i v e  , TJ~PQ(MPP~~)C~(OCI:~).~(XIV), con ta ins  a 

Af te r  t h e  replacement of t h e  f i r s t  c h l o r i n e  atom 

rP(NPPh3)ClJ 

:PCl(R) [ R = -NPPh3, -OCZ!3jassumes g r e a t e r  i rpo r t ance  

: PC1 (OCH3) group. 

The above r e s u l t s  can be explained on t h e  b a s i s  of 
a change-over fror?. an SN2(P) t o  an SN1(P) meckanisn 
f o r  t h e  r e a c t i o n  of t h e  ch loro  d e r i v a t i v e  ( I )  and t h e  

absence of such a change-over fo r  t h e  f l u o r o  analocue 
(11). W i t h  t h e  s t e r i ca l ly  less-denanding netkaoxide, 
t h e  incurs ion  of an SN1(P) mechanism may occur  a t  a 
l a t e r  s t a g e  than t h a t  pos tua l t ed  f o r  t h e  d ine thyl -  
a m i n o l y s i s  of compound 14. Thus compounds I and I1 
provide a s u i t a b l e  p a i r  of examples f o r  s tudying  tP .e  
d i f f e r e n t  mechanis t ic  f e a t u r e s  which govern t b e  

nuc leoph i l i c  s u b s t i t u t i o n  r e a c t i o n s  of chloro and 
f l u o r o  cyclophosphazenes. 

t i o n  is t h e  i s o l a t i o n  of t h e  "hydroxy" d e r i v a t i v e  
N3P3(NPPh3) (OCR3)4(OF) ( X V I I )  from t h e  r eac t ion  of 

compound I w i t h  an excess of sodium netlaoxide. 

Another no tab le  f e a t u r e  of t h e  p re sen t  i nves t iga -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



244 K. C .  KUMARASWAMY AND S .  S. KRISHNAMURTHY 

The and 31P NMR da ta  i n d i c a t e  t h a t  t h i s  d e r i v a t i v e  
e x i s t s  a s  an isomeric p a i r  o f  cis and trans oxophos- 
phazad ienes  (XVIIa and XVIIb).  
[6 , 3 ~  *(P-H )] are shown below: 

The 1 J ?  NMR d a t a  

(3.55.13.6) (3.4.13.6) 

The e x c l u s i v e  p r o t o n a t i o n  a t  t h e  r i n g  n i t r o g e n  a d j a -  
c e n t  t o  t h e  rP(rTPPh3) (OCr"3) s i t e  can h e  e x p l a i n e d  by 

t h e  much s t r o n g e r  electron r e l e a s i n g  c h a r a c t e r  of t h e  
-rTPPh3 s u b s t i t u e n t l  . 
ACiZKYI&CCGEI!ENTS 
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