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CYCLOMETALLAPHOSPHAZENES - SYNTHETIC AND 
S T R U C T U R A L  I N V E S T I G A T I O N  O F  A NEW C L A S S  O F  
H E T E R O C Y C L I C  C O M P O U N D S  

K.V. K A T T I  *, U. SESEKE, M. W I T T  and H.W. ROESKY 
I n s t i t u t  f i ir  Anorganische Chemie de r  Univers i tZt  Gott ingen,  
Tammannstrasse 4 ,  D-3400 Gdttingen / FRG 

Abs t rac t  A new c l a s s  of inorganic  he t e rocyc l i c  compounds, 
cyclometallaphosphazenes, has  been prepared by t r e a t i n g  t h e  
l i n e a r  phosphazene s a l t ,  [H2NPPh2NPPh NH ] C l  , with  
t r a n s i t i o n  metal  h a l i d e s .  An a l t e r n a t i v e  rou te  t o  syn thes i se  
these  cyclometallaphosphazenes has  a l s o  been inves t iga t ed ,  
which involves  t h e  r eac t ion  of t h e  l i n e a r  phosphazene sal t  
with metal n i t r i d e  ch lor ide .  The compounds a r e  cha rac t e r i zed  
by NMR inves t iga t ions  and mass spectrometry.  The s t r u c t u r e  of  
t h e  cyclometallaphosphazenes conta in ing  W and Mo are con- 
firmed by X-ray s t r u c t u r e  a n a l y s i s .  

+ -  
2 2  

Our inves t iga t ions  t o  be presented  here  have t h e i r  o r i g i n  from 

our  d e t a i l e d  s t u d i e s  on su l fur -n i t rogen  r i n g  compounds : The 

i n s e r t i o n  of phosphorus i n  t h e  S4N4 r i n g  , t h e  incorpora t ion  of W ,  

V and Mo i n  the  same r i n g  system through ox ida t ive  a d d i t i o n  reac-  

t i o n s  ac ross  t h e  S-N bond.2 With t h i s  success  on t h e  S-N r i n g  

compounds, we  turned our a t t e n t i o n  t o  r e a l i z e  t h e  incorpora t ion  

of t r a n s i t i o n  metals  i n  t h e  P-N r i n g  compounds i n  gene ra l  and, 

p a r t i c u l a r l y ,  i n  phosphazene r i n g s .  Although, s eve ra l  c l a s s e s  of 

phosphazenes, inc luding  those t h a t  conta in  t r a n s i t i o n  metal  organo- 

me ta l l i c  u n i t s  i n  t h e  s ide-chains  a r e  known3, upto now t h e r e  a r e  no 

examples of compounds which conta in  t r a n s i t i o n  metals  d i r e c t l y  i n  

t h e  phosphazene r i n g .  We r e p o r t  here  t h e  syn thes i s  and s t r u c t u r e  of  

t he  f i r s t  phosphazene de r iva t ive  conta in ing  t r a n s i t i o n  metal  i n  t h e  

r ing  . 

1 

Our syn the t i c  approach was in sp i r ed  by t h e  a b i l i t y  of t h e  Bez- 

man s a l t ,  [H2NPPh2NPPh NH 1 C1-,  t o  produce d i f f e r e n t  cyclophos- 

phazene d e r i v a t i v e s  i n  i t s  r e a c t i o n s  with phosphorus  halide^.^ We 

have t r e a t e d  t h i s  l i n e a r  phosphazene s a l t  with t h e  h a l i d e s  of W ,  Mo 
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and Nb i n  chloroform t o  obtain the h i t h e r t o  unknown cyclometalla- 

phosphazenes as shown i n  scheme 1. 
5 

SCHEME 1 

c1 ’ ‘Cl / ‘ \  c1 c1 c1 

%a5 
\ 

WC16 P 

MoC 1 l 5  
Ph2P HN\ PPh2 

I II 

/ ’  ‘ c1 c1 c1 

The react ions of WC1 and NbC15 produce good y ie lds  of the metal 

incorporated phosphazenes whereas MoC15 a ives  a mixture of products 

a s  evidenced by 31P nmr spectroscopy. This is  probably a consequence 

of p r i o r  dissociat ion of MoC15 t o  MoC14 

subst i tut ion.  

6 

+ - 
and MoCl followed by 6 

We have developed an a l t e rna t ive  elegant route t o  obtain com- 

pound 4 i n  good y ie lds  as shown i n  scheme 2 .  - 
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SCHEME 2 

+ -  cl\ 
Cl-MozN 
c1' 

Ph2P' ' N\PPh2 
I II 
N\\Mo/N 

c1 I '  c1 \ c1 

A l l  compounds have been c h a r a c t e r i z e d  by nmr spec t roscopy and 

mass spec t romet ry .  The s t r u c t u r e s  of compounds 2. and 4 have been 

confirmed by X-ray s t r u c t u r e  a n a l y s i s .  
- - 
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