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and Molecular Structure  

Abstract 
=NPCl2) N P R l  Cu 
followed by acid hygrolysis,  leads t o  t h e  formation of 
geminal alkyl(hydroxy-alkyl) der ivat ives  i n  reasonable t o  
high yields .  
Isocyanato cyclophosphazenes provide another entrance t o  
organo-substituted de r iva t ives ,  i n  which (NPC12)2NPNH2NC0 ap- 
pears t o  be a v e r s a t i l e  s t a r t i n g  material .  In t e re s t ing  
differences a r e  observed between the react ions of (NPC1 1 
w i t h  a l k a l i  cyanates and s i l v e r  cyanate i n  t h e  presence20? a n  
a lcohol ,  using a c e t o n i t r i l e  a s  a solvent.  

Nucleophilic addi t ion of a copper-phosphazene 
( R  = a l k y l )  t o  an aldehyde or ketone, 

INTRODUCTION 

Many examples a r e  known where cyc l i c  or l i n e a r  phosphazene systems 

a c t  a s  c a r r i e r s  for  ( r e l a c t i v e  l igands,  which may vary from bioac- 

t i ve  substrates  t o  c a t a l y s t s .  One of the most s t r i k i n g  examples is 

formed by the c l a s s  of l -azir idinyl  subs t i t u t ed  cyclophosphazenes, 

members of which show a pronounced c y t o s t a t i c  a c t i v i t y .  Cataly- 

t i c  a c t i v i t y  has been found f o r  t r a n s i t i o n  metal der ivat ives .  

Cyclophosphazenes bearing an organic l igand w i t h  an unsaturated 

s i t e  a r e  v e r s a t i l e  precursors f o r  the preparation of polymeric 

systems w i t h  a carbon-carbon backbone and pendent inorganic 

 group^.^ Usually, t h e  chlorine replacement react ions on 
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cyclo(thia)phosphazene systems lead to complicated reaction mix- 
tures, thus hampering the isolation and lowering the yield of the 
products desired. 

In the present study we describe two regio-specific routes for 
the preparation of organo-substituted cycle( thia )phosphazenes , in 
general leading t o  a well-defined product formation, a. via a 
[(NPC12)2NPR12Cu- 
derivatives. Both methods provide compounds still possessing PC12 
moieties as an entrance for further reactions. Moreover, the or- 
ganic group introduced may offer the opportunity for side-group 
reactions , i .e. functional group transformation or polymerization. 

anion (R = alkyl) and b. via isocyanato 

RESULTS AND DISCUSSION 

a. According to the procedure of Allcock et al.6 hexachlorocyclo- 
triphosphazene (NPC1 
presence of [Bu 
obtained by an aldehyde or ketone and subsequent hydrolysis in 
acid medium leads to the formation of the corresponding alcohols 
linked to the phosphazene ring by a P-C bond. 

t is allowed to react with Bu MgCl in the 
PCuII,,. Treatment of the reaction mixture thus 

2 3  n 
3 

t 
2 Bu N 

C12P R 

> (('C OH ' R3 I 
3/ R 

N 

c12 

In this straightforward way several new compounds 
t 2 3  2 (NPC1 1 NPBu [C(R R )OH] are prepared e.g. with R = H, R3 = Ph; 

R 2  = 2 2 3  H, R = C6H4-p-N02; R2 - R 3  - Me; R2 = Me, R3 = CH2C1. 

Generalization of this method using MeMgCl or Pr'MgCl leads to an 
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additional number of compounds. As an example 
( N P C l 2 ) , N P P r i C C H P h ( 0 H ) 1  can be prepared i n  a 70% yie ld .  Both t h e  

PC12 moieties and the react ive s i t e s  on t h e  C ( R  R )OH-group ( O H ,  

C 1 ,  N O 2 )  make the compounds ( N P C l 2 I 2 N P R  C C ( R  R )OH1 t o  v e r s a t i l e  

precursors i n  f u r t h e r  react ions.  

2 3  

1 2 3  

8 b. A modification of the procedure of Hofmann7 and Tesi e t  a l .  
o f fe rs  the poss ib i l i ty  t o  prepare ( N P C 1  ) NPNH NCO in an excellent 

yield s t a r t i n g  from ( N P C 1 2 ) 2 N P ( N H 2 ) 2 .  The amino-isocyanato deriva- 

t ive can reac t  wi th  a reagent,  carrying an ac t ive  proton. 
Reactions wi th  amines and alcohols i n  an 1 : l  molar r a t i o  show an 

almost quant i ta t ive conversion i n t o  t h e  corresponding urea or  car- 

bamate der ivat ives .  The absence of any react ion a t  t h e  PC12 

moieties emphasizes t h e  s p e c i f i c i t y  of t h i s  route.  

2 2  2 

Carbamate der ivat ives  can a l s o  be obtained i n  high y i e l d s  when 

( N P C 1  ) is allowed t o  react  w i t h  a l k a l i  cyanate s a l t s  i n  the 

presence of a l i p h a t i c  alcohols [molar r a t i o  ( N P C l 2 I 3 :  Na(K)OCN: 

ROH = 1 :1 :51. Some examples a r e  given below 

2 3  

N N p H N  
c12 

> NaOCN, ROH 
MeCN 

c12 
R=Me,  E t ,  

C H ~ C H = C H ~  

A sluggish process involving t h e  i n i t i a l  formation of 
(NPC12)NPC1NC0 and a subsequent degradation of t h i s  product is ob- 
served when the alcohol is  omitted. 31P NMR spectra  of crude 

reaction mixtures w i t h  two equivalents of the cyanate s a l t  [molar 

r a t i o  ( N P C 1 2 ) 3 :  Na(K)OCN: ROH - 1:2:51 reveal tha t  t h e  second sub- 

s t i t u t i o n  follows a predominantly non-geminal pathway. 

A completely d i f fe ren t  picture  is  obtained when using AgNCO i n  
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s t e a d  of a lka l i  c y a n a t e s  i n  t h e  p r e s e n c e  of ROH. I n  a c e t o n i t r i l e  

g e n e r a l l y  three p r o d u c t s  are formed v i z .  t h e  geminal  compounds 

( N P C 1 2 ) 2 N P C N H C ( 0 ) O R I O R  and  (NPCl2),NP[NHC(O)0Rl2 (R = Me, E t )  and  

a s p i r o c y c l i c  compound, t h e  s t r u c t u r e  o f  which  ( R  = Me) b e i n g  es- 
t a b l i s h e d  by a n  X-ray s t r u c t u r e  d e t e r m i n a t i o n  

Me0 yo 

p-” \ /  N-C \ 
c12 I //O 

N P’ NH 
\ 4\ 1 

P - N  N - C ,  
Me c12 

A gerninal at tack by a n  a c e t o n i t r i l e  m o l e c u l e  u n d e r l i e s  the  forma- 
t i o n  o f  t h e  s p i r o  compound. The r e l a t i v e  y i e l d s  o f  t h e  three 

p r o d u c t s  are s t r o n g l y  dependen t  on  t h e  molar r a t i o  of t h e  react-  
a n t s .  
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