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m s f r a c t  - The r e a c t i o n s  of hexaci,lorocyclotriphosphazene wi th  

1,2-diaminopropane a r e  discussed.  

Among =he h e t e r o c y c l i c  compounds, t h e  cyclophosphazenes wi th  a l t e r n a t i n g  phospho- 

rus and n i t rogen  atoms have been considerably  w e l l  s ~ u d i e d . ~  Nhi le  t h e  r e a c t i o n s  

of chlorocyclophosphazenes wi th  monofunctional nuc leoph i l r s  such a s  arnines and 

2 a l c o h o l s  a r e  w e l l  understood , s i m i l a r  r e a c t i o n s  w i t h  d i f u n c t i o n a l  r eagen t s  are 

o n l y  r e c e n t l y  a t t r a c t i n g  a t t e n t i ~ n ~ - ~ .  These a r e  of cons ide rab le  i n t e r e s t  because 

o f  ( a )  t h e  d i v e r s i t y  o f  products  p o s s i j l e  and In) t h e  use fu lness  of t h e s e  s t u d i e s  

as  models f o r  condensation polymers of cyclophosphazenes. 

45 many a s  four  products  a r e  p o s s i b l e  i n  t h e  r e a c t i o n  of any d i f u n c t i o n a l  reagent  

w i t h  chlorocyclophosphazenes. These a r e  as fo l lows:  

Ansa 

Open chain Bridge 



Although s p i r o c y c l i c  products seem t o  predominate when n is  2 o r  3 the  processes  

t h a t  opera te  i n  t h e  f i n a l  choice of o t h e r  products a r e  not  proper ly  understood. 

Another f e a t u r e  t h a t  needs f u r t h e r  study is t h e  ( i n ) s t a b i l i t y  of products t h a t  

con ta in  f i v e  membered s p i r o c y c l i c  r ings .  viith a view t o  gain f u r t h e r  i n s i g h t  i n t o  

=he above we have c a r r i e d  ou t  a s tudy of t h e  r e a c t i o n s  of hexachlorocyclotriphos- 

phazene, N3P3i16, with 1.2-diaminopropane and t h e  r e s u l t s  obta ined are repor ted 

here .  

R3P3C16 r e a c t s  wi th  2 equ iva len t s  of 1.2-diaminopropane i n  d i e t h y l  e t h e r  a t  about 

2 5 ' ~  f o r  20 minutes t o  a f f o r d  c l e a r l y  a s i n g l e  product:  

The same product i s  obta ined i n  t h e  r eac t ion  of N3P3C16 with one equivalent  of t h e  

diamine i n  t h e  presence of t w o  equ iva len t s  of t r ie thylamine.  The product y i e l d  

which is  about 75% reduces d r a s t i c a l l y  i f  (1)  longer  r eac t ion  t i m e s  a r e  employed, 

( 2 )  more p o l a r  so lven t s  such a s  chloroform a r e  used and ( 3 )  h igher  temperatures 

a r e  used f o r  t h e  r eac t ion  condi t ions .  Compound (1) is  extremely mois ture  s e n s i t i v e  

and undergoes chemical change upon s t o r a g e  leading t o  a res inous  product. Higher 

s to ich iomet r i c  r e a c t i o n s  Detween N3P3C16 and t h e  diamine i n  t h e  r a t i o  of 1:4 o r  1:6 

a l s o  afforded res inous  m a t e r i a l s  which owing t o  t h e i r  i n s o l u b i l i t y  could not  be 

cha rac te r i sed .  

The s p i r o c y c l i c  n a t u r e  of compound (1) is i n f e r r e d  from t h e  3 1 ~  nmr spectrum which 

is  of t h e  ~3~ type. The S ( P C ~ ~ )  and & ( P  s p i r o )  chemical s h i f t s  a r e  i n  t h e  same 

region a s  repor ted i n  t h e  l i t e r a t u r e :  

?ablea - 
Phosphoms-31 nmr d a t a  f o r  some s p i r o c y c l i c  tr iphosphazenes 

Compound PC12 P s p i r o  2~ (p-N-p) Reference 

N ~ P ~ : ~ ~ [ H N ( c H ~ )  2 ~ ]  22.0 22.00 - 3.4 

( c I ~ ~ I ~ o ]  25.1 22.4 53.01 3.4 

N ~ P ~ c ~ ~ [ H N ( c H ~ )  , N H ~  21.5 7.5 45.5 3,4 

N ~ P ~ ~ ~ ~ [ H N ( c H ~ )  4hxJ 21 .2  12.8 46.0 3.4 

N ~ P ~ C ~ ~ [ H N M  ( C + I ~ ) C H ~ N H ]  22.47 21.25 46.0 This  work 

a :  Upi ie ld  s h i f t s  a r e  negat ive  and t h e  ex te rna l  r e fe rence  ( 6 = 0 )  is 85% H3P04. 
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While t h e  3 1 ~  d a t a  does n o t  r u l e  ou t  an ansa s t r u c t u r e  t h e  formation of  such a 

product seems improbable because t h e  on ly  known ' ansa '  compound i n  l i t e r a t u r e  is 

6 
obta ined oy a two s t e p  rou te  : 

The i n s t a b i l i t y  o f  t h e  compound (1) and t h e  formation of c ross l inked  products  in  

h i g h e r  s to ich iomet r i c  r eac t ions  of N3P3C16 with  1.2-diaminopropane can b e  r a t i o -  

4 
n a l i s e d  a s  proposed p rev ious ly  by t h e  in te rmol rcu la r  condensation r e a c t i o n  : 

/7 

-HCI Crosslinked 
Products 

Cf 

Undoubtedly presence of moisture,  o r  u s e  of p o l a r  s o l v e n t s  are conducive t o  t h e  

above react ion.  teplacement of t h e  l a b i l e  c t l lor ines  i n  compound (1) by non-ceact- 

i v e  groups such as  -0Me renders  t h e  product more s t a b l e :  

It appears t h a t a t  h igher  s t a g e s  of s u b s t i t u t i o n  t h e  in termolecular  condensation 

r e a c t i o n  l ead ing  t o  c r o s s  l inked  products  is  t h e  p re fe r red  and dominant r eac t ion  

pathway i n  t h e  r e a c t i o n s  of N3P3C16 and 1.2-diaminopropane. 
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