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Abstract - The reactions of hexachlorocyclotriphospha- 

zene w i t h  N-methyl-1, 3-diaminopropane a re  discussed. - 
The s t ruc tures  of the  products have been establ ished by 

spectroscopic methods. The products a r e  formed 

exclusively a spirocycl ic  pathway. 

React ivi ty s tudies  on small molecules have been he lpful  as  model systems 

f o r  understanding react ions of more ccmplex macromolecules.2 This type 

of s tudies  have been pa r t i cu la r ly  successful i n  the case of the  six- 

membered inorganic heterocycl ic  system, hexachlorocyclotriphosphazene, =', 1 
N3P3C16(1) and the  l i n e a r  polymer [$= N], derived from 1 . Several 

reactions of N3P3C16(1) with a var ie ty  of diverse nucleophiles have been 

studied and these s tudies  have helped i n  formulating synthet ic  s t ra tegies  

f o r  the  design of over 300 polyphosphazenes.' S imi l i a r ly  the  reactions 

of N3P3C16(1) with difunct ional  reagents such a s  diamines have a l s o  

a t t r ac ted  a t ten t ion  because these serve a s  model systems f o r  condensation 

polymers. 3-6 Very few condensation polymers involving cyclophosphazenes 

a r e  ac tua l ly  known. The reactions of chlorocyclophosphazenes with 

difunct ional  reagents predominantly lead t o  t h e  formation of spirocyclic 

products where i n  both ends of the  difunct ional  reagent reac ts  a t  the 

same phosphorus atom with t h e  replacement of two chlorine atoms. 3 
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Therefore, w e  w e r e  s u rp r i s ed  a t  a  recent  r epo r t7  where in  a  claim has 

been made about t h e  i s o l a t i o n  of an intermolecular  br idged product between 

t h e  r eac t i on  of g-methyl-1.3-diaminopropane and N3P3C16(1). In p u r s u i t  of 

o u r  continued i n t e r e s t  i n  t he  reac t ions  o f  N3P3c16(1) wi th  d i func t i ona l  

reagents  i n  general  and with  n o n - s w e t r i c  d i func t i ona l  reagents i n  

p a r t i c u l a r ,  he re in  w e  r epo r t  t h e  f ind ings  of a  r e i nves t i ga t i on  on t h e  

reac t ions  of N3P3C16(1) wi th  N-methyl-l,3-diaminopropane. 

N3P3C16(1) r e a c t s  wi th  two equivalents  of t h e  diamine i n  e t h e r  a t  room 

temperature t o  a f f o r d  i n  nea r l y  q u a n t i t a t i v e  y ie lds .  t h e  product, 

N3p3c14[" ( c H ~ ) ~ N ( " J ~ ~ )  ] (2 ) .  Use of t r i e thy lamine  a s  a  ba se  a l so  a f fo rd s  

product (2)  without any l o s s  i n  yie ld .  In  o rde r  to c h a r a c t e r i s e  t h l s  

product f u l l y  t h e  t e t r a c h l o r o  de r i va t i ve  ( 2 )  has  been reac ted  with s e v e r a l  

nucleophi les  r e s u l t i n g  i n  t he  complete s u b s t i t u t i o n  of t h e  ch lor ine  atoms. 

2H2N(CH2) 3NH(CH3)  

(1) ------------------ 3 N ~ P ~ c ~ ~ [ H N ( c H ~ ) ~ N ( c H ~ ) ]  ( 2 )  

X'SS  CF3CH20Na 
( 2 )  ) N3P3 ( O C H ~ C F ~ ) ~ [ H N ( C H ~ )  3N (CH;)] ( 6 )  

Labarre and coworkers have previously  proposed an intermolecular  br idged 

s t r u c t u r e  f o r  t h e  product  i s o l a t e d  i n  a  s i m i l a r  reaction. ' l  There a r e  a t  

l e a s t  f ou r  poss ib le  pathways by  which N-methyl-1.3-diaminopropane can 

r e a c t  wi th  N3P3c16 lead ing  t o  f ou r  d i f f e r e n t  s t r u c t u r e s :  ( a )  sp i rocyc l i c  
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Figure 

(b)  ansa (c) open-chain and (d)  intermolecular-bridging (Figure) .  Of 

t he se  s t r u c t u r e s  ( c )  and (d )  can be s t ra ightaway r e j e c t e d  on t he  b a s i s  of 

a n a l y t i c a l  da t a  and mass spectra. '  B y  means of 3 1 ~  nmr it is poss ib le  t o  

d i s t i ngu i sh  between t h e  s t r u c t u r e s  (a )  and (b ) .  S ince  t h e  d i func t iona l  

reagent  i s  non s y m e t r i c a l  t h e  ansa p rosuc t  (b)  would show a t h r ee  spin  

p a t t e r n  (ABX. WIX o r  ABC) i n  t h e  phosphorus nmr. However, a sp i rocyc l ic  

s t r u c t u r e  ( a )  would c l e a r l y  show a two sp in  p a t t e r n  (AX2 or Mi2). Product 

( 2 )  and a l l  i t s  o t h e r  de r i va t i ve s  ( 3 ) ,  ( 4 ) ,  ( 5 ) ,  and ( 6 )  a r e  a l l  of the  

two sp in  type c l e a r l y  establishing a s p i r o c y c l i c  s t r u c t u r e  f o r  these  

product.=. The only examples of sp i rocyc l i c  compounds showing A3 sp in  

type  in  t h e  phosphorus nmr a r e  N ~ P ~ c ~ ~ [ H N ( c H ~ )  p H ]  and N ~ P ~ C ~ ~ [ H N  ( c H ~ )  20]. 

Even f o r  t he se  a t  h igher  f i e l d  s t r eng th s  t h e  expected two sp in  type i s  

r e a l i s ed .  3-4 The phosphorus chemical s h i f t s  and coupling cons tan t s  a r e  

l i s t e d  i n  t h e  Table. 
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T a b l e  

Phosphorus-31 nmr d a t a  

Compound d ElZ & P  s p i r o  ~ P R ~  J(PN-P) 

m r t h e r ,  t he  values  of t he  phosphorus chemical s h i f t s  a r e  comparable to 

those  observed f o r  o t h e r  six-membered s p i r o c y c l i c  products  p rev ious ly  

reported.  9'10 I n  keeping with  l i t e r a t u r e  t r ends  the 6 P s p i n  is found 

to be more sh ie lded  than 6 P C ~ ~ .  

It has been observed prev ious ly  t h a t  s p i r o c y c l i c  products such a s  

N ~ P ~ C ~ ~ [ H N  ( a 2 )  2 ~ ~ ]  a r e  h y d r o l y t i c a l l y  uns t ab l e  and a r e  a l s o  prone t o  

a f fo rd  c ross l inked  ma te r i a l s  on s to r ing .  9'10 This ha s  been a t t r i b u t e d  t o  

t h e  presence of a s t e r i c a l l y  unfavourable %membered sp i rocyc l i c  r i n g  

along with  t h e  presence of r e s i dua l  - N H 1 s  which can r e a c t  in te rmolecu la r ly  

wi th  ch lo r i ne s  on ano ther  molecule. Removal of both of these  f a c t o r s  

renders  t h e  products s t ab l e .  Thus i n  t h e  p resen t  system presence of on ly  

one r e s i d u a l  NH along wi th  t h e  six membered s p i r o c y c l i c  r i ng  makes t h e  

products more stable. 

I n  conclusion,  i n  o u r  hands t h e  r eac t i on  pathway between N3P3C16 and 

N-methyl-1, 3-diaminopropane proceeds exc lu s ive ly  by t h e  sp i rocyc l i c  - 
pathway. 
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