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PATHWAYS IN THE NUCLEOPHILIC SUBSTITUTION REACTIONS OF 
HALOCENOCYCLOPHOSPHAZENES AND SUBTLE ASPECTS OF THE 

MECHANISM OF FORMATION OF BICYCLIC PHOSPHAZENES 

P . Y . N A R A Y AN A S V' A M Y , S .G A N A P A T H LAPP AN , K .C . K U bA A R A S V/ A N, Y 
AND S.S. KRISHNAMURTHY 

Depar tmen t  of Inorganic and Physical Chemis t ry  
Indian Inst i tute  of Science,  Bangalore 56001 2, INDlA 

Abs t r ac t  Both associat ive [S,,,2(P)] and  dissociat ive [S l(P) and E CB] 

haloqenocyclophosphazenes f r o m  syn the t i c  and kinet ic  studies.  Several  
i n t r i ca t e  de t a i l s  conce rn ins  t h e  formation of bicyclic phosphazenes 
h a v e  been unravelled. 

mechanisms have been establ lshed for  t h e  aminat ion N reac t ions  I of 

V'e have  developed a comprehens ive  mechanis t ic  understanding 

of t h e  complexi t ies  involved in t h e  nucleophilic subs t i tu t ion  r eac t ions  

of haloyenocyclophosphazenesl and devised a d i r ec t ed  syn the t i c  

s t r a t egy  for trans-annular bridged cyc lo te t raphosphazenes  . The  

resu l t s  have  wider implications in t h e  c o n t e x t  of t h e  s t e reochemis t ry  

of nucleophilic d i sp lacement  at a t e t r ahedra l  Pv cen t r e .  

2 

REACTIONS OF CYCLOTRIPHOSPHAZENES 

\Ye have  ear l ie r  established a change-over f rom a n  assoc ia t ive  

S 2(P) to a dissociative SNl (P)  mechanism in t h e  s tepwise  r ep lacemen t  

of ch lor ine  a t o m s  f rom N3P3Cl6 by t h e  d imethylamino group in 

VeCN3. W e  have  now studied t h e  k ine t ics  of t h e  r eac t ions  of N 3 3  P C1 6 
with pr imary  a romat i c  amines  and  those  of gem-N3P3Ph2C14 wi th  

alkyl amines.  The r a t e  cons t an t s  and ac t iva t ion  p a r a m e t e r s  sugges t  

t h a t  in a polar solvent such a s  MeCN, a one-step c o n c e r t e d  SN2(P) 
mechanism opera tes ;  in less polar te t rahydrofuran ,  t h e  r eac t ion  pro- 

ceeds  essentially via a neut ra l  pentacoord ina ted  phosphorus in te r -  

mediate.  Kinetic ev idence  strongly impl ica tes  a n  5 C B  mechanism 
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430 P.Y. NARAYANA SVAMY et a1 

for t h e  reaction of N3P3CI5(NHAr) (I) [Ar = C6H4Me-p or C,H,(OMe)-pI 

with ArNH2 in t h e  presence of an  excess  of tri-n-butylamine to 
yield t h e  geminal bis(amino) derivative. The intermediacy of a three-  
coordinated P species (11) is unambiguously established by trapping 
i t  with methanol and also by t h e  isolation of t h e  unusual products, 
[qem-N3P3C14 (NHAr)(O)- [NHEt3]+(III) when I is  t r e a t e d  with tr iethyl- 
amine in MeCN in t h e  absence of ArNH2. The results lead to 
t h e  formulation of a unified mechanistic f ramework which c a n  readily 

explain t h e  "regioselectivityt '  observed in t h e  nucleophilic displacement 

reactions of halogenocyclophosphazenes. The  "stereoselectivity" 
cannot  b e  rationalized completely although several  plausible hypotheses 

V 

have been proposed. 1,394 

REACTIONS OF CYCLOTETRAPHOSPHAZENES : FORMATION 

OF BICYCLIC PHOSPHAZENES 
Amination reactions of (primary amino)chlorocyclotetraphosphazenes 

can  yield novel bicyclic phosphazenes which must ar ise  by a trans- 
annular intramolecular attack.2 We now demons t r a t e  t h a t  a t e t r a -  
kidamino) intermediate  of type V is involved in t h e  formation of 

bicyclic phosphazenes (VI). The relat ive yields of t h e  two  types 
of products (VI, VII) depend on t h e  solvent and t h e  amino substi tuents 
on t h e  ring (Table). The react ion of 2- t ran~-4-N~P~Cl~(N l \ lePh)~  

(s t ructure  known from X-ray analysis) with a n  excess of EtMH2 in 
CHCI3 in t h e  presence of Et3N affords  only t h e  octakis(amino)cyclo- 
tetraphosphazene, N4P4(NMePh)2(NHEt)6 and the re  is no evidence 
for any other  product. One may conclude t h a t  t h e  trans-annular 
bridge is formed only when both t h e  antipodal phosphorus cen t r e s  
ca r ry  a PCI(NHR) group and one  or both of t h e  R groups is capable  
of being accommodated at t h e  bridgehead nitrogen.Bridging of adjacent  
phosphorus a toms  does not occur. A base-catalysed proton abstra-  
ction s t ep  generates  a t h r e e  coordinated Pv intermediate  (A); intra- 
molecular addition of a -NHR group from t h e  antipodal phosphorus to 

the exocyclic P-N double bond leads to t h e  bicyclic phosphazene(C). 
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CI NHAr 
\ /  r A,' -I 

ArHN\ /OMe 

ti 

( V )  

CONCLUSIONS 
All  t h e  

at a t e t r ahedra l  

chemis t ry .  The  

media tes  (11) has 

possible mechanisms for nucleophilic d i sp lacement  

P c e n t r e  have  been  rea l ized  in cyc lophosphazene  

format ion  of r e a c t i v e  t h r e e  coord ina ted  P" in te r -  

been established conclusively. Such a n  in t e rmed ia t e  

V 

plays a key ro le  in t h e  fo rma t ion  of bicyclic phosphazenes f rom 

(amino)cyclotetraphosphazenes. The  resu l t s  unfold seve ra l  sub t l e  

a spec t s  concerning t h e  effect of subs t i tuents  and  t h e  so lvent  on  

t h e  format ion  of bicyclic phosphazenes. 

Acknowledgement We thank Shin Nisso Kako Co. Ltd., J apan  f o r  

g i f t s  of chlorocyclophosphazenes. 
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Table : Ef fec t  o f  solvent and substituents m the formation o f  b i c y c l i c  
Phosphaz-s 

Phosphazene ( V )  Reacting Relat ive 
R~ , R ~  amine Solvent! yields(%)b- 

V I  VII R3 R4 ( R5R6NH ) 

E t  
E t  

E t  

E t  

E t  

E t  

E t  

E t  

E t  

E t  

E t  

E t  
Ft. 

E t  
E t , d  

E t , d  

-e2 
NMe2 
NHEt 

NHEt 

NMe2 

N&zt 

NHCH2B~ t 

NHBU- 
t NHBU- 
t NHBU- 

NMePh 

NMePh 

NMe2 

-e2 

NMe2 

2t 

NHEt 

NHEt 

NMe 

M B U -  
t NHBu- 
t NHBIJ- 

NHCH~BUI. 
NMePh 

WPh 

Me2NH 

Me2NH 
Me2NH 

Me2NH 
EtNH2 

EtNH2 

EtNH2 

EtNH2 
EtNH2 
E t M 2  

EtNH2 

EtNH2 
EtW2 

E t M 2  
E t M 2  

EtW2 

CHC13 

CHCl 

Et20 

Et20 
CHCl 

Et20 
CHC1) 

CH3CN 

Et20 

Et20 
CHC1) 

Et20 
CHC13 

CHC13 
CHC13 

CH3CN 

70 30 
0 100 

7& 30 

(5 >9F 
7s 3& 
0 1 o& 

33 67 

40 6& 
0 1 o& 

20 80 

33 67 

0 1 oor 
45 5$ 
< 5  >9F 
60 40 

55 45 

a Reaction carr ied out a t  the b o i l i n g  point  o f  the solvent; for reactions 
Tn CHC13, Et3N was also used. b Determined by phosphorus-31 Wlfl spectroscopy 
- c Pure product isolated. 
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