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SYNTHESIS AND REACTIVITY OF N-PHOSPHANYL PHOSPHAZENES 

LOTHAR RIESEL, ROBERT FRIEBE, and DETLEF STURM 
Fachbereich Chemie de r  Humbold t -Un ivers i ta t  zu  B e r l i n ,  F.R.G. 

Abs t rac t  The r e a c t i o n  o f  phosphorus( I I1 )  h a l i d e s ,  R '  PXn ( X  = 
F, C1) , w i th  s i l y l  az ides ,  R3SiN3,  a re  descr ibed.  N-si&!?ated ha lo -  
phosphazenes, R'jI-nPX,=N-SiR3, a r e  o n l y  ob ta ined  w i th  f luorophos-  
phanes hav ing  bu k y  s u b s t i t u e n t s .  Usua l l y  azidophosphanes, 
R'3-nP(N )n,  a re  formed as i n te rmed ia tes .  These may r e a c t  bo th  as 
az ide  and as phosphane components i n  t h e  Staud inger  r e a c t i o n  f o r -  
ming N-phosphanyl phosphazenes, Rl2P-N=PR3, o r  azidophosphazenes, 
R'3-nP(N3)n=NY (n = 1, 2 ) ,  which can be conver ted  i n t o  d i -  and tri- 
phosphazenes, R '  P(N=PR3)n=NY. A one p o t  procedure f o r  p repar ing  
N-phosphanyl pho$$azenes had been developed. Replacement as w e l l  
as o x i d a t i o n  r e a c t i o n s  o f  C12P-N=PPh3 and i t s  d e r i v a t i v e s  a re  pre-  
sented. 

REACTIONS OF FLUOROPHOSPHANES WITH SILYL AZIDES 

Cont inu ing  o u r  i n v e s t i g a t i o n s  on t h e  o x i d a t i o n  o f  f luorophosphanes w i t h  

a r y l  az ides ,  

Ph2PF (11, - PhOPF2 (21, C5H10NPF2 (31, Et2NPF2 (ft), (Et2NI2PF (51, - and 

(i-Pr2N)2PF (6) - wi th  s i l y l  az ides .  The produc ts  and t h e  c o n d i t i o n s  o f  

t h e  r e a c t i o n  w i th  Me3SiNg are  l i s t e d  i n  Table I. 

we i n v e s t i g a t e d  t h e  r e a c t i o n  o f  t h e  f luorophosphanes 

TABLE I 

N r .  R R '  J/'C p roduc ts  

React ions o f  f luorophosphanes, RR'PF, w i t h  Me3SiN3. 

- 1 Ph Ph 20 N2, Me3SiF, c - (RR 'PN)~  

2 PhO F N2, Me3SiF, and o l i g o m e r i c  or  

- 3 C5H10N 

- 5 E t 2 N  E t 2 N  80 N2, Me3SiF, (RR'PN)n, RR'PN3 

- 6 i-Pr2N i - P r 2 N  100 N2, RR'PF=N-SiMe3; (RR'PF=N-PRR', 

po l ymer i c  phosphazenes, (>PN),, 

( i n  a l l  cases f l u o r i n e - f r e e ! ) .  

> ;: } - 

- 4 Et2N F > 90 

RR'PF=N-PRR'=N-SiMe3) 
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The f l u o r i d e s  - -  1 - 5 were found t o  l e a d  t o  o l i g o m e r i c  phosphazenes based 

on t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  azidophosphanes and t h e i r  a u t o o x i d a t i -  

ve decomposi t ion (eqs. (1) and ( 2 ) ) .  

RR'PF + Me3SiN3 - > RR'PN3 + Me3SiF (1) 

RR'PN3 - > l / n  (RR'P=N)n + N2 (2) 

The pr imary  fo rma t ion  o f  N - s i l y l a t e d  f luorophosphazenes and t h e i r  f o l -  

l o w i n g  condensat ion as a l t e r n a t i v e  r e a c t i o n  pathway (eq. (3) )  can be 

excluded s u r e l y .  

RR'PF + Me3SiN3 *> RR'PF=N-%Me3 -Me3SiF > l / n  (RR'P=N)n ( 3 )  
- 2  

I n  t h e  case o f  - 5 t h e  azidophosphane (Et2N)2PN3 c o u l d  be de tec ted  by NMR 

spectroscopy. With t h e  d i f l u o r i d e s  - -  2 ,  3,  and - 4 F - f r e e  ol igophosphazenes 

a r e  ob ta ined i n  a l l  cases. Obv ious ly ,  t h e  replacement o f  t h e  second 

f l u o r i d e  by az ide  i s  much f a s t e r  t h a n  t h e  a u t o o x i d a t i o n  o f  RFPN3. 

thylsi ly?. az ide  t h e  N - s i l y l a t e d  f luorophosphazene (eq. (4) ) bes ide  s m a l l  

amounts o f  R PF=N-PR2 and R2PF=N-PR2=N-SiMe3. The l a t t e r  i s  assumed t o  

be formed w i t h  R2PN3 as i n te rmed ia te ,  because t h e  N - s i l y l a t e d  f l u o r o -  

phosphazene does n o t  r e a c t  wi th an excess of (i-Pr2N)2PF. 

(i-Pr2N)2PF (6) - behaves e n t i r e l y  d i f f e r e n t .  It forms wi th  t r i m e -  

2 

L 

I n  a l l  

by az ide  as 

th rough  t h e  

(i-Pr,N)2PF + Me3SiN3 ___ > (i-Pr2N)2PF=N-SiMe3 + N2 (4) 

p r o b a b i l i t y  b o t h  r e a c t i o n s ,  i. e. t h e  exchange o f  f l u o r i d e  

w e l l  as t h e  o x i d a t i v e  i m i n a t i o n  (S taud inger  r e a c t i o n )  pass 

F SiMeg # same t r a n s i t i o n  s t a t e :  - 
1 1  

-N 1 
Bulky  s u b s t i t u e n t s  a t  phosphorus comp l i ca te  t h e  Me3SiF e l i m i n a t i o n .  The 

same e f f e c t  i s  observed w i t h  bu l ky  s u b s t i t u e n t s  a t  s i l i c o n .  Acco rd ing l y ,  

(Et2N)2PF ( 5 )  - forms w i t h  t-BuPh2SiN3 t h e  N - s i l y l a t e d  phosphazene, 

(Et2N)2PF=N-SiPh2(t-Bu), whereas wi th Me3SiN3 t h e  replacement r e a c t i o n  

t a k e s  p l a c e  o n l y .  

SYNTHESL2 OF AZIDOPHOSPHANES AND THEIR APPLICATION I N  THE STAUDINGER 
REACTION' 

S t a r t i n g  f rom P ( I I 1 )  c h l o r i d e s  azidophosphanes a r e  much e a s i e r  formed 
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than from fluorophosphanes. The s u b s t i t u t i o n  o f  c h l o r i d e  by az ide us ing 

Me S i N  

l y  azidophosphanes have been o f  pr imary i n t e r e s t  concerning t h e i r  spe- 

c i a l  a p p l i c a t i o n  as precursor f o r  t h e  in termediate format ion o f  phospho- 

n i t r i l e s  , R2PnN. 3-6 On t h e  other  hand, azidophosphanes are a l s o  v e r s a t i -  

l e  reac tan ts  i n  t h e  Staudinger r e a c t i o n .  They con ta in  i n  t h e  same mole- 

c u l e  a n u c l e o p h i l i c  P atom and t h e  e l e c t r o p h i l i c  az ide group. Therefore, 

they may r e a c t  both as azide (eq. ( 5 ) )  and as phosphane component (eq.7). 

We s tud ied t h e  format ion o f  azidophosphanes from PC13, Et2NPC12, 

or  meta l  azides already takes p lace a t  low temperatures. Recent- 3 3  

(Et2N)2PC1, and other  P ( I I 1 )  ch lo r i des  and found t h a t  t h e  az ide forma- 

t i o n  i s  no t  complete a t  room temperature. The ex ten t  o f  t h e  exchange o f  

c h l o r i d e  by azide va r ies  i n  t h e  range o f  about 15% f o r  Et2NPC12 up t o  

6PA f o r  PC13. Solut ions o f  azidophosphanes w i t h  concentrat ions < 1 M  are 

s u f f i c i e n t l y  s t a b l e  a t  room temperature. The r a t e  o f  autoox idat ion (eq. 

( 2 ) )  o f  C12PN3 i s  slower than t h a t  o f  (Et2N)C1PN3, whereas t h e  r a t e  o f  

t h e i r  r e a c t i o n  w i t h  PPh3 (eq. ( 5 ) )  behaves oppos i te l y  (see Table 11). 

RR'PN3 + PPh3 - > RR'P-N=PPh 3 + N2 (5) 

TABLE I1 Rate constants o f  t h e  reac t i ons  (2) and (5 )  i n  to luene 

Compound k 2 / s - l  (SOOC) 21 /2 (2 ) /m in  k5/lmOl -1 s -1 (25OC) 

C12PN3 3 , 1 s  372 f; 20 23,6*10-4 

(Et,N) ClPN, 7 , 6 152 i 8 2,2.10-~ 

This  f a c t  a l lows t o  ca r ry  out  t h e  r e a c t i o n  o f  phosphorus ch lo r i des  w i t h  

Me3SiN3 or  NaN3 i n  t h e  presence o f  organylphosphanes as a one p o t  reac- 

t i o n  (eq. ( 6 ) ) .  

RR'PC1 + MN3 + PR'I3 - > RR'P-N=PR''3 + M C 1  + N2 (6) 
(M = Me3Si, Na; R ,  R '  = C 1 ,  E t2N;  R" = Ph, Bu, c-Hex, Et2N) 

The r e a c t i v i t y  o f  t h e  azidophosphanes decreases w i th  an i nc reas ing  num- 

ber o f  amido groups i n  t h e  molecule. (Et2N),PN3 does n o t  r e a c t  w i t h  PPh3, 

b u t  w i t h  t h e  more n u c l e o p h i l i c  (Et2N)3P forming (Et2N)2P-N=P(NEt2)3. 

Azidophosphanes are s u f f i c i e n t l y  n u c l e o p h i l i c  t o  be ox id i zed  by az i -  

des. Concerning t h i s ,  (Et2N)P(N3)2, which i s  i n te rmed ia te l y  formed i n  t h e  

r e a c t i o n  of Et2NPC12 w i t h  Me3SiN3 i n  t h e  molar r a t i o  1 : 2, can be o x i -  
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d ized  by PhN3 y i e l d i n g  t h e  diazidophosphazene (Et2N)(N3)2P=NPh. T h i s  

r e a c t s  very  e a s i l y  w i th  PPh3 fo rm ing  d i -  and t r iphosphazenes (eq. ( 7 ) ) .  

> RP (N3) 2P=NPh +> +PPh R (N3) ( Ph3P=N) 2-xP=NPh ( 7 )  RP(N3)2 + PhN3 -N 
(R = Et2N) 2 - 2  

7 REACTIONS OF N-DICHLOROPHOSPHANYL TRIPHENYLPHOSPHAZENE, C12P-N=PPh3 

8 C12P-N=PPh3 was f i r s t l y  p repared by F l u c k  and Hosle , however, i n  a more 

d i f f i c u l t  way. Now, i t  can be ob ta ined  i n  h i g h  y i e l d s  us ing  t h e  procedure 

desc r ibed  above (eq. ( 6 ) ) .  It r e a c t s  w i th  MeOH, EtOH, PhOH, EtSH, H20, 

P(NEt2)3, and SbF3 forming N-phosphanyl (Ph3P=N-PX2 (X = O E t ,  OPh, S E t ,  

N E t 2 ,  F ) )  o r  N-phosphinoyl  phosphazenes (Ph3P=N-PH(0)X (X = C 1 ,  OH, OMe, 

O E t ,  F ) ) ,  resp . (eq .  ( 8 ) ) .  

Ph3P=N-PC12 + 2 X- -2 Ph3P=N-PX2 - > Ph3P=N-PH(0)X (8 )  - 2 c 1  

The N-phosphanyl compounds a r e  o x i d i z e d  by NO2 o r  s u l f u r  y i e l d i n g  

t h e  corresponding N-phosphoryl  d e r i v a t i v e s  (Ph3P=N-P(0)X2 (X = C1, OPh, 

O E t ,  S E t ,  F ) )  o r  t h e  N- th iophosphory l  compounds, Ph3P=N-P(S)X2 (X = C 1 ,  F, 

OPh), resp .  (eqs. (9 )  and ( 1 0 ) ) .  

Ph3P=N-PX2 + NO2 ____ > Ph3P=N-P(0)X2 + NO (9 )  

Ph3P=N-PX2 + S - > Ph3P=N-P(S)X2 (10) 
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