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VARIATIONS I N  PROPERTIES OF BRIDGED PHOSPHORUS HETEROCYCLES 

LOUIS D .  Q U I N ,  KENNETH C .  CASTER, JOHN C .  KISALUS 
Gross  Chemical L a b o r a t o r y ,  Duke U n i v e r s i t y ,  Durham, N.C.,U.S.A 

A b s t r a c t  Highly s t r a i n e d  c y c l i c  phosphine o x i d e s  can  g i v e  
anomalous r e s u l t s  ( i n v e r s i o n ,  C-P c l e a v a g e )  on deoxygena t ion  w i t h  
H S i C 1 ,  o r  C,H,SiH,. Use of t h e  p y r i d i n e  complex o f  HSiCl, gene ra l ly  
overcomes t h e s e  d i f f i c u l t i e s ,  and a number of s t r a i n e d  phosph ines  
were p repa red .  D e f i n i t e  t r e n d s  i n  31P NMR s h i f t s  among s a t u r a t e d  
and u n s a t u r a t e d  s t r u c t u r e s  have been obse rved .  Phosphines  i n  t h e  
7-phosphanorbornene system are  p a r t i c u l a r l y  prone t o  form P(V) 
c y c l o a d d u c t s ,  which t h e n  decompose by a r e v e r s e  McCormack-type of 
r e a c t i o n .  The r e a c t i v i t y  is s o  h i g h  t h a t  even d i e n e s  form a d d u c t s  
w i t h  t h e s e  phosphines .  

INTRODUCTION 

When a phosphorus atom b r i d g e s  a small r i n g ,  t h e  C-P-C bond a n g l e  
can b e  s e v e r e l y  reduced from t h e  v a l u e s  f o r  unpe r tu rbed  h y b r i d i z a -  
t i o n .  U n s a t u r a t i o n  may a l s o  be p r e s e n t  i n  such  sys t ems  and p r e s e n t s  
t h e  p o s s i b i l i t y  o f  o r b i t a l  i n t e r a c t i o n s .  These e f f e c t s  are q u i t e  
s t r o n g  i n  t h e  7-phosphanorbornene sys t em,  and b r i n g  a b o u t  q u i t e  
unusua l  p r o p e r t i e s .  Thus, i n  o u r  e a r l i e r  work' ,  i t  w a s  shown t h a t  
pliosphines i n  t h e  syn-7-phosphanorbornene system, as found i n  phos- 
pho le  d imers ,  h a v e t h e  most downfield 3 1 P  NMR s i g n a l s  e v e r  r e c o r d e d  
f o r  t h i s  c l a s s ,  and a re  i somer i zed  t o  t h e  anti i somers  by d i r e c t  
i n t e r a c t i o n  w i t h  a l c o h o l s  o r  water .  The o x i d e s  o f  phosphole  dimers 
a l s o  have s h i f t s  a t  abnormally low f i e l d .  Angle s t r a i n  i n  t h e s e 2  
and r e l a t e d 3  b r i d g e d  compounds a l l o w s  oxygen i n s e r t i o n  i n t o  a C-P 
bond, i n  B a e y e r - V i l l i g e r  f a s h i o n ,  on r e a c t i o n  w i t h  p e r a c i d s .  The 
phosphole  o x i d e  dimers  a l s o  g i v e  anomalous r e s u l t s l a  on deoxygena- 
t i o n  w i t h  s i l a n e s ;  w i t h  t r i c h l o r o s i l a n e  o r  p h e n y l s i l a n e ,  t h e  de- 
oxygena t ion  o f  phosphine o x i d e s  u s u a l l y  o c c u r s  w i t h  r e t e n t i o n  of 
c o n f i g u r a t i o n ,  b u t  w i t h  t h e  dimers  i n v e r s i o n  can p redomina te ,  and 
i s  a l s o  accompanied (or  overwhelmed) by e j e c t i o n  o f  t h e  b r i d g i n g  
P g roup ing  i n  a r e t r o c y c l o a d d i t i o n  r e a c t i o n ,  as i n  t h e  example 
below (wi th  H S i C l , ,  o n l y  3 w a s  o b t a i n e d ) .  
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106 L. D. QUIN, K. C. CASTER, J .  C.  KISALUS 

We have s t u d i e d  t h e  p o s s i b i l i t y  o f  t h e  appea rance  of some of  t h e s e  
anomalies  i n  o t h e r  s t r a i n e d  phosphorus h e t e r o c y c l e s  (Table  I). Dur- 
i n g  t h i s  s t u d y ,  a new r e a c t i o n  h a s  been obse rved ;  d i e n e s  react  
d i r e c t l y  w i t h  phosphines  o f  t h e  7-phosphanorbornene system t o  g i v e  
cyc loadduc t s  ( u n s t a b l e ) .  

SILANE REDUCTIONS OF STRAINED PHOSPHINE OXIDES 

The d i f f i c u l t i e s  w i t h  HSiCls can  b e  l a r g e l y  e l i m i n a t e d  i f  it i s  used 
i n  t h e  form of i t s  p y r i d i n e  complex, HSiC13*2C5H5N. T h i s  a l lowed  
t h e  p roduc t ion  of d iphosph ines  from t h e  phosphole  d imers  ( e . g .  1) 
i n  o v e r  80% y i e l d .  The anomalous r e d u c t i o n  w i t h  HSiC13 can b e  
a t t r i b u t e d  t o  a d i v e r s i o n  from t h e  u s u a l  4 - c e n t e r  mechanism' t o  
one i n v o l v i n g  a p e n t a c o o r d i n a t e  i n t e r m e d i a t e  t h a t  can undergo retro- 
c y c l o a d d i t i o n  t o  g i v e  a d i e n e  u n i t  and a P ( I I 1 )  f r agmen t .  The 
p y r i d i n e  complex a p p a r e n t l y  f u n c t i o n s  by a mechanism t h a t  a v o i d s  
t h e  fo rma t ion  o f  P(V) i n t e r m e d i a t e s .  Experimental  r e s u l t s  from 
r e d u c t i o n s  w i t h  v a r i o u s  phosphine o x i d e s  are  summarized i n  Tab le  I .  
Conclusions are:  (1) i n  t h e  phosphabicyclo[n.2.1]alkene system, 
o n l y  t h e  [2.2.1] system reacts abnorma l ly ;  w i t h  n = 3 o r  4 ,  r i n g  
s t r a i n  i s  d imin i shed  and r e t e n t i o n  i s  obse rved ,  (2 )  s a t u r a t e d  
s t r a i n e d  systems may a l s o  g i v e  anomalous r e s u l t s  w i t h  HSiCl,, i n -  
c l u d i n g  complete  i n v e r s i o n  (forming 2 from o x i d e  &), p a r t i a l  i n -  
v e r s i o n  ( a  m i x t u r e  o f  %-, & isomers  from s), o r  even degrada t ion ,  
a s  f o r  6, ( 3 )  when anomal i e s  deve lop ,  t hey  can b e  e l i m i n a t e d  by u s e  
o f  HSiC1,.2C5H5N excep t  f o r  t h e  s p e c i a l l y  s t r a i n e d  - 4 where some in -  
v e r s i o n  p e r s i s t s .  

"P NMR SHIFT EFFECTS 

The norbornene framework is  now known t o  c a u s e  d e s h i e l d i n g  of  many 
n u c l e i  when p r e s e n t  a t  t h e  7 - p o s i t i o n ,  an e f f e c t  a t t r i b u t e d  t o  
i n t e r a c t i o n  of the sigma o r b i t a l  a t  t h i s  p o s i t i o n  w i t h  t h e  IT-bond'. 
The ve ry  l a r g e  d e s h i e l d i n g  of  one 3 1 P  n u c l e u s  i n  t h e  phosphole  
d imers  ( e . g . ,  1 6 + 1 1 4 . 2  and +15.7; 2 6 +48.5 and +11.4) may be 
exp la ined  on this b a s i s .  The pronounzed d i f f e r e n c e  ( g e n e r a l l y  60- 
70 ppm) between syn and i somers  i s  now t e n t a t i v e l y  a t t r i b u t e d  
t o  s h i e l d i n g  t h a t  i s  superimposed on t h e  i somer .  T h i s  i s  
thought  t o  a r i s e  from a second o r b i t a l  i n t e r a c t i o n ,  r e p u l s i o n  
between t h e  l o n e  p a i r  and t h e  n-bond as found f o r  7-azanorbornenes'.  
These o r b i t a l  i n t e r a c t i o n s  might be expec ted  t o  b e  i n f l u e n c e d  by 
changing t h e  r i g i d i t y  and shape  o f  t h e  b i c y c l i c  framework, and when 
t h e  s a t u r a t e d  b r i d g e  i s  l eng thened  by one ca rbon  as i n  11-13, and 
t h e n  by a n o t h e r  t o  g i v e  15-17 ,  pronounced and p r o g r e s s i v e  u p f i e l d  
s h i f t s  o c c u r .  The s y n ,  a n t i  d i f f e r e n c e  i s  ma in ta ined  o n l y  in 11- 
- 13.  Among s a t u r a t e d  compounds, chemical  s h i f t s  t e n d  t o  be on t h e  
downfield s i d e  o f  t h e  r ange  set  by a c y c l i c  t e r t i a r y  phosph ines  
(-62 t o  +60) ,  b u t  are  n o t  abnormal.  
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CYCLOADDITIONS WITH PHOSPHINES 

The phosphole  d imers  r e a c t e d  immediately w i t h  phenan th raqu inone  a t  
30°, g i v i n g  a cyc loadduc t  s p e c i f i c a l l y  a t  t h e  b r i d g i n g  P. The half- 
l i f e  of t h e  a d d u c t s  from syn i somers  w a s  o n l y  a few m i n u t e s ,  b u t  

P NMR s p e c t r a  cou ld  b e  o b t a i n e d  b e f o r e  t h e i r  decompos i t ion  by 
r e t r o c y c l o a d d i t i o n .  For example,  t h e  a d d u c t  from 1 ,3 -d ime thy l -  
phosphole  dimer had 6 +25.0 and +17.0 (Jpp=24.4).  
from anti i somers  are less crowded and have l o n g e r  h a l f - l i v e s  
( s e v e r a l  h o u r s ) .  The s t r a i n e d  phosphabicyclo[3.2.1]octene d e r i v a -  
t i v e s  11 and 13 a l s o  formed a d d u c t s  r a p i d l y ,  b u t  t h e s e  showed l i t t l e  
tendency t o  decompose a t  30".  The g r e a t  r e a c t i v i t y  a t  t h e  b r i d g i n g  
phosphorus,  a t t r i b u t e d  t o  t h e  s t r a i n  r e l i e f  i n v o l v e d  i n  a c h i e v i n g  
t h e  P ( V )  s t a t e  w i t h  t h e  o p p o r t u n i t y  f o r  a smaller bond a n g l e  (go" ,  
a p i c a l - e q u a t o r i a l )  w a s  obse rved  i n  a n o t h e r ,  unpreceden ted  r e a c t i o n .  
The P-methyl d imers  r e a c t e d  w i t h  d i e n e s  a t  120" t o  g i v e  e x c l u s i v e l y  
t h e  p r o d u c t s  of r e t r o c y c l o a d d i t i o n  of a P(V) a d d u c t ,  as i n  t h e  ex- 
ample below. 

3 1  

The a d d u c t s  

+ 

1 'CH 3 
CH3 

(80% c i s )  CH3 
I n  t h e  absence  o f  t h e  d i e n e ,  no decompos i t ion  o f  t h i s  dimer 
o c c u r r e d .  
r e a c t  w i t h  d i e n e s  under  t h e s e  c o n d i t i o n s .  

The less s t r a i n e d  phosph ines  11, 13, and 18 d i d  n o t  
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Table 1. Silane reduction of strained phosphine oxides. 

Oxide Reduction with HSiC13a Reduction with 8 3 1 ~  
HSiC13-2C5 H5N ' 1  - 

4 - 5a (nil) - 5b (100%) 

4 +25.5 (complex mixture) 

syn (32%) &- , anti (68%) 

CH3bp 

D 
l, ryn (31%) 
l3, anti (69%) 

15 syn (80%) p: anti (207.) 

(32%), 
13 (68%) 

(80%), n (20%) 

19 - 

- Pa, -3.4 
- 9 4  -15.1. -122 

( 3 ~ ~ ~ ~ 0 )  

1, +497 
l3, - 18.2 

15, -8.2 - v, -8.2 

- 19, -79 

19 - 18 

03-5equivolentr, refluxing benzene, 1-2 hr. bwith excess pyridine 
- 
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