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Abstract - The title compound war synthesized, and its structure 

and reactivity were studied. It shows a remarkable stability. 

The study of structure and reactivity of bicyclic phosphoranes led to interesting 

results. One of these is the opening of the bicyclic compound with borane di- 

methylsulfur (BH3.SMe2), compound 2 does not bear basic centers, however it reacts 

rapidly with the Lcwis acid to afford a very stable his-adduct of its tautarneric 

phenylphosphonite z ' '  (scheme I). Another result w a s  the fact that compound 1 is 

capable to exchange its hydrogen bonded to phosphorus with deuterium oxide. This 

exchange is catalyzed by para-toluensulfonic acid2 (scheme 1). 

Scheme I 

In order to understand more about these systems we decided to prepare the dibenzo- 

bicyclic phosphorane and to investigate the reactivity of this new structure 

with two Lewis acids BH3SMe2 and BH3THF, and the acidic character of the hydrogen 

bonded to phosphorus. 

The compound was prepared from reaction of 2,Zr-diphenolamine 5 and his-(dime- 

thylamino)-phenylphosphane (scheme 2). 

*To whom correspondence should be addressed 



Scheme 2 

A w h i t e  c r y s t a l l i n e  compound was o b t a i n e d  i n  90% y i e l d  w i t h  t h e  f o l l o w i n g  d a t a :  

'H NMR (TMS, CDCI3j 6 =  8 . 9  ( d ,  IH, JH.p= 769 Hz) ;  6 =  6 . 6 - 8  pprn (m, 1 3  HI. 3 1 ~  NMR 

(85% H3P04. DMSO) 6 =  - 3 7 . 4  pprn ( d ,  Jp.H= 769 Hz) .  

13c NMR - 4 - 1 

mMPoLWDs A m  1 - 2  - 3  - 4 5  - - 6 1 8  - - 9 - 10 
-- 

la 6 ppm; - 146.1 137  1 1 0 . 3  121 .6  120 .6  110 .7  c 1 2 9 . 9  1 2 8 . 7  131 .9  
J(Hr)= (4.8) (11) ( 1 9 . 6 )  (13 .3 )  ( 1 4 . 6 )  (3 .6 )  

qb 6 =  148.1 131.7  1 2 0 . 7  1 2 3 . 5  1 2 1 . 5  1 1 5 . 3  - 

a) I n  DMSO. b )  I n  C D C l  c )  Non a t t r i b u t e d .  
Mass sgec t rum M + =  307 .13 i62 .8 )  ; 23O(lOO) ; 201.2 ( 3 9 . 8 ) .  IR ( K B r )  vpH 2400 cm-', 
MP 113 C 

Compound 1 i s  s t a b l e  i n  t h e  p r e s e n c e  o f  w a t e r ,  opposed t o  t h e  b e h a v i o u r  o f  phospho- 

rane z. No deu te r ium exchange o f  t h e  hydrogen bonded t o  phosphorus  was o b s e r v e d  

i n  deu te r ium ox ide  even i n  p resence  o f  t r i e t h y l a m i n e  o r  p a r a - t o l u e n s u l f o n i c  a c i d .  

Treatment  o f  I w i t h  sodium h y d r i d e  f a l l o w e d  by methyl i o d i d e  i n  C H C 1 3  d i d  n o t  

s u b s t i t u t e  t h e  hydrogen bonded t o  phosphorus  by a methyl g roup .  These f a c t s  show 

t h a t  compound 1 has  a r emarkab le  s t a b i l i t y .  Compound 1 r e a c t s  i n s t a n t a n e o u s l y  and 

v i g o r o u s l y  w i t h  BH SMe2 t o  g i v e  3. B u t  n o  appreciable r e a c t i o n  o c c u r s  i n  48 h 
3 

between compound 1 and BH3SMe2. A f t e r  s even  days  a s m a l l  s i g n a l  (=2O%) o f  a P-BH 3  

group was d e t e c t e d  i n  "B nmr a t  6 =  -40 ppm. 

The r e a c t i o n  o f  w i t h  one  e q u i v a l e n t  o f  BH3THF i n  C H Z C l 2  showed a f t e r  two d a y s ,  

two smal l  b road  s i g n a l s  i n  "B nmr, b e s i d e s  t h e  one  o f  t h e  BH3THF, one a t  6 =  -40 

ppm c h a r a c t e r i s t i c  o f  a P+BH3 f u n c t i o n ,  and a n o t h e r  a t  -16 ppm a t t r i b u t e d  t o  a 

b o r a t e  p r o b a b l y  from a s l i g h t  decompos i t ion  o f  BH3T11F. A f t e r  one week some BHsTHF 
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( = z O B )  remained and t h r e e  s i g n a l s  were o b s e r v e d ,  one a t  -40 ppm ( - 3 5 % ) ,  a b r o a d  

s i n g l e  band a t  +17 ppm ( = l o % )  and a d o u b l e t  a t  + Z 6  ppm ( 3 5 % ;  J=  160Hr) ,  s i m i l a r  t a  

t h e  s i g n a l  o f  compound 9 d e s c r i b e d  e l s e w h e r e 3 ,  no N-BH? band was o b s e r v e d .  The 

3 1 ~  nmr o f  t h e  same r e a c t i o n  m i x t u r e  showed t h r e e  bands  a d o u b l e t  a t  -37 .4  ppm o f  

phospharane 1 ( - 2 0 % ] ,  a b road  s i g n a l  o f  a phosphorus  coup led  w i t h  boron a t  1143 ppm 
4 

(30%)  a t t r i b u t e d  t o  a borane  adduc t  o f  a pheny lphasphon i t e  s i m i l a r  t o  compound , 

a l s o  i t  was obse rved  a b road  d o u b l e t  a t  + I 0 5  ppm (J= 390 H i ,  4 5 % ) .  Th i s  d o u b l e t  

was coup led  w i t h  boron and w i t h  one hydrogen,  it was deduced t h a t  t h i s  s i g n a l  must 

b e l o n g  t o  a phosphorus  w i t h  a b o r a n e ,  a hydrogen ,  a phenyl  p l u s  a n o t h e r  s u b s t i t u e n t  

a s  oxygen o r  n i t r o g e n ,  t h e  c o u p l i n g  c o n s t a n t  c o r r e s p o n d s t o  a t e t r a c o o r d i n a t e d  phos -  

p h o r u s ,  we c o u l d  n o t  f i n d  i n  t h e  l i t e r a t u r e  t h e  nmr s p e c t r a  o f  o t h e r  s i m i l a r  phos-  

phorus  compound t h a t  c o u l d  h e l p  u s  t o  s u p p o r t  t h e  a s s i g n m e n t ,  b u t  i n  b a s e  of nmr 

d a t a  w e  p ropose  two s t r u c t u r e s ,  5 and 1 f o r  t h e  p r o d u c t s  of t h e  r e a c t i o n  a f  'om 

pound - 1 w i t h  BH3THF i n  CHZCIZ (scheme 31. 

C H -p\ 
6 5  \ o 

1 + H3B-THF - - 

C6% pn2 + 
P 6r -123  p p m ( t 1  m~ 6 = + 2s p p m  and 

o ( J ~ - ~  = 199 H Z )  + i s  P P ~  

Scheme 3 



The r e a c t i o n  mix tu re  o f  1 w i t h  BH3THF was e v a p o r a t e d  under  vacuum, i t  a f f o r d e d  a 

w h i t e  powdered s o l i d  wich was d i s s o l v e d  a g a i n  i n  a s o l v e n t  mix tu re  o f  methylene 

c h l o r i d e  and DMSO, t h e  l lB  and 3 1 ~  s p e c t r a  were r e c o r d e d  a g a i n ,  3 1 ~  nmr spec t rum 

showed t h a t  t h e  r e a c t i o n  m i x t u r e  was c o n v e r t e d  t o  phosphorane 1 i n  = 8 5 - g o % ,  some 

o t h e r  s i g n a l s  appeared b u t  none o f  them showed boron-phosphorus  c o u p l i n g  i n d i c a t -  

i n g  t h a t  t h e  borane  was l o s t  by vacuum e v a p o r a t i o n ,  one o f  t h e s e  s i g n a l s  ( - 1 2 3  

ppm, J= 199Rz; =8-10%)  was phenylphosphine and o t h e r  two a t  125 ppm and +15  ppm 

( 2 - 4 5 )  c o u l d  be  a t t r i b u t e d  t o  same phosphona tes .  The "B nmr spec t rum showed t h a t  

t h e  P - B H 3  and B-H s i g n a l s  have d i s a p p e a r e d  and o n l y  a b o r a t e  s i g n a l  was obse rved  

a t  + l a  ppm p r o b a b l y  due t o  a s m a l l  decompos i t ion  o f  b o r a n e .  

The a n a l y s i s  o f  t h e  above r e s u l t s  l e t s  u s  t o  assume t h a t  t h e  four c y c l e s  o f  com- 

pound must be  c o p l a n a r  due t o  s t e r i c  s t r a i n  o f  t h e  sys tem which can be  e a s i l y  

shown w i t h  Dre id ing  models .  T h i s  p l a n a r  confo rmat ion  a l l o w s  a s t r o n g  d e l o c a l i s a -  

t i o n  o f  t h e  n i t r o g e n  e l e c t r o n  p a i r  w i t h  t h e  n sys tem of t h e  benzo s u b s t i t u e n t s  and 

toward t h e  empty d  o r b i t a l  o f  t h e  phosphorus  atom. The n i t r o g e n - p h o s p h o r u s  dana-  

t i o n  i s  w e l l  a d m i t t e d  a s  t h e  involvement  o f  t h e  n i t r o g e n  l a n e  p a i r  i n t o  n bond ing  

5  t o  t h e  n - a c i d  phosphorus  atom . I n  phosphoranes  i t  i s  known t h a t  e q u a t o r i a l  n i t r a -  

gen can be  r e t r o c o o r d i n a t e d  t o  phosphorus  when i t  a d o p t s  a t r i g o n a l  geometry  c o -  
b 

p l a n a r  w i t h  t h e  a x i a l  phosphorus  s u b s t i t u e n t s  . This  n bonding must be p a r t i c u l a r -  

l y  f a v o r e d  i n  compound 1 because o f  i t s  b i c y c l i c  s t r u c t u r e .  The r e c e n t l y  r e p o r t e d  

X- ray  s t r u c t u r e  d e t e r m i n a t i o n  o f  a b i c y c l i c  t h r e e  c o o r d i n a t e d  phosphorus  11 can- 

t a i n i n g  two e t h y l e n i c  i n t r a c y c l i c  p a t t e r n s ,  shows a p l a n a r  confo rmat ion  which i s  

7 an  argument f o r  t h e  proposed p l a n a r  s t r u c t u r e  o f  compound 1 . 

Another  e x p e r i m e n t a l  r e s u l t  i n d i c a t i n g  t h e  h i g h  s t a b i l i t y  a f  t h i s  b i c y c l i c  phos -  

phorane i s  t h e  mass spec t rum a n a l y s i s  o f  1 where t h e  b a s e  peak c o r r e s p o n d s  t o  

s t r u c t u r e  g, t h e  s i m i l a r  s t r u c t u r e  was n o t  t h e  base  peak i n  t h e  f r a g m e n t a t i o n  o f  

phosphorane 2. 
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Also  t h e  n i t r o g e n  e l e c t r o n s  d o n a t i o n  t o  phosphorus  promoted b y  t h e  c o p l a n a r i t y  o f  

compound 1 can a c c o u n t  t h e a b s e n c e o f  deuter ium-hydrogen e x c h a n g ~  of t h e  hydrogen 

bonded t o  phosphorus ,  even i n  t h e  p r e s e n c e  o f  b a s e ,  t h e  phosphorane s t r u c t u r e  must 

be  e x t r e m e l y  s t a b l e  and r u l e  o u t  any e q u i l i b r i u m  w i t h  an  open phosphon i t e  form as 

f o r  L. The n d e l o c a l i s a t i o n  c a n  be  observed i n  13c nmr, i t  shows f a r  ca rbon  2 ,  

b inded  t o  n i t r a g e n , o f  compound 1 a f i v e  ppm downf ie ld  s h i f t  compared w i t h  t h e  same 

carbon i n  d ipheno lamine  4, t h i s  s h i f t  i n d i c a t e s  an e l e c t r o n  d e f i c i e n c y  i n  carbon 2 

caused  by a t t r a c t i o n  towards  t h e  n i t r o g e n  atom. 

The b o r a n e  c a o r d i n a t i a n  have been used  as a t e s t  f o r  t h e  d e t e r m i n a t i o n  of t h e  

8 b a s i c  c e n t e r s  i n  m o l e c u l e s  and a l s o  f o r  t h e  degree  o f  N - P  e l e c t r o n  d o n a t i o n  . 

I n  t h i s  c a s e ,  t h e  low r e a c t i v i t y  o f  phosphorane i w i t h  borane  can be a t t r i b u t e d  

t o  an absence o f  b a s i c  s i t e s  i n  1 and t o  t h e  h i g h  s t a b i l i t y  of compared t o  i t s  

tau romers  13 and 14 (no one o f  them was obse rved  i n  3 1 ~  nmr o f  1). 



A d d i t i o n  of borane  d i d  n o t  g i v e  N-BH3 a d d u c t s ,  o n l y  t h e  P-BH3 mono-adducts and 

7  o f  t a u t o m e r s  13 and 14 were obse rved .  I t  i s  remarkable  t h a t  compounds 6 and 1 - 

can e a s i l y  a f f o r d  t h e  phosphorane by l o s s  o f  BH3 moie ty .  T h i s  phenomenon shows 

t h e  e x t r a o r d i n a r y  s t a b i l i t y  o f  phasphorane 1 compared w i t h  i t s  opened pheny lphos -  

p h o n i t e  t a u t o m e r s .  
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