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N O V E L  C H A I N  A N D  R I N G  POLYPHOSPHORUS COMPOUNDS 

M A R I A N N E  B A U D L E R  
I n s t i t u t  f i i r  A n o r g a n i s c h e  Chemie  d e r  U n i v e r s i t a t  
K o l n ,  G r e i n s t r a B e  6 ,  D-5000 K o l n  4 1 ,  FRG 

A b s t r a c t  Compounds w i t h  a s k e l e t o n  o f  p h o s p h o r u s  
c h a i n s  o r  r i n g s  h a v e  b e e n  r a r e  u n t i l  r e c e n t l y ,  a s  
t h e y  a r e  i n  g e n e r a l  h i g h l y  r e a c t i v e .  N e v e r t h e l e s s ,  
c o n s i d e r a b l e  p r o g r e s s  h a s  b e e n  a c h i e v e d  i n  t h i s  
f i e l d  l a t e l y ,  e s p e c i a l l y  r e g a r d i n g  t h r e e - m e m b e r e d  
p h o s p h o r u s  r i n g  compounds ,  m e t a l a t e d  p h o s p h o r u s  
h y d r i d e s  a n d  p o l y c y c l i c  o r g a n o p h o s p h a n e s .  

T H R E E - M E M B E R E D  PHOSPHORUS R I N G  COMPOUNDS 

I n  r e c e n t  y e a r s ,  numerous  triorganocyclotriphosphanes 
h a v e  become a c c e s g i b l e  a s  p u r e  s u b s t a n c e s  o n  v a r i o u s  
s y n t h e t i c  r o u t e s .  However ,  t h e  r e a c t i o n  b e h a v i o u r  o f  
t h e s e  compounds  h a s  o n l y  s c a r c e l y  b e e n  s t u d i e d .  

( R P ) 3  ( R  = i - P r ,  t - B u )  , r e a c t  w i t h  m e t a l  c a r b o n y l - t e =  
t r a h y d r o f u r a n  c o m p l e x e s ,  M ( C 0 )  THF ( M  = C r ,  W ) ,  y i e l d =  
i n g  t h e  n o v e l  m o n o n u c l e a r  a n d  2 i n u c l e a r  c y c l o t r i p h o s =  
p h a n e - c a r b o n y l m e t a f  c o m p l e x e s  (RP)  3 M  ( C O )  ( R  = i - P r  , 
t - B u ;  M = C r ,  W )  a n d  ( i - P r P )  [ C r ( C O )  ] , 3 j f s p e c t i v e l y .  
T h e i r  s t r u c t u r e s  h a v e  b e e n  e l u c i d a t e 3  8 y  P-NMR s p e c =  
t r o s c o p y  a n d  X- ray  s t r u c t u r e  a n a l y s i s .  T h e  P 3  r i n g  
f u n c t i o n s  a s  a 2- o r  a 4 - e l e c t r o n  d o n o r ,  r e s p e c t i v e l y ,  
and  i s  a l s o  b e h a v e s  a s  a n - a c c e p t o r  c o m p a r a b l e  t o  
Ph3P .  

r i n g  compound ( t - B u P )  S i  ( t - B u P )  h a s  b e e n  s y n t h e s i z e d  
by  c y c l o c o n d e n s a t i o n  of  K ( t - B u )  8 - P  ( t - B u )  K w i t h  s i l i c o n  
t e t r a c h l o r i d e .  The c r y s t a l l i n e  compound i s  f o r m e d  a s  a 
m i x t u r e  o f  two  i s o m e r s ,  w h i c h  c a n  be i s o l a t e d  s e p a r a =  
t e l y  a n d  w h i c h  d i f f e r  f r o m  e a c h  o t h e r  i n  t h e  r e l a t i v e  
a r r a n g e m e n t  o f  t h e  t r a n s - o r i e y t e d  t e r t - b u t y l  g r o u p s  a t  
t h e  two t h r e e - m e m b e r e d  r i n g s .  By h e a t i n g  
( t - B u P ) 2 S i ( t - B u P )  f o r  o n e  h o u r  a t  a b o u t  1 4 0  C ,  a d i m e =  
r i z a t i o n  o c c u r s  y i e l d i n g  t h e  new s i l a p h o s p h a n e  
( t - B u P )  S i  . I n  t h i s  d i s p i r o c y c l i c  compound a t h r e e - ,  
a f o u r -  a n 2  a f i v e - m e  b e r e d  r i n g  a r e  l i n k e d  by  two a d =  
j a c e n t  s i l i c o n  a t o m s .  

We h a v e  f o u n d  t h a t  triorganocyclotriphosphanes, 

The f i r s t  s p i r o c y c l i c  p h o s p h o r u s  t h r e e - m e m b e r e d  
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58 M. BAUDLER 

The s y n t h e s i s  of t h e  s p i r o c y c l i c  compound 
( t - B u P ) 2 C ( t - B u P ) 2  h a s  a l s o  b e e n  a c h i e v e d .  A s  a n  i n t e r =  
m e d i a t e  i n  t h e  r e a c t i o n  o f  K ( t - B u ) P - P ( t - B u ) K  w i t h  C C l  
t h e  d i p h o s p h i r a n e  ( t - B u P )  C C l z  h a s  b e e n  i d e n t i f i e d .  
L i k e  ( t - B u P )  S i ( t - B u P )  t i e  c a r b o n  s p i r o c y c l e  i s  a l s o  
f o r m e d  a s  a m i x t u r e  of  two s t e r i c  i s o m e r s ,  o f  w h i c h  t h e  
more  ? t a b l e  o n e  c o u l d  be i s o l a t e d  a s  c o l o r l e s s  c r y s =  
t a l s .  A c c o r d i n g  t o  t h e  r e s u l t s  o f  X- ray  s t r u c t u r e  a n a =  
l y s i s ,  t h e  e n d o c y c l i c  b o n d  a n g l e s  a r e  7 2  on  c a r b o n  a n d  
54O o n  p h o s p h o r u s .  

4' 

2 

0 

METALATED PHOSPHORUS HYDRIDES 

The  r e a c t i o n  o f  P H w i t h  n-BuLi  o r  LiPH i e l d s  t h e  
p o l y p h o s p h i d e  Li 6 4 a s  t h e  f i n a l  
compound p r e c i p i g a t e s ,  a r e d - o r a n g e  o i l  a p p e a r s  w h i c h  
c o n s i s t s  e s s e n t i a l l y  o f  L i  H P  O t h e r  i n t e r m e d i a t e s  of  
t h e  r e a c t i o n  a r e  t h e  h i g h l y  r e a c t i v e  m o n o l i t h i a t e d  
p h o s p h a n e s  L i H  P , LiH4P , a n d  L i H  P w h i c h  c jyuld  b e  
i d e n t i f i e d  a n d  s $ r u c t u r a ? l y  c h a r a c t e r i z e d  by  
s p e c t r o s c o p y .  F o r  i n s t a n c e ,  L i H  P i s  t h e  m o n o l i t h i u m  
s a l t  o f  c y c l o p e n t a p h o s p h a n e ,  P 2 D i l i t h i u m  h y d r o g e n  
h e p t a p h o s p h i d e  i s  a l s o  f o r m e d  i n  v a r i o u s  r e a c t i o n s  a n d  

p r o d u c ? . '  B e f o r e  t h i s  7 

2 7 '  

3 4 5 :  P-NMR 

5 5 '  

'ZH4 p284 \ - 11 PH3. 2 BuH /;3p, 

Li3p1 
+ H x  - LIX 2 L i H 4 P 5  0 - P2H4. P H 3  

/ip*2 - 2 PH3 \.... 
c a n  b e  i s o l a t e d  i n  t h e  p u r e  s t a t e .  L i k e  d i h y d r o b u l l =  
v a l e n e ,  t h e  P7H i o n  i s  c a p a b l e  o f  a d e g e n e  a t e  Cope  
r e a r r a n g e m e n t  b e t w e e n  two v a l e n c e  t a u t o m e r s .  

A t  room t e m p e r a t u r e  L i  HP7 d e c o m p o s e s  w i t h  t h e  
f o r m a t i o n  o f  d i l i t h i u m  h e x a i e c a p h o s p h i d e  , w h i c h  h a s  
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POLYPHOSPHORUS COMPOUNDS 59 

been characterized by its 31P-NMR spectrum.' This poly= 
phosphide is also abtained by the reaction of white 
phosphorus with LiPH2 (1.92:l) in boiling tetrahydro= 
furan. 

LiMe P Zhich can be converted by acetylacetone into 

Cl(t-Bu)P-P(t-Bu)C1 a cyclocondensation takes place 
yielding Li (t-Bu) P which subsequently gives 

6 

Li P reacts with methylbromide (1:2) to give 

dime3hyl-heptaphosphane 7' ( 3 )  , P7Me2H. With 

2 9' P (t-Bu) H. 9 2 

POLYCYCLIC ORGANOPHOSPHANES 

The structures of organo-substituted polyphosphorus 
compounds with condensed ring systems constitute the 
decisive key to understanding the complex structures 
of the polycyclic hydrides P H (n 2 4, m = 1-7), 
which because of their 
tallizability have not yet proved amenable to NMR or 
X-ray investigation. The breakthrough in the production 
of polycyclic organophosphanes on a preparative scale 
came with the discovery of i ected and generally ap= 
plicable synthetic methods. 

than 9 P atoms has been 3ynthesized and structurally 
characterized either by P-NMR spectroscopy or by X- 
ray structure analysis. Of particular interest are the 
triorgano-nonaphosphanes, PgR3, because of their marked 
thermal stability and tendency towards formation. Ac= 
cording to the spectroscopic findings, these compounds 
possess a P -skeleto% analogous to that o he hydro= 
carbon deltacyclane. Our results to date 
rized in Table I. Of particular interest are the find= 

1 ings in the series P R where besides the phosphorus 
skeleton with a structure analogous to noradamantane, 
an additional constitutional isomer of lower relative 
frequency could be detected, whose structure is analo= 
gous to the hydrocarbon brexane. The compounds P 
so far prepared do not possess a skeleton analogous to 
adamantane but exhibit a P -framework, which is built 
up by a norbornane unit ana0a five-membered ring linked 
by a common zero bridge. The polycyclic organophospha= 
nes of the formula PloR4, P l l R 5, PI2R4, and P 13R show 
very similar properties because of 
close structural relationships. All the compounds are 
formally derived from a central P - and Pg-group, re= 
spectively, b y  one or two additional two-atom bridges, 
giving new five-membered rings and therewith structures 
of relatively high thermodynamic stability. 

n n-2 low solubifities and poor crys= 

P,?  
A series of novel organophosphanes with 9 or more 

are summa= 9 ;5 , b  

9 5 '  

1 O R 6  

heir extreme?y 
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60 M. BAUDLER 

TABLE I New polycyclic organophosphanes 

I 1 I 

a ; komer mit noradamantan-analogem Gerust 
b: Isomer mit brexan - analogem Gerust 
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