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Px - HUCKEL SYSTEMS AS COMPLEX LIGANDS 

0 .  J .  SCHERER, I. BACH, J.  SCHWALB, H. SITZMANN, G. WOL- 
MERSHhUSER 
Fachbere ich Chemie, U n i v e r s i t a t  K a i s e r s l a u t e r n  
D-6750 K a i s e r s l a u t e r n ,  Germany 

W .  K A I M ,  R. GROSS 
I n s t i t u t  fur Anorganische Chemie, U n i v e r s i t a t  F r a n k f u r t  
D-6000 F r a n k f u r t ,  Germany 

A b s t r a c t  Recent developments i n  t h e  chemis t r y  o f  [CpMo- 
( p , q  6 -P6)MoCp], [Cth(p,q5-P5)CrCp]  and [C~,Co2(P4)] a r e  

discussed. 

* 
* * 

“ 5  The i n t e r a c t i o n  o f  [C;(CO)2M]2(MzM), M = C r ,  Mo, Cp = Q -C5Me5, 
* 3 and w h i t e  phosphorus a f f o r d s  bes ide [ C P ( C O ) ~ M ( ~  -P3) ]  (I), 

[ { Ci(CU) 2Mo} 2 ( p  ,q2-P2) ] ( 2  ) , [ CF(CO)Mo( p ,  q2-P2) ] , (2) t h e  t r i p l e -  

decker sandwich cornplexes-4a ’ and _S 

I n  2 (Cp i n s t e a d  o f  Cp) t h e  P2 u n i t  o f  t h e  Ivio2P2 t e t r a h e d r a n e  can 

f u r t h e r  c o o r d i n a t e  as 4 - e l e c t r o n  donor t o  t h e  Re2(C0)6(p-Br)Z 

fragment . 
ESR and magnet ic s u s c e p t i b i l i t y  ( p  = 2 . 0 7 ~ 8 )  

t h e  paramagnetism o f  b, which i s  a d e l o c a l i z e d  mixed-valence 

2 C H - )  b r i d g e  4 5  complex ( d  I d  

between two e q u i v a l e n t  chromium cen t res .  S u i t a b l e  educts  f o r  

[ { ( q  -C5H4R)CrI2(p,q -P5) ] ,  R = H (gb_, -- 31P{1H}: -285(s) ) ,  CH3 

(gc_, -283( s )  1, CH2C6H5 (id=, -280( s )  ) , a r e  t h e  d i n u c l e a r  compounds 

2 ,  a d i n u c l e a r  complex, f o r  which a s t r u c t u r e  c o n s i s t i n g  o f  two 

2 . 
4+ -- - 

- 

3 

s t u d i e s  c o n f i r m  

- -- 
5- (P5 5 5  system) wi th a cyclo-P 

5 5 

[ - -5  (Q -C,H,R)(CO),Cr],(Cr-Cr). 

- 
P Mo t e t r a h e d r a  ( c f .  6 )  with a common Mo-Mo edge and c i s  arrange- 

ment o f  t h e  Cp and CO i i g a n d s  was proposed 2, has been cha rac te r -  

i z e d  as i t s  d e r i v a t i v e  6 .  

2 2  * 

- 
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t 

3 - = CH 

Mo 

+b P 

P 
/,- p\ 

P \.-' / p-rp 
Mo +- 

1 
4a -- 2 2 

27 VE; 31P{1H): -290.5(s)  

P-P = 2.15-2.21(2) a 
Cr-Cr = 2.727(5) 8 

28 VE; 31P{1H}: -315.6(s)  

P-P = 2.167-2.175(3) 1 
Mo-MO = 2.647(1) 1 

= 0.07; Ered = -0.97 V 
EOX 

- 
- 2 thf 

The X-ray structure de termina t ion  o f  6 shows t h e  

t o  be coplanar  i n  a t r a p e z o i d a l  arrangement.  While 

P-P d i s t a n c e s  (2 .063(5)  and 2.071(5)  8)  l i e  i n  t h e  

- (P2)2 u n i t  

t h e  bonding 

expected range, 
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t h e  P...P d is tances  a r e  q u i t e  d i f f e r e n t .  2.849(5) a was found 

f o r  t h e  " s h o r t "  s i d e  and 3.959(5) a f o r  t h e  " long"  s i d e  (P-atoms 

coord ina ted  t o  Cr(C0)5)  o f  t h e  P4 t r a p e z o i d .  These r e s u l t s  a re  

i n  good agreement wi th  recent  ab i n i t i o  c a l c u l a t i o n s  f o r  t h e  

t r a n s i t i o n  s t a t e  (DJh) o f  t h e  cyclo-P6 fo rmat ion .  

I f  P2 can be considered as an ace ty lene analogue (P i s  i s o e l e c t r o -  

n i c  wi th CH), then a cyclo-P6 (hexaphosphabenzene) s y n t h e s i s  i s  

p o s s i b l y  an analogue o f  the  Reppe benzene s y n t h e s i s  ( 3  P * P 2 6 '  
c f .  a l s o  r e f .  6 ) .  Evidence f o r  t h i s  hypothes is  comes from t h e  

f i n d i n g  t h a t  the  t r i p l e - d e c k e r  can d i r e c t l y  be formed by t h e  

co thermolys is  o f  

ment o f  t h e  two CO l i g a n d s  by t h e  t h i r d  P2 u n i t ) .  

A s t i l l  unsolved problem i s  t h e  s t r u c t u r e  o f  I which has been 

synthes ized accord ing t o  the  equat ion:  

- 
( c f .  compound 6 )  and w h i t e  phosphorus ( r e p l a c e -  - - 

- 

P4, toluene 

ca. l l O ° C ,  ca. 24 h 
. [ C ~ ~ C O ~ ( P ~ )  I 

* 5  
Cp = -C 5 5  Me I - 

Elemental  a n a l y s i s  and mass spectrum [ (EI-MS170 eV, 25OC): m/z 

512 (M+, 100 ?A)] c o n f i r m  t h e  composi t ion o f  I ,  t h a t  can be i s o l a -  

t e d  i n  ca. 30 b y i e l d  as b lack  m i c r o c r y s t a l l i n e  powder, r e a d i l y  

s o l u b l e  i n  pentane and toluene, moderately s o l u b l e  i n  e t h e r  and 

a c e t o n i t r i l e .  The 31P{1H}-NMR spectrum a f f o r d s  (even a t  ca. -8OOC) 

a sharp s i n g l e t  ( 6  = -17 ppm, 25OC, CD2C12, 85 X H PO 

'H-NMR (200 MHz, C6D6, TMS i n t . ) :  q u i n t e t  a t  1.65 ppm ( J(PH) = 
0.6 Hz) .  C y c l i c  voltammetry measurements ( i n  CH2C12 or  DMF) gave 

an i r r e v e r s i b l e  one-e lect ron o x i d a t i o n  s tep  ( E  = + 0.3 V) . 
ESR s p e c t r o s c o p i c a l l y  no evidence f o r  paramagnetism was found . 

- 

e x t . ) .  
4 4  

7 

7 ox 
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The most probable s t r u c t u r e  a l t e r n a t i v e s  f o r  2 are:  

a)  The 32 VE (va lence e l e c t r o n s )  t r i p l e - d e c k e r  [CpCo(p,r14-P,)- 

CoCp] with cyclo-P4 (Co+, d ), the  a l l -phosphorus analogue o f  

cyc lobutadiene,  or cyclo-P4 (Co2+, d ) as t h e  "middle deck" 

( c f .  the  MU s t u d i e s  o f  complexes c o n t a i n i n g  t h e  M2(C0)6 or  M2Cp2 

b i n u c l e a r  t r a n s i t i o n - m e t a l  fragment bonded t o  cyc lobutadiene or  

other  l i g a n d s  '). 

b )  [CpCo(p,r12-P ) CoCp] with two 4-e lec t ron  donor P2-br idges be- 

tween t h e  c o b a l t  atoms (18 VE f o r  each Co). 

- *  
* 8 

2- 7 

* * 
2 2  
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