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Structure and reactivity of rhodium(l1) complexes 

F l o r i a n  P. P r u c h n i k  

I n s t i t u t e  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  Wroc law,  1 4  J o l i o t  
C u r i e  S t r e e t ,  50-383 Wroc taw,  P o l a n d  

A b s t r a c t  - Complexes c o n t a i n i n g  t h e  R h 2 4 +  c o r e  a r e  e x t e n s i v e -  
l y  i n v e s t i g a t e d  b o t h  f r o m  t h e  t h e o r e t i c a l  and  p r a c t i c a l  p o i n t s  
o f  v i e w .  P r o p e r t i e s q + r e a c t h y i t y  and 5 i e c t r o n i c  s t r u c t u r e  o f  
comp lexes  w i t h  Rh , Rh2 and  Rh2 : [Rh2X ( 0 0 C R ) 2 ( N - N ) 2 ] n  
and  [Rh2(00CR)4]  
c o n f i r m e d  t h e  r e a s o n a b l e  s t a b i l i t y  o f  CRh2(00CR)41 compounds. 
The e f f e c t  o f  a x i a l  and e q u a t o r i a l  I i g a n d s  on  e l e c t r o n i c  
s t r u c t u r e  o f  comp lexes  and  on s t a b i l i t y  o f  t h e  Rh-Rh bond  was 
i n v e s t i g a t e d .  A s s i g n m e n t  o f  t h e  p ( R h - R h )  s t r e t c h i n g  f r e q u e n -  
c y  i s  d i s c u s s e d  on t h e  g r o u n d  o f  t h e  n o r m a l  c o o r d i n a t e  a n a l y -  
s i s  and p o t e n t i a l  e n e r g y  d i s t r i b u t i o n  c a l c u l a t i o n s .  The r e d o x  
r e a c t i o n s  o f  comp lexes  u n d e r  s t u d y  were  examined .  T h e i r  c a t a -  
l y t i c  p r o p e r t i e s  i n  r e d u c t i o n  r e a c t i o n s  o f  o l e f i n s  and  k e t o -  
n e s  were  i n v e s t i g a t e d .  The mechan ism o f  f o r m a t i o n  o f  c a t a l y -  
t i c a l l y  a c t i v e  comp lexes  i s  d i s c u s s e d .  

? n = 1 , 0 , - 1 )  a r e  d i s c u s s e d .  T2e c a l c u l a t i o n s  

INTRODUCTION 

The c h e m i s t r y  o f  r h o d i u m  i s  among t h e  mos t  d i v e r s e  o f  a l l  t h e  t r a n s i t i o n  me- 
t a l s  and  i s  b e i n g  v i g o r o u s l y  i n v e s t i g a t e d  a t  t h e  p r e s e n t  t i m e .  The mos t  com- 
mon o x i d a t i o n  s t a t e s  o f  r h o d i u m  a r e  +I and + 3 .  The monomer i c  r h o d i u m ( l 1 )  com- 
pounds a r e  u n s t a b l e ,  c o n t r a r y  t o  t h e  d i m e r i c  r h o d i u m  comp lexes  c o n t a i n i n g  
t h e  r h o d i u m - r h o d i u m  bond .  Among them t h e  mos t  
c a r b o x y l a t e s  and t h e i r  a n a l o g s .  The s t u d i e s  o f  t h e s e  compounds l e d  t o  t h e  c r e -  
a t i o n  o f  c h e m i s t r y  o f  t h e  new o x i d a t i o n  s t a t e s  o f  t h e  o t h e r  p l a t i n u m  m e t a l s ,  
t h a t  i s ,  R u ( I ) ,  Os(I), P t ( l I I ) .  The d e v e l o p m e n t  o f  c h e m i s t r y  o f  t h e  r h o d -  
i u m ( I I )  d i m e r s  o b s e r v e d  r e c e n t l y ,  i s  due t o  t h e  i n t e r e s t  i n  t h e  t h e o r y  o f  t h e  
e l e c t r o n i c  s t r u c t u r e  o f  c l u s t e r s  w i t h  t h e  s i n g l e  m e t a l - m e t a l  bond ,  t h e i r  s p e c -  
t r o s c o p i c  p r o p e r t i e s  and  r e a c t i v i t y  as w e l l  as t h e i r  p o s s i b l e  p r a c t i c a l  a p p l i -  
c a t i o n s  ( r e f .  1 - 3 ) .  B i n u c l e a r  r h o d i u m ( l 1 )  comp lexes  a r e  e f f e c t i v e  c a t a l y s t s  
i n  r e d u c t i o n  o f  o l e f i n s  and k e t o n e s  and  i n  o x i d a t i o n  o f  a l k e n e s  and a l k y l - a r o -  
m a t i c  h y d r o c a r b o n s ;  t h e y  a l s o  c a t a l y z e  t h e  r e a c t i o n s  o f  t h e  d i a z o  compounds 
w i t h  RXH (X=O,S,NH) and  w i t h  o l e f i n s  t o  p r o d u c e  c y c l o p r o p a n e  d e r i v a t i v e s .  
They a r e  t h e  c a t a l y s t s  o f  s i l y l a t i o n ,  o f  t h e  p h o t o c a t a l y t i c  d e c o m p o s i t i o n  o f  
w a t e r ,  e t c .  The r h o d i u m ( l 1 )  c a r b o x y l a t e s  R h 2 ( 0 0 C R l 4  a r e  a l s o  t h e  mos t  p r o m i -  
s i n g  a n t i t u m o r  compounds. 

The m a j o r i t y  o f  t h e  r h o d i u m ( l 1 )  comp lexes  c o n t a i n s  b r i d g e  I i g a n d s ,  mos t  f r e -  
q u e n t l y  t h e  c a r b o x y l a t e  I i g a n d s  [Rh2( l -OOCR) L ] where L i s  t h e  L e w i s  b a s e .  
The compounds c o n t a i n i n g  e i t h e r  
( P Y ) ~ ] C F S O ~ ,  ( r e f .  4 ) ,  CRh X,(OOCR) ( ~ h e l ) ~ ]  ( X = C I ,  B r ,  I , ;  R = H,6le, CH?OH)- 
C6H5; c h e l = 2 , 2 - b i p y r i d i n e  ? b p y ) ,  l , ? O - p h e n a n t h r o l  i n e  ( p h e n )  and i t s  d e r i v a -  
t i v e s )  ( r e f .  5 - 9 ) ,  o r + n o t  c o n t a i n i n g  b r i d g e  I i g a n d s ,  e . g . :  CRh2(dmg)41 
( r e f .  I - 3 ) ,  CRh L l 4  ( r e f .  4 , 1 1 )  a r e  a l s o  known. The Rh-Rh bond  l e n g t h  de-  
pends upon  t h e  $u%er and  p r o p e r t i e s  o f  t h e  b r i d g e  I i g a n d s .  F o r  comp lexes  
w i t h  4 b r i d g e  I i g a n d s  t h e  v a l u e  o f  bond  l e n g t h  l i e s  i n  t h e  l i m i t s  f r o m  2 3 5 . 9  
pm f o r  Rh ( m h p ) 4  (mhp = 2-oxy-6-methylpyridinate) 
( H  0)2]. ?n t h e  comp lexes  w i t h  two RCOO b r i d g e s  t h e  Rh-Rh d i s t a n c e  ? s  255$  
262 pm ( r e f .  9 , 1 2 , 1 3 ) ;  
f o r  R h 2 ( C 2 2 H 2 2 N 4 ) 2  * 3C6H6 t o  293 .6  pm f o r  [ R h 2 ( d m g ) 4 ( P P h 3 ) 2 J  * C3H70H*  H20.  

The Rh-Rh bond  i n  a l l  r h o d i u m ( l 1 )  d i m e r s  i s  now assumed t o  be s i n g l e ,  a l -  
t h o u g h  t h e  d i s t a n c e  b e t w e e n  t h e  r h o d i u m  atoms was f o u n d  t o  v a r y  w i t h i n  v e r y  
b r o a d  l i m i t s .  T h i s  was c o n f i r m e d  b y  t h e  e x t e n d e d  HGckel ( r e f . 1 4 ) ,  SCs-Xf-Sb) 
( r e f .  1 5 )  and ab i n i t i o  ( r e f .  1 6 , 1 7 )  c a l c u l a t i o n s ,  w h i c h  gave  t h e  6 J'i b 

i m p o r t a n t  a r e  t h e  R h 2 ( 0 0 C R ) 4  

lower  n u m b e r 4 0 f  & r i d g e s ,  e . g . :  CRh (OAc)  - 

t o  249 pm f o r  CRh ( H  PO ) 

i n  t h e  b r i d g e - f r e e  compounds i t  changes f r o m  262.5 pm 
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&*2E*4,62a462n*44*2 and  3462JT'*44*2g2 e l e c t r o n i c  c o n f i g u r a t i o n s .  The 
r e s u l t s  i n d i c a t e  t h a t  t h e  e l e c t r o n i c  s t r u c t u r e  depends on t h e  n a t u r e  o f  n o t  
o n l y  a x i a l ,  b u t  a l s o  o f  o t h e r  I i g a n d s .  Somewhat d o u b t f u l  i s  a l s o  t h e  a s s i g n -  
ment, o f  t h e  g ( R h 2 )  s t r e t c h i n g  y j b r a t i o n ,  w h i c h  was e s t i m a t e d  t o  b e  a b o u t  300 
cm ( r e f . 1 8 )  o r  as 150 -180  cm ( r e f . 1 9 , 2 0 ) .  

THE STRUCTURE OF Rh*X2(00CR)2(N-N)*  COMPLEXES 

I n  o r d e r  t o  g a i n  some a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  p r o p e r t i e s ,  s t r u c t u r e  
and  r e a c t i v i t y  o f  t h e  R h ( I I )  c o m p l e x e s ,  we have  s t u d i e d  t h e  R h 2 X 2 ( 0 0 C R ) 2 ( N - N ) 2  
d i m e r s  (1 : X = C I ,  R=H, N-N=bpy;  2: C I ,  H ,  phen;  3 :  B r ,  H, phen ;  4 :  CI ,Me ,  

phen ;  1 0 :  C I ,  CH(OH)Ph, b p y ;  11: B r ,  CH(OH)Ph, b p y ;  12: I ,  CH(OH)Ph, b p y ;  
- -  13:  CI;-CH(OH)Ph, phen;  1 4 :  B r ,  CH(OH)Ph, phen ;  15 :  I ,  CH(OH)Ph, p h e n )  and 

- b p y ;  5 :  B r ,  Me, b p y ;  6 :  I ,  Me, b p y ;  I :  C I ,  Me, phen;  8 :  B r ,  Me, phen ;  9 :  I,Me 

Rh (OOCR) ( H  0 )  (16; R=H; :I: R=Me; 18: 
R=EH(OH)Pk)  f r e 8 . 5 - 7 6 )  .The exchange  o f  
b o t h  a x i a l  and  e q u a t o r i a l  ones ,  a l l o w s  t h e  e l u c i -  
d a t i o n  o f  t h e  r e l a t i o n  b e t w e e n  t h e  p r o p e r t i e s  o f  
comp lexes  and  t h e  n a t u r e  o f  I i g a n d s  and  t h e  compa- 
r i s o n  o f  t h e  p r o p e r t i e s  o f  comp lexes  u n d e r  t h e  
s t u d y  w i t h  t h o s e  o f  Rh (OOCR)4 comp lexes .The  s t r u -  
c t u r e  o f  comp lexes  w i t 2  two c a r b o x y l a t o  I i  ands 
i s  shown i n  F i  .I. The Rh-Rh d i s t a n c e  f o r  YRh C12-  
(OOCH) ( p h e n )  7 ( r e f . 5 , 9 ) ,  [Rh C I  (OOCH) ( b p y ?  1. 

X- X 4H 0 ? r e f . 9 , $ 1 ) ,  ( R h  C I  (OOCC&(O&)C H ) 2 ( b p y ) E i s  
6 H 2 6 ( r e f  .22), [ R h 2 ( 0 A 2 ) 2 f p h e n )  (m id . )6 ]?C?0  ) 2  
( m i d  = N - m e t h y l  i m i d a z o l e )  ( r e f  . ? 3 ) ,  [ R g 2 ( 0 A c f 2 -  
( 3 , 4 , 7 , 8 - M e  p h e n )  ( m i d )  ] ( C 1 0 4 ) 2  ( r e f .  1 3 )  and  
[ R h 2 ( 0 A c )  ( $ m g ) 2 ( 6 P h  ) f - H 2 0 ( s e e  r e f .  1 - 3 )  a r e  
e q u a l  t o  $ 5 7 . 6  pm, 227?8 pm, 257.0 pm, 2 5 5 . 6  pm 
2 5 6 . 4  pm and 261 .8  pm, r e s p e c t i v e l y .  

The Rh-0  d i s t a n c e  a r e  somewhat l o q g e r  ( u p  t o  4 pm) 

I i g a n d s ,  

0 

F i g . 1 .  S t r u c t u r e  o f  t h e  
[Rh2X2 (OOCR) (N-N) 2 ]  
c o m p l e x e s .  

t h a n  i n  [Rh2(00CR) 3 c o m p l e x g s ,  w h i l e  t h e  Rh-CI d i s t a n c e  i s  by  7 - 9  pm s h o r t e r  
t h a n  i n  t h e  [ R h 2 ( 0 6 ~ e ) 4 ~ ~ 2 ]  
w i t h  two b r i d g e s  exceed  b y  c a .  17 pm t h o s e  i n  t h e  a p p r o p r i a t e  [Rh2(00CR)4 ]  
t e t r a c a r b o x y l a t e s .  I n  o r d e r  t o  e l u c i d a t e  t h e  e l e c t r o n i c  s t r u c t u r e  o f  [Rh2X2- 
(OOCR) (N-N)  ] (N -N=bpy ,  p h e n )  comp lexes ,  and t o  compare i t  w i t h  t h e  s t r u c -  
t u r e  o?  Rh2(6OCRl4  compounds, we have  p e r f o r m e d  t h e  c a l c u l a t i o n s  o f  t h e  e l e c -  
t r o n i c  s t r u c t u r e  o f  comp lexes  1 6 ,  [ 5 b 2 X  (OOCH)2(HN=CH-CH=NH) 1 ,  ( X  = C I ,  B r ,  
I )  and [Rh2(OOCH)2(HN=CH-CH=NH)2L2] (2 = H20 ,  NH3, PH3, As&,] b y  t h e  Fen-  
s k e - H a l l  m e t h o d  ( r e f . 2 3 ) .  F o r  diaquatetrafgrmtto$irhgdluT(II) t h e  f o l l o w i n g  
m o l e c u l a r  o r b i t a l s  sequence was a c h i e v e d : d  6 5 *  F* ( r e f .  2 4 ) ,  t h a t  

TABLE 1. Some u p p e r  v a l e n c e  e n e r g y  l e v e l s  ( e V )  and c h a r g e  d i s t r i b u t i o n s .  

d i m e r .  The Rh-Rh bond  l e n g t h s  i n  comp lexes  

D4h e n e r g y  % c h a r g e  
I eve  I 2Rh I i g a n d s  

5a - 1 1 . 2 5  77 23 

-10 .73  8 1  19 

- 9.96 9 1  9 

2b - 7.80 75 25 

ci l g  

% 
2Sb2g 

6" l u  

6 * 2 U  

5 e  - 7.76 90 10 

4a - 2.39 82 18 

0.36 68 32 

P g  

0 . 4 8  64 36 
2kKo 

Rh2C12(OOCH)2(C2N2H4)2 

:2v e n e r g y  % c h a r g e  
I eve  I 2Rh I i g a n d s  

13al - 1 3 . 9 6  57 43 

14al -12 .84  54 46 
d 

3-i 
-12 .33  7 1  29 

13bl -11 .29  45 55 z* 
l z a l  - 1 0 . 6 1  75 25 

' 2 2  

15bl - 9 .33  68 32 
b* 
I l a 2  - 9.16 50 50 >y* 
18a - 7.33 17 83 
x* N? 

3" Ni! 
16b - 6 . 5 1  24 76 

17bl - 2.85 63 37 
b* 

Rh2Br2 (OOCH)2(C2N2H4)2  

C2v  e n e r g y  % c h a r g e  
I eve  I 2Rh I i g a n d s  

13al - 1 3 . 0 4  64 36 
d 
14al -12 .54  56 44 
7c 
I l b 2  -12 .00  7 5  25 
JT 

13bl -10 .86  63 37 
n* 
15al - 1 0 . 4 3  76 24 
d 

10a2 - 1 0 . 3 1  46 54 
J7* 

5* 
15bl - 9 .10  6 2  38 

18a - 7.03 15 85 
5*N? 

Z*N? 
16b - 6 .29  24 76 

17bl - 2.97 60 40 
6* 
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i s  t h e  same as t h a t  o b t a i n e d  b y  t h e  e x t e n d e d  HGckel  ( r e f .  1 4 )  and ab i n i t i o  
SCF/CI ( r e f .  1 7 )  m e t h o d s .  The o b t a i n e d  e n e r g y  v a l u e s  o f  6' and  P* o r b i t a l s  
a r e  o n l y  s l i g h t l y  d i f f e r e n t ,  l i k e  i n  t h e  c a s e  o f  t h e  o t h e r  me thods  ( r e f . 1 4 ,  
1 5 , 1 7 1 .  The 1 , 4 - d i a z a - 1 , 3 - b u t a d i e n e  m o l e c u l e ,  l i k e  t h e  2 , 2 ' - b i p y r i d i n e  o n e , c o n -  
t a i n s  t h e  c o n j u g a t e d  s y s t e m  o f  d o u b l e  bonds N=C-C=N, and t h u s  t h e  r e s u l t s  o f  
c a l c u l a t i o n s  f o r  comp lexes  w i t h  HN=CH-CH=NH and  2 , 2 - b i p y r i d i n e  s h o u l d  be s i -  
m i l a r .  S u b s t i t u t i o n  o f  two f o r m a t o  I i g a n d s  b y  two HN=CH-CH=NH m o l e c u l e s  r e -  
moves t h e  d e g e n e r a c y  o f 4 F ( R h - R h )  and S?*(Rh-Rh) o r b i t a l s .  Be tween  t h e  A* and  
f *  o r b i t a l s  o f  t h e  Rh2 c o r e  t h e r e  a r e  t h e  e m p t y f l *  o r b i t a l s  o f  t h e  d i e -  
ne I i g a n d ,  w i t h  c o n s i d e r a b l e  c o n t r i b u t i o n  o f  d;r o r b i t a l s  o f  r h o d i u m .  T h i s  
i s  i n d i c a t i v e  f o r  t h e  Z - a c c e p t o r  p r o p e r t i e s  o f  1,4-diaza-1,3-butadiene. 
The b o n d i n g  L , B ,  6 o r b i t a l s ,  as we1 I as t h e  a n t i b o n d i n g K * ,  F * ,  5 "  o r b i t a l s  
i n t h e  [Rh2X2 ( OOCH) (HN=CH-CH=NH) 2 ]  comp I exe s con  t a i n cons i d e r  ab I e con  t r i - 
b u t i o n s  o f  I i g a n d  o r b i t a l s ,  as compared w i t h  [Rh2(00CH) ( H  O ) , ]  ( T a b l e  1 ) .  
A l s o  t h e  c o n t r i b u t i o n  o f  d o r b i t a l s  o f  r h o d i u m  i n  R h - l i $ a n $  o r b i t a l s  g r o w s .  
I t  
a t i o n  i s  due m a i n l y  t o  t h e  i n t e r a c t i o n  b e t w e e n  t h e  Rh2 c o r e  o r b i t a l s  and 
HN=CH-CH=NH o r b i t a l s  as w e l l  as w i t h  t h e  a x i a l  I i g a n d  o r b i t a l s  ( C I ,  B r ,  I ) .  
T h i s  i s  r e s p o n s i b l e  f o r  t h e  l o w e r i n g  o f  e n e r g y  o f  6 , 3 7 a n d X *  o r b i t a l s ,  b u t ,  
s i n c e  t h e  g r e a t e r  c o n t r i b u t i o n  o f  I i g a n d  o r b i t a l s  i t  changes t h e  c h a r a c t e r  o f  
Rh-Rh bond ,  and ,  f i n a l l y ,  l e a d s  t o  t h e  w e a k e n i n g  o f  t h e  bond  b e t w e e n  c e n t r a l  
a toms .  The c o n t r i b u t i o n  o f  6+(Rh-Rh)(17bl )  o r b i t a l  t o  t h e  b ( R h - X ) ( 1 2 b l )  o r b i -  
t a l  grows i n  t h e  o r d e r  C l c B r C l .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  e l e c t r o n e g a t i -  
v i t y  d e c r e a s e  o f  h a l o g e n s  i n  t h e  same d i r e c t i o n .  I t  means, t h a t  weakes t  
becomes t h e  6(Rh-C1) bond,  u n d e r  t h e  e f f e c t  o f  t h e  t r a n s  d ( R h - R h )  b o n d .  A s  
t h e  r e s u l t  o f  i n t e r a c t i o n  w i t Q + t h e  empty .Ji*(CN) o r b i t a l s ,  t h e X ( 1 4 a l )  and  
Z*  (13bl )  o r b i t a l s  o f  t h e  Rh2 c o r e ,  d e r i v i n g  f r o m J ' ( 6 e  ) and Z * ( 5 e  ) o r b i -  
t a l s  o f  t h e  [ R h 2 ( 0 0 C H ) 4 ( H 2 0 ) 2 ]  c o m p l e x ,  r e s p e c t i v e l y ,  a r g  s t a b i  I ized! T h i s  
s t a b i l i z a t i o n  i s  a d d i t i o n a l l y  i n c r e a s e d  by  i n t e r a c t i o n  w i t h  p o r b i t a l s  o f  
t h e  ha1 i d e  I i g a n d s .  I n  t h e  c a t  i o n i c  [Rh2(00CH) (HN=CH-CH=NH) L 1 2 +  c o m p l e x e s  
( L  = H20, NH3, PH , A s H 3 ) ,  t h e  d e g e n e r a c y  o f  t 2 e  5i and  Z* o f 2 R 2 2 4 +  c o r e  i s  
a l s o  removed and  ?he e l e c t r o n  d e n s i t y  i s  s h i f t e d  t o w a r d s  t h e  HN=CH-CH=NH l i z +  
gands ;  i n  t h i s  c a s e ,  however  t h e  m i x i n g  o f  t h e  I i g a n d s  o r b i t a l s  w i t h  t h e  Rh2 
c o r e  o r b i t a l s  i s  s m a l l e r .  The m u t u a l  i n t e r a c t i o n  o f  t h e  a x i a l  I i g a n d s  w i t h  r h o -  
d i u m  o r b i t a l s  i s  u n u s u a l l y  e f f e c t i v e  i n  t h e  case  o f  PH3 and  AsH3 ( F i g .  2 ) .  F o r  

i s  e s p e c i a l l y  s t r o n g  i n  t h e  case  o f  6 , T ,  6* and  J 7 * 4 9 r b i t a l s .  Such a s i t u -  

u- Lt 
ZC 

b s  In O s C H I  

b s l J 7  CNI 

e )  

I 
I 

4 - 1 0  

4 - 1 2  

, 
7 5 a  1 i x z  1 

- 20 L* 
F i g .  2 .  Most  i m p o r t a n t  e n e r g y  l e v e l s  o f  [Rh2(00CH) (H 0 )  1-a , [Rh  X - 

(OOCH)2(HN=CH-CH=yy) I ( X  = CI - b ,  B r  - c ,  I - d f  a6d  ?Rh2(00C?12?- 
(HN=CH-CH=NH)~L~I  ?L = H ~ O  - e ,  NH 3 - f ,  P H ~  - 9 ) .  
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c o m p l e x e s  w i t  5 y20 a g d  b)H t 9 e  s q u e n c e  o f  t h e  m o l e c u l a r  o r b i t a l s  i s  t h e  f o l -  
l o w i n g  flI2T2 6 XI* 6 it2* 6* '  c *  NC) Z 2 * ( N C )  d*. B e c a u s e  o f  t h e  i n c r e a s e  
o f  t h e  d - d o n o r  p r o p e r t i e s  o f  ax ia l '9 i ;ands i n  t h e  o r d e r  H O < N H 3 <  P H 3 < A s H 3 , ,  
t h e  m i x i n g  o f  t h e  o r b i t a l s  o f  a x i a l  
e n e  w i t h  d 2 o r b i t a l s  i s  g r e a t e r .  T h i s 4 J e a d s  b e c a u s e  o f  c o n s i d e r a b l e  d e s t a b i l i -  
z a t i o n  o f  f h e  6 a n d  d* o r b i t a l s  o f  R 
f o r  c o m p l e x e s  w i t h  PH3 a n d  A S H  :JEl%:2x * 6 5 6 
se c a l c u l a t i o n s  s u p p l y  t h e  e x p g a n a t  i o n  07 t h e  g r e a t e r ' k h - R h  b o n g  l e n g t h  i n  com- 
p l e x e s  w i t h  p h o s p h i n e s  a n d  a r s i n e s  a s  a x i a l  I i g a n d s ,  a s  c o m p a r e d  w i t h  c o m p l e x e s  
c o n i g i n i n g  t h e  o x y g e n  a n d  n i t r o g e n  a x i a l  I i g a n d s .  C a l c u l a t i o n s  p e r f o r m e d  f o r  
Rh2 c o E p l e x e s ,  n a m e l y ,  f o r  [Rh2(00CH)  ( H  0 )  3 a n d  [Rh X (OOCH)2(HN=CH- 
CH=NH)2] 
s h o u l d  show v e r y  s t r o  
t h e  f o l l o w i n g :  6 
Z 2 * ( N C ) 6 * ,  r e s p e c t i v e l y .  The  r e s u l t s  o f  c a l c u l a t i o n s  w e r e  c o n f i r m e d  b y  t h e  
e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  ( r e f .  6 , 8 )  
r a c a r b o x y l a t o  c o m p l e x e s ,  show a t  18000  cm 

a c c o r d i n g  t o  o u r  e x p e c t a t i o n s ,  i t s  e n e r g y  e x c e e d s  t h a t  o f  t h e  t r a n s i t i o n  i n  
R h 2 ( 0 0 C R ) 4  s i n c e  t h e  r * ( R h 2 )  o r b i t a l s  a r e  s t a b i l i z e d  b e c q u s e  o f  i n t e r a c t i o n  w i t h  

o b s e r v e d ,  w h i c h  c o u l d  b e  a s s i g n e d  t o  t h e  6 ( R h 2 ) - f C * ( N = C )  t r a n s i t i o n ,  t h a t  i s  t o  
t h e  MLCT t r a n s i t i o n ,  i . e .  t o  t h e  e l e c t r o n  t r a n s f e r  f r o m  r h o d i u m  t o  t h e  e m p t y X *  
o r b i t a l s  o f  t h e  n i t r o g e n  I i g a n d s  ( b p y  o r  p h e n ) .  A g a i n ,  a s  i n  [Rh (OOCR) X 
c o m p l e x e s  ( r e f .  1 9 ) ,  t h e  I i g a q d  t o  m e t a l  c h a r g e  t r a n s f e r  b a n d s  6 f R h - X ) - $ * f R h 2 )  
a t  3 7 0 0 0 ,  3 2 0 0 0  a n d  2 5 0 0 0  cm w e r e  d i s c o v e r e d  f o r  t h e  c h l o r i d e ,  b r o m i d e  a n d  
i o d i d e  c o m p l e x e s ,  r e s p e c t i v e l y  ( r e f .  6 , 8 ) .  

I i g a n d s  a n d  t h o s e  o f  3 , 4 - d i a z a - 1 , 3 - b u t a d i -  

c 9 r 2  t;2t+?2foIlowing o r b i t a l  o r d e r  
" ( N C )  * ( N C ) U * .  T h e -  

s u g g e s t ,  t h a t  t h e s e  c o m p o u n d s 4 s h ~ u l ~  b e  r a t h e r 2 s ? a b l e ,  a l t h o u g h  t h e y  
r e  u c t ' o n  q r o p e r t j e s . 2 E l e 5 t r o n  c o  f i g u 2 a t i g n s  h e r e  i t r e  

!'.T*' b*' 6* a n d  6 s1 -?T2 5' n2* 6 *  7r l*(NC) 

( T a b l e  2 ) .  L i k e  i n  t h e  c a s e  o f  t h e - f i e t -  
t h e  s p e c t r a  o f  Rh X (OOCR)2(N-N)  

a weak b a n d  ( E  - 2 0 0  - 4 0 0 )  a s s i g n e d  t o  t h e  2 2  fl ( R h 2 ) -  6 * ( R h 2 0 )  t r a n s i t i o n  ( r e f . 1 9 ) ;  

o r b i t a l s  o f  t h e  n i t r o g e n  I i g a n d s .  A t  a b o u t  22000  cm a n  i n t e n s i v e  b a n d  i s  

TABLE 2 .  E l e c t r o n i c  s p e c t r a  o f  [ R h 2 X 2 ( 0 0 C R ) 2 ( N - N ) 2 1  c o m p l e x e s .  

Comp I e x  
So I v e n t  

Bands  pm-' ( k * 1 0 - 2 ,  M - l c m - ' )  

2, H 2 0  1 . 7 7 5 ( 2 . 3 0 ) ,  2 . 5 0 ( 2 6 ) ,  2 . 7 8 ( 4 0 ) ,  3 . 7 4 ( 3 6 7 ) ,  4 . 0 3 ( 3 9 7 ) ,  4 . 4 8 ( 4 2 8 )  
7 ,  H 0 1 . 7 6 ( 2 . 6 0 ) ,  2 . 4 5 ( 2 7 . 5 ) ,  2 . 7 6 ( 4 5 ) ,  3 . 7 1 ( 3 5 0 ) ,  3 . 9 7 ( 4 6 6 ) ,  4 . 4 4 ( 4 6 6 )  

-- 15, E?OH 1 . 8 0 ( 4 . 0 0 ) ,  2 . 3 0 ( 3 0 ) ,  2 . 6 5 ( 5 3 ) ,  3 . 2 3 ( 2 3 0 ) ,  3 . 6 6 ( 3 9 4 )  
-- 11, MeOH 1 . 8 0 ( 3 . 3 0 ) ,  2 . 3 3 ( 3 3 ) ,  2 . 6 0 ( 5 5 ) ,  3 . 0 3 ( 1 6 6 ) ,  3 . 2 4 ( 2 1 9 ) ,  3 . 6 6 ( 3 2 0 )  
-- 1 2 ,  MeOH 1 . 8 3 ( 7 . 5 0 ) ,  2 . 2 1 ( 6 7 ) ,  2 . 5 0 ( 1 4 4 ) ,  2 . 7 9 ( 1 3 4 ) ,  3 . 2 5 ( 1 2 6 ) ,  3 . 5 8 ( 2 . 3 0 )  

-- 1 3 ,  E tOH 1 . 8 0 ( 3 . 7 0 ) ,  2 . 3 0 ( 3 2 ) ,  2 . 6 3 ( 5 4 ) ,  3 . 2 9 ( 1 8 8 ) ,  3 . 5 5 ( 2 7 5 ) ,  3 . 6 8 ( 3 1 9 ) ,  

-- 14 ,  MeOH 1 . 8 0 ( 2 . 0 0 ) ,  2 . 3 1 ( 2 5 ) ,  2 . 6 2 ( 4 2 ) ,  3 . 1 5 ( 1 1 7 ) ,  3 . 7 9 ( 1 9 2 ) ,  3 . 8 9 ( 2 6 5 )  
-- 15,  MeOH 1 . 8 1 ( 4 . 2 0 ) ,  2 . 2 2 ( 5 0 ) ,  2 . 5 5 ( 9 2 ) ,  2 . 8 0 ( 9 7 ) ,  3 . 3 1 ( 1 0 2 ) ,  3 . 8 8 ( 2 7 8 )  

3 . 7 9 ( 2 0 7 ) ,  3 . 8 6 ( 1 9 8 )  

3 . 8 6 ( 3 9 6 ) .  

REACTIVITY 

C a l c u l a t i o n s  f o r  CRh2X2(00CH) (HN=CH-CH=NHI21 a n d  C R h 2 ( 0 0 C H ) 4 ( H 2 0 ) 2 j  s u g g e s t  
t h a t  d u r i n g  t h e  r e d u c t i o n  o f  ?he  f o r m e r ,  t h e  u n p a i r e d  e l e c t r o n  s h o u l d  b e  l o c a -  
t e d  o n  t h e f l * ( N = C )  o r b i t a l  o f  1,4-diaza-1,3-butadiene, w h e r e a s  i n  t h e  l a t t e r  o n  
t h e  a n t i b o n d i n g  @ * ( R h 2 )  o r b i t a l ,  w i t h  o n l y  m i n o r  c o n t r i b u t i o n  f r o m  6 * ( R h - L ) .  
The  s t u d i e s  o f  r e d u c t i o n  o f  J,2,Jl,2l,Jz, a n d  18 comgbexes i n  p o l a r  s o l v e n t s  
(CD OD, CD3COCD3 a n d  DCON(CD ) b y  r a d i o l y s i s  u s i n g  C o d - r a y s  ( r e f .  2 7 )  r e v e -  
a l e i ,  t h a t  t h e i r  r e a c t i o n s  w ? t 2  t h e  r e d u c i n g  r a d i c a l s  f o r m e d  a t  i r r a d i a t i o n  
a t  77 K, p r o d u c e d  the ( ;gyyJexes  L R h 2 ( O O C R ) 4 ( H 2 0 ) 2 ~ n ( s o l v )  1 a n d  CRh2X2-n- 
(OOCR) ( N - N )  ( S O ~ V )  I , b e c a u s e  o w i n g  t o  t h e  s t r o n g  T r a n s - i n f l u e n c e  o f  t h e  
Rh-Rh i o n d ,  ?he  a x i z l  I i g a n d s  a r e  e a s i l y  s u b s t i t u t e d  b y  s o l v e n t  m o l e c u l e s  o r  
b y  y i , h g ~ + I i g a n d s .  Monomers CRh(O0CR) L 1 
L l  a r e  a l s o  f o r m e d .  I n  t h e  cagsmof  r h o d i u m ( 1  I )  a c e t a t e ,  a t  t R e  l i q u i d  
n f t r o g e n  t e m p e r a t u r e  o n l y  r R h 2 ( 0 A c ) 4 J w a s  f o r m e d  ( r e f .  2 7 1 ,  i n  w h i c h  a n  e l e c -  
t r o n  i s  l o c a t e d  o n  t h e  6' o r b i t a l  a n d  b o t h  r h o d i u m  a toms  a r e  e q u i v a l e n t .  
U n d e r  a n n e a l i n g  o f  t h e  f r o z e n  s o l u t i o n s  a t  f i r s t  o n l y  s e v e r a l  b r i d g e  b o n d i n g s  
a r e  b r o k e n ;  n e x t  f o l l o w s  t h e  f o r m a t i o n  o f  a d i m e r  w i t h  a n  u n p a i r e d  e l e c t r o n  
l o c a l i z e d  on  one  o f  t h e  r h o d i u m  a t o m s ,  a n d  f i n a l l y ,  t h e  d i s s o c i a t i o n  o f  t h e  
compound t o  t h e  R h ( I I )  a n d  R h ( I )  c o m p l e x e s .  

( R  = H, C H ( 0 H ) P h )  a n d  CRhX (0OCR) -  
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I n  t h e  case  o f  t h e  R h ( I I )  f o r m a t e  and m a n d a l a t e  t h e  i r r a d i a t i o n  i s  f o l l o w e d  
n o t  o n l y  by  t h e  r e d u c t i o n  o f  comp lexes  t o  [Rh2(00CR)41  b u t  a l s o  t h e i r  d i s s o -  
c i a t i o n ,  w i t h  f o r m a t i o n  o f  R h ( I I )  monomers, because  o f  t h e  b r e a k  o f  t h e  Rh-Rh 
bond  i n g .  

77 K 
2 CRh2 ( OOCR) I - CRh2 ( OOCR) 41 - + 2 [Rh ( OOCR) 21 

R=H g, = 2 . 2 3 0 ,  g,,=2.00 g1=2 .532 ,  g 2 = 2 . 0 6 4 ,  
g3  =2 .00  

R=CH(OH)Ph g, = 2 . 2 4 1 ,  g,, ~ 2 . 0 0  g1=2 .512 ,  g2=2 .046  
g 3 = 2 .  0 0  

130 K 150 K 

R=H g x = 2 . 3 0 4 ,  gy=2 .230  

[Rh2 ( 1-00CR) (OOCR) 2l - ___+ r(RC00)  Rh ( p-00CR)Rh (OOCR) 21 - 

[Rh(00CR)2 ]  + CRh(00CR)21- 

P a r a m a g n e t i c  Rh23+  and  m o n o n u c l e a r  R h (  I I )  compounds a r e  s t a b l e  o n l y  i n  f r o z e n  
s o l u t i o n s .  The m e l t i n g  o f  s o l u t i o n s  r e s u l t s  i n  t h e i r  i m e d i a t e  d e c o m p o s i t i o n .  
E l e c t r o c h e m i c a l  r e d u c t i o n  o f  18 i n  m e t h a n o l  i s  an i r r e v e r s i b l e  p r o c e s s ,  as i t  
was d e m o n s t r a t e d  by  c y c l i c  v o l t a m e t r y  measuremen ts  ( r e f .  1 0 ) .  The f o r m e d  
R h ( l l ) - R h ( l )  comp lex  mos t  l i k e l y  r e a c t s  i m e d i a t e l y  w i t h  t h e  s o l v e n t .  E l e c t r o  
r e d u c t i o n  g i v e s  two r e d u c t i o n  p e a k s ,  w h i l e  i t  does n o t  show t h e  c o u p l e d  o x i d a  
t i o n  peaks  on  t h e  b a c k w a r d  sweep. I f  t h e  c a t h o d i c  sweep d i r e c t i o n  i s  r e v e r s e d  
a t  any p o i n t  beyond  t h e  f i r s t  r e d u c t i o n  p e a k ,  t h e  c u r r e n t  r e t u r n s  t h r o u g h  t h e  
c a t h o d i c  ( o r  i n v e r t e d )  peak  a t  a p p r o x i m a t e l y  t h e  same p o t e n t i a l  as t h e  f o r -  
w a r d  p e a k .  A r e a s o n a b l e  e x p l a n a t i o n  f o r  t h e  i n v e r t e d  c u r r e n t  o f  t h e  r e v e r s e  
c y c l i c  sweep i s  t h a t  t h e  a d s o r b e d  13 comp lex  i s  e i t h e r  d e s o r b e d  o r  r e o r i e n t e d  
a t  p o t e n t i a l s  beyond  t h e  r e d u c t i o n  p e a k ,  and  t h e n  r e a d s o r b e d  and  r e d u c e d  when 
t h e  p o t e n t i a l  i s  made m o r e  p o s i t i v e  a g a i n .  The i n v e r t e d  peak may a l s o  b e  a t -  
t r i b u t e d  t o  amalgam f o r m a t i o n  o f  t h e  r e d u c e d  comp lex  w i t h  t h e  m e r c u r y  d r o p  
e l e c t r o d e .  The compound R h ( l l ) R h ( l )  i s  much more  s t a b l e  i n  t h e  a p r o t i c  s o l -  
v e n t ,  DMF. The c y c l i c  v o l t a m e t r y  s t u d i e s  r e v e a l e d  i t s  q u a s i - r e v e r s i b l e  r e d u c  
t i o n  on  t h e  m e r c u r y  d r o p  e l e c t r o d e  t o  18 , t h e  h a l f - w a v e  p o t e n t i a l  i s  - 1 .95  
V vs .SCE ( r e f .  3 1 ) .  Q u a s i - r e v e r s i b l e  r e d u c t i o n  p o i n t s  o u t  t o  t h e  p r o b a b l e  
c o n s i d e r a b l e  s t r u c t u r e  c h a n g e s - o f  t h e  18 c o m p l e x .  The m a g n e t i c  moment o f  
e l e c t r o c h e m i c a l l y  g e n e r a t e d  18 c o m p l e x ,  d e t e r m i n e d  b y  t h e  Evans m e t h o d ,  i s  
a t  302 K e q u a l  t o  1 .72  B.M. The ESR s p e c t r u m  o f  18 i n  DMF c o n s i s t s  o f  one 
b r o a d  s i g n a l  a t  g = 2 . 4 0 .  The g l u e  f o r  t h e  18 comp lex  o b t a i n e d  a f t e r  
r a d i o l y s i s  o f  18 i n  DMF u s i n g  
d i f f e r e n c e  i s  most  l i k e l y  due t o  t h e  d i f f e r e n t  comp lex  s t r u c t u r e .  I n  t h e  18 
compound o b t a i n e d  a t  77 K t h e  e l e c t r o n  i s  l o c a l i z e d  o n  b o t h  r h o d i u m  a toms .  I t  
was s u g g e s t e d  t h a t  a n n e a l i n g  o f  11 a t  h i g h e r  t e m p e r a t u r e s  ( 1 3 0  K )  c a u s e d  - 
s p l i t t i n g  o f  a c e t a t o  b r i d g e s  and  f o r m a t i o n  o f  [MeCOORh(p-OOCMe)Rh(OOCMe) 1 
comp lex  w i t h  gx  = 2 .32 and  g = 2.25 ( r e f .  2 7 ) .  I n  t h e  DMF s o l u t i o n  t h e  &- 
comp lex  i s  more  s t a b l e ,  b u t  Y t s  s t r u c t u r e  i s  mos t  l i k e l y  s i m i  l a r  t o  t h a t  p r o -  
p o s e d  f o r  an a c e t a t e ,  i . e .  w i t h  one o r  two m a n d a l a t o  b r i d g e s  and  w i t h  an e l e c  
t r o n  l o c a l i z e d  m a i n l y  o n  one o f  t h e  r h o d i u m  a$oms. The 18 comp lex  i n  DMF s o l u  
t i o n  i s  r e v e r s i b l y  o x i d a t e d  a t  SMDE t o  t h e  18 cornp x TE1(2 = 0 .175  V vs 
SCE). R e d u c t i o n  o f  1, 2 and  10 b y  r a d i o l y s i s  u s i n g  “Co f -  ays  i n  CD30D and  
DCON(CD3)2 s o l u t i o n s  a t  7 7 K - l e a d s  t o  t h e  f o r m a t i o n  o f  a x i a l l y  s y m e t r i c  a n i o -  
n i c  comp lexes  1 , 2 and  20 w i t h  gL v a l u e s  2 . 2 0 0 ,  2 .200 and  2 . 1 8 5 ,  r e s p e c -  
t i v e l y .  I n  t h e s e  comp lexes  t h e  e l e c t r o n  i s  l o c a t e d  p r i m a r i l y  i n  a c o m b i n a t i o n  
o f  d o r b i t a l s .  T h i s  was c o n f i r m e d  b y  t h e  p r e s e n c e  o f  a p o o r l y  d e f i n e d  t r i p -  
l e t  ?n 10 i n  DMF a f t e r  a n n e a l i n g  t o  c a .  100 K ( A  v a l u e  i s  c a .  0 .4 m T ) .  H e a t -  
i n g  o f  samples i n  t h e  r a n g e  77 - 140 K y i e l d s  t h e  new compounds w i t h  g, v a l u -  
es 2 . 2 4 4 ,  2 .244 and  2 .230 ,  r e s p e c t i v e l y .  They a r e ,  mos t  l i k e l y ,  d i n u c l e a r  
comp lexes  w i t h  n o n e q u i v a l e n t  r h o d i u m  a toms .  I n  t h e  c a s e  o f  1 t h e  i n t e n s i t y  
r a t i o  o f  s i g n a l s  w i t h  gL = 2 .200  and  gL =2 .244  d e c l i n e s  l i n e a r l y  i n  t h e  tempe 
r a t u r e  r a n g e  77 - 130 K. The c o n t e n t  o f  t h e  comp lex  w i t h  t h e  e l e c t r o n  l o c a t e d  
o n - b o t h - r h o d j u m  atoms d e c r e a s e d  t o  z e r o  a t  140 K .  The ESR s p e c t r a  o f  1 , 2. , 
-- 10 , 16 , 18 ( r e f .  2 6 )  and 11 ( r e f .  2 7 )  o n l y  s l i g h t l y  depend on t h e  n a t u r e  
o f  t h e  s o l v e n t .  The g v a l u e s  f o r  t h e s e  comp lexes  i n  CD OD, DCON(CD3)2 a r e  t h e  
same. T h i s  i s  c o n s i s t e n t  w i t h  r e l a t i v e l y  l ow  s e n s i t i v i q y  o f  h a l f - w a v e  p o t e n -  
t i a l s  f o r  r e d u c t i o n  o f  tetrakis(N,N’-di-p-tolylformamidato)dirhodium(lI) t o  
t h e  Gutmann donor  number o f  s o l v e n t  ( r e f .  2 8 ) .  C o n t i n u o u s  h e a t i n g  o f  a s o l u -  
t i o n  up t o  t h e  room t e m p e r a t u r e  a l l o w e d  t h e  o b s e r v a t i o n  o f  t h e  p a r a m a g n e t i c  
compounds w i t h  g = 2 .00 .  We b e l i e v e  t h a t  i t  i s  a comp lex  w i t h  t h e  u n p a i r e d  
e l e c t r o n  l o c a t e d  i n  t h e  o r b i t a l  o f  2 , 2 ’ - b i p y r i d i n e  I i g a n d .  The c o n f i r m a t i o n  
o f  such s u p p o s i t i o n  i s  t h e  f o r m a t i o n  o f  t h e  a n a l o g o u s  compound u n d e r  e l e c t r o -  
l y t i c  r e d u c t i o n  o f  1 i n  DMF as a s o l v e n t .  These r e s u l t s  were  n e x t  s u p p o r t e d  

gaCo x - r a y s  a t  77 K i s  e q u a l  t o  2 . 2 4 1 .  The-  
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b y  c a l c u l a t i o n s  o f  e l e c t r o n i c  s t r u c t u r e  o f  
r e v e a l e d  t h a t  t h e  LUMO o r b i t a l  was t h e n * ( H N = C & - $ H = N H )  g r b i t a l .  

IRH X (OOCH) (HN=CH-CH=NH)21, w h i c h  

VIBRATIONAL SPECTRA 

R h o d i u m ( l 1 )  c o m p l e x e s  I R h  ( 0 0 C R ) 4 L 2 1  a n d  R h 2 X 2 ( 0 0 C R ) 2 ( N - N )  a r e  t y p i c a l  exam- 
p l e s  o f  a s t r o n g  m e t a l - m e ? a l  i n d i c a -  
t o r s  o f  b o n d  s t r e n g t h  i s  t h e  s t r e t c h i n g  f r e q u e n c y  a n d  d e r i v e d  f o r c e  c o n s t a n t  
o f  t h e  M-M b o n d .  R h o d i u m ( l 1 )  c o m p l e x e s  w i t h  t w o  c a r b o x y l a t e  b r i d g e s  a r e  a t t r a  
c t i v e  o b j e c t s  f o r  i n v e s t i g a t i o n s ,  b e c a u s e  t h e  Rh-Rh d i s t a n c e  h e r e  e x c e e d s  b y  
a b o u t  17 pm t h a t  i n  Rh2(00CR)  , w h i c h  s h o u l d  f a c i l i t a t e  t h e  i n t e r p r e t a t i o n  o f  
t h e  r e s u l t s  a n d  compar i s o n  b e f w e e n  t h e s e  t w o  g r o u p s  o f  compounds .  The  n o r m a l  
c o o r d i n a t e  a n a l y s i s  (NCA) a n d  p o t e n t i a l  e n e r g y  d i s t r i b u t i o n  (PED) c a l c u l a t i o n s  
w e r e  p e r f o r m e d  f o r  t h e  Rh2O4N4CIs d i m e r i c  m o l e c u l a r  s y s t e m  o f  t h e  C s y m e t r y  
w h i c h  i s  c o m o n  f o r  c o m p l e x e s  un e r  i n v e s t i g a t i o n s  ( r e f .  3 2 ) .  The  c i y c u l a t i o n s  
show a h i g h  d e g r e e  o f  c o u p l i n g  i n s i d e  t h e  Rh 0 N C I  c o r e .  The s t r o n g e s t  m i x -  
i n g  o c c u r s  b e t w e e n  (Rh-Rh)  a n d  ( R h - X )  m o 8 e i  $ f  ?he  l i n e a r  X-Rh-Rh-X s k e l e  
t o n .  I n  T a b l e  3 t h e  v a r i a t i o n s  o f  t h e  PED a n d  f r e q u e n c i e s  a s  a f u n c t i o n  o f  
K v a l u e s  f o r  s e l e c t e d  s y m n e t r y  c o o r d i n a t e s  a r e  g i v e n .  T h e s e  d a t a  r e v e a l e d  
t R $ F h t h e  a n d  ( A 1 )  f r e q u e n c i e s  a r e  t h e  r e s u l t  o f  t h e  (R l j -Rh)  a n d  ( R h - C I )  
i n t e r a c t i o n .  F o r  h h e  s t r o n g  Rh-Rh b o n d s  (KRh-Rh=1.85mdyne A t h e  c o n t r i b u -  
t i o n  o f  t h e  Rh-Rh s t r e t c h  i i l g r e a t e r ,  w h i l e  i n  t h e  c a s e  o f  t h e  KRh-Rh v a l u e s  
l o w e r  t h a n  c a .  1 . 1 5  mdyne  A t h e  c o n t r i b u t i o n  o f  Rh-C I  s t r e t c h  i s  p r e q o m i n a n t  
The c a l c u l a t e d  a n d  v a l u e s  c h a n g e  w i t h i n  t h e  l i m i t s  293 - 230  cm . 
A r e v e r s e  s i t u a t i o n  i s  q o u n d  f o r  a n d  f r e q u e n c i e s .  I n  t h e  c a s e  o f  t h e  
s t r o n g  r h o d i u m - r h o d i u m  b o n d s  t h e  c o n t r i b u ? i o n l o f  Rh-C I  s t r e t c h  i s  d o m i n a n t  
a n d  f o r  t h e  l o w  KRhRh v a l u e s  ( 1 . 3 5  mdyne  A )-?,he Rh-Rh s t r e t c h  i s  p r e d o m i -  
n a n t .  T h e s e  f r e q u e n c i e s  a r e  e q u a l  t o  1 8 0 - 1 5 0  cm . F r o m  t h e s e  c a l c u l a t i o n s  i t  
f o l l o w s ,  t h a t  i n  t h e  d i m e r i c  r h o d i u m ( l 1 )  c o m p l e x e s  n o n e  o f  t h e  o b s e r v e d  f r e -  

3 q u e n c i e s  was t h e  p u r e  r h o d i u m - r h o d i u m  s t r e t c h ,  whose c o n t r i b u t i o n  o f  t h e  
a n d  a n d  a n d  f r e q u e n c i e s  i s  d i f f e r e n t  i n  d e p e n d e n c e  on  t h e  Rh-Rh d i s -  
t a n c e ,  n a t u r e  o f  a x i a l  I i g a n d s ,  a n d ,  t o  some e x t e n d ,  o f  e q u a t o r i a l  I i g a n d s .  
A l l  t h e s e  f a c t o r s  d e t e r m i n e  t h e  ( R h - R h )  e n e r g y .  The (Rh-Rh)  f r e q u e n c y  i n  
t h e  c a s e  o f  sf , rong Rh-Rh b o n d s  s h o u l d  b e  a s s i g n e d  t o  t h e  b a n d  i n  t h e  r a n g e  
260  - 300 cm , - y h i l e  i n  t h e  c a s e  o f  weak Rh-Rh b o n d s  t o  t h e  b a n d  i n  t h e  r e -  
g i o n  1 1 0 - 1 7 0  cm ( T a b l e  3 ) .  

s i n g l e  b o n d .  One o f  t h e  m o s t  e u n d a m e n t a l  

TABLE 3 .  V a r i a t i o n  o f  PED a n d  wavenumbers  w i t h  KRhRh f o r  s e l e c t e d  s y m n e t r y  
c o o r d i n a t e s .  

0 . 9 5  0 . 6 5  0 . 3 5  

Y 3 - V  ( A  ) y 3 : 2 9 3 . 3 8  2 7 8 . 6 8  2 6 4 . 4 6  v 4 : 2 5 1 . 2 3  2 3 9 . 7 5  2 3 0 . 5 9  
S 3  p f R h $ l  3 0 . 0 7  3 6 . 5 4  4 5 . 2 1  56 .27  6 8 . 9 1  8 0 . 9 8  
S 4  r ’ (RhRh) 6 2 . 4 0  5 5 . 9 8  4 7 . 7 1  3 7 . 5 2  2 6 . 2 5  1 5 . 7 4  

7 . 3 9  7 . 3 8  7 . 0 3  6 . 1 9  4 . 8 4  3 . 2 6  
s + s  +SIO+S1 o u t -  
o f - p ? a n e  b e n i l  i n g  

S(RhRh 

J 6 :  1 8 0 . 4 9  1 7 6 . 4 4  1 7 0 . 4 2  
5 3 . 6 1  4 3 . 3 6  3 0 . 5 5  
28 .69  3 4 . 7 4  4 1 . 4 1  
1 6 . 8 2  2 1 . 0 0  2 7 . 1 6  

1 2 2 . 2 9  1 2 1 . 9 2  1 2 1 . 3 4  
1 4 . 4 4  1 4 . 8 4  1 5 . 7 1  

3 .42  4 . 6 5  6 . 9 7  
8 1 . 8 8  8 0 . 0 3  7 6 . 8 6  

220 .58  2 2 0 . 5 8  2 2 0 . 5 8  
9 4 . 5 1  9 4 . 5 1  9 4 . 5 1  

s11 

s11 

1 6 2 . 2 0  1 5 0 . 5 4  + 7 : 1 3 7 . 4 9  
1 6 . 4 8  4 . 6 1  0 . 0 1  
46 .32  4 3 . 6 3  1 9 . 2 9  
3 6 . 4 0  5 1 . 1 5  7 9 . 7 9  

1 2 0 . 2 5  1 1 7 . 7 1  1 0 9 . 5 5  
1 7 . 1 4  1 9 . 1 3  1 4 . 3 2  
1 2 . 3 0  28 .83  7 7 . 1 9  
6 9 . 8 0  5 0 . 7 9  6 . 1 9  

2 2 0 . 5 8  2 2 0 . 5 8  2 2 0 . 5 8  
9 4 . 5 1  9 4 . 5 1  9 4 . 5 1  

The r e s u l t s  o f  t h e  NCA a n d  PED c a l c u l a t i o n s ,  as w e l l  a s  t h e  b a n d  a s s i g n m e n t s  
( T a b l e  4 )  a r e  c o n s i s t e n t  w i t h  t h e  d a t a  r e p o r t e d  r e c e n t l y  b y  M i s k o w s k i  e t . a l .  
( r e f .  1 8 ) .  The f o r c e  c o n s t a n t s  f o r  I R h 2 X 2 ( 0 0 C R ) 2 ( N - N ) 2 1  a r e  c o n s i s t e n t  w i t h  a 
new c o m p r e h e n s i v e  r e l a t i o n s h i p  b e t w e e n  f o r c e  c o n s t a n t s  a n d  b o n d  d i s t a n c e s  
( r e f .  1 8 ) .  
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F o r c e  c o n s t q n t s  
Complex i n  mdyne A The c a l c u l a t e d  wavenumbers 

The l i n e s  o b s e r v e d  n e a r  
t h e  c a l c u l a t e d  v a l u e s  

- 1 * 4H20 
- 2 - 7 * 2H20 
- 10.2H20  
- 1 3 * 4 H 2 0  

APPLICATIONS 

R h o d i u m ( l 1 )  comp lexes  o f  t h e  Rh2(OOCR)4 t y p e  e x h i b i t  h i g h  c a t a l y t i c  a c t i v i t y  
i n  many r e a c t i o n s .  One o f  t h e  f i r s t  r e c o g n i z e d  was t h e  o l e f i n  h y d r o g e n a t i o n  
c a t a l y z e d  b y  R h 2 ( 0 A c ) 4  i n  s t r o n g l y  p o l a r  s o l v e n t .  A mechan ism i n v o l v i n g  h e t e -  
r o l y t i c  c l e a v a g e  o f  d i h y d r o g e n  has been  p r o p o s e d  ( r e f .  3 3 ) .  

1 .62 0 .65  281  176.5 220.6 281,282 166 ,180  214,232 
1.69 0.65 284 177 220 .6  278,286 166,179 202,235 
1.68 0.65 283 178 220.6 276,288 168,180 210,225 
1.55 0.65 278.7 175 220.6 275,280 170 ,182  209,225 
1 . 6 0  0.65 279.5 176 220.6 276,284 168,180 220,237 

LRh2(00CMe)4j + H2 & [Rh2H(OOCMe)31 + H+ + MeCOO- 

k - I  k -  

( 2 )  

[Rh2H(OOCMe)31 + o l e f i n  ___I) ‘ 2  SRh2H(OOCMe)301efin] 

cRh2(00CMe)41 + p a r a f f i n  H+ + MeCOO- 

( 3 )  l? 
CRh2 ( a I k y  I ) ( OOCMe ) 31 

The comp lex  2 a 
i s  a l e s s  power 
i n  e t h a n o l  s l o w  

so c a t a l y z e d  t h e  o l e f i n  h y d r o g e n a t i o n  ( r e f .  5 ) ,  a l t h o u g h  i t  
u I  c a t a l y s t  as compared w i t h  r h o d i u m ( l 1 )  a c e t a t e .  Rh (OOCMe 
Y c a t a l v z e s  t h e  a l k e n e  h v d r o q e n a t i o n .  M o r e  a c t i v e  c a q a l v s t s  4 

were  o b t a i n e d  i n -  t h e  b a i i c  e t h a n o l  s o l u t - i o n  ? r e f .  3 4 ) .  The h i g h e s t  h y d r b g e n a -  
t i o n  r a t e  was a c h i e v e d  u s i n g  L i H  as a b a s e .  O l e f i n  r e d u c t i o n  r a t e  i n c r e a s e s  
s i g n i f i c a n t l y  a f t e r  some i n d u c t i o n  t i m e ,  when t h e  r h o d i u m  a c e t a t e  s u f f e r s  de -  
c o m p o s i t i o n .  T h i s  was e v i d e n c e d  b y  e l e c t r o n i c  s p e c t r a  o f  t h e  r e a c t i o n  s o l u -  
t i o n s ,  w h i c h  i n d i c a t e d  a d i s t i n c t  a c c e l e r a t i o n  o f  t h e  r e d u c t i o n  a t  t h e  moment 
o f  decay  o f  t h e  band  a t  17000 cm I, t h a t  i s  a t  t h e  moment o f  d e c o m p o s i t i o n  o f  
t h e  r h o d i u m ( l 1 )  a c e t a t e .  The r e a c t i o n  o f  a base  w i t h  t h e  r h o d i u m ( l 1 )  compound 
i s  accompan ied  by  t h e  b r e a k  o f  a c e t a t e  b r i d g e s ,  w h i c h  a l l o w s  t h e  d i s s c , c i s t i o n  
o f  a d i m e r  t o  monomers and  t h e  r e d u c t i o n  o f  r h o d i u m ( l 1 )  t o  r h o d i u m ( 1 ) .  I n  t h e  
a l k a l i n e  medium t h e  h y d r o g e n a t i o n  i s  mos t  l i k e l y  c a t a l y z e d  b y  t h e  a c e t a t o e t h a -  
n o l a t o  r h o d i u m ( 1 )  c o m p l e x e s ,  w h i c h  a c t i v a t e  b o t h  h y d r o g e n  and  o l e f i n .  Our ESR 
a t t e m p t s  t o  p r o v e  t h e  p r e s e n c e  o f  monomer i c  r h o d i u m ( l 1 )  comp lexes  and  o f  
R h ( l l ) R h ( l )  d i m e r s  f a i l e d .  The f o r m a t i o n  o f  t h e  l a t t e r  c o u l d  have  been  e x p e c -  
t e d ,  because  RH2(00CR14 c o m p l e x e s ,  as 
u n d e r g o  t h e  m o n o e l e c t r o n  e l e c t r o c h e m i c a l  and  r a d i o l y t i c a l  r e d u c t i o n .  The h y -  
d r o g e n  r e d u c t i o n - o f  R h 2 ( 0 A c ) 4  w o u l d  n o t  p r o c e e d  u n t i l  
I i g a n d s  by  C2H50 . The measuremen ts  o f  e l e c t r o n i c  and  ESR s p e c t r a  r e v e a l e d ,  
t h a t  t h e  monomer i c  r h o d i u m ( l 1 )  comp lexes  and  R h ( l l ) R h ( l )  d i m e r s ,  mos t  l i k e l y  
i n t e r m e d i a t e s  u n d e r g o  v e r y  f a s t  d i s p r o p o r t i o n a t  i o n  o r  r e d u c t i o n .  R h 2 ( 0 0 C R ) 4  
c a r b o x y l a t e s  (R=H, Me, C H ( 0 H ) P h )  c a t a l y z e  a l s o  t h e  h y d r o g e n a t i o n  o f  o l e f i n s  
and  k e t o n e s  i n  b a s i c  a l c o h o l  s o l u t i o n s  ( i n  m e t h a n o l ,  e t h a n o l  and  i s o p r o p a n o l )  
i n  t h e  p r e s e n c e  o f  2 , 2 ’ - b i p y r i d i n e  and  1 , l O - p h e n a n t h r o l i n e  and  i t s  d e r i v a t i -  
ves as I i g a n d s .  Measuremen ts  o f  ESR s p e c t r a  o f  r h o d i u m ( l 1 )  a c e t a t e  s o l u t i o n  
i n  t h e  p r e s e n c e  o f  2 , 2 ’ - b i p y r i d i n e  r e v e a l e d  t h e  f o r m a t i o n  o f  R h ( l l ) R h ( l )  i n -  
t e r m e d i a t e  comp lexes .  The g v a l u e s  o f  2 .185 2 .23  a r e  s i m i l a r  t o  t h o s e  f o r  
c o m p l e x e s  o b t a i n e d  by  r a d i o l y s i s  o f  1 w i t h  6oCo[- rays.  However i n  t h i s  c a s e  
v e r y  b r o a d  s i g n a l  w i t h - g = 2 . 3  i s  a l s o  o b s e r v e d ,  s u g g e s t i n g  t h a t  I R h 2 ( 0 A c ) 4 -  
( b p y ) n l  s i m i l a r  t o  2 i n  DMF s o l u t i o n  i s  f o r m e d .  D u r i n g  t h e  h y d r o g e n a t i o n  
r e a c t i o n - 7 p p e a r  i n t e n s i v e  bands i n  e l e c t r o n i c  s p e c t r a  i n  t h e  r a n g e  9000 - 
17000 cm , i n d i c a t i v e  f o r  t h e  f o r m a t i o n  o f  t h e  D o l Y n u c l e a r  r h o d i u m ( 1 )  comD e -  

i t  was e v i d e n c e d  above ( r e f .  2 6 , 3 1 )  

s u b s t i t u t i o n  o f  a c e t a t e  

.~ 
xes ( T a b l e  5 ) .  H y d r o g e n a t i o n  o f  o l e f i n s  and  k e t o n e s  b e g i n s  a t  t h e  moment o f  
t h e  a p p e a r a n c e  o f  low e n e r g y  bands i n  e l e c t r o n i c  s p e c t r a .  T h i s  may s u g g e s t  
t h a t  c a t a l y t i c a l l y  a c t i v e  a r e  p o l y n u c l e a r  r h o d i u m ( 1 )  c o m p l e x e s .  The mechan i  
o f  f o r m a t i o n  o f  t h e  c a t a l y t i c a l l y  a c t i v e  comp lexes  c o u l d  be w r i t t e n  as f o l -  
lows ( r e f .  3 5 ) .  

m 
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The c a t a l y s t  f o r m a t i o n  r a t e  depends upon  t h e  comp lex  and I i g a n d  c o n c e n t r a t i o n  
and  upon t h e  n a t u r e  o f  t h e  l a t t e r .  F o r  p y r i d y l p h o s p h i n e s  P P h 3 - x ( 2 - C 5 - H 4 N ) x  
( x  = 1 - 3 )  t h e  r e d u c t i o n  p r o c e e d s  w i t h o u t  i n d u c t i o n .  The r e d u c t i o n  r a t e  o f  o l e -  
f i n s  and k e t o n e s  depends on t h e  n a t u r e  o f  I i g a n d  and  t h e  I i g a n d :  Rh r a t i o .  
C o m p e t i t i v e  h y d r o g e n a t i o n  o f  o l e f i n s  and k e t o n e s  r e v e a l e d  t h a t  d e p e n d i n g  on 
L :Rh  r a t i o  e i t h e r  o l e f i n s  o r  k e t o n e s  c o u l d  b e  r e d u c e d  w i t h  h i g h  s e l e c t i v i t y  
( T a b l e  7 ) .  Mos t  a c t i v e  c a t a l y s t s  f o r  h y d r o g e n a t i o n  o f  k e t o n e s  a r e  R h 2 C I 2 -  
( O O C H ) 2 ( b p y ) 2  and Rh C I  (OOCH)2(phen)2  ( T a b l e  6)-, The p r e s e n c e  o f  bands  i n  
e l e c t r o n i c  s p e c t r a  i?l t 2 e  r a n g e  13000 - 20000 cm 
t h i s  c a s e  t h e  r e d u c t i o n  c o u l d  be c a t a l y z e d  b y  p o l y n u c l e a r  comp lexes  ( r e f .  3 6 )  

i n d i c a t e s ,  t h a t  a l s o  i n  

TABLE 5. E l e c t r o n i c  s p e c t r a  o f  c a t a l y t i c  sys tems :  17 + 2bpy and  18 + 6bpy 
i n  0 .3  M NaOH m e t h a n o l i c  s o l u t i o n .  

C a t  a I ys  t Bands,  pm-’ ( M- l cm- ’ )  * 
17 + 2bpy 
a f t e r  30 m i n  0 . 9 5 ( 2 . 4 5 ) ,  1 . 3 1 ( 4 . 0 ) ,  1 . 7 1 ( 8 . 6 )  
a f t e r  45 m i n  1 . 3 1 ( 7 . 5 ) ,  1 . 8 0 ( 1 4 . 7 ) ,  1 . 9 4 ( 1 2 . 5 )  
a f t e r  60 m i n  0 . 8 4 ( 6 . 3 ) ,  2 . 6 3 ( 3 1 )  

-- 

18 + 6 bpy  
a f t e r  60 m i n  1 . 3 3 ( 5 2 ) ,  1 . 5 4 ( 7 0 ) ,  1 . 8 2 ( 3 6 2 ) ,  1 . 9 2 ( 2 9 2 ) ,  2 . 7 0 ( 1 8 6 )  
-- 

/ c o m p l e x 1  = 5 IO-~M 
* The e x t i n t i o n  c o e f f i c i e n t s  were  c a l c u l a t e d  assuming  t h e  f o r m a t i o n  o f  t h e  

o f  d i m e r i c  comDlexes.  

TABLE 6. C a t a l y s i s  o f  t h e  h y d r o g e n a t i o n  o f  k e t o n e s  b y  r h o d i u m  c o m p l e x e s  i n  
MeOH ( 0 . 3  M NaOH). 

Maximum h y d r o g e n a t i o n  r a t e  ( m o l e  H 2 ( m o l e  R h ) - ’  h - ’ )  

Me2C0 c y c  I ohexanone MeCOPr MeCOE t 
C a t a  I ys  t 

- 1 + 4bpy 310 310 100 310 
- 1 + 4phen 260 360 60 
- 2 + 4bpy 130 
-- 161 4bpy 1 2 0  
-- 17+  4bpy 80 
- 1 30 
18+  4bpy 130 160 100 
-- 18+  6 ( 2 , 9 - d i -  200 

Mephen)  
3 Volume o f  s o l u t i o n :  10cm , 

T = 303 K .  
m o l e  o f  k e t o n e ,  5 ~ 1 0 - ~  m o l e  o f  c o m p l e x e s ,  

T a b l e  7 .  C o m p e t i t i v e  h y d r o g e n a t i o n  o f  c y c l o h e x e n e  and  c y c l o h e x a n o n e .  

Ca t  a I ys  t P r o d u c t s  c y c l o h e x a n o l  
c y c  I ohexane r a t i o  

-- 18 + 2bpy c y c l o h e x a n e , c y t l o h e x a n o l  5 .29 
28 + 6bPY cyclohexane,cyclohexanol 0 .37  
-- 18 + 2 ( 2 , 9 - d i M e p h e n )  c y c l o h e x a n e  0 
-- 18 + 6 ( 2 , 9 - d i M e p h e n )  c y c l o h e x a n e  0 

S o l v e n t :  0 . 3  M NaOH-An MeOH, T=303 K ,  10-2rnole o f  c y c l o h e x e n e ,  
c y c l o h e x a n o n e ,  5.10 m o l e  o f  c o m p l e x .  

m o l e  
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Maximum h y d r o g e n a t i o n  
r a t e  o f  c y ~ l o h e x e q e - ~  
m o l e  H 2 ( m o l e  R h )  h 

C a t  a I ys  t 
Maximum h y d r o g e n a t i o n  

C a t a l y s t  r a t e  o f  cyclohexeq;- l  
m o l e  H 2 ( m o l e  R h )  

=+2bpy 160 
17+2phen  80 
17+2L 140 
1 7 + 2 L *  40 
- 1 7 + 2 P ( P Y ) 3  0 
18+2bpy  50 
-- 18+2phen  70 
18+2L 0 

- 
- 
- 

- 

- 
S o l v e n t :  0 . 3  M NaOH i n  m e t h a n o l ,  T = 303 K, 
m o l e  o f  c o m p l e x ,  L = 4,7-diphenyl-I,lO-phenathroline, L*  = 2 , 9 - d i m e t h y l - l , 1 0 -  
p h e n a t h r o l i n e ,  apy = 2 - a m i n o p y r i d i n e .  

m o l e  o f  c y c l o h e x e n e ,  5 .10 -6  

-- 1 8 + 2 L *  350 
-- 1 8 + 2 q u i n i n e  140 

180 -- 18+2apy  
800 -- 18+2PPh3 
600 -- 18+2PPh p y  
120 -- 1 8 + 2 P P h ? ~ y ) ~  
170 X + Z P ( P Y  13 

The a p p e a r a n c e  o f  bands i n  t h e  r a n g e  10000 - 20000 cm-' was we1 I documen ted  
f o r  many s q u a r e  r h o d i u m ( 1 )  comp lexes  w i t h  Rh-Rh bond  ( r e f .  3 8 - 4 0 ) .  M e s t r o n i  

e t . a l .  ( r e f .  1 3 )  have  a l s o  assumed 
t h a t  t h e  p o l y n u c l e a r  d i p y r i d y l  and  
p h e n a n t h r o l i n e  comp lexes  a c t e d  as 
c a t a l y s t s  i n  c o n t r a r y  t o  t h e  i r i -  
d i u m  c a t a l y s t s ,  w h i c h  a r e  mononuc-  
l e a r  I l r X ( C  H ) ( N - N ) I  ( r e f .  3 7 ) .  
The complexgs18h2(OOCR)4 and  Rh2-  
C 1 2 ( 0 0 C R ) 2 ( b p y ) 2  i n  t h e  p r e s e n c e  o f  
bpy  c a t a l y z e  t h e  t r a n s f e r  h y d r o g e -  
n a t i o n  o f  k e t o n e s  u s i n g  i s o p r o p a n o l  
i n  b a s i c  medium as d o n o r .  The r e a c -  
t i o n  i s  r a t h e r  f a s t ;  a f t e r  9 h r s  
m o r e  t h a n  90% a c e t o p h e n o n e  was r e -  
duced .  None o f  t h e  I - p h e n y l e t h a n o l  
e n a n t i o m e r s  was i n  e x c e s s  f o r  R = 
( S ) - C H ( 0 H ) P h  a l t h o u g h  t h e  c a t a l y s t  
a c t i v i t y  depends on t h e  n a t u r e  o f  
t h e  c a r b o x y l a t o  I i g a n d .  
The r h o d i u m  a c e t a t e  f o r m s  i n  r e a c -  
t i o n  w i t h  P ( 2 - C  H 4 N ) 3  ( R h : L  = 1 : l )  
i n  w a t e r  a l c o h o ?  s o l u t i o n s  u n u s u a l -  

1 1 1 I 1 1 1 l y  a c t i v e  c a t a l y s t s  f o r  t h e  w a t e r  
70 60 50 LO 30 20 10 ppm gas s h i f t  r e a c t i o n .  They c a t a l y z e  

t h i s  r e a c t i o n  a t  l o w  t e m D e r a t u r e s  
( 7 0 ° C ) ,  w i th l k iqh  r a t e S 1 ( T N l r 3  m o l e  

F i g .  3 31P NMR s p e c t r u m  o f  c a t a l y s t  H 2 ( m o l e  R h )  . The P NMR spec 
t r u m  ( F i g .  3 )  i n d i c a t e d  t h e  c a t a l y  
t i c  a c t i v i t y  o f  t h e  s q u a r e  and  t r i -  
g o n a l  b i p y r a m i d a l  r h o d i u m ( 1 )  comp le  

fo rmed  
P ( 2 - C  H N )  i n  70% EtOH ( e x t e r n a l  
r e f e r z n $ e : 3 P P h 3  i n  (CD3)2CO) .  

i n  t h e  r e a c t i o n  R h 2 ( 0 A c ) 4  + 

xes w i t h  r h o d i u m :  p h o s p h i n e  r a t i o  
e q u a l  t o  1 : l  and  1 : 2 .  P h o s p h i n e  

i s  c o o r d i n a t e d  w i t h  r h o d i u m  as a m o n o d e n t a t e  I i g a n d  v i a  p h o s p h o r u s  a t o m  and  
as a c h e l a t e  I i g a n d  v i a  P and N a toms .  The f o l l o w i n g  r e a c t i o n  m e c h a n i s m  was 
p o s t u l a t e d :  
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The c y t o s t a t i c  a c t i v i t y  o f  t h e  r h o d i u r n ( l 1 )  c a r b o x y l a t e  comp lexes  was t e s t e d  
a g a i n s t  KB c e l l  l i n e  i n  v i t r o .  The t e s t  was p e r f o r m e d  a c c o r d i n g  t o  recomnended 
i n t e r n a t i o n a l  p r o t o c o l  f o r  s c r e e n i n g  o f  c h e m i c a l  a g e n t s  a g a i n s t  t i s s u e  c u l t u r e  
The comp lexes  TRh (OOCCH(0H)Ph) ( p h e n )  ( H  0 )21 (00CCH(OH)Ph)  ,1Rh (OOCCH(0H)- 
M e ) 4 ( H 2 0 ) 2 ] ,  [Rh ?OAc) ( p h e n )  ( &  0I23 (8AcT2 ,  I R h 2 ( 0 A c ) 2 ( b p y T  ( H  8)  1 ( O A c l 2  
r e v e a l e d  c y t o s t a P i c  a c f i v i t y  $ i g & e r  o r  c o m p a r a b l e  w i t h  Rh2(O&c): w z i c h  was 
u s e d  as a s t a n d a r d  compound. 
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