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THE ACTIVATION OF C-H BOND CATALYZED BY ORGANOTRANSITION-METAL 
COMPLEXES C O N T A I N I N G  DIPHOSPHINE CHELATE LIGAND 

GUANG-NIAN L I ,  LIANG-FU ZHANG, HUNG JIN, QIONG-ZHONG JIANG, 
FU-JIANG DING, W E I - X I N  XU 
Chengdu I n s t i t u t e  o f  Organic Chemistry, Academia S i n i c a ,  P.R.C. 

Abs t rac t  The syntheses o f  new o r g a n o t r a n s i t i o n - m e t a l  complexes 
c o n t a i n i n g  diphosphine c h e l a t e  l i g a n d  and t h e  f u n c t i o n  o f  these 
complexes f o r  t h e  a c t i v a t i o n  o f  C-H bond a r e  i n v e s t i g a t e d .  

INTRODUCTION 

Owing t o  t h e  s t r o n g  i n t e r a c t i o n  between d - o r b i t a l  o f  t r a n s i t i o n - m e t a l  

and unoccupied * - o r b i t a l  o f  d iphosphine l i g a n d , i t  ban be a p p l i e d  t o  

s t a b i l i z e  t h e  o rgano t rans i t i on -me ta l  complexes o f  l ow-va len t  s t a t e  

and e l e c t r o n - r i c h  center ,which i s  necessary f o r  t h e  a c t i v a t i o n  o f  

C-H bond. 

complexes c o n t a i n i n g  diphosphine l i g a n d  and t h e  f u n c t i o n  o f  these 

complexes f o r  t h e  a c t i v a t i o n  o f  C-H bond and i n s e r t i o n  r e a c t i o n .  

* 

We r e p o r t  he re  t h e  syntheses o f  new o r g a n o t r a n s i t i o n - m e t a l  

RESULTS AND DISCUSSIONS 

Synthes is  o f  1,2-Bis(dichlorophosphino)ethane 
I n  t h e  presence o f  y e l l o w  phosphorus and i r o n  f i l i n g s ,  I ,Z -B is (d i ch -  

1orophosphino)ethane i s  prepared from e thy lene  and phosphorus t r i c h -  

l o r i d e  under 20 atm. and 260-280°C c o n d i t i o n s .  We suggest t h a t  t h e  

forming FeC13 d u r i n g  t h e  process i s  served as a c a t a l y s t  t o  

a c c e l e r a t e  t h e  r e a c t i o n .  

Synthes is  o f  Diphosphine 

Diphosphine c h e l a t e  l i g a n d  i s  prepared from 1 ,2 -B is (d i ch lo rophos -  

ph ino)ethane and Gr igna rd  reagent.’ I t  i s  no ted  t h a t  t h e  h i g h  

r e a c t i o n  temperature and t h e  r a p i d  r a t e  o f  f eed  w i l l  b r i n g  about 
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the decomposition o f  products. 

Syntheses o f  (M(C0D) (diphos) )C1 Complexes 

I n  room temperature, the  complexes (M(C0D) (diphos) )C1 (M=Rh, Ir; 
COD=I ,5-cyclooctadiene) are prepared from (M(COD)(U-Cl) ) 2  and 

diphosphine according t o  the fo l l ow ing  equation: 3 

(M(COD)(U-C1))2 + 2diphos - 2(M(COD)(diphos))Cl (1 1 
The s t ruc tu res  o f  complexes are character ized by i n f r a r e d  spectra, 

proton nuclear magnetic resonance spectra, e l e c t r i c  conduc t i v i t y  

and elemental analys is .  

Ac t i va t i on  o f  C-H Bond and I n s e r t i o n  Reaction 

I n  the  absence o f  carbon monoxide the reac t i on  o f  (M(COD)(diphos) )C1 

w i th  a c e t o n i t r i l e  i s  a reve rs ib le  reac t ion ,  f o r  example: 

(Ir(COD)(depe))Cl + CH3CN e ( H I r ( C O D ) ( d e p e ) ( C H 2 C N ) ) C 1  (2 )  

The product o f  t he  ox ida t ive-add i t ion  reac t i on  i s  on ly  present i n  

the a c e t o n i t r i l e  so lu t i on :  ’H NMR,&-22ppm(lH, t r i p l e t ) ;  I R ( f i l m ) ,  

2190(J I r -H) ,  2248(8 CiN)cm-l. While i n  the presence o f  CO, the  

reac t i on  i s  s h i f t e d  t o  the  r i g h t :  

The reac t i on  product i s  an orange r e d  s o l i d .  Comparing the  i n f r a r e d  

spectrum o f  reac t i on  ( 3 )  w i t h  t h a t  o f  reac t i on  (21, we found the  

former has a novel  a d d i t i o n a l  peak, 1666(JM-CO-R)cm 

may r e f e r  t o  the carbonyl  absorpt ion i n  the  a c e t y l  metal complexes, 

which are formed by CO i n s e r t i o n  i n t o  M-C bond. 

-1 . This peak 

I n  same condi t ions,  i f  we use d e u t e r i o a c e t o n i t r i l e  i ns tead  o f  

a c e t o n i t r i l e  as the  subst rate t o  perform same experiment, then the  

c h a r a c t e r i s t i c  s t r e t c h  frequency o f  i n f r a r e d  absorpt ion 2190 cm-’ 

and proton chemical s h i f t  6 -22  ppm disappeared simultaneously. Thus 

i t  can be seen t h a t  the  a c t i v a t i o n  o f  a c e t o n i t r i l e  C-H bond is a 

in termolecular  ox ida t ive-add i t ion  reac t ion .  

S im i le r l y ,  i n  the  presence o f  carbon d iox ide,  the I R  spectrum 

o f  t he  product appears two broad s t rong absorpt ion bands a t  1660, 
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1525 ern-', which are respectively symmetric and anti-symmetric 
stretch frequencies of carboxyl group in the carboxyl metal complexes 
formed by carbon dioxide into M-C bond. 

Effect of Diphosphine Liqand on Activation and Insertion Reaction 
We found experimentally the effect of diphosphine ligand on the 
proton chemical shift of 
insertion reaction o f  CO, C02 into M-C bond. The results are listed 
in Table I and 11. 

=C-H group in (M(COD)(diphos))Cl and the 

TABLE I Chemical shift of olefinic proton 
Ligands Complexes =C-H, ppm 
depe ( Ir (COD) (depe) )Cl 2.9 

dmpe ( Ir (COD) (dmpe) )C1 3.4  

dPPe ( I r  (COD) (dppe) )C1 4.0 
/U-Cl ( I r (COD) (P-Cl) l 2  4.4 

TABLE I1 Effect of diphosphine on C-H bond activation 
and insertion reaction 

IR, cm-” Diphos t(hr) T(’C) 
Ir-H Ir-0-C-R 

depe 5 21 21 90 1666 1660, 1525 

dmpe 5 21 21 80 1670 no 
dPPe 5 21 no no no 

_ _ _ _ _ _ _ ~  

If the PKa value of diphosphine is defined as a measure o f  

donation electron toward the central metal, the order obtained 
from PKa value is consistent with that obtained experimentally, 
that is depe>dmpe>dppe. Thus it can be seen that the higher 
electron density of the central metal is in favour of the 
oxidative-addition reaction and insertion reaction. 

Cl/H Exchanqe Reaction 
In the presence of carbon monoxide and (Rh(COD)(dppe) )C1 complexes, 
the Cl/H exchange reaction between methane and o-dichlorobenzene is 
occured: 
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CH4 + C H C1 (Rh(COD)(dppe) )Cl/CO, CH2C12 + C6H6 
20 atm., 6O-8O0C 

The products of reaction were identified by GC/MS method. The 
further investigation shows that the active species of the reaction 
is a carbonyl metal complex (Rh(C0D) (C0l2)C1. 

EXPERIMENTAL SECTION 

The experimental operations were carried out under protetion of an 
atmosphere of argon. All solvents were dried and purified by means 
of standard techniques. 

Syntheses of (M(COD)(diphos))Cl: To a stirred solution of (M(C0D)- 
(P-Cl) 12(1 .17x10-1mmol) in toluene(6ml) was added dropwise solution 
o f  diphosphine(1 mmol) in toluene. The mixture was stirred for 3 

hours under room temperature, the yellow precipitate was isolated 
and filtered, then washed with toluene and pentane respectively, 
finally dried under vacuum (yield ca. 80%). 

Activation of C-H Bond and Insertion Reaction: To acetonitrile 
solution of (Ir(C0D) (diphos) )C1 was leaded carbon monoxide o r  carbon 
dioxide, and was allowed to react for 3 hours under temperature 55OC. 
An orange red solution was obtained, which was then concentrated in 
vacuo to obtain an orange red solid, which was washed with CH3CN 
and n-C5HI2 respectively. 

Cl/H Exchange Reaction: The solution of (Rh(COD)(dppe))Cl in o-dich- 
lorobenzene( 0.03 mol , 7 ml) was poured into 0.1 L-autoclave , which 
was flushed with pure methane. The methane and carbon monoxide were 
pressed to 20 atm.(P(CH4):P(CO) = 4:l). The pressure of the reaction 
mixture was reduced to 15 atm. after 4 hours reacted under 6OoC. 
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