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THE COORDINATION CHEMISTRY OF TWO CHELATING DIPHOSPHINES 

H E I N R I C H  RIMML and LUIGI M. VENANZI 
Laboratorium f u r  anorganische Chemie, ETH-Z, Zurich, 
Swi tzer land 

Abst ract  The coord ina t ion  chemistry o f  t he  l igands  1,2- 
an -(Ph2CH2I2C6H3, 1 and 2 ,  w i t h  N i ( I I ) ,  P d ( I I ) ,  
PtTI;!: R h ( I ) ,  Cu(1) ana Ag( IT i s  described. 

The coord ina t ion  chemistry o f  che la t i ng  diphosphines i s  much i n -  
f luenced by r i n g - s i z e  and r ing-conformation.’  It has a l so  been 
shown t h a t  seven-membered che la te  r i n g s  can be usefu l  i n  induc ing  
s e l e c t i v e  react ion. ’  Two che la t i ng  diphosphines, - 1 and - 2 ,  which 
appear t o  have been l i t t l e  i nves t i ga ted  are shown below. Some 
p re l im ina ry  s tud ies o f  t h e i r  coord ina t ing  p roper t i es  are repor ted  

below. 2 - 
qcH aC H H2PPh2 

P P h 

CH2PPh2 

4 - 2 - 1 - 

The - m-subst i tu ted l igand,  - 1 , shows a pronounced tendency t o  

form polynuclear  complexes. While t h e  s t a t e  o f  aggregation o f  
those o f  t h e  type [MX2(1)], - 3, ( M  = N i ,  Pd and P t ;  X = h a l i d e )  
could no t  be determined, t he  complexes o f  t he  composit ion 

{MX(l)),  - ( M  = Cu(1) and Ag(1); X = ha l i de )  are l i k e l y  t o  be d inu-  
c lea r  as found by X-ray d i f f r a c t i o n  o f  [Ag2I2(1) I ,  - 4,: here t h e  
two t e t r a h e d r a l l y  coordinated s i  1 ver ions  are br idged both by i o -  
d i  de anions and by t h e  chel a t i  ng phosphi nes. 
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Complexes 3 undergo c y c l o m e t a l l a t i o n  r e c t i o n s  w i t h  g r e a t  
3 

- 
ease t o  g i v e  conpounds o f  t y p e  - 5. 

0 o r  1 t  
M = N i ( I I ) ,  P d ( I 1 )  and P t ( I 1 )  

L = a n i o n i c  o r  uncharged l i g a n d  q;2L 
PPh2 

5 - 

X-Ray c r y s t a l l o g r a p h i c  s t u d i e s  o f  t hese  complexes show t h a t  
t h e  c h e l a t e  r i n g s  are s t r a i n e d  and t h a t  t h e  P-M-P angles a re  i n  

t h e  range 161-165°.4 
It i s  found t h a t  t h e  ease w i t h  which c y c l o m e t a l l a t i o n  oc-  

c u r s  i s  r e l a t e d  t o  t h e  a b i l i t y  o f  l i g a n d  - 1 t o  r e a c t  w i t h  [MXzL21 
used as s t a r t i n g  m a t e r i a l  f o rm ing  an i n t e r m e d i a t e  i n  which - 1 co- 
o r d i n a t e s  t o  M spanning t r a n s - p o s i t i o n s  so as t o  p l a c e  t h e  cen- 
t r a l  C-H bond above t h e  metal  cen t re .  Thus complexes o f  l i g a n d  - 6 
such as [PdC12(6)], 7, i n  which t h e r e  i s  a l a r g e r  c h e l a t e  r i n g ,  
do n o t  undergo c y c l  omet a l l  a t i  on. 

It was a l s o  found t h a t  complexes o f  l i g a n d s  - 8 (R = Me and 
E t )  such as [ P t C l  (811 e a s i l y  c y c l o m e t a l l a t e  g i v i n g  complexes 
analogous t o  - 4.2 :his, i t  appears t h a t  b u l k y  phosphine s u b s t i t u -  
en ts  are n o t  r e q u i r e d  t o  i nduce  c y c l o m e t a l l a t i o n  as p r e v i o u s l y  
pos tu la ted .  

2 
- 

5 

CHzCH2PPhz 

CH2CH2PPh2 
6 - 

qPR2 
8 PR2 
- 

The s t a b l e  hydr ido-complex - 9 can be e a s i l y  ob ta ined  by r e -  
a c t i n g  t h e  corresponding chloro-complex w i t h  BH4-.3 Complex - 9 un- 
dergoes a normal i n s e r t i o n  r e a c t i o n  w i t h  CH2=CHCO2Me g i v i n g  ex- 
c l u s i v e l y  t h e  branched a l k y l  d e r i v a t i v e  "Pt-CH(CH3)C02Me".2 How- 
ever, - 9 r e a c t s  w i t h  C2H4 g i v i n g  t h e  hyd r ido -b r idged  b i n u c l e a r  
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The corresponding p a l  1 adium complex has a1 so been obta ined.  
The l a t t e r  i s  t h e  f i r s t  r e p o r t e d  complex c o n t a i n i n g  t h e  Pd-H-Pd 
u n i t  which i s  ve ry  s t a b l e  as i t  i s  n o t  s p l i t  by l i g a n d s  such as 
CO o r  alkenes. 

and E t )  and - 11 have been prepared.' The former,  - 10, a l l o w s  t h e  

6 

Other l i g a n d s  r e l a t e d  t o  1, i .e. ,  t hose  o f  t y p e  10 (M = Me - - 

10 - 

CPR2 R PR2 

11 - 

p r e p a r a t i o n  o f  cyc lometa l  l a t e d  complexes f rom o x i d a t i v e  a d d i t i o n  

r e a c t i o n s Y 2  w h i l e  l i g a n d s  o f  t h e  l a t t e r  type,  - 11, should a l l o w  
t h e  p r e p a r a t i o n  o f  c h i r a l  complexes analogous t o  - 5. 

l y  f rom t h a t  o f  l i g a n d  - 1 i n  t h a t  t h e  l a t t e r  forms mononuclear 

complexes w i t h  N i ( I I ) ,  P d ( I 1 )  and P t ( I 1 )  o f  t h e  t y p e  [MX2(2)1, 
- 12 , c o n t a i  n i  ng seven-membered c h e l  a t e  r i n g s  . The presence o f  

t h i s  c h e l a t e  r i n g  i n  t h e  case o f  p l a t i n u m  leads t o  t h e  easy f o r -  
mat ion o f  p l a t i n u m ( 0 )  t h r e e - c o o r d i n a t e  complexes, e.g. , 
[ P t C l  (211, C2H4 and NaBH4 g i v e  CPt(C2H4)(2-)1, - 13. T h i s  complex 
r e a c t s  w i t h  H2 i n  t h e  presence o f  CH3S03H g i v i n g  [PtH2(2-)1, 14, 
and a second complex, - [ ( 2 ) P t ( ~ - H ) , P t H ( 2 ) l f Y  c - 15, which can be more 

The c o o r d i n a t i o n  chemis t r y  o f  l i g a n d  - 2 d i f f e r s  s i g n i f i c a n t -  

2 -  

e a s i l y  ob ta ined  by r e a c t i n g  [ P t B r 2 ( z ) l  w i t h  H2 and NaBH4. 2 
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H 

Ligand - 2 reac ts  w i t h  [Rh(COD)2]BF4, 16, (COD = 1,5-cyclo-octadie- 
ne) t o  g i ve  complexes which d i f f e r  depending on t h e  so lvent  used. 
Thus i n  CH2C12 one ob ta ins  [Rh(COD)(2)]+, - - 17, w h i l e  i n  acetone 

one obta ins [Rh(a~e tone)~ (2 ) ] ' ,  - 18. When'2 - and - 16 are reacted i n  
the  r a t i o  2 : l  t h e  complex [Rh(Z-)2]'y 19, i s  ~ b t a i n e d . ~  The l a t t e r  
reac ts  w i t h  H2 t o  g i ve  - c i ~ - [ R h H ~ ( ~ ) ~ ] + ,  20. 

ver (1)  ha l ides  t o  g ive  complexes o f  composit ion {MX(2)).2 - These 
are b inuc lear  bu t  i t  i s  as y e t  unknown whether t h e  diphosphine i s  
present as a che la t i ng  o r  b r i dg ing  l igand.  

have a r i c h  coord ina t ion  chemistry which, i n  a l l  l i ke lyhood,  can 
be extended t o  l igands  o f  types -_ 11 and - 21 which are c h i r a l  and 
s u i t a b l e  f o r  a study o f  asymmetric induc t ion .  

2 
- 

F i n a l l y ,  l i g a n d  - 2 reac ts  e a s i l y  with copper(1) and s i l -  

I n  conclusion, e a s i l y  synthesized l igands  such as - 1 and - 2 
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