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Pal ladium [1] and iron [2] complexes supported on polymeric  c a r r i e r s  effectively catalyze the hydro-  
g e n a t i o n  and i somer iza t ion  of allylbenzene (AB). The present  paper  is devoted to the study of the catalytic 
p roper t i e s  of Ni and Co complexes supported on a polymeric  c a r r i e r  containing phosphonate or  phosphinate 
groups in the hydrogenation and isomeriza t ion reactions of AB. 

E X P E R I M E N  T A L  

Po lybu ta - l , 2 -d i ene  previously  purified by repreeipitat ion f rom acetone was used for  the synthesis of 
the po lymer ic  c a r r i e r  (PC). The synthesis of PC containing phosphonate and phosphinate groups was car r ied  
out analogously to [2]. The obtained PC were treated under static conditions with a solution of NiCl 2 or  CoC12 
in a mixture of benzene:ethanol:water  = 74:19:7. Pure  NiC12 and CoC12 were obtained by the procedure  des-  
cribed in [3]. The synthesized polymer ic  catalytic sys tems (PCS) were x~ashed f rom the excess  respect ive 
metal chloride not bound to the complex in a Soxhlet apparatus and then dried in vacuum. Hydrogenation of 
AB was ca r r i ed  out analogously to [2], and GLC analysis analogously to [1]. 

D I S C U S S I O N  O F  R E S U L T S  

The synthesized PCS (Table 1) af ter  t reatment  with H 2 under normal  conditions, with an alcohol solution 
of NaBH4, or  with a solution of diisobutylaluminum chloride in heptane did not display catalyt ic  activity but 
displayed it af ter  t reatment  with a solution of diisobutylaluminum hydride (DIBAH) in heptane. By this the p a r -  
t icles of PCS became dark-brownish  and colored the liquid phase. P re l imina ry  data of ESR spect roscopy of 
N i - P C S  showed the absence of a metal l ic  Ni phase in the PCS after  its t reatment  with a solution of DIBAH, 
which indicated the retention of the meta l -complex  nature of the catalyst  during the treatment.  Coloring of 
the liquid phase, as for  the Fe-PCS of [2], is probably'explained by the formation of a complex of an organo-  
aluminum compound with that portion of the ions of the corresponding metal  which went into solution on t r e a t -  
ment of the PCS. The colored liquid phase did not display catalytic activity. 

It is evident f rom a comparison of the proper t ies  of the synthesized PCS that the N i - P C S  exceeded the 
C o - P C S  5-50 fold in its activity. PCS-II  containing phosphonate coordinating groups were more  active than 
the corresponding PCS-I  containing phosphinate groups,  while in the case of both PCS-I  and PCS-II  the highest 
value of the react ion rate  for  the hydrogenation and isomerizat ion of AB was achieved when hydroxycyclohexyl 
was the substituent on the P atom (see catalyst  1 and catalyst  4). 

As in the case of Fe--PCS [2], the e lectron-accept ing proper t ies  of the substituent on the P atom and 
the p resence  of a phosphoryl  oxygen atom have a strong influence on the magnitude of the catalytic activity 
of the N i - P C S .  Thus, in the case of PCS-I  the rate of hydrogenation of AB was reduced f rom 2.94 to 0.6 and 
the rate of i somer iza t ion  of AB to propenylbenzene (III) was reduced f rom 0.56 to 0.14, depending on the in- 
c rease  in e lec t ron-accept ing  proper t ies  of the substituent on the P atom in the ser ies  OC~Hll < OCH2PH< OPh. 
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TABLE 1. Ca ta ly t ic  P r o p e r t i e s  of the S 

I I t 
2 
3 

II 4 
5 
6 

III 7 
8 

PCS 
Coordinating 

group 

ontent in { 
ta lyst, o/~ 

__ [Reac t ion  

et l, 

P(OC~H~i)z 2,3 
P (OCH2Ph) z t,1 
P (OPh) ~ 1,9 

PO (OC6Hit) a t,8 
PO (OCHzPh) 2 t,2 
PO (OPh) 2 1,3 

P (OPh) 2 t,9 
P (OC6Hi~) z 1,8 

2,9 t20 
2,t t26 
3,t 540 

2,4 66 
2,3 
2,1 

3,t 600 
2,9 t200 

rnthesized Ni- and Co-PC8 
Selectivity, t" % 

(iv) 
o= trans cis 
O 

89• 87,t t2 
100 
89,4 7,5 

90 92,9 4,7 
96 95,3 3,2 
93 95 3,3 

t8 64,8 25,2 
18 t00 

8,9 

2,4 
1,5 
1,6 

to 

* Ca ta lys t s  1-6 contained Ni; c a t a l y s t s  7-8 contained Co. 
On conve r s ion  of A/3. 

Reaction rate, 
mole AB/g. at- 

IV[" rain 

Ihydro-somer- 

I eAa__ " zatiAn 
2,94 0,56 
2,5 
0,6 0~4 

6,t 0,67 
6,t 0,3 
5,t5 0,~8 

0,1 0,05 
0,075 - 

It  is  n e c e s s a r y  to r e c o r d  that the content  of  i s o m e r  (Ill) and the r a t e  of i ts  f o r m a t i o n  was  d e t e r m i n e d  by the 
ra t io  of  the r a t e s  of  i s o m e r i z a t i o n  of AB to (III) and the hydrogena t ion  of (III) to p ropy lbenzene  (IV). 

In the  case  of  PCS- I I  a lso  the r a t e  of c o n v e r s i o n  of  At3 fell  a long the s e r i e s  c a t a l y s t - 4  > c a t a l y s t - 5  > 
c a t a l y s t - 6 ,  depending on the i n c r e a s e  in e l e c t r o n - a c c e p t i n g  p r o p e r t i e s  of  the subs t i tuent  on the  P a tom in the 
s e r i e s  of  snbs t i tuen t s  indicated  above.  However ,  in this  ca se  the drop  in the ra te  of hydrogena t ion  of A]3 was  
ins ign i f ican t ,  ev ident ly  because  of the p r e s e n c e  of  a phosphory l  O a tom which  smoothed  out the inf luence of the 
e l e c t r o n i c  p r o p e r t i e s  of  the  subs t i tuent  on the P atom. A s i m i l a r  r e l a t ionsh ip  was  a lso  o b s e r v e d  fo r  F e - P C S  

in [2]. 

It  should be r e c o r d e d  that  no i s o m e r i z a t i o n  of AB to (III) was  de tec ted  in the p r e s e n c e  of  the cons ide red  

PCS in an a t m o s p h e r e  of At .  

C O N C L U S I O N S  

1. Nickel  and cobal t  c o m p l e x e s  suppor ted  on a p o l y m e r i c  c a r r i e r  containing phosphina te  o r  phosphonate  
g r o u p s  ca t a lyze  the hydrogena t ion  and i s o m e r i z a t i o n  of  a l ly lbenzene .  Nickel  complexes  were  m o r e  ac t ive  than 

cobal t  complexes .  

2. A r educ t ion  in the  e l e c t r o n - a c c e p t i n g  p r o p e r t i e s  of the subst i tuent  on the phospho rus  a tom p r o m o t e d  
an i n c r e a s e  in the  ca ta ly t i c  ac t iv i ty  of  the syn thes i zed  s y s t e m s .  Complexes  containing a cyc lohexy loxy  sub-  

s t i tuent  on the p h o s p h o r u s  a tom d i sp layed  the g r e a t e s t  ac t iv i ty .  
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