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The dimeriz.ation of ethylene which proceeds  very  efficiently in the p resence  of carbonyl t r iphenylphos-  
ph ine -n i cke l  complex heterogenized on A1203 and ~-CH3HsNiX/AI203 (X =C1 and Br) is accompanied by the 
i somer iza t ion  of w-olefins to fi-olefins [1, 2]. In cont ras t  to homogeneous catalyst  sys tems [3], there  is only 
f ragmenta ry  data on double bond migra t ion  in the p resence  of heterogenized nickel complexes .  

In the p r e se n twork ,  we studied some fea tures  of the i somer iza t ion  of a -o l e f ins  re la t ive  to the s t ruc tu re  
of the s tar t ing hydrocarbon and react ion conditions in the p resence  of these  ca ta lys ts  obta inedby complexation 
on the support  sur face .  

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

The ca rbony l t r ipheny lphosph ine -n icke l  complex supporLed on A1203 (Ct-1) was p repa red  by analogy to 
our previous  method [4]. The IR spec t r a  of the samples  contained cha rac t e r i s t i c  bands for  Ni(CO)2(Ph3P) 2 [4]. 
Samples of =-C3HsNiCI/A1203 (Ct-2 with 2% Ni) and v-C3HsNiBr/A1203 (Ct-3 with 2% Ni) were  p repa red  and 
identified as in our  previous  work [4]. The nickel content in the Ni(CO) 2 (Ph3P)2/A1203 samples was de termined  
on a P e r k i n - E l m e r  330 a tomic-absorp t ion  spec t rophotomete r  according to our previous  procedure  [1, 2]. 

The sample of Ni(CO)2 (Ph3P)2 was p repa red  according to Rose and Stathan [5]. The IR spec t ra  ofthis  
complex cor responded to that descr ibed  by Tolman [6]. The s tar t ing olefins were  dr ied immediate ly  before  
use~ The pur i ty  as de te rmined  by gas- l iquid chromatography was 99.1% for  1-hexene,  99.4% for  1-heptene,  
91.2% for  4 - m e t h y l - l - p e n t e n e ,  and 99.5% for  2 -me thy l - l - pen t ene .  

The organoalttminum compounds (A1Et3, A1CI2Et , A1C1Et2, and A12E~3C]3) were used as solutions obtained 
f rom  the pure compounds.  

The olefin i somer iza t ion  was ca r r i ed  out in a glass r e a c t o r  with a cons tan t - t empera tu re  jacket equipped 
with a t h e r m o m e t e r  and magnetic  s t i r r e r .  A sample of 40 ml dry  heptane, the catalyst  batch, and 0.5-2.0 ml 
olefin were  added to the r e a c t o r  in an argon a tmosphere  and the r e a c t o r  was brought to a constant t empe ra tu r e .  
The requi red  amount of organoaluminum compound was added; this addition was considered the onset of the 
reaction~ 

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

A study of the effect of different  react ion conditions andof the  subst ra te  s t ruc tu re  on the extent of con- 
vers ion  and select ivi ty  of the i somer iza t ion  of a -o l e f ins  inthe p resence  of Ct-1, Ct-2, and Ct-3 revealed  s e v e r -  
al fea tures  of the catalyt ic  action of these complexes in addition to the general  re la t ionships  descr ibed  for  
homogeneous and heterogeneous analogs. The activating ro le  of the base has been repor ted  for  catalysts  ob- 
tained by the graft ing of previously  synthesized v-a l ly l ic  and d icarbonyld i t r iphenylphosphine-n ickel  complexes 
to the support  [7, 8]. In our  catalyst  samples ,  for  which heterogenizat ion occurs  upon complexation in the r e -  
action of Ni(CO) 4 and the corresponding ligands on the support  surface ,  an analogous effect was not found. As 
in the case of ethylene ol igomerizat ion [1, 2], the i somer iza t ion  of 1-hexene (l-H) proceeds  very  rapidly only 
upon activation of the ca ta lys ts  by organoaluminum ac t iva tors .  

The extent of convers ion  depends on the nature  of the l igands:  In the case of ~-al lylnickel  halides,  it 
hardly changes by replacing C1 with Br but sharply  inc reases  in going to Ct-1 which contains PPh 3 as the 
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Fig. I .  Effect of the  nature  of the l igands on the act ivi ty  of he terogenized 
nickel complexes  ac t ivated by Et~kl2Cl3: 1) ~-C~HsNiBr/A1203, 2)~-C3HsNiC1/ 
A1203, 3) Ct-1 ,  [1-H]0=0.380 m o l e / l i t e r ,  20~ A 1 / N i =  ]0, N i = 9 . 8 . 1 0  -5 g - a t o m .  

Fig. 2. Effect  of the A1 :Ni ra t io  on the act ivi ty of the C t - 1 -  EtsA12C13 ca ta -  
lys t  s y s t e m  i n t h e  i somer i za t ion  of l - H :  1) 0 .5 :1 ,  2) 1 : 1 ,  3) 2 : 1 ,  4) 10 :1 ,  
[l-H]0 =0.19 m o l e / l i t e r .  

TABLE 1. I somer i za t ion  of 1-Hexane in the P r e s e n c e  of Ct-1  and 
Ni(CO)2(Ph2P) 2 -  Et3A12C13 in Heptane Solvent at 20~ ([Ni] =0.00212 
m o l e / l i t e r ,  [ 1-hexene] 0 = 0.3 8 m o l e / l i t e r )  

Time, 
rain 

I 
3 
5 

I0 
30 
60 

Content in reaction mixture, % 

trans-2-H cis-2-H 3 -H 

52 
1t 

8 
6 
3 
2 

1-H 

I I  * 

77 
42 
35 
20 

I I I  

33 14 
55 ~ . 
59 
61 41 
64 44 
64 47 

I I I  

15 t3 
33 29 
30 31 
31 39 
30 45 
29 41 

*I and II) Ct-1 and Ni(CO) 2 (Ph3P)2, r e spec t ive ly .  

cis/trans-3- H 

II  I II  

- 0,45 0,93 
0,60 t,00 
0,51 0,91 

~3 0,51 0,95 
0,47 1,02 
0,45 0,87 

ligand (Fig. 1). A s i m i l a r  promot ing  effect  of  the phosphine group on i somer i za t i on  was p rev ious ly  found 
fo r  pla t inum and i r id ium complexes  [9, 10]. 

An i nc r ea se  in the A1 : Ni ra t io  gives  an inc rease  in ca ta ly t ic  act ivi ty  with an inc rease  in the excess  o r -  
ganoaluminum component  (Fig. 2) which is typical  for  nickel s y s t e m s .  However ,  high activi ty of our com-  
plexes is achieved even for  A1 :Ni =2 (see Fig. 2, curve  3), while the i somer i za t ion  of olefins in the p re sence  
of nickel sa l t s  p roceeds  ac t ive ly  only with a s ignif icantly g r e a t e r  exce s s  of the a lkyla luminum halides ~50)  
[3]. These data m a y  be explained a s suming  that  deact ivat ion of act ive  hydride spec ies  (bimolecular  i n t e r -  
action wi th the  fo rma t ion  of colloidal nickel with subsequent  coagulation to f o r m  the meta l ) ,  which p roceeds  
rap id ly  in a homogeneous s y s t e m  [11], is h indered in the case  of complexes  at tached to a support .  Indeed, 
suppor ted  ~-a l ly ln ickel  hal ides  a re  s ignif icant ly m o r e  s table  than the soluble complex [1, 4]. In the case  of 
Ct-1 ,  s tabi l iza t ion of nickel  in an anomalous ly  low oxidation s ta te  is a resu l t  not only of the action of the base  
but a lso,  to a cons iderab le  extent,  of the effect  of the donor - accep to r  l igands,  which produces  some level l ing 
of the ac t iv i t ies  of the homogeneous and he terogeneous  ca ta lys t s  in the case  of high A1 : Ni ra t io  (10) (Table 1). 
The s tabi l iz ing ro le  of the support  is even m o r e  evident for  a slight excess  of Et~A12C13. Thus,  for  Ni (CO) 2 �9 
(P.Ph3) 2 + Et3A12CI 3 with A1 : N=2, the s y s t e m  a lmos t  comple te ly  loses  i ts  act ivi ty a f t e r  only 10 min  with 60% 
convers ion  of l - H ,  while,  under  the s a m e  conditions,  the supported complex  r e m a i n s  act ive for  1 h (Fig. 3). 

A fea ture  of Ct-1 d i scovered  in the i somer i za t i on  of 1-H was i ts  sens i t iv i ty  to the type of o rganoa luminam 
ac t iva to r .  A high reac t ion  ra te  was found only for  EtaA12C1 a. The ca ta lys t  had low act ivi ty  not only with Et3A1 
but even with EtaA1C1 and E~A1 C12 which have s i m i l a r  reducing and acid p rope r t i e s ;  va r ia t ion  of the A1 : Ni 
r a t io  f r o m  2 to 10 does not lead to a significant  change in the act ivi ty of the ca ta ly t ic  s y s t e m  (Table 2). 

This finding is in teres t ing  but not unexpected in light of the complexi ty  of the reac t ion  of Ni (0) c o m -  
plexes  with organoaluminum compounds including a s e r i e s  of oxidat ion-reduct ion reac t ions  Ni(0)--~ Ni (I) 
Ni(I]) and exchange reac t ions  [12]. The eff ic iency of Et3A12C13 as the ac t iva tor  is apparent ly  re la ted  to the 
optimal  r a t io  of reducing and acid p r o p e r t i e s  of this  compound for  the given nickel complex.  
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TABLE 2. Effect of the Nature of the Organoaluminum Activator  
on the Activity of Ct-1 in the Isomeriza t ion of 1-Hexene at 20~ in 
Heptane Solvent, ([Ni] =0.00212 mole / l i t e r ,  [1-hexene] 0 =0 .095mole /  

l i ter) 

Organo. 
aluminum 
compound 

A I :  N i  

Conversion I[_ 
of 1 -hexene tlurgano- 
after 30 mini[ aluminum 
% [!compound 

AI : Ni 

t Conversion of 
1 -hexene after 
30 rain, % 

EtzA12CI~ 
Same 
E%A1C1 
Same 

2:t  
t0:1 
2: t  

t0:1 

98 
97 
L5 
4,5 

EtA1C12 
Same 
Et2A1 

2:1 
10:I 
2 : t  

5,5 
6,0 
2,5 
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Fig. 3. Effect of the support on the activity and stabil ization of Ni(CO) 2 �9 
(PPh3) 2 activated by Et3A12C13: 1) Ct-1, 2) Ni(CO)2(PPh3) 2. [Ni]=2.12 
m m o l e s / l i t e r ,  A1/Ni =2, [1-HI 0 =0.38 mole / l i t e r .  

Fig. 4. Tempera ture  effect on the activity of Ct-I-Et3A12C13 in the 
isomeriza~ion of l -H,  [l-H]0 =0~ mole / l i t e r ,  [Nil =0.09 mmoles ,  
A1 : Ni=2. 
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Fig. 5. Dependence of the conversion of c~-olefins on their  s t ruc ture  
in the presence  of C t - 1 -  Et3A12C13: 1) 1-hexane, 2) 4 -me thy l - l -pen tene ,  
3) 1-heptene, 4) 2 -me thy l - l -pen tene .  

Fig. 6. Change in the composit ion of the react ion mixture during the 
i somer iza t ion  of 1-hexene in the presence  of the Ct-1 - Et3A12C13 catalytic 
system: 1) 1-hexene, 2) t rans-2-hexene ,  3) c i s -2-hexene ,  4) 3-hexene 
(cis and trans).  

S~udy of the t empera tu re  effect on the rate of 1-H isomer iza t ion  revealed a relat ively nar row range for 
Ct-1 activity {Fig. 4). This is apparently related p r imar i ly  to a change in the rat io of the ra tes  of format ion 
and decomposit ion of the active species in the range studied f rom - 2 0  ~ to +50~ 
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Since the effect  of t e m p e r a t u r e  and of the amount  and nature  of the o rganoa luminum compound is qual i -  
t a t ive ly  analogous to mos t  homogeneous Z i e g l e r - N a t t a  s y s t e m s ,  we may  p r e s u m e  s imi l a r i t y  in the m e c h a n i s m  
for  the ca ta ly t ic  i somer i za t ion  of a - o l e f i n s .  The ef fec ts  of the s t ruc tu re  and chain lengths of the olefins on 
t h e i r  reac t iv i ty  a r e  in accord  with this  hypothes is .  In pa r t i cu l a r ,  in the p r e s e n c e  of Ct-1 ,  behavior  typical  of 
homogeneous coordinat ion i somer i za t i on  was found, in which the olefin reac t iv i ty  is de te rmined ,  as a rule ,  by 
s t e r i c  hindrance to coordinat ion.  Normal  olefins with a t e rmina l  double bond i s o m e r i z e  with the g rea t e s t  ra te  
ar~d 1-hexene  i s o m e r i z e s  m o r e  rapidly  than 1-heptane .  The i somer i za t i on  r a t e  fo r  4 - m e t h y l - l - p e n t e n e  is 
p rac t i ca l ly  the same  as for  1-hexene (Fig. 5). However ,  the alkene reac t iv i ty  d e c r e a s e s  with increas ing  num-  
ber  of alkyl groups  at the unsa tura ted  carbon a toms .  This is c l ea r ly  evident by compar i son  of the i s o m e r i z a -  
t ion data  for  4-  and 2 - m e t h y l - l - p e n t e n e s  and the r a t e s  of the t r a n s f o r m a t i o n s  of 1-H to 2-hexene and of 2-  
hexene to 3-hexene,  r e spec t i ve ly  (see Fig. 6). 

Analysis  of the i s om er i za t i on  data for  I~H (see Table 1) and 2-H shows that  the c i s - 2 - H / t r a n s - 2 - H  ra t io  
for  Ct-1 is  one-hal f  that  fo r  the homogeneous s y s t e m  and, in both cases ,  it is s ignif icant ly g r e a t e r  than the 
t he rmodynamic  equi l ibr ium value (~0.30) [13]. This finding indicates  the effect  of the support  in Ct-1 on this 
reac t ion .  A s i m i l a r  effect  was seen  p rev ious ly  fo r  the i somer i za t i on  of l~heptene on supported pal ladium 
sa l t s  [13]. The kinetic curves  given in Fig. 6 which cha rac t e r i ze  the change in the composi t ion of the reac t ion  
mix tu re  over  t ime  indicate that the m a j o r  source  of 3-H is c i s - 2 - H  fo rmed  in the convers ion  of 1-H to a m i x -  

t u r e  of i s o m e r i c  2 -H.  

These resu l t s ,  espec ia l ly  the data  on the effect  of the s t ruc tu re  of the s ta r t ing  olefin on the i somer i za t ion  
r a t e ,  a r e  in good accord  with the hydride m e c h a n i s m  for  double bond mig ra t ion  usually accepted  for  homoge-  
neous s y s t e m s .  The ~r-complexation of the subs t ra te  with the coordinat ively  unsa tura ted  nickel hydride c o m -  
plex, the convers ion  of the ~-complex  to a ~-complex ,  and the subsequent e l iminat ion of hydrogen f r o m  the 
carbon a tom a re  c ruc ia l  for  th is  m e c h a n i s m .  An i n c r e a s e  in s t e r i c  hindrance and dec r ea se  in t he rmodynamic  
s tabi l i ty  of the r - c o m p l e x  fo rmed  [13] give the following s e r i e s  for  r eac t iv i ty :  1-hexene ~ 4 - M - 1 - P  > 1-hep-  
tone >> c i s -2 -hexene  > t r ans -2~hexene  ~ 2 - M - I - P .  

Thus,  in addition to the olefin double bond mig ra t ion  fea tu res ,  which a re  common with homogeneous 
analogs such as the effect of the A1 : Ni ra t io ,  amount and nature of the organoaluminum compound, ligand 
envi ronment  of nickel ,  and s t ruc tu re  of the s ta r t ing  olefin on the r e a c t i o n r a t e ,  s eve r a l  specif ic  fea tures  a re  
found for  he te rogenized  complexes  due to  the effect  of the support .  

C O N C L U S I O N S  

1. The reac t iv i ty  of hydrocarbons  in the p r e s e n c e  of d ica rbonyl -b i s  {triphenylphosphine)nickel (0) he te rog-  
enized on A1203 d e c r e a s e s  in the o rde r :  1-hexene ~ 4 - m e t h y l - l - p e n t e n e  > 1-heptene >> 2 - m e t h y l - l - p e n t e n e .  

2. The Ni(CO) 2 (PPh3)2/A1203- Et3A12CI.~ cata ly t ic  s y s t e m  displays  high i somer i za t i on  act ivi ty  in a r e l a -  

t ive ly  n a r r o w  t e m p e r a t u r e  range .  
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