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Complex ca ta lys t s  open up new poss ib i l i t ies  for  the synthet ic  use  of butadiene. Pa r t i cu l a r  i n t e re s t  
is p resen ted  by the p repa ra t ion  of l inear  and cycl ic  o l igomers ,  which have been re la t ive ly  inaccess ib le  p r e -  
v iously  [1-3]. The se lec t iv i ty  of the o l igomer iza t ion  p roce s s  depends s t rongly  on the nature  of the ion of the 
complex - fo rming  agent  and the l igands, the solvent,  and the reac t ion  conditions. In the p resen t  work  we 
have studied the influence of these  f ac to r s  on the d i rec t ion  of the d imer iza t ion  of butadiene. As ca ta lys t s  
we used corrp lexes  of Rh(I), of types (I), (II), and (II1) having in the coordinat ion sphere  ligands eas i ly  d i s -  
placed by butadiene: LRh(CO)2C1 (I), where  L is  benzot r iazo le  (Ia), acr id ine  (Ib), imidazole  (Ic), benz-  
imidazo le  (hl), or  m-pheny lened iamine  (Ie); H[tlh(ArCOO-)C1] (II), where  ArCOO- r e p r e s e n t s  the anion 
of N-phenyls.nthranil ic acid {IIa) or  that  of Rhodamine C (IIb); and CI(CO)2Rh-L,Rh(CO)2C1 (III), where  L 
is benzidine ~IIIa) or  m-pheny lened iamine  (IIIb). 

The  mobi l i ty  of one of the carbonyl  groups in complexes  of types (I) and (II1) is  shown by the pos-  
s ibi l i ty  of itt~ d i sp lacement  by am i nes  and t e r t i a r y  phosphines [4]. The labil i ty of the carbonyl  group is 
a lso  conf i rmed in our exper iments :  when a solution of the complex  (In) was t rea ted  with butadiene, in the 
Itt s p e c t r u m  of the ini t ial  complex,  which had two uCO absorp t ion  bands at  2100 and 2025 cm -t ,  the ab -  
sorp t ion  at  ~;100 cm -1 d i sappeared  and the second band shifted to 1950 cm -t. The d i sp lacement  of the a r o -  
ma t i c  par t  of the ligand by organic  compounds capable  of fo rming  a bond of the ~r-donor type in the c o m -  
plexes (II) has been shown prev ious ly  [5]. 

Exper !men t s  with ca ta lys t s  of type (I) have shown that the d i rec t ion  of the p roces s  depends s t rongly 
on the na ture  of the solvent.  In methanol ,  ethanol, and acetone,  cyc looc t a - l , 5 -d i ene  and 1 , 4 - t r a n s - p o l y -  
butadiene (intense absorp t ion  band of 6trans_CH = C H -  at 964 cm -1) [6] a r e  fo rmed  in addition to 4 -v iny l -  
cyclohexene: 

( ) A  Ltth(CODCl C~tt~ LImb(cObol . . ~ ~ 1,4-trans-polybutadiene DMF acetone + + 
methanol 
ethanol 

Converse ly ,  in d ime thy l fo rmamide  (DMF) solutions of the complexes  a single o l igomer iza t ion  product is 
fo rmed  - 4-,vinylcyclohexene. It m a y  be a s sumed  that in DMF solutions an in te rmedia te  b i s - ~ - a l l y l  c o m -  
plex of t e rva len t  rhodium (1), fo rmed  in the reac t ion  of the init ial  complex  with two molecu les  of butadiene, 
is converted into the m o n 0 - ~ - a l l y l  complex  (2), which then decomposes  with the fo rma t ion  of 4 -v iny l cy c lo -  
hexene and tth(I) : 
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Fig. 1. Molecular models of the complex: a) (IIIa); b) buta-  
diene-(IIIa). 

Fig. 2. Molecular  models of the complexes: a) (IIIb); 
b) butadiene-  (IIIb). 

In solvents with a lower complex-forming capacity,  the convers ion (1) ~ (2) takes place more  slowly, 
in consequence of which the polymeric  product and cyc looc ta - l ,5 -d iene  a re  formed,  in addition to 4-v inyl -  
cyclohexene. 

It is known that butadiene polymer izes  in solutions of Rh(III) salts  in water,  methanol,  ethanol, and 
DMF [7]. We have found that in a methanolic solution of RhCl~ previously t rea ted  with CO, 4-v inylcyc lo-  
hexene is  formed in addition to polybutadiene. A solution of RhC13 in DMF t rea ted  in the same way con- 
ve r t s  butadiene into 4-vinylcyclohexene only. Apparently,  in these cases  dicarbonyl  der ivat ives  of Rh(I) 
a r e  formed which change the course  of the reaction.  

The heating of RhC13 in DMF, which leads to the format ion of unstable dicarbonyl  der ivat ives  of Rh(I) 
[8] also excludes the polymerizat ion react ion.  Solutions of Rh2(CO)4CI 2 (IV) behave s imilar ly .  At the same 
time, the rep lacement  of one of the carbonyl  groups in complexes of type (I) by amines  leads to the com-  
plete loss of catalytic activity. Thus, the complex (V) having only one f i rmly  bound carbonyl group on each 
rhodium atom proved to be catalyt ical ly inactive: 

N ,,...~ b~..CO 

o / R h ' N ~ N . R h / O - -  ~ 

oc j "*~'N~_~ (V) 

Hence, the p resence  of two carbonyl  groups in the coordination sphere  of the Rh(I), one of which is 
displaced by butadiene during the catalyt ic  p rocess  enables the ol igomerizat ion of butadiene to take place in 
addition to polymerizat ion.  The di rec t ion of the o]igomerizat ion of butadiene on complexes of type (II) is 
pract ical ly  independent of the solvent. React ions in solutions of the complex (IIa) in DMF and solutions of 
(IIIb) in ethanol lead to the format ion  of 4-vinylcyclohexene.  Apparently,  in the reuct ion of these complexes 
with butadiene the dynamically bound a romat ic  part  of the ligand l ibera tes  th ree  vacancies  in the coordi -  
nation sphere  of the metal,  which enables only th ree  double bonds of two molecules  of butadiene to be 
coordinated,  and these cycl ize  into 4-vinylcyclohexene.  

The use as catalyst  in the ol igomerizat ion of butadiene of the complex (IIIa) in DMF leads to the fo r -  
mation of a product of l inear  ol igomerizat ion,  oc t a - l , 3 ,7 - t r i ene ,  in addition to 4-vinylcyclohexene,  while 
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TABLE 1. C h a r a c t e r i s t i c s  of the Complexes  Synthesized 

Complex 

l a  

lb 

lc 

ld 

Found 

C 

3t ,23 1,90 
30,88 t ,60 
47,5i 2,5t 
48,00 2,40 
22,79 1,80 
22,86 [ ,52 
34,43 1,77" 
34,56 i ,60 

Calculated, ,% IRspect~um, cm -1 

cl YNH bound ~Co H N 

13,09 
13,36 
3,20 
3,70 

t0,62 
iO ,62 
8,77 
8,96 

tl,36 
11,27 
8,99 
9,55 

it,36 
ii,30 

3i90 

3i90 

3200 

2ioo 
2025 
2[00 
2030 
2i00 
2036 
2[00 
2040 

in the  p r e s e n c e  of (IIIb) c y c l o o c t a - l , 5 - d i e n e  is  fo rmed.  It may be a s s um e d  that  the appea rance  of ap-  
p r e c i a b l e  amounts  (up to 10-15% ca lcu la ted  on the butadiene that reac ted)  of these  subs tances  i s  due to 
the concer ted  ac t ion  of the two ac t ive  cen t e r s  of the b inuc l ea r  complexes  due to the i r  su i tab le  s t e r i c  a r -  
r angement .  

In a c t ' ~ l  fact ,  a cons ide ra t ion  of m o l e c u l a r  models  of complex  homogeneous ca t a ly s t s  (Figs.  I and 2) 
shows the p~ss ib i l i ty  of the r e a l i z a t i o n  of a doublet  mechan i sm,  leading  in the case  of the complex  (IIIa) 
to o c t a - l , 3 , 7 - t r i e n e  and in the case  of the complex  (IIIb) to c y c l o o c t a - l , 5 - d i e n e .  The fo rma t ion  of 4 -  
v inylcyc lohexene  on complexes  of type (III), and a l so  the c o m p a r a t i v e l y  low y ie lds  of oc ta t r i ene  and cyc lo -  
o c t a - t , 5 - d i e n e  can be explained by the pa r t i a l  decompos i t ion  of the complexes  under  the r eac t ion  condit ions 
with the for:marion of mononuc lea r  pa r t i c l e s .  

EXPERIMENTAL METHOD 

The complexes (Ia)-(Id) were obtained by heating (IV) [9] with the corresponding ligands in benzene 
to 40-50 ~ at a molar ratio of (IV) to ligand of 1 : 2. The complex (la) precipitated when the solution was 
cooled. The complexes (Ib)-(Id) were precipitated by the addition of heptane. The characteristics of the 
complexes (Ia)-(Id) are given in Table i. The complexes (le), (Ilia), and (IIIb) were obtained as described 
previously [I0], and so was (V) [ii]. Complex (IIa) was obtained as described in [12] and (Ilb) in a similar 
manner  to [t3]. 

The o l i gomer i za t i on  of butadiene was pe r fo rmed  in a 50 ml  autoc lave  at  40-80 ~ The amount of 
ca t a lys t  wa~,l 10-4-10 -5 mole  in 15-20 ml  of solvent .  The r a t i o  of ca ta lys t  to butadiene was I : 1000. The 
r e a c t i o n  t ime  was 6-16 h. The r e a c t i o n  produc ts  we re  analyzed  by the GLC method using a "Khrom-3"  
ch roma tog raph  with a column 120 • 0.5 cm f i l led  with 20% of polyethylene adipate  and 5% of s t e r i c  acid 
on Spherochrome  at  a column t e m p e r a t u r e  of 120 ~ with a r a t e  of feed of c a r r i e r  gas (Ar) of 4 l i t e r s / h .  

The 4 -v iny lcyc lohexene  was i so l a t ed  by f r ac t iona l  d i s t i l l a t ion ,  bp 130-131~ n~ 1.4620. The NMR 
spec t rum,  tdken on a INM-C-60 ins t rument ,  ag reed  comple te ly  with that given in [14]. 

"l CONCLUSIONS 

i. Complexes of the general formula LRh(CO)2CI , where L is benzotriazole, acridine, imidazole, 
or benzimidazole, have been synthesized. 

2. In the presence of catalytic amounts of the complexes LRh(CO)2CI in ethanol, methanol, and 
acetone, bu1~adiene is converted into a mixture of 4-vinylcyclohexene, cycloocta-l,5-diene, and 1,4-trans- 
polybutadiene. In DMF solutions, the sole reaction product is 4-vinylcyclohexene. 

3. In solutions of binuclear complexes of Rh(I) in DMF, in addition to 4-vinylcyclohexene, on the 
complex with p-phenylenediamine cycloocta-l,5-diene is formed and in the presence of the benzidine com- 
plex o c t a - l , 3 , 7 - t r i e n e  is  fo rmed.  The i r  fo rma t ion  may  be connected with a doublet m e c h a n i s m  of the ac t ion 
of the two ca t a ly t i c a l l y  ac t ive  cen te r s  of the b inuc l ea r  complex  ca ta lys t .  
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