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Metathesis of mixed 2-pentene (46% trans and 54% cis) by a binary catalyst sys- 
tem of tungsten hexachloride and n-butyllithium has been reported to attain the 
theoretical maximum conversion, 50%, in 4 hr at room temperature. Aluminum 
halides have exerted substantial effects on this metathesis reaction in the presence 
of WCl, and n-BuLi. It has been found that aluminum halide at less than 1 mole/ 
mole of WCI, accelerated the formation of 3-hexene and 2-butene in high conversion 
and selectivity in 15 min reaction time. Beyond this level, conversion was increased 
at the expense of selectivity. 

INTRODUCTION 

A homogeneous catalyst system for ole- 
fin metathesis has been disclosed by sev- 
eral workers (l-5). The preferred catalyst 
was obtained by the interaction of tungsten 
hexachloride, ethanol, and ethylaluminum 
dichloride. Isomerization and oligomeriza- 
tion also occurred when olefins were meta- 
thesized over a solid catalyst of molyb- 
denum or tungsten oxides on alumina at 
temperatures from 90 to 26VC (6, 7). At 
0°C in chlorobenzene, the catalyst system 
Py,Moz- (NO) &I,--EtAlCl, converts a-pen- 
tene into 2-butene and 3-hexene, reaching 
a maximum conversion of 5070 in 10 min 
(8). 

In this paper, the effects of aluminum 
halides on metathesis of 2-pentene by a 
binary catalyst system of tungsten hexa- 
chloride and n-butyllithium are described. 

EXPERIMENTAL METHODS 

Materials and glc Anulpis 

These were the same as those described 
in our previous paper (4). A mixture of 
46% bans- and 5470 cis-2-pentene was 
used. 

* Contribution No. 488. 

Procedure 

All the reactions were carried out in 4 
oz glass bottles at room temperature. In- 
jections of chemical reagents were done by 
means of hypodermic syringes. Two orders 
of injections were used: (1) non-premixing 
system, that is, WCl,, mixed 2-pentenes, 
n-BuLi and AlX, were added successively ; 
(2) premixing system, that is, WCl, and 
n-BuLi were premixed for 10 or 30 min 
and then 2-pentene and aluminum halide 
were added successively and reacted for 
15 min. In both systems, reaction was ter- 
minated with 1 ml of isopropyl alcohol. In 
all the experiments, ratios of WC1,/2-pen- 
tene/n-BuLi were 0.0002/0.01/0.0004. Re- 
action time began from the time of injec- 
tion of aluminum halide. 

RESULTS 

The terms ‘Lconversion” and “selectivity” 
used here have the same meanings as those 
described in our previous paper (4). 

1. N,on-Premixing System 

Without aluminum halide, metathesis 
of 2-pentenes into 3-hexene and 2-butene 
by a binary catalyst system of tungsten 
hexachloride and n-butyllithium yielded 
10% conversion and 98 mole % total se- 
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TABLE 1 
EFFECT OF ALUMINUM CHLORIDE 

AU,, mole 
Conversion, % 
Selectivity to 3-hexene, 

mole yO 

Selectivity to 2-butene, 
mole TO 

Total selectivity, 
mole yO 

2-pentene, tran.s/cis 
2-butene, trans/cis 

0 .000003 oooo4 .00008 .0002 .0003 .0004 
10 18 32 39 61 69 70 
47 37 35 38 40 31 28 

51 37 37 3s 29 19 17 

98 74 72 76 69 50 4.5 

1.2 1.2 1.9 3.2 4.7 5.6 5.2 
0.8 0.9 1.2 1.6 2.5 2.8 2.5 

TABLE 2 
EFFECT OF ALUMINUM BROMIDE 

AlBs, mole 0 .00005 0001 .0002 .0003 .0004 

Conversion, yO 10 12 36 43 64 73 

Selectivity to 3-hexene, mole TO 47 36 4.5 39 30 19 
Selectivity to 2-butene, mole TO 51 38 42 35 23 10 

Total selectivity, mole yO 98 74 87 74 53 29 

2-pentene, trans/cis 1.2 1.4 3.0 3.5 6.7 9.0 

2-butene, trans/cis 0.8 0.8 1.4 1.5 2.5 2.7 

0 .OOOl cc02 .0003 0004 

ALX, , mole 

FIG. 1. A plot of total selectivity (mole “/of vs 
AlX, (mole): 0, AK% effect on non-premixing 
system (A); A, AlBr? effect on non-premixing 
system (B); 0, AlCl, effect on premixing system 
CC) ; 0, AlBr, effect on premixing system (D). 

lectivity in 15 min reaction time. With 
aluminum halide, conversion was increased 
at the expense of selectivity. This trend 
continued with increasing aluminum halide 

(Tables 1 and 2). The initial rate of re- 
action appeared to be AlCl, > AlBr,. Total 
selectivities were approximateIy the same 
in both AICl, and AlBr, systems. (See Fig. 
1, curves A, B.) The high conversions 
caused by small amount of AlX, may be 
explained by: WCI, + AIX, + [WC&]+ - 
[ AlX,CI I-. 

2. Premising System 

WCl, and n-BuLi were premixed for 10 
min and then 2-pentenes and AlX, were 
added successively and reacted for 15 min. 
In both AlCl, and AIBr, systems, conver- 
sion was increased in a similar way, but 
total selectivity was much higher than ob- 
tained in the non-premixing runs of sys- 
tem (I) (Fig. 1, curves C, D). The initial 
rate of reaction appeared to be AlCl, > 
AlBr,, but the total selectivity suggested 
AlCl, + AlBr, (Tables 3 and 4). 

The prereaction of WC& and n-BuLi has 
allowed the aluminum halides to exert a 
beneficial influence, possibly by the isom- 
erization of an inactive trans tungsten in- 
termediate to a reactive cis [see more de- 
tails in Ref. (4) ] : 
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AlX, -AlXs 
&WCl,(2-P)n 1 [WCl,(2-P)z]+[AlX,Cl]- 1 c-WClr(2-P)z 

I 

WC16 
%BUli 2-ktene 

+ 
2-pentene 3-hexene 

This benefit is not derived from the pos- 
sible formation of n-BuAlX, from n-BuLi 
and AlX,, as shown by the following 
experiment: 

n-BuLi (0.0004 mole) and AlCl, (0.0001 
mole) were premixed for 15 min and then 
2-pentenes (0.01 mole) and WC& (0.0002 
mole) were added successively and reacted 
for 15 min. This reaction gave 61% con- 
version and 62 mole 7% total selectivity, 
whereas premixing of WCl, and n-BuLi re- 
sulted in 48% conversion but with 93 
mole % selectivity (Table 3). 

uct olefins should be cis, it is actually 
mostly tram. This may be due to more ex- 
tensive isomerizat,ion by cationic aluminum 
species. 

In summary, small amounts of aluminum 
halides enhance the reactivity of the WC&- 
n-BuLi catalyst toward metathesis of 2- 
pentene, possibly by isomerizing an inac- 
tive truns intermediate, t-WCl, (2-P) 2, to 
the active cis form, c-WC1,(2-P),. The 
much higher trans isomer than cis isomer 
found in the residual 2-pentene and prod- 
uct 2-butene may well be explained by 

TABLE 3 
EFFECT OF ALUMINUM CHLORIDE 

AlCl,, mole 0 ,00005 ,OOOl .0002 .0004 
Conversion, yO 15 42 48 54 76 
Selectivity to 3-hexene, mole yO 44 41 50 47 30 
Selectivity to 2-butene, mole ‘$J 48 45 43 39 24 
Total selectivity, mole 7, 92 86 93 86 54 
2-pentene, translcis 1.2 4.8 5.9 5.2 5.0 
2-butene, tram/& 0.8 1.8 2.4 2.6 2.7 

TABLE 4 
EFFECT OF ALUMINUM BROMIDE 

AlBs, mole 
Conversion, yO 
Selectivity to 3-hexene, 

mole yO 
Selectivity to 2-butene, 

mole yO 
Total selectivity, mole ‘% 
2-pentene, tram/& 
2-butene, tram/h 

0 .00005 .OOOl .0002 .00025 .00035 .0004 
15 30 40 51 50 58 58 
44 49 49 47 41 34 30 

48 51 51 41 41 34 24 

92 100 100 88 82 68 54 
1.2 2.6 4.2 4.9 4.6 6.5 5.8 
0.8 1.4 1.8 2.5 2.4 2.3 3.5 

The trams/& ratios of residual 2-pen- 
tene shown in Tables 14 were those found 
at the end of 15 min reaction time. They 
increased rapidly with increasing conver- 
sion and aluminum halide. Similarly, the 
trans/cis ratios of product 2-butene in- 
creased almost linearly with increasing 
aluminum halide in both non-premixing 
and premixing systems. While our mecha- 
nism described in (4) predicts that prod- 

more extensive isomerization by cationic 
aluminum species. 
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