
Cyclobutene Derivatives as 
Isoprene Equivalents in Terpene Synthesis. 
The Metathesis of 1-Methylcyclobutene 

Summary: The metathesis of 1-methylcyclobutene leads to 
head-to-tail isoprenoid homologation and can convert the 
monoterpene geraniol acetate into the sesquiterpene farnesol 
acetate. 

Sir: As part of a general program of natural products syn- 
thesis, a portion of our efforts are directed toward uncovering 
fundamentally new approaches to terpene synthesis. This 
is a difficult task, since terpene chemistry is a mature science 
and the head-to-tail linking of isoprene units has long been 
an objective of organic synthesis.lS2 A new and potentially 
quite general approach to terpenoid synthesis involves the use 
of 1-methylcyclobutece (1 )  as an isoprene synthon. This 
molecule contains the five carbons required for an isoprene 
unit as well as -26-kcal/mol strain energy4 to drive reactions 
to completion.5 We have recently described3 the synthesis of 
terpenoid 1,3-dienes using cyclobutenes as reactive isoprene 
synthons. Since 1,5-dienes are more common (geraniol, far- 
nesol, squalene, etc.), we now disclose a method for “insertion” 
of an isoprene unit into an unactivated double bond, resulting 
in the head-to-tail linking of isoprene units. 

The olefin metathesis reaction6 has been the object of a 
flurry of recent activity, with only limited application to 
natural products ~ynthes is .~  Since Dall’Asta had reported the 
metathetical polymerization of cyclobutenes to 1,5-dienessa 
(eq l), we felt that this unique reaction might have application 
to terpene chemistry. . 

1 
1-Methylcyclobutene (1) reacts exothermicallyg with the 

metathesis catalyst WC16/Sn(CH3)410 giving a polymer (eq 2) 
whose gross structure is that of polyisoprene (natural rub- 
ber).8b After this work was completed, a detailed examination 
of the metathetical polymerization of 1-methylcyclobutene 
was published.ll The polymer produced is 8687% Z and more 
importantly 10.1/1 head-to-tail, the regioisomerism crucial 
for the production of terpenoid products. Based on the cur- 
rently accepted mechanism,6a the selectivity is a consequence 
of factors which favor a more highly substituted metallocar- 
bene.12 

At the outset a model system was investigated which avoids 
regioisomer problems. The crossed metathesis of l-methyl- 
cyclobutene (1)  with excess 3-hexene (2) in chlorobenzene 
gives compound 3 in 20-30% yields13J4 (eq 3). Compound 3 

I I 
CH3 CH3 1 

2 3 
(a mixture of E/Z isomers) was prepared by an independent 
route shown in eq 4. Wittig reaction of methyl levulinate gives 

CH3 CH, 
I I  yH3 
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the unsaturated ester 5 which was converted to 3 via the al- 
dehyde. The materials were identical from the two path- 
w a y ~ . ~ ~  

The interconversion of terpenes was then attempted. There 
are few reports in the literature concerning the metathesis of 
trisubstituted olefins.16 Presumably because of steric hin- 
drance they react much slower. In addition, there seems to be 
no systematic study of the effect of functional groups on the 
metathesis r e a ~ t i 0 n . l ~  Since alcohols quench the metathesis 
catalyst the corresponding acetates were used, and appear to 
be compatible.ls When geraniol acetate (6) and excess 1 were 
reacted [WC16/Sn(CH3)4 in chlorobenzene] for prolonged 
periods and the polymer was precipitated with methanol, 
1-2% farnesol acetate (7) (E /Z  isomers) could be detected 

6 7 

(GUMS). A mechanistic rationale for formation of farnesol 
acetate involves metathesis12 a t  the 6,7 double bond of geranyl 
acetate (metathesis a t  the 2,3 double bond is degenerate.) 

Although far from being preparatively useful a t  this time, 
we feel that investigation of some of the newer soluble cata- 
lysts, isolable carbene initiatorslg or the photochemically in- 
itiated metathesis,20 possibly with other protecting groups 
may lead to a viable terpene homologation. Further applica- 
tions of this unique reaction to terpene synthesis will form the 
basis of subsequent reports. 
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Synthesis of Unsymmetrical Olefins by Titanium(0) 
Induced Mixed Carbonyl Coupling. Some Comments 
on the Mechanism of the Pinacol Reaction 

Summary: Unsymmetrical olefins can be synthesized in useful 
yields by titanium induced ketone coupling if one component 
is used in excess. Mixed coupling is particularly efficient for 
diary1 ketones, and a mechanism is proposed to  account for 
this. 

Sir: We recently reported an improved carbonyl coupling 
procedure employing active titanium(0). Olefins were isolated 
in high yie1ds.l Since the reaction occurs by a two-step path- 
way involving initial reductive dimerization of the carbonyl 
to a pinacol, followed by deoxygenation to olefin, one might 
expect the intermolecular version of this reaction to be limited 
to the synthesis of symmetrical olefins. 

0- 0- 

Pinacol formation is generally presumed to occur by di- 
merization of anion radicals,2 and the synthesis of unsym- 

Table I. Titanium Induced Mixed Coupling Reactions 
between Acetone and Other Ketones (Acetone/Ketone, 4 : l )  

Isolated 
yield, 

Entry Ketone Products 74 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Adamantanone 

4-tert-Butyl- 
cyclohexanone 

3-Cholestanone 

C ycloheptanone 

1 -1ndanone 

Acetophenone 

Benzophenone 

Fluorenone 

0 

Isopropylidenead- 

Biadamantylidene 
4-tert -Butylisopropyl- 

idepecyclohexane 
Bi-4-tert-butylcyclo- 

hexylidene 
3-Isopropylidene- 

cholestane 
Bi-3-cholesterylidene 
Isqpropylidenecyclo- 

Bicycloheptylidene 
1 -Is0 pr op yl i de ne in - 

Bi-1-indanylidene 
2-Methyl-3-phenyl- 

2,3-Diphenyl-2-butene 
1 ,l-Diphenyl-2-methyl- 

Tetraphenylethylene 
Isop tropylidene- 

Bifluorenylidene 

amantane 

heptane 

dan 

2 -butene 

propene 

fluorene 

& OCH, 

t 

Y 

-% 

63 

1 2  
55 

22 

54 

29 
50 

26 
71 

24 
65 

1 6  
94 

tr 
84 

0 

85 

9 

67 

26 

63 

5 5  

aThe crude product mixtures were purified by column , 

chromatography on silica gel and the products identified by 
spectral methods (NMR,  MS). 

metrical olefins by our method ,therefore requires that we be 
able to carry out mixed pinacol couplings. There is little in- 
formation in the literature concerning mixed pinacol reac- 
t i o n ~ , ~ - ~  but the few scattered reports that do exist indicate 
that one generally obtains a mixture of the three possible pi- 
nacols in a nearly statistical ratio. Recently, while this work 
was in progress, another report appeared describing several 
mixed pinacol reactions. Again, the mixed products appear 
to be found in approximately statistical amounts, although 
complete product analyses were not r e p ~ r t e d . ~  

We felt, therefore, that  our olefin-forming reaction would 
probably only be synthetically useful in cases where an excess 
of one inexpensive carbonyl component could be used and 
where the major olefinic by-product could be easily removed. 
Acetone is the obvious choice as one component of the reaction 
since it may be used in excess and its self-coupling product, 


