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Ru-Catalyzed cycloisomerization of �-enallenes to form cyclic
1,3-dienes or 1,4-dienes
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Abstract—RuClH(CO)(PPh3)3-catalyzed cycloisomerization of �-enallenes to afford the cyclized 1,3- and 1,4-dienes depending on
the substrates and reaction conditions is described by reacting �-enallenes in toluene at reflux. © 2002 Elsevier Science Ltd. All
rights reserved.

The development of efficient chemical transformation
which involves the reactants corresponds exactly to
empirical formula of the products is highly desirable in
organic synthesis due to the atom economy, which
avoids the amount of chemicals and waste.1,2

Intramolecular coupling and cyclization of the tethered
alkenes and alkynes to produce cyclic 1,4-dienes involv-
ing catalytic cycloisomerization represent the reactions
that meet such a goal.3 Although the late transition
metal-catalyzed intramolecular cycloisomerization of
enynes and dienes has been known,4,5 only the Ni/Cr-
catalyzed cycloisomerization of �-enallenes to give 1,4-
dienes is known by Trost et al.6 Recently Mori et al.7

reported the Ru-catalyzed cycloisomerization of enynes
with RuClH(CO)(PPh3)3. In our ongoing studies to
utilize allene substrates in organic synthesis, we have
found that the ruthenium-catalyzed cycloisomerization
of �-enallenes afforded the cyclized 1,3- or 1,4-dienes
depending on the substrates and/or reaction conditions,
which is shown in Scheme 1.

The results of Ru-catalyzed cycloisomerization of �-
enallenes to form 1,3- or 1,4-cyclic dienes are summa-

rized in Table 1. To find optimum conditions, allenyl-
and allyl-substituted p-toluenesulfonamide 1a was used
as a model compound. As a RuH source,
RuClH(CO)(PPh3)3 and RuH2(CO)(PPh3)3 were tested
and RuClH(CO)(PPh3)3 was better in the terms of
yield. Of the solvents tested dioxane, DMF, CH3CN,
THF and toluene, toluene was the best of choice. The
enallene 1a reacted with RuClH(CO)(PPh3)3 (5 mol%)
in toluene at reflux for 8 h to afford 1,3-cyclic diene 2a
in 60% isolated yield (entry 1 in Table 1). Under the
same conditions �-allenyl �, �-unsaturated ester 1b was
cycloisomerized to �,�-unsaturated ester 2b in 66%
yield (entry 2). In contrast to sulfonamide 1a when
tBOC-substituted allenyl allylamide 1c was treated
under the same conditions to afford 1,4-cyclic diene 3a8

in 56% yield (entry 3). The malonate branched enallene
1d was cycloisomerized to 1,3-cyclic diene 2c9 in 58%
yield (entry 4).10 For the �-enallene diol 1e refluxing for
7 h afforded the 1,4-cyclic diene 3b (entry 5). However,
�-enallene diol 1e was heated for a prolonged time (12
h) 1,3-cyclic diene 2d was afforded as a sole product
(entry 6). The dibenzoate 1f was isomerized to 1,3-
cyclic diene 2e as the only product in 75% yield (entry

Scheme 1.
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1a 2a

1b 2b

1c 3a

1d 2c
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3

6
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1g 3c

5 7

12

1e 3b

60

1e 696

2d

7 3 75

1f 2e

1h 3d

(trans : cis = 11 : 1)

t t

(trans : cis = 6.4 : 1)

aThe reaction were run with δ-enallenes and RuClH(CO)(PPh3)3 (5 mol %) in the toluene at reflux. 
bSeperated by SiO2 columnchromatography. cThe ratios of trans : cis were determined by 1H NMR spectra.
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Table 1. Ru-catalyzed cycloisomerization of �-enallenesa

7). This method was applied to �-substituted �-enallene.
Treatment of �-phenyl-substituted enallene 1g the
trans-1,4-cyclic diene 3c11 as a major product was
obtained in 71% yield (entry 8). Finally, �-2-thienyl-
substituted enallene 1h was readily isomerized to the
trans-1,4-cyclic diene 3d as the major component in
64% yield (entry 9).12

The typical procedure is as follows. A solution of
enallene 1a (50 mg, 0.19 mmol) in toluene (3 ml) was
added RuClH(CO)(PPh3)3 (9 mg, 0.01 mmol) and the
mixture was heated at reflux for 8 h. Toluene was
evaporated in vacuo and the crude product was sepa-
rated by SiO2 column chromatography (hexanes:ethyl
acetate=1:5) to afford the product 2a (30 mg, 60%).
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Scheme 2.

The plausible mechanism for the formation of 1,3- or
1,4-cyclic dienes from �-enallenes can be envisioned as
shown in Scheme 2. It is presumed that hydroruthen-
ation of �-enallene 1 followed by intramolecular olefin
addition gives ruthenium complex A. A syn �-H elimi-
nation of A would produce 1,4-cyclic dienes 3. Further
hydroruthenation of 3 followed by �-H elimination
could give 1,3-cyclic dienes 2 (Scheme 2).

In summary, the ruthenium-catalyzed cycloisomeriza-
tion of �-enallenes to form the cyclic 1,3- or 1,4-dienes
depending on the substrates was accomplished.
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