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ABSTRACT

Treatment of an allenyl vinyl ketone with trifluoroacetic acid leads to Nazarov cyclization, and the intermediate carbocation is trapped efficiently
by trifluoroacetate. Hydrolysis of the ester with methanol and basic alumina provides, in good to excellent overall yield, a 5-hydroxycyclopent-
2-enone in which the alcohol is predominantly trans to a substituent at C-4.

The Nazarov cyclization has become a powerful tool for the
construction of substituted cyclopentenones.1 Strong acids are
normally required to induce the cyclization with divinyl ketone
substrates, but the reactivity of the substrate can be enhanced
by electron-donating or electron-withdrawing substituents.
Frontier and co-workers2 have carefully studied experimentally
the electronic effects of substituents. A number of more recent
examples of Nazarov cyclizations employ substrates substituted
in the R position by an oxygen.3,4 The Tius group has greatly
developed the use of allenyl vinyl ketones 1, activated by

an R oxygen substituent on the allene, as substrates for
the preparation of a variety of 2-hydroxycyclopent-2-enone
derivatives 2, which are enolized 1,2-diketones (Scheme
1).5-7 In addition to the R oxygen, the use of an allene

accelerates cyclization as evidenced by the work of Hashmi
and co-workers,8 who showed that Nazarov cyclization of
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Scheme 1. Outline of Tius Nazarov Cyclizations with Allenyl
Vinyl Ketones
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allenyl vinyl ketones that lack an oxygen substituent can take
place during chromatography on silica gel.

The initial, cationic intermediate of the Nazarov cyclization
can be intercepted, or “interrupted,” by a nucleophile.7,9,10 This
process has been cleverly exploited synthetically by West.11

We hypothesized that the cationic intermediate 3 (Scheme
2) derived by the Nazarov cyclization of allenyl vinyl ketones

might be particularly well suited to intermolecular intercep-
tion by a nucleophile because termination of the process by
proton loss from 3 might be disfavored, as this would lead
to a fulvene. However, in order to trap the intermediate
carbocation derived from the allenyl vinyl ketone 1 with an
amine, Tius and co-workers7 were obliged to conduct the
Nazarov cyclization in the absence of solvent and in the
presence of silica gel and the amine. Thus, it was our
intention to examine the Nazarov cyclizations of some allenyl
vinyl ketones under more conventional conditions with the
expectation that these would lead to interrupted reactions.

Our studies began with the preparation of a series of allenyl
vinyl ketones (Scheme 3). An indium-mediated Barbier-type
coupling reaction12,13 was employed to react 1-bromo-2-
butyne with a variety of R,�-unsaturated aldehydes to furnish
allenyl alcohols 4a-g efficiently. However, Dess-Martin
periodinane oxidation gave very low yields of the corre-

sponding ketones 5a-g, which were accompanied by
significant amounts of impurities that were difficult to
remove. Oxidation of 4a-g with MnO2 was somewhat better,
but the yields of the ketones ranged from only 21% for 5a
up to 71% for 5f (over the two steps). These ketones have
a methyl group in the R position, which should further
stabilize the carbocation intermediate (similar to 3) and make
nucleophilic attack at one of the R positions more sterically
encumbered.

Conditions to effect Nazarov cyclizations were surveyed with
the allenyl vinyl ketone 5d, and the results are summarized in
Table 1. In contrast with the examples of Hashmi and Tius,7,8

treatment of 5d with silica gel failed to provide any cyclized
product. Indeed, 5a-g were purified successfully by column
chromatography on silica gel. Whereas concentrated HCl
gave no Nazarov cyclization product (entry 1), other Brønsted
acids (entries 2-4) provided an oxygen-trapped compound
6 as a single diastereomer in modest to excellent yields. No
product with an exocyclic double bond was isolated. The
relative stereochemistry of 6 was confirmed by X-ray
crystallography. Of the triflates tested (entries 6-8),
Cu(OTf)2 slowly destroyed 5d, but Sc(OTf)3 and Yb(OTf)3

both yielded 6 also. Yb(OTf)3 uniquely gave the alcohol
product as an epimeric mixture.

White and West11b had observed the trapping of a Nazarov
intermediate by chloride when a cyclization had been promoted
by TiCl4. Treatment of 5d with TiCl4 led to the destruction of
the substrate, and the result was the same with AlCl3 and FeCl3
(entries 9-11). Compound 5d was rapidly transformed in the
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Scheme 2. Carbocation Intermediate from the Nazarov
Cyclization of an Allenyl Vinyl Ketone

Scheme 3. Preparation of Allenyl Vinyl Ketones
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presence of AuCl3 (entry 12), but in this case a modest amount
of a cyclized product was recovered, and the identity of this
product was shown by NMR and MS to be the chloride-trapped
compound 7 as a single diastereomer.

Trifluoroaceticacid was clearly the best acid for the formation
of 6. The origin of the alcohol oxygen of 6 was trifluoroacetate.
This was obvious from the NMR data of the cyclization product,
the ester 8, prior to chromatography on basic alumina. The
remaining allenyl vinyl ketones 5a-c,e-g were reacted using
CF3CO2H. The trifluoroacetate esters were not purified, but
chromatography on basic alumina afforded the 5-hydroxycy-
clopent-2-enones 9-14 with good to excellent yields (Figure
1).14 The trans stereochemistry was assigned to the major
product 10a (from 5b) and to 11-14 on the basis of the
similarity of the coupling constants in their 1H NMR data with
the corresponding data for 6. That only 5b gave a significant
amount of cis alcohol 10b suggests that the stereochemistry
develops as a result of steric interactions with the substituent
at C-4. The reactions of 5f and 5g were slower than the reactions
of the other allenyl vinyl ketones, and the yields of the
corresponding cyclized products 13 and 14 were lower than
the yields of 6 and 9-12 as a result of the production of less
polar byproducts, which were not characterized.

In summary, a variant of the Nazarov cyclization has been
presented in which the intermediate from an allenyl vinyl ketone
has been trapped by trifluoroacetate. Al2O3-promoted hydrolysis
then provided a 5-hydroxycyclopent-2-enone. When there was
a substituent at C-4 in the product, the predominant stereo-
chemistry of the product was trans. This intermolecular trapping
of a Nazarov cyclization by an oxygen nucleophile offers an
opportunity for the production of a variety of cyclopent-2-enones
bearing oxygen functionality at the 5-position in good to
excellent yield. In addition, the trapping of a similarly derived
cation with chloride suggests that allenyl vinyl ketones may be
generally amenable to interrupted Nazarov cyclizations. Re-
search in this direction is currently underway.
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Table 1. Nazarov Cyclization of 5d to 6a

entry acid yield (%) of 6b

1 HCl 0c

2 p-TsOH 71
3 Amberlyst-15 30
4 CF3CO2H 96
5 BF3·Et2O 0d

6 Cu(OTf)2 0d

7 Sc(OTf)3 54
8 Yb(OTf)3 70e

9 TiCl4 0d

10 AlCl3 0d

11 FeCl3 0d

12 AuCl3 32 (of7)
a 0.01 M solutions of 5d. b Isolated yields. c Products of the addition of

HCl across the π bonds of the allene were obtained. d Compound 5d was
completely consumed, but only intractable material was produced. e A 1:1
mixture of the cis and the trans isomers.

Figure 1. Products of the interrupted Nazarov cyclizations of
5a-c,e-g (with yields).
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