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The substitution reaction of cyclic Baylis–Hillman alcohols with arylacetylenes was achieved under the
catalysis of TfOH in nitromethane. The c,d-unsaturated ketones were obtained in moderate to good
yields.
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The chemical behavior of alkynes is one of the most important
and useful subjects in organic chemistry.1 The terminal alkyne
could be used as a nucleophile in addition reactions with various
electrophiles such as carbonyl compounds and imines, as well as
Michael acceptors.1,2 The direct reaction of terminal alkynes with
alcohols should be another attractive process for C–C bond forma-
tion and the only byproduct is water. However, the catalytic nucle-
ophilic substitution of alcohols with terminal alkynes is rarely
reported.3 In most cases, terminal alkynes should be transformed
to metal alkynides such as alkynylboron and alkynyllithium.4

A pioneering work on the reaction of terminal alkynes with
alcohols is the CpRu(PPh3)2Cl-catalyzed reconstitutive condensa-
tion of acetylenes and allyl alcohols reported by Trost and
co-workers. b,c-Unsaturated ketones were obtained via ruthe-
nium-vinylidene intermediates.5 On the other hand, under the
catalysis of CpRu(cod)Cl, the reaction provided c,d-unsaturated
ketones in a totally different reaction pathway by the addition of
the alkene bond of allylic alcohol to alkynes.6 In the case of palla-
dium catalysis, allylation of alkynes with allyl alcohols provided
substituted 1,4-dienes.7 Recently, Iron(III) was used as the catalyst
for the reaction of benzylic alcohols with aryl alkynes and substi-
tuted aryl ketones were obtained in moderate yields.8 It was note-
worthy that different catalytic systems afford different products
for the allylation of alkynes. Development of new efficient catalysts
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to explore the versatility of the reaction between alkynes and
allylic alcohols is still desirable.

Baylis–Hillman adducts, bearing both allylic hydroxyl group
and Michael acceptor moiety, have been illustrated as valuable
starting materials for the synthesis of heterocycles and many bio-
logically active molecules.9 Herein, we wish to describe an efficient
Br/nsted acid-catalyzed allylation of terminal alkynes with Baylis–
Hillman alcohols to produce c,d-unsaturated ketones.

Initially we investigated the reaction of cyclic Baylis–Hillman
alcohol 1a derived from cyclopentenone with phenylacetylene 2a
catalyzed by Lewis acid (Scheme 1). In the presence of 10 mol %
In(OTf)3, two products were obtained: 2-(1,3-diphenylprop-2-
ynyl)cyclopent-2-enone 3a and 2-(3-oxo-1,3-diphenylpro-
pyl)cyclopent-2-enone 4a as the relative hydration product in
18% and 24% yields, respectively (Table 1, entry 1). No Michael
addition product was observed. Under the catalysis of AgOTf, the
reaction provided similar results (entry 2). However, when AgOTf
combined with a base such as iPr2NEt was used as the catalytic sys-
tem, which could be used in the addition reactions to activate the
alkynes, the reaction did not occur (entry 3).2 With Sc(OTf)3 catal-
ysis, the reaction provided a better yield of 4a (40%) and the same
yield of 3a (18%) (entry 4).

When MeNO2 was used as the solvent, the total yield of 3a and
4a was increased under the catalysis of Sc(OTf)3 or Hf(OTf)4 (en-
tries 5 and 7).10 Whereas FeCl3�6H2O provided only moderate
yields (3a + 4a = 53%) (entry 7).8 Fortunately, when TfOH was used
as a catalyst, the reaction was complete in 10 min to provide 10%
3a and 68% 4a, and then prolonging the reaction time to 1 h affor-
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Table 1
Allylation of phenylacetylene 2a with cyclic Baylis–Hillman alcohols 1aa

Entry Catalyst Solvent t (h) Yieldb of 3a (%) Yieldb of 4a (%)

1 In(OTf)3 Toluene 12 18 28
2 AgOTf Toluene 12 18 24
3 AgOTf iPr2NEtc Toluene 12 0 0
4 Sc(OTf)3 Toluene 12 18 40
5 Sc(OTf)3 MeNO2 12 18 55

6d FeCl3�6H2O MeNO2 5 10 43
7 Hf(OTf)4 MeNO2 1 13 64
8 TfOH MeNO2 10 min 10 68
9 TfOH MeNO2 1 0 76

10 — MeNO2 12 0 0

a Reactions were carried out on a 0.2 mmol scale in 2 mL of solvent, molar ratio of
alcohols/phenylacetylene = 1:2.

b Isolated yield.
c iPr2NEt 20 mol %.
d Reaction conditions see Ref. 8.
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ded 4a in 76% yield (entries 8 and 9). In the absence of the catalyst,
no reaction occurred (entry 10).

As shown in Table 2, various substituted Baylis–Hillman alco-
hols 1 could react with aryl alkynes 2 under the catalysis of TfOH
in nitromethane at 80 �C. The ketone products 4 were obtained
in moderate to good yields.11 The reaction showed exclusively
a-regioselectivity, no c-allylic substitution products were
observed. Under the optimized reaction conditions, alkyne-substi-
tuted products 3 were not isolated. Electronic effect of substituted
phenyl acetylene is not distinct (Table 2, entries 7–9). In the
reaction of 1,4-diethynylbenzene 2d with 1a, mono-substituted
product 4j was isolated in 48% yield (Table 2, entry 10).

Though in the model reaction, direct substituted product 3a
and relative hydration product 4a were isolated, the reaction
pathway is still not clear. One of the possible reaction pathways
could be considered for the formation of alkenyl cation by regio-
selective nucleophilic attack of phenylacetylene on allylic cation
fOH (10mol%)
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Table 2 (continued)

Entry B–H alcohols Alkynes Products Yieldb (%)
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a Reactions were carried out on a 0.2 mmol scale in 2 mL of nitromethane for 1 h at 80 �C, molar ratio of alcohols/phenylacetylene = 1:2.
b Isolated yield.
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of Baylis–Hillman adduct, and then followed either by the selec-
tive hydration of alkenyl cation to generate the c,d-unsaturated
ketone 4a or by deprotonation to provide alkyne-substituted
product 3a. The plausible mechanism was illustrated in Scheme
2. However, ketone 4a could also be generated by the hydration
of compound 3a.12 The conversion of alkyne-substituted product
3a to ketone product 4a was further proved. When 3a was trea-
ted with 10 mol % TfOH in MeNO2 in the presence of water
(5 equiv) at 80 �C for 1 h, 4a was obtained in 70% yield (Scheme
3). The hydration of compound 3a could not be catalyzed by
PdCl2 in MeCN–H2O which had been used in the hydration of
internal alkynes.13

In conclusion, the reaction of cyclic Baylis–Hillman alcohols with
arylacetylenes was achieved under the catalysis of TfOH in nitro-
methane. The reaction provided c,d-unsaturated ketones in moder-
ate to good yields via regioselective nucleophilic attack of terminal
alkynes at a-position of Baylis–Hillman alcohols, followed by the
in-site hydration.
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