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1,2-Disubstituted-3,4-dihydronaphthalenes could be conve-
niently synthesized with high yields by the cycloaddition re-
actions of easily available vinylarenes with electron-deficient
alkynes such as dimethyl, or diethyl acetylenedicarboxylate,
methyl phenylpropiolate in the presence of DMF·DMA
(N,N-dimethylformamide dimethyl acetal) as organocatalyst.

The catalytic cycloaddition reaction is one of the most important
and efficient synthetic protocols for the one-step construction
of cyclic compounds.1 In recent years, organocatalysis reactions
employing metal-free organic molecules as catalysts have received
unprecedented attention.2 Remarkable advantages of organocat-
alytic reactions are that the catalytic reactions can be carried out
under air and the catalysts are usually inexpensive and stable.
In our attempts to develop an efficient organocatalyst system
for the addition reaction of alkynes to alkenes, we have found
that in the presence of N,N-dimethylformamide dimethyl acetal
(DMF·DMA), the addition reaction of vinylarenes with electron-
deficient alkynes proceeded smoothly to give the adducts of

Department of Chemistry, Tsinghua University, Innovative Catalysis Pro-
gram, Key Laboratory of Organic Optoelectronics & Molecular Engineering
of Ministry of Education, Beijing, 100084, China. E-mail: ruimao@mail.
tsinghua.edu.cn; Fax: +(86)-10-62792596; Tel: +(86)-10-62792596
† Electronic supplementary information (ESI) available: Experimental
general method, characterization data of product 3, and copies of 1H
NMR and 13C NMR spectra for 3. See DOI: 10.1039/b706768b

Table 1 Reaction of styrene with acetylenedicarboxylatea

Entry Alkyne Catalyst 1a–2 (in molar) Yield (%)b

1c 2a (CH3)2NCH(OCH3)2
d 1 : 1 3aa (9)

2c 2a (CH3)2NCH(OCH3)2 2 : 1 3aa 40
3c 2a (CH3)2NCH(OCH3)2 4.3 (0.5 mL) : 1 3aa 62
4 2a (CH3)2NCH(OCH3)2 8.6 (1 mL) : 1 3aa 93 (82)

5 2b e 8.6 (1 mL) : 1 3ab 95 (87)
6 2a DMF 8.6 (1 mL) : 1 3aa 16

a Reactions were carried out using 1.0 mmol of 2, 0.2 mmol of catalyst at 110 ◦C for 5 h. b Yield according to GC based on the amount of alkyne
used. Numbers in parentheses are isolated yields. c Toluene (1.0 mL) was used as solvent. d N,N-Dimethylformamide dimethyl acetal (DMF-DMA).
e N,N-Dimethylformamide ethylene acetal.

Scheme 1

1,2-disubstituted 3,4-dihydronaphthalenes (Scheme 1). It is well
known that some functionalized dihydronaphthalenes not only
exhibit physiological and biological activities, but they are also
valuable intermediates for the synthesis of numerous biologically
natural products and pharmaceuticals. Therefore, the design and
development of efficient synthesis methods are an attractive
and interesting research topic in synthetic chemistry.3 In this
communication, we wish to report the results of the cycloaddition
reaction of vinylarenes with electron-deficient alkynes catalyzed by
DMF·DMA. To the best of our knowledge, this is the first example
of an efficient synthesis of functionalized dihydronaphthalenes
from the one-step catalytic cycloaddition of easily available
vinylarenes and alkynes.4

When a mixture of styrene 1a (1.0 mmol), an equimolar amount
of diethyl acetylenedicarboxylate 2a and DMF·DMA (0.2 mmol)
in toluene (1.0 mL) under air was heated at 110 ◦C for 5 h, GC
and GC-MS analyses of the resulting reaction mixture revealed
the formation of an adduct 3aa from the intermolecular addition
of 1a with 2a. 3aa could be isolated in 9% yield, and its structure
was characterized as diethyl 3,4-dihydro-1,2-naphthalate by its
spectral data (Table 1, entry 1).†
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Table 2 DMF-DMA-catalysed cyclic addition of vinylarenes with acetylenedicarboxylatea

Entry Styrene 1 Adduct 3 Yield (%)b

1 R = C2H5 3ba 77 (89)

2 R = C2H5 3ca 78 (85)

3 R = C2H5 3da 86 (91)

4 R = C2H5 3ea 85 (89)

5c R = C2H5 3fa 36 (42)

6 R = C2H5 3ga 82 (90)
R = CH3 3gb 85 (92)

7 R = C2H5 3ha 63 (84)

8 R = C2H5 3ia 83 (86)

a Reactions were carried out using 1.0 mmol of 2 and 0.2 mmol of catalyst in 1.0 mL of 1 at 110 ◦C for 5 h. b Isolated yield (GC yield) based on the
amount of 2 used. c Reaction was carried out using 1.0 mmol of 1f, 1.0 mmol of 2a in toluene (1.0 mL) at 110 ◦C for 6 h.

To optimize this organocatalyst-catalysed cycloaddition reac-
tion, the influence of reaction conditions on the yield of 3aa has
been examined. As shown in Table 1, the yield of 3aa depends
strongly on the catalysts and the ratio of 1a and 2a employed. In
toluene, an excess amount of 1a could accelerate this cycloaddition
reaction; the yield of 3aa was increased with an increase in the ratio

of 1a–2a (Table 1, entries 2–3). A satisfactory yield of 3aa (93%
GC yield) could be achieved when a large excess amount of 1a
(8.6 equivalents) was used (Table 1, entry 4). Under conditions
identical to those of entry 4, instead of DMF·DMA, N,N-
dimethylformamide ethylene acetal also displayed high catalytic
activity to afford 3aa in high yield (Table 1, entry 5). When DMF
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was used, the yield of 3aa was only 16% (Table 1, entry 6). Again,
if the DMF-catalyzed reaction was performed in toluene, 3aa was
formed in a small amount (<5%). In addition, it should be noted
that when trialkylamines such as Et3N and Bu3N were used as
catalysts, or in the absence of catalyst, the formation of 3aa was
not detectable by GC.

To examine the generality of the present cycloaddition system,
under the optimized reaction conditions (as indicated in entry
4 of Table 1), the cycloaddition reactions of various vinylarenes
with 2a or dimethyl acetylenedicarboxylate (2b) were examined,
and the results are summarized in Table 2. The electronic nature
of vinylarenes does not seem to affect the reactivity; vinylarenes
bearing either electron-donating or electron-withdrawing groups
in the para or ortho position of the phenyl ring underwent the
cycloaddition reaction smoothly to generate the corresponding
adducts in good yields (entries 1–4). When using an equivalent
of 1f and 2a in toluene, the corresponding desired product 3fa
was isolated in a moderate yield (entry 5). Furthermore, a-
methyl substituted vinylarenes, such as a-methylstyrene (1g) and
4-chloro-a-methylstyrene (1h) also underwent the cycloaddition
reaction smoothly to give the expected products in good yields
(entries 6–7).

In addition, the present catalyst system could be applied to the
synthesis of substituted dihydrophenanthrene. For example, the
reaction of 2-vinylnaphthalene (1i) with 2a took place to generate
1,2-diethoxycarbonyl-3,4-dihydrophenanthrene (3ia) in high yield
(entry 8).

On the other hand, under the same reaction conditions, the
reaction of another electron-deficient alkyne, methyl phenylpropi-
olate (2c) with styrene was very sluggish. At 110 ◦C for 40 h, the
cycloadduct 3j was isolated in only moderate yield (Scheme 2).
In this case, it should be noted that the reaction proceeded
with complete regioselectivity, and only 3j was determined in the
reaction mixture by GC and GC-MS.

Scheme 2

The mechanism for the present DMF·DMA-catalysed cycload-
dition of vinylarenes with acetylenedicarboxylate is not clear; the
promoting role of DMF·DMA in this reaction is not understood
at this time. Concerted formation of cyclobutene 4 as the inter-
mediate is the simplest hypothesis (Scheme 3). The formation of 4
by [2 + 2] cycloaddition of alkenes with electron-deficient alkynes
without a catalyst,5 or with the use of transition metal complexes
as catalysts, has been reported.6 The unstable 4 is proposed to
selectively rearrange to afford the more stable six-membered ring
of 3, forming the product via a ring-extending reaction, similar to
the thermal rearrangements of 4-arylcyclobutenones.7

The other possible pathway for the present reaction is the
DMF·DMA-catalyzed Diels–Alder cycloaddition of vinylarene
with acetylenedicarboxylate to furnish intermediate 4′, which
undergoes aromatization by hydrogen shift to give 3. However,
to the best of our knowledge, there is no successful Diels–Alder
reaction in which vinylarene acts as a diene, therefore the formation

Scheme 3 Proposed mechanism for cycloaddition reaction.

of 3 via the Diels–Alder reaction pathway seems to be very
unfavourable.

In summary, vinylarenes and electron-deficient alkynes undergo
cycloaddition reactions in the presence of DMF·DMA to afford
1,2-disubstituted 3,4-dihydronaphthalenes in good to excellent
yields. The presented procedure is novel because (1) it has
provided an attractive and economic strategy for synthesizing
the functionalized dihydronaphthalenes, (2) it presents a new
organocatalyzed cyclization. This method exhibits the advantages
of substrate versatility and mild reaction conditions. Further study
for the generalization of this type of cycloaddition reaction is
underway in our laboratory.
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