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Abstract—We developed a facile synthetic method for 9-phenyl-7H-benzocycloheptene derivatives from the Baylis–Hillman
adducts. Our method involved intramolecular Friedel–Crafts alkenylation reaction of triple bond-tethered methyl cinnamates.
� 2004 Elsevier Ltd. All rights reserved.
Although Friedel–Crafts alkylation reactions have been
extensively studied,1 little has been known about the
corresponding Friedel–Crafts alkenylation reaction with
either an alkyne2 or an alkenyl halide.3;4 A substituent
that can stabilize the vinyl cation must be attached for
the successful alkenylation with alkenyl halide.3;4 The
reaction involving alkyne itself suffers from side reac-
tions including polymerization.2c Recently, successful
intermolecular Friedel–Crafts alkenylation using zeolite
HSZ-360,2a GaCl3,

4c;d M(OTf)n (M¼ Sc, Zr, In)2c have
been reported. More recently, Reetz and Sommer re-
ported the novel gold-catalyzed hydroarylation of al-
kynes.2b

Low molecular weight a-pyrones have been shown to be
potent HIV-1 protease inhibitors.5 Recently, Larock
and Rossi have reported an elegant synthesis of iso-
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coumarins and a-pyrones via electrophilic cyclization.6

We were stimulated by their works and envisioned that
we could synthesize suitably substituted a-pyrone
derivatives starting from the Baylis–Hillman adducts
(Scheme 1). The requisite starting material 2a was pre-
pared from the reaction of Baylis–Hillman acetate 1a
and phenylethynylmagnesium bromide in THF at
room temperature in the presence of CuI (10 mol %) in
moderate yield.7 We expected that benzyl-substituted a-
pyrones could be synthesized via the electrophile-pro-
moted (e.g., Iþ or Hþ) lactonization followed by proton
transfer as shown in Scheme 1.

We examined the electrophile-promoted lactonization of
2a under various reaction conditions including the use
of iodine, iodine/LiI/AcOH, LiClO4 and found that all
conditions failed to give the desired pyrone derivative.6
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However, when we treated the starting material 2a with
H2SO4 in CH2Cl2 we obtained methyl 9-phenyl-7H-
benzocycloheptenecarboxylate (3a)8;9 as the major
product (41%) and hydration product as the minor
(10%).10 For the hydration reaction, complete regio-
Table 1. Synthesis of 9-substituted-7H-benzocycloheptene derivatives 3

Entry Conditions 2

1 1a, THF, PhCCMgBr

(1.5 equiv), CuI (10 mol %),

0 �Cfi rt, 8 h

COOMe

Ph2a (51%)

2 1b, THF, PhCCMgBr

(1.3 equiv), CuI (10 mol %),

0 �Cfi rt, 12 h

COOMe

Ph
H3C

2b (50%)

3 1c, THF, PhCCMgBr

(1.5 equiv), CuI (10 mol %),

0 �Cfi rt, 8 h

COOMe

Ph
Cl
2c (60%)

4 1d, THF, PhCCMgBr

(1.5 equiv), 0 �Cfi rt, 8 h

COOMe

Ph

Cl

2d (55%)

5 1e, THF, PhCCMgBr

(1.3 equiv), CuI (10 mol%),

0 �Cfi rt, 8 h

COOMe

Ph

Cl

Cl
2e (46%)
selectivity was observed to produce methyl 2-(3-oxo-3-
phenylpropyl)cinnamate.

As shown in Scheme 2 and in Table 1, starting materials
2b–f and the desired final products 3b–f were synthesized
Conditions 3

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 12 h

Ph

COOMe

3a (41%)a

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 12 h

COOMe

Ph
H3C

3b (47%)

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 12 h

COOMe

Ph
Cl

3c (44%)

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 9 h

COOMe

Ph

Cl

3d (62%)

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 8 h

COOMe

Ph

Cl

Cl

3e (49%)



Table 1 (continued)

Entry Conditions 2 Conditions 3

6 1f, THF, PhCCMgBr

(1.8 equiv), 0 �Cfi rt, 8 h

COOMe

Ph
Ph
2f (63%)

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 8 h

COOMe

Ph
Ph

3f (56%)

7 1a, THF, CH3CCMgBr

(1.3 equiv), 0 �Cfi rt, 7 h

COOMe

CH32g (75%)

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 16 h

COOMe

H3C
3g (10%)b

8 1c, THF, CH3CCMgBr

(1.4 equiv), 0 �Cfi rt, 7 h

COOMe

CH3

Cl
2h (60%)

CH2Cl2, H2SO4 (1.2 equiv),

0 �Cfi rt, 12 h

COOMe

H3C
Cl

3h (24%)b

a Hydration product was isolated in about 10% yield.
b See text and Scheme 3.
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without any problems in moderate yields.9;10 The reac-
tion mechanism (Scheme 2) involved the selective for-
mation of vinyl cation at the benzylic site following
intramolecular Friedel–Crafts alkenylation. The arene
moieties of 2a–f are in electron-deficient state due to the
electron withdrawing conjugated ester moiety. The
highly electron-deficient arene moiety of 2e underwent
the cyclization in a similar yield, very interestingly. In
these reactions, we cannot detect nor isolate the corre-
sponding naphthalene derivatives (vide infra), which
might be produced via the regioisomeric vinyl cationic
1a or 1c
THF, CH3CCMgBr

COOMe
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O
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Scheme 3.
intermediate. In some cases, we isolated the hydration
product during the conversion of 2 into 3 (vide supra).10

But, as mentioned above, one form of regioisomeric
hydration product was isolated as the sole product due
to the selective formation of vinylic cation at the ben-
zylic site. This meant that the vinylic cation at the
benzylic site would be much more stable than the other
regioisomeric vinyl cation. As a next trial, we carried
out the reaction of 2a in benzene in order to examine
the relative reactivities between the intramolecular se-
ven-membered ring formation and the intermolecular
COOMe
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Friedel–Crafts alkenylation with benzene. In the reac-
tion, we could isolate the benzocycloheptene derivative
3a as the sole product although the yield is lower than
the reaction in CH2Cl2. When we used Sc(OTf)3 in
dichloroethane2c instead of H2SO4 we could obtain
similar results (benzocycloheptene derivative as the
major product and trace amounts of hydration prod-
uct).

When we tried the same reaction with methyl group-
substituted starting materials 2g and 2h (prepared by
1-propynylmagnesium bromide), competitions were
observed. Two types of vinyl cations might be formed (I
and II in Scheme 3), and the reactions produced mix-
tures of products, namely, benzocycloheptene deriva-
tives (3g and 3h) and naphthalene derivatives (4g and
4h) and two kinds of hydration products in a variable
ratio.11 These results can be expected generally when we
consider the comparable stabilities of two vinyl cations I
and II.

Recently, Basavaiah and co-workers have reported the
synthesis of 2-benzazepines and 2-benzoxepines from
the Baylis–Hillman adducts.12 Our synthesis of 7H-
benzocycloheptene derivatives is a carbon surrogate of
Basavaiah’s syntheses (Scheme 4) as well as a new
achievement of our chemical transformations of the
Baylis–Hillman adducts.13

In summary, we developed a facile synthetic method of
7H-benzocycloheptene derivatives. Our synthetic
scheme involved the novel intramolecular Friedel–
Crafts alkenylation reaction with electron-deficient
arene moiety. We are currently studying the feasibility
for the synthesis of further-reduced benzocycloheptene
derivatives by the reaction of Baylis–Hillman acetate
and styrene under the similar reaction conditions.
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1207 cm�1; 1H NMR (CDCl3) d 2.83 (d, J ¼ 7:5 Hz, 2H),
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7.81 (s, 1H); 13C NMR (CDCl3) d 25.04, 52.13, 125.41,
127.13, 127.23, 127.58, 127.66, 128.17, 128.75, 128.95,
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140.24, 141.78, 142.77, 166.62; Mass (70 eV) m=z (rel.
intensity) 91 (56), 144 (67), 215 (49), 293 (82), 352 (Mþ,
100). 3g: 1H NMR (CDCl3) d 2.13 (s, 3H), 2.61 (d,
J ¼ 7:2 Hz, 2H), 3.83 (s, 3H), 5.86 (t, J ¼ 7:2 Hz, 1H),
7.31–7.63 (m, 4H), 7.66 (s, 1H). 3h: 1H NMR (CDCl3) d
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2.11 (s, 3H), 2.61 (d, J ¼ 7:2 Hz, 2H), 3.83 (s, 3H), 5.87 (t,
J ¼ 7:2 Hz, 1H), 7.28–7.56 (m, 3H), 7.59 (s, 1H).

10. During the synthesis of 3a, the corresponding acid-
catalyzed hydration product, methyl 2-(3-oxo-3-phenyl-
propyl)cinnamate, was isolated in about 10% yield; 1H
NMR (CDCl3) d 2.95–3.01 (m, 2H), 3.20–3.26 (m, 2H),
3.84 (s, 3H), 7.30–7.59 (m, 8H), 7.77 (s, 1H), 7.98 (d,
J ¼ 8:4 Hz, 2H).

11. Spectroscopic data of naphthalenes 4g–h and hydration
products are as follows. The Rf values of benzocyclohept-
enes and naphthalenes were similar, thus we separated
them together. The two types of hydration products also
have similar Rf values and we separated them together. 4g:
1H NMR (CDCl3) d 1.41 (t, J ¼ 7:5 Hz, 3H), 3.14 (q,
J ¼ 7:5 Hz, 2H), 3.98 (s, 3H), 7.50–7.65 (m, 2H), 7.93 (s,
1H), 7.96 (d, J ¼ 8:7 Hz, 1H), 8.80 (d, J ¼ 8:1 Hz, 1H),
8.47 (s, 1H). 4h: 1H NMR (CDCl3) d 1.40 (t, J ¼ 7:2 Hz,
3H), 3.10 (q, J ¼ 7:2 Hz, 2H), 3.98 (s, 3H), 7.50–8.05 (m,
4H), 8.43 (s, 1H). Methyl 2-(3-oxobutyl)cinnamate: 1H
NMR (CDCl3) d 2.15 (s, 3H), 2.65–2.71 (m, 2H), 2.77–
2.84 (m, 2H), 3.82 (s, 3H), 7.30–7.42 (m, 5H), 7.72 (s, 1H).
Methyl p-chloro-2-(3-oxobutyl)cinnamate: 1H NMR
(CDCl3) d 2.15 (s, 3H), 2.63–2.70 (m, 2H), 2.75–2.81 (m,
2H), 3.82 (s, 3H), 7.25–7.42 (m, 5H), 7.65 (s, 1H). Methyl
p-chloro-2-(2-oxobutyl)cinnamate: 1H NMR (CDCl3) d
1.10 (t, J ¼ 7:5 Hz, 3H), 2.57 (q, J ¼ 7:5 Hz, 2H), 3.56 (s,
2H), 3.80 (s, 3H), 7.21–7.37 (m, 4H), 7.86 (s, 1H).

12. For the construction of fused seven-membered rings from
the Baylis–Hillman adducts, see: (a) Basavaiah, D.;
Satyanarayana, T. Chem. Commun. 2004, 32; (b) Basava-
iah, D.; Sharada, D. S.; Veerendhar, A. Tetrahedron Lett.
2004, 45, 3081.

13. For our recent publications on the Baylis–Hillman reaction,
see: (a) Kim, J. M.; Lee, K. Y.; Lee, S.-K.; Kim, J. N.
Tetrahedron Lett. 2004, 45, 2805; (b) Lee, K. Y.; Kim, J. M.;
Kim, J. N. Tetrahedron Lett. 2003, 44, 6737; (c) Kim, J. N.;
Kim, J. M.; Lee, K. Y. Synlett 2003, 821; (d) Im, Y. J.; Lee,
C. G.; Kim, H. R.; Kim, J. N. Tetrahedron Lett. 2003, 44,
2987; (e) Lee, K. Y.; Kim, J. M.; Kim, J. N. Synlett 2003,
357; (f) Kim, J. N.; Lee, H. J.; Lee, K. Y.; Gong, J. H.
Synlett 2002, 173; (g) Lee, K. Y.; Kim, J. M.; Kim, J. N.
Tetrahedron 2003, 59, 385, and references cited therein.
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