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Utilization of a novel carbanion-olefin intramolecular 6-endo-trig cyclization reaction to provide 2-aroyl-
3,4-dihydro-2H-benzopyrans is described. Through a sequence of a Wittig reaction, O-alkylation, and
carbanion-olefin intramolecular cyclization, salicylaldehydes were converted into a series of new
2-aroyl-3,4-dihydro-2H-benzopyrans in two steps or in one-pot reaction.

� 2009 Elsevier Ltd. All rights reserved.
The search for new cyclization methods for the construction of
organic ring compounds from simple open chain starting materials
is an attractive task for chemists. Carbon–carbon (C–C) bond for-
mation reactions via intramolecular cyclization have been well
documented and have become one of the most efficient methods
in the synthesis of carbocyclic and heterocyclic compounds. In
the previous reports, most of the intramolecular additions of nucle-
ophiles to double bonds are initiated by the attack on the double
bond by an external electrophile to generate a cationic intermedi-
ate that is subsequently cyclized by an internal nucleophile.1 More
recently, the intramolecular Heck reaction, which is known as a
palladium-catalyzed coupling of haloarenes and haloalkenes with
other double bonds, has become a powerful tool for synthesizing
corresponding cyclic compounds.2 Other cyclization reactions re-
ported include the cyclization of unsaturated organolithium re-
agents for the preparation of benzoheterocyclic compounds,3 the
free radical cyclization for construction of both carbocycles and
heterocycles,4 the carbocyclization of gem-difluoroalkenes for the
construction of naphthalene and indene frameworks,5 the 6-
endo-trig intramolecular cyclization of an enone-aldehyde using
samarium (II) iodide for hydrindanone,6 as well as other reactions.
The lack of the regiochemical control between 6-endo-trig and
5-exo-trig closures as well the requirement for expensive transition
metal catalysts, which may produce environmental hazardous
toxic waste,7 are shortcomings of some of these cyclization
reactions. On the other hand, the preparation of 2-aroyl-3,4-dihy-
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dro-2H-benzopyrans is still undeveloped in the literature. Further-
more, its oxidation-dehydrogenation products, 2-aroylbenzopy-
ran-4-ones exhibiting biological activities were reported.8 Herein
we report the results of our studies on the intramolecular carban-
ion-olefin cyclization via a 6-endo-trig cyclization leading to the
synthesis of 2-aroyl-3,4-dihydro-2H-benzopyrans by the reaction
of 1-aryl-2-(2-vinylphenoxy)ethanones (3a–k), which were pre-
pared from salicylaldehydes (1a–h), with potassium tert-butoxide
or by the reaction of 1a–h through a sequence of reactions in
one pot.

Based on the two-step strategy (Scheme 1), salicylaldehydes (1a–
h) were reacted with methylene(triphenyl)phosphorane, which was
generated from methyltriphenylphosphonium bromide (MTPPB)
and potassium tert-butoxide (2.3 equiv) in situ at 0 �C, to undergo
the Wittig reaction for 1 h. Without isolation of the intermediate,
the reaction mixture was subsequently treated with 2-bromoace-
tophenones (2a–c) and refluxed for an additional 1 h. Following
standard workup and isolation procedures, 3a–k were afforded in
67–85% yield. The structure of 3a–k can be confirmed by their
spectral data.9 Subsequently, as a model reaction, 2-(6-methoxy-
2-vinylphenoxy)-1-phenylethanone (3b) was treated with various
bases and in different solvents to optimize the reaction. When
n-BuLi was used as a base, no desired cyclization product was
observed resulting to the nucleophilic addition product 1-(2-
methoxy-6-vinylphenoxy)-2-phenylhexan-2-ol,10 instead (entry
1). Other bases either LDA (entries 2 and 3) or NaOEt (entries 4
and 5) gave no desired product or lower yield than that of tert-BuOK
at either room temperature (entry 6) or reflux (entry 7) in THF. In
addition to THF, CH2Cl2 (which is toxic and volatile) can also be used
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Scheme 1. Reagents and conditions: (i) (a) MTPPB (1.2 equiv), tert-BuOK (2.3 equiv), THF, rt, 1 h; (b) 2-bromoacetophenone (2a) (1.1 equiv), 2-bromo-40-methoxyaceto-
phenone (2b) (1.1 equiv) , 2-bromo-40chloroacetophenone (2c) (1.1 equiv), reflux, 1 h; (ii) tert-BuOK (1.2 equiv), THF, reflux, 30 min.

Table 1
Treatment of 3b (2.68 g, 10 mmol) with various bases (1.2 equiv) and solvents
(15 mL) to examine the yield of 4b

Entry Base Solventa Temp (�C) Time (hr) Yield (%)

1 n-BuLi THF �78 �C to rt 2 Ref. 9
2 LDA THF �78 �C to rt 2 —d

3 LDA THF-HMPAb 0 �C to rt 2 50e

4 NaOEt EtOH rt 3 Trace
5 NaOEt THF rt 4 47
6 t-BuOK THF rt 1.5c 89
7 t-BuOK THF Reflux 0.5c 86
8 t-BuOK CH2Cl2 rt 1.5c 86

a Solvents were dried by the standard procedures before use.
b 15 mL THF and 7.5 mL HMPA were used.
c Reaction time was determined by checking the consumption of starting mate-

rial with TLC.
d Even after prolonged reaction time of 4 h, almost no desired product was

detected by TLC, but starting material mixed with messy products was observed.
e In the mixed solvents, the percentage yield increases and decreases the high

polar unidentified by-products.
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in this cyclization reaction (entry 8). Therefore, the use of potassium
tert-butoxide as the base and anhydrous THF as solvent provided the
optimum conditions for this type of carbanion-olefin cyclization.
The results of the optimization are compiled in Table 1.

Based on the above results, compounds 3a–k were subjected to
the carbanion-olefin intramolecular cyclization using potassium
tert-butoxide as base in refluxing THF for 0.5–1 h to afford 4a–k
in 33–86% yields. The selected spectral data of 4a–k are summa-
rized in Table 2.

Spectroscopic analysis showed that 5-exo-trig products were
not observed during this reaction. The stereospecificity of the cycli-
Table 2
The selected physical and spectral data of 4a–k

Compd Yield* (%) MP (�C) IR (cm�1)

4a 67 69–70 1693
4b 86 91–93 1695
4c 82 112–113 1685
4d 76 90–92 1691
4e 79 87–88 1689
4f 80 85–86 1682
4g 72 109–110 1692
4h 82 128–130 1683
4i 55 107–108 1682
4j 61 110–111 1693
4k 33 117–118 1695

* General procedure: Under the protection of N2, to 3a–k (10 mmol) dissolved in THF (1
was heated to the reflux for 0.5–1 h until the consumption of starting material. Work-up
to yield 4a–k.
zation and the correct connectivity were confirmed by the acquired
spectral data.8 In addition, the elemental analytical data which
were measured are consistent with the structure of 4a–k. The
proposed mechanism for the carbanion-olefin intramolecular
cyclization of 3 is shown in Scheme 2. The proton near the carbonyl
group of 3, which is more acidic than others, is abstracted by potas-
sium tert-butoxide to generate a carbanion. The resultant carban-
ion attacks the olefinic carbon to undergo 6-endo-trig reaction to
form a benzylic carbanion. Subsequently, the carbanion abstracts
a proton from tert-butyl alcohol generated in situ to yield the title
compounds.

In order to minimize the synthetic steps, to reduce the reaction
wastes, to shorten workup processes, and to increase the efficiency
of the reaction, the synthesis of 2-aroyl-3,4-dihydro-2H-benzopy-
rans (4a–k) was achieved through a sequence of a Wittig reaction,
O-alkylation, and carbanion-olefin intramolecular cyclization from
salicylaldehydes (1a–h) in a three-step one-pot reaction (Scheme
3).11

The percentage yields of 2-aroyl-3,4-dihydro-2H-benzopyrans
(4a–k) which were obtained from salicyl-aldehydes (1a–h) in a
three-step one-pot reaction are 47% for 4a, 66% for 4b, 64% for
4c, 64% for 4d, 62% for 4e, 67% for 4f, 58% for 4g, 62% for 4h, 41%
for 4i, 48% for 4j, and 26% for 4k, respectively.

In conclusion, we have established a novel carbanion-olefin
6-endo-trig cyclization from the reaction of 1-aryl-2-(2-vinylphen-
oxy)ethanones (3a–k) with potassium tert-butoxide. Based on this
cyclization, a new series of substituted 2-aroyl-3,4-dihydro-2H-
benzopyrans was efficiently synthesized either from the cycliza-
tion of the intermediates 3a–k in a two-step reaction or from the
starting materials 1a–h through a sequence of a Wittig reaction,
O-alkylation, and cyclization in a one-pot reaction. Although the
1H and 13C NMR

H-2 (d) (Hz) C-2 C-3 C-4

5.38 (8.4, 3.2) 77.1 23.5 24.4
5.56 (6.8, 4.0) 77.1 22.8 24.2
5.49 (7.2, 3.6) 77.0 22.9 24.3
5.42 (7.6, 3.6) 76.8 23.1 23.9
5.43 (8.4, 3.2) 76.9 23.2 24.0
5.54 (6.8, 4.0) 77.5 22.9 23.3
5.32 (8.0, 3.6) 77.1 23.2 23.8
5.37 (8.0, 3.6) 76.9 23.3 24.2
5.32 (8.4, 3.2) 77.2 23.0 24.9
5.44 (7.2, 3.6) 77.1 22.9 24.1
5.60 (6.6, 4.4) 76.8 23.1 23.4

5 mL) was added potassium tert-butoxide (1.35 g, 12 mmol). The reaction mixture
as general procedure, and purified by column chromatography (EA/n-hexane = 1:10)
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Scheme 3. Synthesis of 2-aroyl-3,4-dihydro-2H-benzopyrans (4ai) from salicyli-
caldehydes (1a–e) in a three-step one pot reaction. Reagents and conditions: (i) (a)
MTPPB (1.2 equiv), tert-BuOK (2.3 equiv), THF, rt, 1 h; (ii) (b) 2-bromoacetophenone
(2a) (1.1 equiv), 2-bromo-40-methoxyacetophenone (2b) (1.1 equiv), 2-bromo-40-
chloro-acetophenone (2c) (1.1 equiv), reflux, 1 h; (iii) tert-BuOK (1.2 equiv), THF,
reflux, 30 min.
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one-pot reaction could not improve the total yields compared to
that of the two-step reaction, it provides a unique and concise
route to handle and leads to less workup procedures. Besides, the
reduction of environmental pollutants is also advantage. Thus,
we have provided a concise and green chemistry for the synthesis
of title compounds either in two steps or in a one-pot reaction in
good total yields, respectively. Further applications and the devel-
opment of this type of reaction for other heterocyclic compounds
are currently in progress in our laboratory.
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