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BF3–Et2O mediated biogenetic type synthesis
of chromanochalcones from prenylated chalcones

via a regioselective cyclization reactionI
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Abstract—In continuation of our program on synthetic chalcones, we have developed a simple and convenient method for the syn-
thesis of chromanochalcones from prenylated chalcones in high yields by regioselective cyclization using BF3–Et2O.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Crotamadine from Crotalaria madurensis; Dorsmanin A
from Dorstenia mannii, crotaramosmin, crotaramin and crotin from
Crotalaria ramosissima and biologically active compounds (vitamin E,
Troglitazone and Clusifoliol) possessing a chroman ring.
The benzopyran system is frequently encountered in
many natural products and exhibits significant biologi-
cal activity such as anti-HIV,1a,b antihypertensive1c,d

and antifeedant.1e Several pharmaceutical compounds
(Fig. 1) such as vitamin E (antioxidant),2 clusifoliol
(antitumour)3 and troglitazone (diabetes)4 also possess
the benzopyran moiety. The relatively high incidence
of the benzopyran unit in natural products is partially
attributable to the numerous prenylation and cyclization
reactions in many polyketide biosynthetic pathways.5

Methods to prepare such chromans include the use of
HCOOH,6 H2SO4,7 Montmorillonite KSF clay,8 Zeolite
HSZ-3609 and AlCl3/HCl.10

As a part of our ongoing interest in developing new
antiparasitic agents, we have recently reported on the
antimalarial activity of a few naturally occurring prenyl-
ated chalcones11a and the antileishmanial activity of
chromenodihydrochalcones, that is, crotaramosmin,
crotaramin and crotin11b–d (Fig. 1). To improve the anti-
parasitic activity, and we synthesized several prenylated
chalcones and chromenochalcones, evaluated their
antiparasitic activity and further utilized them for the
synthesis of chromanochalcones in order to study the
structure activity relationships.
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Initial attempts to synthesize chromanochalcones
(Scheme 1) from readily available chalcones by the fol-
lowing methods failed: (i) cyclization of the prenyl group
of chalcone using routinely used acids such as HCOOH/
H2SO4 led to the formation of chromanoflavanone; (ii)
synthesis from chromenochalcones using several reduc-
ing agents such as Pd/C and NaBH4/NiCl2 failed to re-
duce the chromene double bond selectively and formed
the fully saturated chromanodihydrochalcones; (iii)
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Scheme 1. (i) Cyclization of prenylated chalcone gave chromano-
flavanone; (ii) hydrogenation of chromenochalcone provided
chromanodidhydrochalcone; and (iii) dehydrogenation led to
chromenochalcone.
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Figure 2. Possible reaction mechanism.
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Scheme 2. Biogenetic type synthesis of chromanochalcones from
prenylated chalcones using BF3–Et2O.

Table 1. Synthesis of chromanochalcones by regioselective cyclization of C-alkylated (prenylated and phytylated) polyhydroxychalcones using
BF3–Et2O

Entry Substrate Product Yielda (%)
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Table 1 (continued)

Entry Substrate Product Yielda (%)
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a Isolated yields.
b Stereochemistry was not determined.
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DDQ catalyzed dehydrogenation of fully saturated
chromanodihydrochalcone also failed to dehydrogenate
the required saturated double bond selectively and pro-
vided chromenochalcone.

A few natural chromanochalcones, which contain an
a,b-unsaturated double bond and a saturated chroman
ring (dihydrobenzopyran) in the same molecule, have
appeared in the literature (Fig. 1: Crotamadine and
Dorsmanin A).12,13 In continuation of our efforts to syn-
thesize chromanochalcones, we herein report the bioge-
netic type synthesis of chromanochalcones by
regioselective cyclization of prenyl group of the preny-
lated chalcones using BF3–Et2O.

Recently, we developed a new and simple methodology
for the synthesis of chalcones in high yields using BF3–
Et2O.14 We wanted to utilize BF3–Et2O for regioselec-
tive cyclization and anticipated that BF3–Et2O might
form a complex with the chelated hydroxyl group (C-
2 0) and the a,b-unsaturated carbonyl group of the
prenylated chalcone. This complexation prevents the
formation of a flavanone. The second mole of the re-
agent might provide cyclization of the prenyl group to
give the chromanochalcone (Fig. 2).

To investigate this possibility we carried out a cycliza-
tion reaction with the prenylated chalcone 2 0,4 0,-dihy-
droxy-4-methoxy-5 0-C-prenylchalcone 1a in the
presence of BF3–Et2O. Gratifyingly, regioselective
cyclization of the prenyl group occurred to give exclu-
sively chromanochalcone 1b, but we did not observe
formation of the corresponding flavanone (Scheme
2).15 To demonstrate the generality of the reaction we
have used several prenylated chalcones 2a–13a and syn-
thesized chromanochalcones 2b–13b in excellent yields
(Table 1).

Several natural chalcones exist with long chain alkyl
groups such as geranyl, farnesyl and phytyl. We also
prepared such chalcones and succeeded to cyclize the
long chain alkyl group selectively to give chromano-
chalcones 14b and 15b without the formation of the
corresponding flavanones (Table 1). Recently, we
demonstrated the tolerability of BF3–Et2O towards acid
or base sensitive functional groups such as O-acyl and
N-acyl groups, therefore BF3–Et2O can be used as a
regioselective cyclizing agent in the presence of such
functional groups.14 In the case of acid or base catalyzed
cyclizations, these sensitive groups undergo hydrolysis
leading to deacylated compounds along with the forma-
tion of flavanone.

In summary, we have demonstrated the use of BF3–
Et2O as a regioselective cyclizing agent for the synthesis
of chromanochalcones from prenylated chalcones and
long chain phytylated chalcones. Our method has sev-
eral advantages over existing methods such as no side
reactions (flavanone formation), high yields, simple
workup, short reaction times and tolerates base or acid
sensitive functional groups. This methodology can be
used for the synthesis of several natural products and
their analogues.
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15. Representative procedure for the preparation of chroman-
ochalcones from prenylated chalcones: To a stirred solution
of 2 0,4 0,-dihydroxy-4-methoxy-5 0-C-prenyl chalcone 1a
(500 mg, 1.4 mmol) in dry 1,4-dioxane (5 mL), was added
gradually BF3–Et2O (0.23 mL, 1.7 mmol) at room tem-
perature. The solution was stirred for 3 h at room
temperature. After dilution with ethyl acetate (100 mL),
the mixture was washed with water (3 · 30 mL) to
discharge the colour and the BF3–Et2O complex. The
organic solution obtained after extraction was dried over
anhyd Na2SO4 and evaporated under reduced pressure.
The crude mixture was purified by silica gel column
chromatography to afford chromanochalcone 1b (485 mg,
97%).
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