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Abstract: Aryl propargyl ethers were cyclized in the presence of
catalytic amount of Pd(OAc)2 in conjunction with stoichiometric
amount of CuBr2 and LiBr to the corresponding 3-bromo-2H-
chromene derivatives in good yields. The protocol was further ex-
tended to synthesize 3-bromo-benzofused 2H-chromene deriva-
tives.
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2H-1-Benzopyrans, commonly known as 2H-benzopy-
rans or 2H-chromenes, are key structural units of a variety
of biologically important compounds, many of which are
pharmaceutically significant. The 2H-benzopyran dau-
richromenic acid is known to exhibit anti-HIV properties,1

while coutareagenin possesses antidiabetic activity.2 De-
rivatives of 3,4-diphenylchromans are known to have es-
trogenic activity.3 Numerous derivatives of 2H-
benzopyrans are useful for the treatment of proliferative
skin disorders and microbial infections4 and show potent
antifungal activity.5 Derivatives of 2H-benzopyrans, like
2,4-diphenyl-2H-benzopyran and 2,2,4-triphenyl-2H-
benzopyran, have been studied for their photochromic be-
havior.6 Owing to their biological and pharmaceutical im-
portance, there has been a constant research in the
development of new methodologies for the synthesis of
2H-chromene derivatives.7

To contribute to this area of research, we are interested in
developing a methodology that provides facile access to
2H-chromene derivatives. Our methodology towards the
synthesis of 2H-chromene derivatives involves the cy-
clization of aryl propargyl ethers using catalytic amount
of Pd(OAc)2 in the presence of CuBr2 and LiBr.

Henry and co-workers have reported that CuBr2 and
CuCl2 can facilitate the palladium(II)-catalyzed enantio-
selective intermolecular dibromination and chlorohydra-
tion of olefins.8–10 In these reactions, halogen transfer
occurs more rapidly than hydride elimination, a common
terminating event in Pd(II)-catalyzed reactions.11–13 Man-
zoni et al. have carried out intramolecular amino bromina-
tion of olefins by using catalytic amount of Pd(II) in
conjunction with stoichiometric amount of CuBr2.

14

Based on these reports we supposed that 3-bromo-2H-

chromene derivatives could be synthesized from aryl pro-
pargyl ethers in the presence of catalytic amount of Pd(II)
along with stoichiometric amount of CuBr2. We envi-
sioned that activation of the alkyne will takes place by co-
ordination to Pd(II) followed by a rapid intramolecular
nucleophilic attack by the arene. Subsequent halogen-
transfer reaction assisted by CuBr2 will furnish the corre-
sponding 3-bromo-2H-chromene derivatives (Scheme 1).
Herein we wish to report the results of our investigations
on the Palladium-mediated cyclization of aryl propargyl
ethers to novel 3-bromo-2H-chromene derivatives.

Scheme 1

We initially focused our efforts on the cyclization of the
aryl propargyl ether 1a to the corresponding 3-bromo-2H-
chromene derivative. After a series of trials, the aryl pro-
pargyl ether 1a underwent cyclization in the presence of 5
mol% Pd(OAc)2 in conjunction with 2.5 equivalents of
CuBr2 and 1 equivalent of LiBr in acetic acid at room tem-
perature to give the expected 3-bromo-4-ethyl-2H-
chromene in 68% yield after purification through column
chromatography (Scheme 2, Table 1).15

Scheme 2

In the 1H NMR spectrum of compound 2a, the presence of
only four protons in the aromatic region confirmed the cy-
clization of the aryl propargyl ether 1a to the correspond-
ing 3-bromo-4-ethyl-2H-chromene 2a. Further the
absence of the alkynyl carbon signals in the 13C NMR
spectrum confirmed the formation of the chromene deriv-
ative 2a. Finally, mass spectral studies supported the for-
mation of 2a.16
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It was found that the reaction did not proceed in the ab-
sence of either Pd(OAc)2 or CuBr2, thereby illustrating
their significant role in the reaction, and with the use of
LiBr the reaction was clean and proceeded to completion
in short reaction times.

Having established the optimum conditions for the reac-
tion, a variety of aryl propargyl ethers 1b–e were cyclized
following similar procedure (Scheme 2). In all the cases
the reaction proceeded smoothly within 10 minutes fur-
nishing the corresponding 3-bromo-2H-chromene deriva-
tives in good yields. The results are summarized in
Table 1.

Encouraged by this, we further extended the protocol to
prepare various 3-bromo benzofused 2H-chromene deriv-
atives from the corresponding naphthyl propargyl ethers
under optimized reaction conditions (Scheme 3 and
Scheme 4).

In all the cases the reaction proceeded smoothly affording
the corresponding cyclized product in moderate to good
yields, and the results are summarized in Table 2.

Scheme 3

Scheme 4

Table 1 Synthesis of 3-Bromo-2H-chromene Derivatives

Entry Aryl propargyl 
ether 1

3-Bromo-2H-
chromene 2

Time 
(min)

Yield 
(%)a

1

1a 2a

5 68

2

1b 2b

5 70

3

1c 2c

6 63

4

1d 2d

6 72

5

1e 2e

10 75

a Isolated yield.
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Table 2 Synthesis of 3-Bromo Benzofused 2H-Chromene 
Derivatives

Entry Aryl propargyl ether 1 Product 2 Time 
(min)

Yield 
(%)a

1

1f 2f

10 72

2

1g 2g

15 69

3

1h 2h

15 68

4

1i 2i

15 65
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The structure of the compounds 2f–l was confirmed
through 1H and 13C NMR spectroscopic analysis and
mass-spectrometry.17

A plausible mechanism for the formation of 3-bromo-2H-
chromene derivatives from the corresponding aryl propar-
gyl ethers is given in Scheme 5.

The mechanism involves the cyclization of the aryl prop-
argyl ether via carbopalladation, wherein activation of the
alkyne by coordination to Pd(II) is followed by intramo-
lecular nucleophilic attack by the arene furnishing the or-

ganometallic intermediate i. This intermediate may be
converted into the palladium(IV) species ii, which may
decompose through reductive elimination to give the
product 2. Formation of Pd(IV) species and their subse-
quent reductive elimination reactions were supported by
Canty and co-workers.18–20

The product 2 can also be formed from i via intermediate
iii following an alternative mechanism analogous to that
proposed by Henry and co-workers in his olefin dibromi-
nation and chlorohydration reactions,8–10 in which cop-
per(II) assists in ligand transfer and also retaining
palladium in its +2 oxidation state.

The role of LiBr can be explained from the structures of
the intermediate i and ii in which palladium is coordinated
to bromide and acetate ions. The use of LiBr increases the
bromide ion concentration thereby increases the ratio of
the number of bromide ions to that of acetate ions coordi-
nated to palladium in the intermediate i and ii and thus fa-
cilitating the reaction to proceed smoothly to furnish the
product 2 in shorter reaction times.

In conclusion we have developed an efficient methodolo-
gy which gives rise to 3-bromo-2H-chromene derivatives
in good yields from the easily accessible starting materials
under mild reaction conditions. The methodology was
also applied to synthesize 3-bromo benzofused 2H-
chromene derivatives. We believe that this simple proto-
col will find further application in the palladium-mediated
synthesis of various cyclic frameworks.
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