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Two new effective methodologies have been adopted for the preparation of 4-(2′-bromobenzyloxy)benzopyran-7-ones 3(a–h).
In the first methodology, 4-hydroxy[1]benzopyran-2-ones 1(a–d) was alkylated with 2-bromobenzyl bromide 2a or 2-bromo-5-
methoxy benzyl bromide 2b under phase transfer catalysis condition using lithium hydroxide/tetrabutyl ammonium bromide in
N,N-dimethylformamide at 40–50◦C and in the second method the microwave irradiation protocol has been exploited by simply
mixing of 4-hydroxy[1]benzopyran-2-ones 1(a–d) with 25% excess of 2-bromobenzyl bromide 2a or 2-bromo-5-methoxy benzyl
bromide 2b. A catalytic amount of TBAB and potassium carbonate were added and irradiated in an open Erlenmeyer flask in a
microwave oven for 4–10 min. The tributyltin-hydride-mediated radical cyclisation of 3(a–h) was carried out under microwave
irradiation to generate 12H-benzopyrano[3,2-c][1]benzopyran-5-ones 4(a–h) in 78–88% yield and in this technique yields were
significantly improved and reaction time was shortened compared to the previously reported conventional radical cyclisation
method.

1. Introduction

In present time, the chemistry of radical cyclisation has been
developed as a ripe field in all the aspects starting from
polymers to synthesis of organic and inorganic compounds
and such reactions have been applied to the synthesis of a
number of natural products, pharmaceuticals, and others
which mainly include heterocyclic compounds as a core
structure [1]. It is now well established that radical chemistry
offers a wide array of useful transformations for efficiently
constructing complex molecular architectures [2–6] and
has become part of the repertoire of the synthetic organic
chemist. Radical reactions are of vital importance in biology
and medicine. The search for various heterocycles and many
new methodologies has been a central goal for free-radical
chemists in recent years.

Aryl radical cyclisation has been at the forefront for cons-
tructing carbon-carbon bonds in organic synthesis [7–16].
Previously, Majumdar and Mukhopadhyay synthesised [17]
2H-benzopyrano[3,2-c]quinolin-7(8H)-ones by a Bu3SnH-

mediated radical cyclisation of 4-(2′-bromobenzyloxy)qui-
nolin-2(1H)-one derivatives. The synthesis of various spiro-
heterocycles has also been reported [18] by the tri-n-butyltin
hydride-induced radical cyclisation of 5-(o-bromoaryloxy-
methylene)-6,7,8-trihydropyrido[2,3-d]pyrimidine-2,4-(1H,
3H)-diones. The synthesis of spiro-[chroman-3,3′(2′H)-
benzofurans] has also been explored [19] from a number
of 3-(2-bromophenoxymethyl) coumarins under similar
reaction conditions. But all these methods involve the radical
cyclisation procedure under conventional thermal heating
technique for a long period of time and long reaction time
period makes this process environmentally hazardous. Thus,
alternatively a simple, general, and improved methodology
for the synthesis of various important heterocyclic systems is
required.

Recently, microwave enhancement of organic reactions
has attracted the chemists [20] as this technique is extremely
useful in organic synthesis and the reactions can be per-
formed with high reaction rates, low byproducts, high yields,
and ease of experimental manipulations [21, 22]. It is
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Scheme 1: Method A: LiOH, TBAB, DMF, 40–50◦C; Method B: MWI (4–10 min), TBAB, K2CO3.

now well established that microwave heating technique is
extremely powerful tool to promote a variety of chemical
reactions [23–26] and the beauty of such microwave-
assisted reaction lies in its dramatically reducing reaction
time or sintering time [27], increasing the overall yield
and selectivity of the reaction, accelerating the rate of
the reaction of various thermally conducted reactions, and
the simple and easy work-up procedure. It is obvious
that microwave-promoted organic synthesis is an efficient
and environmentally friendly synthetic route in modern
synthetic organic chemistry as well as in green chemistry and
in particular microwave irradiation technique under solvent-
free conditions are extremely useful in offering reduced
pollution compared to the traditional organic synthesis
involving heating by conventional methods [23–31] and
in the solvent-free reactions the absorption of microwave
irradiation is restricted to the reacting species only [32].
In the conventional heating technique, reactants are slowly
activated by a conventional external heat source and the
heat penetrates first through the walls of the vessel for
reaching the solvent and reactants and therefore is a slow and
inefficient method for transferring energy into the reacting
system. But, microwaves can create direct coupling with
the molecules of the entire reaction mixture and the result
is a rapid rise in temperature. There are many organic
transformations proceeding through radical chemistry and
chemists wonder if microwave irradiation can assist radical
formation; microwave-promoted free-radical chemistry is
increasingly being explored [33–42].

It is well known that microwave irradiation enhanced
the reaction rates of Pd-catalysed C–C coupling such as
the Stille, Suzuki, Heck, and Sonogashira reactions [43–57].
With these facts in our mind, we also thought that microwave
irradiation might promote Bu3SnH-annulated radical cycli-
sation reactions, since metal reagents and catalysts are good
candidates to absorb microwaves [58, 59].

In spite of increasing interest of microwave irradiation
technique, the use of this methodology in free-radical-based
organic synthesis is less common [60–64]. As a part of our
recent research activity we became interested in building
the 6-membered fused pyran ring by radical cyclisation
exploiting microwave irradiation. It is well known that

4-hydroxycoumarins are a class of anticoagulant drug
molecules derived from coumarin, and the importance of
physiological activity [65, 66] of coumarin and its deriva-
tives motivated us to undertake the synthesis of 12H-benzo-
pyrano[3,2-c][1]benzopyran-5-ones by aryl radical cyclisa-
tion, and in this paper, we will highlight the microwave-
assisted one pot facile method compared to our previously
described conventional method [67].

2. Results and Discussion

Previously we prepared [67] 4-(2′-bromobenzyloxy)benzop-
yran-7-ones 3(a–h) by refluxing 4-hydroxy[1]benzopyran-2-
ones with either 2-bromobenzyl bromide 2a or 2-bromo-
5-methoxy benzyl bromide 2b in dry acetone in the pres-
ence of anhydrous potassium carbonate. Herein, we have
established two new more effective methodologies for the
preparation of 4-(2′-bromobenzyloxy)benzopyran-7-ones
3(a–h). In the first methodology, 4-hydroxy[1]benzopyran-
2-ones 1(a–d) can be successfully alkylated with 2-
bromobenzyl bromide 2a or 2-bromo-5-methoxy benzyl
bromide 2b under phase transfer catalysis condition using
lithium hydroxide/tetrabutyl ammonium bromide in N,N-
dimethylformamide at 40–50◦C with a shorter reaction
time than the conventional acetone-potassium carbon-
ate method (Scheme 1 and Table 1). This new protocol
involving reagents (LiOH, TBAB, and DMF) which are
apparently little expensive than the previous one, but
considering the shorter reaction time and higher yield
this new technique is considered to be more effective
and energy saving too. In this case, addition of less
expensive sodium hydroxide in place of lithium hydrox-
ide would break the lactone ring of the coumarin moi-
ety and thus will be avoided. However, by using less
basic LiOH at around 40–50◦C, the products 3(a–h)
were obtained in very good yield.

Additionally, we have also exploited the microwave irra-
diation protocol in synthesising the radical precursor 3(a–h)
under solvent free condition. The syntheses were carried out
by simply mixing of 4-hydroxy[1]benzopyran-2-ones 1(a–d)
with 25% excess of 2-bromobenzyl bromide 2a or 2-bromo-
5-methoxy benzyl bromide 2b and a catalytic amount
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Table 1: Preparation of radical precursors 3(a–h).

Entry Product (3) R1 R2 R3 R4 MWI time (A) % yield (A) % yield (B) mp◦C (lit. [67] mp◦C)

(1) 3a H H H H 6 min 74 80 143 (142)

(2) 3b H H H OCH3 4 min 76 82 122 (122)

(3) 3c H CH3 H H 8 min 85 88 157 (158)

(4) 3d H CH3 H OCH3 8 min 75 81 167 (168)

(5) 3e CH3 H CH3 H 7 min 70 78 164-165 (165)

(6) 3f CH3 H CH3 OCH3 7 min 82 84 170 (170)

(7) 3g H H CH3 H 10 min 89 93 115 (116)

(8) 3h H H CH3 OCH3 10 min 76 86 145 (144)
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Scheme 2: Bu3SnH, AIBN, PhMe, MWI (2.45 GHz, 1 h) in open vessel.

of tetrabutylammonium bromide (TBAB) (Scheme 1 and
Table 1).

The mixtures were adsorbed on potassium carbonate and
irradiated in an open Erlenmeyer flask in a microwave oven
for 4–10 min (optimized time). The crude reaction mixture
after usual workup was purified by column chromatography.
Elution of the column with an appropriate mixture of ethyl
acetate and petroleum ether gave the required product 3.

We found that the above alkylation reaction using
microwave irradiation (MWI) has advantages over conven-
tional conditions [68] in several aspects including shorter
reaction times, cleaner products, and simpler work-up
procedures.

Previously we reported [67] the radical cyclisation medi-
ated by tributyltin chloride and sodium cyanoborohy-
dride, which was carried out initially under refluxing
benzene conditions, in the reaction mixture maintained
by the addition of this reagent via a syringe pump. The
reaction furnished 12H-benzopyrano[3,2-c][1]benzopyran-
5-ones (70–85%), respectively. Performing the cyclisation
under microwave heating in an open vessel resulted in
some shortening of the reaction time (1 h instead of 3-4 h
for complete consumption of starting material, as detected
by TLC), but, the important factor is that yields were
significantly improved to 78–88% (Scheme 2).

In summary, this paper describes new and efficient
methodologies involving microwave irradiation to synthesise
12H-benzopyrano[3,2-c][1]benzopyran-5-ones via radical
cyclisation pathway and the mechanism of all the reactions
is already well established [67]. This microwave-assisted

free radical cyclisation is proved to be extremely powerful
synthetic tool and the beauty of such reactions is improved
reaction yields, shortening of reaction time, and being
environment friendly. The methodology described here is
very simple and general one.

3. Experimental

All the reagents were obtained from commercial sources
and used as received. Except methanol (which was HPLC
grade), the remaining solvents were dried and distilled
before use. Elemental analyses and mass spectra (ESI+)
were performed at the Indian Institute of Chemical Biology,
Kolkata. UV absorption spectra were recorded in EtOH
on a Shimadzu UV-2401 PC spectrophotometer (λmax in
nm) and IR spectra on KBr discs on a Perkin Elmer
L 120-000A apparatus (νmax in cm−1). Routine 1H and
13C{1H} NMR spectra were recorded with a Bruker DPX-
300 MHz instrument and Varian VRX-500 MHz instruments
at 298 K. The chemical shifts (δ) are given in ppm and
the coupling constants (J) in Hz. In all cases, the solvent
for the NMR experiments was CDCl3 (99.9%) and the
references were SiMe4 (for 1H and 13C {1H} NMR exper-
iments). Silica gel ((60–120, 230–400 mesh), SRL, India)
was used for chromatographic separation. Silica gel G (E-
Merck (India)) and Silica gel 60F 254 (E-Merck (Ger-
many)) were used for TLC. Petroleum ether refers to the
fraction boiling between 60 and 80◦C. Reaction mixture
was irradiated in the CEM Discover microwave synthesis
system.
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3.1. Typical Procedure for Synthesis of

4-(2′-Bromobenzyloxy)benzopyran-7-ones 3(a–h)

Method A. LiOH (1.75 mmol) was added in three portions
over 30 min to a solution of 1 (1.0 mmol), TBAB (0.1 mmol),
and 2-bromobenzyl bromide 2a or 2-bromo-5-methoxy
benzyl bromide 2b (1.0 mmol) in DMF (10 mL) at 40–50◦C.
The mixture was stirred at this temperature for a further
2.5 h, after which the reaction mixture was diluted with
EtOAc (10 mL), washed with sat. aq NH4Cl (20 mL), and
extracted with EtOAc (3 × 15 mL). The combined organic
layers were dried (Na2SO4), filtered, and concentrated by
rotavapour. The crude mixture was purified by SiO2 column
chromatography using Petroleum ether : EtOAc = 1 : 1 as
eluant to give 3.

Method B. 4-Hydroxy[1]benzopyran-2-ones 1 (1.0 mmol)
was mixed with 25% excess of 2-bromobenzyl bromide 2a or
2-bromo-5-methoxy benzyl bromide 2b (1.25 mmol), and a
catalytic amount of tetrabutylammonium bromide (TBAB)
(0.1 mmol). The mixtures were adsorbed on potassium
carbonate (0.5 mmol) and irradiated in an open Erlenmeyer
flask in a microwave oven for 4–10 min (optimized time).
The residual mass was cooled at room temperature and was
extracted with CH2Cl2 (2 × 50 mL) and washed with water
and then with brine and dried (Na2SO4). After removal of
dichloromethane solvent, the crude reaction mixture was
purified by flash chromatography. Elution of the column
with an appropriate mixture of ethyl acetate and petroleum
ether gave the required products 3 in excellent yield.

3.1.1. Typical Procedure for Synthesis of 12H-Benzopyrano
[3,2-c][1]benzopyran-5-ones 4(a–h). A mixture of n-
Bu3SnH (0.8 mmol, 1.6 equiv) and AIBN (22 mg, 0.13 mmol,
0.25 equiv) in toluene (10 mL) was added via a syringe pump
over 1 h with a microwave irradiation at 100–110◦C under
open-vessel conditions to a solution of 3 (0.5 mmol,
1.0 equiv) and AIBN (22 mg, 0.13 mmol, 0.25 equiv) in
toluene (10 mL). The reaction was monitored by TLC and
after completion of the reaction solvent was evaporated by
rotavapour, and it was extracted with CH2Cl2 (2 × 20 mL)
and washed with 1% aqueous NH4OH (2 × 10 mL) and
brine. Evaporation of the solvent furnished the residual
mass which was then magnetically stirred with saturated
solution of potassium fluoride. It was again extracted with
CH2Cl2 (3 × 10 mL) and was washed several times with
water and dried (Na2SO4). The residual mass after removal
of the solvent (CH2Cl2) was subjected to flash column
chromatography using petroleum ether/ethyl acetate (1 : 2)
as eluant to give cyclised products 4.

All these products are known compounds and were easily
identified by comparison of their spectroscopic data and
mp’s with those reported [67].

3.1.2. Compound (3b). White solid; mp 122◦C; IR (KBr)
(vmax/cm−1): 3030, 1700, 1600, 1450, 1360, 1240, 930, 750.
1H NMR (300 MHz, CDCl3): δH (ppm) 3.84 (s, 3H, O–
CH3), 5.25 (s, 2H, –OCH2), 5.81 (s, 1H, =CH), 6.82–6.85
(m, 1H, ArH), 7.06–7.09 (m, 1H, ArH), 7.28–7.37 (m, 2H,

ArH), 7.53–7.61 (m, 2H, ArH), 7.89–7.91 (m, 1H, ArH);
13C NMR (125 MHz, CDCl3): δC (ppm) 55.9, 70.9, 91.9,
113.4, 115.7, 115.8, 115.9, 117.2, 123.5, 124.4, 132.9, 134.1,
135.0, 153.8, 159.6, 163.0, 165.4. MS: m/z = 360, 362 [M+].
(Found: C, 56.58; H, 3.68. Calc. for C17H13O4Br: C, 56.53; H,
3.63%.)

3.1.3. Compound (4b). White solid, mp 141–42◦C; IR (KBr)
(vmax/cm−1): 2900, 1710, 1590, 1380, 1080, 740. 1H NMR
(300 MHz, CDCl3): δH (ppm) 3.87 (s, 3H, O–CH3), 4.51 (s,
2H, –OCH2), 6.91–6.94 (dd, 1H, J = 2.5, 8.4 Hz, ArH), 7.13–
7.14 (d, 1H, J = 2.5 Hz, ArH), 7.20–7.23 (d, 1H, J = 8.4 Hz,
ArH), 7.31–7.36 (m, 1H, ArH), 7.39–7.42 (m, 1H, ArH),
7.53–7.59 (m, 1H, ArH), 7.73 (s, 1H, ArH). MS: m/z = 280
[M+]. (Found: C, 72.79; H, 4.26. Calc. for C17H12O4: C,
72.85; H, 4.32%.)
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