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A simple and efficient one-pot synthesis of 6-bromocoumarins was achieved in good yields via the

three-component reaction of phenols, 4-substituted acetoacetate and tetrabutylammonium tribromide

(TBATB) in CH2Cl2-MeOH.
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INTRODUCTION

6-Bromocoumarins are useful synthetic intermedi-

ates for various pharmaceuticals and active compounds.1

There are two strategies for synthesis of 6-bromocouma-

rins: (i) They are synthetized by Pechmann reaction in the

following manner: The one-pot, two-component condensa-

tion of phenols with �-ketoesters in an acidic medium. Tra-

ditional Pechmann reaction was catalyzed by acidic re-

agents2 such as H2SO4, P2O5, HCl, CF3COOH and so forth.

In these methods, long reaction times or high reaction tem-

peratures were needed, which depended on their reactivity.

In some cases, undesired side products such as chromones

were also generated in addition to coumarins. Moreover,

the disposal of excess acid waste might lead to environ-

mental pollution. (ii) Other approaches for the preparation

of 6-bromocoumarins using aryl alkynoate, AgOTf, and

AuCl3 in dichloroethane at 50-70 �C have also been re-

ported.3 The route has a lower yield and more expensive

cost. We now report a simple and efficient route to 6-bromo-

coumarins using tetrabutylammonium tribromide (TBATB)

as a selective brominating agent and an efficient generator

of HBr.

RESULTS AND DISCUSSION

A range of 6-bromocoumarins was synthesized from

a combination of phenols (1), 4-substituted acetoacetate (2)

and TBATB (3) in a 1: 1: 1 ratio in CH2Cl2-MeOH and the

reaction was completed in 6-8 hours at room temperature

(Scheme I and Table 1). The reaction was able to tolerate

various 4-substituted acetoacetates, including aromatic and

aliphatic derivatives.

Previously, TBATB has been used as a brominating

agent4 for the cleavage of tert-butyldimethylsilyl ethers,5

dithioacetals,6 and the pyranylation-depyranylation of al-

cohols.7 In a recent study, we discovered that TBATB can

release HBr upon treatment with MeOH along with the cor-

responding methyl hypobromite. Thus, this reagent can

serve a dual role in the reaction as it releases HBr with a po-

tential catalyst of Pechmann reaction while generating

methyl hypobromite to act as a selective brominating agent

(see Scheme II).

In order to determine the efficiency of TBATB as a

brominating agent, the same reactions were carried out

with Br2, NBS, SOBr2 and bis(sym-collidine)bromine

hexafluorophosphate (HBB) employed in related conden-
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Scheme I



sations. The results summarized in Table 2 revealed that

these systems gave lower yields of the desired product or

no desired product. The results also emphasized the impor-

tance of using HBr (entry 3), which could improve yield.

When TBATB as a selective brominating agent and an effi-

cient generator of HBr was used, excellent yield was ob-

tained.

In summary, we first developed a general methodol-

ogy to synthesize a range of 6-bromocoumarins using

TBABA as a selective brominating agent and an efficient

generator of HBr. We believe that this methodology will be

a valuable addition to the existing methods in the field of

6-bromocoumarins.

EXPERIMENTAL

NMR spectra were determined on a Bruker AV-300

spectrometer, coupling constants (J) were measured in Hz;

elemental analyses were recorded on a PEA-1110 elemen-

tal analyzer; melting points were determined on a Mel-

Temp capillary tube apparatus and are uncorrected; com-

mercially available reagents were used throughout without
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Table 1. The synthesis of 6-bromocoumarins using TBATB as a selective brominating agent

and an efficient generator of HBra

Entry Phenols
4-Substituted

acetoacetate
Product 4

Time

(h)

Yield

(%)b

4a

OH

OEt

O O
O O

Br
6 79

4b

OH

OEt

O
Br

O
O O

CH2Br
Br

6 86

4c

OH

Ph OEt

O O
O O

Ph
Br

8 71

4d

OH

MeO
OEt

O O
O O

Br

MeO

6 82

4e

OH

HO
OEt

O O
O O

Br

HO

6 69

4f

OH

OEt

O O O

O

Br

8 76

a Phenols: 4-substituted acetoacetate: TBATB = 1: 1: 1; reactions executed in a sealed vessel

at room temperature.
b Isolated yield.
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further purification unless otherwise stated.

General Procedure for the Preparation of 4

To a stirred solution of phenols (1 mmol), 4-substi-

tuted acetoacetate (1 mmol) in CH2Cl2 (6 mL)-MeOH (4

mL) at room temperature in a 20-mL reactor was added

TBATB (1 mmol) in a single portion. The reactor was

sealed immediately and stirred at room temperature for 6-8

hours. The mixture was then put into a 50 mL beaker con-

taining ice-cold water (20 mL). Crystalline product was

collected by filtration. The crude crystals thus obtained

were recrystallized from EtOH to give pure 4 as yellowish

crystal.

Data

6-Bromo-4-methylcoumarin (4a)

Yellowish crystal, m.p. 184-186 �C; 1H NMR (CDCl3,

300 MHz) �: 7.75-7.60 (m, 2H, ArH), 7.02 (d, J = 8.2 Hz,

1H, ArH), 6.13 (s, 1H, =CH), 2.45 (s, 3H, CH3); IR (KBr)

�: 1680 (C=O) cm-1; Anal. calcd for C10H7BrO2: C 50.24, H

2.95; found: C 50.16, H 2.88.

6-Bromo-4-bromomethylcoumarin (4b)

Yellowish crystal, m.p. 180-182 �C; 1H NMR (CDCl3,

300 MHz) �: 7.80-7.60 (m, 2H, ArH), 6.96 (d, J = 8.2 Hz,

1H, ArH), 6.16 (s, 1H, =CH), 4.55 (s, 2H, CH2Br); IR

(KBr) �: 1686 (C=O) cm-1; Anal. calcd for C10H6Br2O2: C

37.77, H 1.90; found: C 37.67, H 1.88.

6-Bromo-4-phenylcoumarin (4c)

Yellowish crystal, m.p. 161-163 �C; 1H NMR (CDCl3,

300 MHz) �: 7.70-7.20 (m, 7H, ArH), 6.92 (d, J = 8.2 Hz,

1H, ArH), 6.19 (s, 1H, =CH), IR (KBr) �: 1688 (C=O)

cm-1; Anal. calcd for C15H9BrO2: C 59.83, H 3.01; found: C

59.77, H 3.09.

6-Bromo-7-methoxy-4-methylcoumarin (4d)

Yellowish crystal, m.p. 244-246 �C; 1H NMR (CDCl3,

300 MHz) �: 7.73 (s, 1H, ArH), 6.80 (s, 1H, ArH), 6.12 (s,

1H, =CH), 3.97 (s, 3H, CH3), 2.45 (s, 3H, CH3); IR (KBr)

�: 1688 (C=O) cm-1; Anal. calcd for C11H9BrO3: C 49.10, H

3.37; found: C 49.01, H 3.42.

6-Bromo-7-hydroxy-4-methylcoumarin (4e)

Yellowish crystal, m.p. 281-283 �C; 1H NMR (CDCl3,

300 MHz) �: 7.75 (s, 1H, ArH), 6.84 (s, 1H, ArH), 6.15 (s,

1H, =CH), 2.45 (s, 3H, CH3); IR (KBr) �: 3420 (OH), 1693

(C=O) cm-1; Anal. calcd for C10H7BrO3: C 47.09, H 2.77;

found: C 47.01, H 2.81.

6-bromo-4-methyl-2H-benzo[h]chromen-2-one (4f)

Yellowish crystal, m.p. 204-206 �C; 1H NMR (CDCl3,

300 MHz) �: 7.90 (s, 1H, ArH), 7.75-7.30 (m, 4H, ArH),

6.17 (s, 1H, =CH), 2.41 (s, 3H, CH3); IR (KBr) �: 1693

(C=O) cm-1; Anal. calcd for C14H9BrO2: C 58.16, H 3.14;

found: C 58.12, H 3.09.
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Table 2. The synthesis of 6-bromo-4-methylcoumarin using

different brominating agentsa

Entry Different brominating agent Solvent Yield (%)b

1 1 equiv Br2 CS2 26

2 1 equiv NBS DMF 0

3 1 equiv NBS + 1 equiv HBr DMF 57

4 1 equiv SOBr2 Et2O 0

5 1 equiv HBB CH2Cl2 0

6 1 equiv TBATB CH2Cl2-MeOH 79

a Phenol: ethyl acetoacetate = 1: 1; reactions executed at room

temperature for 6 h.
b Isolated yield.


