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A facile synthesis of chromeno[4,3-b]pyrroles derived from allyl
derivatives of Baylis–Hillman adducts through intramolecular
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Abstract

Synthesis of a series of chromene[4,3-b]pyrroles has been accomplished through an intramolecular 1,3-dipolar cycloaddition reaction
of an azomethine ylide with the dipolarophile derived from Baylis–Hillman adducts. Improved yields of the same products were obtained
when the reaction was carried out under ultrasonication.
� 2008 Elsevier Ltd. All rights reserved.
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Intramolecular [3+2] cycloaddition of azomethine ylides
has been used widely to construct complex cyclic systems
from relatively simple precursors. This mode of cycloaddi-
tion simultaneously constructs two carbon–carbon bonds
and forms complex ring systems with regio- and stereocon-
trol.1–5

a-Methylene-b-hydroxy esters 1a–f are easily prepared
by the Baylis–Hillman reaction6,7 and are well-utilized as
versatile building blocks for the stereoselective construc-
tion of natural products, including alkaloids,8 macrolides,9

terpenoids10–12 and pheromones.13–16

Multifunctional allylic compounds such as 1a–f and
derivatives 2a–f are useful scaffolds for the synthesis of a
wide range of complex molecular frameworks.

With the objective of expanding the scope of these allyl
halides in synthetic organic chemistry, we have used the
allyl bromides derived from Baylis–Hillman adducts as
dipolarophiles which had not been exploited previously
as internal olefins for the intramolecular 1,3-dipolar cyclo-
addition reactions.
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Activation of organic reactions with ultrasound consti-
tutes an important domain of modern chemistry. This is
largely due to the fact that sonochemistry and the recent
upsurge of interest in sustainable chemistry share similar
aims, such as the use of less hazardous chemicals and envi-
ronmentally benign solvents, while minimizing energy con-
sumption and increasing the selectivity of the product.17,18

Although 1,3-dipolar cycloaddition reactions carried out
under conventional methods have proved to be beneficial
in terms of regio- and stereoselectivity, only a few reports
are available on the use of ultrasonic irradiation in 1,3-
dipolar cycloaddition.19–21

In continuation of our research in the area of 1,3-dipolar
cycloaddition,22–31 we herein report for the first time, the
ultrasonic mediated synthesis of chromeno[4,3-b]pyrroles
using allyl bromides derived from Baylis–Hillman adducts
as dipolarophiles in an intramolecular cycloaddition
reaction.

Treatment of Baylis–Hillman adducts 1a–f with salicyl-
aldehydes 3a–c in the presence of a catalytic amount of
H2SO4 in dichloromethane gave moderate yields of adducts
4a–r (64–74%). However, synthesis of the same products
4a–r could be accomplished in good yields by treating
the allyl derivatives of Baylis–Hillman adducts 2a–f32 with
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salicylaldehydes 3a–c in the presence of K2CO3 and dry
acetone (86–94%) in 3 h (Scheme 1).

The structural assignments of products 4a–r were based
on the analysis of NMR spectra. Thus compound 4b exhib-
ited a singlet at d 3.79 for the methyl protons of the ester, a
singlet at d 4.88 for the OCH2 protons, a singlet at d 7.19
for the alkene hydrogen and a singlet at d 10.35 for the
aldehyde proton.33 The O-allyl salicylaldehyde derivatives
4a–i were refluxed with sarcosine in anhydrous methanol
to give chromeno[4,3-b]pyrroles in moderate to good yields
(70–78%)34 (Scheme 2).

The structure and the regiochemistry of the cycload-
ducts were confirmed by spectral analysis. The IR spectrum
of 5a showed a sharp peak at 1744 cm�1 for the ester car-
bonyl. The 1H NMR spectrum of 5a showed doublets for
each of the OCH2 protons. The NCH2 protons of the pyr-
rolidine protons appeared as doublet of doublets at d 2.95
(J = 9.9, 5.4) and at d 3.38 (J = 9.9, 3.3). The benzylic pro-
ton occurred as a doublet of doublets at d 3.75 (J = 3.3,
5.4) and the ring junction proton appeared as a singlet at
d 3.67. Finally, the structure of 5a was confirmed by mass
CHO

O
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X
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Scheme
spectrometry, which showed a peak at m/z 323.15. The
assignment of cis-stereochemistry to the ring junction of
all the cycloadducts was initially made by analogy with
the stereochemistry observed in similar systems.35,36

Further, the X-ray structure of 5b confirmed the cis
stereochemistry at the ring junction (Fig. 1).37

To establish the generality of this cycloaddition reac-
tion, we extended the method to salicylaldehyde derivatives
4j–r containing a –CN moiety using similar conditions to
give a series of cycloadducts 5j–r in moderate to good
yields. The structures and regiochemistry of the cycload-
ducts were similar to those of 5a–i as confirmed by the
spectroscopic data.

To improve the yield, we examined the reaction under
two different conditions. Thus, the reactions of 4a–r with
sarcosine in methanol under reflux afforded cycloadducts
5a–r in 68–78% yields, but required long reaction times
and higher temperature.

When the same reactions were carried out under ultra-
sonic irradiation in methanol at room temperature, there
was a dramatic increase in the yields of the products along
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Table 1
Synthesis of chromeno[4,3-b]pyrrole derivatives using methods A and B

Entry Chromeno [4,3-b]
pyrroles

Method A Method B

R X R1 Time
(h)

Yield
(%)

Time
(h)

Yield
(%)

5a H COOCH3 H 4.0 68 1.5 81
5b Cl COOCH3 H 4.0 71 3.0 84
5c OMe COOCH3 H 4.5 78 2.5 85
5d H COOCH3 Br 5.0 65 3.0 81
5e Cl COOCH3 Br 5.5 53 3.5 76
5f OMe COOCH3 Br 6.5 51 4.5 71
5g H COOCH3 OMe 7.0 65 4.0 77
5h Cl COOCH3 OMe 7.5 77 5.0 82
5i OMe COOCH3 OMe 8.0 73 5.5 85
5j H CN H 3.0 71 1.0 85
5k Cl CN H 4.0 69 3.0 82
5l OMe CN H 4.5 71 2.5 89
5m H CN Br 5.0 69 3.0 81
5n Cl CN Br 5.5 64 3.5 77
5o OMe CN Br 6.0 73 4.5 78
5p OMe CN OMe 7.0 77 4.0 82
5q OMe CN OMe 7.5 81 5.0 87
5r OMe CN OMe 8.0 78 5.5 89

Method A: Methanol under reflux.
Method B: Methanol at rt under ultrasonic irradiation.

Fig. 1. ORTEP diagram of 5b.
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with a decrease in reaction time. Under these conditions,
cycloadducts were obtained in good yields (81–89%) with
high regio- and stereoselectivity. The results are summa-
rized in Table 1.

In conclusion, we have developed a method for the syn-
thesis of a variety of chromeno[4,3-b]pyrroles by intramo-
lecular 1,3-dipolar cycloaddition using Baylis–Hillman
adducts as dipolarophiles. We found that the reaction
can be more efficiently carried out to give good yields of
products in short reaction times under ultrasonic
irradiation.
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