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A new stereoselective approach for the synthesis of substituted 3-cyclopropylmethylene-1,3-dihydro-
indol-2-one via the condensation reaction of cis-1-aryl-2-benzoyl-3,3-dicyanocyclopropanes with oxin-
dole in water was achieved.
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Vinylcyclopropanes occupy a central position in cyclopropane
chemistry due to their occurrence in numerous natural products,’
wide range of biological activities,? and utility as versatile interme-
diates for synthesis of natural and non-natural products.® There-
fore, there has been growing interest in developing efficient
methods for synthesis of vinylcyclopropane. A number of synthetic
approaches to these compounds have been reported in recent
years.*

Knoevenagel condensation of carbonyl compounds with active
methylene components is an important method for the formation
of carbon-carbon double bond. Cyclopropyl ketones have been
shown to be useful synthetic substrates in organic synthesis.” To
the best of our knowledge, the synthesis of vinylcyclopropane from
cyclopropyl ketone and active methylene compounds has rarely
been reported. Thus, we decided to explore this condensation reac-
tion and provided an efficient approach for the preparation of
vinylcyclopropanes.

In recent years, the concept of privileged structures, which re-
peated occurrence in biologically active molecules become impor-
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tant for the design and synthesis of drug candidates. The indole
framework is a versatile and important structural motif frequently
found in natural products, pharmaceuticals, and other synthetic
compounds.®

As a result, the development of new method for synthesis of
functionalized indoles has been the focus for many decades and
continues to be an active and rewarding research area.” Based on
the facts mentioned above, we hope to stereoselectively construct
the cyclopropylmethylene-indoles in order to test their biological
and pharmaceutical activities and explore their synthetic utility
as versatile precursors for construction of complex indoles.

The development of reactions in water is one of the most impor-
tant topics in current chemistry, because water is the most abun-
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Scheme 1. Synthesis of 3-cyclopropylmethylene-1,3-dihydro-indol-2-one.
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Table 1
Optimization of condition for condensation in water
Entry Surfactant base Time (h) Temp (°C) Yield%
1 None K,CO3 24 50 30
2 TBAB K>CO3 12 50 60
3 TBAI K,CO3 12 50 52
4 BDMTAC K,CO3 12 50 72
5 BTEAC K,COs3 12 50 64
6 CTMAB K,CO3 12 50 85
7 CTMAB NaHCO3 12 50 69
8 CTMAB KF-2H,0 12 50 62
9 CTMAB K,CO3 12 25 70
10 CTMAB K,CO3 12 40 76
11 CTMAB K,CO3 12 60 69

TBAB: tetrabutylammonium bromide; TBAI: tetrabutylammonium iodide; BDM-
TAC: benzyldimethyltetradecylammonium chloride; BTEAC: benzyltriethylammo-
nium chloride; CTMAB: cetyltrimethylammonium bromide.

Table 2

Synthesis of 3a-i from cyclopropyl ketone and oxindole®
Product Ar Reaction time (h) Yield® (%)
3a 4-CICsH4 16 85
3b 2-CICgH4 22 77
3c 4-NO,CgH4 12 80
3d 4-FCgHy4 18 79
3e CeHs 20 81
3f 4-CH3C6Ha 25 83
3g 4-CH30CgH4 36 78
3h 2,4-(CHs3),CeH3 30 80
3i 2,4-(CH50),C6H3 48 75

¢ Typical reaction condition: a mixture of cyclopropane 1 (1 equiv), oxindole 2
(1.1 equiv), K,CO3 (3 equiv), and CTMAB (0.1 equiv) in water (5 mL) was stirred at
50 °C.

b Isolated yield by silica gel chromatography.

dant, environmentally benign, and cheapest solvent. In addition,
some reactions in water have brought surprising and unforeseen
results.® With these considerations in mind, we now report a
new approach for stereoselective synthesis of substituted 3-cyclo-
propylmethylene-1,3-dihydro-indol-2-one via the condensation
reaction of cis-1-aryl-2-benzoyl-3,3-dicyanocyclopropanes® with
oxindole in water (Scheme 1).

The surfactant played an important role in solving the problem of
solubility of organic compounds in water. Our initial studies started
with the screening of a suitable surfactant. In the model experiment,
the mixture of cyclopropane 1a (1 equiv), oxindole 2 (1.1 equiv),
K5CO5 (3 equiv), and surfactant (0.1 equiv) in water (5 mL) was stir-
red at 50 °C. The results were shown in Table 1. Cetyltrimethylam-
monium bromide (CTMAB) was the most effective among these
surfactants (Table 1, entry 6). Whereas 3a was obtained in 30% in
the absence of surfactant (Table 1, entry 1), so this result indicated
that the surfactant in this reaction was indispensable. Then, the
bases and reaction temperature were examined. The best base is
K,CO3 and temperature is 50 °C for this reaction.

To investigate the generality of this process, the reactions of
various cyclopropanes with oxindole were performed at 50 °C in
water in the presence of K;COs. As shown in Table 2, this reaction
proceeded smoothly to give corresponding products 3a-i in 75-
85% yields. The structures of 3a-i were confirmed by MS, IR, H
NMR, '3C NMR, and microanalysis. Further confirmation of the con-
figuration was verified by X-ray diffraction of compound 3a
(Fig. 1).1°

A plausible mechanism for the formation of 3-cyclopropylmeth-
ylene-1,3-dihydro-indol-2-one is shown in Scheme 2. First, the
inversion of cyclopropane 1 occurred in aqueous solution in the
presence of K,COs3 to form the trans isomer A, which has been
proved by stirring 1a in aqueous solution in the presence of

Figure 1. X-ray crystal structure of 3a.
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Scheme 2. Mechanism for construction of 3-cyclopropylmethylene-1,3-dihydro-
indol-2-one.

K,CO5 and surfactant. Next, Knoevenagel condensation of carbonyl
group of A with active methylene moiety of oxindole 2 yielded
compound B. Finally, hydrolysis of cyano group took place to get
product 3.

In conclusion, we developed a new stereoselective approach for
the synthesis of substituted 3-cyclopropylmethylene-1,3-dihydro-
indol-2-one via the condensation reaction of cis-1-aryl-benzoyl-
3,3-dicyanocyclopropanes with oxindole in water.
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