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Reaction of cyclic diazoamides and cyclic olefins or heteroaromatic systems using copper(I) triflate as a
catalyst furnished a variety of strained spiro-cyclopropanooxindoles in a diastereoselective manner
under mild reaction conditions. The effect of copper(I) triflate and rhodium(II) acetate catalysts on the
cyclopropanation was also studied.

� 2010 Elsevier Ltd. All rights reserved.
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Spiro[cyclopropan-1,30-oxindoles] are known to have inotropic1

and herbicidal2 properties and their novel ring-expansion reaction3

with a range of imines furnished spiro[pyrrolidin-3,30-oxindoles],4

which are well-known indole-based natural products. a-Diazocar-
bonyl compounds have found extensive applications in organic
synthesis due to their versatile reactivities.5 Research in this area
has been mostly concentrated on the transition metal complex-
catalysed diazo decomposition, which generates metallo-carbe-
noid intermediates. Transition metal complexes catalysed a large
number of organic reactions which led to a variety of C–C bond for-
mations that are important for creation of the basic skeleton of the
organic structure. Particularly, copper- or rhodium-catalysed reac-
tion of a-diazocarbonyl compound with alkene is an efficient
method for the preparation of cyclopropane derivatives.6 The inter-
molecular7 cyclopropanation reactions are limited only to simple
precursors like acyclic diazo ketones or diazo esters. The cyclic
diazo ketones and amides always have a tendency to furnish
cycloadducts8 via 1,3-dipolar cycloaddition reactions in the pres-
ence of olefins. We have reported many stereo- and regioselective
reactions of diazocarbonyl compounds based on ylide formation,9

carbenoid insertion,10 N–H insertion,11 O–H insertion12 and nucle-
ophilic trapping of ylide.13 There is only scarcity of reports14

available on the cyclic diazocarbonyl compounds used for the
cyclopropanation process. Our earlier work15 on the rhodium(II)
acetate catalyzed cyclopropanation of diazomides led to a mixture
of products. To the best of our knowledge, there is no report dealt
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on cyclic diazoamides for the stereoselective cyclopropanation
process with cyclic olefins. In this Letter, we describe a mild meth-
od for the construction of strained spiro-cyclopropanooxindole
systems utilizing cyclic diazoamides and cyclic olefins or heteroar-
omatic systems in the presence of copper(I) triflate or rhodium(II)
acetate catalyst in a diastereoselective manner.

Initially, the rhodium(II)-catalysed reaction of cyclic diazoa-
mides 1 with cyclic olefins such as indene, dihydronapthalene
and cyclooctadiene was planned. Towards this, reaction16 of cyclic
diazoamide 1a and indene with 2 mol % of rhodium(II) acetate dimer
catalyst for 4 h at room temperature afforded the spiro-cyclopro-
pane 2a in 90% yield (Scheme 1) as a single isomer based on the
crude NMR analysis. Further, the product was confirmed by the
characteristic C–H protons in proton NMR and two C–H carbons
in carbon NMR. Mass spectrum shows the required mass value of
284 (M+Na)+. Subsequently, the rhodium(II)-catalysed reaction of
cyclic diazoamides 1b–d with indene was carried out for 4 h at
1c: R1 = allyl
1d: R1 = propargyl

Scheme 1.
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Table 1
Synthesis of spiro-cyclopropanooxindoles 2

Entry Cyclopropanooxindoles 2 Yield of 2a (%) and time (h)

Rhodium catalyst Copper catalyst

1 2a 90 (4) 94 (0.5)
2 2b 92 (4) 90 (0.5)
3 2c 86 (4) 88 (0.5)
4 2d 81 (4) 92 (0.5)

a Yields are unoptimized and refer to isolated yields.
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Scheme 2.

Table 3
Synthesis of spiro-cyclopropanooxindoles 3

Entry Cyclopropanooxindoles 3 Catalyst Yield of 3a (%) and time (h)

1 3a CuOTf 94 (0.5)
2 3b CuOTf 94 (0.5)
3 3c CuOTf 89 (0.5)
4 3d CuOTf 86 (0.5)
5 3a Rh2(OAc)4 —

a Yields are unoptimized and refer to isolated yields.
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room temperature and the chromatographic purification of the
reaction mixture gave the respective spiro-cyclopropanes 2b–d in
very good yields with diastereoselectivity (Table 1).

Next, we studied the cyclopropanation reactions in the presence
of CuOTf. Thus, reaction of 1a–d with indene was performed with
20 mol % of CuOTf as catalyst. The reaction was completed within
30 min at room temperature to afford the corresponding strained
cyclopropanes 2a–d in very good yields (Table 1). All the products
were characterized based on the spectral data. The stereochemistry
of the representative product17 2d was unequivocally supported18

by single-crystal X-ray (Fig. 1) analysis.
The reaction was completed in less duration and improves the

yield up to 10% when compared to rhodium(II) catalyst. The facile
diastereoselective synthesis of substituted strained cyclopropanes
2 in good yield was demonstrated evidently from the above exam-
ples. Representatively, the formation of product 2a was studied
with other catalysts (Table 2) such as Cu(bis-oxazoline), Cu(II),
Co(I), Rh(I) and Rh(III). Only Cu(bis-oxazoline) catalyst afforded
the cyclopropane 2a in 86% yield after stirring at room temperature
for 24 h whereas other catalysts failed to provide cyclopropane.

Subsequently, we investigated the copper-catalysed reaction of
cyclic diazoamide 1a with dihydronapthalene. Thus, the reaction
was performed in the presence of 20 mol % of CuOTf catalyst at
room temperature to furnish the spiro-cyclopropane 3a in 94%
yield (Scheme 2) as a single isomer based on the crude NMR anal-
ysis. 3-Diazooxindoles 1b–d were subjected in the presence of
CuOTf to afford the corresponding cyclopropanes17 3b–d in very
good yield with diastereoselectivity (Table 3). No formation of
Figure 1. X-ray structure of compound 2d.

Table 2
Effect of catalyst for spiro-cyclopropanooxindole 2a

Entry Catalyst Yield of 2aa (%) and time (h)

1 Rh2(OAc)4 92 (4)
2 CuOTf 90 (0.5)
3 CuOTf and bis-oxazoline ligand 86 (24)
4 Cu(OTf)2 —
5 Cyanocobalamine —
6 Wilkinson catalyst [Rhodium(I)] —
7 RhCl3 [Rhodium(III)] —

a Yields are unoptimized and refer to isolated yields.
the cyclopropane product 3a was observed when the reaction
was carried out with rhodium(II) acetate catalyst.

Encouraged by the above results with CuOTf, we then per-
formed the cyclopropanation reaction with cyclooctadiene. To this
end, diazoamide 1a was reacted with cyclooctadiene in the pres-
ence of 20 mol % of CuOTf for 30 min to yield the corresponding
cyclopropane 4a in 79% yield (Scheme 3). The above reaction in
the presence of rhodium(II) acetate did not furnish the product
4a and the starting material might be dimerized. Reaction of other
cyclic diazoamides 1b–d with cyclooctadiene in the presence of
CuOTf afforded the respective products16 4b–d in good yield.

In order to extend the study of cyclopropanation, the reaction
was then anticipated with heteroaromatic systems instead of cyclic
olefins. Thus, the reaction of cyclic diazoamide 1a with N-benzylin-
dole in the presence of CuOTf afforded the corresponding 3-alkyl-
ated product10a 7a in 98% yield (Scheme 4). Similarly, the product
7b was also obtained from 1b. This indicates that the formation of
product 7 may be produced via the corresponding spiro-cyclopropane
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Table 4
Synthesis of spiro-cyclopropanooxindoles 8 and 9

Entry Cyclopropanooxindoles 8 X Time (min) Yield of 8,9a (%)

1 8a O 30 86
2 8b O 30 92
3 8c O 30 90
4 8d O 30 91
5 9a S 120 83
6 9b S 120 86
7 9c S 120 85

a Yields are unoptimized and refer to isolated yields.
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5 and followed by ring opening to zwitterion 6 as intermediates
in the presence of copper catalyst as observed in our previous
study10a using rhodium catalyst. Hence, the reactions of diazoa-
mides with indoles did not provide the corresponding spiro-
cyclopropanooxindoles.

Further, we explored the cyclopropanation with other heteroar-
omatic systems such as benzofuran and benzothiophene. Thus, the
reaction of diazoamide 1a and benzofuran was carried out in the
presence of 20 mol % of CuOTf to yield the respective spiro-cyclo-
propane17 8a in 86% yield with diastereoselectivity (Scheme 5, en-
try 1, Table 3). The above reaction was repeated in presence of
rhodium(II) acetate to afford the product 8a in 80% yield. The reac-
tion with benzofuran was generalized in the presence of CuOTf to
afford the products 8b–d in good yield (Table 4). It may be noted
that the reaction of cyclic diazoketone with benzofuran furnished8c

a mixture of cycloadducts.
Next, the cyclopropanation with benzothiophene was carried

out. Reaction of diazoamide 1a and benzothiophene was per-
formed in the presence of 20 mol % of CuOTf to furnish the respec-
tive spiro-cyclopropane17 9a in 83% yield (Scheme 5). The reaction
with benzothiophene was also generalized in the presence of
CuOTf to afford the products 9b,c in good yield (Table 4). The reac-
tion was repeated in the presence of rhodium(II) acetate to afford
the product 9b in 81% yield. It is noteworthy that benzofuran
and benzothiophene furnished the respective spiro-cyclopropano-
oxindole in a diastereoselective manner whereas indole facilitates
C-alkylation. No other isomers were detected by 1H NMR analysis
of the crude reaction mixture involved in the above study. Based
on the crystal structure of 2d, the stereochemistry of other prod-
ucts is tentatively assigned.

In conclusion, we have demonstrated that the diastereoselec-
tive synthesis of strained spiro-cyclopropanooxindoles from dia-
zoamides using copper(I) triflate as a catalyst. A variety of spiro-
cyclopropanooxindoles were achieved using symmetrical as well
as asymmetrical cyclic olefins and heteroaromatic systems such
as benzofuran and benzothiophene under mild reaction conditions.
The effect of catalysts on the cyclopropanation was also studied
and it was found that copper(I) triflate is better than rhodium(II)
acetate.
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