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Figure 1. Representative
A rhodium(II) catalyzed [4+2]/[2+2] cycloaddition reaction of N-protected isatin-3-arylimine with acylke-
tene derived from a-diazocarbonyl compounds has been achieved for the first time for the preparation of
a novel class of spiro(oxindolyl)oxazinone and spiro(oxindolyl)-b-lactam derivatives.

� 2012 Elsevier Ltd. All rights reserved.
The transition metal catalyzed cycloaddition reactions have
received significant interest in organic synthesis especially for
the construction of carbocycles and heterocycles.1 In particular,
the ketene cycloaddition is one of the most popular methods for
the synthesis of four-membered ring systems.2,3 Ketenes are
known to undergo preferentially [2+2] cycloaddition with unsatu-
rated systems to give the four-membered ring compounds. How-
ever, the reactivity of acylketene is quite different from a simple
ketene as it behaves exclusively as 1,3-oxadiene in inverse demand
hetero-Diels–Alder reaction with a ketone or an aldehyde to give
the 1,3-dioxinone derivatives.4 Recently, microwave-assisted
cycloaddition of aldimines with acylketenes, generated in situ from
cyclic 2-diazo-1,3-diketone via the Wolff rearrangement has been
ll rights reserved.
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reported. However, the scope of this method is limited to cyclic
diazodiketones.5 Though, aldehydes and aldimines have been suc-
cessfully utilized in trapping acylketenes, the ketimines are notori-
ously absent.

The spirooxindoles,6 oxazinones7 and b-lactams8 and related
heterocycles are important components of many natural products
and medicinally relevant compounds (Fig. 1).

The oxindole appended spirooxazinone or b-lactam may be
attractive class of compounds in medicinal chemistry, since the
concept of hybrid drugs is gaining popularity in medicine. In view
of the relevance of such spirocyclic moiety and the difficulty of its
synthesis necessitates the development of a novel and convenient
strategy.
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ones and spiro-b-lactam containing natural products.
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Scheme 1. Formation of spiro(oxindolyl)oxazinone 3a.

Figure 2. Crystal structure of compound 3e.
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Scheme 2. Formation of spiro(oxindolyl)-b-lactam 5a.

Table 1
[4+2] Cycloaddition between isatin-3-arylimines and 2-diazo-1,3-diketonesa

Entry Imine (1) Diazo (2) P

a

N
O

N

O O

N2

b

N
Bn

O

N

O O

N2

c

N
Bn

O

N

O O

N2

B. V. Subba Reddy et al. / Tetrahedron Letters 53 (2012) 2396–2401 2397
Herein, we wish to report a rhodium(II) catalyzed [4+2]
cycloaddition of N-protected isatin-3-arylimine with 2-diazo-
acetylacetone. This protocol is extended to explore the acylke-
tene for a rare [2+2] cycloaddition. Initially, we attempted the
cycloaddition of N-methylisatin-3-phenylimine and 2-diazoacet-
ylacetone as model reaction using rhodium(II) acetate (5 mol
%) as a catalyst. The reaction proceeded through a [4+2]
cycloaddition to give the spiro(oxindolyl)oxazinone in 79% yield
(Scheme 1).9

The structure of 3a, was established by various spectroscopic
methods such as NMR, IR and mass spectrometry. The characteris-
tic absorption bands at 1728 and 1674 cm�1 correspond to amide
carbonyls in IR spectroscopy and the chemical shifts at d 164.1
and 170.0 (amide carbonyls) in 13C NMR spectroscopy provided
the required evidences for the proposed structure. Further evi-
dence for the proposed structure comes from HRMS. To confirm
the structure of spiro(oxindolyl)oxazinone, derivative 3e was
selected as a representative example and was characterized by
X-ray crystallography (CCDC 837878, Fig. 2).

Upon screening of various solvents to find out the best choice, it
was found that the reaction proceeds effectively in aprotic solvents
like dichloromethane and benzene. There seems to be no difference
between these solvents as they are equally effective in terms of
conversion. A catalytic loading of 5 mol % was found to be optimal
as reaction progressed well when compared to either higher
(10 mol %) or lower (2 mol %) catalyst loading. Next, we extended
our study to investigate the substrate scope and limitations. Thus
various isatin-3-arylimines treated with 2-diazoacetylacetone for
its efficiency under optimized conditions. Interestingly, a high level
of chemoselectivity was achieved with N-allylisatinimine. No evi-
dence for a possible cyclobutanone formation was observed from
N-allylisatinimine.3

We next attempted the cycloaddition of isatin-3-arylimine with
other diazo compounds such as diazoketoesters. To our surprise, a
four-membered b-lactam was formed when isatin-3-arylimine re-
acts with diazoketoester.

We assume that acylketene generated from 2-diazoalkylace-
toacetate undergoes a rare [2+2] cycloaddition to produce the
spiro(oxindolyl)-b-lactam 5a (Scheme 2, Table 2).
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Table 1 (continued)

Entry Imine (1) Diazo (2) Product (3)b Time (min) Yieldc (%)
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a The reactions were carried out under reflux conditions for 30 min.
b All products were characterized by 1H & 13C NMR, IR spectroscopy.
c Yield refers to pure products after chromatography.
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The structure of 5a was established by spectroscopic methods
such as 13C NMR, IR and mass spectrometry. The structure of
b-lactam was characterized by infrared spectral data in which
the characteristic amide absorption peaks were identified at
1767 and 1722 cm�1. Further support for the formation of b-lactam
Table 2
[2+2] Cycloaddition between isatin-3-arylimines and alkyl diazoacetoacetatesa
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comes from the 13C NMR spectrum in which the characteristic car-
bonyl peaks were appeared at d 163.2, 170.1, and 172.0.

The product selectivity in both 2-diazo-1,3-diketones and
2-diazo alkylacetoacetate are found to be excellent. No formation
of possible side products such as spiro(oxindolyl)aziridine or
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Scheme 3. A plausible mechanism of ketene generation through rhodium
carbenoid.

Table 2 (continued)

Entry Imine (1) Diazoketoester (4) Product (5)b Time (min) Yieldc (%)
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a The reactions were carried out under reflux conditions for 30 min.
b All products were characterized by 1H & 13C NMR, IR spectroscopy.
c Yield refers to pure products after chromatography.
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spiro(oxindolyl)oxazoline was observed in both reaction pathways.
The formation of ketene intermediate from 2-diazo-1,3-diketone
and its monoester counterpart is shown in Scheme 3.

Mechanistically, the acylketene is generated from the rhodium
carbenoid through a Wolf rearrangement.

Thus formed acylketene may undergo either [4+2] or [2+2]
cycloaddition depending on the diazodicarbonyl compound used.
The reaction between 2-diazo-1,3-diketone and isatin-3-arylimine
afforded the spiro(oxindolyl)oxazinone via [4+2] cycloaddition
whereas 2-diazoalkylacetoacetate (alkyl = methyl and ethyl) gave
the spiro(oxindolyl)-b-lactam through [2+2] cycloaddition
(Scheme 4). The regioselectivity of the reaction depends on the
nature of acylketene intermediate. The exclusive formation of
two different products from different diazo compounds may be ex-
plained on the basis of reactivity as depicted in Scheme 4. The dif-
ference in reactivity may be explained by the presence of
tautomerism in acylketene derived from 2-diazo-1,3-diketone,
which is lacking in acylketene generated from 2-diazoketoester.

In conclusion, we have demonstrated the rhodium(II) acetate
catalyzed cycloaddition of cyclic ketimines with acylketenes gen-
erated in situ from diazo compounds for the synthesis of a novel
class of spiro(oxindolyl)oxazinone and spiro(oxindolyl)-b-lactam
derivatives. The acylketene derived from 2-diazo-1,3-diketone
was successfully trapped with N-protected isatin-3-arylimine to
produce a six-membered spiro(oxindolyl)oxazinone through
[4+2] cycloaddition. The spiro(oxindolyl)-b-lactam was formed by
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Scheme 4. A plausible mechanism fo
the [2+2] cycloaddition of isatin-3-arylimine with acylketene de-
rived from 2-diazoalkylacetoacetate.
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