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Abstract

Treatment of various a-diazo ketones 1 and arylidenetetralones 2 in the presence of rhodium(II) acetate
dimer leads to spiro-dioxa ring systems 3 as the only C�O addition products with high regio- and
chemoselectivity. © 2000 Published by Elsevier Science Ltd.
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The tandem cyclization-1,3-dipolar cycloaddition chemistry of rhodium carbenoids has been
developed as a general approach1 to oxa-bridged ring systems. 1,3-Dipolar cycloaddition offers
a versatile route2 for the construction of a variety of complex five-membered heterocycles that
are synthetically useful compounds. The 1,3-dipolar cycloaddition reaction has been applied to
the synthesis of various natural products such as illudin3 (sesquiterpenes), phorbol esters4

(diterpenes), vindoline5 (alkaloids) and brevicomin6 (pheromones). Conceptually, the 1,3-dipolar
cycloaddition of carbonyl ylides with p-bonds represents an attractive strategy for tetra-
hydrofuran formation.2 The reaction of carbonyl ylides with a,b-unsaturated ketones and esters
was studied7 and found to provide cycloadducts without any regio- or chemoselectivity. Cyclic
a,b-unsaturated ketones have also been used as dipolarophiles in the synthesis of the illudin3

family of sesquiterpenes where only C�C addition products were observed.
To the best of our knowledge, the reaction of carbonyl ylides with a,b-unsaturated carbonyl

compounds provides only the C�C addition products3,7 A, B without much regioselectivity and
no formation of the C�O addition product C. The general synthetic approach is outlined in
Scheme 1. As a part of our ongoing research program into the construction of oxa-polycyclic
systems8 using rhodium carbenoids, we herein report that the novel cycloaddition of carbonyl
ylides with arylidenetetralones leads only to C�O addition products C with high regio- and
chemoselectivity.

* Corresponding author. Fax: +91 278 567562; e-mail: salt@csir.res.in

0040-4039/00/$ - see front matter © 2000 Published by Elsevier Science Ltd.
PII: S0040 -4039 (00 )01560 -4



8840

Scheme 1.

To evaluate the effect of the 1,3-dipolar cycloaddition reaction with a,b-unsaturated carbonyl
compounds, the a-diazo ketones 1 and dipolarophiles 2 were prepared from commercially
available materials. The a-diazo ketones 1a,b,g,h were prepared according to our earlier work8

from the corresponding carbethoxy cycloalkanones. The required a,b-unsaturated carbonyl
compounds 2 were prepared by the base catalyzed condensation9 of 1-tetralone with aromatic
aldehydes. The above-prepared arylidenetetralones 2 were assigned the E-configuration based on
the relative chemical shift value of olefinic protons at about d 7.8, in accordance with 1H NMR
literature10 data.

We investigated the rhodium(II) catalyzed behavior of the above a-diazo ketones 1 with
arylidenetetralones 2. An equimolar amount of 1a and 2-benzylidene-1-tetralone (2a) with 1
mol% rhodium acetate dimer catalyst in dry dichloromethane was stirred at room temperature
under an argon atmosphere for 7 h and the residue was chromatographically purified using a
silica gel column. Product 3a was obtained as a mixture of diastereomers in 43% yield (Scheme
2). The yield of this reaction was quantitative, based on the recovery of the starting 2-benzyl-
idene-1-tetralone (2a) and the product 3a obtained as a diastereomeric mixture (3a1 and 3a2) in

Scheme 2.
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a ratio of 2:3. Repetitive silica gel column chromatography of the above diastereomeric mixture
furnished the pure products 3a1 and 3a2. The presence of a singlet at d 4.57 and 6.93 for the
bridgehead H-7 proton and olefin proton, respectively, in the 1H NMR spectrum, the presence
of nine CH signals in the dept-90 spectrum including a CH signal at d 89.0, a quaternary carbon
at d 87.5 and the absence of a carbonyl group of tetralone ring in the 13C NMR spectrum clearly
established the formation of the spiro-dioxatricyclic ring system of 3a1. The presence of an olefin
moiety indicates the novel selective cycloaddition to the C�O bond. The structure of the product
3a2 was deduced as the diastereomer of 3a1 from their interrelated spectral data.11

The Rh(II) catalyzed behavior of a-diazo compounds 1a,b,g was also studied for five-mem-
bered cyclic carbonyl ylides, which further undergo 1,3-dipolar cycloaddition in the presence of
various arylidenetetralones 2 to furnish the spiro-dioxatricyclic compounds 3b–g in moderate
yields (Table 1) as separable diastereomers. The a-diazo ketone 1h was found to form a
six-membered cyclic carbonyl ylide, which afforded the respective cycloadduct 3h in 51% yield.
The quantity of the catalyst was maintained at 1 mol% for all experiments and the products 3
were obtained as diastereomers in the ratio of 2:3. In all the reactions the yield was quantitative,
based on the recovery of the starting tetralone derivative 2.

Carbonyl ylides are known7 to provide only C�O addition products with benzaldehyde and
other aldehydes having no alkene unit. It is also very interesting to note that 2-arylidene-1-tetra-
lones are known12 to undergo regioselective 1,3-dipolar cycloaddition with diphenylnitrilimine
(DPNI) to afford only C�C cycloadducts. Moreover, we have not isolated any 2:1 cycloadducts
as described in the literature7 for rhodium-catalyzed cycloaddition reactions with an excess of
diazo ketone 1. Pirrung has very recently reported13 that the reactions of carbonyl ylides with
p-quinones afford both C�O and C�C addition products.

In the present work, we observed only both diastereomers of the C�O addition products and
no detectable amount of either the C�C addition product or other possible regio-isomers. There
is no significant difference in the formation of the C�O cycloadduct, even in the presence of
electron withdrawing (2c,d) or electron donating (2e,f) substituents (R3) on the aromatic ring of
compounds 2. The very facile formation of the spiro-dioxatricyclic ring system by the reaction
of the a-diazo ketones and arylidenetetralones is worth noting. Currently, we are investigating
further applications of this chemoselective reaction.

Table 1
Spiro-dioxatricyclic ring systems 3a–h produced via Scheme 2

R1 R2nSubstrate 1 m Yield%aR3 Product 3

HHCH301a 43a
2 0 CH3b H H b 54

cFb 2 0 CH3 H 47
b Cl2 d 440 CH3 H
b CH32 e 490 CH3 H

48fOCH3Hb CH302
CH3 COOEt H g 49gb 2 0

h H1 51hH2 H

a Yields (unoptimized) refer to an isolated diastereomeric mixture 3 and quantitative yields were obtained based on
the recovery of starting material 2.

b Dry benzene has been used as a solvent and the reaction mixture was refluxed for 6 h.
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