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Abstract

The rhodium(ll) acetate catalysed cyclopropanation reactions of 2-diazo-1-indamndgtievarious substituted
styrenesb have been investigated. The cyclopropane diastere@aéearing atrans relationship between the
carbonyl and the aryl ring was in all cases the predominant isomer and the ratio of stereosiomers almost
constant over a range of styrene substituents. Styrenes bearing electron-donating substituents gave slightly better
stereoselectivity in favour of thieansisomer. These results are substantiated by a mechanistic proposal. © 2000
Published by Elsevier Science Ltd. All rights reserved.

The rhodium(ll) catalysed cyclopropanation of olefins bydiazocarbonyl compounds is a well-
established synthetic method. The diastereoselectivity and enantioselectivity in the intermolecular cyclo-
propanation reactions of diazoacetates has been a subject of continuing h@eestally, the sterically
larger olefin substituent (Rn 2) is trans (anti) to the carboxylate group in the product cyclopropabes
This selectivity can be increased by choosing the right cafatysby adding sterically larger R and R
groups on the diazoacetatend the olefir2, respectively-2
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In contrast to diazoacetates, there is considerably less data on the intermolecular cyclopropanation
stereoselectivity of diazoketones under rhodium catalysis. In connection with an SAR development
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program, we required access to cyclopropanes oftyjdée report here our results on the stereoselectivity
of the rhodium(ll) acetate catalysed cyclopropanation of various styfewéh 2-diazo-1-indanond to
give cyclopropane$ (Table 1)3
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Table 1
Reactions of diazoketornewith olefins to give cyclopropanes

Styrene 5 Isolated Yield (%)° Crude Ratio®

Entry Ar R, R, 6a 6b 6a:6b
1 Ph H H 36 7 3.2:1
2 4-OMeCgH,4 H H 53 23 3.1:1
3 3,4-(OMe)2CHs H H 52 20 3.2:1
4 3,4,5-(OMe)CgH H H 46 16 3.3:1
5 4-BrCeH, H H 28 7 2.0:1
6 4-CICgH,4 H H 30 5 2.2:1
7 4-FCgH4 H H 46 15 2.1:1
8 4-OAcCgH4 H H 35 15 1.8:1
9 2,46-MeCgHs H H 31 8 3.0:1
10 Ph Me H 60 18 3.3:1
11 3-OMe-CgH, H H 50 12 3.3:1
12 3-F-CgH4 H H 40 13 2.9:1
13 3-CI-CgH4 H H 29 10 3.3:1
14 Ph Ph H 69

15 Ph t-Bu H 0 0

16 3-NO,CgH4 H H 0 0

17 Ph H Me 0 0

* Procedure as given in text. ° Isolation by silica gel chromatography using hexane and ethyl acetate as eluent. © Ratio
determined by integration of proton NMR spectum of crude reaction mixtures after removal of most of the styrene by Kugelrohr
distillation.

Diazoketonet was prepared from the corresponding oxime by a Forester redd@igolopropanations
were conducted by dropwise addition {1 equiv.) in CHCl, over 20 min to a well-stirred C4Cl»
solution of the styren® (10 equiv.) and R§(OAc), (0.01 equiv.) at room temperature. Solvent was
removed after 2 h. The resulting product mixtures consisted of two cyclopropane is@aarsd@b),
unreacted styren& and polar baseline materials, which were not, characterised (Table 1). Product ratios
were determined by proton NMR analysis of the crude reaction mixtures and the isomers separated by
chromatography on silica gel. Product stereochemistries were assigned according to the NOESY spectra
of the purified isomers.

Diazoketone4 presents a conformationally rigid framework with only a small steric difference
between substituents on the carbene carbon. Over a range of electron-donating (entries 2,3,4), electron-
withdrawing (entries 5-8) and hydrogen (entry 1) substituents on the styrene ring, the stereoselectivity
of the reaction was between 2:1 and 3:1. Tians (anti) relationship between the aromatic ring and
carbonyl was in all cases predominant. Likewise, the sterically more demanding 2,4,6-trimethylstyrene
(entry 9) and -methyl styrene (entry 10) did not significantly affect the stereoselectivity. Interestingly,
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the more electron-poor styrenes (entries 5-8) gave rise to slightly worse stereoselectivity (2:1 vs 3:1)
3-nitrostyrene failed to give cyclopropane product as dithethylstyrene and-butylstyrene (entries
15-17). Good reactivity was observed with 1,1-diphenylstyrene which gave only 1 isomer (entry 14).
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Doyle has proposed a mechanistic model to account for the predominan@nskterecisomers
in the cyclopropanations of diazoacetates and related diazo compdukmislying this idea to the
case of diazoketond suggests that stereoisomeric pi-compleXesand 7b are reversibly formed,
the aryl group favouring an orientation away from the bulky metal, leading, respectively, to transition
states9a and9b. The preference farans stereochemistry presumably arises due to stabilisation of the
developing positive charge at the benzylic carbon by the carbonyl group as the transition state geometry is
approached8avs 8b). This stabilisation can occur Babut not in the case @b. The slight decrease in
stereoselectivity observed in the case of halogen and acetoxy-substituted styrenes would imply a decrease
in positive charge at the benzylic carbon (greater double bond character) as the transition state geometry
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is approached, making the stabilising effect of the carbongkifess pronounced. The opposite is true
for substituents, which stabilise the benzylic cation. The fact that the stereoselectividlesréogreater
than is observed for styrene and ethyl diazoacetate with rhodium(ll) acetsiteais=1.6Y2 may be
accounted for by the greater electron density of the ketone carbo®d @@ompared to the ester. The
present results are thus generally consistent with the Doyle interpretation.
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