TETRAHEDRON
LETTERS

Tetrahedron Letters 39 (1998) 4417-4420

Pergamon

nh Faals RV e Y MADDDAINTN QTDITMN
EFFECT OF CARBENOID STRUCTURE ON THE REACTIVITY OF
TRFFMATLITTAS (VT A NMYY T/AZI00M A A NMDTTATAATILDCY
KHAUDIUVI-DTADILLILED CARDENULDD

Huw M. L. Davies,* L. Mark Hodges, Julius J. Matasi, Tore Hansen and Douglas G. Stafford
Department of Chemistry, State University of New York at Buffalo,

Buffalo, New York 14260-3000
Received 3 March 1998; revised 13 April 1998; accepted 14 April 1998

Abstract: The outcome of rhodium(Il) pivalate catalyzed decomposition of diaozoacetates in the presence of
cyclohexane is highly dependent on carbenoid structure. Carbenoids derived from phenyldiazoacetates or

diazoketoesters un/larg() ,l«ngh -})le!dllﬂg intermolecular C-H insertions while other carbenoid systems nnrlr)rgn

rearrangements, dimerization or trimerization. © 1998 Elscvier Science Ltd. All rights reserved.

In recent years, considerable interest has been shown in the chemistry of rhodium-stabilized intermediates
derived from vinyldiazoacetates' and phenyldiazoacetates.2 A striking feature of the chemistry of these systems is
the apparent lack of side products derived from carbene dimerization, although such dimerization is common for
many carbenoid systems (eq 1).3 Consequently, the reactions of vinyldiazoacetates and phenyldiazoacetates can

be used to achieve efficient cyclopropanation, O-H, N-H and Si-H insertion reactions!-2 without any need to use
elaborate diazo addition conditions to avoid dimer formation.* Recently, we have exploited this feature of viny!l-
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results were counter to the general opinion that intermolecular C-H insertions were of limited synthetic utility.5-
In this paper we describe what structural features of the carbenoid will enable efficient intermolecular insertions to
occur and report on some unprecedented dimerizations and trimerizations that can occur with certain
vinylcarbenoids.
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In order to directly compare the reactivity pathways of various carbenoid systems, each diazoacetate (1a-h)
was examined under standard reaction conditions. A solution of the diazo compound (0.4 M in cyclohexane) was
added dropwise over 5 min to a stirred solution of rhodium(Il) pivalate (2 mol%) in an equal volume of
cyclohexane, heated under reflux under an inert atmosphere. The diazo compounds la-c all resulted in the
formation of significant amounts of C-H insertion products 2 (Table 1). In the case of ethyl diazoacetate (1d),
carbene dimerization predominates to give either fumarates or maleates (3). No dimerization products are formed
in the reaction of the vinyldiazoacetate 1a, phenyldiazoacetate 1b, or the diazoketoester 1c.

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)00836-3



Tahla 1 Decamnncitinn nf Tad with hy RhafOPivYs in Cvelaoheyane
R LELFAN. 1. Ub\tulllyu‘ll.lull i AERTWA YYiLil U] A\JLL\VI l'/q 141 V!Vl\lllvnull\‘
Rha(OPiv)4 X X
NZ:(( <:>——< and/or —
COLR N — COzR RO.C CO2R
. L ) s
L] - kv
Entry | Substrate X R [ 2, Yield, % | 3, yield %
1 1a CH=CHCOEt Et 67 0
2 ib Ph Me 94 0
3 1c COMe Me 65 0
4 id H Ef i0 67

Extension of the reaction to vinyldiazoacetates le-h led to some unprecedented carbenoid transformations
(Table 2). Even though cis-vinyldiazomethanes have been reported to be excellent substrates for intermolecular
Si-H insertions,5 the reaction of le in cyclohexane solution led to the exclusive formation of indene 4,
presumably through an intramolecular reaction of the carbenoid with the proximal aromatic ring, followed by

double bond migration. The reaction of the corresponding trans-isomer 1f gave a mixture of the C-H insertion

product 2f (33% yield) and the cyclopropylindene derivative 5 in 22% yield. The most dramatic transformation
was seen wit the uncuhetituted  vinvldiazonacetate 1o whic raculte  in  the armatinn nf  the
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tetrahydrocyclohepta{b]pyran ring system (6)8 in 61% yield. The analogous reaction of the ketone derivative 1h
resuited in the formation of two compounds, the trimer 8 analogous to 6 as well as the dimer 7.

A plausible mechanism for the formation of the cyclopropanated indene derivative 5 is shown in Scheme 1,
Rhodium-catalyzed decomposition of phenylvinyldiazoacetate 1f results in the formation of the trans-carbenoid 9.
Unless the carbenoid is trapped quickly, isomerization can occur to give the corresponding cis-carbenoid 10,
which undergoes a facile intramolecular C-H insertion with the pheny! ring to give indene 11.9 Cyclopropanation
of 11 by the carbenoid 9 subsequently gives S.
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A reasonable mechanism for the formation of the trimeric products is shown in Scheme 2. As the
vinyldiazoacetates that lead to the trimers have mono-substituted vinyl groups, a reasonable first step is
cyclopropanation of a vinyldiazoacetate by the vinylcarbenoid to give 12. It is well established that
vinylcarbenoids will not cyclopropanate trans-alkenes, which explains why 1a and 1f do not undergo this type of
reaction. Decomposition of the diazocyclopropane 12 would lead to an oxonium intermediate (13),!0 which
would subsequently ring expand to give vinyl dihydropyran dimer. In the case of the ethyl ketone-substituted

vinyldiazoacetate 1h, this dimeric product (7) was isolable. Cyclopropanation of the dimer would then lead to the
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On the basis of these studies, it can be concluded that the structure of the carbenoid has a major effect on the
products formed. A carbenoid with a single substituent is prone to dimerize and form alkenes, but such

dimerizations were not observed by the disubstituted carbenoids that were studied here. The most spectacular
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reaction for the Vinylcnr noids was the formation of Qxabicy 1

re is that even though vinylcarbenoid
transformations generally occur with retention of vinyl group geometry, ! the formation of § from 1f indicates that
equilibration of vinylcarbenoid geometry can occur. As it has been established that carbenoids containing both
donor and acceptor groups are required for high asymmetric induction in the asymmetric intermolecular C-H

insertions,’ it would seem that the phenyldiazoacetates are the optimum carbenoid precursors for this chemistry.
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The structure of trimer 6 was assigned on the basis of !3C, DEPT, and extensive !H NMR data. The 500
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as an upfield methoxy resonance assigned for the methyl ether group at C(9a). Also present are three vinyl
resonances at 7.02, 6.17 and 5.81 ppm, assigned to the C(8), C(3) and C(5) protons, respectively. Each

of these protons is coupled to two diastereotopic protons on the neigboring methylene units (1H-1H
COSY, H-decoupling experiments). Furthermore 1rrad1at10n of one of the C(4) protom (2.60 ppm)
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enhancement of the same C(4) proton resonance. Additional nOe enhancements were observed between
the C(3) and the C(4) protons, the C(5) and one of the C(6) protons, and the C(8) and one of the C(9)
protons.

nOe
3.35 ppm /'\‘
3.7 ppm \v MeO' HH , H 7.02 ppm
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