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Catalytic Control of Reactions of Dipoles and Carbenes;' an Easy and
Efficient Synthesis of Cycloheptatrienes from Aromatic Compounds
by an Extension of Buchner’s Reaction

By ANDRE J. ANCIAUX, ALBERT DEMONCEAU, ANDRE J. HUBERT,* ALFRED F. NOELS,*

NicorLe PeTiNIOT, and PHILIPPE TEYSSIE

(Laboratory of Macromoleculay Chewmistry and Ovganic Catalysis, University of Liége, Sart Tilman, 4000
Liége, Belgium)

Summary Rhodium salts from strong carboxylic acids
[particularly rhodium(i1) trifluoroacetate] are novel and
highly efficient catalysts for the preparation of substi-
tuted cycloheptatriene carboxylates from aromatic
hydrocarbons and diazo-esters, and in contrast with the
classical Buchner procedures these rhodium catalysts
lead specifically to the 1-isomer (3), avoiding its subse-
quent prototropic conversion into conjugated isomers.

SINCE Buchner’s classical work, the formation of cyclo-
heptatrienes by cycloaddition of carbenes to aromatic
substrates has been thoroughly investigated owing to its
great mechanistic? and also preparative interest (particu-
larly in the field of natural products).? Hitherto, however,
finding selective, efficient processes for the direct prepara-
tion of substituted cycloheptatrienes from carbenes (i.e.
generated by decomposition of diazo-compounds) has been
a problem, the reaction yielding in all cases complex
mixtures of products which are very difficult to separate
(see the Scheme).

We now report that rhodium(ir) carboxylates of strong
organic acids are highly efficient in promoting the addition
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of carbenes to aromatic substrates, permitting ready and
sometimes regloselective access to substituted cyclo-
heptatrienes For example, tetrakis(trifluoroacetato)-
dirhodium(r1) (rhodium tnfluoroacetate) catalyses the for-
mation of the non-conjugated cycloheptatriene (3) from the
diazo-esters (2) with an unexpectedly high selectivity The
yield, generally good, 1s practically quantitative in the case
of benzene and toluene (Table) Moreover, with substi-
tuted benzenes, (1, R # H) the distribution of isomers
reveals that the attack, in several cases, 1s remarkably
regioselective (Table)

In a typical preparation of cycloheptatriene-1-carboxy-
lates, the diazo-ester (5 mmol) was continuously added,
within 2 h, with a motor-driven syringe (Sage, model 352),
to the solution containing the catalyst (2—4 X 102 mmol)
in the aromatic substrate (0 1 mol), at room temperature
with magnetic stirring The product was analysed by
glc using an internal standard In preparative experi-
ments, the product was distilled % vacuo after evaporation
of the solvent The cycloheptatriene fractions were 1identi-
fied by comparson with reported data where possible and
by the usual spectroscopic methods (11, mass, nmr), all
compounds yielding satisfactory elemental analysis

It should be emphasized that 1t 1s the kinetic 1somer that
1s selectively produced (arising from sigmatropic hydrogen-
shifts) and not the thermodynamic one Thus naphthalene
yields the corresponding norcaradiene-intermediate addition
product (instead of the final cycloheptatriene) in good
yield up to 859% with rhodium(ir) methoxyacetate as
catalyst and butyl diazoacetate It 1s also noteworthy
that the efficiency of the catalysts 1s strongly dependent
on the electron-withdrawing ability of the carboxylate
ligand, ¢ g, for benzene acid, pK, (% yeld) CF,COH,
023 (100%,), C¢F;CO,H, 148 (89%,), MeOCH,CO,H 3 57
(30%), MeCO,H, 4 76 (7%), ButCO,H, 503 (5%) This 1s
another example of the important role played by these
halogenocarboxylate ligands 1n co-ordination chemistry ¢
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TasLe Formation of the methyl cyclohepta 24 6 triene
carboxylates (3) from (1) (100 mmol) methyl diazoacetate
(56 mmol) and rhodmuum(ir) trifluoroacetate (0 02 mmol) at 22 °C

Substrate
(1) Yield Daistribution of 1somers of (3)3

Benzene 100 (100)
Toluene 95 4  (56) 3 (23) 2 (17
o Xylene 80 2 3 (43) 3 4 (39) 4 5 (18)
m Xylene 90 2 4 (12) 2 6 (43) 3 5 (43)
p Xylene 90 2 5 (85) 3 6 (10)
Anisole 73 3 (8) 4  (56)
Chlorobenzene 72 4 (80) 3 (15) 2 (5)
Fluorobenzene 446 4 (80) 3 (12) 2 (8)
Pyridine 0 Strongly mmhibiting higand

2 The first number refers to the position of the substituents
relative to the carboxylate group numbers in parentheses are
the proportions (mole 9;) of the corresponding isomer present 1n
the mixture of the carboxylates (3) mixture The balance to
1009, 1s made up of unidentified 1somers

In contrast with the observation that for olefin cyclo
propanation with rhodium(ir) carboxylates lipophilic non-
bonded interactions determined the reactivity ! the present
results clearly indicate that for carbene addition to aro-
matic molecules 1t 1s electronic factors which control the
reactivity of the rhodium carbenoid

In conclusion these systems besides their interest in
offering a new approach to a better mechamstic under-
standing of the behaviour of carbenoids are of great
preparative value and are quite versatile in their applica-
tions, e ¢ polystyrene 1s easily carboxylated in solution 3
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