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The benzannulation reaction of an unsaturated Fischer carbene
complex and an alkyne, initially reported by Détz,! has become
in recent years one of the most utilized reactions in natural
product synthesis involving an organometallic process.? Fur-
thermore, the study of its complex mechanism represents one
of the greatest efforts in the field of metal—carbene chemistry.?
This reaction gives a variety of products depending on the
structure and substitution of the carbene, the metal, and the
alkyne employed, but typically, cyclopentadiene and phenol
derivatives are the main products.

The commonly accepted mechanism for the D6tz reaction is
depicted in Scheme 1. The reaction begins with a thermally
reversible, rate-limiting CO dissociation of vinylcarbene 1,
followed by alkyne complexation and insertion into the metal
carbene bond. It has been proposed that the structure of
intermediate ITI determines the partition between products.?
Thus, intramolecular cyclization and reductive elimination
affords the cyclopentadiene products 2, while, CO insertion,
electrocyclic ring closure, and tautomerization yields phenol
derivatives 3.

It should be pointed out that the only intermediate isolated
and fully characterized in the mechanism presented, which arises
from a reaction between a vinylcarbene and an acetylene, leading
to Dotz products, has been the cyclohexadienone derivative
VI.%®> Two other structural analogues have been islolated: an
alkynyl 7t complex similar to II coming from the photochemical
reaction between an alkyne and a Fischer carbene and an
aminovinylketene complex similar to V from an intramolecular
reaction of a Fischer carbene complex and an alkyne.’

We report here the first isolation and characterization of a
nt:p3-vinylcarbene complex of a group 6 metal (0),%° which
corresponds to the first intermediate (I, Scheme 1) of the Dotz
reaction, and the first isolation and characterization of a
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tetracarbonyl metalahexatriene of a group 6 metal(0), which
corresponds to the intermediate of the D¢tz reaction exemplified
as III in Scheme 1.

When a solution of carbene 410 in THF (tetrahydrofuran) is
heated under reflux, it is observed that the color changes from
yellow to bright red. Evaporation of the solvent and further
crystallization (hexane—dichloromethane, —20 °C) affords
compound 5 in 90% yield (Scheme 2). The structure of 5 was
determined from 'H and 3C NMR analysis at 233 K and X-ray
analysis.!! The most remarkable signals in 3C NMR (233 K)
are those that show the presence of the carbene carbon (255.5
ppm), four inequivalent CO ligands (222.0, 224.2, 234.9, and
235.8 ppm), and the double-bond high-field signals (85.7 (CH)
and 86.9 (C) ppm), which support the 7* attachment of the metal
to the vinylcarbene ligand. The X-ray structural analysis of
complex 5 (Figure 1) shows a bond distance between the two
alkene carbons bonded to the metal (ca. 1.37 A) that is only
slightly longer than the common distance between two double-
bonded carbons (ca. 1.34 A) 12 and as a consequence, the
carbene ligand may therefore be described as an intermediate
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Figure 1. Molecular structure and numbering scheme for § [Cr(CO)4-
(C15HysNO)]. Bond lengths (A) and angles (°): Cr—C(1), 1.961(2);
Cr—C(2), 2.238(2); Cr—C(3), 2.414(3); N—C(1), 1.304(3); C(1)—C(2),
1.441(3); C(2)—C(3), 1.368(4); C(2)—Cr—C(1), 39.4(1); C(3)—Cr(1)—
C(2), 33.9(1); C(3)—Cr—C(1), 67.3(1); C(1)—-C(2)—C(3), 121.7(2);
N—C(1)—Cr, 151.5(2); C(2)—C(1)—N, 126.9(2).
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between a rigorously 7!- and a 73-bonded system.!*> Two other
observations indicated that the &z bond between the metal and
the alkene is very weak: firstly, when CO was bubbled at room
temperature into a solution of 5, quantitative formation of
product 4 resulted within minutes (Scheme 2); secondly, 1*C
NMR spectroscopy at 293 K shows no CO signal. Similar
observations have been reported for tetracarbonyl acylaminocar-
bene derivatives.1* It has been proposed that the chelate in these
complexes opens rapidly on the NMR time scale and CO ligands
exchange because the coordinatively unsaturated resulting
species are fluxional.

In view of these results, the ready availability of a formal
coordinatively unsaturated 16 e~ complex in solution encouraged
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us to investigate the possibility of performing the Dotz reaction
at low temperatures. It is known that, typically, reactions
between Fischer carbenes and alkynes take place at temperatures
over 50 °C (25 °C for vinylmolybdenum complexes)? as the
rate-determining step of the reaction is the formation of an
electronically unsaturated intermediate by CO dissociation;
nevertheless, reaction of 5 with dimethyl acetylenedicarboxylate
takes place at —20 °C in 22 h (Scheme 3) to yield the
metalahexatriene 6 (54%) with total Z selectivity, since no
evidence of the presence of the regioisomer VII (Scheme 3)
could be observed in the reaction mixture. Compound 6 was
isolated by crystallization from the crude reaction mixture
(hexane—dichloromethane, —78 °C) and characterized from its
'H and 13C NMR spectra.!’> The most remarkable data collected
from the 13C NMR analysis at 253 K are the four different
resonances for CO ligands (220.2, 220.9, 230.0; and 231.1 ppm)
and the four olefinic signals, 93.8 (CH) and 102.1 (C) ppm for
the complexed double bond and 130.7 (C) and 157.9 (C) ppm
for the uncomplexed double bond, which conclusively demon-
strate that the Cs—Cg double bond is in fact the alkenyl ligand
attached to the metal.l®

Compound 6 is not stable in solution at room temperature
and decomposes in 6 h to 7 (74%), which is the most common
final product in the Détz reaction with aminocarbenes, after
demetalation and a 1,5 hydrogen shift.

In conclusion, the isolation and characterization of two new
intermediates in the D6tz reaction is reported. Further studies
about their behavior toward other substrates in order to open
new possibilities in annulation reactions are under way.
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