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Nucleophilic aromatic addition and substitution reactions have
been essentially achieved with electron-deficient arenes,1 such
as nitroarenes,2 2-aryloxazolines,3 or η6-arene transition metal
complexes, mainly arenetricarbonyl chromium complexes.4

More recently, conjugate-type additions of organolithiums to
2,6-di-tert-butyl-4-methoxyphenyl naphthalenecarboxylates (BHA
esters)5 or to aromatic aldehydes and ketones in the presence
of aluminum tris(2,6-diphenylphenoxide) (ATPH)6 have been
reported. These aromatic derivatives contain, as an electron-
withdrawing group, a sterically hindered carboxyl or carbonyl
functionality, respectively, which prevents nucleophilic attack
to the carbonyl carbon. Given the strong electron-withdrawing
ability of the pentacarbonyl metal fragment of Fischer carbene
complexes,7 the aromatic ring of alkoxy(aryl)carbene complexes
should be activated toward nucleophilic attack. However, thus
far, all of the experimental evidence known confirms that the
addition of nucleophiles takes place at the carbene carbon.
Indeed, the nucleophilic addition of heteroatomic nucleophiles
(alcohols, amines, thiols) at the carbene carbon has found wide
application in the modification of carbene ligands.8 Similarly,
organolithium reagents and other carbon nucleophiles9 add to
Fischer arylcarbene complexes in a 1,2-fashion, leading to

different reaction products depending on the nature of the
organolithium, temperature, or workup conditions. The reaction
of group 6 pentacarbonylaryl- or heteroaryl(methoxy)carbene
complexes with aryl- and heteroaryllithium compounds gave
non-heteroatom-stabilized Fischer diarylcarbene complexes
when the reaction was carried out at low temperature10 and 1,2-
dimethoxy-1,1,2,2-tetraarylethanes, among other products, when
the reaction was warmed to room temperature.11 On the other
hand, the reaction of the same type of carbene complexes with
vinyl- and alkyllithiums afforded a mixture of two vinyl ethers12

or a pentacarbonyl(π-olefin)tungsten complex;13 in addition,
treatment with chloromethyllithium generated in situ led, after
hydrolysis of an enol ether intermediate, to aryl methyl
ketones.14 A feature common to all these reactions is the
presence of a small alkoxy group attached to the carbene carbon.
We thought that a bulky alkoxy derivative could inhibit
nucleophilic attack at the carbene carbon (1,2-addition) and
direct it to an aromatic ring carbon (1,4- or 1,6-addition). This
turned out to be the case, and we report herein the first examples
of the regioselective conjugate addition of organolithiums to
the aromatic nucleus of sterically demanding alkoxy(aryl)-
carbene complexes.15

Treatment of carbene complex116with sec-butyl-, tert-butyl-,
or phenyllithium (molar ratio 1:1) at-78 °C provided, on
warming to room temperature (rt) overnight and after chro-
matographic workup, the corresponding aromatic products of
parasubstitution (2, Scheme 1).17 These carbene complexes2
were characterized by NMR spectroscopy and further oxidized
with air and light to the corresponding carboxylic esters3, where
1,4-disubstitution of the aromatic ring was clearly established.
Compounds2aand3aeach showed a single set of NMR signals.
The nucleophilic addition of organolithiums to the aromatic ring
of complex1 occurs within minutes at-78 °C, and the initially
formed 1,6-adducts can be trapped before the spontaneous
aromatization takes place. Thus, as shown in Scheme 2,
quenching the reaction (after 5 min of stirring between-78 °C
and rt with subsequent removal of THF under reduced pressure

† Instituto Universitario de Quı´mica Organometa´lica “Enrique Moles”.
‡ Departamento de Quı´mica Fı́sica y Analı´tica.
(1) Bach, T.Angew. Chem., Int. Ed. Engl.1996, 35, 729.
(2) (a) Paradisi, C. InComprehensiVe Organic Synthesis; Trost, B. M.,

Fleming, I., Eds.; Pergamon: Oxford, 1991; Vol. 4, pp 423-450. (b)
Knyazev, V. N.; Drozd, V. N.Russ. J. Org. Chem.1995, 31, 1.

(3) For reviews, see: (a) Reuman, M.; Meyers, A. I.Tetrahedron1985,
41, 837. (b) Gant, T. G.; Meyers, A. I.Tetrahedron1994, 50, 2297. For
further references, see: (c) Meyers, A. I.; Roth, G. P.; Hoyer, D.; Barner,
B. A.; Laucher, D.J. Am. Chem. Soc.1988, 110, 4611. (d) Gant, T. G.;
Meyers, A. I.J. Am. Chem. Soc.1992, 114, 1010. (e) Ku¨ndig, E. P.; Ripa,
A.; Bernardinelli, G.Angew. Chem., Int. Ed. Engl.1992, 31, 1071. (f)
Hutchings, R. H.; Meyers, A. I.J. Org. Chem.1996, 61, 1004.

(4) For reviews, see: (a) Semmelhack, M. F. InComprehensiVe Organic
Synthesis; Trost, B. M., Fleming, I., Eds.; Pergamon: Oxford, 1991; Vol.
4, pp 517-549. (b) Semmelhack, M. F. InComprehensiVe Organometallic
Chemistry II; Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.;
Pergamon: Oxford, 1995; Vol. 12, pp 979-1015. For further references,
see: (c) Chamberlin, S.; Wulff, W. D.J. Am. Chem. Soc.1992, 114, 10667.
(d) Kündig, E. P.; Ripa, A.; Liu, R.; Bernardinelli, G.J. Org. Chem.1994,
59, 4773. (e) Amurrio, D.; Khan, K.; Ku¨ndig, E. P.J. Org. Chem.1996,
61, 2258. (f) Pearson, A. J.; Gontcharov, A. V.; Woodgate, P. D.
Tetrahedron Lett.1996, 37, 3087. (g) Semmelhack, M. F.; Schmalz, H.-G.
Tetrahedron Lett.1996, 37, 3089.

(5) (a) Tomioka, K.; Shindo, M.; Koga, K.Tetrahedron Lett.1990, 31,
1739. (b) Tomioka, K.; Shindo, M.; Koga, K.Tetrahedron Lett. 1993, 34,
681.

(6) Maruoka, K.; Ito, M.; Yamamoto, H.J. Am. Chem. Soc. 1995, 117,
9091.
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at rt and replacement by Et2O) with methyl triflate at 0°C
produced the 1,4-dialkylated products4 as a mixture ofZ/E
isomers (ratio determined from the1H NMR spectrum) which
could not be separated by column chromatography. Carbene
complexes4 were then submitted to oxidative removal of the
Cr(CO)5 fragment with pyridineN-oxide yielding esters5.
Significantly, the conjugate addition ofs-BuLi to thep-phenyl-
substituted carbene complex2c occurred smoothly, affording
also the 1,6-adduct which was analogously treated with MeOTf
to give carbene complex6 as a 3:1 mixture ofZ/E diastereoi-
somers, determined after oxidation to ester7 as previously
described. The stereochemistry of the major isomer was
deduced from the 2D NOESY spectrum performed on the 3:1
mixture of primary alcohols8a/8b, which were obtained after

LiAlH 4 reduction of esters7 (Scheme 3). The arrows in8a
stand for the observed NOE enhancements. To our delight, the
reaction oft-BuLi with the p-methoxy-substituted racemic9a
or optically active9b,c carbene complexes, under otherwise
similar reaction conditions, occurred in a 1,4-fashion leading,
after addition of MeOTf, to the conjugated carbene complexes
10 generated exclusively as a single diastereoisomer enantio-
merically pure for (+)-10 and (-)-10, although with low yields
(Scheme 4).18 Confirmation of the structure and relative
configuration of compounds10and assignment of the absolute
configuration were based upon the single-crystal X-ray structure
analysis performed on compound (+)-10 (Figure 1).19

In summary, we have achieved for the first time the regio-
and stereoselective nucleophilic aromatic addition of organo-
lithium reagents to (menthyloxy)(aryl)carbene complexes of
chromium, which represents a new dearomatization reaction.1,20

Efforts to investigate further structural possibilities as well as
to study the reaction chemistry of the novel captodative21 dienes
10, having both conjugated metal-carbene and enol ether
functionalities and which are readily accessible in either
enantiomerically pure form, are currently in progress.
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Figure 1. Molecular structure of (+)-10 (Xtal GX plot).
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