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Alkyllithium-Mediated Anomalous Trimerization of 2,6-Xylyl Isocyanide
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The reaction of alkyllithium with 2,6-xylyl isocyanide led
to the trimerization of the isocyanide to afford an indole
derivative. The anomalous reaction pattern provided inference
about the structural features of the intermediate organolithium
species.

Isocyanides undergo insertion into metal-alkyl bonds to
furnish (alkaneimidoyl)metal compounds; e.g., the reaction of
tert-alkyl isocyanide with alkyllithium furnishes an
(alkaneimidoyl)lithium intermediate, which has found successful
synthetic applications.!  Unlike with carbon monoxide, the
successive multiple occurrence of this elementary process is
possible with isocyanides, leading to the formation of oligomers?2
and polymers.3 Alkaneimidoyl complexes of the transition,
lanthanide, and actinide series have been the subject of intense
research.43  Most of them adopt a n2-bonding mode. In
contrast, the structural features of alkaneimidoyl complexes of
main group elements have received little attention.6 n!-Bonding
through a C-Li linkage has been conventionally assumed for
(alkaneimidoyl)lithium intermediates. We now report the
alkyllithium-mediated anomalous trimerization of aryl isocyanide,
which infers the bonding properties of the intermediate
organolithium species.

2,6-Xylyl isocyanide (1, 0.50 mmol) was treated with
methyllithium (0.50 mmol) in THF at -78 °C. The color of the
solution changed from yellow to red, and after 3 h became dark
blue with quantitative conversion of the isocyanide. The dark
blue color disappeared the instant a drop of water was added to
the mixture, and after chromatography, 0.16 mmol of an indole
derivative 2a was obtained (95% based on 1). When 0.25 mmol
of methyllithium was used under otherwise identical conditions,
0.078 mmol of 2a was produced and half of 1 remained
unreacted. Therefore, it is likely that the lithio derivative of 2a
traps two more equivalents of methyllithium, which are inert
toward the free isocyanide (1) probably due to the steric reason.
The skeletal arrangement of the anomalous product 2a was
deduced as depicted below on spectroscopic grounds.” Three
molecules of 1 and one methyl group coming from methyllithium
constitute 2a. Recrystallization from CHzClp—MeCN provided
single crystals suitable for an X-ray crystallographic analysis,
which finally established the exact structure of 2a (Figure 1).8
The location of the double bonds was assigned on the basis of the
bond distances. The hydrogen atom H1 found on a difference
electron density map, together with N1, C5, C6, C7, and N3
forms a 6-membered cyclic geometry, indicating the presence of
an N3eesH1 hydrogen bond [N3-H1 = 2.00(2) A, N1-H1-N3 =
138(2)°]. The use of butyllithium instead of methyllithium
fumished an analogous indole 2b as well. However, a complex
mixture was obtained when other aryl isocyanide having no
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Figure 1. Molecular structure of 2a with the hydrogen atoms
except H1 omitted for clarity (35% probability thermal
ellipsoids). The selected bond distances (A): N1-H1, 0.93(2);
N1-C5, 1.357(2); C5-C6, 1.369(2); C6-C7, 1.456(2); N3-C7,
1.288(2); N2-C6, 1.404(2); N2-C13, 1.299(2); C7-C8,
1.534(2); C8-C9, 1.497(3); C8-C13, 1.514(2); C9-C10,
1.340(3); C10-C11, 1.446(3); C11-C12, 1.349(3); C12-C13,
1.447(3).

substituents at the o-positions was reacted with alkyllithium.

In marked contrast to the cases of RLierr-alkyl
isocyanide,! RoZn-2,6-xylyl isocyanide® and RSmX;-2,6-xylyl
isocyanide,2¢-10 neither the mono insertion product 3 nor the
double insertion product 4 was obtained at all even when the
reaction was quenched with water at an earlier stage. The lithio
derivative of 2a was prepared by treatment of 2a with
butyllithium. However, regeneration of the isocyanide (1) was
not observed, being suggestive of the irreversibility of this
trimerization.
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The coupling of carbenes with isocyanides to yield
ketenimines has been documented well.11 It has been also
reported that N-(2,6-xylyl)ketenimine § reacts with 2,6-xylyl

isocyanide (1) to afford an indole via formal [4+1]
* cycloaddition.12:13  Furthermore, the direct formation of an
analogous indole derivative by the reaction of a metal carbene
complex with aryl isocyanide is known.14 On the basis of these
precedents, it would be reasonable to presume the following
mechanism for the formation of 2; initial coupling of alkyllithium
with 1 yields a transitory n2-(alkaneimidoyl)lithium 6.15
Besides 6 B, a carbene-like resonance form (6 A) is viewed as an
important contributor to the description of the
(alkaneimidoyl)lithium. The subsequent coupling with the
second equivalent of 1, presumably carbene-like one, affords the
ketenimine intermediate 7. The third incorporation of 1 via
formal [4+1] cycloaddition furnishes the indole skeleton. A
related discussion of the carbenoid character of (r)2-acyl)thorium
complexes has been given, based upon the formation of indole
analogs in the reactions with aryl isocyanides. 16
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In conclusion, the facile formation of the anomalous
product 2 by alkyllithium-mediated trimerization of 1 infers the
structural features of the transient organolithium species.
Assumption of an aminocarbene character for the initial coupling
product, and a ketenimine structure for the second coupling
product accounts for the present reaction pattern on analogy with
the organic and organometallic precedents.
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