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In the past decade, neutral and cationic organoactinide complexes
have been studied as catalysts for several organic transformations.
Such processes comprise the polymerization of alkenes, the
oligomerization, intermolecular and intramolecular hydroamination,
and hydrosilylation of terminal alkynes.1-4 Isonitriles are known
to undergo a 1,1-insertion into the metal-acetylide bond of early
or late transition metals, under stoichiometric conditions.5 Very
recently, Odom et al. elegantly designed a three-component coupling
of terminal alkynes, isonitriles, and primary amines catalyzed by
titanium complexes to formR,â-unsaturatedâ-iminoamines.6 The
reactivity of isonitrile molecules is a result of the lone pair of
electrons alike carbenes. A basic conceptual question regards the
use of organoactinides as catalysts for the coupling of terminal
alkynes with isonitriles to form substituted 1-aza-1,3-enynes, which
contain conjugated acetylenic and azomethine fragments R1CtCs
CHdNR2 (R,â-acetylenic aldimines). These species have attracted
large attention as important synthons in organic synthesis, since
they possess three active reaction centers for constructing poly-
functional compounds.7

Herein, we report the coupling reaction of terminal alkynes and
tert-butylisonitrile (tBuNC) catalyzed by the actinide complexes
[(Et2N)3U][BPh4] (1)8 and Cp*2AnMe2 [Cp* ) C5Me5, An ) U
(2),9 Th (3)10]. These compounds proved to be efficient catalysts
for a variety of reactions;1-4 the single-crystal structure of complex
2 is shown in Figure 1.11

The three complexes1, 2, and 3 catalyzed the coupling of
isonitrile and terminal acetylenes (eqs 1-3) via 1,1-insertion of
the isonitrile terminal carbon atom into a metal-acetylide or a
metal-imine bond.12,13 The catalytic conversion of the isonitrile
and alkyne to 1-aza-1,3-enynes was achieved in toluene or benzene
at 90-100 °C, while no reaction was observed in the absence of
catalyst.

The product distribution for the coupling reaction (Table 1) was
found to depend strongly on both the catalyst and the alkyne/
isonitrile ratio. The cationic catalyst1 selectively produces the (E)-
acetylenic imine4 as the major product (eq 1), from the mono-
insertion reaction oftBuNC into the terminal alkyne, along with
some minor byproducts (oligomerization of the terminal alkyne and
isomerization14 of the isonitrile to the nitrile).

Interestingly, reaction with Cp*2UMe2 affords product5 in
addition to compound4 from the double insertion of two isonitrile
molecules into one molecule of the terminal alkyne. The percentage
of 5 was successfully raised by increasing the amount of isonitrile
(Table 1, entry 7). The reaction between bulky terminal alkynes
(R ) TMS, tBu) andtBuNC in the presence of3 (Table 1, entries
9-11) produces4 (eq 3) as the major product. When the reaction

is performed with smaller (nonbulky) terminal alkynes, the forma-
tion of the additional product6 is observed. Product6 results from
the coupling of two acetylene molecules and one isonitrile molecule
(Table 1, entry 13). The variation of the molar ratio of4 and 6
over time suggests that6 is formed only after the complete
formation of4, by reaction of the latter with the remaining alkyne.
The similar behavior of the three discussed catalysts strongly
suggests a common mechanism for all of them to obtain compound
4, with various branches forming products5 and 6. A plausible
mechanism is described in Scheme 1.

The organoactinide complexes2 and3 react with the terminal
alkynes to yield the bis(acetylide) complexA (step 1).15 This
complex undergoes a 1,1-insertion of the isonitrile into the metal-
carbon bond to form the acetylenic imido complexB (step 2).
Protonolysis by another terminal alkyne yields the monoinsertion
product4 and regenerates complexA as the active species in the
catalytic cycle (step 3). For complex2, this protonolysis step is
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Figure 1. Thermal ellipsoid plot of Cp*2UMe2 crystals with 50%
probability and atomic numbering. Hydrogen atoms are omitted for clarity.
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not as rapid as that for complex3, permitting complexB to undergo
an additional 1,1-insertion of a second isonitrile molecule to yield
the corresponding intermediateC (step 4). The double insertion
product5 is then obtained by the protonolysis with a terminal alkyne
(step 5) regenerating the active bisacetylide complexA. With an
excess of nonbulky terminal alkynes, the bisacetylide complexA
(An ) Th) can react with product4 to yield complexD, by insertion
of the triple bond of4 into the Th-acetylide bond (step 6).
Protonolysis ofD by another terminal alkyne yields product6 and
the active speciesA (step 7). This is the first example of an insertion
of an internal triple bond into an actinide-carbon bond. For
organoactinides we have shown that the insertion of terminal
alkynes into a metal-acetylide bond produces dimers or higher
oligomers,2 and when the reaction is performed in the presence of
terminal and internal alkynes, only the products formed by the
activation of the terminal alkyne are produced. These results showed
that the insertion of an internal triple bond must be higher in energy

in comparison with terminal alkynes. In contrast, the formation of
6 indicates that, even in the presence of a terminal alkyne, the
insertion of the internal triple bond of4 was preferred, presumably
due to the electronic effects of the imine fragment (tBusNdCs),
which induces polarization of the internal triple bond.

We have demonstrated that complex1 reacts with terminal
alkynes to form the acetylide complex (E) and Et2NH via an
equilibrium process (eq 4).3b E is an analogue ofA and catalyzes
the coupling reaction like complexes2 and 3 by steps 1-3 in
Scheme 1. The protonolysis step 3 can be performed via a terminal
alkyne to yield4 andE or by the free amine to regenerate1.
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Table 1. Product Distribution for the Coupling Reaction of tBuNC
and Terminal Alkynes Catalyzed by Different Organoactinide
Complexes

entry catalyst Ra catalyst/tBuNC/RC≡CH
time
(h)

4
(%)

5
(%)

6
(%)

1 1 TMS 1:40:50 48 80
2 1 Ph 1:50:50 48 81
3 1 iPr 1:40:55 48 81
4 2 TMS 1:50:30 6 56 13

24 81 19
5 2 Ph 1:40:60 48 90 10
6 2 iPr 1:40:70 48 75 25
7 2 iPr 1:50:20 48 50 50
8 3 TMS 1:100:100 23 90
9 3 TMS 1:100:180 18 85

10 3 tBu 1:100:100 18 80
11 3 tBu 1:100:200 18 90
12 3 iPr 1:100:100 18 90
13 3 iPr 1:100:200 2 19 0

17 95 5
64 60 40

210 47 53

a R in RCtCH.

Scheme 1. Plausible Mechanism for the Catalytic Coupling of
tBuNC and Terminal Alkynes Mediated by Cp*2AnMe2

a

a For clarity we use R* instead of RCtC and R′ ) tBu.
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