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Summary: The monomeric, two-coordinate carbene com-
plex (IPr)CuO-t-Bu (1) (IPr = 1,3-bis(2,6-diisopropyl-
phenyl)imidazol-2-ylidene) reacts readily with silanes
such as triethoxysilane, forming a dimeric copper(l)
hydride complex (2) with a very short copper—copper
distance. Hydrocupration of 3-hexyne by 2 affords a
monomeric copper(l) vinyl complex.

Copper(l) hydride complexes have been the subject
of considerable interest, both as mild and selective
reducing agents in stoichiometric reactions! and as
likely intermediates in copper(l)-catalyzed reductions.?
The best studied of these, with respect to structure?® as
well as reactivity, is the hexameric [(PhsP)CuH]e, but
pentameric analogues have been characterized,?? as
have octanuclear clusters* and hexamers*® supported
by other phosphines. Solution-phase studies have sug-
gested the existence of lower-nuclearity complexes,
including monomeric complexes of the form (RzP)CuH.®
A bis(phosphine)copper(l) u-hydride dimer, supported
by a tris(phosphine) ligand in the «? binding mode, has
been crystallographically characterized.”

More recently, N-heterocyclic carbene (NHC) ligands,
developed by Arduengo and co-workers® and used to
great advantage in catalysis,® have shown promise as
supporting ligands in the copper-catalyzed hydrosily-
lation of carbonyl compounds.t® In view of the ability of
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these ligands to stabilize low-coordinate, reactive com-
plexes of copper(l),!* we believed that (NHC)copper(l)
hydrides might prefer an unusually low nuclearity and
coordination number and, as a result, might display
different reactivity patterns toward organic substrates.
Herein we report the synthesis of a carbene-ligated
copper(l) tert-butoxide (1) and its facile, clean conversion
to a rather unstable (NHC)copper(l) hydride (2). Single-
crystal X-ray diffraction of 2 reveals a dimeric structure
with a very short Cu—Cu distance. Generation of 2 in
the presence of 3-hexyne gives rise to the monomeric
vinylcopper(l) complex 3; this appears to be the first
hydrocupration reaction to produce a well-defined o-
organocopper product.

The synthetic routes to (NHC)copper(l) complexes 2
and 3 are shown in Scheme 1.12 The tert-butoxide
complex 1 is readily prepared from the corresponding
chloride?® on reaction with sodium tert-butoxide.’34 To
our surprise, an attempted reaction of imidazolium
chloride, copper(l) chloride, and sodium tert-butoxide (2
equiv) did not afford this complex but, rather, a species
shown crystallographically to contain a homoleptic
[(NHC),Cu'] cation.'® The crystal structure of 1 (Figure
1) displays a monomeric, two-coordinate geometry, with
a Cu—O bond distance of 1.8640(18) A.1® The full
structure displays a close approach (2.11 A) of O(1) to
the calculated position of an IPr backbone hydrogen in
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Figure 1. Representation of 1, shown as 50% ellipsoids.
Hydrogen atoms (calculated) are omitted for clarity. Se-
lected bond lengths (A) and angles (deg): Cu(1)—C(1) =
1.8641(18), Cu(1)—0(1) = 1.8104(13); C(1)—Cu(1)—0(1) =
179.05(7), Cu(1)—0(1)—C(28) = 122.85(12).
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Figure 2. IH NMR spectrum of 2, generated in situ in
Ce¢De. Other species present: (a) free IPr; (b) (t-BuO)Si-
(OCH,CH3)s.

an adjacent molecule (see Figure S5 in the Supporting
Information), reminiscent of the O- - -H—C interactions
in the corresponding acetate complex.!!

Reaction of 1 with triethoxysilane in benzene, pen-
tane, or ethereal solvents results in a rapid reaction,
with the prompt appearance of an intense yellow color.
The formation of the new species 2, plus the byproduct
(t-BuO)Si(OEt); and a small amount of free IPr arising
from decomposition of 2 in solution, is observed by 'H
NMR (Figure 2) when the reaction is carried out in CgDg
solution.” A new singlet at 2.67 ppm is integrated to
one hydrogen per IPr ligand; the same peak is observed
on reaction of 1 with tetramethyldisiloxane,'® and its
relative intensity does not change if an excess of silane

(16) Crystal data for C3;H4sCuN,O (1): monoclinic, space group P2,/
¢, a=10.4662(5) A, b = 23.4546(12) A, c = 13.7109(7) A, B = 112.44°,
V = 3110.9(3) A3, Z = 4, peaice= 1.121 g/cm?, F(000) = 1128, T = 194(2)
K. Least-squares refinement converged normally with residuals of R1
(based on F) = 0.0361, wR2 (based on F) = 0.1050, and GOF = 1.079
based on I > 20(1).

(17) Triethoxysilane (0.0124 mL, 0.067 mmol) was added to a
solution of 1 (0.0335 g, 0.064 mmol) in C¢Dg (ca. 0.75 mL) at ambient
temperature, resulting in a clear, bright yellow solution. The *H NMR
spectrum was recorded as soon as possible thereafter.

(18) A reaction was also observed with phenylsilane, but a complex
mixture of related products was formed, as judged by 'H NMR, and
this reaction was not examined further. To our surprise, in light of
catalytic reactions such as those described in ref 10a, no reaction with
triethylsilane was observed, even in the presence of excess NaOtBu;
see, however, ref 19.
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is added. This chemical shift falls within the range
found for hydrides and deuterides in several phosphine-
supported copper complexes.3b47 A rather broad absor-
bance in the infrared spectrum, assigned to the bridging
copper hydrides, shifts from 881 cm~! for 2 to 638 cm™1
for the corresponding deuteride (vu/vp = 1.38).1920 These
frequencies are similar to, but somewhat lower than,
those reported by Caulton and co-workers for a phos-
phine-supported copper(l) u-hydride dimer.”

The hydride complex 2 is somewhat unstable, persist-
ing long enough in solution at ambient temperature to
permit the easy recording of its 'H NMR spectrum but
decomposing considerably after 1 h in solution or after
several days in solid form. This incipient decomposition
(which results in the slow formation of a Cu® precipi-
tate), combined with the high solubility of the complex
even in pentane, has complicated our attempts to obtain
2 completely free of the alkoxysilane byproduct. When
synthesized in and washed with pentane at —45 °C and
then dried under vacuum, 2 is obtained in 60% nominal
yield but contains some residual tert-butoxysilyl byprod-
uct (12 mol % per Cu, about 6 wt %) and free IPr (4 mol
% per Cu), as judged by 'H NMR (see Figure S1 in the
Supporting Information).?! Recrystallization from vari-
ous solvent combinations gave either lower yields (ca.
33%) of 2, still containing minor amounts of these
byproducts and solvents as contaminants, or significant
decomposition over the time frame of the recrystalliza-
tions, even at —40 °C.

Despite the high solubility and ready decomposition
of 2, the slow diffusion of hexamethyldisiloxane into a
pentane solution of 2, on a very small scale (ca. 10 mg)
at —40 °C, afforded single crystals suitable for X-ray
diffraction. Four molecules crystallized in the asym-
metric unit, with s-stacking interactions between the
ligand N-aryl groups.?? Figure 3 shows one of the
molecules in the crystal structure; corresponding bond
lengths and angles differ only slightly between this
molecule and the others. Complex 2 crystallizes in
dimeric form, distorted slightly from a linear L—Cu—
Cu—L arrangement, with an average distance of 2.30
A between the two copper(l) centers. For comparison,
the copper—copper distance in the metal is 2.56 A,23 and

(19) Triethylsilane does react with (IPr)CuF, which will be the
subject of a forthcoming communication, to give a product with IR and
IH NMR spectra identical with those of 2 prepared as described in
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g (nominally 60%; estimated 90% pure based on 'H NMR (see Figure
S1 in the Supporting Information)).
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a=10.6912(13) A, b = 25.051(3) A, ¢ = 39.516(5) A, a. = 94.099(2)°,
= 91.754(3)°, y = 90.797(3)°, V = 10550(2) A3, Z = 8, pearca = 1.139
g/lcm3, F(000) = 3856, T = 194(2) K. Least-squares refinement
converged normally with residuals of R1 (based on F) = 0.0765, wR2
(based on F) = 0.1999, and GOF = 0.932 based on | > 20(1).
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Figure 3. X-ray structure of 2, shown as 50% ellipsoids.
For clarity, hydrogen atoms (calculated) are omitted, and
only one molecule (of four) in the asymmetric unit is shown.
Selected bond lengths (A) and angles (deg): Cu(1)—C(1) =
1.878(6), Cu(1)—Cu(2) = 2.3059(11), Cu(2)—C(28) = 1.882-
(6); C(1)—Cu(1)—Cu(2) = 169.4(2), Cu(1)—Cu(2)—C(28) =
170.33(19).

the shortest copper—copper distance we have found in
the literature is 2.348(2) A.24 The short copper—copper
distance in 2 may be interpreted as resulting at least
in part from a net bonding interaction between the two
d'® metal centers,?® or as primarily a consequence of
short bonds from each metal to small bridging ligands.26
It is worth noting, however, that the copper—copper
distance in another hydride-bridged dimer is slightly
longer, at 2.371(2) A.7.27

Treatment of 1 with triethoxysilane in the presence
of 3-hexyne (5 equiv) results in an intense orange color,
which fades over a period of minutes. Concentration in
vacuo after 45 min affords a single copper complex, as
judged by 'H NMR spectroscopy.?® The same product is
generated when 2 is isolated prior to redissolution in
Ce¢De and addition of 3-hexyne. The spectrum is consis-
tent with the formation of (IPr)Cu[(E)-3-hexenyl] (3);
the resonance for the vinylic hydrogen, at 5.51 ppm,
appears as a distinctive triplet of triplets, with coupling
to both geminal and vicinal methylene groups. Diffusion
of hexamethyldisiloxane vapor into a solution of 3 in
diethyl ether afforded crystals suitable for X-ray dif-
fraction, and the resulting structure (Figure 4) confirms
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Figure 4. X-ray structure of 3, shown as 50% ellipsoids.
For clarity, hydrogen atoms (calculated) and ligand-
based i-Pr groups are omitted. Selected bond lengths (A)
and angles (deg): Cu(1)—C(1) = 1.897(3), Cu(1)—C(30) =
1.902(4), C(30)—C(31) = 1.317(7); C(1)—Cu(1)—C(30) =
177.29(18), Cu(1)—C(30)—C(31) = 122.0(4).

the formation of a monomeric (NHC)copper(l) vinyl
complex.?® While analogous reactions are most probably
involved in the hydrogenation® or reductive coupling3®
of alkynes by copper hydrides, this appears to be the
first hydrocupration of a carbon—carbon multiple bond
to give a well-defined o-organocopper product.

In conclusion, we have demonstrated the clean sto-
ichiometric reaction between a monomeric, two-coordi-
nate (NHC)copper(l) alkoxide and certain silanes. So-
lution 'H NMR spectroscopy is consistent with the
expected copper(l) hydride product, and structural
characterization of this product shows a dimeric ar-
rangement and an unusually low nuclearity for copper-
(1) hydrides, with a very short copper—copper distance.
This complex effects the well-defined hydrocupration of
3-hexyne, allowing the isolation of a monomeric vinyl-
copper complex in high yield.
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