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Mononuclear bis(imino)arylcopper(I) N-heterocyclic carbene
compound [(IPM)CuL] {1, L = 2,6-(RN=CH)2-4-tBuC6H2, R =
2,6-iPr2C6H3, IPM = C[N(iPr)CMe]2} has been synthesized,
structurally characterized, and its reaction with 1-adamantyl
azide investigated. The reaction of a less bulky arylcopper(I)
compound [(IPM)CuPh] with the azide was also studied. The
formation of the corresponding products [(IPM)CuN(1-ad)-
NN(L)] (2) and [(IPM)CuN(Ph)NN(1-ad)] (3) (1-ad = 1-ada-
mantyl) reveals an aryl group transfer (L in 2 and Ph in 3)
reactivity pattern mediated at CuI with the support of the N-

Introduction

The use of an N-heterocyclic carbene (NHC) for the for-
mation of a cationic-type copper(I) complex was first re-
ported by Arduengo et al. in 1993.[1] Subsequently, neutral
copper(I) N-heterocyclic carbene compounds were pre-
pared by Raubenheimer and co-workers.[2] In recent years
N-heterocyclic carbenes have been extensively employed to
stabilize copper(I) species, especially the more reactive orga-
nocopper(I) compounds.[3] These studies revealed interest-
ing coordination chemistry, generated by the introduction
of the N-heterocyclic carbene, and the copper(I) com-
pounds were formed in low nuclearity with the metal center
having a low coordination number. Moreover, N-heterocy-
clic carbenes found promise as supporting ligands in cop-
per-mediated reactions. This led to some important cata-
lytic applications in organic synthesis.[4,5] It was found that
the reaction of copper(I) compounds, which are usually sta-
bilized by sterically demanding ligands, with organic azides
can occur by direct end-on nitrogen coordination of the az-
ide group at CuI[6] or by further N2 release to form Cu–
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heterocyclic carbene. However, a Cu–N1-ad σ-bond and a
Cu···NL weak bond were observed in the structure of 2, sig-
nificantly different to the bonding in 3 in which a Cu–NPh σ-
bond and a Cu···N1-ad weak bond were indicated. This may
suggest an initial NT (NT, terminal N atom of the azide) coor-
dination of the azide at the Cu center followed by aryl group
transfer to NT. Complex 2 may undergo further bond re-
arrangement of the Cu···N bonds within a pseudo-CuN3 four-
membered ring as a result of the large bulk of the ligand L.

nitrene derivatives.[7] More recently, Straub and co-workers
reported the reaction of an alkynylcopper(I) N-heterocyclic
carbene complex with an organic azide and the successful
isolation and structural characterization of the copper(I)
triazolide intermediate.[8] This clearly revealed the well-
known CuI-mediated Huisgen–Sharpless 1,3-dipolar cyclo-
addition process.[9] Furthermore, it indicated a nontransfer-
able reactivity of the alkynyl group at CuI when interacting
with the azido functionality with the support of the N-het-
erocyclic carbene at CuI. This type of reactivity has also
been strongly considered in conjugated addition reac-
tions.[10] However, it contrasts with the reactivity of other
organylcopper(I) compounds, such as alkyl- and arylcopper
ones, which generally exhibit group-transferable reactivity
with a wide range of unsaturated substrates.[11]

So far the reactions of alkyl- or arylcopper(I) com-
pounds with organic azides have not been explored. In this
context, we investigated the reactions of arylcopper(I) com-
pounds with an 1-adamantyl azide. A new mononuclear
bis(imino)arylcopper(I) N-heterocyclic carbene compound
[(IPM)CuL] {1, L = 2,6-(RN=CH)2-4-tBuC6H2, R = 2,6-
iPr2C6H3, IPM = C[N(iPr)CMe]2}, in which L is an NCN
pincer-type ligand, was synthesized as a precursor, because
an N-heterocyclic-carbene-free arylcopper(I) compound re-
acting with the azide does not give an informative result.[12]

Compound 1 exhibits two types of solid-state structures,
revealing a weak intramolecular Cu···Niminyl interaction in-
stead of a stable chelating coordination of L as NCN pincer
ligand. Compound 1 reacted with N3(1-ad) to afford a cop-
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per(I) triazenide [(IPM)CuN(1-ad)NN(L)] (2, 1-ad = 1-ada-
mantyl). The reaction of a less bulky (aryl)CuI compound
[(IPM)CuPh] with the azide was also carried out to explore
the mode of interaction between the N3 group and the cop-
per center under the stabilization of the N-heterocyclic car-
bene.

Results and Discussion

The preparation of N-heterocyclic-carbene-stabilized
mononuclear compound [(IPM)CuL] {1, L = 2,6-
(RN=CH)2-4-tBuC6H2, R = 2,6-iPr2C6H3, IPM = C[N-
(iPr)CMe]2} is illustrated in Scheme 1. Bis(imino)aryl-
lithium (LLi) was prepared from LBr and nBuLi under con-
trolled temperature (–78 to –30 °C) and directly used in the
reaction with 4 equiv. of CuBr from –30 °C to room tem-
perature. This reaction afforded a red solid product, which
was identified as an octanuclear bis(imino)arylcopper(I)–
copper(I) bromide cluster [L2Cu8Br6], in good yield
(75%).[13] Treatment of this cluster compound with 8 equiv.
of IPM in THF smoothly led to its complete dissociation
to 1 together with the byproduct [(IPM)CuBr].[14] An at-
tempt to obtain 1 by reaction of [(IPM)CuBr] with LLi
formed in situ was not successful.

Scheme 1. Synthesis of 1.

[(IPM)CuBr] was easily separated as a colorless crystal-
line solid by removal of the THF solvent and precipitation
using n-hexane. Orange crystals of 1a were grown by main-
taining the n-hexane solution of 1 at –10 °C for 1 week.
However, these orange crystals surprisingly changed to
light-yellow after being kept at –10 °C for about 1 month
by decanting the solvent. Redissolving the light-yellow crys-
tals in n-hexane gave an orange solution from which light-
yellow crystals of 1b were grown after being kept at –10 °C
for 2 weeks. Upon measuring the melting point, the crystals
of 1a gradually changed from orange to light-yellow at
102 °C, and both 1a and 1b finally melted at 165 °C.

Eur. J. Inorg. Chem. 2010, 4506–4512 © 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 4507

1H and 13C NMR analyses show that 1a and 1b have the
same data. This indicates 1a and 1b are the same compound
both in composition and in structure in solution. In the 1H
NMR spectrum, one set of resonances, which includes one
doublet at δ = 1.22 ppm and one septet at δ = 4.22 ppm
corresponding to the methyl and methine protons of the
two iPr groups, respectively, and one singlet at δ = 1.45 ppm
attributed to the two methyl protons of the imidazole ring,
were observed for the IPM ligand. Another set of reso-
nances was assigned to the L ligand in which one doublet
at δ = 1.18 ppm and one septet at δ = 3.37 ppm correspond
to the methyl and methine protons of the four iPr groups,
one singlet at δ = 1.42 ppm to the tert-butyl, and at δ = 8.50
and 8.74 ppm to the two isophthalyl and two iminyl HC=N
protons, respectively. These data suggest that in solution the
groups in 1a and 1b, whether from the IPM or from the L
ligand, are located in a symmetrically steric environment.
Nonetheless, the X-ray diffraction studies clearly reveal that
1a and 1b have different solid-state structures. Compound
1a crystallizes in the space group P2(1)/c and 1b in the
space group P1̄. The crystal structures of 1a and 1b are
illustrated in Figures 1 and 2, respectively, along with se-
lected bond lengths and angles. In the structure of 1b, the
Cu center is coordinated by L and IPM in a nearly linear
geometry [CL–Cu–CIPM 173.8(3)°]. The Cu–CL bond of
1.916(6) Å is a little longer than that of the Cu–CIPM one
[1.885(7) Å]. The former distance is comparable to those
found in similar arylcopper(I) N-heterocyclic carbene com-
pounds [Cu–Cipso 1.910(2)–1.922(4) Å], whereas the latter
is a little shorter [Cu–CNHC 1.902(3)–1.911(4) Å].[3a] Both
HC=N protons of the large bulky iminyl groups point
towards the Cu center. This structural feature is signifi-
cantly different to that in 1a, in which one is directed
towards the Cu center and the other away from the center.
Thus, in 1a one of the iminyl groups is close to the Cu
atom, giving rise to a Cu(1)···N(2) distance of 2.604 Å. This
distance is significantly shorter than that of Cu(1)···N(1)
(4.560 Å) and those of Cu···Niminyl in 1b (4.367–4.520 Å),
but it is much longer than the distance predicted by the sum
of the covalent radii (2.00 Å)[15] and also longer than that
observed in [3-(2,6-diisopropylphenyl)-1-(2-pyridyl)imid-
azol-2-ylidene]cuprous bromide [2.454(5) Å].[16] This may
indicate a weak intramolecular Cu(1)···N(2) interaction in
1a, which may be the cause of the structural difference be-
tween 1a and 1b as well as the color difference in their solid
states. As a result of this interaction, the Cu–CIPM bond
[1.901(3) Å] becomes a little longer by 0.016 Å and the
Cipso–Cu–CIPM angle [170.26(15)°] smaller by 3.5°, al-
though other related bond parameters remain almost un-
changed [N=C: 1.265(4) and 1.271(4) Å in 1a and 1.263(6)
and 1.270(6) Å in 1b; Cu–Cipso: 1.916(3) Å in 1a]. The
ligand L normally behaves as an NCN pincer ligand and
acts to stabilize mononuclear metal compounds.[17] How-
ever, in [L2Cu8Br6] it leads to a large aggregation including
an inorganic CuBr component. The use of the N-heterocy-
clic carbene enables the formation of the mononuclear com-
pound, but prevents the L ligand from chelating coordina-
tion.



D. An, J. Wang, T. Dong, Y. Yang, T. Wen, H. Zhu, X. Lu, Y. WangFULL PAPER

Figure 1. Crystal structure of 1a at the 50% thermal ellipsoid level.
Selected bond lengths [Å] and angles [°]: Cu(1)–C(1) 1.916(3),
Cu(1)–C(31) 1.901(3), C(7)–N(1) 1.266(4), C(8)–N(2) 1.271(4),
Cu(1)···N(2) 2.604, Cu(1)···N(1) 4.560, Cu(1)···H(7A)C(7) 2.845;
C(1)–Cu(1)–C(31) 170.26(15).

Figure 2. Crystal structure of 1b at the 50% thermal ellipsoid level.
Selected bond lengths [Å] and angles [°]: Cu(1)–C(1) 1.916(6),
Cu(1)–C(31) 1.885(7), C(7)–N(1) 1.270(6), C(8)–N(2) 1.263(6),
Cu(1)···H(8A)C(8) 2.860, Cu(1)···H(7A)C(7) 2.624, Cu(1)···N(1)
4.367, Cu(1)···N(2) 4.520; C(1)–Cu(1)–C(31) 173.8(3).

Compounds 1a and 1b show differences in the solid state
although they exhibit the same structural features in solu-
tion. This could imply an equilibrium established between
the structures of 1a and 1b in solution. However, the VT
1H NMR studies of 1 recorded in [D8]toluene showed that
only one set of proton resonances for L and IPM was ob-
served from 298 to 198 K and even from 198 back to 298 K
(see the Supporting Information). This suggests that the
formation of the different solid-state structures of 1 may be
a result of different packing during crystallization, and this
packing may give rise to the secondary Cu···Niminyl interac-
tion in 1a. Thus, we performed density functional theory
(DFT) studies to investigate in detail this issue.[18] The free-
electron energy difference between 1a and 1b was computed
to be temperature-dependent. At 0 K the structure of 1a is
predicted to be more stable than that of 1b by around
1.15 kcal/mol, whereas at 300 K the latter is more stable by
0.61 kcal/mol. At 195 K there is almost no energy difference
between them. Clearly, very low temperatures favor the
structure of 1a although these data are calculated to be
small. However, further computations indicated that the en-

www.eurjic.org © 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2010, 4506–45124508

tropy of the structure of 1a is always around 5.70 cal/molK
lower than that of 1b within this temperature range. This is
in agreement with 1a having a structure a little more com-
pact than 1b due to the weak Cu···N interaction. Thus, the
thermal conversion of 1a into 1b at elevated temperatures
during the melting-point measurement should be attributed
to an entropy-driven process, as it is with the solid-state
structural transformation of 1a into 1b on standing for a
long time at a low temperature (–10 °C). Furthermore, the
structural difference between 1a and 1b can be considered
to be a result of a rotation of one of the iminyl groups along
the Caryl–Ciminyl bond. In solution this rotation barrier may
be dynamically negligible, and the possible equilibrium
between the 1a and 1b structures was difficult to detect.
Thus, 1a and 1b have the same solution NMR spectroscopic
data.

The reaction of 1 with 1-adamantyl azide [N3(1-ad)]
was carried out in toluene at an elevated temperature
(100 °C) for 3 d. After workup, removal of the solvent un-
der vacuum followed by extraction with n-hexane gave the
product [(IPM)CuN(1-ad)NN(L)] (2). Compound 2 was
characterized by 1H and 13C NMR spectroscopy, elemen-
tal analysis, and X-ray crystallography. The resonances at
δ = 1.28–1.35 (m), 1.77 (br.), 1.93 (br.), 2.19–2.25 (m), and
2.49 (br.) ppm have been assigned to the 1-ad protons of
the azide. Two separated singlets at δ = 8.28 and 9.20 ppm
correspond to the two iminyl HC=N protons and at δ =
8.07 and 8.97 ppm to the two isophthalyl protons, as well
as two septets at δ = 3.15 and 3.43 ppm to the methine
proton resonances of the four isopropyl groups of L.
These data suggest an asymmetric steric environment of
these groups.

Further crystal structural analysis indicated compound 2
to be a clear L-transfer product. The molecular structure
of 2 is shown in Figure 3. IPM is coordinated to Cu with a
Cu–CIPM bond length of 1.874(4) Å, a little shorter than
those in 1a and 1b. The transfer of L to the terminal N
atom of the azide leads to a triazenido moiety in which the
N3 functionality adopts a bent structure [N(5)–N(6)–N(7)
110.5(3)°]. The N(5)–N(6) [1.289(4) Å] bond is a little
shorter than N(6)–N(7) [1.305(4) Å], but they are both
longer than those in [(HB{3,5-(CF3)2Pz}3)CuNNN(1-ad)]
[1.136(4), 1.219(4) Å][7] with a linear N3 group. These dis-
tances are shorter than the single N–N bond (1.45 Å).[19]

This indicates electron delocalization over the bent N3 moi-
ety in 2. The Cu(1)–N(7) bond length of 1.879(3) Å indi-
cates σ-bonding, whereas the Cu(1)···N(5) distance of
2.610 Å, which is comparable to that in 1a, suggests a weak
bonding. This bonding mode is seldom observed[20] and can
be described as a type of bond intermediate between mono-
and bidentate bonding. Thus, Cu(1)N(5)N(6)N(7) forms an
ideal plane (∆ = 0.0141 Å); however, this plane is at an an-
gle of 46.1° to the isophthalyl ring, deviating from 90°. This
array may reflect a restriction of the free rotation of the
large bulky L along the C(1)N(5) axis even in solution and
gives rise to the asymmetrically steric environment of L in-
duced by different Cu–IPM and Cu–N(1-ad) structural
fragments.
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Figure 3. Crystal structure of 2 at the 50% thermal ellipsoid level.
Selected bond lengths [Å] and angles [°]: Cu(1)–C(31) 1.874(4),
Cu(1)–N(7) 1.879(3), N(7)–N(6) 1.305(4), N(6)–N(5) 1.289(4),
Cu(1)···N(5) 2.610; C(31)–Cu(1)–N(7) 175.2(2), N(5)–N(6)–N(7)
110.5(3).

Note that in 2 CuI-mediated L transfer through the for-
mation of a Cu(1)–N(7) σ-bond could imply CuL addition
to the N3 group at the NA and NT atoms (NA is the alkyl-
ated N atom and NT the terminal N atom of the N3 group)
and suggests an initial interaction pathway like mode B
(Scheme 2). Mode B was also suggested in the CuI-medi-
ated Huisgen–Sharpless 1,3-dipolar cycloaddition mecha-
nism with respect to the Cu=C=CR resonance form of the
alkynylcopper(I) moiety.[6] However, Dias, Marynick, and
co-workers structurally characterized compound [(HB{3,5-
(CF3)2Pz}3)CuNNN(1-ad)], which exhibits an M–NT bond
similar to mode A, although they also computed only a
small energy difference between the M–NT and M–NA in-
teractions [∆E = E(Cu–NT) – E (Cu–NA), 4.3 kcal/mol].
Nonetheless, considering the prior chelating coordination
character of the triazenido species formed, we attempted
the NMR-scale reaction of 1 with N3(1-ad) in an attempt
to detect the possible existence of other coordination com-
pounds, but 2 was formed as the sole product. In the mean-
time, we prepared a less bulky arylcopper(I) compound
[(IPM)CuPh][21] for the reaction with N3(1-ad) and isolated
[(IPM)CuN(Ph)NN(1-ad)] (3, Figure 4) as the only prod-
uct. Structural analysis evidences a similar Ph group trans-
fer through the formation of a Cu–NPh σ-bond and a
Cu···N1-ad weak bond [Cu(1)–N(3) 1.935(8) Å, Cu(1)···N(5)
2.577 Å]. Accordingly, as shown in Scheme 3, we propose
that the reaction of the N-heterocyclic-carbene-stabilized
arylcopper(I) compound with the organic azide may pro-
ceed through an initial NT coordination of N3(1-ad) at the
Cu center. Subsequently, the aryl group is transferred to the
NT to form the triazenido copper(I) product. Compound 2
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may be formed by further bond rearrangement of the
Cu···N weak bond within the pseudo-CuN3 four-membered
ring as a result of the large bulk of the ligand L.

Scheme 2. Two possible interactions between the CuI center and
the N3 group.

Figure 4. Crystal structure of 3 at the 50% thermal ellipsoid level.
Selected bond lengths [Å] and angles [°]: Cu(1)–C(1) 1.862(10),
Cu(1)–N(3) 1.935(8), N(3)–N(4) 1.319(9), N(4)–N(5) 1.261(8),
Cu(1)···N(5) 2.577; C(31)–Cu(1)–N(7) 172.9(3), N(3)–N(4)–N(5)
111.7(7).

Scheme 3. Proposed mechanism for the formation of 2 and 3.
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Conclusions

By using an N-heterocyclic carbene, a mononuclear bis-
(imino)arylcopper(I) compound [(IPM)CuL] (1) has been
prepared. Compound 1 exhibits two types of solid-state
structures but only one structure in solution. This may be
the result of different solid-state packing of 1 during
crystallization giving rise to the weak intramolecular
Cu···Niminyl interaction found in 1a. The reactions of 1 and
a less bulky (aryl)CuI compound [(IPM)CuPh] with N3(1-
ad) gave [(IPM)CuN(1-ad)NNL] (2) and [(IPM)CuN(Ph)-
NN(1-ad)] (3), respectively. This indicates an aryl transfer
reaction pattern mediated at the CuI center with the sup-
port of an N-heterocyclic carbene.

Experimental Section
General Procedures: All syntheses and manipulations were carried
out under dinitrogen by using standard Schlenk techniques or in-
side an MBraun Unilab glove-box filled with argon. Solvents were
dried with sodium/potassium benzophenone and distilled prior to
use. 1H (400 MHz) and 13C (100 MHz) NMR spectra were re-
corded with a Bruker AF 400 spectrometer. Melting points were
measured in a sealed glass tube by using a Büchi-B 540 instrument.
Elemental analyses were performed with a Thermo Quest Italia
SPA EA 1110 instrument. Commercially available chemicals were
purchased from Aldrich, Acros, Alfa-Assar, or Lvyin Chemical Co
and used as received. C[N(iPr)CMe]2 (IPM)[22] and LBr [L = 2,6-
(RN=CH)2-4-tBuC6H2, R = 2,6-iPr2C6H3][23] were prepared ac-
cording to literature procedures.

Synthesis of [L2Cu8Br6]: nBuLi (0.40 mL, 2.5  in n-hexane,
1.0 mmol) was added dropwise to a solution of LBr (0.59 g,
1.00 mmol) in toluene (25 mL) at –78 °C. The mixture was main-
tained at this temperature for 1 h and then warmed to –30 °C while
stirring. A dark-green solution was formed and added to a pre-
cooled (–30 °C) suspension of CuBr (0.57 g, 4 mmol) in THF
(15 mL). After stirring for 4 h, a dark-red solution had developed.
On removal of all solvents, the residue was extracted into toluene
(15 mL). The extract was concentrated (ca. 0.5 mL) and then pre-
cipitated with n-hexane (10 mL). Compound [L2Cu8Br6] was ob-
tained as a red solid. Yield: 0.75 g, 75%. M.p. 232 °C. 1H NMR
(400 MHz, [D8]THF, 298 K): δ = 0.10–1.34 (m, 48 H, CHMe2),
1.37 (s, 18 H, tBu), 3.47 (sept, 8 H, CHMe2), 7.08–7.21 (m, 12 H,
Ar-C6H3), 7.82 (s, 4 H, Ar-C6H2), 8.61 (s, 4 H, HC=N) ppm. 13C
NMR (100 MHz, [D8]THF, 298 K): δ = 21.6, 23.9, 27.4, 29.0, 29.2,
30.7, 31.4, 31.6, 32.6, 33.1, 35.3 (CHMe2, CHMe2, tBu), 124.1,
126.0, 126.1, 126.8, 129.0, 129.8, 134.4, 135.0, 135.8, 141.2, 146.9,
147.8 (Ar-C6H2, C6H3), 159.9 (Cu-Cipso), 173.5 (HC=N) ppm.
C72H94Br6Cu8N4 (2003.34): calcd. C 43.17, H 4.73, N 2.80; found
C 42.20, H 4.82, N 2.56.

Synthesis of [(IPM)CuL] (1): In a glove-box, a precooled (–10 °C)
solution of IPM (0.22 g, 1.20 mmol) in THF (5 mL) was added
dropwise to a stirred solution of [L2Cu8Br6] (0.30 g, 0.15 mmol) in
THF (20 mL) at –10 °C. After the addition, a color change from
red to orange was observed. The mixture was stirred for a further
2 h. After workup, THF was removed, and n-hexane (30 mL) was
added. An off-white crystalline solid was collected by filtration and
confirmed as the byproduct [(IPM)CuBr].[14] The filtrate was dried
under vacuum to give an orange solid of 1. Yield: 0.24 g, 92%. 1H
NMR (400.1 MHz, [D8]toluene, 298 K): δ = 1.18 (d, 3JHH = 6.8 Hz,
24 H, Ar-CHMe2), 1.22 (d, 3JHH = 6.8 Hz, 12 H, IPM-CHMe2),
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1.42 (s, 9 H, tBu), 1.45 (s, 6 H, IPM-CMe), 3.37 (sept, 3JHH =
6.8 Hz, 4 H, Ar-CHMe2), 4.22 (sept, 3JHH = 6.8 Hz, 2 H, IPM-
CHMe2), 6.97–7.14 (m, 6 H, Ar-C6H3), 8.49 (s, 2 H, Ar-C6H2), 8.89
(s, 2 H, HC=N) ppm. 13C NMR (100 MHz, [D8]toluene, 298 K): δ
= 23.1, 23.9, 28.3, 31.7, 32.0, 34.7 (Ar-CHMe2, Ar-CHMe2, tBu,
IPM-CHMe2, IPM-CMe), 51.0 (IPM-CHMe2), 122.9, 123.6, 125.6,
127.5, 129.3, 137.4, 147.5, 147.8, 151.6 (Ar-C6H2, C6H3, IPM-
CMe), 171.6 (HC=N), 176.5 (Cu-Cipso), 176.9 (Cu-CIPM) ppm.
C47H67CuN4 (751.61): calcd. C 75.11, H 8.99, N 7.45; found C
75.29, H 9.12, N 7.31.

Orange single crystals of 1a·C6H14·0.5C7H8 suitable for X-ray
analysis were grown from a toluene (trace)/n-hexane solution of 1
at –10 °C for 1 week. M.p. 102 °C (color change from orange to
light yellow), 165 °C (melted). Light-yellow crystals of 1b were ob-
tained by recrystallization of 1 in n-hexane at –10 °C for 2 weeks.
M.p. 165 °C.

Synthesis of [(IPM)Cu{N(1-ad)NN(L)}] (2): A solution of 1 (0.15 g,
0.2 mmol) and 1-adamantyl azide (0.07 g, 0.4 mmol) in toluene
(20 mL) was slowly heated to 100 °C and stirred for 3 d. After cool-
ing to room temperature, all the solvents were removed, and the
residue was extracted into n-hexane (20 mL). The extract was con-
centrated (ca. 5 mL) and kept at –10 °C. One week later, light-
orange crystals of 2 were obtained. Yield: 0.12 g, 65%. M.p.
195 °C. 1H NMR (400 MHz, C6D6, 298 K): δ = 1.17 (d, 3JHH =
5.6 Hz, 24 H, Ar-CHMe2), 1.23 (d, 3JHH = 5.2 Hz, 12 H, IPM-
CHMe2), 1.28–1.35 (m), 1.77 (br.), 1.93 (br.), 2.19–2.25 (m), 2.49
(br.), (15 H, C10H15), 1.36 (s, 6 H, IPM-CMe), 1.60 (s, 9 H, tBu),
3.15 (sept, 3JHH = 5.6 Hz, 2 H), 3.43 (sept, 3JHH = 5.6 Hz, 2 H,
Ar-CHMe2), 5.30 (sept, 3JHH = 5.2 Hz, 2 H, IPM-CHMe2), 7.01–
7.20 (m, 6 H, Ar-C6H3), 8.07 (s, 1 H), 8.92 (s, 1 H, Ar-C6H2), 8.28
(s, 1 H), 9.20 (s, 1 H, HC=N) ppm. 13C NMR (100 MHz, C6D6,
298 K): δ = 23.8, 24.3, 28.4, 30.3, 31.6, 34.6, 37.0, 44.5, 49.8, 57.1
(Ar-CHMe2, Ar-CHMe2, tBu, IPM-CHMe2, IPM-CMe, C10H15),
122.8, 123.1, 123.7, 127.9, 128.4, 138.6, 143.2, 152.0, 154.1 (Ar-
C6H2, C6H3, IPM-CMe), 163.7 (HC=N), 172.1 (Cu-CIPM) ppm.
C57H82CuN7 (928.85): calcd. C 73.70, H 8.90, N 10.56; found C
73.66, H 8.84, N 10.36.

Synthesis of [(IPM)Cu{N(Ph)NN(1-ad)}] (3): A solution of [(IPM)-
CuPh] (0.12 g, 0.38 mmol) and 1-adamantyl azide (0.14 g,
0.76 mmol) in toluene (20 mL) was heated at 100 °C for 3 d. After
cooling to room temperature, the solvent was removed, and the
residue was extracted into n-hexane (20 mL). The extract was con-
centrated (ca. 8 mL) and kept at –30 °C; 5 d later, 3 was obtained
as colorless crystals. Yield: 0.08 g, 43%. M.p. 209 °C. 1H NMR
(400 MHz, [D8]toluene, 298 K): δ = 1.26 (m), 1.76 (m), 2.17 (br.,
15 H, C10H15), 1.42 (d, 3JHH = 5.2 Hz, 12 H, IPM-CHMe2), 1.49
(s, 6 H, IPM-CMe), 4.11 (sept, 3JHH = 5.2 Hz, 2 H, IPM-CHMe2),
6.88 (m), 7.35 (m), 7.78 (m, 5 H, Ph) ppm. 13C NMR (100 MHz,
[D8]toluene, 298 K): δ = 24.8, 25.0, 31.0, 31.2, 38.0, 44.6, 51.1
(IPM-CHMe2, IPM-CMe, C10H15), 59.4 (IPM-CHMe2), 117.3,
118.7, 123.5, 156.5 (Ph, IPM-CMe), 173.7 (Cu-CIPM) ppm.
C27H40CuN5 (498.18): calcd. C 65.09, H 8.09, N 14.06; found C
65.37, H 7.98, N 13.89.

X-ray Structure Determination and Refinement: The crystallo-
graphic data of compounds 1a, 1b, 2, and 3 were collected with an
Oxford Gemini S Ultra system. In all cases graphite-monochro-
mated Mo-Kα radiation (λ = 0.71073 Å) was used. Absorption cor-
rections were applied by using the spherical harmonics program
(multiscan type). The structures were solved by direct methods
(SHELXS-90)[24] and refined against F2 using SHELXL-97.[25] In
general, non-hydrogen atoms were located by difference Fourier
synthesis and refined anisotropically, and hydrogen atoms were in-
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Table 1. Crystallographic data for 1a, 1b, 2, and 3.

1a·C6H14·0.5C7H8 1b 2 3

Empirical formula C56.5H81CuN4 C47H67CuN4 C57H82CuN7 C27H40CuN5

Formula mass 879.79 751.59 928.84 498.18
Temperature [K] 173(2) 173(2) 173(2) 173(2)
Crystal system monoclinic triclinic monoclinic orthorhombic
Space group P2(1)/c P1̄ P2(1)/c P2(1)2(1)2(1)
a [Å] 13.0681(5) 12.2317(13) 18.2638(16) 11.1284(12)
b [Å] 20.9797(6) 13.3655(12) 11.0757(9) 12.8518(9)
c [Å] 20.0707(7) 13.7915(9) 27.324(2) 18.6147(14)
α [°] 98.939(7)
β [°] 105.071(4) 90.965(7) 98.198(8)
γ [°] 104.101(9)
V [Å3] 5313.4(8) 2156.7(3) 5470.8(8) 2662.3(4)
Z 4 2 4 4
ρcalcd. [Mg/m3] 1.100 1.157 1.128 1.243
µ [mm–1] 0.449 0.542 0.440 0.843
F(000) 1908 812 2008 1064
θ range [°] 2.21–26.00 2.21–26.00 2.16–26.00 2.19–26.00
Index ranges –16�h �16 –15�h�14 –22�h�22 –11�h �13

–25�k�25 –16�k�16 –13�k� 13 –15�k�15
–23� l�24 –14� l� 17 –33� l�33 –22� l�22

No. of reflns. collected 48516 19483 51098 20462
No. of indep. reflns. (Rint) 10410 (0.0925) 8198 (0.1198) 10738 (0.1219) 5216 (0.1277)
No. of data/restraints/params. 10410/13/589 8198/0/450 10738/0/603 5216/0/292
GoF/F2 1.007 0.913 0.937 0.954
R1,[a] wR2[b] [I�2σ(I)] 0.0663, 0.1411 0.0844, 0.1479 0.0692, 0.1185 0.0928, 0.1912
R1,[a] wR2[b] (all data) 0.1309, 0.1583 0.2107, 0.1818 0.1801, 0.1445 0.1655, 0.2154
Largest diff. peak/hole [e/Å3] 0.814/–0.365 0.472/–0.309 0.996/–0.466 2.530/–0.415

[a] R1 = Σ||Fo| – |Fc||/Σ|Fo|. [b] wR2 = [Σw(Fo
2 – Fc

2)2/Σw(Fo
2)]1/2.

cluded using the riding model with Uiso tied to the Uiso of the par-
ent atoms unless otherwise specified. A summary of cell param-
eters, data collection, and structure solution and refinement is given
in Table 1. CCDC-738439 (1a), -738440 (1b), -773274 (2), and
-738443 (3) contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): VT NMR studies of compound 1.
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