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Organocuprate(I) complexes are immensely valuable
reagents for both industrial and research chemistry.[1]

During the past few decades, heteroleptic organocuprates
bearing alkynyl,[2a,b] cyano,[2c,d] phenylthio,[2e] and phosphi-
no[2f,g] groups have secured an important place in organic
synthesis. Organo-amidocuprates also represent an important
class of heteroleptic cuprates in organic transformations,
especially in stereoselective syntheses.[3] In this context, we
have recently proposed new uses for amidocuprates, TMP-
Cu-ates ([RCu(TMP)(CN)Li]; R = alkyl, phenyl, and TMP;
TMP = 2,2,6,6-tetramethylpiperidido), which promote the
highly chemoselective, directed ortho cupration of multi-
functionalized aromatic compounds under mild conditions.
The aryl cuprate intermediate can be employed not only in
the trapping of electrophlies, but also in oxidative ligand
coupling to form new C�C bonds with alkyl/aryl groups or to
introduce a hydroxy group (Scheme 1).[4–6]

Organocuprate(I) chemistry is dominated by two struc-
ture types: the Gilman-type and the Lipshutz-type.[7] The
basic diorganocuprate(I) unit in each adopts a linear [R-Cu-
R] arrangement. Gilman-type species are known to exhibit
homodimeric structures (Scheme 2a). Theoretical predic-
tions[8] of a preference for head-to-tail dimerization of
heteroleptic cuprates have been confirmed by the structure
of [MesCu(NBn2)Li] (Mes = mesityl, Bn = benzyl),[9]

although monomer formation has been recorded in the
presence of a Lewis base.[10] In contrast, Lipshutz-type
reagents exhibit heteroaggregate structures (Sche-
me 2b).[2d, 11] The reactivity of Lipshutz-type cuprates
([RCuR’Li·LiCN]) is frequently higher than that of the
corresponding Gilman-type reagents ([RCuR’Li]).[12]

To elucidate what types of cuprates are involved in
directed ortho cupration we have performed detailed mech-
anistic investigations, including X-ray analysis and a computa-
tional study. This led to the emergence of a monomeric
Gilman-type structure (Scheme 2c), a related structure to
which has been previously revealed,[5] as the unprecedented,
active species for the directed deprotonation.

The starting point of our investigation was the analysis of
a bis(amido)cuprate in the solid state to draw comparisons
with the known X-ray structure of the product formed from
the reaction of CuCN and LiTMP, namely

Scheme 1. Directed ortho cupration and functionalization, and the
dimer structure of [(TMP)2Cu(CN)Li2]·THF (1a·THF).[4] Bz = benzoyl.

Scheme 2. Structures of Gilman- and Lipshutz-type cuprates. Sol =sol-
vent (THF).
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[(TMP)2Cu(CN)Li2]·THF (1a·THF, Scheme 1).[4] Thus,
LiTMP was added to CuI in a 2:1 ratio in toluene and the
precipitated LiI removed. Storage of the resulting solution at
5 8C allowed the isolation of yellow needles. X-ray crystallo-
graphic analysis of these revealed the Gilman-type bis-
(amido)cuprate [(TMP)2CuLi] (1b), which adopted a centro-
symmetric, cyclic dimer structure in the solid state (N1-Cu1
1.926(2), N2-Cu1 1.924(2), N1A-Li1 2.047(4), N2-Li1

2.075(4) �; Figure 1). The structure of 1b was similar to
those noted for homoleptic bis(alkyl)- and bis(aryl)cuprates,
as well as for heteroleptic [MesCu(NBn2)Li] (i.e., the Gilman-
type structure shown in Scheme 2a),[9] but it contrasts with
those of the TMP-containing cuprates [RCu(m-TMP)Li]·nL
(R = Ph, n = 3, L = THF; R = Me, n = 1, L = TMEDA =

N,N,N’,N’-tetramethylethylenediamine), both of which had

monoGilman-type structures (i.e., Scheme 2c, see above).[5]

Cuprate [(TMP)2CuLi] (1 b) proved to be unreactive for
the directed ortho cupration of N,N-diisopropylbenzamide
(2a) in THF. Of course, dissolution of the crystalline material
may result in changes to the structure and aggregation state.
However, the observation that structures of the type exem-
plified by 1b can exist in both toluene and THF[13] is
consistent with the fact that the dimer of the unsolvated
Gilman-type [(TMP)2CuLi] (1b) resists THF coordination
and is not involved in the directed ortho cupration. On the
other hand, [(TMP)2Cu(CN)Li2]·THF (1a·THF), the struc-
ture of which was determined to be of the Lipshutz-type[4] and
which exhibited a structural motif akin to that previously
noted in bis(aryl)bromocuprates,[14] reacted smoothly with 2a
to give the product in 85% yield after quenching with I2.
Furthermore, the fact that the addition of LiCN to 1b
effectively replicated this reaction suggests that LiCN plays
a crucial role in breaking up the stable dimer of [(TMP)2CuLi]
to yield a reactive Lipshutz-type reagent. Indeed, it proved
possible to obtain a Lipshutz-type cuprate through exposure
of LiTMP to CuI in the presence of THF (in the ratio 2:1:1).
This gave a yellow solution that afforded colorless blocks at
5 8C. 1H NMR spectroscopic analysis of this material revealed
the presence of THF and TMP in a 1:2 ratio. Furthermore,
elemental analysis indicated that the iodine content was
consistent with the Lipshutz-type analogue of 1a·THF, thus
suggesting the formation of bis(amido)cuprate
[(TMP)2CuILi2]·THF (1 c·THF). X-ray diffraction confirmed
a dimeric solid-state structure composed of two crystallo-
graphically independent monomers (Figure 2; one represen-

tative monomer is discussed here). The core of (1c·THF)2

incorporates two lithium bis(TMP)cuprate moieties linked
through a four-membered (LiI)2 metallocycle. The structure is
closely related to that of 1a·THF, with Cu maintaining a near
linear geometry (N(1)-Cu(2)-N(2) 179.77(10)8) and each
amide acting as an intermetal bridge (Cu(2)-N(1)-Li(1)
94.13(17), Cu(2)-N(2)-Li(2) 93.11(18)8). Construction of the
Lipshutz-type dimer can, therefore, be viewed formally as
resulting from the “insertion” of two units of in situ generated
LiI·THF into two Li�N bonds of a Gilman-type dimeric ring
(see 1 b2). Thus, we can conclude that in the case of bis-
(TMP)cuprate, the structural change from Gilman- to Lip-
shutz-type (i.e., from 1b to 1c) is enabled by the presence of
both LiI and THF (1 equivalent with respect to Cu).
Importantly, the directed ortho cupration of 2 a was promoted
by the use of in situ generated [(TMP)2CuILi2] (1c) to afford
the iodinated product in 93% yield after quenching with
iodine, as was recently reported in the case of 1 a.[4, 15] Given
the similarity between 1 a and 1c in terms of structure and
reactivity, it appears that the generation of a Lipshutz-type
cuprate is important for achieving efficient directed ortho
cupration. Overall, a combination of X-ray crystallography
and analysis of the reactivity has shown that 1) the cyclic
dimer of the Gilman-type cuprate [(TMP)2CuLi] (1b) is
unreactive in directed ortho cupration and 2) not only 1a and
1c, but other Lipshutz-type cuprates also exhibit enhanced
deprotonative reactivity (see the Supporting Information).[4,5]

To gain further insight into the reactive cuprate species
and the mechanisms by which they react we performed a DFT
study on the directed ortho cupration of N,N-dimethylbenza-
mide.[16] A summary of the deprotonation process using
a model Lipshutz-type cuprate is shown in Scheme 3. In
common with the previously noted reaction pathways for
TMP-Zn-ates[17] and TMP-Al-ates,[18] two plausible pathways
were discovered for the regioselective ortho deprotonation:
the deprotonation triggered by the amido or alkyl ligand of
the Lipshutz-type cuprate. Initially, substrates (RTL) form the
relatively stable electrostatic complexes IM1L and IM3L.
Transition state TS1L is then attained by an amido ligand
promoted deprotonation (IM1L-TS1L-IM2L). Although the
activation barrier is slightly high (+ 27.7 kcal mol�1) relative
to that of IM1L, it is still relatively accessible, thus allowing
metalated intermediate IM2L to form. The Cu�NMe2 bond
length computed in TS1L is essentially identical to that in
IM1L, which suggests that the amido group in TS1L is oriented
towards the ortho hydrogen position without significant
perturbation of the Cu�NMe2 bond. The other path modeled

Figure 1. The solid-state dimer of [(TMP)2CuLi] (1b) plotted at 30 %
probability. Hydrogen atoms are omitted for clarity. In the right-hand
image, Cu1 eclipses Cu1A.

Figure 2. The dimer of [(TMP)2CuILi2]·THF (1c·THF) plotted at 30 %
probability. Hydrogen atoms and the minor iodide and THF disorder
are omitted.
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involves ortho deprotonation by the alkyl component in IM3L.
However, the pathway IM3L-TS2L-IM4L has a high activation
energy (+ 40.8 kcalmol�1 relative to that of IM3L). Although
the formation of IM4L represents a thermodynamically favor-
able outcome, the pathway is kinetically unfavorable on
account of the relatively high energy of TS2L. We have also
considered the possibility that, subsequent to the ortho
deprotonation by the amido component, the resultant amine
(Me2NH) could be exchanged with the alkyl ligand on the Cu
center to give CH4 and stable IM4L (IM5L-TS3L-IM4L).
However, the activation barrier to the formation of transition
state TS3L was found to be rather high (+ 31.3 kcalmol�1

relative to that of IM5L), thus leading us to conclude that any
alkyl–TMP ligand exchange reaction would be slow, or would
not proceed at all.

Further investigations into possible pathways for the
deprotonation of N,N-dimethylbenzamide using the Lipshutz-
type reagent led to the identification of an ortho-cupration
pathway based on the action of the monoGilman-type complex
[MeCu(NMe2)Li]·OMe2 (Scheme 4). Closely related

monoGilman-type species were identified during our previous
study,[5] with one of the solvent molecules coordinated to the
lithium ion being substituted by N,N-dimethylbenzamide in
the complexes IM1G and IM3G. Calculations suggest that, by
elimination of the solvated LiCN, an initial electrostatic
complex (IM1L) can convert into either of the monoGilman
complexes IM1G or IM3G, of which the latter is enthalpically
preferred by 9.3 kcalmol�1.[19, 20] The pathway IM1G-TS1G-
IM2G, in which deprotonation is promoted by the amido

ligand of the monoGilman-type base, has a very low activation
barrier (+ 14.9 kcal mol�1 with respect to that of IM1G)
en route to IM2G. Although the total activation energy
(26.0 kcal mol�1) from RTL to TS1G is comparable to that
(23.8 kcal mol�1) from RTL to TS1L, the monoGilman pathway
does not need more than 15 kcalmol�1 in energy for any given
step, and this contrasts with the Lipshutz path, which requires
over 27 kcalmol�1 for the deprotonation step. A Li+ ion
assists the monoGilman deprotonation and the formation of
IM2G through its proximity to the aromatic ortho position in
TS1G. Although IM3G is more stable than IM1G, it fails to
promote the deprotonation (IM3G-TS2G-IM4G), a process
that reveals a very high activation energy (+ 40.3 kcalmol�1).
As with the Lipshutz system, although quenching of the
amine (Me2NH, IM5G-TS3G-IM4G) was felt unlikely to
proceed on account of the rather high energy difference
between RTL and TS3G (more than 28 kcalmol�1), the
activation barrier to reach the transition state TS3G is
entropically permissible at 22.4 kcal mol�1.[21] Lastly, we also
calculated the directed ortho cupration pathway starting with
the Gilman dimer RT1G (cf. 1b2, which is inert for directed
ortho cupration, Scheme 5). The significant increase in the
activation energy of deprotonation by the amido ligand
(+ 28.6 kcal mol�1) is in good agreement with experimental
results.[4, 5]

In conclusion, this study has revealed the structures of
new TMP-Cu-ates and the possible pathways for directed
ortho cupration. Both Gilman- and Lipshutz-type crystal
structures were found, depending on the preparative con-

Scheme 3. Modeled pathways for the deprotonation of N,N-dimethylbenzamide by [MeCu(NMe2)(CN)Li2]·(OMe2)2: deprotonation by the NMe2

ligand (IM1L-TS1L-IM2L), deprotonation by a Me ligand (IM3L-TS2L-IM4L), and quenching of Me2NH by a Me ligand (IM5L-TS3L-IM4L). The values
are in kcalmol�1, Sol = Me2O.
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ditions, with analogous active Lipshutz cuprates being formed
in the presence of LiCN or LiI in THF. Theoretical
mechanistic investigations indicated that a monomeric
Gilman-type alkyl(amido)cuprate (Scheme 2c), generated
from a Lipshutz-type precursor rather than from the dimeric
Gilman-type substrate, is likely to be the active species in
directed ortho cupration. The ortho deprotonation involves
the action of the amido ligand, with the alkyl ligand retained
by the aryl cuprate intermediate without further ligand
exchange.[16e] This means that the intermediates (i.e. aryl

cuprate species) of directed ortho cupration can easily be used
to introduce a variety of functional groups at the aromatic
ortho position, not only by electrophilic trapping, but also by
oxidative functionalization, thanks to the flexible oxidation
state of the copper center (Scheme 1).[4] With the compre-
hensive mechanistic knowledge acquired here, we are cur-
rently improving the reaction scope and logically designing
new chemoselective reagents.
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