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Heterocuprates with both transferable groups (e.g., alkyl and
aryl anions) and nontransferable groups (e.g., cyanide and thiolate
anions) are excellent reagents for the formation of new C-C bonds
in organic synthesis.2* Although some information concerning
the structural features of homocuprates in the solid state*® and
in solution is available,* little is known about the nature of het-
erocuprates. In the course of our study directed to the rational
synthesis of chiral heterocuprates having well-defined stoichiom-
etries, we recently reacted both LiC==C-'Bu and CuC=C-'Bu with
the novel, trimeric copper(l) thiophenolate, [CuSC¢H(CH-
(Me)NMe,)-2]; (1; [CuSAr];), which has intramolecular Cu—N
coordination as a special feature.> Surprisingly, in both reactions
a mixed organo—thiophenolato copper compound, [Cu,(SAr),-
(C=C-'Bu)),, was formed quantitatively.5 1In the reaction of 1
with LiC=C-'Bu an alkynyl-thiophenolate anion exchange has
occurred to generate this heteroorganocopper compound and a
lithium thiophenolate rather than the expected heterocuprate.

We now report that whereas the reaction of 1 with dimesi-
tylmagnesium affords a unique heterocuprate, 2, its reaction with
mesitylcopper as organometallic reagent affords a hetero-
organocopper compound 3 (see Scheme I).

A mixture of [CuSAr]; (1) (3.68 mmol) and [Mg(Mes),-
(THF),] (5.54 mmol; 0.5 equiv/Cu) was dissolved in 75 mL of
boiling toluene. Distillation was used to remove the THF and
to concentrate the reaction solution to 65 mL. On cooling of the
solution to room temperature, the new heterocuprate
[(CuMes),(u-SAr),(MgSAr),] (2) crystallized out as pale yellow
crystals (73%).

The heteroorganocopper compound [Cu,(SAr)(Mes)], (3) was
formed from the reaction of 1 (2.21 g; 9.09 mmol of Cu) with
[CuMes] 7 (1.66 g: 9.09 mmol of Cu) in 25 mL of benzene at
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Figure 1. ORTEP drawing (50% probability level) of [(CuMes) (u-
SAr),(MgSAr),] (2). Selected bond lengths (A) and angles (deg):
Cul~Cl, 1.981 (8): Cul~C30, 2.025 (8); Cu2~Cl, 2.064 (8). Cu2-C30,
2.044 (8): Cu2-S1, 2.389 (2): Mg-N1, 2.186 (8): Mg-M2, 2.180 (7):
Cul«Cul’, 2.700 (1); Cul-~Cu2, 2.464 (1); Cul--Cu2’, 2.431 (1):
Cu2-+Cu2’, 4.079 (1); Cul-C1-Cu2, 75.0 (3), Cul’-C30-Cu2, 73.4 (3):
Cu2-S1-Mg, 136.4 (1): S1-Mg-82, 132.5 (2): N1-Mg-N2, 116.4 (3):
S1-Mg-N1, 95.8 (2): S2-Mg-N2, 95.9 (2).

room temperature and was obtained as a yellow solid after the
solvent was distilled off. On the basis of 'H NMR spectroscopic
results, molecular weight determination (cryoscopy in benzene),
and microwave titration of mesitylcopper with 1 (equivalence point
at a 1:1 molar (Cu) ratio), we conclude that 3 exists in solution
as a tetranuclear copper compound [Cu,(Mes)(SAr)],.?
Moreover, '"H NMR studies of 3 in solution showed it to be a
stable, discrete compound which does not undergo exchange with
excess of either [CuSAr]; or mesitylcopper.

Recrystallization of [(CuMes) (u-SAr),(MgSAr),] (2) from
toluene gave crystals of a toluene solvate that were suitable for
an X-ray structure determination.” The molecular structure
found, shown in Figure 1, reveals 2 to be a heterocuprate with
a structure consisting of a tetranuclear mesitylcopper unit bound
to two bis(thiophenolato)magnesium units. The most noteworthy
aspect is the presence of Mg-S bonds: one thiophenolate unit is
S,N chelated to the magnesium center, and the other (N bound
to Mg) uses its sulfur atom to bridge between copper and mag-
nesium. Furthermore, this structure shows that during the syn-
thesis complete exchange of thiophenolate and mesityl groups
between copper and magnesium has occurred.

The overall structure of the central tetranuclear arylcopper unit
in 2 is comparable to those of [Cuy(Mes),(THT),] (THT =
tetrahydrothiophene)!® and the o-tolylcopper compound [Cu,-
(C¢HyMe-2),(SMe;,),].!! The four copper atoms in 2 are almost
coplanar with Cu--Cu distances (2.431 (1) and 2.464 (1) A) that
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Scheme I°
[(CuMes),(4-SAr),(MgSAn),] (2)

[Mg(Mes),(THF),}
[CuSAr}; (1)
J [CuMes]s

[Cux(SAr(Mes)l; (3)
9SAr = SC4H,(CH(Me)NMe,)-2. Mes = CgH;Me,-2,4,6.

are typical for three-center two-electron carbon-bridged copper
atoms. The shortest Cu--Cu distance of 2.700 (1) A across the
Cu, array in 2 (Cut—Cul’) is 0.1 A longer than the comparable
feature in the structure of [Cu,(Mes),(THT),]. The central
mesitylcopper unit in 2 contains two two-coordinate copper atoms
(C1-C1-C30’ = 142.8 (3)°) and two planar three-coordinate
copper atoms (C1-Cu2-C30 = 168.1 (3)°, S1-Cu2-C1 = 90.0
(2)°, S1-Cu2-C30 = 101.4 (2)°).

For the sulfur atom S1 bridging between Cu2 and magnesium,
there are two extreme bonding descriptions possible that necessarily
affect our view of the nature of complex 2. In one description
(Figure 2a) there is a tetranuclear organocopper unit, [CuMes],,
to which two Mg(SAr), units are connected through thiolate S
-+ Cu donative coordination. This situation is analogous to the
coordination of the THT molecule in the organocopper complex
[Cus(Mes)(THT),]. The second description (Figure 2b) of 2
is based on an ionic structure containing a [CuyMes,(SAr),]*
anion with two [MgSAr]* cations, each of which is bonded to a
thiolato sulfur atom of the cuprate by a S — Mg bond. The X-ray
data do not allow us to readily discriminate between these two
descriptions.

There are no experimental geometries available for MgSR*
or Mg(SR,)?* units in which a sulfur atom is bound to a mag-
nesium ion. The Mg-S bond lengths in 2 are 2.375 (4) A for S2
of the chelate and 2.427 (4) A for S1 of the bridge, and the bond
angles Mg-S-Ar are 89.5 (3)° and 89.7 (3)°, respectively. These
values give support to ab initio calculations carried out by Pappas
on Mg(SH)* and Mg(SH), that gave Mg-S bond distances of
2.264 and 2.324 A, respectively,'? and a Mg-S-H bond angle of
95.2°,

In the bridging thiophenolate group of 2 the Cu2-S1-C10 bond
angle is 120.1 (3)° and the Mg-S1-C10 bond angle is approxi-
mately 90°. These bond angles lead us to the conclusion that the
sulfur atom is most likely sp? hybridized. The magnesium ion
is bound through a sulfur p, orbital, while the copper atom (Cu2)
and the carbon atom (C10) are bound through two sp? orbitals
of sulfur. The use of the sulfur p, orbital to form the Mg-S bond
is logical since this orbital is anticipated to have higher electron
density than the sp? orbital and it is therefore a harder Lewis
base.!” Compared to Mg?*, the Cu* cation is a softer Lewis acid
and prefers binding to the softer Lewis base sp? hybrid orbital
of the sulfur atom. We think that the bonding of the sulfur atom
S2 of the chelating thiophenolate also occurs through its p, orbital
(Mgl-S2-C20 = 90°).

For the bridging sulfur atom S1 the Cu2-S1-Mg bond angle
of 136.4 (1)° is much larger than the 90° that might be expected
when copper is bound through an sp? orbital and magnesium is
bound through a p, orbital. There are several possible explanations
for this discrepancy. One reason could be the presence of Cou-
lombic repulsion between the Cu* and Mg?* cations. A second
explanation is that the sulfur atom S1 is bridging between copper
and magnesium ion by means of a four-electron three-center bond
without any direct metal-metal interaction. Consequently, the
copper-magnesium distance of 4.472 (3) A is much longer than
that in the cuprate [Cu,MgPhgOEt,] (2.754 A) where the same
metal ions are bridged by a carbon atom with a two-electron
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Figure 2. Schematic structure of [(CuMes),(u-SAr),(MgSAr),] (2) with
donative coordination of the bridging sulfur (u-SAr) (a) to a copper atom
or (b) to a magnesium atom.

three-center bond which assists the metal-metal interaction.*
Steric reasons for the large Cu-S-Mg angle cannot be excluded,
either.

Currently the structure in solution of [(CuMes),(u-SAr),-
(MgSATr),] (2) is being studied by 'H NMR spectroscopy (tol-
uene-d;). Preliminary results indicate that dissolved 2 breaks up
into various species. By comparison with the 'H NMR shifts of
authentic samples, some of the species could be identified as 3,
[CuMes]y, and [Mg(SAr),]. Further studies are needed to
substantiate that the interaction found between [CuMes], and
[Mg(SAr),] in the solid state is also present in solution. The use
of 2and 3 in 1,4-conjugated addition reactions to «,8-unsaturated
ketones is under investigation.
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In 1953, Carver and Slichter! confirmed the predictions of
Overhauser? concerning polarization transfer from the conduction
electrons of metals to nuclear spins upon saturation of the electron
resonance. The nuclear Overhauser effect (NOE), as it has come
to be known, has been exploited primarily in solution NMR for
sensitivity enhancement, spectral assignment, and conformational
analysis.># Curiously, with the popularization of solid-state NMR
techniques through line-narrowing methods such as magic-angle
spinning (MAS), the potential for exploitation of the NOE in solids
has not been fully explored. This neglect is likely due to the widely
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