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Summary: The transmetalation of phenylcopper yields the
solVent-separated cuprate [(thf)3Ca(µ-Ph)3Ca(thf)3]+[Ph-Cu-
Ph]-. This deriVatiVe extends the known classes of organic
calcium compounds by an organometallic complex cation, in
addition to the already well-known neutral diarylcalcium and
trialkylcalciate anions.

Organic homoleptic cuprates of the type M[CuR2] with M )
Li, MgX are a very common class of organocopper reagents,
often called Gilman cuprates.1 These reagents can be prepared
via the metathesis reactions of copper(I) halides with arylmag-
nesium and alkylmagnesium halides or organolithium com-
pounds.2 Sometimes a catalytic amount of copper(I) iodide is
sufficient in order to form the Gilman cuprates as an intermedi-
ate. The addition of small or stoichiometric amounts of copper
salts to the reaction solutions can alter the regiochemistry, as
was observed in the conjugate addition reactions ofR,â-
unsaturated esters and ketones.

Despite manifold investigations regarding various applica-
tions,2,3 solution structures,4,5 mechanistic studies,6 and the
generality and variety of the synthetic procedures of the Gilman
cuprates,7 information on the organocuprates of the heavier
alkaline earth metals is very limited. To our knowledge only
one example of such a derivative has been characterized
structurally. The reaction of ethynylsodium with CuI in liquid
ammonia gave the highly soluble Na2[Cu(CtCH)3], which was
transferred into the sparingly soluble calcium derivative via a
metathesis reaction with calcium nitrate.8 This compound
crystallized as the solvent-separated ion pair [Ca(NH3)6]2+-
[Cu(CtCH)3]2- with Cu-C bond lengths of 2.031(7) Å and a
nearly trigonal-planar environment of the copper atom (C-
Cu-C ) 119.89(4)°).

Difficulties in obtaining diphenylcalcium prompted us to
consider transmetalation reactions. Reactions of the alkaline-
earth metals with bis[(trimethylsilyl)methyl]zinc led to trans-
metalation reactions; however, only the corresponding M[Zn-
(CH2SiMe3)3]2 species of calcium,9 strontium, and barium10 were

obtained. Therefore, aryl compounds of copper, which is nobler
than zinc, were used in this reaction.

The reaction of calcium metal, activated via dissolution in
liquid ammonia and drying under vacuum in the absence of
ammonia, with 2 equiv of phenylcopper in THF led to a copper
colloid and the formation of the sparingly soluble ionic
compound [(thf)3Ca(µ-Ph)3Ca(thf)3]+[Ph-Cu-Ph]- (1) in mod-
erate yield according to the idealized equation (1).11,12 The

insolubility of this aryl-rich cuprate in common organic solvents
prevented a further transmetalation and, hence, the formation
of very soluble diarylcalcium, which was accessible via the
Schlenk equilibrium from the direct synthesis of calcium with
iodoarenes.13-15

The lithium cuprates show very rich aggregation chemistry
in solution5 and initiated numerous structural investigations.
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5“CuPh” + 2Ca+ 6THF f

[(thf)3Ca(µ-Ph)3Ca(thf)3]
+[Ph-Cu-Ph]- + 4Cu (1)
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Tetranuclear contact ion pairs in Li2Cu2R4
16 and solvent-

separated ions with oligonuclear cuprate anions are well-known.
In pentanuclear cuprates such as [Cu5Ph6]- the copper atoms
formed a trigonal bipyramid with Cu-C bond lengths of 1.99-
(2) and 2.19(2) Å to the equatorial and axial copper atoms,
respectively.17 One18 or both19 of the axial copper atoms can
be substituted by electropositive lithium or magnesium atoms.
A higher content of electropositive metals led to more open
structures of the higher order cuprates.20 Often not all halogen
atoms are substituted by aryl groups, and heteroleptic cuprates
such as [Cu5(C6H4CHdCH2)2Br4]- crystallized.21 The cyanide,
which can be regarded as a pseudohalide, bridges the cations
and anions, thus leading to chain structures.22 The diphenyl-
cuprate anion can be part of the solvent-separated [Li(12-crown-
4)2][Ph-Cu-Ph] (average Cu-C ) 1.925(10) Å)23 or contact
ion pairs such as [Li2Cu(aryl)2Br] (average Cu-C ) 1.941(4)
Å; aryl ) C6H4-2-CH2N(R)CH2CH2NR2 with R ) Me, Et).24

In the chemistry of solvent-separated organocuprates cited
above, the aryl groups were bound to the copper atoms and the
electropositive cations (lithium and magnesium) were coordi-
nated by ether molecules or halide anions, thus forming, for
example, [Li(thf)4]+,17 [Li 4Cl2(OEt2)10]2+,19 [Mg(thf)6]2+, and
[Mg(thf)5Cl]+.21

The molecular structure of1 consists of solvent-separated
ions and is shown in Figure 1.25 The dinuclear cation contains
the hexacoordinate calcium atoms in distorted-octahedral en-
vironments with bridging phenyl groups and terminally bound
THF molecules which leads to a facial arrangement of the
substituents. Due to the bridging position of the phenyl groups,
the Ca-C bond lengths vary between 2.605(3) and 2.625(2) Å
and are slightly larger than those observed for arylcalcium
iodides. The C-Ca-C angles have values in the rather narrow

range 84.80(9)-87.98(7)°, and the Ca-C-Ca bonds can be
described as three-center-two-electron bonds. Neglect of the
THF ligands leads to a pyramidal arrangement of the hydro-
carbyl ligands at calcium, which was also observed for the tris-
[bis(trimethylsilyl)methyl]calciate anion with a trigonal-pyra-
midal environment of the three-coordinate calcium atom, similar
to the case for the isotypic Yb derivative.26 In this anion, the
Ca-C distances display values between 2.474(4) and 2.556(4)
Å and C-Ca-C angles between 107.9(1) and 116.1(1)°. With
this anion in mind, the cation of1 can also be regarded as a
pyramidal triphenylcalciate coordinating to another calcium
atom, leading to a Ca‚‚‚Ca distance of 3.1799(9) Å; the vacant
coordination sites are occupied by THF molecules. Comparable
structures are unknown for the magnesium derivatives. In [Ph2-
Mg(µ-Ph)2MgPh2]2- the magnesium atoms display distorted-
tetrahedral coordination spheres.27 In oligomeric arylmagnesium
compounds, the molecular structures can also be derived
according to VSEPR rules.28,29

The diphenylcuprate anion is strictly linear, due to crystal-
lographic inversion symmetry. The Cu-C distances with values
of 1.910(3) Å are slightly shorter than those observed for
solvent-separated [Li(12-crown-4)2][Ph-Cu-Ph].23

The magnesium halide from the metathesis reaction of CuBr
with PhMgBr has to be washed out thoroughly in order to avoid
side reactions. When MgBr2 was present during the transmeta-
lation reaction, not only did the sparingly soluble [(thf)3Ca(µ-
Ph)3Ca(thf)3][Ph-Cu-Ph] precipitate but also the black solution
still contained phenyl groups. After workup procedures,11

[{(thf)2Ca(Ph)Br}3‚MgO] (2) with an oxygen-centered MgCa3

tetrahedron precipitated at low temperatures in the shape of
colorless crystals. The oxygen stems from ether cleavage, as
described earlier.13,15Heterobimetallic Mg-Ca organometallic
compounds are rare, and examples include R2N-Ca(µ-NR2)2-
Mg-NR2 with R ) SiMe3.30 The molecular structure of2 is
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Figure 1. Molecular structure of [(thf)3Ca(µ-Ph)3Ca(thf)3]+[Ph-
Cu-Ph]- (1). The ellipsoids represent a probability of 40%; H
atoms are omitted for clarity reasons. Selected bond lengths (Å)
and angles (deg): Ca-O1 ) 2.404(2), Ca-O2 ) 2.414(2), Ca-
O3 ) 2.418(2), Ca-C1 ) 2.625(2), Ca-C1A ) 2.613(2), Ca-
C7 ) 2.605(3), Cu-C23) 1.910(3), Ca‚‚‚CaA ) 3.1799(9); Ca-
C1-CaA ) 74.76(7), Ca-C7-CaA ) 75.2(1), C23-Cu-C23A
) 180.0(2), C2-C1-C6 ) 113.4(2), C8-C7-C8A ) 112.5(3),
C24-C23-C28 ) 114.1(3).
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shown in Figure 2.31 The phenyl groups bridge the hetero-
metallic Mg-Ca edges (Mg-C1 ) 2.238(5) Å, Ca-C1 )
2.779(5) Å), whereas the bromine atoms bridge the homo-
metallic Ca-Ca edges (Ca-Br ) 2.968(1) Å and Ca-Br′ )
2.995(1) Å). Due to strong electrostatic attractions, short Mg-
O1 (1.995(5) Å) and Ca-O1 (2.169(1) Å) bonds were observed,
whereas the Ca-O2 bond lengths to the THF molecules lie in
a characteristic region (Ca-O2 ) 2.397(3) Å and Ca-O3 )
2.420(4) Å). This strong electrostatic attraction leads to rather
small Mg‚‚‚Ca and Ca‚‚‚Ca contacts of 3.156(2) and 3.715(1)
Å, respectively.

With [(thf)3Ca(µ-Ph)3Ca(thf)3][Ph-Cu-Ph] the range of
organocalcium compounds has been extended: examples of
anionic [Ca{CH(SiMe3)2}3]-,26 neutral [(thf)3Ca(Mes)2],13 and
cationic [(thf)3Ca(µ-Ph)3Ca(thf)3]+ species have been structurally
characterized. The field of heavy Grignard reagents is gaining
generality, a requirement for the implementation of these highly
reactive compounds in synthetic organic and organometallic
chemistry.
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Figure 2. Molecular structure of [{(thf)2Ca(Ph)Br}3‚MgO] (2). The
ellipsoids represent a probability of 40%; H atoms are neglected
for clarity reasons. Symmetry-related atoms are marked with one
(-x + y - 2, -x - 1, z) or two primes (-y - 1, x - y + 1, z).
Selected bond lengths (Å) and angles (deg): Mg-C1 ) 2.238(5),
Mg-O1) 1.995(5), Ca-C1′ ) 2.779(5), Ca-O1) 2.169(1), Ca-
O2) 2.397(3), Ca-O3) 2.420(4), Ca-Br ) 2.968(1); C1-Mg-
C1′ ) 115.9(1), Mg-C1-Ca′′ ) 77.2(2), Mg-O1-Ca) 98.5(1),
Ca-O1-Ca′ ) 117.85(6), Ca-Br-Ca′′ ) 77.07(3), Br-Ca-Br′
) 160.40(4), C2-C1-C6 ) 113.3(5).
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