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Molecular compounds featuring homonuclear metal-metal bonds
between group 12 elements Zn and Cd are rare.1-8 The work of
Carmona and his group, which has resulted in the isolation and
characterization of the first stable Zn-Zn bonded compound,4

Cp*ZnZnCp* (Cp) η5-C5Me5), has proven that the Zn-Zn bond
can be stabilized by electronic and steric effects. At present, only
two examples of compounds with stable Cd-Cd bonds are
known,6,7 and detailed structural information exists only for the
ionic species [Cd2][AlCl 4]2 (1).6 However, the molecular Cd2TpMe22

(2) (TpMe2 ) hydrotris(3,5-dimethylpyrazolyl) borate) has been
synthesized by treatment of CdCl2 with TlTpMe2/LiBHEt3.7 The
existence of its Cd-Cd bond was established by the observation
of Cd111-Cd113 coupling in its113Cd NMR spectrum. Calculations
on simple model compounds M2(η5-C5H5)2 (M ) Zn or Cd) have
suggested that molecular compounds with simple organic groups
should be stable and capable of isolation, although the Cd-Cd
bonding was calculated to be weaker than that in the Zn-Zn
species.9 We now describe the synthesis and characterization of
the molecular species Ar′CdCdAr′ (3) and show that it possesses
considerable thermal stability.

Compound3 was prepared by the reduction of the aryl cadmium
halide Ar′CdI (4).10 The use of several reducing reagents, for
example, Na, Na/naphthalene, and NaH was investigated. Among
them, Na and Na/naphthalene led to over-reduction and the isolation
of Ar′H and Cd metal. However, the addition of 2 equiv of NaH to
Ar′CdI in THF resulted in the synthesis of the title compound
Ar′CdCdAr′ in a low yield in accordance with the eq 1.

Although the mechanism of this reduction is still not clear, the
X-ray crystal structure of311 (Figure 1) confirmed the presence of
a Cd-Cd bond in the product3. The observed Cd-Cd distance of
2.6257(5) Å in3 is ca. 0.20 Å shorter than the sum of Pauling’s
single-bond metallic radii for Cd [2.82 Å].12 This shortening is
similar to that in its zinc analogue Ar′ZnZnAr′ (5) [ca. 0.14 Å]5b

and thus is indicative of a considerable Cd-Cd bonding interaction.
The Cd-Cd distance in3 is also ca. 0.05 Å longer than the value
of 2.576(1) Å found in the ionic cadmium(I) salt16 and is ca. 0.02
Å longer than that of 2.605 Å predicted in the as yet unknown
compound Cp*CdCdCp* (6).9 A similar elongation (ca. 0.05 Å) is
found for Ar′ZnZnAr′ (Zn-Zn ) 2.3591(9) Å)5b versus Cp*ZnZnCp*
(Zn-Zn ) 2.305(3) Å).4a The crystal structure of3 also showed
that the two Ar′ ligands are arranged in a nearly orthogonal
orientation to each other which provides effective steric protection
of the [-Cd-Cd-]2+ moiety. An almost linear arrangement is
observed for the [C(ipso)-Cd-Cd-C(ipso)] unit [Cd(1A)-Cd-

(1)-C(1) ) 177.5(3)°], which is very similar to the geometry
observed in the zinc analogue5.

With a spin of1/2 and a natural abundance of 12.22%,113Cd has
a receptivity relative to13C of 7.6 and is widely employed as a
useful method to characterize cadmium compounds.13 A solution
113Cd NMR spectrum of aryl cadmium halide4 displayed only one
signal at 210.91 ppm, which lies between the 328.80 ppm signal
observed for the bis(aryl)cadmium species Cd(C6H5)2 (1.0 M) and
the 55.13 ppm for CdI2 (1.0 M).14 In contrast,3 displayed a signal
at 540.28 ppm with two symmetrically disposed satellite resonances
in the correct intensity ratio for coupling to a bound111Cd nucleus
(I ) 1/2, 12.81%) (see Figure 2). The113Cd NMR spectrum thus
ruled out the possibility of an Ar′CdH15 species since the aryl
cadmium hydride would yield a 1:1 doublet or 1:2:1 triplet pattern
[for monomeric or doubly hydrogen bridged structures, respectively]
instead of the satellite pattern observed in the spectrum of3. The
large 111Cd-113Cd coupling constant of 8650 Hz is well outside
the reported range of Cd-H couplings: for example,1J(113Cd-
1H) ) 2520 Hz in TpButCdH (TpBut ) hydrotris(3-tert-butylpyra-
zolyl)borate),7 2J(113Cd-1H) of ca. 50 Hz,14,16 and 3J(113Cd-1H)
of ca. 60 Hz in dialkyl cadmium compounds.14,16 The satellite
signals in3 are thus assigned to111Cd-113Cd coupling. The intensity
of these two satellite signals was in reasonable agreement with the
theoretical value of ca. 1:7 based on the isotopic ratio. However,
the 111Cd-113Cd coupling constant is less than half the previous
reported value of 20 650 Hz for2.7

Spin-restricted DFT calculations were performed on Ar′CdCdAr′
(3) at B3LYP/6-31 g* level using a simplified model where the
isopropyls were replaced by hydrogen atoms and the coordinates

Figure 1. Thermal ellipsoid (30%) drawing of3; H atoms are not shown.
Selected bond lengths (Å) and angles (deg): Cd(1)-Cd(1A) 2.6257(5), Cd-
(1)-C(1) 2.138(3); Cd(1A)-Cd(1)-C(1) 177.5(3), C(2)-C(1)-Cd(1)
116.5(6), C(6)-C(1)-Cd(1) 121.8(6).
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were extracted from the X-ray structure.17 The calculations showed
that the HOMO corresponded to aσ-bond between the cadmium
atoms, which is composed mainly of 5p and 5s orbital character in
a ratio of about 5:3 (see Figure 3). The Cd-C bonds are derived
from in phase and out of phase orbital combinations HOMO-14
and HOMO-3, which also have minor Cd-Cd bonding character
(see Figure S1, Supporting Information). The LUMO and LUMO
+ 1 combinations are almost degenerate and are formed mainly
from the cadmium 5px and 5py orbitals. The metal-metal bonding
in 3 is thus similar to that in Ar′ZnZnAr′. This is in contrast to
Cp*ZnZnCp* where the Zn-Zn bond is of mainly 4s character.4

It seems likely that the influence of the different ligands on the
metal-metal bonding may likewise account for the large differences
in the Cd-Cd coupling constant between3 and Cd2TpMe22.

We have described the synthesis and first structural characteriza-
tion of a molecular compound containing a Cd-Cd bond. The
existence of the metal-metal bond was confirmed by113Cd NMR
spectroscopic studies. Similar to the Zn-Zn bonded compound
Ar′ZnZnAr′, DFT calculations showed that Ar′CdCdAr′ (3) had
significant p-character in the Cd-Cd bonding orbital. Work to
elucidate the details of the mechanism of the reduction of4, the
isolation of the putative aryl cadmium hydride intermediate Ar′CdH,
and the synthesis and reactivity of3 and other Cd-Cd bonded
compounds are in hand.
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Figure 2. 113Cd NMR spectrum of3. Signals marked with (/) indicate the
111Cd-113Cd coupling (1JCdCd ) 8650 Hz).

Figure 3. Representation of the frontier molecular orbitals of3 from DFT
calculations.
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