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Many chiral compounds having metal–metal bonds are now
known in which the M–M unit is the chromophore. In this
review they are classified as those where it is either (1) an
inherently chiral chromophore owing to helical stacking of
metal–ligand bonds, or (2) not inherently chiral but sur-
rounded by a collection of ligands bearing chiral substitu-
ents. In only a few cases have the actual CD and/or ORD

Introduction
The way in which metal–metal (M–M) bonds are influ-

enced by, and exert influence upon, a chiral environment is
a topic that has not been comprehensively reviewed. There
is now a large enough body of results to justify at least a
small (surely at least micro) review. In general, metal–metal-
bonded compounds are of interest in many areas such as
catalysis,[1] medicine[2] and for synthesizing supramolecular
arrays.[3]

We preface the main body of the review by reminding
the reader that there are two fundamental classes of op-
tically active molecules:[4]
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spectra been measured and analyzed. These include M2X4-
(PP)2 molecules (PP = a bridging diphosphane) and M2(O2-
CR)4 molcules where R is chiral. The more recently discov-
ered helical extended metal atom chain (EMAC) molecules
are also mentioned.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

(1) Those with inherently chiral chromophores
(2) Those with achiral chromophores embedded in chiral

surroundings
We shall divide this review into two parts based on this

difference.

1. Inherently Chiral Di- or Polymetal Chromophores

1a. M–M Bond Twist Induced by Chiral Diphosphanes

The first examples of molecules with the type of structure
shown in Figure 1 were discovered by R. A. Walton and
co-workers, in 1975 for rhenium compounds[5] and in 1978
for molybdenum compounds.[6] Tungsten analogs were
reported in 1980.[7] The compounds with dppe
(Ph2PCH2CH2PPh2) are generally regarded as prototypical,
but many are known with other R2PCH2CH2PR2 and sim-
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ilar bridging diphosphanes.[8] The important feature of the
Re2Cl4(dppe)2 structure shown in Figure 1 is that the con-
formational requirements of the two six-membered rings
that are fused along the metal–metal bond (triple in the
rhenium compounds and quadruple for the molybdenum
and tungsten ones) induce a partial twist away from an
eclipsed conformation. This twist makes the M–M bond
an inherently chiral chromophore. For the compounds with
quadruple bonds, the δ�δ* transition is a particularly con-
venient electronic transition for studying the CD/ORD
spectra.

Figure 1. The core of the prototypical Re2Cl4(dppe)2 molecule
showing the twist away from an eclipsed conformation that pro-
duces a chiral chromophore.

No enantiomers of the M2X4(R2PCH2CH2PR2)2 com-
pounds have been resolved, but by introducing chirality
into the backbone of the diphosphane, the chirality of the
helix around the M–M core can be predetermined. For such
work, the prototype compound is Λ-[Mo2Cl4{(S,S)-
dppb}2], shown along with its CD spectrum in Figure 2,
where (S,S)-dppb is (S,S)-2,3-(diphenylphosphanyl)butane.
The structure, with its Λ sense of the twist, is both predicted
by conformational analysis and confirmed by X-ray crystal-
lography.[9,10]

Figure 2. The β-Mo2Cl4{(S,S)dppb}2 molecule viewed down the
Mo–Mo axis (right) and its CD spectrum (left).

The CD spectrum shows two principal features: a nega-
tive band at about 13500 cm–1 that corresponds to the
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δ�δ* absorption band in the electronic spectrum and a
positive band at about 21300 cm–1. These same two princi-
pal features are seen in most similar molecules having
Mo2

4+ units.[11–14]

There is a very straightforward and unequivocal explana-
tion of these CD results. For the δ�δ* transition, we refer
to Figure 3, where it can be seen that there is a shift of
charge both along and around the metal–metal bond.
Therefore, the δ�δ* transition in such a helical molecule is
both electric-dipole- and magnetic-dipole-allowed; it must,
therefore, be CD allowed. As shown on the left side, when
the Λ twist angle is less than 45°, the signs of the CD bands
would be reversed for the Λ and ∆ isomers. The entire
analysis can be conveniently generalized into a sector dia-
gram, as shown in Figure 4. This shows how the CD sign
changes, alternating from one octant to the next, as a func-
tion of the L–M–M–L angle. Thus, even if it is known from
conformational analysis whether to expect the Λ or ∆ twist,
the extent of the twist must also be known. The first actual
test of this octant rule was made with Mo2Cl4{(R,R)-
DIOP}2, where (R,R)-DIOP is shown in Scheme 1. The
twist angle, χ, in the dominant isomer of the dimolybdenum
compound is –45° � χ � –90°, and the sign of the CD for
the δ�δ* transition is predicted from the sector diagram to
be positive. As shown in Figure 5, this is found experimen-
tally. The diamine molecule, Mo2Cl4[(R)-H2NCH(CH3)-
CH2NH2]2 was also shown to obey the sector diagram.[15]

Figure 3. Diagrams of the transient charge distributions for the
δ�δ* transition in twisted Mo2X4(LL)2 molecules with torsion an-
gle θ (a) in the range 0 to –45° and (b) in the range –45 to –90°.
Note that the two ranges, though in the same direction geometri-
cally, give transient charge distributions of opposite rotational
sense.

Figure 4. The sign rule for the CD of the δ�δ* transition. The
sign of the CD refers to the vector in which the rear set of ligand
atoms is found.
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Scheme 1. The (R,R)-DIOP molecule.

Figure 5. CD spectra of Mo2Cl4{(R,R)-DIOP}2 in CH2Cl2 solution
in the range from 300 to 700 nm.

In all of the compounds just discussed, there is a band
in the visible spectrum (ca. 22000 cm–1) which has the op-
posite CD sign to that for the δ�δ* transition. This band
is due to a δxy�δx2–y2 transition, and it has been shown that
it follows a sector diagram too, but with all of the signs
reversed from those shown in Figure 3 for the δ�δ* transi-
tion.

1b. Molecules with Orthometalated Bridging
Phenylphosphanes

These are compounds with a dimetal unit bridged by two
cisoid orthometalated phosphanes in a head-to-tail
(H,T) arrangement. Two additional equatorial groups such
as carboxylates usually complete the paddlewheel arrange-
ment. The compounds cis-Rh2(C6H4PPh2)2(OAc)2·
2CH3COOH[16] and Os2(C6H4PPh2)2Cl4[17] were the first to
be made. The dirhodium compound and its derivatives have
been studied in great detail. Because of the H,T arrange-
ment of the two orthometalated bridging ligands, the cis-
Rh2(C6H4PPh2)2

2+ unit has only C2 symmetry and is there-
fore chiral. The (R) and (S) conformations are shown in
Scheme 2. The interconversion of (R) and (S) isomers
would require bond breaking and such isomers are not ex-
pected to interconvert at ordinary temperatures because of
the large energy barriers associated with such processes. As
shown in Scheme 3, there is also a secondary source of chi-
rality induced by the twist pattern of each phosphane li-
gand designated as P (for positive torsion angle) and M (for
negative torsion angle along the axis of the helix) following
the nomenclature used for helical molecules.[18] While for
the secondary chirality less energy is expected to be re-
quired for interconversion than for the primary source of
chirality, this value may still be significant. Molecular me-
chanics calculations have been used to estimate the relative
stability of the (SM) and (SP) conformers in cis-
Rh2(C6H4PPh2)2(CH3CN)6

2+,[19] which has a P–Rh–Rh–P
torsion angle of –23°. The results indicate that the experi-
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mental (SM) conformation is 88.1 kJmol–1 more stable than
the (SP) conformation having the same torsion angle, and
that the energy barrier between the conformers is estimated
to be much greater than kT (153.3 kJmol–1)

Scheme 2. The (R) and (S) chirality imposed by the H,T arrange-
ment of the cisoid orthometalated groups.

Scheme 3. The second chirality due to the magnitude and sign of
the torsion angle along the P–Rh–Rh–P unit.

The stable (R) and (S) enantiomers have been resolved.
The separation procedure makes use of the fact that in
(R,S)-cis-Rh2(C6H4PPh2)2(OAc)2·2CH3COOH, the ortho-
metalated phosphane groups are not labile while the car-
boxylate groups are. Reaction with ProtosH (N-4-methyl-
phenylsulfonyl-L-proline, see Scheme 4) yields (R,S)-cis-
Rh2(C6H4PPh2)2(Protos)2·2H2O and the diastereoisomers
are easily separated by column chromatography using silica
gel and elution with a mixture of CH2Cl2/Et2O.[20] Many
analogs using a great variety of substituted phosphanes
have also been synthesized. These compounds have applica-
tions in enantioselective C–H insertion of α-diazo ketones
and other catalyzed reactions.[20,21]
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Scheme 4. The chiral ProtosH molecule.

Substitution reactions of the carboxylate groups from the
diastereoisomers proceed without racemization, and the
group Protos can be easily replaced by other groups such as
carboxylates or acetonitrile. The orthometalated dirhodium
unit in [(R)-cis-Rh2(C6H4PPh2)2(CH3CN)6](BF4)2 has been
useful as a corner piece for the synthesis of enantiopure
supramolecular structures. Reaction with the dicarboxylate
anions O2C(CF2)nCO2, n = 2 and 3, give molecular loops
in which each of the two Rh2(C6H4PPh2)2 units is also co-
ordinated by two carboxylate groups from each of the two
linkers and two axial pyridine molecules, as shown in Fig-
ure 6 for n = 2.[22] In this complex, the P–Rh–Rh–P torsion
angles [75.7(1) and 74.56(9)°] are smaller than those of C–
Rh–Rh–C [–116.9(4) and –119.2(4)°]. Therefore, the overall
chirality of this dirhodium compound is (RMRM). This is
uncommon for simple dirhodium compounds, in which the
torsion angle of P–Rh–Rh–P is usually larger than that of
C–Rh–Rh–C,[23] because of steric repulsions between the
bulky phenyl groups in the phosphanes.

Figure 6. The core of the chiral molecular loop (RR)-[cis-
Rh2(C6H4PPh2)2(py)2O2CF2CF2CO2]2 for which the overall chiral-
ity is (RMRM).

A series of neutral molecular triangles having the for-
mula [cis-Rh2(C6H4PPh2)2]3(dicarboxylate)3·(Lax)6 where
Lax may be one of a variety of donor molecules such as
DMF, MeOH or py, CH2Cl2 have also been made. These
compounds, for which a representative core is shown in Fig-
ure 7, were first prepared by reaction of racemic [cis-
Rh2(C6H4PPh2)2(CH3CN)6](BF4)2 and tetraethylammo-
nium salts of linear dicarboxylates such as, oxalate,
terephthalate and 4,4�-biphenyldicarboxylate.[19] The rela-
tive chiralities of the dirhodium units in these triangles were
established using a combination of data from X-ray crystal-
lography and 31P NMR spectroscopy. It should be noted
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that the combination of the racemic mixture of cis-
Rh2(C6H4PPh2)2

2+ units with dicarboxylate anions to form
triangles can produce four possible stereoisomers: (RRR),
(RRS), (SSR), and (SSS), and each of these can be either
(RP) and (RS), or (SP) and (SM) (see Scheme 3). For the
oxalate compound, all the Rh2 units in each triangle have
the same chirality, and this compound exists as a mixture
of (RPRPRP) and (SMSMSM) isomers having D3 symmetry.
It is notable that no (RM) or (SP) conformers were ob-
served. For the terephthalate analog, the structure shows
two dirhodium units with one chirality and the third one
with another chirality [(RRS) or (SSR)] but again there are
only (RP) or (SM) conformers.

Figure 7. The core of the neutral molecular triangle [cis-
Rh2(C6H4PPh2)2]3(oxalate)3·(Lax)6. Only the Rh2PCC portions of
the orthometalated Rh2C6H4PPh2 units are shown. Axially coordi-
nated ligands have also been removed for clarity. Carbon atoms are
shown as open ellipsoids.

The 31P NMR spectra, shown in Figure 8, suggest that
the structures observed in the solid state remain unchanged
in solution, and that there are no interconversions in solu-
tion to other types of oligomers such as squares. For the
compounds with oxalate and 4,4�-biphenyldicarboxylate
linkers, the doublets are consistent with the high symmetry
in the crystal, whereby all the orthometalated phosphane
ligands are equivalent. Here, the doublets are due to coup-
ling of the P atoms with the I = 1/2 103Rh nucleus. For the
terephthalate analog, the three doublets with nearly iden-
tical coupling indicate that the (RRS) or (SSR) chirality of
the solid state is again present in solution. The enantiopure
analogs [(RRR) or (SSS)] have also been prepared from re-
action of (R)- or (S)-[cis-Rh2(C6H4PPh2)2(CH3CN)6](BF4)2

and the dicarboxylate salts.[24] The core structure of (SSS)-
[cis-Rh2(C6H4PPh2)2]3(terephthalate)3(py)6 is shown in Fig-
ure 9 along with the packing diagram. Catalytic evaluation
of these enantiopure triangles show that they are catalyti-
cally active and provide good results for the intermolecular
cyclopropanation between styrene and ethyl diazoacetate.
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Figure 8. 31P NMR in CD3Cl of the racemic triangular compounds
with oxalate, terephthalate and 4,4�-biphenyldicarboxylate linkers
shown in the same order from top to bottom.

Figure 9. The core structure (top) and packing pattern (bottom)
of (SSS)-[cis-Rh2(C6H4PPh2)2]3(terephthalate)3(py)6. Note that the
molecules stack on top of each other, but alternately out of register,
leaving a chiral channel. For the oxalate analog, the triangular
molecules stack in register.

The same dirhodium corner piece has been used to build
a molecule with pure rotational symmetry T by reaction of
(R)-[cis-Rh2(C6H4PPh2)2(CH3CN)6](BF4)2 and the trianion
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of benzene-1,3,5-tricarboxylic (trimesic) acid.[25] The
compound {NEt4�[(R)-cis-Rh2(C6H4PPh2)(py)2]6(1,3,5-
C6H3(CO2)3)4}BF4, prepared by a designed synthesis and
shown in Figure 10, has only eight C3 and three C2 rota-
tions of the group T. It encapsulates a NEt4

+ cation within
the chiral spheroidal cavity of the cage. In this chiral carce-
plex there are six cisoid (R)-Rh2(C6H4PPh2)2

2+ units (B)
linked by four trimesate anions (A), each connecting to
three different Rh2

4+ units to give an A4B6 type molecule.
All oxygen atoms of the trimesate anions are trans to either
carbon or phosphorus atoms in the orthometalated ligands.
The midpoints of the dirhodium units roughly describe an
octahedron while the centers of the aryl groups of the
anions describe a tetrahedron. Pyridine molecules are found
at both axial positions of each dirhodium unit. This carce-
plex is an all (R) isomer.

Figure 10. A view of the core structure of the carceplex Λ-
{NEt4�[(R)-cis-Rh2(C6H4PPh2)(py)2]6(1,3,5-C6H3(CO2)3)4}BF4

showing the encapsulated tetraethylammonium cation.

The 1H NMR spectrum offers clear evidence that the tet-
raethylammonium cation remains encapsulated in solution,
and shows two signals at high field (–0.035 and –0.278 ppm)
in a ratio of 3:2. The large upfield displacement of these
signals relative to those of a non-encapsulated NEt4

+ cation
is due to strong shielding by the cage. The 31P NMR spec-
trum of the compound in CD2Cl2 in the presence of excess
pyridine is consistent with the existence of only one highly
symmetrical species in solution as it shows only one doublet
because of coupling of each P atom to the adjacent 103Rh
nucleus.

1c. Helical Molecules with Three or More Metal Atoms

The best known compounds are of the type M3(dpa)4X2,
where dpa = the anion of dipyridylamine, X is a mono-
dentate group, typically a monoanion such as a halide, PF6,
acetylide, and others and M = Co, Cr, Rh, Ru, Ni.[26] One
remarkable feature of compounds of this type is the tunable
metal-to-metal interactions within the trinuclear unit and
symmetrical and unsymmetrical arrangements may be ob-
tained depending on the nature of the axial ligands. More
importantly for this review is the typical helical arrange-
ment of the four dpa anions about the M3 unit as shown in
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Figure 11. A typical structure of an M3(dpa)4X2 as represented by Ni3(dpa)4Cl2. The structure is shown (a) perpendicular to the Ni3 axis,
and (b) looking down the Ni3 axis to emphasize the helical arrangement of the dpa ligands.

Figure 11 for a typical M3 compound. While the set of four
dpa ligands has the capacity to organize an extended metal
atom chain (EMAC), it is also forced by internal non-
bonded (H···H) contacts to form an overall molecular
structure with a helical configuration having right- or left-
handed helicity (referred to as ∆ or Λ, respectively) as
shown in Figure 12.

Figure 12. A schematic representation of the ∆ and Λ isomers of
an EMAC of the type M3(dpa)4X2.

Most of the structures of these M3(dpa)4X2 compounds
are racemic but for [Co3(dpa)4(CH3CN)2](PF6)2 single crys-
tals of the ∆ and Λ isomers were isolated from solution
and manually separated. Their absolute configurations were
determined by X-ray crystallography and circular dichroism
spectra (Figure 13) were measured on solutions made from
crystals of known absolute configuration.[27] Both isomers
exhibit significant Cotton effects. The bands were assigned
from the electronic spectra with that at 312 nm correspond-
ing to a spin-allowed π–π* transition. The transition at
369 nm was assigned to a charge-transfer band and the
lower energy bands at 442 and 544 nm were assigned to
metal-centered transitions in the Co3

2+ core.[27] In general,
the anisotropy or dissymmetry factor given by the ∆ε/ε ratio
of circular dichroic to isotropic absorbance is associated
with the nature of the transitions.[28] For electric-dipole-al-
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lowed and magnetic-dipole-forbidden transitions (CT and
ligand π–π* transitions), the ∆ε/ε ratio � 5·10–3 and for
magnetic-dipole-allowed and electric-dipole-forbidden tran-
sitions (ligand-field transitions, n–π* transitions), ∆ε/ε ratio
� 5·10–3. The transition for the Λ isomer at 312 nm has a
negative sign (∆ε/ε = 8.2·10–4) in the CD spectrum, while
the bands at 369 nm (∆ε/ε = 1.5·10–3), 442 nm (∆ε/ε =
8.25·10–3), and 544 nm (∆ε/ε = 5.0·10–3) are positive. The
CD spectra for the ∆ and Λ isomers are mirror images, as
expected for a pair of enantiomers. The CD bands at 312
and 369 nm have small ∆ε/ε values with the former corre-
sponding to a ligand π–π* transition and the latter corre-
sponding to a LMCT transition. Both are electric-dipole-
allowed and magnetic-dipole-forbidden transitions. The
greater dissymmetry factor ∆ε/ε for the bands at 442 and
544 nm is consistent with these bands being magnetic-di-
pole-allowed and electric-dipole-forbidden metal-centered
transitions. Importantly, the equal intensity but opposite
signs of the spectra from the two solutions of isomers hav-
ing similar concentrations indicates that the two enantio-
mers do not interconvert in solution.

Spontaneous resolution upon crystallization as just de-
scribed, is very rare. Normally only racemic crystals are ob-
tainable. However, chromatographic resolution on columns
of chiral adsorbants has recently been applied with success
to several M3(dpa)4X2 compounds.[29] There are two ways
to determine the absolute helicity of each enantiomer. The
most obvious is to crystallize one (or both) and employ X-
ray crystallography. When this cannot be done, vibrational
circular dichroism can be used. This has been done in the
case of Ni3(dpa)4(OH)2.[30] There are preliminary results
showing that many other helical EMACs will be treatable
by similar methods.

There are also structurally characterized EMACs with
longer polypyridylamides having linear M5, M7 and M9

cores. The structures resemble those with M3 cores in that
the molecules are helical. An example is that of Ni9-
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Figure 13. CD spectra of ∆- (solid line) and Λ- (dashed line)
[Co3(dpa)4(NCCH3)2](PF6)2.

(peptea)4Cl2 (peptea = the anion of pentapyridyltetra-
amine),[31] which is shown in Figure 14. Recently examples
of complexes with four anions derived from polypyridyl-
naphthyridine groups (Scheme 5) have been made contain-
ing Co6

12+ and Co6
11+ cores,[32] and Ni612+ and Ni611+

cores.[33] A schematic representation of the Co6
n+ com-

pounds is given in Figure 15. However, none of these race-
mic mixtures have been resolved.

Figure 14. The structure of one of the enantiomers of Ni9-
(peptea)4Cl2 (top). A view along the main axis of this molecule
emphasizing the helical arrangement of the polypyridylamido li-
gands is at the bottom.

Scheme 5. A schematic drawing of 2,7-bis(α-pyridylamido)-1,8-
naphthyridine used in the syntheses of compounds with M6

12+ and
M6

11+ cores, M = Co and Ni.
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Figure 15. A 2-dimensional representation of the Co6
n+ compounds

synthesized with the ligand in Scheme 5, X = NCS or triflate
anions, and Y = PF6 or triflate anions. The way the EMACs twist
is not shown.

2. Achiral Dimetal Chromophores in Chiral Environments

It appears that the first structurally characterized qua-
druply bonded Mo2

4+ compound containing chiral ligands
was Mo2(L-isoleucine)2(NCS)4·4.5H2O, but no spectro-
scopic data were collected.[34] Later, Mo2(-leucine)4Cl2(p-
toluenesulfonate)2·2H2O was prepared, structurally charac-
terized, and, because of very favorable alignment of the
molecules in the crystal, used for detailed studies of the
polarization and vibronic structure of the δ�δ* absorption
band.[35] Again, however, no ORD or CD data were col-
lected.

Chiral dicarboxylic acid anions, -tartrate and -aspart-
ate, have been used to link Mo2(DAniF)3

+ units (DAniF =
the N,N�-di-p-anisylformamidinate anion).[36] The structure
of the tartrate is shown in Figure 16. An enantiomerically
pure compound in the form of a loop has two cis-Mo2-
(DAniF)2

2+ units and two chiral dicarboxylates made from
hydroquinone and ethyl (S)-lactate,[37] L1-para, shown in
Scheme 6. The structure of the loop [cis-Mo2(DAniF)2]2-
(L1-para)2 is shown in Figure 17. In the crystal, the mole-
cules stack forming channels capable of hosting guest mole-
cules such as CH2Cl2, as shown in Figure 18.

Figure 16. The structure of [Mo2(DAniF)3]2(L-tartrate).

Scheme 6. The ligand L1-para, p-–O2C(CH3)(H)(O)–C6H4–(O)
C(CH3)(H)CO2

–, made from hydroquinone and ethyl (S)-lactate.

Other early work in this area was done by Snatzke,[38]

whose goal was to employ the δ�δ* transition in the Mo2
4+

chromophore, which is conveniently located at about



F. A. Cotton, C. A. MurilloMICROREVIEW

Figure 17. The structure of the molecular loop [cis-Mo2(DAniF)2]2-
(L1-para)2.

Figure 18. The packing of [cis-Mo2(DAniF)2]2(L1-para)2 showing
the chiral intersticies.

20000 cm–1, to determine the absolute configurations of
functionalized organic molecules. Direct ORD or CD mea-
surements of the organic molecules themselves was chal-
lenging because their lowest-energy transition was generally
in the ultraviolet. Snatzke’s approach was rather empirical;
it consisted in simply adding Mo2(O2CCH3)4 to a solution
of the organic compound of interest and measuring the CD
spectrum in the visible region due to some generally unde-
fined complex between the organic compound and some
fragment of the Mo2(O2CCH3)4 molecule that had been in-
troduced. Results varied with absolute and relative concen-
trations.

It was later proposed[39] that the ability of Rh2(O2CCF3)4

to bind almost every possible organic functionality includ-
ing simple olefins, at its axial position might lead to a more
reliable realization of Snatzke’s concept, but there has been
no follow up on this. It does not appear that the use of
“spectator” dimetal units, either Mo2

4+ or Rh2
4+ is a very

promising technique.
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Dirhodium Compounds

In 1986 two Rh2(O2CR)4L2 compounds, one with R =
CPh(OH)H and L = EtOH and the other with R =
CPh(OMe)H and L = THF were structurally characterized
and their CD spectra were measured and interpreted.[40]

The structure of the (S)-mandelate is shown in Figure 19
and it resembles that of the Mo2

4+ analog, except for the
absence of axial ligands in the latter.[41] The electronic ab-
sorption and CD spectra of Rh2[(S)-mandelate]4(EtOH)2

are shown in Figure 20. The interpretation, which is much
too complex to recapitulate here, was carried out assuming
that the central Rh2(O2C–)4 core is inherently achiral, hav-
ing D4h symmetry. A one-electron model of a type pre-
viously proposed by others[42] was employed and was found
to be consistent with the fact that the CD signs associated
with the two prominent absorption bands (at ca. 450 and
600 nm) have the same sign. The fact that both are negative
(rather than both positive) was not predictable. However,
because both have the same sign, a reversal of the absorp-
tion band assignments from those accepted at the time is
not ruled out, and indeed MCD measurements reported se-

Figure 19. The structure of Rh2[(S)-mandelate]4(EtOH)2.

Figure 20. CD and UV-vis spectra of Rh2[(S)-mandelate]4(EtOH)2.
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veral years later[43] showed that such a reversal was re-
quired. Thus, while the CD results offer valuable evidence
for assigning the electronic spectrum, they are not by them-
selves definitive.

Chiral dirhodium compounds are some of the most
widely studied species with metal–metal bonds due to their
applications in catalysis. Because this topic has been re-
viewed recently we will not elaborate any further here.[44]

Conclusions

There is considerable diversity of chiral compounds that
contain dimetal units. Those cited in this review suggest
that there is great scope for further development, along
both of the main avenues: (1) compounds in which the li-
gand arrangement renders the M2 unit itself chiral, and (2)
compounds in which the M2 unit is not itself a seat for
chirality but is the linchpin for a surrounding set of chiral
ligands.
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