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Reaction of a potential NCN-pincer ligand, viz. 1,3-
di(phenylazo)benzene (L), with [Rh(PPh3)3Cl] affords, via a
C–H bond activation, an interesting dinuclear Rh(II) complex
(1), and with RhCl3·3H2O affords a mononuclear Rh(III) com-
plex (2) containing a catalytically useful Rh-OH2 fragment.

Transition metal mediated C–H bond activation of organic
molecules has been of significant current interest, particularly with
reference to bringing about catalytic organic transformations,1 and
the present work has originated from our continued interest in
this area.2 Herein, we have chosen a potential NCN-pincer ligand,
viz. 1,3-di(phenylazo)benzene (L), and to interact with it rhodium
has been selected as the metal centre. A glance at this ligand L
indicates that if the N2 and N4 azo-nitrogen atoms coordinate to
a metal centre, the central C1–H bond cannot remain indifferent
and will be forced to interact with the same metal centre. Thus,
an NCN-mode of coordination (I) via the expected C–H bond
activation seems a possibility. It may be relevant to mention here
that transition metal complexes of various pincer ligands have been
studied extensively,3 and particularly notable is the contribution of
Milstein et al.4 In recent years, NCN pincer complexes, specially
those of the platinum group metals, are receiving much attention,
mainly because these complexes display remarkable catalytic
efficiency in a wide variety of important organic transformations.5

Though a report on the synthesis of the selected azo-ligand (L)
is available in the literature,6 and its spectroscopic properties have
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also been studied,7 its coordination chemistry appears to have
remained unexplored. We have synthesized this azo-ligand (L)
by an entirely new method, where 1,3-phenylenediamine was
allowed to react with nitrobenzene in the presence of strong
alkali to yield L. Reaction of 1,3-di(phenylazo)benzene was first
carried out with [Rh(PPh3)3Cl], taken as the rhodium starting
material, in refluxing toluene under a dinitrogen atmosphere,
which afforded an olive-green complex 1 (yield 30%). Structure
determination of complex 1 by X-ray crystallography‡ revealed
that instead of simple coordination of the ligand L to rhodium in
the expected fashion (I), an unexpected reaction has taken place
during formation of this complex (Scheme S1, see ESI).† The
structure (Fig. 1) shows that complex 1 is actually a dirhodium
species containing two azo-ligands and two chlorides, where
each azo-ligand has indeed undergone the anticipated C–H bond
activation. However, the observed mode of its coordination is

Fig. 1 Molecular structure of complex 1 (hydrogen atoms bound to
carbon atoms are omitted for clarity) (top) and partial view of complex 1
(bottom). Selected bond lengths (Å) and angles (◦): Rh1–Rh2, 2.6789(5);
Rh1–C14, 2.065(4); Rh2–C14, 2.080(3); N7–N8, 1.279(5); N15–N16,
1.279(4); Rh1–C14–Rh2, 80.52(12); Rh1–C14¢–Rh2, 79.95(11).
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interestingly different than that expected (I). The two terminal
nitrogen atoms are bonded to two different rhodium centres, and
the central carbon is linked with both of these metal centres. Thus
the azo-ligand is acting as a NCN-donor as well as a bridging
ligand (see Fig. 1 bottom), and the Rh–C–Rh bridge is describable
in terms of a three-centred two-electron bond formation by the
central carbon. Such a bridging mode of phenyl-carbon, involving
several 3d, 4d and 5d metal centres, is well precedent in the
literature (Ref. R, see ESI).† However, we could locate only
one example involving rhodium, that too as one of the two
metal centres, the other metal centre being titanium.8 Thus, the
observed coordination mode of ligand L in complex 1, where an
anionic phenyl-carbon is bridging two rhodium centres, seems
to be unprecedented. The structure also reveals the existence of
a metal-metal bond between the two rhodium centres. The Rh–
Rh distance in this complex is found to be significantly longer
than the commonly observed Rh(II)–Rh(II) distances.9 The sixth
coordination positions on the two metal centres are satisfied with
chloride ions. The Rh–C, Rh–N, Rh–Cl bond distances are all
quite normal, and so are the bond distances within the coordinated
azo-ligands. Though formal oxidation state of each rhodium in
complex 1 is +2 (d7), the complex is diamagnetic as a whole, and
the observed diamagnetism is attributable to strong antiferromag-
netic interaction between the two proximal metal centres. It is
relevant to mention here that dimeric complexes of rhodium(II)
have significant importance in various catalytic organic
transformations.10

The unexpected binding mode of the azo-ligand (L) observed
in complex 1 seems to have resulted primarily from the initial
oxidative insertion of rhodium into the central C1–H bond of the
azo-ligand, though the entire mechanism of the reaction remains
unresolved. This hypothesis, if it holds, indicates that if the reaction
of the same azo-ligand is carried out with a rhodium centre that
is already in its trivalent state, probably the expected NCN-mode
of binding (I) can be achieved. In order to verify this hypothesis,
reaction of the azo-ligand (L) was carried out with a rhodium(III)
starting material, viz. RhCl3·3H2O, in refluxing ethanol. This
reaction yielded an orange complex (complex 2) (yield 60%) and its
structure determination by X-ray crystallography‡ (Fig. 2) shows
that the azo-ligand is indeed coordinated to the metal centre in

Fig. 2 Molecular structure of complex 2. Selected bond lengths
(Å) and angles (◦): Rh1–Cl1, 2.319(10); Rh1–N1, 2.13(3); Rh1–C7,
1.92(4); Rh1–O1, 2.36(2); N1–N2, 1.28(3); Cl1–Rh1–Cl1a, 174.4(3);
N1–Rh1–N1a, 153.1(9); C7–Rh1–O1, 179.98(4); N1–Rh1–C7, 76.6(7).

the expected NCN-mode (I), along with two chlorides and a water
molecule.

With an intention of examining the possible utilization of the
Rh-OH2 fragment in complex 2 towards displacement by neutral
monodentate ligands leading to formation of new complexes,
complex 2 was first treated with acetonitrile at room temperature,
which yielded the expected acetonitrile-coordinated complex
(complex 3). The structure of complex 3 (Fig. S1, ESI)† is found
to be mostly similar to that of complex 2. On our attempt
to isolate an analogous benzonitrile-coordinated complex by
treatment of complex 2 with benzonitrile, an interesting complex
4 was obtained. Structure determination has revealed that instead
of coordinated benzonitrile, complex 4 contains a coordinated
benzamide (Fig. 3). We believe that formation of the benzamide-
coordinated complex 4 proceeds via formation of the targeted
benzonitrile-coordinated complex as an active intermediate 5 (see
Scheme S2, ESI).† The long reaction time needed for removal of
solvent (benzonitrile) in the isolation of 4 is thought to be adequate
enough for intermediate 5 to undergo interaction with moisture
present in the solvent and afford 4 as the end product. In order
to trap the intermediate 5, by reducing its exposure time to water,
a similar reaction was carried out using very little benzonitrile
diluted in acetone (main solvent). This strategy indeed worked
nicely allowing isolation of complex 5 followed by its structural
characterization (Fig. 4). Isolation of both the benzamide complex
4 as well as its benzonitrile precursor 5 testifies the feasible
hydrolysis of rhodium-bound benzonitrile to benzamide. It is
relevant to mention here that metal-mediated, as well as metal-
catalysed, transformation of nitrile to amide is of considerable
current interest.11 The potential of the aquo complex 2 as a

Fig. 3 Molecular structure of complex 4.

Fig. 4 Molecular structure of complex 5.
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mediator for useful transformations, and also as a synthon towards
preparation of new complexes is currently under exploration.

The present study shows that 1,3-di(phenylazo)benzene (L)
can undergo facile rhodium-assisted C1–H bond activation and,
depending on the nature of rhodium starting compound, binds
to the metal centre either as an NCN-pincer ligand (I), or as
an NCN-donor with the central carbon bridging two different
rhodium centres (see Fig. 1 bottom). While catalytic potential of
the dirhodium complex 1 is yet to be explored, this study already
demonstrated the promise of the aquo complex 2 as a synthon as
well as a mediator for nitrile hydrolysis.
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V = 3816.6(6) Å3, Z = 4, m = 1.047 mm-1, T = 150 K, l = 0.71073 Å, R1 =
0.0363, wR2 = 0.0819, GOF = 0.84. For complex 2: C18H13Cl2N4ORh, Mr =
475.13, monoclinic, space group C2/c, a = 19.488(5) Å, b = 12.271(2) Å,
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