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In the last years much interest has been devoted
to the synthesis and characterization of several
metallo porphyrins which contain a metal-metal
bond [1]. The main interesting aspects of such
complexes are the mimesis of enzymes, as far as the
biological field is concerned, and the potential use
as new unidirectional conducting materials.

In recent papers [2—4] we have described the
synthesis of novel rhodium porphyrinates with
various axial ligands. Now we report the first exam-
ples of complexes of Rh(IIDTPP containing a metal-—
metal bond with Mn(CO)s, Co(CO),, SnCl; and
GeCl; moieties. These bonded heterometallic com-
plexes have been characterized by various spec-
troscopic techniques.

Experimental

IR spectra were recorded on a Perkin-Elmer
Model 983 spectrophotometer as nujol mulls. NMR
spectra were recorded on a Bruker WP 80 SY instru-
ment as C¢Dg or C;DsN solutions with tetramethyl-
silane (TMS) as internal standard. Electronic spectra
were recorded on a Perkin-Elmer Lambda 9 spec-
trophotometer as diethyl ether or tetrahydrofurane
solutions.

RhTPPCl was prepared following the literature
methods [5].

The syntheses were performed under a purified
nitrogen atmosphere. The solvents (Farmitalia) were
distilled under a nitrogen atmosphere from LiAlH,
and immediately used.

Synthesis of TPPRhML

{a) ML = Mn{CO)s, Co(CO)s

A THF solution of metalate carbonyl anion (1.2
mmol) [6] is added to a THF solution of RhTPPCI
(1 mmol) and the mixture is stirred for 12 h. The
solvent is evaporated under reduced pressure and
the residue is dissolved in diethyl ether. After filtra-
tion the solution is concentrated to about 10 ml
and n-hexane is added (50 ml). Complexes precipitate
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as dark rted crystals. Analytically pure products
can be obtained by column chromatography on
type I basic alumina (eluent Et,0), but such a puri-
fication procedure leads to extensive decomposition
for TPPRhCo(CO),.

(b) ML = SnCl,

Anhydrous SnCl, (1.2 mmol) and RhTPPCI]
(1 mmol) are dissolved in THF and the solution is
stirred overnight. The solvent is evaporated under
reduced pressure and the residue worked up as
above (a).

(c) ML = GeCl,

NEt,GeCl; (1.2 mmol) [7] and RhTPPCl (1
mmol) are dissolved in THF and solutjon is stirred
overnight. The solvent is evaporated under reduced
pressure and the residue worked up as above (a).

All elemental analysis gave satisfactory results
in agreement with the theoretical values.

Results and Discussion

The synthesis of novel Rh(III) porphyrin deriva-
tives was a natural extension of our work on the
pyrrole macrocycles [2—4]; our aim was to explore
the behaviour of the porphyrins as a ligand on the
metal-metal bond. These type of complexes are
model compounds for biological systems.

While this work was in progress a paper which
reported indium porphyrinates containing a metal—
metal bond was published [1]. Now we report the
first example of transition metalloporphyrins con-
taining a metal—metal bond.

The synthesis has been achieved by means of
different procedures.

TPPRhMn(CO)s (1) and TPPRhCo(CO), (2)
were synthesized by reaction of metalate carbonyl
anions and RhTPPCI in THF solution. Good yields
were obtained for 1 and the complex was stable in
solution, whilst for 2 the yield was lower and the
purification procedure lead to extensive decom-
position. Yields and stability are in agreement with
the reactivity and nucleophilic power of the metalate
carbonyl anion and have been previously observed
by other authors [1].

TPPRhSnCl; (3) was obtained by reaction of
tin(II) dichloride and RhTPPCl in THF solution,
while TPPRhGeCl; (4) was synthesized by coupling
of a GeCly~ salt with RhTPPCI in THF solution.
3 and 4 were stable in solution and recrystallization
afforded analytically pure products in high yields.

IR spectroscopic characterization of 1 and 2,
reported in Table I, show absorptions in the carbonyl
stretching region. The number and relative intensity
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TABLE L. Spectral Properties of TPPRhML

ML IR (cm™1) UV (Apax (nm)) NMR (6 (ppm))

Mn(CO)s 2083, 1987 516, 406 8.95 (HPy) 8.31—7.62 (HPh)
Co(CO)q 2055, 2007, 1978 518,406 9.03 (HPy) 8.40-7.72 (HPh)
SnCly 345 526,414 8.90 (HPy) 8.16—7.80 (HPh)
GeCly 356 526,418 8.84 (HPy) 8.08—7.75 (HPh)

of these bands are in agreement with those reported
in literature [1].

RhTPP seems analogous to InTPP as a ligand
and variation from main group to transition metallo-
porphyrin, as countermoiety in the metal-metal
bond, does not significantly affect the carbonyl
stretching.

IR data for 3 and 4 are listed in Table I and show
characteristic absorptions for SnCl; and GeCl,
groups at ca. 350 cm'. They are considerably
shifted to higher frequency upon coordination if
compared to those of the free ions [8,9]: for in-
stance in GeCly the absorption falls to 320 ¢cm™.
Such a shift is typical for compounds containing
a metal-M'X; bond and is indicative of an increased
oxidation state of M' [10].

UV-—Vis spectra agree with five-coordinated
RhTPP and absorptions are reported in Table I
In contrast with TPPInML or TPPSnML [1] there
are no additional bands in the Soret region, probably
due to better stability of the Rh—metal bond toward
photodecomposition.

The NMR spectra are not particularly influenced
by the change of counterion and are similar to those
of RhTPPCIl. The pyrrole protons of TPPRhML have
a signal at ca. 9.00 ppm, analogous to RhTPPCL.

The phenyl protons are equivalent at room tem-
perature in all complexes, and resonances are listed
in Table I.

This result is in apparent contrast with the non-
equivalence for ortho phenyl protons found in
other five-coordinated complexes [1], but on the
other hand other five-coordinated Rh(II[)TPP deriva-
tives show a similar behaviour [11].

Electrochemical, spectroscopic and low tem-
perature NMR studies of PRhML complexes are
now in progress to give a more detailed description
of the Rh—metal bond.
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