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Abstract

YIS (’/)l(’(/ 6 June 1993)

The synthesis of i novel family of metalloporphyrin dimers containing a metal

metal (transivon non-transition metal) bond s presented. The reduction by NaBH, of the
transition metal perphyrin complexes (PoryRh"(Cl) gencrates the low oxidation state
complexes (Por)Rh' Na . which by reaction with chloro-indium-porphyrin derivatives,
(Por)In"'(Cl). give rise to the above new tamily. By choosing the appropriate porphyrin
ligand it is possible to vary the bond stability in these dimers systematically. The synthesis
of porphyrin dimers involving rhodium indium bonds. and their full characterization on
the basis of '"H NMR. UV visible and FT-IR spectroscopy are described. A preliminary
study of the photosensitivity of these compleves provides suflicient information about the

stability of the metal metal hond.

In recent vears. there has been a remarkable devel-
opment in the chemistry of metalloporphyrin®
derivatives that show some degree of metal metal
interaction.’ There is considerable interest not only
in the synthesis ol these compounds but also
their biological significance.” and their potential use
as starting matertals for the svnthesis ol electron-
conducting. stacked metal porphyrin polvmers.”
The synthesis and characterization of different

* Author to whom correspondence should be addressed

F Abbreviations used: (Pory' . (TPPy . (OEPY
(TTP)= . (DPBy  dianions of a general porphyrin,
310.05.20-tetraphenyIporphyiim s 23 7.R 121317 18-
octaethylporphyrin: S.10.13 20-tetratolviporphyrin and
1.8-bis-[S-(2.8. 13 1 7-tetracthy =37 1 2 [ 8-tetramethy b
porphyrin] biphenylene

classes of metal metal bonded metalloporphyrin
dimers has been presented in the literature.” In
gencral. when the nature of the porphyrin rings is
different in the dimers, a polarity in the metal-
metal bond is observed. A similar polarity has been
detected tor the unique bimetallic transition--non-
transition porphyrin dimer. (OEP)Rh--In{OEP),
which has been described in the literature.® The
polarity ol the bond is demonstrated by a regio-
selective addition of alkyl jodides.

In this paper. we report the syntheses, spec-
troscopic characterization and behaviour towards
heht irradiation. of a series of homo- and hetero-
porphyrine dimers containing the same metal-
metal bond stabilized by the electron donor or elec-
tron acceptor ability of the corresponding mac-
rocvele (TPP or OEP ring). This difference in
stahility can be attributed to various factors, such
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as its peripheral groups. the sterecochemistry ol the
complex and the distance of the metal from the
plane of the four nitrogen atoms

EXPERIMENTAL

Chemicals

All chemicals were reagent grade and used with-
out further purfication except as noted below .
Busic alumina type | was activated at 150 €. All
solvents were distlled and dried with molecular
sieves under @ dry nitrogen or argon stream. All
reaction procedures were carried out under argon.
Ethanol was degassed by argon bubbling under
ultrasound. The basic aqueous solution of NaBH
was degassed in the same way and was frozen three
tmes at hgquid nmitrogen temperature under mert
atmosphere i order to remove all traces of O

Methodys and instrimenis

All manipulations of osyvgen- und water-sensiting
materials was performed i a vacuum line under
an atmosphere of purified Ar. UV visible spectra
were recorded on a Lambda-6 Perkin Elmer
spectrophotometer or on un ORIEL diode-array
visible spectrophotometer. using 3 < 105 M solu-
tions of toluene. Samples tor IR measurements were
prepared as 190 dispersions in Csl pellets or Nujol
mulls and recorded on an FT-1R 1760 series Perkin
Elmer spectrophotometer. '"H NMR spectra were
recorded on a Bruker AC spectrometer (200 ML,
for "H). Spectra were recorded for solutions
2410 M CDCL. with
internal reference

tetramethylsilune  as

Preparation and purification of the comple ves

Rhodivm(Hy and indivncd 1y porphyvrins. The
introduction of indium and rhodium metal 1ons
imto the porphyvrin rings was achieved following
literature methods.

Reduction of (PoriRh"Clso [(Por)Rh'] . NaBH.

(40 mg. 1.06 mmol) i 4 cm of 0.5 N NaOH was
added o a solution of 30 myg of (PoryRh"'(Ch
(0.04 mmol)in I5cm” of ¢thanol under argon.” The
resulting mixture was stirred tor 2 h at 60 C. The

formation of rhodiumi(l) porphyvrin was confirmed
by UV vis spectroscopy. The complex is reoxidized
rapidly on ¢xposure 10 air
Preparation of (Por)Rh In(Por) or (PoryRh

In(Por)". This preparation moditied with
respect to the previoushy published procedure” as
follows : (PoryIn(Ch was reacted directly with the
[((Por)Rh'l  anion. which was provided by the

Wils

reduction of the (Por)RhCl by NaBH,. The reac-
tion solvent of the porphyrin solution of rhodium
anion was evaporated in racuo before the addition
o 35mgof (Por)In(Cly in 15c¢cm”® THF. The mixture
was stirred for 0.5 h after which it was chro-
matographed on basic Al,O;, grade 1, under an
inert atmosphere. in the dark. The porphyrin dimer
formed was eluted first with toluene [yield based on
starting  Rh  porphyrin complex: (OEP)Rh-
IntOEP) (I) 34%. (OEP)Rh-In(TPP) (1I) 73%.
(TPP)Rh In(OEP) (II1) 80%. (TPP)Rh-In(TPP)
(IV) 38%. after recrystallization in benzene].
Found C. 67.2; H. 6.7: N, 87. Cale. for I
C-HGNRhn: C.67.4: H, 69; N.8.7%: Found
C.70.3; H.‘, 3:NU8. 1. Calc. for IT C Ho-NgRhIn :

C.70.5:H.53:N.82%: Found C, 70.4; H, 5.3;
N 8.2, ( ile. for Tl Cy H--NyRhIn: C, 70.5; H.
SAINCB2%  Found C, 73.1: H. 3.8. N, 7.6. Calc.

101 IV C H NRhln: C.73.2: H. 3.9, N, 7.8%.

Photodecomposition. A solution of given con-
centration of homo- or hetero-porphyrin dimer was
prepared and introduced in to a spectrophotometric
cell. The samples were exposed directly to a Quartz
Halogen Tungsten Lamp (ORIEL. 500 Watt). The
light was delivered directly to the sample in the cell
by fibre optic. Alternatively, a monochromator was
used 10 resolve spectrally the light for irradiating at
selected wavelengths in the region of the Soret band.
The use of monochromatic irradiation caused a
much slower dimer photodecomposition than white
light. All manipulations were carried out in the
dark. After irradiation. the samples were checked
by UV wis spectroscopy. The exposure time
required for complete degradation differed between
the investigated compounds.

RESULTS AND DISCUSSION

Svithesis

The syntheses of (Por)Rh~In(Por) and (Por)Rh—
In(Por)" arc summarized in Scheme 1. The com-
plexes formed are stable in the solid state but not
in solutions exposed to light. In the range 4000—400
cm . the IR spectrum is almost the “addition” of
the spectra of the corresponding monomers. For all
the complexes. no vibrations due to Rh—In bonds
were observed. probably because of the low fre-
quency of this type of vibrations. which must
appear al values below 200 cm ' All UV- vis stud-
ies on dimeric porphyrins containing a metal-metal
bond have been carried out in toluene. Table 1
summarizes the UV-vis data.

Dimers HI and I'V, which incorporate a (TPP)Rh
unit, exhibit three maxima in the region of the Soret
bund and three others in the Q region (including
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Scheme 1. Reaction processes in this paper compared with those in the literature.

Table [. UV visdata tor compleses (Por)Rh IntPor) and (Por)Rh -In(Por)” (#-nm.&.dm’mol "cm 'in parentheses)
compared with data for their precursors

Compound B-bands Q-bands Solvent
(OEPYRK [In(OEP) 339sh 362 408 S17 S66sh 618 Toluene
(n (157.%) (46.5) 16.5) (1.9)
(OEP)RIh In(TPP) 240 370 400sh - 421 434sh 323 625 Toluene
(In (315 8d 4 (47 1) (13.4) (3.9)
(TPP)Rh In(OEP) 340 373 4o 326 572 624sh Toluene
(11 (40 6 (77.3) 4.4) (2.4)
(TPPYRh In(TPP) 341 379 43 S19 599 651 Toluene
(V) (3.8 (048) (1132 (6.9) (3.2) 2.1
(OEP)RIhCI-2H-O* NS 339 403 320 554 CHCl,
from ref. 2 17y 426 (51D 4.12)  (4.40)
(OEP)InCl J&N 408 500 539 577 Benzene
from ret 13a (34) (436) (4) (19) (22)
(TPPYRKC(! 424 534 567 CH,Cl,
(V26 (11.9) (5.4
(TPP)InC 404 426 518 559 600 Benzene
from ref. 13a 47) (570) (10)

*Values i log

shouldersy. Similar observations can be made tor
complexes Iand L. This is characteristic of hyper-
porphyrins” compounds having a g-bond between
the metal and axial ligand. " Hyperporphyrins show
prominent extra bands (¢ > 1000 M 'em ') in the
region 2 > 320 nm. where normal porphyrins show
only . Band N (z. n* bands). The maxima cor-
responding to the Soret region for the above com-
plexes are almost identical in contrast to the @
region. The molar extinction coetlicients tor the new
compounds are smaller than those for the initial
complexes. The biggest molar extinction coethicient
was measured for the (TPP)Rh In(TPP) dimer.

Photodecomposition
Figure 1 shows the cvolution of the photo-

degradation reactions for the four dimers (the
region of the @-bands has been multiplied by 10).

(6) (21)

Upon wrradiation with white light, their metal-
metal bond breaks to give five-coordinate com-
plexes with chloro as axial ligands."" The UV-vis
absorptions of these five-coordinate complexes are
identical with the equivalent electronic spectra for
the precursors of the dimers: (Por)Rh"(Cl) and
(Por)In""(Cl). At the last step of each decompo-
sition. indium(lI11) porphyrin: (Por)In"™(Cl) is the
dominant detectable species. easily detected
because of its larger molar extinction coefficient
relative 1o the corresponding rhodium(Ill) deriva-
tive: (Por)Rh™(Cl). However. in case (b) the Soret
band of (OEP)Rh"™(Cl) appears next to (TPP)
In""(Cl) and in case (c) the Soret band of (TPP)Rh™
(C1y is visible as shoulder of (OEP)In'(Cl). In the
other cases we detect rhodium(ILl) porphyrin by
the second derivative of the observed spectrum. The
UV vis spectrum given by Wayland® and co-
workers tor (OEP)Rh--In(OEP). has maxima at 362,
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Fig. 1. UV-vis control for the photodecomposition of the four (Por)Rh-In(Por)’ and (Por)Rh—

In(Por) dimers;

a = (TPP)Rh-In(OEP, b = (OEP)Rh-In(TPP),

¢ = (OEP)Rb-In(OEP) and

d = (TPP)Rh-In(TPP).

392, 411, 522, 555sh, 579 nm in CiH,. In com-
parison with our corresponding values in toluene
(Table 1) and its photodecomposition behaviour
(Fig. 1) it is obvious that peaks the at 392 and 579
nm do not belong to the dimer but to (OEP)In(Cl),
which is probably formed by minor decomposition
of the starting material, (OEP)Rh-~In(OEP).

A set of four isosbestic points is observed, as can

be deduced from each spectrum (see Fig. 1). This
means that for each photodecomposition there are
no secondary reactions.

The photodecomposition rates give a good esti-
mate of the metal-metal bond strength order if the
reactions are under thermodynamic control, as we
suggest. For an equivalent concentration of 10~°
mol 17! in toluene, durations (in seconds) of
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1.100 -

0.825 -
ABS

0.550

0.275

0.000 +
300

decomposition are as follows: (OEP)Rh -In(OEP)

(): 300 s < (TPP)Rh-In(OEP) (IIh): 700 -
[2.3x300 s] < (OEP)Rh-In(TPP) (ID): 940 -«
[3.1x300 s: 1.3x700 s] < (TPP)Rh-In(TPP)

(IV): 1270 s [4.2 x 300 s: 1.8 x 700 s: 1.4 x 940 ).
The Rh—1In bond is probably much more stable
in the (TPP)Rh-In(TPP) dimer than in (OEP)Rh
In(OEP), because the excited state energy of OEP
is higher than TPP. All other factors being constant.
the decomposition times depend on the probability
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550 67
WAVELENGTH

WAVELENGTH

(nm)

Continued.

of the compound absorbing a photon (that is, it
depends on its absorption coefficient) and on the
relative stability of the metal-metal bond. (Here,
we assume that the rate-determining step for the
reaction is the bond-scission step. which is reason-
able in view of the high reactivity of a produced
intermediate radical). In order to assess the above
factors. we have calculated the integrated absorp-
tion of the compounds. convoluted by the spectral
output of the lamp. This parameter, increases in the
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order I < HT < IT < IV, 1 the same order as the
exception of the relative stability of Il and I This
strongly suggests that the obscrved photostability
of the compounds relates to the thermodynamic
stability of the corresponding M-—M’" bond, and
that if I has the weakest bond. 1V has the strongest
one. This assertion is not certain as far as the rela-
tive stability of compounds 11 and HI is concerned :
where decomposition rates are of the same order as
their integrated absorptions (i.c. I faster than 111).
The metal metal bond is strongest when TPP is
attached to indium. This i1s understandable it the
polarization Rh(l) " : -> In(IIl) " is considered. The
above data have also been confirmed by the action
of various alkylhalogenides on these compounds.”
Finally., we conclude that when the extinction
coefticients decrease the Rh-—In bond breaks down
easily after irradiation.

In summary. for the tour dimers the molar extine-
tion coefficients increase as I << HI < Il < [V. astor
their stability on exposure to light. This is extremely
important because 1t establishes that the photo-
degradation rate does not follow the extinction
coefficient. Therefore. the photodegradation order
must represent metal-metal stability order. We note
than no decomposition of the binuclear rhodium
indium porphyrin complexes by heating solutions
in the dark has been observed.

"H NMR

The proton NMR spectra were analysed con-
sidering that the presence of the two porphyrin
rings creates two distinct regions endo and exo
{Scheme 2). Table 2 summarizes the 'H NMR data

tpp

'

oep

Scheme 2. The ¢xe- and endo-regions.
[=

AL G COUTSOLELOS et df.

for the dimers 11, 1 and TV, whereas the spectra of
I and IV are illustrated in Fig. 2.

The spectra of Iland T consist of bands assigned
to the phenyl group and the pyrrole protons of the
TPP macrocycle and the meso protons and the f-
ethyl substituents of the OEP macrocycle. The indi-
vidual resonances could be assigned through the
observation of well-resolved spin-spin splittings
and 2D experiments. The two downfield singlets,
attributed to the meso-OEP and pyrrole TPP, are
differentiated by integration. The x-methylene pro-
ton resonances of the OEP ring are observed as two
identical, coupled multiplets that indicate loss of
the mirror symmetry in the plane ot the porphyrins.
This loss of symmetry. along with the slow rotation
of the phenyl rings, causes the phenyl protons to be
observed as a set of five well-resolved signals; one
triplet of triplets exhibiting a 7 Hz ortho spin-spin
splitting and a 1 Hz long-range mera coupling attri-
buted to the p-phenyl proton, and two triplets of
doublets. and two doublets of triplets exhibiting the
same 7 Hz ortho coupling and { Hz meta coupling
assigned to the metu- and the ortho-phenyl protons,
respectively. The COSY LR confirms this assign-
ment by showing correlations between 3- or 4-bond
distance protons, e.g. the p-proton correlates with
all four other phenyl protons and the o-proton
shows connectivity with the mi-. o’- and p-protons
but not with the m-one (e.g. Fig. 3).

The distinction between the ortho, ortho’” and
meta. meta’ pairs of protons requires consideration
of the cffects of the magnetic anisotropy of the
porphyrin  macrocycle and the metal-metal
bond."*"* The o’- and m’-protons are endo oriented
and experience a downfield deshielding relative to
the monomer (Table 3). while the o- and m-protons
are exo oriented and experience an upfield shield-
ing. In particular, the o- and o’-protons are closer
to the centres of the magnetic anisotropy and they
experience more significant shifts than the m- and
H1-protons.

For the phenyl protons. the magnetic anisotropy
elfects are more pronounced for the o- and o’-pro-
tons when they are attached to the In porphyrin,
and less when they belong to the Rh one, but there
is no significant difference for the m-. n'- and p-
protons. The opposite is true for the pyrrole TPP
and the meso-OEP protons. For the pyrrole TPP
protons. an upfield shielding is more pronounced
for the RhTPP porphyrin (complex ). The meso-
OEP protons experience an upficld shielding as
well, more important again for the Rh porphyrin.
This leads to an unambiguous assignment of the
spectra of 1® and 1V where the two porphyrin
llgands for [n and for Rh are identical. Proton
chemicals shifts for compound I have been
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Table 2. 'H NMR data tor complexes (Por)yRh In(Por) and (Por)Rh-In(Por)’ in CDCl,

Ietraphenviporphyrin

o-H o -H m-H i -H
Compound (evo) tencdo) {eve) (o)
(h*
(OEP)RK
(OEP)In
(1)
(OEP)Rh
d 4. d 4. (=N L4,
(TPP)In 6.93 924 737 N
(HI) d 4. d 4 14, 14
(TPP)Rh 709 901 738 813
(OEP)In
v d 4. d 4. 4. (=
(TPP)Rh 719 NO7R 742 788
d 4. d 4. 14 14
(TPP)YIn 707 901 T4 7R9
(TPP)InCl d 4 d 4 m .
ref. 12 7 9% 802 N
(TPPY)RhC(] m 4. m 12
ref. 12 K23 T
(OEP)InCl
ret. 13a
in C,D,
(OEP)RIC]
ref. 2

n C,D.,

I* = (OEP)Rh -In(OEP). ret o:
In(TPP).

reported.” but were not attributed to any specitic
metalloporphyrin.

The NMR spectra of all the complexes consist off
two sets of signals corresponding to the protons
of the Rh and the In porphyrins. In the spectrum
of IV. we observe two distinct singlets assigned to
the pyrrole protons at 08.44 and 8.14 and two series
of 0-. 0’-, m-.m’- and p-doublets and triplets for the
phenyl protons. The o- and o' -doublets are clearly
observed but m-. m -signals are overlapping. there-
fore the COSY LR spectrum (Fig. 3} is required
for assignment of the different chemical shifts. The
COSY LR permits us also to clarify the correlations
between the resonance signals of the protons of the
same phenyl ring and to distinguish between the
two different phenyl rings. Qur analysis proceeds as
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Macrocvele
Octaethylporphyrin

CH.- CH,

p-H H-pvr H-meso

m: 16, t 24, s/4,

4.25:3.89 1.78 8.78

m. 16, 124, s/4,

4.20:3.89 1.72 9.31

m; 16, t 24, s/4,

399.3.79 1.51 8.66
4. < 8.
"6 %37
U4, N K.
R X 03

m:16, 1:24, s/d,

4.153.88 1.50 9.20
14, s K.
769 K14
4. s 8.
v %44
N &
904
s K.
X.94

m; 16, t12, s/4,

4.03,3.90 1.83 10.39

m. 16, t 12, s/4.

4.13 1.98 10.32

Il - (OEPYRh In¢TPP): Il = (TPP)Rh-In(OEP): and 1V = (TPP)Rh-

follows. First. the two doublets at §9.01 and 8.78
are assigned to the o’-protons of the In and Rh
macrocyeles with respect to the spectra of Il and
I1I. The 2D spectrum indicates that the o’-proton
al 89.01 correlates with the m’-proton at 67.89, the
a-proton at ¢7.07 and the p-proton at 47.73. From
the connectivities of the p-proton we assign the
m-protons at 07.42. The o-proton at 48.78 also
shows cross-peaks with the m’-proton at §7.85, the
o-proton at 47.19 and the p-proton at 67.69, while
the mi-protons at 97.42 are also assigned from their
connectivities. According to the discussion con-
cerning the complexes I and I the first set of
phenvl signals. with higher shielding of the o-proton
and deshielding of the o’-proton. are assigned to
the [n macrocycle. The comparison between II and
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Frg. 20 "H NMR spectra of complexes I and 1V in CDCl,,

11 leads us also to assign the singlet at 38.44 (o the
pyrrole protons of the same porphyrin macrocycle.
The seconds set of signals are then assigned to the
protons of the Rh porphyrin.

By the same procedure. the (OEP)Rh and
(OEP)In signals of the spectrum of complex I are
distinguished based on comparison of I with H and

H1. Thus. the singlet at 69.31 is assigned to meso-
protons of the (OEP)In and the singlet at §8.78 to
Rh(OEP) meso-protons. The methylene and methyl
protons are summarized in Table 2.

As evident from the chemical shifts in I and TV,
the differences in chemical shifts of protons belong-
ing to the In or the Rh porphyrin are more sig-



Porphyrin dimers involving & Rh In bond

Compound
(MoOEP).
(MoTTP).
(MoTPP),
(RhOEP).
(RhTPP).
(RhTTP).
Ce(OEP)-

Ce(OEP)TPP)
Ce(TPP).
Ce(TTP)-
DPB

Mo.DPB

Solvent

C.D,
C.D,
CDClL
C.D,
C.D,
C.D,
Toluence

C.D.
CDCL
CDCL
CDCL
C.D.

A

T T T T T LA AN A S S U R UL AU SRS S R
94 92 90 88 86 84 82 B0 78 76 74 72 7.0 68 6.6
PPM

Fig. 3. COSY LR spectra of complex 1V in CDCl..

o -

Y.63
9.8
[V

V.69

9.6¥
9.61

9.39

Table 3. "H NMR hiterature data for complexes (Por) M. M (Por). (PorM).. and (Por)(Por' )M

p- m'- m- 0- pvr p-CH meso CH,-
9.2 4.32/3.92
780 709 709 8.%3 2.57 9.2 4.32/3.92
.77 792 BIRH 6.90 851
9.23 4.40/3.90
6 TX T3 T 87
7K EPRS N B Q.68 2.45
9.11 4.2/3.86
9.05 4.24/3.88
772 8.23 7.2% 6.4 818
7.66 8.11 700 6.3% ®.32
789 696 6.24 812 257
8.95 4.15/3.8
9.25
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PPM

CH:-

1.78
1.78

1.68

1.68
1.36

1.75
1.6
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nificant for the o-. o'-. and pyrrole protons for TPP
and rise to 0.5 ppm tor nieso-protons in OEP. These
differences arc explained by the change of distance
of the porphyrin protons from the centre of the
magnetic anisotropy of the metal metal bond duc
to displacement of the In atom from the porphyrin
plane by ca 0.8 A and the polarization of the
In—Rh bond.® The orientation of the phenyl rings
may also be different in the two porphyrins. The
“bending” of the phenyls ought to be more impor-

tant in (OEP)In because of the displacement ol

the metal out of the ring, also causing differences
between (TPP)Rh protons chemical shifts.
Comparison of the chemical shift of the Rh(TPP)
phenyl protons in HI and IV reveals a weak shield-
ing of 0.23 ppm for the o'~ and 0.30 for the m’
{(¢ndoy phenyl protons belonging to the IV complex.
This shielding 1s due to the presence of the phenyl
rings of the (TPP)In macrocycle in IV and is clearly
observed only for the o'~ and ni'-protons as they
are located on the shielding region of the phenyl

ring close to the ring centre. From the magnitude of

this shielding the rotation of the (TPP)Rh fragment
relative to the (TPP)In can be estimated using the
description of the phenyl ring current effects pro-
posed by Johnson and Bovey." Using crys-
tallographic data® for the (OEP)Rh [n(OEP) dimer
for the interplanar distance. the metal- metal bond
and the rotation angle (21.8 ), molecular models
were constructed ' where the porphyrin rings were
slightlv domed."'® The calculated shielding from
the Johnson and Bovey model was 0.1& ppm for o -
and 0.40 ppm for n'-protons. in good agreement
with the observed chemical shitts, suggesting that
even in the case of the (TPP)YIn Rh(TPP) complex.
where the steric effects are important because of the
neighbouring phenyl rings. the metal-metal bonds
adopt the staggered conformation. This has also
been observed for similar porphyrine complexes
containing quadruple bonds."

It 1s also interesting 1o compare the chemicul
shifts of these complexes with [Rh(TPP)}-.
[Rh(OEP)]..>""** and complexes exhibiting the
same relative orientation of the two porphyrin rings
but not containing any metal- metal bond. as in
the Ce(1V) double deckers'™" (Table 3). The smull

differences observed between the chemical shifts of

the protons of the different complexes suggests that
the presence of the second porphyvrin ring is the
main centre of the magnetic anisotropy resulting m
the deshielding (relative to monomers) for the o -
(endo) protons and the shielding of the o-. (¢xve)
protons. The presence of the metal metal bond
seems to have a weak influence. as suggested also

from the chemical shifts of the meso-protons of

DPB™ and Mo.(DPB)”' (Table 3). Considering that
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these weak differences in chemical shift may also be
the consequence of deformations of the porphyrin
macrocycle. we believe that the magnitude of these
differences is not significant in drawing conclusions
aboul the metal -metal bond anisotropy.
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