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The synthesis and structural and electrochemical properties of an electron deficientixorporphyrin dimer,
(u-oxo)bis[(2,3,12,13-tetrabromo-5,10,15,20- tetraphenylporphyrinatoiron(lil)), represented as [{JFeR6x
are reported. X-ray analysis indicates an-Ee-Fe angle of 177.9(8)and an interplanar distance of 4.58 A

between the two mean porphyrin planes. Opposite pyrrole rings on the same macrocycle are twisted by about
25° relative to each other so that the porphyrin skeleton distortion is best described as a twisted saddle-shaped

configuration. Electrochemical studies reveal that the highly halogenpatee dimer is stable in PhCN and
undergoes four one-electron oxidations and four one-electron reductions in a totaderi seeps. The singly

reduced and singly oxidized forms of the dimer were characterized by thin-layer spectroelectrochemistry and

ESR spectroscopy.

The use of electron deficient metalloporphyrins as catalysts

In this regard, it should be noted that the available electro-

for reactions with molecular oxygen has led to the synthesis chemical data on porphyrins containing a high degree of

and characterization of various highly halogenated porphyrins.
Of special interest is the electrochemistry of this type of
compound since the half-wave potentials for oxidation or
reduction may be related either directly or indirectly to the
catalytic efficiency for oxidation of hydrocarbof3. The redox

substitution at thes-pyrrole positions of the macrocycle has
been obtained almost exclusively for monomeric complexes due,
in large part, to the fact that porphyrin dimers having sterically
hindered macrocycles are not readily formed. We have now
obtained one such-oxo dimer and, in the present paper, report

potentials might also be used to determine the degree ofits electrochemical, spectral, and structural properties. The
macrocycle distortion since distorted monomeric porphyrins investigated compound ig{ox0)bis[(2,3,12,13-tetrabromo-5,-
containing bulky or electron-withdrawing substituents may be 10,15, 20-tetraphenylporphyrinato)iron(lll)], which is repre-
easier to oxidize than related planar porphyrins not containing sented as [(TPPBFeLO.”°

these groups:6 In addition, distorted monomeric porphyrins
often exhibit reductions which follow linear free energy relations

Crystals of [(TPPBy)FeLO-2EtOHH,0 suitable for X-ray
analysis were obtained by slow diffusion ofhexane into a

involving the number of added substituents but oxidations which chloroform/1% ethanol solution containing theoxo iron

do not in that they are much more facile than expected on the

basis of purely inductive effects®
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Figure 1. Side view of [(TPPBf)FekO (phenyl rings have been
omitted for clarity). The atoms have been represented as spheres for
clarity.

complex!® The molecular structure of [(TPPBFeLO is 96 172
shown in Figure 1. The unit cell contains four, nearly Figure 2. ORTEP diagram illustrating the ruffling of the two
iso-oriented, [(TPPB)FeLO u-oxo dimers. Large holes be-  porphinato cores of [(TPPBFeLO. The perpendicular displacements

tween the dimers accommodate water and highly disordered of the atoms from the mean plane of the four nitrogen atoms are given
alcohol molecules in units of 0.01 A. The upper and lower values refer to the Fe(1) and

. . . Fe(2) unit, respectively.
The Fe-O—Fe angle is 177.9(8) and there is an interplanar
distance of 4.58 A between the two porphyrin 24-atom core  The average distances foriC, (1.37(2) A), G—Cg (1.44-
mean planes. The two F® distances in [(TPPB)FeLO are (2) A), Co—Cmetnine (1.40(2) A), G—Cs (1.33(2) A), Grethine—
1.775(8) and 1.741(8) A (av 1.758 A), and these values can beCphenyi (1.49(2) A), and BrCy (1.876(15) A) are comparable
compared to those found in the analogous, nonbrominated,to literature data for related porphyrits!® The S, distortion
[(TPP)Fe}Otaof 1.763(1) A and [(TPFP)FeD!P of 1.775(1) of the porphyrin to a saddle-shape configuration is strongly
A, or in otheru-oxo iron(lll) porphyrinst2-14 The four nitrogen enhanced as shown in Figure 2. The displacement of the pyrrole
atoms of each porphyrin unit in [[TPPBFeLO are not equiv- pB-carbon atoms from the plane of the four nitrogen atoms ranges
alent due to the fact that only two of the four pyrrole rings on from 0.38 to 0.87 A while the displacement of the bromine
each macrocycle are brominated. The two brominated pyrrole atoms ranges from 0.86 to 1.81 A. Moreover, opposite pyrrole
rings on each macrocycle of [(TPPFeLO have an average rings on the same macrocycle are twisted by abobir@ative
Fe—N bond length of 2.107(9) A, which is significantly longer to each other so that the porphyrin skeleton ruffling is best
than the average 2.054(9) A Fal distance for the two nonbro-  described as a twisted saddle-shaped distortion, evidenced by
minated pyrrole rings of each macrocycle. However, the aver- an average displacement of the meso carbon atoms from the
age of the four FeN distances in the brominated dimer is 2.081 porphyrin mean plane by 0.35 A. The phenyl rings are tilted
A, and this value can be compared to an averageNFdistance alternatively up and down and rotated with respect to the mean
of 2.087(5) A in [(TPP)Fe0 and 2.088(11) in [(TPFP)F&£). plane by angles ranging from 4& 62 to minimize unfavorable
The two nonequivalent porphyrin macrocycles are in a quasi- contacts with th(_a bromine atoms. Itis noteworthy j[hat similar
staggered configuration being rotated by an angle 6t@@ach ~ macrocycle rufflings and aryl ring rotations occur in the case
other while the nitrogen atoms are symmetrically displaced by Of the fully 8-halogenated porphyriri8,while the tetrahaloge-
0.02-0.03 A above and below the mean porphyrin plane. The nated porphyrins show only a slight distorion from planaffty.
two iron atoms are displaced by 0.51 A toward the bridging Therefore., the severe saddle-;haped d.eformaf[ion found.both. in
oxygen atom, and the individual pyrrole rings retain their monomeric octabrqmoporphyrms and in the d|storted,_d|mer|c
approximate planarity (maximum deviatien 0.03 A). tetrabromoporphyrinata-oxo iron(lll) complex can be likely
related to the overall steric and electronic effects of the eight
. : _large bromine atoms present in the same chemical unit. Finally,
O bl i loeciing 10 the los of crystalization sohvent. Difraction it should be noted that the Soret band of [(TPRBELO (max
data were collected at room temperature on a selected crystal fixed in = 419 nm) is red shifted compared to [(TPP)E®)Amax =
;ocn%pclll:ﬁirg,lggllg,‘z :prle;ez%%e(z)oktbhi ngoﬂ?w')'%gr: fg}’;éi'(zc)‘ata: 410 nm), and this would indicate a saddling of the macrocycle.
R, B = 112.64(13, V = 9006(2) &, Z = 4, d(calc) = 1.545 mg/m, The highly halogenated irom-oxo dimer is stable in PhCN
R = 0.072,R, = 0.096,s = 1.56, Rigaku AFC5R diffractometer ~ and undergoes four one-electron oxidations and four one-
(equipped with a rotating anode), Cuiiadiation, 11 399 collected  glectron reductions in a total of sen steps.Reductions occur

reflections, 9578 independetiR;{; = 0.024), 6695 observed reflections _ . . . L
[F > 40(F)]. The data were corrected for absorptigngcan method), atEy, = —0.78,—-1.09,—1.39, and—1.60 V while oxidations

Lorentz, and polarization effects. The structure was solved by direct
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Figure 3. Cyclic voltammograms of (a) [(TPPBFeLO and (b) [(TPP)FeD, in PhCN, 0.1 M TBAP, at a scan rate of 0.1 V/s.

Table 1. Half-Wave Potentials (V vs SCE) in PhCN, 0.1 M TBAP

oxidation reduction
complex 4th 3rd 2nd 1st 1st 2nd 3rd 4th
[(TPPBR)FeLO +1.612 +1.612 +1.24 +1.04 —-0.78 —-1.09 -1.39 —1.60
[(TPP)Fe}O +1.59 +1.48 +1.11 +0.90 —1.09 —-1.60
(TPPBp)FeCP +1.56 +1.26 -0.07 —-0.86 -1.37
(TPP)Fedi +1.52 +1.20 -0.29 —-1.06 -1.73

2Two overlapping one-electron oxidatiorsReference 3b.

are seen aE;, = 1.04, 1.24, and 1.61 V (see Figure 3). The
last two oxidations are overlapped in potential, similar to what
has been reported for a varietyofoxo dimerst®1” The same
maximum current is measured for the six nonoverlapping
processes, each of which has a6 mV separation between
Epa and Ep¢, therefore indicating electrode reactions which
involve the addition or abstraction of one electron per dimeric
unit.

There is only a single published example ofi@xo iron

Table 2. UV—Visible and ESR Spectral Data for Neutral
[(TPPBR)FeLO and Its Reversibly Oxidized and Reduced Forms in
PhCN, 0.1 M TBAP

oxidation 4 .t
state Eapp (V) ].max (nm)e x 10~ (M cm ) 9 (AH, G)
-1 —0.90 418(15.9) 594 (2.1) 634(2.2) 1.95(76)
neutral 0.0 419 (14.5) 598 (2.3) 631(2.2) silent
+1 +1.12 419 (14.8) 611 (2.7) 1.99 (43)
+2 +1.40 408 (13.6) 611 (3.5) silent

porphyrin dimer which undergoes four reversible one-electron coulometry, while thin-layer spectroelectrochemistry and ESR

reductions. The investigated compound was [(TPPEREL0,

spectroscopy were used to determine the site of electron transfer

which also contains four electron-withdrawing substituents on in the singly oxidized and singly reduced forms of the dimer.

each macrocycle. This compound is reducee@i07,—0.22,
—0.69, and—0.87 V in DMF containing 0.1 M TBAPS

Coulometric data confirm that 0.5 electron per macrocycle (or
1.0 electron per dimer) is added in the first reductioiEgt =

However, its electrochemistry was not examined in detail nor —0.78 V and one electron per dimer is abstracted in the first
was the site of electron transfer elucidated. On the other hand,oxidation atE;, = +1.04 V. The neutrak-oxo dimer is ESR

iron porphycene dimers of the type [(Pc)i@] where Pc=

silent due to antiferromagnetic coupling between the two iron-

the dianion of octaethylporphycene (OEPc), etioporphycene (1) central ions, whereas singly oxidized [[(TPPFeLO]"

(EtioPc), tetrapropylporphycene, (TPrPc) or tegg-butylpor-

shows ar-cation radical ESR spectrum whose signal is centered

phycene (TBuPc), also undergo four reductions and four atg = 1.99 AH = 43 G). The UV~visible spectrum of this

oxidations!® For these compounds, th&E;, between the
second and the third reductions (36600 mV) is much larger
than theAE;/, between the first and second (31090 mV) or
third and fourth processes (19260 mV) for the same

monocationic species also supports the assignment of a por-
phyrinz-cation radical; the intensity of the Soret band is lower
than that for the neutral dimer, and the visible bands of the
singly oxidized species are all broadened compared to the

compound, and this contrasts with results in the present studyspectrum of the neutral compound. The doubly oxidized
where AE;» between each two subsequent electroreductions complex is ESR silent.

ranges from 210 to 310 mV with no obvious trend.

Singly reduced [[(TPPBjFeLO]~ is stable on both the

The number of electrons transferred in the first oxidation and spectroelectrochemical and ESR time scales and shows a broad

first reduction of [(TPPBf)FeLO was determined by thin-layer

(16) Kadish, K. M.; Cheng, J. S.; Cohen, I. A.; Summerville AWS Symp.
Ser.1977, 38, 65.
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Soc.1981, 103 4763. (b) Chang, D.; Cocolios, P.; Wu, Y. T.; Kadish,
K. M. Inorg. Chem.1984 23, 1629.
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H.; Cocolios, Plnorg. Chem.1985 24, 2148.
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R.; Lausmann, M.; Vogel, Bnorg. Chem.1994 33, 471.

ESR signal centered gt= 1.95 AH = 76 G). The UV-vis
spectrum of this species is only slightly different from that of
the neutral complex (see Table 2), and its ESR spectrum is
similar to that of singly reduced [(TPP)R€] in DMF2° a
transient species which was assigned to an unstable, ferric
ferrous dimer. A similar metal-centered reduction with forma-
tion of a ferric—ferrous dimer, i.e., [(TPPR)Fe"—O—F¢'-
(TPPBu)]~, is proposed in the present stutyt the spectroscopic
data of the singly reduced species can also be interpreted in
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terms of a delocalization across the orbitals of the two metals
and those of the two macrocycles.

Finally, it should be pointed out that the redox potentials of
[(TPPBR)FekLO are all anodically shifted compared to those of
[(TPP)Fe}O under the same solution conditions (see Table 1).
However, as is also the case with (TPRBeCP and (TPP)-
FeCl, the effect of Br substituents &i, values is not the same
for each electrode reactidand the shift inEy, with increased
bromination is larger in the case of reduction. In fact, Eag
values for the first reduction of [(TPPBFeLO (—0.78 V) and
[(TPP)Fe}O (—1.09 V) vary by+310 mV, a separation which

Inorganic Chemistry, Vol. 36, No. 2, 199207

be the case for [(TPPBIFeLO where the full inductive effects

of the added Br groups do not influence the oxidation to the
same extent as for the reduction, due presumably to the two
ruffled macrocycles.

Finally, there is the question of why [(TPPfFeLO under-
goes four reductions compared to only one for [(TPP)Be]
under the same solution conditons. The answer might simply
be an increased stability of the electroreduced product due to
the presence of electron-withdrawing substituents. However,
further studies are now in progress in order to clarify this point.
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