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Compound I and IT Analogues of a Chlorin

K. Jayaraj, A. Gold,* and R. N. Austin®

Department of Environmental Sciences and Engineering
The University of North Carolina at Chapel Hill
Chapel Hill, North Carolina 27599

D. Mandon and R. Weiss*

Institut LeBel, Université Louis Pasteur
67070 Strasbourg, France

J. Terner*

Department of Chemistry,
Virginia Commonwealth University
Richmond, Virginia 23284

E. Bill, M. Miither, and A. X. Trautwein*
Institut fur Physik

Medizinische Universitat zu Litbeck
D-23538 Liibeck, Germany

Received February 2, 1995

Oxoferryl chlorin z-cation radicals are putative transients in
the dismutation of hydrogen peroxide by chlorin-containing
catalases' of organisms such as Escherichia coli’> and Neuro-
spora crassa® and are analogues of the compound I transients
of catalases having iron protoporphyrin IX as the prosthetic
group. To date, efforts to model the compound I analogues of
chlorins have relied on the dihydro derivatives of meso-
tetraarylporphyrins.*~¢ Generation of chlorin compound I
analogues by the usual treatment of the ferric complexes with
peracids is accompanied by considerable aromatization back to
the porphyrin macrocycle, posing difficulties for characterization
by EPR, Mdssbauer, and resonance Raman spectroscopy. We
have synthesized trans-2,3-dihydroxy-2,3-dimethylporphina-
toiron(Ilf) (|Fe! 1|*), an iron chlorin complex in which aro-
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matization is prevented by gem substitution at both pyrroline
B-carbons, and report generation of the compound I and one-
electron-reduced compound II analogues. Absence of porphyrin
contamination has permitted the definitive characterization of
a chlorin compound I analogue.

The metal-free base (|H> 1|) was obtained (50%) by addition
of methyllithium to 2,3-dioxotetramesitylporphyrin.” The 2,3-
dimethyl-dg chlorin from addition of methyl-ds-lithium permitted
determination of the hyperfine shifts of the pyrroline methyl
protons from the deuterium shifts observed by H NMR.
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Metalation with ferrous chloride (*’FeCl, for Mssbauer samples)
gave |Fell(Cl)1|. The trans-2,3-dimethyl configuration is
established by the absence of a symmetry element evident in
the inequivalence of the pyrroline methyl resonances and
resolution of five pyrrole signals in a 1:1:1:1:2 ratio in the 'H
NMR spectrum; other data are consistent with the assigned
structure.® By cyclic voltammetry (CH,Cly, 0.1 M n-BusN+-
PF¢~, 200 mV s™1), |Hz 1] and |Fe"(Cl) 1| undergo reversible
one-electron oxidations at Ey» = 0.805 and 0.896 V vs SCE,
respectively, compared to 0.910 and 1.046 V for the first
oxidation potentials of tetramesitylporphine and its chloroiron-
(III) complex. The well-resolved, reversible cyclic voltammo-
gram of |Fe!'(Cl) 1] at ambient temperature suggests that the
first oxidation is ligand-centered.’

Solutions of the hydroxo complex'® [Fe'l{OH) 1| in buty-
ronitrile or the trifluoromethanesulfonato (triflato) complex'®
|[Fel'l(Tf) 1] in 9:1 methylene-d>-chloride/methanol-d, (for 'H
NMR) gave the compound I analogue on treatment with 1.5
molar equiv of m-CPBA at —80 °C. The integrity of the
macrocycle in the compound I analogue was confirmed by UV—
vis and '"H NMR analysis of material recovered following
reduction with n-BusN*I~ and metathesis to the chloro complex.
The UV—vis and 'H NMR spectra of |[Fe'Y=0 1|* are as
follows: UV —vis (butyronitrile, —80 °C) [Amax (€ x 1073)] 410
(13.16), 798 (1.13) nm; '"H NMR (500 MHz, 9:1 methylene-d,
chloride/methanol-dy, —75 °C) —80, —42, —10 (2H each,
pyrrole H); 1.06, 14.12 (pyrroline CHs, from H NMR of
dimethyl-ds derivative); 10.5, 11.0, 12.7, 14.7, 20.8 (1:2:2:1:2,
mesityl 0-CH3); 16.7, 26.6, 28.2 (4H:2H:2H, mesityl m-H) ppm.
The UV—vis spectrum of |Fe!Y=0 1|* corresponds closely to
that reported for the compound I analogue of 2,3-dihydrotet-
ramesitylporphyrin.*> The upfield '"H NMR hyperfine shifts
of the pyrrole protons are consistent with a 7z-spin delocalization
mechanism and vacant d.2-,2 orbital of low-spin ferryl iron."'
As in the case of the oxidized dihydrotetramesityl chlorin
complex,’ the shifts and anisotropy of pyrrole H and mesityl
m-H signals are in accord with the predicted electronic state
counterpart of a;, symmetry in the Dy, point group.>'? Such
ay, character is in contrast to the a,, state assigned to the 7-cation
radical of the compound I analogue of tetramesitylporphyrin.'?
Resonance Raman spectra of |Fe'l(Tf) 1| (Figure la) and
[FelV=0 1|* (Figure 1b) in the high-frequency range were
obtained with 4067 A (Soret band) excitation. The trace of
[Fel''T) 1| correlates with spectra of copper(ll) tetraphenyl-
chlorin under Soret excitation.'*!> Upon oxidation, a significant
decrease in band intensity is accompanied by broadening and
shifts in band frequencies (Figure 1b), as expected for formation
of the macrocycle 7z-cation radical. However, correlation of
bands with established porphyrin modes is complicated by the
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Figure 1. Resonance Raman spectra (4067 A, 7 mW): (a) [Fe"(Tf) 1]
in the high-energy region in parallel (upper trace) and perpendicular
(lower trace) polarizations; (b) the same after addition of m-CPBA;
(c) low-energy region after addition of m-CPBA, indicating (arrow)
180-isotope sensitive band assigned vge=o. Spectra obtained in a
spinning cell cooled to —80 °C (measured by probe in cryostat) by
cold N; gas; CH,Cl, bands denoted by asterisks (*).

possibility of mode localization and mode mixing arising from
lowered symmetry.'>!¢ Interpretation of these data in terms of
the symmetry state of the chlorin 7-cation radical awaits detailed
band assignments. In the low-frequency region, a band at 832
cm~! shifting to 800 cm~' on oxidation with ['%0]-m-CPBA
(Figure 1c) is assigned as V=0 and corresponds closely to Vre=0
of the oxoferryl tetramesitylporphyrin 7z-cation radical in
methylene chloride/methanol medium.'?

In frozen butyronitrile solution, the first-derivative EPR trace
of |Fe''(OH) 1| (Figure 2a) consists of a major high-spin
rhombic ferric species and small amounts of high-spin and low-
spin components in different axial ligation states, possibly from
coordinated solvent and H,O. Oxidation produces a rhombic
quartet spectrum integrating'” to 85% of the initial spins (Figure
2b). Both the EPR and Mossbauer (Figure 3) spectra of the
oxidized species support a parallel spin-coupled ferryl chlorin
m-cation radical (Sioa = /) structure.!” Simulations'? of EPR
and Mossbauer spectra (e.g., Figures 2b, 3) provided estimates
of spin Hamiltonian parameters.

The Mossbauer spectrum of the compound II analogue
[FeV=0 1|, present as a 45% component of the measured
spectrum of |Fe!Y=0 1| in butyronitrile, was simulated as
shown in Figure 3. Reduction of the chlorin cation radical is
accompanied by an increase in AEg. A parallel increase in AE,
is observed when the compound I analogue of tetramesitylpor-
phyrin'® is reduced to an oxoferryl complex under similar
conditions. On standing in butyronitrile at —80 °C, the
compound I analogue decayed to compound II, having the UV—
vis spectrum [Amax(e x 1073)] 409 (23.06), 595 (5.02) nm. For
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Figure 2. (a) X-band EPR spectrum of |Fe"(OH) 1] in butyronitrile
solution. Conditions: 10 K; v = 9.4 GHz; microwave power, 20 uW,
modulation amplitude, 2 mT. (b) X-band EPR spectrum of |Fe'V=0 1|*,
same conditions as in part a; simulation (solid line) parameters: D =
23 em™!, E/D ='0.053, Jo = 29.2 cm™!, g = (3.80, 4.23, 2.02),
Gaussian line widths T = (7, 6, 2.8 mT).
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Figure 3. Méossbauer spectrum in butyronitrile. Conditions: 4.2 K,
20 mT field perpendicular to direction of y-irradiation. Subspectrum
of |[FeV==0 1|* (55%; dash-dotted line) simulated by parameters: & =
0.0l mm s™' AE; =+1.25 mm ™', A = (-31.6, —27.4, —10 T) and
I' = 0.45 mm s™'. Subspectrum of |Fe'V=0 1| (45%; dashed line)
simulated by parameters: 6 =0.07 mms™!, AE;=237mms™, [ =
0.45 mm s~!. Heavy line is sum of curves.

resonance Raman spectroscopy, the compound II analogue was
generated by m-CPBA oxidation of |Fe'(OH) 1| in 9:1 CH,-
Cl/THF at —80 °C. The resonance Raman spectra of the
compound II analogue (traces not shown) are similar to that of
the nonradical complex |Fe'(OH) 1|. A weak band in the low-
frequency region at 833 cm™!, shifting to 812 cm™! on oxidation
with ['80]-m-CPBA, is assigned to vr.—o and is similar to vre—o
of oxoferryl tetraarylporphyrins.!>!® For both chlorin 1 and
tetramesitylporphyrin,'¢ vre~o of the compound I analogue with
methanol as probable axial ligand is very close to that of the
compound II analogue.
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