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Ring Reduction of [ N-Methyltetrakis(4-sulfonatophenyl)porphinato]cobalt(II), -nickel(II), and
-copper(II) and Subsequent Methyl Group Migration. Reversible Reaction between Methyl
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[N-Methyltetrakis(4-sulfonatophenyl)porphinatojcobalt(II), -nickel(II), and -copper(II) [M!(N-Me)TSPP] have
been prepared, and their reduction in aqueous solutions has been studied by radiolytic methods. In all cases,
one-¢lectron reduction takes place on the ligand to form transient w-radical anions, [MI(N-Me)TSPP]*-. These
species may undergo two competing reactions, (a) disproportionation and protonation to yield the two-electron
reduced phlorin anions, ME(N-Me)TSPPH-, a process that is favored at high radical concentration, or (b) migration
of the methyl group from the pyrrole nitrogen to the metal center to form metal-carbon bonds, MeMI'TSPP. Both
pathways were observed with the Co and Ni derivatives whereas only disproportionation was noted for the Cu
complex. The Ni derivative, moreover, produced MeNilll TSPP which was unstable and gave Ni'"TSPP and methyl
radicals. Independent experiments on the reaction of methyl radicals with Ni'TSPP indicated an equilibrium

process.

Introduction

N-Alkyl-and N-arylprotoporphyrins are known to be produced
in biological systems by cytochrome P-450 and the catalase
enzymes from a variety of substrates and cause such deleterious
effects as the inhibition of heme biosynthesis.! The formation of
such porphyrins substituted at a pyrrole nitrogen involves a redox
reaction as a key step, and therefore, the redox properties of the
N-substituted metalloporphyrins are of chemical and biochemical
interest. Alkylation of a pyrrole nitrogen forces the porphyrin
into a nonplanar configuration, and compared with the parent
compound, the N-alkylated derivatives are stronger bases toward
protons and react orders of magnitude faster with metal ions.2
Crystal structures show that the alkyl group and the metal are
on opposite sides and well above and below the mean porphyrin
plane. Whereas Col!, Fe!l, and Mn!! porphyrins in aqueous
solution undergo rapid oxidation by O; to the trivalent state, the
corresponding N-alkylmetalloporphyrins are stable in these
divalent forms under aerobic conditions.2

Several N-alkylmetalloporphyrins have been shown to undergo
a reductive intramolecular migration of the alkyl group from the
nitrogen to the metal center.2 This reaction is induced by a one-
electron reduction and takes place by a subsequent formation of
a fourth strong metal-nitrogen bond as well as a metal-carbon
bond. Intramolecular back-migration of the alkyl group takes
place upon oxidation. These processes have been demonstrated
for Co(1I)23 and Fe(II) porphyrins.2#4
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Previous studies on N-substituted porphyrins of Co?, Fe¢, Rh,’
and Ir® have been carried out mainly with octaethyl- and
tetraphenyl-type porphyrins in nonaqueous systems. Since the
solvent may have a profound effect on the reactivity of such
porphyrinsin redox reactions and on the outcome of such processes,
we have prepared the water-soluble N-methyl derivative of
tetrakis(4-sulfonatophenyl)porphyrin [(N-Me)TSPP] and several
of its metal complexes (Coll, Nill, Cul!) and have examined their
reduction by radiolysis in aqueous solutions. For Co'l(N-Me)-
TSPP we find the same methyl migration products in aqueous
solutions as reported previously for Co!!/(N-Me)TPP in organic
solvents.? Our observation of the initial reduction product and
its subsequent reactions clarifies the mechanism, and we also
determine the rate constant for methyl group migration. For the
Ni and Cu derivatives, however, we find different pathways; the
former undergoes a reductive demethylation and the latter is
reduced to a phlorin anion with no migration or loss of the methyl
group.

Experimental Section

The free base (N-Me)TSPP was synthesized by the sulfonation of
(N-Me)TPP in concentrated H,SOQ,4 overnight at 100 °C and purified
following literature procedures.®* This compound moved as a single
band on Whatman KC-18 reversed-phase TLC plates developed with
90:10 MeOH/H,0 containing 0.01 M phosphate buffer at pH 7.4. In
contrast, sulfonation of (N-Me)TPP for 4 days at room temperature
resulted in the addition of 1—4 sulfonic acid groups to the porphyrin, as
evident from multiple spots on the TLC plates. Metal complexes of the

(5) Ogoshi, H.; Setsune, J.; Omura, T.; Yoshida, Z. J. Am. Chem. Soc.
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tetrasulfonate were prepared by warming an aqueous solution containing
104 M porphyrin and 10-2 M metal suifate or chloride until the metal-
free porphyrin bands disappeared, followed by the removal of excess
metal ions by passage through a cation-exchange resin. The spectra were
similar to those of the corresponding (N-Me)TPP? and (N-Me)TSPP8*
complexes reported previously. At pH > 6 the complexes were stable for
months, with no evidence for demetalation or demethylation. By addition
of 1 M HCl to these solutions, the metal ions were rapidly removed, and
since the molar absorptivities of the (N-Me)H;TSPP are known under
these conditions,® those of metallo-(N-Me)TSPP could be calculated.
For Co!!(N-Me)TSPP: Apax 436 (1.5 X 10%), 450 (sh), 560 (9.6 X 10?),
610 (1.2 X 10%), and 652 nm (7.6 X 10* M~! cm™!). For Ni'l(N-Me)-
TSPP: Amax 434 (1.5 X 10%), 440 (sh), 542 (1.0 X 10%), 604 (9.0 X 10%),
and 654 nm (6.6 X 10 M- em™!). For Cull(N-Me)TSPP: Anax432(2.6
X 10%), 442 (2.4 X 10%), 552 (1.3 X 10%), 600 (1.6 X 10%), and 650 nm
(8.9 X 10 M1 cm™). We refer to species reduced or oxidized by one
electron on the ligand as w-radical anions and cations, disregarding their
overall negative charge due to the four sulfonate groups.

Water was purified with a Millipore Super-Q system.10 Other solvents
and reagents were of analytical grade purity. Aqueoussolutions containing
105-10* M of the metalloporphyrin (MP) and 1% 2-PrOH were
deoxygenated by bubbling with ultrahigh purity Ar and irradiated either
in a Gammacel 220 %Co source (dose rate 85 Gy/min) for observation
of stable products or examined by kinetic spectrophotometric pulse
radiolysis for monitoring transient species and their rate of formation
and decay, as described before.!! Under these conditions, the MP is
reduced by the reactions

H,0 w— ¢, ", H", OH’, H*, H,, H,0, )

aq *
(CH,),CHOH + OH'(H") — (CH,),COH + H,0(H,) (3)
MP + ¢, — (MP)" @)

MP + (CH,),COH — (MP)” + (CH,),CO + H* (%)

Radiolytic oxidation was performed most conveniently with CCl;0,°
radicals produced in aqueous/2-PrOH/CCly solutions under air.

CCl, +e¢, — CCly" + CI” (6)
CCl, + (CH,),COH — CCl," + CI" + (CH,),CO + H* (7)
ccl,’ + 0, — CCLO,’ (®)

MP + CC1,0," — (MP)* + CC1,0,” ©)

Gas chromatographic determination of methane and ethane production
was carried out by sampling the head space on a vacuum line and
transferring a constant fraction with He into the GC column, 6 ft. X ! /3
in. stainless steel packed with Porapak R from Supelco, run at 75 °C with
He as a carrier gas, in a Hewlett-Packard 5840A gas chromatograph
with a flame ionization detector.

Results

Reduction of [/N-methyltetrakis(4-sulfonatophenyl)porphina-
tolcobalt(II), -nickel(II), and -copper(II) has been studied by
v-radiolysis to examine stable products and by pulse radiolysis
to monitor the rates of formation and reactions of the interme-
diates. Since the three complexes gave different results, we
describe each one separately.

Col'( N-Me)TSPP. Radiolytic reduction of Col!(N-Me)TSPP
(1) results in the disappearance of the peaks at 436, 560, 610,
and 652 nm and formation of a stable product absorbing at 416
and 538 nm (Figure 1). The isosbestic points (at 338, 424, 488,

(10) The identification of commercial equipment or material does not imply
recognition or endorsement by the National Institute of Standards and
Technologies nor does it imply that the material or equipment identified
are necessarily the best available for the purpose.

(11) Nabhor, G. S.; Neta, P.; Hambright, P.; Robinson, L. R.; Harriman, A.
J. Phys. Chem. 1990, 94, 6659.
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Figure 1. Radiolytic reduction of Coll(N-Me)TSPP (5 X 105 M) in
deoxygenated aqueous solutions containing 10% 2-PrOH at pH 8.4: (solid
line) spectrum before irradiation; (dashed lines) spectra after irradiation
in the Gammacell with a total dose of 140 and 220 Gy.

and 560 nm) indicate quantitative conversion. The product is
identified as MeCo"TSPP, which has been produced previously
by reaction of methyl radicals with Col!TSPP or Mel with
Co'TSPP.12

Pulse radiolysis experiments indicate that the first reduction
step takes place on the ligand to yield the x-radical anion
[Co''(N-Me)TSPP]*-(2),asisevident from the broad absorption
with Ap,, at 730 and 810 nm (Figure 2), typical of metallopor-
phyrin »-radical anions.!* This radical anion undergoes subse-
quent reactions (within ~1 s) which are dependent on the dose
per pulse, i.e. porphyrin radical concentration. At high dose (40
Gy/pulse, giving 2.4 X 10~ M radicals), the absorption in the
long-wavelength region shifts to Ap.x 780 nm, ascribed to a stable
phlorin anion (3), produced by disproportionation and protona-
tion.'# At low dose (13 Gy/pulse), the radical anion absorption
at long wavelengths decays almost completely and the absorption
of the MeColl'TSPP (4) at 530 nm becomes apparent. This
process takes place with a rate constant of (2.0 X 0.8) X 10251,
At much lower dose rates, and subsequently radical concentrations,
as used in the y-radiolysis experiments, MeColl'TSPP is the main
product with little trace of the phlorin anion. Thus, the radical
anion undergoes two competing processes, whose relative con-
tributions are dependent on the radical concentration (Scheme
I, where TSPP is abbreviated as P).

The reverse alkyl group migration takes place upon oxidation
of 4. As reported for the TPP derivative,3®d this oxidation is
rather slow as compared with the reduction processes. Oxidation
of 4 by the CCl;0,* peroxyl radicals in the pulse radiolysis (in
aerated solution containing 10% 2-PrOH and 0.1% CCl,) shows
that this reaction occurs via initial formation of a transient
w-radical cation, § (absorbing at 660 nm, Figure 3a).!5 This
w-radical cation decays within seconds, but it is not clear from
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the phlorin anions, in contrast with the present case of the N-meth-
ylporphyrin. For details on this and on the typical spectra of phiorin
anions see, e.g., ref 13 and: Baral, S.; Neta, P.; Hambright, P. Radiat.
Phys. Chem. 1984, 24, 245.
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of its spectrum with that observed upon pulse radiolytic oxidation of
Co!l'TSPP under the same conditions (Figure 3b) and with spectra of
other w-radical cations reported before (¢.g.: Harriman, A.; Richoux,
M.-C.; Neta, P. J. Phys. Chem. 1983, 87, 4957).
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Figure 2. Pulse radiolytic reduction of Coll{N-Me)TSPP. Solutions as
in Figure 1 were irradiated at different dose rates, and spectra were
monitored at different times after the pulse. (a) 40 Gy/pulse: (O) 360
us after the pulse, (@) 3.3 slater. (b) 13 Gy/pulse: (O) 80 us after the
pulse; (@) 1.3 s later.
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the results whether the products contain a substantial amount of
1. Oxidation under y-radiolysis conditions indicates that a smail
amount of 1 is produced during the radiolysis, but when the
irradiated solution is allowed to stand for another 1 h, most of
the initial compound 4 is found to convertinto 1. This complexity
is indicated by the double arrow between § and 1 in Scheme I,
and itis not clear whether the delayed migration involves additional
intermediates or whether the radical cation rearranges very slowly
and is present in equilibrium with the dication or its hydroxylated
form.

The same migration could be obtained in aerobic systems where
0, is the oxidant, upon addition of trichloroacetic acid. Mineral
acids, such as HClO, or HCI], were ineffective. The strongly
acidic pH causes demetalation of the complex leading to H3(N-
Me)TSPP2+ with Ay, at 446, 618, and 667 nm.

Cul(N-Me)TSPP. Reduction of Cull(N-Me)TSPP under
radiolysis in deaerated aqueous 2-PrOH solutions at pH 8 did not
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Figure 3. Pulse radiolytic oxidation of MeCo/lI'TSPP (a) and Co''TSPP
(b) in aqueous solutions containing 20% 2-PrOH and 0.1% CCl, under
air at pH 8.4. The dose was 13 Gy/pulse and spectra were monitored
240 us after the pulse.
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Figure 4. Radiolytic reduction of Nill(N-Me)TSPP in deoxygenated
aqueous solution containing 10% 2-PrOH at pH 8.4: (solid line) 4.8 X

105 M Nill(N-Me) TSPP; (dashed lines) after irradiation with doses of
40, 130, 170 Gy to achieve full conversion to NillTSPP.

result in Me group migration but in reduction of the ligand to
the phlorin anion. This product exhibits a broad absorption with
Amax 755 nm and is quantitatively reoxidized by O, back to the
starting material within minutes. Pulse radiolysis experiments
indicated that the initial product of one-electron reduction of
Cull(N-Me)TSPP is the w-radical anion (An.x 740, 780 nm
shoulder), which subsequently disproportionates and protonates
to form the phlorin anion. These reduction processes are parallel
to those of 1 — 2 — 3 in Scheme I for the Co derivative, but with
no evidence for methyl migration to give either MeCul'TSPP or
Cul'TSPP. To increase the probability of methyl migration by
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Figure 5. Radiolytic reduction of Nil!{(N-Me)TSPP in deoxygenated
aqueous solution containing 10% 2-PrOH at pH 8.4. The solid line and
dashed line are from Figure 4, showing full conversion to Nil!'TSPP.
Circles show the differential spectrum following pulse irradiation,
indicating bleaching of the starting material and formation of a transient
w-radical anion absorbing above 700 nm (dose 40 Gy/pulse).
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Figure 6. Reaction of the methyl radical with Nil'TSPP: (circles)
differential spectrum observed upon pulse irradiation (40 Gy/pulse) of
N,O-saturated aqueous solution containing the porphyrin (6 X 10~ M)
and 0.01 M DMSO at pH 8.4. (Insert) time profile of formation and
decay of the transient absorption at 560 nm.

decreasing the likelihood of protonation, experiments were carried
out at higher pH (12.5) and with up to 80% 2-PrOH. Evenunder
these conditions, the only product observed was the phlorin,
suggesting that methyl migration is less likely with the Cu than
with the Cocomplex. These findingsare in contrast with previous
reports that Cull(N-Me)TPP in organic solvents shows an
electrochemical wave indicating reduction to the Cul state;!¢ the
difference in behavior may be due a solvent effect.

Nil(N-Me)TSPP. Reduction of Nil!(N-Me)TSPP in aqueous
2-PrOH solutions led to nearly quantitative formation of
NillTSPP, as is evident from the changes in optical absorption
following v-radiolysis (Figure 4). The peaks Nill(N-Me)TSPP
disappear with concomitant formation of the 408- and 524-nm
peaks of Nil'TSPP. A minor product absorbing at 740 nm is also
observed and is most likely the phlorin anion of the starting
material (see below). Pulse radiolysis indicated a rapid one-
electron reduction of Ni'l(N-Me)TSPP to the =-radical anion
absorbing above 700 nm (Figure 5). The rate constant for this

(16) Kuila, D.; Kopelove, A. B.; Lavallee, D. K. Inorg. Chem. 1985, 24,1443,
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reduction by the radical derived from 2-PrOH was determined
tobe kg = (1.6 £ 0.4) X 10° M1 571,

Ni''(N-Me)TSPP + (CH,),COH —
[Ni"'(¥-Me)TSPP]*” + (CH,),CO + H* (10)

At longer times (10-20 ms after the pulse) the w-radical anion
decays in a process that is dependent on radical concentration
[R], i.e. dose per pulse. At high dose ([R] = 24 uM), it forms
mainly a phlorin anion (Apax 750 nm). Only at low dose ([R]
=~ 4 uM) was the formation of Ni'TSPP observed. Thissuggests
that the initial w-radical anion undergoes two competing processes.
Reaction 11 is second order in radical concentration whereas

2[Ni'l(N-Me)TSPP]*~ + H* — Ni''(¥-Me)TSPP +
Ni''(N-Me)TSPPH™ (11)

[Ni"(V-Me)TSPP]" — MeNi"'TSPP — Ni''TSPP (12)

reaction 12 is first order, with ko = (2.0 £ 0.6) X 102571, In fact,
the stable product after pulse irradiation, where the radical
concentration is many orders of magnitude higher than that in
the vv-radiolysis experiment, was predominantly the phlorin anion
rather than NillTSPP. This competition is similar to that
described for the Co derivative in Scheme I with regard to the
transformation of 1 to 2 and subsequently to 3 and 4 in parallel,
except that in the case of the Ni derivative the methyl group
migration is followed by rapid release of this group from the
metal center.

The first step in reaction 12 is probably the migration of the
methyl group from the nitrogen to the nickel, as formulated for
the cases of Co?? and Fe.2#4 To obtain evidence for the existence
of MeNilU'TSPP and to unravel the mechanism of its decom-
position to NilITSPP, we studied the reaction of Me radicals with
NillTSPP.

Reaction of Methyl Radicals with Nickel Porphyrins. The
reaction of Me radicals with Nil'TSPP was studied by steady-
state and pulse radiolysis in aqueous solutions containing 1%
DMSO and saturated with N,O at pH 8-9. Under these
conditions, the hydrated electrons are converted into OH radicals

¢ +N,0—N, + OH' + OH" (13)

and the reaction of OH radicals with DMSO provides *CH;
radicals.!?

OH’ + (CH,),SO — (CH,),SO(OH)* — CH,SO,H +
CH," (14)
The reaction of methyl radicals with the nickel porphyrin

Ni'"TSPP + CH,* — CH,Ni""TSPP (15)

leads to formation of a transient species absorbing at 550 and 590
nm (Figure 6) which is ascribed to MeNi"'TSPP by comparison
with other porphyrins containing metal—carbon bonds.!’® From
the observed rate of formation at different concentrations we
derived the second-order rate constants k5 = (1.0 & 0.2) X 10°
and (0.9 £0.2) X 109 M1 57! at pH 9 and 3.3, respectively. The
transient absorption disappears in a second-order process (2k =~
1 X 107 M1 s7!) leading to full recovery of the spectrum of the
originalmaterial. Thisdecayisinterpreted asthe decayof methyl
radicals in equilibrium with the complex.!?

(17) Veltwisch, D,; Janata, E.; Asmus, K.-D. J. Chem. Soc., Perkin Trans.
2 1980, 146.
(18) Sec for example refs 3, 4, and 12 and references quoted therein.
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CH,Ni"'TSPP = ‘CH, + Ni''TSPP (16)

*CH, + *CH, (or 'CH, + CH,Ni""TSPP) — C,H, (17)

This mechanism was confirmed by determining ethane as a
product. Radiolysisof aqueous DMSO2 produced CH,and C,Hg
with a ratio of 20:1; i.e. most CH,* radicals react with DMSO
to form methane under these conditions.

"CH, + (CH,),SO — CH, + 'CH,SOCH,  (18)

In the presence of NillTSPP, the yield of methane decreased by
a factor of ~2 due to competition by reaction 15 and the yield
of ethane increased by a factor of ~2 due to reaction 17. The
yield of methane was not suppressed completely since the methyl
radicals present in equilibrium 16 react by reaction 18 more rapidly
than by reaction 17 (due to the high concentration of DMSO
relative to those of radicals and porphyrin).

When CH;NilllTSPP was produced by reduction of Nill(N-
Me)TSPP in aqueous 2-PrOH solutions, the methyl radicals
released were found to give some ethane via reaction 17 but
predominantly gave methane via reaction with 2-PrOH. Attempts
to avoid the use of OH scavengers in order to increase the yield
of ethane and decrease that of methane were not successful, since
in the absence of OH scavengers the reduction of Nill(N-Me)-
TSPP did not take place even after reasonably long irradiations.

Experiments on reactions of various alkyl radicals with other
Ni porphyrins (hemato- and deuteroporphyrin) indicated that
CF;* radicals gave the most stable Ni—C bonds.?! Therefore, we
reacted CF;* radicals with Nil'TSPP in an attempt to obtain a
more stable product than that produced by the reaction of methyl
radicals. The pulse radiolysis results, however, were identical
for these two radicals, giving the same transient spectrum and
a similar rate of decay back to the starting material. Thus, no
stable Ni—C bond was formed upon reactions of either of these
radicals with Ni'TSPP. In contrast with this instability of
MeNill'TSPP, the reduced form, MeNil'TSPP, is expected to be
more stable toward homolysis and may result in reduction of the
methyl to methane. This possibility is being studied as a model
for coenzyme Fj30.22

Discussion

The absorption spectrum of the water-soluble N-methyltetrakis-
(4-sulfonatophenyl)porphyrin at pH 7 and I = 0.1 (NaNO;)
followed?? Beer’s law from 3.0 X 10-¥t0 4.0 X 103 M, indicating
that (N-Me)TSPP is monomeric in solution. In contrast, H,-
TSPP has a dimerization constant of 9.6 X 104 M~! under similar
conditions.2* For the protonation equilibria of (N-Me)TSPP at
I=0.1, a pK,; of 3.0 was found for the (H;P*)/(H,P) reaction
and pK,; = 8.5 for the (H,P)/(HP-) process,? in agreement with
the results (3.0, 8.8) of Tanaka.! The Coll, Nill, and Cull
complexes of (N-Me)TSPP were stable in water for months at
pH >6. With MI(N-Me)TPPCI in nonaqueous solutions, the
methyl group is lost more or less rapidly depending on the solvent
and the identity of MIL. For example, Cull(N-Me)TPPCI in
chloroform2s at 25 °C spontaneously dissociates into Cull'TPP

(19) Such equilibria with Ni and Cr macrocyclic complexes have been
suggested previously, see, e.g.: Bakac, A.; Espenson, J.H.J. Am. Chem.
Soc. 1986, 108, 713. Meyerstein, D. Pure Appl. Chem. 1989, 61, 885.
Huston, P.; Espenson, J. H.; Bakac, A. Inorg. Chem. 1991, 30,4826 and
references therein.

(20) In solutions for GC analysis the N,O was replaced with 0.01 M H,0,,
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and CH;Cl with a half-life of 75 min and the high-spin Ni!l-
(N-Me)TPPCI behaves in a similar fashion.26 Lavallee? noted
that this demethylation reaction is substantially slower in
acetonitrile and methanol, solvents which better solvate the
chloride ion, thus reducing its nucleophilic character.

Reduction of Co!l(N-Me) porphyrins results in the intramo-
lecular migration of the methyl group, forming MeCol!! por-
phyrins. One postulated mechanism assumes reduction of the
Co! porphyrin to the Col state, followed by methyl migration
and oxidative addition to the MeCo'! porphyrin. Another
possibility is reduction of the porphyrin ring rather than the
coordinated Col! as the initial step. We find that the reduction
of the Coll-, Cull-,and Nill(/N-Me) porphyrins in aqueous solutions
does not produce the Co!, Cul, and Nil species!4 but rather the
electron in each case is added to the porphyrin ligand. The
resulting w-radical anions undergo two competing processes: (a)
disproportionation and protonation to yield phlorin anions, which
become more important at high porphyrin radical anion con-
centrations and predominate in the case of the Cu!! complex, and
(b) migration of the methyl group from the pyrrole nitrogen to
themetalion. Thelatter process takes place by first-order kinetics
with a rate constant of 2 X 102 s-! for both [Coll(/N-Me)TSPP]*-
and [Ni{(N-Me)TSPP]*-, in the former case giving stable
MeCo'TSPP. MeNill'TSPP, on the other hand, is short-lived
and exists only in equilibrium with Me radicals and Ni''TSPP,
The reaction of Me radicals with Nil'TSPP takes place with a
rate constant of 1 X 10° M- s-1, and the transient MeNilll'TSPP,
absorbing at 550600 nm, decays with a rate constant of 2 X 107
M-1 571 through the reaction of free Me radicals either with the
Me—Ni complex or with other solutes, to give ethane or methane,
respectively.

We have reported before that the first observed products of the
radiolytic reduction of Col!TSPP!2 and a variety of Ni!! por-
phyrins!! in aqueous solution are spectrally distinct Co! and Ni!
complexes. Co!'TSPP reduces water while the Ni! porphyrins
rapidly disproportionate into NillP and the two-electron ring-
reduced metallochlorins or phlorins. This is in contrast to the
Nill- and Col!(N-Me)TSPP reductions described above, where
the first electron is added at the porphyrin ligand and not at the
metal ion. For both Cul'P and Cull(N-Me)P, electron addition
occurs only on the ligand.

The molecular orbital to which the first electron is added in
Nill- and Coll(N-Me) TSPP appears to have a ligand #* character,
as judged from the spectra, but a considerable overlap with the
metal d,2.,2 is possible. As a result, the subsequent reaction of
the initial transient can be at the ligand (disproportionation to
form phlorin anion) or may involve the metal center (oxidative
addition of the methyl group). The mechanism of the N-methyl
group migration may be (a) via release of a methyl radical and
its addition to the metal ion (M!! state) or (b) by a nucleophilic
attack of a reduced metal ion (M!state) on the N-Me group. The
N-methyl group transfer reactions formally produce Co!l! and
Nilll oxidation states, and since Co!!! porphyrins are well-known
and many Nilll porphyrins can be produced radiolytically,?” this
transfer is not altogether unexpected. The finding that the
N-methyl group remains with the ring-reduced Cul'/(N-Me)TSPP
can be taken as indirect evidence for the nonexistence of the Cull!
oxidation state in this porphyrin.
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