Inorg. Chem.1999, 38, 1543-1547 1543

Insensitivity of Vanadyl—Oxygen Bond Strengths to Radical Type A1y Vs 2A,) in Vanadyl
Porphyrin Cation Radicals

Kazimierz Czarnecki,” Leonard M. Proniewicz,*8 Hiroshi Fujii, " David Ji,”
Roman S. CzernuszewicZ,and James R. Kincaid*'

Chemistry Department; Marquette University, Milwaukee, Wisconsin 53233, Chemical Physics Division,
Department of Chemistry, and Regional Laboratory of Physicochemical Analysis and Structural
Research, Jagiellonian University, 3 Ingardena Street, 30-060 Krakow, Poland, Institute for Molecular
Science, Okazaki National Research Institutes, Okazaki 444, Japan, and Chemistry Department,
University of Houston, Houston, Texas 77004

Receied December 1, 1998

Resonance Raman (RR) spectra are reported for vanadyl octaethylporphyrin, OV(OEP), tetramesityltetrameth-
ylporphyrin, OV(TMTMP), and tetramesitylporphyrin, OV(TMP), and their correspongiegtion radicals obtained

by chemical and electrochemical oxidation. The behavior ofthRR porphyrin “marker band”, which moves

to higher frequency upon oxidation of the OV(OEP) and OV(TMTMP) and to lower frequency for OV(TMP),
shows that the resultant cation radicals have predominaglyand?A,, ground states, respectively. In contrast

to earlier work (Macor, K. A.; Czernuszewicz, R. S.; Spiro, Tli@arg. Chem199Q 29, 1996), it is demonstrated

here that the shift of the(V=0) is insensitie to radical type behavior which is in agreement with similar
studies of the ferryl analogues (Czarnecki, K.; etlalAm. Chem. Sod996 116, 2929 and 4680). It is suggested

that the observed downshifts of thé/=0) previously reported for RR spectra of vanadyl porphyrination

radicals, relative to their neutral parents, are most reasonably ascribed to trans oxo ligand coordination (most
probably a water molecule) during low-temperature electrochemical oxidation of the neutral species.

Introduction Depending on relative energies of the two (nearly degenerate)
highest occupied molecular orbitals (HOMO), the ground
electronic state of the radical can be approximately described
%fszAlu or 2A,,, the energies being dictated by such factors as
position and type of peripheral substituents, the nature of the
trans-axial ligand and the identity of the central metal doh.
An issue of importance for understanding the diverse chemical
reactivity of various heme enzyme intermediates, as well as for
rational design of specific oxidative catalysts, is the extent to
which the radical type?Ay, or ?Az,) can affect the inherent
reactivity of the metatoxo fragment.

Resonance Raman (RR) spectroscopy is potentially an ideal
technique for addressing such issues in that it not only can

A key intermediate in the enzymatic cycles of many oxidative
heme enzymes such as peroxidases, catalases, and the cyt
chromes P450 is a highly oxidized, ferryl hefin addition,
there is considerable interest in utilizing metako porphyrin
catalysts in oxidaton reactions, including water splitting and
hydrocarbon oxidatioA. There is now much evidence ac-
cumulated to suggest that certain of these enzymatic and
catalytic intermediates are most accurately formulated as wetal
oxo porphyrinz-cation radicals in which one of the oxidizing
equivalents is centered on the macrocycle ring systém.
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cies ranging between 800 and 846 dindepending on the
solvent and axial ligatiof.

Subsequent studies by several other groups reported the RR

spectra of the more highly oxidized ferryl porphyrincation

Czarnecki et al.

Experimental Section

Materials and Methods. Vanadyloctaethylporphyrin, OV(OEP), was
purchased from MidCentury Chemicals (Posen, IL) and purified on a
thin-layer silica column developed with benzene. 5,10,15,20-Tetramesi-

radi_cals' thoth_Cor_‘trO\_’erSies arose regarding the ?f_-fe_'CtS Of'[ylporphyrin (HTMP) was synthesized by the literature metibtts
environment, axial ligation, and apparent photosensitivity of yanadyl compoundfOV(TMP)] was synthesized by the method of
these speciesin an attempt to avoid complications associated Buchler et al? with some modifications. FTMP (250 mg) was placed

with the inherently high reactivity (poor stability) of the ferryl
porphyrin radical species, Spiro and co-worRexgploited the

in a 25 mL round-bottom flask together with oxovanadium(lV)
acetylacetonate, [OV(acat)600 mg), and phenol (5 g) and heated at

relatively greater stability of the vanadyl porphyrin radicals so 200 °C. After 5 h, the hot mixture was poured into water and OV-
as to facilitate systematic studies of the roles played by solvent (TMP) was extracted with chloroform. The organic layer was separated,

and radical type in determining the frequencies ofitf}é=0)

mode. One of the more interesting facts emerging from the
studies of the vanadyl systems was the reported observatio

that the inherent frequency of th€V=0) mode is dependent

n

washed with 0.1 M HCI and then with 0.1 M NaOH followed by

washing with distilled water, and dried over sodium sulfate. The
chloroform solvent was evaporated on a rotary evaporator, following
which the crude OV(TMP) was dissolved in methylene chloride,
purified on silica gel column, and recrystalized from methylene chloride/

on the nature of the electronic ground state of the radical; i.e., yethanol; yield: 206 mgifOV(TMP) was prepared under a nitrogen

it was reported that(V=0) shifts to higher frequency (relative
to the neutral vandyl porphyrin) for%y, cation, such as OV-
(OEP™), but to lower frequency for 8, cation, such as OV-
(TMP'+).9b

atmosphere by a modification of a previously published procetfure;
i.e., OV(TMP) (90 mg) was dissolved in dry toluene (8 mL), and thiony!
chloride (1 mL) was added to the solution which gradually turned from
red to brown. The reaction mixture was stirred for 12 h at room

In recent years similar systematic RR studies have beentemperature and then placed in a freeze2g °C) for 12 h. The

reported for the ferryl porphyrin radical®certain of the results

being in apparent conflict with the earlier results for the vanadyl

systems. Specifically, thgFe=0) modes of botRA;, and?A,,

resulting precipitate [i.e., VETMP)] was filtered off, washed with
hexane, and dried in a vacuum desiccator. The porphyrin was then
dissolved in 10 mL of dry toluene, 200 of H,*0 (Isotec Inc., 98.8%
180 atom) was added, and the reaction mixture was stirre@ foand

radical species were observed to occur at virtually identical then neutralized with solid NaHGO After filtration, the resultant

frequencies; i.e., the frequency shift of thge=0) mode upon

product was dissolved in methylene chloride, purified on a silica gel

oxidation was found to be inseHSitiV? to radical type. |_nasmUCh column and recrystallized from methylene chloride/methanol; yield:
as the presence and nature of a (sixth) trans-axial ligand cané7 mg. 2,7,12,17-Tetramethyl-3,8,13,18-tetramesitylporphyrig- (H

have a substantial effect on the frequency of t{#M=0)

TMTMP) and itsmesecarbon deuterated analogue M TMP-d,)

mode?1%a plausible explanation for the apparent discrepancy were synthesized according to the literature meth6s8O(TMTMP)
between the ferryl and vanadyl systems is the possibility of and its deuterated analogue were obtained by using the procedure
uncontrolled differences in axial ligation between the different described abové. Phenoxathiinylium hexachloroantimonate (Phx-

types of vanadyl poprhyrin radicals studied in the earlier
works?P Consequently, the present work was undertaken in an
attempt to clarify these apparent discrepancies by conducting

studies of bottfA, and?A, vanadyl poprhyrin radicals under

SbCk), used as an oxidant, was prepared by the previously published
proceduré?® Methylene chloride used as a solvent in OV(OEP) and
OV(TMTMP) experiments was purchased from Aldrich (spectropho-
tometric grade) and purified as described previod&ly® Methylene
chloride used for OV(TMP) experiments was distilled over calcium

carefully controlled conditions so as to ensure identical axial hydride, CaH, prior to use.

ligation effects. In contrast to the earlier work, the data acquired — oyigation Reaction. Chemical oxidation of oxovanadylporphyrins
in the present work clearly demonstrate that, as in the case 0fyas carried out using the following procedure. Theation radicals

the ferryl analogue¥, oxidation-induced frequency shifts of the
v(V=0) in the vanadyl porphyrin system#wq, is rather

of OV(OEP), OV(TMTMP), and itanesedeuterated analogue were
obtained at room temperature by dissolving the neutral vanadyl

insensitive to radical type, thus resolving the apparent contro- porphyrin in dry, freshly distilled methylene chloride to a final

versy.

(5) (a) Kitagawa, T.; Abe, M. Ogoshi H. Chem. Physl978 69, 4516.
(b) Abe, M.; Kitagawa, T.; Kyogoku, YJ. Chem. Phys1978 69,
4526. (c) Li, X.-Y.; Czernuszewicz, R. S.; Kincaid, J. R.; Su, O.; Spiro,
T. G.J. Phys. Cheml99Q 94, 31. (d) Li, X.-Y.; Czernuszewicz, R.
S.; Kincaid, J. R.; Stein, P.; Spiro, T. G.Phys. Chenil99Q 94, 47.
(e) Li, X.-Y.; Czernuszewicz, R. S.; Kincaid, J. R.; Spiro, T. &.
Am. Chem. Sod 989 111, 7012.

(6) (a) Czernuszewicz, R. S.; Macor, K. A,; Li, X.-Y., Kincaid, J. R.;
Spiro, T. G.J. Am. Chem. S0d.989 111, 3860. (b) Oertling, W. A;;
Salehi, A.; Chang, C. K.; Babcock, G. 7. Phys. Chem1989 93,
1311.

(7) (a) Bajdor, K.; Nakamoto, KI. Am. Chem. S0d.984 106, 3045. (b)
Proniewicz, L. M.; Bajdor, K.; Nakamoto, Kl. Phys. Chem1986
90, 1760. (c) Proniewicz, L. M. Paeng, I. R.; Nakamoto, K.Am.
Chem. Soc1991, 113 3294.

(8) (a) Hashimoto, S.; Tatsuno, Y.; Kitagawa,JTAm. Chem. Sod987,
109, 8096. (b) Kincaid, J. R.; Schneider, A. J.; Paeng, KJ.JAm.
Chem. Socl989 111, 735. (c) Hashimoto, S.; Mizutani, Y.; Tatsuno,
Y., Kitagawa, T.J. Am. Chem. S0d.991, 113 6542.

(9) (a) Su, Y. O,; Czernuszewicz, R. S.; Miller, L. A.; Spiro, T.J5Am.
Chem. Soc1988 110, 4150. (b) Macor, K. A.; Czernuszewicz, R. S.;
Spiro, T. G.Inorg. Chem.199Q 29, 1996.

(10) (a) Czarnecki, K.; Nimri, S.; Gross, Z.; Proniewicz, L. M.; Kincaid,
J. R.J. Am. Chem. Soc1996 118 2929. (b) Czarnecki, K,;
Proniewicz, L. M.; Fujii, H.; Kincaid, J. RJ. Am. Chem. S0d.996
118 4680.

concentration of approximately M. A 0.5 mL amount of this
solution was then transferred into a standard NMR tube, and an
approximately 5-fold excess of Phx-ShCllissolved in dry CHCIy,

was added to the porphyrin solution by using a gastight syringe. The
sealed tube was quickly shaken to form the cation radical. The
experiment in which OV(OEP) was oxidized at room temperature with
“wet” Phx-SbCk was performed in a similar way using methylene
chloride which contained traces of water. In contrast to OV(QOEP
and OV(TMTMP™), thezz-cation radical of OV(TMP) is not stable at
room temperature. Thus, a small portion of OV(TMP) was placed in a
Dewar cell, air was evacuated from it, dry, freshly distilled, methylene
chloride was transferred into the cell, and the contents were stirred

(11) Lindsey, J. S.; Wagner, R. W. Org. Chem1989 54, 828.

(12) Buchler, J. W.; Eikelmann, G.; Puppe, L.; Rohbock, K.; Schneehage,
H. H.; Weck, D.Liebigs Ann. Cheml971, 745, 135.

(13) Richard, P.; Poncet, J. L.; Barbe, M. J. M.; Guilard, R.; Goulon, J.;
Rinaldi, D.; Cartier, A.; Tola, PJ. Chem. Soc., Dalton Tran$982
1451.

(14) (a) Ono, N.; Kawamura, H.; Bougauchi, M., Maruyama,Tiétrahe-
dron 199Q 46, 7483. (b) Fujii, H.; Ichikawa, Klnorg. Chem.1992
31, 1110.

(15) Gans, P.; Buisson, G., DeieE.; Marchon, J. C.; Erler, B. S.; Scholz,
W. F.; Reed, C. AJ. Am. Chem. S0d.986 108 1223.

(16) Perrin, D. P.; Armarego, W. L. F. IRurification of Laboratory
Chemicals 3rd ed.; Pergamon Press: Oxford, New York, 1988.
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until the vanadyl porphyrin was completely dissolved. Then the solution
was cooled ta-80 °C and approximately a 4-fold excess of Phx-ShCl 2
dissolved in cold methylene chloride, was added using a gastight syringe é
while stirring was continued.

The electrochemical oxidation of OV(OEP) at room temperature and (V‘GO)OEP
OV(TMP) at —70 °C were performed with a specially design three-
electrode Raman spectroelectrochemical‘talking the procedure
described previousl§.

Spectroscopic MeasurementsgRoom-temperature RR measurements
were performed using a spinning standard NMR tube with a cylindrical
lens set up to minimize possible thermal or photodecomposition of the
sample. RR spectra of OV(OEP), OV(TMTMP), OV(TMTM#R) and
their radicals were obtained with the 406.7 nm line of a Coherent model
Innova 100-K3 krypton ion laser as an excitation source with a power
of 5—10 mW at the sample. RR spectra were acquired with a SPEX
model 1269 single monochromator fitted with an UV-enhanced CCD 16 + -
detector (Princeton Instrumets, Princeton, NJ) and notch filter (Kaiser (Vv "O)OEP
Optical, Ann Arbor, MI). The frequencies were calibrated with known (Dry Oxidant)
frequencies of toluene and fenchone (Spectra Calc program, Galactic,
Galactic Industries Corporation). RR spectrare¢ation radicals were

1380 v,

1625

collected sequentially and then summed. Those files which exhibited g
new features ascribable to thermal or photodecomposition were not A o &
included in the summation. RR spectra8®V(TMP), 80V(TMP), - el ©
and their cation radicals were recorded in a low-temperature Dewar 16
cell (=80 °C). Excitation at 406.7 nm from a Coherent model Innova (V"O)OEP+-
100-K2 krypton ion laser was used with the power of 15 mW at the (Wet Oxidant) 9
sample. The scattered photons were collected with a SPEX model 1403 § © /&
double monochromator equipped with a Hamamatsu 928 photomulti- T8 g &g L] Q © . ;§ 2
plier tube. The accuracy of frequency readings for all presented RR I8 2-© o § X~
spectra ist1 cnrt. °’ "

1 ] ) b
Results 1000 1200 1400 1600

A. 2Ay, Systems. Vanady!l Octaethylporphyrin, OV(OEP). Raman Shift (cm™)

In Figure 1 are shown the observed RR spectra for OV(OEP) Figure 1. Resonance Raman spectra of OV(OEP) andritsation
and its corresponding OV(OEP cation radicals measured at  radicals formed by oxidation with Phx-Sh@h dry (middle trace) and
room temperature. The relative intensities and frequencieswet (bottom trace) methylene chloride measured at room temperature.
observed here are quite similar to those previously publiShed. Asterisks indicate CkCl, solvent band.

The important issues to note are the fact that, upon oxidation,

the v, mode, occurring at 1584 crhin the neutral parent (top ~ MTMP**) pair experiences a shift to higher frequency by 14
spectrum), shifts up to 1602 crhfor the chemically oxidized =~ ¢m?, i.e., Avox = 1008-994 = 14 cnt™. Thus, thevyo for
species (middle and bottom spectra), behavior that is charac-both ?A4, cation radicals shifts to higher frequencies by a
teristic of an2A;, porphyrin cation radicat&1°It is also noted ~ comparable amount upon oxidation (by-124 cnt?).

that ther(V=0) mode observed at 991 cifor OV(OEP) also B. Az, Systems. Vandyl Tetramesitylporphyrin, OV-
shifts up to 1004 cm! upon oxidation, i.e.Avex = 13 cnT?, (TMP). Shown in Figure 3 are the spectra, acquired at low
when dry, freshly distilled, methylene chloride is used as a temperature, for OVTMP and OV(TMP). Thev, mode appears
solvent (middle spectrum). However, when the oxidation as a very strong feature located at 1559 ¢ror the neutral
reaction was done in wet methylene chloride, i.e., traces of water parent. Upon oxidation, there is a general loss of intensity which
were present in the reaction solution, a new band emerged atis characteristic for metalloporphyrin cation radicals ancithe

978 cnt! (bottom spectrum) that is assigned to tfg'=0) of appears at 1512 cm, assignments fomesearyl porphryins
a six coordinate species discussed later. having been established previou$R219Thus, in this case, the
Vanadyl Tetramesityltetramethylporphyrin, OV(TMT- RR spectra document thié\z, formulation for OV(TMP™),
MP). As we have shown previously, metal complexes of the Yielding a substantial shift to lower frequency far However,
TMTMP macrocycle, upon oxidation, yiel#A;, type cation in contrast to the previous stu8§which yielded a shift to lower

radicalsi®18The RR spectra depicted in Figure 2 are consistent frequency forv(V=0) of OV(TMP*), compared to its value
with this expectation. Thus, the mode occurs at 1587 crh for OV(TMP), the present results clearly document a shift to
for the neutral parent and shifts to higher frequency~6 higher frequency fow(V=0) upon oxidation; i.e., from 997
cmt upon oxidation, being observed at 1603 the case ¢ * for OV(TMP) to 1012 cmi* for OV(TMP**). While some

of OV(TMTMP**). It is noted that the assignment of theis ambiguity arises for the assignmentigiv=0) for the 1f0V-
supported by the expecfeitlack of sensitivity to methine bridge ~ (TMP**) owing, to the close overlap with porphyrin modg
deuteration, as is evident from the virtually identical frequencies the results for thé®O-labeled analogue are not compromised
observed for thel; analogues. As in the case of the OV(OEP)/ by this overlap, the isolatee(V=0) shifting from 953 to 970
OV(OEP™) pair, the »(V=0) of the OV(TMTMP)/OV(T- cm~! upon oxidation, i.e.Avex = 17 cnm.

(17) Czernuszewicz, R. S.; Macor, K. A. Raman Spectros@988 19, Discussion

553. i ati it
(18) (a) Fujii, H.Inorg. Chem1993 32, 875. (b) Fujii, H.: Yoshimura T Bond Polarization Effects. In the absence of complicating

Kamada H.Inorg. Chem 1996 35, 2373. (c) Fujii, H.; Yoshimura, ~ factors, an increase in theo stretching frequency is expected
T.; Kamada, Hinorg. Chem.1997, 36, 6142. upon oxidation to the cation radical, simply on the basis of bond
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Figure 2. Resonance Raman spectra of OV(TMTMP), jtation 1030 1260 1400 1600
radical, its meso-deuterated analogue, OV(TMTMJ-and itsz-cation Raman Shift (cm")

radical in dry, freshly distilled, methylene chloride measured at room
temperature. The-cation radicals were obtained by chemical oxidation  Figure 3. Resonance Raman spectrd@V(TMP), 20V(TMP), and

of the parent complexes with Phx-SlCAsterisks indicate CbCl, their z-cation radicals, respectively, in dry, freshly distilled, methylene

solvent band. chloride measured at80 °C. Thes-cation radicals were obtained by
chemical oxidation of the parent complexes with Phx-gb&$terisks

polarization effect8?19In the vanadyl fragment, the?Oligand indicate CHCI, solvent band.

acts as a andzx electron donor to the & ion, the p, orbitals

(px and g) on the oxygen interacting with the; @rbitals (d. arguments, invoking symmetry lowering and orbital mixing

and d). The nonbonding g orbital accommodates the single effects, were made to satisfactorly account for the observed
d electron of the ¥* and the g and de—,? antibonding orbitals ~ downshifts, the results presented in the present work, employing
(with respect to the VO and VN pyrrole bonds) are of high  a chemical oxidant, document the shifts to higher frequency
energy. Removal of a porphyrinorbital electron occurs upon  expected on the basis of bond polarization effects alone and
oxidation?%2! The oxidized porphyrin donates less electron thus eliminate the need to postulate lowered symmetry.

density to the V* ion, increasing the &V donation, resulting What remains to be addressed is the reason for the apparent
in a stronger V-0 bond and correspondingly highefy=0) discrepancy between the present results for the chemically
stretching frequency. generated OV(TMP)/OV(TM#P*) system and the previously

To the extent that the,aorbital concentrates charge on the  reported results for the electrochemically generated OV(TMP)/
N pyrrole atoms, while the ;@ orbital has nodes at these Qv(TMP*) and OV(TPP)/OV(TPP") system$P As noted in
positions3© this inductive effect of oxidation on the(V=0) the Results section, we emphasize the fact that the observations
is expected to be larger f8A,, compared to théA;, systems.  previously reported for the electrochemically generated radicals
That this expectation is realized in the present results is have been reproduced in the present work (data not shown) and
confirmed by the observation of the slightly larger.x observed the »(V=0) is indeed observed to shift to lower frequency,
for the OV(TMP)/OV(TMP™) pair (17 cn*) compared tothat  appearing at 982 cm, a value which is~30 cnt lower than
observed for botAA;, systems [OV(OEP)/OV(OEP) and OV-  that observed for the chemically oxidized species. Significantly,
(TMTMP)/OV(TMTMP*")], where Avo, = 12—14 cnr. this difference of~30 cnt? is, in fact, precisely the same

Axial Ligand Effects. In the previous study of the RR spectra magnitude of the difference observed for t{Ee=0) frequen-
of vanadyl porphyrinz-cation radicals, wherein the radicals were  cies of ferrylz-cation radicals bearing different axial ligartds.
generated electrochemically, tRé2u systems such as OV-  Thus, for OFe(TMP")(CI-) the veeo appears at-801 cni?,
(TMP-*) were observed to yield a decreas€u=0) frequency  whereas the(Fe=0) of the perchlorate analogue, OFe(TVP

(v = 982 cn1?) relative to the value for the neutral parent (ClO,™), is observed at-835 cnrl.
998 cnt?); i.e., Avox = —16 cnm 1% While rather convincing The most reasonable explanation for the differences observed
(19) Fuiil H.: Yoshi T Kamada A Chem 1997 36 for the chemically generated OV(TMB (this work) and the
ujil, A.; Yoshimura, |.; Kamada, Anorg. em. A . H H
(20) Schultz, C. E.; Song, H.. Lee. Y. J.: Mondal, J. U.: Mohanrao, K.: _electrocr_lemmally generated OV(TM® (this Work_and ref 9b_)
Reed, C. A.: Walker, A. F.: Scheidt, W. R Am. Chem. S0d.994 is that, in the latter case, the generated radical contains a
116, 7196. _ relatively strong sixth axial ligand, whereas in the former case
(21) (a) Luckhurst, G. R.; Setaka, M.; SubramaniarMdl. Phys.1976 only the (weakly ligating) counteranion, SkC| is associated

32, 1299. (b) Lemtur, A.; Chakravorty, B. K.; Dhar, T. K.; Subra- . . Lk
manian, JS_)PhyS_ Cherml984 88, 568/3_ with the radical. While it is true that vanadyl complexes show
(22) Ji, D. Ph.D. Thesis, University of Houston, Houston, TX, 1998. a strong preference for five-coordination, it is also known that
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metalloporphyrinz-cations have a greater tendency to coordinate cal oxidation of the parent complexes at low temperatbire.
axial ligands relative to their neutral parents (to balance overall Thus, it seems likely that the apparent differences observed for
positive charge). In fact, it is a six-coordinate aquovanadyl the 2A;, and?2A,, systems in the previous study, wherein the
porphyrinzz-cation radical that is isolated from solution upon radicals were generated electrochemically at the two different
crystallization?? temperatures, arose because of contamination by a relatively
Temperature effects alone cannot account for the discrepancystrong axial ligand, such as,8 or CI, in the low-temperature
since the chemical oxidation of OV(TMP) and the electrochemi- experiments. The results of the present work, wherein such
cal generation of the OV(TMP), both conducted at the same  contaminating ligands are eliminated, is consistent with similar
(low) temperature, yielded different frequencies. Interestingly, studies of the corresponding ferrgkcation radicald® which
contamination by (strong) donor ligands did not occur in the demonstrated the lack of sensitivity @feo to porphyrin
case of the electrochemically generated OV(ORomplex; ground-state configuration (i.€2A1, or 2Az).
i.e., chemical and electrochemical oxidation yielded identical
spectra. Significantly, in this case, both oxidations were  Acknowledgment. This work was supported by funds made
conducted at room temperature. Thus, the most likely explana-ayailable by the National Institutes of Health (DK35153 to
tion for the apparent discrepancy in th&,, case is that the  j R K. and GM48370 to R.S.C.), the Wehr Foundation (to
electrochemical cell used for the oxidation produced contami- J.R.K.), the Robert A. Welch Foundation (to R.S.C.), and the
nating donor ligand only at low temperature, perhaps by ministry of Education, Science and Culture of Japan, Number
condensation of atmospherie®. In support of this view, itis 09740504 (to H.F.). The authors express their appreciation to
noted that when a small amount of water is added to the solution pyofessor Thomas Spiro (Princeton University) and Professor

used for chemical oxidation of OV(OEP), the resulting OV-  payid Bocian (University of California-Riverside) for helpful
(OEP™) exhibited an additional RR band at 978 ch{Figure cooperation.

1). This is the same frequency as th@/=O0) of z-cation
radicals of OV(TPP) and OV(TMP) generated by electrochemi- 1C981369G



