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Figure 2. Rotating disk voltammetric response under oxygen. The
experimental conditions are the same as in Figure 1.

Table 1. The pH Dependence of the Half-wave Potential and Limi-
ting Current of the Catalytic Reaction. The Solution Contained 5 u#M
C1gMVCly, 50 mM KH3POy4, 40 mM CH3COOH and 0.1M NaCl

Euz/mv (i}/}lA)
pH
780 rpm 1560 rpm
4.5 -392(161) -404(223)
5.3 -388(161) -392(225)
6.3 -384(159) -398(221)
7.1 -384(158) -394(219)

1800 rpm (Metrohm 628). Figure 2 shows the representative
rotation rate dependence of the catalytic reaction. The
half-wave potentials of the catalytic waves are much more
positive of the peak potentials of Figure 1 (£, =~0.43V), in-
dicating that the catalytic rate with which the substrate con-
sumes the active form of the catalyst is very large®. The reac-
tion rate constant of the catalytic reaction could be determin-
ed by the Koutecky-Levich analysis of the rotation rate
dependence of the limiting current’. The rate constant ob-
tained in the measurements was ca. 10°M™!S™! using [O,] =
1.0mM? and the catalyst concentration 1.6 x 107! mol/cm? 4,
This is smaller than ca. 10°M!S™! obtained by Anson with
poly(xylylviologen)®. The difference might be attributed to
the different reaction conditions and thermodynamic poten-
tials between the polymeric and adsorbed monomolecular
layer states. Table 1 shows the pH dependence of the
half-wave potentials of the catalytic reaction. Although ca-
tion radical viologens( + 1) are well known to react with diox-
ygen to produce hydrogen peroxide in aqueous media®, the
electrode reaction shows little pH dependence within the pH
region studied

In conclusion, we have shown that the monomolecular
films of N-hexadecyl-N'—methyl viologen ( + 1) at glassy carbon
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catalyze the electroreduction of dioxygen at the rate constant
of ca.10°M™'S™L. The catalytic system showed little pH
dependence. This point and other mechanistic details will be
examined in future studies.
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We have been interested in designing solar energy stor-
age systems, particularly vesicle and microemulsion systems
including photosensitizers, electron donors and electron ac-
ceptors'S. Photosensitizers, Zn(II) porphyrins with a long
hydrocarbon chain (4, and 6, see Figure 1 and 2) were synthe-
sized in our laboratory. The syntheses of these compounds
are meaningful because these photosensitizers with nonpolar
hydrocarbon chain could be inserted in the vesicle or in the
microemulsion interfaces. The porphyrins were prepared in
two ways. The first method is that the porphyrin ring was
constructed and then a long hydrocarbon chain was attached.
The second method is that a long hydrocarbon chain was in-
serted in the porphyrin ring—formation step.

5-(p-methoxy)phenyl-10,15,20-triphenylporphyrin(1)
was prepared by heating the mixture of pyrrole (1.75 m/, 25
mmole), p-methoxybenzaldehyde (0.7 m/, 6.3 mmole) and
benzaldehyde (3 m/, 29 mmole) in propionic acid (250 m/) at
reflux for 2 hrs, and separating the reaction mixture by col-
umn chromatography (eluent, chloroform). The red porphy-
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Figure 1. Synthetic scheme of 5-(4-hexadecyloxyphenyl)-10,15,
20-triphenylporphyrin zinc complex.

rin band was collected (1.2 g) and then solidified by evapora-
tion of the solvent. The porphyrin mixture was developed on
TLC (Merck, silicagel 60 GF, CH,Cl,/cyclohexane = 1) to
give four main bands (R,= 0.8, 0.65, 0.50 and 0.40). The
compound of R,= 0.8 was tetraphenylporphyrin because of
the same mp and R, value with those of authentic sample.

The compound of K= 0.65 was 5-(p-methoxy)phenyl-10,
15,20-triphenylporphyrin(1, 300 mg, mp>300°C). The com-
pound could be identified with visible absorption on 422,
515, 550, 592, and 652 nm, nmr spectra (& values, CDCl,) of
4.05 (s, 3H, OCH,), 7.6-8.3 (m, 19H, phenyl) and 8.95 (m,
8H, pyrrole £ -proton), and mass spectra, molecular ion
peaks at m/e 644 (70%) and (M + H)* at m/e 645. The com-
pounds of R, of 0.50 and 0.40 were not identified. Probably
they are di-(»~methoxyphenyl)-diphenylporphyrin isomers,
because of the slow development of the components on TLC
plate. The methoxyphenyltriphenylporphyrin(1, 200 mg, 0.3
mmole) was heated at reflux with hydrogen bromide (1.5 m/,
48%) in acetic acid (1.5 m/) for 6 hrs. The reaction mixture
was developed on TLC (Merck silicagel 600GF) with chloro-
form/acetone(9/1) to give 5-(p~hydroxyphenyl)-10,15,20-
triphenylporphyrin(2, yield 100 mg, mp>300°C. The re-
action was followedby disappearance of methoxy group on
the nmr spectra. The visible absorption band 2 appeared on
422, 510, 550, 592 and 650 nm. NMR spectra of this com-
pound 2(CDCl,) appeared oné', 1.4 (s, 1H, OH), 7.7-8.3 (m,
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Figure 2. Synthetic scheme of 5-pentadecyl-10,15,20~triphenyl
zinc complex.

19H, phenyl) and 8.8(m, 8H, g-pyrr, H). Molecular ion peaks at
m/e 630(75%) and (M + 1)*(80%) were observed in mass
spectra. The Williamson reaction of hydroxy group of the
porphyrin 2(100 mg, 0.15 mmole) with n-hexadecylbromide
(0.2 mJ) in alkaline alcoholic solution (2 m/) under a nitrogen
atmosphere gave 5-(4-hexadecyloxyphenyl)-10,15,20-tri-
phenylporphyrin(3, 50 mg). The compound was purified on
TLC (R,= 0.5, mp 67-68 °C). The visible absorption spectra
of 3 consists of peaks at 422, 515, 550, 592 and 649 nm. NMR
spectra of 3 consists of peaks at &, 0.9 (t, 3H, CHy), 1.1 (m,
28H, CHy), 4.2 (t, 2H, OCH,), 7.5-8.3 (m, 19H, phenyl), 8.8
(m, 8H, g-pyrrole H). Mass spectra of 3 consists of peaks
at M*/e 855 (mol. ion, 10%), 692 (100% M-163), 663 (20%),
616 (20%), 565 (25%), 523 (70%) and 481 (50%). The metal-
lation of the porphyrin has been done by reaction of the por-
phyrin derivative (50 mg) with zinc acetate (200 mg) acetic
acid for 2 hrs. (yield 40 mg, mp 70-75°C). UV spectra shows
that A, (benzene) are 415, 550, 592 nm. Disappearance
of absorption peaks at 649, and 515 nm of the ligand indi-
cates that the ligand was coordinated. (Anal. Caled. for C,
HgON Zn: ¢, 78.46; H, 6.58; N, 6.10. Found: C, 78.20; H,
6.41; N, 6.02%).
5-pentadecyl-10,15,20-triphenylporphyrin(5) was syn-
thesized by heating hexadecanal (3.66 g, 15.2 mmole), pyr-
role (4.23 ml, 60 mmole) and benzaldehyde (4.64 ml,
46 mmole) in propionic acid (300 ml) at reflux for 2 hrs.
The reaction mixture was eluted on neutral alumina column
(70-230 mesh) with methylene chloride. The red porphyrin
bands were collected and dried by evaporation (0.91 g). The
mixture was developed on TLC plate (silicagel 60GF) with
mixture solvent (CH,Cl,: cyclohexane=1:1.3) to give four
bands (K= 0.89, 0.84, 0.77, 0.69). The compound of R,=0.77
was 5-pentadecyl-10,15,20-triphenylporphyrin (313 mg, mp
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62-65°C). The peaks of visible absorption spectra of 5 ap-
peared at 420, 515, 550, 593, and 650 nm. The nmr spec-
tra of 5 showed peaks at (5, CDCl;) 0.88 (t, 3H, CHy), 1.25
(s, 28H, CH,), 7.6-8.4 (15H, phenyl hydrogen), 8.7-8.9
(6H, pyrrole g-proton), 9.3-9.5 (2H, pyrrole @ —proton).
(Anal. Caled. for 5(C;3HggN,): C, 84.90; H, 7.53; N, 7.49,
Found: C, 84.73; H, 7.56; N, 7.28%). The band of R,= 0.69
was tetraphenylporphyrin (307 mg). The porphyrin derivati-
ve (5, 100 mg) was metallized by heating it with zinc acetate
(400 mg) to boiling for 2 hrs. The complex was purified on
TLC (silicagel 60GF, methylene:cyclohexane = 1:3). The
yield of zinc porphyrin derivative (6) was 99 mg (mp 72-
75°C). This method is quite straightforward. The visible
spectra of 6 showed that A,,,, are 423, 551, 589 nm. The ab-
sorption band of porphyrin derivative (5) on 650 nm disap-
peared in the absorption spectra of zinc porphyrin derivative
(6). The absorption of 6 on 551 and 589 nm is characteristic
for zinc porphyrin compound’. (Anal. Calcd. for C53H;yN,Zn:
C, 78.36; H, 6.69; N, 6.89. Found: C, 78.63; H, 6.68; N,
6.87%). Hexadecanal was prepared by oxidation of hexade-
canol with CrO4-pyridine complex.
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The_ Effect of Medium on the a-Effect (Part 2)
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The term a-effect has been given to the enhanced
nucleophilicity which is often observed in reactions of
nucleophiles containing an atom with nonbonding electrons
adjacent to the reaction center.! Numerous studies have been
performed to explain the cause of the a-effect, and the fol-
lowing have been most frequently suggested as the origin of
the a-effect: destabilization of the ground-state,® stabili-
zation of the transition-state,® intramolecular general
acid-base catalysis,® polarizability,! and solvent effect.®’
However the origins for the e-effect are not completely
understood yet. Particularly, the role of solvent on the a-ef-
fect has been the subject of controversy.5”

Recently a systematic study has revealed that the a-effect
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is significantly dependent on solvent for the reactions of p-ni-
trophenyl acetate (PNPA) with butane-2,3-dione monoxi-
mate (1) as the e-nucleophile, in comparison with p—chloro-
phenoxide (2) as the corresponding normal-nucleophile in
DMSO-H,0 mixed solvents.? A similar conclusion has also
been drawn from the same reactions run in CH;CN-H,0
mixtures of varying compositions.®

In order to investigate the role of solvent on the a-effect
by an independent method, a series of reactions of PNPA
with aryloxides and the oximate (1) has been carried out in
aqueous solutions of hexadecyltrimethyl ammonium bromide
(CTAB).

Q q .
CH,C-O{o)NO, + Nu t—‘CH,$—O@N02 - CH,CNu + 0{0)NO,
W
Nu : CHyC(0)C(Me)=NO" (1)
0{o)Q (2) and 'o@x (X=Et,Me,H,CN)

Such a bimolecular reaction causes usually significant rate
enhancement, which is generally believed due to the result of
bringing the two reactants together in a small volume of the
surfactant aggregate.'’ Furthermore it has been very well
known that the enhanced reactivity observed in reactions
performed in aqueous CTAB solutions shows a good correla-
tion with hydrophobicity of reactant.!’ Thus the present
study would give us relative strength of solvation energy of
the anionic nucleophiles in H,O by investigating relative in-
teraction between the reactants and surfactant aggregate.

The kinetic results for the reaction of PNPA with anionic
nucleophiles in various concentrations of CTAB solutions are
summarized in Table 1 and plotted in Figure 1. It is il-
lustrated in Figure 1 that the reactivity increases sharply as
the surfactant concentration increases up to a certain point
as expected for the reactions of anionic nucleophiles in ca-
tionic surfactant solutions.'® However the effect of CTAB on
reactivity of p~CNPhO™ is very small. The observed rate con-
stants for )~-CNPhO™ in carbonate buffer solutions containing
CTAB are almost identical to the one for carbonate buffer
solution alone. This indicates that the contribution of
p—-CNPhO™ to the observed rate constant is negligible, and
such a low reactivity of p~-CNPhO™ could be attributed to the
low basicity.

The rate enhancements for the other phenoxides are in
the order of p-EtPhO™>p-MePhO >p-CIPhO™>PhO™ in
most region. Although the basicities of the three phenoxides
except p-CIPhO™ are very similar each other, their reac-
tivities are very different in the presence of CTAB. More-
over, p~CIPhO™ is generally more reactive in C'T'AB solutions
than PhO™ although the former is less basic than the latter.
This clearly indicates that basicity alone can not be a mea-
sure of nucleophilicity for the present system. Thus the
Bronsted type of equation can not be used to correlate basici-
ty with nucleophilicity for bimolecular reactions in presence
of CTAB.

It has been reported that the interaction of phenoxides with
surfactant aggregate decreases in the order of p~EtPhO™>p—
MePhO>PhO~."2 1t is quite consistent with the present
kinetic data, i.e. the phenoxide which interacts more strongly
with CTAB shows more significant rate enhancement in
CTAB solution or vice versa. Thus the higher rate enhance-



