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Abstract

Catalytic cyclohexene epoxidation with iodosylbenzene by the following Mn-porphyrins beathgsubstituents on a
mesogroup: MNTTP, MnM-oyPTTP(5-(2-hydroxyphenyl)-10,15,20-tritolylporphyrin) and Ma PTTP(5-(2-(3-bromo-
1-propoxy)phenyl)-10,15,20-tritolylporphyrin), has been studied. The effect of dioxygen and imidazole axial ligand on the
yields of epoxide and allylic oxidation products, i.e. alcohol and ketone, was investigated. It was observed that the product
selectivity is strongly dependent on the distribution of the Im/MnP species (M, MIm and bitained by spectrophotometric
titrations). For MnTPP at Im/MnE= 1 the best epoxide yield associated with the maximum MIm concentration was observed.
The presence of the —OH substituent produced a remarkable effect on the reactivity and catalytic properties of the porphyrin
system, i.e. drastic reduction in allylic oxidation, slight increase on the epoxide yield, a decrease on the formation of the
MnP/Im complexes and change of the reactivity of the Mn center with PhlO. These results are discussed in terms of a possible
electronic interaction of the oxygemthosubstituent and the porphyrin ring. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction valence metal-oxo complexes, formally Fe(V)—oxo
and Mn(V)-oxo [4-6,10]. Previous studies [11]
Metalloenzymes accomplish reactions of oxidation revealed that the presence of substituentsrto po-
of inactive substrates with high speed, selectivity sitions of the porphyrin rings increases the efficiency
and specificity [1,2]. The development of biomimetic of the catalytic process, preventing autoxidative re-
systems to understand and reproduce the mechanisnactions and the aggregation of the catalyst. Simple
of highly selective enzymatic systems has been ex- metalloporphyrins like FeTPP or MnTPP, are easily
tensively investigated [1,2]. Among the several model destroyed by autoxidation, mainly when less reactive
systems, the ones considered most efficient are thosesubstrate such as alkanes are studied [12,13]. There-
based on Mn(lll) porphyrins [3-6] and Fe(lll) [4—9]. fore, the use of these metalloporphyrins as potential
The active species in Fe- and Mn-porphyrins are high catalysts depends mainly on the modification of the
porphyrin ring to make it more resistant to oxidative
* Corresponding author. degradations [14,15]. The stability and the selectivity
E-mail addressymide@dedalus.lcc.ufmg.br (Y.M. Idemori). of these catalysts have been improved introducing
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Porphyrin R, R,

MnTPP H H
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Fig. 1. Structure of the manganeseporphyrins studied.

bulky and/or electronegative substituents in the por- been carried out. The effects of the substituent on the
phyrin ring, generally, in theneseortho-aryl positions porphyrin ring, the presence of imidazole, and the
[14-18]. presence of dioxygen have been investigated.

Among the hydrocarbon porphyrin catalyzed oxi-
dation reactions, olefin epoxidation has been the most
studied. These studies have largely contributed for the 2. Experimental section
characterization of intermediaries and the understand-
ing of the reaction mechanisms. Besides the epoxide, 2.1. Materials
allyl derivatives (alcohol and ketone) are important
products of these reactions, whose formation seems Dichloromethane (CELCl;) was distilled and stored
to depend on the number of carbons of the substrateunder 3 A molecular sieves. Cyclohexene was purified
and the steric and/or electronic environment created with a short activated alumina column. The puri-
by the porphyrin ring [19]. ties were checked by gas chromatographic analyses.

In this work, a systematic and comparative lodosylbenzene was obtained by the hydrolysis of io-
study of the catalytic epoxidation of cyclohexene dosylbenzenediacetate [20]. The samples were stored
by two monosubstituted Mn-porphyrins (Fig. 1) in a freezer and the purity was checked by iodometric
MnM2-o4PTTP(Ac) (5-(2-hydroxyphenyl)-10,15,20- assay.
tritolylporphyrinmanganese(lll) acetate) and Mn- MnTPP(Ac) was purchased from Strem Chemicals.
M2-grPTTP(AC) (5-(2-(3-bromo-1-propoxy)phenyl)- UV-VIS (CHxCly): MnTPP(Ac)-(400) 476, 579,
10,15,20-tritolylporphyrinmanganese(lll) acetate) has 617nm. The free bases 5-(2-hydroxyphenyl)-10,-
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15, 20-tritolylporphyrin-(1) [21-22] and 5-(2-(3-bro-
mo- 1-propoxy)phenyl-10,15,20-tritolylporphyrin-(2)
[22,23] were prepared as described by Little et al.

at ®C (ice bath). The reaction was quenched by
adding 5Qul of saturated sodium bisulfite, and p0
of saturated borax solution in dichloromethane.

[21,23]. Manganese insertion into the free base por- n-Octanol (10Qul) was used as internal standard for
phyrin was made by adapting the method described by the GC analysis.

Simonis et al. [24]. Acetate of 5-(2-hydroxyphenyl)-
10,15,20-tritolylporphyrinmanganese(l1)-(MniMby
PTTP(Ac)) and acetate of 5-(2-(3-bromo-1-propoxy)-
phenyl)-10,15,20-tritolylporphyrin - manganese(lll)-
(MnM2-g;PTTP(Ac)) were purified in a silica col-
umn, using a chloroform—ethanol 1:1 mixture and
chloroform, respectively, as eluent. The purity of
the porphyrins was checked by thin layer chromato-
graphy.

H NMR spectra were obtained with a Brucker
DRX-400 Advance (400MHz) spectrometer using
CDCI3 as the solvent and TMS as internal refer-
ence.lH NMR free base-(1)5 = 8.92-8.84 (m, 8H,
B-pyrrole); 8.08 (d, 6H, tolyl-2,6-protons); 7.54 (d,
6H, tolyl-3,5-protons); 5.12 (s, 1H, —OH); 2.65 (s, 9H,
methyl); 7.21(m, 4H, Ar—H substituted)d NMR free
base-(2):5 = 8.82-8.43 (m, 8HB-pyrrole); 8.09 (d,
6H, tolyl-2,6-protons); 7.53 (d, 6H, tolyl-3,5-protons);
4.01 (m, 2H, —CH-0); 2.68 (s, 9H, methyl); 2.21
(t, 2H, -CH:Br-); 1.46 (s, 2H, —Chk); 7.22(m, 4H,
Ar—H substituted).

UV-VIS spectra were obtained on a Hewlett
Packard Diode Array model 8453 spectropho-
tometer. MNM-onPTTP(CHCIy): (402) 479, 583,
618 nm; MnM-g,PTTP(CHCI2): (403) 480, 584,
620 nm.

IR spectra were recorded on a Mattson FTIR model
Galaxy 3000 spectrometer using KBr plates. Free
base (1): OHvstetch at 3415cmt; NH vgyretch at
3300cnt.

2.2. Oxidation reactions

The reactions were carried out in a 2.0ml vial
with an open top screw cap containing a silicon
Teflon faced septum. In a typical reaction, 400
of dichloromethane and 2Q0 of cyclohexene
(1.97 x 10~3mol) were added to the vial contain-
ing the solids iodosylbenzene.21x 10~ mol), and
MnP (12 x 10~"mol) with a molar ratio of cata-
lyst:PhlO:cyclohexene of 1:10:16400. The mixture
was stirred by ultrasound for 90 min (ultrasound lab-
oratory cleaner Minisson—Thorthon, 40 W, 50-60 Hz)

The effect of imidazole was studied with the ad-
dition of a 10 x 10~tmoll~1 imidazole (Im) solu-
tion in dichloromethane to the vial to obtain different
Im/MnP molar rations.

For the experiments in the absence of oxygen,
the reaction flask was purged with,Nor about
30 min before use. All reactions were repeated at least
three times. The control reaction (blank) was carried
out under the same conditions, in the absence of
MnP.

2.3. Spectrophotometric titration

The spectrophotometric titrations were carried
out with a stock solution of Mn-porphyrin in
dichloromethane (1@ molI=1); 50l of this solution
was transferred to a glass cuvet containing 2.0 ml of
solvent, thermostated at 26+ 0.1°C. The spectrum
of Mn-porphyrin was recorded and its initial concen-
tration was corrected by the coefficient of absorption
of Mn-porphyrin. Ligand aliquots (imidazole) were
added consecutively to the cuvet with a microsyringe
and the UV-VIS electronic spectra recorded. The
end of the titration was determined when UV-VIS
spectra variations ceased. The number of axial lig-
ands, as well as the formation constants fipgvere
calculated based on the measured absorbances as a
function of the volume of imidazole added. Both
the model that best describes the system and the
formation constants of the species present were deter-
mined by the software SQUAD [25]. The distribution
curves of the species were simulated by the program
SCECS [26].

2.4. Product analysis

The products were analyzed by gas chromatog-
raphy using n-octanol as internal standard. The
yields were based on iodosylbenzene. Gas chromato-
graphic analyses were performed on a Shimadzu
CG 17A FID detector with a Carbowax capil-
lary column (30.0mx 0.32mm and film thickness
0.25 mm).
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2.5. UV-VIS spectroscopic studies absence of the Mn-porphyrin produced large amounts

of the allylic oxidation products especially the alcohol
To the vial containing PhlO (2 x 10~%mol) and (blank experiment, Table 1). The presence of the cata-

MnP (12 x 10~ mol), 600wl of CH2Cl, were added. lysts MNTPP and MnM.g,PTTP produced almost no

The mixture was stirred manually at 25 for 1 min. change in the alcohol formation but a strong increase

A 50 pl aliquot of mixture was added to a 0.1 cm path in the ketone yield. It is interesting to observe that the

length cell containing 2.0 ml of C}Cl,. Consecutive  presence of the —OH substituent in the MayLPTTP

spectra were recorded at different times. catalyst resulted in a slight increase in the epoxide
yield with a remarkable decrease on the formation of
the allylic products especially the alcohol.

3. Results The results displayed in Table 1 might suggest the
presence of at least three different reaction pathways:
3.1. Cyclohexene epoxidation (1) the formation of the allylic oxidation products

by the direct reaction with PhlOA) and by a (2)

Table 1 presents the results for the oxidation of Mn-porphyrin catalyzed process; and (3) a reaction
cyclohexene with iodosylbenzene in the presence of leading to the formation of the epoxide. The reac-
Mn-porphyrins catalysts. tions forming the allylic products are both strongly

It can be observed for several experiments yields affected by the substituent and the presence af O
higher than 100% suggesting the incorporation of The pronounced effect of Oincreasing the allylics
oxygen from Q into the products. For the reactions Yields might suggest the participation of free radi-
under nitrogen yields superior to 100% were also cals in this reaction pathway [1,2,19]. On the other
observed showing that theoGvas not Comp|ete|y re- hand, the epoxide formation is less sensitive to these
moved from the system. The catalytic tests carried out effects.
in the presence of the different Mn-porphyrins showed
that the epoxide yield is not affected significantly 3.2. The effect of imidazole
by neither the porphyrin substituent nor the presence
of oxygen. On the other hand, the yields of allylic ~ Fig. 2a, b and ¢ show the effect of the Im/Mn-
oxidation products are strongly dependent on the Porphyrin molar ratio on the reaction products yields.
O, atmosphere and the nature of the porphyrin sub- It can be observed that the product yields are

stituent. Reactions under,Gatmosphere even in the  strongly dependent on the Im/MnP molar ratios tested.
From Fig. 2a, b and c, it can be clearly seen that

the catalysts MnTPP (Fig. 2a) and MaM,PTTP
(Fig. 2b) behave similarly in the entire Im/MnP molar
Table 1 h . . .
Oxidation of cyclohexene with PhlO in Gi&l,, using mangane- ratio studied, producmg ma'”'Y the k_etone and_the
Seporphyrins as Cata|yst. Effect of the dioxy@en alcohol. The hlgheSt epOXIde yleldS with low a"y“CS
were observed at the Im/MnE 1. Further addition
of Im resulted in an increase on the formation of al-

Manganeseporphyrin Yield (%)

Epoxide Alcohol Ketone lylics. On the other hand, the addition of imidazole

Blank 5 110 72 to the MnMb-onPTTP (Fig. 2c) catalyst at the molar
MnTPP 50 (479 125 (22) 160 (31) ratio Im/MnP = 0.5 reduced the ketone and alcohol
MnM-g,PTTP 49 (49) 118 (42) 131 (38)  vyijelds. For greater Im/MnP molar ratios no significant
MnM2-onPTTP 55 (55) 71 (20) 61 (15) change in the allylics and a decrease in the epoxide

a2 Conditions: MnP Dx10~*mol -1, PhIO 20x10-3mol -1, yield was observed.
0°C; stirring by ultrasound for 90 min.

bBased on the starting PhlO with average erroetod% for 3.2.1. Titration of Mn-porphyrins with imidazole
the epoxide and- 15% for the alcohol and ketone. Molar ratio

PhIO/MnP— 10, In the presence of the imidazole ligand the

¢ Number in parentheses are the yields obtained under nitrogen 'I\/In-po.r.ph.yrin might exist in three different species
atmosphere. in equilibrium: M, MIm and MIm (where M= MnP
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Fig. 2. Yields of epoxide, alcohol and ketone for the oxidation of cyclohexene with PhIO with different Im/MnP molar ratios, (a) catalyst
MnTPP, (b) MnM-gPTTP, and (c) MNnM-onPTTP.

and Im= imidazole, Eqg. (1)). complexation k. One can speculate that this low
L
(K1) ! (K2) ' Ky x K2 = Bz )

In order to understand the effect of the Im/MnP
molar ratio on the relative concentration of the dif- value of K; might be related to a possible steric effect
ferent species present in the reaction, spectrophoto-by the bulky substituent —-OGI€H,CH,Br blocking
metric titration of Mn-porphyrins with imidazole were  one of the faces of the macrocycle and therefore, hin-
carried out. The experimental values obtained for the dering the entrance of the second ligand.

equilibrium constants are displayed in Table 2. The presence of the —OH substituent shows a much
Table 2 shows that the stability of the first complex more pronounced effect strongly decreasing the for-
formed MIim increases in the order MpMKPTTP « mation of the complex with imidazole. As this —OH

MnM..gPTTP < MnTPP. The imidazole complex of  substituent causes no steric hindrance for the complex-
the MnTPP showed the highest stability. The introduc- ation one can consider that the electronic effect is the
tion of the substituent —-OCHCH,CH,Br decreases  main responsible for this result. The acidic character
the formation of the complex, especially the second of the —OH group may lead to the reaction with the
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Table 2

Parameters supplied by the SQUAD program obtained in the titrations of Mn-porphyrins with ImJ@I£H

Mn-porphyrins logB11 log B12 K1 K2 K1/K2

MnTPP 6.08:0.06 9.60:0.07 1.00x 1P 3.98 x 1C° 251
(4.35+0.437 (7.45+0.047 (9.2 x 103)P°

MnMgz-g,PTTP 4.26+ 0.05 6.59+ 0.05 1.82x 10* 213 x 1% 86

MnM2-ouPTTP 2.83+ 0.02 5.29+ 0.02 6.76x 107 2.88 x 107 24

aReference [25] method SQUAD: MnTPP(CG)@m/CH,Cl,.

b Reference [27] method Benesi—Hildebrand: MnTPP(CI)/ImyCHi.

basic molecule of imidazole forming Himand the
substituent —O. This was confirmed byH NMR and
IR experiments with the MoyPTTP free base which
showed that the —OH group observedsab.12 ppm
and 3415cm?® completely disappears upon addition
of imidazole. Moreover, bands appeardr9.39 ppm
and 3490 cm! assigning to HIr.

The distribution curve of the species for the
Im/MnTPP system in CLCl, is shown in Fig. 3. It

complex. Also, in Fig. 3 the epoxide yields for the
different ImM/MnTPP molar ratios are plotted. These
results seem to suggest that the formation of epoxide
depends mainly on the concentration of the M and
MIm species. As Im is added to the reaction up to the
Im/MnP molar ratio 0.5 the epoxide yield decreases
probably due to a strong decrease on the concen-
tration of the M species. For Im/MnP molar ratio 1
although the concentration of M further decreases,

can be observed that the maximum relative concen- the concentration of Mim is maximum and the epox-

tration of MIm species is reached for the Im/MnP
molar ratio equal 1. In this molar ratio, there is ca.

87% of the MIm species and 13% of the M species.

ide yield shows an increase. Further increase in the
Im concentration results in a decrease of both M and
MIm concentrations resulting in a decrease on the

As the Im concentration increases, the MIm species epoxide yield. The same behaviour was observed for

strong decrease with the formation of the Mim

%
g

the porphyrin MnM-g,PTTP (data not shown).

.........
AA

epoxide yield

=SS0

S S S ST

Molar ratio Im/MnP

Fig. 3. Distribution curves of the species (M, MIm and Minfor the system Im/MnTPP, in G}Cl>; MnP 20 x 10~* mol |1,
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%

epoxide yield

Molar ratio Im/MnP

Fig. 4. Distribution curves of the M, Mim and Misnspecies for the Im/MnMoxPTTP system, in CkCly; MnP 20 x 10~4 mol 11,

The distribution curves of the species M, MIim and
MImy for the system Im/MnM-onPTTP (Fig. 4)
are completely different compared to the other por-
phyrins. It can be observed that even for high Im/MnP
molar ratios the concentration of M slowly decreases
with the formation of MIm and very small amounts
of Mima. In this case, the epoxide yield seems to
decrease mainly with the concentration of the M
species.

3.3. UV-VIS spectroscopic studies

The reaction of the different porphyrins at °Z5
with PhlO in CHCI> was monitored by UV-VIS
spectroscopy. Fig. 5 shows the evolution of the spec-
trum after the MNnTPP was mixed with PhlO.

The mixture of MnTPP and PhIO in GiEl,, af-
ter 1 min of reaction, shows a large band at 420 nm

was observed with the decrease of the Soret absorp-
tion (which slowly increased) and the reappearance
of the band at 420 nm which decreased with time.
These results suggest that a Mn—oxo species is rapidly
formed in the presence of PhlO and slowly reacts re-
generating the original Mn-porphyrin. After a period
of 20 h the solution changes the color and the band at
478 nm almost disappears indicating the destruction of
the MnTPP. The same behaviour was observed for the
porphyrin MnMp-g,PTTP with a large band at 417 nm
and the Soret absorption at 479 nm (data not shown).
On the other hand, for the porphyrin MpMyPTTP

no change in the electronic spectrum was observed in
the first minutes after the addition of PhlO (Fig. 6) with
the Soret band at 479 nm constant and no new absorp-
tion appearing. However, the rapid change in color and
the disappearance of the Soret band at 479 nm suggests
that an oxidizing species was indeed formed leading to

and the Soret absorption intensity at 478 nm decreasesthe autoxidation of porphyrin. Apparently this active
The band at 420 nm has been reported in the litera- oxidizing species with the porphyrin MnMoHPTTP
ture and assigned to a Mn—oxo intermediate speciesis not detected under the experimental conditions used
[28]. The subsequent spectras showed a continuousin this work due to its higher reactivity and shorter life

recovery of the Soret band (478 nm) and the band in
420 nm shifts to a sharper band in 414 nm. If more

time. In fact, kinetics experiments showed that during
the oxidation of cyclohexene with PhlO in the pres-

PhlO was added to the mixture the same behaviour ence of MNM-o4PTTP the epoxide is formed very
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Fig. 5. Spectral changes observed during the reaction of MNTER(#0~6 mol I=1) with PhIO (49 x 10~°molI~1) in CH,Cl, at 25C
at different times. A: after 1 min of reaction; B: after 2min of reaction; C: after 4 min of reaction; D: after 9 min of reaction; E: after

120 min of reaction; F: after 20 h of reaction.

rapidly and stabilizes at approximately 10 min whereas 4. Discussion

for the catalyst MnTPP the reaction is much slower

with the epoxide formation continuing up to ca. 50 min The data shown in Table 1 suggest that the porphyrin
reaction. ring substituents do not affect significantly the epoxide

0.8
0.7 4
0.8

0.5

Absorbance

0.4

0.3

1

T T
350 375 400 425 450 475 500 Wavelength (nm)

Fig. 6. Spectral changes observed during the reaction of MeMPTTP (49 x 108 moll~1) with PhIO (49 x 10~5moll~1) in CH,Cl,
at 25'C in the time interval of 1-90min (A) and after 20 h of reaction (B).
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yield in the cyclohexene oxidation with PhlO. On the

9

metric titrations is likely related to the formation of

other hand, the presence of the substituent —OH in the—CsH4O~ group. It is generally proposed in the liter-

porphyrin MnM-oPTTP, produced a reduction in the

formation of the ketone and alcohol whereas the cata-

lysts MNnTPP and MnM.g,PTTP showed high yields
of allylic products. The different catalytic behaviour
of the MnMp-oyPTTP (Fig. 2c) compared to the other
porphyrins was also observed for the reactions in the
presence of the imidazole ligand. For the catalysts
MnTPP (Fig. 2a) and MnMpgPTTP (Fig. 2b) the
presence of the Im ligand strongly favours the forma-
tion of the allylics except for the Im/MnP molar ratio
1 where an optimum yield of epoxide is observed. On
the other hand, for the catalyst MpMHPTTP the
addition of Im to the system will decrease and keep
low the yields of allylics.

The spectrophotometric titrations with imida-
zole also revealed the different properties of the
MNnM2-o4PTTP compared to the MnTPP and
MnMo-g,PTTP porphyrins. In the presence of the
ligand Im the porphyrins MnTPP and MM, PTTP
can rapidly complex to form the species MIm
(K1 = 1.00 x 1° and K; = 1.82 x 10%, respec-
tively). For the molar ratio Im/MnP= 1, the MnTPP
shows a maximum MIm concentration which de-
creases for higher Im/MnP molar ratios to produce
the MImp. On the other hand, the coordination of
Im to the MnMp-o4PTTP (K1 = 6.76 x 10%) occurs
in a much lesser extension and the MIm species is
formed only very slowly with the increase of the
IM/MnM-o4PTTP molar ratio.

Evidence for the reaction of PhlO with the por-
phyrins MnTPP (Fig. 5) and MnMgPTTP was ob-
tained from UV-VIS measurements. The results for
the porphyrin MnM-oxPTTP (Fig. 6) suggest that a
more reactive active oxidizing species is formed and
due to its shorter life time it cannot be detected by

electronic spectroscopy under the experimental condi-

tions employed.

ature [29] that low levels of allylic oxidation and high
levels of epoxidation indicate an active intermediate
containing two oxidizing equivalents localized in the
vicinity of the center of the catalyst (Type-1 interme-
diate). Therefore, efficient epoxidations obtained with
Mn-porphyrins are thought to involve an oxo—Mn(V)
intermediate [29-32]. Basic ligands such as pyridine
and imidazole are believed to favour the epoxide for-
mation by stabilizing the Mn(V) state through charge
donation to the metal [30,33,34]. Therefore, the similar
epoxide yields observed for the different porphyrins
suggests that the electronic interaction of the sub-
stituents with the Mn(V) center are not significant.
Moreover, in theseneseporphyrins the phenyl moiety
and the porphyrin ring are proposed to be mainly in a
non-coplanar arrangement hindering a resonance-type
interaction [35,36].

It is interesting to observe that the effect of —OH
substituent on the Mn-porphyrin is much more pro-
nounced for the allylic oxidation products whereas
the epoxide formation was less affected. It has been
suggested that the allylic oxidations in the presence
of Mn-porphyrins are associated with an oxidizing
equivalent located on the porphyrin ring in the form of
a porphyrinm cation radical or an isoporphyrin deriva-
tive (Type-2 intermediate) [31,32]. Considering this
assumption, it can be speculated whether the —OH or
—O~ substituent is interacting with this cation rad-
ical on the porphyrin ring stabilizing it and therefore
decreasing its reactivity towards the cyclohexene. An
interesting example in the literature is the porphyrin
oxo—-Fe(IV)TR 4 6-meP(CHsOH) which although has
been characterized a Type-2 intermediate [37-39]
it behaves more like a Type-1 intermediate. It was
suggested for this Fe-porphyrin that the Me groups
obstruct themesoposition. As the &, macrocycle
HOMO has lobes over theesoposition and the pyr-

As the —OH group causes no steric hindrance at the role nitrogen this obstruction means that access to the

metallic center in MNM-o4PTTP one can consider
that the electronic effect is the main responsible for the
results obtained in this work. The acidic nature of the
phenolic —OH might form aw-phenoxide —gH,0~
group. This effect occurs in the presence of the ba-
sic imidazole ligand which can neutralize the acidic
H. The poor interaction of Im with MnMoyPTTP
(K1 = 6.76 x 10%) as shown by the spectrophoto-

macrocycle acceptor orbital is restricted to the pyrrole
lobes. The pyrroles lobes are quite close to center of
the porphyrin thus forcing the reaction to take place
near to the metallic center. Therefore, the cation rad-
ical approximates a Type-1 intermediate [29,33,34].
One can expect that thertho —CgH4s—OH group at
mesoposition will exert similar effect. It can also
be speculated that the orbitals of the —OH (or50O
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substituent might interact with the @gHOMO molecu-

lar orbital to change the reactivity of thecation radi-
cal. Therefore, the step occurring in the outersphere o
the metal where an electron is transferred from cyclo-
hexene to form a §H1o* ™ species in some extension
is hindered. Therefore, the reaction of theHgp* ™
species with the Mn(NGO center to form Mn(lll)
and the alcohol is also inhibited [33,34,40-42].

5. Conclusions

The data presented in this work pointed a re-
markable effect of theortho-OH group on the
physico-chemical properties of the phemyésosub-
stituted porphyrins. This effect can be discussed in
terms of a possible electronic interaction of the —OH
or —O~ group with the porphyrin system.
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