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Manganese-Porphyrins in the Presence of Imidazole
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In the presence of imidazole, Mn- (or Fe-) porphyrins catalyse the epoxidation of various alkenes including
alk-1-enes by H,0;; with chloromanganese(tetra-2,6-dichlorophenylporphyrin) as a catalyst, alkene conversion by a
few equivalents of H,0, is complete within less than 1 h at 20 °C and epoxide yields are very high (90—89%).

Epoxidation of alkenes has been performed by using the single
oxygen atom donors iodosylbenzene! and hypochlorite? as
oxidizing agents and simple metalloporphyrins as biomimetic
catalysts. However, simple Felll- or MnIl-porphyrins were
found to be unable to catalyse epoxidation of alkenes by alkyl
hydroperoxides® presumably because they lead to a ‘Fenton-
like’ homolytic cleavage of the alkylhydroperoxide O-O
bond34 and not a heterolytic cleavage of this bond which
would lead to the epoxidizing FeV=0 or MnV=0 species. It
was recently reporteds that, in the presence of catalytic
amounts of imidazole, Fell- or Mn!-(TPP)(Cl) (TPP =:
tetraphenylporphyrin) catalysed the epoxidation of styrene,
cyclohexene, 2-methylhept-2-ene, and stilbene by cumyl
hydroperoxide with yields between 20 and 40%. As far as
hydrogen peroxide is concerned, there has so far been no
report on epoxidizing systems using it as an oxidizing agent
and Fe- or Mn-porphyrins as catalysts. Moreover, only a few
efficient systems for alkene epoxidation by H,O, catalysed by
transition metal complexes have been described so far and, in
several cases, the H,O produced by the reaction inhibits the
epoxidation.®

We report here that, in the presence of imidazole, Mn- (or
Fe-) porphyrins catalyse the epoxidation of alkenes by H,O,
and that, by a suitable choice of the Mn-porphyrin and of the
reaction conditions, even electron-poor monosubstituted
alkenes are epoxidized with almost quantitative conversion of
the alkene and very high yields under mild conditions.

Upon slow addition of a mixture of H,O, (30% in H,0; 5
equiv.) and imidazole (0.5 equiv.) in MeCN within 1 h to a
solution of styrene (0.25 M) in MeCN-CH,Cl, (2:1) contain-
ing Mn(TPP)(Cl) (6.25mm) and imidazole (25mm), 58%
conversion of the alkene takes place with the formation of
styrene epoxide (45%), benzaldehyde (8%), and 2-phenyl-
ethanal (1%) (Table 1) within less than 1.5 h at 20 °C. The
Mn-catalyst is completely destroyed at the end of the reaction
as shown by the disappearance of the porphyrin peak at

476 nm. Under identical conditions, but with Mn(TMP)(Cl)
(TMP = tetramesitylporphyrin) as catalyst, the conversion
and yield of styrene epoxide are respectively 83 and 80%.
Only traces of benzaldehyde are formed and the Mn-
porphyrin is only half-destroyed. By using an Mn-porphyrin
more resistant toward oxidation,” Mn(TDCPP)(Cl) (TDCPP
= tetra-2,6-dichlorophenylporphyrin), styrene conversion is
quantitative and high yields (93%) of epoxide are obtained.
This Mn-catalyst is unchanged at the end of the reaction and
addition of fresh styrene and H,O, to the solution leads to
almost identical yields of epoxide. The particular interest of
Mn(TDCPP)(Cl) in the catalysis of alkene epoxidation by
single oxygen atom donors, PhIO72 or CIO~," was recently
stressed.

It is noteworthy that both the Mn-porphyrin and imidazole
are required for efficient epoxidation of styrene. Under
identical conditions but in the absence of either, only traces of
styrene epoxide are formed (Table 1). Satisfactory epoxide
yields are still obtained in the presence of lower amounts of
imidazole. For instance, under identical conditions but with
10% imidazole relative to styrene instead of 60%, styrene
epoxide is formed in 50% yield.

Similar results are obtained for epoxidation of cyclo-octene
by H,0, with the Mn-porphyrin—-imidazole system (molar
ratios relative to the alkene: 0.025—0.6), the best catalyst
again being Mn(TDCPP)(Cl). Upon progressive addition of
H,0,, almost quantitative conversion of the alkene takes
place with 3 equiv. of H,O,, the yield of cyclo-octene epoxide
being 90% (Table 2). Under similar conditions, the trisubsti-
tuted alkene 2-methylhept-2-ene is converted quantitatively
into the corresponding epoxide. With 5 equiv. of H,0,
cyclohexene is converted in 91% yield into cyclohexene
epoxide, allylic oxidation products being formed in very low
amounts. In this respect it is remarkable that these H,O,-
dependent oxidations can be performed with almost identical
results in the presence or absence of dioxygen. This is true for

Table 1. Epoxidation of styrene by H,0O, in the presence of imidazole and various Mn-porphyrins.»

Styrene Styrene epoxide Final state
conversion yield Other of
Mn-catalyst (%)® (%)® products Mn-catalyste
Mn(TPP)(Cl) 58 45 PhCHO, 8%; Destroyed
PhCH,CHO, 1%
Mn(TMP)(Cl) 83 80 PhCHO, 1%; 50% Destroyed
PhCH,CHO, 1%
Mn(TDCPP)(Cl) 100 93 PhCHO, 1%; Intact
PhCH,CHO, 1%
Mn(TMP)(Ci)d N.d.f 1 N.d. Intact
Mn(TDCPP)(Cl)d N.d. 25 N.d. Intact
Nonee N.d. 1 N.d. —

a Conditions as given in the text. ® Based on starting styrene. < At the end of the reaction. d Identical conditions but without imidazole.
e Identical conditions but without Mn-porphyrin catalyst. f N.d. = not determined.
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Table 2. Epoxidation of alkenes by H,O, catalysed by Mn(TDCPP)(Cl) in the presence of imidazole.2 '

2-Methylhept-

Alkene 2-ene Cyclo-octene®
Alkene conversion (%) 100 100
Epoxide yield (%) 99 90

Cyclohexene Styrene Non-1-ene
100 100 100
91 93 90

a Conditions as in Table 1 but with Mn(TDCPP)(CI) as the only Mn-catalyst. The catalyst was intact at the end of the reaction in all cases.
b Conditions as in the text except the use of 3 equiv. of H,O, instead of 5.

all the alkenes indicated in Table 2 but particularly remarkable
for cyclohexene which is prone to undergo allylic oxidation by
autoxidation in the presence of metalloporphyrins.8

The great efficiency of the Mn(TDCPP)(Cl)-imidazole—
H,O, system is well illustrated by its ability to epoxidize even
the less electron-rich monosubstituted alkenes. With 2 equiv.
of H,0,, 78% conversion of non-1-ene is obtained with a 74%
yield of nonene epoxide. With 5 equiv. of H,0,, the
conversion of non-1-ene is complete and nonene epoxide is
formed in 90% yield within 1 h at 20 °C (Table 2). For all
reactions indicated in Table 2, the presence of both
Mn(TDCPP)(Cl) and imidazole is required for efficient
epoxidation and the Mn-catalyst is unchanged at the end of the
reaction. The presence of MeCN as a cosolvent is not
necessary since, under identical conditions except for replace-
ment of MeCN by H,O (two-phase system) or MeOH
(single-phase system), good yields of epoxides are also
obtained (91 and 85% respectively for 2-methylhept-2-ene
and cyclo-octene in MeOH instead of 99 and 90% for these
two alkenes in MeCN).

Under identical conditions, Fe(TDCPP)(CI) also catalyses
alkene epoxidation but is less efficient than Mn(TDCPP)(CI).
For instance, the yields of cyclo-octene epoxide upon addition
of 3 equiv. of H,O, are 16% with the former and 90% with the
latter.

The aforementioned results lead to a very simple system
using catalytic amounts of Mn(TDCPP)(CI) in the presence of
imidazole which performs the epoxidation of various alkenes,
including monosubstituted ones, by dilute solutions of H,O,.
With a few equivalents of H,0O,, the alkene conversion is

complete within less than 1 h at room temperature and very
good yields of epoxide (90—99%) are obtained. One of the
main interests of this epoxidizing system is the formation of
H,O as the only product derived from the oxidizing agent
which is thus easily separated from the expected epoxide.
Moreover, it does not seem that H,O has any inhibitory effect
toward the epoxidation in that system contrary to what has
been reported for other H,O,-transition metal complex
systems.6
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