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Abstract

Epoxidation of cis-cyclooctene with iodosylbenzene has been carried out in the absence and presence of metal complex
catalysts and light. Increase in the epoxide yield is observed in the presence of light. © 1997 Elsevier Science B.V.

1. Introduction

Increasing significance of the metal complex
catalyzed oxygenation of hydrocarbons as mod-
els for biological systems has led to extensive
research in this area. A variety of cytochrome
P-450 monooxygenase mimics, involving transi-
tion metal complexes of a host of schiff-bases,
amides, macrocyclic ligands and the like have
been reported. Different oxidants, such as
hydroperoxides, peracids, iodosylarenes, molec-
ular oxygen, etc., have been used in such stud-
ies. lodosylbenzene finds wide applications in
the studies of metal complex catalyzed oxygena-
tion of alkenes and alkanes. The ‘oxygen re-
bound’ mechanism [1] is known to be operative
in such reactions, in which a high-valent metal-
oxo (M"*?=0) intermediate has been pro-
posed.

LM"* + PhIO — LM"**=0 + Phl
LM™**=0+S - LM""+ SO (S = substrate)

" Corresponding author.

We have earlier reported epoxidation of
alkenes catalyzed by non-porphyrinic metal
complexes and iodosylbenzene [2-4]. Forma-
tion of high-valent metal-oxo was shown and
the terminating u-oxo species was isolated and
characterized.

LMY=0 +LM" - LM"V-0-M"L

Richman et al. [5] reported an interesting
catalytic system comprising of u-oxo-bis(tetra-
phenylporphyrin)iron(IIl), which on continuous
or flash photolysis disproportionates to generate
the ferrous complex and the ferryl Fe(TPP)XO).

(TPP)Fe''-O-Fe"' (TPP) — Fe''(TPP)
+ (TPP)Fe' (0)

The latter is an active oxidizing agent and gives
epoxide with alkenes.

It was therefore thought of interest to study
the oxidation of alkenes catalyzed by metal
complexes in presence of light. There have been
some studies earlier on the effect of light on the
oxidation of hydrocarbons. Molybdenum and
niobium porphyrins have been used with molec-
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ular oxygen for photocatalytic epoxidation of
alkenes [6,7]. These and other epoxidations in-
volving titanium and vanadium [8] are slow in
nature, the activity is poor and the reaction
mechanism is different from the ‘oxygen re-
bound’ mechanism. Photooxidation of cy-
cloalkanes have been reported with iron halo-
genated porphyrin complexes like
Fe(IID)(Por)(OH) under irradiation [9]. In this
case, epoxide is not formed from alkene and the
proposed mechanism for oxygenation of alkanes
involves OH * radical generated by photoactiva-
tton of iron hydroxoporphyrin catalyst.

No report appears to have been made about
the effect of light on the epoxidation involving
metal complex catalysts and iodosylbenzene.
We report our findings of such a study in this
communication.

2. Experimental

All the reagents were of AR grade and were
used as received. The solvents were purified by
standard literature methods [10]. Iodosylbenzene
was prepared by reported procedure [11]. The
complexes 1 and 2 were prepared as reported in
a previous study [2].

Procedure for the epoxidation reactions is
same as reported [2], except that the reactions
were carried out in dark or light. The photo-re-
actions were carried out in a double walled
Schlenk tube of 10 ml capacity. A high pressure
mercury vapor (HPMV) lamp was used as light
source. The reaction mixture for catalytic stud-
ies was stirred magnetically and cooled by wa-
ter circulation. The catalytic runs were carried
out under nitrogen atmosphere. Gas chromato-
graphic analyses were done on a Shimadzu
GC-14B equipped with Oracle 3 computing in-
tegrator, using FID, 10% SE-30 with 1% QF on
Chromosorb W column (2 M) and nitrogen as
carrier gas. Reaction medium for epoxidation
studies was acetonitrile — water solvent mix-
ture or dioxane — water solvent mixture.

Chlorobenzene was used as GC internal stan-
dard.

N
‘ ) M=Fe n=1, 1
=Cr ,n=0, 2
>M Z, HO),
N N:

\

3. Results and discussion

Photocatalytic oxidation studies have been
concerned, in most of the cases, with activation
of molecular oxygen or generation of OH " radi-
cal. It was thought worthwhile, therefore, to see
the effect of light on the epoxidation of alkenes
using metal complexes 1 and 2 as catalysts and
PhIO as oxidant.

Irradiation of cis-cyclooctene in the solvent
mixtures acetonitrile-water or dioxane—water
does not show any additional peak in the GC
analysis showing that the light has no effect on
alkene in the absence of the catalyst and the
oxidant. The results of the epoxidation reactions
carried out in both the solvent mixtures, using
complexes 1 and 2 with iodosylbenzene, in
presence and absence of light are recorded in
Table 1. Epoxide was the only product detected
by the GC analysis.

As observed in the earlier study [2] carried
out in acetonitrile—~water solvent mixture, in the
present study in dioxane—water solvent mixture
also, complex 1 does not act as an epoxidation
catalyst. Thus complex 1 is inactive in both the
solvent mixtures (Table 1, entries 1 and 2). The
complex 2 shows comparable epoxidation activ-
ity in both the reaction media (entries 3 and 4).
Clearly, the change of solvent does not have
much effect on the catalytic activity in dark.
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Table 1

Epoxidation of cis-cyclooctene with PhIO in absence or presence of catalyst and light®

Run Catalyst Reaction medium® Dark /light Epoxide (mmol) %Yield® (epoxide)
1 1 AN dark 0.01 <10
2 1 DO dark 0.01 <10
3 2 AN dark 0.05 83
4 2 DO dark 0.07 11.7
5 | AN light 0.07 11.7
6 { DO light 0.1 16.7
7 2 AN light 0.13 21.7
8 2 DO light 0.18 30
9¢ - AN light 0.08 133

10¢ — DO light 0.1 15

“Catalyst: oxidant: alkene mole ratio = 1:50:250, catalyst = 0.012
PAN = acetonitrile, DO = dioxane.

“Based on PhIO charged.

4Oxidant: alkene mole ratio = 50:250.

Effect of light on the epoxidation reaction is
clearly seen from entries 5 to 8, which show
significant increase in the epoxide yields.
Though complex 1 is catalytically inactive in
dark and there is no formation of epoxide, there
is epoxidation in presence of light. It is also
seen that though the complex 2 is catalytically
active in the absence of light, the epoxidation
activity is much more pronounced in the pres-
ence of light. The epoxidation activity shown by
1 on irradiation is the same as the increase in
the activity of 2 on irradiation. It is also seen
that change of solvent does not seem to affect
the reaction in the presence of light also.

To evaluate the effect of light, control experi-
ments, in the absence of catalyst, but in pres-
ence of light, were carried out. Entries 9 and 10
in Table 1 for these experiments show epoxide
formation even in the absence of the metal
catalysts. Further, the extent of epoxide forma-
tion is same as the ‘excess’ of epoxide formed
on carrying out the catalytic reaction in the
presence of metal catalysts and light. This means
that the increase in the epoxide yield due to
light remains the same irrespective of the pres-
ence of metal catalysts. This indicates that light
independently acts as catalyst to promote the
epoxidation of cis-cyclooctene by iodosylben-
zene, but does not assist the normal metal-oxo
mediated epoxidation.

This prompted us to look for alternative ex-

mmol, reaction time 6 h, reaction medium AN /DO + water (6 + | ml).

planation for the role of light. Following tenta-
tive reaction pathway for the light catalyzed
epoxidation of alkene with iodosylbenzene can
be suggested. The first step involves excitation
of the PhIO to PhIO ™ followed by its attack on
alkene and formation of cyclic intermediate.

Se=x >[—{<
PHIO ~2Xw | PhiO* ] —> ]——>: No” -
o
Ph

Probably light assists the rupture of the O-I
bond leading to formation of epoxide and re-
moval of Phl. Since under the reaction condi-
tions, both the oxidant and the alkene, are pre-
sent in excess, the above pathway does not
interfere with the metal-oxo mediated epoxida-
tion and hence the amount of epoxide formed in
the photoassisted reaction in absence of catalyst
is equal to the excess of epoxide formed in the
light assisted reaction in presence of metal cata-
lyst. It can thus be concluded that greater yields
of epoxide can be obtained by using both, metal
complex and light, simultaneously, as catalysts.
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