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Abstract

The chloroperoxidase (CPO)-catalyzed oxidation of the metH)-24-pentadienoate gives the terminal double bond
epoxide (25%) and a cyclodimerization compound (63%) as the major products. © 2002 Elsevier Science B.V. All rights
reserved.
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Chloroperoxidase (CPO)-catalyzed oxidations In this short communication we report a new
[1-8] of a wide variety of simple and functional- CPO-catalyzed oxidation of methyl E22,4-penta-
ized alkenes have been studied extensively in the lastdienoate §). The formation of a new dimerization
few years [9-16], with only two examples of conju- product from [4+ 2] cycloaddition of substratd and
gated dienes [17,18]. In our previous studies we have a possible mechanism for this unique transformation
reported [19] the first examples of CPO-catalyzed will be discussed.
oxidations of dienes conjugated to an ester group. We _
showed that the ratio of CPO-epoxidation to al- z2)1 E/—\cone
lylic oxidation depends on the stereochemistry at lCPO/tBHp
the C4-C5 double bond. When the C4-C5 double l |
bond has the Z configuration, as in substrhtenan- == _ COzMe
tioselective epoxidation competes well with allylic o :(:/_\ COMe %/:\sze
oxidation, forming the epoxidel with high enan- H + H + Y
tiomeric purity (96% ee) and the allylic aldehyden 2 (27%) 3(38%) 4 (35%, 96%ee)
comparable amounts, as shown in Scheme 1. Under
aerobic conditions the C-C bond cleavage product Scheme 1. CPO-catalyzed oxidation of methyl (2Z,4Z)-hexa-
was formed in all cases, which was attributed to the dienoatel.
formation of a radical cation intermediate [19].

The reaction of5 with CPO usingtert-butyl hy-
droperoxide {BHP) as terminal oxidant [20,21] was
"+ Corresponding author. Tek+30-810-393610: a_c_compll_shed under aerobic as We_II as unaero_blc con-
fax: +30-810-393601. ditions with the same products being formed in both
E-mail address: smonou@chemistry.uoc.gr (I. Smonou). cases. The reaction was carried out in the absence of
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Scheme 2. CPO-catalyzed oxidation %f — CO,Me
7
light, in a phosphate buffer (100 mM, pH 6) by us- Scheme 3.

ing 0.4 mmoles of substrate, 1000 U of commercially

available CPO and two equivalent of 70¥BHP,

which was added in two aliquots to a total volume of  The dimer7, whose structure was established by
5ml. The reaction was monitored by gas chromatog- *H NMR and M , was the main product of the reac-
raphy, the products were separated by flash columntion (63% yield) and may be considered as aH{2]
chromatography (Si§) 10-30% E£O in pentane) and  Cycloaddition product. Although it is well known that
were identified by 500 MHZH NMR and GC-MS. CPO can catalyze classical peroxidase reactions (ox-
The product yields are reported after completion of the idative dehydrogenation reactions), such as the oxida-
reaction in 6 h and are shown in Scheme 2. In a con- tion of phenols to form oligomers [25-28], this is the
trol experiment the racemic mixture of epoxiievas first example, as far as we know from the literature, of
prepared separately by mCPBA epoxidation [22-24] & dimerization reaction mediated by CPO with a non
of dienoic estes. The ee value for epoxidé was aromatic system.

determined by gas chromatography with a chiral col- A reasonable explanation for the formation of the

umn (HP-Chiral 20% permethylate@-cyclodextrin, products involves the intermediacy of the radical
30 mx 0.25 mm). In the absence of enzyme, substrate cation8, Scheme 3, in analogy to the corresponding
5 remains stable under the reaction conditions. intermediate which we proposed in order to explain the

The epoxide6!, whose absolute configuration we formation of partially isomerized products and C-C
have not determined, was formed with moderate bond cleavage products in our previous studies with
enantioselectivity (60% ee), which is analogous to the four isomers of methyl (2,4)-hexadienoates. The
the selectivity observed previously in the case of the difference in behavior in terms of product formation
CPO-oxidation of styrene (49% ee) [4]. It is well between substrateand the methyl 2,4-hexadienoates
established that with terminal alkenes there is a de- is probably due to steric interactions in the transition
crease in enantioselectivity with this enzyme [4,16]. States that lead to the cycloaddition products. Such in-
Although the dienoic esté5 is a terminal alkene, it  teractions will be more severe in the 2,4-hexadienoate
does not deactivate this enzyme as do simple termi- cases and make the cycloaddition product paths less
nal alkenes, because the terminal double bonglisf ~ competitive with those leading to the other products.
conjugated with a second double bond. Only butadi- The radical catiorB may be formed either through
ene [17] and para-substituted styrenes [25], which are

also conjugated, have been proven to be accepted by ? 'H NMR (500 MHz, CDCh) of 7: 8y (ppm) 1.84-2.1 (br, 4H,

this enzyme as substrates. CHjy); 2.86 (m, 1H, protony to ester group); 3.3 (m, 1H, proton
alpha to ester group); 3.68 (s, 3H); 3.74 (s, 3H); 5.82 (d, 1H,
J = 10Hz, vinyl proton of the cyclohexene moiety); 5.92 (m, 2H,

1 14 NMR (500 MHz, CDC}) of 6: dy (ppm) 2.74 (m, 1H); one vinyl proton alpha to ester function and one vinyl proton of
3.08 (dd, 1H,J1 = 5.5Hz, J, = 4.4Hz); 3.48 (m, 1H); 3.77 (s, cyclohexene moiety); 7.03 (dd, 1H; = 15.7Hz, J> = 8.1Hz,
3H); 6.20 (d, 1H,J = 15.7Hz); 6.66 (dd, 1H,/; = 157 Hz, vinyl proton beta to ester group). GC-MS gave the p#gk =

Jo = 7.3Hz). 224.
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direct electron transfer from the substrate to compound [11] J. Geigert, T.D. Lee, D.J. Dalietos, D.S. Hirano, S.L.

| (oxoiron(lV) w-radical cation), or through electron
transfer from an enzymatically deriveert-BuOO or
tert-BuO radicals, which are established intermediates
during CPO-catalyzed reactions [29,30].
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