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A new route for (2S,35,4S)-form, the physiologically active stereoisomer of dehydroxymethylepoxy-
quinomicin (DHMEQ), a potent NF-kB inhibitor, was established by chemoenzymatic approach. Elabo-
ration on the asymmetric epoxidation of a p-benzoquinone monoketal with benzylcinchonidinium
tert-butylhydroperoxide yielded an epoxyenone, in 79.8% ee and 57% yield in reproducible manner. By
way of the transformation of this key intermediate to enantiomerically pure (25,35,4S)-DHMEQ, the
contaminating undesired enantiomer could be effectively removed by applying Burkholderia cepacia
lipase-catalyzed hydrolysis of diacylated precursor. The above integrated combination of chemical
asymmetric synthesis and enzyme-catalyzed kinetic resolution enabled us to prepare active DHMEQ in

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

DHMEQ (dehydroxymethylepoxyquinomicin, 1a) is a newly
designed and highly active NF-«B inhibitor,! and has shown potent
anti-inflammatory and anticancer activities in animals.?> Through
extensive studies on structure-activity relationships,® it was
revealed that (25,35,4S)-1a is more than ten times as physiologi-
cally active as its enantiomer (Fig. 1). So far, the chromatographic
separation of racemate by means of a chiral stationary phase has
only been the way to approach enantiomerically pure form of
(25,35,45)-1a.% Herein we report a new asymmetric synthesis of
(25,35,45)-1a.

2. Results and discussion

The synthetic plan of (25,35,4S)-1a is shown in Scheme 1.
Enantiomerically enriched form of 2a is a known building block
developed by Taylor>® by an asymmetric epoxidation of the pre-
cursor aminoquinine monoketal 3a with the action of chiral qua-
ternary ammonium tert-butylhydroperoxide.
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First, according to the reported procedure,” amino group of
commercially available 2,5-dimethoxyaniline 4a was protected by
Boc group and the resulting hydroquinone derivative 4b was sub-
sequently dehydrogenated by the action of Phl(OAc), in methanol
with a concomitant ketalization. The convergence of 5 to desired 3a
was important, because diketal 5, the direct precursor for 3a,
behaves as the troublesome contaminant at the stage of purifica-
tion. Then, the crude mixture was treated with 2 M hydrochloric
acid according to the original procedure,® but such operation
caused an unexpected decomposition of the materials to result in
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Figure 1. The enantiomers of dehydroxymethylepoxyquinomicin (DHMEQ, 1a).
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Scheme 1. Synthetic plan of (25,35,4S)-1a.

3a in as low as 21%. This observation promoted us to switch
hydrochloric acid into weaker aqueous citric acid, and the depro-
tection proceeded in a reproducible manner to give 3a in 48% yield.
Moreover, careful examination in regard to oxidizing agent, the
yield of the dehydrogenation of Boc derivative 4b was improved as
high as 80%, by applying PhI(OPiv), (Scheme 2).
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Scheme 2. (a) Boc,0, THF, 99%; (b) PhI(OPiv),, MeOH; (c) citric acid aq soln, 80% over
two steps.

In our hand, Taylor's asymmetric epoxidation of 3a was not
entirely reproducible,>® in terms of either enantioselectivity or
conversion. Even under the optimal conditions, the results were not
satisfactory. For example, the yield and ee of the product fluctuated
between 30 and 40%, and between 43.8 and 52.4%, respectively.
This asymmetric epoxidation initiates with an enantiofacially
preferential 1,4-attack of chiral N-benzylcinchonidinium salt of
tert-butylhydroperoxide (TBHP) to prochiral enone 3a. The epoxide
2b was obtained only as an inseparable mixture with the starting
material 3a. Removal of Boc group in 2b provided 2a in pure form,
however, the remaining enone 3a decomposed via 3b to an in-
tractable waste. In this point of view, higher conversion in epoxi-
dation is desirable. We improved the vyield, by stepwise
examination as follows: (1) the modification of the substrate
structure; (2) careful adjustment of the equivalence of reagents;
(3) additives, which suppress the undesired species, which would
cause non-asymmetric epoxidation. The detail is shown below.

Under Taylor’s procedure,” the epoxidation had been carried out
in buffered conditions with a ratio of 4:1 between acidic hydro-
chloride and basic hydroxide of cinchonidine. An equilibration
between 3a and enolate 6 by the deprotonation of tert-butylcar-
bamate group under basic conditions (Scheme 3) can explain the

necessity of neutral to slightly acidic environment, even sacrificing
the nucleophilicity of tert-butylhydroperoxide.

MeQO OMe MeQO OMe MeO OMe
i ~N i/ NR
O@
3a: R =Boc Zb R= Boc 6
(b) ’{E b: H ®) [ %3

Scheme 3. (a) N-Benzylcinchonidinium chloride, TBHP, 6 M NaOH aq soln, toluene,
40%, 52.4% ee; (b) TFA, CHyCly, quant.

Accordingly, a new substrate, bis-Boc derivative 3¢, bearing no
acidic proton on enamine nitrogen was designed. Under the con-
ditions with cinchonidinium salt and free base in 1:1, the epoxi-
dation proceeded smoothly at 25 °C in a conversion of 74%. The
crude mixture was directly treated with trifluoroacetic acid, and
the desired epoxyenamine (2S,3R)-2a was obtained in 30% yield
over two steps. Since an unidentified byproduct was detected on
TLC during the epoxidation, the reaction temperature was lowered
to 0 °C, with increasing the equivalence of hydroperoxide from two
to five, in order to compensate the low reactivity. After extensive
optimization, we found that the equivalence of cinchonidinium salt
and NaOH should be two and one, respectively, under carefully
controlled reaction conditions.

Finally, it was concluded that the absorption of any trace of
water with MS 4 A and trapping sodium cation with 15-crown-5
further were important. In this way, the yield involving epoxidation
and deprotection was improved to be 43% (over two steps) from
29% in original procedure and ee of the product was constantly over
75% (Scheme 4).
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Scheme 4. (a) Boc,0, DMAP, THF, 89%; (b) N-benzylcinchonidinium chloride, TBHP,
NaOH, 15-crown-5, toluene, MS 4 A, 57%; (c) TFA, anisole, CH,Cly, 76%, 79.8% ee.

Although enantiomerically pure 2a was obtained by re-
crystallization from ethyl acetate, the recovery was only as low as 8%.
This situation prompted us to use complementary enzyme-cata-
lyzed kinetic resolution to remove undesired enantiomer on
DHMEQ itself or intermediates toward target molecule (Scheme 5),
which had been established in the synthesis of racemate of DHMEQ.

After several trials, we turned our attention to the application
of lipase-catalyzed hydrolysis on the diacylated form 1b and 1c
of DHMEQ, whose acyl chains were introduced on both hydroxyl
groups in secondary alcohol and phenol. Between two candi-
dates, dihexanoate 1c¢ with two medium-length acyl chains was
advantageous because of its stability on silica gel column chro-
matography, was much superior to that of diacetate 1b. At
this stage, diastereomerically pure 1c free from (25,354R)-

r (2R,3R,4S)-1¢’ became in hand. Two commercially available
lipases were compared, and Burkholderia cepacia lipase (Amano
PS-IM) showed higher activity than that of Candida antarctica
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