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Summary: The bromolactones{3) prepared from o,B-unsaturated acids(l) were converted to optical-
ly active a,B-epoxyaldehydes{2(R),3{5}-§)(84-98% ee) by successive epoxide formation and reduct-
ive cleavage of the proline moiety. The overall process constitutes a highly efficient asym-
metric synthesis of 2(R),3(S)-6 from 1.

Optically active epoxides attract much attention because of their fmportance in biochem-
1stry]) and synthetic organic chemistry.z) As methods for producing optically active
epoxides, various types of asymmetric syntheses including catalytic epoxidations in the presence
of optically active transition metal comp!exes3} and biological epoxidations with microorgan-
1sms,4) have been developed. Although high optical ylelds(ca. 100% ee) have been achieved
in the preparation of simple unfunctionalized o1efins,3c’4b) practical asymmetric syntheses of
highly optically active functionalized epoxides whose absolute configurations can be mechanis-
tically established, have not been exploited.

. We have previously described that the bromolactonization of (5)-N-(a,B-unsaturated)acy!-
prolines(2) obtainable from a,B-unsaturated acids(1) proceed stereoselectively to give mixtures
of the bromolactones{3A and 38} in which 3A are highly predominant, and that debromination of 3
followed by acidic hydrolysis produces {R)-n-hydroxy acids({R)-4) of high enantiomeric purity
{87-98% ee).s) This paper reports a novel application of the asymmetric reaction developed
for preparing (R)jg, to asymmetric synthesis of highly eptically active o,B-epoxyaldehydes(2({R),
3(S)-6) which are considered potentially useful in natural product syntheses.

According to the reported procedure,sa) preparation of a mixture of 3Aa and 38a(3Aa:3Ba
99:1) was effectively carried out from a-methylcinnamic acid(la) by way of 2a{see Table I},

As shown in Scheme I and Table II, treatment of the mixture of 3ha and 3Ba with sodium methoxide
in methanol gave the crude epoxy ester(gg)sa’?) showing two singlets at 3.72 and 3.B0 ppm in

its NMR spectrum. This spectral feature clearly disclosed that epimerization of the methy!
ester occurred during the epoxide formation. The ratio of two epimers involved in Eg could
be roughly determined as 2:1 by the peak integration. Reductive cleavage of the epimerized
proline moiety afforded optically active (+)-2-methy1-3-phenyl-E(R},3(Sl-épnxypropaua1{2(R),
3(3)-§3)6)after purification by column chromatography{silica gel, Etzo) and distillation.

The structure of 2(R),3(S)-63 was definitely confirmed by spectral comparison with the corre-
sponding racemic a,s-epcxyaldehyde(d1—§g).9 The optical purity of 2(R),3(5)-6a could be
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calculated as 98% since the diastereomeric mixture of 3Aa and §§9(99:I) was subjected to the
sequential reactions.
Scheme I
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(1 ea) in DMF, rt, 40-48 hr 5) iv) MaOMe(1 eq) in MeUH(for §3) or MeQH-THF{for 3b,c,d),
-78°C, 3-4 hr v) NaAle(OCHZCHZOMe)2 in EtZO, 0°C, 1 hr

Table I Preparation of (S)-N-(a,B-Unsaturated)acylprulines(g) and the Bromolactones(3}

2 2
Chem. Mp Optical Chem. Ratio Mp of a Mix. Optical Mp of 3A Optical
Yields  °C Rotations Yields of 38 of 34 and Rotations °C Rotations
(%)) [1(c= (%) to3 B of a Mix. of 34
1.0-1.1) og of 3A and [Q]DO(C=
B oIy 1.0)
(c=0.6-1.0})
%) g7 55117 12060 05 99:0) o4 -105° ) 4
(MeOH) {MeOH)
5b) o . b) - - ¢ ..d) ..d)
b 74 135.5-137  -102 88 96:4 162-164 72.0
CHC13) (CHCla)
¢ 78 12312050 sage 78 99 120413550 g9.3° 141.5-142.56) 2o
{(EtOH) (EtOH)  {from Etzo) (E£OH)
i@ n 0i1®) 9.8 93 a2t} papd) 215.3°  77.5-78.5%  -19.5°
(EtOH) {EtOH)  (from hexane) [EtOH)
a) Based on 1. b) The ratio of 3A to 3B had been established by converting the mixture of 3/
and 3B to (R)-4 c) The ratio of 3A to 3B was calculated by the optical purity of 2(R),
3(S):§. d) Isolation of the predom1nant1y formed bromolactone(3A) was not attempted.

In complete the same manner, the crude bromolactone(Bb) (3Ab:38b 96:4) derived from 3,4-di-
hydro-2-naphthoic ac1d(1b) )(see Table I), was converted to 2(R},3(S)-6b, 6) 92% optically pure,
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Table II Results of the Asymmetric Synthesis of Optically Active a,B-Epoxyaldehydes(2(R),3(S)-

Q)a

2 2(R),3(S)-6
Chem. Ratic of Chem. Optical Rotations Bp or Mp Optical Yields
Yields  the Two vields  [al20(CHC1,) o (% ee)
(2) Epimersb) (%)
a  90(ci1)® 2:1 72 +182°(c=2.00) 75-82(0.9 mmg)®) 98¢
b 85(0il)® 11 85 -189°(c=1.00)4) 72.5-7662)-0) g2¢)
¢ 95(0in)®®) 2: 60 +43.6°(c=6.0) 0i162) 98
[96(0i1)6'] [58] [+88.7°(c=1.01)] [0i1®)]
d  87oin®) 5.3 68 +96.9°(c=0.80)  oi169) ga®)
[100(0i1)%] [76]  [+115°(c=0.90)]  [0i1®)]
a} Values in parentheses are those for the results obtained by using pure §5. b) Determin-
ed by NMR spectrum. c) Calculated based on the ratio of 3A to 3B. d) Recrystallization
from hexane gave an analytical sample, mp 79-79.5°C, [a}D -222°(c 1.04, CHCI,). Anzl.
Calcd. for C]1H]002 C, 75.84; H, 5.79. Found: C, 75.79; H, 5.80. e) Calculated by

assuming that 2(R),3(S)-6 prepared from pure 3A was optically pure.

by way of the crude epoxy ester(Sb) 6) The «,B-epoxyaldehyde(2(R),3(S)-6b) exhibited the
same spectral properties as those of the corresponding racemic compound(d1-gb).

The developed synthetic scheme was further applied to cyclohexene-1-carboxylic ac1d(1c)]])
and 2-methy1-2(E)-nonenoic ac1d(ld)]2)
synthesis.

Results for the preparation of 2c,d from Ic,d and the asymmetric bromolactonization of
EE&E giving the crude bromoTactones(ﬁg&g) are summarized in Table I. Being different from
the cases for 3a,b in which the ratios of 3Aa,b to 3Ba,b had been established by the previous
wnrk,s) the predominantly formed bromolactones(gag and gﬂg) were isolated in pure states by
repeated recrystailizations of crude 3¢,d. When crude 3c,d were subjected to the reaction
conditions for epoxide formation and for reductive removal of the epimerized proline moiety,
there could be obtained partially active 2(R),3(S)-§E¢g§a) by way of epimeric mixtures of the

in order to explore the generality of the asymmetric

epoxy esters( The same sequential treatments of pure 3Ac,d gave optically pure
2(R),3(S) -6¢c,d (see parentheses in Tabie II). Comparisons of the optical rotations clear-

Ty d1sclosed that optical yields for 2(R),3(S)-6c.d and formation ratios of the two diastereo-
meric bromo]actones(§ﬂ£¢g and §§£AQ) were 98%, 84%, and 99:1, 92:B, respectively.

Considering operational simplicity and high optical yields(84-98% ee) exemplified above,
the exploited asymmetric synthesis might provide the practical preparation method of optically
active o,B-epoxyaldehydes which are conceivably quite versatile for synthesis of optically
active macrolides and anti-cancer agents, Application of the overall process to synthe-
sis of optically active anthracycline antibiotics, being of current interest due to their prom-
ising anti-cancer activity, is under progress in these laboratories.
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