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Abstract: In a two step, one pot reaction of 4-benzyl oxazolidinone, 2-bromoacetyl halide, chromium
dichloride and a suitable 3-oxo-aldehyde derivative the C1-C6-Me - fragment of epothilons is available in its
correct oxidation state and enantiomeric form. Compared to common methods, the chromium-Reformatsky
variation preferentially yields the opposite diastereomers and gives improved chemo- and diastereoselection.

© 1997 Elsevier Science Ltd. All rights reserved.

The epothilons (1) are a recently discovered group of macrocyclic lactones with a taxol-like mitose inhibition
profile.1:2 Although in vivo studies have not yet been published, the compounds appear to be at least as active
as taxoids, but provide much better solubility and access. Accordingly the molecule quickly became a prime
target of synthetic chemists.2-6 As with taxol,” however, it finally may be more important to synthesize
derivatives for structure-activity relationships, a task which is easier done synthetically then by fermentation.2
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Scheme 1. Strategic Analysis of Epothilon B
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A retro-analysis of epothilons reveals three fragments (Scheme 1): (A) An "aldol" fragment C1-C6 (4);
(B) A "prenyl" fragment C7-C16; which biosynthetically may rather be polyketide-derived, but synthetically
suggests commercial nerol/geraniol or nerylacetone (2) as suitable precursors for a C7-aldehyde - at least for
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epothilone B (1b); and (C) a heteroaromatic fragment C17-C20, already available as 3.5 In this paper we
focus on the asymmetric synthesis of aldol fragments of type 4 (C1-C6-Me) by an improved Reformatsky-type
aldol reaction.

Recently we introduced the chromium(II)-mediated Reformatsky reaction as alternative to conventional
heterogeneous methods.8 They reproducibly yield aldol products without the necessity of activation even in
microscale reactions. Among the many advantages of the chromium variation are the excellent
chemoselectivity towards aldehydes and, compared to zinc ester enolates, an inversed simple
diastereoselectivity. The reaction also allows access to quarternary centers prone to retro-aldolization, a
drawback of many base catalyzed aldolizations. Such a retro-cleavage will be facile at A-2, yielding stabilized
and less strained products which rather follow other reaction paths after cleavage. With chromium(IIl)-
enolates, however, this should not be a problem.8

Fragment 1 offers two sites for aldol couplings A-1 and A-2 (Scheme 1). Both disconnections require
B-induction. We concentrated on Evans' 4-benzyl-oxazolidinones as chiral auxiliaries, readily available as both
enantiomers. Disconnection at A-1 would require chemoselective reaction at the aldehyde, and induction from
an acetyl-derived anion. The latter are known to give only moderate diastereomeric excesses (de =~ 4 - 74%).9
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Scheme 2. Connection A-2: 7,8 a: Y = OMe (66%); b: Y = (R)-4-benzyl-oxazolidinon-3-yl (76%, >99 : 1)

Thus a route connecting at A-2 was chosen initally (Scheme 2). It allows free selection of the protective
group at C1. Considering basic reaction conditions later and a similarity to the model system investigated by
Meyer, Kalesse et al.5 an acetal group was chosen. 3,3-Dimethoxypropanal (6), available from propargyl
alcohol (5),10 reacts with methyl 2-bromoisobutyrate (7a) and chromium dichloride (THF, cat. Li, 1 h) to give
8a (66%).!! The same reaction was conducted with bromide 7b, which is available in one step from
commercial 2-bromoisobutyric bromide (91%) and lithium (S)-4-benzyl-oxazolidinone (91%). The isolated
yield increased to 76% of 8b as a single diastereomer according to NMR and GC (de > 99%).!12 Further
conversion to the corresponding ethylketone (8¢, Y = Et) may be achieved by published procedures.13

At this stage, however, we learned from our ongoing systematic study that 3-(2-bromoacetyl)-
oxazolidones in the chromium-Reformatsky reaction behave much better than the corresponding boron-, zinc-
or lithium-enolates. R-9, obtained in 97% yield (cf. 7b), reacted with isobutyraldehyde to give 96% (R)/S-dia-
stereomer (10) and 4% (S)/S (91% chemical yield). The absolute configuration of the new stereocenter was
established by conversion to the known acid 11 (96%).14 Interestingly chromium(III) not only quantitatively
improved the induction, the predominant diastereomer also has the opposite relative stereochemistry to that
obtained with most other metal ions (e.g. Zn, Li).9 The formation of the 3-(2-bromoacyl)-2-oxazolidinones and
the chromium-Reformatsky reaction may also be run in one pot without problems.
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Scheme 3. Connection at A-1: a) 2-Methylpropanal, CrCly, cat. Lil, THF, r.t,, Sh, 91% (96 : 4); b) HyO2,
LiOH, THF/H0, 0°C, 1h, 96%; c) 12, cf. (a), 63%; d) PG = -BuMejSi: TBDMS-OTY, lutidine,
CH)Cly, 0°C, 1.5 h (93%); PG = 4-NOy-CgH4CO: 4-nitrobenzoyl chloride, DMAP, pyH, r.t., 3 d, 69%;
e) cf. (b) 92%; f) (HpCO)p, cat. TsOH, mol. sieve 3 A, CH)Cly, rfx, 2 h, 98% (92 : 8).

With ketoaldehyde 12, readily available from isobutyraldehyde and propionyl chloride,!5 Reformatsky
product 13 was formed chemoselectively (yield: 63%, not optimized). Liberation of acid 1516 by hydrogen
peroxide and bis-protection with formaldehyde to 16 is achieved in over 90% combined yield. Dioxanone 16
according to chiral phase GC has a 92:8 ratio of enantiomers.!6 Alternatively 13 can be protected as
p-nitrobenzoyl ester (14a: 69%) or TBDMS ether (14b: 93%).16 The latter is expected to have similar
induction properties in a C6-C7 aldol reaction as the corresponding C1-ether.4:6.17

Although the chromium-Reformatsky approach A-2 provides excellent induction (> 99 : 1), we consider
route A-1 to be more practical overall. The ready availability of aldehyde 12 with the ethyl-ketone moiety
already attached warrants a possible separation of diastereomers or further improvements of the 92 : 8 ratio
through variation of reaction conditions or with other auxiliaries.

In summary, the chromium-Reformatsky-approach provides by far the shortest enantioselective route to
the aldol fragment A (8¢, 13-16) of epothilons available to date (2 steps). In general the method allows greatly
improved direct B-inductions from Evans enolates not possessing a prochiral C-o. and access to the opposite
diastereomers and thus enantiomers.

Acknowledgements: We wish to thank Prof. Dr. W. Steglich and the Degussa AG for support and generous
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