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A cyclopropanol approach to the synthesis of the
C13–C21 fragment of epothilones from diethyl (S)-malate
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Abstract—A convenient new approach to the synthesis of the C13–C21 epothilone fragment using the cyclopropanation of the
ethoxycarbonyl groups in O-THP protected diethyl (S)-malate with ethylmagnesium bromide in the presence of titanium(IV) iso-
propoxide followed by site-selective cyclopropane cleavage as the key steps has been performed.
� 2005 Elsevier Ltd. All rights reserved.
Cyclopropanol derivatives are highly reactive com-
pounds which, under mild conditions, may be involved
in cyclopropane cleavage to form ketones, allyl halides,
esters and some other classes of organic compounds.1

There are several simple and effective methods for the
preparation of cyclopropanols and these substances
may serve as convenient intermediates in organic synthe-
sis.1,2 In the preceding article, we described effective
routes for differentiation between the alkoxycarbonyl
groups in O-THP protected diethyl malate by its conver-
sion into the corresponding bis-cyclopropanol using
titanium-catalyzed cyclopropanation with ethylmagne-
sium bromide and subsequent site-selective cyclopro-
pane cleavage or expansion.3 In the present work, we
report the use of this approach to obtain the thiazole-
containing C13–C21 fragment of epothilones 1
(Fig. 1), which are considered as promising anti-tumor
agents with a taxol-like mechanism of action.4
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Figure 1. The epothilones A and B and the C13–C21 precursors.
Thiazole fragment 2a was obtained for the first time by
Nicolaou et al.5 and was used by this and other research
groups for selective formation of the C12–C13 double
bond via Wittig6 or Wittig–Horner reactions.7 Most of
the syntheses of the thiazole derivative 2a were based on
creation of the chiral centre at C15 by chemical5,6c,8 or
biochemical9 asymmetric reactions with different enanti-
oselectivities. Mulzer et al.7b also reported an effective
synthesis of compound 2a starting from naturally occur-
ring (S)-malic acid, which was transformed into the corre-
sponding a-oxymethyl ketone in moderate yield by the
use of a site-selective reduction of one of the carboxylic
groups in the corresponding acetonide with BH3ÆSMe2.
Reported below is an alternative and practical approach
to the synthesis ofO-THP protected compound 2b, based
on the transformation of carboxylic groups in (S)-malic
acid into the required functionalities via the reductive
cyclopropanation10 of diester 3 (Scheme 1).
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Scheme 1. Reagents and conditions: (a) EtMgBr (6 equiv), Ti(Oi-Pr)4 (50 mol %), rt; (b) MeOH, PPTS (5 mol %), reflux, 15 min; (c) acetone, CuSO4

(2 equiv), PPTS (5 mol %); (d) MsCl (1.5 equiv), Et3N (3 equiv), Et2O; (e) MgBr2 (3 equiv), Et2O–CHCl3, reflux, 5 h; (f) 2-methylthiazol-4-
ylmagnesium bromide (1.5 equiv), CuI (10 mol %), 0 �C to rt; (g) 0.25 M t-BuOK in t-BuOH, reflux, 1.5 h; (h) MeOH, PPTS (5 mol %), reflux; (i)
PhI(OAc)2 (1 equiv), MeOH, rt, 2 h; (j) DHP (3 equiv), PPTS (5 mol %), CHCl3, reflux; (k) DIBAL-H (1.3 equiv), toluene, �78 �C, 1 h.
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THP-protected diethyl (S)-malate 3 was transformed
into bis-cyclopropanol 4 according to our previously
reported procedure3 (Scheme 1). Based on 1H NMR
spectra of the (+)- and (+/�)-MTPA-esters11 of com-
pound 412, we found that the enantiomeric purity of
alcohol 4 was more than 99%.13 Cyclopropanol 4 was
smoothly converted into 2-substituted allyl bromide
514 by MgBr2-induced cationic cyclopropyl–allyl rear-
rangement of the corresponding mesylate.3 Compound
5 was then subjected to the CuI-catalyzed reaction with
2-methylthiazol-4-ylmagnesium bromide (prepared via
the corresponding organolithium derivative15) to form
disubstituted thiazole 6.16

The trisubstituted C16–C17 double bond of the thia-
zole fragment was created by the base-catalyzed allylic
shift of the disubstituted carbon–carbon double bond
in compound 6 to the thermodynamically more stable
conjugated position. The reaction was complete after
1.5 h at reflux with 0.25 M t-BuOK in t-BuOH to form
exclusively the (E)-isomeric compound 7.17 Acid-cata-
lyzed methanolysis of the acetonide 7 followed by oxi-
dative fragmentation of the resulting cyclopropanol
moiety under treatment with PhI(OAc)2

18 led to ester
8 in good yield.19,20 The enantiomeric purity of com-
pound 8, based on 1H NMR spectra of its (+)- and
(+/�)-MTPA-esters, was more than 99%.21 Ester 8
was transformed into aldehyde 2b by the tetra-
hydropyranylation of the hydroxy group, followed
by reduction of the methoxycarbonyl moiety with
DIBAL-H.22

In conclusion, the reductive cyclopropanation of O-
THP protected diethyl (S)-malate and subsequent cyclo-
propane cleavage have transformed the alkoxycarbonyl
groups into the requisite functionalities of the C13–C21
fragment 2 of epothilones 1 with commensurable or
better overall yields as compared to those previously
reported in the literature, using inexpensive starting
materials and reagents.
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