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Abstract

An efficient macrolactonization procedure using a polymer bound carbodiimide is described. The
procedure uses the polymer supported reagent as a replacement for dicyclohexylcarbodiimide and thus
considerably simplifies the workup for such reactions. Partitioning between macrolactone and diolide is
shown to depend upon the equivalents of reagent used in cases for which lactonization is difficult. © 2000
Published by Elsevier Science Ltd.

In 1985, we reported a macrolactonization procedure using dicyclohexylcarbodiimide (DCC),
4-dimethylaminopyridine (DMAP), and DMAP·HCl.1 The results for macrolactonization of a
number of simple hydroxy acids were excellent, comparable to or better than those obtainable
using considerably more complex procedures available at the time. Moreover, the procedure was
attractive in that the activated acyl derivative was generated in situ; thus the procedure is
inherently self drying and cannot be compromised by adventitious moisture. We also demon-
strated in that work the crucial role of the DMAP·HCl additive in providing high yields and
provided evidence that the inclusion of this additive considerably prolonged the lifetime of the
activated acyl intermediate and suppressed formation of the N-acyl urea byproduct commonly
observed in such reactions.

Since our initial report, this procedure has been used successfully in the macrolactonization of
much more complex substrates than those originally examined. We have used this procedure for
macrolactonization in the synthesis of colletodiol2 and colletol.3 It has also been employed by
Stork in the synthesis of dihydroerythronolide A,4 by Evans in the synthesis of calyculin,5 by
Danishefsky in the synthesis of epothilone B,6 and by Patterson in his synthesis of swinholide.7

Despite the utility of this method, it suffers from one significant problem, namely that DCC is
often used in large (ca. 10 equiv.) excess to achieve optimal yields. This excess DCC is then
converted to dicyclohexyl urea upon completion of the reaction by the addition of acetic acid
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and methanol, and thus one must isolate the desired lactone from a crude product mixture
containing a large amount of the dicyclohexylurea byproduct. Recently we encountered a
situation where this proved difficult, and were led to examine the procedure described in this
Letter as a possible solution. We record herein the use of a polymer supported carbodiimide
reagent in such macrolactonizations, which provides a very convenient solution to this problem.

We began by examining the reaction with the same substrates utilized in our previous study,
under the same reaction conditions, but with DCC replaced by the polymer bound carbodiimide
‘PS-carbodiimide’, which was purchased from Argonaut Technologies.8 The results of these
experiments, shown in Table 1, show that yields using this polymer bound reagent are virtually
indistinguishable from those obtained using DCC, except for the case of the 13-membered ring,
where the yield of macrolactone is improved relative to diolide using the polymer bound reagent.
Care was taken to ensure the reproducibility of these results. Thus the reaction with 1d was run

Table 1
Lactone yields with polymer-bound carbodiimide
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multiple times with commercial reagent from three different lots. No significant variation in
yield was observed; the range of isolated yields over five experiments was 90–96%, and 95–96%
was the norm. Workup of these reactions is greatly simplified, in that simply filtering off the
polystyrene beads removes the urea byproduct, which is, of course, now polymer bound, as is
any N-acyl urea derived from the hydroxy acid substrate. The excess DMAP and DMAP·HCl
can be easily removed either by precipitation with ether or by conventional liquid–liquid
extraction workup procedures. A representative experimental procedure is provided.9

Additional experiments were conducted in an attempt to determine the stoichiometry neces-
sary for high yields. These results are summarized in Table 2. In this vein, the role of
DMAP·HCl was also examined; again, it was found to be critical for obtaining the macrolac-
tone. The reaction using hydroxy acid 1d, which affords nearly quantitative yields of lactone
using the normal conditions (entry 1), fails (7% yield) when this additive is omitted (entry 2) as
in our previous study. However, in this case, good yields were obtained in experiments where the
amounts of reagents were gradually decreased, from 10 to 7.5, and finally 2.5 equiv., where an
82% yield was obtained at the 2.5 equiv. level (entry 4). Yields for substrates which are
intrinsically more difficult to lactonize suffer much more significantly as the excess of reagents
used decreases. For example, with substrate 1b, the isolated yield falls from 77% with 10 equiv.
(entry 5) to 65%, 57%, and finally 31% as the equivalents are reduced to 7.5, 5, and 2.5,
respectively (entries 6–8). However, it is of considerable interest that the yield of diolide
increases as the equivalents of reagent are decreased. Thus, the total yield of cyclized material
stays reasonably constant (85–100%) from 10 to 2.5 equiv., but the amount of diolide increases at
the expense of lactone as the equivalents of reagent decrease.

This is understandable on the basis of mechanism for cases in which the intramolecular
cyclization of the activated intermediate to give lactone is slow. In such a case, there are two
competing reactions available for the hydroxy acid, namely bimolecular reaction with the active
intermediate to give a ‘pre-diolide’ dimeric ester, or reaction with the PS-DCC to form the active
intermediate. Clearly, increasing the equivalents of PS-DCC used in such cases will favor the
latter pathway at the expense of the former.

Table 2
Lactone and diolide yields as a function of stoichiometry

Substrate Diolide yield (%)Entry Lactone yield (%)Equivalents PS-DCCaRing size

96 –10171d1
41d2 17 10b 7

3 1d 17 7.5 86–95 Trace
822.517 91d4

14 10 775 131b
14 7.5 656 351b

34575.07 141b
14 2.5 318 551b

1a 139 10 3352
131a10 53357.5

a All reagents were used in equimolar amounts in these experiments, thus a reaction using 5 equiv. of PS-DCC also
used 5 equiv. each of DMAP and DMAP·HCl.

b DMAP·HCl was omitted in this run.
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