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ABSTRACT

EtoN
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A concise synthesis of calothrixins A (1) and B (2) that confirms their assigned structures and affords straightforward synthetic access to

them is reported.

In 1999 Rickards, Smith, and colleagues repdrtéuk
isolation and structure determination of calothrixin) &nd

B (2). Both compounds have exceptional (nanomolar)
antimalarial activity, and their utility in that regard is
currently under evaluation.

The structure assigned fois based on an X-ray crystal-
lographic determination. The structure assignment2fig
based on a careful consideration of the similarities and
differences of the spectra dfand?2, but the two have not
been interconverted. While two natural products that both
have a GgN, core and co-occur are likely to have the same
skeleton, it is not necessary.

To our knowledge the calothrixins are the only known
naturally occurring members of this pentacyclic ring system.

(1) Rickards, R. W.; Rothschild, J. M.; Willis, A. C.; de Chazal, N. M.;
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These considerations, taken with our continuing intéiiest
the synthesis of heteroaromatic natural products and the
minor reservations expressed above about the structure of
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2, 2351 and references therein.
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(10) TheH NMR and UV-vis spectra of syntheti2 are in excellent
agreement with those reported for the natural product? &GrNMR data
are in good, but not perfect, agreement with those reported. We attribute
the minor (all less than 1 ppm) differences to variations in the water content
(or pH) of our DMSO#ds 13C NMR solution and that of Rickards et al. A
13C NMR spectrum of syntheti2 subsequently recorded in Prof. Rickards’s
laboratory is in much better agreement with the oridimiata. Direct TLC
comparisons (including cospotting) of synthe®iavith natural2 showed
the two are indistinguishable (we thank Professor Rickards for recording
the 13C NMR spectrum and carrying out TLC comparisons; NMR spiking
experiments were precluded by the paucity of the natural material available).
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Figure 1. Retrosynthetic analysis &.

particularly attractive because they offered the prospect of
achieving a highly convergent synthesis from two relatively
simple precursors. In fact, we now report a total synthesis
of 2 in which the longest linear sequence is only two steps
from known compounds (four steps from commercially

available materials).

In pursuing the retrosyntheses in Figure 1, a search of the
literature led to a report in which Watanabe and Snieckus
demonstrated that the strategy implicit in retrosynthbsss
a viable one, at least when applied to simpler targets. In the
present instance, however, the reaction conditions reported
by Watanabe and Snieckus totally failed to give any8of
An extensive examination of reaction conditions was required
before the synthesis & was reduced to practice.

The synthesis is summarized in Scheme 1. The knéfvn
and 7, each prepared in a one-pot operation from com-
mercially available materiald and5, were coupled, again
in a one-pot operation, to give3 (= 3) directly. None of
the putative intermediated 10,11, or 12shown in Scheme
1 was isolated, but the choice of lithium tetramethylpiperidide
(LITMP) as base was crucial. The base used to metalate the
amide in the original report (s-BuLi) failed witf; t-BulLi
was equally useless under a variety of conditions. Attempts
to deprotonat& with lithium hexamethyldisilazide ¢, of
amine= 29.5f led to no detectable reaction with The
more basic lithium diisopropylamide (LDA, pkof amine additional equivalent in the subsequent step involving the
= 35.7) resulted in the production of small amountsl@:. deprotonation ofL0.

The still more basic (K, of amine= 37.3f LITMP was Even with all the optimization, the yield df3 from 7 is
most effective. The reaction of with LDA and LiTMP only 12% [26% if one uses 0.4 equiv 6fand calculates the
behaved as if an equilibrium was being established [quench-yield based or6 (using 1 equiv of6 does not improve the
ing of ostensibly8, prepared using either LDA or LITMP, yield based orr)]. However, the route is extremely concise,
with TMSCI gave good yields of the TMS quinoline amide and the main step is amenable to operation on at least a gram
9, but this normally near-instantaneous reaction was slow, scale. Furthermore, after removal of the MOM protecting
requiring several hours for consumption @8, as judged  group (74%), the sequence serves to confirm the structure
by thin-layer chromatography (ary present would have  assigned t@.1°In addition, selective oxidation of the pyridine
been detected a8]. Accordingly, use of excess rather than nitrogen of syntheti® with mCPBA affordsl (71%), whose
stoichiometric LITMP in the deprotonation @fwas exam- spectra are in excellent agreement with those reported for
ined. The optimized conditiofnlisted 4 equiv of LITMP naturall.

in the deprotonation of7, without the need to add an In conclusion, we provide very short syntheses of calo-

3736 Org. Lett., Vol. 2, No. 23, 2000



thrixins A and B that confirm the assigned structures and  Supporting Information Available: Experimental pro-

afford straightforward synthetic access to them and, in cedures and characterization data for all new compounds.

principle, their analogues. This material is available free of charge via the Internet at
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