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Letters
Syntheses of two cytotoxic polyunsaturated pyrrole metabolites of
the marine sponge Mycale micracanthoxea
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Abstract—Starting from eicosapentaenoic acid (EPA) the marine, naturally occurring, pyrrole derivatives, mycalazol 5 and
mycalazal 2 have been synthesized. The Stille coupling reaction is a key step in the syntheses.
� 2004 Elsevier Ltd. All rights reserved.
Marine organisms have proved to be an abundant source
of biologically interesting secondary metabolites.1;2 In
1997 Salv�a and co-workers3 identified fourteen struc-
turally related 2,5-disubstituted pyrroles from the
northeastern Atlantic sponge Mycale micracanthoxea.
The compounds exhibit interesting cytotoxic activity
towards several cancer cell lines. The characteristic
structural feature of the compounds is a C-16 or longer
carbon chain attached to the 5-position of the pyrrole
ring. Some of them contain several methylene inter-
rupted Z-double bonds in the side chain. As part of an
ongoing effort on the synthesis and biological testing of
derivatives of eicosapentaenoic acid (1, EPA) and
docosahexaenoic acid (2, DHA)4–8 the present paper
describes the first syntheses of two of the polyunsatura-
ted pyrroles: mycalazol 5 (3) and mycalazal 2 (4) (Fig. 1).

The compounds 3 and 4 contain the same number of
methylene interrupted double bonds as those present in
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EPA. Hence we decided on a synthetic strategy for both
compounds in which one of the fragments contains all
the double bonds and the other an appropriate pyrrole
entity. For compound 3, a five carbon chain extension of
EPA leads to the acid 5, as one of the fragments. The
other fragment is the known stannylpyrrole 6,9 and we
anticipated that a Stille coupling would combine the two
fragments affording the target molecule after reduction.
A similar strategy has been used successfully by Nabbs
and Abell for the synthesis of some of the saturated
mycalazols.10

The acid 5 was prepared as outlined in Scheme 1.
Reduction of EPA with LAH in ether furnished the
known alcohol 7,11 which was converted to the thioether
8 with (PhS)2 and Bu3P.

12 Oxidation of the sulfide with
oxone in aqueous MeOH at 0 �C afforded the sulfone 9
(53% overall yield from EPA). Reaction of the a-sulfon-
yl carbanion, formed from 9 with LDA at )78 �C, with
methyl 5-bromovalerate furnished the ester 10. The
phenylsulfonyl group was removed with sodium amal-
gam in the usual way,13 and the resulting ester 11 was
hydrolyzed with LiOH in aqueous MeOH to the acid 514

(34% yield from 9). The acid 5 was converted to the acid
chloride 12 with (COCl)2 in CH2Cl2 and the subsequent
Stille coupling with the organotin derivative 6 furnished
the pyrrole 13 in 81% yield (Scheme 2).14 The synthesis
was concluded by chemoselective reduction of the for-
myl group with Zn(BH4)2 in ether at 0 �C affording the
target molecule 3 (76% yield) with spectral data in
agreement with those reported for mycalazol 5.3

It seemed obvious to transform the mycalazol 3 into
the corresponding mycalazal derivative 4 using
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Scheme 1. Reagents and conditions: (i) LiAIH4, ether, D; (ii) (PhS)2, Bu3P, THF; (iii) KHSO5, MeOH, 0 �C; (iv) (a) LDA, THF, )78 �C, (b) methyl
5-bromovalerate, THF; (v) (a) Na(Hg), Na2HPO4, MeOH, )20 �C, (b) LiOH, H2O, MeOH.

Scheme 2. Reagents and conditions: (i) (COCl)2, CH2Cl2; (ii) 6, Pd(PPh3)4 (10%), THF, D; (iii) Zn(BH4)2, THF, 0–25 �C; (iv) (a) NaCN, CH2Cl2,

(b) MnO2, MeOH; (v) 14, Pd(PPh3)4 (10%), THF, D; (vi) TsNHNH2, MeOH, (b) NaB(CN)H3, MeOH; (vii) DIBAL-H, )78 �C, THF.
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chemoselective reactions. However, some initial experi-
ments were unsatisfactory, and we chose to prepare 4 by
a similar route to that described above, viz. reaction of
the stannylpyrrole 14 with the acid chloride 12 under
Stille conditions, as outlined in Scheme 1. Transforma-
tion of the aldehyde function of 6 into a methyl carb-
oxylate group using the one-pot cyanohydrin procedure
reported by Corey et al.15 provided the organotin
derivative 14 in 86% yield.14 It underwent Stille coupling
with the acid chloride 12 to give the pyrrole 1514 (74%
yield), the carbonyl function of which was transformed
to a methylene group by reduction of the corresponding
tosylhydrazone with NaB(CN)H3. The ester thus
obtained was finally reduced by DIBAL-H in THF to
give 4 in 46% yield, which exhibited spectral data in
agreement with those reported for mycalazal 2.3

In conclusion, the syntheses of the naturally occurring
pyrrole derivatives 3 and 4 confirmed the assigned
structures and provided sufficient material for biological
testing.
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