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Abstract

Two routes to the unusual 12-membered unsaturated benzolactone of the highly cytotoxic marine
metabolites the salicylihalamides are presented. The first involves an RCM step to construct the C9�C10
alkene bond and this provided the model macrolactones 9 and 10 in a ratio of 77:23, respectively. An
alternative route involved a Stille coupling to construct the C8�C9 bond followed by a macrolactonization
to give the lactones 9 and 10 in a ratio of 96:4. © 2000 Elsevier Science Ltd. All rights reserved.

Marine organisms are a source of a large number of secondary metabolites that have a range
of biological activities.1 Marine sponges in particular, supply compounds with highly varied
molecular architecture and pharmacological properties.2 Recently, a pair of compounds named
salicylihalamides A (1) and B (2) (Fig. 1) were isolated from a sponge of the genus Haliclona
collected from waters around Rottnest island off the coast of Western Australia.3 These
compounds were identified as novel highly cytotoxic macrolides which possess a new 12-mem-

Figure 1.
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bered unsaturated benzolactone ring system as well as an unusual enamide sidechain4 and differ
only in the geometry about the C17�C18 enamide double bond. Testing of salicylihalamide A (1)
in the USA National Cancer Institute (NCI) 60-cell line human tumor screen gave a pattern of
differential toxicity which did not correlate with the profiles of any known antitumor com-
pounds in the NCI standard database.3 These results suggest that compound 1 has a novel
mechanism of action and would make an interesting synthetic target for the potential develop-
ment of a new class of antitumor compound.

As part of a program directed towards the synthesis of Australian marine sponge metabolites5

we have targeted the salicylihalamides and decided to compare two different approaches to the
novel 12-membered unsaturated lactone system (Scheme 1). The first (path A) involves the
construction of the macrolactone by formation of the C9�C10 alkene bond via ring-closing-
metathesis (RCM).6,7 The RCM approach to macrolactones has been extensively developed by
Fürstner who has reported that a properly positioned coordinating group such as an ester is
needed for effective ring closure to occur.8 This protocol was recently applied in the total
synthesis of the macrolide (+)-lasiodiplodin in which the key step involved RCM to form an
intermediate which represented a truncated salicylihalamide.9

Scheme 1.

One possible problem with the RCM methodology is that the stereoselectivity is often low and
difficult to predict.6 We therefore elected to also examine an alternative route (path B) which
involves an intermolecular palladium-catalyzed Stille coupling10 between a vinyl stannane and
benzylic bromide11 to form the C8�C9 sigma bond followed by macrolactonization to provide
the salicylihalamide ring system (Scheme 1). This route may provide the lactone with greater
stereocontrol in a more convergent fashion.

Our comparison study of the two approaches began with the synthesis of a model system
which does not possess the substituents at C3 and C15 (Scheme 2). Asymmetric
crotylmetallation12 of aldehyde 3 and subsequent silylation of the adduct13 provided the known
alkene 414 in good yield. Hydroboration with 9-BBN followed by oxidation gave aldehyde 5,
which upon one carbon Wittig extension and monodesilylation with HF·pyridine in THF
buffered with pyridine15 gave the alcohol 6.16 The methodology developed by Füstner8,9 was then
utilized to provide the RCM precursor 8. Thus, esterification of salicylic acid with alcohol 6
under Mitsunobu conditions17 gave ester 7 which was transformed into the corresponding
triflate. Stille coupling of the triflate with allyltributylstannane mediated by Pd2(dba)3 in the
presence of TFP18 gave the RCM substrate 8 in fair yield. Treatment of diene with Grubbs
catalyst in boiling CH2Cl2 then gave the two macrocycles 919 and 10 in a ratio of 77:23,
respectively, which were separated by preparative HPLC (normal phase, 2.5% EtOAc/petrol
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eluent). The stereochemistry of the major unsaturated macrolactone 9 was determined to be E
by homonuclear decoupling experiments (JH9�H10=15.0 Hz).

Scheme 2. Reagents and conditions: (a) (+)-Ipc2B-(E)-crotyl then H2O2/NaHCO3, 2 h; (b) TBSCl, imidazole, DMF,
16 h; (c) 9-BBN then H2O2/NaHCO3, rt, 1 h; (d) Dess–Martin reagent, CH2Cl2, rt, 1 h; (e) Ph3P�CH2, THF, 16 h
(71%); (f) HF·pyridine/pyridine, THF, rt, 3 h; (g) salicylic acid, DEAD, Ph3P, Et2O, rt, 16 h; (h) Tf2O, pyridine,
CH2Cl2, 1.5 h; (i) allyltributylstannane, Pd2(dba)3, TFP, LiCl, NMP, 36 h; (j) RuCl2(�CHPh)(PCy3)2, CH2Cl2, reflux,
16 h

The Stille coupling macrolactonization approach to the macrolactone 9 is shown in Scheme 3.
Alkene 4, utilized in the RCM study, was treated with ozone and NaBH4 to yield the alcohol
11,20 which on tosylation and acetylide anion displacement afforded alkyne 12. Selective
deprotection of the primary TBS group and subsequent radical hydrostannylation proceeded
smoothly to give the stannane 13 in good yield. The Stille coupling11 between stannane 13 and
methyl 2-bromomethylbenzoate was best effected under conditions reported by Farina18 to give
the E alkene 14 (E :Z selectivity>95:5) in excellent yield. The use of other catalysts such as
Pd(MeCN)2Cl2 or Pd(Ph3P)4 resulted in poorer E :Z ratios and yields. Hydrolysis of the methyl
ester 14 then gave the seco acid 15 which underwent lactonization using the Mitsunobu
protocol17 to provide macrolactones 9 and 10 in 64% yield in a 96:4 ratio. Some dimer21 was
formed in competition with the desired macrolactone and dilution experiments did not improve
the yield. An attempt at macrolactonization using the Yamaguchi protocol failed.22

Scheme 3. Reagents and conditions: (a) O3, CH2Cl2MeOH, −78°C, NaBH4, 20 min; (b) TsCl, pyridine, DMAP,
CH2Cl2, rt, 16 h; (b) HC�CLi·EDA, DMSO, rt, 18 h; (d) HF·pyridine, pyridine, THF, rt, 3 h; (e) Bu3SnH, AIBN,
benzene reflux, 2 h; (f) methyl 2-bromomethylbenzoate, Pd2(dba)3, TFP, NMP, rt, 24 h; (g) LiOH, THF/H2O/MeOH,
rt, 16 h; (h) Ph3P, DEAD, benzene 0.04 M, rt, 16 h

In conclusion, the unusual 12-membered benzolactone ring system of the salicylihalamides has
been synthesized by two different routes. The stereoselectivity for Stille macrolactonization
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approach was far higher than that for the RCM route. In addition, a higher overall yield of pure
9 from the common intermediate 4 was obtained for the macrolactonization route versus the
metathesis sequence (both eight steps, 21% versus 17%). Work towards the introduction of the
interesting C15 alkenamide sidechain is underway and will be reported in due course.
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