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Abstract

The formal total synthesis of two sponge alkaloids Haliclamines A and B is achieved through the preparation
of 3-alkylpyridines3, 4 and5 via an advanced common intermedi&te® 2000 Elsevier Science Ltd. All rights
reserved.
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3-Alkylpyridine is a motif commonly found in sponge derived natural prodidtshas been su-
ggested that 3-alkylpyridines are plausible biosynthetic precursors for the complex manzamine and
related alkaloidg.Recently this principle has been demonstrated by the biomimetic synthesis of sponge
alkaloid keramaphidin B:* One subclass of these 3-alkylpyridine containing natural products is the bis-
pyridine macrocycles, exemplified by the cyclostellettanir(@s pyridinium form) and Haliclaminés
(in tetrahydropyridine form).

Haliclamines A1l and B 2 are two macrocyclic alkaloids isolated from the sponge of the genus
Haliclona by Fusetani et & These compounds inhibit cell division of fertilized sea urchin and the
growth L1210 and P338 leukaemia cells. The total synthesis of Haliclamiriesndl B2 was reported
by Morimoto et al’-® In Morimoto’s synthesis, Haliclamine A was obtained from precursoBsand4.
Similarly, union of precursor8 and5 gave Haliclamine B2. Our continued interest in 3-alkylpyridine
derived sponge natural produtt8 prompted us to investigate an alternative synthesis of compd@jnds
4 and5. We envisaged the use of an advanced intermedifdaethe preparation of all three compounds
and kept the use of protecting groups to a minimum (Scheme 1).

Our synthesis began with the esterificatibof trans- -hydromuconic acid? to give diester8 in
90% yield. Reduction of diesté& to diol 9 was effected in 78% yield with lithium aluminium hydride.
Selective monoprotection of di@ with tert-butyldiphenylsilyl chloride using McDougal’s protodal
delivered alcoholl0 in 55% yield. lodination ofl0 by Corey’s methot®# furnished iodides, the
common advanced intermediate, in 97% yield (Scheme 2).
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Scheme 2. (1) MeOH/$EO,; (2) LIAIH 4/THF; (3) (a) NaH/THF, (b) TBDPSCI; (4) PRh,/imidazole/EtO/CH;CN

lodide 6 was coupled with allyl magnesium chloride catalysed by lithium tetrachlorocuprate()
to give dienell in 92% vyield. Selective hydroboratiéhof diene 11 with 9-BBN under ultrasound
irradiationt”18 followed by Suzuki coupling of the resultant alkylborane with 3-bromopyritfiie
furnished compound?2 in 65% yield. Deprotection 012 with ammonium fluoride in methardl gave
compound3 in 40% yield (Scheme 3).
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Scheme 3. (5) Allylmagnesium chloridefQuCL/THF; (6) (a) 9-BBN/THF/ultrasound, (b) 3-bromopyridine/Pd(R2#K 3-
POy(aqy THF; (7) NH,F/MeOH

To synthesise compourd] intermediates was coupled with 6-chlorohexylmagnesium ioditlee-
diated by lithium tetrachlorocuprate(ll) to give chloritidin 36% yield. Finkelstein reaction df3 with
sodium iodide provided iodid&4in 95% yield. Transmetallation of iodidit with tert-butyllithium fol-
lowed by the addition of 9-methoxy-9-borabicyclo[3.3.1]nonane generated the corresponding boronate
in situ23 Suzuki coupling of this boronate with 3-bromopyridine delivet&in 72% yield. Deprotection
of 15gave4 in 77% yield (Scheme 4).

The synthesis of compoun8 commenced with the reaction & with lithiated acetaldehyde
dimethylhydrazon® to give dimethylhydrazond6 in 79% vyield. Deprotection ofl6 with buffered
periodic acid® at pH 4 provided aldehyd&7 in 63% yield. Wittig reaction of aldehyd&7 with ylide
generated from (4-chlorobutyl)triphenylphosphonium iodtd& furnished chloridel8 in 83% vyield.
lodide 19 was obtained in 63% vyield frorh8 via a Finkelstein reaction. Suzuki coupling 1 with 3-
bromopyridine delivere@0in 60% yield. Compoun@0was deprotected to giviein 40% yield (Scheme
5).

We have completed the synthesis of compou)dsand5 using a series of -bond forming reactions
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Scheme 4. (8) CI(CHsMgl/Li,CuClL/THF; (9) Nal/acetone/reflux; (10) (a)BuLi, Et,O, (b) 9-BBN-OMe, (c)
3-bromopyridine/PdG(dppf)/KsPOuaq.y THF; (7) NHsF/MeOH
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Scheme 5. (11) LDA/CECHNNMey/THF; (12) HlOs/HOAC/NaOAC/HO/THF; (13) [CI(CH)4PPh]*1 /KHMDS/THF; (9)
Nal/acetone/reflux; (10) (ABULI/Et,O; (b) 9-BBN-OMe, (c) PdG(dppf)/3-bromopyridine/KPOuaqy THF; (7) NHsF/MeOH

and a minimal protection strategy. As compouf3dS were previously converted into Haliclamines, our
work constitutes a formal total synthesis of Haliclamine& #nd B2.
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