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Pamamycins are 16-membered macrodiolides isolated from
Streptomyces albonigerandS. aurantiacus.1 They display auto-
regulatory, antibiotic, and anionophoric activities2 (Figure 1).
Pamamycin-6071b-d is especially interesting for its potent activity2e

against gram-positive bacteria (including multiple antibiotic-
resistant strains ofMycobacterium tuberculosis) as well as against
phytopathogenic fungi.

Total synthesis of pamamycin-607 and other members of the
family have not yet been communicated in the literature despite
intense synthetic efforts,3,4 and we wish to report here the results
of our research which culminated in a total synthesis of pama-
mycin-607.

In retrosynthetic analysis (Scheme 1), the ester bond formation
between the carboxylic acidA and the alcoholE would set the
stage for the final macrodiolide cyclization required in the
preparation of pamamycin-607 (1). The acidA may be obtained
from the esterD, employing the key radical cyclization reaction5

converting theâ-alkoxyvinyl ketoneC into the tetrahydrofuranyl
esterB. The two tetrahydrofuran rings inE and F were also
envisaged to arise from radical cyclization reactions of the
intermediates such asG (in practice, two separate radical
cyclization reactions are deemed necessary), which may be
synthesized from the protected pentahydroxy intermediateH.

The PMB-protected 3-hydroxypropanal2 was reacted with the
(Z)-boron enolate prepared from the chiral imide3.6 The imide

aldol was converted into the corresponding methyl ester, and the
ester4 was obtained via PMB-deprotection and tosylation. The
reaction of4 with the acetal ketone5 under acidic conditions
afforded theâ-alkoxyvinyl ketone67 after subsequent iodide
substitution. Radical cyclization of6 in the presence of tributyl-
stannane and AIBN under the standard high-dilution conditions
proceeded efficiently to give the tetrahydrofuranyl ketone product
7 in high yield (Scheme 2). Samarium(II) iodide was the reagent
of choice8 for stereoselective reduction of the carbonyl group
(8.5:1) in 7, and the carboxylic acid8 was prepared via TBS-
protection of the hydroxy group and basic hydrolysis of the methyl
ester moiety.
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Synthesis of the northern part of1 commenced with the reaction
of 2 with the (Z)-boron enolate of the imide9 (Scheme 3). The
Weinreb amide10obtained from the aldol imide was transformed
into the benzyloxymethyl derivative, and the aldehyde11 was
obtained via reduction with DIBAL. Reaction of11with the (Z)-
boron enolate of the imide3, NaBH4 reduction, protection of the
primary hydroxy group with TBSCl, and benzylation of the
secondary hydroxy group provided the protected tetrahydroxy
intermediate12 in stereoselective manner. Allylation of the
aldehyde13, which was obtained from12 via TBS-deprotection
and oxidation, proceeded stereoselectively upon addition of
allyltributylstannane in the presence of MgBr2-Et2O complex.9

The homoallylic alcohol14 thus obtained was converted into the
dibenzoate15 via oxidative cleavage of the double bond, NaBH4

reduction, and benzoylation.
The alcohol16 was obtained from15 via PMB-deprotection

with ceric ammonium nitrate, tosylation of the primary hydroxy
group, and BOM-deprotection. Reaction of16with excess methyl
3,3-dimethoxy-2-methylpropanoate (17) in the presence of an acid
catalyst provided the desiredâ-alkoxymethacrylate derivative,
which was converted into the iodide18 via iodide substitution.
Low-temperature radical cyclization reaction of18 in the presence
of triethylborane proceeded efficiently, producing a mixture of
the tetrahydrofuranyl products favoring (10.8:1) the correct threo
isomer 1910 (Scheme 4). The benzoate moieties in19 were
hydrolyzed, and the primary hydroxyl group was tosylated to
provide the alcohol20. The reaction of20 with the acetal ketone
5 proceeded uneventfully, and theâ-alkoxyvinyl ketone21 was
obtained after iodide substitution. Radical cyclization reaction of
21 under the standard high-dilution conditions in the presence of
tributylstannane and AIBN afforded the ketone22 in high yield
as expected.

Debenzylation via hydrogenolysis provided the alcohol23, and
the ester bond formation between23 and the carboxylic acid8
was achieved using Yamaguchi protocol,11 yielding the ester24
in high yield (Scheme 5). Reductive amination of the carbonyl
group in 24 and subsequent Boc-protection proceeded stereo-
selectively, and TBS-deprotection and hydrolysis of the methyl
ester moiety afforded the hydroxy carboxylic acid25. Dicyclo-

hexylcarbodiimide was the reagent of choice for the crucial
macrodiolide ring closure,12 and the macrodiolide26 was ob-
tained in 56% yield. Pamamycin-607 (1)13 was obtained via Boc-
deprotection of26 and reductive methylation of the free amino
group.

In the present synthesis, the threecis-2,5-disubstituted tetra-
hydrofuran rings in1 were stereoselectively introduced via radical
cyclization reactions ofâ-alkoxyvinyl ketones andâ-alkoxy-
methacrylates, and it provides another efficacious example of
radical-mediated reactions in the construction of complex mol-
ecules.
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