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ABSTRACT

The first asymmetric synthesis of (+)-crocacin C (3) is described which served to confirm the absolute configuration of this compound. The
key step in the sequence was the stereoselective assembly of the (E,E)-diene amide side chain by a Stille cross-coupling between the stannane
5 and vinyl iodide 6.

The crocacins A (1) and B (2) are electron transport inhibitors
isolated from a strain ofChondromyces crocatus(Cm c2).1,2

These compounds were identified as unusual linear dipeptides
of glycine and a 6-aminohexadienoic acid which possesses
a complexN-acylpolyketide residue. The polyketide fragment
is a substituted phenylundecatrienoic acid with ananti-anti-
syn stereotetrad which is also found inC. crocatusas its
primary amide crocacin C (3). However, compound3 may
form in additional amounts during the isolation process due

to cleavage of the acid-sensitive enamide bond in1 and2.
Crocacin D (4) was isolated fromC. pediculatusand is a
dipeptide of glycine and 6-aminohexenoic acid with the same
N-acylpolyketide residue as compounds1-3. The relative
configurations depicted for1-4 were proposed by Jansen
and co-workers using a combination of MM+ calculations
and NOE experiments.2

The crocacins moderately inhibit the growth of a few
Gram-positive bacteria and are potent inhibitors of animal
cell cultures and several yeasts and fungi. Crocacin D (4) is
the most active of the group against the fungusSaccharmyces
cereVisiaewith an MIC of 1.4 ng mL-1 compared to 10µg
mL-1 for crocacin A (1), 12.5µg mL-1 for crocacin B (2),
and 100µg mL-1 for crocacin C (3).2 A detailed study
revealed that crocacin A (1) blocks NADH oxidation in beef
heart submitochondrial particles, and the site of inhibition
within the electron transport chain was identified as the
cytochromebc1 segment (complex III).1 Toxicity was also
observed in L929 mouse fibroblast cell culture.2 We now
report the total synthesis of the parent polyketide (+)-
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crocacin C (3) which confirms the absolute configuration of
this compound.

A retrosynthetic analysis of crocacin C (3) is shown in
Scheme 1. The C1-C5 (E,E)-dienamide portion of3 could

be constructed by a Stille coupling3 between the stannane5
and vinyl iodide6. A similar methodology was utilized to
secure the related C20-C24 (E,E)-diene acid portion of
reveromycin B in our recent total synthesis.4 The C8-C9
bond could be constructed using the substrate-controlled
asymmetricsyn-aldol reaction developed by Paterson.5 This
would involve condensation of the tin enolate derived from
the known chiral ketone86 and cinnamaldehyde (7) to
provide thesyn-synisomer. Finally, the desired C6-C9anti-
anti-synstereotetrad could be secured by a directedanti-
reduction7 of the aldol adduct.

The sequence began with a tin-mediated aldol reaction
between the enolate derived from ketone86 and aldehyde7
which gave thesyn-synadduct9 in 97% ds (Scheme 2). The
minor aldol stereoisomers were easily removed by flash
chromatography to afford pure9 in high yield. Presumably,
this aldol reaction proceeds via the chelated transition state
I (Si-face of the enolate reacts withRe-face of the aldehyde)
as proposed by Paterson.5b Stereoselective directed reduction
of ketone 9 was achieved using tetramethylammonium
triacetoxyborohydride7 to provide theanti diol 10along with
a trace of thesynisomer. SmI2-mediated Evans-Tishchenko
reduction of9 was unsuccessful.8 The stereochemistry of the
diol 10 was confirmed by13C NMR chemical shift analysis
of the derived acetonide.9 The stereochemistry of the minor
syn-diol acetonide could be assigned by1H coupling constant

analysis9 which served to confirm the stereochemistry of the
original aldol adduct9. Methylation of10 using KH as base
proceeded smoothly to give the dimethyl ether11; however,
subsequent removal of the PMB ether proved problematic.
Treatment of11 with a slight excess of DDQ10 in wet CH2-
Cl2 gave a lowerRf compound in high yield which still
possessed the PMB ether. The product was identified as the
ketone12 which results from regioselective oxidative dem-
ethylation. Thus, DDQ-mediated hydride abstraction occurs
exclusively at the conjugated allylic site rather than the
desired benzylic site of the PMB group to give a highly
stabilized cation which is quenched by water. Subsequent
loss of methanol then provides12. Attempted PMB group
removal with CAN11 gave a complex mixture of products.

At this point we elected to address the selective removal
of the PMB ether rather than change the protecting group
on the original ketone8 used in the aldol reaction. To
circumvent the problematic allylic oxidation, the electron
density at this center needed to be reduced. This was effected
by acetylation of diol10 to provide diacetate13which upon
exposure to DDQ gave the debenzylated compound14 in
good yield without any undesired allylic oxidation (Scheme
3). Reprotection of the primary alcohol gave TBDPS ether
15 and reductive removal of the acetates yielded diol16.
Methylation then afforded the dimethyl ether17 in excellent
yield. Desilylation gave the alcohol18, and Dess-Martin
oxidation12 provided the corresponding aldehyde which was
subjected to chromium-mediated vinylstannylation using the
protocol developed by Hodgson.13 The resultant (E)-stannane
5 was easily purified over NEt3-deactivated silica gel.
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The iodide6 required for coupling was synthesized from
tetrolic acid as shown in Scheme 4. Addition of HI gave the

(Z)-acid which was isomerized to a 70:30 mixture ofE:Z
isomers, respectively, by heating at 135°C for 16 h.14

Methylation and chromatography gave the pure (E)-ester1915

which upon ester-amide exchange16 provided iodide6 as a
crystalline solid.

Treatment of a solution of the stannane5 and iodide6 in
NMP with a catalytic amount of Pd2(dba)3 and TFP17 at 50
°C afforded (+)-crocacin C (3) after purification by silica
gel chromatography followed by preparative reverse phase

HPLC. The 1H NMR, 13C NMR, UV, and IR spectra of
synthetic crocacin C (3) were identical to those recorded for
the natural product. Furthermore, synthetic3 had a rotation,
[R] 18

D +61.3 (c0.3, MeOH), which compared well to that
quoted for the natural product, [R]22

D +52.2 (c 0.3, MeOH).2

Therefore, we propose that the absolute configurations of
crocacins A-D (1-4) are as shown.

In conclusion, the first asymmetric synthesis of (+)-
crocacin C (3) has been achieved which confirmed the
proposed relative stereochemistry and determined the abso-
lute stereochemistry of the natural product. Key steps in this
route are the concurrent introduction of three of the four
asymmetric centers using a substrate-controlled aldol reac-
tion5 as well as a stereoselective Stille coupling to afford
the (E,E)-dienamide moiety. The synthesis of the other
crocacins is underway.
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