
Tetrahedron Letters 53 (2012) 2114–2116
Contents lists available at SciVerse ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Formal synthesis of (+)-crocacin C

Adele E. Pasqua a, Frank D. Ferrari a, James J. Crawford b, Rodolfo Marquez a,⇑,�

a WestCHEM School of Chemistry, University of Glasgow, Glasgow G12 8QQ, UK
b Genentech Inc., 1 DNA Way, South San Francisco, CA 94080, USA
a r t i c l e i n f o

Article history:
Received 21 December 2011
Revised 1 February 2012
Accepted 10 February 2012
Available online 18 February 2012

Keywords:
Crocacins
Formal synthesis
Overman rearrangement
OMe OMe O

NH

R = Me
R = H

OMe OMe O

NH2

OMe OMe O

NH

cro

0040-4039/$ - see front matter � 2012 Elsevier Ltd. A
doi:10.1016/j.tetlet.2012.02.049

⇑ Corresponding author. Tel.: +44 141 330 5953; fa
E-mail addresses: rudi.marquez@glasgow.ac.uk

(R. Marquez).
� Ian Sword Reader of Organic Chemistry.
a b s t r a c t

The formal synthesis of (+)-crocacin C is reported. The approach described takes advantage of a highly
regioselective epoxide cuprate addition and a diastereoselective Overman rearrangement. The synthesis
is practical and amenable to scale up.

� 2012 Elsevier Ltd. All rights reserved.
The crocacins are a family of four antifungal and cytotoxic anti-
biotics isolated by Höfle and co-workers from two different strains
of Chondromyces bacteria, which exhibit a wide range of biological
activities.1 Whilst crocacin A is only a moderate inhibitor of Gram
positive bacteria, it has shown remarkable activity as a growth
inhibitor of fungi and yeasts through inhibition of the electron flow
within the cytochrome bc1 segment (complex III) of the respiratory
chain.1 Additionally, crocacin D has shown a MIC of 1.4 ng/mL
against Saccharomyces cerevisiae and an IC50 of 60 lg/mL towards
L929 mouse fibroblast cell cultures.
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Structurally, crocacins A, B and D are unusual linear dipeptides
incorporating glycine and a 6-aminohexenoic or 6-aminohexadie-
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noic acid, the nitrogen of which is protected by a complex polyke-
tide derived acyl residue. Crocacin C is the free carboxamide
common to all three of the other crocacins.

Crocacins A, B and D possess a highly reactive enamide unit,
which is crucial for their biological activity. Mechanistically, it has
been postulated that the enamide unit undergoes protonation and
the resulting N-acyliminium ion is then subjected to nucleophilic
attack to generate the enzyme conjugate required for activity.2

The promising biological activity of the crocacins together with
their low natural abundance and interesting structural features,
has made them attractive synthetic targets, and a number of for-
mal and total syntheses have been reported.3–8

As part of our efforts towards the synthesis of the crocacins, we
envisioned accessing crocacin, A, B and D via crocacin C, using the
imide olefination methodology recently developed in our group.9

In turn, crocacin C could be prepared using a modular approach
in which the dienoate ester and the phenyl substituted alkene
are incorporated by means of a Horner–Wadsworth–Emmons olef-
ination and an Overman rearrangement, respectively (Scheme 1).

Our synthesis of (+)-crocacin C began with Roche ester 1, which
was silylated and the resulting ester 2 converted into the corre-
sponding aldehyde 3 through a reduction-oxidation sequence.
Olefination of aldehyde 3 yielded the desired E-ethyl enoate 4 as
a single double bond isomer as determined by 1H NMR analysis
(Scheme 2).

Reduction of ester 4 afforded alkenol 5 which was then epoxi-
dised under reagent-controlled conditions in excellent yield and
with high diastereoselectivity to yield the syn-epoxy-alcohol 6 as
an inseparable (95:5) mixture of diastereomers. Cuprate opening
of the epoxy-alcohol mixture under Nakamura’s conditions10

yielded the desired 1,3-diol 7 together with trace amounts of the
1,2-diol side product 8. Treatment of the diastereomeric mixture
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Scheme 3. Synthesis of enone 14.
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with sodium periodate oxidised the 1,2-diol side product to the
corresponding aldehyde which could be separated by flash column
chromatography (Scheme 2).

The diastereomerically pure 1,3-diol 7 was selectively benzylat-
ed, and the resulting secondary alcohol 9 then methylated, to af-
ford the differentially protected triol 10. Desilylation of ether 10
yielded the free primary alcohol 11, which was oxidised to produce
aldehyde 12 in an excellent yield. Olefination of aldehyde 12 with
the stabilised phosphorane 1311 gave the desired enone 14 as a sin-
gle double bond isomer (Scheme 3).

With enone 14 in hand, the key Overman rearrangement was ex-
plored. Corey–Bakshi–Shibata reduction12 of enone 14 afforded a
1.1:1 mixture of diastereoisomers that was separable by flash col-
umn chromatography. The desired allylic alcohol 15a was acety-
lated to afford the rearrangement precursor 16, which upon
treatment with PdCl2(CH3CN)2 under Overman conditions13 cleanly
transposed the acetate group to generate the syn:anti:anti adduct 17
in quantitative yield and as a single diastereomer. Removal of the
acetate group followed by methylation of the resulting alcohol 18
afforded the core of (+)-crocacin C in an excellent yield (Scheme 4).

Selective hydrogenolysis of the benzyl group followed by oxida-
tion of the resulting primary alcohol afforded the corresponding
aldehyde intermediate. Stereoselective olefination under Horner–
Wadsworth–Emmons conditions using phosphonoacetate 2014

completed the formal synthesis of (+)-crocacin C. The spectral data
and optical rotation of dienoate ester 21 matched those reported
by Chakraborty and co-workers for the same advanced intermedi-
ate during their synthesis of (+)-crocacin C.4
In conclusion, we have completed a formal synthesis of (+)-
crocacin C,15 taking advantage of a highly regioselective epoxide
cuprate addition and of a diastereoselective Overman rearrange-
ment. The synthesis is practical and amenable to scale up. We
are currently in the process of expanding this approach to the syn-
thesis of new crocacin analogues.
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