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ABSTRACT

The relative and absolute configuration of the pneumocandin B0 side chain has been established as (10R,12S)-dimethylmyristoyl by the
stereocontrolled synthesis of both antipodes of the side chain acid and their comparison to a sample derived from the natural product.

Serious and life-threatening fungal infections have increased
dramatically over the past several decades due to the
increased use of invasive medical procedures and broad-
spectrum antibiotics, as well as a burgeoning immune-
compromised patient population resulting from cancer and
organ transplantation chemotherapy, malignancies, and AIDS.
The few antifungal agents available are limited by their
toxicity, drug interactions, and growing antifungal resistance.1

The echinocandin class of natural products has recently
emerged as a promising antifungal therapy.2 Their fungal-
specific mode of action is inhibition of the biosynthesis of

â-(1,3)-D-glucan, an essential cell wall component of many
pathogenic fungi.3

One of the echinocandins, pneumocandin B0 (1), was
isolated from the fermentation of the fungusGlarea lozoy-
ensis.4 It has been employed in the semisynthesis of several
potent antifungal drug candidates,5 including CANCIDAS
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(caspofungin acetate)6 (2), which has recently been approved
by the U.S. FDA for treatment of invasive aspergillosis in
patients who are refractory to or intolerant of standard
therapy. Caspofungin is also in late-stage clinical testing for
other indications, including empirical antifungal therapy.7

Caspofungin is proving to be a valuable antifungal agent due
to its specific mode of action, broad spectrum, and low
toxicity.

The structures of pneumocandin B0 (1) and caspofungin
(2) consist of a polar cyclic hexapeptide core with a lipophilic
side chain containing two stereogenic methyl groups. The
structure and absolute stereochemistry of the peptide core
of 1 was determined by NMR, X-ray crystallographic, and
chromatographic amino acid analysis; however, the lipophilic
side chain was disordered in the crystallographic study, and
the stereochemistry of the two methyl groups could not be
elucidated.8 Structure-activity relationship experiments have
shown that the structure and stereochemical configuration
of the echinocandin side chain is of central importance for

both the antifungal potency and the toxicity due to red blood
cell hemolysis.2c,d

Herein, we report the determination of the relative and
absolute stereochemistry of the pneumocandin B0 dimeth-
ylmyristoyl side chain by comparison of the hydrolyzed side
chain acid to samples of both antipodes produced by
enantioselective synthesis.

A sample of1 was obtained by fermentation, isolation,
and purification as previously described.9 The sample was
92% pure. The impurities were mostly compounds that
contained analogous amino acids. Impurities that differed
in the side chain were analyzed at<0.7%. The pneumocandin
was methanolized (MeOH, AcCl, reflux, 73 h), and the
pentane extract was purified by bulb-to-bulb distillation (95-
105 °C oven, 0.35 Torr) to give the methyl ester in 72%
yield. The ester was hydrolyzed (THF/H2O, LiOH, 25 °C,
16 h) to the acid in quantitative yield. The side chain acid
was homogeneous by1H and 13C NMR analysis, and the
specific rotation was determined to be [R]25

405 +16.6°
(c 0.010, CHCl3).

To aid in the identification of the relative stereochemistry
of the side chain, a short racemic synthesis of a mixture of
the syn and anti compounds was conducted (Scheme 1).

Diastereomeric 2,4-dimethylhexanal (3) was produced by
reaction of methacrolein withs-Bu3B.10 The product was
purified by distillation to provide a 55:45 ratio of aldehyde
diastereomers. The major isomer was determined to be syn
on the basis of comparison to literature13C NMR data for
the known syn isomer.11 The mixture was subjected to a
Wittig reaction with (7-carboxyheptyl)triphenylphosphonium
bromide. The resultant olefin was hydrogenated to provide
4 as a 54:46 ratio of diastereomers. The ratio was determined
by quantitative13C NMR measurements in which 9 of the
16 carbon resonances of the diastereomers are distinguish-
able. The major isomer (presumed to be syn on the basis of
the major aldehyde isomer being carried forward in a similar
ratio) matched the13C NMR spectrum of the side chain acid
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Scheme 1a

a Key: (a) THF, from 0 to 25°C; (b) 3 equiv of Br-Ph3P+CH2-
(CH2)6CO2H, THF, 0°C, LiHMDS, 30 min; (c) Wittig, from 0°C
to rt, 4 h. (d) H2, Pd/C
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produced by hydrolysis of1. Thus, this relative stereochem-
ical assignment, while equivocal, assisted in the selection
of the initial asymmetric route and was corroborated during
the enantioselective synthesis of the syn isomer.

With the tentative syn assignment, an enantioselective
synthesis of the (10S,12R)-acid enantiomer (4S,R) was con-
ducted using Enders’ chiral hydrazone chemistry12 to deter-
mine the absolute stereochemistry (Scheme 2). Condensation

of RAMP with propionaldehyde gave the hydrazone5 in
96% purified yield.13 The hydrazone was alkylated with
optically pure 1-iodo-(2R)-methylbutane11 to give6 in 46%
yield as a 95:5 (syn/anti) diastereomeric ratio.14 The alkylated
hydrazone was ozonolyzed, and the resultant aldehyde3R,R

was immediately subjected to the Wittig reaction to provide
the olefin in 32% purified yield.15 Hydrogenation of the olefin
gave the saturated acid4S,R in 93% yield as a 92:8 (syn:
anti) mixture of diastereomers. The13C NMR analysis of
the major syn (10S,12R)-isomer matched that of the natural
hydrolyzed acid. The specific rotation of the synthetic side
chain sample, [R]25

405 -18.0° (c 0.010, CHCl3), was
comparable in magnitude to the natural side chain but
opposite in sign, indicating the synthesis of the antipode.

A stereoselective synthesis of the other enantiomer was
also conducted using a different and complementary asym-
metric route to provide additional support for the absolute
configuration (Scheme 3). The (2S,4S)-dimethylhexanal
intermediate was prepared according to the method of White
and Johnson as follows.11 (R)-Propanoyl-2-pyrrolidinemetha-

nol (7) was alkylated with commercially available, optically
pure 1-iodo-(2S)-methylbutane1616 and hydrolyzed to yield
the acid9. The acid was reduced to the alcohol and oxidized
to give the aldehyde3S,S as an 83:17 (syn/anti) mixture.
Wittig reaction, followed by hydrogenation, gave the side
chain4R,S in 61% yield with an 80:20 (syn/anti) ratio. The
specific rotation was determined to be [R]25

405 +17.1°
(c 0.010, CHCl3).

A sample of the4R,S side chain with an improved
diastereomeric ratio was produced by purifying a sample of
acid 9 having a 91:9 (syn/anti) ratio to>97:3 by twice
crystallizing its cinchonidine salt from acetone/water. The
resulting acid was carried through the remainder of the
synthesis to provide4R,S as a 90:10 (syn/anti) ratio of
diastereomers having a specific rotation of [R]25

405 +17.0°
(c 0.010, CHCl3). The small difference in the specific
rotations of the samples containing 90:10 vs 80:20 (syn/anti)
ratios of the diastereomers indicates that the anti impurity
does not significantly contribute to the measured specific
rotation.17

In summary, the pneumocandin B0 side chain has been
determined to have the syn methyl relative configuration and
the absolute stereochemistry of (10R,12S)-dimethylmyristoyl.
This conclusion was based on enantioselective syntheses of
the pneumocandin B0 side chain acid and its antipode and
the comparison of the synthetic products’ NMR spectra and
optical rotation with that of the acid derived from the natural
product.
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Scheme 2a

a Key: (a) LDA, THF, 0°C, 7 h; (b) n-BuLi,-25 °C, 1 h; (c)
1-iodo-(2R)-methylbutane, from-95 to 0°C, 10 h; (d) O3, MTBE,
-78 °C, 10 min, then 3 Å mol sieves, rt; (e) 5 equiv of
Br-Ph3P+CH2(CH2)6CO2H, THF, 0 °C, LiHMDS, 30 min; (f)
Wittig, from 0 °C to rt, 5 h; (g) H2, Pt/C, i-PrOAc, rt.

Scheme 3a

a Key: (a) LDA, THF, 5°C; (b) HMPA, -50 °C, 1-iodo-(2S)-
methyl-butane; (c) 1 M HCl, reflux; (d) 1 equiv of cinchonidine,
1:1 v/v H2O/acetone, from 70°C to rt, two times; (e) Et2O/THF,
LiAlH 4, 5 °C; (f) CH2Cl2, Swern, from-70 to 0°C; (g) 3 equiv
Br-Ph3P+CH2(CH2)6CO2H, THF, 0 °C, LiHMDS, 30 min; (h)
Wittig, from 0 °C to rt, 4 h; (i) H2, Pd/C.
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Supporting Information Available: Experimental pro-
cedures and spectral data for4R,S, 4S,R, and6, the degradation
of 1, and isolation of the natural side chain ester and acid,
as well as a table of13C NMR assignments for the natural

side chain acid and synthetic4R,S (syn) and4S,S (anti) side
chain acids. This material is available free of charge via the
Internet at http://pubs.acs.org.
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