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ABSTRACT

On the basis of chemical and spectral data, the structure of the medermycin/lactoquinomycin A has been revised, which has also led to the
revision of related C-glycosylated naphthoquinone antibiotics such as lactoquinomycin B, menoxymycins A and B, G15-F, and G15-G.

Some 25 years ago, scientists at Kayaku isolated from
chromogenicStreptomyces tanashinensisorange crystals
which they found to be significantly active against gram-
positive organisms including antibiotic-resistant strains of
Staphylococci; the molecular formula C24H29NO8, deduced
from mass spectrometric studies of acetylated derivatives,
was given to this material named medermycin.1 Subsequently
this molecular formula was revised to C24H27NO8 after field
desorption studies of the parent material.2 Ten years later,
the group of Tanaka isolated from the same source “a novel
anticancer antibiotic” that they named lactoquinomycin A
as, on the basis of physical stability and antitumor properties,
they thought it was different from medermycin.3 Its structure
was proposed as1,4 in particular according to1H NMR
comparison of the naphthoquinone part with that of kalafun-
gin,5 and the point of attachment ofD-angolosamine (its
carbohydrate component) to the naphthoquinone ring was

chosen as C-8 after spectroscopic considerations. At about
that time, the first production of hybrid antibiotics by genetic
engineering was announced6 and was applied to isochro-
manequinone-producingStreptomycesstrains; the structures
of mederrhodin A and B thus produced relied on that
previously established for medermycin.7

Subsequently, to help in securing structural identification
of these antibiotics, Tatsutaet al.performed a total synthesis
of 1,8 based on the structure proposed for lactoquinomycin
A.3 This enabled a comparison of natural samples of both
medermycin (from Omura’s group) and lactoquinomycin A
(from Tanaka’s group) with the synthetic material. Quite
unexpectedly, all three samples were found to beidentical;
as a consequence, structure1 was assigned to both antibiotics.
This work was followed by the synthesis of the (-)-
enantiomer.9 Given the significant antineoplastic, antibiotic,
and platelet aggregation inhibition properties of medermycin/
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lactoquinomycin A,1,3,10extensive efforts were subsequently
made to achieve an efficient and flexible method for
C-glycosylation at theC-8position of naphthoquinones.11-15

In all of the above work, the C-linkage of the carbohydrate
was believed to occur at C-8 of the naphthoquinone but for
reasons explained below we propose this linkage to occur
at C-6, with2 being the correct structure (Figure 1).

The total syntheses of medermycin/lactoquinomycin A8

and of its (-)-enantiomer9 both started from the bromination
product ofm-hydroxybenzaldehyde; this compound, given
structure3,16,17 was used to prepare a key intermediate for
the establishment at C-8 of a C-C bond between the
aromatic system and a precursor of angolosamine.8,9,18

When performing bromination ofm-hydroxybenzaldehyde
(HBr, AcOH),16,17 we isolated a monobrominated product
(mp 130°C [lit.17 mp 129°C]). To unambiguously assign
its structure, it was reacted withp-nitrobenzoyl chloride,
which afforded a single product that was crystallized. Its
X-ray analysis (Figure 2) established structure5, the bromine
atom being henceortho to the aldehyde group;19 that4 (and
not 3) was the correct structure of the bromination product

was also recently found by Paixao’s group.20 It is noteworthy
that when this bromination is carried out in chloroform, a
compound whose melting point is also 130°C, but to which
structure4 has been assigned,21 is obtained. Thus, it is now
clear that whether performed in acetic acid or chloroform,
bromination ofm-hydroxybenzaldehyde gives4.22

For the actual synthesis of medermycin/lactoquinomycin
A, metalation of the bromo derivative6 (thought to be
derived from3) was used as a crucial step.8 To rule out a
possible rearrangement during or after bromine/lithium
exchange,23 we prepared the acetal68 and performed its
lithiation under literature conditions;8 this lithio derivative
was quenched with methyl iodide, followed by acetal
cleavage, which afforded a methylated aldehyde (Scheme
1). In view of the observed coupling constants (Jortho ) 8.1
Hz, Jmeta ) 1.6 Hz) the structure of this aldehyde can be
depicted by either7 or 8; although these two aldehydes are
known compounds,24 their physical (melting point, boiling
point, and NMR) data are too similar to allow an unambigu-
ous choice. So the aldehyde was reduced (NaBH4, CH3OH)
and the alcohol esterified25 to yield 9.26 Upon selective
irradiations of methyl or methylene groups, Overhauser
enhancements could be observed, which are in accordance
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Figure 1. Original (1) and revised (2) structures for medermycin/
lactoquinomycin A.

Figure 2. Ortep drawing of 2-bromo-5-p-nitrobenzoylbenzaldehyde
5.
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only with the spin pattern displayed in structure9 (Figure
3); the same correlations could be equally detected in
NOESY experiments, which unambiguously point out struc-
ture9 and demonstrate that no rearrangement occurs during
lithiation of the bromide6. Therefore the structure of
medermycin/lactoquinomycin A can now be safely revised
as2.

However, one may ask why structure1 had been chosen,
i.e. why the point of attachment of theC-glycoside was
selected as C-8?

Although a number of NMR chemical shift predictions or
experimental data based on naphthoquinones substitution
patterns27 could have been of help, they were not available
at the time when the structure was selected; the choice of1
appears to have relied on NMR correlations: to quote the
author’s words “a long-range coupling between the 2′-H
signal and phenolic carbon signal (C-9) was observed,
indicating that the C-8 position is substituted by the sugar
moiety”.4,28 It looks like only 3J heteronuclear correlations
were considered while ruling outnJ (n > 3) correlations.
However, we have detected a5J heteronuclear correlation
in compound9, which is unambiguous since we have fully
assigned its13C and1H NMR spectra,26 and we could also
observe it on a simpler model:p-cresol (Figure 4). Thus

the detection of a5J heteronuclear correlation between the
glycosidic proton and C-9 in medermycin/lactoquinomycin
A is compatible with structure2.

As a consequence of this work, the structures of lacto-
quinomycin B,29 menoxymycins A and B,30 G15-F, and G15-
G,31 which were directly built on that of1, should also be
revised (Figure 5); in addition we suggest that those of
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Scheme 1a

Figure 3. Homonuclear Overhauser enhancements observed upon
irradiations of selected protons for compound9.

Figure 4. Observed long-range heteronuclear correlations.
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mederrhodins A and B7 and of AM-840232 be looked at
again. Finally we wish to emphasize that even though
synthetic efforts to achieve efficient introduction of a
C-glycoside at C-8 could now appear irrelevant (since the
structure of medermycin on which they were based was
wrong), there are still a number of (naphtho)quinone
antibiotics, such as quanolirones, capomycins, urdamycins,
amicenomycins, and saquayamicins, in which aC-glycoside
is linkedortho to a phenolic group, thus justifying ongoing
research.33 And last, but not least, may we point out that
whenever delocalized aromatic systems are involved, par-

ticular care should be taken when using long-range correla-
tions for the establishment of NMR connectivities.
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Figure 5. Revised structures for medermycin-derived antibiotics.
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