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ABSTRACT

The first total synthesis of ( R)-γ-indomycinone has been achieved which allowed the determination of the configuration of the stereogenic
center of natural γ-indomycinone as ( S). The approach stands out for its generality and efficiency.

γ-Indomycinone (1) has recently been isolated as a new
member of the pluramycin class of antibiotics from the
culture broth of an actinomycete identified asStreptomyces
sp.1,2 [marine (B5543) and terrestrial (GW3/1130)] along with
the known compounds rubiflavinone C-13 andâ-indomyci-
none.4 These antibiotics contain a 4H-anthra[1,2-b]pyran-
4,7,12-trione nucleus, typical for the pluramycin antibiotics,5

which are known for their potent anticancer activity due to
a specific alkylation at N-7 of the guanine base in the DNA.
However, they differ from the pluramycin group antibiotics
by the absence of an aminosugar moiety attached to the
chromophore by a C-glycosidic bond.

The constitution ofγ-indomycinone (1) (Figure 1) was
established by spectroscopic methods, but its absolute
configuration remains unknown so far. Because it was
isolated in only minute amounts, a chemical total synthesis
was needed for the determination of the configuration of the
stereogenic center as well as of its bioactivity.

Despite the excellent work of Hauser,6a,bUno,6c,d Krohn,6e

McDonald,6f and their co-workers, a general approach to the
anthrapyran antibiotics, especially those with stereogenic
centers in the side chain, has only recently been accomplished
within the total synthesis of the natural product AH-1763
IIa.7
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Figure 1. Proposed structure ofγ-indomycinone (1).
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Here, we describe the first enantioselective total synthesis
of (R)-γ-indomycinone (R-1), which also allowed us to
determine the stereochemistry of the natural compound. Its
retrosynthetic analysis is outlined in Scheme 1. The first

disconnection in the pyrone ring moiety envisions an intra-
molecular 6-endo-dig cyclization of the chiral ynone2, which
in turn should result from a nucleophilic attack of an aryl
lithium species generated from the bromodimethoxyanthra-
cene derivative3 on the enantiopure propargylic aldehyde
4. Compound3 should be accessible from the two fragments
5 and6 employing a Diels-Alder reaction, and the aldehyde
4 could be obtained from the enantiopure dioxolanone7.

Recently, we have shown that anthraquinones can be
obtained in an operationally simple way via a regioselective
Diels-Alder reaction,7 which is highly advantageous com-
pared to the known procedure. Thus, cycloaddition of
3-bromojuglone benzyl ether58 as a dienophile and 1-meth-
oxy-3-methyl-1-trimethylsiloxy-1,3-butadiene69 as a diene
led to adduct8, which without isolation yielded the anthra-
quinone9 by treatment with silica gel as a mild acid in 94%.
The bromo atom at C-3 in5 acts as a regiochemical control

element directing the carbon-carbon bond formation during
the Diels-Alder reaction.10 The following regioselective
ortho-bromination of anthraquinone9 was feasible due to
the strong ortho-directing effect of the hydroxyl group. Thus,
treatment of9 with NBS in dichloromethane in the presence
of a catalytic amount of a secondary amine11 gave the
monobromoanthraquinone10 in nearly quantitative yield. To
complete the synthesis of the building block3 (Scheme 2),

both the hydroxyl group and the quinone moiety had to be
protected. Following an orthogonal protecting-group strategy,
the hydroxyl group of bromoanthraquinone10was protected
as its isopropyl ether11 in 90% yield by treatment withi-PrI
and Cs2CO3 in a mixture of acetone andN,N-dimethylfor-
mamide.12 Finally, reductive methylation of the quinone
moiety in 11 using the phase-transfer method13 with aq
sodium dithionite followed by treatment with KOH and
dimethyl sulfate led to the desired dimethoxyanthracene3
in 90% overall yield.3 is sensitive to light in the presence
of air. Under these conditions, a partial formation of the
corresponding anthraquinone takes place. The building block
3 has the advantage, over the already used corresponding
building block with two isopropyl ether moieties as protecting
groups,7 that deprotection as one of the last steps does not
cause any problems.
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Scheme 1. Retrosynthetic Analysis of (R)-γ-Indomycinone
(R-1)

Scheme 2. Synthesis of the Building Block3
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The synthesis of the needed propargylic aldehyde4
(Scheme 3) started from the ester12, which is easily

accessible from enantiomerically pure dioxolanone7 ac-
cording to a known procedure.14 Reduction of12 with LAH
yielded the primary alcohol13 in 80% yield, which on
oxidation utilizing the very mild IBX15 reagent furnished the
aldehyde14. Finally, a Corey-Fuchs homologation16 to give
15 was followed by treatment withn-BuLi and N,N-
dimethylformamide17 to furnish the desired propargylic
aldehyde4 in 80% yield.

Having successfully synthesized both the building blocks
3 and 4 in a convenient and highly efficient manner, we
focused on the coupling of these intermediates as the next
task. After conversion of3 into the lithium derivative by
metalation usingn-BuLi, the subsequent reaction with the
propargylic aldehyde4 proceeded smoothly to give the
corresponding alcohol16 in 86% yield as a mixture of both
possible diastereomers in a ratio of 1:1 (Scheme 4) according
to the NMR spectra of the product. The missing selectivity
has no consequences because the formed stereogenic center
is later removed by oxidation. However, it should be noted
that the aldehyde should be added in one batch immediately
after generation of the organolithium compound to get good
results. Oxidative cleavage of the 7,12-dimethoxy groups
present in16 was accomplished in 90% yield using silver-
(II) oxide in dilute nitric acid18 to give the anthraquinone
derivative 17, which was subsequently subjected to IBX
oxidation15 to afford the ynone18 in 93% yield. First, we
had planned to remove the protecting groups at the anthra-
quinone moiety and perform the ring closure under acidic
conditions in a domino process.19 However, treatment of18
in acetic acid at 55°C with a catalytic amount of sulfuric

acid led only to a cleavage of the benzyl and isopropyl ethers
at the anthraquinone to give2, but not to a cyclization. Both
raising the temperature and increasing the reaction time did
not provide the desired product but induced an elimination
of the benzyloxy group in the side chain. However, an
efficient formation of theγ-pyrone ring system was possible
by an intramolecular 6-endo-dig cyclization of2 under basic
conditions. Thus, treatment of2 in acetone with Cs2CO3

yielded the tetracycle19 in 65% yield.20 Formation of a
furanone was not detected. The final step in the synthesis of
(R)-γ-indomycinone (R-1) was the removal of the benzyl
protecting group in the side chain, which was effected in
85% yield by treatment of19 with TiCl4 in CH2Cl2 at -78
°C and then by slow warming to-20 °C.11d

The1H NMR spectra of the isolated natural product1,2 and
synthetic compound1 are identical in all respects, including
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Scheme 3. Synthesis of the Propargylic Aldehyde4

Scheme 4. Synthesis of (R)-γ-Indomycinone (R-1) from3 and
4
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chemical shifts as well as coupling constant values. The
absolute configuration of the stereogenic center in the natural
product was determined by comparison of the optical
rotation. The [R]25

D value of the synthetic compound (R)-1
was determined as+4.0 (c0.1, DMSO), which is opposite
in sign to a natural sample with [R]D ) -5.5 (c 0.11,
DMSO), which was provided by Prof. Laatsch at the
University of Göttingen.2 This clearly indicates that natural
γ-indomycinone has an (S)-configuration at the stereogenic
center.

In conclusion, we have developed a new general strategy
for the synthesis of anthrapyran antibiotics, which resulted
in the first enantioselective total synthesis of (R)-γ-indomy-

cinone (R-1) and which allowed us to determine the natural
γ-indomycinone as (S)-1.
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