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Synthetic studies on basidifferquinones: the first synthesis
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Abstract

Basidifferquinones, isolated from Streptomyces sp., are potent inducers for fruiting-body formation of a basidiomycete Polyporus

arcularius. Construction of the basic framework of basidifferquinones and the first synthesis of (±)-basidifferquinone C were accom-
plished by starting from 3,5-dihydroxy-2-naphthoic acid.
� 2008 Elsevier Ltd. All rights reserved.
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Fig. 1. Structures of BDQs and their related compounds.
The fruiting-body development in basidiomycetes is the
most dramatic expression of differentiation and morpho-
genesis among fungi, and is known to be induced by not
only environmental and physical stimuli but also various
chemicals.1 In 1990, basidifferquinone was isolated from
the culture medium of Streptomyces sp. B-412 by Azuma,
Beppu and their co-workers as an inducer for fruiting-body
formation in Polyporus (Favolus) arcularius.2 Three years
later, they also reported the isolation of two other basidif-
ferquinone relatives.3 Thus, the originally isolated basidif-
ferquinone was renamed basidifferquinone A (BDQ A, 1),
and the others were named basidifferquinone B (BDQ B,
2) and basidifferquinone C (BDQ C, 3), respectively, as
shown in Figure 1.3 Although BDQs seem to be conven-
tional anthraquinone derivatives at a glance, the basic
framework of basidifferquinones was surprisingly quite
rare in not only natural but also artificial products. To
the best of our knowledge, the most structurally similar
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natural product may be mumbaistatin (4) isolated from
Streptomyces sp. DSM 11641 as a glucose-6-phosphate
translocase inhibitor.4 Only a few studies toward the
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synthesis of 4 have been reported by two independent
groups,5 and they were successful in synthesizing the
advanced derivatives, such as 55c and 6,5d respectively.
However, total synthesis of 4 has not yet been reported.
On the other hand, no synthetic studies on BDQs have
so far been disclosed despite their interesting biological
activities. These facts may suggest that the construction
of the basic framework of these compounds is much more
challenging than expected. We became interested in the fas-
cinating biological activity and unique structure of BDQs
and initiated our studies toward their synthesis. Herein,
we report the first synthesis of (±)-3.

We have been engaged in the synthetic studies on BDQs
for a long time. Scheme 1 shows some of our previously
attempted strategies for the A-ring simplified BDQ model
compound (7).6 In route A, the key Diels–Alder reaction
proceeded, but the critical installation of one carbon atom
corresponding to C3 was unsuccessful. However, in con-
trast, the key Diels–Alder reaction could not be performed
in route B. In route C, the key cross coupling was not suc-
cessful. Because the key features of all these strategies were
the construction and functionalization of C-ring portion,
these failures led us to the conclusion that C-ring construc-
tion was no easy task. In other words, we learned that we
should circumvent the difficulty of C-ring construction.

We then, therefore, designed a new synthetic plan, which
was quite simple as illustrated in Scheme 2 based on our
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Scheme 1. Previously attempted synthetic plans for BDQs.
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Scheme 2. Synthetic plan for BDQs.
previous failures. The target compounds (1–3) should be
prepared by Diels–Alder reaction between the naphthoqui-
none derivative A and the properly functionalized dienes.
For the synthesis of the key intermediate A, an appropriate
precursor should be B, because the oxidation of B to A was
basically feasible. To construct the lactone portion of B,
ortho-lithiation7 of intermediate C and the subsequent
trapping with benzaldehyde was one of the reliable meth-
ods. Amide C might be prepared from the commercially
available starting material D. The crucial point of this plan
was to circumvent the difficulty of C-ring construction, as
mentioned above, by starting from D.

Our starting material was the commercially available
3,5-dihydroxy-2-naphthoic acid 8 (=D) as illustrated in
Scheme 3. This was converted to the corresponding pro-
tected amide 9 (=C) by the conventional 3 steps: MOM
protection (82%), hydrolysis (92%), and amidation (89%).
The ortho-lithiation7 of 9 was performed by treatment with
n-BuLi in the presence of TMEDA, and the generated 1-
lithio intermediate was trapped with benzaldehyde to give
the desired adduct, which was then immediately heated in
refluxing toluene to afford the corresponding lactone 10
(=B) in 70% yield (based on the recovered SM). Although
the reaction conditions were not yet fully optimized,
n-BuLi was found to be better than s-BuLi as a base. The
oxidation of 10 was successfully executed by treatment with
CAN to give the corresponding naphthoquinone 118

(=A) in quantitative yield. It was noteworthy that the oxi-
dation of 129 to 11 was unsuccessful in spite of all our
efforts.

With naphthoquinone 11 in hand, we then turned to the
next key step, Diels–Alder reaction. As shown in Scheme 4,
we first tried to carry out Diels–Alder reaction between 11

and Danishefsky–Kitahara diene 13.10 With regard to the
reaction procedure, we followed that of Tietze et al.,11
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because theirs seemed to be appropriate for the purpose of
synthesizing the more oxygenated compounds such as
BDQs. Diels–Alder reaction between 11 and 13 underwent
in CH2Cl2 at room temperature to give the adducts, which
were then successively treated with SiO2 in THF and then
K2CO3 in aq THF to afford the desired anthraquinones
14 and its regioisomer 140 (8-OH isomer) in 39% yield as
an inseparable mixture. The ratio of 14:140 was estimated
to be 55:45 based on the NMR analysis. Although the iso-
lated yield and the regioselectivity were quite moderate, we
were successful in constructing the basic framework of
BDQs. A mixture of 14 and 140 was then converted to a
mixture 15 and 150 (55:45) in 99% yield by the deprotection
of MOM group. The structures of 15/150 were confirmed
by HMBC spectroscopy as depicted in Scheme 4. The over-
all yield of a mixture of 15 and 150 was 19% in 7 steps based
on the starting material 8. We can say that the obtained 15

is 10-demethoxy-BDQ C.
We turned our attention to the synthesis of (±)-BDQ C

(3). After the preparation of diene 16,11,12 the naphthoqui-
none 11 was subjected to Diels–Alder reaction with 16 and
subsequently worked up in a similar manner. Although the
desired product 17 and its regioisomer 170 (7-OMe 8-OH
isomer) were obtained, the isolated yield and the regioselec-
tivity became worse compared to the case with Danishef-
sky’s diene 13. After several attempts of trial and error,
we managed to get a mixture of 17 and 170 in 26% yield
(17:170 = 1:1).13 It was to be noted that not only the iso-
lated yield (17–26%) but also the ratio of 17:170 (1:1–1:2)
was considerably fluctuated depending on certain unknown
factors. The regiochemistries of 17/170 were tentatively esti-
mated on the basis of the NMR spectral similarities
between 17/170 and 14/140.14 The obtained mixture of 17

and 170 was purified by preparative TLC to give pure 17,
which was then deprotected by treatment with p-TsOH to
give (±)-3 in 95% yield. The various spectral data of the
synthetic (±)-3 were in good accord with those of the nat-
ural product.15 The overall yield was 6% in 7 steps based on
the starting material 8. Although there still remained room
for improvement in the key Diels–Alder reaction,16 we
were successful in the first and straightforward synthesis
of (±)-BDQ C (3).

In conclusion, we could accomplish the construction of
the basic framework of BDQs and the first synthesis of (±)-
BDQ C (3) by employing Diels–Alder strategy. Our esta-
blished synthetic route is quite simple and straightforward,
and will be also applicable for the synthesis of other BDQs
and their derivatives. Further studies toward the improve-
ment of the key Diels–Alder reaction and the synthesis of
other BDQs are now ongoing in our laboratory.
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