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Abstract—Inhibition of the mevalonate pathway by an HMG-CoA reductase inhibitor, mevalotin, in Streptomyces prunicolor pos-
sessing both mevalonate and MEP pathways resulted in the production of a new metabolite mevashuntin that consisted of conju-
gated thiazolone and pyranonaphthoquinone moieties.
� 2005 Elsevier Ltd. All rights reserved.
Although microorganisms belonging to the genus Acti-
nomycetes are good sources for production of bioactive
secondary metabolites with structural diversity, their
production of isoprenoids is quite limited in number.1

They possess the MEP pathway (formerly called the
nonmevalonate pathway) in common and utilize it for
production of the starter units of isoprenoids, isopent-
enyl diphosphate (IPP) and dimethylally diphosphate
(DMAPP).1 Some members of this group, however,
were proved by labeling experiments to use the mevalo-
nate pathway for the biosynthesis of isoprenoids such as
naphterpin,2,3 furaquinocin,4 terpentecin,5 napyradio-
mycin6 and BE-40644.7

In addition to these members, our Southern hybridiza-
tion experiments proved the presence of the mevalonate
pathway in other strains8 such as Streptomyces pruni-
color 1884-SVT2 that produced benthocyanins with an
isoprenoid side chain.9–11 Our detailed genetic studies
revealed that the mevalonate pathway is utilized for
the production of isoprenoids as secondary metabo-
lites.12–14 Thus we were interested in knowing what
would happen if the mevalonate pathway were inhibited
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in these organisms. As a model experiment, we treated
S. prunicolor 1884-SVT2 with a mevalonate pathway
inhibitor, mevalotin, that caused the appearance of a
new orange pigment (silica gel TLC, Rf 0.3, CHCl3–
MeOH = 10:1) with concomitant complete disappear-
ance of benthocyanins in the fermentation broth. We
wish to report herein the production of a new metabo-
lite, designated as mevashuntin (1).

The producing strain 1884-SVT2 was cultivated in a
seed medium consisting of starch 1.0%, polypepton
1.0%, molasses 1.0% and meat extract 1.0% (pH 7.2)
for 3 days at 27 �C on a rotary shaker. The seed culture
was inoculated into a production medium composed of
starch 2.5%, soybean meal 1.5%, dry yeast 0.2%, CaCO3
0.4% (pH 6.4 before sterilization) and cultivated on a
rotary shaker (200 rpm) at 27 �C. After 24 h cultivation,
500 lg/mL of mevalotin was added to the culture med-
ium and incubated for a further 4 days. The whole cul-
ture broth was centrifuged to give mycelial cake, which
was subjected to acetone extraction. The solvent extract
was concentrated in vacuo to a small volume and the
residual aqueous layer was extracted twice with EtOAc.
The solvent layer was dried over Na2SO4, and concen-
trated to give an oily residue. This oily material was sub-
jected to silica gel column chromatography using
CHCl3–MeOH (20:1) as a solvent system. The orange
fraction was concentrated under reduced pressure and
rechromatographed on a silica gel column developed
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Table 1. Physico-chemical properties of 1

Appearance Orange powder

Mp 166–167 �C
½a�21D �415.5 (c 0.03, CHCl3)
Molecular formula C22H23NO7S

HRFAB-MS (m/z) Found: 446.1286 [M+H]+

Calcd: 446.1273

UV kmax nm (e)
In MeOH 434 (6500), 326 (9300), 264 (31,100),

245 (22,200)

In MeOH + NaOH 565 (6700), 420 (sh, 2900), 326 (9300),

290 (sh, 9300), 242 (33,200)

IR: m (KBr) cm�1 3450, 1710, 1690, 1620, 1265 cm�1

1274 K. Shin-ya et al. / Tetrahedron Letters 46 (2005) 1273–1276
with CHCl3–MeOH–concd aqueous NH4OH (50:10:1).
The orange fraction was concentrated in vacuo, and
the residue was further purified by column chromato-
graphy on Toyopearl HW-40F developed with MeOH
to give a pure sample of mevashuntin (1) as an orange
powder.

The physico-chemical properties of 1 are summarized in
Table 1. The molecular formula of 1 was established as
C22H23NO7S by the high-resolution FAB-MS spectrum
[(M+H)+, m/z 446.1286 (calcd: 446.1273, +1.3 mmu
error)]. IR absorptions at 3450, 1710, 1690 and
1620 cm�1 implied the presence of hydroxyl, amide
and quinone groups.

The 13C and 1H NMR spectral data are tabulated in
Table 2. The structure of 1 was elucidated by the inter-
pretation of the DQF-COSY and the constant time
HMBC (CT-HMBC) spectra.15 The sequence from an
oxy-methine proton 9-H (dH 5.07) to geminal methyl
Table 2. 13C and 1H NMR chemical shifts of 1

No. dC dH

2 169.8

3a 137.9

4 174.1

4a 129.3

5 121.0 7.40 (1H, s)

5a 144.0

6 35.7 2.81 (2H, d, J = 6.0 Hz)

7 69.0 3.97 (1H, quintet, J = 8.0 Hz)

9 74.6 5.07 (1H, br dd, J = 5.5, 2.0 Hz)

9a 135.0

10 158.7

10a 111.7

11 182.0

11a 125.9

12 40.1 2.78 (1H, dd, J = 16.5, 7.5 Hz)

2.67 (1H, dd, J = 16.5, 6.0 Hz)

13 175.0

14 31.7 1.91 (1H, m)

2.12 (1H, m)

15 33.7 1.30 (1H, m)

1.05 (1H, m)

16 27.9 1.51 (1H, m, J = 6.0 Hz)

17 22.8 0.85 (3H, d, J = 6.0 Hz)

18 22.3

19 32.2 3.77 (3H, s)

10-OH 12.33 (1H, s)

13C and 1H were observed at 125 MHz and 500 MHz, respectively.
protons 17-H (dH 0.85) and 18-H (dH 0.83) through
methylene protons 14-H (dH 2.12, 1.91), 15-H (dH 1.30,
1.05) and a methine proton 16-H (dH 1.51) revealed the
presence of a 4-methylpentyl moiety as shown in Figure
2a. Moreover, the proton spin system from a methylene
proton 6-H (dH 2.81) to methylene protons 12-H (dH
2.78, 2.67) through an oxymethine proton 7-H (dH
3.97, dC 69.0) was also deduced by DQF-COSY. Homo-
allylic coupling between 6-H and 9-H together with the
long-range couplings from 7-H to C-9 (dC 74.6) reveled
a dihydro-pyran like substructure as shown in Figure
2a. This partial structure was also confirmed by the
1H–13C long-range couplings from 6-H and 9-H to aro-
matic carbons C-5a (dC 144.0) and C-9a (dC 135.0) in
the HMBC spectrum. The long-range couplings between
7-H and C-5a, 14-H and C-9a corroborated the assign-
ments of these carbons. The methylene protons 12-H
was long range coupled to a carbonyl carbon C-13 (dC
175.0), which was elucidated to be a carboxylic group
by treatment with diazomethane to produce a methyl es-
ter derivative of 1.16 Thus, these results proved the pres-
ence of the substituted dihydro-pyran substructure as
shown in Figure 2a.

The UV and visible spectra of 1 showed the typical
absorption of a naphthoquinone with phenolic hydroxyl
residue as a chromophore.2 A phenolic hydroxyl proton
10-OH (dH 12.33), which is hydrogen-bonded with a qui-
none carbonyl, was long-range coupled to C-5a, C-9a,
C-10 (dC 158.7) and C-10a (dC 111.7). An aromatic pro-
ton 5-H (dH 7.40) was strongly long-range coupled to
meta carbons, C-9a and C-10a, the quinone carbonyl
carbon C-4 (dC 174.1) and the methylene carbon C-6
at a peri-position. The moderate long-range couplings
between 5-H and C-4a (dC 129.3), C-5a, C-10 and the
other quinone carbonyl carbon C-11 (dC 182.0) were
also observed. Thus, the pyranonaphthoquinone moiety
of 1 was established as shown in Figure 2a.

A thiazolone moiety as the remaining unit was eluci-
dated by CT-HMBC experiments taken under normal
and specific conditions. In the CT-HMBC spectrum,
methylamino protons 19-CH3 (dH 3.77, dC 32.2) was
long-range coupled to an amide carbonyl carbon C-2
(dC 169.8) and an aromatic carbon C-3a (dC 137.9).
The molecular formula of 1 implied that the remaining
components were assigned to a sulfur atom and an aro-
matic carbon C-11a (dC 125.9), which should be the
member of naphthoquinone moiety. Thus, the remain-
ing substructure was deduced to be an N-methylthiazo-
lone moiety as shown in Figure 2b.

Lack of any correlations between naphthoquinone and
thiazolone moieties left two possible combinations of
these two moieties. In the CT-HMBC experiment, which
enabled us to observe weak correlations by employing
the longer delay time, and the methylamino proton
19-CH3 showed long-range couplings to the quinone
carbonyl carbon C-4 (Fig. 3).17 Furthermore, a weak
long-range coupling from 19-CH3 to C-4a was also rec-
ognized in this spectrum (shown by dotted lines in Fig.
3). Thus the structure of 1 was determined as shown in
Figure 1.
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Figure 2. The NMR analyses of DQF COSY and general conditioned

HMBC experiments. Bold line shows proton–proton couplings in

DQF-COSY, and allows show long-range couplings in HMBC.
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Figure 1. Structures of mevashuntin (1), benthocyanin A and structurally resembled naphthoquinone derivatives (2 and 3).

Figure 3. The correlation between naphthoquinone and thiazolone

moieties revealed by special conditioned HMBC experiments. Allows

us to show long-range couplings and the dotted allows show weak

couplings.
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In addition to 1, treatment of S. prunicolor 1884-SVT2
with mevalotin also induced production of several
orange or yellow pigments, which were not produced
under normal culture condition. 1 is structurally related
to pyranonaphthoquinones (Fig. 1) reported by Kulan-
thaivel et al.,18 but it differs from them in possessing the
chromophore consisting of a thiazolone fused to a naph-
thoquinone nucleus. It should be emphasized that this
chromophore in 1 is the first example found in not only
natural products but also in synthetic compounds (even
thiazolone fused to benzoquinone is a novel skeleton).
The pyranonaphthoquinones were described to show
weak inhibitory activities against cdc25A, a family of
protein phosphatases, which progresses cell cycle pro-
gression.18 Biological activities of 1 are now under
investigation.
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