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Summary: TIncorporation of the 13C-labelled acetate and formate into citrechybridones by
cultures of a hybrid strain KO 0031 derived from Penicillium citreo-viride B. TFO 6200 and 4692
indicated that their biosynthesis proceeds via a mixed polyketide-terpenoid (meroterpenoid)
pathway.

As described in the previous papers,1.2 we isolated six new high potent antifeeding metabolites,
citreohybridones A and B, isocitreohybridones A and B, and citreohybriddiones A and B, against Pluzella
xylostella from the mycelium of the hybrid strain KO 0031 derived from Penicillium citreo-viride B. IFO 6200
and 4692. From a biogenetic point of view, these metabolites seem to be formed by successive methyl
migration and skeletal rearrengement of sesterterpenoid containing five isoprene units, However, Simpson et
al. has reported that terretonin(1),3 which is one of mycotoxins isolated from Aspergillus terreus (NRRL
6273), is formed vig a mixed polyketide-terpenoid (meroterpenoid) biosynthetic pathway. Thus, biosynthetic
experiments on citreohybridones were carried out using sodium [1,2-13Cp] acetate and sodium [13C]formate,
as follows.
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Table 1. 13C NMR data? for the incorporation of [1,2-13C,]acetate into 3.

carbon  §(ppm)®  J(Hz) carbon 3(ppm) J(Hz) carbon dppm) J(Hz)

1 20.89 - 11 123.13 41.5 21 19.23 -
2 22.12 36.0¢ 12 134.04 - 22 22.12 36.0¢
3 75.68 364 13 59.88 37.6 23 178.74 490
4 34.52 353 14 69.23 57.0 24 26.47 -
5 55.35 33.2 15 169.45 829 25 22,12 36.0¢
6 76.71 33.2 16 131.96 82.9 26 170.62 59.5
7 31.70 - 17 19896 - 27 20.89 59.5
8 41.10 36.5 18 9.52 - 28 52.32 -
9 51.64 41.5 : 19 169.65 57.0 29 164.91 -

10 43.70 49.0 20 17.31 376 30 21.55 -

a. 13C NMR spectra were taken on a INM-GX400 NMR spectrometer
b. Relative to TMS in CDCl3.

¢. Overlapped with other satellites signals.

Ciwechybridonol (2) exists in an equilibrium between two different tautomers on D ring in CDCl3 as well
as CD30D, resulting in some difficulties of signal assignments in the 13C NMR spectrum. Therefore , 2 was
treated with acetic anhydride - pyridine to afford citrechydridone A(3) and the 13C NMR analysis was carried
out on the basis of 2D-INADEQUATE experiments, wherein 13C-13C coupled signals due to doubly enriched
carbon from [1,2-13C2])acetate were observed in the IH NMR complete decoupling experiments coupled with
2D-INADEQUATE experiments of labelled citreohybridone A and summarized as shown in Table 1. The
average level of enrichment was estimated to be 12.7% based on the relative heights of the coupling satellites
and natural abundance signals. The [13C]formate-labelled sample showed signals resulting from three highly
enriched carbons(300%) corresponding to C-18(5 9.52), C-21(5 19.23), and C-28(8 52.32). The labelling
pattern of citrechybridone A is summarised in scheme 1 and is compatible with the biosynthetic pathway
proposed by Simpson.3.7

The present study strongly suggests that the biosynthetic intermediate [ B ] is regarded as a precursor of
terretonin (1), as seen in scheme 1. Furthermore, it showed be noted that the acetoxyl group at C3-position is in
an a-configuration. Presumably, the a-acetoxyl group is produced by oxidation of the initially formed B-
hydroxy one followed by successive reduction and acetylation.

In addition to searching for such an intermediate as [ A ], further biosynthetic study on citreohybridones is
in progress using three different types of labelled 3,5-dimethylorsellinate.
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According to essentially the same procedure as described in the previous papers,1,2,4 polished rice
(540g) in deionized water(1.4 I) including [1,2-13C2] acetate(1g)5 was cooked using an electric rice cooker
(100 ©C, 20 min), and then transfered into an Erlenmyer flask(3 | x 5), which was pasteurized (121 9C, 20 min
at 2.1 atm), then inoculated with a suspension of mycelium of the hybrid strain KO 0031 in a sterilized water
and incubated stationarily at room temperature for 30 days and extracted with acetone and then EtOAc. The
combined extracts were partitioned between EtOAc and water. The EtOAc extract (10.0 g) was directly
chromatograhed on silica gel (40g, silica gel 60 K070, 70 ~230 mesh, Katayama Chemical). After elution of
higher fatty acids and their esters with benzene, further elution with benzene-EtOAc(3:1) afforded a pale yellow
oil (180 mg), which was further separated by repeated preparative TLC (Kieselgel PF254) using acetone-
CHCl3(1:20~30), acetone-hexane(1:1.5~2) and then EtoAc-benzene(1:3) to give a new metabolite, named
citreohybridonol (2) [92.2mg]6 which was formed on acid-catalyzed hydrolysis of citreohybridone A (3).
Unexpectedly, citreohybridones have not been isolated in this experiment.

CO.Me R=H, Me, Ac
HT‘: 7 . o
HX 3 .
—— A e
H OMe" ove:
[a] ' [B]

e

CHy=CO,Na
HCO,Na

Scheme 1



3886

The authors wish to thank the Ministry of Education, Science and culture for financial support. They are
also indebted to professor T. J. Simpson (University of Bristol) for his valuable suggestion.

REFERENCES

1. S. Kosemura, K. matsunaga, S. Yamamura, M. Kubota, and S.Ohba, Tetrahedron Leit., 1991,32, 3543.

2. S.Kosemura, K. Matsunaga, and S. Yamamura, Chem. Lert., 1991. 1811.

3. C.R. Mclntyre, F. E. Scott, T. J. Simpson, L. A. Trimble, and J. C. Vederas, Tetrahedron, 1989, 45,
2307. : '

4. S.Lai, Y. Shizuri,'S. Yamamura, K. Kawai, Y. Terada. and H.Furukawa, Chem. Lett., 1990, 589.
M. Niwa, Ogiso, T. Endo, H. Furukawa, and 8. Yamamura, Tetrahedron Lett., 1980, 21, 4481; Y.
Shizuri, M. Niwa, H. Furukawa, and S. Yamamura, ibid., 1983, 24, 1053; S. Nishiyama, Y. Shizuri, D.
Imai, and S. Yamamura, ibid., 1985, 26, 3243; Y. Shizuri, M. Nagahama, S. Yamamura, K. Kawai, N.
Kawai, and H. Furukawa, Chem. Lett., 1986, 1129; Y. Shizuri, H. Shigemori, R. Sato, S. Yamamura
K. Kawai, and H. Furukawa, ibid., 1988, 1419; S. Lai, Y. Shizuri, S. Yamamura, K. Kawai, Y. Terada,
and H. Furukawa, Tetrahedron Lert., 1989, 30, 2241.

5. Incorporation of the [13C]formate was carried out with the same manner of [1,2-13C;]acetate.

6. Citreohybridonol(3) as a colorless oil : [a]lp?0 +67.3° (c 0.066, CHCl3); CygH340g [m/z 500.2398(M*)];
TR(film) 3200, 1770, 1740 and 1620cm-!; major tautomer(60%): 5(CDCl3) 5.67(1H, bs, C,;-H), 4.72(1H,
d, J1=3.9Hz, Cg¢-Ha), 4.65(1H, dd, J=2.5, 2.5Hz, C3-HB), 3.67(3H, s, Cag-H3), 3.63(1H, d, J=14.2Hz,
Cs-Ha), 2.51(1H, dd, J=14.2, 4.4Hz, C;-HB), 2.02(3H, s, C3-0Ac), 1.87(3H, s, C3;-Hj), 1.33(3H, s),
1.32(3H, s), 0.94(3H,s), and 0.89(3H, s), other signals(5 2.25~1.25, 9H) are overlapped with one
another; minor tautomer(40%): 8(CDCly) 5.83(1H, bs, C;;-H), 4.78(1H, d, J=3.9Hz, Cg-Ha), 4.68(1H,
dd, J=2.5, 2.5Hz, C3-Hp), 3.61(3H, s, Cyg-Ha), 2.93(1H, d, J=14.2Hz, C;-Ha), 2.75(1H, d, J=14.2,
4.4Hz, C;-HB), 2.40(1H, dd, J=2.4, 2.4Hz, Cy-H), 2.07(3H, s, C3-OAc), 1.87(3H, s), 1.43(3H, s),
1.25(3H, s), 0.97(3H, 5), and 0.91(3H, s); other signals( 2.25~1.25, 8H) are overlapped with one
another.

7. T.J. Simpson, Chem. Soc, Rev., 1987, 16, 123, and many references cited therein; 5. A. Ahmed, F. E.
Scott, D. J. Stenzel, and T. J. Simpson, J. Chem. Soc., Perkin Trans. 1, 1989, 807.

(Received in Japan 23 March 1992)



