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2-Methoxycarbonyl-3-prenyl-1,4-naphthoquinone, a Metabolite related
to the Biosynthesis of Mollugin and Anthraquinones in
Galium mollugo L.

By Lutz HEIDE and ECKHARD LEISTNER

(Institut fity Pharmazeutische Biologie und Phytochemie dev Westfdlischen Wilhelms-Universitit,
Hittovfstrasse 56, D-4400 Miinster, W. Germany)

Summary The structure of 2-methoxycarbonyl-3-prenyl- has been elucidated by spectroscopic methods, synthesis,
1,4-naphthoquinone, isolated from Galtum mollugo plants, and derivatisation.
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1,4-DIHYDROXY-3-PRENYL-2-NAPHTHOIC ACID (2) has been
repeatedly postulated!»? as an intermediate in the bio-
synthesis of anthraquinones (3) and mollugin (5). Com-
pound (2) is likely to be a branch point in the biosynthetic
pathway leading to (3) and (5) (Scheme 1). During investi-
gations on the biosynthesis of anthraquinones in intact
plants and cell suspension cultures® of Galium mollugo we
detected a new natural product (7). This compound is
structurally related to the metabolites assumed!-? to be
involved in the biosynthetic sequence leading from 4-(2-
carboxyphenyl)-4-oxobutanoic acid (1) to mollugin (5) and
anthraquinones (3) and its natural occurrence supports the
current concept? of their biosynthesis. It also confirms
evidence obtained from tracer studies!:? indicating that
prenylation occurs at a position corresponding to C-3 rather
than C-2 of (1) (Scheme 1). The latter mechanism has been
shown to be involved in menaquinone® and catalpalactone®
biosynthesis. Finally the co-occurrence of 2-methoxy-
carbonyl-3-prenyl-1,4-naphthoquinone (7) and mollugin (5)
suggests that in the biosynthesis of mollugin (5) esterification
is likely to precede chromen ring formation.
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SCHEME 1.

Galium mollugo L. plants were grown in our botanical
garden from seeds obtained from the botanical garden in
Tiibingen, West Germany. The root system (314 g) of a
plant (5 years old) was harvested in November and extracted
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with Me,CO. The lipophilic portion of the extract was
fractionated [silica gel column, light petroleum (b.p. 40—
60 °C)-MeOH, 30:1] and a yellow crystalline compound
was isolated; yield 5-0 mg, m.p. 43 °C (hexane). The spec-
tral data [Amax (MeOH) 338 (log € 3-48), 262 sh (4-10),
252 (4-26), and 246 (4-27) nm; vpax (KBr) 1737, 1663,
1652, 1620, and 1588 cm~!; 'H n.m.r. (CDCl; vs. Me,Si)
6 1-71 (3H, s), 1-74 (3H, s), 3-33 (2H, d), 3-96 (3H, s), 5-10
(1H, t), 7-75 (2H, m), and 8-10 (2H, m); m/z 284 (M, 21%,),
269 (M+ — Me, 30%), 252 (M+ — MeOH, 499%,), and 237
(M+ — MeOH — Me, 1009%,)] suggested structure (7) for
this compound. This was confirmed by synthesis (Scheme
2). The anion (NaH) of methyl 1,4-dihydroxy-2-naph-
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SCHEME 2.

thoate (6) and 3-methylbut-2-enyl bromide were refluxed for
3 hin dry toluene. The product (4) was isolated following
addition of Na,S,0,; yield 249, m.p. 89 °C (hexane); Amax
(MeOH) 372 (log € 3:78), 317 (3-57), 264 (4-43), and 220
(4-61) nm; vyaex (KBr) 3520 and 1626 cm~1; *H n.m.r. (CD;-
SOCD, vs. Me,Si) & 1-81 (3H, s), 1-89 (3H, s), 3-73 (2H, d),
4-04 (3H, s), 5:27 (1H, t), 7-71 (2H, m), 8-34 (2H, m), 8-84
(1H, s), and 9-92 (1H, s); m/z 286 (M+, 319%,), 2564 (M+ —
MeOH, 1009%), and 239 (M+ — MeOH — Me, 71%,). This
synthetic sample (4) was oxidized (air) to the quinone (7),
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and its u.v. and i.r. spectra were superimposable with those
of the isolated material. Reduction (Na,S,0,) of theisolated
material gave (4) which on acid treatment was converted
into (8). The chroman (8) was identical with a sample ob-
tained from (6) and 2-methylbut-3-en-2-ol in the presence
of BF, and dioxan (Scheme 2). The physical data for both
chroman samples were identical (u.v., ir., m.s., 'H n.m.r.)
with those reported for (8) and synthesised by a different
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approach.? Thus the isolated natural material is 2-methoxy-
carbonyl-3-prenyl-1,4-naphthoquinone (7).

This work was supported by a grant from the Deutsche
Forschungsgemeinschaft (Forschergruppe ‘Sekundire
Naturstoffe/Zellkulturen’) and Fonds der Chemischen
Industrie.

(Received, 9th January 1981; Com. 020.)

2 K. Inoue, Y. Shiobara, H. Nayeshiro, H. Inouye, G. Wilson, and M. H. Zenk, J. Chem. Soc., Chem. Commun., 1979, 957.

3 H.-J. Bauch and E. Leistner, Planta Med., 1978, 33, 105,

4 E. Leistner, Biosynthesis of Plant QQuinones in ‘The Biochemistry of Plants,” Vol. 7, ed. E. E. Conn, Academic Press, in the press.
5 R. M. Baldwin, C. D. Synder, and H. Rapoport, Biochemistry, 1974, 13, 1523.

8 H. Inouye, S. Ueda, K. Inoue, T. Hayashi, and T. Hibi, Chem. Pharm. Bull., 1975, 23, 2523.

7 H. Schildknecht, F. Straub, and V. Scheidel, Liebigs Ann. Chem., 1976, 1295.





