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Abstract: The biosynthetic origins of the tetralone isoshinanolone and the related naphthoquinone
plumbagin were investigated by feeding [*C,]-acctate to suspended callus cultures of Ancistrocladus
heyneanus. The orientation of the acetate subunits was elucidated by a similar experiment using [2-
PCJ-acetate. The polyketide folding mode found for isoshinanolone and plumbagin constitutes a
further hint at the acetogenic nature of the naphthylisoquinoline alkaloids, which are typical of A

heyneanus and other species of Ancistrocladaceae and Dioncophylaceae.
© 1998 Elsevier Science Ltd. All rights reserved.

Ancistrocladaceae and the closely related Dioncophyllaceae are small families of palaeotropical
lianas and the as yet only known sources of naphthylisoquinoline alkaloids, unique naturally occurring
biaryls with marked biological activities (i.a. antimalarial and anti-HIV activitics).2’3 Thus, Ancistrocladus
heyneanus, an Ancistrocladaceae species endemic to India, produces differently coupled naphthyliso-
quinolines such as ancistrocladine (1) and ancistrocladidine (2), which are oxygenated at C-6 and have an
S-configuration at C-3,* whereas typical naphthylisoquinolines as produced by Dioncophyllaceae, are the
molluscicidal dioncophylline A (3)* and the highly antimalarial dioncophylline C (4),*¢ which are
characterized by the Jack of an oxygen function at C-6 and the R-configuration at C-3.>
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Fig. 1. Typical naphthylisoquinoline alkaloids from Ancistrocladaceae and Dioncophyllaceac.

These unusual structures hint at a likewise unprecedented biosynthetic origin of isoquinoline

alkaloids from a joint open-chained hexaketide precursor 8 (see Scheme 1), undergoing a stepwise
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cyclization (e.g. via 9a or b) both to the naphthalene and isoquinoline parts 7 and 10, respectively, from
which, by further modifications and the pivotal biaryl coupling step, in principle all of the known
naphthylisoquinolines (including the anti-HIV active dimers, named michellamines”®) should result.
Previous biosynthetic feeding experiments on intact piants, as first cultivated by our group, showed only
very low incorporation rates for both acetate and more specialized potential precursors like 9b (X = H).>*!!
We have recently managed to grow cell cultures of A. heyneanus, which, regrettably, produce only very
small quantities of naphthylisoquinoline alkaloids, but enhanced quantities of the naphthoquinone
plumbagin (5) and the related tetralone isoshinanolone (6), instead. These two bicyclic compounds, which
are well-known metabolites not only of Ancistrocladaceac and Dioncophyllaceae,>*'*® but also from
closely related families (Plumbaginaceae, Droseraceae, Drosophyllaceae, Nepenthaceae),'” should have a
similar biosynthetic origin: 5 and 6 might be formed from the naphthalene moiety 7 of naphthylisoquinoline
alkaloids, which, instead of being coupled to the isoquinoline part to give 1 - 4, could be further oxidized to
5 and then reduced to 6. Biosynthetic results obtained on 5 and 6 should thus be of relevance for the
biogenesis of naphthylisoquinoline alkaloids, too. Previous work on Plumbago europaea had revealed the
biosynthetic origin of 5 from '*C-labelled acetate.'® In this paper, we describe feeding cxperiments on the
biosynthesis of both plumbagin and isoshinanolone with differently "*C-labelled acetate, establishing the

folding mode of the polyketide chain,
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Scheme 1. Proposed biosynthesis of 5 and 6 from acetate as deduced from labelling experiments, and presumable related origin
of naphthylisoquinoline alkaloids.

Feeding experiments were performed on cell cultures grown from seeds germinated after surface
sterilization, grown on modified liquid Linsmaier and Skoog media'® with an addition of 5 mg/l 2,4-
dichlorophenoxyacetic acid. 100 mg each of [2-’Cl-acetate or ['°C,]-acetate were added to 100 ml liquid
media with ca. 25 g of callus tissue, respectively, and incubated for 3 d. The calli (containing 5) were

subsequently separated from the media (containing 6) by filtration.
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Isoshinanolone (6) was isolated from the CH,Cl, extracts of the media by column chromatography
on deactivated silica gel (CH,Cl,), giving 1.1 mg of 6 (after feeding [2-"*C]-acetate) and 3.5 mg of 6 (after
feeding [ l'Q’Cz]-acetate) as yellow oils. Plumbagin (5) was obtained by sublimation from the CH,Cl, extracts
of the calli (ca. 15 mg from each batch).

NMR data were measured on a DMX 600 spectrometer (Bruker) operating at 600 MHz 'H and 150
MHz “C frequencies. The relative labelling intensities (Is) were determined by comparison of the proton-
decoupled ’C NMR spectra of labelled vs. unlabelled § and 6 after feeding [°CJ-acctate (relative peak
areas standardized by the area of the peak at & = 136.0 ppm and 136.9 ppm for 5§ and 6, corresponding to C-
7% of the respective molecule, see Tables 1 and 2). 'J (°C,C) coupling constants and patterns in 5 and 6
obtained from cultures fed with [C,]-acetate were determined by 1D-INADEQUATE and 2D-
INADEQUATE experiments.

The '3C NMR spectrum of isoshinanolone (6) obtained from cultures of Ancistrocladus heyneanus
fed with [2-°CJ-acetate showed a uniform incorporation rate of ca. 6% with enhanced signals at C atoms 2-
CH;, 1, 8, 6, 10, and 3 (Table 1). The data prove the biosynthesis of 6 from acetate subunits, the methylene
positions alternating with carbonyl-derived ones in the polyketide. The coupling constants and patterns
obtained from the 1D-INADEQUATE and 2D-INADEQUATE experiments with 6 obtained from cultures
fed with [>C,]-acetate showed pairwise coupling of the C atoms 2-CHj/2, 1/9, 8/7, 6/5, and 10/4. C-3 re-

mained isolated, confirming the folding of the polyketide as in Scheme | and decarboxylation at C-3.
Table 1. ®C NMR data for labelled 6 after application of differently '*C-labelled acetate.
Isoshinanolone (6)
Catom  2-CHs 2 1 9 8 7 6 5 10 4 3
d[ppm] 1615 3443 7118 1450 1186 1369 1182 1627 1154 2047  40.70
Is* [%] 5.7 0.2° 4.3 0 5.7 0 6.5 0 6.2 0 6.4

L [Hz) 36.0 36.0 454 45.0 55.1 54.8 66.4 66.6 522 52.2 (32.1)¢

* After feeding [2-"Cl-acetate. - ” After feeding [°Cy]-acetate. -  The enhancement is below the limit of significance (0.5 %), C-3
can be assumed unlabelled. - ¢ Coupling disappeared when labelled acetate diluted with unlabelled acetate was applied.

Plumbagin (5) obtained from the feeding experiments showed an incorporation rate of ca. 2-3%
(Table 2). The methylene positions at C atoms 2-CHs, 1, 8, 6, 10, and 3, and coupling of C-atoms 2-CH;/2,
1/9, 8/7, 6/5, and 10/4, while C-3 remained isolated. The labelling pattern of plumbagin (5) thus fully
corresponds to that of isoshinanolone (6), suggesting a similar biogenesis of the two metabolites.

Table 2. *C NMR data for labelled 5 after application of differently BC.labelled acctate.

Plumbagin (5)
C atom 2-CH; 2 1 9 8 7 6 5 10 4 3
8 [ppm] 16.50 149.6 184.7 132.0 119.2 136.0 124.1 161.1 115.1 190.2 1354
I [%] 2.7 0 2.2 0 24 0 22 0 45 0 2.1
'/ [Hzj 439 4395 513 51.6 55.2 55.2 66.1 66.5 53.9 54.1 (50.2)*

204 Goe Table 1.

These feeding experiments establish the folding mode for the intermediate polyketide chain 8 in the
biogenesis of 5§ and 6. Analogous investigations on the biosynthetic origin of the naphthylisoquinoline

alkaloids are in progress.



8448

ACKNOWLEDGEMENTS

This work was supported by the Deutsche Forschungsgemeinschaft (SFB 251 "Okologie,

Physiologie und Biochemie pflanziicher und tierischer Leistung unter StreB" and Graduiertenkolleg "NMR

in vivo und in vitro"), the Max-Buchner-Forschungsstiftung, and by the Fonds der Chemischen Industrie.
Cordial thank is due to Prof. M.H. Zenk, University of Miinchen, for the preparation of the cell cultures.

[y

8

AW

=

._‘
;:>

[y
[u—y

e
ppwy

REFERENCES AND NOTES
Dedicated to Prof. W. Steglich, on the occasion of his 65th birthday
Part 113 in the series "Acetogenic Isoguinoline Alkaloids"; for part 112, see Bringmann, G.; Riickert,
M.; Schlauer, I.; Herderich, M. J. Chromatogr. A 1998, 810, 231-236.
Bringmann, G.; Pokorny, F In The Alkaloids, vol. 46, Cordell, G.A., Ed.; Academic Press: New York

1995; pp. 127- 271.

Bringmann, G.; Aké Assi, L.; Frangois, G.; Schlauer, J. Chimia 1998, 52, 18-28.

Gonvindachari, T.R.; Parthasarathy, P.C. Heterocycles 1977, 7, 661-684.

Bringmann, G.; Holenz, J.; Aké Assi, L.; Zhao, C.; Hostettmann, K Planta Med. 1996, 62, 556-557.
brangoxs G.; Timpermann, G.; l:.lmg, W.; Aké Assi, L.; Holenz, I.; Bringmann, G. Antimicrob. Agents

A Ay 47 N NN
Chemother. 1957, 41, 2533-2539, and lii. cited therein.
. all~~L- - arAdallimn c AMAnnfFend: I D. Dl T\ AAAAAL .. TD Tr.erl.le oo
Bog d PV'I.R., Haﬂuuk, Y.F., Cardellina H, JH, wvianiredi, A.r.; piunt, J.vv., McManon, J.B., BuUckKheit
Jr, R. W., Bringmann, G.; Schiffer, M.; Cragg, G.M.; Thomas, D.W.; Jato, J.G. J. Med. Chem. 1994,

Schlaucr, I Ruckert, M.; Wiesen, B.; Herderich, M.; Aké Assi, L.; Haller, R.D.; Bir, S.; Frohlich,
K.U.; Bringmann, G. Arch. Biochem. Biophys. 1998, 350, 87-94.

Bringmann, G. In The Alkaloids, vol. 29, Brossi, A., Ed.; Academic Press: New York, 1986; pp. 141-
184

=y

n, G.; Pokorny, F.; Wenzel, M.; Wurm, K.; Schneider, C. J. Labelied Comp. Radiopharm.
2

1TNnNL 20 N
1779, 07, 4

1 ™me rn . a 1 ¥ 1 meid MD ¥ atl C N DI ¥,
Bringmann, G Peksmy, F.; Stiblein, M.; Govindachari, T.R.; Almeida, M.R.; Ketkar, S.M. Planta

Ved. 1991, 5

7

; Bruneton.J Bouquet Foumet A.; Cavé, A. Phytochemistry 1976, 15, 817-818.
13.
14.
15.
16.

Lavault, M., Bruneton, J. Planta Med. 1980, (Suppl.), 17-21.

Hanson, S.W.; Crawford, M.; Thanasingh, D.P.J. Phytochemistry 1981, 20, 1162-1164.

Bringmann, G.; Schneider, C.; Aké Assi, L. Planta Med. 1991, 57 (Suppl. 2), 10.

Bringmann, G.; Riickert, M.; Wenzel, M.; Giinther, C.; Wolf, K.; Holenz, J.; Schlauer, J. Pharm.
Pharmacol. Lett. 1998, 8, 5-7.

Ty ANA T o N o h e nn £ Y ) P R ¥ ™ ) T Y7 ... D_.17 1O~ < s N Ia]
Fay, MLF.; Cameron, K.M.; ice, G.T.; Lledo, M.D.; Chase, M.W. Kew Bull. 1997, 52, $23-G32
Thwirand «Zanl MY Totrahodvan T2t 10071 OEin 2
AFULAIINL, TN,y LRy AVA AL 2 CUT AT LRI LI LT 08 AT Ry VIV TV L ki
Linsmaier, EM.; Skoog, F. thcml Plant. 1965, 18, 100.

Contrarv to the IUPAC rules but for simpler comparability of the incorporation sites, 5 and 6 are given
analogous atom numbers in this paper.



