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NON-STEREOSPECIFIC INCORPORATION OF (1,2-13C2)-ACETATE INTO TROPANE
ALKALOIDS IN HYOSCYAMUS ALBUS
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( 1,2-13C2) Sodium acetate was incorporated intact into C2 and C3, and C3 and C4 of
6B-hydroxyhyoscyamine in a ratio of 1:1. The result is best explained by assuming that
both R- and S-hygrines are formed from Al—pyrrolinium ions and both of them are
converted into tropinone.
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The biosynthesis of tropane alkaloids has been extensively studied in the last three decades.l) The
intermediates in the pathway leading to hyoscyamine and scopolamine have been clarified by tracer and
enzyme studies, yet several problems have been left unsolved. One of the major problems is the
condensation reaction between N-methyl—Al-pyrrolinium ion and an acetate deriving part (C-2 - C-4 of
tropine) to afford a derivative of hygrine. The mechanism proposed earlier was the reaction of N-methyl-
Al-pyrrolinium ion and acetoacetyl CoA to afford a CoA ester of hygrine-1'-carboxylic acid, a versatile
intermediate in the biosynthesis of hyoscyamine and cocaine.12) Recently, Leete and Kim proposed another
mechanism in which N-methyl-Al-pyrrolinium ion reacts successively with two molecules of malonyl CoA
instead of acetoacetyl CoA as in polyketide biosynthesis.z) The new mechanism is based on their
observation that the (2-13C, lac, 15N)-N-methyl—A1-pyrrolinium ions labelled C-5 and N of cocaine in
Erythroxylon coca. If acetoacetyl CoA was involved in the biosynthesis of cocaine, the N-methyl-Al-
pyrrolinium ions had to react with the methyl but not with the active methylene of the acetoacetyl CoA. It
is unknown whether hyoscyamine is formed by the polyketide mechanism or the acetoacetyl CoA
mechanism.

Recently we found that the incorporation of acetate into a polyketide is very high, approximately
10% per carbon, in the hairy root cultures of Cassia torosa.3) The root cultures of untransformed
Hyoscyamus albus which had been used to study the enzymes of tropane alkaloid biosynthesis were
expected to have very high metabolic activity.la’ 4) A feeding experiment with (1,2-13C2)-acetate
apparently clarifies the mechanism in question, since the mode of acetate incorporation into C-2 - C-4
would be determined by 13¢.13¢ coupling in 13C.NMR.
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(1,2-13C2)-Sodium acetate (90 mg 99% enrichment) was administered to the root cultures of
Hyoscyamus albus three times, on the 4th, 6th and 8th days, during a culture period of 11 days. A mixture
of alkaloid hydrochlorides obtained from 53 g fresh weight roots contained hyoscyamine (21.7 mg), 6B-
hydroxyhyoscyamine (12.4 mg) and scopolamine (5.84 mg).4’5) An attempt to detect 13¢ incorporation
directly from the 13C-NMR spectrum of the alkaloid mixture in 2H20 solution was unsuccessful, as the

spectrum showed a many more peaks than expected. This is due to an equilibrium between the
diastereoisomers of different N-methyl configurations.6) 6B-Hydroxyhyoscyamine was isolated along with
hyoscyamine to avoid ambiguity arising from the racemization of tropyl residue, since an enantiomer
formed by the racemization of 6B-hydroxyhyoscyamine is the enantiomer of 7B-hydroxyhyoscyamine and
they are easily separated by HPLC.7) The labelled alkaloids were separated by HPLC and fractions
containing hyoscyamine and 6B-hydroxyhyoscyamine were submitted to the NMR measurements in acidic
2H20 solution.8) The C-3 of hyoscyamine appeared as a quintet-like signal which arose by C-C couplings
with both of the adjacent carbons. (Fig. 2a) The intact incorporation of doubly labelled acetate molecule
into C-3 and adjacent carbon (C-2 or C-4) caused a C-C coupling to give two satellite signals. Simultaneous
labelling of the other adjacent carbon at a significant ratio caused a further C-C coupling in the satellite
signals resulting in forming the quintet-like signal, since the values of the two coupling constant were
almost identical due to the similarity of the environment of C-2 and C-4. In contrast, as shown in Fig. 2c
the C-3 signal of 6B-hydroxyhyoscyamine can be interpreted as two pairs of quintet-like signals arising
from the equatorial and axial N-methyl isomers. From the intensities of the C-3 signals of hyoscyamine,
the incorporation ratio of labelled acetate is calculated to be 8.2 % and the ratio of simultaneous labelling
at the other adjacent carbon was ca.18%. These figures are more or less the same in 6B-
hydroxyhyoscyamine. C-2 and C-4 signals of 6B-hydroxyhyoscyamine appeared separately as two pairs of
triplet-like signals in a ratio of 3:19) (Fig. 2d, e). The larger signals are attributable to the equatorial N-
methyl isomer and the smaller ones to the axial isomer. The signals of C-2 and C-4 of hyoscyamine were
not clearly separated and gave a quartet-like signal, which can be regarded as the sum of two triplet-like
signals as in 6B-hydroxyhyoscyamine (Fig. 2b). The intensities of the satellite signals of hyoscyamine and
6B-hyoscyamine are approximately 60% of that of the centre signal. This indicate that the labelled acetate
molecules were incorporated intact into C-2 and C-3 as well as C-3 and C-4, in a ratio of 1:1.
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Fig. 2. NMR Spectra of Labelled Hyoscyamine and 6B-Hydroxyhyoscyamine

There are several possible mechanisms to account for the result. In Datura innoxia R-hygrine
incorporated into hyoscyamine much more efficiently than the S isomer.10) From this and other results of
incorporation experiments, R-hygrine has been regarded as the established intermediate in the
biosynthesis of tropane alkaloids in Datura species.la’b) On the contrary, both R-and S-hygrines served

NII-Electronic Library Service



2068 Vol. 38, No. 7

as the precursors of tropane alkaloids with an equal efficiency in Hyoscyamus niger, Atropa belladonna
and Physalis alkekengi.1l) But this observation was rationalized by a facile racemization of hygrine and
the incorporation of S-hygrine was thought to occur via R-hygrine formed by racemization.12,0) If R -
hygrine is the sole product formed from N-methyl-Al-pyrrolinium ion and the sole substrate for further
biosynthetic reactions, the mode of incorporation of acetate is incompatible with the result of our feeding
experiment in Hyoscyamus albus. On the other hand, if we assume that both R- and S-hygrines were
formed directly from N-methyl—Al-pyrrolinium ion or indirectly by racemization and that both
enantiomers were converted into tropinone by dehydration followed by cyclization, the labelling pattern of
acetate is compatible with our experimental result.1¢) The labelling pattern of Fig. 3 shows only the case
of the acetoacetyl CoA mechanism. The result so far obtained is quite unexpected and inconclusive in
regard to the mechanism of hygrine formation and posed another new problem in the biosynthesis of
tropane alkaloids.

The biosynthesis of tropane alkaloid in Hyoscyamus albus would involve two symmetrical stages.
One is the stage of putrescine which is a constitutionally homotopic compound and the other would be that
of hygrine in which both enantiomers could serve as intermediates. It became necessary to investigate the
incorporation of doubly labelled acetate in Datura species and a further incorporation experiment in the
hairy root culturle{s of Datura innoxia is in progress.
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Fig. 3. Mode of Incorporation of Doubly Labelled Acetate into Hyoscyamine and 68-Hydroxyhyoscyamine
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