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Abstract—The administration of sodium acetate-1-14C to a 2-yr-old Atropa belladonna plant yielded radio-
active cuscohygrine. Degradation of the alkaloid clearly indicated that tracer was all located on the carbonyl
carbon. This result strongly supports the postulated pathway to the alkaloid from N-methylpyrrolidine and
acetoacetate,

THE BIOSYNTHESIS of cuscohygrine (1), one of the main alkaloids of Atropa belladonna,! has
been the subject of speculative discussions since Robinson postulated his general theory of
formation of pyrrolidine alkaloids.? The reaction mechanisms outlined were tentative and
most of them were discussed along with the biosynthesis of tropane alkaloids.3-4 Although
the tropane alkaloids have been extensively studied with the aid of labeled compounds, as
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FiG. 1. DEGRADATION OF CUSCOHYGRINE DERIVED FROM SODIUM ACETATE-1-14C,

Labeled carbon atoms are indicated with heavy dots. Figures in brackets represent relative specific
activity.

* Part I in the series “Biosynthesis of Cuscohygrine in Atropa belladonna™. . )
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far as we know no tracer experiments have been done on the biosynthesis of cuscohygrine.
The hypothetical pathway that leads to cuscohygrine (I) is closely related to the one for tro-
pane alkaloids and probably involves a double Mannich reaction between N-methyl-41-
pyrrolidine and acetoacetic acid;® if this hypothesis is correct it would be expected
that acetate-1-14C would label solely the carbonyl carbon of I, as has been found with
hyoscyamine.®

We have fed sodium acetate-1-1#C, by the wick method, to one intact 2-yr-old A. beila-
donna specimen. The plant was harvested after 15 days and the alkaloids were extracted by
the usual methods, separated by column chromatography on Celite and the fractions contain-
ing hyoscyamine, hyoscine, tropine and cuscohygrine were all found to be active.

The radioactive cuscohygrine was purified through its diperchlorate and this salt was then
treated with phenyllithium in ether-benzene yielding the tertiary alcohol (It) which had
essentially the same specific activity as the original alkaloid. Oxidation of II yielded benzoic
acid which had almost the same specific activity as II. This result indicated that the alkaloid
was only labeled on the carbonyl carbon and strongly suggested that it was derived directly
from the carboxyl carbon of acetate, thus supporting, the biogenetic theory.

EXPERIMENTAL

M.ps were taken in a Fisher—Johns hot plate and are uncorrected. Samples were counted in a Packard
Tri-Carb model 3305 liquid scintillation spectrophotometer in the usual scintillation solutions. NMR spectra
were determined in a Varian A-60 spectrometer. Sodium acetate-1-14C was purchased from the Comisién
Nacional de Energia Atomica, Argentina. Microanalyses were performed by A. Bernhardt, Miilheim-Ruhr,
Germany.

Administration of the Tracer to Atropa belladonna and Isolation of Cuscohygrine

One 2-yr-old healthy specimen of A. belladonna growing in soil was fed by the wick method in six different
points with sodium acetate-1-14C(231 mg; 2-33 x 109 dpm/mM). The plant was harvested after 15 days and was
macerated in a Waring blendor with CHCl;—-ammonia. After 2 days the mixture was filtered through cloth
and the cake was extracted again in the same manner. The combined filtrates were acidified with 10% HCI
and the organic solvent was removed. The remained acid aqueous solution was extracted twice with CHCl;—
ether (1:1), the organic extract being shaken with 109, HCI and discarded. The aqueous solutions were com-
bined, made basic with 509, ammonia and extracted ten times with CHCl;—ether (1:1). The mixture of crude
alkaloids, obtained from evaporation of this dried extract, was separated on an acid-treated Celite column.”
Elution with CHCI; gave fractions (125 ml each) containing hyoscyamine, hyoscine and tropine; when
clution was carried out with ammonia-saturated CHCl; cuscohygrine and an unidentified alkaloid were
collected in separate fractions. The different fractions were monitored by paper chromatography (Whatman
No. 1, n-butanol:acetic acid:water (4:1:5)). The fraction containing cuscohygrine was evaporated after
being made acidic with perchloric acid; the residue which had a specific activity of 2950 dpm/mg (1-25 x 106
dpm/mM, as the diperchlorate; specific incorporation 0-053 per cent) was diluted with inactive cuscohygrine
diperchlorate (150 mg) and recrystallized from ethanol-ether to constant activity (142 mg; 1-15 x 104 dpm/
mM). Cuscohygrine diperchlorate had m.p. 212-213°, i.r. and NMR spectra were in agreement with its
structure. Found: C, 36:90; H, 6:28; N, 651; Cl, 1659, C;3H;0,N,Cl; required: C, 36:71; H, 6-16;
N, 6-59; Cl, 16-68 per cent.

Treatment of Cuscohygrine Diperchlorate with Phenyllithium

Radioactive cuscohygrine diperchlorate (74 mg; 1-15 x 104 dpm/mM) was suspended in benzene (10 mi),
treated with phenyllithium in ether (10 ml) and the mixture was refluxed for 3 hr in N,. The cold mixture
was then hydrolyzed by addition of water and 2 N HCI. The acid aqueous solution was extracted with ether
(the extracts being discarded after showing negative alkaloid reaction). The remaining aqueous solution was
made basic with 509, ammonia and extracted again with ether. The crystalline residue obtained from the
dried extract by removal of the solvent was recrystallized from ethanol-water yielding 49 mg of 1,3-di-(2-
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(N-methylpyrrolidine))-2-phenyl-propan-2-ol (IT) with an activity of 1-10x 10* dpm/mM. This was diluted
with 50-8 mg of inactive product and recrystallized from the same solvent until constant activity (70-5 mg;
4-71x 103 dpm/mM). 1,3-Di-(2-(N-methylpyrrolidine))-2-phenyl-propan-2-ol (II) had m.p. 63-64°, its
i.r. and NMR spectra being in accordance with the proposed structure. Found: C, 75-67; H, 10-09; N, 9-24.
C19H30ON,; required: C, 75-45; H, 10-00; N, 9-26 per cent.

Oxidation of the 1,3-di-(2-(N-Methyl Pyrrolidine))-2-Phenyl-Propan-2-ol

Compound II (70 mg; 4-71 x 103 dpm/mM) was treated with CrO; (3 g) in 10% H,SO, (10 ml) and the
solution was distilled during 3 hr, keeping the volume of the reaction solution by addition of water and the
distillate being collected over 5% KOH. The alkaline distillate was extracted with ether, the extract being
discarded; the aqueous solution was then acidified with 2 N HCI and extracted with ether. The crystalline
benzoic acid obtained on evaporation was sublimed twice (40-45°, 10-3 mm); it had m.p. 119-120° and its
i.r. spectrum was identical to one obtained from an authentic sample. The benzoic acid had an activity of
4-63 x 103 dpm/mM.
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