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Recently Spenser and Gear administered dopamine-l-Clu (1)
to Hydrastls canadensis plants and obtalned hydrastine (IV)

which was labeled only at C-3 (1,2)., On the other hand the
radloactive hydrastine which was obtalned when tyrosine-?—cl4
was fed to the plant was labeled at both C-1 and C-3 (2,3).
These results may be rationalized by postulating that an
intermediate in the bilosynthesis of hydrastine 1s the tetra-
hydroxybenzylisoquinoline III . This compound could be form-
ed by a Mannich condensation between dopamine and 3,4%-dihydr-
oxyphenylpyruvic acid (IL) , the carboxyl group being either
lost during the condensation or in a subsequent step. Radlo-
active tyrosine could thus serve as a precursor of dopamine
and the keto acid II , resulting in labeling of the two
"halves" of the benzylisoquinoline III . Reaction of III with
one-carbon precursors ultimately affords hydrastine (4).

It has been shown recently (5,6,7) that morphine (V) is

derived from the benzylisoquinoline III or a closely related

147



148 The incorporation of dopamine No.3

compound, We therefore expected that the administration of

14
dopamine-1-C to Papaver somniferum plants would result in

the formation of morphine labeled at C-16 ., We have now
carried out experiments which confirm our expectatlons.

Dopamine—l-c14

hydrobromide (Purchased from New England
Nuclear Corp., Boston, Mass,) (16.4 mg., 2.26 x 108 d.p.m.)
was adminlstered to ten 3-month-old P, somniferum plants
growing in soil (May, 1962) by means of a cotton wick insert-
ed into the stem, After two weeks the alkaloids were extract-
ed from the plants and separated by counter current distrlbut-
ion (8) . Morphine (100 mg.) having a specific activity of

3.8 x 1o6

d.p.m./mM (0.59% incorporation) was obtained.
Systematic degradation of this morphine by Battersby's
method (8) indicated that essentially all the radiocactivity
was lccated at C—16*.

Chelldonine (VII) 1s another alkaloid which is plausibly
derived from the benzylisoquinoline III , We have already
shown that the administration of tyrosine-E—Clu to Chelidonium
maJus results in the formation of radioactive chelidonine (9).
Degracation of this chelidonine ylelded compounds whose activ-
i1tles were consistent with specific labeling at C-4b and C-11,

We have now fed dopamine-l-c14 hydrobromide (17.6 mg., 2.42

X 108 d.p.m.) to three C. majus plants growing out of doors

*We are indebted to Professor A, R. Battersby for friendly
discussions 1n which he informed us that he had independently
obtained the same result, cf. reference (5),
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(June, 1963) by the wick method. After eight days the
alkalolds were 1solated and separated as previously described
(9). Chelidonine (240 mg.) and its derivatives (hydrochloride,

O-acetyl) had a specific activity of 1.35 x 106

d.p.m./mM.
(0.38% incorporation). Oxidation of the chelidonine with
potassium permanganate yielded hydrastic acld and 3,4-methyl-
enedloxyphthalic acid, which were isolated as their N-ethyl-
Imides , VIII and IX respectively. Treatment of the chelldon-
ine with hydriodic acid afforded methyl iodide which was
collected as triethylmethylammonium lodide . All of these
degradation products had negligible activity ( £0.01 x 106
d.p.m./mM.) compared with the chelidonine , indicating that
all the activity of the alkalold was located at C-11 .,
DL-Stylopine* (VI) was also isolated from the C. majJus plants
whlch had been fed dopamine-1-014 , and had a specific activ-
1ty of 3.15 x 106 d.p.m./mM, It is tempting to speculate that
chelidonine 1s formed fpom stylopine by an appropriate bond
fission and rearrangement , indicated schematlically in Fig,
1., Work is in progress to test this hypothesils.

This investigatlion was supported by a research grant MH-
02662 from the National Institutes of Health, U, S. Public
Health Service . We thank Mr, R, C. McLeester for the
cultlvation of the opium popples . The senior author thanks

the Alfred P. Sloan Foundatlon for continued support.

*We thank Dr, R, H, F, Manske of the Dominion Rubber
Research Laboratory, Guelph, Ontario, Canada, for an
authentic specimen of this alkaloid.
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