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BIOSYNT.HESIS OF THE ALKALOIDS OF 
CHEIDONIUM MAJUS--II. 

THE FORMATION OF CHELIDONINE FROM STYLOPINE 
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(Received 6 July 1966) 

Ahslract-The tetrahydroprotoberberine alkaloid, stylopine, has been synthesized with carbon-14 label at 
C-6. The chelidonine isolated from Chelidotdum m&s L. plants which had been fed ~~.-~tylopinc&~4c was 
radioactive (0.7% incorporation), and systematic degradation established that ail the activity was located at 
Cl 1. This result provides strong support for the hypothesis that the tetrahydroprotoberberines are pre 
cursow of the benzo[c]phenanthridhx alkaloids. 

WE HAVB previously established that chelidonine (III), one of the main alkaloids of the plant 
Chelidonium maw L., is derived from tyrosine’ and dopamine.2 The administration of 
tyrosine-2-1‘C to the plant afforded radioactive chelidonine which was labelled at G4b and 
C-1 1. The chelidonine derived from dopamine-cc- 14C was labelled solely at C-1 1. These 
results strongly favored the suggestion of Bruchhausen and Bcrsch3 that chelidonine is 
formed from a tetrahydroprotoberberine alkaloid such as stylopine (II) via an intermediate 
such as IV (Fig. 1).4 This hypothesis is attractive since DL-stylopine is one of the minor 
alkaloids of C. maj~~.~~ 6 Strong support for this scheme has been obtained by Battersby 
and coworloera7 They fed to C. m. (+)reticuline 0, labelled with 14C at G3, the N- 
methyl group, and on the O-methyl group of the benxyl residue; a tritium label was also 
present at the assymmetric centre C-l. The resultant chelidonine was labelled with ‘%Z at 
Cl 1, G6, and at the methylenedioxy group of ring D, the ratio of activity at these positions 
being consistent with the direct incorporation of the labelled reticuline via stylopine, as 
illustrated in Fig. 1. No tritium was found in the chelidonine, a result to be expected if a 
compound such as IV were a biosynthetic intermediate. Tritium-labelled stylopine was 
also fed to C. majars, and radioactive chelidonine (O-8 % incorporation) was isolated from the 
plant. 

We have carried out independent investigations with 14Glabelled DL-stylopine which 
confirm Battersby’s results. Haworth and Perkins prepared otistylopine (II, 2,3,9,10- 
bismethylenedioxytctrahydroprotobcrberine) in small yield and we have utilized their 

1 B. LBBTB, J. Am. Chem. Sot. 85,473 (1963), Part I of this series. 
2 E. LEITIB and J. B. MURBLLL, Tetruhedron Letters 147 (1964). 
3 F. v. Ba UCHI-JA~~EN and H. W. BBRSCH, Chem. Ber. 63,2520 (1930). 
4 Sea also R. B. TURNER and R. B. WOODWARD, In The AhIoids (Edited by R. H. F. m and H. L. 

How@, Vol. III, p. 57. Academic Prey, New York (1953). 
5 J. SLAM, Collection Czch. Chem. Commun. 20,198 (1955). 
6 F. J. BANDBLIN and W. u, J. Am. Pharm. Assoc. 45,702 (1956). 
1 A. R. BAT~EISBY, R. J. FRANZ, E. A. RWEDA and J. SAWroN, C’. Commun. 89 (1%5). 
s R. D. HA~~RTH and W. H. PERKIN, J. Chem. Sot. 1769 (1926). 
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general procedure with several variations, to increase yields, and make use of modern 
reagents (Fig, 2). Potassium cyanide-14C was condensed with piperonal (V) affording the 
cyanhydrin VI which was acetylated yielding compound VII. Hydrogenation in the presence 
of palladium on charcoal afforded 3,4-methylenedioxyphenylethylamine (VIII) which was 
condensed with the anhydride IX yielding the amide XI. After esterification of the carboxyl 
group with diaxomethane, cyclization to X was achieved with phosphorus oxychloride. 
The carbonyl group was reduced with lithium aluminum hydride, and the A 13-double bond 
hydrogenated in the presence of platinum to afford DL-stylopine-6-16C in 8.8 % yield from 
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Dr.-Stylopine-6-*4C was fed to C. mujus plants by means of cotton wicks inserted into the 
stems of the plant. After 8 days the plants were harvested and stylopine and chelidonine 
isolated and purified by chromatography. Details of the amount of tracer fed and the activity 
of the isolated alkaloids are recorded in Table 1. The recovery of unchanged DL-stylopine 

Isolated alkaloids 
I 3 
Chelidonine DL-stylOpillC 

wt. 0 O-075 1.350 0242 
Total activity (dpm) 2-77 x 107 1.95 x 10s 2-83 x 106 
Specitic activity (dpm/mM) 1-26 x 10s 5.0 x 104 4-o x 106 
Incorporation (%) o-7 IO-2 
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was good (10.2 “/,) and a moderate (0.7 %) incorporation of tracer was found in the chelidonine. 
The radioactive chelidonine was degraded as previously described’ (Table 2). Oxidation of 
the chelidonine with potassium permanganate yielded hydrastic acid and 3+methylene- 
dioxyphthalic acid, which were isolated and separated as their N-ethyl-imides. Treatment of 
chelidonine with hydriodic acid afforded methyl iodide which was collected as triethyl- 
methylammonium iodide. All these degradation products had negligible activity compared 
with the chelidonine. Since the only carbon atom which is not accounted for in these de- 
gradation products is C-l 1, all the radioactivity must be present at this position, in agreement 
with the biosynthesis scheme illustrated in Fig. 1. 

TABLE 2. CI-IE~NI~ AND 1~9 DEGRADATION PRODUCTS 

Specific activity 
dpm/mM x 10-4 

Chelidonine 
Chelidonine hydrochloride 
O-Acetylchelidonine 
Triethylmethylammonium iodide 
A’-Ethylhydrastimide 
3,4-Methylenedioxy-Nethylphthalimide 

5.0 

4:; 

to5 
O-07 

DbStylopine-6J4C 

EXPERIMENTAL 

A mixture of piperonal(2~5 g, 0.0165 M), KCNJ4Cg (1.0 g, O-0154 M, 1-O mc) and water 
(2 ml) was cooled in an ice bath and stirred vigorously with a magnetic stirrer while cont. 
HCI (l-3 ml) was slowly added. After stirring for 30 min the yellow oil which formed on the 
surface of reaction mixture was separated and added to acetic anhydride (4 ml) and anhydrous 
sodium acetate (2 g). After heating on a steam bath for 1 hr, the excess acetic anhydride was 
removed in vacua leaving a solid residue which was crystallized from aqueous ethanol 
affording 3,4-methylenedioxy-O-acetylmandelonitrile (VII) (2.03 g, 60 “/,>, m.p. 71-72”, 
(litlo, m.p. 71”). 

The nitrile VII (2.0 g) was dissolved in acetic acid (100 ml) containing corm. H2S04 (2 ml) 
and hydrogenated at 3 atmos. pressure in the presence of 10 % Pd on charcoal (1 g) for 1 hr. 
KOH (4.06 g) was added to the cooled filtered mixture, which was then evaporated to dry- 
ness. The residue was dissolved in water, made slightly acidic (H,S04) and extracted with 
ether to remove non-basic materials. The aqueous solution was then made basic with KOH 
and extracted with ether. The dried (K&03) ether extract was evaporated and the residue 
distilled (136”, 4 mm) affording 3,4-methylenedioxyphenylethylamine (VIII) as a colorless 
oil (090 g, 60 %). 

A solution of 3,4methylenedioxyphenylethylamine (090 g, 5.5 mM) in benzene (50 ml) 
was added slowly to a solution of 3,4_methylenedioxyhomophthalic anhydride (IX)ll 
(1.39 g, 6.75 mM) in benzene (50 ml). The mixture was refluxed for 2 hr, then concentrated 
in vacua to 50 ml. The reaction mixture was then extracted with 5 % NaOH (3 x 10 ml). 
Addition of HCl to the alkaline extract yielded a white precipitate which was crystallized 

9 Purchased from Tracerlab, Waltham, Mass. 
10 A. ALBERT, C’nz. Ber. 48,470 (1915). 
11 R. D. HAWORTH, W. H. PERKINS and T. S. STEVENS, J. Ckem. Sot. 1764 (1926). 
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from acetic acid yielding compound XI (1.1 g, 550/o), m.p. 194-195” (lit.* 194-195”). The 
acid XI (1.1 g) was esterified with an ethereal solution of diazomethane yielding the methyl 
ester of XI (l-12 g, 97x), m.p. 172-173”, after crystallization from methanol. 

The methyl ester of XI (0.852 g) was refluxed with POCI, (3 ml) for 5 min. Excess PCX& 
was removed in vacua, and water (5 ml) added to the residue. The grey solid obtained on 
addition of NaOH was crystallized from acetic acid affording colorless prisms of 2,3,9,10- 
bismethylenedioxyoxyprotoberberine (X) (530 mg, 71.50/,), m.p. 291-292” (lit.* m.p. 292”). 

Compound X (260 mg) was refluxed in tetrahydrofuran (50 ml) with LiAlH4 (0.2 g) for 
2 days. A small amount of water was then added and the granular precipitate filtered off and 
washed with acetone. The filtrate and washings were evaporated and the residue extracted 
with ether. Evaporation of the dried (KsCOs) ether extract atforded 2,3,9,10_bismethylene- 
dioxydihydroprotoberberine, obtained as yellow prisms from acetone (190 mg, 780/,), 
m.p. 193-195” (lit.s 194-196”). 

The previously described compound (190 mg), dissolved in acetic acid (75 ml) was hydro- 
genated at 3 atmos. pressure in the presence of PtsO (O-2 g) for 3 hr. The residue obtained on 
evaporation of the filtered mixture was crystallized from a mixture of benzene and light 
petroleum (b.p. 60-70”) to afford colorless prisms of DL-stylopine6-14C (157 mg, 820/,), 
m.p. 219-221” (lit.s m.p. 219’). 

Admrizistration of rx.-Stylopine-6-14C to CheJidonium majus and Isolation of the Alkaloids 

DL-Stylopine&4c (see Table 1 for the amount fed and activity) was dissolved in dil. 
acetic acid and fed to five C. mqjus L. plants (about 60 cm tall) growing in soil out of doors 
(July, 1965), by means of cotton wicks inserted in the stems near to ground level where the 
multiple stems come together into one stalk The plants (wet wt. 1.5 leg) were harvested 8 days 
later and extracted with chloroform and ammonia.l Chromatography of the crude alkaloids 
on Woehn alumina (Activity II) as previously described1 yielded Dkstylopine on elution with 
CHsCls, then chelidonine was eluted later with 1% ethanol in CH&. 

The radioactive chelidonine was degraded as previously described’ and the activity of its 
degradation products are recorded in Table 2. Radioactivity measurements were carried out 
in a Nuclear Chicago liquid scintillation spectrometer, Model 724, using as solvents either 
toluene, or dioxan-water, with the usual scintillators.12 
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12 A. R. F- and E. LEFXE,J. Am. Chem. Sot. S, 2141(1963). 


