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Abstract-[6-‘4C,2-3H]Nicotinic acid, [6-14C,6-3H]nicotinic acid, [methyI-‘4C,2-2H,3H]trigonelline, and [methyl- 
14C 6-‘H 3H]trigonelline were all incorporated into the isoquinuclidine moiety of the alkaloid dioscorine found in the 
yai D&mea hispida with complete retention of 3H relative to 14C A chemical degradation on the dioscorine derived 
from the labelled trigonellines indicated that all the 14C was locatkd on its N-methyl group. ‘H NMR spectroscopy 
established that the samples of dioscorine derived from the [2-‘HI- and [6-‘Hltrigonelline were labelled with 
deuterium at the 3-pro-R and C-l positions, respectively. These results are consistent with a new hypothesis for the 
biosynthesis of dioscorine. 

INTRODUCTION RESULTS AND DISCUSSION 

In 1977 [l, 21 we made the unexpected discovery that 
nicotinic acid (1) serves as a precursor of the isoquinucli- 
dine moiety of dioscorine (5), an alkaloid found in the 
yam Dioscorea hispida Dennstedt. In particular [.5,6- 
‘3C,]nicotinic acid afforded dioscorine labelled at C-l 
and C-7 (established by 13C NMR). In a complimentary 
feeding experiment [2-‘4C]nicotinic acid yielded diosco- 
rine which was labelled at C-3 (established by chemical 
degradation). It had been previously shown that the other 
carbons of the isoquinuclidine moiety and those of the 
unsaturated lactone were derived from acetic acid [3]. 
Thus, radioactive dioscorine derived from sodium [l- 
14C] acetate had most of its activity at C-5, C-10, and C- 
12 and was equally divided between these positions. 
Scheme 1 is the biosynthetic sequence which was pro- 
posed to rationalize these resutlts. The pattern of 
labelling in the dioscorine from these precursors being 
illustrated with various symbols. In this scheme, acti- 
vation of C-3 of nicotinic acid is achieved by reduction to 
3,6_dihydronicotinic acid (2). This compound, a fi-imino 
carboxylic acid, condenses with the ketone group of 3, a 
branched g-carbon unit derived from four acetate units, 
possibly with concomitant decarboxylation, to yield 4. 
The dihydropyridine moiety of 4 is reduced to a tetrahy- 
dropyridine and a double bond migration is proposed to 
afford 7. The isoquinuclidine ring system is then gener- 
ated by an aldol condensation to yield 6. Final steps to 
dioscorine involve N-methylation (presumably from the 
S-methyl group of methionine), decarboxylation and 
lactone formation. The present article describes our feed- 
ing experiments with multiple labelled nicotinic acid and 
trigonelline, designed to probe details of this proposed 
biosynthetic scheme. Some of these results have been 
reported in a preliminary communication [4]. 

*Contribution No. 209 from this Laboratory. 

Dioscorine derived from [6-14C,2-3H] nicotinic acid 
had the same 3H/14C ratio as in the administered precur- 
sor. This complete retention of tritium is consistent with 
Scheme 1, since no loss of hydrogen from the carbon 
which was originally C-2 of nicotinic acid seems probable 
in any of the suggested biosynthetic steps. The same 
retention of tritium was discovered when [6-14C,6-3H] 
nicotinic acid was administered to D. hispida. However, in 
order to accommodate this result into Scheme 1 we have 
to postulate two stereospecific reactions. The first would 
be a stereospecific reduction of nicotinic acid to 2 in 
which the tritium is arbitrarily depicted as illustrated in 
Scheme 1. In the conversion of 4 to 7 the hydrogen 
introduced in the initial reduction has to be the one lost in 
the isomerization of a double bond. Such stereospecific 
reactions are certainly possible in biochemical reactions 
and have been observed in the conversion of nicotinic 
acid to anatabine, in which 3,6_dihydronicotinic acid was 
also proposed as an intermediate [S]. However, these 
required stereospecific reactions and also the lack of any 
analogous biochemical reaction for the decarboxylation 
of 6, caused us to consider an alternative biosynthesis for 
dioscorine which is illustrated in Scheme 2. In this scheme 
nicotinic acid is made susceptible to nucleophilic attack 
by the g-carbon unit 3 by formation of trigonelline (8) as 
illustrated, affording 9. Nucleophilic attack of trigonelline 
is well known [6], and pyridinium ions react with car- 
banions under biomimetic conditions at their C-2 and C- 
4 positions [7]. Intermediate 9 then undergoes reduction 
of its dihydropyridine ring and shift of a double bond to 
yield the j-imino acid 12. Loss of the carboxyl group 
originally present in nicotinic acid affords the enamine 11. 
The isoquinuclidine ring system is then generated by 
reaction of this enamine with the ketone group to afford 
10. Dioscorine is then formed by reduction of this imin- 
ium ion, and lactone formation. Reduction of both the 
ketone and the tetrahydropyridine ring of compound 11 
yields 13. Lactone formation then affords dumetorine 
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Scheme I. Old hypothesis for the biosynthesis of dioscorine. 

COOH 

$& - :&J$60H 

COOH coo- 

Me - 

5 

3 

13 

7 

\ COOH 

Me 

14 

Scheme 2. New hypothesis for the biosynthesis of dioscorine involving trigonelline as an intermediate 

(14) which is an alkaloid found in D. dumerorum [S] along 
with dihydrodioscorine (5. where the C 1 ,,, , 1-double bond 
is reduced). 

This new hypothesis was tested by feeding [methyl- 
“YY,2-‘H,“H]- and [m~thy114C,6-2H,3H]trigonelline to 
D. hispida plants. Both served as precursors of dioscorine 
(Table 1) with complete retention of tritium relative to 
“%. It was established that all the 14C was located on the 
N-methyl group of dioscorine by demethylating with 

diethyl azodicarboxylate [9]. By this reaction the N- 
methyl group is removed and liberated as formaldehyde 
which was collected and assayed as its dimedone deriva- 
tive. The location of the deuterium in the samples of 
labelled dioscorine was established by ‘H NMR spectros- 
copy. It was necessary to unequivocally assign the 
‘HNMR of dioscorine, since deuterium NMR chemical 
shifts are almost identical with proton chemical shifts 
[IO]. The assignments of both the ‘H and 13CNMR 
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Fig. 2. ‘H NMR spectrum (203.0 ppm) of dioscorine in CDCI,. 
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Fig. 3. ‘H NMR spectra (in CHCI,) of dioscorine derived from [2-‘HI- and [6-‘H] trigonelline. 

mp 218” (dec.), ‘HNMR (D,O) S4.57 (s, 3H, NMe), 8.06 (d, lH, 3) 130.4 (C-5), 51.0 (NMe). 2H NMR (H,O) 6 8.83 (s, D-6) the 

J 5,4 = 8.02 Hz, H-S), 8.75 (d, lH, J,,, = 8.02 Hz, H-4), 9.03 (s, lH, signal due to HOD being at 4.84 ppm; MS (70 eV) h/z (ref. int.) 

H-2), the signal at 8.83 in unlabelled trigonelhne (due to H-6) was 139 ([M + l]‘, 11.8), 138 ([Ml’, 4.5) 96 (18) 94 (16), 44 (100). 

missing; also the H-5 signal in unlabelled material was a triplet. TLC on silica gel, developing with MeOHconc. NH, (9: 1) 

r3C NMR (D,O) 6 170.4(C=O), 148.6 (C-2), 147.5 (C-4), 139.7 (C- indicated that > 99% of its radioactivity was at a spot (Rr 0.3) 
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coincident with authentic trigonelline. The [methyl-‘%I, 2- 

‘H,3H]trigonelline was prepared in a similar fashion from [2- 

ZH,3H]mcotinic acid. 

Administrurion qf pr~~~xs und isolation of dioscorine. The 

amounts and activities of precursors fed are recorded in Table 1. 

Dioscorine was isolated as previously described [2] and purified 

by dist. and crystallization of its picrate. The free base has a CC 
K, of 14.45 min. 

U.S. Public Health Service. We thank Dr Stephen B. Philson for 

help in determining the NMR spectra. We are indebted to Dr 
Nestor L. Pido of Visayas State College of Agriculture, Philipine 

Root Crop Research and Training Center, for the excellent 

viable specimens of B. hispida. 

‘If N,MR .spectra. Spectra of enriched dioscorine (100 mg) 

derived from [6-*H]trigonelline were determined in CHCI, 
(458 mg) with the following instrument parameters: frequency 

30.72 MHz, no. of transients 13 000, acquisition time 1.66 sec. 

(total time 6 hr), spectral window 615.7 Hz, spectrometer offset 

- 324.0 Hz, line broadening 1 .O. Less time was required to obtain 
the ‘H NMR spectrum of the dioscorine derived from [2-‘H] 

trigonelline since the specific incorporation was much higher. 
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