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Abstract-Radioactive hygrme (2 2 % mcorporatlon) was isolated from N~~ndru physalouies plants which had been 
fed oL-[5-‘4C]ornlthlne A systematic degradation of the hygrme yielded products whose activity was consistent with 
the pyrrohdme ring of this alkaloid being labeled equally at the C-2 and C-5 positions The result does not agree with the 
previous work of O’Donovan and Keogh, whose pubhcatlon 1s cntlcally exammed 

INTRODUCHON 

The N-methyl-A’-pyrrohnmm salt (6) 1s considered to be 
the precursor of several alkaloids nicotine [l-3], the 
tropane moletles of hyoscyamme, scopolamme [4], 
cocame [S] and hygnne [6] This immmm salt 6 1s derived 
from omlthme (1) It has been established that there are 
two dlstmct biosynthetic pathways (Illustrated m Fig 1) 
whereby this conversion takes place Route A proceeds via 
putrescme (2) and N-methylputrescme (4) with sub- 
sequent oxidation of the pnmary ammo group of 4 to 
yield Cmethylammobutanal which cychzes to 6 Since this 
route mvolves a symmetrical mtermedlate (putrescme) the 
lmmmm salt 6 derived from [S-14C] or [5-‘4C]omlthme 
will be labeled equally at its C-2 and C-5 positions Route 
B proceeds via S-N-methylomlthme (3) with subsequent 
decarboxylatlon to N-methylputrescme The pyrrohdme 
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Fig 1 Blosynthetlc routes from omlthme to the N-methyl-A’- 
pyrrohmum salt and hygnne 
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rings m nicotine and cocame are formed via Route A, 
while hyoscyamme and scopolamme are formed by Route 
B Hygrme (5) 1s a biosynthetic precursor of hyoscyamme 
m Datum species [7,8], being formed by reaction of the 
lmnlum m 6 with acetoacetlc acid (7) [6] Thus the 
formation of hygrme m these species presumably pro- 
ceeds via Route B O’Donovan and Keogh [7] m- 
vestigated the blosynthesls of hygrme m Nlcandra physa- 
louies The radloactlve hygrme (0 1% mcorporatlon) 
obtamed after feeding DL-[2-14C]omithme was degraded 
and it was established that all its radloactlvlty was located 
at the C-2 poution This result 1s consistent with Route B 
to the lmmmm salt Since this pubhcatlon [7] contains 
several mexphcable errors (to be discussed later) the 
biosynthesis of hygrme m the same species was m- 
vestigated usmg DL-[5-‘4C]omithine as a precursor 
Hygrme formed from this compound via Route B would 
be labeled only at Its C-5 posltlon 

RESULTS AND DISCUSSION 

The hygrme isolated from the Nlcandru plants which 
had been fed DL-[5-‘4C]omithme by the wick method 
was radioactive, the mcorporatlon of activity being excel- 
lent (2 2 % compared with 0 1% previously [7] obtamed) 
The hygrme was crystalhzed to contrast spectic activity as 
Its picrate, and Its oxlme (8) was prepared to confirm Its 
radlochemlcal punty The degradatlve scheme, Illustrated 
m Fig 2,~ essentially the same as one previously used [3] 
The specific activities of the various degradation products 
are also recorded In Fig 2 The final products of this 
degradation are the dlmedone denvatlve of formaldehyde 
(9), arising from C-5 of hygnne, and the semlcarbazone of 
hexanal (10) Wlthm expenmental error, these two com- 
pounds have the same specific activity, mdlcatlve of equal 
labeling at C-2 and C-5 of hygrrne This result IS thus 
consistent with the lmmmm salt bemg formed from 
[5-14C]omlthme via Route A, 1 e ylil putrescme The 
[5-‘4C]omlthme (Research Products International 
Carp ) was obtamed by the actlon of potassmm 
[‘4C]cyanide on a-be-do-y-butyrolactone followed 
by catalytic reduction and hydrolysis There 1s thus no 
ambiguity about the locatlon of the ‘*C label Since the 
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result reported m this paper does not agree with the one 
previously reported by O’Donovan and Keogh [7], it 1s 
now pertinent to examme crltlcally their pubhcatlon, 
which contams some serious errors 

The first error concerns the incorporation of [2’, N- 
methyl-14C]hygrme into cuscohygrme (ll), which is 
illustrated in Fig 3 The authors correctly state that the 
ratio of the spectic activity of the N-methyl group to the 
activity m the C=O of cuscohygrme should be half that of 
the corresponding groups m the admmlstered hygrme 
The cuscohygrme was degraded as illustrated in Fig 3 
Reaction with phenylmagnesmm bromide yielded 2- 
phenyldlhydrocuscohygrme (12) which was oxldlzed to 
fiord benzolc acid, representing the activity at the C=O 
group of cuscohygrme A Herwg-Meyer reaction on the 
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(yleldmg sp acts which were wlthm 5 % ofeach other) m a Tracer 
Analytic Mark III hqmd scmtlllatlon counter using 
dloxane_EtOH as a solvent with the usual scmtdlators [15] 
Seeds of Ntcandraphysalozdes were obtained from the Instltut fur 
Pharmazeutlsche Blolo@e und Phytocherme through the cour- 
tesy of Professor H Friedrich 

Fig 3 Results of O’Donovan and Keogh [7] on the blo- Admmrstrarton o~oL-[5-‘4C]orn~thme to Nlcandra physaloldes 
synthesis of cuscohygrme plants and lsolatlon of the hygnne DL-[5-‘4C]Omithme (2 73 

cuscohygrme yielded methyl iodide which was assayed as 
the quaternary salt tnethylmethylammonmm iodide 
Sure enough, the ratio of the spectic actlwtles of these two 
compounds was Identical with the expected one However, 
the authors have overlooked the fact that two molecules 
of methyl iodide are generated from one of cuscohygrme 
Thus, the spe&ic activity of the cuscohygrme = the 
specific activity of the benzorc acid + 2 x the specdic 
actlvlty of the tnethylmethylammomum iodide Solving 
for a specfic activity of 2 73 x 10’ dpm/mmol for cusco- 
hygrme, and a ratio of NMe/CO of 0 88 the theoretical 
actlvltles of benzolc acid and the quaternary salt should be 
9 89 x 10“ and 8 70 x 104 dpm/mmol, respectively A 
second discrepancy relates to the physical properties of 
some of the degradation products The compound 12 was 
described as having mp 118-120”, whereas I [lo] and 
others [l l] have recorded an mp of 61-62” and 63-64”, 
respectively for this compound 3-Phenyltropme 1s re- 
ported as a compound which was recrystallized from 
ethanol having mp 177-179” In our hands [lo] this 
compound had mp 162-163” and was very soluble in 
ethanol This substance was first described as having mp 
158-159” [12] 

The degradation used by O’Donovan and Keogh 1s 
unequivocal, indeed it is based on one developed by me 30 
years ago for the degradation of stachydrme [13] and 
later used by others [ 143 In conclusion, I propose that the 
senior author @‘Donovan) has been the victim of what I 
choose to call the ‘ESP-syndrome’ This 1s an acronym for 
Eager to Satisfy the Preconceived ideas of one’s research 
advlsor 
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Blosynthesls of hygrme from [5-“Clomlthme 955 

x 10s dpm, 115 mCl/mmol) dissolved m Hz0 was fed to 10 
NIcandra physaloufes plants (2 months old), growmg m sol1 m a 
greenhouse, by means of cotton wicks inserted mto the stems 
After 9 days the plants (fr wt 145Og) were harvested and chopped 
up m a Wanng blender with a nuxture of CH@, (4 1) and cone 
NH3 (300 ml) Non-radmactlve hygrme (2 mmol) was added to 
the mixture at this stage After filtering, the organic layer was 
evapd m the presence of 2 N HCl(200 ml) The residual aq soln 
was filtered from some tar, then made basic with NaOH, and 
extracted with CHCla The residue obtamed on evaporation of 
this dried (MgSO,) extract was dlstdled (60”, 10m3 mm) mto a U- 
tube cooled m dry ice The crude hygrme (285 mg) was converted 
to its picrate which was crystalhzed from EtOH to yield matenal 
with a constant sp act (3 10 x lo6 dpm/mmol) TLC of the crude 
alkaloids from the plant (on B03 developmg wth a nuxture of 
CHCl,-EtOH-conc NHa, 60 40 5) indicated that 77% of the 
radloactlvlty was located at a spot, R, 06, comcldent with 
hygrme 

Degradatton of the hygrrne Detads of the degradation have 
been previously described [3] except for the oxidation of the 
I-heptene, which was camed out as follows I-Heptene (98 mg, 
1 mmol), obtamed from the Hofmann degradation of ldl- 
methylammoheptane metitide, dissolved m Et,O, was allowed 
to react with 0s04 (250mg) in the presence. of one drop of 
pyndme After 18 hr the brown reactlon mixture was evapd and 
the residue refluxed in 50% MeOH (40ml) with sodium sulphlte 
(1 g) for 1 hr The filtered soluQon was evapd to small bulk and 
the residual aq soln extracted with Et,0 m a contmuous 
extractor for 18 hr The residue obtained on evaporation of the 
Et,0 was dissolved m Hz0 (10 ml), and NaIO, (048) added 
After 30 mm the solution was extracted with Et,0 (3 x 20 ml) 
The Et,0 extract was evapd m the presence of semlcarbande 
hydrochloride (0 5 g) and NaOAc (0 5 g) m Hz0 (10 ml) After 
standing for 2 days, this soln was extracted with Et,0 
Evaporation of this extract (without drying) yielded hexanal 
senucarbazlde (38 mg) which was obtained as colourleas plates 

from aq MeOH, mp 114-l 15” The aq soln from the cleavage of 
heptane-1,2dlol with NaI04 was dlstdled mto a soln of dl- 
medone (200 mg) m Hz0 (100 ml) The formaldehyde dlmedone 
which separated (70 mg) was crystallized from MeOH 
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