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Abstract-Five-month-old Datura innoxiu plants were fed via the roots with either D( + )-hygrine-[2’-‘4C] or L( - )- 
hygrine-[2’-14C]. After 7 days the root alkaloids 3cr,6j?-ditigloyloxytropane, 3a.6,!%ditigloyloxytropan-7/I-01, hyo- 
seine, hyoscyamine and cuscohygrine were isolated from both groups of plants. D(+) but not L( -)-hygrine acts 
as a precursor for the tropane alkaloids whereas both enantiomers appeared to serve equally well in the biosynthesis 
of cuscohygrine. 

INTRODUCTION 

It has been established that carbons 1, $6 and 7 of the 
tropane ring are derived from omithine (1) which 
incorporates unsymmetrically, C(2) of ornithine giving 
C( 1) of the tropane nucleus (7) [l-3] (Scheme 1). Experi- 
ments with CI and 6-“NHz labelled ornithines indicate 
that the d-nitrogen is retained [4], transamination 
producing a-keto-&aminovalerate (2) [5]. Decarboxy- 
lation of the sr-keto acid, perhaps preceded by methy- 
lation [6] gives rise to 4-N-methylaminobutanal (3) 
and the N-methyl-A’-pyrrolinium salt (4). This cation 
is known not to undergo tautomerism in ho, thus 
maintaining the non-symmetrical nature of the pathway 
[7]. The N-methyl-A’-pyrrolinium salt (4) probably 
condenses with an acetoacetate anion (5) [S] producing 
hygrine (6) an established precursor of hyoscyamine 
and cuscohygrine [9]. Since there are two optical 
isomers of hygrine, both of which may be formed, 
depending upon which side of the N-methylpyrrolinium 
ring the acetoacetate approaches, we postulated that 
in nature they may have separate roles. 

RESULTS AND DISCUSSION 

Hygrine has been reported as a constituent of several 
plants, Nicandra and Pkysalis (Solanaceae), Conuolwlus 
(Convolvulaceae), Dendrobium (Grchidaceae), Cochlearin 
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(Cruciferae)andErythroxyZum(Erythroxylaceae)[lO, 111. 
When isolated, it appears to have no detectable optical 
activity and it has been shown that the small Iaeuo 
rotation of the base isolated originally from coca 
leaves is due to contamination with traces of hygroline 
[12]. In our experience hygrine obtained from Nicandra 
also shows no optical rotation. However, hygrine is 
easily resolved by means of the D(+)-tartrate salt 
[13] and LukeS [14] has correlated the absolute confi- 
guration of the (+) and (-) enantiomers (10) and (11) 
with D and L proline (8) and (9) respectively. The optically 
active base readily racemizes but the salts are stable 
and for this reason the tracers were administered as 
the tartrates to Datura. Datura exhibits a distinct 
preference for the (+) enantiomer in the cyclization 
process leading to the formation of the tropane ring 
(Table 1). D(+)-Hygrine (13) incorporates into the 
tigloyl (19) and tropoyl (20) series of esters indicated 
(Scheme. 3) entering the alkamines tropine, tropan- 
3a,6/?-diol, teloidine and scopine (of alkaloids hyoscy- 
amine (16), 3x,6/I-ditigloyloxytropane (18), 3a,6/?- 
ditigloyloxytropan-78-01 (17) and hyoscine (15) respec- 
tively). Some radioactivity from the I(-)-hygrine (14) 
feed also enters these bases but this can easily be attri- 
buted to minor contamination with the dextro isomer. 
A single recrystallization of the less soluble D(+ )-hygrine 
D( +)-tartrate was found to give ea 80 y0 optical purity, 
but subsequent recrystallizations increased the optical 
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Scheme 1. The formation of tropaae alkaloids from ornithine. 
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Scheme 2. The configurational relationships between D and 1. prohne, and (+) and ( - jhygrine 

rotation only marginally. Similarly, after crystallizing 

out as much D(+)-hygrine D(+)-tartrate as possible, 
some was still left in the mother liquor. 

The hyoscyamine (16) labelled from the D( + )-hygrine 
feed, was diluted with carrier, hydrolysed and the 
resultant tropine was oxidized to troponone with 
chromium trioxide in acetic acid. The tripinone was 
then coupled with phenyl magnesium bromide to 
yield 3-phenyltropan-3-01. The latter compound when 
refluxed with aqueous permanganate gave benzoic 
acid which contained all the radioactivity of the original 
base (C(3) of the tropane ring), thus confirming the 
non-random incorporation of the precursor [B, 91. 

Table 1. The specific activities of the root alkaloids isolated 
from Datum innoxia plants after fee&g with D( +) and L( -)- 

hygrine-[2’-14C] 

Precursor D(+)-Hygrine-[2’-14C] 
1 x lo7 dpm/mmol 

L( -)-Hygrine-[2’-‘4C] 
1 x lO’dpm/mmol 

Alkaloid Sp. act. %SP. Sp. act. %SP. 
dpm/mmol incorporation* dpm/mmolincorporation* 

x lo-5 x10-5 
___~___ ~ 

I 1.34 1.34 0.36 0 36 
II 2.29 2.29 0.42 0.42 
III 2.09 2.09 0.22 0.22 
IV 2.25 2.25 0.2 1 0.21 
V 3.44 3.44 2.03 2.03 

I--Hyoscine ; II-hyoscyamine ; III--3e,6/?-ditigloyloxytro- 
pane: IV-3cl,6jI-ditigloyloxytropan-7/3-o1; V-cuscohygrine. 
Calculated as [sp. act. base (dpm/mmol)]/[sp. act. precursor 
(dpm/mmol)J x 100. 

The pathway to cuscohygrine displays httle stereo- 
chemical preference for either isomer, both are apparently 
able to condense with a second N-methyl-A’-pyrro- 
linium (4) cation. Even so, the dextro isomer incorporates 
nearly twice as well as the laevo. Natural cuscohygrme 
(12) is known to exist as the meso form and the bridge- 
head proton of the second N-methylpyrrolidine is 
arranged in biosynthesis cis with respect to the first 
bridgehead proton. 

EXPERIMENTAL 

Datura innoxia plants were grown on open land m Leicester 
from seeds obtained from the Zentralinstitut fiir Genetic und 
Kulturpflanzenforschung, Gatersleben. D.D.R. The plants 
had all the characters previously described [15]. 

Counting procedures. Duplicate samples were counted m 
commercially available toluene or dioxane based POP/POPOP 
scintillators in a liquid scintillation spectrometer. 

Synthesis of DL-hygrine-[2’-‘4C], [13]. Ethyl acetoacetate- 
[3-14C] (10 g, 350 pCi) was stirred at room temp for 24 hr with 
2.5% KOH (300 ml) and then added to a soln which had 
been prepared by reducmg freshly dist. N-methylpyrrolidone 
(4 g) in dry Et*0 (8 ml) by the dropwise addition of LiAlH, 
(0.98 g) in dry Et,0 over a 1 hr period. The mixed solns were 
adjusted to pH 7 with HCl (0 1 N). stirred at room temp. for a 
further 40 hr. and then reduced to a vol. of ca 60ml under 
red. pres. The soln was basified (NaOH) and continuously 
extracted with Et,0 for 24 hr. Evapn of the dried (NazSO,) 
Et,0 extract gave DL-hygrine-[2’-‘JC]. 3 g. IR (film) identical 
to authentic compound, sp. act. 1 x 10’ dpmimmol. 

Resolution of DL-hygrlne-[?‘-I “Cl. DL-Hygrme-[2’-‘JC] (2 g) 
in dry MeOH (10ml) was treated with D(+)-tartaric acid 
(2.2 g) in dry MeOH (20 ml). On standing, the cooled (- 10 ) 
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Scheme 3. The metabolism of D( +) and L( -)-hygrine in Dutura. 
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soln deposited rosettes of D( +)-hygrine D( +)-tartrate which Acknowledgements-One of us (BAM) wishes to thank the 
was recrystallized from dry MeOH, yield 1.4 g, mp 129-130”, Leicester Education Authority for a research assistantship. 
[ml;” = +27.5” (lit. [13] [cI]~” = +28.7”). The cone mother We are grateful to T. J. Brown, H. Kulbiki. J. Mason and D. 
liquor, when treated with a small vol. of aq. MeOH gave the Penny for technical assistance. 
other diastereoisomer as long needles, recrystallization from 
MeOH giving 1.3g, [a];” = +4” (ht. [13] [u]y = -1.8”). 

Feeding experiments. D( +)-Hygrine-[2’-r4C] D( +)-tartrate 
(100mg) was dissolved in 100 ml H,O and distributed to 
5 x 5-month-old D. innoxia plants which had been carefully 
uprooted and suspended in blackened beakers containing 
Phostrogen soln. Five similar plants were fed via the roots 
with L(-)-hygrine D( +)-tartrate. After 7 days the plants were 
harvested and the roots and aerial parts separately dried 
at 60” for 18 hr. The finely powdered roots (26 g in each case) 
were extracted and the bases resolved on Pi partition columns 
at pH 6.8 and 5.6 as in refs [16, 171. 
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