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Ahatraet-Datura irwwxia plants were fed via the roots with cim-ramic acid-[2i4C], (+)-phenyllactic (2-hydroxy-3- 
phenylpropanoic) acid-[2’T] and phenylalanine-[2-14C]. In each case apohyoscine, hyoscine, hyoscyamine and 
littorine were isolated from the aerial parts, and hyoscine, hyoscyamine and littorine from the roots. Cinnamic 
acid was not incorporated into the acid moieties of the alkaloids. Phenyllactic acid served as a better precursor 
than phenylalanine for tropic acid (hyoscine and hyoscyamine) and atropic acid (apohyoscine). Phenylalanine served 
as an effective precursor for the phenyllactic acid moiety of littorine. 

INTRODUCTION recently, however, other C,-Cs esterifying acids e.g. atro- 
It is well known that all Datum spp. (Solanaceae) contain pit acid in apohyoscine [l] and (+ )-2-hydroxy-3-phenyl- 
the tropic acid esters hyoscine and hyoscyamine. More propanoic acid in littorine [2,3] have been discovered 

(see Scheme 1 for structures). Phenylalanine is known 
* A preliminary note these fu~dings been pub- be a of phenyllactic [4] but also 
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Scheme 1. The biosynthesis of C& acids in Dabana. 
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rearrangement of the side-chain. The intermediates, if 
any, remain obscure despite many attempts to solve the 
problem (size references 7, 8 and 9 for reviews), and it 
has recently been shown [lo] that the rearrangement 
does; not occur at the ester level. Since cinnamic and 
trimethoxycinnamic acids are the only other C& acids 
found in association with the tropane ring system, e.g. 
in Erythroxylum spp [11,12], it was decided to compare 
the roles of cinnamic and phenyllactic acids in the bio- 
synthesis of tropic and atropic acids. 

RESULTS AND DISCUSSION 

The alkaloids apohyoscine, hyoscine, hyosc$unine and 
littorine were isolated from the roots and aerial parts 
of plants from each tracer experiment. Cinnamic 
ati&[2-14C] was not incorporated into any of the bases 
isolated and it would appear that it is not involved in 
the biosynthesis of tropic or atropic acids. Phenyla- 
lanine-[2-“‘C] and phenyllactic acid-[2-‘TJ both served 
as precursors for tropic and atropic acids which were 
degraded according to the excellent scheme devised by 
Leete [5J. Phenyllactic acid (from littorine) from the 
phenylalanine-[2-14C] feeding experiment was degraded 
to phenylacetaldehyde [4] which was oxidized to the acid 
with alkaline permanganate and then decarboxylated to 
yield C(2) using the Schmidt reaction [ 131. 

In all cases phenyllactic acid-[2-‘TJ was incorporated 
to a higher degree into the tropic and atropic moieties 
than was phenylalanine-[2-‘4CJ. One may interpret these 
results in several ways. First, phenyllaetic acid may be 
the rearranging acid giving tropic acid directly (Scheme 
1). Secondly, if phenylpyruvic acid rearranges then the 
reaction rate for E, is faster than that for E,. Thirdly, 
the higher incorporation of phenyllactic acid may merely 
be due to greater competition ‘for phenylalanine. Thus, 
although the results establish that phenyllactic acid is 
a precursor of tropic and atropic acids, it is still imposs- 
ible to say unequivocally which of the three compounds 
undergoes side-chain rearrangement. 

Romeike has established that hyoscine is formed from 
hyoscyamine [14] and if the ratios of the specific activi- 
ties of these alkaloids in the roots and aerial parts from 
the phenylalanine-[2-‘4C] and phenyllactic acid-[2-“‘Cl 
are compared, then it is clear that more radioactivity 
has been carried over from hyoscyamine to hyoscine in 

Table 1. The specific activities of alkaloids and their degrada- 
tion products from Datum plants fed with m-phenyl- 

alanine-[2-‘4C] and phenyliactic acid-[2-‘4C] 

Phenylalanine Phenyllactic acid 
-[2-‘4C-j -[2-‘4C3 

Aerial parts Aerial parts Roots 
I* II I III IV 

Picrate derivative @32t 1.61 0.84 2.09 1.57 
Tropic acid - - - 1.93 148 
Atropic acid 0.30 - O-83 - - 
Phenyllactic acid - 150 - - - 
Oscine picrate 0 - 0 0 
Tropine picrate - 0 - - 0 
Formaldehyde 

dimedone deriv. 0.28 (88) - 074 (88) 1.76 (84) 1.34 (85) 
CO* 1.54 (96) 

*I-Apohyoscine; II-littorine; III-hyoscine; Iv-hyos- 
cyamine. tDpm/mM x low4 3 Percentage recoveries in 
parentheses. 

the latter w than in the former (Table 2). This again 
strongly suggests that phenyllactic acid is a more &cient 
precursor than phenylalanine. Surprisingly, with both 
precursors the specific activity of ‘root’ hyoscine is higher 
than ‘top’ hyoscine. Whereas Romeike has concluded 
that hyoscine is synthesized in the aerial parts of Daturu 
@ox here in D. innoxia the root must be considered 
as an alternative biosynthetic site. 

When the specific activity ratios for apohyoscine/‘hyos- 
tine (‘root’ and ‘top’) are examined, then one must con- 
clude that apohyoscine is not formed from ‘top’ hyoscine 
although the former base is only present in the aerial 
parts. Since it is unlikely that these bases are formed 
via entirely different routes the most likely explanation 
is that ‘root’ hyoscine is converted into apohyoscine 
during translocation to the aerial parts. 

Phenyllactic acid-[2-‘%Tj was prepared by the oxi- 
dation of phenyialanine-[2-‘4C] with hot nitrous acid 
according to the method of Neish [lS]. At ambient tem- 
peratures it has now been shown that (-)-tropic acid 
is produced in 20/, yield from phenylalanine in nucleophi- 
lit solvents by aryl rather than carboxyl migration which 
occurs in oitm [16,17]. However, TLC’autoradiognphy 
failed to detect any tropic acid in lhc phenyllactic acld 
used and satisfactory recoveries of label were obtained 
by degradation. 

Table 2. The ratios of specific activities of biosynthetically related alkaloids obtained from Datura 
plants fed with DL-phenylalanine-[2-1q and phenyllactic acid-[2-14C] 

Compounds 
Phenylalanine-[2-14Cl 
Roots Aerial parts 

Phenyllactic acid-[2-14CJ 
Roots Aerial parts 

Hyoscinejhyoscyamine 

Apohyoscine/“top’ hyoscine 

Apohyos&@oot hyoscine 

6 I.08 

0.30 0.22 
192 

(-> 6.32 

* The actual sp. act. (dpm/mM x lo-‘) of the alkaloids are given by the values m parentheses. 
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EXPERIMENTAL 

Cou~ti~ procedures. Duplicate samples were counted in 
co~r~By available dioxane or toluene based POP/ 
POPOP scintillatom. 

Tracer compounds. DL-Phenyh&nine-12-‘4~ was pur- 
chased from the Radiochemical -Centre, &e&m, and -cur- 
namic acid-[2-14C] was obtained from Tracerlab, Waltham, 
Mass., U.S.A. 

(k)-2-Hydroxy-3-pbenylpropanoic(pheny[lactic acid)-[2-“‘Cl. 
Dl.-Phenvlalanine12-1~ (30 Uci. 300 ma) in H,O (30 ml) 
and w? H2S04 -(20 mi) ‘was heated to-90’ wiih &ring, 
then NaNOs (500 mg) in IIs0 (20 ml) was added over 1 hr. 
The cooled soln was basified with KOH pellets, washed 
several times with I&O, tea&d&d to pH 1 with 500/, 
HsSO, and extracted again with Et20 (6 x 20 ml). After eva- 
poration of the solvent the remaining residue was dried over 
PzOs and recrystallised 3 x from dry Cd& (ca 3 ml) to give 
phenyllactic acid-[2-i4C] 222 mg (74% yieldjmp and mmp96”, 
IR(KBr)identicalwith authenticmaterial, and SD. act 3.63 x 10’ 
dpm/mM. The acid was examined by TLC (Kikselgel G, cyclo- 
hexane-CHCl,-HOAc (glac.) 3: 1: 1, locating reagent ce(SO,), 
spray) and autoradiograms prepared by exposing the TLC 
plates to Bford X-Ray G film for 2 weeks reveal& only one 
radioactive spot cor~sp~d~g to phenyl~~ic acid 

Feedint~ experimems. Forty 3-month-old Datura innoxia 
plants which had been grown m pots under glass were carefully 
uprooted, washed free from soil, divided into 4 groups and 
suspended in the appropriate tracer soln for 9 days. Group 1 
received 20 &i (2ofj mgj m.-phenyhlanine-[2-L4C]; group 2, 
22 &i (220 mg) (rfI)-phenyllactic acid-[2-“C] (as the Na salt): 
group 3,25 $i (250 mg) cinnamic acid-[2-‘4CJ (as the Na salt); 
and group 4, 25 &i cinnamic acid-[2-14q (2.2 mg). 

I~~~~ of abuts. The alkaloids were separated by the 
previously public method, El81 isolated as the picrates and 
crystallised to constant sp. act. 

Degradation of akaloids. All picrates were diluted to ca 60 
mg which was found to be the minimum workable quantity. 
In-the following typical degradation hyoscine picrate from the 
aerial parts of the plants fed with phenyllactic acid-[2-‘T] 
(3544 mg) sp. act. 4003 x 104 dpm/mM was diluted with 32-41 
mg authentic carrier (talc. sp. act. 2.09 x 104 dpm/mM), made 
alkaline with dil NH&OH and extracted with CHCl,. After 
removal of the solve& the residue was redissolved in ca 1 
ml EtOH, diluted with 5% Ba(OH), (20 ml) and heated in 
a sealed tube at 100” for 3 hr. The cooled hvdrolvsate was 
acidified with 5@,?,? H$O, and extracted with Et;0 (6 x 2 
ml). Evaporation of the dried solvent gave a residue which 
was crystallised from C,H&etrol to give tropic acid (1898 
mg, 89% yield) m.p. 122”, sp. act. 1.98 x 10’ dpm/mM. The 
alkamine, oscine, was recovered from the remaining hydroly- 
sate as the picrate by established procedures [19]. Tropic acid 
(18 mg) was refluxed with 10 N KOH (5 ml) for 45 min under 
N,. Extraction of the cooled, acidified mixture with Et,0 gave 
atropic acid which was not isolated, but immediately redissolved 
in 1 ml Hz0 containing NasCOs (10 mg). The soln was cooled 
in ice+ mixed with Gs04 (ca 5 mg) and then a soln of 50 mg 
NaIOa in 2 ml H,O was added drop-wise with stirring over 
25 min. After 20 hi at 4” the mixture-was extracted with Et*0 
to remove the OsO,. acidified with dil HCl and extracted 
with a further quat&y of Et,O. All attempts to prepare the 
oxime of phenylglyoxylic acid from this Et20 extract failed, 
probably because of the extremely small quantity present. The 
remaining aq. phase was distilled and the distillate (ca 3 ml) was 
mixed with a soln of diiedone (40 mg) in Hz0 (10 ml) and 
allowed to stand for 24 hr when the fo~dehyde diione 
derivative formed (3.8 mg) mp 19cf”, sp. act. l-76 x lo4 
dpm/mM (84% recovery of radioactivity). The remaining tro- 

pic and atropic acid esters were degraded by the same pro- 
cedures. Littorine picrate (13.25 mg, sp. act. 3.3 x 104 
dpm/mM) from the aerial parts of plants fed with Dr.-phenyl- 
alanine-F2-14Cl was diluted with authentic carrier (13-89 ma) 
to give s’p. act.-1.61 x lo4 dpm/mM. The base recovered from 
the picrate in the usual way was hydrolysed by boiling with 
5% Ba(OH)s and gave phenyllactic acid recrystallised from 
CeHe, mp 120”, sp. act. 150 x 10’ dpm/mM, yield 7.2 mg 
(82x), and inactive tropine isolated as the picrate mp 270” 
(128 mg). Phenyllactic acid (7 mg) was decarboxylated by heat- 
ing at 70” for 45 min with lead tetraacetate (20 ml) [20]. The 
cooled soln was iIltered, evaporated to dryness under an air- 
stream and the residue &rude ph~y~~~dehyde) was 
allowed to stand over-nit&t with a soln of KMnO, f20 ma) 
and Na&O, (10 mg) in-2 ml HzO. The phenyla&tic ac% 
thus produced was extracted from the filtered, acidified mix- 
ture with Et,O, and decarboxylated by heating to 80” with 
cont. H2SOa (5 ml) containing NaN, (5 mg). The liberated 
CO2 wai cc&&d in freshly p-&pared S$? Ba(OH), and gave 
2481 ma BaCO, which was then acidified with 5O’Z aa. citric 
acid in an en&&d, evacuated vessel, the liberated Cb, (sp. 
act. 154 x lo4 dpm/mM) being absorbed in HyaminelO-X 
soln for counting. 
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