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Abstract—Tylophora indica plants have been shown to contain phenantliroindolizidine alkaloids of the tylophorine
type. Cinnamic acid-[2-'*C]was incorporated efficiently into these alkaloids supporting the hypothesis that ring
A and C-10 and C-6' of tylophorine are derived from phenylalanine.

INTRODUCTION

The biosynthesis of tylophorine (1) and related com-
pounds was reported earlier [1, 2] using tyrosine-[2-14C]
and phenylalanine-[2-'#C] as precursors. By degradative
studies on the radioactive alkaloids isolated in each case,
it was established that ring B and C-9 and C-7' arise
from tyrosine whereas ring A, C-10 and C-6' are derived
from phenylalanine. Transformation of phenylalanine to
tyrosine did not take place during the administration
of the former precursor. It was therefore suggested that
phenylalanine could possibly be incorporated via cin-
pamic, p-coumaric and caffeic acids. In the present work
cinnamic acid-[2-'*C] was administered to Tylophora
plants, the tylophorine-[1“C] isolated and the labelling
pattern determined.

RESULTS AND DISCUSSION

Cinnamic acid was found to be incorporated into tylo-
phorine more efficiently than phenylalanine. Degradation
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(Fig. 1) of labelled tylophorine (1) via its methiodide (2)
and Emde base (3) to HOAc revealed that the acid
{(NaOAc) was inactive and therefore C-7" was unlabelled.
However, the incorporation of cinnamic acid via hy-
droxylated cinnamic acids would result in tylophorine
labelled at C-6. This was confirmed by degrading
labelled tylophorine to 2,3,6,7-tetramethoxyphenanth-
renedicarboxylic acid (4) via oxidation of tylophorine
methiodide by aq. KMnO,. All the activity was located
at C-6' as assayed by BaCO; obtained by decarboxyla-
tion of labelled 2,3,6,7-tetramethoxyphenanthrenedicar-
boxylic acid. Tetramethoxyphenanthrene (5) was unla-
belled as expected. The results are summarized in Table

In a slightly modified biogenetic scheme it seems most
reasonable that p-coumaric or caffeic acid could also
provide precursors with an appropriate hydroxylation
pattern as shown in Fig. 2. The precursor condenses with
A'-pyrroline {derivable from ornithine) with the addition
of one molecule of H,0. Subsequent oxidation and
decarboxylation gives (6). In our earlier experiments [2]
ornithine was shown to be incorporated efficiently into
tylophorme Condensation of 34—d1hydroxyphenylpyru-
vic acid with 6 followed by addition of the amine and
then further oxidation and/or reduction of the carbinol
amine affords the intermediate diaryl-A®7-dehydroindo-
lizidine (7). The final step involves phenol oxidative
coupling[3,4], a point not mentioned by other
workers [5-9]. Here the formation of tylophorine (1) and

Table 1. Specific activities of undiluted tylophorine obtained
from cinnamic acid-[2-1#C] and its degradation products

Activity in dpm/ -
mmol x 10~%

Tylophorine 84
Tylophorine methiodide 83
Emde base of tylophorine 82
Acetic acid (sodium acetate) -
2,3,6,7-Tetramethoxyphenanthrene-

dicarboxylic acid 82
BaCO, 4.1
2,3,6,7-Tetramethoxyphenanthrene —
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tylocrebrine (9) can be visualized by the p- and o-coup-
ling, respectively, of the m-OH of ring B with the radical
generated p- to the OH in parenthesis in 7. This coupling
could precede or be followed by methionine methoxyla-
tion of the alternate OH’s with eventually complete
methoxylation. The unusual hydroxylation pattern of
tylophorinine (10) requires the occurrence of a dienone-
phenol rearrangement following the phenol-phenol coup-
ling. A most likely mechanism is depicted in 8a (Path
A) showing ring B already re-aromatized. An alternate
mechanism (Path B) involving additional precursors, ie.
those without the parenthetical OH group, is depicted
in 8b. Credibility is given to this scheme by the recent
isolation [10] of a new alkaloid septicine (11), occurring
along with tylocrebrine (9) and tylophorine (1) in Ficus
septica (family Moraceae). Septicine has also been iso-
lated from Tylophota indica [11] and subsequently by us
also. Septicine is transformed to a mixture of tylophorine
and tylocrebrine by UV irradiation [10]. That this
scheme is closely paralleled in the formation of crypto-
pleurine (12) can be deduced from the simultaneous
occurrence of pleurospermine (13){12] in Cryptocarya
pleurosperma.

The intermediacy of a benzoyl acetic acid (14) in the
biosynthesis of these alkaloids as suggested by Wen-
kert [6] and Leete [9] is yet to be proved in view of
the lack of evidence for this type of f-keto acid as an
intermediate in alkaloid biosynthesis. It was proposed
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that such an acid could arise by reaction of shikimic
and acetic acids; however again, shikimic acid metabo-
lism is well known [13] and as yet this reaction has not
been witnessed. Our experiments also indicated that ace-
tate was a poor precursor for these alkaloids [2] and
that the shikimic acid-acetate pathway did not operate.

EXPERIMENTAL

Cinnamic acid-[2-'*C] Na salt (0.1 mCi, 148mg,
1 mCi/mM), was dissolved in H,O (4ml) and administered
to four 18-month-old T. asthmatica plants through a wick in-
serted into the stem. The plants were harvested after 14 days
and worked up to isolate tylophorine by the method of
Ref. [14]. To detect activity at C-7' and C-6', labelled tylo-
phorine obtained from cinnamic acid-[2-!*C]} was degraded
using our previous methods [1, 2].
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