(S)-Norreticulineisthe precursor for the biosynthesis of Erythrina alkaloids
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In contrast to previous assumptions, the isoquinoline alka-
loid (S)-norreticuline is the biosynthetic precursor to Ery-
thrina alkaloids and, furthermore, this precursor is asym-
metrically incorporated into these spirocyclic alkaloids.

Erythrina-type akaloids' suggest an unusua biosynthesis.
Barton and co-workers23 made the important observation that
these spirocyclic akaoids are formed by skeletal rear-
rangement from benzylisoquinoline alkaloids. Extensive appli-
cation experiments of potential precursors to Erythrina crista-
galli  (Fabaceae) plants previously showed that
(9-norprotosinomenine 1 was the precursor for the Erythrina
skeleton of erythraline 2, although the incorporation wasonly in
the range of 0.25%.3-5 This finding was supported by the
reported successful incorporation of labelled 1 into the
Erythrina alkaloid cocculidine 3 (up to 0.66%) using plants of
the taxonomically remote Cocculus laurifolius (Menisper-
maceae).67 Norprotosinomenine 1 is a natural product and was
isolated from Erythrina variegata (formerly lithosperma) fruits
together with akaloids possessing the Erythrina-type skel-
eton.8
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1 R'= H,R?=Me, R®=0OH, R*=Me, R°=H
4 R'=Me,R?=H,R3=H,R*=H,R>=H
5aR!'=Me, RZ=H,R®=0OH,R*=Me, RS =H
5b R! = Me, R?2 = H, R® = OH, R* = Me, R® = Me
6 R'=Me, R?=H,R®=0Me,R*=H,R5=H
7 R'=H,R?=Me, R®=0Me, R*=H,R =H
8 R'=H,R?=H,R3=H,R*=H,R°=H

In the past, only 6-methoxy-7-hydroxytetrahydrobenzyliso-
quinoline akaloids of the coclaurine 4 and reticuline 5b type
were recognized as biosynthetic precursors of a multitude of
isoquinoline alkaloids occurring in plants such as aporphine-,
benzophenanthridine-, bisbenzylisoquinoline-, morphinane-,
pavine- and protoberberine-type akaloids.® Norprotosinome-
nine 1 with a differing 6-hydroxy-7-methoxy substitution
pattern is up to now the only biosynthetic exception to aphenol -
coupled group of alkaloids and would require evol utionarily the
development of a completely different and specific set of
enzymes for the early steps of Erythrina-type akaloid bio-
synthesis, since the enzymes of the coclaurine 4—reticuline 5b
pathway are highly specific and do not accept akaloidal

substrates with the 6-hydroxy-7-methoxy pattern. This fact and
the unusual carbon skeleton of the spirocyclic akaloids
prompted us to reinvestigate the structure of the precursors of
Erythrina akaloids.

Feeding experiments (cotton wick method)3 with al four
isomeric nortetrahydrobenzylisoquinoline akaloids 1, 5a, 6
(nororientaline) and 7 (norisoorientaline), each tritium-labelled
in the 6- or 7-methoxy group of ring A, were conducted using
4-5 month old plants, the same age as were used previously.3
Erythraline 2, the major alkaloid which isdistributed in all parts
of E. crista-galli, was isolated and found to be unlabelled
(< 0.0001%). Incubation of root, stem, leaf and flower tissue
yielded the same result. Physiological transport experiments
using 3H-labelled 47 showed that these potential precursor
akaloids were not transported at all in these plants. As a
consequence, tissue slices (3—4 mm thick) were allowed to float
on the agueoustracer solution (0.5 uCi; 25 nmol) under constant
shaking (150 strokes min—1) for 24 h. Again, all vegetative
tissue yielded no incorporation into erythraline 2. However,
fruit tissue showed considerable incorporation into erythraline 2
(11.8%) but only with (S)-norreticuline 5a as precursor and not
with 1, 6, 7. All of the (R)-configurated potential precursors 1,
5a, 6, 7 aswell astheir N-Me congeners were not incorporated.
(9-[6-OC3Hz] Coclaurine 4, however, was under these condi-
tions incorporated to 11%. This clearly suggests that a
coclaurine 4—norreticuline 5a pathway is operative in Erythrina
akaloid formation while the hitherto assumed norprotosinome-
nine 1 isnot at al metabolized (confirmed by autoradiography
of the fruit and other organ extracts). In spite of the high rate of
incorporation of 4 and 5a into the Erythrina alkaloids it could
not be excluded that de- and re-methylation of potential
precursors occurred under these feeding conditions as previ-
ously observed in other systems.10

To confirm specific incorporation and aso to reinvestigate
whether the later biosynthetic pathway to e.g. erythraline
involves a symmetrical intermediate*s  (9)-[1-13C]-
1,-4,-5a,-6,-7 were synthesized by standard methods!! the
correct position of the label was verified in each case by NMR
analysis and the compounds applied at 10—4 m concentration to
fruit slices (dry weight 18.2 g) asabove. By isolation an average
of 6 mg spectroscopically pure (UV, mass) erythraline 2 was
obtained which was used for 13C NMR analysis of the enhanced
signds (90.6 MHz, Bruker Aspect 3000) in CDCls.
(9-[1-13C]Norprotosinomenine 1 yielded erythraline 2 that was
unlabelled [Fig. 1(a)]. In contrast, (9-[1-13C]coclaurine 4
yielded 2 that was labelled at C-10 [Fig. 1(b), enrichment of
5.5% 13C, 13C atom excess cal culated from mass spectral data).
(9-[1-13C]Norreticuline 5a also labelled only C-10 of erythra-
line 2 [Fig. 1(c), enrichment of 9.3%]. If a symmetrica
intermediate is occurring en route to the later steps to
erythraline as postul ated before, 45 13C enrichment in the case of
the 4 and 5a feeding experiment would have occurred both at
C-10 and C-8. Since at C-8 no enrichment is seen [Fig. 1(b),
(©)], we have to conclude that Erythrina alkaloid biosynthesis
does naot involve a symmetrical intermediate of the dipheno-
quinone type. The previously observed labelling both of C-8
and C-10 of an Erythrina-type alkal oid after feeding [2-14C]tyr-
osine? is easily explained. Norcoclaurine 8, the precursor of
coclaurine 4 and norreticuline 5a, is formed from two different
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Fig. 1 Proton-decoupled 13C NMR partial spectrum of erythraline 2 (a)
isolated after a feeding experiment with (S)-[1-13C]norprotosinomenine 1;
(b) biosynthesized from (S)-[1-13C]coclaurine 4; (c) biosynthesized from
(9-[1-13C]norreticuline 5a; (d) unlabelled erythraline 2

Cs—C> precursors analogous to al other 6,7-substituted iso-
quinoline alkaloids found in nature.®13.14 Tyrosine supplies
both halves of the Erythrina alkaloids, while dopamine 9 is
incorporated into the isoquinoline half of 4, 5a, 8 only. The
benzyl pat of these precursors is derived from
4-hydroxyphenylacetaldehyde 10 which in turn is also derived
from tyrosine via p-hydroxyphenylpyruvate and subsequent
decarboxylation to yield the aldehyde.® Thus the symmetrical
labelling of an Erythrina akaloid by [2-14C]tyrosine in the
reported experiment?2 is explained.

Finally, to probe the experiments reported on the incorpor-
ation of norprotosinomenine 1 into the Erythrina-type alkaloids
in Cocculus laurifolius®7” we repeated these application experi-
ments with the same plant. Again no incorporation of [1-13C]-1
into any of the Cocculus alkaloids was observed. 1is, therefore,
not a precursor to Erythrina alkaloids.
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Future work on the biosynthesis of Erythrina alkaloids hasto
concentrate on the enzymes involved in (S-norreticuline 5a
formation and on the later steps beyond precursor 5a involving
anon-symmetrical intermediate.

We thank Dr T. M. Kutchan for linguistic help in the
preparation of this manuscript. This investigation was finan-
cialy supported by SFB 369 of the Deutsche Forschungs-
gemeinschaft, Bonn, and by Fonds der Chemischen Industrie,
Frankfurt/Main.

Footnote and References

* E-mail: zenk@lIrz.uni-muenchen.de

1 S F. Dyke and S. N. Quessy, in The Alkaloids, ed. R. H. F. Manske.
Academic Press, New York, 1981, vol. 18, p. 1.
2 D. H. R. Barton and T. Cohen, in Festschrift Prof. Dr Arthur Soll,
Birkhauser, Basel, 1957, p. 117.
3 D. H. R. Barton, R. James, G. W. Kirby, D. W. Turner and
D. A. Widdowson, J. Chem. Soc. (C), 1968, 1529.
4 D. H.R. Barton, R. B. Boar and D. A. Widdowson, J. Chem. Soc. (C),
1970, 1213.
5 D. H. R. Barton, C. J. Potter and D. A. Widdowson, J. Chem. Soc.,
Perkin Trans. 1, 1974, 346.
6 D. S. Bhakuni and A. N. Singh, J. Chem. Soc., Perkin Trans. 1, 1978,
618.
7 D. S. Bhakuni and S. Jain, Tetrahedron, 1980, 36, 2153.
8 S. Ghosdl, S. R. Magjumdar and A. Chakraborti, Austr. J. Chem., 1971,
24, 2733.
9 M. H. Zenk, in Organic Reactivity: Physical and Biological Aspects, ed.
B. T. Golding, R. J. Griffin and H. Maskill, RSC, London, 1995,
p. 89.
10 B. Schneider and M. H. Zenk, Phytochemistry, 1993, 32, 897.
11 R. Stadler and M. H. Zenk, Liebigs Ann. Chem., 1990, 555.
12 E. Leete and A. Ahmad, J. Am. Chem. Soc., 1966, 88, 4722.
13 For review, see |. D. Spenser, in Comprehensive Biochemistry, ed. M.
Florkin and E. H. Stotz, Elsevier, Amsterdam, 1968, ch. 20, p. 231.
14 R. Stadler, T. M. Kutchan and M. H. Zenk, Phytochemistry, 1989, 28,
1083.

Received in Glasgow, UK, 9th September 1997; 7/06595G



