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MECHANISM FOR IRIDANE SKELETON FORMATION FROM ACYCLIC MONOTERPENES IN THE BIOSYNTHESIS OF

SECOLOGANIN AND VINDOLINE IN CATHARANTHUS ROSEUS AND LONICERA MORROWII
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Administration of various tritium-labeled monoterpenes to Catharanthus roseus and

Lonicera morrowii demonstrated that the loganin (1), secologanin (2) and vindoline

(10) of these plants are biosynthesized via cyclization of l0-oxogeranial (lla) or

1l0-oxoneral (11lb) to iridodial (12) and subsequent oxidation to iridotrial(4).
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For the iridane skeleton formation from geraniol in the biosynthesis of loganin (1),

secologanin (2) and indole alkaloids of Catharanthus roseus (L.) G. Don., Arigoni et al. proposed

the following mechanism: cyclization of 9,10-dioxoneral (3a)/9,10-dioxogeranial (3b) leads to
iridotrial (4), which is further converted to 1, 2 and indole alkaloids with extensive randomiza-

tion of the carbon atoms 3 and ll.l)

Furthermore, Tietze et al. postulated the intermediacy of
10-hydroxy derivatives of geranial and neral and of the 10-oxo derivatives of geraniol, geranial,
nerol and neral.Z) More recently, Kurz et al, observed high ratios of incorporation of the 9- and
10-oxo derivatives of geraniol, geranial, nerol and neral as well as 9,10-dihydroxygeraniol (5),
9-oxo-10-hydroxygeraniol (6) and 9,9,10,10-tetraethoxygeranial (7) into ajmaliciné in C. roseus
suspension cultures.B)

Independently, we have been carrying out tracer experiments with two plants containing seco-
loganin (2) and indole alkaloids in order to establish the iridane skeleton formation. The re-
sults, however, seem to be inconsistent with the above proposed mechanism, The details of our
study are presented in this paper.

4 [l-3H] -9,10-dihydroxygeraniol (5),4) and

At the outset, [1—3H] -10-hydroxygeraniol (8a),
(i)-[10—3}{]—10-—hydroxycitronellol (9)4) were administered separately to C. roseus (Expts. A, B and
C), and radioactive vindoline (10) was isolated, The results summarized in Table 1 show that the
total and specific incorporation ratios of 10-hydroxygeraniol (8a) into 10 were respectively seven

and five times higher than the values of 9,10-dihydroxygeraniol (5), Furthermore, the incor-
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poration ratios of (+)-10-hydroxycitronellol (9) into 10 were found to be negligible. Among these
findings, the rather low incorporation ratio of 5 into vindoline (10) differs from the results
obtained by Kurz et al.3) This substantiated the precursorship of 5, and led us to conclude that
10-oxogeranial (1la)/10-oxoneral (11b) formed from 8a/8b could take part directly in the cycli-
zation to-the iridane skeleton.

) and, as a reference, a mixture

3,4)

In order to confirm this conclusion, [10—3H]iridodial (12)5
of [1—3H]—9—hydroxy—10—oxogez:anial (13) and [1—3H]—9—oxo~10-hydroxygeranial (14) (3:2) were
administered separately to C. roseus (Expts., D and E) in the same way as in Expts. A, B and C. As
shown in Table 1, total and specific incorporation ratios of 12 into 10 were much higher than the
values of 13 and 14, From this result, together with those of the Expts. A, B and C, it was

1)

deduced that unlike the mechanism proposed by Arigoni et al., the loganin (1), secologanin (2)

and indole alkaloids of C. roseus are biosynthesized via direct cyclization of l0-oxogeranial
(1la)/10-oxoneral (11b) to iridodial (12) followed by oxidation to iridotrial (4) and conversion

6,7)

to deoxyloganic acid (15) as illustrated in Chart 1.

Table 1. Administration of Labeled Monoterpenes to Catharanthus roseus

Spec. activities (dpm/mM) Incorporation (spec. incorp.) (%)
(amount (mg)) of into vindoline (10)
substance fed
* 3 . *k
Expt. A [1-"H]-10-hydroxygeraniol (8a) 0.66
6.37 x 1080 (4.9 (0.50)
b 3 . . %%
Expt. B [1-°H]-9,10-dihydroxygeraniol (5) 0.096
8.46 x 1010 (4.6) (0.10)
* 3 . *k
Expt. C (+)-[10-"H] -10-hydroxycitronellol (9) 0.0068
6.46 x 1020 (6.1 (0.0064)
Expt. D [10-2H)iridodial (12) 0.13"*
1.31 x 1020 (8.2) (0.34)
Expt. E [1-3H] -9-hydroxy-l0-oxogeranial (13) and
[1-3H] -9-0x0-10-hydroxygeranial (14) (3:2) 0.0048
6.26 x 10° (4.0) (0.0062)

* A series of Expts. A, B and C and Expts. D and E were carried out in September of different
years,

** These values were corrected based on the assumption that the following proportions of the
label of administered compounds remained in 10: 1/2 of 5 and 8a, 1/4 of 9 and 2/3 of 12,

NII-Electronic Library Service



No. 4 1673

Table 2, Administration of Labeled Monoterpenes to Lonicera morrowii

Spec. Activities (dpm/mM) Incorporation (spec. incorp,) Distribution of activity
(%) into secologanin (2) in
(amount (mg)) of
substance fed HCHO from C-10 lactone (17)
Expt. F [1-°H]-10-hydroxygeraniol (8a) 1.52% 9.7
6.37 x 1070 (12.8) (0.26)
Expt. G (+)-[10->H]-10-hydroxycitronellol (9) 0.026%
6.46 x 1010 (17.8) (0.011)
Expt. §  [10-H]iridodial (12) 1.13% 92.6
1.37 x 1019 (15.5) (0.17)
Expt. T  [1-°H]-9,10-dihydroxygeraniol (5) 0.30% 6.5
8.46 x 100 (9.1) (0.025)

* These values were corrected based on the assumption that the following proportion of the label
of administered compounds remained in 2: 1/2 of 5 and 8a, 1/4 of 9 and 2/3 of 12,
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Cchart 1. Biosynthetic Pathway of Loganin (1), Secologanin (2) and vindoline (10)
in Catharanthus roseus and Lonicera morrowii
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Next, [1-H]-10-hydroxygeraniol (8a), (+)-[10~>H]-10-hydroxycitronellol (9), [10-’H]iridodial

(12) and [1—3H]-9,10—dihydroxygeraniol (5) were administered, separately, to Lonicera morrowii A.

Gray (Expts. F, G, H and I). After 4 days, radicactive secologanin (2) was isolated and converted
through acetylation, Jones oxidation and methylation to secologanoside methyl ester tetraacetate
(16), which was recrystallized to a constant radicactivity. Compound 16 obtained in Expt. H was
subjected to ozonolysis and the resulting formaldehyde was captured as the dimedone derivative,
on the other hand, 16 obtained in Expts. F and I was converted, through Pd-C-catalyzed hydrogena-
tion, zemplén reaction, B-glucosidase-mediated hydrolysis and Jones oxidation, to lactone (17).

3H label at the

The radiocactivity of the formaldehyde dimedone indicated the localization of the
C-10 position of secologanin (2), whereas the activities of 17 showed the localization of the 3H
label at the C-1 position of 2. These results are summarized in Table 2. It was found that the
total and specific incorporations of both 8a and 12 into secologanin (2) were much higher than
those of 5 and 9. It was therefore concluded that, like the secologanin (2) and vindoline (10) of
C. roseus, the secologanin (2) of L. morrowii is biosynthesized via 1l0-oxogeranial (1la)/10--oxo-
neral (11b), iridodial (12), iridotrial (4), deoxyloganic acid (15) and loganin (1).

In the feeding experiments with the above two plants, the non-negligible incorporation of
[1—3H]~9,10—dihydroxygeraniol (5) into both vindoline (10) and secologanin (2) was observed,

Thus, it remains to be established whether this incorporation was due to a conversion by a minor

route or to a biotransformation of the compound extraneously fed. Further studies are underway.
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