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Abstract-Feeding experiments of various 3H-, ‘H- and ‘3C-labelled compounds to plants of Lonicern tatarica, and 
Catharunthus roseus (hybrid) and to suspension cultures of Rauwolju serpentina corroborated that secologanin, 
vindoline, ajmaline and vomilenine in these plants and cultured cells are biosynthesized via cyclization of lO- 
oxogeranial/lO-oxoneral to iridodial in the same way as secologanin and vindoline in plants of L. morrowii and 
C. roseus. Therefore, this cyclization mechanism seems to be common in plants containing secoiridoids and indole 
alkaloids. 

INTRODUCTION 

In the previous papers [1,2], we demonstrated by feeding 
experiments with 3H-labelled monoterpenes that secolo- 
ganin (1) and vindoline (2) in Lonicera morrowii and 
Catharanthus roseus are biosynthesized via geraniol, lO- 
oxogeranial (3)/10_oxoneral (4) and iridodial (5); this 
route is different from that proposed by Balsevich and 
Kurz [3], who suggested the intermediacy role of 9,10- 
dioxogeranial(6) and iridotrial(7) for the biosynthesis of 
ajmalicine in C. roseus suspension cultures. 

Therefore, our attention was directed toward the 
examination of the validity of the route via 3/4 to 5 in 
other plants as well as cultured cells. The present paper 
deals with the administrations of 3H-, ‘H- and 13C- 
labelled putative precursors to the plants of L. tatarica 
and C. roseus, and suspension cultures of Rauwolfia 
serpentina. 

RESULTS AND DISCUSSION 

Administration of[l-3H]-10-hydroxygeraniol (8) and [l- 

3H-9,10-dihydroxygernniol (9) to plants ofL. tatarica and 
C. roseus 

[1-3H]-10-Hydroxygeranio1 (8) and [1-3H]-9,10- 
dihydroxygeraniol (9) prepared according to the pre- 
viously reported method [Z] were administered hydro- 
ponically to the twigs of L. tatarica on Aug. 18 (Expt 1) 
and on Aug. 30 (Expt 2). Radioactive secologanin (1) was 
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isolated and converted through sodium borohydride 
reduction and acetylation to secologanol pentaacetate 
(10). Similarly, [l-‘HI-8 and [1-3H]-9 were fed to the 
hydrid [4,5] of C. roseus producing a significant amount 
of vindoline (2) (Expt 3) on Aug. 20 (the same season as in 
our earlier experiments with C. roseus [ 1,2]) and radio- 
active 2 was isolated by dilution analysis. 

In Expt 1, the incorporation rate (Table 1) of 8 into 1 
was ca seven times higher than that of 9. However, in 
Expt 2, the former rate was reduced to one-tenth, whereas 
the latter rate decreased to one-third. This finding, 
together with the results obtained in L. morrowii [1,2], led 
to the conclusion that iridane skeleton formation pro- 
ceeds via 1 O-hydroxygeraniol (8)/ 1 0-hydroxynerol (1 l), 
314 and 5 in the biosynthesis of secoiridoids in Lonicera 
plants. The observed low incorporations of 9 into 1 
suggested that 9 does not contribute to the main bio- 
synthetic route of secologanin (1) in these plants. 

The marked difference in the incorporation rates of 8 
between Expts 1 and 2 indicated that the enzyme system 
functioning for the biosynthesis of secoiridoids is particu- 
larly activated during a short period of development. This 
observation is consistent with the result reported by 
Damtoft et al. [6] who found that 30% of ‘H-labelled 
deoxyloganin was incorporated into dihydrocornin and 
cornin when applied to Verbena oficinalis plants before 
flowering, but the value decreased considerably during the 
flowering period. This phenomenon was also observed for 
the incorporation of 9 into 1 although the difference 
between the incorporation ratios in Expts 1 and 2 was very 
small. Thus, the efficiency of the exogenously applied 
precursors to be metabolized to iridoids seems different 
depending on the developmental stage of the plants. 

In the experiment with the hybrid of C. roseus (Expt 3), 
the incorporation ratios of [1-3H]-8 into 2 was five times 
higher than that of [1-3H]-9, in accordance with the result 
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2, which was recrystallized from Et20  to constant radioactivity 
(7.02 x 104 dpm). 

Preparation of  [9 -13C]-lO-hydroxynerol (11). A soln of neryl 
acetate (608 mg) in dry CH2CI2 (30 ml) containing pyridine 
(0.25 ml) was cooled to - 7 8  ° and treated with a stream of 
ozonized 02  until the starting material became undetectable on 
TLC. After addition of Zn dust (1.42 g)and HOAc (5.5 ml), the 
reaction mixture was stirred for 2 hr. The solid material was 
filtered offand washed with n-hexane. The combined filtrate and 
washings were shaken successively with 10 To NaHCO3 and H20,  
dried and coned in vacuo. The residue was subjected to vacuum 
distillation to give (Z)-6-acetoxy-4-methyl-4-hexenal (157 mg) as 
a colourless oil. The soln of this compound in dry CH2C12 (2 ml) 
was added dropwise to (ct-earboethoxy methyl-[13C] 
etylidene)triphenylphosphorane (410 mg) under a N2 
atmosphere and the mixture stirred at room temp. for 16 hr. The 
soln was coned in vacuo and the residue purified by prep. TLC (n- 
hexane-Et 20, 6: 1) to furnish an oily substance, ethyl-(2E, 6Z)-8- 
acetoxy-2,6-dimethyl-2,6-octadienoate (200mg). An aliquot 
(97 rag) of this compound was dissolved in dry E t20  (5 ml) and 
added to a stirred suspension of LiAIH4 (74 mg) and AICI3 
(88 mg) in dry E t20  (27 ml) at - 15 °. Stirring was continued for a 
further 1.5hr at elevated temp. ( - 1 5 ° 4 )  °) under N2. After 
decomposition of excess reagent with H20,  the mixture was 
neutralized with 5 % HCI and extracted with Et20  (5 ml x 4). The 
combined extracts were washed with brine, dried and concd in 
vacuo. The residue was purified by prep. TLC in Et20  to give [9- 
13C]-11 (57 mg) as a colourless oil. Its IR and 1H NMR spectra 
were identical with those of an authentic sample. 

Administration o f  ['4-13C] - 10-hydroxygeraniol (8), [9 -t 3C]- 10- 
hydroxynerol (11), [2-13C]-9,10-dihydroxygeraniol (9) and [10- 
2H2]iridodial (5) to R. serpentina suspension cultures. A mixture 
of [4-~3C]-8 (15.4mg), [9-~3C]-11 (16.0mg), [-2-~3C]-9 
(19.4 mg), and [10-2H2]-5 (18.3 mg) was dissolved in 70~o EtOH 
(12 ml) and administered to R. serpentina Benth. suspension 
cultures (eight flasks, each 280 ml medium). After 8 days of 
incubation, the cells (965.3 g) were frozen in liquid N2 and 
extracted with EtOAc (1.5 1.) containing Pi buffer (1 M, pH 8.5; 
1130 ml) with stirring for 18 hr. The insoluble materials were 
filtered off and washed with EtOAc (400 ml). The combined 
EtOAc layers were extracted with 2~o H2SO4 (400 ml x 2). The 
acid layer was basified with 10~o NH4OH at ca 5 ° and extracted 
with CHCI3 (500 ml x 2). The CHCI 3 layer was washed with HzO 
(100 ml x 2), dried and concd in vacuo to give an alkaloid mixture 
(481 mg), which was subjected to prep. TLC in 
Me2CO-petrol  Et2NH (2: 10: 1). Of  two main bands, the more 
mobile band gave ajmaline (12, 85 mg) as colourless needles 

(recrystallized from MeOH), whereas the less mobile one 
afforded vomilenine (13, 127 mg) as a pale-yellow amorphous 
powder. 

Catalytic hydrogenation of  [2H, 13C]vomilenine (13). A soln of 
[2H,~3C]-13 (70rag) in EtOH (3 ml) was hydrogenated over 
10 ~d Pd~2 (100 rag) for 6 hr. The catalyst was filtered offand the 
soln coned in vaeuo to give a residue, which after prep. TLC 
(Me2CO-petrol-Et2NH, 2 : 10: 1) yielded dihydrovomilenine 
(14, 16mg) as a pale-yellow amorphous powder. I H N M R  
(CDCI3): 60.98 (br t, J = 7 Hz, 8-H3), 2.81 (dd, J = 12, 5 Hz, H-6), 
4.35 (m, H-3), 5.02 (br s, H-7), 7.2-7.7 (m, aromatic H4). 13 C N MR 
(CDCI3): 611.9 (q, C-18), 21.2 (q, COMe ), 25.9 (t, C-19), 27.5 (d, 
C-15), 27.7 (t, C-14), 37.4 (t, C-6), 42.0 (d, C-16), 47.0 (d, C-20), 
49.7 (d, C-3), 54.'1 (d, C-5), 65.0 (s, C-7), 78.6 (d, C-17), 87.4 (d, C- 
21), 121.1, 123.7, 125.4 and 128.7 (d, C-9, C-10, C-11 and C-12), 
136.1 (s, C-8), 156.6 (s, C-13), 169.9 (s, COMe),  182.9 (s, C-2). 
HRMS: 352.1776, Calc. for C21Hz4N203 (M *) 352.1786. 
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