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Abstract-The biosynthesis of two minor cardenolides in Con&aria muj&. sarhamnolosick and tholl~sidc, was 
investigated by application of Iaklkd cardenolide precursors to leaves. Evidence for the amcomitant occurretxx of 
alternative pathways differing in the sequence of hydroxy~tion rations at C-i 1 and C-19 was obtained. 

INTRODU~ON 

Cwua&& majulis L contains about 40 di&rent gIycc+ 
sides of the cardenolidt type, which are synthesized in the 
green tissues only [l]. The biogenetic pathways of the 
major cardiac glycosides involve different types of 
hydroxylation reactions at C-19 (Fig 1: R’) and C-11 
(Fig. 1: R’), and dehydrogcnation at C-19 [2,3]. 

RESULls AND DfSCUSEION 

HPLC was found to be an excelknt method for 
isolation of very small amounts of cardiac glycosidcs 
(4.51. Thus, “C-Iabellcd cardenolidcs obtained under 
photosynthetic conditions [ 51 &ame avaikbk for inves- 
tigation of biogenetic routes, leading to minor cardiac 
glycosides. Among these the metabolism of two cardeno- 
Iides, sarhamnolosidt (s) and tholloside (a), which are C- 
l I hydroxylated derivatives of convallatoxol (2) and 
convallatoxin (3). respectively, was examinad. Our aim 
was to elucidate the sequenoe of bioconvcrsions leading to 
5: does hydroxylation at C-t 9 prazedc that at C- 11 or vice 
versa? In the case of 6: is dehydr~~ation at C-19 the last 
step or does it axzur before the C-l 1 hydroxylation? It 
seems aIso possibk that all combinations of hydroxyl- 
ation and dehydrogenation exist in r;iw. 

In the first experiments we used a chemotype [6] of C. 
mnjalis (origin: Debrecen, Hungary) with a high content of 
lokundjoside (4). Within this plant we expected a high 
level of C-I I hydroxylation activity. For comparison, 
plants originating from Paris, France, with a low content 
of 4 were also investigated. The results are summariA in 
Tabk 1. 

Using 4 as precursor, 5 was formal by C- 19 hydroxyl- 
ation analogous to the known biosynthetic route: 

*This paper is daliatcd to Prof. Dr. Max W&U on the 
oaaion of his 60th birthday. 

periplorhamnoside (1) -+ convallatoxol(2) [3]. EquaIly, S 
appeared lab&d after applkation of 2 (hydroxyktion at 
C-l 1). In bothcases theincorporation rate washigher by a 
factor ofabout two with the LMrecen plant+ However, 6 
could be idcnti6aI as product after application of 5 
(dchydrogenation at C-19). but not when 3 was trial as 
prazursor. Compound 6 can be consideraI as the end 
product of this line of minor gIycosides. The incorpor- 
ation rate is higher than in the case of the hydroxylations 
leading to 5. AccordingIy conversion of 2 into 3 oocuIs at a 
higher rate than 1 -, 2 [Z 31. A more extended rheme of 
audmolide mctabdism is outlined in Fig. Z 

With the exception of 3 + 6 ail prazurso r + product 
transformations did work. The C-11 hydroxylated 
cardenolides sarhamnolosidc (5) and lokundjoside (4) arc 
synthesized via duaI pathways, whereas tholloside (6) 
seems to be formed by C-19 dchydrog~tion only. 

Rhomnoryl 

K’ K’ 

I Me H P~fipIor~rn~s~e 

2 CH&Mi H Convallataxol 

3 CHO II Convallatoxin 

4 Me OH IDkundpude 

5 CH,OM Ott Sarhamnolostic 

6 CHO OH Thollovde 

Thcko,_dq ;~;vcrdoru have been obrned [2,33 : 
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T&c 1. Applied [U-“C]-hbdkd and raul~ingardcnolida (incotpontioa ratucorraaal for label racovcral in 

rhc cardtie fraction) 

Precurxof 

dpm. IO’ 

(dpm IV/mu) Product 

dpm. lo’ 

rawcad in 

arda&dc lnoqontion 
dpm, IO’ fraction fate (%) 

IAulKljodc (4). 23.7 nriUmnnlosidc (5) 19.8 15.4 1.28 

(33.3) 

LokundjoGdc (I)? 23.1 nmunnobGdc (5) 10.6 18.2 058 

(33.3) 

ConvalLIoxol (2). 26.1 SarhunnoloSide (5) 126 16.2 078 

(41.8) 

ConvallaIoxol (2)+ 26.7 Prh8mnoloridc (5) 52 15.8 0.33 

(41.8) 

khamnoloxide (S)! 4.3 Ihollosidc (6) 2.7 1.0 2.18 

(7.2) 
ConvallaIoxin (3)1 25.2 Ihollosidc (6) ad. 15.3 - 

(18.4) 

Origin of pbnt mate&l: l D&cccn/H; t Paris/F; Jmixsd; n.d.. not dctaztabk. 
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Fig. 2. Intcrconvasionr of a&n&de &anidcs in Cowd&ria n@al&. Racbon typtr: A. hydroxylation of C-l% 

-Me - XH,OH; 8. dchydrogeution of C-l% XH,OH -<HO, C. 1 lz-hydroxyhcion; D. 5j3-hydroxyLIion; 

E. gluocnyhbon ( 1 B 4 4). 

KxmalMRNrAL 

Plow marcrirzL Plum with high (ohgk Datxan, Hunpry) 

ti low bkundjosirb (4) amteat (o+i~ Pub, Fruwr) [6] wae 

I&m frcnn IlK colktioa ofcoroouob qbUsl_growninIhc 

garden of I& lnuitutc of My. a1 the uagc of full 

-0 
Lubrwtwn$ou&[u-‘q~cudcnoliduwtrrixo- 

laled from kwa OTC. mqkul after pbotoeimilaIiml of ‘VO 
ax de&bed in ref. [5]. Radioactivity puamckrs: se Table I.’ 

Applkodoa oflakllcd ca&ndUa IO rk Laws. As publiskd 

clfcw~ [5J 

I&nl~arbn o/ in viva casorrh prodwrs al rhc 
ca&no& lewL The cu&nolide fraction vu obtained xx 

dcazibal in ref. [I]. and m foe lxbdkd &oxides by 

m xi&a gel 60Faw Merck. wing Ihra soht syxtanx [I: 

CHCl,-MeOH-HaO. 7:3:1. kwef phase 11: 
McCOEc-t~H,@MeOH-HOAc. 80: 10: 6: 5 : 2; III: 
EIOAc-MeOH-H,BO, (4.6% 4. soln~HOk 55:20: 15: IO] 

@eta&n: 25% vanillin in EtOHsonc H#D.. I :J). 
Radiowiviry w-a8 detested using A 2x-m scanner. In a&Won. 

the cudawlidcx war isdated by HPLC [4), and their radio- 
activity was determined in a liquid scin1ilMo1-1 counla. 
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