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Ah&act-(-bKaurene-17-‘rc was administered to the leaves of a Stevia reboudimro plant, and radioactiw 
steviol was isolated by extraction, hydrolysis, and chromatography. Its radiochemical purity was demon- 
strated by dilution with carrier material, recrystallization to constant spec& activity, conversion to the methyl 
ester, and recrystallization. The steviol methyl eater was degraded to establish that essentially all of the radie 
activity was located at the 17xarbon atom. 

INTRODUCTION 

THE diterpene steviol (I) is found in the leaves of Stevia rebut&ma in the form of the glycoside 
stevioside. It is related both structurally and in biological activity l to the gibberellins, and 
therefore its biosynthesis in this plant is of considerable interest. Previously we demonstrated 
that radioactive acetate, but not mevalonic acid, is incorporated into steviol.2 (-)-Kaurene 
(II) is known to be a precursor of gibberellins in the fungus Fusarium moniZiforme,3 and the 
same fungus converts steviol to a gibberellin-like ~ubstance.~ We have now found that 
( -)-kaurene-17J4C is converted to steviol in S. rebaudiana. 

(I) Steviol 

RESULTS 

cIIl (-Maurene 

( -)-Kaurene-17-14C was applied twice weekly for 5 weeks to the leaves of a Srevia 
rebaudianu plant, which was then extracted with ethanol. Most of the radioactivity in the 
extract was removed by leaching the residue from evaporation of the ethanol with ether. This 
left a residue consisting largely of glycosides, which was subjected to enzymatic hydrolysis2 
A steviol-containing acidic fraction was isolated and purified by preparative thin-layer 

* A laboratory of the Western Utilization Research and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture. Work conducted under acooperativeagrwmen t with the California 
Institute of Technology. 
1 M. RUDDAT, A. LANG and E. M-o, Notwwirsensdrqftrn S&23 (1963). 
2 M. RUDDAT, E. HEFTMANN and A. LANG, Arch. Biochem. Biophys. 110,4% (1965). 
3 B. E. Caoss, R. H. B. GALT and J. R. HANWN,J. Chem. Sot. 295 (1%4). 
4 M. RUDDAT, E. H-m and A. LANO, Arch. B&hem. Biophys. 111,187 (1965). 
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chromatography (TLC). Carrier steviol was added, and crystallization to constant specific 
activity was carried out as shown inTable 1. Steviol methyl ester was then prepared, and, after 
recrystallization, it had the same molar specific activity as steviol (Table 1). Finally, the 17- 
methylene group was removed by oxidation, giving the keto ester III, which was essentially 
devoid of radioactivity (Table 1). 

TABLE 1. RECXYSTALLrzAnON OFSTEVIOLANDWDERIVATM%* 

SolVemtused for 
Compound crystallizations 

-.- -,.-~----_ 

Steviol 
Acetone-methanol 
Aceton+methanol 
Renzene+me&anol 

Steviot methyl ester Methanol-water 
Keto ester III Hexane 

Countsjmin/rMt 
I__ 

840+0-44 
6*57*0*35 
6.65 f 0.35 
657 i O-35 
6.51 f O-35 
0.37 + o-20 

+ 0.2-mg portrons wem plated from chloroform or benzene solutions on 
ringed planchets over an area of 12.7 cm” and counted in duplicate on a 
Reckman Widebeta II mstrument. Counter etiiciency was 34 per cent and 
background was 2 counts~min. 

f 90 per cent confidence level. 

DISCUSSION 

The results presented here demonstrate that (-)-kaurene may act as a precursor of steviol 
in Sferia reb~~i~za. Because the per cent incorporation, based upon isolated steviol, was 
low (ca. O-3 per cent). it was important to establish that the conversion had occurred without 
prior degradation of the radioactive kaurene in the plant. This was accomplished by conver- 
sion of steviol methyl ester to the keto ester (III), which lacks only the 17-carbon atom. 
Moscttig et a/.’ used ozone or osmium tetroxide followed by sodium periodate to effect this 
conversion, but we found the pe~anganate-~riodate reagent of Lemieux and von Rudlo@ 
to be more convenient. When the radioactive steviol methyl ester was subjected to this 
reaction, according to the procedure of Wall and Serota,7 the keto ester (III) obtained had 
lost almost all of the original radioactivity. This demonstrates that the steviol was labelled 
only in the 17-position, and therefore was made directly from ( -)-kaurene-17J4C. 

5 E. MO~EITIG, U. BEOLINGER, F. D~LDER, H. LICHTI, P. Qun-r and J. A. WATERB,]. Am. C/rem. Sue. Ss, 2305 
(1963). 

s R. U. LZMIEUX and E. VON RUDLOFF, Can. J. Chem. X+,1701 (1955). 
7 M. E. WAL,L and S. SEROTA, J. Org. Ckm. 24,741(1959). 
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This result is consistent with previous indications that steviol biosynthesis is very similar 
to that of gibberellins. The growth retardant AMO-1618 is known to inhibit not only the 
biosynthesis of gibberellins, both in Fusurium moniZifonne8 and in higher plants,s but also 
that of steviol in S. rebaudiana. lo Furthermore, it has been shown that AMO-1618 acts 
specifically to block the cyclization of trrurs-geranylgeranyl pyrophosphate to (->kaurene.” 
Thus, the present evidence that steviol is biosynthesized from (-)-kaurene supports the hype 
thesis l2 that the latter is a precursor of gibberellins in higher plants. 

When ( -)-kaurene-17J4C was administered to Phurbitis nil seedlings, only 10-20 per cent 
of the radioactivity could be recovered by extraction on the following day.13 This seemed to 
indicate that the plant was rapidly degrading the kaurene with loss of the 17-methylene group, 
perhaps as COz. In the present work, however, about half of the original radioactivity was 
recovered after an administration period of 5 weeks. This striking difference in kaurene meta- 
bolism may be due to the difference in species and/or the ages of the plants. 

EXPERIMENTAL 

Thin-layer chromatographic techniques were aa described previ0usly.i~ All chromatograms were run on 
Silica Gel G plates purchased from Analtech, Inc., Wilmington, Delaware: Zonea were located on prepara- 
tive plates by spraying with bromthymol blw solution and were eluted with acetone-acetic acid (99:I). 
Aliquots of radioactive samples were counted on planchets at in8nite thhmes3 under a gas-flow detector (set 
Table 1, legend, for details). Melting points were taken on a Keller block and are corrected. 

A Stevirr rebaudiunu Bert. plant was grown from a cutting for about one year. (-->Kauren~lFi4C 
(1.0x 10s countslmin), pnpared earlier,iJ was then applied to several lea= of the plant by the technique 
previously deacribcd.iS Two such treatments were given per week until ten doses had been administered. 
Three days after the final treatment, the plant was cut off above the soil line, frozen in liquid nitrogen, and 
lyophilizd. The dried material (50 g) was homogenixed in a blender with three 125@ml portions of absolute 
ethanol. The homogenates were illtered, comb&d, and evaporated to dryness in a rotary evaporator. The 
residue was repeatedly leached with anhydrous ether to remove lipid-soluble material. The combined ethereal 
solutions contained 4.4 x lw counts/mm. 

The insoluble residue was taken up in 150 ml of buffer, pH 4 (approximately O-2 M Na2HPD, and @l M 
citric acid), and a 6&nl portion of this was incubated with 200 ml of Pectmol59Lt and 1940 ml of buffer for 
6 days at 37”. The mixture was subsequently extracted with two lOt&nl portions and two -ml portions of 
benxene. Nitrogen was bubbled through the aqueous layer to remove traces of benzene, and it was re-incubated 
with uw) ml of Pcctinol59L for 6 days. The mixture waa extracted with benxcne as before, and the extracts were 
combined with those obtained earlier, dried (Na$IO,), filtered, and evaporated. The residue (680 mg) was dis- 
solved in 200 ml of benzene and 8 ml of methanol, and the solution was extracted with three lOO-ml portions 
of Q 1 N NaOH. The extracts were passed through 30 ml of bcnxene, and the two benxene layers were filtered, 
combined, and evaporated, giving 88 mg of neutral material (3.4 x 103 counts/min). The aqueous extracts 
were combined, acid&xl to pH 2 with 3 N HCl, and extracted with three 2O@ml portions of dichloromethane. 
The extracts were passed through 20 ml of water, filtered, combined, and evaporated, giving 458 mg of acidic 
material (1.26 x 104 counts/min). 

TLC indicated that the acidic fraction waa a complex mixture containing some steviol. By preparative 
TLC with butanol-3 N ammonia (5: 1) a fraction enriched in steviol was obtained (96 mg, 421 x 1V counts/ 
min), and thin was rechromatographed with chloroform-ethyl acetate-acetic acid (6040: 1) to give 19.9 mg 
of almost pure steviol(1.37 x 10, countslmin). After dilution with 32.0 mg of authentic steviol, this material 

l Reference to a company or product name does not imply approval or recommendation of the product 
by the U.S. Department of Agriculture to the exclusion of othera that may be suitable. 

7 Rohm and Haas Co., Philadelphia, Pennsylvania. 

8 M. RUDDAT, E. HEFIMANN and A. LANo, Nufurwissensch&en 52,267 (1965). 
9 B. BALDW. A. LANO and A. 0. AGATEP. Schce 147,155 (1%5). 

10 M. RUDD~T, Nature 211,971 (1966). _ 
11 D. T. DENNIS, C. D. UPPW and C. A. Wi!ar, Phznr Physfol. 40,948 (1%5). 
12 J. E. GRAEBB, D. T. DEN-NIS, C. D. Uppw and C. A. WEBT, J. Biol. Chem. 240,1847 (1%5). 
13 R. D. BENNBIT, S.-T. Ko and B. m, PImrr Physiol. 41,136O (1966). 
“R.D.BBNNBITandE.m, Phytochem. 5,747 (1966). 
15 R. D. BENNETT and E. HEFIMANN, Phytochem. 4,475 (1%5). 
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was crystallized to constant specific activity (Table 1). The pure steviol was treated with dizaomethane in 
ether, and the methyl ester, which showed a single spot corresponding to authentic steviol methyl ester by TLC 
with dichloromethane-ethyl acetate-acetic acid (80:20:1), was recrystallized as shown in Table 1. The 
melting point of the crystallized material was 1 IO-1 12’. and the melting point of a mixture with authentic 
steviol methyl ester was unchanged (literature m.p. 11 l-l 12’).16 

The pure steviol methyl ester (159 mg) was dissolved in 5.0 ml of t-butyl alcohol, and a solution of 84 mg of 
NaIO,, 2.6 mg of KMnO+ and 21 mg of K2COs m 5.0 ml of water was added. The mixture was shaken vigor- 
ously for 1 hr, dtluted with 4 ml of water, acidified to pH 2 with 3 N HCl, and extracted with three 8-ml 
porttons of benzene. The extracts were washed with 4 ml of water, filtered, combined, and evaporated. The 
residue was taken up in 2 ml of ether and treated with an excess of CHZNZ in ether for 20 min. Evaporation of 
the ether gave a residue which was examined by TLC with dichloromethane-methanol(49: 1). The major 
constituent had thesamemobility as compound III (R,O.53), but minor spots corresponding to steviol methyl 
eater (R/0.38) and more polar material (R/O1 1) were. also observed. By preparative TLC m the same system, 
11.1 mg of the material corresponding to compound (III) was isolated. After recrystallizatton (Table 1) its 
melting point was 115-I 16”. The melting point of an authentic sample of compound (III) was 114-l 1 Y, as 
previously reported.5 A mixture of the two specimens melted at 114-I 165. 

Attempts to isolate formaldehyde, an expected product of the degradation, as the dimedon derivative were 
unsuccessful. 
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16 E. Mostrt-rt~ and W. R. NES, J. Org. Chem. 20.884 (1955). 


