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Abstract-Pteroside B was isolated in radioactive form after administration of [2-14CJmevalonate to Pteridium 
nquilinum var. latiuxulum, demonstrating that the biosynthesis of the aglycone proceeds through the ordinary path- 
way to sesquiterpenoids. Kuhn-Roth oxidation of the radioactive aglycone was carried out to examine the distribu- 
tion of the radioactivity among the 3 methyls of the aglycone. The biosynthetic implications of these results are 
discussed. 

INTRODIJCIION 

Recently we [l] have shown the occurrence of a series 
of glycosides, pteroside A-D and Z (Scheme 1) in the 
underground part of the Japanese bracken, Pteridium 
uquilinum Kuhn var. latiusculwn Underwood. Further 
1-indanone derivatives have later been isolated from the 
same plant [2]. After the structural elucidation of these 
glycosides had shown them to have formulae 1-5, the 
biosynthesis of the aglycone moiety possessing the un- 
ique carbon skeleton shown became a subject of interest. 
Although many different hypotheses can be put forward 
to account for their origin, it was thought probable that 
they are sesquiterpenoids in origin. Accordingly we have 
examined the incorporation of mevalonic acid into the 
aglycones to see whether they are of terpenoid origin. 

l Part 13 in the series on Biochemical Synthesis. This paper 
also forms Part 51 in the series on Sesquiterpenoids. 
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RESULTS 

DL-[2-14qMevalonohXtone (5.85 mCi/mmol, 1.26 x 
10’ dpm) was administered late in August into rhizomeg 
of the bracken ferns which were growing in the 
herbal garden. The plants were allowed to grow for 
I month further and then harvested. Extraction of the 
rhizomes with boiling methanol gave an extract 
(9.22 x lo6 dpm) which was then taken to near dryness 
and the solid extracted with ethyl acetate to afford a 
solution (6.74 x lo6 dpm). Repeated chromatography of 
this ethyl acetate extract over silica gel furnished a crys- 
talline substance (7.23 x 104dpm) which on TLC gave 
only a single spot having the same mobility as pteroside 
B(3), the main glycoside. The isolated pteroside B was 
subjected to repeated crystallization (6 in all) without 
lowering the specific activity of the labelled compound 
(4.34 x lo6 dpm/mmol). The identity of the radioactive 
substance with pteroside B was co&med by acetylation 
and by hydrolysis which gave the radioactive derivatives 
corresponding chromatographically to the tetraacetate 
and the aglycone, respectively. The total incorporation 
ratio was 0.2% calculated on the basis that only one 
stereoisomer of DL-mevalonate (R( + )-mevalonate) is bio- 
logically active. In order to examine the seasonal dyna- 
mics of the biosynthesis of the pterosides, DL-[2-14qme- 
valonolactone (103 mCi/mmol, 1.10 x 108 dpm) was also 
fed early in June lo the rhizomes of bracken and ptero- 
side B isolated after 2 weeks cultivation. The pteroside 
B thus obtained was enzymically hydrolyzed to the agly- 
cone which after dilution with carrier was submitted to 
repeated crystallization to the constant specific activity 
(098 x 106dpm/mmol). The total incorporation ratio 
this time was 07”/ These ratios coupled with the differ- 
ence of the incubation periods in the 2 experiments indi- 
cate that the accumulation of pteroside B in the rhizomes 
is much more rapid in early than in late summer. The 
relatively high rate of incorporation of mevalonic acid 
into pteroside B indicated that the aglycone is most 
probably of terpenoid origin. 
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Table 1. Sp act of acetic acid obtained by Kuhn-Roth 
oxidation 

Parent substance 
(dpm/mmol) 

Acetic acid 
Found Calculated 

(d~~‘~~~l) (d~/~ol) 
and ratlo 

“’ * --* (3.15 X 106) 0‘4996 x lo6 @350 x IO6 
(1.41/9) UP) 

Pworide B 

* (2.12 x 10’) @236 x lo5 0.233 x 10s 
(l*OlP) (I/% 

Accepting that the aglycones of the pterosides are true 
terpenoids, a possible metabolic pathway may be consi- 
dered for the biosynthesis of the pterosides from mava- 
Ionic acid ciu farnesyl pyrophosp~te (6) and humulene 
(7) as depicted in Scheme 1. No definite assumption can 
be made, however, as to the stages when oxidation at 
C-l and the formation of the glucoside linkage occur. 

In order to obtain support for this hypothesis, the 
radioactive aglycone was subjected to Kuhn-Roth oxi- 
dation .[3) fumishing acetic acid which was characterized 
as the pbromophenacyl ester. Comparison of the specific 
activities of the aglycone and the resulting acetic acid 
revealed that the specific activity of the latter is 1*41/9 
of that of the former (Table I). Since only one of the 
3 methyl groups in the aglycone would be labelled from 
[Z-‘4q-mevaIonoIactone, the specific activity of acetic 
acid generated by Kuhn-Roth oxidation would be ex- 
pected to be l/9 of that of the parent substance. Taking 
into account the fact that the conversion rate of an aro- 
matic methyl into acetic acid by Kuhn-Roth oxidation 
is rather low, the ratio (1*41/p) of the specific activities 
above obtained is considered to indicate the C-10 alipha- 
tic methyl carbon is labelled. This finding further pro- 
vides evidence for the postulated pathway (Scheme 1). 
Of the 2 geminal dimethyls in pteroside Z (1) the z-or- 
iented methyl is enzymatically oxidized to give pteroside 
A (2), which on biogenetic reverse aldol condensation 
releases the hydroxymethyf forming pteroside B (3). The 
above observation coincides with that in illudin S which 
is assumed to be formed in Ctitocybe ifiudens Schw. 
through a similar biosynthetic pathway, one third of the 
total radioactivity being present at the methyl situated 
at C-10 in the a-configuration in the labelled iiludin S 
produced by feeding C. ilhdens with [2-‘4]-mevalonic 
acid4 (Table 1). 

The pterosides thus provide rare examples of sesquiter- 
penoid glycosides. Since the bracken fern contains pairs 
of antipodai I-indanone derivatives [2], the stereochemi- 
Cal multiplicity of the enzymes ~rtici~ting in the bio- 
synthesis of the sesquitetpenoids in this plant is indi- 
cated. 

EXPERlMENTAL 
TLC was performed on Si gel G plates. Radioactivity was 

measured on a Packard Tri-Carb Liquid scintillation spectra- 
meter, model 3380, equipped with absolute activity analyzer, 
model 544. 

Administration of rod&active mevalonic acid to Pteridium 
aquilinum vat. latiusculum early in ~~ufumn. Dr-[2-‘4C]Meva- 
lonolactone (5.85 mCi/mmol) in Hz0 was injected late in Aug- 
ust to the rhizomes of Pteridium aquilinum var. Iatiusculum 

grown in soil at a total dose of 1.26 x 10’ dpm. 
Isolation of radioactive pteroside B. One month after the 

treatment, rhizomes were harvested and extracted 8 x with re- 
fluxing MeOH for 4 hr (each extraction). The combined MeOH 
soln was concentrated to yield an extract (9.22 x IObdpm), 
which on continuous extraction with A&Et and evaporation 
gave a residue (6.74 x IO’ dpm). Repeated chromatography of 
the residue over Si gel and elution with C,H,-EtOAc (1:2) 
furnished a pteroside B fraction. After removal of P-sitosteryl 
glucoside as an insoluble precipitate by treatment with cold 
MeOH. the MeOH soluble portion was again subjected 
to Si gel chromatography. Elution with CHCI,-MeOH 
(IO : 1) afforded pteroside B as crude crystals (139 
mg, 7.23 x lo* dpm). Pteroside B thus obtained 
(237 x IO5 dprn/~~l) was recrystallized 4x from MeOH 
and MeOH-AcOEt (saturated with H,O) to give the radioac- 
tive pteroside B having a sp act of 4-34 x IO4 dpm/mmol. 
which showed on TLC only a single spot corresponding to 
pteroside B by coloration (revealed by H2S04) as well as by 
scanning for radioactivity. On further recrystallizations from 
MeOH and MeOH-AcOEt (saturated with H,O). there was 
no change in SD act 4.10 x IO‘do~mmol after the 5”’ crystal- 
lizationlrom ljifeOH and 4.34 ; lb4 dpmimmol after the 6”’ 
crvstallization from M&H--EtOA (sat. with H,O). 

-Acerylation ofradiouctive pterosih B. Radioa%e pteroside 
B (I mg) was acetyialed with Ac,O and Py in the custo~ry 
manner to furnish pteroside B tetraacetate. TLC (developed 
by CHCl,-AcOEt (17:3): R, Q50 (revealed by I*) same as 
the authentic sample). The scan of the plate for radioactivity 
showed only one peak at RI 030. 

Hydrolysis of radioactive pteroside B. Radioactive pteroside 
B (1 mg) in H,O (15ml) was treated with a fi-glycosidase 
preparation from Aspergihs niger at room temp. for 25 hr. 
Isolation with EtOAc gave the radioactive aglycone, TLC (de- 
veloped by CHC13- MeOH (20: I): Rf0.82 (revealed by Iz) 
same as the co-chromatographed sample). No radioactivity was 
observed other than the peak corresponding to the authentic 
sample. 

Administration of radio~t~ve me~~onic acid to Pteridium 
aquilinum oar. latiusculum early in summer. m-[2-‘*CJMeva- 
lonolactone (10.3 mCi/mmol) in Hz0 was injected early in 
June to rhizomes of Pteridium aquihum var. latiuscuhm 

grown in soil in a total dose of I.10 x IO’dpm. 
ls~~a~on of radi~ctiue agiycone. Two weeks after the ad- 

ministration,rhizomeswereharvested~dextra~t~5 x with hot 
MeOH. The MeOH extract (4.45 x 10’ dpm) was continuously 
extracted with EtOAc yielding an extract (3.36 x IO’dpm). 
Si gel ~hro~t~raphy of the extract and elution with CHCI,- 
l&OH (20: 1) gavea -portion which on preparative TLC [A- 
velooed bv CHCI,-MeOH (5: I)1 furnished radioactive otero- 
side-B as crude &Gals (49 &g, 8:91 x 10’ dpm). The pteioside 
B (7.23 x lo6 dpmimmol) in Hz0 was stirred with the /?-gly- 
cosidase at room temp. for 20 hr. After extraction with EtOAc, 
the product was submitted to preparative TLC [developed 
bv CHCI,-MeOH c20: If1 to erive the a&cone 115.6 ma. 
5:27 x 10’dpm). The ‘product (15*X&, 7.06 x lC?’ 
dpm~mmol) was dil with cold aglycone (36% mg) and crystal- 
lization 4 x from MeOH gave the radioactive aglycone pos- 
sessing a sp act of 1.03 x 106dpm/mol. The aglycone was 
further crystallized from the same solvent with no change in 
specific activity (097 x 10’ dpm/~ol and @98 x lru6 dpm/ 
mmol after the Sh and 61h recrystallizations from MeOH). 

Kuhn-Roth oxidation of radioactive aglycone. The radioac- 
tive a&cone (031 mp;, 099 x 106dpmimmol) was dil with 
cold a&cone i7.77 mi) and treated with CrOJ-H,SO,, pre- 
oared according to Garbers f31. and H,O free from CO,, 
it 160’ to obt& a distillate (;rd lM3ml). -After neutralizati&n 
with 0004 N NaOH, solvent was distilled off yielding NaOAc 
as crude crystals. Addition of p-bromophenacyl bromide 
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(28 mg) in EtOH (1.3 ml) and heating under reflux for 45 min 
gave the product which on preparative TLC (developed by 
C,H6-AcOEt (19:l)) furnished the acetate (2Omg) showing 
on TLC a single spot, coinciding with the authentic sample. 
Crystallization from MeOH afforded pbromophenacyl acetate 
having a constant sp act of 597 x IO3 dprn/mmol. 
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