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Abatroet-DL-phenylaianine-[3_‘4C1 and oinnamio tid-[3-14c] were fed to this plant and the label from cinnamic 
acid was incorporated into gallic acid, phyllodulcin and quercetin. By feeding pcoumaric acid-[U-3HJ, caffeic 

acid-[U-sH) and hydrangea ghrcoside A-[U-3H], it was possible to show that hydroxylation at C-3 ‘in phyllodulcin 
occurs after the ring closure of dihydroisocoumarin. The biosynthetic pathway of phyllodulcin in this plant is thus: 
phenylalanine -+ cinnamic acid + p-coumaric acid -, :hydrangenol --) phyllodulcin. 

INTRODUCTION 

In a preceding paper [l] we described the identification 
of p-hydroxybenxoic acid, protocatechuic acid, gallic 
acid, chlorogenic acid, methyl chlorogenate, kaemp 
ferol, quercetin, isoquercitrin, rutin, umbelliferone, hy- 
drangenol, phyllodulcin, hydrangenol glucoside, hy- 
drangea glucosides A, B and C, and phyllodulcin gluco- 
side from the leaves of Hydrangea serrata var. thunbergii. 
From the point of view of phyllodulcin biosynthesis, it 
is of significance that hydrangea glucosides A and B 
(prototypes of dihydroisocoumarin glucoside) were 
isolated from this plant. This paper deals with the meta- 
bolism of DL-phenylalanine-[3-‘4C] and cinnamic acid- 
[3-r4CJ and biosynthetic studies of phyllodulcin. 

lWWL.TS AND DISCUSSION 

Metabolism of DL-phenylalanine-[3-‘4~] and cinnamic 
acid-[3-14C] 

As shown in Table 1, the incorporation of label into 
Cs-CI carboxylic acids [2] occurred. High incorporation 
in gallic acid reveals the presence of the pathway via 
ciunamic acid from phenylalanine [3,4], in addition to 
an usual route from shiimate [5]. The pathway to 
umbelliferone [6] through the glucoside is present in 
this plant. From this set of feeding experiments, it 
appears that cinnamic acid-[3-14C] is effectively in- 
corporated into phyllodulcin. 

Biosynthesis of phyllodulcin 

In hydrangenol biosynthesis, it has been shown that a 
hydroxylation at C-4’ in hydrangenol precedes the con- 
densation of the phenylpropanoid molecule with poly- 
ketide [7J Our evidence that pcoumaric acid is well 
incorporated into dihydroisocoumarins agrees with 
these earlier results. The stage at which hydroxylation 
at C3’ in phyllodulcin occurs was studied by means of 
parallel feeding experiments with p-coumaric acid- 
[U3H], caffeic acid-[U-3H] and hydrangea glucoside 

A-[U-jH]. p-Coum~rk acid appears to be a better 
precursor than ca&ic acid for dihydroisocoumarins and 
hydrangea glucoside A is well incorporated into phyl- 
lodulciu. These findings suggest thet the hydroxylation 
at C-3’ in phyllodulcin occurs after formation of the 
dihydroisocoumarin ring. Comparisons of incorpora- 
tion ratio of p-coumaric acid-[U-3H], catfeic acid- 
[U-“H] and hydrangea glucoside A-[U3H] indicate 
that C-3’ hydroxy group in phyllodulcin is not intro- 
duced until after the formation of hydrangenol. There- 
fore, it is concluded that phyllodulcin is derived from 
hydrangenol by C-3’ hydroxylation and C-rl’O-methyla- 
tion. The biosynthetic pathways from phenylalanine 
to phyllodulcin is thus : phenylalanine 3 cinnamic acid 
3 p-coumaric acid -) hydrangenol --+ phyllodulcin. 

EXPERIMENTAL 

General procedure. For the separation of phenolic acids, 
glucosides, ~coumarins and dihydroisocouma&s the follow- 
inn TLC svstems were emoloved: TLC-1 :C,H,-MeOH- 
HbAc (45:8:4); . TLC-2: @J&so-PrOH-A&H ” (45: 8:4); 
TLC-3 : CHCls-MeOH-Hz0 (7 : 3 : 1, lower layer) ; TLC-4 : 
C,H,-iso_PrOH (5:2 or 3:2). For the separation of phydroxy- 
benzoic acid, protocatechuic acid and gallic acid : TLC-l, -2, -4 
and TLC-5:EtOAc-MeCOEt-HCO,H-H,O-C,H, (4:3: 1: 1: 
21. For the separation of umbelliferone, hydrangenol and phyl- 
lodulcin : T&l, TLC-6 : CHCIJ and TLC-?: C&H,-EtOkc 
(10 : 1). For the separation of gallic acid, kaempferol and quer- 
&in: TLC-8: 30% AcOH on cellulose plate, TLC-9 : BuOH- 
AcOH-H,O (4: 1: 5, upper layer) on cellulose plate. Si gel 
(Merck) was used for TLC. As detecting reagents 1 y0 FeCl, and 
diazotized benzidine solutions were used and as a monitor for 
hydrangenol, phyllodulcin and umbelliferone, a UV lamp was 
employed. 

Preparation of radioactive compounds. DL-Phenylslanine- 
r3-‘4Cl and cinnamic acid-r3-i4C1 were ourchased from Daiichi 
&em&al Company (Osak;, Jap&). p-doumaric acid-[U-3H], 
caffeic acid-[U-3H] and hydrangea glucoside A-[U-‘H] were 
obtained by Wiltzbach method and unstable tritium was 
removed by the repeated evaporation under reduced pressure. 
The purity of radioactive compounds was monitored by radio- 
chromatogram (Aloka TRN-1B) on TLC. The radioactivity 
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Table 1. Incorporation results from DL-phenylaknine-[3-t4C] and cinnamic acid- 
f3-‘“cl 

DL-phenylafanine-[3-14C] Cinnamic acid-[3-14C] 
Metaboiites Incorpn( %) Dilution Incorpn(%) Dilution 

Free. 
p&y drox y benzoic O.Of7 3.39 x lti 0.032 2.75 x 10“ 

Protocatechuic 0.008 1.64 x 10’ 0.024 4.23 x 102 
acid 
Gallic acid 0.035 2.93 x lo4 0.237 7.60 x lo3 
QWCetill 0.005 8.18 x 103 0.192. 4.30 x 103 
Umbelliferone 0.234 6.04 x 10” 0.099 4.05 x 103 
Hydrangenol 0.015 6.06 x 104 0.05 1 4.93 x 103 
Phyllodukin 0.084 1.9s x 104 0.143 218 x 10’ 

Conjugated : 
Umbelliferone 0.487 1.07 x 103 0.729 1.60 x 103 
Kaempferol 0.006 8.29 x 105 0.099 1.93 x 104 
Quercetin 0.011 3.12 x lo4 0.195 4.20 x 103 
Hydrangenol 0.024 3.50 x to4 0.024 1.48 x lo* 
Phyllodukin 0.059 5.87 x lo4 0.069 7.07 x 103 

Acetate-malonate . COSCoA 

k 
0 

-COOH -COOH -COOH 
I II I -I II -I II u \ ’ NHz 

HOW 

ii0 it0 k0 
R = Glc, R, = H, hydrangea ghwoside A R = H, hydrangenol R = H, ph>llodulcin 

R = H, R, = Glc, hydrangea glucoside B R = Gic, hydrangenol-8-glucoside R = Glc, phyllodukin-8-glucoside 

Scheme 1. The biosynthesis of phyllodulcin in Hydrangea sewa& var. thunbergii. 

Table 2. Incorporation results from p-coumaric acid-[U-‘HI, caffeic acid-[LJ-3H] and hydrangea glucoside 
A-[U:V-~~~ 

Metabolites 
p-Coumark acid-[U-3Hl Cafkic acid-&J-3w 
Incorpn( %) Dilution Incorpn( %) DiJution 

Hydrangea glucoside A-[U-‘H] 
Incorpn( “/,) Dilution 

Free : 
Hydrangenol 
Phyllodulcin 

0.273 32 0.008 1990 
0.113 2650 0.015 37300 0.126 217 

(0.226)* (121) 

Conjugated: 
Hydrangenol 
Phy Ilodulcin 

1.127 917 0.187 1970 
0.016 487 0.003 SO20 0.479 

(0.857) 

* The values in parenthesis were calculated from the percentage (55.9 “4 of an aglycone, hydrangenol, obtained 
by acid hydrolysis of hydrangea glucoside A-[U-“H). 
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was measured by a liquid scintillation S&I consisting of 
PPO (0.4 g), POPOP (0.06g) in totuene (1OOml) or of naph- 
thalene (10 g), PPO (0.7 g) and POPOP (0.05 g) in dioxane 
(100 ml). 

Feeding experiment. 1) An aq. soln of Dr+henylalanine- 
[3-i4c] (50 pCi, 1.46 x lOi0 dpm/mM) was administered to the 
plant (60-7Ocm, high) by cotton wick method and after the 
feeding for 48 hr leaves were cut off, washed, chipped and 
exhaustively extracted with MeOH. MeOH extract (3.96 x 10’ 
dpm) suspended in Et,0 was separated into Et,0 soluble 
(Fr. 1) and NaHCO, soluble (Fr. 2) fractions. The Et,0 frac- 
tion (Fr. 1) was saponified with 5 % KOH-EtOH for 0.5 hr 
refluxing and after the removal of an unsaponiliable fraction aq. 
layer was acidified with 10% HCl and extracted with Et,O. 
The Et,0 extract was purified by preparative TLC to afford 
phyllodulcin, hydrangenol and umbelliferone. An alkaline 
fraction (Fr. 2) was acidified with 10 % HCl and extracted with 
Et,0 to give phydroxybenzoic acid, protocatechuic acid and 
gallic acid. The Hz0 layer was extracted with BuOH and after 
the removal of non-glycosidic substances, such as gallic acid, 
by preparative TLC, the glycosidic fraction was hydrolyxed 
with 5% H,SO, for 1 hr and the hydrolysate was extracted 
with Et,0 to give aglycones. Aglycones were purified by pre- 
parative TLC to afford nhvllodulcin, hvdranaenol, umbelli- 
ferone, kaempferol and quercetin. Parallel feed&g experiment 
using cinnamic acid-[3-i4C] (25 pCi, 1.01 x 10’Odpm/mM) 
was carried out. The MeOH extract (2.03 x 107dpm) was 
separated to Fr. 1 and Fr. 2, and was carried out in the same 
way. The metabolites obtained from each feeding experiment 
were identified by dilution method and the results are sum- 
marized in Table 1. Also an aq. soln of p-coumaric acid-[U3H] 
19.98 x lo6 dam. 264 x lo9 dom/mMl. caffeic acid-fU3H1 
(1.13 x 10’ dpm, 3.73 x lo9 dpm/mM) or hydrangea gluco- 
side A-[U3H] (2.95 x lo6 dpm, 5.87 x 10s dpm/mM) was 
separately fed to cut plants. Alter feeding for 29 hr, each plant 
was extracted with MeOH and the MeOH extract j$coumaric 

acid-TU3H1 (5.98 x 10” dpm); calIeic acid-[U-‘Hl(4.81 x 10” 
dpmi hydra&a glucoside A-[U-‘H] (2.85 x lo& dpm)] was 
chromatoaraohed on wlvamide by elution with MeOH- 
h,O (4$. he pheoohc metabolites were separated by pre- 
parative TLC into acid-flavonoid, glycoside and dihydro- 
isocoumarin fractions. The acid-flavonoid fraction was separ- 
ated by preparative TLC to give p-hydroxybenxoic acid, proto- 
catechuic acid, gallic acid, quercetin and rutin. Gylcosidic 
fraction was hydrolyzed with fi-glucosidase and the aglycones 
extracted with Et,0 were separated by preparative TLC to 
afford hydrangenol and phyllodulcin. The fraction consisting 
of dihydroiaocoumarins was separated by preparative TLC to 
give umbelliferone, hydrangenol and phyllodulcin. The meta- 
bolites obtained from each feeding experiment were identified 
by dilution method (see Table 2). 
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As a result of the continuing search for plants having 
tumor-inhibitory constituents, it was found that the 
EtOH extract of the twigs and leaves of Juniperas 
bermudimaa L. (Pioaceae)+ showed inhibitory activity 
toward the P-388 lymphocytic leukemia (PS) and 
cytotoxic activity toward the human epidermoid car- 
cinoma of the nasopharynx (KB) test systems of the 
Division of Cancer Treatment, National Cancer Institute, 
N.I.H., Bethesda, MD. Juniperus bertnudiuna L. has 

+ To whom inquiries should be directed. 
t The plant was collected in Hawaii in February, I972 

Identification was confumed by Dr. Robert E Perdue, Chief, 
Medicinal Plant Resources Laboratory, U.S.D.A., Beltsville, 
MD. A reference specimen is maintained by the U.S.D.A. 

not been previously examined but other JuniPerus __ 
species have been shown to contain liguans Cl], including 
deoxypodophyllotoxin [2]. We now wish to report that 
deoxypodophyllotoxin has been isolated from J. 
bermudiuna and indeed was the agent solely responsible 
for the cytotoxic activity. 

The ethanol extract of the &fatted, dried and ground 
twigs and leaves of Juniperus bermudiuna was partitioned 
between CHCl, and Hz0 (1:l). The CHCl, phase, 
after evaporation of the solvent, was treated with 
hexane. The hexane-soluble portion was extracted 
with 5% NaHCO, and the neutral portion was 
chromatographed on a Si gel 60 (E. Merck) column 
The separation was monitored at all stages by testing 
the fractions obtained in the KB test system Thus the 


