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Abetraet -- A new glycoside, forsythoside 8, exhibiting antibacterial 

activity, has been isolated from Forsythia koreana stems. Chemical and 

8pectroscopic studies have established the etrveture of foreythoside B as 

ehown in formula I. 

Forsythia *oreana Nakai is an important original plant of the crude drug "rengyo" (Foreythiae 

Fruetue) which has been used for antiinfla-tory, diuretic, drainage and antidotal purpose8 ie 

Oriental medicine. The crude drug has also been k n o M  to exhibit antibacterial activity, which 

had formerly been attributed to a lignsn-glycaside, phillyrin. However, we have recently 

disclosed that the principal antibacterial constituent of the crude drug from F. suspensa Vahl was 

a new glyeoeide, forsythoside A (111, which 

occurred also in the leaves of the same 

plant in a high content. 
3 

Continuing our chemical and pharmaeologi- H) 

cal studies on the crude drug, we have fovnd 

that contrary ro the case of E. 
H) 

E. Loreana leaves contained no 

forsythoside A (II), hut instead, aeteoside 

(111)' in a high concentration. Fucfhermore, steme of the latter plenr were revealed to contain 

a new antibacterial glycoside, forsyrhoside 8, together with seteoside (111). This report deals 

with the structure determination of the new substance, forsythoaide B. 

Forsythoside B (I), IalD -93.0•‹ (&OH), was a somewhat air-sensitive amorphous substance 

exhibiting the following spectroscopic properties: IIV nm (El: 291 (10680), 333 (14400); 

NMQ. (CD30D) 6: 1.09 (3H doublet, J 6.0 Hz), 2.78 (211 triplet, J 7.5 HE), 4.36 (1H doublet, J 8.0 

Hz), 4.91 (1H doublet, J 2.5 Hz), 5.16 (IH doublet, J 1.5 Hz), 6.26 (1H doublet, J 16.0 Hz), 6.45- 

7.16 (6H multiplet), 7.58 (1H doublet, J 16.0 Hz); FD-HS: ~ 1 %  795 (I4 + K'), 779 (M + ~a+). 

Treatment of forsythaside B with methyl iodide and potassium carbonate in acetone yielded the 

air-stable tetramethyl ether (IV), Iul -91.2' (UeOH). The molecular ion peak st !Is 812 in the 
D 

mass spectrum of the ether (IV) confirmed the molecular weight and suggested the elemental 
1 

composition of C38H52019. The H NE(R spectrum of the ether (IV) (CD30Faeetone%) indicated the 

presence of e secondary methyl group (6 1.11, 3H doublet, J 6.0 Hz), a benrylic methylene group (6 

2.88, 2H triplet, J 7.5 Hz), four methoxyl groups (6 3.79, 3.83, 3.87, 3.87, 3H singlet each), 

three anomerie methine groups (6 4.40, IH doublet, f 8.0 Hz; 4.92, IH doublet, J 2.5 Hz; 5.20, 1H 

doublet, J 1.5 Hz) and a =-disubetituted conjvgated enone aystam (6 6.42, 1H doublet, J 16.0 

HE, 7.68, IH doublet, J 16.0 Hz), in addition to six aromatic hydrogens (6 6.75--7.30). These 

eharecteri8tics resembled well those of forsythoside A (111,~ indicating that these two substances 



have some similarity in structure. 

Alkaline hydrolysis of the ether (Iv) with merhanolic potassium hydroxide afforded caffeic 

acid dimethyl ether and the deecyl derivative (v), [alD -44.2- (MeOK); UV Amx nm (E) :  278 (2400); 

In NNR (CD30D) 6: 1.15 (3H doublet, J 6.5 HZ), 2.78 (ZH triplet, J 7.0 Hz), 3.69 (3H singlet), 

3.72 (3H singlet), 4.20 (1H doublet, J 8.0 HE), 4.90 (IH doulbet, J 2.5 Hz), 5.06 (1H doublet, J 

1.5 HZ), 6.6S.85 (3H multipler); FD-MS: ?Ie 623 ($+I). Further hydrolysis of the deacyl 

derivative (v) with erhsnolic svlfuric acid yielded 3,4-dimethoxyphenylethanol, D-glucoee, 

L-rhemnose and 0-apiose. 

Since these four components were obtained by mild acid hydrolysis of the deacyl derivative 

(V), they were obviously linked through glycoside bonds. The linkages of these components were 

then examined by means of the 13c NMR spectroscopy (Table I). Since the 13c NMR resonances 

originating from the rhamnosyl group and the apioayl group showed no low field shifts due t o  

0-alkyl substitution except those at the anomeric positions, these two groups were thought to bind 

t o  the other part of the molecule only a t  the C-1 positions. Hence the rhamnosyl group and the 

apiosyl grovp should link to the glvcose moiety in the deacyl derivative (V), end consequently, 

3.4-dimethoxyphenyleth~nol is attached to the C-1 posifion of rhe glucose moiety. The stereocbem- 

iatry of the glycoside linkage at C-1 of the glucose moiety was easily assigned to be B from the 
chemical ahifte (6 4.36, 4.40 and 4.20) sod the large coupling c o n s t a n t  (J 8.0 Hz) of the anomeric 

I 
hydrogen signals in the H NML spectra of forsythoside B and its deriverives (IV and V) together 

with the 13c-'H coupling constent of 158 Hz for the anorneric  enter.^'^ Similarly, the 

configuration of the glycoside linkage at C-1 of the rhemnosyl group was ascribed to be a from the 
1 

chemical shifts (6 5.16, 5.20 end 5.06) of the anomerie hydrogen signals in the H NMR spectra of 

forsythoside 8 and its derivatives (Iv and V) as well as the 1 3 ~ - 1 H  coupling constant of 168 Hz 

for the anomerie 

The data shown in Table I further indicered that the 13c NMR resonances of C-3 and C-6 of the 

glucose moiety in the deacyl derivative (V) exhibited appreciable low field ehifts. These 

effects were attributed t o  the 0-alkyl substitutions a t  these poeitions, and the chemical shifts 

agreed with thoee of the C-3 resonance of the deacyl derivative of ecteoaide tetramethyl ether 

(VI), a-rhamnosyl(l-r3)-~-gluco~ide,~'~ and of the C-6 resonance of the deacyl derivative of 

forsythoeide A tetramethyl ether (VII), C1-rharnnosyl(l%)-8-glu~oside,~ respectively. 

Characteristic low field shifts of the 13c resonances of C-3 and C-5 in the glucose moiety 

caused by removal of the ceffeoyl group from the ether (IV) to the deacyl derivative (V) 

established the location of the aeyl grovp st C-4 in the glucoee m ~ i e t y . ~  The date eo far 

obtained demonstrered that the structure of forsythoside 8 should be either the 6-apiosyl 

derivative of acteoside or the 3-spiosyl derivative of forsythoside A, and selection was made by 

the following experiments. 

partial hydrolysis of the ether (IV) with erhanolic svlfurie acid gave the deapiosyl 

derivative, [aID.-71.8- (MeOH), 'H NNR (acetone-d6) 6: 1.12 (3H doublet, J 6.0 Hz), 3.76 (3H 

singlet), 3.79 (3H singlet), 3.86 (3H singlet), 3.88 (3H singlet), 4.44 (IH doublet, J 8.0 Hz), 

4.90 (In triplet, J 8.5 HZ), 5.30 (1H doublet, J 1.5 He), 6.44 (1H doublet, J 16.0 He), 7.66 (In 

doublet, J 16.0 Hz); MS: _m/e 680 (MI), and the despio~~lderhamnosyl derivative, [alD -21.0' 

(Meon), 'H NMR ( C D C ~ ~ )  6: 2.90 (2H triplet, J 8.0 Hz), 3.84 (3H singlet), 3.86 (3H singlet), 3.91 

( 6 ~  singlet), 4.37 (In doublet, J 8.0 H z ) ,  4.96 (IH triplet, J 8.5 Hz), 6.32 (1H doublet, J 16.0 

Hz), 7.69 ( 1 ~  doublet, J 16.0 HZ); MS: ?Ie 534 (M+). These hydrolysis products were found to be 

identical with aeteoside tetramethyl ether (VIII) and its derhemnosyl derivative establishing 

the location of the rhamnosyl group at C-3, and in consequence, that of the apiosyl group at C-6. 
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Table I. carbon-13 shielding. of svgar carbons of foreyrhoside B and related subetances* 

I IV V VI VII plat~codin D 

C-6 

rhamnose moiety C- I 
C-2 
C-3 
C-4 
C-5 
C-6 

epiose moiety C- 1 
C-2 
C-3 
C-4 
C-5 

* 6 in p~ridine-.d5 
Discrimination of three moieties was made by PRFT measurements on the ether (IV) 

Those transformations also confirmed the stereochemical features of the glycoside linkages of the 

glucose moiery end the rhsmnose miery as well as rhe location of the caffeoyl group. 

  he configuration of the anomeric center of the apiosyl group was next examined. Although 

the eovpling constant of 2 .5  Hz for the signals due to the anomeric hydrogens of the apiosyl 

groups in the 'H NllR spectre of forsyrhoside B (1) end its derivatives (IV end V) "as not 

informstive in discrimination of the configurations at C-1 in apiosides, the chemical shifts (6 

4.91 for 1, 4.92 for IV and 4.90 for v) end the l3c-'H ~ o ~ p l i n g  constant of 168 Hz were consistent 

with the values for 8-apiosides svch as methyl 2,3,5-tri-0-methyl-8-apioside (6 4.97. doublet, J 2 
7 13 1 8 

Hz ) end onjisa~onin F and G ( C- H J 171 Hz ). The 13c NHB reeonanees of the apioayl group 

also coincided with the corresponding resonance8 of platycodin-D having a 8-apiosyl part 

structure9 (Table I) and, more reliably, the chemical shift of the anomerie carbon (6 111.0) 

indicated that the glycoside linkage at C-l was rrans to the adjacent hydroxyl group at C-2. 
10 

The difference of the molecular rotations of -182' between the ether (IV), [MID -741•‹, end 

aeteoeide tetramethyl ether (VIII), [MID -559', also agreed with the differences for 8-D-apiosides 

(-205' for Mi-saponin A and ~ i - ~ ~ ~ ~ ~ i ~  B,ll m d  -107' for platycodin-D3 and its deepioeyl 
9 

counterpart ), verifying the 6-configuration of the glyeoside linkage of the apioayl group in 

forsythoside B. Further, methylation of deacyl derivative (V) by Hakomori's method afforded the 



decemethyl ether (X), [?&ID -52.9- (MBOH), NMR (CDC13) 6: 1.26 (3H doublet, J 6.0 Hz), 4.23 (1H 

doublet, J 8.0 Hz), 5.07 (IH doublet, J 2.5 Hz), 5.27 (IH doublet, J 1.5 Hz), 3.33, 3.39, 3.41, 

3.42, 3.44, 3.45, 3.49, 3.53, 3.82, 3.83 (3H singlet each); US: gIe 735 (M++I). Methsnolyeis of 

the deeamethyl ether (XI with methanolie hydrochloric acid furnished methyl 2,3,5-tri-0-methyl-6-D- 

a ~ i o s i d e , ~  [alD -63.3' (MeOH), NMR (CDC13) 6: 3.35 (3H singlet), 3.37 (3" singlet), 3.41 (3H 

singlee), 3.46 O H  singlet), 4.93 (1H doublet, J 2.5 Hz), and the deapiosyl counterpart which, 

after complete methylation, was identified as permethyldeacylacteoside (x:),~ [elD -44.0- (Meon). 

The molecular rotation difference of -135' between the decamethyl ether (X), [MID -38E0, and 

permethyldeacylacteoside (XI), [MI, -253', - 
rigorously established the 6-configuration 

of the epioside linkage (cf. methyl 

2,3,5-tri-0-methyl-a-D-apioeide: [MID +239'; 

methyl 2,3,5-rri-O-myrhyl-8-D-apioside: [MID 

-1630~). 

Accumulated data have thus established 
I the structure of forsythoside B as 

represented by formla I, which is the 

6-5-D-apiosyl derivairve of acreoside (111). 

Forsyrhoaide B (1) exhibited enribasreri- 

a1 activity against Staphylococcus avreus at 
a concentration less than 2 mH. 
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