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STRUCTURES OF FORSYTHOSIDE C AND D, ANTIBACTERIAL PRINCIPLES OF 

FORSYTHIA SUSPENSA FRUITS' 

Katsuya Endo and Hiroshi  Hikino' 

Pharmaceutical I n s t i t u t e .  ~ o h o k u  Unlvers l ty ,  ~oba-yama. Sendai 980, Japan -- New glycos ides ,  forsy thos ide  C and forsy thos ide  D, whlch 

e x h i b i t  antibacterial a c t i v i t y ,  have been i s o l a t e d  from m r s y t h i a  suspen~a 

f r u i t s .  Degradatlve and spectroscopic s t u d ~ e s  have e s t ab l i shed  t h e i r  

s t r u c t u r e s  as represented  by formulas I and 11, r e spec t i ve ly .  

Forsy th ia  suspensa Vahl (Oleaceael is a n  important  o r q i n a l  p l a n t  of t h e  crude drug "rengyo" 

(Forsy th iae  Fructusl  vhlch has been used f o r  anti inflammatory,  diuretic, dramage  and a n r l d o t a l  

PUIPOSBS i n  Or i en t a l  med~c ine .  The crude drug has a l s o  been known t o  e x h ~ h i t  a n t i b a c t e r i a l  

activity, and we have r ecen t l y  d isc losed  t h a t  t h e  p r l n c l p a l  antibacterial c o n s t i t u e n t  of  t h e  crude 

drug o r i g l n a t m g  from t h e  f r u t s  of F. suspensa was a g lycos ide ,  forsy thos ide  A (1111, w h ~ c h  - -  
Occurred a l s o  i n  t h e  leaves of t h e  same p l an t . *  I t  has a l s o  been revea led  t h a t  i n  t h e  leaves  of  

F. koreana Nakai no forsy thos ide  A 1111) was de t ec t ed ,  bu t  i n s t ead ,  t h e  3-rhamosyl isomer - - 
ac t eos lde  IIV) was i d e n t l f l e d  as t h e  principal a n t i b a c t e r i a l  constituent and, i n  add i t l on ,  another  

g lucos lde ,  forsy thos ide  B (Vl was found i n  t h e  stems.3 

I n  a c o n t ~ n u a t l o n  of our chemical and pharmacological s t u d i e s  on t h e  crude drug,  we have 

i s o l a t e d  two new g lycos ides ,  f o r sy thos lde  

C: C29H36016, -21.0' IMeOHI, and 

forsyfhoslde D :  c ~ ~ H ~ ~ o ~ ~ .  LalD -30.5. 

IMeOH), along with rut lnose:  C H 0 
12 22 10' 

[a ]  -1.6O IMeOHI, D-glucose: C H 0 
D 6 1 2  6 '  m'p.  

146•‹C. LCLID +51.0D (Meon). and L - r h m o e e :  

C6Hl2O5. [ a I D  t5.6 '  IMeOHI from a methanol 

e x t r a c t  of t h e  f r u i t s  of r .  suspensa. 
This r epo r t  1s concerned wrth t h e  s t r u c t v r e  

d e t e m i n a t m n  of t he se  two new glycos ides  

forsy thos ide  C and fo r sy thos ide  D .  

Forsythoside C (1) was an a i r  sensl- 

tlve amorphous substance,  exhibiting 20x1 

peaks a t  !/% 663 I M + N ~ + I  and 679 (MIK') ~n 

Its FAB-mass Spectrum. Its UV lCH30Hl 

and 'H NMR lCD30Dl spec t r a  r n d ~ c a r e d  t h e  

presence of a secondary methyl group ( 6  

1.19 .  3H broad double t ,  J 6 HZ), two 

anomerlc methine groups 16 4.39, 1~ douh- 

l e t .  J 8 Hz; 4.61, 1 H  broad double t ,  J 1.5  



He), a e-a,%-d~substituted conpgated enone system IA 331 nm; 6 6.27. 18 doublet, J 16 Hz; 
may 

7.57, 1H doublet, - J 16 Hz), and two trisubstituted phenyl groups (A,,, 220, 233. 250. 290 NU; 

6 6.60-7.20. 6H multipletl. ~hese structural characteristics were simllal to those of 

forsythos~de A (III).~ suggesting that this glycoside was also a caffe~c acid ester of 

rhamnosylglucose. 

on mild alkal~ne hydrolysis with 2% sod~um hydroxide in 50% aqueous methanol at room 

temperature followed by neutralizat~on with Rmberllte IR 120 (H+ form), forsythoside C yzelded 

methyl caffeoate: C10H1004, m.p. 150DC; 'H NMR (CD OD) 6: 3.74 13H singlet), 6.23 IIH doublet. J 16 
3 

H z ,  6.60-7.10 (3H multiplet), 7.52 l1H doublet, J 16 Hz); MS ?/?: 194 (~'1, and decaffeoyl- 
1 

forsythos~de C: C H 0 ial -35.9' IMeOH); H NMR ICD OD) 6: 1.14 (3H broad doublet. J 6 Hz), 
20 30 13' D 3 

4.30 O H  doublet, J 8 Hz). 4.72 l1H doublet, J 1.5 Hz). 6.55-6.90 13H multiplet); ED-MS @: 501 

I M + N ~ ~ I ,  517 IM+K+I. The deacylated product was identical to forsythoside D 1111 and hence, the 

structure deteminat~on of the two glycosides could be done vlth either of these compounds. 

Forsythoslde D 111) was hydralysed enzymatxally with crude hesperidinase in citrate-phosphate 

buffer (pH 4.0) to yield glucose, rhamnose and the phenolic aglycon: C8H1004, m . ~ .  116'C. [elD +7O 

IMeOHI; 'H NMR (CD30Dl 6: 3.54 12H doublet. J 7 Hz), 4.51 l1H trlplet, J 7 Hz), 6.50-6.90 13H 

multipler); MS ! /g:  1 7 0 1 ~ ~ 1 ,  these spectral data being in accord with those of 3'.4'-dihydroxy- 

phenylethane-1.2-drol. 
4 

  he component units were then reassembled to formulate the orzgrnal structure of farsythas~de 

c. The 13c NMR resonances lpyridine-d 1 of C-6 (6 67.3 broad triplet) of the glucose moiety in 
5 

forsythoside c exhibited the character~stic low field shrft because of alkyl substltutian 

attributable to the bindlng of rhamnasyl group at thls position. Further, the 'H and 13c NMR 

resonances of the rhamnosyl group IS 1.19, 3H broad doublet, J 6 Hz; 4.61, 1H doublet, J 1.5 Hz; 

6 102.0, doublet - 1  ; 72.2, doublet IC-2) ; 72.2, doublet IC-3) ; 73.6, doublet IC-4) ; 69.5, 

doubler (c-5); 18.3, quartet IC-611 demonstrated the a-configuration of the glycosid~c llnkage.2'6 

  he two sugar units so hound const~tute rutmose. The phenollc aglycon was thus linked to the C-1 

position of the glucose moiety. Stereochemistry of the glycosidic bond was determined to be 0 by 
the higher field chernlcal shift (6 4.39) and a large diaxial couplmg constant (J 8 Hz) of the 

ananerrc hydrogen srgnal in the 'H NMR spectrum.2'5 

 though 13c NMR spezctra have proven to be of hrgh diagnasr~c value in locatrng an acyl group 

~n the glucose moiety, 2,3,6 foreythos~de c exhibited two sets of 13c NMR signals for the glucose 

morety 1e.g. C-l appeared at 6 105.0 and 104.3, totaling one carbon equrvalent), because, as will 

be mentioned later, the glycoside was a mixture of two epimers at the benzylic hydroxyl group, 

causing the ambiguity in the indindual assignments. Attempts to separate the diastereoisomers 

were unsuccessful because of the instability of the hydroxyl group at the benzylic posltlon. 

Srandmg of a methanol ~olution of forsythoside C at room temperature for several days led to a 

slow substitution reaction to ~ield almost quant~tatively the correspond~ng methyl ether IVII: 
1 

c ~ ~ H ~ ~ ~ ~ ~ ,  [alD -19.1e (M~oH); H NMR ICD300) 6: 1.18 and 1.19 (total 3H broad doublets, J 6 Hz), 

3.21 and 3.23 (total 38 singlets), 4.35 l1H broad doublet. 5-7 Hz), 4.39 l1H broad doublet, J 8 

HZ), 4.61 (IH broad doublet, J 1.5 HZ), 4.82 (ln broad triplet. j 9 Hz). The ether IVII was found 

to be an almost equimolar mixture of epimers wlth respect to the benzyllc position, exhibltlng the 

dupucate signals of the methoxyl group i n  the NEIR spectrum. mterestmgly, the hydrogens of 

the fairly distant methyl group in the rhamnose moiety also appeared as a pair of doublets at 6 
1 

1.18 and 1.19 and most of the other hydrogens gave broadened signals i n  its H NMR spectrum. 

The substitution reaction could be reversed by treating the methyl ether IVI) with Werllte 

IR 120 IH+ form) in water at room temperature for a few days. The aptlcal rotation of the 

regenerated forsythoside C, lalD -20.5- (M~OH), was almost the same as that of the original 
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material, undoubtedly suggesting that complete equilibration at thrs asymmetric center had already 

occurred, ~f not in the plant tissues, then during the isolatmn procedures. The weak optlcal 

m t a t m n  observed for the aglycon should therefore be taken as the result of equilrbration between 

the two dlastereolsomer~c glycoeides, and the srgn dld not necessarily reflect the stereochemlsrry 

of the original natural glycoside. Similar substitution reactions were also observed wlth the 

forsythos~de D and the aglycon 3',4'-dihydroxyphenylethane-1.2-dl01 to yield the correspondmg 
1 

methyl ethers, forsythoslde D methyl ether IVII): C21H32013, [= lo  -26.9' (MeOHl; H NMR (C030D) 6 :  

1.24 (3H brwd doublet, J 6 Hz). 3.21 and 3.22 [total 3H singlets1 , 4.30 11H broad doublet, J 8 

Hz), 4.70 (1H broad doublet, J 1.5 He], 6.50-6.85 (3H multiplet), and 2- 13',4'-d~hydroxyphen~ll-2- 

methoxyethanal: C9H1204, 'H NMR ICD 001 6: 3.23 i3H slngler). 3.52 (1" double doublet, J 5 and 13 
3 

Hz], 3.60 (1H double doublet, J 8 and 13 Hz]. 4.10 (lH double doublet. J 5 and 8 Hz). ~hese ready 

interconversions of subst~tuents at the benzyllc posltlon may be explamed by the presence of the 

following protonated species. 

Although the location of the caffeoyl group in forsythos~de C was inconclusive from analysis 

of *he 13c NMR spectrum because of the instability of the molecule, a. mentioned above, rrs 

locatlon at C-4 in the glucose morefy of forsythoside C seemed to be the most probable by analogy 

wlth Other constituents 1111, IV and Vl, and further, none of the spectral data were found 

inconsistent with thls pssiblllty.   he suggested structure I corresponded to the hydroxyl 

derzvatlve of forsythoslde A (1111, and hence direct interconversions were attempted. As has 

already been mentioned, the ready elimination of the benzyl~c hydroxyl group of forsythoside C 

suggested the presence of the para-quinonoid type intermedrate, and thzs type of functional group 

may easily be reduced by hydrlde type reagents. In fact, reduction of forsythokide C or its 

methyl ether (VII vlth sodium borohydride in weakly acldlc aqueous butanol ylelded a product which 



was found to be identical wlth forsythoside A IIIII .2 

Accumulated data have thus rigorously establrshed the structure of forsythoslde C and 

forsythoside D as those represented by formulas I and 11, re~pectively.~ It zs also worthy to 

note that F. suspensa contams 6-rhamnosylqlucos~des, while c. kareana yzelds 3-rhamnosylgluco- 
sides. 2'3 

Fasythoslde C [I) and foisythoside D (111 exhibited antibacterial activity agarnst 

staphylococcus avreus at a concentrat~on leas than 2 mM. 
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