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M.  I .  B o r i s o v ,  A.  G.  S e r b i n ,  
a n d  N.  F .  K o m i s s a r e n k o  UDC 547.972 : 582.971 

From the herb  Asperu la  opposit ifolia Rgl. et Schmalh.,  family  Rubiaceae,  ga thered  in June, 1969 in 
the environs of the se t t l ement  of Darau t -Kurgan ,  Kirghiz SSR, we have isolated a new glycoside,  and we 
have named it oppositifolin.  

The IR spec t rum of oppositifolin has,  in addition to bands at 1670 cm -I  (=C =O) and 2940 cm -1 ( -OCH 3) 
a band at 1715 cm -I  cha r ac t e r i s t i c  for  an e s t e r  grouping [1]. When the glycoside was saponified with a 
dilute solution of alkali ,  desace ty loppos i t i fo l in  was formed.  No a romat i c  acids were  found in the saponif i -  
cation products .  Assuming that the acyl  substi tuent  may  be r ep resen ted  by the res idue of an aliphatic acid, 
we p e r f o r m e d  the hydroxylaminolys is  [2] of oppositifolin; in the c leavage  products  we found ace thydroxamic  
acid by chromatography .  The hydroxylaminolys i s  of ethyl ace ta te  was pe r fo rmed  in para l le l  as a control .  
S imi lar  resu l t s  were  obtained. 

Hydrolys is  of oppositifolin gave an aglycone with the composi t ion C16H1206, appear ing on a ch roma to -  
g r a m  in the fo rm of a dark  brown spot, which pe rmi t t ed  its p rovis iona l  ass ignment  to the group of flavones 
and also D-mannose  and D-glucose.  

On the bas is  of the e l emen ta ry  composi t ion of the aglycone and its t r i ace t a t e  [3], it may  be a s sumed  
that it contains one methoxy group and three  f ree  hydroxy groups.  A quanti tat ive determinat ion by the 
Zeise l  method [4] showed the p re sence  of one methoxy group, and luteolin was isolated f rom the react ion 
mix tu re  [5]. 

By UV spec t roscopy  with var ious  ionizing and complex - fo rming  reagents  [6], f ree  hydroxy groups 
were  found in the aglycone in the 4 ' ,  5, and 7 posi t ions (Table 1). 

The products  of alkaline c leavage  [7] were  found to contain phloroglucinol and vanill ic acid, which 
shows the p re sence  of a methoxy group at C~ of the aglycone.  

Thus,  the s t ruc tu re  of the aglycone may  be r ep re sen ted  as 4 ' , 5 ,7 - t r i hydroxy-3 ' -me thoxyf l avone  
(chrysoer iol ) .  A compar i son  of phys icochemica l  p rope r t i e s  and the absence  of a depress ion  of the mel t ing  
point of a mix tu re  of the aglycone and an authentic sample  of ch rysoe r io l  [5] conf i rmed the i r  complete  
identity. 

To de te rmine  the posit ion and sequence of addition of the suga r  res idues  in opposit ifolin we used the 
resu l t s  of a compar i son  of the UV spec t r a  of the bioside and the aglycone [6], and also s tepwise  acid hy-  
d ro lys i s  and exhaust ive methylat ion of the initial glycoside [8]. 

The absence  of a ba thochromic  shift in the UV spec t r a  of the glycoside,  in con t ras t  to the aglycone, 
o r  the addition of sodium ace ta te  and the format ion  of 7 -hydroxy-3 ' , 4 ' , 5 - t r ime thoxyf l avone  as a resu l t  of 
the hydro lys i s  of the product  of complete  methylat ion of opposit ifolin shows that the suga r  res idue  is lo-  
cated at C 7. 

Stepwise acid hydro lys i s  of the bioside gave as in te rmedia te  product  a glucoside of ch rysoe r io l  and 
D-mannose .  I ts  subsequent  t r ea tmen t  with rhamnodias ta se  led to the format ion  of the aglycone and D- 
glucose.  Consequently,  the D-glucose  is at tached to the aglycone direct ly ,  and the D-mannose  is the t e r -  
minal  sugar .  
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of the D-mannose  to the D-glucose ,  we used  the per iodate  
oxidation of the glycoside under  invest igation,  and also its enzymat ic  and alkaline hydro lys i s .  The r e s i s -  
tance  of opposit ifolin to c leavage  with rhamnodias t a se ,  in con t ras t  to g lycosides  with a 1 --- 6 l inkage b e t w e e n  

the sugar s  [9], the des t ruc t ion  of both sugar s  on per iodate  oxidation [10], showing the absence  of a 1 ~ 3  
bond, and i ts  s tabi l i ty  to alkal ine hydro lys i s  [11] give grounds for  assuming  that  the D-mannose  is at tached 
to the D-glucose  by a 1 - *  2 l inkage. 

The  s izes  of the oxide r ings and the configurat ions of the glycosidic  bonds were  de te rmined  by a c o m -  
pa r i son  of m o l e c u l a r  rota t ions  and by IR spec t roscopy  [12, 13]. I t  was es tab l i shed  that the D-glucose  is 
a t tached to the aglycone and the D-mannose  to the glucose by f l -g lycosid ic  l inkages,  and both sugar s  have 
py ranose  oxide r ings .  The l a t t e r  conclusion is sa t i s fac to r i ly  conf i rmed by the r a t e  of acid hydro lys i s  [14]. 

The resu l t s  of a spec t roscop ic  invest igat ion of the glycoside and of the alkaline c leavage  of the ag ly-  
cone show that the acetyl  group in opposit ifolin is a t tached to one of the suga r  components ,  and the high 
negat ive  speci f ic  rota t ion [2] and the absence  f rom the IR spec t rum of the glycoside of a band at 1020-1030 
cm -1 [15] pe rmi t  the assumpt ion  that it is located at C 6 of the glucose.  Thus,  the mos t  probable  s t r u c t u r e  
of opposit ifolin m a y  be r e p r e s e n t e d  as ch rysoe r io l  7 -O- f i -D-mannopyranosy l - (1  --  2 ) - ~ - D - ( 6 - a c e t y l g l u c o -  
pyranoside) .  

E X P E R I M E N T A L  

The following s y s t e m s  of solvents  were  used  for  the analys is  of oppositifolin: l) w a t e r - s a t u r a t e d  
phenol; 2) 157o acet ic  acid; 3) ethyl a c e t a t e -  fo rmic  a c i d -  wa te r  (10 : 2 : 3); 4) c h l o r o f o r m -  fo rmamide ;  
5) c h l o r o f o r m - a c e t i c  a c i d - w a t e r  ( 1 3 : 6 : 1 ) ;  and F i l t r ak  No. 12 chromatographic  paper .  The UV s p e c t r a  
were  r e c o r d e d o n a n S F - 4 A  spec t rophc tome te r  and the IR spec t r a  on a UR-20 spee t rophc tome te r .  The op- 
t ica l  rota t ions  were  m e a s u r e d  o n a n S P U - M  ins t rument .  The mel t ing  points were  de te rmined  on a Kof ler  
block.  The ana lyses  of all  the compounds co r re sponded  to the calcula ted f igures .  

I so la t ion  of Opposit ifolin.  The comminuted a i r - d r y  raw m a t e r i a l  (500 g) was ex t rac ted  to exhaust ion 
by heating it on the wa te r  bath with 7070 ethanol. The ex t r ac t s  were  combined,  evapora ted  to an aqueous 
res idue ,  purif ied with 4 l i t e r s  of diethyl e the r  (8 × 0.5 li ter) and 4 l i t e rs  of ch loroform (8 × 0.5 l i ter ) ,  and 
deposi ted on a column of Kapron (80 × 7 cm).  

The column was f i r s t  washed with wa te r  until co lo r l e s s  e luates  were  obtained, and then the combined 
flavonoids were  eluted with 96% ethanol.  The ethanolic e luates  were  evapora ted  to sma l l  volume.  The 
c rys t a l l i ne  p rec ip i t a te  of opposit ifolin that deposited (0.5 g) was sepa ra t ed  off. The glycoside is readi ly  
soluble in aqueous a lcohol ,  d imethy l fo rmamide ,  pyridine,  and a lkal is ,  spar ing ly  soluble in water ,  ethanol, 
and methanol ,  and insoluble in ethyl ace ta te ,  acetone,  diethyl e ther ,  ch loroform,  and pe t ro leum ether .  In 
s y s t e m  2 it has  Rf  0.42 and in s y s t e m  3 Rf 0.44; mp 200-205°C; [o~]~ 1880 [c 0.1; e t h a n o l - d i m e t h y l f o r m -  
amide  (8: 2)]. The spec t r a l  c h a r a c t e r i s t i c s  a r e  given in Table  1. 

Hydroxylaminolys i s  of Oppositifolin.  The glycoside (0.01 g) was gently heated with two drops  of hy-  
d roxylamine  reagent  [2], and then one drop of an ethanolic solution of po tass ium hydroxide was added and 
the mix tu re  was brought to the boil.  Af te r  cooling, it was acidif ied with 1 N hydrochlor ic  acid and c h r o m a t -  
ographed on pape r  in s y s t e m s  2 and 3. When the c h r o m a t o g r a m  was t r ea t ed  with a 170 ethanolic solution 
of f e r r i c  chloride,  ace thydroxamic  acid was revea led  in the fo rm of a l i lac spot with Rf 0.91 (2) and 0.50 
(3). 
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Prepara t ion  of Desacetylopposi t i fol in .  With heating, 0.5 g of the substance  was dissolved in 50 ml  of 
0.5% potass ium hydroxide solution. The mix tu re  was cooled, brought to a feebly acid react ion  with 0.5% 
hydrochlor ic  acid, deposited on a column of Kapron,  and eluted with wa te r  until neut ra l  eluates were  ob- 
tained. Then the desacetylopposi t i fol in  was eluted with ethanol and was c rys ta l l i zed  f rom 50% ethanol. 
This gave 0.42 g of light yellow c ry s t a l s  with mp 178-181°C; [~]~ - 3 3  ° [c 0.1; e t h a n o l - d i m e t h y l f o r m a m i d e  
(S: 2)]; Rf 0.22 (2) and 0.26 (3). 

Acid Hydrolys is  of Oppositifolin.  A solution of 0.25 g of the substance  in 25 m l  of 3% aqueous sulfur ic  
acid was heated in the boiling wa te r  bath for  8 h. The comple teness  of hydro lys i s  was checked by pape r  
ch romatography  in s y s t e m  3. The hydrolyzate  yielded 112 mg of aglycone in the form of golden yellow 
pla tes  with mp 324-325°C (from ethanol). 

Af ter  neutra l iza t ion with AV-17 ion-exchange res in  (OH form),  the hydrolyzate  was evapora ted  to 
0.5 ml  and chromatographed  on pape r  in s y s t em 1 with authentic samples  of monosaccha r ides .  The t r e a t -  
ment  of the c h r o m a t o g r a m  with a solution of aniline phthalate [16] showed the p r e sence  of D-mannose  and 
D-glucose.  

Stepwise Acid Hydrolys is  of Oppositifolin.  A solution of 1 g of the substance  in 75 ml  of 1.5% aqueous 
sulfur ic  acid was heated in the boiling wa te r  bath for  3 h and was then rapidly  cooled and deposited on a 
column of Kapron (60 x 5 cm).  The acid was washed out with water ,  and the res idues  of desace ty loppos i t i -  
folin were  eluted with 25% ethanol, and the monoside with 50% ethanol. The f rac t ions  containing the mono-  
side were  combined, evapora ted  in vacuum, and c rys ta l l i zed .  Crys t a l s  deposited in the fo rm of light yellow 
needles  with mp 164-169°C {from ethanol), [ot]~ - 65 ° [c 0.04; e t h a n o l - w a t e r  (9 : 1)], Rf  0.10 (2) and 0.47 (3). 

Enzymat ic  Hydrolys is  of the Monoside. A solution of 20 mg of the substance  in 5 ml  of 40% ethanol 
was diluted with wa t e r  to 30 ml ,  t r ea t ed  with 20 mg  of rhamnodias tase ,  and left at 38°C for  12 h. Then the 
react ion mix tu re  was t r ea t ed  with diethyl e ther ,  the e ther  was dist i l led off, and the res idue was c rys ta l l i zed  
f rom ethanol.  This  gave 8 mg  of the aglycone. 

The aqueous res idue  was evapora ted ,  and the enzyme was prec ip i ta ted  with a tenfold amount of boiling 
ethanol; the prec ip i ta te  was f i l tered off, and the concent ra ted  f i l t ra te  was chromatographed  on pape r  in s y s -  
t em 1. D-Glucose was found. 

Acetylat ion of the Aglycone. The aglycone (0.2 g) was acetyla ted  by a published method [3]. The 
c r y s t a l s  obtained were  co lo r l e s s  flaky needles with mp 220-221°C (from ethanol). By the Pa r t r idge  method 
[17], th ree  acetyl  groups  (32.08%) were  found. 

Alkaline Cleavage of the Aglycone. The aglycone was c leaved by the method of Deryugin et al.  [7]. 
The c leavage products  were  shown by pape r  ch romatography  in sy s t em 5 to contain phloroglucinol  and va -  
nillic acid (the c h r o m a t o g r a m  was t r ea t ed  with diazotized sulfanilic acid). 

Demethylat ion of the Aglycone. The aglycone (50 mg) was demethyla ted  by the Kuhn-  Roth method 
[18]. This  gave 25 mg of c ry s t a l s  (yellow needles) with mp 326-327°C. A mix tu re  of the demethyla ted  
product  with an authentic sample  of luteolin [5] gave no depress ion  of the mel t ing point. 

Methylation of Oppositifolin.  The subs tance  (0.5 g) was methyla ted  as descr ibed  by Mzhe l ' skaya  and 
Abubakirov [8]. The methyla t ion p roce s s  was moni tored  by pape r  ch romatography  in sys t em 4. The p a r -  
t ia l ly  methyla ted  product  was separa ted  on a column of s i l ica  gel (30 x 2 em). The column was washed with 
benzene,  with mix tu res  of benzene and ch lo ro form with gradual ly  increas ing  concentra t ions  of the la t ter ,  
and then with ch loroform.  -The f rac t ions  containing the comple te ly  methyla ted  product  were  combined and 
evaporated.  The res idue  (97 mg) was dissolved in 5 ml  of methanol ,  5 m l  of 3% sulfur ic  acid was added, 
and hydro lys i s  was p e r f o r m e d  at 100°C for  6 h. Af te r  the end of hydro lys i s ,  10 ml  of wa te r  was added to 
the react ion  mix ture ,  and the methanol  was evapora ted  off in vacuum. This  lead to the deposit ion of co lo r -  
l ess  c ry s t a l s  of the methyla ted  product  with the composi t ion ClsI-Ii6Os, mp 285-288°C. 

S U M M A R Y  

A flavonoid glycoside which has been cal led oppositifolin has been isolated f rom the herb  Asperu la  
opposit ifolia Rgl. et Schmalh. I t  has been ass igned the mos t  p robable  s t ruc tu re  of ch rysoe r io l  7-O-/~-D-  
mannopyranosyl-(1--~ 2) - f l -D-(6-ace ty lg lucopyranos ide) .  Desacetylopposi t i fol in  [chrysoer io l  7 - O - f l - D -  
mannopyranosyl - (1  --* 2) - f l -D-glucopyranos ide]  and the cor responding  monoside (chrysoer io l  7 - O - f l - D -  
glucopyranoside)  have been obtained and isolated by ch romatography  on Kapron.  
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