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The f lowers  of many hybrid fo rms  of hibiscus obtained by the in te rspec ies  hybridizat ion of the North 
Amer ican  species  of hibiscus Hibiscus moscheutos ,  H. mi l i t a r i s ,  and H. coccineus contain considerable  
amounts of anthocyanins [2]. 

F rom the f lowers  of H. mutabil is  L. we have previously  isolated cyanidin 3,5-diglucoside [3], and from 
the f lowers of H. esculentus  L. we have isolated cyanidin 4 ' -glucoside and cyanidin 3-glucos ido-4 ' -g lucos ide ,  
which are  ve ry  r a r e l y  found in plants [4]. 

Continuing our  study of the anthocyanins of plants of the genus Hibiscus, we have found two anthocyanins 
in the f lowers  of hybrid hibiscuses  (M. Gor 'ki i ,  Gladiolus vidnyi, Yu. Gagarin, Alenushka, Kolkhoznitsa, 
Krasnyi  par t izan,  and Kyzyl Uzbekistan). However,  the amounts of some anthocyanins in different  species  
of hybrid hibiscus are  different .  

The individual anthocyanins of the hybrid hibiscus M. Gortkii  were separa ted  and isolated on a column 
of cel lulose powder  by the method descr ibed  previously  [5]. This gave two crys ta l l ine  anthocyanin glycosides 
with mp 239-241°C and 215-217°C (decomp.). 

The anthocyanin with mp 239-241°C had the composit ion C26H2901~C1.4H20; Rf 036 (systems 1 and 2), 
Xma x 523 nm (Ei~ m 2.2636) (0.01% HC1, methanol),  and on the addition of a 5% solution of aluminum chloride 
in ethanol, it had Xmax 558 nm, which is cha rac t e r i s t i c  for  anthocyanins containing f ree  hydroxy groups in 
the C-3 '  and C-4 '  posit ions [6]. This anthocyanin appeared on a chromatogram in ord inary  light in the form 
of a dark  pink spot and in UV light it gave a red f luorescence ,  while in the p resence  of ammonia vapor  and 
when the ch romatogram was sprayed with a l%aqueous solution of sodium carbonate it became bright blue. 

To determine  the nature of this anthocyanin we pe r fo rmed  acid, enzymat ic ,  and stepwise acid hydrolyses  
and also oxidative degradat ion with hydrogen peroxide.  The acid and enzymatic  hydrolyses  of the anthocyanin 
formed the aglycone - an anthocyanidin - and sugars  - glucose and xylose.  

The melt ing point of the anthocyanidin was above 300°C (decomp.) and it had the composit ion C15HI1OGC1, 
Xrnax 535 rim, shifting to 572 nm on the addition of aluminum chloride,  which shows the presence  of hydroxy 
groups in its side chain. When the anthocyanidin was chromatographed on paper  in sys tems  3 and 4, its Rf 
values (0.69 and 0.34) were the same as for  the cyanidin isolated from the f lowers of the cotton plant. 

The alkaline cleavage of the aglycone with 15%barium hydroxide at 100°C for  30 min led to the fo rma-  
tion of phloroglucinol  and protocatechuic  acid, which were identified by paper  chromatography in the p r e s -  
ence of m a r k e r s .  

The stepwise acid hydrolys is  of the substance with 3 .5%hydrochlor ic  acid in methanol for  15 minutes 
gave chrysanthemin and xylose,  and fu r the r  hydrolys is  gave cyanidin and glucose.  

To determine  the rat io  of aglycone and sugar  in the glycoside,  it was subjected to complete acid hy- 
d ro lys i s .  The amount of cyanidin (aglycone) formed was de termined spec t rophotomet r ica l ly  at a wave- 
length of 535 rim. The calculation of the proport ion of aglycone was made by means of a cal ibrat ion curve 
plotted for  pure cyanidin. It was found that the precentage of cyanidin in the molecule of the glycoside was 
52, which cor responds  to an aglycone: sugar  rat io of 1 : 2. 
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The rat io  of the sugars  to one another  was found by the aniline phthalate method [7], for  which pur -  
pose the hydrolyzate  obtained af te r  the complete acid hydrolys is  of the glycoside was chromatographed in 
sys tem 1. The sugars  were eluted f rom the chromatogram with glacial  acet ic  acid. The intensity of the 
colorat ion of the solution was measu red  on an FEK-M photoelec t r ic  co lo r ime te r .  The amounts of sugars  
were de termined  by means  of cal ibrat ion curves  plotted for  pure samples  of glucose and xylose.  It was 
found that the ratio of glucose to xylose was 1 : 1. 

The resu l t s  of the determinat ion of the site of at tachment  of the sugar  in the anthocyanin by oxidative 
degradation [8] showed that the sugar  of this anthocyanin is a bioside and is at tached to the cyanidin at C 3. 
On fu r the r  acid hydrolys is ,  the bioside gave glucose and xylose.  

To determine  the position of the bond between the sugars  in the bioside we used the color  react ions  of 
d isacchar ides  [9]. The biose isolated f rom the anthocyanin under  investigation formed with d iphenylamine-  
u r e a  a pink spot which became organge-brown af te r  30 min. The d iphenylamine-p-an is id ine  spot of the 
bioside was b lue-green ,  becoming deep blue a f te r  24 h. This shows that the glucose and the xylose are  con- 
nected in the bioside by a 4 ~  1 bond. 

The IR spec t rum of the anthocyanin showed absorption bands in the following regions (cm-t): 3300- 
3400 (OH), 1650 (pyran ring), 1610-1430 (aromatic ring), 1200, 1080, and 1040 (C-O) ,  890 (fi-glycosidic 
bond). 

The different ia l  IR spec t rum of the glycoside showed three  maxima in the 1010, 1040, and 1080 cm - t  
regions,  which gives grounds for  assuming that the sugars  are  p resen t  in the pyranose form.  

The enzymat ic  glycolysis  of the anthocyanin with mp 239-241°C by means of the enzyme of Aspergil lus 
oryzae  gave a hydrolyzate  containing glucose and xylose,  which shows fi linkages between the aglycone and 
the glucose and between the glucose and the xylose,  in addition, the p resence  of a/~ linkage both between the 
aglycone and the sugar  and also between the monosacchar ides  was conf i rmed by the p resence  of an absorp-  
t ion band in the 890 cm -1 region of the IR spec t rum of this anthocyanin. 

What has been said above enabled the anthocyanin with mp 239-241°C to be cha rac te r i zed  as cyanidin 
3- f l -D-xylopyranosyl - (1- -4) - f l -D-g lucopyranos ide .  This glucoside is a new one which has not been de-  
scr ibed in the l i t e ra ture ,  and we have called it gossypicyanin.  

The second anthocyanin, with mp 215-217°C (decomp.) has the composit ion C21H21OllC1.2H~), Rf0.23 
(system 1) and 0.36 (system 2). kmax 525 nm (El % cm 2.2613) shifting onthe addition of a solution of aluminum 
chloride to k m a  x 575 nm. On a chromatogram the anthocyanin gave a pink colorat ion and in UV light it ap- 
peared  violet .  The spot of the anthocyanin was colored blue by a solution of sodium acetate  and by ammonia 
vapor .  
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On the basis of acid and enzymat ic  hydro lyses ,  oxidative degradation,  and the alkaline fusion of its 

aglycone, and also its UV and IR spec t ra ,  the second anthocyanin was identified as chrysanthemin - cyanidin 
3- /3-D-glucopyranoside [10]. Chrysanthemin and cyanidin 3- f l -D-xylopyranosy l - f l -D-g lucopyranos ides  have 
also been isolated f rom other  species  of hybrid hibiscuses  (Gladiolus vidnyi, Alenushka, Kolkhoznitsa, 
Krasnyi  par t izan,  Yu. Gagarin,  and Kyzyl Uzbekistan). 

FXPERIMENTAL 

The following solvent sys tems  were used in the study of the composit ion of the anthocyanins and in 
t h e i r  separat ion:  1) w a t e r - a c e t i c  a c i d - h y d r o c h l o r i c  acid (82 : 15 : 3); 2) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  
( 4 : 1 : 5 ) ;  3) b u t a n - l - o l - 2  N hydrochlor ic  acid (1:1,  upper  phase); 4) acet ic  a c i d - h y d r o c h l o r i c  a c i d - w a t e r  
(5 : 1 : 5); 5) ethyl  a c e t a t e - p y r i d i n e - w a t e r  (2 : 1 : 2); and 6) b u t a n - l - o l - b e n z e n e - a c e t i c  a c i d - w a t e r  (2 : 10 : 
2 :1 ) .  

P repara t ion  of the Combined Anthocyanins. The a i r - d r y  comminuted f lowers of hybrid forms  of 
hibiscuses  of the var ie ty  M. Gor 'k i i  col lected at the beginning of August (1 kg) were ex t rac ted  with chloro-  
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fo rm (2 × 3 l i te rs )  to e l imina te  fatty and waxy subs tances  and then with methanol  containing 1% ofhydroch lo r i c  
acid (3 x 3 l i te rs )  at room t e m p e r a t u r e .  

The ex t r a c t  was concent ra ted  under  vacuum in a cu r ren t  of  ni t rogen at 35-40°C to sma l l  volume and 
was left in the r e f r i g e r a t o r  fo r  12 h. The white amorphous  prec ip i ta te  was f i l te red  off and a threefo ld  
amount of dry  p e r o x i d e - f r e e  ethyl  e the r  was  added the f i l t ra te .  A red  f locculent  p rec ip i ta te  was deposited,  
which was immedia te ly  f i l te red  off with suction and was washed with dry  e the r  and with acetone and was 
then rapidly  dr ied under  vacuum o v e r  phosphorus  pentoxide.  This gave 74 g of anthocyanins (7.4%of the 
weight of  the a i r - d r y  f lowers) .  

The res idue  was dissolved in solvent mix ture  2 and the resul t ing solution was passed  through a column 
(60 x 4.5 cm) filled with cel lulose powder.  The eluate was concent ra ted  under  vacuum to sma l l  volume and 
was then t r e a t ed  with five vo lumes  of pe t ro l eum e the r  (bp 40-70°C). The prec ip i ta te  was sepa ra ted  off, 
washed with pe t ro l eum e ther ,  and dried under  vacuum. 

The p a p e r  ch roma tog raphy  of the combined anthocyanins showed two spots  with Rf  0.23 and 0.36 (sys-  
t e m  1). 

Separat ion of the Anthocyanins.  A solution of 15 g of the combined anthocyanins in solvent s y s t e m  1 
was pa s sed  through a column of cel lulose powder.  Elution was p e r f o r m e d  with the same mixture  until  the 
anthocyanins had been c l ea r ly  s epa ra t ed .  Each band was cut out and was eluted with methanol  containing 
0.1%of hydrochlor ic  acid.  The e lua tes  containing the anthocyanins were  f i l tered f rom the adsorbent  and 
concent ra ted  under  vacuum at 30-35°C in an a tmosphe re  of ni t rogen to smal l  volume.  The concentra ted  
solut ions were  t r e a t ed  with ten vo lumes  of dry  ethyl  e ther .  The anthocyanins that  p rec ip i ta ted  were  f i l tered 
off, washed with e ther ,  and dr ied under  vacuum.  The yield of anthocyanin with Rf  0.23 was 3.1 g and that 
of the anthocyanin with Rf  0.36 was 9.6 g. 

Goss:cpicyanino The anthoeyanin with Rf  0.36 was c rys t a l l i zed  f rom 0.2 N hydrochlor ic  acid inethanol .  
The gossypicyanin  fo rmed  a r e d - b r o w n  m i c r o c r y s t a l l i n e  powder with a go lden t ingewhichmel t ed  at 239-241°C 
(decomp.),  Xmax 523 nm (0o01%HC1 in methanol) .  

For  the acid hydro lys i s  of gossypicyanin ,  0.2 g of the anthocyanin was heated with 10 ml  of 7%hydro-  
chlor ic  acid in methanol  at 70-75°C in an a tmosphe re  of ni t rogen for  60 rain. Then 20 ml  of wa te r  was added 
to the hydrolyza te  and the anthocyanidin aglycone was ex t r ac t ed  with i soamyl  alcohol.  The ex t rac t  was con- 
cen t ra ted  under  vacuum at 35-40°C in an a tmosphe re  of ni t rogen and the anthocyanidin was prec ip i ta ted  
with pe t ro leum e the r  (bp 40-70°C). The prec ip i ta te  was rapidly  f i l te red  off and was washed s e v e r a l  t imes  
with pe t ro l eum e t h e r  and was r e c r y s t a l l i z e d  f rom a 0.2 N solution of hydrochlor ic  acid in ethanol.  This  
gave 0.08 g of a cyanidin with mp above 300°C (decomp.)° 

The aqueous par t  of the hydrolyzate  was t r ea t ed  with ac t ivated carbon,  and the f i l t ra te  was neu t r a l -  
ized with Ba(OH) 2 solution, evapora t ed  to sma l l  volume,  and chromatographed  on pape r  in solvent s y s t e m s  
2 and 5. The c h r o m a t o g r a m s  were  t r e a t ed  with an ethanolic  solution of sa l icyl ic  acid and o-toluidine.  The 
sugars  revea led  had the s ame  Rf  values  as glucose and xylose  (0.57 and 0.83 in s y s t e m  5, and 0.43 and 
0.64 in s y s t e m  2). 

Alkaline Cleavage of the Cyanidin. A solution of 0.08 g of the anthocyanidin aglycone in 6 ml  of a 15% 
solution of Ba(OH} 2 was heated  in the boiling wa te r  bath in a cur ren t  of ni t rogen for  45 min.  Then the mix -  
ture  was cooled, acidif ied with hydroch lor ic  acid, and ex t raq ted  with e the r  (2 × 3 ml).  

The ex t r ac t  was ch romatographed  in s y s t e m s  2 and 6. To r evea l  the spots ,  the c h r o m a t o g r a m s  were  
t r ea t ed  with a 1% solution of vanil l in  in concent ra ted  hydrochlor ic  acid and with a mix tu re  of equal  vo lumes  
of 1% solutions of f e r r i c  chloride and po t a s s ium fe r r i cyan ide .  The products  of alkaline cleavage contained 
phloroglucinol  with Rf  0.16 ( sys tem 6) and pro toca techuic  acid with Rf  0.54 ( sys tem 6). 

Stepwise Acid Hydro lys i s  of Gossypicyanin .  A solution of 0.05 g of the substance in2 ml  of 3°5% hydro -  
chlor ic  acid in methanol  was heated on the wa te r  bath in a~ a tmosphe re  of  ni t rogen at 70-75°C for  45 min.  
Samples  for  ana lys i s  were  taken e v e r y  5 min.  Af ter  15-min  hydro lys i s ,  the spots  of cyanidin 3 - B - D - g l u -  
coside,  with Rf  0.23 ( sys tem 1) and of xylose  appeared  on the c h r o m a t o g r a m .  The complete  hydro lys i s  of 
the glycoside gave cyanidin with Rf  0.34 ( sys tem 4), glucose,  and xylose with Rf  0.43 and 0.64 ( sys tem 2). 

Enzymat ic  Hydro lys i s  of Gossypicyanin .  A solution of 0.050 g of the anthocyanin in 3 ml  of wa te r  was 
t r e a t ed  with 0.02 g of the enzyme f rom the fungus Asperg i l lus  o ryzae  and was left in the t h e r m o s t a t  at 36°C 
for  36 h. The prec ip i ta te  that had deposi ted was f i l te red  off, and the f i l t ra te  was mixed with 0 . 0 1 g  of 
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activated carbon, filtered, and chromatographed in the systems described above. After the spots had been 
shown up on the chromatogram glucose and xylose were detected. 

Oxidation of Gossypicyanin with Hydrogen Peroxide. A solution of 0.010 g of the glycoside in 2 ml 
of methanol was t reated with 2 ml of 0.1 N ammonia and 1 ml of 30%hydrogen peroxide and was left at room 
temperature  for 4 h. Then a freshly prepared suspension of lead sulfide was added to decompose the excess 

• of hydrogen peroxide. The precipitate was filtered off and washed with water, and the filtrate was treated 
with 1 ml of ammonia (sp. gr. 0.88) and was heated in the water bath for 5 min. On paper chromatography, 
a spot appeared with Rf 0.17, which is character is t ic  for biosides (system 2; chromogenic agent o-toluidine 
salicylate). On subsequent acid hydrolysis with 2 N HC1 for 10 rain, the bioside decomposed into glucose 
and xylose, the formation of which was confirmed by paper chromatography in solvent systems 2 and 5. 

Chrysanthemin. The anthocyanin with Rf 0.23 (system 1) was crystall ized from the minimum amount 
of 0.5 N ~  acid in ethanol. The crystals  that deposited were filtered off and were dried under 
vacuum. The anthocyanin isolated consisted of a dark violet microcrystaUine powder with a golden tinge, 
mp 215-217°C (decomp.), Xma x 525 nm (0.01%HC1, methanol). 

Acid Hydrolysis of Chrysanthemin. Chrysanthemin (0.5 g) was hydrolyzed by the method described 
above for gossypicyanin (see 1st substance). This gave cyanidin with mp 300°C, and glucose was found on 
a chromatogram. 

Enzymatic Hydrolysis of Chrysanthemin. Chrysanthemin (0.05 g) was subjected to enzymatic hy- 
drolysis by the method described above for gossypicyanin, and glucose was identified chromatographically. 

Oxidation of Chrysanthemin with Hydrogen Peroxide. The glycoside (0.05 g) was oxidized with hydro- 
gen peroxide in a similar  manner to the oxidation of gossypicyanin. The product of oxidative degradation 
was character ized by paper chromatography in solvent systems 2 and 5. The chromatogram showed a spot 
corresponding to glucose. 

Alkaline Cleavage of the Cyanidin. The process was performed by the method described above for 
the aglycone of gossypicyanin, and the cleavage products were found to contain phloroglucinol and proto- 
catechuic acid. 

SUMMARY 

Two anthocyanin glycosides have been isolated from the flowers of hybrid hibiscuses (M. Gor'kii, 
Gladiolus vidnyi, Yu. Gagarin, Alenushka, Kolkhoznitsa, Krasnyi partizan, and Kyzyl Uzbekistan). One of 
them proved to be a new glycoside, which we have called gossypicyanin, and the second the known glycoside 
chrysanthemin, this being the first  time it has been isolated from the flowers of hybrid hibiscuses. 
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