
S T E R O I D  S A P O N I N S  A N D  S A P O G E N I N S  O F  A l l i u m  

IV. KARATAVIGENIN-  A NEW SAPOGENIN FROM AUium ka ra tav iense  

M.  B .  G o r o v i t s ,  F .  S.  K h r i s t u l a s ,  
a n d  N .  K .  A b u b a k i r o v  

UDC 547.926+547.918 

Continuing a s tudy of the s t e ro id  compounds of the genus Al l ium [1-3], we have invest igated the bulbs 
of A. ka r a t av i ense  Rgl.  F r o m  an ethanolic ex t r ac t  of the bulbs,  a f te r  t r e a t m e n t  with butanol, a gluco-  
pyranos ide  of all iogenin (VI) was isola ted.  The remain ing  combined saponins were  hydrolyzed,  and the 
genins were  s e p a r a t e d  according  to the i r  solubi l i t ies  in ch lo ro fo rm into two f rac t ions .  The c h l o r o f o r m -  
insoluble f ract ion yielded all iogenin (I). The other fract ion was found by ch romatography  on a lumina to 
contain diosgenin,  yuccagenin,  and a new sapogenin (II), which we have cal led kara tavigenin ,  C34H4607, tool. 
wt. 568. On acetylat ion with acet ic  anhydride,  subs tance  (II) fo rmed  a diaceta te  (HI). 

The ra t io  of the densi t ies  of the absorpt ion bands in the IR s p e c t r u m  of the sapogenin (II) at 905 cm -I  
(strong) and 930 c m  -1 (weak) pe rmi t s  the genin (II) to be ass igned to s t e ro id  sapogenins of the 25R s e r i e s  
[4, 5]. The absorp t ion  in the IR s p e c t r u m  at 1690 and 1290 cm -1, in combinat ion with the absorpt ion of a 
benzene r ing at 1600, 1585, and 725 cm -i ,  p e r m i t s  the assumpt ion that  in kara tavigenin  there  is an e s t e r  
grouping of a romat i c  na tu re .  This is also shown by the intense peaks of ions with m / e  122 (C7H602) and 
105 (C6H50) obse rved  in the mass  s p e c t r u m  of (II). 

The nature  of the acid res idue  was found by alkaline saponif icat ion of the genin (II). In the acidic 
f rac t ion  of the hydrolyzate  benzoic acid was found, and f rom the neut ra l  f ract ion a compound identical  with 
alliogenin (I) was isola ted .  

The methyla t ion  of kara tavigenin  (II) with methyl  iodide in dioxane gave a dimethoxy der iva t ive  (IV), 
which, a f te r  alkaline hydro lys i s ,  gave the known 3 ,5-d ihydroxy-2 ,6-d imethoxy  genin (V) [2]. 

I. R=RI-II 
II. R=H: R,::C~[I:,CO 

1II. R=Ac; RI::C~H:,CO 
IV. R--Cit3; I?l: C~H~CO 
V. R:CH~,: !~ tt 

VI R-H; i~-C;[l~tO, (D-glucose residue). 

Consequently,  the benzoic  acid res idue  is at tached to the hydroxy group at C3, and kara tavigenin  has 
the s t r u c t u r e  riD. 

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

For  gene ra l  obse rva t ions ,  see  our previous  pape r  [2]. 

Ext rac t ion  of the Plant .  The dry  bulbs of A. ka ra t av iense  (5 kg) col lected in the phenophase of f lower-  
ing in May, 1969 (spurs of the K a r z h a n - T a u  range  c lose  to the vil lage of Kyzyl-Tan)  were  ex t rac ted  with 
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ethanol (6 × 10 l i t e r s ) .  The ex t rac t  was evapora ted  to 2.5 l i t e r s ,  diluted twofold with water ,  and ex t rac ted  
with butanol (6 × 0.5 l i ter) .  Disti l lation of the butanol yielded 136 g of ex t rac t ive  subs tances ,  102 g of 
which was dissolved in 750 ml  of methanol .  The c rys t a l s  that deposited af ter  b r i e f  standing (11.6 g) were  
identified by their  mp of 262-265°C {from me thano l - ace tone ) ,  by the i r  specif ic  rotat ion of [~]~ -76.0 ° 
(c 1.15; pyridine) and by the i r  IR spec t rum as a l l iogenin /~-D-glucopyranos ide  (VI) [2]. 

Hydrolys is  of the Combined Saponins.  To the f i l t ra te  obtained af ter  the separa t ion  of the alliogenin 
glucopyranoside were  added 200 ml  of water  and 125 ml  of concent ra ted  HC1, and the reac t ion  mixture  was 
heated in the boil ing-water  bath for  6 h. Then it was diluted with water ,  and the prec ip i ta te  that had de-  
posited was f i l tered off. Weight 30 g. 

The combined genins were  ext rac ted  with ch lo ro form in a Soxhlet appara tus .  Evapora t ion  of the 
solvent  f rom the ch lo ro fo rm ex t rac t  yielded 13 g of sapogenins (fraction 1). The weight of the insoluble 
res idue  was 17 g (fraction 2). 

Alliogenin (I). The r ec rys t a l l i za t ion  of f ract ion 2 f rom a mixture  of ch lo ro form and methanol gave 
5.5 g of aUiogenin with mp 322-324°C, [~]~ -71.0  ° (c 1.10; pyridine) [1, 2]. 

Dios~enin and Yucca~enin. The Combined less -po la r  sapogenins (fraction 1) were  separ~ited ch ro -  
matographica l ly  on alumina.  When the column was eluted with b e n z e n e -  methanol (250 : 1), 215 mg of a 
sapogenin with mp 198-201°C (from methanol),  [~]~ -131.5  ° (c 1,14; chloroform)  identified as diosgenin 
[6J, was obtained. 

Fur the r  elution of the column with b e n z e n e - m e t h a n o l  (50.1) gave 1.7 g o f  a sapogenin with mp 238- 
239°C (from ethanol), [~]~ -114.7  ° (c 1.85- ch loroform) .  The aceta te  of this genin had mp 176-177°C 
(petroleum ether) ,  [~]~ - 126.6 ° (c 1.57; ch loroform) .  This enabled the genin isolated to be identified as 
yuccagenin [7, 8]. 

Kara tavigenin  (II). The subsequent  elution of the column with b e n z e n e - m e t h a n o l  (50 : ] and 30 : 1) 
gave 1.4 g of a mix ture  of sapogenins in which, according to th in - l ayer  ch romatography  [SiO2; c h l o r o f o r m -  
methanol (20:1)],  in addition to yuccagenin,  there  was a more  polar  genin. The mix tu re  of genins was r e -  
ch romatographed  on alumina,  and on elution with b e n z e n e - m e t h a n o l  (50:1) 300 mg of (II), C34H4~O7, was 
isolated with mp 277-281°C, [ ~ ] ~ - 9 6 . 8  ° (c 1.59; pyridine) .  IR spec t rum,  c m - l :  3400-5500 (OH), ]690, 
1290 (es te r  grouping), 870, 905 > 930, 990 {spiroketal chain), 1600, 1585, and 725 (benzene r ing).  Mass 
spec t rum:  M + 568 (33.5~c), 550 (40.4%), 509 (15.5~c), 499 (15.5~), 496 (46.2~c), 491 (]5.5~),  478 (36.3~), 
454 (4.~/c), 436 (4.7Vc), 314 (12.2~c), 139 (100%), 122 (15.6~c), 115 (7.8%), 105 (53.1~). 

Karatavigenin  2 ,6 -D-O-ace t a t e  (III) f rom (II). Karatavigenin  (II) (100 mg) in 6 ml  of pyridine was 
acetyla ted with 3 ml  of acet ic  anhydride at room t e m p e r a t u r e  for 48 h. This gave 80 mg of the aceta te  (III), 
C38H5209 with mp 273-276°C, [~]~ -106 .2  ° (c 1.60; ch loroform) .  IR spec t rum,  cm- l :  3500-3570 (OH), ] 735 
(acetyl C ~ O ) ,  1710 (benzoyl C -~O), 870, 910 > 930, 990 (spiroketal  chain), 1600, 1585, and 720 (benzene 
ring).  NMR spec t rum (CDCI3, HMDS, 5 scale) :  C18 , C27 0.74 (6H, s),  C19 1.25 (3H, s), C26 3.37 (PH, m), 
C21 0.89 (3H, 5 ,  J = 6 Hz), C16 4.36 (1H, m), C 6 4.81 (1H, m), C2, C 3 5.40 (2H, m), and two mult iplets  at 
7.41 and 7.96 ppm of the a roma t i c  protons (5H) ; mol .  wt. 652. 

Hydrolys is  of Kara tavigenin  (I) f rom (II). To 18 mg of kara tavigenin  {II) in 8 ml of methanol  was 
added 1.5 ml  of a l~c methanolic solution of KOH. The react ion mix ture  was left at room t e m p e r a t u r e  for  
a day.  Then it was acidified with dilute HC1, the prec ip i ta te  that deposited was f i l tered off, and the acid 
hydrolyzate  was ex t rac ted  with ch lo ro fo rm.  In the ch lo ro form extract ,  benzoic acid was detected by thin- 
l aye r  ch romatography  [SiO2; e t h a n o l - a m m o n i a - w a t e r  (10 :1 .6 :1 .2 ) ]  [9]. The prec ip i ta te  obtained was 
identified by its mp of 318-321°C {from m e t h a n o l - c h l o r o f o r m ) ,  its R f  value on a th in - layer  c h r o m a t o g r a m  
[SiO2; c h l o r o f o r m - m e t h a n o l  (6:1)] and its IR s p e c t r u m  as alliogenin [2]. 

Methylation of Karatavigenin  (IV) f rom (II). To 250 mg of (II) suspended in 30 ml  of absolute dioxane 
were  added 200 ml  of sodium hydride and 2.5 ml  of methyl  iodide. The react ion  mixture  was s t i r r e d  at 
room t e m p e r a t u r e  for 10 h. Then another  2.5 ml  of methyl  iodide was added and the mix ture  was again 
s t i r r e d  for  20 h.  After  this,  the solution was acidified with dilute acet ic  acid and ex t rac ted  with ch loro-  
fo rm.  The ch lo ro fo rm ex t r ac t  was washed with sodium bicarbonate  solution and with wa te r  and was dr ied 
and evapora ted  to d ryness .  The res idue  (200 mg) was chromatographed  on a column of a lumina.  Elution 
with b e n z e n e - m e t h a n o l  (500:1) yielded 20 ml  of compound (IV), C36H5207, mp 225-229°C, [ ~ ] ~ - ] J 0 . 6  ° (c 
1.03; ch loroform) .  IR s p e c t r u m ,  c m - l :  3500-3520 (OH), 1700 (benzoyl C ~ O ) ,  870, 910 > 930, 990 (sp i ro-  
ketal  chain), 1600 and 725 c m  - I  (benzene ring); mol .  wt. 596. 
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2a,6~-Dimethoxy-(25R)-5tx-spi ros tan-3/3 ,5 t r -d iol  (V) f rom (IV). To 10 mg of compound (IV) in 8 ml 
of methanol was added 2 ml of a 2% methanolic solution of KOH, and the mixture  was left  at 36-37°C for 
two days.  Then it  was diluted with wate r  and ex t rac ted  with ch lo ro fo rm.  After  the solvent  had been dis-  
t i l led off, the dimethoxy der iva t ive  (V) was obtained; f rom its mp of 229-233°C (from acetone),  its IR spec-  
t rum and its R f  value on a th in - l aye r  ch romatogram [SiO2; b e n z e n e - m e t h a n o l  (20 : 1)] it was found to be 
identical  with an authentic sample  of 2,6-dimethoxyall iogenin [2]. 

S U M M A R Y  

The bulbs of AUium kara tav iense  (family Alliaceae) have been found to contain alliogenin, al l io-  
genin/3 -D-glucopyranos ide ,  diosgenin, yuccagenin, and a new s te ro id  sapogenin - karatavigenin.  

The s t r uc tu r e  of karatavigenin has been es tabl ished as alliogenin 3-O-benzoate .  
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