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I. PARTIAL STRUCTURE OF CUCURBITACIDE E 

P .  K .  K i n t y a ,  N .  E .  I s a e v a ,  
V .  Y a .  C h i r v a ,  a n d  G .  V.  L a z u r v e v s k i i  UDC 547.913+ 547.918 

The b i t t e r  subs tances  of the gourd family,  Cucurbi taceae ,  have been known for  a long t ime,  but t he i r  
chemica l  na ture  has  been invest igated only in recent  yea r s .  I t  has been es tabl i shed that the b i t t e rness  is 
due to the p r e s e p c e  in the plants of this family  of pecu l ia r  t e t r acyc l i c  t r i t e rpenoids  - cucurbi tac ins  - which 
a re  p resen t  in them both in the f ree  s ta te  and in the fo rm of g lycosides .  Severa l  dozens of eucurbi tae ins  
differ ing in the number ,  nature ,  and a r r angmen t  of the functional groups in the carbon skele ton have been 
desc r ibed  [1]. 

F r o m  the leaves  and frui t  of cucumbers  (Cucumis sativus) f ree  cucurbi tac ins  B and C have been i so-  
lated.  But t he re  is no informat ion in the l i t e ra tu re  on the amount  of these  cucurbi tac ins  in cucumbers .  In 
cucumber  seeds  we have found five g lycosides  differ ing in chromatograph ic  mobil i ty .  The m o s t  po la r  of 
them,  which has been cal led cucurbi tac ide  E has  been isolated in the pure  state,  and a pa r t i a l  s t ruc tu re  has 
been de te rmined  for  it. 

By pape r  chrDmatography,  an acid hydrolyza te  of the glycoside was found to contain glucose and a r a -  
binose,  p resen t ,  according  to the resu l t s  of photocolorirnetry,  in a ra t io  of 2 : 1. The aglycone underwent  
degradat ion  under  these  conditions. It  was obtained in the nat ive s ta te  by t rea t ing  cucurbi tac ide  E with an 
enzyme prepara t ion  f rom Rhizopus a r r i zu s .  The subs tance  proved to be identical  with cucurbi tac in  B [2]. 

An invest igat ion of the products  of the methanolys is  of methyla ted  cucurbi tac ide  E by H a k o m o r i ' s  
method [3] showed the p r e s e n c e  of 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ,  2 , 3 , 6 - t r i -O-me thy l -D-g lucose ,  and 
2 , 3 - d i - O - m e t h y l - L - a r a b i n o s e .  The resu l t s  of per iodate  c leavage conf i rmed the s t ruc tu re  of these  products .  

The sequence of the monosaccha r ides  was de te rmined  by the par t ia l  hydrolys is  and enzymat ic  decom-  
posit ion of the glycoside.  In the f i r s t  case ,  a r ab inosy l -  and g lucosy la rab inosy lcucurb i tac in  B were  isolated 
and in the second case  cel lobiose .  

Thus,  cucurbi tac ide  E has a s t ruc tu re  in which one of the hydroxyls  of the aglycone is subst i tuted by 
a t r i s a c c h a r i d e  res idue .  
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E X P E  R I M E N T A  L 

Chromatography was performed on type nC" (fast} paper of the Volodarskii  Leningrad mill, on sil ica 
gel of type KSK, and on alumina (Brockmann activity grade II). 

The glycoside and the aglycone were revealed with a 2% ethanolic solution of vanillin in 85% ortho-  
phosphoric acid (1 : 2) [4], and also by means of conc. sulfuric acid. The sugars  on the paper chromato-  
g rams  were revealed with aniline phthalate and photocolorimetered onanF~KN-57  instrument.  Gas-liquid 
chromatography was per formed on an LKhM-SM chromatograph with hydrogen as the c a r r i e r  gas at a t em-  
pera ture  of 160°C with 20% of Reoplex 400 on Chromosorb  W, 60-80 mesh.  

Isolation of Cucurbitacide E. Comminuted cucumber  seeds (1.5 kg) were exhaustively extracted with 
70% methanol in a Soxhlet apparatus.  The extracts  were evaporated to dryness  in a ro tary  evaporator  at 
50°C. Then the product was dissolved in water, and the solution was washed success ively  with petroleum 
ether,  diethyl ether,  and chloroform.  The aqueous layer  was shaken repeatedly with butanol, af ter  which 
the organic extracts  were evaporated to dryness .  Yield 1.7 g. 

The extract  (500 mg) was deposited on a column (60 × 4 cm) and was eluted in the c h l o r o f o r m - m e t h -  
a n o l - w a t e r  (61 :32 :  7) sys tem.  The fractions containing pure cucurbitacide E (I) were combined and evap- 
orated. Yield 0.25 g, mp 158-160°C. 

Identification of the Aglycone and the Monosaccharides.  A. A solution of 50 mg of cucurbitacide E 
in 5 ml of 1% H2SO 4 was heated in a sealed tube at 100°C for 3 h.  Then the contents of the tube were diluted 
with water  and extracted with ether.  The hydrolyzate remain ing  af ter  the separat ion of the ethereal  layer  
was deionized with KU (H + form) and AV-17 (OH' form) ion-exchange resins .  The resins were fil tered off 
and washed with water,  and the solution was evaporated and investigated for sugars  by paper chromatog-  
raphy in the butanol-  benzene -  py r id ine -  water  (5 : 1 : 3 : 3) system.  Arabinose and glucose were found. 
The amounts of the monosacchar ides  were determined by comparing the results  of the photocolor imetry of 
eluates of the spots formed by the monosacchar ides  when the paper chromatograms  were t reated with ani-  
line phthalate. The glucose and arabinose were present  in a ratio of 2.1 : 1. 

B.: A solution of 50 mg of the cucurbitacide in water  was t reated with an enzyme preparat ion from 
Rhizopus a r r i zus ,  heated at 35°C for 3 h, and extracted with ether.  A substance was obtained which, af ter  
recrys ta l l iza t ion  from methanol, had mp 176-178°C and [~]D + 84.3 ° (c 1.5; ether}. The compound was iden- 
t ical  in chromatographic  behavior and IR spect ra  with cucurbitacin B, a sample of which was kindly given 
to us by Ya. V. Zielinsky (Gdansk, Poland}. Li tera ture  data: mp 178-179°C, [O~]D+ 87 ° [2]. 

Part ia l  Hydrolysis  of Cucurbitacide E. A mixture of 80 mg of the substance and 10 ml of 2.5% oxalic 
acid was heated at 78°C. After  3 h, two glycosides of different polari t ies were found in a sample by chro-  
matography in a thin layer  of si l ica gel in the c h l o r o f o r m - m e t h a n o l - w a t e r  (61 : 32 : 7) system.  The indi- 
vidual substances were obtained by separat ion on a column of si l ica gel in the same system. On acid hy-  
drolysis ,  from one of them arabinose was identified, and from the other  arabinose and glucose. 

Methylation of the Saponin. A mixture of 20 ml of dimethyl sulfoxide and 20 mg of sodium hydride 
was s t i r red  in a cur rent  of argon until a dark green coloration had appeared (45 min). A solution of 50 mg 
of pure cucurbitacide F in the minimum volume of dimethyl sulfoxide was added to the methyl sulfoxide 
carbanion so obtained, and s t i r r ing  was continued for 40 min. Then 10 ml of methyl iodide was added, and 
the mixture was left for 1 h. 

The reaction product was diluted with water  and exhaustively extracted with chlorofQrm. The com-  
pleteness of methylation was checked on alumina in the to luene -  ethanol (9 : 1) sys tem and by IR spec t ros -  
copy. 

Hydrolysis  of Methylated Cucurbitacide E and Identification of the Methyl Glycosides.  A mixture of 
40 mg of the fully methylated cucurbitacide E and 40 ml of a mixture of absolute methanol and 72% perchlo-  
ric acid (10 : 1) was heated in the water  bath for 3 h° Then the solution was diluted with water,  the resulting 
precipitate of the aglycone was fil tered off, and the aqueous solution was neutral ized with Dowex (HCO3" 
form) and IR-120 (H + form) res ins .  

The methylated methyl glycosides in the fi l trate were identified by gas-liquid chromatography and by 
th in- layer  chromatography in the benzene-ace tone  (2 : 1) system in the presence  of authentic samples.  
2 ,3 ,4 ,6-Tet ra -O-methyl -D-glucose ,  2 ,3 ,6- t r i -O-methylglucose ,  and 2 ,3-di -O-methylarabinose  were iden- 
tified. 
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Per ioda te  Oxidation of the Saponin. Cucurbi tacide  E (15 mg) was added to 30 mg of lqaIO 4 in 25 ml  
of water ,  and the mix tu re  was left in the dark  for  th ree  days.  Then 0.1 ml  of ethylene glycol was added, 
and a f t e r  1 h the solution was deionized. Af ter  concentrat ion,  there  were  no monosaccha r ides  in the r e s i -  
due (chromatography) .  

Enzymat ic  Hydro lys i s .  To 250 mg of cucurbi tacide  E in 20 ml  of phosphate buffer  (pH 5.7) was added 
a few m i l l i g r a m s  of d ias tase ,  and the mix tu re  was kept at 30°C for  6 h. Af ter  the end of enzymat ic  hydro ly-  
s i s ,  in addition to monosaccha r ides  an o l igosacchar ide  was found which was identical  in ch romatograph ic  
behav ior  on pape r  in the bu tano l -  b e n z e n e -  p y r i d i n e -  wa te r  (5 : 1 : 3 : 3) sy s t em with cel lobiose .  

The o l igosacchar ide  was isolated in the individual s ta te  by p r epa ra t i ve  paper  ch roma tog raphy  and 
subjected to acid hydro lys i s ,  a f t e r  which only glucose was identified. 

S U M M A R Y  

Five t e t r acyc l i c  t r i t e rpene  glycosides  - cucurbi tac ides  - have been found in cucumber  seeds .  

The pa r t i a l  s t ruc tu re  of cucurbi tac ide  E has  been establ ished:  it is a t r i o s ide  of cucurbl tac in  B. 
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