
SUMMARY 

F r o m  the epigeal  p a r t s  of Al l ium tu rcoman icum Rgl.,  in addition to the known sp i ros tans  yuccagenin,  n e o -  
agigenin, neoagigenone,  neoagigenin,  and alliogenin, we have isolated a new s ter iod  sapogenin the s t ruc tu re  of 
which has  been  es tab l i shed  as neoagigenin 6 -O-benzoa te .  
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The isolat ion f r o m  the seeds  of Conval la r ium maja l i s  L. (lily of the valley) col lec ted  in the Kha r ' kov  . b -  
l a s t  of po la r  g lycos ides  - lokundjoside, convalloside,  and conval la toxoloside - has  been  r epor t ed  p rev ious ly  [1]. 
On invest igat ing the l eaves  of this plant,  Ya. Bochvarov  isolated t h r ee  po la r  cardenol ides  [2] which were  p r o v i -  
sionally denoted as  subs tances  (I), (II1), and (II2). 

The p r e sen t  p a p e r  gives  a proof  of the s t ruc tu re  of the g lycoside  (Hi), which we have cal led neoconva l la -  
toxoloside (I). 

The glycoside  isolated was not reduced  by sodium t e t r ahydrobora t e .  I t s  UV s p e c t r u m  showed only one 
max imum,  in the 220 nm region (log e 4.18), which is c h a r a c t e r i s t i c  for  the butenolide r ing of a cardenol ide;  
the optical  ro t a to ry  d i spe r s ion  (ORD) spec t rum had the f o r m  of a smooth curve:  600 nm ( -8° ) ,  589 rim ( -11°) ,  
520 nm ( -12°) ,  440 nm (-12°) ,  306 nm (-10°) ,  300 nm (+40°), and 294 nm (+120°). These  facts  show the absence  
of a carbonyl  group in the s teroid  skeleton of the substance under  investigation.  On acid hydro lys i s  according 
to Mannich and Siewert  [3], neoconval la toxolos ide  (I) was  c leaved into D-glucose  (V), L - r h a m n o s e  (IV), and a 
n u m b e r  of p roducts  of aglycone nature ,  two (II and III) of which p resen t  in predominat ing  amount.  

To isolate  these  subs tances ,  the aglycone f rac t ion  of the hydrolyzate  was sepa ra ted  by par t i t ion  c h r o m a -  
tography  on s i l ica  gel using ch lo ro fo rm as  the mobi le  phase  and f o r m a m i d e  as the s ta t ionary  phase .  As a r e -  
sult, s t rophanthidol  (II) and a substance  s i m i l a r  in its phys i c , chemica l  p r o p e r t i e s  to 5(6)-anhydrostrophanthidol  
(pachygenol) [4] was isolated in the c rys ta l l ine  state.  To conf i rm its s t ruc tu re  we obtained 5 (6 ) -anhydros t ro -  
phanthidin (IX) f r o m  strophanthidin (VII) and reduced it with sodium t e t r ahyd robo ra t e  to 5 (6) -anhydros t rophan-  
thidol (HI). 
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Chemical ~ramfotmafiom of neoconvallatoxoloside 

By its phys icochemica l  p rope r t i e s ,  co lora t ion  with 84% sulfur ic  acid, Rf  va lues  in a s e r i e s  of  solvent  s y s -  
t ems ,  and a mixed mel t ing  point, the subs tance  isola ted f r o m  the hydrolyzate  was identified as  pachygenol  [4]. 
Conval la toxoloside has  s i m i l a r  hydro lys i s  products .  However ,  the p r o p e r t i e s  of the two g lycos ides  have funda-  
menta l  d i f fe rences .  In con t r a s t  to conval la toxoloside,  the g lycos ide  (I) under  invest igat ion was not hydrolyzed 
by the enzymes  of the g r a p e  snail  and of the fungus Asperg i l lus  o r y z a  e, 

The r e s i s t a n c e  of the g lycos ide  (I) to the action of enzymes  may  be  due to a n u m b e r  of fac tors :  1) the 
g lucose  fo rming  the t e rmina l  suga r  in the glycoside belongs to the L - s e r i e s  [5]; 2) this  monosacohar ide  has a 
fu ranose  oxide r ing [6]; 3) t he r e  is an e -g lycos id i c  bond between the ca rbohydra te  r e s idues  [7]; 4) the sugar s  
a r e  linked by a 1 - -  2 bond [8]; and 5) the L - r h a m n o s e  is the t e r m i n a l  suga r  but is not at tached to the D-g lucose  
b y a l  ~ 6bond .  

To de t e rmine  the sequence of addition of the suga r s  we c a r r i e d  out the s tepwise hydro lys i s  of neoconva l -  
la toxoloside  with 0.1 N sulfur ic  acid, as  a r e su l t  of  which convallatoxol  (VI) [9] was isolated and D-g lucose  was 
identified ch romatograph ica l ly .  We found no L - r h a m n o s e  in the p roduc t s  of per ioda te  oxidation, which excludes  
a 1 ~ 3 bond between the sugars .  In con t r a s t  to conval la toxoloside  [1], the g lycoside  under  invest igat ion does  
not f o r m  an isopropyl idene der iva t ive .  On the b a s i s  of the r e su l t s  obtained, we concluded that  the D-glucos ide  
in neoconval la toxoloside  is a t tached to the L - r h a m n o s e  by a 1 -* 2 glycosidic  bond. 

In the hydro lys i s  p roducts  of the exhaust ively  methyla ted  [6] g lycos ide  (I) we found 2 ,3 ,4 ,6 - t e t r ame thy l -  
D-g lucose  and 3 , 4 - d i m e t h y l - L - r h a m n o s e  by  p a p e r  chromatography .  

I t  was  found by the method of m o l e c u l a r  rota t ion d i f f e rences  [10] that the D-g lucose  is at tached to the 
L - r h a m n o s e  by a/9 glycosidic  bond and the l a t t e r  to the aglycone by an e glycosidic  bond. 

Thus,  the s t ruc tu re  of neoconval la toxoloside  can be r e p r e s e n t e d  as  s trophanthidol  3-O-[O-/~-D-gluoopy-  
ranosy l - (1  ~ 2 ) - ~ - L - r h a m n o p y r a n o s i d e ] .  It  mus t  be noted that  a 1 --- 2 bond between the sugar s  is  found r a r e l y  
among known, cardenol ide  g lycos ides  [8]° 

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

F o r  analys is ,  the subs tances  we re  dr ied o v e r  P205 in vacuum (10 -2 m m  Hg) at 100-115°C fo r  4-5 h. The 
mel t ing  points we re  de te rmined  on a Kof le r  block, and the UV s p e c t r a  were  taken on a EPS-3 s p e c t r o p h o t o m e t e r  
and the optical  ro ta to ry  d i spe r s ion  on a SPU-E ins t rument  with a cell  1 dm long. The aglycone and its d e r i v a -  
t ives  we re  eh romatographed  in the following sy s t ems :  1) c h l o r o f o r m - f o r m a m i d e ;  2) b e n z e n e - m e t h y l  ethyl k e -  
tone (2 : 1) - w a t e r  (35%) ; and 3) b e n z e n e - c h l o r o f o r m  (7 : 3) - f o r m a m i d e o  

The monosaccha r ides  were  de te rmined  in the following sys t ems :  4) 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 : 2) ; and 5) b u t a n - o l - m e t h y l  ethyl k e t o n e - b o r a t e  buffer  (1 : 1 : 2). 
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The p r o c e s s  of isolat ing neoconva!latoxoloside f r o m  the leaves  of lily of the val ley  col lected in May in 
the envi rons  of Bachkovo (Rodony, Bulgaria) has been  desc r ibed  previous ly  [2]. 

The glycoside  mel ted  at 161-164°C, [c~]~-11 e 2 ° (c 1.0; ethanol); e l emen ta ry  composi t ion  C35H54015. 

With 84% sulfur ic  acid, the glycoside (I) fo rmed  colora t ions  changing with t ime:  0-15 sec,  brownish;  1-5 
rain, brown with a viole t  tinge; 20-30 rain, c h e r r y - r e d ;  60-120 rain, dir ty  violet .  

Acid Hydro lys i s  of Neoc0nvallatox01oside. The glycoside (180 nag) was suspended in 15 m l  of acetone 
containing 1% of hydrogen chlor ide  and the mix tu re  was lef t  for  5 days with a per iodic  check on the deg ree  of 
hydro lys i s  by pape r  ch roma tog raphy  in s y s t e m  1. The subsequent  working up of the hydro lyza te  was as de -  
sc r ibed  e l sewhere  [11]. This  gave 79 mg of an aglycone f rac t ion  in which a n u m b e r  of substances  w e r e  detected.  
Two of them were  the main  ones.  The ca rbohydra t e  f rac t ion  was obtained in the f o r m  of a sy rup  (107 mg)o 

Isola t ion of the Aglycone (II) and i ts  Degradat ion P roduc t  (III). A solution of 79 mg of the aglycone f r a c -  
t ion in 3 ml  of c h l o r o f o r m  was t r a n s f e r r e d  to a column of  s i l i ca  gel (25 × 1 cm) impregnated  with for Inamide .  
The column was washed with ch lo ro fo rm.  When cardenol ides  appeared  in the eluates ,  the col lect ion of 5 - m l  
f rac t ions  was begun. The f rac t ions  containing s i m i l a r  compounds were  combined,  the solvent  was evapora ted  
off, and the r e s idues  were  c rys ta l l i zed .  Two subs tances  we re  obtained. Substance (II) (19 rag) with mp 
145-148°C/225-227°C, [~]~ + 37 ° (c 0.1; ethanol) was identified as strophanthidol.  Substance (IID (14 rag) me l t ed  
at 123-127°C/216-231°C; [~]}~ + 10 ° (c 0.1; methanol) .  With 84% sulfuric  acid compound (III) gave a co lora t ion  
changing with t ime :  0 rain, yellow; 1-5 min,  orange with g reen i sh  edges;  20 min,  r e d - b r o w n  with g reen i sh  edges 
30-40 min, b r o w n - g r e y ;  180 min,  g r e e n - b r o w n  with a red edge. The reac t ion  for a A4(5) bond was posi t ive  [12]. 

P r e p a r a t i o n  of 5(6)-Anhydrostrophanthidol  (IID f r o m  Strophanthidin (VII). F i r s t ,  using the method of 
J acobs  and Coll ins [13], 100 mg of s trophanthidin was conver ted  into 89 mg of 3 ,19 -ox ido-5 -anhydros t rophan th i -  
din ethyl aceta l  (VIII), mp 227-230°C, [~]}~-48.0 ° (c 1.0; ch loroform) .  Then it was  hydrolyzed to 5(6) -anhydro-  
s trophanthidin (68 mg), mp 119-121~/217-222°C, [a]2i~-120.0° (c 1.0; ch lo roform) .  

Compound (IX) was reduced with 15 mg of sodium t e t r ahyd robo ra t e  in 3 ml  of methanol  cooled to - (3 -5)°C 
and was worked up by the method desc r ibed  above [4]. Recrys taUiza t ion  f r o m  m e t h a n o l - d i e t h y l  e the r  gave 
38 mg of ac icu la r  c r y s t a l s  of pachygenol (III) with mp 124-127°C/215-231~C, [~]}~ + 10 ° (c 0.2; methanol) ,  which 
showed no d e p r e s s i o n  of the mel t ing  point in admix ture  with the substance isolated f r o m  the hydrolyzate  of g ly -  
coside  (I) and gave the same  colora t ions  with sulfur ic  acid. 

The Sugar Component  of Neoconval latoxoloside.  When the ca rbohydra te  f rac t ion  of the hydrolyzate  was  
ch romatographed  in s y s t e m s  4-6,  two monosaccha r ide s  w e r e  found - glucose and rhamnose .  Af te r  fermenta t io~ 
with yeas t  only the rhamnose  remained  in solution, which enables  it to be  ass igned  to the L se r i e s ,  and the g lu-  
cose ,  as a readi ly  f e rmen tab le  ca rbohydra te ,  to the D s e r i e s .  

T h e  solution containing the L - r h a m n o s e  was evapora ted  to 2 ml,  and 10 ml of ethanol and 0.5 g of ac t iva te  
ca rbon  were  added. The resul t ing  mix tu re  was boiled under  ref lux fo r  5 rain and was  f i l t e red  without cooling. 
The solvent was dis t i l led off f r o m  the f i l t ra te ,  and the syrup  was c rys t a l l i zed  f r o m  a mix tu re  of methanol  and 
e ther .  This  gave 12 mg of c r y s t a l s  having the fo rm of t r i angu la r  p r i s m s  with mp 67-70°C. A mix tu re  with an 
authentic sample  of L - r h a m n o s e  gave no dep res s ion  of the mel t ing point. 

Pe r ioda te  Oxidation. The glycoside (I) (30 mg) was  oxidized in 7 ml  of 1~0 sodium me tape r ioda te  solution 
at  5-7°C for  2 days.  The excess  of per ioda te  was decomposed  with ethylene glycol,  the solution was evapora ted  
to d ryness ,  and the res idue  was t r ea t ed  with ethanol.  The ethanolic ex t r ac t  was  hydrolyzed with 5% sulfuric  
acid fo r  3 h. Af te r  neut ra l iza t ion  with AV-17 anion-exchange r e s in  (OH form) ,  no suga r s  were  detected in the 
hydrolyzate .  

Stepwise Hydro lys i s .  A solution of 120 mg of g lycos ide  (I) in 10 ml  of 0.1 N sulfur ic  acid was heated at 
100°C for  6 h. On p a p e r - c h r o m a t o g r a p h i c  ana lys i s  of the hydrolyzate  in the t o l u e n e - b u t a n - l - o l  (2 : 1) - w a t e r  
(35%) sys tem,  f ive subs tances  of cardenol ide  na ture  we re  detected in it (with Rf 0.09, 0.36, 0.5, 0.72, and 0.86), 
the substance with Rf 0.5 being p r e sen t  in cons iderab le  amount.  The substance  with Rf 0.09 was the initial  g ly -  
coside .  

To sepa ra t e  the feebly po la r  cardenol ides  (Rf 0.72, 0.86), the hydrolyza te  was t r ea t ed  with 15 ml  of ch lo r  
fo rm.  The evapora ted  ch lo ro fo rm ex t r ac t  yielded 5 mg of s trophanthidol  (II) (Rf 0.86), and in the mothe r  solu-  
t ion 5(6)-anhydrost rophanthidin  was identified ch romatograph ica l ly  ( sys t em 1). Then the hydrolyzate  was t r ea t  
with a mix tu re  of c h l o r o f o r m  and ethanol (8 : 2). The ex t rac t  contained mainly  the substance with Rf  0.5, which 
was  pur i f ied on a column (12 × 1 cm) of neu t ra l  a lumina (activity grade  (HI)), u s i n g a s  eluent ch lo ro fo rm contai ~ 
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ing 5-8% of ethanol. The eluates containing the individual substance were  combined and evaporated, and the 
residue was crystall ized from methanol-e ther .  The crystals  obtained (29 mg) with mp 170-172°C, [~]~-10  ° 
(c 0.1; methanol) were identified as convallatoxin [9]. 

Methylation of Neoconvallatoxoloside. The glycoside (I) (150 rag) was methylated as described previously 
[6]. A hydrolyzate of the methylated glycoside was found by paper chromatography in the systems described by 
Aspinall and Wood [15] to contain 2,3,4,6-tetramethyl-D-glucose and 3,4-dimethyl-L-rhamnose.  

S U M M A R Y  

A new cardinolide glycoside has been isolated from the leaves of Convallaria rnaj .al, !s. L.; it has been 
called neoconvallatoxolisode and its structure has been established as strophanthidol 3-O-[O-fl-D-glueopyrano- 
syl-(1 ~ 2)-~-L-rhanmopyranoside].  
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A L K A L O I D S  OF S o p h o r a  a l o p e c u r o i d e s  

S. K u c h k a r o v ,  Yu .  K. K u s h m u r a d o v ,  
Kh.  A. A s l a n o v ,  and  A. S. S a d y k o v  

UDC 547.944/945 

Previously, from Sophora alopecuroides collected on the banks of the R. Zeravshan in the period of incom- 
plete ripening of the fruit, in addition to known alkaloids, we isolated two new bases 6 and 7 [1, 2]. Base 7 has 
the composition C15H2202N 2, mp 68-70°C (from ether), [~]~ + 27.5 ° (c 0.75; water). The present  paper gives the 
results  of a study of the structure of this alkaloid. 

The UV spectrum of base 7 has adsorption in the 253 nm region corresponding to the presence of the chro-  
mophore ( -C t t  = C H - C O - ) .  The IR spectrum of the alkaloid lacks the absorption band of a trans-quinolizidine 
(2800-2700 cm-1). Strong absorption is observed in the 1602 and 1658 cm -1 region ( -  C H = C H - C O - N < ) ,  and 
weak absorption at 970, 950, and 925 cm -1, which is character is t ic  for  a N-oxide group [3]. 

The mass spectrum of the bases has, in addition to the peak of the molecular ion (M + 262) confirming the 
composition of the alkaloid, the peaks of ions with m/e  246 (M-16; 86%), 245 (M-17; 100%), 217 (8%), 203 (12%), 
177 (90%), 150 (72%), 138 (42%), 122 (19%), 96 (68%), which are character is t ic  for the matrine alkaloids [4-6]. 
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