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We have previously  repor ted  that ch loroform-methanol ic  ex t rac ts  of the seeds of ten species of 
Amorpha contain three  groups of rotenoids [1]. The qualitative composit ions of the rotenoids were  s imi la r  
for  all the species studied, and the plants differed only by g rea t e r  o r  sma l l e r  amounts of the individual 
components.  We have now made a detai led study of ext rac ts  of the f rui t  of A. f ru t icosa  L., containing ve ry  
large amounts of rotenoids.  

The initial coarse  separat ion of the rotenoids was performed,  with respec t  to thei r  solubili t ies,  in 
var ious organic solvents.  We la t e r  succeeded in developing a method of separat ing and isolating individual 
rotenoids using th in - layer  and column chromatography on alumina and s i l ica  gel (Scheme 1). The group of 
substances of low polar i ty  was separa ted  sa t i s fac tor i ly  on alumina in sys tem 1 (see Experimental) ,  while 
for  the retenoids  of medium and high polar i ty  separat ion on KSK si l ica gel in sys tems 2 and 3, respect ively ,  
proved to be the mos t  successful .  

The rotenoids isolated were  given the following designations: 1 - low-polar i ty  group: substances A, 
B, C, and D; 2 - rotenoids of medium polarity:  E, F, and G; 3 - mos t  polar  group: H, I, and J. 

The rotenoids of the low-polar i ty  group were  studied fully: for  substance A the s t ruc ture  of 24- 
hydroxy-22,23-dihydrorotenone has been proposed [2]; substance B has been identified as amorphigenin 
[3] and substance C as 7,8-dehydroamorphigenin,  previously  obtained synthet ical ly f rom amorphigenin [4]; 
and substance D, given the name amorphigenol,  has the s t ruc ture  of 22,24-dihydroxy-22,23-dihydrorotenone 
[1]. Of the rotenoids of the middle group, the f i r s t  two components have been studied. Compound E is 
amorphigenin/3-D-glucopyranoside [5], and F is amorphigenol /3-D-ghicopyranoside  [1 ]. The main com-  
ponent of the total rotenoids of Amorpha is substance H - amorphin [6]. The presen t  paper  repor t s  the 
resul ts  of a study of the glycoside (I) isolated f rom the fract ion of the mos t  polar  group of rotenoids (the 
amount of this substance is 0.003-0.006% on the absolutely dry  weight of the raw mater ia l ) .  

Quali tat ive react ions  [7, 8] show the rotenoid nature of compound (I). Its UV spect rum has a curve  
v e r y  s imi la r  to the spec t ra  of amorphin and amorphigenin,  with the two maxima at  237 and 296 um that 
a re  cha rac te r i s t i c  for  this class of plant substances.  

Information on the s t ruc tu re  of the new rotenoid (I) (Scheme 2) was obtained by its hydrolys is  with 
acids of var ious concentrat ions and by methylat ion in the sugar  moiety  followed by the hydrolys is  of the 
permethylate .  The precipi ta te  a f te r  the hydrolys is  of glycoside (I) with 1.8% sulfuric acid was found to 
contain amorphigenol  (V), i ts  13-D-glucopyranoside (III), and also amorphigenin (VII) and i t s /3-D-gluco-  
pyranoside (IV). The prolonged boiling of the glycoside in 5% sulfur ic  acid led to the predominant  fo rma-  
tion as a prec ip i ta te  of a single product  the p roper t i es  of which were identical with those of amorphigenin.  
A s imi la r  phenomenon has  been observed  previously  in a study of amorphigenol /3-D-glucopyranoside [1]. 
The action of acidic agents on this glycoside (lID leads to two p r o c e s s e s  in paral lel :  hydrolys is  of the 
glycoside and dehydration with the conversion of the amorphigenol into amorphigenin.  Obviously, in this 
case as well, the aglycone of the new glycoside is amorphigenol ,  Cz3H240 e (V). 

Institute of the Chemis t ry  of Plant Substances, Academy of Sciences of the Uzbek SSR. Trans la ted  
f rom Khimiya Pr i rodnykh Soedinenii, No. 4, pp. 464-468, July-August,  1974. Original a r t ic le  submitted 
April  23, 1973. 

©19 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, iV. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written Permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

470 



Dry chloroform-methanolic 
(8,2) extract 

Crystallization 
from methanol 

"-" Amorphin 

~otenoids of the mother solution 

I 
Column chromatog- 

graphy on SiOz, system 3 

Sum of the low-polarity Sum of the medium-polarity Sum of the polar 
protcniids rotenoids [ rotenoiis 

Chromatography on A120 s, Chromatography on SiO z, Chromatography on 
system 1 system 2 SiO z, system 3 

I [ I 
A. Dihydroamorphigenin E. Amorphigenin B-D-gluco- pyranosi'de (IV) - H. Amorphin 
B. Amorphigenin (VII) F. Amorphigenol /5-D-~luco- I. Amorphol (I) 
C. Dehydroamorphigenin pyranos2de (IID - J. Rotenoid of un- 
D. Amorphigenol (V) G. Rotenoid of unestablished established 

structure structure 

Scheme 1 

In the f i l t ra te  a f t e r  neutral izat ion,  D-g lucose  and L -a r ab inose  were  found. The r e su l t s  of the g a s -  
liquid ch roma tog raphy  of the si lyl  der iva t ive  conf i rm the quali tat ive composi t ion of the sugars  and show 
the i r  ra t io  as  1 : 1. The same resu l t  is given by calculat ions f rom the yield of aglyeones .  

Summar iz ing  what has  been said, we may  conclude that the new rotenoid which we have called a m o r -  
phol (I) is a bioside of amorphigenol  and has the composi t ion C34tt42Ol7. The format ion  of amorphigenin  
and i ts  f l -D-glucopyranos ide  in the hydro lys i s  of amorphol  is  a consequence of the dehydrat ion of the 
aglyeone.  The monos ides  of amorphigenol  and amorphigenin f o r m e d  in the hydro lys i s  of amorphol  di f fer  
only in the s t ruc tu re  of the aglycone.  Consequently,  the D-glucose  res idue  in amorphol  is a t tached d i rec t ly  
to the aglycone by the p r i m a r y  hydroxy group in the pyranose  form,  and the glucosidic bond has  the ~ - con -  
f igurat ion.  

The question of the s ize of the oxide r ing and the posit ion of a t tachment  of the a rab inose  to the glu- 
cose  was answered  by the methylat ion of amorphol .  Hydro lys i s  of a pe rmethy la te  of the glycoside gave 
2 , 3 , 4 - t r i - O - m e t h y l - D - g l u c o s e  and 2 , 3 , 4 - t r i - O - m e t h y l - L - a r a b i n o s e .  This  shows that  a rab inose  in the 
pyranose  fo rm is  the t e rmina l  sugar  and is  a t tached to the glucose by a 1 ~  6 bond. 

The configuration of the L - a r a b i n o s e - D - g l u e o s e  bond was calculated f rom the di f ference  in the m o -  
l ecu la r  ro ta t ions  of the diglyeoside (I) and the monoside (III) of amorphigenol .  The dif ference between the 
m o l e c u l a r  ro ta t ions  of amorphol  ([M] D -570 .92  °, ethanol) and amorphigenol  f l -D-glucopyranoside  ([M] D 
-559 .29  °, ethanol) is - 11 .63  °. F o r  methyl  o l -L-a rabopyranos ide  [M] D is  + 28.4 ° (water) and fo r  methyl  fl- 
L - a r a b o p y r a n o s i d e  [M]D is +403.34 ° (water) [9]. These facts  show the s - conf igu ra t ion  between the L -  
a rab inose  and the D-glucose .  Consequently,  amorphol ,  like amorphin,  is  a glycoside of the d i saechar ide  
v icanose  [10] with the s t ruc tu re  of 24 -O[~-  ~ - L - a r a b o p y r a n o s y l - ( 1 - -  6)-/~-D-glucopyranoside] of 22,24- 
d ihydroxy-  22,23-dihydrorotenone (I). 

Amorphol  is  the fourth r ep re sen ta t i ve  of a new c lass  of plant  g lycosides  containing rotenoids as  
aglycones .  P rev ious ly ,  no compounds of glycosidic nature were  known among this c lass  of plant substances .  
So far ,  rotenoid glycosides  have been found only in plants of the genus Amorpha,  but there  is eve ry  r eason  
to a s s u m e  that  they a r e  m o r e  widespread  in the vegetable kingdom. All the rotenoids  studied hi ther to  - in 
pa r t i cu la r ,  those f rom such plants as D e r r i s ,  Tephros ia ,  and Lonchocarpus  - h a v e  been iso la ted  by ex -  
t rac t ion  with nonpolar  and sl ightly po la r  solvents .  In such ex t r ac t s  the p resence  of hydrophil ic  compounds 
of glycosidic  nature  is ,  of course ,  difficult to expect .  Apar t  f rom this,  in the p r o c e s s  of isola t ing rotenoids 
the plant  ex t r ac t  i s  not infrequent ly  subjected to t r e a t m e n t  with s t rong acids [11]. A d i r ec t  consequence 
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Scheme 2 

of such a s eve re  operat ion is the des t ruct ion of native substances .  In our  view, it  is not excluded that com-  
pounds of glycosidic  nature  will be obtained in a renewed study of plants containing rotenoids with the use  
of modern  fine methods  of isolat ion and separa t ion .  

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

Th in - l aye r  ch romatography  (TLC) was c a r r i e d  out on KSK si l ica  gel and a lumina (activity grade  I I -  
IID; for  pape r  ch romatography  (PC) we used pape r  of the "s low" type and the following solvent  sy s t ems :  
b e n z e n e - m e t h a n o l  - 1) (9 : 1), 2) 6 : 1, 3) 4 : 1; 4) b u t a n - l - o l - a c e t i e  a c i d - w a t e r  (4 : 1 : 5); 5) b u t a n - l - o l -  
p y r i d i n e - w a t e r  (6 : 4 : 3); 6) b e n z e n e - a c e t o n e  (2 : 1); and 7) w a t e r - s a t u r a t e d  methyl  ethyl ketone. 

The glycosides ,  genins, and methyla ted  glycoside were  revea led  with concentra ted  sulfur ic  acid con-  
mining 1 ml  of 5~ aqueous f e r r i c  chloride in 100 ml  of acid, and the sugars  were  r evea led  with o-toluidine 
sa l ieyla te .  The g a s - l i q u i d  ch romatography  of the s i ly la ted methyl  glycosides  was p e r f o r m e d  by T. T. 
Gorovi ts  on a Tsve t -2  chromatograph  [12, 13] using a s teel  column (2 m x 3 m m  containing 5% of G-30M 
sil icone phase  on Celite 545 (80-100 mesh) ,  column t e m p e r a t u r e  160°C; c a r r i e r  gas - hydrogen, a t  a ra te  
of 55 m l / m i n .  

Isola t ion of Amorphol  (I). The a i r - d r y  comminuted f rui t  of Amorpha  (5 kg) was defat ted with pe t ro -  l. 
leum e ther .  In the ext rac t ,  TLC showed the p re sence  of the low-pola r i ty  group of rotenoids  (Rf 0.67-0.57 
in s y s t e m  3). Then the plant  m a t e r i a l  was ex t rac ted  with diethyl e ther .  In this ex t r ac t  TLC showed the 
p re sence  of, in addition to the low-pola r i ty  group, rotenoids of medium po la r i ty  (Rf  0.47-0.30 in s y s t e m  3). 
Final ly ,  the raw ma te r i a l  was ex t rac ted  with c h l o r o f o r m - m e t h a n o l  (8 : 2). This l as t  ex t r ac t  contained, in 
addition to the two groups mentioned,  the m o s t  po la r  rotenoids (TLC, R / 0 . 1 6 - 0 . 1 0  in s y s t e m  3). Concen-  
t rat ion to half  i ts  volume of the ch lo ro fo rm-methano l i c  ex t r ac t  led to the precipi ta t ion of crude amorphin.  
The mo the r  solution was evapora ted  to d ryness ,  and the res idue  was heated  with methanol .  The undis-  
solved m a t t e r  (additional amount  of amorphin) was sepa ra ted  off, and the mothe r  solution was evapora ted  
to d rynes s  (see Scheme 1). The yield of crude amorphin  was 45 g, and the yield of ex t rac t ive  substances  
was 105 g. 

In 10-g por t ions ,  the d ry  res idue  was mixed  with twice its weight of s i l ica  gel and t r a n s f e r r e d  to 
columns each containing 1.5 kg of s i l ica  gel. Elution was p e r f o r m e d  success ive ly  with s y s t e m s  1, 2, and 
3, 50-ml  f rac t ions  being collected.  The p r o c e s s  of separa t ion  was moni to red  by TLC on s i l ica  gel in the 
s a m e  sys t ems .  The e luates  containing rotenoids  H and I were  combined, evapora ted  to d ryness ,  and r e -  
ch romatographed  on a column with an i nc rea se  in the ra t io  of s i l ica  gel to the mix tu re  of rotenoids to 1 : 
300. Concentra t ion of the e luates  containing sole ly  the glycoside (I) gave about 15-17 mg  of a yellowish 
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powder of amorphol  with mp 159-162°C (decomp.), [~]~9 -96"6° 0 c 2.07; methanol),  - 79 .0  ° (c 0.47; ethanol). 
The Durham [7] and Goodhue [8] reac t ions  are  positive, and with the K e l l e r - K i l i a n i  reagent  amorphol  gives 
a c h e r r y - r e d  colorat ion [6]. UV spectrum: kC2I-I5 OH 237 and 296 nm; log ~ 4.09 and 4.22. 

max 
Hydrolys is  of Amorphol (I) with 1.8% Sulfuric Acid. A mix ture  of 40 mg of amorphol  and 20 ml of 

1.8% sulfuric  acid was heated for  3 h. After  the mixture  had cooled, the precipi ta te  was f i l te red  off and 
washed with wate r  to neutral i ty,  and in it  amorphigenin (VII), amorphigenol  (V), amorphigenin ~-D-gluco-  
pyranoside  (IV), and amorphigenol f l -D-glucopyranoside (III) were  detected by TLC. The precipi ta te  (18 
rag) was separa ted  on a column of alumina (20 g) in s y s t e m  1, giving 5 mg of amorphigenin and 4 mg of 
amorphigenol ,  these being identified by the i r  melting points and mixed melt ing points with authentic s am-  
ples.  

In the f i l t ra te  a f te r  neutral izat ion with bar ium carbonate,  D-glucose (VI) and L-a rab inose  (II) were  
identified by paper  chromatography in sys tems 4 and 5. 

Hydrolys is  of Amorphol (I) with 5% Sulfuric Acid. With heating, 40 mg of amorphol  was dissolved in 
20 ml of 5% sulfur ic  acid. The solution was boiled for 4 h with constant s t i r r ing .  The precipi ta te  was fi l-  
t e red  off (23 mg), and af te r  r ec rys ta l l i za t ion  f rom methanol i t  had mp 191-193°C, [(~]~9 -135°  (c 0.1; ethanol). 
The c rys ta l s  isolated were  identified by a mixed melt ing point and by the TLC method on si l ica gel in sys -  
tem 1 with an authentic sample of amorphigenin (VH). In the hydrolyzate ,  a f te r  neutral izat ion with barium 
carbonate,  D-glucose and L-arab inose  were  identified by PC in sys tems 4 and 5 with m a r k e r s .  

Methylation of Amorphol (I). Hakomori ' s  method was used to methylate  50 mg of amorphol  [10]. The 
permethyla te  was heated at the boil in a 5% aqueous methanolic  solution of sulfur ic  acid for  1 h. Then the 
mix ture  was diluted with water ,  and it was heated for  another  h. The hydrolyzate  was neutra l ized with 
bar ium carbonate,  and 2 ,3 ,4 - t r i -O-methy l -D-g lucose  and 2 ,3 ,4 : t r i -O-me thy l -L -a rab inose  were  identified 
by TLC in sys tem 6 and PC in system 7 with m a r k e r s .  

SUMMARY 

A new glycoside with a rotenoid aglycone - amorphol  - has been isolated f rom the f rui t  of Amorpha 
f ru t icosa  L. It has been establ ished that amorphol  is a bioside of amorphigenin and has the s t ruc ture  of 
the 2 4 - O - [ O - ~ - L - a r a b o p y r a n o s y l - ( l ~  6}-fl-D-glucopyranoside] of 22,24-dihydroxy-22,23-dihydrorotenone.  
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