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Several  rotenoids,  including amorphin  and amorphigenin f l-D-glucoside have previously been isolated from 
plants  of Amorpha [1-3]. 

In a chromatographic  study of extracts  f rom the seeds of Amorpha fruticosa~ A_.~. angustifolia~ A. caneseens ,  
A__ f rangrans ,  A_..~. cal i fornica,  A__.= glabra,  A__ mierophvl la ,  A__~. nana,  A_..:. croeeolanata ,  and A. caro l in iana  we have 
found, in addition to those mentioned, other subs tances  of rotenoid nature.  The quali tat ive composit ions of the 
rotenoids on the chromatograms of all  these species  of Amorpha were the same,  and there were differences only in 
the re la t ive  amounts of par t i cu la r  components.  For  this reason,  for a more  detailed study of the rotenoids we used 
extracts  of A. f rut icosa  as the plant r i ches t  in rotenoids [1]. 

The chromatography in a thin layer  of s i l ica  gel of a ch loroformic-methanol ic  extract  gave three groups of 
five rotenoids differing in polari ty:  1) the mos t  polar ,  the amorphin  group; 2) with medium polari ty,  the amorphigenin 
f i-D-glucoside group; and 3) the leas t  polar,  the amorphigenin group [2]. In the defatting process ,  the las t  group 
passed par t ia l ly  into the pet ro leum ether.  

The most  polar  group, cons is t ing  of amorphin and smal l  amounts of another two substances ,  was not studied in 
detail .  The other two groups of rotenoids were f i rs t  separated from one another by coarse  fract ionation,  and then 
each fract ion was again separated into na r rower  fract ions.  F rom the low-polar i ty  group we isolated, in addition to 
7, 8-dehydroamorphigenin and amorphigenin,  a new substance of rotenoid na ture  with the composit ion C23Hz~O 8 which 
we have called "amorphigenol ."  F rom the med ium-po la r i ty  group we obtained another new rotenoid compound with the 
composi t ion C29H34013, which proved to be a glycoside of amorphigenol.  The acid hydrolysis  of this compound always 
gave, in addition to D-glucose and amorphigenol ,  a ce r ta in  amount of amorphigenin,  C23H220 ?. A more  detailed study 
of the hydrolysis  p rocess  showed that two processes  took place s imul taneously:  1) hydrolysis  of the glycoside with the 
format ion of amorphigenol  and D-gluocose, and 2) the convers ion  of  the blycoside into amorphigenin /3-D 
glucopyranoside [3] with the subsequent  hydrolysis  of the la t ter  to amorphigenin and glucose. It became c lear  that the 
new glycoside is amorphigenol  f l -D-glucopyranoside,  and its aglycone is s i m i l a r  i n s t r uc t u r e  to amorphigenin.  

The s t ruc ture  of amorphigenol was establ ished mainly  by studying its NMR, mass ,  and IR spectra.  In the IR 
spec t rum there are  two nar row absorpt ion bands at 3497 and 3407 cm -1, which permit ted the assumption that there 
a re  two hydroxyls in amorphigenol.  The mass  spect rum of amorphigenol (I) conf i rms i ts  rotenoid nature  [4, 5] 
[molecular  ion (M + 428) heavier  than that of amorphigenin by 18 units ,  i. e . ,  by one molecule of water]. The existence 
of the maximum peak with m/e 192 (II) shows that the benzopyran par t  (r ings A and B) of the amorphigenol molecule 
has the s t ruc ture  common to the major i ty  of rotenoids.  
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In addition, in the spec t rum of amorphigenol  there is a peak with m/e. 353 (M - 75) which may be due to the 
spl i t t ing out of a side chain if the double bond presen t  in amorphigenin and rotenone (C(z2F=C(23)) is hydrated. This  
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process forms a stable oxonium ion (liD. When the double bond is present, the splitting out of the side chain is 
unlikely and, consequently, in the spectra of amorphigenin and rotenone the analogous peak is small [4]. A 
confirmation of the fact that in amorphigenol, unlike amorphigenin, the double bond is hydrated is the presence in its 

spectrum of an ion with m/e 237 (b), together with an ion having m/e 219 (a). In the spectrum of amorphigenin, 
however, fragments a and b have the same mass and therefore the peak with m/e 219 possesses a double intensity [4]. 

The final choice of the two possible structures of the side chain of amorphigenol (IV and V) was made on the 
basis of the NMR spectrum, in which a new, in relation to amorphigenin, three-proton singlet appeared at T 8.56 ppm, 
corresponding to a C-methyl group. These facts unambiguously determine the structure of amorphigenol as 22, 24- 
dihydroxy-22, 23-dihydrorotenone (I). It is not excluded that the 6', 7'-dihydroxy-.6', 7'-dihydrorotenone found among 
the products of the enzymatic hydroxylation of rotenone (and also obtained synthetically) is a racemic form of natural 

amorphigenol [6]. 

After  the s t ruc ture  of amorphigenol  had been establ ished,  it became c lear  that the par t ia l  convers ion  of its 
glycoside into an amorphigenin glycoside on hydrolysis  takes place as a r e su l t  of the dehydrat ion of the aglycone with 
the format ion of a C(22)==C(23) double bond. 
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Consequently,  in the native compound the hydroxyl attached to the sugar  moiety is unaffected on dehydration and 
the glycoside of amorphigenol  has the s t ruc ture  of 22, 24-dihydroxy-22,  23-dihydrorotenone 24-O-/3-D-glucopyranoside.  

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

The work was ca r r i ed  out with KSK s i l ica  gel, a lumina for chromatography,  and type 'M n (Leningrad) 
chromatographic  paper.  The following sys tems  of solvents were used: 1) 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); 2) 
benzene -me thano l  in var ious  ra t ios .  

The rotenoids  were revealed  on the chromatograms  with conc. H2SO4 containing 1 ml  of a 5% solution of fe r r i c  
chloride in 100 ml.  The sugars  were revealed  with ani l ine phthalate. 

The UV spec t ra  were recorded in ethanol on a Hitachi ins t rument ,  the IR spect ra  on a UR--10 ins t rument  in KBr,  
and the NMR spec t ra  on a H-60 Hitachi i n s t rumen t  in deuteropyr idine  with hexamethyldisi loxane as in ternal  standard.  
The mass  spec t rum was obtained on an MKh-1303 ins t rument  at 120 ° C with an ionizing voltage of 40 V. 

The e lementa ry  analyses  of the new compounds corresponded to the calculated figures.  

Ext rac t ion  of Amorpha seeds. The comminuted seeds of Amorpha frutico , A__: angustifolia,  A_.~. canescens ,  
A__~. f rangrans ,  A. cal i fornica,  A____~. glabra,  A___~. mierophyl la ,  A_.=. nana,  A. croceotanata ,  and A. caro l in iana  were 
separa te ly  defatted in the cold by steeping with pet ro leum ether. 

The defatted seeds of each species  of Amorpha were extracted separa te ly  at room tempera tu re  with a mixture  
of chloroform and methanol (9 : 1). The extracts  were concentrated by evaporat ion and chromatographed on a thin 
layer  of s i l ica  gel on long plates (19 cm) in sys tem 2 (9 : 1). In all species  of Amorpha,  rotenoids with Rf 0.25-0.45 
(three spots), 0 .09-0.12 (three spots),  and 0.03-0.05 (one s t rong and two weak spots) were found. 

Separat ion of the rotenoids of A° fruticosa.  The ch loroformic-methanol ic  ext ract  was evaporated to d ryness  and 
the res idue  was dissolved in hot methanol.  The amorphi~ that c rys ta l l ized  out on cooling was separated off, and the 
solution was evaporated to 1/10 of its or iginal  volume, and again the amorphin that deposited was separated off. The 
mother  solution was evaporated to dryness .  The dry res idue  was separated on a column of s i l i ca  gel (100 g of s i l ica  
gel to 1 g of substance) in sys tem 2 (9 : 1). The separat ion was moni tored on a thin layer  of s i l ica  gel in sys tem 2 
(3 : 1). Two groups of f ract ions were collected, containing rotenoids with Rf 0.25-0.45 and 0.09-0.12.  

Isolat ion of amorphigenol  (I). The group of f ract ions with Rf 0.25-0.45 was combined and evaporated to dryness .  
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The d ry  r e s idue  was t r a n s f e r r e d  to a column of a lumina  (1 : 300) and s epa ra t ed  in sys t em 2 (10 : 1). The separa t ion  
was moni to red  on a thin l aye r  of s i l i c a  gel  in s y s t e m  2 (4: 1): the f i r s t  f r ac t ions  contained amorphigenin  (Rf 0.45) and 
the subsequent  ones contained 7, 8 -dehydroamorph igen in  (Rf 0.40). The composi t ions  of the subs tances  i so la ted  
coincided comple t e ly  with those given in the l i t e r a t u r e  [1-3]  and with authentic samples .  

The l a s t  f r ac t ions  contained amorphigenol .  The f rac t ions  were  combined and evapora ted ,  and white c r y s t a l s  of 
amorphigenol  depos i ted  in the fo rm of need les ,  C23H2~O 8 ( e l e m e n t a r y  ana lys i s ) ,  with mp 195-196 ° C; [ a ]~  - 1 2 4  ° 
(c 0.47; ethanol).  

The subs tance  showed the Durham and Goodhue r eac t ions ,  and with K i l i a n i ' s  r eagen t  they gave a c h e r r y - r e d  
color .  IR spec t rum,  c m - l :  3497, 3407 (OH) 1671(~CO).  UV spec t rum:  )C~H~OH 239, 298 m/~ ( loge  4.10, 4.21). In the 

' "max 

NMR s p e c t r u m  in the s t rong - f i e ld  reg ion  in addit ion to the peaks  of two O---CH 3 groups  (6.38 and 6.43 ppm) there  was 
the peak of a C--CH 3 group (T 8.56 ppm). The m a s s  spec t rum showed peaks  with m/e 428 (M+), 413, 397, 353, 237, 
219, 192. 

I so la t ion  of amorph igeno l  f i -D-g lueopyranos ide .  The second group of f rac t ions  (Rf 0.09-0.12) was combined and 
evapora ted  to d r y n e s s  and the r e s idue  was sepa ra t ed  on a column of s i l i c a  gel  (1 : 300) in sy s t em 2 (9 : 1). The 
s epa ra t i on  was moni to red  in a thin l aye r  of s i l i c a  gel  in the s ame  sys tem.  Amorphigen in  f l -g lucopyranos ide  was 
i so la ted  f i r s t  (Rf 0.12) [3]. I ts p r o p e r t i e s  were  comple te ly  ident ica l  with those of an authentic sample .  

Then f rac t ions  containing amorphigenol  f l -D-g lucopyranos ide  (Rf 0.09) were  col lected.  On evapora t ion ,  faint ly 
ye l lowish  c r y s t a l s  depos i ted  with mp 189-192 ° C (decomp.) ;  [ a ]~  - 9 4 . 7  ° (e 1.3; methanol) .  UV spec t rum:  ).c~.o~, 238, 
297 m# ( loge4 .06 ;  4.11). 

The subs tance  is soluble in methanol  and ch lo ro fo rm and, on heating,  in water .  It gives the Durham and Goodhue 
co lo r  r eac t i ons  for ro teno ids ,  and with K i l i a n i ' s  r eagen t  fo rms  a c h e r r y - r e d  colora t ion .  

Hydro ly s i s  of amorphigenol  f i -D-g lucopyranos ide .  A mix tu re  of 50 mg of the g lycos ide  and 10 ml of 5% H2SO 4 
was heated in the boi l ing wate r  bath. Hydro lys i s  was moni to red  in a thin l aye r  of s i l i c a  gel in sy s t em 2 (4 : 1). An hour 
a f te r  the beginning of hyd ro ly s i s  the solut ion s t i l l  contained the ini t ia l  g lycos ide ,  and amorphigen in  B-D-glucose  was 
a lso  detected.  The p rec ip i t a t e  was found to contain amorphigen in  and amorphigenol .  Af te r  two hours '  heat ing,  the 
g lycos ides  had d i s a p p e a r e d  f rom the solution. The p r e c i p i t a t e  was f i l t e red  off, washed with water ,  d r ied ,  and 
s epa ra t ed  in a column of a lumina  in s y s t e m  2 (10 : 1). Amorphigen in  and amorphigenol  were  i so la ted .  The two 
compounds gave no d e p r e s s i o n  of the mel t ing  point and the i r  s p e c t r a  and phys icochemiea l  p r o p e r t i e s  were  ident ica l  
with those of the r e s p e c t i v e  subs tances  i so la ted  d i r e c t l y  f rom the ex t rac t .  

The hydro lysa te  was neu t ra l i zed  with ba r ium carbonate  and chromatographed  on paper  in sy s t em 1 with 
r e f e r e n c e  m a t e r i a l s .  A spot was found at the level  of D-g lucose .  

CONCLUSIONS 

i. A third new rotenoid glycoside C29H34013, amorphigeno[ fl-D-glucopyranoside, and its aglycone have been 

isolated from the seeds of Amorpha fruticosa. 

2. A study of i ts  chemica l  p r o p e r t i e s  and i ts  UV, IR, NMR, and m a s s  s p e c t r a  has shown that the aglycone 
amorphigenol  has the s t r u c t u r e  of 22, 24-d ihydroxy-22 ,  23-d ihydroro tenone ,  and the g lycos ide  is 22, 24-dihydroxy-22,  
23- d ihydro ro tenone -  24-/? -D-g lucopyrano  side.  

3. The presence of amorphin, amorphigenin, 7, 8-dehydroamorphigenin, amorphigenin fi-D-glucopyranoside, 
amorphigenol, and amorphigenol p-D-glucoside in ten species of plants of the genus Amorpha has been established 

chromatographically. 
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