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The flowers of the plant Ast ragalus  galegiformis  L. have yielded a new isoprenoid - cyclo-  
galegigenin - the s t ruc ture  of which has been established on the basis  of chemical  t r ans fo r -  
mations and spec t ra l  cha rac te r i s t i c s  as 20R, 24S-epoxycycloartane-  3~ ,6 ~, 16fl, 25-tetraol .  

The plant As t raga lus  .galegiformis L. has been studied previously for flavonoid glycosides [1]. We have 
now studied the isoprenoids of this plant. 

F r o m  an ethanolic ex t rac t  of the inf lorescences  of A. galegiformis  four substances were isolated which 
were called in o rde r  of increas ing polari ty compounds A, B, C, and D. Isoprenoid A proved to be a genin, and 
we have called it cyclogalegigenin (I). The other  substances were of glycosidic  nature. 

The Smith degradat ion of the total glycosides [2] led to cyclogalegigenin (I), and the s t ruc ture  of the sub- 
stance is descr ibed in the presen t  paper.  
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The PMR s p e c t r u m  (C~DsN) of the isoprenoid (I) dis t inct ly  showed the signals  of seven methyl  groups in 
the s t rong field. In addition to these,  protons  coupled in the manner  of a AB s y s t e m  resona ted  at  0.22 and 0.50 
ppm in the fo rm of two one-pro ton  doublets (Table 1). In a g r e e m e n t  with this,  the IR s p e c t r u m  of the com-  
pound under  cons idera t ion  had absorp t ion  at  3040 cm -1, which is cha r ac t e r i s t i c  for  a cyclopropane r ing [3]. 

The facts  given and the mo lecu l a r  fo rmula  of genin (I) ,  C30H5005, pe rmi t t ed  us to ass ign  cyclogalegigenin 
to the me thy l s t e ro ids  of the cyc loar tane  s e r i e s  [4]. Compounds of this c lass  have been found prev ious ly  in 
other  spec ies  of As t raga lus  [5, 6]. 

The ace ty la t ion  of cyclogalegigenin (I) with ace t ic  anhydride in pyr idine led to the fo rmat ion  of the di-  
ace ta te  (IV) and the t r i ace ta t e  (V). 

The m a s s  spec t r a  of cyclogalegigenin (I) and of its ace ta tes  (IV) and (V) each have at the 100% peak that 
of an ion with m / z  143 (ion a) and the ion of a f r agmen t  with m / z  fo rmed by the subsequent  e ject ion of a mo le -  
cule of water .  

These  facts  show that the side chain of cyclogalegigenin (I) is c lose  in s t ruc tu re  to the side chain of 
cyc los ive r s igen in  (III) [ 5] and cycloasgenin  A [6]. A conf i rmat ion  of this is the p r e s e n c e  in the PMR spec t r a  
of the genin (I) and of i ts  ace t a t e s  (IV) and (V) of a one-pro ton  t r ip le t  a t  3.83, 3.74, and 3.60 ppm, r e s p e c -  
t ively,  as signed to H-24 [ 5-11 ]. 

Analys is  of the PM1R spec t r a  of the genin (I) and of the d iaceta te  (IV) and the t r i ace ta t e  (V) showed that  
the cyclogalegigenin molecule  contains three  secondary  hydroxy groups.  In the PMR s p e c t r u m  (CDCI3) of the 
i soprenoid  (I) the protons  located gemina l ly  to these  groups  resona te  a t  3.24, 3.48, and 4.54 ppm. This a s s ign -  
ment  is substant ia ted  by downfield shif ts  of these s ignals  in the spec t r a  of the d iaceta te  (IV) (~4.  5 and ~ 4.6 
ppm) and the t r i ace ta te  (V) (~4.5; ~4.6 and 5.37 ppm),  

Consequently,  in cyclogalegigenin (I) the oxygen functions a r e  d is t r ibuted in the following way: T h e r e a r e  
th ree  secondary  hydroxy groups  in the pentacycl ic  p a r t  of the molecule  and one t e r t i a r y  hydroxy group in the 
side chain. The fifth oxygen a tom is included in a t e t r ahydrofu ran  ring. 

As mentioned above,  one of the th ree  s ignals  of protons  geminal ly  located in re la t ion  to secondary  hy- 
droxy groups  r e sona t e s  a t  3.24 ppm and has the fo rm of a quar te t  (3j = 4.8 and 11.2 Hz).  The chemica l  shift  of 
this s ignal  coincides with that of H-3 of cyc los ive r s igen in  (III) [5]. This gave us grounds for  placing one of the 
secondary  hydroxy groups  of the cyclogalegigenin (I) molecule  at  C-3. The values of the spin--spin coupling 
constants  of the signal under  cons idera t ion  indicates  the a or ienta t ion of H-3. Consequently,  the hydroxy group 
i t se l f  a t  C-3 is t - o r i e n t e d .  

As has been shown p rev ious ly  [5, 6, 12], for  cyc loa r t anes  having an a - h y d r o x y  function at  C-6 a consid-  
e r ab le  pa ramagne t i c  shif t  of the signal of one of the methyl  groups at  C-4  is shown when the PMR spec t r a  a r e  
taken in pyridine.  It mus t  be mentioned that in the PMR s p e c t r u m  of cyclogalegigenin (I) taken in CsDsN, among 
the s inglet  s ignals  one s tands  out pa r t i cu l a r ly  by i ts  posi t ion in a dis t inct  weak field a t  1.78 ppm. This c h a r a c -  
t e r i s t i c  shif t  pe rmi t t ed  the conclusion that in the molecule  of the genin (I) there  is l ikewise  a hydroxy group at  
C-6. Both the chemica l  shif t  of the signal at  3.48 ppm (CDC13) which we have ass igned  to H-6 and also the s ex -  
tet  na ture  of i ts  spl i t t ing with 3j = 3.8, 9.8, and 9.8 Hz [5, 12] ag ree  with this.  The values of the s p i n - s p i n  
coupling constants  given de t e rmine  the fl or ienta t ion of H-6 and, consequently,  the a or ienta t ion of the hydroxy 
group at  C-6. 

The Jones oxidation [13] of cyclogalegigenin (I) led to compounds (II) and (VI) with Rf 0.15 and 0.26, r e -  
spec t ive ly  ( sy s t em 3). The s t r u c t u r e  of substance  (II) will be cons idered  below. 

The oxidized de r iva t ive  (VI) f o r m s  a t r iketone (M ÷ 484) the m a s s  s p e c t r u m  of which contains a f r agmen t  
with m / z  143, showing that the side chain has undergone no changes.  This is a l so  conf i rmed  by the PMR spec -  
t r u m  of the compound under  d iscuss ion ,  where  the s ignals  of seven methyl  groups  can c l ea r ly  be t raced.  In the 
I1R s p e c t r u m  of the t r iketone (VI) there  a r e  absorp t ion  bands a t  1715 and 1735 cm -1. The f i r s t  of them mus t  be 
ass igned  to the carbonyl  groups  fo rmed  on the oxidation of the 3~-  and 6 a - h y d r o x y  functions. The band with a 
f requency of 1735 cm -1 shows that in compound (VI) the oxo group is l ikewise  in the f i v e - m e m b e r e d  ring. Con- 
sequently,  in the ini t ial  genin (I) a hydroxy function mus t  be p r e sen t  in r ing D. 

Fu r the r  informat ion  on the posi t ion and configurat ion of this hydroxy group was obtained in the following 
way. 

In the PMR s p e c t r u m  of the ace ta te  (IV) the signals  of the protons at  C-3 and C-6 a r e  shifted downfield 
compared  with those for  the te t rao l  (I) and appea r  a t  4.5 and 4.6 ppm, r e spec t ive ly ,  while the signal  of the p r o -  
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ton resonat ing  a t  4.54 ppm has undergone p rac t i ca l ly  no changes.  TMs indicates  that compound (IV) is the 
3 ,6-d iace ta te  with a f r ee  secondary  hydroxy group in r ing D. 

The Jones  oxidation [ 13] of the d iace ta te  (IV) gave the monoketo der iva t ive  (VIII) (M + 572), the PMR 
s p e c t r u m  of which lacks  the signal of a proton located gemina i ly  to an unidentified hydroxy group. 

The CD curve  of compound (VIII) shows a negat ive Cotton effect  a t  305 nm (Ae = - 5 . 2 9 ) .  This fact  shows 
the posi t ion of the keto function in compound (VIII),  which means  also that of the corres~)onding hydroxy group 
in the d iaceta te  (IV), at  C- 16 [ 14]. As was to be expected,  in the PMR s p e c t r u m  of the t r i ace ta t e  (V) the r e s o -  
nance l ines of the proton at  C-16 a r e  shifted downfield and appea r  a t  5.37 ppm. In the PMR s p e c t r u m  of the 
genin (I) (CDC13), the sex te t  s ignal  a t  4.54 ppm mentioned above co r re sponds  to the  s ame  proton.  The sum of 
the vicinal  coupling constants  (21 Hz) is  one m o r e  conf i rmat ion  of the posi t ion of this proton and, consequently,  
of the hydroxy group geminal  to it  a t  C-16. 

The i n c r e m e n t  of the molecu la r  ro ta t ions  between the t r i ace ta te  (V) and the d iace ta te  (IV) [[ M]D_ V = 
+493 °, [M]D_IV = +383 °, A[M]  = + 110 ° ] d e t e r m i n e s  the fl configuration of the hydroxy group at  C-16 [ 15]. 

In the 13C NMR s p e c t r a  of cyclogalegigenin (I) and cyc los ive rs igen in  (HI),  the chemica l  shifts  of the s ig -  
nals of the C-3,  C-6,  and C-16 carbonyl  ca rbon  a toms  a re  ve ry  close,  and have the following values:  (I) 78.3, 
68.4, and 72.9 ppm, and (III) 78.2, 68.3, and 73.3 ppm. These f igures  a r e  a lso  evidence in favor  of the identity 
of the posi t ions  and configurat ions of the secondary  hydroxy groups in the pentacycl ic  nuclei of genins (I) and 
(II}. 

Thus, cyclogalegigenin (I),  jus t  l ike cyc los ive rs igen in  (III) [5],  contains hydroxy groups  in the 3/~, 6 a ,  
and 16fl posi t ions .  Consequently,  the only d i f ference  in the s t ruc tu re s  of the genins is in the side chains. 

The configurat ion of the C-24 a s y m m e t r i c  center  of cyclogalegigenin (I) was de te rmined  by compara t ive  
study of the 13C NMR s p e c t r a  of the i soprenoids  (I) and (III) .  In the 13C NMR s p e c t r u m  of cyc los ivers igen in  
(III) ,  which has the 24R configurat ion [5],  the chemica l  shift  of the a s y m m e t r i c  C-24 carbon a tom is 81.6 ppm, 
whfle in the spec t rum of cyclogalegigenin (I) the signal of the C-24 a tom is shifted downfield by 3.4 ppm and is 
located  at  85.0 ppm. I t  is known [16] that the d i f ference  in the values  of the chemica l  shif ts  of the C-24 carbon  
a toms  in the 13C NMR spec t r a  of d a m m a r a n e  t r i te rpenoids  belonging to the 24R and 24S s e r i e s  amounts  to 
2.7-3.3 ppm, the C-24S a tom resonat ing  in the weak field. This fact  p e r m i t s  us to conclude that the C-24 
a s y m m e t r i c  cen te r  of eyclogal igigenin in (I) has the S configuration.  

Thus,  i f  the d i f ference  in the s t r u c t u r e s  of the side chains of cyclogalegigenin (I) and cyc los ive rs igen in  
(III) is due only to the C-24 chi ra l  center ,  the oxidation of these compounds to the 24,20-1actone should a p p a r -  
ently give identical  subs tances .  F o r  this purpose ,  cyclogalegigenin (I) was oxidized with ch romium tr ioxide in 
glacia l  ace t ic  acid. F r o m  the reac t ion  products  was isolated substance  (II) (M ÷ 440), the m a s s  spec t rum of 
which lacked the peak of an ion with m / z  143 but showed as  the 100% peak that of an ion with m / z  99. In the 
IR s p e c t r u m  of the oxidized der iva t ive  (II) the absorp t ion  bands of a ~/-lactone (1760 cm-1), of a f i v e - m e m -  
b e r e d  cycl ic  ketone ('1740 c m  -~), and of s i x - m e m b e r e d  cycl ic  ketones (1718 and 1695 cm -l) were  c l ea r ly  
t raced .  In the PMR s p e c t r u m  of product  (II) s ignals  were  obse rved  f r o m  five methyl  groups .  The facts  given 
pe rmi t t ed  subs tance  (II) to be de te rmined  as a 3 ,6,16-tr iketo-24,20-1actone.  According to i ts  spec t r a l  cha r ac -  
t e r i s t i c s  and phys icochemica l  constants ,  the subs tance  isolated proved to be identical  with a product  having 
l~f 0.15 obtained by  the Jones  oxidation of cyclogalegigenin (I).  

A c o m p a r i s o n  of the phys icochemiea l  constants  and the IR and PMR spec t r a  of compound (ii) with those 
for  the 3 ,6 ,16- t r iketo-24,20-1aetone (VII) [6] obtained f r o m  cyc los ive rs igen in  (III) showed that der iva t ives  
(II) and (VII) were  not identical .  The d i f ference  mus t  obviously cons i s t  in the s t e r e o c h e m i s t r y  of the C-20 
chi ra l  cen te r  of the subs tances  being compared .  Since the 20S configurat ion has been found for  c y c l o s i v e r s i -  
genin (III) [ 5], cyclogalegigenin (I) mus t  have the 20R configuration.  

We may  note that these  d i f fe rences  in s t e r e o c h e m i s t r y  a re  weakly re f lec ted  on the chemical  shift  of the 
C-20 carbon  atom.  In the 13C NMR s p e c t r u m  of the genin (I),  the signal of this a tom appea r s  at  86.7 ppm, and 
in the s p e c t r u m  of the genin (III) at 87.1 ppm. 

Thus, summing  the expe r imen ta l  facts  given we may  conclude that cyclogalegigenin (I) is 20R,24S- 
epoxycycloar tane-3f1,6  a ,  16fi, 25- te t raol .  

317 



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

G__eneral O b s e r v a t i o n s ~  Th in - l aye r  ch roma tog raphy  (TLC) was p e r f o r m e d  on pla tes  p r epa red  f r o m  type 
L s i l ica  gel (grain s ize  < 50 u) containing 7% of gypsum and on Silufol. The i soprenoids  were  revea led  on TLC 
by spray ing  with a 25~c methanolic  solution of tungs tophosphor ic  acid followed by heating at 100-150°C for  2-5 
rain. Silica gel of the s a m e  type with a g ra in  s ize  of  50-100 u was used for  column chromatography ,  together  
with the following solvent  sy s t ems :  1) c h l o r o f o r m - m e t h a n o l  (15: 1); c h l o r o f o r m - m e t h a n o l - w a t e r  (70: 23 :4 ) ;  
3) b e n z e n e - e t h y l  ace ta te  (2:  1); and 4) b e n z e n e - e t h y l  ace ta te  (1 : 1). 

Mass  s p e c t r a  were  obtained on a MKh-1310 ins t rumen t  at  an ionizing voltage of 50 V and a t e m p e r a t u r e  
of 130-170oc. IR spec t r a  were  taken on a UR-20 s p e c t r o p h o t o m e t e r  in KBr,  PMR spec t r a  on JNM-4H-100  and 
XL-200  s p e c t r o m e t e r s  in deuteropyr id ine  and deu t e roch lo ro fo rm (5, 0 - HMDS), and 13C NMI~ spec t r a  on a 
Varian CFT-20  ins t rumen t  in deuteropyr id ine  (5, 0 - TMS). 

The c i r c u l a r  d i c h r o i s m  curves  were  m e a s u r e d  on a J a s c o - J - 2 0  s p e c t r o p o l a r i m e t e r .  

Isola t ion of the Isoprenoids .  The a i r - d r y  comminuted  f lowers  of A__=. ga lag i fo rmis  (2 kg) col lected in the 
environs  of the vi l lage of Bakuriani ,  Georgian SSR, were  ex t rac ted  with 80% ethanol. After  the solvents  had 
been dist i l led off, f r o m  the combined ex t rac t ive  subs tances  the purif ied total i soprenoids  and the g lycos ides  
were  obtained [6], and these  were  sepa ra ted  by column chromatography .  When the column was eluted with s y s -  
tem 1, a mix ture  of feebly po la r  compounds was isolated,  the r e c h r o m a t o g r a p h y  of which gave substance  A - 
cyclogalegigenin.  

Elution of the column with s y s t e m  2 led to the individual compounds B, C, and D. 

Cyclogalegigenin (I),  C30H5005, mp 195-196°C ( f rom methanol)  [ ~ ] ~  +28.7 ~- 2 ° (c 1.15; methanol) .  
KBr . M + , umax ,  cm-l:  3460-3380 (OH); 3040 (CH 2 of a cyclopropane  ring) Mass spec t rum,  m/ 'z (%): 490 (1.8) 475 

(8.6), 472 (17.2),  457 (15.6), 454 (23.4), 439 (14.1), 431 (4.7),  421 (8.6), 413 (23.4), 395 (37.5), 377 (14.8), 
289 (17.2), 271 (56.3), 143 (100), 125 (87.5). 

Cyclogalegigenin 3 ,6-Diaceta te  (IV) and 3 ,6 ,16-Tr iace ta te  (V) f rom (I).  The genin (I) (318 rag) was 
acetyla ted  with 3 ml  of acet ic  anhydride in 6 ml of pyridine at r oom t e m p e r a t u r e  for  3 days.  The reac t ion  
mix tu re  was poured into ice water ,  and the prec ip i ta te  that deposi ted was f i l tered off. The products  were  sep-  
a ra ted  on a column with elution by s y s t e m  3. This gave 130 mg of the amorphous  t r i ace ta te  (V), C~6H5608. 
[ ~ ] ~  +80 * 2  ° (c  1.1; methanol) ,  u KBr c m  - l .  3545-3510 (OH); 1740, 1250 ( e s t e r  group) .  Mass  spec t rum,  

max' 
m / z  (%): ( M -  15) + 601 (7.8), 598 (0.5),  556 (16.9), 541 (5.2), 538 (1.1), 497 (26.0), 496 (58.4), 481 (20.8), 
478 (3.9), 463 (2.6),  454 (16.9), 438 (48.1), 437 (48.1), 421 (19.5),  403 (4.5), 395 (27.3), 378 (48.1), 377 (41.6), 
363 (14.3),  335 (27.2), 289 (45.5), 255 (32.5), 185 (68.8), 143 (100), 125 (90.9). 

Continuing the elution of the column with the s a m e  solvent  sys t em,  we isola ted 150 mg of the nonc rys t a l -  
l ine d iace ta te  (IV), C34H5707, [ ~ ] ~  +66.7 ~-2 ° (e 0,97; methanol ) ,  u KBrmax, era-l; 3450-3360 (OH); 3040 (CH 2 of a 

cye lopropane  r ing) ;  1742, 1252 ( e s t e r  group) .  Mass spec t rum,  m / z  (%): ( M -  15) + 559 (1.3),  556 (0.5), 541 
(0.8), 530 (0.9), 514 (4.7), 499 (2.3), 497 (2.3), 496 (2.4), 481 (1.6), 454 (I0.2), 438 (6.8), 437 (6.7), 436 (4.7), 
421 (4.4), 413 (4.1), 395 (21.6), 378 (6.8), 377 (8.0), 353 (5.8), 289 (11.4), 271 (9.1), 269 (8.0), 253 (12.5), 
243 (12.5), 201 (17.0), 200(11.4), 199 (17.0), 185 (45.5), 143 (100), 125 (86.4). 

The 20R-3,6,16-Triketo-24,20-1actone (If) from (1). A solution of I00 mg of cyclogalegigenin (1) in 5 ml 
of glacial acetic acid was treated with 200 mg of chromium trioxide in 6 ml of the same solvent, and the mix- 
ture was left at room temperature for 14 h. Then it was poured into 30 ml of water containing 5 ml of isopro- 
panol in order to decompose the oxidizing agent and exhaustive extraction was carried out with chloroform. 
The chloroform extract was washed with a dilute solution of sulfuric acid and with water and was dehydrated 
with anhydrous sodium sulfate. After evaporation of the solvent, the reaction products were separated on a 
column by repeated rechromatography with elution by system 4. This gave 20 mg of the triketolactone (If), 
C27H3605, mp 187-189 °C (from ethanol), [ol]~ 0 + 3 ° (c 0.4; chloroform), u KBrmax, °m-i; 1760 (C = O of a y-lac- 
tone ring); 1740 (C--O at C-16); 1718, 1695, (C--O at C-3 and C-6). Mass spectrum, m/z (%): M + 440 (30.8), 
425 (15.~), 422 (3.3), 412 (19.2), 407 (4.4), 398 (15.9), 383 (30.8), 379 (4.4), 369 (6.0), 356 (8.8), 342 (9.9), 
341 (9.3), 327 (12.1), 285 (19.2), 99 (I00). 

25-Hydroxy-20R,24S-epoxycycloartane-3,6,16-trione (VI) and the 20R-3,6,16-Triketo-24,20-1actone (If) 
f r o m  (I).  A solution of 163 mg of cyclogalegigenin in 30 ml  of acetone cooled to - 5 ° C  was t rea ted  with 0.3 ml  
of the Jones  reagent  [ 13] and the mix ture  was s t i r r ed  for  35 rain. To decompose  the excess  of oxidizing agent, 
the reac t ion  mix tu re  was poured into 200 ml  of water  containing 5 ml of isopropanol .  The oxidation products  
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were extracted with chloroform,  the ext rac t  was washed with water and dried over  anhydrous sodium sulfate, 
and the solw~nt was evaporated off. The residue was separated on a column with elution by sys tem 3. This 
gave 67 mg of triketone (VI), C~0H4405, mp 152-153°C (from ethanol),  [ a ]~  +17.7 -~ 2 ° (c 0.9; chloroform).  

v KBr cm-l:  3520-3495 (OH); 1735 ( C = O  at C-16); 1715 ( C = O  at C-3 and C-6) Mass spec t rum,  m/z  (%); m a x '  
M ~ 484 (0.7), 469 (13.5), 466 (1.6), 451 (15.8), 433 (2.5), 425 (100), 411 (73.7), 407 (13.5), 395 (3.8) 383 
(78.9), 369 (12.0), 367 (6.8), 365 (12.8), 341 (7.5), 327 (7.1), 286 (24.8), 285 (21.1), 283 (4.5), 143 (31.6), 
125 (47.4). 

The further washing of the column with the same solvent system led to 38 mg of a substance with mp 
187-189°C (from ethanol). This substance was identified as the 3,6,16-ketolaetone (If) likewise by its Rf 
value on TLC (systems 3 and 4) and by the charac te r i s t i c s  of its IR and mass  spectra .  

The 3 ,5-Diacetoxy-25-hydroxy-20R,24S-epoxycycloar tan-16-one (VIII) f rom (IV). A solution of 95 rag of 
the diacetate (IV) in 20 ml of acetone at - 8 ° C  was treated with 0.1 ml of the Jones reagent,  and the mixture 
was s t i r red  for  20 min. Then it was poured into 20 ml of water containing 300 mg of sodium sulfate. The r e -  
action products were extracted with chloroform,  the extract  was washed with water and dried over  anhydrous 
sodium sulfate, and the solvent was evaporated off. The residue was ehromatographed on a column with elu- 
tion by sys tem 3. This gave 45 mg of substance (VIII), C34[-I5207, [o~]~ +32.3 ~: 2 (e 0.47; methanol). " KBr v 1xlax, 

cm-l:  3530-3470 (OH}; 1740 (C----O at C-16);  1740, 1250 (ester  group).  CD (c 0.1; methanol);  Ae = - 5 . 2 9  (305 
rim). Mass spect rum,  m / z  (%): M + 572 (2,1), 557 (27.4), 554 (3.4), 539 (21.4), 523 (4.8), 521 (4.2), 513 (53.6), 
499 (20.4), 495 (4.8), 483 (8.3), 47] (15.5), 453 (34.5), 419 (18.5), 411 (21.4), 394 (66.7), 393 (37.5), 379 
(29.8), 375 (9.5), 351 (50.0), 335 (15.5), 314 (44.0), 313 (41.7), 295 (11.9), 269 (21.4), 253 (66.7), 247 (25.0), 
239 (16.7), 227 (19.6), 201 (36.9), 185 (75.0), 143 (100), 125 (91.7). 

The 20S-3,6,16-Triketo-24,20-1aetone (VII) f rom (III). At room temperature ,  150 mg of cye los ivers i -  
genin in 6 ml of glacial acetic acid was oxidized for 14 h with 300 mg of chromium trioxide dissolved in 10 ml 
of the same solvent.  Then the react ion mixture was poured into 50 ml of water containing 8 ml of isopropanol. 
After  the usual working up and chromatography on a column (system 3), 30 mg of the tr iketolactone (VII) was 
obtained with mp 207-208°C (from methanol) ,  [a]~  0 ~ 3 ° (c 1.5; ch loroform) .  For  spectra l  details, see [6]. 

Smith Degradation of the Total Glycosides.  A solution of 1.2 g of purified total isoprenoids obtained 
f rom A: galegiformis ,  in 50 ml of methanol, was treated with 4 g of periodic acid in 30 ml of water,  and the 
mixture was s t i r red  at room temperature  for about 1 h. To decompose the excess of oxidizing agent, 5 ml of 
ethylene glycol was added and the solution was poured into 200 ml of water. The react ion products were ex- 
haustively extracted with chloroform.  After the usual working up and distillation of the solvent, the residue 
was dissolved in 20 ml of methanol, and 1.7 g of sodium te t rahydroborate  was added in small  portions, after  
which the mixture was left  at room temperature  for 2 h. Then it was acidified with dilute si lfuric acid to pH ~ 
2 and, af ter  4 h, it was extracted with chloroform.  The chloroform extract  was washed with water  to neutral i ty 
and dried over  anhydrous sodium sulfate. The residue obtained af ter  the solvent had been distilled off was 
purified on a column with elution by sys tem 1. This gave 110 mg of a substance with mp 195-196°C (from 
methanol) ,  [ a ] ~  +29.5 ~-2 ° (c 1.2; methanol),  identical with cyclogalegigenin (I). 

SUMMARY 

The inflorescenees of the plant Astragalus galegiformis L. (family Leguminosae) have yielded a new 
isoprenoid -- eyelogalegigenin, which is 20R,24S-epoxycycloartane-3/~,6 ~, 16~,25-tetraol. 
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I N T E R A C T I O N  O F  C A R D E N O L I D E S  O F  T H E  

S T R O P H A N T H I D I N  S E R I E S  W I T H  F U N C T I O N A L L Y  

I M P O R T A N T  S E C T I O N S  O F  T R A N S P O R T  N a , K - A T P a s e  

N.  M.  M i r s a l i k h o v a  UDC 577.352.3 

On the bas i s  of an analys is  of  the s t r u c t u r e - a c t i v i t y  in te r re la t ionsh ip  of ca rd iac  g lycos ides  and 
the i r  analogs ,  a f o u r - c e n t e r  model  of the binding of the compounds with N a , K - A T P a s e  has been 
proposed.  These  cen te r s  a r e  r e p r e s e n t e d  by the s te ro id  nucleus with a po la r  group a t  C-3 and 
a hydroxy group at  C-14, and a lso  by a lactone r ing with a double bond. It has been  shown that 
the hydrophobie binding sect ion of the glycoside m u s t  be in contact  with a hydrophobic region 
of the enzyme having a fa i r ly  l a rge  volume.  

The d i rec ted  s ea r ch  for  eardiotonic agents  with given p r o p e r t i e s  is poss ib le  only on the bas i s  of a know- 
ledge of the concre te  mechan i sm of the act ion of this type of subs tances  a t  the cell  level .  This  knowledge is 
impor tan t  both for  those who a r e  engaged in a s ea r ch  for  ac t ive  agents  in the plant  world and for  synthetic  
chemis t s  working on the complete  or  pa r t i a l  synthes is  of cardiotonic  compounds.  In the l a t t e r  ease ,  of course ,  
hope is p laced on the product ion of m o r e  act ive  drugs .  In view of this,  the finding of functionally impor tan t  
s t ruc tu ra l  e l ements  of  ca rd ios t e ro ids  and the invest igat ion of f ea tu res  of the i r  in te rac t ion  with Na ,K-ATPase  
sti l l  r e m a i n s  urgent .  

According to Barne t t  [1],  these  loci in the enzyme a re  n e c e s s a r y  for  the binding of a cardiotonic  g lyco-  
side with Na ,K-ATPase .  The f i r s t  binds with the ca rbohydra te  moie ty  of the g lycos ides ,  the second in te rac t s  
with the hydroxy group in the C-14 posi t ion of the s te ro id  molecule ,  and the third is at tached to the lactone 
r ing of the glycoside.  

According to a hypothesis  due to Yoda and Yoda [2], the in te rac t ion  of ca rd iac  g lycos ides  with Na,K- 
A T P a s e  is  f i r s t  effected by a s t e ro id - spec i f i c  s i te  through which a sugar-binding cen te r  is act ivated,  and then 
the addition of the glycosidic  moie ty  of the inhibi tor  takes  place.  

Fac ts  a r e  known which indicate that the glycoside binds to the enzyme through hydrogen bonds [3, 4] or  
through a s t r onge r  chemica l  in terac t ion  [5]. A hypothesis  has been  put fo rward  that on the binding of ca rd io -  
s t e ro ids  with the r e c e p t o r  s i te  of the t r a n s p o r t  enzyme,  the fo rmat ion  of a covalent  bond of the unsa tura ted  l a e -  
tone ring at  C-17 with the nucleophilic cen te r  of the enzyme takes  place s imul taneous ly  with the fo rmat ion  of 
a hydrogen bond through the hydroxy group at  C-14 [6-8] .  The combinat ion of these facts  leads us to the con- 
clusion that the in te rac t ion  of card iac  g lycos ides  is effected not with the whole enormous  molecule  of the en-  
zyme  but only with a definite cen te r ,  the so -ca l l ed  digi tal is  r ecep to r .  No few hypotheses  have been e x p r e s s e d  
on the nature  of the binding of ca rd ios t e ro ids  with Na ,K-ATPase  but hi ther to there  have been no sufficiently 
convincing proofs  of the m e c h a n i s m  of the in terac t ion  of the group of compounds under  d iscuss ion  with the en-  
zyme.  The s t r u c t u r e - a c t i v i t y  re la t ionship  has  been invest igated mainly  of ca rd iac  g lycosides  of the digi tal is  
s e r i e s ,  which p o s s e s s  an apprec iab le  capabi l i ty  for  cumulat ion and which exhibit ,  in the main,  a healing effect  
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