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As we have previously reported [1], the acid hydrolysis  of a mixture  of glycosides from _Cynanchum s ib i r i cum 
Willd (family Asclepiadaceae) yielded three separa te  pregnanes:  s ibir igenin,  penupogenin, and sibicoside. In the 
p resen t  paper  we give information on the s t ruc ture  of the least  polar  of them, s ibir igenin.  

The e lementary  analysis  of the genin and its molecuIar  weight, determined by muss  spectroscopy, correspond 
to the empir ica l  formula C28Ha2Oe A maximum in the UV spectrum at 220 n~t (loge 4.02, ethanol) shows the presence  
of an c~,/?-unsaturated carbonyl group. The IR spect rum has absorption bands at (era -~) 3530, 3345, 1692, 1642-1647 
(doublet), 1230, and 1180, showing, respect ively,  the p resence  of hydroxyls, a carbonyl group or groups conjugated 
with a double bond, and an es ter  group. 

The NMR spectrum of s ib i r igenin  c lear ly  shows six three-pro ton  signals in the s t rong-f ie ld  region [9.12 
(doublet), 8.73, 8.60, 7.90, and 7.83 ppm, T scale,  in C~DsN] of which only three (8.73, 8.60, and 7.83) can be 
ascr ibed to the pregnane nucleus. Acetylation of the genin under  the usual conditions forms a crys ta l l ine  acetyl 
der ivat ive in which, judging from the IR spectrum, some of the hydroxyl groups r ema in  unsubstituted. The 
saponification of s ib i r igenin  with caustic potash in methanol gave an acyclic unsaturated acid with the composit ion 
C?HI202 and a mix ture  of neutral  products.  

The UV spec t ra  of the acid and its methyl es ter  are  s imi la r  to the UV spectra  of unsaturated carboxylic acids 
with alkyl subst i tuents  in the c~,/?- or /? , /?-posi t ions [2]. The mass  spect rum of the methyl es te r  of the acid shows the 
molecular  ion (M +, 142) and f ragments  w i t h m / e  127 ( M -  CH3) +, 111 (M-OCH3)  +, 99 ( M -  43) + , 83 (M-COOCH3) +, 
74 (CH 3 + COOCHa) +, and 59 (COOCH3) +. The p resence  of fa ir ly  intense ions with m / e  43 and 99 and the absence of 
the ion (M - C2H5) + shows that the acid has a branched s t ruc tu re  containing an isopropyl group. In the NMR spect rum 
of the methyl ester ,  besides the three-proton signals of a methoxy group (6.43 ppm), in the strong field there is a 
doublet of two methyl groups (8.92 ppm, J = 6.12). This enabled us to identify the acid as 3, 4-dimethylpent -2-enoic  
acid. This acid, called ikemaic acid [3],was obtained previously in the saponification of cynanchogenin. Its s t ruc tu re  
was shown by the synthesis  of the dihydro der ivat ive [4]. The IR spect rum of the acid that we isolated coincides with 
that of ikemaic acid (compare Fig. 1 with Fig. 2 in [4]). 
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Fig. 1. IR spect rum (liquid film) of 3, 4-d imethylpent -2-enoic  
acid (III) from s ib i r igenin  (I). 

3, 4-Dimethylpent-2-enoic  acid is unsaturated,  and therefore it should have two geometr ical  i somers :  cis (III) 
and t rans  (II). This fact persuaded us to study the spect ra  in more  detail. In its main  features,  the IR spect rum of 
the acid differs little from the spect ra  of c~, f i-unsaturated acyclie acids; in par t icu lar ,  it is fair ly s i m i l a r  to the 
spect rum of 3-methylnon-2-enoic  acid [5]. Disubstituted ethylene der ivat ives  can be ascr ibed [6] to the t rans  or  cis 
se r ies  fair ly accurately by the p resence  or absence of the nonplanar  deformation vibrat ions of the -----CH group at 
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990-965 cm -1. The si tuation is different  with a t r i subst i tu ted  double bond. In the acid that we obtained, the nonplanar 
v ibra t ions  of the = C H  group appeared c lea r ly  at 877 cm -1, but it does not seem poss ible  to a sc r ibe  the unsaturated 
acids to the cis or  t rans  s e r i e s  f rom this one band [6]. 

More r e l i ab le  information was obtained in an analysis  of the NMR spect rum of methyl  3, 4 -d ime thy lpen t -2 -  
enoate. Study of a la rge  s e r i e s  of c i s - t r a n s  i s o m e r i c  pa i r s  of c~, f i-unsaturated e s t e r s  shows that carbonyl-conta ining 
groups on ethylerric bonds posses s  we l l -marked  effects of long-range sc reen ing  with r e spec t  to cis fl-hydrogen atoms 
and cis f l-methyl groups [7]. It has been found that a t rans fi-methyl group located in the t rans  posi t ion r e l a t ive  to the 
e s t e r  group is always sc reened  by approximately  0.25 ppm compared  with the cis  i somer .  Consequently,  if both 
i s o m e r s  of a ,  f l -unsaturated e s t e r s  a re  avai lable,  this ru le  can easi ly  be used to de te rmine  the configurat ion of each of 
them. 

We turned our attention to the fact that in those i somers  of f i -methyl- f l -a lkyl-subst i tu ted  e s t e r s  of unsaturated 
acids in which the fl-methyl group is in the trans posit ion re la t ive  to the e s t e r  group (dimethyl e i t raeonate ,  dimethyl 
c i s - f l -methylg lu taconate ,  methyl  c is -phytenate ,  methyl  c i s - a ,  f i -dimethylcinnamate,  etc.), the s ignals  of the t rans  
f l-methyl  protons a r e  not only re la t ive ly  higher  (in the ~- scale) by 0.25-0.27 ppm than the signal of the cis  f l-methyl 
group, but in absolute magnitude thei r  shifts a re  g r e a t e r  than 7.95-8.00 ppm [7]. The only exception is methyl  
t r ans -ge rana t e .  The signals of the = C - - C H  a protons of the methyl e s t e r  of the acid that we have isolated a r e  found 
at 7.95 ppm. Consequently,  we may assume with a high degree  of probabil i ty  that the natural  3, 4 -d imethy lpen t -2 -eno ic  
acid is the cis  i s o m e r  and cor responds  to formula  III. 
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As al ready stated, the alkaline saponification of s ib i r igenin  gives,  bes ides  the acid, a mix tu re  of neutra l  
products .  Pape r  chromatography showed the p r e s e n c e  of two components in the mixture .  Af ter  p r epa ra t i ve  separa t ion  
on cardboard ,  two c rys t a l l i ne  compounds were  isolated: the m o r e  abundant one had mp 246-248 ° C and the less  
abundant one mp 250-252 ° C. Both compounds had the composi t ion C21H3205, but they differed f rom one another  in the i r  
phys icochemica l  constants.  The resu l t s  of a compar i son  of thei r  p rope r i t e s  with those of known pregnane compounds 
(Table 1) shows that the f i r s t  of them is l ineolon (the dif ference in the sign of the specif ic  rotat ion is d iscussed  below), 
and the second is isolineolon. A d i rec t  compar i son  by chromatography in a thin l ayer  and on paper  with authentic 
samples  conf i rmed the ident i t ies  of the two pa i rs  of compounds. 

Since the individuality of s ib i r igenin  was not a ma t t e r  of doubt, it could be the e s t e r  of l ineolon (V) o r  
isol ineolon (IV) with ikemaic  acid. These two compounds i s o m e r i z e  into one another in alkaline and acid media  [3, 9]. 
If s ib i r igenin  was the e s t e r  of l ineolon (V), it would be identical with cynanchogenin. A s imple  compar i son  of the i r  
phys icochemica l  cha r ac t e r i s t i c s  (Table 2) excluded such a possibi l i ty.  A d i rec t  compar i son  with authentic 
cynanchogenin also showed that these  compounds were  different.  The second assumption remains ,  i . e . ,  that 
s ib i r igenin  is the e s t e r  of isol ineolon (IV) and ikemaic acid (II1) and has the s t ruc tu re  I. 

The fact that s ib i r igenin  contains a 17fi-orlented side chain is s t r ikingly conf i rmed by the optical  ro ta to ry  
d ispers ion  curve  (Fig. 2). The aglycone shows a posi t ive  Cotton effect  with a pronounced peak at a long wavelength. 
The curve  of s ib i r igenin  is complete ly  comparab le  with the analogous curves  of 3~-hydroxy-17f i -pregnan-20-one  [12] 
and of isol ineolon [3]. Converse ly ,  a negative Cotton effect is cha rac t e r i s t i c  for cynanchogenin and lineolon [3]. The 
optical ro ta tory  d i spers ion  curves  of these compounds are  s im i l a r  to that of 3c~-hydroxy-17c~-pregnan-20-one [12]. 
Our f igure  and the f igure given in Shimizu and Mitsuhashi ' s  paper  [3] both show that the d ispers ion  curve  of lineolon 
does not c ross  the zero  axis anywhere and is completely  in the region of negative rotation. The same thing can be said 
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T a b l e  1 

Index 
Lineolon = desacyl- 

cynanchogenin 
Isolineolon = isodes- 

I acylcynanchogeoin 

Products of the alkaline 
hydrolysis of sibirigenin 

v ] lv 

Formula 

Mp, °C 

laiD,  deg (in 
methanol) 

Color reactions: 
with cone H2SO 4 

with SbCI3 

UV spectrum: [ 
k c 2 H s o H  ,, 0og e) ] max ( 

Mp, °C 

[ODD, deg On 
methanol) 

CmH3~O5 
238--242 14,8] 
233-239 [81 
242-247 [9] 

+13±2,5 [8,101 

Bright red 
green [4] 

Violet[9] 
196 (3,95) 
290 (1,97) [81 
195 (4,02) 
277 (1,54) [9] 

238--241 [41 
243--245 [81 
235-239 [91 
--47,0±2 [81 

Aglycone 

C2tH3..O~ 
251--254 [9] 
248--249,5 [11] 

+88,8+2 [91 

Yellow-brown 
green [4] 

Olive [91 
195 (3,97) 
277 (1,49) [9] 

Diacetate 

140--141 [9] 

+63,8 [91 

C2tH3~O5 
246--248 

- - 8 , 4 ± 2  
(~ ~TaHOae) 

Bright red 
green 

Violet 

200 (3,87) 
285 (I,83) 

233--236 

--36,5±2 

250--252 

+85_+2 

Yellow ~ green -- 

Olive 
200 (3,87) 
285 (1,83) 

T a b l e  2 

Index Cynanehogenin [4] Sibirigenin 

Formula 
Mp, °C 
[MD, deg (in ethanol) 
Color reactions: 

Liebermann-Burchard 
with 84% H2SO 4 
with SbCI a 

UV spectrum: 

h C2HSOH ilog e) 
max 

Acetate 
Mp, °C 

C,28144206 
165--157 
- - 3 9 , 5  

P ink~ye l low 
Brown ~viole t  
Green 

218 (4,0) 

159 

208--209 
+54±3 

Pink ~ yellow 
Orange---~violet 
Lilac--~blue 

220 (4,02) 

134--135 
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with r e spec t  to the curve  of 12-O-benzoyl l ineolon [13]. There fo re ,  at the D line (589 rap) l ineolon has a speci f ic  
rotat ion with a negative sign. The p r e s e n c e  of l ineolon in the products  of the alkaline i somer i za t ion  of s ib i r igenin  

can be explained by the ease  of i somer iza t ion  of isolineolon. 

[~] ~a -e 

!!I 
abo ~o ' -  700 ~. m,u 

Fig. 2. Optical ro ta tory  d ispers ion curves  
of s ib i r igenin  (I) and lineolon (V). 

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

The mel t ing  points a re  given without co r rec t ion  for  an emergen t  m e r c u r y  column. Type KSK s i l i ca  gel with 
5% gypsum wa,3 used for th in - layer  chromatography.  The pregnane aglycones were  identified and thei r  puri ty was 
checked in a thin layer  by the wedged-t ip technique [15] in hexane-e thyl  acetate  (1 : 1) and c h l o r o f o r m - m e t h a n o l  
(9 : 1) sys tems  and on paper  in a b e n z e n e - a c e t o n e  (2 : 1) /ethylene glycol sys tem.  The developing agent was a 
sa turated solution of antimony t r i ch lo r ide  in chloroform.  

The UV spec t ra  were  taken on a Hitachi instrument ,  the IR spec t ra  in KBr on a UR-1O spec t rophotometer ,  
the mass  spec t r a  on an MKh-1303 ins t rument  at 110 ° C with an ionizing voltage of 40 V, and the NMR spec t r a  on a 
JNM-4H-100/100 MHz ins t rument  with hexamethyldis i loxane (HMDS) as internal  standard, the s ignals  of the hydroxyl 

groups being shifted by means of CFa--COOH. 

The e lementa ry  analyses  of all the compounds corresponded to the calculated f igures .  

Isolat ion of s ibir igenin.  The ground roots  of C. s ib i r i cum were  repeatedly extracted with chloroform.  The 
ch loroform solution was evaporated to dryness .  The res idue  was dissolved in a smal l  amount of ch loroform and the 
solution was poured into a fivefold volume of pe t ro leum ether.  The p rec ip i t a te  was separa ted  off, and 
reprec ip i ta t ion  was repeated twice. Ten g rams  of the reprec ip i t a ted  ch loroform ext rac t  was d issolved in 50 ml  
of methanol,  and the solution was f i l te red  and mixed with 50 ml of 0.1 N methanolic  H2SO 4 and heated in a water  bath 
for 30 min. Then the solution was cooled, diluted twofold with water ,  and extracted with ch loroform.  The ch loroform 
ex t rac t  was washed with water ,  dried,  and evaporated.  The res idue  was mixed with 2 g of s i l i ca  gel and t r a n s f e r r e d  
to a column containing 300 g of s i l i ca  gel. Elution was ca r r i ed  out with a mix ture  of heptane and ethyl aceta te  with 
the concentra t ion of the l a t t e r  being gradually increased  f rom 1 to 50%. The f ract ions  were moni tored  by th in - layer  

chromatography.  

The heptane-20% ethyl acetate  fract ion contained a single substance which c rys ta l l i zed  af ter  evaporation.  
Rec rys t a l l i za t ion  f rom ethyl ace t a t e -hep tane  gave c rys ta l s  of s ibi r igenin in the form of co lo r l e s s  needles (for its 
p rope r t i e s ,  see Table  2, and for  its optical ro ta tory  d ispers ion  curve,  see  Fig. 2). 

The hep tane -30-35% ethyl aceta te  f ract ion contained mainly a single compound ( th in- layer  chromatography).  
Repeated separa t ion  of the f ract ion on s i l i ca  gel under the same conditions yielded an amorphous chromatographica l ly  

individual compound identical  with penupogenin Ca0H4007 [1, 14]. 

3 -O-Aee ty l s ib i r igen tn  C30H4407. The substance was obtained by heating a solution of s ib i r igenin  in a mix ture  of 
equal amounts of pyr idine and acet ic  acid for 2 hr. Mp 134-135 ° C (from methanol),  [(~]~ +58.8 i 2 ° (c 1.64, methanol).  

Saponification of s ib i r igenin  (I). A solution of 100 mg of the substance in 5 ml of 5% methanolic  caust ic  potash 
was boiled for 2 hr. The cooled solution was added to 3 ml of water ,  and the mix ture  was ext rac ted  with chloroform.  
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The res idue obtained af ter  the dis t i l la t ion of the ch loroform was separa ted  on Whatman no. 3 chromatographic  paper  
in a benzene -ace tone  (2 : 1)/ethylene glycol sys tem.  The zones corresponding to lineolon and isolineolon were  cut out 
and separa te ly  extracted with ethanol. The ethanolic eluates were  evaporated to a smal l  volume,  diluted twofold with 
water,  and extracted with chloroform.  The res idue was r ec rys t a l l i z ed  f rom ethyl ace ta te -hexane .  The lineolon (V) 
and isol ineolon (IV) obtained in the individual state had the p roper t i es  shown in Table 1. 

The mass  spec t ra  of compounds IV and V were  fully comparable  with those given in the l i t e r a tu re  [9]. 

NMR spec t rum of lineolon (in CsDsN), T, ppm: 4.16 (2 OH at C 3 and C~4), 4.77 (H at C6) , 4.91 (fi-OH at C 3 or  
C12), 5.41 (fi-OH at C a or  C12), 6.24 (2H at C 3 and C12), 6.75 (H at C~7), 7.74 (3H at C21), 8.21 (3H at C18), and 
8.72 (3H at C~). The optical ro ta tory  d ispers ion curve  is shown in Fig. 2. 

3, 12-Di-O-acetyllineolon C~5 H360 ?. The acetate was obtained in the usual way using acetic anhydride in pyridine 
(for properties, see Table 1). NMR spectrum (in CsDsN), % ppm: 4.65 (OH at C 8 or CI4), 4.85 (H atC6) , 5.12 (2H 
atC 3 andCi2), 6.61 (H atC17), 7.89 (3H atC2~), 8.11 (6H, 2Ac), 8.27 (3H atC18), and 8.83 (3H atC1~). 

Lineolon oxime C21HaaOsN. A solution of 20 mg of the substance in 1 ml of methanol  was mixed with a solution 
of 50 mg of hydroxylamine hydrochlor ide and 65 mg of sodium acetate  in 0.5 ml of water.  The mix ture  was boiled 
in a water  bath for 3 hr. On standing, c rys ta l s  deposited in the form of yellow needles with decomp, p. 260 ° C 
(from aqueous methanol).  

In te rconvers ions  of lineolon (V) and isol ineolon (IV). The lineolon f rom sibir igenin,  5 mg, was boiled in 0.5 ml 
of 5% methanolic  caust ic  potash for 1 hr. Pape r  chromatography showed a smal l  spot of isol ineolon in addition to 
lineolon. 

Isolineolon (5 rag) obtained f rom sibir igenin was i somer i zed  as descr ibed  above. On paper  chromatography,  the 
main  spot was due to lineolon and a smal l  spot to isolineolon. 

c is -3 ,  4 -Dimethylpent -2-enoic  (ikemaic) acid (III) C7H1202. The aqueous solution remaining af te r  the ch loroform 
separat ion of the mix ture  of lineolon and isolineolon (see under the saponification of sibirigenin) was acidified with 
phosphoric acid and extracted with ether.  After  evaporat ion of the ether,  a viscous oily liquid remained.  

For  the IR spect rum,  see  Fig. 1. 

Methyl c i s -3 ,  4 -d imethy lpen t -2-enoa te  C8H1402. The acid III was dissolved in an e thereal  solution of 
diazomethane and left for  a day. Evaporat ion of the solvent yielded a mobile liquid. 

UV spectrum: ~ C2HSOH 219, 300 m# (logs 3.84, 
max 

1235 and 1175 (C- -O- -C) ,  870 (~CH).  

3.03). IR spec t rum (liquid film): 1725 (CO), 1645 (C~C) ,  

Mass spec t rum,  80 ° C, m / e  (%): 142 (22), 127 (27), 125 (22), 121 (30), 115 (15), 111 (49), 105 (29), 99 (28), 
83 (47), 74 (77), 71 (40), 69 (38), 59 (100), 58 (68), 57 (28), 55 (50), 45 (54), 43 (62), and 41 (68). 

NMR spec t rum (in CC14), T, ppm: 4.47 (H at C2, doublet, J = 1.5), 6.43 (3H in OCH3), 7.95 (3H in ~ C - - C H 3 ,  
singlet),  8.92 (6H in CH3--CH--CH3, doublet, J = 6.12). 

The samples  of penupogenin, cynanchogenin, and sa rcos t in  were  kindly given to us by Dr. H. Mitsuhashi 
(Hokkaido, Japan), and the samples  of l ineolon and 17-isol ineolon by Dr. T. Reichste in  (Basel,  Switzerland), for 
which the authors express  thei r  thanks to them. 

The optical r o t a t o r y d i s p e r s i o n  spec t ra  were  taken by I. P. Kovalev (KhNtKhFI [Khar 'kov Chemical  and 
Pharmaceu t i ca l  Sc ien t i f i c -Resea rch  Institute]), and the NMR spec t ra  by M. R. Yagudaev. 

C O N C L U S I O N S  

The pregnane aglycone s ib i r igenin  f rom Cynanchum s ib i r icum has the s t ruc tu re  of 12-O-(c is -3 ,  4 -d imethylpent -  
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2-enoyl)-17-isolineolon. 
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