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F r o m  the epigeal  par t  of Korolkowia sewerzowii  Rgl. we have isolated an optically act ive t e r t i a r y  
base  - korsever in lne ,  C27H1302N , which f o r m s  a hydrochlor ide ,  hydrobromide ,  hydriodide,  and methiodide 
as c rys ta l l ine  compounds [1]. 

The IR spec t rum  of the alkaloid shows cha rac t e r i s t i c  absorpt ion bands at (cm -1 ) 3420, 3180, 1085, 
1060, 1030, and 990 (hydroxy groups),  2980-2830, 1470, 1430 (C-methyl  groups) ,  2790 ( t rans-quinolizidine) ,  
and 1620 (double bond) (Fig. 1). 

Korsever in ine  is an unsatura ted  compound which in weakly acid solution instantaneously decolor izes  
a dilute solution of po tass ium permangana te .  In the alkaloid the oxygen a toms  are  p resen t  in the f o r m  of 
secondary  hydroxy groups ,  as is conf i rmed by the p repa ra t ion  of a diacetyl  der iva t ive .  The IR spec t rum 
of the l a t t e r  shows absorpt ion  at (cm -j) 1735, 1725, and 1270-1230 (acetyl carbonyl  groups),  2960-2835 
and 1465-1490 (C-methyl  groups),  and 2750 (trans-quinolizidine) and lacks  the absorpt ion band of a hydroxy 
group,  while in the NMR spec t rum there  are  the s ignals  of protons  of secondary  carbon a toms  to which 
acetyl  groups are  at tached at 5.04 and 4.62 ppm [2]. 

In addition, the oxidation of kor sever in ine  with ch romium tr ioxide in acet ic  acid f o r m s  k o r s e v e r i n -  
inone and korsever in inedione .  The IR s pec t rum of korsever in inone  shows absorpt ion at (cm -~) 3390 and 
1060 (hydroxy group), 2980-2860 and 1460-1420(C-methyl  group), 1710 (carbonyl  group), and 2750 ( t rans-  
quinolizidine), and the IR spec t rum of korsever in inedione  absorpt ion at 2960-2860, and 1460-1415 (C-methyl  
groups) ,  1695-1710 (carbonyl groups) ,  and 2755 ( t rans-quinol izidine) ,  and lacks  the absorpt ion of a hy- 
droxy group. 

Under the conditions of m a s s  s pec t rome t ry ,  korsever in ine  gives f r agmen t s  with m/e 98, 111, 112, 
125, 139, 162, 164 (M-29)  +, (M-15)  + and 413 (M3,  which are  cha rac t e r i s t i c  for  the C - n o r - D - h o m o s t e r o i d  
alkaloids of the cevine group [3, 4] (Fig. 2). 

The f ragmenta t ion  of korsever in inone  and korsever in inedione  under m a s s - s p e c t r o m e t r y  conditions 
t akes  place in the same  way as that of kor sever in ine .  Thei r  m a s s  spec t r a  differ  only with r e spec t  to the 
molecu la r  ions. 
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Fig. I. IR spec t rum  of ko r seve r in ine .  
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Fig. 2. Mass spec t rum of ko r seve r in ine .  
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Fig.  3. NMR s p e c t r a  of d iace ty lkorsever in ine  (I) (a), 
korsever tn tnone  (H) (b), and korseverininedione (III) (c). 

Consequently,  ko r seve r in ine  has  the he te rocyc l ic  skeleton of cevine.  This is also conf i rmed  by  the 
IR spec t rum,  which shows that  i ts  molecule  contains a t rans-qulnol iz id ine  sys t em,  and by the c h a r a c t e r i s -  
t ic  values  of the chemica l  shif ts  of the equivalent 19-CH3, 21-CH3, and 27-CH 3 protons  in the NMR spec t r a  
of d iace ty lkorsever in ine ,  korsever in inone ,  and korsever in ined ione  [6-10] (Fig. 3). 

The NMR s p e c t r u m  of ko r seve r in ine  was  not r eco rded  because  of the poor solubili ty of this  substance  
in benzene,  deu te roch lo ro fo rm,  and pyr idine.  

The NMR s p e c t r u m  of d iace ty lkorsever in ine  shows s inglets  at (ppm) 0.85 (3H, 19-CH3), 2.0 (3H, 
OCOCH3) , and 1.98 (3H, OCOCH3) , doublets at 0.85 (3H, 21-CH3) , and 0.80 (3H, 27-CH3), a mult iplet  at 
5.04 (He, H-COOCCH3) ,  and a signal spli t  into s ix l ines at 4.62 (Ha, HCOOCCH3). The NMR spec t rum of 
korsever in inone  has  a s inglet  at (ppm) 0.99 (3H, 19-CH3) , doublets at 0.85 (3H, 21-CH3), and 0.8 (3H, 27- 

I 
CH3) , and a one-pro ton  signal spli t  into s ix l ines  at 3.46 ppm (H, H - C  - O H ) ,  while in the NMR spec t rum 

I 
of korsever in ined ione  the re  a re  a singlet  at (ppm) 0.93 (3H, 19-CH3) , and doublets at 0.85 (3H, 21-CH3) , 
and 0.8 (3H, 27-CH 3) [2, 6-10]. It can be seen  f r o m  what has  been  said above that with a change in the sub- 
s t i tuents  in the kor seve r in ine  molecule  the chemica l  shifts  of the 19-CH 3 protons  change while the 21-CH 3 
and 27-CH 3 protons  undergo absolutely no s i m i l a r  influences.  This shows that in ko r seve r in ine  both hy-  
droxy groups  are  located on carbon  a toms  of r ings  A, B, and C. Korsever in ine  and the products  of its 
t r a n s f o r m a t i o n s  undergo under  m a s s - s p e c t r o m e t r y  conditions f ragmenta t ion  cha rac t e r i s t i c  for  the sa tu-  
ra ted  quinolizidine s y s t e m s  of the C - n o r - D - h o m o s t e r o i d  alkaloids [3, 4]. This pa t t e rn  of decomposi t ion,  
and also the absence  f r o m  the NMR s p e c t r a  of d iace ty lkorsever in ine  and the products  of the oxidation of 
ko r seve r in ine  of the signal of an olefinic proton,  p e r m i t  the assumpt ion  that  in ko r seve r in ine  the double bond 
is located in r ing C. According to the IR spec t r a ,  in korsever in inone  and korsever in inedione  the carbonyl  
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groups have the absorption frequencies charac te r i s t i c  of such groups in a s ix -membered  ring. Conse- 
quently, position 11 in r ing C is excluded for the hydroxy group. 

The resul ts  of a compar ison of the chemical  shifts of the 19-CH 3 protons of diacetylkorseverinine 
and korseverininedione with those of diacetyl isoimperial ine and imperial ine,  respect ively,  show that the 
hydroxy groups in korsever inine are  located at C 3 and C6. The downfield shift of the signals in the kor-  
severinine derivat ives by 6 Hz takes place because of the presence  of a double bond between Cs and C 9 
[9-11]. In the NMR spectrum of korseverininone,  the signal f rom the 19-CH 3 group shifts downfield by 6 
Hz as compared with the corresponding signal in the spectrum of korseverininedione.  

Such a shift is observed in the oxidation of an a -or ien ted  equatorial  hydroxy group of s teroid com-  
pounds in position 6. This is confirmed by a one-proton signal at 3.46 ppm (in the NMR spectrum of kor-  
severininone) split into six lines f rom the axial hydrogen. The lat ter  is located on a carbon atom to which 
a hydroxy group is attached. This splitting off of the signal f rom the C~ proton takes place through the in- 
terac t ion of the two axial protons at C 5 and C 7 and the equatorial  proton at C 7. The s p i n - s p i n  coupling 
constants of 5 and 10 Hz so ar is ing show this interaction. In diacetylkorseverinine the signal f rom this 
proton is considerably shifted downfield, being found at 4.62 ppm, and it has the same order  of splitting 
[2, 12, 13]. 
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As already mentioned, the NMR spect rum of diacetylkorseverinine has two one-proton signals f rom 
equatorial  and axial protons attached to the carbons bear ing the acetyl groups [2]. If the axially oriented 
proton is located at C6, the equatorial  proton must  be at C 3. Then the hydroxy group at C 3 will have the 
axial orientation. 
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The values  of the s ignals  of the protons  of the C3-methyl groups  in the NMR spec t r a  of d iace ty lkor -  
sever in ine ,  ko r sever in inone ,  and korsever in ined ione  show that  in ko r seve r in ine  the linkage of the r ings  is 
the same  as in the alkaloids of the cevine group [6-10]. The p re sence  of a t r ans  band in the IR spec t r a  of 
the alkaloid and i ts  t r a n s f o r m a t i o n  products  shows the t r ans  linkage of r ings  E /F  [5]. F r o m  the values of 
the i r  s ignals  in the NMR spec t r a ,  the 21-CH 3 and 27-CH 3 groups  have the equator ia l  or ientat ion.  

The fac t s  given above enable us to put fo rward  for  ko r seve r in ine  the mos t  probable  s t ruc tu re  and 
configurat ion shown above.  

A scheme of the f ragmenta t ion  of ko r seve r in ine  (I),  korsever in inone  (II) ,  and korsever in ined ione  
(III) ,  is given on the preceding  page.  

EXPERIMENTAL 

The IR s p e c t r a  we re  taken on a UR-20 s p e c t r o m e t e r  (po tass ium bromide) ,  the m a s s  s p e c t r a  on an 
MKh-1303 ins t rument ,  and the NMR s p e c t r a  on a JNM-4H-100 MHz ins t rument  with HMDS as in ternal  
s tandard  (5 scale) .  

The f r e s h  epigeal  pa r t  of Korolkowia sewerzowii  (22 kg) col lected in the f lowering s tage at Saryagach,  
nea r  Tashkent ,  was  comminuted .  The resu l t ing  po r r idge - l ike  g reen  m a s s  was repea ted ly  t r ea t ed  with wa-  
t e r .  The aqueous ex t r ac t  was  sepa ra ted  f r o m  the plant ma te r i a l ,  made  alkaline with ammonia ,  and ex-  
t r a c t ed  with ch lo ro fo rm.  The ch lo ro fo rm solution, a f te r  concentra t ion,  was  t r ea ted  with 5% sulfuric  acid. 
The acid solution was  made  alkaline with ammon ia  and was  exhaus t ive ly  ex t rac ted  with pe t ro leum e ther  
(2.1 g), pe t ro l eum e t h e r - d i e t h y l  e the r  (6 : 4) (11.6 g), diethyl e ther  (12.8 g~, and ch lo ro fo rm [18]. 

After  the pe t ro l eum e t h e r - d i e t h y l  e the r  f rac t ion  of the mix ture  of b a s e s  had been f reed  f r o m  pe t ro-  
l eum e ther ,  a white amorphous  product  was  obtained which, on t r i tu ra t ion  in acetone,  gave 0.5 g of a c r y s -  
tal l ine substance .  F rac t iona l  r ec rys t a l l i za t ion  of the l a t t e r  yielded 0.4 g of ko r seve r ine  ( f rom acetone) 
[14] and 0.02 g of kors in ine  ( f rom methanol) [15]. The mix tu re  of alkaloids f r o m  the pe t ro leum e t h e r - d i -  
ethyl  e ther  f rac t ion,  on standing in acetone,  yielded 0.52 g of c r y s t a l s  with mp 250-260°C ( f rom methanol) .  
The combined base s  f r o m  the e the rea l  f rac t ion  were  t r ea t ed  with acetone.  After  prolonged standing, 0.68 g 
of c rys ta l l ine  mix tu res  with mp 250-260°C deposi ted.  The mothe r  solution f r o m  the 0.68 g of c r y s t a l s  was  
evapora ted  and the amorphous  mix tu re  of b a s e s  obtained was  dissolved in benzene.  On standing, the con- 
cen t ra ted  benzene solution fo rm ed  a s t icky voluminous mix tu re  of c r y s t a l s  (8.47 g~. The mothe r  l iquors  
f r o m  the c r y s t a l s  were  combined and f reed  f r o m  solvent ,  and the res idue  was  again dissolved in ch loro-  
f o r m .  The mix ture  of b a s e s  in ch lo ro fo rm was  sepa ra ted  into ten f r ac t ions  by ex t rac t ion  with 0.01 N 
sulfur ic  acid. 

The f i r s t  two f rac t ions  of the mix ture  of ba se s  (5.4 g) gave s t icky c r y s t a l s  f r o m  benzene [4, 5[. The 
other  f r ac t ions  did not c rys t a l l i ze  f r o m  benzene.  

By separa t ing  into f rac t ions  the mix tu re s  of c r y s t a l s  i sola ted f r o m  benzene solution according  to 
the i r  solubi l i t ies  in acetone and methanol ,  we obtained 5.7 g of ko r seve r i l i ne  ( f rom acetone) and 4.1 g of 
kors ine  ( f rom methanol) [16, 17]. 

On f rac t iona l  c rys t a l l i za t ion  of the mix ture  of c rys ta l l ine  b a s e s  with mp 250-260°C (1.19 g) f r o m  
methanol ,  ko r seve r in ine  with mp 320-322°C, ko r seve r id ine  with mp 290-292°C, and k o r s e v e r a m i n e  with 
mp 304-305°C were  isolated [1, 18]. 

Korseve r in ine ,  C2TH4302N , has  mp 320-322°C ( f rom methanol) ,  [~]D + 23° (c 0.823; 10% acet ic  acid); 
mol .  wt. 413 ( m a s s  spec t rum) ,  and is spar ingly  soluble in e ther ,  benzene,  ch lo ro fo rm,  and pyridine.  

Hydroehlor ide .  This was  p r epa red  by dissolving 0.18 g of the base  in ethanolic hydrogen chlor ide .  
The mel t ing  point of the res idue  af ter  evapora t ion  was  310- 312°C ( f rom ace tone -e thano l ) .  

Hydrobromide .  By the action of 60% hydrobromic  acid, 0.2 g of ko r seve r in ine  was  conver ted  into 
the hydrobromide  with mp 285-287°C ( f rom e t h a n o l - a c e t o n e ) .  

Hydriodide.  A solution of 0.19 g of the base  in ethanol was  mixed with 57% hydriodic  acid to give the 
hydriodide with mp 219-220°C ( f rom e t h a n o l - a c e t o n e ) .  

Methiodide. A mix ture  of 0.2 g of the base  in 30 ml  of methanol  and 1.5 ml  of methyl  iodide was 
boiled for  2.5 h. The res idue  a f te r  the evapora t ion  of the solvent  had mp 295-296°C ( f rom acetone).  
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Diacetylkorseverinine.  A mixture of 0.25 g of korseverinine,  i ml of acetic anhydride, and 2 ml of 
pyridine was heated in the water  bath for 4 h. On cooling, the solution deposited 60 mg of c rys t a l s  of the 
initial base.  

The alkaline solution after the separation of the c rys ta l s  was evaporated in vacuum, the residue was 
dissolved in chloroform,  and the solution was washed with 5% sulfuric acid. The chloroform solution was 
t reated repeatedly with a saturated solution of sodium acetate and with water .  The residue after the chloro-  
form had been distilled off was dried in vacuum. The result ing solid amorphous powder was dissolved in 
pet roleum ether (bp 50-70°C) and chromatographed on alumina (activity grade II).  

After evaporation of the solvent, the diacetylkorseverinine,  which had been eluted with petroleum 
ether,  gave a solid powder. F rom this, c rys ta l s  with mp 138-140°C were isolated (from aqueous acetone). 

The NMR spect rum of the substance showed th ree-pro ton  singlets f rom two acetyl groups at 2.0 
and 1.98 ppm. 

Korseverininone and Korseverininedione.  A solution of 0.5 g of korsever inine in 10 ml of acetic acid 
was mixed with 0.25 g of chromium trioxide in 6 ml of acetic acid and two drops of water .  A flocculent 
precipitate was formed,  which rapidly dissolved when the mixture was heated in the water  bath. The acid 
solution was s t i r red  continuously at 80°C for 20 min and was then evaporated in vacuum. The residue was 
t reated with saturated sodium carbonate solution and extracted with chloroform.  The solvent was distilled 
off, and the residue (0.45 g) was dried in vacuum. The result ing amorphous powder, on chromatography in 
a thin layer of AI203 and CaSO 4 (9 : i) in the toluene-petroleum ether-methanol (5 : 5 : 0.5) system (I) gave 
four spots with Rf 0.15, 0.3, and 0.72, the initial base remaining at the starting line. 

The oxidation products (0.45 g) were dissolved in benzene and chromatographed on alumina (activity 
grade If). The fractions of the benzene eluates were checked by GLC in system 1. The first eluates con- 
tained as the main component a base with Rf 0.72, and traces of a substance with Rf 0.3. 

After the amount of product with Rf 0.72 in the eluates had decreased sharply, chloroform was used 
for elution. The first chloroform eluates contained almost equal amounts of substances with Rf 0.3 and 
0.15. In the later eluates, the amount of the substance with Rf 0.15 became predominant, the substance 
with Rf 0.3 being present only in the form of an impurity. These fractions, after the elimination of the 
chloroform, gave korseverininone with Rf 0.15, mp 263-265°C (from acetone). Mol. wt. 411 (mass 
spectrum). 

The fraction of substances obtained from the benzene eluates containing large amounts of the base 
with Rf 0.72 was dissolved in petroleum ether and crystallized. The mixture of crystals with Rf 0.72 and 
0.3 that deposited was separated off, and the solution was ehromatographed on AI203 (activity grade II). 
The first petroleum ether eluates contained only korseverininedione with Rf 0.72, while the final fractions 
contained a mixture of substances with Rf 0.72 and 0.3. 

From the pure fractions of the base after the distillation of the solvent, korseverininedione was iso- 
lated with mp 227-229°C (from acetone). Mol. wt. 409 (mass spectrum). 

CONCLUSIONS 

1. By separating the mixture of bases obtained from the fresh epigeal part of Korolkowia sewerzowii 
Rgl. with respect to solubility in different solvents, the alkaloids korseverine, korsinine, korsine, korsev- 
eriline, korseveridine, korseveramine, and korseverinine have been been isolated. 

2. On the basis of a study of chemical transformations and IR, NM_R, and mass spectra, the configur- 
ation, 5~,12~,14~,13fl,17~, 20fl,22~,25fl-cev-8-ene-3~,6(~-diol has been proposed for korseverinine. 
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