
UDC 547. 944/945 

THE S T R U C T U R E  OF K O R S I N E  

R. N. Nuriddinov, A. I. Saidkhodzhaev,  and S. Yu. Yunusov 

Khimiya Prirodnykh Soedinenii ,  Vol. 4, No. g, pp. 161-168,  1968 

A new crystal l ine alkaloid korsine has been isolated from the bulbs of Korolkowia sewerzovii Rgl. [ 1 - 4 ] .  The base 
forms crystal l ine hydrochloride,  hydrobromide, hydriodide, methiodide,  and t r iace ty l  derivat ives.  Korsine contains 
three C-methyl  groups, a ter t iary nitrogen atom, and three secondary hydroxy groups, and has 
no N-methyl  group. The IR spectrum of the base has absorption bands of hydroxy and C-methy l  to~$ 
groups, of a double bond, and of a t rans-l inked quinol iz idine system. 3.0 

The hydrogenation of korsine gives dihydrokorsine CmHasOaN, the oxida t ion  of which 

yields dihydrokorsinone C~H4aOaN. Z0 

t h e  IR spectrum of the ketone has absorption bands of hydroxy, C-methyl ,  and car -  
bonyl groups and of a t rans-quinol iz idine  system, and the UV spectrum has an absorption m a x -  tP 

imum at 290 mg (Fig. 1), which is character is t ic  for the steroid alkaloids [5, 6].  The oxi-  
dation of korsine gives korsinone CaH41OaN and korsinedione C27Ha9OaN, from which mono-  
and dioximes,  respect ively,  have been obtained. The IR spectra of these ketones have the 
absorption bands of hydroxy, carbonyl ,  and C-me thy l  groups. The reduction of korsinone 2a0 3o0 .t, m g  

leads to the formation of dihydrokorsine, which shows the retention of the he terocycl ic  skeleton Fig. 1. UV spec-  

when the base is oxidized,  trum of dihydro-  

korsinone (in 
The UV spectrum of korsinone has kmax 246 and 300 mg, which are character is t ic  of 

a ,  B - unsaturated ketones, ethanol) .  

Under the conditions of f ragmentat ion mass spectrometry,  the action of e lectronic  impacts  subjects korsine and 

korsinedione to fragmentat ion s imilar  to that of the C-nor-D-homosteroid  alkaloids [% 8].  

2'he mass spectrum ofkors ine  has peaks of ions with m / e  114, 127, 198, 141, 155, 178, 180, 194, (M - ql)  + 
( g - - 8 7 )  +, ( M - - 4 5 )  +, ( M - - 3 6 )  +, ( M - - 2 9 )  + , ( M - - 1 8 ) + ,  (M - - 1 5 ) +  and 429 (M)-- (Fig. 2). 

The presence of three C-methy l  groups, the fact that the molecu le  contains 27 carbon atoms, the results of 
fragmentat ion under the conditions of the mass spectrometry of korsine, and the nature of the curve and the absorption 
maximum in the UV region of the spectrum of dihydrokorsinone permit  the heterocycl ic  skeleton (I) to be put forward 
for korsine. 

~27j c ~  
~H, UH 

Fcemula (I) is confirmed by the mass and NMR spectra of korsine and the products of its transformation. The NMR 
spectrum of korsine* has doublets at 9.20 r (SH, C-27 CHa), 9.21 r (8t4, C-21 CH3), and a singlet at 9.04 r (SH, C-19 
CHs) (Fig. 3). The NMR spectrum of t r iacetylkorsine has the following resonance signals: doublet  at 9.17 r (SH, C-27 
CHs) and 9.17 r (SH, C-21 CHs) , singlets at 8.81 v (all, C-19 CHs), 8.06 r (6H, 2COOCHs), and 8.02 r (SH, COOCHsL 
and rnuPAplets with centers at 5.88 r (1H; ttCOOCHs) and 5.06 r (2H, 2HCOOCHs). 

The NMR spectrum of t r iacetyldihydrokorsine has the following signals: doublets at 9.18 r (3H, C-27 CHs) and 
9.22 7 (SH, C-21 CH~), singlets at 9.04 r (SH, C-19 CH~), 8.04 r (6H, 2COOCHs) , and 8.00 7 (SH, COOCH~) and mul -  
t iplets  with centers at 5.85 r (1H, HCOOCHa) and 5.08 r (2H, 2HCOOCH3) (see Fig. 8). In the NMR spectrum of korsi- 
none there are doublets at 9.17 T (SH, C-27 CHa) and 9.1 v (3H, C-21 CHs) and a singlet at 8.8 v (SH, C-19 CHs) (9 -15) .  

* The spectrum of korsine was taken in (DsC)2SO and therefore the features of this spectrum are not discussed here.  
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The fragmentat ion of korsine and korsinedione take p lace  s imilar ly  to the fragmentat ion of the alkaloids i m -  

per ia l ine ,  zygacine ,  and edpet i l id ine  [7, 8] .  In the mass spectra of the last three alkaloids,  in the region of low mass 
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Fig. 2. Mass spectrum of korsine. 

numbers there are peaks of ions with m / e  98, 111, and 112. In the spectrum of korsine there are peaks with m / e  114, 
127, and 128, and in the spectrum of korsinedione peaks with m / e  112, 125, and 126. As can be seen, the fragments 
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Fig. 3. NMR spectra of korsine (a) and tr iacetyldihydrokorsine (b). 

of korsine differ from the corresponding ions of imper ia l ine ,  zygacine,  and edpet i l id ine  by 16 mass units. This shows 
that  one hydroxy group in korsine may be located in the heterocycl ic  skeleton of korsine at C18, Cza, Cz4, or Cz6. 

The mass numbers given for korsine and korsinedione differ by two units. Consequently, in the molecu le  of 
korsinedione one carbonyl group is also present in position 18, 23, 24, or 26. Thus, in the oxidation of korsine two 
secondary alcohol groups are oxidized to ketonic carbonyl groups and one of them is located at C18, C2a, Cz4, or Cz6. 
If korsinedione had a carbonyl group in position 18 or 26, it would possess the properties of amides,  and if korsine 
had a hydroxy group at C18 or Cz~ it  would possess the properties of a carbinol amine.  Final ly,  there is no absorption 
of an amide  carbonyl group in the IR spectrum of korsinedione. Consequently, the locat ion of a hydroxy group of korsine 
at position Cl8 or Cz~ is excluded.  

The results of a discussion of the biogenesis of the steroid and the C-nor-D-homosteroid  alkaloids makes it pos- 
sible to assume a position at Cza for a hydroxy group. This is confirmed by the presence in the NMRspec t raof t r i aee ty l -  
korsine, t r iacetyldihydrokorsine,  and korsinone of resonance signals from chemica l ly  equivalent  protons of 21- and 27- 
methyl  groups ( 9 . 1 7 - 9 . 2 2  r)  corresponding to acetyl  and hydroxy groups arranged symmetr ica l ly  with respect to the 
nitrogen atom. Consequently, one hydroxy group is located at C2a. 

The absence from the NMR spectrum of t r iacetylkorsine and korsinone of an olefinie proton permits the assump- 
tion of a position between Ca and C9, Cs and CI4, C~ and C1a, Cia and C14, Cls and C17, CIT and Ca0, or Ca0 
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and C22 for the double bond.  The lat ter  two positions are excluded because of the absence from the NMR spectrum of 
a singlet from the protons of a methyl  group at tached to an unsaturated carbon atom. 

I:f the double bond were present between Cla and C17, C12 and Cl~, or Clz and Cl4, fragments with m / e  178 
and 18(3 could not be formed from korsine and fragments with m / e  176 and 178 from korsinedione under the conditions 
of mass; spectrometry.  If the double bond were located between C8 and C14, the resonance signals from the protons of 
the 19-methy l  group of korsine should shift to a weaker field after hydrogenation of the double bond, i . e . ,  deshielding 
should take p lace  which, however, is not the case. In t r iacetyldihydrokorsine the signal from the protons of the 19- 
methyl  group is shielded to a greater  extent  than in t r iacetylkorsine.  These data exclude the locat ion of the double 
bond between C4 and c14, and the only possible position remaining for i t  is between C8 and C 9. Hence, the second 
hydroxy group must be located at  C9 or Cll, since the UV spectrum of korsine has an absorption maximum charac te r -  
ist ic fo:: a ,B-unsa tura ted  ketones,. 

The IR spectrum of korsine has absorption bands at 1090, 1066, and 1010 cm "1 character is t ic  of hydroxy groups, 
of which the band at 1056 cm "l  is character is t ic  for a 3B-OH group in gB steroids [-16,17]. In steroid compounds, after 
the  ace ty la t ion  of a 3B-OH group an absorption band appears at 1030 em -1. Likewise, in t r iacetylkorsine there is an 
absorption band at 1028 cm "1. Thus, korsine contains a 3B-OH group and a hydrogen atom at Cs oriented in the B 
position. 

Furthermore, in the NMR spectrum of t r iacetyldihydrokorsine the resonance signal from the protons of the 9- 

methyl  group is found at 9.04 r ,  while the electron density of the 19-methyl  group is explained by the influence of 
two acetyl  groups. If we take into account the deshielding influence of these groups, it is possible to show approxi-  
mate ly  that in the oxygen-free  compound korsine the signal from the 19-methyl  group will be located at 9.16 r .  This 
value  i~ very close to the chemica l  shift found for the 19-methyl  group in the 5B-C-nor-D-homosteroids .  This once 
again confirms that  the hydrogen atom at C 5 in korsine has the B orientat ion.  It has been observed that the signals 
from the 19-methyl  group of korsinone and t r iacetylkorsine is located at 8.81 r .  If, in t r iacetylkorsine,  one of the 
acetyl  groups were located at C7, in korsinone the signal from the 19-methyl  group should be displaced to a weaker 
field; a carbonyl group in position 7 is deshielded almost four t imes more strongly by a 19-methyl  group than one in 
position 11. Consequently, the third hydroxy group in korsine is located at Cll and has the c~ orientat ion.  

The presence in the IR spectra of korsine and its conversion products of a trans band shows the trans l inkage of 
rings E and F. In the NMR spectra, the signals from the 27-methyl  group are considerably sh ie lded .  Thus, the 27- 
methyl  group has the a orientat ion.  In the NMR spectra of t r iacetylkorsine and korsinone, the strengths of the signals 
from the 27- and 21-methyl  groups are s imilar  and they are located at 9.17 r ,  which shows the B-conformation of 
the 21-methyl  group. 

The hydroxy group at C2a, l ike  the hydroxy group at Cli, has the ix orientation and, accordingly,  in the NMR 
spectrum of t r iacetyldihydrokorsine signals from the l lB  and 23/3 protons are found in the weak field at 5.08 r .  

On the basis of the data presented and the l inkage of the configuration of rings A, B with E and F in the stable 
form, the most probable structure and configurat ion(II)  may be proposed for korsine. 

In the mass spectrometry of korsine, the ions mentioned above are formed in the following way. The fragment 
with m / e  114 is obtained from the molecular  ion of korsine (II) by C--N and a - c l e a v a g e s  of bonds with the subsequent 
migrat ion of hydrogen from Cla to nitrogen and the ion with m / e  127 after a,  a - c l e a v a g e s .  The migra t ion  of hydrogen 
from Clv to Cls or C22 leads to the appearance of an ion with m / e  128. The c leavage  of C--N and Clv--C20 bonds forms 
an ion with m / e  141, and of the CIs--Cla and C~f-C20 bonds a fragment with m / e  155. 

In the molecular  ion, B-c leavage  of a bond with the migrat ion of hydrogen from the ct position to C12 and 
eject ion of the non-nitrogenous part of the substance and of the hydrogens from C20 and C22 forms an ion with m / e  
178. a ,  y - c l eavages  with the migrat ion of hydrogen from C18 to Cl6 and subsequent c leavage  of the C12--C~a bond 
lead to a fragment with m / e  180. If, after B-cleavage,  the migrat ion of hydrogen takes place  from Cl7 to C12 , 
further c leavage  takes p lace  at the C15--C16 bond with the migrat ion of a hydrogen atom from C18 to C16 and the 
formation of an ion with m / e  194. The fragment with m / e  358 (/vi - 71) is obtained by the c leavage  of the Czz--C23 

and C25--C2~ bonds with the migrat ion of hydrogen from C24 to C26. The ion with this mass number may  arise in 
part after the c leavage  of the C 4 - C  ~ bond with the migrat ion of hydrogen from C~ toC4 and from C 2 to C 5 and 
c leavage  of the C 1 - C  2 bond. The fragment with m / e  372 (M - 57) is obtained after the e ject ion of fragments as a 

consequence of c leavages of the Cl--C10 and C3-C4 bonds and the migrat ion of hydrogen from C 2 to C4. The ion 
with m / e  384 (M -- 45) is formed after the e l iminat ion  of an oxygen-conta ining fragment from ring F and, in part,  
from ring A. 

141 



CH 3 CH 3 C'H 3 OH 3 CH~ 

H ' OH . H OH t H 0H~H OH Q" ,loli¢ II <'1 i ! "H -OH "1 
~H- ""y"~ OH 3 "'y'~OH S .- s CHz" OH 3 

i " i nTie 141 I m/e/55 
+1, I CH a %. 1 / 0H 

% ""+.1,. i \ ~ .. .Cj ...<" ...L. "> 

"NH " CHS"~H ~ ;/~ 0H~. .;N~;N 0H...._._ ~.N ~0H.0H_OH 

~'~OH HOP"-./"-..J II 
• % m/el27/I + ~H~ , X "  ~',CH3 ~ CH3 + CH 3 OH 3 

~/-N ~ ,  C, H3" OH +'~~Cl.t03i + ~0H_.H..~_ 4 0 H [ ~ 0 H H 7  , ¢ ,- ¢ ~ 0 H  ~ 12Ha ~ OHa ~ ¢ H  3 
• m/e I78 

CH a gH a OH a OH a 

m/e/<To ~ CH~ OH a 
m/e i9¢ 

Experimental 

The bulbs of Korolkowia sewerzowii (88 kg) collected in the Chatkal Valley in the stage of the dying off of the 
epigeal part were extracted by the usual chloroform method. This gave 304 g (0.8 %) of total alkaloids. The mixture 

of bases was separated with respect to their solubility in petroleum ether (34.06 g), ether (174.8 g) and chioroform 
(95.14 g). From the 34.06 g, korsevine was isolated [3 ,4] .  The 174.8 g was separated with respect to basicity into 

20 fractions. From the first five fractions, after t reatment with benzene, a mixture of crystals was obtained which, on 
standing in methanol,  gave korsine with mp 236-238 ° C (from methanol),  257-259 ° C (from ethanol), or 289-260 ° C 
(from acetone). All the melt ing points remained constant on repeated recrystallization from the solvents mentioned 
and after drying at 100 ° C in vacuum (3-5  ram). The IR spectra of all three types of crystals differed from one another.  

Korsine loses solvent at 170 ° C in vacuum (3-8  ram) and has mp 257-259 ° C. IR spectrum: Urea x 3490, 3420, 1090, 
1056, 1010 (OH), 2780 ( t rans-quinol iz idine)[18] ,  2930-2830, 1485-1465 (C--OHm), 1670 cm-1 (C=C),  [c~] D ~87.9 ° 
(e 0.1: ethanol), ~ 0.3 (in a thin fixed layerof  AlcOa). Solvent system: 1) butyl ace ta te -ch loroform--e thanol  
(25 : 25 : 4). The Kuhn-Roth oxidation of korsine gave 2.7 moles of acetic acid. 

Found, %: C 75.65. 78.48; H 10.08, 10.10; N 3.18, 3.15; tool. wt. 429 (mass spectrometry). Calculated for 

CzTH4aOsN, %: C 75.52; H 10.02; N 3.26; tool. wt. 429. 

Korsine is readily soluble in ethanol, moderately soluble in methanol and acetone, sparingly soluble in chloro- 
form, pyridine, carbon tetrachloride, and carbon disulfide, and insoluble in water. 

Korsine hjdrochloride has mp 301-303 ° C (from acetone); the hydrobromide mp 324-326 ° C (from acetone), and 

the hydriodide mp 292-294 ° C (from acetone). 

Methiodide. Formed by boiling the base with methyl iodide in methanol for 1 hr, mp 273-275 ° C (from acetone). 

Triacetylkorsine. A mixture of 0.2 g of korsine, 4 ml of pyridine, and 3 ml  of acetic anhydride was left at 

30" C for 3 days. Triacetylkorsine perchlorate was obtained with mp 290-292 ° C (from acetone). 

Found, %: C 58.47, 58.62; H 7.67, 7.50; N 2.09, 2.20. Calculated for CaaH4sOeN • HC104, o7o: C 60.41; H 7.53; 

N 2.15. 

From the perchlorate, triacetylkorsine was obtained in the form of a powder with Rf 0.84 (1). IR spectrum Urea x 

1028, 1250, 1745 cm- l ;  NMR spectrum: singlets at 8.02 T (OH, COOCHa) and 8.05 r (6H, 2 COOCHs). Saponification 
of the triacetylkorsine gave the ini t ia l  alkaloid. 
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Dihydrokorsine. In the presence of a plat inum catalyst  (from 0.1 g of PRO2), a solution of 0 .2  g of the base in 

20 ml of 10%ace t i c  acid was shaken in an atmosphere of hydrogen. Dihydrokorsine with mp 274-276°C (from m e t h -  

anol), Rf 0.16 (1), was formed.  

Triacetyldihydrokorsine was obtained in the same way as t r iacetylkorsine,  mp 235-236 ° C (from acetone),  Rf 0.82 

[butyl ace ta te - -ch lo roform--methano l  (25 : 25 : 3)]. 

Korsinone. A mixture of 0 .3  g of korsine in 12 ml  of g l ac i a l  acet ic  acid and 0.15 g of chromic anhydride in 6 ml  
of g l ac ia l  acet ic  acid was heated at 80 ° C for 30 rain. 

:[he korsinone had mp 276-278°C (from methanol) ,  Rf 0.37 (1); IR spectrum: Vma x 1700 em - t  (C-----O); UV spec-  
trum: 3~max 245, 300 mp (log ~ 2.08, 2.03).  Korsinone oxime,  obtained by the usual method,  had mp 273-275°C 

(from acetone).  Its IR spectrum had no absorption band for a carbonyl group. 

Found, %: N 6.53,  6 . 6 0 .  Calculated for CzTH42OaN z, %: N 6.33.  

Korsinedione. A mixture of 0 .3  g of korsine in 12 ml  of g l ac ia l  ace t ic  acid and 0.3  g of chromic anhydride in 
12 ml of g l ac i a l  ace t ic  acid was heated at 80 ° C for 30 rain. This gave korsinedione with mp 258-260 ° C (from ace -  

tone); Rf 0.45 (1); IR spectrum: Uma x 1725 (C=O),  1680 (C=C)  cm-t ;  UV spectrum: k m a  x 245, 300 mg (log s 2.97, 

2.80). 

Korsinedione dioxime,  obtained by the usual method, had mp 277-2780 C (from methanol) .  

Found, %: N 8.75,  8 .72.  Calculated for C27H41QNa, %: N 8.84.  

_Dihydrokorsine from korsinone. In the presence of a pla t inum catalyst  (from 0.1 g of PRO2), 0.15 g of korsinone 
in 20 mt of 10% acet ic  acid was shaken in an atmosphere of hydrogen. Mp 276-278 o C. A mixture with dihydrokorsine 

gave no depression of the mel t ing  point, Rjc 0.16 (1). 

Dihydrokorsinone was obtained by oxidizing dihydrokorsine in the same way as korsinone was prepared from 
korsine. Mp 218-220°C (from acetone); Rf 0.5 (1). IR spectrum: Vma x 1710 cm-1; UV spectrum: ~-max 290 mfL (log 
1.8). 

Dihydrokorsinone oxime had mp 188-191 ° C (from acetone).  

D_eoxodihydrokorsinone. 0.22 g of korsinone was reduced by the Huang-Minlon method.  Deoxodihydrokorsinone 

with mp 208-210 ° C (from methanol)  was formed. T h e  IR spectrum had no absorption band of a carbonyl group, Rf 
0.56 ( 1 )  

The IR spectra were recorded on a UR-10 double -beam spectrophotometer (molded tablets with KBr); the UV 
spectra on an SF-4 spectrophotometer  (ethanolie  solutions); the mass spectra on an MKh-1803 mass spectrometer  with 
glass inlet  system at 40 eV and 50 mA. and the NMR spectra (in deuterochloroform) on a JNM-4H-100 instrument 
with hexamethyldis i loxane as the internal standard. 

Conclusions 

A new alkaloid korsine, C27H4aO~N, has been isolated from the bulbs of Korolkowia sewerzowii.  Its structure and 
configuration have been established on the basis of a study of its chemica l  properties and IR, UV, NMR, and mass 
spectra.  
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