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When the benzene fract ion of the combined alkaloids of Vera t rum lobelianum was separated by means 
of acetate buffer solutions with pH 5.8-3.6 (in steps of 0.2 of a unit), the f ract ion with pH 4.0-3.8 yielded 
new alkaloids - veralosidine (I) and veralosinine (II) [1, 2]. 

The f ract ion with pH 5.4-5.2 yielded a base with mp 263-265°C identical with verat roylzygadenine,  
which has been obtained previously f rom the epigeal par t  of V. lobel ianum [3], and the fract ion with pH 5.8- 
5.6 gave alkaloids with mp 156-158°C and 180-183°C. 

Veralosinine,  C29H4503N , contains > C = N - ,  OH, and es te r  C = O groups [1]. The UV spect rum of 
veralosinine is s imi la r  to those of veralosidine,  veralosine,  and veras ine [1, 2, 4]. The NMR spect rum of 
veralosinine,  unlike that of veralosidine,  has a th ree -pro ton  singlet at 1.93 ppm (-OCOCH3) and a one-pro-  
ton multiplet at 4.87 ppm (-CHOCOCH3) (Table 1). To determine the nature of the ester if ied acid, vera l -  
osinine was saponified. The alkaline f ract ion yielded an amino alcohol with mp 153-155°C, identified as 
veralosidine (I), and the acid fract ion was found to contain acetic acid (paper chromatography) .  The acet-  
ylat ion of veralosinine with acetic anhydride in pyridine gave an acetyl  derivative with mp 193-195°C 
identical with O,O' ,N- t r iace ty lvera los id ine  (HI) [1] (according to its IR and UV spec t ra  and a mixed melt-  
ing point). The format ion of O,O' ,N- t r iace ty lvera los id ine  and the presence  of a singlet in the NMR spec-  
t rum at 1.93 ppm and of a molecular  ion with m/e 455 in the mass  spec t rum of veralosinine show t h a t  its 
molecule contains one acetic acid residue.  This may be located at e i ther  C 3 or Cls. Posit ion C 3 is excluded 
on the bas is  of the NMR spec t rum since the chemical  shifts (CSs) of the protons f rom the C-19 CH 3 group 
are  the same as for  veralosidine [5]. Fu r the rmore ,  with an ethanolic solution of digitonin, veralosinine 
gives a digitonide, which shows the presence  of a free 3fl-OH group in it. Thus, veralosinine is 16a-O-  
acetylveralos idine .  

TABLE 1. Chemical  Shifts (6 scale) 

0,9~ 0,71 1,0310,81 5,27 437 
I 1,12 0,68 1,03]0,83 4,38 5 
ix  0,94 0,68 1 , 0 2 t 0 , 7 8  1,90 4,96 - 

×I1 0,96 0,82 1,02 I 0,85 1,87 1,90 -- [ 4,60 5,29 5,13 
111 0,95 0,64 1.18 [ 0,87 ~ 1,93 1,98 2,07 I 4,50 5,27 4,72 551 

5,07 1,98 5,10 0,99 0,84 1,23 ] 0,88 1,9t 2.11 ] 4,54 5.28 
Xlx 0,9!  0,64 0,95 [ 0,73 -- [ 3,44 5,27 3,99 

4,33 5,25 XlV 0,93 0,84 0,96 10,74 - t 3 , 4 0  

Note. s- singlet, d- dour)let, m- multiplet. 
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Fig. 1. IR spec t ra  of the diketone (VI) f rom a mixture of te t rahydro-  
veralosidines  (a) and of the diketone (VII) f rom a mixture of te t rahy-  
drosolasodines  (b). 

A study of the IR, NMR, and mass  spec t ra  of veralosidine and the formation of the digitonide showed 
that the base veralosidine includes the heterocycl ic  skeleton of verasine and petiline [4, 6]. The position 
of the second hydroxy group and the configuration of veralosidine were determined f rom the absence of a 
depress ion of the melting point of a mixture of te t rahydroveralos idine  with te t rahydrosolasodine and their  
identical R f  values on chromatography [1]. 

However, a repeat  preparat ion and a compar ison of the IR spec t ra  of te t rahydroveralos idine  and 
te t rahydrosolasodine showed their  nonidentity. Consequently, we have revised the s t ructure  of veralo-  
sidine (It .  

The Oppenauer oxidation of (It gave an a,f l -unsaturated ketone - A4-veralosidin-3-ol  (IV) [UV spec- 
t rum:  Xmax 242 nm (log e 4.16)], with a shift in the double bond f rom the A 5 to the A 4 position, as for other 
typical steroid alkaloids [4, 7]. The oxidation of a mixture of the i somer ic  te t rahydrovera los id ines  (V) 
with chromium trioxide gave a mixture of i somer ic  diketones (VI), the IR spect rum of which was almost  
identical with that of the mixture of i somer ic  diketones (VII) obtained by the oxidation of a mixture of iso- 
mer ic  te t rahydrosolasodines  (VIII) (Fig. 1). 

The IR spect ra  of both products (VI and VII) showed the absorption bands of f ive-membered  and six- 
membered  carbonyls  in the 1710 cm -1 region. The absorption of the f ive-membered  carbonyl in compounds 
(VI and VII) in the low-frequency region is explained by the formation of an intramolecular  hydrogen bond. 
The s t ruc tures  of (VI and VII), considered as models,  were confirmed by what has been said above. 

In the presence of zinc chloride,  veralosidine gave an O,O'-diacetyl  derivative (IX) and in the pres-  
ence of pyridine an O,O ' -N- t r iace ty l  derivative (III), while with sodium te t rahydroborate  it gave dihydro- 
veralosidine (X) (at the C22-N bond}. 

The acetolysis  of solasodine (XI) with subsequent acetylation gave O,O'-diacetylpseudosolasodine 
(XII) [8] and O,O' ,N-tr iacetylsolasodine (XIII) [9], and its reduction with sodium te t rahydroborate  yielded 
dihydrosolasodenol {XIV). The UV spectrum of (IX) is s imilar  to that of{XII), and that of {II1) to that of (XIII). 

The UV spect ra  of (III, IX, XII, and XIII) show that the s t ruc tures  of these substances are  s imilar .  
To confirm what has been said above, we have studied the NMR spect ra  of (III, IX, and X), in compar ison 
with the NMR spect ra  of compounds (XII, XIII, and XIV) (see Table 17. 

It can be seen f rom Table i that in compounds (IX, III, and X) the C-18 protons of the methyl group 
resonate  at 0.68, 0.64, and 0.64 ppm, while in compounds (XII, XIII, and XIV) they do so at 0.82, 0.84, and 
0.84 ppm, respect ively,  i.e., downfield by 14-20 Hz [as compared with (III, IX, and X)]. The protons of the 
methine groups at the 16-OH and 16-OCOCH 3 groups in substances (IX, III, and X) are likewise shifted up-- 
field by 17-34 Hz as compared with the protons of the methine groups at the 16-OH and 16-OCOCH s groups 
in compounds (XII, XIII, and XIV). The chemical  shifts of the other methyl, methine, and olefinic protons 
in (IX, III, X, and XII-XIV) are s imilar .  
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In s te ro ids ,  the chemica l  shif ts  f r o m  the C-18 methyl  group a re  shifted upfield (by 25 Hz) in those 
c a s e s  where  the molecule  has  a Cls c~-hydroxy group [10]. Consequently,  in vera los id ine  the second hy- 
droxy group is located at Cts and has  the ~ or ientat ion.  

The saponif icat ion of O ,O ' -N- t r i ace ty lpseudoso lasod ine  (XIII) gave solasodine (XI).  When (HI) was  
saponified,  b e c a u s e  of s t e r i c  hindrance no C~6-O-C2~ bond was  fo rmed ,  and vera los id ine  was  obtained (as 
can  be seen  f r o m  the model  (HI)]. 

On the b a s i s  of the informat ion  given, in vera los id ine  (I) the B/C and the C/D r ings  a re  t r ans - l inked ,  
while the hydroxy group is located at C~6 and has  the c~ or ientat ion.  Thus,  vera los in ine  (II) has  the mos t  
p robable  strt~cture and configurat ion of 16~-ace ty lve ra los id ine .  

' ~  cH3 Kiln Ce~ON _ / " CXi 

; | , N .¢H " /  N CN ~ CA ' 

• c ~ " .  [ c,o, N 

, , 

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

Thin- layer  ch roma tog raphy  (TLC) was  p e r f o r m e d  with s i l i ca  gel (10/~) and the following solvent sy s -  
t e m s :  D c h l o r o f o r m - e t h y l  a c e t a t e - m e t h a n o l  ( 4 : 4  : 3); 2) b e n z e n e - e t h a n o l  (9:  1); and 3) b e n z e n e - e t h -  
anol (9 : 1.5). The spots  w e r e  r evea l ed  with Dragendor f f ' s  reagent .  

The UV s p e c t r a  w e r e  taken on a Hitachi spec t ropho tomete r ,  the IR spec t r a  (KBr) on a UR-10 spec-  
t r ophc tome te r ,  the m a s s  s p e c t r a o n a n M K h - 1 3 0 3  m a s s  s p e c t r o m e t e r ,  and the NMR spec t r a  on a JNM-4H-  
100 MHz ins t rument  (deuterochloroform) with hexamethyld is i loxane  as internal  s tandard.  

Vera t roy lzygadenine .  A solution of 7.4 g of the f rac t ion  with pH 5 . 4 - 5 . 2  in 5% sulfur ic  acid and made 
alkaline with ammonia  and was  ex t rac ted  with e the r  and ch lo ro fo rm.  The concent ra ted  e the rea l  solution 
deposi ted 2.1 g of c r y s t a l s  with mp 263-265°C [ m e t h a n o l - a c e t o n e  (1 : 1)], R f  0.15 ( sys t em 1). A mixed 
mel t ing  point with vera t roy lzygaden ine  gave no depress ion .  The i r  IR s p e c t r a  were  also identical  [3]. 

The Base  with mp 180-183°C. A solution of 29.67 g of the f rac t ion  with pH 5 . 8 - 5 . 6  in 5% sulfuric  
acid made alkaline with a m m o n i a  and was ex t rac ted  f i r s t  with e the r  and then with ch lo roform.  The con- 
cen t r a t ed  e the rea l  ex t r ac t  deposi ted 2.01 g of a mix tu re  of c r y s t a l s  (A) which was  separa ted  off and passed  
through a column of alumina,  elution being p e r f o r m e d  with b e n z e n e - e t h a n o l  (9 : 1). The f i r s t  75 ml  of elu-  
ate yielded 0.36 g of vera los id ine ,  and the next 175 ml  of eluate yielded 0.12 g of the base  with mp 180- 
183°C [benzene -e thano l  (9 : 1)], [c~] D +5.1 ° (c 0.613; ch loroform) ,  R f  0.22 ( sy s t em D. 

The Base  with mp 156-158°C. The mothe r  l iquor f r o m  (A) (11.84 g) was  passed  through a column of 
a lumina,  elution being p e r f o r m e d  with b e n z e n e - e t h a n o l  (9 : 1). The f i r s t  110 ml  of eluate yielded 0.51 g 
of c r y s t a l s  with mp 156-158°C (ether) .  R f  0.56 ( sy s t em 1). 

Veralos inine  (II) C29I~O3N. The isolat ion of this alkaloid has  been  desc r ibed  in a previous  paper  
[1]. UV spec t rum:  •max 242 nm (log e 2.39). 
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Saponification of Veralosinine. A solution of 4.19 g of veralosinine in 420 ml of 5% caustic potash 
solution was heated for 3 h. Then it was diluted with water  and extracted with ether.  After the distillation 
of the ether,  the residue (3.5 g) was recrys ta l l i zed  f rom methano l -ace tone  (1 : 3). mp 153-155°C, 
C27H4302N, M + 413 (mass spectrometry) ,  R f  0.30 (system 1). The melting point of a mixture with vera l -  
osidine showed no depression.  IR spectrum, cm-l:  3300, 1060 (OH), 2930, 1460 (CH3) , 1650 ( ~ C = N - - ) ,  
3035, 1650 (C = CH). Xmax 242 nm (log e 2.45), these being identical with the IR and UV spect ra  of vera l -  
osidine. The alkaline solution after  the separat ion of the c rys ta l s  was acidified with 1% sulfuric acid, ex- 
t rac ted  with ether,  and made alkaline with ammonia.  The ethereal  residue was chromatographed on paper 
(Leningrad slow) with a marker  (acetic acid) by the ascending method using butanol saturated with 1.5 N 
aqueous ammonia solution for  15 h. The Rf  values obtained were the same for the ethereal  residue and for 
acetic acid (0.13). The spots were revealed with an ethanolic solution of ]3romphenol Blue. 

Acetylation of Veralosinine. The acetylation of 0.61 g of veralosinine was performed in 6 ml of ace- 
tic anhydride in the presence of 6 ml of pyridine in a s imilar  manner  to the acetylation of veralosinine (I). 
This gave 0.72 g of an acetyl derivative, C33H49OsN , mp 193-195°C (acetone), M + 539 (mass spectrometry) ,  
R f  0.82 (system 1). IR spectrum, cm- l :  2950, 1450 (CH3) , 1720, 1250 (OCOCH3) , 1640 (N--COCH3); UV 
spect rum:  Xma x 235 nm (log e 4.0), these being identical with the IR and UV spect ra  of O,O' ,N- t r iace ty l -  
veralosidine [1]. The melting point of a mixture likewise showed no depression.  

O,O'-Diacetylveralosidine (IX). A mixture of 0.2 g of veralosidine,  0.56 g of zinc chloride dissolved 
in 5 ml of acetic anhydride, and 2 ml of glacial acetic acid was left overnight at room tempera ture .  Then it 
was cooled with ice and, in the cold, a concentrated solution of ammonia  was gradually added to give a 
strongly alkaline react ion.  The precipitate that deposited was separated off and washed with water .  On 
t rea tment  with methanol, the precipitate crysta l l ized,  mp 166-168°C (methanol), C3~H4704N , M + 497 (mass 
spect rometry) ,  R f  0.29 (system 2). IR spect rum (cm-1): 2950, 1450 (CH3) 1730, 1250 (OCOCH3) , 1660 
(C = N - ) ;  UV spect rum:  Xmax 240 (log e 2.39). 

O,O'-Diacetylpseudosolasodine (XII). By the method descr ibed by Sato et al. [8], i g of solasodine 
gave 1.16 g of O,O'-diacetylpseudosolasodine,  C31H4704N , mp 197-199°C (methanol), M + 497 (mass spec-  
t rometry) ,  R f  0.49 (system 2). A mixture of O,O'-diacetylveralosidine with O,O'-diacetylpseudosolasodine 
melted at 159-161°C, IR spectrum (cm -I) : 2970-2830, 1465 (CH3) , 1725, 1255 (OCOCH3) , 1655 (~C=N--),, 
UV spectrum; Xma x 243 nm (log ~ 2.43). 

O,O', N-Triacetylpseudosolasodine (XIII). By the method of Sato and Ikekawa [9], 0.5 g of O,O'-di- 
acetylpseudosolasodine yielded 0.53 g of O,O'N-triacetylpseudosolasodine, C33H4905N , mp 164-165°C, [~]D 
+ 88.03 ° (c 0.886; chloroform), M + 539 (mass spectrometry), Rf 0.82 (system 1). IR spectrum (cm-[) : 
2980-2850, 1450 (CH3), 1745, 1260 (OCOCH3) , 1650 (N-COCH3); UVspectrum: km238nm(log e 3.89). 

The melting point of a mixture of O,O',N-triacetylveralosidinewith O,O',N-triacetylpseudosolasodine 
showed a depression. 

Dihydroveralosidine (X). A solution of 0.3 g of veralosidine in 20 ml of 90% aqueous methanol was 
treated with 1.5 g of sodium tetrahydroborate for 1.5 h; then it was diluted with water and extracted with 
ether. After the ether had been distilled off, dihydroveralosidine, C27H4502N , was isolated with mp 214- 
216°C (ether), [C~]D-43.5 ° (c 1.26; chloroform), M + 415 (mass spectrometry), Rf 0.25 (system 2 on TLC 
with alumina). IR spectrum (cm -I) : 3400, 1070 (OH), 2960, 1470 (CH3) ; there was no absorption band of 
a ~ C = N  bond. 

Dthydrosolasodenol (XIV). Solasodine (1 g) was hydrogenated with sodium te t rahydroborate  in a 
s imi lar  manner  to the hydrogenation of veralosidine.  This gave dihydrosolasodine,  C27H4502N with mp 255- 
257°C (ether) ; [ i f ]D-50.3 ° (c 1.37; chloroform),  M+415 (mass spect rometry) ,  R f  0.42 (system 2, on TLC 
with alumina). IR spec t rum (cm-1): 3420, 1050 (OH), 2940, 1450 (CH3). 

A4-Veralosidin-3-one (IV). A solution of 0.4 g of veralosidine in 30 ml of absolute benzene was con- 
centrated to 15 ml, and 1.5 g of aluminum te r t i a ry  butoxide dissolved in 20 ml of absolute benzene was 
added, together  with 10 ml of absolute acetone. The mixture was boiled for 8 h. The reaction product was 
left overnight at room tempera ture .  Then the react ion mixture was treated with 50 ml of a saturated solu- 
tion of sodium carbonate and extracted with chloroform.  After the chloroform had been distilled off, A 4- 
veralosidin-3-one, C37H4102N , was isolated with mp 194-196°C (acetone), M + 411 (mass spectrometry). 
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IR s p e c t r u m  of A4-vera los id in-3-one  (cm- t ) :  3320, 1070 (OH), 2940, 1460 (CH3), 1690 (C = O in a 
s i x - m e m b e r e d  r ing),  1630 (C = N - ) ;  UV spec t rum:  X m a  x 242 nm (log a 4.16). 

Oxidation of the Mixture of I s o m e r i c  Te t r ahydrove ra lo s id ines  [1]. A mix tu re  of 0.66 g of the i s o m e r -  
ic t e t r ahyd rove ra lo s id ines  (Rf  0.31 and 0.62, s y s t e m  3, on TLC with alumina),  12 ml  of glacia l  acet ic  acid, 
and 350 mg of ch romium t r ioxide  d isso lved  in 6 ml  of 80% acet ic  acid was  heated in the w a t e r  bath for  30 
min.  The solvent  was  evapora ted  in vacuum, the res idue  was  dissolved in wa te r ,  and the solution w a s m a d e  
alkaline with sodium carbonate  solution and was  ex t rac ted  with ch lo ro fo rm.  The res idue  a f te r  the evapora -  
t ion of the c h l o r o f o r m  was  passed  through a column of s i l i ca  gel and was  eluted with acetone.  The acetonic 
eluate was  again passed  through a column of a lumina.  It was  eluted with a mix ture  of benzene and ethanol 
(9.5 : 0.5). 

The eluate was  concent ra ted  to about 15 ml  and separa ted  p r epa ra t i ve ly  on a plate of a lumina in the 
b e n z e n e - e t h a n o l  (9.5 : 0.5) sy s t em.  The top f rac t ion,  which contained a mix tu re  of two amorphous  i somer i c  
diketones with R f  0.95 and 0.83 was  separa ted  off. IR s p e c t r u m  (em-1): 2950-2880, 1455 (CH3) , 1710 
(C = O in s i x - m e m b e r e d  and f i v e - m e m b e r e d  r ings) .  

Oxidation of the Mixture of I s o m e r i c  Te t rahydroso lasod ines  [1]. The mix tu re  of i s o m e r i c  t e t r ahy -  
d roso lasod lnes  (2 g) was  oxidized with ch romium t r ioxide  in a s i m i l a r  manne r  to the oxidation of the iso-  
m e r i c  t e t r ahyd rove ra lo s id ine s .  This  gave a mix ture  of two i s o m e r i c  amorphous  d ike toneswi th  R f  0.95 and 
0.83 ( s y s t e m  2, TLC with alumina) .  IR s p e c t r u m  (cm ~l) : 2950-2800, 1455 (CH3) , 1710 (C = O in f ive-  
and s i x - m e m b e r e d  r ings) .  

C O N C L U S I O N S  

1. B a s e s  with mp 156-158°C and 180-183°C and the known alkaloid vera t roy lzygadenlne  have been  
isola ted f r o m  the combined alkaloids  ex t rac ted  f r o m  the epigeal  pa r t  of V e r a t r u m  lobel ianum. 

2. The or ien ta t ion  of the C 1G-OH group in vera los id ine  has  been  c o r r e c t e d .  It has  the ~ or ientat ion.  

3. The s t ruc tu re  of vera los tn ine  has  been  es tab l i shed  as ~ -ace ty lve ra los id ine .  

L I T E R A T U R E  C I T E D  

1. A . M .  Khashimov,  R. Shakirov,  and S. Yu. Yunusov, Khim. Pr i rodn .  Soedin., 6,  339 (1970). 
2. A . M .  Khashimov,  R.  Shakirov,  and S. Yu. Yunusov, Khim. Pr i rodn .  Soedin., 6,  343 (1970). 
3. R.  Shakirov and S. Yu. Yunusov, Khim. Pr i rodn .  Soedin., _7, 852 (1971). 
4. G. Adam, K. Schre iber ,  J .  Tomko,  and A. Vassova ,  Te t rahedron ,  23, 167 (1967). 
5. R . N .  Nuriddinov, B. Babacv,  and S. Yu. Yunusov, Khim. Pr l rodn .  Soedtn., 4,  332 (1968). 
6. R . N .  Nuriddinov, B.  Babaev,  and S. Yu. Yunusov, Khim. Pr i rodn .  Soedin., 5, 604 (1969). 
7. E.  Blanhi,  C. D je ra s s i ,  H.Budzikiewiez,  andY.  Sato, J .  Org.  Chem.,  30, 754 (1965). 
8. Y. Sato, H. G. Latham,  J r . ,  and E. Mosettig,  J .  Org.  Chem.,  22, 1496 (1957). 
9. Y. Sato and N. Ikekawa, J .  Org.  Chem.,  25, 786 (1960). 

10. R . F .  7_ffrcher, Helv. Chim. Acta, 46, 2054 (1963). 

755 


