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The s t ruc tu re  and configuration of imper ia l ine  have been es tabl ished previous ly  [1, 2]. It  contains 
secondary  and t e r t i a ry  hydroxy groups and a carbonyl  group. When irnperial ine was heated in alcoholic 
alkali, Chu and Loh obtained i so imper ia l ine  with mp 226-228 ° C [3], the UV and IR s p e c t r a  of which lacked 
the absorpt ion bands of a carbonyl  group. We es tabl i shed that  f so imper ia l ine  is a mix tu re  of two b a s e s  
[4]. We obtained these  bases ,  with mp 205-207 ° C and 221-223 ° C, by a p r e p a r a t i v e  method. It was e r r o n e -  
ously cons idered  that when the i so imper i a l ines  were  heated in 10% sulfuric  acid at 95 ° C they were  con-  
ver ted  into imper ia l ine .  The mutual  t r ans fo rma t ions  of imper ia l ine  into the i so imper i a l ines  and of the 
i so imper ia l ines  into imper ia l ine  led us to e r roneous  conclusions:  inappropr ia te  s t ruc tu ra l  f o rmu la s  were  
proposed  for  the i so imper ia l ines .  

In a fu r the r  investigation of the products  of the i somer iza t ion  of imper ia l ine ,  it was es tabl ished that 
the p rev ious ly - i so la t ed  f i - i so imper ia l ine  is  a pure  product  while (~- isoimper ia l ine  was not adequately 
purified.  The p u r e  ~ - t s o i m p e r i a l i n e  that we have now obtained mel t s  at 239-240 ° C. In addition, in a r e -  
peated study of the action of 10% sulfur ic  acid on ~ -  and f l - i so imper ia l ines  it was found that the l a t t e r  is 
s table  in an acid med ium and is not conver ted  into imper ia l ine .  The cz- and f l - i so imper i a l ines  a r e  not 
reduced by sodium in n-butanol  or by sodium te t rahydrobora te  in aqueous methanol .  

The m a s s  spec t r a  of the a -  and f i - i so imper ia l ines  have c h a r a c t e r i s t i c  peaks  of ions with m/e :  98; 
111; 112 (100%); 154; 155; 156; ( M -  57)+; ( M -  45)+; ( M -  43)+; ( M -  19)+; ( M -  15)+; M + (431). 

The s chemes  of the f ragmenta t ion  of (~- and f l - i so imper ia l ines  and imper ia l ine  [1] a r e  s i m i l a r  in the 
main; they differ  only by the value of the molecu la r  ion. In the (~- and f i - i so imper ia l ines  the molecu la r  
ion has m / e  431, and in imper ia l ine  it is 429. 

The facts  given show that /3-  and a - i s o i m p e r i a l i n e s  lack ketol bonds. In addition, they have made it  
poss ib le  to sugges t  that B- i so imper ia l fne  is identical  with d ihydroimper ia l ine  and ~ - i s o i m p e r i a l i n e  with 
i sodihydroimper ia l ine .  

For  a d i rec t  compar i son  of the subs tances  mentioned, d thydroimper ia l ine  and i sodihydro imper ia l ine  
were  isola ted f r o m  the products  of the reduction of imper ia l ine  with meta l l ic  sodium in n-butanol.  Thus, 
it has  been es tabl i shed that reduction wi th  sodium in butanol  f o r m s  not only i sodihydroimper ia l ine ,  as 
descr ibed  by Chu and Loh [3] and by Boit [5], but also d thydroimper ia l ine .  Fo r  compar i son ,  d ihydro-  
imper ia l ine  and i sodihydro imper ia l ine  were  also obtained by the reduction of imper ia l ine  with sodium t e t -  
r ahydrobora te  in aqueous methanol ,  in the reduction of imper ia l ine  with sodium and n-butanol ,  the main 
product  was i sodihydroimper ia l ine ,  while in the reduction with sodium borohydra te  it  was d ihydro imper i -  
aline. 

The resu l t s  of a d i r ec t  de te rmina t ion  of the mel t ing  point  of mix tu res  and of a compar i son  of IR 
s p e c t r a  (Fig. 1) showed the identity of f l - i so imper ia l ine  and dihydroimper ia l ine ,  on the one hand, and of ~ -  
i so imper ia l ine  and isodihydroimper ia l ine ,  on the other .  

No reduct ions of a carbonyl  group with an ethanolic solution of caust ic  po tash  have been desc r ibed  in 
the l i t e ra tu re .  Apparently,  in this reac t ion  the ethanol is the reducing agent  and the caust ic  potash is a 
catalyst .  The m o s t  l ikely reduction mechan i sm he re  can be r ep re sen t ed  in the following way: 
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The cor responding  configurations of d ihydro imper ia l ine  and isodthydroilr~perialine were  de te rmined  
by compar ing  the NMR s p e c t r a  of the bases  and their  acetyl  der iva t ives  with the NMR spec t r a  of i m p e r i -  
aline and ace ty l imper ia l ine  (Fig. 2}. 

The NMR s pec t rum  of d ihydroimper ia l ine  exhibits the following cha rac t e r i s t i c  resonance  signals: 
s inglets  at  0.93 ppm (3H, 19-CH 3) and 1.0 ppm (3H, 21-CH3 ), doublet at 1.01 ppm (3H, 27-CH 3) and (J = 6.5 
Hz), two-proton mul t ip le t  with a center  at 3.56 ppm (2H, H a - C  3 -  and -C20-OH), and a one-proton mult iplet  
at 3.75 ppm (IH, H e - C G - ) .  The NMR spec t rum of d iace ty ld ihydroimper ia l ine  exhibits s inglets  at 0.92 
ppm (3H, 19-CH3), ].01 ppm (3H, 21-CH3), and 1.95 ppm (3H, - C  3 -  COOCH3(e), 3H, -C6-COOCH3(a) ) ,  a 
doublet at  1.01 ppm (3H, 27-CH3), and mult iplets  at  3.46 ppm (H, -C20-OH), 4.65 ppm (H, H a - C  6 -  
COOCH 3 ), 4.89 ppm (H, H e - C  3 -  COOCH a ). In the NMR spec t rum of i sodihydroimper ia l ine  the re  a re  s in-  
glets  at  0.72 ppm (3H, 19-CH 3) and 1.0 ppm (3H, 21-CH3), a doublet at 0.99 ppm (3H, 27-CH a ) (,T= 6.5 HZ), 
and a mulf iplet  with a cen te r  at 3.43 ppm (3H, C 3 -  Ha; C6-He;  C20-OH), and in the IR spec t rum of d i -  
ace ty l i sod ihydro imper ia l ine  the re  a re  singlets  at 0.79 ppm (3H, 19-CH 3 ), 1.0 ppm (3H, 21-CH a), and 1.95 
ppm (6H, C a -  COOCH3(e) and C6-COOCH3(e) ), a doublet at 0.99 ppm (3H, 27-CH3), and mult iplets  at 3.20 
ppm (H, C20-OH) and 4.60 ppm (2H, H a - C  3 -  COOCH a and H a - C 6 - C O O C H  3). 

In the NMR s pec t rum  of imper ia l ine  there  a r e  s ingle ts  at 0.67 ppm (3H, 19-CH 3) and 0.99 ppm (3H, 
21-CHa), a doublet  at 0.98 ppm (3H, 27-CH a) (J = 7 Hz), and a mult iplet  at 3.45 ppm (2H, H a - C  a and C20- 
OH), and in the NMR s pec t rum  of ace ty l imper ia l ine  there  a r e  s ingle ts  at 0.69 ppm (3H, 19-CH a ), 0.99 ppm 
(3H, 21-CH a ), 1.95 ppm (3H, C3OOCHa(e)), and 3.44 ppm (H, C20--OH), a doublet at 1.01 ppm (3H, 27-CH3), 
and a mult iplet  with a cen te r  at 4.06 ppm (H, H a - C  3 -  COOCH 3 ). 

The facts  given show that the chemical  shift  f r o m  the 19-methyl  proton of imper ia l ine  moves down- 
field by 5 Hz in the fo rmat ion  of i sodthydroimper ia l ine .  Such a d i sp lacement  of the signal is c h a r a c t e r -  
ist ic fo r  the protons  of a 19-methyl  group when an a - o r i e n t e d  hydroxy group is introduced at C 6 of s teroid  
compounds [6]. The p roposed  configuration for  the hdyroxyl  is also conf i rmed by the fact  that in d iace ty l -  
i sodihydro imper ia l ine  the chemical  shift  f rom the C 6 proton is found in a s t ronge r  f ield at  4.60 ppm, like 
the s ignals  f r o m  the ax ia l ly -or ien ted  protons  at C 3 of ace ty l imper ia l ine  and d iace ty l imper ia l ine .  This 
f igure is cha rac t e r i s t i c  of the axia l ly-or iented  pro tons  of the s teroid  alkaloids [7]. 

Fu r the rmore ,  the chemical  shifts of the protons  of the 19-methyl  group of d ihydroimper ia l ine  a re  
moved downfie]d by 26 Hz as compared  with the signal f r o m  the cor responding  group of imper ia l ine .  The 
di f ference  in the chemica l  shifts of thei r  acetyl der iva t ives  is 23 Hz. These  r e su l t s  a re  v e r y  c lose  to the 
values of the shif ts  found fo r  s teroid  compounds [6] having ax ia l ly-or ien ted  hydroxy and acetyl  groups at 
C 6, which is once again conf i rmed in the NMR spec t rum of d iace ty ld ihydroimper ia l ine  by a one-pro ton  
signal at 4.9 ppm c h a r a c t e r i s t i c  of an equa tor ia l ly -or ien ted  proton on a carbon a tom connected with an 
acetyl  group [7]. 

Consequently, in d ihydroimper ia l ine  the hydroxy group at C 6 has the/3-axia l  orientat ion,  and in isodi-  
hydro imper ia l ine  it has the a - equa to r i a l  orientat ion.  

Thus, the following configurat ions have been proposed for  d ihydroimper ia l ine  (II) and i sodihydro-  
imper ia l ine  (III): 
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E X P E R I M E N T A L  

The IR spec t ra  were  taken on a UR-20 spec t rome te r  (tablets with KBr), the mass  spec t ra  on an MKh- 
1303 instrument ,  and the NMR spec t ra  on a JNM-4H-100/100 MHz spec t rome te r  (in CDCI 3). 

g 

.~J 3000 3,I00 3200 3000 2800 2~00 1200 ~$00 I3~0 y00 900 ?00 

3~00 3¢00 3200 3000 ~800 2~00 1700 l~oo ¢300 ~¢00 ooe 7oo 
Frequency c m  "1 - 

Fig. 1. IR spec t ra  of imperial ine (I), d ihydro-  
imperi~l~ne (II), and isodihydroimperia l ine (III). 
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Fig. 2. NMR spec t ra  of tmperial ine (I), d ihydroimper ia l ine  (IT), 
i sodihydrotmperia l ine (III), acetyl imper ia l ine  (IV), d iacetyldihydro-  
imper ia l tne  (V), and diacetyl isodihydroimper ia l ine  (VI). 
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A mixture  of imperial ine (2 g) and caustic potash (20 g) in 40 ml of ethanol was heated in the boiling 
water  bath for  5 h. The reaction product was mixed with 200 ml of water  and extracted with chloroform. 
The chloroform solution was washed with water and evaporated. The residue - a viscous light brown 
product  - was converted into a powder in vacuum, dissolved in a mixture  of benzene and ch loroform (4 : 1), 
and chromatographed on A1203 (l = 2 cm; d = 2.5 cm). The reaction products were eluted with a mixture 
of benzene and chloroform (4 : 1) and f rom the moment  when isodihydroimperial ine appeared in the eluate 
elution was continued with m e thano l - ch lo ro fo rm  (1:4).  The eluates were collected in fract ions of 10-15 ml 
and the evaporation res idues  were c hromatographed on a thin layer  of A1203 and CaSO 4 (9 : 1) in the ethyl 
a c e t a t e - c h l o r o f o r m - m e t h a n o l  (30 :20 :3 )  [1] system.  The eluates contained a mixture of imperial ine and 
dihydroimperial ine,  pure dihydroimperialine,  ani:l a mixture ofdihydroimperial ine and isodihydroimperial ine,  
and, finally, pure isodihydroimperial ine.  After the elimination of the solvent, the mixture of dihydroimpe- 
rialine and isodihydroimperial ine obtained from the eluates was resepara ted  by the above-descr ibed chro-  
matographic  method. A total of 0.880 g of dihydroimperial ine with mp 205-207°C (from acetone), Rf 0.4, 
and 0.270 g of isodihydroimperial ine with mp 239-240°C (from methanol), Rf  0.3 was obtained. 

Action of Sulfuric Acid on Dihydroimperialine. A mixture  of 0.05 g of dihydroimperial ine and 10 ml 
of 10% sulfuric acid was heated for  2 h. The cold acid solution was made alkaline with sodium carbonate, 
and the base" extracted with chloroform. The solvent was distilled off and the residue was chromatographed 
on alumina in sys tem (1). Imperial ine and dihydroimperial ine were used as marker s .  The react ion prod-  
uct and dihydroimperial ine had the same Rf value (0.4). A mixture of the dihydroimperial ine isolated 
f rom the acid solution af ter  recrys ta l l iza t ion  f rom acetone, and of authentic dihydroimperial ine gave no 
depress ion of the melting point. 

Action of Sulfuric Acid on Isodthydroimperial ine.  The t rea tment  of the isodihydroimperialine,  the 
isolation of the reaction product,  and its comparison with authentic isodihydroimperial ine were per formed 
under the conditions of the experiment with dthydroimperial ine.  The isodihydroimperial ine was recovered  
unchanged. 

Reduction of Imperial ine.  A solution of 0.5 g of imperialine in 25 ml of n-butanol was heated at 80°C. 
With constant  s t i r r ing  by a magnetic s t i r re r ,  0.5 g of metall ic sodium was added in small pieces.  The r e -  
action product, after cooling, was treated with water  and extracted with chloroform. The solvent was 
distilled off in vacuum, and the residue was redissolved in chloroform and extracted with 0.5% sulfuric 
acid. The acid solution was made alkaline with sodium carbonate and the base  was extracted with chloro-  
form. The res idue  after the chloroform had been distil led off was dissolved in b e n z e n e - c h l o r o f o r m  (4 : 1) 
and passed through A1203 (l = 2 era; d = 2.5 cm). The elution of the base  was also continued with a mixture 
of benzene and chloroform (4 : 1) and, after  the appearance of an eluate with pure isodihydroimperialine,  
with m e t h a n o l - c h l o r o f o r m  (1 : 4). 

The content of bases  in the eluates was monitored by th in- layer  chromatography in system (1). The 
presence  of fract ions containing a mixture of imperialine and dthydroimperial ine,  pure dihydroimperialine,  
a mixture of dihydroimperial ine and isodihydroimperialine,  and pure isodihydroimperial ine was es tab-  
lished. The mixtures of bases  were repurffied by passage through the adsorbent.  

The f ract ions  of pure bases yielded 0.03 g of dthydroimperial ine with mp 205-207 ° C (from acetone) 
and 0.33 g of isodihydroimperial ine with mp 239-240 ° C (from methanol). A mixture of authentic isodthy- 
droimperia l ine  with the isodihydroimperial ine obtained f rom imperial ine by heating it with alcoholic alkali 
gave no depress ion  of the melting point. 

Reduction of Imperial ine.  At room temperature,  0.2 g of sodium te t rahydroborate  was added g rad-  
ually over 3 h to a solution of 0.5 g of imperialine in 50 ml of 10% aqueous methanol. The aqueous meth-  
anol was distilled off in vacuum, and the residue was dissolved in chloroform and extracted with 5% sulfu- 
ric acid. The acid solution was made alkaline with sodium carbonate and the base was extracted with 
chloroform. On th in- layer  chromatography in  sys tem (1), the residue af ter  the distil lation of the solvent 
yielded spots of dihydroimperial ine and isodihydroimperialine.  The mixture was separated under the con- 
ditions descr ibed for the products  of the reduction of imperialine with sodium and n-butanol. 

In this way, 0.42 g of chromatographical ly pure dihydroimperial ine with rap 205-207 ° C (acetone) and 
0.03 g of isodthydroimperial ine with nap 239-240 ° C (from methanol) were isolated. 

The dihydroimperial ine so obtained was identical with the dihydroimperial ine isolated in the reduc-  
tion of imperial ine with alcoholic alkali. 
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S U M M A R Y  

1. The poss ib i l i ty  has  been shown of reducing a ketone - imper ia l ine  - in alcoholic alkali,  and a p r o -  
posed mechan i sm of this reac t ion  is given. 

2. The configurat ions of d ihydro imper ia l ine  and i sodihydro imper ia l ine  have been es tabl ished.  

1, 
2. 
3. 
4. 
5. 
6. 
7. 
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