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CIRCULAR DICHROISM OF SOME STEROID ALKALOIDS 

G. P. Moiseeva, R. Shakirov, 
and S. Yu. Yunusov UDC 547.944/945 

In the present  paper  we consider  the interconnection between the nature of the c i r cu la r  d ichroism (CD) 
curves  and the s te reochemical  features  of s teroid alkaloids: imperial ine (D, eduardine (II), i sogermine (HI), 
veralodine (IV), and veralomidine (V). The s t ructures  of the compounds investigated have been established 
previously [1-6]. As can be seen f rom Fig. 1, for  the C-nor -D-homos te ro id  alkaloids (I-IID, there are  two 
Cotton effects (CEs) in the CD spectra,  in the 290 and 200 nm regions.  

The sign and amplitude of the CE in the 290 nm region, due to a n --- ~* t ransi t ion in the carbonyl  c h r o m -  
ophore, conf i rms the t rans- l inkage of r ings A/B in compounds (I-Ill9 [7]. In the hydroxy ketone isogermine (HI) 
the Cotton effect connected with the carbonyl chromophore is hypsochromical ly  shifted in compar ison with the 
usual position in 4-ketosteroids .  Such a shift indicates the equatorial  fl orientation of the OH group at C 3. This 
is also confirmed by the fact  that the intensity of the CE of (HI) is a lmost  the same as that of the unsubstituted 
4-oxo compound [7]; in the case  of an axial orientation of the OH group the amplitude of the CE should be con-  
siderably higher. 

The CD spect ra  of compounds (I -m) contain, in addition to the long-wave CE, an intense CE in the 200 
nm region caused by a n --  o ~ t ransi t ion in the C - N  bond. This band disappears almost  completely on acidifi-  
cation, which can be explained by the protonation of the nitrogen (Table 1). An analysis of the CD spec t ra  of 
( I -m) has shown that the nature of the substituents of the c loses t  asymmetr ic  center  at C20 has a substantial 
influence on the shortwave CE. Thus, the replacement  of the hydrogen atom at C20 in (II) by a hydroxy group 
(I, HI) causes a change in the sign of the CE. A negative CE in the 200 nm region may be connected with a 20R 
configuration (II) and a positive CE with a 2OS configuration in compounds (I) and (HI). 

In the CD spectrum of veralodine (IV) (Fig. 2a) there are three CEs. Two of them, at 315 and 240 rim, 
are  due to n -~ r* and r ---r* transit ions,  respect ively (R and K bands) in the ~,fl-unsaturated carbonyl ch romo-  
phore, and the CE in the 205 nm region is connected with the laetam carbonyl.  The nature of the CD spectrum of (IV) 
in the region of the R and K bands is the same as that of tes tosterone [7], which confirms the t rans- l inkage of 
r ings BC and the 8fl,9~ configuration in veralodine. A positive lactam CE at 205 nm is charac ter i s t ic  for  the 
trans-linkage of rings E/F. 

When a methanolie solution of (IV) was acidified, another ( + )CE appeared in the CD spectrum at about 
370 nm and the CE at 315 nm simultaneously decreased in intensity (see Fig. 2a). We assumed that in an acid 
medium dehydration takes place with the appearance of another double bond between C G and C~ which increases  
the size of the sys tem of conjugation and bathochromical ly  shifts the n--" ;*  Cotton effect. 

The CD spect rum of veralomidine (V) (Fig. 2b) is charac te r ized  by two negative CEs at 203 and 195 nm. 
On the acidification of a methanolic solution, the f i rs t  CE decreases  in intensity and the second remains  un- 
changed, and on this basis the f i rs t  CE is ascribed to a n -* o ~* transit ion of the secondary amino group and the 
CE in the 195 nm region to a ; - -  ~* transit ion of the C = C bond. By analogsr with piperidine derivatives [8], 
the negative CE in the 203 nm region may  be connected with the R configuration of the asymmetr ic  center  
c loses t  to the NH group, i.e., in the case of veralomidine,  with the 22R configuration. In order  to confirm the 
possibil i ty of the use of the CE in the 200 nm r e , o n  to determine the configuration of the asymmetr ic  center  
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T A B L E  i 

I. R,=H~; R~=O; Ra----OH; R4- -Rs=H 

II. RI=H2; R..=O; Ra---H; R~- -Rs=H 

III. R , = O ;  Ra=H~; Ra=OH; R~--Rs=OH 

CD s p e c t r a  of i m p e r i a l i n e  (D, e d u a r d i n e  (II), and i s o g e r -  
m i n e  (11I) in CHaOH. 

Com pound 

Imperialine (I) 

gduardine (II) 

Isogermine (IIt) 

Vet alodine (IV) 

Veralomidine (V) 

Methanol 
)'IT1 a x~nlTI 

294 
200 
293 
203 
282 
195 

315 
240 
205 
203 
195 

Methanol+ HCI 
A: ~,m ax,Ill'n [ A~ 

--1,32 
--}-3,03 
--1,43 
--2.46 
- 2,32 
+3,08 

--1,54 
+8,80 
+9,50 
--7,90 
--8,25 

D iox ane 

294 --1,32 
200 -+ O, 20 
293 --1,43 
200 I --0,30 
282 I --2.30 
2OO i +0,25 
370 ~ +0,43 

+10,09 
205 I =9,50 
203 ] -26,O5 
195 I --8,30 

l-ma X, 

298 

3£ 
235 

--1,24 

--1.25 

--2,15 

--1.33 
+8,00 

*In d ioxane  a c o m p l e x  Cot ton  e f fec t  i s  o b s e r v e d  in t h i s  r eg ion ;  
A~ i s  g iven  f o r  the  s t r o n g e s t  m a x i m u m .  

at  C22, we r e c o r d e d  the  CD s p e c t r u m  of  t e t r a h y d r o s o l a s o d i n e  A,  which  h a s  the  22S c o n f i g u r a t i o n  [9]. A s  was  
a s s u m e d ,  in  the  CD s p e c t r u m  of t e t r a h y d r o s o l a s o d i n e  at  205 nm t h e r e  i s  a p o s i t i v e  CE, c o n f i r m i n g  the  22S 
c o n f i g u r a t i o n .  

In  d ioxane  the  n a t u r e  of the  c i r c u l a r  d i c h r o i s m  of the  compounds  u n d e r  c o n s i d e z a t i o n  s c a r c e l y  changes ,  
and i t  i s  only  p o s s i b l e  to  d e t e c t  a s l i g h t  b a t h o c h r o m i c  sh i f t  f o r  the n - - ~ *  Cot ton effects°  

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

T h e  CD s p e c t r a  w e r e  r e c o r d e d  on a JASCO J - 2 0  s p e c t r o p o l a r i m e t e r .  The c o n c e n t r a t i o n  of the so lu t ions  
was  1 m g / m l ,  and the c e l l  t h i c k n e s s e s  w e r e  0.5, 0.2, and 0.05 cm.  Methano l  and d ioxane  w e r e  u s e d  as  s o l -  
ven t s .  F o r  a c i d i f i c a t i o n ,  one d r o p  of c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  was  added  to 5 m l  of a m e t h a n o l i c  s o l u -  
t ion  of a b a s e .  The CD m e a s u r e m e n t s  w e r e  m a d e  one h o u r  a f t e r  the  add i t ion  of the  ac id .  
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Fig. 2. CD s p e c t r a  of vera lodine  (a) and vera lomid ine  (b) in CH3OH 
(1) and CH3OH + HC1 (2). 

S U M M A R Y  

1. The t r ans - l inkage  of r ings A/B in compounds (I-HI) and of r ings B/C and E / F  in veralodine and the 
equator ia l  or ientat ion of the OH group at C 3 in i soge rmine  has been conf i rmed by CD spec t roscopy .  

2. A re la t ionship  has been es tabl ished between the nature of the subst i tuents  and the configurat ions at 
C20 and the sign of the CE in the 200 nm region for  compounds ( I -m) .  

3. The 22R configurat ion has been es tabl i shed for  vera lomidine .  
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