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One of the mos t  convenient methods for determining the configuration of quinolizidine alkaloids is the 
IR spect roscopic  method of Bohlmann et al. [1, 2]. However, this method does not permit  the determination 
of the nature of the linkage of a quinolizidine nucleus containing a lactam group. 

By blocking the noninert nitrogen atom and subsequent reduction of the lactam group in the second 
quinolizidine nucleus it is possible to obtain products,  the IR spect roscopic  investigation of which shows the 
configuration of this f ragment  of the molecule.  

The lithium aluminum hydride reduction of the lactam groups in the methiodides of al lomatrine [3], 
isosophoridine [4], aphylline [5], and 17-oxosparteine [6] (the configurations of which have been definitively 
established and are not subject to doubt) leads to the corresponding desoxo derivatives (Table 1). 

The IR spect ra  of the methiodides have the bands of the lactam carbonyl  (1640 cm-1), and absorption 
in the 2800-2700 cm -1, which is cha rac te r i s t i c  for  t rans-quinolizidine,  is absent. In the spec t ra  of the r e -  
duction products,  the band of the lactam carbonyl  has disappeared and in each case the 2800-2700 cm -1 r e -  
gion cor responds  to the type of quinolizidine compound determined previously (Fig. 1). The resul ts  ob- 
tained show that this method can be applied successful ly  to the determination of the configuration of the 
lactam-containing moiety  of the quinolizidine alkaloids. 

We have used this method to study the configuration of the C / D  linkage of sophoridine [7], as a resul t  
of which the c i s - C / D  configuration (i) repor ted  previously [8-10] was confirmed.  Kamalitdinov et al. [11] 
proposed configuration II (ring C in the boat form) for  sophoridine on the basis  of the fact that the dehydrog-  
enation of sophoridine with m e r c u r y  acetate forms 5-hydroxy-6 ,7-dehydromatr ine  (V), which is also formed 
f rom matr ine  (Ill) where the C / D  rings have the t rans  linkage. Let us consider  the formation of one and 
the same 5-hydroxy-6,  7-dehydro compound from matr ine  and al lomatr ine.  

In the molecule of matr ine  0II), the hydrogen atom attached to C 5 has the e - , a  orientation (A/C) and 
the 1,3 e,a mutual a r rangement  with the free e lectron pair  of N1, while in al lomatrine (IV) it has the a - ,a  
orientat ion (A/C) and is 1,3-diaxial with the free pair  of the nitrogen atom. The hydrogen atoms at Cll , a l -  
though they are axial-axial  in both cases ,  are never theless  located on different sides of the plane in r e l a -  
tion to the ~ e lect rons  of Ni. Since on dehydrogenation both i somers  give the same product,  it must  be as -  
sumed that the deformation of the r ings as a resul t  of the formation of the double bond (in the central  po r -  

TABLE 1 

Base 

Allomatrine 
lsosophoridine 
Aphylline 
17 - Oxosp arteine 
Sophoridine 

Methiodides 

m,~S 
295,0 
317,0 
204,5 
212,0 
237,0 

MD, ,deg 

+49,28 
+64,52 
+62,22 
+73,19 
--43,52 

Products of the reduction 
of the methiodides 

mp,°C laiD . deg 

235,0 +58,90 
234.0 +25,14 
194,0 +56,04 
193,0 +14,49 
234,0 --22,55 
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t ion of the molecule)  leads to a change in the o r i en t a -  
t ion of the bonds at the s - c a r b o n  a toms,  i .e. ,  at C 5 and 
Cli .  

6 e . a  

I II 

These  s t a t ements  agree  with the configurat ion of 
the bonds at the s - c a r b o n  a toms es tab l i shed  for  cyc lo -  
hexene [12]. The fo rmat ion  f rom sophoridine of a de -  
hydro product  identical  with 5 -hydroxy-6 ,7 -dehydro -  
ma t r i ne  can be explained in the same  way. 

In the pape r  by Kamali tdinov et al. [11], the m e c h -  
an ism that we proposed  for  the i somer i za t ion  of the 
ma t r ine  alkaloids [10] is  ca tegor ica l ly  subjected to 
doubt. A dist inction mus t  be made between the m e c h -  
an i sms  of the i somer i za t ion  of the quinolizidine bases  
over  1)t/H~ in acet ic  acid and that  of the i r  hydrochlo-  
r ides  onfusion. In the l a t t e r  case ,  the p roces s  takes 
place only when in a c is-quinol izidine s y s t e m  there  is  
a ni t rogen atom capable  of forming a sal t ,  s ince i s o m -  
e r i za t ion  under  the conditions of cata lyt ic  hydrogena-  
t ion is specif ic  with r e spec t  to the a r r angemen t  of the 
neighboring hydrogen a toms and the possibi l i ty  (condi- 
tion} for  a r e v e r s i b l e  p r o c e s s  in the s tage 

\ c  c / ~ '  -->\c--c / 
/ I - - I  \TI~ <- / I  I \ 

K H HI< 

and it does not depend on the degree  of bas ic i ty  of the 
ni t rogen in the quinolizidine f r agment s .  This is shown 
by an enormous  number  of facts  f rom the study of the 
s t e r e o c h e m i s t r y  of catalyt ic  reac t ions ,  e spec ia l ly  ove r  
P t /H2 ,  of de r iva t ives  of decalin,  pe rhydroan th racenes ,  
s t e ro id  compounds,  etc.  [13], where  acet ic  acid is also 

Fig.  1. IR spec t r a  of the methiodides  of the 
cor responding  reduction products  of the m e t h -  
iodides (a): 1) a l lomat r ine ;  2) i sosophoridine;  
3) sophoridine;  4) aphylline; 5) 17-oxospar te ine .  

one of the bes t  solvents  for  pe r fo rming  the react ion,  a l -  
though there  is no ni t rogen in these  molecu les .  

In he te rocyc l ic  compounds,  however ,  the ro le  of the he t e roa tom in these  reac t ions  cons i s t s  only in 
the fact  that  it m a y  affect  the mobi l i t ies  of the a toms of the neighboring points in dependence on its s ta te .  
Kamali tdinov et al .  [11] consider  that  in the cata lyt ic  reac t ion  over  P t / H  2 the "dominating role"  is played 
by the ni t rogen and, s ince in sophoridine NI6 is inert ,  the C / D  linkage cannot change the configurat ion.  
These  authors  endeavored  to support  the i r  conclusions by the fact that  17-oxospar te ine  r ema ins  unchanged 
under  these condit ions.  According to this ,  in the reac t ion  under  considera t ion  aphylline should be i s o m e r -  
ized (there is no l ac t am in the cis nucleus),  but it does not in fact  i s o m e r i z e .  It will be e r roneous  s imply  
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to cons ider  two comple te ly  different  s t r uc tu r e s ,  the ma t r i ne  and spar te ine  s t ruc tu re s ,  since in the l a t t e r  
the re  is a "r igid"  br idge s y s t e m  which ensu re s  the specif ic i ty  of the r e su l t s  of the dehydrogenation and 
hydrogenat ion of these  s y s t e m s  and, consequently,  the i r  i somer i za t i on  as well .  The signif icance of the 
l ac tam group in the C / D  linkage of the ma t r ine  alkaloids,  as ment ioned above, cons i s t s  in a ce r ta in  influ-  
ence which it  has  on the mobil i ty  of the pro tons .  

This  is  c l ea r ly  seen f rom our previous  paper  [10], where  it is shown that sophoridine (containing a 
l ac t am group) is i s o m e r i z e d  comple te ly  to isosophoridine over  P t / H  2 in glacial  CH3COOH , while i ts  l a c t a m -  
f ree  der iva t ive  r ema ins  unchanged. 

Thus,  all the facts  comple te ly  conf i rm the hypothesis  which we put fo rward  concerning the reac t iv i ty  
of l ac tam-con ta in ing  quinolizidine s y s t e m s  in i somer i za t ion  reac t ions .  

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

The IR spec t r a  were  taken on a UR-10 ins t rument  (tablets with po tass ium bromide) .  The mel t ing  
points were  de te rmined  on a Kofler  block and the [~]D values  in ethanolic solut ions.  The analyses  of the 
compounds co r re sponded  to the ca lcula ted  f igures .  

The methiodides  of a l lomat r ine ,  i sosophoridine ,  sophoridine,  aphylline, and 17-oxospar te ine  were  ob- 
tained by boiling the cor responding  bases  with a smal l  exces s  of methyl  iodide in acetone.  The methiodides 
were  washed with acetone and were  then r e c r y s t a l l i z e d  f rom a c e t o n e - e t h a n o l  (1 : 1) (see Table 1). 

P roduc t s  of LiA1H 4 Reduction.  The appropr ia te  methiodide (1 g) was finely d i spe r sed  in 100 ml of ab-  
solute e the r  and was reduced  with 0.6 g of LiA1H 4 in 100 ml of absolute e the r .  The reac t ion  mix ture  was 
shaken for  30-40 min and was then boiled for  4 h. After  cooling, the excess  of LiA1H 4 was decomposed  with 
wate r .  The e the rea l  l aye r  was s epa ra t ed  off and the res idue  (a cu rd - l ike  mass )  was washed repea ted ly  
with absolute ethanol .  Af ter  the e l iminat ion of the solvent ,  the res idue ,  which contained the reduction p rod-  
uct and a v e r y  smal l  amount of the initial methiodide,  was ch romatographed  on columns of A1203 (activity 
grade  II), the products  being eluted with a mix tu re  of acetone and ethanol (1:1) .  

El iminat ion  of the solvent f rom the f rac t ions  containing the pure  reduct ion product  gave the  l a t t e r  in 
the c rys ta l l ine  s ta te .  The composi t ion of the product  of the reduction of sophoridine methiodide was 
C16H29N2I. 

S U M M A R Y  

A method has  been proposed  for  the de terminat ion  of the configurat ion of l ac tam-conta in ing  quinolizi-  
dine alkaloids.  

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

1. F.  Bohlmann, Chem.  Be t . ,  91, 2157 (1958). 
2. F.  Bohlmann, W. Weise,  D. Rahtz,  and C. Arndt,  Chem.  Ber . ,  91, 2176 (1958). 
3. K. Tsuda and H. Mishima,  P h a r m .  Bull. (Tokyo), 5, 285 (1957). 
4. F. Rulko, Zh. Obshch. Khim.,  3_22, 1695 (1962). 
5. A . I .  Ishbaev,  A. S. Sadykov, and Kh. A. Aslanov,  Zh. Obshch. Khim.,  35, 194 (1965). 
6. A . P .  Orekhov,  I.  I .  Kabachnik,  and P.  Ya. Kefeli ,  Dokl. Akad. Nauk SSSR, 31, 334 (1941). 
7. A . I .  Begisheva ,  Z. U. Pe t rochenko,  Kh. A. Aslanov,  and A. S. Sadykov, Khim. P r i rodn .  Soedin., 455 

(1969). 
8. F. Rulko and N. F.  P roskurn ina ,  Zh. Obshch. Khim.,  3__22, 1690 (1962). 
9. A . I .  Begisheva ,  Kh. A. Aslanov, and A. S. Sadykov, Khim.  P r i rodn .  Soedin., 371 (1968). 

10. t ~ .  A. Aslanov,  A. S. Sadykov, V. B. Leont 'ev ,  and A. I.  Begisheva,  Khim. P r i rodn .  Soedin., 93 (1969). 
11. D.D.  Kamali tdinov,  S. I skandarov ,  and S. Yu. Yunusov, Khim. P r i rodn .  Soedin., 409 (1969). 
12. E. Eliel ,  N. All inger,  S. Angyal, and G. Morr i son ,  Conformat ional  Analysis ,  In te r sc ience ,  New York 

(1965). 
13. E. Eliel ,  S t e r e o c h e m i s t r y  of Carbon Compounds,  McGraw-Hi l l ,  New York (1962). 

51 


