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The invest igat ion of the absolute configurat ions and conformat ions  of va r ious  amides  of the quino- 
l izidine s e r i e s  by the optical  r o t a t o ry  d i spers ion  (ORD) method gives valuable informat ion  not access ib le  
by the use  of  other  physical  methods .  In a p reced ing  paper  i t  was shown that the sign of the Cotton effect  
c o r r e l a t e s  with the configurat ion of an a s y m m e t r i c  carbon at tached to a ni t rogen a tom forming  pa r t  of a 
l ac t am grouping [1]. 

The p r e s e n t  pape r  gives the r e su l t s  of a compara t ive  invest igat ion of the ORD curves  of sa tu ra ted  
amides  and alkaloids containing the (~-pyridone chromophore .  The ORD curves  have been r eco rded  (on a 
Cary-60  ins t rumen t  in a cel l  5 m m  thick using 1-2 mg  of substance) of the following compounds:  ( - ) - c y -  
t i s ine  (I), ( - ) -N-methy lcy t i s ine  (H), ( -} -N-ace ty lcy t i s ine  (I~), ( - ) -N-buty lcy t i s ine  (IV), ( - ) - d i cy t i s i n e -N ,N ' -  
ethane (V), ( - ) - a l t e r a m i n e  (VI), ( - ) -d ihydroa l t e ramine  (VII), ( - ) - leont idine (VIII), ( - ) - t he rmops ine  (IX), 
( - ) - anagyr ine  (X, methiodide),  ( - ) -hexahydroa l t e ramine  (XI), ( - ) - t e t r ahydrocy t i s ine  (XII), ( - ) - t e t r a h y d r e -  
leontidine (XIII), ( - ) -hexahydredes -N-methy l leon t id ine  (XIV), (+)-aphylline (XV), (+)-exospar te ine  (XVI), 
( - ) - a - i s o l u p a n i n e  (XVID, (+)-aphyllidine (XVIII), and ( - ) -ma t r id ine  (X'IX). 

The UV absorpt ion s pec t r a  of ~ -pyr idone-con ta in ing  alkaloids a r e  c h a r a c t e r i z e d  by two max ima ,  a t  
234 and 310 nm,  with fa i r ly  high extinction coeff icients:  in the hydrogenation products  t he re  is  absorpt ion 
between 205 and 210 nm [2]. In spite of the fact that  all  the compounds p o s s e s s  a v e r y  low light p e r m e -  
abili ty,  because of the high rotat ion in the region of the opt ical ly act ive bands, it has  been poss ib le  to r e -  
cord  the cu rves  down to 190 nm.  Methanol and wate r  were  se lec ted  as  universa l  solvents .  On compar ing  
the cu rves  obtained in the different  solvents ,  no influence of the po la r i ty  of the medium was observed.  

Alkaloids (I)-(X) give cu rves  (Figs.  1-3) with two Cotton effects  (negative at  about 310 nm and pos i -  
t ive at 230 nm), cor responding  to the absorpt ion m a x i m a  in the UV spec t ra .  

Shifts in the UV spec t ra  due to the s t ruc tu re  of the molecu les  a re  p rac t i ca l ly  absent ,  and in the ORD 
curves  they amount to ~6 nm.  The mos t  hypsochromic  shift  is  found in (HI), and the m o s t  bathochromic in 
(VI). The p r e s e n c e  of subst i tuents  in r ing C affec ts  i t s  conformation,  which leads to a change in the a m -  
plitude of the Cotton effect  of the compounds studied. In the N-a lkyl  homologs of (I) the magnitude of the 
rotat ion changes sl ightly with an i nc r ea s e  in the length of the hydrocarbon chain. The g r ea t e s t  cont r ibu-  
tion to the rotat ion is  made  by the appearance  of a N-ace ty l  group, as  a r e su l t  of pronounced deformat ion 
of r ing C. In these  compounds the influence of subst i tuents  on the ampli tude was the s ame  for  beth ex-  
t r e m a .  Only in case  (HI) did the ampli tude of the second e x t r e m u m  r i s e  sharply .  Matr idine  (XIX) pos -  
s e s s e s  a smooth  ORD curve  down to 200 nm (Fig. 47, which is  due to the absence  of a ch romephore  ab -  
sorbing in a region acces s ib l e  for  study. Consequently,  the absorpt ion at about 220 nm in compounds (I)- 
(IX) may  be a s c r i bed  to the n - -  6" t rans i t ions  of the C - N  bonds of the ni t rogen a tom in posi t ion 2. 

In the spec t r a  of (VIII)-(X), the na ture  of the cu rves  in the 220 nm region and beyond changes sharp ly  
according  to the configuration of the CD r ings .  Some dif ference can be obse rved  on compar ing  the width 
of the Cotton ef fec ts .  The width of the f i r s t  ex t remtun  is  47-52 n m  and that of the second is  20-23 nm. 
The influence of the skele ta l  ef fect  on the width of the e x t r e m a  in these  compounds is  not great ;  the g r e a t e r  
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Fig. i Fig. 2 

Fig. i. ORD curves of (-)-cytisine (1) (i), (-)-N-methylcytisine (II) (2), 
(-)-N-acetylcytisine GII) (3), and (-)-dicytisine-N,N'-ethane (V) (4). 

Fig. 2. ORD curves of (-)-N-butylcytisine (IV) (i), (-)-alteramine (V'I) (2), 
(-)-dihydroalteramine (VII) (3). 
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Fig. 3 Fig. 4 

Fig. 3. ORD c ~ e s  of (-)-leon~ne ( ~ )  (1), (--)-~ermopsine ~ )  (2), 
and (-)-anagy~ne met~o~de (X) (3). 

Fig. 4. ORD c ~ e s  of (-)-tetr~ydroleonti~ne ~ )  (1), (-)-hexa- 
hydrodes-N-methylleon~ne ~ )  (2), and (-)-marline ~ )  (3). 

width  of  the  s e c o n d  e x t r e m u r a  in  (I~I) can  be  e x p l a i n e d  by the a d d i t i v i t y  of the  c o n t r i b u t i o n  to  the  a m p l i t u d e  
of the  Cotton e f f ec t  m a d e  by the c a r b o n y l  of the  N - a c e t y l  g roup .  The  a g r e e m e n t  of the  s i g n s  of the  Cotton 
e f fec t  in the  c u r v e s  of the  a - p y r i d o n e  d e r i v a t i v e s  (I)-(V) and in  (IX) and (X) shows  the  s i m i l a r  a r r a n g e -  
m e n t  of  the  b r idge  a s y m m e t r i c  c a r b o n  a t o m s  tha t  was  shown p r e v i o u s l y  by c h e m i c a l  r e a c t i o n s  [3, 4]. 

Wi th  a change  in  the  c o n c e n t r a t i o n s  of the  so lu t i ons ,  the s p e c i f i c  r o t a t i o n s  of  (D and (TI) change  
s h a r p l y .  In the  c u r v e s  of (I) ob t a ined  at  v a r i o u s  c o n c e n t r a t i o n s  in m e t h a n o l ,  a Cot ton e f f ec t  i s  a b sen t ,  and 
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t he re fo re  it  is  possible to de termine  i t  quanti tat ively by the spec-  
t ropo la r ime t r i c  method. 

In spite of the fact  that optically active absorption in the 
sa tura ted  compounds (XII)-(XVII) appears  in the shor t -wave par t  
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of the spect rum,  the ORD method gives more  in te res t ing  resu l t s  
for  these  than for  the a -pyr idones .  The signs of the Cotton ef -  
fects  in these compounds also show the configurations of the c a r -  
bon atoms at tached to the lac tam ni trogens,  r ega rd less  of whether  
the carbonyl  is  in the outer  or  the inner  ring, which is  i l lus t ra ted  
by the s imi la r  negative Cotton effects  of the alkaloids (XV) and 
(XVII), which have the 6S configuration [2-4]. In compound (XVI), 
where Clt has the R configurations [5], the curve  of the Cotton ef -  
fect  is posit ive.  Depending on the configurations at C 6 and Cti, the 
conformations of r ings AB or CD change. This is  c l ea r ly  re f lec ted  
in the magnitude of the Cotton effect and the width of the ex t rema.  
The highest values a re  found for t rans-quinol iz idones  with the c a r -  
bonyl in the outer  ring. The p resence  of a double bond in (XV) at 
C5-C 6 leads to the disappearance of the a symmet r i c  C6, the sign 
of the Cotton effect  acquiring the opposite rotation. 

Thus, by comparing the ORD curves  of var ious  amides and 
Fig. 5. ORD curves  of ( -} - te t ra -  
hydrocyt is ine  (XID (1), ( -}-hexa-  a -py r idones  of the quinolizidine se r i es ,  i t  i s  possible  to de te r -  

mine the position of the carbonyl  group and the absolute configu- 
hydroa l te ramine  (XI) (2), and 
( - ) -~- i so lupanine  (XVII) (3). ra t ions of the adjacent  a symmet r i c  cen te rs .  

The curves  of leontidine and a l te ramine  have s imi la r  shapes 
and s imi la r  signs to the a -py r idone  der ivat ives .  Differences in 

the magnitude and width of the Cotton effect  a re  due to a skeletal  effect.  This makes  it  possible to deduce 
the s imi la r  R configurations of the C~, C 9 bridge carbon atoms in leontidine and a l teramine .  

On compar ing the ORD curves  of sa tura ted  amides obtained by the hydrogenation of the t r icycl ic  a l -  
kaloids (I}-(V) with the te t racyc l ic  alkaloids, again the dependence of the sign of the Cotton effect  on the C 8 
configuration is  observed  (Figs. 4 and 5). However,  the shift in the optically active absorption as a func- 
tion of the s t ruc tu re  of the compounds is compara t ive ly  g rea te r  than in the a -pyr idones ,  amounting to 20 
nm. The appearance of a fourth r ing in the skeleton of (XII), i .e . ,  in the spectr tun of (XII1), leads to a m a r k e d  
inc rease  in the amplitude of the rotation: the value of the peak r i s e s  far  m o re  s t rongly than that of the 
trough. The cleavage of the C t t - N  ~ bond with the formation of a t e n - m e m b e r e d  r ing (XIV) causes  a d is -  
p lacement  of the ORD curves  to negative values of the rotation, which can be explained by a change in the 
skeletal  effect.  

In the IR spec t rum of leontidine absorption bands appear  between 2800 and 2700 cm - t ,  which shows 
the t rans  linkage of the indolizidine sys tem [6]. A considerat ion of models  of leontidine and t e t r ahydro -  
leontidine show that a t rans  linkage of the C / D  rings leads to the 11S, 15S configuration. Consequently, 
leontidine has the 7R, 9R, 11S, 15S configuration, and tetrahydrodeoxyleontidine the 6S, 7R, 9R, l lS ,  15S con- 
figuration. 

The p re sence  in the IR spec t ra  of a l te ramine  and its hydrogenation products  of the absorption bands 
of c~-trans-axial  hydrogens and the conversion of al lylcyt is ine into a l te ramine  on methylat ion and into 
leontidine on cycl izat ion [7] pe rmi t  the same configuration to be adopted for  them. 

S U M M A R Y  

The possibi l i t ies  of the use of ORD methods for  determining the absolute configuration of amides and 
of ~-pyr idone  alkaloids have been studied and demonstra ted.  
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