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The ORD method has been used by many  worke r s  in the conformat ional  analys is  of prote ins ,  amino 
acids ,  s te ro id  compounds and alkaloids.  Informat ion on the study of the quinolizidine alkaloids by the ORD 
method has been given only in a few b r i e f  communicat ions  [1, 2]. 

The presen t  paper  gives the resu l t s  of an investigation of the quinolizidine alkaloids spar te ine ,  lupi- 
nine, cytis ine,  and some der iva t ives  of aphyllinic acid. 

Analysis  of the ORD curve  shows that a quinolizidine sys t em having no chromophor ie  group, as in 
pachycarp ine  (I) is cha rac t e r i zed  by a flat curve and may  se rve  as a s tandard in the study of anomalous 
curves  of re la ted  compounds.  

Figure 1 gives the ORD curves  cha r ac t e r i s t i c  for  spar te ine  alkaloids differing f rom one another  in 
the posi t ion of the lac tam group and of the double bonds, and in configuration.  

The ORD of (+)-aphylline (II) which contains a t r ans -c i s -qu ino l i z id ine  sys t em with the lac tam group 
in ring B in its molecule  has an anomalous  curve  with a posi t ive Cotton effect  (CE). The effect  of the back-  
ground has no apprec iab le  influence on the sign and shape of the curve  (see Fig. 1). In (+)-lupanine (IH) 
with the lactam carbonyl  in ring A, the CE is also posi t ive.  

A s t e r e o i s o m e r  of aphylline - (+)-cr-isoaphylline (IV) with a t r ans - t r ans -qu ino l i z id ine  sys t em - has 
a posi t ive CE at 235 nm. 

The ORD curve  of (+)-17-oxopachycarpine (V) with a cis-quinol izidine linkage of the nuclei around 
f 

the ~ N - - C = O  group differs  in shape and sign f rom the curves  of (III) and (IV); as in the case  of (II) the 
effect of the background plays no fundamental  par t  (see Fig. 1). 

It  follows f rom what has been said that the a r r angemen t  of the lac tam carbonyl  in a c i s -  o r  a t r a n s -  
quinolizidine nucleus adjacent to the a s y m m e t r i c  cen te r  affects  the sign, shape, and mo lecu l a r  ampli tude 
of the ORD curve  (Table 1). A s i m i l a r  re la t ionship has been obse rved  for  the s te ro id  ketones [3-6] and 
for  some alkaloids of the spar te ine  s e r i e s  [1]. A m o r e  complex pa t te rn  is observed  where  the molecule  

contains two lac tam groups.  For  example ,  the curve  
TABLE 1 

[Position ~eak, I 
Compound -~-0 axl°-2 ~aXl°-2 [k,nm ~x,nm 

(+)-Lupanine 
(+)-Aphylline 
(+)-lT-Oxo- 

pachycarpine 

120 
17 

+1052 
+365,6 

+228,0 

240 I - .4-~6,4 234 6 

+824,0 216 24 

of oxoaphylline (VI) p o s s e s s e s  a dist inct  negative CE. 
This difference is obviously connected with the v ic i -  
nal a r r angemen t  of the two carbonyl  eh romophores ,  
which is analogous to that found in the cyclic  dike-  
tones [3]. 

The a r r a n g e m e n t  of the double bond in ring A or  
D of the dehydro der iva t ives  of (II) (see Fig. 1), of 
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TABLE 2 

CompoUnd 

(+) -Aphylline 
(+)-Aphyllidine 
(+)-Dehydro- 

aphylhne 

j~ . [ ~ ] ' , i  ~ 

2O 

~0 

J 
11_ I 

-',5 

-ZO 

,~00 720 

IPosition 
of double 
bond 

5-6 
11--12 

a x l O  - 2  

+365,6 
+177=8 

+56.8 

Peak~ 
AaXl°-I ~.,nm A),;Ilm 

L -I-308,8 9.35 1 

R] - 

P,, 8 z 

g Ri-Sj'H R£O 
~j Rro, Rfvq,. 

0 

0 

240 tOO 250 300 ?20 
X, nm 

Fig. 1. ORD curves  of (+)-pachycarpin (I), (+)- 
aphylline (II), (+)-lupanine (III), (+ ) -~ - i soaphy l -  
line (IV), (+)-17-oxopachycarpine (V), (+)-oxo- 
aphylline (VI), (+)-aphyllidine (VII), and (+)- 
dehydroaphyll ine (VIII). 

The intensi ty of the f i r s t  posi t ive ex t r emum at 

(+)-aphyllidine (VII), and of (+)-dehydroaphyll idine 
(VIII) affects  the magnitude of the m o l e c u l a r  rotat ion 
while the sign of the curve  does not change (Table 2). 

The dehydro der iva t ives  of aphylline have a 
slight ba thochromie  shift as  compa red  with aphylline.  

F igure  2 gives the ORD curves  of ( - ) - t e t r a h y -  
drocyt i s ine  (IX) and (-)- isolupanine (X) with the t r ans  
linkage of r ings A/B.  The ORD curves  di f fer  only by 
the ampli tude of the rotat ion,  in spi te  of the absence  
of ring D in (IX}. 

In an analys is  of the s p e c t r a  of ( - ) - t he rmops ine  
(XI) and ( - ) -anagyr ine  (XII), which a r e  e p i m e r s  at 
Cll, it can be seen that  because  of the p r e sence  of an 
~ -py r idone  ring the curves  a r e  e x t r e m e l y  s i m i l a r  
(Fig. 3). 

Curves  with a broad unreso lved  peak  and with 
two max ima ,  which may  be cons idered  as the s u p e r -  
posit ion of two par t i a l  m o l e c u l a r  rotat ions a re  cha r -  
a c t e r i s t i c  for  (XI) and (XII). 

The f i r s t  pos i t ive  ex t r emum in the cu rves  of 
(XI) and (XII) at 280 nm is due to the n-~r * t rans i t ion  
in the lac tam group and co r re sponds  approx ima te ly  
to the absorpt ion  m a x i m u m  in the UV region [9, 10] 
(Table 3). The second peak, at  240 nm, is due to a 
v-~r* t rans i t ion  in the a - p y r i d o n e  ring. 

Cytis ine (XIII) and argent ine  (XIV) belong to 
another  group of alkaloids with the ~ - p y r i d o n e  ring. 
Cha rac t e r i s t i c  for  them a re  unreso lved  curves  with 
two m a x i m a  due to a l ac tam carbonyl  conjugated with 
double bonds, the curve  for  (XIV), consis t ing of two 
cyt is ine  f ragments  having a peak with an intensi ty 
approx imate ly  twice that for  compound (XIII) (see 
Fig. 3). 

The ORD curve  of N-methy lcy t i s ine  (X'V) is 
s i m i l a r  in sign and shape to that of (XIII), but is d i s -  
placed in the long-wave direct ion.  The di f ference  in 
the mo lecu l a r  ampli tude is large,  which is due to the 
influence on the rotat ion of a methyl  group in the 
equator ia l  posit ion (Table 4) [3, 7]. 

272 is s l ightly g r e a t e r  in (XVI) than in cyt is ine  and its 
I l 

der iva t ives  which is apparent ly  the resu l t  of the lr-Tr* t rans i t ion  of the - - C = C  bond in the (~-pyridone 
ring and of the n-Tr * t rans i t ion  of t h e - N = O  bond. 

Figure  4 gives some  ORD curves  of lupinine (XVII) and its de r iva t ives  with CEs a lmos t  approximat ing  
to smooth cu rves .  The shift  of the curve  of epilupinine (XVIII) as compared  with that  of (XVII) is due to the 
different  or ienta t ions  of the substi tuent  about the a s y m m e t r i c  cen te r  [axial in (XVII) and equator ia l  in 
(X'VIII)]. The curve  of epilupininic acid (XIX) is s im i l a r  in shape to the curves  of other  carboxyl ic  acids [11], e s -  
pecial ly  to that of aphyll ie  (XX). The curve of epilupininoylpiperidine (XXI) has a t rough at 238 nm. 

In aphyllinic acid (XX) the re  is a weak ca rbony l -g roup  chromophone:  (XX) appea r s  in the fo rm of a 
cu rve  with a trough at 220 nm as the r e su l t  of a n-~* t rans i t ion  in the carbonyl  of the ca rboxy  group.  

Smooth posi t ive  curves  with a gentle inflection in the 235 nm region a r e  c h a r a c t e r i s t i c  for  methyl  and 
ethyl aphyl l inates  (XXII and XXIII); a negat ive curve  with a gentle inflection in the 235 nm region is c h a r -  
ac t e r i s t i c  for  aphyl l inamide (XXIV). 
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Fig. 2. ORD curves  of ( - ) - t e t rahydrocy t i s ine  (IX} and ( - ) -o t - i so lupa-  
nine (X). 

Fig. 3. ORD curves  of ( - ) - the rmops ine  (XI), ( - ) -anagyr ine  (XII), ( - ) -  
cyt is ine  (XIII), ( - ) -a rgen t ine  (XIV), ( - ) -N-methy lcy t i s ine  (X-V), and N- 
n i t rosocyt i s ine  (XVI). 

The behavior  of the - C O - N H  2 a n d - C O - O H  groups is e x t r e m e l y  s imi l a r ,  which is in ha rmony  with 
l i t e ra tu re  informat ion [7]. Ethyl N-benzoylaphyl l inate  is cha r ac t e r i z ed  by a negative curve  with t roughs 
and a peak  c lose  to the axis of zero  rotation.  Aphylline alcohol (XXVI) is cha rac t e r i zed  by a smooth curve.  

The hydroxy group absorbs  in the fa r  UV region, and at the present  t ime  it is p rac t i ca l ly  imposs ib le  
to m e a s u r e  ORDs in the region of absorpt ion of the hydroxy chromophore  [7, 12]. 

On the basis  of an analys is  of the curves  of model  compounds,  it has been found that  of the t e t r a c y -  
clic s y s t e m s  with an ot-pyridone ring the g rea t e s t  mo lecu l a r  ampli tude is cha r ac t e r i s t i c  of the e p i m e r s  
with the t rans-quinol iz id ine  linkage of the nuclei,  as in the case  of (XI) as compared  with the corresponding.  
cis e p i m e r  (XII), while the opposite pa t te rn  is found for  the hydrogenated compounds (III) and (X). 

Curves  of approx imate ly  smooth fo rm a re  cha rac t e r i s t i c  for  der iva t ives  of lupinine and aphyllinic 
acid. In the case  of aphyllinic acid, the introduction of var ious  subst i tuents  shifts the curves  in the long- 
wave direct ion.  

TABLE 3. UV Spect ra  of Some Quino- 
l izidine Alkaloids 

Compound I xmax, log e ISolvent Reference 
I nm 

Lupanine r 215 
Aphyllidine 240 
Anagyrine {~0~ 

Cytisine { 234 
310 

N-Methyl- t ~0~ eytisine 

Argentine { 
232 
3O9 

3,7 
3,94 
3,82 
3 , 8 9  

3,7 
3 , 8  
3,7 
3,9 
4,19 
4,16 
4,19 
4,16 

C2HsOH 

CH30H 

C~H60 H 

[13] 
[14] 
[]5] 

[z6] 

[is] 

[17] 

[181 

The above facts  indicate that  the s tandard curves  of the 
quinolizidine alkaloids can be used for  the i r  identification and 
for  the de terminat ion  of the spat ia l  s t ruc tu re  of this group of 
alkaloids.  

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

The ORD curves  were  taken on a Cary -60  spec t rophotom-  
e te r  (Institute of the Chemis t ry  of Natura l  Compounds,  Acad-  
emy of Sciences of the USSR). 

The range of m e a s u r e m e n t s  of the UV spec t r a  was 190- 
400 nm. Ethanol was used as solvent.  
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TABLE 4 

Compound ] Subgtituent R 

Cytisine --H 
N-Methylcytisine [ --CHa 
Nitrosocyfisinc [ --N:O 
Argentine -- C,2H.N202 I 

I l l , Ix i0 "~ 

i ~  ~, R~,x A~a, RrgO0, 
~x,, Rt, H, R~ COOC.~ ~ x~,r~ ~x., R,,,H,e,~, COOC~",, \ 
~XlV aTlt, R[COlllH~, 

' ' ~ .  ~Zl xxv RTCOCmH~,R~I;O(}C:Pfl ~ ~ ' ~  xxvz RTH. R~ CH,~OH 

a×lO-2 

+1056,3 
+180,3 
+]052,0 
+1731,4 
--1741,0 

~eak t 
AaXIO-2 ]X,llm ] AX, n m  

233 
242 "; 

+4,3 t 245 12 
+674,9 1 
--}-2797,5 ~ 205 27 

200 240 250 320 

~v. R= CHtOH ~01 
xv~. R= CH~OH I PA 
.x R= COQH 
,(xl R= GOCsHlON 

370 A. o m  

Fig. 4. ORD curves of (-)-lupi- 
nine (XVII), (+)-epilupinine (XVIII), 
(+)-epilupininic acid (X-IX), (+)- 
aphyllinic acid (XX), (+)-epilupi- 
ninoylpiperidine (XXI), methyl (+)- 
aphyllinate (XXII), ethyl (+)-aphyl- 
linate (XXT[I), (+)-aphyllinamide 
(XXTV), ethyl (-)-N-benzoylaphyl- 
linate (XXV), and (+)-aphylline 
alcohol (XXVD. 

3 .  

4. 
5. 
6 .  

7. 

8. 

The dependence of the molecu la r  rotation [M] on the wave- 
length (X) of the compounds investigated was i l lus t ra ted  graphi-  
cally. 

SUMMARY 

1. The ORD curves of alkaloids of the sparteine, lupinine, 
and cytisine groups and of some derivatives of aphyllinic acid 
have been investigated. In the compounds investigated with an 
o~-pyridone ring the epimers with the trans-quinolizidine linkage 
of the nuclei have a greater molecular amplitude than the cor- 
responding cis isomers. 

2. It has been shown that the alkaloids with a lactam group 
in an outer ring have higher molecular amplitudes than the cor-  

I 
responding compounds with the >N--C=O group in an inner ring. 
A dependence of the shape, sign, and molecular amplitude of the 
curves on the type of linkage of the quinolizidine nuclei and also 
a dependence of the molecular rotation of the position of a double 
bond in ring A or D have been given. 

3. Derivatives of lupinine and of aphyllinic acid are charac- 
terized by curves approximating to a smooth shape with low-inten- 
sify anomalies,and in the case of the derivatives of aphyllinic 
acid studied they are shifted in the long-wave direction. 

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

1. S. Iskandarov and S. Yunusov. Khim. Pr i rodn .  Soedin., 494 
(1970). 

2. J.  Skolik and M. Wiewiorowsky, Bull. Acad. Polon. Sci., Ser. 
Sci. Chim.,  17, 201 (1969). 

C. Djerass i ,  Optical Rotatory Dispersion, McGraw-Hill ,  New York (1960). 
E. W. Foltz,  A. E. Lippman, and C. Djerassi ,  J. Amer.  Chem. Soc., 7.77, 4359 (1955). 
C. Djerass i  and W. Closson, J. Amer .  Chem. Sot.,  7_.~8, 3761 (1956). 
C. Djerass i ,  J. Osiecki, and B. Riniker, J. Amer.  Chem. Sot. ,  80, 126 (1958). 
G. Snatzke, Optical Rotatory Dispersion and Ci rcu la r  Dichroism in Organic Chemistry ,  Heyden and 
Sons, London (1967). 
C. Djerassi ,  R. Records,  E. Bunnenberg, K. Mislow, and A. Moscowitz, J. Amer.  Chem. Soc., 8_~4, 
870 (1962). 
C. Y. S. Chen and C. A. Stevenson, J. Phys. Chem., 7_~3, 1642 (1969). 9. 

10. H . E .  Zaugg, J. Amer .  Chem. Soc., 8_.~2, 2903 (1960). 
11. C. Djerass i  and W. Closson, J. Amer.  Chem. Soc., 81, 4587 (1959). 
12. P . M .  Jones and W. Klyne, J .  Chem. Soc., 1960, 871. 
13. O. Edwards,  et al.,  Can. J .  Chem., 32, 235 (1954). 
14. W. Crow, Austr .  J .  Chem.,  1_~2, 474 (1959}. 
15. F. Bohlmann, D. Rantz, and C. Arnot,  Ber . ,  91, 2189 (1958). 
16. W. Cockburn and L. Marion, Can. J.  Chem., 29, 13 (1951). 

325 



17. K. Orazgil'diev, Kh. A, Aslanov, and A. S. Sadykov, Izvestiya AN Turkm SSR, Ser. Fiz. Tekh. i Khim. 
Nauk, 6, 116 (1967). 

18. Faro Khoang Nhok, Yu. K. Kushmuradov, Kh. A. Aslanov, and A. S. Sadykov, Trudy TashGU, 3, No. 
341, 99 (1968). 

326 


