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The invest igat ion of the spat ia l  s t ruc tu re  of na tura l  ba se s  containing piperidine and quinolizidine 
f r agmen t s  is connected with the study of the conformat ional  p rope r t i e s  of these  s y s t e m s  due to the labile  
cen te r s  in the molecule .  While for  piper idine at l ea s t  two types  of t r ans fo rma t ions  can be i so la ted  [1] (the 
convers ion  of the r ing and the invers ion of the unshared  pa i r  of the nitrogen),  for  the complex  molecu les  of 
the alkaloids of the Ct5 s e r i e s  a g r e a t e r  d ive r s i t y  of these  t r ans fo rma t ions  mus t  be a s sumed  in view of the 
number  of types  of labil i ty and the poss ibi l i ty  of the inhibition of convers ion  and invers ion  p r o c e s s e s .  

Thus,  in a pape r  by Anis imova,  Kost ,  et  al.  [2], the hypothesis  was put fo rward  that the IR s p e c t r a  of 
p iper id ine ,  N-methylp iper id ine ,  and N-dueteropiper id ine  in the liquid s ta te  show the bands of the v ibra t ions  
of two conformat ions ,  while when they a re  f rozen  they show the vibra t ional  s p e c t r a  c h a r a c t e r i s t i c  for  a 
single configurat ion.  The bonds that  d i sappear  at low t e m p e r a t u r e s  were  a sc r ibed  to the v ibra t ions  of the 
a conformat ion  (axial N - H  bond). 

In o rde r  to de te rmine  the labil i ty of the conformat ions  of the quinolizidine alkaloids,  we cons idered  
the IR s p e c t r a  of lupinine (I), epilupinine (l-I), N-methylcy t i s ine  (III), isoaphyll ine (l-V), a - i so lupan ine  (V), 
and aphyllidine (VI) in the solid and d isso lved  s ta tes .  In these  c a s e s ,  the changes in the s p e c t r a  may  de-  
pend on the specif ic  in te rac t ion  of the ba se s  with the molecu les  of the solvent ,  changes in the conformat ions  
during the phase  t rans i t ion,  and the p re sence  of new conformat ions ,  the appearance  of which is a conse -  
quence of complex invers ion  t r ans fo rma t ions  which a re  imposs ib le  in the solid s ta te .  

The IR s p e c t r a  of the alkaloids were  r eco rded  on a UR-10 (K. Zeiss)  ins t rument  at a r ecord ing  ra te  
of 50 c m - 1 / m i n .  The samples  were  c rys ta l l ine ,  in the f o r m  of tab le ts  (3 mg of base  in 300 mg  of KBr) or  
in solutions with a concentra t ion  of 0.4 M with a th ickness  of the NaC1 cel l  of 0.15 ram.  Pur i f i ed  CS 2 was 
used  as the solvent .  

As can be seen  f rom Table 1, the dis turbance of the c r y s t a l  la t t ice  by the solvent  leads to the ap p ea r -  
ance of a s e r i e s  of new bands and to changes in the f requencies  of some bands a sc r ibed  main ly  to complex 
deformat ion  and pulsat ion v ibra t ions  of these  cycl ic  mo lecu le s .  

The p re sen t  paper  gives the r e su l t s  of a study of ba se s  which, unlike piperidine and N-me thy lp ipe r i -  
dine do net par t ic ipa te  in p r o c e s s e s  accompanied  by exchange between axial and equator ia l  C - H  bonds.  
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Scheme 1 
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T A B L E  1. Change in the Abso rp t ion  Bands in the IR Spec t r a  of CS 2 
Solut ion (0.4 M) as C o m p a r e d  with the Spec t r a  of the Solid P h a s e  

Compound 

H ~ H.~ I 

,•H II 

i" 

@: 

Bands in solution, cm -t 
disappearing 

555, 585, 655, 750, 
875, 955, 980, 1000, 
1255, 1305, 1345 

545, 750, 970, 1050, 
1160, 1205, 1225 

515, 720, 770, 810, 
i290, 1455 

515, 545, 565, 790 

525, 550, 575, 1360 

525, 640, 800, 1200 

arisin.g 

565--700 (broad baud), 720, 740,. 
770, 790, 865. 885, 940, 1020, 1220, 1265 

540 (broadening band) 630, 670, 715. 
970, 980, 1210, 3630 (See OH group) 

730, 740--765, 825, 845, 970, 1325 

605, doublet 960 and 965, 1370 

500--525 (broad band) 675 --70(~ 
(broadband) 785, llOO, 1350 

520--540 (broad band) 640, 655, 
675, 800, 830, 1220 

The only f o r m  of labi l i ty  which  m o l e c u l e s  acqu i re  a f te r  d i sso lu t ion  is poss ib le  by the inve r s ion  of the 
bonds  and the u n s h a r e d  p a i r  of e l e c t r o n s  about the n i t rogen  a tom.  In the l iquid phase  at the n o r m a l  t e m p e r a -  
t u r e  t r o u g h - s h a p e d  f o r m s  of  the m o l e c u l e s  m a y  a r i s e  (Scheme 1), s ince  the potent ia l  b a r r i e r  to inve r s ion  
in t e r t i a r y  amines  is 7.46-9.2 k c a l / m o l e  [3]. 

This  t r ans i t i on  takes  p lace  th rough  v ib ra t ions  i n c r e a s i n g  the angle be tween  the C - N  bonds and 
lengthening t h e m .  It is  obvious  that  these  m o v e m e n t s  a re  r e s t r i c t e d  in the c r y s t a l ,  i .e . ,  in  the c r y s t a l s  the 
f r equenc i e s  of these  types  of v ib ra t ions  m u s t  r i s e  and the i r  in tens i t ies  m u s t  d e c r e a s e .  

F o r  cyc l i c  t r i a l k y l a m i n e s  such  bands  a r e  the C - N  s t r e t ch ing  v ib ra t ions  at 827 c m  -1 and the d e f o r m a -  
t ion  v ib ra t ions  at 365 c m  -1 [3]. The inhibi t ion of  i nve r s ion  in the sol id  phase  is shown in a change of m o r e  
than two v ib ra t iona l  c o o r d i n a t e s  and, t h e r e f o r e ,  the ca lcu la t ion  of the i n v e r s i o n  b a r r i e r  by m e a n s  of the 
s imple  f o r m u l a  V = ~'2 [kl{A1)2 + k2(Ao~)2 ] fo r  t he se  s t r u c t u r e s  is not  ob l iga to ry  even in the c a s e  of  the i n t r o -  
duct ion of  s p e c t r o s c o p i c  m a s s e s  in p lace  of cyc l i c  alkyl r a d i c a l s .  

The d i f f e rence  is  o b s e r v e d  m o s t  c l e a r l y  in the change of the v ib ra t iona l  c h a r a c t e r i s t i c s  fo r  lupinine 
and epi lupinine (Fig. 1). The s p e c t r u m  of sol id  epi lupinine has  th ree  bands :  545 (narrow),  607, and 705 
c m  -1, while in solut ion the 540 c m  -1 band is b roadened ,  the 705 c m  -1 band is shif ted to 715 c m  -~, and two 
s t r o n g  bands appea r  at 630 and 670 c m  -1. In lupinine in the sol id  phase  the re  a re  four  bands :  525, 585, 
655, and 705 c m  -1. 

In the l iquid s ta te ,  bands  at 550 and 710 c m  -1 a re  c l e a r l y  t r a c e d ,  and the o the r  v ib ra t ions  f o r m  two 
b r o a d  over lapp ing  bands in the 500 and 570-650 c m  -1 r e g i o n s .  
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Fig. 2. 

IR spect rum of lupinine and epilupinine in the solid phase (a, c) and in CS 2 solution 

NMR spect rum of lupinine (a) and that of epilupinine 0o) in C6H 6 (10~c) at 60 MHz. 

In the spec t ra  of all the bases there is a band at 740, 770 cm -1 which is shifted in the low-frequency 
direct ion in solution (A ~ 10-20 cm-1). The band at 800-820 cm -1 behaves s imi lar ly .  The changes  in the 
frequencies of epilupinine and 0II) are s imi la r .  In solid (I/I) bands are seen c lear ly  at 515, 535, 570, 615, 
660, 705, and 720 cm -i .  Substances (IV), (V), and (VI) behave s imi lar ly ,  with the exception of some details 
(see Table 1). 

The differences in the changes in the vibrational cha rac te r i s t i c s  of lupinine on passing f rom the 
crysta l l ine  state to the dissolved state can be explained by the formation of a comparat ively  stable addition- 
al r ing through an in t ramolecular  hydrogen bond of the -CH2OH axial group with the axial unshared pair  of 
the nitrogen. The presence  of an in t ramolecular  hydrogen bond in lupinine has been shown previously [4-7] 
and is confirmed by our resul ts  (weak band at 3630 cm -1 of a free hydroxyl,  the relat ive intensity of which 
does not r i se  on dilution, and the shape of the band at 3100-3500 cm -1 in compar ison  with the case of epi-  
lupinine) (see Fig. 1). 

The additional r ing in lupinine is possibly fair ly stable and therefore  in solutions its formation has a 
considerable influence on the pulsation and deformation vibrations of the quinolizidine ring. To confi rm 
this, we recorded  the NMR spect ra  of 10~c solutions of lupinine and epflupinine in CC14 and C6H 6 on H-60 
(Hitachi) (Fig. 2) and HA-100 Warian) (Fig. 3) ins t ruments .  

In the spect rum of epilupinine (C6H6) there are  the signals of two equivalent protons at 3.5 ppm, of a 
hydroxy group at 3 ppm, of two equatorial  a -p ro tons  located in the a position to the nitrogen atom at 2.72 
ppm, and those of the other protons at 1-2.2 ppm. In contras t  to epilupinine, lupinine (benzene solution) has 
the signal of the OH proton at 4.65 ppm (same concentrat ion as for epilupinine) and the methylene protons 
of the CH2OH fragment  form the AB part  of an ABXY system,  proton A giving 6 4.0 ppm, JAB = 11.6 Hz, 
JAX = 6 Hz. Pro ton  B gives a signal at 3.65 ppm with JAB = 11.6 Hz and JBX = 3 Hz. This multiplet s t r uc -  
ture  is not disturbed when the sample is diluted. 
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Fig. 3. NMR s p e c t r u m  of lupinine at 100 MHz. 

A compar i son  of the s pec t rum  taken on the H-60 ins t rument  with that obtained at 100 MHz, although 
the genera l  pa t t e rn  is  p r e s e r v e d ,  r evea l s  new detai ls ,  namely  long- range  sp in-sp in  coupling (---1 Hz) of the 
HA proton,  apparent ly  with the axial  proton at C 8 of the quinolizidine r ing.  Since long- range  couplings b e -  
tween H and the C 6 proton are  not shown, this ,  toge ther  with the re la t ive  values  of the vicinal  constants  
JAX, JBX, sh°ws a depar tu re  f r o m  the pure ly  cha i r  conformat ion  of the i n t r amolecu l a r  hydrogen bond of the 
r ing.  

Consequently,  in lupinine the posi t ion of H A is pseudoaxial  and that of H B pseudoequator ia l .  The 
th i rd  proton of the quinolizidine r ing H X at C 7 is pseudoequator ia l  with r e s p e c t  to this new r ing.  

The two equator ia l  a - p r o t o n s  have a chemica l  shift  of 2.82 ppm, and the signal of the axial  protons is 
r e so lved  to a b e t t e r  extent than in epflupinine (1.6-2.2 ppm).  

The fo rmat ion  of an i n t r amoleeu l a r  hydrogen bond in lupinine leads  to a fal l  in the r a t e  of invers ion .  
In actual  fact ,  if  the labi l i ty  of this cen te r  of lupinine is e x p r e s s e d  in a change in the d i rec t ion  of the un-  
sha red  pa i r  together  with the cor responding  rota t ion of the C - N  bond, this p roces s  mus t  lead to a d i s tu r -  
bance  of the i n t r am o l ecu l a r  hydrogen bond and of the r ing,  for  which an additional consumption of energy  of 
3-4 k c a l / m o l e  is r equ i red  (Scheme 2). 

HB\ / ~ H \ 

Scheme 2 

However ,  the low value of the invers ion  b a r r i e r  in this case  makes  it imposs ib le  to invest igate  this p ro ce s s  
in m o r e  detail  by using l o w - t e m p e r a t u r e  technique.  Consequently,  a compara t ive  study of the IR and NMR 
s p e c t r a  of a group of nonconvert ing bases  of the quinolizidine s e r i e s  enables  some  fea tu res  of the p ro ce s s  
to be  de te rmined  in dependence on the detai ls  of the s t ruc tu re  of the molecu les .  

S U M M A R Y  

The IR and NMR s pec t r a  of lupinine, epilupinine, and a s e r i e s  of o ther  alkaloids of the quinolizidine 
s e r i e s  have been studied.  

It  has  been shown that  the inhibition of the invers ion  p r o c e s s e s  in the molecu les  of the alkaloids in 
the solid phase is r evea led  in a change in the nature  of the absorpt ion in the 500-1200 cm -1 region.  
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