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As is well known, quinolizidine, a ni trogen-containing analog of decalin, can exist  in cis  and trans 
conformations,  cis-Ouinolizidine is an unstable form,  and the trans conformation, exhibiting inversion 
about the nitrogen atom in solutions, can general ly be converted into the cis  form only under severe  and 
specific conditions [1-4]. In a preceding communication [5], we gave the resul ts  of an investigation of the 
p rocesses  of inversion in the molecules of lupinine (I) and epilupinine (lI) by !R spectroscopy in the liquid 
and solid states; it was observed that the change in the spect ra l  cha rac te r i s t i c s  was connected with a 
change in conformations in the phase transit ion and with the inhibition of inversion p rocesses .  In a study 
of PMR spectra,  conformations I and II and an additional s ix -membered  ring of lupinine, formed through an 
int ramolecular  hydrogen bond between the CH2OH group and the nitrogen atom, were determined.  

The s t ructural  factors  through which the spatial s t ruc tures  (I) and (lI) are  distinguished affect the 
conformational transit ion of the t rans  form of quinolizidine into the cis  form. This takes place in reactions 
affecting the center  capable of inversion, since the addition of a carbocat ion or  proton to forms (I) and (II) 
makes isomerizat ion into the cis conformation probable [6-7]. 

In o rde r  to answer this ouestion, we have considered the PMR and IR spect ra  of the protonated forms 
of (I) and (H) and of their  methiodides. The methiodides of (D and (II) were isolated from the bases  by 
di rec t  methylation. Their  physical  constants have been determined.  

The IR spec t ra  of the methiodides of (I) and (II) were obtained (for tablets of 2 mg of sal t  in 200 mg 
of KBr) on a UR-10 inst rument  (K. Zeiss);  and the PMB spect ra  on a H-60 instrument (Hitachi) in D20 and 
HC1 of various concentrat ions.  

The resul ts  of a compar ison of the spec t ra  of the protonated forms of (I) and (ID (Fig. la,  d) taken in 
conc. HC1 to re ta rd  the rapid p rocesses  of exchange with >N + - H show that their conformational  c h a r a c t e r -  
ist ics under these conditions are  different. While in the PMR spectrum of protonated (II) (Fig. ld) there 
are a doublet at 3.55 ppm with Jvic = 4 Hz relat ing to the protons of an equatorial  methyleneoxy (CH2-O-) 
group, a pseudodoublet at 3.2 ppm with Jgem = 12 Hz corresponding to equatorial a -p ro tons  located near  
the nitrogen, and a broad unresolved multiplet at 2.8 ppm (axial a-protons) ,  in the spec t rum of protonated 
(I) (Fig. 1 a) there are  two doublets of a methyleneoxy group at 3.75 and 3.40 ppm with 3vi c = 5 and 8 Hz, 
respect ively,  and the nature of the signals of the a -equator ia l  and axial protons differs substantially f rom 
that in protonated (II). 

The formation of two doublets in protonated (I) unambiguously shows that in an acid medium two p ro -  
tonated fo rms  are  produced, the rat io of the integral intensities of the signals depending on the equilibrium 
constant between these  fo rms  and the concentrat ions of water  and free base.  Consequently, these forms 
can be converted into one another revers ib ly .  

We have previously [5] established that in solution compound (I) par t ic ipates  in a labile confo rma-  
tional t ransformat ion with inversion of the nitrogen (A). Apparently, the life of the boat-shaped 
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Fig. 1. PMR spec t rum of lupinine in concentra ted 
HC1 (a); the change in the integral  intensity of the 
CH2OH doublets with the t e m p e r a t u r e  (b); the s ame  
change as a function of the pH of the med ium and 
the concentrat ion of lupinine (c); and the spec t rum 
of epilupinine (d). 

conformat ion is shor t .  However,  on protonation the interact ion of H + with both f o r m s  of (I) is poss ible .  
Since the axial N + - H  bond in the t rans  conformation of (I) undergoes  a 1,3-diaxial  in teract ion with the axial  
CH~)H group, the probabi l i ty  of the protonation of the second f o r m  (I') r i s e s .  The boat  f o r m  is unsatable  
(C) and i ts  t r ans fo rma t ion  is completed by a t ransi t ion to the cis  f o r m  with an equatorial  CH2OH group. 
There  is no 1,3-diaxial  in teract ion in (II), and t he re fo re  this t r ans fo rma t ion  does not take place.  

The in te r re la t ionsh ip  of the p r o c e s s e s  of protonation and proton exchange between the molecu les  of 
H20, H30 +, (1) and (I H +) was revea led  as a r e su l t  of achange  in the t empera tu re ,  in the acidity of the medi -  
um, and of the concentra t ion of (I) in D20. With an inc rease  in the t e m p e r a t u r e  f r o m  +34 to +60 ° C in so lu-  
tions in conc. HCI (c i = 78 mg /ml ) ,  the intensity of the s ignals  of the protons  of the equator ia l  CH20 group 
of (T) r o s e  (Fig. lb); a combined inc rease  in the concentrat ion of (I) to 100 m g / m l  and in i ts  pH led to a 
la rge  re la t ive  i nc r ea se  in the concentrat ion of the protonated cis fo rm of (I) (Fig. lc) .  

Thus, our expe r imen ta l  r e su l t s  show that compound (I) is conver ted on protonation into two dif ferent  
protonated c o n f o r m e r s  (B and D), the ra t io  between the concentra t ions  of which depends on the r a t e s  of the 
following p r o c e s s e s .  
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Fig. 2. PMR spec t ra  of the methiodides of lu-  
pinine (a) and of epilupinine (b). 
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Fig. 3. IR spec t ra  of the methiodides of lupi-  
nine (a) and of epilupinine (b). 

In more  acid media, the equil ibr ium is shifted 
in di rect ion of the formation of the t rans  axial 
CH2OH form because  of the g r e a t e r  ra te  of protona-  
tion and the inhibition of the exchange of protons 
through water  molecflles.  

A comparison of the spec t ra  of the protonated 
fo rms  of (I) and (H) shows that the doublet signals at 
3.55-3.47 ppm re la te  to the equatorial  CH2 O group 
and the signal at 3.75 ppm to the axial CH20 group 
in the cis  and t rans  forms .  The unambiguous nature 
of such an assignment follows f rom the PMR spectra 
of the methiodides of (I) and (II) with equatorial  CH 2 - O -  
groups, which contain a lmost  equivalent methy-  
lene groups and the chemical  shifts of which c o r -  
respond to the doublet of the protonated fo rm of (I), 
which is located in the weak field. 

It can be seen f rom the spec t ra  of the methio-  
dides of (I) and (II) in conc. HC1 (Fig. 2) that the 
methiodide of (I) has the chemical  shift of the hy-  
droxymethylene  protons  at 3.45 ppm with Jvic = 5 
Hz and the methiodide of (II) has it at 3.45 ppm with 
Jvic = 4 Hz; the chemical  shift of N+-CH~ in (I) 
resonates  at 3 ppm and in (II) at 2.75 ppm. 

In addition, the nature  of the signals of the 
protons adjacent to the nitrogen dif fers  substant ia l -  
ly. Consequently, in the methiodides of (I) and (II) 
the CH2OH group is equatorial  and the N+-CH3 oc-  
cupies the axial-equator ia l  position in (T) and the 
axial-axial  position in (II). Consequently, on in te r -  

action with the methyl cation i somer iza t ion  of the quinolizidine sys tem of lupinine takes place.  

The di f ferences  in the conformations of the methiodidesof  (D and (lI) a re  additionally confirmed by 
thei r  Ii~ spec t r a  (Fig. 3). Thus, in the region of the deformat ion and pulsation vibrat ions of the ring (500- 
1000 cm-1), the methiodides of (l) and (II) give different  cha rac te r i s t i c  fea tures .  The deformat ion and 
s t re tching vibrat ions of the CH2Ott groups in (I) and (lI) a re  compara t ive ly  different  f rom one another.  

Since in themethiodides  of (l) and (II) the group is equatorial  (PMR spectra) ,  the di f ferences  in the 
region of the deformation and s t re tching vibrat ions of the CH2OH group are apparently connected with the 
different  conformations of the rings of (l) and (II), The methiodide of (I) exhibits bands at (cm-l):500, 525, 
555,560,  640, 690, 785, 800, 855, 870, 900, 925, 935, 960, 980 and t025, 1055, 1065, 1080, 1090 (deforma-  
tion vibrat ion of CH2OH group) and 3350 (stretching vibrat ion of CH2OH), and the methiodide of (lI) at 540, 
625, 720, 785, 820, 835, 865, 885, 910, 940, 970, 1000, 1055, 1090 (deformation vibrat ion of CH2OH) and 3370 
(stretching vibrat ion of CH2OH). 

On studying the PMR and II~ spectra ,  we came to the conclusion that the methiodide (l) exists in the 
cis conformation because  of the conformational  t ransi t ion in the react ion p rocess ,  reducing the 1,3-diaxial 
interaction. Consequently, the methiodides of (l) and (IT) have the following conformations:  

(a,e} 
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SUMMARY 

I. The results of a study of IR and PMR spectra have shown that in solution protonated lupinine 
exists in two intereonverting eis-trans conformations the relative amounts of which depend on the temper- 
ature, the concentrations of base and water, and the pH of the medium. This process is possible because 
of a change in the direction of the unshared pair of the nitrogen atom in the inversion process. 

2. On the basis of the PMR and IR spectra,  lupinine methiodide has the a,e conformation with an e -  
CH2OH group and epilupinine methiodide has the a,a conformation with an e-CH2OH group. 
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