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It  is  well known that intensive absorp t ion  in the 2500-2830 cm -1 region in the IR s p e c t r u m  of a base 
containing an al iphatic  ni t rogen a tom i n n  r ing shows the s t e reospec i f i c  in terac t ion  of the e lec t rons  of the 
unshared  pa i r  of this  a tom with the neighboring ~ - C H  bonds. Bohlmann [1] and others  [2-4] have made 
wide use of this phenomenon to es tab l i sh  the di rect ion of the axial  ant icoplanar  s - p r o t o n s  with r e spec t  to 
the unshared  pa i r ,  which, in i t s  turn,  has enabled the t r ans  configuration of the quinolizidine, hydro i so-  
quinoline, and other  f r a g m e n t s  of complex natural  compounds to be de te rmined  [5, 6]. 

However ,  i t  can be seen f rom our p reced ing  pape r s  [7, 8] that the appearance  of absorp t ion  in the 
region under invest igat ion is  connected with an e x t r e m e l y  complex e lec t ron-v ib ra t iona l  p r o c e s s  including 
the delocal izat ion and the polar iza t ion  in terac t ion  of the e lec t rons  of  the unshared  pa i r  with the c~-protons, 
the p a r a m e t e r s  of which also depend, apparent ly ,  on the in te rac t ion  of the t rans i t iona l  dipole momen t s  of 
the s t re tch ing  v ibra t ions  during the inve r s ion -conve r s ion  t r ans fo rma t ions  of the conformat ions .  This  phe-  
nomenon is  due to the absence  of types  of v ibra t ions  of N -  CH 2 and N -  CH f ragments  which a r e  c h a r a c t e r -  
i s t ic  with r e spec t  to shape and in tens i ty  (and, to a s m a l l e r  extent,  to frequency).  The p re sen t  pape r  gives 
the resu l t s  of an exper imen t  permi t t ing  this assumpt ion  to be substantiated.  

In o r d e r  to es tab l i sh  the fea tu res  of the conformat ions  of the bases  of the p iper id ine ,  cyt is ine,  s p a r -  
teine,  and ma t r i ne  s e r i e s ,  we have studied the c h a r a c t e r i s t i c s  of the v ibra t ional  spec t r a  in the 2500-2830 
cm -1 region of the solid and liquid s ta tes  of anabas ine  (I), N-methylanabas ine  (]I), anabasamine  (HI), cy-  
t i s ine  (IV), N-methy lcy t i s ine  (V), t e t r ahydrocy t i s ine  (VI), aphylline (VII), / - lupanine (VIII), pachycarpine  
(IX), lupinine (X), 17-oxospar te ine  (XI), ~ - i soaphyl l ine  (XII), ma t r i ne  (XIII), a l lomat r ine  (XIV), mat r id ine  
(XV), a l lomat r id ine  (XVI), sophoridine (XVII), i sosophor idine  (XVIII), i sosophor idane (XIX), sophoramine  
(XX), i sosophoramine  (XXI), and sophocarpine  (XXII). 

The s amp le s  for  invest igat ion in the solid s ta te  were  obtained in the fo rm of tab le ts  p r e p a r e d  f rom 
2 m g  of the base  and 200 m g  of KBr; the solutions had a concentrat ion of 0.2 M in CCl4, and a NaC1 cell  
0.12 m m  thick was' used for  spec t ropho tomet ry .  In addition, the spec t r a  of the liquid bases  (I, II ,  VII-IX) 
were  r eco rded  in solid solution in heneicosane (CzlH44), for  which the solid ma t r i x  was p r e p a r e d  by fusing 
2 mg of the base with 5 mg  of heneicosane.  The IR s p e c t r a  were  r eco rded  on a UR-10 (K. Zeiss)  i n s t ru -  
ment  with a LiF p r i s m  at  a ra te  of r ecord ing  of 50 e ra - l / r a in  with a sca le  of 32 ram/100 cm -1. 

The a r e a s  of the t r ans  bands (S) were  de te rmined  with a p l an ime te r  both for  the solid bases  and for  
the liquid bases  in the solid ma t r ix .  The spec t ra l  band of isosophoridine (XVIII), which does not ab so rb  in 
the 2500-2830 cm -1 region was used as the base line. 

Table  1 gives the values  of the total  in tegra l  in tens i t ies  (A) of the bases  in solution calcula ted by 
Bourg in ' s  fo rmula  [9] with a summat ion  step of A v = 6  cm -1 in the In (T0/T) scale  and the values  of S ( a r e a  
in c m  2) for  the solid bases ,  and Fig. 1 gives the s p e c t r a  of bases  in the liquid and solid s ta tes .  
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T A B L E  1 

C o m  - 

pound 

Ill 

IV 

VI 

VII 

Vlll 

IX 

Area, and frequency of transitions 

in the solid (S, cm 2) 

l l , 5 t  
2680, 2700, 2750, 2800 

24,6 
2580, 2620, 2670, 2700, 

2720, 2780 

20,9 
2630, 2660, 2700, 2720, 2786 

18,0 
2620, 2630, 2680, 2710, 

2740, 2800 

24,5 
2580, 2650, 2695, 2720, 

2745, 2760. 2780 

20,5 
--26f0~2635, 2665, 2710, 

2730, 2760, 2800, 2810 

22,5 
2680, 2730, 2765, 2815 

I 
31,55 

2590, 2630, 2685, 2730, 
2760, 2800 

34 
2600, 2620, 2680, 2695, 

2770, 2800 

(cm-l) of the trans band 

in solution (A X 10 a, 
tool-1, liter • cm -z ) 

1,113 
2690, 2725, 2775, 2820 

1, 723 
2665, 2700, 2720, 2775 

1,59 
2680, 2700, 2720, 2 ~  

1,65 
- ~ - ~ : - 2 7 - ~ ,  2715, 2780 

2,02 
--2680, 2700, 2730, 2 7 8 5 ~  

0,5 
2760 (weak), , 2810 

1,95 
2700, 2750, 2810 

3,4 
2680, 2760, 2800 

2,4 
2680, 2700, 2760, 2810 

- -  Chemical shift* of the 
feebly polar a-protons 
w;tth respect to the 
mtroserL ppm 

6Htert =3,2 

~H~ = 2,95; 

~H~ = 2,44 

~/-/tert = 2,58 

~H~ = 2,79; 

~Hff = 1,93 

~H tert = 2,82 

~t4~ = 3,03; 

~Hu,12 = 2,9 -- 3,0 

~H~m 3 = 2,9  - -  3.0 

~H~l,13 = 2,3  

B/'/~I = 3,3; 

BH~I = 2,3 

~H~3 ----- 3,0 

~H~.~ = 2,3 

~H~7 = 2,45; 

~H~7 = 2,99; 

~Hff = 2,17: 

~H~ = 4,56 

~H 6 = 3,14 

5H~7 = 2,65 

~H~7 = 1,85 

~H~o = 2,3; 

~H~o = 4,35 

~H. ter t  = 3,15 

~H{~o = 2,4; 

~H~'o = 1,08 

~H~5 = 2,55 

~H~5 = 1,83 

~H~7 = 2,53 

~H~7 = 2,21 

~H~,Io = 2,9 

~H~A o < 2 

2 0 2  



T A B L E  1. (Con t inued)  

COIT] - 
pound 

X1 

XII 

Xlll 

XlV 

XV 

XVI 

XVll 

XVIII 

XIX 

XX 

XX1 

XXII 

Area and frequency of transitions (cm :1 ) of the trans band 

in the solid (S,cm:) in solution (A× 104, 
tool -1 • liter, cm -2 ) 

34,8 
2530, 2580, 2610, 2660, 

2670, 2750,2795 

30,1 
2570, 2590, 2630, 2640, 
2650, 2670, 2720, 2730, 

2755, 2795 

29,8 
2630, 2650, 2660, 2700, 
2730, 2740, 2760, 2795 

30,6 
2570, 2590, 2610, 2630, 
2680, 2710, 2760, 2810 

40,55 
2530,2600,2620, 2630 2640 

2680, 2690, 2740, 2780, 
2810, 2820 

4,95 
2610, 2 6 4 0 , ~ 0 ,  2680,2690, 

2740, 2760, 2780, 2790, 
28O5, 282O 

28,1 
2640, 2670, 2710, 2750, 2795 

I - 

34,0 
2580, 2620, 2640, 2670, 
2680, 2730, 2750, 2810 

17,0 
2610, 2680, 2690, 2740, 

2760, 2810 

21,5 
2700, 2740, 2760, 2800 

21,5 
2620, 2630, 2690, 2740, 
2750, 2760, 2790, 2810 

2,00 
2650,2680, 2725, 2765, 2815 

2,35 
25~, 2670, 2700, 2720, 

2770, 2800 

2,00 
2690, 2700, 2750, 2795"-" 

2,35 
2640, 2670, 2710, 2760, 

2810 

4,15 
-2680~'2600~2700_2740":--- 

2750, 2770, 2800, 2820 

4,41 
2620, 2680, 2690, 2740, 
2760, 2780, 2800, 2820 

1,90 
2640, 2720, 2790 

2,81 
2630, 2670, 2720, 2740, 

2760, 2800 

2,30 
2620, 2680, 2690, 2750. 

2770, 2810 

1,95 
2600, 2690, 2760, 2815 

1,90 

I 
Chemical shift* of the 
feebly polar a-protons 
with respect to the 
nitrogen, ppm 

~H~o = 2,68 

~H~0 = 2,14 

~H e ~ 2,58 

~lt,~ = i,78 

~H~7 : 2, 79 

~7  = 1,96 

~H~s= 2,6 

BH~s : 1,8 

~H~,~o = 2,68 

~H~A o : 1,8 

°H~,lO 
~H~Ao 

: 2,8--  2,9 

=2,15 

~n~ ~tlfo 
~H[7 

~H[3 ~ 2,0 

~H~, ~H~" o 

~H~,lo = 2,65 

BH~.1o : 2,08 

2630,2700, 2740, 2760, 281( 

~n~. m~, 

~fo, ~n~o, 

~H tert = 3--2 ppm 

BH~, m = 2,8 

~H~,10 = 2,2 -- 2,1 

BH~,10 = 2,82 

~H~,10 = 2,04 

6 I-t~2,1o ~- 2,67 

~H~,to = 1,83 

* F o r  t h e  a l k a l o i d s  o f  t h e  q u i n o [ i z i d i n e  s e r i e s ,  the  c h e m i c a l  s h i f t  in  

t h e  2 - 3 . 2  p p m  r e g i o n  w a s  d e t e r m i n e d  by t h e  I N D O R  m e t h o d  a t  a f r e -  

q u e n c y  o f  100 MHZ ( V a r i a n  H A - 1 0 0 ) .  
t T h e  n u m e r a t o r  g i v e s  t he  a r e a  and  t h e  d e n o m i n a t o r  t h e  f r e q u e n c y  

of  t he  t r a n s i t i o n s  o f  t h e  t r a n s  band.  

2 0 3  
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Fig. 1. IR spec t ra  of compounds in solution: matr ine (a), 
a l lomatr ine (b), and aphylline in acetonitri le (1) and in c a r -  
bon te t rachlor ide  (2) (c); in the solid state: sophocarpine (d), 
aphylline (e), lupanine (f), pachycarpine (g), isosophoridane 
(h), matr ine  (i), a l lomatr ine (j), matridine (k), and a l lomat-  
ridine ( l) .  

On compar ing the spectra ,  it can be seen that a transit ion in the solid phase changes the intensity 
and number of permit ted absorption bands of almost  all the alkaloids with different spatial s t ructures .  
While for  the bases with a labile conformation in solutions, such as piperidine [10, 11] and (I-HI), these 
facts are  quite natural,  for r igid s t ruc tures  containing trans-quinolizidine fragments  (VII-XI, and others), 
the spectral  changes c lear ly  show a considerable conformational instabili ty of the nitrogen-containing moi-  
eties of these molecules in solutions. For  example, in the spect rum of (XIII) (Fig. li) in the solid state 
the absorption at 2700 cm -1 is great ly  reduced and that in the 2760 cm -1 region is considerably increased,  
while several  new bands appear  c lear ly  (2630, 2650, 2660, 2730, and 2740 cm-1). 

Since all the bases differ from one another by the number of c losely  adjacent labile centers ,  and in 
some cases  by the conformation of the whole s t ructure ,  in solutions specific interact ions in the process  of 
success ive  inversion t ransformat ions  are  observed which affect the intensity of the vibrational transit ions.  
A proof of the influence of this type of t ransformat ions  is given by the changes in the intensity of the inf ra-  
red t ransi t ions in the 2500-2830 cm -1 region with a change not only of the phase state but also of the po- 
lar i ty  of the solvent. 

Under the influence of the reaction field of the medium - a polar  solvent, acetonitri le,  reducing the 
rate of inversion [12] - the intensity of absorption of the IR bands of (VII) falls and, in addition, the band 
at 2800 cm -1 and the weak band at 2720 cm -1 shift by 10 cm -I in the low-frequency direction (Fig. lc,  
curves 1 and 2). 

Compounds (VI) and (XVIlD, just like (VII), exhibit sca rce ly  any absorption bands in solution, but, in 
contras t  to the lat ter ,  they do not absorb in the solid phase, either.  This shows the lability of the confor-  
mations of (VII), the considerable spatial stability of (V'I) and (XVIII), and the noncoplanar direction of the 
unshared pair  and of the ~-CH bond. The reason for this is the fixing of the A / B  cis moiety of (XVI~) by 
the C ring and the unfavorable nature of intermediate conformations with a parallel  direction of the c~-CH 
bond and the unshared pair.  

The base (VI) possesses  the most  stable conformation with an equatorial  unshared pair. The ab- 
sence of lability in the nitrogen-containing par t  of the molecule is due to s ter ic  hindrance of the inversion 
of the A / B  moiety.  The decrease  in this hindrance in (IV) and (V) [the existence of inversion at N 1 in the 
product of the complete hydrogenation of (VI)] leads to dynamic t ransformat ions  the intermediate forms of 
which contain an unshared pai r  parallel  with the ~-CH bond. The bases of the sparteine ser ies  differ f rom 
(VI) and (XVIII) by lability in rings A and D. 

204 



On compar ing  the r e su l t s  on the re la t ive  in tens i t ies  of r e la ted  s t ruc tu re s ,  i t  m a y  be concluded that 
the total  in tegra l  in tens i ty  of the "Bohlmann region ,"  which is  used to de te rmine  the p redominant  di rect ion 
of the unshared  pa i r  and the num ber  of s - p r o t o n s  [2-4], is  sens i t ive  to the s tate  of aggregat ion,  the num-  
ber  of protons ,  and the shape of the potent ia l  su r face  on invers ion ,  and a lso  to dis tor t ions  of the confor -  
mat ions  in the solid phase  which m a y  be e x p r e s s e d  in a v e r y  slight change in the dihedral angles  between 
the d i rec t ions  of the unshared  pa i r  and the cor responding  ~ - t r a n s - C - H  bonds. 

In the group of bases  (X, XI-XIV, and XIX), the total  in tegra l  in tens i ty  is  p ropor t iona l  to the number  
of axial pro tons  with an a c c u r a c y  of 5%. 

In o rde r  to es tab l i sh  the n u m b e r  of feebly  po la r  equator ia l  ~ -CH protons  adjacent  to the unshared  
pa i r  of the ni trogen,  the PMR s p e c t r a  of all the bases  l is ted were  r e c o r d e d o n a n H - 6 0  (Hitachi) i n s t rumen t  
in CS 2 solution (10%). 

The number of geminai s-equatorial protons determined by integrating the signals of the PMR spec- 
tra in the 3.2-2.0 ppm region (see Table 1) corresponds to the number of axial protons found from the IR 
spectra. 

The IR spectra of (VII) and (VIII) in the solid phase are identical, which is probably due to the fact 
that they have the same number of protons of similar nature. The close values of the areas of the IR bands 
of (XX, XXI, XXII) on the one hand, and (VII and VIII) on the other hand, in spite of the fact that the num- 
bers of feebly polar protons are different, according to the PMR results, show the cis configuration of the 
C/D ring linkage in (VII) and (VIII) and the trans configuration of the A/B ringsin (XX-XX]]). 

Consequently, the number of s-protons trans to the unshared pair can be determined by studying the 
IR spectra in the solid phase in association with the PMR results, where the positions of the signals of the 
feebly polar protons are less sensitive to the nature of these labile transformations. 

The linear relationship between the number of s-axial C-H protons and the total intensity (S) found 
for compounds with two quinolizidine rings is absent (for example, SXIII = 29.8 cm 2, SXV = 40.55 cm )-, SXl V = 
30.6 cm 2, and SXVI=41.9 cm 2 (Fig. 1, i, j, k, and l). A similar phenomenon has been reported [3] for so- 
lutions of sparteine (S=34 cm ~) and ~-isosparteine (S=40.1 cm2). Wiewiorowski et al. [3] consider that 
sparteine has a stable conformation with ring C in the boat form in which there must be six parallel axial 
protons. Our experiments show that this conclusion is not accurate, since 

a) with an increase in the number of parallel c~-axial protons S rises more slowly; 
b) the values of SIX and SXl X in the solid state are similar (31.6 and 34.5 cm 2, respectively) (Fig. 1, 

g, h); and 
c) the results of a comparison of intensities in the solid state for (VII) (S=20.5 cm 2) and (VIII) (S = 

22.5 cm 2) (Fig. 1, e, f) and integration in the 3.2-2.0 ppm region of the PMR spectra show the 
presence of four feebly polar s-protons, i.e., the conformations of the bases in solution may dif- 
fer only by the nature of the inversion process in the C/D linkage. 

On comparing the values of the total intensity of absorption, it can be seen that compounds of the 
matridine series and also bases with double bonds (XX, XXI, XXII) in the C/D ring system are charac- 
terized by reduced values of S (Fig. ld). These changes are connected with the influence of remote non- 
bound interactions or with a deviation of the conformations of the unsaturated fragments from the normal 
chair-shaped state. According to the change in the intensity of the transition, these features of the struc- 
ture of the bases may affect the geometry and state of the electrons of the unshared pair of the angular 
nitrogen in the A/B moiety. 

On the basis of what has been said, the following types of labile conformationai transitions including 
a change in the direction of the axis of the electron distribution of the unshared pair of the nitrogen atoms 
and some distortion of the geometry of the cyclic systems may be suggested (A represents the predomi- 
nant conformation). (See scheme on following page.) 

Taking into account the consequences  of the Cur t i n -Hammet t  pr inciple  [13], the types  of equi l ibr ium 
that  have been es tab l i shed  due to the labi l i ty  of the ni t rogen-conta ining p a r t s  of the molecu les  of ba se s  
of the piper idine ,  cyt is ine,  spa.rteine, and ma t r i ne  s e r i e s ,  pe rmi t  the predic t ion of the d i rec t ion of i s o m e r -  
izat ion in the product ion of t he i r  s table  N-de r iva t i ve s  (N-oxides,  protonated fo rms ,  methiodides ,  etc.). 

205 



~ 4 ~  0 , ~  ~ ~-" 

i = 

A OH 3 

N-CH) 

~, ~ ~aa~,(R, ) ~ ~ = ,  
A H 

R - R,(~,,) t-%' 
R~-cz, $ -bipyrid yl~--~ 

CH~ 

Thus,  a cons idera t ion  of the dynamic invers ion p r o c e s s e s  with a s imul taneous considera t ion of the 
magnet ic  p a r a m e t e r s  and the fea tu res  of the IR spec t r a  of alkaloids of the piper idine and quinolizidine 
s e r i e s  makes  it  poss ib le  to inves t iga te  in m o r e  detail the conformat ional  s ta tes  of ni t rogen-containing 
he te rocye l ic  bases .  

S U M M A R Y  

1. A compara t ive  method of studying the conformat ional  s ta tes  of alkaloids of the piper idine and 
quinolizidine s e r i e s  by compar ing  the in tens i t ies  of the IR bands in the 2500-2830 cm -1 region in the solid 
and liquid s ta tes  has  been proposed.  

2. I t  has been shown that the p r o c e s s  of invers ion  and other  labile conformat ional  t r ans fo rma t ions  
affect  the number ,  f requency,  and in tens i ty  of the vibrat ional  t rans i t ions  ia the "Bohlmann region."  
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