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Chemical inves t igat ions  have shown the fair ly  high conformat ional  s tabil i ty of the t rans-quinol iz id ine  
s y s t e m  of lupinine [1] and of the bicycl ic  s y s t e m  of t ropine [2], but the p r e s e n c e  of a ni t rogen atom with an 
inver t ib le  lone pa i r  Of e lec t rons  p e r m i t s  the assumpt ion  that it is  poss ib le  to obtain f rom these  ba se s  i so -  
m e r i c  de r iva t ives  the concentra t ions  (yields) of which wi l l ,  to a f i r s t  approximat ion,  be d i rec t ly  p r o p o r -  
tional to the l i f e t imes  of the i n v e r t o m e r s  and to the ra te  of the reac t ion  of the reagent  with them.  

In actual fact ,  if  it is  a s sumed  that  the p r o c e s s  of invers ion  of lupinine leads  to a change in the di -  
rec t ion  cen te r  f rom "a, a" to "e,  a," and in t ropine f rom "a" to "e,"  then because  of s t e r i c  hindrance in the 
a t tack by the reagent  of the "a,  a" and "a" f o rms ,  in spite of the cons iderable  p redominance  of these con-  
format ions  in solution in accordance  with the C u r t i n - H a m m e t t  rule [3], i t  will be poss ib le  to isolate  the 
i somer i c  compounds co r respond ing  to the "e,  a" and "e" f o r m s  in cons iderable  re la t ive  amounts .  

We have obtained the N-oxides  of lupinine and t ropine under  mi ld  conditions by mixing the initial 
b a s e s  with 5% H202 in wa te r  at room t e m p e r a t u r e .  Lupinine fo rmed two i somer i c  N-oxides  fl and II), the 
separa t ion  of which was effected by solubi l i t ies ,  the i r  individuali t ies be ing checked by chromatography  in 
a thin l a y e r  of A1203 [ b e n z e n e - e t h e r - m e t h a n o l  (5 : 2 : 1) sys tem] .  
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In the m a s s  s p e c t r u m  of the lupinine N-oxide (I) (Fig. la) there  is the peak of the mo lecu l a r  ionwith 
m / e  185, and the s t ronges t  peaks  a re  those at 168, 138 (100%), 136, and 83; in the spec t rum of the lupinine 
N-oxide (II) (Fig. lb) the re  a r e  peaks  with m / e  185, 152, 136 (100%), 110, 97, and 83. On compar ing  the 
m a s s  s p e c t r a  of the two hp in ine  N-oxides  it can be seen that the d i f fe rences  in the conformat ion  affect  the 
routes  of decomposi t ion  of the i s o m e r s .  
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Mass  s p e c t r a  of the N-oxides  of lupinine 
(1) (a) and (If) (b). 

The IR s p e c t r a  of the lupinine N-oxides  differ  f rom one another ,  e spec i a l l y  in the 500-1200 cm -1 r e -  
gion which is  c h a r a c t e r i s t i c  for the pulsa t ion  and ske le ta l  v ib ra t ions  of the r ing.  The spec t rum of the 
lupinine N-oxide (1)has an N ~ O band in the 950 cm -I region,  while in (II) this  band is sp l i t  into th ree  (930, 
940, and 950 cm-1).  In the 3200-3600 cm-1 region  the f i r s t  i s o m e r  shows a s t rong b road  band re la t ing  to 
the s t r e tch ing  v ib ra t ions  of a hydroxy group involved in an i n t r a m o l e c u l a r  hydrogen bond, and in the second 
it  appea r s  in the 3350-3600 c m - i  region.  No band of a f ree  hydroxy group is obse rved  even at a concen-  
t r a t ion  of the base  of 0.002 M (cell th ickness  0.60 mm).  In t rop ine  N-oxide,  the N ~ O band is found in the 
form of a doublet  in the 930, 950 c m - I  r eg ions .  

The ex is tence  of i s o m e r i c  lupinine N-oxides  is  explained by an invers ion  equi l ib r ium between the 
spat ia l  fo rms  of the b a s e s .  

d 

Theo re t i c a l l y ,  the ex is tence  of six i s o m e r s  of lupinine N-oxide in the a l l - c h a i r  conformat ion is pos -  
s ib le ,  form "a" a r i s i n g  on ep imer i za t i on  at Cl, fo rms  "c n and "f" on the invers ion  of r ing A, and forms 
"b" and "d" through the invers ion  of r ing B. The i s o m e r s  ' e "  and nf, may have an i n t r a m o l e c u l a r  hydro -  
gen bond. 
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Fig. 2. PMR spectrum of lupinine N-oxide (1) in D20 (a), in conc. HCI (b), 
in pyridine (c), and in chloroform (d), and INDOR spectra in DzO (p, q, r) 
(r - total resonance). 

Fig. 3. PMR spectra of lupinine N-oxide (If) in DzO (a) and in conc. HCI (b), 
and the INDOR spectra in D20 (g, d, e). 
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Two forms of tropine N-oxide are  possible in solution, differing by the spatial position of the methyl 
group ("g" and "h"). 

To determine the spatial s t ruc ture  of the lupinine and tropine N-oxides obtained, we studied their  
PMR spectra .  The PMR spect rum of lupinine N-oxide (I) in D20 (Fig. 2a) differs considerably from the 
spec t rum of the initial base [4|, in par t i cu la r  by the fact that there is a l a r g e r  number of protons in the 
weak field. A multiplet of the AB part  of a ABXY system of nonequivalent protons of a hydroxymethylene 
group clear ly  appears at 4.1 and 3.8 ppm, and the hydroxy group of this sys tem forms  an in t ramolecular  
hydrogen bond with the N-oxide group. The presence  of a hydrogen bond is shown by the convers ion of the 
multiplet mentioned into a doublet at 3.7 ppm with Jvic = 6 Hz after  the breakage of the in t ramolecular  hy-  
drogen bond > N - -  O . . . .  H in conc. HC1 (Fig. 2b). Integrat ion shows that in this region there are  five other 
protons occupying the (~ positions about the N - -  O group. The identity of the sign of the angle of rotation 
of lupinine N-oxide (I) with that of the initial base ([(~]D of lupinine is -21°) ,  the resu l t s  of integration, and 
the existence of an in t ramolecular  hydrogen bond (not des t royed in pyridine, Fig. 2c) permi t  the conclusion 
that this i somer  contains an axial N - -  O bond with respect  to the A and B rings and an axial CH2OH group. 

The spect rum in chloroform (Fig.  2d) shows the presence  of one molecule of water  of hydration 
(9.0 ppm), the retention of the nonequivalence of the CH2-OH protons,  and the  symmet r ica l  action of the 
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Fig. 4. PMR spec t ra  of tropine N-oxide 
in D20 (a) and in conc. HC1 (b). 

field of the N ~ O group on the ~-CH 2 protons at C 5 and C 6. 
Thus,  the conformation of the i somer  under considerat ion co r -  
responds to form "e°" 

By the method of INDOR double resonance at the lines 
of the feebly polar protons (Fig. 2p, q) of the hydroxymethylene 
group at 4.2 and 4.0 ppm the presence  of the signals of a t e r t i -  
a ry  proton at C i was established (2.1-2.2 ppm). Complete de-  
coupling f rom the signal of the C 1 proton (Fig. 2r) showed the con- 
t rac t ion of the lines of the multiplet of the nonequivalent hy-  
droxymethylene protons.  

In the PMR spect rum of lupinine N-oxide (II) (Fig. 3a), 
again an in t ramolecular  double bond appears  as in shown by 
the AB multiplet f rom the ABXY system at 4.1 and 3.8 ppm. 
In the same region are located the signals of the protons 
to the ni trogen atom, which are fewer judging from integration 
than in the f i rs t  i somer .  One of the ~-protons  to N ~ O is 
found in the s t rong-f ield region at 3 0 ppm with J = 12 Hz. 

• . . • gem 
The protonatlon of lupzmne N-oxide (II) (Fig. 3b) shifts the 
signal of the proton to 3.3 ppm. A multiplet with 6 = 2.6 ppm 
and a width of 30 Hz cor responds  to the te r t ia ry  proton at C 1. 

The unsymmetr ica l  action on the ~-CH 2 protons of the 
N ~ O group, the position of the signal of the t e r t i a ry  proton 
at C t, the in t ramolecular  hydrogen bond, and the change in the 
sign of the angle of rotation as compared with lupinine permit  
the conclusion that conformationally this i somer  belongs to 
the cis ser ies  with a N ~ O group axial to the B ring and equa- 
torial  to the A ring, and an axial CH2-OH. The i somer  c o r -  
responds to form "f." 

The INDOR experiment  with respect  to the lines of the 
quartet  of the feebly polar proton of the hydroxymethylene 
group showed responses  in the 2.8 ppm region. These con- 
f irm the position of the t e r t i a ry  proton at C 1. 

The signal of one of the equatorial protons is found in the region under consideration,  as follows f rom 
another INDOR experiment  on the resolution of the lines at 2.6 ppm, which gave a response at about 4.17 
ppm with Jgem = 12 Hz (Fig. 3g, d, and e). 

Two N-oxide forms were detected in the spectrum in conc. HC1 of the tropine N-oxide obtained (Fig. 
4b). The protons at C6, C2, and C 4 were represented by an unresolved signal at C6, C2, and C 4 were rep-  
resented by an unresolved signal at 4.2 ppm, and the protons of the methylene bridge, and at C 3 and C 5 by 
signals in the 1.5-2.7 ppm region. At 3.4 ppm there were two narrow singlets (3.3 and 3.4 ppm) with an 
intensity rat io of I :  2.6. These two singlets are  the signals of the protons of axial and equatorial methyl 
groups of the i somer ic  tropine N-oxides.  

In the spectrum of tropine N-oxide in D20 (Fig. 4a), the chemical shifts of the methyl groups almost  
coincided at 3.2 ppm, and the protonation of the oxygen of tropine N-oxide increased the difference in the 
descreening of these protons.  Fur the rmore ,  the equatorial proton at C 4 is represented by a pseudotriplet  
at 4.3 ppm, the protons at C 2 and C 6 are  located at 3.8 ppm, and the others  in the 1.8-3.1 ppm region. 

An additional proof of the equivalence of the methyl groups in the nonprotonated forms is their  mag-  
netic equivalence in a quaternary salt  [5]. In the protonated form of tropine N-oxide in solution the i somer  
with the axial CH 3 group apparently predominates .  

Thus, the formation of derivatives in react ion involving the nitrogen atom in the bicyclic sys tems of 
quinolizidine and tropane with the introduction of groups of which the van der Waal ' s  volume is smal le r  than 
that of CH 3 permi ts  the presence  of equilibrium conformational t ransi t ions in them in solutions to be de-  
tected chemically.  S t e r i c  hindrance and the formation of in t ramolecular  hydrogen bonds are factors  de-  
termining the s t ruc ture  of the end-products  and the predominant direct ion of the shift of the invers ion-  
conformation equilibrium in solution. 
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E X P E R I M E N T A L  

The IR spec t ra  were  taken on a UR-10 ins t rument  ( C. Zeiss)  in the form of tablets  with potassium 
bromide and in solutions and concentrat ions of 0.2 and 0.002 M ( thickness  of the NaCI cells  0.39 and 0.60 
m m ) .  Pur i f ied ch lo roform was used as the solvent. 

The PMR spec t ra  were  r e c o r d e d . n a n  H-60 ins t rument  (Hitachi) with a working frequency of 60 MHz. 

Prepara t ion  of the N-Oxides of Lupinine and Tropine.  A...:. Lupinine (4 g) was dissolved in 80 ml of 
57o H~O 2, and the reac t ion  mixture  was lef t  for three  days. The water  was disti l led off f rom the mixture  
under wate r -pump vacuum at a t empera tu re  not exceeding 40-50°C. The residue,  which consis ted of a 
mixture  of the two lupinine N-oxides ,  was'boiled with e ther .  The concentrated e therea l  mother  solution de-  
posited white ac icular  c rys ta l s  of lupinine N-oxide I with mp 83-84°C, [~]D-19"84° (c 1.003%; methanol).  
Yield 0.8 g (25.9%). 

The residual  c rys ta l s  that had not passed into the e thereal  solution were  t rea ted  repeatedly with 
boiling dry acetone. The acetone mother  solution yielded lupinine N-oxide II with mp 193-195°C; [~]D + 
29.8 ° (c 1o026%; methanol).  Yield 3.0 g (68.657o). 

B. Under the conditions for  obtaining the lupinine N-oxides,  3 g of t ropine gave tropine N-oxide with 
mp 102-103°C. 

S U M M A R Y  

1. It has been shown that in the chemical  react ions  for obtaining the N-oxides of lupinine and t ropine 
the bicycl ic  sys tems  of quinolizidine and tropane exhibit a conformational  labil i ty due to inversion.  

2. On the basis  of IR and PMR spec t ra  the s t ruc ture  and conformat ion of the i somer i c  N-oxides of 
lupinine and tropine have been determined.  
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