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The pecu l ia r  spat ia l  s t ruc tu re ,  the exis tence  of s eve ra l  types  of labi l i ty  ( invers ion of the ni trogen 
a tom,  convers ion  of the r ings,  rotat ion about C - C  and C - N  bonds), and a lso  the proton-donat ing and p r o -  
ton-accept ing  groups  in the molecu les  of the alkaloids and der iva t ives  of bipiperidyl  p e r m i t  the assumpt ion  
that s t e reospec i f i c  effects  will be obse rved  in the i r  NMR spec t ra .  
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Fig. i .  I~MR spec t r a  of N-( f l -hydroxy-  
ethyl)anabasine Ca), N-( f l -chloroethyl ) -  
anabasine (b), N-(f l -methoxyethyl) -  
anabasine (c), N-(f l -hydroxyethyDiso-  
anabas ine  (d), N-( f l -methoxyethyl ) i so-  
anabasine  (e), and N,N ' -d i ( f l -hydroxy-  
e t hy l ) - a , f l ' - b ip ipe r i dy l  (f). 

The p r e sen t  pape r  gives the r e su l t s  of a study of the N-  
f l -hydroxyethyl  and the N-f l -methoxyethyl  de r iva t ives  of ana-  
basine,  i soanabas ine ,  and a ,  f l ' -b ip iper idyl  [1, 2], in o rde r  to 
elucidate the i r  conformat ional  s ta tes  and the influence of dy- 
namic p r o c e s s e s  on the magnet ic  p a r a m e t e r s  of the i r  spec t ra .  

The compounds were  obtained by the reac t ion  of e thyl -  
ene oxide and propylene  oxide with the initial  a lkaloids ,  fol-  
lowed by the r ep l acemen t  of the hydroxy groups by chlorine,  
and the convers ion  of the halogen der iva t ives  with alcoholic 
alkal i  into the cor responding  e thers .  

When the hydroxy group in N-(f l -hydroxyethyl)piper idine 
is  rep laced  by chlorine,  a qua te rna ry  sal t  i s  f o rmed  the t r e a t -  
ment  of which with alcoholic alkali  gives not quinuclidine, as we 
suggested previous ly  [3], but N- (f l -methoxyethyl)piperidine,  1,2- 
dipiperidinoethane,,  and piper idine [4]. However ,  in con t ras t  
to the react ion  with p iper id ine ,  the N-f l -hydroxyethyl  de r i va -  
t ives  of anabasine,  i soanabas ine ,  and a , f l " b i p i p e r i d y l  a r e  con-  
ve r t ed  under the same conditions into the N-f l -chloroethyl  de-  
r iva t ives  [5] and not into b i squa te rnary  compounds (see scheme) .  

In the NMR spec t rum of N-(f l -hydroxyethyl)anabasine 
(I) (Fig. la) ,  the signal of the OH group at 3.8 ppm shifts  
sl ightly with a change in the concentrat ion.  F u r t h e r m o r e ,  the 
absence  of a sha rp  t r ip le t  at 3.5 ppm and the p r e s e n c e  of two 
complex mul t ip le ts  with 5 2.5 and 2.0 ppm,  and a lso  the change 
in the chemical  shifts  of the pyr idyl  r ad ica l  as c o m p a r e d  with 
N- (fl -methoxyethyl)  anabasine (III) 5H a ,  = 8.48; 5H a = 8.4; 5H T = 
7.72; 5Hfl=7.72 ppm p e r m i t s  conformat ion  (I) to be suggested 
for  it. A specia l  fea ture  of this conformat ion  is  an i n t r a m o -  
Iecular  hydrogen bond of the OH group with the ni t rogen a tom 
of the pyr idyl  radica l .  The i n t r amolecu l a r  hydrogen bond in 
(I) leads to a nonequivalence of the -OCH~ protons  (multiplet  
at  5=3 .3  ppm in CC14, t r ip le t  with 5 =3.72 ppm in D~O and 
D20+HC1). 
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The observed nonequivalence of the N-CH 2 protons possibly depends on the presence of nonbound 
interactions with the ~-pyridyl radical, the considerable rigidity of the new ring formed by the intramo- 
lecular hydrogen bond, or the specific nature of the distribution of the anisotropic influence of the substit- 
uents on the screening of the' N-CH 2 protons in the rotamers about the C-N bond [7]. 
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In the spec t rum of (I) in D20, the N - C H  2 protons retained their  nonequivalence (multiplet of ~ 12 
lines with its center  at 6=2.5 ppm), in contras t  to the - O C H  2 protons, the signals of which formed a well-  

"defined triplet  at 3.72 ppm. Heating (I) in nitrobenzene to 200°C likewise did not eliminate the nonequiva- 
[ence of the - N - C H  2 signals in (I) and (Ill). Thus, in the ro tamers  about the - C - N  bond the nonequiva- 
lence of the anisotropic influence of the unshared pair  of the electrons of the nitrogen atom is always r e -  
tained. 

~3\_n/H' _ H~._ n/~3 H'. ~/H" 

, R 2 

To prove this, the spectra of (1) in strongly acid solutions (D20+DCI , Fig. 2) were obtained. The 
cleavage of the intramolecular hydrogen bond and the protonation of the tertiary nitrogen of the piperidine 
radical does not lead to the complete equivalence of these N-CH 2 gz:oups, while the O-CH 2 protons do be- 
come equivalent. 
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Fig. 2. PMR s p e c t r u m  of N-(f l -hy-  
droxyethyl)anabasine in D20 and 
D~O+ HCI. 

A s i m i l a r  conclusion was based on the fea tu res  of the 
spec t r a  of N-(/3-chloroethyl)anabasine (II) (Fig. lb) and (HI) 
(see Fig. lc) ,  the t e r t i a r y  protons  of which (at C 6) and those of 
the OCH 3, OCH2, and CH2CI groups in the 8 =3-3.6 ppm region 
a re  r ep re sen t ed  by t r ip le t s  with Jvic =6 Hz (II) and 6.2 Hz (KI). 
The fo rm of the s ignals  of the N-CH~ f r a g m e n t s  indicates  the 
nonequivalence of the i r  geminal  protons .  

,I... / I t .- I I  H 
N~I ' ' I  ~OIH, 

,-"/i ° 

In o rde r  to conf i rm the i n t r amo lecu l a r  in te rac t ions  be-  
tween the ni trogen a toms  of the pyr idyl  rad ica l  and the subs t i t -  
uent on the ni trogen a tom of the piper idine in anabasine de r i va -  
t ives ,  we synthesized i soanabas ine  [61 [o~-(~-piperidyl)pyridine] 
and N-(f l -hydroxyethyl) isoanabasine (IV). 

When a solution of the base  (IV) was diluted, in i ts  spec -  
t r u m  (see Fig. ld) the signal of the OH group - at 3.8 ppm - 
shifted to 3.6 ppm and two t r ip le t s  appea red  c l ea r l y  at 3.6 and 
2.45 ppm which may  be a sc r ibed  to the - O - C H  2 a n d - N - C H  2 

protons .  The absence  of the nonequivalence of the protons  in these  f r agments  shows the cons ide rab ly lower  
nonequivalent influence of the an iso t ropy  of the subst i tuents  about the C - N  bond because of the r emova l  of 
the pyr idyl  rad ica l  in the fl posit ion of the piper idine.  

I t  follows f rom the facts  given above and the spec t rum of N-(f l -methoxyethyl) isoanabasine  (see Fig. 
le) that  these  compounds have the predominant  conformat ions  (IV) and (V). 

In spi te  of the fact  that the react ion  takes  p lace  m o r e  s[owly with propylene  oxide, we have succeeded 
in synthesiz ing a number  of der iva t ives  of anabasine  with hydroxypropy[ and methoxypropyl  subst i tuents  on 
the ni trogen a tom of the p iper id ine  (VI). The broad mult ip le t  in the 1.9-2.7 ppm region m a y  show the ad-  
dition of the propylene  oxide to the ni trogen a tom of the piper idine nucleus. In these  c i r cums t ances ,  r o t a -  
tion around the N - C H  2 bond 

- - j N . ,  /IHo., 

 QJ t "  IV ~ 7  ~ V 

i s  s t e r i ca l ly  hindered. The change in the spec t r a  when the s amples  a re  diluted shows that assoc ia t ion  
takes  p lace  between the OH groups  and the ni trogen a toms  of the piper idine r ings .  On the bas i s  of the NMR 
spec t r a ,  conformat ion  (VI) m a y  be p roposed  for  the de r iva t ives  descr ibed.  

CHs 

. N  - -  C. - -  I --OR 

In a study of the products  of the reac t ion  of ethylene oxide with a , f l ' -b ip ipe r idy l  it  was found that  the 
ethylene oxide adds to both n i t rogen a toms  and each  piper idine nucleus c r e a t e s  s t e r i c  hindrance to  rotat ion 
about the N -  Ctt 2 bonds of (VII) (NMR spect ra) .  Since dilution s c a r c e l y  changes the posi t ion of the signal 
of the OH group (4.05 ppm), while it  does lead to a broadened signal at 3.55 ppm ( -OCH 2) and to a broad 
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Fig. 3, IR spec t r a  of N-(f i -hydroxyethyl)-  
anabasine (a), N-(f l -hydroxyethyl) i soanaba-  
sine (b), N-(f l -chloroethyl)anabasine (c), and 
N,N'-di(/7 -hydroxye thy l ) -~ , f l ' -b ip iper idy l  (d). 

signal at 3.2-1.9 ppm (approximate ly  8-10 hydrogen 
a toms located in the c~ posi t ions  to nitrogen), the spa-  
t ial  s t ruc ture  of the hydroxyethyl  and methoxyethyl  
der iva t ives  of ~ , f i ' -b ip iper idyl  is  apparent ly  cha r ac -  
t e r i zed  by ex t r eme ly  in te res t ing  conformat ional  fea-  
tu res  due to the p r e sence  of the subst i tuents  on the ni-  
t rogen and also to hydrogen bonds and the absence of 
convers ion in the r ings  (VII) (see Fig. lf). 
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The value of A6ae, of the o rde r  of 0.8-1 ppm, for  
the geminal protons  at C 2 of the piperidine rad ica l s  ac -  
cording to the r e su l t s  of the integrat ion of the spec t r a  
of these compounds,  shows the axial orientat ion of the 
unshared pa i r  of e lec t rons  of the ni trogen [7]. 

The conformat ions  of the compounds obtained 
were  shown not only on the bas is  of the NMR spec t ra  
but also by their IR spectra in solutions. 

The intramolecular hydrogen bond in N-(fl-hy- 
droxyethyl)anabasine and N,N'-di(fl-hydroxyethyl)- 
~,fl'-bipiperidyl (Fig. 3a, d) is shown in carbon tetra- 
chloride solution by absorption in the 3100-3500 cm -I 
region (the position and intensity of the bands do not 
change on dilution). This band disappears in the prep- 
aration of the N-fl-ehloroethyl and the N-fl-methoxy- 

ethyl der iva t ives  (I and VII) (see Fig. 3c). In N-(f l -hydroxyethyl) isoanabasine,  the band at 3100-3500 cm - I  
(Fig. 3b), the in tens i ty  of which d e c r e a s e s  on dilution, shows the p r e sence  of an i n t e rmolecu la r  hydrogen 
bond. 

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

Chromatography was performed by the ascending and radial methods of chromatography on paper of 
type M [Wslow"] of the Leningrad No. 2 Mill in the following systems: 1) butanol-hydrochloric acid-water 
(100 : 15 : 27), and 2) butanol-acetic acid-water (40 : 16 : 70). The chromogenic reagent was Dragendorff's 
reagent. 

Alkoxide from N-(fl-Hydroxyethyl)anabasine. A solution of 1.1 g of N-(fl-hydroxyethyl)anabasine in 
10 ml of dry benzene was treated with 0.12 g of metallic sodium and was heated on the water bath under 
reflux for 3-4 h. After the end of the reaction, the solvent was distilled off to dryness. This gave 1.5 g 
(80%) of the alkoxide of N-(fl-hydroxyethyl)anabasine in the form of a viscous oil with Rf 0.26 (system 1). 
Melting point of the picrate 101-102°C (from ethanol). 

N-(fl-Methoxyethyl)anabasine. To a solution of 1.0 g of the alkoxide of N-(fl-hydroxyethyl)anabasine 
in 10 ml of methanol was added 0.70 ml of methyl iodide, and the mixture was heated under reflux for 3- 
4 h. After the solvent had been distilled off, 0.81 g (81%) of N-(fl-methoxyethyl)anabasine with Rf 0.25 
(system 1) was obtained as the main product. Melting point of the picrate 170-172°C (from ethanol). A 
mixture of the picrate with that which we obtained previously [3] gave no depression of the melting point. 

N-(fl-Hydroxyethyl)isoanabasine. With cooling and shaking, 5 g (0.11 mole) of ethylene oxide was 
passed into a solution of 15 g of freshly distilled isoanabasine (0.092 mole) in 70 ml of methanol. The re- 
action mixture was left at room temperature for 100 h. After the solvent had been evaporated off, the res- 
idue was distilled in vacuum. The fraction boiling at 176-178°C (4.5 ram) was collected. The yield of N- 
(fl-hydroxyethyl)isoanabasine was 8 g (61.5%); }if 0.57 (system 2). Melting point of the picrate 138-140°C 
(from ethanol). 
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N-(fl-Chloroethyl)isoanabasine. To a solution of 17 g of N-(fl-hydroxyethyl)isoanabasine in 170 ml of 
anhydrous chloroform was gradually added 18.5 g of phosphorus pentachloride. The reaction mixture was 
heated in the water bath under reflux at 40-50°C for 1.5 h. After cooling, the mixture was made alkaline 
with lithium carbonate and was extracted with chloroform. After drying and the distillation of the solvent, 
the residue consisted of N-(fl-chloroethyl)isoanabasine in the form of a viscous oil. Yield 17.5 g (94.8%), 
Rf 0.71 (system 2). Melting point of the picrate 108-110°C (from ethanol). 

N-(fl-Methoxyethyl)isoanabasine. To a solution of 3 g of N-(fl-chloroethyl)isoanabasine in 30 ml of 
methanol was added 30 ml of 25% methanolic caustic potash. The reaction mixture was heated on the wa- 
ter bath under reflux for 5-6 h. After the solvent had been distilled off, the residue was dissolved in wa- 
ter and extracted with ether. The ethereal solution was dried with anhydrous sodium sulfate. After the 
solvent had been evaporated off, the N-(fl-methoxyethyl)isoanabasine was distilled under vacuum at 135- 
140°C (4-5 mm). The yield was 1.67 g (57.59%), Rf 0.78 (system 2). The melting point of the picrate was 
164-169°C (from ethanol). 

N,N'-Di(fl-hydroxyethyi)-a,fl '-bipiperi.dyl.With cooling, 9 g (0.2 mole) of ethylene oxide was passed 
into a solution of 2.2 g (0.086 mole) of a,fi'-bipiperidyl in 80 ml of methanol. After the solution had stood 
at room temperature for 100 h, the solvent was driven off and the residue was distilled in vacuum. The 
fraction boiling at 220-222°C (4-5 ram) was collected. The yield of the desired compound was 18 g (53.70%), 
Rf 0.35 (system 2). The monohydriodide had mp 191-192°C (from acetone). 

N,N'-Di(fl-chloroethyl)-a,fl'-bipiperidyl. With cooling and stirring, 15 g of phosphorus pentachloride 
was gradually added to a solution of 5 g of N,N'-di(fl-hydroxyethyl)-a,fl'-bipiperi-dyl in 50 ml of dry chloro- 
form. The mixture was heated on the water bath at 40-50°C under reflux for 1.5-2 h. Then the reaction 
products were treated as described for N-(fl-ehloroethyl)isoanabasine. This gave N,N'-di(fl-cMoroethyl)- 
a,fl'~bipiperidyl in the form of faintly brown crystals with mp 98-100°C, Rf 0.45 (system 2). Yield 3 g 
(52.45%). The melting point of the picrate was 181-182°C (from ethanol) and of the dihydrobromide 218- 
220 ° C; [(~ ] D + 4.610 (ethanol). 

N,N'- Di(fl-methoxyethyl)- (~,fl'-bipiperidyl. A solution of 5 g of N,N'-di(fl-chloroethyl-a,fi'-bipiperidyl 
in 50 ml of methanol was t r ea t ed  with 30 ml of 25% methanolic  caustic potash. The react ion mixture  was 
heated in the water  bath for  5-6 h. The solvent was disti l led off, and the res idue was dissolved in water  
and ex t rac ted  with e ther .  After  the drying and evaporat ion of the solvent, the res idue was disti l led in vac-  
uum at 140-142°C (2-3 mm).  The yield of the des i red  substance was 1.8 g (38.3%), l a iD-10 .40  °, Rf 0.64 
(sys tem 25. The melting point of the p ic ra te  was 98-100°C (from ethanol). 

S U M M A R Y  

1. The condensation of auabasine, isoanabasine,  and c~,fl '-bipiperidyl with ethylene oxide has given 
N-(fl-hydroxyethyl)anabasine,  N-(fl-hydroxyethyl) isoanabasine,  and N,N'-di(f l -hydroxyethyl)-~,f l ' -b ipiper idyl .  

2. It has been shown that the t r ea tmen t  of N-(fl-chloroethyl)anabasine,  N-(fl -chloroethyl) isoanaba-  
sine, N,N'-di ( f l -chloroethyl)-~,f l  ' -b ipiper idyl  with alcoholic alkali fo rms  and the methyl  e the rs  of (I, IV, and 
VII). 

3. The conformat ions  of compounds (I, IV, and VII) and the i r  e thers  have been es tabl ished by NMR 
and IR spectroscopy.  
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