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The possibi l i ty  of homogeneous dehydrogenation of anabasine with N- imines  of pyridine,  
2-picol ine,  and quinoline and of the Hantzsch e s t e r  with N- tosyl imidopyr id ine  and N- tosy l -  
imidoquinoline is shown. 

He te roa roma t i c  N-oxides can be used as effect ive hydrogen accep to r s  for  the dehydrogenation of fully 
or  par t ia l ly  hydrogenated ni t rogen-conta ining he te rocyc les  (see [2] and the l i t e ra tu re  cited there) .  On the 
bas i s  of a compar i son  of the p r o p e r t i e s  of N-oxides  [3] and the i r  n i t rogen analogs - N- imines  [4] - it might  
have been as sumed  that the l a t t e r  a lso  would prove  to be sufficiently act ive dehydrogenat ing agents .  The 
validity of this assumpt ion  is comple te ly  conf i rmed by the resu l t s  of the p resen t  investigation,  the a im of 
which was a study of the dehydrogenation of anabasine and the Hantzsch e s t e r  by means  of a number  of N- 
imines  of pyridine bases  - pyridine,  2-picoline,  and quinoline. Since he t e roa roma t i c  N- imines  a re  unstable 
[5], the components  of the reac t ion  mixture  for  the dehydrogenation of anabasine were  used in the f o r m  of 
the hydr0chlor ides ,  while those for  the dehydrogenation of the Hantzsch e s t e r  were  used in the f o r m  of the 
N-tosyl  de r iva t ives .  

The hydrochlor ides  of the N- imines  were  obtained by N-aminat ion  of the cor responding  bases  by 
means  of O-hydroxylaminesulfonic  acid, while the N-tosyl  der iva t ives  of the N- imines  of pyridine and quin- 
oline were  obtained by the action of p- toluenesulfonyl  chloride on the N- imines  in alkaline media  in aque-  
ous acetone solutions.  

The dehydrogenation of anabasine is accompl ished  at 175-220~ to give modera te  yie lds  (22-38%) of 
the dehydrogenation p r o d u c t -  2, 3 ' -d ipyr idy l ,  .the cor responding  deaminat ion products ,  and ammonia .  

§ 3 ~ + 3 + 3NH3 
R R 

HCI NFI 2 CI-  HCI HCI 

R = R ' = H :  b R=Ctf  z. R '=H; c R - R ' = ~ C , l t  4 

The N-tosyl  der iva t ives  of N- imines  a lso  have dehydrogenating abili ty.  The r e su l t s  of a study of the 
homogeneous dehydrogenation of one of the s tandard  c o m p o u n d s -  diethyl 1 ,4-dihydro-2,  6-1utidine- 3, 5- 
d icarboxylate  (the Hantzsch es t e r )  [6] - show that the indicated compounds are  effect ive hydrogen accep tors  
that conver t  the dihydro der iva t ive  of pyridine to the cor responding  a romat i c  compound (diethyl 2,6-1utidine- 
3 ,5-dicarboxylate)  in high yields  (92-95%). The cor responding  products  of the reduct ive d e a m i n a t i o n -  p y r -  
idine and p- to luenesulfonamide - a re  a lso  fo rmed  in the reac t ion  with N- tosyl imidopyr id ine .  

*See [1] for  communicat ion  II. 

A. Navoi Samarkand State Univers i ty .  V. I. Lenin Tashkent  State Univers i ty .  Trans la ted  f r o m  
Khimiya Getero ts ik l icheskikh  Soedinenii, No. 6, pp. 816-818, June, 1973. Original  ar t ic le  submi t t edNovem-  
b e r  11, 1972. 

�9 19 75Plenum Publishing Corporation, 227 West 17th Street, New York, hr. ]I. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

748 



Cll s CH~ ~ CHs/~N-J~k"CH3 + + p'CH~CslI4$OjNfI2 

- N - - S  O : C t  H,~CH,~ 

R = COOC2H 3 

Deamination products  are  not formed in the react ion with quinoline derivat ives .  The react ion mix-  
ture contains at least  nine substances,  the presence  of which was shown by chromatographic  analysis.  

Thus the resul ts  attest  to the fundamental possibili ty of using N-imines of pyridine bases as homo- 
geneous dehydrogenating agents. 

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

The course  of the react ion and the operations involved in the isolation of the react ion products were 
monitored by paper  chromatography in the sys tems:  n -bu tano l -hydroch lo r i c  a c i d - w a t e r  (50 : 7 : 14, sys-  
tem 1) and n -bu t ano l - ace t i c  a c i d - w a t e r  (50 :7 :  14, sys tem 2) with the Dragendorf f reagent  as the developer 
and by th in- layer  chromatography (TLC) on activity-II A1203 in c h l o r o f o r m - b e n z e n e - a l c o h o l  (22 : 8 : 2, sys -  
tern 3), pe t ro leum e t h e r - e t h e r  (system 4), and b e n z e n e - a l c o h o l - p e t r o l e u m  ether  (16 : 2 : 5, sys tem 5)with 
iodine vapors as the developer.  

Pyridine N-Imine Hydrochloride (I). A solution of 151 g (1 mole) of potass ium O-hydroxylaminesulfo-  
hate was added in the course  of 10 rain with vigorous s t i r r ing  to a heated (to 70 ~ solution of 39.5 g (0.5 
mole) of pyridine in 100 ml of water,  af ter  which a solution of 34.5 g of potass ium carbonate in 200 ml of 
water  was added, and the mixture was held at 70 ~ for 1 h. It was then cooled and acidified with 20~ hydro-  
chloric acid until it was strongly acidic. An equivalent amount of bar ium chloride was then added to p re -  
cipitate the sulfates.  The precipitate was removed by fi l tration and washed with water ,  and the fil trate was 
vacuum-evaporated to dryness .  The residue was extracted in a Soxhlet apparatus with dry acetone to give 
28-30 g (43-46%) of hydrochloride I with mp 160-160.5 ~ (rap 160 ~ [5]) and Rf  0.41 (system 1). Found: C1 
27.8%, CsH6N 2- HC1. Calculated: C1 27.2~0. The picrate  had mp 153-154 ~ (from water) (nap 154-155 ~ [7]). 

2 -P ico l ine-N- imine  Hydrochloride (II). This compound was s imi lar ly  obtained in 48~ yield and had 
mp 144-145 ~ (from alcohol) and R[  0.41 (system 1). Found: C1 23.7z/o. C6HsN 2" HC1. Calculated: C1 24 .5~.  
The picrate had mp 129-131 ~ (from water).  

Qutnoline N-tmine Hydrochloride (III). This compound was obtained in 39-40~ yield and had mp 166 ~ 
(from water) and R f  0.50 (system 1). Found: C1 19.1~c. CgHsN2.HC1. Calculated: C1 19.6~. The picrate 
had mp 189 ~ (from water) (mp 169 ~ [8]). Found: N 18.6%. C~HsN 2.CGH3N307. Calculated: N 18.7%. 

Dehydrogenation of Anabasine (IV) with Pyridine N-Imine.  A mixture of 1.17 g (5 mmole) of hydro-  
chloride IV and 2 g (15 mmole) of I was heated at 210-220 ~ for 3 h, af ter  which the mixture was dissolved 
in water .  The solution was made alkaline to pH 4-5 and extracted with ether.  The ext rac t  was dried with 
anhydrous sodium sulfate, and the solvent was removed by distillation. The residue contained 0.2 g (26%) 
of 2 ,3 ' -d ipyr idyl  (V). The picrate had mp 154-155 ~ (from water;  no melting-point depress ion was observed 
for a mixture with an authentic s a m p l e ) , R f  0.90 (system 2); this is in agreement  with the data for V. Dry 
hydrogen chloride was bubbled through the e ther  distillate, af ter  which the solvent was removed.  The r e s -  
idue contained 0.25 g (20%) of pyridine hydrochloride (VI). The picrate had mp 160 ~ (from water).  A mix-  
t u r e w i t h a s a m p l e  o f thep i c r a t e  of VIhadmp 160 ~ The R f  valuewas 0.28 (system 1),which is in agreement  with 
the value for  VI. The aqueous mother  liquor was made alkaline to pH 8 and extracted with e ther .  The usual 
workup gave 0.58 g (50%) of IV. The picrate  had mp 200-202 ~ (from water).  The melting point of a mixture 
with a sample of the picrate of IV was 200-202~ R f  0.56 (system 2). The presence  of ammonia in the res id -  
ual aqueous solution was proved with Ness l e r ' s  reagent.  

Dehydrogenation of Anabasine with 2-Picoline N-Imine. The react ion was ca r r i ed  out at 180-190 ~ for  
5 h, af ter  which the mixture was worked up to give V [in 22~ yield; R f  0.90 (system 2); picrate,  mp 150~ 
no melt ing-point  depress ion was observed for  a mixture with the picrate of a genuine sample], 2-picoline 
hydrochloride [in 13~ yield; R f  0.45 (system 1)], unchanged IV [0.23~0 yield; R f  0.54 (system 2); the picrate 
had mp 203-205~ and unchanged 2-picol ine-N-imine hydrochlor ide  (18%). 

Dehydrogenation of Anabasine with Quinoline N-Imine.  A mixture of 0.87 g (0.003 mole) of hydro-  
chloride IV and 2 g {0.11 mole) of III was heated at 175-200 ~ for 5 h, after  which the mixture was treated 
with water  and extracted (at pH 5) with e ther .  The solvent was removed by distil lation to give a mixture 
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of V and quinoline (VII), which was then separa ted  by fract ional  s t e am dist i l lat ion to give 0.22 g (38%) of 
V with Rf0 .90  ( sys tem 2). The p ic ra te  had mp 150-151 ~ The mel t ing point of a mixture  with the p ic ra te  
of a sample  of V was 150-151 ~ The yield of VII was 0.4 g (28%~); R f  0.93 (sys tem 2). The p ic ra te  had mp 
202-203 ~ The mel t ing point of a mixture  with the p ic ra te  of a sample  of VII was 200-203 ~ The mo th e r  
l iquor was ex t rac ted  with e the r  (at pH 8) to give 0.35 g (40%) of unchanged IV with R f  0.54 (sys tem 2); the 
p ic ra te  had mp 203-205 ~ The mothe r  l iquor remain ing  a f t e r  the isolat ion of IV was acidified with hydro-  
chlor ic  acid and evapora ted ,  and the residue was ex t rac ted  with acetone to give unchanged III; the p ic ra te  
had mp 188-189 ~ 

N-Tosyl imidopyr id ine  (VIII). Po t a s s ium carbonate  was added to 1.3 g (0.01 mole) of I in 4 ml  of wa te r  
until the mixture  was s t rongly alkaline,  a f t e r  which a solution of 2.5 g (0.013 mole) of p- to luenesulfonyl  
chloride in 10 ml of acetone was added. The mixture  was shaken for  a few minutes  and allowed to stand 
overnight .  The prec ip i ta ted  c ry s t a l s  were  removed  by f i l t rat ion,  washed with water ,  and r ec rys t a l l i z ed  
f rom alcohol to give 1.6 g (64%) of a product  with mp 209 ~ (rap 210 ~ [9]); R f  0.31 (sys tem 3). 

N-Tosylimidoquinoline (IX). This compound was s imi l a r ly  obtained in 70% yield and had mp 227 ~ 
(rap 227-228 ~ [10]); R f  0.35 (sys tem 3). 

Dehydrogenation of the Hantzsch Es t e r  with N-Tosyl imidopyr id ine .  A mix ture  of 0.63 g (2.5 mmole)  
of the Hantzsch e s t e r  (X) and 0.62 g (2.5 mmole)  of VIII was heated at 175-200 ~ for  5 min. The mixture  was 
cooled and t r ea t ed  with 2 N po tass ium hydroxide solution, and ex t rac ted  with e ther .  The ex t rac t  was dried 
with anhydrous sodium sulfate,  and the solvent was removed  by dist i l lat ion to give 0.58 g (92%) of diethyl 
2 ,6-1ut idine-3,5-dicarboxylate  (XI) with mp 71-72 ~ (rap 73 ~ [11]); R f  0.9 ( sys tem 4). Passage  of dry  hydro-  
gen chloride through the e the r  dist i l late  and r emova l  of the solvent yielded 0.25 g (88%) of hydrochlor ide 
VI. The mothe r  l iquor was acidified to pH 3 and ex t rac ted  with e ther .  Removal  of the solvent by dis t i l la-  
tion gave 0.37 g (87~) of p- to luenesul fonamide with mp 136-137 ~ and R f  0.25 (sys tem 3); this co r r e sponds  
to the data for  a genuine sample .  

Dehydrogenation of the Hantzsch Es t e r  with N-Tosyl imidoquinol ine.  A mixture  of 0.63 g (2.5 mmole)  
of X and 0.74 g (2.5 mmole)  of VIII was heated at 140-150 ~ for  7-8 rain. The reac t ion  was accompanied by 
pronounced resinif icat ion.  Chromatography  in s y s t e m  4 yielded 0.6 g (95~0) of XI with mp 71-72 ~ and R f  
0.9. The residue was a complex mixture  of subs tances ,  which gave the following R f  values  on ch romatog-  
raphy in s y s t e m  5: 0.30, 0.46, 0.54, 0.56, 0.60, 0.64, 0.68, 0.74, and 0.79. 
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