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The synthesis  of 2 ,3 ' - ,  3 ,3 ' - ,  and 4 ,4 ' -d ipyr idy l  N-tosyl imides ,  for which the dehydrogenating 
activity was investigated in the case of react ion with the Hantzsch es te r ,  was accomplished.  

The possibi l i ty of the use of N- imines  of pyridine bases  - nitrogen analogs of N-oxides - as homo-  
geneous dehydrogenating agents has been demonst ra ted  by us in the case of the dehydrogenation of anabasine 
and the Hantzsch es te r ,  respect ively ,  by the hydrochlor ide and N-tosyl  derivat ive of pyridine N-imine [1]. 
Inasmuch as the mos t  active dehydrogenating agents among the N-oxides of pyridine bases  are dipyridyl 
N-oxides [2], it was neces sa ry  to investigate the react iv i t ies  of N-tosyl imidodipyr idyls  as hydrogen accep-  
to ts .  In the present  r e sea rch  we studied the homogeneous dehydrogenation of diethyl 1 ,4-dihydro-2 ,6-  
lut idine-3,5-dicarboxylate  (the Hantzsch ester)  with 2 ,3 ' - ,  3 ,3 ' - ,  and 4 ,4 ' -d ipyr idy l  N-tosylimides.  

The start ing mate r ia l s  - 2 , 3 ' - ,  3 ,3 ' - ,  and 4 ,4 ' -d ipyr idy l  N-imtne hydrochlor ides  (I-III) and their  N- 
tosyl  der ivat ives  (IV-VI) - were obtained by the method used to prepare  the cor responding  pyridine [1] de-  
r ivat ives  via the scheme 
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Data on the p roper t i es  and s t ruc tu res  of the compounds obtained are presented in Table 1. The UV 
spect ra  of I -VI contain absorption bands in the region of 7r ~ r * - t r a n s i t i o n s  that a t t e s t t o t h e p r e s e n e e o f t h e  
skeleton of the cor responding  dipyridyl [3]. The s t ructure  of N-tosyl  der ivat ives  IV-VI was also confirmed 
by hydrolys is ,  as a resul t  of which dipyridyl  N-imines  I - I I I  were obtained. 

The dehydrogenation of the Hantzsch e s t e r  (VII) with dipyridyl N-tosyl imides  (IV-VI) proceeds  rapidly, 
is accompanied by slight resinif icat ion,  and gives an aromat ic  c o m p o u n d -  diethyl 2 ,6-1ut idine-3,5-dicar-  
boxylate - a n d  products  of reductive deimidation - d i p y r i d y l  and p-toluenesulfonamide - i n  ra ther  high yields 
(Table 2). 

*See [1] for communicat ion III. 
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TABLE 1. P r o p e r t i e s  of D e r i v a t i v e s  of Dipyr idy l  N - I m i n e s  

Compound 
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Dipicratc of I 

IV 
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Dip/crate of 

iii:l: 

Dipicrate o f  
Ill 

Vl 

rap, "C * 
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176--1 

176--1 

264 
(dec 
245 
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* C r y s t a l l i z a t i o n  so lven t s :  abso lu te  a lcohol  for  I, 95 % a lcohol  for 
the d ip i c r a t e  of I and IV, 80 ?c a lcohol  for  II and the d i p i c r a t e  of II, 
d i m e t h y l f o r m a m i d e  for  V and VI, and 50 % alcohol  for III and the 
d i p i c r a t e  of III. 

The UV s p e c t r u m  was  not  r e c o r d e d  in view of the l i m i t e d  so lub i l i ty  
of th is  compound.  
$ The me l t i ng  point  and UV s p e c t r u m  a r e  in a g r e e m e n t  with the l i t -  
e r a t u r e  data [5]. 

TABLE 2. 

Dehydrogenating 
agent 

IV 
V 

VI 

Dehydrogena t ion  of the Han tzsch  E s t e r  

Reaction temp., Reaction 

"C time, min viii 

1 

Yield, % 

Dl.rid;1 I ,x 

150--160 10 9 2 1  76 i 7 7  
210--220 5 88 50 78 
210--220 30 70 77 I 80 

A c o m p a r i s o n  of the r e s u l t s  ob ta ined  in th is  study with the r e s u l t s  of the dehydrogena t ion  of the 
I-Iantzsch e s t e r  with N-ox ides  of py r id ine  b a s e s  [4], i nc lud ing  d ipy r idy l  N-ox ides  [2], m a k e s  it poss ib l e  to 
note that d ipy r idy l  N - t o s y l i m i d e s  a re  s i m i l a r  to N - o x i d e s  as  hydrogen  a c c e p t o r s ,  and if one t akes  into a c -  
count  the s h o r t - t e r m  c h a r a c t e r  of the r e a c t i o n s ,  they somewhat  s u r p a s s  them.  

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

The s e p a r a t i o n  of the r e a c t i o n  m i x t u r e s  was  m o n i t o r e d  by c h r o m a t o g r a p h y  on paper  ("fast" brand)  in 
n - b u t a n o l - a c e t i c  a c i d - w a t e r  (50 �9 7 ; 14) ( sys t em A) and n - p r o p a n o l - h y d r o c h l o r i c  a c i d - w a t e r  (50 �9 7 : 147 
( sys t em B) with deve lopmen t  with D r a g e n d o r f f ' s  r e a g e n t  and by m e a n s  of TLC on ac t iv i ty  II a l u m i n u m  oxide 
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 : 27 ( sys t em C) with de ve l opme n t  by iodine vapor s .  The UV s p e c t r a  
of the syn thes i zed  compounds  ( concen t r a t ion  1 �9 10 -4 M) w e r e  r e c o r d e d  with an SF--4A s p e c t r o p h o t o m e t e r .  

Dipyr idy l  N - I m i n e  H y d r o c h l o r i d e s  (I-HI7. A 7-g  (60 mmole )  s ample  of O - h y d r o x y l a m i n o s u l f o n i c  acid 
p r e v i o u s l y  n e u t r a l i z e d  at  0 ~ with 5 N KOH was added s lowly with v igo rous  s t i r r i n g  to a so lu t ion  of 3.5 g 
(20 mmole)  of the d ipy r idy l  in 4 ml  of w a t e r  heated to 70 ~ a f t e r  which the m i x t u r e  was  a l lowed to s tand with 
the pe r iod ic  addi t ion  of p o t a s s i u m  ace ta te  un t i l  it gave a nega t ive  tes t  for O - h y d r o x y l a m i n o  su l fonic  ac id  
(with the aid of s t a r c h - i o d i d e  paper)  at pH 7-8.  The so lu t ion  was  then cooled,  ac id i f i ed  with HC1 (1 : 17, and 
the su l fa tes  were  p r e c i p i t a t e d  by the addi t ion of an equ iva l en t  amoun t  of b a r i u m  ch lo r ide .  The p rec ip i t a t e  
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was r emoved  by f i l t ra t ion and washed with wate r ,  the f i l t ra te  was vacuum evapora ted  to d ryness ,  and the 
res idue  was ex t r ac t ed  in a Soxhlet appa ra tus  with absolute  alcohol to give 1-11L 

Dipyridyl  N - T o s y l i m i d e s  (IV-VI). A 0 .74-g  (3 mmole )  sample  of dipyridyl  N- imine  hydrochlor ide  
(I-III) was  d isso lved  in 10 ml  of wate r ,  and the solution was  made alkal ine to pii 8 with po ta s s ium acetate .  
A solution of 1.2 g (60 mmoie)  of p- to luenesul[onyl  chlor ide  in 10 ml  of acetone was  then added with v igo r -  
ous s t i r r ing ,  a f ter  which the mix tu re  was s t i r r ed  for  1 h and allowed to stand overnight.  The prec ip i ta ted  
c r y s t a l s  were  r em oved  by f i l t ra t ion and washed succes s ive ly  with w a t e r  and acetone.  

Hydro lys i s  of Dipyr idyl  N - T o s y l i m i d e s .  A 0 .2-g  (0.6 mmole  of IV or  0.4 remote of V and VI) sample  
of dipyridyl  N- tosy l imide  was  ref luxed in 20 ml  of 20 % HC1 for 15 h, a f t e r  which the mix ture  was  vacuum 
evapora ted  to d ryness ,  and the r e s idue  was  ex t rac ted  with e the r  in an appara tus  for continuous ext rac t ion  
to give p- to luenesul fonic  acid in yie lds ,  r e spec t ive ly ,  of 90, 89, and 97 ~ for  IV-VI.  Compounds I - I I I  were  
obtained in y ie lds  of 94, 94, and 96 '7c, r e spec t ive ly ,  f rom the res idues .  

.Dehydrogenation of the Hantzsch E s t e r  (VII) with Dipyridyl  N - T o s y ! i m i d e s  (IV-VI). An equivalent  
mix tu re  of VII and dipyr idyl  N- tosy l imide  was heated at  150-220 ~ for  5-30 min until it gave a negat ive t es t  
for the p r e sence  of VII on t r e a t m e n t  with p icr ic  acid.  The mel t  was  t r ea t ed  with HC1 (1 : 1) and ex t rac ted  
with ch lo roform.  The c h l o r o f o r m  solution contained a mix tu re  of diethyl 2 ,6-1ut id ine-3 ,5-dicarboxyla te  
(VIII) and p- to luenesu l fonamide  (IX), which were  s epa ra t ed  by t r e a t m e n t  with e ther .  The solvent  was  r e -  
moved by dis t i l la t ion to give VIII. The res idue  contained IX. The mo the r  liquid was  made alkaline to pH 5 
with po t a s s ium carbona te  and ex t r ac t ed  with c h l o r o f o r m  to give the dipyr idyl .  The reac t ion  p roduc t s  were  
identified by mixed -me l t i ng -po in t  de t e rmina t ions  with genuine samples ;  no mel t ing-poin t  dep re s s ions  were  
obse rved .  
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