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The e lect ronic  s t ruc tures  of some pyridine bases are  analyzed by means of iH and ~3C NMR 
spec t roscopic  data for substituted pyridines and the calculated bond orders  in the pyridine ring. 
The differences in the chemical  bonds in the pyridine ring of i somer i c  methylpyridines and the 
c a r b o n - c a r b o n  bonds between the ring and the methyl groups in these compounds are in ag ree -  
ment with the experimental  data on the the rmal  stabil i ty of the s implest  pyridine bases and the 
gas-phase  t ransformat ion  of the i somer i c  methylpyridines on an industrial  n i cke l - a luminum 
catalyst.  The possibil i ty of obtaining mono- or dialkylpyridines under these conditions, de-  
pending on the s t ruc ture  of the s tar t ing pyridine bases,  is demonstrated.  

The peculiari t ies  of the e lec t ronic  s t ruc tures  of alkylpyridines are responsible for certain t ransformat ions  
in their  ser ies .  The data presented in Table 1 constitute evidence, for example, for different s t rengths of the 
bonds in the pyridine ring of i somer ic  methylpyridines,  as well as the c a r b o n - c a r b o n  bonds between the ring 
and the methyl groups in these compounds. One therefore  might have expected differences also in the t r a n s -  
formations of i somer i c  alkylpyridines.  

We have investigated the gas-phase  t rans format ion  of some alkylpyridines on an industrial  n i cke l -  
aluminum catalyst ,  which was selected f rom a number of tested catalytic sys tems  as one that ensures  the 
greates t  select ivi ty of the investigated p rocesses  and has a significant period of constant activity and sufficient 
the rmal  stability. 

Consecut ive-para l le l  react ions involving equil ibrium demethylation of the 2-methyl  group with the fo rma-  
tion f rom the s tar t ing alkylpyridines of, respectively,  pyridine or  3-ethylpyridine (reaction 1, Table 2) and 
alkylation of the s tar t ing compounds by methyl radicals  p r imar i ly  in the 2 position of the pyridine ring (reaction 
2, Table 2) are charac te r i s t i c  in the case of contact of 2-methyl-subst i tu ted  alkylpyridines (for example, 2- 
methyl-  and 2-methyl -5-e thylpyr id ines)  on this catalyst .  We showed that both react ion 1 and parallel  react ion 
3 - cleavage of the pyridine ring to give gaseous products - may be the source  of methyl radicals :  

Ni/Al~O~ 0 + H 2 �9 + CH 4 
CH3 J 

~'N~CH3 + C C  Ni/AI~O~ C H 3 ~ C H  a 

N i/Ai2 O 3 ~ , ,  ~ 
CnH2n+2 + NH 3 

CH 3 

(1) 

+ H 2 (2) 

The selective demethylation of p r imar i ly  the 2-methyl  group is evidently a consequence of the grea tes t  
polar izat ion of the bond of this methyl group with the pyridine ring; this is apparent f rom a compar ison of the 
differences in the chemical  shifts of the carbon atoms of the pyridine ring and the methyl group, as well as the 
chemical  shifts of the protons of the CH 3 groups, in i somer ic  methylpyridines (Table 1). 

In addition, coordinate r e a g e n t - c a t a l y s t  in teract ion with the part icipation of the unshared e lec t ron pairs 
of the nitrogen atom of the methylpyridines and the vacant orbi tals  of the nickel atom s of the catalyst  also possibly 
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TABLE 1. IH and iac NMR Spect roscopic  Data for  Substituted P y r i -  

dines [1, 2] 

= z ~ Substituent .~za g ] 

2 CHs 
3 CHs 
3 CH2--CHa 
4 CH3 

Chemical shifts of the protons, 13 C chemical shifts, 5, ppm 
6, ppm 

IIIL 2-H 3-H 4-H 5-H 8-H CIta* 

8,29 6,77 7,15 6,77 8,291 
- 17,0017,43 6,92 2~5 7,45 7,13 8'5  2,19 8,5  - 8,54 / 

8 ;5  734 ~ 734 8,551237 

>c Js-cl4-cls-c[6-c I % 

1506 124,5 1364 i24,5 150,6 
15991234[1372[122,0149,8 - -  21,5 
1505133811372124,1 I47,8 - -  18,9 
150'3 143 0 138 5 127,715 ,6 26,8, 15,4 
150:11126271147271126,71150,11 - -  21,5 

* These data were obtained in the present research. 

TABLE 2. Resul ts  of the G a s - P h a s e  T r a n s f o r m a t i o n  of Alkylpyridines  on a N i c k e l - A l u m i n u m  
Cata lys t  (330 ~ C, a lkylpyr idine space  veloci ty  0.3 l i t e r / l i t e r  cat . -h ,  a lkylpyridine par t ia l  p r e s s u r e  
0.02 MPa, hydrogen par t ia l  p r e s s u r e  0.08 MPa) 

Star t ing 
alkylpyridines 

2- Methylpyridine 

3- Methylpyridine 

4-Methylpyridine 
2 -Me thy l -5 - e thy l -  

pyridine 

Yields of pyridine bases  pe r  pass ,  % 

Pyridine 14.9; 2 ,3-d imethylpyr id ine  3.0; 2 ,5 -d imethy lPyr i -  
dine 1.6; 2 ,6-d imethylpyr id ine  11.4 

Pyridine 0.3; 2 -methy lpyr id ine  0.5; 2 ,5-dimethylpyr id ine  
30.9; 2 ,4-d imethylpyr id ine  8.0; 2 ,3-d imethylpyr id ine  5.3 

Pyridine 0.6; 2 ,4-d imethylpyr id ine  3 5.2 
Pyridine 0.2; 2 -methy lpyr id ine  0.7; 3 -methylpyr id ine  1.7; 

2 ,5-d imethylpyr id ine  2.1; 3-e thylpyr id ine  31.7 

Conversion of 

the alkylpyri- 
dine, % 

43.1 

54.5 

45.6 
38.4 

TABLE 3. Calculated Bond Orders  in the Pyridine Bases  and Data 
on The i r  T h e r m a l  Stabil i t ies  

Starting 
compounds Calculated bond orders 

Rate constants for 
gas formationl h't  " 

[ 8oo~ [ 84o~ 880 ~ 

Pyridine 

2-Methylpyridine 

3-Methylpyridine 

4-Methylpyridine 

•• CH3 

%~eN" 
CId 3 

qs) N ~ 

0,9 1,4 

1,I 1,9 

0,8 1,06 

I 
i 

0,55 10,95 

2,1 

2,7 

1 , 2 5  

1,3 

p romote s  the demethyla t ion  of p r e c i s e l y  the 2 -me thy l  group in the inves t iga t ed  cata lyt ic  react ion.  This may lead 
to pronounced weakening of the a - c a r b o n  bond adjacent  to the coordinate  bond. 

Different  t r a n s f o r m a t i o n s  a re  c h a r a c t e r i s t i c  for  3-  and 4-methy lpyr id ines .  The pr incipal  products  of the 
t r a n s f o r m a t i o n  of these methylpyr id ines  a re ,  respec t ive ly ,  2 ,5-  and 2 ,4-d imethylpyr id ines  (Table 2). Consecu-  
t ive react ions ,  viz.,  c leavage of the pyridine ring to give gaseous  products  ( s imi la r  to reac t ion  3) and only sub-  
sequent  a lkylat ion of the s ta r t ing  compounds by the resul t ing  alkanes in the 2 posi t ion of the pyridine ring ( s imi-  
l a r  to reac t ion  2), p redominate  in this case.  
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TABLE 4. Quantitative Indexes of Reactions 
Involving the Alkylation of Pyridine Bases  by 
Methane on a Nickel-Aluminum Catalyst  
(330~ pyridine base space velocity 0.3 
l i t e r / l i t e r  cat.-h, alkylpyridine par t ia l  p r e s -  
sure  0.02 MPa, methane part ial  p r e s su re  
0.01 MPa, hydrogen part ia l  p r e s s u r e  0.03 
MPa, hel ium part ia l  p r e s su re  0.04 MPa) 

Starting pyridine 
bases 

Yields of ct-methyl-sub- 
Istituted alkvlovridines 
lbased on th~ ~farting 
ipyridine_____bases, % 

I passed iconverted 

Pyridine 
2-Methylpyridine 
3-Methylpyridine 
4-Meth) lpyridine 

40,0 ] 65,0 
15,0 35,0 
20,0 70,0 . 
30,0 65,0 

The possibility of the occurrence and some principles of reactions 2 and 3, the existence of which also 
evidently explains the series of observed transformations of isomeric alkylpyridines on a nickel-aluminum 
catalyst, were subjected to special study. Thus a quantitative estimate of the thermal stability of the pyridine 
ring of the simplest pyridine bases (reaction 3) in the absence of a catalyst from the rate constants for the 
formation of gaseous products (Table 3) calculated from the integral curves of the yields of these products 
from the arbitrary contact time is given. 

The thermal stabilities of the pyridine ring in the simplest pyridine bases differ and decrease in the order 
4-methylpyridine ~3-methylpyridine > pyridine > 2-methylpyridine. 

The same transformations evidently take place at lower temperatures (250-370~ on the nickel-aluminum 
catalyst, since coordinate interaction of the catalyst and ligands (the pyridine bases) weakens the carbon- car- 

bon bonds and the bonds of the pyridine ring, particularly those adjacent to the coordinate bond. 

The experimental data obtained are in agreement with the C-N bond orders in the investigated compounds 
(Table 3) calculated by means of a standard program within the framework of the simple MO LCAO method [3]. 

The possibility of the gas-phase catalytic alkylation of pyridine and its homologs by alkanes on the nickel- 
aluminum catalyst with the predominant formation of individual ~-substituted methylpyridines (reaction 2, Table 
4) was also demonstrated by special experiments [4]. 

Thus the experimental data on the catalytic contact of pyridine bases on an industrial nickel-aluminum 
catalyst presented in this research demonstrate the possibility of various pathways for their conversion to the 
corresponding mono- or dialkylpyridines as a function of the s'~rueture of the starting pyridine bases; this is 
substantiated by the peculiarities of their electronic structures. 

EXPERIMENTA L 

The dealkylation and alkylation of the alkylpyridines were investigated in the gas phase at atmospheric 
pressure in a flow reactor of the integral type on a heterogeneous nickel-aluminum catalyst (containing 25.82% 

nickel) (TU-6-03-237 ~- 69). 

Hydrogen with a partial pressure of no less than 0.03 MPa was fed into the reaction zone to ensure 
constant activity of the catalyst (on the order of 17 h with subsequent regeneration and reduction of the catalyst). 
We also established that the investigated process on the industrial granulation catalyst is not complicated by 
diffusion phenomena. 

The thermal transformation of the pyridine bases was carried out in a quartz reactor, the reaction zone of 
which was filled with an inert material. 

The description of the equipment, the conditions for activation, regeneration, and reduction of the catalyst, 
and the methods used for the analysis of the reaction mixtures are presented in [5]. 

The NIV[R spectra of solutions of the alkylpyridines in carbon tetrachloride were recorded with a Tesla BS 
487-C NMR spectrometer with hexamethyldisiloxane as the internal standard. 
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SELECTIVE HYDROGENATION AND DEHYDROCYCLIZATION 

OF 3- ME THY L- 4- BE NZYL-2,6-DIPHE NY LPYRIDINE 
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3 -Methy l -4 -benzy l -2 ,6 -d ipheny lp iper id ine  was obtained by hydrogenat ion of 3 - m e t h y l - 4 - b e n z y l -  
2 ,6-diphenylpyr idine in the p resence  of rhenium heptasulf ide;  this conf i rms  the common c h a r a c -  
t e r  of the method of se lec t ive  hydrogenat ion of aryl(aralkyl)-subst i t -uted pyridine bases  to give 
s i m i l a r l y  subst i tuted piper idines .  Dehydrocycl izat ion of this pyridine base by heating with su l -  
fur  leads to 1 0 - m e r c a p t o - l , 3 - d i p h e n y l - 2 - a z a a n t h r a c e n e ,  which was obtained under  the same  
conditions f r o m  1 ,2 -d ipheny l - l , 2 -b i s  (3-methyl -2 ,6-d iphenyl -4-pyr idy l )e thane .  

The se lec t ive  hydrogenat ion of ary lpyr id ine  bases  is of in te res t  as a method for  the p repa ra t ion  of 
s i m i l a r l y  subst i tuted piper idines .  We have es tabl i shed that  the pyridine ring is se lec t ive ly  hydrogenated with- 
out involvement  of the phenyl r ing in the hydrogenat ion of 2, 5 -d imethy l -4-phenyl (p-methy lbenzyl )  pyr id ines  in 
the p re sence  of rhenium heptasulf ide [1]. In the p resen t  communicat ion  we desc r ibe  the hydrogenat ion under  
the same  conditions of the prev ious ly  synthesized 3 -me thy l -4 -benzy l -2 ,6 -d ipheny lpyr id ine  (I) [2] to give 3- 
me thy l -4 -benzy l -2 ,6 -d ipheny lp ipe r id ine  (II), which was obtained in r a t he r  high yield. This example  a lso  s e r v e s  
as a conf i rmat ion  of the common c h a r a c t e r  of the se lec t ive  hydrogenat ion of a r y l -  and a ra lky lpyr id ines  in the 
p re sence  of rhen ium heptasulfide.  

$H 

~ C6H5 ~ C 6 H 5  

II III 

I C6H5 IH C6H, C H 2 ~.~'~,~C6H s 
N~J'~ c 3 

CH3"~ NH C6 H 5 ~./L..~c H ~....~J 
C6H5 [ 
II ~ C H ~ C 6 H s  

~ C H ~  ~.~6 H ~ 
,,IV 

In a study of the cata lyt ic  dehydrocycl iza t ion  of pyridine base I it was es tab l i shed  that  i t  is conver ted to 
condensed he te rocyc les ,  viz. ,  1 ,3 -d ipheny l -2 -azaan thracene  and 2 -pheny l - l -azabenzo[ f ] f luoran thene  [2]. We 
used a K-16 indus t r ia l  dehydrogenat ing ca ta lys t  as the catalyst .  We a t tempted  to br ing about the dehydrocyc l i za -  
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