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A method for the catalytic synthesis  of alkylpyridines by he teroaromat iza t ion  of aliphatic 
imino compounds over an a luminum-po ta s s ium catalyst  was found and investigated. Con- 
densed heterocycl ic  sys tems - quinoline, isoquinoline, and pyridine - w e r e  obtained by 
he teroaromat iza t ion  of imines of cyclic aldehydes or ketones.  

Several  types of catalytic t ransformat ions  of unsaturated amines over an a l u m i n u m - p o t a s s i u m  ca t -  
alyst  have been descr ibed:  migrat ion of the c a r b o n - c a r b o n  double bond in N-alkylideneal lylamines to give 
conjugated 2 - aza - l , 3 -d i enes  [2], diene condensation of heterodienes with acryloni t r i le  and oIefins [1,3,4], 
and heteroaromat iza t ion  of imines to pyridine bases  [5,6]. 

Our investigations have demonst ra ted  that alkalized aluminum oxide is an active heteroaromat iza t ion 
ca ta lys t  with respec t  to aliphatic imines.  Aliphatic imines of the RCH-----NR' type, where R and R' are  
sa tura ted  or  unsaturated hydrocarbon res idues ,  are  converted to the corresponding alkylpyridines on con-  
tact  with K20/A1203. 

A mixture of i somer ic  pyridine bases  is obtained in the aromatizat ion of imines whose molecules  con-  
tain more  than six atoms in the s t ra ight  chain. The presence  of a heteroatom crea tes  g rea te r  possibil i t ies 
for the formation of i somer ic  compounds than is observed in the analogous t ransformat ion  of hydrocarbons :  
while dehydrocyclizat ion of heptanes and heptadienes gives only toluene, catalyt ic  conversion of an imine 
with a seven-membered  chain gives a - ,  ~-, and y -p ico l ines ,  depending on the fo rm of the groups on both 
sides of the ni t rogen.  

The yields of the alkylpyridines formed depend p r imar i ly  on the overal l  unsaturated charac te r  of the 
s tar t ing compounds.  The most  difficult he teroaromat iza t ion react ions were those involving RCH = NR' corn- 
pounds with saturated R and R' groups.  Pyr id ine  bases  are formed f rom such imines only at or above 400~ 
and the yields are ve ry  low (see Table 1). Imines RCH = NR' in which R or  R '  contain a C ----C bond are 
aromat ized at lower t empera tu res  in bet ter  yieIds:  When the number  and position of the atoms making up 
the imine molecule are  held constant,  an increase  in the number  of double bonds by one increases  the yield 
of the corresponding alkylpyridines by a factor  of 2-2.5 (see Table 1). 

The' position and number  of multiple bonds in the s tar t ing molecule are  of grea t  importance.  The dif- 
ference in the yields of i somer ic  alkylpyridines obtained, for example, f rom N-crotyl ideneal lylamine,  is 
explained chiefly by the fact that carbon atoms with different degrees  of unsaturat ion part icipate in closing 
of the s ix -membered  ring.  

Imino derivat ives of cyclic aldehydes and ketones are  converted to two-r ing  ni t rogen-containing bases  
during heteroaromat iza t ion on K20/A1203. 2,3-Cyclopentenopyridine was thus obtained f rom N-cyclopentyl -  
ideneallylamine, while cyclohexylideneallylamine gave a mixture of 5,6,7,8-tetrahydroquinoline and quinoline: 

H2C~cIt 

*Communicat ion VII of the ser ies  "investigation of Unsaturated Amines." See [1] for  communication VI. 
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TABLE 1. Catalyt ic  Dehydrocycl izat ion of Imines  at 350~ and a 
Space Veloci ty  of 0.4 h -1 

S ~ r ~ g  imines 

CH3CH=NC3H7 (I)* 
C~HsCH = NC3H7 (11)* 
(CH3)2C= NCaH7 (lIl)* 
CH2CH=NCH2CH =CH2 (IV) 

I~ ~ t Dehydz~176 

t :~ 5 )'~l 

C2HsCH=NCH~CH=CH2 (V) 
(CH3) ~C = NCI-IaCH = C[-I2 (VI) 

C3HTCH=NCH2CH=CH_, (VII) 

CH3CH=CHCH=NCH2CH= 
=Ctt2 (VIII) 

CHaCH=CHCH=NCH3 (IX) 

sym:_Tri~ylhexahydroUi-  
al~ne IA) 

N-Cyclopeutyl ideneal lyl-  
amine  IX'I) 

N 7~1~1ohexyllde nea 11y la mine 

N-Belmylideneal lylamir~ (XIII 

bp, ~C 
(ram) 

Picrate, 

4,4 
6,2 

:20,0 

14,3 
5,0 

16,0 
10,2 

a 16,0 

6,0 

10,5 

5,0 1 
3,ol 

20,0 t 
t l,tD / 5,0 / 

l?~ 
~8,0 

47,0 

10,5 

163--164 
148--149 
164--165 
163--164 
162--163 

128--130 
107--t08 
148--149 
163--164 

162--I63 

128--129 

162--163 

128--129 

153--154 c 

237 d 

182 

157--158 

201--202 

194--195 

*The react ion temperature  was  400~ 
aThis  fract ion was  oxidized with KMnO4, and the pyridinecarboxyl ic  
acids  i so la ted  w e r e  identified by paper chromatography [12] with 
elution by n-C4H9OH-CH3COOH-water  (4 : 1 : 2) and subsequent  t rea t -  
ment  with a mixture  of a 1% solution of Mohr's  sa l t ,  10% aqueous 
hydroxylamine  hydrochlor ide  solution,  and pyridine in a rat io  of 
20 : 2 : 1. Only two acids - quinolinic _and picol inic  in a ratio of 3 : 1 - 
w e r e  found in the oxidation products ,  bBands at 1250 and 1210 c m  -1, 
which are charac ter i s t i c  for groupings with a quaternary carbon 
atom, w e r e  o b s e r v e d  in the IR spec trum of the alkylpyridine.  The 
posi t ion of  the substituent was  proved by oxidation to the pyridine-  
carboxyl ic  acid and determinat ion of  the melt ing  point of a mixture  
of the product with genuine nicot inic  acid.  CFound: C 49.9, 49.7; H 
4,2,  4.4%. CIsHI6N407. Calculated: C 49.5; H 4.4%. dFound: C 
46.4, 46.2; H 3.5, 3.5%. ClzHI2N4OT. Calculated: C 46.4; H 3.6%. 

These  t rans format ions  proceed in good yields and can be used  in the synthes is  of condensed n i t rogen-  
containing cycl ic  s y s t e m s  of the quinoline type.  Two- r ing  bases  that  contain an isoquinoline ring a re  
formed during the dehydroeycl izat ion  of imino der iva t ives  of a roma t i c  aldehydes.  The yields of aldimine 
aromat izat ion  products  are ,  however ,  lower than in the case  of de r iva t ives  of cyclic ke tches .  For  example ,  
N-benzyl ideneal ly lamine  in contact  with K20/AI203 is chiefly c leaved to give benzoni t r i le  and propylene 
(50% yield); the dehydroeycl izat ion p r o d u c t -  3-methyl isoquinol ine - w a s  isola ted in only 10% yield: 
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~ H 2 

Call 6 + C6HsCN ~ CH//N ~ 

The high-boiling fractions of the catalyzates contain a considerable amount of pyridine bases of 
higher  mo lecu l a r  weight than expected f rom the scheme of the usual  dehydrocycl iza t ion .  These  compounds  
a re  also fo rmed  in the reac t ion  mix tu re  as a r e su l t  of a romat i za t ion  of m o r e  complex  imines  r a t h e r  than 
of the s ta r t ing  imines .  I t  is known [7,8] that  heating of al iphatic  imines  gives the i r  unstable d imer s ,  which 
r ead i ly  spl i t  out an RNH~. molecule  and a re  conver ted  to new, m o r e  complex  imino compounds.  The new 
imines ,  which have high molecu la r  weights and a high degree  of unsatura t ion ,  a re  ex t eme ly  act ive in r ing 
closing;  they also se rve  as a source  for  the format ion  of higher a lkylpyr id ines  - 3 ,4-dimethylpyr idine  and 
2- and 3-e thylpyr id ines  (39.3~c yield) a re  fo rmed  along with pyridine (11.7~c yield) f r o m  N-e thyl idenea l ly l -  
amine : 

CH s 

I CH3C H =Ctt C H ~N CH,2CH ~C fl~] 

A 

Under the s ame  condit ions,  N- i sopropyl idenea l ly lamine  not only cyc l izes  to G-picol ine ,  but, to a c o n s i d e r -  
ably g r e a t e r  degree ,  f o r m s  2 -me thy l -3 - i sop ropy lpy r id ine  and 2- isobutylpyr id ine:  

~--_~N,~,L_C ii 3 H2C\N/CCII 3 II2C\N~/C_C H2 ~__N I.ICH2CH=C H2 | I I 3 / - - - - I  J{ C ~I- ~'Lc~H9 I cu3 L c(c.9~j 
B 

The proposed  in te rmedia te  polyunsatura ted imines  A and B were  obtained by condensat ion of the a p p r o p r i -  
ate carbonyl  compounds (crotonaldehyde and mes i ty l  oxide) with a l ly lamine;  the he te roa romat i za t ion  of 
these  imines  give the same  final products  as indicated in the s chemes  p resen ted  above.  

N-Cro ty l idenemethy lamine ,  the molecule  of which is a s i x - m e m b e r e d  chain bounded by methyl  groups 
of low activi ty,  gives v i r tual ly  no pyridine in the catalyt ic  p roce s s  but is conver ted  to high yields of 3 - t e r t -  
butylpyridine in high yie lds :  

[- NHCH~ "] , . 

N , N ' , N " - T r i a l l y l - s y m - h e x a h y d r o t r i a z i n e  r eac t s  pecu l ia r ly  over  the a l u m i n u m - p o t a s s i u m  ca ta lys t  to 
give 3 ,5-d imethylpyr id ine  in 31% yield.  The sequence of t r ans fo rma t ions  of the s t a r t ing  t r iaz ine  apparent ly  
includes s teps  involving depolymer iza t ion ,  migra t ion  of the C = N  bond in the m o n o m e r ,  followed by d i m e r i -  
zation of the m o n o m e r  to imine C, and, finally, a romat iza t i6n  of the la t te r :  

C1|2= C H C H 2 - - N S ~ N - - C  tt. C H ~CH 
L.~N.. ~ ' ~ I C,H =NCH~CH~Cft2] __ [CH3N~CHCH~CH2 ] 

i l 
CH2CH =CH 2 

F CH3NH 1 

c 

The last two examples - fo rmat ion  of tert-butylpyridine from N-crotylidenemethylamine and of 3,5- 
dimethylpyr idine  f rom t r i a l ly l t r i az ine  - a re  also of in te res t  because  of the fact  that c losu re  of the pyridine 
r ing occurs  without spli t t ing out of hydrogen in these  c a s e s .  
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E X P E R I M E N T A L  

The s ta r t ing  imines  were  obtained by known methods  f rom the appropr ia te  carbonyl  compounds and 
amines .  The method in [9] was used  in the synthes is  of imines  I, II, IV, V, VII, VIII, and IX; imine XIII was 
obtained according to the d i rec t ions  in [10]; III,  VI, XI, and XII were  obtained by the method in [2, [11]; and 
imine X was synthesized by the method in [3]. The physical  constants  of all  of the subs tances  were  in a g r e e -  
ment  with the values  p resen ted  in the l i t e r a tu r e .  The imine obtained f rom rnesityl  oxide had mp 180-185 ~ 
Found: C 78.4; H 11.0%. CsHIsN. Calculated: C 78.8; H 11.0%. 

A flow apparatus with 25 ml of aluminum-potassium catalyst (3~c K20/A1203) from one batch of a 
preparation with 3-by-5-mm grains was used for the heteroaromatization of the imines. The imine was 
passed over the catalyst at 350 ~ at a space velocity of 0.4 h -i in a stream of nitrogen. The liquid catalyzate 
collected at 0 ~ was dried with KOII and distilled. After each dehydroeyclization experiment (4-5 h), the 
system was flushed with nitrogen for 15 rain, and the catalyst was regenerated in an air stream at 550 ~ for 
1.5 h. The activity of the catalyst was checked after each 25-30 h of operation from the degree of conver- 
sion of N-ethylideneallylamine. 

The pyridine bases were identified from their physicochemical properties, by spectral methods (UV 
and IR spectroscopy), and from their retention times in a chromatographic column. The IR spectra were 
recorded with a PS-301 spectrophotometer, and the UV spectra of alcohol solutions were recorded with a 
Hitachi EPS-2 spectrophotometer. An LKIfiVI-8 chromatograph with a flame-ionization detector and a 1.5-m- 
long stainless steel column filled with Apiezon L on Chromosorb W was used for the gas-liquid chroma- 
tography. The temperature was 150 ~ , and the carrier gas was nitrogen. 

In some cases, the position of the substituents in the alkylpyridines was proved by oxidation of them 
to known pyridinecarboxylic acids. Paper chromatography [12] was sometimes used to interpret the mix- 
tures of acids. The chief experimental results of the present investigation are assembled in Table 1. 
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