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R e s e a r c h  accompl ished in the Yaros lav  Polytechnic Insti tute on the synthesis  of pyridine bases  
by the reac t ion  of aliphatie aldehydes with ammonia  is cor re la ted .  

In t e re s t  in synthetic methods for  the p repa ra t ion  of individual pyr idine bases  has grown sharp ly  in recent  
y e a r s .  The pyr idine ba se s  of g r e a t e s t  s ignif icance as s ta r t ing  m a t e r i a l s  in the product ion of poly(vinylpyridine) 
p o l y m e r s ,  pyr id inecarboxyl ic  acids,  se lec t ive  extract ing agents, and ac id - co r ro s ion  inhibitors a re  pyridine,  
picolines,  and 2 -methy l -5 -e thy lpyr id ines  [1-8]. Until r ecen t ly  the only source  of pyridine bases  were  coking 
side products ,  f r o m  which only ~ 0.1~ pyr idine der iva t ives  can be isola ted in the fo rm of complex and difficult-  
t o - s e p a r a t e  mix tu res .  

The industr ia l  product ion of some valuable pyr idine bases  on the bas i s  of the Chichibabin r e a c t i o n -  the 
reac t ion  of aliphatic aldehydes with a m m o n i a -  is p r e sen t ly  being organized in var ious  countr ies ,  including the 
USSR [1-3 ]. Fo r  a long t ime  the Chichibabin react ion  had no p rac t i ca l  value [10-12 ], inasmuch as  a complex m i x -  
tu re  of pyr id ine  bases  with low yields of individual p roducts  was obtained under its conditions. The synthesis  
of 2 -methy l -5 -e thy lpyr id ine  (I), the product ion of which has been rea l ized  on an industr ial  sca le  [2. 9}, was the 
s imples t  and m o s t  economica l ly  prof i table  react ion.  

The synthes is  of I [ react ion (1)] is c a r r i e d  out in the liquid phase  under p r e s s u r e  (80-100 atm) with 
para ldehyde  and 50% ammonium hydroxide (with a mo la r  ra t io  of para ldehyde to ammonia  of 1 .. 4) in the p r e s -  
ence of ca ta lys ts  (ammonium fluoride or acetate) .  The react ion p roceeds  quite vigorously at 225-250~ and 
p rac t i ca l ly  complete  convers ion  of the para ldehyde is achieved af ter  20-90 min. 
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An advantage of this p r o c e s s  is the r a t h e r  high select ivi ty  of the format ion  of base  I (~70 mole  0~) and the pos-  
s ibi l i ty  of p rac t i ca l l y  complete  uti l ization of all  of the remaining pyr idine der iva t ives .  

Chichibabin also f i r s t  rea l ized  the syntheses  of i somer i c  picol ines  on the basis  of the s imples t  aldehydes 
in the gas  phase  on heterogeneous ca ta lys ts  [ react ions (2) and (3)] [] 0-]  2]. These p r o c e s s e s  were  subsequently 
improved  technical ly  through the use of m o r e  effective catalytic sy s t ems  [4-8]. 
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TABLE 1. 
I somer i c  Picol ines* 

Pr inc ipa l  Indexes of P r o c e s s e s  for the Synthesis of 

Reaction products 

Pyridine 
a -Pieoline 
~ - F l C O l l n e  

7 -Picolinr 
Lutidines 
2-Methyl- 5 -ethylpyfidine 
Higher pvfidine bases 
Cl~emica'1 losses 

If_ Starting aldehydes 
on'n aldehyde-- acet aldehy de molar } 

ratio " I acrolein 
0:I I:I ~ 3:1 

]'yield based on the amount, of acetaldehyde or 
] aerolein passed through the system, mole a/c 

2,5 
22,0 

4,9 
4,8 

29,2 
9,0 

25,2 
2.6 

15,8 

32 
5,3 

11,8 

29,8 

2,6 
8,2 
1,5 
4,2 

24,5 
3,2 

52,2 

3,6 
5,9 

7.9 

* The react ion  t e m p e r a t u r e  was 400~ the total  space veloci ty  of the 
aldehydes was 0.25 l i t e r / l i t e r  of ca ta lys t  par t ic les ,  the m o l a r  ace t -  
aldehyde ( ac ro le in ) -ammonia  ra t io  was 1 : 3, the ca ta lys t  was an alu- 
minum si l icate  catalyst ,  and the convers ion  of acetaldehyde and ac ro -  
lein was 78.0 and 97.3%, respec t ive ly .  

An equimolecular  mix ture  of a -  and y -p ieo l ines  with an overa l l  yield of up to 50 mole  %, based  on the 
amount of acetaldehyde pas  sod through the sys tem,  and with p rac t i ca l ly  comple te  convers ion  of the aldehyde was ob- 
obtained by condensation of acetaldehyde with a twofold exces  s of ammonia  [ react ion (2)] in a flutdized bed of an 
a luminum si l icate  ca ta lys t  at 380-400 ~ [7, 8]. 

Under s im i l a r  conditions, •-picoline was synthesized by  condensation of ammonia  with a mix tu re  of f o r m -  
aldehyde and acetaldehyde [react ion (3)] or  acro le in  [react ion (4), Table 1] [4-6]. 

The mo la r  ra t io  of the s ta r t ing  aldehydes has the g rea tes t  effect  on the yield of B-pieoline [react ion (3)], 
A g r e a t e r  than twofold excess  of formaldehyde insures  the format ion  of B-picol ine and the absence of i s o m e r i c  
picol ines  (Table 1). This fact  is  v e r y  important ,  inasmuch as it is difficult and cos t ly  to technical ly  s epa ra t e  a 
mix tu re  of c lose-boi l ing /3-  and y-p ico l ines .  The development  of this new ex t r eme ly  efficient method for  the 
d i rec t  oxidation of ethylene to acetaldehyde leads to a substant ia l  reduct ion in the cost  of the acetaldehyde used 
in react ions  (1-3). 

The detai led invest igat ion of reac t ions  (1-4) has made it poss ib le  to expand concepts  regard ing  the m e c h -  
an ism of the fo rmat ion  of the individual pyr id ine  bases ,  about which there  is as yet  no unified opinion. The 
mechan i sm of the Chichibabin reac t ion  has  been d iscussed  by many  inves t iga tors  [13-20]. Most r e s e a r c h e r s  
[] 3, ] 4, ]7, 18] have r ep re sen ted  this mechan i sm in the fo rm of different schemes  of mutual  or ientat ion of the 
s ta r t ing  reagents  that, in the i r  opinion, explain the fo rmat ion  of the individual pyr id ine  bases .  These  invest i -  
ga tors  feel  that  the chief product  of reac t ion  (]) in the condensation of acetaldehyde with ammonia  in the liquid 
phase  is  fo rmed  through crotonaldehyde.  Similar ly,  the format ion  of the i somer i c  picol ines  is  r ep re sen ted  
through a step involving the in te rmedia te  fo rmat ion  of a,  B-unsa tura ted  a l d e h y d e s -  acro le in  f r o m  formaldehyde 
and acetaldehyde [react ion (3)] [19, 20] and crotonaldehyde f rom acetaldehyde [react ion (2)] [8]. 

In our opinion, these  schemes  a re  not sufficiently convincing. Thus Chiehibabin 's  data [12], which we have 
also confirmed,  show that the use  of crotonaldehyde in l iquid-phase react ion  (1) p rac t i ca l ly  does not lead to the 
fo rmat ion  of individual pyridine bases ;  moreove r ,  main ly  a r e s in  is obtained. Similar ly,  in an invest igat ion of 
the condensation of formaldehyde  and acetaldehyde with ammonia  [react ion (3)] we showed that  acro le in  is  not 
fo rmed  under the conditions of this react ion.  In addition, it is seen f rom the exper imenta l  data (Table 1) that 
condensation of a fo rmaldehyde-ace ta ldehyde  mix tu re  [react ion (3)] or  of acrole in  with ammonia  [react ion (4)] 
leads to different ra t ios  of the pr inc ipa l  p r o d u c t s -  pyr id ine  and fl-pieoline.  The facts  noted above conf i rm that 
the condensation of formaldehyde and acetaldehyde with ammonia  evidently does not p roceed  through a step in- 
volving the in te rmedia te  format ion  of acrolein.  

It  is known [21] that the d i rec t  reac t ion  of aldehydes with ammonia  p roceeds  readi ly  at modera t e  t e m p e r a -  
tu res ,  and this reac t ion  will t he re fo re  be the p r i m a r y  reac t ion  at t e m p e r a t u r e s  above 200 ~ and in excess  a m -  
monia.  It is p r e c i s e l y  for  this r eason  that it was found to be  expedient in reac t ion  (1) to use  para ldehyde in 
p lace  of acetaldehyde, which reac t s  with ammonia  to fo rm considerable  amounts of res in i f ica t ion products  [2]. 
This leads to a sharp  dec r ea s e  in the yield of the des i red  2-methy l -5-e thy lpyr id ine .  However.  paraldehyde,  
which is an unusual acetaldehyde "d i spenser"  in the reac t ion  sys tem,  p reven ts  the reac t ion  of acetaldehyde 
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with ammonia even at reduced tempera tures ,  at which the formation of the pyridine bases  pract ical ly  does not 
occur  but the formation of a ldehyde-ammonia  res ins  is possible.  At tempera tures  above 200 ~ paraldehyde 
slowly dissociates  in ammonia to give acetaldehyde, which immediately reac ts  with ammonia to give the pyridine 
bases .  Other acetaldehyde derivat ives that are  capable of dissociation at high tempera tures  to give free acet-  
aldehyde (for example, acetals [17]) can also be used in place of paraldehyde. 

In addition to the fact of the formation of a ldehyde-ammonias ,  in technological designing one must  also 
take into account the gas-phase  p rocesses  in the synthesis of i somer ic  picolines: Separate feeding of the s tar t -  
ing aldehydes and ammonia  in order  to avoid the formation of a ldehyde-ammonias  is provided for in the rea l iza-  
tion of react ions (2-4) [4-7]. 

Thus, on the basis  of the experimental  data f rom the liquid-phase synthesis of 2-methyl-5-ethylpyridine 
(I) [reaction (1)], as f i rs t  proposed by Strain [l 5, 16], Farberov  and co-workers  [2] supposed that the p r i m a r y  
product  of this react ion is aldimine II, which is capable of undergoing a condensation s imi lar  to an aldol con- 
densation to give amino imine III: 

2CH~CHO -t- 2 N H 3 ~ 2 C H 3 C H - ~ N H '  ~ CH3CHCH2CH=NH 
i 
NH 2 I1[ 

NH 2 

CH3CHCH2CHCH2CH=NH -- NH3 A~ 
NH 2 NH 2 H3C 

~L~ cl HCH] ~,'C HCH3 

~3c/L"J NH2 -- 2NH3; H3C" -N" 

§  

: 3 C ~  c2H5 

The lat ter  adds a subsequent aldimine link via the same mechanism to give diamino imine IV, which is readily 
eyclized with loss of ammonia to give intermediate te trahydropyridine V. Tetrahydropyridine V, which also has 
a labile hydrogen atom, subsequently reacts  with an aldimine molecule to give diamine VL The lat ter  undergoes 
r ea r rangement  with the loss of two ammonium molecules to give the chief react ion product, 2-methyl-  5- 
ethylpyridine. 

During react ion (1), the authors also detected and identified a number of other pyridine derivatives formed 
principal ly f rom intermediate te t rahydropyridine V [2]. 

In order  to obtain a more  reliable experimental  basis for the mechanism of the formation of pyridine 
bases  under the conditions of the Chichibabin reaction, in our subsequent studies [4] we made detailed kinetic 
investigations of reactions (3) and (4) in the gas phase on various catalysts  (aluminum oxide, aluminum silicate, 
and a bifunetional catalyst  based on zinc oxide and aluminum). In these studies we noted an increase  in the ac- 
t ivity of the catalyst  as the apparent values of their  acidity functions increased.  One may then expect the fol- 
lowing sequence of reactions,  through the formation of a carbonium ion [reaction (5)], on catalysts  of the acid 
type: 

H + § NHI § - H20 + -- H t 
RCHO ---~ RCH ---~ R C H N H 3 ~  R--CH ~ N H 2 ~ R C H = N H  

OH OH 
R = H tCH3~ CH2=CH 

(51 

Formaldehyde imine molecules,  which do not contain hydrogen atoms in the ~ position relative to the 
ca rbon-n i t rogen  double bond, cannot undergo typical "aldol" condensation under the conditions of reaction (3): 
In fact, we did not detect pyridine bases during contact of formaldehyde with ammonia. However, the ace t a ! -  
dimine molecules  formed during the react ion of acetaldehyde with ammonia [reaction (2)] or react ion of excess 
(with respect  to formaldehyde) ammonia [reaction (3)] undergo condensation to give three s t ructures  (VHa-c) 
f rom three acetaldimine molecules.  Inasmuch as these pathways are  apparently equivalent in the condensation, 
equimolecular  amounts of ~-  and 7-picol ines  should be formed in the cyclization of amino imines VII, and this 
is in agreement  with the experimental  data (Table 1) [7]. However, in the react ion of the formaldehyde-ace ta l -  
dehyde mixture with ammonia [reaction (3)] one might expect the formation of amino imine s t ructure  VIId with 
alternation of formaldimine (link 1) and acetaldimine (link 2) molecules (1. 2. 2, 1) when a considerable excess 
of formaldehyde is present .  Amino imine s t ruc ture  VIIe becomes predominant when the percentage of formalde- 
hyde in the s tar t ing mixture is reduced. These amino imines undergo cyclization to give the principal products 
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of react ion (3)-  pyridine and f l -p i co l ine -  as confirmed by the experimental  data (Table 1). The amino imine 
VIIf s t ruc ture  with al ternat ion of links 2, 1, 1, 2 is apparently less  likely, and the formation of only insignificant 
amounts of ~-picoline was the re fo re  noted in react ion (3). 

As in the case of the mechanism presen ted  above, the two aldimine molecules  formed in the react ion of 
acrole in  with ammonia [reaction (4)] give the corresponding amino imine, cyclizat ion of which gives p r ima r i l y  
fl-picoline: this is also in agreement  with the exper imental  data (Table 1). In o rder  to conf i rm the proposed 
mechanism for  the formation of pyridine bases via react ions (2)- (4), a se r ies  of control  exper iments  were  ca r -  
r ied  out in order  to ascer ta in  the possibi l i ty  of dealkylation of the alkylpyridines and i somer iza t ion  of the pico- 
l ines under the conditions of these react ions:  Dealkylation products  were  not detected, and isomeriza t ion of the 
picolines was not observed.  The format ion of pyridine [reaction (4)] is t he re fo re  apparently explained by c rack-  
ing of the amino imines at high t empera tu res  and subsequent cyclizat ion of them. 

~ 3  ~ C H~ 

CIH3 / 3 

CH3CI H--C--C H2CH=NH CH3~HCH2CH C=N~ C H3CH CH2 CH <=H~ C H-~,~IH i ~ - 

.H 2 NH 2 N %  NH 2 . H  2 NH 2 

v,D a ~ ~b  ~ c  
l Excess acetaldehyde 

Cl-13ChiO _ H2 0 CH.~CH = I',~H ~ - )  

Excess formaldehyde v 

I } - ~ 
NH2NH 2 NH2 ~IH 2 NH 2 NH z NH 2 NH 2 

v_J~d ~e  V~f I 

!-~: i-r,'H, I--NH~ 
~ cH3 
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Thus the proposed mechanism for the format ion of pyridine bases  p r i m a r i l y  through a step involving the 
initial  formation of aldimines explains the observed facts and s t ruc tures  of the products  detected in the p ro -  
cessesunder inves t iga t ion  [reaction (1-4)]. On the basis  of this mechanism, one can also explain the format ion 
of the pyridine compounds obtained by a number  of other  invest igators  [13-20] by react ion of d iverse  carbonyl  
compounds with ammonia in the liquid and gas phases.  
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CHEMISTRY OF HETEROANALOGS OF ISOFLAVONES 

Ill.* SYNTHESIS OF BENZIMIDAZOLE AND BENZOTHIAZOLE ANALOGS OF ISOFLAVONES 

V. P. Khilya, L. G. Grishko, UDC 547.814.5'789.6 
and T. N. Sokolova 

Condensation of cyanomethyl  der iva t ives  of benzimidazole  and benzothiazole  with r e so rc ino l  gave 
the cor responding  2, 4 -d ihydroxy-~-he ta ry lace tophenones .  The la t t e r  were  conver ted  to 3 -he ta ry l -  
ch romones  with methyl,  t r i f luoromethyl ,  and ethoxycarbonyl  groups in the 2 posit ion or  to chro-  
mones  without subst i tuents  in this posit ion.  

Continuing our study of chromones  containing ni t rogen he te ror ings  in the 3 posi t ion [2, 3], we have syn- 
thes ized  benzimidazole  and benzothiazole  analogs of isof lavones {IV-XII). The s ta r t ing  a - h e t a r y l - 2 ,  4-dihy- 
droxyacetophenones  {I-III) were  obtained by condensation of the appropr ia te  2 -he ta ry lace ton i t r i l e s  with r e s o r -  
cinol by the method in [2]. Boron t r i f luor ide  etherate ,  which a lso  se rved  as the solvent,  was used as the 
ca ta lys t .  

~ 0 . . . ~ 0  H R20 N 

CH2--X 0 R 0 

I - I I I  IV-IX, XI X, Xll 

I X=NH; lI X=NCH~; III X=S; IVR=R2=H, RI=CFa; VR=CHs, R~=CFz, R2=H; 
VI R=R2=H, Rt=COOC2Hs; VII R=CHz, RI=COOC2Hs, R~=H; VIII R=RI=CHs, 
R2=COCHa; IX R=CHa, RI=R~=H; X R2=H; XI R=CHs, RI=H, R~=COCHa; 

XII R2=COCHs 

Chromones  IV-VII containing t r i f luoromethy l  and ethoxycarbonyl  groups in the 2 posi t ion were  obtained 
by  reac t ion  of a -benz imidazoly laee tophenones  I and II with t r i f luoroace t ic  anhydride by our modificat ion of the 
method in [4] or by react ion  of ethoxyallyl  chlor ide  [5] in pyridine in the cold. The pyrone  r ing in the indicated 
reac t ions  is  fo rmed  cons iderably  m o r e  read i ly  than in the case  of ~-he ta ry lace tophenones  with thiazole [2] and 
py razo l e  [3] res idues ,  this is  apparent ly  explained by the inc reased  reac t iv i ty  of the methylene group of ketones 
I and II. The act ivat ing effect  of the benzimidazole  r ings  shows up pa r t i cu l a r ly  c l ea r ly  in react ions  leading to 
2 -me thy lch romone  der iva t ives .  Thus, for  example,  the react ion  of acet ic  anhydride with acetophenone II p ro -  
ceeds  smoothly  in pyr id ine  at r o o m  t e m p e r a t u r e  to give 2 -me thy l -7 -aee toxyehromone  VIII. while prolonged 
heating at 120-150 ~ in t r i e thy lamine  (which is a s t ronge r  base  than pyridine)  is n e c e s s a r y  for  rea l iza t ion  of the 
analogous cycl izat ion of the above mentioned o~-hetarylacetophenones [2, 3] and a -phenylbenzyl  ketones [6]. 
Under these  conditions acetophenone II gives a d i f f icu l t - to-pur i fy  res inous  product .  Chromones  IX and X, which 

* See [1] for  communicat ion  II. 
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