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SYNTHESIS OF ARYL-SUBSTITUTED PYRIDINES BY LIQUID-PHASE 

CONDENSATION OF ALDEHYDES WITH UREA, CATALYZED BY 

TRANSITION METAL COMPLEXES 

U. M. Dzhemilev, F. A. Selimov, 
A. Zh. Akhmetov, and A. A. Fatykhov 

UDC 542.97:542.953:547.281: 
547.57:547.495.2:547.882.4 

According to [i-3], the gas-phase condensation of benzaldehyde (BzH) with acetaldehyde 
(AcH) or butyraldehyde (PrCHO) and NH 3 in the presence of heterogeneous catalysts based on 
AI=O~ impregnated with transition metal complexes, at 300-500~ results in a mixture of 2- 
and 4-phenylpyridines in an overall yield of not more than 30%. Attempts to react other sub- 
stituted aromatic and aliphatic aldehydes, including those containing functional substituents 
in this manner were unsuccessful. 

We have recently developed a highly selective method for the synthesis of pyridine bases 
by liquid-phase condensation of aliphatic aldehydes with urea at a temperature of 150-200~ 
by the action of cobalt-containing metallocomplex catalysts [4, 5]. 

To develop effective methods of synthesis of aryl- and heteroaryl-substituted pyridines 
and to broaden the scope of their application, we studied the reaction of BzH and substituted 
benzaldehydes, furfural and 4-pyridinecarboxaldehyde with aliphatic C4-C s aldehydes and urea, 
catalyzed by low-valency Fe, Co, Ni, V, Cu, Pd, Ti, Zr, Hf, W, Rh complexes. 

The complex catalysts were obtained by reducing soluble compounds of these metals by 
means of AIEt3, AI(OEt)2, CIAIEt 2, CI2AIEt, MgEt 2, BBu~, and BPr 3 in a toluene or THF solu- 
tion, at a temperature of 0-10~ 

To select the optimal conditions for carrying out the reaction, using the example of 
the reaction of BzH with PrCHO and urea, we studied the influence of the nature of the cata- 
lyst on the yield and composition of the condensation products. It was found that the Co- 
(2-ethylhexanoate)2-AiRB system has the highest catalytic activity (Table I). In its presence, 
a maximum yield of pyridines (80%) is attained in the course of 4 h at 200~ and in the mix- 
ture obtained, the yield of 2-phenyl-3,5-diethylpyridine (I) and 2-propyl-3,5-diethylpyridine 
(V) reaches -95%. In a homocondensation of BzH with urea under the selected conditions, the 
formation of arylpyridines is not observed. A general scheme of reaction is given below 

R R R R 
R--CH~--CHO ICo] ~(~/ ~ /  

+ (NH:)2CO --+ -~L R 
R'--cHo ~'/\R' "q/k/ 

(i) - ( i v )  (v)  - ( v m )  
R = C~Hs (I), (V): C.~H7 (II), (vI); CsHn (III)~ (VII) Cell13 (IV), (VIII). 
R ' =  C6H5 ( I ) - - ( IV);  C4UsO (XX)~ (XXI). 
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TABLE 1, Influence of Nature of Catalyst on the Xield and 
Composition of Products of Condensation of BzH with PrCHO and 

Urea* 

No. of 
experi-[ 

Vt'% ~ I%[ t 

i 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
i l  
t2 
i3 
14 

Cata ly t ic  system 

Co (2-E-I)~ : Al(C4~s)s 
Cofacac).< As ~bove 
Ni(aeae)2: ~) 
Al(aeaeh:  
Cr (aeae) ~: 
Zr (aeae).~: 
t o ( 2 - ~ H ) t  ; allc,~'f,~)~ 
The tame HAI(C,llO~ 

* Mg (C~Hs) 
,> CIA1 ( CzH~ ) 2 
,~ Cb_AIC~H~ 

~ : B (C~g~) 
Without catalyst  

i o v e r a l l .  Composit ion of renc- 
y ie ta .o t  ' t  ion broduct% % 
~eaenon �9 _ 
pcoducts, - -  

80 
65 

52 
~8 
72 

5O 
38 
~5 
18 

95 4 
94 5 
96 3 
75 25 
9t 6 
78 20 
94 4 
94 5 
93 2 
99 6 
88 7 
65 30 
55 32 
70 20 

*Experimental conditions: 
ratio of starting reagents: 
version of BzH in experiments i~II - 90-100%, 

T 2O0~C, �9 4 h ,  solvent - toluene, 
BzH:PrCHO:urea = 1:1.5:1. Con- 

in exps 12-14 - 50-70%. 

TABLE 2 .  Synthesis of 2-Aryl(Heteroaryl)-3,5-dialkvlpyridines* 

S~ar~ing a ldehyd~  " R~ae~on products, field. ~ 

3 

4 

5 

6 

7 
8 

9 

l0 
1l 

, , f im~  r t% ~/-~ 
i \ 

OH 

\ 
OCgs 

~--CHO 
\ 

o-CC.,I:I, 

O,N--~>--c~O 

As above 

O 
As abov~ 

PrCHO 

As above 

BuCHO 
p-CsH.CHO 

PrCEO 

BuGHO 
p-CTH.CHO 

(IX), 59 

(X), 44 

(xD, 63 

(XII), 45 

(Xv[) .  80 

[XV]l), 56 

(Xu 55 
(xIx), 54 

(~X), 56 

(I), 89 

0). 27 

(D, 35 

(L), 20 

(l). ~7 
(ID. 38 
( l iD, 39 

(D, 42 

f i t ) .  8~ 
(IV), 98 

*Temperature 200~ duration of reaction 6 h. 

On transition from PrCH0 to aliphatic C~-C s aldehydes, the direction of the reaction 
does not change, and the yields of the corresponding 2-aryl-3,5-dialkylpyridines (II)-(IV) 
decreases to ~70%, while the fraction of the 2,3,5-trialkylpyridines (VI)-(VIII) increases 
to ~30%. 

The nature and position of the substituents in the a~omatic aldehydes practically do 
not influence the direction of the reaction, and the content of the 2-arylpyridines (IX)-(XV) 
in the reaction mixture is 70%. Similar results were obtained with paranitrobenzaldehyde 
and 4-formylpyridine, which give with aliphatic C~-C v aldehydes the corresponding pyridi~es 
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25,7 t 130,1 d 25,2 t 

t ~ 5 , 2 d  
t39Sl t. ) I,~.as t~ 

(~II) "N" 1t8,3"~l/~ 14,,5d 

t i lJ ,  d: ",~ 

26.2 t i36,S d 25,7 t 

1 5 , 2 ~ t  4,8 q 

Ii0,I d' "iit ,3d 

Fig. i. Structure of pyridines (XVII) and (XX). 

(XVl)-(XIX) in fairly high yields. In experiments with furfural, a considerable decrease 
in the yield of 2-furylpyridines (XX)-(XXI) is observed on transition from PrCHO to higher 
aliphatic aldehydes, while in the case of the C 7 and C 8 aldehydes, in general, no formation 
of 2-furylpyridines takes place (in this case, 2,3,5-trialkylpyridines are the main reaction 
products) (Table 2). 

We also introduced a,B-unsaturated aldehydes into the condensation with other aldehydes 
in the presence of ammonia sources (urea, ammonium sulfate) and the Co(2-ethylhexanoate) 2- 
AI(C2Hs) ~ catalytic system. From 2-ethyl-2-hexen-l-al (XXII), a product of a crotonic con- 
densation of PrCHO, and BzH or ortho-fluorobenzaldehyde and urea, 2-phenyl- or 2-fluorophenyl- 
3,5-diethylpyridines are formed in a yield of not less than 80%. If the benzaldehydes are 
replaced in this reaction by PrCOH, trialkylpyridine (V) is obtained in an 85-90% yield. 

The structure of the pyridine bases obtained was verified by 13C NMR and PMR spectros- 
copy, as well as by mass spectrometry. The structure of pyridines (XVII) and (XX) obtained 
was established by I~C NMR spectroscopy (Fig. i). 

Considering that the gas-phase reaction of paraldehyde with BzH and NH~ leads to the 
formation of 2- or 4-phenylpyridines [6, 7], we carried out the reaction under milder condi- 
tions, using cobalt-containing catalysts (paraldehyde:BzH:urea = I:i:i~ 200~ I0 h). As 
a result, a mixture of 2-benzyl-4-phenyl-pyridine (XXIII), and 2-methyl-5-ethylpyridine (i:i) 
was obtained unexpectedly in an overall yield of -90%, ortho-fluorobenzaldehyde reacts with 
paraldehyde and urea in a similar way to give a 2,4-disubstituted pyridine (XXIV) and 2-meth- 
yl-5-ethylpyridine 

~ C H O  ~ R  " R 

~u (NH2)2CO [Co] H 2 . ~  

i ~  (xxm),(xxn') 
R = H (XXIII); o-F (XXIV). 

Thus, t he  r e a c t i o n  o f l i q u i d - p h a s e  cocondensa t ion  of a romat ic  and a l i p h a t i c  a ldehydes ,  
i nc lud ing  ~ , 8 - u n s a t u r a t e d  a ldehydes ,  wi th  urea  under the  a c t i o n  of  l ow-va lency  c o b a l t  com- 
p lexes  i s  a conven ien t  p r e p a r a t i v e  method fo r  the  s y n t h e s i s  of  v a r i o u s  t r i s u b s t i t u t e d  p y r i d i n e  
bases .  

EXPERIMENTAL 

Aldehydes with -99% purity were used in the investigation. The GLC was carried out on 
a Chrom-5 chromatograph with a flame ionization detector, a column 1.2 m long and 3 mm in 
diameter, filled with 15% Apiezone on zeolite-545, using nitrogen as carrier gas. The PMR 
spectra were run in CDCI 3 on a Tesla BS-467 spectrometer and the :~C NMR in CCI~ spectra on 
a Jeol-900 spectrometer~ The IR spectra were run in mineral oil on a UR-20 spectrophotometer 
in mineral oil. The mass spectra were obtained on a MX-1306 spectrometer with energy of ion- 
izing electrons of 70 eV (temperature in the ionization chamber 200~ 

Condensation of Aliphatic Aldehydes with Benzaldehyde and Urea Under the Action of Co- 
(2-ethylhexanoate)2-Al(C2Hs~ ~ Catalytic System. A 9 mmole portion of AI(C2Hs) 3 was added at 
0~ in an argon current, to a solution of 3 mmoles of Co(2-ethylhexanoate)2 in i ml of ben- 
zone and stirred for i0 min. The solution of the catalyst obtained was transferred into a 
steel autoclave (V = 17 cm3), where in 12 mmoles of the aliphatic aldehyde, 3 ml of benzene 
and 4 ml of a 50% solution of urea had preliminarily been introduced. The autoclave was 
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TABLE 3. Physical Constants of Pyridines Obtained 

Com- 
pound 

(I) 
( I I )  
(IIi) 
~iv) 
fiX) 
(X) 
(Xl) 
CXli) 
(XlII) 
(XlV) 
(XV) 
~X'VI) 
(XVlI) 
(XVIII) 
(XlX) 
(xx) 
(XXI) 
(XXIII) 
(.'c~iv) 

Bp, "C 
(p mm Hg) n~ 

150-t53 (t.5) 
160-164 (1-1,5) 
t81-184 ( t- t ,5)  
198-200 (1-1,5) 
150 (3) 
14o (2) 
t59-162 (1,5-2) 
i89-194 ( i - t ,5)  
i60-162 (I,5-2) 
17o (3) 
t88 (1.5-2) 
170 (2) 
t30(2) 
132-134 (1,5-2) 
t40-i44 (1-1.5) 
i30 (2) 
138-140 (1.5-2) 
205-2i0 (2,5-3) 
190-i98 (2.5-3) 

1.5680 85.5 
1.5620 83,i 
1.56OO: 85.3 
1,55901 85,3 

- ~ 79,1 
1.5530 78A 
1.5580 79,3 
1.5510 81.i 
1.5570 80.4 

- 59,0 

1.5410 70.166"0 
1,5620 79A 
t,5610 79,8 
1,50001 80,9 
1,55701 77.4 
1.55001 7814 
i.6i30 8810 
1,61i0 76,6 

Found. % 

c H N 

7,8 6,3 
8,51 5.7 
9,51 4.6 

~O,ll 4,~ 
7,31 6,0 
6,71 5.9 
7,71 5.6 
9,41 4.2 
7,31 5.0 5.t  4,4 
7;~ 3.2 
6,1 t 10,7 
7,3 13.t 
6,41 li,4 
9,31 9,4 
7,3 6,7 
8,tl 6.0 
6,01 5.5 
4,31 4,7 

Empirical 
formula 

C2tH-_,N 
C:zH~,~N 
C~H~TNO 
C,~H,sNF 
C~eH~oNO 
C.~.,Hs~NO 
CtTH~,NO 
C~H~7BrNO 
C~.;H~sBrNO 

C~H~Nz 
C~tI~oN~_ 
C_~oH,.sNz 
C~II~,~NO 
Ct~H~gNO 
CtsH~,N 
C~sH~F,_N 

Calculated 

C H 

85.3 8,1 
83.36 8,79 
85,42 9,83 
S5.45 0.21 
79.30 7;49 
78.60 6,99 
79.67 7,88 
Bi.23 9,54 
80.63 7,51 
58.82 5,23 
66.03 7-, 66 
70.31 6,25 
79.25 7,55 
8.00 6,67 

8i.08 9,4~ 
77,61 7.4~ 
78.60 813( 
88A6 6,1~ 
76.87 4,6~ 

TABLE 4. 

Com- 
pound 

O) 

(II) 

(iii) 

(iv) 

(IX) 

(x) 

(xi) 

(XII) 

(XlII) 

(XlV) 

(Xu 

(Xu 

(XVlI) 

(XVIII) 

(XlX) 

(xx) 

(XXI) 

(XXIH) 

(xx~v) 

Spectral Characteristics of 

M* ( m a s ~  
spec: 
tram} 

2i i  

239 

295 

323 

272 

229 

241 

325 

253 

306 

4t8 

256 

212 

240 

296 

201 

229 

245 

281 

Compounds Obtained 

IRspectrum 
y, em -1 

830, t480,2950, 
t580 

835, t482, t580, 
295O 
840, 1485, t580, 
2955 
835,1480, i580, 
2950 
770, i390.16i0 
1470, 2950, 3100 
780,850.1185 
1460,2950 
760,890, tt85, 
1460.2950 

760,890,1i80, 
1465,2955 
760, 890, i180, 

: 1460, i690, 2950 
770.830.1390, 
i590,3100 
770.835.1400 
1595,3t00 
780,850. t185, 
1460.2950 
920,1320. i3o0. 
1590.2930,3030 
930,1325,1360 

1605,2950,3030 
~20,1320.1360 
I6OO, 2950.3030 
770.920,1020 
1410.1490,2980 
755,920, t015. 
t4t5,1490,1590 
710.760, i3i0, 
1570,2960 
710,745. i170. 
1235,1610,2930 

PMR spectrum 5, ppm 

% 

1,08 (CH3), t,22 (CHs), 
2,58 (2CH2), 7,22-7,35 (C6H5), 
7,87-7,8 (CsHzN) 
0,9 (2CH3), 1,53 (2CH2), 2,53 (2CH~), 
7,20-7,30 (Cells), 7,8-8,3 (CsH2N) 
0,9 (2CH3), 1,3 (6CH2), 2,5 (2CH~), 7,2-7,3 
(C6H5), 7,8-8,2 (CsHzN) 
0,9 (2CHa), i,3 (8CH2), 2,5 (2CH~), 
7,2-7,3 (CsHs), 7,8-8,3 (Cstt~N) 
1.25 (2CHs), 2,75 (2CH2), 7,08-7,5 
(Celia), 7,8-8.2 (C~H:N), t0,9 (OH) 
1,25 (2CHs), 2,5 (2CH2), 7,08-7,55 
(CsH~F), 7,85-8,34 (CsH2N) 
t,09 (CH3), t,22 (CH3), 2,58 (2CH2), 
3,8 (CHsO), 7,22-7,35 (C6H4), 7,8-8,3 
(CsH~N) 
0.9 (2CHs), 1,3 (6CH2), 2.5 (2CH2), 3,8 (CHzO), 
7,2-7,3 (C~H~), 7,8-8.3 (CsH2N) 
1,0 (CH3), 1,2 (CHz), 2,33 (CH3), 2,5 (2CH2), 
7,2-7,4 (C6H4), 7,5-8,3 (C~HzN) 
1,25 (2CH3), 2.75 (2CH2), 6,75-7,6 (C~Hz), 
7,6-8,3 (CsH~N), i0,9 (OH) 
0.9 (2CHa), 1.3 (8CH2), 2,5 (2CH,). 6,8-7,5 
(CsH3), 7,6-8,3 (CsH2N), i0,8 (OH) 
1.28 (2CHa). 2,5 (CH2), 6,6-7,3 (C~H~) 
7.5-8,3 (CsH2N) 
t.08 (CH3), t,3 (CH3). 2.58 (2CH2), 7,07-7.7 
(C~H3N), 8.42-8,68 (CsH3N) 
0.9 (2CH~), 1,53 (2CH~). 2.58 (2CH2) 
7,07-7,7 (CsH3N), 8,4-8,6 (C~H3N) 
0.9 (2CH3). t.3 (TCH~), 2,5 (2CHz) 
7,07-7,7 (CsH3N). 8.4-8,6 (CsH3N) 
t.2 (2CHs), 2,73 (2CH2). 6,47-7,3 
(C~HsO), 7,5-8,3 (CsH2N) 
0.9 (2CH3), L53 (2CH2). 2.73 (2CH2), 
6.4-7.3 (C4HzO), 7,5-8.3 (C~H2N) 
3.97 (CH2), 7,25-7.42 (2C6H~), 7,93-8,45 
(C~H~N) 
3.8 (CH~), 6,98-7.37 (C~H~F), 
7.85-8,43 (CsH~N) 

6.6 
5,86 
4,75 
4.33 
6,tl 
6,17 
5,81 
4,3t 
5,53 
4,58 
3.35 

t0.% 
13.21 
tt.67 
9.46 
6,97 
6.11 
5,71 
4.98 
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heated for 4 h at 200~ with continuous stirring, and then was cooled. The reaction mixture 
treated with a 40% KOH solution, and then extracted with benzene ( 3 • 50 ml), and the com- 
bined extracts were dried over anhydrous MgSO 4. The solvent was distilled off, and the re- 
sidue was fractionated in vacuo. The physical constants of the 3,5-dialkyl-2-phenylpyridines 
are given in Table 3. 

Condensation of Functionally Substituted Aldehydes with PrCHO and Urea. A solution of 
the catalyst, prepared as described above, was placed in a steel autoclave (V = 17 cma), 
wherein 4 ml of a 50% solution of urea, 3 ml of benzene, 20 m moles of PrCHO, and 15 mmoles 
of a substituted benzaldehyde had preliminarily been introduced. The autoclave was heated 
for 4 h at 200~ After the treatment with KOH and removal of the solvent, the reaction mix- 
ture was distilled in vacuoo The physical constants of the compounds are given in Table 3o 

Condensation of 4-Pyridinecarboxaldehyde or Furfural with Aliphatic Aldehydes and Urea. 
A solution of the catalyst, prepared as described above was placed in an autoclave, into 
which 4 ml of a 50% carbami~e solution, 15 mmoles of the heterocyclic aldehyde, 20 mmoles 
of the aliphatic aldehyde and 3 ml of benzene had been preliminarily introduced. The auto- 
clave was heated for 6 h at 210~ and then was cooled, and after the usual treatment and 
removal of the solvent, the reaction mixture was distilled in vacuo. The spectral and phys- 
ical characteristics of the compounds obtained are given in Table 4. 

Reaction of Paraldehyde with BzH and Urea Under the Action of a Co(2-ethylhexanoate) 2- 
AI(C2Hs~ Catalytic System. A solution of the catalyst obtained by reduction of 3 mmoles 
of Co(2-ethylhexanoate) 2 with 9 mmoles of AI(C=Hs)3, in 1 ml of benzene was introduced at 
0~ in an argon current, into a steel autoclave, wherein, 4 ml of a 50% solution of urea, 
12 mmoles of BzH, 20 mmoles of paraldehyde and 3 ml of benzene had preliminarily been charged~ 
The autoclave was heated with stirring for 4 h at 200~ was then cooled, and after treatment 
with a KOH solution, the reaction mixture was distilled in vacuo. 

CONCLUSIONS 

The synthesis of a series of 2,3,5-substituted pyridine bases was carried out by reac- 
tion of aldehydes with urea in the presence of a Co(2-ethylhexanoate)2-Al(C2H~) ~ system. 
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