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The possibility of the preparation of oxygen, nitrogen, and sulfur-containing pyri- 
dines and dipyridyl-substituted compounds by the cyclocotrimerization of substi- 
tuted propionitriles with acetylene under the influence of a Co(2-ethylhexanoate)2-- 
AI(C2Hs)~ catalyst was demonstrated. It was established that the nature of the 
heteroatom in substituted propionitriles has virtually no effect on the direction 
of the reaction. 

One of the promising and efficient methods for the synthesis of pyridines, with various 
structures is a method based on the cyclocotrimerization of nitriles with acetylenes under 
the influence of cobalt complexes [I, 2]. This reaction has been studied primarily in the 
case of the simplest alkanenitriles and acetylenes. 

In order to investigate the possibility of the use of nitriles with more complex struc- 
tures in the indicated reaction and to obtain 2-substituted oxygen-, nitrogen-, and sulfur- 
containing pyridines and dipyridyl-substituted compounds of practical importance we studied 
the reaction of y-alkoxy-, 7-alkylthio-, y-dialkyl-, and y-eyeloalkylaminopropionitriles 
and ~,w-dinitriles with acetylene catalyzed by low-valence cobalt complexes. In addition, 
it was of interest to ascertain the effect of the structure of propionitriles that are hi- 
and tridentate ligands on the direction of cyclocotrimerization and the activity and selec- 
tivity of the action of cobalt catalysts. 

In the course of our study of cyclocotrimerization we established that the highest 
yields of pyridines can be obtained when a catalyst prepared by the reduction of cobalt 
bis(ethylhexanoate) with triethylaluminum is used. In this connection, all of the subse- 
quent experiments on the synthesis of pyridines were carried out with the aid of this cata- 
lytic system. 

The cyclocotrimerization of alkoxy- and cycloalkoxypropionitriles Ia-d with acetylene 
in a ratio of 1:2 in toluene at 150~ for i0 h leads to the corresponding 2-alkoxyethylpyri- 
dines IIa-d in rather high yields. Benzene, the percentage of which in the reaction mix- 
ture amounts to ~30%, is formed in each experiment along with pyridines IIa-d. Propioni- 
triles Ie,f (obtained from cyclopropylmethylcarbinol, furfuryl alcohol, and acrylonitrile) 
react with acetylene to give pyridines IIe, f in yields that do not exceed 65% and 60%, re- 
spectively. 

It is apparent from Table 1 that the structure of the radical in the ether residue of 
the propionitrile has an appreciable effect on the overall yields Of the cyclooligomers and 
the amounts of pyridines in the reaction mixtures. 

CH~Clt  

R -- CH~Ctt2CN + 

I a - I n  II a-m 

L n a N=OCH3; b R::o%n~; c R= OC~H~ : d R=OCsH~,, e R::OCH~(,~, 

j R=N(CH~)C~Hs; k R=S--C2tt~; Z' R=S-C~II~; N R = S - C 4 H  9 
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TABLE i. Cyclocotrimerization of Mono- (!a-m) 
and Dinitriles (IIIa-c) with Acetylene under 
the Influence of a Co(2-Ethylhexanoate)2--Al- 
(C=Hs)~ Catalyst 

Com- 
pound 

Ia 
Ib 
Ic 
]d 

Ie 

If  

lg 

Ih 

Ij 
Ik 
II 
Im 

OCHa 
OCxHs 
OC4H9 
OC~HH 

OCII(Clts)--- ~ 

0 CIt2--~O~ 
N (C=H~) 2 

N \ 
\._ / 

/ \ 
N 0 

N (CHa) C6H~ 
S--C~H~ 
S--CaH7 
S --C~H9 

Overall 
yield, % 

90 
90 
85 
80 

50 

30 

55 

70 

75 

60 
33 
35 
40 

Ratio of the react ion 
,roducts. % 

i i a - m  benzene  

80 20 
79 21 
70 30 
73 27 

65 35 

6O 4O 

90 I0 

95 5 

98 2 

89 11 
80 40 
43 57 
30 70 

TABLE i (continued) 

Com- 
pound 

I 
III a [ O 
I I Ib  / S 
I I Ic  NH 

Overall 
yield, 9o 

90 
15 
65 

Ratio of the react ion 
products, % 

Iva-c va-c 

80 20 
98 2 
75 25 

A slight decrease in the overall yields of the cyclooligomers is observed when the al- 
koxy groupings in nitriles la-f are replaced by aminoalkyl radicals (Ig-j) however, the 
selectivity with respect to pyridines llg-j in these experiments reaches ~98%. On the othe~ 
hand, not only the overall yields of the cyclooligomers but also the percentages of 2-alkyl- 
thioethylpyridines llk-m decrease significantly in the cyclocotrimerization of 3-alkylthio- 
propionitriles Ik-m. The overall yields of cyclooligomers increase somewhat as the length 
of the hydrocarbon chain in the thioalkyl radical of y-substituted propionitriles increases, 
but the selectivity with respect to pyridines llk-m decreases substantially in this case. 
In these experiments a significant amount of the acetylene used in the reaction is converted 
to benzene, the yield of which reaches ~70% in the experiment with Im. 

It may be assumed that alkylthiopropionitriles Ik-m or cyclocotrimerization products Ilk- 
m, which, in contrast to la-j, are "hard" electron-donor bidentate ligands, form stable com- 
plexes with the central atom of the catalyst, thereby hindering the approach and activation 
of acetylene molecules. To verify this assumption we investigated the cyclocotrimerizationof 
propionitriles la, d, h with acetylene in the presence of catalytic amounts (80 mmole) of 
added alkylthiopropionitriles I~, m or pyridines II~, m. 

We found that the indicated additives markedly decrease the yields of pyridines lla, d, 
h and that the yields of the latter do not exceed ~25%. 

We then investigated the cyclocotrimerization of acetylene with oxygen-, nitrogen-, and 
sulfur-containing dinitriies IIla-c under the influence of the Co(ethylhexanoate) a--Al(C2Hs)3 
two-component catalytic system. 

Thus dintrile llla reacts readily with excess acetylene in the presence of this cata- 
lyst under the conditions described hbove to give l-pyridyl-5-cyano-3-oxapentane (IVa) and 
1,5-dipyridyl-3-oxapentane (Va) in ~90% yield in a ratio of 8:2. Similar results were ob- 
tained in experiments with bis(~-cyanoethyl)sulfide (lllb), which forms pyridines IVb and Vb 
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in ~65% overall yield with acetylene. The cyclocotrimerization of amino nitrile IIIc with 
acetylene, which leads primarily to l-pyridyl-5-cyano-3-azapentane (IVc), proceeds with 
high selectivity. In addition to IVc, the reaction mixture contained ~2% l,~-dipyridyl-3- 
azapentane (Vc). The overall yield of IVc and Vc was ~15%. All of our attempts~to increase 
the yields of these compounds through changing the nature and structure of the components of 
the catalyst, the ratio of the monomers, and the reaction conditions were unsuccessful. 

Compounds Va-c can be obtained in 95, 80, and 40% yields, respectively, in the cycloco- 
trimerization of pyridines IVa-c in the presence of the catalyst indicated above and ex- 
cess acetylene. 

X--(CH2--CH 2 CN)z 
+ 

CH~-CH 

III a-c 
i 

i Co I I CH~CH 

[ 1 

va-c 

III--Va X=O;b X = S ; c  X=NH 

The results obtained in this research made it possible to conclude that the investigated 
propionitriles Ia-m and IIIa-c have approximately identical reactivities in the reaction with 
acetylene and that their structures do not affect the direction of the cyclocotrimerization. 
In addition, the investigation of the indicated reaction made it possible to develop con- 
venient and simple methods for the synthesis of difficult-to-obtain functionally substituted 
pyridines and dipyridyl-substituted compounds that are of promise as polydentate ligands, com- 
plexing agents, and biologically active substances. 

EXPERIMENTAL 

Monomers with 99% purity were used in the research. Gas-liquid chromatography (GLC) was 
carried out with a Khrom-41 chromatograph with a flame-ionization detector and a 1.2-m-long 
column packed with 15% Apiezon on Cyolit-545 with nitrogen as the carrier gas. The PMR spec- 
tra of solutions in CCIa were recorded with a Tesla BS-467 spectrometer. The IR spectra of 
mineral oil suspensions were recorded with a UR-20 spectrometer. The mass spectra were ob- 
tained with an MKh-1303 spectrometer at an ionizing-electron energy of 70 eV and an ioniza- 
tion-chamber temperature of 200~ 

Cyciocotrimerization of Acetylene with Nitriles Ia-m (general method). A 90-mmole 
sample of AI(C~Hs)3 was added in a stream of argon at 0*C to a solution of 30 mmole of Co- 
(2-ethylhexanoate)2 in i0 ml of toluene, the mixture was stirred for 15 min, and the result- 
ing solution of the catalyst was transferred to a steel autoclave of the C type with a capac- 
ity of 1 liter, to which 0.15 mole of nitrile Ia-m and i00 ml of toluene had been previously 
added, after which 0.3 mole of acetylene was fed into the autoclave (the pressure in the 
autoclave rose to 13 atm). The autoclave was heated at 150~ for i0 h, after which it was 
cooled, and the reaction mixture was treated with methanol and filtered. The solution was 
distilled in vacuo with a Widmer column to give the corresponding pyridine IIa-m and benzene. 
The yields of pyridines IIa-m and benzene are presented in Table I, and the constants of the 
compounds obtained are given in Table 2. The percentages of pyridines IIa-m and benzene were 
determined from GLC data. 

Cyclocotrimerization of Dinitriles IIIa-c with Acetylene. A 120-ml sample of AI(C2Hs)3 
was added to 0~ in a stream'of argon to a solution of 40 mmole of Co(2-ethylhexanoate)2 in 
15 ml of toluene, and the mixture was stirred for 15 min. The resulting solution of the cata- 
lyst was transferred to a l-liter steel autoclave of the C type, to which 011 mole of dini- 
trile IIIa-c and I00 ml of toluene had been previously added, after which 0.4 mole of acetyl- 
ene was fed in. The autoclave was heated at 150~ for i0 h, after which it was cooled. The 
reaction mixture was treated with methanol, and the mixture was filtered and distilled in 
vacuo to give the corresponding nitriles IVa-c and dipyridyl-substituted compounds Va-c. The 
yields of nitriles IVa-c and dipyridyl-substituted compounds Va-c and their constants are 
presented in Tables 1 and 2. 
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.Cyclocotrimerization of Pyridyl Nitriles_ IVaec with Acetylene. A solution of the cata- 
lyst obtained as indicated above was added to a steel autoclave of the C type, to which 0.I 
mole of pyridyl nitrile IVa-c and i00 ml of toluene had been previously added, after which 
0.3 mole of acetylene was fed in. The autoclave was heated at 150~ for 15 h, after which 
it was cooled. The reaction mixture was treated with methanol, and the mixture was filtered 
and distilled in vacuo to give the corresponding dipyridyl-substituted Va-c. 

Cyclocotrimerization of Propionitriles with Acetylene in the Presence of Added A!kyI: 
thiopropionitriles. A 120-mmole sample of AI(C2H=)2 was added at 0~ in a stream of argon 
'to a solution of 40 mmole of Co(2-ethylhexanoate)2 in 15 ml of toluene, and the mixture was 
stirred for 15 min. An 80-mmole sample of the corresponding nitrile 17, m or pyridine iIT, 
m was added, and the mixture was stirred for 20 min. The resulting solution of the catalyst 
was transferred to a l-liter steel autoclave, to which 0.i mole of nitrile Ia and i00 ml of 
toluene had been previously added, and 0.3 mole of acetylene was fed in. The autoclave was 
heated at 150~ for I0 h, after which it was cooled. The reaction mixtflre was decomposed 
with methanol, and the mixture was filtered in vacuo. Depending on the additive used, the 
yield of pyridine IIa was 23, 20, 19, or 20%, respectively. 

io 
2. 
3. 
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CONDENSATION OF AZOMETHINES WITH DIMETHYL ACETYLENEDICARBOXYLATE 

N. S. Prostakov, L. A. Gaivoronskaya, V. F. Zakharov, UDC 547.462.8~26'551.2'592.12~2 ' 
V. V. Kuznetsov, S. K. Das, and A. E. Aliev 822.1'827'26'718'834.4'642.07 

The condensation of dimethyl acetylenedicarboxylate with benzylidene- and cyclo=~>~i 
hexylideneaniline, as well as with cyclohexylidene-p-toluidine and cyclohexyli- 
dene-p-anisidine, under various conditions gave i:I, 1:2, and 1:3 adducts. The 
structures of the isolated substances, which are formed as a result of the addi- 
tion of the ester to the azomethines with subsequent 1,5-prototropic rearrange- 
ment (arylcyclohexenylvinylamines), as well as by cycloaddition (substituted di- 
hydropyridines and spiro-cyclohexanedihydropyridines), are discussed. 

Information regarding reactions involving the cycloaddition of dimethyl acetylenedi- 
carboxylate (DMAD) to azomethines, which are promising methods for the synthesis of various 
heterocyclic compounds, is limited. It has been reported [i] that DMAD reacts with benzyli e 
denebenzylamine but does not react with benzylideneaniline~ We have studied the latter reac- 
tion in absolute ether at room temperature or at 0~ as well as in hot toluene. It all 
cases we isolated an adduct of cycloaddition of two:molecules of:~DMAD to benzylideneaniline, 
viz., 1,2-diphenyl-3,4,5,6-tetramethoxycarbonyl-l,2-dihydropyridine (I), in low yield by 
means of chromatographic separation of the reaction products. Its structure was confirmed 
by analytical and spectral (Table I) data. 

~OOCH3 ~OOCH 3 
~C CH~00C~ ~CO0CH 5 

CH300C-C ~ C--COOCH~ 

+ ]II " C6Hs,/~.N ]t C O O C H 3 / J  :'"~ %n::-cL~ c--cOOCH. 
1 I C6H ~ 

CeH 5 I 

Patrice Lumumba People's Friendship University, Moscow 117923. Translated from Khimiya 
Geterotsiklicheskikh Soedinenii, No. 3, pp. 366-371, March, 1984. Original article submitted 

July 12, 1983. 

0009-3122/84/2003-0295508.50 �9 1984 Plenum Publishing Corporation 295 


