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A procedure of general application to the synthesis of alkyl-substituted 2-cyano-6<2-pyridyl)pyridines from

alkylpyridines is outlined.
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The cobalt(I}-catalyzed cocyclotrimerization reaction of
alkynes with nitriles is one of the most useful methods for
the preparation of pyridines and their derivatives [1]. In
research aimed at the synthesis of heterocyclic compounds
we used this reaction to obtained chiral alkylpyridines [2],
142-pyridylalkylamines [3] and alkyl-2,2"-bipyridines [4].
More recently, pursuing our studies in this field, we fo-
cused our attention on chiral 2,2":6',2"-terpyridines [5], a
new class of chiral ligands for asymmetric catalysis.

In this paper we report the results obtained in the syn-
thesis of 2,2":6',2"-terpyridines [6] by the cobali(I)-cata-
lyzed cocyclotrimerization of acetylene with 2,6-dicyano-
pyridines.

As an initial goal, 2,6-dicyanopyridine (1) [7] was cyclo-
trimerized with acetylene in the presence of (7-cyclopenta-
dienyl)cobalt-1,5-cyclooctadiene as the catalytic precursor
and toluene as the solvent (Scheme 1). After 48 hours at
100° the 6-cyano-2,2"-bipyridine (2) was obtained in 70%
yield (61 % conversion). To gain the desired terpyridine 3
a variety of conditions (e.g. varying temperature, solvent
and reaction time) were explored, but all the attempts
were unsuccessful. For example, when the reaction was
performed at 150° for 48 hours, compound 2 was re-
covered in 55% yield (60% conversion). The reaction car-
ried out in N,N-dimethylformamide at 110° for 24 hours
allowed complete reaction of the substrate but also in this
case bipyridine 2 only in low yield (37%) was obtained.

Scheme 1

a: CpCo(COD), acetylene, toluene, 100 °C, 48 h.

The outcome of the reaction could be rationalized by con-
sidering the formation of the 2,2":6'.2"-terpyridine (3)
whose concentration increases as the concentration of 6-
cyano-2,2"-bipyridine rises. Although low, the amount of
formed 2,2:6',2"-terpyridine is enough to bind cobalt and
give an inactive catalytic species. To confirm this hypothe-
sis, we tried the cyclotrimerization of 1 in the presence of
2,2":6',2"-terpyridine. After 48 hours at 100° the starting
material was recovered unchanged.

These results while ruling out the possibility of obtain-
ing 2,2":6',2"-terpyridines by this route, open a new entry
to alkylsubstituted 2-cyano-6-(2-pyridyl)pyridines from al-
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a: CH,COOH, H,0,, 80 °C, 72 h; b: (CH;)4SiCN,
(CH,),NCOC], CH,C1,,48 h; c: (CH;0),S0O,, 80 °C,
24 h; then KCN/H,0, O °C, 24 h; d: CpCo(COD),
acetylene, toluene, 100 °C, 48 h.
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kylpyridines. The strategy is based on the monoazaanella-
tion of 2,6-dicyanopyridines obtained by regiospecific reit-
erative introduction of two cyano groups into the 2,6-posi-
tions of substituted pyridines [8]. We selected the 3-meth-
ylpyridine as the prototype from which to develop the
basic methodology [9].

According to Fife [10], treatment of 3-methylpyridine
1-oxide (5) with trimethylsilylcarbonitrile and dimethylcar-
bamyl chloride gave a 9:1 mixture of 2-cyano-5-methylpyri-
dine (6) and 2-cyano-3-methylpyridine (7) in 95% yield.
The mixture of 6 and 7 was converted into the correspond-
ing mixture of N-oxides by oxidation with 30% hydrogen
peroxide in glacial acetic acid at 80° for 72 hours. By
treatment with an equimolar amount of dimethyl sulphate
at 80° for 24 hours, the crude mixture of N-oxides 8 and 9
gave the corresponding N-methoxymethylsulphate salts
which were dissolved in water and added dropwise (0°) to
an aqueous solution containing an excess of potassium
cyanide [8]. The dinitrile 10 was obtained in 79% yield
based on the mixture of 6 and 7. Cocyclotrimerization of
10 with acetylene in the presence of (w-cyclopentadienyl)-
cobalt-1,5-cyclooctadiene afforded at 48/52 mixture of the
bipyridines 11 and 12 in 70% yield (65% conversion). Iso-
merically pure 11 and 12 were easily obtained by column
chromatography on silica gel.

In summary, the regiospecific introduction of two cyano
groups into the 2,6-positions of alkyl substituted pyridines,
followed by monoazaanellation reaction of one of two
cyano groups, affords a suitable procedure to obtain alkyl
substituted 2-cyano-6-(2-pyridyl)pyridines [9].

EXPERIMENTAL

Melting points are uncorrected. The 'H nmr Fourier trasform
spectra were recorded on a Varian VXR-300 spectrometer with
TMS as the internal standard.

3-Methylpyridine was purchased from Aldrich and 2,6-dicyano-
pyridine (1) was prepared according to a literature procedure [7].
A 9/1 mixture of 2-cyano-5-methylpyridine (6) and 2-cyano-3-
methylpyridine (7) was obtained in 95% yield according to Fife
[10].

2-Cyano-6-2-pyridyl)pyridine (2).

A solution of 2,6-dicyanopyridine (1) (5.6 g, 0.04 mole) and
(m-cyclopentadienyl)cobalt-1,5-cyclooctadiene (0.3 g) in degassed
toluene (50 ml) was introduced by suction into a 0.2 autoclave,
previously evacuated from air (0.1 mm, Hg). The reaction vessel
was pressurized at 13 atmospheres with acetylene and then
rocked at 100° for 48 hours. After cooling the reaction mixture
and releasing the residual gas, the solvent was extracted with
10% aqueous hydrochloric acid. The aqueous phase was made
alkaline with 10% sodium hydroxide and the organic products
extracted with dichloromethane. Drying over sodium sulfate and
evaporating the solvent left a solid which, after purification by
column chromatography on silica gel using a benzene/acetone

(95/5) mixture, gave pure 2, 3.57 g (0% based on reacted 1), mp
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130° (lit [11] mp 130-131°); *H nmr (chloroform): é (ppm) 8.64 (d,
1H), 8.61 (d, 1H), 8.40 (d, 1H), 7.91 (t, 1H), 7.81 (m, 1H), 7.65 (d,
1H); 7.32 (m, 1H). The toluene solution was dried (sodium
sulfate), the solvent evaporated and the residue chromato-
graphed on silica gel, using a benzene/acetone (95/5) mixture, to

give pure 1, 1.96 g.

2,6-Dicyano-3-methylpyridine (10).

A 9/1 mixture (5.9 g, 0.05 mole) of pyridines 6 and 7 was con-
verted into the N-oxides by oxidation with 30% hydrogen perox-
ide in glacial acetic acid at 75-80° for 72 hours according to
Ochiai [12]. The solvent was removed in vacuo and the formed
N-oxides used as such in the following steps. Dimethyl sulfate (6.3
g, 0.05 mole) was slowly added to the mixture of the crude
N-oxides (6.7 g, 0.05 mole) and then the reaction mixture was
kept at 80° for 24 hours. The N-methoxymethylsulfate salts were
dissolved in water (30 ml) and added dropwise, at 0° to a solution
of potassium cyanide (6.6 g, 0.1 mole) in water (30 ml). After 24
hours at room temperature the reaction mixture was extracted
with ether. The organic phase was dried (sodium sulfate), the sol-
vent evaporated and the residue chromatographed on silica gel,
using dichloromethane as the eluent to give pure 10, 5.65 g (79%
overall yield from 6 and 7), mp 80-81° (lit [13], mp 78-80°) 'H
nmr (chloroform): 8 (ppm) 7.94 (d, 1H), 7.85 (d, 1H), 2.68 (s, 3H).

2-Cyano-3-methyl-62-pyridyl)pyridine (11) and 2-Cyano-5-meth-
yl-642-pyridyl)pyridine (12).

Following the procedure reported for the preparation of bipy-
ridine 2, starting from 10 (4.29 g, 0.03 mole) a 48/52 mixture of
11 and 12 was obtained. Chromatography on silica gel using a
benzenelacetone (95/5) mixture gave pure 11 and 12.

Compound 11 (1.30 g, 34% yield based on reacted 10) had mp
127°; 'H nmr (chloroform): & (ppm) 8.69 (m, 1H), 7.88 (m, 2H),
7.81 (d, 1H), 7.62 (d, 1H), 7.36 (m, 1H), 2.63 (s, 3H).

Anal. Caled. for C,H,N; C, 73.82; H, 4.65; N, 21.53. Found: C,
73.72; H, 4.55; N, 21.73.

Compound 12 (1.41 g, 36% yield based on reacted 10) had mp
113°; 'H nmr (chloroform): & (ppm) 8.66 (d, 1H), 8.54 (d, 1H), 8.43
(d, 1H), 7.85 (dt, 1H), 7.79 (d, 1H), 7.49 (m, 1H), 2.61 (s, 3H).

Anal. Caled. for C,,H,N,: C, 73.82; H, 4.65; N, 21.53. Found: C,
73.65; H, 4.75; N, 21.63.

The toluene solution was dried (sodium sulfate), the solvent
evaporated and the residue chromatographed on silica gel, using
a benzenelacetone (95/5) mixture, to give pure 10, 1.50 g.
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