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Abstract - Cyanation of 3-X-1-dimethylaminocarbonyloxypyridinium ions with trimethylsilane~
carbonitrile or eyanide ton gives 3-methyl-2-pyridinecarbonitrile (~90%) contaminated with 5-
methyl-2-pyridinecarbonitrile (~+10%) when X = -CHj, and approximately egual amounts of the
3- and 5-X derivatives when X = -COOCH3. These produet mixtures are identical to thase
obtained with the corresponding pyridine 1-oxides and dimethylearbamoyl chloride in a modified

Reissert-Henze reaction.

The recently reported quantitative conversion of pyridine l-oxides to 2-pyridinecarbonitrilesd has now been

shown to involve the intermediaey of l-acyloxypyridinium ion, eq. 1. 1-Acyloxypyridinium ions have been
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presumed to be the reactive intermediate in the few documented examples of Reissert-Henze cyanation of
pyridine l-oxides in the presence of benzoyi chloride.? Treatment of the l-dimethylaminocarbonyloxy-
pyridinium ion,® 1, formed by prior reaction between a pyridine 1-oxide and dimethylearbamoyl chloride,
with either trimethylsilaneearbomtrile in dichloromethane or potassium cyanide 1n acetonitrile {or water}

furnishes the related 2-pyridinecarbonitrile, 2, in essentially quantitative yield (Table 1).
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Table 1. Cyanation of Pyridine Derivatives®

X X
@/ @ {Yields %)b
N N

Wt

3-X 5-X 3-X
X Y Cyanating Agent Selvent 2-CN 2-CN 4-CN Overall Isolated
- © Yield (%)
3 o- MezSiCN/MegNCOCI CHsCly 100 -— 0 94
H OOCNMeg Me3SiCN CHyCly 100 — 0 95
KCN CH3CN 100 — 0 90
KCN H90 100 — 0 88
CHg o- MegSICN/MeNCOCl CHyCly 90 10 i} 95
CHj O0OCNMeg MejSiCN CHgCla 94 6 0 91
KCN CH3CN 86 14 0 96
KCN HqO 89 i1 0 87
COOCH;E;i o Me3SiCN/MegNCOCH CHgCly 40 60 ] 70
COOCH3 OOCNMejp Me3SiCN 4:1 DMSO—dg— 40 G0 trace -—
CDClyg
KCN CH3CN 43 42 10 90
KCN Ds0O 55 43 2 -—
CHj OCH;y Me3SiCN 1:1 DMSO-dg- 0 0 0 0
CDCly
KCN CH3CN 22 5 73 50
KCN HoO 24 7 69 65
COOCH3 OCHjg MegSiCN 1:1 DMSO-dg- 0 0 0 0
CDCly
KCN ) CH3CN 16 26 58 60

KCN Hy0d 2 11 87 75

aanalytical experiments utilized reaction mixtures at room temperature {-27°C) that contained 2.5x1074
mole pyridinium salt, 2.8x10~4 moale trimethylsilanecarbonitrile or 7.5%x10™4 mole potassium cyarude in 0.50
ml solvent. Preparative experimenis were conducted with the same proportions of reactants and 0.005-
0.010 mole pyridinium salt. See reference 3 for experimental details. bproduct compositions were
determined by VPC analysis (OV-1 5% on Chromosorb W} at 160°C. All products were compared to samples
that gave melting points and/or IR and NMR speetra that were 1n execellent agreement with literature data,
or had appropriate elemental compositions. €3-Carbomethoxy-1-dimethylaminocarbonyloxypyridinium chlo-
ride reverts to a mixture of the N-oxide and dimethylcarbamoyl chleride in chleroform-d. dThe reported
result was obtained by addition of an aqueous solution containing 10-fold excess potassium cyanide to an
aqueous solution containing the pyridinium salt. A reversed order of addition produced the eyanation product
mixture: 11% 2-CN, 18% 6-CN, 71% 4-CN (overall isolated yield of eyano produet-70%).
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Produet mixtures obtained by eyanation of 1 (X = 3-CHj and 3-COOCH3) are identical to those obtained
by treatment of related pyridine l-oxides with trimethylsilanecarbonitrile and dimethylearbamoyl chloride,3
and they differ markedly from preduct mixtures derived from the corresponding l-methoxypyridinium ions,

3, eq. 2. 1-Methoxypyridinium 1ons are not cyanated with trimethylsilanecarbonitrile in dichloromethane,

N
2) X X
@/ KEN/CH_ CN .
_ 3
N, Meoso N N N
X = 3-CH,,  O-CHy
3-coocu3 3 2 L

but they react with cyamde ion to give high percentages of 4 in agreement with the literature.”

In contrast, products derived from 1, are almost exclusively the result of cyanation at & ring position
adjacent to nitrogen. The only exception is the cyanation of the 3-COOCHj derivative with potassium
cyanide in acetonitrile which gave 4 n 10% yield along with nearly equal amounts (48% and 42%,

respectively} of 3- and 5-carbomethoxy-2-pyridinecarbonitrile.

Table 2. Relative Reactivity of 3-X-Pyridine 1-Oxide and 3-X-1-Dimecthylaminocarbonyloxypyridinium
lon to Cyanation &

Pyridine Derivative Cyanating Conditions tli Rel. Rate
@j/ * X=H Me3SiCN/MegNCOCIH/CDCly 15 min 20

N 3-CHjy 20 min 15

° 3-COOCH34 5 hours 1

X

@/ X = 3-CHy  MeySiCN/4:1 DMSO-dg-CDCl3 1 min 300

|;¢+ 3-COOCH3 1 min 300

UTNHBZ

&Reactions were carried out st ambient probe temperatures (~32CC) in an NMR tube with equumolar
mixtures (2.5 x 10~%4 mole) of reactants in 0.50 mL solvent. The 3-carbomethoxy-1-dimethylamino-
carbonyloxypyridinium 10n was studied in 4:1 DMS0-dg-CDCl3 to avoid equilibration with N-oxide and
dimethylearbamoyl ehloride. Half-lives (tysp) were estimated by integration of NMR signals of reaction
mixtures.

The velative reactivity of 1 with t{rimethylsilanecarbonitrile is 15-300X that of related N-oxide-
dimethylearbamoyl ehloride mixtures (Table 2). Furthermore, the reactivity of the 1-acyloxypyridinium ions
is relatively insensitive to substituent, whereas the order of reactivity of the N-oxides toward cyanation
paraliels their ability to be acylated (3-CHg > H > —COOCH;{).8 The inertness of 3 to trimethyl-
silanecarbonitrile and the appreciable amounts of product produced by attack of eyanide ion at the 4-position

of 3 strongly supports the intervention of an intermediate such as 5 or 6 in reactions of 1.9

— 1123 —




0. C=N
?Losm% i

5 6

Further work is currently underway to more fully characterize this reaction. Related studies in progress

show that l-acyloxypyridinium ions are extremely versatile intermediates for the synthesis of a wide-variety

of pyrdine derivatives. The results of these studies will be reported at a later date.
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