
HETEROCYCLES, Vol 22, No. 5, 1984 

I-ACYLOXYPYRIDINIUM ION: THE REACTIVE INTERMEDIATE IN A MODIFIED REISSERT- 

HENZE REACTION 

W~lmer  K. ~ i f e * l  

Indiana University-Purdue University a t  Indianspol~s 

Indianspolis, IN 46223 

and 

Brett D. ~ o y e r ~  

Indiana Central  University 

Indianapolis, IN 46227 

Abstract - Cyanstion of 3-X-1-dimethylaminocarbonyloxypyridinium ions wlth trimethylsilane- 

carbonitrile or cyanide ion glves 3-methyl-2-pyridinecarbonitrile (-90%) contaminated with 5- 

methyl-2-pyridinecarbonitrile (-10%) when X = -CH3, and approximately equal amounts of the 

3- and 5-X derivatives when X = -COOCH$. These product mixtures a re  identical to  those 

obtained with the corresponding pyridine 1-oxides and dimethylcarbamoyl chloride in a modified 

Reissert-Henze reaction. 

The recently reported quantitative conversion of pyrldine I-oxides t o  2-pyridinecarbonitriles3 has now been 

shown to  involve the  intermediacy of 1-acyloxypyridinium ion, eq. 1. I-Acyloxypyridinium ions have been 

1 )  Me3SiCN/CH2C12 . 
o r  

presumed to  be the  reactive intermediate in the few documented examples of Reissert-Heme cyanatmn of 

pyridine 1-oxides in the presence of benzoyl ~ h l o r i d e . ~  Treatment of the l-dimethylaminoearbonyloxy- 

pyridinium ion,5 1, formed by prior reaction between a pyridine 1-oxide end dlmethylcarbamoyl chloride, 

with either trimethylsilsnecarbonltrile in dichloromethane or potassium cyanide in acetonitrile (or water) 

furnishes the related 2-pyridinecarbonitrile, 1, in essentially quantitative yield (Table 1). 



Table 1. Cyanstion of Pyridine Derivatlvesa 

a lN (Yields %)b 

3-X 5-X 3-X 
X - Y - Cyanating Agent Solvent 2-CN 2-CN Overall Isolated 

Yield T%) -- 

H OOCNMeZ Me3SiCN CH2C12 100 - 0 95 
KCN CHQCN 100 -- 0 90 
KCN Hz0 100 - 0 88 

C H ~  0- Me3SCN/MeNCOC1 CHZCIZ 90 10 0 95 

CH3 OOCNMe2 Me3SiCN CHZCIZ 94 6 0 91 
KCN CH3CN 86 14 0 90 
KCN Hz0 89 11 0 87 

C O O C H ~  0- Me3SiCN/Me2NCOCl CHzCl2 40 60 0 70 

COOCHQ OOCNMq Me3SiCN 4:l DMSOd 40 60 trace - 
cDc13g- 

KCN CH3CN 48 42 10 90 
KCN D2° 55 43 2 .- 

CH3 OCH3 Me3SiCN 1:l  DMSO-dB- 0 0 0 0 
CDC13 

KCN CHQCN 22 5 73 50 
KCN Hzo 24 7 69 65 

COOCH3 OCHQ MqSiCN 1: l  DMSO-dB- 0 0 0 0 
CDC13 

KCN CH3CN 16 26 58 60 
KCN ~ 2 0 ~  2 11 87 75 

aAnslytical experiments utilized reaction mixtures a t  room temperature (--27OC) tha t  contained 2 . 5 ~ 1 0 . ~  
mole pyridinium salt ,  2.8~10-4 male trimethylsilanecarbonitrile or 7 . 5 ~ 1 0 - ~  mole potasslum cyanlde in 0.50 
mL solvent. Prepara t~ve  experiments were conducted with the same proportlons of reactants and 0.005- 
0.010 mole pyridinium salt. See reference 3 for experimental details. b ~ r o d u c t  compositions were 
determined by VPC analysis (OV-1 5% on Chramosorb W) a t  160°C. All products were compared t o  samples 
that gave melting points and/or IR and NMR spectra tha t  were In excellent agreement with l i terature data,  
or had appropriate elements1 compositions. e3-Carbomethoxy-l-dimethylaminocarbonyloxypyridinium chlo- 
ride reverts  to  a mixture of the N-oxide and dimethylcarbamoyl chloride in chloroform-d. d ~ h e  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 cyenation product 
mixture: 11% 2-CN, 18% 6-CN, 71% 4-CN (overall isolated yield of cyan0 product-70%). 
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Product mlrtures obtained by cyanation of 1 (X = 3-CH3 and 3-COOCH$ are identical to  those obtained 

by treatment of related pyridine I-oxides with trimethylsilanecarbonitrile and dimethylcarbamoyl c h ~ o r i d e , ~  

and they differ markedly from product mixtures derived from the corresponding 1-methoxypyridinium ions, 

3, eq. 2. 1-Methoxypyridinium Ions a r e  not cyanated with trimethylsilanecerbonitr~le in dichloromethane, - 

3-COOCH 
3 1 - 2 4 - 

but they react  with cyanlde ion to  give high percentages of 4 in agreement wlth the literature.7 

In contrast, products derived from 1, are  almost exclusively the result of cyanation a t  a ring posltion 

adjacent to  nitrogen. The only exception is the cyanation of the 3-COOCH3 derivative with potassium 

cyanide in acetonitrile which gave 4 in 10% yield along with nearly equal amounts (48% and 42%, 

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

Table 2. Relatlve Resctlwty of 3-X-Pyridine 1-Oxide and 3-X-I-Dimcthylaminocerbonyloxypyridinium 
Ion to  Cyanation a 

Pyridine Derivative Cyanating Conditions t1/2 Rel. Rate  

@Jx x = H  Me3SiCNIMeZNCOCIICDC13 15 min 20 

0 ? 3-CH3 20 min 15  
n 

3-COOCH3 5 hours 1 

X = 3-CH3 Me3SiCN14:1 DMSO-d6-CDC13 1 min 300 

3-COOCH3 1 mi" 300 

O y N M e ,  
0 

BReactions were carried out a t  ambient probe temperatures (-32%) in an NMR tube with equlmolar 
mixtures (2.5 x 10-4 mole) of reactants in 0.50 mL solvent. The 3-carbamethoxy-1-dimethylamino- 
earbonyloxypyridinium ,on was studied in 4:l  DMSO-d6-CDC13 to  avoid equilibration with N-oxide and 
dimethylcarbamoyl chloride. Half-hves (tl$ were estimated by integration of NMR signals of reaction 
mixtures. 

The relative reactivity of 1 with trimethyls~lanecarbonitrile i s  15-300X tha t  of related N-oxlde- 

dimethylcarbamoyl chloride mmtures (Table 2). Furthermore, the reactivity of the I-acyloxypyndinium ions 

is relatively insensltlve to  substltuent, whereas the order of reactivity of the N-oxides toward cyanation 

parallels their ability to  be scylated (3-CH3 > H > - C O O C H ~ ) . ~  The inertness of 3 to  trimethyl- 

silanecarbonitrile end the  appreciable amounts of product produced by a t tack  of cyanide ion s t  the Cposition 

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



5 - - 6 
Further work is currently underway t o  more fully charseterize this reaction. Related studies in pragress 

show that  1-acyloxypyridinium ions are extremely versatile intermediates for the  synthesis of a wide-variety 

of pyrldine derivatives. The results of these studies will be reported a t  a later  date. 
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