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The Location of the Reactive Carbon in N'-Methylnicotinamide 

BY W. EUGENE KNOX AND WILLIAM I. GROSSMAN 
One uncertainty remaining in the structures of 

Coenzyme I and II as worked out by Warburg,1 

Karrer2 and Schlenk,8 involves the site of the 
reversible oxidation-reduction of the nicotin
amide moiety. This uncertainty was recognized 
by Karrer in his first experiments using N^meth-
ylnicotinamide iodide as a model compound. Re
duction occurs a to the ring nitrogen, but until 
now means have not been available to locate the 
reactive carbon in one of the two a-positions. 
From consideration of the properties of the qui
nine-oxidizing enzyme detailed below, the oxida
tion of N'-methy!nicotinamide by this enzyme to 
the corresponding 6-pyridone4 enables us to lo
cate the center of reactivity and therefore the 
site of oxidation-reduction in the 6-position of this 
quaternary nicotinamide ring. However, there 
is no direct evidence yet available about the ar
rangement obtaining in the pyridinonucleotide 
coenzymes themselves. 

Oxidation by the quinine-oxidizing enzyme of 
rabbit liver is restricted to the unsaturated ex
position of many pyridine, quinoline and pyrazine 
compounds.6 This is referrable to the fact that 
only the pseudo-base forms are oxidized, as is 
evident from the parallelism between the rate of 
oxidation of various compounds and the ease of 
their pseudo-base formation.6 In addition, the 
enzyme has been found to oxidize 1,2,2,5,5-
pentamethyl - 6 - hydroxy - tetrahydropyrazine, 
which is itself a stable pseudo-base prepared by 
Dr. John G. Aston.7 Consequently, if a com
pound is oxidized by the enzyme, it will be oxi
dized in the reactive a-position which is the site 
of unsaturation and of pseudo-base formation. 
Identification of an enzymic oxidation product 
will therefore locate the reactive carbon. In 
compounds such as pyridine, where both positions 
are similar, neither is "reactive" and no oxidation 
occurs. 

The enzymic oxidation product of quinoline 
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has previously been identified as carbostyril. We 
have also obtained 34 mg. of isocarbostyril, identi
fied by mixed melting point, from enzymic oxida
tion of 40 mg. of isoquinoline. The reactivity in 
these compounds of carbon atoms 2 and 1, re
spectively, as shown by the enzyme reaction, thus 
agrees with the sites identified by other means.89 

Similarly, the product of the enzymic oxidation of 
N'-methylnicotinamide chloride (I) has been 
identified as l-methyl-3-carboxylamide-6-pyridone 
(II). Assay of the product in the enzyme mixture 
by its ultraviolet absorption at 259 and 290 m/* 
has shown it to be the sole product of the enzymic 
oxidation of N'-methylnicotinamide chloride.10 
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This oxidation thus identifies the 6-carbon of N1-
methylnicotinamide as the reactive carbon. Be
cause of the limits of enzyme specificity, the rate 
of oxidation of pure Coenzyme I by the enzyme is 
so slow as to preclude isolation of palpable 
amounts of the product for identification of the 
reactive carbon in this compound. However, N1-
methylnicotinamide also forms a reversibly oxidiz-
able o-dihydro compound analogous in every way 
to the reduced coenzymes. The recent crystalliza
tion of this derivative is evidence that only one of 
the possible o-dihydro compounds is formed,11 and 
it follows that this is the 1,6-dihydro derivative. 

Summary 
Oxidation of N^methylnicotinamide chloride 

to the corresponding 6-pyridone by the quinine-
oxidizing enzyme shows that the 6-carbon is the 
reactive position of the quaternary nicotinamide 
ring. 
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