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The oxidation rate of 3,5-di-t-butylsalicyl alcohol by 3-methyl-lo- 
ethyl-5-deazaisoalloxazlne was found to be very sensitive to solvent 
effect, the rate constant in 99 ~01% DMF being greater by a factor of 37 
than that in 50.50 (v/v) DMF-water mixed solvent. The result suggests 
the importance of the aprotic na$ure of the reaction environment during 
the oxidation of alcohols by NAD . 

As part of a study to examine the hypothesis that some of the rate acceler- 

ation caused by an enzyme may be imitated by different solvent effects, several 

investigations on the dlhydronicotinamide reduction as a model for NADH dependent 

enzymes have been reported. van Eikeren and Greier 1) found in the reduction of 

trifluoroacetophenone by 1-propyl-1,4-dihydronlcotlnamlde in dimethyl sulphoxide- 

water mixture that the reduction rate dramatically increases with increasing water 

concentration. We also reported that some of the NADH model reduction processes 

are sub]ect to general-acid catalysis. 2,3) These findings are in line with a 

well-established fact in the NADH model reduction that the ortho-hydroxyl group is 

able to facilitate the reduction of various double bonds. 4-7) The relevance of 

these studies to the enzymatic mechanism is supported by recent X-ray crystallo- 

graphic studies of NADH-dependent enzymes that the protonated imidazole of the 

histidine residue acts as a general acid source during the reduction process. 8,9) 

Based on the principle of the microscopic reversibility, we predicted that the 

oxidation of alcohols by NAD+ (or its model compounds) would be general-base cata- 

lyzed,‘) but there has been no suitable system to examine the hypothesis. Very 

recently, Yoneda et al. 18) demonstrated that 5-deazaflavin (or 5-deazaisoalloxazin 

which has redox properties similar to NAD+ and 1s thus called nicotinamide in 

flavin clothing, 11,12) is able to oxidize alcohols quantitatively to corresponding 

carbonyl compounds. In this communication, we report for the first time that the 

oxidation of alcohols by 3-methyl-lo-ethylisoalloxazlne(1) as an NAD+ model is 

general-base catalyzed and that the reaction rates are remarkably suppressed by 

protic solvents. In order to suppress the possible adduct formation between (1) 

and basic components, we employed a sterically-hindered phenolate, 3,5-di-t- 
butylsalicyl alcohol anion(2) as substrate. 
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The typical experimental method IS as follows. (1) (1.03 x10- mole) and 

3,5-dl-t-butylsallcyl alcohol (2.06 x lo-’ mole) were dissolved in 10 ml of N,N- 

dlmethylformamrde(DMF) (or DMF-water mixed solvent) and the solution was maln- 

tarned at 50°C. After replacing the atmosphere with nitrogen, the reaction was 

initiated by addlng 100 pl of aqueous CsOH (1.03 x10 
-2 

mole). The aliquot was 

withdrawn from the solution at appropriate time intervals and the reaction was 

stopped by mixing with acetic acid. The yield of 3,5-dl-t-butylsallcylaldehyde(3) 

was determined by a glc method with acetanlllde as Internal standard. As the re- 

action proceeds, the equlllbrlum of Eq. 2 should lead to the shift of medium pH, 

resulting rn more rapid decrease of anlonlc (2) than that of (1). The analytical 

method for such pH-shlftlng reaction system has been reported. 6) We thus de- 

termined the second-order rate constants k2 (= vobsd / [(l)] [(Z)]) from the plots 

of produced (3) versus reaction time according to the method. 

CH,OH CHO 

(2) + (3)=& + &-cs+ 

The results are illustrated rn Figure 1. 
-1 

The k2 rn 99 ~01% DMF was 0.55 M-l 

set . The rate constants sharply decreased with lncreaslng water concentration, 

and the k2 in 50 50 (v/v) DMF-water mixed solvent was 0.0147 M-l set -1 which IS 

smaller by a factor of 37 than that in 99 ~01% DMF. From a vlewpolnt of solvent 

effects, the finding can be elucidated on the basis of the work of Parker and 

others13) that IS, the reactlvltles of anions are generally quenched in protic 

solvents owing to the favorable solvatlon through hydrogen bonding. From a view- 

point of the enzyme model reaction, rt leads to a speculation that, contrary to 

the favorable influence of the protlc nature on the reduction process, lT7) the 

NAD+ oxldatlon of alcohols would be facilitated by the aprotlc reaction environ- 

ment. 

The efficiency of the ortho-phenolate group as intramolecular general base 

in (2) was demonstrated by comparing the rate constant with that for the oxldatron 

of benzyl alcohol (2.06 x lo-’ mole) by (1) (1.03 x 10 -2 mole) with the aid of 

2,4-dlmethyl-6-t-butylphenol (2.06 x lo-’ mole) (4) + CsOH (1.03 x lo-’ mole) 

as intermolecular general base (Eq. 3). 
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CH,OH o-cs+ 

yt cs+ CHO 

axMe+ 6 + 

HH 0 

In 90 ~01% DMF solution, 

reactron was followed by 

monitoring the yield of 

OH 

Me(3] 

Me 

the 

benzaldehyde by a glc method. 

The reaction was found to be 

very slow, the yield of 

benzaldehyde based on (1) 

after 110 mm berng only 

2.3%. The apparent second- 

order rate constant k2’ 

J 
50 60 70 80 90 100 

DMF (vol%) 
(=_;obsp 
10 M- 

/ [(~;I[(411 was 3.5 x Figure 1. Dependence of log k2 on the concent- 
set , which is ratlon of water present during the oxidation 

smaller by a factor of 286 of 3,5-di-t-butylsalicyl alcohol by 3-methyl- 
than that for Eq. 1 in 90 ~01% 

DMF (k2 =O.lO M-l set-l). 
lo-ethyl-S-deazaisoalloxazine 

In conclusion, the 0x1- 

datron by 5-deazaflavrn (and 

probably also by NAD+) 1s facilitated by the aprotic reaction environment and by 

the presence of intramolecular general base. The results support that the princi- 

ple of the microscopic reversibrlrty 1s operatrve In oxidation-reduction reactions 

coupled with the interconversion of NAD+-NADH. 
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