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A NOVEL NADH MODEL COMPOUND WHICH RESISTS THE ACID CATALYZED DECOMPOSITION
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The title NADH model compound resists acids unlike the conventional
NADH model compounds. Thus, added acids accelerate the reduction of a
carbonyl substrate selectively in the general-acid catalyzed manner.

Recent X-ray crystallographic studies of NADH dependent enzymes suggest that
the protonated imidazole of the histidine residue of D-glyceraldehyde-3-phosphate
dehydrogenase acts as a general-acid during the reduction process.l’z) Van Eikeren
and Greiers) and Shinkai and Kunitake4) have found that the NADH model reduction
of carbonyl substrates is also general-acid catalyzed. Therefore, the general-
acid catalyzed reduction by NADH models could be an expeditious method for the
reduction of carbonyls.

Here, a dilemma in the model system should be noted. The reduction reaction
is always accompanied by the acid catalyzed decomposition of NADH models,5’6) and
the slope of Brdnsted plot for the latter reaction is much greater than that for
the former.4) This implies that the decomposition rate is accelerated more
efficiently than the reduction rate by added strong acids. Taking N-benzyl-1,4-
dihydronicotinamide (Bz1NH) reduction of hexachloroacetone(HCAc) in acetonitrile,
for instance, the observed rate of disappearance of BzINH in the presence of
acids(vobsd) is described by Eq. 1, and kga(rate constant for the general-acid
catalyzed reduction) and kd(rate constant for the acid catalyzed decomposition)

by Eqs. 2 and 3, respectively,

4)

Vobsd=(k2 + kga[Acid])[leNH][HCAc] + kd[leNH][Acid] (1)
log kga=A-pKa + B (2)
log ky=a-pK + b (3)

where k2 is the second-order rate constant for the reduction in the absence of
acids and Ka the acid dissociation constant of the added acids in an aqueous
solution. The reaction parameters are summarized in Table 1. Assuming all the
reactant concentrations to be one M, the ratio of reduction rate vs. decomposition

rate(Rr/Rd) is expressed by Eq. 4.

= - A.pK_+B a-pK_+b
Rr/Rd (kz + kga)/kd (k2 + 10 a ")/10 a 4)
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Table 1. Reaction parameters for Bz1NH and leQHa)

NADH Model k2 A B a b
M tsh
Bz1NH 0.337 -0.18 1.83 -0.95 5.54
Bz1QH 0.0090 -0.23 1.03 -0.24 -2.99

a)30°C in acetonitrile.

The logarithm of Rr/Rd is plotted against pKa of the added acid(Fig. 1). The
curve for BzINH revezls that the mode of the general-acid catalyzed reaction is
significantly associated with pKa of the added acid: for example, Rr/Rd=l’24 X 104
at pKa=10, while Rr/Rd=l.96 X 10—4 at pKa=0. The 108 difference in the ratio is
truly remarkable. The result clearly substantiates that the addition of strong
acids does not improve the yield of reduced alcohols.

The primary acid catalyzed decomposition proceeds via protonation at 5-carbon

of 1,4-dihydronicotinamide.5’6)

It occurred to us that 1,4-dihydronicotinamide,
the 5,6-double bond of which is protected from electrophilic attack, may be stable
in acidic media and may serve as a useful reducing agent in general-acid catalyzed
reduction of carbonyls. We thus prepared 3-aminocarbonyl-N-benzyl-1,4-dihydro-
quinoline(leQH)7) in which the 5,6-double bond is involved in the aromatic ring

and examined the effectiveness in the general-acid catalyzed reduction reactions.

~yCONH, N ONH2 /CONH,
N N7 B N

PhCH,Br CHzPh mCONHZ CH,Ph
'T‘ BzIQH

-3 -1

M
It was found

The k value for Bz1QH reduction of HCAc in acetonitrile was 9.0 x 10
(Table 1), so that Bz1QH is 37 times less reactive than BzI1NH. 4)

that Bz1QH is surprisingly stable in acidic media compared with BzI1NH: for
example, Bz1QH is 3.0 x 10° times more stable in acetic acid(k;=8.01 x 1077 uls7t
for Bz1QH and 2.40 x 1073 M ts71 for BzINH) and 4.4 x 10% times more stable in
aqueous ethanol([H,0]=0.21 M) contalnlng hydrochloric acid(k4=2.00 x 10 5yl
for Bz1QH and 0. 872 M 15-1 for BzI1NH). 9) The Bronsted parameters for the Bz1QH

reduction of HCAc in acetonitrile were evaluated by plotting log kga and log kd
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Fig. 1. The curves of log(Rr/Rd) vs. pKa Fl%i ?i Log kga(M s ) and log kd
s

in water which were depicted according to ™
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) vs. pKa in water. (a) Pyri-

Eq. 4 and reaction parameters in Table 1. dine-HC1, (b) N-ethylmorpholine-HC1,

(c) N,N-dimethylbenzylamine-HC1,
and (d) triethylamine-HCl. The kd
value for the latter two hydro-
chlorides could not be determined
accurately due to the slow rates.

against pKa for four hydrochlorides(Fig. 2: for the detail of the method see
Ref. 4). The least-squares computation of the experimental data provided the
reaction parameters listed in Table 1. It is noteworthy that the a-value(slope
of Br8nsted plot) for Bz1QH is much smaller than that for Bz1NH.

The curve of 1og(Rr/Rd) against pK, was depicted according to Eq. 4 and
the reaction parameters in Table 1(Fig. 1). Figure 1 shows that, in marked
contrast to the behavior of BzI1NH, Bz1QH is totally used for the reduction reac-
tion and the fraction wasted for the decomposition is less than 0.01%. Also
significant is that RrﬁRd is almost independent of pKa(i.e., Rr/Rd=1.51 X 104
at pH=10 and 1.05 x 10" at pKa=0).

The foregoing results suggest that Bz1QH reduction of carbonyls can be
performed in very strong acid solutions. Preliminary experiments in this labo-
ratory indicate that in the presence of hydrochloric acid Bz1QH reduces p-nitro-
benzaldehyde to p-nitrobenzyl alcohol in 10% yield,lo) whereas Bz1INH does not
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give the reduced products under the comparable conditions(both in the presence
and the absence of hydrochloric acid). It is thus anticipated that the NADH
model reduction with Bz1QH plus strong acid would be applicable more generally
to the reduction of carbonyls and related compounds.

The authors wish to express their thanks to Professor Toyoki Kunitake for
guidance throughout the study.
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