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THE ROLE OF METAL IONS IN NADH MODEL REACTIONS
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Pyridine-2-carbaldehyde and formylferrocene were reduced with
l-benzyl-1,4-dihydronicotinamide and zinc acetate in isopropyl
alcohol at 50°C. The reactions were promoted when the quantity

2+

of Zn added was increased. No reduction was observed with

Pt(II) or Ni(II). Ternary complex as am intermediate was implied.

It was known that zinc ion was essential for the activity of alcohol
dehydrogenase., Some investigations on the function of metal ions in the
reaction of NADH model compounds were reportedl). In the present study
reactions of NADH model compounds with metal ions were attempted: in arder-to
examine the catalytic behavior of ions from stereochemical view point.

1-Benzyl-1,4-dihydronicotinamide (NBNH) as model compound, and pyridine-
2-carbaldehyde and formylferrocene as substrate were employed for the reactions.
An isopropyl alcohol solution of NBNH, pyridine-2-carbaldehyde, and zinc
acetate (10’3 M each) was kept at 50°C, then, reduction of the aldehyde
proceeded gradually. The reaction was followed by the decrease of UV spectra
at 353 nm of NBNH. No side reactions were observed under this reaction
conditions. When Zn2+ ion was not added to the reaction mixture, almost no
reduction occurred. The reactions were promoted evidently when the quantity

2+

of Zn ion added was increased as shown in Fig. 1. The reduction of formyl-

ferrocene was proceeded smoothly under the same reaction conditions as

2+ ion

mentioned aboveQ). In this case, no reaction occurred also without Zn
catalyst. Alcohols as the reaction products were determined by column

chromatography, gas chromatography or UV spectrum.
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Concerning the catalytic

2+ ion, it has been -

behavior of Zn
found that addition reaction of R
methanol to NBNH took place(5,6-
position of the pyridine ring)

2+

in the presence of Zn ion

catalyst. For instance, when

U
o

the reduction of pyridine-2-

carbaldehyde with NBNH and Zn2+

ion was carried out in methanol,

Conversion(%)

the addition of methanol occurred

along with the reduction of the

aldehyde and an absorption at

288 nm was observed3). It was 0 10 20 0
Time (hr)

already known that this addition

proceeded with acid catalyst4). Fig.l Reduction of pyridine-2-carbaldehyde

NBNH: 107°M, Py-2-CHO: 10~2M, in i-PrOH

h ducti took 50.09 0: no an"" 1: an* IOOBM,
however, only the reduction too 2: zn°t 2!l0°3M, 3¢ 202* 3x10-7,

In the case of formylferrocene,

place and no addition of methanol Conversion was calculated by the

was observed. This fact suggested decrease of NBNH(353 nm).

a steric hindrance of the bulky
ferrocene rings on the NBNH.

Then to examine the steric effect, ferrocene was added to a methanol solution

2+

of NBNH and Zn and no addition was observed as was expectedS). It is

agsumed that this steric hindrance of ferrocene rings for the methanol

2+

addition to NBNH is probably due to an interaction of NBNH-Zn" " -ferrocene.

It has been presumed that the reaction of NADH and aldehyde with Zn2+ iom

proceed through the formation of ternary complex intermediate, NADH-ZnQ+ -

aldehyde. In the model reactions, however, no reduction took place with
ordinary aldehyde such as acetaldehyde etc.. Accordingly, nitrogen atom in
pyridine ring of pyridine-2-carbaldehyde may assist the coordination of -CHO
group to Zn2+ ion through the interaction of Zn2+ and the N atom. And,

2+

formylferrocene may has a certain coordination ability to Zn ion to some

extent. Actually, a zinc complex of ferrocene methanol was obtained from

a methanol solution6).
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Pandit reported that Mg2+ ion has an interaction with amide oxgen in an NADH

ld). From a view point of a stable conformation

model compound by NMR studies
of NBNH in the ground state, it may be reasonable that the ternary complex
has an interaction of CONHQ(NBNH)-Zn2+-aldehyde. In this case, hydrogen atom
at 4-position of the pyridine ring in NBNH can be located nearest to -CHO
group of the substrate without any steric hindrance. It is also satisfactory

2+ ion to attack on 5,6-position

conformation for the alcohol coordinated to Zn
of the pyridine ring in NBNH.

In order to examine effect of other
metal ions, the reaction with Pt(II) or

Ni(II) ion catalyst instead of Zn(II)

was carried out. As the result, no (substrate)e;
reduction of pyridine-2-carbaldehyde :Zﬁu
took place but a complex of Pt or Ni (::N H
was obtained. It has been assumed that @_}C/NQIIO
the Pt-complex is a JL-complex of NBENH | q

NHz
formulated as NBNH-Pt012 although the

exact structure is unkown7). As for
the behavior of Ni(II), there are some
complicated problems still to be examined

by further studies.
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