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Influence of Mg?* Ion on the Reduction of N-Methylacridinium Ion
with 1,4-Dihydronicotinamide

By SE1j1 SHINKAL* Tovoxko IDE, HiSATARE HaMaDA, OsaMU MaNaBE, and Tovokl KUNITAKE

(Department of Industrial Chemisivy, Faculty of Engineeving, Nagasaki University, Nagasaki 852, Japan, and Department of
Organic Synthesis, Faculty of Engineering, Kyushu University, Fukuoka 812, Japan)

Summary The reaction of N-benzyl-1,4-dihydronicotin-
amide and N-methylacridinium ion in the presence of
Mg?*+ gives a normal secondary isotope effect (ky/ky’ =
0-98 4+ 0-04) and an identical value (3-7) for the primary
isotope effect (kg/kp) and the isotopic partitioning
ratio.

AnaLysisof isotope effectsin non-enzymaticreductions with
dihydronicotinamide has been a controversial question
since Steffens and Chipman! and Sigman e? al.%:® proposed
that a kinetically detectable intermediate exists during
reductions with dihydronicotinamide on the basis of the
abnormal secondary isotope effect (kg/ky” 0-73—0-74).
This intermediate was presumed in some cases to be a
charge-transfer-type complex.?:5f It was thus assumed
that dihydronicotinamide releases an electron prior to
proton transfer, and the hydride transfer mechanism was
rejected.> The two-step mechanism is not incompatible
with the fact that dihydronicotinamide is capable of
acting as an electron donor under mild condition.®” Here,
we report that a charge-transfer complex is not formed to
any great extent with N-methylacridinium ion (2) and the
N-benzyl-1,4-dihydronicotinamide (1)-Mg?** complex® and
that the reaction gives a normal secondary isotope effect
(ca. 1+0) and an identical value for the isotopic partition-
ing ratio and the primary isotope effect.

The reactions were carried out at 30 4 0-1 °C in ace-
tonitrile. The absorption spectrum of (1) was significantly
affected by added Mg?t (red shift), while that of (2) was not.}
The reaction rate was retarded with increasing Mg+
concentration and gradually reached a constant value. The
largest rate decrease was 6 fold. Since the rate saturation
is observed at [Mg*t]/[(1)] = ca. 10, formation of a 1:1
complex is presumed. The absorption of the charge-
transfer-type complex between (1) and (2) (ca. 600 nm)?
almost disappeared at [Mg2+]/[(1)] =12 (<10% of

absorption in the absence of Mg?t). These results indicate
strongly that the interaction of the (1)-Mg?*+ complex
{cationic species) with (2) is suppressed owing to the re-
pulsion between the like charges. A similar rate retar-
dation by metal ions is known in the reduction of Malachite
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Green with dihydronicotinamide.® However, the reduction
of 3-methyl-10-butylisoalloxazine and 3-methyl-10-butyl-
5-deazaisoalloxazine {neutral species) with dihydronicotin-
amide was hardly affected by added Mg?* ion.

The calculated second-order rate constants (£; and %,9)
for the reduction of (2) by (1) and 4-deuteriodihydronico-~
tinamide [4-2H,]-(1) are summarized in the Table. The
kinetic isotope effects obtained in the absence of Mg2+ are
quite different from those calculated based on a reaction
mechanism involving simple one-step hydrogen transfer
[2.e., the secondary isotope effect ky/ky’ = 1-0 and the

+ The possibility that the charge-transfer-type complex is a nonproductive intermediate cannot be excluded (ref. 4).

1 For details of the kinetic measurements see ref. 2.
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TaBLe. Kinetic and product analysis data for reactions of
N-benzyl-1,4-dihydronicotinamide (1) and [4-2H,]}-(1) with
N-methylacridinium ion (2).2
Additive
[Mg(ClLO,),]
None (1-20 x 10—3m)
kr /(1 mol—1s-1) 72-3 + 0-3 16:7 4 01
ke /(1 mol-? s—1) 639 + 04 108 + 02
ke /Red 1-13 + 0-06 1-55 4 0-04
(4)-H/(4)-D 40 4 02 37 4 0-2
ku/ku 0-71 4+ 0-03 0-98 4 0-04
ku/kp 276 + 0-15 370 4 0-18
3 [(1)] = 1:00 X 10~%m; [(2)] = 40 x 10-°m.

primary isotope effect kg /%y, equals the isotopic partitioning
ratio (4)-H/(4)-D].}§ In the presence of Mg2+ ([Mg?t+]/[(1)
or 2H,-(1)] = 1-2), however, these values are in fair agree-
ment with the values proposed for simple one-step hydro-
gen transfer.§ It is thus evident that added Mg?+ ion

§ For the method of calculation see refs. 1 and 2.
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changes the reaction path to a simple one-step-type reaction
from a reaction of the type (1) 4 (2) = intermediate —
products.

In conclusion, the present study demonstrates that,
when the formation of the charge-transfer complex is
suppressed, the isotope effects become compatible with
those proposed for a simple bimolecular reaction. There-
fore, the anomalous isotope effects in the absence of Mg?+
must be caused by the formation of an intermediate during
the reduction with dihydronicotinamide.
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€ As a related example, Ohno et al. found that the reaction of (1)—Mg?+ and methyl benzoylformate gives similar value for
ku/kp and product-H/product-D: A. Ohno, H. Yamamoto, S. Oka, and Y. Ohnishi, Bull. Chem. Soc. Japan, submitted for publica-

tion.
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