Tetrahedron Letters, Vol. 37, No. 19, pp. 3275-3278, 1996

Pergamon Copyright © 1996 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0040-4039/96 $15.00 + 0.00

50040-4039(96)00566-7

A New Type of NADH Model Compound: Synthesis and Reactions

Xianfeng Li! and Dennis D. Tanner*

Department of Chemistry, University of Alberta,
Edmonton, Alberta, Canada T6G 2G2

Abstract: Four diastereomeric NADH model compounds were synthesized by the reaction of a
pinyl substituted Hantzsch ester with dimethylaluminum amide. The reduction of methyl
benzoylformate with these models gave both enantiomers of methyl mandelate.
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The design of readily accessible NADH model compounds combining high reactivity and
enantioselectivity has ranged through a host of structurally diverse 1,4-dihydropyridines.2 However, most
of the studies on chiral NADH models have been based on modified dihydronicotinamides. Recently,
Gelbard et. al. reported the synthesis of a new type of NADH model, a Hantzsch ester with a chiral
substituent derived from a sugar at C-4.3 They showed that the chiral substituent can be incorporated into
the C-4 position of the Hantzsch ester easily by a proper choice of a chiral aldehyde as a starting material.
Since there are two ester groups in the Hantzsch ester, one would anticipate that a new kind of NADH
model would be produced if one of the ester groups was converted to an amide. In this paper, we report the
synthesis of four optically active (2,6)-dimethyl-3-ethoxylcarbony!-5-(N-o-methylbenzylcarbamoyl)-1-N-
propyl-4-[(25)-pinyl]-1,4-dihydropyridines by the reaction of a pinyl substituted Hantzsch esters with
dimethylaluminum amide.

A efficient synthesis of these compounds is outlined in Scheme 1. Commercially available (-)-trans-
myrtanol was oxidized with PCC to give (+)-trans-myrtanal,# one-pot condensation of (+)-trans myrtanal
with ethyl acetoacetate in ammonium carbonate solution produced Hantzsch ester 1in a 79% yield.3
Hantzsch ester 1 was treated with sodium hydride in DMF, then allowed to react with 1-bromopropane to
give 2.4 Treatment of Hantzsch ester 2 with dimethylaluminum amide, derived from (S)-(-)-a-methyl-
benzylamine, formed a mixture of diastereomeric compounds 3a and 3b.6 A careful chromatographic
separation on silica gel gave pure 3a and 3b in 44% and 28% yields respectively.” Within the detection
limits of the 'H NMR, the isolated diastereoisomer 3a and 3b were pure. The reaction can be followed by
TLC until starting material 2 is completely consumed. Generally, the reaction of 3a and 3b was complete
in 14 h. When the mixture was heated to reflux for over 20 h with an excess of the amino salt the second
ester was slowly converted to a diamide. With the use of (R)-(+)-o-methylbenzylamine, 3¢ and 3d were
prepared in 31% and 25% yields respectively.8

When the reaction was followed by IH NMR, the spectra showed the formation of 3a and 3b in a ratio
of 3:2. As shown in Scheme 2, there are two possible pathways for attack at an ester group by di—
methylaluminum amide. It is not unreasonable to assume the attack by dimethylaluminum amide away from
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the bridge of the 4-pinyl group (pathway a) proceeds more rapidly than the attack from the bridge side
(pathway b). As a result, 3a is formed as the major product whose configuration can tentatively be
assigned to (4S,9S). Accordingly, the configuration of the minor isomer 3b can be assigned to (4R,9S).
To further substantiate these assignments, an MM-2 calculation of the two structures shows that 3a has
the lowest relative energy (3a, 75.4 kcal/mol; 3b, 77.9 kcal/mol). As expected, the bulky pinyl group at
C-4 forces the 1,4-dihydropyridine to adopt a flat-boat conformation. This result is consistent with that
found for crystal structure of 4-(2-imidazolyl)- 1,4-dihydropyridine.” However, an attempt to establish the
absolute configuration of the diastereomeric isomers (3a-d) by x-ray crystallography was not successful.
The structural assignments are tentatively made by analogy to the stereochemical relationships established
for the reduction reactions of the 2,4-dimethyl substituted chiral amides of dihydronicotinic acid.10
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Scheme 1. Synthesis of Compounds 3a-d

Scheme 2. Possible Attacks at an Ester by Dimethylaluminum Amide
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The reduction of methyl benzoylformate with 3a or 3¢ proceeded quite well in 83% and 61% yields
(Table 1). However, the reductions with 3b and 3d gave less satisfactory yields. 3a and 3c gave S-(+)-
methyl mandelate whereas 3b and 3d gave R-(-)-methyl mandelate. Both enantiomers of methyl
mandelate can be obtained using these NADH models. Although the enantiomeric excess from 3b or 3d
were not promising, the reduction of methyl benzoylformate with 3a and 3¢ were obtained in moderate to
good enantiomeric excess. It appears that the configurations of the reduction products are determined
mainly by the configuration of hydrogen at the 4-position of these optically active dihydropyridines.

Table I. The Reduction of Methyl Benzoylformate by Dihydropyridines 32

model products
reaction compound vield%b ee%C config.
1 3a 83 72 +)-S
2 3b 25 3 -)>-R
3 3c 61 42 +)-S
4 3d 19 7 -)-R

#Reductions were performed in acetonitrile at 61 °C with 1 eq. of Mg(ClO4); for 20 days. In the absence of Mg(ClO4)2 no
reduction products were observed. PThe yields given are the average valucs determined by GC, from duplicate experiments.
“Based on the optical rotation of pure methyl mandelate, (lit, [0)p=141.4%).11

Based on previous models,10-13 the transition state for the reduction reactions of 3a can be depicted as
resulting from a magnesium complex (Figure 1). One can anticipate that the magnesium is complexed to
both the C-3 and the C-5 carbonyl oxygen and to the carbonyl oxygen of methyl benzoylformate. This
conformation produces (S)-mandelate as the major enantiomer, see eq. 1.

3a + PhCOCOMe —ME” s (5)-PhCH(OH)CO,Me + 3a+(-H) M

An examination of Dreiding-Stereomodels of the proposed complex indicates that the formation of
(R)-mandelate is energetically disfavored due to steric interactions between the benzoyl phenyl and amide
group of the model. The high reactivity of 3a or 3¢ and the moderately good e.e.% obtained from these
reactions appears to be achieved through a transition state in which chelation of the substrate and the
dihydropyridine is efficient. In 3a the bridge of the pinyl group is away from the hydrogen at C-4,
however, in 3b and 3d, the hydrogen at C-4 and the bridge of the pinyl group are on the same side. The
complex would be forced to adopt a conformation in which the bridge of the pinyl group prevents
efficient chelation of the substrate and the dihydropyridine. Both the reactivity of 3b and 3d and the
%e.e. produced from these reactions are much lower than those from 3a and 3c.

Figure 1. Proposed Complex for the Reaction of Model 3a
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