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Abstract

Reduction of 2-bromo-1-phenylethylidenemalononitrilewith the chiral NAD(P)H model $%)-1-benzyl-
3-(p-tolylsulfinyl)-1,4-dihydropyridine2 gives the cyclopropane ring producE)<{2-phenylcyclopropane-1,1-
dicarbonitrile3 with 54.5% enantiomeric purity. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

In the field of asymmetric reduction reactions, chiral models of co-enzyme NAD(P)H have been
extensively studied and continue to be of interest. Since the first bapethe asymmetric reduction
of -keto esters by a chiral model of NAD(P)H appeared, numerous asymmetric reductions by chiral
NAD(P)H mimics have been reportédThe highly enantioselective reductions of some carbonyl and
unsaturated compounds have been achieved with a number of such chiral fnodels.

In our previous papers, Wereported that the co-enzyme NAD(P)H model 1-benzyl-1,4-
dihydronicotinamide (BNAH) can reduce 2-bromo-1-phenylethylidenemalononitrite CH3CN to
give 2-phenylcyclopropane-1,1-dicarbonitrdeén high yield. In order to investigate the stereoselectivity
of this reaction, we have studied the reaction using the chiral NAD(P)H m&deil{benzyl-3-p-
tolylsulfinyl)-1,4-dihydropyridine2.> Herein we report the results.
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2. Results and discussion

Owing to the low reactivity of compoung, the reduction was carried out at 30°C for 12 h in ace-
tonitrile. The desired cyclopropane product with moderate enantioselectivity (52.1% e.e.) was obtained
in 35% chemical yield (Table 1). The absolute configuration of pro@uft ]p%*= 103.7 (c=0.30,
CH3COCHs)} was assigned asY by comparing its specific rotation to that of standard compound
{(9-3: [ 1s46°>= 10.1 (c=3.77, CHCOCH;)}.® The results in Table 1 show that the chemical yield
of product3 changed little with time while the enantiopurity of prod@tiecreased remarkably (12 h,
52.1% e.e.; 36 h, 42.6% e.e.; 96 h, 16.0% e.e.), which implied that the cyclopropane product partially
racemized in the reaction system. When pure pro8(62.1% e.e.) was stirred in acetonitrile for 72 h and
also a mixture of produ@ (52.1% e.e.) ands)-1-benzyl-3-p-tolylsulfinyl)pyridinium bromide (100%

e.e.) was stirred in acetonitrile for 72 h, the enantiopurityd afropped to 47.7% e.e. and 42.0% e.e.,
respectively. The mechanism of epimerization of cyclopropane compounds has been reported by Cram.
In the present case, the racemization of pro@umuld be explained by the ring-opening mechanism.

Table 1
Reduction of compound with chiral NAD(P)H modeb?

Time(h) 12 24 36 48 96
Ee%® 52.1 410 426 174 16.0
Yield%© 35.3 407 367 371 286

See experimental part.
PEnantiomeric excess was determined by chiral et
¢ Isolated yields.

It is well known that solvent polarity can affect the reactivity and stereoselectivity, so a number of
solvents were tried in this reaction. In polar solvents, such as DMF, DMSO, HMPA, the substrate decayed
very rapidly, and only traces of product could be detected. Because the reaction was slow in acetonitrile,
we conducted the reaction in binary solvent systems and the results are shown in Table 2. It can be
clearly seen that the chemical yield increased as the ratio of the more polar solvent was raised to 30% for
DMF, 40% for DMSO, while the enantiomeric excess remained constant or slightly improved. When the
ratio of the more polar solvent was increased further, both the chemical yield and the enantioselectivity
decreased. Thus, the rates of consumption of the substrates were measured indp/VIBSGN by
NMR spectroscopy. The second order rate constants (Table 3) indicate that the reaction rates increased
as the proportion of DMS@s increased. By comparing these results with those in Table 2, it is seen
that the rate of decomposition of the product and/or the rate of the side reaction became faster as the
proportion of the more polar solvent increased.

It is interesting to note that no metal ion was used as catalyst in this reaction whited¥igrn* was
used in most asymmetric reduction reactions with chiral NAD(P)H models reported in the literature,
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Table 2
Reduction of compountd by chiral NAD(P)H modeR in binary solvent systerfis

DMF/CH;CN DMSO/CH;CN

Entry Vome/V(%) Ee%® Yield%  Vpuso/V(%) Ee%  Yield%

1 0 52.1 353 0 515 28.3
2 10 515 513 10 49.8 50.9
3 20 486  56.4 20 47.0 50.9
4 30 546  63.5 30 514 63.1
5 40 532 564 40 49.0 66.4
6 50 544 543 50 48.2 56.7
7 60 468 319 60 46.4 44.0
8 80 366  14.1 80 42.0 29.3
9 100 trace 100 trace

*See experimental part.
®Enantiomeric excess was determined by chiral cct
¢ Isolated yields.

Table 3
Second order reaction rate constants in DM&GED;CN

Entry 1 2 3 4 5

Viomso/ V(%) 20 40 60 80 100

k(10°M'sh) 173 2.56 240  4.08 4.65

hence, no ‘ternary complex’ existed in this reaction. Although it is reported that the stereoselectivity of
this reaction originates in the only stable conformation of comp@#fithe details of the mechanism
need to be further investigated.

In summary, we have investigated the stereoselectivity of a new asymmetric reduction reaction by
a chiral NAD(P)H model. Albeit the enantioselectivity of cyclopropane product is not as high as that
obtained by carbenoid meth8dhis is the first report on asymmetric cyclopropanation of allylic bromide
and the reaction condition is mild. Further work on the improvement of the enantioselectivity and an
elucidation of the mechanism are in progress.

3. Experimental
3.1. Materials

(Ss)-1-Benzyl-3-p-tolylsulfinyl)-1,4-dihydropyridine2'® was prepared according to the literature
metho@ with some modification. In the preparation of the intermedigip-8-(p-tolylsulfinyl)pyridine 11
the reaction temperature was slowly raised to —30°C. The reduction of the pyridinium bron2igeato
carried out according to the literature procedtfre.
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3.2. Typical procedure for reduction afwith 2

A mixture of 1 (50 mg) and2 (44 mg) was stirred in the corresponding solvent at 30°C for 12 h under
Ar atmosphere in the dark. The reaction mixture was treated with water and extracted with ether. Usual
work-up and purification by Si@column chromatography (hexane:AcOEt, 10:1) gave a light yellow oily
product.’H NMR (200 MHz) :2.27 (2H, d, J=9.0 Hz), 3.31 (1H, t, J=9.0 Hz), 7.28-7.47 (5H, m) ppm.

3.3. Kinetic measurements

Kinetic measurements were conducted on a Bruker AM 400 NMR spectrometer. The reaction rates
were monitored by the decay of peak area of absorption at 4.68 ppm for compaunttpeak area of
absorption at 4.33 ppm for compou@d
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