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Stereoselective reductive debromination-cyclopropanation of 2-bromo-1-phenylethylidene-
malononitrile and 2-bromo-1-b-naphthylethylidenemalononitrile by coenzyme NADH model
BNAH through chiral induction in cyclodextrins is reported. The matching between substrates
and cyclodextrins, the substituent effect, and the effect of cyclodextrin concentration on the
optical yields have been investigated. q 2001 Academic Press

Coenzyme nicotinamide adenine dinucleotide (NADH) plays an important role in
biological redox processes through the interconversion between a 1,4-dihydropyridine
moiety and a pyridinium ion (1). Stereoselective reduction by NADH models has
been a focus of interest. Since Ohnishi and Ohno (2) reported the first stereoselective
reduction by a chiral 1,4-dihydropyridine derivative, numerous publications have
appeared on stereospecific reduction using various NADH models (3,8).

Cyclodextrins are the most extensively investigated biomimetic models for en-
zymes. The hydrophobic character of their internal cavity enables cyclodextrins to
form inclusion complexes with organic compounds (4) and to provide both a chiral
receptor and reactive sites (5). For this reason, many investigators have used cyclodex-
trins as nanoreactors to induce regio- and enantioselectivity in a biomimetic system
carried out in water (6).

1-Benzyl-1,4- dihydronicotinamide (BNAH) is an NADH model frequently em-
ployed in mechanistic studies. We have previously reported the reductive debromina-
tion-cyclopropanation of 2-bromo-1-phenylethylidenemalononitrile (BPM) and 2-
bromo-1-b-naphthylethylidenemalononitrile (b-BNM) with BNAH to give racemic
2-phenyl-1,1-cyclopropanedicarbonitrile (PCN) (7) and racemic 2-b-naphthyl-1,1-
cyclopropanedicarbonitrile (b-NCN)(8), respectively (Fig. 1). In this paper, we report
on the stereoselective reduction of BPM andb-BNM through the chiral induction of
a-cyclodextrin (a-CD), b-cyclodextrin (b-CD), g-cyclodextrin(g-CD), and hydroxy-
propyl-b-cyclodextrin (hp-b-CD) in a biomimetic system.
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FIG. 1. The reductive debromination-cyclopropanation of BPM and b-BNM with BNAH.

MATERIALS AND METHODS
1H NMR was obtained on a Bruker DMX-500 spectrometer. Mass spectrometry

was carried out on a VG-ZAB-HS mass spectrometer (EI). Enantiomeric excesses
(e.e.) were derived from the integral ratio of signals obtained on a Waters 600E-
2487 HPLC with a Eka Chemicals AB CHI-TBB chiral column. Configuration was
determined on a Shanghai Shengguang WZZ-2A auto-polarimeter.

BNAH, BPM, and b-BNM were synthesized according to the literature (7,8). a-
CD and g-CD were purchased from Tokyo Kasei Organic Chemicals. b-CD is a
commercial product and was recrystallized from water three times. hp-b-CD was
purchased from Acros Organics Co.

CD was dissolved in 1000 ml twice-distilled water. BNAH (0.4 mmol) and sub-
strate(BPM or b-BNM) (0.1 mmol) were dissolved in 5.0 ml MeOH, respectively,
and the solutions were then added to a 500-ml CD solution, respectively. The suspen-
sions were shaken by ultrasonic vibration and deaerated by bubbling with argon. A
solution of substrate was added to a solution of BNAH and the mixture was stirred
for 24 h under argon at room temperature in the dark. The resulting mixture was
extracted with CH2Cl2 (3 3 300 ml). The combined extracts were washed with water
and dried with anhydrous Na2SO4. After evaporation of the solvent, the mixture was
separated by column chromatography on silica with CH3CO2Et/petrol51/20 as eluent.

RESULTS AND DISCUSSION

The results of the reduction of BPM and b-BNM by BNAH with the same molar
concentration of host molecule a-CD, b-CD, g-CD, and hp-b-CD are collected in
Table 1.

TABLE 1

Effect of the Matching of Host–Guest Molecules and the Effect of Substituents

Entry A B C D E F G H

Guest molecule BPM BPM BPM BPM b-BNM b-BNM b-BNM b-BNM
Host molecule a-CD b-CD g-CD hp-b-CD a-CD b-CD g-CD hp-b-CD
Concentration 1.5279 1.5279

(mmol/L)
Chemical yield (%) 15 10 18 14 14 12 7 16
Optical yield 6.57 2.27 28.96 12.30 0.01 16.98 1.42 26.33

(% e.e.)
Configuration R(1) S(2) S(2) R(1) R(1) R(1) R(1) R(1)
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It is seen from Table 1 that the matching between host molecule and guest molecule
plays a decisive role with regard to the optical yield. When the guest molecule was
BPM, the optical yield in a-CD system was larger than that in a b-CD system. When
the guest molecule was b-BNM , the result was just the reverse. The reason for this
is that the inner diameter of the cavity of a-CD is more suitable for inclusion of the
benzene ring while the cavity of b-CD is more suitable for inclusion of the naphthalene
ring (1a). Because the naphthalene ring of b-BNM could not be included by a-CD,
the optical yield was almost zero. It was rather surprising that the optical yield from
the BPM–g-CD system was much larger than that from the BPM–a-CD system. It
could be due to the inclusive orientation of BPM in g-CD that renders the more
favorable stereochemical effect than that in a-CD. On the other hand, it is easy to
understand that the optical yield from a b-BNM–g-CD system was low, because the
naphthalene ring could freely rotate in g-CD and the stereoselectivity was small.

Furthermore, the substituent of CD had an important effect on the optical yield.
With the same concentration of host molecule, the optical yield obtained from the
hp-b–CD system was larger than that from the BPM–a-CD system and that from
the b-BNM–b-CD system. This indicates that the stereochemical orientation of guest
molecules (BPM or b-BNM) was more stable when there was a hydroxypropyl
substituent attached to the host molecule (CD). Moreover, the effect of hydroxypropyl
substituent was greater for the stereochemical orientation than the effect of matching
between host molecule and guest molecule and hence to the larger optical yield.

It is also interesting to note that only the configuration of the reduction product
of BPM obtained in a b-CD system and in a g-CD system was S (2), which was
opposite to that of all the others.

The results of the reduction of BPM and b-BNM by BNAH with different molar
concentrations of host molecule hp-b-CD are collected in Table 2.

Suppose the portion of substrate (BPM or b-BNM ) in the host molecule (hp-b-
CD) is m, then the portion of substrate outside the host molecule is 1 2 m. The
amount of BNAH is excessive. If the e.e. of reduction by Pathway 1 (in host molecule)

TABLE 2

Effect of Concentration of Host Molecule

Guest Molecule BPM

Concentration 1/8 1/4 1/2 1 2 3 5
(31.5279 mmol/L)
Chemical yield (%) 9 10 12 14 15 15 18
Optical yield (% e.e.) 5.47 9.27 11.10 12.30 14.30 15.62 15.82
Configuration R(1)

b-BNM
Concentration 1/8 1/4 1/2 1 2 3 5
(31.5279 mmol/L)
Chemical yield (%) 10 13 15 16 18 19 21
Optical yield (% e.e.) 17.52 19.89 23.00 26.33 27.68 27.73 27.77
Configuration R(1)
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is n, the portion of R product (R-PCN or R-b-NCN) and S product (S-PCN or S-b-
NCN) will be 0.5(m 1 mn), and 0.5(m 2 mn), respectively (because the R product
is more than the S product). The portion of substrate by Pathway 2(out of host
molecule) is 1-m and the portion of R product and S product both will be 0.5(1-m)
because of the absence of chiral induction by the host molecule. The results by the
two pathways are shown as follows:

BNAH 1 substrate → product

R product S product

Pathway 1 (in the host) m 0.5 (m 1 mn) 0.5 (m 2 mn)
Pathway 2 (outside the host) 1 2 m 0.5 (1 2 m) 0.5 (1 2 m)

Thus, the total amount of e.e. can be obtained as follows:

e.e. 5 [0.5(m 1 mn) 1 0.5(1 2 m) 2 0.5(m 2 mn) 2 0.5(1 2 m)]/[0.5(m 1 mn)

1 0.5(1 2 m) 1 0.5(m 2 mn) 1 0.5(1 2 m)] 5 mn

According to the definition of association constant K, we can deduce the results
as follows:

K 5 [substrate ? CD]/([CD][substrate])

⇒ K[CD] 5 [substrate ? CD]/[substrate] 5 m/(1 2 m)

FIG. 2. Dependence of optical yield on matching of molecules, substituent, and concentration of CD.
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⇒ m 5 K[CD]/(1 1 K[CD])

⇒ e.e. 5 nK[CD]/(1 1 K[CD]) 5 nK/[(1/[CD]) 1 K ] 5 nK/

{[1/([CD]total 2 [substrate ? CD])] 1 K}

Since [CD]total.. [substrate ? CD]

⇒ e.e. ' nK/[(1/[CD]total) 1 K ],

where [CD], [substrate], are [substrate ? CD] denote the concentration of free CD,
free substrate, and inclusion complex of CD with substrate in solution, respectively.
[CD]total stands for the total concentration of CD in solution. It is seen that e.e.
increases with the increase of [CD]total. On the other hand, e.e. tends to approach a
fixed value when [CD]total approaches infinity. Of course, there must be a limit of
[CD]total because of solubility, but a fixed value of e.e. is definite.

The results are illustrated in Fig. 2.
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