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Abstract: A new, efficient crown ether 1 anellated to a sugar derivative
has been prepared which shows significant asymmetric induction as
phase transfer catalyst in the Michael addition of 2-nitropropane to chal-
cone (60% ee for the S antipode) and in the Darzens condensation of
phenacyl chloride and benzaldehyde (64% ee), simultaneously changing
the PT process from solid-liquid to liquid-liquid phase.

A number of papers have been published on the asymmetric C-C bond
formauon in the presence of chiral catalysts as phase transfer (PT)
agents!®d . Previously, we reported the asymmetric Michael addition of
phenylacetate to acrylate catalyzed by chiral crown ethers incorporating
two glucose units (85 % ee)!d

In this paper we wish to report the investigations of two new reactions: a
Darzens condensation and the addition of nitroalkane to chalcone. It
would bear great practical significance for both reactions (and reaction
products) if asymmetric synthesm could be realized. Since the crown
ethers having two glucoses'd have proved to be unsuccessful for these
reactions, new catalysts have been syntheSIZed These compounds are
15-membered monoaza-crown ethers 1 with one glycopyranoside unit, in
which the substituents attached to the nitrogen exert a significant effect
on the PT properties of the catalyst®.
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In the Michael addition the crown compounds 1 proved to be effective
catalysts in the solid-liquid (SL) system, whereas in the Darzens conden-
sation the medium had to be changed to a liquid-liquid (LLL) system for
appropriate results.
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The effect of certain catalysts on the stereoselective addition of nitroal-
kanes to methyl vinyl ketone>? and to enone®® was studied recently. The
conventional addition of 2-nitropropane (3) to chalcone (2) to give the
racemic nitroketone 4 is known in the literature™°. We studied this reac-
tion in a binary SL system in the presence of various bases (35 mol %)
and chiral catalysts (7 mol %)4a. The results obtained under such condi-
tions are collected in Table 1.

Table 1. Addition of 2-nitropropane (3) to chalcone (2) in toluene in the
presence of catalysts 1, at 20 °C

Entry  Catalyst Base Time (h) vYield (%)2 [0ob  ee(%)©

1 b  NaO-tBu 22 51 +384 46
2 1f NaO-tBu 22 53 +39.1 48
3 1g  NaO-t-Bu 8 81 +430 52
4 1g  NaO-+Bu 14 68 +434 g3 d
5 1e  NaO-+t-Bu 9 75 +491 60
6 1e  NaO-+-Bu 12 61 +445  ggd
7 1e KO-t-Bu 5 80 +11.6 14
8 1e KF 22 58 +8.2 10
9 1e  KF+K,CO; 3 81 #1014 12

Based on substance isolated by prep. TLC; ® In CH,Cl, (c 1.0) at ambi-
ent temperature; “Determined by "H-NMR spectroscopy in the presence
of Eu(hfc); as chiral shift reagent, 4 Reaction temperature: -10 °C.

In all cases the product with positive optical rotation was found to be in
excess. It can be seen that under such conditions both chemical yield and
optical purity depend on the substituent R of the catalyst. Compound le
(R=CH,CH,OH) showed the best asymmetric induction. The reaction
was the fastest in the presence of KF+K5CO3 mixture (entry 9), but with
low selectivity (12 % ee).

The greatest chiral induction could be achieved with NaO-t-Bu as a base:
in the presence of catalyst 1e at 20°C 60% ee was obtained for the (+)-
antipode. The product of the highest optical purity was repeatedly recrys-
tallized from toluene to prepare the {)ure enantiomer of positive optical
rotation (purity was determined by “H- NMR)A'b The X-ray diffraction
measurement of a single crystal of this substance> showed that the abso-
lute configuration is S. The specific rotation of (+)-(5)-4 is [oc]D20 +80.8
(c=1, CH2C12).
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The Darzens condensation taking place between phenacyl chloride (5)
and benzaldehyde (6) could not be performed so far in a stereoselective
manner®: in the presence of quininium benzyl chloride catalyst under PT
conditions an optical purity of § % was the best result’. Using a SL sys-
tem only a modest asymmetric induction (5 %) could be achieved in the
presence of crown ethers 1, consequently we changed the medium to a
LL system (aqueous NaOH - toluene mixture , Table 2).

It can be seen that under such conditions both chemical yield and optical
purity significantly depend on substituent R of the catalysts, le (R =
CH,CH»OH) has proved to be the most effective. The highest optical
purity was obtained at -20°C (64 % ee with catalyst 1e). This, on the basis
of the optical rotation of the enantiomer corresponds to an absolute con-
figuration of (2R,35)°. The excellent properties of crown cther Ie in both
reactions are due most probably to the terminal OH group of substituent
R (lariate ether type compound). The fact that catalysts 1 exerted no
induction in SL system in the case of Darzens reaction, being effective in
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LL system only, shows that the ion pair complexes leading to (2R,35)-
products are better stabilized under LL conditions.

Table 2. Asymmetric Darzens condensation of phenacyl chloride (5)
with benzaldehyde (6) in the presence of chiral crown ethers 1

Entry  Catalyst Time(h) Temp.(°C) Yield(%)? [0ds7eb  ee(o%)°

1 1a 1 22 428 -8.4 4
2 1b 1 22 67.6 -26.9 13
3 1c 1 22 386 -24.5 11
4 1c 16 22 84.3 -45.3 21
5 1d 3 22 61.8 -11.6 5
6 1e 1 22 87.8 873 4qd
7 1e 4 22 925 -90.3 42
8 1e 2 -10 804  -1070 50
9 e 4 -10 886  -1260  5go
10 1e 4 -20 765 1370  ggd

#Based on substance isolated by prep. TLC; "Maximum value [als57g -
214 (c=1, in CHyCl,) for pure enantiomer”; “Enantiomeric excess was
determined by optical rotation; “Determined by 'H- NMR spectroscopy
in the presence of Eu(hfc)y as chiral shift reagent.
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(a) The Michael addition was performed as follows: 0.3 g (1.44
mmol) of chalcone and 0.3 mL (3.36 mmol) of 2-nitropropane
were dissolved in 3 mL of anhydrous toluene, and then 0.1 mmol
of crown ether and 0.5 mmol of base were added. The mixture was
stirred under Ar atmosphere. After completing the reaction a mix-
ture of 7 mL of toluene and 10 mL of water was added. The organic
phase was processed in the usual manner. The product was purified
on silica gel by preparative TLC with hexane-ethyl acetate (10:1)
as eluent. (b} We found that at 0.2 mol Eu(hfc)s/substrate ratio the
induced upfield shift of the methyl signals were 0.09 and 0.13 ppm
for the R enantiomer while these values for the S antipode were
0.10 and 0.11 ppm. These shift differences at 500 MHz make pos-
sible to determine the enantiomeric purity within the limits of the
NMR spectroscopy as quantitative analytical tool. In the case of the
optically pure compound 4 the doubling of any signal could not be
observed even at 0.3 and 0.45 Eu(hfc)s/substrate ratio, and minor
signals were not showed.

Crystal data: C1gH;gNO3, formula weight 297.34, orthorhombic;
space group P2,2,21, unit cell dimension a=5.935(1)A,
b=14.539(1)A, c=198.242(1)A, 0:=90.00°, B=90.00°, ¥=90.00°,
V=1574.1(3)A3, 2=4, D )c=1.255 g/em’, F(000)=632,
n(CuK,)=0.69 mm™", independent reflections 3189, R=0.0419,
R,=0.1085.
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Typical experimental procedure for the asymmetric Darzens con-
densation: A toluene solution (3 mL) of 0.2 g (1.3 mmol) of phen-
acyl chloride was treated with 0.2 g (1.9 mmol) of benzaldehyde
and 0.1 mmol of catalyst in 0.6 mL of 30 % NaOH solution. The
mixture was stirred under Ar atmosphere. After completing the
reaction 7 mL of toluene were added, the organic phase washed
with water, dried over MgSO, and the solvent evaporated. The res-
idue was chromatographed on a preparative silica gel plate of 2 mm
thickness (Kieselgel 60 GF,s,), using CH,Cl, as eluent. "H-NMR
(8, 500 MHz, CDCly) 4.08 (1H, d,J 2 Hz), 4.29 (1H, d, ] 2 Hz),
7.30-7.40 (SH, m aromatic), 7.48 (2H, t, aromatic), 7.60 (1H, t, aro-
matic), 8.01 (2H, m, aromatic).
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