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Abstract The chiral monoaza-15-crown-5 lariat ether annelated to
methyl-4,6-O-benzylidene-α-D-glucopyranoside has been applied as a
phase-transfer catalyst in several Michael addition reactions under mild
conditions affording the adducts with good to excellent enantioselec-
tivities. In the addition of α-substituted diethyl malonates to trans-chal-
cones, the substituents of the reactants had a significant impact on the
yield and enantioselectivity. Among the reactions of substituted diethyl
malonates, that of diethyl-2-acetoxymalonate gave the best results (up
to 97% ee). New phase-transfer-catalyzed cyclopropanation reactions
(MIRC reactions) of a few enones were also developed using diethyl 2-
bromomalonate as the nucleophile. The corresponding chiral cyclopro-
pane derivatives were formed with enantioselectivities up to 92% from
2-benzylidenemalononitrile starting materials, in up to 60% enantio-
meric excess using 2-benzylidene-1,3-diphenyl-1,3-propanediones,
and in up to 88% optical purity applying trans-chalcones as the starting
materials.

Key words phase-transfer catalysis, sugar-based crown ethers, asym-
metric Michael reactions, asymmetric cyclopropanations, enantioselec-
tivity

The Michael addition is one of the most important C–C
bond-forming reactions, and the stereoselective variants
have been investigated extensively in recent years.1 Many
phase-transfer-catalyzed methods have been developed
that are simple and environmentally friendly.2 The phase-
transfer-catalytic asymmetric syntheses represent an at-
tractive approach, in which the enantioselectivity is gener-
ated by a chiral crown catalyst. Optically active crown
ethers belonging to this group may incorporate a carbohy-
drate scaffold as the source of chirality. The attachment of a
side arm with potential cation coordination sites to the
crown ethers provides complexing agents called lariat
ethers. Previously, chiral monoaza-15-crown-5-type lariat
ethers incorporating an α-D-glucopyranoside unit and a

side arm containing a heteroatom at the end were synthe-
sized in our laboratory. They possess special complexing
ability due to the flexible N-substituent. The overall com-
plexing ability is influenced by the steric and electronic
properties of the side arm.3 The glucose-based crown ether
1 (Figure 1) proved to be an efficient catalyst in several
asymmetric reactions.4 In this paper, we describe the addi-
tion of α-substituted diethyl malonates to various electron-
deficient alkenes under the phase-transfer-catalytic condi-
tions in the presence of lariat ether 1 giving the corre-
sponding Michael adducts or cyclopropane derivatives. The
effect of the substituents of the Michael acceptors and nuc-
leophiles on the asymmetric induction was investigated.

Figure 1  Lariat ether 1 incorporating a methyl-α-D-glucopyranoside 
unit

Methyl-α-D-glucopyranoside-based catalyst introduced
by us was found to be efficient in addition of 2-substituted
diethyl malonates 3a–d to trans-chalcones 2a–j. These re-
actions were studied in the presence of chiral catalysts in a
few reports. For example, La–BINOL complexes,5 L-proline
derivatives,6 chiral amino alcohol–Al complexes,7 pyrro-
lidylalkyl ammonium hydroxide, and chiral ammonium
salts8 were investigated as the catalysts. A number of asym-
metric syntheses were described using chiral phase-trans-
fer catalysis.1d,2h,9
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Recently, cinchona alkaloids type quaternary ammoni-
um salts were applied successfully in catalytic asymmetric
reactions.10

In our experiments, the conjugate addition of substitut-
ed diethyl malonates 3a–d to trans-chalcones 2a–j was car-
ried out in a solid–liquid two-phase system employing the
starting materials in a 1:4 mixture of THF and diethyl ether
as the solvent using 15 mol% of crown ether 1 and two
equivalents of dry Na2CO3 as the solid phase at ambient
temperature. Products 4a–c and 5a–j were obtained by pre-
parative TLC, and the enantiomeric purity was measured by
chiral HPLC.11a The experiments are shown in Table 1.

In the case of substituents R2 = Et, Bu, NO2, Ph, and Bn,
chalcone 2a did not enter into reaction with the corre-
sponding diethyl malonates. The reaction of diethyl
malonate (R2 = H) with chalcone (R1 = H) provides the cor-
responding Michael adduct with 63% yield and 62%
enantioselectivity.

As can be seen from Table 1, the keto-diester products
(4a,b and 5a–j) could be obtained (with one exception 4c)
in moderate to good yields (40–78%). Catalyst 1 induced
only a modest enantiomeric excess in the reaction of chal-
cone 2a with diethyl 2-acetamidomalonate (3a), diethyl 2-
methylmalonate (3b), and diethyl 2-allylmalonate (3c). The
enantiomeric excesses were 46%, 31%, and 63%, respectively

(Table 1, entries 1–3). Surprisingly, the enantiomeric excess
was increased to 96%, when diethyl 2-acetoxymalonate (3d)
was used as the nucleophile (Table 1, entry 4).11b Then we
wished to study the effect of the nature and the position of
the R1 substituents of the chalcones 2a–j on the enantiose-
lectivity using diethyl 2-acetoxymalonate 3d (Table 1, en-
tries 4–13). It can be seen that in the cases investigated, the
R1 substituents, with one exception, decreased the extent of
the asymmetric induction as compared to the unsubstitut-
ed instance (2a). In the reaction of 2-, 3-, and 4-nitrochal-
cones 2b–d with malonate 3d, enantiomeric excesses of
72%, 81%, and 89%, respectively, were observed (Table 1, en-
tries 5–7), while with the 2-, 3-, and 4-chlorochalcones 2e–
g, enantiomeric excesses of 15%, 81% and 88%, respectively,
were detected (Table 1, entries 8–10). The methoxy-substi-
tuted adducts 5h–j were obtained in enantiomeric excesses
of 39%, 72%, and 97%, respectively (Table 1, entries 11–13).
It can be seen that the ortho and meta substituents cause a
significant decrease in the enantiomeric excesses (Table 1,
entries 5, 6, 8, 9, 11, and 12), while, within the above series,
the maximum enantiomeric excesses were obtained with
the para-substituted chalcones (Table 1, entries 7, 10, and
13). This tendency seems to be independent on the nature
of the substituent. Electron-withdrawing and electron-
donating groups have a similar effect. The conclusion can be

Table 1  Asymmetric Addition of α-Substituted Diethyl Malonates to trans-Chalcones in the Presence of Lariat Ether 1

Entry Chalcone R1 Malonate R2 Time (h) Yield (%)a [α]D
22,b ee (%)c

 1 2a H 3a NHAc 220 4a 55  6.7 46

 2 2a H 3b Me 160 4b 65 19.9 31

 3 2a H 3c CH2CH=CH2 220 4c 27 18.5 63

 4 2a H 3d OAc 170 5a 72  9.4 96

 5 2b 2-O2N 3d OAc  70 5b 60 14.7 72

 6 2c 3-O2N 3d OAc  30 5c 78 20.1 81

 7 2d 4-O2N 3d OAc  25 5d 73  3.4 89

 8 2e 2-Cl 3d OAc 140 5e 45 14.6 15

 9 2f 3-Cl 3d OAc  72 5f 61 14.9 81

10 2g 4-Cl 3d OAc  40 5g 76 13.6 88

11 2h 2-MeO 3d OAc 220 5h 40 22.1 39

12 2i 3-MeO 3d OAc  72 5i 57 15.9 72

13 2j 4-MeO 3d OAc  72 5j 73 13.8 97
a Based on isolation by preparative TLC.
b In CHCl3, c 1.
c The enantioselectivities were determined by chiral HPLC analysis.
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drawn from the above phenomenon that the steric effects
play a more important role in the development of asym-
metric induction than the electronic effects.

Among the substituted chalcones, the 4-methoxy ad-
duct 5j formed with the highest enantioselectivity (97%
ee).11c The Michael adducts formed in the above experi-
ments have a positive optical rotation which strongly sug-
gests that the R-enantiomer is formed,12 but the absolute
configuration still have to be proved.

In the next part, new solid–liquid phase-transfer reac-
tions are presented affording chiral cyclopropane deriva-
tives in the presence of glucopyranoside-based macrocycle
1.

The cyclopropane ring is an important building moiety
for a large number of biologically active compounds, there-
fore the development of novel methods to make available
new cyclopropane families is a challenge. The Michael initi-
ated ring closure (MIRC) reaction represents an elegant ap-
proach which has been applied extensively for the con-
struction of cyclopropane derivatives. The MIRC reaction
strategy may also be utilized through a one-pot multicom-
ponent reaction which has gained interest among the syn-
thetic organic chemists recently.13

Surprisingly, the use of chiral phase-transfer catalysts in
the synthesis of asymmetric cyclopropane derivatives has
so far been limited to only a few cases.14 Previously Waser
and Herchl investigated the asymmetric reaction of 2-bro-
momalonate with trans-chalcones furnishing cyclopropane
derivatives in the presence of cinchona alkaloid derived
phase-transfer catalysts.15

In our experiment, the reaction of 1.5 equivalents of di-
ethyl 2-bromomalonate 6 with 1.0 equivalent trans-chal-
cones 2 resulted in chiral cyclopropane derivatives using a
4:1 mixture of THF–diethyl ether as the solvent in the pres-
ence of dry Na2CO3 (used in twofold excess) as the base, and
employing 15 mol% of the crown ether 1 at room tempera-
ture as described above (Table 2).11a

Table 2  Phase-Transfer-Catalyzed MIRC Reaction of Diethyl 2-Bromo-
malonate (6) with Chalcones 2

The trans isomer of the corresponding cyclopropane de-
rivatives was formed with high diastereoselectivity (up to
98%). The diastereoselectivity was determined by 1H NMR
spectroscopy utilizing the literature data.16

It can be seen from Table 2 that the cyclopropane di-
esters 7 were formed in low yields and in enantioselectivi-
ties of 42–88%. The unsubstituted derivative 7a was ob-
tained in the highest enantioselectivity (88%, Table 2, entry
1).17a The para substituents decreased the extent of the
asymmetric induction: the 4-nitro and 4-chloro derivatives
7d and 7g were formed in enantiomeric excesses of 42%
and 55%, respectively (Table 2, entries 2 and 3). The lower
yields are probably the consequence of the dimerization
side reaction of the bromomalonate.15

As a new model reaction, the asymmetric cyclopro-
panation of 2-benzylidene-malononitriles 8a–j with dieth-
yl 2-bromomalonate (6) was also elaborated by us, in which
the glucose-based lariat ether 1 generated the asymmetric
induction. The optically active cyclopropane derivatives
9a–j were prepared under similar solid–liquid phase-trans-
fer catalytic conditions shown above (Table 3).

Table 3  Scope of the Phase-Transfer-Catalyzed MIRC Reaction of Di-
ethyl 2-Bromomalonate (6) with 2-Benzylidenemalononitriles (BMN) 
8a–j

The yields of 41–84% suggest that with 14–24 hours re-
action time, the base-catalyzed dimerization of bromom-
alonate 6 was suppressed.15

One can see from the data of Table 3 that in the reaction
of unsubstituted benzylidene-malononitrile, cyclopropane
derivative 9a was formed in a modest enantioselectivity of

Entry Ar Chalcone Time (d) Yield (%)a [α]D
22,b ee (%)c

1 Ph 2a  8 7a 28 17.5 88

2 4-O2NC6H4 2d 12 7d 33 33.0 42

3 4-ClC6H4 2g 12 7g 52 35.4 55
a Based on isolation by preparative TLC.
b In CHCl3, c 1.
c The enantioselectivities were determined by chiral HPLC analysis.
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32%. However, the enantioselectivity depended strongly on
the substituent of the benzylidene-malononitrile. Some
substituents decreased, while others increased the enanti-
oselectivity. The 2-, 3-, and 4-methyl-substituted cyclopro-
pane derivatives 9b–d) were formed in 17%, 71%, and 92%
enantioselectivities, respectively (Table 3, entries 2–4). In
the case of the 2-, 3-, and 4-chloro-substituted model com-
pounds 9e–g) enantioselectivities 0%, 79%, and 39%, respec-
tively, were detected (Table 3, entries 5–7). The 2-, 3-, and
4-nitro-substituted cyclopropane derivatives 9h–j were ob-
tained in enantioselectivities of 21%, 24%, and 75%, respec-
tively (Table 3, entries 8–10). One can see that in the case of
Me and NO2 substituents, the tendency is similar to that ob-
served with the previous model: The farer the substituent
is located from the reaction center, the higher the extent of
the asymmetric induction is. The highest enantioselectivies
(92% and 75%) were detected starting from the 4-methyl
and the 4-nitro derivatives 8d–j (Table 3, entries 4 and
10).17b The situation is different with the chloro substituent,
as in the case the 3-chloro derivative 9f was formed with
the highest enantioselectivity (79%). It is noteworthy that in
the reaction of the 2-chloro derivative, crown ether 1 was
inefficient as a chiral inductor. It is possible that in certain
cases the steric effects are dominating, while in other cases,
the electronic effects determine the extent of asymmetric
induction.

The asymmetric cyclopropanation of 2-benzylidene-
1,3-diphenylpropane-1,3-diones 10a–d with diethyl 2-bro-
momalonate (6) is a new reaction, in which the glucose-
based lariat ether 1 was found as an efficient catalyst under
solid–liquid phase-transfer conditions described above (Ta-
ble 4).11a

Table 4  The MIRC Reaction of Diethyl 2-Bromomalonate (6) with 
2-Benzylidene-1,3-diphenylpropane-1,3-diones (BDP)

It can be seen from Table 4 that in the reaction of diethyl
2-bromomalonate (6) with unsubstituted 10a and with its
3- and 4-methoxy derivatives 10b,c the cyclopropane di-
esters 11a–c were obtained in yields of 31–52%, and in en-
antioselectivities of 60%, 49%, and 56%, respectively.17c In
the case of the 4-nitro substituent, the corresponding prod-
uct 11d was formed in only a 5% enantioselectivity. If the 4-
methoxy and 4-nitro models are compared, the dramatic
decrease in the enantioselectivity may refer to the decisive
role of electronic effects.

We have developed the asymmetric conjugate addition
of α-substituted diethyl malonates to a few enones in the
presence of an α-D-glucopyranoside-based monoaza-15-
crown-5-type lariat ether 1 under solid–liquid phase-trans-
fer conditions. The addition of α-substituted diethyl
malonates to trans-chalcones furnished chiral Michael ad-
ducts with modest to good yields and with variable enanti-
oselectivities. The substituents had a considerable impact
on the outcome of the reactions. Moreover, we found cor-
relation between the enantioselectivity and substituents of
the chalcone. The best enantioselectivity was obtained with
diethyl 2-acetoxymalonate, while from among the Michael
acceptors, the 4-substituted chalcones were the most suit-
able. The latter phenomenon may refer to the role of steric
effect on the asymmetric induction.

We have developed three new cyclopropanation reac-
tions under solid–liquid phase-transfer-catalytic condi-
tions. The MIRC reaction of diethyl 2-bromomalonate with
trans-chalcones, with 2-benzylidenemalononitriles, and
with 2-benzylidene-1,3-diphenyl-1,3-propanediones re-
sulted in the formation of chiral cyclopropane derivatives
with variable yields and enantioselectivities depending on
the substituents in the aromatic ring.
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(17) (a) Compound 7a: yield 28%; [α]D
22 +17.5 (c 1, CHCl3); ee 88%; tr

(major enantiomer) = 5.0 min, tr (minor enantiomer) = 9.3 min.
1H NMR (500 MHz, CDCl3): δ = 8.11 (d, J = 7.5 Hz, 2 H, ArH), 7.62
(t, J = 7.5 Hz, 1 H, ArH), 7.51 (t, J = 7.5 Hz, 2 H, ArH), 7.33–7.26
(m, 5 H, ArH), 4.14 (q, J = 7.0 Hz, 2 H, OCH2), 4.12 (d, J = 7.5 Hz, 1
H, COCH), 4.00 (q, J = 7.0 Hz, 2 H, OCH2), 3.89 (d, J = 7.5 Hz, 1 H,
PhCH), 1.11 (t, J = 7.0 Hz, 3 H, CH3), 0.99 (t, J = 7.0 Hz, 3 H, CH3)
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