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Introduction

Calix[n]arenes are a well-established family of polyphenolic 
compounds widely used as building blocks for applications in 
host-guest chemistry, coordination chemistry, homogeneous 
catalysis, and materials science (Figure 1) [1-9]. Interest in 
these macrocycles has been developed continuously and in a 
spectacular fashion since rational methods for the preparation 
of their parent versions became available ca. 35 years ago. It is 
interesting to note that these macrocyclic skeletons may adopt 
various fl exible conformations, which can be rigidifi ed through 
appropriate chemical modifi cations.

Combined with the rigidity of the calix[4]arene, this 
macrocycle provides a useful platform for the attachment of 
various functions, which is interesting from a chirality point 
of view. The functionalization at particular positions aims to 
destroy the C4v symmetry of the generic calix[4]arene and 
therefore afford lower C4, C2, or C1 symmetry molecules. The 
synthesis of optically active calixarene derivatives is well 
documented [10-13]. The preparation of these nonracemic 
compounds can be envisaged under two ways of development:

i) The chirality can be obtained by the attachment of an 
optically active group either to the hydroxyl function of the 
phenolic groups or to its para position at the upper rim of the 
calix[4]arene. This way represents the more popular method to 
prepare an enantiomerically pure macrocyclic species avoiding 
a resolution step the group of Matt reported the synthesis of 
chiral calixarene A, which was employed as a ligand in the 
allylic substitution of 1,3-diphenylprop-2-enyl acetate leading 
to low enantiomeric induction [14] (Figure 1).

Abstract

Eight new optically pure calixarene derivatives, in which their lower rims were substituted with Evans oxazolidinone or pyranose moiety, are described. All macrocycles 
were fully characterized by NMR spectroscopy, optical rotation, and elemental analysis. The introduction of chiral auxiliaries reduced the symmetry of the macrocycle as 
observed by NMR. Stereospecifi c alkylation on the Evans oxazolidinone moiety allowed the asymmetric introduction of a methyl substituent near a phenolic position of 
the macrocycle.

Research Article

Synthesis of optically pure 
calix[4]arenes derived from 
Evans oxazolidinone and/or 
pyranose
Claude Bauder and David Sémeril* 
Synthèse Organométallique et Catalyse, UMR-CNRS 7177-Institut de Chimie de Strasbourg, Université 

de Strasbourg, 4 rue Blaise Pascal, 67008 Strasbourg, France

Received: 23 September, 2022
Accepted: 30 September, 2022
Published: 01 October, 2022

*Corresponding author: David Sémeril, Synthèse 
Organométallique et Catalyse, UMR-CNRS 7177-Institut 
de Chimie de Strasbourg, Université de Strasbourg, 4 
rue Blaise Pascal, 67008 Strasbourg, France, 
E-mail: 

ORCID: https://orcid.org/0000-0002-2582-4191

Keywords: Calixarene; Evans oxazolidinone; Pyranose; 
Synthesis

Copyright: © 2021 Bauder C, et al. This is an open-
access article distributed under the terms of the 
Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are 
credited.

https://www.peertechzpublications.com

Figure 1: Generic calix[4]arene (left) and an example of a grafted calix[4]arene with 
optically active groups (right).
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ii) The chirality can be obtained from the functionalization 
of the calix[4]arene inducing globally an asymmetric system, 
often named “inherent chirality”. This methodology can follow 
two strategies:

- macromolecules having no mirror planes or symmetry 
axes (greater than C1). For that, three adjacent aromatic 
units must be different leading to a macrocycle of ABCD 
or AABC type (Figure 2). An exemple of calixarene of 
ABCD type was reported by the group of Manoury. The 
phosphonic acid B was employed as an organocatalyst 
in the aza-Diels-Alder reaction of imines with 
Danishefsky’s diene showing enantiomeric excess up to 
21 % [15].

- functionalization of aromatic rings at carbon number 
4, which destroys the vertical mirror planes of the 
C4v macrocycle. The “chirality axis” (coincident with 
the Cn symmetry axis) (Figure 3). In this aim our 
group published recently the synthesis of two calix[4]
arene-fused benzophospholes C and D (Figure 3). 
These compounds were obtained as two unresolved 
diastereoisomers [16-17].

In the present article, we describe the introduction of 
chirality near the oxygen atom of a phenolic moiety of a 
calix[4]arene. Such a new concept should generate a particular 
behavior never explored at this time in a catalytic system. For 
this, we will perform the fi rst grafting of Evans oxazolidinone 
[18-19] on the lower rim of a calix[4]arene containing or not a 
glycosyl substituent.

Experimental

General

All manipulations were carried out under dry argon. 
Routine 1H and 13C{1H} spectra were recorded with Bruker FT 
instruments (AC 500 in CDCl3) and were referenced to residual 

protonated solvents ( = 7.26 ppm and 77.16 ppm, respectively). 
Chemical shifts and coupling constants are reported in ppm 
and Hz, respectively. Elemental analyses were carried out by 
the Service de Microanalyse, Institut de Chimie, Université 
de Strasbourg. Optical rotations ([]D

20) were recorded with a 
Polarimeter Model 341 (Perkin–Elmer) at a wavelength of 589 
nm in a 10 cm quartz cuvette.

Synthesis of calixarenes 3 and 4

A mixture of calixarene 1 (489 mg, 0.75 mmol) and 
K2CO3 (120 mg, 1.1 equiv.) was heated in dry MeCN (10 mL) 
at 94°C for 5 h. Then a solution of 2 (1.118 g, 2.2 equiv.) in 
dry MeCN (10 mL) was added in one portion to the previous 
heterogeneous solution. The mixture was heated for 94 h at 
88°C and the resulting homogeneous brown-orange solution 
was concentrated under reduced pressure to leave a brown 
solid which was dissolved in AcOEt (20 mL). Water (5 mL) and 
aqueous HCl 10% (0.5 mL) were added and the organic layer was 
washed with water (10 mL), brine (5 mL), dried over MgSO4, 
fi ltered, and concentrated to give a beige powder. The crude 
was purifi ed by column chromatography on silica gel (AcOEt/
cyclohexane 1:5 v/v as eluent) to afford the monosubstituted 
calixarene 3 (294 mg, 33 %) and the disubstituted calixarene 4 
(287 mg, 22 %) as white solids.

Calixarene 3: []D
20 = +40.8 (c = 1.12, CHCl3). 

1H NMR (500 
MHz, CDCl3):  = 10.24 (s, 1H, ArOH), 9.47 (s, 1H, ArOH), 9.15 
(s, 1H, ArOH), 7.91 (dd, 2H, Ar H of COPh, 3J = 8.0 Hz, 4J = 1.5 
Hz), 7.69 (dd, 2H, Ar H of COPh, 3J = 8.0 Hz, 4J = 1.0 Hz), 7.65 
and 6.95 (AB system, 4H, Ar H of CH3C6H4SO2, 

2J = 7.5 Hz), 7.51-
7.47 (m, 2H, Ar H of COPh), 7.35-7.29 (m, 4H, Ar H of COPh), 
7.10 (d, 1H, Ar H of calixarene, 4J = 2.5 Hz), 7.09 (d, 1H, Ar H of 
calixarene, 4J = 2.5 Hz), 7.06 (d, 1H, Ar H of calixarene, 4J = 2.5 
Hz), 7.06 (d, 1H, Ar H of calixarene, 4J = 2.5 Hz), 7.05 (d, 1H, Ar 
H of calixarene, 4J = 2.5 Hz), 7.02 (d, 1H, Ar H of calixarene, 4J = 
2.5 Hz), 7.01 (d, 1H, Ar H of calixarene, 4J = 2.5 Hz), 6.95 (d, 1H, 
Ar H of calixarene, 4J = 2.5 Hz), 6.09 (t, 1H, CHOCOPh, 3J = 9.7 
Hz), 5.44 (t, 1H, CHOCOPh, 3J = 9.7 Hz), 5.31 (d, 1H, CHOCH3, 

3J = 
3.5 Hz), 4.92-4.88 (m, 1H, ArOCH2CH), 4.72 (dd, 1H, CHOSO2, 

3J 
= 10.0 Hz, 4J = 3.5 Hz), 4.36 and 3.19 (AB system, 2H, ArCH2Ar, 2J 
= 12.0 Hz), 4.30 and 3.51 (AB system, 2H, ArCH2Ar, 2J = 13.5 Hz), 
4.30 and 3.48 (AB system, 2H, ArCH2Ar, 2J = 13.5 Hz), 4.21 and 
3.51 (AB system, 2H, ArCH2Ar, 2J = 13.5 Hz), 4.20-4.10 (m, 2H, 
ArOCH2CH), 3.86 (s, 3H, OCH3), 2.21 (s, 3H, CH3C6H4SO2), 1.24 (s, 
18H, C(CH3)3), 1.20 (s, 9H, C(CH3)3), 1.16 (s, 9H, C(CH3)3);

 13C{1H} 
NMR (126 MHz, CDCl3):  = 165.6 (s, OCOPh), 165.06 (s, OCOPh), 
149.0-125.5 (Ar C), 98.4 (s, CHOCH3), 76.9 (s, CHOSO2), 75.6 
(s, ArOCH2CH), 70.2 (s, CHOCOPh), 69.5 (s, CHOCOPh), 68.8 (s, 
ArOCH2CH), 57.3 (s, OCH3), 34.3 (s, C(CH3)3), 34.2 (s, C(CH3)3), 
34.1 (s, C(CH3)3), 34.0 (s, C(CH3)3), 33.2 (s, ArCH2Ar), 33.1 (s, 
ArCH2Ar), 32.2 (s, ArCH2Ar), 31.6 (s, C(CH3)3), 31.6 (s, C(CH3)3), 
31.3 (s, ArCH2Ar), 31.3 (s, C(CH3)3), 21.8 (s, CH3C6H4SO2) ppm. 
Elemental analysis (%) calcd for C72H82O13S (1187.48): C 72.82, 
H 6.96 found: C 72.57, H, 6.93.

Calixarene 4: []D
20 = +62.4 (c = 1.28, CHCl3). 

1H NMR (500 
MHz, CDCl3):  = 7.96 (dd, 4H, Ar H of COPh, 3J = 8.5 Hz, 4J = 1.5 
Hz), 7.72 (dd, 4H, Ar H of COPh, 3J = 8.5 Hz, 4J = 1.0 Hz), 7.67 
and 7.02 (AB system, 8H, Ar H of CH3C6H4SO2, 

2J = 8.0 Hz), 7.51-

 

Figure 2: Calix[4]arene of ABCD or AABC type.

Figure 3: Cn calix[4]arene and resorcin[4]arenes.
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7.48 (m, 4H, Ar H of COPh), 7.37-7.30 (m, 8H, Ar H of COPh), 
7.03 (s, 4H, Ar H of calixarene), 6.68 (s, 2H, ArOH), 6.62 (s, 
4H, Ar H of calixarene), 6.02 (t, 2H, CHOCOPh, 3J = 9.7 Hz), 
5.26 (t, 2H, CHOCOPh, 3J = 9.7 Hz), 5.14 (d, 2H, CHOCH3, 

3J = 3.5 
Hz), 4.73 (dd, 2H, CHOSO2, 

3J = 10.0 Hz, 4J = 4.0 Hz), 4.60-4.56 
(m, 2H, ArOCH2CH), 4.32 and 3.28 (AB system, 4H, ArCH2Ar, 
2J = 13.5 Hz), 4.15 and 3.07 (AB system, 4H, ArCH2Ar, 2J = 13.0 
Hz), 4.04-3.96 (m, 4H, ArOCH2CH), 3.79 (s, 6H, OCH3), 2.24 (s, 
6H, CH3C6H4SO2), 1.31 (s, 18H, C(CH3)3), 0.82 (s, 18H, C(CH3)3);

 

13C{1H} NMR (126 MHz, CDCl3):  = 165.6 (s, OCOPh), 165.0 (s, 
OCOPh), 150.6-124.9 (Ar C), 98.0 (s, CHOCH3), 76.7 (s, CHOSO2), 
75.3 (s, ArOCH2CH), 69.9 (s, CHOCOPh), 69.7 (s, CHOCOPh), 
69.0 (s, ArOCH2CH), 56.9 (s, OCH3), 33.9 (s, C(CH3)3), 33.9 (s, 
C(CH3)3), 31.8 (s, C(CH3)3), 31.5 (s, ArCH2Ar), 31.0 (s, C(CH3)3), 
30.7 (s, ArCH2Ar), 21.7 (s, CH3C6H4SO2) ppm. Elemental analysis 
(%) calcd for C100H108O22S2 (1726.04): C 69.59, H 6.31 found: C 
65.48, H, 6.09.

Synthesis of calixarenes 6 and 7

The calixarene 1 (610 mg, 0.94 mmol) was dissolved 
with K2CO3 (144 mg, 1.1 equiv.) in dry MeCN (9 mL) and the 
mixture was stirred at room temperature for 15 h. A solution 
of oxazolidinone 5 (678 mg, 2.4 equiv.) in dry MeCN (3.5 mL) 
was added and stirring was continued for 48 h at 86°C. The 
solvent was removed and the resulting solid was dissolved with 
AcOEt (20 mL). The organic layer was washed with an aqueous 
saturated NH4Cl solution (10 mL) water (10 mL), dried over 
Na2SO4, fi ltered, and concentrated under reduced pressure. The 
crude brown solid was purifi ed by column chromatography 
on silica gel (AcOEt/cyclohexane 1:5 to 1:1 v/v as eluent) to 
afford the monosubstituted calixarene 6 (89 mg, 11 %), and 
the disubstituted 7 calixarenes (599 mg, 59 %) as white solids.

Calixarene 6: []D
20 = -30.1 (c = 1.0, CH2Cl2). 

1H NMR (500 
MHz, CDCl3):  = 10.36 (s, 1H, ArOH), 9.46 (s, 1H, ArOH), 9.37 (s, 
1H, ArOH), 7.39 (t, 2H, Ar H of CH2Ph, 3J = 7.7 Hz), 7.33-7.31 (m, 
3H, Ar H of CH2Ph), 7.13 (s, 2H, Ar H of calixarene), 7.10 (d, 1H, 
Ar H of calixarene, 4J = 2.5 Hz), 7.08 (s, 2H, Ar H of calixarene), 
7.08 (d, 1H, Ar H of calixarene, 4J = 2.5 Hz), 7.02 (d, 1H, Ar H of 
calixarene, 4J = 2.5 Hz), 7.01 (d, 1H, Ar H of calixarene, 4J = 2.5 
Hz), 5.55 and 5.39 (AB system, 2H, ArOCH2CON, 2J = 17.5 Hz), 
4.92-4.88 (m, 1H, NCHCH2Ph), 4.53 and 3.49 (AB system, 2H, 
ArCH2Ar, 2J = 13.0 Hz), 4.48 and 3.45 (AB system, 2H, ArCH2Ar, 
2J = 13.0 Hz), 4.43-4.33 (m, 2H, OCH2CH(CH2Ph)), 4.40 and 
3.46 (AB system, 2H, ArCH2Ar, 2J = 13.5 Hz), 4.36 and 3.47 (AB 
system, 2H, ArCH2Ar, 2J = 13.5 Hz), 3.47-3.45 (m, 1H, CH2Ph), 
3.01 (a part of an ABX system, 1H, 2JAB = 13.2 Hz, 3JAX = 9.5 Hz, 
CH2Ph), 1.26 (s, 9H, C(CH3)3), 1.24 (s, 9H, C(CH3)3), 1.24 (s, 9H, 
C(CH3)3), 1.23 (s, 9H, C(CH3)3);

 13C{1H} NMR (126 MHz, CDCl3): 
 = 169.4 (s, NCOCH2), 153.4 (s, NCO2), 150.0-125.7 (Ar C), 74.4 
(s, ArOCH2CON), 67.7 (s, OCH2CH(CH2Ph)), 55.0 (s, NCHCH2Ph), 
37.8 (s, CH2Ph), 34.3 (s, C(CH3)3), 34.1, (s, C(CH3)3), 34.1 (s, 
C(CH3)3), 33.2 (s, ArCH2Ar), 32.7 (s, ArCH2Ar), 31.6 (s, C(CH3)3), 
31.6 (s, C(CH3)3), 31.3 (s, C(CH3)3) ppm. Elemental analysis (%) 
calcd for C56H67NO7 (866.13): C 77.66, H 7.80, N 1.62 found: C 
77.29, H, 7.69, N 1.43.

Calixarene 7: []D
20 = -49.9 (c = 1.14, CH2Cl2). 

1H NMR (500 
MHz, CDCl3):  = 7.33 (s br, 2H, ArOH), 7.32-7.27 (m, 6H, Ar H 

of CH2Ph), 7.20-7.19 (m, 4H, Ar H of CH2Ph), 7.07 (s, 4H, Ar H 
of calixarene), 6.82 (s, 4H, Ar H of calixarene), 5.36 and 5.25 
(AB system, 4H, ArOCH2CON, 2J = 17.5 Hz), 4.81-4.76 (m, 2H, 
NCHCH2Ph), 4.49 and 3.38 (AB system, 4H, ArCH2Ar, 2J = 13.5 Hz), 
4.49 and 3.34 (AB system, 4H, ArCH2Ar, 2J = 13.5 Hz), 4.33-4.30 
(m, 1H, OCH2CH(CH2Ph)), 4.25-4.22 (m, 1H, OCH2CH(CH2Ph)), 
3.39 (A part of an ABX system, 1H, 2JAB = 13.5 Hz, 3JAX = 3.5 Hz, 
CH2Ph), 2.85 (B part of an ABX system, 1H, 2JAB = 13.5 Hz, 3JAX 
= 9.5 Hz, CH2Ph), 1.30 (s, 18H, C(CH3)3), 1.00 (s, 18H, C(CH3)3;

 

13C{1H} NMR (126 MHz, CDCl3):  = 168.8 (s, NCOCH2), 153.6 
(s, NCO2), 150.6-125.2 (Ar C), 74.7 (s, ArOCH2CON), 67.5 (s, 
OCH2CH(CH2Ph)), 55.0 (s, NCHCH2Ph), 37.7 (s, CH2Ph), 34.0 (s, 
C(CH3)3), 34.0 (s, C(CH3)3), 32.0 (s, ArCH2Ar), 32.0 (s, ArCH2Ar), 
31.8 (s, C(CH3)3), 31.1 (s, C(CH3)3) ppm. Elemental analysis (%) 
calcd for C68H78N2O10 (1083.35): C 75.39, H 7.26, N 2.59 found: C 
75.14, H, 7.20, N 5.51.

Synthesis of calixarene 8

The calixarene 3 (125 mg, 0.10 mmol) was dissolved 
with K2CO3 (16 mg, 1.1 equiv.) in dry MeCN (4.5 mL) and the 
mixture was stirred at room temperature for 4 h. A solution 
of oxazolidinone 5 (47 mg, 1.5 equiv.) in dry MeCN (2 mL) 
was added and stirring was continued for 21 h at 86°C. The 
solvent was removed and the resulting solid was dissolved in 
AcOET (15 mL). The organic layer was washed with an aqueous 
saturated NH4Cl solution (5 mL) water (2 x 6 mL), dried over 
Na2SO4, fi ltered, and concentrated under reduced pressure. The 
crude solid was purifi ed by column chromatography on silica 
gel (AcOEt/cyclohexane 1:10 to 1:5 v/v as eluent) to afford 8 as 
a white-yellow solid (78 mg, 53 %). []D

20 = +6.41 (c = 1.06, 
CH2Cl2). 

1H NMR (500 MHz, CDCl3):  = 7.87 (dd, 2H, Ar H of 
COPh, 3J = 8.5 Hz, 4J = 1.0 Hz), 7.67 (dd, 2H, Ar H of COPh, 
3J = 8.0 Hz, 4J = 1.0 Hz), 7.60 and 6.94 (AB system, 4H, Ar H 
of CH3C6H4SO2, 

2J = 8.5 Hz), 7.48-7.44 (m, 2H, Ar H of COPh), 
7.38 (t, 2H, Ar H of CH2Ph, 3J = 7.5 Hz), 7.32-7.27 (m, 7H, Ar 
H of COPh and CH2Ph), 7.19 (s, 1H, ArOH), 7.11 (d, 1H, Ar H 
of calixarene, 4J = 2.5 Hz), 7.08 (d, 1H, Ar H of calixarene, 4J 
= 2.5 Hz), 7.05 (d, 1H, Ar H of calixarene, 4J = 2.5 Hz), 6.93 
(d, 1H, Ar H of calixarene, 4J = 2.5 Hz), 6.76 (d, 1H, Ar H of 
calixarene, 4J = 2.5 Hz), 6.70 (d, 1H, Ar H of calixarene, 4J = 2.5 
Hz), 6.69 (d, 1H, Ar H of calixarene, 4J = 2.5 Hz), 6.62 (d, 1H, 
Ar H of calixarene, 4J = 2.5 Hz), 6.65 (s, 1H, ArOH), 6.03 (t, 1H, 
CHOCOPh, 3J = 9.7 Hz), 5.28 (t, 1H, CHOCOPh, 3J = 9.7 Hz), 5.20 
and 5.12 (AB system, 2H, ArOCH2CON, 2J = 18.0 Hz), 5.15 (d, 
1H, CHOCH3, 

3J = 3.5 Hz), 4.87-4.82 (m, 1H, NCHCH2Ph), 4.81-
4.77 (m, 1H, ArOCH2CH), 4.67 (dd, 1H, CHOSO2, 

3J = 10.0 Hz, 

4J = 3.5 Hz), 4.44 and 3.33 (AB system, 2H, ArCH2Ar, 2J = 13.0 
Hz), 4.41 and 3.33 (AB system, 2H, ArCH2Ar, 2J = 13.0 Hz), 4.38-
4.28 (m, 2H, OCH2CH(CH2Ph)), 4.32 and 3.31 (AB system, 2H, 
ArCH2Ar, 2J = 13.0 Hz), 4.10 and 3.11 (AB system, 2H, ArCH2Ar, 
2J = 13.5 Hz), 4.06-4.03 (m, 2H, ArOCH2CH), 3.78 (s, 3H, OCH3), 
3.41 (A part of an ABX system, 1H, 2JAB = 13.5 Hz, 3JAX = 3.2 Hz, 
CH2Ph), 2.95 (B part of an ABX system, 1H, 2JAB = 13.5 Hz, 3JAX = 
9.5 Hz, CH2Ph), 2.21 (s, 3H, CH3C6H4SO2), 1.33 (s, 9H, C(CH3)3), 
1.29 (s, 9H, C(CH3)3), 0.91 (s, 9H, C(CH3)3), 0.87 (s, 9H, C(CH3)3);

 

13C{1H} NMR (126 MHz, CDCl3):  = 168.4 (s, NCOCH2), 165.7 
(s, OCOPh), 165.1 (s, OCOPh), 153.7 (s, NCO2), 150.7-125.1 (Ar 
C), 97.5 (s, CHOCH3), 77.1 (s, CHOSO2), 75.0 (s, ArOCH2CH), 
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74.7 (s, ArOCH2CON), 70.3 (s, CHOCOPh), 69.8 (s, CHOCOPh), 
68.7 (s, ArOCH2CH), 67.6 (s, OCH2CH(CH2Ph)), 56.6 (s, OCH3), 
54.9 (s, NCHCH2Ph), 37.9 (s, CH2Ph), 34.0 (s, C(CH3)3), 34.0 (s, 
C(CH3)3), 33.9 (s, C(CH3)3), 32.1 (s, ArCH2Ar), 31.9 (s, C(CH3)3), 
31.8 (s, C(CH3)3), 31.5 (s, ArCH2Ar), 31.4 (s, ArCH2Ar), 31.3 (s, 
ArCH2Ar), 31.1 (s, C(CH3)3), 31.0 (s, C(CH3)3), 21.7 (s, CH3C6H4SO2) 
ppm. Elemental analysis (%) calcd for C84H93NO16S (1404.70): C 
71.82, H 6.90, N 1.00 found: C 71.74, H, 6.90, N 0.94.

Synthesis of calixarene 10

Oil-free NaH (55 mg, 1.4 equiv.) was added to a white slurry 
solution of calixarene 9 (1.216 g, 1.64 mmol) in dry DMF (14 mL) 
at room temperature. After 35 min at the same temperature, a 
solution of oxazolidinone 5 (501 mg, 1.0 equiv.) in dry DMF 
(5 mL) was added to the previous green solution. Stirring 
was continued for 20 h at ambient temperature and then the 
mixture was diluted with AcOEt (40 mL) and water (10 mL). 
The organic layer was washed with water (8 x 10 mL), and brine 
(5 mL), dried over Na2SO4, fi ltered, and concentrated under a 
vacuum. The resulting solid was purifi ed by chromatography 
on silica gel (AcOEt/cyclohexane 1:9 to 1:5 v/v as eluent) to 
afford starting material 9 (371 mg) and a white solid containing 
the desired product with some impurities detected by NMR. 
Recrystallization (CH2Cl2/cyclohexane 1:3 v/v) was necessary to 
obtain the pure product 10 as a white solid (493 mg, 31 %). []

D
20 = -16.1 (c = 1.07, CH2Cl2). 

1H NMR (500 MHz, CDCl3):  = 7.87-
7.85 (m, 4H, Ar H of COPh), 7.72 (t, 2H, Ar H of COPh, 3J = 7.5 
Hz), 7.65-7.62 (m, 1H, Ar H of COPh), 7.60-7.49 (m, 8H, Ar H of 
COPh), 7.41 (t, 2H, Ar H of CH2Ph, 3J = 7.2 Hz), 7.36-7.31 (m, 3H, 
Ar H of CH2Ph), 7.27-7.23 (m, 2H, Ar H of calixarene), 6.71-6.56 
(m, 9H, Ar H of calixarene), 6.49 (t, 1H, Ar H of calixarene, 3J = 
7.5 Hz), 5.18 and 5.11 (AB system, 2H, ArOCH2CON, 2J = 17.5 Hz), 
4.88-4.83 (m, 1H, NCHCH2Ph), 4.39 (dd, 1H, OCH2CH(CH2Ph), 

3J = 9.0 Hz, 4J = 8.0 Hz), 4.32 (dd, 1H, OCH2CH(CH2Ph), 3J = 9.0 
Hz, 4J = 3.0 Hz), 4.05 and 3.60 (AB system, 2H, ArCH2Ar, 2J = 
15.0 Hz), 4.04 and 3.59 (AB system, 2H, ArCH2Ar, 2J = 15.0 Hz), 
3.63 and 3.61 (AB system, 4H, ArCH2Ar, 2J = 15.0 Hz), 3.50 (A 
part of an ABX system, 1H, 2JAB = 13.5 Hz, 3JAX = 3.0 Hz, CH2Ph), 
2.94 (B part of an ABX system, 1H, 2JAB = 13.5 Hz, 3JAX = 9.5 Hz, 
CH2Ph); 13C{1H} NMR (126 MHz, CDCl3):  = 167.9 (s, NCOCH2), 
164.6 (s, OCOPh), 164.6 (s, OCOPh), 164.3 (s, OCOPh), 153.8 
(s, NCO2), 156.3-122.8 (Ar C), 70.6 (s, ArOCH2CON), 67.6 (s, 
OCH2CH(CH2Ph)), 55.1 (s, NCHCH2Ph), 38.2 (s, CH2Ph), 37.3 (s, 
ArCH2Ar), 37.3 (s, ArCH2Ar), 37.2 (s, ArCH2Ar) ppm. Elemental 
analysis (%) calcd for C61H47NO10 (954.03): C 76.80, H 4.97, N 
1.47 found: C 76.67, H, 4.93, N 1.60.

Synthesis of calixarene 11

A solution of KHMDS (0.5M in toluene, 0.65 mL, 2.2 equiv.) 
was added dropwise to a solution of calixarene 10 (146 mg, 0.15 
mmol) in dry THF (2.5 mL) at -78°C. The mixture was stirred 
for 30 min at the same temperature before the addition of neat 
MeI (105 μL, 11.2 equiv.) Stirring was continued for 1 h allowing 
the temperature to rise to -15°C. The reaction was quenched 
with an aqueous saturated NH4Cl solution (0.5 mL) followed by 
an aqueous HCl 10% (1 mL) until pH 2. The solution was diluted 
with water (5 mL) and AcOEt (10 mL) and the organic layer was 
washed with water (2 x 4 mL), brine (4 mL), dried over Na2SO4, 

fi ltered, and concentrated under vacuum to give a white solid. 
The crude was purifi ed by chromatography on silica gel (AcOEt/
cyclohexane 1:2 v/v as eluent) to afford compound 11 (73 mg, 50 
%) as a white solid. []D

20 = -46.3 (c = 1.0, CHCl3). 
1H NMR (500 

MHz, CDCl3):  = 7.91 (dd, 2H, Ar H of COPh, 3J = 8.5 Hz, 4J = 1.0 
Hz), 7.78-7.74 (m, 4H, Ar H of COPh), 7.66 (t, 1H, Ar H of COPh, 
3J = 7.2 Hz), 7.60-7.53 (m, 4H, Ar H of COPh), 7.53-7.47 (m, 3H, 
Ar H of COPh and calixarene), 7.40-7.34 (m, 5H, Ar H of COPh, 
CH2Ph and calixarene), 7.30 (t, 1H, Ar H of CH2Ph, 3J = 7.2 Hz), 
7.22 (d, 2H, Ar H of CH2Ph, 3J = 7.0 Hz), 6.74-6.70 (m, 2H, Ar 
H of calixarene), 6.67-6.64 (m, 3H, Ar H of calixarene), 6.61-
6.56 (m, 4H, Ar H of calixarene), 6.44 (t, 1H, Ar H of calixarene, 
3J = 7.5 Hz), 6.35 (q, 1H, ArOCH(CH3)CON, 3J = 6.5 Hz), 4.57-4.53 
(m, 1H, NCHCH2Ph), 4.56 and 3.46 (AB system, 2H, ArCH2Ar, 
2J = 14.5 Hz), 4.12 (dd, 1H, OCH2CH(CH2Ph), 3J = 9.5 Hz, 4J = 
2.5 Hz), 4.05-4.01 (m, 1H, OCH2CH(CH2Ph)), 4.04 and 3.55 (AB 
system, 2H, ArCH2Ar, 2J = 14.5 Hz), 3.63 and 3.60 (AB system, 
4H, ArCH2Ar, 2J = 15.0 Hz), 3.26 (A part of an ABX system, 1H, 
2JAB = 13.5 Hz, 3JAX = 3.5 Hz, CH2Ph), 2.82 (B part of an ABX 
system, 1H, 2JAB = 13.5 Hz, 3JAX = 9.5 Hz, CH2Ph), 1.62 (d, 3H, 
ArOCH(CH3)CON, 3J = 6.5 Hz); 13C{1H} NMR (126 MHz, CDCl3):  
= 172.6 (s, NCOCH2), 164.7 (s, OCOPh), 164.4 (s, OCOPh), 164.1 (s, 
OCOPh), 153.3 (s, NCO2), 154.3-122.4 (Ar C), 71.5 (s, ArOCH(CH3)
CON), 66.8 (s, OCH2CH(CH2Ph)), 55.2 (s, NCHCH2Ph), 38.1 (s, 
ArCH2Ar), 37.7 (s, CH2Ph), 37.3 (s, ArCH2Ar), 37.3 (s, ArCH2Ar), 
18.8 (s, ArOCH(CH3)CON) ppm. Elemental analysis (%) calcd for 
C62H49NO10 (968.05): C 76.92, H 5.10, N 1.45 found: C 76.46, H, 
5.05, N 1.46.

Synthesis of calixarene 12

A solution of NaBH4 (10 mg, 4.2 equiv.) in water (0.1 mL) 
was slowly added to a solution of calixarene 11 (63 mg, 0.07 
mmol) at 0°C. The white heterogeneous mixture was stirred for 
5.5 h allowing the temperature to rise to ambient temperature. 
The reaction was quenched with water (2 mL), an aqueous HCl 
10% solution (0.2 mL) until pH 1, and then diluted with CH2Cl2 
(5 mL). The organic layer was washed with water (3 mL), and 
brine (2 mL), dried over Na2SO4, fi ltered, and concentrated 
under a vacuum to give a white solid. Purifi cation of the crude 
by chromatography on silica gel (AcOEt/cyclohexane 1:2 v/v as 
eluent) afforded the alcohol 12 (41 mg, 80 %) as a white solid. 
[]D

20 = +3.1 (c = 1.02, CH2Cl2). 
1H NMR (500 MHz, CDCl3):  = 

7.88 (dd, 2H, Ar H of COPh, 3J = 9.0 Hz, 4J = 1.0 Hz), 7.86 (dd, 
2H, Ar H of COPh, 3J = 9.0 Hz, 4J = 1.0 Hz), 7.80-7.77 (m, 2H, 
Ar H of COPh), 7.68-7.64 (m, 1H, Ar H of COPh), 7.61-7.58 (m, 
4H, Ar H of COPh), 7.47-7.41 (m, 4H, Ar H of COPh), 7.33 (dd, 
1H, Ar H of calixarene, 3J = 8.5 Hz, 4J = 2.5 Hz), 7.26 (dd, 1H, Ar 
H of calixarene, 3J = 8.5 Hz, 4J = 2.5 Hz), 6.71-6.57 (m, 9H, Ar H 
of calixarene), 6.45 (t, 1H, Ar H of calixarene, 3J = 7.5 Hz), 4.70-
4.64 (m, 1H, ArOCH(CH3)), 3.92-3.82 (m, 2H, CH2CH(CH3)), 
3.88 and 3.62 (AB system, 2H, ArCH2Ar, 2J = 14.0 Hz), 3.86 and 
3.54 (AB system, 2H, ArCH2Ar, 2J = 14.0 Hz), 3.61 and 3.58 (AB 
system, 4H, ArCH2Ar, 2J = 14.5 Hz), 1.10 (d, 3H, ArOCH(CH3), 
3J = 7.0 Hz); 13C{1H} NMR (126 MHz, CDCl3):  = 164.6 (s, 
OCOPh), 164.5 (s, OCOPh), 164.1 (s, OCOPh), 153.5-122.4 (Ar 
C), 67.5 (s, CH2CH(CH3)), 38.2 (s, ArCH2Ar), 37.8 (s, CH2Ph), 
37.3 (s, ArCH2Ar), 37.3 (s, ArCH2Ar), 15.7 (s, ArOCH(CH3)) ppm. 
Elemental analysis (%) calcd for C52H42O8 (794.88): C 78.57, H 
5.33 found: C 78.46, H, 5.36.
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Results and discussions

The Evans oxazolidinone was grafted on the lower rim 
of calixarene 3 bearing a glycosyl substituent. The latter 
compound was obtained in 33 % yield by reaction of tetra-
hydroxycalix[4]arene 1 with iodopyranose 2 in MeCN. Note that 
the mono glycosylation was not exclusive and the formation 
of disubtituted calixarene 4 was isolated in 22 %. It can be 
mentioned that the two glycosylated calixarenes 3 and 4 
substituted at the 6-C position of the pyranose fragment were 
not reported. We found only related calixarene compounds 
described in the literature by Dondoni et al. in which the 
pyranose units were anchored at the anomeric position [20-
22]. As expected, calixarene 8 has lost its plane of symmetry 
as shown on its 1H spectrum by the presence of eight doublets 
in the range 7.11-6.62 ppm (4J = 2.5 Hz) attributed to the eight 
aromatic protons of the calixarene skeleton. Optionally, the 
calixarene 8 was obtained by grafting the Evans oxazolidinone 
on calixarene 1, leading to the formation of the intermediate 6, 
followed by substitution of the pyranoside derivative (Scheme 
1).

 

Scheme 1: Synthesis of calix[4]arene 8.

It is well established that the Evans chiral auxiliary allows 
the enantioselective introduction of an electrophile such as 
a methyl group, specifi cally at the methylene position [23] 
as illustrated for calix[4]arene 10, which was isolated as a 
unique diastereoisomer. Indeed, due to the coordination of the 
potassium cation to the enolate intermediate, the electrophilic 
addition is specifi cally directed on the less hindered side namely 
at the opposite side of the benzyl substituent [24]. Finally, the 
Evans oxazolidinone calixarene 11 was treated with NaBH4 to 
obtain the corresponding alcohol derivative 12 in 80 % yield 
with the release of the oxazolidinone moiety [25] (Scheme 2).

Conclusion

We have reported new optically pure calixarenyl derivatives 
in which their lower rims were substituted with Evans 
oxazolidinone and/or pyranose moieties. The introduction of 
the latter substituents reduced the symmetry of the macrocycle 
which, in the case of the oxazolidinone/pyranose-disubstituted 
macrocycle, results in the presence of eight doublet 
corresponding to the eight aromatic protons. Stereocontrolled 
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alkylation of the Evans auxiliary allowed us to introduce a 
methyl substituent near a phenolic position of the macrocycle. 
The cleavage of the chiral auxiliary has generated  an alcohol 
function, which would be exploited in future work to develop 
chiral organic or organometallic catalysts.
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