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Calixarene-based chiral phase-transfer catalysts derived from
cinchona alkaloids for enantioselective synthesis of a-amino acids
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Abstract—The synthesis of the first calixarene-based chiral phase-transfer catalysts derived from cinchona alkaloids has been achieved in
two steps from p-tert-butylcalix[4]arene. The catalytic efficiency of the chiral calix[4]arenes 3a–c was evaluated by carrying out the phase-
transfer alkylation of N-(diphenylmethylene)glycine ethyl ester with benzyl bromide. Various factors that affect the chemical yield and
enantioselectivity were also examined. Benzylation of glycine imine 4 using calix[4]arene-based dimeric catalyst 3a as a chiral phase-trans-
fer catalyst in toluene/CHCl3 mixture (7:3 v/v) at 0 �C gave the best enantioselectivities and yields in the presence of aqueous NaOH.
� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Amino acids are well known to play a key role in the area
of design and preparation of pharmaceuticals, as they are
part of the synthesis process in the production of drug
intermediates and protein-based drugs. Due to their impor-
tance in biological systems and usefulness as a source of
chirality in organic synthesis, considerable effort has been
devoted to the design and synthesis of optically active
amino acids, which can be categorized into four main
approaches, using chiral substrates, chiral reagents, chiral
auxiliaries, and chiral catalysts.1 Among them, an asym-
metric synthesis using easily available and reusable chiral
catalysts presents synthetic advantages for large-scale
procedures.2

Phase-transfer catalysis (PTC) has been recognized as a
convenient and highly useful synthetic method in both
research and industry because of its operational simplicity,
suitability for large-scale reactions, environmental con-
sciousness, and mild reaction conditions with aqueous
media, which meet the current requirement for practical
organic synthesis.3,4 The use of the benzophenone imine
of glycine derivatives as substrates in enantioselective
alkylation under catalytic phase-transfer conditions has
been developed toward an excellent method for the
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preparation of a wide range of optically active a-amino
acids with high chemical yield and enantioselectivity.5,6

Since O’Donnell et al. published their pioneering studies
on the asymmetric alkylation of glycinate esters using the
benzylammonium salt of cinchona alkaloid, a variety of
phase-transfer catalysts have been synthesized and studied.
Lygo et al. and Corey et al. independently developed effi-
cient Cinchona type phase-transfer catalysts by replacing
the benzyl group, attached to the quinuclidine nitrogen
with the bulkier methylanthracenyl group.7 Furthermore,
dimeric8 and trimeric9 cinchona alkaloid derivatives,
guanidinium salts,10 C2-symmetric spiral ammonium salts
derived from BINOL,11 phosphonium salts,12 TADDOL,13

tartaric derivatives,14 and other metal catalysts15 have also
been used in asymmetric PTC alkylations.

Calixarenes represent an important class of macrocyclic
compound due to their potential for forming host–guest
complexes with numerous classes of compounds in supra-
molecular chemistry. The sites available on these macro-
cyclic compounds can be easily modified to tailor them
for many applications, such as phase-transfer catalysts,16

ionophores in catalysis, carriers in liquid membrane tech-
nology, heavy metal adsorption agents, alkali metal com-
plexation agents, extractants for anions and cations, and
chemical sensors.17 Chirality can be introduced into the
calixarene platform either by attaching chiral units at one
of the calix rims, or by synthesizing ‘inherently’ chiral
derivatives, in which the non-planarity of the molecule is
exploited.18 Among the most popular chiral building
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blocks used, amino acids,19 peptides,20 amino alcohols,21

sugars,22 tartaric acid esters,23 binaphthyl,24 glycidyl,25

menthone,26 and guanidinium27 groups offer a wide range
of possibilities for providing calix[4]arenes with asymmetric
features. Thus, chiral calix[4]arene derivatives obtained in
this way not only provide a controlled means for studying
the fundamentals of non-covalent interactions in Nature,
but also open up new routes for developing novel enantio-
selective sensors, asymmetric catalysts,28 selectors, and
other molecular devices.29

We had previously reported the synthesis and complexa-
tion studies of novel chiral calix[4]arenes30 toward chiral
amines31 and amino acid derivatives.32 In order to find
novel chiral calixarene derivatives with some specific prop-
erties, we herein report the synthesis of calix[4]arene-based
chiral phase-transfer catalysts derived from cinchona alka-
loids and an evaluation of their catalytic asymmetric
behavior in the phase-transfer alkylation of glycine deriva-
tives. To the best of our knowledge, this is the first applica-
tion of calix[4]arenes as phase-transfer catalysts for the
enantioselective a-alkylation of benzophenone glycine
imines.
2. Results and discussion

2.1. Synthesis

This work is mainly focused on the synthesis and applica-
tion of catalytically active chiral calix[4]arene derivatives
bearing cinchona alkaloids. The syntheses of chiral cata-
lysts are relatively straightforward, requiring only two-step
procedures starting from readily available materials. For
the preparation of new calix[4]arene-based quaternary
ammonium salts, as depicted in Scheme 1, the alkylation
of p-tert-butylcalix[4]arene 1 with an excess of the respec-
tive a,x-dibromides was carried out in MeCN in the pres-
ence of potassium carbonate as a base according to the
previously published procedure.33 Subsequent reactions
of 2a–c with an excess of cinchonidine were carried out
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Scheme 1. Reagents and conditions: (i) Br(CH2)nBr, K2CO3, MeCN, reflux; (
in toluene at 100 �C for 8 h. The corresponding dicationic
compounds 3a–c were isolated as bromide salts, in yields
ranging from 86% to 96% after column chromatography.

The products were characterized by a combination of 1H
NMR, 13C NMR, FAB MS, IR, and elemental analysis.
The conformational characteristics of calix[4]arenes were
conveniently estimated by way of the splitting pattern of
the ArCH2Ar methylene protons in the 1H and 13C
NMR spectroscopy.34 1H and 13C NMR data showed that
chiral p-tert-butylcalix[4]arene derivatives 3a–c are in a
cone conformation. A typical AX pattern was observed
for the methylene bridge ArCH2Ar protons at 3.34 (J =
12.6 Hz) and 4.22 (J = 12.7 Hz) for 3a, 3.34 (J =
13.0 Hz), and 4.18 (J = 13.0 Hz) for 3b, and 3.36
(J = 12.7 Hz) and 4.29 (J = 12.7 Hz) for 3c in 1H NMR.
2.2. Evaluation of the chiral calix[4]arene-based catalysts in
the asymmetric alkylation of ethylglycine ester

The catalytic efficiency of the calix[4]arene-based dimeric
catalysts was evaluated by carrying out the asymmetric
phase-transfer alkylation of N-(diphenylmethylene)glycine
ethyl ester with benzyl bromide (Scheme 2). An initial
attempt was made with 10 mol % of catalyst 3b in the
biphasic system formed by a mixture of toluene/CHCl3
(7:3 v/v) and 50% aqueous KOH solution at room temper-
ature to provide the benzylated product 5 in 93% yield, but
these conditions afforded low enantioselectivity as shown in
Table 1 (entry 5).

Various factors that affect the chemical yield and enantio-
selectivity were also examined. In order to investigate the
role of a spacer between the quaternary ammonium and
the calixarene backbone, the alkylation of glycine imine 4
with benzyl bromide was performed in the presence of
chiral catalysts 3a–c, while the other parameters such as
solvents, bases, and temperature were kept constant. From
the results shown in Table 1, it can be observed that the
chiral catalyst 3a with a two methylene spacer afforded
relatively better results than the other catalysts.
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Scheme 2. Synthesis of a-alkyl-a-amino acid esters via asymmetric phase-transfer catalytic alkylation of benzophenone imine glycine ester.

Table 1. Results from the screening of the PTCs for the catalytic enantioselective phase-transfer benzylation

Entry PTC Solvent T (�C) Base Yielda (%) % eeb (configc)

1 3a Toluene/CHCl3 7:3 �20 KOH 87 25 (S)
2 3a Toluene/CHCl3 7:3 �20 NaOH 89 46 (S)
3 3a Toluene/CHCl3 7:3 0 NaOH 95 57 (S)
4 3a Toluene/CHCl3 7:3 rt NaOH 92 52 (S)
5 3b Toluene/CHCl3 7:3 rt KOH 93 15 (S)
6 3b Toluene/CHCl3 7:3 �20 KOH 90 10 (S)
7 3c Toluene/CHCl3 7:3 �20 KOH 91 12 (S)
8 3c Toluene/CHCl3 7:3 �20 NaOH 95 17 (S)
9 3c Toluene/CHCl3 7:3 0 NaOH 96 28 (S)

10 3c Toluene/CHCl3 7:3 0 KOH 97 22 (S)
11 3c Toluene/CHCl3 7:3 rt KOH 98 18 (S)
12 3c Toluene/CHCl3 7:3 rt NaOH 97 24 (S)
13 3c CH2Cl2 �20 KOH 89 9 (S)
14 3c CH2Cl2 0 KOH 93 15 (S)
15 3c CH2Cl2 rt KOH 93 12 (S)
16 3c CH2Cl2 �20 NaOH 85 7 (S)
17 3c CH2Cl2 0 NaOH 88 14 (S)
18 3c CH2Cl2 rt NaOH 91 13 (S)

a Isolated yields.
b Enantiomeric excess was determined by HPLC analysis using a chiral column (DAICEL Chiralcel OD-H) using hexane/isopropanol (99:1) as an eluent.
c The absolute configuration was determined by comparison of the measured specific rotation values of product 6 with that given in the literature.35

620 S. Bozkurt et al. / Tetrahedron: Asymmetry 19 (2008) 618–623
The nature of the solvent seems to play an important role
with regards to the enantioselectivity. On changing the sol-
vent to CH2Cl2, a dramatic effect on the enantioselectivity
of the reaction was observed, when either aq NaOH or
KOH was used as base. In these cases, the ees obtained
were lower.

We next examined the effect of the inorganic base on both
the enantioselectivity and the catalytic activity. From the
results obtained, the best enantioselectivity with good
chemical yield was accomplished when 50% aqueous
NaOH was used (Table 1, entries 2–4). It was found that
the enantioselectivity was sensitive to the cation of the base
and that the chelating ability of the calixarene derivative
toward the sodium cation presumably plays a key role in
making the sodium enolate soluble in organic phase as well
as for achieving enantiofacial differentiation in the transi-
tion state.36

The variation of the reaction temperature also affects the
level of the asymmetric induction. By cooling the reaction
mixture to 0 �C from room temperature, relatively higher
enantioselectivities were obtained for the catalysts used.
However, a lower temperature (�20 �C) did not produce
an increase in the ee. Thus, when the model benzylation
reaction was performed at 0 �C (bath temperature), the
enantioselection rose to 57% ee (Table 1, entry 3). Our re-
sults show that the enantioselectivity in the phase-transfer
catalyzed alkylation of benzophenone glycine imine ethyl
ester 4 was relatively low when compared with the previ-
ously reported data.37 The application of other reaction
conditions to improve the stereoselectivity by the calix[4]-
arene-based catalysts are currently under progress.

For the determination of the absolute configuration (S)
and the enantiomeric excess, the imine functional group
of derivative 5 was hydrolyzed to produce phenylalanine
ethyl ester, and the measured specific rotation values were
compared with a known one {[a]D = +33.7 (c 2, etha-
nol)}.35 Since the alkylated imines were found to be unsta-
ble to purification by chromatography, these compounds
were transformed into the corresponding a-amino acid
esters by acidic hydrolysis via the known procedure.38

The chiral catalysts were removed from the reaction mix-
ture simply by passing through a short silica gel column
with a non-polar solvent and recovered by washing the col-
umn with a more polar solvent such as ethyl acetate.
3. Conclusions

We designed three novel p-tert-butylcalix[4]arene-based
chiral phase-transfer catalysts derived from cinchona alka-



S. Bozkurt et al. / Tetrahedron: Asymmetry 19 (2008) 618–623 621
loids, and applied them to the phase-transfer catalytic
alkylation of the glycine anion equivalent 4, which has been
recognized as a very powerful way of preparing a-amino
acids. Further studies on the applications of these and
related calix[4]arene-based catalysts to other asymmetric
synthesis are currently under investigation.
4. Experimental

4.1. General

Melting points were determined on an Electrothermal 9100
apparatus in a sealed capillary and are uncorrected. 1H and
13C NMR spectra were recorded at room temperature on a
Varian 400 MHz spectrometer in CDCl3. IR spectra were
obtained on a Perkin Elmer 1605 FTIR spectrometer using
KBr pellets. Optical rotations were measured on an Atago
AP-100 digital polarimeter. Elemental analyses were per-
formed using a Leco CHNS-932 analyzer. FAB-MS spec-
tra were taken on a Varian MAT 312 spectrometer. The
HPLC measurements were carried out using an Agilent
1100 apparatus equipped with Chiralcel OD-H column
(conditions: n-hexane/isopropanol 99:1, flow rate: 1.0 mL,
detection: 254 nm). A racemic sample was prepared using
n-tetrabutylammonium bromide as a phase-transfer cata-
lyst for HPLC analysis.

Analytical TLC was performed using Merck prepared
plates (Silica Gel 60 F254 on aluminum). Flash chromato-
graphy separations were performed on a Merck Silica Gel
60 (230–400 mesh). All reactions, unless otherwise noted,
were conducted under a nitrogen atmosphere. All starting
materials and reagents used were of standard analytical
grade from Fluka, Merck, and Aldrich and used without
further purification. Toluene was distilled from CaH2 and
stored over sodium wire. Other commercial grade solvents
were distilled, and then stored over molecular sieves. The
drying agent employed was anhydrous MgSO4.

4.2. General procedure for the synthesis of phase-transfer
catalysts 3a–c

A mixture of cinchonidine (0.32 g, 1.1 mmol) with p-tert-
butylcalix[4]arene dibromides 2a–c (0.5 mmol) in toluene
(7 mL) was stirred at 100 �C for 8 h. After cooling the reac-
tion mixture to room temperature, the suspension was fil-
tered off and the solid dissolved in MeOH (30 mL) after
which the turbid solution filtered over a Celite pad. The
solvent was then distilled off, and the oily residue was sub-
jected to column chromatography (CH2Cl2–MeOH eluent)
and recrystallized along with Et2O–CH2Cl2 to afford 3a–c
as solids in 86–96% yield.

4.2.1. Compound 3a. Yield 86%; dark brown solid; mp
226 �C (decomp.); ½a�25

D ¼ �25 (c 0.2, MeOH). IR (KBr):
3385, 2960, 1629, 1579, 1468, 1118, 863 cm�1; 1H NMR
(400 MHz, CDCl3): d (ppm) 8.89 (d, 2H, J = 4.3 Hz,
NCH of quin), 8.12 (d, 2H, J = 8.4 Hz, NCCH of quin),
8.03 (d, 2H, J = 8.4 Hz, NCCHCHCHCH of quin), 7.66
(d, 2H, J = 4.7 Hz, NCCHCH of quin), 7.62–7.5 (m, 2H,
NCCHCHCH of quin), 7.34 (t, 2H, J = 7.6, NCCHCH
of quin), 7.12 (s, 4H, ArH), 7.04 (s, 2H, ArOH), 6.92 (s,
4H, ArH), 6.64–6.52 (m, 2H, CHCH2 of eth), 6.18–6.09
(m, 2H, CHOH), 5.64–5.60 (m, 2H, CHOH of alcohol),
5.09–5.00 (m, 2H, CHCH2 of eth), 4.97–4.95 (m, 2H,
CHCH2 of eth), 4.61–4.58 (m, 4H, CH2), 4.35 (t, 2H,
J = 6.6; CH2CH2 of met), 4.22 (d, 4H, J = 12.6 Hz,
ArCH2Ar), 4.18–4.10 (m, 2H, NCHCHOH), 3.92–3.80
(m, 2H, CH2), 3.53–3.48 (m, 2H, CH2), 3.47 (m, 2H, CH

2), 3.34 (d, 4H, J = 12.7, ArCH2Ar), 2.86 (br, 4H, CH2),
2.44–2.23 (m, 6H, CH2), 2.11–1.98 (m, 6H, CH2), 1.25 (s,
18H, C(CH3)3), 0.93 (s, 18H, C(CH3)3); 13C NMR
(100 MHz, CDCl3): d (ppm) 149.9, 149.8, 149.7, 149.4,
146.9, 143.6, 142.6, 137.6, 129.7, 129.5, 128.2, 127.6,
125.8, 125.0, 124.2, 123.8, 120.7, 115.7, 80.3, 65.9, 65.7,
63.9, 61.2, 53.3, 41.3, 38.9, 31.4, 30.5, 26.3, 23.9, 19.8;
FAB-MS m/z: (1474.49) [M+Na]+. Anal. Calcd for
C86H106N4O6Br2 (1451.59): C, 71.16; H, 7.36; N, 3.86;
Br, 11.01. Found: C, 71.39; H, 7.84; N, 3.26; Br, 10.54.

4.2.2. Compound 3b. Yield 90%; dark brown solid; mp
215 �C (decomp.); ½a�25

D ¼ �28 (c 0.2, MeOH). IR (KBr):
3384, 2965, 1627, 1588, 1461, 1124, 867 cm�1; 1H NMR
(400 MHz, CDCl3): d (ppm) 8.91 (d, 2H, J = 4.5 Hz,
NCH of quin), 8.05 (d, 2H, J = 8.3 Hz, NCCH of quin),
7.91 (d, 2H, J = 4.5 Hz, NCCHCHCHCH of quin), 7.82
(d, 2H, J = 8.3 Hz, NCCHCH of quin), 7.60–7.53 (m,
2H, NCCHCHCH of quin), 7.34 (t, 2H, J = 7.5 Hz,
NCCHCH of quin), 7.09 (s, 4H, ArH), 7.00 (s, 2H, ArOH),
6.77 (s, 4H, ArH), 6.59–6.55 (m, 2H, CHCH2 of eth), 6.37
(d, 2H, J = 5.4 Hz, CHOH), 5.44 (m, 2H, CHOH of alco-
hol), 5.02 (d, 2H, J = 17.2 Hz, CHCH2 of eth), 4.90 (d, 2H,
J = 10.5 Hz, CHCH2 of eth), 4.59–4.48 (m, 4H, CH2),
4.43–4.36 (m, 2H, CH2CH2 of met), 4.18 (d, 4H,
J = 13.0 Hz, ArCH2Ar), 4.12–3.86 (m, 2H, NCHCHOH),
3.78–3.58 (m, 6H, CH2), 3.56 (t, 2H, J = 8.6 Hz, CH2),
3.43 (m, 2H, CH2), 3.34 (t, 4H, J = 13.0 Hz, ArCH2Ar),
2.83 (br, 2H, CH2), 2.70–2.49 (m, 4H, CH2), 2.20–1.89
(m, 10H, CH2), 1.29 (s, 18H, C(CH3)3), 0.92 (s, 18H,
C(CH3)3); 13C NMR (100 MHz, CDCl3): d (ppm): 150.1,
150.0, 149.8, 149.6, 147.0, 143.9, 142.9, 137.9, 130.1,
129.8, 129.6, 128.3, 127.7, 125.8, 125.3, 124.3, 123.9,
120.9, 115.7, 80.4, 65.9, 65.7, 53.8, 41.4, 39.2, 34.0, 31.7,
30.8, 26.5, 24.3, 20.5; FAB-MS m/z: (1502.55) [M+Na]+.
Anal. Calcd for C88H110N4O6Br2 (1479.65): C, 71.43; H,
7.49; N, 3.79; Br, 10.80. Found: C, 71.94; H, 8.27; N,
3.35; Br, 9.83.

4.2.3. Compound 3c. Yield 96%; pale brown solid; mp
236 �C (decomp.); ½a�25

D ¼ �35 (c 0.2, MeOH). IR (KBr):
3381, 2959, 1630, 1583, 1475, 1113, 868 cm�1; 1H NMR
(400 MHz, CDCl3): d (ppm) 8.81 (d, 2H, J = 4.4 Hz,
NCH of quin), 8.05 (d, 2H, J = 8.4 Hz, NCCH of quin),
8.01 (d, 2H, J = 8.4 Hz, NCCHCHCHCH of quin), 7.63
(d, 2H, J = 4.4 Hz, NCCHCH of quin), 7.58 (dd, 2H,
J = 7.8 Hz, NCCHCHCH of quin), 7.48 (t, 2H, J =
7.3 Hz, NCCHCH of quin), 7.46 (s, 2H, ArOH), 7.06 (s,
4H, ArH), 6.85 (s, 4H, ArH), 6.51–6.50 (m, 2H, CHCH2

of eth), 6.39 (d, 2H, J = 5.4 Hz, CHOH), 5.44–5.79 (m,
2H, CHOH of alcohol), 5.04 (d, 2H, J = 17.2, CHCH2 of
eth), 4.89 (d, 2H, J = 10.5; CHCH2 of eth), 4.70–4.66 (m,
4H, CH2), 4.50–4.39 (m, 2H, CH2CH2 of met), 4.29 (d,
4H, J = 12.7 Hz, ArCH2Ar), 4.22–4.12 (m, 2H, NCH-
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CHOH), 4.05–3.82 (m, 6H, CH2), 3.68 (t, 2H, J = 8.5 Hz,
CH2), 3.52 (m, 2H, CH2), 3.36 (t, 4H, J = 12.7 Hz, ArCH2-

Ar), 2.78 (br, 2H, CH2), 2.42–2.18 (m, 12H, CH2), 2.05–
1.82 (m, 6H, CH2), 1.29 (s, 18H, C(CH3)3), 1.00 (s, 18H,
C(CH3)3); 13C NMR (100 MHz, CDCl3): d (ppm): 149.1,
149.0, 148.3, 146.8, 146.5, 143.6, 141.3, 135.4, 131.5,
129.4, 128.2, 127.1, 127.0, 126.4, 124.8, 124.4, 124.2,
123.3, 121.3, 119.2, 116.4, 74.7, 65.9, 63.4, 58.7, 36.6,
33.0, 32.9, 30.9, 30.8, 30.7, 30.0, 26.1 25.0, 24.2, 20.3,
19.3; FAB-MS m/z: (1530.60) [M+Na]+. Anal. Calcd for
C90H114N4O6Br2 (1507.70): C, 71.70; H, 7.62; N, 3.72;
Br, 10.60. Found: C, 72.24; H, 7.86; N, 3.21; Br, 9.86.

4.3. Representative procedure for enantioselective
phase-transfer alkylation (benzylation)

To a mixture of N-(diphenylmethylene)glycine ethyl ester 4
(50.0 mg, 0.17 mmol) and chiral catalysts 3a–c (0.0085
mmol) in toluene/CHCl3 (volume ratio 7:3, 0.75 mL) was
added benzyl bromide (0.1 mL, 0.85 mmol). The reaction
mixture was then cooled to 0 �C, 50% aqueous KOH
(0.25 mL) was added, and the reaction mixture was stirred
at 0 �C until the starting material had been consumed. The
suspension was diluted with ether (20 mL), washed with
water (2 � 5 mL), dried over MgSO4, filtered, and solvent
evaporated under reduced pressure, as well as excess benzyl
bromide was removed. The crude product was passed
through a short silica column using hexane/EtOAc 30:1
as an eluent to remove chiral catalysts and afforded the de-
sired product 5 as a colorless oil. IR (KBr): 2965, 2935,
1733, 1620 cm�1; 1H NMR (400 MHz, CDCl3): d 7.51 (d,
J = 7.0 Hz, 2H), 7.26–7.21 (m, 8H), 7.10 (t, J = 7.3 Hz,
3H), 6.90 (d, J = 6.8 Hz, 2H), 4.17–4.07 (m, 3H), 3.12–
3.03 (m, 2H), 1.19 (t, J = 7.2 Hz, 3H) ppm. 13C NMR
(100 MHz, CDCl3): d 171.6, 170.5, 139.3, 137.9, 136.1,
130.1, 129.6, 128.7, 128.2, 128.0, 127.9, 127.6, 126.2, 67.2,
60.9, 39.6, 14.1 ppm. Enantiomeric excess was determined
by HPLC using Chiralcel OD-H column with eluent hex-
ane/isopropanol (99:1). With a 1.0 mL/min flow rate the
retention time was 7.2 min for the (R)-isomer and
12.3 min for the (S)-isomer.

4.4. Hydrolysis of the imino functional group of the
N-(diphenylmethylene)glycine ethyl ester

Imino ester 5 (1 mmol) was added to 10 mL ethanolic
hydrogen chloride (1 M) and stirred vigorously overnight
at room temperature. After this time, the solvent was re-
moved under reduced pressure and product 6 was isolated
as a white solid powder. Chemical yields: 195–205 mg (85–
90%). 1H NMR (400 MHz, CDCl3): d 7.31–7.18 (m, 5H),
4.15 (q, J = 7.3 Hz, 2H), 3.69 (t, J = 7.3 Hz, 1H), 3.10–
2.96 (m, 2H), 1.50 (s, 3H), 1.23 (t, J = 7.3 Hz, 3H) ppm.
13C NMR (100 MHz, CDCl3): d 174.9, 137.2, 129.2,
128.3, 126.6, 60.7, 55.7, 41.0, 14.0 ppm. Measured optical
rotation values: ½a�25

D ¼ þ19:2 to +2.4 (c 2.0, EtOH).
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