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Synthesis of Enantiomers of Chiral Ester Derivatives
Containing an Amide Group and Their Chiral Recognition
by 1HNMR Spectroscopy
Yan-Lin Li,[a] Hong-Mei Zhao,[b] Yu-Qing Ren,[a] Meng Qiu,[a] Hai-Tong Zhang,[a]
Guang-Peng Gao,[a] Li Zheng,[a] Pericles Stavropoulos,[c] and Lin Ai*[a]

Enantiomers of chiral ester derivatives containing an amide
group, and possessing one or two stereogenic centers were
prepared from L- and D-α-amino acids, and glycine with (S)-
and (R)-mandelic acid for probing their chiral recognition as a
new class of chiral guests by 1HNMR spectroscopy, since chiral
ester derivatives have been rarely used as chiral substrates for
chiral recognition by 1HNMR technology. The results indicated
that these chiral ester derivatives have been successfully
differentiated in the presence of tetraaza macrocyclic chiral
solvating agents (TAMCSAs) 1a–1c. In order to better under-

stand their chiral discriminating behavior, Job plots, association
constants (Ka), and theoretical calculations of (S,S)-G1 and (R,R)-
G1, as a representative example, were performed, respectively.
In order to evaluate their practical application, the 1HNMR
spectra of G1 and G9 with various optical purities were
measured (up to 98% ee). In this work, a practical strategy has
been effectively established for chiral recognition of chiral ester
derivatives containing an amide group and possessing one or
two chiral centers in the presence of tetraaza macrocyclic chiral
solvating agents 1a–1c by means of 1HNMR spectroscopy.

Introduction

Chiral phenomena are ubiquitous in nature, and play an
extremely vital role in the field of various scientific endeavors
and practical applications, including in biological systems,
asymmetric catalysis and chiral materials.[1] Especially in
pharmacology and clinical medicine, two enantiomers of a
chiral drug may have dramatically different biological activities
and pharmacological effects (even toxic ones).[2] Therefore, it is
essential to focus on the development of variously effective
methods and techniques for determination of absolute config-
uration and analysis of optical purity of a chiral drug. Nowa-
days, most effective methods or strategies for these purposes
are mainly relying on chromatography, including gas chroma-
tography (GC)[3] and high-performance liquid chromatography
(HPLC),[4] as well as spectroscopy, such as circular dichroism
(CD),[5] electronic and vibrational circular dichroism (ECD and
VCD),[6] UV-vis and fluorescence[7] and nuclear magnetic reso-
nance (NMR).[8] Among them, chiral HPLC equipped with all

kinds of chiral stationary phases has been widely used for the
separation of enantiomers and determination of enantiomeric
excess of chiral compounds.[9] However, this technique is
generally time-consuming, requires expensive organic solvents,
often needs special equipment and even complicated sample
pretreatment.[10] If there were a faster, simpler and more
efficient way for this purpose, it would greatly promote the
rapid evaluation of enantiomeric excess in fundamental
research and practical applications. To address some of these
challenges, the NMR technique has recently attracted more
attention, owing to its several obvious advantages, such as
simple and convenient operation, accurate and reliable meas-
urement, and employment of low amounts of samples and
solvents, facilitated by the ubiquitous availability of NMR
spectrometers in nearly all chemical laboratories.[11] Thus, a
highly effective, sensitive and versatile chiral solvating agent
has become the most vital factor in the process. For this
purpose, a variety of chiral solvating agents with different
structural features has been designed, synthesized and
screened, to further promote rapid development of chiral
recognition by 1HNMR spectroscopy.[12] In this paper, tetraaza
macrocyclic chiral solvating agents (TAMCSAs) 1a–1c have
been synthesized for probing chiral recognition of chiral ester
derivatives containing an amide moiety and possessing one or
two stereogenic centers by means of 1HNMR spectroscopy
(Figure 1).

Results and Discussion

Chiral dicarbamates 3 (R=Ph, Me and Bn) were prepared and
cleaved to obtain chiral diamines 4 based on the reported
procedure.[13] Chiral diimines 5 were derived from 4 with 3,5-
dibromo-2-hydroxybenzaldehyde in dried CH3OH under
reflux.[14] TAMCSAs 1a–1c were synthesized by the intra-
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molecular reductive C� C coupling reaction of 5 under nitrogen
atmosphere in a suspension of activated Zn powder and MsOH
from � 18 °C to room temperature in 14–20% isolated yields.[15]

Other isomers were not found in the cyclization reaction.
Additionally, chiral compounds 2a–2c were obtained as co-
products in 15–20% isolated yields (Scheme 1).

The structures of TAMCSAs 1a–1c, chiral compounds 2a–
2c and 5a–5c were characterized as new compounds by
1HNMR and 13CNMR spectroscopy together with high-resolu-
tion mass spectroscopy (HRMS). NOESY spectra were measured
for the correct assignment of absolute configurations of the
newly generated chiral carbon atoms of TAMCSAs 1a–1c. Their
NOESY spectra show that the two α-H (RCH) protons (D-amino
acid moieties) of TAMCSAs 1a–1c show strong NOESY
correlated 1HNMR signals with the two newly generated chiral

carbon atoms (ArCH*NH groups). This result suggests that two
pairs of protons (α-H and ArCH*NH) of TAMCSAs 1a–1c in close
proximity are located on the same side of the macrocyclic
framework. The results indicated that these two newly
generated chiral carbon atoms (carbon-5 and carbon-6) possess
S and S absolute configurations, based on these related 1HNMR
signal correlation with respect to the known absolute config-
uration (R) of α-H (amino acid unit) of TAMCSAs 1a–1c
(Figure 1). NOESY spectra of TAMCSAs 1a–1c are available in
the SI.

Herein, key structural features of TAMCSAs 1a–1c include
several polar functional groups (CONH, NH and OH) as potential
hydrogen bonding sites, as well as a C2-symmetric axis and a
12-membered cavity, to facilitate the formation of intermolecu-
lar hydrogen bonding with chiral substrates. In addition, the
heavy bromine atoms were introduced into the molecular
structure of TAMCSAs 1a–1c for enhancing steric hindrance
and electronic effects, to promote their chiral discriminating
capability.[16]

Enantiomers (S,S)- and (R,R)-G1-11 of chiral ester derivatives
with two chiral centers were prepared by the amidation
reaction between (R)- or (S)-mandelic acid and the correspond-
ing D- or L-amino acid methyl esters, respectively.[17] In
addition, enantiomers (S)- and (R)-G12 of the chiral ester
derivative with only one chiral center, were also prepared from
(S)- or (R)-mandelic acid with methyl 2-aminoacetate according
to the same synthetic procedure (Scheme 2).

All new compounds were characterized by 1HNMR and
13CNMR spectroscopy, HRMS and IR methods with the
exception of (S,S)-G2–G4, (S,S)-G9–G11 and (R)-G12 as known
compounds.

Subsequently, in order to evaluate the chiral discriminating
capability of TAMCSAs 1a–1c towards these chiral ester
derivatives, a solution of (�)-G1 with TAMCSA 1a with 1 :1
molar ratio was prepared at a concentration of 10 mM in CDCl3
(0.5 mL) and its 1HNMR spectrum was measured on a 400 MHz
NMR spectrometer. The 1HNMR signals of three types of
protons (PhCHNH, PhCHOH and OCH3 groups) of (�)-G1 were
split in the presence of TAMCSA 1a, respectively. Compared
with the chemical shift values (δ, ppm) of the corresponding
protons of free (�)-G1 (Figure 2(a)), the δ values of the protons
of PhCHNH group of (S,S)-G1 (*), and PhCHOH group of (S,S)-
G1 (*) and (R,R)-G1 (*), exhibited downfield shifts. On the
contrary, the δ values of the protons of PhCHNH group of (R,R)-
G1 (*), and OCH3 group of (S,S)-G1 (*) and (R,R)-G1 (*)
exhibited upfield shifts (Figure 2(b)). The nonequivalent chem-
ical shift values (ΔΔδ, ppm) of the protons of PhCHNH,
PhCHOH and OCH3 groups of (�)-G1 were found to be 0.045,
0.083 and 0.031 ppm, respectively. Subsequently, a sample of
(S,S)-G1 was added to the aforementioned solution, and its
1HNMR spectrum was measured on a 400 MHz NMR spectrom-
eter. The assignment of absolute configuration of enantiomers
of (�)-G1 was correctly determined based on the change of
integration of the 1HNMR signals of the related protons of (�)-
G1 (Figure 2).

In order to obtain better chiral discriminating conditions,
first, samples of (�)-G1 with TAMCSA 1a (molar ratio=1 :1)

Figure 1. The structures of TAMCSAs 1a–1c.

Scheme 1. Synthesis of TAMCSAs 1a–1c.
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were prepared in different deuterared solvents, such as CDCl3,
CDCl3 containing 10% benzene-d6, acetone-d6, methanol-d4
and DMSO-d6, at a concentration of 10 mM, and their 1HNMR
spectra were measured on a 400 MHz spectrometer. The results
were summarized in Table 1.

As shown in Table 1, compared with ΔΔδ values of protons
of PhCHNH (0.045 ppm), PhCHOH (0.083 ppm), and OCH3

(0.031 ppm) groups of (�)-G1 in CDCl3, ΔΔδ values of the
corresponding protons were found to be 0.041, 0.080 and
0.028 ppm (10% benzene-d6) and 0.018, 0.030 and 0.010 ppm
(10% acetone-d6), respectively. Upon increasing solvent polar-
ity, the separated 1HNMR signals of the corresponding protons
of (�)-G1 cannot be observed in methanol-d4 and DMSO-d6 in
the presence of TAMCSA 1a. Based on these results, CDCl3 is
more suitable for chiral recognition in this work.

Subsequently, to assess the effect of concentration, samples
of (�)-G1 with various concentrations (2.0, 5.0, 7.5, 10.0 and
12.5 mM) were prepared in the presence of TAMCSA 1a (molar
ratio=1 :1) in CDCl3, and their 1HNMR spectra were measured
on a 400 MHz spectrometer. The overlaid 1HNMR spectra
exhibited gradually increasing ΔΔδ values of the PhCHNH
proton of (�)-G1 with increasing concentration (see SI, Fig-
ure S1). Based on the solubility of TAMCSA 1a and (�)-G1, and
suitable nonequivalent chemical shift values, a concentration of
10 mM was adopted in this work.

Finally, samples of (�)-G1 and TAMCSA 1a with various
molar ratios from 5 :2 to 2 :5 were prepared according to their
solubility in CDCl3, and their 1HNMR spectra were measured on
a 400 MHz spectrometer. The results suggest that the ΔΔδ
values of the CH proton (PhCHOH) of (�)-G1 are gradually
increasing as molar ratios of (�)-G1 with TAMCSA 1a are varied
from 5 :2 to 2 :5 (see SI, Figure S2). Based on convenient ΔΔδ
values, better baseline resolution, and the solubility of
TAMCSAs 1a and (�)-G1, a 1 :1 molar ratio of (�)-G1 with
TAMCSA 1a was used in this study.

To further investigate the discrimination of enantiomers of
other chiral ester derivatives, under the optimized chiral
discriminating conditions, a series of samples of (�)-G1–12
with TAMCSAs 1a–1c (molar ratio=1 :1) were prepared in
CDCl3, with the exception of (�)-G1 with TAMCSA 1a, and their
1HNMR spectra were recorded on a 400 MHz spectrometer. The
results indicate that all enantiomers of (�)-G1–12 were differ-
entiated based on the separated 1HNMR signals of related
protons, with the exception of (�)-G6 in the presence of
TAMCSA 1c. Subsequently, the assignments of absolute
configuration of (�)-G1–12 were determined by adding (S,S)-
G1–11 and (S)-G12 to the corresponding samples noted above.
The ΔΔδ values for the split protons of (�)-G1–12 were
calculated and summarized in Table 2. The 1HNMR spectra of
(�)-G1–12 in the presence of TAMCSAs 1a–1c are available in
the SI.

Scheme 2. Synthesis of enantiomers of chiral ester derivatives (�)-G1–12.

Figure 2. Partial spectra of free (�)-G1 (a), and (�)-G1 in the presence of
TAMCSA 1a (b). “*” and “*” stand for (S,S)-G1 and (R,R)-G1, respectively.
(�)-G1:TAMCSA 1a=1 :1 (molar ratio), [(�)-G1]=10 mM.

Table 1. Nonequivalent chemical shift values (ΔΔδ, ppm) of the split
proton signals of (�)-G1 in the presence of TAMCSA 1a in different

deuterared solvents (400 MHz).[a]

Solvents PhCHNH PhCHOH OCH3

CDCl3 0.045 0.083 0.031
CDCl3/C6D6 (10%) 0.041 0.080 0.028
CDCl3/CD3COCD3 (10%) 0.018 0.030 0.010
CDCl3/CD3OD (10%) 0 0 0
CDCl3/CD3SOCD3 (10%) 0 0 0

[a] (�)-G1: TAMCSA 1a=1 :1 (molar ratio), [(�)-G1]=10 mM.
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As shown in table 2, in most cases, enantiomers of (�)-G1–
12 were clearly differentiated by the split 1HNMR signals of
multiple types of protons with the assistance of TAMCSAs 1a–
1c. Furthermore, when compared with their 1HNMR spectra of
the same guests in the presence of TAMCSAs 1b and 1c,
TAMCSA 1a proved to be superior, since not only their ΔΔδ
values are larger, but also at least one well-resolved 1HNMR
signal of the split protons is exhibited. These results indicate
that TAMCSA 1a is a highly effective and sensitive chiral
solvating agent towards these chiral ester derivatives by
1HNMR spectroscopy. Partial 1HNMR spectra of the most

representative proton (CHOH) of (�)-G1–12 in the presence of
TAMCSA 1a are shown in Table 3.

In order to compare the chiral discriminating capability of
TAMCSAs 1a–1c as a function of the macrocyclic structural
features, compound 2a was used as chiral solvating agent for
exploring discrimination of enantiomers of (�)-G1–3 at a
concentration of 10 mM and 1 :1 molar ratio of host and guest
in CDCl3. However, the split 1HNMR signals of any protons of
enantiomers of (�)-G1–3 were not observed in the 1HNMR
spectra. The results indicate that the 12-membered macrocyclic

Table 2. Nonequivalent chemical shift values (ΔΔδ, ppm) of the split protons of (�)-G1–12 in the presence of TAMCSAs 1a–1c in CDCl3 (400 MHz).
[a]

Guest/TAMCSA proton ΔΔδ Guest/TAMCSA proton ΔΔδ

(�)-G1/1a OCH3 0.031 (�)-G5/1c OCH3 0.012
CHOH 0.083 CHOH 0.021
CHNH 0.045 CHNH 0.031

(�)-G1/1b CHOH 0.025 (�)-G6/1a OCH3 0.005
CHOH 0.016 CHOH 0.024
CHNH 0.022 (�)-G6/1b OCH3 0.007

(�)-G1/1c OCH3 0.011 (�)-G7/1a CH2CHNH 0.012
CHOH 0.020 OCH3 0.005
CHNH 0.010 OCH3 0.015

(�)-G2/1a CH3 0.003 CHOH 0.043
OCH3 0.028 (�)-G7/1b CH2CHNH 0.015
CHOH 0.067 0.006
CONH 0.073 (�)-G7/1c CH2CHNH 0.011

(�)-G2/1b CHOH 0.040 0.006
OCH3 0.003 (�)-G8/1a OCH3 0.022
CHNH 0.007 CHOH 0.064
CHOH 0.011 CONH 0.055

(�)-G2/1c CH3 0.004 (�)-G8/1b CONH 0.031
OCH3 0.012 (�)-G8/1c OCH3 0.010
CHNH 0.007 CHOH 0.019
CHOH 0.020 CONH 0.029

(�)-G3/1a CHOH 0.069 (�)-G9/1a PhCH2 0.005
OCH3 0.031 CHOH 0.054
CHNH 0.020 OCH3 0.029
CHOH 0.078 CHOH 0.074
CONH 0.053 CONH 0.054

(�)-G3/1b CHNH 0.008 (�)-G9/1b CHOH 0.008
CHOH 0.012 (�)-G9/1c OCH3 0.010

(�)-G3/1c CHOH 0.032 CHOH 0.021
OCH3 0.015 CONH 0.028
CHNH 0.007 (�)-G10/1a CHOH 0.050
CHOH 0.030 OCH3 0.028
CONH 0.026 CHOH 0.065

(�)-G4/1a OCH3 0.039 (�)-G10/1b CH2CH 0.005
CHOH 0.079 (�)-G10/1c OCH3 0.010
CONH 0.071 (�)-G11/1a OCH3 0.032

(�)-G4/1b OCH3 0.006 CHOH 0.078
CHOH 0.015 (�)-G11/1b CHOH 0.047
CONH 0.062 OCH3 0.005

(�)-G4/1c CHOH 0.047 (�)-G11/1c OCH3 0.013
OCH3 0.020 CHOH 0.019
CHOH 0.025 (�)-G12/1a OCH3 0.017

(�)-G5/1a OCH3 0.026 CHOH 0.061
CHOH 0.072 CONH 0.065
CONH 0.053 (�)-G12/1b CHOH 0.018

(�)-G5/1b CHOH 0.027 (�)-G12/1c CHOH 0.030
CHOH 0.013 CHOH 0.008
CONH 0.032

[a] TAMCSA 1a/1b/1c : (�)-GX=1 :1 (molar ratio), X=1–12, [(�)-GX]=10 mM.
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structure of TAMCSAs 1a–1c is a key and decisive factor
towards chiral discrimination of these chiral ester derivatives.

In order to better understand the chiral discriminating
behavior of (�)-G1–12 induced by TAMCSAs 1a–1c, samples of
(�)-G1 with TAMCSA 1a (molar fraction ranging from 0.1 to
0.9) were prepared with a total concentration of 10 mM in
CDCl3, and their 1HNMR spectra were measured on a 400 MHz
spectrometer. Job plots of (S,S)-G1 and (R,R)-G1 were obtained
in the presence of TAMCSA 1a by recording the change of
chemical shifts of two types of protons (PhCHOH and CH3O
groups) of (S,S)-G1 and (R,R)-G1 in the context of the
continuous variation Job’s method.[18] The results showed that
the maximum values 0.024 ppm (PhCHOH, X*Δδ=X*Δδ(R,R)–
X*Δδ(S,S) =0.031–0.007), and 0.009 ppm (CH3O, X*Δδ=X*Δδ(S,S)–
X*Δδ(R,R) = � 0.0039–(-0.0129)) were reached at a molar fraction
of X=0.5, suggesting that a pair of diastereoisomeric com-
plexes with 1 :1 stoichiometry are formed between (S,S)-G1 and
(R,R)-G1 with TAMCSA 1a, respectively (Figure 3).

To explore the hydrogen bonding interactions between
enantiomers of (�)-G1–12 with TAMCSAs 1a–1c, 1HNMR
titration of (S,S)-G1 and (R,R)-G1 were carried out in the
presence of TAMCSA 1a, as a representative example, and their
association constants (Ka) were calculated by the nonlinear
curve fitting method (see SI, Table S1).[19]

To further understand the intermolecular interactions
between enantiomers of (�)-G1–12 with TAMCSAs 1a–1c,
theoretical calculation of (R,R)-G1 and (S,S)-G1 with TAMCSA 1a
was performed by the hybrid density functional theory (B3LYP/

3-21G).[20] The proposed models show that intermolecular
hydrogen bonds were found between (R,R)-G1 with TAMCSA
1a (CONH⋅⋅⋅OH (guest), 1.775 Å and NHCO⋅⋅⋅HO (guest), 1.632 Å
(Figure 4(a)) and (S,S)-G1 with TAMCSA 1a (CONH⋅⋅⋅OH (guest),
1.793 Å and NHCO⋅⋅⋅HO (guest), 1.625 Å) (Figure 4(b)), respec-
tively.

Meanwhile, the calculated chemical shift values (δ, ppm)
and nonequivalent chemical shifts (Δδ, ppm) of the CH proton
(PhCHOH group) of (R,R)-G1 and (S,S)-G1 in the presence of
TAMCSA 1a were obtained based on the aforementioned
theoretically calculated models and shown to be in agreement
with the observed δ values in CDCl3 (see SI, Table S2).

Now that the chiral discriminating capability of TAMCSAs
1a–1c has been demonstrated towards chiral ester derivatives
containing an amide group and possessing one or two stereo-
genic centers by means of 1HNMR spectroscopy, their practical
application was evaluated in analyzing and determining
enantiomeric excess (ee). Therefore, samples containing (R,R)-
G1 with 0%, 5%, 10%, 30%, 50%, 70%, 90%, 95% and 98% ee
were prepared in the presence of TAMCSA 1a in CDCl3, and
their 1HNMR spectra were measured on a 400 MHz spectrom-
eter. The separated 1HNMR signals of the CH proton (PhCHOH
group) of (R,R)-G1 and (S,S)-G1 were used for analysis and
determination of enantiomeric excesses, since they were clearly
observed in their 1HNMR spectra without any signal overlap or
other interference. The ee values of all samples with different
optical purities were calculated by the integration of 1HNMR
signals of the CH proton of (R,R)-G1 and (S,S)-G1 (up to 98% ee)
(Figure 5(a)). Excellent linear correlations between the theoret-
ical (X) and observed (Y) ee values are obtained in the presence
of TAMCSA 1a (Figure 5(b)).

In order to further evaluate practical applications in the
determination of enantiomeric excess, another set of samples
of G9 containing (R,R)-G9 with 0%, 10%, 30%, 50%, 70%, 90%
and 95% ee was prepared in the presence of TAMCSA 1a

Table 3. Partial 1HNMR spectra of the CH protons (CHOH group) of (�)-G1–
12 in the presence of TAMCSA 1a in CDCl3 (400 MHz).

[a]

[a] TAMCSA 1a : (�)-GX=1 :1 (molar ratio), X=1–12, [TAMCSA
1a]=10 mM.

Figure 3. Job plots for complexes of (S,S)-G1 and (R,R)-G1 with TAMCSA 1a.
Δδ stands for chemical shift change of PhCHOH of (R,R)-G1 (*) and (S,S)-G1
(*), and CH3O of (R,R)-G1 (~) and (S,S)-G1 (!) in the presence of TAMCSA
1a in CDCl3 (400 MHz). X stands for the molar fraction of (�)-G1, X= [(�)-G1]/
[(�)-G1+TAMCSA 1a].
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under the same conditions, and their 1HNMR spectra were
recorded on a 400 MHz spectrometer. Similarly, enantiomeric
excesses of all samples were calculated by the integration of
1HNMR signals of the CH proton of PhCHOH group of (R,R)-G9
and (S,S)-G9 (up to 95% ee) (see SI, Figure S3(a)). Excellent
linear correlation between the theoretical (X) and observed (Y)
ee values are once again obtained in the presence of TAMCSA
1a (see SI, Figure S3(b)).

Conclusion

Enantiomers of a new class of chiral ester derivatives containing
an amide group and possessing one or two stereogenic centers
(�)-G1–12 have been synthesized by the amidation reaction of
(R)- or (S)-mandelic acid with (R)- or (S)-α-amino acid methyl
esters, and methyl 2-aminoacetate. The enantiomers of these

ester derivatives, as a new class of chiral substrates, were
successfully differentiated in the presence of TAMCSAs 1a–1c
by means of 1HNMR spectroscopy. By analyzing and comparing
chiral discriminating results, we found that TAMCSA 1a is a
more effective and sensitive chiral solvating agent than 1b and
1c towards these ester derivatives. In order to investigate chiral
discriminating behavior of chiral ester derivatives in the
presence of TAMCSAs 1a–1c, Job plots of (R,R)-G1 and (S,S)-G1
were performed in the presence of TAMCSA 1a. The results
suggest that (S,S)-G1 and (R,R)-G1 with TAMCSA 1a formed a
pair of diastereoisomeric complexes with 1 :1 stoichiometry.

Figure 4. Proposed DFT models for the hydrogen bonding interactions
between (R,R)-G1 (a) and (S,S)-G1 (b) with TAMCSA 1a, respectively.

Figure 5. Determination of enantiomeric excesses (ee) of G1 with different
optical purities, ee (%)= {[(R,R)-G1–(S,S)-G1]/[(R,R)-G1+ (S,S)-G1]}×100%.
Overlaid 1HNMR spectra of the CH proton (PhCHOH) of G1 in the presence of
an equal amount of TAMCSA 1a (a). Linear correlation between the
theoretical (X) and observed (Y) values of G1 with TAMCSA 1a (b).
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Meanwhile, in order to further understand hydrogen bonding
interactions, the association constants (Ka) and theoretical
calculation of (S,S)-G1 and (R,R)-G1 with TAMCSA 1a were
performed, respectively. To evaluate the practical application in
analyzing optical purities of chiral substrates, enantiomeric
excesses of G1 and G9 with various optical purities were
obtained (up to 98% ee) in the presence of TAMCSA 1a,
respectively. In summary, a practical method for discrimination
of enantiomers of chiral ester derivatives containing an amide
moiety, and possessing one or two stereogenic centers, has
been effectively established with the assistance of TAMCSAs
1a–1c by using 1HNMR spectroscopy.

Experimental Section
General synthetic procedure of TAMCSAs 1a–1c: The chiral
diimines 5a–5c were prepared from chiral diamines 4a–4c with
3,5-dibromosalicylaldehyde under reflux for 3 hours in CH3OH in
40–94% yields. To a solution of chiral diimines 5a–5c (1 mmol) in
dried DMF (60 mL) were added the activated zinc powder (0.65 g,
10 mmol) and MsOH (0.96 g, 10 mmol) in dried DMF (20 mL). The
mixture was stirred for 23 h under a nitrogen atmosphere from
� 18 to 0 °C. The reaction mixture was basified to pH=10 with a
saturated NaHCO3 solution. The precipitate formed was filtered off
and washed with CHCl3. The organic layer was separated, and water
layer was extracted with CHCl3 (15 mL×3). The combined organic
phase was dried over anhydrous Na2SO4. The solvent was removed
under reduced pressure, and the residue was purified by column
chromatography on silica gel to afford TAMCSAs 1a–1c in 14–20%
yields and chiral compounds 2a–2c as co-products in 15–20%
yields.

General synthetic procedure of enantiomers of chiral ester
derivatives G1–12: (R)- or (S)-mandelic acid (0.76 g, 5 mmol) was
added to a suspension of D- or L-amino acid methyl ester
hydrochloride (5 mmol), and methyl 2-aminoacetate hydrochloride
in dried CH2Cl2 (8 mL) at room temperature. HOBt (5.5 mmol) and
DIPEA (5.5 mmol) were added to the suspension, respectively. A
solution of DCC (5.5 mmol) in dried CH2Cl2 (8 mL) was dropwise
added to the aforementioned reaction mixture at 0 °C. After the
mixture was stirred for 8 h, the precipitate was filtered off and
washed with CH2Cl2. The solvent was removed under reduced
pressure. The residue was purified by column chromatography on
silica gel to afford the corresponding enantiomeric products of
chiral ester derivatives G1–12 in 52–74% yields.

Supporting Information Summary

The characterization data of all new chiral compounds,
including 1HNMR, 13CNMR, HRMS and their spectra, NOESY
spectra of TAMCSAs 1a–1c, overlaid 1HNMR of chiral discrim-
inating condition optimizations and determination of enantio-
meric excesses of G9, related data of density functional theory
(DFT) computations, and 1HNMR spectra of chiral recognition
of (�)-G1–12, are provided in the Supporting Information.
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