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Calix[4]arene-based two-armed chiral anion receptors 3a
and 3b have been synthesized and examined for their chiral
anion-binding abilities by UV/Vis absorption and 'H NMR
spectroscopy. The results of nonlinear curve fitting indicate
that 3a and 3b form 1:1 stoichiometric complexes with the
L- or D-a-phenylglycine anion by multiple hydrogen-bonding
interactions and exhibit good enantioselective recognition for
the enantiomers of the o-phenylglycine anions (3a: Kjss,/

Kassip) = 4.76; 3b: Kysspy/Kassqy = 2.84). The marked colour
changes observed for the complexation of 3a with the chiral
anions and the good enantioselective recognition reveal that
receptor 3a could be used as a good chiral chromogenic
chemosensor for the enantiomers of the a-phenylglycine
anion.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

Molecular recognition, and in particular chiral recogni-
tion, is a fundamental feature of biochemical systems. The
study of synthetic model systems could contribute to the
understanding of these processes and, at the same time, of-
fer new perspectives for the development of pharmaceuti-
cals, enantioselective sensors, catalysts and other molecular
devices.[! The specific recognition of a certain molecule and
the transformation of the recognition event into a signal are
crucial points for the molecular design of a chemosensor.
Recently, fluorescent and luminescent sensors have been de-
veloped for the selective recognition of cations, anions and
neutral molecules.”! However, the use of colorimetric sen-
sors or chromogenic chemosensors has received less atten-
tion.’] The use of such sensors would be a real advantage
because the recognition event between host and guest is vis-
ible to the naked eye and immune to other factors such as
autofluorecence, light scattering as well as electrical inter-
ferences. Because of this, several researchers have recently
developed optical chemosensor systems for the recognition
and monitoring of biologically relevant substrates.[*!

Amino acids and peptides have often been employed as
chiral sources in the synthesis of chiral receptors because of
their accessibility and biological relevance.’] Urea, thiourea
and amide groups are good hydrogen-bonding donors, thio-
urea recognition units having an especially strong ability to
hydrogen bond to anions, which are widely used in the de-
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sign and synthesis of artificial receptors for anions.®! Ca-
lixarenes, with their unique three-dimensional structures
and almost unlimited scope for derivatization, are impor-
tant molecular building blocks with a wide range of poten-
tial applications.”]

Phenylglycine is a synthetic amino acid used in the man-
ufacture of B-lactam antibiotics such as semisynthetic ceph-
alosporin and penicillin.®! Though elegant synthetic meth-
ods have been developed for the preparation of phenylgly-
cine derivatives, there is still a need for efficient and rapid
monitoring of the amount of each enantiomer of these
compounds formed.”!

Herein, we report the synthesis of two chiral chromo-
genic receptors (3a and 3b) which contain both thiourea
and amino acid binding units. The chiral recognition ability
of receptors 3a and 3b towards the a-phenylglycine anion
was investigated by UV/Vis absorption and '"H NMR spec-
troscopy. The results reveal that 3a exhibits good enantiose-
lective recognition for the enantiomers of the a-phenylgly-
cine anion.

Results and Discussion

Synthesis

The synthesis of calix[4]arene derivatives 3a and 3b is
outlined in Scheme 1. Compounds 1a and 1b were synthe-
sized according to literature methods!'” and the intermedi-
ates 2a and 2b were obtained in high yields (97-98 %). Com-
pounds 2a and 2b were allowed to react with p-nitrophenyl
isothiocyanate to give target molecules 3a and 3b. Receptors
3a and 3b are readily soluble in common organic solvents
such as CHCl;, CH;OH, DMSO and DMF. The structures
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Scheme 1. Synthesis of receptors 3a and 3b.

of these compounds were characterized by IR, 'H and '3C
NMR spectroscopy, ESI-MS and elemental analysis.

The stereogenic centers of receptors 3a and 3b disturb
the planar symmetry of the parent rings, resulting in more
aromatic carbon signals in the '3C NMR spectra of recep-
tors 3a and 3b. This pattern is similar to those observed in
the '3C NMR spectra of other chiral calix[4]arenes.!!%!!]
The '"H NMR spectra of 3a and 3b exhibit two sets of doub-
lets due to the bridging methylene protons and two sets of
singlets due to the terz-butyl groups. This indicates that the
two receptors adopt the cone conformation in CHCl;. The
'"H NMR spectra of 3a and 3b also exhibit one set of doub-
lets due to ArOCH, protons. This splitting pattern may be
related to the introduction of chiral moieties into the mole-
cules, as seen with other chiral calix[4]arenes.[!%-11]

UVI/Vis Spectra Study

A series of UV/Vis spectral titration experiments was un-
dertaken to investigate the possible interactions between the
host and each enantiomer of the a-phenylglycine anion. In
each case the countercation was tetrabutylammonium.

The UV/Vis absorption spectra of 3a upon addition of
L-a-phenylglycine anions are shown in Figure 1. In the ab-
sence of the anion, 3a has an absorption maximum at
359 nm, which can be assigned to an intramolecular charge-
transfer (CT) absorption band. With the addition of the L-
a-phenylglycine anion to a solution of receptor 3a in
DMSO (5.0x10°molL "), the characteristic absorption
peak of the host at 359 nm gradually decreased with a ba-
thochromic shift (about 5 nm) and a new absorption peak
at about 481 nm appeared, illustrating that a complex had
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formed between the host and guest. Meanwhile, a clear
isosbestic point was observed at 380 nm, indicating that
there is a balance between the complex and host, guest in
solution.['”l Upon gradually increasing the concentration of
the L-a-phenylglycine anion, the colour of the solution of
3a changed from colorless to yellow, which could be ob-
served by the naked eye.
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Figure 1. UV/Vis absorption spectra of receptor 3a in DMSO
(5.0x10° molL ') upon the addition of various amounts of the L-
a-phenylglycine anion. Anion equivalents: 0, 0.1, 0.2, 0.3, 0.5, 0.7,
1.0, 1.4, 2.0, 3.0, 4.0 and 11.0. Nonlinear curve fitting for the
change in absorbance at 481 nm with respect to the amount of L-
a-phenylglycine anion added is shown in the inset. The correlation
coefficient (R) of the nonlinear curve fitting is 0.9968.

Similar phenomena were observed when D-a-phenylgly-
cine anion was added to a solution of 3a in DMSO
(5.0x10° molL") (Figure 2). The characteristic absorp-
1575
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tion peak of the host at 359 nm gradually decreased with a
slight bathochromic shift (about 10 nm) and a new absorp-
tion peak appeared at about 481 nm; the intensity of the
new peak is greater than that of 3a with the L-a-phenylgly-
cine anion. In particular, upon gradually increasing the
concentration of the p-a-phenylglycine anion, the color of
the solution clearly changed from colorless to saffron. This
colour change is attributable to an obvious increase of ab-
sorption in the visible region at 481 nm. A clear isosbestic
point was also observed at 384 nm. The new absorption of
the 3a solution in the visible region can be ascribed to
charge-transfer interactions between the electron-rich do-
nor nitrogen atom of the thiourea units and the electron-
deficient p-nitrophenyl moieties. When the receptor became
bound to a L-a-phenylglycine anion, hydrogen bonds were
constructed to form stable complexes and the electron den-
sity in the supramolecular system was considerably in-
creased. This enhanced the charge-transfer interactions be-
tween the electron-rich and -deficient moieties, resulting in
a visible color change.l!'3] When a protic solvent such as
methanol was added to the yellow solution of 3a and the
L-a-phenylglycine anion or the saffron solution of 3a and
the p-a-phenylglycine anion in DMSO, the colour of both
solutions became colorless. This phenomenon illustrates
that the addition of a protic solvent destroyed the complex-
ation between 3a and the L- or D-o-phenylglycine anion,
demonstrating that the interaction between 3a and the L-
or D-a-phenylglycine anion was, in essence, a hydrogen-
bonding interaction. The satisfactory nonlinear curve fit-
ting (absorption intensity at 481 nm vs. equivalents of the
a-phenylglycine anion; correlation coefficient >0.99) con-
firmed that receptor 3a and the L- or D-a-phenylglycine
anion formed a 1:1 complex (see the insets of Figure 1 and
Figure 2).['¥ In addition, the association constants of the
two ions with 3a are very different [K,sq, = 2.34x10° M !;
Kassmy = 4.91x10*M '], demonstrating that 3a exhibits
good enantioselective recognition for the enantiomers of
the a-phenylglycine anions.

Receptor 3b showed a similar response to 3a on addition
of the L- or D-a-phenylglycine anion. In the absence of the
anion, the UV/Vis spectra of 3b in DMSO
(5.0x10° mol L) exhibited an intramolecular CT absorp-
tion band (Anax = 359 nm). With the addition of the L- or
D-o-phenylglycine anion, the CT band shifted, respectively,
to 373 and 374 nm and a new absorption at 479 nm was
observed (see Figure 3 and Figure 4). The color of both
solutions changed from colorless to saffron. A clear shift of
the isosbestic point was observed from 386 nm to 398 and
395 nm for the L and D enantiomers, respectively. This may
be due to different complexation states of the host and
guest. Because 3b has a greater steric hindrance caused by
the aryl rings in the chiral units, the two arms in 3b cannot
get close enough to each other to form a good preorganized
structure. At lower concentrations of the guest anion, the
1:1 complex may be formed between one arm of 3b and the
guest anion. When the receptor became bound to an anion,
the electron density in the supramolecular system increased,
which enhanced the charge-transfer interactions between
1576
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Figure 2. UV/Vis absorption spectra of receptor 3a in DMSO
(5.0x 103 mol L") upon the addition of various amounts of the p-
a-phenylglycine anion. Anion equivalents: 0, 0.1, 0.2, 0.3, 0.5, 0.7,
1.0, 1.4, 2.0, 3.0, 4.0, 6.0 and 9.0. The nonlinear curve fitting for
the change in absorbance at 481 nm with respect to the amount of
D-o-phenylglycine anion added is shown in the inset. The corre-
lation coefficient (R) of the nonlinear curve fitting is 0.9975.

the electron-rich donor units and the electron-deficient p-
nitrophenyl moieties, resulting in the new absorption peak.
At higher concentrations of the guest anion, the 1:1 com-
plex may be formed between the two arms of 3b and the
guest anion, resulting in an extension of the supramolecular
system and increased CT interactions with an enhancement
of the absorption at 479 nm. The satisfactory nonlinear
curve fitting (absorption intensity at 479 nm vs. equivalents
of o-phenylglycine anion; correlation coefficient >0.99)
confirmed that receptor 3b and the L- or D-a-phenylglycine
anion formed a 1:1 complex (see the insets of Figure 3 and
Figure 4).['Y1 Receptor 3b exhibited similar enantioselective
recognition for the a-phenylglycine anion as 3a. The ratio
of the association constants for the complex of 3a and the
two o-phenylglycine anions is K,ss1)/Kasspy = 4.76, while
for 3b K,ss(py/ Kassry = 2.84. The results illustrate that recep-
tor 3a exhibits good enantioselective recognition for the
enantiomers of the o-phenylglycine anions. The much
higher association constants for the complexation of 3a
with the L-o-phenylglycine anion and for the complexation
of 3b with the D-a-phenylglycine anion are probably due to
the L- and D-a-phenylglycine anions having a more comple-
mentary structure with respect to receptor 3a and 3b,
respectively.

Continuous variation methods were used to determine
the stoichiometric ratios of the complexes formed between
the receptors 3a and 3b and the anion guests. The total
concentration of the host and the a-phenylglycine anion
guest was kept constant (1.0x10“#molL"") in DMSO,
whilst the molar fraction of the guest {{G]/([H]+[G])} was
continuously varied. Figure 5 shows the Job plots for 3a (at
481 nm) and 3b (at 479 nm) with L- and D-a-phenylglycine
anions in DMSO. When the molar fraction of the guest is
0.50, the absorption reaches a maximum, demonstrating
that receptors 3a and 3b both formed a 1:1 complex with
L- or D-o-phenylglycine anions.!'?!
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Figure 3. UV/Vis absorption spectra of receptor 3b in DMSO
(5.0x 10> mol L") upon the addition of various amounts of the L-
a-phenylglycine anion. Anion equivalents: 0, 0.4, 1.4, 3.0, 4.6, 8.2,
10.2, 14.2, 18.2, 28.2, 36.2, 56.2, 106.2 and 156.2. Nonlinear curve
fitting for the change in absorbance at 479 nm with respect to the
amount of L-a-phenylglycine anion added is shown in the inset.
The correlation coefficient (R) of the nonlinear curve fitting is
0.9935.
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Figure 4. UV/Vis absorption spectra of receptor 3b in DMSO
(5.0x10° mol L") upon the addition of various amounts of D-a-
phenylglycine anion. Anion equivalents: 0, 0.4, 0.8, 1.5, 2.0, 2.8,
6.8, 10.8, 15.8, 38.8, 50.8, 86.8, 126.8 and 176.8. Nonlinear curve
fitting for the change in absorbance at 479 nm with respect to the
amount of D-a-phenylglycine anion added is shown in the inset.
The correlation coefficient (R) of the nonlinear curve fitting is
0.9928.

» - 3a + L-alpha-phenylglycine anion
® - 3a + D-alpha-phenylglycine anion
—4— 3b + L-alpha-phenylglycine anion
v--3b + D-alpha-phenylglycine anion

030 P
0251 J i '\
5 020] d ///*\\ .\
< 0.5 * 'j//‘ \'s'\\.
N
2B B\
0051 /X | \\
000 f—— N
00 02 04 06 08 10
[G]/([H]+[G])

Figure 5. Job plots of 3a (at 481 nm) and 3b (at 479 nm) with L- or
D-o-phenylglycine anions. The total concentration of the host and
guest is 1.0x 104 molL~! in DMSO.

The interactions between receptor 3a or 3b and the
enantiomers of the mandelate or dibenzoyl tartrate anion
have also been investigated by UV/Vis spectroscopy. The
results are listed in Table 1 and show that 3a and 3b have
lower chiral recognition ability towards the enantiomers of
the mandelate and dibenzoyl tartrate anions.

For a complex with a stoichiometry of 1:1, the associa-
tion constant K, can be calculated from Equation (1) from
the Origin 7.0 package,['#*16] where X is the absorption in-
tensity and Cy and Cg are the corresponding concentra-
tions of the host and guest anion; Cj is the initial concen-
tration of the host. The association constants (K,s) and
correlation coefficients (R) obtained by a nonlinear least-
squares analysis of X versus Cy and Cg are listed in
Table 1.

X= XO + ()(lim - XO)/ZCO{CH + CG + l/Kass -
[(Cu + Cg + 1/Ky)* =4 CuCa]?y (1)

The data in Table 1 illustrate that receptor 3a has better
enantioselective recognition ability towards the enantiomers
of the a-phenylglycine anions than receptor 3b. Receptors

Table 1. Association constants (K,) and correlation coefficients (R) for complexes formed between receptors 3a and 3b and anion guests

in DMSO.
Anion!? Receptor 3a Receptor 3b
KEISS [M ]][b][C] R KRSS [M l][b][C] R

L-a-Phenylglycine (2.34£0.03)x 10° 0.9968 (2.95£0.01)x 10° 0.9935
D-a-Phenylglycine (4.91£0.02) x 10* 0.9975 (8.40£0.02) x 10° 0.9928
L-Mandelate 413.64£2.70 0.9968 194.16£1.81 0.9984
D-Mandelate 166.94£2.53 0.9951 337.51+£3.04 0.9946
Dibenzoyl L-tartrate 1560.27+5.52 0.9938 1104.47+4.41 0.9965
Dibenzoyl D-tartrate 1654.36+4.87 0.9942 501.94+3.91 0.9962

[a] Anions were used as their tetrabutylammonium salts. [b] Values of K. were calculated from UV/Vis titrations in DMSO. [c] All error

values were obtained by nonlinear curve fitting.
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3a and 3b also exhibit definite enantioselective recognition
towards the enantiomers of the mandelate and dibenzoyl
tartrate anions. The association constants for the complexes
of 3a and a range of anions are much higher than those of
3b, which may be a result of the greater steric hindrance in
3b caused by the aryl rings in the chiral units. This greater
steric hindrance may prevent the two arms in 3b from get-
ting close enough together to form a good preorganized
structure, reducing its selective recognition ability towards
guests. Because the receptor 3a has a relatively rigid struc-
ture and a good preorganized structure, receptor 3a exhibits
higher enantioselective recognition for the L- and D-a-phen-
ylglycine anions than 3b.

TH NMR Study

'H NMR experiments were undertaken to assess the chi-
ral recognition properties between the receptors and the L-
or D-a-phenylglycine anions because they can directly pro-
vide structural and dynamic information.l'”? Chiral recogni-
tion studies were carried out using a 300 MHz NMR spec-
trometer with compounds 3a and 3b as the chiral-solvating
agents.

Tetrabutylammonium a-phenylglycine was chosen as the
probe. The 'H NMR spectrum of racemic a-phenylglycine
anions in CDCl; in the absence of the host exhibited only
one singlet (0 = 4.309 ppm) due to the CH proton reso-
nance. The '"H NMR spectra of 3a (2.0x1073 M) and its
complex with equimolar amounts (2% 103 M) of the L-, D-
or racemic a-phenylglycine anion were recorded (see the
Supporting Information). Two singlet resonances (0 = 4.438
and 4.479 ppm) due to the CH proton of the racemic a-
phenylglycine anion were observed in the presence of sensor
3a with an intensity ratio of about 1:1; the separation be-
tween the two peaks is 12.3 Hz. This indicates that the in-
teractions between 3a and the L and D forms of the a-phen-
ylglycine anion are different, resulting in two singlet reso-
nances for the racemic CH proton. The CH proton singlet
resonances of the L- and D-a-phenylglycine anions are
shifted downfield by about 0.170 and 0.129 ppm, respec-
tively, in the presence of the sensor 3a. The different down-
field shifts of the CH proton of the two enantiomers reveal
that 3a has good enantioselective recognition ability.

The '"H NMR spectra of 3b (2.0 x 103 m) and its complex
with equimolar amounts (2 x 10-3 M) of the L-, D- or racemic
a-phenylglycine anion were also recorded (see the Support-
ing Information). Two singlet resonances (0 = 4.408 and
4.420 ppm) due to the CH proton of the racemic a-phenyl-
glycine anion were observed in the presence of 3b with an
intensity ratio of about 1:1; the separation between the two
peaks is 3.6 Hz. This indicates that the interactions between
3b and the L and D forms of the a-phenylglycine anion are
different, resulting in two singlet resonances for the racemic
CH proton. The CH proton of the complex between 3b and
the D enantiomer has a larger downfield shift (Ad =
0.111 ppm) than that of the complex between 3b and the L
enantiomer (Ad = 0.099 ppm). Hence, in contrast to recep-
1578
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tor 3a, 3b has a stronger interaction with the D-a-phenylgly-
cine anion than with the L-a-phenylglycine anion.

The 'H NMR spectra of receptors 3a and 3b also show
other dramatic changes in the presence of a guest. Upon
addition of an equimolar amount of the L-a-phenylglycine
anion to a solution of 3a, the two characteristic amide (NH)
peaks at 6 = 9.31 and 9.89 ppm disappeared. Upon addition
of an equimolar amount of the D-a-phenylglycine anion to
a solution of 3a, one of the characteristic amide (NH) peaks
is shifted upfield from 9.31 to 9.30 ppm (A = 0.01 ppm),
the other amide (NH) peak is also shifted upfield from 9.89
to 9.42 ppm (Ad = 0.47 ppm) and both of the amide (NH)
signals become much weaker. In each case, all the signals
arising from the thiourea’s protons are weakened.

Upon addition of an equimolar amount of the L-a-phen-
ylglycine anion to a solution of 3b, one of the characteristic
amide (NH) peaks is shifted upfield from 9.27 to 9.26 ppm
(A0 = 0.01 ppm), the other amide (NH) peak is also shifted
upfield from 10.11 to 9.63 ppm (Ad = 0.48 ppm) and both
of the amide (NH) peaks become much weaker. Upon ad-
dition of an equimolar amount of the D-o-phenylglycine
anion to a solution of 3b, the two characteristic amide (NH)
peaks at 9.27 and 10.11 ppm disappeared. The above result
illustrates that the interaction between the host and guest
also occurs through multiple hydrogen bonds.

The results of the 'H NMR investigation of the interac-
tion between receptors 3a or 3b and the guest indicate that
the interaction between 3a and the L-a-phenylglycine anion
is stronger than that between 3a and the D enantiomer while
3b exhibited contrasting recognition ability for the enantio-
mers of the a-phenylglycine anion. Except for the multiple
hydrogen-bonding interactions between the host and guest,
the steric differences between the hosts 3a and 3b may be
the main reason for the differences in recognition ability for
D- and L-o-phenylglycine anions.!'8!

Conclusions

Two chiral chromogenic sensors 3a and 3b have been syn-
thesized. The enantioselective recognition ability of the re-
ceptors was studied by UV/Vis absorption and 'H NMR
spectroscopy. Receptors 3a and 3b exhibit different chiral
recognition abilities towards the enantiomers of tetrabu-
tylammonium L- and D-a-phenylglycine and formed 1:1
complexes with the guests. Receptor 3a has a better enan-
tioselective recognition ability than 3b. Steric effects, a rela-
tively good preorganized structure and the better hydrogen-
bonding ability of 3a may be responsible for its better enan-
tioselective recognition of the a-phenylglycine anions. The
good enantioselective recognition and obvious colour
change on complexation of 3a and the a-phenylglycine
anion indicate that 3a could be used as a chiral chromo-
genic sensor for the enantiomers of the a-phenylglycine
anion.

Experimental Section

General: Melting points were determined with a Reichert 7905
melting-point apparatus and are uncorrected. Optical rotations

Eur. J. Org. Chem. 2006, 1574-1580
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were recorded with a Perkin—Elmer Model 341 polarimeter. IR
spectra were obtained with a Nicolet 670 FT-IR spectrophotome-
ter. '"H and '*C NMR spectra were recorded in CDCl; with a Var-
ian Mercury VX 300-MHz and a Varian Inova 600-MHz spectrom-
eter, respectively. Mass spectra were recorded with a Finnigan LCQ
Advantage mass spectrometer. Elemental analysis was performed
with a Carlo-Erba 1106 instrument. The UV/Vis spectra were re-
corded with a TU-1901 spectrophotometer. Ethylenediamine was
distilled before use. CHCl; was washed with water and dried with
CaCl, and Et;N was dried and distilled from CaH,. All other com-
mercially available reagents were used without further purification.
The anions were used as their tetrabutylammonium salts. Com-
pounds 1a and 1b were synthesized according to the method re-
ported in the literature.!']

General Procedure for the Synthesis of the Calix|4]arene Derivatives
2: A solution (20 mL) of 1a or 1b (1.5 mmol) in CH;OH was added
dropwise to a stirred solution of ethylenediamine (0.54 g,
9.0 mmol) in CH;0H (10 mL). The mixture was stirred for 48 h
under N, at room temperature. The solvent and excess ethylenedi-
amine were removed under reduced pressure and the residue was
dried in vacuo to give product 2a or 2b as a yellow solid.

Calix|4]arene Derivative 2a: The pure product was obtained as a
yellow powder (1.46 g) in 98% yield; m.p. 154-156 °C. IR (KBr): ¥
= 3420, 3049, 2959, 2869, 1659, 1540, 1483, 1391, 1362, 1301, 1232,
1203, 1124, 1042, 982, 872, 819, 593 cm!. '"H NMR (CDCl5): 6 =
1.04 (s, 18 H, rBu), 1.26 (s, 18 H, Bu), 1.42 (d, J = 7.2Hz, 6
H, CCHj;), 2.80-2.94 (m, 8 H, CH,CH,NH,), 3.25-3.33 (m, 4 H,
CONHCH,), 3.38-3.49 (m, 4 H, ArCH,Ar), 4.17-4.25 (m, 4 H,
ArCH,Ar), 4.35 (d, J = 15 Hz, 2 H, OCH,CO), 4.62-4.69 (m, 2 H,
NC*HCO), 4.86 (d, J = 15 Hz, 2 H, OCH,CO), 6.87 (s, 4 H, ArH),
6.99 (s, 4 H, ArH), 7.87 (s, 2 H, ArOH), 9.42 (d, J = 7.2 Hz, 2 H,
CONH), 9.60 (s, 2 H, CONH) ppm. *C NMR (CDCl): § = 17.4,
19.1, 31.2, 31.8, 34.7, 34.3, 40.9, 41.2, 44.8, 46.7, 49.2, 75.1, 125.4,
125.8, 126.1, 126.7, 126.9, 127.2, 132.4, 132.7, 142.8, 143.3, 148.3,
148.5, 149.3, 149.8, 150.2, 150.4, 169.4, 172.6, 173.5 ppm.
CsgHgoNgOg: C 70.26, H 8.35, N 8.48; found C 70.12, H 8.47, N
8.51.

Calix[4]arene Derivative 2b: The pure product was obtained as a
yellow powder (1.66 g) in 97% yield; m.p. 158-160 °C. IR (KBr): ¥
= 3314, 3058, 2959, 2865, 1658, 1536, 1483, 1362, 1301, 1260, 1205,
1109, 1041, 870. 848, 727, 698 cm'. '"H NMR (CDCl;): 6 = 1.01
(s, 18 H, tBu), 1.08 (s, 18 H, rBu), 2.74-2.96 (m, 8 H,
NCH,CH,NH,), 3.00-3.05 (m, 4 H, ArCH,CH), 3.27-3.32 (m, 4
H, CONHCH,), 3.53 (d, J = 149 Hz, 2 H, ArCH,Ar), 3.87 (d, J
=15 Hz, 2 H, ArCH,Ar), 4.10 (d, J = 15 Hz, 2 H, ArCH,Ar), 4.18
(d, J =15 Hz, 2 H, ArCH,Ar), 4.93-4.97 (m, 2 H, NC*HCO), 5.10
(d, J = 16Hz, 2 H, OCH,CO), 523 (d, J = 159Hz, 2 H,
OCH,CO), 6.84 (s, 4 H, ArH), 6.94-7.07 (m, 10 H, ArH), 7.15 (s,
4 H, ArH), 8.22 (s, 2 H, ArOH), 9.28 (d, / = 8.4 Hz, 2 H, CONH),
9.79 (s, 2 H, CONH) ppm. *C NMR (CDCl;): 6 = 31.2, 31.9, 34.1,
32.6, 34.3, 39.8, 41.2, 41.7, 45.0, 46.6, 53.9, 54.7, 75.0, 75.8, 125.1,
125.2, 125.7, 125.9, 126.3, 126.4, 126.7, 126.8, 127.0, 127.5, 128.2,
128.5, 128.8, 129.5, 132.4, 132.9, 136.9, 137.6, 142.4, 147.9, 148.3,
149.3, 150.0, 150.4, 169.3, 169.9, 170.7, 172.1 ppm. C;oHgoNOg: C
73.51, H 7.95, N 7.35; found C 73.25, H 8.13, N 7.29.

General Procedure for the Synthesis of 3: A solution of p-ni-
trophenyl isothiocyanate (0.36 g, 2.0 mmol) in dry CHCl; (15 mL)
was added dropwise to a solution of 2a or 2b (1.0 mmol) in dry
CHCI; (15mL) at room temperature. The reaction mixture was
then stirred at room temperature for 24 h. The solvent was removed
under reduced pressure and the residue was purified by column
chromatography on silica gel (eluent: CHCIl3/CH;CH,OH).
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Calix|[4]arene Derivative 3a: The pure product (0.35 g) was obtained
by column chromatography on silica gel [eluent: CHCIs/
CH;CH,OH, 20:1 (v/v)] as a pale yellow powder in 25.9% yield;
m.p. 162-164 °C. [a]f) = +47.76 (¢ = 0.05, CHCI;). IR (KBr): v =
3335, 2960, 2867, 1655, 1597, 1540, 1484, 1457, 1330, 1302, 1259,
1205, 1123, 1111, 1040, 869, 852, 715, 652, 590 cm™!. '"H NMR
(CDCl;): 0 = 1.00 (s, 18 H, Bu), 1.29 (s, 18 H, /Bu), 1.45 (d, J =
5.7Hz, 6 H, CHCHs), 2.82 (d, J = 5.7 Hz, 4 H, CH,CH,NH), 3.40
(d, J = 13.0 Hz, 2 H, ArCH,Ar), 3.48 (d, J = 12.8 Hz, 2 H, Ar-
CH,Ar), 3.65-3.83 (m, 4 H, CONHCH,), 4.18 (d, J = 13.2 Hz, 2
H, ArCH,Ar), 4.23 (d, J = 13.2 Hz, 2 H, ArCH,Ar), 4.36 (d, J =
15.0 Hz, 2 H, OCH,CO), 4.52-4.70 (m, 2 H, NC*HCO), 4.95 (d,
J =15.0 Hz, 2 H, OCH,CO), 6.96 (d, J = 6.8 Hz, 4 H, ArH), 7.07
(d, J = 6.8 Hz, 4 H, ArH), 7.38 (br., 2 H, CH,NHCS), 7.61 (br., 2
H, CSNHAr), 7.78 (d, J = 7.2 Hz, 4 H, O,.N-ArH), 7.96 (s, 2 H,
ArOH), 8.06 (d, J = 7.2 Hz, 4 H, O,N-ArH), 9.31 (d, J = 6.6 Hz,
2 H, CONHCH), 9.89 (s, 2 H, CONHCH,) ppm. 3C NMR
(CDCly): 0 =17.7,18.9, 31.1, 31.2, 31.6, 31.8, 32.3, 32.6, 32.9, 32.9,
34.2, 34.3, 344, 36.6, 39.5, 41.2, 49.4, 50.1, 75.0, 121.5, 124.7,
125.4, 125.7, 126.1, 126.3, 126.4, 126.9, 127.1, 127.3, 127.8, 132.3,
132.5, 132.7, 132.9, 143.4, 143.5, 148.6, 148.9, 149.3, 149.9, 150.3,
162.8, 169.6, 170.4, 173.4, 174.0, 181.3 ppm. ESI-MS: m/z (%) =
1349.4 (100) [M — 17*. C7,HgoN01,S,: C 63.97, H 6.72, N 10.36;
found C 63.72, H 6.85, N 10.28.

Calix|[4]arene Derivative 3b: The pure product (0.57 g) was obtained
by column chromatography on silica gel [eluent: CHCIs/
CH3;CH,0H, 25:1 (v/v)] as a pale yellow powder in 38.0% yield;
m.p. 154-155 °C. [a]® = +17.39 (¢ = 0.05, CHCl3). IR (KBr): v =
3314, 2959, 2922, 2865, 1658, 1597, 1515, 1483, 1362, 1330, 1301,
1260, 1205, 1123, 1109, 1041, 870, 848, 809, 727, 698 cm™!. 'H
NMR (CDCls): 6 = 1.00 (s, 18 H, 7Bu), 1.11 (s, 18 H, Bu), 2.78-
2.96 (m, 4 H, ArCH,C), 2.98-3.10 (m, 4 H, CH,NHCS), 3.16 (d,
J =129 Hz, 2 H, ArCH,Ar), 3.25-3.40 (m, 4 H, CONHCH,), 3.50
(d, J = 142Hz, 2 H, ArCH,Ar), 3.87 (d, J = 13.2Hz, 2 H,
OCH,CO), 4.05-4.25 (m, 4 H, ArCH,Ar), 4.95-5.10 (m, 2 H,
NC*HCO), 5.16 (d, J = 159 Hz, 2 H, OCH,CO), 6.82 (s, 4 H,
ArH), 6.92-7.20 (m, 14 H, ArH), 7.55 (br., 2 H, CH,NHCS), 7.72
(br., 2 H, CSNHAr), 7.82 (d, J = 8.4 Hz, 4 H, O,N-ArH), 8.08 (d,
J = 84Hz, 4 H, O,N-ArH), 8.33 (s, 2 H, ArOH), 9.26 (d, J =
7.8 Hz, 2 H, CONHCH), 10.10 (br., 2 H, CONHCH,) ppm. '3C
NMR (CDCly): 0 = 29.9, 31.1, 31.2, 31.8, 32.1, 32.4, 32.5, 32.9,
34.1,34.2,34.4,37.5, 39.6, 41.2, 54.1, 54.9, 74.0, 75.0, 121.3, 124.8,
125.1, 125.4, 125.7, 126.0, 126.3, 126.4, 126.6, 126.7, 126.9, 127.0,
127.2, 127.3, 127.6, 128.2, 128.6, 128.7, 129.1, 132.3, 132.6, 132.9,
136.3, 136.7, 143.2, 145.9, 148.4, 148.7, 149.2, 149.4, 150.2, 150.3,
170.0, 170.3, 171.9, 172.4, 181.0 ppm. ESI-MS: m/z (%) = 1501.6
(100) [M — 17". Cg4HogN(05S,: C 67.07, H 6.58, N 9.31; found C
66.78, H 6.63, N 9.28.

Acknowledgments

We thank the National Natural Science Foundation for financial
support (Grant No. 20372054).

[11 a) J. M. Lehn, Supramolecular Chemistry. Concepts and Per-
spectives, VCH, Weinheim, 1995; b) K. Naemura, Y. Tobe, T.
Kaneda, Coord. Chem. Rev. 1996, 148, 199-219; c) D. Philp,
J. E. Stoddart, Angew. Chem. Int. Ed. Engl. 1996, 35, 1155-
1196; d) Y. Murakami, J. Kikuchi, Y. Hisaeda, O. Hayashida,
Chem. Rev. 1996, 96, 721-758; ¢) R. M. Izatt, K. Pawlak, J. S.
Bradshaw, R. L. Bruening, Chem. Rev. 1995, 95, 2529-2586.

1579

WWW.eurjoc.org



FULL PAPER

G.-Y. Qing, Y.-B. He, Y. Zhao, C.-G. Hu, S.-Y. Liu, X. Yang

[2] a) K. Rurack, U. Resch-Genger, Chem. Soc. Rev. 2002, 31, 116
127; b) P. D. Beer, E. J. Hayes, Coord. Chem. Rev. 2003, 240,
167-189; ¢) L. Pu, Chem. Rev. 2004, 104, 1687-1716.

[3] a) R. Martinez-Maiiez, F. Sancen6n, Chem. Rev. 2003, 103,
4419-4476; b) E. Palomares, R. R. Vilar, J. R. Durrant, Chem.
Commun. 2004, 362-363; ¢) H. Tong, G. Zhou, L. X. Wang,
X. B. Jing, F. S. Wang, J. P. Zhang, Tetrahedron Lett. 2003, 44,
131-134; d) H. Ait-Haddou, S. L. Wiskur, V. M. Lynch, E. V.
Anslyn, J. Am. Chem. Soc. 2001, 123, 11296-11297; e) L. Per-
ring, M. Basic-Dvorzak, D. Andrey, Analyst 2001, 126, 985-
988.

[4] a) C. Krause, T. Werner, C. Huber, O. S. Wolfbeis, M. J. P.
Leiner, Anal. Chem. 1999, 71, 1544-1548; b) R. J. Berry, J. E.
Harris, R. R. Williams, Appl. Spectrosc. 1997, 51, 1521-1524;
¢) G. T. Copeland, S.J. Miller, J Am. Chem. Soc. 1999, 121,
4306-4307.

[5] N. Voyer, J. Lamothe, Tetrahedron 1995, 51, 9241-9284.

[6] a) K. Choi, A. D. Hamilton, Angew. Chem. Int. Ed. 2001, 40,
3912-3915; b) F. Sansone, E. Chierici, A. Casnati, R. Ungaro,
Org. Biomol. Chem. 2003, 1, 1802-1809; ¢) T. Haino, M. Naka-
mura, N. Kato, M. Hiraoka, Y. Fukazawa, Tetrahedron Lett.
2004, 45, 2281-2284; d) G. Tumcharern, T. Tuntulani, S.J.
Coles, M. B. Hursthouse, J. D. Kilburn, Org. Lett. 2003, 5,
4971-4974; e) Z. Y. Zeng, Y. B. He, J. L. Wu, L. H. Wei, X.
Liu, L. Z. Meng, X. Yang, Eur. J. Org. Chem. 2004, 2888-2893.

[7] a) U. Liicking, D. M. Rudkevich, J. Rebek Jr, Tetrahedron Lett.
2000, 41, 9547-9551; b) S. Y. Liu, Y. B. He, J. L. Wu, L. H.
Wei, H. J. Qin, L. Z. Meng, L. Hu, Org. Biomol. Chem. 2004,
2, 1582-1586.

[8] a) M. O. Ruiz, J. L. Cabezas, 1. Escudero, J. R. Alvarez, J.
Coca, Chem. Eng. Res. Des. 2002, 80, 529-536; b) D. J. Ager,
I. Prakash, D. R. Schaad, Chem. Rev. 1996, 96, 835-875; c)
R. M. Williams, Synthesis of Optically Active o-Amino Acids,
Pergamon Press, Oxford, 1989.

[9] a) H. J. Park, Y. Choi, W. Lee, K. R. Kim, Electrophoresis 2004,
25, 2755-2760; b) M. Badis, I. Tomaszkiewicz, J. P. Joly, E.

1580

WWW.eurjoc.org

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Rogalska, Langmuir 2004, 20, 6259-6267; c) J. V. Hernandez,
A. 1. Oliva, L. Simon, E. M. Muniz, M. Grande, J. R. Moran,
Tetrahedron Lett. 2004, 45, 4831-4833; d) R. Corradini, C. Pa-
ganuzzi, R. Marchelli, S. Pagliari, S. Sforza, A. Dossena, G.
Galaverna, A. Duchateau, Chirality 2003, 15, S30-S39; e) E. J.
Bang, J. W. Jung, W. J. Lee, D. W. Lee, W. T. Lee, J. Chem. Soc.,
Perkin. Trans. 2 2001, 9, 1685-1692.

[10]S. Y. Liu, Y. B. He, G. Y. Qing, K. X. Xu, H. J. Qin, Tetrahe-
dron: Asymmetry 2005, 16, 1527-1534.

[11]a) Y. B. He, Y. J. Xiao, L. Z. Meng, Z. Y. Zeng, X.J. Wu, C. T.
Wu, Tetrahedron Lett. 2002, 43, 6249-6253; b) H.S. Yuan,
Z.T. Huang, Tetrahedron: Asymmetry 1999, 10, 429-437.

[12]S. Shao, Y. Guo, L. He, S. Jiang, X. Yu, Tetrahedron Lett. 2003,
44, 2175-2178.

[13]1H. Zollinger, Color Chemistry, VCH, Weinheim, 1991.

[14] a) B. Valeur, J. Pouget, J. Bourson, M. Kaschke, N. P. Ernsting,
J. Phys. Chem. 1992, 96, 6545-6549; b) E. M. Collins, M. A.
McKervey, E. Madigan, M. B. Moran, M. Owens, G. Fergu-
son, S. J. Harris, J Chem. Soc., Perkin. Trans. 1 1991, 12, 3137
3142.

[15]a) E. Asmus, A. Bull, F. Z. Wollsdorf, Anal. Chem. 1963, 193,
81-85; b) Z. Y. Zeng, Y. B. He, J. L. Wu, L. H. Wei, S. Y. Liu,
Y. Y. Huang, L. Z. Meng, L. Hu, Supramol. Chem. 2004, 16,
233-238.

[16]a) Y. Kubo, S. Ishihare, M. Tsukahare, S. Tokita, J. Chem. Soc.,
Perkin. Trans. 2 2002, 1455-1460; b) P. D. Beer, V. Timoshenko,
M. Maestri, P. Passaniti, V. Balzeni, Chem. Commun. 1999,
1755-1756; ¢) Z. Y. Zeng, Y. B. He, L. H. Wei, J. L. Wu, Y. Y.
Huang, L. Z. Meng, Can. J. Chem. 2004, 82, 454-460.

[17] T. Grady, S.J. Harris, M. R. Smyth, D. Diamond, P. Hailey,
Anal. Chem. 1996, 68, 3775-3782.

[18]a) W. H. Pirkle, T. C. Pochapsky, Chem. Rev. 1989, 89, 347—
362; b) K. X. Xu, X.J. Wu, Y. B. He, S. Y. Liu, G. Y. Qing,
L. Z. Meng, Tetrahedron: Asymmetry 2005, 16, 833-839.

Received: September 17, 2005
Published Online: January 16, 2006

Eur. J. Org. Chem. 2006, 1574-1580



