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The complex stability constant&§) and thermodynamic parametersH°® andTAS®) for 1:1 intermolecular
complexation of three water-soluble calixarenes, that-8)jlfonato calix[4]arene (C4ASp:-sulfonato thiacalix-
[4]arene (TCAS), ang-sulfonato calix[5]arene (C5AS), with dipyridines (4-DPD and 2-DPD) and 1,10-
phenanthroline (Phen) have been determined by means of titration microcalorimetry in an acidic buffer solution
(pH = 2.0) at 298.15 K, and their binding modes have been investigatéd BYMR and 2D ROESY NMR
spectroscopy. The results obtained indicate that 4-DPD, 2-DPD, and Phen are included in the cavity of C5AS
with the different patterns, this is, accumbent for 4-DPD, acclivitous for 2-DPD and Phen, while Phen is
included upright in the cavity of C4AS. Th&s values decrease with increasing cavity size of host molecules
but enhance with extending conjugation degree of guest molecules, and thus C4AS exhibits an exceptionally
high Phen/4-DPD selectivity of 22.5. Thermodynamically, the complexation of DPDs/Phen with the water-
soluble calixarenes is obviously enthalpy-driven, but the molecular selectivity is mainly governed by the

entropy term.

Introduction molecules gradually decreases upon the addition of cddix[
arenesulfonates but increases greatly upon the complexation of

of phenol units linked via methylene bridgeBuring the last native cyclodextrins and chemically modified cyclodextrins.

" However, the alkylation in the lower rim of calixfarene-
two decades, the molecular recognition and assembly of . . . ;
. sulfonates enlarges their hydrophobic cavity, causing the

calixarenes have attracted a lot of attention because of the|rfluorescence intensity of the dve quest molecules to araduall
potential applications in various fields such as analysis and increase y ve 9 y

separatiod;® material* enzyme-mimetic systentself-assembly _ o _
membrané, an so forth. Among these recognition processes, ~1nough investigation and development of the functions of
the molecular recognition of calixarenes in aqueous solution c@lix[S]arenes are relatively limited because of the synthetic
should be more important because most biological processedifficulty of calix[S]arene material and its poor selectivity of
occur in aqueous solution. In the past few years, Sciotto et al. maodification, calix[5]arene denwtayes are of significant interest
have extensively investigated the recognition properties of some@S & consequence of the large size of the macrocyclic cavity
water-soluble calix[4]arenes toward quaternary ammonium Sudgesting the possibility of novel hesguest behavior. Struc-
ions/ native amino acidéand small neutral organic molecufes. tural studies show th.zprsullfonato callx[5]arene. (C5AS) adopts
Coleman et a have examined the binding thermodynamics the cone conformation with all of the phenolic oxygen atoms
of p-sulfonatocalixfjarenes = 4, 6, and 8) with amino acid 1" &n approximate _plal_we, and there is No compromise arising
and polypeptides to understand the nature and manner offf0M @ny preorganization energy required for the binding of
interactions between the synthetic receptors and glycosylami-hydmphOb'C moieties within the calixarene cavity the same as

noglycan (GAG) receptor sequences. In addition, the binding p-sulfonato calix[4]arene (C4AS~)‘.A_simiIar examination_ of
behaviors of some-sulfonatocalix[4]arenes with organic am- C5AS structures shows that the typical cone conformation and

monium cations have been also investigated by NMR and Pilayer arrangement were presented by C5AS upon inclusion
microcalorimetryt! indicating that the sulfonate groups of hosts COmPplexation with metal cations or organic molecufesiow-
appear to serve as anchoring points for positively charged guestEVe" th(_ere has been almost no investigation on the recognition
to give a more stable inclusion complex. We have demonstratedM&chanism and thermodynamic behavior of calix[S]arene except
recently that the different positions of the nitrogen atoms in for @ new example that the complexation of quaternary am-
dipyridiniums play a crucial role in controlling the molecular Monium ions with C5AS was studied by NMR specttal/e
assemblies and thermodynamic properties of water-soluble calix-Wish to report herein our investigation results on the intermo-
[4]arenas? We have also reported an investigation of the Iecule}r cqmplexatlon of water-soluble calixarenes (Chart 1) Wlth
complexation of some dye molecules with catidrene- '.[he dipyridines (4-DPD and 2-DPD) apd 1,10-phenanthrol!ne
sulfonates and cyclodextrins, which indicates that they lead to !N @1 agueous phosphate buffer solution (pH 2.0) by fitration
different profiles of the fluorescence intensity changes upon Microcalorimetry and NMR spectroscopy. Comparison of the

complex formatior3 The fluorescence intensity of the dye guest Pinding behavior of C5AS with that of C4AS/TCAS, together
with the X-ray crystallographic structure of C4AS/Phen com-

*To whom correspondence should be addressed. E-mail: PI€X, will serve our further understanding of the structure-
yuliu@nankai.edu.cn. selectivity relationship in the calixarenes complexed.
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Calixarenes are a class of macrocycles, generally made up
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CHART 1: Structures of the Host Calixarenes and Guest Time (min)
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Experimental Section ] a

Materials. The threep-sulfonatocalixarenes, that is, calix- B4+ " T " T " T
[4]arene tetrasulfonate (C4AS)thiacalix[4]arene tetrasulfonate
(TCAS)!8 and calix[5]arene tetrasulfonate (C5AS)were
synthesized and purified according to the literature reports. Guest
molecules, 4,4dipyridine (4-DPD), 2,2dipyridine (2-DPD),
and 1,10-phenanthroline (Phen), were purchased from Acros
and were used without further purification. The phosphate buffer
solution (pH 2.0) was prepared by dissolving sodium dihydrogen
phosphate in distilled, deionized water to make a 0.1-dmot3
solution, which was then adjusted to pH 2.0 by phosphoric acid.
The pH value of buffer solution was verified on a Sartorius
pp-20 pH-meter calibrated with two standard buffer solutions. o 1 2 3 4
The phosphate buffer solution (pH 7.2) was prepared by Molar Ratio
dissolving disodium hydrogen phosphate §NRO,-12H,0, ) ) ) T ) )
25.79 g) and sodium dihydrogen phosphate (bR®}-2HO, Figure 1. Microcalorimetric titration of C5AS with 2-DPD in

A L7 phosphate buffer solution (pE 2.0) at 298.15 K. (a) Raw data for
4.37 g) in distilled, deionized water (1000 mL) to make a 0.1 o4 ential 25 injections (1AL per injection) of C5AS solution (10.0

mol-dm~2 solution. In pH 2.0 solution, every sulfonate group  mu) injecting into 2-DPD solution (0.53 mM). (b) Apparent reaction

of CAS is in anionic form and all phenolic hydroxyes are heat obtained from the integration of calorimetric traces.

protonated according to the reportad,walues ofp-sulfonato-

calixareneg?20 while the guest 2-DPD and Phen are mono- decreases after each injection of TCAS because less and less
protonated form and 4-DPD is diprotonated fothMeanwhile, guest molecules are available to form inclusion complexes. A
4-DPD is in a twisted form and 2-DPD adopts the cis-planar control experiment was carried out in each run to determine
conformationt?22In pH 7.2 solution, every sulfonate group of the dilution heat by injecting a guest (or host) buffer solution
CAS is still in an anionic form, and one of the phenolic into a pure buffer solution containing no host (or guest)
hydroxyls is deprotonated. molecules. The dilution heat determined in these control

Measurement. ’TH NMR and 2D ROESY (rotating frame  experiments was subtracted from the apparent reaction heat
Overhauser effect spectroscopy) spectra were recorded at pDmeasured in the titration experiments to give the net reaction
2.0 on a Varian Mercury VX300 spectrometer using 2,2- heat.
dimethyl-2-silapentane-5-sulfonate (DSS) as an external refer- The net reaction heat in each run was analyzed by using “one
ence. The host and guest were mixed in an approximate 1:1set of binding sites” model (ORIGIN software, Microcal Inc.)
stoichiometry. to simultaneously compute the binding stoichiometfy), (

A thermostated and fully computer-operated isothermal complex stability constani), standard molar reaction enthalpy
Ca|orimetry (VP—|TC) instrument’ purchased from Microcal (AHO), and standard deviation from the titration curve. Gener-
Inc., Northampton’ MA, was used for all microcalorimetric aIIy, the first point of the titration curve was removed consider-
experiments. The VPITC instrument was calibrated chemically ~ ing that the concentration of host in the cell far exceeded the
by measurement of the complexation reactioﬁ.@ﬁ/c]odextrin concentration of the guest. KnOW'edge of the Complex Stabl'lty
with cyclohexanol, and the obtained thermodynamic data were constant Ks) and molar reaction enthalpyAti®) enabled
in good agreement (errox2%) with the literature data. All ~ calculation of the standard free energgQ@°) and entropy
microcalorimetric titrations between water-soluble caljafenes ~ changes AS’) according to
and guests were performed in agueous phosphate buffer solution
(pH 2.0 or pH 7.2) at atmospheric pressure and 298.15 K. Each AG® = —RTInKg= AH® — TAS
solution was degassed and thermostated by a ThermoVac
accessory before the titration experiment. Twenty-five succes- whereR is the gas constant aidis the absolute temperature.
sive injections were made for each titration experiment. A A typical curve fitting result for the complexation of 2-DPD
constant volume (1@L/injection) of guest (or host) solution  with C5AS at pH 2.0 was shown in Figure 2. To check the
(10.0-20.0 mM) in a 0.250-mL syringe was injected into the accuracy of the observed thermodynamic parameters, two
reaction cell (1.4227 mL) charged with host (or guest) molecule independent titration experiments were carried out to afford self-
solution (0.5-1.0 mM) in the same buffer solution. A repre- consistent thermodynamic parameters, and their average values
sentative titration curve is shown in Figure 1. As can be seen are listed in Table 1 (pH 2.0) and Table 2 (pH 7.2).
from Figure 1, each titration of TCAS into the sample cell gave  Preparation of Crystal of C4AS with Phen. To an aqueous
an apparent reaction heat caused by the formation of thesolution of C4AS (0.05 mmol, 20 mL), 4 equiv of Phen was
inclusion complex between 2-DPD and C5AS. The reaction heat added. Under stirringl M HCI was dropped to adjust the pH

24 L 4

kcal/mole of injectant
| ]
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Figure 2. (a) Heat effects of the dilution and of the complexation reaction of C5AS with 2-DPD for each injection during titration microcalorimetric
experiment. (b) “Net” heat effects of complexation of C5AS with 2-DPD for each injection, obtained by subtracting the dilution heat from the
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reaction heat, which was fitted by computer simulation using the “one set of binding sites” model.

TABLE 1: Complex Stability Constants (Ks/M 1), Standard
Enthalpy (AH°/(kJ-mol~1)), and Entropy Changes TAS®/
(kJ-mol~1)) for 1:1 Intermolecular Complexation of Guests
with CAS in Phosphate Buffer Solution (pH 2.0) at 298.15 K

host guest N¢ Ks —AG° —AH° TAS
C4AS 2-DPD 2 10260+ 190 22.9+0.0 36.7+0.2 —13.84+0.3
4-DPD¥ 2 11854+2 17.6+0.1 245+0.1 —-7.0+0.1
Phen 2 2666%95 25.3+£0.0 44.8+0.1 —19.5+0.1
TCAS 2-DPD' 2 13154+20 17.840.0 27.5+£0.1 -9.7+0.1
4-DPDY 2 5237 15.6+0.1 18.0+£0.1 —-25+0.2
Phen 2 498K 127 21.1£0.1 36.6+£0.2 —15.5+0.2
C5AS 2-DPD 2 121%7 17.6+0.0 28.4+0.1 —10.8+0.1
4-DPD 2 203%3 18.94+0.0 30.0+£0.1 —11.1+0.1
Phen 2 228#15 19.2+0.0 38.8£0.1 —19.7+0.1

2 [Host] = 10.0-20.0 mM." [Guest]= 0.5-1.0 mM. ¢ Number of
titration runs performed! Reference 12.

TABLE 2: Complex Stability Constants (Ks/M 1), Standard
Enthalpy (AH°/(kJ-mol~1)), and Entropy Changes TAS®/
(kJ-mol~1)) for 1:1 Intermolecular Complexation of Guests
with C4AS and TCAS in Phosphate Buffer Solution (pH 7.2)
at 298.15 K

host guest N°¢  Ks —AG® —AH° TAS

C4AS 2-DPD 2 84+1 11.0+0.0 37.8+0.5 —26.8+0.5
4-DPD 2 44+3 94+0.2 8.3+0.6 1.1+ 0.7
Phen 2 2783 14.0+0.0 46.7£0.1 —328+0.4

TCAS 2-DPD 2 541 10.0+0.1 26.5+0.3 —16.5+0.3
4-DPD 2 49+3 9.7+0.2 16.7£0.8 -—-7.1+£0.9
Phen 2 2851 14.0+£0.0 419+0.1 —-279+0.1

2[Host] = 10.0-20.0 mM." [Guest]= 0.5-1.0 mM. ¢ Number of
titration runs performed.

to <1. Followed by filtration, the filtrate was placed to

The X-ray intensity data for the complex C4AS/Phen was
collected on a standard Siemens SMART CCD Area Detector
System equipped with a normal-focus molybdenum-target X-ray
tube @ = 0.71073 A) operated at 2.0 kW (50 kV, 40 mA) and
a graphite monochromator at= 293(2) K. The structures were
solved by using direct method and were refined employing full-
matrix least squares oR? (Siemens, SHELXTL-97). X-ray
structural data: €He7NeO25554, M = 1456.48, monoclinica
= 14.257(4) A,b = 38.099(10) A,c = 16.146(4) A,B =
105.981(5), space grougP2(1)in, Z = 4, calculated density
1.147, crystal dimensions (nfjn 0.38 x 0.34 x 0.32.u =
0.183 mnTl, 20max = 38.6°, 42 792 measured reflections of
which 14 700 were uniqué(ny = 0.0918), finalR indices [/o
() > 2]: Ry =0.1654,wR, = 0.3793,R indices (all data):R;
= 0.2965,wR, = 0.4583, GOF orfF? 1.236. CCDC-278919
contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge via www.ccdc.
cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystal-
lographic Data Centre, 12 Union Road, Cambridge CB21EZ,
United Kingdom; fax: {44) 1223-336-033 or deposit@ccdc.
cam.uk).

Results and Discussion

Binding Stoichiometry. It is well-known that CAS can form
typical 1:1 complexes with model substrafe$! The micro-
calorimetric experiments of C4AS, TCAS, and C5AS with
DPDs and Phen showed typical titration curves of 1:1 complex
formation. The stoichiometric ratiodl(value) that we observed
from curve-fitting results of the binding isotherm fell within
the range of 0.861.13:1. This clearly indicates that the majority

evaporation for about 3 days. Then, the colorless crystal formed of the inclusion complexes had a 1:1 stoichiometry of guests

was collected along with its mother liquor for the X-ray
crystallographic analyses. Data: yield 43.4 mg, 53%. Anal.
Calcd for G4Hg7NgO25S4 (M = 1636.7): C, 52.78; H, 4.64;
N, 5.77; S, 8.80%. Found: C, 53.21; H, 4.13; N, 6.02; S, 9.16%.

and CAS. Simultaneously, the 1:1 binding modes for the
inclusion complexations of C4AS or TCAS with 2-DPFlas
well as C4AS with Phen have been also validated by their crystal
structures.
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TABLE 3: The Chemical Shift Change Ad Values (ppm) of DPDs and Phen in the Presence of C4AS or C5AS

4-DPD 2-DPD Phen
host H1 H2 H1 H2 H3 H4 H1 H2 H3 H4
C4AS b b b b b b —0.79 —1.36 —1.79 —1.58
C5AS —0.82 —1.15 —0.66 —-1.11 —0.99 —1.63 —0.57 —0.76 —-1.75 —-21

aAd = o (presence of 1 equiv of host) & (free guest). Negative values indicate upfield shifthe '"H NMR spectra were not measured
because of the complexes of C4AS with DPDs being nonsoluble®'®

H1 Ar-H H2 Ar-H H4 H2
: H1 ﬁ H3

F2 F2 2
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Figure 3. The 2D ROESY NMR spectra of (a) C5AS 4-DPD, (b) C5AS+ 2-DPD, (c) C5AS+ Phen, and (d) C4AS- Phen in BO with a
mixing time of 300 ms at 28C. The concentrations of both hosts and guests are about 10 mM.

Binding Mode. To obtain detailed information about the exchange between a free guest and a complexed one on the
solution structure of the resulting complexes of CAS with DPDs/ NMR time scale. Usually, a complexation causes a deprotona-
Phen,’H NMR spectra of DPDs/PhensD solutions in the tion of the guest or host molecule to stabilize the complex,
presence and absence of CAS and the 2D NMR experimentsbecause the guest tends to lay at hydrophobic environment. In
of their complexes were measured at pD 2.0. The correspondingthe present event, the resonance values of guest protons
chemical shift changesAg) of guests in the presence of obviously shift toward high field after complexation with CASs
approximately 1 equiv C5AS or C4AS are listed in Table 3, (Table 3), but the crystal structures of the complexes C4AS/2-
and the ROESY spectra are shown in Figure 3. The guestDPD2 C4AS/4-DPD?3 TCAS/2-DPD!? TCAS/4-DPD?? and
protons are observed as a single resonance because of fast4AS/Phen have validated that the guest molecule in the
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Figure 4. The deduced binding modes of guests with C5AS/C4AS
hosts according to 2D NMR spectra.

complexes maintains the original protonated form. In controlling
experiment, théH NMR spectrum of 4-DPD with 4-phenol-
sulfonic sodium displays that the peak shifts in 4-DPD are
negligible (<0.06 ppm). Hence, the observation of the high-
field shift suggests that the guest molecule should be encapsu
lated into the cavity of CAS6:24

On the other hand, though the chemical shift values of

methylene bridges in both C4AS and C5AS do not change upon

complexation with guests, the proton signals in C4AS become

obtuse to be steamed bread shape, while those in C5AS still

present the spiculate peak. These observations provide th
evidence for a rigidification of the cone conformation of
C4AS'225 ypon complexation with the large planar aromatic

guest Phen, and no compromise of conformation shift is needed

to accommodate DPDs and Phen for C5AS because of its large
cavity. That is to say, the conformation of C5AS is invariable
before and after complexation with guests.

Unlike complexation-induced shifts, ROESY cross-peaks are
indicative of specific proximity relationships between host and
guest protons (genergll4 A or less)? It should be first

emphasized that no correlation is observed between any of the

€

Figure 5. The structural view of C4AS/Phen complex arising from
the solid-state single crystal.

complex of C5AS with Phen is different from that of C4AS.
For the former (Figure 3c), there are obvious cross-peaks
originating from Ar—H of C5AS with all of the four protons of
Phen (peaks AD), in which the correlation between H2 and
H3 (peaks B and C) are much stronger than those of H1 and
H4 (peaks A and D). For the latter (Figure 3d), only three cross-
peaks between H1, H3, H4, and-Ald of C4AS (almost same
intensity) are observed. The absence of the correlation of H2
with Ar—H implies that H2 is far away from the aromatic
protons of C4AS in the upper rim. Therefore, one may
reasonably deduce that Phen should be slantways encapsulated
into the cavity of C5AS resembling the 2-DPD case, and C4AS
accommodates Phen in an almost vertical manner, as illustrated
in Figure 4. The complexation mode of C4AS with Phen is
otherwise validated by the crystal structure obtained. As can
be seen from Figure 5, the Phen molecule penetrates into the
cavity of C4AS with a depth of 4.268 &, in which C4AS
adopts theCy, symmetry conformation with the SS (trans
sulfonate) approaches of 8.414 A and 11.722 A. The difference
of binding modes between C5AS and C4AS is in hindsight
comprehensive that the larger cavity of C5AS can include Phen
in another manner besides upright orientation as in comparison
rWith C4AS.

The order ofAd values of guests ifH NMR spectra is
thought to provide the valuable information for the structures
of complexeg%24Commonly, the larger thAd values, the more
prior the portion of guest is suggested to immerse the cavity of
CAS. However, Nau et &P pointed out that larger chemically
induced shifts cannot be necessarily interpreted in terms of their

protons in DPD/Phen and methylene protons in C4AS/C5AS, deeper immersion into the CAS cavity. In the present system,

suggesting that the guest molecules cannot be completely

included in the cavity of the calixarenes. As can be seen from
Figure 3a, the ROESY spectrum of the complex of C5AS with
4-DPD exhibits clear cross-peaks (peaks A and B) between H
and H2 of 4-DPD and aromatic protons (AiH) of C5AS, and
the cross-peak of H2 with ArH (peak B) is weaker than that
of H1 (peak A), which indicates that H2 in 4-DPD must be
further away from the aromatic protons in C5AS than H1. These
results show that 4-DPD should be accumbently included into
the cavity of C5AS from the upper rim. In the ROESY spectrum
of the complex of C5AS with 2-DPD (Figure 3b), the correlation
between H2 and H4 in 2-DPD and AH (peaks B) are stronger
than that between H1 and AH (peak A), suggesting that
2-DPD penetrates into the cavity of C5AS in acclivitous
orientation, and its two N atoms are away from the cavity, as
illustrated in Figure 4. However, the ROESY spectrum of the

the Ao value of H2 in 4-DPD is larger than that of H1, but H2
does not penetrate deeper into the C5AS cavity than H1
according to 2D ROESY NMR experiment; tie values of

1 H3 and H4 in Phen are markedly larger than those of H1 and

H2, while H2 immerses deeper into the C5AS cavity than H4.
That is to say, the experiential rule about chemically induced
shifts is not always suitable to these larger guest species.

Molecular Binding Ability and Molecular Selectivity. In
this context, the cavity size of the three calixarene hosts
increases in the order C4AS TCAS < C5AS. To visualize
the intermolecular complexation behavior of the water-soluble
calixarenes with the guests, the changing profileKe¥alues
for host-guest complexation are illustrated in Figure 6.

As shown in Table 1 and Figure 6, when the calixarenes
interact with 2-DPD or Phen guests, tKg values obtained
decrease with increasing cavity size. Thus, the host C4AS shows
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of its broad conjugated system. In addition, possessing the

wider cavity that can accommodate 4-DPD in unique mode,
C5AS presents the most efficient binding stability among the
three calixarenes.

Thermodynamic Parameters.lIt is well documented that,
among several weak noncovalent interactions working between
host and guest, the electrostatic, hydrogen baneyz, C—H-

) -7, and van der Waals interactions mainly contribute to the
enthalpic changes, while the conformation change and the
desolvation effect contribute to the entropic change4s can
be seen from Table 1, all intermolecular complexations between
CAS and DPDs and Phen guests are mainly driven by the
favorable enthalpic changes-AH° = 18.0-44.8 kJ/mol),
accompanied by negative entropic change3AS’ = 2.5—

19.7 kJd/mol), which indicates that the electrostatic, hydrogen
bond, 7-stacking, and van der Waals interactions may play a
crucial role in the hostguest complexation.

As shown in Table 1, the global profiles &fs for the

) - . complexation of any of the calixarenes with three guests are
Figure 6. Complex stability constantKg) for the complexation of

guests 4-DPD, 2-DPD, and Phen with CAS in phosphate buffer solution completely consistent with those of enthalpy changes, namely,
(pH 2.0) at 298.15 K. the larger the exothermic enthalpy changes the higher the

complex stability and vice versa. These observations are readily

the strongest binding abilities for 2-DPD (10260 §land Phen ~ understood by previous explanation abkgt However, except
(26665 M%). One reasonable explanation for the declining for 4-DPD, the consistency is not observed in the complexation

profile of Ks is that C4AS adapts itself t6,, conformation  ©f 2-DPD or Phen with three calixarene hosts. Fagvalues
upon complexation with 2-DPD or Phen to some different foF TCAS with 2-DPD and Phen (1315 M for 2-DPD/TCAS

extent, which is particularly suited to the inclusion of planar @nd 4981 M for Phen/TCAS) are larger than those for C5AS

aromatic guest speci@s0n the other hand, C4AS can include (1219 M for 2-DPD/C5AS and 2281 M for Phen/C5AS),

the guests tighter than TCAS and C5AS because of its smallerPUt the corresponding exothermic enthalpy changes for TCAS
cavity and relatively hlghen electron density, Ieading to a (275 kJ/mol for 2-DPD/TCAS and 36.6 kJ/mol for Phen/TCAS)

closer distance af-stacking interaction. However, an “abnor-  &r€ smaller than those for C5AS (28.4 kJ/mol for 2-'DP.D/C5AS
mal” binding ability profile is observed for complexation of and 38.8 kJ/mol for Phen/C5AS). These results indicate that

the three hosts with 4-DPD, that is, tKe value is the biggest  the large enthalpic changes do not always mean Kigralues.

for C5AS, the second for C4AS, and the smallest for TCAS.  In contrast to enthalpy, the complexation of CAS with DPDs
The crystal structures of the complexes C4AS/4-BPand or Phen exhibits unfavorable entropy changeA§ = —2.5
TCAS/4-DPD3? together with the above solution study of kJ/mol to —19.7 kJ/mol), and the global profiles of entropy
complex C5AS/4-DPD would be useful for our understanding (TAS’) is reversed as compared with tke values, that is to
of these observations. Compared with three binding modessay, the smaller the entropy changes the higher the complex
obtained, just 4-DPD in complex C5AS/4-DPD can protrude Stability and vice versa. It is reasonable to suppose that the
into the cavity of calixarenes, so the hesuest interaction ~ negative entropy changes mainly result from the loss of
between C5AS and 4-DPD is stronger than those of C4AS/ conformational degrees of freedom for the hosts and structure
TCAS. freezing upon complexation, and the structurally slight difference
It is significantly noted that there are two pyridine units in among C4AS, TCAS, and C5AS as well as 4-DPD, 2-DPDP,

every guest molecule. Two pyridine rings in 4-DPD array in and Phen would lead to the distinct entropy values. The entropy
an approximately vertical manner, those in 2-DPD are almost /0SS upon complexation with the same guest enhances to a
located in a same plane as mentioned above, and two pyridinedifferent extent (1.4-8.6 kJ/mol) on going from TCAS to C4AS
rings in Phen are completely coplanar with a higonjugated ~ (C5AS). Replacing methylene bridges with sulfur atoms,
system. As shown in Figure 6, thé; values obtained for the thiacalixarenes possess more flexibility than classic calixarenes,
Comp|exati0n of the guests with C4AS and TCAS show a Simp|e so its loss of conformational degrees of freedom is Certainly
profile, declining with decreasing conjugation degree of guest 1€ss, thus making the entropy losses upon complexation with
molecules. The regular changes endow C4AS an exceptionallyDPDs or Phen smaller than that of C4AS and C5AS. Upon
high molecular selectivity for 2-DPD of 8.7 over 4-DPD or even Ccomplexation with 2-DPD, C4AS presents a more unfavorable
the Phen/4-DPD selectivity of 22.5. In the case of C5AS, the entropy TAAS’ = —3.0 kJ/mol) than C5AS; however, C4AS
Ks for Phen is still the largest among the three guests, but thatgives a more favorable entropfAAS® = 4.1 kJ/mol) than

for 4-DPD goes beyond 2-DPD. As a consequence of such aC5AS upon complexation with 4-DPD, resulting in the inverted
unique changing profile of thiés for C4AS, TCAS, and C5AS,  molecular selectivity between 2-DPD and 4-DPD. One reason-
the relative molecular selectivity between 2-DPD and 4-DPD able explanation for the thermodynamic behaviors is that, despite
is dramatically inverted just by extending the cavity size, the similar inclusion modes between 2-DPD/C4A%ind
switching from the 2-DPD/4-DPD selectivity of 8.7 for C4AS 2-DPD/C5AS, the conformational loss of C5AS should be
and 2.5 for TCAS to the 4-DPD/2-DPD selectivity of 1.7 for smaller than C4AS because of its wider cavity. Therefore, the
C5AS. One possible reason for the observations is that the largefmolecular selectivity is mainly governed by the entropy term.
the conjugatedr system of guest, the stronger thestacking Effect of pH Values. It is well-known that the protonation
interaction between aromatic rings and the phenolic units of of guest molecules should significantly affect te values,

the host cavity, which leads to the larg&stfor Phen because  molecular selectivity, and thermodynamic parameters upon
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