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The pinched conepinched cone interconversion (PCI) of tetraethoxy substituted calix[4]arene and thiacalix-
[4]arene was studied by means of molecular dynamics using the GAFF force field and quantum mechanics.
Influence of solvent was expressed by changes in cavity geometries as well as in free energy barriers that
were calculated using constrained MD simulations. Water and chloroform were found to reduce the energy
barriers in comparison with vacuum simulations. Only qualitative agreement between energy barriers calculated
by MD and experimental values was achieved. Also, quantum chemical calculations were performed with
the RI-MP2 method, and a better description of PCI was achieved than that previously obtained by HF or
DFT methods. The combination of qualitative MD data on solvated systems with RI-MP2 gas-phase data
gave us very good agreement with experimental results.

Introduction ' <N I

Calix[4]arenes, the most popular building blocks in the field
of supramolecular chemistry, can exist in four more or less stable
conformations designated tlo®ne the partial cone the 1,2-
alternate and thel,3-alternatg(Figure 1). It is well documented
that the introduction of bulky substituents to the lower rim
(phenolic hydroxyls) of calix[4]arene derivatives can lead to
the immobilization of conformational movement and to the
stabilization of these basic conformations. Any of these
conformations represents a special three-dimensional arrange-
ment with different complexation behavior and hence, with
different potential applications as a molecular scaffold and
advantageously useful building blocks in supramolecular
chemistry:~ On the other hand, experimental observations have

cone partial cone

m)

indicated that these stabilized conformations are not absolutely 1,2-alternate 1,3-alternate
rigid. This specific flexibility of the calixarene ring is closely 5

related to its ability to interact with other molecules or ions, L] ;I i SHT

and also with its complexation properties and chemical reactiv-

ity. Figure 1. Basic conformations of calix[4]arene derivatives.

Pinched conepinched coneinterconversion (PCI) of the introduction of four sulfur atoms into the calixarene skeleton
conic conformer is one example of slight conformational leads to a dramatic change in properties of the skeleton. Simple
flexibility. The C4, symmetry of the calixarene ring, observed tetraalkylated derivatives of thiacalix[4]aréh@ossess interest-
usually in the'H NMR spectra, is in fact a time-averaged signal ing differences from the normal methylene bridged calix[4]arene
of two relatively stable conformations possessing lower derivativest? among others in their conformational behavior.
symmetry. Thus, the structure witB, symmetry represents As we have found, the cone conformers of tetraalkylated
rather a transition state of the above-mentioned interconversion,thiacalix[4]arenes surprisingly demonstrate line broadening of
while both C,, conformers are the minima on the potential their'H NMR spectra at room temperature while the coalescence
energy hypersurface (PES) (Figure 2). Several authors havePhenomenon of normal tetraalkylated calix[4]arene derivatives
studied this equilibrium in normal calix[4]arene series using Was not observed even at the lowest temperatures accessible in

dynamictH NMR technique$:® As we reported recentfif the the NMR experiments. Obviously, this reflects the great
difference between the energy barriers of the studied process
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Figure 2. Graphic representation of pinched ceimpnched cone interconversion.
free energy activation barriers were calculated bypbential model and the CHCL3BOX model, respectively. These param-

of mean forc PMF) approach based on MD simulations. The eters are distributed within the AMBER package.

simulations were performed in three environments: vacuum, Free Energy Calculations.Modified versions of the SANDER
chloroform, and water. Special attention was devoted to the role and PMEMD programs from the AMBER package were used
of solvent molecules in the stabilization of stationary points to performpotential of mean forcPMF) calculations. The
found on thefree energy surfacqFES). Performed MD distanced; between adjacent carbon atoms in the upper rim
simulations as well as comparative QM studies indicate was used as the coordinate that drives the change from one
substantial differences between conformational properties of thepinched cone conformer to the other one (Figure 2). There are
normal and thiacalixarene cavities. The data obtained were at least four methods that can be used to calculate PMF in our

compared with that from the NMR experiments. case: weighted histogram techniqués!® Jarzynski’s identity
based methqéP the constraint dynamics approagh?!andthe
Computational Details adaptive biasing force aproacP? For our purposes, a multidi-

mensional version of the constraint dynamics approach was
used??23.24Free energy is not obtained directly by the method.

Instead, its first derivative is calculated along the pathway by
g the following formula 1

Molecular Dynamics Simulations. Each calix[4]arene de-
rivative was simulated in three different environments: vacuum
(v), explicit chloroform €), and explicit water ). Each
simulation is labeled according to the type of calixarene an
the type of environment. For example, refers to simulation 112
of the calixarend in a vacuum, and so on. MZ = (ke T/2)G, — 4] @ 1)

Vacuum simulations were performed with the SANDER 98y 0=
module of the AMBER 7.0 packagé.A molecule of corre-
sponding calix[4]arene was energy minimized and then progres-wherekg is the Boltzmann constant, is the temperatures is
sively heated from 5 to 298.15 K during the first 100 ps. Initial the weight matrix,G, is the correction factor, and, is the
atom velocities 85 K were assigned randomly according to a Lagrange multiplier of the constraint. Possible coupling between
Boltzmann distribution. Rotational and translation movements the driven distance; and other constraints (bonds constrained
were removed each 1 ps to prevent the system from becomingby SHAKE) in the system was neglected even though the way
a flying cube-of-ice. After the system had been heated, datato solve this situation is know#?.Our practical experience shows
were collected from a 20 ns long simulation. Nonbonded that this coupling is negligible for the studied system.
interactions were calculated without any approximation. A Sixty-five (calixarenel) and seventy-five (calixarend)
constant temperature of 298.15 K was maintained by the weaksimulations (windows) with increasing values of the driven
coupling algorithm with a coupling constant of 1 ps. Translation distanced; were used for construction of the free energy profile.
and rotational movements were removed every 5 ps. Each window consists of a 50 ps equilibration and a 500 ps

Simulations in explicit solvent were performed with the accumulation stage. MD simulations consisting of two repeating
PMEMD module of the AMBER package. This module provides steps were used to prepare starting structures for the individual
higher computational performance than the traditional SANDER windows. In the first step, the driven distance was elongated
module. System equilibration and production dynamics simula- by about 0.1 A in 20 ps, and in the second step, the system was
tions were performed under similar conditions as in the case of equilibrated during 50 ps. Final coordinates and velocities from
vacuum simulations. The pressure of the system was maintainedhe end of the second step were used as a starting point for the
at 1 bar by the weak coupling algorithm with isotropic position particular window simulation. Free energy profiles of PCl were
scaling and with a relaxation time of 1.2 ps during the heating calculated in three environments with the same simulation
as well as during the production stage. Nonbonded interactionsconditions as mentioned in tidolecular Dynamics Simulations
were approximated with thearticle-mesh Ewald method  section.

(PME)4 with direct summation truncatedt & A cutoff. Analysis of Solvent Interaction with the Calixarene Cavity.
Rectangular boxes with approximately the same 50 A edge Solvent analysis was performed on 5 ns long simulations, in
lengths were used in both solvents. which the driven distanced; was constrained on values

In all simulations, the integration step was 2 fs and the lengths corresponding to stationary states. The simulation conditions
of all bonds involving a hydrogen atom were constrained with were the same as mentioned before. Analysis was based on the
the SHAKE algorithm. The force field parameters of calix[4]- calculation of density maps, which show the occurrence of each
arenes were taken from tigeneral Amber force fiel(GAFF) .15 solvent atom in the given space. If a solvent molecule specif-
The RESP charges were calculated from the electrostaticically interacts with the solute, a higher density in interaction
potential by the ANTECHAMBER module of the AMBER  space is exhibited. The maps were calculated by the PTRAJ
package. Electrostatic potential was calculated by the HF/6- module of the AMBER package. Raw maps were smoothed by
31G* quantum-chemical method on the geometry obtained by the fast Fourier transform(FFT) technique with an included
optimization of the corresponding calix[4]arene with the same low-pass filter, the threshold of which was set to 20%. The final
method using the GAUSSIAN 98 packatjeParameters for ~ maps were visualized and analyzed using the CHIMERA
water and chloroform molecules were taken from the TIP3P program?®
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TABLE 1: Summary of Molecular Dynamics Simulation Results?

J. Phys. Chem. A, Vol. 110, No. 3, 200863

MD PMF
dy d; Ady—1 di(S)) di(S2 Adsy-s1 di(TS) AGy AG,

| vacuum 5.01 9.84 4.83 5.0 9.9 4.9 7.8 3.85 0.08
chloroform 5.48 9.72 4.24 54 9.7 4.3 7.9 0.85 0.17
water 6.27 9.21 2.94 6.3 9.2 2.9 7.9 226 —0.05

1l vacuum 4.38 10.05 5.67 4.4 10.0 5.6 7.8 5.81 —0.06
chloroform 4.38 10.05 5.67 4.3 10.0 5.7 7.8 2.90 0.13
water 4.38 10.05 5.67 4.1 10.0 5.9 7.7 3.61 —0.09

a Ad,—; is cavity deformability from MD simulationsgh(S1), di1(S2), andd:(TS) represent values of driven distance in stationary states from
PMF calculations; S1, first minimum, S2, second minimum, TS, transition stakg; «; is cavity deformability from PMFAG; is the activation
barrier of PCI;AG; is the energy difference between S1 and S2 (distances in A, energies in kcal/mol). Vathesdf, for structures with the

highest occurrence in histogram analysis.

Quantum Mechanical Calculations.Activation barriers of

Tetraethoxycalix[4]arene (I)

pinched conepinched cone interconversion were also calcu- 30'15_
lated with the RI-MP2 method implemented in the TURBO- 8 - Zﬁf;f‘g};m .
MOLE 5.6 progran?’ The RI-MP2 approach differs from the 30107 . water
standard MP2 perturbation method in the treatment of coulomb S
integrals. These integrals are calculated with projected wave % 0.05
function on a smaller specially optimized basis set, which speeds e
up the calculation enormously while introducing low level of 0.003 U
error28 For each calix[4]arene, two calculations of activation Distance [A]
energies were carried out with the cc-pVDZ and aug-cc-pVDZ
basis sets. Since it is still very computationally demanding to
carry out optimization with the RI-MP2 method, geometries Tetraethoxythiacalix[4]arene (IT)
obtained with the B3LYP hybrid functional and 6-31G** basis 50151
were used? s — vacuum
50.10 — Sgt(g;oform
Results and Discussion §
.2 0.05 .
Molecular Dynamics. Molecular dynamics simulations were = L .
used to describe the properties and conformational behavior of & .00 2
3 6 9

two types of calixarenes, and Il. The flexibility of the
calixarene cavity was first expressed by the time-dependent
change of the distancek andd, between carbon atoms in the
para positions of two opposite aromatic rings. This information
is necessary for proper setup of the PMF calculations as well
as its ability to provide a preliminary insight into the role of

7
Distance [10\]

8

Figure 3. Histogram analysis of selected distandesindd, in three
different environments for calixaremdtop) andll (bottom), bin width
is 0.21 A,

The results from the MD simulations allow for qualitative

solvent effects in the PCI process. Selected distances wereconclusions about the activation energies of PCI. It is im-

thoroughly analyzed by histogram analysis (Figure 3). Analysis
was carried out in a range from 3.0 to 11.0 A and with a bin

mediately clear that the energy barrier of PCI of calixareime
chloroform is the lowest from all studied situations. This is

width of 0.21 A. Positions of bin centers are used in further judged on the basis of the highest occurrence of intermediate

discussion about geometrical considerations.
The values of distancedi andd; for states with the highest

states during the course of PCI. Energy barriers for other
simulations cannot be so easily estimated because their inter-

occurrences (two pinched cone conformers) are summarized inmediate states are not sufficiently sampled. In this situation,
Table 1. These values can be used to calculate cavity deformathe number of PCls that occur during the 20 ns long simulation
tion expressed as the absolute value of the difference betweens used for such estimations. The only case in which PCl was
them. A lower value of the given quantity thus means that the not observed to occur was in the simulation of calixargnia
cavity is more symmetrical than when in the opposite situation. a vacuum. This indicates that the energy barrier of such PCI
In the case of calixarerle the values of cavity deformation are  should be higher than that of the other systems. Three simula-
4.83, 4.24, and 2.94 A for simulations in a vacuum, chloroform, tions Iv, llw, and lic revealed approximately the same
and water environments, respectively. The cavity deformation occurrence of PCI (from 3 to 4). A 10-times-higher occurrence
of calixarenell is 5.67 A and it does not depend on the of PCl was found for the simulation of calixarehen water;
environments used. The larger cavity deformation observed for thus, such PCI has to be less energetically demanding. The
calixarendl can be explained by the presence of bridging sulfur calculation of PCI events was not possible forsimulation
atoms. The —S bond is longer by about 0.2 A compared to because of high occurrence of states that are very close to a
the corresponding £-C bond in calixarené. The longer G—S transition state (see Figure 4). In the next section, quantitative
bond is thus responsible for the large deformation of the values of activation barriers calculated by the PMF approach
calixarenell cavity. The wide variation of cavity deformation  will be presented and discussed.

for calixarenel shows its higher flexibility compared to Potential of Mean Force Calculations.The results of all
calixarene Il . Surprisingly, the smallest deformation was PMF calculations are shown in Figure 4. Calculated PMF curves
observed for the simulation of calixarehén water. This will show two minima separated by a barrier. The minima correspond
be discussed in more details in the section related to the cavityto two equivalent pinched-cone conformers. Their calculated
interactions with solvent. energies, which have to be the same, are slightly different in
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Tetraethoxycalix[4]arene (I) PCI. In the case of calixarereit even influences the geometry
6 of pinched cone conformers. To explain this behavior in more
=5 — vacuum detail, a detailed analysis of interactions between the solvent
€ 4~ -- chloroform and the calixarene skeleton was carried out. For this purpose,
gL Ve additional simulations of 5 ns length were run with an imposed
=,0 constraint ord; distance. The length of the constrained distance
2 e was chosen according to estimated stationary points of the free
- energy profiles to represent either the pinched cone conformer
03 4 s 6 7 8 9 0 1 (S or the transition stateT§S) of PCI.

Distance [A] Interactions between the solvent and the calixarenes were

analyzed according to the densities of each solvent atom type

. . in the close neighborhood of the calixarene molecule. The basic
Tetraethoxythiacalix[4]arene (IT) idea of this approach is that a stronger interaction between the

or solvent and the calixarene molecules should result in the longer
5[ — vacuum stay and hence in the higher occurrence (density) of the solvent
E 4 77 chloroform molecule in the given space element. As this approach can be

§ 3r used for each atom type of the solvent molecule, it could also

o 2[ be employed to show the preferred orientation of the solvent

< 1 molecule in the interaction site. However, changes in solvent

oY e L e N density are relatively small and the identification of interaction
3 4 5 6 7 8 9 10 11 sites is complicated. Therefore, the obtained densities were

Distance [A] processed byast Fourier transformto remove noise and to

Figure 4. Comparison of free energy profiles of PCI in three different highlight places with higher densities. Density maps processed
environments for calixarenie(top) andll (bottom). by this approach show time averaged situations and they can

therefore represent a superposition of several molecules. The

our calculations. Errors result from the numerical calculations final density maps for both studied types of calixarene are shown

pf the f|rst denvgmve of the.free energy and from its numerical Figures 5 and 6.
integration leading to the final free energy profile. Introduced Densit vsis of chlorof int i i1 of
errors can be analyzed via several approaches, which are IixeanIn)él arr:av)\//SISixointCrort? ?lm;t In ?I'rv?/c |ofntsh Vr\gr ro nt
generally rather complicated. However, a very simple approach calixarene Snows s eraction sites. 1wo ot them represe

can be used in our case. Since both minima have to have themolecules interacting with the inner part of the cavity via the

same energy, the introduced errors are simply equal to theléppﬁr r;rphand.they ctirrgipotr;]d to ok?e grttv\{[(r)]solvent TOI.ECUIGS'
differences between the calculated energies of the two minima. ach otinem IS oriented by ondto the aromatic ring,

The absolute values of such differences are lower than 0.17 kcal/"’moI the chlpnne atqms are ther_l pointed away from th? cavity.
mol for six independent calculations. The errors in energy The remaining four interaction sites are outside the cavity. Two

barriers should be even lower because the number of pointsOf them are well shaped and 'Fhey show the same or_ientation of
used in numerical integration is lower than that for the the C-H bond to the aromatic ring. The last two sites fSh(.)W
integration from one minimum to the other one. Of course, it the presence of chloroform molecules close to the aromatic rings

must be remembered that there are other sources of errors tha‘f\’Ithout information about the molecule’s orientations. The

are connected to the force field parameters used, MD methodol-"as0N for this is tha_t these rings are not Cons“a“.‘?d and
ogy, etc. therefore, due to their larger fluctuations, the densities of

The results extracted from PMF curves are summarized in hydroge_n ?‘F‘d chlorine atoms are not.well enough defined to
Table 1. The energy barriers for simulation in a vacuum are show significant values in these regions. The situation for
3.85 and 5.81 kcal/mol for calixarerieand Il , respectively calixarenell is different. Only two sites are observable in the
The presence of solvent molecules leads to the reduction of theOIenSIty map. They represent one or two solvent molecules that

energy barriers. Chloroform reduces them by about 3 kcal/mol are Io_cated apove the more distant _aromatic rings. In_contrast
regardless of calixarene type. In contrast, the reductions in the© calixarend, the chlorine atoms point toward the cavity and
height of the energy barriers in water environment slightly the hydrogen atoms away from it.
depend on calixarene type. A reduction of 1.6 kcal/mol was [N the transition statesTS) of both calixarend andll, the
found for calixarend and 2.2 kcal/mol for calixarenk. The density maps show only one significant interaction site, which
energy barriers in chloroform have been greaﬂy underestimatedis situated within the CaVity. The observed densities represent
when they were compared with the ones derived from the the superposition of several orientations of one molecule. One
experimentd? The differences are 7.65 (upper estimate) and chlorine atom of this molecule is deeply engaged in the cavity,
9.00 kcal/mol for calixarene andll , respective|y. This shows which is a common feature for both calixarenes. HOWeVer, the
that the GAFF force field is not able to predict correct values calixarenes differ in the preferred orientations of thekCbond.
of energy barriers. However, it is important that the qualitative The bond points either to the aromatic rings or to methylene
order is predicted correctly. It means that the PCI of calixarene bridges in the case of calixarehebut only to sulfur bridges in
Il is slower than that of calixarerie Possible reasons for such  the case of calixareni.
a high inconsistency between experimental and calculated values Density maps of water molecules show a different structure
will be discussed in more detail in thQuantum Chemical of interaction sites than that for chloroform. For théstructure
Calculationssection. of calixarenel, seven interaction sites were found. Three of
Analysis of Interactions between Solvent and Calixarenes.  them are grouped in a small cluster within the cavity. One water
Previous analysis of MD simulations and PMF calculations molecule forms a bridge between the closer aromatic rings, and
shows a significant influence of solvent on PCI. It has been the hydrogens of this molecule point to these rings. The other
found that the solvent generally reduces the energy barriers oftwo water molecules are bonded to the oxygen of the bridge
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Figure 5. Interaction with chloroform. Bottom and side views 8t andTS structures: gray, chlorine; dark gray, carbon; white, hydrogen. (Color
version is given in the Supporting Information as Figure 1S.)
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Figure 6. Interaction with water. Bottom and side views 8t andTS structures: black, oxygen; white, hydrogen. (Color version is given in the
Supporting Information as Figure 2S.)

water molecule by hydrogen bonds. Their second hydrogenshydrogen density map does not exhibit any meaningful regions
point to the remaining aromatic rings. This complex type was with higher values.
observed experimentally in similar calixarene derivat/€he Examples of some complexes formed between solvent and

other interaction sites are situated outside the cavity close t0.gjixarenes andll are shown in Figures 3S, 4S, and 5S in the
the aromatic rings. In the case of calixardhgno significant Supporting Information.

interaction sites were found either inside or outside the cavity. The ab vsis sh that th ity int ; ificall
In the transition statel(S) of calixarend, four sites around _he above analysis snows that the cavity in eracts specitically
with the solvent in all transition state$$). The interaction is

the cavity and a cluster of several water molecules within the ;
cavity were observed. The core of the cluster is formed by one MOStly caused by the presence of a single solvent molecule
water molecule situated deeply within the cavity. Its hydrogen within the cavity. On the other hand, .lnteractlon §|tes in pinched
atoms are oriented either to the aromatic rings or to the centercone conformers31) are well established only in the case of
of the cavity. Four other sites are located above this water calixarend . The presence of a solvent molecule inside the cavity
molecule. However, detailed analysis shows the coexistence ofof the TS could explain the observed reduction in the free energy
two molecules in these positions. Consequently, a superpositionbarrier of PCI in the solvent. The interesting water cluster
of them is seen in the density map. A similar cluster is formed formed inside the cavity in structu@l of calixarenel is also

also in theTS of calixarendl , but the orientation of the water  responsible for the significantly different behavior of this
molecules cannot be determined in this case because thecompound in water environment during the molecular dynamics
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TABLE 2: Experimental Free Energy Barrier ( AGgy) and Calculated Electronic Energy Barriers (AE) of PCI for Calixarene |
and Il (all in kcal/mol)

6-31G**a cc-pvDz aug-cc-pvVDzZ
AE(HF) AE(B3LYP) AE(HF) AE(RI-MP2) AE(HF) AE(RI-MP2) AGeys?
| 6.48 5.76 6.54 8.66 6.42 9.51 <8.5
Il 6.34 7.13 6.18 12.55 6.32 15.09 11.9

a Data taken from our previous work; for details see ref 10.

simulations compared to the simulations in the other environ- energy barriers was observed in the presence of the solvent in
ments. comparison with simulations in a vacuum. This was about 3
Quantum Chemical Calculations. Our previous results  kcal/mol for both calixarenes in chloroform. The influence of
based on HF and DFT calculatidAgrovided relatively similar water on the energy barriers was less significant and lead to a
values of activation energies for the PCI process for both reduction of only 1.6 and 2.2 kcal/mol foandlIl , respectively.
calixarenes andll . On the other hand, experimentally obtained The presence of the solvent has an impact also on the geometry
datd® show a difference of about 4 kcal/mol between the of the calixarene cavity. The largest changes were observed in
activation barriers. Furthermore, the calculated barriers arethe case of calixareng especially in its simulation with water.
underestimated by 2 kcal/mol (calixareheand 5 kcal/mol In this particular case, the cavity deformation in pinched cone
(calixarenell ) compared to the corresponding experimental conformer was about 2.9 A whereas values within the range of
values. This discrepancy cannot be explained only as being duebetween 4 ath 5 A were found in the remaining simulations of
to solvent effects that were omitted in our previous calculations. calixarenel. In the case of calixarendl, the observed
As we have shown in previous sections, the solvent reducesdeformation was about 5.7 A in all environments used.
energy barriers by approximately 3 kcal/mol (vacuum It follows from the detailed solvent analysis that the inner
chloroform) regardless of the calixarene type. This then meanspart of the calixarene cavity is the most important interaction
that QM calculations should lead to higher energy barriers than site for solvent molecules. This could explain the observed
those measured experimentally. reductions in energy barriers in the solvent. Analyses also
A possible explanation for the failure of HF and DFT showed the formation of small water clusters in strucBitef
calculations could be that there was incorrect evaluation of calixarend, which could be responsible for the observed small
dispersion interaction between the aromatic rings. Four aromatic cavity deformation.
rings are close enough to allow the significant interaction of  The obtained molecular dynamics results show good qualita-
their pi-electrons. The different geometries of pinched cone tive agreement with experimental data. Concerning the quantita-
minima and PCI transition states as well as the different tive energy ana|ysis1 thgeneral Amber force f|e|¢tr0ng|y
electronic character of calixarene bridges could then lead to theynderestimates the absolute values of PCI free energy barriers.
differing intensity of these interactions, and to the differing total consequently, quantum chemical calculations with the RI-MP2

energies of these molecules. Therefore, we have decided tomethod were performed. Energy barriers obtained with the aug-
recalculate the PCI barriers with more precise methods. As the cc-pvDZ basis set are 9.5 and 15.1 kcal/mol for calixarene

best Candidate, the RI-MP2 method was Chosen, which prOVideSand 1] , respective|y_ These values are overestimated in com-

a better description of dispersion interactions than previously parison with those obtained by NMR. However, these RI-MP2
used methods. In consistency with former calculatidns, gata do not contain entropy and solvation contributions. Since
structures wittCp, symmetry forl andCs symmetry forll were the molecular dynamics studies show the significant role of the
used as representatives of pinched cone conformers. Similarly,solvent in the stabilization of the PCI transition state, obtained

structures with ¢symmetry were used as the transition states R|-MP2 energy barriers are more reasonable than in previously
of PCI. The RI-MP2 corrections to HF energy barriers obtained cgjculated dat&®

with the cc-pVDZ basis were 2.12 and 6.37 kcal/mol for

calixarend andll , respectively. Thus, the final energy barriers Acknowledgment. The authors thank the Supercomputing
were 8.66 and 12.55 kcal/mol, respectively. These values arecentre in Brno, Czech Republic, for providing access to
in good agreement with the experimental observations and computer facilities. We would also like to thank Martin Rér
properly show the difference between the rates of PCI move- for help with density map processing via FFT filtering. Financial
ment. When the aug-cc-pVDZ basis was used, final energy sypport from the Ministry of Education, Youth, and Physical
barriers were 9.51 and 15.09 kcal/mol for calixarérendll , Training of the Czech Republic (Contract No. MSM0021622413),
respectively. These barriers are higher than the experimentaliom the Grant Agency of the Academy of Sciences of the Czech
ones. Such overestimation is in consistency with the presentedRepub”C (Grant No. 1AA400200503), and from the Grant

PMF calculations, which predicted the reduction of energy agency of the Czech Republic (Grant No. 204/03/H016) is
barriers by the solvent. Considering this we may suggest the yratefully acknowledged.

missing experimental value for calixarehdo be around 6.5

kcal/mol. Supporting Information Available: Color versions of

Figures 5 and 6 are presented as Figure 1S and 2S, respectively.
Selected snapshots from constrained molecular dynamics simu-
In the presented study, the pinched cepéched cone lations showing structures of complexes between solvent and
conformational interconversion of tetraethoxycalix[4]aréaad calixarenes are summarized in Figures 3S, 4S, and 5S. Figure
tetraethoxythiacalix[4]aren# was studied by means of mo- 3S shows the complex between calixarénand chloroform
lecular dynamics and quantum mechanics. Molecular dynamicsmolecule. Figure 4S shows the complex between calixarene
studies including thepotential of mean forceree energy and water molecules, and finally, Figure 5S shows the complex
calculations gave an interesting insight into the role of the between calixarenB and chloroform molecule. This material
solvent in the studied interconversions. A reduction in free is available free of charge via the Internet at http://pubs.acs.org.

Conclusions
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