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The conformational exchange of 5,11,17,23-tght@rt-butyl-25,27-dif\,N-diethylaminocarbonyl)methoxy-
26,28-dimethoxycalix[4]arenel) and the complexation of the cesium cation byn a binary mixture of
deuterated acetonitrile and chloroform were studied by *C, and *3*Cs NMR spectroscopy. The
conformational interconversions @fwere studied byH 2D EXSY NMR. The partial cone (pcy cone (c)
and the pc— pc self-interconversion df are characterized b&H* = 70 &+ 10 kJ/mol andAH* = 64 4+ 10
kJ/mol, respectively. The 1:1 complexes between the cesium cation and the ¢ and pc confoinage of
described. The exchange between solvatedads the cone complex follows a purely dissociative mechanism,
characterized bAH* = 89 + 2 kJ/mol andAS* = 71 + 4 J/(mol K).

Introduction SCHEME 1

Calixarenes, synthetic, macrocyclic oligomers obtained through
the base-catalyzed condensation of phenol and formaldéhyde,
are used as building blocks in supramolecular chemistry due to
their versatile recognition properties toward cations, anions, and
neutral moleculed:® The selectivity of the recognition proper-
ties can be varied through modifications at the phenolic oxygens
(lower rim)8-17

The tetramer, calix[4]arene, can adopt four different confor-
mations designated as cone, partial cone, 1,2 alternate, and 1,3
alternate depending on the relative orientations of the phenolic
and para site¥ All these conformers have distinttl and3C
NMR spectra. Small substituents at the lower rim, i.e., methyl Ry R

or ethyl groups, allow the phenyl units to flip through the 1 CH; CH,CON(CH,CH3),
annulus of the calixarene and the conformational exchange 2 CH;3 H
between the different conformers can be studied by NMR 3 CHZCOT‘CJ(}f;HzCHs)z CHzCOI\CI(P?HzCHa)z
r 721 Acetami r, and keton ituen 3 3
spectroscopy? cetamide, ester, and ketone substituents p CH,COCH,CH, CH,COCH,CH,

display a high affinity toward alkali metal catiof&:17-22 The
complexation properties depend on the donor groups and theequilibrium with the 1:1 complexes. It has been shown that, in

conformation of the calixarerfé-28 this solvent system, the cesium triiodide ion pair is dissociated,
Recently, the conformational interconversions of the flexible at least to a very large exteft.
tetramethoxycalix[4]arene4) were studied in solution, in In this work, 5,11,17,23-tetrtert-butyl-25,27-diN,N-diethy-

deuterated chloroform, and in a binary mixture of deuterated laminocarbonyl)methoxy-26,28-dimethoxycalix[4]arefg $hown
chloroform and deuterated acetonitffeStudies of the kinetics  in Scheme 1, was synthesized. This calixarene has intermediate

and mechanisms of complexation 4fby the sodiun?® and properties betweef and4, combining the high ionophoricity
cesium?’ cation followed this work. While the sodium cation  of the acetamide groups with the flexibility provided by lower
forms 1:1 complexes with fixed in the cone conformatiof?, rim methoxy substituents.

the cesium cation forms two types of 1:1 complexes, with the  The structure ofl and of its complexes with Cs the
partial cone and the 1,3 alternate conformer4ofwith a conformational interconversions df, and the kinetics and
thermodynamic preference for the partial cone complex, which, mechanism of its cesium cation complexation were studied by
however, is kinetically more labil®. (Scheme 1) IH, 13C, and!3Cs NMR spectroscopy in binary mixtures of

The complexation of the sodium and cesium cations by deuterated chloroform and deuterated acetonitrile. It is shown
conformationally rigid calix[4]arene estér(5) and acetamide  that the cone, partial cone and 1,3 alternate conformers of
(3)%° derivatives was also studied in the same solvent. The two (Scheme 2) are present in this solvent systent. €dectively
calix[4]arenes g, 5) are fixed in the cone conformation before recognizes the cone and partial cone conformers afd the
and after complexation. Other stoichiometries, 2:1 calixarene: Cs" exchange between the cone complex and the solvatéd Cs
Na"2° and 1:2 calixarene:Cs® were shown to coexist in  follows a purely dissociative mechanism.
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Experimental Section

Chemicals and Solutions.5,11,17,23-Tetrdert-butyl-25,-
27-di(N,N-diethylaminocarbonyl)methoxy-26,28-dimethoxycalix-
[4]arene () was synthesized from the tetrahydroxyderivative
(Aldrich 99%) in two steps. First, 5,11,17,23-tetrabutyl-25,27-
dimethoxycalix[4]arene?) was synthesized as described by No
et al3! In the second step, 0.15 g of NaH (60% in oil) was
added © 1 g (1.48 mmol) of2, suspended in 50 mL of
anhydrous THF and 10 mL of dry DMF, followed by the
addition of 0.8 g of-chloroN,N-diethylacetamide and refluxed

for 3 h under an Ar atmosphere. The reaction mixture was then

NCH,CH3), 0.9 (t, J = 7 Hz, 6, NCHCH3), 0.99 (s, 18,
C(CHg)3), 2.97 (d,J = 15 Hz, 4H, Hy), 3.11 (q,J = 7 Hz, 4,
NCH2CHj), 3.17 (9. = 7 Hz, 4, NCH,CH), 3.75 (s, 6, CHO),
4.12 (d,J = 15 Hz, 4H, Hy), 4.14 (s, 4, OCHKCO), 6.53 (s, 4,
Ar), 6.89 (s, 4, Ar).

13C NMR (1:1 CDC4 (77.8 ppm):CRCN, 255 K), cone
conformer:12.46, 13.9 (NCHCHS3), 30.4, 31.05 (QCH3)3), 31.1
(CHaxHeg), 33.5, 34.03 C(CHa)3z), 39.4, 40.18 (ICH2CHy),
60.25 (CHO), 73.4 (CCH,CO), 125.2, 125,5 (ArH), 131.9,
134.6, 144.9, 145.7, 153.8, 154.8 (Ar), 166.9 (CO).

IH NMR (1:1 CDC} (7.24 ppm):CRCN, 255 K), partial cone

worked up with a procedure similar to the one described by conformer:0.78 (s, 18, C(Ch)s), 1.01 (s, 9, C(Ch)3), 1.07 (s,

Arduini et all? in the case of the reported synthesis of
5,11,17,23-tetraert-butyl-25,26,27,28-tetrakibN-diethyl-
aminocarbonyl)methoxycalix[4]aren8)( This procedure yields
0.6 g of 1.

Elemental AnalysisAnalysis calculated for €HgoN2O:
C (77.12), H(9.15), N (3.1), found C (76.91), H (9.22), N
(3.11).

Free (1):'H NMR (1:1 CDC} (7.24 ppm):CRCN, 255 K),
cone conformer0.71 (s, 18, C(Ch)s), 0.85 (t,J = 7 Hz, 6,

9, C(CH)a), 2.22 (s, 3, CHO), 2.76 (d,J = 13 Hz, 2H, Hy),
2,88 (s, 3, CHO), 3.02 (s, 4, OCKCO), 3.43 (d,J = 13 Hz,
2H, Hay, 3.58 (d,J = 13 Hz, 2H, Hy), 4.42 (d,J = 13 Hz, 2H,
Heg), 6.32 (s, 2, Ar), 6.67 (s, 2, Ar), 6.81 (s, 2, Ar), 7.03 (s, 2,
Ar).

13C NMR (1:1 CDC4 (77.8 ppm):CRCN, 255 K), partial
cone conformer:12.53, 14.01 (NCHCH3), 30.19, 31.14,
(C(CHa)3), 33.43, 33.7, €(CHs)3), 37.25, 39.6 (NCHCHj),
57.8, 60.01 (CRHO), 71.6 (CCH,CO), 124.7, 126.1, 127.4,
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(ArH), 131.7, 132.2, 132.6, 135.2, 143.1, 143.9, 154.2, 154.9 The rate constants are averaged over at least four measure-

(Ar), 167 (CO). ments with different mixing times. The error is given as the
(Cs",1) complex:!H NMR (1:1 CDC} (7.24 ppm):CRCN, standard deviation of these measurements.
255 K): 0.8 (t,J = 7 Hz, 6, NCHCH3), 0.88 (t,J = 7 Hz, 6, With this approach all rate constants can be determined on

NCH,CH3), 0.97 (s, 18, C(Ch)s), 1.0 (s, 18, C(Ch)3), 2.83 one spectrum. Integration of all peaks gives a square matrix of
(9,3 =7 Hz, 4, NH,CHj3), 3.01 (q,J = 7 Hz, 4, NCH,CHj), the intensities. These intensities are divided by the population

3.13 (s, 6, CHO), 3.36 (d,J = 15 Hz, 4H, Ry, 3.48 (d,J = of each site, which is determined by integration on the 1D

15 Hz, 4H, Hy), 4.17 (s, 4, OCHCO), 6.78 (s, 4, Ar), 6.93 (s,  spectrum at the same temperature. This gives the matrix

4, Ar). Finally, the calculation of the logarithm of matri followed
(Cs',1) complex:13C NMR (1:1 CDC4 (77.8 ppm):CRCN, by the division of each of its elements by, gives the matrix

255 K): 12.56, 13.73 (NChICH3), 30.85, 31.01 (GTHa)3), R, whose off-diagonal elements are the rate constants for the

33.62, 33.88C(CHya)3), 36.67 (CHyHeg), 39.79, 40.56 (ICH- exchange between the various sites. Even if all rate constants

CHa), 57.13 (CHO), 70.38 (ACH,CO), 127.78, 127.94 (ArH), could be obtained from one EXSY spectrum, at least four EXSY
132.56, 136.03, 145.15, 145.2, 149.3, 156.3 (Ar), 166.06 (CO). spectra were measured at all the temperatures of this study, with
Cesium triiodide (Johnson Matthey 99%) was used as cesiumdifferent 7,,, values.
cation source. Cslwas dried under vacuum overnight prior to
use. Results and Discussion
All measurements were made in a binary mixture of deuter- .
ated chloroform and deuterated acetonitrile. Deuterated aceto- L Was synthesized from 5,11,17,23-tetrabutyl-25,27-
nitrile (99.8%) was purchased from either Aldrich or Cambridge dimethoxycalix[4Jarene2) using NaH as base. The use ofNa
Isotope Laboratories, and deuterated chloroform (99.8%) was &S counterion selectively produces the cone conformer of calix-

purchased from Cambridge Isotope Laboratories. The solventsl4larenes, since Nahas the highest affinity toward the cone
were dried ove4 A molecular sieves before use. conformer in the complex formatici$:3¢-40 The bulkiness of

NMR Measurements.The IH, 13C, and33Cs NMR spectra the acetamide group does not allow the flipping of the lower
were recorded on a Bruker A,MX-QSOO NMR spectrometer at rim acetamide-substituted phenolic units through the annulus
500.14, 125.77, and 65.59 MHz, respectively. THeand3C of the calix[4]arene;*?thus only the cone (c), partial cone (pc)
NMR spectra are referenced to chloroform (7.24 and 77.8 ppm, @nd the 1,3 alternate (1,3alt) conformerloshown in Scheme
respectively) and th83Cs spectra to 10 mM CsCl in 20%,0 2, can be formed through conformational interconversions
(0 ppm at 300 K). The error on the temperature is estimated to NVOIving the cone conformer.
be 0.5 K. The aromatic region of théH 1D and 2D EXSY NMR

133Cs NMR SpectraThe parameters were chosen to obtain SPectra of 32.1 mM1 in a binary mixture of deuterated
guantitative spectra. A relaxation delay of 855, a 90 pulse chloroform and deuterated acetonitrile at 255 K is shown in
of 14 us, an acquisition time of 0.62L s, and a sweep width ~ Figure 1. Figure 1 confirms the formation of three different
of 20 kHz were used, and 624K scans were accumulated conformers in equilibrium. Two peaks of equal intensity at 6.53
per spectrum. and 6.89 ppm characterize the major species, assigned to the

IH 2D-EXSY Spectroscopp standard NOESY pulse se- cone conformer. The partial cone conformer is characterized
guence was used for these experiméfité A relaxation delay by four peaks of equal integrals at 6.32, 6.67, 6.81, and 7.03
of 4.5's, a 90 pulse of 3.1us, sweep width 7 kHz, acquisition ~ PPM and the 1,3 alternate conformer by two peaks at 6.62 and
time 0.07 s, 16 scans of 1024 points by 256 slices with a total 6-61 ppm. The peaks at 6.32 and 6.67 ppm can be attributed to
measuring time of B,—7 h per spectrum. The spectra for the the acetamido-bearing phenyl rings, since at Iow temperature,
complexed and free calixarene were respectively recorded atthe expected meta coupling can be observed (Figure 1; B and
255, 274, and 292 K and 246, 255, 274, and 283 K. At each C protons in Scheme 2). At higher temperatures, the four peaks
temperature a series of 4 or 5 2D-EXSY spectra were recorded.have the same line width, controlled by the exchange. The four
Mixing times @) varied between 10 ms and 1.25 s. IH signals of the partial cone conformation can then be assigned,

T.. The longitudinal relaxation timeT{) was determined by ~ Since, on the basis of the diamagnetic anisotropy of the phenyl
the inversion-recovery method, and 10 delay times between Ngs, B is éxpected to resonate at higher field than C, and A at
10 ms and 6.5 s were used. Theof the free and complexed  higher field than D> Accordingly, the assignment is 6.32 (B),
aromatic protons varied between 880 and 1100 ms. 6.67 (C), 6.81 (A), and 7.03 (D). Similarly, the two signals of

Data Treatment. 1D 13Cs SpectraThe line widths, intensi- the cone conformation at 6.53 and 6.89 ppm can be attributed,
ties, and chemical shifts were determined by fitting each peak "espectively, to the acetamido- and methoxy-bearing phenyl
with a Lorentzian line shape. The integrals were calculated using "'n9s- _ _
these intensities and line widths. The kinetic analysis of these  The cone conformer is further described by two doublets at
spectra was done by a complete band shape analysis using thé-97 and 4.12 ppm in the methylenmethoxy region and two
DNMR5 software3s tert-butyl peaks at 0.71 and 0.99 ppm. The partial cone

1H 2D-EXSY Spectrahe 2D spectra were symmetrized and conformer is described by two pairs of doublets in the
all peaks integrated using standard Bruker software. The ratemethylenic region at 2.76, 3.43, 3.58, and 4.42 ppm and three

constants were determined by a matrix method, described inPeaks in theert-butyl region at 0.78, 1.01, and 1.07 ppm, with
the literature’®-37 a 2:1:1 intensity ratio. These data unambiguously confirm the

presence of the cone and partial cone conformers as major and
R=—In(A)/z, (¢D)] minor species in a binary mixture of acetonitrile and chloroform.
The two small peaks of equal intensity in the aromatic region
where A contains the intensities of the peaks in the EXSY at6.62 and 6.61 ppm are tentatively assigned to the 1,3 alternate
spectrum, weighted by their relative populatignsA; = ljj- conformer ofl.
(zm)/p;, andzy, is the mixing time. The off-diagonal elements The relative distribution between the cone, partial cone, and
of R are made of the rate constarkg, with kjpi = k;p;. the 1,3 alternate conformer is respectively 70%, 29%, and 1%
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Figure 1. Aromatic region of the 1DH and 2D*H EXSY NMR spectra of 32.1 mM at 255 K.

at 255 K. This distribution between the different conformers pc self-interconversion are respectiveyH* = 70 + 10 kJ/
reflects the thermodynamic stability of the different conformers, mol andAH* = 64 £+ 10 kJ/mol (Figure 7). These parameters
since the relative distribution did not change over a period of 2 are similar for the two processes, since the rate-determining step
months, excluding the possibility of a kinetically controlled is the same in both processes. In the case of the tetramethoxy
product distribution. Further, the relative populations of the three derivative @), in the same solvent, the enthalpy of activation
conformers are invariant with temperature within the error limits, for the pc < c interconversion process was found to be
in agreement with a conformational process characterized by acomparable AH* = 56 4 2 kJ/mol?° but, as expected on the
very small entropic variation. basis of the steric constraints, slightly smaller. Given the small
Figure 1 shows the appearance of two sets of cross peaksange of temperatures (37 K; see Figure 7) for which these
between the partial cone and the cone conformers, respectivelykinetic results could be obtained, the errors on the entropies of
for the acetamido (6.32 and 6.67 ppm) and the methoxy (6.81 activation preclude their useful determination.
and 7.03 ppm) bearing phenyls. Complex FormationFigure 2 shows thé&**Cs NMR spectra
It was possible to study the conformational interconversion of variable amounts of, in the presence of 30.1 mM of Gsl
between the partial cone and cone and the self-interconversionin a binary mixture of deuterated acetonitrile and deuterated
of the partial cone conformer, involving the thermodynamically chloroform at 238 K. In the absence &f the resonance of
favored cone conformer, {1 2D-EXSY between 246 and 283  solvated C$ at 52 ppm is observed. Upon addition hftwo
K. The rate constants were obtained from the aromatic region new signals at-19.5 and—72 ppm superimpose on the spectra
of the spectrum as described in the Experimental Section, usingof solvated C$, and the peak of solvated Cdisappears when
eq 1. Only the signals of the acetamido bearing phenyl rings at an excess ot is added (L]/[Csl3] > 1). The two new peaks at
6.32, 6.53, and 6.67 ppm were used since these signals do not-19.5 and—72 ppm are assigned to complexes formed between
overlap (see Figure 1). At 255 K the rate constants for the pc the cesium cation and different conformersloFigure 3 shows
< ¢ conformational exchange and the pcpc self-intercon- the methylene and methoxy region of thHé NMR spectrum
version are respectively 1:80.2 and 0.55+ 0.1. As expected, of variable amounts of in the presence (3a) and absence
the rate of the pe> pc self-interconversion is similar to the (3f) of 30.1 mM Cs}. The OCH,CO signal at 4.16, the two
rate of the pc— c interconversion, since it proceeds through bridging methylene doublets at 3.49 and 3.37, the @&i3.14,
the cone conformer. This is observed at every temperatureand the two amidomethylene quartets at 3.03 and 2.85 ppm
studied. The activation enthalpies for thepcc and the pe—> unambiguously demonstrate that a complex is formed between
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Figure 2. 3%Cs NMR spectra of 30.1 mM Csin the absence (a) and
presence (bf) of (b) 7.3, (c) 14.25, (d) 21.17, (e) 29.61, and (f) 47.32
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Figure 3. 'H NMR spectra of various amounts afin the presence
(a—e) and absence (f) of 30.1 mM Ggb—f) at 238 K: (a) 7.3, (b)

14.25, (c) 21.17, (d) 29.61, (e) 47.32, and () 32.1 mM.

the cesium cation and the cone conformed.oThetert-butyl
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Figure 4. 13Cs NMR spectra of 47.7 mM Cshnd 33.98 mML1 at
various temperatures: (a) 238, (b) 250, (c) 265, (d) 278, (e) 292, (f)
300, (g) 314, and (h) 328 K.

Cs" is bound in the minor species. The small amounts of the
partial cone complex present, and the spreading of these
intensities over a larger number of peaks, compared to the cone
conformer, prevent the detection of this complex in the other
parts of the'H NMR spectra.

The13%Cs NMR line width of the cone complex is 165 Hz at
238 K. This line width is much larger than that for the complex
between the cesium cation and the cone conformeg-tefrt-
butylcalix[4]arene-tetraacetamide (12 H2)This clearly shows
the reduced symmetry of the binding site composed of 4
phenolic and 2 carbonyl oxygens compared to a binding site
made of 4 phenolic and 4 carbonyl oxygens. The lower
symmetry of the cesium complex with the cone conformet of
creates an asymmetric electronic distribution around the qua-
drupolar cation, and increases the electric field gradient and
consequently the line width.

This is confirmed by the temperature variation of the line
width of the cone complex. At low temperature, the line width
decreases with increasing temperature which is due to quadru-
polar relaxation (see Figure 4), whereas at higher temperatures,
the signals of the solvated cesium cation and of the cone
complex broaden in parallel, obeying an exchange model (see
Figure 5). Conformational changes can be ruled out, since in
the correspondingH NMR spectra the chemical shifts and
coupling constants do not change with increasing temperature
and only the peaks of the cone complex are observed. Further,
it has been showffi that, in the absence of an exchange, the

region of the spectrum, where peaks at 0.83, 1.03, and 1.14'*Cs NMR relaxation is dominated by quadrupolar relaxation,
ppm in a 2:1:1 intensity ratio can be observed, gives the besteéven in the case of water.

indications for the partial cone conformer complex (figure is
given in Supporting Information). Consequently, the minor
species observed on tH&*Cs NMR spectrum (Figure 2) can
be assigned to a complex formed between thed®sl the partial
cone conformer ofl.. Further, it has been shown recently that
the Cg cation has a higher affinity toward the partial cone
conformer than toward the 1,3 alternate conforffeéxccording

to the integrals o#3%Cs and'H NMR spectra, 1.52.5% of the

Figure 4 shows the temperature dependence dffis NMR
spectra of a 47.7 mM Cghnd 33.87 mML. The line width of
the cone complex goes through a minimum~&800 K. The
line width of the partial cone complex is not exchange broadened
in the temperature range studied. Above 300 K the first-order
rate constants for the cesium cation exchange between the cone
complex and solvated Cscould be determined using the
DNMR5 software®® The experimental and calculated spectra
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TABLE 1: Rate Constants (s%) for the Different Exchange
Processes at 255 K
3000 2000 1000 0 1000 -2000 -3000 partial cone—~ partial cone—~ cone complex—> cone complex—

H cone partial cone free cone free partial cone

Figure 5. 13Cs NMR spectra of 30.91 mM Gsknd 14.25 mM 1302  055£009 0.019+0.004 0.020+0.004
showing the measured spectrum, the DNMRS5 fit (solid line), and the  231.1 mM1.°47.7 mM1 and 30.1 mM Csl
difference (dotted line): (a) 314 Kyiss= 93+ 1 =2 s *and (b) 328

K, Kigiss= 180+ 5 s,
6 J
SCHEME 3
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at 314 and 328 K are shown in Figure 5. The dissociation rate -4 1
constants are 93 2 and 180+ 5 s at 314 and 328 K, . : : . . ,
respective|y. 3.0 3.2 34 3.6 38 4.0
These rate constants are only meaningful when the corre- 1000/T [K]

sponding mechanism of eX(_:hange_is known. Two limiting Figure 7. Eyring plot of the pseudo-first-order dissociation rate
mechanistic hypotheses, a dissociative exchange (Scheme 3bgonstants determined by a complete band shape analysis 5¥@se

and an associative exchange mechanism (Scheme 3c) will beNMR spectra ©, 30.91 mM Cs{, 14.25 mM 1, anda, 47.7mM Cs}
ConsideredkA is related td(—l and k2 by eq 241,42 and 33.98 mML), 1H 2D-EXSY NMR spectra®, 30.1 mM Csj and
47.32 mM 1) and ka/[(M,C)*] as a function of 1/[M] (®). Eyring
plots of the partial conecone ) and partial cone partial cone #)

kA - kfl[(M’C)Jr]/[M +] + kZ[(M'C)+] @) interconversions of 32.1 mM.

To determine the exchange mechanism a concentration studywell as the exchange between the partial cone conformer and
at constant])/[Csl3] = 0.71 and 5.26 mMc Csk] < 47.7 mM the cone complex could also be observed. The rate constants
was done at 330 K. A plot déx/[(M,C) "] as a function of 1/[M] for the exchange between the cone complex and the cone and
is shown in Figure 6ka/[(M,C)"] is proportional to 1/[M] and partial cone conformer df are respectively 0.01% 0.004 and
the line extrapolates to zero within the precision of the 0.0204 0.004 s!. The results obtained at 255 K are sum-
measurement, givingg_; = 220 £ 10 s This shows the marized in Table 1. These data further confirm the high affinity
absence of a significant contribution of the associative exchangeof the cesium cation toward the cone conformer compared to
mechanism to the observed exchange between the solvated Csthe partial cone or 1,3alternate conformerlof
and the {, Cs") cone complex. This dissociation of the (Csl) cone complex is characterized

Between 255 and 292 K the exchange between the free andby AH* = 89 4 2 kJ/mol andAS* = 71 £ 4 J/(mol K) (Figure
complexedl could be studied byH 2D EXSY NMR spec- 7). These values are larger than the activation parameXer's,
troscopy. The rate constants for the different exchange processes= 67 + 2 kJ/mol andAS* = 40 + 3 J/(mol K), for the
were derived from the aromatic part of the spectrum. At 274 dissociation of the (Cs3) cone complexX? These data are
and 292 K, only the exchange between the cone conformer of similar to the activation parameters for the dissociation of the
1 and its complex with Cscould be observed. At 255 K the  Cs' inclusion complexes with cryptand C222 and C222B in
exchange between the partial cone and the cone conformer a®rganic solvents obtained by Popov et‘df4 suggesting that
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solvent molecules are excluded from the {CH cone complex.

For comparison, the values of the activation parameters for the

dissociation of the (Cs 4) partial cone complex arAH* =
47 + 2 kJ/mol andAS* = —32 + 6 J/(mol K). This result
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