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Abstesct~ The aroylation of calix[é4}avene (1), p-tert-butylcalix(4]arene (2)
and p-allylcalix{4jarene (3) with benzoyl chloride and a variety of p-
substituted benzoyl chlorides has been carried out via AlCly~catalyzed
reaction and NaH~induced resction. The products are tetra—aroylates that exist
in the cone, partial come, and/or 1,3-alternate conformation. It is shown that
the distribution among these conformers is dependent on a variety of factors
including temperature, aroylating agent, calixarene, and golvent. When I is
esterified by the AlCly procedure lower temperature tends to slightly favor
the partial cone conformation, while higher temperature favors the 1,3~
alternate conformation. When 3 is esterified by the NaH method aroyl chlorides
carrying electron-releasing p-substituents favor the 1,3-alternate conformers;
those carrying electron-withdrawing substituents favor the cone conforwmers,
the distribution between the conformers correlating quite well with the
Hammett o constants for the p-substituents of the aroylating agents. When 2 is
easterified by the NsH method it shows a greater tendency to produce the cone
conformer than does 3, the former undergoing slower conformational inversion
than the latter. On the basis of these observations it is postulated that the
conformer distributfon is dependent on the relative rates of the confor-
mational inversion process and the aroylation process, viz, faster aroylation
leading to cone conformers or partial cone conformers and slower aroylation
leading to l,3-alternate conformers.

Calixarenes' are conformationally meblile macrocyclic compounds that sre of interest, inter
alia, because of their potential as polyfunctional catalysts. Conformational isomerism in the
calix{4]arenes was first suggested by Megson2 and Ott and Zinke> and was made explicit by
Cornforth and coworkers? who pointed cut that four discrete forms can exist. We have designated
these® as “cone®, "partial cone®, "1,2-alternate®, and "1,3- alternate" conformations as pictured
in Fig 1, end we abbreviate them in the designation of the structures in this paper as [c¢], [pc],
[1,2~31t], and {1,3~alt], respectively, The facile interconversion of these conformers was
demonstrated by Kimmerer and coworker36’7 who used dynamic T4 NMR measurements on a number of p-
alkylcalix[4]arenes, and the results of these studies have been substantiated and extended by
subsequent wcrker38’9f“{ The facile interconversion among conformers disappears, however, upon
transformation to the ethers and esters of the calix[4]arenes, because the interconversion
process requires that the aryl rings rotate around the C-2/C-6 bonds in a direction that brings
the oxygen end of the aryl molety through the snnulus of the macrocyclic ring. Thus, derivati-

zation freezes the calix[4larene system into one or more of the four conformetionss’ll. and in

#
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Cone Partial Cone 1.2-Alternate 1. 3-Alternate

Fig 1. The conformations of calix[4]arenes

many instances quite high yields of one particular conformer can be obtained by appropriate
choice of derivatizing agent. For example, acetylation often favors the "partial cone" conforma-
tion; benzylation and trimethylsilylation generally favor the “cone" conformation. In this paper
we report the results of a study of the effects that the derivatizing reagent and the reaction
conditions have on the conformations and the structures of the calix[4]arene aroylates that are
obtained via AlClycatalyzed and NaH-induced arcoylation. The aroylation process was chosen for
study because of the possibility it affords for making graded changes in the derivatizing agent
via the p-substituents in the benzene ring. In studying the conformational outcome of these
reactions advantage was taken of the easy distinction among conformers that is made possible by
14 NMR measurements, The characteristic TH NMR patterns arising from the CH, groups of particular
conformations are indicated in Table 1, and several typical spectra are shown in Fig 2.

Conformation TH NMR Pattern
Cone One pair of doublets
Partial Cone Two pairs of doublets (ratio 1:1) or one pair of

doublets and one singlet {(ratio 1:1)
1,2-Alternate One singlet and two doublets (ratio 1:1)
1,3-Alternate One singlet

Table 1. TH NMR patterns for the CH, protons of calix{4]arenes in various conformations.

Tetra-aroylates via Alumimm Chloride-Catalyzed Aroyletion. Room temperature benzoylation of
calix{4]arene (1) with benzoyl chloride and AlClz in CHyCly solutlon yields a mixture of
materials from which two pure substances can be isolated. The higher melting (mp >450° C)
acetone-insoluble compound was identified as the tetrabenzoate of calix[4]arene in the 1,3~
alternate conformation {4[1,3-alt]-a} and the lower melting {mp 302-4° C) acetone-soluble
compound as the corresponding partial cone conformer {4[pc]-~a}. With these pure materials as
reference compounds, the compositions of crude mixtures of the benzoylation products obtained at
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Fig 2. 4 NMR spectra at 300 MHz of tetra-aroylates: (A) tetrabenzoate of p-tert-
butylcalix[4]arene in the cone conformation, (B) tetrabenzoate of calix[4]-
arene in the partial cone conformation, (C) tetrabenzoate of p-allylcalix-[{4]arene
in the 1,3-alternate conformation.
various temperatures were then established by means of HPLC, giving the results shown in Table 2.
It is clearly evident from these data that higher temperatures favor the formation of the 1,3-
alternate conformer, although the wide variation between replicate determinations ( * 8% in some
cases) produces some uneveness in the data over the range of 0°C to the reflux temperature of
the solvent.

In the hope of determining the effect of electronic factors on the conformational outcome of
the aroylation process, reactions were next carried out with a number of p-substituted benzoyl
chlorides. Although benzoyl chlorides carrying electron-releasing substituents in the p-position
reacted quite smoothly and gave products that could be assayed for the distribution between
partial cone and 1,3-alternate conformers (see Table 3), benzoyl chlorides carrying electron-
withdrawing substituents (e.g. p-nitro, p-cyano, and p-trifluoromethyl) either failed to react or

gave such low ylelds of intractible mixtures that the results were of little use.
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The changes that occur in the conformer distribution of the aroylates with changes in
temperature suggest that the rate of conformational inversion of the calixarene might play a key
role in determining the conformer distribution of the derivatization product. That we are dealing
with competitive rates - viz. the rate of conformational inversion vs the rate of aroylation - is
further indicated by the fact that electron-releasing p-substituents in the aroylating agent
(which might be expected to reduce the reaction rate) give a higher proportion of the 1,3-
alternate conformer. Thus, whereas benzoyl chloride produces a mixture of conformers even at

reflux temperature and p-methylbenzoyl chloride gives a mixture at room temperature,

Temperature Partial Cone, % 1,3-Alternate, %
reflux 23 67
40 19 77
35 23 74
30 43 55
25 54 45
o 76 22

Table 2. Effect of temperature on the ratio of partial cone to 1,3-alternate
conformers formed in the benzolyation of calix[4]arene
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ituent of Temperature, °C Product Distribution

lation Agent

H (0] 22% 1,3-Alternate/76% Partial Cone
Reflux 68% 1,3-Alternate/23% Partial Cone

CH3 0 100% Partial Cone
25 Mixture of 1,3-Alternate & Partial Cone
Reflux 100% 1,3~Alternate

(CH3)3C 25 100% 1,3-Alternate

CHBO 25 100% 1,3-Alternate

Cl(CH2)3O 25 100% 1,3-Alternate

Table 3. Effect of temperature and the structure of the aroylating agent on the
conformer distribution in the aroylation of calix[4larene

p-tert-butyl, p-methoxy, and p-3-chloropropoxy analogs all produce pure 1l,3-alternate product at
room temperature. These data provide the basis for the following hypotheses: (a) the 1,3-
alternate conformers of the tetra-aroylates are more conformationally stable than the cone or
partial cone conformers, a fact that finds some corroboration in the work of Hogberg on the
extra-annular octahydroxycalix[4]arenes12, (b) if the rate of conformational inversion is slow
relative to the rate of derivatization the cone or partial cone conformer will be formed, and (c)
if the rate of conformational inversion is fast relative to the rate of derivatization the 1,3~
alternate conformer will be formed. As described in the next section, these hypotheses were
subsequently explored in greater detail with the NaH method of derivatization which not only
givgs better yields and cleaner products than the AlCl3 method in some cases (e.g. p-tert-
butylcalix[4]arene and p-allylcalix[4]arene) but also permits the use of a wider assortment of
aroylating agents, including those carrying electron-withdrawing, rate-enhancing p-substituents.
Curiously, the AlClz method gives better yields than the NaH method in the case of calix[4]arene;
the conformational outcome is approximately the same with the two methods when benzoyl chloride
is the aroylating agent but different when p-tert-butyl-, p-methoxy- and p-methylbenzoyl
chlorides are used.

The 1,3-alternate conformer of the tetrabenzoate of calix[4]arene {4{1,3-alt]-a} displays
some interesting 1H NMR features. At room temperature the resonance pattern at 6.7 arising from
the aryl hydrogens on the calixarene is a multiplet, as would be predicted for an AjA' system. At
-45° C, however, this pattern changes to a sharp singlet, apparently the result of accidental
equivalence of these protons. Because the elemental analysis of 4[1,3-alt]-a indicated the
Inclusion of solvent, a 2D NOE spectrum in CDC13 was obtained. As shown in Fig 3-B, it displays
off-diagonal resonances corresponding to a moderately strong interaction between CH013 and the
aromatic protons of the benzoyl groups. A 2D HOMCOR spectrum of this same material in CDCl3 (Fig
3-A) shows only the expected J coupling patterns between the protons within the molecule. The 2D

NOE spectrum can be interpreted in terms of a complex between CHClz and 4[1,3-alt]-a in which
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Fig 3. 2D TH NMR spectra of the tetra-benzoate of calix[4]arene in the 1,3-alternate
conformation in CDClx solution: (A) HOMCOR spectrum, (B) NOE spectrum
molecules of (}1013 reside inside the cavities of the calixarene tetrabenzoate, comparable to the
complex that is proposed for the endo-calix complexes of the parent calixarenes'? with amines.

Tetra-aroylates via Sodium Hydride-Induced Aroylation. The most extensive set of aroylation
experiments in the present study was carried out with p-allylcalix[4]arene because of the
synthetic interest in using the allyl groups to introduce funct:ionali.t:y‘14 on the calixarene ring.
p-Allylcalix(4]larene (3) in THF solution was treated with 8 equivalents of NaH and 5 equivalents
of the appropriate benzoyl chloride to yield products whose compositions were established by
inspection of their 14 NMR spectra. The results are shown in Table 4. A similar, though less
extensive study was then carried out using p-tert-butylcalix[4]arene (2) to determine whether the
p-substituent of the calixarene has any effect on the conformational outcome of the reaction.
That it does is indicated by the data in Table 5 which show that there is a considerably greater
preference for the formation of the cone conformer in the case of m-butylcalix[ﬂarene than
in the case of p-allylcalix[4]arene, even with benzoyl chlorides containing electron-releasing
groups.

Studies of the conformational behavior of the calixarenes'C have shown that the rate of
conformational inversion, as measured by the coalescence temperatures obtained from 1H NMR
spectral measurements, depends on the p-substituent of the calix[4]arene as well as on the
solvent. To provide comparative data among the compounds used in the present study, the
coalescence temperatures for calix[4]arene (1), p-tert-butylcalix[4]arene (2), and p-allyl-
calix[4]arene (3) were measured in CD,Cly, THF-dg, and DMF-dy; these results, along with
those from the earlier investigation, are shown in Table 6. In agreement with earlier
observationsm, the coalescence temperatures are lower for all three of the calixarenes in the
more polar solvents (i.e. conformational inversions are faster in these than in nonpolar

solvents). Quantitatively, the effects are greater for calix{4]arene and p-allylcalix(4]arene



tuent of the opgrg
Benzoylating Agent

OCHz -0.27
C(CH3)3 -0.20
Chs -0.17
H 0.00
CH,C1
Be 0.23
CFz 0.54
CN 0.66
N0, 0.78

Calixarenes—XXI

Product Composition

1,3-Alternate Conformation”
1,3-Alternate Conformation
1,3-Alternate Conformation
1,3-Alternate Conformation
1,3-Alternate Conformation
1,3-Alternate Conformation

1,3-Alternate Conformation (67%)
Cone Conformation (33%)

Cone Conformation (major product)
Partial Cone Conformation (minor product)

Cone Conformation (95%)
1,3-Alternate Conformation (5%)
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* Because of the reduced reactivity of this aroylating agent the product is a mixture
of tetra-aroyl (6-d), tri-aroyl (7-d) and di-aroyl (8-d) compounds.

Table 4. The product composition from the aroylation of p-allylcalix[4]arene
with benzoyl chloride and various p-substituted benzoyl chlorides.

than for p-tert-butylcalix(4]arene, supporting the idea that the p-tert-butyl group is

particularly effective in maintaining the cone conformation. A puzzling feature in the behavior

of Q:tert-butylcalix[dlarene was discovered when a sample was used in which the toluene of

crystallization had been removed by drying under vacuum at high temperature. In CIX:13, THF-dg and

pyridine—d5 solutions the coalescence temperatures for the more soluble toluene-complexed sample

and the less soluble toluene-free sample of p-tert-butylcalix{4larene are identical, as would be

anticipated. However, in DMF-d7 solution the coalescence temperature of the toluene-free sample

is ca 20° lower than that of the toluene-complexed sample. Even after the NMR solutions

gmtmmt of o
ylating Agent

OCH3

C(CH3)3

CHsz

Br
NO,

para

-0.27

-0.17

0.00

0.23
0.76

Product Composition

Cone Conformation (90%)
Partial Cone Conformation (5%)
1,3~-Alternate Conformation (5%)

Cone Conformation (80%)
1,3~Alternate Conformation (20%)

Cone Conformation (S0%)
1,3~Alternate Conformation (5%)
Tri-substituted Compound (5%)

Cone Conformation (S8%)
1,3-Alternate Conformation (trace)

Cone Conformation

Cone Conformation

Table 5. The product composition from the aroylation of %tert-butylcalix[dlarene
with benzoyl chloride and various p-substituted benzoyl chlorides.
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are heated, the difference in coalescence temperatures persists, negating the idea that the
difference might be ascribed to slow entry and/or exit of toluene from the cavity of the

calixarene. That no chemical change occurs upon removal of the the toluene is shown by the
ability to reconstitute the toluene-complexed material by recrystallizing the toluene-free

calixarene from toluene. Further work will be necessary to provide an explanation for this

phenomenon.
Coalescence Temperature, °C
1
Solvent Oalix[4]- z p-Allyl
arene (1) 4]8!'&2 ) calix[4]arene (3)

CDC13 3% 52 37

CDCly 37.5 >42" 42

CD3CN 0 insoluble 2

Acetone-dg -5 ca 50 5

Benzene-dg 15 35 -

Pyridine-dg -22 15 7.5

THF-dg 5 27.5 15

DMF-dy -5 60 (40"") 5

*At 42°C a pair of broad resonances can still be observed

**Toluene-free sample
Table 6. Coalescence temperatures in various solvents for calixarenes 1,2, and 3

The hypothesis concerning the relative rates of aroylation and conformational inversion as
governing the product composition in the reactions of aroyl halides with calix[4]arenes is hinted
at by the results from the AlCl3-catalyzed reactions, and its outlines are sharpened by the
results of the NaH-catalyzed reactions. In the AlCl3-cata1yzed process the mechanism is assumed
to involve the formation of an acylium ion which then interacts with the phenol. Electron-
releasing groups such as CH3O in the p-position of the aroyl halide will enhance the rate at
which the acylium ion is formed but diminish its reactivity, once formed. The data in Table 4
correlate nicely with the © para constants and show that aroyl chlorides carrying electron-
releasing groups favor the formation of the 1,3-alternate conformer (i.e. the product of slower
reaction) and those carrying electron-withdrawing groups favor the cone conformer (i.e the
product of faster reaction). In the NaH-induced process the mechanism is assumed to involve the
addition of the phenclate anion to the aroyl carbonyl to form a tetrahedral intermediate which
subsequently loses C1~ to form the product. Electron-releasing groups in the aroyl halide will
diminish the electrophilic character of the carbonyl carbon, while electron-withdrawing groups

will enhance it. The data in Table 4 and 5 correlate nicely with the o .., constants and again

par
show that aroyl chlorides carrying electron-releasing groups favor the formation of the 1,3~

alternate conformer and those carrying electron-withdrawing groups favor the formation of the
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cone conformer. Thus, it is postulated that in both modes of reaction lower rates result in the
formation of 1,3-alternate conformers and faster rates result in the formation of cone
conformers. In comparing the data in Tables 4 and 5 we see that the transition between the
formation of the 1,3-alternate and cone conformers occurs at a considerably lower value of the
cparaconstant of the aroylating agent for the reaction with g:ggggfbutylcalix[4]arene than with
p-allylcalixarene. This difference correlates well with the difference in T4 NMR coalescence
temperature of p-allylcalix{4]arene and p-tert-butylcalix[4]arene in THF, the former being
somewhat lower than the latter and corresponding to more rapid conformational interconversion.
However, the difference in the rate of conformational interconversion corresponding to these two
coalescence temperatures is actually quite small, suggesting that the product composition in
these reactions is the result of a remarkably delicate balance between the aroylation rate and
the conformational inversion rate.

In many of the NaH-induced derivatizations that we have reported in earlier papers in this
series the solvent that was used was a mixture of THF and DMF, the latter added in the thought
that it solubilized the calixarene. In the light of results of the present study which suggest
that (a) the relative rates of aroylation and conformational inversion determine the confor-~
mational outcome of the reaction and (b) the coalescence temperature for p-allylcalix[4]arene is
lower in DMF than in THF, it became of interest to determine if DMF has any effect on the
composition of the reaction product. The benzoylating agent that was chosen for this purpose was
p-nitrobenzoyl chloride, because it produces high yields of the cone conformer in THF solution
(see Tables 4 and 5). The results shown in Table 7 reveal that DMF does, indeed, have some effect
on the conformational outcome, producing less cone conformer and more 1,3-alternate conformer as
the proportion of DMF in the solvent mixture increases - in support of the thesis that increasing
rate of conformational inversion leads to less cone and more 1,3-alternate conformer. The more
profound effect of DMF as a solvent, however, is on the structural outcome of the reaction. As
shown in Table 7, as the proportion of DMF in the THF-DMF mixture is increased with p-
allylcalix[4]arene as the starting material, the amount of tri~-benzoate increases and becomes the
sole product (although in low yield) when DMF is used alone. Similar behavior is noted with o
tert-butylcalix[4]arene where benzoyl chloride, p-toluoyl chloride, and p-methoxy-benzoyl
chloride all give products containing tri-aroylates mixed with various other compounds when THF-
DMF is used as the solvent.

Tri-aroylates and Di-aroylates of the Calix[4)arenes. The preparation of the tri-benzoate
of p-allylcalix[4)arene through the use of DMF as a solvent, as described above, has little
synthetic utility because of very low yields. Pyridine proves to be a much superior solvent (and
reactant) for this purpose, as reported in an earlier paper in this series’, A subsequent paper
will deal with a study of this process as well as with a procedure for preparing the di-aroylates

and tri-aroylates.
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Solvent Products

THF (100%) Tetra-benzoate in the cone conformation (95%)
Tetra-benzoate in the 1,3-alternate conformation (5%)

THF (99%) Tetra-benzoate: mixture of cone and 1,3-alternate conformers
IMF (1%) Tri-benzoate (trace)

THF (90%) Tetra-benzoate: mixture of cone and 1,3-alternate conformers
DMF (10%) Tri-benzoate (significant amount)

THF (50%) Tri-benzoate (major product)
MF (50%) Tetra-benzoate (trace)

DMF (100%) Tri-benzoate (only isolable product) but in very low yield

Table 7. Product mixtures obtained from the reaction of p-nitrobenzoyl chloride
and p-allylcalix[4]arene in various THF-DMF solvent mixtures using 5.0
equivalents of NaH and 5.0 equivalents of aroyl chloride.

Summary.

In a recent review of the calixarenes1 it was stated that "by appropriate choice of
derivatizing agent calix[4]arenes can be fixed either in the cone or partial cone conformation"
but "the explanation for the different conformational outcomes upon derivatization is not known,
and the roles played by the derivatizing agent and the reaction conditions remain to be
determined". The present study of the aroylation reaction with calix(4 ]arene, p-tert-butylcalix-
[4)arene and p-allylcalix{4]arene has now provided some insight into this phenomenon, correlating
the rate of conformational interconversion with the rate of derivatization. By extrapolation of
these results it is postulated that benzylation and trimethylsilylation tend to give products in
the cone conformation because the benzylating and trimethylsilylating reagents that are generally
used are quite reactive, therefore outpacing the conformational inversion rate. Acetylation, on
the other hand, appears to be a somewhat slower process, resulting in the formation of partial

cone and 1l,3-alternate conformers.

Bxperimta116
Preparation of Tetra-aroylates via AlCly—Catalyzed Aroylation of Calix[4]arene

25,26,27,28-Tetra-(benzoyloxy)calix[4)arene (4-a). To a solution of 1.0 g (2.4 mmol) of
calix[4]arene (1) in 70 mL of CHyCl, in a constant temperature bath a mixture of 1.57 g (12.0
mmol) of AlCly and 7.98 g (6.6 mL; 56.7 mmol) of benzoyl chloride in 20 mL of Cﬂgclz were added
over a period of 30 m. The reaction mixture was stirred an additional 2 h at 40 C and then added
to 100 mL of cold 6N HCl. The organic layer was separated, dried, concentrated, and treated with
80 mL of methanol to yield 1.64 g of crude product. This was triturated with acetone for 12 h to
leave 0.81 g (41%) of of 4[1,3-alt]-a in the acetone-insoluble fraction: mp > 450° C; *H NMR
(CDCI3) §7.94 (d, 8H, J = 8.7 Hz, Benzoyl ArH), 7.84 (t, 4, J = 7,5 Hz, Benzoyl ArH), 7.67 (¢,
8, J = 7.8 Hz, Benzoyl ArH), 6.73 (m, 12, ArH), 3.6 (s, 8, ArCH,Ar); Anal Calcd. for CqgHy0g?
C, 79.98; H, 4.80. Found: C, 79.22; H, 4.67. The acetone soluble fraction yielded 0.8; g ?23?) of
4[pcl-a which was recrystallized from acetone/methanol to give colorless material: mp 302-304°
C; H NMR (CDCl,) & 8.09 (d, 4, J = 9.3 Hz, Benzoyl ArH), 7.74 (m, 4, Benzoyl ArH), 7.67 (s, 2,
Benzoyl ArH), 7.50 (m, 8, Benzoyl ArH), 7.25 (d, 4, J = 4.5 Hz, Benzoyl ArH), 6.97 (t, 2, J = 4.5
Hz, Benzoyl ArH), 6.91 (d, 2, J = 8.1 Hz, Benzoyl ArH), 6.72 (¢, 1, J = 7.5 Hz, Benzoyl ArH),
6.60 (d, 4, J = 4.8 Hz, Benzoyl ArH), 6.24 (s, 1, ArH), 3.94 (d, 2, J = 15 Hz, ArCHjAr), 3.84
(d, 2, J = 14,7 Hz, ArCHyAr), 3.72 (d, 2, J = 14.7 Hz, ArCHyAT), 3.53 (4, 2, J = 15 Hz, ArCH,Ar);
Anal. Calcd. for CggH,q0g: C, 79.97; H, 4.80. Found: C, 79.91; H, 4.78.

25,26,27,28-Tetra—p—methylbenzoyloxy)calix[4 )arene (4-b) was prepared by the procedure
described above, using p-toluoyl chloride, and obtained in 94% crude yield as a colorless solid.
From the acetone—insolllble fraction a 52% yield of the 1,3~alternate conformer (4[1,3—-alt}-b) was
obtained: mp >400° C; ‘H NMR (CDC13) &5 7.89 and 7.44 (pair d, 16, J = 7,33 and 8.79 Hz, Aroyl
Ard), 6.73 (m, 12, ArH), 3.57 (s, 8, ArCHyAr), 2.63 (s, 12, ArCHq); Anal. calcd. for CgqH,g0g: C,
80.33; H, 5.39. Found: C, 80.37; H, 5.33.
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The acetone-soluble fraction yielded a sample of the partial cone conformer (&[pc}-b) that
contained a trace of the 1,3-alternate conformer: mp 318-319° C; lH NMR (CDC13) § 7.99 and 7.31
(pair d, 8, J = 8.5 Hz, Aroyl ArH), 7.67 and 7.28 (pair d, 4, J = 8.0 Hz, Aroyl ArH), 7.66 (s, 2,
ArH), 7.13 and 7.05 (pair d, 4, J = 8.3 Hz, Aroyl ArH), 6.93 (m, 4, ArH), 6.73 (t, 1, ArH), 6.60
(m, 4, ArHd), 6.23 (8, 1, ArH), 3.92, 3.83, 3.70, and 3,50 (four pair d, 8, J = 14,16, 15.03,
15.84, 14.05 Hz), ArCHyAr), 2.54, 2.45, and 2.42 (three s, 12, inteusity ratio 1:1:2, ArCHq);
Anal. calcd. for CeoB4808: C, 80.33; H, 5.39. Found: C, 80.09; H, 5.25.

25,26,27,28-Tetra—(p—tert-butylbenzoyloxy)calix[4]arene (4-c) was prepared in the manner
described above, using p-tert-butylbenzoyl chloride, to yield the 1,3-alternate conformer
(4[1,3-alt]-c) as the only isolable isomer: mp 384-386° C; 'H NMR (cpCl4) & 7.90 and 7.68 (pair
d, 16, J = 8.19 and 8.95 Hz, Aroyl ArH), 6.75 (m, 12, ArH), 3.56 (s, 8, ArCH,ATr), 1.54 (s, 36,
C(CH3)4); Anal. calcd. for Cy,H;,0g: C, 81.17; H, 6.81. Found: C, 80.72; H, 6.64.

25,26,27,28-Tetra~(p-methoxybenzoyloxy)calix[4]arene (4—d) was prepared as described above,
using E—methoxybenonl chloride, to yield the 1,3-conformer (4{1,3-alt]-d) as the only isolable
isomer: mp >400°C; !H NMR (CDC13) § 7.865 and 7.10 (pair d, 16, J = 7.8 and 8.7 Hz, Aroyl ArH),
6.74 (m, 12, ArH), 4.04 (s, 12, OCH3), 13.57 (s, 8, ArCHyAr); Anal. calcd. for CeoHsg012: €,
74.99; H, 5.03. Found: C, 74.73; H, 4.84.

25,26,27,28-Tetra—[ p—~(3-chloropropoxy)benzoyloxy]-calix[4]arene (4-e) was prepared using p-
(3-chloropropoxy)-benzoyl chlor:lded to yield the 1,3-alternate conformer (4([1,3-alt]-e) as the
only isolable isomer: mp 270-272° C; "H NMR (CDCly) 6 7.07 (m, 12, ArH), 3.70 (s, 8, ArCH,Ar),
3.64 (¢, 8, J = 6.00 Hz, CH,Cl), 2.01 (m, 8, CH,CH,CH,Cl), 1.86 (¢, 8, J = 6.3 Hz,
CH)CH)CH,Cl1); Anal. caled. for C4,H,,0gCl,: C, 62.72; H, 5.26. Found: C, 62.92; H, 5.17.

Preparation of Tetra-aroylates via NaH-Induced Aroylations of p—Allyl-calix[4]arene

5,11,17,23-Tetraallyl-25,26,27,28-tetrabenzoyloxycalix[4]arene (6-a). A solution of 1.00 g
(1.71 mmol) of B—allylcalixlalarenel in 50 mL of dry THF in a 3-necked flask in which the air
was replaced with N, was placed in an ice bath, treated with 0.6 g (15 mmol) of NaH (60% oil
dispersion), and stirred for 30 m. A solution of 1.2 g (8.5 mmol) of benzoyl chloride in 10 mL of
dry THF was then added dropwise over a period of 30 m, and the reaction mixture as stirred an
additional 2 h. The solvent was removed on a rotary evaporator, and the residue was neutralized
with ca 30 mL of dil HCl. The product was extracted into CHCl3, the CHCl3 solution was washed
with water and brine and dried and then evaporated, and the residue was stirred for 30 m with 40
mL of methanol to leave 1.50 g (88%) of crude product. Recrystallization from CHC14/ CP3OH
afforded a colorless sample of the 1,3-alternate conformer 6[1,3-alt]-a: mp > 450°7C; 'H NMR
(CDC13) 8§ 7.91 (d, 8, J = 9.22 Hz, Benzoyl ArH), 7.94 (t, 4, J = 7.16 Hz, Benzoyl ArH), 7.69 (t,
8, J = 7.21 Hz, Benzoyl ArH), 6.56 (s, 8, ArH), 5.48 (mw, 4, CH=C), 4.77, 4.73, 4.59, and 4.54
(pair of d of d, 8, J = 2.2, 10.2, and 17.2 Hz, C=CH,), 3.55 (s, 8, ArCH,Ar), 2.83 (d, 8, J =
6.84 Hz, CH2C=C); Anal. caled. for Ceglgg0g: C, 81.58; H, 5.64. Found: C, 81.33; H, 5.65.

5,11,17,23-Tetra-allyl-25,26,27,28-tetra—p—methylbenzoyloxycalix[4 ]arene (6-b) was prepared
in the manner described above, using p-toluoyl chloride, and was obtained in 70% yield as a
colorless solid. Recrystallization from CHC13/CH OH yielded the 1,3-alternate conformer 6[1,3—
alt)-b: mp >400° C; 'H NMR (cDCl4) 6 7.45 and 7.78 (pair d, 16, J = 7.5 and 7.8 Hz, Aroyl ArH),
6.55 (s, 8, ArH), 5.49 (m, 4, CH=C), 4.58 and 4.76 (d of d, 8, J = 2,4, 10.0, and 16.2 Hz,
C=CH,), 3.54 (s, 8, ArCH,Ar), 2.84 (d, 8, J = 6.9 Hz, CH,C=C); Anal. calcd. for C7Hg40g: C,
81.79; H, 6.10. Found: C, 81.87; H, 5.99.

5,11,17,23-Tetra-allyl-25,26,27,28-tetra—(p—tert—butylb yloxy)calix|[4]arene (6—c) was
prepared as described above, using p-tert-butylbenzoyl chloride, and obtained in 58% yield as a
colorless solid after trituration with methanol, Reci'ystallization from CHCl;/CH,0H ylelded the
1,3-alternate conformer 6(1,3-alt]-c: mp > 400° C; 'H NMR (CDC13) 6§ 7.73 and 7.87 (pair d, 16, J
= 8.2 Hz, Aroyl ArH), 6.55 (s, 8, ArH), 5.52 (m, 4, J = 6.7 Hz, CH=C), 4.74, 4,71, 4.59, and 4.53
(pair of d of d, 8, J = 2,20, 9.66, and 17.20 Hz, C =CH,), 3.51 (s, 8, ArCH,Ar), 2.92 (d, 8,
(731‘{%1?-0), 1.53 (s, 36, C(CH3)3); Anal. caled. for Cg4HggOg: C, 82.32; H, 7.24, Found: C, 82.21; H,

5,11,17,23~Tetra-allyl-25,26,27,28-tetra—(p—methoxybenzoyloxy)calix[4 ]arene (6-d). Treatment
of p-allylcalix[4]arene with p-methoxybenzoyl chloride by the procedure described above yielded a
mixture containing di-substituted, tri-substituted, and tetra-substituted products, with the tri-
substituted product present in largest amount. When the ratio of calixarene/NaH/g—methoxybenzoyl
chloride was changed to 1/17.6/16 the product consisted of a 57% yield of a 50:50 mixture of tri-
substituted and tetra-substituted compounds from which a pure sample of the 1,3-alternate
conformer of the tetra-substituted compound (6[1,3—alt]-d) was obtained by chromatographic
separation: mp > 400° C; ly nMr (cbCl3) & 7.83 and 7.13 (pair d, 16, J = 8.75 Hz, Aroyl ArH),
6.56 (s, 8, ArH), 5.51 (m, 4, CH=C), 4,79, 4.76, 4.65, and 4.59 (pair of d of d, 8, J = 2.21,
10.18, and 16.33 Hz, C=CH,), 4.02 (s, 12, OCH3), 3.54 (s, 8, ArCH,Ar), 2.88 (d, 8, J = 6.95 Hz,
CHyC=C); Anal. calcd. for CyyHg4012: C, 77.13; H, 5.75. Found: C, 76.76; H, 5.69.

5,11,17,23~Tetra-allyl-25-hydroxy—26,27,28-tri—(p-nethoxybenzoyloxy)calix[4 ]arene (7-d) was
obtained by column chromatography from the mixture described above, and the partial cone confomer
(7{pc]-d) was isolated as a colorless solid: mp 249-251° C; 'H NMR (CDC14) & 7.96, and 6.87 (pair
d, 12, J = 8.68 Hz, Aroyl ArH), 6.89 and 6.68 (2 s, 4, ArH), 6.75 and 6.42 (2 d, 4 J = 1.5 Hz,
ArH), 5.81 (m, 1, CH=C), 5.76 (s, 1, OH), 5.26 (m, 3 CH=), 5.02 (m, 2, =CH,), 4.78 (m, 6,



4928 M. IQBAL et al.

C=CH,), 3.92 - 2.34 (s and 4 pair d, 8, J = 14,05 and 15.52 Hz, ArCHyAr), 3.88 (s, 9, OCHj),
3.25, 2,70 and 2.56 (m and pair d, 8, J = 6.84 Hz, CH,C=C); Anal. calcd. for Ce4Hsg0 gt C» 77.87;
H, 5.75. Found: C, 77.92; H, 6.01,

5,11,17,23-Tetra—-allyl-25,27-dihydroxy-26,28-di(p—methoxybenzoyloxy)calix|4]arene (8-d) was
obtained by column chromatography from the mixture described above, and the cone conformer
(7lc)-d) was isolated as a colorless solid: mp 254-256° C; 1y nur (CDC1l,) 6 8,21 and 7.01 (pair
d, 8, J = 9.00 Hz, Aroyl ArH), 6.79 and 6.78 (pair 8, 8, ArH), 5.81 (m, 4, CH=C), 5.18 (s, 2,
OH), 4.8 (m, 8, C=CH,), 3.93 (s, 6, OCH3), 3.89 and 3.50 (pair d, 8, J = 14.1 Hz, ArCHzAr), 3.13
(¢, 8, J = 6 Hz, CH,C=C); Anal. calecd. for C5gH590g: C, 78.85; H, 6.14. Found: C, 78.96; H, 6.17,

5,11,17,23-Tetra~allyl-25,26,27,28-tetra—(p~chloromethylbenzoyloxy)calix[4 Jarene (6-f) was
prepared as described above, using p-chloromethylbenzoyl chloride, and obtained in 932 yield as
a colorless solid. Recrystallization from CHCl3/CH30H afforded the 1,3-conformer 6[1,3-alt]-f: mp
>400° ¢; 1y nmr (cpCly) & 7.86 and 7.72 (pair d, 16, J = 8.3 Hz, Aroyl ArH), 6.59 (s, 8, ArH),
5.46 (m, 4, CH=C), 4.84 (8, 8, CH,Cl), 4.61, 4.67, 4.77, and 4.81 (pair of d of d, 8, J= 2.1,
10.8, and 16.2 Hz,C=CH,), 3.59 (s, 8, ArCHjAr), 2.676 (d, 8, J = 6.9 Hz, CH,C=C); Anal. calcd.
for Cy,Hg0gC1l,: C, 72.36; H, 5.06. Found: C, 72.05; H, 4.89.

5,11,17,23-Tetra-allyl1-25,26,27,28-tetra—(p—bromobenzoyloxy)calix[4]arene (6-g) was prepared
as described above, using p-bromobenzoyl chloride, and was obtained in 75% yield as the acetone-
insoluble material after trituration. Recrys:allizatlion from CHC13/CH30H yielded the 1,3-
alternate conformation 6[1,3~alt]-g: mp > 400° C; "H NMR (CDC14) 8 7.77 and 7.67 (pair d, 16, J =
8.95 and 8.08 Hz, Aroyl ArH), 6.56 (s, 8, ArH), 5.49 (m, 4, J = 6.84 Hz, CH=C),4.88, 4.84, 4.74,
and 4,69 (pair of d of d, 8, J = 1.3, 2.3, 10.37, and 17.2 Hz, C=CH,), 3.57 (s, 8, ArCH,Ar), 2.80
(d, 8, J = 6.94 Hz, CH,C=C); Anal, calcd. for CegHso0gBr,: C, 62.03; H, 3.98. Found: C, 62.10; H,
3.82.

5,11,17,23-Tetra-allyl-25,26,27,28-tetra~(p-trifluoromethylbenzoyloxy)calix[4]arene (6-h).
Treatment of p—allylcalix{4]arene with p-trifluoromethylbenzoyl chloride in the manner described
above gave 74X of a product which was indicated by its NMR spectrum to be a mixture containing
34% of the cone conformer and 66X of the 1,3~alternate conformer. The conformers were separated
by recrystallization from CHCI3/CH30H, the 1,3-alternate conformer precipitating first to yield
colorless crystals of 6[1,3-alt]-h: mp > 400° C; 'H NMR (CDC1l3) & 7.97 and 7.91 (pair d, 16, J =
8.3 Hz, Aroyl ArH), 6.57 (8, 8, ArH), 5.42 (m, 4, J = 6.9 Hz, CH=C), 4.82, 4,79, 4.66, and 4,60
(d of d, 8, J = 2.4, 10.2, and 17.2 Hz, C=CH,), 3.61 (s, 8, ArCHzAr), 2,72 (d, 8, J = 6.9 Hz,
CH,C=C); Anal. calcd. for C;,Hg)0gF;,: C, 67.92; H, 4.12. Found: C, 67.94; H, 4.04.

The cone conformer (6[c]-h) was obtained from the mother liquor of the mixture desfribed
above and could not be completely separated from a trace of 6{1,3—alt]-h: mp > 400° C; "H NMR
(CDC13) & 8.18 and 7.44 (pair d, 16, J = 8.4 Hz, Aroyl ArH), 6.79 (s, 8, ArH), 5.81 (m, 4, CH=C),
5.05, 5.02, 4.88, and 4.83 (pair of d of d, 8, J = 1.5, 2,4, 9.9, and 16.2 Hz, C=CH,), 4.07 and
3.36 (pair d, 8, J = 14.1 Hz, ArCH,Ar), 3.17 (d, 8, J = 6.3 Hz, CHZC-C); Aall. calcd. for
Cy2Hs590gF 52 C, 67.92; H, 4.12. Found: C, 68.04; H, 3.93.

5,11,17,23-Tetra~allyl-25,26,27,28-tetra—(p-cyanobenzoyloxy)calix[4 ]arene (6-1) was prepared
as described above, using p-cyanobenzoyl chloride, and obtained in 47% yield as a product
consisting mwostly of the cone conformer (6[c¢]-1) contaminated with a small amount of the partial
cone conformer and/or the tri~substituted compound: H NMR (CDCl,) & 8.08 and 7.59 (pair d, 16, J
= 8,3 Hz, Aroyl ArH), 6.76 (s, 8, ArH), 5.78 (m, 4, CH=), 5.05 5.02, 4.87, and 4.81 (pair of d of
d, 8, J = 1.4, 2.4, 10.36, and 16.8 Hz, C=CHj), 3.97 and 3.35 (pair d, 8, J = 13.8 Hz, ArCHjyAr),
13,15 (d, 8, J = 6.39 Hz, CH,C=C). Difficulties in removal of the tri-substituted compound
precluded obtention of an analytical sample for elemental analysis.

5,11,17,23~Tetra-allyl-25,26,27,28-tetra—~(p—nitrobenzoyloxy)calix{4]arene (6-]) was prepared
as described above, using p-nitrobenzoyl chloride and was obtained in 84X yield as the con
conformer (6{c]l—j) containing only a trace of the 1,3-alternate conformer: mp 290-291° C; "H NMR
(CDC13) & 8.19 and 8.08 (d of d, 16, J = 8,7 Hz, Aroyl ArH), 6.79 (s, 8, ArH), 5.79 (m, 4, CH=C),
5.05, 5.02, 4.87, and 4.81 (pair of d of d, J = 2.4, 10.2, and 17.4 Hz, C-CHZ), 4,02 and 4.00
(pair d, 8, J = 14.1 Hz, ArCH,Ar), 3.17 (d, 8, J = 6.9 Hz, CH,C=C); Anal. calcd. for CggHg7071¢N,:
C, 69.15; H, 4.44, Found: C, 39.00; H, 4.39.

Preparation of Tetra—benzoates via NaH-Induced Benzoylations of p—tert—Butylcalix[4]arene

S,ll,l7,23—tetta-tert—buty1—25,26,27,28—tetrg—l(genzoyloxy)cauxlb]arene (5-a). A solution of
1.00 g (1.54 mmol) of p-tert-butylcalix[4]arene”*® in 50 mL of dry THF was added to a 3-necked
flask, and the air in the flask was replaced with N,. The flask was put in an ice bath, 1.0 g (25
mmol) of NaH (60% dispersion in oil) was added, the flask was allowed to warm to room
temperature, and the contents were stirred for 30 w. A slurry of 1.26 g (8.98 mmol) of benzoyl
chloride in 10 mL of dry THF was then added dropwise over a period of 30 m, and the reaction
mixture was refluxed for 2 h. The solvent was removed on a rotary evaporator, and the residue was
neutralized with ca 30 mL of dil HCl. The product was extracted into CHCl3, and the CHClj
solution was washed with water and brine, dried, and then evaporated, and the residue was stirred
for 30 m with 100 mL of methanol to leave 1.30 g (79%) of crude product from which an ana}ytical
sample was obtained by recrystallization from CHC13/CH3OH to give S[cl-a: mp 338-340° C; 'H NMR
(CDC14) 6 8.14 and 8,11 (d of d, 8, J = 1.2 and 8.25 Hz, Aroyl ArH), 7.26 (t, 4, Aroyl ArH), 7.11
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(s, 8, ArH), 6.79 (t, 8, J = 8.1 Hz, Aroyl ArH), 4.26 and 3.44 (pair d, J = 13,8 Hz, ArCH,Ar),
1.19 (s, 36, C(CH3)3; Anal. calcd. for CyyH;,0g: C, 81.17; H, 6.81. Found: C, 81.30; H, 7.12.

5,11,17,23-Tetra-tert—butyl-25,26,27,28-tetra—(p—methylbenzoyloxy)calix[4 ]arene (5-b) was
prepared as described above, using p-toluoyl chloride. The crude product, obtained in 78% yield,
was a mixture that was Indicated by its NMR spectrum to contain ca 90X of the cone conformer, 5%
of the 1,3-alternate conformer and 5% of the tri-substituted compound. An analytical samp}e of
the cone conformer §5[c]-bt was prepared by recrystallization from CHCl3/CH30H: mp 360°%; 'H NMR
(cDC14) & 8,02 and 6.50 (pair d, 16, J = 7.8 Hz, Aroyl ArH), 7.12 (s, 8, ArH), 4.28 and 3.46
(pair d, 8, J = 12.9 Hz, ArCHyAr), 2.17 (s, 12, CH3), 1.20 (s, 36, C(CH3)3); Anal. calcd. for
C7eHgg08: C» 81.39; H, 7.19. Found: C, 80.51; H, 6.63.

5,11,17,23-Tetra-tert-butyl-25,26,27,28-tetra—(p—tert—butylbenzoyloxy)calix[4]arene (5-c)
was prepared as described above, using p-tert-butylbenzoyl chloride. The crude product, obtained
in 78% yield, was a mixture that was indicated on the basis of its NMR spectrum to contain ca 80%
of the cone conformer and 20% of the l,3-alternate conformer. An analytical sample of fhe cone
conformer (5[c]-d) was prepared by recrystallization from CHCl3/CH OH: mp 355-356° C; "H NMR
(CDC].3) § 8.31 and 6.87 (pair d, 16, J = 9.3 Hz, Aroyl ArH), 7.14 (s, 8, ArH), 4.33 and 3.14
(pair d, 8, J = 14.1 Hz, ArCH,Ar), 1.09 (s, 36, C(CH3)3); Anal. caled. for Cggl;,0g: C, 81.95;
H, 8.13. Found: C, 81.96; H, 8.00.

5,11,17,23-Tetra-tert—butyl-25,26,27,28-tetra—(p—methoxybenzoyloxy)calix[4]arene (5-d) was

prepared as described above, using p-methoxybenzoyl chloride. The crude product, obtained in 78%
yleld, was indicated on the basis of its NMR spectrum to contain ca 90% of the cone conformer, 5%
of the partial cone conformer, and 5% of the 1,3-alternate conformer. An analytical sample ff the
cone conformer (5{c)-¢) was prepared by recrystallization from CHC13/CH30H: mp 375-378° C; "H NMR
(cDC14) & 8.18 and 6,26 (pair &, 16, J = 8,7 Hz, Aroyl ArH), 7.14 (s, 8, ArH), 4.30 and 3.46
(pair d, 8, J = 14.1 Hz, ArCH,Ar), 3.54 (s, 12, OCH3), 1.19 (s, 36, C(CHq)4; Anal. caled. for
C76Hg02¢ C» 77.00; H, 6.80. Found: 76.79; H, 6.77.

5,11,17,23-Tetra—-tert-butyl-25,26,27,28-tetra—(p—bromobenzoyloxy)calix[4 Jarene (5-g) was
prepared as described above, using p-bromobenzoyl chloride. The crude product, obtained in 75%
yleld, was indicated on the basis of its NMR spectrum to be pure cone conformer. An analytical
sample was ohtained by recrystallization from CHCl3/CH3OH to give the cone conformer Slc]-g: mp
371-373° ¢; 'H NMR (cpCly) 6 7.91 and 7.14 (pair d, 16, J = 9.3 Hz, Aroyl ArH), 4.11 and 3.42
(pair d, 8, J = 13.8 Hz, ArCH,Ar), 1.17 (s, 36, C(CHy)3; Anal. calcd. for C;y,HggOgBr,: C, 62.62;
H, 4.96. Found: C, 62.45; H, 5.00.

5,11,17,23-Tetra—tert—butyl-25,26,27,28-tetra-(p—nitrobenzoyloxy)calix[4]arene (5-j) was
prepared as decribed above, using p-nitrobenzoyl chloride. The crude product, obtained in 86%
yield, was indicated on the basis of its NMR spectrum to be pure cone conformer. An analytical
samgle was othined by recrystallization from CHC13/CH30H to give the cone conformer S[c]~j : mp
360” C (dec); "H NMR (CDCl3) 5 8,19 and 8.06 (pair d, 16, J = 8,7 Hz, Aroyl ArH), 7.05 (s, 8,
ATH), 4.04 and 3.44 (pair d, 8, J = 14.1 Hz, ArCHjAr), 1.16 (s, 36, C(CH3)3); Anal, calcd. for
C72H‘68016N1.: C, 69./4[0; H, 5.50. Found: C, 69.58; H, 5.56.

2D lll NMR Determinations. Pulse sequences for 2D HOMCOR and 2D NOE were available in the
Varian XL-300 library. The 90° pulse was 22 us, the delay time was 3 s (ca 3 X T,), and 256 FID
and 16 transients were accumulated. With a spectral width of 2619 Hz the data set consisted of
1024 points on each dimension. Diagonal folding was carried out after transformation to remove T,
noise and spurious peaks.
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