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Calix[4]arene Sulfonates: Palladium-Catalyzed Intermolecular
Migration of Sulfonyl Groups and Isolation of a Calix[4]arene in a
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An intermolecular migration of sulfonyl groups in 1,3-bistriflate and 1,3-bismesylate derivatives
of p-tert-butylcalix[4]arene (1) takes place in the presence of both a palladium catalyst and chloride
anion. The process leads to the clean formation of 1:1 mixtures of mono- and trisubstituted
derivatives that could not be prepared directly from 1 by sulfonylation reactions. A trismesylate
7b is obtained as a minor derivative under the conditions required for the mesylation of 1.
Compound 7b exists in a 1,2-alternate conformation, which is chiral due to the pattern of

substituents.

Introduction

Calix[4]arenes are not planar and can adopt four
different stable conformations [cone, partial cone (paco),
1,2-alternate (1,2-alt), and 1,3-alternate (1,3-alt)] when
bulky groups substitute the phenolic hydroxyls (“lower
rim”) to prevent free rotation of the aromatic rings.!?
These compounds are increasingly used as building
blocks for the construction of more elaborate structures
used for the complexation of cations and neutral sub-
strates.»®> We have sought to extend current methodolo-
gies for the functionalization of calixarenes by using
palladium-catalyzed cross-coupling reactions at the lower
rim of calix[4]arenes. Among common activating groups
for phenol hydroxyls,*? trifluoromethanesulfonates (tri-
flates) have been extensively used in recent years.5 8 In
particular, their palladium-catalyzed coupling with or-
ganostannanes® provides a simple solution for carbon—
carbon bond formation on an aromatic ring.® Palladium-
catalyzed procedures for the functionalization of calix-
arenes have been recently described by using p-bromo
substituents in the upper rim.0

*This paper is dedicated to the memory of the late Professor
Francisco Farifia.

® Abstract published in Advance ACS Abstracts, November 1, 1995.
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Unexpectedly, we found that the bistriflate and bis-
methanesulfonate (bismesylate) of p-fert-butylcalix[4]-
arene (1) undergo a facile intermolecular rearrangement
in the presence of both a palladium catalyst and chloride
anion, providing new mono- and trisulfonate derivatives
of the parent calixarene 1. Despite the widespread use
of sulfonates as activatings® or protecting groups for
phenols,!! this type of intermolecular migration of sul-
fonyl groups is unprecedented. Previously, exchange of
sulfonyl groups has only been observed intermolecularly
in the reaction of aryl triflates with the potassium salts
of phenols in liquid ammonia.? Additionally, in the
course of this study we have prepared the first calix[4]-
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arene which exists in a stable chiral 1,2-alternate
conformation.

Results and Discussion

1. Palladium-Catalyzed Migration of Sulfonyl
Groups. Treatment of 1 with excess triflic anhydride
in the presence of a variety of bases led to the exclusive
formation of the 1,3-bistriflate 2. None of the other
possible derivatives were observed in the crude reaction
mixtures. The best conditions for the preparation of 2
were obtained by using 1,8-bis(dimethylamino)naphtha-
lene (proton sponge) as the base, leading to an almost
quantitative yield. Similarly, when 1 was treated with
methanesulfonyl chloride under the same reaction condi-
tions, the 1,3-bismesylate 3 was obtained in 70% yield.
In this reaction a trismesylate was also obtained in low
yield (vide infra).

Surprisingly, when 2 was submitted to the standard
coupling conditions with ethenyltributylstannane (excess
LiCl, in DMF, Pd(PPh;),Cl; as the catalyst)f a 1:1
mixture of tristriflate (4) and triflate (5) was isolated
(Scheme 1). Similar results were obtained by using Pd-
(PPhg), as the catalyst, tetraalkylammonium chloride as
the added salt, or DMSO as the solvent. It is noteworthy
that only a trifluromethanesulfonyl group migrates under
all the reaction conditions examined. No rearrangement
was observed in the absence of palladium catalysts,
chloride salts, or less polar solvents. Pd(MeCN),Cl; and
Pd(dppHCl; [dppf = 1,1’-bis(diphenylphosphine)ferrocene]
were also effective as the catalysts, while Pdy(dba), (dba
= dibenzylideneacetone) in the presence or absence of
LiCl gave negative results. The stannane apparently
behaves as a reductant for Pd(II), leading to a highly
reactive coordinatively unsaturated Pd(0) catalyst by
transmetallation followed by reductive elimination.®” In
fact, it sufficed to add a catalytic amount of the stannane
to generate the active catalyst. However, addition of
phosphites, known to reduce Pd(II) to active catalysts,?
gave only unchanged starting bistriflate. By using an
excess (3—10 equiv) of LiCl in DMF and Pd(PPh;),;Cl; as
the catalyst, the 1,2-bistriflate 6 was also formed in this
reaction. Derivative 6 probably arises by cleavage of a
sulfonate group of tristriflate 5 assisted by the chloride
or adventitious water.
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CHo=CHSnBu,
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4 :R'=R2=R%*:=T1,R*=H
5 :R'=7t,R2=R%=R*zH
6 :R'=R2=T1,R*=R*=H
7a:R'=R2=R%=Ms,R*=H
8 :R'=Ms,RZ=R*=R%=H

Remarkably, bismesylate 8 also suffered smooth dis-
proportionation under the conditions developed for 2.
Thus, reaction of 3 with ethenyltributylstannane and
benzyltriethylammonium chloride in the presence of
catalytic amounts of Pd(PPh;):Cl; in DMF proceeded at
35 °C to yield a mixture of trismesylate 7a and mesylate
8. In the absence of palladium catalyst no intermolecular
migration of the mesylate was observed.

At present we can only speculate about the role played
by the palladium catalyst in these rearrangements.
Although cleavage of aryl triflates has been observed as
a side reaction in several palladium-catalyzed reactions,’8
probably promoted by the added halide,'* the present
process required the addition of both palladium and
chloride ion. The need of added chloride anion suggests
that anionic [Pd(L).Cl;]2~ (L. = phosphine) or a related
species!® may be involved in the catalysis. The reaction
proceeds satisfactorily at 50 °C with 1 equiv of Pd(PPh;),
and 2 equiv of LiCl in DMSO-d¢ as the solvent. Under
these reaction conditions good conversions of 2 into a 1:1
mixture of 4 and 5 (ca. 90 %, 24 h) were obtained. By
monitoring the reaction in CDCl; by !H NMR, a transient
broad signal at —0.08 ppm was observed, which disap-
peared after the addition of D;O. However, a definitive
assignment of this transient species could not be made.

Although Ag(I) is known to complex with calixarenes,®
a similar Pd(0) complex appears unlikely.'” In fact, no
changes were observed in the 'H NMR spectrum of 1 or
calix[4]arene 1,3-dimethyl ether in DMSO-d; after addi-
tion of Pd(PPhs), or Pd(PPh;)Cl;. On the other hand,
although intramolecular transacylation reactions of
calix[4]arene 1,3-diesters have been described by Guts-
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Figure 1. Stereoview of an energy-minimized structure of calixarene 7b.

che,!® the involvement of a related mechanism is highly
unlikely in our case since it would be difficult to rational-
ize the formation of 1:1 mixtures of mono- and trisubsti-
tuted derivatives in the process. Additionally, intramo-
lecular migrations of sulfonyl groups are, to the best of
our knowledge, unknown. Regardless of the particular
mechanism of these deproportionations, this unconven-
tional procedure allows for the synthesis in one step of
mono- and trisulfonate derivatives, potentially useful
substrates for the elaboration of more complex calix-
arenes. Current methods for the synthesis of mono- and
trisubstituted derivatives of parent calix[4]arene 1 often
require complex transformations or lead to poor conver-
sions of the desired products.!®!?

2. Conformation of Calix[4]arene 7b. The new
calixarenes 2—6 and 8 showed NMR data consistent with
cone conformations. Particularly diagnostic were the
chemical shifts for the methylene carbons of these
derivatives which appeared at 31.1—33.3 ppm, charac-
teristic of syn-oriented adjacent phenol rings.?° On the
other hand, trismesylate 7a showed two signals for the
methylene carbons (36.7 and 32.2 ppm), corresponding
to a partial cone (pace) conformation.

As mentioned above, mesylation of 1 furnished a 1,3-
bismesylate (3) as the major product. Additionally, a
trismesylate, 7b, could be obtained in 5% yield whose
NMR data were clearly different to those of its conformer
7a obtained by the palladium-catalyzed reaction of 3. The
NMR spectra of 7b in CDCl; at 23 °C are in agreement
with an asymmetric structure in a 1,2-alt or a paco
conformation. In DMSO-ds four AX systems were ob-
served for the methylene hydrogens. Addition of 1 equiv
of Pirkle’s chiral shift reagent (S)-(+)-2,2,2-trifluoro-1-
(9-anthryl)ethanol to the CDCl; solution led to splitting
of several signals. Full assignment of 7b by COSY and
NOESY experiments was consistent with a 1,2-alt con-
formation as shown in Figure 1. On the other hand,
NMR data indicated that 7b possessed a rigid conforma-
tion in the range of —68 to +66 °C (CDCIl; solution).
Additionally, no exchange cross-peaks were observed in
the ROESY experiments carried out at 23 °C, excluding
fast equilibria between several interconverting conform-
ers. Furthermore, neither 7b nor its conformer 7a led

(18) See, K. A.; Fronczek, F. R.; Watson, W. H.; Kashyap, R. P,;
Gutsche, C. D. J. Org. Chem. 1991, 56, 7256.
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A.J. Chem. Soc., Perkin Trans. 2 1994, 83. (b) Gutsche, C. D.; Rogers,
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to equilibration after being heated at 125 °C for 24 h in
DMSO-dg solution.

The NMR results are fully consistent with fixed chiral
1,2-alt conformation for the trismesylate 7b. Molecular
mechanics calculations were performed using a CVFF
force field,?! starting with 7b in a idealized symmetrical
1,2-alt conformation. The optimized final structure
(Figure 1),% is fully compatible with the results of the
NOESY experiments.

Usually, chiral calix[4]larenes have been prepared by
attaching chiral residues to the tetramer.?? Calix[4]-
arenes possessing three or four different substituents at
the para position? or meta substituents? are also chiral
when ring inversion is frozen by substitution at the lower
rim.?6%” Chiral calixarenes have also been obtained with
fixed cone,*?82° paco,?82° or 1,3-alternate® conformations.
However, no examples of chiral calix[4]arenes with 1,2-
alt conformations had been described so far. Our results
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Hagler, A. T.; Lifson, S. J. Am. Chem. Soc. 1974, 96, 5319. (c) Hagler,
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potentials and atomic charges, as provided by the CVFF force field,
were employed without modifications. Calculations were performed
in vacuo, with a dielectric constant € = r;;, and the initial structure
was slowly relaxed by 300 steepest descent iterations, followed by full
optimization with enough conjugate gradients 1terat1ons to reach a
energy RMS gradient of less than 0.001 kcal mol~ A-1.
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Arimura, T.; Satoh, H.; Manabe, O. J. Chem. Soc., Chem. Commun.
1987, 1495. (c) Gutsche, C. D.; Nam, K. C. J. Am. Chem. Soc. 1988,
110,6153. (d) Muthukrishnan, R.; Gutsche, C. D. J. Org. Chem. 1979,
44, 3962. (e) Arimura, T.; Kawabata, H.; Matsuda, T.; Muramatsu,
T.; Satoh, H.; Fujio, K.; Manabe, O.; Shinkai, S. J. Org. Chem. 1991,
56, 301.
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therefore indicate that 7b is the first example of a calix-
[4]arene which exists in a chiral 1,2-alt conformation.

Conclusions

We have uncovered a surprisingly facile migration of
sulfonyl groups on two 1,3-sulfonates of the parent p-terz-
butylcalix[4]arene (1) which proceeded in the presence
of both a palladium catalyst and chloride anion. This
process leads to the clean formation of 1:1 mixtures of
mono- and trisubstituted derivatives that could not be
prepared directly from 1 by sulfonylation reactions. In
the preparation of the expected 1,3-bismesylate 1 we have
obtained a trismesylate 7b as a minor derivative which
was demonstrated (NMR) to exist in a 1,2-alternate
conformation, which is chiral due to the pattern of
substituents.

Experimental Section

Solvents were dried before use by standard methods. All
reactions were carried out under an atmosphere of Ar. Chro-
matography was performed with flash grade silica gel. Unless
otherwise stated, the more stable conformation of the obtained
calix[4]arenes was the cone.

p-tert-Butylcalix[4]arene 1,3-Bistriflate (2). To a sus-
pension of p-tert-butylcalix[4]arene (1) (300 mg, 0.46 mmol)
and 1,8-bis(dimethylamino)naphthalene (proton sponge) (513
mg, 2.39 mmol) in CHyCl; (15 mL) at 0 °C was added
triflucromethanesulfonic anhydride (0.3 mL, 1.8 mmol). After
being stirred for 2 h at 25 °C, the mixture was partitioned
between CH:Cl; and aqueous HCI (10%). The organic layer
- was dried (NaySO,) and evaporated. The residue was chro-
matographed (10:1 hexane—EtOAc) to give 2 as a white solid
(410 mg, 97%): mp 305 °C (MeOH-benzene); IR (KBr) 3600,
1200, 1180 cm~1; IH NMR (CDCl;, 200 MHz) 6 7.18 (s, 4 H),
6.71 (s, 4 H), 4.20 (d, J = 14.4 Hz, 4 H), 4.13 (s, 2 H, OH), 3.52
(d, J = 14.4 Hz, 4 H), 1.32 (s, 18 H), 0.91 (s, 18 H); 8C{*H}
NMR (CDCl;, 50 MHz; DEPT) 6 150.8 (2 C, s, Ar), 149.8 (2 C,
s, Ar), 143.5 (2 C, s, Ar), 141.4 (2 C, s, Ar), 132.7 (4 C, s, Ar),
127.8 (4 C, s, Ar), 126.7 (4 C, 4, ArH), 125.9 (4 C, d, ArH),
118.7 [2 C, q, WJ(33C—"1°F) = 320.5 Hz], 34.1 (2 C, s, C(CH3)),
34.0 (2 C, s, C(CHy)3), 32.4 (4 C, t, ArCHAr), 31.6 (6 C, q,
C(CHs)s), 30.7 ((6 C, q, C(CHa)s); MS (FAB) m/z 913 (30) (M"),
780 (10), (base peak = 57); HRMS (FAB) m/z caled 912.3164,
found 912.3161 (M*). Anal. Caled for C4Hs4F60sS2:1/2 ben-
zene: C, 61.81; H, 6.03. Found: C, 61.59; H, 5.88. (The
presence of benzene from the recrystallization was confirmed
by 'H NMR.)

p-tert-Butylcalix[4]arene Tristriflate (4). A mixture of
2 (100 mg, 0.11 mmol), Pd(PPhs);Cl; (8 mg, 0.01 mmol),
ethenyltributylstannane (ca. 10 mg), and BnNEt;Cl (42 mg,
0.22 mmol) in DMF (6 mL) was stirred at 35 °C for 24 h. The
mixture was partitioned between EtOAc (50 mL) and aqueous
HCI (10%). The organic layer was dried (Na;SO4) and evapo-
rated. 'H NMR showed a 1:1 mixture of 4 and 5. The residue
was chromatographed (10:1 hexane—EtOAc) to give a mixture
of 4 and 5. Trituration with hexane gave 4 as a white solid
(30 mg, 26%). Evaporation of the hexane solution gave § (23

(26) (a) Bshmer, V.; Wolff, A.; Vogt, W. J. Chem. Soc., Chem.
Commun. 1990, 968. (b) Shinkai, S.; Arimura, T.; Kawabata, H.;
Murakami, H.; Araki, K.; Iwamoto, K.; Matsuda, T. J. Chem. Soc.,
Chem. Commun. 1990, 1734. (c) Shinkai, S.; Arimura, T.; Kawabata,
H.; Murakami, H.; Iwamoto, K. JJ. Chem. Soc., Perkin Trans. 1 1991,
2429,

(27) (a) Wolff, A.; Bohmer, V.; Vogt, W.; Ugozzoli, F.; Andreeti, G.
D. J. Org. Chem. 1990, 55, 5665. (b) Pickard, S. T.; Pirkle, W. H;
Tabatabai, M.; Vogt, W.; Boshmer, V. Chirality 1993, 5, 310.

(28) (a) Iwamoto, K.; Shimizu, H.; Araki, K.; Shinkai, 8. J. Am.
Chem. Soc. 1998, 115, 3997. (b) Caccamese, S.; Pappalardo, S.
Chirality 1998, 5, 159. (c) Iwamoto, K.; Yanagi, A,; Arimura, T;
Matsuda, T.; Shinkai, S. Chem. Lett. 1990, 1901.

(29) (a) Pappalardo, S.; Caccamese, S.; Giunta, L. Tetrahedron Lett.
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mg, 26%). 4: mp 239—240 °C (hexane); IR (KBr) 3600, 3400,
1240, 1210, 1135 cm™!; 'H NMR (CDCls, 200 MHz) 6 7.38 (s,
2H),7.19(,2H),6.76(d,J=25Hz 2H),669(d,J=25
Hz, 2H), 463 (d,J =14.1 Hz,2 H),4.14(d, J = 14.5 Hz, 2 H),
3.75 (s, 1 H, OH), 3.58 (d, J = 14.5 Hz, 2H), 3.55 (d, J = 14.1
Hz, 2 H), 1.39 (s, 9 H), 1.34 (s, 9 H), 0.91 (s, 18 H); *C{1H}
NMR (CDCl;, 75 MHz; DEPT) 6 151.9 (1 C, s, Ar), 150.1 (2 C,
s, Ar), 150.08 (1 C, s, Ar), 143.1 (1 C, s, Ar), 142.1 (1 C, s, Ar),
139.5(1C, s, Ar), 136.1 (2C, s, Ar), 133.3 (2 C, s, Ar), 130.4 (2
C, s, Ar), 127.8 (2 C, d, ArH), 127.0 (2 C, d, ArH), 126.9 (2 C,
s, Ar), 126.3 (2 C, d, ArH), 125.8 (2 C, d, ArH), 1186 [2C, q,
LJ(13C—19F) = 321 Hz], 118.4 [1 C, q, WJ(**C—1°F) = 320 Hz],
34.6 (1 C, q, C(CHa)3), 34.1 (2 C, s, C(CHy)s), 34.0 1 C, s,
C(CHa)3), 33.3 (2 C, t, ArCH2Ar), 31.5 (3 C, q, C(CHjy);), 31.3
(3 C, q, C(CH3)3)s), 31.1 (2 C, t, ArCHAr), 30.8 [6 C, q,
C(CHz3)a)], (one quaternary Ar carbon signal overlaps); MS
(FAB) m/z 1045 (9.9) (M*), 1029 (3), 990 (1), (base peak = 57);
HRMS (FAB) m/z caled 1044.2657, found 1044.2590 (M™).
p-tert-Butylealix[4]arene Triflate (5). This calix[4]arene
was prepared, along with 4, from 2 as a white solid. 5: mp
228-230 °C (hexane); IR (KBr) 3520, 1210 cm™!; 'H NMR
(CDCls, 300 MHz) 6 7.13(d,J = 2.3 Hz,2 H), 7.08 (d, J = 2.4
Hz, 2 H), 6.94 (s, 2 H), 6.92 (s, 2 H), 5.5—5.0 (br, 3 H, OH),
4.33 (4, J = 14.1 Hz, 2 H), 413 (4, J = 14.1 Hz, 2 H), 3.55 (d,
J =142 Hz, 2 H), 3.46 (d, J = 14.1 Hz, 2 H), 1.28 (s, 18 H),
1.13 (s, 9 H), 0.97 (s, 9 H); 3C{H} NMR (CDCls, 75 MHz;
DEPT) 6 151.0 (1 C, s, Ar), 149.0 (2 C, s, Ar), 146.7 (1 C, s,
Ar), 1441 (1 C, s, Ar), 1436 (2 C, s, Ar), 141.2 (1 C, s, Ar),
133.1(2C, s, Ar), 127.6 (2 C, d, ArH), 127.4 (2 C, s, Ar), 127.3
(2C, s, Ar), 127.2(2C, s, Ar), 126.0(2 C, d, ArH), 1259 (2 C,
d, ArH), 125.8 (2 C, d, ArH), 119.8 [1 C, q, LWJ(3C-19F) = 321
Hz], 34.2 (1 C, s, C(CHjy)s), 34.0 (2 C, s, C(CHs)s), 32.5 2 C, t,
ArCH:Ar), 32.4 (2 C, t, ArCH:Ar), 31.6 (6 C, q, C(CHa)s), 31.3
(8 C, q, C(CH3)y), 30.7 (3 C, q, C(CHy)s), (one quaternary
C(CHa)3) carbon signal overlaps); MS (EI) m/z 780 (3) (M*),
648 (3), (base peak = 57); HRMS (FAB) m/z caled 780.3671,
found 780.3681 (M™).
p-tert-Butylcalix(4]larene 1,2-Bistriflate (6). When the
synthesis of 4 and 5 from 2 and the palladium catalyst was
carried out in the presence of excess LiCl (3—1Q equiv), 1,2-
bistriflate 6 was obtained (ca. 20—60% yield). This derivative
could not be obtained pure and was isolated contaminated with
variable amounts of 5: 'H NMR (CDCl;, 300 MHz) 6 7.12 (d,
J=25Hz,2H),7.08(d,J=25Hz,2H),7.05(d,J=2.5Hz,
2H),7.04(d,J =25Hz,2H), 567 (brs, 2 H, OH), 4.60 (d, J
=144 Hz, 1 H),435(d,J =153 Hz, 2 H),3.84(d,J = 14.1
Hz, 1 H), 3.69(d,J = 15.3Hz,2 H), 3.63(d,/ = 14.4 Hz, 1 H),
3.57(d, J = 14.4 Hz, 1 H), 1.23 (s, 18 H), 1.17 (s, 18 H).
p-tert-Butylealix{4]arene 1,3-Bismesylate (3). To a
suspension of 1 (300 mg, 0.46 mmol) and proton sponge (500
mg, 2.39 mmol) in CHCl; (10 mL) at 0 °C was added
methanesulfonyl chloride (2 mL, 25.7 mmol). After being
stirred for 4 days at 25 °C, the mixture was partitioned
between CH:Cl; and a saturated aqueous solution of NH,Cl
(pH 8). The organic layer was dried (Na2SO,) and evaporated.
The residue was chromatographed (10:1 hexane—EtOAc) to
give p-tert-butylcalix[4]larene trismestylate (1,2-alt) (7b) (20
mg, 5%). Elution with 5:1 hexane—EtOAc gave 3 as a white
solid (260 mg, 70%). 8: mp > 300 °C (CHCls); IR (KBr) 3570
1190, 1160 em™1; 'H NMR (CDCl;, 200 MHz) 6 7.16 (s, 4 H),
6.80 (s, 4 H), 4.48 (s, 2 H, OH), 4.29 (d, J = 14.2 Hz, 4 H), 3.51
(d, 14.2 Hz, 4 H), 3.30 (s, 6 H), 1.34 (s, 18 H), 0.92 (s, 18 H);
18C{'*H} NMR (CDCl;, 75 MHz, DEPT) 6 150.0 (2 C, s, Ar),
149.8 (2 C, s, Ar), 142.8(2C, s, Ar), 141.2(2C, s, Ar), 133.2 (4
C, s, Ar), 127.9(4 C, s, Ar), 126.4 (4 C, d, ArH), 125.6 (4 C, 4,
ArH), 38.1 (2 C, q, OSO2:CHzs), 34.0 (2 C, s, C(CHs)s), 33.9 (2
C, s, C(CHj3)s), 33.0 (4 C, t, ArCH,Ar), 31.6 (6 C, q, C(CHs)a),
30.8 (6 C, q, C(CHs)s); MS (FAB) m/z 937 (26) (M* + Cs), 804
(67) (M*), 693 (22), (base peak = 57). Anal. Caled for
C45H60F60382'1/2H202 C, 67.87; H, 7.55. Found: C, 67.57; H,
7.46. (The presence of water was confirmed by 'H NMR.)
p-tert-Butylcalix[4)arene Trismesylate (paco) (7a). A
mixture of 8 (170 mg, 0.21 mmol), Pd(PPh;),Cl; (16 mg, 0.02
mmol), ethenyltributylstannane (ca. 10 mg), and BnEtsNCI1 (77
mg, 0.42 mmol) in DMF (10 mL) was stirred at 35 °C for 24 h.
The mixture was partitioned between EtOAc (50 mL) and
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aqueous HCI (10%). The organic layer was dried (NazSO,) and
evaporated. 'H NMR showed a 1:1 mixture of 7a and 8. The
residue was chromatographed (10:1 hexane—EtOAc) to give
7a (40 mg, 22%) and 8 (30 mg, 20%) as white solids. 7a: mp
> 300 °C (CHCly); IR (KBr) 3510, 1190, 1160 cm™!; 'H NMR
(CDCls, 200 MHz) 6 7.32 (s, 2 H), 7.28 (s, 2 H), 7.04 (d, J =
24Hz,2H),6.74(d,J=24Hz,2H) 4.78 (d,J = 13.4 Hz, 2
H), 4.37(d,J = 14.7 Hz, 2 H), 3.78 (s, 1 H, OH), 3.69 d, J =
14.7 Hz, 2 H), 3.35 (d, J = 13.4 Hz, 2 H), 83.25 (s, 6 H), 3.09 (s,
3 H), 1.37 (s, 9 H), 1.35 (s, 9 H), 1.01 (s, 18 H); 13C{*H} NMR
(CDCl;, 75 MHz; DEPT) 6 151.7 (1 C, s, Ar), 150.8 (1 C, 8, Ar),
149.6 (2C, s, Ar), 142.8 (1 C, s, Ar), 142.3(1 C, s, Ar), 141.1 (1
C, s, Ar), 136.4 (2 C, s, Ar), 134.7 (2 C, s, Ar), 132.1 (1 C, 5,
Ar), 1274 (1 C, d, ArH), 127.3 (1 C, d, ArH), 126.8 1 C, d,
ArH +1C, s, Ar), 126.4 ((1 C, d, ArH), 38.2 (2 C, q, 0SO,CHj3),
38.1 (1 C, q, OSO.CHy), 36.7 (2 C, t, ArCHAr), 34.5 (2 C, s,
C(CHa)s), 34.1 (2 C, s, C(CHy)s), 32.2 (2 C, t, ArCHAr), 31.7
(8 C, g, C(CHs)3), 31.4 (3 C, q, C(CHs)y), 31.0(6 C, q, C(CHy)y),
(one quaternary Ar carbon signal overlaps); MS (FAB) m/z 882
(100) (M*), 867 (21), 804 (32). Anal. Calcd for C47HgeS3010°
2H.0: C, 61.55; H, 7.03. Found: C, 61.60; H, 6.88. (The
presence of water was confirmed by 'H NMR.)
p-tert-Butylcalix[4]larene Mesylate (8). This calix[4]-
arene was prepared, along with 7, from 3: mp 162—-164 °C
(hexane); IR (KBr) 1190, 1155 cm~!; H NMR (CDCl;, 200
MHz) é 9.14 (s, 1 H, OH), 7.76 (s, 2 H, OH), 7.10 (s, 2H), 7.08
(d,J = 2.4 Hz, 2 H), 7.04 (s, 2 H), 7.02 (d, J = 2.4 Hz, 2 H),
444(d,J=14Hz,2H),4.16(d,J=14Hz,2H),3.58 (d,J =
14 Hz, 2 H), 3.53 (d, J = 14 Hz, 2 H), 3.43 (s, 3 H), 1.23 (s, 18
H), 1.21 (s, 9 H), 1.15 (s, 9 H); 3C{*H} NMR (CDCl3, 75 MHz;
DEPT) 6 150.5 (1 C, s, Ar), 148.4 (2 C, s, Ar), 147.2 (1 C, s,
Ar), 1439 (1 C, s, Ar), 143.5 (2 C, s, Ar), 140.8 (1 C, s, Ar),
134.1(2C, s, Ar), 127.7(2C, s, Ar), 127.2(2C, s, Ar), 127.1 (2
C,d, ArH), 126.9(2 C, s, Ar), 125.9 (2 C, d, ArH), 125.85 (2 C,
d, ArH), 125.7 (2 C, 4, ArH), 38.9 (1 C, q, OSO:CH3), 34.3 (1
C, s, C(CHj)3), 34.0 (1 C, s, C(CHay)s), 33.9 (2 C, s, C(CHs)g),
33.2 (2 C, t, ArCH.AY), 32.7 (2 C, t, ArCHAr), 31.5 (6 C, q,
C(CHs)), 31.4 (3 C, q, C(CHjy)g), 31.0 (3 C, q, C(CHy)3); MS
(FAB) m/z 726 (100) (M™*), 711 (10).
p-tert-Butylcalix[4]arene Trismesylate (1,2-alt) (7b).
This calixarene was obtained as a minor product in the
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mesylation of 1: mp > 300 °C (MeOH); IR (KBr) 3565, 1190,
1140 em™!; 'H NMR (300 MHz, CDCl3) 6 7.41 (d, J = 2.6 Hz,
1H),740(d,J =2.6 Hz, 1 H), 7.38 (d, J = 2.5 Hz, 1 H), 7.33
d,J=24Hz 1H),721(d,J=25Hz,1H),7.19(d,J =25
Hz,1H), 7.16(d,J = 2.4 Hz,1 H), 7.03 (d, J = 2.4 Hz, 1 H),
5.22(s,1H,0H), 4.80(d,J=13.3Hz,1H),450(d,J = 15.1
Hz, 1 H), 4.48 (d, J = 14.0 Hz, 1 H), 4.26 (br, s, 2 H), 3.93 (d,
J=15.1Hz,1H),343(d,J/=13.3Hz,1H),3.42(d,J = 14.1
Hz, 1 H), 3.09 (s, 3 H), 1.47 (s, 6 H), 1.36 (s, 18 H), 1.25 (5, 9
H), 1.24 (s, 9 H); 1®)C{'H} NMR (75 MHz, CDCl;; DEPT) 6 150.1
(1C, s, Ar), 150.08 (1 C, s, Ar), 149.4 (1 C, s, Ar), 149.2 (1 C,
s, Ar), 143.3 (1 C, s, Ar), 142.6 (1 C, s, Ar), 142.5 (1 C, s, Ar),
141.7(1C, s, Ar), 136.7(1C, s, Ar), 136.0 (1 C, 5, Ar), 135.8 (1
C,s, Ar), 133.0(1 C, s, Ar), 1326 (1 C, s, Ar), 1322 (1 C, s,
Ar), 129.0 (1 C, d, ArH), 128.7 (1 C, d, ArH), 1286 (1 C, d,
ArH), 127.5(1 C, d, ArH), 1265 (2 C, 4, ArH), 1259 (1 C, s,
Ar),125.8(1C, d, ArH), 125.6 (1 C, d, ArH), 124.7(1 C, s, Ar),
40.1 (1 C, t, ArCH,Ar), 38.7 (1 C, t, ArCHAr), 37.3 (1 C, q,
0S0,CHjy), 36.1 (1 C, q, OSO,CHjy), 35.8 (1 C, q, OSO,CHjy),
34.5 (2 C, s, C(CHy)s), 34.4 (1 C, s, C(CHs)), 33.9 (1 C, s,
C(CHa)s), 31.5 (3 C, q, C(CHa)3), 31.4 (2 C, t, ArCHzAr), 31.3
(9 C, q, C(CH3)3); MS (FAB) m/z 882 (100) (M*), 804 (28), 611
(16); HRMS (FAB) m/z caled 882.3505, found 882.3479 (MY).
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