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Abstract

Treatment op-tert-butylthiacalix[4]areneX) with benzyl bromide in THF—DMF using NaH as the base catalyst
afforded the tetrabenzyl ether of cone conformatidg) @s the major product, oxidation of which, with NaBO
in CHClz—acetic acid, proceeded readily to give the corresponding sulfinyl comp&)nglith the four S=O
groups disposed on the same side of the plane defined by the macrocyclic ring probably to avoid the steric
hindrance imposed by the benzyllic moieties. Cleavage of the ether bonds gave a new stereoigeieer of
butylsulfinylcalix[4]arene Z(ccc)) with the four SO groups arranged in eis—cis—cisconfiguration. © 2000
Elsevier Science Ltd. All rights reserved.
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Since we reported the facile synthesispefert-butylthiacalix[4]arene1),* we have been engaged in
the development of its novel functions and applications which are not attainable by the conventional
methylene-bridged calix[4]arend©ne of the most noteworthy featureslo its ability to bind various
transition metal ions by virtue of the cooperative ligation of the epithio function with that of the phenoxide
oxygens as revealed by solvent extraction studies and X-ray crystallography.

The well-known ready oxidizability of an epithio function to the sulfinyl and/or sulfonyl group should
be another attractive feature bf Thus, we first showed thdtcan be selectively oxidized to eithpr
tert-butylsulfinylcalix[4]arene ) or p-tert-butylsulfonylcalix[4]arene ) by controlling the amounts of
NaBQ; as the oxidizing ageritinterestingly, the direct oxidation df afforded only one isomeR(ttt)
exclusively, as evidenced by NMR and X-ray crystallographwith the four S=O groups arranged in an
up—down—-up—down manner to form ttrans—trans—trangsomer among the four possible combinations
of the S=0O configurations (Fig. 1). The stereochemical outcome of the oxidation may be ascribed to
the structure of(ttt) which, seemingly, is the least congested and, furthermore, favored by the hydrogen
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bonding between the OH and=® groups in the-position and by the least dipole repulsion of the(®
groups.
Bu!

%%}

Bu'

1 X=S,R=H

2 X=SO,R=H

3 X=S0,R=H

4 X=S,R=CH,Ph

5 X =SO,R = CH,Ph

Needless to say, it is not only very interesting but also important from the viewpoint of synthetic

and molecular recognition chemistry to provide isométscof S=O configurations other than the
trans—transtrans arrangement. Herein, we report a new synthesig(céc) with the four SO groups
residing on the same side of the mean plane defined by the macrocycle todisgsia—cisconfiguration.
Our method relied on the initial fixation of the thiacalix[4]arene skeleton to cone conformation by tetra-
O-benzyllation to giveldc, followed by the stereocontrolled introduction of oxygen atoms onto the sulfur
with the aid of the steric bulk imposed by the benzyllic moieties.
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2 (ccc) 2 (cct) 2 (ctt) 2 (ttt)

Fig. 1. Schematic representation of four stereoisomegs @obnformational isomers ¢f due to the flip-flop inversion of aryl
moieties are omitted for clarity. Herein, we use the teis(c) or trans(t) to denote the disposition of sulfoxide oxygen with
respect to the mean plane containing four sulfur atoms

As is well-known in calix[4]arene chemistr@-alkylation of 1 may lead to the formation of the four
limit conformers including cone, partial cone, 1,2-alternate, and 1,3-alternate according to the relative
orientations of the aromatic rings (Fig. 2). Thus, treatmeritwith benzyl bromide in THF—-DMF using
NaH as the base catalyst afforded a mixture containing cone-shape®ibtnazyl ether 4¢c) as the
major product (48%) accompanied with two other conformers, i.e., partial e (L6%) and 1,3-
alternate 441 3.a) (4%), which were readily separated by chromatography on silica gel.
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Fig. 2. Schematic representation of four possible isomers of @#iieylated thiacalix[4]arene derivatives

Oxidation of4c with 1.1 equiv. of NaBQ@ proceeded smoothly in CHé&lacetic acid to give the
corresponding sulfinyl compourigin a satisfactory yield (82%), which was found to be comprised of
only one of the possible stereoisomers in regard to the configuration ofBe®ieties® Slow diffusion
of CH3CN into a solution ob in CH,Cl» at room temperature afforded a single crystal suitable for X-ray
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structural analysis (Fig. 3)It can be seen that all four=8D groups direct toward equatorial orientation

in a cis—cis—cismanner seemingly to avoid the benzyl moieties. ThedSbond length is 1.486(3) A

as is typical for sulfoxides. Apparently, the molecule has a structui@,;aymmetry including one
molecule of CHCN in the cavity defined by the foyrtert-butylphenyl moieties. On the other hand, the
average C—S—O angle is 105.8(2)°, implying that the sulfur adopts tetrahedral geometry defipéd by
hybridization by bonding to two adjacent phenyl carbons and one oxygen with one lone pair electrons on
S.

Fig. 3. ORTEP drawing 0% with thermal ellipsoids drawn at the 30% probability. H atoms are not shown for clarity

Treatment ob with trifluoroacetic acid eliminated the benzyl groups to give the sulfinylcalix[4]arene,
which should have the four=80 groups ofcis—cis—cisrelationship and thus be denoted2scc)10 It
should be noted here that the removal of the benzyl groups may bring about flip-flop inversiompof the
tert-butylphenyl moieties to allow the presence of several conformational isome2&ctar). The above
obtained2(ccc) is only sparingly soluble in various solvents examined, which so far has not allowed
single crystals to be obtained for X-ray diffraction. However, comparison of the IRIMNMR data of
2(ccc) with those oR(ttt), as well as the parerdt(Table 1), may limit the conformation &ccc) to be
syn or anti-2(ccc) of cone conformation (Fig. 4). Althoudhand2(ttt) have a cone and a 1,3-alternate
conformation in crystals, respectively, as evidenced by X-ray anafy/ség,'H NMR has revealed that
the conformational interconversion of these should be quite fast in solutions at ambient temperature. It is
interesting to compare the IR absorptions ef; (KBr disk) of 2(ccc) (3128 cm?) with that of1 (3324
cm 1) and2(ttt) (3188 cm ). The substantial shift of the first absorption to lower frequency strongly
indicates the presence of greater intramolecular hydrogen bondig@do) than that inl and 2(ttt).

The X-ray analysis has shown the presence of hydrogen bonding between the OH@rgt&ips in
2(ttt),® whereas there are circular intramolecular hydrogen bonding among four OH gralipshOn

the other hand2(ccc) absorbs s_o at 1028 cm? falling in between that 06 (1049 cm 1)8 and that

of 2(ttt) (1001 cm 1) to indicate the presence of some hydrogen bonding between the OH=a0d S
groups. Therefore, the OH groupszftcc) seem to form hydrogen bonding not only with adjacent OH
but also S=O groups. Furthermore, thgd NMR spectrum of2(ccc) in CDCk—DMSO-dg showed a
sharp singlet at 7.69 ppm for the phenyl ring protons indicating that they were equivalent on an NMR
time-scale. On the other hand, the ring proton&(tit) are non-equivalent, showing two broad peaks at
7.37 and 7.76 ppm due to the two adjaces{Bgroups in aransrelationship. From these discussions,
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the conformation o(ccc) may tentatively be assigned as a cone structure wi® §roups insyn
relationship to the phenolic hydroxy groups as depicted in Fig. 4.

Table 1
The physical properties df, 2(ttt) and2(ccc)

'H NMR® (8/ppm from TMS) IR°(cm?) _ FAB MS°

1 1.22(36H, s, Bu')® 3324(0-H) 720M°)
7.64(8H, s, Ar-H)* 2946(C-H)
9.60(4H, s, OH)*

2(ttt) 1.23(36H, s, Bu") 3188(0-H) 785(M+1%)
7.37(4H, br, Ar-H) 2953(C-H)
7.76(4H, br, Ar-H) 1001(S-0)

2(ccc) 1.24(36H, s, Bu") 3128(0-H) 785(M+1%)
7.69(8H, s, Ar-H) 2959(C-H)

1028(S-0)

a: In CDCI1,/DMSO-dy(1:1) solution. b:InKBr. c: m-NBA was used as matrix.
d: Data from lit. 1. e: In CDCl, solution.  f: FD MAS was used.
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syn-2(ccc) anti-2(ccc)
Fig. 4. Schematic representationsyfit andanti-2(ccc)

In conclusion, a potential method to obtain sulfinylcalixarenes of a defia€@i@nfiguration has been
shown via the oxidation of particularly shaped thiacalixarenes by proper derivatization. The synthesis of
chiral sulfinylcalixarenes by use of this protocol is the challenging next step in our study and is currently
under investigation.
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