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Abstract. p-(Methyl, tert-butyl, nitro, fert-butyl) calix{4]arene: toluene, C3;H, NOg. C,Hg, M, =
687.87, triclinic, PT, a=13.668(2), b=12.187(2), c¢=13231(1) A, «=106.78(8), B =77.88(1),
y=11400(1)°, ¥V =1916.8(8) A3, Z=2, D ,=1.19gem=3, A(Cuk,)=154178A, p=590cm~,
F(000) =736, T =293K, final R =0.068 for 6309 observed reflections. This macrocycle, having
different substituents at the positions para to the hydroxyl groups, is the first one of its type to be
studied. The general conformation of this calix[4]arene is compared to similar symmetrical ones. The
tert-butyl groups are not disordered as is usual and toluene is retained between the macrocycles. Two
calixarene molecules are positioned to permit a tert-butyl group of one to be inside the cavity of the
second to establish CH;-n interactions.
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1. Introduction

Calixarenes are cyclic molecules consisting of 4 to 8 phenolic units which are linked
via methylene bridges (usually) in the position ortho to the phenolic hydroxyl
group. Their ability to include various guests (cations or neutral molecules) explains
the increasing interest in these compounds, which are usually prepared by direct
condensation of alkyl phenols with formaldehyde [1]. Therefore, the first X-ray
analysis published for p-tert-butylcalix[4]arenes [2] provided the definitive proof of
the ring size of such a condensation product. The molecule was found to exist in the
so called cone-conformation with one molecule of toluene included in the molecular
cavity.

Later several X-ray structures of different calix[4]arenes [3, 6] with various
substituents in the para-positions (e.g. tert-octyl, iso-propyl, hydrogen) were re-
ported, showing the molecules always to be in the cone-conformation, although the
solvent entrapped in the crystal lattice was not always situated within the cavity and
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solvent free crystals were obtained from rert-octylcalix[4]arene. Obviously the cyclic
array of intramolecular hydrogen bonds between adjacent phenolic hydroxyl
groups, which is not possible in other conformations like the partial cone, 1,2- or
1,3-alternate, is the most important factor in determining the conformation of
calix[4]arenes.

These intramolecular hydrogen bonds, which may be deduced from spectroscopic
studies in solution [1], were found also in the crystal structures reported for
calixarenes with five [7], six [8, 9] or eight [10] phenolic units in the molecule, while
intermolecular hydrogen bonding has never been observed for calixarenes in the
solid state in contrast to the linear phenolic oligomers [11-13].

To elucidate the acidic properties of calix{4]arenes we have synthesized several
compounds in which one p-nitrophenol unit is combined with various p-alkylphe-
nol units. In this paper we report the X-ray structure of such a calixarene, which
seemed interesting mainly for two reasons: (a) the ‘intrinsic’ acidity of a p-nitrophe-
nol unit is higher than the acidity of the p-alkylphenol units (the single phenols
differ by about three units in their pK-values) and this might have some influence
on the cyclic array of hydrogen bonds; (b) the nitro group may act as an acceptor
for hydrogen bonds, and thus intermolecular OH--O,N bonds may be found in the
solid state. Furthermore the structure reported here is the first one of a
calix[4]arene having different substituents in the p-positions of the same molecule.

2. Experimental
2.1. SYNTHESIS

The compound was synthesized as already described for similar molecules [14].
Condensation of 2,6-dibromomethyl-4-nitrophenol with an excess of tert-butylphe-
nol, in the presence of a stoichiometric amount of zinc carbonate gave a linear
trimer [2,6-di-(2-hydroxy-5-tert-butyl-benzyl)-4-nitrophenol] which was cyclized by
condensation with 2,6-dibromomethyl-4-methylphenol in dioxane using TiCl, as
catalyst [15]. A detailed description will be published elsewhere [16].

2.2. X-RAY DATA COLLECTION AND STRUCTURE DETERMINATION

X-Ray diffraction was carried out on a single crystal at room temperature. A needle
approximately 0.2 x 0.3 x 1.1 mm was used for data collection with an automatic
Nonius CAD4 four-circle diffractometer (graphite monochromator, CukK, radia-
tion); lattice parameters were refined from 25 reflections in 11 < 8 < 46°; the w26
scan mode was used to collect intensities of reflections with 8 < 73° (range of hki:
—l6gh<16, —15<k <15, 0<1<16); from 8187 reflections collected, 6309
with I > 3a(I) were considered as observed and used in the structure analysis and
refinement; three standard refiections were monitored every 60 min to control the
intensity and the same at 100 reflections interval to control the orientation of the
crystal; Lorentz and polarisation corrections were applied and absorption was
corrected with the program PSI and EAC of SDP [1.40 < A(8) < 1.37]. The
structure was determined by direct methods and refined on F by SHELX 76 [17];
of 656 independent parameters, 623 were refined, with the thermal parameters of
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some H atoms being fixed at the values of the isotropic thermal parameters of the
corresponding heavy atoms. An E-map showed clearly all non-H atoms of the
molecule; H positions were determined by difference Fourier syntheses or by
calculations.

Non H-atoms were refined first isotropically, then anisotropically; H atoms
were refined isotropically with constant U for H of methyl and OH groups;
(A/0) oy = 1.41 for C152, (A/6),, = 0.046; residual electron density in final differ-
ence Fourier synthesis = 0.69 e A~3; unit weights were used, R, = 0.068, S = 1.13.
Atomic scattering factors are from SHELX 76.

3. Results and Discussion

Figure 1 shows the numbering scheme of the atoms of calixarene molecules and
C(100) to C(106) correspond to the toluene molecule. The final coordinates with

240

Fig. 1. Numbering scheme of the calixarene atoms.
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their e.s.d.’s and the isotropic thermal parameters are given in Table 1. Selected
bond distances and angles as well as torsion angles are listed in Tables II and
III.

The aromatic C—C distances are normal and vary from 1.381(7) to 1.404(6) A
with an average value of 1.390(6) A. The N—O distances are 1.20(1) and
1.236(8) A in good agreement with the usual value; C—O bonds have values of
1.392(4), 1.389(4), 1.377(4) and 1.367(5) A, the last being the distance for the
p-nitrophenol unit. In the benzene ring, internal angles at the substituted C atoms
deviate from the mean value (120°), being more than 120° at OH and NO, groups,
and less than 120° at methyl and tert-butyl groups, these effects being connected
with the g-electron withdrawing or releasing characters of the substituents [18]. No
particular dissymmetry is found around the C—O bonds as reported by Hirshfeld
[19]; furthermore the positions of H-atoms of hydroxyl groups are not well defined
on difference syntheses, perhaps because hydrogen bonds are of the ‘flip-flop’ type,
which have been found in many calixarenes.

Angles at methylene bridges have values close to 112°. Some torsional angles
show the geometry around the CH, bridges as well as the relative positions of the
tert-butyl and nitro groups versus phenolic ring planes.

Some mean plane equations as well as some dihedral angles were also calculated,;
it is seen that angles between the ring plane and adjacent (—C—CH,—C—) groups
are nearly 90°; the nitro group is in the ring plane as commonly found in
nitrophenols [20, 21].

Dihedral angles between the four phenol entities A, B, C, D have values of
69.2(2), 111.4(3), 112.7(4) and 73.5(4)°. The phenolic units A, B, C, D make angles
of 124.7(2), 125.7(2), 130.6(4) and 123.9(4)° respectively with the least squares
plane defined by the four bridging methylene groups which are alternately below
and above the plane by about 0.02(1) A.

Table II. Bond distances (A) with e.s.d.s in parentheses

0(25)—C(25) 1.389(4)  C(8)—C(9) 1.390(6)  C(2)—C(210)  1.510(6)
0(26)—C(26) 1.377(4)  C(9)—C(10) 1381(7)  C(22)—C(23) 1.385(6)
0(27)—C(27) 1.392(4)  C(10)—C(11) 1.384(6)  C(23)—C(24) 1.522(7)

0(28)—C(28) 1.367(5)  C(1H)—C(12) 1.517(6)  C(23)—C(26) 1.396(5)
O(91)—N(90)  1.20(1) C(11)—C(28) 1.404(5)  C(30)—C(31) 1.486(9)
0(92)—N(90)  1.236(8)  C(12)—C(13) L521(7)  C(30)—C(32) 1.505(8)

N(90)—C(9) 1454(7)  C(13)—C(14) 1.392(5)  C(30)—C(33) 1.52(1)
C(1)—C(2) 1.390(5)  C(13)—C(27) 1.395(6)  C(100)—C(101)  1.371(9)
C(1)—C(24) 1.519(7)  C(14)—C(15) 1.393(7)  C(100)—C(105)  1.408(6)
C(1)—C(25) 1.382(5  C(15)—C(16) 1396(6)  C(101)—C(102)  1.428(7)
C(2)—C(3) 1.392(7)  C(15)—C(150)  1.534(5)  C(102)—C(103)  1.344(7)
C(3)—C(4) 1.390(6)  C(16)—C(17) 1.393(5)  C(103)—C(104)  1.361(9)
C(3)—C(30) 1.536(5)  C(17)—C(18) 1.527(6)  C(104)—C(105)  1.375(7)
C(4)—C(5) 1.386(5)  C(1)—C(27) 1.383(7)  C(105)—C(106)  1.45(1)
C(5)—C(6) 1.526(6)  C(18)—C(19) 1.522(5)  C(150)—C(151)  1.49(1)
C(5)—C(25) 1391(7)  C(19)—C(20) 1.386(6)  C(150)—C(152)  1.50(1)
C(6)—C(7) 1.515(5)  C(19)—C(26) 1.392(6)  C(150)—C(153)  1.479(8)
C(7)—C(8) 1.382(6)  C(20)—C(21) 1.390(5)

C(H—C(28) 1.402(6)  C(21)—C(22) 1.386(7)
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Table III. Bond and torsion angles with e.s.d.s in parentheses

O(91)—N(90)—C(9)
0(92)—N(90)—C(9)
O(91)—N(90)—0(92)
C()—C(1)—C(24)
C(2)—C(1)—C(25)
C(24)—C(1)—C(25)
C(H—C2)—C3)
C()—C)—CH)
C(2)—C(3)—C(30)
C(4—C(3)—C(30)
C3)—C(H—C()
C(H—C(5)—C(6)
C(4—C(5)—C(25)
C(6)—C(5)—C(25)
C(5)—C(6)—C(7)
C(6)—C(1—C(8)
C(6)—C(7)—C(28)
C(8)—C(7)—C(28)
C(N—C(3)—CO)
N(90)—C(9)—C(8)
N(90)—C(9)—C(10)
C(8)—C(9)—C(10)
C(1)—C(10)—C(9)
C(10)—C(11)—C(28)
C(10)—C(11)—C(12)
C(12)—C(11)—C(28)
C(11)—C(12)—C(13)
C(12)—C(13)—C(14)
C(12)—C(13)—C(27)
C(14)—C(13)—C(27)
C(13)—C(14)—C(15)
C(14)—C(15)—C(16)
C(14)—C(15)—C(150)
C(16)—C(15)—C(150)
C(15)—C(16)—C(17)
C(16)—C(17)—C(18)
C(16)—C(17)—C(27)
C(18)—C(17)—C(27)
C(17)—C(18)—C(19)
C(18)—C(19)—C(20)
C(18)—C(19)—C(26)

O(91)—N(90)—C(9)—C(10)
0(92)—N(90)—C(9)—C(10)
N(90)—C(9)—C(10)—C(11)
C(4)—C(5)—C(6)—C(T)
C(5)—C(6)—C(7)—C(28)

C(10)—C(11)—C(12)—C(13)

119.4(5)
117.9(6)
122.7(2)
119.7(4)
118.5(4)
121.7(3)
122.1(4)
117.0(3)
121.8(4)
121.2(4)
122.9(5)
120.1(4)
117.7(4)
122.2(3)
112.7(4)
120.3(4)
121.5(4)
118.1(3)
119.4(4)
118.9(5)
118.9(4)
122.1(4)
120.2(1)
117.7(4)
120.5(3)
121.8(4)
113.4(3)
120.2(4)
122.2(3)
117.6(4)
122.6(4)
117.0(3)
120.7(4)
122.2(4)
122.6(4)
120.7(4)
117.8(4)
121.5(3)
113.8(4)
119.8(4)
122.5(3)

179.51(0.66)
—0.67(0.85)
179.38(0.45)

—89.69(0.49)
—87.66(0.49)
—91.70(0.45)

C(20)—C(19)—C(26)
C(19)—C(20)—C(21)
C(20)—C(21)—C(22)
C(22)—C(21)—C(210)
CO—C(22)—C(23)
C(22)—C(23)—C(26)
C(22)—C(23)—C(24)
C(24)—C(23)—C(26)
C(24)—C(23)—C(26)
C(1)—C(24)—C(23)
0(25)—C(25)—C(5)
0(25)—C(25)—C(1)
C(1)—C(25)—C(5)
0(26)—C(26)—C(19)
C(19)—C(26)—C(23)
0(26)—C(26)—C(23)
0(27)—C(27)—C(13)
0(27)—C(27)—C(17)
C(13)—C(27—C(17)
0(28)—C(28)—C(11)
0(28)—C(28)—C(7)
C(7)—C(28)—C(11)
C(3)—C(30)—C(33)
C(3)—C(30)—C(32)
C(3)—C(30)—C(31)
C(31)—C(30)—C(32)
C(31)—C(30)—C(33)
C(32)—C(30)—C(33)
C(101)—C(100)—C(105)
C(100)—C(101)—C(102)
C(101)—C(102)—C(103)
C(102)—C(103)—C(104)
C(103)—C(104)—C(105)
C(100)—C(105)—C(106)
C(100)—C(105)—C(104)
C(104)—C(105)—C(106)
C(151)—C(150)—C(152)
C(152)—C(150)—C(153)
C(151)—C(150)—C(153)
C(15)—C(150)—C(151)
C(15)—C(150)—C(152)

C(11)—C(12)—C(13)—C(14)
C(16)—C(17)—C(18)—C(19
C(17)—C(18)—C(19)—C(26)
C(22)—C(23)—C(24)—C(1)
C(23)—C(24)—C(1)—C(2)

117.7(3)
122.0(4)
118.6(4)
121.4(3)
121.7(3)
118.1(4)
120.0(3)
121.9(3)
121.9(3)
112.0(3)
118.7(3)
119.6(4)
121.7(3)
119.3(3)
122.0(3)
118.6(4)
118.7(4)
119.0(3)
122.2(3)
118.5(4)
118.9(3)
122.6(4)
110.5(4)
109.8(4)
112.5(5)
109.7(6)
108.7(6)
105.5(6)
116.2(4)
123.7(4)
115.8(5)
123.6(5)
119.7(4)
120.0(5)
121.0(1)
119.0(1)
105.1(6)
110.3(7)
109.1(5)
111.6(5)
113.0(4)

95.82(0.44)
—96.70(0.46)
—90.22(0.49)
—88.86(0.49)
—84.10(0.44)
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Fig. 2. Stereoscopic view of the symmetry centre derived calixarene molecules.

The intramolecular hydrogen bonding mainly determines the conformation of the
macrocycle: [O(25)--0(26) = 2.672(5). O(26)---O(27) = 2.635(4), O(27)]---O(28) =
2.613(5), O(28)-0(25) = 2.661(4) A]. Steric effects due to para-substitution on the
phenyl rings seem to play a limited role, even with an NO, group.

Two calixarene molecules around a center of symmetry are positioned to permit
the rert-butyl groups of one molecule to be inside the macrocycle of the other
(Figure 2). So there are CH;-m interactions as is often found in calixarene
structures. However usually these interactions are between the host and guest
molecules; for the first time interactions between two calixarenes are found; with
these relative positions, at least in the solid state, it is not possible to have inclusion
compounds with the guest interacting inside a host cavity as sometimes observed in
calixarenes [2, 5, 6]. The toluene molecules interact by van der Waals contacts with
the pair of calixarenes. Figure 3 shows the molecular packing.

Fig. 3. Stereoscopic view of the structure along [100].
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