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Abstract

Tetra-tert-butyl-tetrapropionyloxycalix[4]
arene (CsH,,0,) is Triclinic, space group P1, with
a=13.664(5), b=17.585(5), c=12.863(2) A, a=
109.33(2), 8=111.97(2), r=76.45(3)", Z=2, V=
2684.08 A, D, =1.152g/cdt, D, =1.15g/cit. The in-
tensity data were collected on an Enraf-Nonius
CAD—4 Diffractometer with a graphite monochr-
omated Mo—Ka radiation. The structure was so-
Ived by direct methods and refined by least-
squares methods. The final R factor was 0.084 for
2561 observed reflections.

The configuration of the molecule from the
X-ray crystallographic investigation has the par-
tial cone conformation;three tert-butylphenyls
are down and a tert-butylphenyl is up. Three
propionyloxy groups direct toward the exterior of
the macrocycle cavity.
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INTRODUCTION

X-ray diffraction studies of the individual ch-
emical species in the crystalline state provide
the most detailed knowledge concerning mole-
cular structure. Knowledge of structure allows one
to understand physical, chemical, or biological
properties and activities. It also provides the
chemist with useful information for syntheses,
modifications and reaction mechanisms, and can
also be used to identify very small quantities of
scarce material. That the chemist can come to
actually see molecules is through the use of X-ray
crystallography. X-ray crystallography, in fact,
now pervades all of supramolecular chemistry and
has become an indispensable.

Calix[n]arenes", a class of synthetic macr-
ocycles having phenolic residues in a cyclic array
linked by methylene group of organic com-
pounds that are basketlike in shape and possess the
potential for forming host-guest complexes®™ in
which the guest resides in a cavity completely
within a single host molecule. The workers with
the calixarenes have noted their propersity to
form molecular complexes with smaller molecules,
a direct consequence of the presence of cavities in
the calixarenes. The enzymes are known to pos-
sess cavitated active sites, where complex for-
mation with substrate occurs as the first step in
the catalytic process. Thus, the calixarenes are
particularly attractive compounds for attempt-
ing to construct systems that mimic the catalytic
activity of the enzymes.”

The calixarenes are assuming a place in supr-
amolecular chemistry” along side the cyclode-

xtrins, cryptands, cyclophanes and crown ethers.:

Although the calixarenes have developed much
less rapidly than their companions, interest in their
potential appears to be increasing and attention to
their chemistry is escalating. With respect to the
long term goal of calixarene research, ie, the
construction of enzyme mimics, calixarenes in-
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‘structure determined by Mckervey

volving a variety of functional groups which
could act as catalytic sites, are attractive.

Calix[4]arenes can easily be functionalized both

at the phenolic OH groups (lower rim) and after
removal of the tert-butyl groups at the para
positions of the phenol rings(upper rim).% %’
Various OH-derivatives of p—tert-butyl—calix[4]
arenes were synthesized and used in conformati-
onal analysis, complexation studied and X-ray

An-

10,110,

dreetti, Ungaro'®, and others.!® '’

The free hydroxyl containing calix[4]arenes
are conformationally flexible molecules, and their
conformational behavior is normally discussed in
terms of four basic conformations'®’, designated as
cone, partial cone, 1,3-alternate, and 1,2-alternate,
as pictured Figure 1.

1,3- alternate

1,2- alternate

Fig. 1. Conformational isomers of calix(4}arenes

All four of the conformations for a calix[4]arene
are accessible by rotations of the aryl groups ar-
ound the axis that passes through the meta carbon
atoms bonded to the bridging methylene groups.
All of the calixarenes containing free intraannular
OH groups are conformationally mobile in solution
at room temperature. Since the pathway for co-
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nformational inversion in. the calix[4]arenes
involves rotation of the aryl groups in a direction
that brings the OH groups through the annulus of
the macrocyclic ring, the most obvious way to
curtail this motion is to replace the OH group with
larger moieties. Conversion into the ester or ether
is the easiest way to accomplish this, and dozens of
such compounds have now been prepared and

characterized. Considering the conformational po-

ssibilities of the calix[4]arenes, it is apparent that
the esters and ethers can exist in any one of
the four conformations: cone, partial cone, 1,2-
alternate, or 1,3-alternate. X-ray crystallography
provides the surest way to discern which of these
conformers is present in a particular case.

The application of X-ray crystallography to
calixarene chemistry has had a powerful impact in
providing the definitive proof of structure. Tetra—
tert-butyl-tetrapropionyloxycalix[4]arene is af-
forded as two conformational isomers in the solid
state. One of the isomers was investigated by X-
ray crystallography. In this paper, we report the
crystal structure of tetra-tert-butyl-tetrapr-
opionyloxycalix[4]arene in order to investigate
the structural characteristics, bond distances, bond
angles, torsion angles, packing mode and inter-
molecular interaction, and to make detailed com-
parisons with other structures.

EXPERIMENTAL

Tetra—tert-butyl-tetrapropionyloxycalix[4]

arene was synthesised by the similar ways of the

previous methods.” When this compound was
synthesised, it was isolated as two isomer; the
acetone-insoluble compound and the acetone-
soluble compound. The acetone-soluble compound
was recrystallized as a 1: 1 complex with acetone*

* The elemental analysis of the crystal results in
C:76.38(£0.21)%, H:8.31(+0.10)%, O:15.32
(£0.16)%. Theoretecal values are C:76, 13%,
H:8.39%, O:15, 48%.

27

by slow evaporation of a mixture of dichlor-
omethane and acetone solution.

Space group and preliminary crystal data were
obtained from X-ray Oscillation and Weissenberg
photographies and the crystal system was found to
be triclinic with space group P1. And accurate cell
constants were determined by least squares anal-
ysis of 25 reflections.

X-ray data collection was carried out using an
Nonius CAD-4 diffractometer with graphite-mo-
nochromated Mo-Ka radiation (A =0.71074)
with a crystal of dimension 0.60x0.31x 0.08mm.
The intensities were measured using #/29 scan
type over a scan width of (0.840.34 tan ¢)° The
three standard reflections (018), (624), d33)
were measured every 6000 seconds to mon-
itor the intensity and at 200 reflections interval
to monitor the orientation of the crystal. There
was no significant loss of intensities through out
data collection. Among the 4342 independent

Table 1. Summary of crystal data

formila CsHy,05 - CHyCOCH;
Mw 9306
crystal. system triclinic
Space group P
a A 13,664 (5)
b A 17.585(5)

. A 12, 863(2)
a, deg, 109,33(2)
B, deg 111.97@)
Y, deg, 76.45(3)
Z 2
V, 43 2684. 08
£MoKa), et 0.8
density, g/cm® 1.152(calc, )

1. 15(neas, )

diffractometer Enraf-Nonius CAD~4

radiation MoK « (graphite monochromater,
A=0.7107 &)

crystal size, m 0.60%0, 31x0, 08

cell-constant determination 25 reflect ions

26 range, deg 4 (260 (W

scan type w /28

scan width, deg 0.8+0.34tan 6

no, of observed reflections 2561 | F, | ) 3¢ | F, |

R 0. 084

Rw ‘ 0. 088
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reflections measured in the range of 4'(29<44°
in the diffractometer, the 2561 reflections with
I'F,| >3 |F,| were used in structure deter-
minations. Data were corrected for Lorentz and
polarization effects, but the absorptions were ig-
nored. All of the crystal data are listed in Table 1.
The crystal density measured by the floatation
method in a mixture of carbon tetrachloride and
methanol was 1.15g/cxi.

STRUCTURE DETERMINATION AND
REFINEMENTS

The structure was solved by direct method of
SHELXS-86 program'® using 519 reflections
whose E values were greater than 1.6. The carbon
and oxygen atoms except a carbon atom of propi-
onyloxy group were located on the E map. The
position of the carbon atom could be found in the

Table 2. Fractional atomic coordinates (x 10*) and equivalent isotropic thermal parameter for non-hydrogen atoms of tetra-tert- -

butyl—tetrapropionyloxycalix[4]arene_

Ue=1/3 ZZUaraxaa; (A %107

The e, s. d. 's are in parentheses,

atom X y 7 Ueg
C(1n) 7789(10) 5905( 7) 2030(10) . 040
clm 8699( 8) 5759( 7) %6319 03
C(3n) 8617( 9) SA1L( 7) 146309 .03
Cl4n) 7695( 9) 5215(7) B07(9 .02
C(58) 6812( 9) 5346( 7) e7(9 .07
C{6h) 6842 (10) 5684 ( 7) AM(Y 0¥
M) 7601 ( 9) 4812(7) 67409 .03
C(8a) £738(10) 5362( 7) -1303( 9) 041
C(9y) 7290(10) 090(8  -1082(9) 049
C(108) 8654(10) 4803( 9) -906(10) 062
c( 9802( 9) 5877(7) 3583(10) . 042
c(128) 7877(11) 5968 (10) 3011 051
C(138) 7831{11) 6573( 9) 5939(10) 059
C(148) 7934(13) 6187(10) 6856(12) .08l
0 7797( 6) 6355( 4) 4057(6) .03
0(24) 7979(10) 5270( 6) 462909 0%
C(1B) 9543( 9) T414( 8) M5(8 0%
ceB) 9676( 9) 8094( 7) 5337(100 .04l
C(3B) 10314( 9) 8002( 7) 8433(9 .03
cB) 107730 9) 72550 7) B641(10)  .037
C(5B) 10549{ 9) 6591( 7) 5665(10) .03
C(6B) 9942( 9) 8650( 8) 4559(9)  .0%
C(7B) 11401(10) 7181( 8) 7856(10). . 049
cem) 12348(12) 6509( 8) 7838(100 065
C(9B) 11863(14) 797( 9) 861(12) . 100
C(10B) 10659 (14) 6944 (15) 8302014 .13
C(11B) 9078(10) 8934( 7) 52009 040
C(12B) 9433(12) 7360( 8) 508(11) .48
C(13B) 8649(12) 7462(10) 1369(1) 084
C(14B) 9138(14) 7296 (1) B840 0%
0(1B) 8902( 6) 7511(5) 28906 040
0(2B) 10350( 8) 7157( 6) 0007 L0861
(o) 7084(11) 8996 ( 6) 700109 .0
c(20) 8164 (10) 8986 6) 4938(100 . 040

atom X y 7 Ueq, -
C(30) 6290(11) 9106( 7) 6104(11) . 048
Cl4C) 7258(11) 9241( 7 6985 (10) . 043
C(5C) 8154(11) 9168( 8) 6663(12) 053
C(6C) . 8070(11) 9064 ( 7) 5524(11) 045
C(70) 7332(13) 9406 ( 9) 8268(11) . 068
@0 8462.(16) 9493(14) 9107(13) 127
C(90) 6954 (21) 8734(12) 8416(15) 150
c(10c) 6605 (16) 10208(11) 8571(13) 114
C(110) 5109( 9) 87571( 7 4011(10) L 041
€(120) 6678(10) 9686( 7) 3263(10) 047
C{130) 6818(14) 9597( 9) 2107(11) .081
C(140) 6868(37) 10313(14) 1953(26) .316
0(10) 6968 6) 8953( 4) 3526( 6) 041
0(20) 6383( 8) 10282( 5) 3858( 7) 072
C(ID) 5393( 9) 7240( 7) 3194(10) 41
clan) 5430( 8) 6443( 7) 3188( 9) .01
C(3D) 5008( 9) 6335( 7) 3953(10) 041
C(4D) 4523( 9 6981( 6) 4671( 9) .036
’ C(5D) 4562(10) i 4655(10) 042
C{en) 4999(10) 7910( 7) 3947(10) L 043
C(T) 3993(11) 6808( 8) 5424 (1) 050
C(an) 4814(18) 6308 (14) 6191(19) . 149
C(9) 3651(20) 7577(11) 6233(18) 151
- C{l0n} 3067(17) 6377 (15) 4662(17) 148
C(11D) 5818(10) 5710 7) 2358(10) 048
C2D) 5177(12) 7373( 9) 1369(11) 057
C(13D) 5771(14) 485( 9 663(13) 082
C(14D) 5095(18) 7745(14) -375(16) 138
0(1D) 5833( 6) 7373( 5) 2445(7) L 041
0(2D) 4268(10) 7322(10) 1060( 9) 27
0(19) 9880 807 7501 . 153
C(2s) 8979 1119 7107 129
c(3) 8629 1129 5867 . 130
- CiS) 8205 1586 7852 179

* List of observed and calculated structure factors, and positional parameters of the hydrogen atons are available from the auther (YJP)

F=dA A
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The temperature factor expression used is exp(-2n® (U, h* a**+U,;k? b*+---+2U,,hka*b*) ).

Table 3. Anisotropic temperature factors (A x 10°) for the non-hydrogen atoms of tetra-tert-butyl-tetrapropionyloxycalix(4 )arene,
The e, s, d. 's are in parentheses,
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to 0.10. In the difference Fourier map calculated
after anisotropic refinements for non—-hydrogen
atoms, forty seven hydrogen atoms could be ide-
ntified. But, any hydrogen atoms attached to the
acetone molecule could not be found. The remain-
ing hydrogen atoms except hydrogen atoms at-
tached to the acetone molecule were geometr-
ically fixed on the assumption that C-H=1.08 A
and «H-C-H=109".

In the final refinement, the positional par-
ameters of all atoms except the hydfogen atoms

29

S|1F.F.{ /| F,|) from 0.39 to 0.19
for reflections with F)>4s(F). An acetone

molecule was found in the difference Fourier map.

The refinement was carried out by the least-
squares method using the program SHELX-76'"
and XTAL."® Three cycles of isotropic block-
diagonal least-squares refinements decreased R
And then anisotropic thermal parameters were
introduced for the carbon and oxygen atoms. After
three cycles of anisotropic refinements, R reduced

difference Fourier map.

value (R
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and the acetone molecule, the anisotropic thermal
parameters for the carbon and oxygen atoms and
isotropic thermal parameters for the hydrogen
atoms were refined, the positional parameters of
the hydrogen atoms and the acetone molecule kept
fixed. The final R and Rw values were 0.084 and
0.088 respectively, for the observed reflections.

In the final cycle, (A/a)max for positional and
temperature parameters are 0.60 and 0.63 re-
spectively. Final difference Fourier map showed
maximum and minimum peaks 0.34 and -0.32 e
A% All the atomic scattering factors are from
the International Tables of X-ray Crystal-
lography.'”

The final positional coordinates and thermal
parameters for the non—hydrogen atoms are gi-
ven in Table 2 and Table 3.

RESULTS AND DISCUSSION

The molecular conformation of tetra—tert-but-
yl-tetrapropionyloxycalix[4]arene, which is dr-
awn by the ORTEP programs®”’
gure 2. The bond distances and angles with their

, is depicted in Fi-

estimated standard deviations are listed in Table 4
and Table 5 respectively. These values are mainly
as expected for the type of bonds involved.

The dimensions of the calixarene are for the '
most part in accord with anticipated values. The
aromatic C, >~C, »* distances vary from 1.355(16)
A to 1.411(16) A with an average value of 1.386 A
and C,,>-C,.® distances vary from 1.484(19)A to
1.546(16) A. The C=0 distances are 1.153(19) A, 1.1 .
73(18) A, 1.161(15) A and 1.169(19) A respectively
for the units A, B, C and D in good agreement with
the usual value. The C(1)-0(1) bonds have values
of 1.400(13)A, 1.417(12) A, 1.437(12) A and 1.412
(12) A for the units A, B, C and D respectively.

The configuration of the molecule from the
X-ray crystallographic investigation has the pa—
rtial cone conformation as shown in Figure 2;
three tert-butylphenyls are down and a tert—
butylphenyl is up. The down tert-butylphenyls
are splayed out from the central axis.

Selected torsion angles are given in Table 6. The
conformation of the propionyloxy groups may be
conveniently described by the torsion angles
C(1)-0(1)-C(12)-C(13) which are -178.1°, 178.2",

Table 4, Bond lengths(A) for tetra-tert-butyl-tetrapropionyloxycalix(4)arene,

The e, s. d. 's are in parenthese,

CAy -Cc@y 1375809 C(14) -C@Y 137007
Cy) -0(1H  1.400013) C2a) -cBy 13905
C@a -C(1y) 155105 C34 -Ccin  1.355(16)
Ci4 -CBY 138505 Clp) -C(A  1526(15
C(8) -Cley) 1397015 Cey -Cc(b) 153206
CAy -Cc@y  1.523(16) C(7A) -COy 152017
C(7A} - C(108)  1.556(16) C(11A) - C(6B)  1.506(17)
oM -ca2y L3 0@24) -Cc(120  1153(19)
C(12y - c(138)  1.484(19) C(134) - C(14)  1.495(17)
C(By -C(B) 137407 CB -CcEy)  1.37%608)
C(1B -o(B  1417012) C(2B) -C(3B)  1.392016)
C2B -c(p) 1536017 C(3B) -C@B  1.383(16)
C4B) -COB 139407 CU4B) -C(B}  1.508(16)
C(5B) -C@6B)  1.378(16) C() -c@ 153700
C(7B) -C(9B) - 1.521(19) C(7) -C(0B)  1.523(19
C(B) - €6 1.515(18) 0(1) -C(128) 137314
0(2B) -C{12B) 1173(18) C(12B) - C(13B)  1.496(19)
C(13) - C(148)  1.502(18) Cag -c@ 140507

C{I0 -ci60 137009 C{I0) -o000  1.437(12)
C@o) -C(0 1392017 C0) ~Ccl0 1526017
€0 -Cuo 139209 C40) -C(0  1.399018)
Cuo -coy  1.546(16) C(C) -CE0)  1.37808)
C(Ic) -C@E0) 1526025 C{70) -CE0)  1.486(23)
C(1c) - C(loch  1.548(25) C(lI0) - C6D)  1.505(15)
0010 -ca2) 1372013 0(0) -CcO20) 1161015
C120) - 130 1.522{16) C{130) - C(40  1.357(26)
c{n) -cC@n)  1.387(16) C{) -cEny 1397017
C{p) -o0(D) 1412012 C@) -c@ 139204
C{gn) -cam 1508017 C(3D) -CuD)  1.41106)
Cp) -C)  1.367014) CUp) -c(m) 154205
C(n) -C(D) 1388015 C(m) -Cc@m)  1514026)
Cim) -COD)  1.504(25 C(M) - C(lD)  1.472(25)
0(y) -Cu2D)  1.3%8(16) 0@D) -c{2ym 1169019
C(120) - C(13D)  1.506(19) C(130) - C(14D)  1.459(25)
01s) -C@s) . L24 Cs) -C(38) 148
CEs) -CcHs) 1595

ek Lt
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Table 5. Bond Angles(" ) for tetra-tert-butyl-tetrapropionyloxycalix(4)arene,
The e, s. d, 's are in parenthese,

C3A) - -C@A) -Clty  117.9(10) C(4A) -C3) -CEy 1237000 C5C) -C(6B0 -C(I0 17.8012) C(60) - C{tB) - C2B)  108.7( 9)
CON -CU) -CBN 1161000 CBH -CEA -CUH 180D  CEO) -CUO -CEO 124001 CEO -CBO -CU) 120502
C(ﬁA) -0l -Cc@y 121200 C(BA) -CBY) -Ci4h 123000 C10) -CU0) -CB0 1188012 €0 -CUD - C(50) 122.1(12)
CON - CUn) -COY 1238100 CON -CUA -CBH 1019 CEO -CIO -CU) 12708 COO - (0 -CUO 102012
CBA -CTH -Cld) 109009 COY -CUN) -CUn 110,00 9) CO0 -CI0 -CE0 1082014 €00 - CIO - CC) 107. 2(11)
CON -CON -CBY  1086(9) COON-CON -CW) 11249  CHO -CIO -CO) 109103 (00 - C0) -C(9C) 109,5(15)
C(lon) -C(7M -cCi8a)  107.7(9) C(I04) - C(7A) - C(OA) 109, 1{10) CRO -CRO -CUO)  124.6(100 C(IO - C20) - C(30) 119,3(11)
CIN - CY -COA 12L0(9 W -C2) -COY 12079 000 -CUO -CE0 17500 000 - C(io) -ClB0 118,5(11)
0(18) -C(N) -C4) 19,9100 08 -COA -CEy 118,6(10) cay) - C(IZC) 000 10,2000 €130 - CU2) - 00) 126.2(11)
0028 -C(28) -004 1232012 CU28 - 0QN) - CUA) 119.5(9) C(14C) - c(130) - C(IZC 13,5017 C(Dy -CleD) - caie) 120.3(10)
C(134) - C(124) - 0(14) 109.3(12)  CU134) - C(128) - 020  127.5(13) C{2n) -C(IID B 1207(9 C@E -c@) -cup 116, 2(10)
Cl144) - C(134) - CO20) 112.6(13 CUB) -CEB -COW 14109 D) - C) -C(ZD) 1234000 CBD) -CUp) -ci) 116 3010
CEB) -CEB -CUB) " 1184(10) CUB) -COB) -COB) 123200  CED - C6D) - CUIO) 122 9010) CED) - C6D) -Ccap)  126.700)
C6B). -CUB) -COB) 11480100 - C(B) - C6B) -CUY) 181D CE - C(IQ - CEO)  108,3( 9 CED) - -cEn 1232010
CB) - C(6B) -C(B) 117.8(10) C(E®) - C(11A) -CQY 19.8(8  CD) -CD) - Cig) 123900 CM) -CUd -COD)  120.4( 9
CBB) -C(B) -C(B) 12120100 CEOB -CGB) -CUB) 143011 () - C{4D) -C(SD) 12330100 C@) -C(M) -CcUD) 1080012
C(78) -CUB) -C(B) 121,3(100 C(B) -CUB) - C(sB) 123,7(10) CODy -Cim) -cup) 111912 cE) - c(m) - C(8D)  106.3(14)
C@B) -CB) -CuB) 110.5(9 COB) -C(B). -CUB) 12400  cUo) - cm) -C(4D) 10940120 CQoD) - ¢} - C@)  111.5(15)
COB) -C(B) -CO) 106400 CUO0B -COB) - CUB) 1071000 ClIoD) - C() - OD)  109.8(15 COD) - CEA - CA)  126.0(10)
C0B) - C(7B) - C(8®) 108,613} C(10B) - C(7B) - C(9B) 802 CD) - CEY - CEY 1580100 CUID) - CED) - CD) 124 1( 9
C(1B) - C2B) -C(B) 122.1(10) C(IB) -C2B) -CEB) 193000 (D) - C() CO) 1195000 o(D) -cay -cey  17.7(9
O(1B) -C(B -CEB) 183(1) O(B) -C(B -CEB 12039 o) -cup -Ci@) 11904100  0@D) -C(120} - 0(1D}  123.6(13)
0@) -C12B) - 0(1B) 1250(t1) C(12B) - O(1B} - C(1B) 115,5(9) C(121))—0() CD) 116,509 €A3D) - coa) -~ o()  110.2(12)
C(13) - C128) - 0(1B)  109,1(11)  C(38) - C(12B) - 0CB) 125,812  C(130) - C12D) - 0 126.2(13)  C(14D) - C(130) - C(12D) - 134 (15)
C(14B) - C(13B) - CU2B 1139012 C(10) - Cl6C) - C(11B) ‘123.0(11) C(3S -C@9 (I) 116,5 CUS -C29 -0(19 1246
CE0) -CRO -C10 570D CUQ -CB0 -cEo 122.5(12) Cis) -C@) -c@9) 186
CH0 -CU0) -Cc0  18o(n CE -CEe) - cam) 118,8(11)

Fig. 2. a. Molecular conformation with atomic numbering in tetra—tert—butyl-tetrapropionyloxycalix[4]arene;
b. Molecular conformation of Tetra-tert-butyl-tetra-propionyloxycalix(4)arene seen from different direcrions,
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Table 6. Selected torsion angles(* ) in tetra~tert-bytyl-
tetrapropionyloxycalix(4)arene,
The e, s. d. 's are in parenthese,

(1) The 16-Membered Macrocyclic Ring

CBA) -CA) -Ccy) - Ciy -169,8(17)
ClA) -C(y) -C(11y) - C6B) -48,8(11)
C(28) - C(114) - C(6B) - C{1B) -44.4(11)
C(114) - C(6B) - C(1B) - C(2B) 178, 4(18)
C(6B) - C(1B) -C(2B) -C(11B -169,0(17)
C(1B) -C@@B - C(11B) - CEC) 93.6(13)
C(B) - C(11B} - C(6C) - C(iC) -103,3(14)
C(11B) - C(6C) - C1O - C20) 169.5(19)
CBC) -C(I0) -c@0 -cieo -168,2(18)
C{10) - C) - cqIc) - Cen 103, 3(13)
€@ - C{110) - 6D - C(1b) -89,6(12)
C{1iC) - Ci6D) - (1) - Ci2D) 172, 3(17)
CED) - Cc(ny -Cc(n - Ctp 178.0(17)
caD - C@) - (L) - Cied) 45.2(11)
C@n) -C(D) - CEy -y 45.6(12)
C{11D) - C6Y) - C(14) -C@Y 171, 4(18)
(2) The Propionyloxy Group
C(14) - 0{14) - C(28) - C(134) -178, 1(15)
0(14) - C(124) - C(134) - C(144) -179, 1(16)
C(1B) - 0(1B) - C(12B) - C(13B) 178, 2(14)
0(1B) - C(12B) - C(13B) - C(14B) -178,9(16)
C{10) - 0(10 - C(120) - C(130) 167.5(13)
0(1C) - C(120) - C(130) - C(140) -160, 9(21)
C(ID) - 0(ID) - C(i2D) - C(13D) -177.6(15)
0{ID) - C(12D) - C(13D} - C(14D) -161. 9(18)

167.5° and ~177.6° respectively for the units A, B, C
and D indicates an anti conformation. And the
torsion angles O(1)-C(12)-C(13)-C(14) are
-179.1°, -178.9°, ~160.9° and -161.9° respectively for
the units A, B, C and D. It is also an anti co-
nformation. This anti conformation not only pro-
vides the stable dihedral angle‘ but also makes
partial cone most compact so that they can eff-
iciently pack in the crystal lattice.

The phenolic units A, B, Cand D make angles of
121.7°, 116.1°, 745" and 121.0° respectively with the
least-squares plane defined by the four bridging
methylene groups. The relative dihedral angles

between two adjacent rings are; A-B=79.7°, B-C-

=94.6°, C-D=93.9° and A-D=76.6" whereas that be-
tween two opposite rings are; A-C=163.6" and

sz AR
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B-D=1224".

Bond angles involving the bridging methylen-
es (=« C2-C11-C6) are 119.8°, 108.7°, 108.3° and
120.7° for units A to D respectively, Which the
bridging methylenes attached to inversed A ring
(« C(2A)-C(11A)-C(6B) and <« C(6A)-C
(11D)-C(2D)) deviate from the value observed in
other cyclic oligomers with the cone structure.
This shows that the macrocycle conformation is
partial cone which a tert-butylphenyl A ring is
up. This is also confirmed by the torsion angles
involving the bridging methylene carbon atoms
{C1-C2-C11-C6) which are -48.8", 93.6°, 103.3" and
45.2° for units A to D respectively and deviates
significantly from the value observed in other
cyclic oligomers where the cone structure was
essentially determined by strong intramolecular
hydrogen bonds.?”

In the benzene ring, internal angles at the su-
bstituted C atoms deviated from the mean value
(120°), being more than 120° at EtCOO groups(<
C2-C1-C6) and less than 120° at tert—butyl groups
(« C3-C4-C5), these effects being connected
with the o -electron withdrawing or releasing

22)

characters of the substituents®”. We carefully
checked several spatial atomic distances where
repulsion between two atoms may take place. We
found that the distance between C(14A) and C
(10B) (3.821(24)A ; CH, in EtCOO in the inver-
sed A phenyl unit and CH, in t-Bu in the B phenyl
unit) is shorter than 2-fold of a van der Waals-
radius for the methyl group of 40 A. The result
suggests the presence of steric repulsion between
these two carbons?® Two terthutyl groups
(C8C-C10C and C8D-C10D) and propionyloxy
groups (C12-C14) show a positional disorder.
Furthermore, thermal parameters are generally
large, which may be characteristic of calixarene
crystals.*¥

The calixarenes have the ability to receive and
retain neutral organic molecules, e.g., from solvent

of crystallization by imprisoning the guest inside
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the discrete central cavity, i.e. true clathrate be-
haviour. But, they also exhibit multimolecular
inclusion behaviour in which the guest species is
accommodated in continuous channels of layers
within the crystal lattice®. Figure 3 shows the
molecular packing diagram along c axis. The ma-
crocycle exists in the partial cone conformation,
where the guest molecule occupies intermolecular
cavities of channel type in the host lattice as
shown Figure 3. The inclusion behaviour of this

Fig. 3. The crystal structure of tetra-tert-butyl-tetrapropiony-
loxycalix(4)arene-acetone complex in projection
down c-Axis,

compound depends on the conformational rigidity
of the macrocycle. True clathrate behaviour ob-
tained from the stability of the cage—type clathra-
te”, so it is not possible to have inclusion com-
pounds with the guest interacting inside a host
cavity in this compound. At the same time in-
termolecular cavities suitable for accommodat-
ing the guest are formed in the crystals along the
¢ axis. The channels are formed by piles of
macrocyclic molecules with the same orientation
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and with van der Waals contacts between the ac-
etone and the t-butyl groups and propionyloxy gr-
oups which extend outside the macrocycle as
shown Figure 4. This study confirms that, alth-

Fig. 4. The crystal structure of tetra-tert-butyl-tetrapropiony-
loxycalix(4)arene-actone complex in projection
down a-Axis,

ough calixarenes are able to include organic mo-
lecules, the complexes do not always have intr-
amolecular host—guest character.

The OH group is conformationally mobile,
allowing the oxygen through the annulus rotation
of each phenol unit whereas O—substituents larger
than Et is conformationally immobile because of
steric hindrance of these substituents. It is known
that unmodified p-tert-butylcalix[4]arene adopts
a cone conformation because of strong hydrogen
bonding interactions among the OH groups, wh-
ereas introduction of alkyl or acylsubstituents in-
to the OH groups suppresses the conformational
freedom because of steric hindrance (i.e., in-
hibition of the oxygen through the annulus ro-
tation) and results in conformational isomers.

The conformational characteristics of calix[4]
arenes are conveniently estimated by the splitting
pattern of the ArCH,Ar methylene protons in ‘H
NMR spectroscopy?®® as shown in Table 7.

The 'H NMR spectrum supported by Professor
No shows that the acetone-insoluble compound

A4z
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Table 7.'H NMR patterns for the CH, protons of
calix(4)arenes in various conformations,

conformat ion 'H 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 doublet
(ratio 1:1)

1, 3-Alternate one singlet

was identified as calix[4]arene in the 1.3-alter-
nate conformation. The acetone-soluble com-
pound was identified as the corresponding partial

’ which data is consistent with

cone conformer®’
the conformation of the molecule from the X-ray

crystallographic investigation.
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