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Abstract

The structure of tetrapropionyloxycalix(4larene(CoHpOs) has been studied by X-ray diffraction method.
The crystal is monoclinic a=13921(3), b=13562(2), c=19840(5)A, B =11038(2) , Z=4, T=297K, D.=
1.23gem °, F(000)=1376, Systematic absences : A none, HOI : htl=2n, Ok0 : k=2n define space group P2y/n.
The structure was solved by direct method and refined by full -matrix least —squares methods to final R of
006 for 2514 observed reflections. The macrocycle exists in partial cone conformation, Three propionyl
groups direct toward the exterior of the macrocycle cavity.

inclusion phenomena with natural and synthetic

1. Introduction unimolecular receptors with much emphasis on the

macrocyclic effect.” Among the synthetic matrices

In recent years there has been growing interest in ~ which are able to form inclusion complexes with

ke
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several guest molecules,

oligomers, deserve mention.
)

calixarenes, the cyclic

Calixarene” are macrocyclic molecules consisting
of 4 to 8 phenol units connected via methylene
bridges (usually) in the ortho positions with respect
to phenolic hydroxyl group. Cyclic oligomers derived
from the condensation of phenols and formaldehyde,
and recently named calix[nlarenes’, are an
interesting class of synthetic matrices of different
sizes, interesting in their ability to form molecular
complexes with neutral organic molecules and, after
suitable  functionalization, to act as selective
catalysts. Because of their flexibility and resultant
potential for modification of the cavity size and
shape, calixarene of all the numerous cryptants and
cavitants were chosen for initial investigations,

The presence of cavities in the calixarenes allows
one to attempt to construct systems that mimic the
catalytic activity of the enzymes.

Although calix{4larenes and cyclodextrins have a
similar cavity—shaped architecture, there exists a
basic  difference : the cyclodextrin  cavity s
conformationally fixed, whereas the conformational
freedom  still in the calix cavity’ ™
Calix[4Jarene is conformationally mobile in solution,
although in the solid state it is present exclusively
as a “cone” structure due to strong intramolecular
hydrogen honding.

The introduction of substituents on the phenolic
groups of calixarenes produces derivatives which
have different shapes and conformational mobilities
depending on the nature and the mumber of these
sustituents”  Calix[4larenes  can easily be
functionalized both at the phenolic OH groups (lower
rm) and after removed of the tert—butyl groups at
the para—positions of the phenol rings(upper
im). " Unmodified  p—tert—butylcalix[4Jarene
adopts a cone conformation because of strong
hydrogen —bonding among the OH

remains

Interactions
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Table 1. Summary of Crystal Data.

Formular CpHaOs
Mw, amu 648
Crystal system monoclinic
Space group P2l/n
a A 13921 (3)
b, A 13552 (2)
¢, A 19340 (5)
B, deg 110.38 (2)
Z 4
v, A 350845
it (Mo-Ka), cm” 091
Density, gem® 1.23 (calc.)
121 (meas.)
Diffractometer Enraf-Nonius CAD-4
Radiation Mo-Ka(A=0.7107A)
graphite monochromator
Crystal size, mm 023 x 0.26 x 043
20 limits, deg 4-46
Scan type 0-28
Scan range, deg 085 + 0.34tand
no. of observed reflection 2514 |Fo| > 30|Fo|
weighting scheme 1.3/02(F)+0.002(Fo)2}
R 0.060
Rw 0.064

groups, whereas introduction of akyl or acyl
substituents into the OH group suppresses the
conformational ~ freedom  because  of  steric
hindrance(ie. inhibition of the oxygen—through the
annulus rotation) and results in conformational
isomers that can be catagorized in four classes ; the
cone, the partial cone, the 12—alternate and 13—
alternate conformations™.

All of the calixarenes containing free intraannular
OH groups are conformationally mohile in solution at
room temperarure.m) That is, the aryl groups of

- calix[4larenes can rotate around the axis that passes

through the meta carbon atoms bonded to the
bridging methylene groups.

Their conformational mobility makes
ephemeral rather than permanent conformers. To
convert them into constant calixes, it is necessary to
freeze them in any conformation. Conversion into the

them
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Table 2. Fractional Atomic Coordinates(x10") and Table 3 Bond Lengths(A) for Tetrapropionyl
Equivalent Isotropic Thermal Parameters for oxycalix[4larene. The e s d's are in
Non-hydrogen  Atoms of  Tetrapropionyl- parentheses.

oxycalix(4larene. The e. s. d’s are in parentheses. O1A)-COA)  140266) OQA-C@BA)  1.367(7)
Ueq= 1/3 25 Uij ai*aj*aij (A%, 0O(2A)-C(84) 1204( ) C1A)-C(2A)  1.376(8)
atom X y z C1A)-C6A)  1387(7) CRA-C(BA)  1.31(7
0(14) &06(2)  4406(2) 10735(2) C2A-C(TA) 1519( ) C(BA)-CHA)  1.369(8)
8853 I%g 32%8; il)%ggg CA)-C(GA) 1373(8) CBA-C(6A)  133(7)
C6A)-C(TD) 15?/1( ) C(7TA)-C6B)  1525(7)
g&; 1%%3; %Eﬁg i%g C(BA)>-COA)  14909) C(OA-C(10A) 14810)
Cuny 0B msE 9 O(B)-C(IB)  14046) OUB-C(8B)  1361(6)
CGA) 9434  31%6(4) BH03) O@B-C@B) 11867 CUB-C2B)  1377(7)
C(6A) 3999(3)  3308(4) 9787(2) 1B)-CEB)  1.388(7) (2B)-C(3B)  1.391(7)
C(7A) UB4)  2748(4) 11659(2) 2B)-C(7TB)  1516(7) (3B)-C(4B)  1.374(8)

(6B)  1.339(8)

C
5816(5) 11415(3) -COB) 15009

)
)
C(10A  19®) 62320  121465(4
)
)

C
C
C
4B)-C(5B) 13699 C
7B)-C(6C) 1517() C
O

O

)
CEB-CA0B) 1458(12 O(1C-CUC)  1410(6)
O(B) 81432 10952 11108(2
OEQB; 843853 g(ggg; 1217852; O(10-CEO) 13546 0R0O-CEC)  1.1928)
CUB)  7672(4) 18914 11322(2) Cuo-Cc0) 308 CO-CEC)  1.390(8)
C@B) 66384 1894  11206(2) C20-CBC)  13W(1D  CRO-CTC)  15158)
883 %Eﬁ; %Eﬁﬁ ﬁggg C(30)-C4C) 1.356(9) CUC)-CBC)  1.376(10)
CER) TSB)  3430() 19189 C(EO)-CEC) 14018 C§7C)£(6D) 1511(8)

CEO-CC)  14%9@®) CO0)-CI00)  150410)

BRET2EEERES282 38328 R

)

oy mod o el OIDCID)  1446)  OID)C@) 136107
CEB) 414 RV 1161003 o2D)-CBD)  L174(7) COD-C@D)  1.3%(7)
CoB) 9108(6) -366(5) 11330(4) 091 CID)-CD)  1380(7) CED-CED)  1.3%(1)
CaoB) 9B1E) -1002(7) 11902(5) 152 CED)-C(TD)  1510(7) CED)-CUD)  1.371(7)
ol 6772 1702 %6 083 CAD)-C(ED) 13608 CED)-CED)  1.391(8)
8&8 55%&; 1%8; 55'8537422; g CED)-COD) 149111 CED)-CU0D)  1421(13)
C20) 4564 23114 9012(3) 067 . _ _ )
C30) 30 2441(5) 8994(3) 074 ester or ether is the easiest way to accomplish this
85%; %ﬁgg %g%g 18?@3 % and it is apparent that the esters and ethers can
CE0)  5lI84)  1473(4) 10146(3) :()57 exist any one of the four conformations. X-—ray
8%8 %E‘ég ﬁ%gg %g; g crystallography provide the surest way to discemn
COC)  TIBA  97) 9377(3) o which of these conformers is present in a particular
CU0C)  R0I6(7  68(6)  9E6E) 1B case.
oD 709202 3118(2 840(2 061
OEZD; 66()8?33 386223; 7474§2; The aim of this study is elucidating the crystal

(

CD)  6674) 383014 8827(2)

083

020 structure  of  tetrapropionyloxycalix[4Jarene  and
CoD) TR 6B 9103 0 apropicnyioxycalizl4]

060

062

062

investigating the structural characteristics, bond
distances, bond angles, torsion angles, packing mode

C(3D) 6844 54044 943(3)
CdD)  5806(4)  5350(4) 9361(3)
CED)  6231(4) 456205 N46(3)

CEGD) 5543(4)  3794(4) 760(2) 049 and intermolecular interaction of this compound by X
M) 878 4652(4) 9310(3) 062 —ray diffraction method.

C@D)  7038(4)  3207(5) T844(3) 069

COD) W37 2338(7) 7643(4) 118

Ca0D)  7740010)  2450Q11) 6993(5) 212 2. Experimental
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Tetrapropionyloxycalix[4)arene®] T B3t A+

4Tetrapropionyloxycalix[4larene was synthesized  obtained from X—ray Oscillation and Weissenberg
by Professor Kwanghyun No. The monoclinic crystal — photographes and the accurate cell constants were
were obtained by slow evaporation from a mixture  determined by least—squares analysis of 25
of dichloromethane and acetone solution. The caytal  reflections in the 0 range 18—23° . The crystal

is stable at room temperature.

system was found to be monoclinic with space

Preliminary crystal data and space grbup were  group P2/n. The crystal density was measured to

Fig 1 (a) Molecular Conformation with Atomic
Numbering in Tetrapropionyloxycalix[4larene.

Fig 1 (b). Molecular Conformation of Tetra-
propionyloxycalix(4larene  seen  from  different
directions.

be 1.21 gem ™ by the floatation method in a mixture
of methanol and carbon tetrachloride,

X-ray data collection was carried out using an
Enraf Nonius CAD—4 diffractomer with graphite
monochromator, Mo—Kd radiation (A=0.7107A) with

Table 4. Bond Angles(®) for Terapropionyl-
oxycalix(4larene. The e. s. d.’s are in parentheses.

OQA-C(BA-0(1A) 12205 CRA-CIA-O(14A) 120165)
C(BA-C2A)-CA) 11636) CUA-CBA-CRA)  1215()
C(BA-CUA-CBA) 1197(G) CGA-CEA-CAA)  11606)
C6A)-CAA-OUA) 115414) CBA-CIA-C(2A)
C6A-C(BA-CHEA) 12176G)  CTA)-CA)-CIA)
C(7A)-C2A)-C(3A) 1213(5) C(8A

COA-C(8A-0(1A) 1115(5) COA-CEA-0(2A) 126.3(5)
C(104)-COA)-C(BA) 1123(6) 0O(“B)
C(IB)-C(EB)-C(7TA)  12185) C
C@3B)-C(2B)-C(1B) 1170(5)

=
3))

)
CGEB)-C(4B)-C(3B)  120.(
CEB)-C(6B)-C(1B)  1168(
C6B)-C(1B-O(IB)  1163(
C(EB)-C(EB)-C4B)  121.3(
C(7B)-C(2B)-C(3B)  1204(
CB)-C(8B)-0(1B)  110.1(
C(10B)-C(9B)-C(8B) 1116
CCO-C0)- (
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12076 CED)-CUD)-C
12000)  CED)-CED)-C
112004 CeD)-CD)-0
1233() CED)-CED)-C
125(4)  CTD)-C6A-C
1215()  C(TD)-CE@D)-C
1176(4)  C(
1278(6)  C(10D)-C(AD)-C

2%
QLQ
5888
SEE
RE5
& 3
GRS

=
S
-
5
e

1183(4)
121.2(5)
1215(4

<)
&
g
|
SREERE28
5825856886
.
B
f=p)
&

o
S
&
g
Q
S|
g

) 114709)

-8 - A 64 23, 19%.



o)

a colorless crystal of dimension 023 x 026 x 043
mm. The intensity data were collected using 0—28
scan mode with an @—scan width of (08 + 0.34tan
8)°

The intensities of three standard reflections (8 2
2), 44 9), 3 2 9) were measured every 6000
Data were collected for a total 35%
reflections of which 3392 were nonzero and the 2514
reflections with the |Fol > 30lFo| were used in the
structure determinations and refinement. Data were
corrected for lorentz and polarization factors, but
absorption was ignored. All of the crystal data are
listed in Table 1.

The structure was solved by direct method of the
program SHELXS—8 using 8% reflections whose

seconds.

Table 5 Selected Torsion Angles(®) in Tetra-
propionyl-oxycalix[4larene, The e s. d’s are in

parentheses.

(1) The 16—Membered Macrocyclic Ring
C6A)-CA)-C2A)-C(TA -174771(8)
C(1A)-C(2A)-C(7A)-C(6B) 5771(5)
C2A)-C(7A)-C(6B)-C(1B) 675(5)
C(7A)-C(6B)-C(1B)-C(2B) -1706(8)
C(EB)-C(1B)-C(2B)-C(7B) 1743(8)
C(IB)-C(2B)-C(TB)-C(6C) -1201(6)
C(2B)-C(7B)-C(6C)-C(1C) 635(6)
C(7B)-C(6C)-C1C)-C2C) -171.8(8)
CE0)-CO)-CC)-C(7C) 171.8(8)
C10)-CRO-C7C)-CED) -71.0(6)
C20)-C(7T0)-C6D)-C(1D) 116.7(6)
C(7C)-C(ED)-C(1D)-C(2D) -171.5(8)
C(6D)-C(1ID)-C(2D)-C(7D) 1732(8)
CUD-C2D)-C(TD)-C(6A) -64.3(5)
CE2D)-C(TD)-C(6A)-C(1A) -506(5)
C(TD)-C(6A)-C(1A)-C(2A) 175.2(8)
(2) The Propionyloxy Group
C(1A)-O(1A)-C(BA)-C(9A) 176.0(6)
O(1A)-C(8A)-C(9A)-C(10A) 154.8(8)
C(1B)-0O(1B)-C(8B)-C(9B) -1746(6)
O(1B)-C(8B)-C(9B)-C(10B) 1548(8)
C(10-0(10)-C@C)-C(90) -1748(6)
0O(10)-C80)-CaC)-C(100) 172.7(7)
C(1D)-0(D)-C(8D)-C(9D) 1798(7)
O(1D)-C(8D)-C(9D)-C(10D) -166.3(10)

SERELER

s

243
|El values were greater than 12 All the
nonhydrogen atoms were located on the resulting E
—map.

The refinement was carried out in the two blocks
of full -matrix least—squares using the program
SHELX-76" Two cycles of isotropic full —matrix
least —squares refinements lowered R value (R=3IF,
—Fl2[F,)) from 028 to 013 for reflections with
F>40[F,|. After eight cycles of anisotropic refinement
of the nonhydrogen atomic positions, the most of
hydrogen atoms could be obtained on the difference
map(R=0,093). The remaining hydrogen atoms were
included in the later refinement in the geometrically
calculated positions. In the final cycle the positional
parameters of all atoms, anisotropic temperature
factor for the nonhydrogen atoms and isotropic
thermal parameters for the hydrogen atoms were
refined. The final R and Rw values were 0.060 and
0064 respectively for the 2514 reflections, in the
final refinement, (A/0)my values for positional and
temperature 0128 and 0319
respectively. Final difference Fourier map showed
maximum and minimum electron densities of 0.21
and  —019%A"° respectively.  All  the atomic
scattering factors are from the International Tables
of X—Ray Crystallography.lﬁ) The final positional
coordinates for the nonhydrogen atoms are given in
Table 2. The thermal parameters the
nonhydrogen atoms, the atomic coordinates of
hydrogen atoms and the structure factor tables are
available from the author(Y]P).

parameters  are

for

3. Results and Discussion

The molecular conformation of tetrapropionyloxy —
calix[4larene which is drawn by the ORTEP
programsm is depicted in Figure 1. The bond
distances and angles with their estimated standard

deviations are listed in Table 3 and 4 respectively.
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The configuration of tetrapropionyloxy —calix{4]arene
from the X—ray crystallographic investigation is the
partial cone conformer as shown in Figure 1 ; three
propionyloxy groups are up and one propionyloxy
group is down. The up propionyl groups direct
toward the exterior of the macrocycle cavity.

In the macrocyclic ring of this compound, the
aromatic Gy — Cy distances vary from 135%6(9)A
to LAO(7)A with an average value of 1.376A and
the Cob — Cy distances vary from 1510(7)A to
155(NA. The C=0 distances are 120408)A,
1186(MA, 1.192@®)A and 11747 A respectively for
the units A, B, C and D in good agreement with the
usual value. The C(1)—O(1) bonds have values of
14RO A, 14406)A, 14106)A and 1414A for the
units A, B, C and D respectively.

The four ester groups of this compound define a
central cavity with a 31976) — 328H)A
separation between adjacent phenolate oxygen atoms.
The molecular conformation may be defined by the
angles which the four aromatic rings(A—D) make
with the macrocyclic ring CH: groups ; A4 ),
BG30° ), C(1429° ) and DOL7" ). These data were
compared  with tetra—tert —butyl —
tetrapropionyloxycalix[4]arene1 which was already
solved in Table 5 The relative dihedral angles
between two adjacent rings are ; A—B=88" , B-C
=8.0" , C-D=8&87 and A—D=9%08" .

In tetrapropionyloxycalix[4larene, ring B and D are
thus essentially parallel (interplanar angle 26° ) and
ring A is approximately normal to the four bridging
methylene groups. Ring C is tilted so that its
phenolate oxygen atom is orented away from the
cavity tetra—tert—butyl —
tetrapropionyloxycalix[4larene, ring B and D are
tilted so that their propionyloxy group is oriented
toward the cavity, ie, tert—butyl groups are oriented
away from the cavity, because of the steric
replsion of tert—butyl groups. On the other hand,

those of
)

center. In

Table 5. The Angles which the Phenolic Units(A—D)
make with the Macrocyclic Ring CHz Groups in
Tetrapropionyloxycalix[4larene  and  Tetra—tert—
butyl ~tetrapropionyloxycalix[4larene,

Tetra—tert—butyl—t Tetrapropionyloxy —
etrapropionyl —oxycali calix{4]arene (* )
x[4larene )

Ring A 1217 824
Ring B 1161 930
Ring C 745 1429
Ring D 121.0 91.7
rng C is less flattened than that of

tetrapropionyloxycalix[4larene.

In the benzene ring, intermal angles at the
substituted C atoms deviated from the mean
value(120° ), being more than 120° at EtCOO
groups( 2 C2—C1—C6) these effects being connected
with the O—electron withdrawing or releasing
characters of the substituents.”® The propionyl
groups (C8—C10) have the large thermal parameters
which may be characteristic of calixarene crystals.m)

Bond angles involving the bridging methylenes (2
C2—C7—(6) are 1129° , 1089° , 112° and 1131
for units A to D respectively. Angles at methylene
bridges have values close to 112" . This shows that
the macrocycle conformations, in the absence of any
intramolecular hydrogen bonds, is mainly determined
by steric interaction between the ester chains.”

The partial cone conformation is confirmed by
comparing the torsion angles involving the bridging
methylene  carbon  atoms(C(1) —C(2)—C(7) —C(6))
which are 575" , —1201° , —17.0° , 64.3° for units
A to D with the values observed in other cycle
oligomers where the cone structure was essentially
determined by
bonds.”

Some torsional angles show the geomety around

strong intramolecular hydrogen

the CH: bridges as well as the relative positions of
propionyl group versus phenolic ring planes. The
torsion angle C(1)—O(1)—C(@®)—C(9) are 1760° , —

A 64 2%, 19%.
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Fig 2. Molecular Packing in Tetrapropionyloxycalix{4larene Viewed down the c-Axis

1746" , —1748" and 1798° respectively for the

units A, B, C and D and this data indicate an anti
conformation. The conformation of the torsion angles
O(D)-C@®—C(9-CU10) which are 1548 , 1548 ,
1227 and —1663" respectively for the units A, B,
C and D is also an anti conformation, This anti
conformation makes partial cone most compact so
that they can efficiently pack in the crystal lattice.?"

Figure 2 shows the stereo packing diagram
viewed down c—axis of the molecules in the wnit
cell. The molecules are held by van der Waals force
in the crystal.

There are several intermolecular distances of less
than 40A(2—fold of a van der Waals radius for the
methyl group, 40A=2x2.0A), of which shortest is
C(TA)=C(7C) of 3485A. Geometric calculations of
the molecular structure were done using GEOM
DI'OQT&II’LZZ)

References

LJ L Atwood, J. E. D. Davies and D. D.
MacNicol, Eds, “Inclusion Compounds”,
Academic Press, London, Vol. 1, 2, 3 (1984).

2 M Coruzzi, G. D. Andreetti, V. Bocchi, A.
Pochini and R. Ungaro, J Chem Soc Perkin

Trans. 11, 1133-1138 (1932).,

3.C. D. Gutsche, Prog. Macrocyclic Chem, 3, 93
—165 (1937).

4.C. D. Gutsche, B. Dhawan, K. H. No and R
Muthukrishnan, | Am Chem Soc, 103, 37%2
(1981).

5. C. D. Gutsche, Top. Curr. Chem, 123, 1 (1984).

6. C. D. Andreetti, R. Ungaro and A. Pochini, J.
C Soc, Chem. Comm,, 1006—1007 (1989).

7. S. Shinkai, Pure Appl. Chem. 58, 1523 (1986).

8. S. Shinkai, Bioorg. Chem Front. 1, 161 (1990).

9.C D. Gutsche, “Calixarenes”, Royal Society of
Chemistry, Cambridge (1989).

10Y. J. Park K H No and J. M Shin, Bull
Korean Chem. Soc., 12, 525-529 (1991).

1L J. D. van Loon, A. Arduini, W, Verboom, R.
Ungaro, G. J. van Hummel, S. Harkema and D.
N. Reinhoudt, Tetrahedron Letters, 30, 2681—
2634 (1989).

12.P. D. ]J. Grootentuis, P. A. Kollman, L. G.
Groenen, D. N. Reinhoudt, G. J. van Hurmmel,
F. Ugozzoli and G. D. Andreetti, J Am Chem.
Soc., 112, 41654176 (1990).

13. R Arduini, A. Pochini, S. Reverberi and U.
Ungaro, Tetrahedron, 42, 20892100 (1986).

14.G. M. Sheldrick, “Shelxs—86, Program for

_86_



Tetrapropionyloxycalix[4larene®] -z #3l S

Crystal Structure Determination”, Institute fiir
Anorganische Chemie der Univ., FRG (1986).

15. G. M. Sheldrick,“Shelx—76, Program for Crystal
Structure Determination”, Univ. of Cambridge,
England (1976).

16. “International Table for X~ray Crystal-
lography”, Vol. IV, Kynoch Press, Birmingham,
England (1974).

17.C. K Johnson, ORTEP, Report—3794, QOak
Ridge National Lab. Tennessee, US.A. (1975).

18 H J. Kim, K. H No, Y. J. Park and I. H Suh,
Korean | Cryst, 4, 5—35 (1993).

19. A. Domenicano, A. Vaciago and C. A. Coulson,
Acdta Cryst. B31, 221—233 (1975),

2. K. Iwamoto, K. Araki and S, Shinkai, /. Org
Chem, 56, 4955—4962 (1991).

2l A. Arduini, A Pochini, S. Reverberi and R.
Ungaro, Tetrahedron, 42, 20892100 (1896).

22. W. Shin, GEOM, Seoul National University,
Korea, (1978).

_87_

Al 64 235, 1996,



