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Abstract

The title compound consisting of a calix[4]arene molccule with four phenyl rings arranged aller-
nately in anti-orientation fashion. two propyloxy groups atlached on the uppel rim of calix{4]arcne,
and polyether chain with two phenyl rings attached on the lower rim of calis[-4]arene offers a big
cavily inside a molecule which might possess a potential for forming host-guest complexes,
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1. Introduction

Calix[4]arenes have been of parlicular inlerest as
organic hosts and selective ionopheres in inclusion
complexation” and it is known that the caltx[4] are-
nes are able to exist in the following four difier- ent
conformations: cone.”™ partial cone,” | 2-allernate,
and 1,3-alternate.”™ In order 1o mvesti gale the cha-
racleristics af the calix[dJarene compounds, a series
of calix[4]arene derivatives have been synthesized
and their siructures have been elucidated.”'"
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2. Experimental

25,27-Dipropyloxycalix[4]arene (1.01 g, 2.0 mmole)
was dissolved in 50 mL of acetonitrile and added 1o
an excess of Cs,CO, (1.62 g. 5.0 mmole) and diben-
zodimesylate (1.12 g 2.1 mmole) under nitrogen,
The reaction mixture was re(luxed for 24 h. Then
acelonitrile was removed in vacuo and the residue
was extracted with 100 mL of methylene chloride
and 30 mL of 10% aqueous HCL solution. The
organic layer was separated and washed twice with
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water. After the organic layer was separated and
dried over anhydrous magnesium sulfaie followed
by removing the solvent in vacno to give a brow-
nish oil. Fillraiion column chromatography  with
ethyl acetaiechexane=1:6 as eluents provided pure
1.3-alterpate calix[4]arene dibenzocrown ethers as a
white sclid which is recrystallized from diethyl
ether-hexanes to give a desired product with 90%
yield. Mp 451-454 K; TR(KBr pallet, em™); 3068
(Ar-H), 1501, 1451, 1254, 1196; 'H NMR (CDCl,)
4 7.02-6.87 (m. 16 H), 6.78-6.70 (m, 4 H}, 422 (1,

Table 1. Experimental details

Crystal dala

Co Hy 0, Mo K, Radiation

M=851.00 A=0.71069 A

Monoclinic Cell parameters from 23

P2/ refleclions

a=20.979(5) A 0=11.29-14.21°

b=12.722(1) A p= 0.082 mm™

c=17.618(6) A T=293 K

[(=98.88" Block

V=16459(18) A’ 0.46x0.4020.36 mm

Z=4 Colorless

D=1217 Mg m”

D,, not measured

Data collection

Enral-Nonius CAD-4 R,,=0 0590

Diffractometer

w/20 scans h=0—24

Absorption correction: k=0—13

none

8140 independent 1=-20—20

reflections

3599 reflections with 3 standard reflections

To=20 (lo}

6,,,=25.0° frequency: 300 min
intensily decay: 2 %

Relinement

Refinement on [
R(I)=0.0893
wR{[H=0.1397
5=1.320

3599 reflections

568 parameiers

H atoms constrained
w=1/[c"

(. 53+(0.03PY+0 5P]
where P=(FD2+ZFCQ)/3

(AT Y,,=0.000

(A P)ee=0750 ¢ A

(A P)p="0775 ¢ A~
Extinction correction: none
Scatlering factors from
International Tables for
Crystallography (Vol. )

25,27-Bis(1-propyloxy)calix[4]arens-26,28-[(5,67(14',15-dibenza] - ---- 29

J=5.1 Hz, 4 H), 4.08 (t, J=5.1 Hz. 4 H), 3.89 (t, I=
5.0 Hz. 4 H), 3.76 {1, J=5.1 Hz. 4 H), 370 (5, 8 H,
AICH,Ar), 341 (1, J=7.4 Hz, 4 H, OCH,CH,CH,).
L.47-1.38 (m, }=7.4 Hz, 4 H, OCH,CH,CH,). 0.77
(t, J=7.4 Hz, 6 H, OCH,CH,CH,); “C NMR{CDCl,):
8 1574, 1568, 150.7, 149.8, 1344, 134.3, 130.6,
1305, 123.1, 1228, 122.6. 1223, 1183, 1161,
734,71.1, 70.6. 69.8, 38.1, 23.7, 10.8; FAB MS o/
z(M") calcd 850.31, found 830.30. Anal. Calcd For
C;,Hy;Oo: C, 76.20; H, 6.82, Found: C, 76.18; H,
6.87.

The detailed information on crystal data, data
collection, and structore relingment is given in
Table 1.

Hydragen atomas were placed in calculated posi-
tions allowing to ride on their parent C atoms with
U, (H)=12U,(C), while the methyl groups were
trealed as rotating rigid groups with U_(H)=
LSU(C).

Intensily data are not corrected for absorplion and
decay effects. Soltware; data collection: CAD4 Ex-
press Software'": data reduction: WinGX'"; program(s)
used 1o solve structure: SHELX86"; program used
to refine structure: SHELXLS™: Molecular graphics:
ORTEP3'.

The final atomic coordinates are listed in Table 2,
and the data for atomic bond distances and bond
angles, least-squares planes, torsion angles and an-
stotropic displacement parameters For the atoms can
be obtaind from one ol the authors (Suh).

Table 2. Aiomic coordinates (x16%) and equivalent iso-
tropic displacement parameters (A*x10%) for €, Hy O,
Uleq) is defined as one third of the irace ol the or-
thogonalized Uij tensor

X ¥ z Ufeg)
ol 10041y -1342(2} -9(2) 41(1)
O2) 2088(1) 2602y 2438(2) 46(1)
O3 3232} -107(2) -433(2) 51(1)
04) 3711(1) -2320¢2) 1875(2) 48(1)
815} 4451(3)  -4020(4) 1472(3) 157(3)
Q(6) 3526(3) 54774 115313} 142(2)
o7y 1918(2)  -3589(3) 1252 7001
O(8) 783(2)  -1628(3) -613(2) 59(1)
Q) 505(2)y 27332y -1274(2) 54(1)
C(l) 134602 -330(3) 113(3) 40(1)
C(2) 1721(2) 67(3) -403(3) 391
C(3) 194123 1083(4) -299(3) 52(1)
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Table 2. Continued

FWH, - FRE - SBE A

X ¥ i Uleq)
Ci4} 1799(3) 16800 30603 61(2}
Ci5} 1467(2) 1239(4) 844(3) 34(13
C(6) 1241(2) 2154 769(3) 42(1)
C(7) 254(2) -310(4) 1412(3) 52(1)
C(8) 14052y -1114( 1819(3) (1)
C(9) 19812} -800(4) 2281(2) 201)
C(1y 2462{2y  -1522(H) 2566{2) 43(1)
(11 2333{(2y  -2578(4) 2434(3) 32(1)
C(12) VI57(3y  -2907{(4) 2024(3) 60(2)
C(13) 1311¢(2)  -2179{4} 1708(3} 54(1)
C(14) 1867(3) 589(4) 3130(3) 712
C(15) 2078(5) 1634(6) 3338(4) 174(5)
C(16) 21144y 2436(5) 281004} 112(3)
C(17 31142y 11354 2966(2) 48(1)
C(18) 3490(2) -630(4) 2303(3) 4401
C(19) 3552(2) 450(4) 2364(3) 55(1
C20) 3839(2) 9214 1793(3) 392
2 4020i2) 3194 1213(3) 54(1)
C(22) 3962(2) ST 12243 45{1)
C{23) 37242 -12304) 1831(3) 41(1}
C{24) 40912y -1429%4) 542(3) S0(h
C{25) 4592y -1826(4) 84(2) 42(1}
C(26) 3265(2)  -2847(4) 151(3) 48(1}
Ci27) 2661(2)  -3189(4) -201(3) 48(1)
C(28) 22392y -2Ho4(4) -595(2) 44(1)
M 24172y  -1430(4) -673(2) 37(1)
C(30) 1924(2) -624(3)  -1023(2) A3(1
C3hy 303602y -1132(H) -354(2) 41¢1)
C(32) 3542(3) 68{4)y  -1085{3) 68(2)
C(33} 3804(3) 1176{5y  -1052(3) 97(2)
C34 014 1497¢5y  -1714¢3) 132(3)
C(35) 4242(3)  -2766{4) 2375(3) 79(2)
C(360) 4373(3)  -3827(5) 2133(3) 90(2)
C(37) 4592(4)  -5000(5} 1209(3} 81(2)
C(38) 52024y -5216(6) 1067(4) 109(3)
C(39) 5323¢4)  -6136(7) 732(4) QD)
C(H0) 4855(4)  -6845(6) 526(4) 99(2)
C(41) 4247(4)  -6638(3) 657(4) 108(3)
Ci4) 4105(4)  -5713(5) 996i4) 87()
C(43) 3029(3)  -5860(5) 817(5) 136(4)
CHd) 2411(3)  -5424(5) 1070(3) 91(2)
C{45) 1294(2)  -3353(4) 558(3) T0{2)
C{40) 832(2) -5555(4) -167(3) 61(2)
C{47) 353(2) -4614(4)  -12835(3) 46(1)
C{48) 52(2) -5496(4)  ~1640(3) 541y
C(4%) -364(2)  -3396(5)  -2319(3) 602}
C(50) -490(2)  -4434(3)  -2646(3) 64(2)
Ci51) 20002y -354204)  -2293(3) 62(2)
Ci{52) 2032y -36838(H  -1612(3) 46(1)
C(53) 23402y  -2408(4) -621(3) 56(1)
C(54) 444(2)  -1314(d) -400{3) 57(2)
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3. Discussion

The ntle compound consists of the calix[4]arene
molecule adopting the 1,3-alternate conformation;
two phenyl groups [ (C1, C2, C3, C4, C5, C6) and
3 (C18, C19, C20. C21, €22, C23) lie above and
the other two phenyl groups 2 (C8, C9, C10, CI1.
Cl2, C15) and 4 (C25, C26, C27, C28, C29, C31)
below the leasi-squares plane defined by the four
bridging methylene groups as clearly illustrared in
Fig. 1, two propyloxy groups bonded to phenyl
rings 2 and 4, and an ethereal linkage with two
benzo groups bonded 1o phenyl rings 1 and 3.

The aromatic Csp™-Csp” distances in the molecule
vary from 1.342(8) 1o 1.400(6) A with an average
value of 1.380¢1) A" Osp’-Csp’ distances from
1.321¢7) w 1395(3) A with a mean value of
1.378(2) A, Csp™-Csp® distances from [.509(6) to
1.528(6) A with a mean value of 1.5 18(2) A, Cspa—
Csp® distances [rom 1.409(8) 1o 1.543(8) A with a
mean value of 1.473(2) A and Osp’-Csp® 1.258(6)
to 1431(5) A with 2 mean value of 1.402(2) A,
which are all expecled values. Bond angles invol-
ving the bridging methylenes C2-C30-C29=110.4(3)",
Co-C7-C8=110.7¢4", C10-C17-C18=110.7(4)". C22-
C24-C25=110.6(4)" are very close to the letrahedral
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Fig. 1. Molecular structure with atomic numbering
scheme showing 50% probability displacement ellip-
soids. H atoms are omitted for clarity. The oxygen
atoms are expressed wilh ellipsoids with octant sha-
ding.
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Fig. 2. The calix[4]larene in the title compound
offers a square cavity. The oxygen atomns are ex-
pressed wilh ellipsoids with octant shading.

o

angle.

Two adjacent phenyl rings in the calix[4]arene are
almost perpendicular to each other with dihedral
angles of [-2=88.1(1)°, 2-3=89.5(1)7, 3-4=88.6(1)",
1-4=89.3(3)" so that the calix[4]arene has a fairly
perfect square cavily (see Fig. 2). However, two fac-
ing rings [ and 3 are slightly splayed oul down-
wauds from the central axis with a dihedral angle of
16.0(2)" leading to C1..023=5.540(6) A and C4...
C20=4.760(7y A because of the ethereal linkage
bonded to the ortho carbon atoms of the aromatic
phenyl groups in the calix[4]arens molecule, while
another pair rings 2 and 4 are slightly splayed oul
upwards from the central axis with a dihedral angle
of 17.1(2)° leading 1o €9..C31=5.460(6) A and
C12,.C27=4.624(8) A that might be altributed Lo
the repaolsion among two phenyl rings 1 and 3 and
the two propyloxy groups bonded to the ortho car-
bon atoms of the aromatic phenyl groops m
the calix|4]arene molecule. The torsion angles of
O2-C14-C15-C16=37.8(12)" and 03-C32-C33-C34=
-175.5(3)" in two propyloxy groups are gauche and
trans, respectively. Both torsion angles of O[-C54-
(C53-09=-77.1(5)" and 04-C35-C36-05=52.5(9)" in
the side ethereal linkage are gauche and those of
06-C43-C44-07=154.7(7)" and 07-C45-C46-08=

25,27-Buis{I-propyloxyicalix[4]arene-26,28-[(5".6"( 14.15")-dibenzo] ------ 31

-88.4(5)° in the bottom ethereal linkage are trans
and gauche, respectively, and the dihedral angle of
two pairs of benzo groups C37, C38. C39, C40.
C41, C42 and C47, C48, C49, C50. C51. C52
the ethereal linkage is 69.4(2)".

Oxygen-oxygen dislances in the ethereal linkages
are Q1-04=6.089(4) A, 01-08=1339(5) A and
04-06=4.214(6) A. Therelore the title macrocychic
molecule conlains a somewhat flexible cavity lined
with nine O atoms. The closest intermolecular di-
stance O7-H4 (x, —1+y, 2)=2.587(4) A involving a
H-alom indicates that intermolecular packing is
overwhelmed by van der Waals force. The displa-
cemenl parameters of atoms O3, C15, and C43
indicate disorder (see Fig. 1).
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