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Hexahomooxacalix[3]arenes 1-5, which possess a variety of
substituents on their upper rim, have captured fullerene Cgg
in toluene with association constants of K, = 9.1-35.6
dm?3 mol—1; X-ray analysis of the complex of C¢ and 4
indicated that a van der Waals attractive interaction is the
dominant driving force which brings the hexagonal faces of
the Cgg close to both the aromatic rings and the dibenzyl
ether oxygen of 4.

Supramolecular complexes with Cgg as the guest molecule have
provoked a great dea of interest in the field of host—guest
chemistry.1-8 Recent studies on this compl exation have focused
on the inclusion phenomena of Cgo With so-called * dish-shaped’
hosts in solution.®-15 Among these studies, X-ray analyses of
the complexes of Cgo with calix[5]arenes416.17 and with
cyclotriveratrylene (CTV)1215 have been reported. Quite re-
cently, Shinkai reported the inclusion complex of Ceo and tert-
butylhexahomooxacalix[3]arene 2 in organic solution.11 How-
ever, the precise details of the structural features of theinclusion
complex are still ambiguous. Here we report the first X-ray
analyses of the complexes of Cgo with hexanomooxacalix[3]ar-
enes 2 and 4, and the formation of supramolecular complexes of
Cso With hexahomooxacalix[ 3]arenes possessing different sub-
stituents on their upper rims.
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We have developed a stepwise synthesis for a variety of
hexahomooxacalix[3]arenes having different substituents on
their upper rim portion, revealing that some hexahomooxacal-
ix[3]arenes adopt a cone conformation owing to an intramole-
cular hydrogen-bonding network in the solid state® The
interaction between hexahomooxacalix[3]arenes 1-5% and Cgo
was examined using UV-VIS spectroscopy. Thus, upon
addition of hexahomooxacalix[3]arenes to a solution of Cgp in
toluene, a dight change in color (from purple to pale brown),
based on an increase in the absorption band at ca. 430 nm, was
observed. The UV—-VIS titration method allowed us to deter-
mine the association constants, which were determined by the
Rose-Drago method?® to be those of a1:1 complex (A = 425
or 430 nm, 298 K, toluene solution, [Ceo]o = 5.1 X 10—4 m).
The composition ratio of Cg and 2 has been reported,** and that
of Cgo and 5 was determined by Job plot, but this was not
effective for the determination of the composition ratios of Cgo
and 1, 3 and 4 due to both the very small K, and the change in
absorption. These results are shown in Table 1. Generaly,
neither the magnitude of nor the difference between association

Table 1 Association constants for hexahomooxacalixarene—Cgy COM-
plexation in toluene at 298 Ka

Compound Ky/dm3 mol—1

9.1+1.0
356+0.3
20.7+£0.9
149+20
13.3+04

abhwNE

a Association constants were determined by the Rose-Drago method (ref.
19) for a1:1 complex at 425 or 430 nm.

constants for the five hosts 1-5 is particularly large. Conse-
quently, it might be concluded that the strength of complexation
is not affected by the electron density of the aromatic rings of
the host compounds.

The inclusion complexes were obtained as dark brown
crystals by alowing a toluene solution of Cg and the
corresponding hexahomooxacalix[ 3]arenes 2-5 in amolar ratio
of 1:10-20to stand for acouple of weeks. The crystal structure
of the complex of Cgp and 4 was clarified by X-ray analysisand
is shown in Fig. 1.8 As a result of the suppression of the
rotational disorder of Ceg in the solid state, all the atoms of the
inclusion complex can beidentified. The inclusion complex has
a Cgg symmetric structure in the solid state, in which a six-
membered ring of Cgo is disposed parallel to the mean plane
composed of the three phenolic oxygens of 4. In addition, three
six-membered rings around the above-mentioned six-mem-
bered ring at the bottom position of Cgy are approximately
paralel to three six-membered rings of 4, where the closest
distance [3.615 (6) A] between two sp2 carbonsis very closeto
those reported for related complexes (3.51 A15 and 3.60-3.62
A16). Theinclination angle (6) of thethree phenol ringsfromthe
mean plane composed of three phenol oxygens in 4 is 147°,
which is consistent with the dihedral angle between the six-
membered ring at the bottom and the neighboring five- and six-
membered rings of Cg (average angle of 145°). The additional
striking feature of this complex isthat the closest distance from
the dibenzy! ether oxygens of 4 to the six-membered ring at the
bottom of Cgg is only 3.290 (5) A. Taking into account these
close contacts, as well as the weak electrostatic effect
mentioned above, it can be suggested that van der Waals forces
are the predominant attractive forces for complexation. The
packing arrangement of Cgo and 4isshowninFig. 2. The closest
intermolecular distance of 3.51 (3) A between carbons of Cg
suggests some attractive interactions between Cgo molecules,
which is comparable to that observed in graphite (3.35 A).

Similarly, X-ray analysisof the crystals of the complex of Cgo
with 2 indicated a complexation pattern with a 1:1 ratio, in
which 2 is ordered, whereas the packing of the guest Cgo
molecules is rotationally disordered in the solid state. This
packing arrangement is shown in Fig. 3.9
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Fig. 1 Crystal structure of Cgp and 4 generated by CHEM3D; (a) side view
and (b) top view. Hydrogen atoms are excluded for clarity.
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Fig. 2 Packing arrangement for the complex of Cgo and 4

Notes and References
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¥ Syntheses of hexahomooxacalix[3]arenes 1-4 have been reported (ref.
18). The hexahomooxacalix[3]arene 5 was prepared by cyclotrimerization
according to the procedure of Gutsche (ref. 20).

§ Crystal data for 4-Cgp; CogH;0.Br, M = 45527, trigona,
a=b = 18.104(1), c = 26.624(2) A, V = 7556.8(9) A3, space group R3
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Fig. 3 Packing arrangement for the complex of Cgo and 2; the illustrated
orientation of Cgo has been optimized using the information obtained from
the X-ray analysis of the complex of Cgo and 4

(#148), Z = 18, D, = 1.801 g cm—3, u(Cu-Ka) = 35.59 cm—1, A(Cu-
Ka) = 154178 A, T = 293 K, R = 0.105, Rw = 0.163 for 3088
reflections.

1 Crystal data for 2:Ceo; CosH4s0s, M = 1297.43, triclinic, a = 14.316(4),
b = 16.88(1), ¢ = 14.292(6) A, o = 108.23(5)° B = 111.90(2),
y = 90.62(5)°, V = 3010(3) A3, space group P1 (#2), Z = 2, D, = 1.431
g cm-3, u(Cu-Ka) = 6.97 cm—1, A(Cu-Ka) = 154178 A, T = 293 K,
R = 0.205, Rw = 0.198 for 6473 reflections.

1 Z. Yoshida, H. Takekuma, S. Takekuma and Y. Matsubara, Angew.
Chem,, Int. Ed. Engl., 1994, 33, 1597.

2 T. Andersson, G. Westman, G. Stenhagen, M. Sundahl and O.
Wennerstrom, Tetrahedron Lett., 1995, 36, 597.

3 T. Suzuki, K. Nakashima and S. Shinkai, Chem. Lett., 1994, 699.

4 J. L. Atwood, G. A. Koutsantonis and C. L. Raston, Nature, 1994, 368,
229.

5 F. Diederich, J. Effing, U. Jonas, L. Jullien, T. Plesnivy, H. Ringsdorf,
C. Thilgen and D. Weinstein, Angew. Chem., Int. Ed. Engl., 1992, 31,
1599.

6 J. D. Crane, P. B. Hitchcoch, H. W. Kroto, R. Taylor and D. R. M.
Walton, J. Chem. Soc., Chem. Commun., 1992, 1764.

7 J. D. Crane and P. B. Hitchcoch, J. Chem. Soc., Dalton Trans., 1993,
2537.

8 D. M. Eichhorn, S. Yang, W. Jarrell, T. F. Baumann, L. S. Bedll,
A. J. P. White, D. J. Williams, A. G. M. Barrett and B. M. Hoffman,
J. Chem. Soc., Chem. Commun., 1995, 1703.

9 C. L. Raston, J. L. Atwood, P. J. Nichols and I. B. N. Sudria, Chem.
Commun., 1996, 2615.

10 K. Araki, K. Akao, A. Ikeda, T. Suzuki and S. Shinkai, Tetrahedron
Lett., 1996, 37, 73.

11 A. lIkeda, M. Yoshimura and S. Shinkai, Tetrahedron Lett., 1997, 38,
2107.

12 J. L. Atwood, M. J. Barnes, M. G. Gardiner and C. L. Raston, J. Chem.
Soc., Chem. Commun., 1996, 1449.

13 N. S.Isaacs, P. J. Nichols, C. L. Raston, C. A. Sandovaand D. J. Y oung,
Chem. Commun., 1997, 1839.

14 T. Haino, M. Yanase and Y. Fukazawa, Angew. Chem., Int. Ed. Engl.,
1997, 36, 259.

15 J. W. Steed, P. C. Junk, J. L. Atwood, M. J. Barnes, C. L. Raston and
R. S. Burkhalter, J. Am. Chem. Soc., 1994, 116, 10 346.

16 T. Haino, M. Yanase and Y. Fukazawa, Tetrahedron Lett., 1997, 38,
3739.

17 For areview on caix[n]arenes, seeA. Ikedaand S. Shinkai, Chem. Rev.,
1997, 97, 1713.

18 K. Tsubaki, T. Otsubo, K. Tanaka, K. Fuji and T. Kinoshita,
unpublished work.

19 N. J. Rose and R. S. Drago, J. Am. Chem. Soc., 1959, 81, 6138.

20 B. Dhawan and C. D. Gutsche, J. Org. Chem., 1983, 48, 1536.

Received in Cambridge, UK, 2nd January 1998; 8/00078F



