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O-Benzylation of trihydroxy[3.3.3]metacyclophane with 3,5-bis(bromomethyl)toluene in the presence of Cs2CO3 affords

a doubly-bridged macrocycle in 45% yield, in which structural characterization is also discussed.

Recently, we reported on the in¯uence of O-substituents on
the conformational isomerism of 6,15,24-tri-tert-butyl-9,18,27-
trihydroxy[3.3.3]metacyclophane (MCP � metacyclophane) 1
in detail.1 We have established that interconversion between
conformers, which occurs by oxygen-through-the-annulus
rotation, can be sterically allowed for methyl, ethyl and pro-
pyl groups whereas it is inhibited for butyl group. There are
only two possible conformations, `cone' and `partial-cone'
in O-alkylation products in contrast to four possible con-
formations in calix[4]arenes.2 Thus, the conformational
isomerism is much simpler than that of O-alkylated calix[4]-
arenes like hexahomotrioxacalix[3]arenes.3

In 1993, Biali and coworkers succeeded in the immo-
bilization using two dialkyl phosphates which can react
with six phenol groups of calix[6]arenes.4 Later, Shinkai
and coworkers reported the synthesis of doubly- and
triply-bridged calix[6]arenes at the lower rim side by
O-benzylation of phenolic hydroxyl groups with bis- and
tris-(bromomethyl) reagents.5,6

However, there were few reports on the synthesis and the
conformations regarding the doubly- and triply-bridged
homocalix[3]arenes at the lower rim side by O-benzylations
in spite of the construction of novel capsule type host
molecules.7 Thus, there is substantial interest in investigating
the O-benzylation of the ¯exible [3.3.3]MCPs. Here, we
describe the synthesis and structure of doubly-bridged
[3.3.3]MCPs at the lower rim side by O-benzylation of
phenolic hydroxyl groups with bis(bromomethyl) reagents.
O-Benzylation of the ¯exible macrocycle 1 with 1 equiv.

of 3,5-bis(bromomethyl)toluene 2a in the presence of
NaH under THF re¯ux did not a�ord any product and
the starting material 1 was returned quantitatively. How-
ever, when Cs2CO3 was used as base under acetone re¯ux,
the desired 1,2-capped [3.3.3]MCP 3a was obtained in
45% yield. Similarly, compound 3b was prepared by
O-benzylation of 1 with 3,5-bis(bromomethyl)-tert-butyl-
benzene 2b in 50% yield (Scheme 1).
The structures of 3a and 3b have been elucidated on the

basis of their elemental analyses and spectral data. For
instance, the mass spectral data for 3a (M�� 686) strongly
support an m-xylenyl capped [3.3.3]MCP macrocyclic
structure. The 1H NMR spectrum of 3a shows resonances
for the tert-butyl protons at d 1.21 and 1.26 (relative
intensity, 1:2) as a singlet, for the aromatic protons at d 6.85
as a singlet and at d 6.96, 7.01 as a doublet (J 2.4 Hz),
and the hydroxy proton at d 8.86 as a singlet indicating a
di-O-substituted structure. Interestingly, a greater up®eld
shift for the aromatic internal proton of the m-xylenyl
moiety at d 4.95 was observed. This observation strongly
suggests that in the actual conformation, the internal

m-xylenyl aromatic proton is shielded by the opposite
inverted benzene ring as shown in Fig. 1.
Furthermore, the resonance for the benzyl methylene

protons of the m-xylenyl moiety appeared as a pair of
doublets (d 4.72 and 5.50, JAB=13.7 Hz) (relative intensity
1:1) and do not coalesce below 130 88C in CDBr3. The energy
barrier to ¯ipping is >25 kcal molÿ1. On the other hand, in
the spectrum of the corresponding reference compound 5,
which was prepared by O-benzylation of 1,3-bis(5-tert-butyl-
2-hydroxy-3-methylphenyl)propane 4 with 3,5-bis(bromo-
methyl)toluene 2a in the presence of Cs2CO3 in 91% yield
(Scheme 2), the benzyl methylene protons of the m-xylenyl
moiety appeared each as a singlet even below ÿ60 88C. A
greater down®eld shift for the aromatic internal proton of
the m-xylenyl moiety at d 7.85 was observed. These ®ndings
suggest that the conformation of the m-xylenyl moiety of 3a
is di�erent from that of 5 and conformationally rigid below
130 88C due to the sterically crowded environment arising
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from the opposite inverted benzene ring and the intramole-
cular hydrogen bonding between the hydroxy group and
two benzyloxy groups of 3a.
The calixarenes show concentration-independent hydroxy

stretching bands in the 3200 cmÿ1 region of the IR spectrum
and a signal at d 9±10 in the 1H NMR spectrum, indicative
of very strong intramolecular hydrogen bonding and the
cyclic nature of calixarenes.2 The IR (KBr) spectrum of 3a
shows the absorption for the hydroxy stretching vibration
around 3410 cmÿ1. The signals for 1H NMR spectrum both
correspond to cone or partial-cone conformer. Although the
signal for hydroxy groups around d 8.86 might strongly
suggest a cone conformation, a greater up®eld shift for the
aromatic internal proton of the m-xylenyl moiety at d 4.95
was observed. Similar ®ndings were observed in the corre-
sponding tert-butyl analog 3b. Therefore, partially capped
[3.3.3]MCPs 3a and 3b might adopt `partial-cone' confor-
mations.
In conclusion, an interesting result was obtained by the

reaction of 1 with 3,5-bis(bromomethyl)benzenes 2 in the
presence of Cs2CO3 a�ording a doubly-bridged [3.3.3]MCP
3 in moderate yield. Further studies of the structural and
chemical properties of 3 are in progress.

Experimental
1H NMR spectra were recorded at 270 MHz on a Nippon Denshi

JEOL FT-270 NMR spectrometer in deuteriochloroform with
Me4Si as an internal reference. IR spectra were measured as KBr
pellets on a Nippon Denshi JIR-AQ2OM spectrometer. Mass spec-
tra were obtained on a Nippon JMS-01SA-2 spectrometer at 75 eV
using a direct-inlet system.

Materials.ÐThe preparation of 6,15,24-tri-tert-butyl-9,18,27-
trihydroxy[3.3.3]metacyclophane 1 was previously described.1 1,3-
Bis(5-tert-butyl-2-hydroxy-3-methylphenyl)propane 4 was prepared
by demethylation of 1,3-bis(5-tert-butyl-2-methoxy-3-methylphenyl)-
propane8 with BBr3 in CH2Cl2 in 80% yield.

O-Benzylation of 1 with 3,5-bis(bromomethyl )toluene 2a in the
presence of Cs2CO3.ÐA mixture of 1 (100 mg, 0.174 mmol) and
Cs2CO3 (567 mg, 1.74 mmol) in acetone (10 cm3) was heated at re¯ux
for 1 h. Then 3,5-bis(bromomethyl)toluene 2a (49 mg, 0.174 mmol)
was added and the mixture heated at re¯ux for 17 h. After cooling
the reaction mixture to room temperature, it was ®ltered. The
®ltrate was concentrated and the residue was extracted with CH2Cl2
(2� 100 cm3) and washed with water (2� 50 cm3), dried (Na2SO4)
and condensed under reduced pressure. The residue was washed
with benzene to give crude 3a (54 mg, 45%) as a colorless solid.
Recrystallization from methanol±CHCl3 (3:1) gave partially capped
[3.3.3]metacyclophane 3a as prisms; mp 155±158 88C; �max (KBr)/cmÿ1

3410 (OH), 2980, 2867, 1484, 1363, 1262, 1187 and 1078; �H
(CDCl3) 1.21 (9 H, s), 1.26 (18 H, s), 1.55±1.75 (2 H, m), 2.15±2.6
(14 H, m), 2.40 (3 H, s), 3.20±3.25 (2 H, m), 4.72 (2 H, d, J
13.7 Hz), 4.95 (1 H, s), 5.50 (2 H, d, J 13.7 Hz), 6.85 (4 H, s), 6.96
(2 H, d, J 2.4 Hz), 7.01 (2 H, d, J 2.4 Hz) and 8.86 (1 H, s); m/z
686 (M�) (Found C, 83.73; H, 8.83. C48H62O3 requires C, 83.92; H,
9.1%).

Similarly compound 3b was prepared by O-benzylation of 1
with 3,5-bis(bromomethyl)-tert-butylbenzene 2b in the presence of
Cs2CO3 in 50% yield as prisms [from methanol±CHCl3(3:1)]; mp
185±187 88C; �max (KBr)/cmÿ1 3478 (OH), 2965, 2935, 2902, 2863,
1481, 1463, 1362, 1192, 1021 and 874; dH (CDCl3) 1.20 (9 H, s),
1.27 (18 H, s), 1.33 (9 H, s), 1.5±1.75 (2 H, m), 2.1±2.6 (14 H, m),
3.20±3.26 (2 H, m), 4.73 (2 H, , J 13.7 Hz), 5.00 (1 H, s), 5.48 (2 H,
d, J 13.7 Hz), 6.83 (2 H, s), 6.97 (2 H, d, J 2.4 Hz), 7.02 (2 H, d,
J 2.4 Hz), 7.06 (2 H, s) and 8.87 (1 H, s); m/z 728 (M�) (Found
C, 83.83; H, 9.23. C51H68O3 requires C, 84.02; H, 9.4%).

Similarly compound 5 was prepared by O-benzylation of 1,3-
bis(5-tert-butyl-2-hydroxyl-3-methylphenyl)propane 4 with 2a in the
presence of Cs2CO3 in 91% yield as prisms (from methanol); mp
174±176 88C; �max (KBr)/cmÿ1 2962, 2903, 2864, 1483, 1462, 1361,
1300, 1195, 1121 and 871; dH(CDCl3) 1.29 (18 H, s), 1.7±1.85 (2 H,
m), 2.33 (3 H, s), 2.39 (6 H, s), 2.37±2.45 (4 H, m), 4.97 (4 H, s),
6.97 (2 H, s), 7.02 (4 H, s) and 7.80 (1 H, s); m/z 484 (M�) (Found
C, 84.37; H, 9.23. C34H44O2 requires C, 84.25; H, 9.15%).

Received, 6th May 1998; Accepted, 5th October 1998
Paper E/8/03386B

References

1 (a) T. Yamato, L. K. Doamekpor, K. Koizumi, K. Kishi,
M. Haraguchi and M. Tashiro, Liebigs Ann., 1995, 1259;
(b) T. Yamato, M. Haraguchi, J. Nishikawa and S. Ide, J. Chem.
Soc., Perkin Trans. 1, 1998, 609.

2 (a) C. D. Gutsche, Calixarenes, Royal Society of Chemistry,
Cambridge, 1989; (b) J. Vicens and V. BoÈ hmer, Calixarenes: A
Versatile Class of Macrocyclic Compounds, Kluwer Academic
Publishers, Cambridge, 1990; (c) V. BoÈ hmer Angew. Chem., Int.
Ed. Engl., 1995, 34, 713.

3 (a) K. Araki, N. Hashimoto, H. Otsuka and S. Shinkai, J. Org.
Chem., 1993, 58, 5958; (b) K. Araki, K. Inada, H. Otsuka
and S. Shinkai, Tetrahedron, 1993, 49, 9465; (c) K. Araki,
K. Inada, H. Otsuka and S. Shinkai, Tetrahedron, 1995, 51, 4647;
(d ) K. Araki, K. Inada and S. Shinkai, Angew. Chem., Int. Ed.
Engl., 1996, 35, 72.

4 F. Grynszpan, O. Aleksiuk and S. E. Biali, J. Chem. Soc., Chem.
Commun., 1993, 13.

5 (a) H. Otsuka, K. Araki and S. Shinkai, J. Org. Chem., 1994, 59,
1542; (b) H. Otsuka, K. Araki, H. Matsumoto, T. Harada and
S. Shinkai, J. Org. Chem., 1995, 60, 4862; (c) H. Otsuka and
S. Shinkai, J. Am. Chem. Soc., 1996, 118, 4271; (d ) Y. Suzuki,
H. Otsuka, A. Ikeda and S. Shinkai, Tetrahedron Lett., 1997, 38,
421.

6 Other examples for bridging or capping of calix[n]arenes: (a)
S. Kanamathareddy and C. D, Gutsche, J. Am. Chem. Soc.,
1993, 115, 6572; (b) A. Ikeda and S. Shinkai, Chem. Rev., 1997,
97, 1713.

7 (a) M. Takeshita and S. Shinkai, Chem. Lett., 1994, 125;
(b) M. Takeshita and S. Shinkai, Bull. Chem. Soc. Jpn., 1995, 68,
1088.

8 T. Yamato, H. Kamimura, K. Noda and M. Tashiro, J. Chem.
Res., 1994, (S ) 424; (M ) 2401.Scheme 2

Fig. 1 Intramolecular hydrogen bonding in partially capped
[3.3.3]metacyclophane 3a
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