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First siloxane tethered paracyclophane
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Abstract

Treatment of 1,4-bis{[dimethyl(i-propoxy)silyl]vinyl}benzene (3) with water in the presence of base results in the formation of
a siloxane tethered paradivnylbenzene cyclophane 2. The structure of 2 was confirmed by X-ray crystallography. UV and
fluorescence spectra were measured and interaction between chromophores may occur. © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Cyclophanes have received much attention over the
last decades because of the particular properties of this
class of compound, such as effects of strain on structure
and reactivity, transannular interactions, and the poten-
tial to act as hosts for certain guest molecules [1,2]. A
large number of cyclophanes have been synthesized for
the purpose of investigating their peculiar electronic and
spectroscopic properties due to their interesting stereo-
chemistry. In particular, cyclophanes in which the aro-
matic units are linked at the 1,4-positions by saturated
as well as unsaturated bridges have been studied exten-
sively [1]. Although carbon is the common bridging
element in many of the cyclophanes, other elements
such as silicon, nitrogen, phosphorus, oxygen, sulfur,
etc. could also act as bridging elements to give addi-
tional chemical and physical properties. Though the
literature is abundant with respect to cyclic siloxanes [3]
and with some references to silicon bridged macrocycles
[4], the information available on cyclophanes having a
silicon oxygen bridge is scanty [5]. To the best of our
knowledge, only dialkoxysilane bridged metacy-
clophanes are known [5]. Despite the fact that silicon
presents many advantages for the design of new macro-
cycles, in particular, it can serve as an additional coordi-

nation site [6] as well as the means of increasing the
solubility and flexibility. Recently we have been inter-
ested in investigating the photophysical properties of
silylene-spaced divinylarene copolymers 1 with a view to
understand the intramolecular �–� interactions [7]. We
envisaged preparing a cyclic analogue in order to under-
stand better the nature of interactions. Herein we report
the first example of a siloxane-tethered cyclophane 2.
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Table 1
Effect of various reaction parameters on the yield of the cyclophane
2

Parameter varied Yield of 2 (%)Variation factor

Solvent a 35100:0
(IPA–THF) 2375:25

750:50
25:75 –
0:100 –

[NaOH] b 1 mol% –
73 mol%

7 mol% 23
9 mol% 27

3715 mol%

22[H2O] c 1.4 mol%
4.1 mol% 34
5.5 mol% 38

396.9 mol%

[3] d 0.03M 32
350.15M

0.30M 46
0.60M 46

NaOHCatalyst e 35
KOH 36
HCl 19

16PTSA
22TBAF

a Monomer=1 mmol, H2O=2.77 mmol, NaOH=5 mol%, IPA–
THF=3.6 ml.

b Monomer=1 mmol, H2O=2.77 mmol, IPA=3.6 ml.
c Monomer=1 mmol, NaOH=5 mol%, IPA=3.6 ml.
d Monomer=1 mmol, NaOH=5 mol%, H2O=2.8 mmol.
e Monomer=1 mmol, catalyst=5 mol%, H2O=2.8 mmol, IPA

3.6 ml.

coupling between Me2(i-PrO)SiCH2MgCl and bis-
dithioacetal 4 [7,8]. The synthesis of cyclophane 2 was
achieved in a single step by the hydrolytic condensation
of 3 under basic conditions in the presence of water1.
Although the siloxane formation can be catalyzed by an
acid or a base [9], a significant amount of oligomer/
polymer 5 (Mn=2000–3000 PDI=1.2–2.1) was also
formed. Table 1 summarizes various reaction condi-
tions and the yield of 2. The formation of 2 was
favored when the reaction was carried out in iso-
propanol under basic conditions. Increasing the catalyst
concentration also slightly increased the yield of 2, but
a better yield (46%) was obtained by increasing the
concentration of water (2.8 mol%) and also the concen-
tration of 3 (0.3 M). It is known that bis(alkoxysilane)
derivatives can readily form polysiloxanes under these
reaction conditions [3,9]. The uniqueness of the struc-
ture of the substrate 3 may preferentially afford the
cyclophane 2. It is interesting to note that the mass
spectral analyses of the oligomer/polymer revealed that
no trimeric or tetrameric products were formed under
these conditions.

1 General procedure for the synthesis of cyclophane 2: silane 3
(0.36 g, 1 mmol) was dissolved in 1.8 ml of isopropanol, freshly
distilled from Na and to this was added 0.05 ml of aq. 1 N NaOH
solution (NaOH: 0.05 mmol; H2O: 2.8 mmol) dissolved in 1.8 ml of
isopropanol and stirred at 30 °C for 24 h. The solid obtained was
filtered, washed with isopropnanol and recrystallized from a CHCl3–
MeOH solution to afford the cylophane 2 as colorless crystals: m.p.
�190 °C (dec.), 1H-NMR (400 MHz, CDCl3) � 0.23 (s, 24H), 6.35
(d, J=19.2 Hz, 4H), 6.77 (d, J=19.2 Hz, 4H), 7.04 (s, 8H);
13C-NMR (100 MHz, CDCl3) � 0.2, 126.5, 129.7, 137.8, 143.1;
29Si-NMR (79.5 MHz, CDCl3) � −1.53; MS m/z 520;
�max(CHCl3)=290 nm; Anal. Calc. for C28H40O2Si4: C, 64.55; H,
7.74. Found: C, 64.28; H, 8.06%.

Compound 3 was prepared according to our earlier
reported procedure utilizing the nickel-catalyzed cross

Fig. 1. ORTEP view of 2 showing the two different conformers A and B and their side view observed from the plane of the benzene ring. (Selected
bond angles: Si1�O1�Si2A, 147.28°; Si3�O2�Si4A, 142.68°; C1�Si1�O1, 109.50°; C10A�Si2A�O1, 107.39°; C15�Si3�O2, 107.58°; C24A�Si4A�O2,
109.78°).
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Fig. 2. UV absorption and fluorescence spectra of 2 (dash line for
UV, and clear dot for fluorescence) and 3 (solid line for UV, and
solid dot with line for fluorescence). The fluorescence yield of 2 is
about one order of magnitude lower than that of 3.

gation between chromophores in 2 [12] may lead to
blue shift in the absorption spectrum. In addition, the
fluorescence intensity for 2 is much lowered by com-
parison with that of 3. These results suggest that inter-
action between chromophores may occur.

In summary, a single step synthesis towards a silox-
ane tethered paradivinylbenzene cyclophane has been
achieved by the base catalyzed hydrolytic condensation
of the monomeric bis(isopropoxy-silane). Further inves-
tigation on the photophysics as well as on the structural
variation of the cyclophane is under progress.

2. Supplementary material

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic
Data Centre, CCDC no. 166407 for compound 2.
Copies of this information may be obtained free of
charge from The Director, CCDC, 12 Union Road,
Cambridge CB2 IEZ, UK (Fax: 44-1223-336033; email:
deposit@ccdc.cam.ac.uk or www: http://www.ccdc.
cam.ac.uk).
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[2] (a) F. Vögtle, Supramolecular Chemistry, Wiley, Chichester,
1989;
(b) B. Dietrich, P. Viout, J.-M. Lehn, Macrocyclic Chemistry:
Aspects of Organic and Inorganic Supramolecular Chemistry,
VCH, New York, 1993;
(c) J.-M. Lehn, Supramolecular Chemistry, Wiley, Chichester,
1995.

[3] (a) J.I. Kroschwitz, M. Howe-Grant (Eds.), Silicon compounds
(Silicones), Kirk–Othmer Encyclopedia of Chemical Technol-
ogy, vol. 22, 4th ed., Wiley, New York, 1997, p. 1;
(b) C. Burger, F.-H. Kreuzer, Polysiloxanes and polymers con-
taining siloxane groups, in: H.R. Kricheldorf (Ed.), Silicon in
Polymer Synthesis, Springer, Berlin, 1996, p. 113, Chapter 3.

[4] (a) C. Kaes, M.W. Hosseini, R. Ruppert, A.D. Cian, J. Fischer,
Tetrahedron Lett. 35 (1994) 7233;
(b) C. Kaes, M.W. Hosseini, A.D. Cian, J. Fischer, Chem.
Commun. (1997) 2229;
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changes in the 1H-NMR spectrum in CD2Cl2 solution
were observed at low temperature (up to −95 °C).
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the corresponding Si�O�Si angle is 142.7°. The corre-
sponding side view of structures A and B is also shown
in Fig. 1 for comparison. It is interesting to note that
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and lie parallel to each other. The planes of the double
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The UV absorption and fluorescence spectra for 2
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