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The Missing Isomeric Carbophane of 4,4'-Bipyridine
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Abstract

Cyclo(paraquat-o-phenylenc-paraquat-p-phenylene) 3 was synthesized by using a most simple procedure
starting from an o-xylene bridged bis(4,4'-bipyridinium) salt. The spectroscopic and electrochemical properties
of the title compound are reported. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

The macrocyclisation of paraquat-type salts has been reported for the first time by Hiinig
and coworkers [1]. The ortho- and meta-xylene bridged carbophanes 1, 2 and 4, respectively,
were prepared by a two-step repetitive alkylation sequence in good yields. Meanwhile the
crystal structure ot 4-4BF4 was determined by X-ray analysis [2]. Meta-para-phane § was
prepared by Vogtle and Stoddart almost at the same time [3,4]. Cyclobis(paraquat-p-
phenylene) 6, firstly reported by Stoddart, was proven to be an excellent receptor for the
hosting of m-electron rich aromatic units [S]. Here, we report synthesis and properties of the
previously unknown carbophane 3.
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The ortho-xylene bridged dication 7 [1b] reacts with 1,4-bis(bromomethyl)benzene in a two-
phase reaction at room temperature and pressure to afford after chromatographic workup and
counterion exchange the desired carbophane 3 in low yield [6]. In a complementary
experiment, starting from the para-xylene bridged bipyridinium salt 8 [1b], no formation of 3
was observed (scheme 1).
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CO
vsig [6} Bv use of 1H NMR qnpotrﬂqon py 1 it could be shown, that all protons of
1ger equ ivalent and <n11t; of fm AB-spin systems. For the ortho-

xylene methylen oup a coupl ng Constant of J=15.0 Hz was observed, for the para-xylene
methylene group the value could not be determined due to 31gnal overlap.

Electrochemistry [8]

The electrochemical reductions of the carbophanes 1, 2 and 4-6 have previously been
reported [1b,9]. Two nearly simultaneous one-electron reduction steps leading to a dicationic
diradical intermediate are followed by two well separated single electron transfers providing
the quinoid tetrahydrobipyridilene moiety. For 6 only two waves were observed [9d-f]. In
figure 1 the cyclic voltammogram of title compound 3 is shown. The broadened first reduction
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wave indicates a poorly resolved separation of two redox processes. In the case of a reversibie
electron transfer the difference of the peak potentials (AEp, belonging to a reduction-
reoxidation couple) for two simuitaneous eiectron transfer steps is in the range of 42 mV [10],
while in the cyclic voltammogram of 3 a value of AEp = 100 mV for a scan rate of 5 mV s-!
has been observed, which is pointing to two overiapped one-electron transfers. Whereas the
following reduction steps were successfully separated by differential pulse voltammetry, the
redox potentials of the first reduction wave could not be determined by this method.

/\\
=

/ 168 Q
T\J. o7

_— r\\/ gk am = 22 -) 0
\\// ——ﬂ—«——*—AEp logK o2 = %(Eg - Eg) @)

T T T T v T T T T T v T \ T
-1400 -1200 -1000 -800 -600 -400 -200

o J

E (mV) vs. Ag/AgCl

Figure 1.  Cyclic voltammogram of 3 in DMSO at 25°C (glassy carbon electrode, | mM in DMSQ, supporting ¢lectrolyte: 0.05 M
NBu4PFy. scan rate 5 mV s71).

It has been shown that the difference between the redox potentials representative for the
formation of the dicationic diradical (E%) and the neutral molecule (EY), respectively, is
changing with the average distance of the bridged bipyridinium units [I1]. This can be
explained with the decreasing ability of an intramolecular comproportionation reaction in the
case of a small bridge (compound i) up to large bridges (compounds S5, 6). The

compropomonatlon constants can be calculated by equauons i and 2 according to ref. {1b] and
are given together with the observed redox potentiais in tabie 1.

Compd. VE/O - E? _E.? _EJO lOchomp.] logK comp.2
1b 251 1050 1133 13.51 1.40
2b 306 878 1012 9.67 2.27
3 419 348 955 7.25 1.81
4b 429 824 907 6.68 1.40
5 427 796 872 6.24 1.28
6 283¢ 709¢ 7.20
apotentials given in mV vs. Ag/AgCl (glassy carbon electrode in DMSO at 298 K). -PValues for Keomp. 1
and Komp 2 Were previously reported [1b). - ¢Determined in acetonitrile vs. SSCE, values given in ref. [9d].
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In good agreement with geometrical considerations carbophane 3 is arranged between the

ortho-meta bridged and meta-meta bridged phanes 2 and 4, respectively. It can be concluded
that the stability of the intermediately generated dicationic diradical is comparable to that of
meta-meta-phane 4.
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supporting electrolyte under nitrogen at 25°C. As reference electrode a DMSO-filled Ag/AgCl electrode, as counter electrode a
platinum sheet was used. The cyclic voltammograms were recorded with a potentiostat model 273A (EG&G Princeton Applied
Research) using the software package M 270 (version 3.0).
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