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Abstract—A new route to cyclophanes 6a,b incorporating 2,2 0-bipyridine subunits has been elaborated using as the key steps (1)
S-transalkylation of 6,60-bis(methylsulfanyl)-2,20-bipyridines 2a,b with ethyl bromoacetate resulting in the formation of 6,60-bis[(eth-
oxycarbonyl)methylsulfanyl]-2,2 0-bipyridines 3a,b and (2) ring-closing metathesis of the corresponding alkenyl ethers 5a,b.
� 2005 Elsevier Ltd. All rights reserved.
The synthesis and properties of macrocycles incorporat-
ing the 2,2 0-bipyridine subunit is an active area of
research.2 Such systems can serve as versatile chelating
ligands binding various organic and inorganic sub-
strates3 and are used as building blocks for supramole-
cular chemistry.4 Despite the vast knowledge on sulfur–
metal interactions in coordination chemistry,5 the use
of S-based ligands derived from 2,2 0-bipyridine appears
to be still rather undeveloped. According to the litera-
ture, there is only one report of azathiacrown ethers
containing sulfur atoms directly attached to the 2,2 0-
bipyridine rings.6 However, the study of these interest-
ing compounds with respect to their metal complexing
ability has been hampered by inefficient chemical syn-
thesis. We have recently elaborated a one-pot synthesis
of annulated 2,2 0-bipyridinium salts7 1 through tandem
S-transalkylation/intramolecular ring closure of easily
available 6,6 0-bis(alkylsulfanyl)-2,2 0-bipyridine8 2a and
its cycloalkeno derivatives9 (Scheme 1). A facile S-trans-
alkylation of the latter compounds with alkylating
agents would afford a new route to azathiamacrocycles
in which the 2,2 0-bipyridine moiety is used as a subunit
within the macrocyclic framework. The essential
features of this strategy are summarized in the sequence
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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depicted in Scheme 1, wherein bis(carboxylate)s 3a,b
were envisaged as key intermediates and the primary
sub-goals of the project. Subsequent reduction of the
carboethoxy groups in 3a,b and treatment of the result-
ing alcohols 4a,b with a halo alkene bearing a double
bond at the terminus would provide the desired alkenyl
ethers 5a,b, which may be converted into the olefin
cyclophanes 6a and 6b via ring closing metathesis
(RCM).

When 2a was treated with an excess of ethyl bromoace-
tate at 140 �C for 15 h the 6,6 0bis[(ethoxycarbonyl)-
methylsulfanyl]-2,2 0-bipyridine 3a was obtained in 91%
yield.10

The formation of 3b by reaction of 2b with ethyl bromo-
acetate was less favourable and needed more time for
completion. The reduction of the crude esters 3a,b with
lithium aluminium hydride in THF under reflux for
2 h led smoothly to the corresponding alcohols 4a,b.11

Reactions of the latter with allyl bromide in the presence
of sodium hydride in DMF afforded alkenyl ethers 5a,b
exclusively.12 Treatment of 5a,b with ruthenium benzyl-
idene complex Cl2(PCy3)2Ru@CHPh (Grubbs� catalyst
I) (10 mol %) in a 0.01 M solution of methylene chloride
under reflux resulted in the formation of the correspond-
ing olefin cyclophanes 6a and 6b.13 The ratio of the E/Z
isomers in 6a was 9:1 and in 6b was 1:1.14 The assign-
ment of configuration at the double bond in the predom-
inant isomers was made by analyzing 13C satellites in
their 1H NMR spectra.15 The vinyl protons were part
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Table 1. Bipyridines 3a–6a and annulated bipyridines 3b–6b produced via Scheme 1

Compd Procedure Yield (%) Mp (�C) 1H NMR, spectra, d Formula Calculated
Found (%)

C H N

3a A 91 124 1.23 (t, J = 7.1, 6H), 4.00 (s, 4H), 4.17 (q, J = 7.1, 4H), 7.24 (d, J = 8.1, 2H), 7.65
(t, J = 7.8, 2H), 8.15 (d, J = 7.27, 2H)

C18H20N2O4S2 55.08 5.14 7.14
55.10 5.10 7.10

3b A 73 196 1.25 (t, J = 7.2, 6H), 2.18 (quin, J = 7.4, 4H), 2.87 (t, J = 7.4, 4H), 2.98 (t, J = 7.5, 4H),
4.07 (s, 4H), 4.20 (q, J = 7.1, 4H), 8.04 (s, 2H)

C24H28N2O4S2 60.99 5.97 5.93
60.99 5.97 5.95

4a B 84 67 3.45 (t, J = 7.4, 4H), 3.95 (t, J = 7.3, 4H), 7.25 (d, J = 7.8, 2H), 7.63 (t, J = 7.7, 2H),
7.95 (d, J = 7.9, 2H)

C14H16N2O2S2 54.52 5.23 9.08
54.53 5.20 9.11

4b B 81 211 2.15 (quin, J = 7.5, 4H), 2.85 (t, J = 7.5, 4H), 2.99 (t, J = 7.6, 4H), 3.49 (t, J = 5.5, 4H),
3.99 (t, J = 5.4, 4H), 7.72 (s, 2H)

C20H24N2O2S2 61.82 6.23 7.21
61.54 6.23 7.18

5a C 77 Oil 3.54 (t, J = 5.9, 4H), 3.76 (t, J = 6.3, 4H), 4.04 (dt, J = 1.3, 5.6, 4H), 5.15–5.32 (m, 4H),
5.81–6.05 (m, 2H), 7.21 (dd, J = 0.9, 7.9, 2H), 7.55 (t, J = 7.9, 2H), 8.05 (dd, J = 0.9, 7.7, 2H)

C20H24N2O2S2
a

5b C 87 97 2.15 (quin, J = 7.5, 4H), 2.80 (t, J = 7.5, 4H), 2.95 (t, J = 7.3, 4H), 3.55 (t, J = 6.9, 4H),
3.70 (t, J = 6.7, 4H), 4.05 (d, J = 5.6, 4H), 5.25 (m, 4H), 5.85–6.05 (m, 2H), 8.05 (s, 2H)

C26H32N2O2S2 66.63 6.88 5.98
66.73 6.88 6.02

6a D 40 79 3.65–3.70 (m, 4H), 3.55–3.60 (m, 4H), 4.80–5.00 (m, 4H), 4.98 (t, J = 7.1, 2H), 7.35
(dd, J = 0.8, 7.8, 2H), 7.65 (t, J = 7.6, 2H), 7.80 (dd, J = 0.8, 6.3, 2H)

C18H20N2O2S2 59.97 5.59 7.77
59.82 5.49 7.66

6b D 71 220 2.10 (quin, J = 7.3, 4H), 2.60–3.00 (m, 8H), 3.30–3.80 (m, 12H), 5.60–5.90 (m, 2H), 7.90 (s, 2H) C24H28N2O2S2 65.42 6.41 6.36
65.13 6.20 6.22

a HRMS EI: m/z calcd/found: 388.12792/388.12816.
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Phys. Org. Chem. 1992, 5, 63.

4. Lehn, J. M. Supramolecular Chemistry, Concepts and
Perspectives; VCH: Weinheim, 1995.

5. Murray, S. G.; Hartley, F. R. Chem. Rev. 1981, 81, 365.
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