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Abstract—The benzidine rearrangement of a constrained m-nitrophenol derivative results in production of a cyclophane
comprising a biphenyl group and a polyether tether connected at the 4,4� positions. © 2003 Elsevier Science Ltd. All rights
reserved.

First discovered over 100 years ago, the acid-catalysed
rearrangement of hydrazobenzene affords a facile syn-
thetic method for production of biphenyl-4,4�-diamine
(benzidine).1 Despite the fact that the [5.5] sigmatropic
rearrangement product is not the sole material pro-
duced, and competing mechanisms operate to create
unsymmetric isomers, the method is versatile enough to
be used for the synthesis of benzidine derivatives.2

Additionally, the benzidine rearrangement can be used
in the manufacture of mixed organic species, and hence
has found applications in the synthesis of 5,5�-bis(2-
aminothiazole) derivatives,3 and p-semidine from
phenylhydrazinopyridine.4

During our own efforts to synthesise strapped biphenyl
derivatives it became necessary to utilise the benzidine
rearrangement reaction on bis-m-nitrophenol deriva-
tives linked by alkyl and alkoxy chains (Scheme 1). In
these compounds, unlike previous cases, the intramolec-
ular benzidine rearrangement occurs within a con-
strained hydrazo precursor. For this reason it was
expected that product formation would be seriously
influenced by chain length, and that, in particular,
isomer A would be highly disfavoured when the con-
nector was short. Conversely, isomers B or C were
expected to be favoured under these conditions as well
as the unsymmetric isomers. As it turned out, in most

of the reactions the benzidine rearrangement produced
a number of products which could not be properly
separated by column chromatography, or adequately
identified by 1H NMR spectroscopy. However, in the
case where a polyether linker or long alkyl chain was
used, a product was isolated that was confirmed to be a
cyclophane in which the linker group is connected at

Scheme 1.
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the 4,4� positions of the biphenyl group. Recently, there
has been interest in the manufacture of cyclophanes
containing biphenyl groups and incorporating
polyether and polyaza linkages attached at the 2,2�-
positions.5 Interestingly, to date there have not been
many reported examples of similar cyclophanes in
which the anchor points are the 4,4� sites.6

Linked derivatives 6–10 were prepared in excellent yield
(80–90%) by reaction of deprotonated m-nitrophenol
with an appropriate dibromoalkane or ditosylated tetra-
ethyleneglycol.7 The reduction and subsequent benz-
idine rearrangement reaction was performed on each
derivative under identical conditions. Detailed compu-
tational molecular modelling calculations8 were also
carried out on the three symmetric products A, B and
C, as well as key azo intermediates, and their enthalpies
of formation are collected in Table 1. The reaction
pathway (Scheme 2) serves to emphasise the intermedi-
ate products, and carbon atoms where new bond for-
mation takes place in the creation of symmetric isomers
A, B and C. It is evident that production of the strained
azo intermediate is crucial if the reaction is to proceed
to completion. As illustrated in Table 1, the azo deriva-
tive of precursor 6 is highly strained and its formation
is unlikely, whereas the others are thermodynamically
feasible. Indeed, compounds 7–10 were reduced, as
monitored by TLC (silica gel, EtOAc/hexane), without
difficulty to the azo and eventually hydrazo precursors,
whereas 6 remained unaltered, even under prolonged
heating in the presence of excess Zn powder. This later
observation is likely to be a result of the poor solubility
of the starting material. The benzidine rearrangement
was carried out in situ, following reduction and acidifi-
cation at 0°C using conc. HCl. Following work-up the
crude reaction mixture was analysed by TLC to estab-
lish the number of products formed. The reactions
using linkers 8–9 showed at least six products present in
the crude mixture, which could not be adequately sepa-
rated by column chromatography.9 In contrast, the

rearrangement reaction on the derivative containing
either linker 7 or 10 afforded a less complex crude
reaction mixture, from which a pure product could be
isolated in an unoptimised overall yield of ca. 16%.10

The splitting patterns and coupling constants of the 1H
NMR aromatic signals of the material immediately
discounted its identification as isomer C. Unequivocal
compound identification of the rearrangement products
2 or 5 was performed by single-crystal X-ray structure
analysis of the diiodide derivative produced via a stan-
dard Sandmeyer reaction.11 The molecular structure
corresponding to 2 (Fig. 1) clearly identifies the
polyether chain spanning across the two phenyl groups
to create a cyclophane structure based on isomer A.12 It
is evident that the biphenyl unit is strained since the
two aromatic rings are clearly twisted and bowed; the
torsion angle C8�C7�C1�C6 within the biphenyl group
being 135.6°. Also the C1�C7 bond lies 15.5 and 12.2°
out of the mean plane of the two aromatic rings, and
the C6�C1�C7 and C1�C7�C8 angles are widened to
125.0 and 125.7°, respectively. Further strain in the
cyclophane is evident in the spanning polyether chain
linking O1 and O5 in which three of the four segments
are disordered over two sites. The two iodine atoms are

Figure 1. Ball and stick representation of the molecular struc-
ture of the diiodide derivative 2AI. Minor disorder compo-
nents are omitted.

Table 1.

�Hf Ba �Hf CaNo. �Hf Aa�Hf AzoaAtom span

2 b+39.86 −16.5−15.6
11 −112.17 −153.4 −158.5 −158.1

8 6 −3.0 b −41.3 −39.8
−62.4−61.7−58.5−16.599

11 −30.5 −73.610 −74.6 −74.9

a Enthalpy of formation kcal mol−1.
b Product is not feasible.

Scheme 2. Sites for C�C bond formation in the linked hydrazo intermediate.
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well separated (>5 A� ), and each is disordered over two
sites. On the whole it appears that the cyclophane in the
solid state (and presumably in solution phase) is quite
mobile at the polyether chain and biphenyl group. The
overall cavity size of 2AI is ca. 10 A� ×3.5 A� , which is
too small to accommodate a guest such as Na+ (r=0.95
A� )13 or even Zn2+ (r=0.74 A� )13 generated during the
synthetic procedure.

That the reaction of 10 affords a product similar to 2A
suggests that the Na+ or Zn2+ ions do not, to any
significant extent, act as a template during molecular
rearrangement. It will be interesting to further test the
scope of the benzidine rearrangement by using other
extended polyether, alkyl and polyaza derivatives, as
this may lead to an alternative strategy for producing
new cyclophane hosts.

Supplementary material

Crystallographic data (excluding structure factors) for
the structure in this paper, have been deposited with the
Cambridge Crystallographic Data Centre as supple-
mentary publication number CCDC 199526. Copies of
the data can be obtained, free of charge, on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: +44 (0)-1223-336033 or email: deposit@
ccdc.cam.ac.uk).
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