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Complementary kinetic and thermodynamic resolution of a chiral
biaryl axis
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Abstract—The condensation of 2�-formylbiphenyl-2-carboxylic acid 4 with (S)-valinol proceeds under kinetic control to give a
major product, (4bR,7S,aS)-6,7-dihydro-7-isopropyldibenz[c,e ]oxazolo[3,2-a ]azepin-9(4bH)-one 6a (84%), in which the biaryl axis
has the (S)-configuration. Heating 6a at 140°C with a catalytic amount of acid gives rise to an equilibrium dominated by the
diastereoisomeric (4bS,7S)-lactam 6b (6a:6b ratio 27:73), in which the biaryl unit has the (R)-configuration. The structures of both
lactams were established by X-ray crystallography; no other diastereoisomers were obtained. © 2003 Elsevier Science Ltd. All
rights reserved.

Whereas the degree of control that can be exerted over
the configuration of stereogenic atoms in a synthetic
sequence has reached high levels, methods for the
stereoselective generation of axial chirality have been
emerging more slowly.1 In the case of biaryls, the
significance of axial chirality rose steeply with the
observation of configuration-dependent biological
activity, e.g. the ability of analogues of the alkaloid
colchicine 1 to bind to the protein tubulin, which is
dependent on their helicity,2 and the widespread use of
1,1�-binaphthyls such as BINOL 2 as auxiliaries in
asymmetric synthesis.3 Our interest in these areas

prompted us to evaluate the potential of configura-
tionally-restrained biaryls for use in various contexts,
and we herein describe two complementary routes to a
potentially versatile fused lactam system 34 in which
chirality is efficiently relayed between the stereogenic
centres and the biaryl axis.5

The polycyclic system was easily assembled by heating
the aldehyde-acid 4, available in two steps from
diphenic anhydride,6 with (S)-valinol 5 under dehydrat-
ing conditions,7 which gave a mixture of two isomeric
lactams 6, as indicated by 300 MHz 1H NMR spec-
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troscopy and TLC (Scheme 1).8 The characterising
features of the NMR spectrum of the mixture were two
singlets at � 5.89 and 5.72 ppm, which were assigned to
the respective H-4b (methine) signals of the major and
minor products (ratio �6:1). Chromatography
afforded the major product 6a (84%), mp 121–123°C
(EtOAc), whose relative stereochemistry was confirmed
as (4bR,7S,aS) by X-ray crystallography (Fig. 1).9 A
second product, mp 114–115°C (petroleum, bp 60–
80°C), was also analysed by X-ray crystallography and
identified as the (4bS,7S,aR)-diastereoisomer 6b (12%)
(Fig. 2).10 The lactams 6a and 6b have highly twisted

Figure 2. Structure of the lactam (4bS,7S,aR)-6b generated
with Chem3D using X-ray data.

Scheme 1. Reagents and conditions : (i) toluene, Dean–Stark
apparatus, reflux, 32 h; (ii) p-TsOH (0.4 equiv.), d8-toluene,
sealed tube, 140°C, 3 days.

frameworks, the aromatic rings of each biaryl unit
being 40–45° from coplanarity, and the respective car-
bonyls being −36° and +33° out of the plane of the
adjacent aromatic ring.

Molecular modelling of 6a and 6b led to the conclusion
that the latter might be the less strained of the two,11

and equilibration experiments were therefore carried
out. A solution of 6a in deuterioacetonitrile containing
p-toluenesulfonic acid (0.4 equiv.) was heated at 55°C
and monitored by 1H NMR spectroscopy. The slow
formation of an equilibrium mixture of 6a and 6b was
observed (ratio 35:65 after 33 days), and the first-order
rate constant for the forward reaction (6a�6b) under
these conditions was calculated to be 7×10−7 s−1. For
preparative purposes the equilibration was more conve-
niently carried out in toluene at 140°C, the final 6a:6b
ratio being 27:73 (by 1H NMR spectroscopy) after 3
days (Scheme 1). No other products were evident, and
no reaction was observed when 6a was heated in acid-
free toluene at 140°C for 7 days.

The formation of 6a and 6b as described above is
presumed to involve the sequence of events depicted in
Scheme 2. The condensation of 4 with (S)-valinol 5
leads to an equilibrium involving an iminoalcohol and
the derived oxazolidines 7 and 8. Acylation of such
mixtures generally gives high yields of N-acyl-2,4-cis-
oxazolidines, consistent with a kinetically controlled
reaction favouring the least hindered transition state.12

Under dehydration conditions, trans-7 can readily
cyclise to the lactam 6a, but the cyclisation of cis-8 to
the lactam 6b involves a more congested transition state
and is consequently slower. Direct cyclisations of cis-7
and trans-8 do not occur because the lactams 6c and 6d
are prohibitively strained.11 Protonation of the lactam
6a leads to the reversible formation of an acyliminium
species 9, which on heating can undergo rotation about
the biaryl axis. The resulting equilibrium is dominated
by the slightly less strained lactam 6b.

Figure 1. Structure of the lactam (4bR,7S,aS)-6a generated
with Chem3D using X-ray data.
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Scheme 2. Reagents : (i) (S)-valinol 5, dehydration; (ii) catalytic acid, heat.

The first step in Scheme 1 amounts to the dynamic kinetic
resolution of the aldehyde-acid 4, the biaryl unit of the
lactam 6a being made available for further manipulation
in a single configuration. On the basis of Scheme 2 it is
expected that this resolution process will be non-dynamic
for a conformationally stable analogue of 4, i.e. one with
additional ortho substituents, because the pathways
involving the oxazolidines 7 and 8 will be mutually
exclusive. Nevertheless, given the ready availability of

diverse enantiopure aminoalcohols, a broad range of
functional7 lactams 3 with unusual chiral topology
should be accessible by this route. The scope of the
second (equilibration) process will depend on the confor-
mational flexibility of acyliminium species such as 9 when
the biaryl unit has additional ortho substituents.13 Exper-
iments designed to explore these and other issues involv-
ing the lactams 3 are in progress and will be described
in due course.
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