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2,2',6,6'-Tetrasubstituted biphenyls and 2,2'-disubstituted-
1,1'-binaphthyls are the paradigms of atropisomeric[1] chiral
substances because the steric hindrance to rotation around the
CArÿCAr bond means that they can exist as a stable pair of
enantiomers P and M.[1, 2] These configurationally stable
biaryls have enjoyed a lot of attention in natural products
chemistry,[3] asymmetric synthesis,[4] materials science,[5] and
molecular recognition,[6] while only very recently nonatrop-
isomerically stable, flexible biaryl compounds have also been
used in asymmetric catalysis[7] and molecular recognition.[8]

These latter compounds are usually present as racemic (P,M)
mixtures because the free rotation around the CArÿCAr bond
does not allow the isolation of a single enantiomer. A
preferred enantiomeric conformation can be, however, stabi-

lized through interaction with chiral metal complexes[7a] and/
or substitution with chiral auxiliaries.[7b±e]

We present herein a novel application of flexible biphenyl
compounds for the nonempirical determination of the abso-
lute configuration of 1,2- and 1,3-diols by CD spectroscopy.
This is a task of great importance considering the wide use of
such diols as chiral building blocks[9] and chiral controllers in
asymmetric processes.[4a, 10] Although CD spectroscopy has
been already employed for this purpose, such as in the
dibenzoate-[11] and in the metal-induced CD methods,[12] the
former nonempirical approach often involves difficult con-
formational assignments, while the latter, being an empirical
method, does not allow an immediate and completely reliable
correlation between the CD spectrum and configuration. For
these reasons we recently developed alternative nonempirical
CD approaches to the assignment of the absolute configu-
ration of 1,2-diarylethane-[13] and 1-arylethane-1,2-diols,[14] in
which the problem of the conformational determination is
overcome by transforming the original flexible diols into their
2,2-dimethyl-1,3-dioxolanes or 4-biphenylboronates, respec-
tively (that is, cyclic, conformationally defined derivatives).

We were looking for a more general method that would also
be suitable for nonchromophoric alkyl-substituted diols, and
have developed the approach described herein which is based
on the formation of conformationally defined derivatives
between a diol and a pro-atropisomeric[7a] flexible biphenyl
moiety. In order to determine the absolute configuration of
aliphatic (and hence UV transparent) diols by CD analysis it
is necessary to introduce suitable chromophores which are
sensitive to the chirality of the diol and give rise to Cotton
effects in the CD spectrum. Moreover, the mechanism by
which the diol stereogenic centers induce optical activity in
the chromophore must be known in order to obtain a
nonempirical correlation between the CD spectrum and the
absolute configuration of the diol.

Following our previous approaches,[13, 14] we thought that
the dioxolanes 4 (Scheme 1), derived from chiral diols 3 and
the dimethylacetal 2 (which in turn is obtained from the 2,2'-
bridged biphenyl ketone 1)[15] would constitute suitable

Scheme 1. Synthesis of biphenyldioxolanes 4. a) CH(OCH3)3, pTsOH,
MeOH, RT; b) NH3 2m in EtOH; c) CHCl3, 4-� MS, RT. Ts� toluene-4-
sulfonyl; MS�molecular sieve.
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derivatives for our purposes. Several authors reported[16] that
in seven-membered 2,2'-bridged biphenyl derivatives such as
4 the inversion barrier is about 14 kcal molÿ1 and that a
conformational equilibrium resulting from rotation around
the CArÿCAr bond occurs at room temperature. This fact
ensures that if we obtain a pair of dioxolanes (R,R,P)-4 and
(R,R,M)-4 (Scheme 2) from nonracemic 1,2-diols (R,R)-3 (R1,
R2� alkyl, aryl; n� 0; Scheme 1) their diastereoisomeric ratio
is determined only by their thermodynamic stability and is
independent of their mechanism of formation.

Scheme 2. Conformations of the dioxolanes 4 as derived from molecular
mechanics calculations. In the isomer (R,R,P)-4 the benzyl protons are
close to a R residue, while in (R,R,M)-4 they face a smaller hydrogen atom.

Molecular mechanics calculations[17] revealed that in diox-
olanes 4 derived from chiral threo-(R,R)-1,2- or -1,3-diols,[18]

the most stable diastereoisomer, independent of the diol
structure, is the one having an M torsion of the biphenyl
moiety. From the structures in Scheme 2 it can be clearly seen
that in (R,R,P)-4 both the benzylic CH2 moieties face a bulky
R substituent, while in (R,R,M)-4 the benzylic residues are
opposite hydrogen atoms and only minor steric interactions
then result. In this system an efficient transfer of chirality
from the diol (central chirality) to the twisted biphenyl (axial
chirality) should occur[7d] and then the absolute configuration
of the diols can be determined simply by recognizing the
prevailing sense of twist of the biphenyl moiety. The relation-
ship between the sense and angle of torsion of a biphenyl
moiety and its CD spectrum is clearly and reliably establish-
ed,[16c, 19, 20] so the use of such a system as a probe allows the
chirality of the diol to be directly related to the features in the
CD spectrum.

The ketone 1 was prepared in high yield according to two
different literature procedures,[21] starting from commercially
available 2,2'-biphenyldicarboxylic acid, and transformed in
its dimethyl acetal 2 by treatment with trimethyl orthoformate
in the presence of pTsOH, followed by neutralization with
ethanolic ammonia (Scheme 1).[22] Solutions of crude 2 in
CHCl3 were treated directly with the diols 3 a ± h[23] in the
presence of traces of pTsOH and 4-� molecular sieves.[24]

After filtration, evaporation of the solvent, and column
chromatography the dioxolanes 4 a ± h were isolated and their
CD and UV spectra recorded (THF) between 200 ± 330 nm.

The absorption spectrum of 4 a (Figure 1) shows the typical
bands of a biphenyl chromophore: the A band at 250 nm
(e� 15 000) and a more intense absorption at 215 nm
(e� 30 000) which is referred to the C band.[25] It is known[19, 20]

Figure 1. UV and CD spectra (THF) of dioxolane 4a.

that the A band is very sensitive to the biphenyl torsion angle
q and Suzuki has calculated[25] q values of 44 ± 478 for its
present wavelength position. This value of q is in agreement
with our molecular mechanics calculations and with the values
determined by Sandström and co-workers for similar seven-
membered 2,2'-bridged biphenyls.[16c, 20] A positive Cotton
effect (De� 15) occurs in the CD spectrum at 250 nm (that is,
corresponding to the A band), followed by a positive couplet-
like feature centered at 220 nm. As shown by Mislow and co-
workers[19] and Sandström and co-workers,[16c, 20] a positive
Cotton effect arising from the A band is related to an
M torsion of the CArÿCAr bond. Thus the CD spectrum of
4 a experimentally confirms that the (R,R)-diol really induces
M torsion in the biphenyl chromophore.

In order to confirm and extend this correlation to more
flexible acyclic diols and to determine the effect of the
bulkiness of the diol substituents on the diastereoisomeric
ratio we tested our approach with 1,2-disubstituted diols
3 b ± d (with decreasing size of substituents) with the less
sterically hindered monosubstituted 1,2-diols 3 e ± g and with
the 1,3-diol 3 h, which gives rise to a more-flexible six-
membered ring dioxolane. The absorption and CD spectra of
the dioxolanes 4 a ± f, h show the same sequence in wave-
length, sign, and shape of bands while 4 g, which is derived
from an S-configurated diol, gives rise to a mirror image CD
spectrum. The CD spectra of compounds 4 only differ in the
intensities of the Cotton effects. These results confirm that in
all the derivatives tested we have the same expected
correlation of R,R-diol and M torsion of the biphenyl. In
addition, almost the same angle of twist of the biphenyl occurs
as evidenced by the A band always occuring at 250 nm. These
results show that this induction model is not limited to threo-
dialkyl- or -diaryl-1,2-disubstituted diols 3 a ± d, but works
very well also with the 1,3-diol 3 h and even with the less
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sterically demanding monoaryl diol 3 e and monoalkyl diols
3 f, g. It is important to point out the sensitivity of this
method: a small group, such as the methyl in 4 g, is sufficient
to induce enough population difference between the diaster-
eoisomers to give rise to an intense and clearly interpretable
CD spectrum. This method is also of general validity because
it can be applied to all those systems having negligible
absorption at 250 nm (for example, 3 c and 3 e).

The crystal structure analysis of 4 c (Figure 2) confirms the
stereochemical correlation between the absolute configura-
tion of the carbon stereocenter of the diol and the sense of

Figure 2. Crystal structure of (R,R,M)-4 c ; torsion angle C3-C8-C9-C14:
46.28.

twist of the biphenyl moiety.[26] In fact, the R,R absolute
configuration of the two stereocenters gives a negative (M)
torsion of the biphenyl moiety and the absolute value of the
torsion angle C3-C8-C9-C14 is 46.28, which is in excellent
agreement with the values proposed by the Suzuki analysis[27]

and with literature values for similar biphenyl deriva-
tives.[16c, 28]

In order to confirm the presence of a thermodynamic
equilibrium between the two stereoisomers (R,R,P)-4 and
(R,R,M)-4, the rotational process about the pivotal axis of
the biphenyl moiety for the representative dioxolanes
4 a, c, e, g, h was monitored by dynamic NMR spectroscopy
(DNMR; Table 1), and by freezing the exchange process at
low temperature the diastereoisomeric ratio was measured.
Changes in the line shape with the temperature for both the

benzylic and the dioxolane ring protons were observed in the
1H NMR experiments.[29] In derivative 4 e, for instance, the
diastereomerization process was easily monitored by lowering
the temperature and observing the decoalescence of the OCH
signals belonging to the dioxolane ring at 3.83, 4.40 (Figure 3),
and 5.2 ppm. Indeed the sharp multiplets detected at �45 8C
broadened upon cooling, decoalesced at about 0 8C, and at

Figure 3. 1HNMR spectra at 300 MHz in CD2Cl2 for the signal of the OCH
group of dioxolane 4 e. On the left are shown the experimental traces, and
on the right the computer simulated ones.

ÿ30 8C appeared clearly split into a set of signals having an
approximate 75:25 ratio. An analysis of the kinetic process for
the transformation of the more- into the less-stable stereo-
isomer afforded a first-order rate constant and a DG=value of
14.4(�0.15) kcal molÿ1. Similar values of DG= were found for
the other ketals examined (Table 1) and ranged from 14.0 to
14.8 kcal molÿ1, while d.r. values ranging from 74:26 to 92:8
were determined.[30] These measurements, which confirm the
presence of a low activation barrier for the atropisomeric
interconversion of the dioxolanes 4, demonstrate with cer-
tainty that the diastereoisomer ratio is only determined by
their thermodynamic stability and that the structure of the
major diastereoisomer is nonempirically predictable.

In summary, we have described a novel CD method for
determining the absolute configuration of 1,2- and 1,3-diols
based on a chirality transfer from the diol to a biphenyl
chromophore. According to our protocol, to determine the
absolute configuration of a diol it is simply necessary to
prepare its biphenyldioxolane derivative 4, to measure the
CD spectrum, and to look at the sign of the A band (at
250 nm): A positive A band corresponds to an M torsion of
the biphenyl and to a R or R,R configuration of the diol and
vice versa. This method is quite simple, straightforward, and
general, being applicable to many classes of 1,2- and 1,3-diols:
cyclic, acyclic, mono- and disubstituted.

Table 1. Diastereoisomeric ratios d.r., coalescence temperatures, rate
constants, and free energies of activation involved in the (R,R,M)-4 to
(R,R,P)-4 interconversion.[a]

Compound R,R,M :R,R,P T [K] k [sÿ1] Dn[b] [Hz] DG=[kcal molÿ1]

4a 92: 8 278 14 34 14.8
4c 90:10 268 8 30 14.5
4e 78:22 273 18 37 14.4
4g 74:26 258 7 12 14.0
4h 90:10 265 4 32 14.7

[a] All the activation parameters of the dioxolanes were measured from the
1H NMR spectra recorded in CD2Cl2. [b] Signal separation in 1H NMR
spectra.
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Experimental Section

Compounds 4a ± h show analytical and spectral (1H, 13CNMR, MS) data in
agreement with the assigned structures. Absorption and CD spectra were
recorded on a JASCO J600 spectropolarimeter at RT in THF (c� 6�
10ÿ3m) in 0.1 and 1.0-mm cells. During the measurement the instrument
was thoroughly purged with N2. Low temperature 1H and 13CNMR spectra
were recorded in solution at 300 and 75.5 MHz, respectively. The cooling of
the samples was achieved by means of a precooled flow of dry nitrogen in a
standard NMR-VT device. The accuracy of the real temperature in the
NMR probe was checked before the VT experiments with a calibrated
thermocouple. The computer simulations of the line shapes were per-
formed by a computer program based on the Bloch equations, and the best
fit was visually checked by direct superimposition of the simulated and
experimental traces.
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