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2-Hydroxymethylthieno[3,2-e+4,5-eA]di[1]benzothiophene
and 2-(2,4,5,7-tetranitrofluoren-9-ylideneaminooxy)pro-
pionic acid in SDS micelles initially formed a 1+2 complex
with a negative Cotton effect around 360 nm, which with
time or sonication gradually changed to a 1+1 complex
giving a reversed Cotton effect.

Chiral recognition occurs in artificial chiral environments such
as membranes1 and micelles2 despite their intrinsically high
fluidity. This is of interest because it mimics chiral recognition
in biological receptors. Differences in diastereomeric inter-
actions between each enantiomer of an incorporated racemic
guest and the chiral host molecules have effected such
recognition and have been sustained, so far, mainly by hydrogen
bonding. Since charge-transfer (CT) interaction is one of the
fundamental forces in molecular recognition by biological
macromolecules,3 we investigated whether CT bonding exerts
effective chiral discrimination between enantiomers in aqueous
sodium dodecyl sulfate (SDS) micelles. We used 2-hydroxy-
methylthieno[3,2-e+4,5-eA]di[1]benzothiophene (5HM) as a

donor and 2-(2,4,5,7-tetranitrofluoren-9-ylideneaminooxy)pro-
pionic acid (TAPA) as a chiral acceptor. Although the helical
shape of 5HM arises from steric repulsion between the terminal
hydrogen atoms in the molecule,4 inversion of the helix readily
occurs in solution, causing a rapid racemization at room
temperature.5 However, the racemic 5HM is totally converted
into the (P) enantiomer6 on uptake by the serum albumin of
several species,7 and exhibits a slight (M) enantiomeric excess
on incorporation into alkyl b-D-pyranoside micelles.8 Fur-
thermore, X-ray crystallographic analysis determined that
racemic 5TH was entirely converted into the (P) enantiomer
upon crystallization to give the deep-red 1+1 CT complex with
(S)-TAPA.9

Both 5HM and TAPA are practically insoluble in water. A
dioxane solution of (R)-TAPA (120 ml, 1.0 3 1022 mol dm23)
was added to an aqueous SDS solution (2 ml, 2 3 1022 mol
dm23), which resulted in a pale yellow transparent solution.
Then, a dioxane solution of 5HM (27 ml, 1.0 3 1022 mol dm23)
was dissolved in this, and a pale red colour developed due to the
CT interaction between the two components. The total volume
of the solution was adjusted to 3 ml by adding SDS solution,
which yielded concentrations of (R)-TAPA (4.0 3 1024 mol
dm23) and 5HM (9.0 3 1025 mol dm23) in the SDS micellar

solution (2 3 1022 mol dm23) containing ca. 5% dioxane. CD
measurements of this micellar solution at 20 °C gave intense
absorptions in the range of 250–400 nm [Fig. 1(b), state (b)].
The wavelengths of these CD absorptions almost corresponded
to those of the UV absorptions8 of 5HM in CHCl3 and in SDS
micelles. A CHCl3 solution of a mixture of (R)-TAPA and 5HM
with the same concentrations as above, despite the development
of a reddish colour, demonstrated small CD absorptions which
were quite similar to those of (R)-TAPA alone in the micelles
[Fig. 1(a)]. Moreover, a lower planar homologue of 5HM,
2-hydroxymethylbenzo[1,2-b+4,3-bA]dithiophene (3HM),
showed no special CD absorptions in the presence of (R)-TAPA
in the micelles, though the colour did change to yellow. These
facts lead to the following reasoning: (1) the appearance of the
CD absorptions [Fig.1(b)] is attributable to chiral 5HM being
fixed to one enantiomer by the CT bonding of 5HM with chiral
TAPA, and (2) the configuration of that enantiomer is
determined as (M) by comparing the negative Cotton effect
around 360 nm with the Cotton effects of 5HM incorporated in
several albumins7 or in chiral micelles,8 and the CD spectrum of
the 5TH-(S)–TAPA complex crystals in a KBr disk.9

On standing the micellar solution of 5HM and (R)–TAPA, the
CD absorptions changed slowly with time. The intensity of Fig.
1(b) decreased to one fifth after 15 h at 20 °C. The decrease
became faster with a rise in temperature. After ca. 10 h at 30 °C,
the absorptions almost disappeared; instead, new absorptions
began to appear in the opposite direction. Subsequently, the
intensity increased very slowly over time, and finally the
micellar solution became turbid after ca. 3 days, presumably
because of the slow formation of the precipitate of the CT
complex. This spontaneous alteration in the CD absorptions was
accelerated by ultrasonic irradiation [Fig. 1(b)–(f)].10 Only 1
min of sonication converted the sign of the Cotton effect around
360 nm to the opposite sign [Fig. 1(c)]. By subsequent
sonication, the absorption intensities were gradually enhanced
so as to reach the maximum in ca. 15 min [Fig. 1(f), state (f)].
These changes with time imply the reversal of handedness of
5HM in the micelles, that is, an (M) enantiomer to a (P). It is
noteworthy that the shape of curve (f) is not strictly symmetrical

Fig. 1 Alterations in CD absorptions of 5HM–(R)-TAPA complex in SDS
micelles: (a) (R)-TAPA alone, (b) immediately after the sample preparation,
(c) sonication for 1, (d) 2, (e) 5 and (f) 15 min. [5HM] = 9.0 3 1025 mol
dm23, [(R)-TAPA] = 4.0 3 1024 mol dm23, [SDS] = 2.0 3 1022 mol
dm23.
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with that of the initial curve (b), though they are similar to each
other.

In order to account for this phenomenon, binding stoichiom-
etries between 5HM and TAPA were determined for both states
(b) and (f) by the methods of continuous variations11 and HPLC.
Fig. 2 illustrates how the CD intensities at the trough [state (b)]
or the peak [state (f)] around 360 nm vary with the mole ratio of
5HM to TAPA. For state (b), the plots reveal a maximum in the
vicinity of the ratio = 0.35, indicating the presence of a 1+2
complex. On the other hand, a 1+1 complex can be estimated for
state (f) because the maximum is observed in the vicinity of the
ratio = 0.5. These stoichiometries were substantiated by HPLC
experiments.  On preparing a micellar solution containing (R)-
TAPA (9 3 1024 mol dm23) and 5HM (9 3 1025 mol dm23),
the precipitation occurred immediately. The precipitate col-
lected was extracted with CHCl3, the CHCl3 solution being
washed with water. The content of 5HM and TAPA in the
CHCl3 solution was determined by HPLC (silica gel column,
CHCl3–hexane–EtOH = 15+4+1), revealing a ratio of 5HM/
TAPA = 0.47. Furthermore, the micellar solution containing
(R)-TAPA (6 3 1024 mol dm23) and 5HM (9 3 1025 mol
dm23) was sonicated for ca. 15 min, giving CD absorptions
similar to Fig. 1(f). After the solution was left for 3 days, the
resulting precipitate was collected and treated in the same way
as above. The 5HM/TAPA ratio was estimated by HPLC to be
1.02. The results provided by the HPLC experiments were in
excellent agreement with those of the continuous variations
method.

TAPA is a carboxylic acid that has a tendency to dimer
formation. Therefore, TAPA incorporated by way of a dimeric
form in the micelles can be expected to encounter 5HM and
produce the 1+2 CT complex. The 1+2 complex thus formed
would be gradually converted into a more stable 1+1 complex as
observed in the 1+1 complex crystals of (S)-TAPA and 5TH.
Accompanying such change in the composition of the complex,
configurational alteration is evoked in the 5HM molecules,
causing the reversal of chirality of 5HM. These phenomena can
be said to result from micellar effects. With an increase of
ethanol content in the solution of state (f), the CD absorptions
were rapidly decreased and completely missing (Fig. 3) owing
to destruction of the micellar structure. When the same
experiments concerning the alternative combination, 5HM and

(S)-TAPA, were carried out, the same results were obtained
except for the difference in the handedness of the 5HM
molecules. In summary, the CT interactions have been proved
to achieve effective recognition of chirality of heterohelicene in
the SDS micelles. In particular, it is of interest that the initially
fixed handedness of heterohelicene came to be spontaneously
reversed with the composition change of the complex, although
the structure of the 1+2 complex remains uncertain.
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Fig. 2 Continuous variations experiments on the CD intensities at 359.2 nm:
(a) for state (b) in Fig.1, (b) for state (f) in Fig.1, (the standard deviations are
within the circles). [5HM] + [(R)-TAPA] = 5.0 3 1024 mol dm23, [SDS]
= 2.0 3 1022 mol dm23.

Fig. 3 Effect of an increase of EtOH content on the CD intensities at 287.0
nm for state (f) in Fig.1.
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