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Chiral surfactants can provide asymmetric environments in water that can enhance the stereoselectivity of chiral
metal catalysts. Due to the high dynamic nature of micelles, this specific field of research has been seldom
investigated. The design of the surfactant and its interaction with the catalyst is crucial to improve stereo-
selectivity. We report a series of chiral surfactants bearing rigid aromatic hydrophobic units based on the BINOL
scaffold decorated with hydrophilic side chains. In particular, the use of anionic side chains provide better
interaction with chiral Pt(II) catalysts due to ion pairing leading to improvements in the enantioselectivity of the

sulfoxidation reaction of thioethers with hydrogen peroxide. This proof of concept contribution opens the way to
the design of new classes of chiral designer surfactants that could be applied to move to water many classes of
stereoselective reactions traditionally carried out in organic media.

1. Introduction

Stereoselective catalysis is a mature field of research that finds large
applications in the pharmaceutical industry [1] since 56 % of the drugs
currently in use are chiral enantiopure compounds. Most enantiose-
lective catalysts are based on metal centers with chiral ligands or on
chiral organocatalysts that provide strong interactions with the reagent
through coordination or covalent bonds to discriminate the space
around the substrate. Enzymes are natural catalysts par excellence that
are characterized by extremely high stereo and enantioselectivities due
to the intrinsic chirality of their peptidic structure. One peculiar aspect
of enzymatic catalysis that differs largely from metal catalysis is the
efficient binding of the substrate and its proper orientation within the
active site in order to juxtapose specific functional groups in proximity
to the real catalytic centers. The high surface interaction existing be-
tween enzymes and substrates is responsible for much of the enzymatic
acceleration and selectivities. In catalysis, confinement is in fact a key
requisite for selectivity and activity [2] as well as to improve stereo-
selectivity [3]. On this specific point, traditional chiral metal or
organo-catalysis are still not optimized, in particular due to the difficult
design and synthesis of large catalytic systems able to embrace and
surround the substrate. The chirality of the active site of enzymes has
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been mimicked in recent years in the field of supramolecular catalysis
thanks to the development of few self-assembled capsules and cages
characterized by chiral cavities [4]. It has been demonstrated that such
chiral confined environments, as the sole asymmetric units, lead to
enantioenriched products [5], in some cases with very high ee% [6].
This is possible thanks to a close contact between the substrates and the
cavity.

In order to cope between traditional stereoselective catalysis and
sustainability, many reactions have been re-interpreted moving from the
use of organic media to water with the aid of surfactants under micellar
conditions, also for synthesis of active pharmaceutical ingredients [7].
In particular, stereoselective catalytic reactions in micellar media are
gaining interest using micelles as the active site [8]. The most common
and effective approach consists in endowing known chiral metal or
organo-catalysts with covalently connected aliphatic ponytails to obtain
surfactants with catalytic stereoselective head groups [9]. Alternatively,
it has also been observed that in many cases [10], simply moving the
same stereoselective metal catalyst from an organic medium to a
micellar medium leads to enhanced stereoselectivities due to the more
ordered and organized core of the micelles. However, to the best of our
knowledge, only one example of stereoselective reaction exploiting
purely chiral surfactants in combination with traditional catalytic
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systems is known, with moderate stereoselectivities in particular due to
the high dynamic character of the micellar aggregates [11]

Herein we contribute to this specific challenging topic, reporting
about the synergistic effects between chiral metal catalysts and chiral
surfactants in stereoselective sulfoxidation reactions in water. We
demonstrate that through a proper design of chiral surfactants it is
possible to improve the enantioselectivity of traditional catalysts.

2. Results and discussion

The design of chiral surfactants was inspired by the recent works of
Yoshizawa [12] and was focused on the use of rigid apolar chiral scaf-
folds bearing functional groups that can be easily connected to hydro-
philic side chains. The large apolar portion of the surfactants favors the
formation of micelles composed by a small number of units, enabling a
better control of the reciprocal arrangement of the surfactant units and
favoring the asymmetric environment. Because of their structure these
surfactants will lead to the formation of micelles characterized by a
small number of units. Chiral atropoisomeric BINOL-based compounds
were selected due to three considerations: i) availability in both enan-
tiomeric forms, ii) easy modification of the phenolic units by reaction
with hydrophilic charged or neutral PEG based units, iii) easy modifi-
cation on the other aromatic positions to increase their size and shape
and to modulate their electronic properties.

Considering the general neutral structure of most active and effective
designer surfactants [13], we initially focused our attention on the
synthesis of PEG substituted BINOL derivative by reaction of the enan-
tiopure (R), (S) and racemic BINOL with methanesulfonated MPEG-350
in DMF with K2COj3 obtaining the corresponding compounds in nearly
75 % isolated yields (Scheme 1).

In order to obtain a series of similar surfactants bearing different
electronic properties, we planned the synthesis of three more com-
pounds bearing additional aromatic units on position 6 and 6’ of the
naphthyl ring bearing electron donating as well as electron withdrawing
substituents. The purpose was to increase the size of the apolar core of
the micelles and to impart different electron properties to promote
better n-n stacking with aromatic substrates. The synthesis started from
enantiopure (S)-BINOL in DCM that was initially brominated on position
6 and 6’ by dropwise addition of a solution of bromine in DCM, while
keeping the mixture at —15 °C, obtaining the dibrominated product (S)-
6,6-dibromo-[1,1-binaphthalene]-2,2'-diol (S)-Br-BINOL with a yield of
90 %. An early attempt to obtain the enantiomers of 6,6-dibromo-[1,1'-
binaphthalene]-2,2-diol operating the chiral resolution of the racemate
using benzyl cinchonidinium chloride [14] did not work due to the high
solubility of the adduct between the chiral resolving agent and the R
enantiomer. Then, the reaction of (S)-Br-BINOL with phenyl, 4-methox-
y-phenyl and 3,5-bis-trifluoromethyl-phenyl boronic acids catalyzed by
Pd(PPh3)4 allowed to obtain the corresponding enantiopure function-
alized BINOL derivatives 2b-d in good yields considering the double
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Suzuki cross-couplings (Scheme 2). It is interesting to note that no
product formation was observed employing pentafluorophenyl boronic
acid. This may be due to the insufficient electron density on the aromatic
boronic acid reagent that hampered the trans-metalation step of the
catalytic cycle. In fact, to the best of our knowledge, there is no suc-
cessful synthesis of 6,6-bis(perfluoro phenyl)-[1,1-binaphthalene]-2,
2'-diol reported in the literature. The substituted BINOL derivatives 2b-d
were then reacted with mesylated MPEG-350 and, to ensure good purity
of the final surfactants by removal of unreacted PEG units, it was also
necessary a clever purification process involving Soxhlet extraction. The
final neutral enantiopure surfactants 1b-d were isolated in very good
yields considering the double substitution reactions (Scheme 2) in up to
230 mg amounts.

3. Aggregation in water of BINOL-based surfactants

The dissolution of the surfactants (rac, S, R)-1a in water showed
immediately a foaming effect that is indicative of micelles formation. In
order to determine the critical micellar concentration (CMC), we
monitored the 'H NMR chemical shift of the resonances of (R)-1a in D>O
at different concentrations in the range 0.1-50 mM. We observed a clear
shielding effect in particular of the aromatic resonances with increasing
the concentration of the surfactant in D,O. The plot of the chemical
shifts of the aromatic units of the compounds as function of the inverse
of the concentration in solution [15] enabled the clear identification of
the CMC of the surfactant by the intersection of the two trendlines
corresponding to 1.1 mM (Fig. 1). We therefore decided to test the
surfactant at concentration of 1 % w/w corresponding to 10.7 mM,
which is above the CMC value. In order to confirm the presence of mi-
celles in solution, we performed DLS analyses on 1 % w/w solution
observing the presence of aggregates with an average diameter of 4.5
+0.1 nm (see supporting information). Comparable size of the aggre-
gates were determined also by pseudo 2D DOSY experiment, with an
average diameter of 5.2 nm (see supporting information).

We repeated the determination of the CMC also for the racemic
compound obtained with the same reaction from racemic BINOL cor-
responding to 1.7 mM, which is a slightly higher value compared to the
enantiopure compound (Fig. 1). This small difference is also an
intriguing indication that the aggregates that form in water above the
CMC are somehow different for the enantiopure surfactant with respect
to the racemic one. In fact, in the case of the racemic surfactant, a
mixture of units of different stereochemistry are present, which can give
rise to diastereoisomeric micelles depending on the stereochemistry of
the single surfactant units, while for the enantiopure surfactant also the
micelles are strictly enantiopure. Therefore, the two kinds of micelles
have to be considered diastereoisomeric, and probably they are also
composed by a different number of units or at least arranged in different
ways.
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Scheme 1. Synthesis of enantiopure BINOL-based surfactant (R)-1a. With the same reaction products (S)-1a and (rac)-1a were obtained in 78 and 72 % yields,

respectively.
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Scheme 2. General synthesis of the diverse enantiopure functionalized BINOL-based surfactants.
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Fig. 1. Comparison between CMC determination graphs of (R)-la and
(rac)-1a.

4. Enantioselective sulfoxidation reaction in micellar media

To explore the effect of chiral surfactants in asymmetric catalysis, we
selected a reaction and a class of chiral catalysts characterized by low
enantioselectivities, to better discriminate the contribution provided by
the chiral micelles (Scheme 3). The oxidation of thioethers with
hydrogen peroxide mediated by a series of chiral Pt(II) catalysts was
then investigated using thioanisole as substrate (Table 1).

As a reference the reaction was first carried out in organic solvent
using three catalyst bearing different chiral ligands like (S,S)-chiraphos

3a, (R)-Cl-MeO-BIPHEP 3b and (S)-BINAP 3c observing low enantiose-
lectivities with up to 21 % ee (Table 1, entry 1). Then we repeated the
reactions in water with the aid of 1 % w/w of the neutral surfactant (S)-
1a. Under identical experimental conditions the reactions with the same
three catalysts led to small but constant improvement of the enantio-
selectivity (Table 1, entry 4). Moreover, it is curious to note that per-
forming the reaction with catalyst 3a, but moving from the organic
medium to water employing surfactant (S)-1a led also to the reverse of
the favored enantiomer. The same three catalysts were then tested in
water with (R)-1a as enantiomer of the previous surfactant observing in
all cases a decrease of enantioselectivity (Table 1, entry 5). The match
and mismatch effects observed with (S)-1a and (R)-1a surfactants are
due to the diastereoisomeric interactions of the chiral catalysts with the
two enantiopure micellar media. In a further experiment the three cat-
alysts were tested with the racemic surfactant (rac)-1a observing even
lower or in some cases no enantioselectivities, which is expected due to
the formation in solution of many diastereoisomeric micelles comprising
a wide range of combinations of (S) and (R) surfactants (Table 1, entry
6).

Then we tested the best performing catalysts 3a and 3b with the
series of surfactants (S)-1b-d all with the common S configuration of the
BINOL unit but bearing extended aromatic apolar moieties (Table 1,
entries 7-9). This turned out to be detrimental for the stereoselectivity of
the reaction observing with catalyst 3a ee values in the range +6 and
—5 %, in both cases lower than with the smaller surfactant (S)-1a. The
same trend was observed with catalyst 3b leading to ee in the range
19-22 % with the three surfactants (S)-1b-d, in all cases lower
compared to the reaction with (S)-1a. Both series of tests with the
elongated surfactants confirmed their limited ability to positively affect
the stereoselectivity of the reaction. An attempt was also made testing a
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Enantioselective sulfoxidation reaction in micellar media
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Scheme 3. Structure of the Pt(II) catalysts tested in the asymmetric sulfoxidation reaction under micellar conditions with chiral surfactants.

recent designer surfactant that was proposed by our research group
based on the employment of sitosterol as the apolar chiral portion of the
surfactant, covalently connected to the PEG unit, [16] but no asym-
metric induction was observed. It is therefore likely that the interaction
between the chiral catalysts and the surfactants so far investigated is too
weak and dynamic to favor better levels of stereoselectivity.

We then changed perspective and decided to modify the hydrophilic
portion of the chiral surfactants introducing an anionic sulfonate moiety
that could better interact by ion pairing with the positively charged
catalysts. Accordingly, we synthesized the BINOL based anionic sur-
factant (S)-1e by reaction of (S)-BINOL with 1,4-butane sultone under
basic conditions obtaining the product in 91 % yield (Scheme 4). The
new surfactant showed good micellization properties with a CMC of
16.2 mM (see Supporting Information). Also in this case DLS analyses
showed the presence of aggregates with an average diameter of 0.9
+0.1 nm, while by pseudo 2D DOSY experiment the aggregates showed
an average diameter of 1.7 nm (see supporting information). It is worth
noting that the difference observed between the two analytical tech-
niques is a common phenomenon, in particular for charged surfactants,
as a consequence of the electrostatic effects imparted by the small so-
dium counter-cations on the micellar aggregates that leads to enhanced
diffusion coefficients determined by DLS [17].

The three catalysts 3a-c were then tested at 1 % w/w of (S)-1e in
water, above the CMC, observing in all cases improved enantiose-
lectivities with respect to the (S)-1a (Table 1, entry 10). In particular
catalyst 3c was used in the presence of the anionic surfactant (S)-1le
leading to ee up to 41 %. To underline the positive effect provided by the
enantiopure surfactant (S)-1e, we repeated the same catalytic test using
sodium dodecyl sulfate as achiral anionic surfactant leading to only
10 % ee (Table 1, entry 3), demonstrating the positive asymmetric in-
duction provided by the chiral surfactant. A control experiment with the
chiral surfactant (S)-1e but in the absence of the catalyst led to only 3 %
of the sulfoxide 5a as racemic compound, thus ruling out the direct
oxidation of the thioanisole by hydrogen peroxide. It is therefore likely
that the anionic surfactant acts as a counter-anion with respect to the bis-
cationic chiral catalysts creating a more asymmetric environment in
proximity of the accessible coordination site of the metal, where
hydrogen peroxide activation takes place.'® This resembles examples of
couteranion enantioselective metal catalysis, a specific catalytic
approach where the chiral anion in close proximity of an achiral cationic
metal center provide the asymmetric induction [18-21]. We also
investigated the possible asymmetric induction provided by surfactant

(S)-1e in the reaction mediated by achiral Pt(II) catalysts bearing dppe
3d, dppb 3e or dppf 3 f ligands (Scheme 3). In all cases the corre-
sponding sulfoxides were obtained in racemic form (see Supporting
Information).

We continued the catalytic screenings with catalyst 3b to optimize
both sulfoxide yield and enantioselectivity, varying the reaction time
and the relative amounts of hydrogen peroxide, catalyst and chiral
surfactant (S)-1e (Table 2). As expected, while the increase of oxidant
led to enhanced yields albeit with slight decrease of enantioselectivity
(Table 2, entry 2-4), using higher amounts of chiral surfactant led to a
detrimental effect on the sulfoxide yields (Table 2, entry 5 and 6). This is
likely to be due to a sort of dilution effect when more micelles are pre-
sent, and catalyst and substrates are less confined [10]. The doubling of
the catalyst loading (Table 2, entry 7) did not enhance sulfoxide for-
mation probably due to low solubility of the catalyst already when 1 mol
%.

Overall, the subsequent tests were carried out using the same
amounts of catalyst and surfactant and with five equivalents of hydrogen
peroxide. We then extended the catalytic system to a wide range of
substrates characterized by different sizes, shapes, and electronic
properties (Table 3). For the series of aryl methyl sulfides with different
substituents in the para position we observed similar product yields in
water with (S)-1e compared to CDCls, which is an interesting result
considering that some substrates are solid. Considering the electronic
effects imparted by the substituents in the aryl units, it is clear that the
reaction in CDCl3 shows a volcano profile of the enantioselectivity of the
reaction, with lower enantiomeric excesses for highly electron rich and
electron poor substrates, while better stereoselectivities were observed
with substituents with intermediate electronic properties. In particular,
it is interesting to note that substrates showing lower enantioselectivity
are also those characterized by more polar and hydrophilic groups in
para position. This could be somehow related to a lower interaction of
such substrates with the hydrophobic portion of the chiral surfactant
driven by the hydrophobic effect. The profile is clearly described in the
plot reported in Fig. 2A reporting the ee of the reactions as a function of
the 6para Hammett, with better ee for substrates with 6par, in the range
—0.2 - 0.2. This stereoselectivity profile suggests that the recognition of
the prochiral thioether occurs not only based on purely electronic
properties like for instance when n-n interactions between aromatic
substrates and catalyst takes place, but a combination of effects,
including possible interactions with water. It is also interesting to note
that for most investigated substrates, in particular for those with
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Enantioselective thioanisole 4a oxidation with hydrogen peroxide mediated by chiral Pt(II) catalysts under different micellar conditions with chiral and achiral
surfactants.

@s\

4a

H,0, (30% wt, 1.2 eq)
Pt(ll) catalyst (1 mol%)

Surfactant (1% w/w)
H,0, rt., 2h
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22,6

65,5 (S)
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(continued on next page)
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Scheme 4. Synthesis of the anionic chiral surfactant (S)-1e bearing sulfonated
hydrophilic headgroups and BINOL based hydrophobic portion.

Table 2

Enantioselective thioanisole 4a oxidation with hydrogen peroxide mediated by
Pt(II) catalyst 3b in water with surfactant (S)-1e under different experimental
conditions.

H202 1.2 eq. 9

©/S\ 3b (1 mol%), (S)-1e 1% wiw S,
H,0, 2 h, r.t. ©/

4a 5a
# Deviation of experimental Sulfoxide 5a Sulfoxide 5a
conditions from scheme Yield (%)? ee (%)°

1 As in scheme 13 41

2 Reaction time 4 h 18 33

3 Hy0, 2.5 eq. 29 34

4 H30, 5.0 eq. 47 34

5 Surfactant loading (S)-1e 5 % w/w 7 1

6 Catalyst 3b 2 mol% 15 34

a) Determined by '"H NMR on organic extract; b) Determined by chiral HPLC,
major enantiomer R.

intermediate electronic effects, the use of the enantiopure surfactant (S)-
1e led to an enhancement of the enantioselectivity of the reactions with
respect to the use of chloroform as organic solvent (Fig. 2A). The value of
the enantiomeric ratio (er) rather than the ee is directly correlated to the
ratio between the two kinetic constants for the two enantiomers. The
effect of the chiral surfactant can be underlined observing the plot of
Fig. 2B reporting the difference between the natural logarithm of the er
for the reaction with the (S)-le and the reaction in chloroform as
function of the 6y, Hammett. The values are proportional to the gap in
the AAG” for the two enantiomeric pathways provided by the chiral
surfactant (S)-le with respect to the organic solvent. Apart from

substrate 4b, most of the others show a decreasing trend with 6para
suggesting a predominant but not exclusive electronic effect on the
asymmetric induction provided by the chiral surfactant.

As further substrates, we investigated naphthyl methyl sulfide 4 h
and benzyl phenyl sulfide 4i. The first one did not show improvements of
enantioselectivity in water (S)-1e, while the second led to an increase of
the ee from 29 % in CDCl3 to 41 % in water with the chiral surfactant.
This demonstrates that, as frequently observed in stereoselective catal-
ysis, it is rather difficult to predict the level of stereoselectivity by
comparing the size and shape of the substrates. Many other complex
phenomena, like combination of steric and supramolecular attractive
and repulsive interactions could largely change the level of
stereoselectivity.

Since the combination of a chiral catalyst with a chiral surfactant
provides two diastereoisomeric catalytic systems as function of the
combination of the configurations of both species, we synthesized the
other enantiomer of the surfactant (R)-1e following the above reported
procedures and we tested catalyst 3b with the new surfactant using all
the thioether substrates (Table 3). Comparing the results with (R)-1e
and (S)-1e it is clear that for most substrates the enantioselectivity was
worse with the former surfactant. The plot reported in Fig. 2C shows an
almost linear trend of the difference between the Ln of the er for the
reactions with (S)-1e and (R)-1e as function of the o5, Hammett,
evidencing the matching combination between the (S) surfactant with
the (R) configuration of the catalyst 3b. For the most electron rich
substrate 4b the data do not fit the trend, thus again suggesting that
electronic effects provide only a partial description of the complex
network of interactions existing between the substrate, the catalyst and
the chiral surfactant. Mastering these interactions is fundamental to
improving the stereoselectivity of the reactions.

We also performed a control experiment testing catalyst 3b with the
racemic surfactant (+)-1e for substrate 4a observing the formation of
the corresponding sulfoxide with 30 % yield and 39 % ee, which is a
value in between what observed with enantiopure (S)-le (41 % ee,
Table 3) and (R)-1e (36 % ee, Table 3). With racemic surfactant the
micelles are composed of many possible combinations of R and S mol-
ecules, ranging from enantiopure S micelles to enantiopure R micelles,
with many intermediate combinations in between. Each of these
micellar environments could express potentially a different ee in com-
bination with catalyst 3b. The fact that the experimental ee with the
racemic (+)-1e is an intermediate value between what observed with
enantiopure (S)-1le and (R)-1e suggests that probably the catalyst in-
teracts strongly on the surface of the micelle with one molecule of
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Substrate scope for the enantioselective sulfoxidation with hydrogen peroxide mediated by Pt(Il) catalyst 3b in CDCl; compared to water with (S)-1e and (R)-1e

leading to the sulfoxides 5b-i.

Sulfoxide product Yield ee Yield ee Yield ee
CDCl3 CDCl3 H30/(S)-1e H,0/(S)-1e H20/(R)-1e H,0/(R)-1e
(%) (%)° (%) )" %)° (%)°
(0] 89 18 82 21 81 21
I
e S \@\
-
(0]
5b
O 78 23 74 46 78 33
I
e S \©\
5c
(0] 47 21 13 41 79 36
I
U
5a
(0] 52 36 47 53 46 50
I
L
Cl
5d
(0] 16¢ 4¢ 28°¢ 6¢ 37¢ 6°
I
(0]
S5e
(@] 19 10 6 5(S) 70¢ 0°¢
I
e S \©\
N
SN
5f
(@) 28°¢ 6° 17¢ 0°¢ 18° 3¢
11
e S \©\
NO,
59
(@] 96° 29°¢ 93¢ 23¢ 94¢ 22¢
I
-
5h
26 29 11 41 95¢ 23°¢

-
J

5i

a) Determined by "H NMR on organic extract; b) Determined by chiral HPLC, major enantiomer R unless differently reported close to the ee value; c) Reaction time 24

h.

surfactant at a time, either (S)-1e leading to higher ee, or (R)-1e with
lower ee. This supports the general picture where the bis-cationic chiral
catalysts makes ion-pairing with one molecule of bis-anionic chiral
surfactant. It is in this chiral environment that HO, is activated by the
Pt(ID) center'® and where also the thioether has to sneak in to reach the
activated oxidant, to be eventually transformed into enantioenriched

sulfoxide. We also attempted to investigate the positioning of catalyst 3b
in the micellar system formed by (S)-1e running NOESY experiments,
but no clear cross peaks between the aromatic resonances of the catalyst
and those of the surfactant were unequivocally determined.
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Fig. 2. A) Plot of the ee of the sulfoxidation reactions with catalyst 3b in water
with (S)-1e and in CDCl; as function of 6, Hammett; B) Plot of the difference
of the In(er (S)-1e)-In(er (CDCl3)) for the reaction mediated by 3b using the (S)-
1le or chloroform-d as function of 6y, Hammett, respectively. C) Plot of the
difference of the In(er (S)-1e)-In(er (R)-1e) for the reaction mediated by 3b
using the (S)-1e or (R)-1e surfactant as function of 6,,:» Hammett, respectively.

5. Conclusions

In conclusion, we demonstrated that the stereoselectivity of a chiral
transition metal catalyst can be improved with respect to the reaction in
organic solvent when operating in water in combination with a proper
chiral surfactant. The design of the surfactant is the key issue to be
optimized. To promote a close contact, a suitable approach consists in
using a surfactant bearing anionic hydrophilic units in order to establish
ion-pairing with cationic catalysts, while the chiral hydrophobic portion
of the amphiphile should be preferably rigid, aromatic, and symmetric.
Using BINOL-based hydrophobic units we prepared several chiral sur-
factants, among which the most promising resulted a bis-anionic deriv-
ative that, in combination with chiral Pt(Il) bis-cationic catalysts, led to
enhanced stereoselectivities in the asymmetric sulfoxidation of thio-
ethers with hydrogen peroxide with a wide range of substrates. It is
likely that even though the enantiomeric excesses were not high, the
synergistic effect of the use of chiral micelles was confirmed with
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different catalysts, chiral surfactants and its absolute configuration and
substrates. Certainly, a deep optimization of the overall catalytic system
is mandatory in order to achieve very high enantioselectivities, for
instance using chiral scaffolds that provide more rigid units pointing in
the same direction of the anionic side chains. The seminal results pre-
sented in this work represent a proof of concept and will certainly spur
our group and others in further investigating this topic, aiming at
mimicking the high stereoselectivities imparted by the active site of
enzymes characterized by large chiral cavities. Chiral micelles can
become suitable asymmetric environments that in proximity of chiral
catalysts lead to more asymmetric environments in which prochiral
substrates have to sneak in, thus leading to enhanced asymmetric
inductions.
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