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Abstract—The chirality of micellar aggregates formed by surfactants derived from L-proline was investigated by using two chiral bi-
phenylic derivatives as probes of chirality. The investigation carried out by '"H NMR, circular dichroism, and HPLC on chiral phase
demonstrates that chiral recognition may occur in sites of the aggregates far from the head-group stereogenic centers and it is due to
interaction with a whole region of the aggregate rather than with a single monomer in the aggregate. Subtle changes of the structure
of the monomer influence the aggregation properties of the surfactants and its expression of chirality.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Many systems in Nature are chiral and lack their mirror
image. This parity violation is observed at different levels
of complexity, from subatomic particles, atoms, and mole-
cules to the macroscopic level of some plants and animals.

Several investigations suggest that the chiral homogeneity
of biomolecules might reflect the chirality of electroweak
forces;! considering systems of higher complexity, it is
known that the chiral homogeneity of biomolecules, such
as sugars and amino acids, affects the chirality of DNA
and proteins. However, the transfer of the chiral informa-
tion from the molecular level to the macroscopic levels,
at length scales of nanometers, centimeters, and higher
and at high levels of complexity is not completely under-
stood, although numerous investigations have dealt with
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this topic and some transfer mechanisms have been
elucidated.?

Chiral and enantiopure lipids and proteins self-assemble
and organize, according to their molecular structure, to
form cell membranes; this process brings into being a large
number of complex functions that are responsible for cell
life processes. Chirality, as part of the molecular structure,
influences the organization and functions of the lipid dou-
ble layer; however, its role is still poorly understood. It is
unclear how the chiral information is translated from the
monomers to the assembly, how and where the membrane
system expresses the chiral function. Since cell membranes
are composed of hundreds of different components, the
investigations on these complex systems have been carried
out on models such as micelles or liposomes.>

We have largely investigated chiral recognition in micellar
aggregates formed by sodium N-dodecanoyl-L-prolinate 1
by using, as probes of chirality, either the enantiomers of
dipeptides® or the racemic mixtures of biphenylic deriva-
tives.’*P The modulation of the molecular structure of
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the probe allowed us to evidence some sites of chiral recog-
nition in the micellar aggregates.

Herein, we take into consideration two other amidic sur-
factants, obtained from L-proline, where the head groups
are positively charged and the amide function involves
the proline carboxylic group and a primary or a secondary
hydrophobic amine, namely (2S5)-N-dodecyl-1,1-dim-
ethylpyrrolidinium-2-carboxamide bromide 2 and (2S)-N-
dodecyl-N,1,1-trimethylpyrrolidinium-2-carboxamide bro-
mide 3.

The investigations were carried out by circular dichroism
(CD), HPLC, and 'H NMR by using as probes of the chi-
rality of the micellar aggregates two biphenylic derivatives,
2-carboxy-2’-dodecyloxy-6-nitrobiphenyl 4 and N,N-di-
methyl-N-dodecyl-N-[4-(2’-methoxycarbonyl-6'-nitrophe-
nyl)-3-methoxy]-phenylammonium bromide 5. Both
biphenylic derivatives were previously used for investigat-
ing the chirality of the aggregates formed by 1, since the
different positions of the hydrophobic chain on the aro-
matic system imposes a different orientation of the biphe-
nylic system inside the aggregates, allowing the
exploration of different regions of the aggregates.

EyCOzNa

CONHC5Hg5
N H

o Br / \

3
O,NO  CyoHos

4

2. Results and discussion
2.1. Preparation and characterization of surfactants

Surfactants 2 and 3 were prepared by quaternization, using
CH;Br, of the corresponding amines, obtained by the reac-
tion of N-methyl-L-proline with 1-aminododecane and N-
methyl-1-aminododecane, respectively, in the presence of
EDCHCI and HOBT.

Both surfactants are soluble in water at 40.0 mM concen-
tration at 277 K; therefore, their Krafft temperature at
40.0 mM and their Krafft point are below 277 K. CMCs

were measured by conductivity measurements at 298 K
and are 3.72 £ 0.05 mM and 4.42 +0.11 mM for 2 and 3,
respectively. Aggregation numbers of aggregates obtained
at 40.0mM (75 and 51 for 2 and 3, respectively) and
100.0 mM (87 and 66 for 2 and 3, respectively) were mea-
sured by a time-resolved fluorescence quenching technique,
based on pyrene/cetylpyridinium chloride as a fluoro-
phore-quencher pair.*

The "H NMR spectra of 40 mM aqueous solutions of sur-
factants (Fig. 1) show the presence of the isomers relative
to the amidic bond in 100:1 and 2:1 ratios for 2 and 3,
respectively (M and m will be used for indicating the major
and minor isomer, respectively). The '*C NMR spectrum
of the 40 mM aqueous solution of 3 shows the split of sig-
nals, due to terminal methyl of the alkyl chain (Fig. 2),
demonstrating the organization in domains, according to
the stereochemical information, as previously observed
for other amidic surfactants.’ In the case of 2, the presence
of the minor isomer is only detectable in the '"H NMR spec-
trum. The larger line width of signals due to 2 with respect
to signals due to 3 is in agreement with the higher aggrega-
tion number found for aggregates of 2 with respect to
aggregates of 3.

CON(CHg)C12Hgs
N H

Br '\,

N(CH3)2C12Hzs

2.2. Chiral recognition experiments on biphenylic derivative
4

The rotational barrier of biphenylic derivative 4 is such
(~22 kcal/mol)® that the transfer of chiral information
from the aggregates to the probe may very easily
induce an imbalance in its enantiomer equilibrium (derace-
mization) that may be detected by NMR, CD, and
HPLC.’

In Figure 3, we report the aromatic region of the 'H NMR
spectra of a 4.0 mM 4 in 40.0 mM aqueous 2 (Fig. 3a) and
in 40.0 mM aqueous 3 (Fig. 3b).
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Figure 1. "H NMR spectrum of an aqueous 40.0 mM solution of (a) surfactant 2, (b) surfactant 3. Insets show signals due to the o protons of amidic

isomers (o and o, major and minor isomer, respectively).
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Figure 2. Region of the '*C NMR spectrum of aqueous 40.0 mM 3
relative to signals due to the terminal methyl of the amidic isomers.

The spectrum reported in Figure 3a shows the presence of
two patterns of signals characterized by different intensi-
ties. These signals could be due to the diastereomeric inter-
actions of the enantiomers of 4 with the chiral aggregates,
and therefore they would be the result of a high extent of
deracemization, given the large difference in intensity
observed. Alternatively, they could be due to the specific
interactions of 4 with the isomers of the surfactant. The
"H NMR spectrum relative to 4.0 mM 4 in 40.0 mM aque-
ous 3 (Fig. 3b) shows a single pattern of signals.

The CD spectra of biphenylic derivative 4 in the aqueous
solutions of surfactants 2 and 3 show a negative CD band
centered at 330 nm (Figs. 4 and 5). The corresponding sur-
factant aqueous solutions in the absence of 4 and the cor-
responding methanol solutions containing surfactant and
biphenylic derivative are CD silent in the same region. As
the presence of a band in the CD spectrum of this kind
of system could be due to a deracemization process, to
an induced CD effect (ICD) or to the superimposition of

both phenomena, we proved and measured the deracemiza-
tion by HPLC on a chiral phase. The enantiomeric excesses
(ee) determined by HPLC for the deracemization of 4 in
aggregates formed by surfactants 2 and 3, reported in
Tables 1 and 2, respectively, show that the aggregates
formed by cither 2 or 3 have the capability of deracemizing
the biphenylic derivative. The ee measured for the sample
investigated by '"H NMR (40.0 mM in 2 and 4.0 mM in
4) demonstrates that the splitting of signals observed by
NMR (Fig. 3a) is not due to deracemization, because the
different intensity of the signals would imply a much higher
deracemization extent. Therefore, the double pattern of
signals has to be ascribed to specific interactions of 4 with
the isomers of the surfactant.

The values of the ee reported in Tables 1 and 2 indicate that
the aggregates formed by 2 have a higher recognition capa-
bility with respect to 3. In both cases, the extent of derace-
mization depends on the [surfactant]/[4] ratio, with higher
ee’s being observed at higher ratios. The requirement of
high [surfactant]/[4] ratios for observing a higher ee dem-
onstrates that the deracemization is due to the interaction
of the probe with a whole region of the aggregate rather
than to the interaction with the functional groups adjacent
to the stereogenic center of a single monomer within the
aggregate.

2.3. Chiral recognition experiments on biphenylic derivative
5

Due to the pattern substitution® on the aromatic system, it
was expected that the rotational barrier of biphenylic deriv-
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Figure 3. Aromatic region of the 'H NMR spectrum of 4.0 mM 4 in 40.0 mM aqueous (a) 2; (b) 3. The arrow underlines the presence of a signal of lower

intensity.
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Figure 4. CD spectra relative to biphenylic derivative 4 in the presence of
aqueous surfactant 2: 0.4 mM 4 in 40.0 mM 2 (solid line); 0.3 mM 4 in
40.0 mM 2 (dash); 1.0 mM 4 in 100.0 mM 2, (dash dot dot); 4.0 mM 4 in
40 mM 2, (dot). Cell path length 0.1 cm.

ative 5 would be higher with respect to the rotational bar-
rier of 4; actually, an estimation of the barrier by a theoret-
ical approach gave us a value, in the vacuum, of ~26 kcal/
mol®P that implies a very slow enantiomer interconversion
at ambient temperature. However, under the experimental
conditions of sample preparation (heating and low power
sonication, sample incubation at 303 K prior to measure-
ment), the enantiomer interconversion may become faster
while the transfer of the chiral information to the probe
should still induce deracemization. In Figure 6, we report
the aromatic region of the "H NMR spectra of a 4.0 mM
5 in 40.0 mM aqueous 2 (Fig. 6a) and in 40.0 mM aqueous
3 (Fig. 6b).

Since the "H NMR spectrum reported in Figure 6a shows
the presence of two patterns of signals characterized by dif-
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Figure 5. CD spectra relative to biphenylic derivative 4 in the presence of
aqueous surfactant 3: 0.4 mM 4 in 40.0 mM 3, 0.5 cm cell path length
(dot); 4.0 mM 4 in 40.0 mM 3, cell path length 0.1 cm (dash); 1.0 mM 4 in
100 mM 3, 0.5 cm cell path length (long dash).

ferent intensity, the sample was better investigated at
600 MHz by a 2D COSY experiment, which allowed the
assignment of all detectable signals reported in Figure 7.
Also, in this case, the split of the signals could be the result
of a high extent of deracemization, or it could be due to the

Table 1. Enantiomeric excess (ee, %) of 4 resulting from deracemization in
aggregates formed by surfactant 2

(4] (mM) (2] (mM)
40.0 100.0
0.30 15
0.40 8
1.0 6 9
4.0 5
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Table 2. Enantiomeric excess (ee, %) of 4 resulting from deracemization in
aggregates formed by surfactant 3

(4] (mM) (3] (mM)
40.0 100.0
0.30 7
0.40 6
1.0 5
4.0 5

specific interaction of the biphenylic derivative with the iso-
mers of the surfactant, as observed for probe 4 under the
same conditions. The 'H NMR spectrum relative to
4.0 mM 5 in 40.0 mM aqueous 3 (Fig. 6b) shows a single
pattern of signals.

The CD spectrum of 4.0 mM 5 in 40.0 mM aqueous 2
shows a modest bisignate positive curve with maxima at
400 nm and 320 nm (Fig. 8), whereas the corresponding
surfactant aqueous solution in the absence of 5 and the
corresponding methanol solution containing both 2 and 5
are CD silent in the same region, as well as the aqueous
solution of 4.0 mM in 5 and 40.0 mM in 3.

Since the resolution of the racemic mixture of 5 by HPLC
on chiral phases has not been possible in this case, we do
not have a definite mean to ascertain and measure the
deracemization of 5 in the aggregates formed by surfactant
2. In fact, in the case of an ICD, the symmetry of the probe
is not perturbed, and the CD band is given by the close
contact between the host and the guest that allows an effi-
cient coupling between their electric transition moments.
However, in an ICD, a bisignate CD curve is observed only
if such coupling occurs between two chromophores absorb-
ing in the same or nearly the same region of the spectrum,
whereas, if the two interacting systems absorb in different
regions, the observed band is not bisignate but has the
shape of the guest UV spectrum, positive or negative
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Figure 7. Aromatic region of the 2D H,H-COSY spectrum of 4.0 mM 5 in
aqueous 40.0 mM 2.
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according to the case. Since in our case the interacting
transitions are far from the degenerate case, the observed
bisignate curve should therefore be due to the interacting
aromatic rings of a biphenylic enantiomer, and therefore
to a deracemization. A chiral arrangement of the racemic
probe should be ruled out because of the lower concent-
ration of probe with respect to the surfactant.

Moreover, because it was reported that the CD curves of
acidic solutions of optically active biphenylic derivatives
bearing an amino group showed no deflection under the
same concentration conditions of the corresponding alka-
line solutions,’ it is reasonable to state that the presence
of an ammonium nitrogen on the aromatic ring is respon-
sible for a low molar ellipticity of 5 and, therefore, the
observed CD band could be diagnostic of a high extent
of deracemization.

3
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Figure 6. Aromatic region of the "H NMR spectrum of 4.0 mM 5 in 40.0 mM aqueous (a) 2; (b) 3.
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Figure 8. CD spectrum of 4.0 mM 5 in the presence of aggregates formed
by 40.0 mM 2. Cell path length is 0.1 cm.

However, it is possible that by NMR and CD we observe dif-
ferent phenomena, the NMR signal split being due to the
interaction of 5 with 2 isomers, as observed with biphenylic
derivative 4, and the CD band relative to the same sample
revealing the deracemization of 5 inside the aggregates.

In the absence of a definite evidence that could be obtained
only after successful separation of the enantiomers, the
only thing we can safely claim is that by CD we observe
a chiral recognition process.

2.4. "H NMR investigation on the micelle binding site of the
probes

It is possible to obtain information on the site of binding of
the chirality probe, and consequently also on the location
of the chiral region(s) of the aggregates through the effect
of the aromatic systems of 4 and 5 on the chemical shift
of signals due to 2 and 3 in the '"H NMR spectra of their
aqueous solutions. The chemical shift values, observed in
the spectra performed in the absence and in the presence
of biphenylic derivative, and the relative differences (all
expressed in ppm), are reported in Tables 3 and 4. The val-
ues reported in Table 3 show that all signals due to surfac-
tant 2 under aggregating conditions are shifted upfield by
the interaction with the aromatic system of 4 with the
exception of the resonance due to terminal methyl that is
modestly shifted downfield. The most affected resonances
by interaction with 4 are those due to the protons in the
head-group region (o, B, N*-CH$", 2-CH,), suggest-
ing a location in the head-group region. In general, the res-
onances due to 2 are less affected by the interaction with
the aromatic system of 5; moreover, most of the resonances
due to head-group protons are downfield shifted, and all
other resonances are upfield shifted, with the highest extent
of the shift observed for those of the hydrophobic chain,
indicating a site of binding in the hydrophobic region of
the aggregates. Thus, the results reported in Table 3 suggest
a different location of the biphenylic derivatives 4 and 5 in
the aggregates formed by 2. As the chiral recognition
experiments performed with both probes gave evidence of
the presence of a region capable of chiral recognition, their

Table 3. Chemical shift values (ppm) and chemical shift variations (ppm,
in brackets) of the resolved '"H NMR signals of 40.0 mM surfactant 2 in
the absence or the presence of 4.0 mM biphenylic derivatives 4 and 5

Signal 2 2+4 245
ot 4.406 4354 4415
(0.052) (—0.009)

Ot 4215 4210 4.221
(0.005) (—0.006)

et 3.788 3.752 3.786
(0.036) (0.002)

5 3.723 3.691 3.725
(0.032) (—0.002)

N*-CHY" 3.289 3.251 3.293
(0.038) (—0.004)

1-CH, 3.228 3.195 3.234
(0.033) (—0.006)

N*-CH" 3.164 3.118 3.164
(0.046) (0.000)

pentt 2.559 2.503 2.552
(0.053) (0.007)

o 2312 2.290 2.303
(0.022) (0.009)

¥ 2312 2.290 2.303
(0.022) (0.009)

2-CH, 1.546 1.489 1.537
(0.057) (0.009)

3-CH, 1.298 1.278 1.290
(0.020) (0.008)

Chain 1.268 1.258 1.250
(0.010) (0.018)

o-CH; 0.851 0.857 0.838
(—0.006) (0.013)

different sites of binding also suggest the existence of differ-
ent regions with enantiodiscriminating abilities, that is one
close to the head-group region revealed by probe 4, and
another one in the hydrophobic part of the aggregates
revealed by probe 5.

The presence of enantioselective regions in different areas
of the aggregates demonstrates that the chiral information
is transferred from the monomers to the whole assembly
upon aggregation. The chemical shifts and chemical shift
differences reported in Table 4 show that also in the aggre-
gates formed by 3 probes 4 and 5 feature different sites of
association. Biphenylic derivative 4 is bound close to the
head groups in a more restricted region with respect to
its position in the 2 aggregates, as demonstrated by the
downfield shift of resonances due to & protons and alkyl
chain protons, whereas biphenylic derivative 5 is located
in the hydrophobic region of the aggregate, as suggested
by the high extent of upfield shift of the resonance due to
the alkyl chain protons. In the aggregates formed by 3,
we have evidence of chiral recognition only in the experi-
ment performed with biphenylic derivative 4, that is in cor-
respondence of a site of binding close to the head-group
region, thus in these aggregates we marked a chiral region
only in the head-group area.

The subtle variation in the structure of the amidic surfac-
tants strongly influences the organization of their aggre-
gates, and the transfer and expression of the chiral
information.
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Table 4. Chemical shift values (ppm) and chemical shift variations (ppm,
in brackets) of the resolved '"H NMR signals of 40.0 mM surfactant 3 in
the absence and in the presence of 4.0 mM biphenylic derivatives 4 and 5

Signal 3 3+4 3+5
O 4.944 4.955 4.985
(—0.011) (—0.041)
ot 4.876 4.875 4.900
(0.001) (—0.024)
5 3.860 3.875 3.861
(—0.015) (—0.001)
8 3.690 3.710 3.716
(—0.020) (—0.026)
1-CH, 3.498 3.485 3.500
(0.013) (—0.002)
N*-CHip, 3.282 3.281 3.308
(0.001) (—0.026)
1-CH, 3.263 3.256 3.260
(0.007) (0.003)
N*-CH¢" 3.256 3.252 3.276
(0.004) (—0.020)
N*-CH}" 3.248 3.238 3.263
(0.010) (—0.015)
N*-CHsp 3.187 3.184 3.204
(0.003) (—0.017)
N-CH; 3.156 3.135 3.166
(0.021) (—0.010)
N-CHjp, 2.947 2.298 2.948
(0.019) (—0.001)
pent 2.665 2.661 2.665
(0.004) (0.000)
y 2.336 2.320 2.329
(0.016) (0.007)
B 2.184 2.181 2.180
(0.003) (0.004)
2-CH, 1.528 1.518 1.527
(0.010) (0.001)
3-CH, 1.293 1.288 1.215
(0.005) (0.078)
Chain 1.262 1.270 1.261
(—0.008) (0.001)
o-CHj 0.852 0.864 0.851
(~0.012) (0.001)

3. Conclusions

The chiral recognition capabilities of aggregates formed by
chiral cationic surfactants were explored by using two
biphenylic derivatives as probes of chirality. Subtle changes
of the molecular structure of the surfactant influence their
aggregating properties and their recognition capabilities.
Chiral recognition processes occur in different regions of
the aggregates, also in sites remote from the stereogenic
centers, where recognition cannot be observed at the
monomer level, thus demonstrating that the aggregation
process translates the recognition capability to the whole
aggregate.

4. Experimental
4.1. Materials

Chemicals (Sigma—Aldrich) were of the highest grade avail-
able and wused without further purification. Solvents

employed in the spectroscopic studies were of spectroscopic
grade and used as received.

4.2. Instrumentation

'H and "*C NMR spectra were recorded on a Bruker AC
300 operating at 300.13 and 75.47 MHz for 'H and '°C,
respectively, equipped with a sample tube thermostat-
ing apparatus. The 2D H,H-COSY spectrum was
recorded on a Brucker AVANCE AQS600 operating at
600.13 MHz. Signals were referenced with respect to
TMS (6 =0.000 ppm), used as internal standard in
CD;0D, and to DOH (6 =4.75 ppm at 298 K) in D,O.

Fluorescence nanosecond decays were measured by a
CD900, SPC lifetime apparatus from Edinburgh Instru-
ments. Excitation was achieved by an arc flashlamp filled
by ultrapure hydrogen (300 mmHg; FWHM (full-width
half maximum) = 1.2 ns at 30 kHz repetition rate); ., =
325 nm, /e, = 395 nm. Experimental decay curves were fit-
ted by non-linear least-squares analysis to exponential
function through an iterative reconvolution procedure.
The decay of a fluorescent probe in the presence of a
quencher in a micelle was accounted for by the equation:*

I(t) = 1(0) exp{—t/t0 — C[1 — exp(—kqt)]}

where 7, is the time decay of the probe (measured sepa-
rately in the same experimental conditions, but in the ab-
sence of the quencher), kq is the quenching rate constant,
and C is the average number of quenchers per micelle.
The aggregation number is then obtained by the
equation:*?

N = ([D] — ecme)C/[CPyC]

where [D] is the molar concentration of surfactant, [CPyC]
is the molar concentration of cetylpyridinium chloride, and
cmc is the critical micellar concentration.

Conductivity measurements were carried out at 298 K on a
Hanna conductimeter HI-9932, equipped with a thermo-
stating apparatus. CD spectra were recorded on a Jasco
spectropolarimeter J-715. HPLC determinations of enan-
tiomeric excess were performed as previously described.”®P

4.3. Preparation of biphenylic derivatives and surfactants

Biphenylic derivatives were prepared as previously

reported.3P

4.3.1. (2S)-N-Dodecyl-1,1-dimethylpyrrolidinium-2-carbox-
amide bromide 2. A solution of 1.2 g (3.4 mmol) of N-
dodecyl-1-methylpyrrolidine-2-carboxamide in 16 mL of
methanol was saturated with CH3Br and left under a
CH;Br atmosphere and under stirring until complete disap-
pearance of the starting material (~4 days, TLC: CH;OH/
Et,O 95/5). The solvent was then removed under vacuum
and the residue was washed several times with Et,O in
order to obtain the desired product in 91% yield. Mp
361-363 °C. '"H NMR, § (CD;OD): 0.971 (t, 12-CHj,
3H); 1.364 (m, C;-Cy;, 18H); 1.633 (m, 2-CH,, 2H);
2.392 (m, Hp, 2H,, 3H); 2.630 (m, Hp, 1H); 3.270 (s, N™-
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CHs, 3H); 3.320 (t, 1-CH,, 2H); 3.394 (s, N*-CHj;, 3H);
3 797 m, Hs, H); 3.917 (m, Hs, H); 4.410 ppm (t, H,,
3C NMR, § (CD;0D): 14.78 (C12); 21.53 (Cy);
24 02 (C11); 28.32 (C3); 26.98 (CPB); 30.34 (C2); 30.64
(C9); 30.75-31.03 (C4,C5,C6,C7,C8); 33.34 (C10); 41.07
(C1); 48.07 (N"-CH3); 53.71 (N"-CH3); 68.15 (C9); 76.04
(Ca); 166.92 ppm (CO). [o]p = —12.6 (¢ 2.125, MeOH).

4.3.2. (2S5)-N-Dodecyl-1-methylpyrrolidine-2-carboxam-
ide. 1-Hydroxybenzotriazole (HOBT) (477 mg, 3.5 mmol)
and 677 mg (4 mmol) of N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (EDC-HCI) were added,
at 298 K, under stirring, to a solution of 520 mg (4.0 mmol)
of N-methyl-L-proline in 25 mL of anhydrous CH,Cl,. The
mixture was kept at 298 K for 1 h, then 1.3 g (7.1 mmol) of
I-aminododecane was added and the mixture was allowed
to warm to room temperature. After completion of the
reaction (~24 h), the solvent was removed under reduced
pressure and the residue solubilized in Et,O. The organic
solution was washed with a saturated NaHCO; aqueous
solution, with brine and finally dried over Na,SO,. Purifi-
cation by chromatography on silica gel (CH3;0H/
Et,O = 95/5) of the residue obtained after filtration of
the solution and removal of the solvent under vacuum
yielded the pure product, a yellow oil, in a 54% vyield. 'H
NMR, ¢ (CD;0D): 0.859 (t, 12-CHj3, 3H); 1.235 (m, C5—
Ci1, 18H); 1.480 (m, 2-CH,, 2H); 1.742 (m, Hg, 2H,,
3H); 2.200 (m, Hp, 1H); 2.333 (m, N-CH3, H;, 4H); 2.838
(q, o 1H); 3.066 (m, Hs, 1H); 3.218 ppm (m, 1-CH,,

2H). C NMR, ¢ (CD;0D): 14.58 (C12), 23.72 (C11),
24.75 (Cy), 27.92 (C3), 30.39 (C9), 30.47 (C8), 30.55 (C2),
30.69-30.77 (C7, C6, CS5, C4), 31.75 (CP), 32.10 (C10),
39.86 (Cl), 41.64 (N-CH3), 57.40 (Co), 70.12 (Cuo)
176.33 ppm (CO).

>

N-Methyl-L-proline was prepared as previously described.'”

(2S)-N-Dodecyl-N,1,1-trimethylpyrrolidinium-2-carbox-
amide bromide, 3, was prepared in 90% yield from N-dode-
cyl-N,1-dimethylpyrrolidine-2-carboxamide following the
same procedure used to prepare surfactant 2. Mp 339-
341 K. 'H NMR, 6 (CDCls): 0.829 (t, 12-CH;, 3H);
1.204 (m, C3—Cy,, 18H); 1.463 (m, 2-CH,, 2H); 2.036 (m,
Hg, 1H); 2.141 (m, H,, 1H); 2.375 (m, H,, 1H); 2.595 (m,
Hg, 1H); 2.903-3.235 (d, N-CHj;, 3H); 3.150-3.450
(1-CH,, 2H); 3.342-3.370 (d, N*-CH$", 3H); 3.547-
3.569 (d, N*-CH", 3H); 3.927 ( H‘"’” 1H); 4.221
(m, H}", 1H); 5.638-5.744 ppm (t, H,, lH) 3¢ NMR, 6
(CDCl;): 13.92 (C12); 20.11 (Cy, Z); 20.30 (Cy, E); 22.47
(C11); 25.50-26.33 (CB); 26.39 (C3); 26.60 (C9); 26.70—
2891 (C2); 29.07-29.40 (C4, C5, Co6, C7, C8), 31.06
(C10); 34.04-36.35 (N-CH;); 47.64-47.90 (N*-CH$");
51.76 (N"-CH3"); 48.50-50.45 (Cl1); 66.19-66.27 (C9);
70.18-70.61 (Ca); 165.47-165.58 (CO) ppm. [a]p = —27.3
(¢ 1.75, MeOH).

(2S)-N-Dodecyl-N,1- dimethylpyrrolidine 2-carboxamide (a
yellow oil) was obtained in a 59% yield from N-methyl-
L-proline and N-methyl-1-aminododecane. '"H NMR, ¢
(CDCl3): 0.867 (t, 12-CH3, 3H); 1.230 (m, C3-C,y, 18H);
1.520 (m, 2-CH,, 2H); 1.700-2.180 (m, 2Hg, 2H,, 4H);
2.240 (q, Hg; 1H); 2.316 (d, N-CH;, 5H); 2.913-3.053 (s,

C(O)N-CH3;, 3H); 3.075 (t, Ha, 1H); 3.100 (m, Hs, 1H);
3.362 ppm (m, 1-CH,, 2H). >*C NMR, 6 (CDCls): 14.16
(C12), 22.73 (C11), 23.05-23.14 (Cy), 26 80 (C3), 27.17-
28.87 (C2), 29.10 (CpB), 29.39-29.82 (C9, C8, C7, C6, C5,
C4, CB), 31.96 (C10), 33.83-34.77 (C(O)N-CH3;), 40.73
(N-CHs;), 48.07-49.39 (C1), 56.19 (C9), 66.09-66.60 (Ca),
171.72-172.28 ppm (CO).

4.4. Samples preparation

Samples of 4.0 mM biphenylic derivative in 40.0 mM aque-
ous surfactant were prepared by adding to the proper
amounts of surfactant and biphenylic derivative 0.700 mL
of D,O. The solutions were sonicated and gently heated
to obtain clear solutions.

Samples at a lower concentration of biphenylic derivative
were prepared following the ethanol injection method, add-
ing a proper volume of a concentrated ethanol solution of
biphenylic derivative to the aqueous solution of surfactant.
All samples were incubated at 303 K overnight prior to
measurement.

4.5. Determination of cmc of surfactants 2 and 3

Critical micellar concentration of surfactants 2 and 3 was
determined by conductivity measurements of solutions
obtained by adding known volumes of 50 mM aqueous
solution of surfactant to a known volume of bidistilled
water.

4.6. Determination of the aggregation number of surfactants
2 and 3

Fluorescence experiments were carried out on aqueous
solutions 40 and 100 mM 1in surfactant 2 or 3, 0.50 mM
in CPyCl, 5.2 uM in Pyrene. In diluting stock solutions,
the ratio [surfactant]/[quencher]/[fluorophore] was kept
constant in order to have a Poissonian distribution of the
quencher among the micelles. Aggregation numbers were
reproducible within 5%.
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