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Three p-glucose based bolaamphiphiles have been synthesized by a simple and efficient synthetic methodology
utilizing the free C-3 hydroxyl group of diisopropylidene glucose. The resulting bolaamphiphiles showed unique
aggregation behavior in aqueous solution, e.g. transformation of vesicle to tubular morphology on aging. The chi-
ral hydrophobic interior of these vesicles was utilized as tiny reaction vessels to carry out 1,3-dipolar nitrone cy-
cloadditions in water. The corresponding isoxazolidine derivatives were formed with high diastereoselectivity in
several cases. The bolaamphiphile with 12 carbon spacer (5¢) showed better diastereoselectivity among the rest
with just 2 mol% of catalyst loading and can be reused.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, bolaamphiphiles [1-3] have progressively gained
importance because of their abilities to provide original supramolecular
structures [4] and advanced biomaterials [5]. A large variety of
bolaamphiphiles (cationic, anionic, nonionic, zwitterionic) of different
structures have been reported, so far [6-13]. Out of them, sugar-based
bolaamphiphiles [9-13] are of special interest for pharmaceutical and
other applications because of their natural origin, biocompatibility and
biodegradability. A large variety of non-ionic [9,10] and cationic [11-
13] sugar-based bolaamphiphiles have been reported so far with wide
variety of properties and applications, e.g. formulation of anti-HIV com-
bination therapy [9], anticancer drug delivery [10], gene transfection
[11], bacterial agglutination [12] etc. However, there are very few re-
ports available on sugar-based anionic bolaamphiphiles and their appli-
cations [ 14]. Although bolaamphiphiles have been used for a wide range
of applications, another potential application of these molecules that re-
mains practically unexplored is their ability to catalyze reactions in
aqueous media [15]. The bolaamphiphiles have all the properties of a
normal surfactant and they are also capable of forming micelles or ves-
icles in water. The in-built chirality of sugar-based bolaamphiphiles
could be advantageous in order to get improved stereoselectivity in var-
ious organic transformations. Being chiral these ionic bolaamphiphiles
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are expected to show unique aggregate morphologies as well [11,13,
14].

Nitrones are important reaction intermediates and are useful for the
synthesis of several therapeutic agents e.g. antifungal [16], antitubercu-
lar [17], cytotoxic [18], DNA intercalator [19] etc. These therapeutic
agents commonly have isoxazolidine backbone. Nitrones are mostly
used as the dipole in 1,3-dipolar cycloaddition reaction to form isolated
or fused isoxazole or isoxazolidine nucleus [20,21], which is mostly de-
pendent on alkyne or alkene counterparts as dipolarophile like alkyl ac-
rylates. The cycloaddition reactions show high regio- and stereo-
selectivity; different mechanistic pathways have been proposed in
favor of stereoselectivity [22,23]. Notably, most of the conventional
methods to synthesize the pharmacologically important heterocyclic
skeleton via nitrone cycloaddition use hazardous reagents, toxic sol-
vents and harsh reaction conditions [24-26]. However, few green
methods are also available that include the use of commercial surfac-
tants as catalysts [27], ionic liquid [28], microwave condition [29],
mechanochemical methods [30] etc. The present work is inspired by
Chatterjee (one of the authors of the present work) and co-workers in
which they described that use of sucrose as a useful additive to induce
high diastereoselectivity to isoxazolidine derivatives in a model reaction
[27]. We thought, the built-in chirality of the p-glucose based
bolaamphiphiles would play a pivotal role in imparting higher regiose-
lectivity and stereoselectivity to the final product mixture. In addition,
lower CMC of bolaamphiphiles would ensure that the reaction works
at much lower catalyst loading. In this endeavor, we describe the devel-
opment of a synthetic route to a new series of b-glucose derived anionic
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bolaamphiphiles having sulphonate as the polar head group (5a-c). In
addition, their surface properties and catalytic activity in 1,3-dipolar
nitrone cycloaddition have been reported.

2. Results and discussion

D-Glucose was converted to the initial building blocks (2a-c) via for-
mation of 1,2:5,6-di-O-isopropyledene glucofuranoside (1) in high
yields adopting a procedure developed by us [31]. They were converted
to unstable aldehydes (3a—c) by deprotection followed by cleavage of
corresponding diols with NalO,4. The aldehydes were converted to alco-
hols (4a-c) by in-situ reduction using NaBH, (Scheme 1). In the final
step, the bolaamphiphiles were synthesized by treatment of alcohols
(4a-c) with 1,3-propane sultone to produce the anionic
bolaamphiphiles (5a-c) in good overall yields.

The structures of the new bolaamphiphiles (5a-c) were confirmed
by 'H NMR, 3C NMR, ESI-MS and CHN analysis. The formation of
bolaamphiphile alcohols (4a-c) were confirmed by appearance of a
2H doublet at ~4.5-4.6 and a mass peak at m/z 485 [M + 23]" for 4a,
at m/z 513 [M + 23]* for 4b and at m/z 569 [M + 23]* for 4c, respec-
tively. Appearance of a two proton multiplet at 6 1.81-1.94 for 5a,
1.78-1.97 for 5b and 1.78-1.97 for 5¢ due to —CH,—S05 and a two
proton triplet at 6 2.87 for 5a, 2.84 for 5b and 2.85 for 5c¢ due to -
0—CH,CH,CH; SO5 in TH NMR and appearance of a peak at 6 48.0
(—CH,S03") for all 5a, 5b and 5c¢ in '*C NMR and their corresponding
ESI-MS peaks at 352, 366 and 394 (m/z, z = 2; —ve mode) for 5a, 5b
and 5c¢, respectively confirm the product formation.

At first, the CMC values of the new bolaamphiphiles (5a-c) were cal-
culated from the conductivity versus concentration plots (for details see
SI, Fig. S1). It is considered that the CMC values from conductometric
measurements are obtained from the bulk solution which is unaffected
by any interfacial events. The CMCs were further validated by steady-
state fluorescence experiments using pyrene as the probe (for details
see SI, Fig. S2). Bolaamphiphiles are generally having low CMC values
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as compared to their corresponding conventional surfactants [32].
They indeed showed lower CMC values as expected. The observed
CMC of surfactants 5a, 5b and 5¢ from conductivity measurements are
0.0076 mM, 0.0054 mM and 0.0038 mM, respectively. The CMCs of 5a,
5b, and 5c, obtained from steady-state fluorescence measurements
were found as 0.0052 mM, 0.0041 mM, and 0.0028 mM,, respectively,
which closely matched with the CMCs obtained by conductometric
measurements. A general trend was observed: the CMC decreases
with increasing chain length [33]. The lower value of CMC for 5¢ com-
pared to others is a direct consequence of increased overall hydropho-
bicity due to longer spacer length. The observed CMC values were of
the same order of magnitude of previously reported sugar based
bolaamphiphiles [33].

The self-assembly of the bolaamphiphiles 5a-c occurs rapidly under
neutral condition at a concentration of 1 mg per mL of water. Room tem-
perature sonication was sufficient to ensure the formation of stable
supra-molecular assembly in aqueous solution. TEM analysis [34] re-
vealed that vesicles formation occurs in case of all bolaamphiphiles
(Fig. 1A, and Fig. S3(A-C) of SI). It was also found that initially they
form vesicles that transform into tubular morphologies upon standing
the aqueous solution of bolaamphiphiles for 7 days (Fig. 1B and Fig.
S3(D,E) of SI). Furthermore, in some cases, twisted ribbon like morphol-
ogy was also observed (Fig. S3F, SI) for 5¢. Similar morphology was ob-
served for 5¢ by SEM analysis as well (Fig. S4(A,B) of SI). The molecular
aggregation of anionic bolaamphiphiles, to build up tubular and ribbon
like morphology, is presumably driven by hydrophobic interactions be-
tween the alkyl chains.

To standardize the reaction condition for catalytic applications of
bolaamphiphiles, the formation of the emulsion droplets were con-
firmed by taking optical micrograph of different bolaamphiphiles con-
taining aqueous solutions of reactants before reaction would actually
proceed (Fig. 2A). This ensures that the proposed reaction can be carried
out in this organized media. Dynamic light scattering (DLS) experiment
of the solution containing bolaamphiphile (5c¢), m-nitrobenzaldehyde
and phenylhydroxylamine was also performed which confirmed that
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Scheme 1. Synthetic route to p-glucose derived bolaamphiphiles 5(a-c).
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Fig. 1. TEM images of 5¢: (A) formation of vesicles after 1 day aging of the solution; (B) tubular morphology after 7 days aging of the solution.

the size of emulsion droplets is mostly in few hundreds of nanometer
(Fig. 2B). These droplets act as confined reactor to carry out the organic
transformation inside their core.

To establish a suitable condition for water exclusion reaction,
we screened catalytic activity of all three bolaamphiphiles (5a-c) for
model reactions between one electron deficient aldehyde (viz. m-
nitrobenzaldehyde) and one electron rich aldehyde (viz. p-
methoxybenzaldehyde) with phenylhydroxylamine and compared the
results with the reported yields by Chatterjee et al. (Table 1) [27]. In
this regard, the same model reactions were repeated by us using SDS
as catalyst adopting the reported condition [27]. The complete conden-
sation of phenylhydroxylamine and aromatic aldehydes on an average
took 1 h to afford intermediate nitrones (6). Once the nitrone complete-
ly formed, ethyl acrylate was added in-situ to the reaction mixture to
carry out the cycloaddition reaction and it was allowed to stir at room
temperature till the reaction got completed (Table 1). As mentioned in
table 1, yields are generally very good (75-90%). As expected, the reac-
tions were successfully carried out with just 2 mol% of catalyst loading.
It is noteworthy to mention that the amount of SDS used in the method
reported by Chatterjee et al. was 5 fold [27]. This is because of low CMC
of synthesized bolamaphiphiles which allows formation of adequate
numbers of vesicles or emulsion droplets in solution even at low con-
centrations. In addition, significant increase in the reaction rate was ob-
served for bolaamphiles as compared to SDS (Table 1). In general, the
reactions produced 5-substituted products (9) preferably over 4-
substituted products (8) for each of the bolaamphiphiles (5a-c). For
4-substituted products (8) the reaction is stereospecific in favor of
endo isomer for all cases (Table 1, entries 1-3, 11-13). For 5-substituted
products (9), unpredictable diastereoselectivity was observed with
bolaamphiphile 5¢, whereas, other bolaamphiphiles do not impose
much diastereoselectivity. However, to our dismay, the synthesized
bolaamphiphiles occasionally failed to achieve the regioselectivity and
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diastereoselectivity that are shown by SDS (Table 1, entries 6, 14).
Based on these observations bolaamphiphile 5¢ was chosen for further
study with an expectation of better diastereoselective implications. In
a separate study, the concentration of bolaamphiphile 5¢ was changed
from 2 mol% to 5 mol% and 10 mol% on a model reaction with m-
nitrobenzaldehyde and found that increased catalyst concentration
does not make any significant improvement in terms of reaction time,
yield and stereoselectivity (Table 1, entries 4, 5).

After establishing the standard reaction condition, a series of aro-
matic aldehydes was treated with phenylhydroxylamine and then cor-
responding nitrone was treated with ethyl acrylate in the presence of
2 mol% of bolaamphiphile 5c as catalyst in a single-pot. The methodolo-
gy was found to be excellent in terms of yields and reaction time. Both
aldehydes with electron withdrawing group (EWG) as well as electron
donating groups (EDG) equally participated in the reaction to produce
corresponding isoxazolidines in high yields (80-90%). As expected, re-
actions involving aromatic aldehydes with EWG completed at a faster
rate (Table 2, entries 1-3), whereas, aromatic aldehydes with EDG
took longer time for complete conversion. The structures of the
isoxazolidine derivatives (8 and 9) were established by '"H NMR, '3C
NMR, CHN and ESI-MS, which matched reasonably well with the report-
ed data [27]. The 1,3-dipolar nitrone cycloaddition was found regiose-
lective in the presence of bolaamphiphile 5¢ as catalyst. Like previous
cases, 5-substituted isoxazolidines (9) were favored over 4-substituted
regiomers (8). In case of o-nitrobenzaldehyde only 5-substituted
isoxazolidines (9a) were obtained. It was also observed that 4-substitut-
ed isomers (8) form as the minor product (only 10-15%) from aldehyde
with EWG (Table 2, entries 1-3, 6, 7), whereas, the amount of 8 signifi-
cantly increases (up to 30%) in the product mixture for the aldehydes
with EDG (Table 2, entries 4, 5). For compounds 8(b-g) endo isomers
were formed as the sole product and no trace of exo isomer was found
in the reaction mixture (Table 2, entries 2-7). Only in case of
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Fig. 2. (A) A typical optical micrograph of emulsion droplets formed in an aqueous solution of bolaamphiphile (5¢), m-nitrobenzaldehyde and phenylhydroxylamine; (B) DLS data of

bolaamphiphile 5¢ containing solution showing formation of aggregates.
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Table 1
Selection of suitable catalyst and reaction condition.

NHOH ETOOC/\
5a-c 7
+ ArCHO > @_ H L » A N, Ar N\
H,0, 1 o N o + o
© EtOOC
6 COOEt
4-Substituted 5-Substituted
isomer isomer
8 9
Entry ArCHO Catalyst Mol% of catalyst Time %Yield* 8 9
(h) (8:9) (exo:endo) (cis:trans)

1 m—NO,CeHs— 5a 2 12 80 (1:8) endo only 1:2
2 m—NO,CgHs— 5b 2 10 76 (1:6) endo only 1:2
3 m—NO,CgHs— 5¢ 2 12 84 (1:6) endo only 2:5
4 m—NO,CgHs— 5¢ 5 10 85 (1:6) endo only 2:5
5 m—NO,CeHs— 5¢c 10 10 82 (1:6) endo only 2:5
6 m—NO,CsHs— SDS 10 30 81 - 4:5
11 p—OMeCeHs— 5a 2 36 78 (2:7) endo only 4:5
12 p—OMeCgHy— 5b 2 30 82 (2:3) endo only 1:1
13 p—OMeCgHy— 5¢ 2 30 85 (1:2) endo only 2:3
14 p—OMeCeHs— SDS 10 76 84 - cis only

2 8and 9 are isolated separately and the yields presented in Table 1 is the combined yield of them.

cinnamaldehyde negligible diastereoselectivity was observed (Table 2,
entry 8). The formation of endo isomer was established by a smaller
coupling constant value between Hs-Hy (J5_4 = 5.5-6 Hz) [27]. For 5-
substituted isomers (9) moderate distereoselectivity was observed ex-
cept for 2,5-methoxybenzaldehyde for which only trans product was
formed (Table 2, entry 5). The diastereomeric ratio in 9 was determined
in a qualitative manner from the integration values of separate peaks of
cis and trans isomers in "H NMR and '>C NMR spectra of the inseparable
mixture [27,35]. It is noteworthy to mention that the yield and
diastereoselectivity were poor in case of 2,5-methoxybenzaldehyde as
substrate for SDS catalyzed reaction as reported by Chatterjee et al.
[27]. However, it may be considered that the inherent chirality in the
catalyst (5¢) is not properly translated to the transition states of the re-
action intermediates which is the consequence of inconsistent regio-
and stereo-selectivity.

One crucial aspect of a catalytic transformation is the reusability of
the catalyst without much change in yield and stereoselectivity. This is
a value addition to any process particularly from industrial perspective.
As the products were easily taken up in the organic layer, water layer
containing catalyst 5¢ was reused for five consecutive cycles preserving
diastereoselectivity and without observable change in the yields of the
final products (for details see SI, Table S1).

Table 2
Bolaampbhiphile (5c) catalyzed water exclusion reaction.
ArCHO Time 8 9
Entry Ar = (a-h) (h) %Yield (8:9)" (exo:endo) (cis:trans)
1 a = 0—NO,CgHs— 12 82 - 2:3
2 b = m—NO,CgHs— 12 84 (1:6) endoonly  2:5
3 ¢ = p—NO,CgHs— 12 92 (1:8) endoonly 3:4
4 d = p—OMeCgHs— 39 85 (1:2) endoonly  4:5
5 e = 2.5-diOMe—CgHs— 15 81(1:2) endoonly  trans only
6 f = p—CICeHs— 20 79 (1:6) endoonly  3:1
7 g = p—BrCeHs— 24 87 (1:6) endoonly  4:5
8 h = CgHsCH=CH— 30 93 (2:3) 5:4 5:4

2 8and 9 are isolated separately and the yields presented in Table 1 is the combined
yield of them.

3. Conclusion

In conclusion, a simple and efficient route has been developed for
the synthesis of a new series of a novel class of p-glucose based anionic
bolaamphiphiles using the C-3 functionality of diisopropylidene glu-
cose. They showed low CMC and interesting morphologies when dis-
persed in aqueous solution. These chiral anionic bolaamphiphiles were
efficiently used to catalyze dehydrative 1,3-dipolar nitrone cycloaddi-
tion with just 2 mol% of catalyst loading. The corresponding
isoxazolidine derivatives were formed with moderate to high regio-
and stereo-selectivity. The bolaamphiphile with 12 carbon spacer (5¢)
was found to be a better candidate among the rest. The catalyst was suc-
cessfully reused for five consecutive cycles without much change in
activity.
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