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Summary: Two [3,22]-ionenes with pendent chiral groups, glucopyranosyl-[3,22]-

ionene and b-cyclodextrin-[3,22]-ionene, were synthesized by the reaction between

the tosyl derivatives of the carbohydrate (methyl alpha-glucopyranoside or beta-

cyclodextrin) and the tertiary [3,22]-polyamine obtained by selective demethylation of

[3,22]-ionene. The derivatives were characterized by 1H NMR spectroscopy, presenting

degrees of substitution of 30 and 45% for the glucosyl and cyclodextrin derivatives,

respectively. It was shown by using pyrene as the fluorescent probe, that both

polymers form hydrophobic domains, characteristic of micelle-mimetic polysoaps in

aqueous solution.
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Introduction

The [n,m]-ionenes are linear cationic poly-

electrolytes consisting of dimethylammo-

nium groups connected by aliphatic chain

segments (Scheme 1).[1–4]

The length (n and m) of the methylene

segments of [n,m]-ionenes can be con-

trolled by the proper choice of the reagents

used for their synthesis. Ionenes with short

methylene segments, such as the [3,10]-

ionene, exhibit behavior typical of linear

polyelectrolytes, adopting an extended rod-

like conformation in aqueous solution.[5]

On the other hand, ionenes with at least one

methylene segment longer than 14 carbons,

present polysoaps ormicelle-mimetic behav-

ior, adopting globular conformations and

forming hydrophobic microdomains in

aqueous solution through intrapolymeric

aggregation of the longer methylenic seg-

ments of the polymer chain.[4–7] Aqueous

solutions of ionenes usually have much

higher surface tensions and exhibit much

lower foaming than typical surfactant

solutions and do not emulsify in the

presence of organic solvents.[4–7] In addi-

tion, they can be immobilized on solid

supports (either electrostatically or cova-

lently).[7] These properties have led to

many applications of micelle-mimetic

ionenes in analytical chemistry and chro-

matography.[7–13]

The first chiral ionene reported in the

literature was a rod-like [3,6]-ionene with

pendent l-menthoxymethyl groups.[14,15]

This ionene has been used as a chiral

selector in liquid membrane applications.[8]

In this work, we describe the first synthesis

of chiral micelle-mimetic ionenes con-

taining pendent glucopyranosyl and

b-cyclodextrin groups, the 6-O-methyl-a-

glucopyranosyl-[3,22]-ionene and the

mono-6A-O-b-cyclodextrin-[3,22]-ionene,

respectively. These chiral micelle-mimetic

[3,22]-ionenes conjugate the interesting

polysoap properties with the presence of

chirality, resulting in compounds poten-

tially useful as chiral selectors in analytical

separations.[8,9]

Materials and Methods

All solvents and reagents were purified,

when necessary, according to usual

methods.[16,17] The [3,22]-ionene was
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synthesized as described elsewhere.[4,9] The

melting points were determined in an Elec-

trothermal IA 6304 melting point appara-

tus. 1H NMR spectra were obtained in a

Varian Innova-300 spectrometer, operating

at 299.95MHz for 1H, at room temperature.

Pyrene fluorescence spectra were obtained

in a Hitachi F-4500 spectrofluorimeter,

using a pyrene concentration of 1 mmol �
L�1, excitation at 337, 2.5 mm excitation

and emission slits, in 1.00 cm path length

quartz fluorescence cuvettes (Hellma).

Results and Discussion

Chiral [3,22]-ionenes were obtained in

three steps from [3,22]-ionene. These con-

sisted of selective demethylation of the

[3,22]-ionene, generating the correspond-

ing tertiary polyamine; the reaction of this

amine with the appropriate tosylated car-

bohydrate and, finally, the quaternization

of the remaining tertiary amine groups of

the polymer with bromoethane.

The tosylated carbohydrates employed

were methyl 6-O-toluenesulfonyl-a-D-glu-

copyranoside, synthesized in two steps

from D-glucose,[18,19] and mono-6-O-tolue-

nesulfonyl-b-cyclodextrin, obtained from

b-cyclodextrin in one step.[20]

[3,22]-Polyamine

The tertiary polyamine derived from the

[3,22]-ionene, or poly[(methylimine) tri-

methylene-methylimine-docosane-1,22-di-

yl], from now on called [3,22]-polyamine,

was obtained through the selective mono-

demethylation of the quaternary dimethyl-

ammonium groups of the [3,22]-ionene in

ethanolamine.[21] Thus, 5 g of [3,22]-ionene

were mixed with 20 mL of ethanolamine in

a 100 mL round bottom flask equipped with

a reflux condenser and drying tube with

CaCl2. The reaction mixture was heated to

165 8C for 4 h, cooled to room temperature

and mixed with 80 mL of distilled water.

The resulting mixture was extracted thrice

with 80 mL of chloroform, the CHCl3
fractions were mixed, dried with anhydrous

magnesium sulfate, and the solvent was

removed under reduced pressure, resulting

in 3.40 g of [3,22]-polyamine as a waxy

yellow solid (97% yield). The polyamine

was characterized by its 1HNMR spectrum.
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1HNMR (CDCl3): d (ppm) ¼ 1.25 (36H,

N–CH2–CH2–(CH2)18–), 1.44 (4H, N–

CH2–CH2–(CH2)18–), 1.65 (2H, N–CH2–

CH2–CH2–N), 2.21 (6H, N(CH3)), 2.30

(8H, N–CH2).

Glucopyranosyl-[3,22]-ionene

Methyl a-D-glucopyranoside

Methyl a-D-glucopyranoside was prepared

from D-glucose, by the reaction with

methanol catalyzed by acid (ion-exchange

resin), as described in the literature.[18]

Thus, 80.0 g of D-glucose (0.444 mol)

resulted in 27.2 g (0.140 mol) of methyl

a-D-glucopyranoside, MP 167–168 8C (lit.

167–169 8C),[18] with yield of 32%.

Methyl 6-O-tosyl-a-D-glucopyranoside

Synthesized by the direct tosylation of

methyl a-D-glucopyranoside, as described

elsewhere.[19] Thus, 20.0 g (103 mmol) of

methyl a-D-glucopyranoside provided in

17.3 g (49.7 mmol) of methyl 6-O-tosyl-a-D-

glucopyranoside, MP 123–125 8C (lit.

124 8C),[19] in 48% yield. Its 1H NMRspec-

trum (DMSO-d6) showed the following

signals (d in ppm): 2.43 (s, 3H, CH3–

C6H4SO3), 3.00 (ddd, 1H, J3-OH ¼ 5.6 Hz,

J3-4 ¼ 8.7 Hz, J2-3 ¼ 9.8 Hz, H-3), 3.15

(ddd, 1H, J1-2 ¼ 3.6 Hz, J2-OH ¼ 6.2 Hz,

J2-3 ¼ 9.8 Hz, H-2); 3.20 (s, 3H, OCH3),

3.33 (ddd, 1H, overlaps with HOD, H-4),

3.49 (ddd, 1H, J5-60 ¼ 1.4 Hz, J5-600 ¼ 6.4 Hz,

J4-5 ¼ 8.1 Hz, H-5), 4.06 (dd, 1H,

J5-600 ¼ 6.4 Hz, J60-600 ¼ 10.6 Hz, H-600),
4.22 (dd, 1H, J5-60 ¼ 1.7 Hz, J60-600 ¼
10.6 Hz, H-6(), 4.48 (d, 1H, J1-2 ¼ 3.6 Hz,

H-1),4.85(d,1H,J2-OH ¼ 6.2Hz,OH-2),4.95

(d, 1H, J4-OH ¼ 4.9 Hz, OH-4), 5.21 (d, 1H,

J3-OH ¼ 5.6 Hz, OH-3), 7.49 (d, 2H, Jo ¼
8.0Hz,H-a), 7.78 (d, 2H, Jo ¼ 8.0Hz,H-b).

Glucopyranosyl-[3,22]-ionene

The glucosylation of [3,22]-ionene was

accomplished by the reaction of the [3,22]-

polyamine and tosyl-glucoside,[22] followed

by the exhaustive quaternization of the

remaining tertiary amine groups with bro-

moethane. Thus, 300mg of [3,22]-polyamine

(1.47 mmol of amine groups), 512 mg (1.47

mmol) of methyl 6-O-tosyl-a-D-glucopyra-

noside and 20 mL of anhydrous DMF were

mixed in a 50 mL round bottom flask

equipped with a reflux condenser and drying

tube. The mixture was heated at 60 8C for

120 h and cooled to room temperature.

300 mg (2.94 mmol) of bromoethane were

added in a single portion and the mixture

was stirred at room temperature for another

188 h, under inert atmosphere. The solvent

was then removed under reduced pressure.

The resulting solid was dissolved in 20 mL

of 0.1 mol � L�1 NaCl and dialyzed against

deionized water for 72 h. The resulting

solution was lyophilized, resulting in 321 mg

of glucopyranosyl-[3,22]-ionene, character-

izedbyits 1HNMRspectrum(D2O),d (ppm):

1.25–1.50 (40H, N–CH2–(CH2)20– þ N–

CH2–CH3), 2.20 (2H, N–CH2–CH2–CH2–

N), 2.81 (6H, N(CH3)), 3.15 (8H, N–CH2).

Besides these signals, those corresponding to

the glucosyl portion and to residual toluene-

sulfonatecounterions couldalsobeseen:3.16

(OCH3); 2.30 (CH3–C6H4SO3
�); 3.26 (H2),

3.48 (H4); 3.56 (H5); 4.16 (H600), 4.24 (H6
0
);

4.50 (H1), 7.31 e 7.71 (CH3–C6H4SO3
-). The

ratioof the integralsof the signals at2.81ppm

[6H of polyamine N(CH3)] and at 3.16 ppm

(3HoftheglucosylOCH3)indicatedthat30%

of thenitrogenatomsof thepolymer (or 60%

of the repeat units) contain a pendant

glucopyranosyl group.

Synthesis of Cyclodextrin-[3,22]-ionene

Mono-6A-O-tosyl-b-cyclodextrin

The mono-tosyl-cyclodextrin was prepared

by the reaction of tosyl-imidazole and cyclo-

dextrin in water, according to the procedure

described in the literature.[20] Thus, 40.0 g

(35.2mmol) of b-cyclodextrin resulted in

17.2 g of mono-6A-O-toluenesulfonyl-b-

cyclodextrin, in 38% yield. The 1H NMR

spectrumof theproduct (DMSO-d6) showed

the following signals (d inppm), inagreement

with the literature:[20,23] 2.49 (3H, CH3–

C6H4SO3); 3.20–3.65 (m, 40H, overlaps with

HOD); 4.15–4.20 (m, 1H), 4.31–4.35 (m, 2H);

4.51(s,3H);4.78(s,2H);4.84(s,4H),5.62–5.83

(m,14H),7.43(d,2H,tosyl),7.75(d,2H,tosyl).
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b-cyclodextrin-[3,22]-ionene

The compound was synthesized by the

reaction between the [3,22]-polyamine and

mono-6A-O-toluenesulfonyl-b-cyclodextrin.

Thus, 200 mg of [3,22]-polyamine

(0.98 mmol of amine groups), 630 mg

(0.49 mmol) of mono-6A-O-toluenesulfo-

nyl-b-cyclodextrin and 20 mL of anhydrous

DMF were mixed in a 50 mL round bottom

flask equipped with a reflux condenser and

drying tube. The mixture was heated to

60 8C for 120 h, cooled to room tempera-

ture and 200 mg (2.00 mmol) of bromo-

ethane were added in a single portion. The

mixture was stirred for another 188 h and

the solvent was removed under reduced

pressure. The residue was dissolved in

20 mL of 0.1 mol � L�1 NaCl and dialyzed

against deionized water for 72 h. The resul-

ting solution was lyophilized, producing

210 mg of glucopyranosyl-[3,22]-ionene.

The 1H NMR spectrum (D2O) showed

the following signals (d in ppm): 1.25 (m,

36H, N–CH2–CH2–(CH2)18– þ N–CH2–

CH3), 1.71 (4H, Nþ–CH2–CH2–(CH2)18–),

2.20 (2H, N–CH2–CH2–CH2–N), 2.97 (6H,

N(CH3)), 3.15 (8H, overlaps with cyclo-

dextrin signals, N–CH2). Signals of the

cyclodextrin group and of residual tolue-

nesulfonate counterions were also present:

2.47 (CH3–C6H4SO3
�), 3.10–4.00 (m, 40H,

overlaps with N–CH2), 4.10–4.30 (m, 3H),

7.31 e 7.71 (CH3–C6H4SO3
�). The ratio of

the integrals of the signals at 2.97 ppm (6H

of polyamine N(CH3)) and at 4.10–4.20

ppm (3H of cyclodextrin) showed that 45%

of the nitrogen atoms of the polymer (90%

of the repeat units) contain a pendent

cyclodextrin group.

Micelle-Mimetic Properties of the Chiral

[3,22]-Ionenes

Pyrene was employed as a fluorescence

probe to demonstrate the formation of

hydrophobic microdomains in aqueous

solutions of the chiral [3,22]-ionenes,

because pyrene has a high affinity for

hydrophobic domains and is too large to

be included into the cavity of b-cyclodex-

trin.[24] The pyrene fluorescence spectrum
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Pyrene fluorescence spectra in aqueous solutions of the ionenes and in water.
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exhibits five major vibronic bands. There is

an intensification of band I relative to band

III in polar solvents due to the reduction of

the local symmetry of pyrene.[25] The ratio

of the intensities of bands I and III (I1/I3)

is, therefore, an empirical measure of

the polarity of the solubilization site of

pyrene.[25]

Pyrene fluorescence spectra in aqueous

solutions of cyclodextrin-[3,22]-ionene

(CD-[3,22]-ionene), glucopyranosyl-[3,22]-

ionene (G-[3,22]-ionene), [3,22]-ionene and

in water are shown in Figure 1. The values

of I1/I3 obtained for pyrene in a series of

pure solvents and in aqueous solutions of

the [3,22]-ionenes are collected in Table 1.

Ionene polysoaps with pendent glucose

and cyclodextrin groups show micelle-

mimetic behavior in aqueous solutions, as

indicated by the fact that pyrene solubilized

in these solutions senses a more hydro-

phobic environment than water (polarity

similar to 1-propanol). This polarity is

similar to that observed for pyrene in

aqueous solutions of anionic surfactants

such as sodium dodecyl sulfate (I1/I3 ¼
1.15)[25] and of methyl 2-hexadecanoyl-

amide-2-deoxy-6-trimethylammonium-D-

glucopyranoside chloride (I1/I3 ¼ 1.13)[26]

and similar sugar-derived surfactants.[27]

Interestingly, there is practically no

difference between the polarity of the

microdomains of the cyclodextrin and the

glucose-derivatized ionenes and both are

more hydrophobic than the parent [3,22]-

ionene. Presumably the large size and

hydration of the carbohydrate moiety

imparts a certain steric rigidity to the global

conformation of the chiral polysoap mole-

cule, reducing water penetration in the

hydrophobic domains.

Conclusion

Methyl a-glucopyranoside-[3,22]-ionene

(35% of the amino groups quaternized

with glucosyl groups) and b-cyclodextrin-

[3,22]-ionene (45% of the amino groups

quaternized with b-cyclodextrin groups)

were synthesized in good yields and

characterized. These polymers behave as

polysoaps in aqueous solutions, forming

hydrophobic domains that are less polar

than those of the parent [3,22]-ionene.

Preliminary studies of the application of

these polymers as chiral selectors are

currently underway.
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