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ABSTRACT

The cyclopolymerizations of 1,2:5,6-dianhydro-3,4-di-O-pentyl-D-
mannitol (1b) and 1,2:5,6-dianhydro-3,4-di-O-decyl-D-mannitol (1c)
were carried out using BF;- OEt, and t-BuOK. All the resulting polymers
consisted of cyclic constitutional units, i.e., the extent of cyclization was
100%. The polymer structures for the polymerization with +-BuOK were
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(1-6)-2,5-anhydro-3,4-di-O-pentyl-D-glucitol (2b) and (1—6)-2,5-anhy-
dro-3,4-di-O-decyl-D-glucitol (2¢), whereas those with BF;-OEt, com-
prised 2,5-anhydro-p-glucitols as major units along with other cyclic
ones. These polymers were soluble in n-hexane, CHCl,;, and THF, but
insoluble in water, which differs from the amphiphilic solubility of
(1—6)-2,5-anhydro-3,4-di-O-methyl-D-glucitol (2a). The cation-binding
properties of 2b and 2¢ were examined using alkali-metal picrates in
order to compare them with those of 2a. The extraction yields for each
cation decreased in the order of 2¢ < 2b < 2a. Every polymer exhibited
a similar cation-binding selectivity in the order Cs* > Rb* > K* »
Na‘* > Li*. The ratio of K* and Na*, K*/Na*, was 4.6 for 2a, 5.1
for 2b, and 7.1 for 2¢ in the increasing order 2a < 2b < 2¢.

INTRODUCTION

For the cyclopolymerization of 1,2:5,6-dianhydro-3,4-di-O-methyl-D-man-
nitol (1a), the structure of cyclic repeating units in the resulting polymer depended
on the nature of the catalysts used. The polymer using -BuOK was (1—6)-bonded
2,5-anhydro-p-glucitol, i.e., (1—6)-2,5-anhydro-3,4-di-O-methyl-D-glucitol (2a)
[1], whereas that consisting of mainly 2,5-anhydro-D-glucitol as the cyclic constitu-
tional units was obtained using BF,-OEt, [2, 3]. The structural characteristic of
2a is a lack of the anomeric linkage which is found in the naturally occurring
polysaccharides, and hence 2a is a new type of polycarbohydrate. (See Scheme 1.)

Polymer 2a acted as a host in the host-guest complexation, thereby exhibiting
cation-binding selectivity in the order Cs* > Rb* > K* » Na* > Li* and the
chiral discrimination property toward racemic amino acids [2, 4, 5]. A part of our
research interests is the utilization of 2a as an agent for a specific separation of
substrates. The recovery of 2a, however, was difficult because of its amphiphilic
solubility, i.e., 2a is soluble in CHCl,;, THF, and CH,OH, and also in H,0. A
similar problem was found with crown ether; for example, the hydrophilic property
of 18-crown-6 was decreased by introducing a long alkyl chain into the ring [6, 7].
This strategy seems to be useful for improving the solubility property of 2a. There
are two synthetic routes for 2a with alkyl chain groups: 1) the synthesis and cyclopo-
lymerization of 3,4-di-O-alkyl-1,2:5,6-dianhydro-p-mannitol, and 2) the substitu-

H,C _O_ CH,0

RO . RO
OR

0 RO

1 2

1a, 2a: R=CH3; 1b, 2b: R=n'C5H11;
1¢, 2¢c: R=n-CygH,4¢; 1d, 2d: R=H

SCHEME 1



15:12 24 January 2011

Downl oaded At:

(1-6)-2,5-ANHYDRO-b-GLUCITOL 327

tion of alkyl groups at 3,4-di-O-positions of (1—6)-2,5-anhydro-D-glucitol (2d)
{8]. The aim of this study is the synthesis of 3,4-di-O-alkyl substituted (1-6)-2,5-
anhydro-D-glucitol by the former method.

In this paper we report the cyclopolymerizations of 1,2:5,6-dianhydro-3,4-di-
O-pentyl- and 3,4-di-O-decyl-D-mannitol (1b and 1¢) using BF;- OEt, and -BuOK.
The polymer structures are confirmed by comparing the *C-NMR spectra with that
of (1-6)-2,5-anhydro-3,4-di-O-methyl-D-glucitol (2a). In addition, the binding
properties of 2b and 2¢ toward alkali-metal picrates are examined using the liquid-
liquid extraction method.

EXPERIMENTAL
Measurement

'H- and *C-NMR spectra were recorded with a Jeol INM-EX270 instrument.
UV spectra were run with a Jasco 660 UV/VIS spectrophotometer. Optical rotation
was determined with a Jasco DIP-140 digital polarimeter. The molecular weights of
the resulting polymers were measured by gel permeation chromatography (GPC) in
tetrahydrofuran on a Jasco HPLC system equipped with three polystyrene gel col-
umns (Shodex KF-804L). The number-average molecular weight (M,) was calcu-
lated on the basis of polystyrene calibration.

Materials

Boron trifluoride etherate (BF,-OEt,) was purified by distillation of a com-
mercial product under reduced pressure. Potassium tert-butoxide (/~-BuOK) was
purified by sublimation under vacuum before use. All solvents were purified by the
usual methods, and dichloromethane, nitroethane, and toluene were distilled over
calcium hydride and 1,4-dioxane and THF from sodium benzophenone.

Monomers

1,2:5,6-Dianhydro-3,4-di-O-pentyl-pD-mannitol (1b) was prepared by the pro-
cedure of Kuszmann [9], bp 105°C/0.1 torr. [alp + 9.3° (¢ = 1.0 in CHC; at
22°C); '"H NMR (CDCl,) 6 0.89 (¢, *J,;. = 7.1 Hz, 6H, pentyl-CHj,), 1.28-1.36 (b,
8H, pentyl-CH,), 1.55-1.61 (m, 4H, OCH,CH,—C;H,), 2.79 (dd, J,., = 5.3 Hz,
s = 2.6 Hz, Cl1-, C6-trans-CH,), 2.85 (dd, J,., = 5.4 Hz, °J,;, = 3.8 Hz, Cl-,
Cé6-cis-CH,), 3.12-3.16 (m, 2H, C2-, C5-CH), 3.26-3.30 (m, 2H, C3-, C4-CH),
3.47-3.66 (m, 4H, —OCH,—, C,H,, CH); “C NMR (CDCl,): § 14.00 (CH,),
22.45, 28.10, 29.59 (CH,), 46.13 (C1, C6), 50.54 (C2, C5), 72.01 (OCH,), 79.56
(C3, C4).

1,2:5,6-Dianhydro-3,4-di-O-decyl-D-mannitol (1¢c) was synthesized using the
procedure similar to that for 1b, as shown in Scheme 2.

3,4-Di-O-decyl-1,2:5,6-di-O-isopropyridene-p-mannitol (3)

To a mixture of 36 g (0.9 mol) of sodium hydride (60% mineral oil suspen-
sion) in 300 mL of dry THF was added a solution of 104.8 g (0.4 mol) of 1.2:
5,6-di-O-isopropyridene-D-mannitol in 300 mL of dry THF. After stirring for 12
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hours, a solution of 176.9 g (0.8 mol) of 1-bromodecane in 160 mL of dry DMSO
was added, and then the mixture was stirred at 50°C for 4 hours. The reaction
mixture was chilled, diluted with water, and extracted with chloroform. The extract
was washed with water, dried with Na,SO,, and evaporated under reduced pressure.
The residue was distilled to give 94 g (yield, 43.4%) of 3, bp 170°C/6 x 10 ~° torr.
[a]lp + 14.4° (¢ = 1.0 in CHCI; at 22°C); R, 0.29 (ethyl acetate/n-hexane, 1/10);
'H NMR (CDCl,) 6 0.88 (t, *J,,. = 6.8 Hz, 6H, CH,), 1.27 (s, 28H, CH,), 1.38 (s,
12H, C(CH,),), 1.54-1.57 (m, 4H, —OCH,CH,—CgH,,), 3.52 (d, *J,. = 6.1 Hz,
2H, C3-, C4-CH), 3.56-3.62 (m, 4H, —OCH,—C,H,,), 3.92 (dd, J,.,, = 8.2 Hz,
3, = 6.6 Hz, Cl-, C6-,-CH,), 4.08 (dd, Jeem = 8.2 Hz, *Jie = 6.2 Hz, Cl-,
C6-trans-CH,), 4.19 (q, J = 6.25 Hz, 2H, C2-, C5-CH); “C NMR (CDCl,) § 14.11
(CH,), 22.68, 26.08 (C(CH,),), 25.43, 26.72, 29.32, 29.52, 29.59, 31.89 (CH,),
30.31 (—OCH,CH,—CH,,), 66.81 (Cl1, C6), 73.42 (—OCH,—C,H,,), 75.81 (C2,
C5), 80.40 (C3, C4), 108.45 (C(CH,),).

Analysis. Calculated for C;,H,,04 (542.84): C, 70.80; H, 11.51. Found: C,
70.79; H, 11.69.

3,4-Di-O-decyl-D-mannitol (4)

A solution of 23.2 g (43 mmol) of 3 in 116 mL of acetic acid and 58 mL of
water was refluxed for 30 minutes. After cooling, the mixture was evaporated under
reduced pressure. This procedure was repeated until the odor of acetic acid disap-
peared. The residue was recrystallized from ethyl acetate to give 13.7 g (yield,
69.5%) of 4, mp 93°C. R; 0.57 (methanol/chloroform, 1/5); [a], + 26.7° (¢ =
1.0 in CH,OH at 22°C); 'H NMR (CDCl;) 6 0.90 (t, *J,, = 6.9 Hz, 6H, CH,),
1.25-1.40 (b, 28H, CH,), 1.53-1.59 (m, 4H, —OCH,CH,—CH,,), 3.30-3.37 (m,
4H, —OCH,—CsHs), 3.56-3.75 (m, 10H, C1-, C6-CH,, C2-, C3-, C4-, C5-CH),
3.80(dd, 2H, J = 11.1 Hz, J = 2.7 Hz, Cl1-, C6-CH,); “C NMR (CDCl,) § 14.77
(CH,), 24.03, 27.59, 30.77, 31.01, 32.67 (CH,), 31.70 (—OCH,CH,—C;H,,), 65.00
(C1, C6), 74.20 (—OCH,—C,H,,), 72.70 (C2, C5), 80.36 (C3, C4).
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Analysis. Calculated for CyH,,O4 (462.71): C, 67.49; H, 11.76. Found: C,
66.90; H, 11.93.

3,4-Di-O-decyl-1,6-di-O-p-toluenesulfonyl-b-mannitol (5)

To a solution of 12.7 g (27 mmol) of 4 in 60 mL of pyridine was added 11.3 g
(59 mmol) of p-toluenesulfonyl chloride at 0°C. After stirring at 0°C for 0.5 hour
and then at room temperature for 0.5 hour, water was added, and the mixture was
extracted with chloroform. The extracts were washed with dilute hydrochloric acid,
dried under Na,SO,, and evaporated under reduced pressure. The residue was chro-
matographed on silica gel with ethyl acetate/n-hexane (1/7) to give 17.8 g (yield,
80.2%) of 5. R; 0.30; [a]p + 16.3 (¢ = 1.0 in CHC], at 22°C); 'H NMR (CDCl,)
5 0.89 (t, 6H, CHs,), 1.26 (s, 28H, CH,), 1.43-1.48 (m, 4H, —OCH,CH,—CgH,,),
2.45 (s, 6H, ArCH,), 3.40-3.62 (m, 6H, —OCH,—C,H,,, CH), 3.96-4.01 (m, 2H,
CH), 4.17-4.19 (m, 4H, C1-, C6-CH,), 7.34-7.37 (m, 4H, Ar), 7.79-7.82 (m, 4H,
Ar); BC NMR (CDCl,) é 14.10 (CH,), 22.66 (ArCH,), 25.90, 29.30, 29.56, 31.88
(CH,), 31.70 (—OCH,CH,—CH,,), 69.46, 76.60 (CH), 71.11 (Cl1, C6), 72.95
(—OCH,—CiH,,), 128.03, 129.90 (Ar).

Analysis. Calculated for C,H0,S, (771.09): C, 62.31; H, 8.63; S, 8.32.
Found: C, 61.46; H, 8.71; S, 8.00.

1,2:5,6-Dianhydro-3,4-di-O-decyl-p-mannitol (1c)

A mixture of 18.8 g (24 mmol) of 5§ and 3.2 g of ground KOH in 100 mL of
ether was vigorously stirred under reflux for 1 hour. After the mixture cooled, the
precipitates were removed by filtering the mixture through a pad of Celite, and then
the filtrate was evaporated under reduced pressure. The residue was distilled under
reduced pressure to give 2.2 g (yield, 22.1%) of 1c as a colorless liquid, bp 120°C/6
x 107° torr. R; 0.3 (ethyl acetate/n-hexane, 1/7); [a]p + 6.8° (¢ = 1.0 in CHCl,
at 22°C); '"H NMR (CDCl,) 6 0.88 (t, *J,. = 6.9 Hz, 6H, decyl-CH,), 1.21-1.31
(b, 28H, decyl-CH,), 1.54-1.62 (m, 4H, —OCH,CH,—C;H,,), 2.79 (dd, /., = 5.4
Hz, *J,... = 2.7 Hz, C6-CH,), 2.85 (dd, J,., = 5.4 Hz, *J,;, = 3.9 Hz, C6-CH,),
3.13-3.16 (m, 2H, C2, C5-CH,), 3.26-3.28 (m, 2H, C3-, C4-CH), 3.46 (dd, 2H,
Jgem = 9.3 Hz, *J;. = 6.9 Hz, —OCH,—C,H,y), 3.67 (dd, 2H, J,.,, = 9.3 Hz, *J,;.
= 6.6 Hz, —OCH,—C,H,,); *C NMR (CDCl,) é 14.08 (CH,), 22.64, 25.96, 29.29,
29.41, 29.54, 29.57, 31.88 (CH,), 29.92 (—OCH,CH,—C;H,;), 46.11 (C1, C6),
50.54 (C2, C5), 72.03 (OCH,,_H,,), 79.56 (C3, C4).

Analysis. Calculated for C,;H,,0, (426.69): C, 73.18; H, 11.82. Found: C,
73.01; H, 11.83.

Polymerization Using BF,- OEt,

A typical polymerization procedure is as follows: Monomer 1b (500 mg, 1.75
mmol) was dissolved in dry CH,Cl, (3.50 mL), and a solution of BF-OEt, in CH,Cl,
(24.8 uL in 0.70 mol-L ', 0.0175 mmol) was added using a microsyringe at 0°C.
After 24 hours the reaction mixture was poured into a large amount of methanol
containing a drop of agueous ammonia, and the entire solution was evaporated
under reduced pressure. The residue was extracted using n-hexane/MeOH, and the
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MeOH layer was evaporated under reduced pressure. This procedure was repeated
several times until the monomer in the product obtained from the MeOH phase
disappeared in the GPC trace (158 mg, 31.6%). The M, and M, /M, were 6200 and
1.98, respectively. [a]p, + 19.7° (C = 1.0 in CHCl, at 22°C); “*C NMR (CDCl,) 6
14.02 (CH;), 22.46, 22.50 (—CH,CH,), 28.33, 28.37 (—OC,H,—CH,—C,H,),
29.48, 29.54 (—OCH,CH,—C,H,), 69.39 (C6) 69.77, 69.89 (—OCH,), 71.96 (C1),
79.97 (C5), 82.44 (C2), 83.26 (C4), and 84.38 ppm (C3).

Polymerization Using {-BuOK

A typical polymerization procedure is as follows: The polymerization was
carried out in a H-shaped glass ampule. -BuOK (4.2 mg, 0.035 mmol) and dry THF
(0.72 mL) were added to one side of the ampule, and 1¢ (309 mg, 0.72 mmol) was
added to the other side of the ampule under a nitrogen atmosphere. After sealing
under vacuum, the monomer and the catalyst solution were mixed at 60°C. After 48
hours the reaction mixture was poured into a large amount of methanol containing a
drop of 0.1 N hydrochloric acid, and the entire solution was evaporated under
reduced pressure. The residue was purified by reprecipitation from r-hexane/
MeOH to give the polymer (170 mg, 53.4%). The M, and M,/M, were 7600 and
1.25, respectively. [a]lp + 23.7° (¢ = 1.0 in CHCI, at 22°C); "*C NMR (CDCl,) é
14.11 (CH,), 22.68 (—CH,CH,), 26.19, 26.24 (CH,), 29.36 (CH,), 29.54 (CH,),
29.63, 29.66 (CH,), 29.84 (CH,), 29.92 (CH,), 31.91 (CH,), 69.30 (C6) 69.80, 69.98
(—OCH,), 72.00 (C1), 79.92 (C5), 82.38 (C2), 83.25 (C4), and 84.45 ppm (C3).

Cation-Binding Property

The extraction of alkali metal picrates was carried out using a procedure
similar to the one developed by Pedersen [10]. A solution of polymer in dichloro-
methane ([2,5-anhydro-D-glucitol units in polymer] = 4.5 x 10~* mol-L ~!) was
vigorously shaken in a culture tube with a solution of alkali hydroxide and picric
acid in water ([metal hydroxide] = 0.1 mol-L ™! and [picric acid] = 7 x 10~*
mol-L '), After separating into two phases, the alkali picrate extracted into dichlo-
romethane was determined by measuring the absorbance of picrate remaining in the
aqueous phase at 357 nm on a UV spectrophotometer.

RESULTS AND DISCUSSION
Cyclopolymerization of 1,2:5,6-Dianhydro-p-mannitol

Table 1 lists the results of the polymerizations of 1,2:5,6-dianhydro-3,4-di-O-
pentyl-D-mannitol (1b) and 1,2:5,6-dianhydro-3,4-di-O-decyl-D-mannitol (1¢) using
BF-;0Et, and +-BuOK. All the polymerizations using BF,- OEt, proceeded homoge-
neously. After 24 hours at 0°C the reaction mixture was poured into methanol
containing a drop of aqueous ammonia and the solution was evaporated to yield an
oil residue consisting of the monomer and polymer. Monomer 1b could not be
removed from the mixture by the same solvent, such as n-hexane, CHCl,, THF, and
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TABLE 1. Cyclopolymerization of 1,2:5,6-Dianhydro-3,4-di-O-R-D-
mannitol (1) with BF,- OEt, and 7-BuOK

Monomer Catalyst  Solvent  Yield, % M, (M,/M,)¢ [a}Z°
1b(R = n-C;H,)) BF, -OFEt,* C{H,CH, — 2700 (1.22) -
CH,Cl, 31.6  6200(1.34) +25.8
C,H,NO, - 2600 (1.61) -~
t-BuOK® 1,4-Dioxane 389  6700(1.27) +38.9
THF 39.8 7600 (1.32) +32.8
1c (R = n-CyH,,) BF, OEt,* C,H,CH, 44.5 4200 (1.20) +15.6
CH,Cl, 46.2 3900 (1.41) +16.0

C,H,NO, 48.9 4600 (1.29) +14.4
+-BuOK® C(H,CH, 747 8400 (1.33) +22.1
THF 53.4 7600 (1.25) +23.7

%M] = 0.5 mol-L ~'; [BF, OEt,] = 5 mmol-L ~'; 0°C; 24 hours.
*M] = 1.0 mol-L ~%; [M}/[t-BuOK] = 20; 60°C; 48 hours.
‘Estimated by GPC using polystyrene as standard.

‘¢ 1.0 in CHCL,.

MeOH, as the resulting polymer. The mixture was extracted using #-hexane/MeOH,
and the MeOH layer was evaporated under reduced pressure. This procedure was
repeated until the absence of the monomer in the product obtained from MeOH
phase was confirmed using GPC measurement. For the polymerization in CH,Cl,,
the yield was 31.6% and the number-average molecular weight (M,) was 6200,
which corresponded to a degree of polymerization (DP) of 21.6. However, the
purification of the raw products obtained in C¢H;CH, and C,H,NO, was incomplete
because of their lower M,s. The values of 2700 and 2600 listed in Table 1 were
estimated from the GPC traces of the mixtures. On the other hand, the polymers
from 1c were soluble in n-hexane, CHC;, and THF but insoluble in MeOH, so they
were purified by reprecipitation from n-hexane/MeOH. The polymer yields were
44.5-48.9% and the M, was 3900-4600 (DP = 9.1-10.8). The specific rotation
([x]p) was +25.8 for the polymer from 1b and +14.4 to +16.0 for those from 1¢
(¢ = 1.0in CHCl, at 22°C).

For the polymerization using -BuOK, the catalyst gradually dissolved into the
reaction system during a few hours. The solubility properties of the resulting poly-
mers in organic solvents were similar to those using BF;- OEt,. The yield and M, of
the polymers were higher than those using BF,-OEt,. The highest value of M, was
7600 (DP = 26.5) for the polymer from 1b in THF and 8400 (DP = 19.7) for that
from 1¢ in C4H,CH,. The specific rotations ([«],) were +38.9 and +32.8 for the
polymers from 1b and +22.1 and +23.7 for those from 1e (¢ = 1.0 in CHC, at
22°C).

The polymers synthesized from 1b and 1e¢ were soluble in common organic
solvents but insoluble in water, which differed from polymer 2a because of its
amphiphilic solubility. This means that these polymers are expected to be easily
recovered after using complex agents in the host-guest system.
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Polymer Structure

Figure 1 shows the '"H-NMR spectra of the polymers obtained from the poly-
merizations of 1b and 1¢ in CH,CIl, using BF,-OEt,. Because the characteristic
absorption at 2.7-3.2 ppm due to the epoxy groups completely disappeared, the
polymerization proceeded according to a cyclopolymerization mechanism, leading
to polymers consisting of cyclic constitutional repeating units. For the polymers
using #~-BuOK, the absorption due to the epoxy protons also disappeared in the
'H-NMR spectra, i.e., the extent of cyclization was 100% as well as for the polymers
using BF;- OEt,.

The “C-NMR spectra of the polymers from 1b and 1c using BF-OEt, are
shown in Fig. 2. For the polymer from 1b, the signals at 79.97, 82.44, 83.26, and
84.38 ppm were the methine carbons and those at 69.39 and 71.96 ppm were the
methylene ones. For the polymer from 1c, those at 79.92, 82.38, 83.25, and 85.45
ppm were the methine carbons and those at 69.30 and 72.00 ppm were the methylene
ones. Both of the four signals due to the methine carbons are very close to those at
79.83, §82.23, 84.69, and 85.43 ppm assigned to the carbons of C5, C2, C4, and C3
for 2a, respectively [1-3]. This result indicates that the structure of the polymers
from both 1b and 1¢ was 1—6 bonded 2,5-anhydro-D-mannitol as the 5-membered

a)

Ay
b)
,,MM\ L

1 i 1 1

4.0 3.0 2.0 1.0 ppm/8

FIG. 1. H-NMR (270 MHz, CDCl;) spectra of the polymers 2b (a) and 2¢ (b)
obtained with BF;:OEt,.
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FIG. 2. "“C-NMR (67.5 MHz, CDCl,) spectra of the polymers 2b (a) and 2¢ (b)
obtained with BF,- OEt,.

constitutional unit. However, many small signals were observed, so that the polymer
should contain a slight amount of other cyclic repeating units except for 2,5-anydro-
p-mannitol. Their mole fraction could not be determined by *C-NMR spectra.
These results were very similar to the polymer structure from 1a [3].

On the other hand, sharp signals were observed in the *C-NMR spectra of the
polymers using -BuOK (Fig. 3), which apparently differs from observatons for the
polymers using BF;-OEt,. This result means that the polymerization using -BuOK
was more highly regio- and stereoselective than that using BF,- OEt,. The polymer
structures from 1b and 1c¢ using -BuOK were (1—6)-2,5-anhydro-3,4-di-O-pen-
tyl-D-glucitol (2b) and (1-—6)-2,5-anhydro-3,4-di-O-decyl-D-glucitol (2¢), respec-
tively.

For the cyclopolymerization of 1, there was a little difference in the cyclic
structural units between the polymers using cationic and anionic catalysts, which
can be explained by the general rules for ring closure on the basis of the stereoelec-
tronic effect [11]. In general, the cyclization of 1,2:5,6-diepoxyhexane is supposed
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FIG. 3. "C-NMR (67.5 MHz, CDCly) spectra of the polymers 2b (a) and 2¢ (b)

obtained with -BuOK.
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TABLE 2. Extraction Yield of Alkali-Metal Picrates
by (1—6)-2,5-Anhydro-3,4-di-O-R-b-glucitol (2)*

% Picrate extracted

Polymer Li* Na* K* Rb* Cs*
2a (R = CH,)® 8.2 13.3 61.3 69.9 76.9
(R = n-CH,)* 35 96 494 6l.1 665

2c(R = n-C,Hy)* 37 61 435 571 608

*[2,5-Anhydro-p-glucitol units in polymer] = 4.5 x 10~*
mol-L ™' in CH,Cl,; [picric acid] = 7 x 10~°mol-L ! and [alkali
hydroxide] = 0.1 mol-L ~in H,0; 23°C.

"M, = 3000 (DP = 17.2).
‘M, = 6700 (DP = 23.4).
‘M, = 8400 (DP = 19.7).

to form a S-membered cyclic product under anionic conditions [12, 13], whereas §-
and 6-membered ones form under cationic conditions. This regioselectivity caused
the stereoregularity in the polymer which depended on the catalyst used; neverthe-
less, the D-mannitol structure in monomer 1 primarily changed to the p-glucitol one
in polymer 2. Therefore 2 should be produced through the regio- and stereospecific
cyclopolymerization mechanism. For the intermolecular reaction, the first epoxide
cleaved at the 8-bond (CH,—0), resulting in retention of the R configuration of the
a-carbon. On the other hand, the intramolecular cyclization proceeded through
cleavage at the a-bond (CH—O) of the second epoxide to form a S-membered ring,
and the configuration of the a-carbon was inverted from the R to the S [1, 3, 5, 14].

For 1,2:5,6-dianhydro-p-mannitol (1), the 3,4-di-O-alkyl substituted mono-
mer were regio- and stereoselectively cyclopolymerized to yield (1-6)-3,4-di-O-
alkyl-2,5-anhydro-D-glucitol (2) except for the monomer with a 3,4-di-O-isopropyl-
idene group [14].

Cation-Binding Property

The cation-binding properties of (1—6)-2,5-anhydro-3,4-di-O-pentyl-D-
glucitol (2b) and (1-6)-2,5-anhydro-3,4-di-O-methyl-p-glucitol (2a). For this
purpose the specimens used were the polymers with similar degrees of polymeriza-
tion (DP); 2a with M, = 3000 (DP = 17.2), 2b with M, = 6700 (DP = 23.4),
and 2¢ with M, = 8400 (DP = 19.7). Table 2 lists the results of a one-extraction
experiment using picrates of Li*, Na*, K*, Rb™, and Cs*. The extraction yields
for each cation decreased in the order 2a > 2b > 2¢. Every polymer was similar in
cation-binding selectivities in the order Cs* > Rb* > K* » Na* > Li*. How-
ever, there is a small difference in the selectivity between K * and Na *. The ratio of
K* and Na‘*, K*/Na™, was 4.6 for 2a, 5.1 for 2b, and 7.1 for 2¢, resulting in an
increase in the order 2a < 2b < 2c. This indicates that the 3,4-di-O-alkyl groups of
(1-6)-2,5-anhydro-p-glucitol (2) slightly affect the cation-binding property, and
the oxygens at the 3,4-position act as donor atoms in the host-guest complexation.
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CONCLUSIONS

The cyclopolymerizations of 3,4-di-O-pentyl- and 3,4-di-O-decyl-1,2:5,6-
dianhydro-D-mannitol were carried out using BF3-OFEt, and t-BuOK. The polymers
obtained using 7-BuOK, (1—6)-2,5-anhydro-3,4-di-O-pentyl-D-glucitol (2b) and
(1—6)-2,5-anhydro-3,4-di-O-decyl-D-glucitol (2¢), were more highly regio- and
stereoselective than those using BF,- OEt,. Therefore, this highly selective cyclopo-
lymerization of 1,2:5,6-dianhydrohexitol by using an anionic cataylst is a new
method for producing an artificial polycarbohydrate which differs from the ring-
opening polymerization of the anhydro sugar. Polymers 2b and 2¢ were soluble in
n-hexane, CHCl,, and THF but insoluble in water, which differs from the amphi-
philic solubility of (1—6)-2,5-anhydro-3,4-di-O-methyl-p-glucitol (2a). For the
binding ability toward alkali-metal picrates, the extraction yields for each cation
decreased in the order 2¢ < 2b < 2a. Every polymer exhibited similar cation-
binding selectivities in the order Cs* > Rb* > K* » Na* > Li", though there
was a small difference in the selectivity between K* and Na *.
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