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ABSTRACT:

1,6-Anhydro-f-p-mannopyranose derivatives having electron-withdrawing groups

at C-2, ie., 1,6-anhydro-3,4-di-O-benzyl-2-O-methanesulfonyl-g-pD-mannopyranose (5), 1,6-an-
hydro-2-0-benzoyl-3,4-di-O-benzyl-f-D-mannopyranose (6), and 1,6-anhydro-3,4-di-O-benzyl-p-
D-arabino-hexopyranos-2-ulose (7) were synthesized, and polymerized under cationic conditions.
The polymerization of 5 gave stereoregular polysaccharide with high molecular weight. On the
other hand, the polymerization of 6 yielded lower molecular weight polysaccharide, and 7 showed
no polymerizability under various conditions. Differences in the reactivity among 1,6-anhydro
sugar derivatives having various electron-withdrawing groups at C-2 are discussed.
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Since polysaccharides play important roles
physiologically, pharmaceutical applications of
polysaccharides have been attempted. Synthet-
ic technology of polysaccharides has stimu-
lated bioscience, and such technology is utilized
in the fields of food chemistry, medical supplies,
and other industries. Some methodologies have
been reported about the preparation of
polysaccharides such as stepwise! or block-
wise synthesis,? polycondensation,? enzymatic
synthesis,* and ring-opening polymerization
of anhydro sugar derivatives.®’ Ring-opening
polymerization is well suited for the synthesis
of high moleculer weight glycans. The estab-
lished relative polymerizabilities of benzylat-
ed 1,6-anhydro-f-D-hexopyranoses are in the
order: mannose > glucose > galactose. Polym-
erizabilities of 1,6-anhydrosugar derivatives
and stereoregularities of the obtained poly-
saccharides are much dependent on the protec-
tive groups. Especially, the effect of the

* To whom correspondence should be addressed.

substituent at C-2 on the polymerizability is of
interest because of its electrical and steric
influences on the polymeric active end.

In recent years, Kobayashi et al. reported the
polymerization of 1,6-anhydro-f-p-galacto-
pyranose having benzoyloxy group at C-2. The
polymerization proceeds with double inversion
at C-1 by the formation of acyloxonium ion,®
leading to 1,2-trans-glycoside, that is, (1 -6)-5-
D-galactopyranan derivative.® Polymerizations
of benzylated 1,6-anhydro-sugar monomers
proceed usually with single inversion at C-1
leading to (1-6)-a-D-hexopyranans.!®!?

In this study, the synthesis of 3 kinds of
1,6-anhydro-#-D-mannopyranose derivatives
having electron-withdrawing groups at C-
2, i.e., 1,6-anhydro-3,4-di-O-benzyl-2-O-meth-
anesulfonyl-f-D-mannopyranose (5), 1,6-an-
hydro-2-0-benzoyl-3,4-di-O-benzyl-f-
D-mannopyranose (6), and 1,6-anhydro-3,4-di-
O-benzyl-f-D-arabino-hexopyranos-2-ulose 7.

71



K. KANNO, Y. KoBAyasHI, and K. HATANAKA

The effects of electron-withdrawing substi-
tuents at C-2 of 1,6-anhydro-sugars on poly-
merizabilities were investigated.

EXPERIMENTAL

General Methods

270-MHz 'H-NMR spectra were measured
for solutions in CDCl; with tetramethylsilane
as internal reference by a JEOL EX-270
spectrometer. Optical rotations were measur-
ed in CHCI; by a digital polarimeter. Gel-
permiation chromatography was carried out
with a Shimadzu LC-9A using GPC-802, 803,
and 804 column.

1,6-Anhydro-2,3-0O-(S)-benzylidene-fp-D-

mannopyranose (2)

1,6-Anhydro-f-D-mannopyranose (1; 5.0g,
30.9 mmol), prepared from D-mannopyranose
by the method of Fraser-Reid,'? was dis-
solved in dried dimethylformamide (20 ml).
After adding «,a’-dimethoxytoluene (30ml,
209 mmol) and p-toluenesulfonic acid (0.6g,
3.15mmol), the reaction mixture was stirred
for 1 h at 50°C under unhydrous conditions.
The residue was taken up by chloroform
(200 ml), neutralized, and successively washed
by water. 2 was crystallized from ethanol.
(5.02g, 65.2%), [a]3! =-44.6°, 5y : 3.86 (t, 1H,
Js6=71.59, Js.6=6.26, H6), 4.07 (t, 1H, J, 5=
1.32, H4), 4.09 (t, 1H, J, ;=1.98, H2), 4.21 (t,
1H, H3),4.25 (t, 1H, J5 - =0.99, H6'), 4.60 (m,
1H, H5), 5.51 (s, 1H, H-1), 5.77 (s, 1 H, Hcypn)>
7.41 (q, 4H, Hpy), 7.65 (s, 1H, Hpy).

1,6-Anhydro-4-0-benzyl-2,3-0-(S)-benzyli-

dene-f-D-mannopyranose (3)

A solution of 1,6-anhydro-2,3-O-(S)-ben-
zylidene-B-D-mannopyranose (2; 5.04g, 20.2
mmol) in dimethylformamide (50ml) was
dropped into a suspension of sodium hydride
(1.93g, 80.5mmol) in dimethylformamide
(150 ml) spending 5 h at 20°C. After stirring for
1 additional hour, benzyl chloride (5.12ml,
44.5mmol) in dimethylformamide (45 ml) was
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dropped onto the residue. The reaction mixture
was stirred for 16 h, and quenched by adding
methanol. The residue was taken up by 1 liter
of chloroform, washed by water and 3 was
crystalized from the solution of ethanol.
(6.45g, 93.9% ), [a]3! = —41.8°, dy: 3.78 (s,
1H, H-4), 3.83 (d, 1H, H-6), 3.95 (d, 1H,
Je.6,=7.26, H-6), 4.26 (d, 1H, H-2), 4.28 (d,
1H, J, 3=6.93, H-3), 4.66 (m, 1H, H-5), 4.67,
475 (d, 2H, J=12.2, -CH,Ph), 5.52 (d, 1H,
J1,=297, H-1), 5.76 (s, 1H, O,CHPh), 7.38,
7.39 (s, 10H, Ph).

1,6-Anhydro-3,4-di-O-benzyl-B-D-mannopy-

ranose (4)

1,6-Anhydro-4-0O-benzyl-2,3-0O-(S)-benzy-
lidene-f-D-mannopyranose (3; 6.45g, 19.0
mmol) was dissolved in a suspension of litium
aluminum hydride (0.735g, 19.4mmol) in
reaction the solvent (dichloromethane and
diethylether=50 and 150ml), in which alu-
minum chloride had been added and stirred
for 30min at 40°C. The residue was cooled
and the reaction was quenched by the addition
of water. The residue was taken up by
chloroform, washed by water, dried, evapo-
lated, and chromatographed on silica-gel
(hexane :ethyl acetate=2:3 eluent). 4 was
crystalized from syrupy state. (3.96 g, 60.6%),
[«]3' = —58.3°, &y : 2.04 (s, OH), 3.49 (s, 1H,
H-4), 3.69 (dd, 1H, J5,=5.94, Jg e =6.93,
H-6), 3.73 (q, 1H, H-2), 3.78 (m, 1H,
H-3), 4.07 (dd, 1H, J5 ¢ =0.99, H-6), 4.50—
4.55 (m, 5H, H-5, -CH,Ph), 5.35 (s, 1H, H-1),
7.34 (10H, Ph).

1,6-Anhydro-3,4-di-O-benzyl-2-O-methanesul-

fonyl-B-D-mannopyranose (5)

To a cooled (0°C) solution of 1,6-anhydro-
3,4-di-O-benzyl-f-D-mannopyranose (4; 2.0 g,
5.85mmol) in pyridine (5 ml), methanesulfonyl
chloride (0.588ml, 7.60mol) was injected
slowly, and stirred for 30 min. The residue was
taken up by chloroform, and washed by water.
After chromatography by silica-gel (benzene:
ethyl acetate=1: 1), 5 was purified by five times
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of recrystalization from 1-chlorobuthane solu-
tion. (1.72g, 78.2%), [a]d?=—5.6°, Oy:
3.04 (s, 3H, SO,CH3), 3.46 (t, 1H, J; ,=1.65
Hz, J,s=198Hz, H-4), 3.76 (dd, 1H,
Js.6=594Hz, Js ¢ 7.26 Hz, H-6), 4.24 (q, 1H,
J,3=5.61Hz, H-3), 426 (dd, 1H, J5 =0.99
Hz, H-6), 4.46 (d, 1H, J=12.5Hz, -CH,Ph),
4.49 (d, 1H, J=12.5Hz, -CH,Ph), 4.50 (m,
1H, H-5), 4.52 (d, 1H, J=12.1 Hz, -CH,Ph),
471 (d, 1H, J=12.1Hz, -CH,Ph), 4.78 (q,
1H, H-2), 5.53 (d, 1H, H-1), 7.35 (s, 10H,
Ph), v 1350cm ™! (-OSO,-).

1,6-Anhydro-2-0-benzoyl-3,4-di-O-benzyl- -

D-mannopyranose (6)

Benzoyl chloride (2.06ml, 17.5mmol) in
pyridine (2ml) was dropped into a pyridine
solution of 1,6-anhydro-3,4-di-O-benzyl-f-D-
mannopyranose (4; 3.0 g, 8.77 mmol, pyridine:
Sml) at room temperature. The residue was
stirred at room temperature for 24 h, poured
into ice water, and extracted by chloroform
which was washed by water, dried by sodium
sulfate, evaporated, and five times chlomato-
graphed on silicagel (dichloromethane as a
eluent). 6 was obtained as a clear syrup. (3.22 g,
82.2%), [a]p’ = —6.75°, 8y : 3.51 (s, 1H, H-4),
3.80 (dd, 1H, Jg ¢ =594Hz, Js¢=726Hz,
H-6),4.16(q, 1H,J, ;=5.61Hz,J; ,=1.32Hz,
H-3), 4.29 (d, 1H, H-6), 4.43, 4.55 (d, 2H,
J=12.1Hz, —CH,Ph), 4.45, 4.58 (d, 2H,
J=12.1 Hz, -CH,Ph), 4.59 (m, 1H, H-5), 5.10
(q, 1H, H-2), 5.58 (d, 1H, H-1), 7.22 (s, 15H,
Ph).

1,6-Anhydro-3,4-di-O-benzyl-B-p-arabino-

hexopyranos-2-ulose (7)

The activation of dimethyl sulfoxide was
carried out according to Swern oxidation.!?
That is, to a cooled (—60°C) solution of
dimethyl sulfoxide (0.916ml, 12.9mmol) in
dichloromethane (4ml) was dropped dichlo-
romethane (4ml) containing oxalyl chloride
(0.564 ml, 6.44 ml) under unhydrous condition.
After the activation of dimethyl sulfoxide, a
solution of 4 (2.0 g, 0.584 mmol) in dichloro-
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methane (10 ml) was injected into the activated
dimethyl sulfoxide solution at —70°C, and the
reaction mixture was stirred at —15°C for
25min. A solution of triethylamine (4.08 ml,
14.6mmol) in dichloromethane (5ml) was
added to the reaction mixture at —30°C, and
stirred for 15 additional minute at —15°C. The
reaction was quenched by water, and the
residue was extracted by chloroform. The
organic layer was washed by water, dried with
sodium sulfate, and concentrated under re-
duced pressure. The residue was diluted by
1-chlorobutane, and recrystalized from 1-
chlorobutane solution fifth times. (1.21g,
61.0%), [a]3'=—8.5°, 6y: 3.69 (d, 1H,
Jos=6.60Hz, H-6"), 3.86 (q, 1H, J5¢=
4.29 Hz, H-6), 4.69 (s, 3H, H-3 and —CH,Ph),
4.88 (dd, 2H, J=12.2Hz, -CH,Ph), 5.06 (q,
1H, J, s=5.28, H-5), 5.45 (s, 1H, H-1), 6.86
(d, 1H, H-4), 7.36 (s, 10H, Ph), v 1750cm™!
(C=0).

Polymerization

Polymerizations of 1,6-anhydro-f-D-manno-
pyranose derivatives (5), (6), and (7) were
conducted under various conditions for 48h
using phosphorous pentafluoride as the initia-
tor under high vacuum. The polymerizations
were terminated by methanol, and purified by
reprecipitation using chloroform—methanol
system five times. The products were freeze-
dried from benzene solution. Average mo-
lecular weights were determined by gel-per-
meation chromatography using polystyrene
as the standard. From the '*C NMR spectra,
stereoregularities were determined from inte-
gral numbers of the anomeric centers of the
polymers. The results are summarized in Table
L

RESULTS AND DISCUSSION

Synthesis of Anhydrosugar Monomers

As shown in Scheme 1, all monomers were
synthesized from 1,6-anhydro-g-pD-mannopy-
ranose (1) prepared by base-catalyzed cycliza-
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Table 1.

Polymerizations of 1,6-anhydro-3,4-di-O-benzyl-2-O-methanesulfonyl-f-pD-mannopyranose (5), 1,6-anhydro-

2-0-benzoyl-3,4-di-O-benzyl-f-D-mannopyranose (6), and 1,6-anhydro-3,4-di-O-benzyl-B-D-arabino-hexopyranos-2-

ulose (7)
Initiator® Temp Yield [«]p2°
No. Monomer M,° o Form’
mol% °C % deg.
1 s° 20 0 0
2 20 —40 0
3¢ 30 -50 20.0 2.0x10° n.d. 100
4 10 —50 0
54 100 —-50 16.8 2.4x10° +34.7 100
6 20 —60 15.6 1.6 x 103 n.d. 100
7 30 —60 12.8 1.6 x 10° n.d. 100
8 5 —78 0
9 68 20 0 14.8 2.2x 103 +1.84 73
10 10 —-20 20.2 23x10° +2.12 69
11k 30 —40 48.2 2.7x10° n.d. 100
12t 50 —40 27.0 2.6x103 n.d. n.d.
13 20 —50 5.4 2.7x103 +4.12 100
14 10 -170 0
15 T 20 0 0
16 20 -20 0
17 20 —-50 0
18 20 -50 0
2 Phosphorous pentafluoride was used as the initiator
b Monomer: 500 mg; solvent, CH,Cl,: 3ml.
¢ Monomer: 200 mg; solvent, CH,Cl,: 0.6 ml.
d

A CDCl; insoluble part was obtained.

¢ Determined by GPC polystyrene standard.
£ Measured by '>*C-NMR spectroscopy.

¢ Monomer: 500 mg; solvent, CH,Cl,: 3ml.
b Monomer: 500 mg; solvent, CH,Cl,: 2ml.
i Monomer: 200 mg; solvent, CH,Cl,: 3 ml.
i Monomer: 200 mg; solvent, toluene: 3 ml.

tion according to Fraser-Reid.!? 1,6-Anhydro-
4-0-benzyl-2,3-0-(S)-benzylidene-f-D-
mannopyranose (3) was synthesized by benzy-
lidenation of 1 followed by benzylation. The
NOE spectrum of 3 showed that 3 was an
endo isomer of two expected diastereomers,
because of strong interactions between the
proton on the asymmetric center of the
benzylidene group and not H-6 protons but
H-2 and H-3 protons (data not shown). The
benzylidene group of 3 was reduced by lithium
aluminum hydride and aluminum chloride!®
giving 1,6-anhydro-3,4-di-O-benzyl-B-D-
mannopyranose (4), stereoselectively. For 2,3-
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O-(S)-benzylidene-pyranosides, the stereose-
lectivity of reduction, that is, the direction of
cleavage of the dioxolane ring of the benzyli-
dene group depends on the configuration of
the acetal carbon atom, as reported by Liptak
et al.'® They confirmed that the reduction of
the exo isomer gave a derivative containing
axial hydroxyl and equatorial O-benzyl groups,
and from the endo isomer, a derivative with
equatorial hydroxyl and axial O-benzyl groups
was obtained. Our results show Liptak’s rule to
be applicable to 1,6-anhydro-hexopyranose.
Three new monomers were synthesized from
4. Methanesulfonylation and benzoylation of

Polym. J., Vol. 27, No. 1, 1995
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4 gave 1,6-anhydro-3,4-di-O-benzyl-2-O-meth-
anesulfonyl-f-D-mannopyranose (5) and 1,6-
anhydro-2-0-benzoyl-3,4-di-O-benzyl-§-D-

Ph Yield
o '
|
Og a,a'-dimethoxytoluene 0- § "H
OH p-toluenesulfonic acid °
HO 1 DMF HO 2 652%
50°C, 1h Ph
0‘ ’
BnCl, NaH / DMF o—f=H
2 20°C,16h A
: Bn0 3 93.9%
0
LiAlH4, AICl; / CH,ClL-Et,O OBn
3 40°C , 30 min O7 on
BnO 4 60.6%
(o]
MsCl/ pyridine OBn 9
4 om Z-o5cm
0°C,30 min BnO o
5 782%
o
BzCl, pyridine OBn
4 Q0
room temp., 24h BnO 6 822%
o}
Swern oxidation OBn
4 ‘0
BnO 7 61.0%

Scheme 1. Syntheses of 1,6-anhydro-3,4-di-O-benzyl-2-
O-methanesulfonyl-f-pD-mannopyranose (5), 1,6-anhydro-
2-0-benzoyl-3,4-di-O-benzyl-B-p-mannopyranose (6) and
1,6-anhydro-3,4-di-O-benzyl-B-D-arabino-hexsopyranos-
2-ulose (7).

mannopyranose (6), respectively. 1,6-Anhy-
dro-3,4-di-O-benzyl-f-D-arabino-hexopy-
ranos-2-ulose (7) was prepared by the Swern
oxidation'? of 4.

Ring-Opening Polymerization
1,6-Anhydrosugar monomers were polym-
erized by phosphorus pentafluoride as the
initiator in methylene chloride at low tem-
perature under high vacuum. As shown in
Table 1, the polymerization of 5 proceeded at
—50° and —60°C using more than 20 mol% of
the initiator. The polymers were 3,4-di-O-
benzyl-2-O-methanesulfonyl-(1—-6)-a-D-
mannopyranans, whose stereoregularity was
confirmed by specific rotations and 3C-NMR
spectra of polymers (Figure 1), with high
number average molecular weights of 1.6—
2.4x10°. No polymer was obtained by the
polymerization at —40 °C or above, most likely
due to side reactions. Polymerization at an
initiator concentration of 10mol% gave no
polymer probably due to the coordination of
the initiator to the methanesulfonyl group at
C-2. Therefore, the polymerization of 5
requires relatively higher initiator concen-

@, CDCl,
O B O
Bn
Bn
03~ C2-C5
Unu—
o}
Il
—O0—S~—CHjs
Cl T
O
Ccé
| x
- l | U | |
i [ i \
, | v ;
MW ittt b AR T ; \
e e T r - T -
140 130 120 110 100 %0 80 70 60 50 @ 30
Figure 1. '3C NMR spectrum of 3,4-di-O-benzyl-2-O-methanesulfonyl-(1—6)-a-D-mannopyranan (No.

7 in Table I).
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Table I).

tration and relatively lower tempercature.
3,4-di-O-benzyl-2-O-methanesulfonyl-(1 - 6)-
o-D-mannopyranans may be an important
precursors of 2-substituted (1—6)-a-D-glu-
copyranan, because the O-methanesulfonyl
group is a good leaving group in nucleophilic
substitution reactions. 2-O-benzoyl derivative
(6) was polymerized in the range of —50°C to
0°C with more than 10mol% of the initiator.
For all polymerization conditions, the number
average molecular weight was low (2.2—2.7 x
103 ), indicating that side reactions such as
chain transfer reaction or interaction between
cationic C-1 carbon and carbonyl group at C-2
may occur. 7 could not be polymerized under
various conditions.

Differences of polymerizabilities of these
monomers would be caused by the substituent
at C-2 which affects the electron density of the
propagating end and the nucleophilicity of
1,6-anhydro ring. Generally, in NMR spec-
troscopy, a downfield shift of proton occurs
when bonded to the electron-withdrawing
group, because of decrease in the electron
density of the proton. Absorptions of H-1
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13C NMR spectrum of 2-O-benzoyl-3,4-di-O-benzyl-(1—6)-a-D-mannopyranan (No. 13 in

protons of 5 and 6 whose chemical shifts were
5.53 and 5.58 ppm, respectively, were appear-
ed in a lower magnetic field than the peak of
the H-1 proton of tri-O-benzylated 1,6-anhy-
dro-mannnopyranose (5.45ppm), indicating
that the electron density of H-1 protons of §
and 6 was low. Therefore, the electron density
of the anhydro-ring oxygens of 5 and 6 might
be also lower than that of tri-O-benzylated
1,6-anhydro-mannnopyranose and the nucleo-
pholicities of these anhydro-ring oxygen might
decrease.

Since the methanesulfonyloxy group of 5 and
benzoyloxy group of 6 are electron-with-
drawing groups, the electron density of
anhydro-ring in the monomer may decreases
and the nucleophilic attack of the monomer
may not occur easily. Therefore, the monomer
reactivity of 1,6-anhydrosugar monomer hav-
ing electron-withdrawing groups at C-2 was
lower than that of perbenzylated 1,6-anhydro-
sugars.

In polymerizing 7, the effect of functional
group at C-2 was stronger. In addition to the
electron-withdrawing effect as discussed above,

Polym. J., Vol. 27, No. 1, 1995
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oxa-carbenium ion possibly derived from 7 at
the growing chain end should be stabilized by
the formation of the conjugated system with a
carbonyl group which has n electrons. More-
over, there is the possibility of interactions
between the carbonyl group and the initiator.
That is to say, the extremely low polymeriza-
bility of 7 can be accounted for by the low
reactivity of the monomer and cations.
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