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Water-soluble O-methyl glucomannan derivatives (O-MGs) with various degrees of substitution were
obtained by direct alkylation reaction of an insoluble glucomannan with methyl iodide without any
organic solvent including methanol and dimethyl sulfoxide. The structure of O-MGs was characterized
by 'H, 3C, TH '3 C NMR-HSQC, and "H '*C NMR-HMBC spectra. The reactive conditions for synthesizing of

0-MG derivatives were also evaluated. The results shown that the optimal conditions for methylation of
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glucomannan were pH 10, temperature of 40°C for 3 h. The degree of substitution (DS) of O-substitution
increased from 0.09 to 0.175 since the ratio (w/v) of glucomannan/methyl iodide changed from 1/3 to

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Amorphophallus-sp. is grown in mountain or hilly areas in sub-
tropical regions, mainly in the South East of Asia, including Vietnam.
It has been used as food and food additives in China and Japan
for more than 1000 years. Glucomannan (GM) is a polysaccha-
ride of the mannan family, very abundant in nature, specifically
in softwoods (hemicellulose), roots, tubers and many plants bulbs.
Despite the variety of sources, the most common used type of GM is
named konjac glucomannan (KGM), which is extracted from tubers
of Amorphophallus plants. Irrespective of its origin, GM is composed
of -1,4-linked p-mannose and p-glucose monomers. However, the
mannose/glucose monomer ratio may vary depending on the origi-
nal source of GM (Gao & Nishinari, 2004; Ishrud, Zahid, Viqar, & Pan,
2001; Koroskenyi & Mc Carthy, 2001; Xiao, Gao, & Zhang, 2000).
Glucomannan and its derivatives have been investigated and used
in many fields, such as food, film-forming, biomedical. .. (Vuksan,
Jenkins, et al., 1999; Vuksan, Stevenpiper, et al., 2000). Although,
the applications of glucomannan were restricted for its viscosity
and low solubility, so various studies were conducted to improve
the ability of dissolving of glucomannan in organic solvents, polar
solvents and especially in water by chemical modification tech-
niques, such as methylation (Hakomori, 1964; Haworth & Percival,
1932), tosylation (Takechi & Furuhata, 1999) and carboxyalkylation
(An, Dong, Dung, & Thien, 2010; An, Dong, Dung, Thien, & Du, 2010;
Kobayashi, Tsujihata, Hibi, & Tsukamoto, 2002).
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The methylation of glucomannan has been firstly done by
Haworth et al.,, and up to now, this method has been used as an
important method in characterization the structure of polysaccha-
rides. This method has been done also for aiming at to increase
the solubility of this polysaccharide in water and organic sol-
vents (Hakomori, 1964; Haworth & Percival, 1932; Kishida, 1979;
Shatwell, Sutherland, Ross-Murphy, & Dea, 1991). However, the
method for methylation of glucomannan was quite complicated.
For example, according to Hakomori et al. for obtaining methyl glu-
comannan derivative, the dry glucomannan was dissolved in dry
dimethyl sulfoxide and then methylated with methyl iodide in the
presence of methylsulfinyl carbanion (Hakomori, 1964). Perhaps, in
our opinion, this method was only significant when it was used to
investigate the structure of polysaccharides because the use toxic
and expensive chemicals as methanol could provoke some disad-
vantages of processing and applying this product both in foodstuff
and medicine. With the aim to make the water-soluble deriva-
tives of glucomannan, the use of methanol was discarded because
the structure of modified polymers should be not only as close as
possible to that of initial polymers but also were water-soluble.

Glucomannan isolated from Amorphophallus paeoniifolius was
almost insoluble in water at ambient temperature. For enlarging
the application of glucomannan and simplifying its preparation,
in this work, the glucomannan was methylated by methyl iodide
only in aqueous medium without methanol as well as dimethyl
sulfoxide for obtaining the water-soluble O-methyl glucomannan
derivatives. The reactive conditions for synthesizing of 0-CMs such
as ratio (w/v) of GM/MI and pH were also evaluated. The structure
of O-methyl glucomannan derivatives was characterized carefully
by mean of NMR spectroscopy as evidences.
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2. Experimental
2.1. Materials

The glucomannan (M, =1.15 x 108 Da) was isolated from the
tubers of A. paeoniifolius according to the method mentioned in
reference (An, Dong, Dung, & Thien, 2010; An, Dong, Dung, Thien, &
Du, 2010). Methyl iodide and sodium hydroxide were commercial
products of Merck Co., (Germany). All other chemicals and reagents
used in experiments were of analytical grade.

2.2. Synthesis of O-methyl glucomannan derivatives

The O-methyl glucomannan derivatives were synthesized as
follows: glucomannan (1g) was dispersed in 100 ml of water by
stirring, then methyl iodide (3; 5; 9; 15ml marked as O-MG1;
0-MG2; O-MG3; and O-MG4, respectively) was added and the mix-
ture was stirred strongly for 30 min; then the pH was adjusted to
8 and 10, respectively, by slowly adding 10% NaOH aqueous solu-
tion, while stirring vigorously. The reactant system became quite
transparent solution due to swelling of glucomannan as the pH was
raised, but reverted to a completely transparent solution when the
temperature of system was up to 40°C, then maintaining at this
temperature for 3 h. This solution was filtered and cooled to ambi-
ent temperature; the pH was adjusted to pH 7 by using 1% HCl
solution. The O-MGs were precipitated with ethanol under stir-
ring at room temperature, then filtered and redissolved in distilled
water. This process was repeated three times. The final products
obtained after lyophilization were used for further characteriza-
tion.

2.3. Characterization of O-methyl glucomannan derivatives

1H, 13¢, TH 13C HSQC-NMR and 'H 13C HMBC-NMR spectra of
the glucomannan and the O-methyl glucomannan derivatives were
recorded on the 500 MHz Bruker Avance spectrometer, the sample
concentrations being about 5 g/l for 'H NMR and 70 g/ for 13C NMR
spectra in D, 0, at 353 K.

Degree of substitution at O-atom (DS) of O-methyl glucomannan
derivative could be evaluated by their 'H NMR integrals using the
following formula:

B - M
IZHI

where DS is degree of substitution at O-atom of substituted deriva-
tive. Iy and Iz, were the integrals of the hydrogen atom bonded
at C1 of substituted glucomannan unit and C1 of all substituted and
unsubstituted glucomannan unit, respectively.

The molecular weight of the O-MGs was determined by mem-
brane osmometry (Osmomat 090, Gonotec) using membranes with
a cut off of 20,000 Da; at 30 °C and sample concentration of 0.2-1%.

3. Results and discussion
3.1. Synthesis of O-methyl glucomannan

Due to both the glucomannan and methyl iodide were not solu-
ble in water, so the methylation was occurred in the heterogeneous
state. This reason might limit the ability of reaction of reactant
and therefore, the yield of methylation was quite low. For this
reason, many related papers have been reported to the use of
methanol or dimethyl sulfoxide in the methylation of glucoman-
nan (Haworth & Percival, 1932; Hakomori, 1964; Kishida, 1979;
Shatwell et al., 1991). However, this problem could be overcome
by doing as mentioned in the experimental part. Due to the hydra-

tion of glucomannan and with the high speed stirring, the mixture
of glucomannan and methyl iodide was in the polydispersive state.
At this time, sodium hydroxide was added to the mixture. The pres-
ence of sodium hydroxide would make glucomannan swell and lead
the macromolecular chain of glucomannan to be more flexible, so
that their hydroxyl groups became more active and readily reacted
with the methyl iodide by the nucleophilic substitution reaction
for forming the methoxyl groups. In this process, the hydrolysis
reaction of methyl iodide by sodium hydroxide could occur as a
side reaction for forming methanol. For reducing this unexpected
reaction, the methylation was done at low temperature (40 °C). The
success of methylation of glucomannan was proved by investigat-
ing its structure by the nuclear magnetic resonance spectrocopy.

3.2. NMR analysis

The 'H, 13C and 'H 13C HSQC-NMR spectra of GM were shown
in Figs. 1A, 2A and 3A, respectively.

The NMR spectra of glucomannan were registered directly in
state of polymer chain, dissolved transparently in D, 0 at 353 K (the
hydration of glucomannan took place well at this temperature) (no
NaOH be used as previously). The signals of glucose and mannose
units were overlapped, so that its spectrum was rather simple.

In the 'H NMR spectrum of glucomannan, the signal at 5.84 ppm
was assigned to H1 proton of both mannose and glucose units (over-
lapped); the signals of H2-H6 proton were overlapped in region
3.91-4.58 ppm. In the 13C NMR spectrum of glucomannan, the sig-
nals were assigned as follow: C1 (§ 101.3 ppm); C2 (72.08); C3
(72.34); C4 (78.14); C5 (74.00) and C6 (61.43).

The NMR spectra of O-MGs in D,0 were recorded and shown
in Figs. 1B,C, 2B,C, 3B,C and 4. The chemical shift data of O-MG
derivatives were summarized in Tables 1 and 2.

Table 1
TH NMR chemical shift data of 0O-MGs (8 ppm) (5g/1 in D,0 at 353 K).

Signals 0-MG1 0-MG4

H1 of substituted units 6.088 6.084

H1 of initial units 5.821 5.823

H2 of unsubstituted units 4.285 4.327
(overlapped with the signal of
H6)

H2 of substituted units (overlapped 4305 4342
with the signal of H6)

H3 of both un- and substituted 4.090 4.096
units

H4 of both un- and substituted 4.105 4.110
units

H5 of both un- and substituted 4.400; 4.417 4.406; 4.422
units

H6a; H6b (overlapped with the 4.335; 4.261 4.342; 4.296;
signal of H2) 4.292

H of (C2)OCH3 group 4.021 4.028

H of (C3)OCH; group 3.867; 3.885; 3.905 3.875;3.912

H of (C6)OCH3 group 3.793; 3.807 3.800; 3.812

DOH 4.621; 4.700 4618

Table 2

13C NMR chemical shift data of 0-MGs (8§ ppm) (70 g/l in D,0 at 353 K).
Signals 0-MG1 0-MG4
C1 of initial units and substituted units 100.42 100.50
C2 of substituted units 72.59 73.07
C2 of unsubstituted units 72.09 7213
C3 of both un- and substituted units 72.40 72.48
C4 of un-substituted units 78.26 78.37
C4 of substituted units - 81.54
C5 of both un- and substituted units 74.03 74.09
C6 of both un- and substituted units 61.44 61.46
C signal of -OCH3 groups 59.42 59.28
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Fig. 1. The "H NMR spectra of GM (A) and O-MG1 (B) and 0-MG4 (5 g/l in D,0 at 353 K).

10




176 N.T. An et al. / Carbohydrate Polymers 84 (2011) 173-179

= a-wes o
™ - O = @ ~
- —o Mo -
=4 S
= EEEF B
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
~ © o O oo
W g o
NBBIS
- o e
=Erag

—— 100.425
8
72
—— 61. 440
—— 59,423

T T T T T T T T T T
180 160 140 120 100 80 60 a0 20 PPm
S ——
EEESERZ
2edfoasgdg

— 100,503

-
Wl
—
T~ 59.288

OCHs
C -

T T T T T T T T T
i80 160 140 120 100 80 60 40 20 o

PPm

Fig. 2. The '*C NMR spectra of GM (A); 0-MG1 (B) and 0-MG4 (C) (5 g/l in D,0 at 353 K).
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Fig. 3. The 'H 3C HSQC NMR spectra of GM (A) and 0O-MG1 (B).

The structural modifications introduced by the methylation
could be observed by comparing the '"H NMR and '3C NMR spectra
of glucomannan and that of the O-MG derivatives. In the TH NMR
spectrum of O-MG1, the new signals observed at 3.793-4.021 ppm

were assigned for proton of methyl groups, meanwhile, these sig-
nals were also observed at 3.800-4.096 ppm in the spectrum of
0-MG4. In their 13C NMR spectra, the new signal appeared at
59.42 ppm (in the spectrum of O-MG1) and at 59.28 ppm (in the
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Fig. 4. The 'H 13C HMBC NMR spectrum of O-MG4.

spectrum of O-MG4) was assigned for carbon signals of substi-
tuted methyl groups. Thus, the appearance of the new signals
in both 'H and '3C NMR spectra was taken as evidences proved
that the methylation was taken place for forming the O-MG
derivatives.

The above observations were affirmed by the crosspeaks in
the TH 13C NMR-HSQC spectra of glucomannan (Fig. 3A) and
that of O-MG1 derivative (Fig. 3B). In the heteronuclear single
quantum corehence (!H 13C NMR-HSQC) spectrum of O-MG1
(Fig. 3B), the new crosspeaks observed at § 3.80/59.42 ppm;
3.88/59.42 ppm and 4.02/59.42 ppm were due to H/C signals of
the substituted methoxyl groups (the C signal of substituted
group was overlapped at 59.42 ppm). These were significant evi-
dences for identifying the chemical structure of the methylated
glucomannan.

In order to determine the position of substituted methoxyl
groups in the glucopyranose ring, the heteronuclear multiple
bond corehence (H 13C NMR-HMBC) spectrum of 0-MG4 was
recorded (Fig. 4). As shown in Fig. 4, the crosspeaks observed
at § 73.07/4.028 ppm; 72.48/3.875 ppm and 61.46/3.8 ppm were
assigned for C/H signals of C6/0-CH3; C3/O-CH3 and C2/0-CHs.
Therefore, the chemical shift of proton of methyl groups could be
assigned as presented in Table 1.

3.3. Determination of degree of substitution

The degree of substitution (DS) for a O-methyl glucomannan
derivative was defined as number of substitutions of hydroxyl
groups per monomer unit of 0-MG.

In this work, the '"H NMR spectrum of glucomannan were regis-
tered directly in state of polymer chain, dissolved transparently in
D,0 at 353 K (no NaOH be used as previously), therefore their glu-
cose and mannose signals were overlapped, so that the spectrum
was rather simple. The DS of O-methyl glucomannan derivatives
could be determined quite simply by the data of TH NMR spec-
tra using the integrals of proton of substituted methyl groups or
that of proton (H1) of substituted glucomannan. According to the
first method, the DS could be determined using the integrals of
proton of methoxyl groups as follows: DS = [(>" Icu3/3)/ > Iu1 .
The resulting DS values of O-MG1 and O-MG4 were approxi-
mately of 0.228 and 0.486, respectively. However, as shown in the
TH 13C HSQC-NMR spectra (Fig. 3B), the H signals of the ~OCH3
groups were overlapped with the signals of H4 and H3, so that
the results were calculated from the formula as above mentioned
could be not so accurate. In the method that used the integrals
of proton H1 of substituted glucomannan, the DS could be deter-
mined as mentioned in the experimental part. Also as shown in
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Table 3
Effect of methyl iodide amount and pH on the extent of methylation.
Samples GM (g) MI (ml) pH R2 (%) DS Mn (g/mol)
0-MG1 1 3 8 3.5 - 1.02 x 108
1 3 10 1255 0.09 1.13 x10°
0-MG2 1 5 8 5.2 - 1.08 x 108
1 5 10 1325 0.116 1.87 x 10°
0-MG3 1 9 8 6.6 - 1.12 x 108
1 9 10 139.6 0.124 4.15x10°
0-MG4 1 15 8 7.5 - 1.14 x 108
1 15 10 148.2 0.175 6.13 x 10°

DS values were calculated using the formula DS = (Iyy )/(I )

a R=water soluble O-MG product (g)/GM (g) x 100%.

Fig. 3B, it could be seen that the signals of proton H1 of substi-
tuted and unsubstituted units were not overlapped, so the resulting
DS value of 0-MG1 was 0.09 and that of 0-MG4 was 0.175 could
be more accurate than that of above mentioned one. Therefore,
this method was used for determination the DS value of the O-
MGs.

The degree of substitution of methoxyl group at C2, C3 and
C6 could also determined using the following formula: DS; =
[Uc,—ocH3/3)/ > " Iu1], where Ic;—ocn3 and Xy were the integrals
of the hydrogen atom bonded at C; of substituted glucomannan
unit and C1 of all substituted and unsubstituted glucomannan unit,
respectively. The DS; values calculated using that formula to 0-MG1
were 0.03; 0.058 and 0.14 corresponding to C2, C3 and C6, respec-
tively; and that of 0-MG4 were 0.078; 0.166 and 0.245. However,
these results could be inaccurate because the overlap of the signals
as above mentioned.

3.4. Various reaction conditions for obtaning O-methyl
glucomannan

The effect of reaction conditions on synthesis of O-methyl gluco-
mannan was summarized in Table 3. Every methylation was carried
out at 40 °C. The ability of methylation of glucomannan was evalu-
ated via the DS; R (R was the percent ratio of water soluble 0-MG
(g) per GM) and molecular weight. It was shown that the methyla-
tion of glucomannan was hardly occurred at pH 8, but it run well at
pH 10. In the range of these experiments, at the same amounts of
MI, the more the increase of pH, the more DS value and R aug-
ment. The DS value was also increased when the ratio (v/w) of
MI/GM increased. As also seen in Table 1, the molecular weight
of O-MG derivatives was slightly decreased with increasing of pH
from 8 to 10. This could be due to the depolymerization of glu-
comannan occurring in the methylation process. Thus, the pH of
reactive medium was an important factor of the preparation of
O-MG derivatives.

4. Conclusion

The methylation of glucomannan was done quite simply for
forming the water-soluble O-methyl glucomannan derivatives by
the direct alkylation of a glucomannan with methyl iodide at pH 10
and temperature of 40°C without using methanol, dimethyl sul-
foxide as well as methylsulfinyl carbanion. The chemical structure
of O-MG derivatives was investigated quantitatively and qualita-

tively NMR spectroscopy. The appearance of the new signals in
the TH NMR, 13C NMR and also in the 'H 13C NMR HSQC of O-
MG derivatives confirmed the presence of substituted methoxyl
group on the methyl glucomannan macromolecule. Their degrees of
substitution were calculated using the integrals of 'H NMR signals
and increased from 0.09 to 0.175 since the ratio (w/v) of gluco-
mannan/methyl iodide changing from 1/3 to 1/15. The resulting
O-MG derivatives have promising applications to film-forming for
packaging, encapsulating or as a stabilizer for preparation of metal
nanoparticles.
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