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Various glucosylamines were synthesized from glucose and different alkyl amine compounds. These
amino compounds are B-p-glucopyranosylamine (GPA), N-ethyl-B-p-glucopyranosylamine (EtGPA), N-
butyl-B-p-glucopyranosylamine (BuGPA), N-hexyl-B-p-glucopyranosylamine (HeGPA), N-octyl-B-p-gluco-
pyranosylamine (OcGPA), N-dodecyl-B-p-glucopyranosylamine (DoGPA), N-(2-hydroxyethyl)-p-b-gluco-
pyranosylamine (HEtGPA) and N,N-di(2-hydroxyethyl)-B-p-glucopyranosylamine (DHEtGPA). They
were tested for their antifungal activity against the growth of Coriolus versicolor and Poria placenta. An
improvement of the antifungal activity with the increase of alkyl chain length was observed. DoGPA
exhibited the best antifungal activity against both strains. It completely inhibited the fungal growth at
0.01 x 107> mol mL~! and 0.0075 x 103 mol mL~" for C. versicolor and P. placenta, respectively. For other

Poria placenta

glucosylamines higher concentrations were needed for complete inhibition of fungi.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Wood-decaying fungi degrade the principal components of
wood and decrease its mechanical properties. To avoid the biodeg-
radation process, various compounds have been used for treating
wood. The treatment concerns not only reactions made with wood
components, but it also includes its impregnation with various bio-
cides.! These techniques have been used and have shown satisfy-
ing results overall. However, many of the chemicals used have a
high toxicity profile and have been removed from the market.
Thus, an interest in developing new bioactive agents with low tox-
icities and with acceptable impact on the environment is increas-
ing. A way to achieve this goal is to use renewable materials in
the synthesis process. Slight modifications of carbohydrates made
by introducing some pharmacophoric groups can help to obtain
desirable biocides. Recent studies have shown that amino-contain-
ing carbohydrate compounds exhibited antifungal activities and
have indicated promising results.*>

Interest in the study of glucosylamines has grown over the
years due to their widespread uses. These compounds not only
constitute starting materials for the synthesis of different amino
bioactive compounds,®’ but also can be used without any modifi-
cation in various other applications. According to Stan et al.® N-
alkyl glucosylamines can be used as gelators for various organic
liquids. Furthermore, Fabbro and Grabowski,” Greenberg et al.,'°
and Legler et al.'"!2? reported that these compounds constitute
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good inhibitors of glycosidase activities. For this reason, it seems
interesting to determine if these compounds possess an antifungal
activity on wood fungi. Moreover, the synthesis and the evaluation
of the biological activities of different N-alkyl glucosylamines were
of interest since the association of the amino compounds with a
carbohydrate not only facilitates the interaction with microorgan-
isms but also increases the compound’s solubility in water, and en-
hances the biological activity as well.*'>~'> These compounds are
advantageous since they are easily synthesized from renewable re-
sources such as sugars.

Different glucosylamine derivatives were synthesized in this
study and tested for their antifungal activity against the growth
of two basiodiomycetes, one a white-rot fungus, C. versicolor and
the other a brown-rot fungus, Poria placenta. The effect of the alkyl
group length on the antifungal activities was also investigated.

2. Results and discussion
2.1. Synthesis and identification of glucosylamines

Eight glucosylamine derivatives were synthesized as previously
reported (Scheme 1 and Table 1).'%-22 In the past, GPA, OcGPA and
DoGPA were partially characterized by NMR spectroscopy. In this
study, we fully characterized all synthesized glucosylamines using
both FTIR and NMR spectroscopy. The IR data given in this paper
were not previously reported for these compounds. In addition,
HEtGPA and EtGPA were characterized by HRMS. GPA was charac-
terized by FTIR spectroscopy by the N-H bending vibration bands
observed around 1619 cm~! (Fig. 1). This band was detectable from
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Scheme 1. Synthesis of glucosylamines.

secondary amines around 1510 cm~'.2* In addition, GPA showed
two other particular signal bands in the form of double vibrations
at 3333 and 3344 cm™!, which indicated an N-H stretching vibra-
tion with respect to the free amino group. The primary substituted
glucosylamines and GPA indicated other N-H out-of-plane vibra-
tion bands between 875 and 890 cm~!. DHEtGPA did not show
the vibration bands either at 1619 cm™~! or at 875-890 cm~'. Both
observations strongly supported a total substitution of the all N-
hydrogen atoms in the molecule. All synthesized glucosylamines
showed bands around 1099-1074 cm ™. These bands were attrib-

T. Muhizi et al./ Carbohydrate Research 343 (2008) 2369-2375

uted to the bending vibrations of C-N. The attribution of the char-
acteristic bands in IR spectroscopy was monitored by the IR
spectrum of p-glucose (Glu), the compound used as the starting
material. Both 'TH NMR and '3C NMR spectroscopy confirmed the
data obtained from FTIR spectroscopy. Formation of glucosylam-
ines was confirmed in the first time by the H-1 signals found at
lower chemical shifts compared to those of glucose. According to
Blasko et al.>* the H-1o. and H-1p of glucose are found around
5.23 and 4.65 ppm, respectively. In this study, the H-1B signals of
glucosylamines were between 4.15 and 3.82 ppm, which confirms
substitution of the OH group by amino groups. The stark absence of
H-1a signals in the '"H NMR spectra, which may be found together
with H-1B in the 'H NMR spectrum of glucose, also indicate the for-
mation of glucosylamines. In comparison to GPA, the anomeric
hydrogens (H-1) of N-alkyl-B-b-glucopyranosylamines were
shifted at lower chemical shifts due to the effect of electron-donor
groups fixed to the amino group of GPA. The H-1 signal of com-
pounds dissolved in D,O was found at 4.15, 4.05, 4.06, 4.13 and
4.03 ppm for GPA, EtGPA, HEtGPA, DHEtGPA and BuGPA, respec-
tively, while those of HeGPA, OcGPA and DoGPA dissolved in

Table 1
Synthesized glucosylamines and their physical properties
R R? Compounds Yield (%) Mp (°C) Re
H H GPA 98.3, lit.'” 100 108-110, lit.'® 128-129 0.35°
H Ethyl EtGPA 87.4 96.8-97.2 0.63%
H Butyl BuGPA 84.9 87-91, lit.'® 88-90 0.60°
H Hexyl HeGPA 91.4 94-95, lit.'6 93-95 0.47°
H Octyl OcGPA 97.3 lit.2! 86 98-100, lit.'® 102 0.58°
H Dodecyl DoGPA 72.3 lit.2! 60 107-109, lit.'® 105.5 0.69°
H 2-Hydroxyethyl HEtGPA 58.6, lit.'® 91 114.8-115, lit.>> 115-116 0.67°
2-Hydroxyethyl 2-Hydroxyethyl DHEtGPA 91.3, lit.'® 58 118-119, lit."® 128 0.69°
Eluent.

2 8:2 MeOH-CHCl,.

b 2:8 MeOH-CH,Cl,.

3333-3344 1099-107

1619

. 890-875
Glu

GPA

EtGPA

BuGPA

HeGPA
OcGPA
DoGPA
HEtGPA

DHEtGPA

T T T |

| |
3700 3400 3000 26001750

T T T T T T T T 1

1500 1300 1100 900 700
cm’!

Figure 1. FTIR spectroscopy of different glucosylamines.
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CD30D were found at 3.82, 3.83 and 3.83 ppm, respectively. The
high values obtained for J;, between H-1 and H-2 (8.3-9.6 Hz)
indicated that the synthesized compounds are in the form of B iso-
mers. In addition, disappearance of the C-1 signal at 96.05 ppm,
which indicates o-glucose in the '*C NMR spectrum,?® confirmed
the formation of glucosylamines.

Two glucosylamines such as EtGPA and HEtGPA were not fully
characterized in the past.'®?2 Both compounds are now analyzed
by high-resolution mass spectroscopy (HRMS). Peaks of (M+H)"
were found with m/z 224.1 and 208.1 for HEtGPA and EtGPA,
respectively. Other significant peaks of (M+Na)" with m/z 246.09
(67.7%), 206 (15%) and m/z 230.09 (11.7%) were found for HEtGPA
and EtGPA, respectively. A peak with m/z 206 derived from HEtGPA
indicated the loss of H,O from an alkyl chain. These results com-
pleted the FTIR and 'H NMR data and confirmed the structure of
these compounds.

2.2. Antifungal activity of glucosylamines

The antifungal activity of glucosylamines on C. versicolor and P.
placenta was determined by the radial growth method. The per-
centage of inhibition of each glucosylamine at different concentra-
tions was determined after nine days of incubation, and results are
grouped in Tables 2 and 3. Tebuconazole (TB), currently used in
wood treatment, was selected as a positive control fungicide.

The antifungal activity increased with the concentration of
glucosylamines. For C. versicolor (Table 2), concentrations from
0.075 x 1073 to 0.15 x 10> mol mL™"' significantly delayed the
growth of fungi (p <0.05). For example, the antifungal activity of
GPA increased from 50% to 82% when concentrations of
0.075 x 1073 and 0.15 x 10> mol mL~' were used, respectively.
The same observations were carried out for other tested
glucosylamines. However, at concentrations lower than
0.075 x 1073 mol mL~!, GPA, EtGPA, BuGPA, HeGPA, OcGPA, HEt-
GPA and DHEtGPA were not significantly effective. The sensitivity
of P. placenta (Table 3) at different compound concentrations was
quite similar to that observed with C. versicolor. Fungus was sensi-
tive to almost all glucosylamines from 0.025 x 10~ molmL™! to
0.075 x 10~ mol mL~!. At lower concentrations the antifungal
activity of compounds tested against P. placenta rapidly decreased.

Table 2

These results confirmed the importance of biocide concentrations
in the treatment of wood decay fungi.

The same results showed the effect of alkyl chain length on the
antifungal activity. The percentage values of inhibition from GPA
and all N-alkyl glucosylamines were significantly different. At
0.1 x 103 mol mL™!, the activity of BuGPA against C. versicolor
was 1.7 times higher than that from GPA. Moreover, DoGPA was
found to be the most effective inhibitor against C. versicolor under
our conditions. The effect of alkyl chain length on antifungal activ-
ity was also observed with P. placenta. At 0.05 x 10~ mol mL™!,
GPA profoundly affected the growth with an inhibition of 81%,
while BuGPA significantly (p <0.05) depressed the growth of P. pla-
centa with an inhibition of 96%. The difference between HeGPA,
OcGPA and DoGPA was observed at 0.025 mol mL~! where HeGPA
and OcGPA significantly reduced (p <0.05) the growth of microor-
ganisms with the percentages of inhibition close to 96% and 98%,
respectively, while DoGPA completely inhibited the fungal growth.
The higher effectiveness of DoGPA was confirmed at lower concen-
trations of 0.0025 x 1073 and 0.0075 x 10~3 mol mL~! where it de-
layed the growth of the fungal strain with 94% and 100% inhibition,
respectively.

Furthermore, HEtGPA and DHEtGPA were tested to evaluate the
effectiveness of a hydroxyl group in comparison with EtGPA. At the
concentration of 0.075 x 107> mol mL~!, HEtGPA and DHEtGPA
reached an inhibition of C. versicolor about of 59% and 55%, respec-
tively, while that from EtGPA was only 32%. No growth was ob-
served in the case of these compounds at 0.15 x 107> mol mL~".
The effectiveness of the hydroxyl group was also evaluated against
P. placenta. At the concentration of 0.075 x 10> mol mL™!, HEtGPA
and DHEtGPA completely inhibited the growth of P. placenta, con-
trary to EtGPA, which delayed the growth at 59%.

The antifungal activity assessment with tebuconazole indicated
that this commercial biocide completely inhibited both strains at
0.0025 mol mL~!.2627 At the same concentration DoGPA signifi-
cantly delayed the mycelium growth. Results from this study
showed that, using the present experimental conditions, C. versi-
color was more resistant to the synthesized glucosylamines than
P. placenta, the reason for which was not determined in this study.
However, according to the literature, both wood fungi exhibited
their activity by different decay mechanisms. On one hand, C.

Inhibition of the growth of C. versicolor after nine days of incubation with different concentrations of glucosylamines and the corresponding free amines (values in parentheses)

Percentage of inhibition + SEM

mol/mL 10~3 GPA EtGPA BuGPA HeGPA OcGPA DoGPA HEtGPA DHEtGPA TB
0.0025 0.0+ 0.0 0.0+0.0 0.0+0.0 0.0+ 0.0 0.0+0.0 61.2+3.1 0.0+ 0.0 0.0+ 0.0 100.0 £ 0.0
0.01 0.0+ 0.0 0.0+0.0 0.0+0.0 0.0+ 0.0 145+ 04 100.0 £ 0.0 0.0+0.0 0.0+ 0.0 -
(66.3 £2)
0.075 49.8 £3.1 32.2+49 76.9+2.5 80.4+0.4 86.3 +0.4 100.0 £ 0.0 58.8+1.0 549+2.38 -
0.1 50.6 + 0.0 37.7+5.1 87.5+0.3 100.0 + 0.0 100.0 £ 0.0 100.0 £ 0.0 62.7 £0.8 659+1.8 -
(55.4+1.8) (59.6 £1.4)
0.15 82.4+0.0 98.8 +0.8 100.0 + 0.0 — — — 100.0 £ 0.0 100.0 £ 0.0 —
(23.1£1.8) (19.2+£2.4) (26.7£1.3)
Table 3
Inhibition of the growth of P. placenta after nine days of incubation with different concentrations of glucosylamines
Percentage of inhibition + SEM
mol/mL 10~3 GPA EtGPA BuGPA HeGPA OcGPA DoGPA HEtGPA DHEtGPA TB
0.0025 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+ 0.0 93.7£0.4 0.0+0.0 0.0+ 0.0 100+ 0.0
0.0075 0.0+0.0 0.0+0.0 0.0+ 0.0 0.0+0.0 0.0+0.0 100.0 £ 0.0 0.0+0.0 0.0+ 0.0 —
0.025 40.0+3.5 15314 78.4+3.5 96.1+£2.0 98.0+1.4 100.0 £ 0.0 17.3+2.38 29.8+0.4 -
0.05 81.6+2.2 263 +4.1 95.7+1.0 100.0 £ 0.0 100.0 £ 0.0 100.0 £ 0.0 29.4+4.2 455+2.0 -
0.075 100.0 +£ 0.0 58.8 +4.4 100.0 £ 0.0 — — — 100.0 £ 0.0 100.0 £ 0.0 —




2372 T. Muhizi et al./ Carbohydrate Research 343 (2008) 2369-2375

120 4

100 ~

80 -

60 -

Growth (%)

40

20 -

1 3 5 7 9 11 13 15 17 19
Time of incubation (days)

—— GPA - -4 - EtGPA —&— BuGPA —A— HeGPA - < - OcGPA
—&— DoGPA -0 MeOH —6— CTL

Figure 2. Effect of the length of alkyl chains on the kinetic growth of C. versicolor at
the concentration of 0.1 x 10> mol mL™".

versicolor, a white-rot fungus, is able to produce laccases, which are
highly effective in lignin degradation, while P. placenta, a brown-
rot fungus, mainly acts with a nonenzymatic mechanism.?82° On
the other hand, it is known that C. versicolor is highly effective in

effecting the decomposition of hardwood components, while P.
30,31

placenta is more active in the case of softwood components.
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These reports can help one to understand the difference in sensitiv-
ity between P. placenta and C. versicolor.

According to the nature and concentration of glucosylamines,
the kinetic growth of fungi was differently affected by these com-
pounds. To visualize this, the radial growth of mycelium was fol-
lowed daily. The behaviour of the fungal strains towards these
inhibitors at the chosen concentrations is represented in Figures
2 and 3 for C. versicolor and in Figures 4 and 5 for P. placenta. A plot
of kinetic growth of C. versicolor is represented in Figure 2 at a con-
centration of 0.1 x 10~ mol mL™! to determine the impact of both
alkyl and hydroxyl groups on the kinetic growth of fungi. GPA,
BuGPA and EtGPA affected the lag phase of mold by delaying the
growth of C. versicolor of approximately two days compared to
the control experiment, whereas HeGPA, OcGPA and DoGPA com-
pletely cancelled the growth of fungus. The same behaviour was
observed for P. placenta, with an increase of the lag phase by the
bioactive agents from one to six days (Fig. 4). At a concentration
of 0.075 x 10~ mol mL™!, EtGPA and HEtGPA delayed the lag
phase of P. placenta for four and 12 days, respectively, while
DHEtGPA completely inhibited the growth of fungus until the
twentieth day of the experiment (Fig. 5).

Amino compounds, especially amino sugars, are widely
distributed in living matter where they play different biological
roles.~ 1132 Since these findings were available, glucosylamines
were generally used to synthesize different amino compounds
with different biological and physiological activities like mono-

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Time of incubation (days)

—— CTL

- <& - EtGPA —aA— HEtGPA -0+ DHEtPA

Figure 3. Comparative effect of EtGPA, HEtGPA and DHEtGPA on the kinetic growth of C. versicolor at the concentration of 0.1 x 103 mol mL™".
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Figure 4. Effect of alkyl chains length on the kinetic growth of Poria placenta at a concentration of 0.025 x 10~ mol mL~.
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Figure 5. Comparative effect of EtGPA, HEtGPA and DHEtGPA on the kinetic growth of P. placenta at a concentration of 0.075 x 10> mol mL ™.

cyclic B-lactams, glucopeptidic substances, and B-p-glucosylami-
dines.®>=3> However, only a few studies on their own importance
as unmodified compounds, in this field, have been carried out.
According to Fabbro and Grabowski,” Greenberg et al.!® and Leg-
ler'! these compounds are good inhibitors of glucosidases.
Although their mechanisms of action are not well known, it is pro-
posed that these amino compounds exhibit their biological activity
as their ammonium forms.2 However, according to Legler and Fin-
ken,'? gluconamidines, analogues of glucosylamines, were more
easily protonated than the corresponding glucosylamines under
assay conditions, but they exhibited quite similar activities to
those of the glucosylamines. Furthermore, other studies showed
that a large variety of glucosidases was more inhibited by the non-
protonated form of inhibitors.!? These reports could be taken as
evidence that glucosylamines can act with more than one mecha-
nism. According to Kapferer,3? glucosidase inhibitors are character-
ized by their irreversible binding to enzymes by a covalent bond.
Furthermore, Krasikov et al.>® showed that glucosidases exhibited
their activities of a-glucosidic bond hydrolysis by nucleophilic a
double-displacement mechanism, which includes catalytic attack
by an acid. In this way, glucosylamines may act by the formation
of hydrogen bonds with acid and then can block the enzymatic
activities. We used C. versicolor and P. placenta because of their
wide use in the antifungal evaluation of inhibitors and in the study
of wood durability.3”~*3 Results of this study showed that the anti-
fungal activity of glucosylamines directly increases with the length
of alkyl chain. This could be due to an increase in the hydrophobic
character of the molecules with increasing alkyl chain length. DoG-
PA is more hydrophobic than the other tested glucosylamines, and
this can indicate its high efficiency. The impact of alkyl chain on
the biological activity of molecules has been reported in other re-
search reports.!%1244-46 According to Bradley et al.,*’ the modifica-
tion of carbohydrates with hydrophobic groups increases their
affinity for the receptors. In addition, Kubo et al.*® reported the
beneficial effect of hydrophobic alkyl chains of alcohols on anti-
fungal activity against Saccharomyces cerevisiae. Furthermore, the
surfactant character of a long alkyl chain can also explain these re-
sults. Indeed, the ability of surfactant compounds to inhibit fungi
and their mechanism of action has been reported.*® These previous
reports may confirm our results from HeGPA, OcGPA and DoGPA.
The antifungal activity noted from GPA to BuGPA may be explained
by the biochemical mechanisms proposed by others, like cell-sur-
face recognition processes and an enhancement of transport
through cell membranes, all introduced by glucosyl groups onto
amines. Determination of the antifungal activity of such amines
showed that hexylamine, octylamine, and dodecylamine exhibited

less activity than the corresponding glucosylamines. Those with al-
kyl chains of C, to C4 did not significantly alter the development of
fungi. These results indicate the benefit of the contribution of the
glucosyl group in the activity studied, which probably was medi-
ated by small molecules from GPA to BuGPA to inhibit the growth
of fungi. An additive contribution of pyranosyl groups on the bio-
logical activity of amines has been reported in other research.*®
In this study, HEtGPA was found to be more active than EtGPA.
The introduction of a hydroxyl group enhanced antifungal activity
of EtGPA. However, there was no significant difference between
the antifungal activities of HEtGPA and DHEtGPA in spite of the
second introduction of 2-hydroxylethyl group to HEtGPA. The
introduction of hydroxyl group to the ethyl chain should enhance
the recognition affinity of biocides to the microorganism and thus
enhance the biological activity. A limited contribution of the sec-
ond hydroxyl group to antifungal activity may be due to the chem-
ical instability of DHEtGPA in solution, a fact that was verified
during our study (result not shown).

In conclusion, the efficiency shown by N-alkyl-B-p-glucosylam-
ines and in particular DoGPA on the growth of both C. versicolor
and P. placenta, could be exploited in further research with respect
to new biocide development from renewable resources.

3. Experimental
3.1. General methods

Glucose, ethylamine, butylamine, hexylamine, octylamine,
dodecylamine, ethanolamine, diethanolamine, N,N-diisopropyleth-
ylamine and 2-propanol were purchased from Sigma-Aldrich. Sol-
vents such as MeOH, chloroform, diethyl ether and acetone were
purchased from BDH Prolabo and were used without further
purification.

B-p-Glucopyranosylamine and different N-alkyl-B-p-glucopyr-
anosylamines were synthesized and characterized by FTIR, 'H
NMR, '3C NMR spectroscopy and their melting points. For EtGPA
and HEtGPA, further analysis was done with HRMS. The synthesis
was monitored by thin-layer chromatography (TLC) on aluminum
plates (Silica Gel 60 F254, E. Merck) and developed with a solution
of 0.5% potassium permanganate in 0.1 M aq NaOH. Different sys-
tems of solvents were used as eluents. The melting points were
determined using an Electrothermal 9100 Digital Melting Point
apparatus IA 9100. 'TH NMR and '3C NMR spectra were recorded
at 300 MHz and at 75 MHz, respectively, on a Bruker Avance 300
spectrometer. Chemical shifts are given in ppm, and the
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assignments of '"H NMR and '>C NMR were made by COSY, HMBC
or HMQC NMR spectroscopy. FTIR spectra were recorded on Per-
kin-Elmer Paragon 1000 PC spectrophotometer from a 300-mg
KBr pellet disk containing 3 mg of compound. The KBr pellet disks
were formed from an Edwards High Vaccum Pump Es 50. Spectra
were recorded between 400 and 4000 cm ! using 50 scans at a res-
olution of 4.0 cm™'. HRMS analysis was conducted on a Qq-TOF
tandem mass spectrometer.

3.2. Synthesis method for g-p-glucopyranosylamine (GPA)

The synthesis was done from p-glucose through B-p-glucopyr-
anosyl ammonium carbamate using the method of Likhosherstov
et al.'” FTIR: vmax 3389, 3344-3333, 2963-2857, 1619, 1457-
1371, 1085, 1029, 875, and 640-559 cm~!; 'H NMR data (D,0):
5n 4.15 (d, 1H, J; 2 8.9 Hz, Hg-1), 3.95 (dd, 1H, Js.62 2 Hz, Jsa 6012 Hz,
H-6a), 3.76 (dd, 1H, Jseb 5.7 Hz, H-6b), 3.52 (t, 1H, J>3 9.5Hz, J34
8.8 Hz, H-3), 3.48-3.38 (m, 2H, H-4 and H-5), 3.23 (t, 1H, H-2);
13C NMR §¢ (D,0), 85.02 (C-1) 76.8 (C-5), 76.5 (C-3), 74.2(C-2),
69.8 (C-4), 60.8 (C-6).

3.3. Synthesis methods for of N-alkyl and N,N-dialkyl
glucosylamines

3.3.1. N-Ethyl-g-p-glucopyranosylamine (EtGPA)

p-Glucose (3.0 g, 0.017 mol) and ethylamine (16.6 mL, 2 M in
THF, 0.033 mol) were mixed and refluxed for 24 h. The solvent
was evaporated, and 15 mL of Et,0 was added. The solid thus ob-
tained was filtered and washed three times with Et,O and dried.
FTIR: vmax 3406, 3249, 2969-2840, 1513, 1485-1362, 1082, 1026,
877, and 632-509cm™'; '"H NMR (D,0): 6y 4.05 (d, 1H, J;,
9,6 Hz, Hg-1), 3.94 (dd, 1H, J56a 2.1 Hz, Jeaep 12.6 Hz, H-6a), 3.76
(dd, 1H, Js6, 5.4 Hz, H-6b), 3.51 (t, 1H, J>3 9.0 Hz, J34 9.0 Hz, H-
3), 3.41(ddd, 1H, J45 9 Hz, H-5), 3.39 (t, 1H, H-4), 3.25 (t, 1H, H-
2), 3.01-2.66 (mm, 2H, N-CH,-), 1.13 (t, 3H, -CH3); *C NMR
(D20): 6c 89.59 (C-1), 77.24 (d, C-3), 76.16 (C-5), 73.37 (C-2);
70.28 (d,C-4), 61.27 (C-6), 39.68 (-CH,-), 14.20 (-CHs3); TOFMS
(positive-ion): m/z 208 (M+H)" (100%), 230 (M+Na)" (11%).

3.3.2. N-(2-Hydroxyethyl)-p-p-glucopyranosylamine (HEtGPA)

The modified method of Mohammad and Olcott?? was used to
synthesize this product. To a suspension of p-glucose (3.0g,
0.017 mol) in 6 mL of MeOH was added 95% ethanolamine
(1.16 mL, 0.018 mol). The mixture was refluxed for 7 h at 50 °C.
The solvent was removed under reduced pressure, and a viscous
yellow liquid was obtained. This residue was triturated three times
with 6 mL of Et,O and left for 4 days to solidify in 10 mL of the
same solvent. The solid was filtered and abundantly washed with
CHCl; followed with Et,0. The white solid obtained was dried to
give the desired compound. FTIR vy 3428, 3372, 3282, 3198,
2958-2890, 1510, 1474-1267, 1090, 1020, 880, and 637-
517 cm™'; 'H NMR (D,0): dy 4.06 (d, 1H, J;2 9.1 Hz, Hy-1), 3.94
(dd, 1H, Jsaep 12 Hz, J56a 1.9 Hz, H-6a), 3.75 (dd, 1H, Js6, 6.8 Hz,
H-6b), 3.69 (t, 2H, -CH,0H), 3.50 (t, 1H, H-3), 3.41 (ddd, 1H, H-
5), 3.38 (t, 1H, H-4), 3.23 (t, 1H, J>3 9.0 Hz, H-2), 3.07-2.84 (mm,
2H, N-CH,-); '3C NMR (D,0): é¢c 90.06 (C-1), 76.97-76.93 (C-3,
C-5), 73.21 (C-2), 70.10 (C-4), 61.36 (C-6), 61.10 (-CH,-OH),
47.16 (-NH-CH,-), +TOF-MS: m/z 206 (15%), 224 (M+H)" (100%),
246 (M+Na) (67%).

3.4. Synthesis of other analogues

The methods previously reported!®!81922 were slightly modi-
fied and used to synthesize DHEtGPA, BuGPA, HeGPA, OcGPA and
DoGPA. Reactions carried out between p-glucose and different

alkylamines such as diethanolamine, butylamine, hexylamine,
octylamine and dodecylamine in MeOH or EtOH gave DHEtGPA,
BuGPA, HeGPA, OcGPA and DoGPA, respectively. All reactions were
conducted at 50 °C. Their physicochemical characteristics are listed
in the following:

3.4.1. N,N-Di(2-hydroxyethyl)-p-p-glucopyranosylamine
(DHEtGPA)

FTIR vmax 3355, 3266, 2929-2873, 1476-1211, 1099, 1068, 1040,
973,931,909, and 713-506 cm~'; 'H NMR (D,0): 6y 4.15-4.12 (dd,
1H, J; ., 8.7 Hz, Hg-1), 3.95 (dd, 1H, Js 6, 1.5 Hz, H-6a), 3.77 (dd, 1H,
Jseb 4.7 Hz, H-6b), 3.73-3.64 (m, 4H, -2CH,0H), 3.56-3.39 (m,
4H, H-3, H-4, H-5, H-2), 3.10-2.94 (m, 4H, 2N-CH,-); *C NMR
(D,0): 6¢c 93.59 (C-1), 77.2 (C-2), 77.08 (C-3), 70.15 (C-5), 70.09
(C-4), 61.13 (C-6), 59.95 (-2CH,0H), 51.22 (-(CH;),N-).

3.4.2. N-Butyl-g-p-glucopyranosylamine (BuGPA)

FTIR viax 3406, 3299, 3260, 2958-2863, 1507, 1474-1325, 1074,
1018-993, 875, and 735-570 cm™'; 'H NMR (D,0): 6y 4.03 (d, 1H,
J129.2 Hz, Hp-1), 3.95 (dd, 1H, J5 6, 1.8 Hz, Jea 6 12.2 Hz, H-6a), 3.77
(dd, 1H, Jsep 5.3 Hz, H-6b), 3.51 (t, 1H, H-3), 3.41 (ddd, 1H, H-5),
3.39 (t, 1H, J34 9.1 Hz, H-4), 3.22 (t, 1H, Jo3 9.8 Hz, H-2), 2.95-2.64
(mm, 2H, N-CH,-), 1.56-1.32 (mm, 4H, -CH,-CH,-), 0.95-0.90 (¢,
3H, -CH3); '*C NMR (D,0): 5c 89.89 (C-1); 77.15 (d, C-3), 76.16
(C-5), 73.29 (C-2); 70.20 (d, C-4), 61.18 (C-6), 45.04 (-NHCH,-),
31.36 (-CH,-), 20.08 (-CH,-), 13.49 (-CH3>).

3.4.3. N-Hexyl--p-glucopyranosylamine (HeGPA)

FTIR vmax 3394, 3383, 3283, 2946-2851, 1513, 1466-1289,
1076, 1018-993, 875, and 716-534cm™'; '"H NMR (CD50D): &y
3.85-3.81 (dd, 1H, Jsea 2.3 Hz, Jeasp 11.9 Hz, H-6), 3.82-3.80 (d,
1H, J12 9.0 Hz, Hg-1), 3.67-3.61 (dd, 1H, Jsgp 5.5 Hz, H-6b), 3.36-
3.23 (m, 3H, H-3, H-4, H-5), 3.05 (t, 1H, H-2), 2.94-2.57 (m, 2H,
NHCH,-), 1.50-1.44 (br, 2H, NHCH,CH,-), 1.31 (s, 6H, (CHy)3),
0.90 (t, 3H, —~CH3); 3C NMR (CDs0D): s¢ 91.87 (C-1), 78.96 (C-3),
74.98 (C-5), 71.88 (C-2), 62.97 (C-4), 47.23 (C-6), 32.93 (NCH,),
31.04-23.72 (4CH,), 14.38 (~CHs).

3.4.4. N-Octyl-g-p-glucopyranosylamine (OcGPA)

FTIR vmax 3395, 3384, 3288, 2952-2851, 1513, 1465-1230,
1082, 1043-990, 878, and 718-531cm™'; '"H NMR (CD30D): oy
3.85-3.81 (dd, 1H, Jeaep 11.7 Hz, J56. 2.2 Hz, H-6), 3.83-3.80 (d,
1H, J12 8.3 Hz, Hg-1), 3.68-3.61 (dd, 1H, J56, 5.6 Hz, H-6b), 3.37-
3.22 (m, 3H, H-3, H-4, H-5), 3.05 (t, 1H, H-2), 2.94-2.57 (m, 2H,
NHCH,-), 1.50-1.47 (br, 2H, NHCH,CH,-), 1.31 (s, 10H, (CH,)s),
0.90 (t, 3H, —-CHs); 3C NMR (CDs0D): ¢ 91.87 (C-1), 78.96 (C-3,
C-5), 74.97 (C-2), 71.87 (C-4), 62.97 (C-6), 47.24 (NCH,), 33.02-
23.72 (6CH>), 14.29 (-CHs;).

3.4.5. N-Dodecyl-p-p-glucopyranosylamine (DoGPA)

FTIR vmax 3395, 3288, 2958-2846, 1510, 1468-1342, 1088,
1051-996, 878, and 716-529 cm~'; 'H NMR (CDsOD + one drop
of acetone-ds): oy 3.87-3.82 (dd, 1H, Js6a 2.3 Hz, Jsaep 11.7 Hz, H-
6a), 3.83 (d, 1H, J;2 9.1 Hz, Hg-1), 3.68-3.62 (dd, 1H, Jsgp 5.5 Hz,
H-6b), 3.38-3.25 (m, 3H, H-3, H-4, H-5), 3.06 (t, 1H, J»5 8.5 Hz, H-
2), 2.95-2.86 (m, 2H, NHCH,-), 1.51 (br, 2H, NHCH,CH,-), 1.30 (s,
18H, (CH,)g), 0.89 (t, 3H, ~CH3); '3C NMR (CD50D + one drop of ace-
tone-dg): oc 91.68 (C-1), 78.79 (C-3, C-5), 74.80 (C-2), 71.69 (C-4),
62.79 (C-6), 47.07 (C-1'), 32.93 (C-10), 30.91 (C-2'), 30.59 (C-5'-C-
8), 30.31 (C-4', C-9'), 28.28 (C-3'), 23.58 (C-11"), 14.29 (-CHs).

3.5. Antifungal activity assessment
3.5.1. Microorganisms

Two wood fungi, Coriolus versicolor (CTB 863-A) and P. placenta
(FPRL 280) were used. They were obtained from CIRAD foret
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(MontPellier, France). The target fungal strains were recovered
from malt agar culture and incubated at 25 °C and 75% relative
humidity (RH) for 15 days. The mycelium was then suspended in
10 mL of sterilized physiological solution and vigorously shaken.
The suspension thus obtained was used for the test experiments.

3.5.2. Radial growth assays

The antifungal activities of glucosylamines were evaluated on
malt agar medium amended with different concentrations of po-
tential bioactive agents. Plates were inoculated at the middle with
one drop of strain suspension. Control experiments, without any
growth inhibitor, were conducted in parallel. The potential bioac-
tive agents HeGPA, OcGPA and DoGPA were incorporated in the
culture medium using MeOH as solvent. In parallel, control exper-
iments with MeOH without any glucosylamines were also tested.
Prior to the fungal inoculation, the evaporation of MeOH in Petri
dishes was observed after 40 min under a laminar flow. The dishes
were incubated at 75% relative humidity and 25 °C, and the fungal
colony diameter was measured daily for 20 days. The percentage of
inhibition from different glucosylamines was calculated after 9
days of incubation when the mycelium in the control experiments
completely covered the dishes. It was expressed as an average
diameter and calculated using the following equation:

Percentage of inhibition = % x 100

where CD is the control diameter, D is the test diameter.

Each test and control experiments consisted of three replicates,
and each bioactive agent was tested three times. Graphics of the ki-
netic growth of each fungus was drawn by different diameter
means from the growth measured daily during 20 days of
incubation.

3.5.3. Analysis of the results

Results from the antifungal assays were statistically analyzed
using Student’s t-test. Standard error means (SEM) were calculated
as follows:

o
SEM = —
vn
where n is the size of sample (n=3), ¢ is the standard deviation.
The probability (p) was determined from the critical t-value (t)
between results from different experiments after 9 days of
incubation.

_ M1-M2
- sD

where M1 is the control mean, M2 is the test experiment mean, and
SD is the standard deviation between means.

The degree of freedom used to determine this probability was
equal to 4 in our experiment.

t

Acknowledgement

The authors are very grateful to thank to the Ministry of Foreign
Affairs of France Government for financial funding.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.carres.2008.07.005.

References

1. Nicolas, D. Wood Deterioration and its Prevention by Preservative Treatments;
Syracuse University Press: Syracuse, NY, 1973.
. Belalia, R. Ph.D. Thesis, Université Bordeaux 1, France, 2006.
. Zabielska-Matejuk, J.; Czaczyk, K. Wood Sci. Technol. 2006, 40, 461-475.
. Gazaliev, A. M.; Nurkenov, O. A.; Kulakov, 1. V.; Ainabaev, A. A.; Bessonov, D. V.
Russ. J. Appl. Chem. 2006, 79, 508-510.
5. Liberek, B.; Melcer, A.; Osuch, A.; Wakiec, R.; Milewski, S.; Wisniewski, A.
Carbohydr. Res. 2005, 340, 1876-1884.
. Kublashvili, R. Chem. Nat. Compd. 2003, 39, 586-588.
. Campa, C.; Donati, L.; Vetere, A.; Gamini, A.; Paoletti, S. J. Carbohydr. Chem. 2001,
20, 263-273.
8. Stan, R.; Ciuculescu, E. D.; Franceschi-Messant, S.; Perez, E.; Rico-Lattes, I. Rev.
Roum. Chim. 2005, 50, 695-698.
9. Fabbro, D.; Grabowski, G. A. J. Biol. Chem. 1991, 15021-15027.
10. Greenberg, P.; Merrill, A. H.; Liotta, D. C.; Grabowski, G. A. Biochem. Biophys.
Acta 1990, 1, 12-20.
11. Legler, G. Pure Appl. Chem. 1987, 59, 1457-1464.
12. Legler, G.; Finken, M. T. Carbohydr. Res. 1996, 292, 103-115.
13. Moniru, M.; Horoyuki, S.; Yoshihiro, S. Trends Glycosci. Glyc. 2002, 14, 205-222.
14. Ben, R. N.; Orellana, A.; Arya, P. J. Org. Chem. 1998, 63, 4817-4820.
15. Esteves, A. P.; Rodrigues, L. M.; Silva, M. E.; Gupta, S.; Oliveira-Campos, A. M. F.;
Machalicky, O.; Mendonga, A. ]. Tetrahedron 2005, 61, 8625-8632.
16. Pigman, W.; Cleveland, E. A.; Couch, D. H.; Cleveland, ]J. H. J. Am. Chem. Soc.
1951, 73, 1976-1979.
17. Likhosherstov, L. M.; Novikova, O. S.; Shibaev, V. N. Dokl. Chem. 2002, 383, 500~
503.
18. Hodge, J. E.; Rist, C. E. . Am. Chem. Soc. 1952, 74, 1494-1497.
19. Pestman, ]. M.; Kevelam, ].; Blandamer, M. J.; van Doren, H. A.; Kellog, R. M.;
Engberts, J. B. F. N. Langmuir 1999, 15, 2009-2014.
20. Lockhoff, O.; Stadler, P. Carbohydr. Res. 1998, 314, 13-24.
21. Retailleau, L.; Laplace, A.; Fensterbank, H.; Larpent, C. J. Org. Chem. 1998, 63,
608-617.
22. Mohammad, A.; Olcott, H. S. J. Am. Chem. Soc. 1947, 69, 969.
23. Rajsekhar, G.; Rao, C. P.; Saarenketo, P. K.; Kolehmainen, E.; Rissanen, K.
Carbohydr. Res. 2002, 337, 187-194.
24. Blasko, A.; Bunton, A. B.; Bunel, S.; Ibarra, C.; Moraga, E. Carbohydr. Res. 1997,
298, 163-172.
25. Lubineau, A.; Augé, J.; Drouillat, B. Carbohydr. Res. 1995, 266, 211-219.
26. Filipov, N. M.; Lawrence, D. A. Toxicol. Sci. 2001, 62, 185-186.
27. Moser, V. C.; Barone, S.; Smialowicz, R. J.; Harris, M. W.; Davis, B. J.; Overstreet,
D.; Mauney, M.; Chapin, R. E. Toxicol. Sci. 2001, 62, 339-352.
28. Enoki, A.; Itakura, S.; Tanaka, H. J. Biotechnol. 1997, 53, 265-272.
29. Leonowicz, A.; Matuszewska, A.; Luterek, J.; Ziegenhagen, D.; Wasilewska, M.
W.; Cho, N. S.; Hofrichter, M.; Rogalski, J. Fungal Genet. Biol. 1999, 27, 175-185.
30. Van Acker, J.; Stevens, M.; Carey, ].; Sierra-Alvarez, R.; Militz, H.; Le Bayon, L;
Kleist, G.; Peek, R. D. Holz. Roh. Werkst. 2003, 61, 35-45.
31. Aloui, F.; Ayadi, N.; Charrier, F.; Charrier, B. Holz. Rol. Werkst. 2004, 62, 286-
290.
32. Kapferer, P. Ph.D. Thesis, Swiss Federal Institute of Technology, Zurich, 2005.
33. Guo, W.; Hiratake, J.; Ogawa, K.; Yamamoto, M.; Seung-Jin, Ma.; Sakata, K.
Bioorg. Med. Chem. Lett. 2001, 11, 467-470.
34. Bosques, C. ].; Tai, V. W. F.; Imperiali, B. Tetrahedron Lett. 2001, 42, 7207-7210.
35. Jarrahpour, A. A.; Shekarriz, M.; Taslimi, A. Molecules 2004, 9, 29-38.
36. Krasikov, V. V.; Karelov, D. V.; Firsov, L. M. Biochemistry (Moscow) 2001, 66,
267-281.
37. Oses, R.; Valenzuela, S.; Freer, J.; Baeza, J.; Rodriguez J. Int. Biodeterior.
Biodegrad. 2006, 57, 129-135.
38. Irbe, I.; Andersons, B.; Chirkova, J.; Kallavus, U.; Andersone, I.; Faix, O. Int.
Biodeterior. Biodegrad. 2006, 57, 99-106.
39. Istek, A.; Sivrikaya, H.; Eroglu, H.; Gulsoy, S. K. Int. Biodeterior. Biodegrad. 2005,
55, 63-67.
40. Hampt, M.; Leithoff, H.; Meier, D.; Puls, J.; Richter, H. G.; Faix, O. Holz. Roh.
Werkst. 2003, 61, 473-474.
41. Raberg, U.; Edlund, M. L.; Terziev, N.; Land, C. ]. J. Wood Sci. 2005, 51, 429-440.
42. Lee, H.; Chen, G. C.; Rowell, R. M. Holzforchung 2004, 58, 311-315.
43. Baya, M.; Soulounganga, P.; Gelhaye, E.; Gérardin, P. Pest Manage. Sci. 2001, 57,
833-838.
44, Cotoras, M.; Garcia, C.; Lagos, C.; Folch, C.; Mendoza, L. Bol. Soc. Chil. Quim.
2001, 46, 1-27.
45. Katiyar, D.; Tiwari, V. K.; Tewari, N.; Verma, S. S.; Sinha, S.; Gaikwad, A.;
Srivastava, A.; Chaturvedi, V.; Srivastava, R.; Srivastave, B. S.; Tripathi, R. P. Eur.
J. Med. Chem. 2005, 40, 351-360.
46. Kuca, K.; Kivala, M.; Dohnal, V. J. Appl. Biomed. 2004, 2, 195-198.
47. Bradley, H.; Fitzpatrick, G.; Glass, K.; Kunz, H.; Murphy, P. V. Org. Lett. 2001, 3,
2629-2632.
48. Kubo, L.; Fujita, T.; Kubo, A.; Fujita, K. Bioorg. Med. Chem. 2003, 11, 1117.
49. Nihei, K.; Nihei, A.; Kubo, 1. Bioorg. Med. Chem. Lett. 2003, 13, 3993-3996.

SN

N


http://dx.doi.org/10.1016/j.carres.2008.07.005

	Synthesis and evaluation of N-alkyl- beta -d-glucosylamines on the growth of two wood fungi, Coriolus versicolor and Poria placenta
	Introduction
	Results and discussion
	Synthesis and identification of glucosylamines
	Antifungal activity of glucosylamines

	Experimental
	General methods
	Synthesis method for  beta -d-glucopyranosylamine (GPA)
	Synthesis methods for of N-alkyl and N,N-dialkyl glucosylamines
	N-Ethyl- beta -d-glucopyranosylamine (EtGPA)
	N-(2-Hydroxyethyl)- beta -d-glucopyranosylamine (HEtGPA)

	Synthesis of other analogues
	N,N-Di(2-hydroxyethyl)- beta -d-glucopyranosylamine (DHEtGPA)
	N-Butyl- beta -d-glucopyranosylamine (BuGPA)
	N-Hexyl- beta -d-glucopyranosylamine (HeGPA)
	N-Octyl- beta -d-glucopyranosylamine (OcGPA)
	N-Dodecyl- beta -d-glucopyranosylamine (DoGPA)

	Antifungal activity assessment
	Microorganisms
	Radial growth assays
	Analysis of the results


	Acknowledgement
	Supplementary data
	References


