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Several amphiphilic D-galactopyranose derivatives were synthesized in which the glycosidic moiety was
separated from the hydrophobic alkyl chain (along 8 or 12 carbon atoms) by a spacer arm (butyl, butynyl or
benzyl) in order to increase their surfactant properties and to obtain new antibacterial compounds. The
surface tensions of the products were analyzed by Critical Micelle Concentration (CMC) and gCMC measure-
ments and the antimicrobial activities were assayed against 10 bacterial species by Minimum Inhibitory
Concentration (MIC) determination in liquid broth. The introduction of an aliphatic spacer arm increased the
amphiphilic properties of the compounds and the CMC values were 40e500 times lower than their analogs
without spacer arm. In the same manner, the spacer arms significantly increased the antibacterial power of
the compounds. The products 4d and 4e exhibiting a C12 alkyl chain and an aliphatic spacer arm (butyl
and butynyl) were the best surfactants (CMC ¼ 0.023 and 0.032 mmol/L, respectively) and presented also
the best antibacterial activities (MIC ¼ 15.62 and 3.91 mg/mL for Micrococcus luteus, respectively). But the
antibacterial activity of the newly synthesized products seemed to depend more on the cell wall
composition of the bacteria than only on the amphiphilic character of the compounds.

� 2012 Elsevier Masson SAS. All rights reserved.
1. Introduction membrane integrity and cause the cellular lysis [13,14]. But
Carbohydrate-derived surfactants are non-ionic amphiphilic
compounds in which the carbohydrate moiety is linked to a long
alkyl chain. In recent years, this class of detergents has been
extensively studied [1e7] due to several interesting properties in
addition to their emulsifying properties such as non-toxicity or
biodegradability, and because carbohydrates are attractive starting
materials for chemical elaboration due to their status as renewable
resources [8,9]. An overall review on the synthesis and the prop-
erties of carbohydrate-based amphiphilic molecules has been
published recently [10]. Carbohydrate-derived surfactants are also
known for their antimicrobial activity due to their capacity to
interact with biological membranes [11,12]. Indeed surfactants can
solubilize the lipids constituting the membrane bilayer, impair the
n; MIC, minimum inhibitory
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generally, the carbohydrate-derived surfactants synthesized for
antimicrobial purposes were derivatives of amino ether [6,15e19],
thio ether [20,21], aminoglycosides [22e25], or fatty acid ester
[26e29]. Only few works deal with the antimicrobial activity of
carbohydrate ether derivatives [30e34].

The aim of this study was to deepen the knowledge on the
antimicrobial properties of carbohydrate ether derivatives in the
actual context of bacterial resistance to antibiotics and the
increasing need to discover new antibacterial molecules [35,36]. In
that purpose, we synthesized carbohydrate ethers deriving from
caprylic and lauric acids, C8 and C12 fatty acid respectively, well
known for their strong antibacterial properties [33,37e43]. Con-
cerning the glycosidic part, previous studies on carbohydrate esters
showed that the configuration of hydroxyl groups in the carbohy-
drate moiety influenced the antibacterial activities, and the galac-
tose derivatives were more bactericide than the glucose, fructose or
sucrose ones [44]. Then, we synthesized 6-O-alkyl-galactose deriv-
atives with a C8 or a C12 alkyl chain and tested the tension surface
characteristics as well as the antimicrobial activities of these
compounds. In previous works, the amphiphilic and liquid crystal
properties of thesemolecules have been shown to strongly decrease
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when the alkyl chain contained more than eight carbon atoms
[45,46]. This phenomenon, which decreased the hydrophilic char-
acter, resulted from the intramolecular hydrogen bonding between
the cis-hydroxyl groups located on C-3 and C-4 [47]. It was proposed
that the C-6 hydrophobic alkyl chainwith a certain length, sterically
crowded the C-3 and C-4 hydroxyl groups, thus preventing them to
be engaged in intermolecular hydrogen bonding with water mole-
cules [48]. In order to circumvent this problem, we prepared gluci-
doamphiphile derivatives from D-galactose in which the glucidic
moiety and the hydrophobic alkyl chainwere separated by a spacer
armwith various length and rigidity (butyl, butynyl, benzyl). After-
ward thesemolecules and their derivativeswithout spacer armwere
all tested for their surface-active properties and their antimicrobial
activities on a large range of bacterial strains.

2. Results and discussion

Firstly, the synthesis of the hydrophobic alkyl chain including
spacer arm beganwith the monoalkylation of commercial diol with
n-dodecyl bromide or n-octyl bromide in DMF (Scheme 1). For this
step, sodium hydride was used when the starting material was
butan-1,4-diol or butyn-1,4-diol and sodium hydroxide to prevent
degradation of hydroquinone. The corresponding alkylated alcohol
1aef was obtained with a yield of 60e90%. Then, the activation of
hydroxyl group was performed using p-toluenesulfonyl chloride
and dimethylaminopyridine in dichloromethane. Tosylated deriv-
atives 2aef were isolated with a 73e92% yield.

The6-O-alkyl-D-galactopyranoseswerepreparedbyalkylationof
1,2:3,4-di-O-isopropylidene-D-galactopyranose using appropriate
tosylated alkyl chain and potassium hydroxide for derivatives with
spacer arm (Scheme 2), or suitable bromoalkanes and sodium
hydride for derivatives without spacer arm (Scheme 3).

The final condensation of the tosylated derivatives with 1,2:3,4-
di-O-isopropylidene-D-galactopyranose in tolueneeMe2SO in the
presence of potassium hydroxide produced the 3aef intermediate
6-O-alkyl-1,2:3,4-di-O-isopropylidene-D-galactopyranoses. These
compounds were subsequently deprotected with CF3COOH to
obtain 4aef with a 75e90% yield. The experimental conditions for
the deacetalization reaction allowed the maintenance of the
anomeric integrity to provide deprotected compounds in the a-
n E Product 

8 butyl 1a, 2a 

8 butynyl 1b, 2b 

8 benzyl 1c, 2c 

12 butyl 1d, 2d 

12 butynyl 1e, 2e 

12 benzyl 1f, 2f 

spacer ar

HO E OH HO E OCnH

60-90% 1a-f

a

Scheme 1. Synthesis of alkyl chains including spacer arm. Reagents and condi
configuration [45,46,49] (see representative NMR spectra in
Supplementary Data).

After synthesis, the deprotected compounds 4aef were evalu-
ated for their surfactant properties. The Critical Micelle Concen-
trations (CMC) was determined by surface tension measurement
(g) using the Wilhelmy method and the measured values were
plotted against the molar concentrations. The surface tension
characteristics of the galactose derivatives were reported in Table 1
and the corresponding graphs in Figs. 1 and 2. The results were
compared to the corresponding analogs without spacer arm 6a and
6b (6-O-alkyl-D-galactopyranoses), which were already described
in the literature [48] but were synthesized again here (Scheme 3) to
compare the influence of the spacer arm on the tension surface
properties and hereafter on the antimicrobial efficiency.

The compounds 4a, 4b, 4d and 4e (derivatives with non
aromatic spacer arms) exhibited a large decrease in surface tension
from 72 to 30e42 mN/m approximatively when the concentration
raised (Figs. 1 and 2) which is a classical surfactant behavior. In
addition, all of them presented a characteristic phenomenon of
micellization. For the compounds 4c and 4fwith an aromatic spacer
arm, the profiles were different. The surface tension for the
compound 4c decreased from 72 to 54mN/m (Fig.1), but no CMC or
gcmc could be determined because the solution became turbid over
0.6 mmol/L. This compound seemed to have a hydrotropic behavior
which prevented the molecule organization in micelle and induced
no break in the g slope (Fig. 1). For the compound 4f, the same
decrease in surface tension as 4c was observed; however, a CMC
could be measured but with a 100 times worse value than the
compounds with aliphatic spacer arm, i.e. 3.1 mmol/L instead of
0.023 and 0.032 mmol/L for 4d and 4e, respectively.

The comparison between the CMC values obtained for the
galactose derivatives with and without non aromatic spacer arm
(Table 1) showed that the distance between the glucidic moiety and
the hydrophobic alkyl chain greatly improved the surfactant prop-
erties of the molecules. For the C8 derivatives, the CMC decreased
from 12 mmol/L for 6a to 0.3 and 0.06 mmol/L for butyl 4a and
butynyl 4b spacer arm, respectively. And for the C12 derivatives, no
CMC could be measured for the product 6b without spacer arm, in
accordance to the literature [48],whereas the valueswere 0.023 and
0.032 mmol/L for butyl 4d and butynyl 4e spacer arm, respectively.
H2C C C CH2

(CH2)4

m E =

2n+1 TsO E OCnH2n+1

73-92% 2a-f

b

tions: (a) BrCnH2nþ1, NaH or NaOH, DMF, RT; (b) TsCl, DMAP, CH2Cl2, 0 �C.
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Scheme 2. Synthesis of 6-O-alkyl-D-galactopyranose derivatives with spacer arm: Reagents and conditions: (a) acetone, H2SO4, 54%; (b) TsO(CH2)4OCnH2nþ1, KOH, DMF, RT, 85e91%;
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The nature of the spacer arm affected the surface tension prop-
erties in relation to the length of the alkyl chain of the galactose
derivatives (Table 1). Therefore, for the galactose derivatives with
butyl spacer arm, the C8 derivative showed a CMC value 10 times
higher than the C12 derivatives (CMC¼ 0.3 and 0.023mmol/L for 4a
and 4d, respectively) and 2 times higher with the butynyl spacer
arm (CMC ¼ 0.06 and 0.032 mmol/L for 4b and 4e, respectively).
However when the alkyl chainwas longer (4d, 4e), the nature of the
spacer arm (alkyne or alkane) had less influence and resulted in
equivalent CMC values (0.023 and 0.032 mmol/L, respectively). The
lengthening of the hydrocarbon chain adjusted the hydrophilice
lipophilic balance in favor of a more important emulsifying power.

For molecules with a C8 alkyl chain, the introduction of a rigid
spacer arm was effective to prevent the folding of the alkyl chain
only when the spacer was aliphatic. The compounds 4a and 4b
showed very interesting surface tension properties with
a CMC ¼ 0.3 and 0.06 mmol/L, respectively, instead of 12 mmol/L
for C8 derivative without spacer arm 6a.

When the alkyl chain was relatively short (8 carbons), the
insertion of a spacer arm a little more rigid supported the
deployment of the alkyl chain and the supramolecular assembly of
the compounds in aqueous solution. However the nature of the
spacer arm became less important when the length of the alkyl
C
Me2

O
O

O
O

O

OH

Me2C

O

O

Me2Ca

Scheme 3. Synthesis of 6-O-alkyl-D-galactopyranose derivatives without spacer arm: Re
chain increased and no significant difference was observed
between the CMC of the compounds 4d and 4e.

The aromatic spacer arm didn’t seem appropriate since the
micellization didn’t appear clearly in the surface tension graphs (4c
in Fig. 1 and 4f in Fig. 2). The benzene ring made the final sugar
completely hydrophobic andwas probably too rigid to form a stable
supramolecular structure.

The surface tension properties of all the synthesized derivatives,
except those with an aromatic spacer arm, were comparable to
the most effective neutral surfactant, Tween 20, exhibiting
a CMC ¼ 0.05 mmol/L [50].

To complete this study, the antimicrobial activity of all the 6-O-
alkyl-galactose derivatives (C8 or C12 alkyl chain, with or without
spacer arm, protected or deprotected) was determined by liquid
broth serial dilutions. The Minimum Inhibitory Concentration
(MIC) was assayed on 10 bacterial species potentially pathogens for
humans, animals or plants: 6 Gram negative bacteria (Citrobacter
freundii ATCC 6750, Enterobacter cloacae ATCC 13047, Erwinia
chrysanthemi EC3937, Escherichia coli ATCC 10536, Pseudomonas
aeruginosa CIP A22 and Sinorhizobium meliloti Rm1021) and 4 Gram
positive bacteria (Bacillus stearothermophilus ATTC 12980, Micro-
coccus luteus CIP 53.45, Mycobacterium smegmatis CIP 73.26 and
Staphylococcus aureus subsp aureus CIP 53.154). Chloramphenicol
C
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O

OCnH2n+1
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b

5a n=8
5b n=12

6a n=8
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agents and conditions: (a) BrCnH2nþ1, NaH, DMF, 69e81%, (b) TFAeH20, 0 �C, 95%.



Table 1
Surface tension characteristics of the 6-O-alkyl-D-galactopyranose derivatives.

Compound CMC (mmol/L) gCMC (mN/m)
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a No CMC or gCMC were recorded during surface tension experiment.
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was used as a standard to compare the synthesized products to
a large spectrum antibiotic. The results are presented in Table 2.

The alkyl-galactose derivatives exhibiting the best antimicrobial
activities were the C12 derivatives with non aromatic spacer arms,
whether they were protected or not, i.e. the products 3d, 3e, 4d and
4e. These compounds gave MIC values as low as 3.91 mg/mL
depending on the strain, which was similar to the chloramphenicol
action. The aromatic spacer arm seemed to cancel the antimicrobial
activity of the C12-derived products and no significant MIC could
be detected for compounds 3f or 4f, with only one exception of the
3f tested on M. luteus (MIC ¼ 31.25 mg/mL).

The MIC results were independant of the nature of the aliphatic
spacer arm and were equivalent with a butyl or a butynyl group.
Moreover, the protected galactose derivatives had similar antimi-
crobial activities as the deprotected ones (3d and 4d, or 3e and 4e)
exhibiting analogous MIC values.

The antibacterial effects were clearly strain-dependant. The
compounds 3d, 3e, 4d and 4e had a better activity against Gram
positive strains, whereas the Gram negative bacteria seemed to be
more resistant to these products, with the only exception of
S. meliloti with 4e (MIC ¼ 31.25 mg/mL). Among Gram positive
strains, the lowest MIC values were obtained on M. luteus and
B. stearothermophilus (MIC ¼ 3.91e31.25 mg/mL).

On another hand, the C8 derivatives (compounds 3aec, 4aec)
showed poor antibacterial activities and no MIC values under
62.5 mg/mL could be measured whatever was the strain tested.

The products without spacer arm 5ae6b gave no MIC, showing
the importance to move the alkyl chain away from the glycosidic
part to present antibacterial properties.

The newly synthesized 6-O-alkyl-galactose derivatives exhibi-
ted tension surface properties related to the antibacterial activities
and the best surfactants 4d and 4e were also the best antimicro-
bials. Nevertheless, the amphiphilic character is not enough to
explain the bactericidal power and the compounds exhibited
a strain-dependant action inwhich the Gram negative species were
more resistant than the Gram positive bacteria. This was already
observed with fatty acid derivatives [29,37,51] and this resistance
was attributed to the presence of the cell wall lipopolysaccharide
(LPS) and of the outer membrane, which are two structures both
absent in Gram positive bacteria and could prevent the active
compounds to reach the cytoplasmic membrane of the Gram
negative species [37,52].

The only exception in the resistance to the products by the Gram
negative species is the case of S. melilotiwith 4e, whichwas the best
antibacterial compound. This special feature could be explained by
the unusual LPS structure of S. meliloti which is composed of an
atypical very long-chain fatty acid with up to 30 carbon atoms [53]
and could interact differently with the alkyl chain of the
compounds.

Among the Gram positive bacteria, some species were more
sensitive to the 6-O-alkyl-galactose derivatives like M. luteus or
B. stearothermophilus, whereas others were more resistant like
M. smegmatis or S. aureus. This implies that the specific strain
composition of the cell wall or the cytoplasmic membrane is
important to explain the bactericidal effects of the products [54].
For example, M. luteus is known to possess mannosyl residus in its
membrane phospholipids [55] and M. smegmatis a unique arabi-
nogalactan feature [53]. Each strain presents a specific cell wall
composition and a deeper study on the molecular interactions
between the products and the bacterial components is necessary to
understand the bactericidal mechanisms.

3. Conclusion

The introduction of a spacer arm between the galactose moiety
and the alkyl chain prevented the invasion of the hydrophobic part
in the region of the OH groups. Hence the intermolecular
hydrogen bonds with water molecules were allowed and the
newly synthesized compounds showed good amphiphilic proper-
ties. In order to check the correlation between the glucidoam-
phiphile structure and the surface tension characteristics, as well
as the antimicrobial activities of the surfactant molecules, we
currently extend the synthesis pathway to different molecules
containing other types of rigid spacer arm and one or more alkyl
groups.

4. Experimental section

All chemicals were purchased from Acros and Aldrich Chemicals
in their highest purity degree. All solvents were used as-supplied
without further purification. Distilled water was used in all
experiments. Analytical thin-layer chromatography (TLC) was per-
formed on E. Merck aluminum-backed silica gel (Silica Gel F254).
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Fig. 1. Surface tension of 6-O-octyl-D-galactopyranose derivatives 4a, 4b and 4c with butyl-, butynyl- and benzyl-spacer arm respectively, and 6a without spacer arm, as a function
of concentration.
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Compounds were identified using UV fluorescence and/or staining
with a solution of phosphomolybdic acid in aqueous sulfuric acid
and ethanol.

Melting points were determined on an electrothermal appa-
ratus and are uncorrected. Optical rotations, for solutions in CHCl3
or methanol, were measured at room temperature with a digital
polarimeter ATAGO model Polax-2L.

NMR spectra were recorded on a Bruker DRX300 spectrometer
operating at 300MHz for 1H nuclei and 75MHz for 13C nuclei. CDCl3
(99.50% isotopic purity) and DMSO d6 (99.80% isotopic purity) were
purchased from Euriso-Top. 1H NMR data are reported as chemical
shift, multiplicity (s, singlet; d, doublet; m, multiplet), relative
integral, coupling constant (J in hertz).

The processor tensiometer Sigma 70 (KSV) and the Wilhelmy
platemethod for airewater interface have been used for the surface
1,00E-07 1,00E-06 1,00E-05

Fig. 2. Surface tension of 6-O-dodecyl-D-galactopyranose derivatives 4d, 4e and 4f with
a function of concentration.
tension measurements at 293 K. A concentrated solution was
installed in a syringe and the addition of small volumes to ultrapure
water enhanced the solution concentration. After each addition, the
solutionwas gently stirred for 30 s. Equilibrium surface tensionwas
measured for each concentration. All surface tension values were
mean quantities of at least three measurements. The standard
deviation of themean never deviatedmore than�1.5% of themean.
The precision of the force transducer of the surface tension appa-
ratus was 0.1 mN/m and before each experiment, the platinum
plate was cleaned in red/orange color flame.

4.1. General procedure of monoalkylation using sodium hydroxide

Hydroquinone (9.08 mmol, 1 equiv) and potassium hydroxide
(9.08 mmol, 1 equiv) were stirred at room temperature for 1 h in
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DMF (40 mL), then n-alkyl bromide (10.9 mmol, 1.2 equiv) was
added slowly. After 24 h, the reactionwas quenched with acid resin
DOWEX 50WX4 and the organic layer was extracted with ethyl
acetate, dried with Na2SO4 and concentrated under reduced pres-
sure. The monoalkylated derivative was isolated as a white solid
after purification by column chromatography with 7:3 hexanee
ethyl acetate.
4.2. General procedure of monoalkylation using sodium hydride

Sodium hydride (3.3 mmol, 1.1 equiv) was added at room
temperature to a solution of alcohol (3 mmol, 1 equiv) in DMF
(20 mL). The medium was stirred at room temperature during 1 h
and n-alkyl bromide (3.6 mmol, 1.2 equiv) was added slowly. After
1 h at room temperature, water was added to quench the reaction
and the organic layer was extracted with ethyl acetate, dried with
Na2SO4 and concentrated under reduced pressure. The mono-
alkylated derivative was isolated as a colorless oil after purification
by column chromatography with 7:3 hexaneeethyl acetate.
4.3. General procedure of tosylation

p-Toluenesulfonyl chloride (5.91 mmol, 1.5 equiv) in dichloro-
methane (10 mL) was added dropwise to a solution of mono-
alkylated diol (3.94 mmol, 1 equiv) and dimethylaminopyridine
(5.91 mmol, 1.5 equiv) in dichloromethane (20 mL) at �10 �C. After
7 h at room temperature, the solutionwas filtered and concentrated
under reduced pressure. The tosylated derivative was isolated as
a viscous liquid after purification by column chromatography with
9:1 hexaneeethyl acetate.
4.4. General procedure of condensation between tosylated
derivatives and protected sugar

Finely powdered potassium hydroxide (10.6 mmol, 2 equiv) was
added to a solution of 1,2:3,4-di-O-isopropylidene-D-galactopyr-
anose (5.3 mmol, 1 equiv) in tolueneeMe2SO 3:2 (10 mL) at room
temperature. The reaction was stirred during 1 h at room temper-
ature and a solution of the tosylated derivative (5.3 mmol, 1 equiv)
in tolueneeMe2SO 3:2 (5 mL) was added to the medium. After 15 h,
the mixture was filtered and the filtrate neutralized with saturated
aq. NH4Cl. The organic phase was separated, washed with water
(twice), dried (Na2SO4) and concentrated under reduced pressure.
The 6-O-alkyl-1,2:3,4-di-O-isopropylidene-D-galactopyranose was
isolated as a white solid after purification by column chromatog-
raphy with 9:1 hexaneeethyl acetate.
4.5. General procedure for deprotection of diacetal derivatives

Diacetal derivative (3.2 mmol, 1 equiv) was added to a stirred
solution of 9:1 CF3COOHeH2O (5 mL) at room temperature. Cold
diethyl ether was added after 1 h and the solution was cooled at
�20 �C. The desired products were filtered off, sucked dry, washed
with diethyl ether (twice) and recrystallized from THF to give 6-O-
n-alkyl-a-D-galactopyranose.
4.6. 4-O-n-Octyl-butan-1-ol (1a)

Colorless oil (8.70 g, 43.06 mmol, 78%); 1H NMR (CDCl3): 3.51
(2H, t, J 6.8 Hz, CH2OH), 3.39 (4H, m, CH2OR), 1.53 (m, 6H,
CH2CH2O), 1.29 (m, H alkyl chain), 0.82 (t, 3H, J 6.4 Hz, CH3); 13C
NMR (CDCl3): 71.4, 71.1 (CH2OR), 62.5 (CH2OH), 32.4e22.9 (CH2
alkyl chain), 14.4 (CH3).
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4.7. 4-O-n-Dodecyl-butan-1-ol (1d)

Colorless oil (3.46 g, 13.43 mmol, 90%); 1H NMR (CDCl3): 3.53
(2H, t, J 6.8 Hz, CH2OH), 3.35 (4H, m, CH2OR), 1.54 (m, 6H,
CH2CH2O), 1.19 (m, H alkyl chain), 0.81 (t, 3H, J 6.4 Hz, CH3); 13C
NMR (CDCl3): 71.4, 71.1 (CH2OR), 62.6 (CH2OH), 32.3e23.0 (CH2
alkyl chain), 14.4 (CH3).

4.8. 4-O-n-Octyl-but-2-yn-1-ol (1b)

Colorless oil (8.99 g, 45.40mmol, 78%); 1HNMR(CDCl3): 4.21 (2H,
m, ^CCH2OH), 4.12 (2H, m, ROCH2C^), 3.43 (t, 2H, CH2OCH2C^, J
6.8Hz),1.48 (m, 2H, CH2CH2OCH2C^),1.22 (m,Halkyl chain), 0.82 (t,
3H, J 7.0 Hz, CH3); 13C NMR (CDCl3): 85.9 (C^), 69.7, 58.2 (CH2OR),
51.3 (CH2OH), 32.2e23.0 (CH2 alkyl chain), 14.2 (CH3).

4.9. 4-O-n-Dodecyl-but-2-yn-1-ol (1e)

Colorless oil (5.87 g, 23.03 mmol, 79%); 1H NMR (CDCl3): 4.29
(2H, m, ^CCH2OH), 4.16 (2H, m, ROCH2C^), 3.49 (t, 2H,
CH2OCH2C^, J 6.7 Hz), 1.84 (m, 2H, CH3CH2(CH2)10), 1.58 (m, 2H,
CH2CH2OCH2C^), 1.26 (m, H alkyl chain), 0.87 (t, 3H, J 7.0 Hz, CH3);
13C NMR (CDCl3): 85.9 (C^), 69.7, 58.2 (CH2OR), 51.3 (CH2OH),
32.2e23.0 (CH2 alkyl chain), 14.2 (CH3).

4.10. p-O-n-Octyl-phenol (1c)

White solid (6.05 g, 27.24 mmol, 60%); 1H NMR (CDCl3): 6.79
(4H, m, Haro), 3.88 (2H, t, CH2OR, J 8.9 Hz), 1.69 (m, 2H, CH2CH2OR),
1.24 (m, H alkyl chain), 0.94 (t, 3H, J 6.5 Hz, CH3); 13C NMR (CDCl3):
153.4, 150.1, 116.2, 115.9 (4 � Caro), 69.3 (CH2OR), 32.3e23.1 (CH2
alkyl chain), 14.6 (CH3).

4.11. p-O-n-Dodecyl-phenol (1f)

White solid (8.08 g, 29.06 mmol, 64%); 1H NMR (CDCl3): 6.79
(4H, m, Haro), 3.91 (2H, t, CH2OR, J 9.0 Hz), 1.77 (m, 2H, CH2CH2OR, J
6.8 Hz), 1.29 (m, H alkyl chain), 0.91 (t, 3H, J 6.3 Hz, CH3); 13C NMR
(CDCl3): 153.6,149.8,116.4,116.1 (4� Caro), 69.3 (CH2OR), 32.3e23.1
(CH2 alkyl chain), 14.6 (CH3).

4.12. 4-O-n-Octyl-but-1-yl tosylate (2a)

White solid (2.61 g, 7.33 mmol, 74%); 1H NMR (CDCl3): 7.79, 7.32
(4H, d, J 8.4, Haro), 4.05 (2H, t, J 6.3 Hz, CH2OTs), 3.34 (4H, m,
CH2OR), 2.44 (s, 3H, CH3 tosyl), 1.72e1.26 (m, H alkyl chain), 0.87 (t,
3H, J 6.4 Hz, CH3); 13C NMR (CDCl3): 145.0, 133.6, 130.2, 128.3 (Caro),
71.4, 70.9, 70.1(CH2OR), 32.2e23.0 (CH2 alkyl chain), 22.0 (CH3
tosyl), 14.4 (CH3).

4.13. 4-O-n-Dodecyl-but-1-yl tosylate (2d)

White solid (2.64 g, 6.40 mmol, 82%); 1H NMR (CDCl3): 7.80, 7.34
(4H, d, J 8.1, Haro), 4.07 (2H, t, J 6.1 Hz, CH2OTs), 3.32 (4H, m, CH2OR),
2.46 (s, 3H, CH3 tosyl), 1.80e1.29 (m, H alkyl chain), 0.85 (t, 3H, J
6.6 Hz, CH3); 13C NMR (CDCl3): 144.9, 133.4, 130.2, 128.4 (Caro), 71.2,
70.9, 69.9 (CH2OR), 32.1e23.2 (CH2 alkyl chain), 21.9 (CH3 tosyl),
14.3 (CH3).

4.14. 4-O-n-Octyl-but-2-yn-1-yl tosylate (2b)

White solid (2.59 g, 7.37 mmol, 73%); 1H NMR (CDCl3): 7.80, 7.34
(4H, d, J 8.1 Hz, Haro), 4.75 (2H, m, ^CCH2OTs), 4.03 (2H, m,
ROCH2C^), 3.39 (t, 2H, CH2OCH2C^, J 6.6 Hz), 2.46 (s, 3H, CH3
tosyl), 1.54 (m, 2H, CH2CH2OCH2C^), 1.30 (m, H alkyl chain), 0.87 (t,
3H, J 6.3 Hz, CH3); 13C NMR (CDCl3): 145.4, 133.6, 130.2, 128.3 (Caro),
86.3 (C^), 70.8, 67.4 (CH2OR), 58.3 (CH2OTs), 32.2e23.0 (CH2 alkyl
chain), 22.1 (CH3 tosyl),14.5 (CH3).

4.15. 4-O-n-Dodecyl-but-2-yn-1-yl tosylate (2e)

White solid (2.41 g, 5.91 mmol, 75%); 1H NMR (CDCl3): 7.80, 7.34
(4H, d, J 8.1 Hz, Haro), 4.74 (2H, m, ^CCH2OTs), 4.02 (2H, m,
ROCH2C^), 3.38 (t, 2H, CH2OCH2C^, J 6.7 Hz), 2.45 (s, 3H, CH3
tosyl),1.52 (m, 2H, CH2CH2OCH2C^), 1.29 (m, H alkyl chain), 0.88 (t,
3H, J 7.1 Hz, CH3); 13C NMR (CDCl3): 145.4, 133.5, 130.2, 128.5 (Caro),
86.3 (C^), 70.8, 67.2 (CH2OR), 58.3 (CH2OTs), 32.2e23.0 (CH2 alkyl
chain), 22.0 (CH3 tosyl),14.2 (CH3).

4.16. p O-n-Octyl-phenyl tosylate (2c)

White solid (2.81 g, 7.47 mmol, 90%); 1H NMR (CDCl3): 7.66, 7.30
(4H, d, J 8.1 Hz, Haro), 6.85, 6.74 (4H, d, J 8.0 Hz, Haro), 3.87 (2H, t,
CH2OR, J 6.3 Hz), 2.45 (s, 3H, CH3 tosyl), 1.73 (m, 2H, CH2CH2OR, J
6.8 Hz), 1.27 (m, H alkyl chain), 0.88 (t, 3H, J 7.2 Hz, CH3); 13C NMR
(CDCl3): 158.2, 145.7, 115.3 (4 � Caro), 145.4, 133.5, 130.2, 128.5 (Caro
tosyl) 68.7 (CH2OR), 32.3e22.1 (CH2alkyl chain), 22.0 (CH3 tosyl),14.5
(CH3).

4.17. p O-n-Dodecyl-phenyl tosylate (2f)

White solid (3.12 g, 7.22 mmol, 92%); 1H NMR (CDCl3): 7.66, 7.30
(4H, d, J 8.1 Hz, Haro), 6.85, 6.74 (4H, d, J 8.0 Hz, Haro), 3.85 (2H, t,
CH2OR, J 6.5 Hz), 2.47 (s, 3H, CH3 tosyl), 1.71 (m, 2H, CH2CH2OR, J
6.9 Hz), 1.29 (m, H alkyl chain), 0.85 (t, 3H, J 7.2 Hz, CH3); 13C NMR
(CDCl3): 158.2, 145.7, 115.3 (4 � Caro), 145.4, 133.5, 130.2, 128.5 (Caro
tosyl) 68.5 (CH2OR), 32.1e22.2 (CH2 alkyl chain), 21.8 (CH3 tosyl),
14.4 (CH3).

4.18. 6-O-(4-O-n-Octyl-but-1-yl)-1,2:3,4-di-O-isopropylidene-a-D-
galactopyranose (3a)

White solid (1.21 g, 2.72 mmol, 85%); (Found: C, 64.7; H, 10.0.
C24H44O7 requires C, 64.8; H, 10.0%); m.p. 83 �C; ½a�26D �18.2� (c 0.7;
CHCl3); 1H NMR (CDCl3): d 5.51 (1H, d, J1e2 5.0 Hz, H-1), 4.59 (1H,dd,
J3,4 7.9 Hz, H-3), 4.31 (1H, dd, J2,3 2.3 Hz, H-2), 4.26 (1H, dd, J4,5
1.8 Hz, H-4), 3.97 (1H, m, H-5), 3.48 (6H, m, H-6, CH2O), 1.65e1.40
(12H, s, CH3 iso), 1.27 (m, H alkyl chain), 0.88 (t, 3H, J 6.4 Hz, CH3);
13C NMR (CDCl3): d 109.6, 108.9 (Ciso), 96.8 (C-1), 71.7 (C-4), 71.6
(CH2O), 71.4 (C-3), 71.0 (2� CH2O, C-2), 69.7 (C-5), 67.1 (C-6), 32.3e
23.0 (CH2 alkyl chain), 26.7, 25.1, 23.2, 22.9 (4� CH3 iso), 14.5 (CH3).

4.19. 6-O-(4-O-n-Dodecyl-but-1-yl)-1,2:3,4-di-O-isopropylidene-
a-D-galactopyranose (3d)

White solid (1.83 g, 3.66 mmol, 91%); (Found: C, 67.1; H, 10.6.
C28H52O7 requires C, 67.2; H,10.5%);m.p. 95 �C; ½a�26D ¼�21.3� (c 0.8;
CHCl3); 1H NMR (CDCl3): d 5.53 (1H, d, J1e2 5.1 Hz, H-1), 4.59 (1H,dd,
J3,4 7.8 Hz, H-3), 4.31 (1H, dd, J2,3 2.4 Hz, H-2), 4.23 (1H, dd, J4,51.8 Hz,
H-4), 3.97 (1H, m, H-5), 3.48 (6H, m, H-6, CH2O), 1.65e1.34 (12H, s,
CH3 iso), 1.25 (m, H alkyl chain), 0.89 (t, 3H, J 6.5 Hz, CH3); 13C NMR
(CDCl3): d 109.6, 108.9 (Ciso), 96.8 (C-1), 71.7 (C-4), 71.6 (CH2O), 71.4
(C-3), 71.0 (2 � CH2O, C-2), 69.7 (C-5), 67.1 (C-6), 32.4e22.7 (CH2

alkyl chain), 26.7, 25.1, 23.4, 23.2 (4 � CH3 iso), 14.4 (CH3).

4.20. 6-O-(4-O-n-Octyl-but-2-yn-1-yl)-1,2:3,4-di-O-
isopropylidene-a-D-galactopyranose (3b)

White solid (1.07 g, 2.43 mmol, 74%); (Found: C, 65.4; H, 9.1.
C24H40O7 requires C, 65.4; H, 9.15%); m.p. 78 �C; ½a�26D �20.1� (c 0.6;
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CHCl3); 1H NMR (CDCl3): d 5.54 (1H, d, J1e2 4.8 Hz, H-1), 4.60 (1H,
dd, J3,4 8.0 Hz, H-3), 4.31 (1H, dd, J2,3 2.5 Hz, H-2), 4.26 (3H, m, H-4,
^CCH2), 4.16 (2H, m, ROCH2C^), 3.90 (1H, m, H-5), 3.75 (1H, dd,
J6ae6b 11.2 Hz, J6ae5 5.1 Hz, H-6a), 3.65 (1H, dd, J6be5 6.9 Hz, H-6b),
3.48 (2H, m, CH2O), 1.54e1.33 (12H, s, CH3 iso), 1.27 (m, H alkyl
chain), 0.88 (t, 3H, J 6.4 Hz, CH3); 13C NMR (CDCl3): d 109.7, 109.0
(Ciso), 96.7 (C-1), 83.2, 82.3 (C^), 71.6 (C-4), 71.1 (C-3), 70.9 (C-2)
70.7 (CH2O), 69.0 (C-5), 61.8 (C-6), 59.2, 58.6 (OCH2C^), 32.3e23.0
(CH2 alkyl chain), 26.5, 25.3, 23.0 (4 � CH3 iso), 14.5 (CH3).
4.21. 6-O-(4-O-n-Dodecyl-but-2-yn-1-yl)-1,2:3,4-di-O-
isopropylidene-a-D-galactopyranose (3e)

White solid (1.26 g, 3.03 mmol, 81%); (Found: C, 67.7; H, 9.7.
C28H48O7 requires C, 67.7; H, 9.7%); m.p. 91 �C; ½a�26D �23.4� (c 0.7;
CHCl3); 1H NMR (CDCl3): d 5.56 (1H, d, J1e2 5.0 Hz, H-1), 4.57 (1H,
dd, J3,4 7.9 Hz, H-3), 4.31 (1H, dd, J2,3 2.6 Hz, H-2), 4.27 (3H, m, H-4,
^CCH2), 4.16 (2H, m, ROCH2C^), 3.92 (1H, m, H-5), 3.77 (1H, dd,
J6ae6b 10.9 Hz, J6ae5 5.0 Hz, H-6a), 3.66 (1H, dd, J6be5 7.0 Hz, H-6b),
3.48 (2H, m, CH2O), 1.52e1.28 (12H, s, CH3 iso), 1.25 (m, H alkyl
chain), 0.85 (t, 3H, J 6.4 Hz, CH3); 13C NMR (CDCl3): d 109.7, 109.0
(Ciso), 96.7 (C-1), 83.2, 82.3 (C^), 71.6 (C-4), 71.1 (C-3), 70.9 (C-2)
70.7 (CH2O), 69.0 (C-5), 61.8 (C-6), 59.2, 58.6 (OCH2C^), 32.6e22.8
(CH2 alkyl chain), 26.5, 25.3, 23.0 (4 � CH3 iso), 14.5 (CH3).
4.22. 6-O-(p O-n-Octyl-phen-1-yl)-1,2:3,4-di-O-isopropylidene-a-
D-galactopyranose (3c)

White solid (1.46 g, 3.15 mmol, 62%); (Found: C, 67.1; H, 8.7.
C26H40O7 requires C, 67.2; H, 8.7%); m.p. 95 �C; ½a�26D �23.7� (c 0.9;
CHCl3); 1H NMR (CDCl3): d 7.77, 7.29 (4H, d, J 8.1 Hz, Haro), 5.40 (1H,
d, J1e2 5.1 Hz, H-1), 4.53 (1H, dd, J3,4 7.8 Hz, H-3), 4.25 (1H, dd, J2,3
5.4 Hz, H-2), 4.16 (2H, m, H-4 H-6a), 4.05 (2H, m, H-5 H-6b),1.27 (m,
H alkyl chain), 1.17 (t, 3H, J 6.4 Hz, CH3); 13C NMR (CDCl3): d 145.2,
133.1, 130.1, 128.4 (Caro), 109.9, 109.2 (Ciso), 96.5 (C-1), 70.8 (C-4),
70.7 (C-3), 70.6 (C-2) 68.6 (CH2O), 66.2 (C-5), 60.7 (C-6), 32.3e23.0
(CH2 alkyl chain), 14.5 (CH3).
4.23. 6-O-(p O-n-Dodecyl-phen-1-yl)-1,2:3,4-di-O-isopropylidene-
a-D-galactopyranose (3f)

White solid (1.02 g, 1.96 mmol, 66%); (Found: C, 69.1; H, 9.2.
C30H48O7 requires C, 69.2; H, 9.3%); m.p. 98 �C; ½a�26D �25.2� (c 0.7;
CHCl3); 1H NMR (CDCl3): d 7.79, 7.30 (4H, d, J 8.0 Hz, Haro), 5.45 (1H,
d, J1e2 5.3 Hz, H-1), 4.53 (1H, dd, J3,4 7.7 Hz, H-3), 4.27 (1H, dd, J2,3
5.3 Hz, H-2), 4.16 (2H, m, H-4 H-6a), 4.07 (2H, m, H-5 H-6b),1.26 (m,
H alkyl chain), 1.15 (t, 3H, J 6.4 Hz, CH3); 13C NMR (CDCl3): d 145.2,
133.1, 130.1, 128.4 (Caro), 109.8, 109.4 (Ciso), 96.4 (C-1), 71.1 (C-4),
70.8 (C-3), 70.7 (C-2) 68.4 (CH2O), 66.3 (C-5), 60.7 (C-6), 32.7e22.8
(CH2 alkyl chain), 14.3 (CH3).
4.24. 6-O-(4-O-n-Octyl-but-1-yl)-a-D-galactopyranose (4a)

White solid (0.84 g, 2.31 mmol, 85%); (Found: C, 59.2; H, 10.0.
C18H36O7 requires C, 59.3; H, 10.0%); m.p. 119 �C; ½a�26D 22.4� (c 0.8;
MeOH); 1H NMR (DMSO d6): d 4.93 (1H, d, J1e2 3.1 Hz, H-1), 3.91
(1H, m, H-5), 3.62 (1H, dd, J4,3 2.9 Hz, H-4), 3.53 (1H, dd, J3,2 7.5 Hz,
H-3), 3.50 (1H, dd, H-2), 3.45 (6H, m, CH2O), 3.40 (1H, dd, J6ae6b 9.4,
H-6a), 3.36 (1H, dd, J6b-5 5.8 Hz, H-6b), 1.49e1.27 (m, H alkyl chain),
0.85 (t, 3H, J 6.4 Hz, CH3); 13C NMR (DMSO d6): d 92.5 (C-1), 70.1 (C-
6), 69.3 (C-4), 69.1 (C-3), 68.6 (CH2O), 68.5 (C-2), 68.3 (C-5), 31.2e
22.0 (CH2 alkyl chain), 13.6 (CH3).
4.25. 6-O-(4-O-n-Dodecyl-but-1-yl)-a-D-galactopyranose (4d)

White solid (1.38 g, 3.29 mmol, 90%); (Found: C, 62.8; H, 10.6.
C22H44O7 requires C, 62.8; H, 10.5%); m.p. 121 �C; ½a�26D 24.1� (c 0.5;
MeOH); 1H NMR (DMSO d6): d 4.92 (1H, d, J1e2 3.0 Hz, H-1), 3.93
(1H, m, H-5), 3.65 (1H, dd, J4,3 3.1 Hz, H-4), 3.50 (1H, dd, J3,2 7.2 Hz,
H-3), 3.48 (1H, dd, H-2), 3.43 (6H, m, CH2O), 3.38 (1H, dd, J6ae6b 9.1,
H-6a), 3.35 (1H, dd, J6be5 5.5 Hz, H-6b), 1.53e1.21 (m, H alkyl chain),
0.83 (t, 3H, J 6.9 Hz, CH3); 13C NMR (DMSO d6): d 92.5 (C-1), 70.1 (C-
6), 69.3 (C-4), 69.1 (C-3), 68.4 (CH2O), 68.3 (C-2), 67.9 (C-5), 31.5e
21.6 (CH2 alkyl chain), 13.3 (CH3).

4.26. 6-O-(4-O-n-Octyl-but-2-yn-1-yl)-a-D-galactopyranose (4b)

White solid (0.77 g, 2.14 mmol, 88%); (Found: C, 59.9; H, 8.9.
C18H32O7 requires C, 60.0; H, 8.95%); m.p. 108 �C; ½a�26D 20.3� (c 0.5;
MeOH); 1H NMR (DMSO d6): d 4.91 (1H, d, J1e2 3.3 Hz, H-1), 4.21
(2H, m, H-4, ^CCH2), 4.12 (2H, m, ROCH2C^), 4.01 (1H, m, H-5),
3.68 (1H, dd, J4,3 3.1 Hz, H-4), 3.53 (1H, dd, J3,2 7.8 Hz, H-3), 3.48 (1H,
dd, H-2), 3.45 (2H, m, CH2O), 3.39 (1H, dd, J6ae6b 9.1, H-6a), 3.32
(1H, dd, J6be5 5.7 Hz, H-6b), 1.50e1.25 (m, H alkyl chain), 0.88 (t, 3H,
J 6.5 Hz, CH3); 13C NMR (DMSO d6): d 92.5 (C-1), 70.1 (C-6), 69.3 (C-
4), 69.1 (C-3), 68.6 (CH2O), 68.5 (C-2), 68.3 (C-5), 31.2e22.0 (CH2
alkyl chain), 13.6 (CH3).

4.27. 6-O-(4-O-n-Dodecyl-but-2-yn-1-yl)-a-D-galactopyranose
(4e)

White solid (0.99 g, 2.39 mmol, 79%); (Found: C, 63.3; H, 9.7.
C22H40O7 requires C, 63.4; H, 9.7%); m.p. 113 �C; ½a�26D 21.4� (c 0.5;
MeOH); 1H NMR (DMSO d6): d 4.95 (1H, d, J1e2 3.7 Hz, H-1), 4.19
(2H, m, H-4, ^CCH2), 4.11 (2H, m, ROCH2C^), 3.98 (1H, m, H-5),
3.70 (1H, dd, J4,3 3.4 Hz, H-4), 3.53 (1H, dd, J3,2 7.9 Hz, H-3), 3.45 (1H,
dd, H-2), 3.42 (2H, m, CH2O), 3.39 (1H, dd, J6ae6b 9.5, H-6a), 3.35
(1H, dd, J6be5 5.9 Hz, H-6b), 1.54e1.19 (m, H alkyl chain), 0.91 (t, 3H,
J 6.5 Hz, CH3); 13C NMR (DMSO d6): d 92.5 (C-1), 70.3 (C-6), 69.1 (C-
4), 68.9 (C-3), 68.6 (CH2O), 68.5 (C-2), 68.1 (C-5), 31.6e21.5 (CH2
alkyl chain), 13.6 (CH3).

4.28. 6-O-(p O-n-Octyl-phen-1-yl)-a-D-galactopyranose (4c)

White solid (0.91 g, 2.36 mmol, 75%); (Found: C, 62.5; H, 8.4.
C20H32O7 requires C, 62.5; H, 8.4%); m.p. 139 �C; ½a�26D 28.2 (c 0.5;
MeOH); 1H NMR (DMSO d6): d 7.80, 7.32 (4H, d, J 8.3 Hz, Haro), 4.91
(1H, d, J1e2 3.3 Hz, H-1), 3.96 (1H, m, H-5), 3.69 (1H, dd, J4,3 2.7 Hz,
H-4), 3.59 (1H, dd, J3,2 7.7 Hz, H-3), 3.55 (1H, dd, H-2), 3.45 (2H, m,
CH2O), 3.38 (1H, dd, J6ae6b 9.7 Hz, H-6a), 3.32 (1H, dd, J6be5 6.1 Hz,
H-6b), 1.49e1.27 (m, H alkyl chain), 0.85 (t, 3H, J 6.4 Hz, CH3); 13C
NMR (DMSO d6): d 151.2, 143.1, 138.1, 131.4 (Caro), 92.8 (C-1), 71.1 (C-
6), 69.1 (C-4), 68.9 (C-3), 68.4 (CH2O), 68.1 (C-2), 59.9 (C-5), 31.2e
22.0 (CH2 alkyl chain), 13.4 (CH3).

4.29. 6-O-(p O-n-Dodecyl-phen-1-yl)-a-D-galactopyranose (4f)

White solid (0.65 g, 1.49 mmol, 76%); (Found: C, 65.4; H, 9.2.
C24H40O7 requires C, 65.4; H, 9.15%); m.p. 128 �C; ½a�26D 26.7� (c 0.5;
MeOH); 1H NMR (DMSO d6): d 7.79, 7.35 (4H, d, J 8.5 Hz, Haro), 4.93
(1H, d, J1e2 3.6 Hz, H-1), 3.95 (1H, m, H-5), 3.71 (1H, dd, J4,3 3.0 Hz,
H-4), 3.57 (1H, dd, J3,2 7.9 Hz, H-3), 3.56 (1H, dd, H-2), 3.42 (2H, m,
CH2O), 3.34 (1H, dd, J6ae6b 9.9 Hz, H-6a), 3.29 (1H, dd, J6be5 6.3 Hz,
H-6b), 1.53e1.23 (m, H alkyl chain), 0.84 (t, 3H, J 6.4 Hz, CH3); 13C
NMR (DMSO d6): d 151.2, 143.1, 138.1, 131.4 (Caro), 92.7 (C-1), 71.1 (C-
6), 69.3 (C-4), 68.7 (C-3), 68.5 (CH2O), 68.1 (C-2), 59.7 (C-5), 31.6e
21.5 (CH2 alkyl chain), 13.5 (CH3).
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4.30. Analysis of antimicrobial properties

4.30.1. Organisms and culture conditions
The antimicrobial activity of the 6-O-alkyl-galactose derivatives

was tested on ten bacterial strains: B. stearothermophilus ATTC
12980, C. freundii ATCC 6750, E. cloacae ATCC 13047, E. chrysanthemi
EC3937, E. coli ATCC 10536, M. luteus CIP 53.45, M. smegmatis CIP
73.26, P. aeruginosa CIP A22, S. meliloti Rm1021 and S. aureus subsp
aureus CIP 53.154.

Stock cultures were maintained in Luria Bertani (LB) broth
supplemented with 20% glycerol at �80 �C. Cultures were realized
from 1% (v/v) stock cultures in a nutritive broth identical for all the
strains (Yeast extract 1 g/L, Meat extract 2 g/L, Peptone 5 g/L and
NaCl 5 g/L) at 30 �C, except for M. smegmatis which was incubated
in a LB/Tween 80medium (Tryptone 10 g/L, Yeast extract 5 g/L, NaCl
5 g/L and Tween 80 at 0.05%) at 37 �C. Working suspensions were
obtained from an overnight culture, eventually diluted in nutritive
broth (or LB/Tween 80 medium for M. smegmatis), to reach
a bacterial density equivalent to a 0.5 McFarland standard, corre-
sponding approximatively to 1.5 � 108 cfu/mL.

4.30.2. Assay of antimicrobial activity in liquid medium
Stock solutions of the 6-O-alkyl-galactose derivatives were

prepared at 1 g/L in DMSO and were then serially diluted in sterile
nutritive broth (or LB/Tween 80medium forM. smegmatis) to a final
volume of 2 mL. Two milliliters of bacterial working suspension
were added to each tube and the final concentration of 6-O-alkyl-
galactose derivatives ranged from 1:2 to 1:512. Several controls
were realized for each microorganism and each synthesized
compound, as previously described [29]. A supplementary control
consisted in inoculated nutritive broth without compounds but
with chloramphenicol, which is a broad-spectrum antibiotic, in
order to compare its antimicrobial activity to those of the 6-O-alkyl-
galactose derivatives.

Then each tube was incubated for 24 h in a rotary shaker
(150 rpm) at 30 �C, except M. smegmatis at 37 �C. Bacterial density
was determined spectrophotometrically at 600 nm. The MIC was
defined as the lowest concentration of compound that showed no
increase in Optical Density (OD) values for all the replicates
compared to the negative control after incubation. Each experiment
was replicated three times.
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