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 Benzyl -L-rhamnopyranoside, prepared by both conventional and microwave assisted 
glycosidation techniques, was converted into benzyl 2,3-O-isopropylidene-α-L-
rhamnopyranoside which after lauroylation followed by removal of isopropylidene group gave 
the benzyl 4-O-lauroyl-α-L-rhamnopyranoside in good yield. Several derivatives of benzyl 4-
O-lauroyl-α-L-rhamnopyranoside were prepared and assessed in vitro for their antimicrobial 
activity against ten human pathogenic bacteria and seven fungi. The structure activity 
relationship (SAR) study revealed that incorporation of 4-O-lauroyl group in 
rhamnopyranoside frame work along with 2,3-di-O-acyl group increased the antifungal 
potentiality of the rhamnopyranosides. 
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1. Introduction 

        L-Rhamnose, an important member of the monosaccharide series,1 is widely distributed in nature, 
it was found in plant gums, plant glycosides and in bacterial polysaccharides.1,2 Some disaccharides 
having L-rhamnose as the aglycone has been synthesized and are important for the determination of the 
immunodominant site in antigenic lipopolysaccharides.3 The aldobiouronic acid 4-O-(8-D-
glucopyranosyluronic acid)-L-rhamnose has been isolated from hydrolysates of Acrosiphonia centralis, 
Ulva lactuca and Klebsiella K9 capsular polysaccharide.3 Also, 5-O--L-rhamnopyranosyl--L-
arabinofuranose (1, Fig. 1) has been found as the sugar component of sitosterol glycoside and showed 
rhamnosidase specificity in Aspergillus niger.4 The diacetyl derivative of the natural product 
kaempferol-3-O-(3',4'-di-O-acetyl-α-L-rhamnopyranoside), also called SL0101 (2), is a highly specific 
protein kinase (RSK) inhibitor.5 Compound 2 was isolated from Forsteronia refracta, a variety of 
dogbane found in the South American rainforest. This diacetyl compound 2 was found 12 times more 
inhibitor of RSK in vitro than that of its non-acetyl analogue 3. Thus, diacyl compound 2 inhibits the 
growth of cancer cell lines.5 Acylation of the rhamnose moiety in these natural products is necessary 
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for high affinity binding and selectivity. These results should facilitate the development of RSK 
inhibitors derived from SL0101 as anticancer agents.5 
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Fig. 1. Naturally occurring rhamnopyranosides 1-3 

       The branched L-rhamnopyranosides are found abundant in nature.6 Protected carbohydrate 
derivatives are also used as intermediate in syntheses of many biologically active natural products.7-9 
Although, regioselectivity is a major challenge as carbohydrates contain several hydroxyl groups of 
similar reactivity. Small differences in reactivity cannot be utilized for selective protection and 
modification of hydroxyl group. However, desired protection pattern can be achieved in one or few 
steps making use of complex reaction sequences.10 For example, organotin reagents, such as tributyltin 
oxide or dibutyltin oxide11-12 are often used to accomplish regioselective protection, including 
acylation13-14 of hydroxyl group of carbohydrate derivatives. Typically, the regioselectivity is difficult 
to control due to the similarity of the secondary 2, 3 and 4-trihydroxyls of rhamnose.12,15-17 In this 
context, our main aim was to establish a method for the synthesis of 4-O-lauroylrhamnopyranoside via 
protection-deprotection technique.  

       In recent years, search for new antibacterial agents with novel mode of action represents a major 
target in chemotherapy18 as the emergence of multiple antibiotic resistant pathogenic bacteria causing 
threat to human health worldwide. Sugar esters have been widely used as cosmetic and pharmaceutical 
industries for many years because they are considered to be biocompatible, biodegradable, and 
nontoxic.19-20 The sugar moieties present in these esters can increase drug water solubility, decrease 
toxicity, and contribute to the bioactivity of the natural products. Hence, sugar esters are used as 
anticancer agents,21 insecticides,22 antibacterial, and antifungal agents.23-26 Attachment of aryl and acyl 
group(s) to the sugar molecules enhances the biological activities many times than that of the parent 
sugar27,28. Considering these important observations, we are interested to the introduction of lauroyl 
group at position C-4 of benzyl -L-rhamnopyranoside (4) instead of acyl group at C-3 position. This 
may provide important information about positional effects of the acyl group in its role as antimicrobial 
functionality.  

 
2. Results and Discussion 
        

       Our present research work mainly describes the synthesis of benzyl 4-O-lauroyl--L-
rhamnopyranoside (7) with its 2,3-di-O-acyl derivatives (8-10) and antimicrobial evaluation/studies of 
all the synthesized products. 
 

2.1 Synthesis of benzyl 4-O-lauroyl--L-rhamnopyranoside (7)  
       

       For the selective 4-O-lauroylation of benzyl -L-rhamnopyranoside (4) dibutyltin oxide method 
was found to be unsuccessful and furnished the 3-O-acyl derivatives only.15-17 Thus, protection-
deprotection method was employed successfully for the 4-O-lauroylation of rhamnopyranoside 4. 
Initially, benzyl -L-rhamnopyranoside (4) was prepared from L-(+)-rhamnose according to the 
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literature procedure12,29 (Scheme 1) in 82% yield.  
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Reagents and conditions: (a) BnOH, Amberlite IR 120 (H+) resin, 120 C, 30 h12,29, 82%, or BnOH (excess), IR 120 H+ 
resin, Microwave irradiation, 90 sec, 96%; (b) 2,2-dimethoxypropane, p-TsOH (cat), rt, 2 h, 93%; (c) C11H23COCl, 
pyridine, dimethylaminopyridine (cat), 0 ºC - rt, 12 h, 95%; (d) AcOH, 40 ºC, 18 h, 82%. 

Scheme 1. Synthesis of benzyl 4-O-lauroyl-α-L-rhamnopyranoside (7) 
        

      To improve the yield of 4, we have applied microwave irradiation to conventional Fischer 
glycosidation. Thus, microwave irradiation of finely powdered L-rhamnose with little excess dry benzyl 
alcohol (in a porcelain dish) and Amberlite IR 120 (H+) ion exchange resin at 160 watts for 90 sec in a 
domestic microwave oven followed by short silica gel column provided pure benzyl rhamnopyranoside 
4 almost in quantitative yield (96%), as a brownish thick liquid. Notable, the achieved in this method 
yield was very high and the reaction time was shorter (only 90 sec) compare to the conventionaly heated 
reaction (20 h). Having benzyl -L-rhamnopyranoside (4) in hand, we have protected its cis-vicinal 
glycol group at position C-2 and C-3 by isopropylidene protecting group. Treatment of 4 with excess 
2,2-DMP in the presence of catalytic amount of p-TSA afforded 5, as an oil, in 79% yield. In its IR 
spectrum, stretching bands at 3450-3300 (br) and 1381 cm1 belong to hydroxyl group and 
isopropylidene group, respectively. In the 1H NMR spectrum, two three-proton singlets at  1.33 and 
1.32 ppm confirm the presence of one acetonide group in the molecule. Based on the spectral analysis, 
the structure of 5 was established as benzyl 2,3-O-isopropylidene--L-rhamnopyranoside. The 
acetonide protection was formed between cis-vicinal 2,3-diol positions of 4 and Liptak et al. reported 
the similar type of acetonide formation.30 The monoacetonide 5, having free hydroxyl group at C-4 
position, was used in mono-lauroylation in reaction with lauroyl chloride in dry pyridine to afford 6 as 
a viscouscous oil (Scheme 1). IR spectrum of the compound 6 possessed the carbonyl-stretching band 
at 1708 cm1 instead of the C-4 hydroxyl group band at 3450-3300 cm1. The proton spectrum was 
consistent with the structure of compound 6. The presence of lauroyl group was confirmed by the 
integrating the regions of 1H NMR spectrum at about 0.87 (3H), 1.21-1.34 (16H, overlapping multiple 
signals) 1.59-1.65 (2H, m), and 2.36 (2H, t) ppm, totaling to 23 proton equivalents. In addition, the 
downfield shift of H-4 (4.90 ppm) as compared to the precursor compound 5 (4.42-4.48 ppm) 
confirmed the attachment of the lauroyloxy group at C-4 position of the molecule. Thus, the structure 
of benzyl 2,3-O-isopropylidene-4-O-lauroyl--L-rhamnopyranoside (6) was confirmed. In the 
subsequent step, removal of the acetonide functionality was achieved by stirring 4-O-lauroate 6 with 
glacial acetic acid at 40 ºC for 18 h to give a semi-solid 7 (82%). In the IR spectrum of 7, the presence 
of a new broad band at 3510-3280 cm1 corresponding to hydroxyl groups witnessed the removal of 
isopropylidene moiety. This fact was also confirmed by observation of the absence of isopropylidene 
protons in the 1H NMR spectrum, while a broad two-proton singlet (exchanged with D2O) at 1.87-2.16 
ppm in that spectrum corresponds to two hydroxyl groups. Thus, the structure benzyl 4-O-lauroyl--
L-rhamnopyranoside (7) was unambiguously assigned. 

2.2 Synthesis of 2,3-di-O-acyl derivatives 8-10 of 4-O-lauroate 7 

      To get new biologicaly active derivatives of L-rhamnose three 2,3-di-O-acyl derivatives (8-10) 
containing various groups (e.g. acetyl, mesyl and benzoyl) (Scheme 2), were prepared. Initially, 
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treatment of diol 7 with acetic anhydride in pyridine gave a compound 8 in 94% yield. Its IR spectrum 
gave signals at 1751, 1740 and 1716 cm (CO) and showed no signals for hydroxyl stretching indicating 
acetylation of the molecule. In the 1H NMR spectrum, two three-proton singlets at 2.11 and 1.96 ppm, 
corresponding to two acetyl-methyl groups, clearly indicated the attachment of two acetyloxy groups in 
the molecule. Also, H-2 (5.19 ppm) and H-3 (5.34 ppm) protons were shifted considerably downfield 
as compared to its precursor 2,3-diol compound 7 (4.04-4.07) which indicated the attachment of 
acetyloxy groups at C-2 and C-3 positions. This confirm the assignment of the structure of benzyl 2,3-
di-O-acetyl-4-O-lauroyl--L-rhamnopyranoside (8). 
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Scheme 2. Synthesis of compounds 8-10 

       Similarly, mesylation of 4-O-lauroate 7 gave a compound 9 in 81% yield. Its IR spectrum showed 
no signal for hydroxyl group and thus indicated the mesylation of the compound. In its 1H NMR 
spectrum, two three-proton singlets at 3.15 and 3.12 ppm clearly indicated the attachment of two 
mesyloxy groups in the molecule. The reasonable downfield shift of H-2 (4.98 ppm) and H-3 (5.05 
ppm) protons as compared to that of compound 7 (4.04-4.07 ppm) confirmed the attachment of two 
mesyloxy groups at position C-2 and C-3. The rest of the 1H NMR spectrum was in complete agreement 
with the structure assigned as benzyl 2,3-di-O-methanesulfonyl-4-O-lauroyl--L-rhamnopyranoside 
(9). Finally, dimolar benzoylation of laureate 7 gave a solid benzyl 2,3-di-O-benzoyl-4-O-lauroyl--L-
rhamnopyranoside (10) in 87% yield as confirmed a complete analysis of its IR and 1H NMR spectra. 
 
2.3 Conformational study of the L-rhamnopyranosides (4-10): Distortion of 5 and 6 
 
Table 1. Coupling constants of rhamnopyranosides 5-10. 

Rhamnopyranoside  
 

coupling constants (Hz) 
J2,3 J3,4 J4,5 

5 5.8 6.9 -- 
6 3.0 10.0 6.3 
7 3.4 9.6 10.0 
8 3.2 10.1 9.9 
9 2.7 -- -- 
10 -- 9.8 9.8 

       
      Methyl -L-rhamnopyranoside (11) is well known to exist in 1C4 conformation.31-32 Similarly, 
benzyl -L-rhamnopyranoside (4) was found to exist in regular 1C4 conformation.29 However, in case 
of derivatives 5-6, the presence of isopropylidene functionality at C-2 and C-3 positions and/or acyl 
group(s) increases the steric hindrance in these molecules. Therefore, the conformations of 5-10 were 
proposed based on the analyses of 1H NMR spectral data. The coupling constants determined from the 
400 MHz 1H NMR spectra in CDCl3 of 5-10 are shown in Table 1. In case of 7, appearance of a distinct 
triplet for H-4 at 5.02 (J4,3 = J4,5 = 10.0 Hz) and a doublet of doublet for H-3 at 4.04 (J3,4 = 9.6 and J3,2 
= 3.4 Hz) ppm were informative. The large coupling constants (J4,3 = J4,5 = ~10.0 Hz) for the H-4 axial 
proton requires trans-diaxial relationship with H-3 and H-5 protons. This clearly requires H-3 and H-5 
protons to be axial. Again, the small coupling constant between H-3 and H-2 protons requires cis axial-
equatorial relationship. As H-3 is axially oriented, H-2 must be present in equatorial position. These 
observation confirmed that 4-O-lauroate 7 exists in regular 1C4 conformation with C-5 substituent (–
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CH3) equatorially oriented [(5S)]. Compound 7 was obtained from monoacetonide 6. Hence, in 
compound 6, the relative stereochemistry of the substituents at C-2, C-3 is cis and C-3, C-4 is trans (as 
the same stereochemistry is retained in the product 7 formation). But the 1H NMR spectrum of 
rhamnopyranoside 6 contains a doublet of doublet for H-4 at 4.90 ppm (J4,3 = 10.0 and J4,5 = 6.3 Hz). 
The smaller value of coupling constant between H-4 and H-5 (6.3 Hz) than the expected one (~10.0 Hz) 
could be explained by the presence of a five-membered isopropylidene ring fused to the six-membered 
rhamnopyranoside ring. This clearly indicated the slight distortion of the pyranose ring from regular 1C4 
conformation. Similar distortion of the pyranose ring from regular 1C4 conformation was also observed 
for monoacetonide 5. It could be anticipated from the Table 1 that coupling constants of compounds 8-
10 were in good agreement with regular 1C4 conformation with C-5 substituent (–CH3) equatorially 
oriented [(5S) configuration]. 
 

 

2.4 Antimicrobial studies 
 

      In vitro zone of inhibitions of four Gram-positive and six Gram-negative bacteria due to the effect 
of the rhamnopyranoside derivatives 4-10 are shown in Table 2. The Table 2 indicates that the tested 
rhamnopyranosides 4-10 were less effective against these Gram-positive and Gram-negative organisms 
than that of the standard antibiotic kanamycin. Only 2,3-di-O-benzoate 10 exhibited considerable 
inhibition against these bacterial pathogens. 
 
Table 2. Inhibition against bacterial organism by the rhamnopyranosides (4-10) 

 
Name of bacteria 

Diameter of zone of inhibition in mm, 50 g.dw./disc 
4 5 6 7 8 9 10 **Kanamycin 

Bacillus cereus NI NI NI NI NI NI 08 *20 
Bacillus megaterium  NI NI 05 06 08 11 15 *20 
Bacillus subtilis NI 07 NI NI NI 09 12 *21 
Staphylococcus aureus NI NI NI NI NI NI *20 *22 
Escherichia coli NI NI NI 06 09 06 19 *22 
Pastunella maltosida NI NI NI NI 08 NI NI *23 
Salmonella gallinarium NI NI 08 07 12 15 NI *24 
Salmonella typhi 05 NI 06 06 11 12 17 *23 
Shigella dysenteriae NI 10 10 NI 10 NI 18 *24 
Vibrio cholerae NI NI NI NI 06 NI 14 18 
“*” shows good inhibition, “NI” indicates no inhibition, 
“**” indicates standard antibiotic, “dw” means dry weight

 
  Table 3. Antifungal activities of the rhamnopyranoside derivatives (4-10) 

 
Name of fungus 

% inhibition of fungal mycelial growth, sample 100 g.dw./mL PDA 
4 5  6 7 8 9 10 **Fluconazole 

Aspergillus acheraccus NI 35 40 45 25 NI 43 58 
Aspergillus flavus NI 18 22 33 *66 42 *62 *62 

Aspergillus fumigatus NI 26 24 41 46 44 NI *70 
Aspergillus niger NI 28 35 48 51 49 41 58 

Aspergillus nodusus NI NI NI 31 NI 33 46 *64 
Candida albicans 18 32 33 NI 32 28 37 *60 
Fuserium equiseti 10 NI 38 49 44 45 51 *65 

“*” shows good inhibition, “NI” indicates no inhibition, 
“**” indicates standard antibiotic, “dw” means dry weight

 

In vitro percentage inhibition results of mycelial growth of seven plant pathogenic fungi due to the 
effect of rhamnopyranoside derivatives (4-10) are presented in Table 3. All the acylated 
rhamnopyranosides were found comparatively more active against the tested fungal pathogens than 
that of bacterial organisms. In case of Aspergillus flavus, diacetate 8 (*66%) and dibenzoate 10 (*62%) 
showed excellent inhibition, which were comparable to that of standard antifungal antibiotic 
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fluconazole (*62%). 
 
2.5 Structure activity relationship (SAR) 
        
      It was evident from Table 2 and Table 3 that incorporation of lauroyl group increased the 
antimicrobial potentiality of rhamnopyranoside 4. Again, the rhamnopyranoside derivatives 4-10 were 
more active against fungal pathogens than against the bacterial organisms. An important observation 
was that, compounds 7-10 were found to be more active than compounds 5-6 against the tested 
pathogens. Compounds 4-7 contain more hydroxyl groups (more hydrophilic) than that of compound 
8-10. Compounds 8-10 having fewer or no hydroxyl groups (more hydrophobic) showed much better 
antimicrobial potentiality than compounds 4-7. The hydrophobicity of compounds is an important 
parameter for bioactivity such as toxicity or alteration of membrane integrity, and is directly related to 
membrane permeation.33 Hunt34 proposed that the antimicrobial activities of alcoholic compounds is 
directly related to their lipid solubility through the hydrophobic interaction between alkyl chains of 
alcohols and lipid regions in the membrane. A similar hydrophobic interaction might occur between 
the acyl chains of glucofuranoses accumulated in the lipid like nature of the bacteria membranes. As a 
consequence of their hydrophobic interaction, bacteria lose their membrane permeability, ultimately 
causing death of the organism.33-35  
 

      It was observed from Table 2 and Table 3 that 4-O-lauroyl-2,3-di-O-acetate/mesylate/benzoate 
(8/9/10) exhibited excellent activity against both bacterial and fungal pathogens which were, in some 
cases, comparable to that of the standard antibiotic. This led us to conclude that incorporation of 4-O-
lauroyl group in rhamnopyranoside frame work along with 2,3-di-O-acetyl/mesyl/benzoyl group 
increased the antimicrobial potentiality of the rhamnopyranoside 4. 
 
 

3. Conclusions  
       
      Thus, benzyl 4-O-lauroyl--L-rhamnopyranoside (7) was successfully synthesized in reasonably 
good yield (improved by application of microwave irradiation) from benzyl -L-rhamnopyranoside (4). 
Three 2,3-di-O-acyl substituted derivatives (8-10) of 7 were also prepared for biological study. 
Rhamnopyranosides 5 and 6 may have a slightly distorted, due to the presence of isopropylidene, 
pyranose ring. In vitro antimicrobial functionality tests and structure activity relationship (SAR) study 
revealed that incorporation of 4-O-lauroyl and 2,3-di-O-acetyl/mesyl/benzoyl groups in 
rhamnopyranoside frame increased the antimicrobial potentiality of rhamnopyranoside 4. 
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4. Experimental 
 

4.1. Materials and methods 
 

      All reagents were commercially available from Merck and Aldrich and used as received unless 
otherwise specified. Melting points (mp) were determined on an electrothermal melting point apparatus 
and are uncorrected. Thin layer chromatography was performed on Kieselgel GF254 and visualization 
was accomplished by spraying the plates with 1% H2SO4 followed by heating the plates at 150-200 ºC 
until coloration took place. Evaporations were performed under diminished pressure on a Büchi rotary 
evaporator. Column chromatography was carried out with silica gel (100-200 mesh). IR spectra were 
recorded on a FT-IR spectrophotometer (Shimadzu, IR Prestige-21) in CHCl3 solution. 1H (400 MHz, 
AVANCE III, ASCEND,TM Bruker, Switzerland) NMR spectra were recorded in CDCl3 solution using 
tuneable multinuclear probe. The microwave heating was provided by a domestic microwave oven (LG 
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microwave oven, MB-3947C, 800 W, 2450 MHz). Chemical shifts were reported in  unit (ppm) with 
reference to TMS as an internal standard and J values are given in Hz.  
 
4.2. General procedure: Synthesis 
 
Benzyl -L-rhamnopyranoside (4):  
 
       (a) Literature method: The compound 4 was prepared from L-rhamnose (Merck) and anhydrous 
benzyl alcohol with Amberlite IR 120 (H+) resin (stirring at 120 °C for 30 h) in 82% yield as a thick 
syrup by a literature procedure.12,29 Rf = 0.52 (CHCl3/MeOH = 10/1); IR (CHCl3): 3480-3310 cm1 (br, 
OH); 1H NMR (400 MHz, CD3OD):  7.12-7.28 (5H, m, Ar-H), 4.75 (1H, s, H-1),  4.68 (1H, d, J = 
12.0 Hz, PhCHAHB), 4.59 (1H, m, H-2), 4.50 (1H, d, J = 12.0 Hz, PhCHAHB), 3.76-3.84 (1H, m, H-3), 
3.57-3.69 (1H, m, H-5), 3.38 (1H, t, J = 10.6 Hz, H-4), 3.27-3.32 (3H, br s, exchange with D2O, 3×OH), 
and 1.26 (3H, d, J = 6.4 Hz, 6-CH3) ppm.  
 
        (b) Microwave assisted method: Finely powdered L-rhamnose (0.8 g, 4.873 mmol) was taken in 
a porcelain dish followed by addition of dry benzyl alcohol (1.0 mL) and Amberlite IR 120 (H+) ion 
exchange resin (0.8 g). The reaction mixture was mixed with a spatula and covered with a glass plate. 
The mixture was then placed in a domestic microwave oven (LG microwave oven, MB-3947C, 800 
W, 2450 MHz) and irradiated at 160 watts for 1.5 minutes (30 sec×3). Progress of the reaction was 
monitored every 30 sec intervals by TLC (CHCl3/MeOH = 10/1). The reaction mixture was filtered 
and the filtrate was evaporated under reduced pressure to leave a thick syrup. The syrup was then passed 
through a short silica gel column to give pure benzyl rhamnopyranoside (1.19 g, 96%) as brownish 
thick liquid. The IR and 1H NMR spectra of this compound were indistinguishable to that of earlier 
prepared (4) by conventional glycosidation method (literature method). 
 
      Benzyl 2,3-O-isopropylidene--L-rhamnopyranoside (5): A solution of benzyl -L-
rhamnopyranoside (4) (2.0 g, 7.865 mmol), excess 2,2-dimethoxypropane (DMP, 40 mL) and catalytic 
amount of p-toluenesulfonic acid (p-TSA, 0.02 mg) was refluxed for 30 min. Here DMP acts both as a 
solvent and as a reagent. The mixture was cooled, added 10% NaHCO3 solution (2 mL) and extracted 
with ethyl acetate (3×5 mL). The organic layer was dried (MgSO4) and concentrated in vacuum to 
leave a thick syrup which on column chromatography (n-hexane/ethyl acetate = 10/1) afforded 
compound 5 as an oil (1.829 g, 79%). Rf = 0.45 (n-hexane/ethyl acetate = 4/1); IR (CHCl3): 3450-3300 
(br, OH), 1381 cm1 [C(CH3)2]; 1H NMR (400 MHz, CDCl3):  7.09-7.36 (5H, m, Ar-H), 4.92 (1H, 
s, H-1), 4.72 (1H, d, J = 11.8 Hz, PhCHAHB), 4.70 (1H, d, J = 5.0 Hz, H-2), 4.66 (1H, dd [apparent t], 
J = 6.9 and 5.8 Hz, H-3), 4.58 (1H, d, J = 11.8 Hz, PhCHAHB), 4.51-4.57 (1H, m, H-5), 4.42-4.48 (1H, 
m, H-4), 1.90-2.20 (1H, br s, exchange with D2O, OH), 1.33 [3H, s, C(CH3)2], 1.32 [3H, s, C(CH3)2], 
and 1.28 (3H, d, J = 6.1 Hz, 6-CH3) ppm. 
 

      General procedure for acylation: To a solution of the benzyl rhamnopyranoside having hydroxyl 
groups in anhydrous pyridine (1 mL) was added acyl halide at 0 ºC followed by addition of catalytic 
amount of 4-dimethylaminopyridine (DMAP). The reaction mixture was allowed to attain room 
temperature and stirring was continued for 10-16 h. A few pieces of ice was added to the reaction 
mixture to decompose unreacted (excess) acyl halide and extracted with dichloromethane (DCM, 35 
mL). The DCM layer was washed successively with 5% hydrochloric acid, saturated aqueous sodium 
hydrogen carbonate solution and brine. The DCM layer was dried and concentrated under reduced 
pressure. The residue thus obtained on column chromatography (n-hexane/ethyl acetate) gave the 
corresponding acylated product. 
 

        Benzyl 2,3-O-isopropylidene-4-O-laurouyl--L-rhamnopyranoside (6): Thick syrup; yield 
85%; Rf = 0.57 (n-hexane/ethyl acetate = 6/1); IR (CHCl3): 1708 (CO), 1375 cm1 [C(CH3)2]; 1H NMR 
(400 MHz, CDCl3):  7.51-7.60 (5H, m, Ar-H), 5.11 (1H, s, H-1), 4.90 (1H, dd, J = 10.0 and 6.3 Hz, 
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H-4), 4.71 (1H, d, J = 11.8 Hz, PhCHAHB), 4.55 (1H, d, J = 11.8 Hz, PhCHAHB), 4.26 (1H, dd, J = 10.0 
and 3.0 Hz, H-3), 4.15 (1H, d, J = 3.0 Hz, H-2), 3.76-3.80 (1H, m, H-5), 2.36 [2H, t, J = 7.5 Hz, 
CH3(CH2)9CH2CO], 1.59-1.65 [2H, m, CH3(CH2)8CH2CH2CO], 1.52 [3H, s, C(CH3)2], 1.34 [3H, s, 
C(CH3)2], 1.21-1.34 [16H, br m, CH3(CH2)8CH2CH2CO], 1.17 (3H, d, J = 6.2 Hz, 6-CH3), and 0.87 
[3H, t, J = 6.5 Hz, CH3(CH2)10CO] ppm. 
 

        Benzyl 4-O-lauroyl--L-rhamnopyranoside (7): 4-O-Lauroate 6 (1.8 g, 3.776 mmol) was gently 
dissolved in acetic acid (96%, 25 mL) at room temperature. The solution was slowly warmed to 40 ºC 
and stirred at this temperature for 18 h. After completion of the reaction, acetic acid was evaporated in 
vacuum and co-evaporated with toluene (33 mL) to remove traces of acetic acid. The residue thus 
obtained on chromatography with n-hexane/ethyl acetate (4/1) afforded 2,3-diol 7 (1.352 g, 82%) as 
semi-solid. Rf = 0.46 (n-hexane/ethyl acetate = 2/1); IR (CHCl3): 3510-3280 (br, OH), 1705 cm1 (CO); 
1H NMR (400 MHz, CDCl3):  7.38-7.46 (5H, m, Ar-H), 5.02 (1H, t, J = 10.0 Hz, H-4), 4.95 (1H, 
s, H-1), 4.72 (1H, d, J = 11.8 Hz, PhCHAHB), 4.53 (1H, d, J = 11.8 Hz, PhCHAHB), 4.07 (1H, d, J = 
3.4 Hz, H-2), 4.04 (1H, dd, J = 9.6 and 3.4 Hz, H-3), 3.94-4.02 (1H, m, H-5), 2.36 [2H, t, J = 7.2 Hz, 
CH3(CH2)9CH2CO], 1.87-2.16 (2H, br s, exchange with D2O, 2×OH), 1.55-1.64 [2H, m, 
CH3(CH2)8CH2CH2CO], 1.18-1.30 [16H, m, CH3(CH2)8CH2CH2CO], 1.16 (3H, d, J = 6.0 Hz, 6-CH3), 
and 0.87 [3H, t, J = 6.5 Hz, CH3(CH2)10CO] ppm. 
 

        Benzyl 2,3-di-O-acetyl-4-O-lauroyl--L-rhamnopyranoside (8): Semi-solid; yield 94%; Rf = 
0.56 (n-hexane/ethyl acetate = 5/1); IR (CHCl3): 1751, 1740, 1716 cm1 (CO); 1H NMR (400 MHz, 
CDCl3):  7.41-7.48 (5H, m, Ar-H), 5.34 (1H, dd, J = 10.1 and 3.2 Hz, H-3), 5.27 (1H, t, J = 9.9 Hz, 
H-4), 5.19 (1H, d, J = 3.2 Hz, H-2), 4.85 (1H, s, H-1), 4.75 (1H, d, J = 12.0 Hz, PhCHAHB), 4.59 (1H, 
d, J = 12.0 Hz, PhCHAHB), 4.01-4.06 (1H, m, H-5), 2.25 [2H, t, J = 7.4 Hz, CH3(CH2)9CH2CO], 2.11 
(3H, s, COCH3), 1.96 (3H, s, COCH3), 1.51-1.60 [2H, m, CH3(CH2)8CH2CH2CO], 1.20-1.29 [16H, br 
s, CH3(CH2)8CH2CH2CO], 1.20 (3H, d, J = 6.5 Hz, 6-CH3), and 0.86 [3H, t, J = 6.6 Hz, CH3(CH2)10CO] 
ppm. 
 

       Benzyl 2,3-di-O-mesyl-4-O-lauroyl--L-rhamnopyranoside (9): Semi-solid; yield 81%; Rf = 
0.50 (n-hexane/ethyl acetate = 6/1); IR (CHCl3): 1746 (CO), 1318 cm1 (SO2); 1H NMR (400 MHz, 
CDCl3):  7.37-7.46 (5H, m, Ar-H), 5.04-5.13 (2H, m, H-3 and H-4), 4.98 (1H, d, J = 2.7 Hz, H-2), 
4.84 (1H, s, H-1), 4.78 (1H, d, J = 12.1 Hz, PhCHAHB), 4.58 (1H, d, J = 12.1 Hz, PhCHAHB), 3.89-
3.98 (1H, m, H-5), 3.15 (3H, s, SO2CH3), 3.12 (3H, s, SO2CH3), 2.34 [2H, t, J = 7.4 Hz, 
CH3(CH2)9CH2CO], 1.56-1.64 [2H, m, CH3(CH2)8CH2CH2CO], 1.22-1.30 [16H, m, 
CH3(CH2)8CH2CH2CO], 1.20 (3H, d, J = 6.4 Hz, 6-CH3), and 0.85 [3H, t, J = 6.8 Hz, CH3(CH2)10CO] 
ppm.  
 

       Benzyl 2,3-di-O-benzoyl-4-O-lauroyl--L-rhamnopyranoside (10): Solid, mp 55-56 ºC; yield 
87%; Rf = 0.54 (n-hexane/ethyl acetate = 7/1); IR (CHCl3): 1744, 1728, 1708 cm1 (CO); 1H NMR (400 
MHz, CDCl3):  8.05 (2H, d, J = 8.2 Hz, Ar-H), 7.96 (2H, d, J = 8.2 Hz, Ar-H), 7.41-7.53 (11H, m, 
Ar-H), 5.54- 5.62 (2H, m, H-2 and H-3), 5.34 (1H, t, J = 9.8 Hz, H-4), 4.85 (1H, d, J = 12.0 Hz, 
PhCHAHB), 4.80 (1H, s, H-1), 4.69 (1H, d, J = 12.0 Hz, PhCHAHB), 3.97-4.02 (1H, m, H-5), 2.15-2.18 
[2H, m, CH3(CH2)9CH2CO], 1.40-1.48 [2H, m, CH3(CH2)8CH2CH2CO], 1.32 (3H, d, J = 6.2 Hz, 6-
CH3), 1.04-1.20 [16H, br m, CH3(CH2)8CH2CH2CO], and 0.81 [3H, t, J = 7.0 Hz, CH3(CH2)10CO] ppm. 
 

4.3 Test human and phytopathogens 
        
      The rhamnopyranoside derivatives (4-10) were tested against ten human pathogenic bacteria. Of 
these four were Gram-positive viz. Bacillus cereus BTCC 19, Bacillus megaterium BTCC 18, Bacillus 
subtilis BTCC 17 and Staphylococcus aureus ATCC 6538 and six were Gram-negative bacteria viz. 
Escherichia coli ATCC 25922, Pastunella maltosida, Salmonella gallinarium, Salmonella typhi AE 
14612, Shigella dysenteriae AE 14369 and Vibrio cholerae. Seven plant pathogenic fungi viz. 
Aspergillus acheraccus, Aspergillus flavus, Aspergillus fumigates, Aspergillus niger, Aspergillus 
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nodusus, Candida albicans and Fuserium equiseti (Corda) Sacc. were selected for in vitro mycelial 
growth test for these rhamnopyranoside derivatives (4-10). 
 

4.4 Antimicrobial screening procedure 
        
      Screening of antibacterial activity: For the detection of antibacterial activities, the disc diffusion 
method23 was followed. Dimethylformamide (DMF) was used as a solvent for test chemicals and a 2% 
solution of the compound was used in the investigation. The plates were incubated at 37 °C for 48 h. 
Proper control was maintained with DMF without chemicals. Mueller-Hinton (agar and broth) medium 
was used for culture of bacteria. Each experiment was carried out three times. All the results were 
compared with the standard antibacterial antibiotic kanamycin (50 μg/disc, Taj Pharmaceuticals Ltd., 
India).  
 

      Screening of mycelial growth: The antifungal activities of the newly synthesized 
rhamnopyranosides (4-10) were investigated based on food poisoning technique.25,26 Sabouraud (agar 
and broth, PDA) medium was used for culture of fungi. Linear mycelial growth of fungus was measured 
after 3~5 days of incubation. The percentage inhibition of radial mycelial growth of the test fungus was 

calculated as 100
C T

I
C

   
 

  where, I = percentage of inhibition, C = diameter of the fungal colony 

in control (DMF), T = diameter of the fungal colony in treatment. The results were compared with 
standard antifungal antibiotic fluconazole (100 μg/mL medium, brand name Omastin, Beximco 
Pharmaceuticals Ltd., Bangladesh). 

 
References 
 
1. Schafer R. (1972) The Carbohydrates: Chemistry and Biochemistry, Pigman W., and Horton D. (Eds) 2nd 

Edition, Academic Press, New York, 69-111.  
2. Luderitkz O., Jann K., and Wheat R. (1968) Comprehensive Biochemistry, Florkin M., and Sotz H. (Eds)  vol. 

26A, Elsevier, Amsterdam, 105-228. 
3. Mckinnell J. P., and Percival E. (1962) Structural investigations on the water-soluble polysaccharide of the 

green seaweed Enteromorpha compressa. J. Chem. Soc., 3141-3148. 
4. Tiwari K. P., and Choudhary R. N. (1979) Two new steryl glycosides from Lindenbergia indica. Phytochem., 

18 (12) 2044-2045. 
5. Hilinski M. K., Mrozowski R. M., Clark D. E., and Lannigan D. A. (2012) Analogs of the RSK inhibitor 

SL0101: Optimization of in vitro biological stability. Bioorg. Med. Chem. Lett., 22 (9) 3244-3247. 
6. Ovod V. V., Zdorovenko E. L., Shashkov A. S., Kocharova N. A., and Knirel Y. A. (2000) Structure of the 

O polysaccharide and serological classification of Pseudomonas syringae pv. ribicola NCPPB 1010. Eur. J. 
Biochem., 267 (8) 2372-2379. 

7. Dhavale D. D., and Matin, M. M. (2005) Piperidine homoazasugars: Natural occurrence, synthetic aspects 
and biological activity study. Arkivoc, iii, 110-132. 

8. Dhavale D. D., and Matin M. M. (2004) Selective sulfonylation of 4-C-hyroxymethyl-β-L-threo-pento-1,4-
furanose: Synthesis of bicyclic diazasugars. Tetrahedron, 60 (19) 4275-4281. 

9. Matin M. M. (2008) Synthesis of D-glucose derived oxetane: 1,2-O-Isopropylidene-4-(S)-3-O,4-C-
methylene-5-O-methanesulfonyl-β-L-threo-pento-1,4-furanose. J. Appl. Sci. Res., 4 (11) 1478-1482. 

10. Dong H., Zhou Y., Pan X., Cui F., Liu W., Liu J., and Ramstrom O. (2012) Stereoelectronic control in 
regioselective carbohydrate protection. J. Org. Chem., 77 (3) 1457-1467. 

11. Grindley T. B. (1998) Applications of tin-containing intermediates to carbohydrate chemistry. Adv. 
Carbohydr. Chem. Biochem., 53, 17-142. 

12. Kabir A. K. M. S., and Matin, M. M. (1997) Regioselective monoacylation of a derivative of L-rhamnose. 
J. Bangladesh Acad. Sci., 21 (1) 83-88. 

13. Matin M. M., Bhuiyan M. M. H., and Azad A. K. M. S. (2013) Synthesis and antimicrobial evaluation of 
some n-butyl α- and β-D-glucopyranoside derivatives. RGUHS J. Pharm. Sci., 3 (1) 53-59. 

14. Matin M. M., Bhuiyan M. M. H., Debnath D. C., and Manchur M. A. (2013) Synthesis and comparative 
antimicrobial studies of some acylated D-glucofuranose and D-glucopyranose derivatives. Int. J. Biosci., 3 



 

40

(8) 279-287.  
15. Kabir A. K. M. S., Matin M. M., Hossain A., and Sattar M. A. (2003) Synthesis and antimicrobial activities 

of some rhamnopyranoside derivatives. J. Bangladesh Chem. Soc., 16 (2) 85-93. 
16. Kabir A. K. M. S., Matin M. M., Hossain A., and Rahman M. S. (2002) Synthesis and antimicrobial 

activities of some acylated derivatives of L-rhamnose. Chittagong Univ. J. Sci., 26 (1&2) 35-44. 
17. Kabir A. K. M. S., Alauddin M., Matin M. M., and Bhattacharjee S. C. (1997) Regioselective 

monobenzoylation of methyl -L-rhamnopyranoside. Chittagong Univ. Studies, Part-II:Science,  21 (2) 59-
63. 

18. Perez-Tomas R. (2006) Multidrug resistance: Retrospect and prospects in anti-cancer drug treatment. 
Current Med. Chem., 13 (16) 1859-1876.  

19. Ahsan, F., Arnold J. J., Meezan E., and Pillion D. J. (2003) Sucrose cocoate, a component of cosmetic 
preparations, enhances nasal and ocular peptide absorption. Int. J. Pharm., 251, 195-203.  

20. Csóka G., Marton S., Zelko R., Otomo N., and Antal, I. (2007) Application of sucrose fatty acid esters in 
transdermal therapeutic systems. Eur. J. Pharm. Biopharm., 65 (2) 233-237. 

21. Pouillart P., Douillet O., Scappini B., Gozzini A., Santini V., Grossi A., Pagliai G., Strippoli P., Rigacci L., 
Ronco G., and Villa P. (1999) Regioselective synthesis and biological profiling of butyric and 
phenylalkylcarboxylic esters derived from D-mannose and xylitol: Influence of alkyl chain length on acute 
toxicity. Eur. J. Pharm. Sci., 7 (2) 93-106. 

22. Chortyk O. T., Pomonis J. G., and Johnson A. W. (1996) Synthesis and characterizations of some 
insecticidal sucrose esters. J. Agri. Food Chem., 44 (6) 1551-1557. 

23. Kabir A. K. M. S., Matin M. M., Sanaullah A. F. M., Sattar M. A., and Rahman M. S. (2001) Antimicrobial 
activities of some lyxoside derivatives. Bangladesh J. Microb., 18 (1) 89-95. 

24. Kabir A. K. M. S., Matin M. M., Bhuiyan M. M. R., Rahim M. A., and Rahman M. S. (2005) Biological 
evaluation of some monosaccharide derivatives. Int. J. Agri. Biol., 7 (2) 218-221.  

25. Kabir A. K. M. S., Rahman M. S., Matin M. M., Bhuiyan M. M. R., and Ali M. (2001) Antimicrobial 
activities of some D-glucose derivatives. Chittagong Univ. J. Sci., 25 (1) 123-128. 

26. Kabir A. K. M. S., Matin M. M., Mridha M. A. U., and Shahed S. M. (1998) Antifungal activities of some 
methyl 6-O-trityl--D-mannopyranosides. Chittagong Univ. J. Sci., 22 (1) 41-46. 

27. Kabir A. K. M. S., Matin M. M., Ali M., and Anwar M. N. (2003) Comparative studies on selective acylation 
and antimicrobial activities of some D-glucofuranose derivatives. J. Bangladesh Acad. Sci., 27 (1) 43-50. 

28. Matin M. M., Bhuiyan M. M. H., Azad A. K. M. S., Bhattacharjee S. C., and Rashid M. H. O. (2014) 
Synthesis and antimicrobial studies of 6-O-lauroyl-1,2-O-isopropylidene-α-D-gluco-furanose derivatives. 
Chem. & Biol. Interface, 4 (4) 223-231. 

29. Kabir A. K. M. S. and Matin M. M. (1994) Regioselective acylation of a derivative of L-rhamonse using 
the dibutyltin oxide method. J. Bangladesh Chem. Soc., 7 (1) 73-79. 

30. Lazar L., Csavas M., Borbas A., Gyemant G., and Liptak A. (2004) Synthesis of methyl 6-deoxy-4-O-
(sodium sulfonato)-α-L-talopyranoside, its C-4 epimer and both isosteric [4-C-(potassium 
sulfonatomethyl)] derivatives. Arkivoc, vii, 196-207. 

31. Liptak A., Fugedi P., and Nanasi P. (1978) Synthesis of mono- and di-benzyl ethers of benzyl α-L-
rhamnopyranoside. Carbohydr. Res, 65 (2) 209-217. 

32. Matin M. M. (2014) Synthesis and antimicrobial Study of some methyl 4-O-palmitoyl-α-L-
rhamnopyranoside derivatives. Orbital - The Electronic J. Chem., 6 (1) 20-28. 

33. Kim Y-. M., Farrah S., and Baney R. H. (2007) Structure-antimicrobial activity relationship for silanols, a 
new class of disinfectants, compared with alcohols and phenols. Int. J. Antimicrob. Agents, 29 (2) 217-222.  

34. Hunt W. A. (1975) The effects of aliphatic alcohols on the biophysical and biochemical correlates of 
membrane function. Adv. Exp. Med. Biol., 56, 195-210. 

35. Judge V., Narasimhan B., Ahuja M., Sriram D., Yogeeswari P., Clercq E. D., Pannecouque C., and Balzarini 
J. (2013) Synthesis, antimycobacterial, antiviral, antimicrobial activity and QSAR studies of N2-acyl 
isonicotinic acid hydrazide derivatives. Med. Chem., 9 (1) 53-76. 

 

 

© 2016 by the authors; licensee Growing Science, Canada. This is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


