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Abstract: Benzyl α-L-rhamnopyranoside 4, obtained by both conventional and microwave assisted
glycosidation techniques, was subjected to 2,3-O-isopropylidene protection to yield compound 5
which on benzoylation and subsequent deprotection of isopropylidene group gave the desired
4-O-benzoylrhamnopyranoside 7 in reasonable yield. Di-O-acetyl derivative of benzoate 7 was
prepared to get newer rhamnopyranoside. The structure activity relationship (SAR) of the designed
compounds was performed along with the prediction of activity spectra for substances (PASS)
training set. Experimental studies based on antimicrobial activities verified the predictions obtained
by the PASS software. Protected rhamnopyranosides 5 and 6 exhibited slight distortion from regular
1C4 conformation, probably due to the fusion of pyranose and isopropylidene ring. Synthesized
rhamnopyranosides 4–8 were employed as test chemicals for in vitro antimicrobial evaluation
against eight human pathogenic bacteria and two fungi. Antimicrobial and SAR study showed
that the rhamnopyranosides were prone against fungal organisms as compared to that of the
bacterial pathogens. Interestingly, PASS prediction of the rhamnopyranoside derivatives 4–8
were 0.49 < Pa < 0.60 (where Pa is probability ‘to be active’) as antibacterial and 0.65 < Pa < 0.73
as antifungal activities, which showed significant agreement with experimental data, suggesting
rhamnopyranoside derivatives 4–8 were more active against pathogenic fungi as compared to human
pathogenic bacteria thus, there is a more than 50% chance that the rhamnopyranoside derivative
structures 4–8 have not been reported with antimicrobial activity, making it a possible valuable
lead compound.
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1. Introduction

L-Rhamnose is widely distributed in nature and is found as a constituent of plant glycosides, gums
and also in bacterial polysaccharides [1]. The presence L-rhamnose, as the aglycone moiety, in various
oligosaccharides was found to be essential for identification of immunodominant groups in
polysaccharides which have antigenic activity [2]. For example, 5-O-α-L-rhamnopyranosyl-β-L-
arabinofuranose 1 in Figure 1 was found as the sugar component of sitosterol glycoside, which
exhibited rhamnosidase specificity in Aspergillus niger [3]. Kaempferol-3-O-(3′,4′-di-O-acetyl-α-L-
rhamnopyranoside) 2 was isolated from nature. Its diacetyl derivative, also called SL0101 3, is a
highly specific protein kinase (RSK) inhibitor [4] and was isolated from Forsteronia refracta. Diacetyl
compound 3 was found to have 12 times more in vitro RSK inhibitor than that of its non-acetyl
analogue 2. It was concluded that acylation of the rhamnose moiety in these natural products is
essential for high affinity binding and selectivity as well as for the development of anticancer agents
(RSK inhibitors) [4].
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Figure 1. Naturally occurring important rhamnopyranosides (1), (2) and (3). 

The emergence of multiple antibiotic resistant pathogenic bacteria causes major threat to 
human health worldwide. In this context, search for new antibacterial agents with novel mode of 
action represents a major target in chemotherapy [5]. Acylated sugars (sugar esters) attracted 
considerable research interest in recent years because of their diverse and remarkable biological 
activities such as anticancer agents [6], insecticides [7], antibacterial agents [8–10] and antifungal [11] 
activities. These esters have also been widely used as cosmetic and in pharmaceutical industries for 
many years as they are considered biocompatible, biodegradable, and nontoxic [12,13]. The sugar 
moieties of acyl esters can increase drug water solubility, decrease toxicity and contribute to the 
bioactivity of the natural products. In addition, incorporation of acyl nuclei with sugar residue 
especially aromatic nuclei enhances the biological profile many times than that of the parent sugar [14]. 

Protected monosaccharide derivatives are used as intermediate for many biologically important 
natural products [15–17]. Partially protected rhamnose monomers especially acylated rhamnose are 
very useful building blocks for further transformation to these compounds. Although, selective 
protection of monosaccharide molecules is a prominent challenge as they contain several hydroxyl 
groups of similar reactivity. Small differences in reactivity cannot be utilized in this respect. 
However, desired protection can be achieved in one or few steps employing complex reaction 
sequences [18]. Such as, organotin reagents, tributyltin oxide or dibutyltin oxide [19,20] are often 
used to accomplish regioselective protection, including acylation [21,22] of monosaccharide 
derivatives. In case of rhamnopyranoside, the regioselectivity is difficult to be controlled due to the 
similarity of the secondary 2-, 3- and 4-trihydroxyls [20,23–25]. When rhamnopyranosides were 
subjected for selective acylation employing dibutyltin oxide mediated method, it furnished 
corresponding 3-O-acyl derivatives only [20,23–25]. Even direct unimolecular acylation also 
provided a mixture of 2- and/or 3-O-acylates. Considering the immense importance of 4-O-acyl 
esters [4] of this L-rhamnose, we have designed the synthesis of some 4-O-benzoyl derivatives of 
benzyl α-L-rhamnopyranoside (4), using protection deprotection technique, keeping view that these 
compounds will contain aromatic moiety in its molecular framework, which are expected to be more 
toxic against pathogenic microorganisms. The prediction of activity spectra for substances (PASS) 
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The emergence of multiple antibiotic resistant pathogenic bacteria causes major threat to human
health worldwide. In this context, search for new antibacterial agents with novel mode of action
represents a major target in chemotherapy [5]. Acylated sugars (sugar esters) attracted considerable
research interest in recent years because of their diverse and remarkable biological activities such as
anticancer agents [6], insecticides [7], antibacterial agents [8–10] and antifungal [11] activities. These
esters have also been widely used as cosmetic and in pharmaceutical industries for many years as
they are considered biocompatible, biodegradable, and nontoxic [12,13]. The sugar moieties of acyl
esters can increase drug water solubility, decrease toxicity and contribute to the bioactivity of the
natural products. In addition, incorporation of acyl nuclei with sugar residue especially aromatic
nuclei enhances the biological profile many times than that of the parent sugar [14].

Protected monosaccharide derivatives are used as intermediate for many biologically important
natural products [15–17]. Partially protected rhamnose monomers especially acylated rhamnose
are very useful building blocks for further transformation to these compounds. Although, selective
protection of monosaccharide molecules is a prominent challenge as they contain several hydroxyl
groups of similar reactivity. Small differences in reactivity cannot be utilized in this respect.
However, desired protection can be achieved in one or few steps employing complex reaction
sequences [18]. Such as, organotin reagents, tributyltin oxide or dibutyltin oxide [19,20] are often used
to accomplish regioselective protection, including acylation [21,22] of monosaccharide derivatives.
In case of rhamnopyranoside, the regioselectivity is difficult to be controlled due to the similarity
of the secondary 2-, 3- and 4-trihydroxyls [20,23–25]. When rhamnopyranosides were subjected for
selective acylation employing dibutyltin oxide mediated method, it furnished corresponding 3-O-acyl
derivatives only [20,23–25]. Even direct unimolecular acylation also provided a mixture of 2- and/or
3-O-acylates. Considering the immense importance of 4-O-acyl esters [4] of this L-rhamnose, we have
designed the synthesis of some 4-O-benzoyl derivatives of benzyl α-L-rhamnopyranoside (4), using
protection deprotection technique, keeping view that these compounds will contain aromatic moiety
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in its molecular framework, which are expected to be more toxic against pathogenic microorganisms.
The prediction of activity spectra for substances (PASS) predicted more than 300 pharmacological
effects, biological and biochemical mechanisms based on the structural formula of the substance [26–28].
This was efficiently used in this study to support new antimicrobial actions for the experimentally
verified compounds.

2. Results and Discussion

We mainly describe the synthesis of benzyl 4-O-benzoyl-α-L-rhamnopyranoside 7 employing
protection deprotection technique. For comparison of antimicrobial study, 2,3-di-O-acetate 8 was
also prepared.

2.1. Synthesis of Benzyl 4-O-benzoyl-α-L-rhamnopyranoside 7

As discussed earlier that the acylation of benzyl α-L-rhamnopyranoside 4 employing dibutyltin
oxide method furnished the 3-O-acyl derivatives only [23–25,29]. For 4-O-benzoylation, we initially
prepared benzyl α-L-rhamnopyranoside 4 from L-rhamnose using reported procedure [20] (Scheme 1)
in good yield. Fourier transform infrared spectroscopy (FT-IR) spectrum of this compound 4 exhibited
characteristic broad stretching band at 3480–3310 cm−1 similar to the hydroxyl group(s).
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Scheme 1. Reagents and conditions: (a) reference [20], 82%, or microwave irradiation (MWI), 90 s, 
96%; (b) 2,2-dimethoxypropane (2,2-DMP), p-toluenesulfonic acid (p-TSA), room temperature (rt),  
2 h, 93%; (c) C6H5COCl, pyridine, 4-dimethylaminopyridine (DMAP), 0 °C–rt, 12 h, 95%; and (d) AcOH, 
40 °C, 18 h, 82%. (4): Benzyl α-L-rhamnopyranoside; (5): Benzyl 2,3-O-isopropylidene-α-L- 
rhamnopyranoside; (6): Benzyl 4-O-benzoyl-2,3-O-isopropylidene-α-L-rhamnopyranoside; and (7): 
Benzyl 4-O-benzoyl-α-L-rhamnopyranoside. 

In addition to this conventional glycosidation, we applied microwave irradiation (MWI) to a 
mixture of powdered L-rhamnose with little excess dry benzyl alcohol (in a porcelain dish) and 
Amberlite ionomer resin (IR) 120 (H+) ion exchange resin at 160 watts for 90 s in a domestic 
microwave oven. After chromatographic purification, benzyl rhamnopyranoside 4 was isolated 
almost in quantitative (96%) yield. Thus, MWI method (only 90 s) was found to be suitable over 
conventional method (20 h). Having rhamnopyranoside 4 in hand, we attempted protection of its 
C-2 and C-3 positions as isopropylidene group. Thus, reaction of 4 with 2,2-dimethoxypropane 
(DMP, excess) in the presence of catalytic amount of p-toluenesulfonic acid (p-TSA) gave an oil. In its 
FT-IR spectrum, a broad stretching band at 3450–3300 was assigned for hydroxyl group(s) and a 
sharp band at 1381 cm−1 arise due to incorporation of isopropylidene group. This was further 
confirmed by analyzing its 1H nuclear magnetic resonance (NMR) spectrum, wherein two 
three-proton singlets appeared at δ 1.33 and 1.32, corresponding to two methyl groups of one 
isopropylidene group. Thus, one acetonide group must be incorporated in the product molecule. 
Complete analysis of its FT-IR and proton NMR spectra led us to assign the compound as benzyl 
2,3-O-isopropylidene-α-L-rhamnopyranoside 5. Reasonably isopropylidene ring was formed in the 
cis-vicinal diol (C-2 and C-3) positions of rhamnopyranoside 4 and similar observation was reported 
by Lazar et al. [30]. 

In the subsequent step, compound 5 having C-4 free hydroxyl group was reacted with benzoyl 
chloride (1.1 equivalent) in dry pyridine to furnish a white solid, melting points (mp) 115–117 °C 
(Scheme 1). We observed complete disappearance of hydroxyl stretchings in the FT-IR spectrum of 

Scheme 1. Reagents and conditions: (a) reference [20], 82%, or microwave irradiation (MWI), 90 s, 96%;
(b) 2,2-dimethoxypropane (2,2-DMP), p-toluenesulfonic acid (p-TSA), room temperature (rt), 2 h, 93%;
(c) C6H5COCl, pyridine, 4-dimethylaminopyridine (DMAP), 0 ◦C–rt, 12 h, 95%; and (d) AcOH, 40 ◦C,
18 h, 82%. (4): Benzyl α-L-rhamnopyranoside; (5): Benzyl 2,3-O-isopropylidene-α-L-rhamnopyranoside;
(6): Benzyl 4-O-benzoyl-2,3-O-isopropylidene-α-L-rhamnopyranoside; and (7): Benzyl
4-O-benzoyl-α-L-rhamnopyranoside.

In addition to this conventional glycosidation, we applied microwave irradiation (MWI) to a
mixture of powdered L-rhamnose with little excess dry benzyl alcohol (in a porcelain dish) and
Amberlite ionomer resin (IR) 120 (H+) ion exchange resin at 160 watts for 90 s in a domestic microwave
oven. After chromatographic purification, benzyl rhamnopyranoside 4 was isolated almost in
quantitative (96%) yield. Thus, MWI method (only 90 s) was found to be suitable over conventional
method (20 h). Having rhamnopyranoside 4 in hand, we attempted protection of its C-2 and C-3
positions as isopropylidene group. Thus, reaction of 4 with 2,2-dimethoxypropane (DMP, excess) in
the presence of catalytic amount of p-toluenesulfonic acid (p-TSA) gave an oil. In its FT-IR spectrum, a
broad stretching band at 3450–3300 was assigned for hydroxyl group(s) and a sharp band at 1381 cm−1

arise due to incorporation of isopropylidene group. This was further confirmed by analyzing its 1H
nuclear magnetic resonance (NMR) spectrum, wherein two three-proton singlets appeared at δ 1.33
and 1.32, corresponding to two methyl groups of one isopropylidene group. Thus, one acetonide group
must be incorporated in the product molecule. Complete analysis of its FT-IR and proton NMR spectra
led us to assign the compound as benzyl 2,3-O-isopropylidene-α-L-rhamnopyranoside 5. Reasonably
isopropylidene ring was formed in the cis-vicinal diol (C-2 and C-3) positions of rhamnopyranoside 4
and similar observation was reported by Lazar et al. [30].
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In the subsequent step, compound 5 having C-4 free hydroxyl group was reacted with
benzoyl chloride (1.1 equivalent) in dry pyridine to furnish a white solid, melting points (mp)
115–117 ◦C (Scheme 1). We observed complete disappearance of hydroxyl stretchings in the FT-IR
spectrum of this solid and appearance of a new stretching band at 1681 cm−1 which indicated the
presence of a carbonyl group. In its 1H NMR spectrum, a total of ten aromatic protons resonated
at δ 8.04–8.226 (4H, m), 7.58–7.73 (2H, m) and 7.35–7.52 (4H, m). The presence of addition five protons
as compared to 5 clearly indicated the incorporation of one benzoyloxy group in this molecule.
The attachment of the benzoyloxy group at C-4 position of this molecule was confirmed by observing
the fact that H-4 resonated downfield at ~δ 5.18 ppm as compared to the precursor compound 5
(δ 4.42–4.48 ppm). So, the structure of this compound was unambiguously established as benzyl
2,3-O-isopropylidene-4-O-benzoyl-α-L-rhamnopyranoside (6).

Finally, we attempted for the removal of isopropylidene protecting group from compound 6.
Thus, 4-O-benzoate 6 was stirred with glacial acetic acid at 40 ◦C for 18 h to furnish a semi-solid
(Scheme 1). The appearance of a new broad band in its FT-IR spectrum at 3600–3300 cm−1 similar
to hydroxyl stretching and disappearance of isopropylidene stretching (1375 cm−1) clearly indicated
that isopropylidene group was removed from the molecule. In its 1H NMR spectrum, signals
corresponding to methyl protons of isopropylidene group were disappeared instead a new two-proton
broad singlet at δ 1.67–2.19 corresponding to two hydroxyl groups was observed. These observations
further confirmed the removal of isopropylidene group from this molecule. Upon complete analysis
of its FT-IR and proton NMR spectra, the structure of the compound was established as benzyl
4-O-benzoyl-α-L-rhamnopyranoside (7).

2.2. Synthesis of 2,3-di-O-Acetyl Derivative of 4-O-Benzoate 7

After successful synthesis of 4-O-benzoate 7, we planned to confirm its structure further and
prepare newer rhamnopyranoside derivative(s) of biological significance. Thus, as presented in
Scheme 2, acetylation of diol 7 with little excess acetic anhydride in anhydrous pyridine gave a syrup
in good yield (92%). FT-IR spectrum of this syrup gave signals at 1751, 1732 and 1716 cm−1 (CO) and
showed absence of signals corresponding to hydroxyl stretching indicating acetylation of the product
molecule. Again, in its 1H NMR spectrum, two three-proton singlets at δ 2.16 and 1.88 corresponding
to two acetyl-methyl groups further indicated the incorporation of two acetyloxy groups in the same
molecule. Additionally, H-2 (δ 5.33) and H-3 (δ 5.54) protons of this compound shifted considerably
downfield as compared to its precursor compound 7 (~δ 4.07–4.09). These observations clearly proved
that the two acetyloxy groups were introduced at C-2 and C-3 positions. So, structure of the compound
was established as benzyl 2,3-di-O-acetyl-4-O-benzoyl-α-L-rhamnopyranoside (8).
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2.3. Conformational Study: Distortion of Rhamnopyranosides 5 and 6

Methyl α-L-rhamnopyranoside and benzyl α-L-rhamnopyranoside 4 are well-known to exist in
regular 1C4 conformation [31,32]. Rhamnopyranosides with regular 1C4 conformation generally exhibit
coupling constant between cis-axial equatorial H-2 and H-3 (J2,3) ~3.0 Hz, between trans-diaxial H-3
and H-4 (J3,4) ~10 Hz and between trans-diaxial H-4 and H-5 (J4,5) ~10 Hz. From the coupling constant
(J) values calculated from 1H NMR spectral data (400 MHz, CDCl3), as shown in Table 1, almost similar
coupling constants, i.e., 1C4 conformation, was observed for rhamnopyranosides 7–8. However, in case
of its protected rhamnopyranosides 5 and 6, the presence of isopropylidene functionality at C-2 and
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C-3 position and/or acyl group(s) increases the bulk in these molecules. In case of compound 5, J2,3

was found higher (5.8 Hz) and J3,4 was found lower (6.9 Hz) than that of the normal J value. This
deviation of J value(s) indicated that conformation of compound 5 must be distorted from regular
1C4 conformation. We believe that this distortion occurred due to the fusion of bulky five-membered
isopropylidene group with six-membered pyranose sugar ring. Similarly, compound 6 showed
J4,5 = 6.9 Hz, which is significantly lower than that of the normal value. Hence, compound 6 must be
distorted from regular 1C4 conformation.

Table 1. Coupling constants of rhamnopyranosides 5–8.

Compounds
Coupling Constants (Hz)

J2,3 J3,4 J4,5

5 5.8 6.9 –
6 2.9 10.1 6.9
7 3.4 9.6 10.0
8 3.2 10.0 10.0

–: unable to calculate J value from the spectrum.

2.4. Computational Evaluation of Antimicrobial Activities

PASS programme is designed to anticipate more than 4000 forms of biological activity including
drug and non-drug actions and can be employed to identify the most probable targets with 90%
accuracy [26,33–35]. This PASS prediction is well established by the successful application and
confirmation in the pharmacological research experiments [36–39]. PASS result is designated as
Pa (probability for active compound) and Pi (probability for inactive compound). For example,
Pa > 0.7 indicates the possibility of discovering the highly active compound in the experiment
while 0.5 < Pa < 0.7 expresses the possibility of getting less active one and dictates the different
structure of the compound from the PASS training set. On the other hand, Pa < 0.5 means the
possibility of finding the activity is very much less in the experiment. Even if greater than 50%
possibility structure reported with no particular biological activity in context is verified, it might be a
main compound. However, PASS predictions can only elucidate the intrinsic activity of a compound
through experimentation. In this study, PASS was used to explore the antimicrobial activities of
4-O-benzoyl derivatives of benzyl α-L-rhamnopyranoside 5. Publications, patents, databases, and
private communications were used as the source data of the PASS training set for the SAR analysis to
predict the potential antimicrobial activities of the synthesized compounds. Therefore, antimicrobial
activities of the synthesized compounds can be categorized either antibacterial or antifungal on
the basis of PASS prediction. PASS prediction (Table 2) of the rhamnopyranoside derivatives 4–8
were 0.48 < Pa < 0.60 in antibacterial and 0.65 < Pa < 0.73 in antifungal, where rhamnopyranoside
derivatives 4–8 were more potent against phytopathogenic fungi as compared to bacterial pathogens.

Table 2. Predicted biological activity of synthesized compounds using prediction of activity spectra for
substances (PASS) software.

Compound No.

Biological Activity

Antibacterial Antifungal

Pa Pi Pa Pi

4 0.561 0.011 0.654 0.013
5 0.495 0.017 0.733 0.008
6 0.479 0.018 0.715 0.009
7 0.582 0.010 0.665 0.012
8 0.608 0.008 0.670 0.012

Pa, probability ‘to be active’; Pi, probability ‘to be inactive’.
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2.5. Antimicrobial Studies

The rhamnopyranoside derivatives 4–8 were employed as test chemicals for in vitro antimicrobial
studies. In Table 3 we presented the in vitro zone of inhibition against four Gram-positive and
four Gram-negative bacteria compounds 4–8. These results, as summarized in Table 3, indicated
that the rhamnopyranoside derivatives 4–8 were less active against both the Gram-positive and
Gram-negative pathogens although 4-O-benzoate 7, having more aromatic moiety, was found more
active and exhibited considerable inhibition against Gram-negative bacterial pathogens Escherichia coli
(8 mm) and Klebsiella pneumoniae (9 mm).

Table 3. Inhibition against bacterial organism by the rhamnopyranosides 4–8.

Name of Bacteria
Diameter of Zone of Inhibition in mm, 50 µg/dw/disc

4 5 6 7 8 Ampicillin **

Bacillus cereus NI 08 NI NI 06 22 *
Bacillus megaterium NI NI 10 NI NI 19

Bacillus subtilis NI NI 11 NI 08 25 *
Staphylococcus aureus NI NI NI NI NI 21 *

Escherichia coli NI NI NI 08 NI 25 *
Klebsiella pneumoniae NI 06 NI 09 NI 22P

Pseudomonas aeruginosa NI NI NI NI NI 17
Salmonella typhi NI NI NI NI NI 13 *

* good inhibition “NI indicates no inhibition” ** indicates “standard antibiotic” dw means dry weight. Each
value is the average of three replicates.

The results of the percentage inhibitions of mycelial growth of two tested fungi (one plant
pathogenic and one human pathogenic) due to the effect of the test chemicals 4–8 are summarized in
Table 4. It was found that, among the test chemicals, chemicals 6 (63.8%) and 7 (65%) showed relatively
higher inhibition than the standard antibiotic, Nystatin (63.1%). An important observation was that
the rhamnopyranosides were found comparatively more prone against the tested fungal pathogens
than that of bacterial organisms. This result is significant agreement with PASS prediction (Table 2)
that rhamnopyranoside derivatives 4–8 were 0.48 < Pa < 0.60 in antibacterial and 0.65 < Pa < 0.73 in
antifungal, suggesting rhamnopyranoside derivatives 4–8 were more prone towards fungal inhibition
as compared to bacterial inhibition.

Table 4. Antifungal activities due to the rhamnopyranoside derivatives 4–8.

Name of Fungus
% Inhibition of Fungal Mycelial Growth, Sample 100 µg/dw/mL PDA

4 5 6 7 8 Nystatin **

Aspergillus brasiliensis 35.0 30.0 25.0 20.0 NI 66.4 *
Candida albicans 60.0 * 58.8 63.8 * 65.0 * NI 63.1 *

* good inhibition “NI indicates no inhibition” ** indicates standard “antibiotic” dw means dry weight;
PDA means potato dextrose agar. Each value is the average of three replicates.

2.6. Structure Activity Relationship (SAR)

It is necessary to understand the mechanisms of antimicrobial action for the design and
improved antimicrobial agents. Considering the above fact, we attempted to derive SAR of the
rhamnopyranosides on the basis of our PASS and in vitro experimental results. It was evident from
Tables 2–4 that incorporation of benzoyl group, especially in the C-4 position, as in 6 and 7, increased
the antimicrobial potentiality of benzyl α-L-rhamnopyranoside 4. In addition, the rhamnopyranoside
derivatives 4–8 were more prone towards fungal inhibition as compared to bacterial inhibition.

According to Hunt [40], the potency of alcoholic compounds against organisms is directly related
to their lipid solubility property. Especially, the hydrophobic interaction between alkyl chains from
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alcoholic compounds and lipid regions in the organisms’ membrane. As this hydrophobic interaction
is directly related to membrane permeation [40,41], the hydrophobicity of chemicals is considered a
prominent parameter which affects bioactivity, toxicity or alteration of membrane integrity causing
death of the organisms. Thus, it was expected that partially or fully acylated compounds 6 and 8, with
more hydrophobic nature, might show better toxicity against the tested microorganisms as compared
to that of 4, 5 and 7 having more hydroxyl groups. Although hydrophobic compound 6 exhibited
antimicrobial activities accordingly, to our surprise, the other hydrophobic compound 8 didn’t show
any activity against both types of tested organisms. On the other hand, hydrophilic compound 7
showed better activities. This is probably due to steric hindrance of compound 8 with two acetyl
groups and one bulky benzoyl group.

3. Materials and Methods

L-Rhamnose and all reagents used were commercially available (Sigma-Aldrich and Merck) and
were used as received unless otherwise specified. Melting points (mp) of the solid samples were
determined on an electrothermal melting point apparatus and are uncorrected. All evaporations were
carried out under reduced pressure on a Büchi rotary evaporator (R 100, Buchi Labortechnik AG, Flawil,
Switzerland). Thin layer chromatography (TLC) was carried out on Kieselgel GF254 coated on glass
plate. Visualization of TLC was accomplished by spraying with 1% H2SO4 and subsequent heating the
plates at high temperature (150–200 ◦C) till colour spot of compound(s) appeared. Chromatographic
purification was performed on a long column with silica gel (100–200 mesh). FT-IR spectral data were
obtained from the Department of Chemistry, University of Chittagong and recorded on a FT-IR
spectrophotometer (IR Prestige-21, Shimadzu, Kyoto, Japan) using CHCl3 and KBr techniques.
For 1H (400 MHz) NMR spectra we used CD3OD or CDCl3 as a solvent and recorded at Bangladesh
Council for Scientific and Industrial Research (BCSIR) Laboratories, Dhaka, Bangladesh. Chemical
shifts were reported in δ unit (ppm) with reference to tetramethylsilane (TMS) as an internal standard
and J values are given in Hz. The Supplementary Data section reports the IR and 1H NMR spectral
data (Figures S1–S13) of compounds 4–8.

3.1. General Procedure: Synthesis

Synthesis of benzyl α-L-rhamnopyranoside (4): (a) Direct method: L-rrhamnose and anhydrous benzyl
alcohol with Amberlite IR 120 (H+) resin were stirred at 120 ◦C for 30 h to furnish the title
compound 4 in 82% yield as a thick syrup using literature procedure [20]. Rf = 0.52 (CHCl3/
MeOH = 10/1); FT-IR (CHCl3): 3480–3310 cm−1 (br, OH); 1H NMR (400 MHz, CD3OD): δ 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), 1.26 (3H, d, J = 6.4 Hz, 6-CH3).
The Supplementary Data section reports the FT-IR (Figure S1) and 1H NMR (Figures S2 and S3) spectral
data of compound 4.

(b) Microwave assisted method: L-rhamnose (finely powdered, 0.8 g, 4.873 mM) 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 mixture was mixed well with a spatula and covered with a
glass plate. The reaction mixture was then placed in a domestic microwave oven and irradiated
at 160 watts for 1.5 min (30 s × 3). Progress of the reaction was monitored every 30 s 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 purified by 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 similar to that of earlier prepared 4 by conventional method (direct method).

Synthesis of benzyl 2,3-O-isopropylidene-α-L-rhamnopyranoside (5): To a round bottom flask, benzyl
α-L-rhamnopyranoside 4 (2.0 g, 7.865 mM) and excess 2,2-dimethoxyprpane (DMP, 40 mL) was stirred



Int. J. Mol. Sci. 2016, 17, 1412 8 of 12

well and added catalytic amount of p-toluenesulfonic acid (p-TSA, 0.02 mg). Here, DMP acts both as a
solvent and as a reagent. The reaction mixture was refluxed for 30 min. The mixture was then cooled,
10% NaHCO3 solution (2 mL) added and extracted with ethyl acetate (3 × 5 mL). The ethyl acetate
layer was dried (MgSO4) and concentrated in vacuum to leave a thick syrup which on chromatographic
purification elution with n-hexane/ethyl acetate = 10/1 gave compound 5 as a clear oil (1.829 g, 79%).
Rf = 0.45 (n-hexane/ethyl acetate = 4/1); FT-IR (CHCl3): 3450–3300 (br, OH), 1381 cm−1 [C(CH3)2];
1H NMR (400 MHz, CDCl3): δ 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], 1.28 (3H, d, J = 6.1 Hz, 6-CH3).
The Supplementary Data section reports the FT-IR (Figure S4) and 1H NMR (Figure S5) spectral data
of compound 5.

3.2. General Procedure for Acylation

At first, benzyl rhamnopyranoside, having hydroxyl group(s) was dissolved in dry pyridine
(~1 mL). The solution was cooled to 0 ◦C and acyl halide added drop wise with continuous stirring.
The reaction mixture was allowed to attain room temperature and 4-dimethylaminopyridine (DMAP,
catalytic) added. The mixture was further stirred for 10–16 h and TLC indicated the formation of a
faster moving product. Excess acyl halide (reagent) was decomposed by addition of little amount of
ice water (~1 mL). The organic product was extracted with dichloromethane (DCM, 3 × 4 mL) and
this organic layer was washed successively with 5% hydrochloric acid, saturated aqueous sodium
hydrogen carbonate solution and brine. The organic layer was dried over magnesium sulphate and
concentrated in vacuum to leave a residue. Chromatographic purification of the residue (elution with
n-hexane/ethyl acetate) furnished the corresponding acyl ester product in the pure form.

Synthesis of benzyl 4-O-benzoyl-2,3-O-isopropylidene-α-L-rhamnopyranoside (6): White solid, mp 115–117 ◦C;
yield 87%; Rf = 0.61 (n-hexane/ethyl acetate = 5/1); FT-IR (CHCl3): 1681 (CO), 1375 cm−1 [C(CH3)2];
1H NMR (400 MHz, CDCl3): δ 8.04–8.226 (4H, m, Ar-H), 7.58–7.73 (2H, m, Ar-H), 7.35–7.52 (4H, m,
Ar-H), 5.38 (1H, s, H-1), 5.18 (1H, dd, J = 10.1 and 6.9 Hz, H-4), 4.75 (1H, d, J = 11.9 Hz, PhCHAHB),
4.60 (1H, d, J = 11.9 Hz, PhCHAHB), 4.38 (1H, dd, J = 10.1 and 2.9 Hz, H-3), 4.28 (1H, d, J = 2.9 Hz,
H-2), 3.88–4.05 (1H, m, H-5), 1.63 [3H, s, C(CH3)2], 1.37 [3H, s, C(CH3)2], 1.25 (3H, d, J = 6.2 Hz, 6-CH3).
The Supplementary Data section reports the FT-IR (Figure S6) and 1H NMR (Figure S7) spectral data
of compound 6.

Synthesis of benzyl 4-O-benzoyl-α-L-rhamnopyranoside (7): A solution of 4-O-benzoate 6 (1.8 g, 4.518 mM)
in glacial acetic acid (20 mL) was stirred at 40 ◦C for 12 h. TLC examination indicated the formation
of a slower moving product having Rf = 0.47 (n-hexane/ethyl acetate = 2/1). The reaction mixture
was subjected for vacuum evaporation on rotary evaporator to remove acetic acid. Traces of acetic
acid were also removed by co-evaporation with toluene (3 × 3 mL) to leave a thick residue which
on chromatography with n-hexane/ethyl acetate (5/1) furnished diol 7 (1.20 g, 74%) as a colorless
semi-solid. Our effort for crystallization of the semi-solid was unsuccessful. Rf = 0.47 (n-hexane/ethyl
acetate = 2/1); FT-IR (CHCl3): 3600–3300 (br, OH), 1630 cm−1 (CO); 1H NMR (400 MHz, CDCl3):
δ 8.05 (2H, d, J = 7.6 Hz, Ar-H), 7.60 (1H, t, J = 7.4 Hz, Ar-H), 7.44 (2H, t, J = 7.2 Hz, Ar-H), 7.28–7.39
(5H, m, Ar-H), 5.06 (1H, t, J = 10.0 Hz, H-4), 4.97 (1H, s, H-1), 4.76 (1H, d, J = 11.8 Hz, PhCHAHB),
4.57 (1H, d, J = 11.8 Hz, PhCHAHB), 4.09 (1H, d, J = 3.4 Hz, H-2), 4.07 (1H, dd, J = 9.6 and 3.4 Hz,
H-3), 3.96–4.05 (1H, m, H-5), 1.67–2.19 (2H, br s, exchange with D2O, 2 × OH), 1.29 (3H, d, J = 6.0 Hz,
6-CH3). The Supplementary Data section reports the FT-IR (Figure S8) and 1H NMR (Figures S9 and
S10) spectral data of compound 7.

Synthesis of benzyl 2,3-di-O-acetyl-4-O-benzoyl-α-L-rhamnopyranoside (8): Thick syrup; yield 92%; Rf = 0.57
(n-hexane/ethyl acetate = 5/1); FT-IR (KBr): 1751, 1732, 1716 cm−1 (CO); 1H NMR (400 MHz, CDCl3):
δ 8.00 (2H, d, J = 8.0 Hz, Ar-H), 7.57 (1H, t, J = 7.5 Hz, Ar-H), 7.44 (2H, t, J = 7.2 Hz, Ar-H), 7.31–7.39
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(5H, m, Ar-H), 5.54 (1H, dd, J = 10.0 and 3.2 Hz, H-3), 5.36 (1H, t, J = 10.0 Hz, H-4), 5.33 (1H, d, J = 3.2
Hz, H-2), 4.86 (1H, s, H-1), 4.75 (1H, d, J = 12.0 Hz, PhCHAHB), 4.59 (1H, d, J = 12.0 Hz, PhCHAHB),
4.05–4.13 (1H, m, H-5), 2.16 (3H, s, COCH3), 1.88 (3H, s, COCH3), 1.26 (3H, d, J = 6.4 Hz, 6-CH3).
The Supplementary Data section reports the FT-IR (Figure S11) and 1H NMR (Figures S12 and S13)
spectral data of compound 8.

3.3. Test Human and Phytopathogens

The newly synthesized rhamnopyranoside derivatives 4–8 were tested against eight human
pathogenic bacteria (four Gram-positive and four Gram-negative). Gram-positive organisms were
Bacillus cereus BTCC 19, Bacillus megaterium BTCC 18, Bacillus subtilis BTCC 17 and Staphylococcus aureus
ATCC 6538. Gram-negative pathogens were Escherichia coli ATCC 25922, Klebsiella pneumoniae,
Pseudomonas aeruginosa CRL (ICDDR,B) and Salmonella typhi AE 14612. For in vitro mycelial
growth test, two plant pathogenic fungi were selected viz. Aspergillus brasiliensis ATCC 16404 and
Candida albicans ATCC.

3.4. Antimicrobial Screening Procedure

Screening of antibacterial activity: The disc diffusion method [8] was followed for the detection
of antibacterial activities. For the culture of bacterial organisms Muller-Hinton medium (agar and
broth) was prepared and used. The petri dishes (plates) were incubated at 37 ◦C for two days. We used
dimethylformamide (DMF) (Sigma-Aldrich, Taufkirchen, Germany) as a solvent. Hence, 2% solution
of each test chemicals in DMF were prepared and used for antibacterial evaluation. For accuracy, we
maintained proper control only with DMF without chemicals. For activity test, 500 µL bacterial culture
was used. Each experiment against each organism was conducted three times and the average value
was shown in the Tables 3 and 4. The standard antibiotic ampicillin (50 µg/disc, β-lactam antibiotic
used for bacterial infections, Brand name Ficillin, Sanofi-Aventis, Dhaka, Bangladesh), was used as a
positive control and compared with tested chemicals under identical conditions.

Screening of mycelial growth: The in vitro antifungal activities of the rhamnopyranosides 4–8
were investigated according to food poisoning technique [10,11]. For fungal culture, we used
sabouraud (agar and broth, PDA) medium. For activity test, 5 mm diameter fungal mate were
inoculated in the plate. 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 using the
following equation:

I =
{

C− T
C

}
× 100

where I, percentage of inhibition, C = diameter of the fungal colony in control (DMF), and T = diameter
of the fungal colony in treatment. The results were compared with the standard antifungal antibiotic
nystatin (100 µg/mL medium, brand name Candex, Square Pharmaceuticals Ltd., Dhaka, Bangladesh).

4. Conclusions

Thus, selective benzoylation of benzyl α-L-rhamnopyranoside 4 at C-4 position was conducted
successfully using protection deprotection technique. Initially, 4 was prepared using conventional
glycosidation technique as well as microwave irradiation method. Benzyl rhamnopyranoside 4
on acetonide protection followed by 4-O-benzylation and deacetonation gave the desired benzyl
4-O-benzoyl-α-L-rhamnopyranoside 7. For structural elucidation and to get newer derivatives
of 7, we prepared 2,3-di-O-acetate 8. Conformational study revealed that acetonide protected
rhamnopyranoside 5 and 6 showed slight distortion from the regular 1C4 conformational structure.
In vitro antimicrobial study showed that the rhamnopyranosides were more prone against pathogenic
fungi as compared to pathogenic bacteria. SAR study concluded that incorporation of benzoyl group
at C-4 position of rhamnopyranose framework increased the antimicrobial potentiality of the benzyl
α-L-rhamnopyranoside 4. PASS prediction of the rhamnopyranoside derivatives 4–8 were Pa < 0.6 in
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antibacterial and Pa < 0.73 in antifungal, which are confirmed experimentally where rhamnopyranoside
derivatives 4–8 were more effective against fungal organisms as compared to pathogenic bacterial
thus, there is a more than 50% chance that the rhamnopyranoside derivative structures have not been
reported with this activity, making it a possible valuable lead compound.

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/1422-0067/17/9/1412/s1.

Acknowledgments: The authors would like to thank Grand Challenge (GC001C-14AET), Fundamental Research
Grant Scheme (FP050-2014B) provided by the University of Malaya (Kuala Lumpur, Malaysia) and Ministry of
Higher Education (MOHE) (Kuala Lumpur, Malaysia) for their cordial support in completing this work.

Author Contributions: Amit R. Nath, Mohammed Mahbubul Matin and Mohammad M. H. Bhuiyan
contributed synthesis, products characterization and analysis tools; Omar Saad, Abeer A. Alhadi, Md. Eaqub Ali
and Farkaad A. Kadir performed the PASS experiments; Amit R. Nath, Mohammed Mahbubul Matin,
Mohammad M. H. Bhuiyan, Sharifah Bee Abd Hamid and Wageeh A Yehye conceived and designed the
experiments analyzed of computational data, Mohammed Mahbubul Matin and Wageeh A Yehye wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lüderitz, O.; Jann, K.; Wheat, R. Somatic and capsular antigens of Gram-negative bacteria. In Comprehensive
Biochemistry: Extracellular and Supporting Structures; Florkin, M., Stotz, E.H., Eds.; Elsevier Publishing
Company: Amsterdam, The Netherlands, 1968; Volume 26A.

2. McKinnell, J.; Percival, E. Structural investigations on the water-soluble polysaccharide of the green seaweed
Enteromorpha compressa. J. Chem. Soc. 1962. [CrossRef]

3. Tiwari, K.; Choudhary, R. Two new steryl glycosides from Lindenbergia indica. Phytochemistry 1979, 18,
2044–2045. [CrossRef]

4. Hilinski, M.K.; Mrozowski, R.M.; Clark, D.E.; Lannigan, D.A. Analogs of the RSK inhibitor SL0101:
Optimization of in vitro biological stability. Bioorg. Med. Chem. Lett. 2012, 22, 3244–3247. [CrossRef]
[PubMed]

5. Perez-Tomas, R. Multidrug resistance: Retrospect and prospects in anti-cancer drug treatment. Curr. Med.
Chem. 2006, 13, 1859–1876. [CrossRef] [PubMed]

6. Pouillart, P.; Douillet, O.; Scappini, B.; Gozzini, A.; Santini, V.; Grossi, A.; Pagliai, G.; Strippoli, P.; Rigacci, L.;
Ronco, G.; et al. Regioselective synthesis and biological profiling of butyric and phenylalkylcarboxylic esters
derivated from D-mannose and xylitol: Influence of alkyl chain length on acute toxicity. Eur. J. Pharm. Sci.
1999, 7, 93–106. [CrossRef]

7. Chortyk, O.T.; Pomonis, J.G.; Johnson, A.W. Syntheses and characterizations of insecticidal sucrose esters.
J. Agric. Food Chem. 1996, 44, 1551–1557. [CrossRef]

8. Kabir, A.K.M.S.; Matin, M.M.; Sanaullah, A.F.M.; Sattar, M.A.; Rahman, M.S.; Anwar, M.N. Antimicrobial
activities of some lyxoside derivatives. Bangladesh J. Microbiol. 2001, 18, 89–95.

9. Kabir, A.K.M.S.; Matin, M.M.; Bhuiyan, M.M.R.; Rahim, M.A.; Rahman, M.S. Biological evaluation of some
monosaccharide derivatives. Int. J. Agric. Biol. 2005, 7, 218–221.

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

11. Kabir, A.K.M.S.; Matin, M.M.; Mridha, M.A.U.; Shahed, S.M. Antifungal activities of some methyl
6-O-trityl-α-D-mannopyranosides. Chittagong Univ. J. Sci. 1998, 22, 41–46.

12. Ahsan, F.; Arnold, J.J.; Meezan, E.; Pillion, D.J. Sucrose cocoate, a component of cosmetic preparations,
enhances nasal and ocular peptide absorption. Int. J. Pharm. 2003, 251, 195–203. [CrossRef]

13. Csóka, G.; Marton, S.; Zelko, R.; Otomo, N.; Antal, I. Application of sucrose fatty acid esters in transdermal
therapeutic systems. Eur. J. Pharm. Biopharm. 2007, 65, 233–237. [CrossRef] [PubMed]

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

15. Dhavale, D.D.; Matin, M.M. Piperidine homoazasugars: Natural occurrence, synthetic aspects and biological
activity study. Arkivoc 2005, 3, 110–132. [CrossRef]

16. Dhavale, D.D.; Matin, M.M. Selective sulfonylation of 4-C-hydroxymethyl-β-L-threo-pento-1, 4-furanose:
Synthesis of bicyclic diazasugars. Tetrahedron 2004, 60, 4275–4281. [CrossRef]

http://dx.doi.org/10.1039/jr9620003141
http://dx.doi.org/10.1016/S0031-9422(00)82739-9
http://dx.doi.org/10.1016/j.bmcl.2012.03.033
http://www.ncbi.nlm.nih.gov/pubmed/22464132
http://dx.doi.org/10.2174/092986706777585077
http://www.ncbi.nlm.nih.gov/pubmed/16842198
http://dx.doi.org/10.1016/S0928-0987(98)00011-6
http://dx.doi.org/10.1021/jf950615t
http://dx.doi.org/10.1016/S0378-5173(02)00597-5
http://dx.doi.org/10.1016/j.ejpb.2006.07.009
http://www.ncbi.nlm.nih.gov/pubmed/16963242
http://dx.doi.org/10.1002/chin.200523258
http://dx.doi.org/10.1016/j.tet.2004.03.034


Int. J. Mol. Sci. 2016, 17, 1412 11 of 12

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

18. Dong, H.; Zhou, Y.; Pan, X.; Cui, F.; Liu, W.; Liu, J.; Ramström, O. Stereoelectronic control in regioselective
carbohydrate protection. J. Org. Chem. 2012, 77, 1457–1467. [CrossRef] [PubMed]

19. Grindley, T.B. Applications of tin-containing intermediates to carbohydrate chemistry. Adv. Carbohydr.
Chem. Biochem. 1998, 53, 17–142. [PubMed]

20. Kabir, A.K.M.S.; Matin, M.M. Regioselective monoacylation of a derivative of L-rhamnose. J. Bangladesh
Acad. Sci. 1997, 21, 83–88.

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

22. Matin, M.M.; Bhuiyan, M.M.H.; Debnath, D.C.; Manchur, M.A. Synthesis and comparative antimicrobial
studies of some acylated D-glucofuranose and D-glucopyranose derivatives. Int. J. Biosci. 2013, 3, 279–287.

23. Kabir, A.K.M.S.; Matin, M.M.; Hossain, A.; Rahman, M.S. Synthesis and antimicrobial activities of some
acylated derivatives of L-rhamnose. Chittagong Univ. J. Sci. 2002, 26, 35–44.

24. Kabir, A.K.M.S.; Matin, M.M.; Hossain, A.; Sattar, M.A. Synthesis and antimicrobial activities of some
rhamno-pyranoside derivatives. J. Bangladesh Chem. Soc. 2003, 16, 85–93.

25. Kabir, A.K.M.S.; Alauddin, M.; Matin, M.M.; Bhattacharjee, S.C. Regioselective monobenzoylation of methyl
α-L-rhamnopyranoside. Chittagong Univ. Stud. 1997, 21, 59–63.

26. Kadir, F.A.; Kassim, N.M.; Abdulla, M.A.; Yehye, W.A. PASS-predicted Vitex negundo activity: Antioxidant
and antiproliferative properties on human hepatoma cells-an in vitro study. BMC Complement. Altern. Med.
2013, 13, 343. [CrossRef] [PubMed]

27. Yehye, W.A.; Abdul Rahman, N.; A. Alhadi, A.; Khaledi, H.; Ng, S.W.; Ariffin, A. Butylated hydroxytoluene
analogs: Synthesis and evaluation of their multipotent antioxidant activities. Molecules 2012, 17, 7645.
[CrossRef] [PubMed]

28. Ariffin, A.; Rahman, N.A.; Yehye, W.A.; Alhadi, A.A.; Kadir, F.A. PASS-assisted design, synthesis and
antioxidant evaluation of new butylated hydroxytoluene derivatives. Eur. J. Med. Chem. 2014, 87, 564–577.
[CrossRef] [PubMed]

29. Kabir, A.K.M.S.; Matin, M.M.; Islam, K.R.; Anwar, M.N. Synthesis and antimicrobial activities of some
acylated uridine derivatives. J. Bangladesh Chem. Soc. 2002, 15, 13–22.

30. Lázár, L.; Csávás, M.; Borbás, A.; Gyémánt, G.; Lipták, A. 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 2004, 7, 196–207.

31. Lipták, A.; Fügedi, P.; Nánási, P. Synthesis of mono- and di-benzyl ethers of benzyl α-L-rhamnopyranoside.
Carbohydr. Res. 1978, 65, 209–217. [CrossRef]

32. Matin, M.M. Synthesis and antimicrobial study of some methyl 4-O-palmitoyl-α-L-rhamnopyranoside
derivatives. Orbital: Electron. J. Chem. 2014, 6, 20–28.

33. Stepanchikova, A.V.; Lagunin, A.A.; Filimonov, D.A.; Poroikov, V.V. Prediction of biological activity spectra
for substances: Evaluation on the diverse sets of drug-like structures. Curr. Med. Chem. 2003, 10, 225–233.
[CrossRef] [PubMed]

34. Anzali, S.; Barnickel, G.; Cezanne, B.; Krug, M.; Filimonov, D.; Poroikov, V. Discriminating between drugs
and nondrugs by prediction of activity spectra for substances (PASS). J. Med. Chem. 2001, 44, 2432–2437.
[CrossRef] [PubMed]

35. Kadir, F.; Kassim, N.B.M.; Abdulla, M.A.; Kamalidehghan, B.; Ahmadipour, F.; Yehye, W.A. PASS-predicted
hepatoprotective activity of Caesalpinia sappan in thioacetamide-induced liver fibrosis in rats. Sci. World J.
2014. [CrossRef] [PubMed]

36. Poroikov, V.; Filimonov, D.; Lagunin, A.; Gloriozova, T.; Zakharov, A. PASS: Identification of probable targets
and mechanisms of toxicity. SAR QSAR Environ. Res. 2007, 18, 101–110. [CrossRef] [PubMed]

37. Delmas, F.; di Giorgio, C.; Robin, M.; Azas, N.; Gasquet, M.; Detang, C.; Costa, M.; Timon-David, P.;
Galy, J.-P. In vitro activities of position 2 substitution-bearing 6-nitro-and 6-amino-benzothiazoles and their
corresponding anthranilic acid derivatives against Leishmania infantum and Trichomonas vaginalis. Antimicrob.
Agents Chemother. 2002, 46, 2588–2594. [CrossRef] [PubMed]

http://dx.doi.org/10.1021/jo202336y
http://www.ncbi.nlm.nih.gov/pubmed/22283732
http://www.ncbi.nlm.nih.gov/pubmed/9710969
http://dx.doi.org/10.1186/1472-6882-13-343
http://www.ncbi.nlm.nih.gov/pubmed/24305067
http://dx.doi.org/10.3390/molecules17077645
http://www.ncbi.nlm.nih.gov/pubmed/22732881
http://dx.doi.org/10.1016/j.ejmech.2014.10.001
http://www.ncbi.nlm.nih.gov/pubmed/25299680
http://dx.doi.org/10.1016/S0008-6215(00)84312-8
http://dx.doi.org/10.2174/0929867033368510
http://www.ncbi.nlm.nih.gov/pubmed/12570709
http://dx.doi.org/10.1021/jm0010670
http://www.ncbi.nlm.nih.gov/pubmed/11448225
http://dx.doi.org/10.1155/2014/301879
http://www.ncbi.nlm.nih.gov/pubmed/24701154
http://dx.doi.org/10.1080/10629360601054032
http://www.ncbi.nlm.nih.gov/pubmed/17365962
http://dx.doi.org/10.1128/AAC.46.8.2588-2594.2002
http://www.ncbi.nlm.nih.gov/pubmed/12121937


Int. J. Mol. Sci. 2016, 17, 1412 12 of 12

38. Di Giorgio, C.; Delmas, F.; Filloux, N.; Robin, M.; Seferian, L.; Azas, N.; Gasquet, M.; Costa, M.;
Timon-David, P.; Galy, J.-P. In vitro activities of 7-substituted 9-chloro and 9-amino-2-methoxyacridines and
their bis-and tetra-acridine complexes against Leishmania infantum. Antimicrob. Agents Chemother. 2003, 47,
174–180. [CrossRef] [PubMed]

39. Di Giorgio, C.; Delmas, F.; Ollivier, E.; Elias, R.; Balansard, G.; Timon-David, P. In vitro activity of the
β-carboline alkaloids harmane, harmine, and harmaline toward parasites of the species Leishmania infantum.
Exp. Parasitol. 2004, 106, 67–74. [CrossRef] [PubMed]

40. Hunt, W.A. The effects of aliphatic alcohols on the biophysical and biochemical correlates of membrane
function. In Biochemical Pharmacology of Ethanol; Majchrowicz, E., Ed.; Plenum Press: New York, USA, 1975;
pp. 195–210.

41. Judge, V.; Narasimhan, B.; Ahuja, M.; Sriram, D.; Yogeeswari, P.; de Clercq, E.; Pannecouque, C.; Balzarini, J.
Synthesis, antimycobacterial, antiviral, antimicrobial activity and QSAR studies of N2-acyl isonicotinic acid
hydrazide derivatives. Med. Chem. 2013, 9, 53–76. [CrossRef] [PubMed]

Sample Availability: Samples of the compounds are not available.

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article 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/).

http://dx.doi.org/10.1128/AAC.47.1.174-180.2003
http://www.ncbi.nlm.nih.gov/pubmed/12499188
http://dx.doi.org/10.1016/j.exppara.2004.04.002
http://www.ncbi.nlm.nih.gov/pubmed/15172213
http://dx.doi.org/10.2174/157340613804488404
http://www.ncbi.nlm.nih.gov/pubmed/22762163
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Synthesis of Benzyl 4-O-benzoyl–L-rhamnopyranoside 7 
	Synthesis of 2,3-di-O-Acetyl Derivative of 4-O-Benzoate 7 
	Conformational Study: Distortion of Rhamnopyranosides 5 and 6 
	Computational Evaluation of Antimicrobial Activities 
	Antimicrobial Studies 
	Structure Activity Relationship (SAR) 

	Materials and Methods 
	General Procedure: Synthesis 
	General Procedure for Acylation 
	Test Human and Phytopathogens 
	Antimicrobial Screening Procedure 

	Conclusions 

