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Abstract: Some tert-butyldimethylsilyl (TBDMS) protected D-mannose-1,4-lactone derivatives (3-5) were
synthesized. All the synthesized compounds were employed as test chemicals for in vitro antibacterial
functionality test against six humanpathogenic bacteria. The study reveals that these silyl-protected compounds
(3-5)are almost inactivetowards antibacterial functionality, althoughintroduction of tosyl groupincreases little
activity.
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INTRODUCTION

Acylated derivatives of monosaccharides are very
important due to their effective biological activity.[1] In
general, it is known that the presence of aromatic and
heteroaromatic nucleus in the carbohydrate molecules
increases its biological activity markedly.[2] Also, if an
active nucleus or molecule is linked to another nucleus,
the resulting molecule may possess greater potential for
biological activity.[2-6] Results of an ongoing research
project onselectiveacylationand antimicrobial evaluation
of monosaccharides, revealed that in many cases the
combination of two or more heteroaromatic nuclei and
acyl groups enhances the biological activity many fold
than its parent nuclei. For example, some acylated
derivatives of D-glucopyranose were found more active
than those of the standard antibiotics.[7]

A number of alkyl silylchlorides is known for the
protection of hydroxyl groups.[8] So far there is no report
for antimicrobial activity of silylated monosaccharide
derivatives.Considering this as wellas encouraged byour
previousresults,[7] some tert-butyldimethylsilyl (TBDMS)
protected D-mannose-1,4-lactone derivatives (3-5) was
deliberately synthesized. Antibacterial activities of these
compounds (3-5), including precursor 1 and 2 were
evaluated using a variety of bacterial strains and the
results are reported here.

MATERIALS AND METHODS

General experimental procedures: Elemental analyses
were carried out with C,H-analyzer. Thin layer
chromatography(t.l.c.) was performed on Kieselgel GF254

and visualization was accomplished by spraying the
plates with 1% H2SO4 followed by heating the plates at
150-200 0C until coloration took place. IR spectra were
recorded with FTIR as a thin film or using KBr pellets
and are expressed in cm1. 1H (400 MHz) and 13C

(100 MHz) NMR spectra were recorded using CD3OD or
CDCl3 as a solvent. Chemical shifts were reported in d
unit (ppm) with reference to tetramethylsilane as an
internal standard and J values are given in Hz. The
assignments of the signals were confirmedby decoupling
and DEPT experiments. Column chromatography was
carried out with silica gel (100-200 mesh). All reagents
used were commercially available (Aldrich) and were
used as received unless otherwise specified.

Synthesis:1,2-O-Isopropylidene-D-mannose-1,4-lactone
(2): D-mannose-1,4-lactone 1 (2 g, 11.227 mmol) and
anhydrous copper(II) sulfate (4 g) were suspended in
acetone (200 mL, AR grade) and vigorously stirred
overnight at room temperature. The mixture was
filtered through Celite and the filtrate was stirred with
sodium hydrogencarbonate (0.1 g) for 1 h. After further
filtration, the solution was concentrated to give crude
monoacetonide, which on chromatography (n-
hexane/ethyl acetate = 1/1) provided 2 (2.4 g, 98%) as a
semi solid.

IR (KBr) = 3200-3500 (br, OH), 1785 cm1 (CO).
1H NMR (400 MHz, CD3OD): d 4.34 (1H, d, J = 8.8 Hz,
H-2), 4.32 (1H, app. dd, J = 8.7 and 3.7 Hz, H-5),
4.07-4.18 (2H, br m, H-3 and H-6b), 4.08 (1H, dd, J = 8.2
and 3.7 Hz, H-4), 3.96 (1H, dd, J = 8.4 and 6.6 Hz, H-6a),
1.38 (3H, s, CMe2), 1.35 (3H, s, CMe2). 13C NMR (100
MHz, CD3OD): d 175.9 (CO), 111.0 (CMe2), 75.4, 75.5,
75.6, 80.0 (C-2/C-3/C-4/C-5), 66.2 (C-6), 25.7, 26.4
(2 CMe2). Anal. Calcd. for C9H14O6: C, 49.54; H, 6.47;
found: C, 49.62; H, 6.51%.

2 , 3 - D i - O - t e r t - b u t y l d i m e th y l s i l y l - 1 , 2 - O -
iso pro py l idene-D-mannose-1 ,4 - lac tone (3):
Monoacetonide 2 (1.8 g, 8.248 mmol) was dissolved in
dryDMF (10 mL)and treated with tert-butyldimethylsilyl
chloride (7.46 g, 49.49 mmol) and imidazole (4.49 g,
65.95 mmol). The reaction mixture was stirred at 65 ºC
for 4 h under nitrogen. The solution was then allowed to
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icool, diluted with ether (50 mL), washed with water
(10 mL ´ 2) and brine (10 mL). Drying of the organic
phase (MgSO4), co ncentrat ion fo llowed by
chromatography(n-hexane/ethyl acetate = 4/1) furnished
fully protected 3 (3.54 g, 96%) as a white solid, which
after few hours became pale yellow solid.

IR (KBr) = 1798 cm-1 (CO). 1H NMR (400 MHz,
CDCl3): d 4.37 (1H, app. t, J = 8.0 Hz, H-3), 4.32 (1H, d,
J = 8.0 Hz, H-2), 4.25 (1H, ddd, J = 8.7, 7.7 and 2.0 Hz,
H-5), 4.07 (1H, dd, J = 8.7 and 8.1 Hz, H-6a), 3.96
(1H, dd, J = 8.1 and 7.7 Hz, H-6b), 3.93 (1H, dd, J = 7.8
and 2.0 Hz, H-4), 1.39 (3H, s, CMe2), 1.36 (3H, s, CMe2),
0.94 (9H, s, SiCMe3), 0.89 (9H, s, SiCMe3), 0.20 (3H, s,
SiMe2), 0.14 (6H, s, SiMe2), 0.13 (3H, s, SiMe2). 13C
NMR (100 MHz, CDCl3): d 172.7 (CO), 110.1 (CMe2),
72.4,75.5, 76.3,78.6 (C-2/C-3/C-4/C-5),65.3 (C-6), 26.1
(2 SiCMe3), 25.8, 25.9 (CMe2), 17.9, 18.4 (2 SiCMe3), -
4.3, -3.9, -3.4, -2.8 (2 SiMe2). Anal. Calcd. for
C21H42O6Si2: C, 56.46; H, 9.47; found: C, 56.48; H,
9.81%.

2,3-Di-O-tert-butyldimethylsilyl-D-mannose-1,4-
lactone (4): Silyl protected lactone 3 (1.2 g, 2.686 mmol)
was dissolved in aqueous acetic acid (80%, 100 mL) and
warmed to 65 ºC with stirring. After 4 h the resulting
solution was allowed to cool to room temperature and the
solventwas removedunder high vacuum. The residuewas
coevaporatedwith toluene (5 mL´ 3) andchromatography
with n-hexane/ethyl acetate (2/1) afforded the diol 4
(0.93 g, 85%) as a clear oil.

IR (neat) = 3150-3480 (br, OH), 1796 cm-1 (CO). 1H
NMR (400 MHz, CDCl3): d 4.45 (1H, app. t, J = 7.8 Hz,
H-3), 4.34 (1H, d, J = 7.9 Hz, H-2), 4.04 (1H, dd, J = 7.5
and 1.0 Hz, H-4), 3.76-3.82 (2H, m, H-6a and H-6b),
3.68-3.73 (1H, m, H-5), 3.04 (2H, br s, exchange with
D2O, 2 OH), 0.91 (9H, s, SiCMe3), 0.88 (9H, s, SiCMe3),
0.18 (3H, s, SiMe2), 0.13 (3H, s, SiMe2), 0.12 (6H, s,
SiMe2). 13C NMR (100 MHz, CDCl3): d173.6 (CO),68.3,
74.5,76.0, 81.3 (C-2/C-3/C-4/C-5),64.1 (C-6),25.8, 25.9
(2 SiCMe3), 17.9, 18.3 (2 SiCMe3), -4.6, -4.5, -4.3, -3.9
(2 SiMe2). Anal. Calcd. for C18H38O6Si2: C, 53.16; H,
9.42; found: C, 53.12; H, 9.66%. The 1H and 13C NMR
spectra of this compound was found almost similar to that
of reported.[9]

2 , 3 - D i - O - t e r t - b u ty ld ime th y l s i l y l - 6 - O - p -
toluenesulfonyl-D-mannose-1,4-lactone(5) : To a stirred
and cooled (0 ºC) solution of 4 (0.7 g, 1.721 mmol) in
anhydrous pyridine (3 mL) was added tosyl chloride
(0.394 g, 2.07 mmol) followed by addition of catalytic
amount of DMAP. The reaction mixture was stirred at
room temperature for 12 h, decomposed with cooled
water (2 mL) and extracted with chloroform (10 mL ´ 3).
Work-up followed by chromatography (n-hexane/ethyl
acetate = 3/1) gave 5 (0.84 g, 87%) as a thick oil.

IR (neat) = 3200-3460 (br, OH), 1800 (CO), 1370
cm-1 (SO2). 1H NMR (400 MHz, CDCl3): d 7.80 (2H, d,

J = 8.3 Hz, Ar-H), 7.35 (2H, d, J = 8.3 Hz, Ar-H), 4.47
(1H, app. t, J = 7.8 Hz, H-3), 4.36 (1H, d, J = 7.9 Hz,
H-2), 4.20 (1H, dd, J = 8.8 and 8.3 Hz, H-6a), 4.14 (1H,
dd, J = 8.3 and 7.7 Hz, H-6b), 4.02 (1H, dd, J = 7.5 and
1.0 Hz, H-4), 3.75-3.81 (1H, m, H-5), 3.13 (1H, br s,
exchange with D2O, OH), 2.43 (3H, s, CH3), 0.92 (9H, s,
SiCMe3), 0.89 (9H, s, SiCMe3), 0.19 (3H, s, SiMe2), 0.14
(3H, s, SiMe2), 0.12 (6H, s, SiMe2). 13C NMR (100 MHz,
CDCl3): d173.4 (CO), 144.8, 133.1, 129.9, 128.1 (Ar-C),
68.2,74.5, 75.9, 81.1 (C-2/C-3/C-4/C-5), 65.2 (C-6),25.8,
25.9 (2 SiCMe3), 21.6 (C6H4Me) 18.0, 18.4 (2 SiCMe3), -
4.6, -4.4, -4.3, -3.8 (2 SiMe2). Anal . Calcd. for
C25H44O8SSi2: C, 53.54; H, 7.91; found: C, 53.52;
H, 7.99%.

Antibacterial activity test:
Test chemicals: D-mannose-1,4-lactone (1) and its
derivatives 2-5 were employed as test chemicals for
antibacterial activity evaluation. In all the cases, a 1%
solution(w/v) in methanolor chloroform of the chemicals
were used.

Bacterial pathogens: The test tube cultures of the
bacterialpathogens were collectedfrom the Microbiology
Laboratory, Department of Microbiology, University of
Chittagong and are listed below:

 Bacillus cereus BTCC 19
 Bacillus megaterium BTCC18
 Escherichia coli ATCC 255922
 Shigella sonnei CRL (ICDDR,B)
 Pseudomonas species CRL (ICDDR,B)
 Salmonilla typhi AE 14612

Sensitivity spectrum analysis: Sensitivity spectrum
analysis was done by disc diffusion method [10] with little
modification and has been reported earlier.[11,12] The
activity was expressed in terms of inhibition zone
diameter in mm. The standard antibiotic, Ampicillin, was
used as a positive control and with test chemicals under
identical conditions. Each experiment was repeated thrice.

RESULTS AND DISCUSSIONS

Synthesis of tert -butyldimethylsilyl derivatives:
Acetonation of D-mannose-1,4-lactone (1) with
anhydrous copper(II) sulfate in dry acetone afforded the
monocetonide 2 in quantitative yield (Scheme 1). In the
1H NMR the presenceof two methyl singlets at d 1.38 and
1.35 indicated the attachment of isopropylidene group in
the molecule, which is further confirmed from its 13C
NMR spectrum.

Havingmonoacetonide2 in hand, TBDMS protection
at C-2 and C-3 OH was carried out with tert-
butyldimethylsilyl chloride in the presence of imidazole
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Scheme 1: Reagents and conditions. (a) CuSO4, Me2CO, rt, 12 h, 98%; (b) TBDMSCl, DMF, imidazole, 65 ºC, 4 h,
96%; (c) 80% AcOH, 65 ºC, 4 h, 85%; (d) TsCl, py, 0 ºC – rt, 87%.

Table 1: Inhibition zone observed against bacterial pathogens.
Diameter of inhibition zone in mm.
---------------------------------------------------------------------------------------------------------------------------------------------

Compound no B. cereus B. megaterium E. coli S. sonnie P. species S. typhi.
1 -- -- -- -- 6 --
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 -- -- -- -- -- --
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 -- 5 -- 5 -- --
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 -- 8 -- 6 -- --
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 8 10. -- 8 -- 7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
**Ampicillin 20mg.dw/disc *22 *19 13 *35 *18 *24
N.B : *= Marked inhibition;**= Standard antibiotic ‘--’ = No inhibition; dw = Dry weigh

in DMF at 65 ºC. Thus, fully protected lactone 3 was
obtained in 96% yield as a white solid, which after few
hours became pale yellow solid (Scheme 1). In its IR a
band at 1798 cm1 corresponding to carbonyl stretching
and absence of any band in the hydroxylregion indicated
the full protection of OH groups in this compound. In the
1H NMR spectrum two nine proton singlets at d 0.94 and
0.89, two threeproton singlets at d 0.20 and 0.13 and a six
proton singlets at d 0.14 (total thirty protons) was
ind icative for the attachment of two tert-
butyldimethylsilyl group in the molecule. 13C NMR
spectrum and elemental analyses were in agreement with
the structure accorded to compound 3.

Removal of acetonide functionality from protected
lactone 3 was conducted by treatment with aqueous
acetic acid at 65 ºC for 4 h to the diol 4 as a clear oil
(Scheme 1). The presence of a new broad band at 3150-
3480 cm1 corresponding to hydroxyl region was
indicative for the removal of isopropylidene moiety in the
molecule. This fact was also confirmed by observing the
absence of methyl protons and carbons corresponding to
isopropylidene group in 1H and 13C NMR spectra,
respectively.

Finally, reaction of 4 with tosyl chloride (1.2 eq) in
anhydrous pyridine in the presence of catalytic amountof
DMAP at 0 ºC gave 5 (0.84 g, 87%) as a thick oil
(Scheme 1). The IR spectrum of compound 5 showed
bands at 3200-3460 (br, OH), 1800 (CO) and 1370 cm1

(SO2). In its 1H NMR spectrum, two two-proton doublets
at d 7.80 and 7.35 (J = 8.3 Hz), a three-proton singlet at
d 2.43 ascertained the presence of a tosyl group in the
molecule. In this unimolar reaction, the tosyl group must
react with more reactive primary hydroxyl group at C-6,
which was evident from its 1H NMR spectrum. The
downfield shift of H-6 protons to d ~4.30 from their usual
values (~4.00 ppm), showed the attachment of the tosyl
group at position 6. 13C NMR spectrum of this compound
was in agreement with the structure accorded to it.

Antibacterial activity: Antibacterial screeningdataof the
test chemicals 1-5 are presented in Table 1. All the
compounds showed weak inhibition as compared to the
standard antibiotic, Ampicillin. Only tosylate 5 exhibited
moderate activity against Bacillus megaterium, Bacillus
cereusand Shigella sonnei. D-mannose-1,4-lactone1, diol
2 and silylated compounds 3 and 4 didn’t show
antibacterial functionality.
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Structure-activity relationship: Kabir et al. has
reported[11] that some acylated derivatives of methyl 4,6-
O-benzylidene-a-D-mannopyranoside (6), as shown in
Figure 1, exhibited greater antibacterial potentiality as
compared to standard antibiotic. In compound 6 (4C1

conformation), introduction of various acyl groups
(p-methoxybenzoyl,3,5-di-nitrobenzoyl, pivaloyl, mesyl,
acetyl etc) increases the antimicrobial activity. In the
present study, the test chemicals having two TBDMS
protecting groups showed almost inactive against the
bacterial pathogens, indicating that TBDMS functionality
is not suitable for antibacterial activity. Although 6-O-
tosyl derivative 5 showed little activity probably due to
the presence of tosyl group.

Conclusions: Thus, D-mannose-1,4-lactone (1), diol 2
and its derivatives (3-5) with TBDMS functionalitywere
synthesized for biological evaluation. These compounds
showed very weak inhibition indicating that tert-
butyldimethylsilyl functionality is not a good group for
antibacterial activity. However, incorporation of tosyl
group (as in compound 5) increases little activity.
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