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Present study describes the antimicrobial activities of the di- and tri-substituted benzyl monoesters (1-27) derived from succinic anhydride. |
The monoesters were screened against two fungi (C. albicans and A. niger) and two bacteria (E. coli, P. mirabilis) strains. All the
compounds displayed bioactivity against screened microbes. However, the activities were dependent on the nature of the substituents. |

| Zones of inhibition and minimum inhibitory concentrations (MICs) of the monoesters are reported. Chloramphenicol and ketoconazole |
| were used as standard antibacterial and antifungal drugs respectively.

Keywords: Succinic anhydride, Benzyl alcohols, Monoesters of succinic acid. |

INTRODUCTION

Fungi and bacteria are a great threat to all living
organisms by causing illnesses in them. Rate of spreading
diseases by them is higher in contrast to synthesis of drugs
that are antifungal and/or antibacterial . At present substantial
part of the research in chemistry is devoted to the synthesis
and characterization of biologically active compounds that
would be used against the microbes®'®. Monoesters of succinic
acid, in addition to their chemical uses, possess medicinal
properties like, antiHIV, antitumor, antiseptic, antioxidant,
antifungal and antibacterial'®'® activities. In continuation to
our work to establish medicinal use of monoesters'’ twenty-
seven (1-27) new monoesters were prepared from succinic
anhydride’ and explored for antifungal and antibacterial
activity. All the reported compounds displayed considerable
bioactivities. However, the halogenated esters displayed
activity equivalent to standard drugs chloramphenicol and
ketoconazole.

EXPERIMENTAL

The microbes used for bioactivities of synthesized
compounds (1-27) were Candida albicans ATCC 10231 (C.
albicans), Aspergillus niger F2723 (A. niger), Escherichia coli
MTCC-739 (E. coli) and Proteus mirabilis ATCC 14153
(P. mirabilis). Ketoconazole purchased from M/s SMS
Pharmaceuticals Ltd. Hyderabad and chloramphenicol from
Sigma St. Louis, USA was used as standard.

General procedure for the preparation of monoesters
1-27: Twenty-seven (1-27) aryl succinic acids were synthesized
according to by following a known procedure’. Briefly, by
adding 20 mmol of corresponding alcohol into a single necked
round-bottom flask (100 mL), already containing succinic
anhydride (20 mmol), anhydrous p-toluene sulfonic acid (0.08
mmol) and toluene (20 mL) under nitrogen atmosphere. The
apparatus was equipped with magnetic stirrer, Dean-Stark trap
and a reflux condenser. The mixture was refluxed for variable
times and allowed to cool up to 25 °C. After cooling, it was
poured into saturated aqueous NaHCO; solution (12.5 mL)
and the organic layer was extracted with hexane (3 x 25 mL).
The organic phase was then washed with brine (10 mL), dried
over anhydrous Na,SO, and the excess of the solvent was
removed under vacuum to give a resinous products. The obtained
mixture was subjected to separation on column chromatography
using mixture of n-hexane-ethyl acetate (1:0 — 0:1) to get
thirty fractions (1-30). The fractions (17-22) were combined
and re-chromatographed on preparative thin layer chromato-
graphy using n-hexane-ethyl acetate mixture (4:6) as an eluent
which yielded colourless amorphous solid pure compounds
(1-27). Recording UV, IR, '"H NMR and "*C-NMR, analysis
and mass measurement, characterized the target substrates’.

Antifungal activity of monoesters: The disk diffusion
method was employed to evaluate antifungal activities of the
compounds (1-27) against ketoconazole as standard®'. Briefly,
onto the plates with germinating fungal spores were placed
filter papers disk soaked with solution (500 ppm) of the
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monoesters and incubated at 28 °C for 22 h. and the antifungal
activity was determined by measuring the diameter of the
inhibition zone in mm.

Antibacterial activity of monoesters: Agar well diffusion
method using chloramphenicol as standard was used to
establish antibacterial activity of the monoesters®. Briefly,
wells were dug in the pre-coated agar nutrients media plates
with the help a sterile borer. Surface of the agar nutrient was
covered with eight-hour bacterial inoculum containing 104-
106 colony forming units (CFU/mL). To each well a 1 mL of
DMSO solution of monoesters (2-10 mg in DMSO 1 mL) was
placed. Two wells were reserved for negative and positive
controls. To the well for negative control 1 mL pure DMSO
and to the well for positive control 2 ug of chloramphenicol/
mL DMSO of were introduced. The plates were incubated
immediately at 37 °C for 22 h. The activity was determined
by measuring the diameter of the inhibition zone (in mm).

Minimum inhibitory concentrations (MICs) of mono-
esters (1-27): Minimum inhibitory concentrations (MICs)
were determined by agar dilution method?. Briefly, 25 mL of
the sterilized Mueller-Hinton agar (Oxoid) was added to
sterilized test tube containing 1 mL of 2-10 pg/mL of mono-
esters at 25 °C. The mixture was then thoroughly mixed and
poured into sterilized petri plates. The microbial suspension
with density adjusted to 0.5 McFarland turbidity standard was
inoculated (0.05 pL) on to the series of agar plates using
micropipette. The plates were then incubated at 37 °C for 24 h
and MIC values were calculated.

RESULTS AND DISCUSSION

Scheme-I listed the structures of antimicrobial mono-
esters of succinic acid. All of the di- and tri-substituted benzyl
esters (1-27) were probed for antimicrobial activities using
Ketoconazole and Chloramphenicol as standards. C. albicans
and A. niger were employed for antifungal while, E. coli and
P. mirabilis for antibacterial activity. In vitro results of this
study are presented in Tables-1 and 2. The obtained results
showed that all the compounds exhibited considerable anti-
microbial activity against used microbes (Tables 1 and 2).
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1. R=R'=24-Dichloro 2.
5. R=R'=3,5-Dichloro

R=R'=2,5-Dichloro

8. R=R'=25-Difluoro 9. R=R'=2,6-Difluoro

12. R=R'=3,4-Dimethyl 13. R=R'=3,5-Dimethyl

16. R=R=2,6-Diethoxy;R"=H 17. R=R'=3,4-Diethoxy;R"=H
20. R=R'=R"=2,4,5-Trimethoxy 21. R=R'=R"=3,4,5Ttrimethoxy

24. R=2-Methoxy; R'=5-nitro;R"=H 25. R=R'=R"=2,4,6-Trichloro

Antimicrobial activities in terms of zones of inhibitions of
monoesters 1-27 are provided in Table-1. Zones of inhibition
displayed by 25 are C. albicans (25.72 mm), A. niger (24.17
mm), E. coli (26.70 mm) and P. mirabilis (26.73 mm) while
for 26 the values are C. albicans (24.66 mm), A. niger (25.14
mm), E. coli (26.67 mm) and P. mirabilis (26.64 mm). These
values are close to values exhibited by standard drugs chlor-
amphenicol and ketoconazole (Table-1). As is evident from
values for zones of inhibition for 1-27, the halogenated com-
pounds 1-10, 25 and 26 exhibited maximum inhibition zones
against microbes. Compounds 11-14 and 27 displayed lower
inhibition zones (9-14 mm) as compared with 1-10, 25 and 26
(Table-1).

Conclusion

The prepared compounds except 1-10, 25 and 26 were
found to be noticeably bioactive. The highest activity was
observed for tri-halogenated derivatives. It can be concluded
that the compounds may be used as candidates for antifungal
and antibacterial drugs. It is recommended that in vivo studies
of these compounds may be carried out and their mode of
action against these microbes be explored.

in vitro MICs values of monoesters (1-27) are pre-
sented in Table-2. Dichlorobenzyl derivatives displayed MICs
values lower than 3 ug/mL while fluorinated monoesters dis-
played somewhat higher values (Table-2). Monoesters 9-24
and 27 displayed MICs values between 9 and 11 pg/mL.
Compounds 25 and 26 showed as low MICs values as standard
drugs (Table-2). As is evident from MICs values in Table-2,
monoester 25 exhibited lowest MIC value of 1.67 ug/mL
against bacterium E. coli while 26 displayed against P. mirabilis
an MIC value of 1.68 pg/mL. Furthermore, 25 displayed lowest
MICs value of 1.71 and 26 1.73 pg/mL against fungal strains
A. niger and C. albicans, respectively.
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26. R=R'=R"=2,4,5-Tribromo 27. R=R'=R"=2,4,6-Trimethyl

Scheme-I: Structures of antimicrobial monoesters
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TABLE-1
INHIBITION ZONES OF 1-27
Antifungal activity zone of inhibition (mm) Antibacterial activity zone of inhibition (mm)
Org (cmpd) - - - -
C. albicans A. niger E. coli P. mirabilis
1 21.83 £0.35 22.54 £0.45 22.21 £0.55 23.85 +£0.38
2 22.07 £0.28 22.35+0.49 21.82 £0.24 21.65 +£0.22
3 23.35+0.77 23.66 £ 0.52 23.93 £0.18 23.22 +£0.82
4 20.77 £ 0.27 19.75 £ 0.46 21.66 = 0.33 21.67 £ 0.62
5 21.09 £ 0.41 20.53 £0.42 21.28 £0.59 21.77 £0.31
6 16.62 £ 0.88 16.36 £0.13 17.95 £0.10 17.89 £0.11
7 16.78 £ 0.22 17.02 £0.93 17.49 £0.23 17.78 £ 0.45
8 17.56 £ 0.16 17.45 £ 0.65 16.83 £0.14 17.89 £ 0.24
9 16.88 £0.17 17.77 £ 0.48 16.66 £ 0.33 17.22 £0.75
10 9.33+£0.43 9.34 £0.77 9.53 £0.98 9.36 £0.35
11 9.73 £0.39 9.65 + 0.64 9.45+0.41 9.82 +0.91
12 9.87+£0.22 10.43 £ 0.62 10.35 £ 0.67 10.63 £0.45
13 10.35£0.18 10.18 £ 0.35 10.22 £ 0.46 10.46 £0.25
14 8.33+£0.36 8.36 £0.33 8.38 +0.66 8.36 +0.38
15 8.27+0.31 8.31 £0.27 8.44 £0.28 8.28 £0.44
16 9.39£0.35 9.35+0.39 9.32+£0.33 9.33+£0.32
17 9.88 £0.85 9.88 £ 0.56 9.31+£043 943 +0.38
18 9.15£0.11 9.11 £0.15 9.18£0.18 9.23 £0.54
19 9.45 £0.50 9.50 £0.45 9.29£0.25 9.25+£0.29
20 10.21 £0.13 9.13 £0.22 11.13£0.14 10.12 £0.15
21 11.25£0.35 11.34 £0.26 11.31 £0.16 10.45£0.32
22 11.71 £0.24 9.23 £0.72 9.65+0.34 9.33 £ 0.66
23 11.36 £0.25 9.24 +£0.26 9.32+£0.35 9.34+£0.33
24 9.68 £0.65 9.64 £ 0.69 9.26 £0.65 10.76 £ 0.27
25 25.72 £0.18 24.17£0.73 26.70 £ 0.71 26.73 £0.76
26 24.66 = 0.15 25.14 £ 0.67 26.67 = 0.65 26.64 = 0.68
27 13.48 £0.55 13.54 £ 0.49 13.53 £0.64 13.59 £0.52
Chloramphenicol 28.67 £ 0.50 29.11 £ 0.66 - -
Ketoconazole - 27.13+£043 27.56 + 0.65
TABLE-2
in vitro MICs OF MONOESTERS 1-27
B (@) Ar‘ltifungal activity MIC (ug/@) Anti?acterial activity MIC (ug/r.nL)‘ :
C. albicans A. niger E. coli P. mirabilis
1 2.55 2.25 2.29 2.78
2 223 2.33 242 2.31
3 2.45 2.56 248 2.75
4 2.47 2.49 221 2.49
5 2.85 291 241 2.86
6 3.18 3.39 3.73 3.66
7 3.78 3.18 3.38 3.63
8 3.68 3.29 4.29 3.72
9 3.65 3.66 4.33 3.79
10 9.54 9.79 9.67 9.44
11 9.18 9.63 9.99 9.87
12 9.33 9.53 9.66 9.77
13 9.64 9.93 9.03 9.98
14 9.43 9.73 9.92 9.76
15 9.83 9.26 9.55 9.92
16 9.96 9.67 9.38 9.48
17 9.98 9.99 9.43 9.60
18 9.76 9.63 9.01 9.77
19 10.95 10.97 10.88 10.78
20 10.12 10.13 10.32 10.22
21 10.25 10.40 10.11 10.51
22 10.30 10.21 10.08 10.31
23 10.63 10.31 10.29 10.46
24 10.86 10.41 10.21 10.71
25 1.7.2 1.71 1.67 1.86
26 1.73 1.75 1.98 1.68
27 10.86 10.46 10.34 10.73
Chloramphenicol 1.23 1.15

Ketoconazole - - 1.34 1.27
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