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Abstract: Fourteen esters of thymol and carvacrol were synthesized and characterized on the basis of spectral
data. The NMR data for some of these are being given for the first time. The antibacterial activity screening of
thymol, carvacrol and their esters were carried out against four Gram-positive (Streptococcus mutans MTCC
890, Staphylococcus aureus MTCC 96, Bacillus subtilis MTCC 121, Staphylococcus epidermidis MTCC 435)
and one Gram-negative (Escherichia coli MTCC 723) bacteria. The enhancement in activity was noticed in the
thymyl ester derivatives 4a—c (against S. mutans, B. subtilis and S. epidermidis) in comparison to thymol,
whereas the carvacrol derivatives were found to be much less active than carvacrol.
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Natural products as such or as their chemical
modifications have been developed as antibacterial
agents (1). Among diverse chemical structures,
lower terpenoids have provided effective and less
toxic antibacterial compounds (2-5). Thymol and
carvacrol, phenolic monoterpenes, isolated from
Thymus vulgaris, Origanun vulgare, Satureja thym-
bra and Thymbra capitata (6-9) have been shown to
possess antimicrobial and antioxidant activities
(10-14). Several hydroxyl derivatives of thymol
have shown activity against S. aureus and S. flexneri
(15). 10-Isobutyryloxy-8,9-epoxythymol isobu-
tyrate was found to be active against S. aureus, P.
aeruginosa and C. albicans (16). Chemical modifi-
cation of natural monoterpenoids to various ether
and ester derivatives has been reported to result in
change in biological activity (17-20).

Keeping the diverse therapeutic activities of
phenolic monoterpenes in view, it was attempted to
synthesize a novel ester series of thymol and car-
vacrol to improve the antibacterial activities of title
compounds. We report herein the synthesis and
antibacterial evaluation of fourteen esters, analogs
of thymol (1) and carvacrol (2).

EXPERIMENTAL
Chemistry

Chemicals and solvents used were from Fluka
and Merck. All the reagents were of analytical

grade. '"H NMR and “"C NMR spectra were recorded
with Bruker Avance NMR 500 MHz and 125 MHz
spectrometer in CDCl;. Chemical shifts are
expressed as & (ppm). Mass spectra were recorded
on ThermoQuest Trace GC 2000 interfaced with
Finnigan MAT PolarisQ Ion Trap Mass Spectro-
meter fitted with an Rtx-5 (Restek Corp.) fused sili-
ca capillary column (30 m x 0.25 mm; 0.25 pm film
coating) in EI mode (70 eV) with mass scan range of
40450 amu. IR spectra were recorded with FT-IR,
Perkin Elmer spectrum BX-II apparatus. The reac-
tions were monitored by TLC on aluminium sheets
with silica gel (60 F,s, Merck) and GC (FID). All
the reactions were carried out under nitrogen atmos-
phere.

General procedure for the synthesis of ester deriv-
atives 4a—g and 5a-g

To a solution of 1 or 2 (1.0 equiv) and triethyl-
amine (1.1 equiv) in anhydrous dichloromethane
(DCM) acid chlorides 3a—g (1.1 equiv) were added
at 0°C. The reaction mixture was stirred at 0°C for
about 1 h and the stirring was continued at room
temperature for about 10 h (progress of reaction was
monitored by TLC and GC). After completion, the
reaction mixture was quenched with distilled water
and extracted with dichloromethane (3 x 25 mL).
Finally, the combined organic layer was washed
with distilled water, brine and dried over anhydrous
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Na,SO,. After removal of the solvent in vacuo, the
residue was purified by CC using silica gel (60-120
mesh) with hexane/diethyl ether (19 : 1, v/v) as elu-
ent to afford pure ester derivatives 4a—g and Sa—g in
75-85% yields.

2-Isopropyl-5-methylphenyl acetate (4a)

Yield 80%; GC-MS (EI, 70 eV): m/z (%): 192
[M], (5), 150 (36), 135 (100), 115 (6), 107 (10), 91
(8); IR (KBr, cm™): 3028, 2962, 2872, 1760, 1622,
1368, 1207, 1149, 1089, 899, 671. 'H NMR (CDCl,,
500 MHz, o, ppm): 7.18 (d, J = 8.0 Hz, 1H, Ar-H),
7.01 (d, J = 7.5 Hz, 1H, Ar-H), 6.80 (s, 1H, Ar-H),
2.93-3.00 (m, 1H, CH), 2.30 (s, 6H, CH;), 1.18 (d,
J =7.0 Hz, 6H, CH;). "C NMR (CDCl;, 125 MHz,:
S ppm): 169.7 (C=0), 147.8 (C,,), 136.9 (C,),
136.3 (C,), 127.0 (CH,,), 1264 (CH,,, 122.6
(CH,,), 27.0 (CH), 25.4 (COCHs;), 22.9 (2 x CHjy),
20.8 (CHy).

2-Isopropyl-5-methylphenyl propionate (4b)

Yield 80%; GC-MS (EIL 70 eV): m/z (%): 206
[M], (6), 150 (36), 135 (100), 115 (4), 107 (6), 91
(8); IR (cm™): 3028, 2964, 2872, 1759, 1621, 1461,
1344, 1194, 1151, 897. '"H NMR (CDCl;, 500 MHz,
d, ppm): 7.17 (d, J = 8.0 Hz, 1H, Ar-H), 6.99 (d,J =
7.5 Hz, 1H, Ar-H), 6.80 (s, 1H, Ar-H), 2.95-2.97
(m, 1H, CH), 2.58 (q, J = 7.5 Hz, 2H, CH,), 2.29 (s,
3H, CH,), 1.27 (t,J =7.5 Hz, 3H, CH3), 1.18 (d, J =
7.0 Hz, 6H, CH;). "C NMR: (CDCl;, 125 MHz, 9,
ppm): 172.5 (C=0), 147.8 (C,,), 136.8 (C,,), 136.3
(Can)s 1269 (CH,,), 124.0 (CH,,), 122.6 (CH,,),
34.9 (CH,), 27.0 (CH), 22.8 (2 x CHj;), 20.6 (CH,),
12.0 (CHy).

2-Isopropyl-5-methylphenyl isobutyrate (4c¢)

Yield 76%; GC-MS (EI, 70 eV): m/z (%): 220
[M*], (8), 150 (46), 135 (100), 107 (6), 91 (8). IR
(ecm™): 3029, 2964, 2871, 1756, 1618, 1461, 1344,
1224, 1149, 878. 'H NMR (CDCl,, 500 MHz, 8,
ppm):7.20 (d, J = 8.0 Hz, 1H, Ar-H), 7.04 (d,J = 8.0
Hz, 1H, Ar-H), 6.78 (s, 1H, Ar-H), 3.24 (hept, J =
7.0 Hz, 1H, CH), 2.83 (hept, J = 7.0 Hz, 1H, CH),
2.30 (s, 3H, CHy), 1.32 (d, J = 6.5 Hz, 6H, CHj,),
1.18 (d, J = 6.5 Hz, 6H, CH;). "C NMR (CDCl,, 125
MHz, 8, ppm): 175.3 (C=0), 148.1 (C,,), 137.1
(Cap), 136.1 (C,p, 1265 (CHy), 126.2 (CH,)),
122.5 (CH,,), 33.4 (CH), 26.9 (CH), 22.6 (2 x CH,),
20.5 (CHj;), 18.7 (2 x CH,).

2-Isopropyl-5-methylphenyl
(4d)

Yield 80%; GC-MS (EI, 70 eV): m/z (%): 234
[M], (4), 150 (48), 135 (100), 107 (4), 91 (8). IR

3-methylbutanoate

(em™): 3028, 2931, 2872, 1757, 1621, 1463, 1364,
1238, 1150, 816. 'H NMR (CDCl,;, 500 MHz, 8,
ppm): 7.19 (d, J = 8.0 Hz, 1H, Ar-H), 7.01 (d,J = 8.0
Hz, 1H, Ar-H), 6.79 (s, 1H, Ar-H), 2.96-2.99 (m,
1H, CH), 2.46 (d, J = 7.0 Hz, 2H, CH,), 2.31 (s, 3H,
CH,), 2.25-2.29 (m, 1H, CH), 1.18 (d, J/ = 7.0 Hz,
6H, CH;), 1.07 (d, J = 7.0 Hz, 6H, CH;). “*C NMR
(CDCl,, 125 MHz, 8, ppm): 171.6 (C=0), 147.7
(Cap)s 136.8 (Cy)), 136.3 (Cy,), 126.8 (CHy,), 126.2
(CH,,), 122.5 (CH,,), 43.2 (CH,), 26.8 (CH), 25.6
(CH), 22.9 (2 x CHj), 22.3 (2 x CHj), 20.7 (CHj;).

(E)-2-Isopropyl-5-methylphenyl but-2-enoate (4e)
Yield 84%; GC-MS (EI 70 eV): m/z (%): 218
[M*], (4), 150 (46), 135 (100), 107 (6), 91 (8); IR
(em™): 3025, 2927, 2871, 1761, 1657, 1621, 1458,
1363, 1231, 1154, 816. '"H NMR (CDCl;, 500 MHz,
S, ppm): 7.16 (d, J = 8.0 Hz, 1H, Ar-H), 7.00 (d, J =
8.0 Hz, 1H, Ar-H), 6.80 (s, 1H, Ar-H), 6.00-6.08 (m,
1H, CH), 5.25 (d, J = 11.0 Hz, 1H, CH-), 2.88-3.01
(m, 1H, CH), 2.29 (s, 3H, CH;), 1.94 (d, / = 6.0 Hz,
3H, CH,), 1.17 (d, J = 7.0 Hz, 6H, CH;). "C NMR:
(CDCl;, 125 MHz, §, ppm): 169.0 (C=0), 146.8
(Cyp), 1455 (CH), 135.8 (C,)), 135.4 (C,,), 126.0
(CH,,), 125.2 (CH,,), 121.7 (CH,,), 118.0 (CH),
25.9 (CH), 21.8 (2 x CH,), 19.7 (CHj;), 17.0 (CHj).

2-Isopropyl-5-methylphenyl benzoate (4f)

Yield 85%; GC-MS (EL 70 eV): m/z (%): 254
[M*], (10), 150 (10), 149 (82), 105 (100), 91 (4), 77
(48), 51 (8). IR (cm™): 3032, 2926, 2870, 1736,
1621, 1451, 1363, 1236, 1150, 816. 'H NMR
(CDCls, 500 MHz, 8, ppm): 8.27 (d, J = 7.5 Hz, 2H,
Ar-H), 7.69 (t,J =7.5 Hz, 1H, Ar-H), 7.57 (t,J = 8.0
Hz, 2H, Ar-H), 7.29 (d, J = 8.0 Hz, 1H, Ar-H), 7.12
(d, J = 7.5 Hz, 1H, Ar-H), 6.99 (s, 1H, Ar-H),
3.07-3.15 (m, 1H, CH), 2.39 (s, 3H, CHj), 1.26 (d,
J = 6.5 Hz, 6H, CH;). "C NMR (CDCl;, 125 MHz,
O, ppm): 165.4 (C=0), 148.1 (C,,), 137.2 (C,)),
136.7 (C,,), 133.5 (C,p), 130.1 (2 x CH,,), 129.6
(CH,,), 128.6 (2 x CH,,), 127.2 (CH,,), 126.5
(CH,,), 122.9 (CH,,), 27.3 (CH), 23.1 (2 x CH,),
20.9 (CHj;).

2-Isopropyl-5-methylphenyl 2-phenylacetate (4g)
Yield 85%; GC-MS (EIL 70 eV): m/z (%): 268
[M7], (2), 150 (68), 135 (100), 118 (26), 91 (34), 65
(6). IR cm™): 3031, 2927, 2870, 1753, 1621, 1454,
1363, 1230, 1149, 817. '"H NMR (CDCl;, 500 MHz,
6, ppm): 7.35 (d, J = 7.5 Hz, 2H, Ar-H), 7.30 (t, J =
7.5 Hz, 2H, Ar-H), 7.24 (t, J = 7.5 Hz, 1H, Ar-H),
7.10 (d, J = 8.0 Hz, 1H, Ar-H), 6.94 (d, J = 7.5 Hz,
1H, Ar-H), 6.74 (s, 1H, Ar-H), 3.80 (s, 2H, CH,),
2.69-2.75 (m, 1H, CH), 2.23 (s, 3H, CHj;), 1.02 (d,
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J = 8.0 Hz, 6H, CH,). “C NMR: (CDCl,, 125 MHz,
8, ppm): 170.2 (C=0), 148.0 (C,), 137.1 (C,).
136.5 (C,,), 133.7 (C,,), 129.4 (2 x CH,,,), 128.8 (2
x CH,,), 127.4 (CH,,), 127.2 (CH,,), 126.4 (CH,,),
122.7 (CH,,), 41.7 (CH,), 27.0 (CH), 23.0 (2 x
CH,), 19.7 (CH,).

5-Isopropyl-2-methylphenyl acetate (Sa)

Yield 78%; GC-MS (EI, 70 eV): m/z (%): 192
[M*], (4), 150 (66), 135 (100), 107 (12), 91 (10). IR
(em™): 3025, 2961, 2928, 2871, 1766, 1623, 1460,
1369, 1215, 1169, 819. 'H NMR (CDCl;, 500 MHz,
S, ppm): 7.13 (d, J = 8.0 Hz, 1H, Ar-H), 7.00 (dd, J
=1.5Hz, 7.5 Hz, 1H, Ar-H), 6.85 (d,J = 1.5 Hz, 1H,
Ar-H), 2.85-2.87 (m, 1H, CH), 2.29 (s, 3H, CHj),
2.12 (s, 3H, CH,), 1.21 (d, J = 7.0 Hz, 6H, CHy;). *C
NMR (125 MHz, CDCls,: §, ppm): 167.8 (C=0),
147.8 (C,p), 146.6 (C,)), 129.4 (C,)), 125.7 (CH,,),
122.7 (CH,,), 118.3 (CH,,), 32.1 (CH), 22.4 (2 x
CHs;), 19.3 (CH;),14.3 (CHs).

5-Isopropyl-2-methylphenyl propionate (Sb)

Yield 75%; GC-MS (EI, 70 eV): m/z (%): 206
[M*], (4), 150 (66), 135 (100), 107 (8), 91 (6). IR
(em™): 3028, 2961, 2871, 1761, 1622, 1460, 1351,
1236, 1148, 898. 'H NMR (CDCl;, 500 MHz, 8,
ppm): 7.13 (d, J = 7.5 Hz, 1H, Ar-H), 7.01 (d, J =
7.5 Hz, 1H, Ar-H), 6.86 (s, 1H, Ar-H), 2.84-2.88
(m, 1H, CH), 2.60 (q, J = 7.5 Hz, 2H, CH,), 2.12 (s,
3H, CH;), 1.28 (t,J = 7.5 Hz, 3H, CH;), 1.22 (d, J =
7.0 Hz, 6H, CH;). *C NMR (CDCl,, 125 MHz, 3,
ppm): 172.5 (C=0), 149.1 (C,,), 147.9 (C,,), 130.7
(Cap)s 127.0 (CH,,), 123.9 (CH,,), 119.6 (CH,)),
33.4 (CH), 27.5 (CH,), 23.8 (2 x CHj3), 15.6 (CH,),
9.1 (CH,).

5-Isopropyl-2-methylphenyl isobutyrate (Sc)

Yield 85%; GC-MS (EI, 70 eV): m/z (%): 220
[M*], (10), 150 (92), 135 (100), 107 (8), 91 (8). IR
(em™): 3024, 2963, 2931, 2874, 1757, 1622, 1469,
1343, 1232, 1132, 818. '"H NMR (CDCl;, 500 MHz,
S, ppm): 7.13 (d,J = 7.0 Hz, 1H, Ar-H), 7.01 (d,J =
5.0 Hz, 1H, Ar-H), 6.85 (s, 1H, Ar-H), 2.81-2.88
(m, 2H, CH), 2.13 (s, 3H, CH3), 1.35 (d, J = 6.5Hz,
6H, CH;), 1.23 (d, J = 7.0 Hz, 6H, CH;). "C NMR
(CDCl,, 125 MHz, 3, ppm): 175.0 (C=0), 149.1
(Cap)s 147.8 (Cyp), 130.6 (C,p), 126.9 (CHy)), 123.7
(CH,,), 119.5 (CH,,), 34.0 (CH), 33.0 (CH), 23.7 (2
x CH,), 18.9 (2 x CHj), 15.5 (CHj).

5-Isopropyl-2-methylphenyl
(5d)

3-methylbutanoate

Yield 75%; GC-MS (EI, 70 eV): m/z (%): 234
[M*], (6), 150 (88), 135 (100), 107 (4), 91 (8). IR

(cm™): 3024, 2961, 2930, 2872, 1759, 1622, 1462,
1364, 1233, 1115, 818. 'H NMR (CDCl,, 500 MHz,
S, ppm): 7.14 (d, J = 8.0 Hz, 1H, Ar-H), 7.00 (dd, J
=1.5Hz, 6.5 Hz, 1H, Ar-H), 6.84 (d,J=1.5Hz, 1H,
Ar-H), 2.84-2.91 (m, 1H, CH), 2.46 (d, J = 7.00 Hz,
2H, CH,), 2.22-2.30 (m, 1H, CH), 2.13 (s, 3H,
CH,), 1.22 (d,J =7.0 Hz, 6H, CH;), 1.07 (d,J = 6.5
Hz, 6H, CH;). "C NMR (CDCI; 125 MHz, , ppm):
171.1 (C=0), 149.0 (C,,), 147.8 (C,,), 130.6 (C,)),
126.9 (CH,,), 123.7 (CH,,), 119.6 (CH,,), 43.0
(CH,), 33.3 (CH), 25.6 (CH), 23.7 (2 x CHj), 22.3
(2 x CH,), 15.6 (CH,).

(E)-5-Isopropyl-2-methylphenyl but-2-enoate (5e)

Yield 78%; GC-MS (EIL, 70 eV): m/z (%): 218
[M, (20), 150 (100), 135 (52), 107 (5), 91 (10), 69
(25). IR (cm™): 3024, 2961, 2928, 2871, 1738, 1657,
1622, 1459, 1363, 1232, 1157, 819. 'H NMR
(CDCl;, 500 MHz, 8, ppm): 7.16-7.19 (m, 1H, CH),
7.13 (d,J = 8.0 Hz, 1H, Ar-H), 7.00 (dd, J = 1.5 Hz,
6.5 Hz, 1H, Ar-H), 6.88 (s, 1H, Ar-H), 6.06 (dd, J =
1.5Hz, 14 Hz, 1H, CH), 2.86 (m, 1H, CH), 2.12 (s,
3H, CH;), 1.94 (dd, J = 1.5 Hz, 7.0Hz, 3H, CH,),
1.22 (d,J =7.0 Hz, 6H, CH;). “C NMR (CDCl,, 125
MHz, 3, ppm): 164.5 (C=0), 149.1 (C,,), 147.8
(CH), 146.5 (C,,), 130.7 (C,,), 127.2 (CH,,), 123.8
(CH,,), 121.9 (CH), 119.7 (CH,,), 33.4 (CH), 23.7
(2 x CHj), 18.0 (CHj), 14.0 (CH,).

5-Isopropyl-2-methylphenyl benzoate (5f)

Yield 82%; GC-MS (EL 70 eV): m/z (%): 254
[M'], (12), 105 (100), 77 (26), 51 (4). IR (cm"):
3062, 2960, 2927, 2870, 1737, 1621, 1451, 1341,
1238, 1116, 819. '"H NMR (CDCl;, 500 MHz, 9,
ppm): 8.23 (d,J = 8.0 Hz, 2H, Ar-H), 7.65 (t,J =7.5
Hz, 1H, Ar-H), 7.52 (t, J = 7.5 Hz, 2H, Ar-H), 7.20
(d, J = 8.0 Hz, 1H, Ar-H), 7.06 (d, J = 8.0 Hz, 1H,
Ar-H), 7.00 (s, 1H, Ar-H), 2.89-2.92 (m, 1H, CH),
2.19 (s, 3H, CHy), 1.25 (d, J = 7.0 Hz, 6H, CHj;). "C
NMR (CDCls, 125 MHz, §, ppm): 164.7 (C=0),
149.2 (C,,), 148.0 (C,,), 133.3 (CH,,), 130.7
(CH,,), 130.0 (2 x CH,,), 129.4 (C,,), 128.4 (2 x
CH,,), 127.2 (C,,), 124.0 (CH,,), 119.7 (CH,,), 33.4
(CH), 23.8 (2 x CH;), 15.7 (CHy).

5-Isopropyl-2-methylphenyl 2-phenylacetate (5g)
Yield 78%; GC-MS (EI, 70 eV): m/z (%): 268
[M], (2), 150 (100), 135 (96), 118 (35), 91 (42), 65
(8). IR (cm™): 3088, 3064, 3031, 2960, 2926, 2870,
1747, 1622, 1454, 1234, 1119, 820. 'H NMR
(CDCl,, 500 MHz, 8, ppm): 7.41 (d, J = 7.0 Hz, 2H,
Ar-H),7.37 (t,J =7.0 Hz, 1H, Ar-H), 7.30 (t,/ = 6.0
Hz, 2H, Ar-H), 7.09 (d, J = 8.0 Hz, 1H, Ar-H), 6.99
(dd, J = 1.5 Hz, 7.5 Hz, 1H, Ar-H), 6.83 (d, /= 1.5
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Hz, 1H, Ar-H), 3.87 (s, 2H, CH,), 2.83-2.86 (m, 1H,
CH), 1.97 (s, 3H, CH,), 1. 20 (d, J = 6.5 Hz, 6H,
CH,). "C NMR (CDCl,, 125 MHz, §, ppm): 169.7
(C=0), 149.24 (C,,), 148.0 (C,), 133.6 (C,,), 130.9
(CH,,), 129.4 (2 x CH,,), 128.7 (2 x CH,,), 127.3
(C,), 127.1 (CH,), 124.1 (CH,,), 119.7 (CH,,),
41.5 (CH,), 33.6 (CH), 23.9 (2 x CH,), 15.6 (CH,).

Antibacterial activity

The antibacterial activity of the synthesized
compounds was screened against the Gram positive
bacteria Streptococcus mutans (MTCC 890),
Staphylococcus aureus (MTCC 96), Bacillus subtilis
(MTCC 121), Staphylococcus epidermidis (MTCC
435) and Gram negative bacteria Escherichia coli
(MTCC 723) using disc diffusion and broth dilution
methods (21, 22).

Paper disc diffusion method

The in vitro antibacterial activity was tested by
the paper disc diffusion method, performed in steril-
ized (autoclaved at 120°C for 1 h) Petri dish.
Compounds with 100 pg/disc concentrations were
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impregnated on the discs, which were placed on the
surface of agar plates already inoculated with patho-
genic bacteria. The plates were incubated at 37°C
and examined after 24 h for zone of inhibition.
Ampicillin was used as a standard. An additional
control disc with an equivalent amount of solvent
(DMSO) was also used in the assay. The results
showed that some of the compounds exhibited sig-
nificant zones (Table 1).

Minimum inhibitory concentration

Minimum inhibitory concentrations (MIC) of
the derivatives, the lowest concentration of com-
pound giving complete inhibition of visible growth,
were determined by micro titer plate broth dilution
method. Various concentrations of compounds were
prepared by two-fold dilution method. The last well
of micro titer plate was considered as control, hav-
ing no test compound. The inoculum was prepared
using a 16 h broth culture of each bacterial strain
adjusted to a turbidity equivalent to a 0.5 Mc
Farland standard (3 x 10° cfu mL"' bacteria). The
micro titer plates were incubated for 24 h at 37°C.

Table 1. Antimicrobial activity of thymol, carvacrol and their ester analogues 4a-g and 5a-g

In-vitro activity — zone of inhibition (in mm)* and MIC (in pugxmL™")
Compounds S. mutans S. aureus B. subtilis S. epidermidis E. coli
zone of zone of zone of zone of zone of
inhibition | MIC | inhibition | MIC inhibition | MIC inhibition | MIC |inhibition | MIC
Thymol |17 £0.79 125 25+098 | 62.5 15 + 0.68 125 14+0.57 | 125 |13 +0.51 | 250
4a 30 +1.31 11.7 18 +0.81 | 93.7 30+1.28 | 11.7 32+1.37 | 11.7 |12+£0.53 | 375
4b 12+0.53 | 187.5 | 10+£0.41 | 1875 25+1.07 | 46.8 28 +1.21 | 46.8 | 7+ 0.27 (>1000
4c 18 £0.86 | 93.7 17+0.78 | 93.7 21 £0.96 | 46.8 20+0.87 | 46.8 | 7+0.26 |>1000
4d - ND - ND 8+0.29 ND 7+027 | ND - ND
4e 12+ 0.53 750 91037 | 750 10 £ 0.46 750 9+035 | ND | 7£0.28 |>1000
4f - ND - ND 7+0.29 ND 10£0.39 | ND - ND
4g 8+0.31 187.5 | 15£0.66 | 93.7 8 +£0.33 750 12+ 049 | 187.5| 7+£0.28 [>1000
Carvacrol |30+1.29 | 234 25+1.07 | 234 35+ 141 11.7 32+1.39 | 11.7 [35£1.49 | 11.7
Sa 17+0.78 | 93.7 15+0.66 | 93.7 25+098 | 46.8 20+0.89 | 93.7 - ND
5b 12+046 | 1875 | 15+£0.74 | 187.5 20+ 0.87 | 46.8 18+ 0.72 | 93.7 - ND
5c 7+£029 | >1000 | 9+£0.37 | 375 9+0.38 375 12 £0.56 | 187.5 - ND
5d 22+1.03 | 46.8 21+091 | 46.8 25+1.12 | 234 21+096 | 46.8 |10+0.42 | 375
Se 17+0.82 | 187.5 | 20+0.89 | 93.7 20+ 0.88 | 93.7 18+ 0.86 | 93.7 |10 +0.46 | 375
5f - ND - ND - ND - ND - ND
S¢g - ND - ND - ND - ND - ND
Ampicillin |27 +£1.21 4 22 £0.94 8 25+1.12 4 25 £1.07 2 [12+£049] 12

* Values are the mean of three determinations, the ranges of which are less than 5% of the mean in all cases. Ampicillin (20 pg/disk) was
used as a positive reference. Compounds (100 pg/disk) were used for experiments. (—) = no inhibition. ND = not determined.
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RCOCI (3a-g) o)
OH o’R No R
a CHs
1 Ha-g) b CHoCHz
c CH(CHg)
d CH,CH(CH3),
OH RCOCI (3a-g) ‘ j/OYR e CHCHCH,
= o f Ph
g CHaPh
2 5(a-g)

Scheme 1.Reagents and conditions TEA, anhydrous DCM, 0°C-rt, 10 h

RESULTS AND DISCUSSION
Chemistry

The esterification of 1 or 2 with RCOCI (R=
-CH,;, -CH,CH,;, -CH(CH,),, -CH,CH(CH,),,

-CHCHCHy, Ph, -CH,Ph) in the presence of triethyl-
amine produced fourteen ester analogs. The conden-
sation of 1.0 equiv of 1 or 2 with 1.1 equiv of corre-
sponding acid chloride and 1.1 equiv of triethy-
lamine in dry DCM at 25°C for 10 h gave fourteen
ester analogs 4a—g and Sa—g, respectively, as color-
less oily liquids in 75-85% yields (Scheme 1) (19).
Formation of ester analogs was confirmed by the
absence of -OH stretching absorption at 3325-3450
cm’ and the presence of C=0O group in their IR
spectra, which were further confirmed by MS and
NMR spectra ('H and "C NMR). The synthesis of
4a—d and 4f-g has been previously reported
(23-25). However, NMR ('H and "C NMR) and MS
data of 4e, 4f and Sa—g have not been reported ear-
lier.

Antibacterial activity

The antibacterial activity of thymol, carvacrol
and their derivatives were evaluated against patho-
genic bacterial strains viz. Streptococcus mutans
(MTCC 890), Staphylococcus aureus (MTCC 96),
Bacillus subtilis (MTCC 121), Staphylococcus epi-
dermidis (MTCC 435) and Escherichia coli IMTCC
723) using disc diffusion and broth dilution methods
(21, 22). Ampicillin was used as positive control
against both Gram-positive and Gram-negative bac-
teria. The zone of inhibition (in mm) and minimum
inhibitory concentration (in pg/mL) of tested com-
pounds are shown in Table 1. The antibacterial
activity of the analogous 4a—g and 5a—g are lower in
comparison to the standard antibiotic, ampicillin,

but some of the synthetic analogs show better activ-
ity than the parent compound. Table 1 revealed that
the majority of the compounds showed significant to
moderate activity, with exception of 5f—g, which
were found inactive against all the bacterial strains.
Among the thymyl ester derivatives (4a—g) and car-
vacryl ester derivatives (5a—g), 4a—c, 5a, 5b, 5d and
Se showed significant activity against all the tested
Gram-positive bacterial strains. Compounds 4a—c,
S5d and Se showed lower activity against E. coli,
whereas Sa and 5b were found inactive. The thymyl
ester derivatives 4d and 4f showed moderate activi-
ty against B. subtilis and S. epidermidis. The most
notable enhancement in the activity was noticed for
thymyl ester derivatives 4a—c for Gram-positive
bacterial strains. Thymyl acetate 4a and thymyl
isobutyrate 4¢ were found to be more effective than
thymol (IZ = 17 mm; MIC = 125 pg/mL) and all
other esters against S. mutans (IZ = 30 mm and 18
mm; MIC = 11.7 and 93.7 pg/mL, respectively), B.
subtilis (1Z = 30 mm and 21 mm; MIC = 11.7 and
46.8 pg/mL, respectively) and S. epidermidis (1Z =
32 mm and 20 mm; MIC = 11.7 and 46.8 pg/mL,
respectively), whereas 4b was found to be more
active for B. subtilis IZ = 25 mm; MIC = 46.8
pg/mL) and S. epidermidis (IZ = 28 mm; MIC =46.8
pg/mL) as compared to thymol. All other derivatives
possessed much lower activity as compared to thy-
mol itself and, generally, showed a decrease in their
activity with an increase in the size of substituent
(R). Carvacrol was much more active than its isomer
thymol against all the test bacteria even at lower
concentration. Nikumbh et al. have also synthesized
carvacryl esters, namely: carvacryl acetate and car-
vacryl phenyl acetate and evaluated their antibacter-
ial activity against B. japonicum, B. megaterium, B.
substilits, and B. polymyx (20).
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CONCLUSION

To conclude, a series of thymyl and carvacryl
esters have been synthesized and evaluated as anti-
bacterial agents. These modifications resulted in
change in the antibacterial activity of thymol and
carvacrol analogs. The enhancement in activity was
noticed in the thymyl ester derivatives 4a—c against
S. mutans, B. subtilis and S. epidermidis, whereas it
diminished in case of carvacryl esters derivatives.
Based on these results, compounds 4a, 4b and 4c¢
possess a potential for developing as antibacterial
agents.
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