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In order to produce bioactive derivatives of carvacrol and thymol, nine derivatives of each compound were prepared through

modifications the phenolic hydroxyl group. The structures of compounds were confirmed by spectral data from MS, IR and NMR.
Carvacrol, thymol and derivatives were submitted to the evaluation of the inhibition of the enzyme acetylcholinesterase, using a
colorimetric method in which the inhibition of the enzyme is measured by coloration, and larvicidal activity against Aedes aegypti.
Derivatives carvacryl acetate-1b and thymyl hexanoate-2b showed the best results for the inhibition of the acetylcholinesterase
enzyme, and for the larvicidal activity the derivatives 1a, 1b, 1c, 3h, 2a, 2b, 2¢ and 4h showed positive results, emphasizing

compound thymyl 4-methoxybenzoate-4h which showed LCj, values of 23.60 ppm, considered a very good result.
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INTRODUCTION

Carvacrol and thymol are substances found very often in nature
and are frequent targets in the natural products. They are widely
reported in research that investigates pharmacological potential,
presenting several related therapeutic activities, such as antioxidant,
larvicidal, antimicrobial, anti-inflammatory, cytotoxic, among
others.!'*

In order to develop new drugs, it is of great interest to use
bioactive natural products as a raw material in the synthesis of new
compounds, seeking to increase their therapeutic capacities, besides
reducing side effects and toxicity. Modifications can be made to the
molecule in order to introduce groups that confer new properties,
such as hydrophobicity.®

Thus, it is notable that natural products have great potential
in the development of new drugs, so the synthesis of derivatives
of carvacrol and thymol are extensively explored and applied in
biological evaluations. Being reported antibacterial, leishmanicidal,
antinociceptive, anti-inflammatory, among others activities.*!

Dengue, zika and chikungunya are considered diseases to cause
serious problems to the people of developing countries. Carvacrol/
thymol are known to has excellent activity repellant and larvicidal
against Aedes aegypti.''"'*
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Figure 1. Synthesis of carvacrol/thymol derivatives using anhydrides
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Alzheimer’s disease is a progressive neurodegenerative disease,
which is related to a selective loss of cholinergic neurons in the
brain and reduction of levels of acetylcholine. Acetylcholinesterase
inhibitors could increase levels of acetylcholine in Alzheimer’s
patients, alleviating some of the symptoms."

The inhibition of acetylcholinesterase is the major mode of action
for most insecticides especially organophosphates and carbamates,
and this effect may be responsible for larvicidal activity on against
Culex quinquefasciatus, Culex pipiens, Anopheles gambiae and
Aedes aegypti.'®"

In this context, the aims of this study was to obtain derivatives
of carvacrol/thymol and to investigate the inhibitory activity of
acetylcholinesterase and larvicidal against Aedes aegypti larvae.
The synthesis of the compounds was carried out according to the
procedure shown in Figures 1 and 2.

EXPERIMENTAL
General methods
Reagents and solvents used were purchased from Sigma-

Aldrich®, Vetec®, Synth®, Tedia® and Fluka®. The mass spectra
were obtained on a SHIMADZU® GC-2010 Plus instrument coupled
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Figure 2. Synthesis of carvacrol/thymol derivatives using benzoic acid derivatives

to a GCMS-QP2010SE mass spectrometer using the RTX-5MS
capillary column (30 m x 0.25 mm x 0.25 um) at a flow rate of
1.46 mL min"! using helium as the carrier gas. IR spectra were
obtained on a Spectrum 1000 FT-IR. A Bruker® Advance DPX 300
spectrometer, operating at 300 MHz for '"H NMR and 75 MHz for
BC NMR, was used for the experiments of 'H and *C NMR, using
CDCl, as solvent.

GENERAL PROCEDURES FOR PREPARATION OF 1A-C
AND 2A-C AND SPECTRAL DATA

Synthesis of the derivatives was performed by the described
method.'® A mixture of different anhydrides (1.2 mmol) and carvacrol/
thymol (0.67 mmol) in CH,CI, (30 mL) containing triethyl amine
(111 pL) and catalytic amount of 4-dimethylaminopyridine (DMAP)
was stirred for 24h at room temperature. The solution was washed
with water and then, the organic phase was dried over anhydrous
Na,SO, and evaporated. The obtained products were purified by
silica gel column chromatography with CH,Cl, for 1a and 2a, and
n-hexane for 1b, 1c, 2b and 2c.

5-isopropyl-2-methylphenyl acetate (carvacryl acetate-1a): Yield:
59%; GC-MS: m/z 192 [M*], 177 (1), 149(2), 150(70), 135(100);
IR (KBr) v/em™ 2955, 1762, 1508, 1371, 1203, 900; 'H NMR (300
MHz, CDCl,) § 1.24 (d, 6H, J 6.9), 2.15 (s, 3H), 2.32 (s, 3H), 2.89
(m, 1H), 6.87 (d, 1H, J 1.4),7.02 (dd, 1H, J 1.5,7.7), 7.15 (d, 1H, J
7.8); BCNMR (75 MHz, CDCl,) § 15.9, 21.0,24.0, 33.7, 119.9, 124.3,
127.3, 131.1, 148.3, 149.5, 169.5. In agreement of literature.®”!”

5-isopropyl-2-methylphenyl hexanoate (carvacryl hexanoate-1b):
Yield: 91%; GC-MS: m/z 248 [M*], 191(1), 150(100), 135(70); IR
(KBr) v/em™ 2959, 2870, 1760, 1507, 1459, 1226, 1145, 817; 'H
NMR (300 MHz, CDCl,) 8 0.95 (t, 3H, J 6.9), 1.24 (d, 6H, J 6.9),
1.43 (m, 4H), 1.80 (m, 2H), 2.14 (s, 3H), 2.58 (t,2H, J 7.5), 2.87 (m,
1H), 6.86 (d, 1H, J 1.3),7.03 (dd, 1H, J 1.3,7.8), 7.15(d, 1H, J 7.8);
BCNMR (75 MHz, CDCL,) § 14.1, 16.0, 22.5,24.1,24.9, 31.6, 33.8,
34.5,120.0, 124.2, 127.3, 131.0, 148.2, 149.5, 172.3.

5-isopropyl-2-methylphenyl benzoate (carvacryl benzoate-1c):
Yield: 46%; GC-MS: m/z 254 [M*], 149(1), 105(100), 77(25); IR
(KBr) v/iem 2961, 2868, 1737, 1600, 1503, 1451, 1260, 1062, 707,
'HNMR (300 MHz, CDCl,) 8 1.27 (d, 6H, J 6.9), 2.22 (s, 3H), 2.92
(m, 1H), 7.02 (s, 1H), 7.10 (d, 1H, J 7.8), 7.20 (d, 1H, J 7.8), 7.53
(t, 2H, J 7.6), 7.67 (t, 1H, J 7.4), 8.24 (d, 2H, J 74); 3C NMR (75
MHz, CDCl,) 6 16.0, 24.1, 33.8, 120.1, 124.4, 127.6, 128.8, 129.8,
130.4,131.1, 133.7, 148.3, 149.7, 165.1. In agreement of literature.’

2-isopropyl-5-methylphenyl acetate (thymyl acetate-2a): Yield:
55%; GC-MS: m/z 192 [M*], 150(40), 135(100), 115(5); IR (KBr)

viem™' 2962, 2870, 1762, 1623, 1369, 1369, 1209, 1087, 898, 817;
'"H NMR (300 MHz, CDCl,) 6 1.23 (d, 6H, J 6.9), 2.33 (s, 6H), 2.98
(m, 1H), 6.82 (brs, 1H), 7.04 (d, 1H, J 7.9), 7.21 (d, 1H, J 7.9); *C
NMR (75 MHz, CDCl,) 6 21.0,21.1,23.2,27.4,122.9, 126.6, 127.3,
136.7, 137.2, 148.1, 170.0. In agreement of literature.””

2-isopropyl-5-methylphenyl hexanoate (thymyl hexanoate-2b):
Yield: 74%; GC-MS: m/z 248 [M*], 150(80), 135(100), 115(3); IR
(KBr) viem™ 2959, 2926, 2870, 1760, 1621, 1505, 1151, 815; 'H
NMR (300 MHz, CDCl;) § 0.95 (t, 3H, J 7.0), 1.20 (d, 6H, J 1.2),
1.43 (m, 4H), 1.80 (m, 2H), 2.32 (s, 3H), 2.58 (t,2H, J 7.4),2.97 (m,
1H), 6.81 (s, 1H), 7.03 (d, 1H, J 7.8),7.20 (d, 1H, J 7.8); C NMR (75
MHz, CDCly) 8 14.1, 21.0, 22.5, 23.2, 24.9, 27.3, 31.5, 34.6, 123.0,
126.5,127.2,136.7, 137.6, 148.2, 172.7. In agreement of literature.”

2-isopropyl-5-methylphenyl benzoate (thymyl benzoate-2c):
Yield: 38%; GC-MS m/z 254 [M*], 149(30), 105(100), 77(40); IR
(KBr) v/iem™' 3030, 2962, 2924, 2868, 1733, 1600, 1451, 1236, 817,
708; '"H NMR (300 MHz, CDCl,) § 1.23 (d, 6H, J 6.9), 2.36 (s, 3H),
3.08 (m, 1H, J 6.9), 6.97 (s, 1H), 7.08 (d, 1H, J 7.9), 7.27 (d, IH, J
7.9), 7.54 (t, 2H, J 7.6), 7.66 (t, 1H, J 7.4), 8.24 (d, 2H, J 7.4); 1°C
NMR (75 MHz, CDCl,) §21.0, 23.2,27.5,126.7, 127.3, 128.8, 129.9,
130.3,133.7,136.8, 137.4, 148 .4, 165.5. In agreement of literature.”*

General procedures for preparation of 3d-i and 4d-i and
spectral data

The synthesis of the derivatives were performed by the described
method.?' A mixture of different benzoic acid derivatives (2 mmol)
and carvacrol/thymol (1 mmol) in CH,Cl, (30 mL) containing N,
N’-diciclohexilcarbodiimida (DCC) (2 mmol) and DMAP (2 mmol)
was stirred for 4h at room temperature. The solution was filtered
under vacuum and solvent was evaporated. The obtained products
were purified by silica gel column chromatography with n-hexane/
CH,CI, (50:50) (v/v), an fractions were analysed in TLC.

5-isopropyl-2-methylphenyl 4-chlorobenzoate (carvacryl
4-chlorobenzoate-3d): Yield: 67%; GC-MS: m/z 288 [M*], 141(35),
139(100), 113(10), 111(30); IR (KBr) v/cm™ 2959, 1732, 1593, 1503,
1261, 1070, 753; '"H NMR (300 MHz, CDCl;) 6 1.27 (d, 6H, J 6.9),
2.20 (s, 3H), 2.92 (m, 1H), 7.01 (s, 1H), 7.08 (d, 1H, J 7.8), 7.21
(d, 1H,J7.7),7.51 (d, 2H, J 7.7), 8.32 (d, 2H, J 7.7); “C NMR (75
MHz, CDCL,) 6 16.0, 24.1, 33.8, 120.0, 124.5, 127.5, 128.5, 129.2,
131.2,131.7, 149.5, 164.2.

5-isopropyl-2-methylphenyl 4-bromobenzoate (carvacryl
4-bromobenzoate-3e): Yield: 64%; GC-MS: m/z 332 [M*], 185(100),
183(100), 155(20), 153(20); IR (KBr) v/ecm™! 2960, 1738, 1589, 1503,
1261, 1073; '"H NMR (300 MHz, CDCl,) & 1.27 (d, 6H, J 6.9), 2.19
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(s, 3H), 2.92 (m, 1H), 7.00 (s, 1H), 7.08 (d, 1H, J 7.7), 7.21 (d, 1H,
J7.7), 7.68 (d, 2H, J 8.4), 8.09 (d, 2H, J 8.4); 3C NMR (75 MHz,
CDCL,) 6 16.0, 24.1, 33.8, 120.0, 124.5, 127.4, 128.8, 128.9, 131.2,
131.8, 132.1, 148.4, 149.5, 164.4.

5-isopropyl-2-methylphenyl 4-fluorobenzoate (carvacryl
4-fluorobenzoate-3f): Yield: 96%; GC-MS: m/z 272 [M*], 149(1),
123(100), 95(30); IR (KBr) v/em™ 2962, 1739, 1605, 1508, 1263;
'H NMR (300 MHz, CDCl,) 8 1.27 (d, 6H, J 6.9), 2.20 (s, 3H), 2.92
(m, 1H), 7.01 (d, 1H, J 1.3), 7.06 (dd, 1H, J 1.5,9.3), 7.18 (d, 1H),
7.20(dd, 2H, J5.5,7.8),8.25 (dd, 2H, J 5.5, 7.8); 3*C NMR (75 MHz,
CDCl,) 6 16.0, 24.1, 33.8, 116.0, 120.0, 124.5, 126.1, 127.5, 131.2,
132.9, 148.4, 149.6, 164.1, 166.5.

5-isopropyl-2-methylphenyl 4-nitrobenzoate (carvacryl
4-nitrobenzoate-3g): Yield: 55%; GC-MS: m/z 299 [M*], 149(5),
150(100), 122(1); IR (KBr) v/em™! 2965, 1736, 1524, 1348, 1272,
711; '"H NMR (300 MHz, CDCl;) § 1.27 (d, 6H, J 1.6), 2.21 (s, 3H),
2.93 (m, 1H), 7.02 (s, 1H), 7.11 (dd, 1H, J 1.4, 6.5), 7.23 (d, 1H,
J7.8), 8.37 (d, 2H, J 8.6), 8.40 (d, 2H, J 9.1); “C NMR (75 MHz,
CDCl,) 6 16.0, 24.1. 33.8, 119.8, 123.9, 124.9, 127.2, 131.3, 131.4,
135.2, 148.6, 149.3, 151.1, 163.2.

5-isopropyl-2-methylphenyl 4-methoxybenzoate (carvacryl
4-methoxybenzoate-3h): Yield: 45%; GC-MS: m/z 284 [M*], 149(1),
135(100), 107(10); IR (KBr) v/em™ 2957, 1731, 1607, 1513, 1256,
1070, 765; '"H NMR (300 MHz, CDCl,) § 1.28 (d, 6H, J 6.9), 2.21
(s, 3H), 2.93 (m, 1H), 3.92 (s, 3H), 7.02, (t, 3H), 7.07 (d, 1H, J 7.8),
7.21 (d, 1H, J 7.7), 8.20 (d, 2H, J 8.8). *C NMR (75 MHz, CDCl,)
8 16.0, 24.1, 33.8, 55.7, 114.1, 120.2, 122.2, 124.2, 127.7, 131.1,
132.4, 148.3, 149.8, 164.1, 164.8. In agreement of literature.?

5-isopropyl-2-methylphenyl 4-methylbenzoate (carvacryl
4-methylbenzoate-3i): Yield: 41%; GC-MS: m/z 268 [M*], 149(1),
119(100), 91(30); IR (KBr) v/em! 2960, 1736, 1611, 1510, 1264,
748. 'H NMR (300 MHz, CDCl5) 6 1.28 (d, 6H, J 6.9), 2,21 (s, 3H),
2.48 (s, 3H), 2.93 (m, 1H), 7.02 (s, 1H), 7.07 (d, 1H, J 7.8), 7.21
(d, 1H, J7.7),7.34 (d, 2H, J 7.9), 8.14 (d, 2H, J 8.1); “C NMR (75
MHz, CDCly) § 16.0, 21.9, 24.1, 33.8, 120.2, 124.3, 127.1, 127.6,
127.1,130.4, 131.1, 144.5, 148.3, 149.8, 165.1.

2-isopropyl-5-methylphenyl 4-chlorobenzoate (thymyl
4-chlorobenzoate-4d): Yield: 77%; GC-MS: m/z 288 [M*], 141(30),
139(100), 113(5), 111(25); IR (KBr) v/ecm™ 2962, 1738, 1594, 1504,
1266, 755; '"H NMR (300 MHz, CDCl,) 6 1.23 (d, 6H, J 6.9), 2.36 (s,
3H), 3.04 (m, 1H), 6.95 (s, 1H), 7.09 (d, 1H, J 7.9 Hz), 7.26 (d, 1H, J
7.9Hz),7.52 (d, 2H, J 8.6 Hz), 8.17 (d, 2H, J 8.6 Hz); *C NMR (75
MHz, CDCl,) 6 21.0, 23.2, 27.5, 123.0, 126.7, 127.5, 128.3, 129.2,
131.7, 136.9, 137.3, 140.3, 148.2, 164.7.

2-isopropyl-5-methylphenyl 4-bromobenzoate (thymyl
4-bromobenzoate-4e): Yield: 89%; GC-MS: m/z 332 [M*], 185(100),
183(100), 155(25), 153(25), 149(80); IR (KBr) v/cm™ 2964, 1738,
1587, 1233, 1089, 753; 'H NMR (300 MHz, CDCl,)  1.23 (d, 6H, J
6.9),2.30 (s, 3H), 3.04 (m, 1H), 6.95 (s, 1H), 7.09 (d, 1H, J 7.8), 7.26
(d, 1H, J 7.8), 7.38 (d, 2H, J 8.3), 8.09 (d, 2H, J 8.3); *C NMR (75
MHz, CDCL,) 6 21.0, 23.2, 27.5, 122.9, 126.7, 127.5, 128.8, 128.9,
131.1, 132.2, 136.9, 137.3, 148.2, 164.8.

2-isopropyl-5-methylphenyl 4-fluorobenzoate (thymyl
4-fluorobenzoate-4f): Yield: 84%; GC-MS: m/z 272 [M*], 149(30),
123(100), 95(30); IR (KBr) v/em! 2965, 1738, 1605, 1503, 1238,
761; "H NMR (300 MHz, CDCl,) § 1.23 (d, 6H, J 6.9), 2.36 (s, 3H),
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3.06 (m, 1H), 6.95 (s, 1H), 7.09 (d, 1H, 7 7.9), 7.23 (3H, m), 8.25 (dd,
2H, J5.4,7.8); *C NMR (75 MHz, CDCL,) §21.0,23.2, 27.5, 116.0,
123.0, 126.1, 126.7, 127.5, 132.9, 136.9, 137.4, 148.3, 164.6, 166.3.

2-isopropyl-5-methylphenyl 4-nitrobenzoate (thymyl
4-nitrobenzoate-4g): Yield: 61%; GC-MS: m/z 299 [M*], 150(100),
120(20), 104(30); IR (KBr) v/cm! 2970, 1746, 1528, 1349, 1232,
712; '"H NMR (300 MHz, CDCl;) 6 1.30 (d, 6H, J 6.9), 2.44 (s, 3H),
3.10 (m, 1H), 7.03 (s, 1H), 7.18 (d, 1H, J 7.9), 7.35 (d, 1H, J 8.1),
8.44 (d, 2H, J 9.5), 8.48 (d, 2H, J 9.9); *C NMR (75 MHz, CDCl,)
8 21.0, 23.2,27.6, 122.7, 124.0, 126.9, 127.9, 131.4, 135.2, 137.1,
148.0, 151.1.

2-isopropyl-5-methylphenyl 4-methoxybenzoate (thymyl
4-methoxybenzoate-4h): Yield: 52%; GC-MS: m/z 284 [M*],
135(100), 107(10), 77(20); IR (KBr) v/em™ 2962, 1729, 1607, 1508,
1234, 765; '"H NMR (300 MHz, CDCl,) § 1.25 (d, 6H, J 6.9), 2.38
(s, 3H), 3.10 (m, 1H, J 6.9), 3.93 (s, 3H), 6.98 (s, 1H), 7.04 (d, 2H,
J 8.9),7.09 (d, 1H, J 8.2), 7.28 (d, 1H, J 8.1), 8.22 (d, 2H, J 8.9);
3C NMR (75 MHz, CDCl,) & 21.0, 23.2, 27.5, 55.7, 114.1, 122.3,
123.2, 126.6, 127.2, 132.4, 136.8, 137.5, 148.5, 164.1, 165.2. In
agreement of literature.?

2-isopropyl-5-methylphenyl 4-methylbenzoate (thymyl
4-methylbenzoate-4i): Yield: 45%; GC-MS: m/z 268 [M*], 149(10),
119(100), 91(35); IR (KBr) v/em™ 2960, 1736, 1611, 1510, 1264,
753; 'THNMR (300 MHz, CDCl,,) 6 1.24 (d, 6H, J 6.9 ), 2.37 (s, 3H),
2.48 (s, 3H), 3.09 (m, 1H), 6.97 (s, 1H), 7.08 (d, 1H, J 7.8), 7.27 (d,
1H,J7.9),7.35(d, 2H, J 8.0), 8.14 (d, 2H, J 8.0); *C NMR (75 MHz,
CDCly,) 6 21.0, 21.9, 23.2, 27.5, 123.2, 126.6, 127.2, 127.3, 129.5,
130.4, 136.8, 137.4, 144.5, 148.5, 165.6.

Anticholinesterase activity assay

Was determined using Ellman’s method, with adaptations.?*2*
Aliquots of SuL of the solutions of carvacrol, thymol and their
derivatives at 2 mg mL"! concentration were spotted on the TLC plate.
An equivalent mixture of acetylcholine iodide (ATCT) (1 mmol L) and
5,5’-dithiobis-(2-nitrobenzoic) acid (DTNB) (1 mmol L") was sprayed
on the plate. It was allowed to dry for 10 min and then 20 U mL"!' of
the enzyme solution was sprayed. A yellow color appeared, as a result
of the thio anion produced by reacting the enzymatic hydrolysis of the
substrate with DTNB. White halos appeared where inhibition of the
enzyme occurred. The Eserine salt solution was used as the positive
control and the negative control was methanol.

Larvicidal assay

Aliquots of 1 mg, 2 mg, 5 mg and 10 mg of carvacrol, thymol
and their derivatives were dissolved in 0.3 ml of dimethylsulfoxide
(DMSO) and transferred to beackers. Then, fifty third-stage larvae
of Aedes aegypti were added to each solution, and 19.7 mL of water
was added to each beacker.!>!* The insecticide Temephos® was used
as a positive control and a solution of water and DMSO 1.5% was
used as a negative control.

RESULTS AND DISCUSSION

Carvacrol and thymol are the main components of the essential
oils of oregano, thyme, and savory and used as a chemical defense
mechanism against phytopathogenic microorganisms interacting
with the cell membrane of the pathogen.”® The hydrophobic nature
of carvacrol and thymol interact with the lipid bilayer of cytoplasmic
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Table 1. Larvicidal activity (LCs,) of carvacrol/thymol and derivatives against Aedes aegypti

Compound LC;, (ppm) Compound LC;, (ppm)
Carvacrol 50, 12 0,20 Thymol 35,71 £0,12
la (Carvacryl acetate) 100,70 + 0,83 2a (Thymyl acetate) 69,84 + 0,67
1b (Carvacryl hexanoate) 104,20 = 0,74 2b (Thymyl hexanoate) 109,86 + 0,66
lc¢ (Carvacryl benzoate) 126,52 + 1,54 2¢ (Thymyl benzoate) 94,40 + 1,44
3d (Carvacryl 4-chlorobenzoate) =500 4d (Thymyl 4-chlorobenzoate) >500

3e (Carvacryl 4-bromobenzoate) > 500 4e (Thymyl 4-bromobenzoate) > 500

3f (Carvacryl 4-fluorobenzoate) > 500 4f (Thymyl 4-fluorobenzoate) > 500

3g (Carvacryl 4-nitrobenzoate) =500 4g (Thymyl 4-nitrobenzoate) >500

3h (Carvacryl 4-methoxybenzoate) 94,58 + 1,68 4h (Thymyl 4-methoxybenzoate) 23,60 + 0,87
3i (Carvacryl 4-methylbenzoate) >500 4i (Thymy! 4-methylbenzoate) >500

LC,,= Mean Lethal Concentration.

membranes cause loss of integrity and leakage of cellular material
such as ions, ATP and nucleic acid.?

Generally, the derivatization of hydroxylated monoterpenes
results in enhancement of larvicidal activity against Aedes aegypti of
newly obtained compounds, because the presence of hydroxyl groups
on their parent structures results in decreased potency, preventing
substance penetration in the larva cuticle,?’*! although this may also
result in a decreased activity.*> Thus, the synthesis of derivatives of
carvacrol/thymol by simple synthetic procedures, such as acylation,
consists of a method of obtaining these compounds.

The acylation reactions were performed using readily accessible
reagents available from the research group, from which different
acid anhydrides and different carboxylic acids derived from benzoic
acid. The esterification methodology were carriied with DMAP
and DCC, which have the function of catalyzing and increasing
the electrophilicity of the carbonyl of the carboxylic acid used,
respectively. These reactions are largely employed in organic
synthesis because of their high efficiency.*

In total, 18 derivatives were obtained, of which compounds 1b,
3e and 2e are unpublished and the NMR data of compounds 1d,
1f, 1g, 1i, 2d, 2f, 2g and 2i are being reported for the first time in
literature. The compounds were characterized by GC-MS, IR 'H
NMR and “C NMR. The derivatives yields ranging from 38 to 96%.
Among the derivatives obtained from reactions with anhydrides,
(1a, 1b, 1c) and (2a, 2b, 2¢), the compounds 1b and 2b, products of
the reactions with hexanoic anhydride, showed better yields with of
91% and 74%, respectively. Among the compounds obtained from
the reactions with the derivatives of benzoic acid, (3d, 3e, 3f, 3g, 3h,
3i) and (4d, 4e, 4f, 4¢g, 4h, 4i), those obtained from the halogenated
benzoic acid showed better yields, among which compounds 3f and
4e, showed yields 96 and 89%, respectively.

The method of Ellman was used to determine inhibition of
acetylcholinesterase. The formation of a white halo around the TLC
“spots” is indicative of AChE enzyme inhibition. The diameter of the
halos were measured (cm), and compared with the positive standard
Eserine (1.4 cm). Only compounds 5-isopropyl-2-methylphenyl
acetate (1a) and 2-isopropyl-5-methylphenyl hexanoate (2b) showed
positive results, with the diameters 1.2 and 1.4 cm, respectively, close
to the positive control Eserine (1.4 cm) and can be represent promising
potential for inhibition of AChE.

The larvicidal tests were carried out to determine the lethal
concentration (LCj,) against instar III larvae of Aedes aegypti, and
the results are showed in Table 1. According to literature, compounds
with LCs, values of up to 100 ppm are considered to be excellent
larvicidal agents.* The compounds carvacrol and thymol presented

an excellent activity, showing LCs,values of 50.12 + 0.20 and 35.71
+ (.12 ppm, respectively, and these results are in agreement with data
reported in the literature.’?

Although the hydroxylated monoterpene derivatives show better
activity than their parent compounds, the carvacryl/thymyl acetate
(1a, 2a), carvacryl/thymyl hexanoate (1b, 2b), and carvacryl/thymyl
benzoate (1¢, 2¢) showed a reduction in larvicidal activity, and similar
results were previously found for the carvacryl/thymyl acetate and
carvacryl/thymyl benzoate.*?

The aromatic esters of carvacol/thymol containing halogen or
nitro group in para position of aromatic ring were inactive. In these
compounds, it is observed that the presence of electron withdrawing
groups results in a significant decrease in the larvicidal activity.

The derivative, thymyl 4-methoxy-benzoate (4h), presented
the best activity, showing LCs, value of 23.60 + 0.87 ppm. In
the compounds thymyl 4-methoxy-benzoate (3h) and carvacyl
4-methoxy-benzoate (4h), the presence of an aromatic ring a with a
methoxyl group improve the activity. The comparison of LCs, values
of the two derivatives (3h) and (4h) showed that the derivative (4h)
was more active. Thus, the position of substituent in the aromatic ring
may affect the larvicidal activity.’! Temephos® (O,0’-(thiodi-4,1-
phenylene)bis(O,0-dimethyl phosphorothioate) was used as control
positive and showed LCs, value of 1.4 + 0.2 ppm.

CONCLUSIONS

The results show that the methodology used provides the
expectant products, and some compounds have the potential to inhibit
the enzyme acetylcholinesterase besides larvicidal activities. It has
been demonstrated that structural features can contribute to the of the
larvicidal activity of monoterpenes. Hydroxyl esterification showed
changes in these activities, both the increase and the decrease of
activity against Aedes aegypti. The addition of a benzoate group
containing electron withdrawing substituents on the aromatic ring
resulted in the inactivation of the compound against the mosquito
larvae. The presence of electron-donor groups resulted in a significant
increase in activity, such as thymyl 4-methoxibenzoate. We hope that
these results can contribute to the search for safer alternatives to pest
control and the search for new bioactive molecules.

SUPPLEMENTARY MATERIAL
NMR and GC-MS spectra, as well as chromatograms and

fragmentation proposals are available at http://quimicanova.sbq.org.
br, in the form of a PDF file, with free access.
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