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Abstract

Chemical modifications of natural monoterpenoids to various derivatives have been reported to result in enhancement
of biological activities when compared to parent compounds. In this context a well-known biocide and food additive,
carvacrol, served as a basic scaffold onto which a phenolic functionality transformation by introducing acyl groups was
performed. By using this simple methodology, we obtained a small series of 25 esters. For each of the obtained com-
pounds we have performed structural characterization, in vitro antimicrobial testing and in silico calculation of physi-
co-chemical, pharmacokinetic and toxicological properties. Despite numerous data on the synthesis and bioactivity of
carvacryl ester lower homologues, there are scarce data on esters with acid components higher than C,, so that among
25 compounds, 10 were reported for the first time (spectral characterization for 12 are herein the first reported). Our
research is also the first comprehensive study of carvacryl esters antifungal and of medium/long chain fatty acid esters
antibacterial activities. Interesting result is that all the synthesized esters, regardless the nature of the R residue, have
shown activity on fungal strain Aspergilus niger and on yeast Candida albicans comparable to carvacrol. Besides present-
ed experimental data, implementation of in silico calculation of physico-chemical, pharmacokinetic and toxicological
properties on the prepared compounds, may be valuable information in further research.
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1. Introduction

Natural products and their scaffolds have a long his-
tory of application as valuable starting points for medici-
nal chemistry and drug discovery.! Their structural modi-
fication, when compared to parent compounds, has often
afforded structures with enhanced pharmacological activ-
ities and outstanding therapeutic possibilities.>*

Carvacrol (2-methyl-5-(1-methylethyl)-phenol), a
monoterpenoid phenol biosynthetically related to pa-

ra-cymene, frequently occurs in essential oils of many La-
miaceae (Origanum, Thymbra, Thymus, Satureja) and Ver-
benaceae (Lippia) plants usually used as spices and for
therapy/prevention purposes in folk medicine. A variety
of biological properties including antioxidant, antimicro-
bial, antiviral, insecticidal, antiparasitic, antihypertensive,
immunomodulatory and antitumor, resulted from numer-
ous studies overtaken in past 20 years, recently reviewed
by Rathod ef al. and Sharifi-Rad et al.>® Moreover, the Eu-
ropean Commission has included carvacrol in the list of
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chemical flavors and Food and Drug Administration
(FDA) approved carvacrol, together with carvacryl ethyl
ether, carvacryl acetate and carvacryl propanoate, consid-
ering them safe from a toxicological point of view for their
use as additives in food products.”®

Although carvacrol is well known as effective in con-
trolling infection diseases, the molecular mechanisms in-
volved in antimicrobial action are not yet completely eluci-
dated. The antibacterial activity of carvacrol has been
attributed to its considerable effects on the structural and
functional properties of cytoplasmatic membrane, involving
outer- and inner membrane disruption and interaction with
membrane proteins and intracellular targets.>!° The most
recent study by Niu et al.!! reported carvacrol could trigger
Candida albicans apoptosis, causing membrane disruption,
inducing ROS production and mitochondrial dysfunction.

Carvacryl derivatives, either natural or synthetic, have
also been employed in biological testing with vast range of
activities, such as antibmicrobial,'>-! antiinflamatory,!® an-
tioxidant,'’-2! anticancer,!”1%%° larvicidal,?»** antihelmint-
ic, 242 also acting as enzyme inhibitors (acetylcholinesterase
and butyrylcholinesterase,?® mushroom tyrosinase,?” Myco-
bacterium tuberculosis chorismate mutase?3).

There are also a large number of reports on the synthe-
sized esters of carvacrol and on their biological activi-
ties.!>16:22:23.27,29-36 Antimicrobial assays have evaluated activ-
ity of a few carvacryl esters of straight chain lower carboxylic
acid homologues and diverse heteroaromatic carboxylic ac-
ids.12%:30:3437 Interestingly, versus plentiful data on the syn-
thesis and bioactivity of lower homologues, there are sporadic
or no data on carvacryl esters with acid components higher
than Cq (except for C,, reported in Bassanetti et al.>*).

In the context of diverse biological activities of car-
vacrol and rich number of promising studies on carvacrol
derivatives, a one-step transformation of phenolic func-
tionality by introducing an acyl group was made. We have
obtained a series of 25 compounds (3a-y), which, after
structural characterization, have been involved in in vitro
antimicrobial testing. This research is the first comprehen-
sive study of the antifungal activity of the synthesized car-
vacrol derivatives and the first study on antimicrobial ac-
tivity of carvacryl ester medium/higher homologues.
Along with experimental data we provided in silico predic-
tions of physico-chemical, pharmacokinetic and toxico-
logical properties for entire group of the synthetized deriv-
atives. Current paper also complements our work on
modifying the phenolic function of a few most active nat-
ural biocides found in essential oils.383°

2. Experimental
2. 1. Chemicals

All chemicals used were of analytical reagent grade.
Unless specified otherwise, all reagents and standards were
purchased from Merck (Darmstadt, Germany).

2. 1. 1. General Synthetic Procedures

Acetyl, benzoyl, palmitoyl, stearoyl and oleoyl chlo-
ride were purchased from Sigma-Aldrich and were used
directly in the synthesis of carvacryl esters. For other acyl
chlorides used in the study we have utilized two synthetic
approaches depending on whether the transformed acids
had less (together with 2-chloroacetyl and trichloroacetyl
chloride)* or more than 10 carbon atoms,*' both de-
scribed by Lazarevi¢ ef al.* and Lazarevi¢ et al.®

The material obtained following the above protocols
was used directly in the synthesis of esters that was per-
formed as reported in Paolini et al.*? The synthesis of car-
vacryl (5-isopropyl-2-methylphenyl) esters 3a-y is repre-
sented in Scheme 1. The obtained esters 3a—y were purified
by column chromatography, stationary phase Silica Gel 60
(70-230 mesh), mobile phase (hexane/diethyl ether, gradi-
ent 9:1 to 7:3). Data on yields are given in Table 1.

2. 2. Identification of Synthetized Compounds

2.2.1. GC-MS Analysis

MS spectra of samples of the synthesized compounds
were recorded on a 7890/7000B GC/MS/MS triple quad-
rupole system (Agilent Technologies, USA, equipped with
a Combi PAL auto sampler). The fused silica capillary col-
umn HP-5MS (5% phenylmethylsiloxane, 30 m x 0.25
mm, film thickness 0.25 pm, Agilent Technologies, Palo
Alto, CA, USA) was used. The injector, source and inter-
face operated at 250, 230 and 300 °C, respectively. The
temperature program: from 60 for 5 min isothermal to 300
°C at a heating rate of 8 °C/min and on 300 °C for 5 min
isothermal. The solutions in hexane were injected in split
ratio 10:1. The carrier gas was helium with a flow of 1.0
mL/min. Post run: back flash for 1.89 min, at 280 °C, with
helium at 50 psi. MS conditions were as follows: ionization
voltage of 70 eV, acquisition mass range 50-650, scan time
0.32 s. Semi-quantitative analysis was carried out directly
from peak areas in the GC profile. Linear retention indices
(RI) were determined based on the retention times of Cg-
Cyo alkanes run on HP-5MS column, using the above men-
tioned temperature programme.*

2.2.2.NMR Analysis

NMR spectra were registered on a Bruker AVANCE
500 spectrometer equipped with a 5 mm broadband re-
verse probe with field z-gradient operating at 500.13 and
125.76 MHz for 'H and '*C, respectively. All NMR spectra
were recorded at 298 K in CDCl; (isotopic enrichment
99.95%) solution. Chemical shifts are reported on the §
(ppm) scale and are relative to the residual CHCl; signals
(7.24 for 'H and 77.0 ppm, central line, for *C spectra,
respectively), and scalar coupling constants are reported in
Hertz. The experimental error in the measured 'H-'H
coupling constants was +0.5 Hz. The signals assignment
was given by a combination of 1D and 2D COSY, HSQC
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and HMBC experiments, using standard Bruker pulse
programs. Acquisition parameters for 1D were as follows:
'H spectral width of 5000 Hz and 32k data points provid-
ing a digital resolution of ca. 0.305 Hz per point, relaxation
delay 2 s; 13C spectral width of 29412 Hz and 64k data
points providing a digital resolution of ca. 0.898 Hz per
point, relaxation delay 2.5 s. The experiments were per-
formed through standard pulse sequences. gCOSY-45 ex-
periments were acquired with 512 t1 increments; 2048 t2
points; spectral/spectrum width 10.0 ppm. The acquisition
data for gHSQC and gHMBC experiments were obtained
with 512 t1 increments; 2048 t2 points; spectral/spectrum
width 10.0 ppm for 'H and 220 ppm for *C. Delay values
were optimized for !Jcp 140.0 Hz and "¢y 3.0 Hz. Zero
filling in F1 to 1k, p/2 shifted sine-bell squared (for
gHSQC) or sinebell (for gHMBC) apodization functions
were used for processing.

2. 3. Antimicrobial Activity

2. 3. 1. Microbial Strains

Antimicrobial activity of the synthesized compounds
was tested in vitro against a panel of laboratory control
strains belonging to the American Type Culture Collec-
tion Maryland, USA: Gram-positive: Bacillus subtilis
ATCC 6633 and Staphylococcus aureus ATCC 6538;
Gram-negative: Escherichia coli ATCC 8739 and Salmone-
la typhimurium ATCC 14028, fungal organisms: Aspergil-
lus niger ATCC 16404 and Candida albicans ATCC 10231.
The Gram-negative bacteria Salmonella abony NCTC
6017 was obtained from the National Collection of Type
Cultures. All microorganisms were maintained at —-20 °C
under appropriate conditions and regenerated twice be-
fore use in the manipulations.

2. 3. 2. Screening of Antimicrobial Activity

The minimal inhibitory concentration (MIC) of es-
ters was determined based on a broth microdilution meth-
od performed in 96-well microtitre plates.** The inocula of
the bacterial strains were prepared from overnight broth
cultures and suspensions were adjusted to 0.5 McFarland

0O

standard turbidity. Dimethyl sulphoxide (10% aqueous
solution) was used to dissolve and to dilute samples to the
highest concentration to be tested (stock concentrations 2
mg/mL). A serial doubling dilution of the samples was
prepared in a 96-well microtiter plate, using the method of
Sarker et al.,*> with slight modifications. The minimal bac-
tericidal/fungicidal concentration (MBC/MFC) was eval-
uated as the lowest concentration of tested samples at
which inoculated microorganisms were 99.9% killed. Tests
were carried out in triplicate. The procedure is described
in detail by Lazarevic et al.*¢

2. 4. In Silico Physico-chemical,
Pharmacokinetic, and Toxicological
Properties of the Synthetized
Compounds
Together with experimental data we provided an in

silico study on physico-chemical, pharmacokinetic and tox-

icological properties of the synthesized compounds 3a-y.

In silico predictions were accomplished using the Molinspi-

ration,” admetSAR,*® DataWarrior,*” and Toxtree™ tools.

3. Results and Discussion
3. 1. Chemical Synthesis

A small focused library of 25 carvacryl esters was
synthesized according to previously published standard
methodology, given in Scheme 1, with yields ranging from
95 to 52% (Table 1). To the best of our knowledge com-
pounds 3m, 30-w are new (Table 1). For solid compounds
3t, 3v, 3x and 3y melting points were determined in a Stu-
art Scientific SMP3 apparatus and are uncorrected.

3. 2. Spectral Data on Synthetized
Compounds

3. 2. 1. Carvacryl Acetate (3a)2%30

Chromatographic purification gave colorless oil.
Cy,H,60, (M = 192.25); yield 87%; RI (HP5-MS): 1384; 'H

T

O R

- N

R Cl

1 2 a-y

EtaN, DCM, 0 °C, reflux 3h__

O

3a-y

Scheme 1. Synthesis of the assayed esters 3a-y. Reagents and conditions: 2a-y solution was added dropwise to the solution of 1 and triethylamine
(Et3N), all previously dissolved in dichloromethane (DCM). During the addition, temperature was maintained at 0 °C. After reaching room temper-
ature, the reaction mixture was refluxed for 3 h.*? For structures and 3a-y designations, see Table 1.

Lazarevi¢ et al.: Carvacrol Derivatives as Antifungal Agents: ...

573



574

Acta Chim. Slov. 2022, 69, 571-583

Table 1. Carvacryl esters 3a—y, mass (g), yield (%) and entry. The reference is related to the previously re-

ported synthesis/antimicrobial research.

Entry Structure of R in carvacryl esters 3 Mass (g) Yield (%) References
3a CH; 0.59 87 22,30

3b CH,Cl 0.63 83 22,27

3c CCl, 0.89 91 22,51

3d CH,CHj;3 0.59 86 22,30, 52

3e CH=CH, 0.50 74 53

3f CH,CH,CH, 0.65 89 52, 54

3g CH(CH,), 0.62 85 30

3h CH,(CH,),CH, 0.63 82 52, 44

3i CH,CH(CH,), 0.63 81 30

3j CH,(CH,),CH, 0.70 85 23

3k CH,(CH,),CH, 0.79 91 52%

31 CH,(CH,),CH, 0.78 85 52*

3m CH,(CH,)sCHj, 0.79 82 current study
3n CH,(CH,),CH, 0.83 83

30 CH,(CH,)sCHj; 091 87 current study
3p CH,(CH,),CH, 0.86 78 34

3q CH,(CH,),,CH;3 0.93 81 current study
3r CH,(CH,),;CH;3 0.90 76 current study
3s CH,(CH,),,CH;3 0.91 74 current study
3t CH,(CH,)5CH;3 1.12 92 current study
3u CH,(CH,)4,CH; 0.97 73 current study
3v CH,(CH,)5CH; 1.17 85 current study
3w CH,(CH,),CH=CHCH,(CH,)¢CHj; 0.71 52 current study
3x Ph 0.80 95 22,23,30,54
3y CH;0-Ph 0.89 95 23

* spectral data are presented in the current paper for the first time

NMR (CDCls, 500.13 MHz) & 7.14 (d, J = 8.0 Hz, 1H,
Ar-H), 7.04 (d, ] = 8.0 Hz, 1H, Ar-H), 6.89 (s, 1H, Ar-H),
2.90 (spt, J = 6.9 Hz, 1H, CH), 2.34 (s, 3H, CH;) 2.16 (s,
3H, CH,), 1.25 (d, J = 6.9 Hz, 6H, CH;). *C NMR (CDCl,,
125.76 MHz) 8 169.3 (C=0), 149.3 (C,,), 148.1 (Cy,),
130.9 (Cy,), 127.2 (Cy,), 124.2 (Cy,), 119.8 (Cy,), 33.6
(CH), 23.9 (2 x CH3), 20.8 (CH), 15.8 (CH;-Ar); MS (EI):
m/z (%): 192 (M*) (8.0), 151 (6.4), 150 (55.2), 136 (9.7),
135 (100), 105 (6.8), 105 (5.2), 91 (18.5), 79 (6.6), 77 (9.9),
43 (10.1).

3.2. 2. Carvacryl 2-Chloroacetate (3b)?%?”

Chromatographic purification gave colorless oil.
C1,H,5ClO, (M = 226.70); yield 83%; RI (HP5-MS): 1598;
'H NMR (CDCl;, 500.13 MHz) § 7.19 (d, ] = 7.6 Hz, 1H,
Ar-H), 7.08 (dd, = 8.0, 1.7 Hz, 1H, Ar-H), 6.93 (d, ] = 1.7
Hz, 1H, Ar-H), 4.34 (s, 2H, CH,), 2.91 (m, 1H, CH), 2.19
(s, 3H, CH3), 1.26 (d, ] = 6.9 Hz, 6H, 2 x CHj3). 13C NMR
(CDCl,, 125.76 MHz) 8 165.7 (C=0), 148.8 (C,,), 148.3
(Cap), 131.1 (Cpy), 1269 (Cpy), 124.7 (Cpyp), 119.3 (Cyy),
40.7 (CH,), 33.6 (CH), 23.9 (2 x CH3), 15.7 (CH;-Ar); MS
(ED): m/z (%): 226 (M*) (14.5), 151 (8.2), 150 (80.9), 136
(8.8), 135 (100), 133 (6.5), 105 (10.0), 91 (9.9), 79 (6.8), 77
(18.4).

3.2. 3. Carvacryl Trichloroacetate (3c)?>>!

Chromatographic purification gave colorless oil.
C1,H,5CLO; (M = 295.59); yield 91%; RI (HP5-MS): 1731;
'H NMR (CDCl;, 500.13 MHz) § 7.23 (m, 1H, Ar-H), 7.14
(dd,J=8.0 Hz, 1.4 Hz, 1H, Ar-H), 7.03 (s, 1H, Ar-H), 2.95
(spt, J=6.9 Hz, 1H, CH), 2.27 (s, 3H, Ar-CH3), 1.29 (d, ] =
6.9 Hz, 6H, CH(CH,),). *C NMR (CDCls, 125.76 MHz) &
160.4 (C=0), 149.0 (C,,), 148.7 (Cx,), 131.4 (Cy,), 126.8
(Cap), 1253 (C,), 118.6 (Cy), 89.9 (C), 33.7 (CH), 23.9 (2
x CH,), 15.5 (CH,-Ar); MS (EL): m/z (%): 296 (23.0), 294
(24.2), 283 (29.8), 281 (92.1), 279 (M*) (100.0), 133 (63.1),
117 (35.9), 105 (32.3), 91 (43.6), 77 (21.0).

3. 2. 4. Carvacryl Propanoate (3d)2%30->2

Chromatographic purification gave colorless oil.
C13H,50, (M = 206.28); yield 86%; RI (HP5-MS): 1479; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, ] = 7.6 Hz, 1H,
Ar-H),7.03 (dd, J=7.6,1.7 Hz, 1H, Ar-H), 6.88 (d, ] = 1.7
Hz, 1H, Ar-H), 2.93-2.88 (m, 1H, CH), 2.64 (q, 2H, ] = 7.4
Hz, CH,), 2.15 (s, 3H, CH3), 1.33 (t, ] = 7.4 Hz, 3H, CH,),
1.26 (d, ] = 6.9 Hz, 6H, CHj;). 1*C NMR (CDCl;, 125.8
MHz) § 172.7 (C=0), 149.3 (C,,), 148.0 (C,,), 130.9 (C,,),
127.1 (Cy,), 124.0 (Cy,), 119.8 (Cy,), 33.6 (CH), 27.7
(CH,), 23.9 (2 x CHj), 15.8 (CH;-Ar), 9.3 (CH;); MS (EI):
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m/z (%): 206 (M*) (8.3), 151 (7.8), 150 (67.6), 136 (9.9),
135 (100), 133 (6.1), 105 (7.5), 91 (18.6), 79 (6.8), 77 (10.2),
57 (23.7).

3.2. 5. Carvacryl Acrylate (3¢)*

Chromatographic purification gave colorless oil.
Cy3H, 30, (M =204.27); yield 74%; RI (HP5-MS): 1466; 'H
NMR (CDCl,, 500.13 MHz) 8 7.19 (d, J = 7.8 Hz, 1H,
Ar-H), 7.06 (dd, J = 6.2, 1.6 Hz, 1H, Ar-H), 6.95 (s, 1H,
Ar-H), 6.65 (dd, J=6.9, 1.3 Hz, 1H, CH,=CH), 6.4 (dd, ] =
104, 6.9 Hz, 1H, CH=CH,) 6.05 (dd, J = 9.2, 1.4 Hz, 1H,
CH,=CH), 2.88-2.97 (m, 1H, ] = 6.9 Hz, CH(CHs,),), 2.18
(s, 3H, CH;-Ar), 1.28 (d, ] = 6.9 Hz, 6H, CHj3). 3C NMR
(CDCl,, 125.76 MHz) 8§ 164.3 (C=0), 149.1 (C,,), 148.1
(Cap), 1323 (=C), 130.9 (C,), 127.9 (=C<), 127.2 (Cpy),
124.2 (Cy,), 119.8 (Cy,), 33.6 (CH), 23.9 (2 x CHj), 15.7
(CH;-Ar); MS (EI): m/z (%):204 (M*) (25.6), 189 (5.6),
150 (44.7), 149 (5.5), 135 (43.6), 105 (7.1), 91 (15.6), 79
(5.8), 77 (9.2), 57 (100).

3. 2. 6. Carvacryl Butanoate (3f)>>%

Chromatographic purification gave colorless oil.
C14H,00, (M =220.31); yield 89%; RI (HP5-MS): 1570; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, ] = 7.6 Hz, 1H,
Ar-H), 7.04 (d, ] = 8.0 Hz, 1H, Ar-H), 6.88 (s, 1H, Ar-H),
2.93-2.88 (m, 1H, CH), 2.59 (t, ] = 7.5 Hz, 2H, CH,), 2.16
(s, 3H, CH,), 1.85 (sxt, ] = 7.5 Hz, 2H, CH,), 1.27-1.25 (m,
6H, CHs), 1.08 (t, ] = 7.5 Hz, 3H, CH3;). 3C NMR (CDCl;,
125.76 MHz) § 171.9 (C=0), 149.3 (C,,), 148.0 (Cy,),
130.9 (Cy,), 127.1 (Cy,), 124.0 (Cy,), 119.3 (Cy,), 36.2
(CH,), 33.6 (CH), 23.9 (2 x CH,), 18.6 (CH,), 15.8 (CH,-
Ar), 13.8 (CH;); MS (EI): m/z (%): 220 (M*) (8.1), 151
(10.6), 150 (91.2), 136 (10.0), 135 (100), 105 (8.6), 91
(19.7), 77 (9.8), 71 (16.8), 43 (19.6).

3.2. 7. Carvacryl 2-Methylpropanoate (3g)>°

Chromatographic purification gave colorless oil,
C14H,00, (M =220.31); yield 85%; RI (HP5-MS): 1524; 'H
NMR (CDCl;, 500.13 MHz) 8 7.17 (d, ] = 8.0 Hz, 1H, Ar-
-H),7.04(dd,/=7.8,1.9Hz, 1H, Ar-H), 6.87 (d, ] = 1.7 Hz,
1H, Ar-H), 2.93-2.84 (m, 2H, CH), 2.16 (s, 3H, CH3) 1.38
(d, ] = 6.9 Hz, 6H, 2 x CH,), 1.26 (d, J = 6.9 Hz, 6H, 2 x
CH,); 3C NMR (CDCl,, 125.76 MHz) § 175.3 (C=0),
149.3 (C,,), 148.0 (Cy,), 130.9 (Cy,), 127.1 (Cy,), 123.9
(Ca), 119.8 (C,,), 34.2 (CH), 33.6 (CH), 23.9 (2 x CH,),
19.1 (2 x CHs), 15.8 (CH;-Ar); MS (EI): m/z (%): 220
(13.6), 151 (11.1), 150 (100), 136 (8.6), 135 (91.7), 105
(8.5), 91 (18.9), 77 (9.5), 71 (22.8), 43 (32.8).

3. 2. 8. Carvacryl Pentanoate (3h)>>%4

Chromatographic purification gave colorless oil.
Cy5H,,0, (M =234.34); yield 82%; RI (HP5-MS): 1670; 'H

NMR (CDCls, 500.13 MHz) & 7.17 (d, J = 8.0 Hz, 1H,
Ar-H), 7.04 (dd, J = 8.0, 1.7 Hz, 1H, Ar-H), 6.88 (d, J = 1.7
Hz, 1H, Ar-H), 2.93-2.88 (m, 1H, CH), 2.61 (t, ] = 7.5 Hz,
2H, CH,), 2.16 (s, 3H, CH3), 1.79 (quin, J = 7.5 Hz, 2H,
CH,), 1.5 (dq, ] = 15, 7.4 Hz, 2H, CH,), 1.26 (d, ] = 6.9 Hz,
6H, 2 x CH3), 1.0 (t, ] = 7.5 Hz, 3H, CH;). 13C NMR (CD-
Cls, 125.76 MHz) 8 172.1 (C=0), 149.3 (C,,), 148.0 (Cy,),
130.9 (Cy,), 127.1 (Cyy), 124.0 (Cy,), 119.8 (Cy,), 34.0
(CH,), 33.6 (CH), 27.2 (CH,), 23.9 (2 x CH3), 22.4 (CH,),
15.8 (CH;-Ar), 13.8 (CH;); MS (EI): m/z (%): 234 (6.8),
151 (11.7), 150 (100), 136 (8.5), 135 (86.5), 105 (8.0), 91
(17.2), 85 (11.6), 77 (8.1), 57 (28.9).

3.2.9. Carvacryl 3-Methylbutanoate (3i)>°

Chromatographic purification gave colorless oil.
Cy5H,,0, (M =234.34); yield 81%; RI (HP5-MS): 1619; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, ] = 7.6 Hz, 1H,
Ar-H),7.04 (dd,J=7.6,1.7 Hz, 1H, Ar-H), 6.87 (d, ] = 1.7
Hz, 1H, Ar-H), 2.93-2.88 (m, 1H, CH), 2.49 (d, ] = 6.9 Hz,
2H, CH,), 2.34-2.26 (m, 1H, CH), 2.17 (s, 3H, CH,), 1.26
(d,J = 6.9 Hz, 6H, CH,), 1.11 (d, ] = 6.6 Hz, 6H, CH,). 1*C
NMR (CDCl,, 125.76 MHz) & 171.4 (C=0), 149.3 (C,,),
148.0 (C,,), 130.9 (Ca,), 127.2 (Cyu,), 124.0 (Cy,), 119.9
(Cap) 43.3 (CH,), 33.6 (CH), 25.8 (CH), 23.9 (2 x CHj,),
22.5 (2 x CH,), 15.9 (CH;-Ar); MS (EI): m/z (%): 234 (M™)
(8.1), 151 (12.0), 150 (100), 136 (7.9), 135 (80.2), 105 (8.5),
91(17.9), 85 (13.2), 77 (8.5), 57 (40.3), 41 (7.1).

3. 2. 10. Carvacryl Hexanoate (3j)*

Chromatographic purification gave colorless oil,
Cy6H,,0, (M = 248.37); yield 85%; RI (HP5-MS): 1770; 'H
NMR (CDCl;, 500.13 MHz) & 7.17 (d, ] = 8.0 Hz, 1H,
Ar-H),7.05(dd,J=7.6,1.7 Hz, 1H, Ar-H), 6.89 (d, ] = 1.7
Hz, 1H, Ar-H), 2.94-2.88 (m, 1H, CH), 2.61 (t, ] = 7.5 Hz,
2H, CH,), 2.17 (s, 3H, CH;) 1.85-1.79 (m, 2H, CH,), 1.48—
1.38 (m, 4H, 2 x CH,), 1.36-1.26 (m, 6H, 2 x CH3), 0.99-
0.91 (m, 3H, CH,). 3C NMR (CDCl,, 125.76 MHz) §
172.1 (C=0), 149.3 (C,,), 148.0 (Cy,), 130.9 (Cy,), 127.2
(Cay), 124.0 (Cy,), 119.8 (C,,), 34.3 (CH,), 33.6 (CH), 31.4
(CH,), 24.8 (CH,), 23.9 (2 x CH3), 22,4 (CH,) 15.8 (CH;-
Ar), 13.9 (CH3); MS (EI): m/z (%) 248 (M*), 151 (11.9),
150 (100), 135 (73.1), 105 (8.4), 99 (8.8), 91 (17.9), 77 (8.4),
71 (13.1), 55 (8.9), 43 (21.3).

3. 2. 11. Carvacryl Heptanoate (3k)>2

Chromatographic purification gave colorless oil.
Cy,H,40, (M =262.39); yield 91%; RI (HP5-MS): 1873; 'H
NMR (CDCl,, 500.13 MHz) & 7.17 (d, J = 7.6 Hz, 1H,
Ar-H), 7.04 (dd, J= 7.8, 1.9 Hz, 1H, Ar-H), 6.89 (d, = 1.7
Hz, 1H, Ar-H), 2.96-2.88 (m, 1H, CH), 2.61 (t, J = 7.5 Hz,
2H, CH,), 2.17 (s, 3H, CH,), 1.81 (quin, J = 7.5 Hz, 2H,
CH,), 1.50-1.44 (m, 2H, CH,), 1.39-1.37 (m, 4H, 2 x
CH,), 1.27 (d, J = 6.9 Hz, 6H, CHs), 0.96-0.91 (m, 3H,
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CH,;). *C NMR (CDCl;, 125.76 MHz) & 172.1 (C=0),
149.3 (Cy,), 148.0 (Cy,), 130.9 (Cy,), 127.2 (Cy,), 124.0
(Cap)> 119.8 (Cy,), 34.3 (CH,), 33.6 (CH), 31.5 (CH,), 28.9
(CH,), 25.1 (CH,), 23.9 (2 x CH3), 22.5 (CH,), 15.8 (CH;-
Ar), 14.1 (CH;); MS (EI): m/z (%) 262 (M*) 151 (14.3), 150
(100), 135 (67.2), 113 (8.7), 105 (10.4), 91 (22.1), 77 (11.4),
55 (13.6), 43 (31.8), 41 (12.1).

3.2.12. Carvacryl Octanoate (31)>2

Chromatographic purification gave colorless oil.
C3H,50, (M = 276.42); yield 85%; RI (HP5-MS): 1978; 'H
NMR (CDCl;, 500.13 MHz) & 7.17 (d, ] = 7.6 Hz, 1H,
Ar-H),7.04 (dd, J=7.8,1.6 Hz, 1H, Ar-H), 6.89 (d, ] = 1.7
Hz, 1H, Ar-H), 2.94-2.88 (m, 1H, CH), 2.61 (t,] = 7.5 Hz,
2H, CH,), 2.17 (s, 3H, CH3), 1.82 (quin, J = 7.5 Hz, 2H,
CH,), 1.48-1.31 (m, 8H, 4 x CH,), 1.27 (d, ] = 6.9 Hz, 6H,
CHs;), 0.94 (m, 3H, CH;). *C NMR (CDCl;, 125.76 MHz)
8 172.1 (C=0), 149.3 (Cy,), 148.0 (Cy,), 130.9 (Cy,), 127.2
(Cap), 124.0 (Cy,), 119.8 (C,,), 34.3 (CH,), 33.6 (CH), 31.7
(CH,),29.2 (CH,), 29.0 (CH,), 25.1 (CH,), 23.9 (2 x CH,),
22.6 (CH,), 15.8 (CH;-Ar), 14.1 (CH;); MS (EI): m/z (%)
276 (M*) 151 (12.3), 150 (100), 135 (52.3), 105 (7.3), 91
(14.4), 77 (6.3), 57 (22.7), 55 (14.0), 43 (11.4), 41 (8.5).

3. 2. 13. Carvacryl Nonanoate (3m)

Chromatographic purification gave colorless oil.
C1oH300, (M = 290.45); yield 82%; RI (HP5-MS): 2082; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, ] = 7.6 Hz, 1H,
Ar-H), 7.04 (dd, J = 8.0, 1.7 Hz, 1H, Ar-H), 6.9 (d, ] = 1.7
Hz, 1H, Ar-H), 2.94-2.88 (m, 1H, CH), 2.61(t, ] = 7.6 Hz,
2H, CH,), 2.17 (s, 3H, CH,), 1.82 (quin, J = 7.5 Hz, 2H,
CH,), 1.50-1.44 (m, 2H, CH,), 1.41-1.33 (m, 8H, 4 x
CH,), 1.27 (d,] = 6.9 Hz, 6H, CH,), 0.93 (m, 3H, CH,). 3C
NMR (CDCl, 125.76 MHz) § 172.1 (C=0), 149.3 (C,,),
148.0 (Cy,), 130.9 (Cy,), 127.2 (Cyy), 124.0 (Cy,), 119.8
(Cap), 34.3 (CH,), 33.6 (CH), 31.8 (CH,), 29.2 (2 x CH,),
29.2 (CH,), 25.1 (CH,), 23.9 (2 x CH,), 22. 7 (CH,), 15.8
(CH;-Ar), 14.1 (CHs); MS (ED): m/z (%): 290 (M™*) 151
(12.2), 150 (100), 136 (4.3), 135 (43.9), 109 (3.9), 91 (6.8),
71 (6.4), 57 (9.0), 55 (7.3), 43 (5.7).

3. 2. 14. Carvacryl Decanoate (3n)

Chromatographic purification gave colorless oil.
CyoH;,0, (M = 304.47); yield 83%; RI (HP5-MS): 2186; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, ] = 8.0 Hz, 1H,
Ar-H),7.03 (dd, ] = 8.0 Hz, 1.4 Hz, 1H, Ar-H), 6.88 (s, 1H,
Ar-H), 2.93-2.88 (m, 1H, CH), 2.61 (t, ] = 7.5 Hz, 2H,
CH,), 2.17 (s, 3H, CH3) 1.81 (quin, J = 7.5 Hz, 2H, CH,),
1.49-1.29 (m, 14H, 7 x CH,), 1.27 (d, ] = 6.9 Hz, 6H, CH3),
0.93 (m, 3H, CH;). 3C NMR (CDCl;, 125.76 MHz) §
172.1 (C=0), 149.3 (C,,), 148.0 (Cy,), 130.9 (C,,), 127.2
(Car)> 124.0 (Cy,), 119.8 (Cy,), 34.3 (CH,), 33.6 (CH), 31.9
(CH,), 29.5 (CH,), 29.3 (2 x CH,), 29.3 (CH,), 25.1 (CH,),

23.9 (2 x CH3), 22.7 (CH,), 15.8 (CH3-Ar), 14.1 (CH3); MS
(ED): m/z (%): 304 (M*) 151 (12.5), 150 (100), 136 (3.8),
135 (39.0), 109 (4.1), 91 (5.8), 71 (4.5), 57 (5.4), 55 (7.0), 43
(6.1).

3. 2. 15. Carvacryl Undecanoate (30)

Chromatographic purification gave colorless oil.
C,,H;,0, (M = 318.50); yield 87%; RI (HP5-MS): 2287; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, ] = 7.6 Hz, 1H,
Ar-H),7.04(dd,J=7.6,1.7 Hz, 1H, Ar-H), 6.88 (d, ] = 1.7
Hz, 1H, Ar-H), 2.9 (quin, ] = 7. 5 Hz, 1H, CH), 2.6 (t, ] =
7.5 Hz, 2H, CH,), 2.16 (s, 3H, CH3) 1.81 (quin, ] = 7.5 Hz,
2H, CH,), 1.49-1.28 (m, 16H, 8 x CH,), 1.26 (d, ] =6.9 Hz,
6H, CH,), 0.92 (m, 3H, CH,). 13C NMR (CDCl,, 125.76
MHz) § 172.1 (C=0), 149.3 (C,,), 148.0 (Cp,), 130.9 (C,,),
1272 (Cy,), 124.0 (Cy,), 119.8 (Cy,), 34.3 (CH,), 33.6
(CH), 31.9 (CH,), 29.6 (CH,), 29.5 (CH,), 29.3 (CH,), 29.3
(CH,), 29.2 (CH,), 25.1 (CH,), 23.9 (2 x CHj), 22.7 (CH,),
15.8 (CH;-Ar), 14.1 (CH;); MS (EL): m/z (%) 318 (M*) 151
(13.0), 150 (100), 136 (3.4), 135 (34.9), 109 (4.7), 105 (2.5),
91 (4.6), 57 (6.0), 55 (6.3), 43 (4.9).

3. 2. 16. Carvacryl Dodecanoate (3p)3

Chromatographic purification gave colorless oil.
C,,H;0, (M = 332.53); yield 78%; RI (HP5-MS): 2388; 'H
NMR (CDCl;, 500.13 MHz) 8 7.17 (d, ] = 8.0 Hz, 1H,
Ar-H),7.04 (dd,J=7.8,1.6 Hz 1H, Ar-H), 6.88 (d,J = 1.4
Hz, 1H, Ar-H), 2.90 (m,1H, CH), 2.60 (t, ] = 7.6 Hz, 2 H,
CH,), 2.16 (s, 3H, CH;) 1.81 (quin, J = 7.5 Hz, 2H, CH,),
1.49-1.43 (m, 2 H, CH,), 1.4-1.29 (m, 14H, 7 x CH,), 1.27
(d,] = 6.9 Hz, 6H, CH,), 0.92 (t, ] = 6.8 Hz, 3H, CH,). 13C
NMR (CDCl,, 125.76 MHz) § 172.1 (C=0), 149.3 (Cy,),
148.0 (C,,), 130.9 (Ca,), 127.2 (Cy,), 124.0 (Cy,), 119.8
(Cap), 34.3 (CH,), 33.6 (CH), 31.9 (CH,), 29.6 (2 x CH,),
29.5 (CH,), 29.4 (CH,), 29.3 (CH,), 29.2 (CH,), 25.1
(CH,), 23.9 (2 x CHj), 22.7 (CH,), 15.8 (CH;-Ar), 14.1
(CH3); MS (EI): m/z (%) 332 (M*) 151 (12.8), 150 (100),
136 (3.1), 135 (32.1), 109 (5.2), 91 (4.3), 71 (2.6), 57 (7.0),
55 (7.2), 43 (5.2).

3. 2. 17. Carvacryl Tridecanoate (3q)

Chromatographic purification gave colorless oil,
C,3H350, (M = 346.55); yield 81%; RI (HP5-MS): 2491; 'H
NMR (CDCl;, 500.13 MHz) & 7.18 (m, 1H, Ar-H), 7.04
(dd,J=7.8,1.6 Hz, 1H, Ar-H), 6.88 (s, 1H, Ar-H), 2.91 (m,
1H, CH), 2.6 (t, ] = 7.5 Hz, 2 H, CH,), 2.16 (s, 3H, CH,)
1.81 (quin, ] = 7.5 Hz, 2H, CH,), 1.49-1.43 (m, 2H, CH,),
1.38-1.28 (m, 16H, 8 x CH,), 1.27 (d, ] = 6.9 Hz, 6H, CH,),
0.92 (t, J = 6.8 Hz, 3H, CH,). 3C NMR (CDCl,, 125.76
MHz) § 172.1 (C=0), 149.3 (C,,), 148.0 (C,,), 130.9 (C,,),
127.2 (Cy,), 124.0 (Cyp), 119.8 (Cy,), 34.3 (CH,), 33.6
(CH), 31.9 (CH,), 29.7 (2 x CH,), 29.5 (CH,), 29.4 (CH,),
29.3 (CH,), 29.2 (CH,), 29.1 (CH,), 25.1 (CH,), 23.9 (2 x
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CH,), 22.7 (CH,), 15.8 (CH;-Ar), 14.1 (CH;); MS (EI):
m/z (%) 346 (M*) 151 (13.3), 150 (100), 136 (2.8), 135
(28.9), 109 (5.2), 91 (3.6), 71 (2.9), 57 (6.4), 55 (6.6), 43
(4.8).

3. 2. 18. Carvacryl Tetradecanoate (3r)

Chromatographic purification gave colorless oil.
Cy4H 00, (M = 360.58); yield 76%; RI (HP5-MS): 2590; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, J = 7.6 Hz, 1H,
Ar-H), 7.04 (dd, J = 7.8, 1.6 Hz, 1H, Ar-H), 6.88 (s, 1H,
Ar-H), 2.9 (m, 1H, CH), 2.6 (t, J = 7.6 Hz, 2H, CH,), 2.16
(s, 3H, CH;), 1.81 (quin, J = 7.5 Hz, 2H, CH,), 1.49-1.43
(m, 2H, CH,), 1.4-1.28 (m, 18H, 9 x CH,) 0.91 (t, ] = 6.9
Hz, 3H, CH,). 3C NMR (CDCl,, 125.76 MHz) § 172.1
(C=0), 149.3 (C,,), 148.0 (Cp,), 130.9 (C,,), 127.2 (Cpy),
124.0 (Cy,), 119.8 (C,,), 34.3 (CH,), 33.6 (CH), 31.9
(CH,), 29.7 (2 x CH,), 29.6 (2 x CH,), 29.5 (CH,), 29.4
(CH,), 29.3 (CH,), 29.2 (CH,), 25.1 (CH,), 23.9 (2 x CH,),
22.7 (CH,), 15.9 (CH;-Ar), 14.1 (CH;); MS (EI): m/z (%)
360 (M*) 151 (12.4), 150 (100), 135 (27.7), 109 (6.0), 91
(4.5), 71 (3.8), 69 (3.7), 57 (9.0), 55 (10.0), 43 (8.3).

3. 2. 19. Carvacryl Pentadecanoate (3s)

Chromatographic purification gave colorless oil.
C,5Hy,0, (M = 374.61); yield 74%; RI (HP5-MS): 2694; 'H
NMR (CDCls, 500.13 MHz) § 7.17 (d, ] =7.6 Hz, 1H,
Ar-H),7.04 (dd,J=8.0,1.7 Hz, 1H, Ar-H), 6.88 (d, /= 1.7
Hz, 1H, Ar-H), 2.9 (m, 1H, CH), 2.6 (t, ] = 7.5 Hz, 2H,
CH,), 2.16 (s, 3H, CH;), 1.81 (quin, J = 7.5 Hz, 2H, CH,),
1.49-1.44 (m, 2H, CH,), 1.4-1.28 (m, 20H, 10 x CH,), 1.26
(d, ] = 6.9 Hz, 3H, CH,), 0.92 (t, ] = 6.9 Hz, 3H, CH,). 3C
NMR (CDCl,, 125.76 MHz) & 172.1 (C=0), 149.3 (C,,),
148.0 (Cy,), 130.9 (Cp,), 127.2 (Cy,), 124.0 (Cy,), 119.8
(Cap) 34.3 (CH,), 33.6 (CH), 31.9 (CH,), 29.7 (3 x CH,),
29.6 (CH,), 29.5 (CH,), 29.4 (CH,), 29.3 (2 x CH,), 29.2
(CH,), 25.1 (CH,), 23.9 (2 x CH}), 22.7 (CH,), 15.8 (CH,-
Ar), 14.1 (CH;); MS (EI): m/z (%) 374 (M*) 151 (12.5), 150
(100), 135 (25.2), 109 (6.1), 91 (3.9), 71 (3.6), 69 (3.6), 57
(8.6),55(9.1), 43 (7.4).

3. 2. 20. Carvacryl Hexadecanoate (3t)

Chromatographic purification gave amorphous
white solid. Mp 31-32 °C. CysHy,0, (M = 388.63); yield
92%; RI (HP5-MS): 2804; 'H NMR (CDCl;, 500.13 MHz)
8717 (d,J=7.9Hz, 1H, Ar-H), 7.04 (dd, J = 7.7, 1.7 Hz,
1H, Ar-H), 6.88 (d, ] = 1.6 Hz, 1H, Ar-H), 2.90 (m, 1H,
CH), 2.60 (t, ] = 7.6 Hz, 2H, CH,), 2.16 (s, 3H, CHj3), 1.81
(quin, J = 7.6 Hz, 2H, CH,), 1.47-1.28 (bm, 24H, 12 x
CH,), 1.26 (d, J = 7.0 Hz, 6H, CH3), 0.9 (m, 3H, CH,). 13C
NMR (CDCl,, 125.76 MHz) & 172.1 (C=0), 149.3 (C,,),
148.0 (Cy,), 130.8 (Cp,), 127.1 (Cy,), 124.0 (Cy,), 119.8
(Cap)> 34.3 (CH,), 33.6 (CH), 31.9 (CH,), 29.7 (4 x CH,),
29.6 (CH,), 29.5 (CH,), 29.4 (CH,), 29.3 (CH,), 29.2

(CH,), 29.1 (CH,), 25.1 (CH,), 23.9 (2 x CH,), 22.7 (CH,),
15.8 (CH;-Ar), 14.1 (CH;); MS (EI): m/z (%) 388 (M*) 151
(18.7), 150 (100), 136 (2.9), 135 (29.4), 109 (6.8), 71 (2.8),
69 (2.7), 57 (5.5), 55 (5.4), 43 (3.7).

3. 2. 21. Carvacryl Heptadecanoate (3u)

Chromatographic purification gave colorless oil.
C,yH,40, (M = 402.66); yield 73%; RI (HP5-MS): 2902; 'H
NMR (CDCl;, 500.13 MHz) 8 7.17 (d, ] = 8.0 Hz, 1H, Ar-
-H), 7.04 (dd, ] =7.6, 1.7 Hz, 1H, Ar-H), 6.88 (bs, 1H, Ar-
-H), 2.9 (m, 1H, CH), 2.60 (t, ] = 7.6 Hz, 2H, CH,), 2.16 (s,
3H, CHs3), 1.81 (quin, / = 7.5 Hz, 2H, CH,), 1.48-1.28 (bm,
26H, 13 x CH,), 1.26 (d, J = 6.9 Hz, 6H, CH3;), 0.92 (t, ] =
6.9 Hz, 3H, CH;). 13C NMR (CDCl;, 125.76 MHz) 8 172.1
(C=0), 149.3 (C,,), 148.0 (Cy,), 130.9 (C,,), 127.2 (Cpy),
124.0 (C,,), 119.8 (C,,), 34.3 (CH,), 33.6 (CH), 32.0
(CH,), 29.7 (6 x CH,), 29.6 (CH,), 29.5 (CH,), 29.4 (CH,),
29.3 (CH,), 29.2 (CH,), 25.1 (CH,), 23.9 (2 x CH,), 22.7
(CH,), 15.8 (CH;-Ar), 14.1 (CH;); MS (EI): m/z (%) 402
(M*) 151 (14.0), 150 (100), 135 (21.9), 109 (6.0), 91 (2.6),
71 (2.9), 69 (2.9), 57 (6.4), 55 (6.3), 43 (4.8).

3. 2. 22. Carvacryl Octadecanoate (3v)

Chromatographic purification gave amorphous
white solid. Mp 61 °C. CpsH 50, (M = 416.69); yield 85%;
RI (HP5-MS): 2945; 'H NMR (CDCl, 500.13 MHz) & 7.17
(d, ] = 7.8 Hz, 1H, Ar-H), 7.04 (dd, ] = 7.8, 1.9 Hz, 1H,
Ar-H), 6.88 (d, J=1.8 Hz, 1H, Ar-H), 2.9 (hept, ] = 6.9 Hz,
1H, CH), 2.6 (t, ] = 7.6 Hz, 2H, CH,), 2.16 (s, 3H, CHj),
1.81 (quin, ] = 7.5 Hz, 2H, CH,), 1.51-1.28 (m, 28H), 1.26
(d,J = 6.9 Hz, 6H, 2 x CH;), 0.92 (t, ] = 6.9 Hz, 3H, CH,);
13C NMR (CDCl;, 125.76 MHz) 8§ 172.1 (C=0), 149.3
(Cap), 148.0 (Cy,), 130.8 (Cy,), 127.1 (Cpy), 124.0 (Cyy),
119.8 (Cy,), 34.3 (CH,), 33.6 (CH), 32.0 (CH,), 29.7 (7 x
CH,), 29.6 (CH,), 29.5 (CH,), 29.4 (CH,), 29.3 (CH,), 29.2
(CH,), 25.1 (CH,), 23.9 (2 x CH}), 22.7 (CH,), 15.8 (CH,-
Ar), 14.1 (CH;); MS (ED): m/z (%) 416 (M*), 151 (12.5),
150 (100), 135 (25.6), 109 (7.0), 91 (5.1), 69 (5.5), 57 (13.5),
55(14.0), 43 (15.9), 41 (5.2).

3. 2. 23. Carvacryl Oleate (3w)

Chromatographic purification gave colorless oil.
CysHysO, (M = 414.67); yield 52%; RI (HP5-MS): 2936; 'H
NMR (CDCl;, 500.13 MHz) § 7.17 (d, ] = 7.8 Hz, 1H,
Ar-H),7.03 (dd, J=7.8,1.8 Hz, 1H, Ar-H), 6.87 (d, /= 1.8
Hz, 1H, Ar-H), 5.43-5.34 (m, 2H, CH=CH Z-configura-
tion), 2.9 (hept, ] = 7.0 Hz, 1H, CH), 2.6 (t, ] = 7.5 Hz, 2H,
CH,), 2.16 (s, 3H, CH,), 2.10-2.01 (m, 4H, 2 x CH,), 1.81
(quin, J = 7.5 Hz, 2H, CH,), 1.61 - 1.53 (m, 2H, CH,),
1.51-1.41 (m, 2H, CH,), 1.36 (d, J = 7.5 Hz, 6H, 2 x CH3;),
1.33-1.23 (m, 16H, 8 x CH,), 0.91 (t, J = 6.9 Hz, 3H, CHj;);
13C NMR (CDCl,;, 125.76 MHz) 8§ 172.0 (C=0), 149.3
(Cay), 148.0 (Cy,), 130.8 (Cy,), 130.0 (=C-), 129.7 (=C-),
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127.1 (Cy,), 124.0 (Cy,), 119.8 (Cy,), 34.3 (CH,), 33.6
(CH), 31.9 (CH,), 29.8 (CH,), 29.7 (CH,), 29.5 (CH,), 29.3
(CH,),29.2 (2 x CH,), 29.1 (CH,), 27.7 (CH,), 27.3 (CH,),
27.2 (CH,), 25.1 (CH,), 23.9 (2 x CHj,), 22.7 (CH,), 15.8
(CH;-Ar), 14.1 (CH;); MS (EI): m/z (%) 414.40 (M*) 151
(12.3), 150 (100), 135 (26.4), 109 (6.1), 83 (4.4), 69 (8.0), 67
(6.3), 57 (4.9), 55 (17.3), 43 (6.1).

3. 2. 24. Carvacryl Benzoate (3x)?22330:54

Chromatographic purification gave amorphous
white solid. Mp 31 °C. C;;H30, (M = 254.33); yield 95%;
RI (HP5-MS): 1991; 'H NMR (CDCl;, 500.13 MHz) § 8.26
(d,]=7.6 Hz, 2H, Ar-H), 7.68 (m, 1H, Ar-H), 7.56 (m, 2H,
Ar-H), 7.23 (d, ] = 8.0 Hz, 1H, Ar-H), 7.09 (d, ] = 8.0 Hz,
1H, Ar-H), 7.04 (s, 1H, Ar-H), 2.94 (m, 1H, CH), 2.23 (s,
3H, CH;), 1.29 (d, J = 6.9 Hz, 6H, 2 x CH;). 3C NMR
(CDCl3, 125.76 MHz) 8 164.9 (C=0), 149.5 (C,,), 148.2
(Cap), 133.5(Cy,), 130.9 (Cy,), 130.2 (2 % Cy,), 129.6 (Ciay),
129.1 (Cp,) 128.6 (2 x Cy,), 127.4 (Cy,), 124.2 (Cy,), 119.9
(Cay), 33.6 (CH), 24.0 (2 x CH,), 15.9 (CH;-Ar); MS (EI):
m/z (%): 254 (M*) (7.3), 106 (7.7), 105 (100), 91 (5.1), 79
(2.1), 78 (3.3), 77 (34.8), 65 (1.2), 51 (6.2), 50 (1.4).

3. 2. 25. Carvacryl 4-Methoxybenzoate (3y)?*

Chromatographic purification gave amorphous
white solid. Mp 31-32 °C. C;;H30, (M = 284.35); yield
95%; RI (HP5-MS): 2302; '"H NMR (CDCl;, 500.13 MHz)
6 8.21 (d, J = 8.9 Hz, 2H, Ar-H), 7.21 (d, ] = 7.8 Hz, 1H,
Ar-H), 7.07 (d, J = 7.8 Hz, 1H, Ar-H), 7.03 (s, 1H, Ar-H),
7.01 (d, 2H, Ar-H), 3.93 (s, 3H, CH3), 3.51 (q, ] = 7.0 Hz,
2H contamination EtOAc), 2.93 (m, 1H, CH), 2.21 (s, 3H,
CH,), 1.29 (d, J = 6.9 Hz, 6H, 2 x CH,,), 1.24 (t, ] = 7.0 Hz,
3H contamination EtOAc); '3C NMR (CDCl;, 125.76
MHz) § 164.6 (C,,-0),163.8 (C=0), 149.6 (C,,-OCO),
148.1 (Cy,), 132.2 (2 x Cyy), 130.9 (Cy,), 127.4 (Cy,), 124.0
(Cap), 122.0 (Cy,), 120.0 (Cp,), 113.9 (2 x C,,), 55.5 (C-O),
33.6 (CH), 23.9 (2 x CH,), 15.8 (CH,-Ar); MS (EI): m/z
(%): 284 (M™*) (2.6), 136 (8.7), 135 (100), 107 (6.2), 92
(9.0), 91 (3.8), 79 (2.0), 77 (147), 64 (3.4), 63 (2.0).

3. 3. Antimicrobial Activity

The antimicrobial activity was evaluated by deter-
mining the minimum inhibitory concentration (MIC) and
the minimum microbicidal concentration, which includes
minimum bactericidal (MBC) and minimum fungicidal
concentrations (MFC), using the broth microdilution
method. The obtained results are given in Table 2. The as-
sayed samples were less effective than antibiotic/antimy-
cotic used as reference standard, and if observed, activity
was never greater than the values acquired for the parent
compound 1 (MIC/MBC/MFC never exceeded 0.031 mg/
mL). The panel of bacterial strains, represented by
Gram-positive (B. subtilis and S. aureus) and Gram-nega-

tive (E. coli, S. abony and S. typhimurium) microorgan-
isms, were completely resistant to the synthesized com-
pounds at tested concentration (Table 2), except for
compound 3b that inhibited growth of B. subtilis and S.
aureus at 0.5 and 1 mg/mL, respectively, and inhibited the
growth/had cidal effect on S. typhimurium at concentra-
tions comparable to 1 (0.50 / 0.25 mg/mL). On the other
hand, an interesting experimental fact is that the repre-
sentatives of the synthesized homologues, regardless of the
nature of the R residue, have shown activity on fungal
strain Aspergillus niger and on yeast Candida albicans (for
MIC/MEC, see Table 2, entries 3a-y), being antimicrobials
comparable to carvacrol.

Compounds 3a,d,g,i,x from our study are matching
samples to those tested by Mathela and collaborators,*
who were making evaluation of antibacterial activity on
Streptococcus mutans (MTCC 890), S. aureus (MTCC 96),
B. subtilis (MTCC 121), S. epidermidis (MTCC 435) and E.
coli (MTCC 723) and also reported attenuation of the ac-
tivity in comparison to 1. Compound 3p is identical to the
sample tested by Bassanetti et al.>* on E. coli (isolate and
ATCC 25922), S. typhimurium (isolate and ATCC 23564),
S. enteritidis (isolate and ATCC 49220) and Clostridium
perfringens (isolate and ATCC 13124), with identical ob-
servations (regardless of the bacterial strain involved) re-
lated to attenuation of the synthetic compound activity in
comparison to the parent compound 1. None of two previ-
ous studies did include fungi/yeast strains in antimicrobial
bioassays. Moreover, according to the authors’ best knowl-
edge and based on the literature search,> only one study
assaying antifungal (Botrytis cinerea) and activity against
yeast (Saccharomyces cerevisiae), involving only one of the
prepared compounds (carvacryl acetate), exists.>’

Veldhuizen et al.>® comparing 1 with carvacrol-relat-
ed compounds, indicated structural requirements in exert-
ing antimicrobial activity against pathogenic bacteria such
as E. coli and S. aureus. Further investigations emphasized
the correlation between the free-hydroxyl group in the
phenolic ring and the antimicrobial potency on ester de-
rivatives obtained by replacing hydroxyl group with acyl
moieties. Ultee et al.” suggested that the crucial role for
efficacy of phenolic compounds (e.g. carvacrol) is attribut-
ed to the presence of OH functional group and to a system
of delocalized electrons, allowing compounds to act as
proton exchanger, thus reducing the gradient across the
cytoplasmic membrane (resulting collapse of the pro-
ton-motive force and depletion of the ATP pool lead even-
tually to cell death, as reported by Ultee et al.®). The delo-
calized electron system present in carvacryl derivatives
implies that they are proton acceptors, however unable to
release a proton through the acyl group to act as a proton
exchanger.’” So far obtained data emphasized that the in-
sertion of acyl groups in the carvacrol aromatic ring re-
sults in a weaker antibacterial activity,”” which was also the
result confirmed by Mathela et al3® and by our current
study. However, this single structural modification of phe-
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Table 2. The minimal inhibitory (MIC) and minimal bactericidal/fungicidal (MBC/MFC) concentrations of the carvacrol (1) and the synthetised 3a-y
esters. The initial concentration of the derivatives applied in broth microdilution assay were 2 mg/mL.

Bacterial strains Fungal strains
Gram-positive Gram-negative
Compound  B. subtilis S. aureus E. coli S. abony S. typhimurium A. niger C. albicans
1 MIC =0.25 MIC =0.25 MIC=0.25 MIC=0.50 MIC=0.25 MIC =0.031 MIC = MFC = 0.125
MBC=0.50 MBC=0.50 MBC=0.50 MBC=1.0 MBC=0.50 MEFC = 0.50
3a na na na na na MIC =0.25 MIC = MFC = 0.50
MEFC =0.50
3b MIC =0.50 MIC=1.0 na na MIC =0.25 MIC =0.25 MIC =0.125
MBC =0.50 MEFC = 0.50 MEFC = 0.50
3¢ na na na na na MIC =0.25 MIC=1.0
MEFC =0.50
3d na na na na na MIC =0.25 MIC=1.0
MEFC = 0.50
3e na na na na na MIC = MEC = 0.50 MIC=1.0
3f na na na na na MIC =0.25 MIC=1.0
MEFC = 0.50
3g na na na na na MIC =0.25 MIC=1.0
MFC=1.0
3h na na na na na MIC =0.25 MIC=1.0
MFC=1.0
3i na na na na na MIC =0.25 MIC =0.25
MFC=1.0
3j na na na na na MIC =0.50 MIC = 0.50
MFC=1.0
3k na na na na na MIC = MFC = 1.0 MIC = 0.50
MFC=1.0
31 na na na na na MIC =0.25 MIC = MFC = 1.0
MEFC = 0.50
3m na na na na na MIC =0.50 MIC=1.0
3n na na na na na MIC =0.25 MIC=1.0
MEFC =0.50
30 na na na na na MIC =0.25 MIC=1.0
MEFC =0.50
3p na na na na na MIC =0.25 MIC = 0.50
MEFC =0.50
3q na na na na na MIC = MFC = 0.50 MIC = 0.50
MFC=1.0
3r na na na na na MIC = MFC =0.25 MIC=1.0
3s na na na na na MIC = MFC =0.25 MIC =0.25
MFC=1.0
3t na na na na na MIC =0.25 MIC =0.25
MFC=1.0 MFC=1.0
3u na na na na na MIC =0.25 MIC =0.50
MEFC = 0.50
3v na na na na na MIC=0.5 MIC =0.5
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Bacterial strains

Fungal strains

Gram-positive

Gram-negative

Compound  B. subtilis S. aureus E. coli S. abony S. typhimurium A. niger C. albicans
MFC=1.0 MFC=1.0

3w na na na na na MIC=0.5 MIC=0.5
MFC=1.0 MFC=1.0

3x na na na na na MIC =0.25 MIC=1.0
MFC =0.50

3y na na na na na MIC =0.25 MIC = 1.
MFC = 0.50 0

Positive control (referent standard)

Doxycycline ~ MICC MIC =6.25 MIC = MBC MIC = MBC MIC = MBC nt nt

(ug/mL) =MB=156 MBC=0.78 =0.78 =125 =6.25

Nystatin nt nt nt nt nt MIC = MBC MIC = MBC

(ng/mL) =6.25 =0.78

Negative control (solvent used)
DMSO 10% aqueous solution na na na na na na na

«  »

na’ not active, “nt” not tested, “MIC” minimum inhibitory concentration as the lowest concentration of an antimicrobial agent (synthetic com-
pound) needed to inhibit the visible in vitro growth of a challenge microorganism, “MBC” minimum bactericidal concentration and “MFC” mini-
mum fungicidal concentration; concentrations were evaluated as the lowest concentration at which 99.9% of the inoculated microorganisms were

killed.

nolic functionality seems to have different effect on fungi/
yeasts (A. niger and C. albicans) compared to bacteria (Ta-
ble 2, antibacterial vs. antifungal/anticandidal activity).
Introducing an acyl group to the carvacrol results in in-
creased lipophilicity of the synthesized compound (Table
S1, see octanol-water partition coeflicient calculation,
represented as m;LogP). Except preserved A. niger anti-
fungal potential, for which no remarkable oscillations in
values were observed, no significant (balanced) correla-
tions were detected between increased lipophilicity (the
chain length) and the antifungal activity (MIC/MFC)
among tested carvacryl ester derivatives. Slight (negligi-
ble) loss of anti-A. niger potential could be observed in
those compounds where the parent phenolic (1) is substi-
tuted with butanoyl, 2-methylpropanoyl, pentanoyl,
3-methylbutanoyl, hexanoyl, octadecanoyl and oleoyl
moieties (Table 2. entries 3g-k,v,w). As for C. albicans, the
strongest anticandidal activity, except for 1, was observed
for the introduced methanoyl and 2-chloromethanoyl
moieties (Table 2, entries 3a,b). There are no striking dif-
ferences in anticandidal potential of the homologues high-
er than Cs, and from the Table 2 we can notice that there is
anticandidal activity evidenced in all of the synthesized
compounds (3a-y). Interestingly, Damiens et al.3® have
observed and stated the importance of (a balanced) hydro-
philicity/lipophilicity ratio, though in sesamol derivatives,
against a phyto-pathogen fungi Zymoseptoria tritici (mod-
ulating lipophilicity proved to increase the antifungal bio-
logical activity for sesamol derivatives). The phenomena
noticed in our research and in Damiens et al.*® does not

have to be an isolated incident, it could also be a regularity
based on subtle structural changes that would, within cer-
tain limits, by enhancing lipophilicity affect bioactivity. It
is certain that this aspect deserves further research.

It is interesting to recall and compare the results of
the antimicrobial assay we have obtained for acylated thy-
mol (positional isomer of carvacrol) derivatives.3® Unlike
esters of thymol, which effected only growth of C. albicans,
carvacrol ester derivatives are strongly affecting growth of
both, A. niger and C. albicans, with a more pronounced
(cidal) effect on A. niger. The stronger effect is most prob-
ably related to the orientation/position of the groups in
(acylated) positional isomer homologs, and this item
could also be worth of further research.

3. 4. In Silico Study

3. 4. 1. Physico-chemical Properties

Physico-chemical properties of the studied com-
pounds predicted by the Molinspiration tool*” are shown
in Table S1. It can be seen that 1 and seven synthesized
compounds (3a,b,d f,g,e,i) fulfilled all Lipinski’s and Ve-
ber’s rules (mLogP < 5, TPSA < 140 A2 nON < 10,
nOHNH < 5, nrotb < 10, M, < 500) indicating their good
oral bioavailability in vivo. However, eight compounds
(3¢c,h,j-m,x,y) were predicted with one deviation (m;.
LogP > 5), and ten compounds (3n-w) were predicted
with two deviations (m;LogP > 5, nrotb > 10) from the
Lipinski’s and Veber’s rules, indicating their poorer bio-
avalilability.
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3. 4. 2. Pharmacokinetic Properties

Absorption properties of the studied compounds
predicted by admetSAR*® are shown in Table S2. All com-
pounds tested were predicted as compounds permeable
across Caco-2 cells, capable of being absorbed by intestine,
as well as compounds able to pass through blood-brain
barrier and penetrate into the central nervous system.
None of the tested compounds was predicted as a P-glyco-
protein substrate, while a small number (3r-w,y) was pre-
dicted as a P-glycoprotein inhibitor.

Metabolic properties of the studied compounds pre-
dicted by admetSAR*® are shown in Table S3. According to
the results, the tested compounds differ from each other in
their metabolic properties, depending on whether they are
potential substrates and/or inhibitors of certain CYP450
isoenzymes. No compound was predicted as CYP450 3A4
substrate or CYP450 2D6/3A4 inhibitor. Only the parent
compound 1 was predicted as CYP450 2C9/2D6 substrate.
The only compound envisaged as CYP450 2C9 inhibitor is
3x. Most compounds (19 of 25) are potential inhibitors of
CYP450 2C19, and all are potential inhibitors of CYP450
1A2.

3. 4. 3. Toxicological Properties

Toxicological properties of the studied compounds
predicted by DataWarrior®’ are shown in Table $4. It can
be seen that most of the studied compounds were predict-
ed as non-mutagenic, non-tumorigenic and non-repro-
ductive effective (22, 21 and 22 out of 25 compounds, re-
spectively). Compounds 3b,c,e were predicted as highly
mutagenic, compounds 3b and 3¢ and highly reproductive
effective, while compounds 3b,e,j were predicted as highly
tumorigenic. All 25 compounds tested were predicted as
highly irritant. The results obtained by predicting organ
toxicity, organ system toxicity, genotoxicity and ecotoxici-
ty of the studied compounds using admetSAR*® are shown
in Tables S5-S8.

Most of the studied compounds were predicted as
potentially non-hepatotoxic, with no risk of eye corrosion
or eye irritation, but with the possibility of human ether-a-
go-go inhibition. According to the risk of acute oral toxic-
ity, the studied compounds were predicted as category III,
or slightly toxic compounds, with LD50 values of 500-
5000 mg/kg. Only one compound (3b) was predicted as
category II, or moderately toxic compound, with LD50
value of 50-500 mg/kg (Table S5).

The results obtained by predicting the compound
ability to interact with the hormonal system showed that
the studied compounds have low predispositions for estro-
gen receptor, aromatase and glucocorticoid receptor bind-
ing, slightly higher predispositions for thyroid receptor
binding and high predispositions for peroxisome prolifer-
ator-activated receptor y binding (Table S6).

Regarding genotoxicity, all of the studied compounds
were predicted as non-genotoxic (Table S7), and regarding

ecotoxicity, all compounds tested were predicted as
non-toxic to avian, but toxic to fish, honey bee and Tet-
rahymena pyriformis. More than a half were predicted as
toxic to crustaceans. Finally, the majority was predicted as
biodegradable compounds (Table S8).

Structural alerts for DNA and protein binding for
the studied compounds, predicted by Toxtree,* are pre-
sented in Table S9. All of the compounds tested showed at
least one structural alert for DNA or protein binding.

4. Conclusion

By chemical synthesis, we have obtained a series of
25 esters, among which 10 compounds are reported for the
first time. All of the synthesized compounds were em-
ployed in antimicrobial bioassay, exhibiting the greatest
activity on fungal strain A. niger and on yeast C. albicans,
where was found that all could be antimicrobials, compa-
rable to carvacrol, and can also be considered as activity
holders. While the phenolic hydroxyl group of carvacrol is
essential for action against bacteria, it seems that lipo-
philicity plays an important role in antifungal activity. The
pronounced antimicrobial selectivity is certainly a subject
deserving more thorough examination either through the
mechanism of action or through a greater number of di-
verse compounds involved in establishing a detailed struc-
ture-activity correlation.

Based on our in silico study seven compounds (1
and 3a,b,d,f,g,e,i) fulfilled all Lipinski’s and Veber’s rules
and were predicted to have good oral bioavailability. All
compounds were recognized as compounds able to pass
through blood-brain barrier, capable of being absorbed
by intestine and permeable across Caco-2 cells. Metabol-
ic properties differ within the studied compounds, de-
pending on whether they act as substrates and/or inhibi-
tors of various CYP450 enzymes. All compounds were
predicted as non-genotoxic, and most were predicted as
non-mutagenic, non-tumorigenic, non-reproductive ef-
fective and non-hepatotoxic. Regarding the risk of acute
oral toxicity, they were predicted as slightly toxic com-
pounds. However, some of the compounds showed pre-
dispositions to act as potential endocrine disruptors, and
all of them showed at least one structural alert for DNA
or protein binding.

Taking in consideration the overall results, carvacryl
esters are another type of phenolics that, from the aspect of
enhanced lipophilicity (improved membrane permeabili-
ty), could be useful in fungal control.
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Iz literature so poznane kemijske modifikacije naravnih monoterpenoidov v razli¢ne derivate, kar lahko okrepi njihove
bioloske aktivnosti v primerjavi z mati¢nimi spojinami. Skladno s tem smo karvakrol, znan biocid in dodatek k hrani,
uporabili kot ogrodje za uvedbo acilne skupine na prvotno fenolno skupino. S to enostavno metodologijo smo pripravili
majhno serijo 25 estrov. Za vsako pripravljeno spojino smo izvedli strukturno karakterizacijo, dolo¢ili in vitro anti-
mikrobno udinkovitost ter in silico izra¢unali nekatere fizikalnokemijske, farmakokineti¢ne ter toksikoloske lastnosti.
Ceprav obstajajo mnogi podatki o sintezah in bioaktivnostih niZjih karvakrolnih estrskih homologov, so podatki o estrih
z dalj$imi karboksilnimi kislinami (ve¢ kot Co), zelo redki; izmed 25 spojin jih je kar 10 opisanih prvi¢ (spektroskopske
karakterizacije pa so prvi¢ opisane za 12 spojin). Nasa raziskava predstavlja prvo podrobno $tudijo karvakrolnih estrov
kot u¢inkovin proti glivam ter prvo, kjer so karvakrolni estri, sestavljeni iz srednjedolgih ali dolgih verig mas¢obnih
kislin, izkazovali antibakterijske aktivnosti. Zanimivo je, da vse pripravljene spojine, ne glede na naravo ostanka R, izka-
zujejo aktivnost proti glivi Aspergilus niger ter proti kvasovki Candida albicans, ki je primerljiva z aktivnostjo karvakrola.
Poleg predstavljenih eksperimentalnih podatkov, je tudi uporaba in silico ra¢unskih metod za dolo¢anje fizikalnokemi-
jskih, farmakokineti¢nih ter toksikologkih lastnosti pripravljenih spojin, pomembna informacija za nadaljnje raziskave.
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