Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2022;17(3):210-230

CHEMISTRY AND TECHNOLOGY OF MEDICINAL COMPOUNDS
AND BIOLOGICALLY ACTIVE SUBSTANCES

XHMHSI 1 TEXHOAOTI'HSTI AEKAPCTBEHHBIX ITPEITAPATOB
H BHOAOT'HYECKH AKTHBHBIX COENHUHEHHH

ISSN 2686-7575 (Online)

https://doi.org/ 10.32362/2410-6593-2022-17-3-210-230 [@)sy |

UDC 547.78:54.057

RESEARCH ARTICLE

Obtaining substituted phenol derivatives
with potential antimicrobial activity

Vera A. Sokhraneva, Dilyara A. Yusupova, Vladimir S. Boriskin, Nataliya V. Groza™

MIREA — Russian Technological University (M.V. Lomonosov Institute of Fine Chemical Technologies),
Moscow, 119454 Russia
*Corresponding author, e-mail: grozanv@gmail.com

Abstract

Objectives. With the growing resistance of pathogenic microorganisms to antibiotics, the
development of new antimicrobial drugs offering specific mechanisms of action becomes an
urgent task. Only few antimicrobials offer a broad spectrum of activity against gram-positive
and gram-negative bacteria, molds, and yeasts. In this regard, the purpose of the work was
to develop methods for synthesizing biologically active derivatives of alkyl-substituted phenols
(reactions at the hydroxy group) to study their biological effect.

Methods. The synthesis of imidazole acetates of substituted phenols was carried out in two
stages. At the first stage, the chloroacetyl derivative of the selected compounds was obtained, to
which imidazole was then added. O-acylation reactions at the first stage of the synthesis were
carried out under varying conditions. The first version of the synthesis was carried out using
chloroacetyl chloride as an acylating agent together with a high-boiling solvent. In the second
variant, chloroacetic anhydride was used, along with an attempt to replace the solvent with a
low-boiling one. A thymol methoxy derivative was additionally synthesized by a known method
using methyl iodide and varying the reaction parameters.

Results. The parameters of chloroacetylation and methoxylation of aromatic alcohols were
optimized with rational selection of solvents and the ratio of reagents in the reactions. Synthesized
thymol (2-isopropyl-5-methylphenol) and propofol (2,6-isopropylphenol) derivatives contained
imidazole as an additional pharmacophore with affinity for microorganism cell membrane proteins.
A thymol methoxy derivative comprising an aromatic ether exhibiting increased hydrophobicity
was also obtained. The synthesized compounds were characterized by NMR spectroscopy.
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Conclusions. Chloroacetyl derivatives of aromatic alcohols can be effectively synthesized by
cooling the reaction mixture using an excess quantity of an acylating agent and increasing the
reaction time (compared to literature data). The yield of thymol chloroacetate was 75%, while that
of propofol chloroacetate was 30%. This can be explained by the sterically hindered reaction of

the propofol alcohol group, which has isopropyl substituents at the second and sixth positions of
the benzene ring.
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AnHOmauyus

Ienu. B css3u ¢ pacmyujeli peaucmeHmHOCmMbI0 NAMO2EHHbIX MUKPOOP2AHUIMO8 K AHMUOUO-
murKam akmyanbHol 3adaueli siensiemest pa3pabomiKa HO8blX NPOMUBOMUKPOOHBIX Npenapamos
C YHUKANbHbIM MexaHUusmom oeticmeust. HemHozue aHmumukpobHole npenapamst obradarom
WUPOKUM cneKmpom Oelicmeust Ha 2PAMNOIoKUMeNbHble U 2pamompuyamenibHble baxkmepuu,
nneceHu U OpoxoKu. B cessu ¢ amum, yenb Hawell pabomul — paspabomams cnocobvl cuHme-
3a buosi02uUecKU aKMuBHbLX NPOU3BOOHLIX ANKU-3AMEULeHHbLX (heHOoN08 (peaKyull no sudpocu-
epynne) oas uccanedo8aHus ux buonoeuueckozo oeticmaust.

MemooOust. CurHmes umMudasoNaAuemamog 3aMeuleHHblX (heHOo08 NPosoouacs 8 0ee cmadull.
Ha nepeoii cmaduu 6blL10 NOAYUEHO XJ0PAUEMUIbHOE NPOU3BOOHOE 8blOPAHHBLLX COeOUHEeHU,
K Komopomy oasniee npucoeduHsinics umuoaszon. Peaxyuu O-ayunuposaHus Ha nepeoil cmaouu
cuHmesa NpPoooUNUCL 8 Pa3NUUHbLX Yycrosusix. Ilepswlili sapuarm cuHmesa npoeoounu C UC-
NO/b308AHUECM XAOPAUEMUAXAOPUOA 8 Kauecmee AUUAUPYIULe20 dzeHma U 8blCOKOKUNSULE20
pacmeopumens. Bo emopom eapuarme UCnonb308a4U XA0PYKCYCHbLI aHzudpud, u bvia npeo-
NPUHAMA NONbLIMKA 30MEeHUMb pacmeopumenb Ha Huskokunswul. Taxxe 6bLio cuHmesuposa-
HO MemoKCcUnpou3go0Hoe mumoaa No U3eCmMHOU memooukKe, ¢ NpumMeHeHUem memuaiioouoa u
8aPbUPOBAHUS NAPAMEMPO8 PEaKYUU.

Pesynomameul. [IpogedeHa onmumuszauuss NaApamempos XA0pauemuiuposaHus. U MemorKcu-
AuposaHust apomamuueckux cnupmos. Ocywecmsner nodbop pacmeopumeneii U coomHoule-
HUsl peazeHmos8 8 peakyusx. bouiu cuHmesuposaHsl NPou3eooHble MUMONA (2-U30NPoNnus-5-
Mmemungerona) u nponocgoaa (2,6-uzonponungerona), codepxawjue uMuoason 8
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Kauecmee O0O0NOJHUMENbHO20 hapmarKodopa, umernuiez0 cpoocmeo K 6enKam KaemouHbLX
MmembpaH mukpoopeaHuzmos. Tarrke 6bL10 NOAYUeHO MeMOKCUNPOU3BO0HOE MUMOSA — APOMAMU-
ueckull npocmotl aghup ¢ nogvluleHHOU 2udpogpobrHocmuvro. CuHmesupo8aHHbule coeOuHeHUst bbliu
oxapaxkmepu3oeaHsbl memooom AMP-cnekxmpocKonuu.

Bbteoodst. CuHmes XI0payemuibHblX NPOU3800HbIX APOMAMUUECKUX CNUPMOE NPU OXaiKoe-
HUU PeaKyUOHHOT MACCbL C UCNONb308AHUEM USOLIMIKA AUUNUPYOULEe20 azeHma U YeenudueHuem
8pemeHU peaKyuu (No CPaAsHEHUIO C AUMepamypHuimMu 0aHHbIMU) seasemcest 6osee npeonoumu-
menbHbiM. Bbixoo xnopauemema mumona cocmasun 75%, xnopauemama nponogona — 30%,
UMo MOKHO 06BSICHUMb cmepuuecku 3ampyoHEeHHbIM peazuposaHUem Cnupmosoll epynnsl npo-
nogpona, umerouiezo U3onponuabHble 3amecmumenu no 2 u 6 noaoskeHusim 6eH30/1bH020 KObUA.

Knroueevle cnoea: ankusi-3ameuieHHole heHOobl, UMUOA30, MUMOJL, NPONOGOa, Xxaopauemam

Jna yumuposanun: Coxpanena B.A., IOcynosa JI.A., bopuckun B.C., I'po3a H.B. [TonyyeHue npousBoIHbBIX 3aMe-
LICHHBIX (JEHOJIOB ¢ NOTEHIUAIbHON aHTUMUKPOOHOM aKTUBHOCTBIO. Tonkue xumuueckue mexrnonoeuu. 2022;17(3):210-230.
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INTRODUCTION

Infectious diseases remain highly prevalent,
posing a continuing serious threat to human health.
This risk is also associated with the growing resistance
of pathogenic microorganisms to antibiotics.
Despite significant advances in the understanding of
antimicrobials, their use in the treatment of infections
is impeded due to their high toxicity. It is also worth
noting that few antimicrobials offer a wide spectrum
of action on gram-positive and gram-negative bacteria,
as well as fungi. Therefore, the development of new
antimicrobial drugs that offer a unique mechanism of
action is a relevant research direction [1].

Currently, there is increasing data indicating the
positive effect on the human body of various diets rich
in plant products. Products containing phenolic and
polyphenolic compounds are considered to be one of the
most valuable components of nutrition [2, 3]. Studies
show that the consumption of natural substituted
phenols can reduce the risk of developing many
diseases, including cardiovascular and neurodegenerative
pathologies, as well as some forms of cancer. Phenols
have also been found to affect lipid metabolism [4]. In
addition, it is known that natural phenols can suppress the
negative effects of bacterial, viral and fungal infections,
as well as interact with a wide number of proteins, such

as enzymes, tissue proteins and membrane receptors, to
modulate their activity [5].

Due to their antibacterial, antiviral, anti-
inflammatory, antioxidant, and antitumor properties,
phenolic compounds are among the most attractive
potential antimicrobial agents [6].

On the other hand, imidazole compounds
have been of interest to researchers for more than
a century. As well as occupying a unique position in
the chemistry of heterocycles, imidazole derivatives
have recently been used more widely in chemistry
and pharmacology. Imidazole is a nitrogen-containing
five-membered heterocyclic ring of biological and
pharmaceutical significance. The imidazole ring is
part of several important natural molecules, including
purine, histamine, histidine, and nucleic acid. Being
a polar and ionizable aromatic compound, imidazole
is used to optimize the parameters of solubility and
bioavailability of poorly soluble drugs by improving
the pharmacokinetic characteristics of synthesized
complex molecules [7]. Moreover, the availability of
several viable methods for synthesizing imidazole-
containing compounds opens up wide opportunities in
the field of medical chemistry. Imidazole derivatives,
as well as substituted phenols, have a wide range of
biological activity: antibacterial, anticancer, anti-
tuberculosis, and antifungal.
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In this regard, the aim of the present work was
to develop methods for the synthesis of imidazole-
containing derivatives of alkyl-substituted phenols
in order to study their possible antimicrobial activity.
In addition, there are suggestions that two types of
bioactivity may occur during the hydrolysis of such
conjugates. In this work, the initial phenolic compounds
from which imidazolacetates were synthesized were
thymol (2-isopropyl-5-methylphenol) and propofol
(2,6-isopropylphenol).

Examples of conjugation of phenols
and polyphenols with imidazole
and their biological activity

Imidazoles are well-known and widespread
heterocyclic compounds (Fig. 1). As is known from
many literary sources, imidazole derivatives exhibit
various biological activities, including antitumor,
antifungal [8] and antibacterial [9] ones.

Imidazole and nafimidone derivatives were
obtained according to the schemes shown in Figs. 2
and 3 according to the methodology described in [10].

Fig. 1. General structure of imidazoles.

The compounds were evaluated in vitro in
comparison with three Candida fungi, which are
frequent pathogens of nosocomial infections and
pathogenic to people with weakened immune
systems: Candida albicans (ATCC 90028), C. krusei
(ATCC 6258), and C. parapsilosis (ATCC 22019)
[11], as well as against four conditionally pathogenic
bacteria pathogens of nosocomial infections:
Staphylococcus aureus (ATCC 25923), Enterococcus
faecalis (ATCC 29212), Escherichia coli (ATCC 25922),
and Pseudomonas aeruginosa (ATCC 27853) [12]
(Table 1).
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Fig. 2. Synthesis of nafimidone oxime and oxime ethers by O-alkylation of the oxime with an alkyl halide.

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2022;17(3):210-230

213



Obtaining substituted phenol derivatives with potential antimicrobial activity

o o
CH2X
o + NHOH ——— N—oOH —————————> N——O——CH,
CH;COONa - 3H,0
) 0

Yield = 80%

Pyrldlne

Absolute
ethanol

“)\CHZ\N

Yield = 16%

Yield = 51%

1) HoNNH, - H,0
2) HCl

CHZ‘N
+ H;N——O——H,C - H
Cl

Yield = 70%

Fig. 3. Synthesis of nafimidone O-benzyloxime (7) by condensation of a ketone with an O-substituted hydroxylamine.

The results of the studies showed that only
compound 1 was inactive against both bacteria and
fungi. Most compounds (2, 3a, 3b, 4, 6, 7, 8, and 9)
were active against gram-positive bacteria, especially
S. aureus, at low values of the minimum inhibitory

concentration (MIC, Eng. minimum inhibitory
concentration, MIC). Compounds 2, 3a, 3b, 4, and 9
demonstrated effective activity against E. faecalis
at concentrations of 4-16 pug/mL, while the reference
substance, amikacin, was active at a concentration

Table 1. Antibacterial and antifungal activity of compounds (MIC in pg/mL)

Bacteria (MIC pg/mL) Fungi (MIC pg/mL)
Compound [ ¢ reus BN aecais E. coli Pauruginosa | Calbicans | Chusei | C parapsilosis
ATCC25923 | ATCC 29212 | ATCC25922 | ATCC27853 | ATCC90028 | ATCC 6258 ATCC 22019
1 >64 >64 >64 >64 >64 >64 >64
2 32 16 >64 >64 64 32 64
3a 0.5 16 >64 >64 1 1 2
3b 8 16 >64 >64 2 4 4
4 8 4 >64 >64 16 32 32
5 >64 >64 >64 >64 8 16 8
6 1 >64 >64 >64 >64 >64 >64
7 0.5 >64 >64 >64 >64 >64 >64
8 0.5 >64 >64 >64 >64 >64 >64
9 2 4 32 >64 >64 >64 >64
Fluconazole - - - - 0.25 16 1
Amikacin 4 64 1 2 - - -
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of 64 pg/mL. All derivatives (except compound 9
against E. coli) were inactive against gram-negative
bacteria. Only five compounds (2, 3a, 3b, 4, and 5)
demonstrated activity against fungi. In relation to
C. krusei compounds, 3a and 3b showed even better
activity than fluconazole. Compound 3a showed the
best activity against both bacteria and fungi [13].

The general structure of nafimidone oxime and
oxime esters is shown in Fig. 4.

In order to study the effect of stilbenes
conjugated with 2-aminoimidazole on biofilms
P Aeruginosa resistant to many known antibiotics,
compounds 10, 11, and 13a-b were synthesized
(Fig. 5). Biofilms were grown in a modified
M9 medium in 96-well microtiter plates. As a result,
it was found that compounds 10 and 11 are able
to inhibit the growth of P. aeruginosa film up to 24 h
by 56% and 48%, respectively. Compounds 13a-b
did not demonstrate any antibacterial activity [14].

A series of new imidazole derivatives 17a-m
(Fig. 6) was synthesized to evaluate their antifungal
activity in vitro. Five species of conditionally
pathogenic Candida were selected for the tests,
including Candida glabrata 80, Candida glabrata 67,
Candida albicans 135, Candida parapsilosis 208, and
Candida pseudotropicalis 801 [14].

OR

CHy— N

S

N

Fig. 4. General structure of nafimidone oxime
and oxime ethers.

The synthesis was carried out in accordance
with the scheme in Fig. 6. The synthesis of
intermediates of (£)-2-bromo-1-(5-aryl-3-pyridine-
2-yl-4,5-dihydro-pyrazole-1-yl)-ethanones (16a-m)
was carried out by reacting bromoacetyl chloride
with (£)-5-aryl-3-(pyridine-2-yl)-4,5-dihydro-1H-
pyrazoles (15a-m), which were obtained from the
corresponding 3-aryl-1-(pyridine-2-yl)-propenones
(14a-m) treated with hydrazine hydrate. Further, the
corresponding  4,5-dihydro-1H-pyrazoles (15a-m)
were isolated, from which compounds 16a-m were
obtained. After that, treatment of compounds 16a-m

Table 2. Structures, solvents used for recrystallization, yields (%) and melting points (7 ) of compounds

Compound R X Solvent used for recrystallisation Yield, % T, °C

1 -H HCI Methanol 82 193-196

2 —CH, HCI Methanol/Ethyl acetate 47 167-168
3a (E) ~-C,H, HCI | (1) Methanol/water, (2) Methanol/ Ethyl acetate 46 92-94
3b(2) -C,H; HCl Methanol/Ethyl acetate 33 82-84

4 -C,H, HCI (1) Methanol/water, (2) Methanol/Ethyl acetate 84 170-172

5 ~CH,~CH=CH, HC1 Methanol/Ethyl acetate 58 164-166

6 -CH,, (cyclo) HC1 (1) Ethyl acetate, (2) Benzene 34 179-181

7 —-CH,CH, HCl (1) Methanol/water, (2) Benzene 97 158-160

8 4-CH,C H,CI HCl (1) Methanol/water, (2) Dioxane 87 188-190

9 24-CH,CH,CL, | HCI Dioxane/ether 56 186187
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Fig. 5. Scheme for the synthesis of stilbene derivatives.
(a) Styrene, Pd(OAc),, CH,CN, DIPEA, 80°C, 76%; (b) SnCl, - 2H,0, EtOAc, 80°C; (c) CNBr, MeOH/H,O (1:1), 50°C, 91%;
(d) imidazo [1,2-a]pyrimidine hydrobromide, Pd(OAc),, PPh,, Cs CO,, 1,4-dioxane, 100°C, 82%; () 20% N,H,/EtOH, 105°C, 84%;
(f) styrene, Pd(OAc),, P(o-tolyl),, NEt,, 100°C, 73-76%. DIPEA = N,N-diisopropylethylamine.

with imidazole in the presence of acetonitrile led to
(£)-1-(5-aryl-3-pyridine-2-yl-4,5-dihydro-pyrazole-
1-yl)-2-imidazole-1-yl-ethanones ~ (17a-m)  being
obtained.

The synthesized compounds showed different
antifungal activity in vitro against the tested
Candida strains (Table 3). The following substances
were used as reference substances: miconazole
(Mic), S5-fluorouracil (5FC), and amphotericin B
(AMB). Compounds 17a, 17b, 17e, 17f, and 17j
were equally active against C. pseudotropicalis 801
(CPs 801) and C. glabrata 80 (CG 80), MIC values
were 62.5 pg/mL after 24 and 48 h. At the same
time, with respect to the C. glabrata 67, MIC values
from 62.5 pg/mL were increased to 125 pg/mL and
500 pg/mL after 24 and 48 h, respectively. With
respect to C. parapsilosis 208 (CP 208), MIC values
of 62.5 png/mL showed only compounds 17h, 17i,
and 17k. None of the tested compounds demonstrated
activity against C. albicans 135 [13].

Hydroxylated derivatives of thymol (20a-e)
were synthesized to evaluate the inhibitory effect
on fungal tyrosinase (Fig. 7). The intermediate
chloroacetyl product 18 was obtained by esterification
of the hydroxyl group of thymol with chloroacetyl
chloride in the presence of triethylamine and
methylene chloride as a solvent. The target synthesis
product 20a-e was obtained by nucleophilic
substitution in the intermediate compound 18 with
hydroxysubstituted benzoic acids 19a-e.

The synthesis of mono- and dihydroxylated
thymol derivatives with different positions of the
hydroxyl group in the phenyl ring was carried out
to study the role of multiple hydroxyl groups in
tyrosinase inhibition. As a result, it was found out
that the determining factor of inhibitory ability
is not the number of hydroxyl groups, but their
position [15]. Thus, the compound 20d containing
the 3,4-dihydroxy-substituted part of benzoic acid
showed higher activity (IC, = 45.0 uM) than 20¢ and
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Fig. 6. Scheme for synthesis of (+)-1-(5-aryl-3-pyridin-2-yl-4,5-dihydro-pyrazol-1-yl)-2-imidazol-1-yl-ethanones (17a-m).

Table 3. Activity of derivatives of (+)-1-(5-aryl-3-pyridine-2-yl-4,5-dihydro-pyrazole-1-yl)-2-imidazole-1-yl-ethanones (17)
against three strains of Candida

Compound R Yield, % Range, pg/mL CP 208 CPs 801 €G 80

24 h 48 h 24 h 48 h 24 h 48 h

AMB - - 0.5-8 1 2 2 <0.5 2 2

Mic - - 5-80 <5 <5 <5 <5 <5 <5

S5FC - - 2-32 <2 4 <2 8 <2 <2
17a H 53 100016 - - 62.5 62.5 62.5 62.5
17b 2-Cl 45 100016 - - 62.5 62.5 62.5 62.5
17e 2-Br 55 100016 - - 62.5 62.5 62.5 62.5
17f 3-Br 56 1000-16 - - 62.5 62.5 62.5 62.5

17h 2-F 48 1000-62.5 62.5 62.5 - - - -

17i 3-F 46 100016 62.5 62.5 - - - -
17j 4-F 49 100016 - - 62.5 62.5 62.5 62.5

17k 2-CH, 55 1000-16 62.5 62.5 - - - -
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Fig. 7. Scheme for the synthesis of thymol derivatives (20a-e).

20e, for which the IC,  value was 56.1 and 220.9 uM,
respectively. Derivatives 20c¢ and 20e contain 2.4-
and 3.5-dihydroxy-substituted benzoic acid residues,
respectively. Inthe case of compound 20d, two hydroxy
groups are present in adjacent positions of the phenyl
ring. This prevents the molecule from interacting well
with the enzyme. This structural feature correlates
well with L-3,4-dihydroxyphenylalanine (L-DOPA),
which is used as a substrate for the enzyme tyrosinase
during bioanalysis. Thus, the compound 20d is
the most active among the dihydroxylated thymol
derivatives due to its close structural similarity to
L-DOPA. Table 4 shows the IC, values of synthesized
thymol analogues. It can be seen that kojic acid
exhibits better activity than all synthesized thymol
derivatives [15].

In order to determine the optimal conditions
for carrying out the acylation reaction of phenolic
compounds, Uzbek scientists carried out syntheses
under various conditions described in [16]
(Fig. 8, Table 5). The chloroacetylation reaction of
4-hydroxyacetanilide was carried out in the presence
of various catalysts and solvents. As a result of
chloroacetylation of 4-hydroxyacetanilide in the
presence of Lewis acids as a catalyst, two products
are formed: 4-N-acetaminophenyl chloride and

5-N-acetamino-2-hydroxyphenacyl chloride. When the
reaction is carried out in the absence of a catalyst, the
O-acylation reaction predominates, resulting in a high
observed yield of 4-N-acetaminophenyl chloroacetate.
Table 5 shows that the best yield is observed when
using chloroform as a solvent [16].

In this experimental work, we synthesized
derivatives of thymol (2-isopropyl-5-methylphenol)
and propofol (2,6-isopropylphenol) with imidazole
via O-chloroacetates. A methoxy derivative of thymol
was also obtained.'

EXPERIMENTAL

Devices and materials

'H and "*C NMR spectra was recorded on a pulsed
Fourier spectrometer MSL-300 (Bruker, Germany) in
CDCl, or DMSO-d, with tetramethylsilane as an internal
standard. Chemical shifts are given in ppm; spin-spin
interaction constants are in hertz. Column chromatography
was performed using silica gel Kieselgel 60 (Merck,

! The numbering of connections in this and the following
sections is autonomous.
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Table 4. Activity of thymol derivatives 20a-e against fungal tyrosinase

Tyrosinase inhibition activity
Compound
% Inhibition, 25 pg/mL IC,,+ SEM uM
20a 48 + 1 79.3+£5.3
20b 3342 91.5+9.4
20c 68 +£2 56.1£5.9
20d 55+3 45.0+1.5
20e 5+£2 2209+ 11.6
Kojic acid 100 16.69 £2.8
OH OCOCH,CI OH
COCH,CI
FeCl,, 60°C
+  CICH,cOCI > +
NHCOCH; NHCOCH, NHCOCH;

Fig. 8. Scheme for the synthesis of 4-N-acetaminophenylchloroacetate and 5-N-acetamino-2-hydroxyphenacyl chloride.

Table 5. Chloroacetylation of 4-hydroxyacetanilide in the presence of various solvents [16]

Reagents Reagent ratio Temperature, °C Solvent Yield, %
4-Hydroxyacetanilinide / chloroacetyl chloride 1:1 60-61 Chloroform 86
4-Hydroxyacetanilide / chloroacetyl chloride 1:1 98-100 Heptane 75
4-Hydroxyacetanilide / chloroacetyl chloride 1:1 83-84 Dichloroethane 79

Germany, particle size40—63 pm). Silica Gel 60 F254 plates Preparation of solvents for use in synthesis
(Merck) were used for thin-layer chromatography (TLC)
of'the obtained compounds. The solvents were additionally The following solvents were used in the

dried or high purity reagents from Merck (Germany) synthesis: methylene chloride (CH,Cl,)), petroleum
and Sigma-Aldrich (USA) were used. The glassware ether 40/70 (PE), ethyl acetate (EA), acetone,
was dried at 140°C before use. N,N-dimethylformamide (DMFA), tetrahydrofuran (THF),
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and isopropyl alcohol (IPA). Drying and distillation
of solvents was carried out according to standard
methods.

Synthesis techniques of chloroacetyl derivatives
of substituted phenols and polyphenols

The synthesis of 2-isopropyl-5-methylphenyl-
2-chloroacetate (1) by heating is shown in Fig. 9.

ou

Fig. 9. Scheme for the synthesis of 2-isopropyl-5-methyl-
phenyl-2-chloroacetate (1) by heating (method I).

Hexane, pyrldlne

t= 95—100 C

N

Thymol (2.33 mmol, 350 mg) was dissolved in
15 mL of hexane and transferred to a flask fitted with
a magnetic stirrer. After adding chloroacetyl chloride
(3.26 mmol, 0.26 mL) dissolved in 5 mL of hexane to
the thymol solution, the mixture was stirred and heated
using a sand bath to a temperature of 95-100°C for
3 h. Then pyridine (0.36 mmol, 0.2 mL) was added
to the reaction mass, which was continuously stirred
for another 2 h under heating. The course of the
reaction was controlled using TLC in a PE/EA solvent
system in a ratio of 4:1. The reaction mass was washed
from pyridine, dried over anhydrous sodium sulfate
Na,SO,, and purified by column chromatography
(PE/EA, 20:1—5:1). The yield was 254 mg (48%),
R.=0.77 (PE/EA, 4:1).

'H NMR spectrum (300 MHz, CDCL):
6=1.22-1.24(Ar-CH—(CH,),,6H),2.35(Ar-CH,,3H),
3.01 (Ar—CH,1H),4.34(-CH,~CI,2H),6.88(Ar-H4,1H),
7.10 (Ar—H1, 1H), 7.23 (Ar—H2, 1H).

PC  NMR spectrum (75 MHz, CDCL):
8=20.92 (C6), 23.14 (C7, C9), 27.19 (C8), 40.90 (C12),
122.36 (C4), 126.77 (C1), 127.81 (C2), 136.95 (C3, C5),
147.62 (C10), 166.27 (C14).

The synthesis of 2-isopropyl-5-methylphenyl-
2-chloroacetate (2) by heating is shown in Fig. 10.

Thymol (0.67 mmol, 100 mg) was dissolved
in 10 mL of methylene chloride and transferred
to a flask with a magnetic stirrer. Chloroacetic
anhydride (1.27 mmol, 216 mg) dissolved in 5 mL
of pyridine was added to the thymol solution, and
the mixture was stirred and heated using a sand bath
to a temperature of 50—60°C for 5 h. The course
of the reaction was controlled using TLC in a

CH,CI,, pyridine
_—

Cl
(
t= 50 60 C
OH 2:0
Cl
Fig. 10. Scheme for the synthesis of 2-isopropyl-5-methyl-
phenyl-2-chloroacetate (2) by heating (method II).

PE/EA solvent system in a 10:1 ratio. The reaction
mass was washed from pyridine, dried over Na, SO,
and purified by column chromatography (PE/EA,
25:1—10:1). The yield was 29 mg (19%), R,= 0.67
(PE/EA, 10:1).

'H NMR spectrum (300 MHz, DMSO-d,):
6 = 1.11-1.13 (Ar-CH—(CH,),, 6H), 2.27 (Ar-CH,,
3H), 2.96 (Ar-CH, 1H), 4.72 (-CH-CIl, 2H), 6.90
(Ar-H4, 1H), 7.09 (Ar—H1, 1H), 7.25 (Ar-H2, 1H).

The synthesis of 2-isopropyl-5-methylphenyl-
2-chloroacetate (3) during cooling is shown in Fig. 11.

oW

Fig. 11. Scheme for the synthesis of 2-isopropyl-5-methyl-
phenyl-2-chloroacetate (3) during cooling (method ITI).

% © HS)GN/CH cl,
+
1h t=0°C

OH e} Cl 5h,t=20°C

Thymol (1.26 mmol, 189 mg) and triethylamine
(1.26 mmol, 0.18 mL) were dissolved in 20 mL of
methylene chloride and transferred to a flask with
a magnetic stirrer. The mixture was cooled in an ice
bath to 0°C. Then chloroacetyl chloride (1.26 mmol,
0.1 mL) dissolved in 5 mL of methylene chloride
was added to the reaction mixture drop by drop and
cooled for 1 h. After that, the reaction continued
at 20°C for another 5 h. The course of the reaction
was controlled using TLC in a PE/EA solvent system
in a 5:1 ratio. The reaction mass was extracted
with 1% hydrochloric acid solution, 5% alkali
solution, and with saturated salt solution and
dried over NaSO,. Further, the reaction mixture
was purified by column chromatography (PE/EA,
30:1—-10:1). The yield was 113 mg (40%), R, = 0.63
(PE/EA, 5:1).

'H NMR spectrum (300 MHz, DMSO-d,):
6 = L11-1.13 (Ar-CHACH,), 6H), 227 (Ar-CH,, 3H),
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296 (Ar-CH, 1H), 3.36 (Ar-OH, 4H), 4.72
(-CH,~C1, 2H), 6.90 (Ar-H4, 1H), 7.09 (Ar-H1, 1H),
7.25 (Ar-H2, 1H).

The synthesis of 2-isopropyl-5-methylphenyl-
2-chloroacetate (4) during cooling is shown in Fig. 12.

w2 (L

Fig. 12. Scheme for the synthesis of 2-isopropyl-5-methyl-
phenyl-2-chloroacetate (4) during cooling
(method IV).

{ N/CHCI
.
1ht o°C

OH Cl ] 12-15h, t=20°C

Thymol (2.66 mmol, 400 mg) and triethylamine
(5.32 mmol, 0.74 mL) were dissolved in 10 mL of
methylene chloride and transferred to a flask with
a magnetic stirrer. The mixture was cooled in an ice
bath to 0°C. Then chloroacetyl chloride (13.32 mmol,
1.06 mL) dissolved in 7 mL of methylene chloride
was added to the reaction mixture drop by drop
and cooled for 1 h. After that, the reaction continued
at 20°C for another 12—-15 h. The course of the
reaction was controlled using TLC in a PE/EA
solvent system in a 10:1 ratio. The reaction mass was
extracted with 1% hydrochloric acid solution,
5% alkali solution, and with saturated salt solution
and dried over Na,SO,. Further, the reaction mixture
was purified by column chromatography (PE/EA,
30:1—10:1). The yield was 450 mg (75%), R, = 0.57
(PE/EA, 10:1).

'H NMR  spectrum (300 MHz, CDCL):
6 = 1.22-1.24 (Ar-CH-(CH,),, 6H), 2.35 (Ar-CH,,
3H), 3.01 (Ar-CH, 1H), 434 (-CH,Cl, 2H),
6.88 (Ar—H4, 1H), 7.10 (Ar-H1, 1H), 7.23 (Ar-H2, 1H).

The synthesis of 2,6-diisopropylphenylchloro-
acetate (5) during cooling is shown in Fig. 13.

Cl
Oﬁ)
OH

o
Q
(C,Hy)N/CH,CI,
+ —_—
2h,t=0°C
Cl Cl =20°

20 h, t=20°C

Fig. 13. Scheme for the synthesis
of 2,6-diisopropylphenylchloroacetate (5) during cooling
(method IV).

A mixture of propofol (1) (0.799 mmol),
triethylamine  (0.799  mmol) in  anhydrous
dichloromethane (25 mL) was cooled in a mixture
of ice salt to 0-5°C. Chloroacetyl chloride (2)
(0.799 mmol) was added to this reaction mixture
in dry dichloromethane drop by drop with constant
stirring for 2 h, maintaining a constant temperature.
Then the reaction mixture was stirred at 20°C and
left overnight, after that washed with 1% HCI and
5% sodium hydroxide solution. The organic layer
was washed with saturated aqueous NaCl, dried
over anhydrous sodium sulfate, and filtered and the
solvent was removed at reduced pressure. The
course of the reaction was controlled using TLC in a
PE/EA solvent system in a 10:1 ratio. The mixture
was purified by column chromatography (PE, PE/EA
ratio was 15:1, 12:1, 10:1, 8:1, 6:1). The yield was
43 mg (30.3%). R, = 0.72 (PE/EA, 10:1).

'H NMR spectrum (300 MHz, DMSO-d)):
0 = 1.64-1.69 (Ar-CH-(CH,),, 6H), 3.42-3.44
(Ar-CH, 1H), 533 (-CH,-CI), 7.73 (Ar-H3, 1H),

7.74 (Ar-HS5, 1H), 7.76 (Ar-H4, 1H).

Methods of synthesis of imidazole derivatives
of substituted phenols and polyphenols

The synthesis of 2-isopropyl-5-methylphenyl-
2-(1H-imidazole-1-yl)acetate (6) at 20°C is
shown in Fig. 14.

0B oy

Fig. 14. Scheme for the synthesis of 2-isopropyl-5-methyl-
phenyl-2-(1H-imidazol-1-yl) acetate (6) at 20°C
(method V).

Tetrahydrofuran
12-15h, t=20°C

Imidazole (21.83mmol, 1486 mg) and 2-isopropyl-
S5-methylphenyl  2-chloroacetate  (1.98  mmol,
450 mg) were dissolved in 7 mL of THF and transferred
to a flask with a magnetic stirrer. The mixture was
continuously stirred at 20°C for 12—-15 h. The course
of the reaction was controlled using TLC in the
IPS/CH,CI, solvent system in a 3:2 ratio. The
reaction mass was washed with water and dried over
Na,SO,. Further, the reaction mixture was purified
by column chromatography (IPS/CH,Cl,, 2:3—3:1). The
yield was 20 mg (4%), R.= 0.85 (IPS/CH,CL,, 3:2).

'H NMR spectrum (300 MHz, DMSO-d)):
6 = 0.85-0.89 (Ar-CH~(CH,),, 6H), 2.27 (Ar-CH,, 3H),
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291 (Ar=CH, 1H), 4.57-4.71 (-CHN, 2H), 6.55
(Ar-H4, 1H), 6.70 (-N-CH=CH=, 1H), 6.72 (=CH-N-,
1H), 6.80 (Ar-HI, 1H), 6.95 (-N=CH-N-, 1H), 7.02
(Ar-H2, 1H).

The synthesis of 2-isopropyl-5-methylphenyl-
2-(1H-imidazole-1-yl)acetate (7) at low temperature
is shown in Fig. 15.

2l 203

Fig. 15. Scheme for the synthesis of 2-isopropyl-5-
methylphenyl-2-(1H-imidazol-1-yl) acetate (7) during
cooling (method VI).

Imidazole (4.4 mmol, 300 mg) and 2-isopropyl-
5-methylphenyl  2-chloroacetate  (0.44 mmol,
100 mg) were dissolved in 3 mL of DMFA and
transferred to a flask with a magnetic stirrer and
cooled in an ice bath to 0°C for 2 h. After that,
the reaction continued at a temperature of 20°C
for 12-15 h. The course of the reaction was
controlled using TLC in the IPS/CH,Cl, solvent
system in a 3:2 ratio. The reaction mass was
diluted with water and extracted with CH,Cl,, then
dried over Na,SO, and evaporated using a rotary
evaporator. After removing the solvent, the substance
crystallized. The yield was 64 mg (57%), R, = 0.85
(IPS/CH,CL,, 3:2).

'H NMR spectrum (300 MHz, DMSO-d,):
6 = 0.85-0.89 (Ar-CH—(CH,),, 6H), 2.27 (Ar-CH,,
3H), 2.91 (Ar-CH, 1H), 4.57-4.71 (-CH,-N, 2H), 6.55
(Ar-H4, 1H), 6.70 (-N-CH=CH=, 1H), 6.72 (=CH-N—, 1H),
6.80 (Ar-Hl1, 1H), 6.95 (N=CH-N-, 1H), 7.02 (Ar-H2, 1H).

The synthesis of 2,6-diisopropylphenylimidazol-
acetate (8) at 20°C is shown in Fig. 16.

[

Tetrahydrofuran
16 h, t=20°C

Fig. 16. Scheme for the synthesis of 2,6-diisopropyl-
phenylimidazole acetate (8) at 20°C.

The ester of propofol and chloroacetyl chloride
(130 mg, 0.51 mmol) and imidazole (521 mg,
7.65 mmol) were dissolved in 10 mL of THF
and transferred to a round-bottomed flask with a
magnetic stirrer. The reaction was placed in the
shade because of the fact that under the influence
of light, THF can form peroxides. The reaction
was left overnight. Then the THF was evaporated
on a rotary evaporator and the substance was re-
dissolved into CH,Cl,. After that, the reaction mixture
was washed twice with water and dried over Na,SO,.
The course of the reaction was controlled using TLC
in an isopropanol/CH,Cl, solvent system in a 4:1 ratio.
The mixture was purified by column chromatography
(CH,C1,, isopropanol/CH,CI, ratio was 2:3, 1:1, 3:2,
2:1, 3:1). The yield was 32 mg (23.3%). R, = 0.80
(Isopropanol/CH,C1,, 4:1).

'H NMR spectrum (300 MHz, DMSO-d,):
6 = 1.31-1.35 (Ar-CH-CH,),, 6H), 3.09-3.11 (Ar-CH, 1H),
5.62 (-CH,~Im), 7.40 (Ar-H3, 1H), 7.41 (Ar-H5, 1H),
7.42 (Ar-H4, 1H), 7.15 (Im—HS5, 1H), 7.17 (Im-H4, 1H),
7.45 (Im—2H, 1H).

Method of synthesis of methoxy derivatives
of substituted phenols

The synthesis of methoxythymol (1-isopropyl-2-
methoxy-4-methylbenzene) (9) is shown in Fig. 17.

NaH
CHy ——— =

DMFA o—
OH 2h,t=20°C

+

Fig. 17. Scheme for the synthesis of methoxythymol
(1-isopropyl-2-methoxy-4-methylbenzene) (9).

A suspension of NaH (1.58 mmol, 38 mg) in
DMFA was added to thymol (0.8 mmol, 120 mg)
dissolved in 1 mL of DMFA and placed in a flask
with a magnetic stirrer. The mixture was stirred for
45 min at 20°C. Then CH.I (2.4 mmol, 0.15 mL) was
added to the reaction mixture drop by drop and kept
for 1 h at 20°C. The course of the reaction was
controlled using TLC in a PE/EA solvent system in
a 3:1 ratio. The reaction mass was decomposed with
water, acidified with 1% hydrochloric acid solution
to pH 4.0, extracted with methylene chloride, and
dried over Na,SO,. Further, the reaction mixture was
purified by column chromatography (PE/EA, 15:1—4:1).
The yield was 60 mg (46%), R, = 0.69 (PE/EA, 3:1).

'H NMR spectrum (300 MHz, DMSO-d,):
6 = 1.11-1.13 (Ar-CHHCH,),, 6H), 226 (Ar-CH,, 3H),
3.15-3.18 (Ar-CH-, 1H), 3.76 (-O-CH,), 6.74
(Ar-H6, 1H), 6.77 (Ar—H4, 1H), 7.03 (Ar—H3, 1H).
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RESULTS AND DISCUSSION

Preparation of chloroacetyl derivatives
of substituted phenols and polyphenols

The synthesis of imidazole derivatives of alkyl-
substituted phenols was carried out in two stages
(Fig. 18). At the first stage of synthesis,
O-chloroacetyl derivatives of selected alcohols,
thymol, and propofol were obtained, to which
imidazole was then added.

Chloroacetyl derivatives of aromatic alcohols
were obtained using several techniques described
in the literature. In particular, syntheses carried
out during heating [16] and cooling [15] of
the reaction mass were used.

In order to obtain a chloroacetyl derivative
of thymol wusing heating, two syntheses were
carried out under different conditions (Figs. 9
and 10). The first synthesis (method I) was
carried out using chloroacetyl chloride as an
acylating agent and n-hexane as a high-boiling
solvent. In the second case (method II) involving
the use of chloroacetic anhydride, an attempt
was made to replace the solvent with low-boiling
methylene chloride. As a result, the following
product yields were obtained: for compound 1
(method I), the yield was 48%, whereas for
compound 2 (method II), the yield was 19%, from
which it follows that the change in the conditions
of the synthesis did not lead to a better result.

We also investigated the possibilities of
improving synthesis methods using reduced (0°C)
and room temperature (20°C) using the example
of two methods with chloroacetyl chloride as an
O-acylating reagent, which differed in reaction time
and reagent ratios (Figs. 11 and 12). Chloroacetyl
derivatives of thymol were obtained with yields
of 40% (method III) and 75% (method IV) for
compounds 3 and 4, respectively. Therefore, the
synthesis by cooling the reaction mass using an
excess of an acylating agent and increasing the

reaction time is more preferable when obtaining
chloroacetyl derivatives of aromatic alcohols. The
results are presented in Table 6.

The O-acylation reaction of propofol proceeded
similarly to the reaction with thymol, but the
reaction time increased due to steric difficulties
in attaching the chloroacetate fragment to propofol
(Fig. 13). The product yield was 30%.

Preparation of imidazole chloroacetyl derivatives
of alkyl-substituted phenols

We conducted a synthetic study to obtain
imidazole derivatives of 2-isopropyl-5-methylphenyl-
-2-chloroacetate. In the course of the study,
two syntheses were carried out according to the
methods described in [15, 16], in which different
temperatures and solvents were used (Figs. 14
and 15), and we also increased the reaction time in
comparison with the literature sources used. When
synthesizing at 20°C and using THF as a reaction
medium (method V), the yield of product 6 was
4%, which is not a satisfactory result. In order to
increase the yield of the product, synthesis was
carried out using DMFA as a solvent, as well as at
lower and room temperatures (method VI) the yield
of product 7 was 57%.

The reaction of 2,6-isopropylphenylchloro-
acetate with imidazole was carried out according to
method V, similarly to the reaction with a thymol
derivative, the yield was 23%. The results are
presented in Table 7.

Preparation of methoxy derivatives
of substituted phenols

The methoxy derivatives of thymol were
synthesized according to the method [17]. Due to
steric difficulties in attaching the methyl residue, the
reaction time was increased (Fig. 17). In this case,
methoxythymol (1-isopropyl-2-methoxy-4-methyl-
benzene) (9) was obtained with a yield of 46%.

= O = )
J

Fig. 18. General scheme for the synthesis of imidazole derivatives of substituted phenols and polyphenols.
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Table 6. Chloroacetylation of thymol in the presence of various solvents

Reagents Reagent ratio Temperature, °C Solvent Yield, %
Thymol/Chloroacetyl chloride 1:1 95-100 Hexane 48
Thymol/Chloroacetic anhydride 1:1.9 50-60 Methylene chloride 19
Thymol/Chloroacetyl chloride 1:2 0-5 Methylene chloride 40
Thymol/Chloroacetyl chloride 1:4 0-5 Methylene chloride 75

Table 7. Preparation of imidazole chloroacetyl derivatives of alkyl-substituted phenols in the presence of various solvents

Reagents Reagent ratio Temperature, °C Solvent Yield, %
Thymol chloroacetyl chloride / imidazole 1:3 20 THF 4
Thymol chloroacetyl chloride / imidazole 1:10 0-5 DMFA 57
Propofol chloroacetyl chloride / imidazole 1:10 0-5 DMFA 23

Note: THF is tetrahydrofuran; DMFA is N,N-dimethylformamide.

Confirmation of the structure of the obtained
compounds

The structures of the obtained compounds were
confirmed by methods 'H and '*C NMR spectroscopy.

'"H NMR spectrum of 2-isopropyl-5-
methylphenyl-2-chloroacetate (Fig. 19). Methyl
protons of the isopropyl chain of the ring were observed
at 8 = 1.22-1.24 ppm. The signal belonging to Ar-CH,
was recorded at 6 = 2.35 ppm. The proton Ar—CH-
gives a multiplet at 3.01 ppm. The spectrum also
showed a signal at 6 = 4.34 ppm, which indicates
the presence of ~CH ~CI. Aromatic protons appeared
in the characteristic range from 6.88 to 7.23 ppm.

BC NMR spectrum of 2-isopropyl-5-methyl-
phenyl-2-chloroacetate (Fig. 20). The methyl carbon
of the ring (Ar-CH,) gave a signal at 20.92 ppm.
The methyl carbons of the isopropyl chains of the
ring were present at 6 = 23.14 ppm. The carbon
corresponding to Ar—CH resonated at & = 27.19 ppm.
The signal at 6 = 40.90 ppm confirms the presence

of chloroacetate (~CH,—Cl). Signals in the range
from 122.36 to 136.95 ppm confirm the presence
of the aromatic ring. The signal at 6 = 147.62 ppm
corresponds to carbon, through which a complex
ester bond is formed by oxygen. The spectrum also
showed a signal at 8 = 166.27 ppm, characteristic
of the carboxyl group atom (C=0).

'H NMR spectrum of 2,6-diisopropylphenyl-
chloroacetate (Fig. 21). A multiplet corresponding
to the methyl protons of the isopropyl chains of the
ring was observed at & = 1.64-1.69 ppm. The proton
Ar—CH- gives a multiplet at 3 = 3.42-3.44. The signal
at 8 = 5.33 ppm corresponded to protons —~CH_—CI.
The protons of the aromatic ring appeared in the range
of 7.73-7.76 ppm.

'H NMR spectrum of 2-isopropyl-5-methyl-
phenyl-2-(1H-imidazole-1-yl)acetate (Fig. 22). Methyl
protons of the isopropyl chain of the ring were
observed at & = 0.85-0.89 ppm. The signal belonging
to Ar—CH, was recorded at § = 2.27 ppm. The proton
Ar—CH- gives a multiplet at 2.91 ppm. The spectrum
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Fig. 19. '"H NMR spectrum of 2-isopropyl-5-methylphenyl-2-chloroacetate.
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Fig. 20. *C NMR spectrum of 2-isopropyl-5-methylphenyl-2-chloroacetate.
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also showed signals at 6 = 4.57-4.71 ppm, which
indicates the splitting of protons —CH,— groups
located between —N— and —C=0 groups.

It can be explained by the fleximeric structure of
this molecule, which is confirmed by 3D modeling
data (Fig. 23). Aromatic protons appeared in the
characteristic range from 6.65 to 7.02 ppm. The protons
of the imidazole fragment were observed in the range
from 6.70 to 7.00 ppm. The split signal of the proton
—CH- between two nitrogen atoms (6 = 7.00 ppm) also
testifies in favor of the formation of a fleximer analog.

'H NMR spectrum of 2,6-diisopropylphenyl-
imidazolacetate (Fig. 24). A multiplet corresponding
to the methyl protons of the isopropyl chains
of the ring was observed at & = 1.31-1.35 ppm.

The proton Ar-CH-— gives a multiplet at
0=3.09-3.11. The signal at =5.62 ppm corresponded
to the protons ~CH_~Im. The protons of the aromatic
ring appeared in the range of 7.40-7.42 ppm, and
the protons of the imidazole ring in the range of
7.15-7.45 ppm.

"H NMR spectrum of methoxythymol (Fig. 25).
A doublet corresponding to the methyl protons
of the isopropyl chain of the ring was observed
at 0 = 1.11-1.13 ppm. At § = 2.26 ppm, a signal
corresponding to Ar-CH, was recorded. The proton
Ar—CH- gives a multiplet at 6 = 3.15-3.18 ppm. The
signal at 6 = 3.76 ppm corresponded to the protons
—~O-CH,. The protons of the aromatic ring appeared
in the range of 6.74-7.03 ppm.

Fig. 23. 3D model of 2-isopropyl-5-methylphenyl-2-(1H-imidazol-1-yl) acetate.
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Fig. 24. '"H NMR spectrum of 2,6-diisopropylphenylimidazole acetate.
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Fig. 25. '"H NMR spectrum of methoxythymol.
CONCLUSIONS Acknowledgments

When studying various approaches for the
O-acylation of thymol and propofol, it was found that
synthesis carried out during cooling of the reaction
mass using an excess of chloroacetyl chloride in
dichloromethane in the presence of triethylamine gives
the highest yield, as well as allowing the conversion
of the initial reagent to be controlled. For the stage
of pharmacophore (heterocycle) administration, a
reaction with imidazole in tetrahydrofuran at room
temperature was worked out. The structure of the
compounds was confirmed by NMR spectroscopy.
Samples of the obtained compounds were transferred
for biological studies on model yeast strains. Such
methods are likely to be useful for obtaining a number
of hydrophobic derivatives of aromatic alcohols.
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