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Acylisothiocyanates are a promising class of organic compounds that are present in the plant world and can be used in the synthesis
of disubstituted thioureas and various heterocycles. These derivatives are characterized by growth-regulating, antibacterial, fungicidal,
cytotoxicity, and other activities. Modification of acylisothiocyanates by fragments of substituted aminoarylcarboxylic (sulfo) acids is pro-
mising, as some of them (anthranilic, p-aminobenzoic acids) are precursors for the auxins and other natural compounds synthesis. Their
combined activity is also an important aspect. Namely the simultaneous manifestation of both fungicidal and restrictive activity. Based
on this, the synthesis of new substituted (cycloalkylcarbonylthioureido)aryl-(benzyl-)carboxylic (sulfonic) acids is relevant as promising
regulators of plant growth with antibacterial activity.

The aim of this work is to search for effective compounds with growth-regulating and antimicrobial activity among substituted (cycloal-
kylcarbonylthioureido)aryl-(benzyl-)carboxylic (sulfonic) acids.

Materials and methods. Methods of organic synthesis, physical and physical-chemical methods of analysis of organic compounds (IR,
NMR "H-spectroscopy, chromato-mass spectrometry, elemental analysis). Antimicrobial activity studies were performed on standard
strains of bacteria and fungi (S. aureus ATCC 25923, E. coli ATCC 25922, P. aeruginosa ATCC 27853 and C. albicans ATCC 885-653).
The effect of synthesized compounds on growth rates was evaluated on wheat (variety Grom).

Results. An “in situ” method for the synthesis of substituted (cycloalkylcarbonylthioureido)aryl-(benzyl-)carboxylic (sulfonic) acids was
proposed. It was shown that the latter could be easily synthesized by the sequential interaction of cyclopropanecarbonyl chloride, ammo-
nium isothiocyanate, and aminoaryl-(benzyl-)carboxylic, sulfanilic acids or sulfamide. Data of 'H NMR spectra showed the peculiarities of
the structure of the synthesized compounds, namely the presence of singlet signals of protons of urea, thioamide and carboxyl groups,
multiple signals of methine and methylene protons of cyclopropane fragment. It was found that the synthesized compounds showed
moderate antimicrobial activity against S. aureus and P. aeruginosa (MIC 50 ug/ml, MBC 100 pg/ml) and significant antifungal activity
against C. albicans (MIC 25-50 pg/ml, MFC 25-50 ug/ml). Anumber of compounds were identified as effective regulators of wheat growth
and exceed the natural analogue — heteroauxin (3-indolylacetic acid) in terms of auxin-like activity.

Conclusions. A one-step method for the synthesis of substituted (cyclopropanecarbonylthioureido)aryl-(benzyl-)carboxylic (sulfonic)
acids was developed. The physical-chemical properties of the synthesized compounds were studied using a set of methods (IR, '"H NMR
spectroscopy, chromato-mass spectrometry, elemental analysis) and the features of the structure were discussed. The synthesized
compounds reveal moderate antimicrobial, high antifungal activity, and growth-promoting activity.

Key words: synthesis, disubstituted thioureas, aminoaryl-(benzyl-)carboxylic acids, sulfanilic acid and its amide, antimicrobial activity,
growth-regulating activity.
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3amiweni (umknoankinkapboHinTioypeino)apun-(6eH3un-)kapboHoBi (CynbhOHOBI) KucnoTu:
CUHTE3, aHTUMIKpOOHa Ta picTperyntoya akTUBHICTb

0. B. XonopgHsik, B. B. CtaBuubkuit, C. |. KoBaneHko

AumnisoTiouiaHaTn — NepCcneKkTUBHUIA KIlac OpraHivHKX CnoyK, SKUA NPEACTaBNEHNIA Y POCIIMHHOMY CBITi Ta MOXe OyTv BUKOPUCTAHWIA Y
CUHTE3i An3aMmiLLlEHNX TIOCEHOBUH i Pi3HKX reTepoLukniB. [ns Lyx NoXigHWX XxapakTepHi picTperyntotoda, aHTubakTepianbHa, gyHriumaHa,
LIMTOTOKCMYHA Ta iHWi BUAM akTMBHOCTI. Moaudikauia aumunisoTioliaHaTiB parMeHTaMu 3aMilLeHUx amiHoapunkap6oHoBMX (Cynbgo)
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Substituted (cycloalkylcarbonyithioureido)aryl-(benzyl-)carboxylic(sulfonic) acids: synthesis, antimicrobial and growth-regulating activity

KMCMOT NepcneKkTUBHA, OCKINbKM AesKi 3 HUX (aHTpaHinoBa, M-aMiHO6eH30MHa KUCNOTH) € NonepesHUKaMy CUHTE3Y ayKCWHIB Ta iHLLIKX
NPUPOAHMX cnonyk. Baxnmeui acnekt — ixHs koMBiHOBaHa Ais, IK-0T OAHOYACHWI NMPOSB (OYHMILMAHOI Ta PiCT-perynioBanbHOi aKTUBHOCTI.
OTxe, aKkTyanbHUM € CUHTE3 HOBUX 3aMilLleHuX (LmknoankinkapboHintioypeino)apun-(6eHaun-)kap6oHoBMX (CynbOHOBMX) KMCIOT sk
NepCnekTUBHUX PETYNATOPIB POCTY POCAWH 3 aHTUBAKTEPianbHOI aKTUBHICTIO.

MeTa po6oTn — nowwyk eheKTUBHIX CNOMYK i3 PICTPEryioYO Ta NPOTUMIKPOOHOK aKTUBHICTIO cepes 3aMilleHnx (Luknoarnkinkap-
GoHinTioypeino)apun-(6eHann-)kapboHoBUX (CynbHOHOBMX) KUCIOT.

Matepianu ta meToau. Bukopuctanu METOAMKM OPraHiYHOro CUHTE3Y, (PidnyHi i Pi3nKo-XiMiYHI MeTOAM aHani3y opraHivyHux cnonyk (I4-,
AMP 'H-cnekTpockorisi, XxpoMaTo-Mac-CneKTPOMETPIsi, eNeMEHTHUI aHanis). JocnimkeHHs Ha NPOTUMIKPOGHY aKTUBHICTb BUKOHANW Ha
CTaHOapTHUX WTamax Baktepin i rpubis (S. aureus ATCC 25923, E. coli ATCC 25922, P. aeruginosa ATCC 27853 ta C. albicans ATCC
885-653). Bnnune cMHTE30BaHUX CMOMYK Ha NOKa3HWKM POCTY OLiHIOBanNM Ha nweHuui (copT pom).

PeaynikraTtn. 3anponoHoBaHo «in Situ» Meton (hOpMyBaHHS 3aMmilleHux (LuknoankinkapboHintioypeino)apun-(6eHsus-)kapboHoBmx
(cynbgoHoBMX) kucnoT. MokasaHo, Lo 0CTaHHi NErko hopMyoTbCA NOCMILOBHOK B3aEMOZIE0 LiMKIionponaHkapOoHin xnopuay, aMoHito
isoTiouiaHaTy Ta amiHoapun-(6eH3un-)kapboHOBMX, CynbgaHinoBoi kucnot abo cynbdamigy. Oani 'H AMP-cnekTpie nokasanu oco-
6rmBocCTi ByAoBM CMHTE30BaHWX CMOMYK: HASBHICTb CMHIMETHWX CUrHanMiB NPOTOHIB kapbamigHoi, TioamiaHoi Ta kapbOoKCUnbHOI rpyn,
MYIBTUNNETHUX CUrHaNB METUHOBOTO Ta METUEHOBUX MPOTOHIB LMKMONPONaHoBOro (parmeHTa. BctaHOBWK, L0 CUHTE30BaHI CMOMYyKM
XapaKTepU3YTLCS NMOMIPHOK aHTUMIKPOGHOK akTUBHICTIO Woao S. aureus i P. aeruginosa (MIK 50 mkr/mn, MBK 100 Mkr/mn), Yiumanoto
npoTurpubkoBoto akTueHicTio npotn C. albicans (MIK 25-50 mkr/mn, MOK 25-50 mkr/mn). Bussunu pag cnonyk, Wo € edekTUBHIMM
perynsiTopamu pocTy MLIEHWL, 3@ ayKCMHOMOZIOHOH Aieto NepeBepLLyOTb NPUPOAHUIA aHamNOoT reTepoaykcuH (3-iHZoninoLToBY KUCMOTY).

BucHosku. Po3pobunu ogHocTagiiiHuin MeTod CUHTE3Y 3aMilleHux (LmknonponankapboHinTioypeino)apun-(6eHsus-)kapboHoBuX(Cyrb-
¢hoHoBYX) kMCNoT. [locnignnm gisnko-XimMiuHi BNRaCTUBOCTi CUHTE30BaHMX CMoMyK, BUKOpUCTaBLUM koMnneke metogis (I4-, 'H AMP-cnekTpo-
cKonisi, XpoOMaTo-Mac-CreKkTPOMETPIsl, ENEMEHTHUI aHani3), BUSBUIIM 0COONMBOCTI iXHbOi OyaoBU. CMHTE30BaHI CNOMYKM MAOTb MOMIPHY
aHTUMIKPOBHY, BUCOKY NPOTUrPUOKOBY aKTUBHICTb i PICTCTUMYMIOKOYY aKTUBHOCTI.

Knio4oBi crioBa: CUHTE3, AM3aMilleHi TIOCEYOBMHM, amiHoapuil-(6eH3uns1-)kapboHOBI KUCNOTK, CyNbgaHinoBa kucnota Ta ii avign, npo-
TUMIKPOGHA aKTUBHICTb, PICTPEryioloya akTUBHICTb.
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3amelueHHbIe (LMKnoankunkapooHunTnoypenao)apun(6eHsun-)kapooHoBbIe (CynbGOHOBbIE) KUCTOTLI:
CUHTE3, aHTVIMVIKpOGHaﬂ n pocTperynupyrowas akTUBHOCTb

E. B. XonogHsik, B. B. CtaBuukuit, C. L. KoBaneHko

AunnusoTuoumaratbl — NePCneKTUBHBIN KNAacC OPraHNYeCcKUX COEAMHEHWI, MPEACTaBNEHHbIN B PACTUTENBHOM MUPE, MOXET ObITb 1CMOMb-
30BaH B CWHTE3e AM3aMeLLEHHbIX TMOMOYEBUH U Pa3NYHbIX FeTEPOLIMKNOB. [N 3aTUX NPOM3BOAHBIX XapaKTepHbl POCTPErynupyoLLas,
aHTMbakTepuanbHas, PyHrmunaHas, LMTOTOKCUYECKas v Apyrue Buabl akTuBHOCTU. Mogudmkaums aumnnmsoTnoumaHaTos dparmeHTamm
3aMeLLeHHbIX aMUHoapUkapboHoBbIX (Cynbg0) KUCNOT NEPCNEKTUBHA, Tak Kak HEKOTOPBIE U3 HUX (aHTPaHWIOBas, N-aMUHOGEH30MHas
KMCNOTbI) — NPEALLECTBEHHUKN CUHTE3a ayKCUHOB U APYIvX NMPUPOAHBLIX COEAMHEHMI. BaxHbI acnekT — ux kKoMOUHMPOBaHHOE AeVicTBIE,
a VIMEHHO OOHOBPEMEHHOEe MPOsiBMeHNe (PYHTMLIMAGHOW U POCTPErynupytoLLei akTMBHOCTU. cXoas 13 3Toro, akTyanbHbIM SBRSETCS
CVHTE3 HOBbIX 3aMELLEHHbIX (LuKnoankunkapboHuntuoypengo)apun-(6eH3nn-)kapboHoBbIX (CynbgOHOBbIX) KUCIOT Kak NepCnekTUBHbIX
perynsitopoB pocTa pacTeHWi ¢ aHTMbaKTepuanbHON akTUBHOCTBIO.

Llenb pabotkl — nounck ahdeKTUBHLIX COEANHEHWNI C POCTPErYNPYIOLLEN U NPOTUBOMUKPOBHON aKTUBHOCTBIO Cpeay 3ameLLeHHbIX
(umknoankunkapboHunTroypenao)apun-(6eHaunn-)kapboHOBbIX (CynbOHOBBIX) KUCMOT.

Martepuansi v MeTofbl. Vicnonb3oBaHbl METOAMKY OPraHNYECKOro CUHTE3a, hn3nYeckie N PU3NKO-XMMUYECKUE METOLbI aHanM3a opraHuye-
ckux coeguHernii (K, AMP "H-cnekTpockonusi, XpoMaTo-Macc-CreKTPOMETPUS, SNEMEHTHbIN aHanwu3). MiccnefoBaHms NpOTUBOMUKPOBHO
aKTWBHOCTU NPOBEeAEHbI Ha CTaHAApTHBIX WTammax 6akrepuin n rpubos (S. aureus ATCC 25923, E. coli ATCC 25922, P. aeruginosa ATCC
27853 n C. albicans ATCC 885-653). BriusiHue CHTE31poBaHHbLIX COEANHEHMIN Ha NoKasaTeny pocTa OLeHWBanm Ha niueHuLe (copt Mpom).

Pesyniratkl. MpeanoxeH «in situ» metod hOpMMPOBaHMS 3aMELLEHHBIX (LMKoankunkapboHuntnoypenao)apun-(6eHaunn-)kapboHo-
BbIX(CYNbOHOBbIX) KMCMOT. [MokasaHo, YTo nocneaHue nerko opMuUpyrTCs NocneaoBaTeNbHbIM B3aMOLENCTBMEM LKIionponaHkap-
6oHMN xnopuaa, aMMOHUS N30TUOLMaHaTa n ammnHoapus-(6eH3nn-)kapboHoBbIX, CynbdaHNIOBON KUCMOT Ui cynbdammaom. [laHHble
"H AMP-cnekTpoB nokasanu 0co6eHHOCTH CTPOEHNS CUHTE3MPOBAHHbIX COEAVHEHMI, @ UMEHHO HalMYMe CUHITIETHBIX CUrHAMNOB NPOTOHOB
kapbamuaHoW, TMOaMMAHOW 1 KapOOKCUMBHOW rpynn, MyNbTUNNETHbLIX CUTHANOB METUHOBOTO M METUIEHOBBIX MPOTOHOB LIMKMNONPONaHo-
BOro doparMeHTa. YCTaHOBMEHO, YTO CUHTE3MPOBAHHbIE COEAVHEHWNS MPOSBASIOT YMEPEHHYI0 aHTUMUKPOGHYIO aKTUBHOCTb B OTHOLLIEHWM
S. aureus v P. aeruginosa (MUK 50 mkr/mn, MBK 100 MKr/mn) v 3HauuTenbHyto MpoTMBOrpUBKOBYIO akTMBHOCTL B oTHOLeHuK C. albicans
(MUK 25-50 mkr/mn, M®K 25-50 mkr/mn). YcTaHOBREH psf COEANHEHWI, 3PEKTUBHBIX PErYNSTOPOB POCTa MLLIEHWULbI, N0 ayKCMHOMO-
A0BHOMY AENCTBUIO MPEBbILLALLME NPUPOAHBIA aHaNor reTepoaykcuH (3-MHAOMMUITYKCYCHYIO KUCAOTY).

BrieoakI. PaspaboTaH oaHOCTaaMIHbIA METOZ, CUHTE3a 3aMeLLEHHBIX (LKnonponaHkapGoHMnTMoypenao)apus-(beHaunn-)kap6oHoBbIX (Cyrb-
¢hoHOBbIX) KucnoT. MiccnenoBaHbl hM3NKO-XMMUYECKNE CBONCTBA CUHTE3MPOBAHHBIX COEAVNHEHWIA C UCTONb30BaHEM KOMMIIEKca MeToA0B
(VIK-, 'H AMP-cnekTpockonusi, XpoMaTo-Macc-CreKTPOMETPUS], ANIEMEHTHbIN aHanua) 1 0TMeYeHbl 0COBEHHOCTH CTPoeHUst. [MokasaHo, YTo
CVHTE3VPOBaHHbIEe COEOMHEHMS MPOSIBMSIOT yMEPEHHYI0 aHTUMMKPOBHY!O, BEICOKYIO MPOTUBOrPUOKOBYHO 1 POCTCTUMYMMPYIOLLYIO aKTUBHOCTM.

KnoueBkle crnoBa: CUHTE3, AW3aMeLLEeHHblE TUOMOYEBUHBI, aM|/|Hoapmn-(6eHsmn-)Kap60Hosble KACNOThI, CyJ'IbeaHI/IJ'IOBaﬂ Kucnota n
ee amuibl, I'IpOTMBOMVIKpO6HaF| aKTMBHOCTb, poCTperynunpyowas aktTuBHOCTb.
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Common plant growth regulators are auxins, gibberellins,
cytokinins, brassinosteroids, etc. [ 1-3]. In addition to phyto-
hormones, plants also produce secondary metabolic products,
which also are growth regulators (flavonoids, amino acids,
lipids, carboxylic acids, alkaloids, unsaturated lactones, ter-
penoids, etc.) [4]. However, the use of substances with direct
hormonal activity is likely to give way to the use of chemical
agents. The latter should modify the metabolism or transport
of plant hormones [5]. This approach is advantageous be-
cause it increases yields, and synthetic growth regulators are
more metabolically stable and cheaper than those with direct
hormonal activity. Among the synthetic growth regulators,
today are analogues of auxins and cytokinins; antiauxins
and cytokinin antagonists; inhibitors of auxin transport and
gibberellin biosynthesis; substances that emit ethylene or
promote its biosynthesis in plants [3].

Aryl and aryloxyaliphatic acids, onium salts, heterocyclic
compounds, etc. are of practical importance among synthetic
plant growth regulators. Thus, 3-indolylbutyric, 3-indo-
lyl- and N-naphthylacetic acids, chlormequat, mepiquat,
2,6-dimethylpyridine N-oxide, dimethyl sulfoxide, etc. are
used to improve plant growth. Such compounds are used for
growth retardation: onium compounds (chlormequat chloride,
bromholin bromide, iodolin iodide, etc.), maleic and succinic
acid hydrazides, 1,2,4-triazole derivatives (paclobutrazol,
uniconazole, etc.), ethylene producers (dextrel hydrel, ectdrel
and ether), dichloroisobutyrate (sodium dichloroisobutyrate),
etc. It should be noted that these retardants are not universal,
not all of them are able to inhibit all forms of growth (for
example, rooting cuttings and distortion of coleoptiles), don’t
show a strong effect compared to phytohormones, are toxic,
difficult to metabolize and accumulate in plants. Therefore,
the development of new effective environmentally friendly
plant growth regulators based on low molecular weight
compounds is of great theoretical and practical interest.
Their combined activity is also an important aspect. Name-
ly the simultaneous manifestation of both fungicidal and
restrictive activity.

Acylisothiocyanates are interesting objects in terms of
antimicrobial and growth-regulating agents. Firstly, they are
low-toxic compounds, widely represented in the plant world
(plants of the cruciferous family) [6,7]. Secondly, the che-
mistry of cycloalkane carbonylisocyanates is diverse and
can be used in the synthesis of functionalized acylthioureas
and acylthiosemicarbazides [8—12], as well as various het-
erocycles [13] which are characterized by growth-regulating,
antibacterial, fungicidal and cytotoxicity activity. Thirdly,
the modification of acyl isothiocyanates by fragments of
substituted aminoarylcarboxylic (sulfo) acids is promising,
as some of them (anthranilic, p-aminobenzoic acids) are
important precursors of the synthesis of auxins and other
natural compounds [14,15].

Aim
Therefore, the aim of the study is to search of effective com-
pounds with growth-regulating and antimicrobial activity

among substituted (cycloalkylcarbonylthioureido)aryl-(ben-
zyl-)carboxylic (sulfonic) acids.

Materials and methods

Cyclopropanecarbonyl chloride (1.1) was synthesized by
known method [16]. Other starting materials and solvents
were obtained from commercially available sources and were
used without additional purification.

Melting points were determined in open capillary tubes in
a ‘Mettler Toledo MP 50” apparatus and were uncorrected.
The elemental analyses (C, H, N, S) were performed using
the ELEMENTAR vario EL cube analyzer (USA). Analyses
were indicated by the symbols of the elements or functions
within £0.3 % of the theoretical values. IR spectra (4000—
600 cm™) were recorded on a Bruker ALPHA FT-IR spec-
trometer (Bruker Bioscience, Germany) using a module
for measuring attenuated total reflection (ATR). 'H NMR
spectra (400 MHz) were recorded on a Varian-Mercury 400
spectrometer (Varian Inc., Palo Alto, CA, USA) with TMS
as internal standard in DMSO-d, solution. LC-MS were
recorded using chromatography/mass spectrometric system
which consists of high-performance liquid chromatography
Agilent 1100 Series (Agilent, Palo Alto, CA, USA) equipped
with diode-matrix and mass-selective detector Agilent
LC/MSD SL (atmospheric pressure chemical ionization —
APCI).

Antimicrobial test. The sensitivity of the microorganisms to
the synthesized compounds was evaluated according to the de-
scribed methods [17]. The assay was conducted on Mueller—
Hinton agar by two-fold serial dilution of the compound in 1
ml. After that, 0.1 ml of microbial seeding (106 cells/ml) was
added. Minimal inhibit concentration of the compound was
determined by the absence of visual growth in the test tube with
aminimal concentration of the substance, minimal bactericide/
fungicide concentration was determined by the absence of
growth on agar medium after inoculation of the microorganism
from the transparent test-tubes. DMSO was used as a solvent,
initial solution concentration was 1 mg/ml. For preliminary
screening, the mentioned ahead standard test cultures were
used: S. aureus ATCC 25923, E. coli ATCC 25922, P. aerugi-
nosa ATCC 27853 and C. albicans ATCC 885-653 standard
test cultures. All test strains were received from bacteriological
laboratory in Zaporizhzhia Regional Laboratory Center of State
Sanitary and Epidemiological Service of Ukraine. Nitrofura-
zone and Ketoconazole were used as reference compounds
with proved antibacterial/antifungal activity. Additional quality
control of the culture media and solvents was conducted by
commonly used methods [17].

Influence of synthesized compounds on growth rates. The
effect of synthesized compounds on growth rates was assessed
on wheat (variety Grom) at the laboratory of the State Enter-
prise “State Center for Certification and Examination of Ag-
ricultural Products” (Zaporizhzhia) by a known method [18].
The concentration of aqueous solutions of “Heteroauxin”
(3-indolylacetic acid) and test compounds was 0.00002 %.
To achieve that concentration a 0.2 g of substances was
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Substituted (cycloalkylcarbonyithioureido)aryl-(benzyl-)carboxylic(sulfonic) acids: synthesis, antimicrobial and growth-regulating activity

HZN
COOR %\ )J\
MeON, COOR,
80°C, 90 min 2.1-2.9
NH,NCS 0

D \: MeCN, 80°C, 30 min D \
MeCN,
80°C, 90 min 210, 2.11

R=H, F, Cl, Br; R;=H, Me; R,=OH, NH,,.

Fig. 1. Methods for the synthesis of the substituted (cyclopropanecarbonylthioureido)aryl-(benzyl-)carboxylic(sulfonic) acids.

emulsified in 1 ml of Twin-80 and adjusted with water to 1 L.
Then from the resulting solution, 1 ml was taken and again
adjusted with water to 1 1. Irrigation with a solution of test
substances was performed every other day, the rate of water
consumption — 40 ml per Petri dish. Control seeds were wa-
tered with water and an emulsifier. Grain germination on days
4 and 8, the total number and length of roots, total mass of
aboveground part (considering the weight of the grain) were
evaluated during liquidation of the experiment.

Results

The synthesis of the original cyclopropanecarbonyl iso-
thiocyanate was carried out according to a known synthetic
approach, which included the interaction of cyclopropane-
carbonyl chloride (1.1) with ammonium isothiocyanate
(acetonitrile medium) (Fig. 1) [12]. Cyclopropanecarbonyl
isothiocyanate without isolation from the reaction medium
(in situ method) regioselectively and easily has attached ami-
noaryl-(benzyl-)carboxylic acids, 4-aminobenzenesulfonic
acid, and its amide. This was produced individual compounds
2.1-2.11 with satisfactory yields (48-74 %).

The structure and individuality of compounds 2 were
proved using elemental analysis, chromato-mass, IR and 'H
NMR spectra.

Experimental section

The general method for the synthesis of the substituted
(cyclopropanecarbonylthioureido)aryl-(benzyl-)carboxyl-
ic(sulfonic) acids (2.1-2.11). To a solution of corresponding
1.04 g (0.01 mol) cyclopropanecarbonyl chloride (1.1) in 20
mL of acetonitrile 0.76 g (0.01 mol) of ammonium isothio-
cyanate was added and stirred at 80 °C for 30 min. The mix-
ture was cooled down to r.t. and 0.01 mol of corresponding
aminoaryl(carboxylic)sulfonic acids was added and stirred
at 80 °C for 90 min. The solution was cooled down, poured
into the water. The formed precipitate was filtrated, dried and
recrystallized from ethanol.

4-((3-(Cyclopropanecarbonyl)thioureido)methyl)benzoic acid
(2.1). Yield: 48 %; Mp.: 218-225 °C; IR (cm™): 3772, 3763,
3713,3693,3679,3663,3631,3591,3571,3531,3415,3284,
3012,2924,2892,2558,2370,2348,2272,2083, 1928, 1874,
1851, 1834, 1804, 1785, 1754, 1738, 1722, 1685, 1658, 1627,
1612,1579, 1563, 1536, 1502, 1483, 1463, 1428, 1407, 1346,
1321,1291,1233,1215,1181, 1148, 1127, 1101, 1065, 1042,
1019, 982,941, 894, 879, 858, 823, 798, 781, 760, 738, 702,
673, 636, 625, 617; '"H NMR (400 MHz, DMSO-d,) 6 12.50
(s, 1H,-COOH), 11.44 (s, 1H, -C(S)NH-), 11.05 (s, 1H, -C(O)
NH-),7.86(d,J = 7.7Hz,2H,Ph H-3,5),7.33(dd,J = 8.0
Hz,2H,PhH-2,6),4.30(d,J = 5.9Hz, 1H,-CH,),2.53-2.42
(m, 1H, cyclopropyl H-1), 0.91-0.79 (m, 4H, cyclopropyl
cyclopropyl H-2_,2 ,3 .3, );LC-MS,m/z = 279 [M+1];

Anal. Caled. for C_HL N.O'S: C, 56.10; H, 5.07; N, 10.07;
S, 11.52; Found: C, 54.59; H, 4.67; N, 10.69; S, 11.89.
2-(3-(Cyclopropanecarbonyl)thioureido)benzoic acid (2.2).
Yield: 59 %; Mp.: 158-161 °C; IR (cm™): 3955, 3906, 3888,
3870,3835,3844,3824,3807,3753,3715,3693,3678, 3653,
3632,3591,3571,3472,3186,3004,2924,2543,2369, 2348,
2277,1874,1851, 1835, 1804, 1785, 1755, 1738, 1722, 1688,
1641, 1630, 1607, 1581, 1530, 1503, 1484, 1468, 1444, 1422,
1390, 1312, 1284, 1244, 1169, 1148, 1102, 1087, 1068, 1031,
952,928, 877, 855, 800, 776, 758, 745, 713, 698, 675, 659,
642, 627, 611; 'H NMR (400 MHz, DMSO-d,) &: 13.01 (s,
1H, -C(S)NH-), 11.48 (s, 1H, -C(O)NH-), 8.18 (d,J = 8.2
Hz, 1H, Ph H-6), 7.88 (dd, J = 7.9 Hz, 1H, Ph H-3), 7.47
(t, J = 7.5 Hz, 1H, Ph H-5), 7.23 (t, J = 7.6 Hz, 1H, Ph
H-4),2.14-2.06 (m, 1H, cyclopropyl H-1), 0.90-0.81 (m, 4H,
cyclopropyl H-2, o Zaw Je 3 ), LC-MS, m/z = 265 [M+1];
Anal. Calcd. for C12H12NZOSS C, 54.53; H, 4.58; N, 10.60;
S, 12.13; Found: C, 54.60; H, 4.64; N, 10.69; S, 12.26.
2-(3-(Cyclopropanecarbonyl)thioureido)-6-fluorobenzoic
acid (2.3). Yield: 59 %; Mp.: 186-190 °C; IR (cm™): 3887,
3833,3810,3746,3718,3694,3678,3564,3632,3572,3187,
3013,2847,2686,2543,2372,2348,2277, 1851, 1835, 1817,
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1785,1754,1737,1722,1688, 1641, 1617, 1580, 1532, 1470,
1447,1419, 1391, 1307, 1281, 1243, 1203, 1176, 1164, 1151,
1133, 1103, 1069, 1028, 942, 917, 899, 889, 831, 812, 781,
747,709, 676, 660, 609; 'H NMR (400 MHz, DMSO-d,) 6
13.45 (s, 1H, -COOH), 12.67 (s, 1H, -C(S)NH-), 11.67 (s,
1H, -C(O)NH-), 7.82 (d,J = 8.3 Hz, 1H, Ar H-3), 7.41 (td,
J = 8.3,59 Hgz, 1H, Ar H-5), 7.03 (t,J = 8.9 Hz, 1H, Ar
H-4),2.13-2.05 (m, 1H, cyclopropyl H-1), 0.98-0.85 (m, 4H,
cyclopropyl H—2eq, 2., 3eq, 3,); LC-MS, m/z = 283 [M+1];
Anal. Calcd. for C H FN,O.S: C,51.06; H,3.93; F,6.73; N,
9.92; S, 11.36; Found: C, 51.21; H, 4.03; N, 10.01; S, 11.46.
5-Chloro-2-(3-(cyclopropanecarbonyl)thioureido)benzoic
acid (2.4). Yield: 52 %; Mp.: 172175 °C; IR (cm™): 3660,
3632,3622,3611,3591,3571,3473,3414,3358, 3184, 3006,
2858,2624,2483,2371,2347,2258,2117,1974, 1928, 1900,
1874,1852,1834,1817, 1803, 1785,1765,1754,1738, 1722,
1690, 1679, 1658, 1641, 1630, 1599, 1573, 1547, 1513, 1502,
1478, 1468, 1441, 1412, 1385, 1321, 1298, 1282, 1241,
1201, 1163, 1146, 1113, 1062, 1027, 949, 926, 885, 868,
816, 789, 756,732, 699, 675, 663, 617; 'HNMR (400 MHz,
DMSO-d,) 6 13.06-12.95 (br.s, Hz, 2H, -COOH, -C(S)NH-),
11.60 (s, 1H,-C(O)NH-), 8.25 (dd,J = 8.7 Hz, 1H, Ar H-3),
7.89-7.80 (m, 1H, Ar H-6), 7.49 (m, 1H, Ar H-4),2.14-2.12
(m, 1H, cyclopropyl H-1), 1.00-0.88 (m, 4H, cyclopropyl
H-2eq, 2, 3eq, 3,); LC-MS, m/z = 299 [M+1]; Anal. Calcd.
for C ,H, CIN,O,S: C, 48.25; H, 3.71; Cl, 11.87; N, 9.38; S,
10.73; Found: C, 48.33; H, 3.78; N, 9.42; S, 10.81.
3-(3-(Cyclopropanecarbonyl)thioureido)benzoic acid (2.5).
Yield: 66 %; Mp.: 223-228 °C; IR (cm™): 3855, 3734, 3609,
3010,2813,2532,2310, 1681, 1606, 1590, 1525, 1452, 1416,
1392, 1298, 1250, 1164, 1116, 1101, 1081, 1069, 1031, 1003,
942,925,913, 877, 817, 797, 766, 744, 726, 696, 676, 666,
636, 619; '"H NMR (400 MHz, DMSO-d,) 6: 12.95 (s, 1H,
-COOH), 11.73 (s, 1H, -C(S)NH-), 11.33 (s, 1H, -C(O)NH-
), 8.14 (s, 1H, Ph H-2), 7.85-7.74 (m, 2H, Ph H-4,6), 7.41
(t,J = 7.9 Hz, 1H, Ph H-5), 2.14-2.05 (m, 1H, cyclopropyl
H-1), 1.00-0.86 (m, 4H, cyclopropyl H-2,2, 3, 3.);
LC-MS, m/z = 265 [M+1]; Anal. Calcd. for C ,H, N,O.S:
C, 54.53; H, 4.58; N, 10.60; S, 12.13; Found: C, 54.58; H,
4.64; N, 10.66; S, 12.18.
4-Chloro-3-(3-(cyclopropanecarbonyl)thioureido)benzoic
acid (2.6). Yield: 52 %; Mp.: 161-165 °C; IR (cm™): 3196,
3018,1707,1679, 1600, 1571, 1513, 1503, 1403, 1332, 1246,
1197,1167,1107,920, 879, 821,775,751, 735,701, 677, 'H
NMR (400 MHz, DMSO-d,) 6 12.89 (s, 1H, -COOH), 11.74
(s, 1H, -C(S)NH-), 11.04 (s, 1H, -C(O)NH-), 8.33 (s, |H, Ar
H-2),7.83(q,J = 8.7,1H,ArH-6),7.57(d,J = 8.7, 1H,Ar
H-5),2.43-2.38 (m, 1H, cyclopropyl H-1), 1.00-0.88 (m, 4H,
cyclopropyl H—Zcq, 2., 3cq, 3,); LC-MS, m/z = 299 [M+1];
Anal. Caled. for C H, CIN O.S: C,48.25; H,3.71; Cl, 11.87;
N, 9.38;S,10.73; Found: C,48.31; H, 3.78; N, 9.42; S, 10.78.
4-Bromo-3-(3-(cyclopropanecarbonyl)thioureido)benzoic acid
(2.7). Yield: 51 %; Mp.: 163-166 °C; IR (cm™): 3191, 3012,
1694, 1527,1417,1243,1169, 1097,937, 823,763,716, 673;
'HNMR (400 MHz, DMSO-d,) 6 13.13 (s, 2H, -COOH, -C(S)
NH-), 11.60 (s, 1H, -C(O)NH-), 8.53 (s, 1H, Ar H-2), 7.80
(d,J = 8.4 Hz, 1H, Ar H-6), 7.37 (d, ] = 8.5 Hz, 1H, Ar

H-5),2.14-2.05 (m, 1H, cyclopropyl H-1), 0.98-0.80 (m, 4H,
cyclopropyl H-2 2,3 .3 ); LC-MS, m/z = 342 [M+1],
345 [M+4]; Anal. Caled. for C H, BrN,O.S: C, 42.00; H,
3.23; Br, 23.28; N, 8.16; S, 9.34; Found: C, 42.09; H, 3.31;
N, 8.23; S, 9.38.
4-(3-(Cyclopropanecarbonyl)thioureido)benzoic acid (2.8).
Yield: 74 %; Mp.: 230-233° C; IR (cm™): 3121 (n,,), 3004,
2986, 1679, 1512, 1288, 1252, 1157, 860, 778, 742, 728, 694;
'H NMR (400 MHz, DMSO-d,) 6 12.92 (s, 1H, -COOH),
12.48 (s, 1H, -C(S)NH-), 11.69 (s, 1H, -C(O)NH-), 7.91 (d,
J = 8.4 Hz, 2H, Ph H-2,6), 7.77 (d, J] = 8.4 Hz, 2H, Ph
H-3,5), 2.10-2.06 (m, cyclopropyl H-1), 1.00-0.86 (m, 4H,
cyclopropyl H-2eq, 2 3eq, 3,); LC-MS, m/z = 265 [M+1];
Anal. Calcd. for C ,H ,N,OS: C, 54.53; H, 4.58; N, 10.60;
S, 12.13; Found: C, 54.58; H, 4.62; N, 10.65; S, 12.19.
Dimethyl 2-(3-(cyclopropanecarbonyl)thioureido)tere-
phthalate (2.9). Yield: 74 %; Mp.: 208-211 °C; IR (cm™):
3121,3004,2986, 1715, 1686, 1525, 1432, 1390, 1281, 1241,
1222,1192, 1158, 1130, 1098, 1065, 949,937, 883, 755, 709,
674, 613; '"H NMR (400 MHz, DMSO-d,) 6 13.02 (s, 1H,
-C(S)NH-), 11.71 (s, 1H, -C(O)NH-), 8.71 (s, 1H, Ar H-3),
7.95(d,J = 8.1 Hz, 1H, Ar H-6), 7.82 (d,J = 8.2 Hz, 1H,
Ar H-5), 5.75 (s, 6H, CH,), 2.16-2.07 (m, 1H, cyclopropyl
H-1), 1.00-0.88 (m, 4H, cyclopropyl H-2.,2..3..3,);LC-
MS, m/z = 338 [M+1]; Anal. Calcd. for C _H N,O.S: C,
53.56; H, 4.79; N, 8.33; S, 9.53; Found: C, 53.62; H, 4.84;
N, 8.39; S, 9.61.
4-(3-(Cyclopropanecarbonyl)thioureido)benzenesulfonic acid
(2.10). Yield: 98.9 %; Mp.: 239-242 °C; IR (cm™): 3590,
3510, 3488, 3415, 3393, 3357, 3121, 3012, 2966, 2927,
2799,2624,2512,2482,2372,2345,2259,2171,2044, 1971,
1927,1899, 1874, 1851, 1835, 1818, 1803, 1785, 1777, 1765,
1754,1738,1722,1709, 1690, 1677, 1658, 1641, 1630, 1589,
1563, 1547,1528,1512, 1501, 1480, 1462, 1441, 1401, 1391,
1327, 1308, 1165, 1123, 1034, 1008, 951, 927, 890, 859,
832,788,765, 735, 693, 671, 640, 625; '"H NMR (400 MHz,
DMSO-d,) 6 12.73 (s, 1H, -C(S)NH-), 11.66 (s, 1H, -C(O)
NH-), 7.72-7.52 (m, 4H, Ph H-2,3,5,6), 2.13-2.10 (m, 1H,
cyclopropyl H-1), 1.04-0.70 (m, 4H, cyclopropyl H- H—2eq,
2, 3eq, 3, );Anal. Calcd. for C, H ,N,O,S.: C,43.99; H, 4.03;
N, 9.33;5,21.35; Found: C,44.09; H, 4.11; N, 9.39; S, 21.43.
N-((4-Sulfamoylphenyl)carbamothioyl)cyclopropanecar-
boxamide (2.11). Yield: 61.7 %; Mp.: 213-216 °C; IR (cmr
1): 3357, 3286, 3143, 3000, 1673, 1526, 1329, 1147, 767,
724, 687, 'H NMR (400 MHz, DMSO-d,) 6 12.88 (s, 1H,
-C(S)NH-), 11.74 (s, 1H, -C(O)NH-), 7.84-7.75 (m, 4H,
Ar H-2,3,5,6), 7.12 (s, 2H, -SONH-), 2.15-2.05 (m, 1H,
cyclopropyl H-1), 1.00-0.88 (m, 4H, cyclopropyl H-2,
2, 3Cq, 3,); LC-MS, m/z = 300 [M+1]; Anal. Calcd. for
C H N.OS,:C,44.13; H,4.38; N, 14.04; S, 21.42; Found:
C,44.19; H, 4.41; N, 14.09; S, 21.49.
The results of the study of the antibacterial activity of
the synthesized compounds and their effect on growth rates
(germination, total number and length of roots, total weight

of the aboveground part) are shown in 7ables 1 and 2.
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Table 1. The antimicrobial activity of disubstituted thioureas 2.1-2.11

MIC, pg/ml MBC, ug/ml MIC, pg/ml MBC, pg/mi MIC, pg/mi MBC, pg/ml MIC, pg/ml MFC, pg/ml
200 50 50 50

21 100 100 100 50
2.2 100 200 50 100 50 100 25 50
23 100 200 25 50 50 100 50 50
24 100 200 50 100 50 100 50 50
25 100 200 50 100 50 100 25 50
2.6 100 200 50 100 50 100 25 50
2.7 100 200 50 100 50 100 50 50
2.8 100 200 50 100 50 100 25 50
29 100 200 50 100 50 100 50 50
210 100 200 50 100 50 100 25 50
211 100 200 50 100 50 100 25 50
Nitrofurazone 1.50 - 6.25 - 6.25 - - -

Ketoconazole - - - - - - 25 50

Table 2. Influence of synthesized compounds on wheat growth rates (n = 10)

. L
Compound SEERIIIEET @ Total number Total length Total mass of the abo-

Control 95 95 298 0.102 + 0.008
21 95 95 30 421 0.118 £ 0.004
22 95 95.5 38 387 0.136 + 0.004
23 94.5 96.5 33 325 0.115 £ 0.005
24 94 94 31 462 0.132 + 0.005
25 94.5 94.5 36 367 0.128 + 0.006
2.6 94 95 35 312 0.116 £ 0.005
2.7 96 96 40 410 0.137 + 0.006
29 93.5 94 30 348 0.111 = 0.002
210 91.5 92 38 331 0.118 + 0.005
2.11 95 95 34 328 0.117 + 0.005
IAAs 96 96 41 31 0.125 + 0.004
Discussion in which the quasimolecular ion [M+1] corresponded to

Synthesized compounds (2.1-2.11) were white or light-yellow  the calculated mass. In the 'H NMR spectra of compounds
crystalline compounds, insoluble in water, soluble in organic 2> Singlet or broad singlet signals of protons of the -COOH
solvents. group were registered at the 13.45-12.50 ppm, the -C(S)

Analysis of these chromato-mass spectra showed that ~ NI groups — at the 13.02-11.44 ppm, and the C(O)NH
compounds 2 had a characteristic quasimolecularion [M+1], ~ groups — at the 11.69-11.04 ppm. In compounds 2.2, 2.10,
which corresponds to the calculated mass and confirms their 211 signals of protons -COOH-group were absent, due to
structure and individuality. deuteroexchange with DMSO.

The structure and individuality of compounds 2 were In the '"H NMR spectra of compounds 2, there were pro-
proved using elemental analysis, chromato-mass, IR,  ton signals of the cyclopropane fragment, which appear in
and '"H NMR spectra. The structure and individuality of  a strong field as wide multiplets of sequentially arranged
compounds 2 were confirmed by chromato-mass spectra,  signals of axial and equatorial protons. Thus, for com-
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pounds 2, the methine proton of the cyclopropane fragment
was registered as a broad multiplet in the range of 2.53—
2.05 ppm, and the methylene proton was observed as multi-
plets at the 1.00-0.70 ppm. Aromatic protons of compounds 2
in "H NMR spectra have “classical” multiplicity and chemical
shifts, which were in accordance with the proposed structures
[19].

Analysis of the IR spectra of compounds 2 showed the pres-
ence of wide bands of valence vibrations of the associated
NH-groups in the range of 3995-3121 cm!, which indicated
the presence of secondary amide and thioamide groups in
the molecule. Compounds 2 were also characterized by vibra-
tions of two v, groups (band “Amide I”) at the 16931657 cm!
and 1674-1602 c¢cm’', mixed valence-strain vibrations of
N-H and C-N bonds (“Amide II”’) at the 1591-1504 cm™. In
addition, characteristic contours of low-intensity vibrations
of v__.-bond of the aromatic ring at the 14861424 cm’,
non-planar vibrations y (=C-H) at the 850-666 cm™ and
intense bands of symmetric and antisymmetric vibrations of
Vypp-groups at the 2994-2304 cm™! (cyclopropane fragment)
were present in the spectrum [20].

The conducted microbiological screening showed that
compounds 2.1-2.11 inhibited the growth of S. aureus and
P aeruginosa at a concentration of 50.0 pg/ml and exhib-
ited bactericidal activity at a concentration of 100 pg/ml
(Table I). However, compounds 2.1-2.11 weren’t effective
against E. coli (MIC 100.0 pg/ml, MBC 200 pg/ml). It is im-
portant to note, that the antimicrobial activity of the studied
compounds was significantly lower than the reference drug
Nitrofurazone. Better results were obtained when the anti-
fungal activity against C. albicans (Table 1) was studied.
For example, compounds 2.1-2.11 inhibited the growth of
the C. albicans strain at the concentration of 25-100 pg/ml
and exhibited fungicidal activity at the concentration of
50 pg/ml. Levels of antifungal activity of the compounds com-
peted with the reference drug Ketoconazole (MIC 25 pg/ml,
MFC 50 pg/ml).

Analysis of the results of the study of the effect of syn-
thesized compounds on growth rates showed (7able 2) that
compounds 2.1-2.11, like IAAs, have virtually no effect
on grain germination. However, auxin-stimulating activity
(number of roots) of most tested compounds have exceeded
the control, and compound 2.7 competes with IAAs. In ad-
dition, all compounds stimulated their growth (root length)
exceeding the IAAs by 0.3—48.5 %. This figure was also
confirmed by the total weight of the roots and, importantly,
compounds 2.2, 2.4, and 2.7 also exceed [AAs.

Analysis of the structure-activity relationship didn’t re-
veal a correct relationship between the studied compounds.
The combination of aryl moiety with a carboxyl group in
the molecule is the key factor in its manifestation. This
provides both antibacterial and growth-promoting activity.
Moreover, compounds 2.2, 2.4, and 2.7 with high growth
activity contain fragments of 2-amino- and 4-aminobenzoic
acids, which are precursors for the synthesis of auxins and
other natural compounds.

Conclusions

A one-step method for the synthesis of the substituted
(cyclopropanecarbonylthioureido)aryl-(benzyl-)carboxylic
(sulfonic) acids was developed. The physical-chemical
properties of the synthesized compounds were studied using
a set of methods (IR, "TH NMR spectroscopy, chromato-mass
spectrometry, elemental analysis) and the peculiarities of
the structure were discussed. The synthesized compounds
showed moderate antimicrobial activity against S. aureus
and P. aeruginosa (MIC 50 pg/ml, MBC 100 pg/ml) and
significant antifungal activity against C. albicans (MIC 25—
50 pg/ml, MFC 25-50 pg/ml). Compounds 2.2, 2.4, and 2.7
of combined activity (high antifungal and growth-stimulat-
ing) exceeding the natural growth stimulator (heteroauxin)
were found.
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