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Triazolo[1,5-c]quinazolines. Synthesis, antimicrobial and antifungal

activity [quinazolin-4(3H)-ylidene]hydrazides of carboxylic acids

(Message 1)

K. P. Schabelnyk, S. V. Kholodnyak, G. G. Berest, S. I. Kovalenko, N. M. Polishchuk,

0. M. Kamyshnyi

Zaporizhzhia State Medical University, Ukraine

The modern standards and algorithms of antimicrobial therapy, that ensure a high level of the treatment's quality and prevention
of the most infectious-inflammatory diseases, provide wide using of chemotherapeutic agents. However, the modern medicines
do not always have satisfactory chemotherapeutic and pharmacological properties; this fact is most often associated with the re-
sistance of microorganisms to them. That is why the creation of the new chemotherapeutic drugs by natural antibiotics’ chemical
and microbiological modification, the chemical synthesis of the new substances among the various classes of organic compounds
is a topical problem.

The aim of the study is the developing of simple and accessible methods for the synthesis of new [quinazoline-4(3H)-ylidene]
hydrazides of cycloalkyl-(hetaryl) carboxylic acids, analysis of their physical-chemical properties, antimicrobial and antifungal activity.

Materials and methods. The study of the antimicrobial activity of synthesized compounds was carried out by the method of two-
fold serial dilutions in the Mueller Hinton broth (for strains Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853) and in the Saburo broth (for Candida albicans ATCC 885-653). Minimal inhibitory con-
centration, minimal bactericidal and fungicidal concentration were defined.

Results. It was found that synthesized compounds show antimicrobial and antifungal activity to researched strains.

Conclusions. There have been considered a number of preparative methods for the synthesis of [quinazoline-4(3H)-ylidene]
hydrazides of cycloalkyl-(hetaryl)carboxylic acids, which are significant as chemical reagents for the preparation of condensed
heterocyclic and biologically active compounds. The structure and individuality have been proved by elementary analysis and
physical-chemical methods (*H NMR-spectroscopy, HPLC/MS). The antimicrobial analysis shows that N'-[quinazoline-4(3H)-
ylidene]-2(3)-heteril hydrazides containing a pyridinecarboxylic acid residue in the molecule have the highest activity, which
exceeds the activity of the reference standard “Trimethoprim”. N'-(6-bromohinazolin-4(3H)-ylidene)benzofuryl-2-carbohydrazide
demonstrates the highest antifungal activity, which is comparable with the reference standard “Ketoconazole”.

Tpia3sono[1,5-c]xiHa30AiHK. CuHTE3, NPOTMMiKPOOHa Ta npoTUrpubKoBa
aKTUBHICTb [XiHa30AiH-4(3H)-inipeH]riapa3naiB KapbOHOBUX KUCAOT
(MoBiaomaeHHs 1)

K. M. WabenbHuK, C. B. XonopHsik, I. I. Bepecrt, C. |. KoBaneHko, H. M. Moaiwyk, 0. M. KamMuwwHui

CyuacHi ctaHgapTy Ta anropuTMu aHTUMIKPOBHOT Tepanii, Lo 3abe3neyyoTb BUCOKWIA piBEHb SKOCTI NiKyBaHHS Ta NPOinakTuku
6inbLUIOCTI 3aXBOPOBaHb iH(hEKLNHO-3ananbHOro XxapakTepy, nepeadayaroTb WKPOKe BUKOPUCTaHHS XiMioTepaneBTUYHIX 3acobiB.
OpnHak cyqacHi nikapcbki 3acobu He 3aBxaun MaroTb 3a0BiMNbHi XiMIOTEPaANEBTIYHI Ta (hapMakomnoriyHi BNacTUBOCTI, L0 HakvacTiLLe
MOB’'S3aHO 3 PE3NCTEHTHICTIO MIKPOOPraHiamiB 4o HuX. Came TOMy CTBOPEHHS HOBWX XiMiOTEpaneBTUYHWX Npenaparis LUsSXom
XiMiYHOT Ta MikpobionoriyHoi MogudikaLii NPUPOAHNX aHTWBIOTMKIB, XIMIYHOrO CUHTE3Y HOBWX PEYOBMH CEpef Pi3HWX Knacis op-
raHi4yHIUX CMONYK € aKkTyanbHOK Npobnemoto.

MeTa po60oT1 — po3pobneHHs NPOCTUX | AOCTYMHUX METOAIB CUHTE3Y HOBUX [XiHa30niH-4(3H)-inigeH]rigpasvais Luknoankin-(re-
Tapun-)kapBoHOBHKX KICIIOT, BUBYEHHS iXHIX (i3VKO-XIMIMHUX BNACTUBOCTEN, JOCTIMKEHHS MPOTUMIKPOBHOT Ta NPoTUrpubKoBOT
aKTUBHOCTI.

Marepianu Ta MmeTogau. MpPoTUMIKPOOHY aKTVUBHICTb CUHTE30BAHMX XIMIYHWX CTIOMYK BUKOHAMM METOAOM ABOPA30BUX CEPifHWX
poseeneHb Y bynbiioni Mionnepa—XiHToHa (ans wramis Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853) i B bynbitoHi Cabypo (ans Candida albicans ATCC 885-653). BusHavanu MIK (MiHiMansHa
iHribytoya koHUeHTpaList), MBUK i MOUK (MiHiManbHa 6akTepuumaHa i dyHriumaHa KoHLeHTpauii BignosigHo).

PesynkraTtu. BctaHoBNEHO, WO CUHTE30BaHI CNOMyKM NPOSIBASOTL NPOTUMIKPOGHY Ta MPOTMIPUOKOBY akTUBHICTb [0 AOCHIAKY-
BaHVIX LUTaMiB.

BucHoBkuM. Po3rnsHynu npenapatvBHi MeToau cuHTe3y [xiHasoniH-4(3H)-inigeH]rigpaswais Lyknoankin-(retapus-)kapboHoBux
KWCIOT, SIKi € LIHHUMK XiMIYHUMW peareHTamu Ans OTPUMaHHS KOHAEHCOBaHUX reTepOLMKNIYHMX | BiONOrYHO aKTUBHUX CMONYK.
Bynosa 1 iHoMBIgyanbHICT NIATBEPAKEHI 3a JOMOMOIO ENEMEHTHOrO aHanisy Ta ciauko-xiMiyHmux metogis (*H AMP-cnek-
TpOCKONisi, XpOMaTo-Mac-CrekTpoMeTpist). AHani3 pesynbTaTis MikpoBionoriYHOro AOCHiZKeHHS NoKasye, Lo cepes CUHTE30BaHNX
Ccnonyk HanbinbLUy NPOTUMIKPOBHY akTUBHICTb MatoTb N'-[xiHasoniH-4(3H)-inigeH]-2(3)-retepun-rigpaswam, ki MicTaTb y Monekyni
3anuLIoK NipuanHKapOOHOBOIT KCMOTH, LLO NEPEBULLYE aKTUBHICTb €TANOHY NOPIBHAHHS TpUMETONpUMy. HaiibinbLuy npoturpub-
KOBY aKTMBHiCTb nposiensie N-(6-6pomoxiHasoniH-4(3H)-inineH)6eH30dypo-2-kapborigpasua, sikuin MoXHa NOPIBHATM 3 ETANIOHOM
MOPIBHAHHS KETOKOHA30MOM.
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Tpuasono[1,5-c]XxuHa30AUHbI. CUHTE3, NPOTUBOMUKPOOHAA U npoTUBOrpUubKOBas
AKTUBHOCTb [XMHa30AUH-4(3H)-MAnAEH]rMApa3nA0B Kap6oHOBbIX KUCAOT (CoobLieHue 1)

K. M. WabenbHuk, C. B. XonoaHsik, I. I. Bepect, C. U. KoBaneHko, H. M. Moanuyk, A. M. KambILWHbIA

CoBpeMeHHble CTaHAapPTbl U anropUTMbl aHTUMUKPOBHOI Tepanun, obecneymBaroLLme BbICOKMIA YPOBEHb KayecTBa NeYeHus 1
npocunakTvki GonbLUMHCTBa 3a60MeBaHMIA MH(EKLIMOHHO-BOCTIANMTENBHOTO XapaKkTepa, NpeaycMaTpuBaLoT LUMPOKOE UCTMONb30-
BaHe XMMKoTepaneBTMYeckix cpeacTB. OfHaKo COBPEMEHHbIE TekapCTBEHHbIE CPEACTBA HE BCETAA UMEKT Y0BMNETBOPUTENb-
Hble XMM1OTEpaneBTUYECKUE 1 hapMaKonormyeckiie CBOMCTBA, YTO YalLe BCEro CBSA3aHO C PE3VNCTEHTHOCTBIO MUKPOOPraH13MOoB
K HUM. IMEHHO MO3TOMY CO3AaH1E HOBBIX XMMWUOTEPANEBTUYECKVX NPENapaToB MyTEM XUMUYECKON W MUKPOOMONOMMYECKON
MoauVKaLMK NPUPOAHBIX aHTUBWMOTMKOB, XMMUYECKOTO CUHTE3a HOBBIX BELLECTB CPEaM PasfiyHbIX KIacCoB OpraHM4eckux
COefVHEHMI ABNSETCS aKkTyanbHoW Npobnemoi.

Llenb pa6oTbi — pa3paboTka NpocTbIX U JOCTYNHbIX METOLOB CUHTE3A HOBbIX [XHA30MMH-4(3H)-unuaeH]rvapasnaos Lmknoan-
Kun-(reTapur-)kapboHOBBIX KUCTOT, U3y4eHUE UX (U3NKO-XMMUYECKVX CBOMCTB, UCCIEA0BaHNE NPOTUMBOMUKPOGHO! 1 MPOTHBO-
rpUBKOBON aKTUBHOCTY.

Marepuans! n metoapbl. /3y4eHne npoTMBOMUKPOBHON aKTUBHOCTM CUHTE3MPOBAHHBIX COEAMHEHMI MPOBOAMN METOLOM [BY-
KpaTHbIX CEpUIHBIX pa3BeneHuin B bynboHe Mionnepa—XuHToHa (ans wrammoB Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853) u B 6ynbore Cabypo (ans Candida albicans ATCC 885-653). Onpe-
genann MUK (MuHUManbHas nHrmbmpytowas koHueHTpauust), MBuK n MOuK (MuHumanbHas baktepuumaHas u dyHriumaHas
KOHLIEHTPALMN COOTBETCTBEHHO).

Pe3yanaTb|. YCTaHOBMEHO, YTO CUHTE3MPOBaHHbIE COEANHEHUA NPOABNAKT I'IpOTMBOMI/IKpO6HyI'O [ I'IpOTI/IBOFpVIGKOBle aKTuB-
HOCTb K uccnegyembiM LWTaMMmam.

BbiBoAbl. PaccMoTpeHbl NpenapaTtvBHbie METOAbI CUHTE3A [XMHa30nMH-4(3H)-unuaeH]ruapasmaos LMKNoankui-(retapun-)
kapBOHOBbIX KUCMOT, KOTOPbIE NPEACTaBMAIOT LEHHOCTb Kak XMMWYECKMe peareHTbl Ans MOnyYeHus: KOHOAEHCUPOBaHHbIX
reTepoLMKINYECKUX 1 BUONOTMYECKN aKTUBHbIX coeanHeHnid. CTpoeHMe 1 MHOVBUAYaNbHOCTb NMOATBEPXKAEHbI C MOMOLLLIO
3NEMEHTHOTO aHanu3aa n uanko-xummyeckux Metoaos (*H AMP-crnekTpockonms, XxpomaTo-Macc-CriekTpoMeTpust). AHanmus
pesynsTaToB MUKPOBMONOMYECKOTO UCCNIe[0BaHNS MOKa3bIBAET, YTO CPEAN CMHTE3NPOBAHHBLIX COEAMHEHNIA HanBOmMbLLYIO
NPOTUBOMMKPOGHYI0 aKTUBHOCTL NPposiBNsitoT N'-[xuHasonuH-4(3H)-nnuaeH]-2(3)-retepun-ruapasvasl, Coaepxallye B Mone-
Kyre ocTaToK MMpUaYHKapGOHOBO KUCTOTbI, YTO NPEBLILLAET aKTUBHOCTb 3TaNOHa CpaBHEHS TpuMeTonpuma. HanborbLuyio
NPOTUBOrPUBKOBYHO aKTUBHOCTL NposiBnsieT N-(6-6pomoxvHasonuH-4(3H)-unuaeH)beH3odypun-2-kapboruapasng, KoTopblii
COMOCTaBWM C 3TafIOHOM CPaBHEHMS! KETOKOHA30IOM.

The modern standards and algorithms of antimicrobial thera-
py, that ensure a high level of the treatment’s quality and
prevention of the most infectious-inflammatory diseases,
provide the wide using of chemotherapeutic agents.

However, the modern medicines do not always have
satisfactory chemotherapeutic and pharmacological pro-
perties; this fact is most often associated with the resistance
of microorganisms to them.

That is why the creation of the new chemotherapeutic
drugs by natural antibiotics’ chemical and microbiological
modification, the chemical synthesis of the new substan-
ces among the various classes of organic compounds is a
topical problem [1].

The quinazoline derivatives belong to one of the most
perspective types of heterocyclic compounds that are used
in modern pharmaceutical practice.

Sufficiently ample opportunity of the quinazoline cycle’s
chemical modification creates the significant prerequisites
for the design of the new potential medical drugs [2]. The
results of the previous studies [3], showed that some
(3H-quinazolin-4-ylidene)hydrazides of carboxylic acids
have the expressed antimicrobial, antifungal and other
activities.

This fact substantiates the reasonability of the further
researches aimed at the creation of new antimicrobial
medical drugs with the greater efficiency and less toxicity
in comparison with the available on the pharmaceutical
market drugs.

Moreover, hydrazides of carboxylic acids are an inter-
esting group of the organic compounds [4]. This group due
to the combination of two reaction centers in the molecule is

widely used in cyclocondensation reactions for the hetero-
cyclic systems’ forming [5].

The aim

The aim of the study is the developing of the simple and
accessible methods for the synthesis of new [quinazoline-
4(3H)-ylidene]hydrazides of cycloalkyl-(hetaryl) carboxylic
acids, analysis of their physical-chemical properties, anti-
microbial and antifungal activity.

Materials and methods

The experimental chemical part. Melting points were de-
termined in open capillary tubes 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 func-
tions within +0.3 % of the theoretical values. The '"H NMR
spectra (400 MHz) and *C NMR spectra (100 MHz) were
recorded on a Varian-Mercury 400 (Varian Inc., Palo Alto,
CA, USA) spectrometer with TMS as the internal standard
in DMSO-d6 solution. The LC-MS were recorded using a
chromato-mass spectrometric system which consisted of
a high-performance liquid chromatograph “Agilent 1100
Series” (Agilent, Palo Alto, CA, USA) equipped with a di-
ode-matrix and mass-selective detector “Agilent LC/MSD
SL” (atmospheric pressure chemical ionization — APCI).
The purity of all obtained compounds was checked by
'H-NMR and LC-MS.

Synthesis of the derivatives of 4-hydrazinoquinazoline
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(1.1-1.5) and 4-chloroquinazoline (2.1-2.5) was impleme-
nted by well-known methods, with constants that correspond
to literature data [6].

Methods of synthesis of N-(quinazolin-4(3H)-ylidene)
carbohydrazides (3.1-3.25).

Method A. 1.95 g (11 mmol) of carbonyldiimidazole
was added to the solution of 11 mmol of the corresponding
carboxylic acid in 10 ml of anhydrous dioxane. The formed
mixture was heated on a water bath at 60-80 °C for 1 hour,
protecting from the air moisture, using tube filled by calcium
chloride. Then 10 mmol of the corresponding substituted
4-hydrazinoquinazolines (1.1-1.5) were added to the re-
action mixture with stirring. Then it was left for 8 hours at
ambient temperature. The formed mixture was poured into
water and acidified by acetic acid to pH 6-7. The formed
precipitate was filtered off, dried, crystallized if necessary.

Method B. 11 mmol of the corresponding carboxylic
acid hydrazide was added to the solution of 10 mmol of
the corresponding substituted 4-chloroquinazoline (2.1-2.5)
in 10 ml of dioxane; kept it on a water bath at 60 °C for 8
hours. After cooling, the reaction mixture was poured into
water, alkalified to pH 6-7 by 5 % sodium hydrocarbonate
solute. The formed precipitate was filtered off, dried, crys-
tallized if necessary.

N’-(7-fluoroquinazolin-4(3H)-ylidene)cyclopropanecar-
bohydrazide (3.1). Yield: 86.90 % (Method A), mp 122-124
°C; '"H NMR: & = 0.95 - 0.65 (m, 4H, cyclopropyl H-2,2’,
H-3,3’), 1.72-1.83 (m, 1H, cyclopropyl H-1),6.85 (d, J=7.6
Hz, 1H, H-8), 6.91 (d, J = 8.8 Hz, 1H, H-6), 7.97 — 7.84
(m, 1H, H-5), 8.43 (s, 1H, H-2), 10.14 (s, 1H, NH), 11.40
(s, 1H, NH); LC-MS, m/z = 247 [M+1]; Anal. Calcd for
C,H,,FN,0: C, 58.53; H, 4.50; N, 22.75; Found: C, 58.54,
H, 4.49; N, 22.77.

N-(6-chloroquinazolin-4(3H)-ylidene)cyclopropanecar-
bohydrazide (3.2). Yield: 92.12 % (Method A), mp 130-132
°C; '"H NMR: & = 0.97 - 0.63 (m, 4H, cyclopropyl H-2,2’,
H-3,3'), 1.67-1.84 (m, 1H, cyclopropyl H-1), 7.11 (d, J= 7.6
Hz, 1H, H-8), 7.33 (d, J = 8.2 Hz, 1H, H-5), 7.76 (d, J= 8.0
Hz, 1H, H-7), 8.46 (d, J = 7.7 Hz, 1H, H-2), 10.15 (s, 1H,
NH), 11.46 (s, 1H, NH); LC-MS, m/z = 263 [M+1]; Anal.
Calcd for CH,,CIN,O: C, 54.87; H, 4.22; N, 21.33; Found:
C, 54.85; H, 4.23; N, 21.31.

N-(quinazolin-4(3H)-ylidene)adamantane-1-carbohy-
drazide (3.3). Yield: 99.1 % (Method A), mp 221-223 °C;
'HNMR: & =1.75 (d, J = 3.6 Hz, 6H, adamantyl-1 H-4,4’,
H-6,6’, H-10,10°), 1.92 (s, 6H, adamantyl-1 H-2,2’, H-8,8,
H-9,9’),2.06 (s, 3H, adamantyl-1 H-3, H-5, H-7), 7.51 - 6.88
(m, 3H, H-6, H-7, H-8), 7.72 (s, 1H, H-5), 7.93 (s, 1H, H-2),
10.01 (s, 1H, NH), 11.44 (s, 1H, NH); LC-MS, m/z = 323
[M+1]; Anal. Calcd for C,¢H,,N,O: C, 70.78; H, 6.88; N,
17.38; Found: C, 70.79; H, 6.86; N, 17.38.

N’-(8-methylquinazolin-4(3H)-ylidene)adaman-
tane-1-carbohydrazide (3.4). Yield: 90.95 % (Method A),
mp 256-258 °C; 'H NMR: & = 1.75 (s, 9H, adamantyl-1
H-4,4', H-6,6', H-10,10", -CH,), 1.94 (s, 6H, adamantyl-1
H-2,2', H-8,8', H-9,9'), 2.17-2.02 (m, 3H, adamantyl-1 H-3,
H-5, H-7), 8.63 — 6.76 (m, 4H, H-2, H-5, H-6, H-7), 9.90 (s,
1H, NH), 10.87 (s, 1H, NH); LC-MS, m/z = 337 [M+1]; Anal.
Calcd for C,H,,N,0: C, 71.40; H, 7.19; N, 16.65; Found: C,
71.39; H, 7.20; N, 16.67.

N’-(7-fluoroquinazolin-4(3H)-ylidene)adaman-
tane-1-carbohydrazide (3.5). Yield: 98.9 % (Method A), mp
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225-227 °C; '"HNMR: 8 =2.22 - 1.55 (m, 15H, adamantyl-1
H-2,2',H-3,H-4,4',H-5,H-6,6', H-7,H-8,8', H-9,9', H-10,10’),
6.89 (d, J=8.8 Hz, 1H, H-8), 7.30 (d, J=7.8 Hz, 1H, H-6),
8.08-7.65(m, 1H, H-5), 8.41 (s, 1H, H-2),9.98 (s, 1H, NH),
11.48 (s, 1H, NH); LC-MS, m/z = 341 [M+1]; Anal. Calcd for
C,H,,FN,O: C, 67.04; H, 6.22; N, 16.46; Found: C, 67.03,
H, 6.20; N, 16.45.
N’-(6-chloroquinazolin-4(3H)-ylidene)adaman-
tane-1-carbohydrazide (3.6). Yield: 98.4 % (Method A), mp
239-241°C; "THNMR: 8 =2.16 — 1.58 (m, 15H, adamantyl-1
H-2,2',H-3,H-4,4',H-5,H-6,6', H-7,H-8,8', H-9,9', H-10,10’),
7.13 (s, 1H, H-8), 7.95-7.58 (m, 2H, H-5, H-7), 8.44 (s, 1H,
H-2),9.98 (s, 1H,NH), 11.55 (s, 1H, NH); LC-MS, m/z = 357
[M+1]; Anal. Caled for C,.H,,CIN,O: C, 63.95; H, 5.93; N,
15.70; Found: C, 63.96; H, 5.95; N, 15.69.
N’-(8-methylquinazolin-4(3H)-ylidene)furan-3-carbo-
hydrazide (3.7). Yield: 95.42 % (Method A), mp 228-230
°C; '"HNMR: 6 = 2.53 (s, 3H, -CH,), 6.92 (s, 1H, furan-3-yl
H-4), 7.77 - 7.10 (m, 3H, H-6,7, furan-3-yl H-5), 8.54-8.10
(m, 3H, H-2, H-5, furan-3-yl H-2), 10.24 (s, 1H, NH), 10.94
(s, 1H, NH); LC-MS, m/z = 269 [M+1]; Anal. Calcd for
C,,H,N,O,: C, 62.68; H, 4.51; N, 20.88; Found: C, 62.67,
H, 4.53; N, 20.86.
N*-(7-fluoroquinazolin-4(3H)-ylidene)furan-3-carbohy-
drazide (3.8). Yield: 90.36 % (Method A), mp 236-238 °C;
'HNMR: 8 =7.09-6.77 (m, 2H, H-6, furan-3-yl H-4), 7.29
(s, 1H,H-8),7.57 (d, J=8.0 Hz, 1H, furan-3-yl H-5), 7.87 (d,
J=8.1Hz, 1H, H-5), 8.65-8.07 (m, 2H, H-2, furan-3-yl H-2),
10.28 (s, 1H, NH), 11.56 (s, 1H, NH); LC-MS, m/z = 273
[M+1]; Anal. Calcd for C,,H,FN,O,: C, 57.36; H, 3.33; N,
20.58; Found: C, 57.38; H, 3.32; N, 20.57.
N’-(6-chloroquinazolin-4(3H)-ylidene)furan-3-carbohy-
drazide (3.9). Yield: 92.14 % (Method A), mp 258-260 °C; 'H
NMR: 6 =6.92 (s, 1H, furan-3-yl H-4), 7.16 (d, J = 8.8 Hz,
1H, H-8), 7.37 (d, J=9.2 Hz, 1H, H-7), 7.99 - 7.51 (m, 2H,
H-5, furan-3-yl H-5), 8.23 (s, 1H, H-2), 8.49 (s, 1H, furan-3-yl
H-2),10.29 (s, 1H, NH), 11.83 - 11.49 (m, 1H, NH); LC-MS,
m/z =289 [M+1]; Anal. Calcd for C,,H,CIN,O,: C, 54.09; H,
3.14; N, 19.41; Found: C, 54.07; H, 3.15; N, 19.41.
N*-(6-bromoquinazolin-4(3H)-ylidene)furan-3-carbohy-
drazide (3.10). Yield: 76.54 % (Method A), mp 237-239 °C;
'HNMR: 8 =6.91 (s, 1H, furan-3-yl H-4), 7.74 — 7.44 (m,
2H, H-7, H-8), 7.93 - 7.75 (m, 1H, furan-3-yl H-5), 7.97 (d,
J=3.2Hz, 1H, H-5), 8.22 (s, 1H, H-2), 8.47 (s, 1H furan-
3-yl H-2), 10.27 (d, J= 8.4 Hz, 1H, NH), 11.62 (s, 1H, NH);
LC-MS, m/z = 289 [M+1]; Anal. Calcd for C,,HBrN,O,: C,
46.87;H,2.72;N, 16.82; Found: C, 46.85; H, 2.71; N, 16.83.
N’-(quinazolin-4(3H)-ylidene)thiophene-2-carbohydra-
zide (3.11). Yield: 99.27% (Method A), 52.7 (Method B), mp
205-207 °C; 'H NMR: & = 8.46-7.07 (m, 8H, H-2, H-5, H-6,
H-7, H-8, thiophene-2-yl H-3, H-4, H-5), 10.67/9.94 (b.s,
1H, NH), 11.76 (s, 1H, NH); LC-MS, m/z = 271 [M+1], 273
[M+3]; Anal. Calcd for C,_H, N,0S: C, 57.76; H, 3.73; N,
20.73; S, 11.86; Found: C, 57.76; H, 3.71; N, 20.74; S, 11.88.
N'-(7-fluoroquinazolin-4(3H)-ylidene)thiophene-2-car-
bohydrazide (3.12). Yield: 93.65 % (Method A), mp 259-
261°C;'"HNMR: 6 =6.91 (d, J= 8.6 Hz, 1H, H-8), 7.04 (d,
J = 8.4 Hz, 1H, H-6), 7.33 = 7.09 (m, 1H, thiophene-2-yl
H-4), 7.94 — 7.57 (m, 2H, thiophene-2-yl H-3, H-5), 8.06
(d, J = 8.4 Hz, 1H, H-5), 8.29 (s, 1H, H-2), 10.53/9.80 (s,
1H, NH), 11.62 (s, 1H, NH); LC-MS, m/z = 289 [M+1]; Anal.
Calcd for C,,H,FN,OS: C, 54.16; H, 3.15; F, 6.59; N, 19.43,;

ISSN 2306-4145  http://zmj.zsmu.edu.ua 427



428

ISSN 2306-4145  http://zmj.zsmu.edu.ua

Bonpocbl papmaumu

0, 5.55; S, 11.12; Found: C, 54.18; H, 3.14; F, 6.58; N,
19.45; O, 5.54; S, 11.11.
N’-(8-methylquinazolin-4(3H)-ylidene)thiophene-3-car-
bohydrazide (3.13). Yield: 73.85 % (Method A), mp 228-230
°C; '"HNMR: 5 =2.49 (s, 3H, CH,), 7.82 - 7.11 (m, 4H, H6,
H7, thiophene-3-yl H-4, H-5), 8.56 — 7.96 (m, 3H, H-2, H-5,
thiophene-3-yl H-2), 10.37 (s, 1H, NH); LC-MS, m/z = 285
[M+1]; Anal. Calcd for C,,H,,N,0S: C, 59.14; H, 4.25; N,
19.70; S, 11.28; Found: C, 59.12; H, 4.26; N, 19.71; S, 11.27.
N’-(7-fluoroquinazolin-4(3H)-ylidene)thiophene-3-car-
bohydrazide (3.14). Yield: 93.65 % (Method A), mp 228-230
°C; '"H NMR: & = 8.66 — 6.79 (m, 7H, H-2, H-5, H-6, H-8,
thiophene-3-yl H-2, H-4, H-5), 10.33 (s, 1H, NH), 11.58 (s,
1H, NH); LC-MS, m/z = 285 [M+1]; Anal. Calcd for C, H-
oFN,OS: C, 54.16; H, 3.15; N, 19.43; S, 11.12; Found: C,
54.15; H, 3.17; N, 19.41; S, 11.13.
N’-(6-chloroquinazolin-4(3H)-ylidene)thiophene-3-car-
bohydrazide (3.15). Yield: 86.00 % (Method A), mp 262-264
°C; '"H NMR: 8 = 8.70 — 7.05 (m, 7H, H-2, H-5, H-7, H-8,
thiophene-3-yl H-2, H-4, H-5), 10.41 (s, 1H, NH), 11.62 (s,
1H, NH); LC-MS, m/z = 305 [M+1]; Anal. Calcd for C, H-
CIN,OS: C, 51.24; H, 2.98; N, 18.38; S, 10.52; Found: C,
51.24; H, 2.99; N, 18.36; S, 10.53.
N*-(6-bromoquinazolin-4(3H)-ylidene)thiophene-3-car-
bohydrazide (3.16). Yield: 65.86 % (Method A), mp 249-251
°C; '"H NMR: d = 8.75 - 7.35 (m, 7H, H-2, H-5, H-7, H-8,
thiophene-3-yl H-2, H-4, H-5), 10.42 (s, 1H, NH), 11.63 (s,
1H, NH); LC-MS, m/z = 350 [M+1]; Anal. Calcd for C,.HBr-
N,0S:C,44.71;H,2.60; N, 16.04; S, 9.18; Found C, 44.69;
H, 2.61; N, 16.03; S, 9.20.
N’-(quinazolin-4(3H)-ylidene)benzofuran-2-carbohy-
drazide (3.17). Yield: 92.56 % (Method A), 62.5 (Method
B), mp 286-288 °C; '"H NMR: 6 = 7.25 (d, 1H, J = 8.4 Hz,
benzofuran-2-yl H-4), 7.37 (m, 2H, benzofuran-2-yl H-5,
H-6), 7.50 (t, 1H, J = 7.8 Hz, H-7), 7.57 (1, 1H, J= 7.8 Hz,
H-6), 7.64 (s, 1H, benzofuran-2-yl H-3), 7.75 (d, 1H, J=8.4
Hz, benzofuran-2-yl H-7¢), 7.80 (d, 1H, J = 7.8 Hz, H-8),
8.00 (d, 1H, J = 7.9 Hz, H-5), 8.12 (s, 1H, H-2), 11.03 (s,
1H, NH), 11.96 (s, 1H, NH); LC-MS, m/z = 305 [M+1]; Anal.
Calcd for C,H,,N,O,: C, 67.10; H, 3.97; N, 18.41; Found:
C, 67.08; H, 3.98; N, 18.39.
N’-(8-methylquinazolin-4(3H)-ylidene)benzofu-
ran-2-carbohydrazide (3.18). Yield: 84.81 % (Method A),
mp 284-286 °C; '"HNMR: 6 =2.50 (s, 3H, CH,), 8.03-7.12
(m, 9H, H-2, H-5, H-6, H-7, benzofuran-2-yl H-3, H-4, H-5,
H-6, H-7), 11.05 (s, 1H, NH); LC-MS, m/z = 319 [M+1]; Anal.
Calcd for C,,;H, N, 0,: C, 67.92; H, 4.43; N, 17.60; Found:
C, 67.90; H, 4.43; N, 17.59.
N’-(7-fluoroquinazolin-4(3H)-ylidene)benzofuran-2-car-
bohydrazide (3.19). Yield: 92.00 % (Method A), mp 309-311
°C; '"HNMR: & = 7.81 - 6.72 (m, 9H, H-2, H-5, H-6, H-8,
benzofuran-2-yl H-3, H-4, H-5, H-6, H-7), 11.70 (s, 1H, NH);
LC-MS, m/z = 323 [M+1]; Anal. Calcd for C,.H,,FN,0,: C,
63.35; H, 3.44; N, 17.38; Found: C, 63.34; H, 3.46; N, 17.37.
N'-(6-chloroquinazolin-4(3H)-ylidene)benzofuran-2-car-
bohydrazide (3.20). Yield: 85.00 % (Method A), mp 294-296
°C; 'HNMR: & = 7.78 — 7.15 (m, 7H, H-5, H-8, benzofu-
ran-2-yl H-3, H-4, H-5, H-6, H-7), 7.98 (d, J = 8.0 Hz, 1H,
H-7),8.43 (s, 1H, H-2),10.90 (s, 1H, NH), 11.80 (s, 1H, NH);
LC-MS, m/z = 339 [M+1]; Anal. Calcd for C, H,,CIN,O,: C,
60.28; H, 3.27; N, 16.54; Found: C, 60.27; H, 3.26; N, 16.55.
N’-(6-bromoquinazolin-4(3H)-ylidene)benzofu-

ran-2-carbohydrazide (3.21). Yield: 68.50 % (Method A),
mp 267-269 °C; 'HNMR: 6 = 8.43-7.05 (m, 9H, H-2, H-5,
H-7, H-8, benzofuran-2-yl H-3, H-4, H-5, H-6, H-7), 10.90
(s, 1H, NH), 11.79 (s, 1H, NH); LC-MS, m/z = 384 [M+1];
Anal. Calcd for C,.H, BrN,0,: C, 53.28; H, 2.89; N, 14.62;
Found: C, 53.27; H, 2.90; N, 14.64.

N-(quinazolin-4(3H)-ylidene)picolinohydrazide (3.22).
Yield: 94.87 % (Method A), mp 270-272 °C; 'H NMR:
06=7.17(d, J=7.4 Hz, 1H, H-8), 7.36 (t, J = 7.9 Hz, 1H,
H-6), 7.50 (t, J = 6.0 Hz, 1H, H-7), 7.59 (t, J = 8.2 Hz, 1H,
picolinoyl H-5), 7.99 (d, J = 8.4 Hz, 1H, H-5), 8.25 (m, 1H,
picolinoyl H-3,4), 8.61 (s, 1H, H-2), 8.73 (d, J=6.6 Hz, 1H,
picolinoyl H-6), 11.46 (s, 1H, NH); LC-MS, m/z = 266 [M+1];
Anal. Caled for C,H,,N,O: C, 63.39; H, 4.18; N, 26.40;
Found: C, 63.41; H, 4.19; N, 26.42.

N’-(quinazolin-4(3H)-ylidene)nicotinohydrazide (3.23).
Yield: 98.00 % (Method A), mp 251-253 °C; 'H NMR:
0=28.44-7.06 (m, 7H, H-5, H-6, H-7, H-8, nicotinoyl H-3,
H-4, H-5), 8.69 (s, 1H, H-2), 9.09 (s, 1H, nicotinoyl H-2),
10.72 (s, 1H, NH); LC-MS, m/z = 266 [M+1]; Anal. Calcd for
C,.H,,N;0: C, 63.39; H, 4.18; N, 26.40; Found: C, 63.37;
H, 4.19; N, 26.41.

N’-(quinazolin-4(3H)-ylidene)isonicotinohydrazide
(3.24). Yield: 83.30 % (Method A), mp 255-257 °C; '"H NMR:
0=8.84-7.05(m, 9H, H-2, H-5, H-6, H-7, H-8, isonicotinoyl
H-2, H-3, H-5, H-6), 10.76 (s, 1H, NH), 11.62 (s, 1H, NH);
LC-MS, m/z = 266 [M+1]; Anal. Calcd for C,,H, N,O: C,
63.39; H,4.18; N, 26.40; Found: C, 63.36; H, 4.20; N, 26.41.

N’-(6-bromoquinazolin-4(3H)-ylidene)isonicotinohydra-
zide (3.25). Yield: 61.01 % (Method A), mp 245-247 °C; 'H
NMR: & = 8.24 — 7.49 (m, 6H, H-5, H-6, H-7, H-8, isonico-
tinoyl H-3, H-5), 8.49 (s, 1H, H-2), 8.71 (d, J = 8.6 Hz, 2H,
isonicotinoyl H-2, H-6), 10.79 (s, 1H, NH), 11.79 (s, 1H, NH);
LC-MS, m/z = 344 [M+1]; Anal. Calcd for C, H, BrN,O: C,
48.86; H, 2.93; N, 20.35; Found: C, 48.85; H, 2.92; N, 20.36.

Synthesized compounds (3.1-3.25) are white (3.1, 3.2),
yellow (3.3-3.25) crystalline substances, insoluble in water,
slightly soluble in alcohols, soluble in dioxane and DMF.
The compounds 3.1-3.9, were purified by recrystallization
from the mixture of dioxane-water (1:1), DMF-water (1:1)
for the analysis.

The experimental biological part. The sensitivity of
the microorganisms to the synthesized compounds was
evaluated according the described methods [7]. The assay
was conducted on Mueller-Hinton medium by two-fold
serial dilution of the compound in 1 ml, after that 0.1 ml of
microbial seeding (106 cells/ml) was added. The minimal
inhibitory concentration of the compound was determined
by the absence of visual growth in the test tube with a mini-
mal concentration of the substance, and then the minimal
bactericide/fungicide concentration was determined by
the absence of growth on agar after inoculation of the micro-
organism from the transparent test tubes. Dimethylsulfoxide
was used as a solvent, with an initial solution concentration
of 1 mg/ml. Preliminary screening was performed on Staph-
ylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, and Candi-
da albicans ATCC 885-653 standard test cultures. Nitrofual,
Trimetoprim and Ketoconazole were used as the reference
compounds with proven antibacterial/antifungal activity.
Additional quality control of the culture medium and solvents
was conducted by commonly used methods [8, 9].

3anopoxckuii MeguumHekui xypHan. Tom 20, Ne 3(108), mait — noHb 2018 .



Results and its discussion

Synthesis of (3H-quinazolin-4-ylidene)hydrazides cycloal-
kyl-(hetaryl) carboxylic acid 3.1-3.25 as the convenient
precursors for the preparation of the corresponding tricyclic
derivatives [10], was carried out in two alternative ways:
by acylation of the corresponding substituted 4-hydraz-
inoquinazolines (1.1-1.5) by activated cycloalkyl-(hetaryl)
carboxylic acids (Method A, scheme 1) and by interaction
substituted 4-chloroquinazolines (2.1-2.5) with the hydra-
zides of the corresponding acids (Method B, scheme 1)
[11,12]. The acylation of the compounds 1.1-1.5 was
realized by imidazolides of alicyclic or heterocyclic acids
(Method A). It should be noted that the regioselectivity of
the reaction is determined by the place of the primary nucle-
ophilic attack, that may be represented by the final nitrogen
atom of the hydrazine moiety or by the endocyclic N (1) and
N (3) atoms of quinazoline. Later, the alternative synthesis of
some N-acyl derivatives (3.11, 3.17) was carried out, it was
based on the interaction of substituted 4-chloroquinazolines
(2.1-2.5) with hydrazides of the corresponding alicyclic
acids (Method B). The using of this approach allowed
the definitely establishing of the reactions™ direction.

Each of the mentioned approaches has both advan-
tages and disadvantages. Among the characteristics of
the carbonyldiimidazole method, it is necessary to note
the rate of performing, high yields and purity of the final
products, which, in our opinion, are significant advantages,
despite of the necessity of anhydrous solvents’ using. One
of the features of this method is the possible one-stage
heterocyclization of the corresponding hydrazides into
triazoloquinazoline systems, provided by the extended
time and the increased temperature regime of the reaction.
But the chosen reaction conditions made it possible to get
the individual N'-[quinazoline-4(3H)-ylidene]-2-(3)-cycloal-
kyl(hetaryl)-hydrazides with the high yields.

Among the disadvantage of the second method, it is
necessary to note the duration of hydrazides of alicyclic or
heterocyclic acids’ synthesis and also the using of short-
lived substituted 4-chloroquinazolines (2.1-2.5) as initial
compounds.

In the LC-MS spectra (APCI) of the compounds
3.1-3.25, the signals of positive ions [M+1] were recorded
which confirms the expected molecular weight of the syn-
thesized compounds. For compounds 3.11-3.16, the signals
of positive ions [M+3] were additionally recorded, which
characterizes the «isotopic profile» of sulfur [13].

"H-NMR-spectra were characterized by the appearance
of a low-field proton singlet of the exocyclic NH-group of
the quinazoline cycle at the 11.96-10.37 ppm [11,12] and
the amide NH-proton at the 11.03-9.90 ppm, which in some
cases (3.13, 3.18, 3.19, 3.22, 3.23) did not appear due to
rapid deuterium exchange or doubles due to hydrazide
hydrazone tautomerism (3.9, 3.12). It is necessary to note
that it was not possible to describe the multiplicity and
characteristic chemical shifts of the aromatic protons of
both quinazoline residue and the heterocyclic component
of the molecule for hydrazides 3.11, 3.13-3.16, 3.18-3.21,
3.23-3.25, since they were observed as multiplets, which
was a consequence of prototrophic tautomerism and their
significant solubility in DMSO.

In the "H NMR spectra of compounds 3.1-3.6, the sig-
nals of protons of the alicyclic residue were registered in a
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3.1R=8-F,R, =cyclopropyl; 3.2R=6-Cl, R, =cyclopropyl; 3.3R=H, R, =adamantan
-1-yl;3.4R=8-CH,, R, =adamantan-1-y; 3.5R =7-F, R, =adamantan-1-yl; 3.6 R =6-
Cl,R,=adamantan-1-yl, 3.7R=8-CH,, R, =furan-3-yl; 3.8R=8-F R, =furan-3-yI; 3.9
R=6-Cl,R, =furan-3-yl; 3.10R=6-Br, R, =furan-3-yl; 3.11 R=H, R, =thiophen-2-yl;
3.12R=7-F R, =thiophen-2-yl; 3.13R=8-CH,, R, =thiophen-3-yI; 3.14R=7-F R =
thiophen-3-y1;3.15R =6-Cl, R, =thiophen-3-yl; 3.16 R=6-Br, R, =thiophen-3-yI;3.17R
=H, R, =benzofuran-2-yl; 3.18 R = 8-CH,, R, = benzofuran-2-yl; 3.19 R = 7-F, R,
=benzofuran-2-yl; 3.20 R=6-Cl, R, =benzofuran-2-yl; 3.21 R=6-Br, R, =benzofuran-2-
yl;3.22R=H,R, =pyridin-2-y;3.23R=H, R, = pyridin-3-yI; 3.24 R=H, R, = pyridin-4-
yl; 3.25 R = 6-Br, R, = pyridin-4-yl.

high field. In some cases mentioned signals were doubled,
that was also caused by the tautomeric transitions. As for
compounds 3.1 and 3.2 four protons of 2 and 3 position
of the cyclopropyl moiety were registered as a multiplet
at the 0.97-0.63 ppm, and the proton of 1% position as a
multiplet at 1.67—1.84 ppm. The splitting of the protons of
the adamantan residue of compound 3.3 was interesting:
they resonated as two six-proton doublets of «bridge»
protons at the 1.75 ppm (H-4.4’, H-6.6’, H-10.10’) and
the 1.92 ppm (H-2,2’, H-8,8', H-9,9’), and three-proton
singlet of «nodal» protons at the 2.06 ppm (H-3, H-5, H-7);
for compounds 3.5 and 3.6, the protons of the adamantan
residue resonated as multiplets at 2.23—1.55 ppm. In the 'H
NMR spectra of compounds 3.4, 3.7, 3.13, 3.18, there was
a three-proton singlet of the methyl group of the position 8
at the 2.49-2.53 ppm.

It is interesting to notice that the 'H-NMR spectrum
of compound 3.17 made it possible to characterize both
aromatic and heterocyclic protons. The aromatic protons of
the quinazoline ring form the characteristic ABCD system:
H-5 and H-8 were observed as doublets at the 8.00 and
the 7.80 ppm respectively, and H-6 and H-7 — triplets at
the 7.57 and the 7.50 ppm respectively [11,12,14]. As for
proton H-2 of quinazoline cycle, it resonated as a singlet
at the 8.12 ppm, that is typical for most compounds of this
series [2,15]. Protons of heteryl substituents had classical
chemical shifts and multiplicity [16,17].

As a result of the study of antimicrobial and antifungal
activity, it was established (Table 1) that synthesized com-
pounds in the concentration range of 200.0-12.5 ug/ml
were active against the studied strains. The results’ anal-
ysis of the effect of the test compounds on the growth of
Staphylococcus aureus and Escherichia coli, showed that
the greatest bacteriostatic (12.5-50.0 ug/ml) and bacterici-

ISSN 2306-4145  http://zmj.zsmu.edu.ua 429



Bonpocbl papmaumu

Table 1. Antimicrobial and antifungal activity of synthesized compounds*

Compound

3.1

32

33

3.21

3.22

3.23
Nitrofural
Trimethoprim
Ketoconazole

Investigated strains

Escherichia coli Staphylococcus aureus

>200

100 200 100 200
200 200 50 200
100 200 50 100
50 100 125 50
100 100 12.5 200
1.5 - 6.25 -

50 50 312 62.5

MIC pg/ml MBC pg/ml MIC pg/ml MBC pg/ml MIC pg/ml MBC pg/ml MIC pg/ml MBC pg/ml
100 200 100 50 100 50 50

Pseudomonas aeruginosa Candida albicans

50 100 200 200
100 100 50 100
100 200 25 50
50 100 50 100
100 100 50 100
6.25 - 25.0 -
62.5 125 62.5 125
- - 25 -

*: the antimicrobial and antifungal activity of other synthesized compounds is MIC-100-200 pg/ml, MBK-100-200 pug/ml, MFK-100-200 pg/ml.
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dal (50-100 ug/ml) effects were exhibited by substances
3.22 and 3.23, which in hydrazide fragment contain a
pyridine residue (3.22, 3.23). Towards to Pseudomonas
aeruginosa, the investigated substances did not exhibit sig-
nificant bacteriostatic and bactericidal activity (MIC-50-100
pg/ml, MBC-100-200 pg/ml).

The compound 3.21 N’-(6-bromoquinazolin-4(3H)-
ylidene)benzofuryl-2-carbohydrazide (MIC 25 ug/ml, MFC
50 ug / ml) was comparable to the reference standard and
exhibited the greatest antifungal activity. Interestingly, that
compound 3.1 (N'-(7-fluoroquinazoline-4(3H)-ylidene) cy-
clopropanecarbohydrazide) did not show the activity against
Staphylococcus aureus and Escherichia coli(100-200 pg/ml),
but revealed bactericidal effect against Pseudomonas
aeruginosa (MIC-50 ug/ml, MBC-100 ug/ml). The study
of the fungistatic and fungicidal action of this compound
against Candida albicans showed that it exhibited high
activity (MIC and MFC 50 pg/ml). It is also necessary to
mention the compounds 2.22 and 2.23, which exhibited
fungicidal activity on Candida albicans (MIC 50 pg/ml,
MFC 100 pg/mi).

So the studies of N'-[quinazoline-4(3H)-ylidene]-2(3)
hydrazides antimicrobial and antifungal activity showed
that the most active compounds were N’-[quinazolin-4
(3H)-ylidene]-2(3)-heterylcarbohydrazides.

Conclusions

1. Preparative methods for the synthesis of [quinazo-
line-4(3H)-ylidene]hydrazides of cycloalkyl-(hetaryl) carbo-
xylic acids are considered. The choice of presented methods
depends on order of receiving of the condensed heterocyclic
and biologically active compounds.

2. The individuality and structure of the synthesized
compounds was confirmed by elemental analysis, 'H-NMR
and LC-MS spectra. It was shown, that prototropic (hydra-
zine-hydrazone) tautomerism is typical for synthesized
compounds and, importantly, this tautomeric process leads
to the changes in the integrated intensity and chemical shifts
of both aromatic protons and protons of alicyclic groups.

3. The antimicrobial and antifungal activity of the new
N'-[quinazoline-4 (3H)-ylidene]-2 (3)-cycloalkyl(hetaryl)-hy-
drazide derivatives was studied. It was shown, that
N’-[quinazoline-4(3H)-ylidene]-2(3)-heterylcarbo-hydra-
zides exhibited the greatest antimicrobial activity, containing
apyridine moiety in the molecule, that exceeded the activity
of the trimethoprim reference standard. The greatest anti-

fungal activity was shown by N'-(6-bromoquinazolin-4(3H)-
ylidene)benzofuryl-2-carbohydrazide, that is comparable to
the comparison standard ketoconazole.

Prospects for further research. During the next stage
of our studies, itis planned to establish acute toxicity indica-
tors, as well as to study the biological activity of synthesized
compounds. In addition, the obtained compounds are pro-
spective synthons in order to receive the tricyclic derivatives.
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