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SYNTHESIS AND ANTI-MICROBIAL ACTIVITY
OF N'-(2-HYDROXY-5-NITROBENZYLIDENE)
ISONICOTINOHYDRAZIDE

Abstract. The paper presents data on the synthesis, structure and bioactivity of N '- (2-hydroxy-5-
nitrobenzylidene) isonicotinohydrazide based on isonicotinic acid hydrazide. The structure of the new hydrazone was
studied by 'H and >C NMR spectroscopy. as well as two-dimensional COSY ("H-"H) and HMQC (‘H-"C) spectra.
The values of chemical shifts, multiplicity and integral intensity of 'H and °C signals in one-dimensional NMR
spectra are determined. Using spectra in COSY (‘H-'H) and HMQC (‘H-"°C) formats, homo- and heteronuclear
interactions have been established, confirming the structure of new isonicotinic acid derivatives. Studies of the
synthesized compound for antimicrobial activity against drug-sensitive museum strains of bacteria and fungi have
been carried out. According to the results of bioassays, it was shown that a new hydrazone derivative of isonicotinic
acid in a dose of 1 pg has a weak potential for antimicrobial activity, and the diameters of growth inhibition zones for
in vitro test cultures averaged 12 = 1.0 mm.
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Isonicotinic acid hydrazide (INH) is today one of the main widely used and fairly inexpensive
tuberculostatics, however, it still does not meet the requirements for modemn drugs in many clinical
settings. On the basis of INH, a large number of various derivatives have been synthesized with a wide
variation of the antituberculosis activity and toxicity of the compounds [1-3]. Thus, in 1951, in the Soviet
Union, a method was developed for the synthesis of the drug ftivazid by the interaction of isonicotinic acid
hydrazide with vanillin [4]. Ftivazide, due to its low toxicity and good individual tolerance, and currently
occupies a leading place in the treatment of various forms of tuberculosis [4]. In clinical practice, other
isonicotinic acid hydrazones, such as methazide, saluzid, and larusan, are widely used today. However,
difficulties in the treatment of tuberculosis are associated with the development of drug resistance of
Mycobacterium tuberculosis and, as a result, the drug loses its therapeutic effect. In this regard, the
synthesis of new derivatives of isonicotinic acid hydrazones continues, and the search for new highly
effective anti-TB drugs is still an urgent task [5].

In addition, it is known that hydrazones are generally widely used in synthetic chemistry due to the
simple method of their production [6] and various biological activities besides anti-tuberculosis action
(plant growth regulators, herbicides, fungicides, antioxidants) [7, 8]. Continuing research on the
modification of isonicotinic hydrazide, it seemed interesting to obtain new hydrazones based on INH,
containing additional pharmacophoric groups.

The purpose of this work was to study the reaction of the interaction of isonicotinic acid hydrazide (1)
with  2-hydroxy-5-nitrobenzaldehyde (2). The synthesis of the new  N'-(2-hydroxy-5-
nitrobenzylidene)isonicotinohydrazide (3) was carried out in ethyl alcohol at 50-60 °C for 4 hours.
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The reaction product (3) is a well-crystallized substance, soluble in many organic solvents, the yield
of the compound is 92.0%.

The composition and structure of N'-(2-hydroxy-5-nitrobenzylidene)-isonicotinohydrazide (3) are
confirmed by the data of IR-, 'H- and "*C- NMR spectroscopy, as well as two-dimensional spectra of
COSY (‘H-'H) and HMQC ('H-"C).

In the IR spectrum of compound (3) there is an intense absorption band in the region of 3028-3094
cm ', corresponding to valence N-H vibrations, in the region of 3016-3049 cm™ - to valence C-H
vibrations of the pyridine ring, 1870-1955 cm™ - the overtones of the pyridine ring, 1642-1651 cm™ - the
vibrations of the C=0 bond, the vibrations of the C=N bond are recorded in the region of 1543 cm™.

The '"H NMR spectrum of the compound (3) is characterized by the presence in the aromatic region at
7.05 ppm doublet with an intensity of 1H with °J 9.2 Hz of the atom H'* of the benzene nucleus. The H"
proton, adjacent to H', as a result of spin-spins splitting by a neighbor, also manifests itself as a doublet
signal at 8.11 ppm with an integrated intensity of 1H with *J 8.6, characteristic of aromatic compounds.
H'” proton of the benzene nucleus, not having proton containing neighbors, is manifested by a singlet at
8.69 ppm with an intensity of 1H. Equivalent protons of the pyridine ring H*® and H*” resonated with
doublet signals with an intensity of two protons at 8.75 (*J 5.5 Hz) and 7.80 ()J 5.5 Hz) ppm respectively.
The proton H'', which is unable to interact with other protons through three bonds, respectively,
manifested itself in the form of a singlet signal at 8.54 ppm with an integrated intensity of 1H. The protons
of the hydroxyl group and the amide bond manifested themselves in the form of broadened singlets with
an integral 1H each in the weakest field of the spectrum at 12.55 and 12.37 ppm respectively.
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In the °C NMR spectrum of N'-(2-hydroxy-3-nitrobenzylidene)-isonicotinohydrazide (3), signals of
the aromatic ring are observed at 117.60 (C'), 120.51 (C'), 127.35 (C"), 140.34 (C'®), 145.48 (C') u
162.12 (C") ppm. The carbon atoms of the pyridine fragment resonated at 122.05 (C*°), 150.89 (C*°) n
140.45 (C*) ppm. Chemical shift signal at 123.91 ppm corresponds to the carbon atom bound by a double
bond with the nitrogen atom. In the ficld of a weak ficld at 163.09 ppm marked signal carbonyl atom C’.
The structure of compound (3) was also confirmed by the methods of two-dimensional NMR spectroscopy
COSY ("H-"H) and HMQC (*H-"C), which allows one to establish spin-spin interactions of a homo- and
heteronuclear nature. The observed correlations in the molecule (3) are shown in Figures 1 and 2. In the
COSY ('H-'H) spectra of the compound (3) spin-spin correlations are observed through three proton
bonds of the neighboring methylene groups H>-H’ and H-H® of the pyridine ring cross-peaks with
coordinates at 8.73, 7.80 and 7.78, 8.75. Coordinates 8.10, 7.05 and 7.04, 8.11 correspond to the
homolytic interaction through threc bonds of the neighboring aromatic protons H'*". Heteronuclear
interactions of protons with carbon atoms through one bond were established using HMQC (‘H-"°C)
spectroscopy for all pairs present in the compounds: H'*-C'* (7.03, 117.61), H*>-C*” (7.78, 122.07), H"-
C"(8.09, 127.25), H''-C'" (8.52, 123.89), H'"-C'7 (8.68, 145.45), H**-C*°(8.73, 150.85).
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Figure 1 - Scheme of COSY (‘H-'H)
correlations compounds (3)

Figure 2 - Scheme of HMQC (‘H-"*C)
correlations of compound (3)

In order to study the biological activity of the synthesized new derivative of isonicotinic acid
hydrazide, a bioscreening was conducted for the presence of antimicrobial activity against drug-sensitive
museum strains of bacteria and fungi. Antimicrobial activity was assessed by the minimum inhibitory
concentration (1 pg), and the concentration of reference drugs was 1 mg.

The sensitivity of bacteria S. aureus, Bacillus subtilis 6633, E. Coli, Ps was determined. Aerugiosa
ATCC 9027 and the yeast fungus Candida albicans to the test sample (3) by the diffusion method using
discs, solvent 96% ethyl alcohol. The antibiotic benzylpenicillin sodium, gentamicin and the third-
generation cephalosporin antibiotic, ceftriaxone, and nystatin, antifungal activity, have been selected as
standards for evaluating antibacterial activity. Test cultures were sown using the lawn method on nutrient
media: JSA, Endo medium, nutrient agar and Saburo medium. Then the Petri dishes were incubated for 24
hours at 28-37 °C.

Antimicrobial activity of the samples was assessed by the diameter of the zones of growth inhibition
of test strains (mm). The diameters of the zones are less than 10 mm and continuous growth in the cup was
cvaluated as the absence of antimicrobial activity, 10-15 mm — weak activity, 15-20 mm — moderately
pronounced activity, more than 20 mm — pronounced. The main sample was tested in three parallel
experiments. Statistical processing was performed by parametric statistics with the calculation of the
arithmetic mean and standard error. The results of the identified growth delays on the media are shown in
the table.

Table — Antimicrobial activity of N'-(2-hydroxy-5-nitrobenzylidene)-isonicotinohydrazide.
Diameters of growth inhibition of test strains, mm

B.subtilis . Ps.aerugiosa ATCC .
Test substances S.aureus 6633 E.coli 9027 C.albicans

IN'-(2-hydroxy-5-nitrobenzylidene)-
isonicotinohydrazide (3) 12£1.0 13+1.0 13£1.0 11£1.0 12+1.0
Fthyl alcohol 96% 9+1.0 9+1.0 9+1.0 9+1.0 9+1.0
Benzylpenicillin sodium salt 15+1.0 - 16£1.0 12+1.0 -
Gentamicin 22+1.0 30+1.0 31+1.0 30+1.0 -
Ceftriaxone 30+1.0 30+1.0 29+1.0 22+1.0 -
[Nystatin - - - - 25£1.0

These  pharmacological  studies have shown that  N'-(2-hydroxy-5-nitrobenzylidene)
isonicotinhydrazide (3) at a dose of 1 pg has a weak antimicrobial activity potential, since the diameters of
the in vitro growth inhibition zones for test cultures averaged 12 £ 1.0 mm. Chemical modification of
derivatives of isonicotinic acid hydrazide can ensure the production of new biologically active substances
with antimicrobial activity.

Experimental part

The 'H and >C NMR spectra of the compounds (3) were recorded on a INN-ECA 400 spectrometer
from Jeol (Japan) in a DMSO-d; solution relative to the internal TMS standard with a frequency of 400
and 100 MHz on the 'H and C cores, respectively. IR spectra were taken on a Cary 600 Series FTIR
spectrometer manufactured by Agilent Technologies (USA) using a single reflection attachment on a
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Gladiatr diamond manufactured by PIKE (USA). All measurements were carried out at a resolution of 4.0
cm’', the number of scans was 40. Melting points were determined on an OptiMelt instrument. TLC
analysis was performed on Silufol UV-254 plates, the manifestation of iodine vapor. Biological tests of
samples of the synthesized compounds for antibacterial and antifungal activity were carried out at the base
of the Department of Microbiology of Karaganda State Medical University.

N'-(2-hydroxy-5-nitrobenzylidene) isonicotinohydrazide (3). To a mix-ture of 0.7 g (0.004 mol) of
isonicotinic acid hydrazide in 10 ml of ethanol, 0.8 g (0.004 mol) of 2-hydroxy-5-nitrobenzaldehyde
dissolved in 10 ml of ethanol was added with stirring at room temperature. Then the reaction mixture was
stirred for 4 hours at a temperature of 50-60 °C under reflux. The completion of the reaction was
monitored by TLC. The solution was cooled, the precipitated precipitate was filtered. Received 1.3 g
(92,0%) of the product (3) vellow with a melting point of 285-287 °C. Found, %: C 54.65; H 3.31; N
19.63. Calculated, %: 54.54; H 3.49; N 19.58. C;3H;(N,O,. NMR 'H (DMSO-dy), &, ppm: 7.05 d (1H, H",
Jan 9.2 Hz), 8.11 d (1H, H”, °Juy 8.6 Hz), 8.69 ¢ (1H, H'), 8.75 d (2H, H*®, °*Juu 5.5 Hz), 7.80 d (2H,
H’”, °Juu 5.5 Hz), 8.54 ¢ (1H, H'), 12.15 br. with (1H, OH), 12.37 br. with (1H). NMR "“C (DMSO-ds),
5, ppm: 117.60 (C'), 120.51 (C'), 127.35 (C), 140.34 (C'°), 145.48 (C'"), 162.12 (C"), 122.05 (C*”),
150.89 (C*°), 140.45 (C*), 123.91 (N=CH), 163.09 (C=0).

This work was supported by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AR051311054).
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N'-Q-THAPOKCH-5-HUTPOBEH3WINAEH)A3OHUKOTHHO-THAPASHITHIH CHHTE3I MEH
MHKPOBKA KAPCEI BEJICEHALTITT

Annotamus. YKyMbpIcTa H30HHKOTHH KBIIIKBUTHI THAPA3HIIHIH HET131HAC anmbHFad N'-(2-THIPOKCH-5-HUTPOOCH-
SHIIICH) W30HHKOTHHOTHAPAZHAIHIH CHHTC31, KYPBUIBICH KOHC OHO-OCICCHILTITT OOHBIHIIA ACPCKTEP KCITIPLITCH.
YKana rumpasonssH Kypsisickl SIMP 'H- sxome *C-crextpockomus omicTepiven, conmait-axk COSY (‘H-"H) sxome
HMQC (‘H-"°C) exiemmemzi criekrpiiepiin aepextepimen 3eprreireH. bipemmemm SIMP crnexrprepinae 'H jxoHe
e CHTHAJIJAPIBIH, HHTCTPATABIK KAPKBIHABLIBIFGI, MY IBTHIUICTTLIIT] )KOHE XUMIAIBIK BIFBICY MOHACP! AHBIKTAJIIBL
COSY (‘H-'H) xore HMQC (‘H-'">C) ()opMATTAPHIHIAFEI CTICKTPIIEP KOMETIMEH H30HHKOTHH KBIITKBLTBIHBIH 5KAHA
TYBIHIBICHIHBIH KYPBUIBIMBIH PACTAHTHIH TOMO- KOHE TETEPOSIIPOJIBIK ©3apa SPEKETTECyIEpl OpHATHLIAbL. bakre-
pHsIap MEH 3CHICPAIH AJPUIIK-CE3IMTalI My3€H ITAMMAAPHIHA KATHICTBI MHKPOOKA KApChl OCJICEHALTIKKE CHHTE3-
JICNTCH KOCBUIBICTApFa 3CpTTCYyNiep Kypridiami. buocsHay HoTmkenepi OofibiHmA 1 MKT 103a7aFbl H30HHKOTHH
KbIIIKBLTBIHBIH YKaHA THIPA30HIBIK TYBIHABICHI MUKPOOKA KapChl OCJICEHAITIKTIH QJICI3 MIAMACKIHA UE, i1 Vilro TECTi-
JK JAKBUTAAPIBIH 6CYIiH KiZiPTy aiMAaFbIHBIH AHAMETPICPiHiH oprama ecenmeH 12+1,0 MM KypaHTBIHBI KOPCETITCH.

Tyiiin ce31ep: H30HUKOTHH KBIIKBIIBIHBIH THAPA3HIL, THAPA30HIAP, XUMHUSUIBIK TYPICHIIPY, MEKPOOKA Kapchl
OCJICCHALTIK.
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CHHTE3 U IPOTHBOMHUKPOBHASI AKTUBHOCTE N'-(2-THAPOKCH-5-HUTPOBEH3WIHA/IEH)
A30HUKOTHHOTHIPA3ZHIA

Annotamusi. B pabote mpuBEneHBI JAHHBIC IO CHHTE3Y, CTPOCHHIO M OHMOAKTHBHOCTH N'-(2-THIPOKCH-5-
HHTPOOCH3UITHIACH)H30HHKOTHHOTHAPA3KHAA, TOJYYCHHOTO HA OCHOBE THAPA3HAA H30HHKOTHHOBOH KHCIIOTBI.
CTpOCHHE HOBOTO THIPa3OHA HCCIemoBaHo Merojamu SIMP 'H- m "’C-cmextpockommm, a Takke JAHHBIMEH
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aByMepHbIX cmektpoB COSY (‘H-'H) u HMQC (‘H-"’C). Ompenencbl 3HAYCHHS XHMHYCCKHX CIBHIOB,
My TBTHILIETHOCTD H HHTETPANbHAS HHTCHCHBHOCTH CHTHAOB 'H 1 °C B 0mHOMEpHBIX criekTpax SIMP. C mOMOIIBIO
criekrpos B opmarax COSY (‘'H-'H) u HMQC ('H-">C) ycTaHOB/ICHBI rOMO- M TETCPOSICPHBIC B3AMMOICHCTBHL,
TIOATBEPKAAIOIUE CTPYKTYPY HOBOTO IIPOM3BOJHOTO HW30HUKOTHHOBON KHCIOTHL [IpoBEICHBI HCCICAOBAHMS
CHHTE3UPOBAHHOTO COCTMHCHHA HA AHTHMHKPOOHYIO AKTHBHOCTh B OTHOIICHHH JICKAPCTBEHHO-UYBCTBHTCIBHBIX
MY3EHHBIX IITAMMOB Oakrepuii m TpuboB. [1o pe3ynpraraM OHOMCHBITAHMI NMOKA3aHO, YTO HOBOE THAPA3OHOBOC
MPOM3BOJHOC H30HUKOTHHOBOM KHCIOTHI B 03¢ 1 MKr oOmazaer cinabbIM MOTCHIMATIOM IPOTHBOMHKPOOHOH
AKTHBHOCTH, JHAMETPBI 30H 3aACP/KKH POCTA TECTOBBIX KYJIBTYP i7 Vilro B CPEIHEM COCTABILIOT 12+1.0 MM,

KmoueBnie cioBa: ruapasuabl HW30HUKOTHHOBOHW KHCIOTHI, THAPA30HbI, XHMHUECKAs MOTH(DHKAINI,
AHTHMHUKPOOHAS AKTHUBHOCTb.
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