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Synthesis of hydrazone derivatives of isonicotinic acid
under microwave activation conditions

In the article the results of studying the reaction of the interaction of isonicotinic acid hydrazide with various
derivatives of aromatic aldehydes under conditions of microwave activation in an alcohol medium were de-
scribed. The results of studying the dependences of the hydrazone yield on the duration of the activation time
at various microwave irradiation powers in comparison with the classical method have been presented. It was
found that the main factors affecting the nature of the synthesis and the yields of the target products were the
power and time of microwave activation, as well as the structural features of the reactants. For all studied
reactions, the optimal conditions for obtaining the target product have been shown. As a result of a comparative
analysis of the results obtained for the synthesis of new isonicotinic hydrazones, it was determined that the use
of microwave irradiation contributed to an increase in the yield of the product and a decrease in the reaction
time by 3-4 times than according to traditional technology. The authenticity of each product is unambiguously
proved by comparing the melting point, as well as by analyzing the physico-chemical characteristics with pre-
viously synthesized hydrazone derivatives of isonicotinic acid obtained by classical synthesis methods. The
structure of all synthesized compounds was studied by 'H and '3C NMR spectroscopy, as well as data from
two-dimensional COSY ('H-'H) spectra and HMQC ('H-3C). The developed microwave method for the syn-
thesis of hydrazone derivatives of isonicotinic acid complies with the principles of the concept of «Green
Chemistry».
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Introduction

According to the World Health Organization (WHO), tuberculosis remains one of the most common and
dangerous diseases. Currently, every third inhabitant of the earth is infected with it, i.e. over 2 billion people.
Every year, 8 million people fall ill with active tuberculosis, two million die. More than 90 % of the disease is
registered in developing countries. At the same time, 75 % of the working-age population is among the pa-
tients. Thus, the prevention and treatment of tuberculosis is an important political, economic, social task of
any state [1, 2].

Over the past 50 years, research on the synthesis of new anti-TB drugs based on carboxylic acid hydra-
zides has been carried out in the world. A review of literature data on available anti-tuberculosis drugs shows
that the majority of anti-tuberculosis drugs used in medical practice contain a hydrazide fragment in their
structure [2-5].

Despite the large number of publications on the synthesis of various hydrazide derivatives, their proper-
ties and structure, they are currently promising for further study and improvement [2—6]. In this series of com-
pounds, various derivatives of isonicotinic acid hydrazide (INH), exhibiting a wide spectrum of biological
activity, are of particular interest. To date, many different derivatives have been synthesized on the basis of
INH with various variations of anti-tuberculosis activity. For example, the tuberculosis drug ftivazide devel-
oped in 1951 in the Soviet Union has been widely used in clinical practice to date [6—8]. However, the problem
of drug resistance of many pathogenic bacteria and viruses to medicines used for treatment requires constant
search and expansion of the arsenal of new highly effective and low-toxic drugs. In recent years, interest in
hydrazones has increased again, which is associated with the discovery of high anticancer activity and other
types of activities in a number of derivatives of hydrazine compounds [9-11].

Currently, the search strategy for chemical compounds with anti-tuberculosis activity is carried out in
several directions. These are chemical modification of known anti-tuberculosis drugs, optimization of
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pharmacokinetics by obtaining polymeric forms of anti-tuberculosis drugs, developing new composition of
dosage forms and synthesizing new classes of organic compounds with anti-tuberculosis properties [11-13].

For a number of years, the Institute of Organic Synthesis and Coal Chemistry of the Republic of Kazakh-
stan has been carrying out research on the search for new bioactive compounds based on isonicotinic acid
hydrazide and optimal methods for their preparation. One-step methods of obtaining known anti-TB drugs,
namely 4-pyridinecarboxylic acid hydrazide («isoniazid»), 4-pyridinecarboxylic acid [(4-hydroxy-3-methox-
yphenyl)methylene]hydrazide («ftivazide») and other drugs with high yields have been implemented. Synthe-
ses were carried out using microwave activation technology [14]. Microwave (MW) activation of organic re-
actions is one of the new directions in chemical synthesis [15—18]. Chemical transformations occur with the
use of microwave radiation with the participation of solid dielectrics and liquids. The developed methods are
consistent with the principles of the concept of «Green Chemistry» [19].

In continuation of the studies [20, 21] we present the results of studying the effect of microwave exposure
on the synthesis of certain hydrazone derivatives of isonicotinic acid in the article.

Experimental

The 'H and "*C NMR spectra of compounds (1-4) were recorded in DMSO-ds using a JNN-ECA 400
spectrometer (400 and 100 MHz on 'H and *C nuclei) from Jeol, Japan. The survey was carried out at room
temperature using a DMSO solvent. Chemical shifts are measured relative to signals of residual protons or
carbon atoms of a deuterated solvent.

Syntheses of the new isonicotinic acid hydrazones under classical conditions were carried out at a 1:1
ratio of initial reactants in an alcohol medium and the reaction time was from 2 to 6 hours with heating
(65—75 °C) in a flask with reflux condenser. Similar reactions in the microwave field were carried out in the
reactor for microwave synthesis Monowave 300 manufactured by «Anton Paar» with a maximum radiation
power of 350 W and a frequency of 2455 MHz.

Synthesis products were isolated and purified by standard, well-known methods. The authenticity of the
product is unambiguously proved by comparing the melting point, analyzing the 'H and '*C NMR spectra with
previously synthesized compounds under the conditions of the classical method. Purity was monitored by thin
layer chromatography.

Results and Discussion

In this paper, we studied the possibility of optimizing the synthesis of a number of new hydrazone deriv-
atives of isonicotinic acid under microwave (MW) activation conditions in comparison with the classical
method. To this end, we conducted a series of experiments to determine the optimal conditions for the synthesis
of compounds (1-4). In order to establish the optimal condition, an alcoholic solution of INH and the corre-
sponding aldehyde was placed in a 1:1 ratio in a glass container. The reaction mixture was irradiated with
microwaves of 75, 150 and 350 watts. The conditions of the microwave synthesis reaction were selected by
varying the time and radiation power.
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Comparative results of the optimal conditions for the synthesis of the studied hydrazones (1-4) at differ-
ent irradiation powers are shown in Table 1.

Table 1
Yields of hydrazones (1-4) under conditions of MW activation at different powers (W)
and classical heating (CH), the reaction time is 2 hours
Microwave activation
Comp. Compound name L . . yield, %

No. MW radiation power, W | MW time, min MW CH
N-(4-(diethylamino) benzylidene)- 75 70 50

I lisonicotinohydrazide 150 30 97 85
Y 350 20 85
N-diethylamino-2-hydroxybenzylidene- 75 90 65

2 lisonicotinohydrazide 150 60 80 66
Y 350 30 78
N-(2-bromo-3-phenyl) allylidene)- 15 60 80

3 lisonicotinohydrazide 150 70 82 70
Y 350 90 74
N '-(2-benzylidenoctylidene)- 75 70 85

4 lisonicotinohydrazide 150 40 95 78
Y 350 60 80

As follows from the analysis of the obtained data, the duration of the synthesis and the yields of these
compounds (1-4) depend on the power and time of the microwave heating. During the interaction of 4-diethyl-
aminobenzaldehyde with INH under microwave irradiation, the maximum yield of N-(4-(diethylamino)ben-
zylidene) isocotinohydrazide 1 (97 %) was found to occur at a power of 150 W and an irradiation time of
30 minutes. Under conditions of classical synthesis, the highest yield of product 1 is 85 % with a reaction time
of 160 minutes, i.e. the reaction rate in terms of microwave activation is reduced by 5.3 times.

Similar results were obtained for the remaining reactions. The highest yield of the final product under the
conditions of microwave activation with an irradiation power of 150 W was for hydrazone 4 (95 %), which
can be explained by the structural features of the reactants. Figure 1 shows the dependence of the influence of
the duration of activation time on the hydrazone yield at different microwave activation powers in comparison

with the classical method.
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Figure 1. The effect of MW power on the duration of the synthesis and on the yield
of N-(4-(diethylamino)benzylidene)isonicotinohydrazide 1
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The structure of compounds (1—4) was also confirmed by the methods of two-dimensional NMR spec-
troscopy COSY ('H-'H) and HMQC ('H-'3C), which makes it possible to establish spin-spin interactions of a
homo- and heteronuclear nature (Fig. 2, 3). The observed correlations in the molecule are presented in the
diagrams. In the spectra of 'H-"H COSY compounds, spin-spin correlations are observed through three bonds
of neighboring aliphatic protons in the N-diethyl fragment of H2%22-H!-?! (1.03; 3.33 and 3.32; 1.05) of the
benzylidene core H'*!16-H'>17 (6.65; 7.48 and 7.48; 6.66) and the pyridine ring H**-H>¢ cross-peaks with coor-
dinates at 7.76; 8.72 and 8.71; 7.77 (Fig. 2, 3). The heteronuclear interactions of protons with carbon atoms
through one bond were established using 'H-*C HMQC spectroscopy for pairs: H>**-C?°22 (1.03; 12.93),
H!416.C1%16(6.63; 111.53), H'*17-C!317(7.45, 129.54), H35-C33(7.76; 121.92) and H*2-C*¢(8.70; 150.73).

Figure 2. Scheme of correlations of COSY Figure 3. Scheme of correlations of HSCQ
("H-"H) of compound (1) ("H-13C) of compound (1)

In order to establish the spatial structure of the molecule N-(4-(diethylamino)benzylidene)isonicotinhy-
drazide 1, its X-ray diffraction study was carried out. For structure 1, X-ray diffraction data, cell parameters
and reflection intensities were obtained at 100 K using an Agilent Supernova, Dual Source, Cu at zero diffrac-
tometer equipped with an Atlas CCD detector using o scanning and MoKa (0. = 0.71073 A) radiation. Images
were interpreted and integrated using the CrysAlisPro program [22]. The experimental data were processed by
the Olex2 program [23], the structure was decoded by direct methods using the ShelXL program, and refined
using ShelXS [24, 25] using the least squares method on F?. Non-hydrogen atoms were anisotropically refined
and hydrogen atoms in the upper mode and isotropic temperature factors were fixed at 1.2 times U (eq) of the
parent atoms (1.5 times for methyl groups). A general view of the molecule 1 is shown in Figure 4.

Figure 4. Molecular structure of the compound (1)

From the data obtained it follows that the bond lengths and bond angles in compound (1) are close to
normal. The monoclinic crystals, space group Ia (N 9), a=9.16383 (17), b=9.45505 (11), c = 18.6806 (2) A,
B=102.704 (15)°. V=157894(4) A3, Z=4, T=1000(1)K, (Ci7HoNs0), M =296.37 g/mol,
doomp = 1.247 g/cm?, u = 0,643 mm™'. The scan area is 9.7 < 20 < 150.86, the number of reflections measured
18 30824 (Rin = 0.0569, Rsigma = 0.0200), 3013 independent reflections with / > 26(/), GooF = 1.053 were used
in the calculations. The final divergence factors are R = 0.0446, wR> = 0.1175 (for reflections with /> 26()),
R =0.0455, yR> = 0.1196 (for all reflections). Peaks of residual density: Ap = 0.21 and —0.31 e/A>,

Tables 2 and 3 show the physico-chemical and spectral NMR 'H and '3C data of the synthesized sub-
stances (1-4).
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Table 2
Physical and chemical data of the synthesized hydrazones (1-4)
CI(\)Ir:p' Compound name Gross formula  |Mol. weight| Yield, % T. mel., °C
1 N-(4—(d1ethylam1no) ben-zylidene) isonicotino- C1-HxoNO 296.37 83.7 192-193
hydrazide
) N-d}ethylamlr}o-Z-hydroxybenzylldene-1son— Ci-HaoN4O» 312.37 32 294275
icotinohydrazide
3 N-(2-b?omo-3-pheny1) allylidene) isonicotino- C1sHpBIN:O 33018 63.04 211213
hydrazide
4 I;d;(2-benzyhdenoctyhdene) isonicotinohydra- CotHosN3O 335 44 08 110-112
Table 3
NMR 'H and 3C data of the synthesized compounds (1-4)
Compound 'H and 3C NMR (ppm)
_CyHs |[NMR 'H (DMSO-de), 8, m.p.: 1.06 t (6H, 2CH3), 3.31-3.35 m (4H, 2CH>),
NH-N= CH N

Evj C2H5

6.66 d (2H, CH'“16,,, 31 8.7), 7.48 d (2H, CH'>"4,, 31 8.7), 7.77 d (2H,
CHP$, 31 4.6), 8.25 s (1H, N=CH), 8.72 d (2H, CH>®, 3] 4,6), 11.72 s (1H,
NH).

NMR 3C (DMSO-dg), 8, m.p.: 12.96 (2CHs), 44.26 (2CH,), 111.56
(CH'*165)), 120.76 (C'? o), 122.00 (CH>), 129.56 (CH'>174,), 141.37 (Ca,
N=CH), 149.57 (CH>%), 150.41 (C' »,), 161.48 (C=0)

CoHs
0w _NH-N=CH
Evj Csz
>
N

NMR 'H (DMSO-ds), 3, m.p. (J, Hz): 1.05 t (6H, 2CHs-, J 6.9), 3.29-3.35
m (4H, 2CH,), 6.08 s (1H, CH'®), 6.23 d (1H, CH', J 8.2), 7.19 d (1H,
CHP, 31 8.7), 7.78 d (2H, CH*3, 3 2.7), 8.40 s (1H, N=CH), 8.73 d (2H,
CH26,372.7), 11.26 s (OH), 11.99 s (NH).

NMR 3C (IMCO-d), 3, m.p.: 13.04 (2CHs), 44.34 (2CH.,), 97.89 (CH'6),
104.27 (CH™), 106.77 (C'2), 121.94 (CH>%), 132.15 (CH'"3), 140.77 (C%),
150.84 (CH29), 151.32 (N=CH), 160.32 (C'"-OH), 161.10 (C=0).

E\SNH N= Cﬂf\@

NMR 'H (DMSO-de), 5, m.p. (J, Hz): 7.38-7.43 m (3H, CH'>'7-1%), 7.67 s
(1H, CH"), 7.77 d (2H, CH33, 37 1.8), 7.84 d (2H, CH'6'8, 3] 6.4), 8.34 s
(1H, N=CH), 8.75 d (2H, CH29), 12.19 s (1H, NH).

NMR 3C (DMSO-dg), 8, m.p.: 119.50 (C'?), 122.07 (CH>%), 128.99
(CH'$1%), 130.34 (CH'6'®), 135.04 (C'%), 139.37 (CH'?), 140.85 (C*),
149.53 (N=CH), 150.90 (CH2%), 162.27 (C=0).

CH,(CH,),CH;

E\SNH—N—CH\(\@

NMR 'H (DMSO-dy), , m.p. (J, Hz): 0.79 t (3H, CH;%), 1.05-1.09 m (2H,
CH,?), 1.21-1.29 m (4H, CH,?, CH,*), 1.51 m (2H, CH,?'), 2.56 s (2H,
CH,?), 6.79 d (1H, CH'), 7.28-7.39 m (4H, CH'®'$, CH'S1%), 7.55 d (1H,
CH'), 7.76 d (2H, CH>9), 8.13 s (1H, CH'7), 8.73 d (2H, CH>9), 11.86 s
(1H, NH).

NMR 3C (DMSO-do), 8, m.p.: 1446 (CHs*), 22.59 (CH*), 26.22
(CH,?), 28.53 (CH»'), 29.45 (CH,?), 31.30 (CH,?), 122.04 (CH>S),
128.43 (CH'®'%), 128.96 (CH'S'%), 136.58 (C'4), 137.15 (CH"), 137.99
(CH'?), 141.18 (CY), 149.83 (N=CH), 150.82 (CH>®), 154.22 (CH"),

161.93 (C=0).

Conclusions

Thus, targeted synthesis of new isonicotinic acid hydrazones on the basis of isonicotinic acid hydrazide,
under conditions of convection heating and microwave irradiation was carried out. As a result of a comparative
analysis of the data obtained, it was determined that the use of microwave irradiation contributes to an increase
in the yield of the product and a decrease in reaction time by a factor of (3—4) than according to traditional

technology.
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MuKpOTOJKBIHABI CAYJIEJIeHAIPY KAFAAibIHAA H30HUKOTHH KbIIIKbLIBIHBIH
THAPA30HABI TYBIHABLIAPHI CHHTE3i

Makanana U30HUKOTHH KBIIIKBUIBI THAPA3UAIHIH CIUPTTIK OPTaZa MUKPOTOJKBIHIB! aKTHBTCHAIPY KaFaaii-
BIH/Ia aDOMATTHI AJIBJETUATEPIH TYPJIi TYBIH/IBUIAPIMEH ©3apa OPEKETTECY HIH PEaKIUACHIH 3ePTTEY HOTHXKE-
Jepi KapacThIpbUIFaH. ['MApa3OHIAp/bIH IIBIFBIMBIHBIH KJIACCHKAJBIK OMICICH CAIBICTBIPFaHIa MHKPOTOJI-
KBIHJIbI COYJICTICHYLiH TYPJli KyaTTapbl Ke3iHae OeJICEHIpy YaKbIThIHBIH Y3aKThIFbIHA OaliIaHbICTBI 3ePTTEY HO-
TIoKenepi kenTipinren. CHHTE3AIH XKYpy JKaFaaifbiHa XKOHE MAKCaTThl OHIMICPAiH LIBIFBIMBIHA 9CEP €TETiH He-
Ti3ri haKkTOpIAPEI 0JT MUKPOTOJIKBIHIIBI OETICCHIPYIiH KyaThl MCH YaKbITHl, COHJali-aK peakIusira TYCEeTiH 3aT-
TapAbIH KYPBUIBIM/BIK epeKIIeNiKTepi 00BN TaObUIaTHIHBI aHBIKTAJIBL. BapibIK 3epTTenTen peakiysiiap Y
MaKCaTThI OHIM/II Ty [bIH OHTAMIbI IapTTapbl KepceTiareH. MI30HUKOTHH KBIIIKBUIBIHEIH XKaHa THApa30HIaphl
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CHHTE31HCH allbIHFaH HOTHKEJIEPIH CaNbICTHIPMAIIbI Tajiay HOTHXKECIHIC MUKPOTOJIKBIH/IBI COyICICHY /i Maii-
JJaNaHy eHIMHIH IIBIFBIMBIHBIH apTybIHA JKOHE PEaKUUs YaKbITHIHBIH JIOCTYPJIi TEXHOJIOTUsFa Kaparania 3—4
ece TOMEH/IeyiHe BIKIAI eTeTiHi aHbIKTabl. OpOip ©HIMHIH TYNHYCKAIBIFbI OAJIKY TEMIEepaTypachlH CajbIC-
TBIPYMEH, COHJIali-aK KJIACCHKAIBIK CHHTE3 d/liCTePIMEH aJbIHFaH H30HUKOTHH KBIIIKBUIBIHBIH OYPBIH CHHTE3-
JIeTIreH THAPA30HIbI TyBIHABIIAPBIHEIH (H3MKa-XUMHSUIBIK CHITATTaMaNapblH TaIgayMeH OipMoH/I ToJIeieH-
reH. BapibIK CHHTE3ENTeH KOChUIBICTApAbIH Kypbuibickl IMP 'H- »xome '*C-ciextpockonus omicTepiMen,
coupnaii-ak COSY ('H-'H) xone HMQC ('H-!3C) ekienmmempi CreKTpiepiHiH NepeKTepiMeH 3epTTEreH.
PeHTreHKyphUIBIMABIK Tangay MadiMerrepiMeH N-(4-(IudTrinaMuHO)OSH3WIACH ) M30HUKOTHHOTHPA3HATIH
KPUCTAIIBIK KYPBUIBIMBIHBIH HETI3ri napamerpiiepi OenrineHreH. M30HUKOTHH KBIIIKBUIBIHBIH THIPA30H TY-
BIH/IBLIAPBI CHHTE31HiH 931pJICHIeH MUKPOTOJIKBIH/IBI 9/1iCI «KACBLT XUMUSD» TYXKbIPbIMIAMAChIHbIH KaFuaTTa-
pBIHA ColiKec KeJei.

Kinm co30ep: W30HUKOTHH KBIIIKBUIBIHBIH MHAPA3H/Ii, THIPA30H, apOMATThI AJIETHATEP, MUKPOTOJIKBIHBI COY-
JeTeHIpY.

C.[. ®azbuios, O.A. Hypkenos, T.M. CeitnxaHos,
I'. K. Kapuniosa, K. Ban Xekke, E.M. Cyneiimen, A.M. ['azainen

Cunre3s ITHAPa3soHOBBIX MPOU3BOAHBIX M30HUKOTHHOBOW KHCJIOTHI
B YCJI0BHAX MHKpOBOJ’IHOBOﬁ AKTHBalluHU

B cTaThe pacCMOTPEHBI PE3yNbTATHI H3yUEHUs PEAKIMH B3aUMOJICHCTRYS THAPA3U/Ia H30HMKOTHHOBOI KHC-
JIOTHI C Pa3TUYHBIMA MPOU3BOIHBIME apPOMATHYECKHX AlTbJIECTHIOB B YCIOBUSX MUKPOBOJHOBOI aKTHBAIIMH B
CrUpTOROH cpefie. [IpuBeIeHb! pe3y IbTaThl H3yYEHHS 3aBUCHMOCTEN BBIXO/a THAPA30HOB OT MPOIOIKUTE b=
HOCTH BPEMEHH aKTUBAIMH TIPH PA3TMYHBIX MOI[HOCTSIX MUKPOBOJIHOBOTO OOIyY€HHUs B CPABHEHNH C KIACCH-
9ECKOM METO/IOM. Y CTAHOBIIEHO, YTO OCHOBHBIMHU (DAKTOPAMH, BIMSIOIIMMH HA XapAKTEP MPOTEKAHUS CHHTE3a
M BBIXOJIbI TIENIEBBIX TIPOYKTOB, SBIISIOTCS MOIIHOCTD M BPEMs MHKPOBOIIHOBOW aKTHBAIMH, & TAKIKE CTPYK-
TypHBIE 0COOEHHOCTH PEArUPYIOIIMX BEMECTB. JIIst BCEX M3YUEHHBIX PEAKIUH TIOKA3aHbI ONTUMAJBHBIE YCIIO-
BHS TIOJTyY€HHMS TIEIEBOTO TPOyKTa. B pe3ynbTate CpaBHUTENHHOTO aHATH3A TIOMyIEHHBIX PE3YTBTATOB CHH-
Te3a HOBBIX THIPA30HOB H30HUKOTHHOBOM KUCIOTHI OBUTO OMpPEIETEHO, YTO UCTIOIB30BAHIE MHKPOBOIHOBOTO
00ITy4eHHs CIOCOOCTBYET YBEIMUEHHIO BBIX0/1 TIPOLYKTa M CHUYKEHUIO BPEMEHH PEakIuu B 3—4 pasa, 4eM 1o
TpaUIMOHHON TeXHOIOTHH. [I0UIMHHOCTE KaXk/[0T0 TPOyKTa OJHO3HAYHO JJOKAa3aHa COMOCTABJICHHEM TEM-
IEpaTyphI TUIABJIEHAS, A TAKKE AHATM30M (DH3MKO-XUMUYECKUX XaPAKTEPUCTHK C PAHEE CHHTE3MPOBAHHBIMH
TUIPa30HOBBIMHE TPOU3BO/IHBIMA H30HUKOTHHOBOM KHCIIOTBI, MOTYYEHHBIX METOJAMH KJIACCHYECKOTO CHHTE3A.
CTpoeHHe BCeX CHHTE3MPOBAHHBIX COEMMHEHMI Hccienoano meronamu SIMP 'H- n *C-cekrpockonuu, a
TaKKe naHHbMU 1ByMepHbIX ciektpoB COSY ("H-'H) u HMQC ('H-'3C). JlaHHBIMM PEHTTEHOCTPYKTYPHOIO
aHaJM3a YCTAHOBJICHBI OCHOBHBIC IMApaMETPbl KPUCTALUIMYECKOH CTPYKTYpsl N-(4-(ZM3THIAMHHO)OEH3U-
JIMJIeH)30HAKOTHHOTHIpasHia. Pa3paboTaHHEI MHKPOBONHOBOM METO/ CHHTE3a THIPA30HOBBIX MPOM3BO/I-
HBEIX M30HUKOTHHOBOM KUCIIOTE COOTBETCTBYET TPHHIIMIAM KOHIIETIIHH «3€IEHAS XUMHUS.

Kniouesvie cnosa: ruapasujg HM30HUKOTUHOBOM KHUCJIOTBI, THJIpa30H, apOMaTU4YCCKUEC aJIbACTU/Ibl, MUKPOBOJIHO-
Bas aKTHBallus.
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