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ABSTRACT

Trisubstituted s-triazine hydrazones ;{IN(-OCsH4-p-CH=N-NH-C(O)-GHs-p-X)s] (X = H, Br, Cl, F) were

prepared in excellent yields by the reaction afubstituted N’-(4-hydroxy-benzylidene)-hydrazidés wyanuric

chloride. The structures were elucidated by elealeanalysis, FT-IR,'H, **C NMR and MALDI-TOF mass
spectrometry. These s-triazine hydrazone derivatinvere evaluated for their in vitro antimicrobialné

antimycobacterial activity using serial dilution thed.
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INTRODUCTION

Triazine compounds constitute an important cladsetérocyclic chemistry and have been studied &ivety [1, 2].
Cyanuric Chloride is an inexpensive, commerciallgilable reagent used for the preparation of vads-triazine
derivatives. The ease of displacement of chloriioena in cyanuric chloride by various nucleophilehances the
utility of this reagent for the preparation of mendi- and tri substituted 1,3,5-triazine derivaswnder controlled
temperature conditions [3, 4].

The triazine scaffold has provided the basis ferdbesign of compounds with a wide variety of préipsruseful in
medicinal and agricultural applications [5-7]. Sutiéed s-triazine derivatives constitute an impatt class of
compounds having antimalarial [8], antiviral [9htigancer [10, 11] and estrogen receptor moduldfidk Also, it
was reported that some of these compounds possts# pntibacterial and antifungal activities [18-1

Hydrazones represent one of the most biologicaltiva classes of compounds [18]. Besides beindzalile for a
wide range of pharmaceutical important derivativegdrazones are also important intermediates irariog
synthesis [19]. Hydrazone linkage is extensiveljized for pH-dependent release of drugs from pawurug
conjugates [20]. Many hydrazone derivatives havenbeaimed to possess, among others, antibacftiaP?] and
antifungal [23, 24] activities. Looking at the anitrobial importance of hydrazone moiety and trazderivatives
it would be worthwhile to design, synthesize soree ftriazine derivatives bearing hydrazone pharmbompgroup
and to investigate their possible antibacterial antifungal activities.

We have previously described the synthesis ofstaped triazine hydrazones by condensation ofdekgde core
with aromatic hydrazides [25]. In this article, Whistrate the synthesis of similar triazine hydraes by the
reaction of cyanuric chloride with N'-(4-hydroxylmtidene)-4-substituted-benzohydrazides. Thus pezba
triazine hydrazones were evaluated for their amfiofiial and antituberculosis activity
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MATERIALS AND METHODS

Materials and measurements

The 'H and**C NMR spectra were recorded in DMS@sblvent with TMS as an internal standarda® ppm
using a BRUKER AV-500 MHz High Resolution Multineelr FT-NMR Spectrometer at room temperature. IR
spectra were recorded on Impact-410 Nicolet (USR)R spectrometer in 4000-400 thmange in a KBr matrix.
The mass spectrum was obtained on Shimadzu GCM®IPand MALDI-TOF mass spectrum was measured
with a-cyano-4-hydroxycinnamic acid as the matrix on aydger-DE STR spectrometer. Leco Model Truespec
CHNS Analyser was used for Elemental (C, H, andaNalyses. Melting points were determined in an open
capillary on a Gallenkamp melting point apparatug are uncorrected.

Solvents were purified by standard methods [26]ar@yic chloride (Aldrich) and all other chemicakd (fine
chemicals, India) were used as received. All comgsuwere routinely checked by thin-layer chromaipgy
(TLC) on aluminum-backed silica gel plates.

Synthesis of p-substituted benzoic acid hydrazi(esd)
p-substituted benzoic acid hydrazidesre synthesized according to the literature meféil

o H,SO,4, MeOH 0 HoN— NH2
X — > X
Reflux MeOH, Reflux
OH OCH HN—NH,

3

p-Hydroxybenzaldehyde Refl
23/a|b] cld MeOH| "o

0O
X
HN—N
o

3a-d
Scheme 1. Synthesis of 4-substituted N’-(4-hydroxXyenzylidene)-hydrazides

Synthesis of 4-substituted N’-(4-hydroxy-benzylidggrhydrazideg3a-d)

Reports dealing with the synthesis of N'-(4-hydtmenzylidene)benzohydrazide3d) [27], N'-(4-
hydroxybenzylidene)-4-bromobenzohydrazi@®b)( N’-(4-hydroxybenzylidene)-4-chlorobenzohydrazi8e) [28],
N’-(4-hydroxybenzylidene)-4-fluorobenzohydrazi@d) [29], are well documented. Due to the non-avalitstbof
the IR and NMR spectral data in some of these tspdr-substituted-benzoic acid (4-hydroxy-benzyiiele
hydrazides 3a-d) were synthesized as shown in schenby the following general procedure and their spgatata
is presented.

p-Hydroxylbenzaldehyde (1 mmol) was added to a Bmubf benzoic acid hydrazide (1 mmol) in 50 mL of
methanol. The mixture was stirred at refluxing tenapure for 3 h and then concentrated under vaciiin@.solid
product was collected by filtration under suctiand dried.

N'-(4-Hydroxybenzylidene)benzohydrazide (3a)

Yield: 86.04 %. IR (KBr) crit: 3435v (O-H), 3303v (N-H), 1653v (C=0), 1608v (C=N).*H NMR (400 MHz,
DMSO-d;, 5 ppm): 6.80 (d, 6H, &), 7.32 (d, 6H, €H), 7.71 (d, 6H, €H), 7.74 (d, 6H, €H), 8.38 (s, 3H, €H)
10.08 (s, 3H, OH), 11.73 (s, 3H, NHfC NMR (DMSO-g@ 5 ppm): 115.91 (€), 124.02 (€), 127.05 (C), 128.36
(C¥, 131.15 (€), 132.06 (€, 132.85 (C), 145.86 (€), 159.54 (C), 162.88 (€). MS m/z: 240 (M). Anal. Calcd.
For CH1:NL0,: C, 69.99; H, 5.03; N, 11.66%. Found: C, 69.90418; N, 11.56%.

N’-(4-Hydroxybenzylidene)-4-bromobenzohydrazide (3

Yield: 80.23%. IR (KBr) crit: 3438y (O-H), 3302v (N-H), 1658v (C=0), 1604v (C=N). *H NMR (400 MHz,
DMSO-d;, & ppm): 6.84 (d, 6H, &), 7.74 (d, 6H, éH), 7.78 (d, 6H, €H), 7.85 (d, 6H, éH), 8.34 (s, 3H, €H)
9.95 (s, 3H, OH), 11.34 (s, 3H, NHJC NMR (DMSO-d¢, & ppm): 115.69 (€, 125.49 (¢%), 128.43 (&), 129.63
(C?), 129.89 (¢), 131.14 (), 133.35 (€), 146.68 (€), 159.94 (C), 162.37 (€). MS m/z: 319 (M). Anal. Calcd.
For C4H1:BrN,O,: C, 52.69; H, 3.47; Br, 25.04; N, 8.78%. Found52,61; H, 3.53; Br, 25.10; N, 8.73%.
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Scheme 2. Synthetic route forl,3,5- triazine hydrames

N’-(4-Hydroxybenzylidene)-4-chlorobenzohydrazide (8)

Yield: 80.66 %. IR (KBr) cnt: 3444y (O-H), 3304v (N-H), 1652v (C=0), 1602v (C=N).'H NMR (400 MHz,
DMSO-d;, & ppm): 6.86 (d, 6H, &), 7.54 (d, 6H, éH), 7.74 (d, 6H, €éH), 7.81 (d, 6H, €H), 8.42 (s, 3H, €H)
10.17 (s, 3H, OH), 11.74 (s, 3H, NHJC NMR (DMSO-g@ 5 ppm): 114.93 (€, 123.62 (€), 128.82 (C), 129.61
(CY, 133.37 (€), 134.16 (C), 136.29 (&%), 145.33 (€), 160.66 (C), 162.66 (). MS m/z: 274 (M). Anal. Calcd.
For C4H1;:CIN,O,: C, 61.21; H, 4.04; Cl, 12.91; N, 10.20%. Found6(.29; H, 4.10; Cl, 12.85; N, 10.15%.

N’-(4-Hydroxybenzylidene)-4-fluorobenzohydrazide (8l)

Yield: 84.09 %. IR (KBr) crit: 3304v (O-H), 3305v (N-H), 1653v (C=0), 1605v (C=N).'H NMR (400 MHz,
DMSO-d;, & ppm): 6.86 (d, 6H, &), 7.34 (d, 6H, €H), 7.68 (d, 6H, éH), 7.94 (d, 6H, éH), 8.37 (s, 3H, €H)
10.13 (s, 3H, OH), 11.70 (s, 3H, NHJC NMR (DMSO-g¢ & ppm): 114.98 (&), 115.36 (&), 128.18 (&), 129.57
(C?), 130.09 (¢), 131.87 (€), 146.43 (€), 160.15 (C), 163.18 (€), 166.13 (¢Y). MS m/z: 258 (M). Anal. Calcd.
For C4H1;FN,O,: C, 65.11; H, 4.29; F, 7.36; N, 10.85%. Found6&.07; H, 4.30; F, 7.31; N, 10.88%.

Synthesis of triazine hydrazor&l;Cs(-OCgH 4-p-CH=N-NH-C(O)-C gH 4-p-X)3]

[X=H (4a); X=Br (4b); X=ClI (4c); X=F (4d)].

Cyanuric chloride (0.06 g, 1 mmol) was added toiéure of N'-(4-hydroxy-benzylidene)-hydrazidga) (0.242 g,
0.32 mmol) and triethylamine in 50 mL of dioxandeTmixture was refluxed for 36 h and then concésdrander
vaccum. The solid was filtered under suction andhed with water and then with minimum amount ofwarHF.
The resulting solid4a) was dried in vacuo at 40°C for 4 h. The same ggr@ocedure was followed for the
compoundsAb-d with 36-40 h at refluxing temperatur&he spectral and analytical data dfa{d) are in good
agreement with literature values for similar compasireported in our earlier communication [25].
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Biological study

Protocols for Antimicrobial activity

The synthesized compounds were assayed for itheiitro antimicrobial activity against Gram-positive bate
Staphylococcus aurey&TCC 9144), Gram-negative bacteEacherichia coliATCC 87261) and fungCandida
albicans (ATCC 2091). Minimum inhibitory concentrations (Bl for test compounds as well as for reference
standards were determined using serial dilutionhogktas per the standard protocols [30-31]. Cipraitin and
Flucinozole were used as reference clinical statgifor the antibacterial and antifungal activitiesspectively. Test
compounds and reference drugs were dissolved imQ.®MSO. Final concentrations of 100 to u@/mL were
prepared by serial two fold dilutions with Mullemton broth for the bacteria and Potato Dextrosalisldor the
fungi. The final DMSO concentration was adjusted®. Preliminary experiments demonstrated that DM&0O
no effect on the microorganism in the concentratistudied. Each of the 10 test tubes was inoculaiéd a
suspension of microorganism to be tested and inedifar 24-48 h at 35 °C in an ambient air incubad the end
of the incubation period, the tubes were visuakgrined for the turbidity. The lowest concentratimithe test
compound that inhibited visible growth of microonggms after incubation at 35 °C for 24 h for badater 48 h for
fungi was taken as the MIC value. The antimicrob@lvity tests were run in triplicate.

Protocols for Anti-tubercular activity

Test compounds were evaluated for vitro anti-mycobacterial activity. The anti mycobacteractivity of
compounds were assessed against M. tuberculosig mscroplate Alamar Blue assay (MABA). This metbtmdyy
is non-toxic, uses a thermally stable reagent &ogvs good correlation with propotional and BACTElipmetric
method. Briefly, 200ul of sterile deionzed watersvealded to all outer perimeter wells of sterilev@dls plate to
minimize evaporation of medium in the test wellsidg incubation.

The 96 wells plate received 100 ul of the Middlelk&@H9 broth and serial dilution of compounds werade
directly on plate. The final drug concentrationstéel were 100 to 0.2 pug/ml. Plates were coveredsaatéd with
parafilm and incubated at 37°C for five days. Afteis time, 25ul of freshly prepared 1:1 mixtureAdfnar Blue
reagent and 10% tween 80 was added to the platénantlated for 24 hrs [32]. A blue color in the ivelas
interpreted as no bacterial growth, and pink celas scored as growth. The MIC was defined as lowasy
concentration which prevented the color change fofure to pink. Test compounds were compared witdéreace
drugs isoniazid.

RESULTS AND DISCUSSION

Synthesis of tri-arm 1,3,5-triazine hydrazones

Tri-arm star shaped hydrazones with different stiigins at para positions emanating from 1,3,&zire core
were synthesized as shown in Scheme 2. The contdansé benzoic hydrazidea—d with 4-hydroxybenzaldehyde
in tetrahydrofuramaffords the corresponding hydrazorgsd. The hydrazone8a—d bearing phenolic hydroxy
functionality were then treated with cyanuric chloride in dioxanepresence of triethylamine for 36-40 h at
refluxing temperature to obtain tri-arm 1,3,5-tmezhydrazoneda—d. The target compounds were obtained in high
yields and were characterized by FT-IB4, *C spectroscopy, elemental analysis and MALDI-TOFssna
spectrometry.

IR spectral studies

The formation hydrazonea-d is confirmed by the appearance of imine C=N shrietg frequencies in 1602-1608
cm’ region. A broad band at 3214-3251 tis ascribed to N-H stretching frequency of the dem{-NH-C=0)
moiety. A strong band at 1652-1658 tris due to the amide carbonyl (C=0) stretching dirpy. The OH
vibration observed at 3404—3444 tin 3a—d are absent ida—d C;-O-Ar absorption is observed as a distinct band
at 1363-1374 crhin 4a—d this is attributed to the involvement of carbdnra of triazine ring in ether linkage.
Furthermore, triazine derivatives show another irgra band in the region 1567 and 1573’ @scribed to C=N
stretching vibrations o$-triazine ring. Thus, the IR spectral data proviti®ng evidences for the formation of the
1,3,5-triazine hydrazones.

NMR investigations
The numbering used for NMR assignments is presentdidure 1. According to the NMR spectral datl,the
triazine hydrazonedg-d) molecules appear to have symmetric structursslimion.
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HO

Il
Figure 1. Numbering pattern for NMR assignments ofl) 3a-d and (ll) 4a-d

3c

4c

12 1M 10 9 8 T 6 5 4 3 2 1 0

Figure 2.™H Nmr spectra of 3c and 4c

The appearance of a singlet for azomethine protdfNECH-) in the range 8.34-8.38 ppm confirms the formatio
of hydrazones3a-d. This is further supported by the resonance far&zide (-CO-M-N=C-) protons as a broad
singlet in the downfield region 11.34-11.76 ppmeThsonances due to aromatic protons appear hauige 6.80 to
7.99 ppm. A singlet at 9.95-10.13 ppm assignethégohenolic hydroxy group &a-d is absent irta-d indicating
the formation of ether linkage in the latter. Tiidurther confirmed by a considerable change enrdsonances of
CH protons.Otherprotons of4a—d have appeared in their usual pattern but withghsbariation in their chemical
shift compared to the corresponding hydraz@eesl. '"H NMR spectra o8c and4care given at Figure 2.
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13C NMR spectra of hydrazon&s-d exhibit resonances in the range 146.80-147.17 ppertal the carbons fof
the azomethine (-N-NGH-) functionality. The amide carbonyl carbor®@ignal is observed in the region 161.92-
163.09 ppm.

The resonance of ‘Garbons are observed at 159.42-160.15 ppm whileage of4a-d these resonances are
observed in the range 152.22-152.44 ppm. The rasesaf @ carbons ofta-d are observed downfield compared
to the corresponding signal at 115.36-115.91 pprBaird. Resonances of other carbonsdaf-d exhibited slight
variation in their chemical shift compared to theltazone8a—d. *C NMR spectrum o8b and4b are displayed in
Figure 3.

Mass spectrometry
The single molecular nature of the hydrazone tniegda-d was also checked by MALDI-TOF mass spectrometry,
which confirmed the expected chemical structurel wi/z values corresponding to (M+Na)n.

3c
O ol
4c
e e
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0

Figure 3.%°C Nmr spectra of 3c and 4c

Biological activity

In order to determine thim vitro antimicrobial activity, the synthesized compourddsd were screened against
Gram-positive bacteri&taphylococcus aureuATCC 9144), Gram-negative bacterzscherichia coli(ATCC
87261) and a fungal strai@andida albicans(ATCC 2091) using a two fold serial dilution tedue. The
investigation of antibacterial and antifungal sciag data (Table 1) reveal that all the tested coumps exhibit
moderate inhibition against the strains used. Aattibrial activity of compounddb, 4c is higher than other two
compounds again$.aureus while 4c, 4d have shown good activity agairtstcoli. Compoundsta, 4b, 4c were
found to be more active agairStalbicansfungal strain Compound4c is found to be active against all the tested
strains.However, activity exhibited by all synthesized carapds is less compared to the standard drugs ngbd i
study.
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Table 1.In-vitro antimicrobial and antimycobacterial activities of4a-d (MIC in pg/mL)

Compounds Bacterial Fungal Antituberculosis
S.aureus E.coli C. albicans Hz/Rv

4a 125 25 0.8 25

4b 1.6 12,5 0.8 12.5

4c 1.6 1.6 0.8 6.25

4d 6.25 1.6 6.25 6.25

Ciprofloxacin 0.2 0.2 -- --

Flucanazole -- 0.4 --

Isoniazide -- -- -- 0.8

The anti-mycobacterial activity of synthesized comnpds of4a-d were assessed against M. tuberculbkigRv at
several pg concentrations. The Minimum Inhibitorgn€entrations (MIC) of compounds was compared with
Isoniazid, the standard anti-TB drug. All the tdstempounds have shown poor inhibition comparatiécsstandard
used. Among the compounds studddrand4c have shown comparatively better inhibition.

CONCLUSION

An alternative method for the synthesis of tri-astar shaped molecules bearing hydrazone functmmeported.
2,4,6-Tris(4-formylphenoxy)-1,3,5-triazinel)( possessing three reactive terminal aldehydic tfons on the
substituents could be readily elaborated to thiirictionalized hydrazones by condensation with ible@zoic
hydrazides. IRas well as'H, *C NMR spectral characteristics of triazine hydra@omre consistent with their
proposed structures. Microanalysis and MALDI-TOF smaspectrometry also proved the proposed chemical
structures. The tri-arm star shaped hydrazones exakiatedn vitro for their antimicrobial and antimycobacterial
activity using a two-fold serial dilution method carexhibited moderate inhibition against the straiffe
compoundsta-d have been identified as fully substituted symmetiiazines and are important as synthetic and
structural models for the reactions and molecuteucture of the analogous triazine dendrimers. iEfon the
synthesis and characterization of higher generatiamnine hydrazones are in progress and will ipered in future
communications.
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