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ABSTRACT

Quinazolinone - 1,3,4-oxadiazole conjugates wergaiobd from the mixed hydrazides of (hetero)aromati
carboxylic acids and 3-[4-oxoquinazolin-3(4H)-ylhpanoic acid. The latter was synthesized from isato
anhydride, s-alanine and formic acid. Antimicrobial and antidgnt activities of the synthesized compounds were
studied. Although the newly obtained compoundsndiddemonstrate significant antimicrobial activityeveral
substances containing hydrazide moiety in the sidgn at C-3 showed promising antiradical activigeveral of
the observed antiradical activities against freqgiypmsed standards of free radicals 2,2-diphenyidrylhidrazyl

and galvinoxyl were comparable with those of welbwn antioxidant butylated hydroxytoluene. Intaragy,
transformation of hydrazides into oxadiazoles cadudeamatic loss of antiradical activity. The obtath mixed
hydrazides represent an unexplored class of amtéodis, in which the hydrazide moiety is crucial tbe
antiradical activity.
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INTRODUCTION

Compounds containing quinazolinone moiety exhilitiaus biological activities. They are known asiliitiors of
various enzymes and substances that posses dntaraconvulsant and antimicrobial activities [2]. Also
derivatives of oxadiazole exhibit wide range oflbgical activities [3]. Compounds containing 1,8xadiazole
fragment are active against a wide variety of Gpositive and Gram-negative bacteria [4]. Besidest, t
oxadiazole moiety is used as pharmacophore anddsi@re of carboxylic acids, their esters and asri6le6].

We were interested into hybrid compounds, which ld@ombine moiety of quinazolinone and oxadiazate ione
molecule. It can be predicted that the new hybudhgounds would demonstrate stronger or differepe tpf
biological activity.

To the best of our knowledge only few examplesusfhskind of quinazolinole-azole conjugates are tbimthe
literature. Antibacterial and antifungal activity istudied for quinazolinole$ containing various nitrogen
heterocycles, including oxadiazoles in the sideirch@hiadiazole derivatives were obtained from étbster or
hydrazide of 4-(6,8-dibromo-2-phenyl-2-oxo-fjuinazolin-3-yl) benzoic acid [7]. Several 3-[5-(4
substituted)phenyl-1,3,4-oxadiazol-2-yl]-2-stiryuigazolin-4(31)ones || were obtained by condensation of 2-
methylquinazolinone and 4-substituted benzaldehydgkacial acetic acid. The stiryl derivatives damatrated both
antibacterial activity t&taphylococcus aureuBacillus subtilis Pseudomonas acruginosadEscherichia coliand
antifungal activity toAspergillus nigerand FusariumoxysporumThe above mentioned compounds exhibited also
sedative and neuroleptic properties [8-10§:(4-Oxo-2-aryl-quinazolin-3(H)-yl)-2-[(5-aryl-1,3,4-oxadiazol-2-
yl)sulphanyl)acetamidelll have demonstrated strong antibacterial and modersiexidant action. They were
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obtained from 2-aryl-3-chloroacetamidoquinazolidH)-ones and various 5-phenyl or 5-(pyridine-4-yi3,4;
oxadiazol-2-thioles [11].

EXPERIMENTAL SECTION

'H NMR spectra were recorded d@ruker 300spectrometer at 300 MHz. The compourtdsere dissolved in
DMSO-ds, the compound8 in CDCkL. The proton signals for residual non-deuteredesth$ 2.50 for DMSOeg
and s 7.26 for CDC)) were used as an internal reference. Combustiatyses were carried out ddarlo-Erba
element analyzer (model EA 1108). Melting point veetected orFisher Digital melting point analyzer (model
335). UV-VIS absorption was measured GamspecM501 single beam spectrophotometer. The progréss o
reaction was monitored by TLCMerc Silica gel 60Rs, plates were eluted with solvent mixture
CHCl3:MeOH:AcOH (95:5:3).

3-[4-Oxoquinazolin-3(#)-yl] propionic acid 4) was synthesized according to known method [12].
Analytical data for compoundsand8 are presented in Table'H NMR spectra — in Table 2.

N*-[3-(4-Oxoquinazolin-3(#)-yl)propanoyl]-aryl(heteroaryl) hydrazidés-j (general procedure).
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide EDQI.15 g, 6 mmol) was added by mixing to the soluibf 3-
(4-oxoquinazolin-3(#)-yl) propionic acid 4) (1.10 g, 5 mmol) in dry dimethylformamide (12 mb)ydrazide5a-j
(5 mmol) was added to the resulting reaction mixtaind it was continued to stir for 15 h at ambtenmperature.
DMF was evaporated under reduced pressure. Thdusesias dissolved in ethyl acetate and the ordager was
washed with ice-cold water, dried over anhydrougSg, filtered and evaporated. Compouridsj were used for
the next step of the synthesis without further fization. For analytical purposes the compoundsewarrified by
crystallization.

3-[2-(5-Aryl(heteroaryl)-1,3,4-oxadiazol-2-yl)ethglinazolin-4(31)-ones8a-j (general procedure).
p-Toluenesulfonic acid chloride7) (1.0 mmol) and triethylamine (2.4 mmol) were adide the solution of
compoundb6 (1.0 mmol) in dichloromethane (15 mL). The resigtmixture was stirred at ambient temperature for
12-17 h. Dichloromethane (15 mL) and brine (15 miere added to the reaction mixture. The organierayas
separated, dried over anhydrous,8(@, filtered and evaporated. The solid residue wak @aystallized from the
solvent indicated in Table 1.

Evaluation of antimicrobial activity for compoun6ia-j and8a-j.

MIC was determined according to the broth dilutinethod [13]. A series of solutions of compouBdand8 with a

range of 0.25 to 512g/ml were dissolved iBBL Mueller Hintonbroth (for thelLactobacillus reuterthe solutions
were prepared iDifco Lactobacilli MR$. In order to establish MIC logarithmical phasétune with density Olgy

= 0.1 (corresponds to ~1.2310FU/ml) was used and diluted 100 times in 96-wédite Greiner Bio-Ong. The
plate was incubated at 37°C for 24 h and the battgrowth was measured with microplate readiecanby

monitoring the absorption at 600 nm. All experinsanwere done in triplicate.

Evaluation of antioxidant activity for compounéisj and8a-j.

All experiments were carried out at 18-20°C. DPEBkt:t2 mL 400, 200 or 1QM solution of compound or 8 in
ethanol was added to the solution of DPPH (2 ml0, [ 2@) in ethanol;UV-VISabsorption was measured at 515 nm
after 30 min [14]. GO test: 2 mL 160, 80 or 4l solution of compoun® was added to the solution of GO (2 mL,
20 uM) in ethanol;UV-VIS absorption was measured at 428 nm after 4 h flbpxperiments were carried out in
triplicate.
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Table 1 Physicochemical propertiesof compounds 6 and 8

Combustion analysis
Comp. | Chemical formulg C;(gﬂlr;?e;/?% (solvl\élr?tltfig?cpr;)/isrlgll(;gation Yield, % | Time, h
C H N

6a CuhN0; | 28| 2T7 | 1881 é?ﬁa%g) 88

6b CigH1sCINLOs %ﬁ %‘ %ﬁ (rig?r;gﬁ;) 81

6c | CurBNo, | 22371383 340 (ethanal 68

6d CuHheFN©O; | 22311 2301 1570 é}ﬁaﬁ% 90

6e CieH1eNiOs 21—% 3:—23 %Sg (rig?r;gggl) 8 15
6f C1H17NsOs %%%i %ﬁ% %%%3 (égiiﬁg) 86

69 Ci7H1sNsOs % 2_4512 %?2 (Zn?;hzjr?ols) %

6h Ci7H1sNsOs %ﬁ;‘ i:—ig %? (nlwi?hﬁil) "

6 | CohSNO: | ooas | 40s | Tose (methano) 8

6j CaeH1aNLOs %ﬁg j_gg % (ethai?)ls?\;\}eﬁ{e-r, 3:1) 0

8a CigH1aN4O; % i:—ié % é?r?;]?)% > 12
8 | CoiCING, |oro0| 390 1565 (ethanol %0 v
8 | CoBNO, | oyaa| oo | ooe é?ﬁa%,%%) 65 16
&d CigH15FNLO, 2%%2 %ﬁ% %%%2 <$§ii§3) 84 16
8e CigH1aN4Os %:(252 ;‘;—‘2‘3 %?2 (ﬁﬁaﬁ?}% 66 .
8f CigHisNsO; %:gg ;‘;—2}1 % (rﬁztzr;;ggl) >1 i~
s | comnvo | SEIIEIDE ) ol
8h Ci7H1aNs0; %:;Z ﬁ, % é?r?a%g) >0 12
6 | CeHusNo, | 2237|3821 01 {ethano 63 i~
§ | caao | B3 30| ear (emanoy il

RESULTSAND DISCUSSION

Hence, we report here the synthesis of novel qoiivees with the oxadiazole moiety in the side chain
(quinazolinone-oxadiazole conjugates) accordinth&ofollowing scheme: the starting material for #yathesis of
the target compoundsand8 is 3-[4-oxoquinazolin-3(M)-yl]propionic acid 4) which was synthesized from isatoic
anhydride {), 3-aminopropanoic acidf{alanine) 2) and formic acid [12]. The next step was formatioh
hydrazides between propanoic adiédnd aromaticHa-f) or heteroaromatic hydrazidesggj) in the presence of 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide EDCThe obtained hydrazide® were further transformed into
quinazolinone 1,3,4-oxadiazole conjugaag in the presence @Ftosyl chloride [16].

Compounds8a-j were easily purified by crystallization. The spestopic and physical propertie$H( NMR
spectra, LC-MS and CHN analysis) of all new compmsunvere fully consistent with the assigned strugsur
Typical chemical shifts of NH protons for hydrazidwiety appeared as two singlets in the range di i® 10.7

The synthesized compoun@isand 8 were studied for their antibacterial and antioridactivity. Antibacterial

activity was expressed as the minimal inhibitorpaantration (MIC). It is the concentration of arittnebial agent

that completely inhibits cell growth during 24 hcibation at 37°C. The compoun@sand 8 were tested as
antimicrobial agents to Gram-positi&aphylococcus aureuStaphylococcus epidermidimdLactobacillus reuteri

and Gram-negativ&scherichia coliandPseudomonas acruginastinfortunately, the compoundsand8 did not

demonstrate significant inhibition when the concatidn was smaller than 512 mg/ml under the testltimns.
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In order to evaluate antioxidant activity of thenesized compoundsand8 two free radicals - 2,2-diphenyl-1-
picrylhidrazyl (DPPH) and galvinoxyl (GO) — were gloyed. Antioxidant activity was expressed as iittoh of
free radical (%), when the molar ratio of the tesinpound § or 8) and the free radical (DPPH or GO) was 1:1.
Results are presented in Tables 3 and 4. Comp6ermbntaining salicylic acid moiety demonstrates tinghest
antiradical activity. The GO test was carried onlydor compound$ when the compound demonstrated at least
negligible inhibition of DPPH. Due to the same was none of the compoun@swas tested by the GO test.
Compounds6e,e exhibited similar level of inhibition of DPPH andO. Also hydrazide$b,f,i showed slight
antiradical activity. Unexpectedly, 1,3,4-oxadia®B did not demonstrate considerable antiradical #gtin
comparison to the corresponding hydraziéedill now, only few compounds containing hydrazideiety are
known as antioxidants or antiradical agents [11, TBe above mentioned results demonstrate thaptbsence of
NH in hydrazide moiety is crucial for antiradicaitiaity. Thus we have established here a new tyfpgntioxidants
with hydrazide scaffold.
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Table 2 *H NMR spectra (300 MHz) of the compounds 6a-j (DM SO-ds) and 8a-j (CDCl5)

Com-

pound Chemical shiftd, ppm (spin-spin coupling constadt,Hz)

2.77 (2H, 1J = 6.6, NCHCHy); 4.23 (2H, t,J = 6.6, NCHCH,); 7.49 (2H, tJ = 7.5, arom.); 7.52-7.60 (2H, m, H-6/7, arom.);87|6
6a | (1H,d,J=8.1, H-5/8); 7.80-7.88 (3H, m, H-6/7, arom.);B(LH, d,J = 8.1, H-5/8); 8.34 (LH, br. s, H-2); 10.04 (LHNH); 10.34
(1H, s, NH)

2.77 (2H, tJ = 6.2, NCHCHy); 4.23 (2H, tJ = 6.2, NCHCH,); 7.53-7.59 (3H, m, H-6/7, arom.); 7.67 (1HJd; 8.1, H-5/8); 7.77-

60 | 7'89 (3H. m, H-6/7, arom.); 8.17 (1H,1i= 8.1, H-5/8); 8.34 (LH, br. s, H-2); 10.08 (LHN&); 10.43 (1H. s, NH)
6c | 277 (2H,1J=6.5, NCHCH,); 4.24 (2H, tJ = 6.5, NCHCH,); 7.56 (1H, tJ= 8.1, H-6/7); 7.65-7.86 (6H, m, H-5/8, H-6/7, arg]
8.21 (1H, dJ = 8.1, H-5/8); 8.34 (1H, s, H-2); 10.04 (1H, s, N#.41 (1H, s, NH)
2.75 (2H, tJ= 6.4, NCHCH;); 4.24 (2H, tJ = 6.4, NCHCH,); 7.28-7.37 (2H, m, arom.); 7.56 (LHJt 8.3, H-6/7); 7.68 (1H, dI
6d = 8.3, H-5/8); 7.79-7.96 (3H, m, H-6/7, arom.);B(ILH, d,J = 8.3, H-5/8), 8.34 (1H, br. s, H-2); 10.05 (LIHN&); 10.37 (1H, s,
NH)
2.79 (2H, tJ = 6.4, NCHCH,); 4.24 (2H, tJ = 6.4, NCHCH.,); 6.89-6.98 (2H, m, arom.); 7.44 (1HJt= 7.2, arom.); 7.56 (1H, 3,
6e | =8.1, H-6/7); 7.68 (1H, d] = 8.1, H-5/8); 7.80-7.88 (2H, m, H-6/7, arom.);B(1H, d,J = 8.1, H-5/8); 8.33 (1H, br. s, H-2); 10.33

(1H, s, NH); 10.53 (1H, s, NH); 11.70 (1H, br. $40

2.75 (2H, tJ= 6.4, NCHCH,); 4.22 (2H, tJ = 6.4, NCHCH,); 6.39 (2H, br. s, NBJ; 6.50 (1H, tJ = 7.9, arom.); 6.71 (1H, d,=
6f 8.2, arom.); 7.17 (1H, I = 7.9, arom.); 7.50 (1Hy, J = 7.9, arom.); 7.56 (1H, = 8.2, H-6/7); 7.67 (1H, d] = 8.2, H-5/8); 7.84
(1H, t,J = 8.2, H-6/7); 8.18 (1H, d1= 8.2, H-5/8); 8.33 (1H, s, H-2); 9.88 (1H, s, N)98 (1H, s, NH)

2.78 (2H, 1J = 6.6, NCHCH,); 4.23 (2H, tJ = 6.6, NCHCH;); 7.56 (1H, tJ = 8.1 H-6/7); 7.67 (1H, d] = 8.1, H-5/8); 7.71-7.79
69 | (2H, m, arom.); 7.83 (1H, J= 8.1, H-6/7); 8.16 (1H, d = 8.1, H-5/8); 8.34 (1H, s, H-2); 8.75 (2H,dk 4.5, arom.); 10.18 (1H, s,
NH): 10.67 (1H, s, NH)

2.78 (2H, 1J = 6.4, NCHCH,); 4.23 (2H, tJ = 6.4, NCHCHy); 7.51-7.58 (2H, m, H-6/7, arom.); 7.68 (1HJd& 8.3, H-5/8); 7.84
6h | (1H,t,J= 8.3, H-6/7); 8.16-8.21 (2H, m, H-5/8, arom.); 8@H, s, H-2); 8.73 (1H, dl = 5.1, arom.); 9.99 (1H, myom.); 10.14
(1H, s, NH); 10.56 (LH, s, NH)

2.76 (2H, tJ= 6.2, NCHCH;); 4.23 (2H, tJ = 6.2, NCHCH,); 7.18 (1H, tJ = 4.7, arom.); 7.57 (LH, §,= 8.1, H-6/7); 7.69 (1H, d
6i J=8.1, H-5/8); 7.78-7.88 (3H, m, H-6/atom.); 8.19 (1H, dJ = 8.1, H-5/8); 8.34 (LH, br. s, H-2); 10.04 (LHN&4); 10.35 (1H, s,

NH)
2.74 (2H, tJ = 6.4, NCHCH,); 4.21 (2H, tJ = 6.4, NCHCH,); 6.65 (1H, m, arom.); 7.20 (1H, d= 3.2, arom.); 7.55 (1H, § =
6j 7.9, H-6/7); 7.67 (1H, dJ = 7.9, H-5/8); 7.81-7.91 (2H, m, H-6/7, arom.); B{LH, d,J = 7.9, H-5/8); 8.32 (LH, br. s, H-2); 9.99

(1H, s, NH); 10.24 (1H, s, NH)

3.47 (2H, tJ = 6.6, NCHCH,); 4.45 (2H, tJ = 6.6, NCHCHy); 7.52-7.61 (4H, m, H-6/7, arom.); 7.69 (1HJd; 8.3, H-5/8); 7.80-

82 | 791 (3H, m, H-6/7, arom.); 8.12 (1H,1i= 8.3, H-5/8): 8.45 (1H, br. s, H-2)

g | 352 (2H, 1J= 6.4, NCHCHy); 459 (2H, 1J = 6.4, NCHCH,); 7.42-7.48 (2H, m, arom.); 7.54 (IH, @i 8.1,J = 1.7, H-6/7);
7.72-7.84 (2H, m, H-6/7, H-5/8); 7.85-7.93 (2H,anom.); 8.31 (1H, d] = 8.1, H-5/8); 8.45 (1H, s, H-2)

gc | 348 (2H, 1J= 6.5 NCHCH,); 4.44 (2H, tJ = 6.5, NCHCH); 7.55 (1H, tJ = 8.1, H-6/7); 7.69 (LH, dI = 8.1, H-5/8); 7.74-7.88
(5H, m, H-6/7, arom.); 8.14 (1H, d= 8.1, H-5/8); 8.45 (1H, s, H-2)

gd | 352 (2H,1J= 6.2, NCHCHy); 4.61 (2H, tJ= 6.2, NCHCHy); 7.15 (2H, L) = 8.8, s = 8.8, arom.); 7.50-7.58 (LH, m, H-6/7);
7.78 (2H, m, H-6/7, H-5/8); 7.91-7.97 (2H, m, aryr8.34 (1H, d,J = 8.8, H-5/8); 8.55 (1H, s, H-2)
2.78 (2H, t,J = 6.6, NCHCH,); 4.24 (2H, t,J= 6.6, NCHCH,); 6.87-6.98 (2H, m, arom.); 7.43 (LHJt 8.4, H-6/7); 7.55 (2H, 0

8e | =7.7, arom.); 7.67 (1H, d,= 8.4, H-5/8); 7.80-7.83 (2H, m, H-6/7, arom.);®8.22 (1H, m, H-5/8), 8.32 (1H, s, H-2); 10.31 (EH

OH)

3.52 (2H, tJ = 6.4, NCHCH,); 4.61 (2H, tJ = 6.4, NCHCH); 6.56 (1H, tJ= 6.9, arom.); 6.67 (2H, br. s, N}46.86 (1H, dJ =
8f 8.2, arom.); 7.22 (1H, 1= 6.9, H-6/7); 7.43 (1H, d] = 8.2, arom.); 7.54 (1H, 1= 7.5, arom.); 7.67 (1H, d,= 6.9, H-5/8); 7.84
(1H,t,J=6.9, H-6/7); 8.13 (1H, d = 6.9, H-5/8); 8.44 (1H, s, H-2)

3.53 (2H, tJ = 6.4, NCHCH,); 4.54 (2H, tJ = 6.4, CH); 7.68 (1H, tdJ=8.1,J = 1.3, H-6/7); 7.69 (1H, d = 8.1, H-5/8); 7.76

8g (1H, td,J = 8.1, = 1.3, H-6/7): 7.78-7.84 (2H, m, arom.); 8.23 (BH-2); 8.26 (1H, dJ = 8.1, H-5/8); 8.73-8.80 (2H, m, arom.)

3.50 (2H, tJ = 6.4, NCHCH,); 4.46 (2H, tJ= 6.4, NCHCH,); 7.52 (2H, m, H-6/7, arom.); 7.68 (1H, X 8.3, H-5/8); 7.84 (1H, t
8h J=8.3, H-6/7); 8.13 (1H, dl = 8.3, H-5/8); 8.24-8.29 (1H, m, arom.); 8.46 (B1H-2); 8.78 (1H, d) = 4.5, arom.); 9.07 (1H, br. g,
arom.)

3.49 (2H, t,J = 6.4, NCHCH,); 4.58 (2H, tJ = 6.4, NCHCH,); 7.11-7.15 (LH, m, arom.); 7.50-7.55 (2H, m, H.Gdrom.); 7.63

8i (1H, d,J = 7.7, H-5/8); 7.74-7.79 (2H, m, H-6/7, arom.);B(3H, d,J= 7.7, H-5/8); 8.43 (1H, br. s, H-2)
8 3.52 (2H, t,J = 6.4, NCHCH,); 4.64 (2H, tJ = 6.4, NCHCH,); 6.54-6.57 (1H, m, H-6/7); 7.07 (1H, d= 3.6, arom.); 7.52-7.63
! (2H, m, H-6/7, H-5/8); 7.78-7.88 (2H, m, arom.38(1H, d,J= 7.9, H-5/8); 8.68 (1H, s, H-2)
Table 3 Antioxidant activity of compounds 6 and 8 expressed asinhibition (%) of DPPH
Compound | Inhibition, Inhibition % of standard compound | Compound | Inhibition, Inhibition % of standard compound
6 %" BHT® (37.8+2.6%) 8 %" BHT" (37.8+2.6%)
a - - a - -
b 8.2+0.0 22 b - -
C 14.3+2.2 38 C 2.2+0.1 6
d 2.9+0.4 8 d 3.440.1 9
e 27.8+1.8 74 e - -
f 7.410.2 20 f 3.620.0 10
g 22404 6 g 4.540.1 12
h 3.740.1 10 h 2.940.1 8
i 7.740.1 20 i 2.340.6 6
j 2.0£0.4 5 j - -

“The inhibition was determined according to the kmamethod [14]° BHT — Butylated hydroxytoluerfethe compound did not demonstrate
any inhibition of DPPH.
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Table 4 Antioxidant activity of compounds 6 expressed asinhibition (%) of GO

Compounds | Inhibition, % | Inhibition % of standard compound BH{58.7+1.2%)

b 0.2+0.1 0.3
[ 14.0+0.9 24
e 32.0£1.5 54
f 3.9+0.3 7
|

1.6+1.4 3
“The inhibition was determined according to the kmamethod [15]° BHT — Butylated hydroxytoluene.

CONCLUSION

In summary, novel conjugates between quinazolireork1,3,4-oxadiazole were synthesized by conveniethod
from isatoic anhydrides-alanine and formic acid. Their antimicrobial andtiaxidant activities were studied. The
compounds did not demonstrate any significant dotobial activity. Several quinazolinone-deriveddngzides
showed slight or moderate antiradical activity. igf@armation of hydrazides into 1,3,4-oxadiazolethim side chain
caused the dramatic loss of antiradical activity.
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