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Abstract

Large series of nove\l-bis-1,2,3-triazolo-linked-1,5-benzodiazepin-2-o01iBZD) have been
synthesized under microwave irradiation throughu@)acatalyzed double 1,3-dipolar alkyne-
azide coupling reaction. This process is of consiole synthetic advantages in terms of time
saving and remarkable yields. The chemical strestaf the isolated compounds have been
elucidated on the basis of extensive spectrosaopihiods including 1D & 2D NMR, IR and
HRMS. All the synthesized compounds have been evaluatedhieir antimicrobial and
antioxidant activities. Invitro antimicrobial environment, almost all of compounusve
shown an interesting activity. Among the dimers hb-benzodiazepine-1,2,3-triazole
compounds tested, the results revealed that thenpantibacterial was recorded to
compounds3g,| for Gram-positive (within MIC = 31.25 and 1R%/ml), and3h,k for Gram-
negative (within MIC = 31.25 and 12fg/ml). Besides, the results demonstrate that
compounds3h,k have demonstrated the strongest potential agaihghe tested fungus
(within MIC = 62.5 and 125 pg/ml). The antioxidaevaluation indicated that most
compounds exhibited a moderate to good biologictvigy.

Keywords: 1,5-benzodiazepin-2-one, 1,2,3-triazole, microwavadiation, click chemistry,

antimicrobial activity, antioxidant activity.



1. Introduction

Among the large varieties of heterocycles, benzmfimes have found their place in
medicinal chemistry thanks to their clinical susces the most prescribed medicines [1].
Therefore, a considerable interest has been foamsede synthesis of new benzodiazepines.
The use of this class of compounds with therapgairposes is not only limited to treatment
of depression [2], epilepsy [3], but also psychamnadgitation [4], seizures and muscle
spasms [5]. Furthermore, many examples of benzegiags are described as excellent
samples of anticancer [6], antiviral [7] and antrobial agents [8]. Conformational
constraint in their structures plays a key rolgha determination of their bioactivities [9].
Interestingly, sinceN-functionalization of benzodiazepines (BZD) leads the rigid
analogues, the development of such scaffolds idyiglesired [10]. In recent years,
alkylating agents have been extensively studied laading to the development of many
biologically active compounds, particularly molezsilthat have been based on a triazole
moiety [11]. Moreover, triazoles are an importamass of N-heterocycles [12]. Their
applications have been extended to widespread Ipgike such as epilepsy [13],
inflammation [14] and viral diseases [15]. In aduht they are considered to be excellent
antibiotic agents [16]. A recent research in driggalvery has aimed at introducing the 1,2,3-
triazole moiety as a connecting unit to link toggthwo or more pharmacophores. The 1,5-
benzodiazepine scaffold containing triazole moikfs gained popularity thanks to their
pharmacological proprieties [17]. Further, it ha&ei reported that many biologically active
1,2,3-bistriazole derivatives, which have intemggtnolecular symmetry, have shown a broad
range of clinical applications [18]. In additionmie-linked 1,4-disubstituted 1,2,3-
bistriazoles present an interesting cytotoxicit@][1Phenanthroline-2,9-bistriazoles reveal
good anti-selective G-quadruplex intercalators [20§l the deoxystreptamine dimers (sugar-
based bistriazole) serve also as human m-RNA ligd@d]. On the other hand, microbial
infections are the most prevailing and spread tidas diseases worldwide [22].
Furthermore, their serious medical problem is tesse and the rapid rate of their
development has led to increasing levels of rasigtdo classical antibiotics [23]. Therefore,
the discovery and the development of effectivebautierial and antifungal drugs with novel
mechanisms of action have become priority tasksrffactious-disease-research programs.
On the other hand, it has been established tha&teaphenolic hydroxyl group connected to a
benzodiazepine ring leads to new hydroxybenzodiaeepystems with a better reducing
ability towards the most recommended AAPH and DR#gbxyl radicals for measuring

radical-scavenging activity iwitro [24, 25]. Since it looked encouraging, we aimed to
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examine the possibility of our new dimers of 1,5xmdiazepines-1,2,3-triazoles hybrids
bearing two important phenolic moieties to actadical scavengers. As part of our ongoing
program directed towards the development of 1,Zteiazepine derivatives bearing a
triazole moiety, we have focused our effort on dhesign of novel symmetric hybrid

conjugates linking the benzodiazepine system to t&)3-triazole units via a copper(l)-

catalyzed 1,3-dipolar cyclisation. The synthesizednpounds prompted us to explore the
antimicrobial and the antioxidant effects of thessv 1,2,3-triazolo-1,5-benzodiazepin-2-one
derivatives. Their activities have been evaluated discussed.

2. Experimental section

2.1. Material and instruments

Reagents were commercial products of analyticatyp(Merck, Fluka, and Aldrich) and used
without prior purification.'H, *C and two-dimensional NMR spectra were recordecaon
Bruker AM-400 spectrometer at room temperature C¢ and DMSO at 300-400 MHz and
at 75-100 MHz with all chemical shifts, reported ppm, using residual non-deuterated
solvent peaks as internal reference. Coupling emtistare given in Hz and the abbreviations
used for signal multiplicity are the following: sirfglet), d (doublet), dd (double doublet),
t (triplet), m (multiplet) and (br) broad signalh&@*°C NMR spectra are proton decoupled.
IR spectra (In KBr pellets) were recorded on a PerElmer Spectrum two FT-IR instrument
with the Universal ATR Sampling Accessory, onlysturally significant bands are reported.
HRMS spectra were acquired with an electrosprajsation (ESI) mass spectroscopy data
were recorded on an UPLC Waters device (in positiagle); for the voltages of the mass
spectroscopies, the following abbreviations areduse Capillary (kV), SC Sampling Cone,
EC Extraction Cone. Calibration was performed watdium formate (range from 100 to
1000 g.mof) and the lockspray (lockmass on the leucine eralgpEh556.2771 g.md) was
used without collision energy, the relative intépsif peaks is given in brackets. Microwave
experiments were conducted with a Biotage AB ItoticEXP EU device with a maximum
power of 800 W. Reactions were performed in opervassel with a magnetical stirrer.
The temperature was measured by IR detection, edidaration using an optical fiber inside
the reaction mixture. The power was fixed at 40@Nd the temperature evolved in restreint-
free conditions. Irradiation was carried out acewgdto the conditions of times and
temperatures indicated in the tables or in the exmmtal part. All the reactions were
followed by TLC using aluminium sheets of Merckical gel 60 F254, 0.2 mm. Melting



points of all the synthesized compounds were detetnon BUCHI-510 capillary melting
point apparatus.
2.2. Chemistry

2.2.1. Synthesis oN-(prop-1-yn)-4-(2-hydroxyphenyl)-1,5-benzodiazepir2-one (2)

In a rounded bottom flask of 25 mL, an excess oppargyl bromide (0.45 mL, 1.5 equiv.,
5.94 mmol) was added to a solution of the compalft g, 1 equiv., 3.96 mmol) and NaH
(0.123 g, 1.3 equiv., 5.14 mmol, 60 % dispersiomineral oil) inN,N-dimethylformamide
(15 mL). The resulting mixture was stirred for 14rhonitored by TLC) and then organic
materials were extracted with dichloromethane @>mL). The combined organic layer was
dried over MgS@ then filtered. The filtrate was concentrated acwum to give a residue,
purified over silica gel by flash column chromataginy (Cyclohexane/EtOAc 8:2) to afford
the corresponding compougid

Yellow solid; m.p.: 115-117 °C, 0.78 g, yield 78 #R. (KBr, cm*): 3376 (O-H), 3320
(=C-H), 1670 (C=0), 1560 (C=NJH NMR (300 MHz, CDC}): 8H 2.25 (t, 1H, H>,
J= 3 Hz), 2.94 (d, 1H, & J= 12 Hz), 4.22 (t, 2H, 44 J= 12 Hz), 4.68 (d, 1H, dgl
J= 18 Hz), 6.85-6.95 (m, 2H, Ar-H), 7.23-7.36 (8l,4Ar-H), 7.66 (d, 1H, Ar-H, J=6
Hz), 7.77 (d, 1H, Ar-H, J= 6 Hz), 13.79 (s, 1H, OMC NMR (75 MHz, CDCJ):
dC 37.18 (Go), 37.65 (G), 72.24 (Gy), 78.44 (Gy), 117.56 (Gy), 117.73 (Gy), 117.98
(Car), 118.65 (G), 121.27 (G/), 125.55 (G/), 126.73 (G), 128.95 (G,), 133.65
(Car), 134.16 (G), 137.97 (G/), 161.65 (@), 163.78 (Gs), 164.59 (G). ESI(+)-MS
CHsCN [C= 1, SC= 30, EC= 3in/z (rel. int.): 291 (100, M+H), 329 (30, M+K)
HRMS ES for CigH15N>0O, m/z: [M+H]" Calc. 291.1134, found: 291.1124. ESI(-)-MS
CH3CN [C= 1, SC= 30, EC= 2}¥z (rel. int.): 289 (30, [M-H), 181 (40), 1116 (100),
HRMS ES for CigH13N20, m/z: [M-H] Calc. 289.1079, found: 289.1076.

2.2.2. Synthesis oN-bis-1,2,3-triazole linked 1,5-benzodiazepines (3a-

In a rounded bottom flask of 25 mL, a mixture ofgmwound2 (500 mg, 1 equiv., 1.72 mmol)
and DIPEA (0.89 mL, 3 equiv., 5.16 mmol) was stria dry DMF (10 mL), followed by
addition of Cul (4.1 mg, 10 mol %, 0.172 mmol) dhd appropriate diazide derivatilz&\;.1,

(1 equiv., 1 mmol). The reaction mixture was stremder microwave irradiation (400 W) for
6-12 min. After completion of the reaction as deteed by TLC, the reaction was quenched
with crushed ice (50 g) to avoid the apparitionsafe products. Organic materials were
extracted with EtOAc (3 x 30 mL), then combined ahed over anhydrous MgSOThe
crude reaction was filtered and the filtrate wascamtrated under reduced pressure. The
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crude material was purified by flash column chramgeaphy on silica gel and concentrated
under vacuum to afford a crude material, purifigdcblumn chromatography on silica gel
(cyclohexane/EtOAc from 8:2 to 5:5) as eluent, iafilog the pure cycloadduc&a-l in 67-
92% yields.

2.2.2.1.1,1-((1,1-(ethane-1,2-diyl) bisf-1,2,3-triazole-4,1-iyl)) bis(methylene)) bis(1,5-
benzodiazepin-2-one) (3a)

Yellow solid; m.p.: 217-219 °C, 460 mg, vield 929R (KBr, cm'): 3390 (O-H), 1691
(C=0), 1599 (C=N}H NMR (300 MHz, CDC}): 8H 2.97 (d, 2H, Hos J= 12 Hz), 4.17 (dd,
2H, Hoon, J= 20 Hz, J= 12 Hz), 4.77 (d, 2HsdJ= 16 Hz,), 4.86 (s, 4H,5ks), 5.13 (d, 2H,
Heb J= 15 Hz), 6.87-6.94 (m, 2H, Ar-H), 7.02 (d, 2Af-H, J= 6 Hz), 7.28-7.40 (m, 6H,
Ar-H), 7.48 (s, 2H, hk2s), 7.83 (d, 2H, Ar-H, J= 6 Hz), 8.03 (s, 2H:i4d), 13.93 (broad
singlet, 2H, OH)**C NMR (75 MHz, CDC}): 6C 38.17 (G¢), 44.68 (Gs 26), 49.58 (Go 20),
117.96 (G,), 118.25 (G/), 119.09 (G), 123.20 (Gy), 125.21 (Giax), 126.05 (G/), 126.97
(Car), 127.56 (G/), 129.28 (G;), 134.13 (G), 135.31 (G/), 138.29 (G,), 144.24 (G,),
162.16 (Gs), 164.16 (G414), 164.96 (G7). ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3}vz
(rel. int.): 731 (20, M+K), 715 (40, M+N3), 693 (100, M+H), 347 (80, 0.5 M+F), HRMS
ES" for CagHsaN1¢0s [M+H]" calc. 693.2686, found: 693.2696. ESI (-)-MS LN [C= 1,
SC= 30, EC= 2Jwz (rel. int.): 791 (50), 713 (10), 691 (100, [M-H]297 (50), 126 (90),
HRMS ES for CsgH31N1004 [M-H] " calc. 691.2530, found: 691.2516.

2.2.2.2. 1,1'-((1,1'-(hexane-1,6-diyl)bisH-1,2,3-triazole-4,1-diyl))bis(methylene))bis(1,5-
benzodiazepin-2-one) (3p

Yellow solid; m.p.: 231-233 °C, 430 mg, yield 869R (KBr, cm?): 3338 (O-H), 1691
(C=0), 1566 (C=N)'H NMR (300 MHz, CDG)): 6H 1.24 (m, 4H, Hs.g), 1.81 (m, 4H,
Ha727), 2.92 (d, 2H, taea J= 12 Hz,), 4.16-4.23 (M, 6H,skbb-26.26), 4.82 (d, 2HH20a 204
J= 15 Hz), 5.10 (d, 2H, 49 20, J= 15 Hz), 6.87-6.92 (m, 2H, Ar-H), 6.96 (d, 2&;H, J=9
Hz), 7.20-7.35 (m, 8H, Ar-H), 7.54 (s, 2Hyl), 7.78 (d, 2H, Ar-H, J= 9 Hz), 8.00 (d, 2H,
Ar-H, J= 6 Hz), 13.90 (s, 2H, OH}*C NMR (75 MHz, CDC)): 8¢ 25.77 (Gsos), 29.82
(Co7.27), 38.24 (Ge), 44.73 (Go.20), 50.09 (Ge 26), 117.74 (Gy), 118.01 (Gy), 118.27 (G,
119.12 (G,), 123.35 (G/), 124.08 (Gias), 126.05 (G,), 126.89 (G/), 127.57 (G,), 129.34
(Car), 134.12 (Gy), 135.21 (Gy), 138.36 (Gy), 162.19 (G5), 164.13 (G414), 164.99 (G 7).
ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3}Vz (rel. int.): 772 (20), 771 (100, M+N)g 749
(65, M+H"), HRMS ES for CsoH41N10O4 [M+H]™ calc. 749.3312, found: 749.3309. ESI (-)-



MS CH,CN [C= 1, SC= 30, EC= 21vz (rel. int.): 810 (50), 783 (20), 747 (90, [M-}H]213
(100), HRMS ESfor C42H39N1004 [M-H]_ calc. 747.2316, found: 747.2318.

2.2.2.3. 1-((1-(6-azidohexyl)H-1,2,3-triazol-4yl)methyl)-(1,5-benzodiazepin-2-one)

(3b")

It was obtained as described in the last procedatewas purified as minor product
after purification as yellow solid; m.p.: 117-116,°135 mg, yield 27%. IR (KBr, cm
1: 3386 (O-H), 1690 (C=0), 1598 (C=NH NMR (300 MHz, CDCJ): §H 1.24-1.42
(M, 4H, Hsg 29, 1.52-1.60 (m, 2H, k), 1.84-1.93 (m, 2H, ), 3.00 (d, 1H, kg, J= 12
Hz), 3.25 (t, 2H, K, J= 9 Hz), 4.25 (d, 1H, 4d, J= 12 Hz), 4.28-4.34 (td, 2H,2k1J=
6Hz), 4.90 (d, 1H, bby, J= 15 Hz), 5.17 (d, 2H, &, J= 15 Hz), 6.98 (t, 2H, Ar-H, J=
9 Hz), 7.05 (d, 2H, Ar-H, J=9 Hz), 7.25 (s, 1H, W); 7.28-7.46 (m, 5H, Ar-H), 7.59
(s, 1H, Ar-H), 7.80 (d, 1H, Ar-H, J= 6 Hz), 8.07, (tH, Ar-H, J= 6 Hz)*C NMR (75
MHz, CDCBk): 6C 26.09 (Gg), 28.60 (Gg), 29.95 (Gp), 30.90 (G7), 38.24 (G), 44.64
(Co0), 50.28 (Ge), 51.23 (Gy), 117.94 (G,), 118.31 (Gy), 119.18 (Gy), 123.38 (G),
124.08 (Gy), 126.11 (G,), 126.87 (G), 127.67 (G), 129.37 (G), 134.24 (G,),
135.18 (Gy), 138.22 (Gy), 143.70 (Gy), 162.21 (G), 164.19 (G4, 164.98 (G).
ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3}vz (rel. int.): 497 (30, M+K), 427 (60),
459 (80, M+H), HRMS ES for CyH>7NgO, m/z: [M+H]" Calc. 459.2348, found:
459.2342. ESI(-)-MS CKCN [C= 1, SC= 30, EC= 2}/z (rel. int.): 457 (60, [M-H),
416 (20), 252 (40), HRMS ESor CouH»sNgO, m/z: [M-H] Calc. 457.2179, found:
457.2173.

2.2.2.4.1,1'-((1,1'-(1,4-phenylenebis(methylend))s(1H-1,2,3-triazole-4,1-diyl))
bis(methylene)) bis(1,5-benzodiazepin-2-one) (3c¢)

Yellow solid; m.p.: 170-172 °C, 410 mg, vyield 829R (KBr, cm?): 3386 (O-H), 1676
(C=0), 1576 (C=N)H NMR (300 MHz, CDCJ): 8H 2.99 (d, 2H, K, J= 12 Hz), 4.24 (d,
2H, Hep, J= 12 Hz), 4.89 (d, 2H, 40, J= 15 Hz), 5.17 (d, 2H b, J= 15 Hz), 5.45 (d, 2H,
He 26, J= 15 Hz), 5.54 (d, 2H, Hl2¢, J= 15 Hz), 6.95-7.07 (m, 4H, Ar-H), 7.25 (s, 2H,
Ar-H), 7.28 (s, 2H, Ar-H), 7.32-7.47 (m, 8H, Ar-H},59 (s, 2H, Ky, 7.84 (d, 2H, Ar-H, J=
9 Hz), 8.07 (d, 2H, Ar-H, J= 9 Hz), 13.96 (s, 2H)Y0"*C NMR (75 MHz, CDCJ): ¢ 37.15
(Cs.6), 43.68 (Go20), 52.67 (Gs.26), 116.93 (G), 117.24 (Gy), 118.09 (Gy), 122.29 (Gy),
123.26 (G), 125.05 (G), 125.89 (Gy), 126.55 (G), 127.79 (G), 128.28 (Giaz), 130.48
(Car), 133.11 (Gy), 134.11 (G), 137.28 (Gy), 143.28 (G), 161.12 (G5), 163.05 (Gs.14),
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163.94 (G 7). ESI-MS CHCN [C= 1, SC= 30, EC= 3}vz (rel. int.): 807 (10, M+K), 791
(20, M+Nad), 769 (40, M+H), 385 (100, 0.5 M+H, HRMS ES for CyH3zN1004 m/z:
[M+H]" calc. 769.3068, found: 769.2028. ESI-MS LN [C= 1, SC= 30, EC= 2jvz (rel.
int.): 767 (40), [M-H], HRMS ES for CyH3sN1004 m/z: [M-H] calc. 767.2843, found:
767.2838.

2.2.2.5.1,1'-((1,1'-(methylenebis(4,1-phenylene)3plH-1,2,3-triazole-4,1-diyl))
bis(methylene))bis(1,5-benzodiazepin-2-one) (Bd

Yellow solid; m.p.: 175-177 °C, 390 mg, yield 78M.(KBr, cm?): 3355 (O-H), 1676
(C=0), 1584 (C=N)'H NMR (300 MHz, CDCJ): 84 2.90 (d, 2H, K, J= 12 Hz), 4.14
(d, 2H, Hs, J=12 Hz), 4.81 (d, 2H, 4, J= 15 Hz), 5.07 (d, 2H, &k, J= 15 Hz), 5.39
(s, 2H, Ho30), 6.88 (t, 2H, Ar-H, J= 9 Hz), 6.96 (d, 2H, Ar-BE 9 Hz), 7.15-7.38 (m,
16H, Ar-H), 7.49 (s, 2H, H.), 7.75 (d, 2H, Ar-H, J= 9 Hz), 7.97 (d, 2H, Ar-B& 9
Hz), 13.85 (s, 2H, OH)3C NMR (75 MHz, CDGCJ)): 8C 38.20 (Ge), 43.31 (Go20),
44.67 (Go), 117.99 (G/), 118.26 (G), 119.09 (G, 121.44 (G,), 123.32 (G),
124.24 (Gy), 126.05 (G), 126.91 (G), 127.54 (Giaz), 128.67 (G), 128.69 (G),
128.77 (G), 129.33 (G), 134.11 (G,), 135.14 (G,), 138.37 (G), 144.27 (G),
162.21 (Gs), 164.19 (Gs14), 164.98 (G7). ESI(+)-MS CHCN [C= 1, SC= 30,
EC= 3]m/z (rel. int.): 853 (40, M+Na+), 831 (70, M+M 416 (50, 0.5 M+F), HRMS
ES" for CsH3zoN1004 m/z: [M+H]" Calc. 831.3217, found: 831.3213. ESI(-)-MS
CH3;CN [C= 1, SC= 30, EC= 2z (rel. int.): 843 (60), 829 (50, [M-H] 826 (30),
305 (10), HRMS ESfor CygH37N1004 m/z: [M-H] Calc. 829.3023, found: 829.3017.
2.1.2.6. 1,1'-((1,1'-(1,4-phenylene) bis(1H-1,2,8dzole-4,1-diyl)) bis(methylene)) bis(1,5-

benzodiazepin-2-one) (3e)

Yellow solid; m.p.: 192-194 °C, 420 mg, vyield 84%R (KBr, cm?): 3401 (O-H), 1706
(C=0), 1591 (C=N)'H NMR (300 MHz, CDCJ): H 3.19 (br, 2H, ), 4.33 (br, 2H, k),
5.13 (s, 4H, Hy20) 6.70 (d, 2H, Ar-H, J= 9 Hz), 7.00 (d , 2H, Ar-BE 9 Hz), 7.33-7.48 (m,
10H,Ar-H, Ha727), 7.51 (s, 2H, iRaz), 7.88-7.96 (m, 4H, Ar-H) , 8.18 (s, 2H, Ar-H),.Z8 (s,
2H, OH).**C NMR (75 MHz, CDCJ): 5C 38.24 (Gg), 43.39 (Go20), 114.00 (G,), 117.62
(Car), 118.07 (Gy), 118.93 (Gy), 121.45 (Gr27), 122.99 (G 7), 125.64 (Giaz), 126.65 (Gy),
127.18 (G), 129.85 (G) , 133.94 (G), 134.70 (Gy), 138.29 (G,), 143.66 (G,), 149.19
(Car), 161.35 (G5), 164.58 (Ga,14), 164.74 (G7) . ESI-MS CHCN [C= 1, SC= 30, EC= 3]
m/z (rel. int.): 763 (40, M+N9, 741 (100, M+H), 385 (20), HRMS ESfor CsHa3N1gOs
m/z: [M+H]" calc. 741.2999, found: 741.3018. ESI-MS{CN [C= 1, SC= 30, EC= 2Jvz
7



(rel. int.): 739 (100, [M-H), 334 (50), 217 (20), HRMS E%$or C42H3:N1004 m/z: [M-H]
calc. 739.2466, found: 739.2467.

2.2.2.7.1,1-((1,1'-(1,3-phenylene) bis(1H-1,2,3-triazole;4-diyl)) bis(methylene)) bis(1,5-
benzodiazepin-2-one) (3f

Yellow solid; m.p.: 210-212 °C, 400 mg, yield 80M. (KBr, cm?): 3391 (O-H), 1673
(C=0), 1566 (C=N)!H NMR (400 MHz, CDCJ): H 2.94 (d, 2H, K, J= 12 Hz),
4.22 (d, 2H, Ky, J= 12 Hz), 4.93 (d, 2H, 4 J= 16 Hz), 5.22 (d, 2H, 4o, J= 16 Hz),
6.92 (t, 2H, H-Ar, J= 8 Hz), 6.99 (d, 2H, H-Ar, 8Hz), 7.10-7.57 (m, 8H, H-Ar),
7.68 (d, 2H, J= 8 Hz), 7.91 (d, 2H, J= 8 Hz), 8®12H, Hiaz), 8.05 (d, 2H, H;, J= 8
Hz), 13.93 (s, 2H, OH):*C NMR (75 MHz, CDCJ): 3C 37.41 (Ge), 43.70 (Go20),
117.24 (Gy), 117.53 (Gr), 118.31 (G), 122.14 (G), 125.20 (G/), 126.26 (G),
126.63 (G), 126.70 (Gy), 126.91 (G), 127.26 (Giay), 128.54 (G,), 129.25 (G),
133.41 (Gy), 133.46 (G), 134.35 (Gr), 134.65 (G,), 137.51 (G,), 161.45 (G5s),
163.31 (Ga14), 164.20 (G7). ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3z (rel.
int.): 779 (70, M+K), 763 (40, M+N4), 741 (40, M+H), 371 (30, 0.5 M+F), HRMS
ES" for CsHasN1gOs m/z: [M+H]" Calc. 741.2778, found: 741.2771. ESI(-)-MS
CH3CN [C= 1, SC= 30, EC= 2z (rel. int.): 845 (60), 836 (20), 823 (80, [M-I1]
325 (40), 311 (20), HRMS ESor C4,H31N1004 m/z: [M-H]" Calc. 739.2567, found:
739.2559.

2.2.2.8. 1,1'-((1,1'-(oxybis(4,1-phenylene)) bis(tH?2,3-triazole-4,1-diyl)) bis(methylene))
bis(1,5-benzodiazepin-2-one) (39)

Yellow solid; m.p.: 167-169 °C, 435 mg, yield 87% (KBr, cni®): 3379 (O-H), 1671 (C=0),
1588 (C=N).'H NMR (400 MHz, CDC}): 8H 2.95 (d, 2H, Ha J= 16 Hz), 4.19 (d, 2H, g
J= 12 Hz), 4.91 (d, 2H, 4, J= 16 Hz), 5.18 (d, 2H, &}, J= 16 Hz), 6.92 (t, 2H, Ar-H, J=8
Hz), 6.98 (d, 2H, Ar-H, J= 8 Hz), 7.27 (t, 2 H, Ar-J= 4 Hz), 7.33-7.37 (m, 8 H, Ar-H), 7.79
(d, 2H, Ar-H J= 8 Hz), 7.86 (d, 2H, Ar-H, J= 8 Hz), 7.98 (d, lr-J= 8 Hz), 8.04 (s, 2H,
Huiaz), 8.07 (d, 2H, Ar-H, J= 4 Hz), 13.88 (s, 2H, OMC NMR (100 MHz, CDG)): 6C
37.42 (Gg), 43.85 (Go20), 117.16 (Gy), 117.58 (G), 118.46 (G/), 120.04 (G), 121.54
(Ctiaz), 122.40 (G), 125.56 (Gy), 126.27 (G), 126.89 (G,), 128.56 (G), 128.95 (Gy),
133.53 (Gy), 134.19 (G), 137.69 (G), 139.60 (G/), 140.24 (G,), 144.43 (G/), 161.43
(Cs5), 163.38 (G414), 164.43 (G7). ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3z (rel.
int.): 855 (10, M+N&), 833 (50, M+H), 417 (100, 0.5 M+H, HRMS ES for CygHz7/N1005
m/z: [M+H]" calc. 833.2948, found: 833.2963. ESI(-)-MS4MN [C= 1, SC= 30, EC= 2jvz
8



(rel. int.): 831 (100, [M-H), 325 (40), 311 (30), 116 (80), HRMS H8r CygH35N100s m/z:
[M-H] " calc. 831.2792, found: 831.2790.

2.2.2.9. 1,1'((1,1'-(sulfonylbis(4,1-phenylene)i1H-1,2,3-triazole-4,1-diyl))
bis(methylene))bis(1,5-benzodiazepin-2-one) (3h)

Yellow solid; m.p.: 185-187 °C, 415 mg, vyield 83%R (KBr, cm?): 3402 (O-H), 1668
(C=0), 1578 (C=N)*H NMR (400 MHz, CDC}): 8H 2.92 (d, 2H, K, J= 12 Hz), 4.18 (d,
2H, Hep, J= 12 Hz), 4.86 (d, 2H, 4, J= 16 Hz), 5.18 (d, 2H, 4o, J= 16 Hz), 6.88 (t, 2H, Ar-
H, J= 8 Hz), 6.95 (d, 2H, Ar-H, J= 8 Hz), 7.01-7(d, 4H, Ar-H), 7.23 (t, 2H, Ar-H, J= 8
Hz), 7.29-7.36 (m, 6H, Ar-H), 7.61 (t, 4H, Ar-H, 8Hz), 7.78 (d, 2H, Ar-H, J= 8 Hz), 7.99
(s, 2H, Hiaz), 8.04 (t, 2H, Ar-H, J= 8 Hz), 13.85 (s, 2H, OFC NMR (100 MHz, CDGQ):
d0C 37.22 (Gg), 43.77 (Go20), 116.98 (G), 117.30 (G), 118.15 (G), 118.93 (G), 121.37
(Car), 122.27 (Gy), 123.96 (G), 125.17 (G/), 125.98 (G), 126.62 (G), 128.32 (G),
131.86 (Giaz), 133.17 (G), 134.17 (G,), 137.37 (G), 143.56 (G), 155.90 (G,), 161.21
(Cs5), 163.10 (G414), 164.12 (G7). ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3z (rel.
int.): 903 (10, M+N&), 881 (100, M+H), 441 (50, 0.5 M+F), HRMS ES for CsgH37N1006S
m/z: [M+H]" calc. 881.2618, found: 881.2602. ESI(-)-MS4CHN [C= 1, SC= 30, EC= 2jvz
(rel. int.): 879 (100, [M-H), 100 (100), 116 (80), 126 (20), HRMS HBr CygH3sN1006S
m/z: [M-H] calc. 879.2462, found: 879.2421.

2.2.2.10.1,1'-((1,1'-(ethane-1,2-diylbis(4,1-phelgne))bis(1H-1,2,3-triazole-4,1-diyl))
bis(methylene))bis(1,5-benzodiazepin-2-one) (3i)

Yellow solid; m.p.: 178-180 °C, 335 mg, vield 679R (KBr, cm?): 3391 (O-H), 1675
(C=0), 1568 (C=N)'H NMR (400 MHz, CDC}): 6H 2.88 (d, 2H, K, J= 8 Hz), 4.12 (d, 2H,
Hen, J= 8 Hz), 4.78 (d, 2H, 4d, J= 12 Hz), 5.06 (d, 2H, X, J= 16 Hz), 5.33-5.45 (2d, 4H,
Hog 29, J= 16 Hz), 6.86 (t, 2H, J= 8 Hz), 6.94 (d, 2H;H\rJ= 8 Hz), 7.08-7.23 (m, 8H, Ar-
H), 7.26-7.31 (m, 8H, Ar-H), 7.50 (s, 2H«), 7.73 (d, 2H, Ar-H, J= 8 Hz), 7.96 (d, 2H, Ar-
H, J= 4 Hz), 13.83 (s, 2H, OHJC NMR (100 MHz, CDGJ): 8C 37.23 (Gg 20), 43.79 (G¢),
48.73 (Go20), 116.99 (G), 117.32 (G,), 118.16 (G), 118.95 (G), 121.40 (G), 121.64
(Car), 122.28 (G), 125.18 (G), 125.98 (G), 126.64 (G), 128.32 (G), 131.88 (Giaz),
133.19 (G)), 134.19 (G)), 137.37 (G/), 143.57 (G), 145.92 (G;), 161.21 (Gs), 163.09
(C1414), 164.12 (G 7). ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3jv/z (rel. int.): 867 (50,
M+Na"), 845 (100, M+H), HRMS ES for CsgH1N1004 m/z: [M+H]" calc. 845.2962, found:



845.2950. ESI(-)-MS CECN [C= 1, SC= 30, EC= 2}¥z (rel. int.): 867 (30), 843 (100, [M-
H]), 827 (10), HRMS ESor CsoH3gN1004 m/z: [M-H] calc. 843.2252, found: 843.2516.

2.2.2.11.1,1'((1,1'-(1,3-phenylenebis(methylenbi3(1H-1,2,3-triazole-4,1-diyl))
bis(methylene))bis(1,5 -benzodiazepin-2-one) (3))

Yellow solid; m.p.: 143-145 °C, 445 mg, yield 89%R (KBr, cm): 3402 (O-H), 1660
(C=0), 1578 (C=N)*H NMR (400 MHz, CDC}): 8H 3.00 (d, 2H, K, J= 12 Hz), 4.24 (d,
2H, Hep, J= 12 Hz), 4.87 (d, 2H, 40, J= 12 Hz), 5.17 (d, 2H, 4, J= 16 Hz), 5.45 (d, 2H,
Hzes J= 16 HZz), 5.54 (d, 2H, 4, J= 16 Hz), 6.96 (t, 2H, Ar-H, J= 8 Hz), 7.06 24§, Ar-H,
J=4 Hz), 7.20-7.23 (m, 2H, Ar-H), 7.31-7.46 (mHL®&r-H), 7.61 (s, 2H, Kaz), 7.84 (d, 2H,
Ar-H, J= 4 Hz), 8.09 (d, 2H, Ar-H, J= 8Hz), 13.99 2H, OH)**C NMR (75 MHz, CDCJ):
d0C 37. 42 (Ge), 43.96 (Go20), 53.04 (Ge26), 117.22 (Gy), 117.50 (G), 118.33 (G),
122.54 (G), 125.28 (G), 126.15 (Gy), 126.26 (Giaz), 126.79 (G/), 126.91 (G), 127.63
(Car), 128.54 (Gy), 129.25 (G), 133.35 (Gy), 133.40 (Gr), 134.41 (G), 134.75 (G),
137.57 (G), 161.40 (G5), 163.35 (G414), 164.21 (G 7). ESI(+)-MS CHCN [C= 1, SC=
30, EC= 3]m/z (rel. int.): 791 (30, M+N§, 769 (50, M+H), 385 (100, 0.5 M+H, HRMS
ES for CagHa7N190s m/z: [M+H]" calc. 769.2999, found: 769.2990. ESI(-)-MS £ [C=
1, SC= 30, EC= 2in/z (rel. int.): 769 (30, [M-H), 250 (80), 297 (50), 325 (20), 116 (100),
HRMS ES for Cy4H35N1004 m/z: [M-H] calc. 767.2843, found: 767.2835.

2.2.2.12.1,1'-((1,1'-(pyridine-2,6-diyl)bis(1H-1,3-triazole-4,1-diyl))bis(methylene))
bis(1,5-benzodiazepin-2-one) (3k)

Yellow solid; m.p.: 185-187 °C, 355 g, yield 719R (KBr, cm?): 3391 (O-H), 1675
(C=0), 1568 (C=N)!H NMR (400 MHz, CDCJ): 6H 2.93 (d, 2H, K, J= 12 Hz),
4.21 (d, 2H, Kb, J= 12 Hz), 4.92 (d, 2H, 404 J= 16 Hz), 5.20 (d, 2H, 4o, J= 16 Hz),
6.94 (t, 2H, H-Ar, J= 8 Hz), 6.99 (d, 2H, H-Ar, &Hz), 7.10-7.52 (m, 9H, H-Ar),
7.68 (d, 2H, H-Ar, J= 8 Hz), 7.91 (d, 2H, J= 9 H8)01 (s, 2H, k), 8.09 (d, 2H,
J= 8 Hz), 13.38 (s, 2H, OH}*C NMR (75 MHz, CDC)): 8C 37.63 (Gg¢), 43.56
(C2020), 117.31 (G,), 118.31 (G,), 122.91 (G/), 125.20 (G,), 126.26 (G,), 126.63
(Car), 126.70 (Gy), 126.83 (Gian), 127.14 (G), 128.54 (G,), 129.25 (G,), 133.42
(Car), 133.56 (G/), 134.61 (G,), 134.64 (G,), 137.56 (G;), 161.71 (Gs5), 163.40
(C14.14), 164.45 (G 7). ESI(+)-MS CHCN [C= 1, SC= 30, EC= 3}vz (rel. int.): 742
(60, M+H"), 423 (60, 0.5 M+F), 112 (20), HRMS ESfor C41H3oN1104 m/z: [M+H]*

Calc. 742.2648, found: 742.2656. ESI(-)-MS TNl [C= 1, SC= 30, EC= 2jVz (rel.
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int.): 844 (60), 845 (20), 843 (100, [M-H]311 (40), HRMS ESor CsiH3zoN1104 m/z:
[M-H] ™ Calc. 740.2674, found: 740.2679.
2.2.2.13.1,1'-((1,1'-(3,3'-dimethyl-[1,1'-bipheny#4,4'-diyl)bis(1H-1,2,3-triazole-4,1-diyl))
bis(methylene))bis(1,5-benzodiazepin-2-one) (3l)

Yellow solid; m.p.: 167-169 °C, 405 mg, vield 819R (KBr, cm?): 3391 (O-H), 1660
(C=0), 1582 (C=N)*H NMR (400 MHz, CDCJ): §H 2.29 (s, 6H, Chl Hs232), 3.07 (d, 2H,
Hep, J= 12 Hz), 4.30 (d, 2H, dd J= 12 Hz), 5.06 (d, 2H, &, J= 16 Hz), 5.31 (d, 2H, Lk
J=16 Hz), 7.01 (t, 2H, Ar-H, J=8 Hz), 7.07 (d, 2&t;H, J= 12 Hz), 7.37 (t, 2H, J= 8 Hz),
7.45-7.48 (m, 10H, Ar-H), 7.58 (d, 2H, J= 8 Hz)6T' (s, 2H, Hiar), 7.90 (d, 2H, Ar-H, J= 8
Hz), 8.19 (d, 2H, Ar-H, J= 8 Hz), 14.01 (s, 2H, OHEZ NMR (100 MHz, CDG)): 6C 17.39
(Cs232), 37.51 (Gg), 43.96 (Go20), 117.25 (Gr), 117.54 (G,), 118.38 (G), 122.68 (G),
124.88 (G), 125.41 (G;), 125.60 (G,), 125.67 (G), 126.22 (G;), 126.26 (Giaz), 126.87
(Car), 128.58 (G), 129.56 (G), 133.23 (G), 133.39 (G/), 134.39 (G), 135.30 (G),
137.74 (G), 140.59 (G), 161.45 (G5), 163.43 (G4,14), 164.34 (G 7). ESI(+)-MS CHCN
[C= 1, SC= 30, EC= 3jwz (rel. int.): 867 (10, M+N9, 845 (100, M+H), 423 (70, 0.5
M+H"), HRMS ES for CsoH41N1004 m/z: [M+H]" calc. 845.3312, found: 845.3312. ESI(-)-
MS CH:CN [C= 1, SC= 30, EC= 2}z (rel. int.): 844 (60), 845 (20), 831 (30), 843 Q)0
[M-H]", 325 (70), 311 (40), 100 (100), HRMS E®r CsoH3gN1gOs m/z: [M-H] calc.
843.3156, found: 843.3102.

2.3. Biological evaluation of the synthesized compads
2.3.1. Antimicrobial activity
2.3.1.1. Microorganisms

The antibacterial activity of the former compountl&s been tested against nine
microorganisms, including reference strains coimgjsbf Gram-positiveB. subtilus (ATCC
6633),S epidermis (Cl), S aureus (ATCC 25923) and aureus (ATCC 29213) and Gram-
negative rods:E. coli (ATCC 25922),K. pneumoniae (Cl), E. fecalis (ATCC 29212),

S enterica (CIP 5262) ancE. faecium (Cl). On the other side;. albicans (ATCC 90028),

C. glabrata (ATCC 90030) ancC. keusai (ATCC 6258) have been used for the determination
of antifungal activity. Antibacterial and antifurlgectivities were compared with the activities
of the standard drugs Amoxicillin (AMX)Ampiclline (AMP) and Amphotericin (AB).

The microorganism strains used in the biologicalags are listed in Figure 3-5. Different
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American-Type Cell Culture (ATCC) reference baeteand fungi as well as clinical isolates

strains have been used.
2.3.2. Antioxidant activity

All synthesized hydroxybenzodiazepingsa-l were evaluated for their iwitro antioxidant
activity including three tests DPPH, ABTS and FRAPseveral concentrations (0.62-1.25-
2.50-5.0 mg/mL). The antioxidant capacity of thetthas been expressed aspl€@alues,
which indicates the concentration of sample (mg/mé&guired to scavenge 50% of DPPH,
ABTS and EGpvalues, that present the effective concentratiowidmg 0.5 of absorbance in
the reducing power assay (FRAP). Trolox has beesafas the standard. All the tests have

been carried out in triplicate.
3. Results and discussion
3.1. Chemistry

We have initiated our work by the design and theppration of the dipolarophilic system
starting from 4-(2-hydroxyphenyl)F81,5-benzodiazepin-2-on2 which has been prepared
according to the method described by Eidenal [26] using the 4-hydroxycoumarin and
orthophenylenediamine as starting materials (schBme&he propargylation df in dry DMF
using NaH as a catalyst at room temperature hagde the dipolarophil@ in excellent
yield (72%). The'H NMR spectrum, recorded at 300 MHz in CR@pectrometer revealed
new signals in the aliphatic region: a doubled,a 2.96 ppm and a singlet &= 2.25 ppm
corresponding to the alkyne protons of the proparggiety. In addition, the'H NMR
spectrum has shown two doubletgt 4.24 ppm and 4.71 ppm, assigned to the methylene
protons H, and Ry, corresponding to the diazepine ring with a couplionstant of 18 Hz for
each other. We notice the disappearance of the iitbm signal and the presence of the
phenolic hydrogen singlet deshielded at 13.90 pprh [

The preparation of the diazides (12 diazides) mreguiextensive experiments, following
different methodsi) Starting from the halogenated compounds, $&action with Nah
(sodium azide) proceeded for the appropriate tintesmlvent (in DMSO at room temperature
starting from the dichlorinated derivatives [28],DMF under reflux from the dibrominated
compounds [29]), leading to desired diazides indggields (91-98%)ii) For the second
procedure, the diazide compounds have been prefraracthe appropriate diamine, through

a two-step process: diazotization with the sodiuttnitea (NaNQ,) in acidic conditions
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followed by the addition of the sodium azide [3Uhe desired diazidePA1.12) have been
obtained in good vyields (74-97%). We have continoad work by the double 1,3-dipolar
cyclization (CUAAC) starting from benzodiazepi@eas a dipolarophilic system. The 1,6-
diazidohexane§A,= N3-(CH,)s-N3) was chosen as a model (Scheme 2). We have edplore
the suitable conditions carrying out Cu (I)-catatysHuisgen 1,3-dipolar cyclization with
alkyne 2. The use of 2 equiv. of alkyne was necessary ve giccess to thl-bis-1,2,3-
triazole linked to the 1,5-benzodiazepine systelable 1 summarizes the most relevant

result of this study.

The course of the reaction has been followed by TW® observed two products, the
cycloadduct3b, the major compound and the minor cycloaddlzt The efficiency of the
reaction is due to a weak steric hindrance and gbed reactivity ofN-propargylated
benzodiazepine. ThEH/**C NMR, 2D experiments data have confirmed the sirecof3b
and 3b’. Thus, the'H NMR spectrum of3b’ shows five set of signals for the methylene
protons of the hexylchain and two doublets at 3@ 4.25 ppm corresponding to tHeg
protons. The benzodiazepine core adopts a unigeferpntial conformation [31] where its
equatorial proton is deshielded by the &yl ring m-electron current and the axial proton is
shielded by the benzene ring of the benzodiazepWile the bis-1,2,3-triazolo-
benzodiazepin@b displays three signals for the methylene protdnthe hexyl chain, one
singlet for the triazolic proton and two doubletst&@82 and 5.10 ppm g~ 15 Hz) represent

the methylene attached to the amido nitrogen.

The macrocycl@b is highly symmetric as shown by fid NMR spectrum which revealed a
second set of two doublets@=2.91 and 4.18 ppm k= 12 Hz) indicating the resonance of
the methylene protons of the benzodiazepine cdrke. AB system observed at ambient
operating temperature, demonstrates the non-egmie@lof the hydrogens dfi{-Hy) due to

the fact that the3H-1,5-benzodiazepine ring adopts a unique, non-plaral locked

conformation. Based on these results, we have asstime importance of the introduction of
triazolyl groups at N1 resulting in perihydrogeteraction between the triazolyl groups and
the other hydrogens of the benzene ring, which ccdedd to a constrained interesting
conformation of N1-substituted benzodiazepine @ives. This is further supported by the
diastereotopic nature of the methylene protons aih bmethylene triazolyl group and the

benzodiazepine core. (Figure 1, 2)

Attempts using 2 equiv. of triethylamine at roonmperature, led to the mono and bis
cycloadducts 3b, 3b’) after 24 hours with moderate yields (entry 1). Tiniay be explained
13



by the poor solubility of copper iodide in suchwasit [32]. In contrast, microwave assisted
cycloaddition in DMF, has given cycloadducts wittod conversions (72% f&b, and 20%
for 3b’) in just few minutes (15 min, entry 4). Optimahditions have been obtained for this
reaction in dry DMF with 2 equiv., of DIEPA underiarowave radiation (400 W, 6 min) in
the presence of a catalytic amount of Cul (entryl6)s interesting to mention that the
reaction yield has been improved with DIPEA fron?a2entry 4) to 87% (entry 5). These
conditions with a bulkier basis have been foundéothe adequate method giving only the
bistriazole in excellent yield with few traces obno-1,2,3-triazol&b’. Using these optimal
conditions, the scope of this approach was subsglguexplored under microwave irradiation

completed within 6-12 min with various diazides (idzides). (Scheme 3)

The consumption of both the azido linker and tHeyra@ was monitored by a thin layer of
chromatography and allowed the isolation of puetbazoles3a-I. Structural assignments
for the compound8a-| were established by being based on their specfppascdata mainly
1D, 2D NMR and ESI low and high resolution MS. ®terictures oBa-l were confirmed by
3¢ and DEPT NMR spectra, which present the signélshe benzodiazepine and the
bistriazole systems resonating in the range of #184.7 ppm, especially with the
remarkable signals in the region of 122.2-124.1 pphich can easily be assigned to thg C
of the triazole moiety. It is important to show tthdespite the complex topology of the
targets, théH and**C NMR spectra oB8a-| present highly symmetric patterns. For example,
the AB system has been observed in'th&MR spectra of all compounds. The reaction took
place regioselectively at the alkynes moiety todpiee the corresponding 1,4-disubstituted-
1,2,3-triazole. The reaction was found to be tgtaéigioselective and the bis-1,4-triazole
linked to the benzodiazepine adduBts| were isolated in good yields ranging from 67 to

92% in short reaction times. (Table 2)

3.2. Biological evaluation of the synthesized compaods

3.2.1. Antimicrobial activity

Here, we have investigated the antimicrobial amtief 1,5-benzodiazepines (BZD) and the
series of theN-bis-1,2,3-triazole linked to the 1,5-benzodiazepirtonjugates which have
been evaluated through the determination of thamahinhibitory concentration (MIC) by
the microdilution method. Most of synthesized prcduhave shown, either moderate or
important antibacterial activity against Gram-pesitand Gram-negative bacteria with MIC
of 31.25-250 pg/mL, and a remarkable antifungalvagtwith MIC of 62.5-250 pg/mL.
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In vitro, antibacterial and antifungal screening resulte aummarized in histograms
represented in figure 3, 4 and 5.

In the first screening phase agaiBstsubtilus, two compound$8g and 3l have exhibited an
excellent activity compared to standard antibiaimoxicillin (AMX) with MIC= 31.25
pg/mL. Among triazoles derivatives, the compoulgs 3g and 31 emerged as potential
antibacterial agents comparable with the standangsdAMP and AMX against bacterial
pathogensS. aureus. (Figure 3)

On the other hand, compoungis, 3¢, 3f, 3g, 3h, 3k and3I have been significantly the potent
derivatives against most of the used Gram-negdiaateria with a MIC ranging from 31.25
to 125 pg/mL as compared to the benzodiazediraasl2 and to AMX. (Figure 4)

It is also very clear, that most of the tested coamals have displayed an excellent activity
two times higher for3g and 3i and three times higher for the rest of bis-1,2,3-
triazolobenzodiazepines agairist fecalis compared to the positive control (AMX). It is
worthwhile to notice that compoun8s, 3b, 3d, 3f, 3g, 3h, 3k and3l are four times as active
towardsE. faecium (CI) than Amoxacilline (AMX). (Figure 4)

The data revealed also that most of bis-1,2,3dl@renzodiazepines are very potent
compared to benzodiazepingsand 2 without the triazoles moieties. This effect may be
explained by the importance of the triazole unittfee antibacterial activity of the bis-triazolo
benzodiazepine analogues.

Additionally, the results of antifungal screenimglicate that all bis triazolobenzodiazepines
showed a very important activity against all usedgll with an MIC = 62.5-250 pg/mL.
Indeed, the compoundh and 3k are the most potent antifungal agents showing @ bfl
62.5 pg/mL against. keusi andC.glabrata. (Figure 5)

Structure-activity relationships (SAR)

Our studies were devoted to the analysis of quaitaand quantitative structure-activity
relationships (SAR) of benzodiazepine derivativess described in the literature,
benzodiazepine derivatives revealed to be exce#atimicrobial agents [33]. For the first
screening of the irvivo antimicrobial results, we noticed the presence aividy in our
synthesized compounds. In addition, independerittii@nature of the substituent attached to
the benzodiazepine borne by the triazole, compoBadsvere found to be more active than
compoundsl and2. These results conclude the importance of theduoiction of the triazole
moiety via the methylene linker to improve the atyi of benzodiazepiné. Particularly, for
Gram-positive, compound3g and 3l can be optimized for the broad spectrum of agtivit

against bacteria compared to Amoxicillin (AMX). tur case, the compound having ether
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group attached to two phenyl ringg favors the potency. In fact, the ether group apzkto

be much more important for antibacterial activid¢]. Also, it is interesting to note that the
methyl substitution on the phenyl ring8 has shown a promising activity. As shown,
compounds possessing electron-donating groupseidiriks found to enhance the bacterial
inhibition effects. On the other hand, for Gram-a&ge, compounds with sulfonyl group at
the triazole ring3h as well as3k with pyridine group are highly active agaifstfecalis, S
enterica and E. faecium. These strong electron-withdrawing groups inddee potency of
benzodiazepine derivatives. This result is suppobe the studies of Konda at. [35]. For
antifungal activity and according to the minimurhilsitory concentration (MIC) values,
compounds3h and 3k are highly active againg. keusi and C. glabrata compared to the
standard antifungal agent Amphotericin (AB). In ocase, the presence of electron
withdrawing link group increases the antifungaliatt of the synthesized benzodiazepine
derivatives.

3.2.2. Antioxidant activity

The DPPH method is known as a convenient method;hwh rapid and simple used for the
screening of many samples for radical scavenginigigc[36]. These advantages made the
DPPH an interesting method for the evaluation af @mpounds. On the other hand, the
assay with the ABTS, as a moderately stable nitrogenter radical known for its high
solubility as compared to the DPPH radical [37h ba used to test the ability of compounds
to donateH" able to neutralize ABTSree radicals.

The investigation of antioxidant screening revedhed all the newly of 1,5-benzodiazepines-
1,2,3-triazoles hybrids showed moderate radicalvesuging capacity compared to the
standard Trolox, described as a potent antioxidaeint with 1Go= 0,126+0,013 mg/ml in
DPPH test and I6= 0,163+0.021 mg/ml in ABTS test.

As depicted in figure 6, the results showed thahpoundl exhibited an important DPPH
and ABTS scavenging ability with ¥g= 3,05£0,05 mg/ml and Kg= 2,43+0,06 mg/ml,
respectively, when compared to compoh@{Cs= 3,14+0.02 mg/ml and Kg= 2,78+0.12
mg/ml). Such results support the crucial role & Iabile hydrogens in the interaction of the
examined compounds with the stable free radicaBHDBnd ABTS.[24]

Furthermore, the lowest capacity of neutralizatioih DPPH radical was observed for
compound3b (ICse= 3,01+£0.06 mg/mL), while compoun@h and 3g exhibited the highest
scavenging abilities with K= 1,88+0.02 mg/ml and Kg= 2.07£0.03 mg/ml, respectively,
when compared to other derivatives. The compoutidsand 3g displayed the strongest
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capacity for the neutralization of ABTSree radicals with 1= 1.63+0.04 and 1.91+0.06
mg/mL respectively. These findings may be explaibgdhe presence of sulfonyl group and
oxygen atom in the linker moiety of both structyresiich are able to contribute to the
neutralization of free radicals, as well as thesprnee of phenolic hydroxyl groups connected
to a benzodiazepine ring.
The Ferric Reducing Antioxidant Power (FRAP) is theo interesting way to evaluate
antioxidant activity of drugs. It is a techniquengeally used for experimenting the reducing
ability of antioxidant species by transferring engie electron [38]. The results by reducing
power assay presented in figure 7 have showedthieatctivity of all tested compounds
increase compared to Trolox (&€ 0.072 = 0.022 mg/mL) as follows:

3h> 3g> 3k> 3I> 3e> 1> 2> 3d> 3j> 3f> 3c> 3i> 3abh.3
The highest reducing activity is observed in commusBh (ECso= 1.12+0.08 mg/mL)3g
(ECse= 1.27£0.03 mg/m), 3k (ECse= 1.50+0.07 mg/mL)3I (ECso= 1.82+0.13 mg/mL) and
3e (EGso= 2.06+0.05 mg/mL) which is probably due to thesgrece of different reducing
groups on the linkers of such hybrid dimers.
On the other side, compountisnd2 showed better activity than the rest of bis-1#&zole
benzodiazepine with Half maximal effective concatitn (EGo) of (2.17+0.08),
(2.53£0.06), respectively.
Structure-activity relationships (SAR)
The position and degree of hydroxylation, polargglubility and reducing potential are the
main factors influencing the antioxidant activitiyghenolic compounds [39As shown, the
results of a triplicate assay can only give a sstige on the potential of the tested
compounds. For 2,2-diphenyl-1-picrylhydrazlPPH) test, the current research revealed the
potential of 4-(2-hydroxyphenylH-1,5-benzodiazepin-2-oné as emerging free radical
scavenger. The study established a structure-gctiiationship (SAR) where the hydroxyl
moiety of the 1,5-benzodiazepine was found to @aprofound role and influence over
antioxidant activity. The antioxidant potential ofir compounds is moderate compared to
Trolox. In fact, the potent antioxidant activity ¢fie new purified compound could be
attributed to the presence of two hydroxyl groupshie benzodiazepine core, which play an
important role in the activation of free radicdtgroduction ether group int8g increases the
scavenging activity and the presence of a sulfgrgup in 3h has shown a promising
activity. Generally, similar pattern of activity waalso observed with 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid (ABTS). One ttother hand, Ferric reducing
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antioxidant power (FRAP) analysis of the synthasizempounds revealed that they are

moderately to importantly active compared to Trolox

4. Conclusion

In summary, we have successfully synthesized nevedibazepine derivatives linked
by 1,4-disubstitued 1,2,3-bistriazoles in a conwleegioselective way using different
aliphatic/aromatic moieties. The easy way and tigé yields of the obtained products (67-
92%) make this method attractive for the syntheigotential biologically active molecules.
Their evaluation as antimicrobial agents has rexke#iat all the screened compounds exhibit
moderate to excellent activities. Only two produ@s,k) havegiven the highest antifungal
activity. On the basis of current knowledge of SARlogical evaluation results revealed that
antimicrobial potency is considerably improved bg presence of triazole. Furthermore, all
the synthesized compounds were evaluated for ad#ok activity. Amongst all the tested
compounds, some bis-1,2,3-triazole benzodiazepnaes shown an important antioxidant
activity with regard to the starting compourig® in three tests. Further, it was noticed tBgt
and 3h showed comparatively higher antioxidant activitharn other bis-triazole
benzodiazepines. These results illustrate the pateof this new class of molecules for
diverse biologycal applications. Overall resultggested that nature and position of the
substituents attached to the benzodiazepine skeleéml a considerable impact on the
antioxidant effect of the tested molecules. Theseliigs deserve to be studied more

thoroughly in the future.
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Table 1. Optimization of Cu(l)-catalyzed 1,3-dipolar cyclization for the synthesis of bis-1,2,3-

triazoles 3b and mono-1,2,3-triazole 3b’.2

Entry Solvent Bases Condition Time Yield %°
(2 equiv.) (ratio 3b/3b")
1 DCM EtsN rt 24 h 25/27
2 THF EtsN rt 24 h 30/12
3 Toluene Et;N reflux 24 h 45/10
4 DMF EtsN MW" 15min 72/20

Bold in entry highlights the optimal reaction conditions.

& Alkyne 2 (2 mmol), with diazide D, (1 mmol) and 0.2 mmol of Cul.

®The reaction was performed at reflux or under MW irradiation (400W).

¢ Ratios (3b/3b’) were calculated on the crude product on the basis of integration signal intensitiesin

'H NMR spectrum.



Table 2. 1,4-disubstituted bistriazoles 3a-1 prepared by the Cu(l)-catalyzed coupling under MW

irradiation (400W).
Entry  Compd. linkers Yield (%)*  Time(min)
1 3a PN ¥ 92 6
2 3b %/\/\/K 86 6

3 3c ;ﬁ d 82 8

10 3 r@ 89 10

X
11 3K | - 71 12

12 3 g : 81 12

?|solated yield for the bis-1,2,3-triazole after purification by column chromatography.
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Highlights

A microwave assisted approach leading to new bis-triazole benzodiazepines
Cycloadducts were confirmed using NMR, IR and HRMS.
New bis-triazole benzodiazepines have shown an interesting antioxidant activity.

These compounds exhibit aremarkable an in vitro antimicrobia activity.



