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ABSTRACT

Objective: To find novel anti-tubercular agents by using diazo-triazole hybrid. A series of new(E)-4-((2,4-dichloro-3-
((substituted)diazenyl)phenoxy)methyl)-1-(substituted)-1H’-1,2,3-triazole derivatives (6a-6m) were synthesized from readily available anilines
(1a-1d) and 2, 4-dichlorophenol (2). A total of 21 novel diazenyl-triazole derivatives were synthesized. Diazotization and click reactions were used
in a sequence of processes to create the targets.

Methods: Merck and Sigma-Aldrich provided analytical grade (AR) chemicals and reagents, which were employed directly without further
purification. All FT-IR spectra were recorded using a Bruker Alpha FT-IR spectrophotometer (Billerica, MA, USA) with the universal ATR sampling
attachment. The 'H, 13C, and 1°F NMR spectra of all synthesized compounds were recorded.

Results: The synthesized derivatives are characterized by FT-IR, 'H NMR, 9F, and 3C NMR analytical techniques. The anti-tubercular
(Mycobacterium tuberculosis: H37Rv strain) properties of the novel compounds were evaluated in vitro. Many compounds exhibited moderate to
good activity. The compounds 3a, 3b, 3d and 6i showed good inhibition (MIC = 6.25-12.5 um) against Hs7Rv strain.

Conclusion: The synthesized compounds exhibited good antimicrobial activity and can serve as potent agent against antimicrobial agents. Other
derivatives showed moderate to lower inhibition for all the strains.
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INTRODUCTION

Heterocyclic drug discovery research is an ongoing activity for a variety of legitimate reasons, including drug resistance, medication expense,
treatment duration, and therapeutic ineffectiveness, among many others. Since humans began using pharmaceuticals in our early years, new strains
of microbes that are resistant to the drugs we use have emerged. Therefore, the creation of better and more effective medications is always needed
[1]. Mycobacterium tuberculosis (Mtb) is the causative agent of TB, a contagious disease spread through the air. The World Health Organization
recorded 8.6 million illnesses in 2012, with 1.3 million deaths among those cases. In 2016, an estimated 490000 new instances of multidrug
resistance were reported [2]. 10.4 million new cases of Mycobacterium tuberculosis (Mtb) are reported each year, with an average of 1.7 million
fatalities [3]. Drug resistance is increasing, making medications more lethal and challenging to treat. The diseases known as multidrug resistance
(MDR) and extensive drug resistance (XDR) Mtb are brought on by germs that are resistant to first-line anti-tubercular medications. The current
course of treatment involves taking a variety of medications for years at a time, which has many negative effects and is very expensive. Since Mtb
can be acquired through the air, pollution is the biggest issue in developing nations. Although the Although the death rate has lately dropped, it is
still the second most common cause of death, after AIDS. To address resistance to the first-and second-line medications already on the market, Mtb
remains the focus of numerous studies [4]. The majority of medications used to treat MTB, including as isoniazid, pyrazinamide, ethambutol, and
rifampicin, were created 60-70 years ago. More recently, bedaquiline, delamanid, and pretomanid have been made accessible on the market [5, 6].
Due to their high cost and limited application to multidrug-resistant Mtb (MDR-Tb), the newly discovered compounds are not generally employed
[7, 8]. These recently created compounds lack hydrogen bond donors and have the highest hydrophobicity (A Log P) when compared to previous
medications [9]. According to the WHO, Mtbcan reoccur as a latent disease, based on the immune system of the patient, so research on TB drugs will
remain a major target for researchers [10].

Azoles are the most important class of nitrogen heterocycle, which shows various biological activities like anti-malarial, anti-fungal, antimicrobial,
anti-HIV, anti-inflammatory, anti-TB, etc. The 1,2,3-triazole shows various biological activities like anti-HIV, antibiotics, antibacterial, etc. The
triazoles framework shows properties like moderate dipole character, easily hydrogen bonding capability, rigidity, stability under in vivo conditions,
it inhibits the growth of bacteria by blocking lipid biosynthesis [11]. With several biological uses, including antibacterial, antihistaminic, anti-
inflammatory, antimalarial, antiallergic, anti-HIV, anti-diabetic, anti-tubercular, anti-parasitic, anti-obesity, antihypertensive, anti-cancer, and
antimicrobial properties, the 1,2,3-triazole was a significant class of scaffold [12-14]. The activity of triazole nuclei is due to its isostere with
imidazole, oxazole, pyrazole, thiazole etc. The triazole shows promising pharmacological activity, low toxicity, less adverse effects, higher
bioavailability, good pharmacokinetic properties, diversity of drug administration, broad spectrum of activities etc. [15]. The 1,3-dipolar
cycloaddition reaction of 1,3-dipole to dipolarophile for the synthesis of five five-membered heterocycle is well known as Click reaction in organic
chemistry. The Cu(1) catalyst is a versatile catalyst for the synthesis of 1,4-disubstittuted-1,2,3-triazole [16-19].

The researches on diazenyl compounds are very ancient. It found its applications in medicinal chemistry, material chemistry, dyes, polymers, lasers,
agricultural field as pesticides etc. The diazenyl compound founds applications in electro-optical properties [20-24].

From literature reviews the different combinations of triazole derivatives shows varied biological activities. By considering this fact we coupled the
triazole nuclei with diazenyl nuclei in one pharmacophore to bet better biological activities. These synthetic derivatives were further studied for
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their anti-tubercular activities against H37Rv strain. In an attempt to increase biological activity, we create and synthesize these targets based on
the diverse actions of various groups, both individually and collectively.

The most popular method for creating novel derivatives with a combination of active pharmacophores is molecular hybridization. The alternate
strategy was to take advantage from the available literature and develop new targets by keeping active core constant. We used both the approaches
as we chosen the 1,2,3-triazole nuclei and diazenyl nuclei by considering their diversified role in biological activities. For designing we have taken
the advantage of available drugs containing both diazenyl nuclei and triazole nuclei as depicted in fig. 1 below. Inflammatory bowel illness was
treated with the anti-inflammatory medication balsalazide. The medication sulfasalazine was used as a first-line treatment for Crohn's disease,
ulcerative colitis, and rheumatoid arthritis. Ulcerative colitis and other inflammatory bowel disorders were treated with the anti-inflammatory
medication olsalazine. In addition to having diazenyl nuclei, the compound NSC-83318 exhibits promising anti-mycobacterial activity against M.
bovis BCG and INH-susceptible and INH-resistant M. tuberculosis H37Rv. Compared to standard isoniazid, the minimum inhibitory concentration
values for M. bovis were 0.39 pg/ml, Mtb H37Rv was 12.5 pg/ml, and Mtb H37RvINH was 12.5 pug/ml[25]. These three are the marketed drugs for
the treatment of different diseases all belong to diazenyl nuclei family.
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Fig. 1: Structures of some of the available drugs bearing diazenyl and triazole

The drugs Tazobactum and Cefatrazine were used for antimicrobial drugs. These drugs were used to treat the bacterial infections by inhibiting the
action of bacteria $-lactamases. The drug Cefatrazine was used as a broad-spectrum cephalosporin anti-biotics, it is used for the treatment of both
g-positive and negative bacterial infections.

By considering the diversified roles of marketed drugs belonging to diazenyl and 1,2,3-triazole scaffolds we designed the combination of triazole
nuclei along with diazenyl through ether linkage to get better biological activity.

MATERIALS AND METHODS

Merck and Sigma-Aldrich provided analytical grade (AR) chemicals and reagents, which were employed directly without further purification. Thin
Layer Chromatography (TLC) on precoated silica gel 60 F254 (mesh) (E. Merck) was used to monitor the progress of the reactions and the purity of
the produced compounds, with spots visible under UV light (long and short wavelengths). Merck silica gel (60-120 mesh) was used in column
chromatography. Melting points of all synthesized compounds were measured in open capillaries using Thermo Fisher Scientific's (IA9000, UK)
digital melting point instrument and are uncorrected. All FT-IR spectra were recorded using a Bruker Alpha FT-IR spectrophotometer (Billerica, MA,
USA) with the universal ATR sampling attachment. The !H, 13C, and °F NMR spectra of all synthesized compounds were recorded on a Bruker
Avance IV NMR spectrometer at 400 and 100 MHz using CDCI3 or DMSO d6, using TMS as an internal standard, and signals were reported in parts
per million (ppm). All high-resolution mass spectra (HRMS) were collected using an Autospec mass spectrometer with electron spray ionization
[26].

RESULTS AND DISCUSSION

A sequence of processes, including diazotization, O-alkylation, and the click reaction, were used to synthesize substituted diazo triazole derivatives
(6a-6m). The final derivatives were synthesized by optimizing the reaction stages, considering factors such as yield, reaction time, raw material and
reagent costs, less hazardous circumstances, and neat reaction profiles. Column chromatography and, occasionally, combi-flash are used to purify
each derivative. Scheme 1 below shows the specific chemical sequences for the synthesis of 6a-6m.
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Scheme 1: Synthesis of 2-(substituted-diaza triazole derivatives (6a-6m)

Reagents and conditions
(a):NaNOz, HCI], NaOH, H20,-10 °C, 4h; (b): Propargyl bromide, K2CO3, TBAI, acetone, 70 °C, 3h; (c): CuS045H:0, sodium ascorbate, t-BuOH, H20, rt, 18 h.

In step a, we have done Diazotization reaction by using different anilines 1a-1d and 2, 4-dichloro phenol (2) to obtain intermediate 3a-3d. Previous
research shows different acidic conditions were used for diazotization reactions. We have optimized step a, for betting better reaction condition
with the concern of safety, yield, time and economy of reactions. For model reaction we have used 3-Nitro aniline (1a) as a model substrate for
optimization purpose. We have used hydrochloric acid and sulfuric acid for making diazo-halide. We have used NaOH and KOH as bases for the
reaction and reaction was done in water. The detailed results are summarized below after scheme 2.
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Scheme 2: Synthesis of (E)-2,4-dichloro-3-((3-nitrophenyl)diazenyl)phenol (3a)

Reagents and conditions: (a): NaNO2, HC], NaOH, H20,-10 °C, 4h.

In first optimization reaction we have used 6N aq. HCl for diazotization along with NaOH and KOH as bases at-10 °C to obtain desired compound
with 90% and 65% yield. Interestingly we obtain 3-nitrophenyl diazaneyl derivative instead of 6-nitrophenyl diazeneyl derivative. The electronic
effect to chlorine was more compared to electronic effect of hydroxyl group in the product 3a. Further we have done reactions with stronger acid
sulfuric acid and by using NaOH and KOH as bases, both the reactions produces unexpected compound 3a with 65% and 55% yields at-10 °C. The
desired compound structure was confirmed by the help of 'H NMR as the phenol ring should show two singlets for aromatic protons at § 7.64 and §
7.17, but instead it's showing doublet at 67.78 and §7.65 ppm confirming the unexpected product obtained. The results further confirmed by their
13C NMR spectrum. The base NaOH was the best for the diazotization reaction as with KOH, some non-polar impurities ware formed which results in
a decrease in product yields. The HCl was preferred over sulfuric acid as the obtained yield from prior is better than the latter.

Using propargyl bromide and base under various circumstances, we performed O-alkylation in step b. Propargyl ethers were synthesized using a
variety of bases and conditions, according to earlier studies. As bases, we employed K.CO3 and Cs2C03, and as solvents, we used acetone and DMF.
Compound 3a has been utilized as a model substrate for the O-alkylation process. Every reaction was carried out under heating and room
temperature settings, and table 1 lists the outcomes of the optimization reactions.

Table 1: The optimization of base, solvent, temperature and time for the synthesis of (E)-1-(2,6-dichloro-3-(prop-2-yn-1-yloxy)phenyl)-2-
(3-nitrophenyl)diazene (4a)

cl cl
O2N Ns KJ\ (b) OoN S jg\
N OH , N o/\
Cl Cl
3a 4a

Reagents and conditions: (b): Propargyl bromide (1.5 eq.)

Entry Base /Additive Solvent Time (h) Temperature (°C) Yield? (%)
1 K2COs3 (2 eq.), TBAI (0.2 eq.) DMF 36 RT 55
2 K2CO03 (2 eq.) DMF 10 120 60
3 K2COs3 (2 eq.), TBAI (0.2 eq.) DMF 18 60 55
4 K2CO03 (2 eq.) Acetone 24 RT 45
5 K2COs3 (2 eq.), TBAI (0.2 eq.) Acetone 3 70 90
6 Cs2C03 (2 eq.), TBAI (0.2 eq.) DMF 30 RT 50
7 Cs2C03 (2 eq.) DMF 12 120 55
8 Cs2C03 (2 eq.), TBAI (0.2 eq.) DMF 18 60 60
9 Cs2C03 (2 eq.), TBAI (0.2 eq.) Acetone 30 RT 60
10 Cs2C03 (2 eq.), TBAI (0.2 eq.) Acetone 6 70 70

a[solated Yields, RT-room temperature
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The results of the optimization reaction indicate the reaction in acetone at 70 °C gave 90% of desired product in entry 5 after using K»CO3 as base
and TBAI as additive. The reaction with K2CO3 and Cs2CO3 at room temperature, (entry 1 and 6) after longer reaction hours of 30 h the starting
material was not consumed and the product formation was in the range of 50% only. Further we have heated the reaction ata higher temperature
120 °C for 12h (entry 2 and 7) to get compound 4a with 55-60% yields. The higher temperature doesn’t help to increase the yield of the obtained
product, as there is a chance of evaporation of propargyl bromide during reaction, as there is complete consumption of starting material 3a was not
observed. After this observation we reduced the reaction temperature and monitored reaction progress (entry 3 and 8), after 18h the starting
material was not consumed and there is 60% formation of 4a. Further we done the reaction by changing the solvent to acetone at room temperature
(entry 4 and 9) after longer reaction hours there is 45% and 60% formation of 4a was observed. To reduce the time of reaction we heated reactions
at 70 °C, (entry 5 and 10), after 3 h there is complete consumption starting material in K2COs reaction, after isolation, we got 90% of 4a. In the
CS2C03 reaction after 6h there is consumption of starting material but the isolated yield is 70%. The reaction time was reduced considerably and the
formation of product to quantitative. The polarity of solvent temperature and time plays critical parameters for O-alkylation reactions to get the
intermediate 4a. The compound was characterized by 'H NMR as there is a disappearance of OH peak from starting material and clear peak for -CH:
and acetylene was seen in 'H NMR spectra of 4a.

In step ¢, we have done synthesis of compound (6a-6m)1,4-disubstituted-1,2,3-triazoles efficiently prepared via a Click reaction. The compound 4a
was taken along with1-(azidomethyl)-3-chlorobenzene (5a) as a model substrate for copper-catalyzed 1,3 dipolar cyclo-addition reactions. We have
done two reactions by using copper diacetate [Cu (OAc):], and copper sulfate pentahydrate [ CuSO4-5H20] as catalysts in t-Butanol and THF as
solvents. The reaction of copper diacetate in t-BuOH and THF gave 60% and 55% yield of product, respectively, after 18h. The same in reaction was
done with copper sulfate pentahydrate in t-BuOH and THF to obtain 75% and 65% of product 6a, respectively. The desired product was confirmed
by the disappearance of the acetylene peak of starting material. The 'H NMR of 6a shows clear singlet peaks at § 5.54 and 6 5.52 for two -CH, along
with triazole -CH peak as singlet was observed at § 8.59. The same procedure was applied for the synthesis of remaining derivatives.

The detailed experimental details and spectral data ware incorporated in the supporting information. The different substituents and their anti-
tubercular activity results were summarized in below table 2.

Table 2: In vitro anti-tubercular activity against MTB H37Ra activity of compounds (3a-3d, 4a-4d and 6a-6m)

Cl
CI\Q\O/\: Clj@\
N
N OH < Ny, _ R
R{j I NN G g {j Y OANONA© '
3a-3d R1© 4a-4d N
6a-6m
Comp. No. R1 R2 Yield? (%) MP(°C) M. tuberculosis H37 Rv, MIC (ng/ml)
3a 3-NO: - 90 158-159 6.25-12.5
3b 3-F - 95 163-165 6.25-12.5
3c 3-CF3,4-Cl - 85 187-189 >50
3d 3-N02,2-Cl - 83 195-197 12.5
4a 3-NO2 - 90 137-139 >50
4b 3-F - 86 116-118 >50
4c 3-CF3,4-Cl - 90 132-134 >50
4d 3-N0,2-Cl - 78 147-148 >50
6a 3-NO2 3-Cl 75 179-181 >50
6b 3-NO2 3-F 79 159-160 >50
6C 3-NO2 4-NO: 83 164-166 >50
6d 3-NO: 4-CHs 75 197-199 >50
6e 3-CF3,4-Cl C.Hs-OH 55 114-116 >50
6f 3-CF3,4-Cl CsHe-OH 60 108-110 >50
6g 3-CF3,4-Cl H 80 201-203 >50
6h 3-CF3,4-Cl 4-F 70 198-200 >50
6i 3-F 3-F 75 188-190 >50
6j 3-F H 82 176-178 >50
6k 3-F C2H4-OH 65 116-118 12.5-25
61 3-F CsHe-OH 55 118-121 >50
6m 3-F 4-NO2 75 202-204 >50
INH 0.39

a[solated Yields, MP-Melting Point

Biological activity

From the anti-tubercular activity data from table 2 the SAR can be derived as the compounds having only R1 ring attached with nitro derivative at
meta position is more active compared to other derivatives. The strong electron-withdrawing compounds shows promising activity against tested
strains. The ring with flouro substitution at the meta position shows equivalent activity with meta nitro substituents. The phenolic OH in the ring
plays a key role in the biological activity strongly. The electron effect of flouro and nitro are almost equal on the aromatic ring resulting in similar
anti-tubercular activity. The compound 3a, 3b and 6k shows the potent antitubercular activity. The strong electron-withdrawing groups favors the
promising antitubercular activity. The remaining derivatives 4a-4d and 6a-6m were moderately active compared with the standard [29]. Rajubai D
Bakale et al. studied the assessment of 1, 2, 3-triazole incorporated thiazolylcarboxylate derivatives as antitubercular agents. They have designed
library of compounds for their in vitro antitubercular activity against Mycobacterium tuberculosis H37Rv. The two compounds 7h and 8h have
displayed excellent antitubercular activity with MIC values of 3.12 and 1.56 pg/ml respectively (MIC values of standard drugs; Ciprofloxacin 1.56
pg/ml and Ethambutol 3.12 pg/ml). Whereas, the four compounds 7i, 7n, 7p and 8i displayed noticeable antitubercular activity with a MIC value of
6.25 pg/ml. Our synthesized compounds also containing triazole with their hybrid showing comparable activity with the given standard and study
done by Rajubai D Bakale et al. [30].
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CONCLUSION

A novel diazenyl coupled (1,2,3)-triazole derivatives were synthesized via an easy and continent synthetic protocol from readily available anilines
and 2,4-dichloro phenol. A novel 21 analogues 3a-3d, 4a-4d and 6a-6m ware synthesized using click reaction in three-step synthetic sequences. We
standardize the reaction condition for diazotization, O-alkylation reaction and click reaction for getting cleaner, near reaction profile without much
effort. All the synthesized derivatives ware characterized by NMR spectral data. These derivatives ware tested for their in vitro anti-tubercular
activity against H37Rv. The compounds 3a,3b and 6k shows good inhibition compared to standard. In future need to synthesize more derivatives
and test them for the possible good activity.
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