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Abstract:

A series of halogenated (4-methoxyphenyiHEtrazol-5-amine regioisomer$af9a, 1b-9b)
were synthesized from their corresponding thiowealoguesl(9). The synthesis pathway
was confirmed by an X-ray crystallographic studida, 1b and5a. Title derivatives were
tested for theirin vitro antitubercular activity against standard, “wilgh¢y and atypical
mycobacteria. The highest therapeutic potential waitributed to isomeric N-
(bromophenyl)tetrazole®a and9a. Their growth-inhibitory effect against multidrugsistant
Mycobacterium tuberculosis Spec. 210 was 8-16-fold stronger than that of fihst-line
tuberculostatics. Other new tetrazole-derived caimps were also more or equally effective
towards that pathogen comparing to the establiphadmaceuticals. Among non-tuberculous
strains, Mycobacterium scrofulaceum was the most susceptible to the presence of the
majority of tetrazole derivatives. The synergisinteraction was found betweea and
streptomycin, as well as the additivity of bd&h and9a in pairs with isoniazid, rifampicin
and ethambutol. None of the studied compounds alspl antibacterial or cytotoxic
properties against normal and cancer cell linesichwvhndicated their highly selective

antimycobacterial effects.

1. Introduction

Despite recent approaches in diagnostics and tezatmpportunities, and general
certain decrease in overall incidences, tubercsil¢EB) remains one of the major global
health diseases. The leading factors of TB incidere country of birth (such as Asia, Africa,
South America), HIV coinfection, prolonged expostoea case of sputum smear-positive TB
and use of some immunosuppressantyg, anti-tumor necrosis factor (TNF) agents [1].
Among all occurrences, pediatric cases constitQ% af all incidents of the illness [2].

Effective therapy of TB consists of several bactdal drugs administrated in a
combination for a dozen of months [3]. First-lineatment of drug-sensitive TB is reliant of a
four-drug cure, comprising of isoniazid, rifampicethambutol and pyrazinamide, applied for
at least six months [1, 3, 4]. However, althougfitient in around 90% cases [5], this long
therapy is not always well-tolerated or correctysed, and may cause a range of adverse
effects, including hepatitis, anemia, neural ortigastestinal symptoms [1]. What is more,
there are increasing incidences of multidrug-resistTB cases (MDR-TB), defined as
resistance to isoniazid and rifampicin, and extexigi drug — resistant TB (XDR-TB),

covering MDR isolate combined resistance to fluarnglone and one injectable second-line
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antituberculostatic [1, 3, 6]. Treatment of bothXdR-TB requires a longer cure (up to 24
months) and more expensive antimicrobials with ghér toxicity risk, as compared to the
drug-susceptible disease. Standards of resistanblmagteria therapy comprise at least five
agents, including an antibacterial fluoroquinolotigt shorten the length of treatment [1, 7].
Nonetheless, according to WHO details, the recovatiey of XDR-TB is only 26% [8]. It has
been also estimated that one third of the populatould be latently infected with TB
(LTBI), and has up to 10% danger of progressingnactive tuberculosis form [9].

Development of shorter and cheaper TB regimentsbatng new and established
drugs, especially to resistaiycobacterium isolates, is still the greatest global health
challenge. Over the last dozen of years, many abtur(semi-)synthetic chemicals have been
evaluated against mycobacteria to discover newtagerreplace or at least to complement
currently used tuberculostatics. Antitubercular rpieceuticals of natural origin are these
produced by&reptomyces (e.g. streptomycin, cycloserin, rifampicin) [10]n@he other hand,
marine-derived potential anti-TB compounds includkrivatives of various biosynthetic
classes, such as alkaloids, terpenoids, quinolgngsnes, sterols or lactones [11]. Despite
many efforts, only two substances have been rgcapfiroved for the treatment of TB in the
past four decades: delamanid, a representativ@mittazole and one of the dihydoquinolines
— diarylquinoline. Other heterocycles developedcBpally for the therapy of MDR-TB
infections come from a group of oxazolidinones, rabdine antibiotics and etylenediamines.
Their mode of action is based on inhibition of ce&lbll synthesis (nitroimidazoles,
etylenediamines), cell respiration (nitroimidazyle&TP (dihydoquinolines) or protein
synthesis (oxazolidinones, macrolides) [7].

The large potential ofH-tetrazol-5-yl derivatives as a new type of antioical [12-
15], antifungal [16], antihypertonic [17-19], castbnic [20, 21], anti-inflammatory [22, 23],
analgesic [24] and cytotoxic [25-27] agents wasendy proved. Current investigations of
selective, highly efficient H-tetrazole-based antituberculars have focused dafifivation of
the structures of dinitrophenyl derivatives withasgl-, oxa- or sulfanylalkyl linker [28-31].
Roh et al. [32] synthesized a series of water-solublé-tBrazole compounds bearing N-
benzylpiperazine moiety with high activity agaimstig-sensitive and MR strains of bacilli.
New thiazolone piperazinyl-tetrazole derivativesatiey organometallic substituents were
found to be more potent against standskdtuberculosis Hsz7Rv strain than currently used
antitubercular drugs [33]. It was established tlambinations of N-phenyltetrazole
compounds with antibacterials (chloromycin, norfioi) or antifungal fluconazole gave

synergistic effects with a lower dosage and broam@imicrobial spectrum than their
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separate administration [34]. On the other handorihated 2-aryltetrazole analogues of
nitroimidazooxazines exerteth vivo a strong antimycobacterial effect, retaining high
microsomal stability [35]. Antitubercular potencyasvalso denoted for 5-phenyltetrazoles
with para-methoxyphenyl substituent ordactam core [36].

In view of above considerations, this work repaints synthesis of a series of halogen-
containing N-[4-(methoxy)phenyl]H-tetrazol-5-amine derivatives and timevitro evaluation
of their antitubercular and cytotoxic propertieseTinteractions of the most active tetrazoles

with first-line anti-TB drugs were also assessed.

2. Experimental
2.1 Chemistry
2.1.1 General procedure

The reagents were supplied from Alfa Aesar or Sigaidrich. Organic solvents
(acetonitrile, DMF, chloroform and methanol) weopglied from POCh (Polskie Odczynniki
Chemiczne). All chemicals were of analytical graBefore use, dried DMF and acetonitrile
were kept in crown cap bottles over anhydrous phoss pentoxide (Carl Roth). The NMR
spectra were recorded on a Bruker AVANCE spectremeperating at 300 MHz folH
NMR and at 75 MHz fol*C NMR. The spectra were measured in DMSGuud are given as
0 values (in ppm) relative to TMS. Mass spectral Bflasurements were carried out on
Waters ZQ Micro-mass instruments with quadruple snmasalyzer. The spectra were
performed in the negative ion mode at a declugjepimtential of 40-60 V. The sample was
previously separated on a UPLC column (C18) usiRgg@ ACQUITYTM system by Waters
connected with DPA detector. TLC analyses weregoeréd on silica gel plates (Merck
Kiesegel Gks4) and visualized using UV light or iodine vapounl@nn chromatography was
carried out at atmospheric pressure using Silide6G€230-400 mesh, Merck).

The X-ray measurements of compouridsand 1b were performed at 130 (2) K,
whereas of the derivativea at 100 (2) K on a Bruker D8 VENTURE diffractometgith
TRIUMPH monochromator and MaKfine-focus sealed tube (0.71073 A). The crystatsew
positioned 70 mm1l@), 40 mm (b) and 34 mm Fa) from the PHOTON Il detector with
CPAD technology; 464 frames were measured at &tvats with a counting time of 1s, 317
frames were measured at 1.3° intervals with a é¢ogntime of 20s, 1106 frames were
measured at 0.5° intervals with a counting tim@®for 1a, 1b and5a, respectively.

Data collection, cell refinement and data reductmnla, 1b and5a were carried out

with Bruker SAINT software package [37]. The dat@rev corrected for Lorentz and
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polarization effects. Absorption correction was laggp using the multi-scan method
(SADABS) [38]. The structures were solved with 8teelXT [39] structure solution program
using Intrinsic Phasing and refined with the Shelpd9] refinement package and Olex2
program [40] using Least Squares minimization. Bb@mic scattering factors were taken
from the International Tables [41]. Crystal struetiand refinement are specified in Table 1.
The structure ofa is disordered, with fluorine atom occupying twteatative sites with 50%
occupancy each. The figures were generated withcher(ver. 4.1.0) [42]. Molecular
geometries forla and 1b were optimized at the HF/3-21G* level of theory,ngsthe
Gaussian 03 program [43]. CCDC 1942278-1942280 apmosmt the supplementary
crystallographic data for this paper. These datan cde obtained via
http://www.ccdc.cam.ac.uk/conts/retrieving.html.

2.1.2 General procedure for the synthesis of 3-(4thoxyphenyl)thiourea derivatives (1-9)

A solution of commercially available (4-methoxypgBaniline (0.003 mol, 0.40 g) in
anhydrous acetonitrile (6 ml) was treated with aresponding isothiocyanate (0.003 mol).
The mixture was stirred at room temperature fohlAfter that, the solvent was evaporated.
The solid residue was crystallized from acetomitor purified by column chromatography
(chloroform: methanol; 9.5:0.5 vol.).

The synthesis of thiourea derivatives$ [44, 45],7 [46] and9 [47] under different
conditions was published previously.

1-(2-fluor ophenyl)-3-(4-methoxyphenyl)thiourea (1)

Yield 52%, white solid, m.p. 165°CH NMR (300 MHz, DMS0)8 (ppm): 3.75 (s, 3H,
CH;0), 6.94-6.88 (m, 2H), 7.26-7.14 (m, 3H), 7.37-7(8Q 2H), 7.63 (tJ = 7.9 Hz, 1H),
9.30 (s, 1H, NH), 9.77 (s, 1H, NH)®*C NMR (DMSO-d¢, 75 MHz) & (ppm): 55.7, 114.2,
116.1 (d,2Jcr = 20.2 Hz), 124.5 (FJcr = 3.7 Hz), 126.5, 127.6, 127.6 (@cr = 20.2 Hz),
129.0, 132.4, 157.1, 156.8 (dcr = 244.5 Hz), 181.2. MS (ESI) calc. for813FN,OS [M—
H]: 276.33, found: 275.00.

1-(3-fluor ophenyl)-3-(4-methoxyphenyl)thiourea (2)

Yield 50%, white solid, m.p. 145°CH NMR (300 MHz, DMSO)& (ppm): 3.75 (s, 3H,
CH30), 6.95-6.89 (m, 3H), 7.26-7.22 (m, 1H), 7.38-7(8Q 3H), 7.54 (dtJ), = 2.2 Hz,J, =

2.1 Hz, 1H), 9.75 (d, 2HJ = 9.3 Hz, NH).**C NMR (DMSO-d¢, 75 MHz)§ (ppm): 55.7,



110.3 (d,%Jc.r = 24.7 Hz), 111.0 (fJer = 20.2 Hz),114.2, 119.3 (#)cr = 3.0 Hz), 126.5,
130.3 (d3Jc.r = 9.7 Hz), 132.4, 141.9 (@)cr = 10.5 Hz), 157.1, 162.2 (Hlc.r = 240.0 Hz),
180.2. MS (ESI) calc. for H13FN.OS [M— H] : 276.33, found: 275.17.

1-(4-fluor ophenyl)-3-(4-methoxyphenyl)thiourea (3)

Yield 81%, white solid, m.p. 165°CH NMR (300 MHz, DMSO0)& (ppm): 3.75 (s, 3H,
CH30), 6.95-6.90 (m, 2H), 7.39-7.21 (m, 4H), 7.49 (@d+ J, = 1.5 Hz, 1H), 7.64 (dd}; =

J, = 1.8 Hz, 1H), 9.23 (s, 1H, NH), 9.81 (s, 1H, NHjC NMR (DMSO-&, 75 MHz) &

(ppm): 55.7, 114.3, 126.6, 127.6 (dcr = 15.7 Hz), 129.8, 130.2, 131.3 (@ = 150.0
Hz), 137.0, 157.2, 180.9. MS (ESI) calc. forid:sFN,OS [M— H]: 276.33, found: 275.07.

1-(2-chlor ophenyl)-3-(4-methoxyphenyl)thiour ea (4)

Yield 67%, white solid, m.p. 128°¢H NMR (300 MHz, DMSO) (ppm): 9.74 (d, 2H) =
10.5 Hz, NH), 7.70 (t, 1H) = 1.95 Hz, Ar-H), 7.41-7.30 (m, 4H, Ar-H), 7.17t3.(m, 1H,
Ar-H), 6.94-6.88 (m, 2H, Ar-H), 3.75 (s, 3H, O@H"C NMR (75.4 MHz, DMSO} (ppm):
179.82, 156.69, 141.20, 132.40, 131.82, 129.88,0B2€¢2C), 123.76, 122.88, 121.83, 113.75
(2C), 55.21. MS (ESI) calc. forigH:3CIN,OS [M - 2H]: 292.78, found: 292.91.

1-(3-chlor ophenyl)-3-(4-methoxyphenyl)thiour ea (5)

Yield 83%, white solid, m.p. 169°CH NMR (300 MHz, DMSOY (ppm): 9.79 (s, 1H, NH),
9.18 (s, 1H, NH), 7.65 (dd, 1H; = 1.5 Hz,J, = 1.2 Hz, Ar-H), 7.58 (dd, 1H};, = 1.5 Hz,J;

= 1.8 Hz, Ar-H), 7.39-7.34 (m, 3H, Ar-H), 7.20-7.{m#, 1H, Ar-H), 6.95-6.90 (m, 2H, Ar-H),
3.75 (s, 3H, OCH). *C NMR (75.4 MHz, DMSOY (ppm): 179.87, 156.71, 141.19, 132.42,
131.73, 129.80, 126.09 (2C), 123.69, 122.85, 121183.73 (2C), 55.26. MS (ESI) calc. for
C14H13CIN2OS [M - 2H]: 292.78, found: 292.82.

1-(4-chlor ophenyl)-3-(4-methoxyphenyl)thiour ea (6)

Yield 20%, white solid, m.p. 128°C*H NMR (300 MHz, DMSO)% (ppm): 9.73 (d, 2HJ =
15.6 Hz, NH), 7.82-7.81 (m, 1H, Ar-H), 7.45-7.40,(1H, Ar-H), 7.34-7.24 (m, 4H, Ar-H),
6.94-6.88 (m, 2H, Ar-H), 3.75 (s, 3H, OQH"*C NMR (75.4 MHz, DMSO} (ppm): 179.81,
156.70, 141.34, 131.80, 130.17, 126.65, 126.03,(22%.76, 122.29, 120.79, 113.75 (2C),
55.22. MS (ESI) calc. for GH13CIN,OS [M - 2H] : 292.78, found: 292.69.

1-(2-bromophenyl)-3-(4-methoxyphenyl)thiourea (7)



Yield 64%, white solid, m.p. 190°CH NMR (300 MHz, DMSO) (ppm): 9.68 (s, 2H, NH),
7.51-7.43 (m, 4H, Ar-H), 7.34-7.29 (m, 2H, Ar-H),98-6.88 (m, 2H, Ar-H), 3.75 (s, 3H,
OCH). 1*C NMR (75.4 MHz, DMSOJ (ppm): 179.80, 156.62, 139.04, 131.92, 131.08,(2C)
125.98 (2C), 125.50 (2C), 116.15, 113.70 (2C), 55)2S (ESI) calc. for GH1aBrN,0S [M
—H]: 337.23, found: 336.94.

1-(3-bromophenyl)-3-(4-methoxyphenyl)thiour ea (8)

Yield 62%, white solid, m.p. 175°C*H NMR (300 MHz, DMSO) (ppm): 9.60 (d, 2HJ =
11.1 Hz, NH), 7.48-7.41 (m, 2H, Ar-H), 7.34-7.28,(8H, Ar-H), 7.19-7.11 (m, 2H, Ar-H),
6.93-6.88 (m, 2H, Ar-H), 3.75 (s, 3H, OGH"C NMR (75.4 MHz, DMSO} (ppm): 180.23,
159.05 (d), 156.59, 135.83 (d), 131.99, 126.212@@), 126.05 (2C), 114.91 (d, 2C), 113.69
(2C), 55.21. MS (ESI) calc. forigH:3BrN,OS [M— H] : 337.23, found: 336.56.

1-(4-bromophenyl)-3-(4-methoxyphenyl)thiourea (9)

Yield 65%, white solid, m.p. 179 — 180°% NMR (300 MHz, DMSO) (ppm): 9.67 (s, 2H,
NH), 7.53-7.48 (m, 2H, Ar-H), 7.39-7.29 (m, 4H, A); 6.94-6.88 (m, 2H, Ar-H), 3.75 (s,
3H, OCH). 1*C NMR (75.4 MHz, DMSOY¥ (ppm): 179.89, 156.63, 138.59, 131.91, 128.17
(2C), 128.05, 126.00 (2C), 125.24 (2C), 113.71 (265.21. MS (ESI) calc. for
C14H13BrN,OS [M— H] : 337.23, found: 336.72.

2.1.3General procedure for the synthesis of N-(halogehepyl)-1-(4-methoxyphenyl)-1H-
tetrazol-5-amines (1a—9a) and 1-(halogenophenylydmethoxyphenyl)-1H-tetrazol-5-
amines (1b—9b)

A suspension of an appropriate thiourea derivafiv@ (0.001 mol), sodium azide
(0.00375 mol) and mercury (I) chloride (0.00125I)vin 5ml of dried DMF was prepared.
Next 2-3 drops of triethylamine were added. Thelteg) mixture was stirred for maximum 6
h at room temperature or until TLC showed the entth@ reaction. The reaction solution was
filtered and then washed with CHCIThe filtrate was diluted with water and extracteith
CHCI; (3x15ml). The combined organic fractions were doedr anhydrous MgSQfiltered
and concentrated under reduced pressure. Theingsuvéisidue was purified by silica gel

chromatography (chloroform: methanol; 9.5: 0.5)vol.

N-(2-fluorophenyl)-1-(4-methoxyphenyl)-1H-tetraz&-amine (1a)



Yield 61%, white solid, m.p. 108°¢H NMR (DMSO-d;, 300 MHz) (ppm): 3.84 (s,
3H, CH0), 7.12-7.27 (m, 5H), 7.54-7.60 (m, 2H), 7.61-7(6Y, 1H), 8.98 (s, 1H, NH)-*C
NMR (DMSO-d;, 75 MHz) 5 (ppm): 55.6, 114.9, 115.8 (8] = 18.7 Hz), 123.7 (I = 1.5
Hz), 124.5 (d3) = 3.7 Hz), 125.1 (d®J = 7.4 Hz), 125.8, 126.7, 127.5 (@ = 11.2 Hz),
153.0, 154.3 (d'J = 243.8 Hz), 160.1. MS (ESI) calc. for81,FNsO [M — H]: 285.28,
found: 285.11.

1-(2-fluorophenyl)-N-(4-methoxyphenyl)-1H-tetraz&-amine (1b)

Yield 39%, white solid, m.p. 136-138°¢H NMR (DMSO-d&, 300 MHz)5 (ppm):
3.73 (s, 3H, CKD), 6.89-6.95 (m, 2H), 7.45-7.62 (m, 4H), 7.69-7(8Q 2H), 9.29 (s, 1H,
NH). **C NMR (DMSO-@, 75 MHz) & (ppm): 55.2, 114.0, 117.2 (4) = 18.0 Hz), 120.2,
120.5 (d,2) = 12.8 Hz), 125.7 (fJ = 3.7 Hz), 129.6, 132.5, 133.0 {, = 7.5 Hz), 153.4,
154.8, 156.8 (dXJ = 249.7 Hz). MS (ESI) calc. for:gH1oFNsO [M — H]: 285.28, found:
285.34.

N-(3-fluorophenyl)-1-(4-methoxyphenyl)-1H-tetraz&-amine (2a)

Yield 53%, white solid, m.p. 166°¢H NMR (DMSO-d;, 300 MHz)s (ppm): 3.87 (s,
3H, CH0), 6.78-6.84 (m, 1H), 7.16-7.21 (m, 2H), 7.30-7(88 1H), 7.43-7.47 (m, 1H), 7.
56-7.61 (m, 3H), 9.45 (s, 1H, NHYC NMR (DMSO-g, 75 MHz)3 (ppm): 55.7, 104.8 (d,
= 24.8 Hz), 108.3 (dJ = 24.0 Hz), 113.9 (dJ = 3.0 Hz), 115.0, 125.3, 127.6, 130.4%t=
9.7 Hz), 141.7 (d3J = 11.2 Hz), 152.2, 160.5, 162.4 (d,= 241.0 Hz). MS (ESI) calc. for
C14H1,FNsO [M — H] : 285.28, found: 285.009.

1-(3-fluorophenyl)-N-(4-methoxyphenyl)-1H-tetraz&-amine (2b)

Yield 47%, white solid, m.p. 138°¢H NMR (DMSO-d;, 300 MHz)s (ppm): 3.73 (s,
3H, CH0), 6.90-6.94 (m, 2H), 7.46-7.54 (m, 4H), 7.63-7(#8 2H), 9.15 (s, 1H, NH)-*C
NMR (DMSO-a;, 75 MHz)3 (ppm): 55.2, 113.4 () = 24.7 Hz), 114.0, 117.0 (&) = 20.2
Hz), 120.5, 122.0 (d'J = 3.7 Hz), 131.7 (d3J = 9.0 Hz), 132.7, 134.3 (dJ = 11.2 Hz),
152.7, 154.8, 162.2 (d) = 244.5 Hz). MS (ESI) calc. for;gH1oFNsO [M — H]: 285.28,
found: 285.39.

N-(4-fluorophenyl)-1-(4-methoxyphenyl)-1H-tetraz&-amine (3a)
Yield 72%, white solid, m.p. 156-158°¢H NMR (DMSO-d&, 300 MHz)& (ppm):
3.86 (s, 3H, CHD), 7.13-7.21 (m, 4H), 7.55-7.59 (m, 2H), 7.63-7(68 2H), 9.22 (s, 1H,

8



NH). **C NMR (DMSO-@&, 75 MHz)$ (ppm): 55.7, 115.0, 115.3 (8] = 21.7 Hz), 119.9 (d,
3)=6.7 Hz), 125.5, 127.5, 136.2 (d,= 2.2 Hz), 152.6, 156.9 (d) = 237.0 Hz), 160.4. MS
(ESI) calc. for GsH12FNsO [M — H] : 285.28, found: 285.21.

1-(4-fluorophenyl)-N-(4-methoxyphenyl)-1H-tetraz&-amine (3b)

Yield 28%, white solid, m.p. 156-158°¢H NMR (DMSO-a&, 300 MHz)3 (ppm):
3.73 (s, 3H, CkD), 6.88-6.93 (m, 2H), 7.46-7.53 (m, 4H), 7.71-7(@5 2H), 9.07 (s, 1H,
NH). **C NMR (DMSO-@, 75 MHz) & (ppm): 55.2, 114.0, 116.8 (8] = 23.2 Hz), 120.3,
128.5 (d,3) = 5.2 Hz), 129.4 (d'J = 2.2 Hz), 132.8, 152.9, 154.7, 158.9 {#i= 248.2 Hz).
MS (ESI) calc. for GH1,FNsO [M — H] : 285.28, found: 285.53.

N-(2-chlorophenyl)-1-(4-methoxyphenyl)-1H-tetrazélamine (4a)

Yield 57%, white solid, m.p. 100-102°¢H NMR (DMSO-d&, 300 MHz)& (ppm):
3.84 (s, 3H, CHD), 7.13-7.20 (m, 3H), 7.31-7.37 (m, 1H), 7.48 (dds 5.1 Hz,J, = 1.5 Hz,
1H), 7.57-7.63 (m, 2H), 7. 67 (d&, = 5.1 Hz,J, = 1.5 Hz, 1H), 8.69 (s, 1H, NH)*C NMR
(DMSO-ts;, 75 MHz) 8 (ppm): 55.7, 115.0, 123.8, 125.5, 125.7, 126.®.1,2127.9, 129.7,
136.4, 152.8, 160.1. MS (ESI) calc. fors81,CINsO [M — H] : 301.73, found: 285.85.

1-(2-chlorophenyl)-N-(4-methoxyphenyl)-1H-tetrazélamine (4b)

Yield 43%, white solid, m.p. 131-133°¢H NMR (DMSO-d&, 300 MHz)& (ppm):
3.72 (s, 3H, ChHD), 6.88-6.94 (m, 2H), 7.50-7.56 (m, 2H), 7.60-7(6% 1H), 7.68-7.74 (m,
1H), 7. 78-7.83 (m, 1H), 9.19 (s, 1H, NHJC NMR (DMSO-d¢, 75 MHz)& (ppm): 55.2,
114.0, 120.1, 128.7, 130.3, 130.5, 130.6, 131.2,681332.7, 153.2, 154.8. MS (ESI) calc. for
C14H12CINsO [M — H]: 301.73, found: 285.68.

N-(3-chlorophenyl)-1-(4-methoxyphenyl)-1H-tetrazélamine (5a)

Yield 63%, white solid, m.p. 208°¢H NMR (DMSO-d;, 300 MHz)s (ppm): 3.87 (s,
3H, CH0), 7.02-7.06 (m, 1H), 7.16-7.21 (m, 2H), 7.34)t 8.4 Hz, 1H), 7.55-7.61 (m,
3H), 7. 81 (t,J = 2.1 Hz, 1H), 9.42 (s, 1H, NH}*C NMR (DMSO-d¢, 75 MHz) & (ppm):
55.7, 115.0, 116.5, 117.4, 121.5, 125.3, 127.7,413AB3.2, 152.1, 160.5. MS (ESI) calc. for
C14H12CINsO [M — H]: 301.73, found: 285.69.

1-(3-chlorophenyl)-N-(4-methoxyphenyl)-1H-tetrazélamine (5b)



Yield 34%, white solid, m.p. 134-136°¢H NMR (DMSO-d&, 300 MHz)& (ppm):
3.73 (s, 3H, CHD), 6.89-6.94 (m, 2H), 7.49-7.54 (m, 2H), 7.63-7(i#1, 3H), 7.83-7.84 (m,
1H), 9.18 (s, 1H, NH)**C NMR (DMSO-@, 75 MHz) 5 (ppm): 55.2, 114.0, 120.5, 124.6,
125.9, 130.0, 131.5, 132.7, 133.9, 134.2, 152.8,819\S (ESI) calc. for GH12CINsO [M —
H]: 301.73, found: 285.81.

N-(4-chlorophenyl)-1-(4-methoxyphenyl)-1H-tetrazélamine (6a)

Yield 69%, white solid, m.p. 161°¢H NMR (DMSO-d;, 300 MHz) (ppm): 3.86 (s,
3H, CH0), 7.16-7.21 (m, 2H), 7.34-7.40 (m, 2H), 7.55-7(80 2H), 7.66-7.71 (m, 2H), 9.36
(s, 1H, NH)."*C NMR (DMSO-@&, 75 MHz)& (ppm): 55.7, 115.0, 119.6, 125.4, 125.5, 127.6,
128.6, 138.9, 152.3, 160.4. MS (ESI) calc. fefHG,CINsO [M — H] : 301.73, found: 285.77.

1-(4-chlorophenyl)-N-(4-methoxyphenyl)-1H-tetrazélamine (6b)

Yield 31%, white solid, m.p.. 131°¢4 NMR (DMSO-d;, 300 MHz) (ppm): 3.73 (s,
3H, CH0), 6.90-6.93 (m, 2H), 7.49-7.54 (m, 2H), 7.68-7(5 4H), 9.12 (s, 1H, NH)-*C
NMR (DMSO-¢;, 75 MHz) 4 (ppm): 55.2, 114.0, 120.3, 127.7, 129.9, 131.2.8,3134.6,
152.8, 154.7. MS (ESI) calc. for§11,CINsO [M — H] : 301.73, found: 285.58.

N-(2-bromophenyl)-1-(4-methoxyphenyl)-1H-tetrazoleBnine (7a)

Yield 52%, white solid, m.p. 133-135°¢H NMR (DMSO-d&, 300 MHz)& (ppm):
3.85 (s, 3H, ChHD), 7.07-7.12 (m, 1H), 7.15-7.20 (m, 2H), 7.36-7(#2 1H), 7.59-7.69 (m,
4H), 8.62 (s, 1H, NH)}*C NMR (DMSO-d¢, 75 MHz) 8 (ppm): 55.7, 115.0, 117.0, 124.3,
125.6, 126.1, 126.4, 128.5, 132.9, 137.6, 152.09,216MS (ESI) calc. for GH1.BrNsO [M —
H]: 346.19, found: 346.28.

1-(2-bromophenyl)-N-(4-methoxyphenyl)-1H-tetrazoleBnine (7b)

Yield 48%, white solid, m.p. 136-138°¢H NMR (DMSO-d&, 300 MHz)3 (ppm):
3.72 (s, 3H, ChHD), 6.88-6.94 (m, 2H), 7.51-7.57 (m, 2H), 7.59-7(69 2H), 7.75-7.79 (m,
1H), 7.93-7.96 (m, 1H), 9.15 (s, 1H, NHYC NMR (DMSO-@, 75 MHz) & (ppm): 55.2,
114.0, 120.1, 121.8, 129.3, 130.6, 131.9, 132.8,9,333.7, 153.1, 154.8. MS (ESI) calc. for
C14H12BrNsO [M — H] : 346.19, found: 346.03.

N-(3-bromophenyl)-1-(4-methoxyphenyl)-1H-tetrazoleBnine (8a)
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Yield 60%, white solid, m.p. 215-216°¢H NMR (DMSO-d&, 300 MHz)& (ppm):
3.87 (s, 3H, CHD), 7.15-7.21 (m, 3H), 7.28 @,= 8.1 Hz, 1H), 7.55-7.59 (m, 1H), 7.62-7.65
(m, 1H), 7. 95 (tJ) = 1.9 Hz, 1H), 9.40 (s, 1H, NH)*C NMR (DMSO-&, 75 MHz)3 (ppm):
55.7, 115.0, 116.8, 120.3, 121.6, 124.4, 125.3,7127:30.7, 141.5, 152.1, 160.5. MS (ESI)
calc. for G4H12BrNsO [M — H]: 346.19, found: 346.31.

1-(3-bromophenyl)-N-(4-methoxyphenyl)-1H-tetrazoleBnine (8b)

Yield 40%, white solid, m.p. 149-151°¢H NMR (DMSO-d&, 300 MHz)& (ppm):
3.73 (s, 3H, ChHD), 6.89-6.94 (m, 2H), 7.48-7.53 (m, 2H), 7.57-7(68 1H), 7.67-7.70 (m,
1H), 7.81-7.85 (m, 1H), 7.94-7.96 (m, 1H), 9.181(d, NH).*C NMR (DMSO-@, 75 MHz)
d (ppm): 65.2, 124.0, 130.4, 132.2, 135.0, 138.8,24142.7, 142.9, 144.3, 162.8, 164.8. MS
(ESI) calc. for G4H12BrNsO [M — H] : 346.19, found: 346.16.

N-(4-bromophenyl)-1-(4-methoxyphenyl)-1H-tetrazoleBnine (9a)

Yield 63%, white solid, m.p. 181-184°¢d NMR (DMSO-&, 300 MHz)3 (ppm):
3.86 (s, 3H, ChHD), 7.16-7.21 (m, 2H), 7.47-7.52 (m, 2H), 7.55-7(6Q 2H), 7.61-7.66 (m,
2H), 9.36 (s, 1H, NH)"C NMR (DMSO-d, 75 MHz) & (ppm): 55.7, 113.4, 115.0, 120.0,
125.4, 127.6, 131.5, 139.3, 152.2, 160.4. MS (ESK. for G4H1.BrNsO [M — H]: 346.19,
found: 346.42.

1-(4-bromophenyl)-N-(4-methoxyphenyl)-1H-tetrazoleBnine (9b)

Yield 37%, white solid, m.p. 155-158°¢H NMR (DMSO-a&, 300 MHz)3 (ppm):
3.73 (s, 3H, ChKOD), 6.89-6.94 (m, 2H), 7.49-7.54 (m, 2H), 7.61-7(66 2H), 7.83-7.88 (m,
2H), 9.13 (s, 1H, NH)=C NMR (DMSO-d¢, 75 MHz) & (ppm): 55.2, 114.0, 120.3, 123.1,
127.8, 132.3, 132.8, 132.9, 152.7, 154.8. MS (ESI}. for G4H1.BrNsO [M — H]: 346.19,
found: 346.36.

2.1.4 In vitro antitubercular activity

The starting thiourea compounti® were examinedn vitro for their activity against
the M. tuberculosis Hz7Rv strain (ATCC 25618) and two ‘wild-type’ straimsolated from
tuberculosis patients: one (Spec. 210) being agisto p-aminosalicylic acid (PAS),
isonicotinic acid hydrazide (Isoniazid, INH), ethauol (EMB) and rifampicin (RMP) and
the other (Spec. 192) being fully sensitive toddeninistrated tuberculostatics. Investigations

were performed by a classical test-tube method wfcessive dilutions in Youmans’
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modification of the Proskauer and Beck liquid medicontaining 10% of bovine serum [48,
49]. Bacterial suspensions were prepared from ¥4 dll cultures of slowly growing strains.
Solutions of compounds in DMSO were tested. Stoclut®ns contained 10 mg of
compounds in 1 milliliter. Dilutions (in geometrprogression) were prepared in Youmans’
medium. The medium containing one of the referediceg (INH, RMP, EMB or SM),
without investigated substances, was used for casgra Incubation was performed at 37
°C. The MIC values were determined as a minimuncentration inhibiting the growth of
tested tuberculous strains in relation to the pnatib no tested compound. The influence of
the compound on the growth of bacteria at a cedantentration, 3.1, 6.25, 12.5, 25, 50 and
100 pg/ml, was evaluated.

The synthesized compoundka-9a and 1b-9b were testedin vitro for their
tuberculostatic activity against typical straifg. fuberculosis Hz7Rv strain (ATCC 25618),
M. tuberculosis Spec. 192M. tuberculosis Spec. 210M. tuberculosis Spec. 800) and atypical
isolates K. bovis, M.scrofulaceum, M. fortuitum, M. avium, M. kansasii, M. xenopi, M.
intracellulare) using the MABA method (Microplate Alamar Blue Agsmethod) [50, 51].
Investigations were performed by two-fold seriatradilution method (in 96-well microliter
plates) using Middlebrook 7H9 Broth medium (Becktbickinson) containing 10% of
OADC (Beckton Dickinson). The inoculum was prepardm fresh LJ culture in
Middlebrook 7H9 Broth medium with OADC, adjustedamo. 1 McFarland tube, and diluted
1:20. The stock solution of a tested agent wasagsegpin DMSO. Each stock solution of a
tested compound was diluted in Middlebrook 7H9 Brotedium with OADC by four-fold
the final highest concentration to be tested. Camps were diluted serially in a sterile 96-
well microtiter plates using 1@0 Middlebrook 7H9 Broth medium with OADC.
Concentrations of tested agents ranged from 04232 pug/ml. A growth control containing
no antibiotic and a sterile control without inodida were also prepared on each plate. The
plates were incubated at 37°C for a week. Afteritieeibation period, 30 of Alamar blue
solution was added to each well, and the plate mascubated for 24 h. The growth was
indicated by the color change from blue to pinke Téwest concentration of a compound that
prevented the color change was noted as its MIEL, IRMP, SM and EMB as the reference

drugs were used for comparison.

2.1.5 Drug interaction analysis
The combinations of the tested derivative and #ference drug were prepared in
Middlebrook 7H9 medium (Becton-Dickinson, USA) caining 10% of OADC (Becton-
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Dickinson, USA). Each derivative in a concentratranging from 1 to 1/32 MIC was mixed
with the reference drug in concentration equal & MIC. Simultaneously, each of the
reference drugs (INH, RMP, SM and EMB) in concerdre ranging from 1 to 1/32MIC was
mixed with the tested derivative in concentratiqqua to 1/2MIC (MIC values of tested
derivatives and reference drugs alone were detedras described above). Then, all samples
(4 ml) were supplemented with an inoculum of tesséidins (1°McFarland; 12l) and
incubated for 14 days at 37 °C. MIC of the testedwvative in combination with the fixed
concentration of the reference drug (MICD/comb wRID) was defined as the lowest
concentration of the tested derivative combinedwhie reference drug, which inhibited the
growth of microorganisms in a liquid medium. Simya MIC of the reference drug in a
combination with the fixed concentration of thetéelsderivative (MICRD/comb with D) was
defined as the lowest concentration of the refexaltag combined with the tested derivative,
which inhibited the growth of microorganisms iniguid medium. FICI value was calculated
according to the equation: FICI = (Mdfeomb. with REMICp aond + (MICrpjcomb. with BMICRrp
alond. The obtained FICI values were then used to deter whether synergism (FICI < 0.5),
additivity (0.5< FICI > 1), indifference (1 < FICK 4) or antagonism (FICI > 4) occurred
between the tested agents [52].

2.1.6 Antimicrobial studies

The antimicrobial assays were conducted using erter strains of bacteria derived
from international microbe collections: American pgy Culture Collection (ATCC) and
National Collection of Type Culture (NCTC). The gmof reference strains included Gram-
positive bacteria rodsSaphylococcus aureus. NCTC 4163, ATCC 6538Xaphylococcus
epidermidis ATCC 12228, ATCC 35984/RP62A) and Gram-negative tdyac isolates
(Pseudomonas aeruginosa NCTC 6749, Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 10031,Proteus vulgaris NCTC 4635). Two “wild-type” strains were also
evaluated $ epidermidis 1457 andP. aeruginosa NCTC PAO 1).

The antimicrobial activity was expressed by minimimtmibitory concentration (MIC),
according to CLCI reference procedures with somalifivation. MIC was tested by the
twofold serial microdilution method (in 96-well matiter plates) on MH Il liquid medium.
The final inoculum of all studied bacteria wag TFU/ml (colony forming unit per ml). The
stock solution of tested compounds was preparddMi$SO and diluted in sterile medium (to

maximum 1 % of solvent content). The concentratioihsompounds varied from 0.03125 to
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512 pg/ml. The MIC value was the lowest concerdratf the tested compound, at which

bacteria growth was no longer observed after 1Bihoobation at 35C [53].

2.1.7 Cytotoxicity studies
2.1.7.1 Cdl culture

Chinese hamster lung fibroblast (V79) and human amah keratinocytes (HaCaT)
cell lines were purchased from the American Typdtu€el Collection (ATCC, Rockuville,
USA) and cultured in DMEM (Dulbecco’s Modified Ead Medium, Biowest SAS, France).
Cells were seeded in 6 ml medium in a tissue alftask (50 ml) in a 37 °C/5% GO
humidified incubator. Medium was supplemented wit?o heat-inactivated fetal bovine
serum (Gibco Life Technologies, USA), penicillirO@U/ml), streptomycin (10Qg/ml) and
HEPES (20 mM). After reaching 80-90% confluencd)scevere passaged using trypsin-
EDTA (Gibco Life Technologies, USA) and seeded éavéell plates (1 x 1Dcells per well)
for MTT assay.

21.72MTT assay

The cell viability was assessed by using an enzgmebnversion of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode salt (MTT) to insoluble formazan
crystals by mitochondrial dehydrogenases, occuiririying cells. Cells were cultured in 96-
well plates at a density of Ixi@ells per well, and cultured to adhere for 24 batr37°C in a
CO, incubator.After 24 hours of incubation, culture medium wagplaeed with a fresh
medium, then cells were treated with various cotreéions of the tested compounds (ranged
from 140 uM to 20 uM ), and incubated for 72 haatr87°C in a C@incubator.Untreated
cells were used as the control. Subsequently MTIltisa (0,5 mg/mL in free-serum
medium) was added and samples were incubatedHours at 37°C in a COncubator.Then
the medium was aspirated and formed formazan dsystare solubilized by adding an
isopropanol - DMSO mixture (1:1 volJhe optical density of the dissolved formazan eigst
was measured using a UVM 340 reader (ASYS HitechbhignAustria) at a wavelength of
570 nm. IG value was estimated using CompuSyn version 1.0.

2.1.7.3 LDH assay

Human immortal keratinocyte cell line from adultnman skin (HaCaT), Human

melanoma cell line (HTB-140), Human epithelial luwggcinoma cell line (A549) and Human
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colorectal adenocarcinoma (CaCo-2) were purchased American Type Culture Collection
(Rockville, USA), and cultured in Dulbecco's Modii Eagle's Medium (DMEM) and Eagle's
Minimum Essential Medium (EMEM), supplemented witBo antibiotics (penicillin and
streptomycin) and 10% heat-inactivated FBS-fetalift® serum (Gibco Life Technologies,
USA) at 37°C in a 5% Cgatmosphere. Cells were passaged using trypsin-E(@iBco Life
Technologies, USA) and cultured in 96-well platés1(* cells per well). Experiments were
conducted in DMEM and EMEM with 2% FBS.

The determination was performed after 72 h incuipatif cells in 96-well plates with
chosen compounds as described before [25]. LDHtGyittity Assay Kit was used to assess
the activity of lactate dehydrogenase (LDH) reldaBem cytosol of damaged cells to the
supernatant and measured according to the protesudribed by the manufacturer (Roche
Diagnostics, Germany). An absorbance was measurd80anm using a microplate reader
(Epoch microplate reader, BioTek Inc., USA) equibpeith Gen5 software (BioTech
Instruments, Inc., Biokom). Cytotoxicity of compamwas expressed as the LDH release
(%) and counted by the following equation: [(A teatmple — A low control)/(A high control
— A low control)] x 100% (A-absorbance); where “laventrol” were cells in DMEM or
EMEM with 2% FBS without tested compounds, and bhapntrol” were cells incubated in
DMEM or EMEM with 2% FBS and 1% Triton X-100 (1002PH release).

3. Results and discussion

3.1 Chemistry

Our previous studies concerning the bioactivityroburea derivatives showed that 4-
methoxyphenyl moiety is not responsible for theimamrobial activity [54-57]. For this
reason, a series of various halogenated 1-(4-mgphexyl)thiouread-9 were synthesized
just for transformation to appropriate Hdetrazol-5-amines. These thiourea-derived
compounds formed a group of close structural amsalogaringortho-, meta- and para-
halogenophenyl terminal fragments. Thus, the atrest of the parent thiourea compounds
and, in consequence, their tetrazole counterpafteyw to study the influence of the
differently substituted electron-withdrawing elerhéffuorine, chlorine or bromine) on their
antimicrobial and cytotoxic properties.

Tetrazoles can be obtained using four main metfs®is59]. In our specific synthesis,
1,5-disubstituted tetrazoles were generafedoxidative desulfurization of 1,3-disubstituted
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thioureas, using sodium azide as an external npklko Mercury (1) chloride was used as an
desulfurization agent. The reaction was carriedatubom temperature in DMF and in the
presence of triethylamine (Scheme 1).

Assumptions based on the results of preliminaryegrpents have been confirmed,
since for the designed reaction two isomeric prtglitbe form A {a-9a) and the form B1b-
9b), occurred simultaneously. However, one of theaiegmers should be considered as
favorable fa-9a), since it has been found in higher yields.

According to our knowledge, this is the first repshowing simultaneous one-pot
synthesis of isomeric tetrazole-based compounds gabd yields, using mentioned reaction
conditions. Our previous findings confirmed thag¢ ield of each product form is directly
related to the steric hindrance caused by substgu&Ve also presumed that physicochemical
properties of substituents are of secondary impogand need to be evaluated individually.
In this case the moieties attached to amine grotifsourea are similar, therefore cyclization
via oxidative desulfurization can be conducted in tways, with the use of the one of the
amine groups of the thiourea arrangement. Favaredst A (la-9a) were obtained in a yield
range of 52 — 72 %, whereas yields of formsl1B-9b) equaled 28 — 48 %. The proposed
mechanism of the reaction is shown on Scheme 13p(Smentary material).

Since the cyclization reaction conducting oxidatokesulfurization is well known,
there is no need to provide theoretical fundamerdabthe method. We have assumed that the
rate of the preferable form A is related to thewopence of halides attached to the terminal
phenyl ring. The thiourea nitrogen atom bondingh® 4-methoxyphenyl scaffold should be
considered as more attainable during formatiomeftétrazole ring.

[Scheme 1]

3.2 X-ray crystallography studies

The compoundla crystallizes in a monoclinic system, space gré2g/'c, with one
molecule in the asymmetric part of the unit celg(A). There are four molecules in the unit
cell forming pairs bound by N-H...N hydrogen bondsl4BA, see Fig. 1S, Supplementary
material). The substituents are tilted with resgecthe tetrazole ring. The angles between
mean planes calculated for atoms forming rings &re2° (methoxyphenyl) and 44.5°
(fluorophenyl moiety). Similarly, the derivativibd crystallizes in a monoclinic system, space
groupP2;/c, with one molecule in the asymmetric part of thé oall (Fig. 1). There are four
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molecules in the unit cell forming pairs bound byHN.N hydrogen bonds (2.060 A, see Fig.
1S, Supplementary material), but arranged a bikerla. Additionally, the molecules from
adjacent pairs form dimers by C-H...O bonds (2.696TA)js motif in turn forces substituents
to be tilted differently with respect to the tetndez ring. The angles between mean planes
denoted for atoms building rings are 35.8° (metipiwenyl) and 63.7° (fluorophenyl moiety).
On the other hand, the produ crystallizes in a monoclinic system, space grBap with
one molecule in the asymmetric part of the unit f@ly.1). There are two molecules in the
unit cell (Fig. 1S, Supplementary material). Theg @weakly bound by C-H...N bonds (2.640
A, see Fig. 2S, Supplementary material). Despige structural similarity tola, the
substituents are tilted with respect to the teteazimg in a completely different way (their
superpositions are shown in Fig. 2). The anglewvé@t mean planes calculated for atoms
forming rings are 49.0° (methoxyphenyl) and 17cdiflgrophenyl moiety). The tetrazole ring
forms short contacts with the substituents C-H...N66§ZA, 2.626 A, chlorophenyl) and C-
H...N (2.747 A, methoxyphenyl) in the crystal lattiokdditionally, the substituents from
adjacent molecules are bound by C-H...O hydrogen $¢2&%32 A, Fig. 2S, Supplementary
material). The calculations at HF/3-21G* level béory showed that the optimized geometry
of 1a has lower energy thatb by 14.4 kcal/mol. This result indicates that tloenf A of

compounds synthesized with higher yields shoulddresidered as more stable.

[Fig.1.]
[Fig.2.]

3.3 In vitro antimycobacterial activity

All prepared compounds were tested for theivitro antitubercular potency against
M. tuberculosis H37Rv strain and three “wild-type” mycobacteria isethtfrom tuberculosis
patients: multidrug-resistant Spec. 210 (with tasise to p-aminosalicylic acid (PAS), INH,
EMB and RMP), Spec. 192, fully susceptible to dgthbd tuberculostatics, and INH-
monoresistant Spec. 800. The tests included alsaytbup of non-tuberculous bacillv(
scrofulaceum, M. fortuitum, M. avium, M. kansasii, M. xenopi, M. intracellulare). The
antimycobacterial activities were expressed as mum inhibitory concentrations (MICs),
with the first-line anti-TB drugs: isoniazid (INHjifampicin (RMP), streptomycin (SM) and
ethambutol (EMB) used as standards.

The preliminary studies of antimycobacterial a¢yiwf parent 1-(halogenophenyl)-3-

(4-methoxyphenyl)thiourea derivatives revealed thair tuberculostatic potency varied from
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moderate to weak (Table 2). Although none of thes tleioureas reached the level of the
references potential, 2-chloro4)(and 4-bromophenylthiourea)( exhibited the highest
inhibitory effect againsi. tuberculosis 192 strain, with MICs equaled 2&/ml. Compounds
4, 6-8 exerted the same activity level towards the 2I0ate as the standards: RMP and
EMB. It was noticed that the presence of bromineamay position of the phenyl ring
(derivatives 7-9) or the substitution ofortho- and para- position with chlorine 4, 6),
promoted antituberculostatic activity of studieskpylthiourea compounds.

The rationally designed structures of tetrazole ponmdsla-9a and1b-9b allowed to
study how the type of their structural isomeristu@nced biological properties, specifically
antimycobacterial activity. Thus, the multidrugistant M. tuberculosis 210 pathogen was
found to be the most susceptible to the presensyrahesized 1,5-regioisomers of tetrazole
(Table 3). All of them, except of the derivativa, were more effective towards the bacilli
than established pharmaceuticals. N-(bromophemrdiele-5-amines8g, 9a), with MIC
values of 2ug/ml, exerted the highest activity, being up tofdé+ more potent than the
references RMP and EMB, and 8 times more activepeoimg to INH and SM. Additionally,
other fluorophenyl-2a, 3b) and chlorophenyl-basedsq, 4b-6b) tetrazoles expressed 2-4-fold
higher inhibitory effect than the standard tubewstdtics. Remaining compounds of the
series, N-substitutedld, 6a) and 1-substitutedlb, 2b, 7b-9b) were equally active against
mycobacteria as INH and SM (MIC = 1g/ml). The MIC values of halogen derivativés
and5a were the same as these denoted for RMP and EMBJR2l). Moreover, the activity
profile of two isomeric bromophenyltetrazol8a and9a towardsM. tuberculosis Hz7R and
drug-sensitive Spec.192 strains was comparablerée tuberculostatics used: RMP, SM and
EMB. The MIC for all these agents equaled LegZml. One-quarter of the referential EMB
potency {(.e. 8 ug/ml) was established for tetrazoles derived fromN-substituted serie&q
4a), and predominantly 1-substituted gro@p-6b). Other synthesized compounds presented
moderate antitubercular activity, with MIC paranmsteorresponding to 16-64y/ml. None of
the derivatives was as active as the most powdidl In contrary, INH-monoresistarl.
tuberculosis Spec. 800 appeared the least sensitive to themteeatwith new tetrazoles,
comparing to the reference drugs. Selected halogempounds&a, 9a, 3b-6b) were effective
just at MIC values of 128g/ml. Considering the structure-activity relatiomshone can
notice, that the antimycobacterial potency towastisndard and “wild-type” pathogens
depends on: 1) the type of positional isomer te@tetdalogenophenyls more effective than 1-

substituted compounds); 2) the character of haldgethe benzene ring (the bioactivity
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decreases in a line: bromo chloro> fluoro); and 3) the place of its substitution (neta- and
para- isomers more effective thantho-).

Among atypical bacilliM. scrofulaceum strain was the most sensitive to exposition to
the tested tetrazoles (Table #he derivative of 1-(3-chlorophenylHttetrazol-5-amine5b)
revealed the highest effectiveness (MIC agIml) and was 32 time more active than the
standard INH. Halogenophenyl-substituted compouBds 2b, 6b exposed fourfold of
isoniazid activity, whereas tetrazol@s, 4a, 1b, 4b, 8b were similarly effective as the
reference. The produ@b, bearing 4-chlorophenyl moiety, was equally poteniNH. A
strong inhibitory effect of N-halogenophenyl detivas 3a, 6a, 2a againstM. intracellulare
strain was also observed; they were several folcerapequally potent as the referential INH.
Newly synthesized compounds were much more legstafé against pathogens suchMs
avium, M. kansasii andM. xenopii than antimycobacterials used; their MIC ranged f@tro
512 ug/ml. On the contrary, only 2-chlorophenyl derivatdb had the same activity as INH
towardsM. fortuitum species, however only at the concentration of 488nl. To sum up, 1-
halogenophenyl-substituted isomers were the méstezft against evaluated non-tuberculous
mycobacteria. They were preferentially substitusgth fluorine or chlorine at rathaneta-
andpara- thanortho- position of the benzene ring. For these typelaailli, an introduction
of bromine element and the substitution of primanyine group with halogenophenyl core
decreased the bioactivity.

As it was shown in Table 3, calculated logP valokeall synthesized compounds were
lower than 5, that intend them for eventual oralmemistration (see also Table 1S,
Supplementary material). The lipophilicity factafpoorly active thiourea derivative$-9)
were in the range of 3.23-3.61, whereas their cyblioactive tetrazole analoguds{9a, 1b-
9b) appeared to be more hydrophilic with logP valuased from 2.69 to 3.07. Compounds
4a, 8a and9a, the most effective against typiddl tuberculosis strains, possessed the highest
logP indexes among tested N-substituted regioisem®n the other hand, 1-substituted
tetrazoles, marked as the most potent towards atdnand “wild-type” 8b-6b) or non-
tuberculous %b, 6b) mycobacteria, were characterized by middle-radgexphilicity (2.71-
2.97). Finally, heterocycle®a, 3a with the lowest logP values, exerted the strongest
inhibitory effect against atypical bacilli.

[Table 2]
[Table 3]
[Table 4]
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3.4 Drug interaction analysis

The recommended tuberculosis treatment is basedr @ombination of several
pharmaceuticals administrated for months, in otdeill mycobacteria in their various stages
of the illness progress [6, 34, 60, 61]. Sincerthdtidrug resistance to bacilli has become a
problem, the use of new combinations including @staed anti-TB drugs and newly
synthesized compounds needs to be assessed. $airthiwe have evaluated the potency of
the most promising derivative8a and 9a in a combined therapy with one of the four
reference tuberculostatics. Calculated FICI valug¢$ables 5-8) allowed to determine
interactions of mixed substances as synergism (KIQL5), additivity (0.5< FICI < 1),
indifference (1< FICI < 4) or antagonism (FIC} 4) [52].

Synergistic effect among the derivati®a and SM was observed in both INH-
susceptibleM. tuberculosis H37Rv and Spec. 192 strains, as well as in INH-mornstas 800
species. In all cases, the Sd/combination showed a fourfold decrease in MIC gabli the
drug, when %2 MIC of tetrazole was applied. On tligeo hand, the RMB4, SM/Ba and
EMB/8a additive interactions againkt. tuberculosis Hz;Rv and 192 pathogens were denoted.
Addition of the mentioned tetrazole allowed to reglihe tuberculostatic dose, expressed as
MIC, 2 or even 4 times. The additivity between tbempound8a and RMP towards
multidrug-resistant 210 strain was also suggedtduat is more, the combination 8& with
each of the conventionally used drug was additivanhibition of the growth of INH-
monoresistantM. tuberculosis 800 pathogen. As for previously mentioned isolatbe
effective MIC value of the tuberculostatic could uge to four-fold lower, when it was paired
with that tetrazole derivative. Similarly, the atil® interaction of the isomé&a with RMP or
EMB againstM. tuberculosis Hz7Rv and Spec. 192 isolates was detected. Againgnthig-
resistant 210 species, for all drugs, except forBEBdditivity was denoted, with %2 MIC of
the compound9a added. Interestingly, INBA and EMBDOa pairs exerted the additive
inhibitory effect, when applied toward monoresisteé8pec. 800 bacillus. Only some
combinations of tested tetrazoles against botlstadi isolates revealed indifference. Since
the effect of pairing of investigated derivativegshAlNH was antagonistic towards both drug-
sensitive mycobacteria straird.(tuberculosis Hz7Rv and Spec. 192), they must be excluded
from a combination treatment. However, the esshblil antagonism, along with very high
MICs values of evaluated tetrazoles against INH-onesistantM. tuberculosis Spec. 800

suggest that INH and derivativ8s, 9a could hit the same molecular target.
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INH, the multi-targeted lead antituberculostatictsaas a prodrug that is activated in a
cell by the mycobacterial bifunctional catalaseepétase (KatG) [62]. Generated INH-
derived free radicals form covalent adducts withNAor NADPH, capable to disrupt the
synthesis of both mycolic and nucleic acids [62]. 88H-NAD connections are powerful
inhibitors of InhA, an enoyl acyl carrier proteieductase, involved in the formation of
mycolic acids, major lipid components of the myattbaal cells [64]. In turn, INH-NADP
adducts restrain the activity of MabA, an NADPH-degentB-ketoacyl-ACP reductase, also
engaged in the biosynthesis of long-chain fattgl&acOn the other hand, complexes of INH
with NADP" were described as inhibitors of dihydrofolate itdae (DHFR), the key enzyme
necessary for the folate biosynthesis pathway énntiicrobial cells [62]. Among mentioned
molecular goals, direct InhA- targeted ligands,eesglly omitting the KatG-activating step,
are considered as the most promising to combatdulmsis [65].

Numerous polycyclic molecules with nitrogen-basedelocyclic rings, structurally
related to INH and substituted tetrazoles presemedir study, have been found as effective
InhA inhibitors. Guardia et al. described a seméshalogenated benzamides bearird 1
pyrazolyl and pyridin-2-yl fragments with micromolactivities against InhA [66], whereas
the group of Shaikh found potent inhibitors amoegidtives of carbazole, substituted with
thioxothiazolidine-4-one moiety [67]. Additionallpiperazine indoleformamides, pyrazoles,
pyrrolidine carboxamides, imidazopiperidines, tieadles, triazoles, thiazoles and proline-
derived hybrids were also identified as potent &#d@yP-reductase inhibitors [64, 68, 69].
Among them, halogen-containing pyrazol-3-yl- andigin-2-yl-thiadiazol-2-amines used in
the low nanomolar range, acted as direct, reversitA inhibitors. The presence of both a
(hetero)aryl moiety substituted with fluorine, ahih@ and/or bromine, and nitrogen-rich rings
have promoted inhibitory properties to the mycobaat InhA.

The presentedn vitro studies of antimycobacterial combinations of thike t1H-
tetrazol-5-amines are a useful first step to ptettieir possible mechanism of action and to
estimate their effectiveness in further clinicaearches.

[Table 5]
[Table 6]
[Table 7]
[Table 8]

3.5 Antibacterial activity
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In order to check the selectivity of the inhibitgpgtential of the studied derivatives
against M. tuberculosis strains, the effect of thiourea-based compoutels and their
tetrazoles towards 10 bacterial isolates (5 Grasitpe rods and 5 Gram-negative cocci) was
examined (Table 9). None of the starting 4-methbeyyylthioureas 1-9) possessed
antibacterial activity. Only some tetrazole-contagnregioisomers 2a-4a, 6a, 1b, 3b, 4b)
exerted slight growth-inhibitory potency towar8sepidermidis and S. aureus strains, with
MIC values ranging from 32 to 64 uM. Other synthedi tetrazoles were inactive towards
representative bacterial isolates (M¥C128 pM). The obtained results indicated that the

antimycobacterial profile of derivatives presentethis study is highly selective.

[Table 9]

3.6 Cytotoxicity evaluation

To get information concerning toxicity of newly slgasized tetrazoled4-9a, 1b-9b)
in mammalian cells, thein vitro effects on two normal cell lines, V79 (Chinese ktenlung
fibroblast) and HaCaT (human immortal keratinocyteye evaluated (Table 10). The results
showed that compounds, applied at the concentratiob00 uM for 72 h, had negligible
impact on the viability of non-neoplastic cells.€eTtCso values of all derivatives were higher
than 100 uM, that demonstrated their good safetlysahectivity towards mycobacterial cells.
What is more, they were found to be more than sédwzen times less cytotoxic than the
reference doxorubicin against both tested celkline

To confirm the safety of the most promising antéxdular agents8g, 9a), the LDH
cytotoxicity assay on cancer cell lines: HTB-140rftan melanoma), A549 (human epithelial
lung carcinoma), CaCo-2 (Caucasian colon adenouar@), as well as on normal HaCaT
cell line was performed (Fig.3.). Studied tetragolere used at the concentration of LOQ
because of their high Kgvalue. The level of cell damage in normal HaCallsagaused by
the presence dda and9a was low,and accounted for 4.88 and 7.25 %, respectiv&bth
derivatives expressed also low cytotoxic influelmeetumor cell lines. Although the LDH
release was the strongest 8arin HTB-140 and CaCo-2 cells, it was still not sfgrant, and
did not exceed 17%.
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The obtained cytotoxicity data confirmed a mindtuaence of H-tetrazole derivatives

on the growth and viability of normal and pathogecells.
[Table 10]
[Fig.3.]
4. Conclusions

In this work a set of isomeric (4-methoxyphernyj-tetrazol-5-amines, bearing
differentially substituted halogen atom on the teahbenzene ring, was synthesized from
their thiourea counterparts. These structural neatibns led to an increase of hydrophilicity
and activity of compounds against standard and-desigtantM. tuberculosis strains. Among
studied regioisomers, N-substituted halogenophetgrivatives were found to be more
effective than 1-substituted compounds. What isentne bioactivity was the highest for
bromophenyl agents, substitutedv@a- or para- position.

Newly synthesized tetrazole-based derivatives edeaatso a promising potential in the
combined anti-TB therapy. The synergistic effect9afSM combination against thred.
tuberculosis strains was denoted, and also the additivity dhi8a and9a compounds when
paired with INH, RMP or EMB was described. The gotasm of tetrazoles-INH
combinations towards both drug-sensitive isolaiestberculosis H37Rv and Spec. 192), and
the high resistance of Spec. 800 to these composigigest a possible inhibitory effect of
newly synthesized derivatives against InhA. Reguaydihe cytotoxicity, the synthesized
tetrazoles showed negligible impact on two normad ahree cancer cell lines at a
concentration of 100 uM, and did not noticeablyibiththe growth of Gram-positive and
Gram-negative bacteria.

Although further changes in chemical structure eifazole-derived compounds are
needed in order to develop their antimycobactgmafile and therapeutic safety, selective
substances, such 8a and9a, are the most promising for the combined humanabgcteria

treatment.
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Scheme 1. Synthesis of 1,5-disubstituted tetrazdlas9a and1b-9b.
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Fig.1. Crystal structure of compounds, 1b and5a. Thermal ellipsoids drawn at 50% probability
level (disordered fluorine atom omitted for clayity
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Fig.2. The superposition of moleculéa and5a.
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Fig.3. LDH release as a marker of cell death in HTB-14849, CaCo-2 and HaCaT cells,
treated with compound®a and9a at a concentration of 1Q@M for 72 h. Data are expressed

as the mean £ SD from three independent experinpemtsrmed in triplicate.
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Table 1. Crystal data and structure refinement for compoumagdb and5a.

Compound la 1b 5a

Empirical formula GsH12FINsO4 C14H15F1NsOq C14H12C|1N501

Formula weight 285.29 285.29 301.74

Space group P2i/c P2i/c P2,

Unit cell dimensions

a[A] 19.371(4) 19.4612(15) 7.5550(6)

b [A] 5.9526(11) 7.3902(5) 6.7847(5)

c[A] 11.742(2) 9.3640(7) 13.0918(10)

o [°] 90.00 90.00 90.00

B[] 101.905(5) 100.633(3) 102.494(3)

v [°] 90.00 90.00 90.00

VolumeV [A?] 1324.8(4) 1323.63(17) 655.17(9)

Z [molecules/cell] 4 4 2

Dealcutate [Mg M7 1.430 1.432 1.529

Absorption coefficienp/mm*  0.106 0.106 0.298

0 range for data collection [°]  3.22-30.02 2.96-25.2 2.76-25.48

Limiting indices 24 <zh=>27 -23<=Hh=>20 9<=h=>9
-8<=k=>8 -8<=%«=>8 -8<=%«=>8
-16<=1=>16 -l1<4=>11 -15<4=>15

Reflections collected/unique 15027/3863 14665/2387 11160/2424

Data/parameters 3863/209 2387/233 2424/238

Goodness of Fit 1.030 1.035 1.081

FinalRindex ( > 2o) 0.0430 0.0421 0.0287

wR 0.0932 0.0938 0.0751

Largest diff. Peak and hole 0.297 and -0.217 0.48 and -0.20 0.40 and -0.22

[A~]

Flack parameter

0.013(16)




Table 2. Activity of 1-(halogenophenyl)-3-(4-methoxyphertiiipureasl-9 against selectellycobacterium tuberculosis strains — minimal inhibitory
concentrationsMIC, pg/ml).

Compound logP* M. tuberculosis Ha7R, M. tuberculosis Spec 210 M. tuberculosis Spec. 192
(multidrug-resistant) (sensitive to tuberculostatics)
1 3.28 50 100 50
2 3.30 50 100 100
3 3.23 50 100 100
4 3.44 25 50 25
5 3.52 100 100 100
6 3.53 50 50 50
7 3.52 50 50 50
8 3.61 50 50 50
9 3.61 25 >100 25
Isoniazid (INH) 6.25 12.5 6.25
Rifampicin (RMP) <3.1 50 <3.1
Streptomycin (SM) <3.1 25 <3.1
Ethambutol (EMB) <3.1 50 <3.1

*logP values calculated using online softwdrip://www.swissadme.ch



Table 3. Activity of synthesized tetrazoles against selédfgcobacterium tuberculosis strains — minimal inhibitory concentrationgIC, pg/ml).

M. tuberculosis Hz7Rv

M. tuberculosis

M. tuberculosis

M. tuberculosis Spec. 800

Compound LogP* R Spec. 192 Spec 210 (INH-monoresistance resulting frot
(sensitive to (multidrug- mutation in InhA promotor part)
tuberculostatics) resistant)
la 2.75 2-F-Ph 16 16 16 ND
2a 2.71 3-F-Ph 8 8 8 256
3a 2.71 4-F-Ph 32 32 32 512
da 2.97 2-Cl-Ph 8 8 8 256
5a 2.93 3-Cl-Ph 32 32 32 256
6a 2.95 4-Cl-Ph 16 16 16 256
7a 3.05 2-Br-Ph 64 64 64 512
8a 3.02 3-Br-Ph 2 2 2 128
9a 3.04 4-Br-Ph 2 2 2 128
1b 2.69 2-F-Ph 16 16 16 ND
2b 2.86 3-F-Ph 16 16 16 256
3b 2.71 4-F-Ph 8 8 8 128
4b 2.94 2-Cl-Ph 8 8 8 128
5b 2.97 3-CI-Ph 8 8 8 128
6b 2.96 4-Cl-Ph 8 8 8 128
7b 3.01 2-Br-Ph 16 16 16 256
8b 3.07 3-Br-Ph 16 16 16 256
9b 3.05 4-Br-Ph 16 16 16 256
Isoniazid (INH) 0.125 0.125 16 2

Rifampicin (RMP) 1 1 32 1

Streptomycin (SM) 1 1 16 1

Ethambutol (EM B) 2 2 32 2

ND — not determined

*logP values calculated using online softwdrip://www.swissadme.ch



Table 4. Activity of tetrazolea-9a and1b-9b against atypical mycobacteria — minimal inhibitogncentrationsMIC, pg/ml).

M. avium M. intracellulare M. kansasii M. scrofulaceum M. fortuitum M. xenopi
2a 128 64 512 16 256 512
3a 256 16 512 32 512 >512
da 128 128 512 32 256 512
5a 256 128 512 512 256 >512
6a >512 32 >512 >512 >512 512
7a 256 128 512 256 256 512
8a 256 128 512 512 256 >512
9a 512 128 512 512 >512 256
1b 256 128 256 32 256 128
2b 128 64 256 16 256 128
3b >512 512 512 64 >512 256
4b 512 128 256 32 128 512
5b 64 128 512 2 512 512
6b 256 128 512 16 >512 128
7b >512 256 256 128 >512 >512
8b 64 >256 512 32 512 512
9% >512 256 512 256 >512 512

| soniazid (INH) 32 64 32 64 128 64




Table 5. Effects of combinations of compoun8a or 9a with rifampicin (RMP), isoniazid (INH), streptomiyc(SM) or ethambutol (EMB) againd.
tuberculosis Hz7Rv strain.

Compound (1 MIC - 1/32 MIC)/  MIC Compound/ Drug Drug (IMIC - 1/32 MIC)/ MIC Drug/ Compound FICI Effect
Drug (1/2 MIC) Compound (1/2 MIC) Compound/Drug
8a/ RMP 0.5 RMPR&a 0.25 0.5 additive
8a/ INH 0.25 INH/8a 0.5 4.125 antagonistic
8a/ SM 0.5 SM/Ba 0.25 0.5 additive
8a/ EMB 0.5 EMB/8a 1 0.75 additive
9a/ RMP 0.5 RMPPa 0.25 0.5 additive
9a/INH 0.25 INH/9a 0.5 4.125 antagonistic
9a/ SM 0.25 SMPa 0.25 0.375 synergistic
%9a/ EMB 0.25 EMB/9a 1 0.625 additive

Table 6. Effects of combinations of compoun8ts or 9a with rifampicin (RMP), isoniazid (INH), streptomiyc(SM) or ethambutol (EMB) against
M. tuberculosis 192 strain.

FICI
Compound/Drug Effect
Compo%r:ﬂél(ll\//lZICMlcl:;SZ MIC)/ MIC Compound/ Drug Dggn(]tl\él&gd (11/?22“/'\(:8)/ MIC Drug/ Compound

8a/ RMP 0.5 RMPBa 0.25 0.5 additive
8a/ INH 0.25 INH/8a 0.5 4.125 antagonistic
8a/ SM 0.5 SM/8a 0.25 0.5 additive
8a/ EMB 0.5 EMB/8a 1 0.75 additive
9a/ RMP 0.5 RMPPa 0.25 0.5 additive
9a/INH 0.25 INH/9a 0.5 4.125 antagonistic
9a/SM 0.25 SMPa 0.25 0.375 synergistic

9a/ EMB 0.25 EMB/9a 1 0.625 additive




Table 7. Effects of combinations of compoun8&s or 9a with rifampicin (RMP), isoniazid (INH), streptomiyc(SM) or ethambutol (EMB) against
multidrug-resistani. tuberculosis 210 strain.

Compound (1 MIC - 1/32 MIC Compound/ Drug Drug (1IMIC - 1/32 MIC)/ MIC Drug/ Compound FICI Effect

MIC)/ Drug (1/2 MIC) Compound (1/2 MIC) Compound/Drug
8a/ RMP 0.5 RMPBa 8 0.5 additive
8a/INH 0.25 INH/8a 16 1.125 indifferent
8a/SM 0.5 SM/8a 16 1.25 indifferent
8a/ EMB 2 EMB/8a 16 15 indifferent
9a/ RMP 1 RMPPa 8 0.75 additive
9a/INH 0.25 INH/9a 8 0.625 additive
9a/SM 1 SM/9a 8 1 additive
9a/ EMB 2 EMB/9a 16 15 indifferent

Table 8. Effects of combinations of compoun8&s or 9a with rifampicin (RMP), isoniazid (INH), streptomiyc(SM) or ethambutol (EMB) against
INH-monoresistanM. tuberculosis 800 strain.

Compound (1 MIC - 1/32 MIC)/  MIC Compound/ Drug Drug (IMIC - 1/32 MIC)/ MIC Drug/ Compound FICI Effect
Drug (1/2 MIC) Compound (1/2 MIC) Compound/Drug
8a/ RMP 64 RMPBa 0.25 0.75 additive
8a/INH 16 INH/ 8a 1 0.625 additive
8a/ SM 8 SM/8a 0.5 0.56 additive
8a/ EMB 32 EMB/8a 1 0.75 additive
9a/ RMP 128 RMPPBa 0.125 1.125 indifferent
9a/ INH 32 INH/9a 0.5 0.5 additive
9a/SM 16 SM/9a 0.25 0.375 synergistic
9a/ EMB 32 EMB/9a 1 0.75 additive




Table 9. Antibacterial activity of compounds9, 1a-9a and1b-9b, expressed as MIGig/ml).

Comp. S. epidermidis S. epidermidis S. epidermidis  S.aureus S aureus P. P. E. coli K. P. vulgaris
ATCC 35984/ ATCC 12228 1457 ATCC NCTC aeruginosa  aeruginosa ATCC pneumoniae NCTC
RPG62A 6538 4163 NCTC 6749 PAO 1 25922 ATCC 4635
10031
1-9 >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
la >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
2a 128 32 256 64 128 >256 >256 >256 >256 >256
3a 128 64 128 128 128 128 >256 >256 >256 128
4a 256 128 64 32 32 >256 >256 >256 >256 64
5a >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
6a 128 64 128 128 128 >256 >256 >256 >256 128
7a 256 128 256 256 256 >256 >256 >256 >256 >256
8a >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
9a >256 256 >256 >256 >256 >256 >256 >256 >256 >256
1b 64 64 64 64 64 256 256 256 256 256
2b >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
3b 128 64 128 64 64 256 256 256 >256 256
4b 64 64 128 64 64 256 256 256 256 256
5b >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
6b 256 256 >256 >256 256 >256 >256 >256 >256 >256
7b >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
8b >256 >256 >256 >256 >256 >256 >256 >256 >256 >256
9% >256 >256 >256 >256 >256 >256 >256 >256 >256 >256

Ciprofloxacin 0.0625 0.125 0.125 0.125 0.125 0.125 0.125 <0.0625 <0.0625 <0.0625




Table 10. Cytotoxic activity (IGo, UM) of studied compounds against normal V79 aa@&T cell lines, estimated by the MTT agsay

Compound V79° HaCaT®
la 115.12+3.4 111.34+3.2
2a 247.52+3.3 126.6315.1
3a 236.4512.8 155.23+4.1
da 245.6115.6 134.23+4.9
5a 242.54+4.9 141.23+£3.5
6a 245.23+2.3 143.23+5.2
Ta 239.43+3.8 137.23+4.3
8a 241.3115.6 138.45+4.6
%9a 212.4615.8 131.26+£3.8
1b 212.36x4.4 122.08+4.7
2b 122.78+4.2 101.21+£2.8
3b 145.34+£2.5 101.45+2.9
4ab 101.57+£3.8 100.13+£3.7
5b 124.21+45.7 103.45+2.9
6b 114.51+4.1 102.37+£1.8
7b 119.2745.3 104.62+2.2
8b 124.34+3.7 107.29+4.9
9 125.45+2.4 103.27+£2.7
Doxorubicin  2.21+0.08 0.23 +£0.03

®Data are expressed as mean+SQ; (@EM) - the concentration of the compound thatesponds to a 50% growth inhibition of a cell lias compared to the control), after culturing thiisce
for 72 h with the individual compounBChinese hamster lung fibroblast cell lifidpman immortal keratinocyte cell line




Highlights:

* A series of halogenated 1H-tetrazol-5-amine regioisomers were synthesized

* Invitro activity studies against typical and atypical mycobacteria were performed

* Synergism of 9a with SM against three M. tuberculosis strains was denoted

» Additive effect of 8a and 9a with first-line drugs: EMB, INH and RMP was observed

» Compounds exerted no antibacterial and cytotoxic action.



