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Abstract.

Tuberculosis (TB) has recently become the leadifigrkamong infectious diseases. Multidrug
and extensively drug-resistawiycobacterium tuberculosi&rains urge the need to develop anti-
TB drugs with a novel mechanism of action. We dbscsynthesis of 22 novel imidazol[1,2-
b][1,2,4,5]tetrazine derivatives with different stihsents at C(3) and C(6) positions, and their
antimycobacterial activityn vitro. 8 compounds show activity as potential serinetthne
protein kinase (STPK) inhibitors M. smegmatis aphVllltest-system, which is characteristic
for this class. 3 compounds out of 5 most activ€ s Tnhibitors have a prominent minimal
inhibitory concentration oM. tuberculosis H37Rwf 1 pg/ml. We were able to obtail.
smegmatis mc2 15&utants resistant to 4 compounds and show that dieegiot have cross
resistance with other drugs, but have a common amesim of resistance among these 4
imidazo[1,2b][1,2,4,5]tetrazines. Compound 3h seems the mosmiging, combining a
predicted STPK inhibitor activity, the lowest MIG &1. tuberculosisand a low frequency of

drug resistant mutants’ emergence.

Keywords: Mycobacterium  smegmatis Mycobacterium tuberculosis imidazo[1,2-

b][1,2,4,5]tetrazine, CH-functionalization, drug clisery, drug resistance, tuberculosis,.
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1. Introduction

According to the World Health Organization, tubdosis (TB) has recently become the
deadliest among the infectious diseases, with atbut million new TB cases and over 1.8
million deaths in 2016 [1]. The number of TB caseth multidrug resistance (MDR-TB,
defined as TB resistant to rifampicin and isonigqzsdconstantly growing, being a global threat
for TB treatment and leading to the necessity afigisnore expensive and more toxic second-
line drugs [1-3]. A custom case of MDR-TB is TB liextensive drug resistance (XDR-TB,
defined as MDR-TB with resistance to the fluorogqliimes and second-line injectables), and
recently cases of totally drug-resistance TB wels aeported [4,5]. The emergence of
Mycobacterium tuberculosirains (the causative agent of TB) with MDR, XBRI TDR leads

to an urgent need for novel anti-TB drugs with &etanechanism of action.

A promising way of search for new drugs, includamgi-tuberculosis drugs, is the synthesis and
bioscreening of polynitrogen heterocycles, in gattr tetrazine derivatives. These compounds
have an acceptor character and a large numberntefoladoms in the structure, which provides
their high affinity tobiotargets due to the possibility of valent and non-valemiding to electron-
donor protein groups. Azole-annulated tetrazines @ir particular interest for the study of
biological activity, since they are polynitrogenataining purine analogues. There are a number
of publications showing the different biologicaltiaties of 3,6-disubstituted and azole-
annulated 1,2,4,5-tetrazines. For example, antohiat activity of 1,4-dihydroimidazo[l,2-
b][1,2,4,5]tetrazines [6], antibacterial and fungigt action of aminesubstituted 1,2,4,5-
tetrazines [7] and thiazolo[3/8{1,2,4,5]tetrazines [8], as well as antitumor wityi of
triazolo[4,3b][1,2,4,5]tetrazines [9] and imidazo[1t#[1,2,4,5]tetrazines [10].Important
biomedical application of 1,2,4,5-tetrazines isdoibogonal reactions of the [4+2] cycloaddition
of 1,2,4,5-tetrazines and various dienophiles (ise#electron demand Diels—Alder reaction), for
use in applications from protein labelling to can@emaging or materials science [11,12].
Previously, tuberculostatic activity of imidazo[lpp and [1,2,4]triazolo[4,33]-
[1,2,4,5]tetrazines [13], as well as 3-(3,5-diméthi-pyrazole-1-yl)-1,2,4,5-tetrazines
containing in position C(6) fragments of amines,|B4, hydrazones [16] or amino acid esters
[17] was detected and described. These examples #iw expediency of finding new anti-
tuberculosis drugs in a number of derivatives of2,45-tetrazine, in particular
azolo[1,2,4,5]tetrazines.

We have previously found that substituted imidazbf[1,2,4,5]tetrazines bearing alkylthiol
fragments at C(6) position of heterocyclic systeam show the activity as serine/threonine
protein kinase (STPKSs) inhibitors in the smegmatis aphVllltest-system [13].
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This paper describes the synthesis of new imida2ddl[1,2,4,5]tetrazine derivatives with
different substituents at C(3) and C(6) positis@eening of their activity as serine/threonine
protein kinase (STPKSs) inhibitors in thé smegmatis aphVIlltest-system and investigation of
antimycobacterial activity of leading compounds bh smegmatisand M. tuberculosis

obtaining drug-resistaMl. smegmatisnutants and their phenotypic characterization.

2. Chemistry

Synthesis of 3-(azol-1-yl)imidazotetrazinga-d was carried out by the previously described
method [18] by cyclocondensation of the correspogdl,2,4,5-tetrazines containing 2,2-
dimethoxyethylamine fragment obtained from the lade 3,6-di(azol-1-yl)-1,2,4,5-tetrazines.
To further evaluate the substituent’s in C(7) positinfluence on antimycobacterial activity of
imidazotetrazines we also synthesized 7-phenylinutirazine2 [19] by cyclization of 3-
amino-6-(3,5-dimethylpyrazol-1-yl)-1,2,4,5-tetrazirwith aminoacetophenone by boiling the
reactants in ethanol (Scheme 1).
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Scheme 1Synthesis of 3-substituted and 3,7-disubstitutedazo[1,2b][1,2,4,5]tetrazines

Compoundsla-d and 2 were used as starting substances for modificatfoimmazotetrazine
system in reactions with a wide range of S-nucldepl{Scheme 2). Previously [20] in several
examples, we have shown that S-nucleophile, inrashto alcohols and amines, do not replace
the leaving group in tetrazine cycle of azolotdtreg. Herewith in imidazo[l,2-
b][1,2,4,5]tetrazines instead of the expected nymtidix attack on the electrophilic atom C(3),
an unusual replacement of the hydrogen atom imutimelated imidazole cycle is realized. In this
paper, we show that the variation of the azolylssitdrent in the tetrazine cycle, as well as the

introduction of the aryl fragment to the C(7) pmsit has no significant effect on the direction
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and vyield of substitution reactions with  mercaptai$ie highest yields of 6-substituted
imidazotetrazine8 and5 (50-75%) were achieved using alkylmercaptans,emnilthe reactions
with thiophenol derivatives the yields of substiat products were reduced to 15-35%. In
addition, it was observed that the small amountdisibstituted derivative$ are formed along
with the desired product8 in the reactions of imidazotetrazinéa-d with alkylthiols. The
structure of compound$ was confirmed by théH NMR and the liquid chromatography mass
spectrometry (LCMS) using produects,b, which were isolated by column chromatography. In

reactions with aromatic mercapto derivatives, twenftion of disubstitution products was not

observed.
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s Nt N NY
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CH,CH,OH (3e); OH 4-(COOH)C¢H,  (3I).

But
Scheme 2Synthesis of imidazo[1,Bl{1,2,4,5]tetrazines bearing alkylthiol fragmentsC46)
position

The interaction of imidazotetrazines with mercaptasas realized only in the presence of a base,
as which triethylamine was used in this work. Tke of KCO; also catalyzed these reactions,
however, the yield of the target compounds wastanbially reduced. When the reaction was
carried out in an argon atmosphere without oxygmess, the substitution products also formed
with a substantially lower yield. We can supposeo tways of passing the reaction of
imidazotetrazines with mercaptans (Scheme 3). RAutecludes the nucleophilic addition of a
thiol to the C(6) atom in the imidazole ring, aetiwd by the high-acceptor tetrazine core, and
subsequent rapid oxidation of the formed adducshttuld be noted that the adduct was not

possible to isolate or experimentally detect. R&itsssumes a radical mechanism of the process
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where the thiol radical produced by oxidation pesceeplaces the hydrogen atom at C (6) in
imidazotetrazine. In the case of both theand B pathways, the acceptor molecules of the
starting azolotetrazine may act as the oxidant@rdbe reduced to anion radicals or dihydro

derivatives, which then oxidized back under théoacbf atmospheric oxygen.
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Scheme 3Possible ways of formation of 6-alkylthioimidaz@d®b][1,2,4,5]tetrazines

Using the example of the interaction of compo@hdwith heptylamine and ammonia (Scheme
4) the possibility of modification of 6-alkylthioiitlazotetetrazines at the C (3) position with
amine fragments has been shown. The correspondidigaphilic substitution products of the
3,5-dimethylpyrazolyl groua,b were formed under mild conditions with good yields
addition, to further evaluation of the biologicdfeet and the studying of reactivity of the 6-
alkylthioimidazotetrazines modification productle talkylthiol fragment in the compourgh
was oxidized to the sulfonic group by 3-chloropedmec acid. By the example of the reaction
with heptylamine, it has been shown that the leggroup in the tetrazine ring of the sulfone

is easily substituted by the action of amines (8Suhd).
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Scheme 4Modification of 6-alkylthioimidazo[1,3][1,2,4,5]tetrazines
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3. Results and discussion
Mycobacterial serine-threonine protein kinases intition in vitro assay

The compound&b and3a have been previously shown to be able to bindhédt tuberculosis

PknB adenine-binding socket by docking studies .[13]l synthesized imidazo[1,2-
b][1,2,4,5]tetrazine derivatives were tested for #imlity to inhibit mycobacterial eukaryotic
type serine-threonine protein kinases (STPK). WadukeM. smegmatigphVIli+ test-system,
that was previously validated for mycobacterial 8TiRhibitors screening, including those Mgt
tuberculosis[21-23]. This test-system implies the paper-disk methoe: tést-compound in
subinhibitory concentration is applied on a papgsk-dn combination with kanamycin and the
diameter of the growth inhibition halo is compatedthe one produced by kanamycin alone.
Those compounds, that produce a larger growth itidribhalo in combination with kanamycin
than kanamycin alone, are considered active STRHKitors. The results are presented in Table

1.

Table 1. Study of protein kinase inhibition activity of idazo[1,2b][1,2,4,5]tetrazines

M. smegmati®\PHVIII+
Compound Growth |nh|b|';:]or2 halo diameter, Subinhibitory concentration,
substance + kanamycin* nmol/disk

1b 12.8+0.4 50
3a 13.3+1.1 50
3c 13.7+0.5 100
3f 9.3+0.7 5
3h 11.5+0.7 5
3i 9.3+0.7 100
3m 13.8+0.4 25
3n 13.0+0.4 50
5 11.0+0.5 5
6a 12.0+1.0 50

*Growth inhibition halo produced by kanamycin alqB&0ug/disk) was 9.3+0.7 mm.

The study of biological activity of synthesized qomands in theM. smegmatigphVIll+ test-
system has shown, that STPK inhibition activityreases (showing a higher increase in the
growth inhibition halo diameter) with introductiaf the alkyl(aryl)mercapto group into C(6)
position of the imidazo[1,B}[1,2,4,5]tetrazine system. The most promising STiRKibitors

were compounds bearing isopropylthi@a( 3m, 3n), benzylthiol 8c) and thiophenol 3h)
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fragment in the C(6) position of the system. Matidifion of imidazotetrazine at C(3) position
revealed that the most active derivatives contaiidazolyl substituentl, 3n, 3m). However,
further study of such derivatives may be diffiadilte to their low solubility.

We were able to select 5 compounds among the notige anes with decent solubilitytlj, 3a,

3c, 3hand3n) for further analysis.

Antimycobacterial activity in vitro

We measured the MICs of the compounds in both digand solid media on different
mycobacterial strains. The results are present@dlute 2.

The activity of the imidazo[1,B}[1,2,4,5]tetrazines oM. smegmatisvas lower than oM.
tuberculosis with 3h and 3c being the most active compounds both in weightwodume and
molar concentrations. The lower activity dh smegmaticompared tdVl. tuberculosiswas
expected and can be explained by a wider systenmtohsic antibiotic resistance in this
bacterium [24]. However, the active concentratiohthe compounds allowed us to further use
the M. smegmatisnodel, providing faster results without the needise the biosafety level 3
facility, for obtaining spontaneous resistant mtgand analyzing them.

Table 2 MICs of the imidazo[1,d][1,2,4,5]tetrazines on mycobacterial strains.

Compound | N, M. tuberculosis H37Rv M. smegmatis’rh65
Liquid medium Liquid medium| Solid medium
pg/mi UM pg/ml | uM pg/ml | uM
3a 289,36 | 1 35 64 2212 | 64 221.2
3h 32338 | 1 3.1 32 99.0 20 61.8
1b 187,16 | 25 133.6 32 171.0| 25 133.6
3n 275,33 | 25 90.8 64 2324 | 25 90.8
3c 337,40 | 1 3.0 32 94.8 20 59.3
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Obtaining spontaneous M. smegmatis mc®155 mutants resistant to imidazo[1,2-
b][1,2,4,5]tetrazines

The acquired drug resistance may derive from manatin genes encoding drug-targets, prodrug
activators, efflux pumps, proteins that mediatel-well permeability, thus it is always
determined genetically. The knowledge of the padaéntisk of drug-resistant mutants’
emergence, as well as potential cross-resistanitteather anti-tuberculosis agents is crucial in
the development of drug-candidates for a compleattnent of tuberculosis and co-morbidities.
Thus, we investigated the frequency of emergencespointaneousM. smegmatis nicl55
mutants resistant to the studied compounds. We thee8.5-4times MIC concentrations of the
imidazo[1,2b][1,2,4,5]tetrazines to obtain spontanedlissmegmatis nicl55resistant mutants.
The actual concentrations used and the frequendyugfresistant mutants’ emergence is shown
in Table 3.

3cwas the one compound, that generated most mwaBigxMIC, with 3afollowing it. As3a
had the highest MIC, together with a high frequenéyesistance emergence it makes this
compound the least appealing as a possible antthl§ candidate3h and 3n had similar
frequency of drug resistant mutants’ emergence.ifitrease o8h compound concentration by
1xMIC (from 4x to 5x) lowered the frequency of spontaneous mutantsganee by 15,4 times,
which is usual for bacteria: one mechanism of tesie provides one MIC value, and
developing this mechanism might become less faveralnen reaching this value or slightly
overcoming it, while a higher increase in MIC migiged a different mechanism of resistance,
involving mutations in other genes, or even a caoration of different mutations, leading to a
more dramatic change in spontaneous resistant tsut2ib)]. Still a dispersion in the frequency
by 10-100 times might may be observed when obtgispontaneous mutants resistant to one
concentration of the drug in different experimeots mycobacteria [26]. We could not obtain

any spontaneousb resistant mutants on 3MIC. We suppose that due to the fact that this
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molecule has the smallest structure, it might Iss lgpecific than the others, and might have
more than one biotarget.

We selected 3 mutants resistant to each of the congs for further analysis3a®
(M. smegmatis 88, at"9, at*10), 3h" (M. smegmatis &1, at"2, at"11), 3n® (M. smegmatis

at14,at"17,a?19) and3c® (M. smegmatis 883, at*37,at™40).

Drug resistant mutants’ phenotypic characterization

We confirmed the mutants’ resistance to imidaze|2,2,4,5]tetrazines by determining the
MICs in liquid medium. Moreover, we discovered thie selected mutants had cross-resistance
among all the compounds, except Itx

On3a, mutants 9, 14, 17, 19 had a MIC of 3&§ml (4x w.t. MIC), mutants 1, 8, 10, 11, 33, 37,
40 — 512ug/ml (8% w.t. MIC) and mutant 2 — 1034g/ml (16x w.t. MIC).

On 3h and 3c all the mutants had a MIC higher than |6g/ml. The exact MIC could not be
determined in liquid medium due to the crystali@at of the compounds at higher
concentrations.

On 3n, mutants 8, 10 and 11 had a MIC of 3&8ml (4x w.t. MIC), while all the others — 128
pg/ml (2x w.t. MIC).

On 1b all the mutants retained the w.t. MIC of @g/ml.

We used paper-disc method to further analyze theamtal susceptibility both to imidazo[1,2-
b][1,2,4,5]tetrazines and to antibiotics of differeclasses. This method allows a fast and
sensitive comparison of drug susceptibility amotrgiss, though the results are less reliable
than MIC determination in liquid or solid mediumhd&results are shown on Picture 1.

We observed an increase in drug resistance thasiyagicant according to our criterium of the
M. smegmatist™8, at"10, at"14, at"1, at®2 andat™11 to rifampicin;M. smegmatis 88, at™9,
at’14, at"1, at™2 andat™11 to erythromycinM. smegmatis &40, at®19 andat™2 to ofloxacin,

M. smegmatis 883, at"37, at™9 andat*10 to imipenem. All the mutants showed increased
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resistance t®a, 3h and3c. All the mutants, except favl. smegmatis 887 andat"2 showed
significant increase in resistance3n, though all of them showed increased resistandigjuid
medium.M. smegmatis &8, at"9, at*10 andat™17 showed increased resistancelby though
they had the same MIC as the w.t. strain in ligmddium. M. smegmatis &0 andat™17
showed increased resistance to mitoxantrone. Bttegly two mutants M. smegmatis 487
andat™40 showed increased susceptibility to rifampicin. $ignificant changes in susceptibility
to kanamycin were observed.

Despite the fact that the observed differences iing dsensibility levels to rifampicin,
erythromycin, ofloxacin and imipenem were signifitaccording to our criterion, can't be
considered as highly increased resistance, as agethpa the resistance levels of the mutants to
imidazo[1,2b][1,2,4,5]tetrazines. Thus, we show that the seecompounds have a mechanism
of resistance, different from the drugs of comparjshowever a common mechanism leads to a
resistant phenotype to 4 out of 5 compounds, tlet to be elucidated by whole-genomic
sequencing.

Table 3. Frequency of spontaneous drug resisknsmegmatis mc2 158utants’ emergence.

Concentration Drug resistance mutants’
Compound
pg/mi xMIC emergence frequency

3a 256 4 2.2*10

80 4 2*10°
3h

100 5 1.3*10
1b 75-100 3-4 - (<19
3n 100 4 2.1*10
3c 75 3.75 4*10F
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Picture 1. Growth inhibition halos, produced by various atiics and imidazo[1,2-
b][1,2,4,5]tetrazines on w.t. and mutdnit smegmatistrains.
The X-axis represents different antibiotics andrtikencentrations per disc, the legend shows
the M. smegmatisstrains, the histograms represent the averageewvaftom triplicate

measurements, while the error bars representdneatd deviation.

4. Experimental

Compoundla-d, 2, 3h have been described earlier [18-20].

All the reagents and solvents were purchased framneercial sources. Reactions were
monitored by thin layer chromatography (TLC) onl8ibsilica gel plates, visualization done by
ultraviolet light. Column chromatography was penfied on silica gel (0.040-0.063 mm, 230—
400 mesh). The eluent for TLC and column chromatplgy was a benzene—acetonitrile (1:1)
mixture. Preparative high-performance liquid chromgeaphy was carried out on a device

Agilent-1200, with CHCN-H,O (1:1) as an eluent. 1H NMR (400, 500 MHz), 13C RI100,
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125 MHz) spectra were recorded in CRGt DMSO-d6 solvents on Bruker Avance DRX-400
and Bruker Avance Il 500 spectrometer using Me4Sthee internal standard. The chemical
shifts are given in thé scale in ppm. Spin multiplicities are given assmwmdlet), br. s (broad
singlet), d (doublet), dd (doublet of doublet)triplet), sept (septet), and m (multiplet). Couplin
constants (J) are given in hertz. Elemental armalysis performed on a CHRE 2400 Ser. li
(Perkin—Elmer) analyzer. Mass spectra were recordedShimadzu LCMS-2010 in the
electrospray ionization mode for solutions in MeQWelting points were determined using
melting point apparatus Boetius.

4.1. Chemistry

6-Substituted 3-azolylimidazo[1,2b][1,2,4,5]tetrazines 3a-p, 5.

To a solution of imidazo[1,B}[1,2,4,5]tetrazin€la-d, 2 (1 mmol) in acetonitrile (5 mL), thiol
(1.1 mmol) and triethylamine (101 mg, 1 mmol) wadgled. The reaction mixture was stirred 1
hour for compounds3f-i,l, 3h - 30,p 5-7h - 3a-¢ 24h - 3d,e,j,n, 48h - 3k,m,5 at room
temperature (TLC control). The solvent was cone@att. Compound3a-i,n-p, 5were isolated
by column chromatographyR{ = 0.43—0.92),3m were isolated by preparative HPL®; (=
0.68),3),k were isolated by recrystallization from methar®bk- from ethanol.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(isopropylthio)imidazo[1,2-b][1,2,4,5]tetrazine (3a).
Orange solid; yield: 60% (174 mg); mp 108-109 RCs 0.73. 1H NMR (400 MHz, DMSO-d6)
&: 1.30 (d,J = 6.7 Hz, 6H), 2.27 (s, 3H), 2.58 (s, 3H), 3.7dptsJ = 6.7 Hz, 1H), 6.30 (s, 1H),
8.76 (s, 1H). 13C NMR (125 MHz, CDgI5: 13.8, 14.3, 23.6, 38.7, 111.1, 123.8, 143.2,3,46.
146.9, 152.4, 153.Anal. calcd for GoH1sN7S: C, 49.81; H, 5.23; N, 33.88. Found: C, 49.78; H,
5.30; N, 33.58.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(propylthio)imidazo[1,2-b][1,2,4,5]tetrazine (3b).
Orange solid; yield: 51% (148 mg); mp 96-97 ®= 0.56. 1H NMR (400 MHz, CDG) o:
1.06 (t,J = 7.4 Hz, 3H), 1.71 (m, 2H), 2.40 (s, 3H), 2.7131), 3.12 (tJ = 7.2 Hz, 2H), 6.17 (s,

1H), 8.39 (s, 1H). 13C NMR (125 MHz, CDEI: 13.1, 13.9, 14.4, 23.2, 34.8, 111.2, 125.1,
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143.3, 145.3, 146.8, 152.4, 153Mnal. calcd for G:HisN;S: C, 49.81; H, 5.23; N, 33.88.
Found: C, 49.87; H, 5.23; N, 34.05.
6-(Benzylthio)-3-(3,5-dimethyl-H-pyrazol-1-yl)imidazo[1,2b][1,2,4,5]tetrazine (3¢).
Yellow solid; yield: 75% (253 mg); mp 139-140 °R;= 0.85. 1H NMR (500 MHz, DMSO-d6)
5: 2.28 (s, 3H), 2.60 (s, 3H), 4.40 (s, 2H), 6.311(d), 7.21-7.34 (m, 5H), 8.59 (s, 1H). 13C
NMR (125 MHz, DMSO-d6)d: 13.4, 36.0, 110.1, 122.7, 127.5, 128.5, 128.9.9,3142.8,
146.3, 146.9, 151.5, 151.7. Anal. calcd fagHGsN7S: C, 56.96; H, 4.48; N, 29.06. Found: C,
56.93; H, 4.65; N, 28.82.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(octadecylthio)imidazo[1,2b][1,2,4,5]tetrazine (3d).
Yellow solid; yield: 67% (335 mg); mp 86-87 °®& = 0.92. 1H NMR (400 MHz, CDG) é:
0.88 (t,J = 6.9 Hz, 3H), 1.25 (s, 25H), 1.38-1.48 (m, 2HH2t1.72 (m, 2H), 2.39 (s, 3H), 2.71
(s, 3H), 3.12 () = 7.3 Hz 2H), 6.17 (s, 1H), 8.38 (s, 1H). 13C NNIR5 MHz, CDC}) &: 13.8,
14.1, 14.4, 22.7, 28.4, 29.0, 29.3, 29.4, 29.5%,229.7, 31.9, 32.9, 111.1, 125.3, 143.4, 145.3,
146.8, 152.3, 153.4. Anal. calcd fogA4sN7S: C, 64.89; H, 9.08; N, 19.62. Found: C, 64.95; H,
9.02; N, 19.65.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(2-hydroxyethylthio)imidazo[1,2b][1,2,4,5]tetrazine

(3e). Orange solid; yield: 36% (105 mg); mp 134-135 ®;;= 0.43. 1H NMR (500 MHz,
CDCl) & 2.36 (s, 3H), 2.75 (s, 3H), 3.28 Jt= 5.8 Hz, 2H), 3.87 (1) = 5.8 Hz, 2H), 6.16 (s,
1H), 8.44 (s, 1H). 13C NMR (125 MHz, CD{b: 13.8; 14.7; 37.0, 61.6, 111.4, 123.8, 143.8,
147.0, 152.3, 153.&nal. calcd for GH13N7OS: C, 45.35; H, 4.50; N, 33.65. Found: C, 45.33;
H, 4.45; N, 33.52.

3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(6-hydroxyhexan-3-ylthio)imidazo[12-

b][1,2,4,5]tetrazine (3f). Orange solid; yield: 70% (243 mg); mp 109-110 ® ;= 0.80. 1H
NMR (400 MHz, CDC}) &: 0.85 (t,J = 7.2 Hz, 3H), 1.33-1.43 (m, 1H), 1.48-1.69 (m,)5&38

(s, 3H), 2.79 (s, 3H), 3.51-3.59 (m, 1H), 3.95-4(6% 1H), 4.36-4.44 (m, 1H), 5.32 (br. s, 1H),

6.18 (s, 1H), 8.46 (s, 1H). 13C NMR (125 MHz, CB@: 13.4, 13.8, 15.0, 20.0, 38.6, 39.0,
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46.9, 58.4, 111.4, 123.8, 144.5, 147.1, 148.7,9/5254.1.Anal. calcd for GsH;1N;OS: C,
51.85; H, 6.09; N, 28.22. Found: C, 51.40; H, 619427.94.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(3-(4-hydroxy-3,5-di-tert-
butylphenyl)propylthio)imidazo[1,2-b][1,2,4,5]tetrazine (3g).Orange solid; yield: 51% (500
mg); mp 111-112 °CR = 0.90. 1H NMR (500 MHz, DMSO-d&) 1.34 (s, 18H), 1.85 (m, 2H),
2.26 (s, 3H), 2.56 (s, 3H), 2.59 (m, 2H), 3.18 @H), 6.28 (s, 1H), 6.70 (s, 1H), 6.87 (s, 2H),
8.74 (s, 1H). 13C NMR (125 MHz, DMSO-d#8) 13.2, 13.4, 30.4, 31.6, 31.7, 33.7, 34.4, 123.7,
124.2, 131.8, 139.2, 142.6, 145.9, 147.0, 151.3,715151.9. Anal. calcd for &H3sN;OS: C,
63.26; H, 7.15; N, 19.86. Found: C, 63.38; H, 7M519.66.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(phenylthio)imidazo[1,2b][1,2,4,5]tetrazine (3h).
Yellow solid; yield 36% (117 mg); mp 139-140 °R; = 0.80. 1H NMR (400 MHz, CDG) &:
2.38 (s, 3H), 2.50 (s, 3H), 6.13 (s, 1H), 7.34-7138 3H), 7.40-7.44 (m, 2H), 8.29 (s, 1H). 13C
NMR (125 MHz, CDC}) &: 13.8, 14.1, 111.2, 123.9, 129.0, 129.3, 129.9.4,3144.4, 146.0,
146.8, 152.2, 153.5. Anal. calcd fogs813N7S: C, 55.71; H, 4.05; N, 30.32. Found: C, 55.61; H,
3.76; N, 30.31.

6-(2,5-Dimethoxyphenylthio)-3-(3,5-dimethyl-H-pyrazol-1-yl)imidazo[1,2-

b][1,2,4,5]tetrazine (3i). Orange solid; yield 42% (161 mg); mp 105-106 ®¢;= 0.74. 1H
NMR (500 MHz, DMSO-d6): 2.25 (s, 3H), 2.42 (s, 3H), 3.58 (s, 3H), 3.823), 6.27 (s,
1H), 6.52 (dJ = 3.0 Hz, 1H), 6.84 (ddl,= 8.9 Hz,J, = 3.0 Hz, 1H), 7.03 (d] = 8.9 Hz, 1H),
8.75 (s, 1H). 13C NMR (125 MHz, DMSO-d6) 13.0, 13.4, 55.5, 56.6, 110.1, 112.6, 112.8,
115.3, 118.5, 120.6, 142.8, 147.5, 148.3, 150.31.515151.8, 153.7. Anal. calcd for
Ci17H17N70O,S: C, 53.25; H, 4.47; N, 25.57. Found: C, 53.264187; N, 25.46.
6-(2-Carboxyphenylthio)-3-(3,5-dimethyl-H-pyrazol-1-yl)imidazo[1,2][1,2,4,5]tetrazine

(3j). Orange solid; yield 25% (92 mg); mp 266-267 Rg= 0.21. 1H NMR (500 MHz, DMSO-
d6) &: 2.23 (s, 3H), 2.27 (s, 3H), 6.23 (s, 1H), 6.76)e 7.6 Hz, 1H), 7.24-7.33 (m, 2H), 8.03

(dd, 3, = 7.6 Hz,J, = 2.0 Hz, 1H), 8.89 (s, 1H), 13.59 (br. s, 1H)CISMR (125 MHz, DMSO-



336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

d6) 6: 12.9, 13.3, 110.2, 118.7, 125.9, 127.0, 127.1,4,3133.3, 137.0, 142.7, 147.9, 149.2,
151.6, 151.8, 167.5. Anal. calcd fogeH13N70.S: C, 52.31; H, 3.57; N, 26.69. Found: C, 52.24;
H, 3.52; N, 26.65.
6-(3-Carboxyphenylthio)-3-(3,5-dimethyl-H-pyrazol-1-yl)imidazo[1,2-][1,2,4,5]tetrazine

(3K).

Yellow solid; yield 20 % (74 mg); mp 229-230 °&; = 0.10. 1H NMR (400 MHz, DMSO-d6)
3. 2.24 (s, 3H), 2.30 (s, 3H), 6.25 (s, 1H), 7.3357(m, 1H), 7.61-7.67 (m, 1H), 7.78-7.83 (m,
1H), 7.91-7.96 (m, 1H), 8.90 (s, 1H), 13.06 (brikl). 13C NMR (125 MHz, DMSO-d6):
13.0, 13.4, 110.2, 118.7, 125.9, 128.4, 129.2,(Q,3032.1, 132.5, 133.0, 142.8, 147.4, 148.0,
151.6, 166.4. Anal. calcd fori6H13N7O,S: C, 52.31; H, 3.57; N, 26.69. Found: C, 52.37; H,
3.65; N, 26.54.
6-(4-Carboxyphenylthio)-3-(3,5-dimethyl-H-pyrazol-1-yl)imidazo[1,2-][1,2,4,5]tetrazine

(3I). Yellow solid; yield 18 % (65 mg); mp 243-244 °R;= 0.10. 1H NMR (400 MHz, DMSO-
d6) &: 2.24 (s, 3H), 2.30 (s, 3H), 6.25 (s, 1H), 7.33)(d 8.5 Hz, 2H), 7.80 (d] = 8.5 Hz, 2H),
8.90 (s, 1H), 13.02 (br. s, 1H). 13C NMR (125 MHAISO-d6)5: 12.9, 13.4, 110.3, 117.0,
126.9, 129.1, 130.2, 138.3, 142.8, 147.6, 148.51.715151.8, 166.6. Anal. calcd for
Ci6H13N7O.S: C, 52.31; H, 3.57; N, 26.69. Found: C, 52.373185; N, 26.54.
3-(1H-Imidazol-1-yl)-6-(isopropylthio)imidazo[1,2-b][1,2,4,5]tetrazine (3m). Orange solid;
yield 34 % (89 mg); mp 139-140 °® = 0.68. 1H NMR (400 MHz, DMSO-d&: 1.33 (d,J =

6.7 Hz, 6H), 3.88 (sepfl = 6.7 Hz, 1H), 7.27-7.32 (m, 1H), 8.04-8.08 (m,)1B.76-8.79 (m,
1H), 8.80 (s, 1H). 13C NMR (125 MHz, DMSO-d®) 23.5, 38.3, 116.7, 123.0, 131.2, 136.0,
147.8, 147.9, 149.2Anal. calcd for GgH11N7S: C, 45.96; H, 4.24; N, 37.52. Found: C, 46.02; H,
4.41; N, 37.53.
6-(Isopropylthio)-3-(4-methyl-1H-imidazol-1-yl)imidazo[1,2b][1,2,4,5]tetrazine (3n).
Orange solid; yield 53 % (146 mg); mp 157-158 Rc; 0.50. 1H NMR (400 MHz, CDG) &:

1.40 (d,J = 6.8 Hz, 6H), 2.36 (s, 3H), 3.77 (sept 6.8 Hz, 1H), 7.66 (s, 1H), 8.43 (s, 1H), 8.69
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(s, 1H). 13C NMR (125 MHz, CDg)l'&: 13.2, 23.7, 38.9, 112.5, 125.2, 135.2, 140.2,3,47
147.7, 149.3Anal. calcd for GiH13N;S: C, 47.98; H, 4.76; N, 35.61. Found: 47.76; H64N,
35.56.

6-(Benzylthio)-3-(4-methyl-H-imidazol-1-yl)imidazo[1,2][1,2,4,5]tetrazine (30). Yellow
solid; yield: 43 % (139 mg); mp 80-81 °&;= 0.52. 1H NMR (400 MHz, DMSO-d& 2.25 (s,
3H), 4.45 (s, 2H), 7.22-7.34 (m, 5H), 7.75 (s, 1863 (s, 1H), 8.65 (s, 1H). 13C NMR (125
MHz, DMSO-d6)é: 13.5, 35.8, 112.5, 123.3, 127.5, 128.5, 128.%.4,3136.9, 140.1, 146.7,
147.6, 149.0. Anal. calcd fori€H13N7S: C, 55.71; H, 4.05; N, 30.32. Found: C, 55.74417,
N, 30.26.

6-(Benzylthio)-3-(1H-indazol-1-yl)imidazo[1,2b][1,2,4,5]tetrazine (3p).Yellow solid; yield:
79 % (284 mg); mp 165-167 °® = 0.86. 1H NMR (400 MHz, DMSO-d&): 4.47 (s, 2H),
7.19-7.30 (m, 3H), 7.31-7.37 (m, 2H), 7.43-7.49 (i), 7.68-7.76 (m, 1H), 7.99-8.04 (m, 1H),
8.56-8.61 (m, 2H), 8.71 (s, 1H). 13C NMR (125 MH#ISO-d6)3: 36.0, 114.4, 121.8, 122.7,
123.8, 126.1, 127.5, 128.5, 128.9, 129.0, 137.8,8,3140.4, 146.1, 147.2, 152.5. Anal. calcd
for CigH13N7S (FW =): C, 60.15; H, 3.65; N, 27.28 %. Found6Q.22; H, 3.50; N, 27.15 %.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6,7-bis(isopropylthio)imidazo[1,2b][1,2,4,5]tetrazine

(4a). Orange solidR = 0.79.Cnexrp 1H NMR (400 MHz, CDCJ) 6: 1.32 (d,J = 6.8 Hz, 6H),
1.56 (d,J = 6.8 Hz, 6H), 2.39 (s, 3H), 2.67 (s, 3H), 3.8dptsJ = 6.8 Hz, 1H), 4.32 (sepd, =
6.8 Hz, 1H), 6.22 (s,H). MS (ESI) m/z (%) = 364.15 (100) [M + HJcalcd for GsH2N;S,",
364.14).

3-(1H-Imidazol-1-yl)-6,7-bis(isopropylthio)imidazo[l,2][1,2,4,5]tetrazine  (4b). Orange
solid; yield 3 % (10 mg); mp = 104-106 °R;= 0.74.Cnextp 1H NMR (400 MHz, DMSO-d6)
§:1.28 (d,J = 6.7 Hz, 6H), 1.51 (d] = 6.8 Hz, 6H), 3.82 (sepl,= 6.7 Hz, 1H), 4.32 (sepl,=
6.8 Hz, 1H), 7.27 (s,H), 8.03 (s, 1H), 8.71 (s, 1H). MS (ESI) m/z (%) 36305 (100) [M + H]

(calcd for GsH1aN7S,', 336.11).
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3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(isopropylthio)-7-phenylimidazo[1 2-

b][1,2,4,5]tetrazine (5).0range solid; yield: 66% (241 mg); mp 150-151 Re= 0.90. 1H
NMR (400 MHz, DMSO-d6): 1.22 (d,J = 6.7 Hz, 6H), 2.29 (s, 3H), 2.61 (s, 3H), 3.7&ptsJ

= 6.7 Hz, 1H), 6.32 (s, 1H), 7.56-7.66 (m, 3H),188146 (m, 2H), 8.76 (s, 1H). 13C NMR (125
MHz, DMSO-d6)é: 13.2, 13.4, 23.2, 110.0, 118.3, 128.8, 128.9,.4,3031.8, 142.6, 146.5,
151.3, 151.8, 155.Anal. calcd for GgH19N;S: C, 59.16; H, 5.24; N, 26.83. Found: C, 59.08; H,
5.12; N, 26.57.

3-(Heptylamino)-6-(phenylthio)imidazo[1,2b][1,2,4,5]tetrazine (6a).To a solution of 1 mmol
(323 mg) 3-(3,5-dimethylH-pyrazol-1-yl)-6-(phenylthio)imidazo[1,B}{1,2,4,5]tetrazine h)

in 1.5 ml of acetonitrile was added 1.5 ml of hégutyine, stirred for 2 hours, then the reaction
solution was evaporated, acetic acid was addeletoesidue, the product was precipitated with
water, and filtered. Yellow solid; yield: 60 % (2@&3); mp 89-90 °CRy = 0.92. 1H NMR (400
MHz, DMSO-d6)&: 0.85 (t,J = 7.0 Hz, 3H), 1.17-1.28 (m, 8H), 1.42-1.52 (m,)2BL04-3.19
(m, 2H), 7.20-7.33 (m, 5H), 8.23 (s, 1H), 8.40 @r1H). 13C NMR (125 MHz, DMSO-d&)
13.9, 22.0, 26.3, 27.5, 28.3, 31.2, 40.7, 116.4,0,2128.3, 129.3, 132.5, 142.6, 146.1, 157.3.
Anal. calcd for G/H22NeS: C, 59.62; H, 6.48; N, 24.54. Found: C, 59.666189; N, 24.44.
3-(Amino)-6-(phenylthio)imidazo[1,2b][1,2,4,5]tetrazine (6b). A solution of 1 mmol (323
mg) of 3-(3,5-dimethyl-H-pyrazol-1-yl)-6-(phenylthio)imidazo[1,B}{1,2,4,5]tetrazine h) in
dimethylformamide, ammonia was flushed for 15 masutthe reaction was carried out in a
microwave oven for 10 minutes at a temperature5éf 1 C, the solvent was evaporated, the
product was precipitated from acetonitrile with graffiltered and washed with hexar@range
solid; yield: 90 % (220 mg); mp 204—205 °R, = 0.78. 1H NMR (400 MHz, DMSO-d6):
7.12-7.18 (m, 2H), 7.20-7.25 (m, 1H), 7.26-7.32 @hl), 7.69 (br. s, 2H) 8.26 (s, 1H). 13C
NMR (125 MHz, DMSO-d6)5: 115.3, 126.7, 127.1, 129.5, 133.4, 143.9, 14658.5. Anal.

calcd for GoHgNeS: C, 49.17; H, 3.30; N, 34.40. Found: C, 49.353H8; N, 34.19.



412 3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(isopropylsulfonyl)imidazo[1,2b][1,2,4,5]tetrazine (7).
413 To a solution of 1 mmol (289 mg) 3-(3,5-dimethy-pyrazol-1-yl)-6-
414  (isopropylthio)imidazo[1,2][1,2,4,5]tetrazine 3a) in acetonitrile was added 3.5 mmol (604
415 mg) of 3-chloroperbenzoic acid, stirred for 2 houh® solvent was evaporated, the residue was
416 washed with diethyl ether and filtered. Orangedsafield: 80% (258 mg); mp 205-206 °k;,=
417 0.85. 1H NMR (500 MHz, DMSO-d6&): 1.29 (d,J = 6.9 Hz, 6H), 2.29 (s, 3H), 2.58 (s, 3H),
418 3.63 (sept]) = 6.9 Hz, 1H), 6.35 (s, 1H), 8.95 (s, 1H). 13C NNIR5 MHz, DMSO-d6): 13.3,
419 13.4, 14.6, 55.3, 110.7, 121.6, 143.1, 145.0, 14%1.3, 152.3Anal. calcd for G,H15sN;O,S:
420 C,44.85; H, 4.70; N, 30.51. Found: C, 44.77; 1884N, 30.51.

421  3-(Heptylamino)-6-(isopropylsulfonyl)imidazo[1,2b][1,2,4,5]tetrazine (8a).To a solution of
422 1 mmol (321 mg) of 3-(3,5-dimethyHtpyrazol-1-yl)-6-(isopropylsulfonyl)imidazo[1,2-
423  DbJ[1,2,4,5]tetrazine®) in acetonitrile 10 mmol of heptylamine were addafter 10 minutes the
424  solvent was evaporated, the residue was washeddmthyl ether and filteredyellow solid,;
425 vyield: 82% (279 mg); mp 98-99 °®; = 0.87. 1H NMR (500 MHz, DMSO-d&): 0.86 (t,J =
426 7.0 Hz, 3H), 1.27 (dJ = 6.9 Hz, 6H), 1.28-1.40 (m, 8H), 1.63 (m, 2HRAB(s, 2H), 3.64 (sepi,
427 = 7.0 Hz, 1H), 8.30 (s, 1H), 8.80 (br. s, 1H). 18®IR (125 MHz, DMSO-d6): 13.9, 14.6,
428 22.0, 26.4, 27.5, 28.4, 31.2, 40.9, 54.5, 120.8,8,3145.3, 157.1Anal. calcd for G4H24Ns0,S:
429 C,49.39; H, 7.11; N, 24.69. Found: C, 49.36; H87N, 24.61.

430

431 4.2. Antimycobacterial activity testing

432 Bacterial strains and growth conditions

433 M. smegmatis mMcl55 strain was used in the study. Lemco-Tw broth (5Lginco Powder,
434 Oxoid, UK; 5 g/l NaCl, 5 g/l bacto peptone, OxoidK, 0.05 % v/v Tween-80) and
435 Middlebrook 7H9 medium (Himedia, India) supplemehteith OADC (Himedia, India), 0%

436 Tween-80 (v/v) and 0.4% glycerol (v/v) were usediqsid media, while the M290 Soyabean



437 Casein Digest Agar (Himedia, India) was used aisl soedium. Cultures in liquid medium were
438 incubated in the Multitron incubator shaker (Infet'$, Switzerland) at 37C and 250 rpm.

439

440 Minimal inhibitory concentrations determination dh tuberculosis

441 M. tuberculosifH37Rv strain was used in the study. MICs wererdatead in liquid medium on
442  the automated Bactec MGIT 960 system (Becton—Dstkin USA) as described in [22].

443

444  Minimal inhibitory concentrations determination &dh smegmatis

445 Minimal inhibitory concentrations (MICs) of the sied compounds oM. smegmatisvere
446 determined in liquid and on solid media.

447  For the MIC determination in liquid mediutvl. smegmatisvas cultured overnight in Lemco-
448 Tw, then diluted in the proportion of 1:200 in frekemco-Tw broth. 196l of the diluted
449 culture were poured in the Greiner CELLSTABS well flat-bottom plates for suspension
450 cultures (Sigma-Aldrich, USA) and 4 of serial two-fold dilutions of the tested compais in
451 DMSO were added to the wells to final concentratioh0.5 to 1024ug/ml for 3a, 1b and3n,
452 and 0.5 to 64ug/ml, for 3c and3h, as they were not soluble in higher concentratiédgig/ml
453 concentrations 08c and3h were also supplemented with 4% DMSO (v/v), that ot affect
454  the growth of mycobacteria. The plates were incedbatt 37C and 250 rpm for 48 hours. The
455 MIC was determined as the lowest concentrationhef compound with no visible bacterial
456  growth.

457  For the determination of MICs on solid medium, M22étri dishes were prepared with serial
458 two-fold dilutions of the tested compounds, randiram 8 to 64ug/ml for 3h, 1b and3c, and
459 from 8 to 128ug/ml for 3a and3n, additional Petri dishes with 20 and g&/ml of the tested
460 compound were prepared in some caséssmegmatisvas grown in Lemco-Tw broth up to
461 ODgo=1,8 (approximately 810° colony forming units per milliliter, CFU/mI). Saii ten-fold

462 dilutions of the culture were prepared an@l2f each dilution were poured on the plates. The



463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

MIC for each compound was determined as the mincaatentration, inhibiting the growth of

99% of CFU.

Drug resistant M. smegmatis mutants’ isolation

Serial ten-fold dilutions oM. smegmatis mMicl55 containg 16-10° were plated on Petri dishes
with M290 medium, supplemented with 3.5tdnes MIC of the tested compounds. The Petri
dishes were incubated at 30°C for 5-7 days, uméldolonies were visible [27]. The number of
colonies was counted to calculate the frequenayrod resistance emergence. Twelve colonies
were plated on new Petri dishes with the same cdrat@n of the compound, afterwards those
that have shown growth were plated on compound¥t280 medium and then plated on M290
medium supplemented with the compound again toicordrug resistance [28]. Three mutants
with confirmed resistance to each of the correspmndompound were randomly selected for

further analysis.

Drug susceptibility testing with the paper disc noet

Mycobacterial cultures were grown in Middlebrook%broth to mid-exponential phase (OD600
= 1.2). Afterwards the cultures were diluted in g@portion of 1:9:10 (culture:water:M290
medium) and 5 ml were poured as the top layer d¢n éishes with agarized M290 medium. The
plates were allowed to dry for at least 30 min, &eahsi-Discs with antibiotics (erythromycin,
ofloxacin, imipenem were plated as Sensi-Discs)emifiampicin, kanamycin, mitoxantrone and
the imidazo[1,29][1,2,4,5]tetrazines were impregnated on sterilpgpadiscs and also plated.
The plates were incubated for 2-3 days at 37°Ci} the bacterial lawn was fully grown.
Growth inhibition halos were measured to the neatasm. The experiments were carried out
as triplicates, the average diameter and standardattbn (SD) were calculated. Those
differences that had no intersection of the SD# whie control K. smegmatis nicl55 were

considered significant.
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Conclusions
The method of chemical functionalization of imidHz@8-b][1,2,4,5]tetrazines at C(6) position in

the reactions with alkyl and aryl mercaptanes hesnbdeveloped. The possibility of further
modification of obtained products via nucleophsigostitution with amines or oxidation reaction
has been shown. These methods allowed to obtainwitdie range of novel imidazo[l,2-
b][1,2,4,5]tetrazine derivatives with different stihgents at C(3) and C(6) positions.

Our testing in theVl. smegmatis aphVllltest-system [23] showed that 8 out of 28 synthesize
compounds Xb, 3a, 3c, 3h, 3m, 3n, 5 and 6a) are active mycobacterial STPK inhibitors. 5
compounds selected for further analysi®, (3a, 3c, 3h, and 3n) showed antimycobacterial
activity on bothM. tuberculosisH37rv andM. smegmatis mc2 15%ith 3 of them 8a, 3h and
30) in a concentration as low aspg/ml. MICs onM. smegmatisvere higher, due to a wider
system of intrinsic antibiotics resistance [24]wewer this was not an obstacle to obtain
resistant mutants to 4 out of 5 compoundsg, B¢, 3h and 3n). The investigation of thé.
smegmatis mutants’ drug resistance phenotype revealed thae th imidazo[l,2-
b][1,2,4,5]tetrazine have a common resistance mesimrthough it differs from those of the
tested antibiotics.

The compound@h seems to be the most promising compound amongttliked imidazo[1,2-
b][1,2,4,5]tetrazines, due to its relatively hightiamycobacterial activity onM. tuberculosis
H37Rv (1ug/ml), as well as a relatively low frequency of ginesistance mutants’ emergence
(2.0*10%at 4<MIC and 1.3*10° at 5<MIC).

Though the alleged target of the selected imidg2djll1,2,4,5]tetrazines are mycobacterial
STPKs, as was shown in previous docking experimgh$ and in this study on th#l.
smegmatiAPHVIII+ test-system [23], the exact biotarget bese compounds, as well as the
mechanism of resistance are yet to be establisheghble-genomic sequencing and “reverse-
genetics” approach, which is a usual practice ie tlrug-to-target” pathway of drug

development [29].
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Highlights

New imidazo[1,2-b][1,2,4,5]tetrazines with subdtitl 3 and 6 positions synthesized
6-(alkylthio)imidazo[1,2b][1,2,4,5]tetrazines obtained by CH-functionalipati

The compounds’ reactivity assessed by oxidationimtedaction withN-nucleophiles
This class exhibits antibacterial activity Bhtuberculosis as STPK inhibitors

Drug resistant mutants do not show cross-resistantbeseveral other drugs



