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ABSTRACT: A series of 30 novel diamino Phenyl CthI’OpiCOli- Chloropicolinate Amide Derivatives New Inhibitors for Mycobacterium Tuberculosis
. . L. 0 NH,
nate fettered carboxamides, urea, and thiourea derivatives were

synthesized by coupling of methyl 4-amino-6-(2-aminophenyl)-3- \
chloropyridine-2-carboxylate with different acid chlorides, urea, | dvsen2s?
and thiourea moieties, respectively. All of these compounds were /
characterized by 'H and '*C nuclear magnetic resonance

. . ) X NH,
spectroscopy, CHN analysis, and high-resolution mass spectra . ol _
for confirmation of the structures. Two compounds were also NN N o
characterized by single-crystal X-ray diffraction analysis to confirm N7 ON 20w
the structures obtained by spectral analysis. All these 30 x=o,so 300

compounds were tested for their in vitro antimycobacterial activity chioropicolinate Urea Derivatives 2%
using the microplate alamar blue assay method against

Mycobacterium tuberculosis. Five compounds have shown good minimum inhibitory concentration (MIC) values with low
cytotoxicity when compared with the reference drugs. Moreover, some of the compounds have high MIC values compared with
isoniazid, rifampicin, and so forth and also had shown good reign in the spread of bacteria by the nutrient starvation model. These
antimycobacterial activity results have shown a good correlation with molecular docking model analysis with the inhibitors MurB by
exhibiting strong interactions. Some of these compounds could be promising candidates against M. tuberculosis for future preclinical
agent drug development.

H INTRODUCTION control of broadleaf weeds. In the above herbicides,'°™'® the

Tuberculosis (TB) is one of the most common infectious and chloropicolinate amide heterocyclic moiety plays a crucial role

deadliest diseases' ™ caused by a family of Mycobacteriaceae
pathogenic bacteria. The spread of TB disease caused by a
single infectious bacteria resulted in a large number of deaths
throughout the world,” as per the World Health Organization
(WHO) report of 2017. Recently, TB has emerged as resistant
to existing antibiotics”'” at various levels of the drugs including
drug-resistant tuberculosis, extremely drug-resistant tuber-
culosis, multidrug-resistant tuberculosis, and total drug-
resistant tuberculosis. In this context, new anti-TB drugs are
desired and many are in various phases of their development."'
First-line drugs such as rifampicin and isoniazid are at present
best-practice therapy drugs for the treatment of TB within 6
months. Indeed, in these two drugs, heterocyclic moieties play
a crucial role in affecting new acquirement.'”"> Moreover, the
isonicotinamide moiety-related heterocyclic compound based
anti-TB drugs such as isoniazid'* and ethionamide,'> have —
been reported in the literature. Received:  November 23, 2020 )
Chloropicolinate amide and urea derivatives are well known Accepted:  December 28, 2020
as excellent herbicides.''” Recently, highly potent 6- Published: January 7, 2021
arylpicolinate herbicides, including S DAS-534, Arylex active,
and Rinskor active, have been developed.18 In fact, Rinskor and
Arylex were commercially launched and exhibited very good

in reducing weeds without affecting the immune system of the
plants for maximum crop production. In fact, keeping in mind
the above two important heterocyclic moieties such as the
isonicotinamide moiety for anti-TB activity and chloropicoli-
nate amide moiety for reducing unwanted bacterial growth
without affecting the human immune system, we were
interested to develop a new heterocyclic scaffold by mimicking
the above two moieties in a single moiety for better anti-TB
activity (Figure 1).

It is well known that, recently, TB has emerged as resistant
to existing antibiotics due to the drug-resistant Mycobacter-
iaceae pathogenic bacteria.”'® Moreover, some of the anti-TB
drugs are affecting human immunity systems along with killing
Mycobacteriaceae pathogenic bacteria. In this context, we were
interested to develop new chloropicolinate analogues as

© 2021 The Authors. Published b
American Chemical Societ; https://dx.doi.org/10.1021/acsomega.0c05690

W ACS Publications 1657 ACS Omega 2021, 6, 16571667


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Srihari+Konduri"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dodda+Bhargavi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jyothi+Prashanth"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Vagolu+Siva+Krishna"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dharmarajan+Sriram"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Koya+Prabhakara+Rao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Koya+Prabhakara+Rao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.0c05690&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/6/2?ref=pdf
https://pubs.acs.org/toc/acsodf/6/2?ref=pdf
https://pubs.acs.org/toc/acsodf/6/2?ref=pdf
https://pubs.acs.org/toc/acsodf/6/2?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c05690?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
http://pubs.acs.org/page/policy/authorchoice/index.html
http://pubs.acs.org/page/policy/authorchoice_ccbyncnd_termsofuse.html

ACS Omega

http://pubs.acs.org/journal/acsodf

/NI o
S /N O /N
< G NE
© NH <
N——NH;
H S ONH, S B

8-37
r= |

Amide, Urea and
OMe . OMe
Cl
Cl I Cl

o o 0 "
4o /N | ? /N | (o) Z |

N

Y N, oYy ©) @

NH, Bz

Isoniazid Ethionamide

Thiourea moieties
NH,

Arylex active Rinskor active

DAS-534

Figure 1. Isonicotinamide moiety-related anti-TB drugs, isoniazid and
ethionamide, along with titled compounds 8-37 (top) and
chloropicolinate moiety-related various herbicides (bottom).

possible new inhibitors and more adequate anti-TB drugs
against all forms of Mycobacterium tuberculosis (MTB) without
affecting the human immune system (Figure 1). With this
strategy, we designed 30 new heterocyclic scaffolds that could
be synthesized by treating methyl 4-amino-6-(2-aminophenyl)-
3-chloropyridine-2-carboxylate with different acid chloride,
urea, and thiourea moieties. Besides, one of the major research
area for our group is to design and synthesize a new
heterocyclic scaffold containing compounds for novel bio-
logical activity and material applications.®"*™>°

In this report, we focused on the synthesis, characterization,
and antimycobacterial activity against M. tuberculosis (Mtb)
H37Rv of 30 new compounds, methyl 4-amino-6-(2-amino-
phenyl)-3-chloropicolinate amide (8—26) derivatives and
related urea and thiourea derivatives (27—37), respectively.
Indeed, chloropicolinate amide and urea derivatives are known
as good herbicide active agentslé’17 in the literature, which are
commonly toxic in nature. In this context, all these 30
derivatives, (8—37), were studied for their cytotoxicity
determination to assess the toxicity of the compounds against
normal host cells (macrophages) and found that all of the
derivatives were exhibiting nontoxic behavior. Based on our
present study, we could conclude that a therapeutic window is
apparent, which is a roadmap for the design and development
of this class of compounds as future anti-TB drugs.

B RESULTS AND DISCUSSION

Syntheses. The synthetic routes for the syntheses of
methyl 4-amino-6-(2-aminophenyl)-3-chloropicolinate amides
(8—26), related urea, and thiourea derivatives (27—37) are
outlined in Scheme 1. In the first step, the reaction of 3,6-
dichloropyridine-2-carboxylic acid*” with HBr in acetic acid
afforded the 6-bromo-3-chloropyridine-2-carboxylic acid'" (2).
In the second step, 2 reacted with methanol and sulfuric acid
to afford the corresponding methyl 6-bromo-3-chloropyridine-
2-carboxylate®® (3). Later, compound 3 reacted with H,O, in
the presence of trifluoroacetic acid and trifluoroacetic
anhydride to offer an intermediate compound™ (4). In the
fourth step, compound 4 reacted with nitric acid and sulfuric
acid to offer another intermediate compound (5).** Similarly,
S reacted with Raney-Ni under a hydrogen atmosphere to offer
the compound 6. In the sixth step, the compound 6 reacted
with 2-amino phenyl boronic acid, Pd(II)Cl,(dppf), and

K,COj; reagents via Suzuki—Miyaura coupling reaction and
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Scheme 1. Synthesis of Methyl 4-Amino-6-(2-
aminophenyl)-3-chloropicolinate Amide, Urea, and
Thiourea Derivatives”
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“Reagents and conditions: (a) HBr in acetic acid, AcOH, 110 °C, 24
h; (b) methanol, H,SO,, reflux, 6 h; (c) trifluroacetic acid, TFAA,
H,0,, 80 °C, 3 h; (d) HNO,: H,SO,, 70 °C, 4 h; (e) Raney Ni,
MeOH, 45 °C, H,, 8 h; (f) Pd(1I)CL,(dppf), K,CO4, 2-aminophenyl
boronic acid, EtOH, toluene, 90 °C; (g) R'COCL, DCM, 6 h, RT; (h)
R?S0,Cl, DIPEA, DCM, 3 h, RT; and (i) RE®NCO/R3NCS, DCM,
TEA, 4 h, RT.

yielded the scaffold, methyl 4-amino-6-(2-aminophenyl)-3-
chloropyridine-2-carboxylate® (7). In the final step, the
coupling reaction of 7, with three different moieties such as
acid chlorides, isothiocyanates, and isocyanates, afforded
respective amides 8—26, thiourea, and urea derivatives 27—
37, respectively, in reasonably good yields (Scheme 1).
X-Ray Crystal Structure. All compounds (8—37) were
characterized by 'H and C NMR spectroscopy, CHN
analysis, and HR-MS (Supporting Information). However, in
order to confirm the structures determined by the spectro-
scopic techniques, crystal growths were attempted with
diffusion methods using different solvent combinations of
acetonitrile/methanol, dichloromethane/n-hexane, and dime-
thylformamide/methanol, and so forth. In fact, during our
attempts, we could get good quality of the single crystals,
which are suitable for single-crystal X-ray diffraction (SXRD)
analysis for the compounds 15 and 18. The SXRD structure
(ORTEP) diagrams for these two compounds 15 and 18 are
shown in Figure 2 (pertinent SXRD data provided in Table S1,
Supporting Information). The structures obtained by SXRD
confirmed the structures determined by spectral data.
Compound 15 crystallizes in an orthorhombic system with
space group Pbca. The asymmetric unit contains one formula
unit (C,,H,4CIF;N,O;) without any solvent of crystallization.
Moreover, it shows two types of H-bonding, intramolecular H-
bond between N(3)---H(1)—N(2) and intermolecular H-bond
between O(1)---H(1)—N(2), with values of 2.740 and 2.971 A,
respectively. Similarly, compound 18 crystalizes in a mono-
clinic crystal system with space group P2,/c. The asymmetric
unit contains one formula unit (C,;H;4CIF,N;0,) without any

https://dx.doi.org/10.1021/acsomega.0c05690
ACS Omega 2021, 6, 1657—-1667


http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c05690/suppl_file/ao0c05690_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c05690/suppl_file/ao0c05690_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05690?fig=sch1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c05690?ref=pdf

http://pubs.acs.org/journal/acsodf

ACS Omega
C100 7 yC11 o3
\ cl
e ci2 c21 I UL \c1s
501 CB e /c13 ) °2°\« NN
3 =N / \ c1 os C19\ e
2 C==INg —()C15 1 c3
v e c14l o1 £ N2 N\ogCl6
N / / C16 N SN c1s
7 2N ce N3 —_— N c2 c4 \ i
-\ \ \ N1
2y N1 X c7 c Co /SN )ci3
l 03 fcrs 17 N AN S
c3 I N / \ ce yce \
L et \ | ¢ 7"
cs A cn F1 & c10°Y
o4 c2o Too2 o2 ci

Figure 2. SXRD structures, ORTEP diagrams (50% probability)
(top) and their H-bonding network (bottom) of compounds 15 (left)
and 18 (right), respectively.

solvent of crystallization. Compound 18, also shows two types
of H-bonding, intramolecular H-bonding is between N(2)--
H(4)—N(1) and intermolecular H-bonding is between O(2)---

H(1)—N(3), with values of 2.686 and 2.939 A, respectively
(Table 1).

In Vitro Antimycobacterial Activity. After success in the
synthesis and structural confirmation of all these 30
compounds, 8—37, they were screened against their in vitro
antimycobacterial activity against M. tuberculosis H37Rv
(ATCC27294) by the microplate alamar blue assay (MABA)
method.’*™** The minimum inhibitory concentration (MIC)
could be defined as the minimum concentration of the
compound required for the entire inhibition of bacterial
growth. The MIC values (M) of 8—37 purposive in triplicate
along with the standard compounds (reference drugs) for the
comparison are listed in Table 2. All these 30 new compounds
presented in vitro activity against Mtb varying from 6.96 to
68.96 uM. When compared to the first-line anti-TB drugs,
majority of the compounds 8—37 are less powerful than
isoniazid (0.7 uM). However, five compounds, 16 (6.96 uM),
19 (6.98 uM), 28 (7.00 uM), 22 (7.86 uM), and 10 (7.90
uM), showed good MIC values that are prominently exhibiting
in vitro potency close to isoniazid and higher than ethambutol.
Among the other compounds, 13, 14, 17, 18, 20, 21, 24, 29,
30, 31, and 32 are also promising candidates based on their
MIC values reported in Table 2 for the inhibitors of Mtb.

The CLogP values for all compounds 8—37 are less than 5.0
due to the functional groups such as amide, urea, and thiourea
of the scaffold and also the halogen of the other substituents.
From these data, it is very clear that all compounds 8—37 have
good permeation nature with hydrophilicity absorption,

Table 1. Syntheses of Methyl 4-Amino-6-(2-aminophenyl)-3-chloropicolinate Amide (8—26) Derivatives and Related Urea and

Thiourea Derivatives (27—37), Respectively”
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“All products were characterized by NMR spectroscopy and mass spectrometry.
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Table 2. Antimycobacterial Activity of 8—37 Compounds

compd Clog P* MIC (uM) compd ClogP® MIC (uM)

8 3.34 61.48 23 2.22 65.68
9 3.35 57.98 24 1.76 14.98
10 2.22 7.90 25 3.29 27.96
11 2.36 30.28 26 3.4S 68.96
12 293 29.13 27 3.64 28.2

13 2.20 15.20 28 3.8 7.00
14 13§ 8.42 29 3.64 14.01
15 1.40 57.76 30 3.23 12.7§
16 2.06 6.96 31 3.45 15.78
17 2.09 13.92 32 3.57 14.67
18 1.87 13.98 33 4.87 53.87
19 3.30 6.98 34 4.87 62.49
20 2.17 14.99 35 3.92 29.3

21 2.15 15.06 36 4.15 28.27
22 241 7.86 37 2.46 34.71
Isoniazid 0.78
Ethambutol 7.89
Rifampicin 0.21

“C log P calculated using Chemdraw Ultra 12.0 software by
Cambridge Soft.

though some of the compounds having high MIC values, with
good hydrophilicity absorption or permeation character, could
be potential candidates for anti-TB drugs. We observed that in
some compounds such as 10, 16, 19, and 28, the halogen and
other substituent groups could interact better with the protein
acceptors by strong H-bonding™ (see Figure 3 of 19). On the
other hand, in some compounds, such as 8, 9, 15, 23, 26, 33,
and 34, shown high MIC values might be due to very rigid
donor groups as substituents on the heterocyclic skeleton. In
the structure activity correlation, various donor and acceptor
abilities have driven substituted groups on the heterocyclic
scaffolds and structural changes are very crucial in their
diversified anti-TB activity of the titled compounds, 8—37. In
fact, we designed the titled compounds with new heterocyclic
scaffold by mimicking two different moieties such as the
isonicotinamide moiety for anti-TB activity and chloropicoli-
nate amide moiety for reducing unwanted bacterial growth
without affecting the human immune system, exhibiting good
anti-TB activities as per the assumption. Moreover, our
cytotoxicity determination of lead compounds indicated that
they are nontoxic to human cells similar to the herbicides to
the desired plants. Besides, compounds 16 and 19 possessed
the most promising anti-TB activity compared with other
compounds of the present study. In these two compounds,
more electronegative (acceptor) substitutes in the phenyl rings
of the amide moiety increase the anti-TB activity due to the
increase in the hydrophilicity (polarity) of the heterocyclic
skeleton, which is similar to our recent report” on new
heterocyclic compounds based on novel inhibitors for Mtb.
Nutrient Starvation Model. Generally, at present the
first-line drugs such as rifampicin and isoniazid are useful in
eliminating the TB in humans in few months. However, these
drugs could not reign in the spread of bacteria and deadly
decease like highly sluggish TB. In fact, this phenomenon
could lead to supplement and oxygen refuse conditions in
humans. Perhaps, the supplement starvations aggravate a
sluggish condition in the bacilli bacteria that rehabilitate it to a
non-reproducing stage. In order to replicate this non-
reproducing stage of the lifecycle, the Mtb culture was

1660

supplement starved in phosphate buffer saline over a period
of 6 weeks.>>>° Later, this starved MTB culture was treated
again with all compounds, 8—37 of the present study. Among
all compounds, 10, 14, 16, 19, 22, and 28 with 10 uM
concentrations have shown 0, 2.0, 0, 1.9, 1.8, and 1.8 log
devaluation in growth, respectively. Surprisingly, these results
are better or similar to some of the first-line drugs such as
moxifloxacin with a 2.0 log reduction and rifampicin with a 1.8
log reduction (Figure 3).

7

Log cells/mL

&

o\ ,Q
Q\
(&)

Figure 3. Activity profiles of some of the lead compounds (10, 14, 16,
19, 22, and 28) and known first-line TB drugs using the nutrient
starvation model (NSM) model. The most probable number assay
method was used to estimate the bacterial count, and the connotation
plot was generated by adopting two-way ANOVA equations (p <
0.0001, using Graph-Pad prism software).

Cytotoxicity Determination. To estimate the toxicity of
the lead compounds used for the NSM method™ ™" against
normal host cells such as macrophages, we carried out the
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay procedure. The cytotoxicity determination
was carried out at 25 pug/mL concentrations using the
compounds showing better results in the NSM model (10,
14, 16, 19, 22, and 28). Among these compounds, 10 and 22
inhibit the growth of these cells by 22.4 and 14.9%,
respectively. However, both compounds have no inhibition
observed at 10 ug concentrations. Moreover, compounds 14,
16, 19, and 28 were found to be completely nontoxic in nature.
Therefore, we can conclude that even at this prior stage of
development of this class of compounds as anti-TB drugs, a
therapeutic window is desirable for future drug development.

Molecular Docking Study. The molecular docking in
silico studies of all compounds, 8—37, was carried out using S.
areus MurB enzyme.**~** MurB is a key enzyme that mobilizes
the reduction of enolpyruvyl uridine diphosphate N-acetyl
glucosamine, an intermediate in the assembly of the uridine
diphosphate N-acetyl muramic acid (UNAM)-pentapeptide
(m-A2pm) portion to UNAM, of the cell wall precursor. Mur
proteins (Mur A-F, Y, and G) catalyze more than 10
biosynthetic transformations involved in the formation of
peptidoglycan layer of the cell walls of bacteria and are also
conserved among several bacterial strains. UDP-N-acetylglu-
cosamine-enolpyruvate reductase (MurB) also plays an
important part in the binding of EP-UDPGIcNAc or
NADPH in Escherichia coil MurB.>’ Due to this cause, we
choose MurB enzyme as a target receptor. The respective
docking parameters, such as binding energy values and number

https://dx.doi.org/10.1021/acsomega.0c05690
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of H bonds and amino acid residue moieties involved in
bonding against receptor reductase MurB, are listed in Table 3.

Table 3. Compounds 8—37, Molecular Docking in Silico
Parameters Such as Binding Energy and Number of H
Bonds and Residues Involved in Bonding against Receptor
Reductase MurB

binding energies (kcal mol™")

Mtb MurB (PDB ID: §JZX)

s. binding no. of

no compound energy  H bonds residues involved in bonding

1 8 -8.83 03 ASN71, SER70(2)

2 9 -8.63 05  SER70(2), ASN71, SER130,
GLN137

3 10 —9.65 03 SER70, SER254, THR26

4 11 -9.03 07 SER70, SER257, ARG238(3),
GLY140, GLU361

S 12 -9.19 03 ASN71, SER70(2)

6 13 —9.00 03 SER70, GLY140(2)

7 14 —9.35 04 SER70, ASN71, GLY69, ALA67

8 15 -8.37 05 ARG238(2), GLY140, SER257,
VAL2SS

9 16 -9.59 02 SER70, THR26

10 17 —9.01 03 SER70, SER254, THR26

11 18 -9.05 03 SER(2), ASN71

12 19 -9.52 04 ASN71, ARG238, GLY69,
ALA67

13 20 —8.64 05 SER70, ASN71, GLY69(2),
GLY68

14 21 -8.95 04 SER70(2), ASN71, GLY69

15 22 -10.86 04 SER70(2), ASN71, GLY69

16 23 —8.50 04 GLY68, SER130,
ALA133,VAL6S

17 24 —8.96 05 SER70(2), ASN71, GLY69,
GLY68

18 25 -8.68 04 SER70(2), ASN71, VAL255

19 26 —8.55 05 SER254, ARG238, THR26,
VAL255, GLY140

20 27 —8.44 06 SER257(2), ARG238, ASN71,
SER70, VAL2SS

21 28 —9.54 05 ASN71(2), SER70, GLY69,
VAL255

22 29 —8.85 07 SER70(2), ARG238(3),
SER257, GLU361

23 30 -9.02 02 SER70, ASN71

24 31 -9.07 04 SER70, ASN71, GLY140(2)

25 32 -8.79 03 ASN71, ARG238, GLY140

26 33 —8.07 04 SER70(2), VAL255(2)

27 34 —8.68 03 ASN70, ASN71, SER254

28 35 —9.07 04 SER70(3), ARG238

29 36 —-8.31 02 GLN137, ASN71

30 37 —8.09 05 SER70(3), ARG238, GLU361

The results indicated that compound 22 exhibits the highest
binding energy —10.86 Kcal/mol, containing H-bonding with
four amino acid residues SER70(2), ASN71, and GLY69
(Figure 4). Similarly, compounds 16 and 19 (Figure 4) have
good binding energies of —9.59 and —9.52 kcal/mol and H-
bonding with two (SER70 and THR26) and four (ASN71,
ARG238, GLY69, and ALA67) amino acid residues,
respectively. Antimycobacterial activity against M. tuberculosis
H37Rv® (ATCC27294) (Table 2) also indicated that the
compounds 16, 19, and 22 have shown good MIC values, in
agreement with the docking results. Furthermore, in other
compounds also, the hydrogen bonding interactions caused by
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Figure 4. Molecular docking interactive profiles of the compounds, 19
(top) and 22 (bottom) (ball and stick model), showing their
intermolecular H-bonding (dotted line) with the receptor UDP-N-
acetylglucosamine-enol pyruvate reductase (MurB) protein and their
various amino acid residues (stick model).

binding energies with the protein receptor found in molecular
docking analysis were reasonably in good correlation with their
respective antimycobacterial activity results.

B CONCLUSIONS

A series of 30 new diamino phenyl chloropicolinate fettered
carboxamides, urea, and thiourea derivatives were synthesized
and characterized by 'H and '*C NMR spectroscopy, HR-MS,
and CHN analysis for confirmation of the structures. Two
compounds were also characterized by SXRD analysis to
confirm the structures obtained by spectral analysis. All these
compounds were tested for their in vitro antimycobacterial
activity against M. tuberculosis. Five compounds (10, 16, 19,
22, and 28) have shown good MIC values with low
cytotoxicity character. Moreover, these compounds have also
shown good reign in the spread of bacteria by the NSM. The
antimycobacterial activity results were also correlated with in
silico molecular docking model analysis. The compounds have
strong binding interactions with MurB inhibitor. The titled
compounds with new heterocyclic scaffold by mimicking two
different moieties such as the isonicotinamide moiety for anti-
TB activity and chloropicolinate amide moiety for reducing
unwanted bacterial growth without affecting the human
immune system exhibited good anti-TB activities. Moreover,
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electronegative (acceptor) substitutes in the phenyl ring
moieties increase the anti-TB activity due to the increase in
the hydrophilicity (polarity) of the heterocyclic skeleton. We
believe that this study provides information about this new
series of heterocyclic compounds, which would be potential
candidates for the future development of new drugs for the
treatment of Mtb and other antibacterial activity applications.

B EXPERIMENTAL SECTION

General. Melting points were recorded using capillary tubes
on an Elchem lab melting point apparatus for all compounds of
this work, and the values reported were not corrected. Thin-
layer chromatography was performed using 0.2 mm
commercial silica gel plates (silica gel 60, F254, EMD
Chemicals) and visualized with UV, an aqueous potassium
permanganate (KMnO4) stain. Nuclear magnetic resonance
(NMR) spectra were recorded on a Varian ['H NMR: DMSO
(2.50) at 300 MHz and 400 MHz; '"H NMR: CDCl, (7.26) at
300 MHz C NMR: DMSO (39.52) at 75 MHz]. Spectra
were taken in DMSO and CDCl; with shifts reported in parts
per million (ppm) referenced to protium or carbon of the
solvent (2.50, 7.26, and 39.52, respectively). The NMR
coupling constants were reported in Hertz (Hz). High-
resolution mass spectra (HRMS) were acquired on a Thermo
Scientific Exactive Orbitrap mass spectrometer and reported as
m/z for the molecular ion [M + H]* and [M]".

Syntheses. General Procedure for the Synthesis of
Compounds 8-26. To the solution of 7, in CH,CI,
(DCM), added corresponding acid chloride at 10—20 °C
and the mixture was stirred at RT for 6 h. Later, excess of
DCM was added to the product, washed with saturated
NaHCO; solution, and followed by brine solution. The organic
DCM layer was dried with Na,SO,, filtered, and distilled under
reduced pressure. The crude products were purified by column
chromatography affording the products, 8—24.

Methyl-6-(2-(adamantane-1-carboxamido) phenyl)-4-
amino-3-chloropicolinate (8). Compound 7 (38 mg, 0.14
mmol) was initially dissolved in DCM (2.0 mL) solvent and
cooled to 10 —20 °C. To this mixture, adamantane-1-carbonyl
chloride (27 mg, 0.14 mmol) was added slowly and stirred for
6 h at RT. After completion of the reaction, the crude product
was diluted with DCM, washed with aqueous sodium
bicarbonate, and followed by brine solution, respectively.
The DCM layer was dried with sodium sulfate, filtered, and
distilled under vacuum. The crude product was purified using
column chromatography with EtOAc/Hexane (40:60) to
afford compound 8, (51 mg, 85%). M.P: 285—287 °C; 'H
NMR (300 MHz, DMSO): § 10.84 (s, 1H), 8.30 (d, J = 8.1
Hz, 1H), 7.53 (d, ] = 7.6 Hz, 1H), 7.39 (t, 1H), 7.19 (t, 1H),
7.14 (s, 1H), 6.97 (s, 2H), 3.89 (s, 3H), 1.99 (m, 3H), 1.76
(m, 6H), 1.68 (d, 6H); *C NMR (75 MHz, DMSO): § 175.2,
165.2, 155.0, 152.8, 147.0, 136.6, 129.4, 129.1, 126.7, 123.5,
121.8, 111.0, 109.5, 52.6, 41.0, 38.5, 35.8, 27.5; HRMS m/z:
440.3778 [M + H]* caled for C,,H,,CIN,;0;, C, 65.52; H,
5.96; N, 9.55; found, C, 65.93; H, 6.19; N, 9.20.

Compounds 9—24 were synthesized similar to the reaction
employed for compound 8. The spectral data for compounds
9—24 are followed (Supporting Information:, for the detailed
spectral data).

Methyl-6-(2-(1-naphthamido) phenyl)-4-amino-3-chloro-
pyridine-2-carboxylate (9). The compound 9 was purified by
column chromatography with EtOAc/Hexane (60:40) as a
white solid, 93% yield; mp 277-279 °C; '"H NMR (300 MHz,
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DMSO): 6 12.00 (s, 1H), 8.88 (d, J = 4.3 Hz, 1H), 8.25 (d, ] =
8.3 Hz, 1H), 8.18 (d, ] = 7.7 Hz, 2H), 7.85 (m, 2H), 7.65 (d, ]
= 7.7 Hz, 1H), 7.51 (m, 1H), 7.32 (t, 3H), 7.23 (s, 1H), 6.92
(m, 2H), 3.48 (s, 3H); *C NMR (75 MHz, DMSO): § 164.8,
163.4, 154.1, 152.8, 150.2, 145.9, 142.6, 142.1, 137.1, 136.0,
132.2, 129.8, 128.9, 127.3, 127.2, 124.9, 123.2, 122.5, 119.5,
111.4, 109.3, 52.3; HRMS m/z: 432.0783 (M + H*) calcd for
C,4H5CIN; 03, C, 66.75; H, 4.20; N, 9.73; found, C, 67.57; H,
4.59; N, 9.32.

Methyl-6-(2-(2-phenylacetamido) phenyl)-4-amino-3-
chloropyridine-2-carboxylate (10). The compound 10 was
purified by using column chromatography with EtOAc/
Hexane (25:75) as an off white solid, 95% yield; mp 296—
299 °C; 'H NMR (300 MHz, DMSO): 6 11.67 (S, 1H), 8.21
(d, J = 8.1 Hz, 1H), 7.61 (m, 1H), 7.38 (m, 2H), 7.28 (m,
4H), 7.22 (m, 4H), 3.91 (s, 3H), 3.62 (s, 2H); *C NMR (75
MHz, DMSO): & 168.9, 163.7, 153.9, 152.8, 144.2, 136.7,
135.6, 130.1, 129.3, 129.1, 128.3, 128.3, 128.2, 126.5, 125.8,
124.1, 111.9, 109.4, 53.1, 43.6; HRMS m/z: 396.1109 [M +
H]* caled for C,HsCIN;0,, C, 63.72; H, 4.58; N, 10.62;
found, C, 63.18; H, 4.20; N, 11.14.

Methyl-6-(2-(2-(4-fluorophenyl) acetamido) phenyl)-4-
amino-3-chloropyridine-2-carboxylate (11). The compound
11 was purified by column chromatography with EtOAc/
Hexane (20:80) as an off white solid, 92% yield; mp 309—312
°C; 'H NMR (300 MHz, DMSO): 6 11.68 (s, 1H), 8.20 (d, |
= 7.7 Hz, 1H), 7.61 (m, 1H), 7.41 (m, 2H), 7.30 (m, 2H),
7.21 (m, 2H), 7.07 (m, 3H), 3.91 (s, 3H), 3.64 (s, 2H); C
NMR (75 MHz, DMSO): & 168.5, 166.3, 163.4, 152.8, 144.6,
136.2, 135.9, 130.4, 129.6, 128.9, 128.6, 126.8, 125.7, 116.9,
116.6, 111.7, 109.3, 53.5, 44.2; HRMS m/z: 414.0863 [M +
H]* caled for C, H,,CIEN,0;, C, 60.95; H, 4.14; N, 10.15;
found, C, 60.31; H, 3.89; N, 11.00.

Methyl-6-(2-(2-(4-chlorophenyl) acetamido) phenyl)-4-
amino-3-chloropyridine-2-carboxylate (12). The compound
12 was purified using column chromatography with EtOAc/
Hexane (16:84) as a white solid, 91% yield; mp 302—30S °C;
'"H NMR (300 MHz, DMSO): § 11.9 (s, 1H), 9.05 (s, 1H),
8.51 (d, J = 8.4 Hz, 1H), 8.11 (s, 1H), 7.70 (d, ] = 7.5 Hz,
1H), 7.42 (m, 3H), 7.32 (m, 3H), 7.16 (t, 1H), 4.00 (s, 3H),
3.86 (s, 2H); *C NMR (75 MHz, DMSO): & 168.7, 164.6,
155.2, 154.8, 151.1, 147.5, 144.2, 131.3, 130.9, 128.2, 128.2,
128.1, 118.0, 111.2, 109.4, 109.0, 53.0, 42.1; HRMS m/z:
430.0720 [M + H]* caled for C,H,,CI,N,0;, C, 54.16; H,
3.68; N, 9.02; found, C, 54.79; H, 3.94; N, 8.57.

Methyl-6-(2-(2-phenoxyacetamido) phenyl)-4-amino-3-
chloropyridine-2-carboxylate (13). The compound 13 was
purified using column chromatography with EtOAc/Hexane
(30:70) as an off white solid, 84% yield; mp 275-278 °C; 'H
NMR (300 MHz, DMSO): § 11.29 (s, 1H), 8.22 (d, ] = 8.3
Hz, 1H), 7.55 (d, ] = 7.7 Hz, 2H), 7.45 (m, 2H), 7.29 (m,
5H), 7.09 (m, 2H), 4.66 (s, 2H), 3.77 (s, 3H); *C NMR (75
MHz, DMSO): § 166.7, 164.5, 157.4, 153.8, 153.2, 135.5,
129.7, 129.1, 127.2, 124.3, 122.3, 121.4, 121.2, 120.9, 114.8,
111.6, 109.4, 67.7, 52.6; HRMS m/z: 412.1058 [M + H]*,
caled for C, H,4,CIN;0,, C, 61.24; H, 4.41; N, 10.20; found,
C, 60.75; H, 4.15; N, 10.68.

Methyl-4-amino-3-chloro-6-(2-(furan-2-carboxamido)
phenyl) pyridine-2-carboxylate (14). The compound 14 was
purified by column chromatography with EtOAc/Hexane
(25:75) as a white solid, 87% yield; mp 293—295 °C; 'H
NMR (400 MHz, DMSO): § 12.24 (s, 1H), 8.43 (m, 1H),
7.77 (m, 1H), 7.64 (m, 1H), 7.47 (m, 1H), 7.27 (m, 1H), 7.25
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(m, 1H), 7.20 (m, 1H), 7.19 (s, 2H), 6.72 (m, 1H), 3.94 (s,
3H); *C NMR (75 MHz, DMSO): § 165.4, 156.7, 155.8,
151.8, 148.4, 146.7, 144.7, 136.5, 130.2, 129.0, 126.4, 124.1,
122.4, 114.9, 113.4, 112.3, 109.9, 53.0; HRMS m/z: 372.0747
[M + H]" caled for CigH,,CIN;0,, C, 58.15; H, 3.80; N,
11.30; found, C, 58.71; H, 4.19; N, 10.95.

Methyl-6-(2-(3-(trifluoromethyl) pyridine-2-carboxamido)
phenyl)-4-amino-3-chloropyridine-2-carboxylate (15). The
compound 1§ was purified by column chromatography with
EtOAc/Hexane (40:60) as a white solid, 76% yield; mp 284—
286 °C; '"H NMR (300 MHz, DMSO): & 12.76 (s, 1H), 8.82
(d, ] = 4.1 Hz, 1H), 8.51 (d, J = 8.3 Hz, 1H), 8.42 (d, ] = 7.7
Hz, 1H), 7.87 (dd, 1H), 7.66 (d, ] = 7.7 Hz, 1H), 7.51 (t, 1H),
7.30 (t, 1H), 7.22 (s, 1H), 6.96 (s, 2H), 3.71 (s, 3H); *C
NMR (75 MHz, DMSO): § 165.0, 161.8, 154.3, 153.0, 151.7,
149.7, 146.7, 136.1, 129.8, 129.0, 126.4, 126.0, 124.4, 121.2,
111.2, 109.3, 52.5; HRMS m/z: 451.0783 [M + H]" calcd for
CyH,,CIF;N,0;, C, 61.00; H, 3.58; N, 14.23, found, C, 61.54;
H, 3.86; N, 13.74.

Methyl-6-(2-(2,6-dichlorobenzamido)phenyl)-4-amino-3-
chloropyridine-2-carboxylate (16). The compound 16 was
purified by column chromatography with EtOAc/Hexane
(45:55) as an off white solid, 82% yield; mp 254—257 °C;
'H NMR (300 MHz, DMSO): 6 12.04 (s, 1H), 8.29 (d, J = 8.3
Hz, 1H), 7.65 (m, 1H), 7.57 (m, 2H), 7.51 (m, 2H), 7.32 (4,
1H), 7.22 (s, 1H), 6.94 (s, 2H), 3.48 (s, 3H); *C NMR (75
MHz, DMSO): § 161.9, 153.4, 153.1, 136.0, 135.8, 131.4,
131.0, 129.9, 128.9, 128.3, 1282, 126.8, 124.9, 122.7, 111.7,
109.5, 52.5; HRMS m/z: 450.0176 [M + H]* caled for
C,oH,4,CLN;0;, C, 53.30; H, 3.13; N, 9.32; found, C, 53.98;
H, 3.39; N, 8.84.

Methyl-6-(2-(2-(trifluoromethyl) benzamido) phenyl)-4-
amino-3-chloropyridine-2-carboxylate (17). The compound
17 was purified by column chromatography with EtOAc/
Hexane (20:80) as an off white solid, 90% yield; mp 234—237
°C; '"H NMR (300 MHz, DMSO): § 11.93 (s, 1H), 8.30 (d, J
= 8.3 Hz, 1H), 7.85 (d, ] = 7.7 Hz, 1H), 7.76 (m, 2H), 7.66
(m, 2H), 7.50 (m, 1H), 7.30 (t, 1H), 7.24 (s, 1H), 6.96 (s,
2H), 3.45 (s, 3H); '*C NMR (75 MHz, DMSO): § 165.2,
164.3, 153.9, 145.5, 1364, 136.1, 132.7, 130.2, 129.9, 129.0,
128.2, 126.6, 126.3, 125.6, 124.6, 122.4, 121.9, 111.5, 109.3,
52.4; HRMS m/z: 450.0826 [M + H]* caled for
C,H,sF;N;0;,, C, 60.87; H, 3.65; N, 10.14; found, C, 60.18;
H, 3.27; N, 10.74.

Methyl-6-(2-(2,6-difluoro-4-methoxybenzamido)phenyl)-
4-amino-3-chloropyridine-2-carboxylate (18). The com-
pound 18 was purified by column chromatography with
EtOAc/Hexane (20:80) as an off white solid, 93% yield; mp
211-214 °C; '"H NMR (300 MHz, DMSO): § 12.16 (S, 1H),
8.40 (d, J = 8.3 Hz, 1H), 7.66 (d, ] = 7.7 Hz, 1H), 7.49 (t, 1H),
7.29 (t, 1H), 7.24 (s, 1H), 6.98 (s, 2H), 6.87 (d, ] = 10.2 Hz,
2H), 3.85 (s, 3H), 3.60 (s, 3H); '*C NMR (75 MHz, DMSO):
51642, 162.0, 161.7, 161.6, 158.4, 157.8, 153.6, 145.2, 136.3,
130.0, 128.9, 125.8, 124.6, 121.9, 111.6, 109.3, 98.9, 98.5, 56.3,
52.6; HRMS m/z 448.0869 [M + H]* calcd for
C,H,CIF,N;0,, C, 56.32; H, 3.60; N, 9.38; found, C,
57.05; H, 3.92; N, 8.90.

Methyl-6-(2-(4-(trifluoromethyl) benzamido) phenyl)-4-
amino-3-chloropyridine-2-carboxylate (19). The compound
19 was purified by column chromatography with EtOAc/
Hexane (40:60) as an off white solid, 85% yield; mp 204—207
°C; 'H NMR (300 MHz, DMSO): & 12.15 (s, 1H), 8.62 (d,
= 5.1 Hz, 1H), 8.08 (d, J = 5.1 Hz, 2H), 7.74 (d, ] = 4.5 Hz,
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2H), 7.52 (m, 1H), 7.47 (t, 1H), 7.19 (t, 1H), 7.09 (s, 1H),
5.01 (s, 2H), 3.87 (s, 3H); *C NMR (75 MHz, DMSO): §
165.0, 163.6, 154.5, 153.0, 146.6, 138.6, 136.3, 129.8, 129.1,
128.1, 126.9, 125.5, 124.5, 122.3, 111.2, 109.4, 52.5; HRMS
m/z: 450.0823 [M + H]* caled for C,,H,sCIF;N,0,, C, 57.71;
H, 3.63; N, 10.09; found, C, 57.29; H, 3.49; N, 10.48.

Methyl-6-(2-(2,4-difluorobenzamido)phenyl)-4-amino-3-
chloropyridine-2-carboxylate (20). The compound 20 was
purified using column chromatography with EtOAc/Hexane
(45:55) as a white solid, 89% yield; mp 227—229 °C; '"H NMR
(300 MHz, DMSO): 6 11.694 (s, 1H), 8.37 (d, ] = 8.3 Hz,
1H), 7.86 (dd, 1H), 7.63 (d, ] = 7.9 Hz, 1H), 7.48 (m, 1H),
7.43 (m, 1H), 7.29 (m, 1H), 7.23 (m, 2H), 6.95 (s, 2H), 3.75
(s, 3H); 3C NMR (75 MHz, DMSO): § 165.5, 164.8, 161.5,
161.3, 154.2, 153.0, 146.4, 136.2, 132.5, 129.7, 126.6, 124.5,
122.4, 112.4, 111.2, 109.2, 105.1, 104.4, 52.6; HRMS m/z:
418.0769 [M + H]* caled for C,oH,,CIF,N;0,, C, 57.50; H,
3.38; N, 10.06; found, C, 58.24; H, 3.67; N, 9.64.

Methyl-6-(2-(2-chlorobenzamido) phenyl)-4-amino-3-
chloropyridine-2-carboxylate (21). The compound 21 was
purified using column chromatography with EtOAc/Hexane
(40:60) as a white solid, 95% yield; mp 185—187 °C; "H NMR
(300 MHz, DMSO): 6 12.07 (s, 1H), 8.68 (d, ] = 8.4 Hz, 1H),
7.57 (m, 2H), 7.46 (m, 2H), 7.38 (m, 1H), 7.34 (t, 1H), 7.20
(m, 1H), 7.12 (s, 1H), 4.96 (s, 2H), 3.51 (s, 3H); *C NMR
(75 MHz, DMSO): 6 164.4, 154.1, 153.0, 145.7, 136.4, 131.5,
129.9, 129.8, 129.0, 128.9, 127.3, 126.5, 124.5, 122.2, 111.5,
109.3, 52.4; HRMS m/z: 416.05687 [M + H]" calcd for
C,oH,5sCLN;0;, C, 57.71; H, 3.63; N, 10.09; found, C, 58.14;
H, 3.68; N, 9.94.

Methyl-6-(2-(3-fluorobenzamido) phenyl)-4-amino-3-
chloropyridine-2-carboxylate (22). The compound 22 was
purified using column chromatography with EtOAc/Hexane
(25:75) as a white solid, 90% yield; mp 197—200 °C; '"H NMR
(300 MHz, DMSO): 6 11.9 (s, 1H), 8.37 (d, J = 8.3 Hz, 1H),
7.65 (t, 2H), 7.58 (m, 2H), 7.48 (m, 2H), 7.29 (t, 1H), 7.23
(s, 1H), 6.98 (s, 2H), 3.81 (s, 3H); *C NMR (75 MHz,
DMSO): § 165.0, 163.5, 160.5, 154.6, 153.1, 146.6, 136.4,
130.7, 129.1, 127.0, 124.4, 123.0, 122.4, 118.6, 114.0, 111.3,
109.5, 52.6; HRMS m/z: 400.0862 [M + H]" caled for
CyH;5CIFN;05, C, 60.08; H, 3.78; N, 10.51; found, C, 60.85;
H, 4.09; N, 9.74.

Methyl-6-(2-(2-methoxybenzamido) phenyl)-4-amino-3-
chloropyridine-2-carboxylate (23). The compound 23 was
purified using column chromatography with EtOAc/Hexane
(50:50) as an off white solid, 94% yield; mp 241—244 °C; 'H
NMR (300 MHz, DMSO): 6 11.24 (s, 1H), 8.47 (d, ] = 6.3
Hz, 1H), 7.72 (m, 1H), 7.50 (m, 2H), 7.45 (m, 1H), 7.22 (t,
1H), 7.14 (m, 2H), 7.06 (t, 1H), 6.91 (s, 2H), 3.59 (m, 6H);
BC NMR (75 MHz, DMSO): § 165.1, 163.7, 156.4, 154.7,
152.7, 147.1, 136.4, 132.6, 130.4, 129.5, 129.2, 127.5, 123.8,
121.7, 120.6, 111.9, 111.1, 109.8, 55.3, 52.4; HRMS m/z:
412.1056 [M + H]* caled for C,H;4CIN;0,, C, 61.24; H,
4.41; N, 10.20; found, C, 61.73; H, 4.60; N, 9.88.

Methyl-6-(2-(2,6-difluorobenzamido)phenyl)-4-amino-3-
chloropyridine-2-carboxylate (24). The compound 24 was
purified using column chromatography with EtOAc/Hexane
(30:70) as an off white solid, 95% yield; mp 204—206 °C; 'H
NMR (300 MHz, DMSO): § 12.27 (s, 1H), 8.39 (d, J = 8.1
Hz, 1H), 7.63 (m, 2H), 7.52 (t, 1H), 7.29 (m, 4H), 7.02 (s,
2H), 3.54 (s, 3H); *C NMR (75 MHz, DMSO): & 163.7,
161.8, 159.8, 158.9, 154.9, 152.0, 136.6, 131.7, 130.4, 128.7,
125.8, 124.7, 123.1, 114.6, 112.4, 111.9, 109.7, 52.6; HRMS
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m/z: 418.0763 [M + H]" calcd for C,,H,,CIF,N,0,, C, 57.50;
H, 3.38; N, 10.06; found, C, 56.89; H, 3.11; N, 10.57.

Methyl-4-amino-3-chloro-6-(2-((4-methoxyphenyl) sulfo-
namido) phenyl) picolinate (25). The compound 7 (25 mg,
0.090 mmol) was dissolved initially in DCM (2.5 mL) solvent
and DIPEA (19 uL, 0.11 mmol). Later to this reaction mixture,
4-methoxy benzenesulfonylchloride (19 mg, 0.090 mmol) was
added and the whole reaction mixture was stirred for 4 h at
RT. After completion of the reaction, the crude product was
diluted with DCM and washed with saturated sodium
bicarbonate solution and brine solution, respectively. The
DCM layer was dried with sodium sulfate and filtered, and
solvent was removed under vacuum. The crude product was
purified using column chromatography with EtOAc/Hexane
(30:70) as a white solid, 72% yield; mp 284—287 °C; '"H NMR
(300 MHz, DMSO): 6 11.34 (s, 1H), 7.71 (m, 1H), 7.47 (m,
4H), 7.32 (m, 1H), 7.14 (m, 1H), 6.97 (m, 2H), 6.83 (m, 1H),
6.71 (d, J = 8.7 Hz, 1H), 4.08 (s, 3H), 3.78 (s, 3H); *C NMR
(75 MHz, DMSO): § 167.3, 164.8, 163.3, 155.2, 151.3, 143.5,
137.1, 134.6, 130.0, 129.3, 128.6, 126.3, 125.4, 124.0, 116.1,
114.4, 107.1, 56.4, 53.6; HRMS m/z: 448.0729 [M + H]*
caled for CyoH,5CIN;O,S, C, 53.63; H, 4.05; N, 9.38; S, 7.16,
found, C, 53.25; H, 3.79; N, 9.94; S, 7.25.

Methyl-4-amino-3-chloro-6-(2-((4-fluorophenyl) sulfona-
mido) phenyl) picolinate (26). The compound 7 (30 mg, 0.11
mmol) was dissolved in DCM (3 mL) solvent, and DIPEA (23
uL, 0.13 mmol) and 4-fluoro benzenesulfonylchloride (21 mg,
0.11 mmol) were added simultaneously and stirred for 4 h at
RT. After completion of the reaction, the product was diluted
with DCM, washed with saturated sodium Dbicarbonate
solution, and followed by brine solution, respectively. Later,
the DCM layer was dried with sodium sulfate and filtered, and
solvent was removed under vacuum. The crude product was
purified using column chromatography with mixed solvent of
EtOAc/Hexane (20:80) as a white solid, 79% yield; mp 269—
272 °C; 'H NMR (300 MHz, DMSO): & 12.06 (s, 1H), 7.70
(d, ] = 8.1 Hz, 1H), 7.56 (m, 2H), 7.46 (d, ] = 7.5 Hz, 1H),
7.35 (t, 1H), 7.13 (t, 1H), 6.89 (t, 2H), 6.82 (s, 1H), 4.99 (s,
2H), 4.08 (s, 3H); *C NMR (75 MHz, DMSO): § 166.7,
164.3, 154.1, 151.8, 144.0, 136.9, 135.5, 130.6, 129.7, 129.5,
1282, 126.0, 124.9, 123.7, 116.0, 115.7, 108.5, 53.2; HRMS
m/z: 436.0531 [M + H]" calcd for C,yH,CIFN;0,S, C, 52.36;
H, 3.47; N, 9.64; S, 7.36; found, C, 52.96; H, 3.68; N, 9.01; S,
7.04.

General Procedure for the Synthesis of Compounds, 27—
37. To the solution of compound 7 in DCM, added
trimethylamine (TEA). To this reaction mixture, correspond-
ing isocyanate and isothiocyanate reactants were added
simultaneously under a nitrogen atmosphere. The whole
reaction mixture was stirred at RT for 4 h. The product was
extracted with DCM, washed with water, and followed by brine
solution, respectively. Later, the DCM layer was dried with
Na,SO, and distilled under reduced pressure to remove the
solvent. The crude product was purified by column
chromatography to afford the products, 27—37.

Methyl-4-amino-3-chloro-6-(2-(3-(4-chlorophenyl) thio-
ureido) phenyl) pyridine-2-carboxylate (27). The compound
7 (20 mg, 0.072 mmol) was dissolved in DCM (2.0 mL), and
TEA (11 pL, 0.079 mmol) was added to the mixture under a
N, atmosphere. Later, 1-chloro-4-isothio cyanatobenzene (12
mg, 0.073 mmol) was added and the reaction mixture was
stirred for 4 h at RT. After completion of the reaction, the
product was diluted with DCM and washed with water and
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brine solution. The DCM layer was dried with sodium sulfate,
filtered, and distilled out under vacuum. The compound 27
was purified using column chromatography with EtOAc/
Hexane (35:65) to get the compound 27 (26 mg, 82%) as a
white solid. mp 217—219 °C; "H NMR (300 MHz, DMSO): §
10.8 (s, 1H), 9.1 (s, 1H), 8.29 (d, J = 8.3 Hz, 1H), 7.65 (m,
1H), 7.57 (m, 2H), 7.51 (m, 2H), 7.32 (t, 2H), 7.22 (s, 1H),
6.94 (s, 2H), 3.48 (s, 3H); *C NMR (75 MHz, DMSO): §
179.5, 169.9, 154.4, 152.2, 147.4, 138.2, 137.0, 131.3, 129.1,
128.6, 128.3, 128.1, 127.0, 126.9, 125.2, 110.8, 109.5, 52.5;
HRMS m/z 447.0441 [M + H]* calcd for C,yH,,CL,N,0,S, C,
53.70; H, 3.61; N, 12.52; S, 7.17; found, C, 54.26; H, 3.89; N,
12.04; S, 6.89.

Compounds 28-37 were synthesized similar to the
reactions employed for the compound 27. The spectral data
for compounds 28—37 are followed (Supporting Information
for the detailed spectral data and other information).

Methyl-4-amino-3-chloro-6-(2-(3-(2-chlorophenyl) thio-
ureido) phenyl) pyridine-2-carboxylate (28). The compound
28 was purified using column chromatography with EtOAc/
Hexane (40:60) as an off white solid, 89% yield; mp 230—232
°C; 'H NMR (300 MHz, DMSO): § 10.7 (s, 1H), 9.06 (s,
1H), 8.30 (d, J = 8.3 Hz, 1H), 7.85 (m, 1H), 7.76 (m, 2H),
7.66 (m, 2H), 7.50 (m, 1H), 7.30 (t, 1H), 7.24 (s, 1H), 6.96
(s, 2H), 3.45 (s, 3H); *C NMR (75 MHz, DMSO): § 180.2,
167.1, 154.2, 152.2, 147.3, 138.0, 137.4, 131.1, 129.4, 128.9,
128.7, 128.3, 127.5, 126.8, 125.2, 124.7, 110.9, 109.0, 53.2;
HRMS m/z: 447.0695 [M + H]" caled for C,,H,,C;,N,O,S,
C, 53.70; H, 3.61; N, 12.52; S, 7.17; found, C, 54.09; H, 3.91;
N, 12.20; S, 6.97.

Methyl-4-amino-3-chloro-6-(2-(3-(3-chlorophenyl) thio-
ureido) phenyl) pyridine-2-carboxylate (29). The compound
29 was purified using column chromatography with EtOAc/
Hexane (30:70) as an off white solid, 96% yield; mp 216—218
°C; '"H NMR (300 MHz, DMSO): 6 11.1 (s, 1H), 9.21 (s,
1H), 8.36 (d, J = 8.4 Hz, 1H), 7.57 (m, 2H), 7.46 (m, 2H),
7.38 (m, 1H), 7.34 (t, 1H), 7.20 (m, 1H), 7.12 (s, 1H), 6.86
(s, 2H), 3.51 (s, 3H); '*C NMR (75 MHz, DMSO): § 180.5,
168.1, 154.2, 152.2, 147.4, 136.9, 136.4, 129.9, 129.4, 128.2,
127.7, 123.8, 123.4, 122.9, 122.8, 111.4, 110.4, 52.1; HRMS
m/z: 447.0698 [M + H]* caled for C,oH,(CpN,O,S, C, 53.70;
H, 3.61; N, 12.52; S, 7.17; found, C, 53.14; H, 3.28; N, 12.95;
S, 7.74.

9-Methyl-amino-6-(2-(3-(2-bromophenyl) thioureido)
phenyl)-3-chloropyridine-2-carboxylate (30). The compound
30 was purified using column chromatography with EtOAc/
Hexane (25:75) as a white solid, 90% yield; mp 236—238 °C;
'H NMR (300 MHz, DMSO): & 10.8 (s, 1H), 9.1 (s, 1H),
8.37 (d, ] = 8.3 Hz, 1H), 7.65 (t, 2H), 7.58 (m, 2H), 7.48 (m,
2H), 7.29 (t, 1H), 7.23 (s, 1H), 6.98 (s, 2H), 3.81 (s, 3H); °C
NMR (75 MHz, DMSO): § 179.7, 165.5, 154.0, 152.0, 146.8,
137.3, 132.4, 129.8, 128.3, 125.7, 123.6, 121.6, 121.2, 120.0,
119.9, 111.7, 109.8, 52.5; HRMS m/z: 490.2897 [M]* calcd
for C,,H,(BrCIN,O,S, C, 48.85; H, 3.28; N, 11.39; S, 6.52;
found, C, 49.07; H, 3.52; N, 11.06; S, 6.24.

Methyl-4-amino-6-(2-(3-benzylureido) phenyl)-3-chloro-
pyridine-2-carboxylate (31). The compound 31 was purified
using column chromatography with EtOAc/Hexane (20:80) as
a white solid, 88% yield; mp 204—207 °C; 'H NMR (400
MHz, DMSO): 6 9.70 (s, 1H), 8.13 (d, ] = 9.2 Hz, 1H), 7.42
(m, 1H), 7.32 (m, SH), 7.23 (m, 1H), 7.09 (m, 2H), 7.03 (m,
1H), 6.84 (s, 2H), 4.27 (d, ] = 6.0 Hz, 2H), 3.80 (s, 3H); *C
NMR (75 MHz, DMSO): & 165.0, 155.1, 154.7, 153.7, 152.6,
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150.8, 146.3, 140.1, 138.4, 129.2, 128.8, 127.1, 126.7, 125.6,
121.3, 120.5, 111.6, 109.4, 52.5, 42.9; HRMS m/z: 411.1221
[M + H]" caled for C,H,;,CIN,O;, C, 61.39; H, 4.66; N,
13.64; found, C, 62.15; H, 5.03; N, 13.10.
Methyl-4-amino-3-chloro-6-(2-(3-(4-methoxyphenyl) ure-
ido) phenyl) pyridine-2-carboxylate (32). The compound 32
was purified using column chromatography with EtOAc/
Hexane (60:40) as a white solid, 94% yield; mp 187—189 °C;
'H NMR (300 MHz, DMSO): & 9.90 (s, 1H), 8.92 (s, 1H),
8.08 (d, J = 8.1 Hz, 1H), 7.47 (d, ] = 7.2 Hz, 1H), 7.35 (m,
3H), 7.09 (m, 2H), 6.85 (m, 4H), 3.86 (s, 3H), 3.70 (s, 3H);
13C NMR (75 MHz, DMSO): § 165.0, 154.4, 154.4, 152.7,
152.6, 146.5, 137.8, 132.9, 129.3, 125.9, 123.2, 121.8, 121.1,
119.8, 113.9, 111.5, 109.3, 55.1, 52.6; HRMS m/z: 427.1170
[M + HJ%, caled for C,H,,CIN,O,, C, 59.09; H, 4.49; N,
13.13; found, C, 58.67; H, 4.13; N, 13.84.
Methyl-4-amino-3-chloro-6-(2-(3-(3-(trifluoromethyl)
phenyl) ureido) phenyl) pyridine-2-carboxylate (33). The
compound 33 was purified using column chromatography with
EtOAc/Hexane (40:60) as an off white solid, 91% yield; mp
197—200 °C; 'H NMR (400 MHz, DMSO): § 10.18 (s, 1H),
9.51 (s, 1H), 8.08 (m, 1H), 7.98 (s, 1H), 7.52 (m, 3H), 7.39
(t, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.13 (m, 2H), 6.89 (s, 2H),
3.86 (s, 3H); °C NMR (75 MHz, DMSO): § 164.9, 154.3,
152.7, 152.5, 146.4, 140.8, 137.3, 129.9, 129.4, 128.8, 126.2,
122.5, 121.6, 117.9, 114.0, 111.6, 109.3, 52.6; HRMS m/z:
465.0935 [M + H]" caled for C,,H,4CIF;N,O,, C, 54.26; H,
3.47; N, 12.05; found, C, 55.03; H, 3.89; N, 11.37.
Methyl-4-amino-3-chloro-6-(2-(3-(4-(trifluoromethyl)
phenyl) ureido) phenyl) pyridine-2-carboxylate (34). The
compound 34 was purified using column chromatography with
EtOAc/Hexane (40:60) as an off white solid, 85% yield; mp
185—187 °C; '"H NMR (300 MHz, DMSO): § 10.22 (s, 1H),
9.54 (s, 1H), 8.08 (d, J = 8.3 Hz, 1H), 7.64 (s, 4H), 7.53 (dd,
1H), 7.39 (m, 1H), 7.17 (s, 1H), 7.13 (m, 1H), 6.87 (s, 2H),
3.86 (s, 3H); 3C NMR (75 MHz, DMSO): § 167.2, 154.2,
152.7, 152.3, 143.7, 137.2, 129.4, 128.8, 128.2, 1262, 126.1,
126.0, 122.5, 121.4, 117.7, 109.3, 52.6; HRMS m/z: 465.0783
[M + H]* caled for C,1H(CIF;N,O;, C, 54.26; H, 3.47; N,
12.05; found, C, 54.91; H, 3.51; N, 11.65.
Methyl-4-amino-3-chloro-6-(2-(3-(2-chlorophenyl) urei-
do) phenyl) pyridine-2-carboxylate (35). The compound 35
was purified using column chromatography with EtOAc/
Hexane (15:85) as a white solid, 96% yield; mp 199—202 °C;
'"H NMR (400 MHz, DMSO): & 9.59 (s, 1H), 8.54 (s, 1H),
8.00 (m, 2H), 7.44 (m, 2H), 7.39 (m, 1H), 7.29 (t, 1H), 7.13
(m, 1H), 7.06 (m, 1H), 7.04 (m, 1H), 6.83 (s, 2H), 3.84 (s,
3H); *C NMR (75 MHz, DMSO): § 165.4, 154.3, 152.5,
152.3, 147.4, 136.6, 136.0, 129.3, 129.1, 128.5, 127.4, 123.7,
123.1, 122.8, 122.7, 122.2, 111.2, 110.0, 52.5; HRMS m/z:
431.6323 [M + HJ* caled for CyH,(CIN,O;, C, 60.69; H,
4.07; N, 14.15; found, C, 61.24; H, 4.33; N, 13.64.
Methyl-4-amino-3-chloro-6-(2-(3-(4-(methylthio) phenyl)
ureido) phenyl) pyridine-2-carboxylate (36). The compound
36 was purified using column chromatography with EtOAc/
Hexane (25:75) as an off white solid, 93% yield; mp 225—227
°C; 'H NMR (300 MHz, DMSO): & 10.02 (s, 1H), 9.12 (s,
1H), 8.08 (d, J = 7.9 Hz, 1H), 7.49 (dd, 1H), 7.41 (d, ] = 8.8
Hz, 2H), 7.37 (m, 1H), 7.21 (4, ] = 8.6 Hz, 2H), 7.15 (s, 1H),
7.10 (m, 1H), 6.86 (s, 2H), 3.86 (s, 3H), 2.43 (s, 3H); *C
NMR (75 MHz, DMSO): § 165.0, 154.4, 152.6, 152.4, 146.4,
137.6, 129.8, 128.8, 127.7, 126.0, 122.0, 121.2, 118.9, 111.6,
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109.3, 52.6, 15.9; HRMS m/z: 443.0937 [M + H]" calcd for
C,H,yCIN,O5S, C, 56.95; H, 4.32; N, 12.65; S, 7.24; found,
C, 56.19; H, 4.06; N, 13.34; S, 7.68.

Methyl 6-(2-(3-allylureido) phenyl)-4-amino-3-chloropyr-
idine-2-carboxylate (37). The compound 37 was purified
using column chromatography with EtOAc/Hexane (50:50) as
an off white solid, 87% yield; mp 189—192 °C; '"H NMR (400
MHz, DMSO): 6 9.66 (s, 1H), 8.10 (d, J= 7.6 Hz, 1H), 7.41
(m, 1H), 7.31 (t, 1H), 7.09 (s, 1H), 7.02 (m, 1H), 6.84 (m,
2H), 6.26 (m, 1H), 5.83 (m, 1H), 5.15 (m, 1H), 5.05 (m, 1H),
3.87 (s, 3H), 3.70 (m, 2H); *C NMR (75 MHz, DMSO): §
155.8, 155.5, 151.9, 140.1, 135.5, 130.6, 127.9, 122.1, 121.4,
120.9, 115.7, 109.0, 53.2, 42.7; HRMS m/z: 361.0355 [M +
H]* caled for C,,H,,CIN,O;, C, 56.59; H, 4.75; N, 15.53;
found, C, 55.89; H, 4.27; N, 16.19.
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