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Through the bromination of organic substrates using cetyltrimethylammonium tribromide (CTMATB), a series of bromoanilines have
been synthesized using a greener synthetic process. The synthesized bromoanilines were optimized by testing for antifungal activity
against Fusarium oxysporum, Penicillium italicum, Candida albicans and Aspergillus niger. The ADMET profiling was studied to determine
the drug likeliness of the compounds. In silico studies were done to understand the ligand-protein interaction of the compounds with a

their bandgap energy to supplement and validate the antifungal property of the synthesized compounds.

| target protein. Density functional theory (DFT) studies have been carried out in order to study the reactivity of the compounds through |
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INTRODUCTION

Bromination of aromatic compounds is a widely performed
organic reaction due to the importance of bromoorganics in many
organic synthesis procedures like oxidation [1-4], cyclization
[5-7], co-halogenation [8-12], substitution [13-16], catalysis
[17-20], etc. Bromo derivatives also finds use in the manuf-
acturing of pharmaceuticals, intermediates for agrochemicals
and other new materials [21,22]. Because of these important
applications of bromo derivatives over the years, several method-
ologies have been developed for bromination reactions [23-
27]. For these types of transformation reactions, small organic
molecules are used as test substrates and while these test subs-
trates serves the purpose in proving the success of the bromi-
nation methodologies, it has been observed that their intrinsic
properties are not studied and their utility of these test comp-
ounds is not explored. On that note, bromoanilies albeit routi-
nely synthesized for various studies [28-30] especially for use
in different organic transformations [24,27,31-34], not much
information is available on studies done to assess the potential
biological activities. Previous work has reported the antibacterial
activity of a few bromoaniline [35] and therefore this present
work is aimed to look into their antifungal activity.

The use of elemental bromine poses threat to the environ-
ment as well as to the researchers and therefore, it has become
important to use a substitute for molecular bromine [36,37].
Quaternary ammonium tribromides (QATBs) gained attention
in the past decades as versatile alternatives for bromine and
one such QATB known for its efficacy is cetyltrimethylamm-
onium tribromide (CTMATB) [38-40]. While adopting green
synthetic protocols, the identification and use of solvent is
important. Water has been considered as a greener solvent for
organic transformations because of its non-toxic, non-corro-
sive, high vapour pressure and non-flammable nature [41]. In
this context, an environmentally benign method for bromi-
nation involving the use of CTMATB and water as solvent
under microwave irradiation has been reported by us earlier
[35]. In present work, a series of bromoanilines have been
synthesized using the said methodology.

Bromoorganic compounds have also been reported to have
various biological properties like antimicrobial [35,42,43],
antioxidant [42,44,45], anticancer [46-48], analgesic [49],
antitubercular [42] and cytotoxic [50] activities. Small mole-
cules have found significance in the field of pharmaceutical
chemistry as they are usually easy to synthesize, low cost and
are able to affect the function of various proteins, enzyme, or
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macromolecule [51-53]. Therefore, it is relevant to identify
small molecules which are expected to have biological prop-
erties and explore them further. This has led us to consider the
synthesized compounds to be tested for antifungal activity
against Fusarium oxysporum, Penicillium italicum, Candida
albicans and Aspergillus niger.

The advancement and importance of cheminformatic tools
in drug discovery and profiling has been well emphasized over
the recent decades [54-59]. Pharmocokinetic and absorption,
distribution, metabolism and excretion (ADME) properties are
crucial determinants for a drug candidate and computational
approaches are employed to study the ADME properties [57,
60]. Molecular docking is another advanced computational
tool to understand and obtain the optimized conformation of
ligand-receptor interaction by placing a molecule (ligand) into
the preferred active binding site of the target protein (receptor)
[57,61]. In present work, the synthesized compounds have been
docked with a bromodomian module Bdf1 (pdb id: 5N16) of
the bromo- and extra-terminal domian (BET) family of proteins.
Bromodomains are essential for C. albicans viability and
pathogenicity, establishing Bdf1 inhibition as a potential target
for antifungal therapeutic strategy [62,63]. In recent years,
the use of theoretical simulations in predicting physico-
chemical and biological characteristics of molecules have been
noted [64]. DFT studies have therefore been carried out in
order to study the reactivity of the compounds through their
bandgap energy to supplement and validate the antifungal prop-
erty of the synthesized compounds.

EXPERIMENTAL

Synthesis of bromoaniline compounds: A series of
bromoanilines (a-p) were synthesized as reported earlier [35],
where cetyltrimethylammonium tribromide (CTMATB) was
used as a reagent for the bromination reactions.

4-Bromo-2-fluoroaniline (a): Yield: 52%;'H NMR (400
MHz, CDCl,): d 4.11 (brs, 2H), 7.34 (d, H), 7.12 (d, H), 7.24
(dd, H); ®C NMR (100 MHz, CDCl;): 8 109.73, 117.74,
117.96, 130.10, 133.20, 151.94; IR (KBr, Vua, cm™): 3416,
3083, 2927, 1620, 1570, 1484, 1271, 1203, 562.

2,6-Dibromo-4-fluoroaniline (b): Yield: 51%;'H NMR
(400 MHz, CDCls): d 4.29 (brs, 2H), 7.10 (d, H), 7.12 (d, H);
C NMR (100 MHz, CDCls): 6 107.89, 107.98, 115.30,
118.83,119.07, 138.93; IR (KBTI, Vi, cm™): 3421, 3306, 3100,
1613, 1568, 1472, 1294, 1202, 570.

2,4-Dibromoaniline (¢): Yield: 84%;'H NMR (400 MHz,
CDCls): d 4.09 (brs, 2H), 7.17 (d, H), 7.19 (dd, H), 7.52 (d,
H); "C NMR (100 MHz, CDCl;): 8 109.51, 116.65, 131.10,
134.38, 143.20; IR (KBT, Vi, cm™): 3404, 3295, 3075, 1615,
1481, 1289, 1252, 620, 536.

4-Bromo-2-chloroaniline (d): Yield: 66%; 'H NMR (400
MHz, CDCls): d 3.98 (brs, 2H), 6.57 (d, H), 7.08 (dd, H), 7.30
(d, H); *CNMR (100 MHz, CDCl;): § 109.32, 116.82, 119.89,
130.49, 131.57, 142.06; IR (KBT, Vinay, cm™): 3415, 3307, 3079,
1616, 1478, 1291, 703, 542.

2-Bromo-4-chloroaniline (e): Yield: 60%;'H NMR (400
MHz, CDCls): d 3.91 (brs, 2H), 6.67 (d, H), 7.06 (dd, H), 7.31
(d, H); *CNMR (100 MHz, CDCl;): § 109.08, 115.84, 116.17,

128.58, 131.76, 142.79; IR (KBTI, Vi, cm™): 3422, 3306, 3076,
1614, 1543, 1459, 1290, 704, 553.

4-Bromo-2-iodoaniline (f): Yield: 60%; 'H NMR (400
MHz, CDCl;): d 4.52 (brs, 2H), 7.32 (d, H), 7.49 (dd, H), 7.61
(d, H); "C NMR (100 MHz, CDCls): § 82.64, 109.33, 120.37,
132.77,141.27, 143.41; IR (KBTI, Ve, cm™): 3402, 3291, 3066,
1611, 1531, 1446, 1287, 665, 543.

2-Bromo-4-iodoaniline (g): Yield: 73%; 'H NMR (400
MHz, CDCl;): d 3.84 (brs, 2H), 6.63 (d, H), 7.32 (dd, H), 7.51
(d, H); "C NMR (100 MHz, CDCls): § 78.30, 109.97, 117.28,
131.11, 139.89, 143.80; IR (KBTI, Vya,, cm™): 3393, 3290, 3170,
1612, 1555, 1470, 1256, 608, 535.

4-Bromo-2-nitroaniline (h): Yield: 60%;'H NMR (400
MHz, CDCly): d 6.74 (d, H), 7.41 (dd, H), 8.25 (d, H); *C
NMR (100 MHz, CDCl5): & 120.09, 120.29, 128.22, 132.33,
138.43, 143.55

2-Bromo-4-nitroaniline (i): Yield: 56%;'H NMR (400
MHz, CDCl;): d4.91 (brs, 2H), 6.76 (d, H), 8.03 (dd, H), 8.36
(d, H); ®*C NMR (100 MHz, CDCl): 8 106.86, 113.40, 124.86,
129.12, 138.76, 149.92; IR (KBTI, Vya, cm™): 3489, 3373, 3096,
1623, 1585, 1486, 1120, 638, 546.

6-Bromo-2-chloro-4-nitroaniline (j): Yield: 55%; 'H
NMR (400 MHz, CDCl,): d 5.24 (brs, 2H), 7.26 (d, H), 8.18
(d, H), 8.30 (d, H); *C NMR (100 MHz, CDCls): § 106.85,
117.58, 124.73, 127.35, 138.06, 146.65; IR (KBr, Vi, cm™):
3478, 3358, 3094, 1566, 1483, 1312, 718, 533.

4-Bromo-o-toluidine (k): Yield: 85%;'H NMR (400
MHz, CDCl;): d 2.16 (s, 3H), 4.04 (brs, 2H), 7.10 (d, H), 7.40
(d, H), 7.41 (d, H); *C NMR (100 MHz, CDCl): & 18.16,
109.36, 118.82, 124.88, 131.02, 131.92, 141.45; IR (KBr, Vs,
cm™): 3481, 3340, 3072, 1615, 1584, 1468, 1443, 1282, 548.

2-Bromo-p-toluidine (1): Yield: 72%;'H NMR (400 MHz,
CDCl,): d 2.19 (s, 3H), 4.37 (brs, 2H), 6.67 (d, H), 6.91 (d,
H), 7.19 (d, H); *C NMR (100 MHz, CDCl5): § 20.07, 108.68,
115.74, 128.96, 139.47, 129.30; IR (KBT, Vi, cm™): 3422,
3379, 3307, 1479, 1503, 1286, 558.

4-Bromo-m-toluidine (m): Yield: 62%; 'H NMR (400
MHz, CDCl;): 6 2.25 (s, 3H), 4.12 (brs, 2H), 6.52 (d, H), 7.24
(dd, H), 7.52 (d, H); *C NMR (100 MHz, CDCls): § 24.11,
112.39,113.99, 131.34, 134.73, 137.80, 143.72; IR (KBT, Vinax,
cm™): 3472, 3378, 3045, 1609, 1454, 1407, 1256, 563.

4-Bromoaniline (n): Yield: 60%; 'H NMR (400 MHz,
CDCl;): d 4.09 (brs, 2H), 6.64 (d, H), 7.19 (dd, H), 7.52 (d,
H); C NMR (100 MHz, CDCl): § 109.50, 116.63, 131.09,
134.38, 143.19; IR (KBT, Vi, cm™): 3403, 3298, 3053, 1615,
1581, 1480, 1288, 536.

4,6-Dibromo-2-methylaniline (0): Yield: 71%; 'H NMR
(400 MHz, CDCl;): d 2.17 (s, 3H), 4.05 (brs, 2H), 7.11 (dd,
H), 7.41 (d, H); ®C NMR (100 MHz, CDCl5): § 18.15, 109.10,
109.36, 124.87, 131.91, 132.02, 141.44; IR (KBr, Vi, cm™):
3488, 3074, 1614, 1468, 1398, 1280, 1160, 550.

3-Bromo-2,4-dimethylaniline (p): Yield: 91%; 'H NMR
(400 MHz, CDCl5): d 2.17 (s, 3H), 2.19 (s, 3H), 6.80 (d, H),
7.11 (d, H); *C NMR (100 MHz, CDCl): § 18.27, 20.04,
109.35, 123. 43, 128.37, 130.24, 130.31, 139.64; IR (KBr,
Vamaxs cm™'): 3403, 3306, 3051, 1622, 1598, 1564, 1486, 1376,
1288, 560.
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In vitro antifungal studies: The synthesized compounds
were tested for their antifungal activity against F. oxysporum,
A. niger, P. italicum and C. albicans. The antifungal activity
was studied by determining the zone of inhibition using agar
well diffusion method [65] and subsequently minimum inhib-
ition concentration (MIC) of the compounds was determined
using two-fold broth dilution method. Potato dextrose broth
and potato dextrose agar were used for the experiments. Fluco-
nazole was used as the standard drug and DMSO was used as
the negative control. The tests were performed at a concentra-
tion of 10 mg/mL using DMSO as the solvent. Each experiment
was performed in triplicate.

Pharmacokinetic studies: The pharmacokinetic prop-
erties of the compounds were predicted using admetSAR [66,
67], pkCSM [68,69] and swissADME [70,71], which are online
tools that allows to study their bioactivities. For all compounds
the structures were drawn in ChemDraw Ultra 12.0 and their
SMILES formats were generated and imported into the web
tools.

Molecular docking studies: To get more insight into the
binding interaction of the synthesized compounds, molecular
docking studies were conducted using Molegro Virtual Docker
(MVD). The pdb file format of the bromodomian module (pdb
id: 5N16) was obtained from RCSB Protein Data Bank. The 3D
structures of the ligands were drawn in ChemBioDraw Ultra
12.0 as mol?2 files. Water molecules were removed and charges
were assigned for the docking procedure. Cavities were detected
and the binding site was bound to a radius of 15 A, center X:
-0.64,Y: -31.36, Z: 7.40, volume 212.48 A? and surface area

of 569.6 A. Docking was then proceeded and 30 independent
runs were performed for each ligand.

DFT studies: The DFT analysis of the compounds were
done using Gaussian 09 [72] software. The compounds were
optimized using B3LYP hybrid function along with LANL2DZ
basis set in solvent (DMSO) media. The studied compounds
were characterized as minima due to the absence of imaginary
frequency. The energy gap (AE) between HOMO and LUMO
signifies the chemical reactivity of compounds and was calcu-
lated using eqn. 1. Low energy gap signifies high chemical
reactivity, which implies to having a better pharmacological
activity [46,73].

AE = E‘4HOMO - E‘4LUMO (1)

RESULTS AND DISCUSSION

The use of CTMATB for the organic reactions in aqueous
condition provides an environmentally benign pathway for the
bromination of organic compounds. The products were obtained
in good yields.

In vitro antifungal studies: The antifungal activity of
the synthesized brominated anilines (a-p) were performed
against F. oxysporum, A. niger, C. albicans and P, italicum. It
was observed that the synthesized compounds have a varying
scale of antifungal activity against all the tested microbial strains
(Table-1). Subsequently, minimum inhibition concentration
(MIC) of the compounds was performed to enumerate their
antifungal activity. Compound g showed the best activity against
A. niger with an MIC of 0.31 g/mL, compounds h and k showed

TABLE-1
ANTIBACTERIAL ACTIVITY DATA OF THE SYNTHESIZED BROMOANILINES (a-p)
A. niger P. italicum F. oxysporum C. albicans
Substrate Product 701 MIC 701 MIC 701 MIC 701 MIC
(mm) (mg/mL) (mm) (mg/mL) (mm) (mg/mL) (mm) (mg/mL)
NH,
NHo F
©/ F 14 1.25 19 1.25 13 2.50 14 2.50
Br
(a)
NH,
N
He Br: Br
© 12 1.25 19 1.25 11 2.50 12 2.50
F
F
(b)
NH,
N H2 Br
©/Br 35 0.62 37 0.31 26 1.25 20 1.25
Br
(c)
NHo
NH2 Cl
fjc' 21 0.62 32 0.62 20 125 11 2.50
Br

(C)
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NHz
©/ 32 0.62 28
Br
(0)
NH,
CH3 CHa
Br 19 2.50 14
CH3
(p)
Fluconazole 36 1.25 30

1.25 18 1.25 20 1.25
2.50 11 2.50 18 2.50
0.62 37 0.31 32 0.15

better against P. italicum with MIC value of 0.31 g/mL, comp-
ound g against F. oxysporum with MIC value 0.62 g/mL and
compound h against C. albicans with MIC value 0.31 g/mL.
Comparatively, compound g showed good activity against all
four fungal strains representing broad spectrum antifungal
activity (Table-1).

Pharmacokinetic and ADMET studies: The predictions
of in silico pharmacokinetic and pharmacodynamic parameters
are of great importance in the drug discovery process [74].
The results obtained are presented in Tables 2 and 3. All the
compounds were found to be in agreement with Lipinski’s
rule of five with log P < 5, molecular weight < 500, hydrogen
donor group (HBD) < 5 and hydrogen acceptor group (HBA)
< 10. All the compounds have rotatable bond count (RBC) <
10 and polar surface area (PSA) < 140 A2, thus fulfilling Verber
rule. The molar refractivity (MR) of all the compounds except
compound a is between 40-130 [46].

The computed ADMET results showed that all compounds
have high gastrointestinal (GI) absorption. The compounds
show human intestinal absorption (HIA) and blood brain barrier
(BBB) probability values closer to 1, which indicates good
absorption. The compounds also do not show hepatoxocity.

Molecular docking studies: Molecular docking studies
was done to study the interaction of the compounds with target

bromodomain module (pdb id: 5N16), which is a potential
antifungal target in Candida albicans. Table-4 shows the ligand
protein interaction analysis of the synthesized compounds and
fluconazole with the target protein. A common interaction with
Thr260 was seen between fluconazole and all the compounds
except compound m. Moreover, compounds h, i and j also showed
interaction with Arg263 and Glu199. Fig. 1 shows the compo-
unds at the active site of the proteins with possible interactions.

DFT studies: The HOMO-LUMO band gap energies (AE)
of the compounds were studied in order to understand their
reactivity. It has been observed that the synthesized compounds
have lesser band gap energies than fluconazole indicating
towards the more enhanced pharmacological effects of the
compounds (Table-5). Compound f has the highest AE value
whereas compound h has the lowest AE value. Compounds h, i
and j with lower AE values are expected to have better pharma-
cological effects. Fig. 2 shows the HOMO and LUMO repre-
sentation of the synthesized brominated anilines (a-p), fluco-
nazole and their respective band gap energies.

Conclusion

The present work concludes the use of a green synthetic
methodology for the synthesis of a series of bromoanilines
using cetyltrimethylammonium tribromide (CTMATB) for the

TABLE-2
PHYSICO-CHEMICAL PROPERTIES OF SYNTHESIZED BROMOANILINES (a-p) PREDICTED USING SwissADME
Compound MW (g/mol) HBA HBD log P PSA RBC MR
a 190.01 1 1 2.13 26.02 0 38.50
b 268.91 1 1 2.72 26.02 0 46.20
c 250.92 0 1 2.89 26.02 0 46.25
d 206.47 0 1 2.97 26.02 0 43.56
e 206.47 0 1 2.97 26.02 0 43.56
f 297.92 0 1 3.52 26.02 0 51.26
g 297.92 0 1 2.58 26.02 0 51.26
h 217.02 2 1 1.90 71.84 1 47.37
i 217.02 2 1 2.25 71.84 1 47.37
j 251.47 2 1 2.86 71.84 1 52.38
k 186.05 0 1 1.95 26.02 0 4351
1 186.05 0 1 2.00 26.02 0 4351
m 186.05 0 1 2.53 26.02 0 4351
n 172.02 0 1 2.26 26.02 0 38.55
o 264.95 0 1 2.99 26.02 0 51.21
p 200.08 0 1 2.66 26.02 0 48.48

MW (molecular weight) < 500; HBA (hydrogen bond acceptor) < 10; HBD (hydrogen bond donor) < 5; log P < 5 shows agreement with Lipinski’s
rule of five; PSA (polar surface area) < 140 A% RBC (rotable bond count) < 10; MR (molar refractivity) between 40-130.
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TABLE-3

ADMET PROPERTIES OF SYNTHESIZED BROMOANILINES (a-p) USING pkCSM, admetSAR AND swissADME

3 4

Compound 'BBB probability ~ “HIA probability per?nica(l))-i%i ty Atgigii(t))r/al GI absorption Hepatoxocity
a 0.9798 0.9897 1.487 0.4847 (I1I) High No
b 0.9910 0.9790 1.174 0.4847 (II) High No
c 0.9918 0.9796 1.359 0.4937 (1II) High No
d 0.9896 0.9786 1.359 0.5929 (11II) High No
e 0.9896 0.9786 1.359 0.5929 (I1II) High No
f 0.9677 0.9471 1.358 0.8017 (1II) High No
g 0.9918 0.9526 1.358 0.8017 (1II) High No
h 0.9736 0.9463 0.877 0.5604 (11I) High No
i 0.9445 0.9738 0.799 0.7216 (III) High No
J 0.9732 0.9357 0.875 0.7170 (1II) High No
k 0.9924 0.9879 1.352 0.7671 (II) High No
1 0.9733 0.9877 1.352 0.7671 (II) High No
m 0.9924 0.9879 1.394 0.7671 (II) High No
n 0.9960 0.9796 1.35 0.8553 (1) High No
o 0.9924 0.9879 1.221 0.7671 (II) High No
p 0.9919 0.9879 1.397 0.6698 (II) High No

(1) BBB: Blood Brain Barrier; value closer to 1 represents better permeability through BBB (BBB+). (2) HIA: Human Intestinal Permeability;
value closer to 1 represents better absorption through intestine. (3) Caco-2 permeability: values > 0.90 indicates high permeability; (4) Acute oral
toxicity: mol/kg; (Category I contains compounds with LDs, values less than or equal to 50 mg/kg. Category II contains compounds with LDy,
values greater than 50 mg/kg but less than 500 mg/kg. Category III includes compounds with LDs, values greater than 500 mg/kg but less than
5000 mg/kg. Category IV consisted of compounds with LDy, values greater than 5000 mg/kg.

TABLE-4
MOLECULAR DOCKING ANALYSIS OF SYNTHESIZED BROMOANILINES (a-p) WITH 5N16
Ligand Interaction (protein ligand) dIiI;ttZ;acceu(o/il) Intere(ll(gl/(:llot;;lergy Hybrrl)(ri(l)i:&on e Hybri?glzitéon o
a Thr 260 (08)---N (7) 2.78 -2.50 sp® (both) sp’ (donor)
b Thr 260 (08)---N (7) 3.22 -1.90 sp® (both) sp’ (donor)
c Thr 260 (O8) N (7) 2.79 -2.50 sp® (both) sp® (donor)
d Thr 260 (O8) N (7) 2.79 -2.50 sp® (both) sp® (donor)
e Thr 260 (08)---N (7) 2.89 -2.50 sp® (both) sp® (donor)
f Thr 260 (08)---N (7) 2.90 -2.50 sp® (both) sp’ (donor)
g Thr 260 (08)--N (7) 2.72 -2.50 sp® (both) sp’ (donor)
h Arg 263 (N7)---O (8) 3.10 -0.50 sp” (donor) sp” (acceptor)
Thr 260 (O8)---O (8) 2.99 -2.50 sp® (both) sp® (acceptor)
Glu 199 (08)---N (7) 3.37 -1.16 sp” (donor) sp® (acceptor)
Pro 196 (O8)---N (7) 2.99 -2.50 sp® (acceptor) sp® (donor)
i Thr 260 (O8)---N (7) 3.17 -2.17 sp® (both) sp® (donor)
Thr 260 (08)---O (8) 2.85 -0.37 sp® (both) sp® (acceptor)
Arg 263 (N7)---O (8) 2.95 -0.60 sp” (donor) sp® (acceptor)
Glu 199 (N7)---O (8) 3.13 -2.36 sp” (donor) sp” (acceptor)
Tyr 249 (08)---N (7) 2.87 -2.50 sp® (both) sp® (donor)
j Glu 199 (N7)---O (8) 2.95 -2.50 sp” (donor) sp” (acceptor)
Arg 263 (N7)--O (8) 3.00 -0.44 sp” (donor) sp” (acceptor)
Thr 260 (08)---N (7) 3.21 -1.99 sp® (both) sp® (acceptor)
Tyr 249 (08)--N (7) 3.35 -1.22 sp® (both) sp’ (donor)
Val 238 (08)--N (7) 3.32 -1.39 sp® (acceptor) sp’ (donor)
k Thr 260 (08)---N (7) 2.78 -2.50 sp® (both) sp’ (donor)
1 Thr 260 (08)---N (7) 3.06 -2.50 sp® (both) sp’ (donor)
m Pro 255 (08)---N (7) 3.12 -2.42 sp” (acceptor) sp® (donor)
Glu 199 (08)---N (7) 2.90 -2.50 sp” (acceptor) sp® (donor)
n Thr 260 (O8)--N (7) 2.78 -2.50 sp® (both) sp® (donor)
0 Thr 260 (O8) N (7) 2.84 -1.58 sp® (both) sp® (donor)
Asp 257 (08)--N (7) 2.75 -2.50 sp® (acceptor) sp’ (donor)
Pro 255 (O8)---N (7) 3.21 -1.24 sp® (acceptor) sp’ (donor)
p Thr 260 (O8)---N (7) 2.63 -2.50 sp® (both) sp® (donor)
Fluconazole Thr 260 (08)---N (7) 2.83 -2.50 sp® (both) sp® (acceptor)
Thr 260 (O8)---O (8) 2.99 -2.50 sp® (both) sp® (both)
Arg 263 (N7)--O (8) 3.32 -0.29 sp” (donor) sp® (both)
Arg 263 (N7)--N (7) 2.87 -2.17 sp” (donor) sp” (acceptor)
Glu 199 (N7)---O (8) 3.01 -2.50 sp” (donor) sp® (acceptor)
Gln 198 (N7)---N (7) 2.93 -2.50 sp” (donor) sp® (acceptor)
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Fig. 1. (a) Compound h the active site of the target protein showing possible interactions and at the active site pockets of the target protein
5N16; (b) Compound i the active site of the target protein showing possible interactions and at the active site pockets of the target
protein SN16; (c) Compound j the active site of the target protein showing possible interactions and at the active site pockets of the

target protein SN16
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