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2 Bioorganic Chemistry

1. Introduction

Urea (1) is a simple and well-known naturally occurring
organic compound, which plays significant physiological and
biological roles in organisms [1]. The urea cycle in mammals
and other organisms helps to convert toxic ammonia into urea
[2].  Urea derivatives have occupied key roles in medicinal
chemistry by regulating numerous pharmacological activities [3].
There are more than 6000 urea compounds registered in the Drug
Data Report (MDDR) database [4], which highlights the
importance of urea derivatives. In addition, the urea linkage is
often present in many pharmacologically active drugs [5,6].
Literature survey revealed that urea derivatives have a
comprehensive spectrum of biological activities. For example, as
anti-tuberculosis,  anti-viral,  anti-HIV, HDL-elevating
antibacterial, analgesic, and even hold anticonvulsant properties
[7-11]. Some of these urea derivatives have been used as enzyme
inhibitors, pseudo peptides, sedative-hypnotics, and anticancer
agents [12-14]. In addition, urea and its derivatives have been
employed as useful synthetic intermediates, agrochemicals, and
resin precursors [15]. Consequently, urea and its derivatives are
of a major interest for many organic and medicinal chemists that
seek to explore its various biological activities [16, 17].

In recent times, there is an increasing need for a new class of
antimicrobial agents due to the rise of new microbial strains that
have developed resistance to current chemotherapeutics and
antibiotics[18]. Urea derivatives bearing aryl groups belong to
the simplest chemicals used in medicine [3]. Urea derivatives
with important  biological activity such as 1. 1-(2-
hydroxyphenyl) (4-hydroxyphenyl) methyl) urea (antibacterial)
[19], H: 1-(1-arylimidazolidine-2-ylidene)-3-(4-chlorobenzyl)
urea derivative (antiviral) [20], 111: aminoquinuride (antiseptic)
[21], and 1V: diflubenzuron (insecticide) [22] have been
reported. Structures of these bioactive urea derivatives are
presented in Figure 1.
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Figure 1. Biologically active urea derivatives.

Wohler synthesis of urea is one of the oldest synthetic
methods in which ammonium cyanate was converted into urea
[23]. Since then, several methods to prepare urea derivatives
have appeared in the literature. For example, it has been reported
that urea can be produced by the reaction of amines with carbon
monoxide and Pd/C [24], or amines with S,S-dimethyl
dithiocarbonate (DMDTC) as a phosgene substitute to yield N-
alkylureas [25], or amines with dialkyl carbonates using
zirconium(IV) catalyst and 2-hydroxypyridine [26], or amines
with phenyl 4,5-dichloro-6-oxopyridazine-1(6H)-carboxylate as
a carbonyl source [27], or amines in‘ the presence of
stoichiometric quantities of trimethylaluminum [28], or amines
with ruthenium catalyst using methanol in closed vessel [29],
and also under solid phase urea synthesis, among others [30].
But most of these methods include the use of hazardous,
expensive organic reagents, solvents and catalysts. Some
methods using special metallic catalysts [31] have failed due to
the difficulties in recycling and recovery of the catalyst.
Currently, one the simplest-and most efficient method for the
synthesis of urea is the reaction of primary or secondary amines
with isocyanates in- organic solvents [32-34]. Therefore, our
synthetic approach to synthesize urea derivatives was to design
and develop a convenient method using commercially available
isocyanates and structurally diverse amines to produce our
desired  ureas. This work also includes compounds’
characterization, molecular docking studies, and evaluation of
ureas’ antimicrobial activity.

2. Results and discussion
2.1. Chemistry

The synthetic route of urea derivatives containing alkyl/aryl
moieties (3a-p) is outlined in Scheme 1. The starting materials of
amine derivatives (1-amino-3,5-dimethyladmantane, 1-(bis (4-
fluorophenyl) methyl) piperazine, 4-(decyloxy)-3-
ethoxybenzenamine and 5,6-dimethoxy-2-(piperidin-4-
ylmethyl)-2,3-dihydroinden-1-one) were synthesized following
reported literature [35-38]. Urea derivatives containing alkyl/aryl
moieties (3a-p) were prepared in simple one-step method by the
reaction of isocyanates with amine derivatives in toluene as a
solvent, at 40-45 °C. This method has the advantages of easier
work-up, mild reaction conditions and high yields (72 to 81%).
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Scheme 1. Direct synthesis of urea derivatives.
2.2. Spectroscopic characterization

The newly synthesized urea derivatives containing alkyl/aryl
moieties (3a-p) were characterized using IR, *H NMR,"C NMR,
and mass spectroscopy. The spectral data of the newly
synthesized compounds (3a-p).-are given in the experimental
section and are in accordance with the assigned structures of the
compounds. The FT-IR spectra for the urea derivatives were
recorded in the region from 400 to 4000 cm™. The bands at
3403-3272 cm™ in the infrared spectra of urea derivatives may
be assigned to the v(NH) groups. The IR spectra of all urea
derivatives show stretching frequencies around 1628-1707 cm™,
which correspond.-to the v(C=0) groups. Weak to medium
absorptions ‘around 2900-2982 cm™ observed, corresponding to
the =C-H stretch of the aromatic ring. Formation of the
compounds was further established by using '"H NMR spectra.
The ®C NMR spectra provide additional support for the
structures of the compounds. In the *C NMR spectra of urea
derivatives exhibit a signal characteristic of the (C=0) functional
groups between 155.6-152.2 ppm.
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Table 1. Crystal data and structure refinement for 3n.

Identification code

3n

Table 2. Selected bond lengths [A] and angles (°) for compound 3n.

Empirical formula

C24H27CIN,O4, CH,Cl,

Molecular formula

C24H27CIN,O4, CH,Cl,

Formula weight 527.9
Crystal system Triclinic
Space group P-1

Unit cell dimensions

a=11.118(9)A

b=11521(9)A

Bond lengths [A] 3n Bond lengths [A] 3n
0(1)-C(2) 1.439(2) 0(4)-C(21) 1.4287(19)
0(1)-C(3) 1.3581(18) N(1)-C(11) 1.481(2)
0(2)-C(12) 1.230(3) N(1)-C(12) 1.388(2)
0(3)-C(17) 1.2314(19) N(2)-C(12) 1.378(2)
0(4)-C(20) 1.371(2) N(2)-C(13) 1.415(2)
Bond angles [°] 3n Bond angles [°] 3n

c=11560(9)A C(2)-0(1)-C(3) 117.97(13) 0(2)-C(12)-N(2) | 122.08(15)
0 = 75.954(11)° C(20)-0(4)-C(21) | 116.99(12) N(1)-C(12)-N(2) [ 115.43(17)
B =79.076(10) C(11)-N(1)-C(12) | 115.02(17) N(2)-C(13)-C(14) | 116.29(17)
y = 62.744(9)° C(11)-N(1)-C(23) | 113.93(14) N(2)-C(13)-C(24) | 124.30(14)
Volume 1271.73(5) A3 C(12)-N(1)-C(23) | 123.22(13) 0(3)-C(17)-C(7) | 124.49(14)
Z 2 C(12)-N(2)-C(13) | 126.27(18) 0(3)-C(17)-C(18) | 127.30(16)
__ 0(1)-C(3)-C(4) 124.56(14) 0(4)-C(20)-C(3) | 113.85(12)
Radiation type Mo-Ka 0(1)-C(3)-C(20) | 114.87(14) O(&)-C(20)-C(19) | 125.56(14)
Density (calculated) 1.3785 Mg/m3 0(2)-C(12)-N(1) 122.46(15) C(3)-C(20)-C(19) | 120.58(15)
Absorption coefficient 0.395 mm—1
F(000) 552 o
Crystal size 0.24 x 0.23 x 0.09mm3
Theta range for data collection 2.02 t0 30.21°. "

Index ranges

—15<=h<=15, -16<=k<=16, —
16<=I<=16

Diffractometer Bruker SMART
APEXII

Absorption correction Multi-scan
(SADABS; Bruker, 2014)

Reflections collected

4505

Independent reflections

4504 [R(int) = 0.0303]

Completeness t0 Omax 97 %

Max. and min. Transmission 0.910and 0.965
Data / restraints / parameters 7352 /0/399
Goodness-of-fit on F2 1.38

Final R indices [I>2sigma(l)]

R1 =0.0385, wR2 = 0.0368

R indices (all data)

R1=0.0385, wR2 = 0.0368

pmax,p min (¢/ A%

0.38(e1 A, 0.39(e7 A)

Computer programs: APEX2 and SAINT (Bruker, 2014) [39], SHELXS97
and SHELXL2013 (Sheldrick, 2008) [40], and JANA2006 [41].

2.3. X-ray crystallography

The crystal structure of the compound 3n has been
determined. X-ray quality crystals of 3n were obtained by slow
evaporation of dichloromethane. The molecular structure of the
compound 3n is depicted in Figure 2. The crystal data and
refinement details of the compound 3n are found in Table 1,
whereas selected bond lengths and bond angles are depicted in
Table 2. Compound 3n crystallized in the triclinic space group
P-1 with two motifs in a unit cell. The X-ray structure of
compound 3n reveals that the molecule is nonplanar. The
crystals of compound 3n have organic solvent molecules
(CH.CI,) in-the unit cell of the determined structure. The C-C
bond distances in aromatic rings are in the normal range of 1.38—
1.54 A°, which is characteristic of delocalized aromatic rings.
The C—C-C bond angles in aromatic rings are around 120° with
the variation being less than 3°, which is characteristic of sp*
hybridized carbons. The compound 3n lies in three planes with
plane I [C(6) C(7) O(3) C(17) C(19) C(18) C(5) C(4) O(1) C(3)
C(20) and O(4)] making a dihedral angle of 84.46° and 19.82°
with plane 1l [C(24) C(25) C(16) CI(3) C(15) C(14) C(13) and
N(2)] and plane 111 [C(8) C(9) C(22) C(10) C(11) N(1) C(23)
and C(12)] whereas the plane Il forms a dihedral angle of 77.14°
with plane I11. The molecular packing diagram shows two layers
of molecules, which are independently arranged in the unit cell.
Molecules forming each layer are not connected through
intermolecular hydrogen bonding.

ci

cit

Figure 2. ORTEP representation of the X-ray crystal structure of 3n
showing heteroatom labeling. 50% probability amplitude displacement
ellipsoids are shown. Additional data check CCDC-1878012.

2.4. Antimicrobial activity

The antimicrobial activities of urea derivatives (3a-p) were
investigated against five bacterial [one gram-positive (S. aureus)
and four gram-negative (E. coli, P. aeruginosa, K. pneumonia,
and A. baumannii)] and two fungi (C. albicans and C.
neoformans) strains [42]. Colistin was used as positive inhibitor
standard for Gram-negative bacteria, Vancomycin was used for
Gram-positive bacteria, whereas Fluconazole was used as a
positive fungal inhibitor standard for both fungi. The results of
antimicrobial activity are tabulated in Table 3. In general, most
of the tested compounds displayed a certain degree of inhibition
of antimicrobial growth. From the results, compounds 3k and 30
exhibited significant inhibition of antimicrobial growth towards
S. aureus. Compounds 3c and 3e showed moderate inhibition of
antimicrobial growth against E. coli. Compound 3h has shown a
moderate inhibition of antimicrobial growth against P.
aeruginosa. Compounds 3b-i and 3n exhibited good to high
inhibition of antimicrobial growth towards tested fungal C.
neoformans. Especially, compound 3b was observed as a lead
compound with promising inhibition of antimicrobial growth
against the tested pathogen C. neoformans.

Compound 3l showed moderate inhibition of antimicrobial
growth against fungal C. albicans. Moreover, all urea derivatives
(3a-p) demonstrated a poor inhibition of antimicrobial growth
against the germs K. pneumonia and A. baumannii.

Table 3. Antimicrobial activity of compounds (3a—p) with the concentration set at 32 pg/mL in DMSO.



Percentage of inhibition of antibacterial and antifungal growth®
Antibacterial activity Antifungal activity
Compound [~ Grampositive Gram-negative bacteria
(*#) Staphylococcus | Escherichia | Pseudomonas Klebsiella Acinetobacter Candida Cryptococcus
aureus coli aeruginosa pneumoniae baumannii albicans neoformans
3a -11.045.51 9.40+6.50 18.55+2.89 0.90+11.45 -54.85+18.31 1.80+3.25 2.89+5.79
3b 10.747.21 18.30+5.65 21.05+2.75 1.35+0.77 -42.55+19.30 2.85+2.89 53.60+6.92
3c -5.55+10.53 23.50+0.98 20.70+4.80 -2.05+12.94 -67.85+7.84 3.15+0.63 31:20+2.54
3d 6.05+8.69 21.65+7.99 13.30+2.26 -10.241.13 -56.75+19.44 1.70+1.69 34.30+5.09
3e 4.10+4.10 24.85+1.48 22.10+1.41 -5.6540.07 -33.90+13.29 2.50+3.95 36.30+7.21
3f 11.05+7.14 15.90+3.95 12.0+6.08 -0.65+13.08 | -70.10+17.39 1.40+1.41 30.55+2.05
3g 10.65+7.99 22.0+4.66 18.5+9.89 -5.60£0.00 -54.70+15.13 -0.40£2.40 33.60+3.39
3h 11.35+6.43 20.70+0.70 23.50+1.97 4.20+12.44 -44.35+4.87 0.45+2.05 29.55+4.87
3i 7.10+8.34 21.30+0.98 5.55+2.47 -5.95+10.39 | -67.15+21.14 -0.1040.84 25.45+1.76
3j 18.85+11.95 17.95+4.03 12.75+4.59 6.85+1.76 -4.4540.07 1.85+1.48 0.65+0.07
3k 25.20+17.11 17.40+5.09 7.05+2.19 4.45+4.59 5.00+31.11 2.40+0.98 -13.40+14.84
3l 15.60+7.07 13.20+1.13 1.75+0.63 4.15+0.35 -37.85£15.06 | 17.95+26.09 3.75+4.03
3m -1.60+4.10 17.65+4.31 16.95+0.49 1.45+8.83 -44.55+32.73 2.70+0.98 14.15+22.13
3n 12.10+9.05 21.85+4.87 19.60+0.98 4.75+12.51 -40.15+17.46 1.35+2.61 33.65+3.74
30 32.30+0.84 11.45+2.33 17.0+1.97 7.05+2.75 10.75+15.48 3.10+3.11 -11.45+4.17
3p 17.6+6.78 14.15+3.88 15.75+2.61 8.00£2.40 -26.25+2.47 1.25+5.16 -1.3+12.02
[a] Highest percentile of antibacterial/antifungal growth inhibition are highlighted
in bold. Data are expressed as the mean SD. SD = Standard Deviation
Table 4. Surflex docking score (kcal/mol) of the urea derivatives for Candida albicans (PDB ID: 1Al9)
Mol. # C Score® Crash Score” Polar Scorg® D Score? PMF Score® G Score’ Chem Score?
Fluconazole 5.30 -2.19 1.85 -65.17 -9.24 -232.46 -8.99
3a 4.46 -2.78 1.78 -90.553 -25.515 -176.254 -18.607
3b 494 -2.51 3.05 -106.697 -24.118 -217.108 -28.428
3c 8.27 -1.34 1.71 -132.545 -4.953 -214.756 -27.462
3d 493 -1.77 0.85 -102.067 31.287 -176.786 -22.703
3e 2.48 -0.92 1.16 -78.326 -8.431 -83.324 -18.039
3f 3.62 -0.34 1.07 -77.092 9.698 -110.115 -17.351
39 7.83 -1.93 1.87 -139.706 3.492 -242.152 -29.445
3h 518 -1.34 211 -93.096 19.717 -179.702 -22.665
3i 2.96 -5.63 1.18 -148.622 20.655 -230.697 -29.380
3j 5.89 -0.88 1.03 -109.082 24.033 -180.761 -20.835
3k 8.03 -2.57 1.63 -177.773 -0.555 -297.270 -31.477
3l 3.63 -1.89 0.04 -98.471 14.101 -176.499 -23.738
3m 5.80 -2.09 213 -107.525 -18.463 -240.611 -25.407
3n 6.21 -3.77 2.52 -146.593 2.480 -270.003 -30.057
30 2.83 -1.17 1.61 -69.001 -24.673 -137.682 -20.112
3p 5.40 -0.48 1.45 -97.416 7.259 -183.619 -19.500

®CScore (Consensus Score) integrates a number of popular scoring functions for ranking the affinity of ligands bound to the active site of a receptor and reports

the output of total score.
® Crash-score revealing the inappropriate penetration into the binding site. Crash scores close to 0 are favorable. Negative numbers indicate penetration.

¢ Polar indicating the contribution of the polar interactions to the total score. The polar score may be useful for excluding docking results that make no hydrogen

bonds.

¢ D-score for charge and van der Waals interactions between the protein and the ligand.
¢ PMF-score indicating the Helmholtz free energies of interactions for protein-ligand atom pairs (Potential of Mean Force, PMF).
f G-score showing hydrogen bonding, complex (ligand-protein), and internal (ligand-ligand) energies.

9 Chem-score points for H-bonding, lipophilic contact, and rotational entropy, along with an intercept term.

2.5. Molecular docking studies structural optimization. The docking study revealed that all the
compounds have shown very good docking score against
Candida albicans. Figure 3, represents the docked view of all

the synthesized compounds at the active site of the enzyme

Molecular docking was used to clarify the binding mode of
the compounds to elucidate new information for further
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PDB ID 1AlI9. As depicted in Figure 4, compound 3¢ makes
three hydrogen bonding interactions at the active site of the
enzyme (PDB ID: 1Al9), among those two interactions were
of hydrogen atoms of amino group oxygen of LYS22 (-NH----
--0-LYS22; 256 A and 1.90 A) and remaining another
hydrogen bonding interaction raised from the oxygen atom of
decyloxy group with hydrogen of GLU116 (O------ H-
GLU116; 2.02 A). As shown in Figure 5, compound 3Kk,
makes four hydrogen bonding interactions at the active site of
the enzyme (PDB ID: 1AIl9), oxygen atom of ethoxy group
makes two hydrogen bonding interactions with hydrogens of
ARG79 (O----H-ARG79; 2.71A, 2.34A), oxygen atom of
carbonyl group of urea makes hydrogen bonding interaction
with hydrogen of LYS57 (C=0------ H-LYS57, 2.11 A) and
remaining another hydrogen bonding interaction raised from
the oxygen atom of decyloxy group with hydrogen of ARG79
(O-----H-ARG79; 2.30 A). As depicted in Figure 6,
fluconazole, makes four hydrogen bonding interaction at the

active site of the enzyme (PDB ID: 1AIl9) and all the four-
hydrogen bonding interaction were raised from the nitrogen
atom of triazole ring with hydrogen atom of amino acid
residues SER78, LYS57& ARG56 (-N ---- H-SER78; H-
LYS57 & H-ARG56).

Figure 7(A and B) represents the hydrophobic and
hydrophilic amino acids surrounded to the studied compounds
(3c and 3k) and also, we saw that the studied compounds have
shown the same type of interaction with amino acid residue as
that of Fluconazole standard drug. The comparative molecular
docking study of synthesized compounds and standard
Fluconazole drug highlighted that the synthesized compounds
exhibited high C-score value (Table 4). Fluconazole C-score
value 5.30 whereas the seven out of sixteen compounds
synthesized have higher C-score values than the Fluconazole.
Thus, from these studies, we-can corroborate the experimental
findings, which suggest /that urea derivatives may act by
inhibiting the dihydrofolate reductase enzyme.

Figure 3. Docked view of all the compounds

the active site of  the enzyme PDB ID: 1AI9.

Figure 4. Docked view of compound 3c at the active site of the enzyme PDB ID: 1AI9.
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3. Conclusion

In summary, we have designed and synthesized a new series
of urea derivatives containing alkyl/aryl moieties. The structures
of all the urea derivatives were confirmed through IR, 'H NMR,
C NMR, and mass spectroscopy. In addition, the molecular
structure of urea derivative 3n was unambiguously established
by single crystal X-ray diffraction analysis. The entire series of
urea derivatives were screened for antimicrobial properties.
Based on the biological evaluation results, the compounds 3b-i
and 3n showed promising inhibition of antimicrobial growth
towards the tested pathogenic strain C. neoformans. The present
synthetic protocol should, in principle, be applicable in
synthesizing various urea derivatives for use in the antimicrobial
activity. Finally, the molecular docking studies of the
synthesized compounds were carried out and the results of such
studies were reported. The docking study revealed that all the
urea derivatives showed very good docking score against
Candida albicans.

4. Experimental section: Materials and methods
2.1 General considerations

All chemicals including isocyanates were obtained from Sigma-
Aldrich chemical company and were used without further
purification. All solvents purchased were of analytical grade and
were used without further purification. All the reactions were
carried out under aerobic conditions in oven-dried glassware
with magnetic stirring. Heating was accomplished by either a
heating mantle or silicone oil bath. Reactions were monitored by
thin-layer chromatography (TLC) performed on 0.25 mm Merck
TLC silica gel plates, using UV light as a visualizing. agent.
Purification of reaction products was carried out by flash column
chromatography using silica gel 60 (230-400 mesh). Yields refer
to the chromatographically pure adducts. Concentration in vacuo
refers to the removal of volatile solvent using a rotary evaporator
attached to a dry diaphragm pump (10-15 mm Hg) followed by
pumping to a constant weight with an oil pump (<300 mTorr).
'H spectra were recorded on JEOL Eclipse Plus 500 (500 MHz),
and are reported relative to CDCls (6 7.26) or DMSO-d6 (8
2.50). "H NMR coupling constants (J) are reported in Hertz (Hz)
and multiplicities are indicated as follows: s (singlet), d
(doublet), t (triplet), quint (quintet), m (multiplet). Proton-
decoupled *C NMR spectra were recorded on JEOL Eclipse
Plus 500 (125 MHz) and reported relative to CDCl; (6 77.00) or
DMSO-d6 (6.39.52). X-ray diffraction data for compound (3n)
was collected using Mo-Ka radiation and a Bruker SMART
APEXII diffractometer [40]. The structure was solved by the
direct-method using SHELXS-97 and refined by full-matrix
least-squares on F2 for all data using SHELXL-97at 100 K [40].
An analytical absorption correction based on the shape of the
crystal 'was performed. All hydrogen atoms were added at
calculated positions and refined using a riding model.
Anisotropic thermal displacement parameters were used for all
non-hydrogen atoms. Further details about the data collection
and reliability factors are listed in Table 1. CCDC-1878012 (for
3n), contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from the
Cambridge Crystallographic DataCentre via
http://www.ccdc.cam.ac.uk/data_request/cif.

4.2 Syntheses

4.2.1 General experimental procedure for the synthesis of urea
derivatives

To a solution of isocyanate (3.75 mmol) in toluene (5.0 mL) was
added a solution of amine (3.75 mmol) in toluene (2.0 mL). The
reaction mixture was heated at 40-45 °C for 30-60 min. Then,
cooled the reaction mixture to 25-30 °C and the resulting solids
were filtered, washed with toluene (2.0 mL). The wet solids were
then taken in toluene, stirred at 25-30 °C for about 30 min,
filtered and washed with toluene (2.0 mL) to get the crude urea
derivative. Finally, the crude urea derivative was purified by
silica gel column chromatography using DCM/MeOH (9:1).

4211 Synthesis of  4-(bis(4-fluorophenyl)methyl)-N-(p-
tolyl)piperazine-1-carboxamide (3a)

Compound (3a) was synthesized  from 4-methyl phenyl
isocyanate (0.5 g, 3.75 mmol) and 1-(bis(4-fluorophenyl)
methyl) piperazine (1.08 g, 3.75-mmol) according to the general
procedure. White solid. Yield: 80% (1.26 g). "H NMR (CDCl,,
500 MHz): & 7.37-7.34 (m, 4H),7.20 (d, J = 8 Hz, 2H), 7.06 (d, J
= 8 Hz, 2H), 7.01-6.98 (M, 4H), 6.37 (s, 1H), 4.23 (s, 1H), 3.47-
3.45 (m, 4H), 2.39-2.36 (m, 4H), 2.28 (s, 3H)."*C NMR (CDCl,,
125 MHz): & 161.9 (d; Jce= 244.4 Hz), 155.2, 137.7, 136.2,
132.7, 129.3,:129.2 (d, *Jor= 8.4 Hz), 120.2, 1155 (d, 2Jcr=
215 Hz), 74.2, 51.4, 44.1, 20.7. IR (KBr): © = 3277.2, 2965.4,
2883.8, 2847.5, 1628.5, 1535.8, 1248.4, 1218.1 832.64, 807.76.
LC-MS for C25H25F2N30: m/z = 422 [M+H]+

4.2.1.2 Synthesis of ethyl 2-(3-(p-tolyl)ureido)benzoate (3b)

Compound (3b) was synthesized from 4-methyl phenyl
isocyanate (0.5 g, 3.75 mmol) and ethyl 2-aminobenzoate (0.62
g, 3.75 mmol) according to the general procedure. White solid.
Yield: 76% (0.85 g). ‘H NMR (DMSO-dg, 500 MHz): & 10.03 (s,
1H), 9.71 (s, 1H), 8.34 (d, J = 8.6 Hz, 1H), 7.94 (dd, J = 8.0, 1.7
Hz, 1H), 7.56 (td, J = 7.5, 1.7 Hz, 1H), 7.39 (d, J= 8.6 Hz, 2H),
7.10-7.04 (m, 3H), 4.35 (q, J = 7.5 Hz, 2H), 2.24 (s, 3H), 1.35 (t,
J = 7.5 Hz, 3H). ®°C NMR (CDCl,, 125 MHz): & 168.5, 153.0,
142.6, 135.3, 134.3, 133.6, 130.6, 129.6, 121.2, 121.0, 119.9,
114.6, 61.2, 20.8, 14.1. IR (KBr): v = 3272.2, 2982.6, 2938.9,
2918, 1704.5, 1665.9, 1549.4, 1513.2, 1253.9, 743.3. LC-MS for
C17H18N203: m/z =299 I:'\/H‘H:rr

4.2.1.3 Synthesis of
tolyl)urea (3c)

1-(4-(decyloxy)-3-ethoxyphenyl)-3-(p-

Compound (3c) was synthesized from 4-methyl phenyl
isocyanate (0.5 g, 3.75 mmol) and 4-(decyloxy)-3-
ethoxybenzenamine (1.10 g, 3.75 mmol) according to the general
procedure. White solid. Yield: 80.5% (1.28 g). "H NMR (CDCls,
500 MHz): 8 7.5 (br, 1H), 7.09 (d, J= 8.0 Hz, 2H), 6.97 (d, J =
7.5 Hz, 2H), 6.93 (s, 1H), 6.69-6.63 (m, 2H), 3.91-3.87 (m, 4H),
2.23 (s, 3H), 1.78-1.73 (m, 2H), 1.41-1.26 (m, 18H), 0.90-0.87
(m, 3H). ®C NMR (CDCl,, 125 MHz): & 154.8, 149.1, 1456,
135.3, 133.3, 131.3, 129.5, 120.9, 114.2, 113.8, 108.1, 69.7,
64.5, 31.9, 29.6, 29.5, 29.4, 29.3, 29.3, 26.0, 22.6, 20.7, 14.7,
14.1. IR (KBr): b = 3293.2, 2916.9, 2851.4, 1640.5, 1516.9,
1262.9, 1231.7, 805.1. LC-MS for CxH3sN,Os: miz = 427
[M+H]".

4.2.1.4 Synthesis of 1-((3R,5S,7r)-3,5-dimethyladamantan-1-yl)-
3-(p-tolyl)urea (3d)

Compound (3d) was synthesized from4-methyl phenyl
isocyanate (0.5 g, 3.75 mmol) and 1-amino-3,5-dimethyl
adamantane (0.67 g, 3.75 mmol) according to the general
procedure. White solid. Yield: 77% (0.92 g). '"H NMR (CDCl,,
500 MHz): 6 7.16 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H),
2.27 (s, 3H), 2.10-2.08 (m, 1H), 1.79 (s, 2H), 1.61 (d, J = 12.0
Hz, 2H), 1.57 (d, J = 11.5 Hz, 2H), 1.33-1.23 (m, 4H), 1.10 (s,


http://www.ccdc.cam.ac.uk/data_request/cif

2H), 0.80 (s, 6H). *C NMR (CDCl,, 125 MHz): & 155.6, 136.0,
133.1, 129.7, 121.1, 52.9, 50.5, 48.1, 42.6, 40.6, 32.4, 30.1, 30.0,
20.8. IR (KBr): © = 3330.5, 2945.5, 2898.9, 2861.4, 1647.2,
1561.6, 1516.6, 1231, 816.8. LC-MS for CxH,sN,0: m/z = 313
[M+H]".

4215 Synthesis of 4-(bis(4-fluorophenyl)methyl)-N-(4-
chlorophenyl)piperazine-1-carboxamide (3e)

Compound (3e) was synthesized from 4-chloro phenyl
isocyanate (0.5 g, 3.25 mmol) and 1-(bis (4-fluorophenyl)
methyl) piperazine (0.93 g, 3.25 mmol) according to the general
procedure. White solid. Yield: 78% (1.43 g). ‘H NMR (DMSO-
dg, 500 MHz): & 8.6 (s, 1H), 7.47-7.43 (m, 6H), 7.27-7.25 (m,
2H), 7.14 (t, J = 9.0 Hz, 4H), 4.43 (s,1H), 3.45 (t, J = 4.5 Hz,
4H), 2.29 (t, J = 4.5 Hz, 4H). *C NMR (DMSO-dg, 125 MHz): &
161.1 (d, "Jc = 242.0 Hz), 154.7, 139.5, 138.4, 129.5 (d, *Jc =
8.4 Hz), 128.1, 125.2, 121.0, 115.4 (d, “Jc= 21.5 Hz), 72.7,
51.2, 43.8. IR (KBr): © = 3310.7, 2954.6, 2906.1, 2790, 1636.4,
15915, 1505.3, 1236.8, 1213.7, 720.4. LC-MS for
C24H22C|F2N30: m/z = 442 ['\/H’H]+

4.2.1.6 Synthesis of ethyl 2-(3-(4-chlorophenyl)ureido)benzoate
(3f)

Compound (3f) was synthesized from 4-chloro phenyl
isocyanate (0.5 g, 3.25 mmol) and ethyl 2-aminobenzoate (0.53
g, 3.25 mmol) according to the general procedure. White solid.
Yield: 74% (0.76 g). '"H NMR (CDCl;, 500 MHz): & 10.62 (s,
1H), 8.50 (d, J = 8.5 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.51 (t, J
= 8.0 Hz, 1H), 7.39 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H),
7.01 (t, J= 8.0 Hz, 1H), 6.98 (s, 1H), 4.33 (q, J = 7.5 Hz, 2H),
1.39 (t, J = 7.0 Hz, 3H). *C NMR (CDCls, 125 MHz): & 168.7,
152.4, 142.4, 136.8, 134.5, 130.8, 129.0, 128.7, 121.5, 121.3,
119.8, 114.5, 61.4, 14.1. IR (KBr): v =3323.5, 2945.7, 2899.5,
2861.7, 1649, 1562.7, 1493.8, 1304.9, 1227.6, 1194.2, 830.1.
LC-MS for C16H;5CIN,O3: m/z = 319 [M+H]".

4.2.1.7 Synthesis of 1-(4-chlorophenyl)-3-(4-(decyloxy)-3-
ethoxyphenyl)urea (3g)

Compound (3g) was synthesized from  4-chloro phenyl
isocyanate (0.5 g, 3.25 .mmol) and 4-(decyloxy)-3-
ethoxybenzenamine (0.95 g, 3.25 mmol) according to the general
procedure. White solid. Yield: 78% (1.13 g). ‘H NMR (DMSO-
ds, 500 MHz): 5 8.71 (s, 1H), 8.50 (s, 1H), 7.47 (dd, J = 6.8, 2.5
Hz, 2H), 7.30 (dd, J =6:8, 2.5 Hz, 2H), 7.19 (d, J = 2.0 Hz, 1H),
6.86-6.15 (m, 2H),3.98 (g, J = 7.0 Hz, 2H), 3.88 (t, J = 6.0 Hz,
2H), 1.66 (quint, J'=7.0 Hz, 2H), 1.40 (quint, J = 7.5 Hz, 2H),
1.33-1.25 (m; 15H), 0.85 (t, J = 7.0 Hz, 3H). *C NMR (DMSO-
de, 125 MHz): 5 152.5, 148.5, 143.7, 138.9, 133.3, 128.6, 125.1,
119.6,.114.8, 110.6, 105.6, 69.0, 63.8, 31.3, 29.1, 29.0, 28.9,
28.8,28.7, 25,5, 22.1, 14.8, 14.0. IR (KBr): © = 3358.1, 3254.5,
2951.5, 2920.3, 2848.1, 1647.5, 1554.8, 1517, 1262.3, 1231.7,
865.7. LC-MS for CsH3sCIN,O5: miz = 448 [M+H]".

4.2.1.8 Synthesis of 1-(4-chlorophenyl)-3-((3R,5S,7r)-3,5-
dimethyladamantan-1-yl)urea (3h)

Compound (3h) was synthesized from 4-chloro phenyl
isocyanate (0.5 g, 3.75 mmol) and 1-amino-3,5-dimethyl
adamantane (0.58 g, 3.75 mmol) according to the general
procedure. White solid. Yield: 72% (0.78 g). '"H NMR (DMSO-
ds, 500 MHz): 6 8.36 (s, 1H), 7.36 (d, J = 8.5 Hz, 2H), 7.22 (d, J
= 9.0 Hz, 2H), 5.90 (s, 1H), 2.08-2.06 (m, 1H), 1.75 (d, J = 2.0
Hz, 2H), 1.57 (s, 4H), 1.31 (d, J = 11.5 Hz, 2H), 1.24 (d, J = 12.0
Hz, 2H), 1.10 (s, 2H), 0.81 (s, 6H). ®*C NMR (DMSO-dg, 125
MHz): & 153.8, 139.6, 128.4, 124.1, 118.8, 51.5, 50.3, 47.6,
42.3, 40.1, 31.9, 30.1, 29.6. IR (KBr): b = 3323.9, 29457,

2899.7, 2861.8, 1648.8, 1562.6, 1493.8, 1275.4, 1227.7, 833.9.
LC-MS for CygH,sCIN,O: m/z = 333 [M+H]".

4219 Synthesis of  4-(bis(4-fluorophenyl)methyl)-N-(4-
fluorophenyl)piperazine-1-carboxamide (3i)

Compound (3i) was synthesized from 4-fluoro phenyl isocyanate
(0.5 g, 3.64 mmol) and 1-(bis (4-fluorophenyl) methyl)
piperazine (0.30 g, 1.05 mmol) according to the general
procedure. White solid. Yield: 76% (1.17 g). "H NMR (CDCl,,
500 MHz): & 7.36-7.33 (m, 4H), 7.30-7.24 (m, 2H), 7.01- 6.92
(m, 6H), 6.39 (s, 1H), 4.24 (s, 1H), 3.46 (t, J = 4,5 Hz, 4H), 2.38
(t, J= 4.5 Hz, 4H). *C NMR (CDCl;, 125 MHz): & 161.9 (d,
e = 2459 Hz), 158.9 (d, "Jce= 242.3 Hz), 155.1, 137.6, 134.8,
129.2 (d, *Jc = 7.2 Hz), 122.0 (d, *Jc = 8.4 Hz), 115.6 (d, Jc =
21.6 Hz), 115.4 (d, 2= 21.6 Hz), 74.2, 51.3, 44.1. IR (KBr): ©
= 3322.2, 2911.7, 2884.7, 2820.9; 1632.6, 1539.3, 1507.9,
1252.9, 1222.4, 830.9. LC-MS for CyH,FsN;O: m/z = 426
[M+H]".

4.2.1.10 Synthesis of ethyl 2-(3-(4-fluorophenyl)ureido)benzoate
@)

Compound (3j) was synthesized from 4-fluoro phenyl isocyanate
(0.5 g, 3.64 ‘mmol) and ethyl 2-aminobenzoate (0.60 g, 3.64
mmol) according to the general procedure. White solid. Yield:
77% (0.84 g). '"H NMR (CDCl;, 500 MHz): & 10.58 (s, 1H), 8.51
(dd, J=8.5, 1.0 Hz, 1H), 8.00 (dd, J = 8.0, 2.0 Hz, 1H), 7.50 (td,
J=17.0,1.5 Hz, 1H), 7.40-7.37 (m, 2H), 7.03-6.97 (m, 4H), 4.31
(9, 3= 6.5 Hz, 2H), 1.38 (t, J = 7.5 Hz, 3H). *C NMR (CDCl,,
125 MHz): & 168.6, 159.5 (d, Jcr= 243.5 Hz), 152.9, 142.5,
134.5, 133.8, 130.7, 123.0 (d, *Jo = 7.2 Hz), 121.2, 119.8, 115.7
(d, Jce= 22.8 Hz), 1145, 61.3, 14.1. IR (KBr): © = 3292.6,
2979.5, 2931.3, 1707.9, 1657.4, 1557.7, 1510.2, 1250.7, 1161.8,
745.3. LC-MS for CygH;5FN,O5: m/z = 303 [M+H]".

4.2.1.11 Synthesis of 1-(4-(decyloxy)-3-ethoxyphenyl)-3-(4-
fluorophenyl)urea (3k)

Compound (3k) was synthesized from4-fluoro phenyl isocyanate
(0.5 g, 3.64 mmol) and 4-(decyloxy)-3-ethoxybenzenamine (1.0
g, 3.64 mmol) according to the general procedure. White solid.
Yield: 72% (1.13 g). "H NMR (DMSO-ds, 500 MHz): & 8.59 (s,
1H), 8.45 (s, 1H), 7.45-7.42 (m, 2H), 7.18 (d, J = 2.5 Hz, 1H),
7.12-7.08 (m, 2H), 6.86- 6.83 (m, 2H), 3.96 (g, J = 7.0 Hz, 2H),
3.88 (t, J = 6.0 Hz, 2H), 1.67-1.64 (m, 2H), 1.42-1.38 (m, 2H),
1.33-1.25 (m, 15H), 0.85 (t, J= 7.0 Hz, 3H). *C NMR (DMSO-
dg, 125 MHz): & 159.9 (d, "Jce= 246.7 Hz), 152.7, 148.5, 143.6,
136.2, 133.5, 119.9 (d, *Jcr= 7.2 Hz), 115.2 (d, 2Jc = 21.6 Hz),
114.9, 110.5, 106.6, 69.0, 63.8, 31.3, 29.1, 29.0, 28.9, 28.8, 28.7,
25.5, 22.1, 14.8, 14.0. IR (KBr): b = 3296.4, 2946.5, 2921.3,
2849, 1628.8, 1562.5, 1517.1, 1265, 1233.1, 829.6.LC-MS for
C25H35FN203: m/z = 431 [M+H]+

4.2.1.12 Synthesis of 1-(3,4-dichlorophenyl)-3-((3R,5S,7r)-3,5-
dimethyladamantan-1-yl)urea (3I)

Compound (3I) was synthesized from 3,4-dichloro phenyl
isocyanate (0.5 g, 2.65 mmol) and 1-amino-3, 5-dimethyl
adamantane (0.47 g, 2.65 mmol) according to the general
procedure. White solid. Yield:73% (0.71g). 'H NMR (DMSO-d,
500 MHz): & 8.54 (s, 1H), 7.85 (d, J = 3.0 Hz, 1H), 7.39 (d, J =
8.5 Hz, 1H), 7.11 (dd, J = 9.0, 2.5 Hz, 1H), 5.98 (s, 1H), 2.08-
2.06 (m, 1H), 1.74 (d, J = 2.0 Hz, 2H3), 1.56 (s, 4H), 1.32-1.22
(m, 4H), 1.09 (s, 2H), 0.80 (s, 6H). °C NMR (DMSO-dg, 125
MHz): & 153.6, 140.8, 131.0, 130.3, 121.9, 118.4, 117.4, 51.7,
50.2, 47.5, 42.3, 40.0, 31.9, 30.0, 29.6. IR (KBr): » = 3331,
2943.5, 2901.5, 2862.9, 1648, 1582, 1555.8, 1476.7, 1275.9,
1227.5, 859. LC-MS for CygH,4CI,N,0: m/z = 368 [M+H]".
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4.2.1.13 Synthesis of 4-((5,6-dimethoxy-1-ox0-2,3-dihydro-
1H-inden-2-yl)methyl)-N-(p-tolyl)piperidine-1-carboxamide
(3m)

Compound (3m) was synthesized from4-methyl phenyl
isocyanate (0.5 g, 3.75 mmol) and 5, 6-dimethoxy-2-(piperidin-
4-ylmethyl)-2,3-dihydroinden-1-one  (1.08 g, 3.75 mmol)
according to the general procedure. White solid. Yield: 79%
(1.25 g). '"H NMR (CDCls, 500 MHz): & 7.23 (d, J = 8.0 Hz,
2H), 7.14 (s, 1H),7.05 (d, J = 8.0 Hz, 2H), 6.85 (s, 1H), 6.78 (br,
1H), 4.04-4.07 (m, 2H), 3.94 (s, 3H), 3.87 (s, 3H), 3.27-3.22 (m,
1H), 2.89-2.84 (m, 2H), 2.71-2.67 (m, 2H), 2.26 (s, 3H), 1.92-
1.87 (m, 1H), 1.80-1.75 (m, 3H), 1.38-1.32 (m, 1H), 1.29-1.24
(m, 2H). ®C NMR (CDCls, 125 MHz): & 207.4, 155.5, 155.0,
149.4, 148.6, 136.4, 132.4, 129.2, 129.0, 120.1, 107.3, 104.2,
56.1, 56.0, 45.0, 44.7, 38.5, 34.3, 33.3, 324, 31.4, 206. IR
(KBr): v = 3403.7, 2932.7, 2841.8, 1684.5, 1659.4, 15325,
12592, 1215.8. LC-MS for C25H30Nzo4: m/z = 423 [M+H]+

4.2.1.14 Synthesis of N-(4-chlorophenyl)-4-((5,6-dimethoxy-1-
ox0-2,3-dihydro-1H-inden-2-yl)methyl)piperidine-1-
carboxamide (3n)

Compound (3n) was synthesized from 4-chloro phenyl
isocyanate (0.5 g, 3.25 mmol) and 5, 6-dimethoxy-2-(piperidin-
4-ylmethyl)-2, 3-dihydroinden-1-one (0.94 g, 3.25 mmol)
according to the general procedure. White solid. Yield: 74%
(1.06 g). '"H NMR (CDCls, 500 MHz): & 7.31 (d, J = 8.0 Hz,
2H), 7.19 (d, J = 7.5 Hz, 2H), 7.13 (s, 1H), 6.85 (s, 1H), 6.79 (s,
1H), 4.09-4.06 (m, 2H), 3.95 (s, 3H), 3.87 (s, 3H), 3.25 (dd, J =
18.0, 8.0 Hz, 1H), 2.86 (t, J = 12.5 Hz, 2H), 2.70-2.68 (m, 2H),
1.90-1.86 (m, 1H), 1.80-1.74 (m, 3H), 1.38-1.32 (m, 1H), 1.24(t,
J =125 Hz, 2H). *C NMR (CDCls, 125 MHz): § 207.4, 155.6,
154.7, 149.5, 148.7, 137.9, 129.0, 128.6, 127.6, 121.1; 107.3,
104.3, 56.2, 56.0, 45.0, 44.5, 38.5, 34.3, 33.3, 325, 31.6. IR
(KBr): b = 3310.8, 2922.3, 2846, 1689.7, 1635.1, 1591.6,
1501.8, 1266.2, 1244.1, 827.8. LC-MS for CH,;CIN,O,: m/z =
443 [M+H]".

4.2.1.15 Synthesis of
dichlorophenyl)urea (30)

1-(4-bromophenyl)-3-(3,4-

Compound (30) was synthesized  from 3,4-dichloro phenyl
isocyanate (0.5 g, 2.65 mmol) and 4-bromobenzenamine (0.45 g,
2.65 mmol) according to the general procedure. White solid.
Yield: 81% (0.77g). *H NMR (DMSO-ds, 500 MHz): & 9.02 (s,
1H), 8.95 (s, 1H), 7:86 (d,J = 2.0 Hz, 1H), 7.50 (d, J = 9.0 Hz,
1H), 7.46-7.42 (m, 4H), 7.33 (dd, J = 8.8, 2.5 Hz, 1H). *C NMR
(DMSO-d6, 125 MHz): 8 152.2, 139.8, 138.7, 131.5, 131.1,
130.6, 123.3, 120:4, 119.4, 118.4, 113.7. IR (KBr): b = 3295.6
2900, 2850, 1636.2, 1585.8, 1552.6, 1279.9, 1231.9, 816.8. LC-
MS for Ci3HoBrCI,N,O: m/z = 361 [M+H]".

4.2.1.16  Synthesis  of 1-(3,4-dichlorophenyl)-3-(2,2,2-
trifluoroethyl)urea (3p)

Compound (3p) was synthesized from 3,4-dichloro phenyl
isocyanate (0.5 g, 2.65 mmol) and 2, 2, 2-trifluoroethanamine
(0.26 g, 2.65 mmol) according to the general procedure. White
solid. Yield: 79% (0.60 g). '"H NMR (DMSO-ds, 500 MHz): &
9.08 (s, 1H), 7.83 (d, J = 3.0 Hz, 1H), 7.47 (d, J = 9.0 Hz, 1H),
7.29 (dd, J = 9.0, 2 Hz, 1H), 6.91 (t, J = 6.5 Hz, 1H), 3.95-3.88
(m, 2H). *C NMR (DMSO-ds, 125 MHz): & 154.6, 140.1, 131.0,
130.5, 125.0 (q, "Jce= 277.9 Hz), 123.0, 119.1, 118.1, 40.3 (q,
2Jcr= 33.4 Hz). IR (KBr): & = 3330.6, 2900, 1651.4, 1589.9,
15719, 1289, 12355, 11543, 832.95. LC-MS for
CoH,CI,F3N,0: m/z = 288 [M+H]".

4.3 Docking simulations

The crystal structures used, Candida albicans dihydrofolate
reductase (PDB ID: 1Al9, X-Ray diffraction, 1.85 A), for the
docking study was obtained from the Protein Data Bank. The
proteins were prepared for docking by adding polar hydrogen
atom with Gasteiger-Huckel charges and water molecules were
removed. The 3D structure of the ligands was generated by the
SKETCH module implemented in the SYBYL program (Tripos
Inc., St. Louis, USA) and its energy-minimized conformation
was obtained with the help of the Tripos force field using
Gasteiger-Huckel [43] charges and moleculardocking was
performed with Surflex-Dock program that is interfaced with
Sybyl-X 2.0 [44] and other miscellaneous parameters were
assigned with the default values given by the software.

4.4 Antimicrobial studies

Samples were prepared in DMSO and water to a final testing
concentration of 32 pg/mL or 20 pM (unless otherwise indicated
in the data sheet), in 384-well, non-binding surface plate (NBS)
for each bacterial/fungal- strain; and in duplicate (n=2), and
keeping the final DMSQO' concentration to a maximum of 1%
DMSO [45-49]. All the sample preparation for antimicrobial
studies where done using liquid handling robots.

Antimicrobial Assay

Primary antimicrobial screening study was performed by whole
cell growth inhibition assays, using compounds (3a-p) at a single
concentration, in duplicate (n=2). The inhibition of growth is
measured against five bacteria: Escherichia coli (E. coli) ATCC
25922, Klebsiella pneumoniae (K. pneumoniae) ATCC 700603,
Acinetobacter baumannii (A. Baumannii) ATCC 19606,
Pseudomonas aeruginosa (P. Aeruginosa) ATCC 27853) and
Staphylococcus aureus (S. aureus) ATCC 43300, and two fungi:
Candida albicans (C. albicans) ATCC 90028 and Cryptococcus
neoformans (C. Neoformans) ATCC 208821.[50]

Procedure

All bacteria were cultured in Cation-adjusted Mueller Hinton
broth (CAMHB) at 37 °C overnight. A sample of each culture
was then diluted 40-fold in fresh broth and incubated at 37 °C for
1.5-3 h. The resultant mid-log phase cultures were diluted
(CFU/mL measured by OD600), then added to each well of the
compound containing plates, giving a cell density of 5x10°
CFU/mL and a total volume of 50 pL. All the plates were
covered and incubated at 37 °C for 18 h without shaking.

Analysis

Inhibition of bacterial growth was determined measuring
absorbance at 600 nm (OD600), using a Tecan M1000 Pro
monochromator plate reader. The percentage of growth
inhibition was calculated for each well, using the negative
control (media only) and positive control (bacteria without
inhibitors) on the same plate as references. The significance of
the inhibition values was determined by modified Z-scores,
calculated using the median and MAD of the samples (no
controls) on the same plate. Samples with inhibition value above
80% and Z-Score above 2.5 for either replicate (n=2 on different
plates) were classed as actives. Samples with inhibition values
between 50 - 80% and Z-Score above 2.5 for either replicate
(n=2 on different plates) were classed as partial actives. Samples
with inhibition values between 50 - 80% and Z-Score above 2.5
for either replicate (n=2 on different plates) were classed as
partial actives.

Antifungal Assay

Procedure



Fungi strains were cultured for 3 days on Yeast Extract-Peptone
Dextrose (YPD) agar at 30 °C. A yeast suspension of 1 x 10° to 5
x 10° CFU/mL (as determined by OD530) was prepared from
five colonies. The suspension was subsequently diluted and
added to each well of the compound-containing plates giving a
final cell density of fungi suspension of 2.5 x 10° CFU/mL and a
total volume of 50 puL. All plates were covered and incubated at
35 °C for 24 h without shaking.

Analysis

Growth inhibition of C. albicans was determined measuring
absorbance at 530 nm (OD530), while the growth inhibition of
C. neoformans was determined measuring the difference in
absorbance between 600 and 570 nm (OD600-570), after the
addition of resazurin (0.001% final concentration) and
incubation at 35 °C for additional 2 h. The absorbance was
measured using a Biotek Synergy HTX plate reader. The
percentage of growth inhibition was calculated for each well,
using the negative control (media only) and positive control
(fungi without inhibitors) on the same plate. The significance of
the inhibition values was determined by modified Z-scores,
calculated using the median and MAD of the samples (no
controls) on the same plate. Samples with inhibition value above
80% and Z-Score above 2.5 for either replicate (n=2 on different
plates) were classed as actives. Samples with inhibition values
between 50 - 80% and Z-Score above 2.5 for either replicate
(n=2 on different plates) were classed as partial actives.
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