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A B S T R A C T

Urease is an enzyme of amidohydrolase family and is responsible for the different pathological conditions in the
human body including peptic ulcers, catheter encrustation, kidney stone formation, hepatic coma, encephalo-
pathy, and many others. Therefore, the search for potent urease inhibitors has attracted major scientific attention
in recent years. Urea and thiourea derivatives of tryptamine (1–25) were synthesized via reaction of tryptamine
with different substituted phenyl isocyanates/isothiocyanates. The synthetic compounds were evaluated for
their urease enzyme inhibitory activity and they exhibited good inhibitory potential against urease enzyme in
the range of (IC50= 11.4 ± 0.4–24.2 ± 1.5 μM) as compared to the standard thiourea
(IC50= 21.2 ± 1.3 μM). Out of twenty-five compounds, fourteen were found to be more active than the stan-
dard. Limited structure-activity relationship suggested that the compounds with CH3, and OCH3 substituents at
aryl part were the most potent derivatives. Compound 14 (IC50= 11.4 ± 0.4 μM) with a methyl substituent at
ortho position was found to be the most active member of the series. Whereas, among halogen substituted
derivatives, para substituted chloro compound 16 (IC50= 13.7 ± 0.9 μM) showed good urease inhibitory ac-
tivity. These synthetic derivatives were found to be non-cytotoxic in cellular assay. Kinetic studies revealed that
the compounds 11, 12, 14, 17, 21, 22, and 24 showed a non-competitive type of inhibition. In silico study
identified the possible bindings interactions of potential inhibitors with the active site of enzyme. These newly
identified inhibitors of urease enzyme can serve as leads for further research and development.

1. Introduction

Urease, an enzyme of family amidohydrolases, catalyzes the hy-
drolysis of the amide bonds of urea into carbon dioxide and ammonia. It
has been isolated from various sources, including plants, bacteria, and
fungi. It was the first enzyme to be crystallized [1], containing two
nickel atoms bridged through hydroxide ion and oxygen atoms of lysine
carbamate residue [2–4]. The catalytic action of urease results in an
increase in pH with important consequences in biomedical and agri-
cultural fields [5,6]. The over-expression of urease contributes in dis-
eases, such as tuberculosis [7], yersiniosis, [8] and cryptococcosis [9].
Urease is also responsible for different types of gastrointestinal, as well

as urinary tract infections, including catheter encrustation, kidney
stone formation, hepatic coma, encephalopathy, and pyelonephritis
[10]. Bacterial urease over-expression is also accountable for peptic
ulcers and urolithiasis which may be due to the Helicobacter pylori and
Proteus mirabilis, respectively. Similarly in agriculture, over-expression
of soil bacterial urease contributes to the over-production of ammonia
by degradation of urea fertilizer [11], thus leading to environmental
and economic problems [12]. Therefore, the search for potent urease
inhibitors has attracted major scientific attention in recent years (see
Scheme 1).

Tryptamine belongs to the class of monoamine alkaloids. It contains
an indole ring. Tryptamine is derived through the decarboxylation of
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amino acid tryptophan. Tryptamine and its derivatives are known as
hallucinogens, and possess various biological activities, such as anti-
ulcerogenic [13], antihepatitis [14], and antioxidant properties [15].
Urease inhibitors can be classified into four major groups on the basis of
their chemical structures; thiolate compounds that reacts with metallic
site of the enzyme, hydroxamic acid and its derivatives which compete
with urea for binding at the active site of enzyme, substituted phos-
phodiamidates, and some peptides chains ligands or chelators which
bind with the nickel of urease [12].

Our research group has been engaged in search of new classes of
urease inhibitors since last decade [16–19]. We have worked previously
on compounds which are structurally similar to urea and thiourea e.g.
semicarbazone and thiosemicarbazone [20], and reported their urease
inhibition activity. In literature the synthetic tryptamines containing
oxadiazole and triazole rings are reported to possess urease inhibitory
activity [21]. Therefore, in view of the previous findings, we decided to
synthesize urea and thiourea derivatives of tryptamine for the evalua-
tion of their urease inhibitory activity, and encouraging results were
obtained. To the best of our knowledge, fifteen compounds (5–13, 15,
19–21, 23, 25) are new, while compounds 1–4, 14, 16–18, 22, and 24
were reported previously [22–24] (Figs. 1 and 2).

2. Results and discussion

2.1. Chemistry

Tryptamine (1mmol) was taken in a reaction flask along with di-
chloromethane (20mL) and triethylamine (0.5mL) then different sub-
stituted isocyanates or isothiocyanates (1mmol) were added to the
reaction flask, and reaction mixture was stirred for 24 h. The progress
was monitored with TLC. Upon consumption of the reactants, the sol-
vent was evaporated, and residues obtained were washed with hexane
to obtain products (Table 1). The synthetic derivatives were char-
acterized by different spectroscopic techniques, such as EI-MS, HR EI-
MS, 1H NMR, and 13C NMR spectroscopic techniques. Structure eluci-
dation of one of the compounds is presented here as example.

2.2. Spectral characterization of tryptamine derivatives

2.2.1. 1H NMR spectroscopy
The 1H NMR spectrum of most active compound 14 is presented

here. The spectrum was recorded in DMSO-d6 on a 400MHz
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Scheme 1. Syntheses of urea and thiourea derivatives of tryptamine (1–25).

Fig. 1. Rationale of current study.

Fig. 2. General structure of tryptamine derivatives.
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instrument. The most downfield signal resonated at δH 10.79 as a sharp
singlet was due to indole NH. Another sharp singlet at δH 9.07 re-
presented thiourea NH. The molecule comprises of nine aromatic pro-
tons, H-4 appeared as a doublet at δH 7.63 (J4,5= 7.6 Hz), while H-7
appeared at δH 7.33 as a doublet (J7,6= 7.6 Hz). Multiplets for H-3′, H-
5′, and H-6′ were overlapped at δH 7.15. A singlet for H-2 appeared at
δH 7.11, while H-5 resonated at δH 7.07 as a triplet (J5,6/5,4= 7.6 Hz).
H-6 of indole was resonated as a triplet at δH 6.98 (J6,7/6,5= 7.6 Hz).
The CH3 protons resonated at δH 2.14 as a singlet. Chemical shifts of
remaining protons are shown on Fig. 3.

The 13C NMR (broad-band decoupled) spectrum (DMSO-d6) showed
a total of 16 carbon signals, including one methyl, two methylene, nine
methine, and four quarternary carbons. The most downfield signal was
of thiocarbonyl group at δC 180.8. Quarternary C-2′ and C-9 were

Table 1
Urea and thiourea analogues of tryptamine 1–25.

Compound R

Urea derivatives
1

2

3

4

5

Thiourea derivatives
6

7

8

9

10

11

12

13

14

15

16

Table 1 (continued)

Compound R

17

18

19

20

21

22

23

24

25

Fig. 3. 1H NMR chemical shifts of compound 14.
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resonated at δC 136.2. Whereas, methine C-3′ and C-4′ appeared at δC
130.5 and 127.7, respectively. All remaining aromatic carbons ap-
peared in the usual aromatic range of δC 111.3–136.2. The methylene
carbon, adjacent to electronegative nitrogen atom, appeared at δC 44.8,
while the adjacent methylene carbon resonated at δC 24.7. The most
upfield carbon was of methyl that appeared at δC 17.6. The 13C NMR
chemical shifts of the compound 14 are shown in Fig. 4.

2.2.2. Mass spectrometry
The EI-MS spectra of compound 14 showed the M+ at m/z 309, in

agreement with C18H19N3S (309.1300 a.m.u.). The ion at m/z 143 re-
presented 3-ethyl indole ion as the base peak. The fragment at m/z 129
was due to the formation of 3-methyl indole, while fragment at m/z 150
was due to the loss of methyl group from isothiocyanate radical ion.
The key fragments are presented in Fig. 5.

2.3. Bioactivities

2.3.1. Structure-activity relationship
Compounds 1–25 were evaluated for their urease inhibitory ac-

tivity. Five compounds 8, 10, 18, 21, and 21 showed comparable ac-
tivity with that of standard thiourea, nine compounds 11–17, 22, and
24 showed potent activity, while rest of the compounds were inactive
(Table 2).

Limited structure-activity relationship proposed that the activity of
this series is mostly dependent on the nature and position of sub-
stituents. The molecules having CH3 and OCH3 were found to be most
potent members of the series. Compound 14 with a methyl at ortho
position was the most active member (IC50= 11.4 ± 0.4 μM). The
ortho di-methyl substituted derivative 12 was the second most active
compound (IC50= 12.8 ± 0.5 μM). Whereas, the meta di-methyl sub-
stituted compound 22 (IC50= 19.7 ± 0.7 μM) showed a lower activity
due to shifting of the position of ortho substituent to meta substituent.

Among halogen substituted derivatives, the para substituted chloro
containing compound 16 was the most active with
IC50= 13.7 ± 0.9 μM. Comparison of compounds 16 with 19 in-
dicated that the change of chloro group from para to ortho resulted in a
sharp decline in activity of compound 19 (IC50= 27.1 ± 0.64 μM).
Similarly, compounds 11 (IC50= 14.5 ± 0.57 μM) and 10
(IC50= 24.2 ± 1.5 μM) having fluoro and bromo substituents at ortho
and meta positions, respectively, also showed less activity, as compared
to compound 16.

2.3.2. Methyl substituted compounds
The most active compound 14 (IC50= 11.4 ± 0.4 μM) possess a

Fig. 4. 13C NMR chemical shifts in compound 14.

Fig. 5. Key fragmentation pattern (HREI-MS) of compound 14.

Table 2
Urease inhibitory activity (IC50 in μM) of compounds
1–25.

Compound IC50 ± SEMa (μM)

Urea derivatives
1 N.A.b

2 N.A.b

3 N.A.b

4 N.A.b

5 N.A.b

Thiourea derivatives
6 N.A.b

7 N.A.b

8 21.3 ± 1.5
9 N.A.b

10 24.2 ± 1.5
11 14.5 ± 0.57
12 12.8 ± 0.47
13 16.6 ± 1.4
14 11.4 ± 0.4
15 17.1 ± 1.0
16 13.7 ± 0.9
17 13.2 ± 0.9
18 23.7 ± 0.22
19 27.1 ± 0.64
20 N.A.b

21 23.0 ± 0.83
22 19.7 ± 0.7
23 N.A.b

24 14.2 ± 0.6
25 N.A.b

Thiourea(std) 21.2 ± 1.2

a SEM is the standard error of the mean.
b NA Not active; Thiourea (std) standard inhibitor for

urease inhibitory activity.
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methyl group at the ortho position. When its activity was compared
with di-ortho methyl substituted compound 12
(IC50= 12.8 ± 0.5 μM), no profound difference was observed.
However, activity decreased when the methyl substituents were sub-
stituted on meta, as in compound 22 (IC50= 19.7 ± 0.7 μM) (Fig. 6).

2.3.3. Methoxy substituted compounds
Compound 24 (IC50= 14.2 ± 0.6 μM) having a methoxy sub-

stituent at para position may be responsible for its good activity. While
compounds 21 (IC50= 23.0 ± 0.8 μM) and 18
(IC50= 23.7 ± 0.22 μM) showed a slightly lower activity due to
change in the position of methoxy to meta and ortho, respectively.
Whereas, the di-substituted analogue 17 (IC50= 13.2 ± 0.9 μM)
showed a potent activity as compared to standard (thiourea), along
derivatives 24, 21, and 18, where methoxy groups were at para and
ortho positions (Fig. 7).

2.3.4. Halogen substituted compounds
Among halogen substituted derivatives, compound 16

(IC50= 13.7 ± 0.9 μM) was the most active one as it possess chloro
group at para position. Compound 11 (IC50= 14.5 ± 0.5 μM) having a
flouro group at ortho position showed a potent activity as compared to
standard thiourea, whereas compound 8 (IC50= 21.3 ± 1.5 μM) also
possess a fluorine but it was less active than compound 11. This may be
due to change in position of fluorine from ortho to meta position.
Compound 19 (IC50= 27.1 ± 0.6 μM) was less active as compared to
compound 16 by just changing the position of chlorine substituent from
para to ortho. However, compound 15 (IC50= 17.1 ± 1.0 μM) with di-
chloro groups at ortho and meta positions, also showed a lower activity
as compared to compound 16. This indicated that substitution at meta
position cause a decrease in activity. Among the bromo substituted

derivatives, compound 13 (IC50= 16.6 ± 1.4 μM) possess a good ac-
tivity. Whereas, ortho substituted bromo group led to a decreased ac-
tivity, as in compound 10 (IC50= 24.2 ± 1.5 μM) (Fig. 8).

2.3.5. Cytotoxicity evaluation
All synthetic compounds 1–25 were evaluated for their cytotoxicity,

and found to be non-cytotoxic against the mouse fibroblast 3T3 cell
line, in comparison to the standard cycloheximide.

2.3.6. Kinetic studies
The kinetic studies determined the mechanism of action of the most

active compounds, using urease as a substrate. Lineweaver–Burk plot
(the reciprocal of the substrate concentration 1/V and the reciprocal of
the rate of the reaction 1/S) were used for determining the inhibition
type, and to study the effect of inhibitor on both Km and Vmax. The Ki
values were determined by plotting the slope Km/Vmax of each line in
the Lineweaver–Burk plots against different concentrations of com-
pounds. Kinetic studies on compounds 8 and 13 showed a mixed mode
of inhibition. Compounds 11, 12, 14, 17, 18, 21, 22, and 24 showed
that these compounds inhibit the urease in non-competitive manner
(Table 3 and Figs. 9–18).

2.3.7. Molecular docking studies
All of the thiourea derivatives of tryptamine acquired different

poses in the allosteric site of jack bean urease (EC 3.5.1.5). Compound 8
interacted with Asp730 via hydrogen bonding through its thiourea
moiety, while tryptamine moiety form hydrogen bonding with Glu718
residue (Fig. 19a). Compound 11 forms hydrogen bond interaction with
Lys716 through its thiourea moiety, while its tryptamine moiety was
engaged in π-cation and π-π interactions with Lys716 and Phe838, re-
spectively (Fig. 19b). Compound 12 exhibited hydrogen bonding to

Fig. 6. Methyl substituent effect on urease inhibitory activity.

Fig. 7. Effect of methoxy substituents on urease inhibitory activity.
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Asp730 through its thiourea moiety. Two hydrogen bonds were also
observed via Glu418 through the tryptamine moiety (Fig. 19c). Com-
pound 13 exhibited same non-covalent interaction pattern and pose as
that of compound 8. It made hydrogen bonding with Asp730 and
Glu718 via its tryptamine and thiourea moieties, respectively. The si-
milarity in interactions and poses can be attributed to the halogen
substitution i.e., bromo at the meta position (Fig. 19d). Compound 14
with orthomethyl substitution at benzyl group interacted to Val744 and
Ser421 through its thiourea and tryptamine moieties, respectively
(Fig. 19e).

Compound 17 interacted via its tryptamine moiety, and ortho
methoxy substitution at benzyl moiety. A hydrogen bond was observed
between Glu718 of allosteric site and tryptamine moiety, while the
other hydrogen bond was between Met746 and ortho methoxy group
(Fig. 20a). Compound 18 with mono methoxy substitution at ortho
position retained the same interaction with Met746 as that of com-
pound 17. However, a change in interaction pattern was observed for

tryptamine moiety. It form a hydrogen bond with another Glu residue
at 742 position (Fig. 20b). Compound 21 with meta methoxy substitu-
tion was involved in hydrogen bonding via its thiourea moiety to
Glu418 (Fig. 20c). In case of compound 22 the thoiurea moiety was
involved in forming hydrogen bonds with Lys716, Asp730, Val744, and
Thr715. While the tryptamine moiety was involved in π-π and π-cation
interactions with Phe838, and Lys716, respectively. Lys716 made an-
other π-cation interaction with the dimethyl substituted benzyl moiety
of compound 22 (Fig. 20d). Compound 24 had only one hydrogen
bonding with Glu718 via its tryptamine moiety (Fig. 20e).

Docking of thiourea derivatives of tyramine in allosteric site re-
vealed that the substitution with different functional groups on benzyl
moiety make them acquire different poses. It can be seen in most of the
derivatives, tryptamine and thiourea moieties were interacting with the
allosteric site residues, while adopting an altered pose.

3. Materials and methods

1H- and 13C NMR spectra were recorded on 300 and 400MHz
spectrometers (Bruker Avance, Switzerland). Mass experiments were
carried out on a Finnigan MAT-311A (Germany) mass spectrometer.
Thin-layer chromatography (TLC) was carried out on pre-coated silica
gel aluminum plates (Kieselgel 60, 254, E. Merck, Germany).
Visualization of TLC chromatograms was performed by UV light at
wavelengths of 254 and 365 nm. Dichloromethane (CH2Cl2) of analy-
tical grade was used (RCI Labscan Limited, Thailand). Triethylamine
and all isocyanates and isothiocyanates were of analytical grades, and
used as received from Wako, Japan. Tryptamine was purchased from
Merck, Germany.

3.1. Urease inhibition assay

Urease enzyme (Jack bean, Canavalia ensiformis, EC 3.5.1.5) 25 μL
with 55 μL of buffer and 100mM urea were incubated with 5 μL of test
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Fig. 8. Effect of halogen substituents on urease inhibitory activity.

Table 3
Kinetic data of selected urease inhibitors.

Compound Kia+ SEMb (μM) Type of inhibition

8 20.0 ± 0.001 Mixed inhibition
11 18.8 ± 0.025 Non-competitive inhibition
12 12.0 ± 0.001 Non-competitive inhibition
13 17.4 ± 0.001 Mixed inhibition
14 11.7 ± 0.007 Non-competitive inhibition
17 19.9 ± 0.001 Non-competitive inhibition
18 21.3 ± 0.001 Non-competitive inhibition
21 17.0 ± 0.018 Non-competitive inhibition
22 21.7 ± 0.001 Non-competitive inhibition
24 16.3 ± 0.009 Non-competitive inhibition
Thiourea standard 21.0 ± 0.002 Competitive inhibition

a Ki is Dissociation constant.
b SEM is the Standard Error of the Mean.
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Fig. 9. Urease inhibition by compound 8, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
(urea) in the absence (▲) and in the presence of
5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM (●)
25 μM (○) of compound 8. (B) Is the secondary
replot is the reciprocal of slope vs different con-
centrations of compound 8, and (C) Dixon plot
reciprocal of rate of reaction vs different con-
centrations of compound 8.
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Fig. 10. Urease inhibition by compound 11, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
(urea) in the absence (▲) and in the presence of
5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM(●)
25 μM (○) of compound 11. (B) Is the secondary
replot is the reciprocal of slope vs different con-
centrations of compound 11, and (C) Dixon plot
reciprocal of rate of reaction vs different con-
centrations of compound 11.
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compounds at 30 ˚C for 15min in 96-well plates. Weatherburn in-
dophenol method was used to determine urease inhibitory activity by
measuring ammonia production [25]. Briefly, 45 μL each phenol re-
agent (1% w/v phenol and 0.005% w/v sodium nitroprusside) and

70 μL of alkali reagent (0.5% w/v NaOH and 0.1% active chloride
NaOCl) were added to each well. The increasing absorbance at 630 nm
was measured after 50min, using a microplate reader (Molecular De-
vices, USA). All reactions were performed in triplicate (as a result final
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Fig. 11. Urease inhibition by compound 12, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
(urea) in the absence (▲) and in the presence of
5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM (●)
25 μM (○) of compound 12. (B) Is the secondary
replot is the reciprocal of slope vs different con-
centrations of compound 12, and (C) Dixon plot
reciprocal of rate of reaction vs different con-
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Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
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5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM (●)
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Fig. 14. Urease inhibition by compound 17, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
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Fig. 15. Urease inhibition by compound 18, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
(urea) in the absence (▲) and in the presence of
5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM (●)
25 μM (○) of compound 18. (B) Is the secondary
replot is the reciprocal of slope vs different con-
centrations of compound 18, and (C) Dixon plot
reciprocal of rate of reaction vs different con-
centrations of compound 18.
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Fig. 16. Urease inhibition by compound 21, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
(urea) in the absence (▲) and in the presence of
5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM (●)
25 μM (○) of compound 21. (B) Is the secondary
replot is the reciprocal of slope vs different con-
centrations of compound 21, and (C) Dixon plot
reciprocal of rate of reaction vs different con-
centrations of compound 21.
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Fig. 17. Urease inhibition by compound 22, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
(urea) in the absence (▲) and in the presence of
5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM (●)
25 μM (○) of compound 22. (B) Is the secondary
replot is the reciprocal of slope vs different con-
centrations of compound 22, and (C) Dixon plot
reciprocal of rate of reaction vs different con-
centrations of compound 22.
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Fig. 18. Urease inhibition by compound 24, (A)
Lineweaver-Burk plot of reciprocal rate of reac-
tion 1/V against reciprocal of substrate 1/S
(urea) in the absence (▲) and in the presence of
5 μM (Δ), 10 μM (■), 15 μM (□), 20 μM (●)
25 μM (○) of compound 24. (B) Is the secondary
replot is the reciprocal of slope vs different
concentrations of compound 24, and (C) Dixon
plot reciprocal of rate of reaction vs different
concentrations of compound 24.
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volume was 200 μL). 20 Soft-Max Pro-Software (Molecular Devices,
USA) was used to measure the change in absorbance with reference to
time. The entire assay was performed at pH 6.8. Percentage inhibitions
were calculated from the formula 100-(OD test well/OD control)× 100
and thiourea standard was used in this assay [26].

3.2. Cytotoxicity assay

The standard MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyl-tet-
razolium bromide) colorimetric assay was used for the evaluation of
cytotoxic activity using 96-well flat-bottomed micro plates [27].

Fig. 19. Modelled thiourea derivatives of tyramine in allosteric site of Jack bean urease (PDB ID: 4H9M). 3D view of modelled compounds (ball and stick) (a) 8, (b)
11, (c) 12, (d) 13, and (e) 14 in allosteric site with residues of enzyme represented by sticks. Hydrogen bonds, π-π, and π-cation interactions are shown as yellow, blue
and green dotted lines, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Dulbecco’s Modified Eagle Medium was used for the culturing of 3 T3
(mouse fibroblast) cells, the medium was supplemented with 100 μg/
mL of streptomycin, 5% of fetal bovine serum (FBS), and 100 IU/mL of
penicillin in 75 cm2 flasks. The medium was then incubated at 37 °C and
kept in 5% CO2. The exponentially grown cells were harvested, counted
using haemocytometer and diluted with a particular medium. The cell
culture was diluted upto a concentration of 5× 104 cells/mL and
transferred into 96-well plates. The medium was incubated overnight,
the samples were prepared by using compounds with different con-
centrations (1–30 μM) and 200 μL of fresh medium was also added. The

samples were incubated for 48 h, then 200 μL MTT (0.5mg/mL) was
added to each well, and incubated further for 4 h, 100 μL of DMSO was
added to each well. Micro plate reader (Molecular Devices, CA, USA)
was used for recording absorbance at 540 nm and the extent of MTT
reduction to formazan within cells was calculated. The cytotoxicity was
recorded as concentration causing 50% growth inhibition (IC50) for
3 T3 cells [28]. The percent inhibition was calculated by using the
following formula:

% Inhibition= 100− ((mean of O.D. of test compound−mean of

Fig. 20. Modelled thiourea derivatives of tyramine in allosteric site of Jack bean urease (PDB ID: 4H9M). 3D view of modelled compounds (ball and stick) (a) 17, (b)
18, (c) 21, (d) 22, and (e) 24 in allosteric site with residues of enzyme represented by sticks. Hydrogen bonds, π-π, and π-cation interactions are shown as yellow, blue
and green dotted lines, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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O.D. of negative control)/(mean of O.D. of positive control−mean
of O.D. of negative control) * 100).

The results (% inhibition) were processed by using Soft-Max Pro-
Software (Molecular Devices, USA).

3.3. Molecular docking studies protocol

Molecular docking studies were carried out for significant to potent
inhibitors 8, 11–14, 17, 18, 20–22, and 24. Since the kinetic analysis
showed their non-competitive mode of inhibition, the compounds were
docked into the allosteric site of enzyme found by site map analysis
module of Maestro 11, Schrodinger [29].

Structures of the compounds were pre-processed through Ligprep
module from the drug discovery suit of Maestro 11 Schrodinger [30].
Pre-processing generates the correct protonation and possible ioniza-
tion states. The three-dimensional crystallographic structure of jack
bean urease (PDB ID: 4H9M) at 1.52 Å resolution was retrieved from
Protein data bank (PDB) RCSB. Protein Preparation Wizard [31,32] was
used to prepare protein by employing OPLS-3 force field [33]. Missing
hydrogens, and partial charges were added to the protein. Followed by
restrained minimization to optimize heavy atoms and hydrogens. For
docking, a grid box of 10 Å×10 Å×10 Å dimension was generated to
confine the mass centre of each docked ligand. Rigid receptor docking
protocol was run in extra precision (XP) mode of glide [34] using OPLS-
3 force field.

3.4. General procedure for the synthesis of compounds 1–25

Tryptamine 0.160 g (1mmol) was dissolved in dichloromethane,
catalytic amount of trimethylamine (Et3N) was added into the reaction
mixture, then isocyanates or isothiocayanates (1mmol) were added,
and mixture was kept on stirring for 2–24 h. Reaction progress was
monitored with TLC, after the formation of precipitates. It was filtered
and washed with hexane to afford final products. The structural de-
termination was carried out mainly by 1H-, and 13C NMR, and mass
spectroscopy.

3.5. Spectral data for the synthesized compounds

3.5.1. 1-(2-(1H-Indol-3-yl)ethyl)-3-(naphthalen-1-yl)urea (1)
% Yield: 46, M. p.: 195–197 °C, 1H NMR (300MHz, DMSO-d6): δ

10.85 (s, 1H, NH), 8.52 (s, 1H, NH), 8.05 (m, 2H, NH, H-8′), 7.89 (m,
1H, H-5′), 7.59 (m, 2H, H-4′, H-4), 7.55 (m, 2H, H-6′, H-7′), 7.43 (m,
2H, H-2′, H-7), 7.20 (s, 1H, H-2), 7.09 (t, 1H, J5,6/5,4= 7.2 Hz, H-5),
6.99 (t, 1H, J6,5/6,7= 7.3 Hz, H-6), 6.61 (t, 1H, J3′,4′/3′,2′ = 5.3 Hz, H-
3′), 3.49 (m, 2H, CH2), 2.91 (t, J2″,1″= 6.9 Hz, 2H, CH2), EI-MS m/z (%
rel. abund.): 329 (M+, 9), 168 (46), 143 (100).

3.5.2. 1-(2-(1H-Indol-3-yl)ethyl)-3-(4-nitrophenyl)urea (2)
% Yield: 32, M. p.: 178–180 °C, 1H NMR (300MHz, DMSO-d6): δ

10.73 (s, 1H, NH), 8.20 (d, 2H, J3′,4′/5′,6′ = 9.3 Hz, H-3′, H-5′), 7.76 (d,
2H, J2′,3′/6′,5′ = 9.3 Hz, H-2′, H-6′), 7.51 (d, 1H, J 4,5= 7.5 Hz, H-4),
7.33 (d, 1H, J7,6= 8.1 Hz, H-7), 7.11 (s, 1H, H-2), 7.06 (t, 1H, J5,6/
5,4= 7.0 Hz, H-5), 6.97 (t, 1H, J6,5/6,7= 7.0 Hz, H-6), 2.82 (m, 4H,
CH2), EI-MS m/z (% rel. abund.): 324 (M+, 5), 160 (21), 130 (100).

3.5.3. 1-(2-(1H-Indol-3-yl)ethyl)-3-(3-chlorophenyl)urea (3)
% Yield: 42, M. p.: 145–146 °C, 1H NMR (300MHz, DMSO-d6): δ

10.83 (s, 1H, NH), 8.71 (s, 1H, NH), 7.67 (s, 1H, NH), 7.63 (d, 1H,
J4,5= 7.8 Hz, H-4), 7.34 (d, 1H, J7,6= 7.8 Hz, H-7), 7.24 (m, 3H, H-2′,
H-6′, H-4′), 7.08 (t, 1H, J5,6/5,4= 7.5 Hz, H-5), 6.99 (m, 2H, H-6, H-2),
6.23 (t, 1H, J5′, 6′/5′,4′ = 5.2 Hz, H-5′), 3.75 (m, 2H, CH2), 2.86 (t, 2H,
J2″,1″= 7.2 Hz, CH2), EI-MS m/z (% rel. abund.): 313 (M+, 6), 315
(M++2, 2), 155 (30), 130 (100), HREI-MS m/z: calcd for C17H16NO3Cl
[313.0991], found [313.0982].

3.5.4. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2-(trifluoromethyl)phenyl)urea (4)
% Yield: 22, M. p.: 128–130 °C, 1H NMR (400MHz, CD3OD): δ 7.78

(d, 1H, J3′,4′ = 8.4 Hz, H-3′), 7.60 (t, 2H, J4′,3′/5′,4′ = 8.4 Hz, H-4′, H-5′),
7.53 (d, 1H, J4,5= 7.6 Hz, H-4), 7.33 (d, 1H, J7,6= 8.0 Hz, H-7), 7.21
(t, 1H, J5,4/5,6= 7.6 Hz, H-5), 7.08 (m, 2H, H-2, H-6′), 7.07 (t, 1H, J6,5/
6,7= 7.2 Hz, H-6), 3.51 (t, 2H, J1″,2″= 7.2 Hz, CH2), 2.97 (t, 2H,
J2″,1″= 6.8 Hz, CH2), EI-MS m/z (% rel. abund.): 347 (M+, 2), 149 (24),
143 (100), HREI-MS m/z : calcd for C18H16ON3F3 [347.1240], found
[347.1234].

3.5.5. 1-(2-(1H-Indol-3-yl)ethyl)-3-(3-(trifluoromethyl)phenyl)urea (5)
% Yield: 29, M. p.: 155–157 °C, 1H NMR (400MHz, DMSO-d6): δ

10.81 (s, 1H, NH), 8.89 (s, 1H, NH), 8.02 (s, 1H, NH), 7.56 (d, 1H,
J4,5= 5.7 Hz, H-4), 7.44 (m, 2H, H-2′, H-4′), 7.34 (d, 1H, J7,6= 6.0 Hz,
H-7), 7.20 (m, 2H, H-2, H-6′), 7.07 (t, 1H, J5,6/5,4= 5.4 Hz, H-5), 6.98
(t, 1H, J6,5/6,7= 5.4 Hz, H-6), 6.29 (t, 1H, J5′,6′/5′,4′ = 4.2 Hz, H-5′),
3.42 (m, 2H, CH2), 2.87 (t, 2H, J2″,1″= 5.4 Hz, CH2), EI-MS m/z (% rel.
abund.): 347 (M+, 7), 143 (46), 130 (100), HREI-MS m/z : calcd for
C18H16ON3F3 [347.1235], found [347.1245].

3.5.6. 1-(2-(1H-Indol-3-yl)ethyl)-3-phenylthiourea (6)
% Yield: 50, M. p.: 188–190 °C, 1H NMR (300MHz, DMSO-d6): δ

10.82 (s, 1H, NH), 9.52 (s, 1H, NH), 7.71 (br.s, 1H, NH), 7.63 (d, 1H,
J4,5= 7.8 Hz, H-4), 7.34 (m, 5H, H-7, H-2′, H-3′, H-5′, H-6′), 7.16 (s,
1H, H-2), 7.10 (m, 2H, H-4′, H-5), 6.99 (t, 1H, J6,5/6,7= 7.0 Hz, H-6),
3.75 (d, 2H, J1″,2″= 5.7 Hz, CH2), 2.99 (t, 2H, J2″,1″= 7.2 Hz, CH2), EI-
MS m/z (% rel. abund.): 295 (M+, 3), 135 (34), 130 (100).

3.5.7. 1-(2-(1H-Indol-3-yl)ethyl)-3-(4-nitrophenyl)thiourea (7)
Yield: 46%, M. p.: 197–199 °C, 1H NMR (400MHz, DMSO-d6): δ

10.85 (s, 1H, NH), 10.21 (s, 1H, NH), 8.28 (br.s, 1H, NH), 8.14 (d, 2H,
J3′,4′/5′,6′ = 6.9 Hz, H-3′, H-5′), 7.57 (d, 2H, J2′,3′/6′,5′ = 6.9 Hz, H-2′, H-
6′), 7.63 (d, 1H, J4,5= 5.7 Hz, H-4), 7.35 (d, 1H, J7,6= 6.0 Hz, H-7),
7.20 (s, 1H, H-2), 7.08 (t, 1H, J5,6/5,4= 5.7 Hz, H-5), 6.99 (t, 1H, J6,5/
6,7= 5.4 Hz, H-6), 3.80 (br.s, 2H, CH2), 3.02 (t, 2H, J2″,1″= 5.4 Hz,
CH2), 13C NMR (600MHz, DMSO-d6): δ179.8, 146.3, 141.7, 136.3,
127.2, 124.6, 122.9, 121.0, 120.3, 118.4, 118.3, 111.4, 111.3, 44.6,
24.1, EI-MS m/z (% rel. abund.): 340 (M+, 13), 150 (56), 130 (100),
HREI-MS m/z: Calcd for C17H16N4O2S [340.0992], found [340.0994].

3.5.8. 1-(2-(1H-Indol-3-yl)ethyl)-3-(3-fluorophenyl)thiourea (8)
% Yield: 45, M. p.: 124–127 °C, 1H NMR (400MHz, DMSO-d6): δ

10.82 (s, 1H, NH), 9.68 (s, 1H, NH), 7.89 (br.s, 1H, NH), 7.63 (d, 1H,
J4,5= 5.7 Hz, H-4), 7.49 (d, 1H, J6′,5′ = 8.7 Hz, H-6′), 7.34 (d, 1H,
J7,6= 6.3 Hz, H-7), 7.30 (m, 1H, H-5′), 7.17 (s, 1H, H-2), 7.11 (m, 2H,
H-2′, H-4′), 6.99 (t, 1H, J5,6/5,4= 5.7 Hz, H-5), 6.99 (m, 1H, H-6), 3.77
(t, 2H, J1″,2″= 7.2 Hz, CH2), 2.99 (t, 2H, J2″,1″= 7.2 Hz, CH2), EI-MS
m/z (% rel. abund.): 313 (M+, 6), 153 (16), 143 (100).

3.5.9. 1-(2-(1H-Indol-3-yl)ethyl)-3-(5-chloro-2-methylphenyl)thiourea
(9)

% Yield: 34, M. p.: 136–139 °C, 1H NMR (400MHz, DMSO-d6): δ
10.80 (s, 1H, NH), 9.09 (s, 1H, NH), 7.69 (br.s, 1H, NH), 7.62 (d, 1H,
J4,5= 5.7 Hz, H-4), 7.35 (s, 1H, H-2′), 7.33 (d, 1H, J7,6= 6.3 Hz, H-7),
7.25 (d, 1H, J5′,4′ = 6.0 Hz, H-5′), 7.19 (dd, 1H, J4′,5′ = 4.5 Hz,
J4′,6′ = 1.5 Hz, H-4′), 7.14 (s, 1H, H-2), 7.07 (t, 1H, J5,6/5,4= 5.5 Hz, H-
5), 6.98 (t, 1H, J6,5/6,7= 5.5 Hz, H-6), 3.72 (br.s, 2H, CH2), 2.97 (t, 2H,
J2″,1″= 5.4 Hz, CH2), EI-MS m/z (% rel. abund.): 343 (M+, 4), 345
(M++2, 2), 130 (100), HREI-MS m/z: calcd for C18H18N3ClS
[343.0906], found [343.0910].

3.5.10. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2-bromophenyl)thiourea (10)
Yield: 54%, M. p.: 142–144 °C, 1H NMR (400MHz, DMSO-d6): δ

10.81 (s, 1H, NH), 9.09 (s, 1H, NH), 7.90 (br.s, 1H, NH), 7.60 (m, 2H,
H-4, H-5′), 7.56 (d, 1H, J3′,4′ = 5.4 Hz, H-3′), 7.35 (m, 2H, H-7, H-3′),
7.16 (m, 2H, H-2, H-4), 7.07 (t, 1H, J5,6/5,4= 5.5 Hz, H-5), 6.99 (t, 1H,
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J6,5/6,7= 5.5 Hz, H-6), 3.72 (br.s, 2H, CH2), 2.97 (t, 2H, J2″,1″= 5.4 Hz,
CH2), 13C NMR (300MHz, DMSO-d6): δ181.1, 137.4, 136.2, 132.6,
129.7, 127.7, 127.5, 127.2122.8, 120.9, 120.3, 118.5, 118.2, 111.5,
111.3, 44.8, 24.6, EI MS m/z (% rel. abund.): 373 (M+, 0.5), 375
(M++2, 0.5), 130 (100), HREI-MS m/z: Calcd for C17H16N3BrS
[373.0285], found [373.0284].

3.5.11. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2-fluorophenyl)thiourea (11)
% Yield: 44, M. p.: 137–139 °C, 1H NMR (400MHz, DMSO-d6): δ

10.82 (s, 1H, NH), 9.23 (s, 1H, NH), 7.89 (s, 1H, NH), 7.66 (m, 2H, H-4,
H-6′), 7.34 (d, 1H, J7,6= 6.0 Hz, H-7), 7.23 (m, 2H, H-3′, H-5′), 7.15
(m, 2H, H-2, H-4′), 7.07 (t, 1H, J5,6/5,7= 5.5 Hz, H-5), 6.99 (t, 1H, J6,5/
6,7= 5.5 Hz, 1H, H-6), 3.37 (br.s, 2H, CH2), 2.97 (t, 2H, J2″,1″= 5.4 Hz,
CH2), EI-MS m/z (% rel. abund.): 313 (M+, 1), 152 (19), 130 (100),
HREI-MS m/z: calcd for C17H16N3FS [313.1034], found [313.1049].

3.5.12. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2,6-dimethylphenyl)thiourea (12)
% Yield: 39, M. p.: 184–186 °C, 1H NMR (400MHz, DMSO-d6): δ

10.77 (s, 1H, NH), 9.06 (s, 1H, NH), 7.63 (d, 1H, J4,5= 6.0 Hz, H-4),
7.32 (d, 1H, J7,6= 6.3 Hz, H-7), 7.07 (m, 5H, H-3′, H-4′, H-5′, H-2, H-
5), 6.97 (t, 1H, J6,5/6,7= 5.4 Hz, H-6), 3.67 (s, 2H, CH2), 2.90 (s, 2H,
CH2), 2.48 (s, 6H, CH3), EI-MS m/z (% rel. abund.): 323 (M+, 22), 181
(41), 143 (100), HREI-MS m/z: calcd for C19H21N3S [323.1434], found
[323.1456].

3.5.13. 1-(2-(1H-Indol-3-yl)ethyl)-3-(3-bromophenyl)thiourea (13)
Yield: 56%, M. p.: 114–117 °C, 1H NMR (400MHz, DMSO-d6): δ

10.83 (s, 1H, NH), 9.65 (s, 1H, NH), 7.91 (s, 1H, NH), 7.78 (s, 1H, H-6′),
7.63 (d, 1H, J4,5= 5.7 Hz, H-4), 7.35 (d, 1H, J7,6= 6.3 Hz, H-7), 7.29
(m, 3H, H-3′, H-4′, H-5′), 7.17 (s, 1H, H-2), 7.08 (t, 1H, J5,6/
5,4= 5.5 Hz, H-5), 6.99 (t, 1H, J6,5/6,7= 5.4 Hz, H-6), 3.76 (br.s, 2H,
CH2), 2.99 (t, 2H, J2″,1″= 5.7 Hz, CH2), 13C NMR (300MHz, DMSO-d6):
δ180.0, 141.0, 136.2, 130.3, 127.1, 126.2, 124.7, 122.7, 121.2, 121.0,
120.9, 118.4, 118.1, 111.4, 111.3, EI MS m/z (% rel. abund.): 373 (M+,
2), 375 (M++2, 2), 130 (100), HREI-MS m/z: Calcd for C17H16N3BrS
[373.0219], found [373.0248].

3.5.14. 1-(2-(1H-Indol-3-yl)ethyl)-3-(o-tolyl)thiourea (14)
Yield: 62%, M. p.: 185–187 °C, 1H NMR (400MHz, DMSO-d6): δ

10.79 (s, 1H, NH), 9.07 (s, 1H, NH), 7.63 (d, 1H, J4,5= 5.7 Hz, H-4),
7.33 (d, 1H, J7,6= 6.0 Hz, H-7), 7.21 (m, 4H, H-2′, H-6′, H-3′, H-5′),
7.11 (s, 1H, H-2), 7.07 (t, 1H, J5,6/5,4= 5.7 Hz, H-5), 6.98 (t, 1H, J6,5/
6,7= 5.5 Hz, H-6), 3.71 (br.s, 2H, CH2), 2.95 (t, 2H, J2″,1″= 5.4 Hz,
CH2), 2.14 (s, 3H, OCH3), 13C NMR (300MHz, DMSO-d6): δ180.8,
136.2, 130.5, 127.7, 127.2, 126.5, 126.3, 122.7, 120.9, 118.5, 118.2,
111.6, 111.3, 44.8, 24.7, 17.6, EI MS m/z (% rel. abund.): 309 (M+,
21), 167 (35), 143 (1 0 0), HREI-MS m/z: Calcd for C18H19N3S
[309.1286], found [309.1300].

3.5.15. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2,5-dichlorophenyl)thiourea (15)
% Yield: 54, M. p.: 160–162 °C, 1H NMR (400MHz, DMSO-d6): δ

10.83 (s, 1H, NH), 9.23 (s, 1H, NH), 8.21 (s, 1H, NH), 7.90 (s, 1H, H-6′),
7.62 (d, 1H, J4′,3′ = 6.0 Hz, H-4′), 7.51 (d, 1H, J4,5= 6.3 Hz, H-4),
7.34 (d, 1H, J7,6=6.0 Hz, H-7), 7.26 (d, 1H, J3′,4′= 6.3 Hz, H-3′),
7.17 (s, 1H, H-2), 7.06 (t, 1H, J5,6/5,4=5.4 Hz, H-5), 6.97 (t, 1H, J
6,5/6,7= 5.4 Hz, H-6), 3.76 (br.s, 2H, CH2), 2.99 (t, 2H,
J2″,1″= 5.4 Hz, CH2), FAB-MS+ ve m/z (% rel. abund.): 364 (M+).

3.5.16. 1-(2-(1H-Indol-3-yl)ethyl)-3-(4-chlorophenyl)thiourea (16)
% Yield: 47, M. p.: 119–121 °C, 1H NMR (400MHz, DMSO-d6): δ

10.83 (s, 1H, NH), 8.61 (s, 1H, NH), 7.83 (s, 1H, NH), 7.63 (d, 1H,
J4,5= 5.7 Hz, H-4), 7.40 (d, 2H, J3′,4′/5′,6′ = 6.6 Hz, H-3′, H-5′), 7.34
(m, 3H, H-2′, H-6′, H-7), 7.17 (s, 1H, H-2), 7.08 (t, 1H, J5,6/5,4= 5.7 Hz,
H-5), 6.97 (t, 1H, J6,5/6,7= 5.5 Hz, H-6), 3.75 (br.s, 2H, CH2), 2.98 (t,
2H, J2″,1″= 5.4 Hz, CH2), EI-MS m/z (% rel. abund.): 329 (M+, 4), 331
(M++2, 1), 171 (53), 130 (100), 127 (64), HREI-MS m/z: calcd for

C17H16N3SCl [329.0732], found [329.0753].

3.5.17. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2,4-dimethoxyphenyl)thiourea (17)
% Yield: 42, M. p.: 126–128 °C, 1H NMR (400MHz, DMSO-d6): δ

10.80 (s, 1H, NH), 8.74 (s, 1H, NH), 7.62 (d, 1H, J4,5= 5.7 Hz, H-4),
7.41 (br. s, 1H, NH), 7.33 (m, 2H, H-7, H-6′), 7.11 (s, 1H, H-2), 7.06 (t,
1H, J5,6/5,4= 5.4 Hz, H-5), 6.97 (t, 1H, J6,5/6,7= 5.5 Hz, H-6), 6.58 (d,
1H, J3′,5′ = 2.1 Hz, 1H, H-3′), 6.48 (dd, 1H, J5′,6′ = 4.5 Hz,
J5′,3′ = 2.1 Hz, H-5′), 3.75 (m, 8H, CH2, OCH3, OCH3), 2.92 (t, 2H,
J2″,1″= 5.4 Hz, CH2), EI-MS m/z (% rel. abund.): 355 (M+, 1.1), 357
(M+2, 0.3), 290 (48), 144 (100), HREI-MS m/z: calcd for C19H21O2N3S
[355.1338], found [355.1354].

3.5.18. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2-methoxyphenyl)thiourea (18)
% Yield: 38, M. p.: 116–118 °C, 1H NMR (400MHz, DMSO-d6): δ

10.82 (s, 1H, NH), 8.90 (s, 1H, NH), 7.85 (s, 1H. NH), 7.77 (d, 1H,
J3′,4′ = 5.4 Hz, H-3′), 7.63 (d, 1H, J4,5= 5.7 Hz, H-4), 7.34 (d, 1H,
J7,6= 6.0 Hz, H-7), 7.14 (m, 5H, H-5′, H-6′, H-4′, H-5, H-2), 6.90 (t, 1H,
J 6,5/6,7= 5.7 Hz, H-6), 3.77 (m, 5H, CH2, OCH3), 2.96 (t, 2H,
J2″,1″= 5.7 Hz, CH2), EI-MS m/z (% rel. abund.): 325 (M+, 1), 144 (55),
130 (100), HREI-MS m/z: calcd for C18H19N3SO [325.1227], found
[325.1249].

3.5.19. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2-chlorophenyl)thiourea (19)
% Yield: 45, M. p.: 143–146 °C, 1H NMR (400MHz, DMSO-d6): δ

10.83 (s, 1H, NH), 9.16 (s, 1H, NH), 7.95 (s, 1H, NH), 7.63 (d, 2H, J4,5/
3′,4′ = 5.7 Hz, H-4, H-3′), 7.48 (d, 1H, J7,6= 5.7 Hz, H-7), 7.34 (m, 2H,
H-5′, H-6′), 7.22 (t, 1H, J4′,5′/4′,3′ = 5.7 Hz, H-4′), 7.16 (s, 1H, H-2), 7.07
(t, 1H, J5,6/5,7= 5.5 Hz, H-5), 6.99 (t, 1H, J6,5/6,7= 5.5 Hz, H-6), 3.75
(s, 2H, CH2), 2.98 (t, 2H, J2″,1″= 5.4 Hz, CH2), EI-MS m/z (% rel.
abund.): 329 (M+, 2), 331 (M++2, 0.3), 169 (64), 130 (100), HREI-MS
m/z: calcd for C17H16N3SCl [329.0742], found [329.0753].

3.5.20. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2,4-difluorophenyl)thiourea (20)
% Yield: 51, M. p.: 165–167 °C, 1H NMR (400MHz, CD3OD): δ 7.62

(d, 1H, J4,5= 6.0 Hz, H-4), 7.33 (d, 1H, J7,6= 6.0 Hz, H-7), 7.09 (m,
2H, H-6′, H-3′), 6.97 (m, 2H, H-2, H-5), 6.95 (t, 1H, J6,5/6,7= 6.1 Hz, H-
6), 3.85 (br.s, 2H, CH2), 3.07 (t, 2H, J2″,1″= 5.4 Hz, CH2), EI-MS m/z
(% rel. abund.): 331 (M+, 8), 143 (100), 130 (86), HREI-MS m/z: calcd
for C17H15N3SF2 [331.0946], found [331.0955].

3.5.21. 1-(2-(1H-Indol-3-yl)ethyl)-3-(3-methoxyphenyl)thiourea (21)
% Yield: 47, M. p.: 163–165 °C, 1H NMR (400MHz, CD3OD): δ 7.63

(d, 1H, J4,5= 6.0 Hz, H-4), 7.33 (d, 1H, J7,6= 6.0 Hz, H-7), 7.15 (m,
3H, H-5, H-2, H-5′), 7.00 (t, 1H, J6,5/6,7= 5.5 Hz, H-6), 6.75 (s, 1H, H-
2′), 6.71 (d, 1H, J6′,5′ = 6.3 Hz, H-6′), 6.62 (d, 1H, J4′,5′ = 6.0 Hz, H-4′),
3.87 (t, 2H, J1″,2″= 4.5 Hz, CH2), 3.65 (s, 3H, OCH3), 3.08 (t, 2H,
J2″,1″= 5.1 Hz, CH2), EI-MS m/z (% rel. abund.): 325 (M+, 13), 143
(100), 130 (92), HREI-MS m/z: calcd for C18H19N3SO [325.1275],
found [325.1249].

3.5.22. 1-(2-(1H-Indol-3-yl)ethyl)-3-(3,5-dimethylphenyl)thiourea (22)
% Yield: 45, M. p.: 122–124 °C, 1H NMR (400MHz, CD3OD): δ 7.62

(d, 1H, J4,5= 6.0 Hz, H-4), 7.33 (d, 1H, J7,6= 6.0 Hz, H-7), 7.09 (m,
2H, H-5, H-2), 7.00 (t, 1H, J6,5/6,7= 5.7 Hz, H-6), 6.78 (s, 1H, H-4′),
6.61 (s, 2H, H-2′, H-6′), 3.88 (t, 2H, J1″,2″= 4.8 Hz, CH2), 3.07 (t, 2H,
J2″,1″= 5.1 Hz, CH2), 2.15 (s, 6H, CH3), EI-MS m/z (% rel. abund.): 323
(M+, 13), 163 (45), 143 (100), 130 (85), HREI-MS m/z: calcd for
C19H21N3S [323.1452], found [323.1456].

3.5.23. 1-(2-(1H-Indol-3-yl)ethyl)-3-(2,3-dichlorophenyl)thiourea (23)
% Yield: 35, M. p.: 166–168 °C, 1H NMR (400MHz, CD3OD): δ 7.63

(d, 1H, J4,5= 6.0 Hz, H-4), 7.41 (m, 2H, H-4′, H-5′), 7.33 (d, 1H,
J7,6= 6.0 Hz, H-7), 7.10 (t, 1H, J5,6/5,4= 6.1 Hz, H-5), 7.09 (m, 2H, H-
2, H-6′), 7.01 (t, 1H, J6,5/6,7= 5.5 Hz, H-6), 3.86 (s, 2H, CH2), 3.08 (t,
1H, J2″,1″= 5.4 Hz, CH2), FAB-MS +ve m/z (% rel. abund.): 364 (M+),
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HREI-MS m/z: calcd for C17H15N3SCl2 [363.0365], found [363.0364].

3.5.24. 1-(2-(1H-Indol-3-yl)ethyl)-3-(4-methoxyphenyl)thiourea (24)
% Yield: 54, M. p.: 163–166 °C, 1H NMR (400MHz, CD3OD): δ 7.61

(d, 1H, J4,5= 8.0 Hz, H-4), 7.33 (d, 1H, J7,6= 6.0 Hz, H-7), 7.10 (t, 1H,
J5,6/5,4= 6.8 Hz, H-5), 7.02 (s, 1H, H-2), 6.98 (t, 1H, J6,7/6,5= 7.4 Hz,
H-6), 6.93 (d, 2H, J3′,2′/5′,6′ = 8.8 Hz, H-3′, H-5′), 6.79 (d, 2H, J2′,3′/
6′,5′ = 8.4 Hz, H-2′, H-6′), 3.83 (t, 2H, J1″,2″= 6.4 Hz, CH2), 3.75 (s, 1H,
OCH3, H-4′), 3.03 (t, 2H, J2″,1″= 6.8 Hz, CH2), 2.15 (s, 6H, CH3), EI-MS
m/z (% rel. abund.): 325 (M+, 13), 165 (45), 143 (100), 130 (85),
HREI-MS m/z: calcd for C18H19N3SO [325.1228], found [325.1249].

3.5.25. 1-(2-(1H-Indol-3-yl)ethyl)-3-(4-bromophenyl)thiourea (25)
% Yield: 44, M. p.: 129–131 °C, 1H NMR (400MHz, CD3OD): δ 7.62

(d, 1H, J4,5= 6.0 Hz, H-4), 7.35 (m, 3H, H-7, H-3′, H-5′), 7.11 (m, 4H,
H-5, H-2, H-2′, H-6′), 7.01 (t, 1H, J6,5/6,7= 5.5 Hz, H-6), 3.86 (s, 2H,
CH2), 3.08 (t, 2H, J2″,1″= 5.4 Hz, CH2), EI-MS m/z (% rel. abund.): 372
(M+ 1), 374 (M++2, 1), 130 (100), HREI-MS m/z: calcd for
C17H16N3SBr [373.0221], found [373.0248].

4. Conclusion

Twenty five derivatives of tryptamine 1–25 were synthesized, and
evaluated for their urease inhibitory activity. Nine of them 11–17, 22,
and 24 were found to be active with IC50 values between
11.4 ± 0.4–19.7 ± 0.83 μM, five compounds 8, 10, 18, 19, and 21
with IC50 of 21.3 ± 1.5–27.1 ± 0.64 μM showed activity comparable
to standard thiourea, while others were inactive against urease.
Moreover, only thiourea analogues showed a better inhibitory activity.
All the synthetic derivatives were non-cytotoxic. Kinetic studies showed
that most of the active compounds exhibit non-competitive type of in-
hibition, however, compounds 8 and 13 showed mixed-type of inhibi-
tion. The ligand-enzyme binding modes, and interactions were pre-
dicted using molecular docking studies. These results identified several
lead molecules for further studies.
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