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Abstract: In this study, (£)-9-ethyl-N-((1,3-diphenyl-1H-pyrazol-4-ylmethylene)-9H-carbazol-3-amine (3a—f) and 1-(9-ethyl-9H-carbazol-6-yl)-3-
phenylthiourea (Sa—f) derivatives were synthesized and their in vitro antimicrobial and antimalarial activities were evaluated. The structures of
the synthesized compounds were elucidated and confirmed by using IR, *H NMR, *C NMR, and mass spectra.
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INTRODUCTION

T HE carbazole skeleton is a key structural motif posses-
ses desirable electronic and charge-transport proper-
ties as well as large m conjugated system. Due to this, the
various functional groups are easily introduced into the
structurally rigid carbazolyl ring. These characteristics
result in the extensive potential applications of carbazole-
based derivatives in the field of medicinal,!*->! organicl67]
and material chemistry.[8:]

Aminocarbazoles and its derivatives have gained
much attraction due to their prominent biological
activities.[10-15] They have been identified as Bcl-2 protein
inhibitors!'®] NPY5 antagonists(!”] and anion receptors.[!8]
They are also useful intermediates for the synthesis of
various amino derivatives, dyes and pigments, stabilizers
for polymers, pesticides, photographic materials and
diagnostic reagents in cytochemical studies.[*°]

Pyrazole derivatives represent one of the most
active class of compounds and possess a wide spectrum of
biological activities.[20-25] Schiff bases have also been shown

a broad range of biological activities, including antifungal,
antibacterial, antimalarial, anti-inflammatory, antiviral, and
antipyretic properties.26:27] The new tacrine carbazole
hybrids having imines moiety reported to possess
multifunctional agents for the treatment of AD and potent
activity against AChE inhibitory and antioxidant action.[28.2%]
Although some drugs containing pyrazole and Schiff bases
exhibit antiviral activities,3%31] carbazole based diarylthiourea,
pyridopyrimidine-substituted urea and thiourea derivatives
have been reported as potent anticancer agents 32 and
polyphenol oxidase inhibitors.133 Inhibitory activities of
carbazole-linked urea and thiourea derivatives on lipo-
polysaccharide-induced NO production have been also
reported.34 Also p-nitrodiarylthiourea derivative contains
carbazole core have been evaluated on breast (MCF-7,
T-47D, MDA-MB-453) and prostate (DU-145, PC-3, LNCaP)
cancer cell lines.[39]

Based on the above information, we inferred that
carbazole frame linked at 4-position in the pyrazole ring
and aryl thiourea core could lead to significant increase in
the potency and improve physicochemical properties.
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RESULTS AND DISCUSSION

Chemistry

The synthetic route is shown in schemes 1 and 2. Carbazole
Schiff bases (3a—f) were prepared in accordance with the
literature procedure,3¢! starting from the condensation of
9-ethyl-9H-carbazol-3-amine 1 with substituted 1,3-diaryl
pyrazole aldehyde 2 in ethanol and a catalytic amount of
glacial acetic acid. The substituted 1,3-diaryl pyrazole
aldehydes were synthesized by the well-known Vilsmeier-
Haack formylation reaction.7! Carbazole-based thiourea
derivatives (5a—f) were synthesized by the reaction of
9-ethyl-9H-carbazol-3-amine 1 with various substituted
phenylisothiocynate 4 in ethanol. The synthesis of com-
pound 5e has been previously reported.[38

The formation of carbazole linked Schiff bases (3a—f)
were confirmed by various spectral methods. The FT-IR spectra
clearly indicates that the IR band at 1596-1599 cm™!
appeared due to the typical azomethine (—CH=N) group
and, thus, confirmed the formation of carbazole Schiff
bases. Also the bands due to —NH; group of N-alkylated
carbazolyl amine at 3390 cm™! and the carbonyl (C=0)
group of pyrazole aldehyde at 1890 cm~! completely disap-
peared.

NH, 2
RO
1 2a-f

Ar =

In TH NMR spectra, aldehyde (CHO) and NH; proton
of amine peaks expected at § 9.89 and 6.55 disappeared. In
the IH NMR spectra of representative compound 3f, one
new singlet that appeared at § 9.18 due to the CH=N of
azomethine confirmed the formation of Schiff bases.
Similarly, in the 13C NMR, carbonyl group (CHO) expected at
6 190 disappeared. The formation of Schiff base was
confirmed by observing (~CH=N) carbon atom in the range
of 6 152.10-162.56 for azomethine. The mass spectrum of
3f displayed a molecular ion peak at m/z 447.16 due to
(M+1)* mode. Also the high resolution mass spectrum
(HRMS) of compound 3f showed a molecular ion peak at
m/z 447.1646, which confirmed the formation of
compound 3f.

The thiourea derivatives (5a—f) were confirmed by
the absence of characteristic IR absorption band at 2000—
2200 cm~ (N=C=S group). The IR band at 3100-3370 cm™
appeared due to NH stretching, while the characteristic
region of the high frequency for thiocarbonyl (C=S) in the
aromatics thioureas appeared at 1530-1549 cm-l. For
example, the TH NMR spectrum of compound 5a showed
two characteristic downfield singlets at § 9.65 and 9.81
assigned to the protons of two NH groups, while in 13C NMR
spectrum, the peak due to thiocarbonyl group in thiourea
moiety of 5a was observed at 6 180.76 because thiocarbonyl

EtOH
" AcOH (cat), (cat), \/g/

reflux

3a 3b 3c 3d 3e 3f
% % £3 3 5

Scheme 1. Synthetic route of carbazole linked pyrazole Schiff base (3a—f)
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Scheme 2. Synthetic route of carbazole diarylthiourea derivative (5a—f).
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Table 1. Antimicrobial activities of the synthesized compounds 3a-f against pathological organisms expressed as minimal

inhibition concentration (MIC, ug/mL)

Microorganisms

Compd. Gram — ve bacteria Gram + ve bacteria Fungi
No. Escherichia Proteus Streptococcus Bacillus Candida Penicillium Aspergillus
Coli mirabilis faecalis subtilis albicans chrysogenum niger
3a 25 25 25 20 20 25 25
3b 10.5 20 115 10.5 12.5 20.5 135
3c 125 25 15.5 135 14.5 20 15.5
3d 15 25 20 155 20 15.5 15
3e 20.5 25 20 20.5 20 20.5 20
3f 115 25 14.5 14.5 10.5 20 15.5
Streptomycin 6.25 6.25 6.25 6.25 — — —
Fluconazole - — - — 6.25 6.25 6.25

group have a greater magnetic anisotropy compared to the
carbonyl group. Furthermore, the mass spectrum shows
the molecular ion peak at (m/z) 346.13 (M+H)* which
confirmed the formation of 5a.

Antibacterial and Antifungal Evaluations

The antimicrobial activity of the synthesized compounds
3 and 5 was evaluated against two gram-negative (E. coli,
P. mirabilis), two gram-positive (S. faecalis, B. subtilis)
bacterial strains, and three (C. albicans, P. chrysogenum,
A. niger) fungal strains using streptomycin and fluconazole
as a standard drugs. The minimal inhibitory concentration
(MIC) values of carbazole linked pyrazole Schiff base
derivatives were presented in Table 1.

It was found that among the 3a—f derivatives 3b, 3c,
3d and 3f showed stronger antibacterial efficacies and
broader bioactive spectrum against E. coli, S. faecalis, and
B. subtilis with the MIC values in the range of 10.5-15.5
pug/mL comparable to that of the positive control.

Compounds 3a and 3e exhibited moderate to good
inhibitory activities (20 and 25 pg/mL) against all tested
bacterial strains. Furthermore, compounds 3b, 3c and 3f
showed a broad spectrum of antifungal activities (10.5—
15.5 pg/mL) against C. albicans and A. niger as compared
with standard drug fluconazole, while compounds 3a, 3d,
3e and 3f showed satisfactory activities (20-25 pg/mL).

MIC values of carbazole based thiourea derivatives
(5a—f) as shown in Table 2 revealed that compounds 5b and
5e exhibited highest inhibition activities (8.5-12.5 pg/mL)
against E. coli, S. faecalis and B. subtilis bacterial strains.
Compounds 5b, 5c¢, 5d and 5e displayed remarkable
inhibition activities with a MIC value ranging from 10.5 to
12.5 pg/mL against P. chrysogenum fungal strains, while
compounds 5a-f showed to be less active on C. albicans and
A. niger fungal strains relative to standard drug fluconazole.
Most of the compounds 3 and 5 did not inhibit the growth
of P. mirabilis bacterial strain satisfactorily, as compared
with positive control streptomycin.

Table 2. Antimicrobial activities of the synthesized compounds 5a—f against pathological organisms expressed as minimal

inhibition concentration (MIC, ug/mL)

Microorganisms

Compd. Gram — ve bacteria Gram + ve bacteria Fungi
No. Escherichia Proteus Streptococus Bacillus Candida Penicillium Aspergillus

coli mirabilis faecalis subtilis albicans chrysogenum niger

5a 20 25 25 20 20 20 25

5b 9.5 25 10.5 12.5 25 10.5 20

5c 10 20 12.5 20 20 125 20

5d 15 25 15.5 20 25 125 25

Se 8.5 20 10.5 12.5 20 115 20

5f 20 25 20 25 20 20 25

Streptomycin 6.25 6.25 6.25 6.25 — — —
Fluconazole - - - - 6.25 6.25 6.25
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Table 3. Antimalarial activities of the synthesized com-
pounds 3a—f and 5a—f against P. falciparum expressed as ICso
(ng/mL)

P. falciparum P. falciparum

Compd. No. ICso (ug/mL) Compd. No. ICso (pg/mL)
3a 1.50 5a 1.65
3b 0.90 Sb 0.95
3c 1.00 5c 1.10
3d 1.15 5d 1.25
3e 1.55 Se 1.00
3f 0.95 5f 1.75
Quinine 0.268 — 0.268
Chloroquine 0.020 — 0.020

Antimalarial Evaluation

The synthesized compounds 3 and 5 were also screened for
their in vitro antimalarial activity against Plasmodium
falciparum strain using chloroquine and quinine as
reference drugs. The mean ICso (ug/mL) values of test
compounds against the test microbe are presented in Table
3. The results revealed that the majority of the synthesized
compounds showed significant degrees of inhibition
against P. falciparum as compared with standard drugs.
Among the carbazole linked pyrazole Schiff bases
(3a—f), compound 3b with fluorine substituent attached
exhibited a respectable antimalarial spectrum with 1Cso
value of 0.90 pg/mL, as compared with compounds 3a, 3c,

Azomethine
linkage of
schiff base

Carbazole Active
pharmacophore

S

I

(3a-f)

Replacement of substituted phenyl
ring with less bulky heterocyclic ring
(thiophene) increased the activity

Carbazole - Active | ¢— Q l .lN
pharmacophore

3d and 3e and standard drug quinine. Compounds 3a, 3c,
3d and 3e exhibited satisfactory antimalarial activity with
ICso value ranging from 1.00 to 1.55 pg/mL. Compound 3f
with thiophene substituent showed considerable inhibition
activities with 1Cso value of 0.95 pg/mL. In case of carbazole
bearing diarylthiourea derivatives (5a—f), 5b and 5e showed
the strong growth inhibition activities (with 1Cso values of
0.95 and 1.00 pg/mL) as compared with standard drug
quinine, while compounds 5a, 5c, 5d and 5f showed
moderate to good inhibition activities against P. falciparum
comparable to that of the reference compounds.

CONCLUSIONS

To summarize, syntheses of a series of (E)-9-ethyl-N-((1,3-
diphenyl-1H-pyrazol-4-yl)methylene)-9H-carbazol-3-amine
(3a-f) and 1-(9-ethyl-9H-carbazol-6-yl)-3-phenylthiourea
(5a-f) were carried out in which some electron with-
drawing, donating as well as bulky functional groups were
introduced to the phenyl ring. Also, it is known that the
presence of halides (F, Cl, Br) increases the lipophilic
properties of the compounds. Antimicrobial study of the
synthesized compounds indicated that some of the
compounds displayed moderate to potent antibacterial
and antifungal activities which will be further helpful for the
development of new antimicrobial compounds. As struc-
ture-activity relationship (SAR) study of all the compounds
was taken into account (Figure 1), it was observed that the

many antimicrobial agent’

; Imponant fragment of

Electron donating group
decreses the activity

Substitution -H, -F, -Cl, -Br, CHs,

on phenyl ring

Electron withdrawing group
enhanced the activity

\©\_ . Electron donating group
' R «= |decreases the activity whil

electron withdrawing group
increases the activity

Figure 1. Structure-activity relationship of target compounds 3 and 5.

Croat. Chem. Acta 2020, 93(2), 139-146

DOI: 10.5562/cca3700



ROATICA
CT
A

G. D. SHIROLE et al.: Synthesis and Biological Assessment of Carbazole Derivatives 143

combination of carbazole moiety to various pyrazole
aldehyde and substituted phenylisothiocynate in new
derivatives caused increased activities against most of the
tested organisms. The results also suggested that the
antimicrobial activities of the carbazole derivatives were
influenced by the aromatic substituent. Compounds with
electron-withdrawing substituent 3b, 3¢, 3d, 5b, 5c, 5d and
5e in the phenyl ring were more potent against most of the
tested microorganisms than compounds 3e and 5f with
electron-donating groups. Furthermore, compounds 3a
and 5a without substituent in the phenyl ring showed
satisfactory activities against all tested bacterial and fungal
strains. It was observed that, the sulphur containing Schiff
base and diarylthiourea derivatives showed remarkably
increments in the antibacterial, antifungal and antimalarial
activities. In case of diarylthiourea derivatives, compound
5b with fluorine substituent increased the antimalarial
activity of the molecule, as compared with compounds
containing chlorine, bromine and methyl groups. High
potency and promising antimicrobial activity of the
synthesized compounds 3a-f and 5a—f suggest that these
compounds could serve as good leads for further
optimization and development.

EXPERIMENTAL

The recorded melting points were determined in an open
capillary and are uncorrected. IR spectra were recorded on
Perkin Elmer Fourier-transform infrared (FTIR) spectro-
photometer with ATR. The H NMR and 3C NMR spectra
were recorded on a Bruker Avance Il (500 MHz) and Bruker
(125 MHz) spectrometer respectively, using TMS as internal
standard. Mass spectra were recorded on a Waters Q-TOF
micromass spectrophotometer. The thin layer chromato-
graphy (TLC) was carried out on precoated silica gel
aluminum plates to check compounds purity. The starting
materials 9-ethyl-9H-carbazol-3-amine and substituted
phenylisothiocynate of Sigma Aldrich make were
purchased from local chemical providers. The antimicrobial
activity was evaluated by the agar well diffusion method.[3°]
The in vitro antimalarial assay was carried out in 96 well
plates according to the micro assay protocol of Rieckmann,
and co-workers with minor modifications.40]

Minimal Inhibitory Concentration (MIC)
Measurement

The potato dextrose broths used for microorganism
susceptibility tests in nutrient media for the determination
of MIC. The tested compound stock 1000 pg/mL solutions,
Streptomycin and Fluconazole were prepared in DMSO
followed by dilutions to 100-6.25 pg/mL concentrations.
Inoculated microorganism suspensions were incubated at
37 °C for 1-5 days for MIC determination.

General Procedure for the Synthesis of
Compounds 3a-f

9-Ethyl-9H-carbazol-3-amine 1 (1.5 mmol) and substituted
1,3-diphenyl-1H-pyrazole-4-carbaldehyde 2 (1.5 mmol) were
dissolved in ethanol (10 mL) and refluxed in reaction flask
for 1h. After that, 2-3 drops of acetic acid was added to
solvent as a catalyst. As a result of condensation reaction
reddish brown color was observed. After completion of the
reaction (monitored by TLC), the reaction mixture was
cooled and light yellow colored spongy solid separated. The
obtained solid was filtered and purified by recrystallization
from DMF to afford compounds 3a-f.

(E)-9-ethyl-N-((1,3-diphenyl-1H-pyrazol-4-yl)methylene)-
9H-carbazol-3-amine (3a) Yellow colored solid; Yield (71 %);
m.p. 124-125 °C; IR ¥ax/ cm~L: 3060 (=CH), 1599 (~CH=N),
1504 (C=C); 'H NMR (CDCl3) 6/ppm: 1.42 (t, 3H, J=7.1 Hz,
CHs), 4.41 (g, 2H, J=7.1 Hz, N-CH,), 7.20-7.26 (m, 1H, ArH),
7.30-7.35 (m, 1H, ArH), 7.41-7.48 (m, 3H, ArH), 7.50-7.55
(m, 5H, ArH), 7.60-7.75 (m, 5H, ArH), 7.85-8.10 (m, 2H,
ArH), 8.75 (s, 1H, —CH=N), 8.89 (s, 1H, pyrazole ring); 13C
NMR (CDCls) 6/ppm: 13.80, 37.75, 108.71, 108.80, 112.38,
118.83, 119.42, 119.71, 120.65, 120.73, 122.98, 123.55,
125.99, 127.38, 127.50, 129.64, 130.42, 131.45, 131.90,
138.70, 139.55, 140.59, 143.90, 150.15, 152.59; MS (m/z):
441.05 (M+H)".

(E)-9-ethyl-N-((3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-
yl)methylene)-9H-carbazol-3-amine (3b) Yellow colored
solid; Yield (67 %); m.p. 116-117 °C; IR Pnax/cm™1: 3048
(=CH), 1596 (—CH=N), 1504 (C=C), 1216 (Ar—F); IH NMR
(CDCl3) 6/ppm: 1.42 (t, 3H, J=7.0 Hz, CH3), 4.42 (q, 2H,
J=7.0 Hz, N=CH,), 7.20-7.29 (m, 1H, ArH), 7.38-7.45 (m,
1H, ArH), 7.49-7.56 (m, 3H, ArH), 7.59-7.75 (m, 4H, ArH),
7.80-7.95 (m, 4H, ArH), 7.99-8.20 (m, 3H, ArH), 8.68 (s, 1H,
—CH=N), 8.75 (s, 1H, pyrazole ring); 13C NMR (CDCl3) 6 /ppm:
13.85,37.70,108.72, 108.85, 112.49,118.90, 119.47, 119.70,
120.68, 120.79, 122.95, 123.59, 125.90, 127.36, 127.50,
129.60, 130.45, 131.47, 131.90, 138.70, 139.53, 140.55,
143.92, 150.10, 152.66; MS (m/z): 459.10 (M+H)*.

(E)-N-((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)methyl-
ene)-9-ethyl-9H-carbazol-3-amine (3c) Yellow colored solid;
Yield (70 %); m.p. 138-139 °C; IR ¥imax/cm™1: 3048 (=CH),
1598 (~CH=N), 1503 (C=C), 1089 (Ar—Cl); IH NMR (CDCls)
&/ppm: 1.44 (t, 3H, J=7.1 Hz, CHs), 4.37 (g, 2H, J=7.1 Hz,
N-CH,), 7.21-7.34 (m, 2H, ArH), 7.36-7.50 (m, 3H, ArH),
7.52-7.77 (m, 5H, ArH), 7.81-7.85 (m, 4H, ArH), 7.89-8.13
(m, 2H, ArH), 8.65 (s, 1H, —CH=N), 8.71(s, 1H, pyrazole ring);
13C NMR (CDCls) 6/ppm: 13.84, 37.70, 108.69, 108.85,
112.36, 118.90, 119.37, 119.70, 120.58, 120.64, 122.94,
123.50, 125.96, 127.31, 127.57, 128.97, 129.59, 130.11,
134.71, 138.72, 139.46, 140.53, 143.91, 150.14, 152.51,
162.56; MS (m/z): 475.23 (M+H)*.
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(E)-N-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)methyl-
ene)-9-ethyl-9H-carbazol-3-amine (3d) Yellow colored solid;
Yield (68 %); m.p. 130-131 °C; IR Pmax/cm~1: 3051 (=CH),
1598 (—~CH=N), 1504 (C=C), 698 (Ar—Br); ®H NMR (CDCls)
6/ppm: 1.44 (t, 3H, J=7.1 Hz, CHs), 4.38 (q, 2H, J=7.1 Hz,
N—CH,), 7.21-7.25 (m, 1H, ArH), 7.34-7.37 (m, 1H, ArH),
7.41-7.46 (m, 3H, ArH), 7.49-7.55 (m, 3H, ArH), 7.62-7.77
(m, 4H, ArH), 7. 83-7.85 (m, 2H, ArH), 7.95-8.10 (m, 2H,
ArH), 8.65 (s, 1H, —CH=N), 8.96 (s, 1H, pyrazole ring); 13C
NMR (CDCls) 6/ ppm: 13.88, 37.73, 108.70, 108.85, 112.39,
118.93, 119.40, 119.74, 120.63, 120.70, 122.99, 123.54,
125.98, 127.34, 127.55, 129.62, 130.41, 131.46, 131.95,
138.75, 139.50, 140.56, 143.96, 150.11, 152.56; MS (m/z):
519.16 (M+H)".

(E)-9-ethyl-N-((1-phenyl-3-p-tolyl-1H-pyrazol-4-yl)methyl-
ene)-9H-carbazol-3-amine (3e) Yellow colored solid; Yield
(70 %); m.p. 122123 °C; IR Pmax/cm~1: 3051 (=CH), 1598
(~CH=N), 1531 (C=C); H NMR (CDCls) 6/ppm: 1.39 (t, 3H,
J=7.1 Hz, CHs), 2.30 (s, 3H, ArCHs), 4.44 (q, 2H, J=7.1 Hz,
N—CH,), 7.20-7.27 (m, 2H, ArH), 7.42-7.50 (m, 3H, ArH),
7.55-7.69 (m, 5H, ArH), 8.03-8.12 (m, 4H, ArH), 8.18-8.28
(m, 2H, ArH), 8.89 (s, 1H, —CH=N), 9.17 (s, 1H, pyrazole ring);
13C NMR (CDCls) 6/ppm: 13.84, 20.89, 37.78, 108.65,
108.88, 112.40, 118.92, 119.36, 119.72, 119.80, 120.46,
120.73, 123.13, 123.58, 125.97, 126.50, 127.10, 127.38,
127.67, 127.70, 129.68, 134.40, 138.70, 139.39, 140.58,
144.60, 147.68, 150.18; MS (m/z): 455.08 (M+H)*.

(E)-9-ethyl-N-((1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-

yl)methylene)-9H-carbazol-3-amine (3f) Yellow colored
solid; Yield (72 %); m.p. 109-110 °C; IR ¥max/cm™1: 3054
(=CH), 1597 (=CH=N), 1510 (C=C), 1185 (C-S);'H NMR
(CDCls) &/ppm: 1.34 (t, 3H, J=7.1 Hz, CH3), 4.45 (q, 2H,
J=7.1 Hz, N=CH,), 7.19-7.23 (m, 2H, ArH), 7.40-7.51 (m,
3H, thiophenenring), 7.57-7.69 (m, 5H, ArH), 8.00-8.10 (m,
3H, ArH), 8.16-8.24 (m, 2H, ArH), 8.88 (s, 1H, —CH=N), 9.15
(s, 1H, pyrazole ring); 3C NMR (CDCl3) 6/ ppm: 13.88, 37.74,
108.69, 108.85, 112.43, 118.91, 119.37, 119.71, 119.82,
120.51, 120.63, 123.03, 123.56, 125.96, 126.51, 127.15,
127.28, 127.65, 127.75, 129.58, 134.42, 138.75, 139.38,
140.56, 144.10, 147.69, 150.14; MS (m/z): 447.16 (M+H)*.

General Procedure for the Synthesis of Compounds 5a-f
Substituted phenylisothiocynate 4 (1 mmol) was added
dropwise to a well stirred solution of 9-ethyl-9H-carbazol-
3-amine 1 (1 mmol) in ethanol (5 mL), with constant stirring.
A light yellow colored solid precipitated, which after 30 min
was filtered off and crude compounds were recrystallized
from ethanol to afford the target compounds 5a—f.

1-(9-ethyl-9H-carbazol-6-yl)-3-phenylthiourea (5a) Light
yellow colored solid; Yield (68 %); m.p. 158-159 °C; IR
Pmax/ cm=1: 3357 (NH), 3173 (NH), 2965 (=CH), 1534 (C=S);
1H NMR (CDCls) 6/ppm: 1.33(t, 3H, J=6.2 Hz, CH3), 4.45

(q, 2H, J=6.7 Hz, N=CH,), 7.12-7.22 (m, 4H, ArH), 7.33-7.36
(m, 4H, ArH), 7.45-7.54 (m, 2H, ArH), 7.59-8.15(m, 2H,
ArH), 9.65 (s, 1H, NH), 9.81 (s, 1H, NH); 3C NMR (CDCls)
&/ppm: 13.87, 37.78, 108.87, 109.40, 118.79, 119.39,
120.76, 122.37, 123.62, 124.45, 125.18, 126.52, 126.63,
127.68, 129.24, 137.76, 138.99, 140.58, 180.76; MS (m/z):
346.13 (M+H)*.

1-(9-ethyl-9H-carbazol-6-yl)-3-(4-fluorophenyl) thiourea (5b)
Light yellow colored solid; Yield (65 %); m.p. 161-162 °C; IR
Pmax/ cm~1: 3366 (NH), 3183 (NH), 2964 (=CH), 1530 (C=S);
1H NMR (CDCls) 6/ ppm: 1.44(t, 3H, J=7.0 Hz, CHs), 4.44 (q,
2H, J=6.7 Hz, N-CHy), 7.15-7.17 (m, 1H, ArH), 7.20-7.28
(m, 2H, ArH), 7.32-7.37 (m, 1H, ArH), 7.40-7.45 (m, 3H,
ArH), 7.48-7.53 (m, 3H, ArH), 7.56-7.65 (m, 1H, ArH), 8.07
(s, 1H, NH), 8.21 (s, 1H, NH); 3C NMR (CDCls) 6/ ppm: 14.28,
37.76, 110.22, 110.29, 117.30, 120.33, 121.14, 122.47,
122.75, 122.99, 123.15, 123.25, 123.91, 125.73, 127.00,
128.38, 129.11, 135.44, 140.65, 142.21, 149.72, 157.45,
192.98; MS (m/z): 364.15 (M+H)*.

1-(4-chlorophenyl)-3-(9-ethyl-9H-carbazol-6-yl) thiourea (5c)
Light yellow colored solid; Yield (69 %), m.p. 121-122 °C; IR
Pmax/ cm=1: 3321 (NH), 3120 (NH), 2973 (=CH), 1529 (C=S);
1H NMR (CDCl3) 6/ppm: 1.33(t, 3H, J=6.2 Hz, CHs), 4.47
(9, 2H, J=6.7 Hz, N=CH,), 7.16~7.22 (m, 3H, ArH), 7.33-7.37
(m, 3H, ArH), 7.43—7.49 (m, 3H, ArH), 7.60-8.17 (m, 2H, ArH),
9.75 (s, 1H, NH), 9.99 (s, 1H, NH); 13C NMR (CDCls) 5/ ppm:
13.87,37.82,108.96, 109.69, 118.94, 119.56, 120.78, 122.24,
123.01, 123.83, 124.34, 124.86, 126.35, 126.76, 129.86,
134.43, 139.19, 140.63, 180.63; MS (m/z): 380.04 (M+H)*.

1-(4-bromophenyl)-3-(9-ethyl-9H-carbazol-6-yl)thiourea (5d)
Light yellow colored solid; Yield (65 %); m.p. 132-133 °C; IR
Pmax/ cm=1: 3330 (NH), 3128 (NH), 2975 (=CH), 1525 (C=S);
1H NMR (CDCls) 6/ ppm: 1.34 (t, 3H, J=6.4 Hz, CH3), 4.45 (q,
2H, J=6.8 Hz, N-CH;), 7.18-7.25 (m, 3H, ArH), 7.32-7.39
(m, 3H, ArH), 7.45-7.55 (m, 3H, ArH), 7.65-8.10 (m, 2H,
ArH), 9.60 (s, 1H, NH), 9.70 (s, 1H, NH); 13C NMR (CDCls)
6/ppm: 13.82, 37.79, 108.84, 109.65, 118.90, 119.55,
120.70, 122.22, 123.20,123.85, 124.38, 124.89, 126.32,
126.75, 129.85, 134.40, 139.29, 140.53, 180.60; MS (m/z):
424.10(M+H)*.

1-(9-ethyl-9H-carbazol-6-yl)-3-p-tolylthiourea (5f) Light
yellow colored solid; Yield (65 %); m.p. 143-144 °C; IR
Pmax/ cm~1: 3366 (NH), 3179 (NH), 2970 (=CH), 1531 (C=S);
1H NMR (CDCls) 6/ ppm: 1.44 (t, 3H, J=6.3 Hz, CH3), 2.34 (s,
3H, ArCHs), 4.35 (g, 2H, J=6.3 Hz, N—CH,), 7.18-7.29 (m, 2H,
ArH), 7.34-7.48 (m, 2H, ArH), 7.52-7.69 (m, 5H, ArH), 7.75—
7.95 (m, 2H, ArH), 8.05 (s, 1H, NH), 8.25 (s, 1H, NH); 13C
NMR (CDCls) 6/ppm: 13.81, 37.89, 108.84, 109.68, 118.92,
119.79, 120.59, 122.28, 123.35, 123.80, 124.39, 124.84,
126.38,126.64,129.70, 135.48, 139.39, 140.75, 180.69; MS
(m/z): 360.06 (M+H)*.
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Current Data Parameters
HAME Eep2T7-2018
EXPRD 5
PROCHD 1

F? - Acquimsition Parameters
Date=_ 20180927
Time 2241 h
INETRIM spect
PROBHD  Z1159470 0152
FULEROG “zgpgld

O 6E53E
EOLYENT CDC13

RE 1024

e i

EWH 20761.904 H=
FIDREE 0.90B2E1 Hz
Ag 1.1010048 s=c
RG 188.78

(0| 16.800 use
LE E.50 use
TE 0E

D1 2.00000000 se=c
01l 0.03000000 gec
DD 1
EFO1 125.7703643 MH=z
ROC1 11c

Pl 8.25 use
FLK1 100. 00000000 W
EFO2 500.1320005 MH=z
ROC2 1H
CPOPRG[2 waltzlE
BCPDZ 80.00 use
PLIZ 22.00000000 W
PLW12 0.29222000 W
PLW13 0.14E69B000 W
F2 - Processing parame=ters
EL 327e8

EF 125 _757T74EE MH=z
WIW EM
EEB o

LB 1.00 Hz
B 0o

BC 1.40





Savitribai Phule Pune University - Central Instrumentation Facility

Analysis Info
Analysis Name

Method
Sample Name
Comment

Acquisition Date

11/23/2018 6:10:26 PM

DM»Data\2018\NOVEMBER\SPPU AFFILIATEDNSSGM COLLEGE KOPARGAOMN WS N SHELAKEW IJAY
KADMNORWSP-6_BAZ2_ 01_540.d

dlc-mss00mz_ 10min.m

SP-6

Operator
Instrument

CIF
impact HD

1819696.001¢

Acquisition Parameter

Source Type ESl lon Polarity Positive Set Nebulizer 1.7 Bar
Focus Active Set Capillary 4500 W Set Dry Heater 200 °C
Scan Begin 50 mi= Set End Plate Offset -500 W Set Dry Gas 7.0 Fmin
Scan End 600 m/z Set Charging Voltage 2000 W Set Divert Valve Waste
Set Corona O nA Set APCI Heater 0 °C
Intens. +MS, 1.5-1 . 6min #88-91
x107_|
2.0+ 211.1236
1.54
) (3)
] C28H23N4s, [MsH]
1.0+
i AATAGAE
0.5+
255.0587 C2aHZ2N4NaS, [M+Na]
- 182.0839 ‘ 2770407 4569:1462
0.0 A n J LI Lok | L L | ||
100 200 300 400 500 miz
Meas. mvz # lon Formula Score m'z err [mDa] err [ppm] mSigma rdb e Conf N-Rule Adduct
44T 164610 1 C28H23N4S 10000 447 163794 0.8 -1.8 202 19.5 even ok M+H
4690 146223 1 CZEH22N4ANas 100,00 469 145738 -5 -1.0 20.3 19.5 ewven ok M+MNa
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Currepnl Datad Parameters
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FZ2 = Aoquisltion Parameters

Data,
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ol
Tho

J01E0Aa24
17 4%
spect

3 mm PAREQ BES

30
1276R
DHED

£

]
1onon.aon
0.305176
1. 6384500
134,08
50 . 000
6,50
194,14
1.0003000%
1

iz
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amg
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. EHMEL f] e

aral
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15, 00000000 W

F2 - Procesaing paramaters
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Current Data Parameters

ers

h

Hz
Hz
sec

usec
W
W
W

MHz

Hz

NAME Sep01-2018
EXPNO 2
PROCNO 1
F2 - RAcguisition Paramet
Date_ 2018B0901
Time 17.31
INSTRUM spect
FROBHD £119470_0152 |
FULFROG zgpg3l
D 65536
SOLVENT cDcla
NS 1024
DS 4
SWH 29761.904
FIDRES 0.908261
AO 1.1010048
RG 1B89.76
oW 1&6.800
DE 6.50
TE 0K

D1 2.00000000
D11 0.03000000
TDO 1
SFO1 125.7703643
NUC1 13cC
Fl 9.25
FLW1 100.00000000
SFO2 500.1320005
NUC2 1H
CPDERG[2 waltzlé
FCFDZ BO.00
PFLWZ2 22.00000000
PLW12 0.25222000
PLW13 0.14698000
F2 - Processing parameters
58I 12768
SF 125.7577885
WDW EM
558 0

LB 1.00
GB 0

EC 1.40
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Sample Name:
Sampile Typs:
Vial:

Injection #:
Iniesction Volume:
Run Time:

CLOWVER-A-1856-CL-B-24-INT 08-101-TH-1

Unknown
1:0.4

1
.20 ul
3.0 Minutes

Frojiect Name LCMS-04_AUG-2018_24082018

Date Acguired:
Date Processed:

B/24/2018 17:56:41 IST

Acquired By:
Sample Set Nama:
Acqg. Method Set:

Processing Method:

Channel Name:
Proc. Chnl. Descr.:

8/24/2018 18:01:01 IST, 8/24/2018 18:01:30 IST

|

LCMS-04

24082018 UCH 118_ASD_ RS
FPDS METHOD_C3

PDS METHOD C3,

235.0nm, MS TIC

PDA 235.0 nm Blank Subtracted

100

b ke

] N [IL
{]-.DDT' W r B
T ——— T T T [T T T T T T T T T T T T [T T T [ T T T T T [ T T
0,00 .20 O 40 OLED o.80 1.00 1.20 1.40 1.680 1.80 2.00 220 2.40 2.80 2.80 300
MNEnutes
Channel Mame 235.0nm; Channel PDA Spectrum
2x107 ]
= ] ]
S 1x107 \
- 1 -
7 1
4
O - *I'gr S
] L 1 T w T [ T T T ] T T T T T T L] T T T | T T T T [ T T I T L] L] T T L T L T T T T T T T L T
020 0.40 O.60 0.80 1.00 1.20 1.40 1.80 1.80 2.00 2.20 2.40 2.60 2.80
Finutes
Channel Namc MS TIC: Channel SO 2: MS Scan
Peak Results
— Channel: PDA Spectrum H H
< Base = i
| | Retention Time | S2°¢ [ Height Area | o Area Channel Channel Name N N
! (rmin) rvz) (uV) | (uV*sec) \H/
: & i 1.834 1016685 !. 9oE689 100.00 | PDA Spectrum | 235.0nm S
N
Peak Results
o Channel: SQ 2: MS Scan J 5a
| 2 Base
| | Retention Time | o) Height Araa 9% Area Channel Channel Mame
{min) {miz) (V) (HV™sec)
1 1.854 346.61 | 22509972 | 42710806 100.00 | SQ 2: MS Scan | MS TIC
Ma ety Olal
- 3 -5 = T Poeah #1
‘% T U? T
= 3 k
o ———— — - — — - — ——
0000 200040 e a o  wa] 400,00 500.00 200G FOCL.O00 B00.00 ‘B0:0.00 TOO0.00

e

Base Peak 348.81 Charsel Dascription 2: B0.00-1000.00 ES4+, Cenmid, CV-10 - AWG (1.9:3.0:;0.1:1.8) x 60.000 - AVG (1.9:3.0:0-1:1.8) x 60.000 Retantion Time 1.854
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WATERS, Q-TOF MICROMASS (LC-MS) SAIF/CIL,PANJAB UNIVERSITY,CHANDIGARH
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gj.
1 320 1em- 1555 et
8 2075 hem-1 1
- A
£ (432%amq  BORT
Thiki
75 Q hoon ‘
N N
& 1T L
TH N O s c 1318 12em-1
| J 5c 1478 A8cm: W 328 451
528 7 2emai0 25cm:1 1. 03em-
85
I
80
SEJ EWFE'I:N-I
3000 2500 2000 1500 000 500400

4000

cm-1





—_—,882
g, 174
B.141
T. 743
T, 838
T.825
T, 617
T. 605
T,405
T, 4%
T, 455
T.4934
T.377
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T,337
T,22%
T, 208
7,149
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a.507
§.491
a.47T3
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S T
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L,335
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L3532

oo

Current Data Farametecs

HAKE 62111 -CLOVER
ExEN0 1
PROCHD 1

Fi - Begquislcion Farameiers
Date 0180824

Time [ 7. 58
INETELM spast
PROBED. 5 mm FABEO BB/
PULFROG zgll

Th 12THE
SOLVENT 1ot

NS ad

D3 0

AWH 18000 . 000 Hz
FIDRES 0.3051T6 Hz
AQ 16384500 sec
R 201.3E

1" 20,000 useds
hE 6.50 uges
TE 794,60 K

0l 1.00Rq0008 sec
T 1
susnpznn CHAMNEL ]l ssesnwen
EFO1 00024720 Mz
HUCT iy

Pl 14,590 usec
FLW1 1h, poGDanog W
F} - Procassing parametera
51 E5536

EF 200 . 3000000 MH2
Wi EM

A58

Lh 1.00 H=
h

BC 1.40
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Current Data Parameters

RAME
EXFRO
FROCHD

Sepll-2018
4
1

F2 - ACQuisitlon Parameters

Date
Time
IRSTRIM
PROEHD
PULFROG
D
SOLVENT
KRS

DS

EWH
FIDHES
AQ

RG

SP01
RIN1
Pl

PLW1
SP02
RIMC2

CPDFRG[2

PCFD2
PLWZ

PLW1Z2
PLW13

20180501
18.30
spect

113470 0162 |

Tzgpg3o
ERE36
CcoCla

1024

i

29761 .904
0.90B261
1.1010048
189,76
16.800
&.50

Z2.00000000
0.03000000
1
125.7703643
13C

9.25
100.00000000
S00.1320005
1H

waltzle

BO .00

h

Hz
Hz
BeC

UEEC
UEEC

ueac

22.00000000 W
0.29222000 W
0.14698000 W

F2 - Processing parameLeres

51
EF
WOW
SEB
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12768
125.7577TBBS MHE
EM¥
1.00 Hz

1.40





Sample Nane: CLOVER-A-1B56-CL-B-24-INT 08-101-TH-2
Samplis Type: Lirkrsawr Acquirad By : LChS-0a
Wial: 1:0.6 Sample Sat Mamea: 2a4082018_LCH_118_ASD RS
Injection #: 1 Acg. Method Set: PDS_METHOD. C3
Inkaction Wolurmes: 020 Processing Method: PDSE METHODD C3.
Run Thmea: 3.0 Minutes Chanmsl Mame: 232 .0mm, MS TG
Projact Mams LCMS-04  ALKG-2018 24082018 Proc. Chnl, Descr.: S0 2: MS Scan MS TIC,
Date Acouired: /24,2018 18:00:46 IST
Cate Processed: B24/2018 18:09:33 |IST, S/24'2018 18:0857 IST
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PeakID Compound Time Mass Found

12 1.34
12: (Time: 1.34) Combine (175:189-(155:161+203:209)) 2:M5 ES-
2.1e+005
100- 390.22
75
] 374.16
o 504 117.02 392.20
25
E.- | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |m;|||r=
100.0 200.0 300.0 400.0 500.0 600.0
PeakID Compound Time Mass Found
13 140
13: (Time: 1.39) Combine (183:197-(163:1694211:217)) 2:M5 ES-
3.1e+005
100- 390.21 .
f Ssenne!
TE_E JN 5eS o
® 50 392.17
25-
77— I/
100.0 200.0 300.0 400.0 500.0 600.0





