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SERIES OF 1-((4-METHYL-2-SUBSTITUTED
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GRAPHICAL ABSTRACT

A novel series of 1-((4-methyl-2-substituted thiazol-5-yl)methyleneamino)-2-substituted isoth-
iourea derivatives was synthesized by alkylation of (Z/E)-1-((4-methyl-2-substituted thiazol-
5-yl)methylene)thiosemicarbazide with alkylhalide in acetone. All the newly synthesized com-
pounds were characterized by spectral (IR, 1H NMR, 13C NMR, and mass spectrometry)
methods. The newly synthesized compounds were screened for in vitro antimicrobial activity.
Most of the compounds show moderate to excellent antimicrobial activity.

[Supplementary materials are available for this article. Go to the publisher’s online edition of
Phosphorus, Sulfer, and Silicon and the Related Elements for the following free supplemental
files: Additional figures and tables.]

Keywords Thiazole; thiosemicarbazone; isothiourea; antimicrobial activity

INTRODUCTION

Sulfur-containing heterocyclic compounds hold a specific place among pharmaceu-
tically active products. The thiazole ring system is one of the most important hetero-
cyclic nuclei existing in many naturally occurring biologically active compounds.1–4 Many
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ISOTHIOUREA DERIVATIVES 1263

thiazole-containing compounds exhibit important biological and pharmaceutical activi-
ties.5–14 Thiosemicarbazone derivatives of aldehydes and ketones have been reported to
possess antibacterial,15 antiprotozoal,16 cytotoxic,17–19 and antimalerial20 activities, whereas
S-substituted thiosemicarbazone derivatives show antibacterial and antitubercular21 and an-
tiviral22 activities. On the basis of these observations and in continuation with our earlier
work,23,24 we herein report the synthesis and antimicrobial screening of 1-((4-methyl-2-
substituted thiazol-5-yl)methyleneamino)-2-substituted isothiourea derivatives.

RESULTS AND DISCUSSION

Ester 1a–d was synthesized by treatment of substituted thioamide with ethyl-2-
chloro-3-oxobutanoate in ethanol.24 Alcohol 2a–d was conveniently prepared in high yield
from ester 1a–d with lithium aluminium hydride in diethyl ether. In the literature, such a
type of alcohol was oxidized by using transition metal-containing oxidizing reagents.25–28

We have achieved the selective and efficient synthesis of aldehyde 3a–d from alcohol 2a–d
by using 2-iodoxybenzoic acid29–31 in DMSO (Scheme 1).

Scheme 1

Compound 3a shows, in its IR spectrum, strong absorption bands at 2730 and
1690 cm−1 due to C–H and C O stretching frequency of aldehyde functional group.
1H NMR spectrum of 3a showed the singlet at δ 2.78 integrating for three protons of
methyl group; five aromatic protons appeared between δ 7.17–7.85. The aldehyde proton
resonated at δ 10.08. The 13C NMR of aldehyde 3a shows peak at δ 16.2 corresponds to
methyl group of thiazole ring. The phenyl ring and thiazole carbons appeared at δ 127.1,
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1264 S. H. SHELKE ET AL.

128.9, 129.1, 131.6, 132.5, 162.4, and 173.7, whereas a peak at δ 182.0 was due to the
C O of aldehyde group.

Aldehyde 3a–d, when subjected to a condensation reaction with semicarbazide,
furnished thiosemicarbazone 4a–d. The structure of thiosemicarbazone was confirmed by
IR spectroscopy. The IR spectrum of 4a show absent of peaks at 2730 and 1690 cm−1

and new peaks observed at 3421, 3309, 3157 cm−1 due to presence of NH and NH2

group of thiosemicarbazone, the peak observed at 1599 (C N) confirms the formation of
thiosemicarbazone. The thiosemicarbazone 4a–d on nucleophilic substitution reaction with
alkyl halide gave 1-((4-methyl-2-substituted thiazol-5-yl)methyleneamino)-2-substituted
isothiourea 5a–l. The IR spectrum of compound 5e showed presence of two peaks at
3393 and 3236 cm−1 (asymmetric and symmetric stretching of –NH2 group) indicated
the formation of S-alkylation, which was further confirmed by its 1H NMR data. The
1H NMR spectrum of 5e displayed peaks at δ 1.04 (t, J = 7.2 Hz, 3H); 1.75 (m, 2H);
3.08 (t, J = 7.6 Hz, 2H) that confirmed the presence of S-propyl group. The singlet at δ

2.57 integrated for three protons corresponding to the methyl group of thiazole ring. Two
–NH2 protons showed bs at δ 5.59, confirming the S-alkylation, and the aromatic protons
resonated between δ 7.42 and 8.01. The singlet at δ 8.55 corresponds to the imine proton.
The 13C NMR spectrum of 5e showed peaks at 13.4, 15.8, 22.9, 32.2, 121.5, 126.6, 129.0,
130.4, 133.3, 141.1, 145.8, 155.3, 161.9, and 167.8. The structure was further confirmed
by LCMS spectrum, which showed (M + H)+ at 319.00. From the NMR and LCMS data,
it was observed that there is formation of E and Z isomers in different proportions.

Antimicrobial Activity

Analysis of the antimicrobial activity (Tables S1 and S2, Supplemental Materials)
provides some lead molecules with good antibacterial and antifungal activity. Thiosemicar-
bazone derivatives (4a–d) are less active against all bacterial strains, but most of the S-alkyl
thiosemicarbazone showed moderate to excellent antibacterial activity. The compounds 5b
(R = 3-ClC6H4, R1 = –C2H5) and 5g (R = 4-ClC6H4, R1 = -nC3H7) expressed excellent
activity against all the tested pathogens. They inhibited Gram-positive pathogen more than
the Gram-negative pathogens. The compounds 5c (R = 4-ClC6H4, R1 = –C2H5), 5j (R =
3-ClC6H4, R1 = –iC3H7), and 5k (R = 4-ClC6H4, R1 = –iC3H7) showed good antibacterial
activity.

The result of antifungal activity revealed that thiosemicarbazone derivative 4a and
4c (R = C6H5 and 4-ClC6H5) showed excellent antifungal activity when compared with
standard drug ketoconazole. It is also interesting to note that few S-alkyl derivatives 5a (R =
–C6H5, R1 = –C2H5), 5g (R = 4-ClC6H4, R1 = nC3H7), 5j (R = C6H5, R1 = –iC3H7), and
5k (R = 4-ClC6H4 and R1 = iC3H7) also showed comparable activity with ketoconazole.
It is, however, worth noting that thiosemicarbazone 4c, which showed excellent antifungal
activity, loses its activity considerably upon S-alkylation 5c (R = 4-ClC6H4, R1 = –C2H5).
The thiosemicarbazone 4d also showed moderate to good antifungal activity, but its alkyl
derivatives 5d, 5h, and 5l were found to be less active.

It is thus concluded that the S-alkyl group is responsible for enhanced antibacterial
activity. It is also concluded that derivatives derived from 4-chloro phenyl on thiazole
ring show better antifungal activity than their corresponding 4-chloro benzyl derivatives.
Out of all the tested compounds, 5g shows excellent antibacterial, as well as antifungal
activity.
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ISOTHIOUREA DERIVATIVES 1265

CONCLUSION

In conclusion, a series of new thiosemicarbazone 4a–d and S-alkyl thiosemicarbazone
5a–l was synthesized. S-alkylated thiosemicarbazone derivatives showed better antibacte-
rial activity than their corresponding thiosemicarbazones. Some of the synthesized com-
pounds exhibited good to excellent activity toward Gram-positive, Gram-negative bacteria
as well as the fungal species. Thus, compound 5g can serve as a lead molecule for further
studies on structure activity relationship.

EXPERIMENTAL

Melting points were determined with Buchi melting point apparatus and are uncor-
rected. IR spectra were recorded on a Shimadzu model FTIR-435 spectrometer. 1H NMR
spectra were recorded at 300 or 400 MHz and 13C NMR at 75 or 100 MHz on a Var-
ian Mercury spectrometer. Low-resolution mass spectra were measured on a Shimadzu
LCMS-QP8000. High resolution mass spectra were obtained using a Jeol SX 102 mass
spectrometer and/or Q-TOF micro mass spectrometer. The isotopic peak at M + 2 was
observed in the mass spectrum of all the compounds due to S and/or Cl. The reaction moni-
toring was accomplished by thin-layer chromatography (TLC) on silica-gel plates. Selected
1H, 13C NMR, and HRMS spectra of 2a, 3a, 4a, and 5e are shown in the Supplemental
Materials (Figures S1–S10).

(4-Methyl-2-phenylthiazole-5-yl)methanol (2a)
To a cold solution of lithium aluminium hydride (20 mmol) in dry diethyl ether

(25 mL), ethyl 4-methyl-2-phenylthiazole-5-carboxylate, 1a (10 mmol) in diethyl ether
(25 mL) was added dropwise over a period of 30 min, and the reaction mixture was further
stirred for 1 h at 0 ◦C. After completion of the reaction (TLC), the reaction mixture was
quenched by saturated solution of sodium sulfate. The reaction mixture was filtered on
a sintered funnel. The aqueous layer was extracted with diethyl ether (2 × 30 mL), the
combined organic layer was washed with water, brine, and dried over sodium sulfate. Ether
was removed by distillation to obtain (4-methyl-2-phenylthiazole-5-yl)methanol (2a) on
good yield.

(4-Methyl-2-phenylthiazol-5-yl)methanol (2a): White solid, mp 94–95 ◦C; IR
(KBr): 3295, 1597 1494, 1437, 1091 cm−1; 1H NMR (300 MHz, CDCl3): 2.45 (s, 3H),
4.82 (s, 2H), 7.38–7.41 (m, 3H), 7.87–7.90 (m, 2H); 13C NMR (75 MHz, CDCl3): 15.1,
55.2, 127.2, 129.3, 129.8, 130.6, 133.4, 154.2, 168.1.

(2-(3-Chlorophenyl)-4-methylthiazol-5-yl)methanol (2b): White solid, mp 122–
123 ◦C; IR (KBr): 3282, 1597 1494, 1437, 1090, 1015, 830 cm−1; 1H NMR (300 MHz,
CDCl3): 2.49 (s, 3H), 4.80 (s, 2H), 7.29–7.38 (m, 2H), 7.50 (d, J = 7.8 Hz, 1H), 7.66 (s,
1H); 13C NMR (75 MHz, CDCl3): 14.9, 55.1, 125.8, 126.5, 129.2, 130.0, 130.5, 133.1,
134.5, 154.8, 169.2.

(2-(4-Chlorophenyl)-4-methylthiazol-5-yl)methanol (2c): White solid; mp.
134–136 ◦C; IR (KBr): 3279, 1593, 1496, 1437, 1091, 1014, 831 cm−1; 1H NMR
(300 MHz, CDCl3): 2.45 (s, 3H), 4.82 (s, 2H), 7.38 (d, J = 7.8 Hz, 2H), 7.83 (d, J =
7.8 Hz, 2H); 13C NMR (75 MHz, CDCl3): 15.5, 55.1, 127.2, 128.7, 129.7, 131.9, 134.4,
158.0, 169.5.

(2-(4-Chlorobenzyl)-4-methylthiazol-5-yl)methanol (2d): Brown colored thick oil;
IR (KBr): 3280, 1597, 1495, 1435, 1088, 1010, 830 cm−1; 1H NMR (300 MHz, CDCl3):
2.46 (s, 3H), 4.18 (s, 2H), 4.78 (s, 2H), 7.10 (d, J = 7.8 Hz, 2H), 7.22 (d, J = 7.8 Hz, 2H);
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1266 S. H. SHELKE ET AL.

13C NMR (75 MHz, CDCl3): 15.3, 39.5, 55.5, 128.8, 129.3, 130.5, 132.0, 134.4, 158.5,
170.2.

General Procedure for Synthesis of Aldehyde

To a solution of (4-methyl-2-phenylthiazole-5-yl)methanol, 2a (10 mmol) in DMSO
(30 mL), 2-iodoxybenzoic acid (11 mmol) was added, and the reaction mixture was stirred
at 20 ◦C. The progress of the reaction was monitored on TLC. After completion of the
reaction (20 min), the reaction mixture was filtered and washed with DMSO (5 mL). Water
(90 mL) was added to the filtrate and extracted with diethyl ether (3 × 30 mL). The organic
layer was washed with water, brine, and dried over sodium sulfate. The solvent was distilled
to afford white solid 3a (1.93 g) in 95% yield.

4-Methyl-2-phenylthiazole-5-carbaldehyde (3a): White solid, mp 110–112 ◦C; IR
(KBr): 2730, 1690, 1605 cm−1; 1H NMR (300 MHz, CDCl3): 2.78 (s, 3H), 7.49 (m, 3H),
7.99 (m, 2H), 10.10 (s, 1H); 13C NMR (75 MHz, CDCl3): 16.2, 127.1, 128.9, 129.6, 131.6,
132.5, 162.4, 173.7, 182.0. LCMS: 204 (M+H)+; HRMS: 236.0756 (M + MeOH + H)+.

2-(3-Chlorophenyl)-4-methylthiazole-5-carbaldehyde (3b): White solid, mp
124–126 ◦C; IR (KBr): 2728, 1692, 1610 cm−1; 1H NMR (300 MHz, CDCl3): 2.79 (s,
3H), 7.38–7.49 (m, 2H), 7.85 (d, J = 7.8 Hz, 1H), 8.02 (s, 1H), 10.11 (s, 1H); 13C NMR
(75 MHz, CDCl3): 16.2, 125.2, 126.9, 130.3, 131.5, 133.0, 134.1, 135.2, 162.4, 171.8,
182.0. LCMS: 239 (M+H)+; HRMS: 270.0369 (M + MeOH + H)+.

2-(4-Chlorophenyl)-4-methylthiazole-5-carbaldehyde (3c): White solid, mp
144–146 ◦C; IR (KBr): 2732, 1695, 1608 cm−1; 1H NMR (300 MHz, CDCl3): 2.77
(s, 3H), 7.32 (d, J = 7.8 Hz, 2H), 7.93 (d, J = 7.8 Hz, 2H), 10.08 (s, 1H); 13C NMR
(75 MHz, CDCl3): 16.1, 127.6, 128.8, 129.9, 131.8, 134.6, 162.0, 171.8, 184.0. LCMS:
239 (M+H)+; HRMS: 270.0366 (M + MeOH + H) +.

2-(4-Chlorobenzyl)-4-methylthiazole-5-carbaldehyde (3d): Brown solid, mp
88–90 ◦C; IR (KBr): 2740, 1686, 1591 cm−1; 1H NMR (300 MHz, CDCl3): 2.76 (s, 3H),
4.21 (s, 2H), 7.25 (d, 7.8 Hz, 2H), 7.50 (d, J = 7.8 Hz, 2H), 10.02 (s, 1H); 13C NMR
(75 MHz, CDCl3): 15.9, 39.4, 128.9, 130.3, 133.1, 133.3, 134.9, 161.5, 176.6, 181.8.
LCMS: 253 (M+H)+; HRMS: 284.0522 (M + MeOH + H)+.

1-((2-(3-Chlorophenyl)-4-methylthiazol-5-yl)methylene) Thiosemicarba-

zide

To a solution of (2-(3-chlorophenyl)-4-methylthiazol-5-yl) carbaldehyde 3b (1.19 g,
5.0 mmol) in methanol (30 mL), thiosemicarbazide (0.55 g, 6.0 mmol) was added. The
reaction mixture was allowed to warm on a water bath for 2 h and then allowed to cool in
ice water. The reaction was monitored by TLC. After completion of reaction, the product
was filtered, washed with cold water, and re-crystallized from methanol (1.20g, 78%).

1-((2-Phenyl)-4-methylthiazol-5-yl)methylene) thiosemicarbazide (4a): Yellow
solid, mp 222–224 ◦C; IR: 3474, 3432, 3261, 3158, 3018, 2978, 1688, 1647, 1597, 1546,
1491, 1369, 1318, 1284, 1111, 841 cm−1; 1H NMR (DMSO-d6, 400 MHz): 2.47 (s, 3H),
7.51–7.52 (m, 3H), 7.62 (s, 1H), 7.91–7.93 (m, 2H), 8.29 (s, 1H), 8.36 (s, 1H), 11.46 (s,
1H); 13C NMR (CDCl3, 75 MHz): 15.5, 126.2, 127.9, 129.4, 130.8, 132.7, 132.8, 135.5,
154.8, 166.5, 177.5; MF: C12H12N4S2; MS: 276.97 (M+H)+.

1-((2-(3-Chlorophenyl)-4-methylthiazol-5-yl)methylene) thiosemicarbazide
(4b): Yellow solid, mp 226–228 ◦C; IR: 3464, 3429, 3260, 3154, 3020, 2969, 1679, 1645,
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ISOTHIOUREA DERIVATIVES 1267

1599, 1539, 1497, 1370, 1320, 1280, 1126, 842, 801 cm−1; 1H NMR (DMSO-d6, 400 MHz):
2.46 (s, 3H), 7.46–7.54 (m, 2H), 7.62 (s, 1H), 7.91–7.93 (m, 1H), 7.96 (s, 1H), 8.30 (s, 1H),
8.36 (s, 1H), 11.45 (s, 1H); 13C NMR (DMSO-d6, 100 MHz): 15.8, 126.1, 127.8, 128.5,
129.0, 129.7, 130.6, 135.0, 135.5, 155.4, 165.9, 177.8; MF: C12H11ClN4S2; MS: 311.15
(M+H)+.

1-((2-(4-Chlorophenyl)-4-methylthiazol-5-yl)methylene) thiosemicarbazide
(4c): Yellow solid, mp 245–247 ◦C; IR: 3465, 3428, 3260, 3166, 3010, 2976, 1687, 1646,
1598, 1546, 1502, 1368, 1320, 1284, 1124, 1001, 840, 801 cm−1; 1H NMR (DMSO-d6,
400 MHz): 2.46 (s, 3H), 7.57 (d, J = 8 Hz, 2H), 7.62 (s, 1H), 7.91 (d, J = 8 Hz, 2H), 8.30
(s, 1H), 8.35 (s, 1H), 11.48 (s, 1H); 13C NMR (CDCl3, 75 MHz): 16.0, 128.3, 128.8, 129.9,
131.9, 135.7, 135.8, 155.3, 165.5, 178.0; MF: C12H11ClN4S2; MS: 311.08 (M+H)+.

1-((2-(4-Chlorobenzyl)-4-methylthiazol-5-yl)methylene) thiosemicarbazide
(4d): Yellow solid, mp 178–180 ◦C; IR: 3440, 3377, 3261, 3177, 3011, 2978, 1687, 1646,
1600, 1542, 1529, 1364, 1320, 1282, 1168, 1001, 841, 804 cm−1; 1H NMR (DMSO-d6,
400 MHz): 2.36 (s, 3H), 4.28 (s, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H),
7.55 (s, 1H), 8.16 (s, 1H), 8.27 (s, 1H), 11.32 (s, 1H); 13C NMR (CDCl3, 75 MHz): 15.7,
38.5, 127.9, 129.1, 131.5, 132.2, 136.2, 137.2, 154.1, 170.6, 177.8; MF: C13H13ClN4S2;
MS: 325.15 (M+H)+.

1-((2-(3-Chlorophenyl)-4-methylthiazol-5-yl)methyleneamino)-2-propy-

lisothiourea

To a solution of 1-((2-(chlorophenyl)-4-methylthiazol-5-yl)methylene)thiosemicarb
azide, Schiff’s base (0.170 g, 0.55 mmol) in dry acetone (20 mL), propyl bromide (0.080 g,
0.65 mmol) was added, and the reaction mixture was refluxed for 2–3 h (TLC). After
completion of reaction, the mixture was cooled in ice water. The product crystallized out
as a white solid 0.150 g (77%).

1-((4-methyl-2-phenylthiazol-5-yl)methyleneamino)-2-ethylisothiourea (5a):
Yellow solid, mp 174–178 ◦C; IR: 3393, 3236, 3140, 3094, 2968, 1593, 1516, 1431, 1313,
1282, 1226, 991, 920, 820, 758 cm−1; 1H NMR (CDCl3, 300 MHz): 1.30 (t, J = 6.6 Hz,
3H), 2.57 (s, 3H), 3.05 (q, J = 6.6 Hz, 2H), 5.58 (bs, 2H), 7.40–7.44 (m, 3H), 7.90–8.00
(m, 2H), 8.55 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.4, 16.5, 32.2, 121.5, 126.7, 129.1,
130.5, 133.2, 145.7, 155.2, 162.1, 168.0; MF: C14H16N4S2; HRMS: 305.0894 (M+H) +.

1-((2-(3-Chlorophenyl)-4-methylthiazol-5-yl)methyleneamino)-2-ethylisothiou
rea (5b): Yellow solid, mp 163–165 ◦C; IR: 3398, 3232, 3132, 3093, 1593, 1518, 1448,
1315, 1255, 1103, 999, 781, 680 cm−1; 1H NMR (CDCl3, 300 MHz): 1.31 (t, J = 6.6 Hz,
3H), 2.58 (s, 3H), 3.09 (q, J = 6.6 Hz, 2H), 5.54 (bs, 1H), 7.30–7.39 (m, 2H), 7.72–7.80
(m, 1H), 7.90 (s, 1H), 8.50 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.5, 16.5, 32.1, 121.5,
126.3, 128.0, 129.5, 130.7, 135.1, 136.1, 145.4, 155.5, 162.2, 168.7. MF: C14H15ClN4S2;
HRMS: 339.0505 (M+H) +.

1-((2-(4-Chlorophenyl)-4-methylthiazol-5-yl)methyleneamino)-2-ethylisothiou
rea (5c): Yellow solid, mp 162–164 ◦C; IR: 3389, 3238, 3138, 3093, 2966, 1591, 1519,
1437, 1313, 1091, 987, 827, 704 cm−1; 1H NMR (CDCl3, 300 MHz): 1.31 (t, J = 6.9 Hz,
3H), 2.56 (s, 3H), 3.10 (q, J = 6.9 Hz, 2H), 5.54 (bs, 2H), 7.33 (d, J = 7.2 Hz, 2H), 7.88 (d,
J = 7.2 Hz, 2H), 8.54 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.3, 16.3, 32.1, 121.5, 128.3,
129.5, 131.8, 135.0, 145.4, 155.0, 162.0, 167.9; MF: C14H15ClN4S2; HRMS: 339.0505
(M+H) +.
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1-((2-(4-Chlorobenzyl)-4-methylthiazol-5-yl)methyleneamino)-2-ethylisothiou
rea (5d): Yellow solid, mp 137–139 ◦C; IR: 3388, 3239, 3137, 3092, 2965, 1592, 1517,
1437, 1311, 1089, 985, 820, 704 cm−1; 1H NMR (CDCl3, 300 MHz): 1.32 (t, J = 6.6 Hz,
3H), 2.57 (s, 3H), 3.10 (q, J = 6.6 Hz, 2H), 4.20 (s, 2H), 5.55 (bs, 2H), 7.12 (d, J = 7.5 Hz,
2H), 7.43 (d, J = 7.5 Hz, 2H), 8.55 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.4, 16.6, 32.1,
41.0, 121.8, 128.5, 130.2, 131.5, 134.5, 145.3, 155.0, 162.2, 167.8; MF: C15H17ClN4S2;
HRMS: 353.0661 (M+H)+.

1-((4-Methyl-2-phenylthiazol-5-yl)methyleneamino)-2-propylisothiourea (5e):
Yellow solid, mp 136–138 ◦C; IR: 3393, 3236, 3140, 3094, 2968, 1593, 1516, 1431, 1313,
1282, 1226, 991, 920, 820, 758 cm−1; 1H NMR (CDCl3, 300 MHz): 1.04 (t, J = 7.2 Hz,
3H), 1.75 (m, 2H), 2.57 (s, 3H), 3.08 (t, J = 7.6 Hz,2H), 5.59 (bs, 2H), 7.42–7.44 (m,
3H), 7.92–8.01 (m, 2H), 8.55 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.4, 15.8, 22.9, 32.2,
121.5, 126.6, 129.0, 130.4, 133.3, 145.8, 155.3, 161.9, 167.8. MF: C15H18N4S2; HRMS:
319.1065 (M+H)+.

1-((2-(3-Chlorophenyl)-4-methylthiazol-5-yl)methyleneamino)-2-propylisothio
urea (5f): Yellow solid, mp 126–128 ◦C; IR: 3398, 3232, 3132, 3093, 1593, 1518, 1448,
1315, 1255, 1103, 999, 935, 781, 680 cm−1; 1H NMR (CDCl3, 300 MHz): 1.04 (t, J =
7.2 Hz, 3H), 1.75 (m, 2H), 2.57 (s, 3H), 3.07 (t, J = 7.5 Hz, 2H), 5.51 (bs,1H), 7.32–7.40
(m, 2H), 7.75–7.83 (m, 1H), 7.95 (s, 1H), 8.51 (s, 1H); 13C NMR (CDCl3, 75 MHz):
13.4, 15.8, 22.9, 32.0, 124.6, 126.5, 129.7, 129.9, 130.2, 135.0, 141.1, 145.4, 155.5, 162.1,
167.8; MF: C15H17ClN4S2; HRMS: 353.0662 (M+H) +.

1-((2-(4-Chlorophenyl)-4-methylthiazol-5-yl)methyleneamino)-2-propylisothio
urea (5g): Yellow solid, mp. 149–150 ◦C; IR: 3389, 3238, 3138, 3093, 2966, 1591, 1519,
1437, 1313, 1091, 987, 827, 704 cm−1; 1H NMR (CDCl3, 300 MHz): 1.04 (t, J = 6.9 Hz,
3H), 1.80 (m, 2H), 2.57 (s, 3H), 3.08 (t, J = 7.6 Hz, 2H), 5.53 (bs, 2H), 7.35 (d, J = 7.2 Hz,
2H), 7.90 (d, J = 7.2 Hz, 2H), 8.54 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.3, 15.7, 22.8,
32.0, 121.7, 128.7, 129.4, 131.8, 135.2, 145.5, 155.1, 161.9, 168.0; MF: C15H17ClN4S2;
HRMS: 353.0661 (M+H) +.

1-((2-(4-Chlorobenzyl)-4-methylthiazol-5-yl)methyleneamino)-2-propylisothiou
rea (5h): Yellow solid, mp 118–120 ◦C; IR: 3388, 3239, 3137, 3092, 2965, 1592, 1517,
1437, 1311, 1089, 985, 820, 704 cm−1; 1H NMR (CDCl3, 300 MHz): 1.04 (t, J = 7.2 Hz,
3H), 1.82 (m, 2H), 2.56 (s, 3H), 3.08 (t, J = 7.5 Hz, 2H), 4.21 (s, 2H), 5.54 (bs, 2H), 7.13
(d, J = 7.5 Hz, 2H), 7.44 (d, J = 7.5 Hz, 2H), 8.55 (s, 1H); 13C NMR (CDCl3, 75 MHz):
13.3, 15.7, 22.8, 32.0, 41.1, 122.1, 128.3, 129.6, 131.5, 134.5, 145.5, 155.0, 162.1, 167.8;
MF: C16H19ClN4S2; HRMS: 367.0823 (M+H)+.

1-((4-Methyl-2-phenylthiazol-5-yl)methyleneamino)-2-isopropylisothiourea
(5i): Yellow solid, mp 208–201 ◦C; IR: 3398, 3232, 3132, 3093, 1593, 1518, 1448, 1315,
1255, 1103, 999, 781, 680 cm−1; 1H NMR (CDCl3, 300 MHz): 1.40 (d, J = 6 Hz, 6H),
2.58 (s, 3H), 3.07 (t, J = 6.1 Hz, 1H), 5.51(bs,1H), 7.40–7.45 (m, 3H), 7.90–8.00 (m,
2H), 8.55 (s, 1H); 13C NMR (CDCl3, 75 MHz):13.8, 24.6, 24.7, 32.5, 121.5, 127.6, 129.0,
129.6, 133.3, 145.8, 155.3, 162.3, 169.0; MF: C15H18N4S2; HRMS: 319.1067 (M+H).

1-((2-(3-Chlorophenyl)-4-methylthiazol-5-yl)methyleneamino)-2-isopropylisoth
iourea (5j): Yellow solid, mp 120–122 ◦C; IR: 3398, 3232, 3132, 3093, 1593, 1518, 1448,
1315, 1255, 1103, 999, 781, 680 cm−1; 1H NMR (CDCl3, 300 MHz): 1.41 (d, J = 6 Hz,
6H), 2.58 (s, 3H), 3.08 (t, J = 6 Hz, 1H), 5.56 (bs,1H), 7.33–7.44 (m, 2H), 7.76–7.85
(m, 1H), 7.94 (s, 1H), 8.50 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.7, 24.6, 24.7, 32.4,
121.7, 126.0, 127.5, 129.7, 129.4, 130.9, 135.3, 140.7, 145.3, 155.4, 162.0, 168.8; MF:
C15H17ClN4S2; HRMS: 353.0679 (M+H)+.
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1-((2-(4-Chlorophenyl)-4-methylthiazol-5-yl)methyleneamino)-2-isopropylisoth
iourea (5k): Yellow solid, mp 210–212 ◦C; IR: 3398, 3232, 3132, 3093, 1593, 1518,
1448, 1315, 1255, 1103, 999, 935, 781, 680 cm−1; 1H NMR (CDCl3, 300 MHz): 1.40 (d,
J = 6 Hz, 6H), 2.57 (s, 3H), 3.08 (t, J = 6 Hz, 1H), 5.55 (bs,1H), 7.35 (d, J = 7.2 Hz,
2H), 7.88 (d, J = 7.2 Hz, 2H), 8.55 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.7, 24.5, 24.6,
32.2, 121.6, 128.8, 129.9, 131.8, 135.3, 145.5, 155.1, 162.1, 168.2; MF: C15H17ClN4S2;
HRMS: 353.0661 (M+H)+.

1-((2-(4-Chlorobenzyl)-4-methylthiazol-5-yl)methyleneamino)-2-isopropylisoth
iourea (5l): Yellow solid, mp 144–146 ◦C; IR: 3398, 3232, 3132, 3093, 1593, 1518, 1448,
1315, 1255, 1103, 999, 935, 781, 680 cm−1; 1H NMR (CDCl3, 300 MHz): 1.40 (d, J =
6 Hz, 6H), 2.57 (s, 3H), 3.08 (t, J = 6.1 Hz, 1H), 4.20 (s, 2H), 5.55 (bs, 2H), 7.15 (d, J =
7.5 Hz, 2H), 7.47 (d, J = 7.5 Hz, 2H), 8.56 (s, 1H); 13C NMR (CDCl3, 75 MHz): 13.5,
24.4, 24.5, 32.2, 41.2, 121.8, 128.2, 129.5, 131.4, 134.4, 145.6, 154.8, 162.0, 168.0; MF:
C16H19ClN4S2; HRMS: 367.0828 (M+H)+.
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