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ABSTRACT

New heterocyclic 2-Aryl-9-chloro-5,6,7,8-tetrahydrothieno[3,2-b]quinoline derivatives [Aryl-CTTQ] (2a–e) and 5-aryl-
thieno[3,2-d][1,3]thiazol-2-amine derivatives[Aryl-TZA] (6a–e)were achieved in good yields starting from 5-aryl-3-
aminothiophene-2-carboxylic acid (1a–c).
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1. Introduction
Thiophene, thiazole, and quinoline are well-known examples

of heteroaromaticorganic compounds found naturally in plants
and animal cell constituents. They are also found in artificial
compounds,1 such as agrochemicals,2 pharmaceuticals,3 dyes,4

plastics, solvents, photographic chemicals, electronics, corrosion
inhibitors,5 preservatives and polymers.6 At the same time,
condensed heterocyclic derivatives of thiophene are of interest
as biologically active substances and technical materials. A
variety of such sulfur-containing heterocycles have been
described. In addition to this, the introduction of sulfur-
containing rings into the structure of compounds often modu-
lates their pharmacological properties,7–9 reduces the side-effects
of drugs10 or improves the technical characteristics of materi-
als.11,12

Very little is known concerning the thieno[3,2-b]quinoline
skeleton,13,14 as for instance, found in 2-aryl-9-chloro-5,6,7,8-
tetrahydrothieno[3,2-b] quinolines A and thieno[3,2-d][1,3]
thiazoles B,15 shown in Fig. 1.

In terms of biological relevance, benzothiazoles such as the
medicinal compound riluzole, which is a benzothiazole with
and additional amine group, have been noted to demonstrate
anticancer activity and has used to treat amyotrophic lateral
sclerosis.15,16

In this present work we report the synthesis and characteriza-
tion of a series of thieno[3,2-b] quinoline derivatives (2a–e), as
well as a set of thieno[3,2-d][1,3]thiazole derivatives (6a–e)
which are related to A and B, respectively, and are anticipated to
have biological activity.

2. Results and Discussion

2.1. Synthesis and Characterization of Thieno[3,2-b]quinoline
Derivatives

The synthesis of the 2-aryl-9-chloro-5,6,7,8-tetrahydro-
thieno[3,2-b]quinoline derivatives(2a–e) was achieved by the
direct condensation of acids (1a–e) and cyclohexanone in POCl3

without the isolation of dehydrated adducts (see Scheme 1 and
Table 1). It should be noted that this work is an extension of
the research published earlier by one of us.15 The successful

construction of the 5,6,7,8-tetrahydrothieno[3,2-b]quinoline ring
systems was proved by 1H,13C NMR spectroscopy, CHN analysis
and mass spectrometry.

The successful one-pot reactions were thought to proceed via a
rapid dehydration, followed by cyclization and chloro substitu-
tion in situ in the presence of the chlorinating agent, as shown by
the proposed mechanism illustrated Scheme 2.

2.2. Synthesis and Characterization of Thieno[3,2-b]quinoline
Derivatives

In continuation tofour previous work17–20, the synthesis of
thieno[3,2-d][1,3]thiazole derivatives 6a–e was performed
successfully via a multi-step synthesis from 3-amino-5-aryl-thio-
phene-2-carboxylic acids 1a–e, as described in Scheme 3. Details
concerning the decarboxylation of the aromatic Ä-amino acids
1a–e17–19 to the corresponding amines 3a–e has already been pub-
lished15,19–22 3-Isothiocyanato thiophenes 4a-e were next isolated
in good yields (58–80 %) by treatment of the amines 3a–e with
thiophosgene. The isothiocyanates 4a–e were subsequently
treated with p-anisidine at room temperature after which the
thiourea adducts 5a–e were collected in excellent yields
(83–96 %), except for compound 5a which was obtained in
40 % yield. Treatment of the thiourea derivatives 5a–e with
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) at room
temperature for a short time then afforded the 5-arylo-thieno
[3,2-d][1,3]thiazoles (6a–e). The structural details, percentages of
yields, and important 1H and 13C-NMR spectroscopic data are
summarized in Table 2.

3. Conclusions
We have accomplished the synthesis of an expanded set of

9-amino-5,6,7,8-tetrahydrothieno[3,2-b]quinolines 2a–e and a
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Figure 1 Structural skeletons of thieno[3,2-b]quinoline (A) and
thieno[3,2-d][1,3] thiazole (B).



small library of thieno[3,2-d][1,3]thiazol-2-amine analogues 6a–e
from the same starting materials 1a–e, in one and four steps,
respectively. All compounds, mostly new, were unambiguously
identified by thorough spectroscopic analyses. In all cases,
angular cyclization took place, which was established from the
1H NMR spectroscopic data . Moreover, we hope that the syn-
thesized compounds will be biologically tested in due course.

4. Experimental

4.1. General
Melting points were determined on a Stuart SMP3 apparatus

and are uncorrected. 1H and 13C NMR spectra were recorded on
an AC Bruker 250 MHz spectrometer in CDCl3 or DMSO-d6.
Mass Spectra were recorded on a MicroTof-Q 98. The homoge-
neity of all compounds synthesized was checked by TLC on
2.0 cm × 6.0 cm aluminium sheets recoated with silica gel 60
containing a fluorescent indicator, to a thickness of 0.25.

The preparation of 3-amino-5-phenylthiophene-2-carboxylic
acid 1a–e and thiophenamines 3a–e has already been described
by us.15,19–21

4.2. Synthesis of 9-Chloro-5,6,7,8-tetrahydrothieno[3,2-b]
quinoline 2a–e. General Procedure

To a mixture of 1 (10 mmol) and cyclohexanone (20 mL) was
carefully added 30 mL of POCl3 in an ice bath. The mixture was
heated under reflux for 5 h, then cooled at room temperature,
and concentrated to give a slurry. The residue was diluted
with EtOAc, neutralized with aqueous K2CO3, and washed with
brine. The organic layer was dried over anhydrous K2CO3 and
concentrated under vacuum.

4.2.1. 9-Chloro-2-phenyl-5,6,7,8-tetrahydrothieno[3,2-b]quinoline 2a
Yield: 55 %; brown solid; mp 172 °C. ÇH (CDCl3, 250 MHz) 1.89

(s, 4H, 2CH2); 2.89 (s, 2H, CH2); 3.01 (s, 2H, CH2); 7.57–7.62 (m, 3H,
3CH); 7.90–7.93 (m, 3H, 3CH; ÇC (CDCl3, 62.5 MHz) 23.2; 23.6;
24.7; 29.7; 124.1; 126.3; 128.1; 128.9; 129.3; 136.4; 138.2; 139.1;
144.4; 148.8; 161.9. HRMS (APCI): m/z [C17H14ClNS + H]+ calcd.:
300.8250; found: 300.8247.

4.2.2. 9-Chloro-2-(4-methylphenyl)-5,6,7,8-tetrahydrothieno[3,2-b]
quinoline 2b

Yield: 69 %; pale-brown solid; mp 185 °C. ÇH (CDCl3, 250 MHz)
1.85 (s, 4H, 2CH2); 2.88 (s, 3H, CH3); 2.96 (s, 2H, CH2); 3.12 (s, 2H,
CH2); 7.67 (d, J = 8.55 Hz, 2H, 2CH); 7.91 (d, J = 8.55 Hz, 2H,
2CH); 8.00 (s, 1H, CH); ÇC (CDCl3, 62.5 MHz) 21.2; 22.3; 22.7; 30.1;
118.4; 120.1; 124.0; 126.9; 127.5; 135.3; 137.6; 139.1; 139.4; 141.8;
144.1; 161.9. HRMS (APCI): m/z [C18H16ClNS + H]+calcd.:
314.8517; found: 314.8517.

4.2.3. 9-Chloro-2-(4-methoxyphenyl)-5,6,7,8-tetrahydrothieno[3,2-b]
quinoline 2c

Yield: 71 %; brown solid; mp 155 °C. ÇH (CDCl3, 250 MHz) 1.85
(s, 4H, 2CH2); 2.90 (s, 2H, CH2); 3.03 (s, 2H, CH2); 3.88(s, 3H,
OCH3); 7.57 (d, J = 8.55 Hz, 2H, 2CH); 7.85 (s, 1H, CH); 7.91 (d, J =
8.55 Hz, 2H, 2CH); ÇC (CDCl3, 62.5 MHz) 38.4; 38.8; 40.1; 40.4;
55.2; 112.9; 113.6; 114.4; 121.3; 126.2; 129.1; 132.1; 138.2; 139.3;
156.6; 179.3.HRMS (APCI): m/z [C18H16ClNOS + H]+ calcd.:
330.8511; found: 330.8515.

4.2.4. 9-Chloro-2-(4-chlorophenyl)-5,6,7,8-tetrahydrothieno[3,2-b]
quinoline 2d

Yield: 56 %; Gris solid; mp 146 °C. ÇH (CDCl3, 250 MHz) 1.87 (s,
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Scheme 1
Synthesis of substituted tetrahydrothieno[3,2-b]quinoline. (i) POCl3, reflux, 5 h (for yields see Table 1).

Table 1 Starting materials 1a–e, products 2a–e, percentages of yields and key 1H and 13C NMR spectroscopic data.

Compound R Product Yield/% 1H NMR, ppm13C
C2 C5 C7 C8 C9

1a 7.57 3.01 1.89 1.89 2.88
2a 55 124.1 29.7 24.7 23.6 23.2

8.00 2.88 1.85 1.85 2.96
1b 2b 69 124.0 30.1 22.7 22.3 21.2

7.85 3.03 1.85 1.85 2.90
1c 2c 71 112.9 40.4 40.1 38.8 38.4

8.04 3.03 1.87 1.87 2.90
1d 2d 56 121.5 41.4 41.0 39.2 22.1

8.06 3.01 1.85 1.85 2.90
1e 2e 61 121.1 41.4 40.5 39.7 21.6



4H, 2CH2); 2.90 (s, 2H, CH2); 3.03 (s, 2H, CH2); 7.57 (d, J = 8.55 Hz,
2H, 2CH); 7.91 (d, J = 8.55 Hz, 2H, 2CH); 8.04 (s, 1H, CH) ;
ÇC(CDCl3, 62.5 MHz) 21.9; 22.1; 39.2; 41.0; 41.4; 121.5; 126.2; 127.7;
127.8; 129.3; 131.5;134.0; 136.0; 145.3; 157.5. HRMS (APCI):
m/z[C17H13Cl2NS  + H]+calcd.: 335.2702; found: 335.2707.

4.2.5. 9-Chloro-2-(4-fluorophenyl)-5,6,7,8-tetrahydrothieno[3,2-b]
quinoline 2e

Yield: 61 %; brown solid; mp 117 °C. ÇH (CDCl3, 250 MHz) 1.85
(s, 4H, 2CH2); 2.90 (s, 2H, CH2); 3.01 (s, 2H, CH2); 7.57 (d, J =
8.55 Hz, 2H, 2CH); 7.89 (d, J = 8.55 Hz, 2H, 2CH); 8.06 (s, 1H, CH) ;
ÇC(CDCl3, 62.5 MHz) 21.1; 21.6; 39.7; 40.5; 41.4; 121.1; 124.4; 127.7;
127.8; 129.3; 130.5; 134.7; 136.0; 141.3; 157.2 .HRMS (APCI): m/z
[C17H13 ClFNS  + H]+ calcd.: 318.8156; found: 318.8150.

4.3. Synthesis of 3-Isothiocyanatothiophene 4a–e; General
Procedure

To a stirred suspension of chloroform (21 mL), water (15 mL),
sodium hydrogencarbonate (25.0 mmole) andthiophosgene
(12.5 mmol), a solution of thiophenamine 3a–e (25.0 mmol)
(3a–e) in chloroform (10 mL) was dropwise added during
10 min. The mixture was stirred at room temperature for an ad-
ditional 2 h, and then it was repeatedly extracted with
chloroform (5 × 25 mL). The pooled organics were washed with
water, dried over anhydrous sodium sulfate, filtered and rotary
evaporated under vacuum.

4.3.1. 4-Isothiocyanato-2-phenylthiophene 4a
Yield: 78 %; pale-brown solid; mp 98 °C. àmax: 1670 (N=C=S)
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Scheme 2
Proposed mechanism for intramolecular cyclization of thieno[3,2-b]quinolone

Scheme 3
Synthesis of substituted thieno[3,2-d][1,3]thiazoles. (i) oxalic acid, propanol, 40 °C (ii) CSCl2, CHCl3, 2h ; (iii) p-anisidine, CH2Cl2, r.t , 16 h; (iv)

DDQ, CH2Cl2, rt, 1 h.



cm–1. ÇH (CDCl3, 250 MHz) 7.09 (s, 1H, CH); 7.17 (s, 1H, CH);
7.33–7.43 (m, 3H, 3CH); 7.53–7.57 (m, 3H, 3CH); ÇC (CDCl3,
62.5 MHz) 97.2; 117.5; 124.7; 127.2; 129.0; 134.1; 141.3; 147.1; 161.3.

4.3.2. 4-Isothiocyanato-2-(4-methylphenyl)thiophene 4b
Yield: 58 %; brown solid; mp: 56 °C. àmax: 1690 (N=C=S) cm–1.

ÇH (CDCl3, 250 MHz) 2.30 (s, 3H, CH3); 7.20 (d, J = 7,5 Hz, 2H,
2CH); 7.50 (s, 1H, CH); 7.54–7.56 (d, J = 7,5 Hz, 2H, CH2);
ÇC(CDCl3, 62.5 MHz) 20.6; 120.5; 121.0; 123.2; 125.1; 126.3; 129.7;
132.9; 138.0; 143.0.

4.3.3. 4-Isothiocyanato-2-(4-methoxyphenyl)thiophene 4c
Yield: 80 %; pale-brown solid; mp 97 °C. àmax: 1560 (N=C=S)

cm–1. ÇH (CDCl3, 250 MHz) 3.88 (s, 3H, OCH3); 6. 90 (s, 1H, CH);
6.94 (s, 1H, CH); 7.04 (d, J =7.5 Hz, 2H, 2CH); 7.45 (d, J = 7.5 Hz,
2H, 2CH); ÇC (CDCl3, 62.5 MHz) 55.4; 114.5; 118.0; 119.4; 125.9;
127.0; 127.6; 131.1; 144.6; 159.9; 143.2.

4.3.4. 2-(4-Chlorophenyl)-4-isothiocyanatothiophene 4d
Yield: 84 %; pale-brown solid; mp 80 °C. àmax: 1630 (N=C=S)

cm–1; ÇH (CDCl3, 250 MHz) 7.02 (s, 1H, CH); 7.06 (s, 1H, CH); 7.31
(d, J =7.5 Hz, 2H, 2CH); 7.40 (d, J = 7.5 Hz, 2H, 2CH); ÇC (CDCl3,
62.5 MHz) 119.2; 120.8; 126.9; 128.0; 129.3; 129.6; 131.6; 134.4;
143.2.

4.3.5. 2-(4-Fluorophenyl)-4-isothiocyanatothiophene 4e
Yield: 78 %; pale-brown solid; mp 87 °C. àmax: 1730 (N=C=S)

cm–1; ÇH (CDCl3, 250 MHz) Ç = 7.09 (s, 1H, CH); 7.17 (s, 1H, CH);
7.33–7.43 (m, 3H, 3CH); 7.53–7.57 (m, 3H, CH); ÇC(CDCl3,
62.5 MHz) 97.5; 118.1; 126.3; 129.0; 131.6; 132.3; 139.8; 147.4; 161.2.

4.4. Synthesis of 1-(3-Thienyl)thiourea 5a–e; General
Procedure

p-Anisidine (5 mmol ) was added to a solution of isothio-
cyanato 4a–e (1.53 g, 2 eq. mol) dissolved in chloroform (30 mL).
The solid was stirred for about 16 h at room temperature and
concentrated under reduced pressure. The mixture was filtered,
washed with water and anhydrous dicholoromethane, and
dried under vacuum to produce the corresponding thiourea 5 at

high purity and in high yield. This compound was used directly
without further purification.

4.4.1. 1-(4-Methoxyphenyl)-3-(5-phenyl-3-thienyl)thiourea 5a
Yield: 83 %; pale-brown solid; mp 160 °C. àmax: 3240 (NH), 1170

(C=S) cm–1; ÇH (CDCl3, 250 MHz) 3.73 (s, 3H, CH3); 6.88 (d, J =
8.8 Hz, 2H, 2CH); 7.30 (m, 3H, 3CH); 7. 38 (m, 2H, 2CH); 7.52 (s,
1H, CH); 7.58 (d, J = 8.8 Hz, 2H, 2CH); 9.62(s, 1H, NH); 9.86 (s, 1H,
NH); ÇC (CDCl3, 62.5 MHz) 55.7; 89.2; 104.6; 114.5; 126.3; 127.2;
129.6;130.6; 130.9; 135.7; 140.1; 156.9; 179.5.HRMS (APCI): m/z
[C18H16N2OS2 + H]+ calcd.: 341.4698; found: 341.4697.

4.4.2. 1-(4-Methoxyphenyl-3-[5-(4-methylphenyl)-3-thiényl] thiourea
5b

Yield: 40 %; beige solid; mp: 152 °C. àmax: 3160 (NH), 1230
(C=S) cm–1; ÇH (CDCl3, 250 MHz) 2.30 (s, 3H, CH3); 3.60 (s, 3H,
OCH3); 6.85 (d, J = 7.5Hz, 2H, 2CH); 7.22 (d, J = 7.5 Hz, 2H, 2CH);
7.31 (d, J = 7.5 Hz, 2H, 2CH,); 7.46 (s, 1H, CH); 7.48 (d, J = 7.5 Hz,
2H, 2CH); 7.60 (s, 1H, CH); ÇC (CDCl3, 62.5 MHz) 20.7; 55.2; 111.7;
113.6; 114.5; 120.0; 124.9; 126.1; 129.6;130.8; 132.0; 137.2; 138.0;
141.0; 156.5; 179.2. HRMS (APCI): m/z [C19H18N2O1S2 + Na]+

calcd.: 377.4782 found: 377.4779.

4.4.3. 1-(4-Methoxyphenyl)-3-[5-(4-methoxyphenyl)-3-thienyl]
thiourea 5c

Yield: 96 %; pale-brown solid; mp 162 °C. àmax: 3050 (NH), 1130
(C=S) cm–1; ÇH(CDCl3, 250 MHz) 3.73 (s, 3H, CH3); 3.77(s, 3H,
CH3); 6.88 (d, J = 7.5 Hz, 2H, 2CH); 6.95 (d, J = 7.5 Hz, 2H, 2CH);
7.29 (s, 1H, CH); 7. 38 (s, 1H, CH); 7.52 (d, J = 7.5 Hz, 2H, 2CH);
9.54 (s, 1H, NH); 9.78(s, 1H, NH); ÇC(CDCl3, 62.5 MHz) 53.7; 53.9;
92.1; 103.1; 114.5; 116.0; 127.6; 128.7; 129.2; 130.5; 134.2; 138.1;
159.1; 160.2; 179.1. HRMS (APCI): m/z [C19H19N2O2S2 + H]+calcd.:
371.4958 found: 371.4952.

4.4.4. 1-[5-(4-Chlorophenyl)-3-thienyl]-3-(4-methoxyphenyl)thiourea 5d
Yield: 95 %; pale-brown solid; mp 168 °C. àmax: 3260 (NH), 1270

(C=S) cm–1; ÇH (CDCl3, 250 MHz) 3.88 (s, 3H, CH3); 6.88 (d, J =
7.5 Hz, 2H, 2CH); 7.29 (d, J = 7.5 Hz, 2H, 2CH); 7.44 (d, J = 7.5 Hz,
2H, 2CH); 7.6 (d, J = 7.5 Hz, 2H, 2CH); 7. 55 (s, 1H, CH); 7.56 (s,
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Table 2 Starting materials 1a–e, products 6a–e, percentages of yields and key 1H and 13C NMR spectroscopic data.

Compound R Product Yield/% 1H NMR , ppm
13C

C2 C5 C6

– – 1.89
1a 6a 87 166.0 141.2 116.8

1b – – 1.85
6b 73 166.0 154.2 129.2

1c – – 1.85
6c 75 162.0 138.1 124.7

1d – – 1.87
6d 95 181.2 138.1 123.1

– – 1.85
1e 6e 93 159.2 138.1 121.6



1H, CH); 7.60 (d, J = 7.5 Hz, 2H, 2CH); 9.64 (s, 1H, NH); 9.86 (s,
1H, NH); ÇC (CDCl3, 62.5 MHz) 55.8; 88.2; 102.1; 114.6; 127.4;
128.8; 129.5; 131.5; 133.2; 133.8; 135.1; 140.3; 157.4; 179.4. HRMS
(APCI): m/z [C18H15ClN2OS2 + Na]+ calcd.: 397.8967; found:
397.8967.

4.4.5. 1-[5-(4-Fluorophenyl)-3-thienyl]-3-(4-methoxyphenyl)
thiourea 5e

Yield: 89 %; pale-brown solid; mp 139 °C. àmax: 3040 (NH), 1150
(C=S) cm–1; ÇH (CDCl3, 250 MHz) 3.88 (s, 3H, CH3); 6.88 (d, J =
8.87 Hz, 2H, 2CH); 7.25 (d, J = 8.87 Hz, 2H, 2CH); 7.30 (m, 2H,
2CH); 7.48 (s, 1H, CH); 7.60 (m, 1H, CH); 7.60 (m, 2H, 2CH); 9.65
(s, 1H, NH); 9.89 (s, 1H, NH); ÇC (CDCl3, 62.5 MHz) 55.3; 88.9;
104.4; 114.6; 117.4; 127.8; 129.5; 131.5; 133.8; 135.1; 139.3; 156.9;
162.3; 179.5. HRMS (APCI): m/z [C18H15FN2OS2 + Na]+ calcd.:
381.4421; found: 381.4425.

4.5. Synthesis of Thieno[3,2-d][1,3]thiazole 6a–e; General
Procedure

DDQ (5.5 mmol) was added to a stirred solution of primary
thiourea 5a–e (5.0 mmol) in CH2Cl2 at room temperature. The
progress of the reaction was monitored by TLC. After an hour
the precipitate was collected by filtration and thoroughly
washed with anhydrous dichloromethane.

4.5.1. N-(4-Methoxyphenyl)-5-phenylthieno[3,2-d][1,3] thiazol-2-
amine 6a

Yield: 87 %; brown solid; mp 230 °C. àmax: 3060 (NH) cm–1; ÇH

(CDCl3, 250 MHz) 3.72 (s, 3H, OCH3); 6.60 (d, J = 8.95 Hz, 2H,
2CH); 6.73 (d, J = 8.95 Hz, 2H, 2CH); 7.1 (s, 1H, CH); 7.22 (m, 3H,
3CH); 7. 40 (m, 2H, 2CH); 9.86 (s, 1H, NH); ÇC (CDCl3, 62.5 MHz)
56.1; 86.2; 105.9; 116.8; 118.1;119.8; 126.7; 129.9; 135.5; 136.3;
139.0; 141.2; 153.9; 159.5; 166.0. HRMS (APCI): m/z [C18H14N2O1S2

+ H]+calcd.: 339.4539; found: 339.4534.

4.5.2. N-(4-Methoxyphenyl)-5(4-methylphenyl)thieno[3,2-d][1,3]
thiazol-2-amine 6b

Yield: 73 %; Gris solid; mp: 264–266 °C. àmax: 2950 (NH) cm–1; ÇH

(CDCl3, 250 MHz) 2.30 (s, 3H, CH3); 3.72 (s, 3H, OCH3); 6.92 (d, J =
8.5 Hz, 2H, 2CH); 7.21 (d, J = 8 Hz, 2H, 2CH); 7.52 (d, J = 8 Hz,2H,
2CH,); 7.53 (d, 2H, 2CH, J = 8.5 Hz); 7.6 (s, 1H, CH); 10.16 (s, 1H,
NH); ÇC (CDCl3, 62.5 MHz) 20.7; 55.2; 113.9; 114.2; 118.0;118.8;
124.7; 129.2; 131.5; 134.2; 137.0; 144.0; 154.2; 157.0; 166.0.HRMS
(APCI): m/z [C19H16N2O1S 2 + H]+ calcd.: 353.4805; found:
353.4799.

4.5.3. N,5-Bis(4-methoxyphenyl)thieno[3,2-d][1,3]thiazol-2-amine
6c

Yield: 95 %; pale-brown solid; mp 160 °C. àmax: 3160 (NH) cm–1;
ÇH (CDCl3, 250 MHz) 3.72 (s, 3H, CH3); 3.77(s, 3H, OCH3); 6.88 (d,
J = 7.5 Hz, 2H, 2CH); 6.95 (d, J = 7.5 Hz, 2H, 2CH); 7.53 (s, 1H,
CH); 7.59 (d, J = 7.5 Hz, 2H, 2CH,); 10.15 (s, 1H, NH); ÇC (CDCl3,
62.5 MHz) 53.7; 53.9; 103.1; 113.8; 116.0; 119.8; 124.7; 129.2; 131.5;
134.2; 138.1; 139.8; 151.2; 159.2; 162.0. HRMS (APCI): m/z
[C19H16N2O2S2 + H]+ calcd.: 369.4799; found: 369.4796

4.5.4. 5-(4-Chlorophenyl)-N-(4-methoxyphenyl)thieno[3,2-d]
[1,3]thiazol-2-amine 6d

Yield: 75 %; pale-brown solid; mp 224 °C. àmax: 2960 (NH) cm–1;
ÇH (CDCl3, 250 MHz) 3.15 (s, 3H, OCH3); 6.90 (d, J = 7.5 Hz, 2H,
2CH); 7.14 (d, J = 7.5 Hz, 2H, 2CH); 7.56 (d, J = 7.5 Hz, 2H, 2CH,);
7.66 (d, J = 7.5 Hz, 2H, 2CH); 7.73 (s, 1H, CH); 10.18 (s, 1H, NH); ÇC

(CDCl3, 62.5 MHz) 56.3; 108.2; 115.1; 116.6; 117.4; 123.1; 129.5;
133.5; 137.2; 138.1; 139.1; 149.8; 159.2; 181.2. HRMS (APCI): m/z
[C18H13CllN2O1S2 + H]+ calcd.: 373.8990; found: 373.8990

4.5.5. 5-(4-Fluorophenyl)-N-(4-methoxyphenyl)thieno[3,2-d][1,3]
thiazol-2-amine 6e

Yield: 93 %; brown solid; mp 90 °C. àmax: 2990 (NH) cm–1; ÇH

(CDCl3, 250 MHz) 3.76 (s, 3H, OCH3); 6.90 (d, J = 8.8 Hz, 2H,
2CH); 7.21 (m, 2H, 2CH); 7.66 (m, 2H, 2CH); 7.72 (s, 1H, CH);
10.15 (s, 1H, NH); ÇC(CDCl3, 62.5 MHz) 55.1; 107.1; 115.1; 117.4;
121.6; 124.7; 129.2; 131.5; 134.2; 138.1; 139.1; 139.8; 151.2; 159.2.
HRMS (APCI): m/z [C18H13FN2O1S 2 + H]+ calcd.: 357.4444; found:
357.4449.
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