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The 'H and 3C NMR resonances for forty-three 2-
aryl and 2-N-arylamino benzothiazole derivatives were
completely assigned using a concerted application of one-
and two-dimensional experiments (DEPT, gs-COSY, gs-
HMQC and gs-HMBC). Copyright © 2005 John Wiley &
Sons, Ltd.
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INTRODUCTION

During the last decade, a large number of 2-aryl benzothiazoles
(Scheme 1) and 2-N-arylamino benzothiazoles (Scheme 3) have
been prepared because of their wide pharmacological potency.
In fact, this important class of compounds has interesting anti-
inflammatory,! antimicrobial,>~* antitumor>® and neuroprotective
properties.7 Recently, these compounds were also used as precursors
for in vivo imaging of f-amyloid plaques,® and for nonlinear optical
application.” As a part of our program aimed at developing new
heterocyclics bearing a thiazole ring,'~13 we report in this paper
the complete 'H and *C NMR chemical shift assignments using
one- and two-dimensional NMR techniques, including DEPT, gs-
COSY, gs-HMQC and gs-HMBC, for 2-N-arylamino benzothiazole
and 2-aryl benzothiazole derivatives.

EXPERIMENTAL

Materials:

General procedures for benzothiazoles formation

For 2-aryl benzothiazoles (1-26),'* typically, the corresponding
substituted benzoic acid (10 mmol), 2-amino thiophenol (11 mmol)
and PPA (10 g) were heated at 140 °C for 24 h. The resulting mixture
was poured into water. The precipitate was collected by filtration,
dried and recrystallized from CH,Cl, (yield 80-90%).

For 2-N(-aryl)-6-nitro benzothiazoles (27, 29-32, 34, 36, 38—40,
42)% a mixture of 2-chloro-6-nitrobenzothiazole (10 mmol) and
phenol (3 g) was heated at 100 °C under nitrogen. When the chloro
compound was dissolved in phenol, the corresponding substituted
anilines (11 mmol) were introduced into the reaction mixture. The
mixture was stirred at 80°C for 4 h, cooled to room temperature
and poured into water. The precipitate was then filtered and
recrystallized from ethanol (yield 50-70%).

2-N(-aryl)-6-aminobenzothiazoles (28, 33, 35, 37, 41, 43) were
prepared and purified as described previously (yield 50-70%),3
using catalytic hydrogenation with Hy, Pd/C, and an ethanol system.

NMR techniques

NMR spectra were recorded in DMSO-dg solutions at 300 K using
a Briiker Avance DRX 500 spectrometer equipped with a Briiker
CryoPlatform and a 5 mm cryo TXI probe. The temperature of the
probe and preamplifier was 30 K. Chemical shifts were referenced
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to DMSO-de: 811 = 2.50 ppm, 8c = 39.6 ppm.'> Resonance multiplic-
ities for 13C signals were established via the acquisition of DEPT
spectra. For two-dimensional experiments, Briitker microprograms
using gradient selection (gs) were applied. The gs-COSY spectral®
were obtained with an F» spectral width of 10 ppm and 2 K data
points and an F; spectral width of 256 t; increments with sine-
bell windows in both dimensions. The gs-HMQC spectra!” resulted
from a 256 x 1024 data matrix size with 2-16 scans per t; depend-
ing on the sample concentration, an interpulse delay of 3.2 ms and a
5:3:4 gradient combination. The gs-HMBC spectra'® were measured
using a pulse sequence optimized for 10 Hz (interpulse delay for the
evolution of long-range couplings, 50 ms) and the same gradient
ratios.

RESULTS AND DISCUSSION

In Schemes 1-3, the structures and numbering of substituted
benzothiazoles 1-43 are presented. Their 'H and >C NMR chemical
shifts are given in Tables 1 and 2 respectively. Routine 3C NMR are
insufficient to obtain unambiguous determination of chemical shifts
since strict additivity using SCS values of all substituents'® does
not apply for polysubstituted aromatic compounds.?’~?? Therefore,
we employed a sequence of NMR techniques as follows: (i) DEPT
experiments to determine the multiplicities of the 13C signals; (i)
gs-COSY diagrams to determine the connectivity of protons; (iii)
HMQC spectra to determine the '3C resonances of the protonated
carbons; (iv) gs-HMBC sequences to assign the signals of quaternary
and protonated carbons via two- and three-bond interactions.

No Ry Ry Re Rs Re
1 H H H H H
2 H H N(CHa). H H
3 H H OH H H
4 H H OCH, H H
5 H H Br H H
6 H H NH, H H
7 H H NHCOC4Hs H H
8 H H CH(CHa); H H
9 cl H H H H
10 OH H H H H
1 NH, H H H H
12 H NHCOCHs H H H
13 OH H NH, H H
14 cl H cl H H
15 cl H F H H
16 cl H NH; H H
17 cl H H NO, H
18 Br H H OCH; H
19 cl H H H F
20 H NH, OCH, H H
21 H OCH;, NO. H H
22 H CO,CH, H NO, H

Scheme 1. Structures of 2-aryl-benzothiazoles derivatives 1-22 (the
numbering of the atoms is arbitrary).
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Table 1. 'H chemical shifts of benzothiazole derivatives 1-432

4
3aN 3 ,

5 \ N5 - -

6 S 20 I8 Atom 1a 2a 3a 4a° 5a 6a 7a

;772> 2N Rg H-4 806 793 803 801 784 78 804

b H-5 753 746 753 751 747 743 754

No Link Re H-6 744 735 744 742 736 732 745

23 ortho H H7 810 803 812 810 804 798 813

24 meta H H2 807 789 808 803 789 776 811

25 para H H3 755 68 735 712 756 668 805
26 meta OH H-4" 7.5

H-5 755 682 735 712 756 668 805
H-6 807 789 808 803 78 776 811
NH2 - - - - - -

Scheme 2. Structures of 2-pyridinyl-benzothiazoles derivatives 23-26.

Ra Atom 8a° 9a 10a 11la 12af 132  14a

5 A BNy e ¥ H4 804 810 810 801 810 78 815
. }@s 2N 2 >4’ Re H-5 751 763 756 750 758 743 7.62
7 - H6 742 755 747 741 750 730 754

H7 807 814 816 807 819 795 823

No Rs Ry Ry Rs Rs Re H-2 7.97 - - - 8.69 - -
bk NO» H H CH, H H H-3 737 762 766 68 - 619 792
28 NH, H H CHy H H )
29 NO, H H NH, H H H- - 753 757 721 8.04 - -
30 NO. H H CO,H H H H-5 737 747 734 665 758 626 7.67
31 NO2 H H CH,COzH H H
2 NO» H H cl H H H-¢/ 797 818 845 763 784 757 828
33 NH, H H ¢ H H NH-2 - - - - - - -
34 NO; Cl H CH3 H H .
15 NHa cl H CH, H H Atom 15a 16a 17a 18a8 19a 20a" 21a
38 Ngz : gl g:3 : E H-4 811 79 823 811 799 79 810
37 NH, | 5
18 NO2 CHs, H cl H H H-5 758 747 764 753 758 748 757
39 NO2 H OCH, CO,CH, H H H-6 751 736 758 748 749 737 749
40 NO, OCH; H H COyH H 2
“ NH, H COH H H H H 7/ 819 803 82 815 823 803 813
42 NO2 OH H NO, H H H-2 - - - - - 747 791
4 NH, NH> H CH, H H H-3 771 677 802 768 737 - -
Scheme 3. Structures of 2-N(-aryl)-benzothiazoles derivatives 27-43. H-4' - - 8.38 705 740 - -
H-5 745  6.69 - - 717 690  8.02
H-6' 826 803 9.06 755 - 726 773
Benzothiazole ring resonances NH-2 - - - - - - -
The M 500 MHz spectra for benzothiazoles 1-26 showed the Atom 2230 23b 24b 25b 26b  27¢k  28¢
expected four-spin system where complete 'H assignment cannot 4 1 794 762 72
be achieved solely by the analysis of the COSY connectivities. H . 8.09 809 809 9 6 2
For the compounds 27-43, the protons would constitute a well- H-5 758 754 755 756 748 813 658
resolved AMX spin system for which 'H signals were assigned with H-6 750 747 747 748 7.38 - -
iﬁrta'mty .(:n Clthe fbta;is O{' ippearzrilce cf)f tl;ﬁ muclltiplettpattel;rﬁs ?\Iflg H-7 814 814 816 814 805 876 6.89
e magnitude of the splittings. Also, for these derivatives, the ,
proton appears as a singlet at ~11 ppm. For all the compounds, H-2 8.80 - 224 874 81 718 711
H-4 and H-7 displayed long-range correlations (3] coupling) with, H-3 - 8.31 - 7.94 - 762 7.59
respectively, C-7a and C-3a; assignment of both these carbons was H-4/ 889 801 841 - 8.05 - -
straightforward based on their chemical shifts.> Additionally, C-2 ,
exhibits three-bond cross peaks with H-2" and (or) H-6" (compounds H_S/ - 758 758 794 650 762 759
1-26) or with NH (compounds 27-43). In the case of 19, C-2 was H-6 866 871 873 874 - 718 711
easily assigned on the basis of 3] C, F coupling. All these data are NH-2 - - - - - 10.87 995
in agreement with the previously reported results on benzothiazole
derivatives.23-27 Atom  29¢  30c 31" 32c 33¢  34c®  35cP
H-4 749 768 765 766 730 755 726
H-5 809 812 815 814 661 811 6.62
Phenyl and pyridyl rings resonances H-6 - - - - - - -
The assignment of 'H and '3C chemical shifts for benzothiazoles H-7 868 877 879 879 692 875 695

1-8 and 27-33 was trivial based on of signal intensities and ,
chemical shifts. Spectral data for 15 and 17 were determined from H-2 732 78 728 742 735 - -
the magnitude of "] H, F and "] C, F coupling constants. Finally, the H-3 6.62 794 7.70 7.79 7.76 7.35 7.28

complete 'H and 13C assignment of these rings followed from HMBC H-4/ _ _ - - - - -
correlation peaks observed for methyl protons (¥ and 3] couplings)
and aromatic signals (°] couplings). (continued overleaf)
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Table 1. (Continued)

H-5 662 794 770 779 776 719 714
H-¢/ 732 784 728 742 735 788 812
NH-2 1053 ™ 11.00 11.06 10.23 1049 10.11

Atom  36¢d  37¢"  38¢® 39c¢t  40c"  41c  42c  43c¢"
H-4 775 732 760 760 764 730 7.68 733
H-5 820 6.62 816 807 815 661 811 656

H-6 - - - - - - - -
H-7 887 693 882 871 881 692 879 6.87
H-2 8.02 797 - 7.62 - 8.29 - -
H-3 - - 7.41 - 7.18 - 766 657
H-4 - - - - 774 761 - -
H-5 737 726 734 768 - 734 777 641

H-6' 754 744 790 725 897 800 875 717
NH-2 11.09 1018 1023 11.15 10.63 1040 1080 ™

2 In ppm from TMS. DMSO-ds as solvent.
b SNCH; = 3.01 ppm.

€80CH;3 = 3.85 ppm.

dsNH-7 = 10.58 ppm; SH-10" = 7.96; 8.02 ppm; §H-11' = 7.51;
7.56 ppm; H-12' = 7.63 ppm.

¢8CH = 2.91 ppm; 6CH3z = 1.19 ppm.
fSNH-7 = 10.55 ppm; $H-10' = 8.03 ppm; SH-11' = 7.58 ppmy;
8H-12' = 7.63 ppm.

& 80CH;3 = 3.81 ppm.

h5OCH; = 3.83 ppm.

180CH; = 4.05 ppm.

18CO,CH;3 = 3.98 ppm.

K§CH; = 2.27 ppm.

1§CH;3 = 2.24 ppm.

™ Signal not observed.

" 8CHy = 3.54 ppm.

°8CHz = 2.29 ppm.

P SCH3z = 2.25 ppm.

48CH3 = 2.31 ppm.

"8CH3 = 2.26 ppm.

$8CH3 = 2.31 ppm.

tSOCH; = 3.84 ppm; SOCHj3 = 3.73 ppm.
“50CH3 = 4.01 ppm.

vV 8CH3 = 2.28 ppm.

Table 2. '3C chemical shifts of benzothiazole derivatives 1-43?

Atom 1a 2aP 3a 4ac 5a 6a 7a¢ 8af

C-2 16747 168.01 166.81 167.22 166.56 168.15 167.13 167.42
C-3a 153.77 154.09 153.80 153.87 153.96 153.96 153.77 153.79
C-4  123.09 122.04 122.96 122.64 12322 121.924122.72 122.87
C-5 126.80 126.47 126.86 126.67 126.40 126.38 126.71 126.65
C-6  125.69 124.64 125.64 12525 125.35 124.52 125.40 125.44
C-7 12247 122.31 122.54 122.33 122.56 122.049122.39 122.32
C-7a 134.67 133.98 134.68 134.43 134.93 133.86 134.45 134.51
C-1"  133.06 120.33 121.10 125.71 132.41 120.94 128.05 130.78
C-2" 12736 128.65 128.94 129.04 128.78 128.89 127.98 127.38
C-3’  129.53 112.00 121.04 114.90 132.10 114.38 120.57 127.38
C-4 131.54 152.40 154.20 161.95 125.35 151.22 142.48 152.20
C-5  129.53 112.00 121.04 114.90 132.10 114.38 120.57 127.38
C-6/  127.36 128.65 128.94 129.04 128.78 128.89 127.98 127.38

Copyright © 2005 John Wiley & Sons, Ltd.

Table 2. (Continued)

Atom 9a 10a 11a 12a8 13a 14a 15a 16a
C-2  163.39 161.51 169.04 167.36 168.38 162.29 162.65 164.49
C-3a 152.14 151.13 153.42 153.67 153.96 152.00 152.11 152.28
C-4 12341 122.19 121.91 123.02 122.06 123.41 123.29 122.41
C-5 126.74 125.89 126.59 126.85 126.77 126.89 126.95 126.59
C-6  125.86 124.78 125.28 125.74 124.58 126.17 126.06 125.01
C-7 122.16 121.37 122.23 12253 121.09 122.41 122.37 121.96
C-7a 135.56 135.14 13257 134.57 132.56 135.53 135.50 134.99
C-1" 131.49 123,51 116.72 134.75 107.57 130.40 118.39 118.24
C-2" 131.65 149.26 147.86 118.67 159.05 132.35 132.88 132.78
C-3 13097 119.74 113.33 140.27 99.78 130.61 118.37 114.35
C-4 131.70 131.42 131.54 123.02 151.99 135.89 162.98 152.36
C-5  127.84 123.65 115.81 129.92 106.56 128.27 115.67 113.40
C-6/  132.06 128.56 130.10 122.53 130.27 133.00 133.69 132.88
Atom 17a  18a" 19a 20a' 21a0 22a¢ 23b  24b
C-2  161.20 164.88 158.92 167.76 165.18 163.36 169.16 164.73
C-3a 151.74 152.30 153.44 153.98 153.52 153.01 153.90 153.57
C-4 12349 123.37 124.31 122.45 123.58 123.18 123.44 123.30
C-5 127.15 126.78 126.74 126.80 127.23 126.77 126.73 127.07
C-6 12644 12596 126.22 125.36 126.44 126.07 126.08 126.12
C-7 12229 122.27 121.97 122.72 122.75 122.19 122.67 122.70
C-7a 135.69 135.69 136.73 134.56 135.23 134.71 135.57 134.76
C-1"  135.24 134.54 12250 119.99 138.01 132.23 - -
C-2/ 137.84 111.68 135.42 111.60 112.04 132.16 150.50 152.11
C-3  132.71 135.04 126.27 133.89 152.62 132.23 126.23 129.09
C-4 12597 118.46 132.23 151.01 135.23 124.85°137.95 134.88
C-5 148.62 158.75 115.01 115.06 119.63 148.50 120.49 124.61
C-6/ 125.85 116.94 161.25 126.04 126.44 124.80° 150.07 147.95
Atom 25b  26b 27¢!  28¢™  29¢  30c" 31c® 32
C-2  165.06 164.17 166.93 157.58 168.66 166.17 166.91 166.41
C-3a 15348 153.47 157.81 143.36 158.46 157.19 157.73 157.39
C-4 123.62 122.23 11851 119.64 117.83°119.28 118.68 118.92
C-5 127.14 126.72 12220 113.59 12230 122.17 122.25 122.18
C-6 12650 12522 141.79 144.75 141.19 142.32 141.92 142.11
C-7 122.75 122.23 118.00 105.03 117.72€118.18 118.10 118.12
C-7a 13494 134.00 130.99 131.23 130.83 131.21 131.04 131.06
C-1 - - 13748 138.92 128.94 143.72 138.53 138.85
C-2" 15099 138.73 118.97 117.40 122.16 117.83 118.90 120.15
C-3 121.02 112.49 129.62 129.44 114.42 130.92 130.30 129.12
C-4 139.62 136.56 132.59 130.21 146.13 124.96 130.23 126.80
C-5  121.02 120.64 129.62 129.44 114.42 130.92 130.30 129.12
C-6/ 15099 162.34 118.97 118.97 122.16 117.83 118.90 120.15
Atom 33c  34cP  35¢9  36c° 37¢>  38c  39c"  40c¥
C-2  157.09 169.13 159.25 166.44 157.24 169.25 165.48 167.24
C-3a 143.05 157.18 143.11 157.36 143.26 157.50 157.05 157.18
C-4 11996 11840 119.68 118.98 120.02 118.41 119.40 119.01
C-5 11374 122.16 114.13 122.02 113.92 122.18 122.13 122.27
C-6  145.10 141.79 143.87 142.09 144.73 141.69 142.35 141.94
C-7 10496 118.16 105.69 118.18 105.22 118.14 118.19 118.16
C-7a 131.35 131.41 131.96 130.97 131.34 131.33 131.10 131.60
Magn. Reson. Chem. 2006; 44: 102-105
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C-1
Cc-2
C-3
C-4
C-5
C-6
Atom
C-2
C-3a
C-4
C-5
C-6
C-7
C-7a
C-1
Cc-2
C-3
Cc-4
C-5
C-6/

140.23
118.72
128.89
124.68
128.99
118.72

41c%
157.81
143.45
119.95
113.89
144.97
105.28
131.62
141.25
118.79
136.47
120.03
128.67
122.83

136.94
126.54
130.27
133.98
128.76
125.68

42c
166.44
156.49
119.42
121.92
141.85
118.08
131.97
129.55
146.48
108.99
142.43
115.80
118.44

135.33 138.95 140.44 136.89 144.69
123.83 118.54 117.12 133.59 102.09
129.94 133.49 133.44 130.48 160.01
133.93 129.92 127.71 129.33 113.38

128.45 131.67 131.46 126.61
122.95 117.30 116.08 125.41

43c*
161.78
143.60
119.01
113.54
144.16
105.41
131.57
123.99
141.84
116.35
134.83
117.47
124.52

132.73
109.68

119.59
152.92
111.01
126.48
121.97
128.48

2 In ppm from TMS. DMSO-ds as solvent.

® SNCH; = 39.90 ppm.
€80CH3 = 55.85 ppm.
4 May be reversed.
€8C-8' = 167.43;166.01 ppm; 6C-9’ = 130.88; 128.56 ppm; §C-10" =

129.39; 127.95 ppm; 8C-11" = 128.68; 128.56 ppm; 5C-12

132.97; 131.96 ppm.

fSCH = 33.52 ppm; §CH; = 23.63 ppm.

85C-8 = 165.93 ppm; §C-9" = 133.35 ppm; 5C-10" = 127.87 ppm;

8C-11" = 128.58 ppm; §C-12' = 131.93 ppm.

R §OCH3 = 55.85 ppm.
'6OCH3 = 56.14 ppm.

] 6OCH3 = 57.10 ppm.
k 8CO,CH3 = 163.58 ppm; §CO,CHj3 = 52.67 ppm.

16CH; = 20.63 ppm.

M 8CH3 = 20.57 ppm.

" 8CO,H = 167.14 ppm.

©8CH, = 40.32 ppm; §CO,H = 173.00 ppm.

P 5CH3z = 20.37 ppm.
96CH3 = 20.24 ppm.
"8CH3 = 19.08 ppm.
$6CH3 = 19.04 ppm.
'8CH;3 = 17.81 ppm.

“8OCH3 = 55.80 ppm; 8CO,CH3

51.72 ppm.

V8OCH3 = 56.33 ppm; CO,H = 167.45 ppm.

W 8CO.H = 167.54 ppm.
*8CH3 = 21.04 ppm.

Copyright © 2005 John Wiley & Sons, Ltd.

166.12 ppm; SCO,CH3 =
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