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An efficient procedure for the synthesis of diverse benzo[d]thiazole derivatives has been developed via metal-free
reductive coupling of N-tosylhydrazones with benzo[d]thiazole-2-thiols. 2-Thio-substituted benzothiazoles are useful
synthetic intermediates and promising biologically active compounds. The present process tolerates a wide range of

substrates with high efficiency and moderate selectivity.

10 Introduction
As a privileged fragment, the benzothiazole is found in many
pharmaceuticals and agrochemicals that exhibit remarkable
biological activities, such as antitumor, antimalarials, and
antiviral  activities.! = Among  these,  2-thio-substituted

15 benzothiazole is an important class of benzothiazole derivatives.
For instance, N-(2-(cyclopentylthio)benzo[d]thiazol-6-
yl)benzamide (compound I) showed antituberculotic activity;!®
Compound II exhibited dual antagonists for the human CCR1 and
CCR3 receptors (Fig.1).!° Great efforts have been made to

20 develop new methods for their construction.? In addition,
thioether as an essential building block is of great significance to
the pharmaceutical industry.? Therefore, development of efficient
strategy for the construction of C-S bond has attracted much

attention.*
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Fig. 1 Examples of bioactive 2-thio-substituted benzothiazoles.

Tosylhydrazones are useful precursors because they have shown
that the in situ generation of carbenes and diazo compounds can
30 also be widely applied to other reactions.® During the last decade,
great progress has been made in the direct formation of C-C,° C—
N,” and C-S?® bond-froming reactions based on tosylhydrazones
via metal-catalyzed progress. For example, Barluenga first
described Pd-catalyzed cross-coupling reaction to polysubstituted
35 olefins employed N-tosylhydrazones as the nucleophilic
component.®® Wang reported a three-component coupling of N-
tosylhydrazones, terminal alkynes, and aryl halides via a
sequential palladium carbene migratory insertion and reductive
elimination process.® Zhou and co-workers reported the synthesis

10 of benzofuran and indole via Cu(l)-catalyzed coupling of N-
tosylhydrazone and o-hydroxy or o-amino phenylacetylene.”™
Tosylhydrazone involved reactions are generally required
transition metal (such as Pd, Cu, Co, Ni, and Rh). It is well
known that transition metal-catalyzed reactions may also present

15 problems (including high cost and disposing of some toxic metal
especially in the synthesis of some pharmaceuticals). Therefore, it
is desirable to develop high efficient method under metal-free
condition. Rapid progress in the metal-free reactions has been
made in recent years.” Barluenga et al. reported metal-free

50 carbon—carbon bond-forming reaction between tosylhydrazones
and boronic acids and C-O bond-forming reaction between
tosylhydrazones and alcohols or phenols.”®® Recently, Wang and
co-workers reported a catalyst-free intramolecular formal 6-C—C
bond based on internal N-tosylhydrazone produced in situ.’ We

55 also reported the synthesis of thioethers via metal-free reductive
coupling of tosylhydrazones with thiols.*
Benzo[d]thiazole-2-thiol can potentially undergo tautomeric
transformation to benzo[d]|thiazole-2(3 H)-thione (Scheme 1). The
rate of equilibration between isomers may depend on the polarity

50 or pH value of the solution. Therefore, it would seem to imply
that the solution containing the functional group of SH and NH.
Prompted by the previous results,” we believe that this metal-free
reaction may be applied for the selectively synthesis of thioethers
3 and thiones 4 via a combination of benzo[d]thiazole-2-thiol 1

55and a diazo compound in situ generated from the N-
tosylhydrazone 2. This transformation provides a new approach
for the synthesis of diverse benzo[d]thiazole derivatives 3 and 4
that may be useful building blocks in the design of bioactive
compounds.
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Scheme 1 Selectively C—S and C-N bond- formmg reactions under metal-
free conditions
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Results and Discussion

To wverify the practicability of the projected route,
benzo[d]thiazole-2-thiol l1a and N-tosylhydrazone 2a were
chosen as model substrates for the selectively C—S and C-N
5 bond-forming process. The initial study was carried out based on
our previous results’ (K>COs/1,4-dioxane/110 °C for 24 h).
Under such conditions, the desired products (3a and 4a) were
obtained in 65% yield, while the results show low selectivity (the
ratio of 3a/4a is 63/37 determined by isolated yield). Then
10 different solvents, such as DMSO, DMF, toluene, and pyridine
were also tried in the reaction. Only trace of product was
observed in DMSO (Table 1, entry 2). Inferior results were
displayed when the reaction performed in DMF and pyridine
(Table 1, entries 3 and 5). Regioselective C—S bond-forming
15 product 3a was obtained in toluene, while only poor yield 35%
(Table 1, entry 4). Further fine-tuning of the reaction conditions
has revealed that K»COs is more effective than other bases, such
as Na,COs, ‘BuOK, KOH, K;PO4, DBU, DABCO, and Et;:N
(Table 1, entries 6-13). Further studies showed that increasing the
20 amount of base (K,CO;3) or N-tosylhydrazone 2a led to higher
yield, while there were no obviously changes in selectivity (Table
1, entry 1 vs entry 10, and 14-17). K»COs can be recovered by
filtration. Lower temperature may help to minimize the keto-enol
tautomerism of the substrate, so we screened the effects of
25 reaction temperature in order to improve the selectivity, but the
inferior results were obtained (Table 1, entries 18-20), maybe
because of the failed generation of intermediate diazo compound
from the tosylhydrazone at low temperature.’

Table 1 Optimization of the reaction conditions

@N\>—SH )’\ﬂ\‘HTS base, solvent N\ >*PMP N P
s ’ PMP N, 110°C, 24 h C[s%s ' ©:3/ES
30 la 2a 3a 4a
H 0/)a,b H
entry base solvent ylg;d _f fé)‘ r;;ﬁ;f
1 K.CO; 1,4-dioxane 65 63/37
2 K>COs DMSO trace trace
3 K2COs3 DMF 54 50/50
4 K.CO; Toluene 35 (3a) -
5 K2COs3 Pyridine 60 63/37
6° Na,COs  1,4-dioxane 71 70/30
7° BuOK 1,4-dioxane 71 70/30
8¢ KOH 1,4-dioxane 55 63/37
9e K3PO4 1,4-dioxane 70 64/36
10¢ K.CO; 1,4-dioxane 74 69/31
11¢ DBU 1,4-dioxane 43 65/35
12 DABCO 1,4-dioxane 18 (3a) -
13¢ EtsN 1,4-dioxane trace trace
144 K,CO; 1,4-dioxane 78 70/30
15¢ K,>COs 1,4-dioxane 85 68/32
16f K>COs;  1,4-dioxane 78 70/30
17¢ K,CO; 1,4-dioxane 77 70/30
18" K>COs 1,4-dioxane 65 65/35
19' K>COs;  1,4-dioxane trace -
200 K,CO; 1,4-dioxane trace -

4 Reaction conditions: benzo[d]|thiazole-2-thiol la (0.3 mmol), N-
tosylhydrazone 2a (2.0 equiv, 0.6 mmol), base (3.0 equiv, 0.9 mmol),
Solvent (3.0 mL), 110 °C, Ny, 24 h, PMP = 4-methoxyphenyl. * Yield
based on la.la:2a:base=1:3:3.5.91a:2a:base=1:3:6.°1la:2a:

35 base=1:3:10./1a:2a:base=1:2:10.¢1a:2a:base=1:2: 6. "T =
90°C.'T=60°C.I T=r.t.

To demonstrate the generality of this protocol, the scope of the
reaction was investigated under the optimized conditions
[benzo[d]thiazole-2-thiol (1.0 equiv), N-tosylhydrazone (2.0
40 equiv), Ko2COs (6.0 equiv), 1,4-dioxane, 110 °C, N, 24 h]. As

summarized in Table 2, the reaction activity seems to be general,
as N-tosylhydrazones derived from aromatic or aliphatic ketones
(Table 2, entries 1-6, R!, R? = Aryl, alkyl) as well as aldehydes
(Table 2, entries 7-12, R!= Aryl, R? = H) were converted into
15 corresponding product 3 and 4 in good to excellent yields.
Moderate to satisfactory selectivities were obtained in most of
cases. Tosylhydrazones with electron-rich (Table 2, entries 1, 7
and 8), electron-neutral (Table 2, entries 2 and 9) and electron-
deficient groups (Table 2, entries 10-12) all gave the desired
50 products in good yields. For instance, benzo[d]thiazole-2-thiol 1a
reacted with N-tosylhydrazone 2d derived from aliphatic ketone,
leading to thioether 3d and thione 4d in 63% and 26% yields
respectively, with moderate selectivity (Table 2, entry 4). When
electron-deficient N-tosylhydrazone 2j was employed in the
55 reaction, afforded the corresponding product 3j and 4j in 70%
and 15% yields respectively, with better selectivity (Table 2,
entry 10).
Table 2 Metal-free reductive coupling of benzo[d]thiazole-2-thiol 1a with
N-tosylhydrazones 2

NNHTs
@ Ssn - A

1

©: \>—S%R2 ©: =S

K;CO3, dioxane
—
Ny, 110°C, 24 h
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NNHTs NNHTs NNHTS
\O [j
2a 2f
ANHTS NNHTS  NNHTs NNHTS NNHTs NNHTs
~,
© HsC Br cl F
29 2h 2i 2j 2k 2|
entry  N-tosylhydrazone 2 yield (%)**of 3 + ratio of 3/4
4

1 2a 77 (3a + 4a) 70/30
2 2b 85 (3b + 4b) 70/30
3 2c 50 (3¢ + 4c) 70/30
4 2d 89 (3d + 4d) 70/30
5 2e 69 (3e + 4e) 83/17
6 2f 68 (3f + 4f) 75/25
7 29 77 (39 + 40) 70/30
8 2h 88 (3h + 4h) 72/28
9 2i 79 (3i + 4i) 81/19
10 2j 85 (3j +4j) 82/18
11 2k 75 (3k + 4K) 88/12
12 2l 91 (31 +4l) 71/29

¢ Reaction conditions: benzo[d]thiazole-2-thiol la (0.3 mmol), N-
tosylhydrazone 2 (2.0 equiv, 0.6 mmol), KoCO3 (6.0 equiv, 1.8 mmol),
1,4-dioxane (3.0 mL), 110 °C, N2. ® Yield based on la.

35 To broaden the scope of substrates, we further investigated the
metal-free reductive coupling reaction of benzo[d]thiazole-2-thiol
derivatives 1b-d with various N-tosylhydrazones 2 under the
same conditions (Table 3). The results showed that the additional
functional groups such as methyl, chloro, and fluoro on the

70 phenyl ring of benzo[d]thiazole-2-thiol did not interfere with the
reaction activity.
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Fig. 2 ORTEP representation of the single crystal X-ray structure of 3j
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) £ and B. Diazo compound C was generated in sifu from
. ¥ e cn{n—-:‘x’_.- corresponding tosylhydrazones under basic conditions at 110 °C.

Pl -1/ l " - /'sl H3C OCH3 )0 .ge . .
- /\i- . 20 Then, nucleophilic attack of intermediate A and B on C resulted
€, ;.]«;._.2_/ ¢ L }t/‘- N in the formation of products 3 and 4 with the loss of one molecule
" c‘} & )= of Na. Of course, we couldn’t deny the selectively C-S and C-N

: . ‘fuc IA F S 4v

Fig. 3 ORTEP representation of the single crystal X-ray structure of 4v

The structure of all compounds 3 and 4 were identified by
NMR and HRMS. In addition, 3j (Figure 1) and 4v (Figure 2)
5 were also verified by X-ray illustration.

Table 3 Metal-free reductive coupling of benzo[d]thiazole-2-thiol 1b-d
with N-tosylhydrazones 2

R1
R! YRz
~~N  )R? N
D i
P S>—s +R@S>:S

R \ N\>7$H E‘I\NHTS KoCOs, dioxane
i K005 dioxane
T < * 2RI R

Ny, 110°C, 24 h

1 2 3 4

N " N NNHTs

NNHTs

S—sH S—sH /@[ N—sH

Lo e Lo oy A
1b 1c 1d 0 2 2
NNHTs NNHTS  NNHTs NNHTs NNHTs
~o HaC Br cl
2g 2h 2 2j 2k
Entry  Benzo[d]th N-Tosyl Yield (%)*° Ratio
iazole-2- -hydrazone 2 of (3+4) of 3/4
thiol 1

1 1b 2a 84 (3m + 4m) 68/32
2 1b 2b 78(3n+4n)  77/23
3 1b 2h 68 (30+40)  78/22
4 1b 2i 63(3p+4p) 8218
5 1b 2j 74 (3q+4q)  88/12
6 1c 2a 80 (3r +4r) 70/30
7 1c 2b 74 (3s + 4s) 78/22
8 1c 29 89 (3t + 4t) 66/34
9 1c 2k 89 (3u +4u) 72/28
10 1d 2a 8L (3v+4v) 74126
11 1d 2h 70 (3w +4w)  71/29

4 Reaction conditions: benzo[d]thiazole-2-thiol 1 (0.3 mmol), N-
10 tosylhydrazone 2 (2.0 equiv, 0.6 mmol), K»COs (6.0 equiv, 1.8 mmol),
dioxane (3.0 mL), 110 °C, N». ? Yield based on 1.
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Scheme 2 Proposed reaction mechanism

A possible mechanism for the reaction is depicted in Scheme

15 2.9 Initially, benzo[d]thiazole-2(3 H)-thione 1" were formed by the
tautomeric transformation of benzo[d]thiazole-2-thiol 1, which
underwent deprotonation to form corresponding intermediates A

bond-forming reactions maybe to proceed through the base-
promoted decomposition of tosylhydrazones in the presence of

25 benzo[d]thiazole-2-thiol and the insertion reaction of the carbene
into the S-H and N-H bonds.

Conclusion
In summary, we have successfully developed a new procedure
30 for the synthesis of diverse benzo[d]thiazole derivatives under
transition metal-free conditions. The process proceeds with a
wide range of substrates, high efficiency and moderate selectivity.
Proposed mechanism for the selectively C—S and C—N bond-
forming reactions of benzo[d]thiazole-2-thiol is depicted. This
35 procedure represents an efficient route toward the synthesis of 2-
thio-substituted benzothiazole derivatives which are useful
synthetic intermediates and promising biologically active
compounds. Screening for biological activity of these small
molecules is under investigation in our laboratory, and the results
10 will be reported in due course.

Experimental
General procedure for the synthesis of 2-thio-substituted
benzothiazole derivatives 3 and 4 from benzo[d]thiazole-2-thiols
15 1 with tosylhydrazones 2: a mixture of benzo[d]thiazole-2-thiol 1
(0.3 mmol), tosylhydrazone 2 (0.6 mmol, 2.0 equiv.) and KoCO3
(1.8 mmol, 6.0 equiv.) in 1,4-dioxane (3.0 mL) was stirred at 110
°C for over night under N». After completion of the reaction, as
indicated by TLC, the mixture was cooled to room temperature.
50 Filtered and washed with ethyl acetate (10 mL), the organic phase
was washed with saturated brine, dried with MgSO; and
concentrated under a vacuum. The residue was then purified by
flash chromatography (EtOAc-petroleum ether, 1:50 v/v) on
silica gel to afford the corresponding products 3 and 4.
55
2-(1-(4-methoxyphenyl)ethylthio)benzo[d]thiazole (3a)** White
solid; mp 56-57 °C. '"H NMR (400 MHz, CDCl3) § 1.83 (d, J =
7.2 Hz, 3H), 3.78 (s, 3H), 5.12 (q, J = 7.6Hz, 1H), 6.86 (d, J = 8.8
Hz, 2H), 7.28 (t, J = 8.0 Hz, 1H), 7.39-7.43 (m, 3H), 7.72 (d, J =
50 8.0 Hz, 1H), 7.90 (d, J = 8.4 Hz, 1H); C NMR (100 MHz,
CDCl) 6 22.7, 47.2, 55.3, 114.1, 120.9, 121.7, 124.3, 126.0,
128.6, 133.8, 135.5, 153.3, 159.1, 166.0.
3-(1-(4-methoxyphenyl)ethyl)benzo[d]thiazole-2(3H)-thione
(4a) White solid; mp 97-98 °C. 'H NMR (400 MHz, CDCl;) &
55 1.89 (d, J = 7.2 Hz, 3H), 3.78 (s, 3H), 6.87 (d, J = 8.8 Hz, 2H),
6.91 (d, J= 8.4 Hz, 1H), 7.08 (t, J = 8.0 Hz, 1H), 7.15-7.18 (m,
2H), 7.24 (d, J = 8.8 Hz, 2H), 7.44 (d, J = 7.6 Hz, 1H); *C NMR
(100 MHz, CDCl3) 6 15.2, 54.8, 55.3, 114.3, 114.4, 121.1, 124.2,
126.2, 127.4, 127.6, 130.0, 139.9, 159.1, 189.9; HRMS (ESI): m/z
70 [M+H]* caled for CigHisNOS,: 302.0673; found: 302.0675.
Elemental analysis calcd (%) for CisHisNOS,: C 63.75, H5.02, N
4.65; Found: C 63.79, H 5.21, N 4.70.
2-(1-phenylethylthio)benzo[d]thiazole (3b)?** Colorless oil. 'H
NMR (400 MHz, CDCl3) & 1.84 (d, J= 7.2 Hz, 3H), 5.15 (q, J =
75 6.8 Hz, 1H), 7.26 (d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H),

This journal is © The Royal Society of Chemistry [year]
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7.40 (dt, J=12.0, 7.6 Hz 1H), 7.47 (d, J= 7.2 Hz, 2H), 7.71 (d, J
= 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H); '*C NMR (100 MHz,
CDCl3) & 22.7, 47.6, 120.9, 121.7, 124.3, 126.0, 127.4, 127.8,
128.7,135.5, 141.9, 153.3, 165.8.

5 3-(1-phenylethyl)benzo[d]thiazole-2(3H)-thione (4b) Colorless
oil. 'TH NMR (400 MHz, CDCl3) 3 1.92 (d, J = 7.2 Hz, 3H), 6.86
(d, J = 8.4 Hz, 1H), 7.05-7.09 (m, 1H), 7.15-7.25 (m, 2H), 7.27-
7.37 (m, 4H), 7.44 (d, J = 7.6 Hz, 1H); 3C NMR (100 MHz,
CDCl) & 15.1, 55.1, 114.4, 121.2, 124.3, 126.2, 126.4, 127.4,

10 127.8, 128.9, 138.0, 139.9, 190.0; HRMS (ESI): m/z [M+H]*
calcd for CisHisNS»: 272.0568; found: 272.0575. Elemental
analysis caled (%) for CisHisNSz: C 66.38, H 4.83, N 5.16;
Found: C 66.41, H 4.90, N 5.08.

2-(1-(naphthalen-1-yl)ethylthio)benzo[d]thiazole (3c) Colorless
oil. '"H NMR (400 MHz, CDCls) 4 2.05 (d, J = 7.2 Hz, 3H), 6.04
(q, J= 7.2 Hz, 1H), 7.28 (dt, J=1.2, 8.4 Hz, 1H), 7.40-7.58 (m,
4H), 7.72 (d, J= 7.6 Hz, 2H), 7.80 (d, J = 8.4 Hz, 1H), 7.87 (d, J
=8.0 Hz, 1H), 7.94 (d, /= 8.4 Hz, 1H), 8.29 (d, J= 8.8 Hz, 1H);
3C NMR (100 MHz, CDCl3) & 21.1, 43.1, 121.0, 121.7, 123.2,
124.3, 124.6, 1254, 125.9, 126.1, 126.6, 128.7, 129.1, 130.9,
133.9, 135.4, 136.6, 153.2, 166.4; HRMS (ESI): m/z [M+H]*
calcd for CioHisNS»: 322.0724; found: 22.0727. Elemental
analysis caled (%) for CioHisNS2: C 70.99, H 4.70, N 4.36;
Found: C 71.08, H 4.75, N 4.35.

15

20

25 3-(1-(naphthalen-1-yl)ethyl)benzo[d]thiazole-2(3H)-thione (4c)

White solid; mp 198-199 °C. 'H NMR (400 MHz, CDCls) § 2.03
(d, J= 5.6 Hz, 3H), 6.91 (t, J= 7.6 Hz, 1H), 7.02-7.04 (m, 2H),
7.32 (d, J= 8.0 Hz, 1H), 7.42 (t, J = 8.0 Hz, 2H), 7.52 (d, J= 7.2
Hz, 1H), 7.59 (t, J= 7.6 Hz, 1H), 7.80 (d, J= 7.2 Hz, 1H), 7.88 (d,
30 J=8.4 Hz, 1H), 7.94 (d, J= 7.2 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H);
13C NMR (100 MHz, CDCl3) & 15.9, 54.9, 113.6, 121.1, 123.9,
124.0, 124.6, 125.8, 126.1, 126.2, 127.2, 127.3, 128.7, 129.7,
131.8, 133.9, 134.0, 140.6, 189.0; HRMS (ESI): m/z [M+H]"
calcd for CioHisNS2: 322.0724; found: 322.0720. Elemental
35 analysis caled (%) for CioHisNSz: C 70.99, H 4.70, N 4.36;
Found: C 70.88, H 4.65, N 4.38.
2-(cycloheximide)benzo[d]thiazole (3d)?** Colorless oil. 'H
NMR (400 MHz, CDCls) § 1.28-1.36 (m, 1H), 1.42-1.51 (m, 2H),
1.54-1.65 (m, 3H), 1.77-1.81 (m, 2H), 2.17-2.20 (m, 2H), 3.87-
40 3.92 (m, 1H), 7.27 (t, J = 8.0 Hz, 1H), 7.39 (t, J = 8.0 Hz, 1H),
7.73 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H); '*C NMR (100
MHz, CDCl3) § 25.6, 25.9, 33.3, 47.4, 120.9, 121.6, 124.2, 125.9,
135.3, 153.4, 166.5.
3-cyclohexylamine[d]thiazole-2(3H)-thione (4d)!¢ Yellow oil.
45 '"H NMR (400 MHz, CDCls) § 1.30-1.36 (m, 1H), 1.52-1.62 (m,
2H), 1.81-1.98 (m, 5H), 2.19-2.28 (m, 2H), 5.72-5.78 (m, 1H),
7.26 (t, J = 8.0 Hz, 1H), 7.35 (t, J= 8.0 Hz, 1H), 7.45 (d, J= 7.6
Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H); 3C NMR (100 MHz, CDCl;) &
25.4, 26.0, 28.6, 58.5, 114.0, 121.3, 124.0, 126.1, 127.4, 140.7,
50 189.3.
2-(4-phenylalanine-2-thiophil)benzo[d]thiazole (3e)¥ Yellow
oil. 'TH NMR (400 MHz, CDCls) & 1.53 (d, J = 6.8 Hz, 3H), 1.98-
2.04 (m, 1H), 2.09-2.15 (m, 1H), 2.80 (t, J = 8.0 Hz, 2H), 3.98 (m,
1H), 7.15-7.19 (m, 3H), 7.24-7.28 (m, 3H), 7.38 (t, J = 8.0 Hz,
55 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H); *C NMR
(100 MHz, CDCIl3) 6 21.6, 33.3, 38.5, 44.0, 121.0, 121.7, 124.3,
126.0, 126.1, 128.4, 128.5, 135.4, 141.3, 153.5, 166.3.

3-(4-phenylalanine-2-yl)benzo[d]thiazole-2(3H)-thione (4e)

Yellow oil. 'H NMR (400 MHz, CDCl3) 6 1.61 (d, J = 6.8 Hz,
50 3H), 2.24-2.28 (m, 1H), 2.43-2.53 (m, 2H), 2.73-2.79 (m, 1H),
6.09 (m, 1H), 7.09 (d, J = 7.2 Hz, 2H), 7.13 (d, J = 6.8 Hz, 1H),
7.18-7.22 (m, 2H), 7.26 (t, J = 7.6 Hz, 1H), 7.34 (t, J = 7.6 Hz,
1H), 7.45 (d, J = 7.6 Hz, 1H) ,7.55 (d, J = 8.4 Hz, 1H); 3C NMR
(100 MHz, CDCl3) 6 17.7, 33.0, 35.6, 54.6, 113.4, 121.5, 124.3,
35 126.1, 126.4, 127.3, 128.2, 128.4, 140.3, 140.8, 189.9; HRMS
(ESI): m/z [M+H]" calcd for Ci7HisNS,: 300.0881; found:
300.0882. Elemental analysis caled (%) for C17H17NS2: C 68.18,
H 5.72, N 4.68; Found: C 68.23, H 5.79, N 4.70.
2-(Pentax-2-thiophil)benzo[d]thiazole (3f) Colorless oil. 'H

70 NMR (400 MHz, CDCls) & 1.28-1.51 (m, 3H), 1.54-1.65 (m, 3H),
1.77-1.81 (m, 2H), 2.17-2.20 (m, 2H), 3.87-3.92 (m, 1H), 7.27 (t,
J=28.0 Hz, 1H), 7.40 (t, /= 8.0 Hz, 1H), 7.43 (d, /= 8.0 Hz, 1H),
7.87 (d, J = 8.0 Hz, 1H); '3C NMR (100 MHz, CDCls) 8 25.6,
25.9,33.3, 47.3, 120.9, 121.6, 124.2, 125.9, 135.3, 153.4, 166.5;

75 HRMS (ESI): m/z [M+H]" caled for C12H ¢NS,: 238.0724; found:
238.0725. Elemental analysis calcd (%) for Ci12HisNS2: C 60.72,
H 6.37, N 5.90; Found: C 60.65, H 6.42, N 5.95.
3-(Pentax-2-yl)benzo[d]thiazole-2(3H)-thione (4f) Colorless
oil. 'H NMR (400 MHz, CDCls) 8 1.30-1.36 (m, 1H), 1.55-1.61

30 (m, 2H), 1.81-1.85 (m, 2H), 1.89-1.99 (m, 3H), 2.20-2.28 (m, 2H),
5.72-5.79 (m, 1H), 7.26 (t, J = 7.6 Hz, 1H), 7.35 (t, J = 8.0 Hz,
1H), 7.47 (d, J = 7.6 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H); '*C NMR
(100 MHz, CDCl3) 6 25.4, 26.0, 28.6, 58.5, 114.1, 121.3, 124.0,
126.1, 127.5, 140.8, 189.3; HRMS (ESI): m/z [M+H]" calcd for

35 C12H16NS2: 238.0724; found: 238.0719. Elemental analysis calcd
(%) for Ci2HisNS»: C 60.72, H 6.37, N 5.90; Found: C 60.65, H
6.48, N 5.80.
2-(4-methylbenzene)benzo[d]thiazole (3g)*® White solid; mp
63-64 'C. 'H NMR (400 MHz, CDCl3) & 3.77 (s, 3H), 4.55 (s,

)0 2H), 6.84 (d, J = 7.2 Hz, 2H), 7.27 (dt, J = 1.2, 7.6 Hz, 1H), 7.36
(d, J=17.2 Hz, 2H), 7.40 (dt, J= 1.2, 7.6 Hz, 1H), 7.72 (d, J= 8.0
Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H); 3C NMR (100 MHz, CDCl;) &
37.4,55.3,114.2, 121.0, 121.6, 124.3, 126.1, 128.1, 130.4, 135.4,
153.2,159.2, 166.6.

)5 3-(4-methoxide)benzo[d]thiazole-2(3H)-thione (4g) White solid;
mp 104-105°C. '"H NMR (400 MHz, CDCls) § 3.76 (s, 3H), 5.63
(s, 2H), 6.84 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 7.6 Hz, 1H), 7.23-
7.32 (m, 4H), 7.47 (d, J = 7.6 Hz, 1H); 3C NMR (100 MHz,
CDCl3) & 49.1, 55.3, 113.1, 114.3, 121.3, 124.8, 126.5, 126.9,

)0 127.7, 128.7, 141.5, 159.4, 190.1; HRMS (ESI): m/z [M+H]*
caled for C;sH1aNOS,: 288.0517; found: 288.0518. Elemental
analysis calcd (%) for CisHi3NOS,: C 62.69, H 4.56, N 4.87,
Found: C 62.72, H 4.59, N 4.85.
2-(4-ethylbenzene)benzo[d]thiazole (3h)** White solid; mp 52-

)5 53°C. 'H NMR (400 MHz, CDCls) & 2.29 (s, 3H), 4.53 (s, 2H),
7.10 (d, J = 8.0 Hz, 2H), 7.25 (t, /= 7.6 Hz, 1H), 7.31 (d, J= 7.6
Hz, 2H), 7.38 (t, J=7.2 Hz, 1H), 7.69 (d, /= 7.6 Hz, 1H), 7.88 (d,
J=8.4 Hz, 1H); *C NMR (100 MHz, CDCls) § 21.2, 37.6, 121.1,
121.6, 124.3, 126.1, 129.1, 129.5, 133.0, 135.3, 137.6, 153.2,

10 166.7.
3-(4-ethylbenzene)benzo[d]thiazole-2(3H)-thione (4h) White
solid; mp 129-130°C. 'H NMR (400 MHz, CDCls) § 2.29 (s, 3H),
5.65 (s, 2H), 7.10-7.13 (m, 3H), 7.20 (d, J = 7.6 Hz, 2H), 7.24-
7.30 (m, 2H), 7.46 (d, J = 7.2 Hz, 1H); 3C NMR (100 MHz,

[5 CDCls) & 21.1, 49.3, 113.1, 121.3, 124.8, 126.9, 127.1, 127.6,
129.6, 131.3, 137.7, 141.5, 190.1; HRMS (ESI): m/z [M+H]"
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caled for CisHisNSz: 272.0568; found: 272.0573. Elemental
analysis calcd (%) for CisHisNS2: C 66.38, H 4.83, N 5.16;
Found: C 66.45, H 4.90, N 5.20.
2-(benzyl thio)benzo[d]thiazole (3i)*® Yellow solid; mp 46-47C.
5 'H NMR (400 MHz, CDCl3) & 4.59 (s, 2H), 7.24-7.33 (m, 4H),
7.38-7.45 (m, 3H), 7.72 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz,
1H); *C NMR (100 MHz, CDCl;) § 37.7, 121.0, 121.6, 124.3,
126.1, 127.8, 128.7, 129.2, 135.4, 136.2, 153.2, 166.4.
3-benzal[d]thiazole-2(3H)-thione (4i)'Y Yellow solid; mp 149-

10 150°C. 'H NMR (400 MHz, CDCl3) & 5.71 (s, 2H), 7.11 (d, J =
7.2 Hz, 1H), 7.24-7.33 (m, 7H), 7.49 (d, J = 6.8 Hz, 1H); 3C
NMR (100 MHz, CDCl;) & 49.5, 113.0, 121.3, 124.8, 126.9,
127.1,127.6, 127.9, 128.9, 134.4, 141.5, 190.3.
2-(4-tribromoethanol)benzo[d]thiazole (3j) Yellow solid; mp

15 80-81°C. '"H NMR (400 MHz, CDCl3) & 4.44 (s, 2H), 7.20 (t, J =
7.6 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.30-7.35 (m, 3H), 7.64 (d,
J=8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz,
CDCl) 6 36.9, 121.1, 121.6, 121.7, 124.5, 126.2, 130.8, 131.8,
135.4, 135.6, 153.1, 165.8; HRMS (ESI): m/z [M+H]" calcd for

20 Ci4sH;1BrNSz: 335.9516; found: 335.9513. Elemental analysis
caled (%) for Ci14H10BrNSa: C 50.00, H 3.00, N 4.17; Found: C
49.95, H 3.09, N 4.25. Crystal data and structure refinement for
3j (CCDC: 956820): Empirical formula: Ci4HioBrNS; (Formula
weight: 336.26); Temperature: 298(2) K; Wavelength: 0.71073 A;

25 Crystal system, space group Orthorhombic, P b ¢ n; Unit cell
dimensions: a = 15.095(3) A, a =90°, b =5.7769(10) A, B = 90°,
¢ =31.466(5) A, y = 90°, Volume: 2743.9(8)A3; Z = 8, Calculated
density: 1.628Mg/m?3; Absorption coefficient: 3.280 mm'; F(000):
1344; Crystal size: 0.32 x 0.25 x 0.21 mm; Theta range for data

30 collection: 1.87 to 25.50 deg.; Limiting indices: -8<=h<=18, -
6<=k<=6, -38<=I<=34; Reflections collected /unique:
11396/2489 [R(int) = 0.0279]; Completeness to theta = 25.50:
97.8 %; Absorption correction: Semi-empirical from equivalents;
Max. and min. transmission: 0.5458 and 0.4200. Refinement

35 method:  Full-matrix least-squares on F?. Data / restraints /
parameters: 2489 / 0/ 163; Goodness-of-fit on F?: 1.059, Final R
indices [/>26 (I)]: RI = 0.0894, wR2 = 0.1886. R indices (all
data): R/ = 0.0978, wR2 = 0.1916. Largest diff. peak and hole:
0.454 and -0.588 ¢. A

40 3-(4-bromobenzyl)benzo[d]thiazole-2(3H)-thione (4j) Yellow
solid; mp 130-131°C. 'H NMR (400 MHz, CDCls) 8 5.64 (s, 2H),
7.06 (d, J=7.6 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.26-7.31 (m,
2H), 7.44 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 7.2 Hz, 1H); *C NMR
(100 MHz, CDCl3) & 48.9, 112.8, 121.5, 122.0, 125.0, 127.1,

45 127.6, 128.9, 132.1, 133.4, 141.3, 190.3; HRMS (ESI): m/z
[M+H]" caled for Ci4HiiBrNSa: 335.9516; found: 335.9512.
Elemental analysis calcd (%) for Ci14H10BrNSz: C 50.00, H 3.00,
N 4.17; Found: C 49.93, H 3.05, N 4.10.
2-(4-chlorobenzylthio)benzo[d]thiazole (3k)* Yellow solid; mp

50 81-82°C. 'H NMR (400 MHz, CDCls) § 4.53 (s, 2H), 7.22-7.29
(m, 3H), 7.35 (d, J= 8.0 Hz, 2H), 7.40 (t, /= 7.2 Hz, 1H), 7.71 (d,
J=8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz,
CDCl) 8 36.9, 121.1, 121.6, 124.5, 126.2, 128.9, 130.5, 133.6,
135.0, 135.4, 153.1, 165.8.

55 3-(4-chlorobenzyl)benzo[d]thiazole-2(3H)-thione (4k) Yellow
solid; mp 111-112°C. 'H NMR (400 MHz, CDCl3) & 5.66 (s, 2H),
7.07 (d, J=17.6 Hz, 1H), 7.26-7.31 (m, 6H), 7.50 (d, J = 6.8 Hz,
1H); *C NMR (100 MHz, CDCl3) § 48.2, 112.8, 121.5, 125.0,

127.0, 127.6, 128.6, 129.2, 132.9, 133.9, 141.3, 190.3; HRMS
50 (ESD): m/z [M+H]" caled for CisHiiCINS2: 292.0021; found:
292.0019. Elemental analysis caled (%) for CisHiiCINS2: C
57.62, H 3.45, N 4.80; Found: C 57.69, H 3.49, N 4.86.
2-(4-fluorobenzylthio)benzo[d]thiazole (31)!* Yellow solid; mp
80-81°C. 'H NMR (400 MHz, CDCls) 8 4.54 (s, 2H), 6.98 (t, J =

55 8.4 Hz, 2H), 7.27 (d, J = 7.6 Hz, 1H), 7.36-7.42 (m, 3H), 7.71 (d,
J=28.0 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz,
CDCl3) & 36.9, 115.6 (d, 2Jcr = 21 Hz), 121.1, 121.6, 124.4,
126.1, 130.8 (d, *Jcr = 8 Hz), 132.2, 135.4, 153.2, 162.3 (d, 'Jcr
=245 Hz), 166.0.

70 3-(4-fluorobenzyl)benzo[d]thiazole-2(3H)-thione (4l) Yellow
solid; mp 130-131°C. 'H NMR (400 MHz, CDCls) § 5.66 (s, 2H),
7.01 (t, J = 8.4 Hz, 2H), 7.10 (d, J = 7.6 Hz, 1H), 7.25-7.33 (m,
4H), 7.49 (d, J = 7.6 Hz, 1H); '*C NMR (100 MHz, CDCl;) &
48.8, 112.9, 115.9 (d, ZJer = 21 Hz), 121.4, 124.9, 127.0, 127.6,

75 129.1 (d, *Jcr = 8 Hz), 130.2, 141.3, 162.4 (d, "Jcr = 245 Hz),
190.2; HRMS (ESI): m/z [M+H]" calcd for C14H11FNS,: 276.0317,
found: 276.0315. Elemental analysis calcd (%) for Ci4Hi1FNS,: C
61.06, H 3.66, N 5.09; Found: C 60.98, H 3.59, N 4.96.
2-(1-(4-methoxyphenyl)ethylthio)-6-methylbenzo[d]thiazole

30 (3m) White solid; mp 81-82 °C. 'H NMR (400 MHz, CDCls) &
1.81 (d, J = 6.8 Hz, 3H), 2.44 (s, 3H), 3.78 (s, 3H), 5.07 (q, J =
7.2 Hz, 1H), 6.85 (d, J = 8.8 Hz, 2H), 7.21 (d, J = 8.0 Hz, 1H),
7.38 (d, J = 8.4 Hz, 2H), 7.51 (s, 1H), 7.78 (d, J = 8.0 Hz, 1H);
13C NMR (100 MHz, CDCls) & 21.4, 22.7, 47.3, 55.3, 114.1,

$5120.8, 121.3, 127.5, 128.6, 133.9, 134.4, 135.8, 151.5, 159.1,
164.6;, HRMS (ESI): m/z [M+H]" caled for Ci7HisNOS::
316.0830; found: 316.0826. Elemental analysis caled (%) for
Ci7H17NOS:z: C 64.73, H 5.43, N 4.44; Found: C 64.92, H 5.49,
N4.35.

0 3-(1-(4-methoxyphenyl)ethyl)-6-methylbenzo[d]thiazole-
2(3H)-thione (4m) Colorless oil. 'H NMR (400 MHz, CDCl3) &
1.88 (d, J= 7.2 Hz, 3H), 2.31 (s, 3H), 3.78 (s, 3H), 6.79 (d, J =
8.4 Hz, 1H), 6.85-6.90 (m, 3H), 7.13 (q, J = 7.2 Hz, 1H), 7.20-
7.26 (m, 3H); C NMR (100 MHz, CDCl3) § 15.3, 20.9, 54.8,

5 553, 113.6, 114.1, 114.2, 121.2, 127.3, 127.5, 127.6, 130.1,
134.3, 137.9, 159.1, 189.3. HRMS (ESI): m/z [M+H]" calcd for
C17HisNOS2: 316.0830; found: 316.0829. Elemental analysis
caled (%) for C17Hi7NOS,: C 64.73, H 5.43, N 4.44; Found: C
64.89, H 5.47, N 4.39.

)0 6-methyl-2-(1-phenylethylthio)benzo[d]thiazole (3n) Colorless
oil. '"H NMR (400 MHz, CDCl3) & 1.82 (d, J = 7.2 Hz, 3H), 2.41
(s, 3H), 5.11 (q, J= 7.2 Hz, 1H), 7.19-7.24 (m, 2H), 7.29-7.33 (m,
2H), 7.44 (s, 1H), 7.47 (d, J = 7.2 Hz, 2H), 7.77 (d, J = 8.4 Hz,
1H); 3C NMR (100 MHz, CDCl) & 21.5, 22.7, 47.7, 120.9,

)5 121.3, 127.4, 127.5, 127.8, 128.7, 134.5, 135.8, 141.9, 151.4,
164.4; HRMS (ESI): m/z [M+H]" caled for C1sH16NS2: 286.0724;
found: 286.0720. Elemental analysis calcd (%) for CicHisNS2: C
67.33, H5.30,N 4.91; Found: C 67.43, H 5.45, N 4.87.
6-methyl-3-(1-phenylethyl)benzo[d]thiazole-2(3H)-thione (4n)

10 Colorless oil. 'H NMR (400 MHz, CDCl3) 6 1.91 (d, J = 7.2 Hz,
3H), 2.31 (s, 3H), 6.74 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 8.4 Hz,
1H), 7.19 (d, J = 7.2 Hz, 1H), 7.26 (s, 1H), 7.28-7.35 (m, 4H);
13C NMR (100 MHz, CDCl3) § 15.1, 20.9, 55.1, 114.1, 121.3,
126.4, 127.3, 127.5, 127.7, 128.9, 134.4, 137.8, 138.2, 189.5.

L5 HRMS (ESI): m/z [M+H]" caled for Ci16H1sNS2: 286.0724; found:
286.0735. Elemental analysis caled (%) for CisH1sNS2: C 67.33,
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H 5.30,N 4.91; Found: C 67.48, H 5.43, N 4.85.
2-(4-ethylbenzene)-6-methylbenzo[d]thiazole (30) White solid,
mp 86-87°C. '"H NMR (400 MHz, CDCl3)  2.31 (s, 3H), 2.42 (s,
3H), 4.53 (s, 2H), 7.11 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.4 Hz,
5 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.49 (s, 1H), 7.76 (d, J = 8.0 Hz,
1H); 3C NMR (100 MHz, CDCl3) & 21.2, 21.4, 37.6, 120.9,
121.0, 127.5, 129.1, 129.4, 133.0, 134.4, 135.5, 137.5, 151.3,
165.3; HRMS (ESI): m/z [M+H]" calcd for CisH1sNS2: 286.0724;
found: 286.0733. Elemental analysis calcd (%) for CisHisNS2: C

10 67.33, H5.30, N 4.91; Found: C 67.38, H 5.35, N 4.89.
3-(4-ethylbenzene)-6-methylbenzo[ d]thiazole-2(3H)-thione
(40)'# White solid, mp 133-134°C. '"H NMR (400 MHz, CDCls) &
2.29 (s, 3H), 2.36 (s, 3H), 5.62 (s, 2H), 6.99 (d, J = 8.0 Hz, 1H),
7.06-7.11 (m, 3H), 7.19 (d, J = 8.0 Hz, 2H), 7.27 (s, 1H); 13C

15 NMR (100 MHz, CDCl3) § 20.5, 20.6, 48.8, 112.3, 120.9, 126.6,
127.1,127.5, 129.1, 130.9, 134.5, 137.2, 139.0, 189.0.
2-(benzyl thio)-6-methylbenzo[d]thiazole (3p)* Yellow solid;
mp 54-55°C. '"H NMR (400 MHz, CDCl;) & 2.42 (s, 3H), 4.56 (s,
2H), 7.20 (d, J = 8.4 Hz, 1H), 7.25-7.32 (m, 3H), 7.42 (d, J= 7.6

20 Hz, 2H), 7.50 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H); '3C NMR (100
MHz, CDCls) & 21.4, 37.8, 1209, 121.1, 127.5, 127.7, 128.7,
129.1, 134.4, 135.6, 136.3, 151.4, 165.0.
3-benzyl-6-methylbenzo[d]thiazole-2(3H)-thione (4p)'s Yellow
solid; mp 154-155°C. 'H NMR (400 MHz, CDCls) § 2.37 (s, 3H),

25 5.68 (s, 2H), 6.98 (d, J = 8.4 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H),
7.26-7.31 (m, 6H); '3C NMR (100 MHz, CDCl3) & 21.0, 49.5,
112.7, 121.4, 127.1, 127.7, 127.9, 128.0, 128.9, 134.5, 135.0,
139.5, 189.7.
2-(4-tribromoethanol)-6-methylbenzo[d]thiazole (3q) Yellow

30 solid; mp 83-84°C. 'H NMR (400 MHz, CDCl3) § 2.41 (s, 3H),
448 (s, 2H), 7.20 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H),
7.39 (d, J = 8.4 Hz, 2H), 7.49 (s, 1H), 7.75 (d, J = 8.4 Hz, 1H);
13C NMR (100 MHz, CDCl3) & 21.5, 37.0, 120.9, 121.2, 121.7,
127.6, 130.8, 131.8, 134.6, 135.6, 135.7, 151.3, 164.4; HRMS

35 (ESD): m/z [M+H]" caled for CisHisBrNS,: 349.9673; found:
349.9669. Elemental analysis calcd (%) for CisHi2BrNSz: C
51.43, H 3.45, N 4.00; Found: C 51.48, H 3.49, N 3.95.
3-(4-bromobenzyl)-6-methylbenzo[d]thiazole-2(3H)-thione
(49)

40 Yellow solid, mp 146-147°C. "H NMR (400 MHz, CDCls) § 2.38
(s, 3H), 5.62 (s, 2H), 6.95 (d, J= 8.4 Hz, 1H), 7.10 (d, J= 8.4 Hz,
1H), 7.18 (d, J = 8.4 Hz, 2H), 7.30 (s, 1H), 7.44 (d, J = 8.4 Hz,
2H); 13C NMR (100 MHz, CDCl;) & 21.1, 48.9, 112.4, 121.6,
121.9, 127.6, 128.1, 128.9, 132.1, 133.5, 135.2, 139.2, 189.7,

45 HRMS (ESI): m/z [M+H]" calcd for CisHisBrNSa: 349.9673;
found: 349.9675. Elemental analysis calcd (%) for CisHi2BrNSa:
C 51.43, H 3.45, N 4.00; Found: C 51.38, H 3.35, N 4.05.
6-chloro-2-(1-(4-methoxyphenyl)ethylthio)benzo[d]thiazole
(3r) White solid; mp 76-77°C. '"H NMR (400 MHz, CDCls) &

50 1.75 (d, J = 6.8 Hz, 3H), 3.71 (s, 3H), 5.02 (q, J = 7.2 Hz, 1H),
6.78 (d, J = 8.4 Hz, 2H), 7.27-7.32 (m, 3H), 7.61 (s, 1H), 7.71 (d,
J=8.4 Hz, 1H); *C NMR (100 MHz, CDCl;) § 21.6, 46.4, 54.3,
113.1, 119.6, 121.3, 125.7, 127.6, 129.2, 132.6, 135.6, 150.3,
158.2, 165.7, HRMS (ESI): m/z [M+H]" calcd for CisHisCINOS::

55 336.0284; found: 336.0290. Elemental analysis calcd (%) for
Ci6H14CINOS:: C 57.22, H 4.20, N 4.17; Found: C 57.35, H 4.33,
N 4.06.
6-chloro-3-(1-(4-methoxyphenyl)ethyl)benzo[d]thiazole-

2(3H)-thione (4r) Yellow oil. '"H NMR (400 MHz, CDCls) &

50 1.80 (d, J = 7.2 Hz, 3H), 3.72 (s, 3H), 6.72 (d, J = 9.2 Hz, 1H),
6.80 (d, /= 8.8 Hz, 2H), 6.97 (dd, J = 2.0, 8.8 Hz, 1H), 7.03 (q, J
= 6.8 Hz, 1H), 7.14 (d, J = 8.4 Hz, 2H), 7.34 (s, 1H); 3C NMR
(100 MHz, CDCl3) 8 15.2, 54.9, 55.3, 114.4, 114.9, 120.8, 126.5,
127.6, 128.8, 129.6, 130.4, 138.6, 159.2, 189.7; HRMS (ESI): m/z

35 [M+H]" caled for Ci6HisCINOS:: 336.0284; found: 336.0279.
Elemental analysis calcd (%) for CisH14CINOS,: C 57.22, H 4.20,
N 4.17; Found: C 57.38, H 4.35, N 4.08.
6-chloro-2-(1-phenylethylthio)benzo[d]thiazole (3s) Colorless
oil. '"H NMR (400 MHz, CDCls) 6 1.74 (d, J = 6.8 Hz, 3H), 5.03

10 (q, J = 7.2 Hz, 1H), 7.16 (d, J = 6.8 Hz, 1H), 7.21-7.25 (m, 3H),
7.36 (d, J= 7.6 Hz, 2H), 7.54 (s, 1H), 7.67 (d, J = 8.8 Hz, 1H);
13C NMR (100 MHz, CDCl3) & 22.7, 47.7, 120.6, 122.3, 126.7,
127.4, 127.9, 128.8, 130.2, 136.6, 141.7, 151.8, 166.6; HRMS
(ESI): m/z [M+H]" caled for CisHi3CINS,: 306.0178; found:

75 306.0181. Elemental analysis caled (%) for CisHi2CINS,: C
58.91, H 3.95, N 4.58; Found: C 58.95, H 4.08, N 4.45.
6-chloro-3-(1-phenylethyl)benzo[d]thiazole-2(3H)-thione (4s)
Colorless oil; 'H NMR (400 MHz, CDCl3) & 1.90 (d, J =7.2 Hz,
3H), 6.75 (d, /= 8.8 Hz, 1H), 7.04 (dd, J = 2.0, 8.8 Hz, 1H), 7.16

30 (q,J=7.2 Hz, 1H), 7.26-7.32 (m, 2H), 7.35-7.38 (m, 2H), 7.43 (d,
J=2.0 Hz, 1H); 3C NMR (100 MHz, CDCls) § 15.1, 55.2, 114.8,
120.9, 126.3, 126.6, 127.9, 128.7, 129.1, 130.4, 137.6, 138.5,
189.8; HRMS (ESI): m/z [M+H]" caled for CisHi3CINS::
306.0178; found: 306.0183. Elemental analysis calcd (%) for

35 C1sHi2CINS,: C 58.91, H 3.95, N 4.58; Found: C 58.99, H 4.05,
N 4.47.
2-(4-methylbenzene)-6-chlorobenzo[ d]thiazole (3t) White solid;
mp 99-101°C. '"H NMR (400 MHz, CDCl3) § 3.76 (s, 3H), 4.52 (s,
2H), 6.83 (d, J = 8.8 Hz, 2H), 7.33-7.36 (m, 3H), 7.66 (d, J= 2.0

)0 Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H); *C NMR (100 MHz, CDCls) &
37.4,55.3,114.2,120.7, 122.1, 126.7, 127.8, 130.1, 130.4, 136.5,
151.8, 159.3, 167.3; HRMS (ESI): m/z [M+H]" calcd for
CisHi3CINOS:: 322.0127; found: 322.0131. Elemental analysis
caled (%) for CisHi2CINOS;: C 55.98, H 3.76, N 4.35; Found: C

)5 56.12, H 3.83, N 4.28.
3-(4-methoxide)-6-chlorobenzo[d]thiazole-2(3H)-thione  (4t)
White solid; mp 152-153°C. 'H NMR (400 MHz, CDCl;) & 3.76
(s, 3H), 5.58 (s, 2H), 6.84 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 8.8 Hz,
1H), 7.20-7.25 (m, 3H), 7.43 (s, 1H); ¥C NMR (100 MHz,

)0 CDCl3) & 49.1, 55.3, 113.6, 114.4, 121.0, 126.0, 127.2, 128.6,
128.9, 130.8, 140.1, 159.4, 189.8; HRMS (ESI): m/z [M+H]*
caled for CisH3CINOS,: 322.0127; found: 322.0129. Elemental
analysis calcd (%) for CisH12CINOS,: C 55.98, H 3.76, N 4.35;
Found: C 55.89, H 3.85, N 4.40.

)5 2-(4-chlorobenzylthio)-6-chlorobenzo[d]thiazole (3u) Yellow
solid; mp 82-83°C. 'H NMR (400 MHz, CDCls) & 4.52 (s, 2H),
7.26 (d, J = 8.4 Hz, 2H), 7.34-7.37 (m, 3H), 7.67 (d, J = 1.2 Hz,
1H), 7.76 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz, CDCls) 8
36.9, 120.7, 122.2, 126.8, 128.9, 130.3, 130.5, 133.7, 134.7,

10 136.5, 151.6, 166.5; HRMS (ESI): m/z [M+H]" calcd for
Ci4H10CLaNS2: 325.9632; found: 325.9629. Elemental analysis
caled (%) for CisHoCIbNS,: C 51.54, H 2.78, N 4.29; Found: C
51.39,H2.82,N 4.25.
3-(4-chlorobenzyl)-6-chlorobenzo[d]thiazole-2(3H)-thione (4u)

L5 Yellow solid; mp 162-163°C. 'H NMR (400 MHz, CDCl3) § 5.62
(s, 2H), 6.97 (d, J = 8.8 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.26-
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7.31 (m, 3H), 7.48 (d, J = 2.0 Hz, 1H); 3C NMR (100 MHz,
CDCl:) 6 48.9, 113.3, 121.2, 127.4, 128.5, 128.8, 129.3, 131.0,
132.5, 134.1, 139.8, 189.9; HRMS (ESI): m/z [M+H]" calcd for
Ci4H10CIoNS,: 325.9632; found: 325.9630. Elemental analysis
5 caled (%) for C14HoCINS,: C 51.35, H 2.88, N 4.21; Found: C
51.39,H2.82,N 4.25.
6-fluoro-2-(1-(4-methoxyphenyl)ethylthio)benzo[d]thiazole
(3v) White solid; mp 68-69°C. 'H NMR (400 MHz, CDCIl3) &
1.81 (d, J = 6.8 Hz, 3H), 3.77 (s, 3H), 5.09 (q, J = 6.8 Hz, 1H),
10 6.85 (d, J = 8.8 Hz, 2H), 7.12 (dt, J = 2.0, 8.8 Hz, 1H), 7.37-7.39
(m, 3H), 7.81 (dd, J = 4.8, J = 8.8 Hz, 1H); '3C NMR (100 MHz,
CDCL) § 22.7, 47.4, 55.3, 107.4 (d, %Jcr = 27 Hz), 114.1, 114.3
(d, 2Jer= 24 Hz), 122.4 (d, *Jcr = 9 Hz), 128.6, 133.6, 136.5 (d,
3Jcr = 11 Hz), 149.9, 159.2, 159.9 (d, Jcr = 243 Hz), 165.5;
15 HRMS (ESI): m/z [M+H]" caled for CisHisFNOS,: 320.0579;
found: 320.0583. Elemental analysis calcd (%) for CisH14FNOS::
C 60.16, H 4.42, N 4.39; Found: C 60.25, H 4.45, N 4.43.
6-fluoro-3-(1-(4-methoxyphenyl)ethyl)benzo[d]thiazole-
2(3H)-thione (4v) White solid; mp 120-121°C. 'H NMR (400
20 MHz, CDCl3) 6 1.87 (d, J = 7.2 Hz, 3H), 3.79 (s, 3H), 6.80-6.85
(m, 2H), 6.87 (d, J = 8.4 Hz, 2H), 7.11 (q, J= 7.2 Hz, 1H), 7.16
(d, J=7.2 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H); '*C NMR (100 MHz,
CDCL) § 14.7, 54.5, 54.8, 107.7 (d, %Jer= 27 Hz), 113.3 (d, 2Jcr
=24 Hz), 113.9, 114.5 (d, 3Jcr= 9 Hz), 127.1, 128.2 (d, *Jcr =
2510 Hz), 129.2, 135.9, 158.7, 159.2 (d, Jer = 245Hz), 189.1;
HRMS (ESI): m/z [M+H]" caled for CisHisFNOS2: 320.0579;
found: 320.0580. Elemental analysis calcd (%) for CisHi4FNOS::
C 60.16, H 4.42, N 4.39; Found: C 60.20, H 4.38, N 4.45. Crystal
data and structure refinement for 4v (CCDC: 956821): Empirical
30 formula: Ci6H14FNOS; (Formula weight: 319.40); Temperature:
298(2) K; Wavelength: 0.71073 A; Crystal system, space group
Monoclinic, P 21/c; Unit cell dimensions: a = 7.698(3) A, a.=90°,
b = 8.149(4) A, B = 92.030(8)°, ¢ = 23.607(10) A, y = 90°,
Volume: 1480.0(11)A%; Z = 4, Calculated density: 1.433Mg/m’?;
35 Absorption coefficient: 0.368 mm'; F(000): 664; Crystal size:
0.23 x 0.21 x 0.15 mm; Theta range for data collection: 1.73 to
25.10 deg.; Limiting indices: -9<=h<=9, -8§<=k<=9, -28<=<=27;
Reflections collected /unique: 6527/2586 [R(int) = 0.0404];
Completeness to theta = 25.10: 97.9 %; Absorption correction:
40 Semi-empirical from equivalents; Max. and min. transmission:
0.9469 and 0.9202. Refinement method: Full-matrix least-
squares on F2 Data / restraints / parameters: 2586 / 0 / 193;
Goodness-of-fit on F% 1.092, Final R indices [I>2c (I)]: RI =
0.1140, wR2 = 0.2717. R indices (all data): R/ = 0.1202, wR2 =
45 0.2753. Extinction coefficient 0.016(5) .Largest diff. peak and
hole: 0.493 and -0.472 e.A"
2-(4-ethylbenzene)-6-fluorobenzo[d]thiazole (3w) White solid;
mp 102-103°C. 'H NMR (400 MHz, CDCls)  2.31 (s, 3H), 4.52
(s, 2H), 7.09-7.14 (m, 3H), 7.30 (d, J = 7.2 Hz, 2H), 7.38 (d, J =
50 8.0 Hz, 1H), 7.79 (dd, J = 4.4, 7.6 Hz, 1H); 3*C NMR (100 MHz,
CDCl) 8 21.1, 37.6, 107.5 (d, 2Jc-r = 27 Hz), 114.4 (d, 2Jcr = 24
Hz), 122.2 (d, 3Jcr= 9 Hz), 129.1, 129.5, 132.9, 136.2 (d, 3Jcr=
11 Hz), 137.6, 149.8, 159.8 (d, 'Jcr = 243 Hz), 166.1; HRMS
(ESI): m/z [M+H]" caled for CisHisFNS2: 290.0473; found:
55 290.0479. Elemental analysis calcd (%) for C1sHi2FNS,: C 62.26,
H 4.18, N 4.84; Found: C 62.41, H4.10, N 4.79.
3-(4-ethylbenzene)-6-fluorobenzo[d]thiazole-2(3H)-thione (4w)
White solid; mp 164-165°C. 'H NMR (400 MHz, CDCI3) & 2.30

(s, 3H), 5.62 (s, 2H), 6.99-7.04 (m, 2H), 7.12 (d, J = 7.6 Hz, 2H),

50 7.17-7.21 (m, 3H); C NMR (100 MHz, CDCls) & 21.1, 49.5,
108.4 (d, 2Jc-r = 26 Hz), 113.6 (d, 3Jcr = 8 Hz), 114.5 (d, 2Jcr =
24 Hz), 127.1, 128.7 (d, 3Jcr= 7 Hz), 128.8, 129.7, 131.0, 137.9,
160.2 (d, 'Jer = 244 Hz), 189.8; HRMS (ESI): m/z [M+H]" calcd
for CisHi3FNS2: 290.0473; found: 290.0477. Elemental analysis

55 caled (%) for CisHi2FNS2: C 62.26, H 4.18, N 4.84; Found: C
62.36, H4.15, N 4.88.
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Efficient construction of C-S and C-N bond via metal-free reductive
coupling of N-tosylhydrazones with benzo[d]thiazole-2-thiol

45 Yuging Lin, 2 Puying Luo,*" Qiang Zheng,® Yumei Liu,? Xiaoyan Sang,? and Qiuping Ding*?

Abstract: An efficient procedure for the synthesis of diverse benzo[d]thiazole derivatives has been developed via metal-free reductive
coupling of N-tosylhydrazones with benzo[d]thiazole-2-thiol. 2-Thio-substituted benzothiazoles are useful synthetic intermediates and
promising biologically active compounds. The present process tolerates a wide range of substrates with high efficiency and moderate

50

selectivity.

Graphical Abstract:

NNHTs

R2JL

K>COs, dioxane

R1

N
\>_SH +
S

Ny, 110°C, 24 h

R1
R! \ﬁRZ
XN >7R2 x—N
P S\>—S . RO S>:s
major minor

8 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]

Page 8 of 8



