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Abstract – The convenient and versatile one-pot preparation of the 

2-aminobenzothiazoles by the highly efficient copper(I)-catalyzed intramolecular 

cyclization of commercially available o-halophenyl isothiocyanates with 

N-nucleophiles has been accomplished. The reaction of not only the o-iodophenyl 

or o-bromophenyl isothiocyanates, but also the o-chlorophenyl one proceeded 

under inorganic base-free conditions. 

 

INTRODUCTION 

Various methods for the constructions of benzothiazole moieties2 are available because of their broad 

range of biological activities.3 A common approach for the synthesis of the 2-substituted benzothiazole 

involves the treatment of 2-aminothiophenol with acylating agents, aldehydes or benzyl halides (eq. 1).4 

The copper catalyzed reaction of aromatic disulfide amines and aldehydes proceeds to give the 

benzothiazoles via the S-S bond fission (eq. 2).5 2-Aminobenzothiazoles are most often prepared by the 

coupling reaction of 2-haloanilines and isothiocyanates or cyclization of N-(2-halophenyl)thioureas, 

which are obtained by the reaction of 2-halophenyl isothiocyanates with amines or the acylation of 

2-haloanilines, followed by treatment with Lawesson’s reagent. (eq. 3).6 The intramolecular cyclization of 

the N-(2-halophenyl)benzothioamides generally are efficient only for the synthesis of 

2-phenyl-1,3-benzothiazoles (eq. 4).7  The syntheses of both the O- and S-substituted benzothiazoles 

were also achieved by the copper(I)-catalyzed reaction of 2-halophenyl isothiocyanates with O- or S- 

nucleophiles. (eq. 5)8 The copper-catalyzed thiolation reaction of N-(2-haloaryl)trifluoromethylacet- 

imidoyl chlorides with sulfides has been developed for synthesizing 2-trifluoromethylbenzothiazoles (eq. 
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6).9 Moreover, the 2-trifluoromethylbenzothiazoles have been synthesized via the C-H bond 

functionalization from trifluoroimidoyl chlorides and NaSH (eq. 7)10 In addition, the intramolecular 

cyclization of the unsubstituted thiobenzamides to the benzothiazoles via aryl radical cations by the 

phenyliodine(III) bis(trifluoroacetate) or thiyl radical using hipervalent iodine reagent has been developed 

(eq. 8).11 

The majority of these methods include a transition metal-catalyst such as Pd or Cu, inorganic base and 

often a ligand. Moreover, the reactions frequently require heated conditions and very limited types of the 

2-substituents on the benzothiazole ring. 

 

RESULTS AND DISCUSSION 

To overcome these drawbacks, we now describe a highly efficient method for the synthesis of the 

1,3-benzothiazoles having an amino group such as NRR’ and NHR at the 2-position by the 

copper-catalyzed inorganic base-free one-pot tandem addition-cyclization reaction of 2-halophenyl 

thiocyanates (1) with N-nucleophiles without the isolation of the intermediates, thioureas, in our 

continuing studies on chalcogen-containing heterocycles.12,13 

The treatment of 2-iodophenyl isothiocyanate (1A, 1.0 mmol) with piperidine (2a, 2.5 mmol) in the 

presence of CuI (10 mol %) in benzene at room temperature resulted in the direct ring-closure to give 

2-piperidino-1,3-benzothiazole (3a) in 100% isolated yield; the reaction took place very rapidly and was 

completed within a few minutes under an air atmosphere (Table 1, entry 1). When 5 and 1 mol % of CuI 

were allowed to react with the isothiocyanate (1A) and piperidine (2a) under the same conditions, the 

1,3-benzothiazole (3a) was formed in 98 and 99% isolated yields, respectively (entries 2 and 3). However, 
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3a was only slightly formed in the absence of CuI (entry 4), in addition, the use of a 1.0 equivalent of 

piperidine did not give the desired cyclized product irrespective of the amount of the catalyst; only the 

thiourea 4Aa was obtained in 94% yield (entry 5). Both the monovalent (e.g., CuBr and CuCl) and 

bivalent copper-catalyst (e.g., CuBr2, Cu(OTf)2, CuSO4 and Cu(OH)2) were almost equally effective; the 

reaction occurs under copper catalytic conditions (entries 6-11). Fortunately, this tandem 

addition-cyclization reaction of both the 2-bromophenyl (1B) and 2-chlorophenyl isothiocyanates (1C) 

also took place under inorganic base-free similar mild conditions at room temperature to produce the 

benzothiazole (3a), although the reaction time had to be increased for completion; 1B and 1C are quite 

superior to 1A regarding cost of the substrates (entries 12-17). 3a was obtained using 10 mol % CuI  

 

  Table 1. Reaction of 2-halophenyl isothiocyanates (1) with piperidine (2a)a 

 
 

Entry Isothiocyanate (X) Catalyst (mol %) temp Time Yield (%) 
1 1A (I) CuI (10) rt 2 min 100b 
2 1A CuI (5) rt 2 min 98b 
3 1A CuI (1) rt 5 min 99b 
4 1A None rt 24 h tracec 
5 1A CuI (1) rt 24 h traced 
6 1A Cu Br (1) rt 10 min quantc 
7 1A CuCl (1) rt 10 min quantc 
8 1A CuBr2 (1) rt 30 min quantc 
9 1A Cu(OTf)2 (1) rt 20 min quantc 
10 1A CuSO4 (1) rt 4 h quantc 
11 1A Cu(OH)2 (1) rt 20 h quantc 
12 1B (Br) CuI (1) rt 72 h 72b 
13 1B CuI (10) rt 24 h quantc 
14 1B CuI (5) reflux 15 h quantc 
15 1C (Cl) CuI (1) rt 72 h 70b 
16 1C CuI (10) rt 24 h quantc 
17 1C CuI (5) reflux 20 h quantc 
18 1A PdCl2(PPh3)2 (10) rt 24 h trace 

a Standard reaction conditions: isothiocyanate (1, 1.0 mmol), piperidine (2.5 mmol), benzene (2.5 mL). 
b Isolated yield. 
c HPLC yield. 
d 1.0 mmol of piperidine was used. 
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within 24 h from 1B and 1C in quantitative yields, respectively (entries 13 and 16). The heating of the 

isothiocyanates (1B, 1C) with piperidine (2a) under 5 mol % CuI conditions in refluxing benzene for 

15-20 h afforded the benzothiazole (3a) in excellent yields (entries 14 and 17). The use of benzene as a 

solvent afforded the best results. The thiazole 3a was obtained in trace by the addition of a palladium 

catalyst (entry 18). 

 

 
 

Previously reported methods8 for the syntheses of the benzothiazoles from the 2-halophenyl 

isothiocyanates and nucleophiles require a metal-catalyst, an inorganic base such as Na2CO3, NaOH, 

K2CO3, KOt-Bu, K3PO4, and Cs2CO3, various ligands, and often higher reaction temperature (eq. 5, 

Scheme 1). However, in our present investigation, the reaction smoothly proceeded to give the expected 

benzothiazoles without any inorganic bases, ligands at room temperature, and even o-chlorophenyl 

isothiocyanate. Thus, in order to clarify the details of this difference in the reported methods including the 

mechanism, we tried to develop more experimentation (Scheme 2). When the treatment of the thiourea 

4Aa, which was easily obtained by the reaction of the isothiocyanate (1A) and 1.0 equivalent amount of 

piperidine (2a) in benzene at room temperature, with CuI (5 mol %) as the catalyst in benzene, the 

reaction did not take place at all. However, the reaction very rapidly proceeded and finished within a few 

minutes by the addition of piperidine (2a) at room temperature. With the addition of piperidine in the 

absence of CuI, the thiazole 3a was not obtained from the thiourea 4Aa. Similarly, when diethylamine or 

triethylamine as an aliphatic amine was employed, the corresponding product 3a was almost 

quantitatively obtained; the use of triethylamine required a long reaction time (e.g., 20-24 h). In these 

cases, using inorganic bases and ligands are not essential. This fact evidently indicates that the secondary 

amine operated as a nucleophile toward the isothiocyanate moiety at the first addition step, and had an 

effect as a base to remove HX on the second elimination step. 

Next, the extension of this tandem addition-cyclization of 2-halophenyl isothiocyanates (1) with several 

amine nucleophiles (2) was carried out and the obtained results are summarized in Table 2. The present 

cyclization of the 2-halophenyl isothiocyanates (1) with aliphatic, aromatic, secondary and primary mono 

and diamines almost quantitatively proceeded except for o-phenylenediamine (2n). 2-Piperidinobenzo- 

thiazole (3a) was quantitatively obtained from not only o-iodophenyl, but also from the o-bromophenyl 
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Table 2. Preparation of 2-amino-1,3-benzotiazoles (3) 

 
Isothiocyanate

(X) Amine Product Yield
(%)a

Entry

NH

NHO

Et2NH

n-BuNH2

PhNH2

PhNHMe

N
NH

N

S

N O

N

S
NEt2

10

11

12

13

14

15

N

S
N

t -BuNH2

N

S

NHn-Bu

N

S

NHt-Bu

N

S
NHPh

N

S
NMePh

N

S

N
N

N

S
N

N

S

NHHN

H2N

N

S

N

H
N

C
H2

1A (I)
1B (Br)
1C (Cl)

100
100
100

100

93

92

81

1
2
3

N

S

NNH

98

90

93

95

97

1A

1A

1A

1A

1A

1A

1A

1A
1B
1C

100
96
0b

Method

I
III
IV

II

II

V

V

V

VI

VI

4

5

6
7
8

II
IV
IV

9

3a

3b

3c

3d

3e

3f

3g

3h

3i

3j

3k

H2N

NH2
H2N

NH2

N

S H
N

H
N

N

S

N

S H
N

N
H

N

S

3l

3m

16

17

1A

1A

VI

VI

82

78

Time

5 min
24 h
20 h

5 min

5 min

5 min
1 h
24 h

II1A

II1A

20 h

20 h

20 h

24 h

24 h

24 h

24 h

48 h

NH2
N
H S

N

3

24 h

2a

2b

2c

2d

2e

2f

2g

2h

2i

2j

2k

2l

2m

 
Method I: isothiocyanate 1 (1 mmol), amine 2 (2.5 mmol), CuI (0.01 mmol), benzene (2.5 mL), rt. 
Method II: isothiocyanate 1 (1 mmol), amine 2 (2.5 mmol), CuI (0.05 mmol), benzene (2.5 mL), rt. 
Method III: isothiocyanate 1 (1 mmol), amine 2 (2.5 mmol), CuI (0.1 mmol), benzene (2.5 mL), rt. 
Method IV: isothiocyanate 1 (1 mmol), amine 2 (2.5 mmol), CuI (0.05 mmol), benzene (2.5 mL), reflux. 
Method V: isothiocyanate 1 (1 mmol), amine 2 (1 mmol), NEt3 (10 mmol), CuI (0.05 mmol), benzene (2.5 mL), reflux. 
Method VI: isothiocyanate 1 (1 mmol), amine 2 (0.5 mmol), NEt3 (10 mmol), CuI (0.05 mmol), benzene (2.5 mL), 
reflux. 
a Isolated yield. b Thiourea 4Ca was obtained.  
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(1B) and o-chlorophenyl isothiocyanates (1C) (entries 1-3, also Table 1, entries 13, 17). o-Iodophenyl 

isothiocyanate (1A) similarly reacted with 2.5 equivalents of the secondary amine, pyrrolidine (2b) and 

morpholine (2c) in the presence of CuI (5 mol %) in benzene at room temperature to produce the 

corresponding 2-aminobenzothiazoles (3b and 3c) in 95 and 97% yields, respectively (entries 4, 5). 

2-(Diethylamino)benzothiazole (3d) was also produced by the reaction of 2-iodophenyl (1A) and 

2-bromophenyl isothiocyanate (1B) with diethylamine (2d) in excellent yields (entries 6, 7). 

Unfortunately, 3d was not produced from 2-chlorophenyl isothiocyanate (1C) and diethylamine (2d); 

only a complex mixture involving the thiourea 4Ca was obtained. When n-butyl (2e) and t-butyl amines 

(2f) as a primary aliphatic amine were allowed to react with 1A under similar conditions, the 

corresponding 2-aminobenzothiazoles (3e and 3f) were also obtained in 100 and 93% yields, respectively, 

although a prolonged reaction time was needed (entries 9, 10). Aromatic amines, aniline (2g), 

N-methylaniline (2h) and imidazole (2i) also afforded the corresponding products (3g, 3h, 3i) in good 

yields (entries 11-13). It is also notable that even when a diamine, such as piperazine and 

propylenediamine, were employed, the symmetrical products 3j and 3k were obtained in 92 and 81% 

yields, respectively (entries 14, 15). The reaction of three kinds of structural isomers of the 

phenylenediamine with isothiocyanate 1A was examined. m-Phenylenediamine (2l) and 

p-phenylenediamine (2m) reacted with 1A to give the normal 1:2 adducts 3l and 3m in good yields as the 

sole products (entries 16, 17). On the contrary, o-phenylenediamine (2n) afforded the 1:1 cyclization 

product 5 (17% yield) and the imidazole derivative 6 (13% yield) in addition to the normal expected 1:2 

adducts, the bis(benzothiazoyl) derivaive (3n) (13% yield) as shown in Scheme 3. The 

mono-benzothiazole (5) was produced by the copper-catalyzed ring-closure of the monothiourea (4An). 

The formation of the imidazole (6) may be explained as follows: the intramolecular nucleophilic attack of 

the benzothiazol-2-yl-amino moiety on the thiocarbonyl carbon in the mono ring-closure intermediate 8  
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generated the sulfanylimidazole intermediate (9), followed by dehydrosulfidation to give 6. The 

mechanism for the formation of 6 through 8 and 9 is essentially similar to that of the 

2-aminobenzimidazoles from the isoselenocyanates reported by Xie and co-workers.14 

 

CONCLUSION 

In summary, we have developed a simple and practical protocol for synthesizing the benzothiazole 

moieties having various amino groups at the C-2 position by the copper-catalyzed tandem 

addition-cyclization reaction of 2-halophenyl isothiocyanates with N-nucleophiles in a one-pot reaction. 

Most importantly, by comparing the reported methodology, this protocol allows the C-S bond formation 

under inorganic base-free conditions, the products are obtained in high yields, and all the starting 

materials, e.g., the 2-haolophenyl isothiocyanates and amines, are commercially available. 

 

EXPERIMENTAL 

Melting points were measured on a Yanagimoto micro melting point hot stage apparatus and are 

uncorrected. IR spectra were determined with a Horiba FT-720 spectrometer. Mass spectra (MS) and 

HRMS were recorded on a JEOL JMS-DX300 instrument. NMR spectra were determined with a JEOL 

JNM-GSX 500 (500 MHz) spectrometer in CDCl3 or DMSO-d6 using tetramethylsilane as internal 

standard and J values are given in Hz. Microanalyses were performed in the Microanalytical Laboratory 

in this Faculty. 

2-Bromophenyl isothiocyanate, 2-chlorophenyl isothiocyanate, 2-iodophenyl isothiocyanate and all 

amines are commercially available. 

Method I: To a stirred mixture of 2-iodophenyl isothiocyanate (1A, 261 mg, 1 mmol) and an appropriate 

amine (2, 2.5 mmol) in benzene (2.5 mL) at room temperature was added CuI (0.01 mmol) at room 

temperature. The mixture was stirred at same conditions until disappearance of the starting material by 

the TLC check and evaporated in vacuo. The obtained residue was purified by silica gel chromatography 

using CHCl3-MeOH (100:3) as eluent to give pure 2-aminobenzothiazole (3). 

Method II: The 2-halophenyl isothiocyanate (1) was treated with CuI (0.05 mmol) and worked up as 

described for the method I. 

Method III: The 2-halophenyl isothiocyanate (1) was treated with CuI (0.1 mmol) and worked up as 

described for the method I. 

Method IV: To a stirred mixture of 2-iodophenyl isothiocyanate (1A, 261 mg, 1 mmol) and an 

appropriate amine (2, 2.5 mmol) in benzene (2.5 mL) at room temperature was added CuI (0.05 mmol). 

The mixture was refluxed until disappearance of the starting material and evaporated in vacuo. The 

obtained residue was purified by silica gel chromatography using CHCl3-MeOH (100:3) as eluent to give 
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pure 2-aminobenzothiazole (3). 

Method V: To a stirred mixture of 2-iodophenyl isothiocyanate (1A, 261 mg, 1 mmol), an appropriate 

amine (2, 1.0 mmol) and Et3N (10 mmol) in benzene (2.5 mL) was added CuI (0.05 mmol). The mixture 

was refluxed until disappearance of the starting material and evaporated in vacuo. The obtained residue 

was purified by silica gel chromatography using CHCl3-MeOH (100:3) as eluent to give pure 

2-aminobenzothiazole (3). 

Method VI: The 2-halophenyl isothiocyanate (1) was treated with the amine (2, 0.5 mmol) and worked 

up as described for the method V. 

 

The benzothiazoles (3a-i) were identical with the authentic samples; the melting points and the spectral 

data of the products were in good agreement with those already reported data except for 3d, 3e, 3f, 3h and 

3i, and the melting point of 3i is not described in the literature.7g Thus, the 1H and 13C NMR data of them 

are reported here. 

 

2-(Piperin-1-yl)benzo[d]thiazole (3a) 

Colorless needles, mp 95.5-96.5 ˚C (from CHCl3-hexane), lit.15 mp 93-94 ˚C. 

 

2-(Pyrrolin-1-yl)benzo[d]thiazole (3b) 

Colorless prisms, mp 102-103 ˚C (from CHCl3-hexane), lit.7f mp 101 ˚C. 

 

2-(Morpholin-yl)benzo[d]thiazole (3c) 

Colorless plates, mp 118-119.5 ˚C (from AcOEt-hexane), lit.16 mp 119-120 ˚C. 

 

2-(Diethylamino)benzo[d]thiazole (3d) 

Pale yellow oil, lit.7f 1H NMR (500 MHz, CDCl3) = 1.27 (6H, t, J = 7.2 Hz), 3.56 (4H, q, J = 7.2 Hz), 

7.02 (1H, ddd, J = 7.9, 7.4, 1.1 Hz), 7.26 (1H, ddd, J = 8.1, 7.4, 1.3 Hz), 7.53 (1H, dd, J = 8.1, 1.1 Hz), 

7.56 (1H, dd, J = 7.9, 1.3 Hz). 13C NMR (125 MHz, CDCl3) = 12.9 (q), 45.4 (t), 118.5 (d), 120.5 (d), 

120.7 (d), 125.8 (d), 130.6 (s), 153.3 (s), 167.3 (s). 

 

2-(n-Butylamino)benzo[d]thiazole (3e) 

Colorless prisms, mp 85-86 ˚C (from CHCl3-hexane), lit.17 mp 68 ˚C. 1H NMR (500 MHz, CDCl3) = 

0.94 (3H, t, J = 7.4 Hz), 1.38-1.47 (2H, m), 1.62-1.70 (2H, m), 3.39 (2H, t, J = 7.2 Hz), 6.21-6.36 (1H, br, 

NH), 7.06 (1H, ddd, J = 7.9, 7.3, 1.1 Hz), 7.28 (1H, ddd, J = 8.1, 7.3, 1.2 Hz), 7.50 (1H, dd, J = 8.1, 1.1 

Hz), 7.58 (1H, dd, J = 7.9, 1.2 Hz). 13C NMR (125 MHz, CDCl3) = 13.7 (q), 20.0 (t), 31.6 (t), 45.5 (t), 
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118.5 (d), 120.8 (d), 121.2 (d), 125.9 (d), 130.2 (s), 152.5 (s), 168.1 (s). 

 

2-(tert-Butylamino)benzo[d]thiazole (3f) 

Colorless needles, mp 96-96.5 ˚C (from CHCl3-hexane), lit.18 mp 91-95 ˚C (from EtOAc-hexane). 1H 

NMR (500 MHz, CDCl3) = 1.48 (9H, s), 5.20-5.32 (1H, br, NH), 7.06 (1H, ddd, J = 7.9, 7.3, 1.2 Hz), 

7.27 (1H, ddd, J = 8.1, 7.3, 1.3 Hz), 7.54 (1H, dd, J = 8.1, 1.2 Hz), 7.56 (1H, dd, J = 7.9, 1.3 Hz). 13C 

NMR (125 MHz, CDCl3) = 29.1 (q), 53.3 (s), 119.0 (d), 120.4 (d), 121.4 (d), 125.7 (d), 130.8 (s), 152.4 

(s), 164.6 (s). 

 

2-Anilinobenzo[d]thiazole (3g) 

Colorless needles, mp 163-165 ˚C (from CHCl3-hexane), lit.19 mp 159-160 ˚C. 

 

2-(N-Methylanilino)benzo[d]thiazole (3h) 

Colorless prisms, mp 76-78 ˚C (from hexane), lit.20 oil. 1H NMR (500 MHz, CDCl3) = 3.62 (3H, s), 

7.05, 7.38-7.50, 7.62 (1H, ddd, J = 7.7, 7.1, 0.9 Hz, 2H, m, 5H, m, 1H, dd, J = 8.1, 0.5 Hz). 13C NMR 

(125 MHz, CDCl3) = 40.4 (q), 119.2 (d), 120.4 (d), 121.7 (d), 125.8 (d), 126.0 (s), 127.4 (d), 129.9 (d), 

131.2 (s), 145.8 (s), 152.6 (s), 168.2 (s). 

 

2-(Imidazol-1-yl)benzo[d]thiazole (3i) 

Colorless prisms, mp 135-138 ˚C (from CHCl3-hexane), lit.7g 1H NMR (500 MHz, CDCl3) = 7.22 (1H, 

s), 7.39 (1H, ddd, J = 8.0, 7.4, 1.1 Hz), 7.50 (1H, ddd, J = 8.2, 7.4, 1.2 Hz), 7.61 (1H, s), 7.81 (1H, dd, J = 

8.0, 1.2 Hz), 7.92 (1H, dd, J = 8.2, 1.1 Hz), 8.29 (1H, s). 13C NMR (125 MHz, CDCl3) = 117.8 (d), 

121.6 (d), 122.8 (d), 125.5 (d), 127.1 (d), 131.2 (d), 132.1 (s), 135.9 (d), 150.5 (s), 155.8 (s). 

 

1,4-Bis (benzo[d]thiazol-2-yl)piperazine (3j) 

Colorless prisms, mp 292-293 ˚C (from CHCl3). 
1H NMR (500 MHz, CDCl3) = 3.82 (8H, s, CH2 x 4), 

7.12, 7.33, 7.59, 7.63 (2H, ddd, J = 7.8, 7.3, 1.2 Hz, 2H, ddd, J = 8.1, 7.3, 1.3 Hz, 2H, dd, J = 8.1, 1.2 Hz, 

2H, dd, 7.8, 1.3 Hz). 13C NMR (125 MHz, CDCl3) = 47.8 (t), 119.5 (d), 120.8 (d), 121.9 (d), 126.2 (d), 

130.8 (s), 152.5 (s), 168.4 (s). MS (FAB): m/z (relative intensity, %) 353 (7, MH+), 134 (57), 119 (64), 84 

(93), 39 (100). HRMS (FAB) m/z MH+ calcd for C18H17N4S2: 353.0895, found: 353.0899. 

 

N, N’-Bis(benzo[d]thiazol-2-yl)1,3-diaminopropane (3k) 

Colorless prisms, mp 193-198 ˚C (from CHCl3-hexane). IR (KBr, tab.): 3437 (NH) cm-1. 1H NMR (500 
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MHz, CDCl3) = 1.90-2.15 (2H, m, CH2CH2CH2), 3.44-3.53 (4H, m, CH2CH2CH2), 7.02 (2H, dd, J = 7.8, 

7.5 Hz), 7.22 (2H, ddd, J = 7.9, 7.5, 1.0 Hz), 7.40 (2H, d, J = 7.9 Hz), 7.66 (2H, dd, J = 7.8, 1.0 Hz), 8.10 

(2H, t, J = 5.2 Hz, NH). 13C NMR (125 MHz, DMSO-d6) 28.3 (t), 41.6 (t), 117.9 (d), 120.75 (d), 120.79 

(d), 125.4 (d), 130.2 (s), 152.5 (s), 166.0 (s). MS (EI): m/z (relative intensity, %) 340 (47, M+), 190 (37), 

177 (100), 150 (34), 136 (40). HRMS (EI) m/z M+ calcd for C17H16N4S2: 340.0816, found: 340.0819. 

 

N,N’-Bis(benzo[d]thiazol-2-yl)-m-phenylenediamine (3l) 

A mixture of isothiocyanate (1A, 261 mg, 1 mmol), m-phenylenediamine (2l, 54 mg, 0.5 mmol), Et3N 

(0.14 mL, 10 mmol) and CuI (10 mg) in benzene (2.5 mL) was refluxed for 48 h. The obtained precipitate 

was filtered off and washed with H2O and CHCl3. 

Colorless powder, mp 263-265 ˚C (from DMF-H2O). IR (KBr, tab.): 3430 (NH) cm-1. 1H NMR (500 MHz, 

DMSO-d6) = 7.18 (2H, ddd, J = 7.8, 7.1, 1.1 Hz), 7.30-7.41 (3H, m), 7.50 (2H, dd, J = 8.1, 1.9 Hz), 

7.63 (2H, dd, J = 7.9, 7.9 Hz), 7.83 (2H, dd, J = 7.8, 7.8 Hz), 8.25 (1H, s), 10.57 (2H, s, NH x 2). 13C 

NMR (125 MHz, DMSO-d6) = 107.1 (d), 111.8 (d), 119.0 (d), 121.0 (d), 122.2 (d), 125.8 (d), 129.4 (d), 

130.0 (s), 141.0 (s), 152.0 (s), 161.5 (s). MS (EI): m/z (relative intensity, %) 374 (100, M+), 282 (7), 224 

(15). HRMS (EI) m/z M+ calcd for C20H14N4S2: 374.0660, found: 374.0659. 

 

N,N’-Bis(benzo[d]thiazol-2-yl)-p-phenylenediamine (3m) 

p-Phenylenediamine (2m, 54 mg, 0.5 mmol) was similarly treated with isothiocyanate (1A, 261 mg, 1 

mmol) and worked up as described for the preparation of 3l to give 3m. 

Colorless needles, mp 287-290 ˚C (from DMF-H2O). IR (KBr, tab.): 3430 (NH) cm-1. 1H NMR (500 MHz, 

DMSO-d6) = 7.15 (2H, dd, J = 7.7, 7.6 Hz), 7.33 (2H, dd, J = 7.8, 7.4 Hz), 7.60 (2H, d, J = 8.0 Hz, 

7.75-7.85 (6H, m), 10.45 (2H, s, NH x 2). 13C NMR (125 MHz, DMSO-d6) = 118.7 (d), 118.9 (d), 120.9 

(d), 122.0 (d), 125.7 (d), 129.9 (s), 135.3 (s), 152.1 (s), 161.7 (s). MS (EI): m/z (relative intensity, %) 374 

(100, M+), 224 (8). HRMS (EI) m/z M+ calcd for C20H14N4S2: 374.0660, found: 374.0665. 

 

Reaction of o-phenlenediamine (2n) with isothiocyanate (1A) 

A mixture of isothiocyanate (1A, 261 mg, 1 mmol), o-phenylenediamine (2n, 54 mg, 0.5 mmol), Et3N 

(0.14 mL, 10 mmol) and CuI (10 mg) in benzene (2.5 mL) was refluxed for 48 h. The obtained mixture 

was purified by silica gel chromatography using CHCl3-MeOH (100:3) as eluent to give pure 

2-aminobenzothiazole (3n), 5 and 6. 

N,N’-Bis(benzo[d]thiazol-2-yl)-o-phenilenediamine (3n) 

Colorless needles, mp 296-300 ˚C (from CHCl3-hexane). IR (KBr, tab.): 3379 (NH) cm-1. 1H NMR (500 

MHz, CDCl3) =7.00 (2H, ddd, J = 8.0, 7.8, 1.1 Hz), 7.20 (2H, ddd, J = 8.0, 7.3, 1.2 Hz), 7.31 (2H, dd, J 
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= 6.0, 3.5 Hz), 7.34 (2H, d, J = 7.8 Hz), 7.38 (2H, d, J = 8.0 Hz), 7.84 (2H, dd, J = 6.0, 3.5 Hz), 

8.85-10.00 (2H, br, NH). 13C NMR (125 MHz, CDCl3) 118.9 (d), 120.7 (d), 122.2 (d), 124.6 (d), 126.0 

(d), 126.7 (d), 129.9 (s), 133.9 (s), 150.8 (s), 166.1 (s). MS (EI): m/z (relative intensity, %) 374 (100, M+), 

341 (33), 239 (29), 225 (39). HRMS (EI) m/z M+ calcd for C20H14N4S2: 374.0660, found: 374.0655. 

2-[(2-Aminophenyl)amino]benzo[d]thiazole (5) 

Colorless pinky prisms, 165-167 ˚C (from CHCl3-hexane). IR (KBr, tab.): 3444, 3425, 3377, 3340 (NH) 

cm-1. 1H NMR (500 MHz, CDCl3) =3.90-4.15 (2H, brs, NH2), 6.81-6.89 (2H, m), 7.07 (1H, ddd, J = 

7.8, 7.7, 1.0 Hz), 7.18 (1H, ddd, J = 8.0, 7.9, 1.4 Hz), 7.24 (1H, ddd, J = 7.9, 7.5, 1.3 Hz), 7.36-7.44 (2H, 

m), 7.52 (1H, dd, J = 7.8, 0.7 Hz), 9.25-9.65 (1H, brs, NH). 13C NMR (125 MHz, CDCl3)  116.6 (d), 

118.7 (d), 119.2 (d), 120.9 (d), 121.9 (s), 125.7 (s), 126.0 (d), 127.6 (d), 128.7 (d), 130.3 (s), 142.9 (s), 

151.7 (s), 169.3 (s). MS (EI): m/z (relative intensity, %) 241(100, M+), 225 (45), 208 (88). HRMS (EI) 

m/z M+ calcd for C13H11N3S: 241.0674, found: 241.0677. 

{2-[(2-Iodophenyl)amino]benz[d]imidazol-1-yl}benzo[d]thiazole (6) 

Colorless prisms, 196-198 ˚C (from CHCl3-hexane). IR (KBr, tab.): 3442 (NH) cm-1. 1H NMR (500 MHz, 

CDCl3) =6.81 (1H, ddd, J = 7.7, 7.5, 1.3 Hz), 7.24 (1H, ddd, J = 8.0, 7.6, 0.8 Hz), 7.32 (1H, dd, J = 7.4, 

7.4 Hz), 7.40 (1H, ddd, J = 8.0, 7.3, 0.7 Hz), 7.45 (1H, ddd, J = 8.5, 7.1, 1.4 Hz), 7.53 (1H, ddd, J = 8.1, 

7.3, 0.8 Hz), 7.62 (1H, d, J = 7.8 Hz), 7.81-7.92 (3H, m), 8.08 (1H, d, J = 8.1 Hz), 8.84 (1H, dd, J = 8.3, 

1.4 Hz), 11.25 (1H, s, NH). 13C NMR (125 MHz, CDCl3)  88.3 (s), 110.3 (d), 118.2 (d), 118.2 (d), 120.6 

(d), 121.3 (d), 122.1 (d), 124.3 (d), 124.4 (d), 125.2 (d), 127.1 (d), 129.2 (d), 130.3 (s), 130.9 (s), 139.3 

(d), 140.6 (s), 142.6 (s), 148.5 (s), 149.2 (s), 157.2 (s). MS (EI): m/z (relative intensity, %) 468 (81, M+), 

341 (100). HRMS (EI) m/z M+ calcd for C20H13N4SI: 467.9906, found: 467.9903. 

 

N-(2-Iodophenyl)piperidine-1-carbothioamide (4Aa) 

Piperidine (2a, 179 mg, 2.1 mmol) was added to a stirred solution of 2-iodophenyl isothiocyanate (1A, 

522 mg, 2.0 mmol) in benzene (5 mL) at room temperature. The mixture was stirred for 5 min, and 

evaporated in vacuo. The obtained residual solid was recrystallized from benzene-hexane to give pure 

adduct 4Aa. Yied: 657 mg (95%). Colorless prisms, mp 109-110.5 ˚C. IR (KBr-tab): cm-1. 1HNMR (500 

MHz, CDCl3)  = 1.70, 3.84 (6H, br s, 4H, br s, CH2 x 5), 6.89, 7.33, 7.51, 7.81 (1H, ddd, J = 8.0, 7.4, 1.6 

Hz, 1H, ddd, J = 8.1, 7.4, 1.4 Hz, 1H, dd, J = 8.1, 1.6 Hz, 1H, dd, J = 8.0, 1.4 Hz), 7.03 (1H, br, NH). 
13CNMR (125 MHz, CDCl3) : 24.2 (t), 25.6 (t), 50.6 (t), 94.5 (s), 125.6 (d), 126.8 (d), 128.7 (d), 139.0 

(d), 141.2 (s) 181.6 (s). MS (FAB): m/z (relative intensity, %) 347 (100, M+), 219 (94), 128 (30), 84 (20). 

HRMS (FAB): m/z M+ calcd for C12H16N2IS: 347.0079; found: 347.0072. 

 

Treatment of 4Aa with CuI and piperidine 
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Piperidine (2a, 213 mg, 2.5 mmol) and CuI (20 mg, 0.1 mmol) were added to a stirred solution of 4Aa 

(347 mg, 1 mmol) in benzene (2.5 mL) at room temperature. The mixture was stirred for 5 min, and 

evaporated in vacuo. The obtained residual solid was recrystallized from benzene-hexane to give pure 

adduct 3a. Yield: 213 mg (98%). 
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