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Abstract – Sodium hydroxide is found to serve as a new activator for the 

palladium-catalyzed C-H arylation of thiazole derivatives with aryl bromides and 

aryl iodides. The reaction of benzothiazole proceeds smoothly with 

4-bromoanisole to afford the corresponding coupling product in an excellent yield. 

Thiazole, which is a five-membered heteroaromatic compound composed of nitrogen and sulfur atom, 

shows remarkable properties as functional organic materials as well as biologically important molecules.
1
 

Synthesis of substituted thiazole derivatives is thereby a major concern in synthetic organic chemistry. 

The cross-coupling methodology with a transition metal catalyst is a practical tool for the introduction of 

a substituent into the thiazole ring.
2
 In particular, direct coupling of a thiazole derivative at the 

carbon–hydrogen bond by the catalysis of palladium is one of the practical way to introduce aryl and 

alkenyl groups via the carbon–carbon bond formation.
3,4 

We have recently shown that the reaction of thiazole with an aryl iodide with a palladium/copper catalyst 

system in the presence of tetrabutylammonium fluoride (TBAF) as an activator induces carbon–carbon 

bond formation at the 2-position of thiazole.
5
 The reaction was found to take place under mild conditions 

when several aryl iodies are employed as an organic electrophile, while use of aryl bromides was found to 

result in no reaction. Since the use of bromides as an electrophile for the coupling reaction considerably 

extends synthetic utility, our further concern has centered to investigate new catalytic reaction system to 

allow the reaction of aryl bromides for the introduction of the substituent into thiazole. We herein report 

that the use of sodium hydroxide as an activator undergoes the direct CH arylation of thiazole derivatives 

with aryl bromides when bulky trialkylphosphine is employed as a ligand for the palladium catalyst.
6 
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We have examined the reaction of thiazole with 4-bromoanisole under the reaction conditions for aryl 

iodides using TBAF
5a

 to result in no reaction. Switching the ligand of palladium to (t-Bu3)P was also 

ineffective. However, the reaction was found to occur when an inorganic base such as potassium 

carbonate and sodium hydroxide is employed instead of TBAF.  

When the reaction of benzothiazole 1 (0.5 mmol) with 4-bromoanisole 2a (0.6 mmol) was carried out 

with PdCl2(NCPh)2 (10 mol%)-[t-Bu3PH]BF4 (20 mol%)/CuI (10 mol%) and sodium hydroxide (0.6 

mmol) in 3 mL of DMSO, the CH arylation reaction to give the coupling product 3a was obtained in 66% 

yield after stirring at 60 ºC for 24 h (entry 1). Results on the reaction of 1 and 2a under several conditions 

are summarized in Table 1. Longer reaction period to 46 h improved the yield to 82% (entry 2). Use of 

aqueous solution of NaOH (1M) did not undergo the reaction at all (entry 3). By contrast, use of the 

aqueous solution of K2CO3 afforded 3a in moderate yields (entry 4), while the reaction with anhydrous 

K2CO3 was found to be ineffective (entry 5). The reaction with tricyclohexylphosphine as a ligand for the 

palladium catalyst resulted in lower yield (11%, entry 5) and attempted another phosphine ligands have 

been completely ineffective so far.   

 

         Table 1. C-H arylation of benzothiazole 1 with 4-bromoanisole 2a
a
 

N

S
MeO Br+

PdCl2(NCPh)2 (10 mol%)
[t-Bu3PH]BF4(20 mol%)
CuI (10 mol%)

additive (1.2 eq.)
DMSO, 60 °C, 24 h

N

S
OMe

1 2a 3a  

 

Entry Additive Yield (%) 

1 NaOH 66 

2
b
 NaOH 82 

3 1 M aq. NaOH  0 

4 1 M aq. K2CO3 36 

5 K2CO3 11 

6
c
 NaOH 11 

 
a
 The reaction was carried out with 1 (0.5 mmol) and 2 (0.6 mmol) 

in the presence of 10 mol% of PdCl2(NCPh)2, 20 mol% of 

[t-Bu3PH]BF4 and 10 mol% of CuI in DMSO (3 mL) with the 

additive (0.6 mmol) at 60 ºC. 
b 
Reaction time was extended to 46 h. 

c
 PCy3 was employed in place of [t-Bu3PH]BF4. 

 

The reaction with other aryl bromides were examined as shown in Table 2. Bromides bearing an 

electron-donating substituents such as Me, NMe2 afforded 3 in good yields. On the other hand, the 

reaction of methyl 4-bromobenzoate resulted in a poor yield (18%). 
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Table 2. Reaction with various aryl bromides 2
a 

N

S
RBr+

PdCl2(NCPh)2 (10 mol%)
[t-Bu3PH]BF4 (20 mol%)
CuI (10 mol%)

NaOH (1.2 eq.)
DMSO, 60 °C

N

S
R

1 2 3
 

 

Entry R Time (h) Yield (%) 

1 Me 48 88 

2 H 48 81 

3 NMe2 24 91 

4 CO2Me 72 18 
a
 The reaction was carried out under the similar conditions to 

those for the entry 2 of Table 1. 

 

The reaction of unsubstituted thiazole 4 was examined under the conditions with NaOH as an activator. 

Although the reaction of 4 with TBAF has been highly selective to take place at the 2-position to give 5a 

and only a trace amount of 2,5-diarylated 6a was furnished,
5a

 the reaction with NaOH was found to be 

less selective to afford 37% of 5a and 22% of 6a. However, the improved selectivity was observed when 

the copper cocatalyst was switched to CuBr or CuCN. These results are summarized in Table 3. 

 

   Table 3. Reaction of thiazole 4
a 

N

S
MeO Br+

PdCl2(NCPh)2 (10 mol%)
[t-Bu3PH]BF4 (20 mol%)
CuX (10 mol%)

NaOH (1.2 eq.)
DMSO, 60 °C, 24 h

N

S

4 2a
5a

N

S

6a
OMe MeO OMe

+

 

 

Entry Additive CuX 
Yield (%) 

5a 6a 

1
b
 TBAF CuI 82 6 

2 NaOH CuI 37 22 

3 NaOH CuBr 43 trace 

4 NaOH CuCN 64 trace 
a
 The reaction was carried out under the similar conditions 

shown in Table 1 except the ratio of the substrates (4/2a = 

2:1). 
b
The reaction was performed with PdCl2(PPh3)2 

usder the conditions of ref 5a with 4-iodoanisole in place 

of 2a.
 
 

 

The use of NaOH as an activator for the reaction of thiazole derivatives with aryl iodides was effective. 

Triphenylphosphine complex of palladium, PdCl2(PPh3)2 was available for the reaction. When the 
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reaction of thiazole with 4-iodoanisole in the presence of PdCl2(PPh3)2 (3 mol%)/CuI (2 mol%) and 

NaOH (2 equiv) was carried out in DMSO at 60 ºC, 5a was obtained in 77% yield after stirring for 24 h. 

(eq 1-a) The reaction was also found to be applicable for the reaction of bifunctional aryl iodide 7 and 

thiazole to give 8, which is potentially available for the preparation of photoluminescent materials. 

Several spectroscopic and electrochemical properties of 7 and the further derivatives will be described in 

due course. 

               

N

S
MeO I+

PdCl2(PPh3)2 (3 mol%)
CuI (2 mol%)

NaOH (2 eq.)
DMSO, 60 °C, 24 h

N

S

5a  (77%)

OMe4
2 equiv.     

eq. 1-a

 

 

             

N

S
+

PdCl2(PPh3)2 (3 mol%)
CuI (2 mol%)

NaOH (2.5 eq.)
DMSO, 60 °C, 24 h4

8 (81%)

N

II

N

S

NN

S

2.5 equiv.

7
    

  eq 1-b

 

 

In summary, we have shown that sodium hydroxide is a new class of activator for the CH arylation 

reaction of thiazole derivatives. The availability of NaOH would extend synthetic usefulness of the CH 

arylation reaction of thiazoles, since NaOH shows advantage in the cost of synthesis toward TBAF. It is 

also worthy of note that aryl bromides are available for the reaction although further improvement of the 

catalytic reaction conditions is necessary. 

ACKNOWLEDGEMENT 

This work was partially supported by a Grant-in-Aid for Scientific Research on Priority Areas, 

"Advanced Molecular Transformation of Carbon Resources" by Ministry of Education, Culture, Sports, 

Science and Technology (MEXT), Japan. 

REFERENCES AND NOTES 

1. (a) K. Dölling, H. Zaschke, and H. Schubert, J. Prakt. Chem., 1979, 321, 643. (b) A. R. Katritzky, C. 

W. Rees, E. F. V. Scriven, 'Comprehensive Heterocyclic Chemistry II,' Pergamon, Oxford, 1996. (c) 

Y. Shirota, J. Mater. Chem., 2000, 10, 1. 

2. F. Diederich and P. J. Stang, 'Metal-Catalyzed Cross-Coupling Reaction,' Wiley-VCH, Weinheim, 

1998. 

154 HETEROCYCLES, Vol. 77, No. 1, 2009

http://dx.doi.org/10.1002/prac.19793210417
http://dx.doi.org/10.1039/a908130e
http://dx.doi.org/10.1002/9783527612222


 

3. a) S. Pivsa-Art, T. Satoh, Y. Kawamura, M. Miura, and M. Nomura, Bull. Chem. Soc. Jpn., 1998, 71, 

467. b) A. Yokooji, T. Okazawa, T. Satoh, M. Miura, and M. Nomura, Tetrahedron, 2003, 59, 5685. 

c) G. L. Turner, J. A. Morris, and M. F. Greaney, Angew. Chem. Int. Ed., 2007, 46, 7996. d) F. 

Bellina, C. Calandri, S. Cauteruccio, and R. Rossi, Tetrahedron, 2007, 63, 1970. e) F. Bellina, S. 

Cauteruccio, and R. Rossi, Eur. J. Org. Chem., 2006, 6, 1379. f) D. Alagille, R. M. Baldwin, and G. 

D. Tamagnan, Tetrahedron Lett., 2005, 46, 1349. g) H. A. Chiong and O. Daugulis, Org. Lett., 2007, 

9, 1449. h) Y. Kondo, T. Komine, and T. Sakamoto, Org. Lett., 2000, 2, 3111. i) A. L. Gottumukkala 

and H. Doucet, Eur. J. Inorg. Chem., 2007, 23, 3629. j) M. Parisien, D. Valette, and K. Fagnou, J. 

Org. Chem., 2005, 70, 7578. 

4. For recent reviews a) T. Satoh and M. Miura, Chem. Lett., 2007, 36, 200. b) I. V. Seregin and V. 

Gevorgan, Chem. Soc. Rev., 2007, 36, 1173. c) D. Alberico, M. E. Scott, and M. Lautens, Chem. 

Rev., 2007, 107, 174. d) L. C. Campeau, D. R. Stuart, and K. Fagnou, Aldrichimica Acta, 2007, 40, 

35. e) C. A. Zificsak and D. J. Hlasta, Tetrahedron, 2004, 60, 8991. 

5. a) A. Mori, A. Sekiguchi, K. Masui, T. Shimada, M. Horie, K. Osakada, M. Kawamoto, and T. Ikeda, 

J. Am. Chem. Soc., 2003, 125, 1700. b) K. Masui, A. Mori, K. Okano, K. Takamura, M. Kinoshita, 

and T. Ikeda, Org. Lett., 2004, 6, 2011. c) K. Masui, H. Ikegami, and A. Mori, J. Am. Chem. Soc., 

2005, 126, 5074. d) K. Kobayashi, A. Sugie, M. Takahashi, K. Masui, and A. Mori, Org. Lett., 2005, 

7, 5083. e) A. Sugie, K. Kobayashi, Y. Suzaki, and K. Osakada, Chem. Lett., 2006, 35, 1100. f) K. 

Kobayashi, M. S. Mohamed Ahmed, and A. Mori, Tetrahedron, 2006, 62, 9548. g) M. Takahashi, K. 

Masui, H. Sekighuchi, N. Kobayashi, A. Mori, M. Funahashi, and N. Tamaoki, J. Am. Chem. Soc., 

2006, 128, 10930. h) N. Arai, M. Takahashi, M. Mitani, and A. Mori, Synlett, 2006, 3170. i) J. 

Shikuma, A. Mori, K. Masui, R. Matsuura, A. Sekiguchi, H. Ikegami, M. Kawamoto, and T. Ikeda, 

Chem. Asian J., 2007, 2, 301. j) A. Mori, J. Shikuma, M. Kinoshita, T. Ikeda, M. Misaki, Y. Ueda, 

M. Komura, S. Asaoka, and Y. Iyoda, Chem. Lett., 2008, 37, 272. k) N. Arai, T. Miyaoku, S. Teruya, 

and A. Mori, Tetrahedron Lett., 2008, 49, 1000. For a review: l) A. Mori and A. Sugie, Bull. Chem. 

Soc. Jpn., in press. 

6. a) M. Nishiyama, T. Yamamoto, and Y. Koie, Tetrahedron Lett., 1998, 39, 617. b) A. F. Littke, S. L. 

Buchwald, and G. C. Fu, Org. Lett., 2000, 2, 1729. c) M. R. Netherton and G. C. Fu, Org. Lett., 2001, 

3, 4295. d) S. Fukuoka, T. Naito, H. Sekiguchi, T. Somete, and A. Mori, Heterocycles, 2008, 76, 819. 

 

HETEROCYCLES, Vol. 77, No. 1, 2009 155

http://dx.doi.org/10.1246/bcsj.71.467
http://dx.doi.org/10.1246/bcsj.71.467
http://dx.doi.org/10.1016/S0040-4020(03)00879-2
http://dx.doi.org/10.1002/anie.200702141
http://dx.doi.org/10.1016/j.tet.2006.12.068
http://dx.doi.org/10.1002/ejoc.200500957
http://dx.doi.org/10.1016/j.tetlet.2004.12.111
http://dx.doi.org/10.1021/ol0702324
http://dx.doi.org/10.1021/ol0702324
http://dx.doi.org/10.1021/ol000183u
http://dx.doi.org/10.1002/ejic.200700420
http://dx.doi.org/10.1021/jo051039v
http://dx.doi.org/10.1021/jo051039v
http://dx.doi.org/10.1246/cl.2007.200
http://dx.doi.org/10.1039/b606984n
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1016/j.tet.2004.07.016
http://dx.doi.org/10.1021/ja0289189
http://dx.doi.org/10.1021/ol049386z
http://dx.doi.org/10.1021/ja031855p
http://dx.doi.org/10.1021/ja031855p
http://dx.doi.org/10.1021/ol052063y
http://dx.doi.org/10.1021/ol052063y
http://dx.doi.org/10.1246/cl.2006.1100
http://dx.doi.org/10.1016/j.tet.2006.07.097
http://dx.doi.org/10.1021/ja060749v
http://dx.doi.org/10.1021/ja060749v
http://dx.doi.org/10.1055/s-2006-947326
http://dx.doi.org/10.1002/asia.200600305
http://dx.doi.org/10.1246/cl.2008.272
http://dx.doi.org/10.1016/j.tetlet.2007.12.010
http://dx.doi.org/10.1016/S0040-4039(97)10659-1
http://dx.doi.org/10.1021/ol0058947
http://dx.doi.org/10.1021/ol016971g
http://dx.doi.org/10.1021/ol016971g
http://dx.doi.org/10.3987/COM-08-S(N)12



