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Abstract --- By heating with sodium formate and tetrakis(tri- 
phenylphosphine)palladium, chloropyrazines were converted to the 

parent pyrazines in satisfactory yields. The chlorine atoms of 

chloropyrazine N-oxides could also be removed, leaving the N-0 

group. 

Several procedures for the reduction of halogenated arenes are available. la-f 

In the course of the investigation on pyrazines, we once reported the reduction of 

2-chloropyrazine 4-oxides via hydrazino comp~unds.~ Since the yields in this 

procedure were not always good, our continued effort has led us to explore other 

means to achieve the removal of halogen atoms on the pyrazine ring. The Helquist's 

work3 on the dechlorination of halogenated arenes prompted us to apply his method 

to the dechlorination of 2-chloropyrazines. This report communicates that 

Helqulst's procedure answers to our purposes and is especially useful for the 

reduction of 2-chloropyrazine 1- and 4-oxides without deoxygenating the N-0 group. 

The reactions of 2-chloropyrazines (1A-D) were carried out under the same 

conditions as reported, in which the substances (1 mmol) in 5 ml of N,N-dimethyl- 

formamide (DMF) were heated with sodium formate (1.5 mmol) and tetrakis(tripheny1- 

phosphine)palladium (0.05 mmol) at 100' for 2 hr under an argon stream. The 

reaction mixture was treated with water and extracted with hexane or ether to give 

the product, which was purified by column chromatography on silica gel (Wakogel C- 

200). As shown in Table I, all products were obtained In satisfactory yields, 

although the existence of a methoxyl group (1B) on the ring lowers the yields 

slightly. 2,5-Dichloropyrazines (1E-0) were also subjected to this reaction, 

using three equivalents of sodium formate and 0.01 equivalents of the palladium 

catalyst, and two chlorine atoms were readily removed. 



Table I, Dechlorination of Chloropyrazines 

HCOONa , % N RI 3 Y Pd(PPhd4 R3 N 

Substrate Product Yield mp or bp 
( I )  (lit. mp or bp, 

OC or "C/torr) 

a: The starting material. 

b: Analytical and spectral data are consistent with the structures given. 

The dechlorination of some 2-chloropyrazine 1- and 4-oxides (3A-G) was also 

achieved under-the same conditions as the case of the reactions of 1A-D. The 

results are illustrated in Table 11. Interestingly, the reaction of 2,5-dichloro- 

pyrazine 1-oxides (3H-I), using one equivalent of sodium formate and 0.05 

equivalents of the catalyst, resulted in affording 2-chlaropyrazine 1-oxides 

exclusively. Both chlorine atoms of 2,5-dichloropyrazine 1-oxides could barely 

be removed by heating with three equivalents of sodium formate and 0.01 

equivalents of the catalyst at 100' for 10 hr. On the other hand, 2-chloro-3,6- 

4 diisobutylpyrazine 1,4-dioxide was not reduced under drastic conditions (pro- 

longed heating at 100' or refluxed for 15 hr). 
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Table 11. Dechlorination of Chloropyrazine N-Oxides 

Substrate Yield mp or bp 

( 5 )  (lit. mp or bp, 

"C or 'C/torr) 

Product 

a; HCOONa: 1 eq., Pd(PPhs)u: 0.05 eq., 100°, 2 hr. 

b; HCOONa: 2.1 eq., Pd(PPh,),: 0.1 eq., looo, 2 hr. 

c; HCOONa: 3 eq., Pd(PPh,).: 0.1 eq., 100°, 10 hr. 

d; The starting material. 



REFERENCES 

1. a) P. N. Rylander, "Catalytic Hydrogenation over Platinum Metals", Academic 

Press, New York, 1967. 

b) M. Tashiro, G. Fukata, and K. Oe, Org. Prep. Proced. Int., 1, 183 (1975). 
c )  H. C. Brown and S. Krishnamurthy, 3. Org. Chem., 2, 3918 (1969). 
d) E. J. Corey and J. W. Suggs, J. Org. Chem., 110, 2554 (1975). 
e) S. Masamune, G. S. Bates, and P. E. Georghiou, J. Am. Chem. Soc., 96, 3686 - 

(1974). 

f) A. Zask and P. Helquist, J. Org. Chem., 113, 1619 (1978). 

2. A. Ohta, Y. Akita, K. Takizawa, M. Kurihara, S. Masano, and T. Watanabe, 

Chem. Pharm. Bull. (Tokyo), ?_6, 2046 (1978). 

P. Helquist, Tetrahedron Letters, 1 2 8 ,  1913. 

A. Ohta, Chem. Pharm. Bull. (Tokyo), 16, 1160 (1968). 
A. Ohta, Y. Akita, and M. Hara, Chem. Pharm. Bull. (Tokyo), 27, 2027 (1979). 

G. Karmas and P. E. Spoerri, J. Am. Chem. Soc., 2, 1580 (1952). 
D. L. Evans, D. K. Minster, U.Jordis, S. M. Hecht, A. L. Mazzu, Jr., and 

A. I. Meyers, J. Org. Chem., 2, 497 (1979). 
A. Ohta, Y. Akita, and Y. Nakane, Chem. Pharm. Bull. (Tokyo), ?_7, 2980 ((1979). 

L. Birkofer, Chem. Ber., 8), 83 11947). 

A. Ohta, Chem. Pharm. Bull. (Tokyo), 12, 125 (1964). 
A. Ohta, T. Ohwada, C. Ueno, M. Sumita, S. Masano, Y. Akita, and T. Watanabe, 

Chem. Pharm. Bull. (Tokyo), 5, 1378 (1979). 
A. Ohta, S. Masano, M. Tsutsui, F. Yamamoto, S. Suzuki, H. Makita, 

H. Tamamura, and Y. Akita, J. Heterocyclic Chem., 1_8, (1981) in press. 

N. Sato, J. O w .  Chem., 2,  3367 (1978). 

Received, 25th April, 1981 


