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Abstract - The first examples of a direct introduction of an aryl group onto a pyrazole ring via 

palladium-catalyzed cross-coupling reactions are reponed. It w,as found that substituents at 1- 

position on the pyrazole ring affected the yields. and dimethylsulfamoyl group, as an electron- 

withdrawing group. gave highest yield. 

Recently, considerable attention is being paid to the direct introduction of an aryl group onto nitrogen- 

containing heteroaromatics, such as ~yr id ine , l -~  pyrimidine4 and imidaz0le,~.6 as a method for construction 

of natural products3,5 or pharma~euticals.~,~ The key reactions to build up these molecules are 

palladium-catalyzed cross-coupling reactions7 

In nitrogen-containing heteroaromatics, pyrazole is a major moiety of biologically active compounds, 

especially in the field of agricultural  chemical^.^ Although a number of synthetic methods have been 

developed to construct pyrazole, possessing an aryl group on the ring,8b.8c,y many of these methods are 

based on time-consuming multi-step procedures or structure-limited ring transformation reactions. Hence, 

a widely applicable, operationally simple methodology to construct pyrazole-containing molecules has been 

sought as a route to discovery of new biological activities. To our knowledge, however, direct 

introduction of an aryl group onto the pyrazole nucleus via a palladium-catalyzed cross-coupling reaction 

has not been published yet. 

In connection with our investigation of substances with biological activities, and from the viewpont of new 

pyrazole chemistry as well, we searched for a facile synthetic method to construct novel pyrazole 

derivatives. 

Here we now wish to report the first successhl examples of our attempts for the direct introduction of an 

aryl group onto the pyrazole ring vfa palladium-catalyzed cross-coupling reactions and a preliminary 

biological evaluation of the coupling product. 
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Firstly, reactions between 1-substituted IH-pyrazoles (1) and halobenzenes were examined in the presence 

of 5 mol% of tetrakis(triphenylphosphine)palladium(O) as a catalyst in accordance with the method 

reported in the literature6 (Scheme 1). 

Scheme 1 

1 2 3 5 
R : Me, Me2NS0, M : ZnCl, n-Bu3Sn X : Br, I 

The reactions proceeded smoothly and gave coupling products as a first examples of the palladium 

catalyzed cross-coupling reaction on the pyrazole nucleus. 

Thus, the reactions between 1 eq. of I-substituted IH-pyrazole-5-zinc chlorides or -5-tri-n-butylstannanes 

(3), prepared from 1-substituted IH-pyrazoles (1) via lithiation and transmetallation with zinc chloride or 

tri-n-butylstannyl chloride at 5-position, and halobenzenes (4), gave I-substituted 5-phenyl-IH-pyrazoles 

(5). The results were shown in Table. 

Table. Reactions of 1-substituted IH-pyrazoles (1) with halobenzenes (4). 
Run R Base M-CI X Time (h) Yield (%) 

1 Me n-BuLi ZnCI2 Br 4.5 9 

2 Me n-BuLi ZnCI2 I 4.5 19 

3 Me n-BuLi n-BuaSnCI Br 4.5 16 

4 Me n-BuLi n-Bu3SnCI I 4.5 22 

5 Me LDA ZnC12 I 4.5 57 

6 Me2NS02 LDA ZnC12 Br 6.5 75 

In the reactions of 1-methylpyrazole (1, R=Me) with halobenzenes (4) using n-BuLi as the lithiation 

reagent (Runs 1-4), iodobenzene (4, X=I) gave better results compared to that of bromobenzene (4, X=Br) 

and the yields of 5 (R=Me) were practically same; ca. 20 %. As to the metal on the pyrazole, both of 

stannane and zinc exibited similar effects. 

It was found that the yield was significantly increased by an exchange of the lithiation reagent, from n-BuLi 

to L D 4  to 57 %(Run 5). 

Substitutents at I-position on the pyrazole ring also affected to the yield of 5. Substitution of 

dimethylsulfamoyl group, as an electron-withdrawing group, instead of methyl group led firther 
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improvement concerning the yield of 5 (R=Me2NS02) to 75 % (Run 6). 

Secondly, extending this cross-coupling reaction and in expectation of biological activities, a reaction 

between I-methyl-3-trifluoromethyl-IH-pyrazole (6) and 2,3-dichloro-5-trifluoromethylpyridine (8)10 via 

3-trifluoromethyl-IH-pyrazole-5-zinc chloride (7 )  was carried out under the similar conditions as 

mentioned above (Scheme 2). Both of the heterocycles have a trifluoromethyl group on the rings, which 

is greatly of interest in biological activity. 

Scheme 2 

Me -78 "C Me reflux Me 

The reaction proceeded expectedly to furnish the desired 5-(3-chloro-5-trifluoromethyl-2-pyridy1)-I- 

methyl-3-trifluoromethyl-IH-pyrazole (9).11 However, the yield of 9 was low; ca. 20 %. 

To optimise the yield of 9, the cross-coupling reaction using stannane instead of zinc as the metal for the 

transmetallation on the pyrazole nucleus, in combination with dichlorobis(tripheny1phosphine)palladium as  

the catalyst, was also examinedL2 (Scheme 3). 

Scheme 3 

Quenching the lithium derivative with tri-n-butyltin chloride gave the 5-tri-n-butyltin-IH-pyrazole (10) in 

63% yield, which enabled the cross-coupling reaction with the pyridine ( 8 )  to give 9 in 56% yield. 

Although the route was a two-step reaction, the total yield of 9 from the starting pyrazole (6) was 

significantly improved. 

The coupling product (9) was subjected to biological assay to evaluate its potential as a pesticide. 

Insecticidal activity was successfUlly found against cucurbit leaf beetle, Azrlacophora fernoralis, which 

cause a damage to the root of  cucurbitaceous plant, at 500 ppm. 
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Considering the results obtained in  this study, the palladium-catalyzed cross-coupling reaction was proved 

as a promising method to introduce an alyl group onto t h e  pyrazole nucleus as a key step t o  construct 

biologically active compounds and more complicated molecules efficiently 

Further investigation concerning t h e  cross-coupling reaction on t h e  pyrazole nucleus and substitution 

reaction on the compound (9) as well as biological evaluations, are now in progress 
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