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m - H e t e m b i a r y l s  (4) were synthesized in good yields utilizing the inuamolecular 

Ullmann coupling reaction directed by salicyl alcohol as a template. The regioselective 

cleavage of the two ester bonds of 4 gave the highly functionalized unsymmetrical 

hetembiaryls having suhstituents which are incompatible with organometallic reagents 

The highly functionalized unsymmehical heterobiaryls are of considerable interest recently as useful intermediates 

in the synthesis of biologically active natural products such as tanshinone.] The synthetic methods of 

heterobiaryls so far reported include those based on the transition metal-catalyzed cross coupling reaction of an 

aryl metal with an aryl halide and the intermolecuar Ullmann coupling reaction.2.3 However, difficulties are 

frequently encountered in the transition metal-catalyzed cross coupling reactions between two aryls having 

subsituents which are incompatible with the organometallic reagents. On the other hand, the intermolecular 

Ullmann coupling reaction gives rise to the undesired symmemcal biiuyls. We recently reported that the template- 

directed inuamolecular Ullmann coupling reaction is quite effective in the synthesis of a variety of diphenic acid 

derivatives4 In connection with our synthetic studies in search of new compounds having intriguing biological 

activities,5 we now report a facile synthesis of highly functionalized unsymmetrical heterobiaryls utilizing the 

intramolecular Ullmann coupling reaction directed by salicyl alcohol as a template, followed by regioselective 

cleavage of the two ester bonds of 4. 
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Table 1. Yields of the Diacylations and the Ullmann Coupling Reactions 

1 - 3  3 - 4  

2 
product yield (%)' product yield (%)' 

' Isolated yield 
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The requisite diester (3) was prepared in a good yield in a one-pot procedure by the successive acylations of 

salicyl alcohol in dimethylacetamide at -30--20 O C  by using two different aroyl chlorides via the intramolecular 

rearrangement of the aroyl g o u p  (Scheme l).4 We fust examined the intramolecular Ullmann coupling reaction 

of 3ab6 containing the 2-iodo-3.5-dichlorophenyl moiety and the 2-iodothiophene one, a reactive halide for the 

Ullmann coupling reaction. The dropwise addition of DMF (dimethylfomamide) solution of 3ab to a refluxing 

DMF containing copper powder afforded the coupling product (4ab)7 in 78% yield (entry 1). The Ullmann 

coupling reaction of 3Ca containing the 2-iodophenyl moiety having electron-donating substituents and the 2- 

icdothiophene one also proceeded in a good yield (entry 2). Even in the coupling reaction of the diester (3cd) 

having the 3-icdothiophene moiety that is less reactive than the 2-iodothiophene one for the Ullmann coupling 

reaction? the coupling product (4cd) was obtained in 67% yield. This intramolecular coupling reaction was 

nicely applied to the synthsesis of 4ef and 4gh  having the furan moieties (entries 4.5). The coupling reaction of 

the diester (3ae) having two 2-iodoheteroaryls also furnished the coupling product (4ae) in a good yield (entry 

6 ) .  
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We next examined the conversion of the two ester groups of the coupling products (4) into the other functional 

groups different from one another (Scheme 2). Hydrogenolysis of 4 g h  using palladium on charcoal afforded 

the monoester (5) in 88% yield. On the other hand, treatment of 4ef with two molar equivalents of NaOMe in 

MeOH gave the monoester (6) in 76% yield. The reaction of 4ef  with C a l 3 N H 2  also gave the monoamide 

(7) in 91% yield. In thesereactions, the nucleophiles probably attack on the carhonyl carbon of the phenylester 

moiety, resulting in the formation of the monocarboxylic acids by elimination of o-quinone methide9 
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As described above, this new method involving the inuamolecular Ullmann coupling reaction, followed by the 

regioselective cleavage of the two ester groups of the coupling products should find application in the synthesis 

of a variety of highly functionalized heterobiaryls having ester, nitro and amide groups which are incompatible 

with the organometallic reagents. 
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