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Abstrucfr In~olecnlar Ullmann coupling reaction of the diesters (6, 9). which were prepared by regioseleclive acylation 
of salicyl alcohol by using the two different substituted 24odobenzoyl chlorides, afforded the unsymmetrical lliphcnic acid 
derivatives (7, 10). Hydrogenolysis of the Ullmann coupling product (7) afforded the monocster (12) in an ex :.ellent yield. 

The chemistry of 2,2’-disubstituted unsymmetrical biaryl compounds’) has attracted considerable interest 

recently because of the biological activities of a number of natural products containing these moieties.21 The 

current methods for construction of unsymmetrical biaryl skeletons include those based on the regioselective 

carbon-carbon bond formation between two different aromatics by transition metal-catalized r.:ross-coupling 

reaction of an aryl metal with an aryl halide, 3, the ambient-temperature Ullmann coupling rea::tion4) and the 

Meyers oxazoline method. ‘) Because of the unsatisfactory yields of these methods in the synthesis of highly 

functionalized biaryl compounds, @ efforts have still been devoted to develop a new methodology for the 

synthesis of 2,2’-disubstituted unsymmetrical biaryl compounds. ‘) In connection with our effol-rs in search of 

compounds having intriguing biological activities, we now report a new synthetic method of ~msymmetrical 

diphenic acid derivatives which are convertible to various 2,2’-disubstituted biaryl compounds, based on a 

template-directed intramolecular Ullmann coupling reaction. 
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In Fig. 1 are illustrated the main features of our strategy for construction of unsymmetri :a1 diphenic acid 

derivatives. The requirements imposed on the template are threefold as follows. The template 111ust (i) have two 

hydroxyl groups with different reactivity, which are regioselectively acylated by two differe rlt substituted 2- 

iodobenzoyl chlorides; (ii) enable the intramolecular Ullmann coupling reaction to procel-d efficiently by 

stabilizing the conformation of a transition state leading to the cyclized product; *) (iii) be rcmov:d stcpwise from 

the coupling product, thereby contributing to the conversion of each of the ester groups into a {‘unctional group 

different from one another. We envisioned that the use of salicyl alcohol as a template woulcl meet the above 

three requirements. 
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i) 2(1 .Oeq), EtsN(z.Oeq), DMAP(O.OSeq), DMA-CH$Zl2(4:1), -2O--3O’C, 1 hr; ii) r 1,5hr; 

iii) 5(1 .Oeq), Et3N(l .Oeq), -2O--3O’C-t r 1, 1 hr; iv) Cu powder(lOeq), DMF, feflux. 

We first examined the regioselective acylations of salicyl alcohol (1) with two different iodobenzoyl 

chlorides (2 and 5). Acylation of 1 with 2 in a mixed solvent containing N,N-dimethylacetatnide(DMA) and 

dichloromethane(4:l) in the presence of two molar equivalent of triethylamine and a catalytic amount of 

dimethylaminopyridine(DMAP) at -2O--30°C took place initially at the phenolic hydroxy group to form the ester 

(3); when the reaction was quenched at this stage, a mixture of 3 and 4 was obtained due to the readily 

conversion of 3 to 4 during the work up procedure. Upon warming the reaction mixture to rcI>rn temperature, 

the monoester thus formed rearranged completely to 4 (mp. 89-91’C); this rearrangement pro;ess was clearly 

observed on TLC. Without isolation of 4, the second acylation was carried out by addition of another benzoyl 

chloride (5) to the reaction mixture at -2O--3O’C. 9, By this procedure, the desired diester (6, mp. 

123-124“C)t”’ was obtained in 78% yield in one pot from salicyl alcohol. 

We next examined the intramolecular Ullmann coupling reaction of the diester (6). When the reaction was 

carried out in a refluxing N,N-dimethylformamide[DMF) containing 6 and copper powder, the : oupling product 

(7, mp. 178-180°C) was obtained only in 44% yield. The yield was readily improved b> employing the 
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dropwise-addiotion method. Thus, dropwise addition of a solution of the diester (6, 0 ‘31mol) dissolved in 

DMF(lOOm1) to a refluxing DMF(SOm1) containing copper powder(l). lmol) over a perioci of 3hr furnished the 

coupling product (7) in 89% yield; the chemical structure was unequivocally determi led based on X-ray 

crystallographic analysis and ‘H-NMR spectrum. ‘I) In this method, a small amount of the reduced product (8, 

mp. 130- 13 1 “C) was formed. i2) The method involving the reginselective diacylation arl the intramolecular 

Ullmann coupling reaction described above is also effective for synthesis of the .nher diphenic acid 

derivatives(Table 1). 

Table 1. Synthesis of diphenic acid derivatives 

i) J-Ar’-COCI 

ii) J-Ar*-COCI 

1 9 10 

Entry J-Ar’-COCI J-A?-COCI Yield of 9(%)aJb Yield xf 10(%)agb 

Me0 
1 74 

Me0 J 
71 

Me0 
2 a4 

Me0 
RQ 

J 

5 

4 81 

Me0 
5 80 

Me0 

.)’ 

8 

a) isolated yield. b) All productswere unequivrxally identified by 200Mtiz ‘H-NMR, IR, an Mass 
spectra, and elemental analyses. 

We then examined the regioselective cleavage of the two ester groups of the cycliz--d products. Under 

alkali-hydrolysis conditions, 7 could not be hydrolyzed regioselectively, resulting in t:‘e formation of the 

substituted diphenic acid (11) in 89% yield. On the other hand, hydrogenolysis of 7 sing palladium on 

charcoal proceeded regioselectively to afford the monOester (12) in 82% yield. 
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This successful transformation involving the reactions consisting of regioselective diacvlation, efficient 

intramolecular Ullmann coupling reaction and regioselective ester-cleavage should offer a new entry to the 

synthesis of a variety of 2,2’-disubstituted unsymmetrical biaryl compounds. 

The scope and limitation of this new transformation are now under investigation. 
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