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Abstract: The copper/palladium-promoted heteroannulation of terminal acetylenic compounds in the 
presence of resin bound ortho-hydroxy aryl iodides is described. The process produces 2-substituted 
benzofuran derivatives in good yield and high purity. 0 1997 Elsevier Science Ltd. 

Solid phase chemistry has recently gained much interest as an effective synthetic strategy for the building of 

combinatorial chemistry libraries of small organic molecules.’ The high purity of the final products avoiding 

time consuming intermediate purifications, as well as the suitability for combinatorial methods and for 

automation, are considered the main attraction of this technique. On the other hand the synthetic repertoire on 

solid support is still inadequate, especially if compared with the traditional solution phase chemistry. For this 

reason a major effort is actually invested with the aim of increasing the variety of organic chemistry accessible 

on solid phase. The most common approach consists in the adaptation of well-established solution phase 

methodologies to the solid phase format, with particular attention to those applicable to a large range of readily 

available starting materials. 

The benzofuran nucleus is present in a large number of biologically active natural* and synthetic compounds,’ 

so its inclusion into combinatorial chemistry libraries could be of interest4 

We wish to report here a procedure for the solid phase synthesis of 2-substituted benzofuran carboxylic acids, 

which utilises a Pd-catalysed heteroannulation of terminal acetylenes in the presence of resin bound o&o- 

hydroxy aryl iodides: 

In solution phase the Pd-catalysed heteroannulation of acetylenes has become one of the most widely used 

methods for the preparation of benzofused heterocyclic compounds. Benzofurans,’ indoles, S-heterocycles,’ 

furopyridines,8 heterofused pyrroles’ and chromones” have been synthesised using such methodology. As far 

as the benzofuran synthesis is concerned, the reaction is usually conducted at an elevated temperature in the 

presence of bases such as tertiary amines or potassium carbonate, but the use of the base tetramethylguanidine 

(TMG) has been reported to allow good yields and milder reaction conditions.” 
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On the basis of this observation, we selected the reaction conditions outlined in Scheme 1 and tested the 
reaction on a number of acetylenic compounds bearing various functionalities. The 4-hydroxy-3-iodo-benzoic 
acid methyl ester (1) was used as the model . 

Scheme 1 

?Me 
R 

a (CHdsCH3 

0 

CuI (0.05 eq), Pd(PPi-&C$ (0.05 eq.), 

‘t?vfG (10 eq.), DMF, 20°C 16h 2 a-l e 
f 

C(CHd3 
Ph 

(CHz)KJ 

(CHWH 

C(OH)(CH& 

CHzNHz 

CHzNEtz 

CH2NHCONHC(CH& 

CH2NHCOOC(CH& 

In each case the conversion of the starting iodo-phenol 1 exceeded 95% (HPLC) and the yields of isolated 
benzofurans 2 were in the range 67-90%. On the basis of this result we moved to the solid phase synthesis 
(Scheme 2).12 
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The starting carboxylic acid 3 was directly linked to the commercial hydroxy resin TentaGelTM S-OH (particle 

size 130 pm, capacity 0.3 mmol/g) using the Mitsunobu reaction; during the coupling the hydroxyl was 
protected as an acetate to avoid self-condensations. The protective group was then removed by mild alkaline 
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hydrolysis and the resulting ortho-hydroxy iodide 5 reacted smoothly in the cyclization step to give the resin 

linked benzofurans 6. Cleavage from the resin was performed with 1N aqueous sodium hydroxide / isopropyl 

alcohol. After neutralisation, HPLC quantitative assay” showed that benzofurans 7 a-l were obtained as 

essentially pure compounds in overall yields ranging from 40 - 70% (Table 1). 

Table 1 
OH 

entry R yield (%)’ HPLC area %’ 

7a C&)sCH3 53 89 

7b WH313 40 94 

7c Ph 71 88 

7d (CW3~ 61 71 

7e CHd30H 55 86 

7f C(OHKHs)z 65 89 

7g CHzNH2 not determined 90 

7h CH2NEt2 42 88 

7i CH2NHCONHC(CH& 52 85 

71 CH~NHCOOC(CH~)J 55 85 

a) Overall yields” based on the nominal capacity of the resin; b) nonnalised HPLC area. 

To assess the suitability for automated combinatorial chemistry methodologies, the process was also carried out 

in a standard polypropylene 96 well-plate (1 ml capacity per well), loading 12 - 15 mg of 5 per well. In this 

case, after cleavage from the resin, the reaction mixtures were evaporated and the final products taken up and 

delivered in DMSO solution (750 ~1) at 0.7 - 3.0 mM concentration. 

In conclusion, the Pd-promoted heteroannulation of acetylenes has been proved as a valuable method for the 

solid phase synthesis of benzofurans; considering the mild reaction conditions and the large variety of acetylenic 

compounds commercially available, this method provides an efficient tool for increasing diversity in the design 
of combinatorial chemistry libraries of small organic molecules. 
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Typical experimental conditions: 

Resin bound ortho-acetoxy aryl iodide 4 4-Acctoxy-3-iodo-benzoic acid (0.46 g, 1.5 mmol), THF (50 ml), 
TentaGelTM hydroxy resin (1.00 g, 0.3 mmol) and Ph3P (0.80 g, 3.0 mmol) were sequentially added under argon 
atmosphere to a dry 100 ml peptide reaction flask. To this mixture, a solution of diethylazodicarboxylate (0.54 ml, 
3 mmol) in THF (5 ml) was added dropwise at 5°C. After shaking the resulting mixture for 16 hours at mom 
temperature, the solvent and excess reactants were filtered off and the resin was washed with THF, MeOH. and 
Et20. ‘Ihe coupling cycle was repeated twice, and the resulting resin was vacuum dried to afford 1.07 g of 4. A 
loading of 0.23 meq/g was determined by quantitative HPLC measurement of an aliquot of cleaved materiaLi 

Resin bound ortho-hydroxy aryl iodide 5 The above obtained dry resin (1.0 g) was treated with 60 ml of 
tetrahydrofuran, 20 ml of methanol, and 20 ml of 30% ammonia aqueous solution. The reaction mixture was kept 
at 20°C with occasional shaking for 16 hours. Afterwise the resin was collected. sequentially washed with THF, 
MeOH, and EtzO, and vacuum dried. 

Resin bound benzofuran derivative 6c The resin 5 (80 mg), DMF (5 ml), phenylacetylene (100 pJ), 
tetramethylguanidine (300 ~1). Pd (PPh&C12 (10 mg), and Cul (5.0 mg), were sequentially added to a round 
bottom reaction flask. The reaction flask was then stoppered and the reaction mixture was heated at 50°C for 16 
hours with occasional stirring. The solvent and excess reactants were then removed by filtration, and the remaining 
light brown solid support was washed with DMF. MeOH, Et20 and dried in vacua. 

2-Phenyl-benzofuran-5-carboxylic acid 7c 7he resin bound bcruofuran derivative 6c was treated with i-PrOH 
(1.3 ml) and 1N aqueous NaOH (3.3 ml). The resulting mixture was heated at 50°C for 8 hours with occasional 
shaking, and then left at mom temperature overnight. The solid support was removed by filtration, the pH of the 
residual hydroalcoholic solution was adjusted to about 7 with 5N aqueous HCI, and the 2-phenyl-benzofuran-5- 
carboxylic acid 7c quantitatively assayed. 

Analytical samples of compounds 7a. 7c, 7d, 7f, and 7i were prepared, and their HPLC response factors were used 
for quantitatively assaying or for estimating the 2-substituted benzofuran-5.carboxylic acids 7. 
HPLC conditions: 4.7 X 110 mm Whatman PartiSphere 5 Cl8 colunn; flow rate 1.5 ml/min; gradient elution 20 - 
70% acetonitrile / 0.05M KHlPO,, buffer solution for 10 min, then 70% acetonitrile / 0.05M KHzP04 buffer 
solution for 10 min; area integration at 220 nm. 
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