
Pure & Appl. Chem., Vol. 68, No. 3. pp. 723-726, 1996. 
Printed in Great Britain. 
Q 1996 IUPAC 
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Abstrm : Tris[4-(substituted)furann-3-yl]boroxines, prepared from the corresponding 
4-(substituted)-3-(tthylsilyl)furan, were converted successfully through palladium- 
catalyzed cross-coupling reactions with tri-n-butylstannyl chloride to 4-(substituted)-3- 
(m-n-butylstannyl)furans, which underwent further palladium-catalyzed reactions with 
organohalides to afford 3,4-disubstituted furans. Oxidation of tris[4-(substituted)furan- 
3 - yl] boroxines generated the corresponding 4- subs tituted-3 (2H)furanone s . 

In nature, a number of biologically interesting marine natural molecules having the skeleton of 3,4- 
&substituted furans have recently been isolated and structurally elucidated.( 1) 3,4-Disubstituted furans also 
played an important role as key precursors in organic synthesis.(2) We have recently reported that 3,4- 
bis(trimethylsily1)furan (1)(3-7) and 3,4-bis(tri-n-butylstannyl)furan (2)(8-10) are exceedingly useful 
building blocks in the synthesis of 3,4-disubstituted furans. Our approach employed silyl groups and stannyl 
groups as potential ipso-directors. Well-known for their o-donating character, silyl groups are able to 
stabilize a p-carbocation through the so-called (p-o), overlap, and as a result contribute to the ipso- 
substitution pattern.(ll-l3) By a similar argument, an even larger kinetic &effect might be manifested by the 
stannyl groups.( 14) 

1 2 

The role of 1 as a versatile precursor for 3,4-disubstituted furans is felicitously depicted in Scheme 
1.(4,7) A regiospecific ipso-displacement (15,16) of one of the silyl groups of 1 with boron trichloride 
furnished presumably a dichloroborane, which was not isolated and was hydrolyzed directly with a dilute 
base to afford boroxine 3 in an almost quantitative yield. As can be exemplified in Scheme 1, Boroxine 3 
were converted readily to 4 through the regular Suzuki reaction conditions.(l7) The substitution of the 
remaining silyl group in 4 required more rigorous conditions, affording boroxine 5 in relatively inferior 
yields. Likewise, 5 was converted to a 3,4-disubstituted furan 6 .  
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The palladium-catalyzed cross-coupling of 2 with aryl bromides gave only symmetrical diarylfurans 
7 (Scheme 2).(8,10) On the other hand, similar reaction between 2 and benzoyl chloride yielded 8. This 
partial acylation therefore provided a direct entry to unsymmetrical 3,4-disubstituted furans, as can be 
befittingly demonstrated by the conversion of 8 to 9.(8,10) 

Another route from which unsymmetrical 3,4-disubstituted furans could be obtained was by utilizing 
a tin-lithium exchange pathway,(l8) as outlined in Scheme 2.(9,10) To achieve a complete exchange of one 
stannyl group in 2 ,  generating 10, 2.2 equivalents of n-butyllithium were needed. One of the 
transformations of 10 was effected with acetone, which furnished alcohol 11. The reaction yield was 
improved significantly when acetone was added together with 1,3-dimethy1-3,4,5,6-tetrahydro-2( 1H)- 
pyrimidinone (DMPU). Again, a palladium-catalyzed cross-coupling reaction converted 11 to 12.(9,10) 
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The conciseness and effectiveness of the combined use of a lithiation reaction plus a palladium- 
catalyzed coupling reaction are demonstrated by the synthesis of a 3,4-disubstituted furan 16 as shown in 
Scheme 3.(9,10) Thus, furan 2 was converted in a usual manner to aldehyde 13, which was reduced by 
DJBAL to give a good yield of 14. The hydroxy group was protected to provide a silyl ether 15. The 
palladium-catalyzed carbonylation( 10) of 15 afforded the target molecule 16. 
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In the silicon-boron protocol (Scheme l), it is perhaps less evident that acid halides cannot be 
employed for a coupling purpose in the Suzuki reaction because of the alkaline conditions used. On the other 
hand, tri-n-butylstannylfurans have been successfully converted to acyl-substituted products (Scheme 2). In 
view of the limitation of boroxines in acyl-coupling reactions, we sought to displace the C-B bond of 
boroxines with a tin functionality.(l9) This avenue was first explored in attempts to displace directly the 
boroxine unit of 17 (4-7,19) via palladium-catalyzed Suzuki coupling with m-n-butylstannyl chloride. 
Tetrakis(tripheny1phosphine)palladium (10 mol%) was found effective in furnishing tri-n-butylstannyl- 
substituted furans 18 (Scheme 4 and Table 1).(19) Furans 18 were transformed into unsymmetrical 3,4- 
disubstituted furans 19 via palladium-catalyzed coupling reactions and the results are listed in Table 1.(19) 
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TABLE 1. Palladium-catalyzed cross-coupling reaction of boroxines 1 7 with tri-n-butylstannyl 
chloride and regiospecific synthesis of 3,4-disubstituted furans 1 9 

entry 1 7 R' 18 (Yield%)" R% 1 9  R2 Yield Yea 

1 1 7 a  Me 18. (65) b.ans-C4HgCH=CH-l 1 9 a CH=CH-trans-C4Hg 75 

2 1 7 b  "Bu 18b (63) Me2C=CH-Br 1 9 b  CH=CMe2 78 

3 1 7 ~  CH$&i4-p-CO&le 18c  (64) transCqHgCH=CH-l 1 9 c  CH=CH-trans-QHg 70 

4 1 7 d  CH2CsH4-pNOz 1 Ed (63) 9-bromophenanthrene 1 9 d  phenanthen-9-yl 40 

1 9 e  Cd4-o-Me 45 
n 

5 1 7 e  CH2Cg123,4,5-(OMe)3 1 8 e  (63) O-P-C6Hd 

6 1 7 e  CH2Cg1~3,4,5-(OMe)3 1 8 e  (63) g & 1 2 - C l  

7 1 7 f  SiMes 

8 1 7 t  SiMe, 

1 8 f  (70) pMe-C&Br 19f  C&4-pMe 60 

1 8 f  (70) EtO$-CIb 19 f '  c o g t  30 

" Isolated yields. 
The reaction was catalyzed with PdCldPPh3)2 in PhMe-HMPA at 120 "C. 
Unpublished experiment. 

Although furan bears a pronounced aromatic disposition, it still behaves as a conjugated diene or as 
an enol ether.(20) In order to examine whether the Heck reaction(21) of furan as an enol ether occurred, 4- 
iodo-3-(tximethylsilyl)furan (20)(5), obtainable also from 18f,( 19) was reacted with excess ethyl acrylate (2 
3.5 molar equivalents) under Heck conditions to lead to formation of 2,3-bis(trans-ethoxycarbonylvinyl)-4- 
(mmethylsily1)furan (2 1) (Scheme 5).(5,19,22) The thermal 6x-electrocyclic reaction(23) of 2 1 in the 
presence of sulfur resulted in formation of a benzoannulated product, 3-(trimethylsilyl)-5,6- 
bis(ethoxycarbonyl)benzo[2,3-b]furan (2 2), presumably through an additional dehydrogenation.(23) 

Scheme 5 
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4-n-Butyl-3(2H)furanone (23a) and 4-trimethylsilyl-3(2H)furanone (23 b )  were obtained 
respectively in acceptable yields from reactions of tris(4-n-butylfuran-3-yl)boroxine (17 b)  and tris(4- 
trimethylsilylfuran-3-y1)boroxine (17f) with hydrogen peroxide (Scheme 6).( 19,24) Peroxide oxidation of 
mmethylsilyl-substituted furans generally produced the corresponding ketones with concomitant cleavage of 
the silicon-carbon bond. However, our own experience with 17f demonstrated that the reactivity of the C-B 
bond towards oxidation was more rapid than that of the C-Si bond. 

Scheme 6 
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