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Abstract: : A convenient synthesis of 2,5-bisarvlfurans, 2,5-bisbenzylfurans and 2,5-bisbenzoyIfurans 
employing 2.5-bis(tri-n-butylstannyl)furan and palladium catalyzed cross-coupling reactions is described. 

Introduct ion 

The synthesis and chemistry of furans remains of considerable current interest as a consequence of the their 

presence in natural products and their utility as pharmaceuticals and synthetic tools (1). We have an interest 

in 2,5-diarylfurans and related compounds as DNA minor-groove binding agents which show promise as 

chemotherapeutic agents (2-6). A classical approach, the Paal-Knorr method, of synthesis of 2,5-

diarylfurans employs acid catalyzed cyclodehydration of 1,4-diketones (7). Often synthesis of a requisite 

1,4-diketone represents a considerable synthetic challenge. The methodology of Stetter which employs 

thiazolium catalyzed nucleophilic addition of arylaldehydes to divinylsulfone represented a significant 

advance in the convenient synthesis of 1,4-diaryl-l, 4-diketones (8). Despite the utility of the Stetter 

approach it has limitations, for example, when strong electron withdrawing groups are present on the aryl 

rings the method results in very low yields or fails (9). A classical method for formation 2,5-

bisbenzylfurans and 2,5-bisbenzoylfurans, which also is limited by the presence of strong electron 

withdrawing groups, uses Friedel-Crafts strategies (10). This approach is also limited due to the high 

reactivity of furan and therefore these reactions are often difficult to control (10). 2,5-Diarylfurans bearing 

cvano or nitro groups on the aryl rings are important for our program of synthesis of DNA minor-groove 

binders (2-6). A potential approach for preparation of 2,5-diarylfurans, which has not been extensively 

explored, involves the use of palladium catalyzed cross-coupling reactions using Stille chemistry. The 

coupling of arylstannanes with 2.5-dibromofuran has been reportedi 11); however, the latter compound is 

not readily available and this route requires the inconvenience of individual preparation of arylstannanes. 

The preparation of 2,5-bis (trimethylstannylj furan (12) and 2,5-bis (tri-n-butylstannyl) furan (13) has been 

reported. The two stanny I furans, respectively, were converted to halofurans and to polyphenylene-co-
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furan . T h e use of b is-s tannyl c o m p o u n d s in Stille react ions has been rather l imited! 14). with the except ion 

of the de ta i led s tudies with 3 .4-b is ( t r i -n-bulv ls tannyl ) furan (15). W e desc r ibe here the success fu l 

appl ica t ion of Stil le c r o s s - c o u p l i n g chemis t ry for the prepara t ion of 2 .5 -d i subs t i tu t ed fu rans . 

Results and Discussion 

T h e pa l l ad ium c a t a l y z e d reac t ions of 2 ,5-b is ( t r i - / i -buty ls tannyl ) furan with aryl b r o m i d e s (2-7) in d ioxane 

so lu t ion at 9 0 - 1 0 0 " C for 12-24 hour s g a v e 2 ,5 -d i a ry l fu rans in g o o d yie lds ; r ang ing f r o m 70 to S 6 % ( s e e 

S c h e m e 1 and T a b l e 1) (16) . O n e case , that of 8. gave a 5 0 % yield . T h e t w o aryl iod ides used in coup l ing 

reac t ions 1 and 9 g a v e 5 S % and 7 7 % yie ld , r e spec t ive ly , of the e x p e c t e d 2 . 5 - b i s a r v l f u r a n s . H o w e v e r , in 

these cases it w a s necessa ry to use D.VLF as the solvent s ince when d ioxane was e m p l o y e d only modes t 

y ie lds ( - 2 0 % ) w e r e ob ta ined . In teres t ingly , Y a n g and W o n g (15) no ted that 3 ,4-b is ( tr i-n-

bu tv l s t anny l ) fu ran c o u p l e d poor ly with aryl iodides and had to use C u l as a co -ca ta lvs t a long with Pd 

( P P h , ) 4 to obta in a g o o d yie ld of the b i sa ry l fu rans . In our cases , a s imp le c h a n g e of so lven t to D M F gave 

use fu l y ie lds . C r o s s - c o u p l i n g wi th he te roa ry l b r o m i d e s (10-13) a l so g a v e g o o d y ie lds in the 

approx imate ly 7 0 % range : thus p rov id ing a conven ien t me thod for prepara t ion of a romat i c t r iheterocvles . 

Schemel, a) RX, Pd(PPh3)4l dioxane or DMF ( See Table 1) 

Stille c ros s -coup l ing reac t ions e m p l o y i n g benzyl ha l ides are well d o c u m e n t e d (17). T h e react ion of 2 ,5-

b is ( t r i - / ! -bu ty l s tannyl ) furan with benzy l ch lor ides 14 and 15 gave the e x p e c t e d 2 ,5 -d i subs t i t u t ed fu ran 

p roduc t s , h o w e v e r the y ie lds w e r e on ly modera t e ; in the 5 0 % range . C r o s s - c o u p l i n g us ing the benzyl 

b r o m i d e 16 g a v e a s o m e w h a t h ighe r y ie ld , 6 9 % , of the 2 ,5 -d i subs t i t u t ed fu ran p roduc t . Th i s approach 

p rov ides a s imp le m e t h o d for ob ta in ing these b i s -benzy l fu rans . 

T h e coup l ing of a ry l s t annanes with ca rboxy l ic acid ch lor ides is a usefu l app roach , u n d e r mild condi t ions , 

for ke tone syn thes i s (18) . In the case of 2 ,5-bis ( t r i -n-butyls tannyl) furan c o u p l i n g with aryl acid chlor ides 

w o r k e d r e a s o n a b l y wel l , h o w e v e r , the y ie lds were on ly in the 4 0 % range( see e x a m p l e 17 and 18). 

a) 
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Fable 1. Synthesis of 2.5-Disubst i tutedfurans ' . 

Κ η t ry R X T e m p Rx T i m e ?C Yield M p ' C d i t . m p ) 
( C ) ( M r ) 

M p ' C d i t . m p ) 

Γ' Ph I 100 IS 58 87 (SSV 
4 - C N C ( H 4 Br 100 15 75 2S4-2S5(2S4-2S5) : 

3 - C N C . H , Br 100 20 70 159-160 
4 4 -CN-2 -CH,C , H, Br 100 12 SO 244-245 
5 4-NO,C ( 1H, Br 100 IS 86 26^-270(270-272)' ' 
6 4 - N O ~ - 3 - C H C , H, Br 90 16 SO 230-231 

4-NO~-2-CH.C, H, Br 100 IS 85 242-243 
S 4-COÖEtC,H 4 Br 100 24 50 164-165 
Q1' 3-NO,C ( 1H, 1 100 16 77 195-196(190-193 V· 
10 5-CNfuran-2-vl Br 100 14 70 167-168 
11 4-CNfuran-2-yl Br 100 12 72 212-213 
12 5-CNthiophene-2-vl Br 100 12 75 1S7-1SS 
13 2-CNthiophene-4-_vl Bi- 100 12 72 205-206 
14 benzvl Cl 100 16 56 49.5-52 (51 )5 

15 4 -N0 ; benzy l CI 90 S 46 154-155.5 
16 4-CNbenzyl Br 90 10 69 190-191 
17 benzoyl CI 75 4S 58 106-107 
IS 4-NOnbenzovl CI 75 18 41 166-168 

a) Catalyst 5 mol % Pd(PPh,)4 based on 2.5-bis(tri-n-butylstannyl)furan ; dioxane used as solvent b) for 
cases 1 and 9 D M F was used as solvent. 1) F. Barba. M. *D. Velasco, A. Guirado. Synthesis. 593(1984). 
2) B. P. Das and D. W. Bovkin. J. Med. Cliem.. 20, 531 (1977). 3) V. Amarnath and Κ . Amarnath, J. 
Org. Chem. 60, 301 (1995). 4) C. Line and P. M. Lahti. J. Am. Cliem. Soc. Π 6 . 8784 (1994). 5) L. M. 
Gomes. C. R. Acad. Sei., Ser. C. 270, 750, (1970). 

The use of 2,5-bis(tri-n-butyIstannvl)furan in palladium catalyzed cross-coupling reactions provides a convenient 

one step process for preparation of a range of 2.5-disubstitutedfurans which are often difficult to obtain. This 

method provides an attractive alternative to other approaches we have employed for the preparation of 2.5-

diarylfurans(19), especially for those containing strong electron withdrawing groups. 
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