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A b&act: 4-Lnhm-2-(t-butyldmethylstlyl)-3-(ltthtoxymethyl)furan, when treated with 2 
equtvalents of tnmethyl borate, smoothly underwent palladmm catalyzed cross-couphng 
reacttons wtth a variety of organohahdes to provtde 2,3.4-trtsubstttuted furans m good to 
excellent ytelds 

We recently requtred a syntheses of Qhydrotsobenzofuran 2 as an intermedtate towards the synthesis of 

the annbtonc halenaqumone 1 (Scheme 1) lv2 Retrosynthenc analysts of compound 2 lead to the 

acetate-alcohol 3, whtch could presumably be prepared vta a palladrum catalyzed cross-coupling reactton 
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between vinyl mdrde 4 and a 4-metallated-2-(t-butyldrmethylstlyl)-3-(hydroxymethyl)furan (5 or 6) Pmvrous 

work by our group3 has shown that the m-n-butylstannylfuran 5 undergoes a somewhat sluggtsh palladmm 

catalyzed crosscouphng reacnon with arylbrorntdes (50% yrelds), no reactton was observed wtth 

vinylhalides Therefore an alternative metal at the C-4 ponaon of furan 5 was requrmd. Smce arylboromc 

actds4 have been used successfully m palladtum catalyzed cross-couplmg reacttons, we mveshgated then use 

in the couplmg reactron of fury1 dertvattves, such as 6, with a variety of aryl- and vmyl-hahdes 5 We herem 

report our findmgs 

Previous cross-couplmgs mvolvmg arylboranes have mvolved the preparatton and tsolanon of the 

correspondmg arylboromc actd The boromc acrds are usually prepared by erther quenching a hthmm amon 
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with mmethyl borate or an Ipso-borodesllylahon sequence, followed by an ac&c workup4 Suzulu has 

reported that the pa&&urn catalyzed cross-couplmgs of vmyl- 6, alk~l-~ and aryl-4 boranes ~nth alkyl halides 

reqnres the presence of bases, such as so&urn hydroxide, ethoxlde or carbonate for a successful reachon It 

occurred to us that the threat trappmg of an atylllthlum amon with mmethyl borate should form a &methyl 

arylborate with the hberation of an equivalent of hthmm methoxde The hthmm methoxlde, generated in 

situ, should factitate the coupling of an organohahde w~tb the arylborate in the presence of palladmm(0) 

without the need of isolating the arylboron~c acid 

The above idea was reahzed when the &l&to furan 7, generated by treatmg furan 8 with 2 2 

equivalents of n-butylhthmm* @ME, o”C, 15 mm), was treated wtth 2 eqnvalents of mmethyl borate 

Stnnng the nuxture for one hour (0°C) followed by the Ation of the arylborate solunon to a nuxture of 

bromobenzene and Pd(PPh3)4 (m DME Hz0 (3 1)) and refluxmg the solution (1 hour) promded, after a basic 

workup, coupled furan 9 tn 68% yield (entry 1, Table 1) 

In general, the yields of the couphng reaction are good to excellent The reactton was not lmuted to 

arylbrormdes smce benzylbrormde (entry 7), aryltnflate 22 (entry 9). vmylmflate 239 (entry 10) and 

vmyhodldes 24 and 4’* (entnes 11 and 13) coupled smoothly m yields ranging from 60-938 The aryltnflate 

21 (entry 8) prowded the coupled product 16 m poor peld (14%), the low yield can be atmbuted to the 

presence of the electron releasing methoxy substrtuent (compare the result wth entry 9)-l; The coupling 

reachon with (Z)-l-chloro-3-lodo-2-butene 25 provided a &sappomtmg 20% yield of fumn 20. It was 

subsequently found that compound 25 1s unstable above 25OC Thus, refluxmg the solunon to effect the 

coupling reacuon reduced the yield of compound 20 due to decomposltlon of compound 25 The yield of 

acetate 3 was unproved (from 50% to 80%) by employing PdZ(dba)s (3 mol%) as the catalyst,‘l in addition 

the reaction tlme was reduced from 20 hours to 2 hours The &aon of water to the reaction nuxture was 

not necessary to effect a complete reaction, however, the time to complete the coupling reaction wtth 

bromobenzene m the absence of water mcreased from 1 hour to 15 hours l3 

A typical procedure is as follows To a soluoon of furan 8 (200 mg) m DME (6 tnL) under argon (at 

-78°C) was added n-butylltthlum (2 2 eq ) The solution was warmed to OOC!, stmed 15 mmutes, and 

mmethyl borate (2 eq ) added The nuxture was snrred for 1 hour (at @C) and then added to a preformed 

rmxture of the organohahde (1 5 q ) and Pd(PPh3)4 (3 mall) m DME Hz0 (3 1, 8 mL total) The rmxture 

was refluxed (see Table 1 for the reflux ume) under argon, cooled to room temperature and the solvent 

removed tn vacua Sodium hydroxide (4 mL of 10%) was added and the mtxture extracted ~rlth ether 

Drymg (Na2S04) and removal of the solvent provided the product which was punfied by 00lumn 

chromatography (silica gel) and/or dtstlllatlon I4 

We have therefore shown that 2,3,4-msubshtuted furans can be prepared via a mod&d Suzkut 

palladium catalyzed cross-coupling reaction in which the furylboronlc acid 1s not isolated Apphcanon of 

compound 3 towards the synthesis of halenaqumone 11s currently In progress 
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Table 1: Palladium Catalyzed Cross-Couplings With Furylborates Generated in sib 

1)22eq n-Et& DME 0%. 15mn 

2)2Oeq (Meo),B,O% Ih 

3) RX, Pcl(PPh_J, H20. DME. tdlux 

I EMV RX Reflux -lime (h) Product (% Yleld)B I 

Bmmobenzene 1 9 w 

1 10 w 

1 11 (75) 

1 13(63) 

1 13(78) 

15 l4(67) 

15 15(93) 

1 -8mmonaphthalene 

4-Bmmotoluena 

2-Bmmo-1 -mtrobenzene 

2-Bmmoberuaklehyde 

P-Bmmopyndme 

Benzylbmmide 

OTf 21 6 9 16 (14) 

OTf 22 9 1 17 (67) 

d , OTf 23 
10 

1 16(70) 

OH 24 
11 1 19 (76) 

12 20 (20)b 1 

k I- OAC 4 

20 3(50) +19 (10) 
2c 3 (60) 

13 

a) riolatad yiekk 

b) the bw yield IS presumably due to the thermal unstabtkty of compound 23 

c) using 3 mop/. Pd,(dba), as the catalyst 
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