
TewAedron Vol. 50, No. 32 pp. 9583-9608, 1994 
Copyrisht 0 1994 Ekevia sciexk% Ltd 

F?inted in oreat Britain. All rights -ed 
oo4o-4020/94 s7.00+0.00 

Regiospecific Synthesis of 3,4=Disubstituted Furans 
and 3-Substituted Furans Using 

3,4=Bis(trLn=butylstannyl)furan and 3-(Tri-n-butylstannyl)furan 
as BuiIding Blocks1.2.3 

Yun YanOQ and Henry N.C. Wang* 

Afwrract: 3,4-Bi@ri-n-butyl81an11yl)fwan and 3(tri+butybta1ny9fi~an have beam pqnred and u8cd 8uccesMy as 

buikiing blocka to lead to vsiou8 3.44kbsituted furam md 3-8u&itutcd ftnan8, nspectively. 

INTRODUCTION 

Furan nucleus abound8 in naturally occurring oxygcnoonmining compou&? They are divided 

according to their structu17d features into furanosesquiterpenes. furamcembrandide8 aud t%anoid fatty acids, 
etc. Many of these furan natural products have inteteatlng biological activities, such as cytotoxic and antitumor 

properties.6~7 antispasmodic,* ant&ding,9 and several other potentially useful a&i&s. More natural furan- 

containing compounds continue to be found at a rapid pace.lO 

In addition to being impacant building block8 found in natural m0lecule8 with pharmaceutical 

h@CatiOll8, pOlySub8tituted flUaIlS’ ’ apPear akO e8peCiaUy Worthy of Study becaUSe th9 Can Serve a8 St8ltiIlg 

materials for the syntheses of natural and non-natural produck l2 Nevertheless, the tendency of furan to 

undergo both fithiation and ekctrophik substitution at c-2 or C-513 make8 the synthesis of 3,kii8ubstituted 

furans an exceedingly challenging task. To evade this, several special method8 have been bluepxintedJ4 We 

would like to report hmin the preparation of 3,~bls(trl-n-butylstannyl)furan (1) and its pivotal role as a 

prominent building block fcr 3&disubstituted furan. Recent works on the conversion of triallqlstannylfurans15 
to 3-substituted furans also prompted us to disclose our own results on the preparation of similar compounds 
utilizing 3-(tri-n-butylstannyl)furan (2). which was unexpectedly isolated as a side product in our preparation of 
1. 

RESULTS AND DISCUSSION 
(a) Preparation of 3,4-bis(tri-n-buty18tannyl)furan (1) and 3-(tri-n-buty1stannyl)furan (2) 

Due to the large kinetic &effect exhibited by stannyl group8,l6 it was expected that 1 and 2 would lead 
efficiently to 3.4-disubstituted and 3-substitute4zi furans, respectively. The preparation of 1 and the side product 
2 is shown in Scheme 1. The strategy to be employed for the preparation of 1 was the alkyne-oxazole Diels- 
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Alder cycloaddition and q&reversion. Thus, a solution of his@+n-butylstannyl)acetylene (3) and 4- 

phenyloxazole (4)17 was thermolyzed in a sealed tube at 18X for 10 days to give a separable mixture of 1 and 

the known 215c in 22% and 10%. respectively. The formation of2 was likely due to the decomposition of 1. 

Higher reaction temperatums were also aied but these only resulted in extensive decomposition, because of the 
weakness of the C-Sn bond. While at lower temperatures the reaction was much slower. One of the major 
reasons for the low yield was that the a-i-n-butylstannyl group is veq bulky, thus resulting in greater steric 
congestion in the addition. product. A compromise between the two contradi&g thermal factom thuekae gave 
aloweryieldofl aswe~asgeneraadtheundesired2.Anotherfactorf~thelowyieldof1 mightbeamib~& 

to the inverse electronic demands of the Diels-Alder reaction,” with the electmn-rich dienophik being 3 and the 

electron-deficient diene being 4. 

+ OkfPh 155°C ) 

bN sealed tube 
Sn”Bus , 

1 2 
3 

Schema 1 

Alleffortstomovertheumacted3fmmthereaction mixtutebyeifhez duomatosraphy-- 
were met with failurt. On silica gel columns, seven destannylation of the unmacM 3aswellasthepmducts 
occurred,wherrasthelowresolutioncapacityofneutrPl~~rendaedtheseparatioad3fromland2 
impractical. Distillation of or gaWstaManes usually raqlhed high ~atorabove2OW,evenundera 
high vacuum of 0.01 mmHg, and hence could not he used because this would desnoy 1. Because of the above 
difficulties, 3 was eventually desrmyed by absorbing on activatal al& Furan 2, nevertheless, was 
separated lkom 1 by distillation, b.p. 809: (0.01 mmHg), leaving 1 as a high boiling msidue which was fiuther 
purified by chromatography on a short column of neutral ahunina. 

(b) Palladium-catalyzed coupling reactions of 3-(tri-n-butylstan~yyl)Cursn (2)19.*0 

With an aim to solidify the role of 2 as a versatile precursor fa the syntheses of 3-substituted 

furans.15b*c*e*f a systematic study of 2 was canied out, in which both palladiumcatalyzed coupling reaction as 
well as palladium-catalyzed carhonylation reaction wem executed. Table 1 lists the maction conditions and yields 
of the 3-substituted furans 5 from the reactions between 2 and various electrophiles RX (Scheme 2). 

SnnBus 

c( 

R 

I \ 
Rx 

0 WI -d 
I \ 
0 

2 5 
Scheme 2 

As can be Seen in Table 1 and in the Experimental Section, the smooth reaction of 2 with bemoyl 

chloride catalyzed by Pd(PPh,)2C12 was in agreement with a previous report (Entry l).lsf As an entry to 
ketones, this reaction has several advantages over the traditional methods. For example, it could tolerate 

functional groups while the method using lithium derivatives could not21* In addition, it would be devoid of the 
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over-addition problem which hinders the use of other oqanometallicreagentssuchascadmium,zincand 

magnesium.21 Catalyzed either by Ph(PPhs),, Pd(PPhs)& or Pd(MeCN&$!12. 2 coupled also with aryl 
halides (Rntries 2, 3 and 4). vinyl halides (Rntries 5. 6, 7. 8 and 9), and an ally1 bromide @ntry IO), 
respectively (Table 1). 

Table 1. Palladium-catalyzed coupling roactlon of 2 with RX 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Rx 

PhCOCl Pd(PPt&Cb / THF 6OoCl2 h 

Phl Pd(PPt&Cr, / DMF 700CI2h 

pMeC&U Pd(PPt&Cl&il / DMF r.t. / 2 h 

PhBr Pd(PPh& / DMF 70°C/l.Sh 

tranePhCH=CHBr Pd(PPh,), I HMPA 600C/23h 

(Z)-MeCOCH=C(Me)Br Pd( PPh&Cb / DMF 7O”C/6 h 

Q-MeCCCH=C(Me)Br Pd(PPh&Cb / DMF 70°C/6 h 

transPhCH=CHl Pd(PPh&Cr, I DMF 60°C I1 h 

transrr~H,,CH=CHI Pd(PPt&Q-Cul / DMF 6OoCIl d 

[Pdl /solvent Temperature /time 5 (yield) 

5 l (60%) 

5 b (75%) 

5 c (72%) 

5 b (80%) 

5 d (60%) 

5 .(77%) 

51(70%) 

5d(71%) 

5g(71%) 

10 rranaEtO&CH=CHCYBr Pd(MeCN& / DMF 60°C/2 h 5 h (60%) 

The palladium~atalyzed carbon monoxide insation zcactW9*** is an alternative way to synthesize 
ketones, especially when the palladium-catalyzed coupling of acid halides with organostannanes could not be 
employed either because of the difiicult access to the starting acid halides or the presence of certain interfering 
functionalities such as hydroxy and amino gtoups. The mechanism of the carbonylative coupling has been 

discussed,** in which the transmetallation step is generally believed to be pmceded by an CO insertion. 
However, the direct coupling of RX is still able to compete with the carbonyhuion, depending upon the relative 
rate for the reaction of the intermediate Rpdla2 with CO (insertion) and with organostannane 
(transmetallation). Consequently, the insertion reaction is probably the slow step when the CO pressure is low. 
Indeed, a carbonylation product will be the sole product when CO pressum is sufficiently high, because the 
reactivity of the intermediate after an insertion, namely RCCW is higher than that of RPW towards 

organostannanes.~ All organohalides that take part in direct coupling mactions are also suitable for 

carbonylation. Carbonylation can even be performed with organohalides containing a j%hydrogen.” The 
palladium catalysts used and tbe yiekl of the 3-acyl furans 6 through the carbonylation reaction of 2 with 
various RX (Scheme 3) are summarixed in Table 2. 

2 
Scheme 3 
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As shown in Table 2. benzyl bmmide underwent the palladium-catalyzed carbonylation with 2 to give 
good yield of benzyl furan-3-yl ketone (6a) @my l), while trans-giodostyrene and tmns-1-iodohept-l-ene 
gave only moderate yields of the corresponding ketones (Entries 2 and 3). The foxmation of 6b (Entry 2) was 
accompanied by 20% yield of a by-product, namely bis(furan-3-yl)ketone (6i). In fact, 6i wzs obtained as a by- 
product in all our low yield carbonylation reactions. This implies that 2 might possibly participate in an 
oxidative-addition-like reaction with palladium in the presence of CO. In the case of 4-&&utylcyclohex-lenyl 
t&late, it was found that when 2 mol% P&(dba)3 in the presence of 3 mol% tris(furan-2-yl)phosphine in DMF 

was used, the reaction was fast and gave 6d in 44% yield after 3 days at 55-6Or (Entry 4).24 Aryl iodides and 
2 coupled without diffiiulty to give fair yields of ketones (Entries 5 and 6). In particular, methyl o&dobenzoate 
gave ketone 6e in 85% yield despite the steric hi&ance due to o&o-substitution. With ethyl wuns-4- 
bromocrotonate, 2 gave poor yield of a mixhue of two isomers 6g and 6b. the ratio of which being 22~28 
(Entry 8). However, egomaketone (6f) wzs generated from 1-bromcF3-methyl-2-butene in 66% yield without 
suffering from double bond migration (Entry 7) flable 2). 

Table 2. Palladium-catalyzed oarbonylation of 2 with RX 

Entry Rx U’dl 
1 PhCYBr Pd(PPbhCI, 
2 trmsPhCH=CHI Pd(PW4 

3 trans~H,,CH=CHI Pd(PPM&I, 

4* 

5 dvle4CC&H41 

6 Phl 

7 Me&=CHCl+Br 

6 

6 (yield) 

6 a(6%) 

6 b (40%) 

6 c (52%) 

WdW 
(furan-P-ylbP 6 d (44%) 

WPWzCh 
Pd(PPbzCh 

Pd(PW4 

6 e(85%) 

5 a(60%) 

6 t (66%) 

6 g (22%) 

Pd(PPQzCI, 
R = tmmCH&H=CHCQEt 

6 h (28%) 

R = tramCH=CHC&CQEt 

l DMF as solvent 

(c) Palladium-catalyzed coupling reactions of 3,4-bis(tri-n-butylstannyl)furan (1)19.*0 
By virtue of the incorporation of two tri-n-butylstannyl groups, furan 1 appeared to be an ideal 

precursor for the realization of 3,4disubstituted furans, which are widely regarded as challenging targets.14 In 
light of the fact that 2 could be converted to a number of 3-substituted furans via palladium-catalyzd coupling 
reactions, 1 was likewise allowed to undergo similar conversions. Up to now, the Stille reaction of bis-stannyl 

compounds is rare and spomdicF5 and no xegioselectivity of these compounds has been recorded in the 
literature.. For this reason. we initiated a program to investigate the use of 1 for the synthesis of symmetrical as 
well as unsymmetrical 3,4-disubstituted furans. The palladium-catalyzed coupling reactions of 1 with acid 
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Tablo 3. Palladlumcaalyzad coupling reactlon of 1 with RX 

Entry 

1 

2 

RX 

MeCOCl 

“BuCOCI 

3 PhCOCl 

4 PhBr 

5 

6 

7 

pMeCOC6Hgr 

pNO&H4Br 

Phl 

8 Phl 

9 Phl 

10 

11 

PMGHS 

Phl 

12 trans-PhCH=CHBr 

13 (Z)-MeCOCH=C(Me)Br 

14 WarwPhCH=CHI 

15 trans-EtO&CH=CHCH$r 

16 PhCHaBr 

17 PhCH2CI 

[Pd] I solvent TemperaWe iime ’ 

Pd(PPh3)& 
THF 

Pd(PPh&& 
THF 

Pd(PPh& 
HMPA or DMF 

Pd(PPh& 
HMPA or DMF 

Pd(PPh& 
HMPA or DMF 

Pd(PPh&& 
HMPA or DMF 

80°C 
24 h 

65°C 
1Oh 

65°C 
8h 

65°C 
10h 

80°C 
20 h 

8OOC 
24 h 

65°C 
24 h 

Pd(PPh& 
HMPA or DMF 

85% 
24 h 

65’C 
10 h 

65°C 
10 h 

65% 
2h 

r.t. 
lh 

7ooc 
lh 

W3HdPdCIl2 
DMF 

Pd(MeCN)$& 
PPh3, DMF 

Pd(PPh& 
DMF 

70°C 
10 h 

70°C 
2h 

70°C 
10 h 

Pd(PPhsk 
DMF 

1 oooc 
12h 

(yield %) 

7a R’ = Sn”Bu3 
(59)ti = COMe 

7b R’ = Sn”Bu3 
(57) R2 = CO”Bu 

7c R’ = Sn”Bu:, 
(95) ti = COPh 

7d R’ - Ph 
(54)ti = Ph 

78 R’ = CGH4COMe-p 
(45) R2 = CBH4COMe-p 

7f R’ = GH4N0,p 
(85) R2 = C8H4N02-p 

7d R’ = Ph 
(12)ti - Ph 

7d R’ = Ph 
(12)R2 3 Ph 

7d R’ = Ph 
(55)ti = Ph 

7g R’ = CsH4Me-p 
(45)F? = CeH4Msp 

7d R’ = Ph 
(65)ti = Ph 

7h R’ = trans-CHPCHPh 
(69)R2 = tfaw-CH=CHPh 

71 R’ = (2)~CH(Me)=CHCOMe 
(79)g = (2)~CH(Me)=CHCOMe 

7h R’ = fransCH=CHPh 
(47)R2 = trawCH=CHPh 

7j R’ = CH2CH&HC02Et 
(67)R2 = CH2CH&HC02Et 

7k R’ = CH2Ph 
(45) R2 = CH2Ph 

7k R’ I CH2Ph 
(70)R2 = CH2Ph 
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chlorides, aryl halides, vinyl halides, benxyl halides and an ally1 bromide were catrled out (Scheme 4). The 
catalysts used, solvents, reaction conditions and the yields of the 3,4disubstituted fitrans 7 am illustrated in 
Table 3. 

1 7 
Scheme 4 

Furan 1 reacted with one equivalent of acid chlorides to furnish moderam to good yields of mono- 
acylated pmducts 7% 7 b and 7c (Table 3, Entries I,2 and 3). It is noteworthy that the yields with aliphatic acid 
chlorides were inferior to that of benxoyl chloride. Somewhat surprkingly, reaction of 1 with two quivalents 
or mom of the acid chknides only affcnded mono-acylated products, without any detectable amount of bii- 
acylated compounds. Under forcing conditions ln toluene at ICHYC’. 3,4-dibenxoylfumn 8 was formed. but in 
very low yield, and the reaction was not complete after 32 hours (Scheme 5). There has been an example to 
show that the rate-determikng step in the coupling of oQWWMaMsandacidhali&swaslnMturemS~ 

reaction, in which the palladium complex nsulted from an oxldatlve addition was the elecavphile.26 Based on 

this meohanistic cons&ration. a ratio&&on can be made to support the mono-acylation behavior of 1. Due 

to the fact that the ttansmtallation step is rate-comrolllng, diffuentlation would be possible if the nrctivitles of 
1 and 7c should be largely different. Furan 7c. with an benxoyl group adjacent to the stannyl group, was 
electron-deficient and, as a tesult, would be less willing to undergo Sd transmcEBuBtion reaction with the 
electron-seeking palladium complex PhCOPdL# formed from an oxidative addition of PhcoQ to w. This 
argument, however, cannot be extended to other coupling mactions unless they have a slow tmnsmemlIation 
step. It is not, for instance, applicable to the coupling of aryl halides with organostannanes, which is believed to 

proceed through a slow oxidative addition 27 Experimentally, with the exception of acid halides, for the 
coupling reactions of ali the other organohalides discussed below, the competition from the mono-substituted- 
mono-stannylfurans was very effective, and the coupling reactions could not be stopped at the mono- 
substitution stage. 

PdFS, 
PW 

“Bu,Sn SnnBug PhCO COPh 

n 
I \ 
0 

t-l 
/ \ 
0 

I Co, THF 8 
WC,3d 

30% 

Scheme 5 

In the cases of aryl bromides, fair yields of bis-arylated furans were obtained when Pd(PPh& was used 
as catalyst (Table 3, Entries 4,5 and 6). While with aryl iodides. the conversion was however quite low. For 
example, only 12% yield of 3.4diphenylfuran (7d) was isolated from the reaction of iodobenxene with 1 
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(Entries 7 and 8). The same problem had also been encountered by Liebeskkd atxl Fengl in their effort to 

couple vinyl stannanes and vinyl iodides. 28 Such situation was improved by using CuI as a cocatalyst to 

PhCH,Pd(PPh,),Cl. As a result, moderate to good yields of cross-coupled products were prod~ced.~* In this 
manner, we found that the use of Pd(PPh$2C12 and CuI under nitrogen was very effective (Entries 9 and 10). 
The active allylpalladium chloride dimer also catalyzed a similar reaction with a good yield of 7d (Entry 11). 

Allylpalladium chloride dimer was found to be the catalyst of choice when vinyl bromides were used 
(Table 3, Enuies 12 and 13). For rruu.+iodostyrene, the use of [(C,H,)PdCl], afforded the desired 7h, albeit 
in only 47% yield (Entry 14). On the other hand, the reaction of 1 with ethyl trun.r4bromocrotonate utilizing 
Pd(MeCN)2C12 gave a better yield of 7j (Entry 15). Finally, with Pd(PPh&, 1 coupled smoothly with benzyl 
bromide or benzyl chloride to give 3.4-dibenzylfumn (7k) @mies 16 and 17). It has been established that the 
reaction with benzyl halides should involve the oxidative addition of the palladium catalyst to the C-X bond in 

an S&type reactlon.27*29 As such, it can be seen that higher temperature was needed for betray1 chloride (Entry 

17) because chloride ion is a weaker leaving group .30 Nevertheless, benzyl chloride also gave a better yield 
because it is much more stable than benzyl bromide towards heat and moisture. 

That the cross-coupling occutred in an ipso-fashion was best proved by the chemical shifts of the a- 

protons in their tH-NMR spectra (see Expetimental Section). Consequently, the chemical shifts of the a- 

protons on furans are invariably larger than I 7.00, while those of the pprotons are between S 6.00-7.OO.sr 
Iodination of 1 occurred readily at 093 ln a stepwise manner to give in 79% yield 3-iodo4(tri-n- 

butylstannyl)furan (9) with one equivalent of iodine. and, with two equivalents of which, 3&diiodofuran (10) 
was provided in 85% yield (Scheme 6). It is interesting to note that our method should be better than a 1970 

resorted in which a &iOUS synthesis and isolation of 10 were noted. 

I I 

n 
/\- I2 

‘2 

0 
THF, 0°C THF, 0% 

10 
1.5 

h, 
85% 

1 20 min, 79% 9 
Scheme 6 

The carbonylation of furan 1 was also attempted. Thus, a mixture of k&benzene and 1 was allowed to 
react under 30 psi of CO catalyzed by Ph(PPh3)4 in THF. The reaction was complete in 3 days and gave good 
yield of 3,4dibenzoylfuran (8) (Scheme 5). This is in sharp contrast to the palladium~atalyzed coupling 
reaction between 1 and benzoyl chloride (Scheme 5). The exact reason for the good yield is yet unknown. It is 
possible that CO could stabilize the palladium species RCOPdLtX, so that the second carbonylation reaction 
could proceed to afford 8 even if the reaction is slow. 

Upon treatment with either CF3COaD,33 or bromine,25b the remainiig ai-n-butylstannyl group of 7c 
was regiospecifically replaced accordingly with a deuterium atom or a bromine atom, funWing 11 
(approximately 45% deuttuium content due presumably to the acid used) and 12 in % and 83% yield, 
respectively (Scheme 7). Noteworthy is that 12 in principle can be converted further into various 3,4- 

disubstituted furans by employing palladiumcatalyzed reactions ?4 thereby enriching the variety of furans as 

well as enlarging the scope of our synthetic strategy. Moreover, 7c was also converted through paRadium- 

catalyzed mactions19 to afford 4-@-nitrophenyl)fumn-3-yl phenyl ketone (13) and 3benzoyl4(arurs- 
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styryl)furan (14) in 81 and 82% yield, respectively (Scheme 7). 

D COPh 

11 
A 

CF,CQD 
CYCr, 

Ph 
COPh PhCHkHBr “Bugin COPh gNO&H,Br pNO&& COPh 

[GY)PdClk W’PW, e 
HMPA HMPA 

14 
60°C 

7c 
80% 

13 

Br2 
THF 
-78°C 

1 
Br COPh 

n 
I \ 
0 
12 

Scheme 7 

Another route in which 3&lisubstituted fumns could be obtained fkom 1 was by utilizing lithiation as 
the pivotal step. Lithiation of organostannanes with akyllithium was first discovered and studied by Seyferth in 

the sixties.35 This method has since attracted considerable attention and examples of their application in organic 

synthesis have been abundant3’j The side product of this reaction was the hydrocarbon-like tetra-n-butylt@ 

which was unreactive under the reaction conditions, and was also easily removed by chromatography?6 This is 
very advantageous compared with the traditional method by reaction of organohalides with n-butyllithium, 
because the side product n-butyl halide usually causes workup and purification problems especially when the 

product is volatile.37 Another strong point of the tin-lithium exchange is that it is usually very fast, while the 
halide-lithium exchange often requires long reaction time at low temperatum. Furthermore, the tin-lithium 
exchange reaction can be conveniently monitored by TLC with the appearance of tetra-n-butyltin. While for 
halidelithium exchange ma&ok, the detection methods such as deuteration, NMR spectral technique are 

inconvenient.ts* Since tin-lithium exchange has the aforementioned merits, it was applied in our quest for 
selective, stepwise preparations of unsymmetrical 3,kiisubstituted furans. 

Inspired by Fleming’s syntheis of 3-furoic acid ftom 2, lSc we attempted the hthiation of 1 with various 
amounts of n-butyllithium and found that approximately 2 equivalents of n-butyllithium were needed to achieve 
a complete. exchange of one ni-n-butylstannyl group, generating 15 (Scheme 8). Smaller amounts of n- 
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butyllithium only led to imcomplete conversion, while larger amounts (up to 4 equivalents) gave no sign of 
exchange with the remaining tri-n-butylstanuyl group. It came as no surprise because this kind of difficulty in 
connection with the simultaneous replacement of two stannyl groups has been well-documented in bis- 

stannylalkenes3* and bis-stannylarenes.39 Such a seemingly unfavorable restriction, nonetheless, led to our 
successful unsymmetrical 3.4-disubstituted furan syntheses. 

“Bu$n SnnBus 

H 
I \ 

nBuLi 

0 THF 

1 -78°C 15 16 17 
Scheme 8 

Table 4. Conversion of 15 to 16 by addition of electrophlles 

Entry 

1 

r 

3” 

4b 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Electrophile 

MeSO4 

~?&‘4 

HCONMq 

HCONM+ 

HCONM+ 

EtCONMe, 

M%CO 

PhCHO 

Pt&O 

Mel 

H&O 

E 16 (yield) 

Me 16 a(65%) 

Me 16 a(36%) 

CHO 16 b(58%) 

CHO 16 b(69%) 

CHO 16 b(86%) 

COEt 16c(63%) 

C(OH)Me, 16d(60%) 

CH(OH)Ph 16 e(75%) 

C(0H)Ph.z 161(79%) 

Me 16a(28%) 

CeOH 16g(19%) 

.& t& 
HO 

16 h(63%) 

16 i(44%) 

Wectrophile added alone. bTMEDA added together with nbutyllithium. 

The regiospecific conversions of 15 to 16 arc depicted by examples as outlined in Table 4. As can be 
seen, the yields of 16a and 16b were unsatisfactory (Entries 2 and 3) when Me3S04 and DMF respectively 
were added alone, but were improved significantly when the electmphiles wexe added together with 1,3- 
dimethyl-3,4,5,6-tetrahydro-2( lH)-pyrimidinone (DMFV) (Enties 1, 4 and 5). Indeed, DMFV was found to 
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be the best solvent fm these lithiation nactions. In one of the formylation mactions (Entry 4), TMEDA was also 
added in order to increase the reactivity of furyllitbium. Reaction of iV,ZVdimethylpropanamide with 15 gave 
16c in 63% yield (Entry 6). Carbonyl compounds reacted likewise with 15 to give the carresponding addition 
products 16d. 16e, 16f and 16g (Entries 7. 8,9 and 11). With a&msaturated ketones, only l&dclition 
was observed (Entries 12 and 13). To obtain good yields, reactive electmphiles such as dimethyl sulfate and 
carbonyl compounds should be used. With formaldehyde and less reactive electmphiles such as iodomethane, 
yields were rather inferior. (Entries 10 and 11). In practice, compounds 16 could be readily isolated m the 
reaction mixture by chromatography on neutral alumina since the Rf values of the pmducts and side products 
differ substantially. 

Having achieved the synthesis of 16, their further transformation into unsymmetrical 3.4disubstituted 
furans 17 was sought. Again, palladium-catalyzed coupling reactions were utilized and the results FIG shown in 
Table 5. The coupling of 9-bromophenanthrene with 16a merely gave 17a in low yield (Entry I), despite many 
catalysts had been tried. A possible explanation might be the steric hindrance caused by the bulkiness of the 
phenanthrene ring. However, it appeaFed that the stuic congestion on 16f rendered by the two phenyl groups 
was not so detrimental to the yield of 17d (Entry 4). Q-4-Brom*3-penten-2-one was used to couple with 16d 
to afford 17b (Entry 2). The benzylic hydmxy group did not interfere with the reaction, which was carried out 
at mom temperature to avoid dehydration. The conversion of 16e into 17c was quite facile (Entry 3) and this 

reaction seems to have potential applications in lignan synthesis.4o The reaction of 16h with tranr-j3- 
bmmostyrene was unexpectedly not smooth. The reaction was very slow in DMF, and was not complete even 
after three days. Heating was also not employed because of possible dehydration. Eventually, it was discovered 
that the reaction took 24 hours to complete at mom tempem in a mixture of DMF and HMPA (l&l) as 
solvents (Entry 5). 

Table 5. Palladium-catalyzed coupling of 16 to form 17 

Entrv 16 Rx [Pdl Temperature 1 7(yield) _ _ 
time 

1 16a 9-bromophenanthrene Pd(PPh& 60°C 
6h 

17 a(35%) 
E=Me 
R = 9-phenanthryl 

2 16d Q-MeCOCH=C(Me)Br [(C&JPdClk 
2Y-h 

3 16e PhC&Br Pd(MeCN)& 60°C 
2h 

4 16f pMeCOGH,Br Pd(PPQ 75oc 
24 h 

5* 16h transPhCH=CHBr [(C&)PdCIk 
2r6th 

17 b(66%) 
E = C(OH)M% 
R = (Z)-C(Me)=CHCOMe 

17G(70%) 
E = CH(OH)Ph 
R = CH,Ph 

17d(61%) 
E = C(OH)Ph* 
R = C&l&OMe-p 

f 7 e(76%) 
E P 1 -hydroxy-1 qclohexyl 

l Solvent : DMF / HMPA (1O:l) 

R = trwsCH=CHPh 
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The conciseness and effectiveness of the combined use of a lithlation reaction plus a palladiumcatalyzed 
coupling reaction are aptly demonstrated by the synthesis of two unsymmetrical 3,4-disnbstituted furans 19 and 
20 as depicted in Scheme 9. In view of the low yield in the direct preparation of 16g (Table 4, Bntry 11). 16b 
(Table 4, Entry 5) was reduced by DIBAL to give a good yield of 16g. Pmtectlon of the primary alcohol of 
16g with dihydropyran in the presence of pyridinlum p-tohtenesulfonate resulted in a gradual 
protodestannylation. Therefore, the hydroxy group was protected instead as a silyl ether, giving a hey 
inkrmediate 18. The palladium-catalyzed coupling reaction of 18 with pmpanoyl chloride generated furan 19. 

which might serve as a key precursor in Corey’s synthesis of (2W)-camptothecin4t Thus, a TBS-protected 3- 
hydroxymethykt-pmpanoylfuran 19 was synthesized ln four steps fkom 1 in an overall yield of 50%. 
Alternatively, the palladium-catalyzed carbonylation of 18 afforded 20, which bears some skeletal resemblance 

to a naturally occurring furan lactaraL42 

16b 

CByAlH %u3Sn CHzOH f-BuMq$iCI 
G3H,4 

* 
0% 1 h H 

I \ 
c&J+ESN 

0 4h 
92% 90% 

16g 

“Bu$n CH20Si’BuMe2 EtCOCl EtCO 

n 

CH20Si’t3uMe2 

I \ 
f”WWzCI, 

- n 
I \ 

0 
THF 

70% 20 h 
0 

16 70% 19 

Scheme 9 

EXPERIMENTAL SECTION 
General. All solvents were reagent grade. Further purifications and drying by standard methods were 
employed when necessary. All evaporation of organic solvents was carried out with a rotary evaporator in 
conjunction with a water aspirator. Melting points were recorded on a Peichert apparatus and are uncorrected. 

NMR spectra were recorded on a Bruker Cryospec WM 250 spectrometer (250 MHZ for *H and 62.5 MI-Ix for 

13C), All NMR measurements were carried out at room temperature in CDC13 solution unless otherwise stated. 
Chemical shifts are reported as parts per million @pm) in 6 unit on the scale downtleld from tetramethylsilane 

(lMS) or relative to the resonance of CHCl, (7.26 ppm in the ‘H, 77.0 ppm for the central line of the triplet in 

the 13C modes, respectively). Coupling constants (J) are mported in herta (Hz). Splitting patterns are described 

as “s” (singlet); “d” (doublet); “5 (triplet); “q” (quartet); “m” (multiplet). ‘H NMR data am mported in this 
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order chemical shifts; multiplicity; coupling constant(s); number(s) of proton. Mass spectra wcrc obtained on a 
VG 707OF mass spectrometer, and recorded at an ionization energy of 70 ev for ordimuy compounds and 20 ev 
for stannyl compounds. TLC was performed on silica gel 60F2s4 precoated on ahuninum. Column 
chromatography was performed on silica gel (230-400 mesh) unless otherwise stated. Reverse-phase ‘EC 
plates weff purchased from Whatman. Elemental analyses were carried out at Shanghai Institute of Organic 
Chemistry, The Chinese Academy of Sciences. 
Materials. Reagents were purchased from commercial suppliers and were used without further purification. 

(Z)-4-Bromo-3-penten-2-one,43 (E)-4-bromo-3-penten-2-one$3 frMs+iodostyrene,~-46 tmns-l-iodo-l- 

heptene.44 4-rerf-butylcyclohex-l-enyl trifla&T and N,ZV-dimethylpmpanamid&*~~~ were prepared acconiing 
to the literature. 

Bis(tri-n-butylstannyl)acetylene (3).50 Dry acetylene gas was bubbled into a solution of 1.5 M n-BuLi 
(500 mL. 0.75 mol) in THF (50 n-L) under nitrogen at -3097 for 1 h, during which time a thick white 
suspension was formed. The mixture was then refluxed for 2 h, followed by addition of a solution of n- 
Bu3SnCl (203 mL+ 0.75 mol) in THF (100 nL) at Or. The resulting mixture was ~fluxed for 3 h, then cooled 
to 093 and quenched with icy saturated NH,Cl solution (200 mL). The aqueous layer was extracted with 
hexanes (200 mL). The organic layer was tied over MgS04 and evaporated. Vacuum distillation gave 3 (200 

g, 70%) as a colorless liquid: bp: 159-16093 / 0.01 mmHg (lit. 51 bp 15993 / 0.01 mmHg); MS m/z 604 @I+); 

1HNMR(CDCl3)60.89(br.quintet,J=7.3,7.3,7.3.7.3Hz, 30H), 1.32(br. sextet,J= 7.3, 7.3,7.3,7.3, 

7.3 Hz, 12H), 1.56 (br. quintet, J= 7.3, 7.3, 7.3, 7.3 Hz, 12I-l); 13C NMR (CDC13) 6 11.24, 13.57, 26.93, 

28.91, 116.35. 

3,4-Bis(tri-n-butylstannyl)furan (1) and 3-(tri-n-butyl-stannyl)furan (2). A mixture of 3 (200 g, 

331 mmol) and 4-phenyloxazole (4)‘7 (55 g, 0.38 mol) in a sealed tube was heated in an oil bath at 180-1859= 
for 10 days. It was then opened and the resulting benzonitrile was removed under vacuum. The residue was 
chromatographed on neutral alumina (grade II, 5 kg, hexanes) to give a mixture of compound 1, 2 and 
unreacted 4. Alkyne 4 was removed from the mixture by adsorbing on a bed of alumina (7OOg. Merck 1085 
aluminum oxide for TLC, activated by heating in an oven at 12OY! for 4 h and stored in a desiccator) for 1 h and 
was washed subsequently with hexanes to give a mixture of 1 and 2. Vacuum distillation (bath temperature not 

exceeding 19Or) gave 2 (12 g, 10%) as a colorless liquid: bp 8097 / 0.01 mmHg (lit.lsC bp 109-11l’XJ / 0.6 

mmHg); MS m/z 357 (M+); ‘H NMR (CDC13) 6 0.89 (t, J= 7.2, 7.2 Hz, 9H), 1.01 (t. J= 8.0, 8.0 Hz, 6H), 
1.32 (sextet. J= 7.2, 7.2,7.2,7.2, 7.2 Hz, 6H), 1.47-1.57 (m, 6H), 6.36 (dd. J= 0.6, 1.6 Hz, IH). 7.24 (t, 

J= 1.3. 1.3 Hz, lH), 7.57 (t, J= 1.4. 1.4 Hz, 1H); ‘3CNMR(CDCl,)G9.92, 13.59,27.26,29.16, 113.73, 

114.98, 142.55, 147.17. Compound 1 that remained as non-volatile residue was further purified on a short 

neutral alumina column (grade II-III, 200 g, hexanes) to give pure 1 (47 g, 22%) as a colorless liquid: MS m/z 

589 (M+ -C,H,); 1H NMR (CDCI,) 6 0.79 (t, J = 7.3, 7.3 Hz, 18H), 0.91 (t, J = 7.5, 7.5 Hz, 12H), 1.23 

(sextet, J = 7.3, 7.3. 7.3, 7.3, 7.3 Hz, 12H), 1.34-1.47 (m, 12H). 7.36 (m. 2H); 13C NMR (CDCl3): 6 
10.09, 13.57, 27.38, 29.23, 119.32, 148.09. Anal. Calcd. for C&H5,0Snz: C. 52.05; H. 8.74. Found: C, 
52.40; H, 9.04. 
3-Benzoylfuran (5a). Furan 2 (356 mg, 1.0 mmol), THF (1 mL), Pd(PPh3)2q (28 mg, 0.04 mmol), and 
freshly distilled benzoyl chloride (120 a, 0.1 mmol) were added sequentially to a sealed tube under nitrogen. 
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The tube was sealed and heated on an oil bath at 609: for 2 h. After being cooled to room temperature, the 
mixture was diluted with Eta0 (20 mL) and filtered through celite. Removal of solvent and chromatography on 

silica gel (20 g, hexanes : EtOAc 3O:l) gave Sa (138 mg. 80%) as a colorless solid: mp 38-3993 (lit.lsf mp 39- 

4OC); 1HNMR (CDCls) 66.91 (d, J= 1.9 Hz, lH), 7.45-7.51 (m, 3H), 7.58 (tt. J= 1.7, 1.7, 7.3 Hz, lH), 
7.83-7.67 (m, 2H), 7.92 (t, J= 0.6, 0.6 Hz, 1H). 
General Procedure for the Preparation of Sb-Sh 
(a) 3-Phenylfuran (Sb). To a mixture of compound 2 (100 mg. 0.28 mmol). iodobenzene (57 mg 0.28 
mmol) in DMF (0.3 mL) was added Pd(PPhs)& (8 mg, 0.01 mmol). The resulting mixture was heated at 
7093 for 2 h, then diluted with EtzO (20 mL). washed with water (5 mL), and dried over MgSO4. Evaporation 
and chromatograhpy on silica gel (20 g, hexanes) gave 5b (30 mg, 75%) as a colorless solid: mp 57-58C 

(lit>* mp 58.5-59.59c). MS m/z 144 @I+); ‘H NMR (CDCl$ S 6.71 (dd, J = 0.7, 1.8 Hz, lH), 7.26 (tt, J = 
1.2, 1.2, 7.2, 7.2 Hz, 1H). 7.37 (br. t, J= 6.3, 6.3 Hz, 2H), 7.50 (dt, J= 1.7, 1.7, 8.8 Hz, 3H), 7.74 (dd, 
J= 0.7, 1.3 Hz, 1H). 
(b) 3-(p-Tolyl)furan (5~) was prepared from 2 (356 mg, 1.0 mmol), p-iodotoluene (240 mg, 1.1 mmol), 
CuI (15 mg, 0.08 mmol) and Pd(PPhs)2C12 (28 mg, 0.04 mmol) in DMF (1.0 mL) after stirring at room 
temperature for 2 h. Chromatography on silica gel (20 g. hexanes) afforded 5c as a colorless solid (114 mg, 

72%): mp 65-66sC, MS m/z 158 (M+); ‘H NMR (CDCls) S 2.36 (s. 3H), 6.68 (dd, J= 0.8, 1.7 Hz, lH), 7.18 
(d, J= 7.2 Hz, 2H), 7.38 (d, J = 7.2 Hz, 2H), 7.46 (t, J = 1.7, 1.7 Hz, lH), 7.70 (t. J = 1.0, 1.0 Hz, 1H); 
high resolution MS: 158.0701, CltHtcO Calcd. 158.0729. 
(c) 3-Phenylfuran (5b) was prepared from 2 (100 mg, 0.28 mmol). bromobenzene (29 mg, 0.3 mmol) and 
Pd(PPh3)4 (14 mg, 0.01 mmol) in DMF (0.5 mL) after heating at 7O’C for 1.5 h. Furan 5b, obtained as a 
colorless solid (32 mg. 80%), was identical spectromenically to an authentic sample prepared previously. 
(d) 3-(tram-Styryl)furan (5d) was prepared from 2 (200 mg, 0.56 mmol), tranr-gbromostyrene (112 mg, 
0.6 mmol) and Pd(PPh& (26 mg. 0.02 mmol) in HMPA (0.5 mL) after heating at 6OC for 23 h. 
Chromatography on silica gel (20 g, hexanes) gave 5d as a colorless solid (76 mg, 80%): mp 88-9095, MS 

m/z 170 @I+); ‘HNMR(CDC1,) 66.66 (d, J= 1.7 Hz, lH), 6.81 (d, J= 16.2 Hz, lH), 6.97 (d. J= 16.2 Hz, 
1H). 7.23 (tt, J= 1.8. 1.8, 7.1, 7.1 Hz, IH), 7.33 (dt, J= 1.5, 1.5, 7.6 Hz, 2H), 7.40-7.46 (m, 3H), 7.52 
(br. s, 1H). Anal. Calcd. for Ct2H1u0: C, 84.68; H, 5.92. Found: C. 84.62; H, 5.72. 
(e) (Z)-2-(Furan-3-yl)-2-penten-4-one (5e) was prepared from 2 (100 mg, 0.28 mmol), Q-Cbmmo-3- 
penten-Zone (50 mg, 0.31 mmol) and Pd(PPh#l, (8 mg, 0.01 mmol) in DMF (0.5 mL) after heating at 
7O‘C for 6 h. Chromatography on silica gel (20 g. hexanes : EtOAc 30~1) gave 5e as a colorless oil (32 mg. 

77%). MS m/z 150 (M+); *H NMR (CDCls) 6 2.19(s, 3H). 2.44 (d, J = 1.2 Hz, 3H), 6.46 (s, lH), 6.60 (m. 
lH), 7.43 (s, lH), 7.69 (s. 1H). Anal. Calcd. for CgH,aC+: C, 71.98; H, 6.71. Found: C, 71.83; H, 6.69. 
(f) (E)-2-(Furan-3-yl)-2-penten-4-one (5f) was prepared from 2 (100 mg, 0.28 mmol), (E)-Cbromo-3- 
penten-2-one (50 mg, 0.31 mmol) and Pd(PPh,)2C12 (8 mg, 0.01 mmol) in DMF (0.5 mL) after heating at 

7OC for 6 h. Furan 5f was obtained as a colorless oil (29 mg. 70%). MS m/z 150 @I+); ‘H NMR (CDCls) 6 
2.27 (s. 3H), 2.44 (d, J= I.1 Hz, 3H), 6.46 (s, IH). 6.60 (dd, J= 1.0, 2.0 Hz, lH), 7.43 (dd, J= 1.5, 2.0 
Hz, lH), 7.69 (s, 1H). Anal. Calcd. for C+Ht&: C. 71.98; H, 6.71. Found: C, 71.90, H, 6.73. 
(g) 3-(tram-Styryl)furan (5d) was prepared from 2 (200 mg, 0.56 mmol), tranr-p-iodostyrene (142 mg, 
0.62 mmol) and Pd(PPhs)sCl, (16 mg, 0.02 mmol) in DMF (0.5 mL) after heating under nitrogen at 6OV, for 1 
h. Furan 5d. obtained as a colorless solid (68 mg, 71%). was identical spectrometkally to an authentic sample 
prepared previously. 
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(h) 3-(~runs-1-Heptenyl)furan (5g) wss prepared from 2 (200 mg, 0.56 mmol), rrons-1-iodo-I-heptene 
(100 mg, 0.62 mmol), Pd(PPhs)& (16 mg, 0.02 mmol) and CuI (8 mg. 0.05 mmol) in DMF (0.5 mL) after 
heating at 6095 for 24 h under nitrogen. Chromatography on silica gel (20 g, hexanes) gave Sg as a colorless 

oil (65 mg, 71%). MS m/z 164 (M+); ‘H NMR (CDCls) 6 0.87-0.92 (m, 3H). 1.26-1.47 (m, @I), 2.14 (q, J= 
7.1, 7.1, 7.1 Hz, 2H), 5.94 (dt,J= 6.9, 6.9, 15.8 Hz, lH), 6.30 (d,J= 15.8 Hz, lH), 6.50 (t,J= 1.4, 1.4 
Hz, lH), 7.33 (t, J= 1.4, 1.4 Hz, 2H); high resolution MS: 164.1194, C,,H,,O Calcd. 164.1197. 
(i) Ethyl 4-(furan-3-yl)-2-butenoate (5h) was prepared Tom 2 (200 mg, 0.56 mmol), ethyl JRVIS-~- 
bromocrotonate (118 mg, 0.62 mmol), Pd(MeCN),C&(6 mg, 0.02 mmol) and PPh, (3 mg, 0.01 mmol) in 
DMF (0.5 mL) after heating at 6093 for 2 h. Chromatography on silica gel (20 g, hexaner : EtOAc 30~1) gave 

Sh as a light yellowish oil (60 mg, 60%). MS m/z 180 @I+); tH NMR (CDCls) 6 1.28 (t, J= 7.0, 7.0 Hz, 
3H), 3.33 (d, J= 6.5 Hz, 2H), 4.18 (q, J= 7.0, 7.0.7.0 Hz, 2H), 5.84 (dt, J= 1.7, 1.7, 15.5 Hz, lH), 6.27 
(d, J= 0.7 Hz, lH), 7.03 (dt, J = 7.0, 7.0, 15.5 Hz), 7.26 (dd, J = 0.7, 1.4 Hz, lH), 7.39 (t, J= 1.6, 1.6 
Hz, 1H); high resolution MS: 180.0768, CgH& Calcd. 180.0783. 
General Procedure for the Carbonylation Reactions 
(a) Benzyl furan-3-yl ketone (6a). A mixture of 2 (100 mg. 0.28 mmol). benzyl bromide (49 mg, 0.29 
mmol) and Pd(PPh&Cla (8 mg, 0.01 mmol) in THF (2 mL) was placed in a Schlenk tube under CO 
atmosphere and then pressurized to 30 psi. The mixture was heated at SOT for 2 d. The remaining CO was 
released and the mixture was diluted with EbO. stirred vigorously with 50% aqueous KF solution for 15 min. 
The water layer was extracted with EtsO (2x20 mL). The combined organic layer was dried (MgSOJ, 
evaporated and chromatographed on silica gel (20 g, hexanes : EtOAc 1O:l) to give 6a (42 mg, 82%) as a 

colorless solid: mp 49-5195, MS m/z 186 (M+); lH NMR (CDCls) 6 1.68 (s, W), 6.76 (t, J = 0.7, 0.7 Hz, 
1H). 7.24-7.32 (m, 5 H), 7.40 (s, lH), 8.00 (d. J= 0.73 Hz, 1H). Anal. Calcd. for C,aHieCQ C, 77.40; H. 
5.41. Found: C, 77.31; H, 5.35. 
(b) Furan-3-yl tram-styryl ketone (Qb) and bidfuran-3-yl) ketone (6i) wss prep& from 2 (100 
mg, 0.28 mmol), n-~-j3-iodostyrene (60 mg, 0.26 mmol) and Pd(PPh& (17 mg, 0.02 mmol) in ‘II-IF (2 mL) 
after heating at 5OT under CO (30 psi) for 1 d. Chromatography on silica gel (20 g, hexanes : EtOAc l&l) 
gave a mixture of 6b (16 mg, 40 %) and 6i (12 mg. 20%). They were separated by sublimation. Compound 6i 

sublimed at 56T / 0.01 mmHg to give colorless flakes: mp 132-13493, MS m/z 162 (M+); iH NMP (CDCls) 6 

6.88 (dt, J= 0.6, 0.6, 1.0 Hz, lH), 7.51 (t, J= 1.6, 1.6 Hz, lH), 8.03 (s, 1I-l). Anal. Calcd. forCaHaC$ C, 

66.66; H, 3.73. Found: C, 66.76; H, 3.97. Compound 6b sublimed at loo93 / 0.01 mmHg to give colorless 

crystals: mp 102-10493, MS m/z 198 (M+); tH NMR (CDCls) 6 6.91 (dd, J = 0.8, 1.0 Hz, lH), 7.17 (d, J = 
15.6 Hz, IH), 7.40-7.43 (m, 3 H). 7.50 (br. t. J= 1.2, 1.2 Hz, 1H). 7.61-7.63 (m, 2H). 7.81 (d, J= 15.6 
Hz, lH), 8.16 (s, 1H). Anal. Calcd. for Cr3H1&: C. 78.77; H, 5.08. Found: C, 78.39; H, 5.10. 
(c) Furan-3.yl tram-hept-1-enyl ketone (6~) was prepared from 2 (100 mg. 0.28 mmol). &rns-l-iodo- 
I-heptene (63 mg, 0.28 mmol) and Pd(PPh&Cla (8 mg, 0.01 mmol) in THF (2 mL) after heating at 55-6093 
under CO (30 psi) for 1.5 d. Chromatography on silica gel (20 g. hexanes : EtOAc 1O:l) gave 6c (28 mg, 52%) 

as a colorless oil: MS m/z 192 (M+); iH NMR (CDCls) 6 0.90 (t, J = 6.7, 6.7 Hz, 3 H), 1.29-1.36 (m, 4H), 
1.51 (quintet, J= 7.1.7.1,7.1, 7.1 Hz, 2H), 2.27 (dq. J= 1.4,7.1,7.1.7.1 Hz, 2H). 6.55 (dt, J= 1.5, 1.5, 
15.3 Hz, lH), 6.84 (d, J= 1.6Hz, lH), 7.06 (dt, J= 7.0, 7.0, 15.3 Hz, lH), 7.45 (t. J= 1.6, 1.6 Hz, lH), 
8.05 (s, III); high resolution MS: 192.1148, CisHie0~ Calcd. 192.1146. 
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(d) Furan3-yl 4-tert-butyl-cyclohex-1-enyl ketone (6d) was prepared from 2 (140 mg, 0.39 mmol), 
4-rerr-butylcyclohex-l-enyl niflate (94 mg, 0.39 mmol), Pd2(dba)3 (3 mg, 0.003 mmol) and tris(furan-2- 

yl)phosphine (3 mg. 0.01 mmol) in DMF (2 mL) after heating at 60X! under CO (30 psi) for 3 d. 

Chmmatography on silica gel (20 g, hexanes : EtOAc 101) gave 6d (40 mg, 44%) as a colorless solid mp 69- 

71cC; MS m/z 232 @A+); *H NMR (CDCl3) 6 0.91 (s, 9 H), 1.19 (td, J= 4.9, 12.0, 12.0 Hz, lH), 1.34 (tdd, 

J= 1.9, 4.9, 12.0, 12.0 Hz, 1H) 1.93-2.30 (m, 4H), 2.66 (dt, .I= 2.5. 2.5, 15.0 Hz, lH), 6.76 (dd, J= 0.6, 

1.6 Hz, IH), 6.81 (q, J = 2.5, 2.5, 2.5 Hz, lH), 7.43 (t, I = 1.6, 1.6 Hz, 1H). 7.82 (dd. J = 0.6, 1.6 Hz, 

1H). Anal. Calcd. for CIsH2&: C, 77.55; H, 8.68. Found: C, 77.73; H, 8.89. 

(e) Methyl o-(3-furyl)benzoate (6e) was prepared from 2 (200 mg. 0.56 mmol), methyl o-iodc&enzoate 

(158 mg, 0.6 mmol) and Pd(PPh&CIZ (16 mg. 0.023 mmol) in THF (4 mLJ after heating at 55’C under CO 

(30 psi) for 3 d. Chromatography on silica gel (20 g, hexanes : EtOAc 61) gave 6e (106 mg. 85%) as a 

colorless solid: mp 33-33.5Q MS m/z 230 (M+); *H NMR (CD@) 6 3.73 (s, 3 H), 6.85 (dd. J = 0.7, 1.8 

Hz, lH), 7.42-7.62 (m, 5H), 7.98 (dd, J- 1.3, 8.8 Hz, 1H). Anal. Calcd. for C13Hte04: C, 67.82; H, 4.38. 

Found: C, 67.66; H. 4.11. 

(f) 3-Fury1 phenyl ketone (Sa) was prepared from 2 (200 mg, 0.56 mmol), iodobenzene (122 mg, 0.60 

mmol) and Pd(PPh&& (16 mg. 0.023 mmol) in THF (4 mL) after heating at 55T under CO for 3 d. 

Compound 5a, obtained as a colorless solii (58 mg. 60%), was identical spectrometrically to an authentic 

sample prepared previously. 

(g) J-Fury1 3-methyl-but-2-enyl ketone (egomaketone) (61)53 was prepared from 2 (0.102 g, 0.29 

mmol). 4-bromo2-methyl-2-butene (45 mg, 0.30 mmol) and Pd(PPh3)4 (14 mg, 0.01 mmol) in THF (2 mL) 

after heating at 5593 under CO (30 psi) for 1.5 d. Chromatography on silica gel (20 g, hexanes : EtOAc 10: 1) 

gave 6f (31 mg, 66%) as a colorless oil (lit. 53 bp 122-1269: / 20 mmHg): MS m/z 164 (M+); ‘H NMR 

(CDU3) 6 1.68 (s, 3H). 1.76 (d, J = 1.1 Hz, 3H), 3.46 (d. J = 7.1 Hz, 2H), 5.38 (t of quintet, J = 1.4, 1.4, 

1.4, 1.4, 7.1, 7.1 Hz, lH), 6.75 (dd, J- 0.7, 1.8 Hz, 1H). 7.42 (t, J= 1.6, 1.6 Hz, lH), 8.04 (dd, J= 0.7, 

1.3 Hz, 1H). 

(h) Ethyl fruns-4-(3-furyl)-but-2-enoate (6g) and ethyl trans-4-(3-furyl)-but-3-enoate (6h) 
were prepared from 2 (100 mg, 0.28 mmol), ethyl n-~-4-bromocrotonate (56 mg, 0.29 mmol) and 

Pd(PPh&Qz (7 mg, 0.01 mmol) in THF (2 mL) after heating at 6OT under CO (30 psi) for 1 d An 

inseparable isomeric mixture of 6g and 6h (18 mg. 50%) in a ratio of 1 to 1.3 was obtained after 

chromatography on silica gel (20 g, hexanes : EtOAc 8:l) as a colorless oil: MS m/z 208 @I+); tH NMR 

(CDCl,) 6g: 6 1.28 (t, J= 7.0.7.0 Hz, 3H), 3.67 (dd, J= 1.5.7 Hz, 2H), 4.20 (q, J= 7.0, 7.0,7.0 Hz, 

2Hh 5.97 (d, J= 15.7 Hz, lH), 6.84 (dd, J= 0.7. 1.8 Hz, lH), 7.07 (dt, J= 7.0, 7.0, 15.7 Hz. lH), 7.46 

(t, J= 1.7, 1.7 Hz, lH), 8.08 (d, J= 1.1 Hz, 1H). 6h: 6 1.28 (t. J= 7.0,7.0 Hz, 3H), 3.31 (dd, J= 1.5.7.2 

Hz, 2H). 4.20 (q. J= 7.0,7.0,7.0 Hz, 2H), 6.64 (d, J= 15.4 Hz, lH), 6.78 (dd, J= 0.8, 1.9 Hz, lH), 7.22 

(dt, J = 7.25, 7.25, 15.4 HZ, 1H). 7.46 (t, J = 1.7, 1.7 Hz, lH), 8.07 (d, J = 0.7 Hz, 1H); high resolution 

MS: 208.0712, Ct,H,,O4 Calcd. 208.0732. 

General Procedure for the Preparation of 7a-7c 
(a) 4-(Tri-n-butylstannyI)furan-3-yl methyl ketone (7a). In a sealed tube equipped with a magnetic 

stirring bar were added Pd(PPh&C1, (20 mg, 0.03 mmol). 1 (458 mg, 0.71 mmol), acetyl chloride (110 ttL, 

1.6mmol)andTHF(2mL). Themixturewasthenheatedat8OVfor24h. Afterbeingcookdtoroun 

tempemture, the mixture was concentrated in vacua and the residue was chmmatographed on neutral alumina 

(grade II-III, 30 g, hexanes : EtOAc 201) to give 7a (168 mg, 59%) as a colorless oil: MS m/z 343 @I+-C4H- 

s); ‘H NMR (CDCl3) 6 0.87 (t, J = 7.4.7.4 Hz, 9H). 1.00 (t, J = 8.1.8.1 Hz, 6H). 1.3 (sextet, /= 7.4.7.4, 
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7.4.7.4,7.4 Hz, 6H), 1.47 (quintet, J = 8.1. 8.1, 8.1, 8.1 Hz, 6H), 2.42 (s, 3H). 7.18 (d, J = 1.3 Hz, lH), 

8.13 (d,J= 1.3Hz, 1H); r3CNMR(CDC13)g 10.47, 13.56,27.18, 29.15, 115.46, 132.70, 148.50; 148.98, 

192.84. Anal. Calcd. for CtsH320$n: C. 54.16; H, 8.08. Found: C, 54.07; H, 8.29. 

(b) 4-(Tri-n-butylstannyl)furan-3-yl butyl ketone (7b) wss preps& from 1 (313 mg, 0.48 mmol), 

pentanoyl chloride (60 pL, 0.5 mmol) and Pd(PPh3)$!la (17 mg, 0.02 mmol) in THF (2 mL) after heating at 

6593 for 10 h. Chromatography on neutral alumina (grade E-III, 30 g, hexanes : EtOAc 20~1) gave 7b (122 

mg, 57%) as a colorless oil: MS m/r 441 (MC), ‘H NMR (CDC13) 6 0.86 (t, J = 7.2,7.2 Hz, 9H), 0.93 (t, J = 

8.0, 8.0 Hz, 3H), 1.04 (t, J = 8.0, 8.0 Hz, 6H), 1.30 (sextet, J = 7.2, 7.2, 7.2, 7.2, 7.2 Hz, 8H), 1.49 

(quintet, J = 8.4. 8.4, 8.4, 8.4 Hz, 6H), 1.69 (m. 2H), 2.73 (t. J = 7.4, 7.4 Hz, 2H), 7.17 (d, J = 1.2 Hz, 

1H). 8.13 (d. J = 1.2 Hz. HI); 13C NMR (CDC13) 6 10.48, 13.57, 13.75, 22.48, 27.22, 29.01, 29.19. 

39.83, 115.61, 132.37, 147.84, 148.87. 195.98. Anal. Calcd. for C&H3&Sn: C, 57.16; H, 8.68. Found: 

C, 56.63; H, 8.88. 

(c) 4-(Tri-n-butylstannyI)furan-3-yl phenyl ketone (74 was prepared from 1 (3.98 g, 6 mmol), 
benzoyl chloride (0.7 mL, 6 mmol) and Pd(PPhs)&la (169 mg, 0.24 mmol) in THF (5 mL) after heating at 

65T for 8 h. Chromatography on neutral alumina (grade II-III, 30 g, hexanes : EtOAc 2011) gave 7c (263 mg, 

95%) as a colorless oil: MS m/z 461 &I+); lH NMR (CDC13) 6 0.87 (t, J = 7.2.7.2 Hz, 9H), 1.11 (t, J= 8.1, 

8.1 Hz, 6H), 1.32 (sextet, J = 7.2, 7.2,7.2, 7.2.7.2 Hz, 6H), 1.48-1.61 (m, 6H), 7.26 (s, lH), 7.42-7.54 

(m, 3H), 7.81 (d, J= 7.0 Hz, 2H), 7.95 (s, 1H); 13C NMR (CDC13) 6 10.56, 13.59, 27.19, 29.19, 116.93, 

128.42, 128.62, 131.08. 131.94, 139.61, 148.71, 149.66, 190.45. Anal. Calcd. for Q3H3&Sn: C, 59.90, 

H, 7.43. Found: C, 59.92; H, 7.35. 

General Procedure for the Preparation of 7d-7k 
(a) 3,4-Diphenylfuran (7d). A mixture of 1 (200 mg, 0.3 mmol), bromobenzene (109 mg, 0.69 mmol) and 

Pd(PPh3)4 (32 mg, 0.03 rnmol) in HMPA (0.3 mL) was heated at 6595 for 10 h. After being cooled to room 

temperature, the mixture was diluted with Et20 (30 mL) and stirred vigorously with 50% aqueous KF solution 

for 15 min. The water layer was extracted with E$O (2x20 mL). The combined ethereal layer was washed with 

water (10 mL), dried over MgS04 and evaporated. Flash chromatography on silica gel (20 g, hexanes) gave 7d 

(37 mg, 54%) as a colorless solid. Recrystallization from MeOH gave colorless crystals: mp 107-l 1 IT (lit.t4” 

mp 111-l 129c); MS m/z 220 (M+); tH NMR (CDCls) 6 7.20-7.30 (m, lOH), 7.54 (s, W); 13C NMR (CDCls) 

6 126.10, 127.01, 128.36, 128.58, 132.20, 140.70. 
(b) 3,4-Bis(p-acetylphenyl)furan (7e) was prepared from 1 (200 mg, 0.3 mmol), p-acetylphenyl 

bromide (123 mg, 0.62 mmol) and Pd(PPh3)4 (22 mg. 0.02 mmol) in HMPA (0.3 mL) after heating at 8OC for 

20 h. Chromatography on silica gel (20 g, hexsnes : EtOAc l&l) gave solid 7e contaminated with n-Bu3SnBr. 

Washing with hexanes and recrystallization from n-hexane gave pure 7e (42 mg, 45%) as colorless needles: mp 

133-134V, MS m/z 304 (M+); tH NMR (CDC13) 6 2.60 (s, 6I-l). 7.31 (d, J= 8.3 Hz, 4H). 7.66 (s, 2H), 7.90 

(d, J = 8.3 Hz, 4H); 13C NMR 6 26.36, 125.20, 128.55, 128.61, 136.19, 136.67, 141.70, 197.25. Anal. 

Calcd. for t&,Hr& C. 79.93; H, 5.30. Found: C, 79.80; H, 5.04. 

(c) 3,4-Bis(p-nitrophenyI)furan (7f) was prepared from 1 (200 mg, 0.3 mmol), p-nitmphenyl bromide 
(178 mg, 0.68 mmol) and Pd(PPh3), (28 mg. 0.02 mmol) in HMPA (0.2 mL) after heating at 8UC for 24 h. 

Chromatography on silica gel (20 g, hexanes : EtOAc 61) gave 7f as a colorless solid contaminated with n- 

Bu3SnBr. Washing with hexanes and recrystalhration from MeOH gave pure 7f (82 mg, 85%) ss colorless 

crystals: mp 191-19393, MS m/z 310 (M+); ‘H NMR (CDCl3) 6 7.37 (d, J = 8.8 Hz, 4H), 7.73 (s, 2H), 8.19 
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(d,J=8.8Hz, 4H); tsCNMB(CDCI,)G 124.07, 127.97, 129.10, 138.18, 142.48, 147.43. Anal. Calcd. for 
C1~Hu-,05N~: C, 61.94; H, 3.25; N, 9.03. Found: C, 61.69; H. 3.25; N, 8.70. 
(d) 3,4-Dipbenglfuran (7d) was prepared from 1 (200 mg, 0.3 mmol), iodobenxene (138 mg. 0.68 mmol) 
and Pd(PPh&Qz (17 mg, 0.02 mmol) in DMF (0.2 mL) after heating at 65’C for 24 h. Flash chromatography 
on silica gel (20 g, hexanes) afforded 7d (8 mg, 12%) which was identical spectmmetrically to an authentic 
sample prepared previously. 
(e) 3,4-Diphenylfuran (7d) was prepared from 1 (200 mg. 0.3 mmol), iodobenxene (138 mg, 0.68 mmol) 
and Pd(PPhs)s (17 mg, 0.02 mmol) in DMF (0.2 mL) after heating at 6SC for 24 h. Compound 76 (8 mg, 
12%) was identical spectromeuically to an authentic sample prepared previously. 
(t) 3,4-Diphenylfuran (7d) was prepared fmm 1 (97 mg, 0.15 mmol), iodobenxene (72 mg, 0.35 mmol), 
Pd(PPhs>sQz (8 mg, 0.01 mmol) and CuI (5 mg, 0.03 mmol) in DMF (0.5 mL) after heating at 65’T for 10 h. 
Flash chromatography on silica gel (20 g, hexanes) gave 7d (18 mg, 55%) which was identical 
specnometricaIly to an authentic sample prepared previously. 
(g) 3,4-Bis(p-tolyl)furan (7g) was prepared from 1 (200 mg, 0.3 mmol), p-iodotoluene (154 mg, 0.71 
mmol), CuI (14 mg, 0.068 mmol) and Pd(PPhs)2CLt (24 mg. 0.03 mmol) in DMF (0.2 mL) after heating at 
6593 for 10 h under nitrogen. Flash chromatography on silica gel (20 g. hexanes) gave 7g (35 mg, 45%) which 

was recrystallized from MeOH to afford colorless needles: mp 105-10793 (lit.15. mp 106-107T); tH NMB 

(CDCls) 6 2.33 (s. 6H). 7.11 (AX, J = 3.7 Hz. 8H), 7.51 (s. 2H); 13C NMR (CDC13) 6 21.11, 125.99. 
128.46, 129.09, 129.33, 136.64, 140.45. 
(h) 3,4-Diphenylfuran (7d) was prepared from 1 (100 mg, 0.16 mmol). iodobenzene (73 mg, 0.36 mmol) 
and [(C,Hs)PdCl], (6.6 mg, 0.02 mmol) in DMF (0.5 mL) after heating at 6593 for 2 h under nitrogen. Flash 
chromatography on silica gel (20 g, hexanes) gave 7d (22 mg, 65%) which was identical spectrometrically to 
an authentic sample prepared previously. 
(i) 3,4-Bls(truns-styryl)furan (7h) was prepared from 1 (190 mg, 0.29 mmol). tran@bromostyrene 
(125 mg, 0.68 mmol) and [(CsH5)PdCl]2 (9 mg, 0.01 mmol) in HMPA (0.3 mL) after stirring at room 
temperature for 1 h. chromatography on silica gel (20 g, hexanes) gave 7h (54 mg, 69%) as yellow solids: mp 

77-7993; MS m/z 272 (M+); ‘H NMB (CDC13) 6 6.88 (d. J = 16.3 Hz. 2H). 6.99 (d, J = 16.3 Hz, 2H), 7.24 
(br. tt,J= 1.4, 1.4, 6.2, 6.2 Hz. 2H). 7.34 (br. tt,J= 1.8, 1.8,7.3,7.3 Hz, 4H). 7.43-7.48 (m, 4H), 7.58 

(s, 2H); 13C NMB (CDCl,) 6 118.11, 123.36. 126.30, 127.58, 128.69, 130.38, 137.41, 140.64; high 
resolution MS: 272.1161, f&Hi60 Calcd. 272.1197. 
(i) 3,4-Bis[(Z)-4-oxo-2-penten-2-yl]furan (7i) was prepared from 1 (203 mg, 0.31 mmol), (Z)-4- 
bromo-3-penten-2-one (110 mg, 0.67 mmol) and [(qHs)PdCl], (9 mg, 0.01 mmol) ln DMF (0.4 mL) after 
heating at 7OqC for 1 h. Chromatography on silica gel (20 g, hexanes : EtOAc 10~1) gave 7i (60 mg, 79%) as an 

yellowish oil: MS m/z 232 @I+); ‘H NMB (CDC13) 6 2.24 (s, 6H), 2.38 (d, J = 1.2 Hz, 6H), 6.31 (d, J = 1.2 

Hz, 2H), 7.48 (s, 2H); 13C NMR (CDCl,) 6 19.45. 31.92, 125.45, 127.86, 142.12, 145.25, 198.21. Anal. 
Calcd. for C!,,,H,&: C, 72.39; H, 6.94. Found: C, 72.07; H, 6.71. 
(k) 3,4-Bis(truns-styryl)furan (7h) was prepared from 1 (190 mg, 0.29 mmol), trons-&iodostymne (156 
mg, 0.68 mmol) and [(CsHs)PdCl], (9 mg, 0.01 mmol) in DMF (0.3 mL) after heating at 7O’C for 10 h. 
Chromatography on silica gel (20 g, hexanes) gave 7h (37 mg, 47%) which was identical spectromenically to 
an authentic sample prepared previously. 
(l) 3,4-Bis(3-ethoxycarbonyl-lrans-prop-2-en-l-yl)furan (7j) was prepared from 1 (208 mg, 0.32 
mmol), ethyl puns-4bromocrotonate (133 mg, 0.69 mmol), Pd(MeClU)&l~ (6 mg. 0.02 mmol) and PPh3 (4 
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mg, 0.02 mmol) in DMF (0.4 mL) after heating at 709: for 2 h. chromatography on silica gel (20 g, hexanes : 
EtOAc 10~1) gave 7j contaminated with n-Bu&Br. which was removed by adding 1.0 M n-Bu4NF solution in 
THF (1 mL). Further chromatography on silica gel (20 g, hexanes : EtOAc 6:l) gave pme 7j (45 mg, 67%) as 

an yellowish oil: MS m/z 292 (M+); ‘H NMR (CDCl$6 1.28 (t, J = 7.2,7.2 Hz, 6H), 3.24 (dd. J = 1.7, 6.3 
Hz, 4H). 4.19 (q, J= 7.2, 7.2, 7.2 Hz, 4H), 5.80 (dt. J= 1.7. 1.7. 15.6 Hz, 2H), 7.02 (dt. J= 6.3, 6.3, 

15.6 Hz, 2H), 7.24 (s, 2H); l3C! NMR (CDC13) 6 14.14, 26.13, 60.22. 120.61, 122.61. 140.69, 145.62, 
166.18. Anal. Calcd. for C16H200s: C, 65.74; H, 6.90. Found: C, 65.44, H, 6.95. 
(m) 3,4-Dibenzylfuran (7k) was prepared from 1 (195 mg, 0.30 mmol), benzyl bromide (113 mg, 0.66 
mmol) and Pd(PPh3)4 (28 mg, 0.02 mmol) in HMPA’(0.2 mL) after heating at 7&J for 10 h. Chromatography 

on silica gel (20 g, hexanes) gave 7k (35 mg. 45%) as a colqless solid: mp 37-399c, MS m/z 248 @I+); ‘H 

NMR (CDCl,) 8 3.58 (s, 4H), 7.10 (s, 2H). 7.12 (dd, J = 1.7, 8.3 Hz, 4H), 7.20-7.29 (m, 6H); 13C NMR 
(CDC13) 6 29.90, 124.15, 126.12, 128.35, 128.58, 139.75, 140.82. Anal. Calcd. for C1&J60: C, 87.06; H, 
6.50. Found: C, 86.58; H. 6.50. 
(n) 3,4-Dibenzylfuran (7k) was prepated from 1 (195 mg, 0.30 mmol), benzyl chloride (167 mg, 0.66 
mmol) and Pd(PPh,), (28 mg, 0.02 mmol) in DMF (0.2 mL) after heating at 10093 for 12 h. Chromatography 
on silica gel (20 g. hexanes) gave 7k (52 mg. 70%) which was identical spectmmetrically to an authentic 
sample prepared previously. 
3,4-Dibenzoylfuran (8). A suspension of 1 (150 mg, 0.23 mmol), benzoyl chloride (70 & 0.46 mmol) 
and Pd(PPh,),Cl, (16 mg, 0.02 mmol) in toluene (1 mL) was heated in a sealed tube at 1009: for 32 h. 
Chromatography on silica gel (20 g, hexanes : EtOAc 4: 1) gave 8 (13 mg, 20%) as a colorless solid which was 

recrystallized from n-hexane to give colorless needles: mp 125-12693 (lit.54 mp 126cC); MS m/z 276 @4+); ‘H 
NMR (CDC!13) 6 7.40 (br. t, J = 7.4, 7.4 Hz, 4H), 7.54 (tt, J = 2.1, 2.1, 7.4, 7.4 Hz, 2H), 7.78-7.83 (m. 

4H), 7.87 (s, 2H); t3CNMR(CDC13)6 1126.63, 128.48, 129.04, 132.96, 138.08, 146.81, 188.51. 
3,4-Dibenzoylfuran (8). A mixture of 1 (150 mg, 0.23 mmol), iodobenzene (114 mg, 0.56 mmol), 
Pd(PPh3)&12 (16 mg, 0.02 mmol) in ‘IHF (1 mL) was placed in a Schlenk tube under CO atmosphere and then 
pressurized to 30 psi. The mixture was heated at 55’c: for 3 d. The remaining CO was released and the mixture 
was diluted with Et20 (20 mL), stirred vigorously with 50% aqueous KF solution for 15 min. The water layer 
was extracted with Et20 (2x20 mL). The combined organic layer was dried (MgS04), evaporated and 
chromatographed on silica gel (20 g, hexanes : EtOAc 4:l) to give 8 (51 mg, 80%) as a colorless solid which 
was identical spectrometrically to an authentic sample prepared previously. 
3-Iodo-4-(tri-n-butylstannyl)furan (9). To a solution of 1 (208 mg, 0.32 mmol) in THF (4 mL) was 
added a solution of iodine (82 mg. 0.32 mmol) in THF (6 mL) over 20 min at mom temperature. Instant 
decoloration was observed at the initial stage and later a yellow color persisted. The mixture was concentrated 
in vacua and the residue was chromatographed on neutral alumina (grade II, 20 g, hexanes) to give 9 (123 mg. 

79%) as a colorless oil: MS m/z 483 (M+); ‘H NMR (CDC13) 6 0.89 (t, J = 7.2, 7.2 Hz, 9H). 1.11 (t. J = 8.1, 
8.1 Hz, 6H), 1.37 (sextet,J= 7.2, 7.2,7.2, 7.2, 7.2 Hz, 6H), 1.50-1.58 (m, 6H), 7.08 (d,J= 1.5 Hz, 1H). 
7.55 (d, J= 1.5 Hz, IH). Anal. Calcd. for C,,HZ901Sn: C, 39.71; H. 6.25. Found: C. 40.65; H, 6.38. 
3,4-Diiodofuran (10). A solution of iodine (243 mg, 0.6 mmol) in THF (6 mL) was added to a solution of 
1 (310 mg, 0.48 mmol) in THF (10 mL) at room temperature over 1.5 h. The resulting yellow solution was 
evaporated and chromatographed on neutral alumina (grade II-III, 20 g, hexanes) to give 10 (132 mg, 85%) as 

a colorless oil (lit.32 bp 73‘? / 1.5 mmHg): MS m/z 320 (M+); ‘H NMR (CDCl,) 6 7.44 (d, J = 0.6 Hz, 2H) 
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[lit32 rH NMR (CDC13) 6 7.411; rsC! NMR (CDC13) 8 77.49, 146.31. 
I-Deuteriofuran3-yl phenyl ketone (11). CF3QD (0.03 mL+ 0.3 mmol) was added dropwise to a 
stirred solution of 7c (0.15 g, 0.33 mmol) in t&Cl, (6 mL) at mom temperature. ‘Ihe resulting solution was 
stirred for 40 min. diluted with CH2C12 (20 mL). washed with water (5 mL), dried over MgS04 and 
evaporated. Chromatography on silica gel (20 g, hexanes : EtOAc 10~1) gave 11 (89 mg, 95%) as a colorless 

solid. MS m/z 174 (M+): 173 @4+-l) 5545; rH NMR (CDC13) S 6.91 (dd, J = 0.6, 1.2 Hz, 0.54H), 7.46-7.58 
(m, 4H). 7.85 (dd, J= 1.7,7.6 Hz, 2H), 7.91 (d, J= 1.0 Hz, 1H). 
4.Bromofuran-3-yl phenyl ketone (12). Bromine (20 mL, 0.4 mmol) in THF (2 mL) was added 
dropwise to a stirred solution of 7c (190 mg. 0.41 mmol) in THF (2 mL) at -78cZ: over 0.5 h. The resulting 
solution was warmed to room temperature over 0.5 h. then diluted with EbO (20 mL), washed consecutively 
with 5% aqueous Na.$,C& solution (5 mL) and brine (5 mL), dried over MgSO4 and evaporated. 
Chromatography on silica gel (20 g, benzene : EtOAc l&l) gave 12 (85 mg, 83%) as a colorless oil: MS m/z 

251 @I+); lH NMR (CDCl,) 6 7.47 (br. td, J= 1.2, 7.3, 7.3 Hz, 2H), 7.55 (d. J = 1.4 Hz, 1H). 7.60 (tt, J= 

1.4, 1.4, 7.2, 7.2 Hz, lH), 7.76 (d. J = 1.4 Hz, lH), 7.82-7.86 (dt, J = 1.6, 1.6, 7.0 Hz, 2H); 13C NMR 
(CDC13) 6 100.15, 124.79. 128.49, 129.20. 132.90, 138.19, 143.06, 148.43, 187.83. Anal. Calcd. for 
C,rH&Br: C, 52.62; H, 2.81. Found: C, 52.54; H, 2.86. 
4-(p-NitrophenyHfuran-3-yl phenyl ketone (13). A mixture of 7c (100 mg. 0.2 mmol), p- 
nitrobromobenzene (51 mg, 0.25 mmol), Pd(PPh3)4 (13 mg, 0.002 mmol) and HMPA (0.5 mL) was heated in 
a capped flask at 8OT for 23 h. After being cooled to room temperature, the mixture was diluted with ether (30 
mL) and stirred vigorously with 50% aqeous RF solution for 15 min to partially remove the side product n- 
Bu3SnBr. The water layer was extracted with EbO (2x20 mL). The combined ethereal layer was washed with 
water (10 mL), dried (MgSO4) and evaporated. Chromatography on silica gel (20 g, hexanes : EtOAc 8: 1) gave 

13 (50 mg, 85%) as colorless crystals from n-hexane: mp 106-108cC. MS m/z 293 @I+); lH NMR (CDC13) 6 
7.47 (br. t,J=7.5, 7.5 Hz, 2H),7.58 (dt,J= 2.1, 2.1, 8.9 Hz, 3H), 7.71 (d.J= 1.6Hz, lH),7.86(d.J= 

1.6 Hz, lH), 7.89 (d, J = 1.6 Hz, 2H), 8.18 (dt, J = 2.0, 2.0. 6.8 Hz, 2H); 13C NMR (CDC13) 6 123.49, 
124.61, 125.75, 128.23, 128.58, 129.33, 133.08, 137.83, 138.49, 142.37, 147.29. 149.83, 189.28. Anal. 
Calcd. for Cl,Hl104N: C, 69.62; H, 3.78; N, 4.77. Found: C, 69.34; H, 3.76; N, 4.33. 
Phenyl 4-(trans-styryl)furan-3-yl ketone (14). A mixture of 7c (92 mg, 0.2 mmol), @MS-~ 
bromostyrene (36 mg, 0.2 mmol), [(C3H,)PdCl], (5 mg, 0.01 mmol) and HMPA (0.5 mL) was degassed with 
nitrogen and heated at 6OT for 2 h. After being cooled to room temperature, the mixture was diluted with EbO 
(30 mL) and stirred vigorously with 50% aqeuous RF solution for 15 min to partially remove the side product 
n-Bu3SnBr. The water layer was extracted with EbO (2x20 mL). The combined ethereal layer was washed 
with water (10 mL), dried (MgS04) and evaporated. Chromatography on silica gel (20 g, hexanes : EtOAc 8:l) 
gave 14 (55 mg, 82%) as a colorless solid. Recrystallization from MeOH gave colorless crystals, mp 72-73V, 

MS m/z 274 (M+); ‘H NMR (CDC13) 6 6.98 (d, J = 16.6 Hz, lH), 7.20-7.36 (m, 3H). 7.37 (d, J = 16.6 Hz, 
lH), 7.50 (br.t, J = 7.2, 7.2 Hz, 4H). 7.55-7.65 (tt. J = 1.6, 1.6, 7.2, 7.2 Hz, lH), 7.76-7.80 (m, 2H), 

7.84-7.89 (m, 2H); 13C NMR (CDC13) 6 117.69. 124.51, 124.86, 126.53, 127.63, 128.54, 128.55, 129.07, 
131.06, 132.52, 137.29, 139.35, 140.56, 149.80, 190.34. Anal. Calcd. for C19H14C+: C, 83.19; H, 5.14. 
Found: C, 82.82; H, 5.15. 
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General Procedure for the Preparation of 16a-16i 
(a) 3-Methyl-4-(tri-r-butylstannyl)furan (16a). To a solution of 1 (250 mg, 0.39 mmol) in THF (5 mL) 
was added dropwise 1.5 M n-BuLi (0.6 mL, 0.9 mmol). After the addition, the reaction was followed by 
reverse-phase TLC (CH&12 : MeCN 1.753) until 1 disappeared Then a mixtum of MeaS04 (0.14 mL. 1.5 
mmol) and DMFW (0.12 mL. 0.99 mmol) was added. After 1 h at -7VC, it was warmed to zoom temperature, 
quenched with saturated aqueous NH&l (5 mL). extracted with Eta0 (3x20 mL), dried (MgSOJ, evaporated 
and purikd by chromatography on neutral alumina (grade II-III, 30 g, hexanes) to give 16a (93 mg, 65%) as a 

colorless oil. MS m/z 315 (M+-C4Hs); ‘H NMR (CDCls) 6 0.89 (t, J = 7.2, 7.2 Hz, 9H), 1.02 (t, J = 8.1, 8.1 
Hz, 6H), 1.32 (sextet, J= 7.2, 7.2, 7.2, 7.2, 7.2 Hz, 6H), 1.48-1.55 (m, 6H), 2.02 (d. J= 1.0 Hz, 3H), 

7.11 (d, J = 1.0 Hz, lH), 7.29 (d, J= 1.0 Hz. 1H); 13C NMR (CDC13) 6 9.76, 11.53, 13.57, 27.25, 29.20, 
117.16, 124.80. 139.25, 147.55. Anal. Calcd. for Ct7H3a0Sn: C, 55.01; H, 8.69. Found: C, 55.27; H, 
8.69. 
(b) 3-Methyl-4-(tri-n-butylstannyl)furan (16a) was prepared from 1 (195 mg, 0.30 mmol) in THE (4 
mL) with n-B&i (0.48 mL. 0.72 mmol), followed by addition of MeaS (0.08 mL. 0.9 mmol) to give 16a 
(40 mg, 36%) which was identical spectromeuically to an authentic sample prepared previously. 
(c) 4.(Tri-n-butylstannyI)furan-3-carbaldehyde (16b) was prepared from 1 (200 mg, 0.31 mmol) in 
THE (4 mL,) with n-BuLi (0.45 ti, 0.68 mmol), followed by addition of DMF (0.06 mL, 0.8 mmol) to give, 
after chromatography on neutral ahnnina (grade II-III, 30 g, hexanes : EtOAc 30:1), 16b (69 mg, 58%) as a 

colorless oil: MS m/z 329 (M+-C4Hs); *H NMR (CDC13) S 0.79 (t. .I= 7.3, 7.3 Hz, 9H), 1.00 (t, J = 8.1, 8.1 

Hz, 6H), 1.20 (sextet.J= 7.3, 7.3, 7.3,7.3,7.3 Hz, 6H). 1.40-1.50 (m, 6H), 7.14 (s, lH), 8.08 (t, J= 0.8, 

0.8 Hz, lH), 9.89 (s, 1H); tsC NMR (CDC13): 6 10.27. 13.49, 27.12, 29.05, 113.43, 133.75, 149.26, 
152.60, 185.11. Anal. Calcd. for C17H3cOaSn: C. 53.02; H, 7.85. Found: C, 53.02; H. 7.77. 
(d) 4-(Tri-n-butylstannyI)furan-3-carbaldehyde (16b) was pmpared from 1 (230 mg, 0.36 mmol) in 
THE (4 mL) with added TMEDA (0.12 mL, 0.79 mmol) and n-BuLi (0.5 mL, 0.75 mmol), followed by 
addition of DMF (0.07 mL, 0.9 mmol) to give 16 b (94 mg, 69%) which was identical spectzometrically to an 
authentic sample prepared previously. 
(e) 4-(Tri-n-butylstannyl)furan-3-carbaldehyde (16b) was prepared from 1 (213 mg, 0.33 mmol) in 
THE (4 nL) with n-BuLi (0.5 mL, 0.8 mmol), followed by addition of DMF (0.07 mL. 0.9 mmol) and DMPU 
(0.09 mL, 0.07 mmol) to give 16b (109 mg, 86%) which was identical spectromeuically to an authentic sample 
prepared previously. 
(f) Ethyl 4-(tri-n-butylstannyI)furan-3-yl ketone (16~) was prepared t&n 1 (198 mg, 0.31 mmol) in 
THF (4 mL) with n-BuLi (0.45 mL, 0.68 mmol). followed by addition of N,N-dimethylpropanamide (95 mg, 
0.94 mmol) and DMPU (0.09 mL, 0.7 mmol). Chromatography on neutral alumina (grade E-III, 30 g, 

hexanes : EtOAc 3o:l) gave 16c (80 mg, 63%) as a colorless oil: MS m/z 357 (M+-C4Hs); ‘H NMR (CDC13) 6 

0.86 (t, J= 7.2,7.2 Hz, 9H). 1.04 (t, .I = 8.1, 8.1 Hz, 6H), 1.19 (t. J= 7.4, 7.4 Hz, 3H), 1.32 (quintet, J= 

7.2,7.2,7.2,7.2 Hz, 6H), 1.40-1.50 (m, 6H). 2.77 (q, J= 7.4,7.4,7.4 Hz, 2H), 7.18 (d,J= 1.5 Hz, lH), 

8.14 (d, J = 1.5 Hz, 1H); 13C NMR (CDC13) 6 8.80, 10.40, 13.57, 27.18, 29.20. 33.10, 115.50, 131.91, 
147.73, 148.81, 196.33. Anal. Calcd. for Ct9H3&Sn: C, 55.23; H, 8.29. Found: C, 55.23; H. 8.08. 
(g) 3-(l-Methyl-l-hydroxyethyl)-4-(tri-n-butyistannyl)furan (16d) was prepared from 1 (0.62 g. 
0.96 mmol) in THF (8 mL) with n-BuLi (1.35 mL, 2.0 mmol), followed by addition of acetone (0.5 ml. 7 
mmol) and DMFU (0.2 mL, 0.8 mmol) to give, aftez chromatography on neutral alumina (grade II-KU, 30 g, 

hexanes : EtOAc 101). 16d (234 mg. 60%) as a colorless oil: MS m/z 341 (M+-C,Hs-HsO); tH NMR 
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(CDC13)g0.87(t,J=7.1,7.1Hz,9H), 1.03(t.J=8.0.8.0Hz,6H). 1.32(sextet.J=7.1,7.1,7.1,7.1, 

7.1 Hz, 6H). 1.45-1.56 (m. 12H), 7.13 (d, J = 1.3 Hz, 1H). 7.38 (d, .I = 1.3 Hz, 1H); r3C NMB (CDCI~) 6 

10.77, 13.58, 27.31, 29.13, 31.86.69.24, 113.83, 137.50. 139.02. 148.20. Anal. Calcd. for C,sH&Sn: 
C, 54.97; H, 8.74. Found: C, 55.19; H, 8.59. 
(h) 3-(1-HydroxybenzyW4-(tri-n-butylstannyl)furan (16e) was prepared fmm 1 (0.65 g, 1.0 mmol) 
in THE (8 mL) with n-BuLi (1.40 mL, 2.1 mmol), followed by addition of benxaldehyde (0.5 ml, 4.9 mmol) 
and DMPU (0.2 mL, 0.8 mmol) to give, after chromatography on neutral alumina (grade II-III, 30 g, hexanes : 

EtOAc 20:1), 16e (350 mg, 75%) as a colorless oil: MS m/z 407 &I+-C4Hs); lH NMB (CDCl$ S 0.88 (q, J = 

7.4,7.4,7.4 Hz, 15H), 1.25 (sextet, J= 7.2,7.2,7.2,7.2,7.2 Hz, 6H). 1.46 (quintet. J= 7.5,7.5,7.5,7.5 

Hz. 6H). 2.03 (br. s, lH), 5.67 (s, lH), 7.15 (d,J= 1.3 Hz, lH), 7.21 (dd,J= 0.7. 1.3 Hz, lH), 7.23-7.36 

(m. 5H); 13C NME (CDCls) 6 9.98, 13.56, 27.21. 29.09, 70.91. 114.85, 126.84, 127.83, 128.40, 133.97, 
140.67, 143.12, 148.36. Anal. Calcd. for &H3@$n: C, 59.64, H, 7.83. Found: C, 59.89; H, 7.72. 
(i) ~-(l,l-Dipbenyl-l-hydroxymetbyl)-4-(tri-~-butylstannyl)furan (16f) was prepared from 1 (200 
mg, 0.31 mmol) in THF (4 mL) with n-BuLi (0.48 mL, 0.72 mmol), followed by addition of benxophenone 
(138 mg, 0.76 mmol) and DMPU (0.09 mL, 0.7 mmol) to give, after careful chromatography on neutral 

alumina (grade E-III. 40 g. hexanes : EtOAc 5&l), 161(132 mg. 79%) as a colorless oil: MS m/z 483 @I+- 

C,Hs); *H NME (CDCl,) 6 0.64 (t, J= 8.1.8.1 Hz, 6H), 0.76 (t, J= 7.1,7.1 Hz, 9H). 1.10-1.30 (m, 12H), 

2.52 (s, 1H). 6.75 (d. J = 1.3 Hz, lH), 7.14 (d, J = 1.3 Hz, lH), 7.15-7.22 (m, 1OH); lsC NMR (CDCl,) 6 
10.30. 13.57. 27.24, 29.02, 76.50, 78.09, 115.56, 127.29, 127.91. 137.29, 142.45, 146.80, 148.78. Anal. 
Calcd. for qsH&Sn: C. 64.58; H, 7.48. Found: C, 64.94; H. 7.46. 
(j) 3-Methyl-4-(tri-n-butylstannyl)furan (16a) was prepared tiom 1 (200 mg. 0.31 mmol) in THF (4 
mL) with n-BuLi (0.48 mL, 0.72 mmol), followed by addition of Me1 (0.05 mL, 0.8 mmol) and DMEU (0.09 
mL, 0.7 mmol) to give 16a (32 mg, 28%) as a colorless oil which was identical spectrometrically to an 
authentic sample prepared previously. 
(k) 3-Hydroxymethyl-4-(tri-n-butylstannyl)furan (16g). Aftern-BuLi (1.2 mL, 1.8 mmol) was added 
to a solution of 1 (535 mg, 0.83 mmol) in THF (10 mL) at -78T. the resulting solution was stirred at -78sT: for 
1 h. Gaseous formaldehyde, produced by heating solid pamformaldehyde (300 mg, 10 mmol), was inmxluced 
into the reaction flask by a slow stream of nitrogen. The solution turned yellow in color and then tumed milky. 
DMPU (0.2 mL, 0.8 mmol) was added and the mixture was stirred at room temperatum for 1 h. Workup and 
chromatography on neural alumina (grade II-III. 30 g. hexanes : EtGAc 61) gave 16g (62 mg. 19%) as a 

colorless oil: MS m/z 387 (M+); *H NMB (CDC13) 6 0.80 (t, J = 7.2, 7.2 Hz, 9H), 0.96 (t, J = 8.1, 8.1 Hz, 

6H), 1.24 (sextet, J= 7.2, 7.2,7.2.7.2, 7.2 Hz, 6H), 1.38-1.48 (m, 6H), 1.83 (br.s, lH), 4.40 (d,J= 4.0 

Hz. 2H), 7.08 (d, J = 1.1 Hz, lH), 7.40 (d. .I = 1.1 Hz, 1H); r3C NMB (CDC13) 6 9.88. 13.47, 27.63, 
29.07.57.99, 114.96, 130.43. 139.97, 148.11. Anal. Calcd. for C17H3aQSn: C, 52.74; H, 8.33. Found: C, 
52.59; H, 8.39. 
(l) 3-(l-Hydroxycyclohex-2-en-l-yl)-4-(tri-~-butylstannyl)furan (16h)was prepared from 1 (225 
mg, 0.35 mmol) in THE (4 mL) with n-BuLi (0.5 mL, 0.8 mmol), followed by addition of 2-cyclohexenone 
(0.1 mL. 1 mmol) and DMPU (0.1 mL, 0.8 mmol) to give, after chromatography on neutral alumina (grade II- 

III, 30 g. hexanes : EtOAc 20~1). 16h (100 mg, 63%) as a colorless oil: MS m/z 435 (M+-HzO); tH NMR 
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(CDC&) 6 0.89 (t. J = 7.2, 7.2 Hz, 9H), 1.01 (t. J = 8.1, 8.1 Hz, 6H), 1.32 (sextet, J = 7.2, 7.2, 7.2, 7.2, 

7.2 Hz. 6H). 1.50 (m, 6H), 1.60-1.90 (m. 5H), 2.05 (br. s, lH), 5.72 (d, J= 10.0 Hz, lH), 5.85 (dt, J= 

3.5, 3.5, 10.0 Hz, lH), 7.14 (d, J = 1.4 Hz, lH), 7.33 (d, J = 1.4 Hz, 1H); “C NMR (CDC13) 8 10.80, 

13.55, 19.16. 24.90, 27.30, 29.12, 38.28. 68.92, 113.71, 129.44, 132.86, 137.26, 139.22. 148.34. Anal. 

Calcd for ~2H38@Sn: C, 58.30; H. 8.45. Found: C, 58.56; H, 8.51. 

(m) 3-(3-Hydroxy-4-choiestea-3-yf)-4-(tri-n-butylstannyl)furan (161) was prepmd fnrm 1 (224 

mg, 0.35 mmol) in THF (4 mL) with n-B&i (0.5 mL, 0.8 mmol). followed by addition of 4-cholesten-3-one 

(355 mg, 0.92 mmol) and DMPU (0.1 mL, 0.8 mmol) to give, after chromatofmtphy on neutral alumina (Grade 

II, 30 g. hexanes : EtOAc loO:l), 16i (139 mg, 44%) as a colorless oil: lH NMR (CDC13) 8 0.60-1.74 (m, 

71H). 5.21 (s, 1H). 7.08 (s, IH), 7.15 (s, IH); 13C NMR (CDC13) 6 1.00, 10.80, 12.04, 13.63, 18.72, 

21.25. 22.56.22.78, 23.92, 24.28.24.28. 27.36, 28.03, 28.23, 29.18, 32.37, 33.50, 34.52, 34.63, 35.83, 

36.15, 36.26, 37.41, 39.59, 39.92, 42.60, 54.94, 56.24, 56.36, 70.47. 113.84, 125.16, 136.24, 140.15, 

146.90, 148.56. Destannylation of 16i was car&d out by adsorbing 16i onto silica gel (1 g) followed by 

column chromatography on silica gel (10 g, hexanes : EtOAc 20~1) to afford destannylated product: high 

resolution MS: 452.3579, t&H4& Cakd. 452.3642. 

General Procedure for the Preparation of 17a-17e 
(a) 3-Methyl-4-(phenanthr-9-yl)furan (17a). Compound 16a (54 mg, 0.15 mmol), 9- 

bromophenanthmne (39 mg, 0.15 mmol), DMF (1 mL) and Pd(PPh3)4 (8 mg, 0.007 mmol) were heated at 

8OT for 8 h. Then it was diluted with EbO (25 mL) and stirred vigorously with 50% aqueous RF solution for 

15 min. The water layer was extracted with EQO (3x20 mL). The ethereal layer was dried (MgSOJ, evaporated 

and puritikd by chromatography on silica gel (20 g, hexanes). Recrystallization from MeGH gave 17a (13 mg, 

35%) as colorless leaflets: mp 123-124T; MS m/z 258 (M+); 1H NMR (CDC13) 6 1.87 (d, J = 1.0 Hz, 3H), 

7.40 (t. J= 1.0, 1.0 Hz, lH), 7.53-7.69 (m, 6H), 7.87 (dd, J= 1.4, 6.2 Hz, 2H). 8.73 (td. J= 0.6, 9.0,g.O 

Hz, 2H); 13C NMR (CDC13) 8 8.53, 122.58. 122.86, 125.91, 126.61, 126.78. 126.89, 128.54. 139.83, 

140.96. Anal. Calcd. for C19Ht40: C, 88.34; H, 5.46. Found: C, 88.39; H, 5.55. 

(b) 3-(l-Metbyl-l-hydroxyethyl)-4-f(Z)-4-oxo-pent-2-en-2-y~Jfuran (17b) was prepared from 

16d (0.18 g, 0.43 mmol), Q-4-bromo-3-penten-2-one (78 mg, 0.55 mmol) and [(C3H#dCl]Z (9 mg, 0.02 

mmol) in DMF (1 mL) after stirring at mom temperature for 24 h. Chromatography on silica gel (20 g, hexanes 

: EtOAc 8:l) gave solid 17b contaminated with a trace of n-Bu3SnBr. Washing with hexanes gave pure 17b 
(60 mg, 66%) as yellowish solids: m.p. 65-67c MS m/z 208 @I+); lH NMR (CDCl,) 8 1.56 (s, 6H), 2.22 

(s, 3H). 2.45 (d, J= 1.1 Hz, 3H), 6.74 (s, 1H). 7.33 (d. J= 1.8 Hz, lH), 7.38 (d, J = 1.8 Hz, 1H); l3C 

NMR (CDC13) 6 21.04. 30.74, 31.90, 68.69, 127.51, 128.64. 131.67. 139.87. 142.04, 146.92, 198.80. 

Anal. Cakd for C&H,,& C, 69.21; H, 7.75. Found: C. 69.51; H. 7.81. 

(c) 3.Benzyl-4-(l-hydroxybenzyl)furan (17~) was prepared from 16e (156 mg, 0.38 mmol). benzyl 

bromide (0.06 mL, 0.5 mmol) and Pd(MeCN),Cl, (4 mg, 0.02 mmol) in DMF (1 mL) after heating at 6OT for 

2 h. Chromatography on silica gel (20 g, hexanes : EtOAc 2o:l) gave 17~ (69 mg, 70%) as a colorless oil: MS 

m/z 264 @I+); tH NMR (CDC13) 6 2.02 (br. s, lH), 3.55 (d, J = 16.0 Hz, IH), 3.64 (d, J = 16.0 Hz, lH), 

5.53 (s, lH), 7.08-7.32 (m, 12H); t3C NMR (CDC13) 8 29.97, 69.01, 123.37, 126.29, 126.60, 127.79, 

128.40, 128.64, 139.69, 141.38. 141.45, 142.47. Anal. Calcd. for CutHI&: C. 81.79; H. 6.10. Found: C, 

81.91; H, 6.03. 
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(d) 3-@-Acetylphenyl)-4-(l,l-diphenyl-l-hydroxymethyl)furan (17d) was prepared from 16f (100 
mg, 0.19 mmol), pacetylphenyl bromide (50 mg, 0.25 mmol) and Pd(PPh& (13 mg, 0.012 mmol) in DMF (1 
mL)afterheatingat75’Cfcr24h. Chmmatography on silica gel (20 g, hexanes : EtOAc 81) gave solid 17d 
contaminated with a trace of n-Bu$tBr. Washing with hexanes yielded pure 17d (112 mg, 61%) as yellowish 

solids: mp 138-lm, MS m/z 368 (M+); ‘H NMB (CDCls) 6 2.51 (s, 3H), 2.92 (s, 1H). 6.76 (d. J= 1.8 Hz, 

1H). 7.18-7.33 (m, 12H). 7.52 (d, J= 1.8 Ha, 1H). 7.69 (d, J= 8.3 Hz, 2H); 13CNMB (CDCls) 6 26.32, 

77.50, 125.80, 127.09, 127.38, 127.89, 127.99, 129.49, 131.69, 135.76, 137.52, 142.20, 143.64, 145.93, 
197.43; high resolution MS: 368.1420, (&HZ04 Calcd. 368.1407. 
(e) 3-(l-Hydroxycyclohex-2-en-l-yl)-4-(Lrans-styryl)-furan (17e) was prcparcd from 16h (93 mg, 
0.21 mmol). (E)+bromostymne (43 mg, 0.23 mmol) and [(CsHS)PdC!llI (4 mg, 0.01 mmol) in DMF (1 mL) 
and HMPA (0.1 mLJ after stirring at room temperature for 24 h. Chromatography on silica gel (20 g, hexanes : 

EtOAc l&l) pmvided 17e (42 mg, 76%) as a colorless oil: MS m/z 266 (M+); ‘H NMB (CDCl,) 6 1.60-1.65 

(m, 2H), 1.70-1.90 (m, lH), 1.93-2.13 (m, 4H), 5.84 (d. J = 10.0 Hz, 1H). 5.96 (dt, J= 3.6, 3.6, 10.0 Hz, 

1H). 6.83 (d, J= 16.4 Hz, lH), 7.14 (dd, J = 0.7, 16.4 Hz, lH), 7.17-7.36 (m, 4H), 7.43 (d. J= 7.1 Hz, 

lH), 7.62 (d, J = 0.8 Ha. 1H); l3C NMB (CDC13) S 19.07, 25.06, 37.15, 68.74, 119.13, 123.20, 126.32. 
127.33, 128.62, 129.28, 130.43, 131.96, 137.75, 140.31, 140.51; high resolution MS: 266.1336, C1sH1& 
Calcd. 266.1302. 
3-Hydroxymethyl-4-(tri-n-butylstannyi)furan (16g). 1.0 M solution of DIBAL in hexanes (5.5 mL,, 
5.5 mmol) was added dropwise to a stirred solution of 16 b (1.0 g, 2.6 mmol) in n-hexane (10 mL) at O’C over 
lh. Wet EttO (20 mL) was added gradually, and was followed by addition of saturated aqueous NH&l 
solution (5 mL).’ After the white precipitate was removed by suction filtration, the whole mixture was extracted 

with Et20 (3x20 mL). The ethereal layer was dried (MgSO4) and evaporated. Chromatography on neutral 

ahunina (grade III, 50 g, hexanes : EtOAc 1O:l) gave 16g (914 mg, 90%) as a colorless oil, which was 
identical spectmmetrically to an authentic sample prepared previously. 
3-fert-ButyldimethyIsiloxymethyl-4-(tri-n-butyIstannyl)furan (18). To a solution of 16g (472 mg. 
1.22 mmol) in Et3N (1.0 mL, 7.2 mmol) and pyridine (9 mL) was added t-BuMc$iC1(276 mg, 1.83 mmol). 
The resulting solution was stirred at room temperature for 4 h. 5% Aqueous KHCC, solution (5 mL) was 
added, and the mixture was extracted with EbO (3x25 mL). The organic layer was dried (MgSO4) and 
evaporated. Column chromatography on neutral alumina (grade BI, 30 g, hexanes : EtOAc 30~1) gave 70 (562 

mg, 92%) as a colorless oil: MS m/z 444 (h4+-C4H9); lH NMB (CDCl,) 6 0.07 (s, 6H), 0.89 (t, J = 7.2,7.2 
Hz, 9H). 0.92 (s, 9H), 1.03 (t. J= 8.1, 8.1 Hz, 6H). 1.32 (sextet, J= 7.2, 7.2, 7.2, 7.2, 7.2 Hz, 6H), 1.50 

(sextet,J= 8.0, 8.0.8.0, 8.0, 8.0 Hz, 6H), 4.55 (s, 2H), 7.13 (d. J= 1.0 Hz, lH), 7.43 (d. J= 1.0 Hz, H-I); 

13C NMB (CDC13) 6 -5.20, 9.89, 13.57, 18.50, 26.04, 27.30, 29.19, 59.21, 114.28, 130.86, 139.80. 
147.87. Anal. Calcd. for q3H4&SnSi: C, 55.10; H, 9.25. Found C, 55.27; H, 9.20. 
3-tert-Butyldimethylsiloxymethyl-4-propanoylfuran (19). In a scaled tube cquippcd with a magnetic 
stirring bar were added Pd(PPh3>2CI, (11 mg, 0.02 mmol), 18 (153 mg. 0.31 mmol), propanoyl chloride (40 
trL. 0.46 mmol) and THF (1 mLJ. Then the mixtum was heated at 7O’C for 20 h. After being cooled to room 
temperature, the mixture was concentrated in vucuo and the residue was chromatographed on silica gel (20 g, 

hexanes : EtOAc 5O:l) to give 19 (57 mg, 70%) as a colorless oil:. MS m/z 268 (M+); tH NMB (CDC13) 6 0.10 



9606 Y. YANG and H. N. C. WONG 

(s, 6H), 0.93 (s, 9H), 1.16 (t, J= 7.4, 7.4 Hz, 3H). 2.75 (q, J= 7.4, 7.4,7.4 Hz, 2H). 4.87 (t, J= 0.7,0.7 

Hz. 2H). 7.40 (dd, J = 0.6. 1.7 Hz, 1H). 7.98 (t, J = 0.9, 0.9 Hz, 1H); l3C NMR (CDC13) 6 -5.48, 8.08, 

18.30, 25.89, 33.42, 58.53, 125.08, 126.97, 141.64, 148.11, 196.36. Anal. Calcd. for C14H#$i: C, 
62.64; H, 9.01. Found: C, 63.10; H. 8.82. 
3-(fert-ButyldimethyIsiloxymethyl)-4-(4-methyipent-3-en-l-oyl]furan (20). A mixture of 18 
(214 mg, 0.42 mmol), 3-bromo-l-methyl-2-butene (74 mg, 0.5 mmol) and Pd(PPh3)4 (17 mg, 0.02 mmol) in 
THF (5 mL) was heated at 55-m for 3 d to give, after workup and chromatography on silica gel (20 g, 

hexanes : EtGAc u):l), 20 (103 mg. 80%) as a colorless oil: MS m/z 308 (M+); 1H NMR (CDCI,) 6 0.10 (s. 
6H), 0.93 (s, 9H), 1.68 (s, 3H), 1.76 (d, .I = 1.2 Hz, 3H), 3.44 (dd, J = 0.8, 7.0 Hz, 2H). 4.88 (d. J = 1.7 
Hz, 2H), 5.36 (a, .I = 1.7, 1.7, 7.0, 7.0 Hz, IH), 7.40 (q, J = 1.7, 1.7, 1.7 Hz, lH), 8.00 (d, J = 1.6 Hz, 

1H); 13C NMR (CDC13) 6 -5.48, 18.04, 18.31, 25.60.25.89, 29.68,40.33, 58.56, 116.31, 125.02, 127.18, 
135.49, 141.58, 148.37, 194.16. Anal. Calcd. for C!,,H&$i: C, 66.18; H, 9.15. Found: C, 66.33; H, 
9.09. 
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