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The palladumcataiyzed cross-coupl~ng reactlon of bromobenzenes or bromoheteroarenes such 
as pyndlne, thlophene, Mole with (2 )-1-ethoxyd-tnbutylstannylethene gives good yields of the 
corresponding (Z)-1 -ethoxy-2-(atyl and heteroaryl)ethenes This method IS effective for introducing 
an ethoxyethenyl group into an aromatic and heteroaromahc nng and IS proved to have versatile uttlrty 
for the construcbon of benzo[blfuran, indole, isocoumann rings from P-bmmophenol, P-bromoaniline, 
and 2-bromobenzoate denvatives 

. 

Although the palladium-catalyzed cross-coupling reactlon of aryl or heteroaryl halides with olefins IS one of the useful 

methods for introduction of olefinlc stde-chains to aromatic or heteroaromahc nngs3, the method has limnations for the 

synthesis of palkoxyethenylarenes from aryl halldes and alkoxyethenes For example, Andersson et al 4 have reported 

that the cross-coupling reacbon of iodobenzene with butoxyethene in the presence of palladium-charcoal or palladium 

acetate gives a mixture of 1 -butoxy-2-phenylethene and 1 -butoxy-1 -phenylethene 

On the other hand, the palladium-catalyzed reaction of bromo- and lodobenzenes with (E)-tns(2-ethoxyethenyl)borane 

to give (f )-1-ethoxy-2-phenylethenes in good yiekfs has been reported by Miyaura eta/’ 

Here we report the palladium-catalyzed cross-coupl~ng reaction of aryl and heteroaiyl bromides including x-deficient 

heteroaryl bromides with (Z )-l-ethoxy-24nbutylstannylethenes (2). together with construction of some condensed 

heteroaromatic ring systems using the 1-ethoxy-2-(2-subshtuted aryl)ethenes thus obtained 

Results and Dlscusslon 

The palladium-catalyzed cross-coupling reachon of aryl hakdes wtth tnalkyl(atyl)stannyloleflns has been explored 

recently617(eqs 1 and 2) 

R,SnCH=CHR 
ArX 

Pdl 
z- ArCH=CHR (1) 

x.,,. [Pd] H+ 
ArX - - ArCOMe (2) 

Sohems I 

Whrle 1-methoxy-1 -tnbutylstannylethene has been utilized to synthesize aryl methyl ketones from aryl halxies as 

shown in eq 2, (Z )-1 -ethoxy-24nbutylstannylethene (2), which IS eaSlly synthesized as a stable llquld by addihon of 

tnbutylstannane to ethoxyacetylene and is known to be a precursor of the Mhium reagent,8 has not been used In the 

palladum-catalyzed cross-coupllng reaction pnor to our preliminary report 2 
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Cross-Coupling Reaction of Aryl Bromides 

Reaction conditions for the palladiumcatalyzed cross-coupling reaction of bromobenzene (1 a) with 2 were examined. 

As shown in Table I, 1 a reacts smoothly with 2 in dimethylformamide (DMF) in the presence of dichlorobis- 

(triphenylphosphine)palladium [PdCl2(PPh3)2] and tetraethylammonium chloride to produce (Z )-(2_ethoxyethenyl)- 

benzene (3 a) in 78% yield (Table I, entry 4). 

Table I 
H H l-l H 

PhBr + 
\ 
G=C’ - ‘G=C’ 

Bu,Sn’ 
\ PdCWW2 
OEt 

/ \ 
Ph OEt 

la 2 3a 

Entry Solvent Additive Temp. (“C) Time (h) Yield (%) 

1 ll-lF - 65 3 52 

2 DMF - 88 2 52 

3 MF m4NrJ 65 3 59 

4 DMF Et4NCl 88 2 78 

Under these same reaction conditions, the substituent effect for the cross-coupling reaction was investigated using 4- 

substituted bromobenzenes (1 b-j). As shown in Table II, electron-withdrawing groups such as nitro and ethoxycarbonyl 

group tend to facilitate the cross-coupling reaction. In the case of 1,4dibromobenzene (1 d), monoethoxyethenylation is 

achieved by using an equimolecular amount of 2. 

It should be noted that the presence of primary amino and hydroxyl groups retards the reaction completely (Table II, 

entries 4 and 6) while protection of these groups by alkylation or acylation relieves the retardation (Table II, entries 5, 7-9). 

Table II 

Ii H 

OEt 

ELtNCI, DMF, 80°C 
Pi 

lb-k 3b-k 

Entry Compd No. R Time (h) Yield of 3 

lb 

1c 
Id 

le 
If 

1g 

lh 

li 

li 

NO2 2 86 

COOEt 1 73 
Br 1.5 56 

OH 12 0 (42)a) 
OMe 18 67 

NH2 18 8 (52)a) 

NMe2 18 22 (44)a) 

NHAc 18 71 
NHCOOEt 18 65 

a) The figures in parentheses show the recoveries of the bromobenzenes. 

The findings described above suggest that the cross-coupling reactions would also be realized in n-deficient 

heteroaromatic ring systems. In fact, 2-bromo- (4a), 3-bromo- (4 b), and 4-bromo-2,6_dimethylpyridine (4~) react 

smoothly under identical conditions to give the corresponding ethoxyethenylpyridines (7a-c) in satisfactory yields. 
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Furthermore, P-bromothiophene (5) 3-bromo-1-methylsuffonylindole (6a), and ethyl 3-bromoindole-2-carboxylate (6 b) 

react with 2 to give 2-(P-ethoxyethenyl)thiophene (6), 3-(2-ethoxyethenyh-I-methylsulfonylindole (9 a), and ethyl 3-(2- 

ethoxyethenyl)indole-2-caboxylate (9 b’), respectively (Table III, entries 4 and 5). 

Except for entry 6 of Table Ill, all the products have a Z-configuration in the side-chain double bond. From the reaction 

of 6 b, however, the geometrical isomer (9 b’) with E-configuration is isolated after 18 h reaction time as the sole product. 

The reaction for a shorter time (e.g. 8 h) affords a mixture of E- (9 b’) and Z-isomer (9 b) which ratio is determined by ‘H 

NMR spectra to be 8 : 3. The results explain that the Z-isomer (9 b) firstly formed may be transformed into the thermally 

stable E-isomer (9 b ‘) by heating with the palladium-catalyst for a long time. 

Table III PdCla(PPhs)a H H 
HeteroArBr + 2 * ‘ccc’ 

EtNCl, DMF, 80°C HeteroAr’ \OEt 

4a-c, 5, 6a,b 7a-c, 8, Sa,b 

Entry Compd No. Het-Ar Time (h) Yietd (%) Product No. 

4a 62 7a 

4b 72 7b 

3 4c 

4 5 2.5 68 8 

5 6a 40,Mo 9 83 9a 

6 6b 
9ba) 

a) The configuration of the product is E-configuration. 

Synthesis of Condensed Heteraromatics 

To shown the utility of these cross-coupling reactions, we applied them to the facile synthesis of such bicyclic 

heteroaromatics as benzo[b]furan, indole, isocoumarin, and pyranopyridinones. 

As expected from the result shown in Table II, the reaction of P-bromophenol (1 0) with 2 does not give (Z)-2-(2- 

ethoxyethenyl)phenol (11); however, 2jmethoxymethoxy)bromobenzene (1 2) does react with 2 to give the desired 2- 

ethoxyethenyl derivative (1 3). Treatment of 1 3 with hydrochloric acid in ethanol gives 2-ethoxy-2,3-dihydro- 

benzo[b]furan (1 4) which is easily aromatized to benzo(b]furan (1 5) by p-toluenesulfonic acid (TsOH) in boiling benzene. 

Additionally, it is possible to convert 1 3 into 1 5 without isolation of 1 4. In the latter case, a better yield (73%) of 1 5 is 
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observed than that obtained by the two-step procedure (76% x 58%). 

10 

12 13 15 

Scheme II 

Similarly, the reaction of 2-bromoacetanilide (16 b) with 2 gives (Z)-2-(2-ethoxyethenyl)acetanilide (1 7 b) as a single 

product which cyclizes to 1-acetylindole (18 b) by treatment with TsOH in benzene. Although the reason is not clear at 

present, P-bromoaniline (16a), unlike 4-bromoaniline (1 d), reacts with 2; the expected 2-(2-ethoxyethenyl)aniline (17a) 

is isolated as an unstable oil. Evidence for the structure of 17a was obtained by treatment of the crude product with 

TsOH, which afforded indole (18a) in 29% overall yield. 

a:R=H 

b:R=Ac 

16e,b 17a.b 16a.b 

Scheme Ill 

Previously, we have reported the synthesis of isocoumarin derivatives using the palladium-catalyzed cross-coupling 

reaction of 2-bromobenzonitrile with terminal acetylenes as a key reaction, but according to this manner, the synthesis of 

isocoumarin (2 1) by this method results in poor yield.’ Thus, a modified synthesis of 2 1 and related pyranopyridinones 

was examined. 

When ethyl 2-bromobenzoate (1 9) is allowed to react with 2 at 80°C for 1 h, ethyl (Z)-2-(2-ethoxyethenyl)benzoate 

(2 0) is isolated in good yield. The cyclizatfon of 2 0 into 2 1 is easily accomplished under acidic conditions. 

Br 
2 

[Pd], 80°C 
COOEt 

19 20 

Scheme IV 

21 

Similarly, as illustrated in Scheme IV, 1 Kpyrano[3,4-clpyridin-I -one (2 4) and 1 Hpyrano[3,4-blpyridin-1 -one (2 7) are 

synthesized from ethyl 3-bromopyridine-4carboxylate (2 2) and ethyl 3-bromopyridine-2carboxyiate (2 5) via the 
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corresponding (2-ethoxyethenyl)pyridines (2 3 and 2 6), respectively. 

On the basis of these results, the palladium-catalyzed cross-coupling reaction of 2 with ethyl bromopyridine- 

carboxylates (2 2 and 2 5) may provide a general method for the syntheses of pyranopyridinones without substituent on 

the a-pyrone moiety. 

‘OOEt 

22 23 24 

H H 

25 
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Experimental Section 

’ H NMR spectra were recorded at 60 MHz with JEOL JNM-PMX 60 spectrometer. Chemical shifts are quoted as 6 (ppm) 

relative to tetramethylsilane (TMS). IR spectra were measured with a JASCO II? 810 spectrometer. Mass spectra (MS) were 

taken with a JMSDX303. 

General Procedure for the Palladium-Catalyzed Cross-Coupling Reaction of Aryl or Heteroaryl 

Halides with (Z)-l-Ethoxy-2-tributylstannylethene (2). 

A mixture of aryl or heteroaryl bromide (1 mmol), (Z)-l-ethoxy-2-tributylstannylethene (2) (1 mmol), Et4NCI (1 mmol), 

PdCl2(PPh3)2 (0.03 mmOl), and DMF (5 ml) was stirred at 80°C for 2 h. After cooling, a solution of KF (1 .I mmol) in water 

was added to the mixture which was stirred for 30 min. The mixture was filtered over Celite and partitioned between water 

and ether. The ethereal layer was washed with water, dried over MgSO4, and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography followed by distillation or recrystallization. 

(Z)-(2.Ethoxyethenyl)benzene (3a) (Table I, entry 4). 

According to the general procedure, bromobenzene (1 a) (0.94 g, 6 mtnol) was treated with 2 (2.16 g, 6 mmol), Et4NCI 

(1.03 g, 6 mmol), and PdC12(PPh3)2 (80 mg) to give (Z)-(2-ethoxyethenyl)benzene (3) (0.69 9% 78%) as a colorless 

liquid; bp 80°C /3 mmHg. ’ H NMR (CDCS) 6 : 1.30 (t, J = 7.0 Hz, 3H), 3.92 (q, d = 7.0 Hz, 2H), 5.20 (d, J = 7.0 Hz, 1 H), 

7.1 - 7.7 (m, 5H). Oxime: 98 - 985°C (lit’ mp o mp 96.5 - 98°C). ‘H NMR (CDCI,) 6 : 3.70 (s, IH), 3.80 (s, 2H), 7.28 (s, 

5H), 9.3 - 9.5 (br, 1 H). 



T SAKAMCYI-O et al 

(2).1-(2-Ethoxyethenyl)-4.nitorobenzene (3b) 

Compound 3 b was a colorless liqud, bp MO-150°C J 3 mmHg ‘H NMR (CCCl3)6 1 40 (1, ./I 8 0 Hz, 3H), 4 07 (q, J= 

8 0 Hz, 2H), 5 30 (d, J- 7 0 Hz, IH), 6 40 (d, J= 7 0 Hz, lH), 7 66 (d, J= 9 0 Hz, 2H). 8 13 (d, J= 90 Hz, 2H) IR (CHCl3) 

1510,1345 cm-’ MS m 12 (relative Intensity) 193 (M+, loo), 165 (73) High-resolutlon MS calcd for Cl OHll N 30 

1930738 Found 1930724 

Ethyl (Z)-4-(2.Ethoxyethenyl)benzoate (3~) 

Compound 3 c was a cobtiess IquK1, bp 150°C I3 mmHg ‘HNMR(CDC13)6 133(t, J=70Hz,3H),l36(t,J=70 

Hz, 3H), 4 00 (q, J= 7 0 Hz, 2H), 4 36 (q, J = 7 0 Hz, 2H), 5 26 (d, J= 6 0 Hz, 1 H), 6 26 (d, J = 6 0 Hz, I H), 7 66 (d, J= 

IO 0 Hz, 2H). 6 00 (d, J= 100 Hz, 2H) IR (CHC13) 1715,1260, 1105 cm-’ MS m/z (relative Intensity) 220 (M+, 40), 

192 (17), 133 (loo), 116 (7), 103 (14), 175 (12), 147 (39) High-resolutm MS calcd for C, 3Hl 603 220 1099 Found 

220 1114 

(Z)-4.Bromo-I-(2-ethoxyethenyl)benzene (3d). 

Compound 3 d was a colorless Iquul, bp 60-6O”c I3 mmHg ’ H NMR (CDCI,) 6 1 33 (t, J= 6 0 Hz, 3H), 3 97 (q. C 6 0 

Hz, 2H), 5 16 (d, J= 7 0 Hz, 1 H), 6 23 (d, J= 7 0 Hz, 1 H), 7 46 (s, 4H) MS m/z (relative mtenslty) 228 (M++2,85), 226 

M+, 88), 200 (63), 198 (66), 171 (46), 169 (46), 116 (96), 91 (100) High-resolution MS calcd for C, OHll BrC 225 9993, 

2279973 Found 2259998, 2279983 

(Z )-4-(2-Ethoxyethenyl)anlsole (31) 

Compound 3 f was a colorless Iquld, bp 120% I3 mmHg ‘H NMR (CDc13) 6 1 30 (t, J= 8 0 Hz, 3H), 3 69 (s, 3H), 3 89 

(4, J= 8 0 Hz, 24 5 13 (d, J= 7 0 Hz, lH), 6 07 (d, J= 7 0 Hz, IH), 6 79 (d, J = 8 0 Hz, 2H), 7 53 (d, J= 6 0 Hz, 2H) MS 

m/z (retatlve IntenSrtY) 178 (M+, IOO), 149 (65), 135 (13). 121 (74), 107 (3) High-resolution MS calcd for c,,H,~o~ 

178 0993 Found 178 0988 

(Z)-4-(2-Ethoxyethenyl)-N,N-dlmethylanlllne (3h) 

Compound 3 h was a viscous Iiqu~I ‘H NMR (CDC13)6 1 33 (t, J= 7 0 Hz, 3H), 2 93 (s, 6H), 3 92 (q, J= 7 0 Hz, 2H), 

5l3(d,J=60Hz,lH),603(d,J=60Hz,lH),667(d,J=90Hz,2H),747(d,J=90Hz,2H) MSm/z(relat~ve 

intensity) 191 (M+, 77). 177 (9), 163 (11), 162 (97), 134 (IOO), 118 (16) High-resolution MS calcd for C,2H17NC 

191 1309 Found 1911318 

(Z )-4-(2-Ethoxyethenyl)acetanlllde (31). 

Compound 3 h was a VISCOUS lqutd ‘H NMR (CDC13) 6 1 30 (t. J= 7 0 Hz, 3H), 2 07 (s, 3H), 3 92 (q, J= 7 0 Hz, 2H), 

5 13 (d, J= 7 0 Hz, IH), 6 13 (d, J= 7 0 Hz, lH), 7 46 (s, 4H), 6 2 - 8 5 (br, IH) IR (CHC5) 3020, 1685, 1520 cm-’ MS 

m/z (relative intensity) 205 (M + IOO), 177 (6), 163 (22), 134 (go), , 117 (3), 106 (84) High-resolution MS calcd for 

Cl 2Hl5NO2 205 1102 Found 205 1096 

Ethyl (Z)-4-(2-Ethoxyethenyl)phenyl carbanllate (31) 

Compound 3 hwas a viscous lquld IH NMR (CDCl,)S 1 26 (t, J= 7 0 Hz, 3H), 1 33 (t, J= 8 0 Hz, 34 3 94 (4, J= 7 0 
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Hz,2H),42l(q, J=8OHz,2H),5l7(d,J=7OHz,lH),8l5(d,J=70Hz,lH),88-7O(br,lH),730(d, J=lOOHz, 

2H), 7 58 (d, J= 10 0 Hz, W) IR (CHC13) 1730,1658 cm-l MS m/z(relattve mtensly) 235 (M+, 100) 207 (IO), 190 

(4). 160 (43) 178 (44), 134 (23), 132 (43) Hrgh-resolutron MS cafcd for Cl 3H1 7N03 235 1207 Found 235 1190 

(Z)-2-(2.Ethoxyethenyl)pyridine (7a). 

Compound 7 awas a colorless Iqurd, bp 80°C / 3 rnmHg ‘HNMR(CDC13)6 132(t,J=70 Hz,3H),397(q, J=70 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1 0 Hz, IH) MS m/z (relatrve rntensrty) 149 (M+, 100) 120 (55) 108 (47) 92 (70), 72 (28) Hugh-resolutron MS calcd 

for C9HIIN0 149 0840 Found 149 0841 

(Z)-3-(2-Ethoxyethenyl)pyrldlne (7b) 

Compound 7 b was a colorless Irqutd, bp 80°C 13 rrrnHg ‘HNMR(CDC13)S 132(t, J=7OHz,3H),398(q,J=70 

Hz,2H),5l2(d,J=70Hz,lH),828(d,J=70Hz,lH),7l8(dd,J=80,50Hz,lH),798(dd, J=80,20Hz,lH), 

8 33 (dd, J= 5 0,2 0 Hz, IH), 8 SO (d, J= 2 0 Hz, IH) MS m/z (relatrve rntensrty) 149 (M+, 100) 121 (94). 108 (15) 92 

(88) 83 (75) 78 (13) Hugh-resolutron MS cafcd for CgHll NO 149 0840 Found 149 0848 

(Z)-2-(4-Ethoxyethenyl)-2,8-dlmethylpyrldlne (7~) 

Compound 7cwas a colorless liquid, bp 120-130X / 14 mmHg IH NMR (CDC13) 6 1 36 (1, J= 7 0 HZ, 3H), 2 47 (s, 

6H), 4 03 (q, J= 7 0 Hz, 2H), 5 10 (d, J= 6 0 Hz, lH), 6 30 (d, J= 6 0 Hz, IH), 7 15 (s, 2H) MS m/z (relative ntensrty) 

177 (M+, 100) 149 (50) 121 (48) 106 (21) High-resolutron MS calcd for ClIH15N0 177 1153 Found 177 1161 

(Z)-2-(2-Ethoxyethenyl)thlophene (8) 

Compound 8 was a colorless Irqurd, bp 50°C 13 mmtig ’ H NMR (CDC13) 5 1 33 (1. J= 8 0 Hz, 3H), 3 97 (q, J= 8 0 Hz, 

2H), 5 59 (d, J= 6 0 Hz, IH). 6 13 (d, J= 60 Hz, IH), 68 - 7 2 (m, 3H) MS m/z (relative intensrty) 154 (M+, 28) 126 

(39) 125 (25) 113 (100) Hugh-resolution MS calcd for C8H1 oOS 154 0452 Found 154 0455 

(Z)-3-(2-Etoxyethenyl~l-methylsulfonyllndole (9a) 

Compound 9a was a viscous fquld ‘H NMR (CDc13)6 1 37 (1, L7 0 Hz, 3H), 3 03 (s, 3H), 4 06 (q, C7 0 Hz, 2H), 

5 50 (d, C7 0 Hz, 1 H), 6 36 (d, L7 0 HZ, IH), 7 2 - 8 0 (m, 5H) IR(CHC13) 1370, 1170 cm-’ MS m/z(relatrve ntensrty) 

265 (M+, 52) 186 (82). 158 (100) 130 (99) Hrgh-resolutron MS cafcd for Cl 3H1 503NS 265 0773 Found 265 0758 

Ethyl (15 )-3-(2-Ethoxyethenyl)Indole-2-carboxylate (9b’) (Table Ill, entry 6) 

According to the general procedure, ethyl 3-bromondole-2carboxylate (6 b) (1 2 g, 3 80 mmol) was treated with 2 

(1 40 g, 3 80 mmol), Et4NCl (0 62 g, 3 80 mmol), and PdC12(PPh3)2 (130 mg) in DMF (10 ml) for 18 h to give ethyl (E)-3- 

(2-ethoxyethenyl)indole-2carboxylate (9b’) (0 64 g, 65%) as pale yellow prisms (n-C6H14 - Et20), mp 114 - 115°C 1 H 

NMR (CDC13) 5 1 38 (t, J= 7 0 Hz, 3H), 1 41 (t, J= 7 0 Hz, 3H), 4 02 (q, J= 7 0 Hz, 2H), 4 43 (q, J= 7 0 Hz, 2H), 6 67 (d, 

J = 13 0 Hz, IH), 7 40 (d, J= 13 0 Hz, IH). 7 O-8 1 (m, 4H), 8 7 - 9 0 (br, 1H) IR (CHC13) 3460, 1690 cm-’ Anal Calcd 

for Cl 5H1 7N03 C, 69 48, H, 8 61, N, 5 40 Found C, 69 26, H. 6 78. N, 5 30 
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Cross-Coupling Reaction of 6b with 2 for 8 h 

AccordIn to the general procedure, 6 b (0 5 g, 1 9 mn’@ was treated with 2 (0 67 1 9 Q, mmol), Et4Ncl (0 Q, 31 1 g 

mmol). and PdC12Wh3)2 (50 mg) In DMF (5 ml) for 6 h to give an E/Z-mixture of ethyl 3-(2-ethoxyethenyl)Indole-2- 

CkWbOXylats (0 22 Q, 45%) as a yellow wscous lquld ‘H NMR (CDCl3) 6 1 36 (1, J= 7 0 Hz, 1 41 JE 3H), (t, 7 0 Hz, 3H), 

402(q, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

HZ, 0 73H), 7 40 (d, J= 13 0 Hz, 0 73H), 7 O-8 1 (m, 4H), 9 1 - 9 4 (br, 1H) 

(Z)-l-(2-Ethoxyethenyl)-2-(methoxymethoxy)benzene (13) 

Compound 1 3was a colorless Ilquld, bp 120-130°C/3 mmHQ YeId 79% lH NMR (CDC13) 6 1 33 (t, J= 7 I) HZ, 3H), 

3 38 (6 3H), 3 87 (9, J= 7 0 HZ, 2H). 5 06 (s, 2H), 5 55 (d, J= 7 0 HZ, lH), 15 6 (d, J= 7 0 Hz, lH), 7 9 6 1 (m, 3H), 7 9- - 

6 0 (m, 1H) MS m/z (relative IntenSW 208 (M+, 26), 160 (21), 165 (loo), 135 (71), 121 (47) High-resolution MS calcd 

for Cl 2H603 206 1099 Found 206 1106 

2-(2-Ethoxyethenyl)acetanlllde (17b). 

Compound 17 b was a VISCOUS llquld Yield 72% ‘I-i NMR (CD(+) 6 1 32 (t, J= 6 0 Hz, 3H). 3 90 J= 6 0 Hz, (q, 2H), 

5 27 (d, J= 7 0 Hz, lH), 6 20 (d, J= 7 0 Hz, lH), 7 00-7 83 (m, 4H), 7 9 2 -8 (br, 1H) IR 302O,l685 MS (CHC13) cm‘1 

m/z (relative Intensity) 205 (M+, 69), 178 (9), 162 (9), 134 (88), 117 (loo), 106 (67 64) High-resolutton MS calcd for 

C12H,5N02 205 1102 Found 205 1123 

Ethyl (Z)-2-(2-Ethoxyethenyl)benzoate (20) 

Compound 20 was a colorless liquid, bp 170X / 3 mmHg Yield 80% ‘H NMR (CDCI,) 6 1 33 (1, J= 8 0 Hz, 3H), 1 38 

(t J= 8 0 Hz, 3H), 3 98 (q, J= 8 0 Hz, 2H), 4 35 (9, J= 8 0 Hz, 2H), 6 00 (d, J= 8 0 Hz, lH), 6 22 (d. C 8 0 Hz, lH), 7 1 - 

7 3 (m, 2H), 7 6 - 6 0 (m, 2H) IR (CHCl3) 1710 cm-’ MS m/z (relative tntenslty) 220 (M+, 96). 191 (lo), 175 (44), 147 

(W 118 (100) High-resolutton MS Cakd for Cl 3Hl 603 220 1099 Found 220 1086 

Ethyl (Z)-3.(2-Ethoxyethenyl)pyrldlne-4-carboxylate (23) 

Compound 23 was a ColOrlaSS v~sca~s lquid Yield 66% ‘H NMR (CDCl,)s 1 33 (t, J= 7 0 HZ, 3H), 1 36 (1, J= 7 0 t-fz, 

3H), 4 00 (9, J= 7 0 t-k 2H), 4 38 (9, J= 7 0 Hz, 2H), 5 95 (d, J= 7 0 Hz, lH), 8 37 (d, J= 7 0 Hz, 3H ), 7 58 (d, J= 5 0 Hz 

lH),840(d, J=50Hz,2H),938(s,lH) IR(CHC13) 1725cm-1 MS m/z(relative intensity) 221 (M+, loo), 192 (2), 

176 (lo), 147 (86) High-resolution MS calcd for Cl 2H1 5N03 221 1038 Found 221 1051 

Ethyl 3-(2-Ethoxyethenyl)pyrldlne-2-carboxylate (26) 

Compound 2 6 was a pale yellow vmxus liquid Yield 76% ‘I-i NMR (CDC13) 6 1 32 (t, J= 7 0 Hz, 3H), 1 36 (1, J= 7 0 

Hz, 3H), 4 02 (q, J= 7 0 Hz, 2H), 4 52 (q, J= 7 0 Hz, 2H), 6 10 (d, J= 8 0 Hz, 1 H), 6 42 (d, J= 8 0 Hz, 3H), 7 10 (dd, J= 

7 0,4 0 HZ, lH), 8 05 (dd, J= 7 0,2 0 HZ, lH), 8 70 (dd, J= 4 0,2 0 Hz, 1H) IR (CHC13) 1725 cm-l MS m/z (relatwe 

ntenslty) 221 (M+, 56), 192 (52), 178 (loo), 147(14) Hgh-resolution MS calcd for C, 2H1 5N03 221 1052 Found 

221 1051 

2,3-Dlhydro-2-ethoxybenzo[b]furan (14) 
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A mixture of 1 3 (1 04 g, 5 mrnol), 3 N HCI (0 1 ml), and EtOH (10 ml) was stirred at room temperature for 24 h The 

EtOH was removed under reduced pressure to give the residue which was neutralized with 3 N K2C03 and extracted with 

ether The ethereal layer was dned over MgS04 and concentrated under reduced pressure The restdue was punfled by 

ska gel column chromatography using nC6H14- CH2C12 (3 1) as an eluenf The product obtained from the n-C6H1 4- 

CH2C12 (3 1) eluate was distilled under reduced pressure to give 2,3-dhydro-2-ethoxybenzo[b]furan (1 4) (0 48 g, 58%) 

as a cololiess liquid, bp 120°C/3 mmlig ‘H NMR(CDC13)6 1 20 (t, J= 7 0 Hz, 3H), 3 0 - 3 3 (m, 2H). 3 68 (q, J= 7 0 Hz, 

IH), 3 88(q, J = 7 0 Hz, 1 H), 5 72 (dd, J = 7 0,4 0 Hz, 1 H), 6 7 - 7 3 (m, 4H) Anal Calcd for Cl OH, 202 C, 73 15, H, 

7 37 Found C, 73 18, H, 7 53 

Benro[b]furan (15) 

(a) A mtxture of 1 4 (0 5 g, 3 04 mmol), TsOH.H20 (50 mg), and benzene (10 ml) was refluxed for 30 min After cooling, 

the mixture was concentrated under reduced pressure, and the residue was punfled by silica gel column chromatography 

using n-C6H1 4 as an eluenf The product obtained from the nC6Hl 4 eluate was dlstllled under reduced pressure to 

give benzo[blfuran (1 5) as a colorless liquid (0 28 g, 76%), bp 70-80°C / 30 mmHg (lit ” bp 173-174°C) ‘H NMR 

(CDC13) 6 2 45 (s, 3H), 6 53 (d, J= 4 0 Hz, lH), 7 2 - 7 6 (m, 4H), 8 3 - 8 5 (m, 1H) 

(b) A mixture of 1 3 (1 04 g, 5 mmol), 3 N HCI (0 1 ml), and EtOH (10 ml) was stirred at room temperature for 24 h The 

EtOH was removed under reduced pressure to give the residue which was neutraked with 3 N K2C03 and extracted with 

ether The ethereal layer was dned over MgS04 and concentrated under reduced pressure The residue was dissolved 

in benzene (10 ml), and TsOH*H20 (50 mg) was added The mixture was refluxed for 30 mn After cooling, the mixture 

was concentrated under reduced pressure, and the residue was punfied by silica gel column chromatography using n- 

C8H14 as an eluent The product obtained from the n-C6Hl 4 eluate was distilled under reduced pressure to give a 

colorless liquid (0 43 g, 73%) 

lndole (18a) 

According to the general procedure, 2-bromoanlne (16a) (0 86 g, 5 mmol) was treated with 2 (1 81 g, 5 mmol), 

Et4NCI (0 83 g, 5 mmol), and PdC12(PPh3)2 (160 mg) in DMF (10 ml) for 1 5 h to give a yellow VISCOUS liquid (17a) The 

liquid was dissolved in benzene (10 ml), and TsOH.H20 (100 mg) was added The mixture was stirred at room 

temperature for 26 h The benzene was removed under reduced pressure, and the residue was punfled by silica gel 

column chromatography using CH2C12 as an eluenf The product obtained from the CH2C12 eluate was recrystallized 

from EtOH to give indole (18a) as colorless scales (0 20 g, 29%), mp 54-54 5°C (lit ’ 2 mp 53°C) ’ H NMR (CDCI,) 6 

2 45 (S, 3H), 6 53 (d, J= 4 0 Hz, IH), 7 2 - 7 6 (m, 4H), 8 3 - 8 5 (m, IH) IR (CHC13) 3030, 1700 cm-’ 

1-Acetyllndole (18b) 

A mixture of 17b (0 51 g, 2 mmol), TsOH*H20 (50 mg), and benzene (10 ml) was refluxed for 2 h The solvent was 

evaporated under reduced pressure, and the residue was purified by ska gel column chromatography using CH2C12 as 

an eluent The product obtained from the CH2C12 eluate was distilled under reduced pressure to give acetylindol (1 8 b) 

as a colorless liquid (0 32 g, 70%), bp 100°C I3 mmHg (IIt I3 bp 140 - 150°C / 12 mmHg) 1 H NMR (CDC13) 6 2 45 (s, 

3H), 6 53 (d, J= 4 0 Hz, lH), 7 1 - 7 8 (m, 4H), 8 3 - 8 5(m, IH) IR (CHC13) 3030,170O cm-l 

lsocoumarln (21) 

A mixture of 2 0 (0 44 g, 2 mrnol) and 6 N HCI (10 ml) was stirred at 100°C for 2 h After cooling, the mixture was 
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neutrakzed with K2C03 and extracted wrth ether The ethereal layer was dned over MgSO4 and evaporated under 

reduced pressure The reskfue was punfled by sikca gel column chromatography using CH2Cl2-A&Et (2 1) as an eluent 

The product obtained from the CH2Cl2-AcOEt (2 1) eluate was drstrlled under reduced pressure to grve lsocoumann (2 1) 

as a colorless sokd (0 23 g, 76%), mp 48 0 - 48 5°C (lit ’ 4 47X) ‘H NMR (CDC13) 6 6 47 (d, J= 6 0 Hz, 1 H), 7 23 (d, J= 

6OHz,lH),72-77(m,3H),62-83(m,lH) IR(CHCS) 1730cm-1 

1 If-Pyrano[3,4-clpyrldln-l-one (24) 

A mixture of 2 3 (0 40 g, 1 6 mmOl) and polyphosphonc acrd (PPA) (1 0 g) was stirred at 100°C for 7 h After coolrng, 

the mixture was poured unto Ice-water, neutrakzed with K2CO3, and extracted wrth CHC13 The CHC13 layer was dned over 

MgSO4 and evaporated under reduced pressure The residue was purified by sllrca gel column chromatography using 

AcOEt as an eluent The product obtarned from the AcOEt eluate was recrystallued from nZ6H1 4-acetone to give i H 

pyrano[3,4-clpyndn-l-one (2 4) (110 mg, 45%) as Colorless needles, mp 137-136 5°C ‘H NMR (CDC13) 6 6 63 (d, L 

6 0 HZ, 1 H), 7 40 (d, J= 6 0 Hz, 1 H), 8 07 (d, J= 5 0 Hz, 1 H), 6 85 (d, J= 5 0 Hz, 1 H), 8 93 (s, 1 H) IR (CHC13) 1740 cm-l 

Anal Cakd for C8H5N02 C, 65 31, H, 3 43, N, 9 52 Found C, 65 42, H, 3 59, N, 9 48 

1 H-Pyrano[3,4-blpyrldln-l-one (27) 

By the same procedure for the preparakon of 2 4,1 Kpyrano[3,4-blpyndrn-l-one (2 7) (0 40 g, 60%) was obtained from 

the reaction of 2 6 (1 00 4 5 mmol) and PPA (1 00 g) g, as colorless needles, mp 76 5-78X ‘H NMR (CDCI,) 6 6 80 (d, 

J=60Hz,lH),743(dd,J=40Hz,lH),750(d, J=6OHz, H),857(dd,J=60,20Hz,lH),897(dd, J=40,20Hz, 

1H) IR (CHC13) 1736 cm-’ Anal CakxiforC8H5N02 C, 65 31, H, 3 43, N, 9 52 Found C, 65 43, H, 3 58, N, 9 44 
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