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As a part of our continuing study concerning the car- The previous study on Pummerer reaction veth
bon-carbon bond forming reactions utilizing 1-acyl-1- (methylsulfinyl) acetorfe revealed that the reaction
thiocarbocations, we have reported the Friedel-Craftsrequires three equivalents of anhydropgoluene-
reaction of substituted phenols with 1-acyl-1-chlorosul- sulfonic acid without a Dean-Stark water separator. On

fides leading to 2-methylbenzofuran derivativesaryl- the basis of this information, the Pummerer reaction of
benzofuran derivativésand a precursor of demethoxy- para-substituted phenols withand2 was established as
egonol shown inSchemel.

In the preceding papérve showed that the one-pot  The treatment of equimolar amounts péresol and
reaction of substituted phenols with 1-acyl-1-thiocar- the sulfoxidel in 1,2-dichloroethane with three equiva-
bocationic intermediate generated fram(methylsulfi- lents ofp-toluenesulfonic acid under reflux gave 2-ethyl-
nyl)acetone in the presence pftoluenesulfonic acid 5-methyl-3-(methylthio)benzofurar3g) in 68% yield.
provided a convenient method for synthesizing 2-meth-
ylbenzofuran derivatives through reductive desulfuriza-

tion of the resulting products. In the present paper the ¥ o X scH,
method is applied to syntheses of 2-ethylbenzofuBans + Il i > \Q—I(
and 2-isopropylbenzofurar in which methylsulfinyl- CH;SCH,COR 0" R
methyl alkyl ketone X and 2) are employed as electro-  on 1,2 3a-e, da-e

philes in place ofi-(methylsulfinyl)acetone.
Forthe preparation of the starting materials, oxidation a: X=CH;

of methylthiomethy! ethyl ketone with sodium metape- f;,’f£j§j

riodate in aqueous methanol affordegmethylsulfinyl) f:;f:g,"m X\CI—]\
ethyl ketone J) in 82% yield, anda-(methylsulfinyl) 0~ R
isobutyl ketone 2) was obtained from the reaction of 1% R=Cills 2.4,6: R=-C3Hy Sa-e, 6a-e

ethyl isobutyrate with methylsulfinyl carbanion accord- geheme. Reagents and conditions:fi'sSOH, CICHCH.C,
ing to the procedure reporfeith 68% yield. reflux, 1 h; (i) Raney-Ni (W-2), EtOH, 60-6%, 1 h.
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The reactions of other arenes generally took placeacid chloride or acid anhydride withhydroxybenzyl
smoothly in the presence pftoluenesulfonic acid and triphenylphosphonium bromide in the presence of trieth-
gave 2-ethyl-3-(methylthio) benzofuran derivatigise ylamine® 2) the reaction of (2-methoxyphenyl)ethynes
in satisfactory yields. with lithium iodide in 2,4,6-trimethylpyridiné 3) intra-

According to the above procedungarasubstituted  molecular [2+2] cycloaddition reaction of ketene and
phenols were allowed to react with the sulfox®i¢o carbonyl group8,and 4) the cyclization of alkynyk
give the 2-isopropyl-3-(methylthio)benzofuran deriva- phenylene) bisiodonium ditriflates with phenoxide arion.
tives 4a-ein significant yields. In summary, we developed a general route for the for-

The adduct$ obtained through the above Pummerer mation of 2-alkylbenzofuran derivativeS &nd 6). Our
reaction could easily be desulfurized into the correspond-method consists of two steps: i) the one-pot synthesis of
ing 2-ethylbenzofuranss upon heating with Raney 2-alkyl-3-(methylthio)benzofuran8 @nd4) by the reac-
nickel in ethanol. Thus, the addu®a-ewere converted tion of parasubstituted phenols with 1-acyl-1-thiocar-
into 5a-g respectively, in good yields. Also the desulfu- bocationic intermediates generated from the sulfoxides
rization of 4 with Raney nickel in ethanol furnished the (1 and2) in the presence of anhydropdoluenesulfonic
corresponding 2-isopropylbenzofurabis acid, and ii) the reductive desulfurization of the resulting

To this end, we have examined the reactionk arfid products 8 and 4).

2 with naphthol isomers. Under the reaction conditions This method will provide a promising route for the
such as described for the Pummerer reaction peth preparation of 2-substituted benzofuran skeleton. As a
substituted phenols, this reaction gave 2-alkyl-3-(meth-preliminary research towards the synthesis of products
ylthio)naphtho[1,2-b]furans 7( and 8) and 2-alkyl-1- bearing 2-arylbenzofuran moiety, the above Pummerer
(methylthio)naphtho[2,1-b]furan® @nd 10) in moderate  reaction with varioust-(methylsulfinyl) ketones is pro-
yields, respectively.Scheme2) The desulfurization of ceeding.

adducts 7,8,9, and 10) with Raney nickel in ethanol

afforded the corresponding naphthofurah12,13, and EXPERIMENTAL

14, respectively).

Many synthetic methods for 2-alkylbenzofuran der- IR spectra were obtained from JASCO FT/IR-300E
ivaives have so far been reported in the literature, the fol-spectrometetH NMR spectra were recorded from Hita-
lowing methods being representative: 1) the reaction ofchi R-1500 FT NMR (60 MHz) spectrometer using tet-

ramethylsilane as an internal standard. Mass data were
obtained from Hewlett Packard 5970 GC/MS system

R R (El, 70 eV). Merck silica gel 60 (70-230 mesh) was used
a-naphthol OP\ dig Oi \S for column chromatography.
i OO SCH; OO Methylsulfinylmethyl ethyl ketone (1). A solution of
sodium metaperiodate (6 g, 28 mmol) in water (30 mL)
0o 7, 8 11,12 was added in small portions to a stirred solution of meth-
CH;ISICHZCOR ylthiomethyl ethyl ketone (3 g, 25.4 mmol) in methanol
L2 (60 mL) at @C and the mixture was further stirred at
HsC: /R A room temperature for 12 h. Inorganic materials were fil-
B-naphthol - 0 " g o) tered off and the filtrate was extracted with chloroform
“—i" OO - O (3x20 mL). The combined extracts were dried over
MgSQ,, and concentrated under reduced pressure. The
10 131 residue was purified by column chromatography (ace-
1,79,11,13: R=C;Hs 2,8,10,12,14: R=i-C3H; tone) to givel (2.79 g, 82%) as an oil. IR (neat) 2979,
Scheme. Reagents and conditions:@iysOH, CICHCH,CI, 2899, 1709 (C=0), 1411, 1378, 1122, 1025 (S=0O};cm
reflux, 1 h; (ii) Raney-Ni (W-2), EtOH, 60-6&, 1 h. 'H NMR (CDCH) 81.10 (t, 3H, J=7.02Hz), 2.65 (q, 2H,
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J=7.02Hz), 2.69 (s, 3H), 3.76 (d, 2H, J=1.20Hz); MS m/ 1177, 1077 cm; *H NMR (CDCk) 31.31 (t, 3H, J=
z 134 (M). 7.62Hz), 2.30 (s, 3H), 2.94 (q, 2H, J=7.62Hz), 7.27-7.68
Methylsulfinylmethyl isopropyl ketone (2). A sus- (m, 3H); MS m/z 226 (M.
pension of sodium hydride (60% mineral oil dispersion; General procedure for synthesis of 2-isopropyl-3-
3 g, 75 mmol) in dimethyl sulfoxide (50 mL) was heated (methylthio)benzofurans (4) According to the same
with stirring at 70-75C for 40 min under nitrogen. After  procedure for the preparation 8f compoundst were
cooling to room temperature, tetrahydrofuran (20 mL) obtained from gara-substituted phenol (2.0 mmol,
was added. To the reaction mixture was added ethyl(300 mg, 2.0 mmol) and anhydroystoluenesulfonic
isobutyrate (3.48 g, 30 mmol) at°G, and the stirring  acid (1 g, 6.0 mmol}a: Yield 63%, oil, IR (neat) 2966,
was continued for 90 min at the room temperature. The2922, 2867, 1566, 1477, 1266, 1200, 1055, 1033;cm
mixture was poured into water (200 mL), acidified with *H NMR (CDCE) 81.34 (d, 6H, J=7.02Hz), 2.31 (s, 3H),
aqueous HCI to a pH of 3-4, and throughly extracted2.45 (s, 3H), 3.32-3.76 (m, 1H), 6.96-7.43 (m, 3H); MS
with chloroform (3x50 mL). The combined extracts m/z 220 (M). 4b: Yield 68%, oil, IR (neat) 2966, 2922,
were washed with water (3x30 mL), dried over MgSO 2867, 1656, 1577, 1477, 1266, 1200, 1064, 1033;cm
and evaporated off. The residue was purified by column®H NMR (CDCE) 81.22 (t, 3H, J=7.62Hz), 1.34 (d, 6H,
chromatography (acetone) to gi2€3 g, 68%) as an oil.  J=7.02Hz), 2.31 (s, 3H), 2.76 (g, 2H, J=7.62Hz), 3.31-
IR (neat) 2981, 2894, 1710 (C=0), 1416, 1377, 1123,3.76 (m, 1H), 7.01-7.48 (m, 3H); MS m/z 234"{Mic:
1038 (S=0) cnt; 'H NMR (CDCk) 81.16 (d, 6H, Yield 62%, oil, IR (neat) 2965, 2921, 2867, 1577, 1477,
J=7.02Hz), 2.54-2.87 (m, 1H), 2.71 (s, 3H), 3.86 (s, 2H); 1266, 1200, 1155, 1066 ¢h'H NMR (CDCk) 80.95 (t,
MS m/z 148 (M). 3H, J=7.02Hz), 1.33 (d, 6H, J=7.02Hz), 1.49-2.04 (m,
General procedure for synthesis of 2-ethyl-3-(meth-  2H), 2.31 (s, 3H), 2.71 (t, 2H, J=6.48Hz), 3.21-3.74 (M,
ylthio)benzofurans (3).A solution of aparasubstituted ~ 1H), 6.97-7.42 (m, 3H); MS m/z 248 (M 4d: Yield
phenol (1.49 mmol)1 (200 mg, 1.49 mmol) and anhy- 70%, oil, IR (neat) 2965, 2867, 1577, 1477, 1366, 1200,
drous p-toluenesulfonic acid (769 mg, 4.47 mmol) in 1132, 1066 crit; *H NMR (CDCL) 81.33 (d, 6H, J=
1,2-dichloroethane (15 mL) was refluxed for 1 h. The 7.02Hz), 1.39 (s, 9H), 2.31 (s, 3H), 3.32-3.86 (m, 1H),
reaction mixture was washed with water, and dried over7.35 (br s, 2H), 7.61 (br s, 1H); MS m/z 262"{Me:
MgSQ.. The solvent was removea vacuoand the res-  Yield 40%, oil, IR (neat) 2955, 2911, 2867, 1577, 1455,
idue was purified by column chromatography (hexane/1366, 1310, 1255, 1189, cin'H NMR (CDCk) 51.34
ethyl acetate=15/1) to giv8. 3a: Yield 68%, oil, IR (d, 6H, J=7.02 Hz), 2.30 (s, 3H), 3.22-3.78 (m, 1H), 7.27
(neat) 2978, 2921, 1578, 1473, 1265, 1190, 1153, 1023br s, 2H), 7.56 (br s, 1H); MS m/z 240 M
cm™; *H NMR (CDCl) 81.30 (t, 3H, J=7.50Hz), 2.30 (s, General procedure for synthesis of 2-ethylbenzo-
3H), 2.46 (s, 3H), 2.93 (g, 2H, J=7.50Hz), 6.97-7.42 (m, furans (5). The compoun@ (150-200 mg) was heated at
3H); MS m/z 206 (M). 3b: Yield 65%, oil, IR (neat)  60-65°C in ethanol (20 mL) containing Raney nickel (W-
2969, 2867, 1588, 1465, 1278, 1189, 1155, 1022;cm 2, 1-1.5 g) for 1h. The Raney nickel was removed by fil-
'H NMR (CDCk) 81.30 (t, 6H, J=7.62Hz), 2.31 (s, 3H), tration and the solvent was evaporated off. The residue
2,57-3.14 (m, 4H), 7.02-7.43 (m, 3H); MS m/z 220XM  was chromatographed with hexane/ethyl acetate (15/1)
3c: Yield 67%, oil, IR (neat) 2922, 2867, 1588, 1464, as an eluent to give 5a: Yield 86%, oil, IR (neat) 2974,
1266, 1189, 1155, 1033 ¢cin'H NMR (CDCH) 80.95 (t, 1598, 1469, 1266, 1198, 1150, 1055%tmH NMR
3H, J=7.02Hz), 1.30 (t, 3H, J=7.62Hz), 1.47-1.88 (m, (CDCk) 01.32 (t, 3H, J=7.62Hz), 2.41 (s, 3H), 2.79 (g,
2H), 2.31 (s, 3H), 2,54-3.13 (m, 4H), 6.98-7.42 (m, 3H); 2H, J=7.62Hz), 6.29 (s, 1H), 6.98-7.38 (m, 3H); MS m/
MS m/z 234 (M). 3d: Yield 70%, oil, IR (neat) 2962, z 160 (M). 5b: Yield 84%, oil, IR (neat) 2966, 2931,
1577, 1469, 1378, 1278, 1189 ¢mH NMR (CDCL) 1600, 1473, 1320, 1265, 1235, 1195, 1148, 1121, 1055,
51.30 (t, 3H, J=7.62Hz), 1.39 (s, 9H), 2.31 (s, 3H), 2.93cm™; *H NMR (CDC}) 51.02-1.44 (m, 6H), 2.59-2.98
(9, 2H, J=7.62Hz), 7.24-7.62 (m, 3H); MS m/z 248Y\M  (m, 4H), 6.31 (s, 1H), 7.10-7.41 (m, 3H); MS m/z 174
3e: Yield 40%, oil, IR (neat) 2933, 1588, 1448, 1266, (M*). 5c: Yield 91%, oil, IR (neat) 2960, 2930, 2871,
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1599, 1473, 1447, 1263, 1195, 1148, 1054-ctH NMR 1177, 1011 cn; '"H NMR (CDCE) 81.40 (t, 3H, J=
(CDCl;) 60.94 (t, 3H, J=7.08Hz), 1.32 (t, 3H, J=7.08Hz), 7.62Hz), 2.35 (s, 3H), 3.06 (g, 2H, J=7.62Hz), 7.25-8.42
1.42-1.97 (m, 2H), 2,54-2.98 (m, 4H), 6.31 (s, 1H), 6.94- (m, 6H); MS m/z 242 (V).

7.40 (m, 3H); MS m/z 188 (M. 5d: Yield 88%, ail, IR 2-1sopropyl-3-(methylthio)naphtho[1,2-b]furan (8).
(neat) 2962, 1598, 1471, 1365, 1272, 1176, 1132;cm According tothe same procedure for the preparation of
'H NMR (CDCl) 81.31 (t, 3H, J=7.62Hz), 1.36 (s, 9H), 3, compound was obtained fronx-naphthol (430 mg,
2.78 (q, 2H, J=7.62Hz), 6.33 (s, 1H), 7.29 (br s, 2H), 3.0 mmol),2 (445 mg 3.0 mmol) and anhydropsol-
7.48 (br s, 1H); MS m/z 202 (M 5e: Yield 75%, oil, IR uenesulfonic acid (1.54 g, 9.0 mmol) in 34% vyield (261
(neat) 2976, 2939, 1598, 1447, 1259, 1234, 1171, 1140mg) as an oil. IR (neat) 2966, 2911, 2867, 1577, 1522,
1063 cm*; 'H NMR (CDC}) 81.32 (t, 3H, J=7.62Hz), 1467, 1378, 1310, 1077, cin*H NMR CDC}) 1.44 (d,
2.80 (g, 2H, J=7.62Hz), 6.33 (s, 1H), 7.05-7.44 (m, 3H); 6H, J=7.02Hz), 2.35 (s, 3H), 3.31-7.85 (m, 1H), 7.23-
MS m/z 180 (M). 8.38 (m, 6H); MS m/z 256 (M.

General procedure for synthesis of 2-isopropylben- 2-Ethyl-1-(methylthio)naphtho[2,1-b]furan (9). Acco-
zofurans (6). According to the same procedure for the rding to the same procedure for the preparatior3, of
preparation of5, compoundss were obtained fron# compound® was obtained fror-naphthol (430 mg, 3.0
(150-200 mg) and Raney nickel (W-2, 1-1.5 g) in ethanol mmol), 1 (400 mg, 3.0 mmol) and anhydropgolue-

(20 mL). The residue was chromatographed with hex-nesulfonic acid (1.54 g, 9.0 mmol) in 52% yield (378
ane/ethyl acetate (20/1) as an eluent to givéa: Yield mg) as an oil. IR (neat) 2978, 2911, 1566, 1444, 1380,
85%, oil, IR (neat) 2966, 2922, 2867, 1588, 1477, 1266,1255, 1177, 1011 c¢th '"H NMR (CDCH) 1.37 (t, 3H,
1200, 1133, 1066, 1044 ¢hm'H NMR (CDCL) 81.33 J=7.62Hz), 2.37 (s, 3H), 3.07 (g, 2H, J=7.62Hz), 7.25-
(d, 6H, J=7.02Hz), 2.41 (s, 1H), 2.83-3.30 (m, 1H), 6.30 8.36 (m, 6H); MS m/z 242 (W
(s, 1H), 6.92-7.38 (m, 3H); MS m/z 174 {M6b: Yield 2-1sopropyl-1-(methylthio)naphtho[2,1-b]furan (10).
83%, oil, IR (neat) 2966, 2921, 2867, 1588, 1477, 1266,According to the same procedure for the preparation of
1200, 1122, 1077 ct *H NMR (CDC}) 51.19 (t, 3H. 3, compoundLO was obtained fror-naphthol (430 mg,
J=7.02Hz), 1.33 (d, 6H, J=7.02Hz), 2.52-3.28 (m, 3H), 3.0 mmol),2 (445 mg, 3.0 mmol) and anhydropsol-
6.30 (s, 1H), 6.96-7.40 (m, 3H); MS m/z 188"{Mbc: uenesulfonic acid (1.54 g, 9.0 mmol) in 58% vyield (445
Yield 87%, oil, IR (neat) 2955, 2911, 2867, 1600, 1477, mg) as an oil. IR (neat) 2966, 2911, 2867, 1566, 1389,
1266, 1200, 1133, 1066 ¢in'H NMR (CDCH) 80.94 (t, 1255, 1155, 1066, 1011, ¢in*'H NMR (CDCL) 81.40
3H, J=7.08Hz), 1.33 (d, 6H, J=6.48Hz), 1.41-1.98 (m, (d, 6H, J=7.02Hz), 2.37 (s, 3H), 3.50-3.88 (m, 1H), 7.24-
2H), 2.53-3.22 (m, 3H), 6.30 (s, 1H), 6.94-7.42 (m, 3H); 8.05 (m, 5H), 9.17-9.34 (m, 1H); MS m/z 256 M
MS m/z 202 (M). 6d: Yield 85%, oil, IR (neat) 2955, 2-Ethylnaphtho[1,2-b]furan (11). According to the
2867, 1600, 1477, 1366, 1266, 1167, 1122, 1077 cm same procedure for the preparationsptompoundl1
'H NMR (CDCk) 81.33 (d, 6H, J=7.02Hz), 1.35 (s, 9H), was obtained fron7 (101 mg, 0.42 mmol) and Raney
2.74-3.25 (m, 1H), 6.32 (s, 1H), 7.31 (br s, 2H), 7.49 (br nickel (W-2, 1.1 g) in 75% yield (62 mg) as an oil. IR
s, 1H); MS m/z 216 (M). 6e: Yield 78%, oil, IR (neat)  (neat) 3060, 2973, 1637, 1572, 1523, 1458, 1387, 1313,
2966, 2922, 2867, 1588, 1455, 1322, 1266, 1167, 10661267, 1171, 1082, 1003 cm*H NMR (CDCL) 81.39 (t,
cm™; 'H NMR (CDCl) 81.33 (d, 6H, J=7.02Hz), 2.73- 3H, J=7.62Hz), 2.92 (q, 2H, J=7.62Hz), 6.50 (s, 1H),
3.30 (m, 1H), 6.30 (s, 1H), 6.80-7.56 (m, 3H); MS m/z 7.24-8.36 (m, 6H); MS m/z 196 (W
194 (M"). 2-Isopropylnaphtho[1,2-b]furan (12). According to
2-Ethyl-3-(methylthio)naphtho[1,2-b]furan (7). Acco- the same procedure for the preparatiors,ofompound
rding to the same procedure for the preparatior3,of 12was obtained fror8 (188 mg, 0.73 mmol) and Raney
compound’ was obtained fromax-naphthol (430 mg, 3.0  nickel (W-2, 1.9 g) in 73% vyield (112 mg) as an oil. IR
mmol), 1 (400 mg 3.0 mmol) and anhydropdoluene- (neat) 3056, 2966, 2867, 1577, 1522, 1467, 1389, 1322,
sulfonic acid (1.54 g, 9.0 mmol) in 36% vyield (261 mg) 1177, 1089 c; *H NMR (CDC) 81.42 (d, 6H, J=7.02Hz),
as an oil. IR (neat) 2978, 2922, 1577, 1444, 1389, 12663.02-3.64 (m, 1H), 6.50 (s, 1H), 7.25-8.37 (m, 6H); MS
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