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As a parl of our continuing study concerning the car-
bon-carbon bond forming reactions utilizing |-acyl-1-
thiocarbocations. we have reported the Fricdel-Crafts
reaction of substituted phenols with 1-acyl-1-chlorosul-
fides leading t©o 2-methylbenzofuran derivatives.' 2-aryl-
henzoturan derivatives.” and a precursor of demethoxy-
cgonol.”

[n the preceding paper” we showed that the onc-pot
reaction of substituled phenols with  1-acyl-1-thiocar-
bocationic intermediate generated from o-(methy lsulii-
nylacetone in (he presence of p-oluenesulfonic acid
provided a convenient method for synthesizing 2-meth-
yibenzofuran derivatives (hrough reductive desulluriza-
tion of the resulting products. In the present paper the
method is applicd t© syntheses of 2-cthylbenzofurans 3
and 2-isopropylbenzoturans 4. in which methylsultinyl-
methy] alky] ketone (1 and 2} are employed as clectro-
philes in place of a-{(mcthylsultinyl)acctone.

For the preparation of the starting matcrials. oxidation
of methylthiomethyl cthyl ketone with sodium metape-
riodate in aqueous methanol alforded -{methy [sulfiny 1)
ethyl ketone (1) in 82% yield. and a-{methylsulfiny1)
isobuty] ketone (2) was obtained from the reaction of
ethyl isobutyrate with methylsulfinyl carbanion accord-
ing (o the procedure reported® in 68% yield.

The previous study on Pummerer reaction with o-
{methylsulliny]) acetone® revealed (hat the reaction
requircs  three equivalents of anhydrous  p-tolucne-
sulfonic acid without a Dean-Stark water scparator. On
the basis of this information. the Pummerer reaction of
parg-substituted phenols with 1 and 2 was established as
shown in Scheme |.

The treatment of equimolar amounts of p-cresol and
the sulloxide L in 1.2-dichloroethane with three equivi-
lents of p-wluenesullfonic acid under reflux gave 2-¢thyl-

S-methyl-3-(methylthio)benzofuran (3a) in 68% yield.

X
(o] . X SCH;
1
* endncon = I
CH;SCH,COR 0 R

OH 1,2 3a-e, 4a-¢
a: X=CHj "
b: X=C,Hs
[ X=C3H7

d: X=C4Hy X
e: X=Cl |
(0] R

1,3,5: R=C,Hs, 2,4,6: R=i-C3H;
Sa-e, 6a-e

Scheme 1. Reagents and conditions: (i) p-150OH, CICH.CH:C1,

reflux. | I (i) Raney-Ni (W-2), EtOI1, 60-65 °C. 1 h.
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The reactions of other arenes generally took place
simoothly in the presence of p-toluenesullonic acid and
gave 2-ethyvl-3-(methyvithio) benzoluran denvatives 3b-e
i satistactory vields.

According to the above procedure. para-substituted
phenels were allewed to react with the sulfoxide 2 to
eive the 2-isopropyl-3-(methylthio)benzoturan deriva-
tives da-e in significant vields,

The adducts 3 obtained through the above Pummerer
reaction could casily be desulfurized into the correspond-
ing 2-ethvlbenzolurans 5 upon heating with Raney
nicke!l i1 ethanol. Thus. the adducts 3a-e were converled
into Sa-e. respectively. in good vields. Also the desulfu-
rization of 4 with Raney nickel in ethanol furnished the
corresponding 2-isopropvlbenzolurans 6.

1o this end. we have examined (he reactions of 1 and
2 with naphthel 1somers. Under the reaction conditions
such as described tor the Pummerer reaction with para-
substituted phenols. this reaction gave 2-alkyl-3-(meth-
ylthionaphtho[1 2-blfurans (7 and 8) and 2-alkyl-1-
(methylthionaphtho[2. 1-blturans (2 and 10) in moderate

yields. respectively, (Schienre 2) The desultunzation of

adductls (7.8.9. and 10) with Ranev nickel in ethanol
alforded (he corresponding naphthofurans (11.12.13. and
14. respeclively).

Many svnihelic methods {or 2-alkvlbenzoluran der-

ivaives have so Tar been reported in the literature. the [ol-

lowing methods being representative: 1) the reaction o

o naphthol o \
SCH3
0o 11,12
Il
CH3SCH,;COR
1,2
B- naphthol
—>
9,10 13,14

1,7,9,11,13: R=C,Hs 2,8,10,12,14;: R=i-C3H;

Scheme 2. Reagents and conditions: (1) p-TsOT L CICH,CH,CI,
reflux, 1 h: (1) Raney-Ni (W-2), FtOH, 60-63°C. 1 h.

HF - FREE

acid chloride or acid anhvdnde with o-hyvdroxyvbenzyl
triphenylphosphonium bromide i the presence of trieth-
viamine? 2) the reaction of (2-methoxyphenylethynes
with lithium iodide in 2.4 6-trimethylpyridine.” 3) intra-
molecular [2+2] eveloaddition reaction of Ketene and
carbonyl groups.® and 4) the evelization of alkyvnvl(p-
phenvlene) bisiodonium ditritlates with phenoxide anion.”

In summan. we developed a general route tor the tor-
mation of 2-alkvlbenzoturan denvatives (5 and 6). Our
method consists of two steps: 1) the one-pot synthesis ot
2-alkyl-3-(methylthio)benzofurans (3 and 4) by the reac-
tion of para-substituted phenols with 1-acvl-1-thiocar-
bocationic intermediates generated from the sulfoxides
(1 and 2) in the presence of anhvdrous p-toluenesul fonic
acid. and 11) the reductive desulfurization of the resulling
products (3 and 4).

This method will provide a promising routs tor the
preparation of 2-substituted benzoturan skeleton. As a
preliminary rescarch towards the synthesis of products
bearing 2-arvlbenzoturan moicty. the above Pummerer
reaction with various a-{methylsultinyl) ketones is pro-
ceeding.

EXPERIMENTAL

IR spectra were obtained from JASCO 1T TR-3001:
spectiometer. '11 NMR specira were recorded from Hita-
chi R-1500 FT NMR (60 Ml 1z) spectrometer using tet-
ramethvlsilane as an internal standard. Mass data were
obtained from Hewlett Packard 5970 GCMS system
(EL. 70 ¢ V). Mercek silica gel 60 (70-230 mesh) was used
for column chromatography.

Methylsulfinylmethyl ethyl ketone (1). A solution of
sodium metaperiodate (6 2. 28 mmol) in water (30 mL)
was added in small portions to a stirred solution of meth-
vithiomethyl ethy] ketone (3 g. 254 mmol) in methanol
(60 mlL) at 0°C and the mixture was furiher stirred al
room lemperature for 12 h. Inorganic materials were fil-
tered off and the filtrate was extracted with chlorolorm
(3 20ml.).

MgSO,. and concentrated under reduced pressure. The

The combined extracts were dried over

residuc was punticd by column chromatography (ace-
tone) to give 1 (2.79 a. 82%) as an oil. IR {neat) 2979,
2899, 1709 (C—0). 1411. 1378. 1122. 1023 (S—O) em™
'H NMR (CDCl,) 81.10 (t. 3H. J-7.02Hz). 2.65 (q. 2H.
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J=7.02112). 2.69 (s. 311). 3.76 (d. 211, J-1.20112). MS m
2 134 (M)

Methylsulfinylmethy] isopropyl ketone (2). A sus-
pension of sodium hvdnde (60%y mneral oil dispersion:
3 2. 75 mmel) in dimethyl sulfoxide (30 mL) was heated
with stirring at 70-75 °C for 40 min under nitrogen. Atter
cooling to room temperature. tetrahydroturan (20 mL)
was added. To the reaction mixture was added cthvl
isobutvrate (348 g. 30 mmel) at 0°C. and the stirring
was continued tor 90 min at the room temperature. The
mixture was poured inlo water (200 ml.). acidified with
agueous 11C1 1o a pIl of 3-4. and throughly extracted
with chlorolorm (3:-30 ml.). The combined extracts
were washed with waler (3 30 ml.). dried over MgS8QO,.
and evaporated ofl. The residue was purified by column

chromatography (acelone) o give 2 (3 g. 68%6) as an oil.

IR (neat) 2981. 2894, 1710 (C-O). 1416. 1377, 1123,

1038 (S—0) em™ 'H NMR (CDCly) 81.16 (d. 6H.
J=7.02Hz). 2.54-2.87 (m. 1H). 2.71 (s. 3H). 3.86 (5. 2H).
MS miz 148 (M").

General procedure for synthesis of 2-ethyl-3-(meth-
vithio)benzofurans (3). A solution of a para-substituted
phenol (1.49 mmol). 1 (200 me, 149 mmol) and anhy-
drous p-toluenesullonic acid (769 mg. 447 mmol) in
1.2-dichloroethane (153 ml.) was refluxed lor 1 h. The
reaction mixture was washed with water, and dried over
MgSC,. The solvent was removed in vacuo and the res-
idue was punlied by column chromatography (hexane
cthyl acctate—15 1} to give 3. 3a: Yicld 68%. oil. IR
(neat) 2978, 2921, 1578, 1473, 1265. 1190, 1153, 1023
em™: "H NMR (CDCly) 81.30 (. 3H. J-7.50Hz). 2.30 (s.
3H). 2.46 (s. 3H). 2.93 (q. 2H. I-7.50Hz). 6.97-7.42 (m.
3H) MS mz 206 (M'). 3b: Yicld 63%. ail. IR (neat)
2069. 2867. 1588, 1463, 1278, 1189, 1153, 1022 em™.
I NMR (CDCls) 81.30 (1. 611, I-7.6211%). 2.31 (5. 3H).
2.57-3. 14 (m 41D, 7.02-7.43 (m, 311 MS méz 220 (M),
3c: Yield 67%0. oil. IR (neat) 2922 2867, 1588, 1464,
1266, 1180 1155 1033 em 2 "TTNMR (CDCl,) 80.95 (1.
310 I=70211). 130 (L 310, J=7 621, 1.47-1.88 (m.
MY, 231 (s, 311, 2.54-3.13 (m_ 411). 6.98-7.42 (m. 311).
MS mz 234 (M), 3d: Yacld 70%s. o1l IR (ncat) 2962.
1577, 1469, 1378. 1278. 1189 cm™: "H NMR (CDCly)
81.30 (t. 3H. J-7.62Hz). 1.39 (s. 9H). 2.31 (s. 3H). 293
(q. 2H. J=7.62Hz). 7.24-7.62 (m. 3H). MS m17z 248 (M").
3e: Yicld 40%. oil. IR (neat) 2933, 1388, 1448, 1266.
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1177. 1077 em % 11 NMR (CIXCL) 8131 (L 3L J-
TO2H2) 230 (s, 3H). 2.94 (q. 2HL J-T.062112). 7.27-7.08
(m. 3 MS mz 226 (M").

General procedure for synthesis of 2-isopropyl-3-
(methylchio)benzofurans (4). According to the same
proceduwre for the preparation of 3. compounds 4 were
obtained from a para-substituted phenol (2.0 mmol). 2
(300 mg. 2.0 mmol) and anhvdrous p-toluenesultonic
acid (1 g. 6.0 mmol). 4a: Yicld 63%0. oil. IR {ncat) 2966.
2022, 2867, 1366, 1477, 1266, 1200, 1033, 1033 em™:
'HNMR (CDCls) 81.34 (d. 611 1=7.0211z). 2.31 (5. 311).
245 (5. 311). 3.32-3.76 (m. 1L1). 6.96-743 (m. 3t MS
m 7 220 (M"). 4h: Yield 68°o_ oil. IR {neal) 2966. 2922,
2867, 1636. 1577, 1477. 1266. 1200, 1064, 1033 em '
'TI NMR (CDClyy 81.22 (1 3L J-7.6211x). 1.34 (d. 611
J=7.02017). 231 (s. 3H). 2.76 (q. 211, J-7.62Hz). 3.31-
3.76 (m. 1H). 7.01-7.48 (m. 3H): MS m z 234 (M"). 4¢:
Yicld 62%. oil. IR (ncat) 2965, 2921. 2867, 1377. 1477.
1266. 1200. 1135, 1066 em™ "HNMR (CDCI;) §0.95 (1.
3H. I-7.02Hz). 1.33 (d. 6H. J-7.02Hz). 1.49-2.04 (m.
2H). 2.21 (s. 3H). 2.71 (t. 2H. J-6.48Hz). 3.21-3.74 (m.
1H). 6.97-7.42 (m. 3H): MS miz 248 (M"). 4d: Yicld
T0"o_ 0il IR (neat) 2965 2867 1577, 1477, 1366. 1200,
1132, 1066 em = "I NMR (CIDXCL) 81.33 (d. 611, )
TO2Hz). 139 (s. 91D 2231 (s 311). 3.32-3.86 (m. 1),
735 (brs. 2F) 7.61 (br s, 1. MS miz 262 (M*). de:
Yield 40%. oil. IR (neat) 2955, 2911, 2867, 1577. 1455,
1366, 1310, 1255, 1189 em ™= 'H NMR (CIXCly) 81.34
(d. 6H. J-7.02 Hz). 2.30 (5. 3H). 3.22-3.78 (m. 1H). 7.27
(br s. 2H). 7.56 (br 5. [H): MS mz 240 (M),

General procedure for synthesis of 2-ethylbenzo-
furans (3). The compound 3 {130-200 mg) was heated at
60-63°C in cthanol (20 mL) containing Raney mckel (W-
2.1-1.5 g) tor 1h. The Rancy nickel was removed by fil-
tration and the solvent was evaporaled ofl. The residue
was chromatographed with hexane/ethyl acetate (15 1)
as an eluent to give 5. Sa: Yield 86, il IR (neat) 2974.
1398, 1469, 1266, 1198, 1150, 1055em = '[T NMR
(CICL) 81.32 (1L 3L I=7.62112). 241 (s. 31, 2.79 (q.
21 J-7.62H7). 6.29 (. 111). 6.98-7.38 (m. 311} MS m
z 160 (M). Sb: Yield 84%. oil. IR (ncat) 2966. 2931.
1600, 1473, 1320, 1265. 1235, 1195, 1148. 1121. 1035.
cm™: '"H NMR (CDCly) §1.02-1.44 (m. 6H). 2.59-2.98
(. 4H). 6.31 (s. 1TH). 7.10-7.41 (m. 3H). MS mz 174
(M"). S¢: Yield 91%. oil. IR (near) 2960, 2930, 2871.
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1599, 1473, 1447 1263, 1195, 1148, 1054 em 2 '11 NMR
(CDCLY 80.94 (1. 311, 1-7.08112). 1 32 (1. 31 J-7.081 Lz).
1.42-1.97 (m. 211). 2.54-2.98 (. 411). 6.31 (5. 1), 6.94-
7.40 (m. 311). MS miz 188 (M7). 5d: Yield 88%¢. oil_ IR
(neat) 2962. 1598, 1471, 1365. 1272. 1176. 1132 em™
'H NMR (CDCL) 81.31 (t. 3H. J-7.62Hz). 1.36 (s. 9H).
278 {(q. 2H. J77.62Hz). 6.33 (s. IH). 7.29 (br s. 2H).
748 (brs. IHY MS mz 202 (M'). Se: Yield 75%. oil. IR
(neat) 2976. 2939, 15398, 1447, 1239, 1234, 1171, 1140,
1063 em™: 'H NMR (CDCI;) §1.32 (t. 3H. J-7.62Hz).
2.80 (q. 211 1=7.62112). 6.33 (5. 111). 7.05-7.44 (m. 310):
MS m 7 180 (M*).

General procedure for synthesis of 2-isopropylben-
zofurans (6). According (o the same procedure for the
preparation of 5. compounds 6 were oblained from 4
(150-200 mg} and Ranev nickel (W-2 1-1.5 g) in ethanol
(200mL). The residue was chromatographed with hex-
ane cthyl acetate (20 1) as an cluent to give 6. 6a: Yicld
83%. oil. IR (ncat) 2966. 2922, 2867, 1588. 1477, 1266.
1200, 1133, 1066. 1044 em™: "H NMR (CDCl;) §1.33
(d. 6H. J-7.02Hz). 2.41 (s. |H). 2.83-3.30 (m. [H). 6.20
(5. 1H). 6.92-7.38 (. 3H). MS miz 174 (M"). 6b: Yicld
83%. 0il. IR (neal) 2966, 2021, 2867. 1388. 1477, 1266.
1200, 1122, 1077 em 11 NMR (CDCL) 81.19 (L 311
J=702007). 1.33 (d. 611 J=-7.0211z). 2.52-328 (m. 31I).
6.30 (5. 111, 6.96-740 (m. 311, MS miz 188 (M), 6¢:
Yield 87%0. 0il. IR (neat) 2933, 29112867, 1600. 1477,
1266.1200. 1133, 1066 em "= " NMR (C1DC1,) 80.94 (L.
3H. J-7.08Hz). 1.33 (d. 6H. J-6.48Hz). 1.41-1.98 {(m.
2H). 2.53-3.22 (m. 3H). 6.30 (5. 1H). 6.94-742 (m. 3H).
MS vz 202 (M), 6d: Yicld 85%. oil. IR (ncat) 2933,
2867. 1600, 1477, 1366. 1266. 1167. 1122, 1077 em™
'H NMR (CDCly) 81.33 (d. 6H. J-7.02Hz). 1.35 (s. 9H).
274-3.25 (m. 1H). 6.32 (s. 1H). 7.31 (br s. 2H). 749 (br
s. 171 MS miz 216 (M), 6e: Yield 784 oil. IR (neatl)
2066, 2922, 28G7. 1588, 14535, 1322, 1266, 1167, 1066
em 2 'TT NMR (CDCL) 81.33 (d. 611 1-7.02117). 2.73-
330 (m, 111 630 (s, N, 6.80-7.536 (m, 311, MS m 7
194 (M™).

2-Ethyl-3(methyIthio)naphtho[1,2-b]furan (7). Acco-
rding to the same proccdure tor the preparation of 3.
compound 7 was obtamed trom g-naphthol (430 mg. 3.0
mmol). 1 (400 mg 3.0 mmol) and anhvdrous p-toluenc-
sulfonic acid (1.34 a. 9.0 mmol) m 36% vield (261 mg)
as an oil. IR (neat) 2978. 2922, 1577, 1444, 1389. 1266.

1177. 1011 em ™2 11 NMR (CDXCly) 81.40 (. 311 J-
7.62112). 2.35 (5. 311). 3.00 (q. 211 J=7.62t 7). 7.25-8.42
(m. 6H). MS mz 242 (M").
2-1sopropyl-3-(methy Ithio)nuphtho| 1,2-b| furan (8).
According to the same procedure tor the preparation off
3. compound 8 was obtained trom «-naphthol (430 mg.
2.0 mmol). 2 (445 mg 3.0 mmol) and anhvdrous p-tol-
uencsultonic acid (1.34 g. 9.0 mmol) in 34% vield (261
mg) as an oil. IR (neat) 2966, 291 1. 2867. [377. 1522,
1467, 1378, 1310, 1077. em™: '"H NMR CDCL;) 144 (d.
OHL J-7.02112). 2.35 (s. 3H). 3.31-7.85 (m. I11). 7.23-
838 (m. GIx MS m z 236 (M™).
2-Ethyl-1{methylthio)naphtho|2,1-b|turan (9). Acco-
rding to the same procedure for the preparation ol 3.
compound 9 was obtained from P-naphthol (430 mg. 3.0
mmol). 1 (400 mz. 3.0 mmol) and anhvdrous p-tolue-
nesultonic acid (134 g. 9.0 mmol) in 32% vield (378
mg) as an oil. IR (ncat) 2978, 2911, 1566, 1444, 1280,
1255, (177 1011 em™ 'H NMR (CDCI;) 1.37 (t. 3H.
J-7.62Hz). 2.37 (s. 2H). 3.07 (q. 2H. J-7.62Hz). 7.25-
8.36 (m. 6H): MS mz 242 (M").
2-Isoprepyl-1-(methylthie)naphtho[2,1-b] furan (10).
According to the same procedure for the preparation of
3. compound 10 was obtained from B-naphthol (430 mg.
3.0 mmol). 2 (445 mg. 3.0 mmol) and anhvdrous p-tol-
uenesullonic acid (1.34 g, 9.0 mmol) in 58"y vield (445
mg) as an oil. IR (neat) 2966, 2911, 2867. 1566. 1389,
1255, 1135, 1066, 1011 em ™= 'H NMR (CIXCly) 81.40
(d. 6H. I-7.02Hz). 2.37 (s. 3H). 3.50-3.88 {m. IH). 7.24-
8.03 (m. 3H). 9.17-9.34 (m. IH): MS m z 256 (M").
2-EthyInaphtho[1,2-b]furan {(11). According to the
same procedure for the preparation of 8. compound 11
was obtained trom 7 (101 mg. 0.42 mmol) and Raney
nickel (W-2. 1.1 2) in 73% vield (62 mg) as an oil. IR
(neat) 3060. 2973, 1637. 15372, 1523 1438, 1387. 1313,
1267. 1171, 1082. 1003 em "= "TINMR (CDCL) 81.39 (L.
3HL I-7.62107). 2.92 (g. 2L I=-7.62Hx). 6.50 (s. 1),
7.24-8.36 (m. 6L, MS miz 196 (M)
2-IsopropyInaphtho[1,2-b|furan (12). According to
the same procedure for the preparation of §. compound
12 was obtained from 8 (188 mg. 0.73 mmol) and Rancy
mickel (W-2. 1.9 g) in 73% vield (112 mg) as an oil. IR
(ncat) 3036. 2966. 2867. 1377, 1322, 1467. 1389. 1322,
1177.1089 em™: 'HNNMR (CDCl,) 81.42 (d. 6H. J-712Hz).
3.02-3.64 (m. 1H). 6.30 (s. 1H). 7.23-8.37 (m. 6H). MS
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mz 210 (M*).

2-EthyInaphtho|2,1-b|furan (13). According 1o the
same procedure {or the preparation ol 5. compound 13
was obtaimed from 9 (136 mg. (.56 mmol) and Ranev
nickel (W-2. 14 g) in cthanol (20 mL) in 72% vield (79
mg) as an oil. IR (neat) 3056, 2973, 2936. 1655, 1629.
1577, 1323, 1459, 1448, 1385, 1256, 1164, 1035 em™
'H NMR (CDCl;) 81.40 (1. 3H. J-7.62Hz). 2.91 (q. 2H.
J=7.62Hz). 6.88 (s. 1H). 7.25-8.04 (m. 6H). MS m:z 196
(M").

2-1sopropylnaphtho|2,1-bjfuran (14). According
1o the same procedure for the preparation ol & com-

pound 14 was oblained [rom 10 (230 mg. 0.98 mmol)

vield (161 mg} as an oil. IR (neatl) 3056. 2953 2867,
1633, 1377, 1467, 1389, 1266, 1167 1077 em . 11
NMR (CDCl;) 81,40 (d. 6H. J=7.02Hz). 2.82-3.38 (m.
I1H). 6.84 (s. 1H). 7.24-8.16 (m. 6H). MS mz 210
(M').

i

o)

9.

0.
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