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2-methyl-3-phenylbenzoturan  Denvatives.  Friedel-Cratts - Reaction

Benzofuran rng system oceurs widely in natural
products and in synthetic substances, which exhibit
a varicly of pharmacological propertics.! A large
number of svnthetic routes towards the construc-
tion of benzoturan ring has so tar been reported in
the literature. Among the many methods on the for-
mation of benzofuran ring starting from phenolic
substrates. coupling reaction of o-halogenophenols
with copper () arvlacetylide to afford 2-substituted
benzofurans appears as one of the most simple and
general procedures® However,
this procedure 1s ofien limited by uncommon phe-
nolic malerials and a stoichiometric amount of the
preformed organometallic reagent.

Reeently we have developed an excellent method

for 2-substituted benzofurans by one-pot reaction of

substituted phenels with [-acvl-1-thiocarbocations
generated from 1-acvl- I-chlorosulfides under Friedel-
Crafts reaction condition” or from B-ketosulfoxides
under Pummerer reaction condition.?

In the preceding paper.” we showed that the reac-

the usclulness of

tion ol substituted phenols with 3-chloro-3-nicth-
vithio-2-butanone i the presence of a Tewis acid
provided a new nmethod lor synthesizing 2.3-disub-
stituted  benzoturans. In this paper the method is
applied to the svnthesis of 2-methyl-3-phenyiben-
zofurans (4), in which g-chloro-g-(methylthio) ph-
envlacetone (3) is emploved as an electrophile m
place of 3-chloro-3-methylthio-2-butanone.

The preparation of the starting material 3 was
shown in Scheme 1. g-Chloro-g-(methy lthio)ace-
tone (1) was obtained from ge-(methy lthio) acctone
by chlornation with N-chlorosuccininide in car-
bon tetrachloride according (o the reported method @
The Friedel-Cralts reaction of benzene with 1 1n the
presence of SnCl, gave o-(methyl lhio)phcn\flzlcc—
tone (2) in 86% vield as deseribed in the literature.
The treatment of 2 with N-chlorosuccinimide attorded
the 3% chlonde 3. and this crude material was used
for the praparation of 4 without further purification.

The previous sudv on the formaten of 2.3-dis-
ubstituted benzoturans with 3-chloro-3-methylthio-
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Scheme 1.

2-butanone under Fricdel-Cralis reaction conditions’
revcaled that the order of Lewis acid activity is
SnCl > TiCl =AICL==ZnCl,. On the basis ol this
information, SnCl, was uscd as a Lewis acid in the
reaction of substituted phenols with 3. Thus, treat-
ment of p-cresol and 3 in methylene chloride with
SnCl, at 0 °C gave 2,5-dimethyl-3-phenylbenzotu-
ran (4a) in 51% yield. The structure of 4a was con-
firmed by well-defined 'H and “C NMR spectra,
and mass spectra (see “Fxperimental™),

We examined the reactions ol other substituted
phenols with 3. The reactions ook place smoothly
in the presence of SnCl, giving the corresponding
2-methyl-3-phenylbenzoluran derivatives (db-e) in
moderate yields. Also 2-methyl-3,6-methylenedioxy-
3-phenyl-benzofuran (4f) was obtained (rom the
reaction of 3d-(methylenedioxy)phenol and the
chloride 3 in 48% yield. But in the reaction of 4-
chloraphenol, a-{methylthio)phenylacetone (2) instead
of a desired 2,3-disubstituted benzofuran could be
obtained as a major product,

As the mechanism for the formation of 2,3-disub-
stituted benzofurans explained in our preceding work,”
the mechanism for the formation of 2-methyl-3-
phenylbenzoturans (4) is similarly considered by a
successive dehydrocyclization and concutrent removal
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Scheme 3.
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of mcthylthio group vie Fricdel-Crafts reaction
intermediate afforded from substituted phenols and
3 under Lewis acid conditions.

[n addition, we accomplished the reaction of
naphthol isomers with ¢-chloro-ci-(methylthio)
phenylacetone (3) under the same reaction condi-
tions as described for the preparation of 4, The
reactions of I-naphthol and 2-naphthol with the
chloride 3 in the presence of SnCl, gave 2-methyl-
3-phenylnaphtho[1,2-b]furan (5) and 2-mecthyl-3-
phenylnaphtho [2,1-b]furan (6) in 38% and 51% yiclds,
respectively.

[n conclusion, we developed a new once-pot
method for synthesizing 2-methyl-3-phenylbenzo-
furan derivatives (4) using substituted phenols and
o-chloro-a-(methylthio)phenylacetone (3) in the
presence of SnCl,. The present method could be
applied to 2.3-disubstituted benzofuran moiety
having various alkyl groups at the C-2 position
and aryl groups at the C-3 position. As further
work on the application of this method, the devel-
opment ol the manifold 3" chlorides such as -
chloro-u-(methylthioYarylacetone and the reactiv-

RZ Ph
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4
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Scheme 2.
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ity of the 3" chlondes with substituted phenols are
in progress.

EXPERIMENTAL

General. All chemicals were purchased from
commercial sources and used svithout further purifi-
cation. Mclling point was measured usmg a Gallen-
kamp capillan melting point apparatus and uncor-
rected. Nuclear magnetic resonance (NMR) spee-
tra were recorded on a JNM-TECP 400 spectrometer
{('H NMR: 400 MHz and *C NMR: 100 MH2).
Chemical shift values were reported in ppm down-
tield from tetramethvlsilane as an internal standard.
Mass spectra were obtained by electron impact (EI)
method using a [Hewlett Packard 5970 mass spec-
trometer. IR spectra were obtained on a JASCO FI/
IR-300E spectrometer. Silica gel 60 (70-230 mesh,
E. Merck) was used for all column chromatographic
separations.

Preparation of a~chloro-g-(methylthio)acetone
(1). N-Chlorosucctinimde (10.5 g, 80 mmol) was
added to a stimed solution of g-(methylthio)  ace-
tone (8.2 g, 80 mmol) in carbon tetrachloride (60
ml.) m small portions at 0 °C. This resulting mix-
ture was stirred at room temperature for 3h. The
precipitated succinimide was filtered oft, and the
tiltrate was evaporated under reduced pressure. The
residual o1l was distilled to give 1 as a colorless oil.
Yield 63% (6.8 @), bp: 33-36 °C/7 mm llg (lit.” 76-
77°C/15mmlig): 11 NMR (00 Mllz, CDCLY: 8
219 (s, 3H), 2.37 (s, 3H), 5.38 (s, 1H).

Preparation of o-(methylthio)phenylacetone
(2). This compound was prepared according to
the procedure reported in the literature.? SnCl, (13.0
g 50 mmol) was added 1o a stimed solution ol 1
(6.9 g. 50 mmol) in benzene (80 ml.) at 0 'C under
Ar. The reaction mixture was stured at the same
temperature for Lh. The reaction was quenched by
the addition of water and extracted with benzene,
and dried over anhydrous MgSO,.

The solvent was evaporated oft, and the residue
purified by column chromatography (benzene) to
give 2 as a colorless oil. Yield 86%(7.7 ). 'TH NMR
{400 MHz, CDCL,): 2.01(s, 3H), 2.17(s, 3H), 4.53

(s, TH). 7.37(s, 5H). IR(neat): 3407, 3060, 3027,
2983, 2918, 2813, 1712(CQ). 1597, 1493, 1423,
1354, 1238, 1150 em™.

Preparation of’ ¢-chloro-¢i-(methylthio)pheny-
lacetone (3). N-Chlorosuccinimide (1.34 g, 10 mmol)
was added to a stirred solution of the compound 2
(1.8 2. 10 mmol) in carbon tetrachloride (20 mL) in
small portions at 0¥C, then the stiming was contin-
ued at room emperature tor 20 h. The precipitated
succinimide was fillered and  the [luate was
removed under reduced pressure. The crude mate-
ral 3 was used lor the next step without (urther
purilication. '"H NMR (400 MHz. CDCl,): § 2.07 (.
31D, 2,19 (s, 311, 7.27-7.66 (m, 3 MS nyz: 216
(M+2), 214 (M)

General procedure for the preparation of 2-
methyl-3-phenylbenzoturans (4). SnCl, (1.56 2. 6
mmol) was added to a stirred solution of 3 (10
mmel) and a substituted phenol (6 mmmol) in meth-
vlene chlonde (20 ml.) at 0°C under Ar, then the
siming was continued at the sane lemperature for
lh. The reaction was quenched by the addition of
waler, then the mixture was extracted with methyl-
cne chlonde (20 mlL), and the extract was dried
over anhydrous MgSO,. The solvent was removed
under reduced pressure and the residue was puri-
fied by column chromatography (hexane/ethyl ace-
tate=20/1) to give 4.

2,5-Dimethyl-3-phenyibenzofuran (4a). Yield
31%, colorless oil: 11 NMR (400 Mllz, CDCL):
82.39 (s, 31D, 2.47 (s, 31D, 7.03 (dd, J,=8.40 11z,
J=132H. IH). 7.28-7.35 (m, 3H). 7.40-7 49 (m,
4H): C NMR (100 MHz. CDCLY: 8 12.76, 21 .34,
110200 11664, 119.17. 124.65, 12682, 12870,
12878, 12890, 131.96, 13297 15134, 152.41:
MS miz: 222 (M'). 207, 189, 178, 165, 145, 115,
102, 89, 77. 63. 51. IR (ncal): 3053, 2918, 2837,
2734, 1613, 1454, 1236, 1193 em™.

5-Ethyl-2-methyl-3-phenvlbenzofuran (4b). Yield
48%, colorless oil: '11 NMR (400 Mllz, CDCL):
S 1.24 (t. J=7.64 1z, 3H). 2.50 (. 310). 2.71 (q.
J=764 1z, 21D, 7.08 (d. J=8.36 11z, 111). 7.31-7.38
(m, ). 7.44-7.31 (m. 411): *C NMR (100 Ml 1z,
CDCLY: 31280, 1644, 2896 110335, 116.76,
11801, 123.63, 12684, 12869, 12877, 12894,
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133.03, 13874, 151.40, 152.53: MS m/z: 236 (M),
221, 202, 189, 178, 163, 139, 115, 103, 91, 77, 63,
S1 IR (neat): 3024, 2962, 29235, 2869. 1621. 1471,
1388, 1254, 1193 cm™,
2-Methyl-3-phenyl-3-propylbenzofuran (dc) Yield
50%, colorless oil: '11 NMR (400 Mllz, CDCL):
S 0.92 (1, /=7.32 11z, 311, 1.39-1.68 (m. 211), 2.49
(s, 3H), 2.64 (1, /=734 Hz, 2H). 7.06 (dd. J =840
Hs, J=160 Hz, 1H), 7.31-7.38 (m, 3H). 7.42-7 31
(m, 4H). “C NMR (100 MHz. CDCL): & 1281,
1380,2527, 3811, 11023 116.73. 11864, 12417,
126.83, 12855, 128.69. 12893, 13304, 13708,
131.35, 15236 MS m/z: 250 (M), 221, 202, 189,
178, 165, 132, 115, 103. 91. 77.63. 51 IR (neat) 3035,
2953, 2851, 1620. 1476, 1363, 1254, 1190 cm”™,
2-Methyl-3-phenyl-3-isopropylbenzofuran (4d).
Yield 51%. colorless oil: 'II NMR (400 Mllz,
CDCLY: 8 1.26 (d. J=6.96 11z. 6I1), 2.48 (s, 31I),
2,35 (s, 31D, 2.93-3.02 (m. 111). 7.11 (dd. J,=8.00
Hz, J=1.60 Hr, IH), 7.29-7.37 (m, 2H), 7.39-7.51
(m, 3H). "C NMR (100 MHyz, CDCL,) 1277, 2458,
34.26, 11038, 11650, 11686, 12219, 12663,
12834, 12871, 12895, 133.07, 14345, 15141,
132.39: MS m/z: 250 (M"), 233, 220, 207, 191,
178, 165, 117, 103, 77, 63, 51. IR (neat): 3056,
2058, 2868, 1619, 1472, 1362, 1254, 1197 cm™".
S+ert-Butyl-2-methyl-3-
phenylbenzofuran (de). Yield 36%., colorless oil:
11 NMR (400 Mliz. CDCL): 8 1.34 (s, 911), 2.47
(s. 311). 7.28-7.3G (m, 311). 7.42-7.33 (m. 411). 7.57
(d. J=164 11z, 1113 “C NMR (100 Mllz,
CDCL)12.77 31,90, 3472, 110.05, 11539, 117.02,
12136, 126.83, 12834, 12875, 12897, 133.09,
145.69, 15142, 1532.26: MS m/z: 264 (M™), 249,
234,221,207, 189, 178,165, 152, 110,103, 91, 77,
63, 315 IR (ncad) 3038, 2967, 2868, 1620, 1476,
1264, 1206, 1103 em .
2-Methyl-5,6-methylenedioxy-3-phenylbenzo-
furan (4f). Yield: 48%, a white solid: mp: 112-113
{isopropy] ether): 'II NMR (400 Millz, CDCL):
8247 (s, 311, 3.95 (s, 21D, 6.94 (s, 111). 6.95 (s,
111), 7.32-7.37 (m, 111), 743-7.47 (m, 411): “C NMR
(100 Mllz, CDCL): & 12.81, 93.19, Y822, 101.12,
11724, 12192, 12689, 12874, 13286, 14436,
14539, 148 89, 130.53. MS m/z: 252 (M™), 237, 215,
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189, 163, 147 105,77, 62. 51 IR (KBr): 3052, 2909,
1632, 1460, 1333, 1291, 1178, 1123, 1032 .

2-Methyl-3-phenyInaphtho| 1,2-b|furan (5).
According to the same procedure for the prepara-
tion of 4, compound 3 was obtained from 1-naph-
thol (863 mg, 6 mmol), 3 (2.15 g, 10 nunol) and
SnCl, (1.56 g, 6 mmol) in 38% vield (388 mg) as a
viscous sermisolid. 'H NMR (400 MHz, CDCL):
3261 (s, 3H), 7.33-7.38 (i, H). 7.41-7.58 (m.
GH). 7.62 (d, J=8.52 Hz, IH), 7.65 (d,.J=8.52 Hv,
IH), 7.89 (d, /=824 Hv, [H), 829 (d, /=824 Hv,
[HY: “C NMR (100 MHz. CDCL,): 8 12,93, [18.13,
L3 11978, 12115, 12312, 12395, 12400,
126,16, 12693, 12828, 12875, 12898, 131.08,
132,96, 14921, 150.49. MS m/z: 238 (M), 239,
228, 215, 202, 181, 152, 129, 114, 101 88, 77. 63,
SIUIR (neat): 3052, 3034, 1614, 1581, 1496, 1443,
1379, 1175 em™.

2-Methy3-phenyInaphtho|2,1-b]furan (6). Accord-
ing 1o the same procedure for the preparation of 4,
compound 6 was obtained from 2-naphthol (865
nig, 6 mmol), 3 (2.15 g [0 mmol), and SnCl, (1.56
g 6 mmol) m 51% yicld (790 mg) as a viscous
semisolid. 'TH NMR (400 MHz. CDCLY: § 2.39 (s,
3H), 7.23-7.28 (m. [H), 7.32-7.37 (m. [H), 7.40-
7.49 (m. 311). 7.61 (d. J=8.96 llz, I1I). 7.64 (d.
J=8.96 Lz, 11D, 7.77 (d. J=8.32 L1z, 111}, 7.87 (d.
J=8.20 llz. 111 "C NMR (100 Mllz, CDCL):
8 12.27, 112,02, 11893, 122.28, 123.17, 123.94,
124,49, 12557, 127.52, 127.89, 12838, 12878,
130,48, 13074, 13418, 151.21, 151.23: MS nvz:
258 (M) 239. 229 215, 202, 181. 152, 113, 101,
88.77,63. 31 1R (neat): 3053, 2917 2831, 1622, 1596,
1578, 1496, 1442, 13951376, 1271, 1216 em ',
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