











Rearrangement of allyl aryl ethers—II1

5d 8a

Compound Irradiate Observe N.OE (%) |
5d C3-H C2-H 30
C3'-Hy 34
C2-H C3-H i
OCH; C7-H 3.3
C7-H OCH; 73
5d benzoate C3-H C2-H 7.1
C3'-H, 42
C2-H C3-H 3.3
OCH- C7-H 4.4
C7-H OCH, 8.7
8d benzoate C3-H C2-H 73
C2-H C3-H 69
8a C3-H C2-H 1.3
C2-H C3-H 20
OCH; C7-H 3.0
C7-H OCH: 6.4

Scheme 3. Some N.O.E. assignments of selected benzofurans.
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cis-5-Hydroxy-4,6-dimethoxy-2,3-(2-cyclopenteno)-2,3-dihvdrobenzofuran (5a). To a stirred mixture of
la (50 g 29 mmol)” and 2a (3,5 g.29 mmol)’ in drv toluene (30 ml) was added (1R)~(-)-10-
camphorsulfonic acid monohydrate and the resultant solution was stirred at 70°C for 3 h under argon. After
cooling, the reaction mixture was diluted with EtOAc and washed successively with water and brine, and
then dried (MgSOy). Evaporation of the solvent in vacuo gave a syrup which was purified with
hexane/acetone (10:1, v/v) as eluent to yield 5a (2,3 g, 33.9%, vellow solid). M.p.: 140°C (hexane), TLC:
R= 0.32 (hexane/acetone, 5.2, v/v), IR (KBr): 3520, 3480, 1610 cm™', '"H NMR (CDCl5): 8 = 2.67 and 2.85
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(2H, m, CHy), 3.81 (3H, s, OCHs), 3.97 (3H, s, OCHs), 4.16 (1H, dd, /- 8 and 2.5 Hz, CH), 5.11 (1H, brs,
OH), 5.79 (1H, m, CH-0), 584 (1H, m, CH=), 6.03 (1H, m, =CH), 6.18 (1H, s, aromatic-H), ’C NMR
(CDCl3): & = 39.60(C-3'), 42.47 (C-3), 56.57 (CH;-0), 59.90 (CH,0), 89.70 (C-2), 92.97 (C-7), 113.64 (C-
3a), 129.13 (C-2"), 131.55 (C-5), 135.70 (C-1'), 143.60 (C-6), 147.72 (C-4), 151.46 (C-7a); MS [mi- (relative
intensity %]: 234 (M*; 100), 219 (28), 207 (13), 193 (7), 169 (6), 131 (7). Anal. Caled. for C;H,,0,: C,
66.65; H, 6.02 Found: C, 66.51, H, 6,18.

cis-2-Hydroxy-1,3-dimethoxy-5a,8,9,9a-tetrahydrodibenzofuran (5b). To a stirred mixture of 1a (5.0 g,
29 mmol) and 2b (7.0 g, 61 mmol)® in dry toluene (100 ml) was added (1R )~(-)-10-camphorsulfonic acid
monohydrate (1.0 g) and the resultant solution was stirred at 70°C for 5 h under argon. After cooling, the
reaction mixture was diluted with EtpO and washed successively with water and brine, and then dned
(MgSO,). Evaporation of the solvent in vacuo gave a syrup which was purified by chromatography with
hexane /Et;0 (1:1, v/v) as eluent to yield 5b (2.52 g, 35.0%, vellow oil). TLC : R= 0.8 (hexane/Et.C, 1.1,
viv); [R (nujol): 3420, 1620 cm™, 'H NMR (CDCl;). § = 1.55 (1H, m, CH,), 1.93 (2H, m, CH,), 2.09 (1H, m,
CH,), 3.86 (3H, s, OCHa), 3.97 (3H, s, OCH,), 4.05 (IH, m, CH), 5.1 (1H, s, OH), 5.8 (1H, m, CH), 5.86
(1H, m, =CH), 6.03 (1H, m, CH=), 6 18 (1H, s, aromatic-H); MS [m/= (relative intensity %)]: 248 (M™, 100),
233 (11), 183 (35), 167 (8); Anal. Calcd. for C\;H,.O, C, 67.72; H, 6.50 Found: C, 6791, H, 6.72

3.4-Dimethoxy-5a.8,9,9a-tetrahydrodibenzofuran-2-ol (5¢). A mixture of Ie (3.0 g, 18 mmol)’, 2b (2.2 ¢
20 mmol) and 0,1 g of (IR )(-)-10-camphorsulfonic acid monohydrate in toluene (50 ml) was stirred at 70°C
for 48 h under argon. Evaporation of the solvent in vacuo afforded a yellow oil which was purified by
repeated flash chromatography with hexane/acetone (5:0.2 , v/v) to yield 5¢ (0.8 g, 17,9%, light yellow
0il). TCL: R= 0,5 (hexane/acetone, 5:2, v/v); HPLC: R;= 12.18 min. (acetonitrile/H,0, 2.5:7.5, v/iv), IR
(nujol): 3430, 1600, 1460 cm™; "H NMR (CDCl;): 8 = 1.61 (1H, m, CH,), 1.94 (2H, m, CH;), 2.1 (1H, m,
CH,), 3.30 (1H, m, CH), 3.90 (3H, s, CH;0), 3.97 (3H, s, CH;0), 4.97 (1H, m-d, /= 7 Hz, CH), 5.37 (1H,
br.s, OH), 594 (1H, m, CH=), 6.08 (1H, m =CH), 651 (1H, s, aromatic-H); "CNMR: & = 22.69 (C-9), 25 01
(C-8), 40.47 (C-9a), 60.26 (CH;0), 61 .34 (CH;0), 79.29 (C-5a), 104.01 (C-1), 124.62 (C-7), 127.34 (C-6).
133.26 (C-5), 137.59 (C-7), 138.18 (C-9b), 143.20 (C-2), 143.64 (C-4a). Anal. Caled. for C,HOs C.
67.72; H, 6.50 Found: C, 67.43, H, 6.26.

General Procedure for the Preparation of Alkoxybenzofurans 5d-g. To a surred suspension of dialkoxy-
hydroquinone 9 (50 mmol) and the corresponding cvcloalkenediol 2 (55 mmol) in dry toluene (100 ml),
catalytic amounts of (1R)-(-)-10-camphorsulfonic acid monohydrate (2 mmol) was added The reaction
mixture was stirred at 70°C for the time indicated under argon After cooling, the precipitated
dialkoxybenzoquinone 12 was filtered off and the solvent was evaporated in vacuo. The residue was purified
by column chromatography using hexane/acetone (10:5, v/v) as eluent, followed by recrystallization from
hexane.

cis-5-Hydroxy-6-methoxy-2,3-(2-cyclopenteno)-2,3-dihydrobenzofuran (5d) Following the gencral
procedure, from 2,5-dimethoxyhydroquinone (9a)' and 2a with a reaction time 6 hr, 12a'""" and 4d were
isolated (3,7 g, 88,1% and 1,80 g, 35,3%, respectively). 5d : white prisms; M.p. 116-1 18°C; TLC : R=0.5
(hexane/acetone, 52, v/iv), HPLC - R;= 6.7 min. (hexane/CH,Cly/dioxane, 9:1:0.01, v/v); IR (KBr) : 3450,
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1630 cm™; 'H NMR (CDCl3) : 8 =2.52 (1H, m-dd, ./~ 16 and 2 Hz, CH,), 2.86 (1H, m-ddd, /= 16,8 and
1 Hz, CH;), 3.81 (3H, s, OCH3), 4.00 (1H, m-d, J= 8 Hz, CH), 5.25 (1H, br.s, OH), 5.79 (1H, m-d, J= 8 Hz,
CH-0), 5.82 (IH, m, CH=), 6.00 (1H, m, =CH), 6,38 (1H, s, aromatic-H), 6.72 (1H, s, aromatic-H); "C
NMR (CDCl;): 5 = 40.25 (C-3"), 43.52 (C-3), 56.12 (CH;-0), 92.92 (C-2). 94.28 (C-7), 110.22 (C-4), 122.33
(C-3a), 12940 (C-2') 135.33 (C-1"), 139,65 (C-5), 146.46 (C-6), 151.37 (C-7a); MS [miz (relative mtensity
%)] : 204 (M™: 100), 189 (47), 177 (22), 161 (12), 133 (10), 155 (16); Anal.Calcd. for C,-H,,0s C, 70.57;
H, 5.92 Found: C, 70.36; H, 5.69.

Benzoate of 5d. This compound was prepared from 5d and benzoyl chloride by standard method. M p
105°C (colorless needles); TLC R= 052 (hexanesacetone, 52, viv), HPLC : R~= 3819 min
(acetonitrile/H-O/H:PO;, 4:6:0.05, v/v): IR (KBr): 1730 em™: '"H NMR (CDCl;): & = 2.52 (2H, m, CH,), 3.70
(3H, s, OCH;), 4.05 (1H, m, CH), 5.72 (1H, m, CH-O), 5.85 (1H, m, CH=), 6. 03 (1H, m, =CH), 6.45 (1H, s.
aromatic-H), 690 (1H, s, aromatic-H), 7.8 (3H, m, aromatic-H), 8.1 (2H, m, aromatic-H), '*C NMR.
(CDCly): 8 =40.34 (C-3"),43.17(C-3), 56.12 (CH;0), 93.87 (C-2) 9540 (C-7), 118.57 (C-4), 122.42 (C-3a),
128.46 (C-3" and C-57), 129.29 (C-1"), 129.67 (C-17), 130.24 (C-2" and C-6"), 133.32 (C-4™), 133.49 (C-5),
13555 (C-27), 151.58 (C-7a), 156.92 (C-5), 165.30 (COO).

Acetate of 5d. This compound was prepared from Sd in 75% by standard procedure. M.p.107°C; TLC : Rj=
0.75 (hexane/acetone, 5:2 viv); IR (KBr) : 1740, 1620, 1580, 1460, 1200 cm™"; 'H NMR (CDCl;): 8 = 2.0 8
(3H, s, CH;), 2.4-2.9 (2H, m, CH.), 3.78 (3H. s, OCH;), 3.98 (1H, m, CH), 5 7 (1H, m, CH-O), 5. 80 (1H, m,
CH=), 5.95 (1H, m, =CH), 6.42 (1H, s, aromatic-H), 8 8 (1H, s. aromatic-H)

cis-6-Ethoxy-5-hydroxy-2,3-(2-cyclopenteno)-2,3-dihydrobenzofuran (Se) Following the general
procedure, using 9b'** and 2a, with a reaction time 30 h, 2.81 g (51 5%) of 4e and 4.8 g (97.76%) of
12b'""? were isolated, Se: white plates; M.p. 94-96°C; TLC: R= 0.5 (hexane/acetone, 5.2, viv), HPLC : R;=
5.73 min. (acetonitrile/H-O/H;PO,, 4:6:0.05, v/v); IR (KBr): 3400, 1620 em™; '"H NMR (CDCly): & = 1 40
(3H. t, /= 6 Hz, CH:), 2.52 (1H, m-dd, /= 16 and 2 Hz, CH,), 2.86 (1H, m-ddd, /= 16, 8, and 1 Hz, CH.),
4.02 (3H, m, CH and OCH,), 5.28 (1H, s, OH), 5.79 (1H, m-d, /- 8 Hz. CH-O), 5.82 (1H, m, =CH), 6.00
(1H, m. CH=), 638 (1H. s, aromatic-H), 6.72 (1H. s, aromatic-H); *C NMR (CDCl;): = 14 85 (CH:),
40.24 (C-3"), 43.52 (C-3), 64.69 (CH,0), 92.87 (C-2), 95.08 (C-7), 110.09 (C-4), 122.16 (C-3a), 129.40 (C-
2', 13523 (C-1'), 139.80 (C-5), 145.63 (C-6), 151.28 (C-7a). MS [m/= (relative intensity %)) 218 (M,
100), 189 (47), 163 (28), 133 (11), 115 (16); Anal. Caled. for C;H,,05: C,. 71 54; H, 6.47 Found C, 71.29,
H, 6.62.

cis-3-Ethoxy-5a,8,9,9a-tetrahydrodibenzofuran-2-ol (5. This compound was prepared from 9b and 2b
following the general procedure, with a reaction time 30 h. Purification yielded 5f (1.86 g, 32.0%) and 12b"’
(3.7 g, 75.5%). Sf: Colorless needles; M.p. 92-94°C; TLC : R= 0.52 (hexane/acetone, 5:2, v/v), HPLC . R;=
2.35 min. (acetonitrileH,0, 1:3, v/v); IR (KBr): 3480, 1630 cm™', 'H NMR (CDCl;) : & = 1.40 (3H, t. J~ 7
Hz, CH;), 1.55 (1H, m, CH,), 1.92 (2H, m, CH;), 209 (1H, m, CH,), 3.31 (1H, m, CH), 4.05 (2H, q, J

7Hz,OCH,), 4.95 (1H, m, CH), 5.30 (1H, s, OH), 593 (IH, m, =CH), 6 11 (1H, m, =CH), 6.40 (1H, s,
aromatic-H), 6.77 (1H, s, aromatic-H), Anal. Caled. for C H Oy C, 72.39, H, 6.94 Found C, 72.12; H, 7.05.
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cis-5-Hydroxy-6-propyloxy-2,3-(2-cyclopenteno)-2,3-dihydrobenzofuran (5g). Following the general
procedure, from 9¢' and 2a, with a reaction time 30 h, 5g and 12¢"* were isolated (1.8 g, 30.1% and 3.2 g,
57.0%, respectively). 5g : colorless needles; M.p. 69°C; TLC : R 0.6 (hexane/acetone, 5:2, v/v); HPLC :
R= 11.25 min. (acetonitrile/H,0/H;PO;, 4:6:0.15, v/v); IR (KBr): 3400, 1630 ¢cm™; 'H NMR (CDCl;) :
=102 (3H, t, /= 6.5 Hz, CHj3), 1.80 (2H, sext., J= 6.5 Hz, CHy), 2.54 (1H, m, J= 17, 2.5,2.5,2.2 and 2
Hz. CH), 2.86 (1H, m, /= 17, 7,5, 2.0, 2.0 and 1.3 Hz, CH;), 3.91 (1H, m, /= 9 and 6.5 Hz, OCH,), 3.94
(1H, m, /= 9 and 6.5 Hz, OCH,), 4.00 (1H, m, /- 8, 7.5, 2.9 and 2.0 Hz, CH), 5.28 (1H, s, OH), 5.78 (1H, m,
J=8,2519, 18 and 1.3 Hz, CH), 582 (1H, m, /= 55,25,2.0, 1.8 03 Hz, =CH), 6.00 (1H, m, J= 5.5,
22,20, 1.9 Hz, =CH), 6.37 (1H, s, aromatic-H), 6.73 (1H, s, aromatic-H) "’C NMR (CDCl;) : & = 10.75
(CH3), 22.76 (CH,), 40.51 (C-3"), 43.80 (C-3), 70.90 (0-CH,), 93.14 (C-2), 95.38 (C-7), 110.33 (C-4), 122.39
(C-3a), 129.68 (C-2"), 13548 (C-1"), 140.09 (C-5), 146 01 (C-6), 151.56 (C-7a); Anal. Calcd. for C;H;.Ox:
C, 72.39; H. 6.94 Found: C, 72.20, H, 7.06

General Procedure for the Preparation of cycloalkanobenzofurans 8a-g. A solution of the appropriate
cvcloalkenobenzofuran 5 (20 mmol) in dry methanol (200 ml) was shaken in an atmosphere of hydrogen
with palladium/charcoal catalyst (1.0 g) for 30 min. The catalyst was removed by filtration and the filtrate
was concentrated in vacuo. The residue was purified by recrystallization from hexane.

cis-5-Hydroxy-4,6-dimethoxy-2,3-cyclopentano-2,3-dihydrobenzofuran (8a). Yield 36 g (76.2%)
colorless crystals. M.p. 125-126°C; TLC : R~ 0.73 (hexane/acetone, 5:2, v/v), IR (KBr) : 3460, 1620 cm’;
'H NMR (CDCl;) : 8 = 1.4-2.05 (6H, m, 3 CH,), 3.80 (3H, s, OCHj3), 3,96 (4H, s+*m, OCH;, CH), 5.0 (1H,
br.s, OH). 5.18 (1H, m, CH), 6.13 (1H, s, aromatic-H), "C NMR (CDCl;): 3 = 23.58 (C-2"), 33.65 (C-3"),
35.18 (C17), 45.47 (C-3), 56.29 (OCH;), 59.81 (OCHj), 88.71 (C-7), 89.38 (C-2), 113.23 (C-3a), 13131 (C-
5), 143.36 (C4), 14741 (C-6), 153.55 (C-7a). Anal, Calcd. for C;3H,,0, : C, 66,08, H, 6.83 Found: C,
66.17, H, 6.88

cis-2-Hydroxy-1,3-dimethoxy-5a,6,7,8,9,9a-hexahydrodibenzofuran (8b). Yield 34 g (67.9%) light
_brown solid. M.p. 97-98°C; TLC : Ry= 0.65 (hexane/acetone, 5:2, viv); IR (KBr) : 3420, 1610 cm™; 'H NMR
(CDCls): § =1.2-2.1 (8H, m, 4CH,), 3.78 (3H, s, OCH;), 3.91 (1H, m, CH), 3.98 (3H, s, OCH;), 455 (IH, m,
CH-0), 5.2 (1H, br.s, OH), 6.18 ( 1H, s, aromatic-H). Anal. Calcd. for C,;H30s; C. 67.18, H, 7 25 Found C,
67.02, H, 7.44.

cis-5-Hydroxy-6-methoxy-2,3-cyclopentano-2.3-dihydrobenzofuran (8d) Yield 3 4 g (824%) colorless
needles; M.p. 100-103°C; TLC : R= 054 (hexane/acetone, 52, viv), HPLC : R= 3.84, min
(acetonitrile’H,0, 4:6, viv), IR (KBr) : 3400, 1600, 1580 cm™; 'H NMR (CDCly) : & = 149 (1H, m. CH,),
1.6-19 (4H, m, 2CH>), 2.03 (1H, m, CH,), 3.76 (1H, m-t, /= 8 Hz, CH), 3.81 (3H, s, OCH;), 5.16 (1H, s,
OH), 5.22 (1H, m-t, O-CH), 6.32 (1H, s, aromatic-H), 6,68 (1H, s, aromatic-H); Anal. Caled. for C;H;,05:
C.69.88, H. 6 84 Found: C, 70.11; H. 6.82

Benzoate of 8d was prepared in 81% yield by standard procedure. M.p.114°C; TCL : Ry~ 0.5 (hexane/
acetone, 52, v/v (- IR (KBr): 1720, 1610 em™. "H NMR (CDCl;) : 8 = 1.55 (1H, m, CH,), 1.65-1.9 (4H. m,
2CH,), 2.07 (1H, m, CH;), 3.74 (3H, s, CH;0), 3.82 (1H, m-t,./~ 8 Hz, CH), 5.3 (1H, m, CH-O), 6.42 (1H, s,
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aromatic-H), 6.88 (1H, s, aromatic-H), 7.48 (2H, m, aromatic-H), 7.6 (IH, m, aromatic-H), 8.2 (2H, m,
aromatic-H); " C NMR (CDCl): & = 23.56 (C-27), 34.73 (C-3’), 35.34 (C-1"), 46.45 (C-3), 56.10 (CH;0),
90.19 (C-2), 94.27 (C-7), 118.43 (C-4), 122.12 (C-3a), 128.45 (C-3"and C-57), 129.70 (C-17), 130,22 (C-2
and C-67), 133.28 (C-47), 151,20 (C-7a), 159.01 (C-6), 165.30 (COO0).

cis-6-Ethoxy-5-hydroxy-2,3-cyclopentano-2,3-dihydrobenzofuran (8e). Yield 2.50 g (56.8%) colorless
crystals. M.p. 94-96°C; TLC : Ry 0.58 (hexane/acetone, 5:2, viv); IR (KBr): 3420, 1580 cm™: 'H NMR
(CDCl;) : 8 = 1.42 (3H, t, J= 6.5 Hz, CH;), 1.48 (1H, m, CH,), 1.6-1.9 (4H, m, CHz), 2.04 (1H, m, CH.),
377 (IH, m-t, J= 8 and 2.5 Hz, CH), 4.03 (2H, q,J= 6.5 Hz, O-CH:), 5.22 (1H, m, /= 8 Hz, O-CH), 5.26
(1H, s, OH), 6.30 (IH, s, aromatic-H), 6.69 (1H, s, aromatic-H); ’C NMR (CDCls) : 3 = 14.84 (CHj), 23.50
(C-27), 34.68 (C-1"), 35.44 (C-3"), 46.80 (C-3), 64.65 (O-CH,), 89.25 (C-2), 93.91 (C-7), 95.08 (C-4), 110.04
(C-3a), 121.82 (C-5), 139.52 (C-6), 145.17 (C-7a); Anal. Caled. for C3H05: C, 70.88; H, 7.32 Found: C,
71.01; H, 7.57.

Alternate preparation of 5d. (IR)-(-)-10-camphorsulfonic acid monohydrate (0.8 g) was added to a
solution of 1b (11.3 g, 81 mmol)"™ and 2a (9.38 g, 92 mmol) in drv toluene (110 ml), and the mixture was
stirred at 70°C for 16 h, under argon. After cooling, the solvent was removed and the residue extracted
several times with CH,Cl,. The combined organic extracts were washed successively with water and brine,
and then dried (MgSOy). Evaporation of the solvent in vacuo gave a solid which was recrystallized from
hexane to afford 5d (7.94 g, 48%). The spectral data of this compound matched in all aspects the data of 5d
reported above.
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