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Supplementary Material

Characterization of compounds 4 b-f, i, j, I-n, g, r, t, u.

General methods: All reactions were carried out under a nitrdgen atmosphere using
standard syringe, cannula, and septa techniques. Commercial reagents were used as
purchased. Tetrahydrofuran and dimethylsulfoxide were distilled over calcium hydride.
Thin-layer chromatography was carried out on Merck silica 60/F-254 aluminium-
backed plates. Flash chromatography was performed using Merck silica gel 60 (40-63

pm). Melting points are uncorrected. NMR spectra were recorded in CDCIl3. Chemical

shifts (8) are quoted in parts per million. J values are given in Hz.

Ethyl 4-(3-trifluoromethane)benzylidene-2-phenyl-tetrahydrofuran-3,3-
dicarboxylate (4b)7: oil; '"H NMR (CDCl,, 300 MHz) § 7.58-7.24 (M, 9H), 6.91 (s, 1H),
5.79 (s, 1H), 5.08 (d, /=14.0 and 2.6, 1H), 4.79 (d, J=14.0 and 2.9, 1H), 4.32 (m, 2H),
3.81 (m, 1H), 3.51 (m, 1H), 1.33 (t, J=7.0, 3H), 0.80 (t,/=7.0, 3H). *C NMR (CDCl,,

50 MHz) 5 168.1, 167.7, 142.2, 140.3, 137.2, 137.0, 131.5, 131.0 (q, ZJ(C.H) =33), 130.6,
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129.5, 128.4, 128.0, 126.8, 125.4 (q, °J (¢, 5, =4), 124.8, 124.2 (0, °J (¢, =4), 124.1 (@, 'V
c.n =275), 84.8,70.1, 69.6, 62.2, 615,14.1,13.4.

Ethyl 4-(4-methoxycarbonyl)benzylidene-z-phenyl-tetrahydrofuran-3,3-
dicarboxylate (4c): solid; mp 120-122°C; H NMR (CDCl,, 300 MHz) & 8.04 (d, J=7.7,
2H), 7.46 (d, J=1.7, 2H), 7.32-7.27 (M, 5H), 6.90 (s, 1H), 5.78 (s, 1H), 5.10 (d, /=14.0,
1H), 4.80 (d, J=14.0, 1H), 4.36 (m, 2H), 3.93 (s, 3H), 3.82 (m, 1H), 3.49 (m, 1H), 1.34

(t, J=7.0, 3H), 0.79 (t,J=7.0, 3H). 13C NMR (CDCl,, 50 MHz) 5 168.4, 168.1, 167.1,

141.2, 141.1, 137.3, 130.3, 129.4, 128.9, 128.7, 128.4, 127.2, 125.6, 85.2,70.7, 70.1,
62.6,61.9, 52.6, 14.5, 13.8.

Ethyl 4-(4-methyl)benzylidene-2-phenyl-tetrahydrofuran-3,3-dicarboxylate (4d):
solid; mp 76-78°C; "H NMR (CDCl,, 300 MHz) 8 7 .50-7.26 M, 5H), 7.20 (d, J=8.1,
2H), 7.11 (d, J=8.1, 2H), 6.83 (s, 1H), 5.77 (s, 1H), 5.09 (dd, J=13.6 and 2.2, 1H), 4.80
(dd, J=13.6 and 2.6, 1H), 4.35 (g, J=7.3, 2H), 3.81 (m, 1H), 3.51 (m, 1H), 2.37 (s, 3H),

1.33 (t, J=7.3, 3H), 0.80 (t, J=7.3, 3H). 13C NMR (CDCl,, 50 MHz) 5 168.8, 168.4,

137.9, 137.7, 137.3, 134.0, 129.7, 129.0, 128.6, 128.3, 127.2, 126.3, 85.2,70.8, 70.0,
62.4,61.7,21.7, 14.5, 13.8. Anal. Calcd for C,,H,,0; : C, 73.08; H, 6.64. Found C,
73.03; H, 6.71.

Ethyl 4-(4-methoxy)benzylidene-2-phenyl-tetrahydrofuran-3,3-dicarboxylate (4e):
solid; mp 91-93°C; "H NMR (CDCl,, 300 MHz) § 7.51-7.27 (M, 5H),7.18 (d, J=8.7,
2H), 6.93 (d, J=8.7, 2H), 6.83 (s, 1H), 5.79 (s, 1H), 5.11 (dd, J=13.4 and 2.2, 1H), 4.80
(dd, J=13.4 and 2.6, 1H), 4.36 (4, J=7.1, 2H), 3.82 (s, 3H), 3.81 (m, 1H), 3.54 (m, 1H),

1.35 (t, J=7.1, 3H), 0.81 (t,J=7.1, 3H). "C NMR (CDCl,, 50 MHz) & 168.5,167.7,

159.1, 137.4, 135.7, 130.1, 129.3, 128.2, 128.0, 1269, 125.5, 114.1, 84.8,70.4, 69.6,
62.0, 61.3, 55.3, 14.1, 13.5. Anal. Calcd for C,;H,,O, : C, 70.23; H, 6.38. Found C,
70.11; H, 6.39.

Ethyl 4-(2-meth0xy)benzylidene-2-phenyl-tetrahydrofuran-3,3-dicarboxylate (4f):
oil; 'H NMR (CDCl,, 300 MHz) 3 7.55-6.80 (M, 10H), 5.78 (s, 1H), 5.15 (dd, J=13.6
and 2.2, 1H), 4.80 (dd, J=13.6 and 2.6, 1H), 4.35 (m, 2H), 3.83 (s, 3H), 3.82 (m, 1H),
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3.55 (m, 1H), 1.34 (t, J=7.4, 3H), 0.81 (t,/=7.4, 3H). 13C NMR (CDCl,, 50 MHz) &

168.5, 168.1, 157.1, 137.6, 137.5, 129.1, 128.8, 128.2, 127.9, 126.9, 125.5, 120.9,

120.4, 110.9, 84.8, 70.4, 69.7, 61.9, 61.3, 55.6, 14.1, 13.4.

Ethyl 4-benzylidene-z-(3,4-di0xymethylene)phenyl-tetrahydrofuran-3,3-
dicarboxylate (4i): solid; IH NMR (CDCl,, 300 MHz) § 7.45-7.18 (M, 5H), 6.96 (m,
2H), 6.88 (s, 1H), 6.77 (d, J=8.5, 1H), 5.92 (s, 2H), 5.68 (s, 1H), 5.10 (dd, J=13.7 and
2.2, 1H), 4.79 (dd, J=13.6 and 2.7, 1H), 4.35 (q, /=7.1, 2H), 3.92 (m, 1H), 3.71 (m, 1H),
1.34 (1, J=7.1, 3H), 0.95 (1, J=7.1, 3H). "C NMR (CDCl,, 50 MHz) 5 168.3, 167.9,
147.5, 147 .4, 138.0, 136.4, 131.0, 128.6, 127.7,‘126.0, 120.5, 107.9, 107.6, 101.0, 84.6,
70.3, 69.5, 62.1, 61.5, 14.1, 13.7.
Ethyl 4-(3,4-dioxymethylene)benzylidene-2-(3,4-dioxymethylene)phenyl-
tetrahydrofuran-3,3-dicarboxylate (4j): solid; 'H NMR (CDCl,, 300 MHz) § 6.95-
6.62 (M, 6H), 5.97 (s, 2H), 5.92 (s, 2H), 5.65 (s, 1H), 5.02 (dd, J=13.6 and 2.2, 1H),
472 (dd, J=13.6 and 2.9, 1H), 4.32 (g, J=7.0, 2H), 3.89 (m, 1H), 3.68 (m, 1H), 1.32 (t,
=7.0, 3H), 0.92 (t, J=7.0, 3H). *C NMR (CDCl,, 50 MHz) 8 168.3, 168.0, 148.0,
147.4, 1473, 147.1, 136.2, 131.0, 130.7, 125.6, 123.0, 120.4, 107.8, 107.6, 101.0, 84.6,
70.3, 69.4, 62.0, 61.4, 14.1, 13.6.
Ethyl 4-(4-methoxy)benzylidene-2-(3,4-dioxymethylene)phenyl-tetrahydrofuran-'
3,3-dicarboxylate (41): solid; mp 115-117°C; 'H NMR (CDCl,, 300 MHz) 7.14 (d,
J=8.0, 2H), 7.00-6.73 (M, 6H), 5.92 (s, 2H), 5.67 (s, 1H), 5.06 (d, J=13.4, 1H), 4.75 (d,
J=13.7, 1H), 4.33 (g, J=7.1, 2H), 3.91 (m, 1H), 3.82 (s, 3H), 3.70 (m, 1H), 1.34 (1,

J=7.1,3H), 0.94 (1, J=7.1, 3H). *C NMR (CDCl,, 50 MHz) 5 168 .4, 168.1, 159.1,
147.5, 147.3, 135.6, 131.1, 130.0, 129.2, 125.4, 120.5, 114.1, 107.8, 107.6, 101.0, 84.6,

70.3, 69.5, 62.0, 61.4, 55.3, 14.1, 13.7. Anal. Calcd for C,sHysOs C, 66.07; H, 5.77.

Found C, 65.82; H, 6.00.
Ethyl 4-(3,4,5-trimethoxy)benzylidene-2-(4-ﬂuoro)phenyl-tetrahydrofuran-3,3-
dicarboxylate (4m): oil; 'H NMR (CDCl,, 300 MHz) § 7.22 (m, 2H), 6.96 (m, 2H),
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6.78 (s, 1H), 6.42 (s, 2H), 5.70 (s, 1H), 5.08 (d, J=13.4, 1H), 4.78 (dd, J=13.4 and 2.3,
1H), 4.32 (m, 2H), 3.84 (s, 6H), 3.83 (m, 1H), 3.82 (s, 3H), 3.49 (m, 1H), 1.31 (t, J=7.1,

3H), 0.84 (t, J=7.1, 3H). >*C NMR (CDCl,, 50 MHz) & 168.2, 167.9, 162.7 (d, ’J(CF)=

245), 153.6, 153.5, 153.3, 137.9, 137.1, 133.0, 132.1, 128.6 (d, 3J(CF)= 8), 126.4,114.8
(d, ¥ c=21), 106.0, 84.2,70.2, 69.4, 62.1, 61.5, 60.9, 56.2, 56.1, 14.1, 13.5.

Ethyl 4-benzylidene-2-(2,3,4-trimethoxy)phenyl-tetrahydrofuran-3,3-dicarboxylate
(4n): solid; mp 68-70°C; 'H NMR (CDCl,, 300 MHz) § 7.38-7.21 (m, SH), 7.02 (d,
J=8.8, 1H), 6.80 (s, 1H), 6.58 (d, J/=8.8, 1H), 6.10 (s, 1H), 5.03 (dd, J=13.6 and 2.2,
1H), 4.78 (dd, J=13.6 and 2.6, 1H), 4.30 (m, 2H), 3.90 (s, 3H), 3.89 (m, 1H), 3.84 (s,
3H), 3.82 (s, 3H), 3.64 (m, 1H), 1.29 (1, J=7.0, 3H), 0.89 (t, J=7.0, 3H). BC NMR

(CDCl,, 50 MHz) § 168.6, 167.9, 153.7, 151.9, 141.6, 138.7, 136.6, 128.6, 127.6, 126.5,

124.2, 122.0, 106.8, 80.1, 69.7, 68.9, 62.0, 61.2, 60.8, 60.7, 56.0, 14.1, 13.6. Anal.
Calcd for C, H,,0; : C, 66.37; H, 6.43. Found C, 66.23; H, 6.58.

Ethyl 4-(3-methoxy)benzylidene-5-methyl-2-phenyl-tetrahydrofuran-3,3-
dicarboxylate (4q): An oil containing a 1.5:1 mixture of diastereomers: 'H NMR
(CDCl,, 300 MHz) & 7.55-6.80 (M, 20H), 5.96 (s, 1H), 5.75 (s, 1H), 5.57 (dq, J=6.6 and
2.2, 1H), 5.28 (dq, J=6.2 and 2.9, 1H), 4.32 (m, 4H), 3.84 (m, 2H), 3.82 (s, 3H), 3.81 (s,
3H), 3.73 (m, 2H), 1.42 (d, J=6.2, 3H), 1.36 (d, J=6.6, 3H), 1.33 (t,J=7.0, 3H), 1.32 (t,
J=1.0, 3H), 0.81 (1, J=7.0, 3H), 0.80 (t, J/=7.0, 3H). °C NMR (CDCl,, 50 MHz) & 168.7,
168.4, 168.1, 168.0, 159.7, 159.6, 143.9, 142.9, 137.6, 137.5, 137.2, 129.5, 129.4,
128.8, 128.2, 128.0, 127.9, 127.0, 126.7, 126.3, 125.4,121.2, 121.1, 114.4, 114.3,
113.5, 113.0, 83.6, 81.7, 76.5, 76.0, 70.4, 69.9, 62.0, 61.9, 61.4, 61.3, 55.3, 55.2, 18.8,
18.1,14.2, 14.1, 13 4.

Ethyl 4-benzylidene-S,S-dimethyl-2-phenyl-tetrahydrofuran-3,3-dicarboxylafe
(4r): '"H NMR (CDCl,, 300 MHz) 57.48-7.15 (M, 10H), 6.98 (s, 1H), 5.95 (s, 1H), 4.41-
4.25 (m, 2H), 3.78 (m, 1H), 3.48 (m, 1H), 1.45 (s, 3H), 1.34 (s, 3H), 1.30 (t, J/=7.0, 3H),

0.82 (1, J=7.0, 3H). *C NMR (CDCl,, 50 MHz) 5 168.8, 168.4, 146.9, 137.6, 136.7,
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128.6, 128.1, 128.0, 127.9, 127.1, 126.8, 126.3, 82.4, 80.7,71.2, 61.9, 61.2,27.9, 21.1,
14.0,13.4.

Ethyl 4-benzylidene-l-phenyl-s-(3,4-dioxymethylene)phenyl-tetrahydrofuran-3,3-
dicarboxylate (4t): An oil containing a 1:1 mixture of diastereomers: '"H NMR (CDCl,,
300 MHz) §7.55-6.80 (M, 26H), 6.75 (d, J=8.0, 1H), 6.56 (d, J=8.0, 1H), 6.14 (s, 1H),
5.95 (m, 3H), 5.83 (m, 3H), 4.35 (m, 4H), 3.86 (m, 1H), 3.77 (m, 1H), 3.49 (m, 2H),

1.35 (m, 6H), 0.79 (m, 6H). *C NMR (CDCl,, 50 MHz) § 168.7, 168.6, 168.4, 148.2,

147.8, 147.3, 141.6, 138.2, 137.1, 137.0, 135.9, 135.4, 132.2, 131.4, 130.0, 129.1,
129.0, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 127.6, 126.9, 124.2,
121.7, 110.0, 108.5, 108.1, 107.4, 101.2, 100.8, 83.8, 83.1, 81.3, 81.2, 70.7, 70.6, 62.1,
62.0,61.5,61.4,14.2,14.1,13.5,13.4.

Ethyl 4-benzylidene-Z-(4-ﬂuoro)phenyl-S-(3,4-dioxymethylene)phenyl-
tetrahydrofuran-3,3-dicarboxylate (4u): An oil containing a 1:1 mixture of
diastereomers: '"H NMR (CDCl,, 300 MHz) §7.55-6.83 (M, 26H), 6.75 (d, /=8.0, 1H),
6.56 (d, J=8.0, 1H), 6.12 (s, 1H), 5.97 (br s, 2H), 5.89 (s, 1H), 5.83 (br s, 2H), 5.78 (s,
1H), 5.67 (s, 1H), 4.35 (m, 4H), 3.86 (m, 2H), 3.58 (m, 2H), 3.49 (m, 2H), 1.36 (m, 6H),

0.86 (m, 6H). *C NMR (CDCl,, 50 MHz) § 168.7, 168.5, 168.4, 168.3, 164.0 (d,"J cp)=

246), 162.6 (d, 'J ¢ 5= 246), 148.2, 147.8, 147 .4, 147.3, 141.2, 140.8, 138.0, 135.8,

135.3, 133.0, 132.1, 131.6 (d, 3J(Cn= 9), 130.1, 129.1 (d, 3J(Cﬂ= 9), 129.0, 128.8, 128.7,
128.6, 127.9, 127.6, 127.2, 124.2,121.7, 116.0 (d, *J . r,= 21), 114.9 (d, 2 ep=21),
109.9, 108.4, 108.1, 107.3, 101.3, 100.8, 83.1, 81.4, 80.6, 70.5, 65.8, 62.2, 62.1, 61.8,
61.7, 61.6, 61.5,14.1, 14.0, 13.6, 13.5.
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