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General Remarks

Column chromatography was carried out on silica gel. '"H NMR spectra were recorded
on 300/400 MHz in CDCIl; and *C NMR spectra were recorded on 75/100 MHz in
CDCl;. IR spectra were recorded on a FT-IR spectrometer and only major peaks are
reported in cm™. Melting points were determined on a microscopic apparatus and
were uncorrected. All compounds were further characterized by elemental analysis;
copies of their 'H NMR and C NMR spectra are provided in the Supporting
Information. Room temperature is 23-25°C. Commercially available reagents and
solvents were used without further purification. THF was distilled immediately before
use from Na/benzophenone.

The known substrates 1a-11 were prepared according to the literature.
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General procedure A: Gold (lIll)-catalyzed reaction of
1-oxiranyl-2-alkynyl ester 1 with nucleophiles for synthesis of 4.
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To a solution of esters of 1-oxiranyl-2-alkyn-1-ols 1 (0.50 mmol), 5 mmol of
nucleophiles (10 equivs) in wet 1,4-dioxane (2.0 mL) was added 4.00 mg (0.01 mmol,
2 mol %) of HAuCls-4H,0O under air at room temperature. When the reaction was
considered complete as determined by TLC analysis, the reaction mixture was diluted
with ethyl ether (40 mL), washed with water, saturated brine, dried over Na,SO4 and
evaporated under reduced pressure. The residue was purified by chromatography on
silica gel to afford corresponding furan derivatives 4.

Characterization Data of 4.
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2-(furan-2-yl(phenyl)methyl)-5-phenylfuran (4a): Compound 4a was isolated in 71

% yield as an oil following the general procedure A. Reaction time: 20 min.; '"H NMR
(300 MHz, CDCls) 8 7.68-7.66 (d, J = 7.5 Hz, 2H), 7.43-7.24 (m, 9 H), 6.65-6.63 (d,
J=13.6 Hz, 1 H), 6.39-6.6.38 (dd, J =3.3, 1.8 Hz, 1 H), 6.15 (s, 2H), 5.58 (s, 1H). °C
NMR (75 MHz, CDCls) & 154.3, 153.9, 153.3, 141.9, 139.4, 130.8, 128.5, 128.5,
128.3, 127.2, 127.1, 123.5, 110.2, 109.7, 107.6, 105.7, 45.1. IR (neat, cm™") 2924,
1450, 1163, 1018, 694. Anal.Calcd for C,H60,: C, 83.98; H, 5.37. Found: C, 83.82;
H, 5.30.
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2-(furan-2-yl(p-tolyl)methyl)-5-phenylfuran (4b): Compound 4b was isolated in 73
% yield as an oil following the general procedure A. Reaction time: 10 min.;'H NMR
(300 MHz, CDCl;) 4 7.61-7.58 (d, J = 7.5 Hz, 2H), 7.35-7.11(m, 8 H), 6.57-6.55(t, J
= 3.0 Hz, 1 H), 6.31-6.30(dd, J = 3.0, 1.2 Hz, 1 H), 6.08-6.06(t, J = 3.0 Hz, 2 H),
5.47(s, 1H), 2.32(s, 3H) °C NMR (75 MHz, CDCls) & 154.6, 154.2, 153.2, 141.9,
136.8, 136.4, 130.9, 129.2, 128.6, 128.2, 127.1, 123.6, 110.2, 109.6, 107.5, 105.7,
44.8,21.1. IR (neat, cm™) 2921, 1509, 1208, 1018, 762. Anal.Calcd for C5,H;305: C,
84.05; H, 5.77. Found: C, 84.02; H, 5.73.
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2-((4-chlorophenyl)(furan-2-yl)methyl)-5-phenylfuran (4c): Compound 4c was
isolated in 70 % yield as an oil following the general procedure A. Reaction time: 10
min.;'H NMR (300 MHz, CDCl3) & 7.51-7.49 (d, J = 7.8 Hz, 2H), 7.26-7.18(m, 5 H),



7.14-7.09(m, 3 H),6.48-6.47(d, J = 3.0 Hz, 1 H), 6.24-6.22(t, J = 3.0 Hz, 1 H),
6.00-5.99(d, J = 2.4 Hz, 2 H), 5.38(s, 1H) BC NMR (75 MHz, CDCls) & 153.7, 153.5,
153.3, 142.1, 137.9, 133.0, 130.7, 129.7, 128.7, 128.6, 127.2, 123.5, 110.3, 109.8,
107.7, 105.6, 44.5. IR (neat, cm’l) 2926, 1594, 1543, 1488, 1017, 761. Anal.Calcd for
C,1H5Cl10,: C, 75.34; H, 4.52. Found: C, 75.39; H, 4.63.
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2-(1-(furan-2-yl)ethyl)-5-phenylfuran (4d): Compound 4d was isolated in 50 %
yield as an oil following the general procedure A. Reaction time: 20 min.;'H NMR
(400 MHz, CDCls) 6 7.64-7.61(dd, J = 7.6, 1.6 Hz, 2H), 7.37-7.33(m, 3 H), 7.24-7.20
(m, 1 H), 6.57-6.56 (d, J=3.2 Hz, 1 H), 6.32-6.30(dd, J = 3.2, 2.0 Hz, 2H), 6.12-6.09
(m, 2 H), 4.31-4.25 (q, J = 7.2 Hz, 1 H), 1.66-1.65 (d , J = 7.2 Hz, 3 H). >C NMR
(100 MHz, CDCls) & 156.4, 156.2, 152.7, 141.3, 131.1, 128.6, 127.0, 123.5, 110.1,
107.1, 105.6, 105.1, 33.3, 18.1. IR (neat, cm™) 2980, 2935, 1545, 1485, 1015, 760.
Anal.Calcd for CisH140,: C, 80.65; H, 5.92. Found: C, 80.60; H, 4.88.
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2-(furan-2-ylmethyl)-5-phenylfuran (4e): Compound 4e was isolated in 43 % yield
as an oil following the general procedure A. Reaction time: 20 min.;'H NMR (400
MHz, CDCls) 8 7.64-7.61(d, J = 7.6 Hz, 2 H), 7.36-7.33(t, J = 7.6 Hz, 3 H) 7.25-7.20
(m, 1 H),6.57-6.56 (d, J = 3.2 Hz, 1 H), 6.31(s,1 H), 6.16-6.13 (dd, J = 8.0, 3.2 Hz,
2H), 4.07(s, 2 H). °C NMR (100 MHz, CDCls) & 153.1, 151.5, 151.3, 141.6, 131.0,
128.6, 127.0, 123.5, 110.4, 108.6, 106.6, 105.8, 28.4. IR (neat, cm™) 2924, 1597,
1459, 1017, 758. Anal.Calcd for C;¢H40,: C, 80.34; H, 5.39. Found: C, 80.50; H,
4.51.
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2-(furan-2-yl(phenyl)methyl)-5-p-tolylfuran (4f): Compound 4f was isolated in 68
% yield as an oil following the general procedure A. Reaction time: 10 min.;'H NMR
(300 MHz, CDCl3) 6 7.51-7.48(d, J = 8.1 Hz, 2 H), 7.36-7.35(d, J = 1.2 Hz, 1 H),
7.32-7.30 (m, 5 H), 7.14-7.12 (d, J = 8.1 Hz, 2 H), 6.51-6.50 (d, J = 2.7 Hz, 1 H),
6.32-6.30 (dd, J = 3.0, 1.8 Hz, 1 H), 6.08-6.06 (t, J = 3.0 Hz, 2 H), 5.50(s,1 H), 2.32 (s,
3H). °C NMR (75 MHz, CDCl;) & 154.4, 153.5, 153.5, 141.9, 139.5, 136.9, 129.2,
128.5, 128.4, 128.2, 127.1, 123.6, 110.2, 109.6, 107.6, 104.9, 45.1, 21.2. IR (neat,
cm‘l) 3027, 2921, 1498, 1016, 730. Anal.Calcd for C,H;30,: C, 84.05; H, 5.77.
Found: C, 84.01; H, 5.70.
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1-(4-(5-(furan-2-yl(phenyl)methyl)furan-2-yl)phenyl)ethanone (4g): Compound
4g was isolated in 58 % yield as an oil following the general procedure A. Reaction
time: 50 min.;'’H NMR (300 MHz, CDCl;) & 7.94-7.91(dd, J = 9.0,1.2 Hz, 2 H),
7.68-7.64 (dd, J = 8.7, 1.2 Hz, 2 H), 7.38 (s, 1 H), 7.34-7.24 (m, 5 H), 6.73-6.72 (t,
1H), 6.34-6.33(dd, J = 2.7,1.8 Hz, 1 H), 6.15-6.14 (d, J = 3.0 Hz, 1 H), 6.09-6.08 (t,
1H), 5.53 (s, 1 H), 2.57(s, 3 H). °C NMR (75 MHz, CDCl3) § 197.3, 155.4, 153.9,
152.2, 142.1, 139.1, 135.3, 134.8, 128.9, 128.6, 128.3, 127.3, 123.3, 110.3, 110.2,
108.3, 107.7, 452, 26.5. IR (neat, cm™) 2922, 1679, 1607, 1266, 1016, 731.
Anal.Calcd for C,,H;30,: C, 80.68 ; H, 5.30. Found: C, 80.60; H, 5.22.
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2-(furan-2-yl(phenyl)methyl)-5-(thiophen-2-yl)furan (4h): Compound 4h was
isolated in 60 % yield as an oil following the general procedure A. Reaction time: 10
min.;'H NMR (300 MHz, CDCl3) § 7.36 (s, 1H), 7.33-7.23(m, 5 H), 7.18-7.15(m, 2
H), 7.00-6.97(m, 1 H), 6.42-6.41(d, J = 3.6 Hz, 1 H), 6.33-6.31 (dd, J=3.0, 1.8 Hz, 1
H), 6.08-6.04(m, 2 H), 5.48 (s, 1 H). >C NMR (75 MHz, CDCl3) & 154.2, 153.6,
148.8, 142.0, 128.5, 128.4, 127.5, 127.2, 123.8, 122.4, 110.3, 109.7, 107.7, 105.8,
45.1. IR (neat, cm’l) 3114, 1598, 1499, 1013, 730, 697. Anal.Calcd for C4H;90,S: C,
74.48; H, 4.61. Found: C, 74.40; H, 4.55.
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2-(furan-2-yl(phenyl)methyl)-5-pentylfuran (4i): Compound 4i was isolated in 41
% yield as an oil following the general procedure A. Reaction time: 60 min.;'H NMR
(400 MHz, CDCls) 6 7.34-7.23 (m, 6 H), 6.31-6.29(dd, J = 2.8, 2.0Hz, 1 H), 6.01-6.00
(d, J=3.2 Hz, 1 H), 5.89-5.86 (dd, J = 8.4, 3.2 Hz, 2 H), 5.39 (s, 1 H) 2.58-2.54(t, J =
7.6 Hz, 2 H), 1.68-1.61(m, 2 H), 1.48-1.32(m, 4 H), 0.95-0.91(t, J = 7.2 Hz, 3 H). °C
NMR (100 MHz, CDCl3) 6 156.1, 154.8, 152.2, 141.8, 139.8, 128.4, 128.4, 127.0,
110.2, 108.0, 107.4, 105.2, 45.1, 31.9, 29.7, 27.7, 22.7, 14.1. IR (neat, cm™") 2926,
1560, 1499, 1458, 1013, 800, 730. Anal.Calcd for Cy0H2,0,: C, 81.60; H, 7.53. Found:
C, 81.70; H, 7.66.
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2-(furan-2-yl(phenyl)methyl)-3-methyl-5-phenylfuran (4j): Compound 4j was
isolated in 72 % yield as an oil following the general procedure A. Reaction time: 10
min.;'H NMR (300 MHz, CDCl5) § 7.58-7.55(dd, J = 8.1, 1.2 Hz, 2 H), 7.35-7.17(m,
9 H), 6.46(s, 1 H), 6.31-6.29(dd, J = 3.0, 1.8 Hz, 1 H), 6.09-6.08(d, J = 3.3 Hz, 1 H),
5.50 (s, 1 H), 1.93(s, 3 H). °C NMR (75 MHz, CDCl;) & 154.5, 151.9, 148.2, 141.7,
139.7, 130.9, 128.5, 128.5, 128.3, 126.9, 126.9, 123.4, 117.9, 110.2, 108.7, 107.8,



43.2, 9.8. IR (neat, cm'l) 2924, 1601, 1489, 1450, 1175, 1011, 735. Anal.Calcd for
CHi530,: C, 84.05; H, 5.77. Found: C, 84.00; H, 5.71.

/ \ / \

Ph™ o o
Ph

2-methyl-5-(phenyl(5-phenylfuran-2-yl)methyl)furan (4aa): Compound 4aa was
isolated in 73 % yield as an oil following the general procedure A. Reaction time: 30
min.;'H NMR (300 MHz, CDCl3) & 7.61-7.58 (dd, J = 8.7, 1.5 Hz, 2 H), 7.34-7.19(m,
8 H), 6.56-6.55(d, J=3.6 Hz, 1 H), 6.08-6.07(d, J = 3.6 Hz, 1 H), 5.93-5.91(d, J=3.6
Hz, 1 H),5.89-5.88 (d, J = 3.6 Hz, 1 H), 5.45 (s, 1 H), 2.24 (s, 3 H). °C NMR (75
MHz, CDCls) 6 154.3, 153.2, 152.5, 151.5, 139.7, 130.9, 128.5, 128.5, 128.4, 127.0,
123.6, 109.6, 108.4, 106.1, 105.7, 45.2, 13.6. IR (neat, cm™) 3029, 1544, 1489, 1450,
1215, 1022, 760, 695. Anal.Calcd for C,,H;30,: C, 84.05; H, 5.77. Found: C, 83.97;
H, 5.68.
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1-benzyl-2-(phenyl(5-phenylfuran-2-yl)methyl)-1H-pyrrole(4ab): Compound 4ab
was isolated in 81% yield as an oil following the general procedure A. Reaction time:
15 min.;'H NMR (300 MHz, CDCl3) & 7.57-7.55(d, J = 6.9 Hz, 2 H), 7.33-7.12(m, 11
H), 6.95-6.93 (d, J=7.2 Hz, 2 H), 6.65-6.64 (d, J =2.4 Hz, 1 H), 6.52-6.51 (d,J=3.6
Hz, 1 H), 6.14-6.12 (t,1 H), 5.91-5.90 (d, J = 3.6 Hz, 1 H), 5.84-5.83 (d,J= 1.8 Hz, 1
H), 5.26 (s, 1 H), 4.90(s, 1 H), 4.88 (s, 1 H). °C NMR (75 MHz, CDCl;) & 155.3,
153.1, 140.4, 138.1, 132.4, 130.9, 128.7, 128.5, 128.4, 127.4, 127.0, 126.9, 126.4,
123.5, 122.0, 109.9, 109.4, 107.1, 105.6, 50.5, 43.3. IR (neat, cm™) 3029, 2925, 1711,
1543, 1489, 1450, 1293, 1074, 1022, 760, 714, 697. Anal.Calcd for C,3H»3NO: C,
86.34; H, 5.95; N, 3.60; Found: C, 86.22; H, 5.88; N, 3.48.
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phenyl(2-(phenyl(5-phenylfuran-2-yl)methyl)-1H-pyrrol-1-yl)methanone(4ac):
Compound 4ac was isolated in 57 % yield as an oil following the general procedure A.
Reaction time: 60 min.;'H NMR (300 MHz, CDCl3) 87.61-7.58 (dd, J=7.2, 1.5 Hz, 4
H), 7.50-7.16(m, 11 H), 6.82(s, 1 H), 6.54-6.52 (t, J = 3.6 Hz, 1 H), 6.38(s, 1 H),
6.12-6.11(d, J = 3.6 Hz, 1 H), 6.03 (s, 1 H), 5.96-5.95(t, J = 2.7 Hz, 1 H). °C NMR
(75 MHz, CDCl3) & 169.1, 155.6, 153.0, 140.6, 136.4, 134.0, 132.3, 130.9, 129.7,
128.6, 128.5, 128.3, 128.2, 126.9, 126.8, 124.2, 123.5, 115.2, 110.2, 109.7, 105.6,
44.2. 1R (neat, cm™) 3030, 1696, 1598, 1487, 1325, 1128, 1023, 876, 696. Anal.Calcd
for Co3H, 1 NO»: C, 83.35; H, 5.25; N, 3.47; Found: C, 83.30; H, 5.22; N, 3.41.

General procedure B: Gold (Ill)-catalyzed reaction of
1-oxiranyl-2-alkynyl ester 1 with nucleophiles in water at 80 °C for



synthesis of 4ad-4af.
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Nu: 1H-indole, pentane-2,4-dione, NaN,

To a solution of esters of 1-oxiranyl-2-alkyn-1-ols 1a (0.50 mmol), 0.60 mmol of
nucleophiles (1.2 equivs) in water (0.8 mL) was added 10.00 mg (0.01 mmol, 5 mol
%) of HAuCly4H,O at 80°C. When the reaction was considered complete as
determined by TLC analysis, the reaction mixture was diluted with ethyl ether (40
mL), washed with water, saturated brine, dried over Na,SO4 and evaporated under
reduced pressure. The residue was purified by chromatography on silica gel to afford
corresponding furan derivatives 4.
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3-(phenyl(5-phenylfuran-2-yl)methyl)-1H-indole(4ad): Compound 4ad was
isolated in 51 % yield as an oil following the general procedure B. Reaction time:
10h.;'"H NMR (300 MHz, CDCls) & 7.85 (s, 1 H), 7.60-7.58 (d, J = 7.8 Hz, 2 H),
7.40-7.37 (d, J = 8.1 Hz, 1 H), 7.34-7.12 (m, 10 H), 7.04-6.99(t, J = 7.5 Hz, 1 H),
6.77-6.76 (d, J =2.1 Hz, 1 H), 6.56-6.54 (d, J=3.3 Hz, 1 H), 6.02-6.01(d, J = 3.0 Hz,
1 H), 5.71(s, 1 H). >C NMR (75 MHz, CDCl;) & 156.6, 152.9, 141.8, 136.5, 131.1,
128.6, 128.5, 128.4, 126.9, 126.7,126.6, 123.5, 123.3, 122.1, 119.6, 119.5, 1174,
111.1, 109.6, 105.7, 42.8. IR (neat, cm™) 3422, 1739, 1453, 1021, 740. Anal.Calcd for
CosH19NO: C, 85.93; H, 5.48; N, 4.01; Found: C, 85.88; H, 5.39; N, 3.97.
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3-(phenyl(5-phenylfuran-2-yl)methyl)pentane-2,4-dione(4ae): Compound 4ae was
isolated in 38 % yield as a solid following the general procedure B, along with 20 %
6a was isolated. Reaction time: 8h. mp = 97-99 °C; 'H NMR (300 MHz, CDCl;) &
7.58-7.55 (d, J = 7.5 Hz, 2 H), 7.38-7.20 (m, 8 H), 6.51-6.49 (d, J = 3.6 Hz, 1 H),
6.08-6.07 (d, J =3.6 Hz, 1 H), 4.94-4.90 (d, J=12.3 Hz, 1 H), 4.69-4.65 (d,J=11.7
Hz, 1 H), 2.21(s, 3 H), 1.96(s, 3 H). °C NMR (75 MHz, CDCls) § 202.1, 202.0, 153.8,
153.4, 138.6, 130.6, 128.9, 128.7, 128.3, 127.5, 127.3, 123.5, 109.1, 105.8, 73.4, 45.2,
30.1, 29.1. IR (neat, cm™) 2921, 1732, 1700, 1356, 1022, 761, 697. Anal.Calcd for
CH»003: C, 79.50; H, 6.06; Found: C, 79.45; H, 5.98.
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2-(azido(phenyl)methyl)-5-phenylfuran (4af): Compound 4af was isolated in 46 %
yield as an oil following the general procedure B. Reaction time: 8h.;'H NMR (300
MHz, CDCl3) 6 7.57-7.55(d, J = 7.5 Hz, 2 H), 7.50-7.47(d, J = 6.9 Hz, 1 H),
7.34-7.29(m, 5 H), 7.20-7.14(m, 2 H), 6.51-6.50 (d, J = 3.3 Hz, 1 H), 6.16-6.15(d, J =
3.0 Hz, 1 H), 5.62(s, 1 H). °C NMR (75 MHz, CDCl3) & 154.6, 151.7, 136.7, 130.4,
128.7, 128.5, 127.7, 127.4, 125.3, 123.9, 111.0, 105.5, 62.3 IR (neat, cm™) 3062,
2096, 1600, 1487, 1451, 1238, 1024, 761, 696. Anal.Calcd for C,7H3N;0: C, 74.17;
H, 4.76; N, 15.26; Found: C, 74.03; H,4.66; N,15.11.
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1-benzyl-2-((4-chlorophenyl)(5-phenylfuran-2-yl)methyl)-1H-pyrrole (4ag):

Compound 4ag was isolated in 79% yield as an oil following the general procedure
A.'H NMR (300 MHz, CDCl3) § 7.49-7.46 (d, J = 7.5 Hz, 2 H), 7.23-7.09 (m, 9 H),
6.97-6.94 (d, J = 8.4 Hz, 2 H), 6.86-6.84 (d, J = 6.3 Hz, 1 H), 6.59(s, 1 H), 6.44-6.32
(d, J=3.6 Hz, 1 H), 6.05-6.04 (d, J =2.7 Hz, 1 H), 5.83-5.81 (d, J = 4.2 Hz, 1 H),
5.74-5.73 (t, J= 1.8 Hz, 1 H), 5.14 (s, 1 H), 4.83 (s, 1 H), 4.81 (s, 1 H). >C NMR (75
MHz, CDCls) 6 154.7, 153.3, 139.0, 138.0, 132.7, 131.9, 130.8, 129.8, 128.7, 128.6,
127.5, 127.1, 126.5, 126.3, 123.5, 122.3, 110.0, 109.6, 107.2, 105.6, 50.6, 42.7. IR
(neat, cm™) 2923, 1489, 1451, 1292, 1019, 760, 714. Anal.Calcd for C,5H,,CINO: C,
79.33; H, 5.23; N, 3.30; Found: C, 79.10; H,5.12; N, 3.18.
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1-benzyl-2-(phenyl(5-(thiophen-2-yl)furan-2-yl)methyl)-1H-pyrrole(4ah):
Compound 4ah was isolated in 63 % yield as an oil following the general procedure
A. 'H NMR (300 MHz, CDCl3) § 7.29-7.11 (m, 11 H), 6.97-6.93 (m, 2 H), 6.64(d, J =
2.4 Hz, 1 H), 6.36-6.35 (d, J=3.0 Hz, 1 H), 6.12-6.11 (d, J = 3.0 Hz, 1 H), 5.87-5.86
(d,J=3.0Hz, 1 H), 5.83-5.82 (d, J=1.8 Hz, 1 H), 5.23 (s, 1 H),4.90 (s, 1 H), 4.89(s,
1 H). °C NMR (75 MHz, CDCl;) & 155.0, 148.6, 140.3, 138.1, 135.6, 133.9, 132.3,
128.7, 128.5, 128.4, 127.4, 127.2, 126.9, 126.5, 123.7, 122.2, 109.8, 109.4, 107.1,
105.7, 50.5, 43.2. IR (neat, cm™") 3028, 2924, 1493, 1451, 1298, 1074, 1015, 782, 699.
Anal.Calcd for C,cH 1 NOS: C, 78.95; H, 5.35; N, 3.54; Found: C, 78.99; H, 5.19; N,
3.38.
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phenyl(5-phenylfuran-2-yl)methanol (3a): '"H NMR (300 MHz, CDCl;) & 7.63-7.61

(d, J=7.8 Hz, 2H), 7.47-7.45 (d, J = 7.2 Hz, 2 H), 7.38-7.20 (m, 6 H), 6.55-6.54 (d, J
= 3.6 Hz, 1 H), 6.15-6.14 (d, J = 3.0 Hz, 1 H), 5.84 (s), 2.64 (s); °C NMR(75 MHz,
CDCls) & 155.4, 153.9, 140.7, 130.6, 128.6, 128.4, 128.0, 127.4, 126.6, 123.7, 109.6,
105.5, 70.2. IR (neat, cm’l) 2924, 1457, 1187, 1018, 689. Anal.Calcd for C;7H40,: C,

81.58; H, 5.64. Found: C, 81.62; H, 5.67.



/ \ / \

Ph o o
Ph
4a

11
N

L

h ——_—

@ |

S

}
el

ot -

I

o Fe——

o e

C i

_r
=
w L 7 ——
e
‘;...
[1]
N
=
-
i t
-
- - -
- 1
3]
3

5.578



/ \

Ph o

Ph
4a

02T

0971

T

021

00T

ae

09

ot

02

wdd

/ \

by

—154.293
== 153.873
153,267

141.938
139.374

--130.78%
128.545

127.091
123,528

—110.228
—=__109.713
— -~ 107.624
105,655

- 45.098




Ph

/ \

/ \

O
4b
el
:ﬁ .
o
=~
21
wl
2 ol
o
el 4
2
o
=
o]
1%
= L
(=]
]
-
=
=
=
3 |

7.

—2

= i} _fa

610
.6035
-5B3
.353
.325
L3z1
=111
J28a
J2Z6

o218

L2000
L1891
LA73
.14z
.136
114
L5871
L8561
.553
.313

i, 309

.30l
.08z
073
.b63

467

.323



/ \ / \

Ph

4b

DT T 0ot 08t

0ot

e

oy

wdd

Liaa

12

— 154,

564

(8 1]
109
107
1ps

—77

76

€1

L2326

787
.aq4

N-1L]
.43
.553
.23z

069
(566

-207
.58%
-183

JBE /S

Laza

576

067



/ \

01°§

ST°E

1 e

Ll

Cl

oo

wdd

R

/ \

4c

ey

13

~—6.483
—{_5.472
—6.235
[ s.22s
" 6.219
—5.995
5,987
—5.383



09T

v T

02T

00T

02

09

or

02

wdd

08T

/ \ / \

[ -

Loa a1

[¢] o
4c
Cl

4:

| &

iE_—.

3

].

-

T

]

14

—153.698
e 153 . 484
153.251

—_ 142,083

. 137.924
133,008

—— 120,670
— ==, 129.701
128.663

128,564

127,206
V123,539
110,280

=\ _109.833

v 107.765

= "7 .105.629

77.424
—__77.000
‘. 76.576

JE— 14,468



SEER o9 s NAME ejlba
anaa w o a EXFNO 10
g " = PROCNG i
Date 20080703
NV \ pace.
INSTRUM spect
PROBHD 5 mm PABBO m.-wm
PULPROG zg
SE8E3a e 65536
aaanee SOLVENT cDCl3
[r-RT-RN- R - N5 32
C5 2
%/\\\ SWH 8223, 685 Hz
FIDRES £.1254831 Hz
A 3.9846387 sec
RG 287
oW 60,800 us
TDE 6,50 usec
TE 206.3 K
oL 1.00000000 sec
TCO 1
=mzmssss CHANNEL ]l ==s======
HUC1 1H
Fl 14.860 usec
PL1 0.00 dB
PLIW 11.47932053 W
5F01 400.1324710 MHz
5I 32768
5F 400.130608% MHz
WOW EM
53B 0
LB 0.30 Hz
GB a
- P 1.¢0
T 1 T T T T T
£.35 6,30 6.25 6.20 &.15 .10 pom

.|\_ LTS LA L P e S - SR |»...r|_—_r|..

/ \

4d

/ \

5 4 3 2 1 0 ppm

15



/ \

J o e NPME ejida
CHT I Y Zagg wew ® . e o8
v — S S oe - . BROCNO 1
2588 o ] @ Date 20080703
CED S AL 5558 RES g @ fase” 0703
INSTRUM spect
_ _F PROBHD & mm BEBBO BB-
POLPROG zgpgln
D 65516
SOLVENT coci3
NS 512
oS i
SWH 24038461 Hz
FIDRES 0. 166755 Hz
AQ 1.3631988 sec
e BG 2050
m%«@.momlo o 20,800 usac
on £.50 usec
% 297.4 K
Dl 2.00060000 sec
DLl 0.03000000 sec
00 1
CHANNEL f1
wuc 13¢
F1 5.40 uses
PL1 -2.00 dB
PLIW 57.32743073 W
501 100, 6226208 MHz
se=mmwms CHANNEL f2 mowwmses
CEDPREZ waltzl
Huc? 1
PCPD2 50,
pL2 -z,
PL12 15,
PL1] 15,50 dn
PLIW 1919349861 W
PL1ZW 0.32353121 W
PL13W 0.32353121 W
sFol 400.1316005 MHz
s1 32768
SF 100.6127687 MHz
WEW EM
558 0
1B 1.00 Hz
6B 0
¢ 1.40

4d

/ \

T T T T T T T T T T T T T

T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

16



/ \

de

CEIERENAS BEA8IR8 g
e N A o S PR SV V P <«
NN VAN
kf||\>|1ﬁfx‘ I
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

ej9a
10

1

20080792

17.05

spect

5 mm PAEBO BB-
2930

65536

cDcl13

16

2
B223.685
0.125483

3.9846397

400.1324710
32768
400.1300110
EM

0

0.30

a2

1.00

MHz

17



e o ooy M O NN N o NAME ej%a
IR el owow < 0w® — oo P EXDNO 11
[ . e oL mo o -
Bphw = TN 28288 el S ] i 5
e — AR R | S o e ~r- s WM_MMI wocquwm
INSTRUM spect
PROBHD 5 mm PABBO BBE-
PULPROG zgpg30
TD €5536
SOLVENT cpcl3
NS 388
DS 1
SWH 24038.461 Hz
FIDRES 0,366798 Hz
aAQ 1.3631988 sec
RG 71.8
DW 20.800 usec
DE 6.50 usec
TE 299.3 K
Dl 2.00000000 sec
D11l 0.03000000 sec
TDO 1
HANNEL f1
e, Nucl 13C
o /\.\nm\ \.\V Pl 9.70 usec
£ P PL1 -2.00 de
M o e PL1W 56.13311005 W
ﬁ it 5501 100, 6226298 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -2.10 dB
PL12 13.90 dB
PL13 13.90 dB
PL2W 17.72104263 W
PL1ZW 0.44513249 W
PL13W 0.44513249 W
SFO2 400.1316005 MHz
SI 32768
SF 100.6127649 MHz
WDW EM
$5B Q
LB 1.00 He
GB 0
PC 1.40

4e

T T T T T T T T T T T T T T T

T T T T
180 170 160 150 440 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

/ \

18



(1]

1272
e

0E°2

/ \

wdd

Ph
4f

i

/ \

i
I

i

0

19

?‘.'f' - r

L]

O
Y3

LEY

: >

L]

BTE
2245
.143
2116

a0
.89
.317
31l
L3207
La01
3. 075
.65
055

—2.31%



vt

0271

00T

08

a3

v

02

wdd

09T

/ \

4f

Ph

/ \

—154
— 153

N 153

I—— ) |
138

136.

— 129
128

- ‘128
w128

—_— 127

123

—110

T 109
- .o 107
e 104

— 7
77
TE

-15

21

20

.438
.5439
.49z

J91%
.51%
920

S2d43
.515
3TV
L213
.137
570

L2300
L6355
605
919

424
Loo0
570

.143

.21z



wdd

/ \

49

Ph

/ \

21

— .57



/ \

49

oz

09 0e 00T 021 orT 69T 08T
PRI BRI MR ET IR iy

v

02

wdd

/ \

Ph

22

197.295%

155.434

—7 0 T

—152.160

142.075
139.084

—135.310

= 134.830
.. 128.878
ii— - 128 602
TV 128335
hoo127.313

h.123.287

110,876

110,219

— 106,315
107 . 746

17,424
=—T7.000
—7E.580

-45.159

26.489



.360
.327
.321
.315
.300
.288
267
.25%
.233
.z29
.184
177
173
187
L1585
.151
.985
L9481
983
9T
.973
J966
.AZ1
.a09
.325%
.31%
.31%
-303
077
-0B7
.05%5
.051
. 047
.0d1
477

1

00 D21

RNty

pa T DE W
4
—n

g0

1 —1.503
- T —1.498

———

| | e 0.000
e

wdd

23



14 09 g 00T 02T 0pT 091 08T

02

wdd

PRI B

24

T
w153,

138
602

.B44

3.792

110

= 107,
— 105,

—T7.
=77
- TE.

—_— a5.

.545
. 358
J515
.206
.833
-368

SE57
-G8E

574
P

420

000

576

052



/ \

/ \

O

CsH1q

Ph

EJ2

I

6.30%
6,300
6.298
6.293
6.007
5.999
5.889
5.881
5.868
5.860
—5.3081

.
X

ol

ppm

NAME ej2

EXPNO 1¢

PROCNG 1

Date_ 20080618

Tine 15.52

INSTRUM spect

PROBHD 5 mm PABBC BB-

PULPROG 2930

TD §553¢

SOLVENT TDCl3

NS 16

o5 2

SHH 8223.685 Hz

FIDRES 0.125483 Hz

BQ 3.9846387 sec

RG 1.8

DW 60.800 usec

DE 6.50 usec

TE 296.3 K

Dl 1.00000000 sec

TDO 1
CHANNEL f1

NUC1 1H

Pl 14.60 usec

PL1 ¢.00 dB

PL1W 11.47932053 w

SFOL £30.1324710 MHz

SI 32768

sF 500.130C143 MHz

WD EM

S5B o

LB .30 Hz

GB o

BC 1.00

25



/ \

/ \

O

CsH1q

Ph

4i

NAME
EXFPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

128.42
128.35
77.00

«
T~—127.00

———154.81
———152.23
——141.77
——139.81
T —108.03
~-107.37
TS—105.17

77.32

76.68
——45.07
——31.93
——29.86
T~ 27.72
—22.69
—14.10

__~110.15

_~—156.10

<«
“\\_

D
SOLVENT

ej2 TE

I k

T T T T T T T T T T T

T T
160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0 ppm

ejz
11

1

20080618

16.02

spect

5 mm PABBO BBE-

4
24038.461
0.366798
1.3631988
2G50

297.3
2.00000G00
0.03020C00

1

CHANNEL £l ====

-2.00
57.32742073
100.6228298

CHANNEL £2 ===———=v

waltzl6
1H

90.00

-2.00

12.50

15.20
18.193496¢1
0.32353121
0.32353121
400,131€005
32768
100.61277C0
EM

Q

1.C0

0

1.40

MHz

MHz

26



Ph

/ \

Ph
4

=1
el
= ]
-~
a.
wi
oin
= ]
B -
ol ]
4
i |
=
2
e
FY
|
J
J
]
|
i
W_N
=
=4
-
o
s
Ell

/ \

27

B-Ta ]
.575
.552
-39
.35
L3l
<236
L2714
L233
-1 ]
L1896
-7.192

- 169

—6.460
- 6,307
-6.301
“_6.297
\.6.292

e 6. 092
fee§.081

—-5.495

— 1.949



Ph

/ \

4

P

0ot 027 et 0971 0eT

09

cintea L

0z

wdd

h

/ \

28

154,480
151 885

148 188

— 77,420

77.000
76.576

—_—————.af3.187

—_— Y8



Ph

/ \

Ph

4aa
1
|
@ —
L)
=1
L
P
L 1
;
- !
B I
;ﬂ. 1
@ 1
s
i
e ]
2 o
uf |
i
- |
- L !
o
o
1
i
i
=
i
i
o -
1
d
w :
of |
= 1
oo
-
=
]
|
R
=
3

/ \

29

?.2537



/ \ / \

Ph

Ph

4aa
|
H‘
*-]
= |
|
;
1
|
-
(-4
=
4
-
-
= f
-
™~
=]
R =
.
-
=
L — .
o
=
-
'1
.
o |
o
1§
&
=
|
!
m'.
=
]
|
1
!
=
-
s |

30

154.297
. 194
L 152.450

—151.519

S 129717

— 108,620
RE— 1 - T 5 §

T 105 663

77.4z4
L 77.000
" ?6.576
—_—
w4
>
O-\ll
- {,
=
4% 45,212
O.
13.584



Ph

/ \

4ab Ph

L2 -4 0

‘T

50°1

zrz at

LT

a1

i

P

o
>

£

wdd

\ﬁrwﬁq_

T,

T

31

= '\.‘ll f]

E

0

LN
. -

<

(=t ~ 3 }51‘;

.258

898
885



08t

09 e 00T 0271 vt 09t
A | O T W TR T G T |

[

02

wdd

PRI R

32

155

153,

—110.

2 T
L7
76

50

43

L

v

L2740
083

404
.130
RLE
.B33
L6711
.511
.n23
.383
977
N-F
A3l
.501
013

LB56
LA06
.132
.584

.4z4
.a0n
-576

.516

.323



Ph

/ \

4ac

171
9z- 0T 21'k

ke oy By

wdd

Ph

/ \

O

—

o

33




Ph

/ \

4ac

Ph

09t 08T
IS BRI Y

mwT

021

i3]

09

FR TS S R

02

wdd ¢

Ph

5L

/ \

O

34

169,

N —— 1
153,

—140.

_u'f 136 .

L8528
296
L8541
671
LB37
.aag
. 286
-248
.933
.613
.226
.524
.217
.215
.634
-568

7.
="l_'_??<

e T

14

094

6548
045

564
402

424
0o
576

.159



Ph

/ \

Ph
4ad

4670
e s T Y (el

1" 1 81°¢ 00°2
00°€9T°T

€670

wdd

NH

BT A

35

—7.847

i

7.603
7.577
—7.401
7.374
7.33%
7.317

7.313
7.302
! ’,{:7.276




Ph

/ \

Ph
4ad

o 09 e 0ot 02T T 091 08T
S | sl |

02

wdd

PRI B

T N

NH

36

N

156 617
152.916

141.785
— 136,463
/—121.075
— 128,557
~128.503
—//—128.358
—/ 125,916
—— 126.702
— _126.622

hY

123,193

TN 122, 097

AW 119.605
Yho-118.487
117.381
111,093
109.551
10%. 678

~— 77 .A27

\_76.580

————— A2 B3]



/ \

Ph o
Ph

9671
-

22" @

4r°z

Ll

wdd

VT

|‘

.||””

'ﬂu

w~’~——-}r—r—-vn’—~——j

Y‘(

S e

37

1.581
F.827
7.552
7.378
7.353
7.3:27
7.304
7.276
7.249
7.oean
FR-F a4
7.zoa

—6.505
L B.493

—6.081
. 068

—1.941
——__4.900

—4.693

—————4.654

—2.210

1.3958

-0.000



/ \

Ph o

4dae

Ph

poz

0er

0971

0wy

0eT

0eT

E

09

(3]

02

wdd

.

?‘- Lf{j

a
Y,

A~

o+
4
-4

38

— 202,118

T 201 920

—153.782
==._153.377

-138.641

—120.567
/—128.885

/128675

——128.270

Nh.127.515
Ve—127.3249
— 123.528

109.070

e 77,424
J—77.000
e 76.576
T_73.az

15,212




Ph

/ \

4af

Ph

LE° 2

20°5 18°¢

i

—7.575

/ 7.571

/,‘ 7.946
I 7.
= 7.
T o 7.
R __———pa 7.
e . 7.

\m6.145

{_%___ ——5.621

—~0.000

e -0.078

1

39



Ph
4af

CON T I S T S

-
o
1=}
606
4 —  151.69%
- LT3
- 396
= . 740
] z L5739
3 564
1% 473
N
J L4689
4 .412
.33z
= .
ra— B
=]
1 111.016
105.529
-
=
L
@ P
@. — 7.z
— S 76.996
1 L 76.573
] 62.295
m,
=
=
=
o 1
g
= -
=
z |
3

40



/ \ / \

Ph

Cl

wdd

41

5.137

,—4.828

T 4.810



/ \ / \

Ph
4ag
Cl
-
=
o= |
] I —154.659
1 —————— 153.316
1 138.973
- 137.981
s § /4 132.674
51 b — fuu.aau
1 // 130.774
] y —120.774
[ = — /7/f128.721
- / .128.557
1 = 27,462
127.122
1 126.477
- ———\ \\—126.344
g | 123.524
1 \__122.330
1 109.986
r— === 109.578
1 _ 107.231
1 _105.590
-
o
= g
o 77.424
< — i . 000
] —76.576
o
2
q ———50.596
i N
] Sy - 42.894
B y
= _i
4 o
.
]
N 1 2
= -
o -
-
E]

42



.288
.265

€¢°8

.206
.188
.183
L1725
-143
.134
112
.973
.956
.946
.930
.643
.635
.364
6.354
.122
.112
.868
.858
.827
.821

5.234

T0°¢
02

"1

4.902
—4.891

g

St

N

e

ey

=/
/

wdd

43



0oTv 0271 orT 0971 087

0g

FERTEN NOTO VI Y

09

J AR RFENE Bt

v

02

wdd g

T

AP

i

i g

44

154,865

148.646
—140.309
__138.096
S —135.581
/)~ 133.895

—///—132.349
////_1284590
/) —128.526

T 128.431
. J'EINAIZ

==t 127.240
S—-126.904
126,462
\—123.673
122,227

109,849
—— 109,433

— 107.162

" 105.6%3

77.424
27 000

\__76.576

50.531

43.243



Ph

/

Ph

OH
3a

@
[
i
o L
a1 4 TrE——
po C___
ou P
At —
g“": 4 ri‘_;
~
1
- \
wl R S
@ r
.
w 1 S —
<« o (
L
g{ B (:»
o
&5
w
m{ (/S
1
ol |
SN
i
|
r
y
== L
°
51

45

/2 008
/—1.474
///—17.450
//‘/ 7.384
*-4/’/#7.382
—F——//—7.337
.-7.313

T N\\-7.280
7.249

\\—7.224
7.200

—6.548
. 6.536

.145
— . _6.135

2.640



Ph

/

3a

OH

Ph

08 08 00T 021 ovT 09T 08T
P S S I

1}

02

udd

L

46

-155.

—— 153,

1490,

—109.

——105.

438
869

660

.567
.576
.423
.022
.374
.634
.718

582
548

.424
.000
.576

.159



