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Experimental Section

General. 'H and "C NMR spectra were recorded at 400 and 100 MHz, or 270
MHz and 68 MHz, respectively, for CDCI; solutions. MS data were obtained by EI.
GC analysis was carried out using a silicon OV-17 column (i. d. 2.6 mm x 1.5 m) or a
CBP-1 capillary column (i. d. 0.5 mm x 25 m). GC-MS analysis was carried out using
a CBP-1 capillary column (i. d. 0.25 mm x 25 m) on a Shimadzu QP-5050. All starting
materials and other reagents are commercially available. The structures of all products
listed below were unambiguously determined by 'H and °C NMR with the aid of NOE,
COSY, HMQC, and HMBC experiments.

Indole-3-carboxylic acids 1b'* and 1c-d"’ were prepared according to published
procedures. Other starting materials were commercially available.

Experimental Procedures.

Procedure for the Reaction of 1-Methylindole-3-carboxylic Acid (1a) with
Butyl Acrylate (2a) (entry S in Table 1): To a 20 mL two-necked flask were added
I-methylindole-3-carboxylic acid (1a) (0.4 mmol, 70 mg), butyl acrylate (2a) (1.2
mmol, 154 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0O (0.8 mmol, 160 mg),
LiOAc (1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50 mg) as
internal standard, and DMAc (10 mL). The resulting mixture was stirred under N, at
140 °C for 2 h. After cooling, the reaction mixture was extracted with Et,0 and dried
over sodium sulfate. Product 3a (73 mg, 71%) was isolated by thin-layer
chromatography on silica gel using hexane-ethyl acetate (95:5, v/v).

Procedure for the Reaction of 1-Methylindole-3-carboxylic Acid (1a) with
Cyclohexyl Acrylate (2¢) (entry 2 in Table 2): To a 20 mL two-necked flask were
added 1-methylindole-3-carboxylic acid (1a) (0.4 mmol, 70 mg), cyclohexyl acrylate
(2¢) (1.2 mmol, 185 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,O (0.8 mmol,
160 mg), LiOAc (1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50
mg) as internal standard, and DMAc (10 mL). The resulting mixture was stirred under
N, at 140 °C for 4 h. After cooling, the reaction mixture was extracted with Et,0 and
dried over sodium sulfate. Product 3¢ (70 mg, 62%) was isolated by thin-layer
chromatography on silica gel using hexane-ethyl acetate (95:5, v/v).

Procedure for the Reaction of 1-Methylindole-3-carboxylic Acid (1a) with
t-Butyl Acrylate (2d) (entry 3 in Table 2): To a 20 mL two-necked flask were added
I-methylindole-3-carboxylic acid (1a) (0.4 mmol, 70 mg), #butyl acrylate (2d) (1.2
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mmol, 154 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0O (0.8 mmol, 160 mg),
LiOAc (1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50 mg) as
internal standard, and DMAc (10 mL). The resulting mixture was stirred under N, at
140 °C for 8 h. After cooling, the reaction mixture was extracted with Et,0O and dried
over sodium sulfate. Product 3d (56 mg, 54%) was isolated by thin-layer
chromatography on silica gel using hexane-ethyl acetate (95:5, v/v).

Procedure for the Reaction of 1-(Methoxymethyl)indole-3-carboxylic Acid
(1b) with Butyl Acrylate (2a) (entry S in Table 2): To a 20 mL two-necked flask
were added 1-(methoxymethyl)indole-3-carboxylic acid (1b) (0.4 mmol, 82 mg), butyl
acrylate (2a) (1.2 mmol, 154 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0 (0.8
mmol, 160 mg), LiOAc (1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca.
50 mg) as internal standard, and DMAc (10 mL). The resulting mixture was stirred
under N, at 140 °C for 8 h. After cooling, the reaction mixture was extracted with Et,O
and dried over sodium sulfate. Product 3f (57 mg, 50%) was isolated by thin-layer
chromatography on silica gel using hexane-ethyl acetate (95:5, v/v).

Procedure for the Reaction of 1-Phenylindole-3-carboxylic Acid (1c¢) with
Butyl Acrylate (2a) (entry 6 in Table 2): To a 20 mL two-necked flask were added
1-phenylindole-3-carboxylic acid (1¢) (0.4 mmol, 95 mg), butyl acrylate (2a) (1.2
mmol, 154 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0 (0.8 mmol, 160 mg),
LiOAc (1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50 mg) as
internal standard, and DMAc (10 mL). The resulting mixture was stirred under N, at
140 °C for 8 h. After cooling, the reaction mixture was extracted with Et,0O and dried
over sodium sulfate. Product 3g (54 mg, 43%) was isolated by thin-layer
chromatography on silica gel using hexane-ethyl acetate (95:5, v/v).

Procedure for the Reaction of 1-(4-Methylphenyl)indole-3-carboxylic Acid
(1d) with Butyl Acrylate (2a) (entry 7 in Table 2): To a 20 mL two-necked flask
were added 1-(4-methylphenyl)indole-3-carboxylic acid (1d) (0.4 mmol, 100 mg),
butyl acrylate (2a) (1.2 mmol, 154 mg), Pd(OAc), (0.02 mmol, 4.5 mg),
Cu(OAc),*H,O (0.8 mmol, 160 mg), LiOAc (1.2 mmol, 79 mg), MS4A (400mg),
I-methylnaphthalene (ca. 50 mg) as internal standard, and DMAc (10 mL). The
resulting mixture was stirred under N, at 140 °C for 4 h. After cooling, the reaction
mixture was extracted with Et,0 and dried over sodium sulfate. Product 3h (52 mg,

39%) was isolated by thin-layer chromatography on silica gel using hexane-ethyl
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acetate (95:5, v/v).

Procedure for the Reaction of 1-Methylpyrrole-2-carboxylic Acid (6b) with
Butyl Acrylate (2a) (entry 2 in Table 3): To a 20 mL two-necked flask were added
I-methylpyrrole-2-carboxylic acid (6b) (0.4 mmol, 50 mg), butyl acrylate (2a) (1.2
mmol, 154 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0O (0.8 mmol, 160 mg),
LiOAc (1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50 mg) as
internal standard, and DMAc (10 mL). The resulting mixture was stirred under N, at
140 °C for 1 h. After cooling, the reaction mixture was extracted with Et,0 and dried
over sodium sulfate. Product 7b (52 mg, 62%) was isolated by thin-layer
chromatography on silica gel using hexane-ethyl acetate (95:5, v/v).

Procedure for the Reaction of Benzo[b]furan-2-carboxylic Acid (6¢) with
Butyl Acrylate (2a) (entry 3 in Table 3): To a 20 mL two-necked flask were added
benzo[b]furan-2-carboxylic acid (6¢) (0.4 mmol, 65 mg), butyl acrylate (2a) (1.2 mmol,
154 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0 (0.8 mmol, 160 mg), LiOAc
(1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50 mg) as internal
standard, and DMAc (10 mL). The resulting mixture was stirred under N, at 140 °C for
4 h. After cooling, the reaction mixture was extracted with Et,O and dried over sodium
sulfate. 7¢ (36 mg, 37%) was obtained as a mixture of C3- and C2-vinylated products
(C3:C2 > 95:5) by thin-layer chromatography on silica gel using hexane-ethyl acetate
(95:5, v/v).

Procedure for the Reaction of Benzo[b]thiophene-2-carboxylic Acid (6d)
with Butyl Acrylate (2a) (entry 4 in Table 3): To a 20 mL two-necked flask were
added benzo[b]thiophene-2-carboxylic acid (6d) (0.4 mmol, 71 mg), butyl acrylate
(2a) (1.2 mmol, 154 mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0O (0.8 mmol,
160 mg), LiOAc (1.2 mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50
mg) as internal standard, and DMAc (10 mL). The resulting mixture was stirred under
N, at 120 °C for 4 h. After cooling, the reaction mixture was extracted with Et,0 and
dried over sodium sulfate. 7d (35 mg, 34%) was obtained as a mixture of C3- and
C2-vinylated products (C3:C2 = 7:1) by thin-layer chromatography on silica gel using
hexane-ethyl acetate (95:5, v/v).

Procedure for the Reaction of Furan-2-carboxylic Acid (6e) with Butyl
Acrylate (2a) (entry S in Table 3): To a 20 mL two-necked flask were added
furan-2-carboxylic acid (6e) (0.4 mmol, 45 mg), butyl acrylate (2a) (1.2 mmol, 154
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mg), Pd(OAc), (0.02 mmol, 4.5 mg), Cu(OAc),*H,0O (0.8 mmol, 160 mg), LiOAc (1.2
mmol, 79 mg), MS4A (400mg), 1-methylnaphthalene (ca. 50 mg) as internal standard,
and DMAc (10 mL). The resulting mixture was stirred under N, at 140 °C for 5 h.
After cooling, the reaction mixture was extracted with Et,O and dried over sodium
sulfate. 7e (23 mg, 30%) was obtained as a mixture of C3- and C2-vinylated products
(C3:C2 = ~1:1) by thin-layer chromatography on silica gel using hexane-ethyl acetate
(95:5, v/v).

Characterization Data of Products.

Butyl (E)-3-(1-Methylindol-2-yl)-2-propenoate (3a): 'H NMR (400 MHz,
CDCly) 6 0.97 (t, J = 7.3 Hz, 3H), 1.39-1.49 (m, 2H), 1.66-1.73 (m, 2H), 3.75 (s, 3H),
4.22 (t, J=6.5 Hz, 2H), 6.46 (d, J = 15.6 Hz, 1H), 6.92 (s, 1H), 7.09 (t, J = 8.0 Hz, 1H),
7.21-7.27 (m, 2H), 7.58 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 15.6 Hz, 1H); "C NMR (100
MHz, CDCl,) 6 13.8, 19.3, 30.0, 30.9, 64.5, 103.7, 109.6, 118.2, 120.5, 121.4, 123.6,
127.5, 132.6, 135.0, 139.1, 167.2; HRMS m/z (M) Calcd for C,(H,,NO,: 257.1416.
Found 257.1413.

Ethyl (E)-3-(1-Methylindol-2-yl)-2-propenoate (3b): mp 84-87 °C (lit."* 119
°C); '"H NMR (400 MHz, CDCL,) 6 1.35 (t, J = 7.0 Hz, 3H), 3.80 (s, 3H), 4.28 (q, 2H),
6.47 (d, J = 15.8 Hz, 1H), 6.94 (s, 1H), 7.11 (t, J = 8.1 Hz, 1H), 7.23-7.31 (m, 2H),
7.60 (d, J = 8.1 Hz, 1H), 7.78 (d, J = 15.8 Hz, 1H); "C NMR (100 MHz, CDCl;)
14.3, 30.0, 60.5, 103.7, 109.6, 118.2, 120.4, 121.3, 123.5, 127.4, 132.6, 134.9, 139.0,
167.0; HRMS m/z (M") Calcd for C,,H,sNO,: 229.1103. Found 229.1100.

Cyclohexyl (E)-3-(1-Methylindol-2-yl)-2-propenoate (3c): 'H NMR (400
MHz, CDCl;) 6 1.26-1.60 (m, 6H), 1.77-1.80 (m, 2H), 1.92-1.96 (m, 2H), 3.83 (s, 3H),
4.87-4.94 (m, 1H), 6.48 (d, J = 15.8 Hz, 1H), 6.95 (s, 1H), 7.11 (t, J = 8.1 Hz, 1H),
7.26 (dd, J = 8.1, 8.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 7.61 (d, J = 8.1 Hz, 1H), 7.78
(d, J = 15.8 Hz, 1H); "C NMR (100 MHz, CDCL,) 6§ 23.9, 25.4, 30.1, 31.8, 72.8, 103.6,
109.6, 118.9, 120.4, 121.3, 123.5, 127.5, 132.4, 135.0, 139.0, 166.5; HRMS m/z (M")
Calcd for C ¢H,,NO,: 283.1572. Found 283.1590.

t-Butyl (E)-3-(1-Methylindol-2-yl)-2-propenoate (3d): 'H NMR (400 MHz,
CDCl,) 6 1.55 (s, 9H), 3.79 (s, 3H), 6.42 (d, J = 16.0 Hz, 1H), 6.92 (s, 1H), 7.08-7.12
(m, 1H), 7.22-7.31 (m, 2H), 7.59 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 16.0 Hz, 1H); "C
NMR (100 MHz, CDCl,) 6 28.3, 30.0, 80.6, 103.3, 109.6, 120.3, 120.4, 121.3, 123.4,
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127.5, 131.7, 135.2, 139.0, 166.40; HRMS m/z (M) Calcd for C,(H,,NO,: 257.1416.
Found 257.1413.

(E)-1-Methyl-3-(2-phenylethenyl)indole (3e): mp 114-118 °C (lit."” 119 °C);
'H NMR (400 MHz, CDCI,) 6 3.80 (s, 3H), 6.80 (s, 1H), 7.07-7.12 (m, 1H), 7.16-7.30
(m, 5H), 7.35-7.39 (m, 2H), 7.51-7.53 (m, 2H), 7.58 (d, J = 8.1 Hz, 1H); "C NMR
(100 MHz, CDCl,) 6 29.9, 99.0, 109.1, 117.0, 119.9, 120.4, 121.7, 126.4, 127.8, 128.8,
130.1, 130.9, 137.1, 138.1, 138.4; HRMS m/z (M") Calcd for C,;H;sN: 233.1204.
Found 233.1202.

Butyl (E)-3-[1-(Methoxymethyl)indol-2-yl]-2-propenoate (3f): 'H NMR (400
MHz, CDCl,) 6 0.97 (t, J = 7.3 Hz, 3H), 1.40-1.49 (m, 2H), 1.66-1.74 (m, 2H), 3.27 (s,
3H), 4.22 (t, J = 6.6 Hz, 2H), 5.54 (s, 2H), 6.53 (d, J = 15.8 Hz, 1H), 6.99 (s, 1H),
7.13-7.17 (m, 1H), 7.26-7.30 (m, 1H), 7.44 (d, J = 8.1 Hz, 1H), 7.61 (d, J = 7.7 Hz,
1H), 7.82 (d, J = 15.8 Hz, 1H); "C NMR (100 MHz, CDCl;) 6§ 13.8, 19.2, 30.8, 55.9,
64.6, 73.8, 105.9, 109.8, 119.2, 121.2, 121.5, 124.2, 127.8, 132.4, 135.2, 139.3, 167.0;
HRMS m/z (M) Calcd for C;;H,;NO;: 287.1521. Found 287.1516.

Butyl (E)-3-(1-Phenylindol-2-yl)-2-propenoate (3g): 'H NMR (400 MHz,
CDCl) 6 0.93 (t, J = 7.3 Hz, 3H), 1.33-1.43 (m, 2H), 1.59-1.66 (m, 2H), 4.14 (t, J =
6.6 Hz, 2H), 6.28 (d, J = 15.8 Hz, 1H), 7.09 (s, 1H), 7.13-7.21 (m, 3H), 7.35 (d, J=7.3
Hz, 2H), 7.47-7.57 (m, 4H), 7.66 (d, J = 7.7 Hz, 1H); "C NMR (100 MHz, CDCl,)
13.8, 19.2, 30.8, 64.4, 105.1, 110.8, 118.2, 121.2, 121.3, 124.1, 127.6, 128.3, 128.4,
129.8, 133.4, 135.3, 136.9, 139.8, 167.0; HRMS m/z (M*) Calcd for C,H,,NO,:
319.1572. Found 319.1568.

Butyl (E)-3-[1-(4-Methylphenyl)indol-2-yl]-2-propenoate (3h): 'H NMR
(400 MHz, CDCl,) 6 0.93 (t, J = 7.3 Hz, 3H), 1.34-1.43 (m, 2H), 1.58-1.67 (m, 2H),
2.46 (s, 3H), 4.14 (t, J = 6.6 Hz, 2H), 6.29 (d, J = 15.8 Hz, 1H), 7.07 (s, 1H), 7.11-7.24
(m, 5H), 7.33 (d, J = 8.1 Hz, 2H), 7.49 (d, J = 15.8 Hz, 1H), 7.65 (d, J = 7.7 Hz, 1H);
C NMR (100 MHz, CDCl,) 6 13.7, 19.2, 21.2, 30.7, 64.3, 104.7, 110.8, 118.1, 121.0,
121.2, 123.9, 127.5, 128.0, 130.3, 133.5, 134.2, 135.4, 138.4, 139.8, 167.0; HRMS m/z
(M") Calcd for C,,H,;NO,: 333.1729. Found 333.1737.

Butyl (E)-3-(1-Methylindol-3-yl)-2-propenoate (5 = 7a):> '"H NMR (400 MHz,
CDCl,) 60.97 (t, J = 7.3 Hz, 3H), 1.41-1.50 (m, 2H), 1.66-1.73 (m, 2H), 3.75 (s, 3H),
4.21 (t, J = 6.5 Hz, 2H), 6.40 (d, J = 16.0 Hz, 1H), 7.22-7.32 (m, 4H), 7.85-7.91 (m,
2H); "C NMR (100 MHz, CDCl;) 6 13.8, 19.3, 31.0, 33.1, 64.0, 109.9, 112.1, 112.6,
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120.6, 121.3, 122.9, 126.1, 133.1, 137.9, 138.1, 168.5; HRMS m/z (M") Calcd for
C,¢H,,NO,: 257.1416. Found 257.1418.

Butyl (E)-3-(1-Methylpyrrol-3-yl)-2-propenoate (7b): 'H NMR (400 MHz,
CDCl,) 60.95 (t, J = 7.3 Hz, 3H), 1.38-1.47 (m, 2H), 1.63-1.70 (m, 2H), 3.67 (s, 3H),
4.16 (t, J = 6.6 Hz, 2H), 6.07 (d, J = 15.8 Hz, 1H), 6.36-6.37 (m, 1H), 6.57 (t, J = 2.6
Hz, 1H), 6.83 (t, J = 1.8 Hz, 1H), 7.58 (d, J = 15.8 Hz, 1H); °*C NMR (100 MHz,
CDCl,) 6 13.7, 19.2, 30.9, 36.3, 63.8, 106.9, 112.8, 120.8, 123.8, 124.9, 138.7, 168.2;
HRMS m/z (M") Calcd for C,,H,;;NO,: 207.1259. Found 207.1263.

Butyl (E)-3-(Benzo[b]furan-3-yl)-2-propenoate (7¢): 'H NMR (400 MHz,
CDCl,) 6 0.98 (t, J = 7.3 Hz, 3H), 1.41-1.50 (m, 2H), 1.67-1.74 (m, 2H), 4.23 (t, J =
6.5 Hz, 2H), 6.56 (d, J = 16.0 Hz, 1H), 7.32-7.40 (m, 2H), 7.52-7.54 (m, 1H), 7.78 (d,
J = 16.0 Hz, 1H), 7.84-7.87 (m, 2H); "C NMR (100 MHz, CDCl,) § 13.7, 19.2, 30.8,
64.5, 112.0, 117.9, 118.5, 121.0, 123.7, 124.8, 125.4, 134.4, 147.7, 156.1, 167.2;
HRMS m/z (M") Calcd for C,sH,,O5: 244.1099. Found 244.1102.

Butyl (E)-3-(Benzo[b]thien-3-yl)-2-propenoate (7d): 'H NMR (400 MHz,
CDCl,) 6 0.98 (t, J = 7.3 Hz, 3H), 1.41-1.51 (m, 2H), 1.68-1.75 (m, 2H), 4.24 (t, J =
6.6 Hz, 2H), 6.54 (d, J = 15.8 Hz, 1H), 7.39-7.48 (m, 2H), 7.75 (s, 1H), 7.88 (d, J=7.3
Hz, 1H), 7.96 (d, J = 15.8 Hz, 1H), 8.02 (d, J = 8.1 Hz, 1H); *C NMR (100 MHz,
CDCl,) 6 13.7,19.2, 30.8, 64.5, 118.7, 122.1, 123.0, 124.9, 125.0, 128.0, 131.7, 136.3,
137.1, 140.5, 167.2; HRMS m/z (M") Calcd for C,5H,,0,S: 260.0871. Found 260.0867.

Butyl (E)-3-(Furanyl)-2-propenoate (7¢): 'H NMR (400 MHz, CDCl,) § 0.96
(t, J = 7.3 Hz, 6H), 1.38-1.47 (m, 4H), 1.64-1.71 (m, 4H), 4.17-4.21 (m, 4H), 6.16 (d, J
=15.8 Hz, 1H), 6.32 (d, J = 15.8 Hz, 1H), 6.46 (dd, J = 1.8, 1.8 Hz, 1H), 6.59-6.61 (m,
2H), 7.40-7.44 (m, 2H), 7.48 (d, J = 1.8 Hz, 1H), 7.57 (d, J = 15.8 Hz, 1H), 7.64 (s,
1H); "C NMR (100 MHz, CDCl;) § 13.7, 19.2, 30.7, 64.3, 64.3, 107.4, 112.2, 114.5,
116.0, 118.0, 122.6, 130.9, 134.5, 144.3, 144.4, 144.6, 150.9, 167.06, 167.13; HRMS
m/z (M") Caled for C,;H,,05: 194.0943. Found 194.0945.

Butyl (E)-3-(Thien-3-yl)-2-propenoate (7f):'° 'H NMR (400 MHz, CDCl,)
0.96 (t, J = 7.3 Hz, 3H), 1.39-1.48 (m, 2H), 1.65-1.72 (m, 2H), 4.20 (t, J = 6.6 Hz, 2H),
6.27 (d, J = 15.8 Hz, 1H), 7.29-7.37 (m, 2H), 7.49-7.50 (m, 1H), 7.66 (d, J = 15.8 Hz,
1H); "C NMR (100 MHz, CDCl,) § 13.7, 19.2, 30.8, 64.3, 117.9, 125.1, 126.9, 127.9,
137.6, 138.0, 167.3; HRMS m/z (M") Calcd for C,,H,,0,S: 210.0715. Found 210.0724.
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WCOQBU
N

Me

3a (CDClg, 400 MHz)

B

ppm Hz Height
167.17 16639.1 3583
139.06 138415 18.88
134.97 134344 3911
132.64 132022 7630
12749 12690.1 36.12
12359 123019 54.06
121.40 120835 82.54
12045 119892 67.11
11823 117685 82.60
109.64 10913.0 87.02
103.72 103240 5555
7744 77083 41.29
7712 76764 44.02
7680 76444 4336
64.51 64206  70.50
30.86 30713 5575
30.01 2986.8 5539
19.25 1916.1 9656
13.80 1373.4 100

18 19

167
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WCOQET
N

Me

3b (CDCls, 400 MHz)

o. ppm Hz Height
1 167.01 167889 31.62
2 13899 139721 1725
3 13490 135609 3147
4 132.60 13329.7 7942
5 12740 12807.1 2584
6 12354 124188 70.58
7 12133 121968 6848
8 12039 121022 100

9 118.17 118794 9445
10 109.57 110150 9223
11 103.66 104207 9230
12 7732 77725 5624
13 77.006 77405 5521
14 76.69 77092 5545
15 60.53 6084.9  69.12
16 30.01 30163 6078
17 1433 1440.1  78.68

9 10 11

16

180 160 140 120 10 8 €0 40 20 0
§/ppm
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Wcozw
N

Me
3c (CDCl3, 400 MHz)

No. ppm Hz Height

1 166.50 167378 21.30

2 13899 13972.1 16.58

3 13504 135754 1799

4 13236 133053 4721

5 12746 128125 2538

6 12349 124142 5391
7 12135 121983 4658

8 120.38 121014 4648

9 11886 11948.8 5287
10 109.59 110165 51.50
11 103.59 104138 37.50 16
12 7736 77763 5093
13 77.04 77443 5186
14 7672 77122 49.60
15 7285 73231 31.34
16 3178 31949 100
17 30.06 3021.7 2576
18 2544 25570 5547
19 2385 23976 6676

180 160 140 120 100 80
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@\/M‘COZU—B u)
N

Me

3d (CDCl3, 400 MHz)

Hz Height

166.44 165663 18.40
138.97 138326  9.03
13518 13455.1 14.47

127.53 126933 848
12340 122824 3622
121.31  12074.6 28.62
120.36  11980.2  39.29
9 12029 119726 26.55
10 109.59 10907.9 39.89
11 103.34 102862 32.88
12 80.63 80259 2036
13 77.37 77009 4447
14 7705  7669.0 4540
15 7673 76370 4479
16 30,01 29871 30.13
17 2825  2812.0 100

0.
1
2
3
4 13170 131089 23.14
5
6
7
8

17

160 140 120 100 80 60
8/ppm

S12



N

Me

3e (CDCls, 400 MHz)

No. ppm Hz Height
1 13838 139111 799
2 13813 138852 10.02
3 13713 137852 8.76
4 13089 131573 4042
5 130.09 130772 6.67
6 12875 129422 77.00
8 7 12782 12849.1 4644
8 12642 12708.0 100
9 121.74 122380 47.88
10 12040 121029 39.85
11 11987 120503 29.07
12 117.03 117650 4526
13 109.11 109685 46.52
14 99.02 99537 4430
15 7732 77725 5192
[ 16 77.00 77405 5156
17 7668 77084  51.39

18 2988 3004.1 2538
L5
1 9 5 w1 “
4 10
1
fa
140 120 100 " s0 60 0
5/ ppm
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WC OsBu
N

P,
MeO
3f (CDCl3, 400 MHz)

5/ppm
No. ppm Hz Height
1 167.03 167908 44.48
2 13929 140022 30.62
3 13519 135902 38.83
4 13242 13311.8 8143
5 12776 128433 3656
6 124.18 124832 7115
7 12152 122154 9793
8 121.20 12184.1 93.02
9 119.15 119774 9110¢
10 109.84 11042.0 63.60
11 10585 10640.7 7322
12 7739 77797 59.79
13 77.07 77477 61.58
14 7675 77156 61.25
15 73.84 7422.6  79.51
16 6455 6488.8 98.88
17 5593 5622.1 6643
18 30.82 30983 8521
19 1923 19333 69.69
20 1378 13855 100
7 16 2
B9
18
4 15
6 1 . 19
10 2
1
31 5
2
L e e e e S UL e e s e e e e e e e e e e e e e e e e e e e R I e e e e e e e e e e e B e e L R i e e e e

8/ppm
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WCOQBU
N

Ph

3g (CDCls, 400 MHz)

12
13

14

15

No. ppm
1 167.00
2 13978
3 13693
4 13534
5 13344
6 12975
7 12841
8 12831
9 12759
10 124.08
11 12133
12 12118
13 11824
14 11081
15 105.08
16 7738
17 77.06
18 7675
19 6439
20 3075
21 1919
22 1375

Hz
16787.7
14051.1
13765.0
13605.5
13414.0
13043.2
12908.9
128983
12825.8
124733
12196.3
12181.9
11886.6
11139.7
10562.9

77782
7746.1
7714.8
6472.8
3090.7
1928.7
13824

Height
20.13
1423
12.60
2077
40.52
84.92
4231

100
22.80
27.86
37.81
37.78
33.40
44.45
32.49
43.08
43.69
4222
33.97
48.19
38.25
51.69

20

21

22

S15
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Wcozau
N

Me

3h (CDCl, 400 MHz)

12
6 101

3 4

pm
167.01
139.83
138.36
135.40
134.19
133.54
130.31
128.02
127.50
123.93
121.24
121.02
118.05
110.84
104.72
77.34
77.02
76.70
64.33
30.73
21.20
19.17
13.73

Hz
16788.9
14056.1
13908.8
136113
134892
134244
13099.3
12869.7
12817.1
124577
12187.6
121655
118672
111424
10527.5

7774.8
77427
7710.7
6466.3
3089.6
2131.3
1926.9
1379.8

Height
24.00
15.40
21.03
2228
1831
3276

100
89.33
2046
3248
32.20
3833
4245
4320
2781
37.30
38.69
39.07
4177
3832
37.84
42.02
4832

20

22
21

23
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CO.Bu

N

N
Me
7a (CDCls, 400 MHz)

0o

pm
168.47
138.08
137.94
133.11
126.05
122.94
121.25
120.58
112.61
112.09
109.94
77.39
77.07
76.75
63.98
33.10
3096
19.27
13.80

Hz
16768.5
137433
13729.6
132487
12546.2
122365
12068.3
12002.1
112083
11156.6
10942.7

7703.0
T671.0
7639.1
6368.1
32943
3081.2
19184
13734

Height
32.26
34.60
48.17
4117
35.49
73.86
59.01
65.22
62.54
2626
77.63
59.74
60.16
58.81
91.98
70.93

100
59.77
86.14

S17




CO,Bu

8

N
Me
7b (CDCls, 400 MHz)

A
é T T T T % T T T T é T T T T T T T T 4|' T T T é T T T T 4‘ T 6 T
5/ ppm

No. pm Hz Height

1 168.19 169072 33.98

2 13873 139462 64.04

3 124.88 125538 53.57

4 123.80 124447 6899

5 12075 12138.8 1825

6 11275 113347 79.60

7 106.90 10745.7 100

8 7732 77725 7327

9 7700 77405 7517

10 76.68 77084  74.59

11 63.82 6416.0  53.50

12 3633 3651.9 4738

13 30.86 3102.5 6930

14 19.20 1929.9 99.82

15 1374 13814 6554

180 160 140 120 100 80

S18



CO2Bu

N
(@]

7¢ (CDCls, 400 MHz)

167.19
156.12
147.72
134.35
125.36
124.80
123.74
121.02
118.47
117.89
111.98
77.34
77.02
76.70
64.45
30.80
19.20
13.74

Hz Height
16641.4 3414
15539.4  33.80
14703.0  74.94
133727 5224
124777 6725
124222 2431
123164 7348
120455 6888
117920 6217
117342 3838
111459 9126
7698.4  84.04
7666.5 8678
76345 8544
64153 5045
3066.0 87.11
19115 100
1367.4 7600

o
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WC O-Bu
S

7d (CDCl3, 400 MHz)

6 9 12

pm
167.22
140.50
139.54
137.53
137.12
136.27
131.66
128.54
127.95
126.16
125.01
124.91
124.81
124.37
122.98
122.43
122.09
119.53
11874
7733
77.01
76.69
64.57

4
5/ ppm

Hz Height No.
16810.3 25.77 24
141240 2371 25
14027.1  10.23 26
138257 10.03 27
137845 1556 28
136982 8814 29
132351 2871 30

129216 14.91
12862.1 89.58
12682.0  10.65
12566.8  97.33
125569 88.59
12547.0 10.16
125027 15.86
12363.1  66.22
123074 15.27
122731  84.57
12016.0  13.40
11936.6 78.58

77733 8597

77412 92.11

77092 91.03

6490.8  11.03

ppm
6449
3079
3074
1921
19.18
1374
1372

1

Hz Height

6483.1
3094.9
3090.3
1930.7
1927.6
1381.4
1379.1

9221

14.05
88.79
17.81
58.50
16.51

24

27

29
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{’g‘ﬁ%cozau
7e (CDCls, 400 MHZz)

1

12

14

No.
1
2
3
4
5
6
5
8

ppm Hz Height
167.13 168004 12.40
167.06 16793.5 7.32
150.94 151738 7.30
144.62 145375 36.57
14438 145138 4443
14434 145100 4815
13446 135167 32.86
130.89 131573 4853
122.61 123250 10.56
118.03 118649 3474
11597 116581 5826
11453 115132 4848
11219 112782 7055
10740 107968 55.83
7730 77710 92.02
76.98 77389 9452
76.67 7706.9  89.81
64.33 64671 3778
64.28 64618  54.54
30.73 3089.6 66.80
19.15 1925.3 100
13.70 13768 9776

21
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-2 CO,Bu

7f (CDCl3, 400 MHz)

e
—

No. ppm Hz Height
1 167.31 16818.7 4.82
2 137.98 138707 13.06
3 137.59 13831.0 371
4 127.90 128567 13.54
5 12689 127560 11.94
6 12513 125783 1524
7 117.95 118565 1243
8 77306 77702 9217
9 7698 77382 9889
10 76.66 77061 100
11 64.35 6468.6 15.80
12 30.76 30919 13.19
131917 1926.9 14.17
14 1371 13783  14.06

2 45 7 12 13 14

160 140 120 100 80
8/ppm
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