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General Information

'H and C NMR spectra were recorded on a Bruker AC-300 FT spectrometer (300 MHz and
75 MHz, respectively) or on a Bruker AC-400 FT spectrometer (400 MHz and 100 MHz,
respectively) using tetramethylsilane as an internal reference. Chemical shifts (6) and coupling
constants (J) were expressed in ppm and Hz, respectively. 2D NOESY spectra were recorded on a
Bruker AC-400 FT spectrometer (400 MHz). IR spectra were recorded on a Perkin-Elmer 2000
FTIR spectrometer. High resolution mass spectra were recorded on a LC-TOF spectrometer
(Micromass). High pressure liquid chromatography (HPLC) analyses were performed on a
Hewlett-Packard 1200 Series instrument equipped with an isostatic pump and a Daicel Chiralpak AD
column (250 x 4.6 mm), and the UV detection was monitored at 254 nm. Melting points were
uncorrected.

Sulfonamides 1a, 1e, (R)-1e, and 1l were prepared by treatment of the corresponding amines
with p-toluenesulfonyl chloride and triethylamine in dichloromethane at room temperature, and the
rest of sulfonamides were prepared from the corresponding alcohols and p-toluenesulfonamide
according to a literature procedure.' Alkynes 2b-c, 2g, and 2i-n were prepared according to literature
procedures.” The rest of chemicals were purchased from the Sinopharm Chemical Reagent Co.,
Meryer, Acros, and Alfa Aesar, and used as received. Solvents were dried over magnesium sulfate
before use.

General Procedure for the FeCls;-Catalyzed Regioselective Synthesis of Indene
Derivatives from N-Benzylic Sulfonamides and Disubstituted Alkynes (Tables 1 and 2)

To a solution of N-benzylic sulfonamide 1 (0.20 mmol) in dry nitromethane (2.0 mL) were
added alkyne 2 (0.24 mmol) and FeCl; (3.3 mg, 0.020 mmol). The resulting mixture was stirred at 80
°C until no further transformation was detected by thin layer chromatography (TLC) analysis. The
mixture was cooled to room temperature, and purified by silica gel column chromatography, eluting
with petroleum ether/ethyl acetate (100:0 to 5:1), to give indene derivative 3.

Except for the reaction of sulfonamide 1j with alkyne 2a (Table 2, entry 14), no regioisomer of
indene derivative 3 was identified by '"H NMR analysis of the CH group at the C-1 position. The
regiochemistry of products 3c, 3e, 3i, 3l, 3p, 3y, and 3z was determined by 2D NOESY analysis
(vide infra), and the regiochemistry of the rest of new products shown in Tables 1 and 2 was
determined by analogy.

Analytical Data for the Products Shown in Tables 1 and 2

Ph

Cipn

Ph
3a

3a,” white solid, m.p. 133-135 °C; 'H NMR (400 MHz, CDCls): 5 7.48-7.39 (m, SH), 7.35-7.08 (m,
14H), 5.16 (s, 1H); *C NMR (75 MHz, CDCl3): 5 148.3, 145.7, 145.1, 139.9, 135.7, 129.7, 129.4,
128.8, 128.3, 128.0, 127.6, 127.0, 126.8, 125.8, 124.0, 120.6, 58.2.
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Ph Ph

Yo

3b

3b,4 colorless oil; "H NMR (400 MHz, CDCl3): 6 7.34 (d , J = 8.8 Hz, 2H), 7.45-7.16 (m, 14H), 7.01
(d,J=28.8 Hz, 2H), 5.07 (s, 1H), 3.83 (s, 3H); BC NMR (75 MHz, CDCls): 6 159.1, 148.4, 145.2,
140.0, 135.9, 130.8, 129.4, 128.8, 128.3, 128.0, 127.0, 126.7, 125.8, 124.0, 120.6, 114.3, 58.1, 55.4.

ph__ NOE

v\

T X))o

Ph
3c

3c, yellow solid, m.p. 161-163 °C; 'H NMR (400 MHz, CDCls): & 7.84 (d, J = 9.2 Hz, 2H),
7.39-7.30 (m, 5H), 7.25-7.04 (m, 11H), 5.07 (s, 1H); °C NMR (75 MHz, CDCls): & 148.5, 146.2,
144.4, 138.9, 134.8, 129.9, 129.4, 129.3, 129.1, 128.4, 128.2, 127.4, 127.3, 127.0, 124.2, 123.4,
121.5, 58.0; IR (film): v 3063, 3026, 2926, 1594, 1513, 1495, 1452 cm™; HRMS (EI) Calcd for
Co7H19NO; (M): 389.1416. Found: 389.1410.

P

Me

p
3d

3d,’ colorless oil; '"H NMR (400 MHz, CDCl;): § 7.55-7.42 (m, 4H), 7.41-7.38 (m, 1H), 7.33-7.24
(m, 6H), 7.21-7.09 (m, 3H), 4.60 (s, 1H), 2.50-2.40 (m, 1H), 2.10-2.00 (m, 1H), 1.55-1.37 (m, 2H),
0.82 (t, J = 7.4 Hz, 3H); °C NMR (75 MHz, CDCl;): & 149.2, 148.2, 140.2, 135.5, 130.5, 129.8,
129.4, 129.0, 128.9, 128.6, 128.5, 127.3, 126.9, 126.8, 124.9, 124.0, 119.7, 57.2, 29.2, 23.4, 14.2.

Pm NOE

Z "

Ph
3e

p

3e, colorless oil; "H NMR (400 MHz, CDCls): § 7.53-7.41 (m, 5H), 7.30-7.15 (m, 9H), 5.04 (s, 1H),
4.07-3.97 (m, 1H), 3.95-3.85 (m, 1H), 0.92 (t, J = 7.2 Hz, 3H); C NMR (100 MHz, CDCl;): &
164.5, 153.0, 149.0, 143.5, 139.0, 134.1, 128.9, 128.6, 128.3, 128.2, 128.0, 127.2, 126.9, 124.4,
122.8, 60.0, 56.5, 13.7; IR (film): v 3062, 3027, 2980, 2928, 1709, 1595, 1574, 1494, 1453 cm™;
HRMS (EI) Calcd for C4H00, (M): 340.1463. Found: 340.1467.



3f
3f,” white solid, m.p. 199-201 °C; '"H NMR (400 MHz, CDCls): & 7.48-7.42 (m, 5H), 7.29-7.20 (m,
7H), 7.16-7.12 (m, 2H), 4.99 (s, 1H); >C NMR (100 MHz, CDCls): & 169.0, 155.4, 149.5, 143.3,
138.8, 134.7, 133.8, 129.0, 128.9, 128.8, 128.6, 128.3, 128.0, 127.4, 127.1, 124.5, 123.3, 56.5.

Ph

ot
5,

Ph
39

39, white solid, m.p. 148-150 °C; '"H NMR (400 MHz, CDCls): & 7.53-7.47 (m, 3H), 7.38-7.30 (m,
5H), 7.22-7.15 (m, 9H), 7.07-7.00 (m, 2H), 5.37 (s, 1H); *C NMR (100 MHz, CDCls): § 194.9,
149.0, 148.8, 145.5, 143.2, 138.2, 137.9, 133.7, 132.0, 129.4, 129.3, 128.7, 128.3, 128.2, 128.1,
127.7,127.5, 127.1, 124.8, 122.6, 57.7.

O

Me

o
5,

Ph
3h

3h,® white solid, m.p. 95-97 °C; '"H NMR (400 MHz, CDCls): § 7.56-7.45 (m, SH), 7.30-7.14 (m,
9H), 5.11 (s, 1H), 1.89 (s, 3H); °C NMR (100 MHz, CDCls): § 197.2, 151.6, 149.0, 145.9, 144.0,
139.1, 134.8, 128.9, 128.8, 128.7, 128.4, 128.3, 127.9, 127.4, 127.0, 124.6, 123.1, 56.4, 30.6.

Ph NOE

SPh
3i
3i, colorless oil; '"H NMR (400 MHz, CDCls): 6 7.41 (d, J = 7.2 Hz, 2H), 7.39-7.26 (m, 3H),
7.25-7.10 (m, 12H), 7.05 (d, J = 8.4 Hz, 2H), 5.16 (s, 1H); BC NMR (100 MHz, CDCls): 6 143.6,
130.7, 130.3, 129.5, 129.2, 128.7, 128.5, 127.9, 127.7, 127.4, 127.3, 126.6, 56.6; IR (film): v 3060,
3025, 2925, 1600, 1577, 1492, 1457 cm™'; HRMS (EI) Calcd for Cy7HpS (M): 376.1286. Found:
376.1305.

o

SePh
3j



3j, white solid, m.p. 103-105 °C; "H NMR (400 MHz, CDCls): & 7.50 (d, J = 7.2 Hz, 2H), 7.41-7.37
(m, 2H), 7.30-7.18 (m, 10H), 7.10-7.04 (m, 5H), 5.50 (s, 1H); *C NMR (100 MHz, CDCl): § 156.3,
147.3, 144.7, 139.0, 135.5, 131.1, 130.2, 129.3, 129.2, 128.7, 128.2, 127.9, 127.8, 127.2, 126.9,
126.2, 126.1, 123.8, 122.2, 59.3; IR (film): v 3059, 3025, 2924, 1598, 1580, 1490, 1450 cm;
HRMS (EI) Caled for Ca7HaoSe (M): 424.0730. Found: 424.0712.

3k, white solid, m.p. 74-76 °C; "H NMR (300 MHz, CDCls): & 7.68 (d, J = 6.9 Hz, 2H), 7.65-7.45
(m, 3H), 7.42-7.18 (m, 9H), 4.78 (s, 1H); °C NMR (75 MHz, CDCly): & 147.4, 138.2, 133.5, 129.2,
129.0, 128.7, 128.4, 127.6, 127.2, 126.0, 124.2, 120.2, 61.1.

Ph NOE

Me

Br
3l

31, colorless oil; 'H NMR (400 MHz, CDCls): § 7.39-7.23 (m, SH), 7.17-7.09 (m, 2H), 7.04-6.98 (m,
2H), 4.46 (s, 1H), 2.64-2.50 (m, 1H), 2.10-2.03 (m, 1H), 1.42-1.24 (m, 4H), 0.87 (t, J = 7.2 Hz, 3H);
13C NMR (100 MHz, CDCLy): & 150.2, 146.4, 143.1, 138.8, 129.1, 128.9, 127.3, 127.2, 126.0, 123.7,
119.7, 118.2, 57.3, 31.0, 28.0, 22.6, 14.0; IR (film): v 3062, 3026, 2926, 1604, 1493, 1459 cm’;
HRMS (EI) Caled for CioH;9Br (M): 326.0670. Found: 326.0667.

3m
3m,? white solid, m.p. 84-85 °C; "H NMR (400 MHz, CDCls): § 7.62 (d, J = 7.2 Hz, 2H), 7.53-7.48
(m, 2H), 7.45-7.41 (m, 1H), 7.36-7.32 (m, 9H), 4.69 (s, 1H); BC NMR (100 MHz, CDCls): 6 145.8,
142.7,139.0, 137.7, 137.0, 132.5, 128.9, 128.5, 128.3, 127.2, 125.9, 124.0, 120.1, 59.4.

Ph

9
.,

3n
3n,9 white solid, m.p. 103-105 °C; '"H NMR (400 MHz, CDCls): 6 7.58-7.43 (m, 5H), 7.36-7.10 (m,
9H), 4.69 (s, 1H); BC NMR (100 MHz, CDCls): 6 149.4, 149.2, 143.4, 138.7, 135.2, 129.1, 128.8,
128.7,128.5,128.3,127.4, 127.0, 125.7, 124.2, 120.0, 105.4, 63.9.
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C.

30, colorless oil; "H NMR (400 MHz, CDCLs): & 7.45-7.33 (m, 4H), 7.30-7.00 (m, 14H), 5.07 (s, 1H);
C NMR (75 MHz, CDCly): § 147.8, 138.5, 135.3, 129.6, 129.5, 128.9, 128.8, 128.1, 128.0, 127.8,
127.7, 127.2, 127.1, 126.9, 125.9, 125.7, 125.0, 123.9, 120.7, 57.3; IR (film): v 3060, 3026, 2926,
1600, 1489, 1458, 1443 cm™'; HRMS (EI) Caled for Co7H;oCl (M): 378.1175. Found: 378.1180.

NOE Q
CEAUT

3p, colorless oil; '"H NMR (400 MHz, CDCl3): & 7.50-7.30 (m, 5H), 7.24 (d , J = 8.4 Hz, 2H),
7.23-7.05 (m, 4H), 7.02 (d , J = 8.4 Hz, 2H), 4.54 (s, 1H), 2.50-2.38 (m, 1H), 2.04-1.90 (m, 1H),
1.52-1.31 (m, 2H), 0.81 (t, J = 7.4 Hz, 3H); *C NMR (75 MHz, CDCls): & 148.7, 147.8, 138.8,
129.8, 129.3, 129.1, 128.8, 128.6, 128.4, 127.5, 127.0, 125.1, 124.9, 124.8, 123.9, 119.9, 56.8, 29.3,
23.4, 14.2; IR (film): v 3062, 3025, 2958, 1598, 1489, 1462 cm™; HRMS (EI) Calcd for Cp4H, Cl

(M): 344.1332. Found: 344.1328.
Cl
Pl
Ph Ph
3q

3q, colorless oil; '"H NMR (300 MHz, CDCls): & 7.48-7.40 (m, 5H), 7.31-7.06 (m, 12H), 5.10 (s, 1H);
C NMR (75 MHz, CDCls): & 147.0, 146.8, 146.0, 137.8, 134.8, 132.7, 131.0, 129.6, 128.9, 128.1,
127.3, 125.8, 124.9, 124.4, 121.6, 120.9, 56.9; IR (film): v 3058, 3025, 2926, 1597, 1575, 1489,
1460 cm™; HRMS (EI) Caled for Co7H 5Cl, (M): 412.0786. Found: 412.0781.

3r
3r, white solid, m.p. 161-163 °C; '"H NMR (300 MHz, CDCls): 6 7.49-7.41 (m, 4H), 7.33-7.08 (m,

9H), 7.00-6.90 (m, 3H), 6.75 (d, J = 7.5 Hz, 1H), 5.88 (s, 1H), 4.03-3.90 (m, 1H), 3.50-3.42 (m, 1H),
3.10-3.00 (m, 2H); '>C NMR (75 MHz, CDCLs): § 145.1, 141.9, 141.6, 139.6, 136.1, 134.9, 130.5,
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129.6, 128.3, 127.6, 127.3, 127.2, 126.9, 126.7, 126.4, 126.1, 118.2, 52.1, 31.9, 31.7; IR (film): v
3058, 2926, 1597, 1487, 1440 cm™; HRMS (EI) Calcd for CaoH,, (M): 370.1722. Found: 370.1718.

Mei Ph
3s
3s, colorless oil; "H NMR (300 MHz, CDCls): 6 7.60-7.42 (m, 5H), 7.40-7.34 (m, 1H), 7.29-7.12 (m,
4H), 7.10 (d, J=7.2 Hz, 1H), 6.91 (d, J = 7.8 Hz, 1H), 5.29 (s, 1H), 4.00-3.83 (m, 1H), 3.50-3.40 (m,
1H), 3.10-2.68 (m, 3H), 2.69-2.62 (m, 1H), 1.67-1.41 (m, 2H), 0.90 (t, J = 7.5 Hz, 3H); BC NMR
(75 MHz, CDCl;): & 1454, 144.7, 142.3, 141.7, 140.2, 135.8, 134.6, 129.4, 128.8, 128.6, 127.3,

127.0, 126.9, 126.6, 124.3, 117.2, 51.7, 31.7, 30.7, 29.8, 23.8, 14.4; IR (film): v 3017, 2929, 1592,
1485, 1456, 1439 cm™'; HRMS (EI) Calcd for CasHag (M): 336.1878. Found: 336.1873.

3t, colorless oil; '"H NMR (400 MHz, CDCls): & 7.60 (d, J = 8.4 Hz, 2H), 7.59-7.36 (m, 4H),
7.29-7.16 (m, 3H), 7.14-7.08 (m, 1H), 7.03 (d, J= 7.6 Hz, 1H), 6.90 (d, J= 7.6 Hz, 1H), 5.38 (s, 1H),
3.80-3.68 (m, 1H), 3.40-3.32 (m, 1H), 3.00-2.87 (m, 2H); °C NMR (100 MHz, CDCl;): & 145.0,
142.3, 141.7, 141.2, 137.9, 134.9, 133.7, 129.2, 128.7, 128.5, 128.3, 127.3, 127.2, 126.6, 124.8,
123.4, 117.7, 55.8, 31.4; IR (film): v 3061, 3026, 2924, 1592, 1493, 1451 cm™'; HRMS (EI) Calcd
for Co3H7Br (M): 372.0514. Found: 372.0508.

3u

3u,’ white solid, m.p. 104-106 °C; 'H NMR (400 MHz, CDCls): § 7.52-7.47 (m, 1H), 7.34-7.13 (m,
13H), 4.02 (q, J = 7.6 Hz, 1H), 1.29 (d, J = 7.6 Hz, 3H); *C NMR (75 MHz, CDCL3): & 129.7, 129.5,
128.7, 128.2, 127.3, 126.8, 125.2, 122.9, 120.5, 46.1, 16.7.

Me
()
TsO
Ph

3v
3v, white solid, m.p. 157-159 °C; '"H NMR (400 MHz, CDCl5): 6 7.72 (d, J = 8.4 Hz, 2H), 7.39 (d, J



= 8.0 Hz, 1H), 7.30-7.24 (m, 5H), 7.21-7.16 (m, 3H), 7.15-7.10 (m, 4H), 6.92 (d, J = 8.4 Hz, 1H),
6.70 (s, 1H), 3.98 (q, J = 7.6 Hz, 1H), 2.45 (s, 3H), 1.26 (d, J = 7.6 Hz, 3H); '°C NMR (100 MHz,
CDCLy): 5 149.6, 149.0, 147.0, 146.3, 145.1, 137.5, 135.2, 134.7, 132.7, 129.4, 129.3, 128.7, 128.7,
128.6, 128.2, 127.4, 127.1, 123.5, 119.1, 114.4, 45.7, 21.7, 16.4; IR (film): v 3057, 3029, 2927, 1605,
1492, 1466, 1444 cm™'; HRMS (EI) Caled for CaoH405S (M): 452.1446. Found: 452.1452.

Me
(I
Br
Ph

3w
3w, white solid, m.p. 120-122 °C; 'H NMR (400 MHz, CDCl5): 6 7.42-7.25 (m, 8H), 7.22-7.11 (m,
5H),3.99 (q,J=7.6 Hz, 1H), 1.28 (d, J= 7.6 Hz, 3H); BC NMR (100 MHz, CDCl;): 6 149.7, 147.6,
147.5, 135.6, 135.4, 129.8, 129.2, 128.6, 128.3, 127.9, 127.5, 124.6, 123.9, 121.2, 46.1, 16.9; IR
(film): v 3056, 3024, 2967, 1595, 1574, 1488, 1460 cm'l; HRMS (EI) Caled for CyH7Br (M):

360.0514. Found: 360.0509.
Me
ph
Cl
Ph

3x
3x, white solid, m.p. 97-100 °C; 'H NMR (300 MHz, CDCl;): ¢ 7.48-7.32 (m, 6H), 7.31-7.18 (m,
7H), 4.05 (q, J = 7.5 Hz, 1H), 1.33 (d, J = 7.5 Hz, 3H); BC NMR (75 MHz, CDCls): 06 146.9, 137.8,
135.4, 135.2, 132.9, 129.6, 129.0, 128.4, 127.7, 127.3, 125.2, 124.0, 120.7, 120.2, 45.8, 16.8; IR
(film): v 3057, 3025, 2927, 1600, 1487, 1460, 1444 cm’l; HRMS (EI) Caled for CyH7Cl (M):
316.1019. Found: 316.1013.

3y
3y, colorless oil; "H NMR (400 MHz, CDCls): & 7.48-7.40 (m, 3H), 7.39-7.31 (m, 3H), 7.22-7.12 (m,
2H), 3.50 (q, J = 7.6 Hz, 1H), 2.57-2.47 (m, 1H), 2.36-2.28 (m, 1H), 1.75-1.58 (m, 1H), 1.50-1.40
(m, 1H), 1.38 (d, J = 7.6 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H); °C NMR (75 MHz, CDCl;): & 152.1,
146.8, 129.2, 128.6, 127.4, 124.1, 123.5, 119.8, 44.5, 29.0, 23.2, 15.9, 14.3; IR (film): v 3058, 3028,
2961, 2930, 1598, 1575, 1493, 1464 cm™; HRMS (EI) Caled for C19HoCl (M): 282.1175. Found:
282.1167.
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K) NOE

Josiy

SePh
3z

3z, colorless oil; '"H NMR (400 MHz, CDCL): & 7.49 (d, J = 7.2 Hz, 2H), 7.43-7.35 (m, 4H),
7.29-7.24 (m, 2H), 7.21-7.02 (m, 5H), 4.08 (q, J = 7.6 Hz, 1H), 1.27 (d, J = 7.6 Hz, 3H); °C NMR
(100 MHz, CDCls): 6 160.3, 146.6, 145.8, 136.3, 135.1, 133.0, 132.1, 130.8, 130.0, 129.3, 128.2,
127.4, 126.3, 125.6, 123.6, 122.2, 47.2, 16.8; IR (film): v 3055, 3025, 2964, 2925, 1599, 1577, 1489,
1475, 1455, 1438 cm™'; HRMS (EI) Caled for Co,H,7ClISe (M): 396.0184. Found: 396.0174.

Me
)
Cl
Ph

3aa

3aa, colorless oil; 'H NMR (400 MHz, CDCls): § 7.45-7.12 (m, 13H), 4.10-4.00 (m, 1H), 2.00-1.87
(m, 1H), 1.70-1.50 (m, 1H), 1.30-0.90 (m, 4H), 0.70 (t, J = 7.0 Hz, 3H); °C NMR (100 MHz,
CDCls): 6 148.2, 147.7, 145.3, 138.6, 135.6, 135.1, 132.7, 129.6, 129.5, 128.3, 127.6, 127.2, 124.9,
124.1, 120.6, 50.6, 30.2, 26.6, 22.9, 13.9; IR (film): v 3056, 3025, 2956, 2929, 1598, 1574, 1487,
1458, 1443 cm™; HRMS (EI) Caled for CasHasCl (M): 358.1488. Found: 358.1483.

ahF’“

3ab

3ab, white solid, m.p. 93-94 °C; "H NMR (400 MHz, CDCls): § 7.48 (s, 1H), 7.38-7.34 (m, 5H),
7.33-7.16 (m, 7H), 4.02 (q, J = 7.6 Hz, 1H), 1.29 (d, J = 7.6 Hz, 3H); '>C NMR (100 MHz, CDCls):
5 150.1, 148.0, 143.4, 137.7, 135.3, 135.2, 131.1, 129.5, 129.3, 128.7, 128.1, 127.4, 127.0, 126.8,
123.3, 121.2, 45.9, 16.5; IR (film): v 3056, 3025, 2961, 2926, 1595, 1574, 1488, 1459, 1443 cm’";
HRMS (EI) Caled for Co,H;,Cl (M): 316.1019. Found: 316.1013.

Sha,

cl Ph
3ab’

3ab’, colorless oil; "H NMR (400 MHz, CDCls): 6 7.56-7.53 (m, 1H), 7.45-7.38 (m, 2H), 7.33-7.27
(m, 1H), 7.22-7.18 (m, 6H), 7.16-7.12 (m, 2H), 7.11-7.00 (m, 1H), 4.03 (q, J = 7.6 Hz, 1H), 1.30 (d,
J = 7.6 Hz, 3H); >C NMR (100 MHz, CDCl5): § 150.9, 150.1, 140.6, 138.3, 136.7, 135.2, 129.3,
128.9, 128.0, 127.4, 127.1, 126.9, 126.0, 121.3, 46.0, 16.9; IR (film): v 3058, 3029, 2965, 2927,
1599, 1566, 1489, 1454, 1422 cm™; HRMS (EI) Caled for Cx»H;7Cl (M): 316.1019. Found:
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316.1015.

cl Me
Q "
Ph
3ac
3ac, white solid, m.p. 109-111 °C; "H NMR (400 MHz, CDCls): § 7.46-7.42 (m, 1H), 7.31-7.20 (m,
6H), 7.18-7.04 (m, 6H), 4.10 (q, J = 7.6 Hz, 1H), 1.31 (d, J = 7.6 Hz, 3H); >*C NMR (100 MHz,
CDCls): 6 149.0, 147.3, 145.0, 137.7, 135.3, 135.1, 131.7, 130.1, 129.6, 128.7, 128.4, 127.5, 127.3,

125.8, 119.1, 46.5, 14.7; IR (film): v 3058, 2931, 1597, 1572, 1492, 1446 cm™'; HRMS (EI) Calcd
for C,H;7Cl (M): 316.1019. Found: 316.1016.

Coﬁ Ve

Ph
3ad

3ad, white solid, m.p. 129-131 °C; '"H NMR (400 MHz, CDCly): & 8.04 (d, J = 8.4 Hz, 1H), 7.83 (d,
J=8.0 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.52-7.42 (m, 4H), 7.38-7.34 (m, 2H), 7.19-7.12 (m, 2H),
436 (q, J = 7.2 Hz, 1H), 1.92 (s, 3H), 1.56 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): &
195.5, 150.9, 146.6, 146.2, 139.8, 134.5, 132.6, 128.1, 128.0, 127.8, 127.7, 127.6, 127.1, 125.6,
125.1, 123.5, 119.9, 43.7, 29.4, 17.5; IR (film): v 3052, 2964, 2925, 1636, 1582, 1552, 1515, 1484,
1441 cm™'; HRMS (EI) Caled for Co,H;5O (M): 298.1358. Found: 298.1364.

Gram-Scale Synthesis of Indene Derivative 3a

To a solution of sulfonamide 1a (3.37 g, 10.0 mmol) in dry nitromethane (100 mL) were added
alkyne 2a (2.14 g, 12.0 mmol) and FeCl; (163 mg, 1.00 mmol). The resulting mixture was stirred at
80 °C until no further transformation was detected by TLC analysis. The mixture was cooled to room
temperature, and purified by silica gel column chromatography, eluting with petroleum ether, to give
indene derivative 3a (2.34 g, 68%) as a white solid.

Reaction of Sulfonamide (R)-1e with Alkyne 2a

NHTs
- 2a, FeCl; (10 mol)

Me 5 3u
MeNO,, 80°C 1% ee
(R)-1e

95% ee

This reaction was performed according to the general procedure for the FeCls-catalyzed
regioselective synthesis of indene derivatives from N-benzylic sulfonamides and disubstituted
alkynes. Product 3u was obtained in 51% yield. The ee of product 3u was determined to be 1% by
HPLC analysis (Chiralpak AD column, IPA/n-Hex = 1:99, flow rate = 1.0 mL/min, tyinor = 3.87 min,
tmajor = 4.28 min).
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Reaction of Sulfonamide 1a with Alkyne 20 (Scheme 2)

To a solution of sulfonamide la (67.4 mg, 0.20 mmol) in dry nitromethane (2.0 mL) were
added alkyne 20 (41.8 mg, 42.7 uL, 0.24 mmol) and FeCl; (3.3 mg, 0.020 mmol). The resulting
mixture was stirred at 80 °C for 12 h. The mixture was cooled to room temperature, and purified by
silica gel column chromatography, eluting with petroleum ether, to give alkyne 7 (27.8 mg, 52%) as
a white solid."® m.p. 77-79 °C; "H NMR (400 MHz, CDCl;): & 7.43-7.35 (m, 6H), 7.29-7.20 (m, 6H),
7.19-7.13 (m, 3H), 5.14 (s, 1H); °C NMR (75 MHz, CDCl): § 141.8, 131.7, 128.6, 128.2, 128.0,
127.9, 126.9, 90.2, 84.9, 43.8.

References

(1) Zhan, Z.-P.; Yu, J.-L.; Liu, H.-J.; Cui, Y.-Y.; Yang, R.-F.; Yang, W.-Z.; Li, J.-P. J. Org. Chem.
2006, 71, 8298.

(2) For the preparation of alkynes 2b-c, see: (a) Liang, B.; Dai, M; Chen, J.; Yang, Z. J. Org. Chem.
2005, 70, 391. For the preparation of alkyne 2g, see: (b) Waldo, J. P.; Larock, R. C. J. Org.
Chem. 2007, 72, 9643. For the preparation of alkynes 2i-J, see: (¢) Bieber, L. W.; da Silva, M. F.;
Menezes, P. H. Tetrahedron Lett. 2004, 45, 2735. For the preparation of alkynes 2k-n, see: (d)
Li, L.-S.; Wu, Y.-L. Tetrahedron Lett. 2002, 43, 2427.

(3) Marcuzzi, F.; Melloni, G.; Modena, G. J. Org. Chem. 1979, 44, 3022.

(4) Battiste, M. A.; Halton, B.; Grubbs, R. H. Chem. Commun. 1967, 907.

(5) Leach, C. L.; Wilson, J. W. J. Org. Chem. 1978, 43, 4880.

(6) Koelsch, C. F. J. Org. Chem. 1962, 26, 4238.

(7) Nesmeyanova, O. A.; Kudryavtseva, G. A. Bull. Acad. Sci. USSR, Div. Chem. Sci. (Engl. Transl.)
1979, 28, 2588.

(8) Newman, M. S.; Kaugars, G. J. Org. Chem. 1965, 30, 4880.

(9) Zhou, X.; Zhang, H.; Xie, X.; Li, Y. J. Org. Chem. 2008, 73, 3958.

(10) Klett, M. W.; Johnson, R. P. J. Am. Chem. Soc. 1985, 107, 3963.



150°0—

e 1—

191°6—

ZIIRBESEZE

- - ‘NS
- -, e D >
B L

Ph

[

Ph

'H NMR (400 MHz, CDCl5)

Ph

3a

-

91°85—

= ZTL 9L
I E&.?V
TLS LL

L=

-+

| =

<

g

FS% gg9r0zT
== 00°1| 8¥0°pZT
. Les-szl
v FOL 92T
p18°921
o leo0rLzT
Fs  965°LET
596" LZT
w LOE8ZT
- L8L'8ZT
3 9£8° 82T
o LEF'6ZT
m:ﬂé_um $59°62T
T st ZEL'SET
F usfw 826 "6ET
= LET'SHT
9ZL SPT
o £pET8FT

o

L=

L]

| =

o

L

-2

Ph

Ph

Ph

3a
13C NMR (75 MHz, CDCly)

S-12



182 '1—
96k T—

0L0'5—

Ph
\

OQ

'H NMR (400 MHz, CDCl,)

Ph

“li;l OMe

3b

[

=

Ll
Xio

861
t{ 1
wir
o0z

4.0

4.5

fl (ppm)

OQ

mm o
@)

@) &)

@)
~

[ %

52

=

9gs°65— O __ c
26085 — @
>

=

)

]

TZL 9L
N@H.ﬁﬁme
895" LL

00" F1T
6097021
1207 %21

06L" 62T
869°9¢21
986921
8G6°LCT

50€° 821
ZSL"8CT
EEF"6CT
0TI8"0ET
968" GET
GEO"OFT
EET SPIT
0S€°8bT
£L0°65T~

SN
|

1 I 1 1 T I I
190 180 170 160 150 140 130 120 110

S-13



I
997 T—

ZL0°5—

y

Ph

(L0

NO,

Ph

3c
'H NMR (400 MHz, CDCl5)

F ot

HI.E ‘o1
Hl ag

E o

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

10.0

1 (ppm)

9€0° 85—

89L"9L
TeT LL
919°LL

ESE”
L6E"
ore”
£66°
28T’
[AA N
‘8el
0EY”
12t
8ge¢”
90%”
FL8"
SeL”
GE6”
F8E"
‘9FT

881

{2

LES®

NO,

3c

Ph
Ph

13C NMR (75 MHz, CDCly)

121
€21
pet
92T
LZT
LZT

8¢1
621
6¢1
621
6¢t
PET
81
[4A

S\

i1

S-14



LI00—

965 7—

680°L
el
L0172
601°L
¥erl
061 "L
802 L
02z °L
SE2°L
L82°L
288 °L
10€°L
12e°L
L9€°L
LLEL
107 °L
9 'L
g% L
1Lyl
108 "L

e

f

E—

>
)
QL a
= 3)
N
=

= e
peald
N
o
S
Z
I
—

.Io
<
-|5
E]
WS@
ID
-
Feso | w
Fod [~
(=]
“—HIE._ [ e
%a; I
o™
IO
o
|5
o
|0
<
|5
Foor | =
o
s
w
| w
IO
<
|5
©
IO
we | T
929 [
180 | w
8 [ o
.In
<
w
(e
Iﬂ
o
| w
o
=]

f1 (ppm)

122

8LT”

8zL”
ZsT”
SLS®

soL
0Le
s88°
eL”
€88°
pie’
09¢p°
9LS”
pse”
010°
09¢€
LoL-
z0s”
BES
812"
o€z’
Zve”

"6CT

PT—

Ee—
6T—

LS—

9L
LL
Le

N\

‘611
“E€21

(448
9zt
9zZ1
Let
8z1
821
82T
62T

62T
0ET

SS\V=—

"GET

0T
8¥1
1A

Ph

[

Me

13C NMR (75 MHz, CDCly)

Ph
3d

I I I ) T T I
190 180 170 160 150 140 130 120 110

S-15



106 ‘0
616°0
L8670

g

- oo oo
EISZBEBE

3

B R e R R ]

858
OOS

T
838
P

Ph
Ph
3e

H NMR (400 MHz, CDCls)

Fue

Fooi

LI

80°1
Hl—m N

00—

1

#6'9E1—
5t —

06—
T0°gs1—

8 Hl—

Ph

3e
13C NMR (100 MHz, CDCl)

i

S-16



800 0~
0000~

562 1—

¥66 ¥—

OH
O

Ph
Ph
3f
'H NMR (400 MHz, CDCly)

Fo0t

;81
F269

EFov b

f1 (ppm)

98%

928
€71
9¥E

61€"
PES”
LLo”
£9e”
pS6"
152’
7867
£6L"
pe6”
(A
08L"
TL9°
608"
T4
ELY
00"
966"

8T
B3
oy

*gg =
9L
.E.v
‘LL

€21
[£A
LT
L2t
LZ1
8zt
8¢z1
8e1
8el
6¢T
£El
VET

661
891 —

Ph

)

OH
@]

13C NMR (100 MHz, CDCls)

Ph
3f

[ iLI\Hh

60

T T T T T T T T T T
190 180 170 160 _ 150 140 130 120 110 100 90 80 70

40 30 20 ppm

50

S-17



99¢°6—

Ph

O

Ph

Ph

39
'H NMR (400 MHz, CDCly)

F-zoe
T-ors
Fe6r
Fae

o

(@)

&)

O

e -

O.__ 0o o ]

e hM

et

o =2

M x

=

¥89'LS— <

O

g

6LL 9L
960" LL
PIP LL

909°¢¢t
208" kel
T4 AA
9% L2T
oL Let
LS50 821
Lze 8el1
692821
0eL 82T
8627621
Ghh 6CT
TL6TTET
EOL"EET
188°LET
£8T"8ET
EGT EFT
T06°6¥T
PEB BYT
886°8¥T

=SS\

)

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60

LEG FET—

S-18



188 °'T— rJ

0O
Me

801°'5— —J

Ph
Ph
3h
'H NMR (400 MHz, CDCly)

= 666 |
w
PIS [T

Fes| o
z.

4.0

T
4.5

|
—_
&
T
5.0
f1 (ppm)

5.5

2957 0E—

E0F 95—

608°9L
.__(NH.KW
6ZE°LL

6h1"
9LG"
686"
0ER”
£€6°
0zt
9LE”
TIL”
G8L"
(44N
698"
LSL”
0ET”
peo”
906"
286"
£29°

29T’

1A

£CT

~— O =r
L K ]
L B B |

S

Let

8z1
8z1
821

=]
o~
—

821
PET
6ET
LA
S¥1T
871
161

Ph

[

(0]
Me

Ph

3h

13C NMR (100 MHz, CDCly)

| lJm

1

PPmM

T
100

T
120

S-19



P '0
— =]
| =
(=}
—
Inro =1
@] =
Q <
O L
< N -
[al I o
e L=
o o = «
T8
NS -
~ pG5 96—
R F
> LS
O zZ ©
I | Pr8 9L
“ Gﬁ.tv
8LV LL
—
-um
e 909921
e 4 Fol $92° 121
L= g8’ L2l
G99°LZT
° ST6°LEZT
0L [ 0€G° 82T
wﬂm £89° 82T
¥e1°L - £0Z°621
951°L | DEG 62T
it o  TIETOET
wmﬁ — 061 12 0ZL 0€T
. {,-,.,’.lv - - - .
WL — e £29°€RT
292°L - 8611w
208°L w07
2L
156°L S
09¢ L ©
9LE°L
186 "L | o
0P 'L o
7eh L |
—
<@
o
|
o

ppm

20

T
30

40

Ph
SPh
50

Ph
. 3i
13C NMR (100 MHz, CDCly)
60

)

¥ 1 I

190 180 170 160 150 140 130 120 110 100 90 80 70

S-20




ppm

T T 1 1 I
20

70 60 50 40 30

g — o
S
O
A
L~ O
s N
~ o = T
165 T— 5 - - o) W
) , a N =
(@) e —_
- (40]
e N
o = T DMu
= T = z
o O » 8 T€E" 65— (S
N B —
O
= 769°9L
pd 600°LL
I Z12°LL
- LZE"LL
52z 22l
, 5L €2t
Lo 180°921
L£2'921
168°921
16v'5— - — Fwr L18°921
L0Z°LTT
Lo.  918°L2T
. . g9gULeT
Mwnu .
680°L 289°821
060°2 €81°621
811\, o b~ BEE" 62T
' 90°¢
%1% :;.:JIJUHHH”H””” . o 852" 0ET
Mmgk = - 9t PITTET
ngLﬁ = - w L6D"SET
sugu €£0"6ET
55 1 o BTLTBYT
o
2072 b
5354
18711
908°L o

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80
S-21




850 0—

44"
g'r—

SLLr—

€61 'L

= -3
EBE8Z
[ e

BR238858388
e e e e e e e e el ol

3

o
== in
© oo

)
(@) -
[a)
O _
e L
i z
= —
e
> 8
e
=
Z
T
—

Ts._ I

Hlnm.m i
028
807 |

6.0 5.5 5.0 4.5 4.0
f1 (ppm)

8.5

8.5 8.0 7.5 7.0

9.0

EP1 19—

FPL"9L
mwﬁ.hnv
G85°LL

881"
ELT”
G96°
(A
S09°
(A1 N
€99°
GG6 "
981"
9ks”
0LT”
Gee”

02T
LA
1A
Lt
Let
821
82t
8e1
621
€ET
8ET
LFT

NS\E==

Ph

[y

Ph

Br

3k
13C NMR (75 MHz, CDCly)

T T T | T I I
160 150 140 130 120 110

180 180 170

S-22



/

Me

Ph
Br
3|

9o,

IH NMR (400 MHz, CDCls)

¢ 696°€T—
Foz| o

-2 o08stzz—
tus| 900" 82—

L= gp0 TE—

s
=
Fus £92° L5 —

o 618°9L
a wﬂ.:.W.
6€°LL

Fe

4.0

4.5
£l (pgm)

&

| §TIZ°81I
QQF.mﬂH)/(

s ﬁﬁh.mmﬁj/‘
mmm.mNﬁH”N

o Lyz LeT
= Rm.__.ﬁv.

Fe Sm.wﬁ\

- 190621

bGL 8ET~.
le epT

e | qmm.wvﬁuw

Eaa Z61° 061

85

T 1
ppm

T T

T

70 60 50 40 30 20

\

1
S-23

T

Me

T

o ﬁHll,

Ph
Br
3|

[

13C NMR (100 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80




000 °0-
800 .cv.

628 'T—

€9 L7

Ph
cl
3m
'H NMR (400 MHz, CDCl5)

Ph

4.5 4.0

5.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

f1 (ppm)

ZEP 65—

SZL 9L
NS.?W
09€°LL

607021
G666 €CT
0L8°621
L9t1-Let
8G¢"8CT
2067821
7987821

0es” Nm.ﬁ\
200 LET
LTIL LET
€96°8ET
A JREA A
98L"S¥IT

SN

Ph

[

Ph

Cl

3m
13C NMR (100 MHz, CDCls)

L

li'H

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80

50 40 30 20 ppm

60

70

S-24



000 0-—

652 '1—

685 '1—

1897 —

SEEB5882233
CRERZBEBEESR
.;.-:.:s.-'l-'.-'.-'.-.-nf\l

Ph

[

3n

'H NMR (400 MHz, CDCly)

/

e |
6% [~

3.5

4.0

1 (ppm)

5.0

168°€9—

269°9L
600°LL
€1 LL

N

60F°
996°
[4

(413
8ev”
14T
9Zs”
L99"
208°
£60°
61"
669°
98¢

cve’
Lee”

14
'9Z1

“ERT

S0T
61T
pel

Let
8zl
8eT
821
LA
621
Gel
8ET

6FT
6FT

S e

Ph

[y

Ph

13C NMR (100 MHz, CDCls)

3n

.mjltli .

T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

T

S-25



205" 1T—

TL0°S—

120°L
SLO°L
SZI'L
TLI'L
66T L
T2 L
BSE°L
BLE"L
LBZL
LEE L
09E°L
IBE"L
BEE"L
80F°L
LIb L
6Zh L
BEF"L
ThE L

O@ CI

Ph

Ph

30
H NMR (400 MHz, CDCls)

- -

| B

— B0l
=t

6TE LS—

0L9°9L~_
qmo.hpme
028" LL

£EPLT02T
LZ6°€2T
996" %21
5997621
6167521
Pr6°92C1
Ser-Lel
602°LZT
6G9°LZT
0p8°LZT
L20°821
81821
6187821
LEGBZT
S91°621
0867621
9867621
082°SET
L6V 8ET
GLLLYT

CI

Ph

Ph

30
13C NMR (75 MHz, CDCly)

T ™ T T e T i o T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

ppm

40 30 20

S-26



£ T—

[]]f

J

Cl
Ph
'H NMR (400 MHz, CDCl5)

Me

3p

[

€5 3852
S 88R=
el el =i

a PbL

a 990

612"

g9¢e”’
= EEE”

€287

L9T1
e 685

@ 016"
SLL”
068"’

5z0°
S 166"
0LE
LEY"
- 69L
L90°
" 91€
- z18"
168"
peL”
60L"

621
621
621
mmﬁu\w

PT—

£€T—
62—

95—

9L
.?W
SEE

‘61T

[ x40
748
£

At

LZt
Lzt

"8Z1

821

"8Z1

LFT
8pT

Cl

qum

Me

13C NMR (75 MHz, CDCly)

Ph

3p

I
190 180 170 160 150 140 130 120 110

S-27



2900—

Cl

O

'H NMR (300 MHz, CDCls)

298 '1—

Cl

001'§—

r

Ph
3q

Ph

t

L8711

68°F

4.5 4.0

1 (ppm)

6.0 5.5 5.0

6.5

9.0 8.5 8.0 7.5 7.0

9.5

vL8 95—
169°9L
ﬂ.:.iv
8€G°LL

$16°021
965" 12T
LLE"¥TT
ST6° 92T
018521
yIE"LZT
ﬁwﬁ.wmﬁuu«
9%6°821—7
Hmm.mﬁ\
ZL6"0ET
cwm.mmﬁg\a

Z6LPET
808" LET

8G6°GP1
9p8°9F1
9%0°L¥T

Ph

Ph

Cl
SV
3q
13C NMR (75 MHz, CDCl,)

ppm

T T T T T T T T il T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

b

AaaAsi) Lk

S-28



860 0~
o=

€62°'1—
9.8 'T—

£00°€
020°€
980t
160°¢
66F t—
68h ¢~
L16°€
£66°¢

896°¢
786°¢
¥00°%
ey

]
o

=
2 e

L
momah

///, ,

s/

e

'H NMR (300 MHz, CDCly)

Ph

C

3r

|

91’6 L

1y

SEL”

526

6LO"

EEL”

96T
6LS

281
PET”
174N
el
206"
Zre’
80€”"
[FA°N
ShE”
p09°
9LY”
€26°
6FT”
919
196"
906"
per”

"8T1

"6ET

113
.amuwv

Ph
13C NMR (75 MHz, CDCl3)

3r

s—

Ph

C

9L
.KV
LL

9Z1
9z1
9z1
9Z1
Lzt
Let
Let

o
o~
-

SEEESESESN

621
0€T
PET

1

A
Tt
SPT

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70

S-29



Ph

L)

3s
'H NMR (300 MHz, CDCls)

Me

f,/ﬂ P

Fueleo

w
mlmz M~

Fon
Mlc: - <
=
Ta,_ L
o™
Feon

T
4.5
fl (ppm)

5.0

=

5.5

160
¥6'0 [~

(%%
w0l
wr [

8.0 7.5 7.0

8.5

9.5

8gL 16—

62L9L
€GT°LL
LS LL

N\

0pC LI
g8z el
geer9et
P65 92T
806°921
p00°L2T
pEE"LCT
009°82T
05L° 821
80% 621
€E9RET
GEB'GET
LI OPT
LBLTTRT
69Z°2F1
8EL FFT
£€8E°GFT

SN

Ph

L)

3s
13C NMR (75 MHz, CDCly)

Me

190 180 170 160 150 140 130 120 110 100 90

S-30

o

T

I




3535883382388 88 28888523 g SEBEINS SEIWMSIIEERE 8 3 g
L e A e A A X PPy 2 T eliedoied el ri\ﬂin'dd«'ﬂ'ﬂ'n‘ﬂ'd T T ?’

Ph Br

3t
'H NMR (400 MHz, CDCls)
|
| l
. L
HIE f) TTY

;0 9I5 BIO s.lﬁ &'o 7.5 7I0 B,IE &'0 5.5 5.’0 4.]5 4.I0 3:5 ) S.Io " ?.rs . z.'c l.ls llo 0'5 UIO

77.343
77.228
76.708
55.804
31.404

QY

13C NMR (100 MHz, CDCls)

uilh.hl | L

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

T T T T 1
190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm

S-31



920 '0-—

8221

9L7 .a/.
862 A—V.
188°1—

266'C
010 %
620 ¥
80 %

o3
53
e

Ph

Me
Ph
3u
IH NMR (400 MHz, CDCl5)

| <
S
2
o
Io
-
e
w
- .
-
.ID
o
| »
o
L
lo
I
w
-
.IO
Hl.:_._ <
w
F%5
<
Le&
w
w
“
o
©
w
Ma
L
io
e
Ml..:.n_.
w
FaifFe
Io
&
-!5
@
fﬂv
-
.Is
&
o

LIL*9T—

SLO"9Y—

€TL 9L
TET LL
965" LL

N

905021
Sh6"2C1
1£2°621
LLL™92T

LEB’
Log"
ELT”
p99°
616"
SLY”

EIA
(XA
82T
82T
621
621

="

Me

[

Ph

13C NMR (75 MHz, CDCl)

Ph

3u

T T T
100 90 80

T
190 180 170 160 150 140 130 120 110

S-32



6pZ'1
.HV

§96°

89¢

0sp’

676"
L96°
986°
S00°

L69"
zoL’
L06"
826"

811"
Lot
S8T°
Loz
6vC”
66¢°
80€"
£€8€°
€0F°
a0L”
LeL:

Lol ol o o S e e el e R

11—

e\ ——

Me
OQ e
TsO
Ph
3v
H NMR (400 MHz, CDCl5)

3

-]
(=]

[

&

60F

ZrL”

869

81L

SE0”
8€¢”

SOF"
990
6SP
0ET”
1€h”

L9S
8L9
[y
ove
8gv
STL”
soL”
PLT
0o0s”
FOoT”
€927
PED”
186"
€09

‘8e1
‘8¢1

‘6T
‘et

TGET

6p1

91—
12—

=Ghi=-

‘9L

%

LL

PiT

‘611
XA

L2t
LZT

621

Zel
PET

LET
Spl
9v1
Lyt
8r1

I
ppm

20

Me
Ph

(I )
TsO

3v
13C NMR (100 MHz, CDCly)
30

T T
80 70 60 50 40

T T il
S-33

190 180 170 160 150 140 130 120 110 100 90




S23EILSBEERESSES

S-34

,,,,, S EERELE 2858 5 88 g8t
N\ TV W
va [

Me
Q e
Br
Ph
3w
'H NMR (400 MHz, CDCl5)
]
[
L e l‘
TT T T
L | T T T |Fln| T T T T T T'rrl T T .r.ir T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)
MWOLWWONOFE AWDU AAFO A
W= WOMOWWu ol =0 WO L= Ty e~ ™
DW= mMmor- ~uod WO aD e uwy o o ~ o
P P P L e < .
bl B o B T o B o B B B B B B o] -~ r~r- w o
Lo B B B B B B B B B B B B B B -~ - —
Me
T )
Br
Ph
3w
13C NMR (100 MHz, CDCl)
I| e l .
I T T 1 1 T grrrerE T I 1 1 1 1 I 1 ] 1 1 I 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



L1E"T
7pe 1>
LG T—

Ph

R
ROk
990" F
T60"F

e

IH NMR (300 MHz, CDCl,)

Cl

Ph
3x

| SRR

L9L 9 T—

808 6 —

908°9L
omm.t.v
pS9°LL

9617021
8rL 02T
286°€CT
£8T"SCT

00€°L2T
60L°LET
z9€° 82l

166821 —7
1857621

mmm.mwﬂx
Z16°¢tl
L8T"GET
Nﬁv.mmﬂ\y

1287 LET
6687991

Me

(I
Cl

Ph

3x
13C NMR (75 MHz, CDCly)

| T | T T T T
190 180 170 160 150 140 130 120 110 100 90

b

S-35



Me
o
Ph
3y
'H NMR (400 MHz, CDClj)

Cl

-

Fac

0T
68171

Esin

Feor |

Fwon

Foot

ot

I0°E
FI'E

6L8°GT—"

681°€C—
296 °8C—

LES P —

L89°9L
Nﬁd.nﬁwv
PES LL

€9L°6TT

oom.mNHUN
80T " ¥PeT—
€5 LZT—

0EZ 621

160°25T—

Me

Cl liill'“ll”

Me

Ph

3y
13C NMR (75 MHz, CDCly)

o 1 | 1 bl I I I I 1 1
190 180 170 160 150 140 130 120 110 100 90

A A

60

80 70

S-36



25
*ww

B

EXRERER

=0
=

2BSIEE

bR

4, 111
4. 093

!

4,073
4, 055

r

1.281
<1262

Me
Cl ]

'H NMR (400 MHz, CDCls)

SePh

3z

M L] v T v T v T T L T T T L | T T T T T T
9.5 9.0 8.5 8.0 .5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 30 2.5 2.0 1.5 Lo
1 (ppw)
s S SS-U58R88882 sue e 2
g g2 gaddsgdasngady EEs g =
[ NIRSEXy- ey W | [
Me
Cl !
SePh
3z
13C NMR (100 MHz, CDCly)
1
1
1] I
Yl
o 180 10 0 150 wo  we  mo o w0 s % 70 % % 4 % . 1o
f1 (ppm)



90 ¥
0¥
180 ¥
260 ¥

e

Me

Ph

i
Ph
3aa
'H NMR (400 MHz, CDCls)

Cl

F 5o

w:.n_ -

4.0

4.5
PIRAY

7.5 7.0 6.0 6.5 5.0

T
8.0

8.5

9.5

806

898
LBS
€61

565

618
9¢T
6EE

L8S"
911"
£88°
Tts
056"
9s¢”
09%"
p8s”
6eL”
gz1”
886"
809°
6LZ"
199°
ske’

ET—
el —

‘97—
0E—

05—

‘9L
.KW
‘LL

oct
pet
{24

LZT
E.N._”/
8c1
s
621
(A
GET
GET
1 f
GFI

LvT
81

Me

X )
Cl

Ph
3aa
13C NMR (100 MHz, CDCls)

T T I ] 1 1 1 T 1 1 1 I
190 180 170 160 150 140 130 120 110 100 90 80 70 60

T

S-38



¥82°1
mSAV —_—
0¥S T~ :

J

66 '€
[0 4
€0 ¥
050 ¢

8LI'LY
157 "L 1
8821
3Le "L
9.3 °L
€87 "L
682 ‘L~
WL ————
967 'L~

el —
2681
98 L]
196 'L
89¢ "L
€181
LS L]
08% 'L

).

Ph

o~ ]
3ab
'H NMR (400 MHz, CDCl,)

-

Me
Ph

H!S_._

T
11

T
12

£6F 9T—

988G —

L69"9L
wac.th
LIeLL

81z 121
9pE €T
008°921
LL6"9ZT
£20° LT
A 14!
299821~
€€ 62T
0SP 621
L60°TET
20z°SET
BLZ'GET
889" LET
LZV ERT
666°LPT
1217081

S

Me

c OQ

Ph
Ph

3ab
13C NMR (100 MHz, CDCl5)

T T T T I I ) 1 T T T T T T I 1 I 1
190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 ppm

30 20

S-39



6T JV.

EIe'1

866 '€
LIO'Y
980 ¥
60 %

)
<
-~

N G L LG

0.0

0.5

Lo

1.5

3.0 2.5 2.0

Ph
Ph
3.5

Me
3ab’
'H NMR (400 MHz, CDCly)

)

4.0

4.5

Cl

f1 (ppm)

5.0

5.5

ST
c\lo‘fmg;co
[=R=R R =] (=1

el Rl R

25891 —

96 'Sh—

669°9L
mﬂo.hﬁwv
PEE"LL

09¢Z° 121
Ze0°921
116'92T
[ AAR AN
16E°LCT
196" L2T~—=
9%6° 82T
6EE'6CT

mmm.mﬂ\
689°9€T
8ce " 8eT

865°0FT
FTIT° 06T
868°0ST

Ph

Ph

Me
3ab’
13C NMR (100 MHz, CDCl,)

[

Cl

T T T T T T T
190 180 170 160 150 140 130 120 110
S-40




080 0-~ e =
000 "0-— — FS
G99 FT—
OLI T~ -~ s
35 _ Fo |
1= - |-
1781 =
— L= 65F 97—
o &
O
al Lo
C o
= -
o N [ v
c T &
£L0°F () a W - T6L°9L
NS”_.V j S & S - HTE._ FZ mo._n”:.W
ort ¥ S T s
ad R
O 2 L oz
T
L= 9L0'6TT
£50°L7 | 028621
5101 - 1627 L2t
0 < ZesTLIT
911 °L r 9ZF" 821
niy Fe  9FL"8TT
9611 L 886621 —=
jiiEA puo [ SYTOETT
oLl 'L — el .
A e —— - g3} FOLTEl
202 L - TOT"SET
sez L et wo - .
£52°14 = TEE"GET
mww._ . 069°LET
4t FS S67bPT
mm.ﬁ b ELT LT
ver 1] L= 996°8VT
8eF L]
9FF L
5h L Lo

10.0

1
ppm

1
30 20

Ph

Ph

Me

3ac
13C NMR (100 MHz, CDCls)

Cl
1l ll“ l
1 1 I 1 1 1 T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
S-41




000°0——

AN
96¥% "
966G~
LS
GZ6°

0EE”

BVE"
-L9E"
G8E"

9€T”
19T°
112"

S0F°
%44
6vF”
€9¥”
1414
816"
6LG"

189"
coL”
vzg”
7v8°
S20”
9%0°

. .
e i el e ot el ol o

T~
HJ/(
H““Y
1

T

VN

Me

Ph

)

3ad
H NMR (400 MHz, CDCl5)

|

T
ppm

LyS LT—

66€°6C—

189°Ey—

066°SL
Nma.mhv
LOE" 9L

£88°6TT
1 A XA
IXANTAN
LBS'SCT
P17 L2T
G667 LTZT
ggL-Let
118°L2T
0v0°821
GET 82T
679 CET
66V FET
6L 6ET
822'9%1
LBG9FT
L887 041

ESERNSSN\a=

L G6T—

O
Me
Ph

-0

3ad
13C NMR (100 MHz, CDCl;)

I R 1= I I I I 1
190 180 170 160 150 140 130 120 110 100

S-42



EP16—

3

O

[a)

(@)

N N
o T
=

I~ 8
~ 3

o

<=~ =
o o =z
T

—

F-00°1

(A

£6°S

Foeo

5.0 4.5 4.0

5.5

8.5 8.0 7.5 7.0 6.5 6.0

9.0

9.5

f1 (ppm)

T

20LEr—

768°9L
600 °LL
L

V8 H—

968921
B16°L21
6L6°LT ~W
L1gwl

168 "1€1—

7oL Fl—

Ph

Ph

Ph

7
13C NMR (75 MHz, CDCly)

S-43



3c
2D NOESY (400 MHz, CDCly)

S-44




Ph NOE
P o
ordg"

(@]
Ph
3e
2D NOESY (400 MHz, CDCly)

—]
ﬁ e

S-45




Ph NOE
PR

0

SPh
3i
2D NOESY (400 MHz, CDCl3)

P ll ppm

8 ki 6 5 4 3 2 1 0 ppm

S-46



2D NOESY (400 MHz, CDCls)

— - ppm
A L L lr L
4 pe
Z 2 5
» sl -1
A} . L
' S R SRS
"o J o -2
. J i i
-3
. -4
] ; i
: g i -5
' IIl E
? — 6
i
‘.’f E
8. ! k-
L ’ 7
, S T e LB
s e s 4 3 2 1 0 ppm

S-47



Cl

NOE Q
//‘\rn NOE

3|O
2D NOESY (400 MHz, CDClg)

i

(1]
- - = o el -
; 1
- ¥ =
| r
= ] ' o s ] 2
- 8 = .
3
- )
5
6
_Z—\f{ﬁ - - -
Tk e ; e e r | , 8
8 7 6 5 4 3 2 1 o ppm

S-48



3y
2D NOESY (400 MHz, CDCly)

1 Ak L i]

ey
-4 e @ '
r - .
A -l [ ]
_E a I"l. "
- - L
I T R T T T T

S-49



“l;?;<:)PK)E
Cl I

SePh
3z

2D NOESY (400 MHz, CDCly)

S-50



	oL-SI-20100721.pdf
	C-N-yne-indene-spectra-20100722.pdf

