Electronic Supplementary Material (ESI) for Chemical Communications.
This journal is © The Royal Society of Chemistry 2014

Suppplementary Information

Convenient One-Step Construction of Yne-Functionalized Aryl
Halides through Domino Cyclization from Tetraynes
Hao Zhang, Qiong Hu, Lidong Li, Yimin Hu,* Pingping Zhou, Xiaorong Zhang, Haifeng Xie, Fei Yin,
Yadong Hu and Shaowu Wang*

School of Chemistry and Materials Science, Anhui Normal University,

Wuhu, Anhui 241000, China E-mail: yiminhu@mail.ahnu.edu.cn; swwang@mail.ahnu.edu.cn

Contents
1. General Experimental Procedures.............c.ooiiiiiiiiiiiiiii i, S2
2. Characterization Data for the New Compounds...............ccoiiiiiiiiiiiiiiiiennnnn, S3
3. X-Ray Structure forba,bband hb................... S10

4, "H NMR & BC NMR Spectra for New Compounds.............ccoovivviiiianianann... S12

S1


mailto:yiminhu@mail.ahnu.edu.cn
mailto:yiminhu@mail.ahnu.edu.cn
mailto:swwang@mail.ahnu.edu.cn

1. General experimental procedures

All the catalytic reactions were performed under an argon atmosphere using the oven-dried Schlenk flask.
The chemicals were purchased from Alfa Aesar and Acros Chemicals. All solvents and materials were
pre-dried, redistilled or recrystallized before use. 'H NMR (300 MHz or 500 MHz) and '3C NMR (75 Or
125 MHz) spectra were recorded on a Bruker Avance 300 (500) spectrometer with CDCI; as the solvent.
Chemical shifts are reported in ppm by assigning TMS resonance in the 'H NMR spectra as 0.00 ppm and
CDCl; resonance in the 3C spectra as 77.0 ppm. All coupling constants (J values) were reported in Hertz
(Hz). Column chromatography was performed on silica gel 300400 mesh. Melting points were
determined using a Gallenkamp melting point apparatus and are uncorrected. The FT-IR spectra were
recorded from KBr pellets or thin film from CHCI; on the NaCl window in the 4000-400 cm'! ranges on a
Nicolet 5DX spectrometer. All HRMS spectra were record using EI or APCI at 70 eV. X-ray
Crystallography diffraction data of ba, bb, and hb were collected at room temperature with a Bruker
SMART Apex CCD diffractometer with Mo-Ka radiation (A = 0.71073 A ) with a graphite
monochromator using the w-scan mode. Data reductions and absorption corrections were performed with
SAINT and SADABS software, respectively. The structure was solved by direct methods and refined on
F? by full-matrix least squares using SHELXTL. All non-hydrogen atoms were treated anisotropically.

The positions of hydrogen atoms were generated geometrically.

General procedures:

Preparation of tetrayne: To a stirred mixture of 8.69 g (48.0 mmol) of (bromoethynyl)benzene, 380 mg
(2.0 mmol) of Cul, and 700 mg (1.0 mmol) of Pd(PPh;),Cl, in 50 mL of THF was added 10.1 g (75.0
mmol) of triethylamine. A solution of 4.16 g (20.0 mmol) of dimethyl 2,2-di(prop-2-yn-1-yl)malonate in
10 mL of THF was then added over 12 h. The solvent was evaporated, and the residue was treated with
pentane. The residue was purified by flash chromatography (eluent: petroleum ether/ethyl acetate = 6:1)
to give dimethyl 2,2-bis(5-phenylpenta-2,4-diyn-1-yl)malonate (a). Yellow solid; 3.06 g (75 % yield);
m.p. 96-97°C; 'H NMR (300 MHz, CDCls): ¢ 7.48-7.46 (m, 4H), 7.33-7.25 (m, 6H), 3.81 (s, 6H), 3.21 (s,
4H); 13C NMR (75 MHz, CDCl3): 6 168.7, 132.6, 129.2, 128.4, 121.5, 77.6, 76.0, 73.8, 68.5, 56.7, 53.5,
52.9, 50.6, 24.2, 19.6 ppm; FT-IR (KBr): v 3462, 1744, 1491, 1300, 1207, 1069, 758, 691, 527 cm™;
HRMS (APCI): m/z [M + H]* caled for C,7H00O4: 409.1434; found: 409.1435.

Preparation of aryl halides: Tetrayne a-l1 (1.0 equiv), allyl halides (1.2 equiv), HO (1.2 equiv),
Pd(OAc), (2 mol %), and PPh; (4 mol %), were added to the degassed solution of nBusN (2 equiv ) in
DMF (10 mL), and the mixture was stirred at room temperature for half an hour and then heated at 100

°C for 12 h. The reaction mixture was then cooled, quenched with water, and extracted with ethyl acetate
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(30 mL). The combined organic layers were washed with hydrochloric acid (5 %), sodium carbonate (5
%), and saturated sodium chloride solution, dried over MgSO,, and concentrated. The residue was

purified by flash chromatography (eluent: petroleum ether/ethyl acetate = 6:1) to give aa-lb.

2. Characterization Data for the New Compounds

Br
MeOOC .O
MeOOC O
It

Dimethyl 7-bromo-5-phenyl-4-(phenylethynyl)-1H-indene-2,2(3H)-dicarboxylate (aa)

White crystal; 410 mg (84 % yield); m.p. 148-149 °C; '"H NMR (300 MHz, CDCl;): 6 7.62-7.60 (d, 2H), 7.47-7.25 (m, 9H),
3.91 (s, 2H), 3.81 (s, 6H), 3.71 (s, 2H); 3C NMR (75.5 MHz, CDCly): 6 171.74, 144.47, 144.41, 139.11, 131.42, 131.37,
129.25, 128.47, 128.33, 128.01, 127.86, 123.08, 119.11, 117.13, 96.85, 86.38, 58.51, 53.29, 42.26, 41.99 ppm; FT-IR (KBr): v

3480, 2930, 1732, 1491, 1433, 1285, 1250, 1198, 1076, 871, 761, 694, 594, 527 cm’!; HRMS (APCI): m/z [M + H]" calcd for
Cy7H,,BrO4: 489.0696; found: 489.0689.

Br

EtOOC .O

EtO0C O
I

Diethyl 7-bromo-5-phenyl-4-(phenylethynyl)-1H-indene-2,2(3 H)-dicarboxylate (ba)

White crystal, 464 mg (90 % yield); m.p. 120-121 °C; '"H NMR (300 MHz, CDCl3): 6 7.62-7.60 (d, 2H), 7.44-7.26 (m, 9H),
4.30-4.23 (q, J = 6 Hz, 4H), 3.90 (s, 2H), 3.70 (s, 2H), 1.33-1.28 (t, J = 6 Hz, 6H); *C NMR (75.5 MHz, CDCl;): 6 171.31,
144.65,144.37, 139.27,139.15, 131.42, 131.32, 129.27, 128.44, 128.33, 128.01, 127.85, 123.12, 119.14, 117.16, 96.77, 86.44,
62.10, 58.61, 42.18, 41.88, 14.10; FT-IR (KBr): v 3450, 2990, 1728, 1443, 1273, 1244, 1155, 1049, 1013, 860, 756,691, 524
cm™'; HRMS (APCI): m/z [M + H]J" calced for C,90H,5BrO,: 518.1015; found: 518.1014.

Cl

EtOOC .O

EtOOC O
f

Diethyl 7-chloro-5-phenyl-4-(phenylethynyl)-1H-indene-2,2(3 H)-dicarboxylate (bb)
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White crystal, 420 mg (89 % yield); m.p. 120-121 °C; '"H NMR (300 MHz, CDCls): § 7.63-7.60 (d, 2H), 7.47-7.26 (m, 9H),
4.30-4.23 (q, J= 6 Hz, 4H), 3.87 (s, 2H), 3.73 (s, 2H), 1.33-1.28 (t, J = 6 Hz, 6H); 3C NMR (75.5 MHz, CDCls): 6 171.30,
145.06, 144.37, 139.28, 137.14, 131.42, 130.15, 129.24, 128.40, 128.38, 128.31, 128.01, 127.82, 123.16, 116.52, 96.57, 86.39,
62.08, 58.92, 41.68, 40.20, 14.09; FT-IR (KBr): v 3460, 2980, 1726, 1439, 1269, 1240, 1186, 1049, 761, 642, 523 cm™'; HRMS
(APCI): m/z [M + H]" calcd for C,9H,5ClO,: 473.1514; found: 473.1508.

EtOOC .O
EtOOC O
l

Diethyl 7-iodo-5-phenyl-4-(phenylethynyl)-1H-indene-2,2(3H)-dicarboxylate (bc)

White crystal, 439 mg (77 % yield); m.p. 123-124 °C; 'H NMR (300 MHz, CDCl5): 6 7.68-7.60 (m, 2H), 7.47-7.30 (m, 9H),
4.31-4.24 (g, J = 6 Hz, 4H), 3.95 (s, 2H), 3.67 (s, 2H), 1.33-1.28 (t, J = 6 Hz, 6H); 3*C NMR (75.5 MHz, CDCl;): 6 171.31,
144.12, 143.37, 143.30, 138.97, 137.38, 131.43, 129.26, 128.47, 128.32, 127.99, 127.81, 123.11, 118.01, 97.00, 92.63, 86.51,
62.10, 58.12, 45.85, 42.19, 14.10; FT-IR (KBr): v 3440, 2982, 1730, 1454, 1364, 1279, 1240, 1155, 1062, 860, 756, 691, 519
cm™'; HRMS (APCI): m/z [M + HJ* calcd for C,9H,5104: 565.0870; found: 565.0856.

Br

MeOC .O

EtOOC O
It

Ethyl 2-acetyl-7-bromo-5-phenyl-4-(phenylethynyl)-2,3-dihydro-1H-indene-2-carboxylate (ca)

Yellow solid, 369 mg (76 % yield); m.p. 102-103 °C; 'H NMR (300 MHz, CDCl;): J 7.61-7.59 (d, 2H), 7.43-7.25 (m, 9H),
4.31-4.24 (g, J= 6 Hz, 2H), 3.82 (s, 2H), 3.62 (s, 2H), 2.30 (s, 3H), 1.33-1.27 (t, J= 6 Hz, 3H); 3C NMR (75.5 MHz, CDCl;):
0201.80, 172.04, 144.44, 139.10, 139.07, 131.41, 131.35, 129.25, 128.48, 128.33, 128.02, 127.86, 123.08, 119.22, 117.24,
96.86, 86.39, 65.01, 62.25, 40.63, 40.27, 26.13, 14.11; FT-IR (KBr): v 3410, 2999, 1715, 1489, 1442, 1267, 1229, 1098, 1017,
876, 756, 690, 525 cm™'; HRMS (APCI): m/z [M + H]" calcd for C,3H,3BrO;: 487.0903; found: 487.0898.

Cl

MeOC .O

EtOOC O
I

Ethyl 2-acetyl-7-chloro-5-phenyl-4-(phenylethynyl)-2,3-dihydro-1H-indene-2-carboxylate (cb)
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Yellow solid, 376 mg (85 % yield); m.p. 97-98 °C; 'H NMR (300 MHz, CDCl;): d 7.62-7.60 (d, 2H), 7.46-7.26 (m, 9H), 4.32-
4.25 (q, J= 6 Hz, 2H), 3.80 (s, 2H), 3.65 (s, 2H), 2.30 (s, 3H), 1.34-1.29 (t,J = 6 Hz, 3H,); *C NMR (75.5 MHz, CDCl;): 6
201.77, 172.04, 144.86, 144.46, 139.23, 136.96, 131.42, 130.21, 129.24, 128.45, 128.42, 128.03, 127.86, 123.11, 116.66, 96.65,
86.36, 65.34, 62.24, 40.09, 38.64, 26.12, 14.10; FT-IR (KBr): v 3430, 2990, 1715, 1489, 1443, 1267, 1231, 1155, 1098, 918,
756, 691 cm™'; HRMS (APCI): m/z [M + H]" calcd for C,3H,3C105: 443.1409; found: 443.1404.

ey
EtOOC

Ethyl 2-acetyl-7-iodo-5-phenyl-4-(phenylethynyl)-2,3-dihydro-1H-indene-2-carboxylate (cc)

White crystal, 428 mg (80 % yield); m.p. 111-112 °C; 'H NMR (300 MHz, CDCls): 6 7.66-7.58 (m, 2H), 7.46-7.26 (m, 9H),
4.32-4.25 (g, J = 6 Hz, 2H), 3.86 (s, 2H), 3.57 (s, 2H), 2.30 (s, 3H), 1.34-1.29 (t, J = 6 Hz, 3H); 3C NMR (75.5 MHz, CDCl;):
0201.81, 171.96, 144.21, 143.16, 143.09, 138.93, 137.42, 131.42, 129.24, 128.50, 128.32, 128.03, 128.00, 127.82, 123.08,
118.00, 97.24, 92.74, 86.42, 64.53, 62.24, 44.34, 40.63, 26.13, 14.10; FT-IR (KBr): v 3462, 2980, 1715, 1442, 1263, 1224,
1150, 877, 752, 685, 523 cml; HRMS (APCI): m/z [M + H]* caled for CogH,3105: 535.0765; found: 535.0765.

(H5C),HCOOC .O
(H5C),HCOOC

Diisopropyl 7-bromo-5-phenyl-4-(phenylethynyl)-1 H-indene-2,2(3H)-dicarboxylate (da)

White crystal, 479 mg (88 % yield); m.p. 134-135 °C; '"H NMR (300 MHz, CDCls): 6 7.62-7.59 (d, 2H), 7.42-7.25 (m, 9H),
5.11-5.07 (m, 2H), 3.86 (s, 2H), 3.65 (s, 2H), 1.29-1.26(d, J = 6 Hz, 12H); 13C NMR (75.5 MHz, CDCl;):  170.83, 144.75,
144.34, 139.37, 131.40, 131.25, 129.27, 128.38, 128.30, 127.98, 127.79, 123.18, 119.09, 117.08, 96.69, 86.50, 69.57, 58.66,

42.14,41.79, 21.57; FT-IR (KBr): v 3435, 2976, 1722, 1456, 1273, 1105, 1063, 775, 752, 700, 637 cm''; HRMS (APCI): m/z
[M + H]* calcd for C31H,9BrOy: 545.1322; found: 545.1323.

(H5C),HCOOC .O
(H5C),HCOOC

Diisopropyl 7-chloro-5-phenyl-4-(phenylethynyl)-1H-indene-2,2(3H)-dicarboxylate (db)
White crystal, 420 mg (84 % yield); m.p. 126-127 °C; 'H NMR (300 MHz, CDCls): 6 7.62-7.60 (d, 2H), 7.44-7.26 (m, 9H),
5.11-5.07 (m, 2H), 3.83 (s, 2H), 3.68 (s, 2H), 1.29-1.27 (d, J= 6 Hz, 12H); 3C NMR (75.5 MHz, CDCl;): 6 170.85, 145.29,
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139.32,137.24, 131.40, 130.07, 129.25, 128.36, 128.32, 128.30, 127.98, 127.79, 123.01, 116.64, 96.54, 86.39, 69.55, 58.96,

41.60, 40.16, 21.57; FT-IR (KBr): v 3450, 2990, 1724, 1456, 1373, 1275, 1188, 1105, 910, 772, 687, 607 cm''; HRMS (APCI):
m/z [M + H]* caled for C3;HpC104: 501.1827; found: 501.1826.

Br
EtOOC .O
EtOOC O
| | OMe

OMe
Diethyl 7-bromo-5-(4-methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1H-indene-2,2(3H)-dicarboxylate (ea)
White crystal, 478 mg (83 % yield); m.p. 149-150 °C; '"H NMR (300 MHz, CDCls):  7.57-7.55 (d, 2H), 7.38-7.25 (m, 3H),
6.97-6.81 (m, 4H), 4.28-4.22 (q, J = 6 Hz, 4H), 3.86 (s, 2H), 3.80(s, 6H), 3.67(s, 2H), 1.31-1.27 (t, J = 6 Hz, 6H); 3*C NMR
(75.5 MHz, CDCl5): 6 171.35, 159.72, 159.30, 144.38, 144.36, 143.66, 138.68, 132.89, 131.73, 131.07, 130.42, 118.66, 117.31,
117.30,115.33,113.98, 113.37, 113.33, 96.83, 85.41, 62.05, 58.62, 55.36, 55.34, 42.14, 41.90, 14.09; FT-IR (KBr): v 3462,

2974, 1728, 1607, 1510, 1292, 1246, 1066, 1031, 829, 532 cm™'; HRMS (APCI): m/z [M + H]* caled for C3;H,9BrOg:
577.1220; found: 577.1217.

cl
EtOOC .O
EtOOC O
I OMe

OMe
Diethyl 7-chloro-5-(4-methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1H-indene-2,2(3H)-dicarboxylate (eb)
White crystal, 458 mg (86 % yield); m.p. 133-134 °C; '"H NMR (300 MHz, CDCls): § 7.58-7.55 (d, 2H), 7.32-7.22 (m, 3H),
6.98-6.82 (m, 4H), 4.29-4.22 (q, J = 6 Hz, 4H), 3.86 (s, 3H), 3.84 (s, 2H), 3.81 (s, 3H), 3.70(s, 2H), 1.32-1.27(t, /= 6 Hz, 6H);
BC NMR (75.5 MHz, CDCl;): 6 171.37, 159.70, 159.29, 144.77, 143.63, 136.56, 132.88, 131.86, 130.40, 129.67, 128.14,
116.71, 115.36, 113.97, 113.37, 96.60, 85.34, 62.04, 58.91, 55.35, 41.70, 40.16, 14.08; FT-IR (KBr): v 3440, 2972, 1730, 1607,
1292, 1244, 1179, 1030, 829, 633, 532 cm™'; HRMS (APCI): m/z [M + H]" calcd for C31Hp9ClOg: 533.1725; found: 533.1724.

(H3C),HCOOC .O
(H3C),HCOOC

OMe

l OMe

Diisopropyl 7-bromo-5-(4-methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1H-indene-2,2(3 H)-dicarboxylate (fa)
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White crystal, 484 mg (80 % yield); m.p. 160-161 °C; 'H NMR (300 MHz, CDCLy): 6 7.58-7.55 (d, 2H), 7.38-6,82 (m, 7H),
5.11-5.07 (m, 2H), 3.86 (s, 2H), 3.84 (s, 3H), 3.81 (s, 3H) 3.64 (s, 2H), 1.29-1.27 (d, J = 6 Hz, 12H); 3C NMR (75.5 MHz,
CDCLy): 6 170.88, 159.75, 159.27, 144.49, 138.78, 132.89, 131.02, 130.43, 118.63, 117.24, 115.38, 113.97, 113.35, 96.68,

85.42,69.51, 58.66, 55.32,42.11,41.82, 21.57; FT-IR (KBr): v 3422, 2980, 1724, 1605, 1510, 1290, 1247, 1099, 829, 667,
532 cml; HRMS (APCI): m/z [M + H]* caled for C33H;33BrOg: 605.1533; found: 605.1519.

Br

EtOOC .O

EtOOC O
I

Diethyl 7-bromo-5-(p-tolyl)-4-(p-tolylethynyl)-1H-indene-2,2(3H)-dicarboxylate (ga)

Yellow solid, 462 mg (85 % yield); m.p. 145-146 °C; 'H NMR (300 MHz, CDCl;): J 7.53-7.50 (m, 2H), 7.41-7.10 (m, 7H),
4.29-4.23 (q, J = 6 Hz, 4H), 3.88 (s, 2H), 3.68 (s, 2H), 2.41 (s, 3H), 2.35 (s, 3H), 1.32-1.27 (t, J= 6 Hz, 6H); '3C NMR (75.5
MHz, CDCl5): 6 171.35, 144.60, 138.60, 137.57, 136.28, 131.32, 131.22, 129.18, 129.08, 128.80, 128.71, 120.14, 118.89,
117.24, 96.96, 85.96, 62.06, 58.61, 42.16,41.92, 21.58, 21.31, 14.09; FT-IR (KBr): v 3460, 2974, 1732, 1510, 1267, 1242,
1184, 1070, 814, 667, 525 cm’!; HRMS (APCI): m/z [M + H]* caled for C3;H,9BrOy4: 545.1322; found: 545.1319.

EtOOC .O
EtOOC O
l Et

Et
Diethyl 7-bromo-5-(4-ethylphenyl)-4-((4-ethylphenyl)ethynyl)-1H-indene-2,2(3 H)-dicarboxylate (ha)
White crystal, 486 mg (85 % yield); m.p. 140-141 °C; 'H NMR (300 MHz, CDCls): 6 7.55-7.53 (d, 2H), 7.42 (s, 1H), 7.28-
7.25 (m, 4H), 7.14-7.12 (d, 2H), 4.29-4.22 (q, J = 6 Hz, 4H), 3.88 (s, 2H), 3.68(s, 2H), 2.72-2.62 (m,4H) 1.31-1.19 (m, 12H);
BC NMR (75.5 MHz, CDCly): 6 171.34, 144.89, 144.54, 144.22, 143.89, 138.90, 136.52, 131.41, 131.21, 129.17, 127.87,
127.49, 120.42, 118.86, 117.29, 96.99, 86.00, 62.04, 58.60, 42.16, 41.90, 28.88, 28.66, 15.62, 15.41, 14.08; FT-IR (KBr): v

3465, 2965, 1736, 1510, 1454, 1238, 1184, 1070, 829, 623, 556 cm™'; HRMS (APCI): m/z [M + H]" calcd for C33H33BrOy:
573.1635; found: 573.1628.

cl
EtOOC .O
EtOOC O
l Et

Et
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Diethyl 7-chloro-5-(4-ethylphenyl)-4-((4-ethylphenyl)ethynyl)-1H-indene-2,2(3 H)-dicarboxylate (hb)

White crystal, 386 mg (73 % yield); m.p. 138-139 °C; '"H NMR (300 MHz, CDCls): § 7.56-7.53 (m, 2H), 7.28-7.26 (m, SH),
7.14-7.12 (m, 2H), 4.29-4.22 (q, J = 6 Hz, 4H), 3.85 (s, 2H), 3.71 (s, 2H), 2.72-2.62 (m,4H) 1.31-1.19 (m, 12H); *C NMR
(75.5 MHz, CDCl;): 6 171.36, 144.94, 144.85, 144.20, 143.88, 136.79, 136.64, 131.41, 129.87, 129.17, 128.28, 127.88, 127.51,
120.44, 116.69, 96.77, 85.95, 62.04, 58.90, 41.71, 40.20, 28.87, 28.66, 15.63, 15.43, 14.08; FT-IR (KBr): v 3460, 2967, 1736,

1510, 1454, 1269, 1244, 1184, 1155, 1070, 829, 627, 557 cm™'; HRMS (APCI): m/z [M + H]" calcd for C33H33Cl10,: 529.2140;
found: 529.2139.

Br
EtOOC .O
EtOOC O
It F

F

Diethyl 7-bromo-5-(4-fluorophenyl)-4-((4-fluorophenyl)ethynyl)-1H-indene-2,2(3 H)-dicarboxylate (ia)

White crystal, 425 mg (77 % yield); m.p. 128-129 °C; '"H NMR (300 MHz, CDCl;): § 7.57-7.53 (m, 2H), 7.38-7.6.97 (m, 7H),
4.29-4.22 (q, J= 6 Hz, 4H), 3.87 (s, 2H), 3.68(s, 2H), 1.31-1.27(t, J = 6 Hz, 6H); *C NMR (75.5 MHz, CDCl;): 6 171.22,
164.28, 164.21, 160.97, 144.64, 143.25, 139.49, 135.19, 133.34, 133.22, 131.21, 130.97, 130.86, 119.21, 115.87, 115.57,
115.09, 114.80, 95.83, 85.90, 62.10, 58.61, 42.15, 41.82, 14.06; FT-IR (KBr): v 3456, 2961, 1724, 1601, 1508, 1279, 1186,
1155, 1091, 837, 511 cm™'; HRMS (APCI): m/z [M + H]J" calcd for C,90H,3BrF,04: 553.0821; found: 553.0821.

Cl
(H5C),HCOOC .O
(H3C),HCOOC

Cl

I Cl

Diisopropyl 7-chloro-5-(4-chlorophenyl)-4-((4-chlorophenyl)ethynyl)-1H-indene-2,2(3 H)-dicarboxylate (ja)

White crystal, 426 mg (75 % yield); m.p. 156-157 °C; 'H NMR (300 MHz, CDCls): 6 7.58-7.55 (d, 2H), 7.45-7.25 (m, 7H),
5.14-5.11 (m, 2H), 3.84 (s, 2H), 3.71 (s, 2H), 1.32-1.31(d, J = 6 Hz, 12H); 1*C NMR (75.5 MHz, CDCl;): 6 170.73, 145.51,
143.10, 137.78, 134.70, 134.03, 132.93, 132.57, 130.51, 128.75, 128.22, 128.08, 121.47, 116.15, 95.64, 86.83, 69.63, 58.81,

41.53,40.14, 21.55; FT-IR (KBr): v 3460, 2980, 1728, 1491, 1253, 1190, 1101, 1012, 827, 525 cm™'; HRMS (APCI): m/z [M +
HJ* calcd for C3;H,,C1304: 569.1048; found: 569.1049.

S8



Br

e
e

7-Bromo-5-phenyl-4-(phenylethynyl)-2-tosylisoindoline (ka)

White solid; 458 mg (87 % yield); m.p. 198-199 °C; '"H NMR (300 MHz, CDCls): 6 7.85-7.82 (d, 2H), 7.57-7.55 (d, 2H), 7.46-
7.26 (m, 11H), 4.89 (s, 2H), 4.67 (s, 2H), 2.42 (s, 3H); 13C NMR (75 MHz, CDCls): § 145.12, 144.02, 143.94, 141.05, 140.708,
138.41, 135.71, 133.65, 131.88, 131.48, 130.10, 129.95, 129.15, 129.00, 128.91, 128.46, 128.28, 128.20, 128.07, 127.86,
127.65,127.47, 116.94, 115.93, 97.76, 85.01, 55.58, 55.28, 21.62 ppm; FT-IR (KBr): v 3472, 1640, 1491, 1348, 1163, 1103,
756, 679, 578, 544 cml; HRMS (APCI): m/z [M + H]* caled for Co9H,,BrNO,S: 528.0627; found: 528.0624.

Br
(0]

\//

0]
|

7-Bromo-5-butyl-4-(hex-1-yn-1-yl)-2-tosylisoindoline (1a)

White solid; 410 mg (84 % yield); m.p. 110-111 °C; "H NMR (500 MHz, CDCl;): ¢ 7.78-7.76 (d, 2H), 7.33-7.31 (d, 2H), 7.16
(s, 1H), 4.68 (s, 2H), 4.54 (s, 2H), 2.65-2.62 (t, 2H), 2.44-2.43 (t, 2H), 2.42 (s, 3H), 1.59-1.57 (m, 2H), 1.56-1.51 (m, 2H),
1.49-1.46 (m, 4H), 0.96-0.93 (t, 3H), 0.91-0.88 (t, 3H); '3C NMR (125 MHz, CDCls):  146.75, 144.20, 140.55, 134.24, 134.02,
130.33, 127.97, 118.08, 115.92, 100.19, 97.76, 55.82, 55.54, 34.05, 33.10, 31.12, 22.86, 22.38, 21.95, 19.75, 14.31, 14.02

ppm; FT-IR (KBr): v 2951, 1637, 1458, 1346, 1154, 1101, 808, 677, 590, 543 cm™!; HRMS (APCI): m/z [M + H]" calcd for
C,sH3,BrNO,S: 488.1271; found: 488.1270.

Cl
(ONyO]

\ 7/

|

5-Butyl-7-chloro-4-(hex-1-yn-1-yl)-2-tosylisoindoline (Ib)

White solid; 364 mg (82 % yield); m.p. 95-96 °C; 'H NMR (500 MHz, CDCl,): ¢ 7.77-7.76 (d, 2H), 7.32-7.30 (d, 2H), 6.99 (s,
1H), 4.64 (s, 2H), 4.57 (s, 2H), 2.65-2.62 (t, 2H), 2.45-2.43 (t, 2H), 2.42 (s, 3H), 1.60-1.58 (m, 2H), 1.55-1.52 (m, 2H), 1.50-
1.47 (m, 4H), 0.96-0.94 (t, 3H), 0.91-0.89 (t, 3H); 3*C NMR (125 MHz, CDCl;): J 146.76, 144.12, 140.82, 134.07, 132.13,
130.28, 128.36, 127.65, 117.48, 99.89, 55.32, 54.30, 34.14, 33.06, 29.60, 22.82, 22.35, 21.89, 19.68, 14.51, 14.25 ppm; FT-IR

S9



(KBr): v 3448, 2870, 1637, 1458, 1344, 1151, 1099, 817, 667, 551 cm’!; HRMS (APCI): m/z [M + H]" calcd for
C,sH3,BrNO,S: 444.1776; found: 444.1773.
Br
0 0 D

\//

/@/S\N

7-Bromo-5-butyl-4-(hex-1-yn-1-yl)-2-tosylisoindoline-6-d (Ic)

White solid; 397 mg (81 % yield); m.p. 112-113 °C; '"H NMR (500 MHz, CDCls): § 7.78-7.67 (d, 2H), 7.33-7.31 (d, 2H), 4.68
(s, 2H), 4.54 (s, 2H), 2.65-2.62 (t, 2H), 2.44-2.43 (t, 2H), 2.42 (s, 3H), 1.59-1.57 (m, 2H), 1.56-1.51 (m, 2H), 1.49-1.46 (m,
4H), 0.96-0.93 (t, 3H), 0.91-0.88 (t, 3H); '3C NMR (125 MHz, CDCl;): 0 146.84, 144.17, 140.59, 134.27, 134.12, 131.29,
130.32, 127.97, 118.09, 116.02, 100.18, 97.76, 55.82, 55.54, 34.10, 33.10, 31.11, 22.85, 22.37, 21.94, 19.73, 14.28, 14.00
ppm; FT-IR (KBr): v 3032, 2951, 1903, 1637, 1598, 1431, 1344, 1159, 1101, 808, 675, 648, 547, 540 cm’'; HRMS (APCI):
m/z [M + H]* caled for C,5H30DBrNO,S: 489.1333; found: 489.1331.

4. X-Ray Structure for ba, bb and hb

S10
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4.'"HNMR & 3C NMR Spectra for New Compounds

2000

v

FIEE

¥5TL
coEs
zed
ZEEL
giFs
BiFL
[

SoFL
865,
0ggas

PPM

aa

o e

Br

MeOOC
10

MeOOC

ZEE LY
cazey

EGZES —
b58E ——

oeeras
PE0LL

sivii—"

BiEOR —

iFe96 —

FELLLE
ELFGEE
ZR0EE
noagrszl
Lioezl
OZE'RT
oivezl
GFEET
G9ELEL
GHLEL

GOVEEL
GIREL
Fitb¥l

EC\EE

0 PPM

100

aa

Br

e
I
g

MeOOC
MeOOC

150

200

£000 ——

87
£0E'| W
9ze L —
L5 ——

Wie ——
¥OEE ——

Nmmvlzfl

952y ——=
B2 \
Z0E'Y

09g's

FOE'Z
126t H/l
ege s~

BIFL

BER 2
LR \
£z0's

EtOOC
EtOOC

|

601

40420098

S12

ba

20912

10




aokFl ——

08e’Ly
LAY

olees ——
G0LEY ——

agaas
£802L —m

oz —"

oFFa8 ——

04496 ——

baVLLLE
brLGLE
FCLEZL 1/!
mvm.hm—l/!
Loecl
GZEBT
EFFBIL

GOTETL
BLELEL Kl
ZZV el
afLBEL \
£LTEEL
LI
TR

ELEL——

i

EtOOC

]

0 PPM

50

T
200

loog ——

24T}
Z0EL
SZEL

5708 —_
pome —

VETF ———

ESTY
BiT'¥
0E'Yy

i: )
S0
zzes
5282
8RE2
0zFL WI

9FFL

GoFs
hogs
8z9s

Cl

EtOOC
EtOOC

=

A 012

408 20002

bb

208 56

L8O ——

E02°0F —
L —

SHEBE —
£BDZE —

0Fa'9s
LE0°LL V

98t LL e

LRE9E ——

04596 ——

BLEOLL
LGLETE
A paAs
GO0BE L
[ 1oy 1A%
BiEBE L
FOFBTL
[ rATAS
LFLDEL
GHFLEL
LELVIEL
VBZBE L
LEPRL
EO0°GE L

QAR

COE VL ——

Cl

EtO0C
EtOOC

0 PPM

50

T
200

S13



8T
alet
ZEE'}

GSOE
L56E
HET'F
29T'F
S8Tr
HOE'F

862
a0esL
EEEL
S9E°L
GBEL
GOFL
LiFd
4
Fad Nﬂl

aird
aogs
G094
13
GO

EtOOC

EtOOC

A

604

2961891 93
4

1188 92

bc

BE0'F

GBLTY
GRS

GL18S
£01ze

£59°02
520 tI/IY
Bt 2L

L1598

pratidi
LBG'96

clrall
LEEZE

mom.hm—%
0BE"LT b
[X45:14%
whq.mm—\

i5T6Z1
0EPIEL =
BLELEL—T—
£L60EL

mmw.ﬂ:\
EEH

0ZLFRL

SIEHLL

EtOOC

EtOOC

PP

0

50

100

bc

150

200

000

98z} T~

GOE'}

LBZT

GFEL
858 /I
COEL — 3

18EL
vevs —_

165'L H“l
2]

309

294

2.0M 97

200

2 1(p 10

PPM

Y

ca

S14



90k¥h

FELIT

L0 —
Zea0r—

96728 —_
910ss —"

zroraz
990 tw

ey —"

|BE'9B

65896

BET'LLE
FITELE

FB0 mw—/
[ PaAY
lzoeg
LEEBTL

[ _m_\
Tir el
LO0GE
BEFTEL
LOVBEL

BED'ZLL

9627102

0 PPM

50

100

ca

150

200

EtOOC

000

+O0EZ

BE0E —
o6E —
6YZF

ziTT e
962 F
0ZE'T

N

ez’
GOE'L
1BEL
0E¥'2
arFL
EOFL
GESL
LZ9'L

pos

4§

PPM

in

325

2 AA

210

cb

2 1@ 15

Cl

MeOC
EtOOC
10

BEO'F L

lzhag

FPrOBE —
Ze00F —

GEZ'EZY
BEE'GH

5992
580 42 v
05 iz

L5E98

£59'06

199°9L L
ZLLEZL
BSEZL
g9zoBzL
GEEBZL
Fer ezl
ESFBZL

)
wese =)
=7

7

FOEOEL
LETBEL
BOF Rl
EOR'FRL

EF0EsL L

L2

0 PPM

50

S15

Cl

MeOC
EtOOC

200




- -
o o
o o
L Lo
500°0"—— —_— o | 8000
oLl 1
. 62192 —_
[ L |
viett % ~| FOZh —
BEE — = M 5 T
GPG L —— r - | [
GHEbE _—
e .
o 2
5687 —— §
BEC 29—
s zesra—"
zro'as
& a0 EW
- zov'LL 3| £50°¢
BAGE “ = 150°€
£oge A 21v'o8 —
OPEY o |
GO — N (74 p—
L6z'y I BET'LG 3
aiey =
L & [P] 890G .
3 BEOG
© s00aLL r @ orvs —
F 80 8_/ i
28 R_/ -3
0008z} i
< 1ZEBEL }
8698z} L
L 162 mﬁx
L) 0z el
E0EL AL LEL—T— —% |
BLEY | EEE'BEL —_
bbL N £60 2_\ - g7 —.
) 5 ZoVERL L3 1678 — =
== o - Ty ———
BGbL —_ = IERTa grl ——
285 N o smsL ———
£002 F
Lo
1992
O F £96'L41 —3 [
o Q =
Q8 = L1810z g3 _§=
=] 2 Q
=]
E € L 3

PPM

12 14

2 0 98,

S16

da

184

1929 46

r

B
\

10

(HaC),HCOOC
(HsC);HCOOC




i
PPM

o —___
ez ———

o

eEaL

i
[

w0

50

(HsC),HCOOC
(H3C),HCOOC

Loo'o

602t ———
%?\

Fe9E *
TEBE

€05 —

PEOS —
3G\|

9522
Laz's
DL~y

SWL— =
GEYL —

9L ——
1291 -

PPM

12 62

. 2 03

db

191

Yl

2049 78

cl
I

(H3C),HCOOC
(H3C),HCOOC

eIz

o ——

eI

s

o —————

PPM

50

S17

cl
I

(H3C),HCOOC
(H3C),HCOOC




Lo

197
8L —_
aet
£l

BOOE —..
POBE —
098 —

Ty —

0Ty —=
292 H\n
18Ty

608'9
vERg H/
1969
2169 Hf/lzl
7872
66272 3=
[0y
¥8E°2 -

SP5L \
6952

615

EtOOC
EtOOC

10

980°F

FOG L
Wwier

186765
ST
819°85
85029

Sr902
conrzs — =

|\‘
06v L2

S0¥°ER

£ZB96

LEEELL
LAEELE
LIBELL

EEEG I —=
96211

:m.t_l\l
099811
6L 0EL
S00iEl—
LTLIEL
068 NE\I
1BgBElL —
[iT Y E—

CIEFFL
0BEFFL

mmw.mm_\
24651

0SE LI

OMe

Il
OMe

EtOOC
EtOOC

PPM

0

enn——

[¥r4"
S6Z°1 Wf
gL —
995, ——

50

9189
489 H/n
560
2060 —ne
zzzs
pzs =
g6z —7
o GLEL
= vogs
052

S

200

Cl

EtOOC
EtOOC

OMe

OMe

597

2303 92 2 311

10

eb

S18



GA0°F L

FOVOF —
EOL L —

GFESE
ZLE'BS
BEOD'TH

lEg'aL
55020

9 4L 7

GEE'SH

LBS'98 ——

TIEELL
SOEE L) /
85511 Ifl/pl
b9 ——
SEVBZL

189'6Z 1 t/r
LOF0E L /|
£98°1EL M
€802 ——
185'8E |

LESERL ——
PALPEL—

GBTEG ) —_
002650 —

99E°LLL

EtOOC

EtOOC

0 PPM

50

150

000" ——

oz
j=:Fa

\

HEO'E
B08°E
LleRe
298'E

N

L00°%
Se0's
a0k's

alea
FFE9
0569
LG9
GSTL
98z’ L
FLEL
FaEL
BFG L
GLGL

N N

\

Br

(H3C);HCOOC

(HsC);HCOOC

12 45

209

213 07 2 09

PPM

10

fa

gz

o —
o ——

LT

Al

o ———

oo ——"_

ooy ————

@ —

s ———

s, ——————

mE————

s —————

T

(H3C);HCOOC

(HsC),HCOOC

PPM

100

fa

150

S19



gooo-

2Tk

16T h W
0z —
FiGh

SET — T
:ZI\

BBEE ——
PREE —-

szey
BYZ T %,f
LTy ——
982 =

B60L

mw—th
0524 ———
(433

B0G'L ——
mmmh\

Br

EtOOC

EtOOC

R 22

7148

428 20010

2 P B8R0

PP

10

e
oz

o
o

s

Vo
oL e
Ean _

ga

T —

e ——

Br

EtOOC

EtOOC

akd
Fld

€9z 4
5574
2974
0e s~

Gl¥d
[:FA= s
GFSL

EtOOC

EtOOC

11 94

401

403 20003

2 0840593

ha

10

wPn

S20



GHE'9F —

BBZLLE
Dmm.m:|/|
SLPOZH W
06F° 224
mhm.hfu/
0LVBEE—D
PLELEL
pirie—
SIgeEL—"_
0eEEE L —"
0B8ED L —=
GLETEL
BEG PV L
£BE YL

FrELL——

EtOOC.

EtOOC

0 PPM

50

100

ha

150

200

8000 ——

253003
gz
rTl
9921
062
FLEL
SFEL

|\

0z9Z
L¥9T
2497
B69T
¥ELT

N

B0LE
258
0zTy
erTy
19T —
06Z'%

VI

\

BHLY
EFLL yjl
958 ——
¥RZL
TESL
L5572

Cl

EtOOC!

EtOOC

Et

PPM

12 00

399

402 2 91

hb

9L0Fk

2E8'5L
wasl—"
09982

B80T

561 0P ——
B0z —"

20688 —
ernce ——

BES mhl//,l

BEDLL—=

var s —"

GFE 58—

44486 ——

LB90LL
BEY DNF|/|
vos 5|/|
628421
282821

GOLeL —2=
—

VIBEZ
B0F _2\
9 9EL
082 0EL

BLOERL—F
96k _::I\
B5A'bFl
BEBbFL

gL ——

Cl

Il
Et

Et

EtOOC
EtOOC

0 PPM

50

T
200

S21



FANN

L9274
062}
ELEL

£BYE
998°E
0ZT'¥
EFTY
L97%
GBT'Y

L0969
S66'9
¥ens
6802
SHL
LA
6¥Z°L
9874
L0872
9ze's
[1:1203
0es's
£GEL
(3=

Lt 1

EtOOC

EtOOC

PP

£95

. . 398 2 00 96

19% 173 88

200k

EZB b — _
apLzE—""

L0985
FA ]

z09°04
2L

LG% h.\.l\\l

G6B'5e

EEB'SE

LBLFEL
Se0SHE
GOSGLE
Q98'5HE
CIZELL

L9B0E L
996°0E L
S0z IEL
BIZEEL
fee mm_w
aBL5eL— ~
0GFEEL
102 2_%
LhapplL

£L600L—
LIZ ¥l
8:2F91

alz E_‘l\

EtOOC

EtOOC

0 PPM

a0E’}
4

ELLE
GERE

201G
GTLS
FrLG

[4:1AF
GG L
aoe’t
T4
(1533
E55L
G157

P

T~
ﬂl

cl

(1)

(HsC),HCOOC
(H3C),HCOOC

PPM

1204

2 am9

194

S22



L¥SLE

CFVOF —
EES L —

ole'es

0E5°'5 ———
659z

602 —
ostiL—"

678'98 ——

GES'GH

8rioll

GOFLZ
EBOD'BZ L
GlLZBZ
L¥LIBEL
HIS0EL 1/!
a

0i5°ZE
9THTEL
EEDVEL
BB9'VEL
£8LlE L ——

GB0°EH | ———
S05°5F L ——

9zL0LL

cl

1

(HsC),HCOOC
(H5C),HCOOC

0 PPM

50

150

200

ord ard

vk

[~ tea'F

Pastars
ECEL
LPE°L
FAETL
tEE'L
gL
TEYL
1571
05572
1
[34: 8
Bra’s

G

Br

PPM

314

2 001 96

2102 17 32

10

ka

ST

GiT58
LLGES

1992
06LLL
FLOLL
8058
LT
BEEGLL
BEGOLE
[FA 44"
059°LZ 1
[EEFEAY
oi0mzl
S6LBZl
24T8T4
GSFETE
068z
Z006Z L
arLeZh
THEETH
GEO0EL
BiFLEL
BiBIEL
grgEEk
BOLGEL
13400
BOZOFL
ESOLFL
SEGEFL
T4
0ZLSrL

i T

el L

0 PPM

50

100

ka

150

200

S23



la

O
5 Ev
EL R
& .ﬂm#
EAY
vz’

At~
0g~
9K

W
@ .p.v

R =
e
E

oL —

86 I
BdI—

JER
SE0E
BT
G0 pEL-

FA e
12 b
RO

Br

QL

S—N

N 1

10

la

S24



EEE 5 a R = = g% o e
TEE OREREST T S =
cl
Q\//
/@/S\N
.0 TS o0 s 5 S.0 5.5 5.0 qad. 5 . 0O F. 5 S.0 2. 5 2. 1.5 -0 oo = 0.0 —0
Lt o B - = R W mEwEE REIEEEN
EE® GBEHEEEG = EEEE : I AR R g o =g
FUN, OREREGS ] i R EE REZ AR RES
cl
%P,
I |[H | l .
" e
30 150 140 130 iz0 110 100 an &0 70 &0 =] 40 =0 20 10

S25



10—

B
W=

2l
_m._w
Bl

Wk
E._v

Ic

L
"H
Hily
Wy
L7y
s

T~
g~
[

By
o .mv

EI,
L
U
W

-

B
Wi,
(i

Al
n,wuv

i
J137 o
b O

10

20

S0

A0

50

S0

To

Ic
S26

0.0
S—N
20

Y
110

1z0

140

150

io



