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General Information. All reactions were carried out in oven dried Schlenk vessels.
CuBr (99.0%) was purchased from Aladdin and kept in glove box. 4 A molecular
sieves was purchased from Alfa Aesar and kept in glove box after activation (heated
at 450 °C for 10 h in Muffle furnace, taken out after cooling to 200 °C and then kept
in a glove box to allow to cool to room temperature) under N». Toluene was dried over
sodium wire with benzophenone as the indicator and distilled freshly before use.
Anhydrous benzene was purchased from Aladdin and used without further treatment.
Other reagents were used without further treatment. All the temperatures are referred

to the oil baths used.

(1) 1-(3-Methyl-1-phenylhept-1-yn-3-yl)pyrrolidine 4a (tangxj-4-141)

CuBr (1.5 mol%) n

(0] " C4Hg
Ph—= + + N GAMS __ ph— { ch,
H;C™ "C4Hg H toluene, 100 °C N
1.1 equiv 1.1 equiv 1h, 92% O
1a 2a 3a 4a

Typical Procedure 1: To a dried Schlenk tube was added 4 A MS (3.0012 g) inside a
glove box. The Schlenk tube was then dried under vacuum with a heating gun. CuBr
(0.0218 g, 0.15 mmol), 1a (1.0211 g, 10 mmol)/toluene (3 mL), 2a (1.1025 g, 11
mmol)/toluene (3 mL), and 3a (0.7824 g, 11 mmol)/toluene (4 mL) were then added
sequentially under Ar atmosphere. The Schlenk tube was then placed in a pre-heated
oil bath at 100 °C with stirring for 1 h as monitored by TLC. After cooling to room
temperature, the crude reaction mixture was filtrated through a short pad of silica gel
eluted with acetone (50 mL). After evaporation, the residue was analyzed by *H NMR
measurement with 70 L of mesitylene added as the reference and then purified via
chromatography on silica gel to afford 4a (2.3577 g, 92%) (eluent: petroleum ether
(200 mL); then petroleum ether/ethyl acetate = 150/1 (200 mL); finally petroleum
ether/ethyl acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the pure product.)
as a liquid: *H NMR (400 MHz, CDCls) & 7.44-7.38 (m, 2 H, Ar-H), 7.29-7.19 (m, 3
H, Ar-H), 2.84-2.72 (m, 4 H, CH,NCH,), 1.85-1.72 (m, 5 H, 2 X CH; + one proton of

S2



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

CHy), 1.72-1.62 (m, 1 H, one proton of CH,), 1.56-1.27 (m, 7 H, 2X CH, + CHj3), 0.94
(t, J = 7.2 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls) § 131.5, 127.9, 127.4, 123.5,
91.2, 84.2, 57.6, 47.6, 41.1, 26.3, 25.7, 23.5, 23.0, 14.0; MS (ESI) m/z 256 (M+H"),
185 (M+H"-pyrrolidine); IR (neat): v = 2956, 2870, 2807, 1598, 1489, 1463, 1444,
1370, 1334, 1302, 1263, 1190, 1144, 1091, 1069, 1000 cm™; HRMS calcd for
CigH2sN [M*]: 255.1987. Found: 255.1989.

The following compounds were prepared according to this Typical Procedure.

(2) 1-(1-(4-Methoxyphenyl)-3-methylhept-1-yn-3-yl)pyrrolidine 4b (tangxj-4-151)

CuBr (1.5 mol%) .,
MeO — + )J\ + Z \ > . MeO _ atl
HaC™ "C4Hg K toluene, 100 °C Y
11equiv  1.1equiv S9N 86% Q

1b 2a 3a 4b

The reaction of 4 A MS (2.9979 g), CuBr (0.0212 g, 0.15 mmol), 1b (1.3452 g, 10
mmol), 2a (1.1018 g, 11 mmol)/toluene (5 mL), and 3a (0.7825 g, 11 mmol)/toluene
(5 mL) afforded 4b (2.5084 g, 86%) (eluent: petroleum ether (200 mL); then
petroleum ether/ethyl acetate = 150/1 (200 mL); finally petroleum ether/ethyl
acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the pure product.) as a
liquid: *H NMR (400 MHz, CDCls) $7.35 (d, J = 8.8 Hz, 2 H, Ar-H), 6.81 (d, J = 8.8
Hz, 2 H, Ar-H), 3.78 (s, 3 H, OCHs), 2.84-2.72 (m, 4 H, CH,NCH,), 1.84-1.61 (m, 6
H, 3X CH,), 1.55-1.28 (m, 7 H, 2X CH,+ CHjz), 0.93 (t, J = 7.2 Hz, 3 H, CH5); *C
NMR (100 MHz, CDClg) § 159.0, 133.0, 115.7, 113.6, 89.7, 83.9, 57.7, 55.1, 47.6,
41.3, 26.5, 25.9, 23.5, 23.1, 14.0; MS (ESI) m/z 286 (M+H"), 215 (M+H"-pyrrolidine);
IR (neat): v = 2955, 1606, 1508, 1463, 1370, 1335, 1288, 1244, 1169, 1143, 1103,
1001 cm™; HRMS calcd for C1oH,;NO [M*]: 285.2093. Found: 285.2088.

(3) 1-(1-(4-Bromophenyl)-3-methylhept-1-yn-3-yl)pyrrolidine 4c (tangxj-4-144)
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CuBr (1.5 mol%) n

_ Q [ ) 4AMS __ /Gl

Br =+ J + - Br =—{—CH,
HsC™ "CyHy N toluene, 100 °C N

H
11equiv  1.1equiv Sh 8% O
e 2 3 4c

The reaction of 4 A MS (3.0015 g), CuBr (0.0218 g, 0.15 mmol), 1c (1.8014 g, 10
mmol)/toluene (3 mL), 2a (1.1018 g, 11 mmol)/toluene (3 mL), and 3a (0.7831 g, 11
mmol)/toluene (4 mL) afforded 4c (2.9007 g, 87%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 150/1 (200 mL); finally petroleum ether/ethyl
acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the pure product.) as a
liquid: *H NMR (400 MHz, CDCls) 5 7.40 (d, J = 8.4 Hz, 2 H, Ar-H), 7.26 (d, J = 8.0
Hz, 2 H, Ar-H), 2.82-2.70 (m, 4 H, CH,NCH,), 1.82-1.62 (m, 6 H, 3XCH,),
1.52-1.28 (m, 7 H, 2X CH, + CH3), 0.93 (t, J = 7.2 Hz, 3 H, CHs); *C NMR (100
MHz, CDCl3) & 133.1, 131.3, 122.4, 121.6, 92.7, 83.2, 57.8, 47.7, 41.1, 26.4, 25.7,
235, 23.1, 14.0; MS (ESI) m/z 336 (M(*'Br)+H"), 334 (M("Br)+H"), 265
(M(®*Br)+H"-pyrrolidine), 263 (M("°Br)+H"-pyrrolidine); IR (neat): v = 2956, 2869,
2807, 1484, 1462, 1392, 1370, 1262, 1145, 1093, 1069, 1010 cm™; HRMS calcd for
C1sH24"°BrN [M*]: 333.1092. Found: 333.1102.

(4) 1-(1-(3-Bromophenyl)-3-methylhept-1-yn-3-yl)pyrrolidine 4d (tangxj-4-154)
Br. Br
CuBr (1.5 mol%) ,
®;+ ﬁ LU0 4AMS C o icC:‘hH9
o H;C~ "C4Hg H toluene, 100 °C — Y 3
11equiv 1.1equiv 1-2M90% O

1d 2a 3a 4d

The reaction of 4 A MS (3.0025 g), CuBr (0.0214 g, 0.15 mmol), 1d (1.8002 g, 10
mmol)/toluene (3 mL), 2a (1.1010 g, 11 mmol)/toluene (3 mL), and 3a (0.7831 g, 11
mmol)/toluene (4 mL) afforded 4d (2.9954 g, 90%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 150/1 (200 mL); finally petroleum ether/ethyl
acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the pure product.) as a
liquid: *H NMR (400 MHz, CDCls) 5 7.56 (s, 1 H, Ar-H), 7.39 (d, J = 7.2 Hz, 1 H,
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Ar-H), 7.33 (d, J = 7.6 Hz, 1 H, Ar-H), 7.15 (t, J = 7.8 Hz, 1 H, Ar-H), 2.82-2.72 (m, 4
H, CH,NCH,), 1.86-1.61 (m, 6 H, 3X CH,), 1.52-1.30 (m, 7 H, 2X CH, + CH3), 0.94
(t, J = 7.2 Hz, 3 H, CH3); **C NMR (100 MHz, CDCls) & 134.2, 130.5, 130.0, 129.3,
125.4, 121.8, 92.9, 82.7, 57.6, 47.5, 40.9, 26.2, 25.6, 23.4, 23.0, 13.9; MS (ESI) m/z
336 (M(®'Br)+H"), 334 (M("Br)+H"); IR (neat): v = 2956, 2870, 2807, 1589, 1555,
1470, 1404, 1370, 1119, 1069, 1039 cm™; HRMS calcd for CigHzs°BrN [M™]:
333.1092. Found: 333.1085.
(5) 1-(1-(2-Chlorophenyl)-3-methylhept-1-yn-3-yl)pyrrolidine 4e (tangxj-4-155)
cl o CuBr (1.5 mol%) cl nC4Hq
Q{ +H3C)L”C4H; ? tolue‘rt: :AOSO °c @%icm
11equiv  1.1equiv 1M 92% Q

1e 2a 3a 4e

The reaction of 4 A MS (3.0011 g), CuBr (0.0211 g, 0.15 mmol), 1e (1.3602 g, 10
mmol)/toluene (3 mL), 2a (1.1015 g, 11 mmol)/toluene (3 mL), and 3a (0.7821 g, 11
mmol)/toluene (4 mL) afforded 4e (2.6450 g, 92%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 180/1 (200 mL); finally petroleum ether/ethyl
acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the pure product.) as a
liquid: *H NMR (400 MHz, CDCls) & 7.47-7.41 (m, 1 H, Ar-H), 7.39-7.32 (m, 1 H,
Ar-H), 7.21-7.11 (m, 2 H, Ar-H), 2.88-2.75 (m, 4 H, CH,NCH,), 1.86-1.65 (m, 6 H, 3
X CHy), 1.60-1.29 (m, 7 H, 2X CH, + CHj3), 0.94 (t, J = 7.2 Hz, 3 H, CH3); °*C NMR
(100 MHz, CDCl3) & 135.6, 133.1, 128.9, 128.4, 126.1, 123.3, 97.2, 80.9, 58.1, 47.6,
41.0, 26.4, 25.7, 23.6, 23.0, 14.0; MS (ESI) m/z 292 (M(¥’CI)+H"), 290 (M(*°CI)+H™),
219 (M(®*Cl)+H*-pyrrolidine); IR (neat): v = 2956, 2870, 2810, 2221, 1470, 1437,
1370, 1146, 1057, 1033, 1000 cm™; HRMS calcd for CigH24>°CIN [M*]: 289.1597.
Found: 289.1594.

(6) 1-(5-Methyltridec-6-yn-5-yl)pyrrolidine 4f (tangxj-4-147)
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o CuBr (1.5 mol%) nCH
{ ) 4 AMS 479
"Hex—=+ Jl - ”Hex%éCH3

HsC”™ "C,4Hg N toluene, 100 °C -

H N
o,
1.1 equiv 1.1 equiv 4 h, 85% O
1f 2a 3a 4f

The reaction of 4 A MS (3.0021 g), CuBr (0.0219 g, 0.15 mmol), 1f (1.1038 g, 10
mmol)/toluene (3 mL), 2a (1.1021 g, 11 mmol)/toluene (3 mL), and 3a (0.7823 g, 11
mmol)/toluene (4 mL) afforded 4f (2.2463 g, 85%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 150/1 (200 mL); finally petroleum ether/ethyl
acetate/EtzN = 900 mL /180 mL /1 mL was applied to get the pure product.) as a
liquid: *H NMR (400 MHz, CDCl3) § 2.76-2.62 (m, 4 H, CH,NCH,), 2.19 (t, J = 6.6
Hz, 2 H, CH,C=C), 1.82-1.72 (m, 4 H, 2X CH,), 1.69-1.22 (m, 17 H, 7X CH, + CHs),
0.95-0.85 (m, 6 H, 2X CH3); *C NMR (100 MHz, CDCl;) 5 83.9, 81.2, 57.3, 47.4,
41.5,31.2, 29.1, 28.3, 26.5, 26.0, 23.5, 23.1, 22.5, 18.5, 14.0, 13.9; MS (ESI) m/z 264
(M+H"); IR (neat): v = 2956, 2930, 2859, 2809, 1463, 1370, 1330, 1303, 1260, 1237,
1175 cm™; HRMS calcd for C1gH3sN [M*]: 263.2613. Found: 263.2603.

(7) 2,5-Dimethyl-5-(pyrrolidin-1-yl)non-3-yn-2-ol 4g (tangxj-4-164)

o CuBr (15 mol%) HC4H9
>Q:+ it L) 4AMS Pé: CHj

HO HyC” "CiHg N toluene, 100°C  HO @
11equiv 1.1equiv 2N 86%
19 2a 3a ag

The reaction of 4 A MS (2.9979 g), CuBr (0.0214 g, 0.15 mmol), 1g (0.8409 g, 10
mmol)/toluene (3 mL), 2a (1.1033 g, 11 mmol)/toluene (3 mL), and 3a (0.7821 g, 11
mmol)/toluene (4 mL) afforded 4g (2.0509 g, 86%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 50/1 (200 mL)—1/1 (200 mL); finally petroleum
ether/ethyl acetate/EtsN = 180 mL /900 mL /1 mL was applied to get the pure
product.): solid; m.p. 53-55 °C (ethyl ether/petroleum ether); *H NMR (400 MHz,
CDCl3) § 2.73-2.62 (m, 4 H, CH,NCH,), 2.23 (br s, 1 H, OH), 1.81-1.72 (m, 4 H, 2X
CHy), 1.69-1.53 (M, 2 H, CHy), 1.52 (s, 6 H, 2X CH3), 1.43-1.25 (M, 7 H, 2X CH, +
CHs), 0.91 (t, J = 7.0 Hz, 3 H, CH5); *C NMR (100 MHz, CDCl5) 5 89.1, 83.3, 65.1,
57.1, 47.5, 41.0, 32.03, 32.00, 26.5, 25.7, 23.6, 23.1, 14.1; MS (ESI) m/z 238 (M+H");
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IR (neat): v = 3132, 2987, 2951, 2926, 2871, 2833, 1470, 1455, 1372, 1246, 1219,
1173, 1145, 1090 cm™; Anal. Caled for CisH,,NO: C 75.90, H 11.46, N 5.90. Found:
C 75.86, H 11.30, N 5.88.

(8) 1-(1-((tert-Butyldimethylsilyl)oxy)-4-methyloct-2-yn-4-yl)pyrrolidine 4h
(tangxj-4-150, tangxj-5-154)

o CuBr (1.5 mol%) 'C4Hg
— L) 4 AMS . /%éCH?,
TBSO o HsC™ "C4Hq N toluene, 100°C  TBSO b

1.1 equiv 1.1 equiv 4h, 78%
1h 2a 3a 4h

The reaction of 4 A MS (3.0008 g), CuBr (0.0218 g, 0.15 mmol), 1h (1.7032 g, 10
mmol)/toluene (3 mL), 2a (1.1021 g, 11 mmol)/toluene (3 mL), and 3a (0.7829 g, 11
mmol)/toluene (4 mL) afforded 4h (2.5337 g, 78%) (eluent: petroleum ether/ethyl
acetate =150/1 (200 mL)—50/1 (200 mL); finally petroleum ether/ethyl acetate/EtsN
=900 mL /180 mL /1 mL was applied to get the pure product.) as a liquid: *H NMR
(400 MHz, CDCl3) 5 4.36 (s, 2 H, OCH,), 2.76-2.65 (m, 4 H, CH,NCH,), 1.81-1.73
(M, 4 H, 2XCH,), 1.71-1.52 (m, 2 H, CH,), 1.48-1.24 (m, 7 H, 2XCH, + CHj),
0.94-0.88 (m, 12 H, 4X CH3), 0.13 (s, 6 H, CH3SiCHs); *C NMR (100 MHz, CDCl3)
586.2,82.7,57.3,51.7,47.5,41.1, 26.4, 25.72, 25.70, 23.5, 23.1, 18.2, 14.0, -5.1; MS
(ESI) m/z 324 (M+H"); IR (neat): v = 2956, 2931, 2859, 1464, 1368, 1253, 1092,
1001 cm™; HRMS calcd for C1oH3;NOSi [M*]: 323.2644. Found: 323.2638.

(9) 1-(3-Methyl-1-phenylpent-1-yn-3-yl)pyrrolidine 4i (tangxj-4-156)

o CuBr (1.5 mol%) Et
S 4 AMS -/
Ph—— + )J\ + N » Ph—— S CH;
HsC”~ TEt H toluene, 100 °C N
0,
1.1 equiv 1.1 equiv 2h, 87% Q
1a 2b 3a 4i

The reaction of 4 A MS (3.0024 g), CuBr (0.0213 g, 0.15 mmol), 1a (1.0205 g, 10
mmol)/toluene (3 mL), 2b (0.7974 g, 11 mmol)/toluene (3 mL), and 3a (0.7818 g, 11
mmol)/toluene (4 mL) afforded 4i (1.9747 g, 87%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 150/1 (200 mL); finally petroleum ether/ethyl
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acetate/EtzN = 900 mL /180 mL /1 mL was applied to get the pure product.) as a
liquid: *H NMR (400 MHz, CDCls) & 7.46-7.35 (m, 2 H, Ar-H), 7.28-7.18 (m, 3 H,
Ar-H), 2.84-2.70 (m, 4 H, CH,NCHy), 1.90-1.74 (m, 5 H, 2XCH, + one proton of
CHy), 1.74-1.62 (m, 1 H, one proton of CH,), 1.41 (s, 3 H, CH3), 1.04 (t, J=7.4 Hz, 3
H, CHs); *C NMR (100 MHz, CDCls) 5 131.4, 127.9, 127.3, 123.4, 90.9, 84.3, 58.1,
475, 33.8, 25.0, 23.4, 8.7; MS (ESI) m/z 228 (M+H"), 157 (M+H"-pyrrolidine); IR
(neat): v = 2967, 2936, 2874, 2807, 1598, 1488, 1460, 1444, 1369, 1292, 1174, 1145
cm™; HRMS calcd for CygHo1N [M*]: 227.1674. Found: 227.1674.

(10) 1-(3-Methyl-1-phenylnon-1-yn-3-yl)pyrrolidine 4j (tangxj-4-142)

CuBr (1.5 mol%)

i "CeHia
Ph——= + Pl + N 4A|\/|s0 T <CH3
HsC™ "CeHi3 N toluene, 100 °C N
1.1 equiv 11equiv 15N 86% Q
1a 2c 3a 4]

The reaction of 4 A MS (3.0021 g), CuBr (0.0210 g, 0.15 mmol), 1a (1.0221 g, 10
mmol)/toluene (3 mL), 2c (1.4098 g, 11 mmol)/toluene (3 mL), and 3a (0.7825 g, 11
mmol)/toluene (4 mL) afforded 4j (2.4298 g, 86%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 150/1 (200 mL); finally petroleum ether/ethyl
acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the pure product.) as a
liquid: *H NMR (400 MHz, CDCls) & 7.44-7.37 (m, 2 H, Ar-H), 7.30-7.21 (m, 3 H,
Ar-H), 2.85-2.71 (m, 4 H, CH,NCH,), 1.84-1.61 (m, 6 H, 3X CH,), 1.55-1.41 (m, 5 H,
CH, + CHs), 1.36-1.27 (m, 6 H, 3XCHy), 0.89 (t, J = 6.6 Hz, 3 H, CH3); **C NMR
(100 MHz, CDCl3) & 131.6, 128.0, 127.5, 123.5, 91.3, 84.2, 57.7, 47.6, 41.4, 31.7,
29.7,25.8, 24.2, 23.5, 22.6, 14.0; MS (ESI) m/z 284 (M+H*), 256 (M+H"-CH,=CH,),
213 (M+H"-pyrrolidine); IR (neat): v = 2928, 2869, 2808, 1573, 1489, 1463, 1370,
1102, 1070, 1026 cm™; HRMS calcd for C,oHogN [M*]: 283.2300. Found: 283.2303.

(11) 1-(3-Methyl-1,5-diphenylpent-1-yn-3-yl)pyrrolidine 4k (tangxj-4-157)
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Ph
o CuBr (1.5 mol%)
o [ 4 AMS
Ph——= + )K/\ NN g
HsC Ph N toluene, 100 °C  ph——= CH;3
1.1 equiv 11equiv  2h.89% N
1a 2d 3a 4k

The reaction of 4 A MS (3.0032 g), CuBr (0.0216 g, 0.15 mmol), 1a (1.0208 g, 10
mmol)/toluene (3 mL), 2d (1.6300 g, 11 mmol)/toluene (3 mL), and 3a (0.7831 g, 11
mmol)/toluene (4 mL) afforded 4k (2.7098 g, 89%) (eluent: petroleum ether (200 ml);
then petroleum ether/ethyl acetate = 150/1 (200 mL)—100/1 (200 mL); finally
petroleum ether/ethyl acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the
pure product.) as a liquid: *H NMR (400 MHz, CDCls) & 7.46-7.38 (m, 2 H, Ar-H),
7.32-7.11 (m, 8 H, Ar-H), 2.87-2.73 (m, 6 H, CH,NCH, + CH,), 2.16-1.96 (m, 2 H,
CH,), 1.86-1.74 (m, 4 H, 2X CH,), 1.53 (s, 3 H, CH3); *C NMR (100 MHz, CDCls) 5
142.4, 131.6, 128.3, 128.2, 128.1, 127.6, 125.6, 123.3, 90.9, 84.6, 57.6, 47.7, 43.3,
30.7, 25.7, 23.6; MS (ESI) m/z 304 (M+H"), 233 (M+H"-pyrrolidine); IR (neat): v =
2961, 2871, 2807, 1599, 1490, 1454, 1370, 1276, 1130 cm™; HRMS calcd for
C22H2sN [M*]: 303.1987. Found: 303.1980.

(12)1-(3,4-Dimethyl-1-phenylpent-1-yn-3-yl)pyrrolidine 41 (tangxj-4-176)

CuBr (1.5 mol%)

Ph——= + Z S 4 AMS . Ph— CH3
H5;C —— —
toluene, 100 °C N
1.1 equw 1. 1 equiv. 290, 80% O

1a 3a 4]
The reaction of 4 A MS (3.0012 g), CuBr (0.0218 g, 0.15 mmol), 1a (1.0205 g, 10

mmol) /toluene (3 mL), 2e (0.9472 g, 11 mmol)/toluene (3 mL), and 3a (0.7824 g, 11
mmol)/toluene (4 mL) afforded 41 (1.9375 g, 80%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 200/1 (200 mL)—100/1 (200 mL); finally
petroleum ether/ethyl acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the
pure product.) as a liquid: *H NMR (400 MHz, CDCls) & 7.45-7.36 (m, 2 H, Ar-H),
7.31-7.23 (m, 3 H, Ar-H), 2.81-2.68 (m, 4 H, CH,NCH,), 2.06 (heptet, J = 6.8 Hz, 1
H, CH), 1.83-1.70 (m, 4 H, 2XCH,), 1.25 (s, 3 H, CH3), 1.11 (d, J = 6.8 Hz, 3 H,
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CHs), 0.94 (d, J = 7.2 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls) § 131.6, 128.1,
127.5, 123.7, 91.9, 84.4, 61.5, 47.3, 35.1, 23.6, 19.4, 19.1, 15.5; MS (ESI) m/z 242
(M+H"), 171 (M+H"-pyrrolidine); IR (neat): v = 2963, 2873, 2807, 1598, 1490, 1463,
1444, 1384, 1367, 1254, 1194, 1160, 1140 cm™; HRMS calcd for Ci7HsN [M™]:
241.1830. Found: 241.1833.

(13) 1-(3-Ethyl-1-phenylhex-1-yn-3-yl)pyrrolidine 4m (tangxj-4-173)

1) O CuBr (1.5 mol%)
= + \)k/\"' 4AMS >~ Ph—=

” toluene, 100 °C N
1.1 equiv 1.1 equiv 2.5h, 84% Q

1a 2f 3a 4m

Ph

The reaction of 4 A MS (3.0018 g), CuBr (0.0218 g, 0.15 mmol), 1a (1.0205 g, 10
mmol) /toluene (3 mL), 2f (1.1009 g, 11 mmol)/toluene (3 mL), and 3a (0.7824 g, 11
mmol)/toluene (4 mL) afforded 4m (2.1310 g, 84%) (eluent: petroleum ether (200
mL); then petroleum ether/ethyl acetate = 100/1 (200 mL)—50/1 (200 mL); finally
petroleum ether/ethyl acetate/EtsN = 900 mL /180 mL /1 mL was applied to get the
pure product.) as a liquid: *H NMR (400 MHz, CDCls) & 7.44-7.38 (m, 2 H, Ar-H),
7.30-7.22 (M, 3 H, Ar-H), 2.80-2.70 (m, 4 H, CH,NCH), 1.85-1.62 (m, 8 H, 4 X CH,),
1.49-1.37 (M, 2 H, CH,), 0.99-0.92 (m, 6 H, 2 X CHs); **C NMR (100 MHz, CDCl5) 5
131.7,128.1, 127.5, 123.7, 91.5, 84.6, 61.5, 47.3, 38.6, 29.6, 23.6, 16.9, 14.5, 8.2; MS
(ESI) m/z 256 (M+H"), 185 (M+H"-pyrrolidine); IR (neat): v = 2959, 2873, 2807,
1598, 1489, 1459, 1294, 1259, 1145, 1120, 1069, 1026 cm™; HRMS calcd for
CisH2sN [M']: 255.1987. Found: 255.1990.

(14) 1-(4-(Phenylethynyl)heptan-4-yl)pyrrolidine 4n (tangxj-5-22)

0 O CuBr (5 mol%)
— +/\)J\/\+ LANS - P——=

H toluene, 100 °C N
1.1 equiv 1.1 equiv 8 h, 66% Q

1a 2g 3a 4n

Ph

The reaction of 4 A MS (3.0012 g), CuBr (0.0709 g, 0.5 mmol), 1a (1.0201 g, 10
510
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mmol) /toluene (3 mL), 29 (1.2547 g, 11 mmol)/toluene (3 mL), and 3a (0.7821 g, 11
mmol)/toluene (4 mL) afforded 4n (1.7765 g, 66%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 200/1 (200 mL); finally petroleum ether/ethyl
acetate/EtzN = 900 mL /90 mL /1 mL was applied to get the pure product.) as a liquid:
'H NMR (400 MHz, CDCl3) 5 7.44-7.36 (m, 2 H, Ar-H), 7.30-7.19 (m, 3 H, Ar-H),
2.79-2.69 (m, 4 H, CH,NCH,), 1.82-1.62 (m, 8 H, 4X CHj), 1.51-1.37 (m, 4 H, 2 X
CHy), 0.94 (t, J = 7.4 Hz, 6 H, 2 X CH3); *C NMR (100 MHz, CDCls) 5 131.6, 128.1,
127.5,123.7,91.6, 84.5, 61.1, 47.3, 39.3, 23.5, 17.0, 14.5; MS (ESI) m/z 270 (M+H"),
199 (M+H"-pyrrolidine); IR (neat): v = 2957, 2872, 2807, 1598, 1489, 1457, 1254,
1121 cm™; HRMS calcd for C1gHo7N [M*]: 269.2143. Found: 269.2138.

(15) 1-(1-(Phenylethynyl)cyclohexyl)pyrrolidine 40 (tangxj-4-165)

@)
CuBr (1.5 mol%)
Ph—= + + [ > 4AMS __ Ph—=
H toluene, 100 °C N
1.1 equiv 1.1 equiv 3h,93% O
1a 2h 3a 40

The reaction of 4 A MS (3.0025 g), CuBr (0.0215 g, 0.15 mmol), 1a (1.0217 g, 10
mmol) /toluene (3 mL), 2h (1.0795 g, 11 mmol)/toluene (3 mL), and 3a (0.7821 g, 11
mmol)/toluene (4 mL) afforded 4o (2.3526 g, 93%) (eluent: petroleum ether (200
mL); then petroleum ether/ethyl acetate = 100/1 (200 mL)—50/1 (200 mL)—5/1 (200
mL); finally petroleum ether/ethyl acetate/EtzN = 700 mL /350 mL /1 mL was applied
to get the pure product.) as a liquid: *H NMR (400 MHz, CDCls) § 7.45-7.38 (m, 2 H,
Ar-H), 7.30-7.21 (m, 3 H, Ar-H), 2.84-2.74 (m, 4 H, CH,NCH,), 2.07-1.98 (m, 2 H, 2
X one proton of CHy), 1.83-1.47 (m, 11 H, 5X CH, + one proton of CH,), 1.30-1.17
(m, 1 H, one proton of CH,); *C NMR (100 MHz, CDCls) § 131.5, 127.9, 127.4,
123.5, 90.2, 85.9, 59.0, 46.8, 37.7, 25.5, 23.3, 22.8; MS (ESI) m/z 254 (M+H"), 183
(M+H"-pyrrolidine); IR (neat): v = 2929, 2854, 2806, 1598, 1488, 1444, 1289, 1265,
1158, 1124, 1068 cm™; HRMS calcd for C1gH2sN [M*]: 253.1830. Found: 253.1829.

(16) 4-(3-Methyl-1-phenylhept-1-yn-3-yl)morpholine 4p (tangxj-4-162)
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0 0 CuBr4 (/1& i/l rgol%) o
Ph—= + Pt + [ j - ph—=—{"Ch,
H3C™ "C4Hg N toluene, 100 °C N
H
1.1 equiv 1.1 equiv 15 h, 64% < >
1a 2a 3b 4p o

The reaction of 4 A MS (2.9979 g), CuBr (0.0215 g, 0.15 mmol), 1a (1.0217 g, 10
mmol) /toluene (3 mL), 2a (1.1017 g, 11 mmol)/toluene (3 mL), and 3b (0.9573 g, 11
mmol)/toluene (4 mL) afforded 4p (1.7343 g, 64%) (eluent: petroleum ether (200 mL);
then petroleum ether/ethyl acetate = 200/1 (200 mL)—100/1 (200 mL); finally
petroleum ether/ethyl acetate/EtsN = 900 mL /90 mL /1 mL was applied to get the
pure product.) as a liquid: *H NMR (400 MHz, CDCls) § 7.44-7.37 (m, 2 H, Ar-H),
7.30-7.22 (m, 3 H, Ar-H), 3.74 (t, J = 4.6 Hz, 4 H, CH,OCH,), 2.74-2.61 (m, 4 H,
CH,NCHa), 1.74-1.65 (m, 2 H, CHj), 1.51-1.40 (m, 2 H, CHj), 1.40-1.28 (m, 5 H,
CH,+ CHs), 0.94 (t, J = 7.2 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls) § 131.5,
128.0, 127.6, 123.2,91.1, 84.5, 67.3, 57.6, 47.0, 38.7, 25.9, 23.6, 22.9, 14.0; MS (ESI)
m/iz 272 (M+H"), 185 (M+H'-morpholine), 129 (M+H"- morpholine -
CHsCH,CH=CHy,); IR (neat): v = 2956, 2817, 1598, 1489, 1453, 1270, 1118 cm™;
HRMS calcd for C1gH2sNO [M*]: 271.1936. Found: 271.1928.

(17) 1-(3-Methyl-1-phenylhept-1-yn-3-yl)piperidine 4q (tangxj-5-23)

CuBr (10 mol%)

o) C4H
4 AMS 4179
Ph— + + > Ph———+F—-CHj
HsC™ "C4Hg N toluene, 100 °C N
. H 0
2 equiv 1 equiv 1 equiv 12h, 53% < >
la 2a 3c 4q

The reaction of 4 A MS (301.0 mg), CuBr (14.1 mg, 0.1 mmol), 1a (204.2 mg, 2
mmol) /toluene (0.3 mL), 2a (99.5 mg, 1 mmol)/toluene (0.3 mL), and 3c (84.7 mg, 1
mmol)/toluene (0.4 mL) afforded 4q (142.9 mg, 53%) (eluent: petroleum ether (200
mL); then petroleum ether/ethyl acetate = 200/1 (200 mL)—150/1 (200 mL)—100/1
(200 mL)—50/1) as a liquid: *H NMR (400 MHz, CDCls) & 7.46-7.39 (m, 2 H, Ar-H),
7.31-7.24 (m, 3 H, Ar-H), 2.72-2.55 (m, 4 H, CH,NCH,), 1.77-1.68 (m, 2 H, CH,),
1.66-1.58 (M, 4 H, 2 X CHy), 1.52-1.29 (m, 9 H, 3X CH, + CH3), 0.93 (t, J = 7.2 Hz, 3
H, CHs); BC NMR (100 MHz, CDCl3) 6 131.6, 128.1, 127.5, 123.7, 92.5, 83.9, 58.1,

S12



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

47.7,39.2, 26.6, 26.4, 24.7, 23.9, 23.1, 14.1; MS (ESI) m/z 270 (M+H"), 185 (M+H"-
piperidine); IR (neat): v = 2931, 2856, 2798, 1598, 1489, 1442, 1263, 1169, 1150,
1088, 1070, 1027 cm™; HRMS calcd for C19H27N [M*]: 269.2143. Found: 269.2138.

(18) 1-(2,4-Diphenylbut-3-yn-2-yl)pyrrolidine 4r (tangxj-5-19)

CuBr (10 mol%)
o [\ 4AMS on
Ph——= + )J\ + Ph— N CHj
H,C~ “Ph H toluene, 100 °C N
. . . 12 h, 46%
5 equiv 1 equiv 1 equiv
la 2i 3a 4r

The reaction of 4 A MS (300.8 mg), CuBr (14.2 mg, 0.1 mmol), 1a (509.7 mg, 5
mmol)/toluene (0.5 mL), 2i (120.5 mg, 1 mmol)/toluene (0.5 mL), and 3a (83.5 uL, d
= 0.852 g/mL, 71.1 mg, 1 mmol) afforded 4r (126.6 mg, 46%) (eluent: petroleum
ether (200 mL); then petroleum ether/ethyl acetate = 200/1 (200 mL)—150/1 (200 mL)
—100/1 (200 mL); finally petroleum ether/ethyl acetate/EtsN = 900 mL /18 mL /0.5
mL was applied to get the pure product.) as a liquid: *H NMR (400 MHz, CDCls) &
7.78 (d, J = 7.2 Hz, 2 H, Ar-H), 7.56-7.47 (m, 2 H, Ar-H), 7.39-7.20 (m, 6 H, Ar-H),
2.82-2.71 (m, 2 H, CH,N), 2.67-2.55 (m, 2 H, NCH,), 1.84-1.69 (m, 7 H, 2X CH, +
CHy); BC NMR (100 MHz, CDCl3) 5 145.6, 131.8, 128.2, 128.0, 127.9, 127.0, 126.3,
123.4, 89.4, 87.2, 62.5, 48.4, 32.3, 23.8; MS (ESI) m/z 276 (M+H"), 205
(M+H*-pyrrolidine); IR (neat): v = 1598, 1489, 1445, 1365, 1222, 1105, 1027, 1000
cm™; HRMS calcd for CyoHouN [M*]: 275.1674. Found: 275.1670.

Reactions in benzene with a Dean-Stark trap in the absence of 4 A molecular
sieves.

(1) 1-(3-Methyl-1-phenylhept-1-yn-3-yl)pyrrolidine  4a (tangxj-5-128)

o [\ CuBr(1.5mol%) /'CaHo
Ph——= + )J\ + > Ph—— £ CH
HiC™ "C4Hqg N Benzene, 110 °C N
50 mmol 1.1 equiv 1.1equiv 30N 92% Q
1a 2a 3a 4a

Typical Procedure 2: To a three-necked flask equipped with a Dean-Stark trap and

a condenser dried under vacuum with a heating gun were added CuBr (0.1073 g, 0.75
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mmol), 1a (5.1077 g, 50 mmol)/benzene (20 mL), 2a (5.5095 g, 55 mmol)/benzene
(20 mL), and 3a (3.9121 g, 55 mmol)/benzene (10 mL) sequentially under Ar
atmosphere. The flask was then placed in a pre-heated oil bath of 110 °C with stirring
for 3.5 h as monitored by TLC. After cooling to room temperature, the crude reaction
mixture was filtrated through a short pad of silica gel eluted with acetone (200 mL).
After evaporation, the residue was purified by chromatography on silica gel to afford
4a (11.7335 g, 92%) (eluent: petroleum ether (200 mL); then petroleum ether/ethyl
acetate = 150/1 (200 mL)—70/1 (200 mL); finally petroleum ether/ethyl acetate/EtzN
=900 mL /180 mL /1 mL was applied to get the pure product.) as a liquid: *H NMR
(400 MHz, CDCl3) & 7.44-7.38 (m, 2 H, Ar-H), 7.30-7.23 (m, 3 H, Ar-H), 2.84-2.73
(M, 4 H, CH,NCH,), 1.84-1.62 (m, 6 H, 3X CH,), 1.57-1.29 (m, 7 H, 2X CH, + CHy),
0.94 (t, J = 7.2 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls) & 131.5, 128.0, 127.4,
123.5,91.3,84.2,57.7,47.6,41.1, 26.4, 25.7, 23.5, 23.0, 14.0.

(2) 2,5-Dimethyl-5-(pyrrolidin-1-yl)non-3-yn-2-ol 4g (tangxj-5-138)

0 "C,4Hg
\/{ _ . i .\ [ ) CuBr (1.5mol%)  \/ _ <CH3

HO HsC” C4Hq N Benzene, 110 °C g N
50 mmol 1.1 equiv 1.1 equiv 3.5h, 95% O
19 2a 3a 49

Following the above procedure, the reaction of CuBr (0.1079 g, 0.75 mmol), 1g
(4.2071 g, 50 mmol)/benzene (20 mL), 2a (5.5095 g, 55 mmol)/benzene (20 mL), and
3a (3.9122 g, 55 mmol)/benzene (10 mL) afforded 4g (11.3311 g, 95%) (eluent:
petroleum ether (200 mL); then petroleum ether/ethyl acetate = 50/1 (200 mL)—1/1
(200 mL); finally petroleum ether/ethyl acetate/EtsN = 180 mL /900 mL/1 mL was
applied to get the pure product.) as a solid: *H NMR (400 MHz, CDCls) & 2.74-2.61
(m, 4 H, CH,NCHy), 2.52 (br s, 1 H, OH), 1.82-1.72 (m, 4 H, 2X CH,), 1.70-1.49 (m,
8 H, CHp+ 2X CHj3), 1.43-1.26 (m, 7 H, 2X CH, + CHs), 0.91 (t, J = 7.2 Hz, 3 H,
CHs); *3C NMR (100 MHz, CDCls) & 89.1, 83.1, 64.9, 57.1, 47.5, 41.0, 32.02, 31.99,
26.4,25.7, 23.5, 23.0, 14.0.

S14



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

0000-—
1260
6£6°0
1560
LIEL
el
95¢°L
8.1
1ZvL
¥8pL
9€9'L
059'}
699'L
891
169'L
0LLL
veLL
ovl'L
9L}
1807}
208°'L

9.L¢C
18L¢C

~ TN

ove'L
yse'L
06€°L
£€6€°L
80Y'L
viv'e

N

wn
S
el
D
«
rs\
S
< Ty
w
T
o
—
(=2
Laed
s RE
S [ONS]
o 3 = z
g T
o~ -
SE®Y Il 5
NZ .
o ¥
Faug
>
° < =
28§S a
©
@
aNS—
©
=23
—

S15

PPM

T
0




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

Nov 13 2012

"C,Ho
CH,
O

4a

Ph

SOLVENT: cdcl3
= 40

NA
tangxj-4-141-C-400M

PPM

O

S16




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000

8iv'L

164}

cLLT
6..¢C

——

6LL°€

= 8
tangxj-4-151-H-400M

Nov 17 2012
SOLVENT: cdcl3

7.22
J

fw

s

.08

|

"C4Hg

CHy
O

S17

J

4b

MeO

]




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

WorL —
00L'€Z

8VG'EC ———

0se'Ly
€E9' LY

LoVSSs—
Svl'LS

BLELL—
1168
5968
L2
£
20
< P4
9e9EL L — Il g

868 GLL —

056'ZEL 2
s
886'8G)
=
8
P
a8 2
RE®Z
~W Y
-2 %
30g
Zw%ﬂ

S18

PPM

100

150

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000~

3.01

LW

256'0
o
958t —— =
L ————
ey — g
1G9} —o ©
G689t —
oLy —
1512 8
<
oLz —
(=2}
I Laed
I
0
15 z
"
<
o
2
3 3
Ng #
ScoY
NZ Il
2
TANE
233§
2572
16E'L
L

S19

92

o T

1

PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

6L9°9L
000'2L }
oL /L

. D
8LZES TP
0?2
9026

GToLeL ——0 o
8erzeL —
09718} ———
8.0°€EL —

=

8

3 ¥

'8 (@]

~O 3

QEST

sw Y

TaNE

30<c

ZNnZ g8

S20

PPM

0

100

T
200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000~

8L6°0 -
960 -

560
0og’l
ocy'l

89¥’'L —

(44N
§69'L
€89'1L

€cLL -
28l —

1081

192'¢
98.°¢C -

€CLL
eGL°L -
cLLL
SicTAVA
vee'L
EveEL
JASI WA
Gy
865 L

4

/

N\

= 16
tangxj-4-154-H-400M

SOLVENT: cdcl3

Apr 92013
NA

S21

&

o
£
55

I

o

[a1]

3.05

|

4.05

O

4d

Mo, K

|

0 PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

189'9L
000'2L >_
£2€'LL

G2Le8

05826

‘_
o
)
2]
N
=
Br.

g
«
S X
o3 3
= is00
AR
oW Y
2> 'K
>s2 o
20<g &
Z0nZ28

S22

PPM

150

T

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000

emz://_
2€8'T

e
<
o
=
3
g ]
N.8 O
geod
ow Y
v—ani‘
$3s5
0SLL
651,
891°L

N MW
TN
RN
L S S

S23

PPM

4.03

1.94

0.96

/493]




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

902°L6

<
~
. ©
©
N
-
Cl

48

tangxj-4-155-C-400M

SOLVENT: cdci3

Nov 19 2012
NA

S24

PPM

100

150

200

| i




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Z16'0
0g60 —
~
2 .
LOE'L S I
oy ———
’yL —
6291 ———— 8
29L'L o
9,12
€61C % S —
6022
o
o
Frr— — —
Lr
T OG0 /3
=] = z
23
3 T
o Pl >
RE®T Il 5
oy Y
- >
5355 £
<
S0€'L —

S25

0 PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

8L6'EL
966'
vSv'8l
20522 _\

oLL'ee
¥05'€C

8L09Z —
52597 — —

o689z ——
9LL'62
9€T'LE
L9V LYy

W

(4% VA4

CcLTLS

G89'9L
000°LL
0zeLL
8118 —

G/8'¢8

4

20

tangxj-4-147-C-400M

SOLVENT: cdcl3

Nov 15 2012
NA

S26

PPM

100

il

150

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

000°0-

1680 ©

¥16°0 ; ¢ : s R
€60 —

LLEL N

Vel X 8

98¢g’L & e ——j
LIS —— 8 o

086"} e © \n\

vegL — S

0S.'L —, V\

9L} f

€8L')

S
ey —— —
9.9 8
V897 — ¥

> [aed
35
5 =z
o
If ¥
o)
% I
=
]
3 3
NB $
QE®S
88 %
233s
1822

S27




§TL LG ———
§L0'69 ———
£89°9L

000°2L }_
8L€LL

157E8 ———
9068 ———

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

nC4H9
CHj
O

(=2
It ¥
(@)
I
[ re
(<)
i
=
(L
)
! (2]
|\ e
| rm™
I E
| to
/ o
866'1€-— - o
N S
s
5202 — =
\ wn
\ L9
| o
I ™
s
|
i [e
=]
| Foi
- ™
| e
{ ‘B
)
| F
=
8
©
g d
3 $
b T
RE®T
o w hi
NS> R
>= D
20<«¢c
ZNnZ 8

S28

PPM

T
200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000
1240

€680 -
PLE0
/

1260 —

12.37

BB
LTBY s
oovL  —
LG o
JGITE e

969'2 B
o1z - —

nC,4Ho
CH,

O

= 8
tangxj-5-154-H-400M

Apr 92013
SOLVENT: cdcl3
NA

TBSO

69T L e

S29

PPM

L

5.93

-

J

4.12

A

4h
2.00




00kGe s

69181
60167 — > —

LOVET —>
104'G2
81L.°G¢ /
66€'9C
6Vl ———

oSl ———
LS e
0¢e’LS

889°0L
000°2L 5_
€28 LL
26978 ——
961'98 ———

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

60L'€C — -

L9V'ET — =

T A A L 1 T

L0L'SZ - Sty
8LL'SZ —

\

nC,Ho
CH,
O

= 72
tangxj-5-154-C-400M

SOLVENT: cdcl3

Mar 22 2013
NA

TBSO

S30

— T

232 23.0

234

238

2 ES Tom A B o e e B s 0 TR R o D s R
236

25.70

25.75

25.80

B L e e e e e e e L B B
2565 25.60

PPM

0

100

T
200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000

.00

498

Et

CHs
O

= 8
tangxj-4-156-H-400M

SOLVENT: cdcl3

Nov 20 2012
NA

S31

Ph

5.03

N

S

4.02

|

4i

0PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0598

LEY'EC ———
Y6 Y —

028'ee

98y’ Ly

190'8S

(oo}
o
S

Et
CHs
O

4i

s

o
gee el —
e LZL ——
€982l —
oy gL ——

=

8

3 7

3 %)

SEJL

N Z 3

ol Y

Nz %

3ogzt

ZnZ 8

S32

PPM

50

100

150

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

3.00

§.92

5/01

8.2 /
g8LT

"CeH13
CH,
O

= 8
tangxj-4-142-H-400M

Nov 17 2012
SOLVENT: cdcl3

S33

6.06

4.05

4j




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

'CeH13
CH,
O

4

T
LBV e ——— -
28y LTl ——
o008t —
85 LEL —
=
8
g3
¢\l‘8 o
SEeS
NZ !
N
qué
30g¢c
ZnzZz s

S34

PPM

T
200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000

j.00

918¢C

Ph

8

tangxj-4-157-H-400M

SOLVENT: cdcl3

Nov 22 2012
NA

4.03

2.07

6.04

L AU

CHj3,
4k

Ph

~o
- O
I3
~ N
[80

)\

S35




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

109 €0 —
0LLGe—
989'0€ —
olgey —
689 LY ———

VL

629G ——— ﬁ [

| b

869221 — — [¥

| ©

0899/ N

OOO'LL>" L

SleLL I I8

919 Y8 —— 190'824 — --::f_,f [+

] FN

99806 eszoZl -~ &

052821 — *—*W "

3

-

I

PPM

50

100

L9E°CY) ——

Ph
CH;
O

48

tangxj-4-157-C-400M

SOLVENT: cdcl3

Nov 22 2012
NA

S36

150

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000~

¥E6°0
2560
860°h ——
Sy —
15T ———
1S
oL}
8Ll
102
820C
Sv0'Z
2902
60T
960'C
€Lz

6lLLC
9eL'C
VA 74
§9.7C

N W

8
tangxj-4-176-H-400M

SOLVENT: cdcl3

Dec 22012

82¢'L
€6T°L
LSTL
1.2,
96¢€°L
Lov'L
(43
6lv'L

N

4.18

4.19

S37

3.10

3.13

A

3[11

n
o
F\
<
[+2]
«©
T
]
o S

ﬁk e

PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

180°GE

oee Ly

L8V°19

€89°9L
000°2L }
BIELL
88E'Y8

20 B ———— : 5

=

o
ceLEC —
18yl ——
96082, —
evo'leL —

=

S

2 X

B 3

o~ S

Sl

~Yy Yx‘

80«

oOnZ8

S38

PPM

T
200




0000
9z6'0

¥v6°0

£96°0

1860

08¢l

66€°L

6LYL

6EV'L

85¥L

9Lyl

999’} =
LL9')
LoL')
zeLL
0S.'L
69L°L —
98/'1L
1281

Fe

W

ceLe
8¥.'C
§9.°¢

NN

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

8

tangxj-4-173-H-400M

SOLVENT: cdcl3

Dec 12012
NA

S39

2.92

1/93

T
PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Sve'8

€S ——
048 Q) ———

LSG°€T

8556¢

929'8¢

[A4WA4

881’19

40

tangxj-4-173-C-400M

SOLVENT: cdcl3

Apr 8 2013
NA

S40

PPM

50

I
200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000~
€260
L¥6°0
0960
88¢’1
90v'L
vev'l
8hv'L
o9v'L
S8yl
el
£€99'L
699'L
LL9}
G89'lL
L0L')
oLL'L
0zL'L
6vL'L
oG’
SoL'L
Y.L
[4: 7%

8.09

0eLe
ovLe
29LC

e

Q
~8 1
SE®d
Qz X
oW ¥
2> 1K
g0«
oOnZs

SvT'L
8vZ'L
€9C°L
9.2'L
98¢,
16€°L
€0v'L
olv'L

)

S41

6(00

4.02

3
R

1.9




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

86V ¥l
2869 —

Lesee

LYE'6E

S0€LY
050°19
¥89°0L
000°LL }—
olELL

6058

G29'L6

= 24
tangxj-5-8-C-400M

Dec 16 2012
SOLVENT: cdcl3

S42

T
PPM

T
200




000 Qi

9Ge't
GEG')
GG’}
L19°)
yvo'l
0L9°}
089'L
YL
€8L°1
[4e7A8%
0L0C -
ovoe —

ole —7
6.2
8087 —

e

\

11.23

= 8
tangx;j-4-165-H-400M

SOLVENT: cdcl3

Nov 27 2012
NA

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

S43

Ph

1.1

4.02

O

40

2.02

291

J

Jul

0 PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

L20'6S

089'9L
000'LL }—
oLELL
298's8

00208 ~———
=z

6LV Eee) —

98 LZL ——___
vee LTl —

00S'LEt —

16
tangxj-4-165-C-400M

SOLVENT: cdcl3

Nov 27 2012

NA

s44

T
PPM

T
100

T
200




0000

0260 ———

€60 _—f

966'0

8z¢'L

e ———=

8LE'L f

2
I

z89'L
90.'L /
€zZLL

L59°C
699'C
289¢C
G69'C

Y

LELE ——=
rAZR> f
¥SL'E

yee'L
652,
A TAVA
clel
28C'L
1o¥'L
90v'L
olv'L
9L

Y

Nov 25 2012

SOLVENT: cdcl3

NA

8

tangxj-4-162-H-400M

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

513

.04

09

..

"CaHo
E= CH3
- C P

S45

4.02

4.00

\w\

2.02

297

JU

:
)

0 PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

896°¢€lL

12622
885€7 ——
898'6c —

YvL'8E
€v0'LY
C¢E9'LS

sTI9—

189'0L
000°22 >
BLELL

YAA4]

6016 —

861 €sl —

219lel ——
€662 —

PPM

0

50

100

96¥'LEL —

nC,He
CHs
)
4p <~0

= 32
tangxj-4-162-C-400M

SOLVENT: cdcl3

Apr 82013
NA

S46

150

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

00070 =

9160
y€6°0
¢S6°0
Liel
62¢’)
8ve’L
GoE'L
88¢’|
LEV'L
SGy'L
009}
vi9'l
8¢9’}
604°L
yeL'L

e

8¢9¢C
6€9°¢C

N

09Z'L

POzl —N__
8L L —
80v'L

ZivL 7—
GZyL —

YL —

9.39

3.03
J I

CH,

O
4q

nC4H9

8
tangxj-5-23-H-400M

SOLVENT: cdcl3

Dec 24 2012

4.16

-
il

/

PPM




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

PPM

0

oLyl

8LL'ET

EV6'€T X
189'%C =
zLe92

196°9¢

VEE e

089 Ly —

o

T

8LL'EZ —— ==y [

EP6'EZ — =

089'9L
000°LL . . 1899 — —

24

(e}
—
™
~
~
S o e o e S e

zLe9e s
19592 - —

T T T T T T

nC4Ho

CH,

O
4q

Ph

= 32
tangxj-5-23-C-400M

Dec 24 2012
SOLVENT: cdcl3

NA

S48

23

25

26

100

27

_ _LI.__J._J_M _

150

200




0000

9L} ——
69L )V —

819¢C
¥SLC

41
1eeL
6€C’L
LST'L
20e’L
olLeL
8ce’L
LyE'L
LG,
0€5'L
VLLL
68L°L

N

=
o 8
9 N
~3 T
S e
RE" 7
o W 4
NS R
o= O
30(5
wZz=E

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

7.37

Ph
CH,
O

4r

Ph

6.21

S49

)

i
M




8L e —

8Ye e ——

e

0v5¢o

v89'9/
000°2L ?2

0ce’LL

ZMISi;;;;
v9£'68 -

GLEECL
Lye'9cl
G/6'9¢t
G06°L¢C) -
€208¢1 —
cee8el —
6.L°LEL

7Z

N

Er9'Svl

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

P T —

SL6°9CL - - R

506°22) R
€2082L — @ ——

ceeeel —

e

a e
= O
o | .z

[
<
Y]
o
=
o 8
9 ¥
a8 9
SEN2
NZ \
TR
Nau'g
O
O <
oOnzZ8

S50

i

PPM

T
150

|
200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0000~
61670
L£6°0
GG6°0
9¢e’L
29¢’L
08¢’}
62vL
LoVl
005}
LE9')
¥99'L

S0L'L i —
8€/'L
0GL'L
8LL'L
G6L'L
L8l

(s

J
iy

4.14

18.¢
18L°C

NN

s L
S
8 3 L
3 3
CLod 0
Rg @
~>a R |
50« 2
SnZe ]
—©
-~
65CL 4 L
v9z'L % B
LTl —_ -
16€°L
0V’ L — i
SivL L
Lev's
0o

S51



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

(=2
I(')
g 55
2§ Q=
38 9Q
-]
cpeg S
Rg » I
=5k
] c
3358 £

S52

PPM

100

150

200




000°0-

] —
188 ——
A
S09h
YA A
A —
8197 —

1897 —
] —

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

7.28

A

8122

=

o
o ¥
g I
D s
I~ ©
«z ' 5
ow
-> %
“d o
TO< C
SnZs8

S53

"C4Ho
CHs;
O

4g

HO

4.04

o

)L JL

S




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

966 €L —

820°€2
LES'ET i\‘

§99'67 ——

9T —
z66'1E ——
910°Z¢
060y ———
vev Ly
epLLG ———
226v9 ———
£89°9L — -
00022 ——__ Ty
QPSR e g% 2/3
€18 ———
orLeg - ——— Ii s
o
I
266°LE —
910°C¢ -
=
5]
[\2}
g
2 aR
E&82
e
- > 0%
50« 2
=ZnZz8

S54

PPM

50

AP R T

100

32.00 31.95
150

32.05

32.10

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Reference:

1. A R.Katritzky, H. Yang, S. K. Singh, J. Org. Chem. 2005, 70, 286.

S55



