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

Mild Gold-Catalyzed Three-Component Dehydrogenative Coupling
of Terminal Alkynes to Amines and Indole-2-carboxaldehyde

Jian Li,” Hongni Wang,” Jiangtao Sun,” Yang Yang,’ and Li Liu,*?

aSchool of Pharmaceutical Engineering & Life Sciences, Chang Zhou University, Changzhou, 213164,

P. R. China

bSchool of Petrochemical Engineering, Chang Zhou University, Changzhou, 213164, P. R. China

Fax: (+86) 519-86330224, E-mail: liliuchem@gmail.com

Contents:
Characterization of furans 4a-6b

NMR spectra of all new compounds 4a-6b

X-Ray Crystallographic Data: CIF in separate file.

Pages
S2-S7
S8-S25

Crystallographic data Sb (CCDC: 973071), has been deposited vat the Cambridge Crystallographic

Database Centre and is available on request from the Director, CCDC, 12 Union Road, Cambridge,

CB2 1EZ, UK (http//www.ccdc.cam.ac.uk).

S1



/
Me

AT
I

4a

'H NMR (400 MHz, CDCl3) § 7.62 (d, J = 7.8 Hz, 1H), 7.57-7.54 (m, 2H), 7.38-7.35 (m, 4H),
7.27-7.24 (m, 1H), 7.12 (t, J = 7.8 Hz, 1H), 6.78 (s, 1H), 4.98 (s, 1H), 3.89 (s, 3H), 3.77-3.72 (m,
4H), 2.72-2.67 (m, 4H). 3C NMR (125 MHz, CDCl;) 6 138.4, 135.8, 131.9, 128.4, 126.8, 122.8,
121.8, 120.7, 119.5, 109.1, 103.4, 87.5, 83.4, 67.2, 55.9, 49.6, 30.2. HRMS (ESI) ([M+H])*: calcd
for C2,Hy3N,0O: 331.1811, found 331.1808.

F 4b

'H NMR (400 MHz, CDCl3)  7.60 (d, J = 7.8 Hz, 1H), 7.54-7.50 (m, 2H), 7.35-7.33 (m, 1H),
7.24-7.22 (m, 1H), 7.11 (t, J = 7.5 Hz, 1H), 7.05 (t, J = 8.5 Hz, 2H), 6.74 (s, 1H), 4.96 (s, 1H),
3.88 (s, 3H), 3.72-3.69 (m, 4H), 2.67-2.62 (m, 4H). *C NMR (125 MHz, CDCL3) ¢ 163.6, 161.6,
138.4, 135.6, 133.8, 133.7, 126.8, 121.8, 120.7, 119.5, 118.8, 115.6, 109.1, 103.4, 86.4, 83.1, 67.2,
55.9,49.6, 30.2, 29.7. HRMS (ESI) ([M+H])* calcd for C5,H,,FN,O: 349.1717, found 349.1712.

Cl 4c

'H NMR (400 MHz, CDCl3)  7.60 (d, J = 7.8 Hz, 1H), 7.47-7.45 (m, 2H), 7.34-7.31 (m, 3H),
7.24-7.22 (m, 1H), 7.11 (t, J = 7.4 Hz, 1H), 6.73 (s, 1H), 4.96 (s, 1H), 3.88 (s, 3H), 3.71-3.69 (m,
4H), 2.67-2.63 (m, 4H). 3C NMR (125 MHz, CDCls)  138.4, 135.5, 134.5, 133.1, 128.7, 126.8,
121.8, 121.2, 120.7, 119.5, 109.1, 103.4, 86.4, 84.5, 67.2, 55.9, 49.6, 30.2, 29.7. HRMS (ESI)
(IM+H])* caled for C2,H,CIN,0: 365.1421, found 365.1426.
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Me 4d

'H NMR (400 MHz, CDCl3) & 7.60 (d, J = 7.8 Hz, 1H), 7.43 (d, J = 8.0 Hz, 2H), 7.35-7.33 (m,
1H), 7.23 (t, J = 8.0 Hz, 1H), 7.17-7.15 (m, 2H), 7.10 (t, J = 7.8 Hz, 1H), 6.75 (s, 1H), 4.96 (s, 1H),
3.88 (s, 3H), 3.72-3.70 (m, 4H), 2.68-2.64 (m, 4H), 2.38 (s, 3H). *C NMR (75 MHz, CDCl;) 6
138.5, 138.3, 135.9, 131.7, 129.1, 126.8, 121.7, 120.7, 119.4, 109.0, 103.3, 87.6, 67.2, 55.9, 49.6,
30.2, 21.5. HRMS (ESI) ([M+H])" caled for Co3H,sN,O: 345.1968, found 345.1962.
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'H NMR (400 MHz, CDCl3) & 7.60 (d, J = 5.9 Hz, 1H), 7.46 (d, J = 8.0 Hz, 2H), 7.36-7.34 (m,
1H), 7.24-7.22 (m,1H), 7.17 (d, J = 8.0 Hz, 2H), 7.11 (t, J = 7.6 Hz, 1H), 6.76 (s, 1H), 3.88 (s, 3H),
3.74-3.71 (m, 4H), 2.69-2.61 (m, 6H), 1.63 (t, J = 7.2 Hz, 1H), 1.36-1.33 (m, 4H), 0.91 (t, J= 6.7
Hz, 3H). 3C NMR (75 MHz, CDCly) § 143.6, 138.4, 135.9, 131.8, 128.5, 126.8, 121.7, 120.7,
119.4, 109.0, 103.4, 87.6, 67.3, 55.9, 49.6, 35.9, 31.4, 31.0, 30.1, 22.5, 14.1. HRMS (ESI)
(IM+H])* caled for Cy;Hs3N,0: 401.2594, found 401.2590.

OMe 4f

'H NMR (400 MHz, CDCl3) & 7.62 (d, J = 7.8 Hz, 1H), 7.49 (d, J = 8.7 Hz, 2H), 7.37-7.35 (m,
1H), 7.27-7.23 (M, 1H), 7.12 (t, J = 7.7Hz, 1H), 6.90 (d, J = 8.7 Hz, 2H), 6.76 (s, 1H), 4.96 (s,
1H), 3.89 (s, 3H), 3.85 (s, 3H), 3.74-3.70 (m, 4H), 2.70-2.65 (m, 4H). '*C NMR (75 MHz, CDCl;)
§159.7, 138.4, 136.0, 133.3, 126.8, 121.7, 120.7, 119.4, 114.9, 113.9, 109.1, 103.4, 87.3, 81.8,
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67.3, 55.9, 55.4, 49.6, 30.2. HRMS (ESI) ([M+H])" caled for Cr3HsN,Oy: 361.1917, found
361.1912.

Vsl

I Me

4g
'H NMR (400 MHz, CDCl;) 6 7.58 (d, J = 7.8 Hz, 1H), 7.32-7.30 (m, 1H), 7.19 (t, J = 7.1 Hz,
1H), 7.07 (t, J = 7.0 Hz, 1H), 6.62 (s, 1H), 4.67 (s, 1H), 3.82 (s, 3H), 3.68-3.66 (m, 4H), 2.56-2.51
(m, 4H), 1.38-1.34 (m, 1H), 0.86-0.83 (m, 2H), 0.78-0.75 (m, 2H). '3C NMR (125 MHz, CDCl;) ¢
138.8, 136.9, 127.3, 122.0, 121.1, 119.8, 109.4, 103.6, 91.5, 69.4, 67.7, 55.9, 49.9, 30.6, 8.9.
HRMS (ESI) ([M+H])* caled for CoH3N,0: 295.1811, found 295.1805.

4h
'H NMR (400 MHz, CDCl5) d 7.59 (d, J = 7.7 Hz, 1H), 7.52-7.51 (m, 2H), 7.34-7.30 (m, 4H),
7.21 (t,J=7.2 Hz, 2H), 7.09 (t, /= 7.6 Hz, 1H), 6.68 (s, 1H), 5.09 (s, 1H), 3.89 (s, 3H), 2.72-2.68
(m, 4H), 1.78 (s, 2H). 3C NMR (100 MHz, CDCls) ¢ 139.2, 138.8, 131.8, 128.3, 128.1, 127.0,
121.6, 121.5, 120.6, 119.3, 108.9, 101.6, 88.6, 87.6, 52.6, 49.9, 30.2, 23.7. HRMS (ESI) ([M+H])*
caled for Ci9H»3N»: 315.1861, found 315.1860.
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'H NMR (400 MHz, CDCls) § 7.70 (d, J = 7.8 Hz, 1H),7.58-7.55 (m, 2H), 7.40-7.36 (m, 5H),
7.30-7.24 (m, 3H), 7.22-7.20 (m, 2H), 6.64 (s, 1H), 4.23-4.20 (m, 1H), 4.23-4.20 (m, 1H), 4.12-
4.08 (m, 1H), 3.89 (s, 3H), 4.90 (s, 1H), 3.23-3.17 (m, 1H), 3.08-3.00 (m, 1H), 2.94-2.88 (m, 2H).
13C NMR (125 MHz, CDCls) § 138.1, 136.2, 135.3, 134.1, 131.7, 128.9, 128.2, 128.1, 127.8,
127.4, 126.9, 125.9, 123.1, 121.3, 120.3, 119.2, 108.9, 102.9, 87.4, 86.9, 54.5, 51.7, 45.4, 29.9,
29.1,26.9. HRMS (ESI) ([M+H])* calcd for CoH,sNy: 372.2018, found 372.2013.
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'H NMR (400 MHz, CDCl3) § 7.62 (d, J = 7.8 Hz, 1H), 7.47-7.43 (m, 2H), 7.34-7.31 (m, 1H),
7.23-7.19 (m, 4H), 7.15-7.12 (m, 2H), 7.02 (t, J = 8.7 Hz, 2H), 6.55 (s, 1H), 4.81 (s, 1H), 4.14-
4.00 (m, 2H), 3.83 (s, 3H), 3.13-3.07 (m, 1H), 3.02-2.94 (m, 1H), 2.89-2.77 (m, 2H). 3C NMR
(125 MHz, CDCLy) 163.4, 161.4, 138.1, 136.2, 135.3, 134.2, 133.7, 133.6, 128.9, 127.7, 127.3,
127.0, 125.9, 121.3, 120.3, 119.3, 115.6, 115.4, 109.0, 102.9, 87.0, 85.9, 54.5, 51.8, 45.4, 29.9,
29.1. HRMS (ESI) ([M+H])* calcd for Co7Ha4NF :395.1924, found: 395.1930.
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'H NMR (400 MHz, CDCl3) § 7.61 (d, J = 7.8 Hz, 1H), 7.38-7.36 (m, 2H), 7.32-7.28 (m, 2H),
7.23-7.16 (m, 3H), 7.14-7.10 (m, 4H), 6.54 (s, 1H), 4.80 (s, 1H), 4.16-4.12 (m, 1H), 4.03-3.99 (m,
1H), 3.83 (s, 3H), 3.14-3.08 (m, 1H), 2.98-2.91 (m, 1H), 2.86-2.76 (m, 1H), 2.36 (s, 3H). 13C
NMR (125 MHz, CDCLy) 6 138.2, 138.1, 136.4, 135.4, 134.2, 131.6, 129.0, 128.9, 127.8, 127.7,
127.4, 126.9, 125.9, 121.2, 120.3, 120.1, 119.2, 109.0, 102.9, 86.9, 86.6, 54.7, 51.8, 45.4, 29.9,
29.2,21.5. HRMS (ESI) ([M+H])* caled for CosHyrN; : 391.2175, found: 391.2180.

5d

'H NMR (400 MHz, CDCl3)  7.60 (d, J = 7.8 Hz, 1H), 7.39-7.37 (m, 2H), 7.32-7.27 (m, 2H),
7.22-7.20 (m, 1H), 7.18-7.15 (m, 2H), 7.13-7.08 (m, 4H), 6.54 (s, 1H), 4.79 (s, 1H), 4.15-3.98 (m,
2H), 3.82 (s, 3H), 3.13-3.07 (m, 1H), 2.97-2.91 (m, 1H), 2.85-2.75 (m, 2H), 2.61-2.58 (m, 2H),
1.62-1.56 (m, 2H), 1.34-1.30 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H). 3C NMR (125 MHz, CDCl;)
143.3, 138.1, 136.4, 135.5, 134.2, 131.7, 128.9, 128.4, 127.8, 127.4, 126.9, 125.8, 121.2, 120.3,

S5



119.2, 109.0, 102.8, 87.0, 86.6, 54.7, 51.8, 45.4, 35.8, 31.4, 30.9, 30.0, 29.1, 22.5, 14.0. HRMS
(ESI) ([M+H])* caled for Cs,H3sNy: 447.2801, found: 447.2807.
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'H NMR (400 MHz, CDCLy) § 7.62 (d, J = 7.8 Hz, 1H), 7.42 (d, J = 8.8 Hz, 2H), 7.34-7.30 (m,
2H), 7.25-7.23 (m, 1H), 7.20-7.18 (m, 2H), 7.14-7.10 (m, 2H), 6.86 (d, J = 8.8 Hz, 2H), 6.56 (s,
1H), 4.81 (s, 1H), 4.17-4.14 (m, 1H), 4.03-4.00 (m, 1H), 3.84-3.83 (m, 6H), 3.15-3.08 (m, 1H),
2.99-2.90 (m, 1H), 2.87-2.77 (m, 2H). 3C NMR (125 MHz, CDCLy) § 159.5, 138.1, 136.4, 135.6,
134.1,133.2, 128.9, 127.8, 127.4, 126.9, 125.8, 121.2, 120.3, 119.2, 115.3, 113.9, 109.0, 102.9,
86.7, 85.9, 55.3, 54.7, 51.8, 45.4, 29.9, 29.1. HRMS (ESI) ([M+H])" caled for CosHyN,O:
407.2124, found: 407.2118.
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'H NMR (400 MHz, CDCLy) § 7.70-7.68 (m, 1H), 7.43-7.40 (m, 2H), 7.32-7.28 (m, 4H), 7.27-7.26
(m, 1H), 7.21-7.17 (m, 6H), 7.15-7.13 (m, 2H), 7.01-6.98 (m, 2H), 6.67 (s, 1H), 5.70-5.66 (m, 1H),
5.57-5.52 (m, 1H), 4.80 (s, 1H), 4.10-3.97 (m, 2H), 3.14-3.09 (m, 1H), 2.97-2.94 (m, 1H), 2.85-
2.74 (m, 2H). 3C NMR (75 MHz, CDCl3) 5 138.6, 138.1, 136.2, 135.3, 134.2, 131.8, 128.9, 128.6,
128.2, 128.1, 127.8, 127.6, 126.9, 126.1, 125.9, 123.1, 121.7, 120.4, 119.6, 109.7, 103.8, 87.2,
54.6, 51.9, 46.9, 45.5, 29.0, 26.9. HRMS (ESI) ([M+H])* calcd for C33HyoN,: 453.2331, found:
453.2328.
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'H NMR (400 MHz, CDCls) d 7.66-7.64 (m, 1H), 7.32-7.30 (m, 2H),7.25-7.23 (m, 2H), 7.17-7.13
(m, 6H), 7.19-7.09 (m, 2H), 6.97-6.95 (m, 2H), 6.82-6.80 (m, 2H), 6.62 (s, 1H), 5.67-5.63 (m, 1H),
5.54-5.49 (m, 1H), 4.75 (s, 1H), 4.06-3.91 (m, 2H), 3.81(s, 3H), 3.11-3.05 (m, 1H), 2.91-2.85 (m,
1H), 2.80-2.71 (m, 2H). '*C NMR (100 MHz, CDCl3) & 159.5, 138.6, 138.0, 136.3, 135.5, 134.1,
133.2, 128.9, 128.6, 127.8, 127.6, 126.9, 126.8, 121.6, 120.4, 119.5, 115.2, 113.8, 109.7, 103.7,
86.8, 85.7, 55.3, 54.7, 51.9, 46.9, 45.4, 29.7, 29.0. HRMS (ESI) ([M+H])" calcd for C34HsN,O:
483.2437, found 483.2432.
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'H NMR (300 MHz, CDCLy) § 8.01 (d, J = 8.2Hz, 1H), 7.43-7.40 (m, 2H), 7.35-7.32 (m, 2H),
7.19-7.17 (m, 4H), 7.11-7.10 (m, 1H), 7.08-7.06 (m, 3H), 6.63 (s, 1H), 4.87 (s, 1H), 4.27-4.12 (m,
2H), 3.05-2.89 (m, 3H), 2.73-2.71 (m, 1H), 1.54 (s, 9H). 3C NMR (75 MHz, CDCl;) 6 150.5,
138.4, 137.2, 135.6, 134.1, 132.1, 131.6, 129.2, 129.0, 128.8, 128.4, 128.3, 128.0, 127.9, 127.8,
127.6,127.2, 126.7, 126.1, 125.6, 123.9, 123.4, 122.8, 122.4, 120.5, 119.9, 115.4, 115.1, 108.9,
108.8, 87.7, 86.7, 83.8, 54.8, 54.6, 54.1, 45.8, 28.3, 28.1. HRMS (ESI) ([M+H])* calcd for
Cs1H31N,0,: 463.2386, found: 463.2383.

L
! 5i (endo-yne-THIQ and exo-yne-THIQ products 5i/6a = 4.8/1)

'H NMR (400 MHz, CDCl3)  7.80 (d, J = 7.4 Hz, 2H), 7.59-7.57 (m, 2H), 7.45-7.43 (m, 2H),
7.38-7.37 (m, 4H), 7.18-7.12 (m, 3H), 7.08-7.06 (m, 1H), 5.14 (s, 0.97H), 4.87 (s, 0.21H), 4.01-
4.00 (m, 0.30H), 3.93 (s, 1.76 H), 2.98-2.96 (m, 4H). *C NMR (75 MHz, CDCls) § 138.4, 135.4,
134.5, 131.9, 129.3, 129.1, 128.7, 128.5, 128.4, 128.3, 128.1, 127.8, 127.2, 126.9, 126.8, 126.0,
125.9, 125.6, 123.1, 88.6, 87.6, 86.9, 85.1, 61.7, 59.7, 54.4, 52.3, 45.8,29.7, 29.1.

gz
Co =,

'H NMR (400 MHz, CDCLy) & 7.50-7.47 (m, 2H), 7.33-7.32 (m, 3H), 7.16-7.14 (m, 3H), 7.10-7.08
(m, 1H), 3.88 (s, 2H), 3.76 (s, 2H), 3.02-2.99 (m, 2H), 2.96-2.94 (m, 2H). *C NMR (125 MHz,
CDCly) ¢ 134.7, 133.8, 131.8, 128.7, 128.3, 128.1, 126.7, 126.2, 125.7, 123.2, 85.5, 84.5, 54.6,
49.9,47.7,29.3.
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