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General experimental methods:

Unless otherwise stated, all commercial reagents were used as received. All

solvents were dried and distilled according to standard procedures. Flash column

chromatography was performed using silica gel (60-Å pore size, 32–63μm, standard

grade). Analytical thin–layer chromatography was performed using glass plates

pre-coated with 0.25 mm 230–400 mesh silica gel impregnated with a fluorescent

indicator (254 nm). Thin layer chromatography plates were visualized by exposure to

ultraviolet light. Organic solutions were concentrated on rotary evaporators at ~20

Torr at 25–35°C. Nuclear magnetic resonance (NMR) spectra are recorded in parts

per million from internal tetramethylsilane on the δ scale.

General experimental procedure for ZnBr2-Mediated Oxidative Spiro-Bromocyclization of

Propiolamide.

N-arylpropolamide 1 (0.2 mmol), ZnBr2 (1.0 equiv) and Oxone (2.0 equiv) was

added to a test tube, and then co-solvent MeCN:H2O (2.0 mL, 4:1, v/v) was added.

The mixture was stirred at room temperature. After completion of reaction as

indicated by TLC (overnight), the mixture was filtrated and separated. The organic layer

was dried by Na2SO4. Evaporation of the solvent and flash column chromatograph

provided the desired product 3.

The final products 6 and 8 were also synthesized according to the above procedure.



3-bromo-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3a)1

1H NMR (400 MHz, CDCl3) δ 7.40-7.35 (m, 5H), 6.52 (d, J = 10.1 Hz, 2H), 6.47 (d, J

= 10.1 Hz, 2H), 2.91 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 183.7, 165.7, 151.3,

144.1, 133.4, 130.2, 130.1, 128.7, 127.7, 119.8, 68.3, 26.6; HRMS (ESI) calcd for

C16H13BrNO2+: 330.0124 (M + H+), found: 330.0124.

3-bromo-1-methyl-4-(p-tolyl)-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3b)1

1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 6.50

(d, J = 10.5 Hz, 2H), 6.46 (d, J = 10.4 Hz, 2H), 2.91 (s, 3H), 2.32 (s, 3H); 13C NMR

(101 MHz, CDCl3) δ 183.7, 165.9, 151.2, 144.3, 140.6, 133.3, 129.4, 127.6, 127.2,

119.2, 68.3, 26.6, 21.4; HRMS (ESI) calcd for C17H15BrNO2+: 344.0281 (M + H+),

found: 344.0271.

3-bromo-4-(4-methoxyphenyl)-1-methyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione

(3c)1

1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.9 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H),

6.52-6.51 (m, 4H), 3.81 (s, 3H), 2.91 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 183.8,



166.0, 161.0, 150.5, 144.6, 133.2, 129.2, 122.3, 118.2, 114.1, 68.1, 55.3, 26.5; HRMS

(ESI) calcd for C17H15BrNO3+: 360.0230 (M + H+), found: 360.0229.

3-bromo-4-(4-chlorophenyl)-1-methyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione

(3d)
1H NMR (400 MHz, CDCl3) δ 7.40-7.35 (m, 4H), 6.51-6.50 (m, 4H), 2.93 (s, 3H); 13C

NMR (101 MHz, CDCl3) δ 183.4, 165.5, 150.0, 143.9, 136.5, 133.6, 129.1, 129.0,

128.5, 68.1, 26.6; HRMS (ESI) calcd for C16H12BrClNO2+: 363.9734 (M + H+), found:

363.9730.

3-bromo-1-methyl-4-(o-tolyl)-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3e)
1H NMR (400 MHz, CDCl3) δ 7.28-7.20 (m, 2H), 7.13-7.09 (m, 1H), 6.87 (d, J = 7.6

Hz, 1H), 6.60 (d, J = 10.0 Hz, 1H), 6.52-6.46 (m, 2H), 6.29 (d, J = 10.0 Hz, 1H), 2.93

(d, J = 1.2 Hz, 3H), 2.20 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 183.4, 165.5, 152.5,

143.5, 143.3, 136.0, 133.8, 133.2, 130.7, 129.8, 128.7, 125.4, 122.0, 69.8, 27.2, 19.9;

HRMS (ESI) calcd for C17H15BrNO2+: 344.0281 (M + H+), found: 344.0285.



3-bromo-4-(2,6-dimethylphenyl)-1-methyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione

(3f)
1H NMR (400 MHz, CDCl3) δ 7.15 (t, J = 7.7 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 6.64

(d, J = 9.6 Hz, 2H), 6.35 (d, J = 9.6 Hz, 2H), 2.99 (s, 3H), 2.13 (s, 6H); 13C NMR

(101 MHz, CDCl3) δ 183.5, 165.5, 153.6, 144.4, 136.0, 132.7, 129.4, 128.3, 128.1,

122.7, 71.2, 27.3, 21.0; HRMS (ESI) calcd for C18H17BrNO2+: 358.0437 (M + H+),

found: 358.0438.

4-([1,1'-biphenyl]-2-yl)-3-bromo-1-methyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione

(3g)
1H NMR (400 MHz, CDCl3) δ 7.44-7.40 (m, 1H), 7.36-7.33 (m, 5H), 7.23-7.21 (m,

2H), 6.99-6.96 (m, 1H), 6.32 (d, J = 10.0 Hz, 1H), 6.22 (d, J = 10.0 Hz, 1H), 5.83 (dd,

J = 10.0, 1.7 Hz, 1H), 4.99 (dd, J = 10.0, 2.8 Hz, 1H), 2.76 (s, 3H); 13C NMR (101

MHz, CDCl3) δ 183.6, 165.4, 154.8, 144.1, 143.1, 141.0, 140.5, 132.9, 130.7, 130.1,

129.6, 128.7, 128.3, 128.0, 127.3, 123.8, 69.1, 26.8; HRMS (ESI) calcd for

C22H17BrNO2+: 406.0437 (M + H+), found: 406.0440.

2-(3-bromo-1-methyl-2,8-dioxo-1-azaspiro[4.5]deca-3,6,9-trien-4-yl)benzonitrile (3h)
1H NMR (400 MHz, CDCl3) δ 7.74-7.72 (m, 1H), 7.59-7.51 (m, 2H), 7.15 (d, J = 8.8

Hz, 1H), 6.67-6.61 (m, 2H), 6.49-6.37 (m, 2H), 2.97 (s, 3H); 13C NMR (101 MHz,

CDCl3) δ 183.2, 164.7, 148.5, 143.3, 142.5, 133.5, 133.4, 132.7, 130.3, 129.2, 124.5,



117.0, 112.8, 69.4, 27.2; HRMS (ESI) calcd for C17H12BrN2O2+: 355.0077 (M + H+),

found: 355.0010.

3-bromo-1-methyl-4-(3-nitrophenyl)-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3i)
1H NMR (400 MHz, CDCl3) δ 8.27-8.25 (m, 2H), 7.71-7.68 (m, 1H), 7.60-7.58 (m,

1H), 6.51-6.55 (m, 4H), 2.96 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 183.0, 164.9,

148.6, 148.1, 143.3, 134.0, 133.6, 131.7, 130.1, 124.9, 123.1, 122.2, 68.2, 26.8;

HRMS (ESI) calcd for C16H12BrN2O4+: 374.9975 (M + H+), found: 374.9985.

3-bromo-1,4-dimethyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3j)
1H NMR (400 MHz, CDCl3) δ 6.47 (d, J = 9.7 Hz, 2H), 6.32 (d, J = 9.7 Hz, 2H), ,

2.81 (s, 3H), 1.77 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 183.7, 165.8, 149.8, 144.6,

133.4, 118.9, 68.4, 26.9, 12.4; HRMS (ESI) calcd for C11H11BrNO2+: 267.9968 (M +

H+), found: 267.9972.

3-bromo-1-methyl-4-(trimethylsilyl)-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3k)
1H NMR (400 MHz, CDCl3) δ 6.52 (d, J = 9.6 Hz, 2H), 6.31 (d, J = 9.6 Hz, 2H), ,

2.83 (s, 3H), 0.25 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 183.9, 165.7, 152.4, 144.5,

133.2, 132.9, 69.4, 26.4, -1.2; HRMS (ESI) calcd for C13H17BrNO2Si+: 326.0206 (M +

H+), found: 326.0208.



3-iodo-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3l)1

1H NMR (400 MHz, CDCl3) δ 7.41-7.34(m, 3H), 7.29-7.27 (m, 2H), 6.51 (d, J = 10.0

Hz, 2H), 6.46 (d, J = 10.6 Hz, 2H), 2.96 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 183.7,

167.4, 157.9, 144.0, 133.3, 131.8, 130.1, 128.7, 127.7, 98.2, 70.3, 27.0

1-benzyl-3-bromo-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3n)1

1H NMR (400 MHz, CDCl3) δ 7.33-7.21(m, 10H), 6.33 (d, J = 10.2 Hz, 2H), 6.22 (d,

J = 10.7 Hz, 2H), 4.54 (s, 2H); 13C NMR (101 MHz, CDCl3) δ 183.9, 165.9, 151.8,

144.2, 137.0, 132.6, 130.1, 128.9, 128.6, 128.5, 128.0, 127.8, 119.8, 68.8, 45.4;

HRMS (ESI) calcd for C22H17BrNO2+: 406.0437 (M + H+), found: 406.0439.

3-bromo-1-(2-bromobenzyl)-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione

(3o)1

1H NMR (400 MHz, CDCl3) δ 7.43-7.10 (m, 9H), 6.29-6.26 (m, 4H), 4.76 (s, 2H); 13C

NMR (101 MHz, CDCl3) δ 183.8, 165.9, 152.2, 143.3, 136.2, 132.8, 130.7, 130.2,

129.9, 129.7, 128.6, 127.8, 124.0, 119.5, 68.6, 44.7; HRMS (ESI) calcd for

C22H16Br2NO2+: 483.9542 (M + H+), found: 483.9541



1-acetyl-3-bromo-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3p)
1H NMR (400 MHz, CDCl3) δ 7.48-7.35 (m, 3H), 7.23-7.17 (m, 2H), 6.56 (d, J = 10.1

Hz, 2H), 6.40 (d, J = 10.6 Hz, 2H), 2.64 (s, 2H); 13C NMR (100 MHz, CDCl3) δ

183.69, 168.50, 164.41, 156.22, 142.81, 132.49, 130.53, 128.57, 128.11, 119.15,

68.49, 25.59; HRMS (ESI): m/z [M + Na]+ calcd for C17H13BrNO3+: 358.0079; found:

358.0072.

methyl 2-(3-bromo-2,8-dioxo-4-phenyl-1-azaspiro[4.5]deca-3,6,9-trien-1-yl)acetate

(3q)
1H NMR (400 MHz, CDCl3) δ 7.40-7.36 (m, 5H), 6.65 (d, J = 9.7 Hz, 2H), 6.42 (d, J

= 9.7 Hz, 2H), 4.03 (s, 2H), 3.74 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 183.7, 168.5,

165.8, 152.6, 143.4, 133.1, 130.4, 128.8, 127.7, 119.3, 105.0, 68.3, 52.6, 41.7; HRMS

(ESI) calcd for C18H15BrNO4+: 388.0179 (M + H+), found: 388.0161

2-(3-bromo-2,8-dioxo-4-phenyl-1-azaspiro[4.5]deca-3,6,9-trien-1-yl)-N-(tert-butyl)-2

-phenylacetamide (3r)
1H NMR (400 MHz, CDCl3) δ 7.42-7.22 (m, 10H), 6.72 (dd, J = 10.0, 2.8 Hz, 1H),

6.49 (dd, J = 10.0, 2.9 1H), 6.25 (d, J = 10.0 Hz, 1H), 6.21 (d, J = 10.0 Hz, 1H), 5.49



(s, 1H), 4.79 (s, 1H), 1.28 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 184.0, 166.6, 165.7,

152.4, 144.3, 144.1, 135.2, 132.5, 132.3, 130.1, 129.4, 129.3, 129.1, 128.6, 127.8,

120.0, 69.6, 62.8, 52.0, 28.5; HRMS (ESI) calcd for C27H26BrN2O3+: 505.1121 (M +

H+), found: 505.1116

3-bromo-1,6-dimethyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3s)1

1H NMR (400 MHz, CDCl3) δ 7.43-7.36 (m, 5H), 6.49-6.45 (m, 2H), 6.36 (s, 1H),

2.84 (s, 3H), 1.74 (d, J = 1.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 184.4, 166.2,

152.6, 151.2, 144.4, 132.9, 132.2, 130.4, 129.9, 128.9, 127.5, 119.7, 70.4, 26.2, 17.7;

HRMS (ESI) calcd for C17H15BrNO2+: 344.0281 (M + H+), found: 344.0289

3-bromo-1,7-dimethyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (3t) 1

1H NMR (400 MHz, CDCl3) δ 7.37-7.34 (m, 5H), 6.46-6.45 (m, 2H), 6.28 (s, 1H),

2.91 (s, 3H), 1.92 (d, J = 1.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 184.5, 165.8,

151.7, 143.9, 140.7, 138.8, 133.2, 130.3, 130.1, 128.7, 127.7, 119.4, 68.8, 26.5, 15.9;

HRMS (ESI) calcd for C17H15BrNO2+: 344.0281 (M + H+), found: 344.0280

3-bromo-4-phenyl-1-oxaspiro[4.5]deca-3,6,9-triene-2,8-dione (6)1

1H NMR (400 MHz, CDCl3) δ 7.48-7.41(m, 5H), 6.67 (d, J = 10.1 Hz, 2H), 6.42 (d, J

= 10.2 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 183.5, 166.9, 159.8, 141.7, 132.2,

131.4, 129.0, 128.6, 127.4, 112.3, 83.0; HRMS (ESI) calcd for C15H10BrO3+:

316.9808 (M + H+), found: 316.9818



4-(4-acetylphenyl)-3-bromo-6-iodo-1-tosyl-1-azaspiro[4.5]deca-3,6,9-trien-8-one (8)
1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.34

(d, J = 8.1 Hz, 2H), 7.23 (d, J = 8.2 Hz, 2H), 6.95-6.89 (m, 2H), 6.30 (dd, J = 9.9, 1.8

Hz, 1H), 4.60-4.51 (m, 2H), 2.55 (s, 3H), 2.45 (s, 3H); 13C NMR (101 MHz, CDCl3) δ

197.2, 181.0, 144.9, 144.7, 141.6, 137.6, 137.0, 136.0, 134.1, 129.9, 129.1, 128.3,

127.8, 119.4, 59.3, 26.6, 21.6; HRMS (ESI) calcd for C24H20BrINO4S+: 623.9336 (M

+ H+), found: 623.9348

Reference:

1. (a) B.-X. Tang, Y.-H. Zhang, R.-J. Song, D.-J. Tang, G.-B. Deng, Z.-Q. Wang, Y.-X. Xie,

Y.-Z. Xia and J.-H. Li, J. Org. Chem., 2012, 77, 2837 (b) B.-X. Tang, D.-J. Tang, S.

Tang, Q.-F. Yu, Y.-H. Zhang, Y. Liang, P. Zhong and J.-H. Li, Org. Lett., 2008, 10,

1063



Crystal data of Compound 3a:
















































