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General 

Reactions were carried out under an atmosphere of dry nitrogen. Reagents and solvents 

were used as received from commercial sources. 1H NMR spectra were recorded on a 400 

MHz spectrometer. Chemical shifts are reported in ppm from tetramethylsilane with the 

solvent resonance as the internal standard (DMSO-d6: δ 2.49). Data are reported as 

follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = 

broad, m = multiplet), coupling constants (Hz) and integration. 13C NMR spectra were 

recorded on a 100 MHz spectrometer with complete proton decoupling.  Chemical shifts 

are reported in ppm from tetramethylsilane with the solvent as the internal reference 

(DMSO-d6: δ 39.5). 19F NMR spectra were recorded on 375 MHz spectrometer with 

complete proton decoupling. Chemical shifts are reported in ppm with α,α,α-

trifluorotoluene added as an internal reference (δ - 62.7).  
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Representative Procedures: 

(1) Representative procedure for alkyl-isothiocyanates: A 50 mL round-bottom 

flask was charged with 3-propylphenylamine (1.6 mL, 11.0 mmol), triethylamine (5.0 

mL, 36.2 mmol), and THF (10 mL), then cooled with an ice bath under N2 atmosphere. 

Carbon disulphide (0.66 mL, 11.0 mmol) was then added to the reaction mixture by 

syringe pump over 0.5 h. After addition was completed, the mixture was stirred at room 

temperature. After 1 h 1H NMR of an aliquot indicated that conversion into 

dithiocarbamate salt was complete. The reaction mixture was cooled with an ice bath, 

tosyl chloride (2.3 g, 12.1 mmol) was added, and the reaction allowed to warm to room 

temperature. After 0.5 h, 1N HCl (10 mL) and MTBE (10 mL) were added to the 

mixture. The aqueous layer was cut, and back extracted with MTBE (10 mL). The 

organic layers were then combined, dried over Na2SO4, and filtered. The filtrate was 

concentrated in vacuo to obtain an oil, which was passed through a silica plug using 

100% hexane as eluent. 1.48 g of 3-propyl phenylisothiocyanate was obtained as a 

colourless oil, 75% yield. 1H NMR (400 MHz, dmso-d6) δ 7.30 (m, 2H) 7.20 (m, 3H) 

3.64 (t, J = 6.8 Hz, 2H) 2.66 (t, J = 7.6 Hz, 2H) 1.94 (q, J = 10.8 Hz, 2H). 13C NMR (100 

MHz, dmso-d6) δ 140.4 128.5 128.4 126.2 44.3 32.0 30.9. IR 3061.1 (m) 3025.5 (m) 

2925.4 (m) 2857.7 (m) 2181.4 (s) 2088.9 (s).  

(2) Representative procedure for aryl-isothiocyanates: A 50 mL round-bottom flask 

was charged with p-bromoaniline (1.89 g, 11.0 mmol), Et3N (5.03 mL, 36.2 mmol) and 

THF (10 mL), then cooled with an ice bath under N2 atmosphere. CS2 (0.66 mL, 11.0 

mmol) was added using a syringe pump over 0.5 h. More CS2 (0.66 mL, 11.0 mmol) and 

Et3N (1.8 mL, 12.1 mmol) were added after 1H NMR of an aliquot indicated incomplete 

conversion into the dithiocarbamate. Once conversion of the salt was completed, (18 h) 
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the mixture was cooled with an ice bath and TsCl (2.30 g, 12.1 mmol) was added. The 

reaction was stirred at room temperature for 1 h. The material was subjected to work up 

(as above) and 1.76 g of p-bromophenyl isothiocyanate was obtained; 77% yield. 1H 

NMR (400 MHz, dmso-d6) δ 7.64 (d, J = 8.4 Hz, 2H) 7.40 (d, J = 8.8 Hz, 2H). 13C 

NMR (100 MHz, dmso-d6) δ 134.6 132.7 129.4 127.9 120.6. IR 2923.6 (w) 2076.5 (m). 

(3) Representative procedure for electron poor aryl-isothiocyanates using NaH as 

base: A 50 mL round-bottom flask was charged with 4-aminobenzotrifluoride (1.38 mL, 

11.0 mmol), THF (10 mL), and sodium hydride (60% in mineral oil; 0.66 g, 16.5 mmol) 

in an ice bath under N2 atmosphere. CS2 (1.98 mL, 32.9 mmol) was added via syringe 

pump as the reaction was brought up to room temperature over 1 h. The mixture was then 

refluxed at 75 °C for 20 h. The mixture was then cooled on an ice bath, and TsCl (2.30 g, 

12.1 mmol) and Et3N (3.35 mL, 26.1 mmol) were added. The mixture was stirred at room 

temperature for 0.5 h. The reaction mixture was subjected to work up (as above) and 

column chromatogrpahy to yield 1.44 g of p-CF3-phenyl isothiocyanate; 63% yield. 1H 

NMR (400 MHz, dmso-d6) δ 7.82 (d, J = 8.4 Hz) 7.64 (d, J = 8.4 Hz). 13C NMR (100 

MHz, dmso-d6) δ 136.0 134.0 127.7 (q, J = 32.2Hz) 126.9 126.8 122.3 (t, J = 270Hz). 

IR 3447.3 (s) 2923.7 (m) 2090.7 (s). 

 

Characterization Data: 

1-Isothiocyanatomethyl-benzene (1): 1H NMR (400 MHz, dmso-d6) δ 7.45-7.31 (m, 5 

H)  4.93 (s, 2 H). 13C NMR (100 MHz, dmso-d6) δ 134.7 128.8 128.2 127.1 48.0. IR 

3088.7 (m) 3032.1 (m) 2919.7 (w) 2080.8 (s) 1604.8 (m) 1495.8 (s) 1454.3 (s) 1439.4 (s) 

1347.7 (s) 1302.0(m). Known Compound.1 
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1-Isothiocyanatomethyl-4-methoxybenzene (2): 1H NMR (400 MHz, dmso-d6) δ 7.31 

(d, J = 8.3 Hz, 2H) 6.96 (d, J = 8.3 Hz, 2H) 4.83 (s, 2H) 3.75 (s, 3H). 13C NMR (100 

MHz, dmso-d6) δ 159.1 128.8 126.6 114.2 55.1 47.6. IR 3001.8 (w) 2956.6 (w) 2933.1 

(w) 2835.1 (m) 2167.4 (s) 2084.9 (s) 1610.8 (s) 1513.4 (s) 1249.9 (s). Known 

Compound.2 

 

1-Bromo-4-isothiocyanatomethyl-benzene (3): 1H NMR (400 MHz, dmso-d6) δ 7.79 

(d, J = 8.3 Hz, 2H) 7.34 (d, J = 8.3 Hz, 2H) 4.92 (s, 2H). 13C NMR (100 MHz, dmso-d6) 

δ 134.2 131.7 129.5 128.0 121.3 47.4. IR 2921.6 (w) 2175.2 (s) 2085.0 (s) 1488.1 (s). 

Known Compound.3 

 

1-Isothiocyanatomethyl-4-trifluoromethyl-benzene (4): 1H NMR (400 MHz, dmso-

d6) δ 7.79 (d, J = 8.0 Hz, 2H) 7.60 (d, J = 8.0 Hz, 2H) 5.08 (s, 2H). 13C NMR (100 MHz, 

dmso-d6) δ 139.2 127.6 125.5 122.6 47.4. 19F NMR (375 MHz, acetone-d6) δ – 62.8. IR 

2926.4 (w) 2185.3 (s) 2090.7 (s) 1324.1 (s). Known Compound.4 

 

(3-Isothiocyanato-propyl)-benzene (5): 1H NMR (400 MHz, dmso-d6) δ 7.30 (m, 2H) 

7.20 (m, 3H) 3.64 (t, J = 6.5 Hz, 2H) 2.66 (t, J = 7.7 Hz, 2H) 1.94 (q, J = 10.8 Hz, 2H). 
13C NMR (100 MHz, dmso-d6) δ 140.4 128.5 128.4 126.2 44.3 32.0 30.9. IR 3061.1 (m) 

3025.5 (m) 2925.4 (m) 2857.7 (m) 2181.4 (s) 2088.9 (s). Known Compound.5 

 

(2-Isothiocyanato-1-phenyl-ethyl)-benzene (6): 1H NMR (400 MHz, dmso-d6) δ 7.33 

(q, J = 8.4 Hz, 8H) 7.23 (t, J = 6.8 Hz, 2H) 4.46 (t, J = 7.6 Hz, 1H) 4.34 (d, J = 4.0 Hz, 

2H). 13C NMR (100 MHz, dmso-d6) δ 141.4 129.0 128.5 127.5 126.0 51.0 48.8. IR 

3060.5 (w) 3026.7 (w) 2195.0 (m) 2092.3 (s). Known Compound.6 

 

Isothiocyanato-cyclohexane (7): 1H NMR (400 MHz, dmso-d6) δ 3.88 (m, 1H) 1.82 

(m, 2H) 1.56 (m, 4H) 1.33 (m, 4H). 13C NMR (100 MHz, dmso-d6) δ 128.1 54.9 32.4 

24.5 22.6. IR 2936.1 (s) 2857.0 (m) 2176.5 (m) 2100.2 (s) 2061.1 (s). Known 

Compound.7 
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Isothiocyanato-1,2,3,4-tetrahydro-napthalene (8): 1H NMR (400 MHz, dmso-d6) δ 

7.35 (m, 1H) 7.24 (m, 2H) 7.15 (m, 1H) 5.20 (t, J = 5.1Hz, 1H) 2.80 (m, 1H) 2.70 (m, 

1H) 2.04 (m, 2H), 1.80 (m, 2H). 13C NMR (100 MHz, dmso-d6) δ 136.3 133.2 129.9 

129.3 128.4 (d, J = 25.9Hz) 126.3 55.2 29.9 27.9 18.6. IR 3019.7 (w) 2930.5 (m) 2864.5 

(w) 2075.0 (s). Known Compound.8 

 

(1-Isothiocyanato-ethyl)-benzene (9): 1H NMR (400 MHz, dmso-d6) δ 7.38 (m, 5H) 

5.23 (q, J = 6.8 Hz, 1H) 1.60 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, dmso-d6) δ 140.2 

128.5 (d, J = 69Hz) 125.6 56.4 24.1. IR 3031.2 (w) 2983.3 (w) 2931.7 (w) 2087.4 (s). 

Known Compound.9 

 

(1-Isothiocyanato-1-methyl-ethyl)-benzene (10): 1H NMR (400 MHz, dmso-d6) δ 7.47 

(d, J = 7.2 Hz, 2H) 7.41 (t, J = 7.6 Hz, 2H) 7.33 (t, J = 6.8 Hz, 1H) 1.76 (s, 6H). 13C 

NMR (100 MHz, dmso-d6) δ 143.7 128.6 127.6 124.2 64.0 31.0. IR 3088.6 (w) 3061.6 

(w) 3027.9 (w) 2983.5 (m) 2933.1 (w) 2075.5 (s). Known Compound.10 

 

(1-Isothiocyanato-1-phenyl-ethyl)-benzene (11): 1H NMR (400 MHz, dmso-d6) δ 7.39 

(m, 8H) 7.34 (m, 2H) 6.50 (s, 1H). 13C NMR (100 MHz, dmso-d6) δ 140.0 133 129.5 

128.7 126.7 63.8. IR 3359.5 (w) 2923.0 (w) 2851.4 (w) 2105.2 (m). Known Compound.8 

 

1-Isothiocyanato-benzene (13): 1H NMR (400 MHz, dmso-d6) δ 7.47 - 7.33 (m, 5 H). 
13C NMR (100 MHz, dmso-d6) δ 130.0 129.9 127.9 125.9. IR 3062.9 (m) 2080.9 (s) 

1592.2 (s) 1489.6 (s) 1474.1 (m) 1451.6 (m). Known Compound.7 

 

1-Isothiocyanato-4-methoxy-benzene (14): 1H NMR (400 MHz, dmso-d6) δ 7.39 (d, J 

= 8.8 Hz, 2H) 6.98 (d, J = 8.8 Hz, 2H) 3.76 (s, 3H). 13C NMR (100 MHz, dmso-d6) δ 

158.6 132.1 128.1 127.3 125.5 122.2 115.1 55.5. IR 2941.0 (w) 2838.9 (w) 2160.2 (m) 

2032.1 (s). Known Compound.11 
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1-Bromo-4-isothiocyanato-benzene (15): 1H NMR (400 MHz, dmso-d6) δ 7.64 (d, J = 

8.4 Hz, 2H) 7.40 (d, J = 8.8 Hz, 2H). 13C NMR (100 MHz, dmso-d6) δ 134.6 132.7 

129.4 127.9 120.6. IR 2923.6 (w) 2076.5 (m). Known Compound.12 

 

1-Fluoro-4-isothiocyanato-benzene (16): 1H NMR (400 MHz, dmso-d6) δ 7.51 (m, 

2H) 7.29 (t, J = 8.4 Hz, 2H). 13C NMR (100 MHz, dmso-d6) δ 160.8 133.5 128.1 126.4 

116.8. 19F NMR (375 MHz, acetone-d6) δ – 113.1. IR 2050.2 (s) 1500.6 (s) 1252.0 (m) 

1229.5 (s). Known Compound.13 

 

1-Chloro-4-isothiocyanato-benzene (17): 1H NMR (400 MHz, dmso-d6) δ 7.49 (m, 

4H). 13C NMR (100 MHz, dmso-d6) δ 134.5 132.2 129.8 129.0 127.7. IR 2923.0 (m) 

2094.2 (s). Known Compound.14 

 

4-Isothiocyanato-phenol (18): 1H NMR (400 MHz, dmso-d6) δ 9.99 (s, 1H) 7.26 (d, J = 

8.6 Hz, 2H) 6.78 (d, J = 8.6 Hz, 2H). 13C NMR (100 MHz, dmso-d6) δ 157.2 131.4 

127.4 120.6 116.4. IR 3583.3 (m) 2921.6 (w) 2175.2 (s) 2085.0 (s). Known Compound.15 

 

1-Isothiocyanato-2-methoxy-benzene (19): 1H NMR (400 MHz, dmso-d6) δ 7.32 (m, 

2H) 7.16 (d, J = 8.4 Hz, 2H) 6.96 (t, J = 7.7 Hz, 1H) 3.88 (s, 3H). 13C NMR (100 MHz, 

dmso-d6) δ 155.5 137.9 129.0 125.4 120.7 118.9 112.2 56.1. IR 2939.0 (w) 2836.9 (w) 

2163.2 (m) 2034.1 (s). Known Compound.11 

 

1-Isothiocyanato-2-methyl-benzene (20): 1H NMR (400 MHz, dmso-d6) δ 7.35 (m, 

2H) 7.26 (m, 2H) 2.33 (s, 3H). 13C NMR (100 MHz, dmso-d6) δ 134.8 133.9 130.7 

129.2 127.9 127.2 125.8 17.8. IR 2922.9 (m) 2174.9 (m) 2082.5 (s). Known 

Compound.16 

 

1-Bromo-3-isothiocyanato-benzene (21): 1H NMR (400 MHz, dmso-d6) δ 7.71 (m, 

1H) 7.57 (m, 1H) 7.44 (m, 1H) 7.40 (t, J = 8 Hz, 1H). 13C NMR (100 MHz, dmso-d6) δ 



 SI-7

179.8 141.0 135.2 131.7 130.7 127.9 125.7 121.9. IR 2921.8 (w) 2849.6 (w) 2020.9 (m). 

Known Compound.17 

 

1-Isothiocyanato-4-trifluoromethyl-benzene (22): 1H NMR (400 MHz, dmso-d6) δ 

7.82 (d, J = 8.4 Hz) 7.64 (d, J = 8.4 Hz). 13C NMR (100 MHz, dmso-d6) δ 136.0 134.0 

127.7 (q, J = 32.2 Hz) 126.9 126.8 122.3 (t, J = 270 Hz). 19F NMR (375 MHz, acetone-

d6) δ – 62.8 . IR 3447.3 (s) 2923.7 (m) 2090.7 (s). Known Compound.18 

 

4-Isothiocyanato-benzoic acid methyl ester (23): 1H NMR (400 MHz, dmso-d6) δ 7.99 

(d, J = 8.2 Hz, 2H) 7.54 (d, J = 8.2 Hz, 2H) 3.85 (s, 3H). 13C NMR (100 MHz, dmso-d6) 

δ 165.0 135.9 134.4 130.6 128.4 126.1 52.3. IR 2923.5 (w) 2186.1 (m) 2078.3 (s). 

Known Compound.19 

 

1-Bromo-2-isothiocyanato-benzene (26): 1H NMR (400 MHz, dmso-d6) δ 7.76 (d, J = 

8.1 Hz, 1H) 7.55 (d, J = 8.1 Hz, 1H) 7.45 (t, J = 8.0 Hz, 1H) 7.30 (t, J = 7.7 Hz, 1H). 13C 

NMR (100 MHz, dmso-d6) δ 136.0 133.2 129.9 129.3 129.0 127.5 119.9. IR 3583.3 (m) 

2046.2 (s). Known Compound.20 

 

1-Chloro-2-isothiocyanato-benzene (27): 1H NMR (400 MHz, dmso-d6) δ 7.63 (dd, J 

= 6.8 Hz, 2.4Hz, 1H) 7.54 (dd, J = 7.0 Hz, 2.4 Hz, 1H) 7.40 (m, 2H). 13C NMR (100 

MHz, dmso-d6) δ 137.2 130.3 130.1 129.1 128.5 128.3 127.2. IR 3064.8 (w) 2764.3 (w) 

2561.2 (w) 2046.2 (s) 1471.7 (s). Known Compound.18 

 

1-Isothiocyanato-3-trifluoromethyl-benzene (28): 1H NMR (400 MHz, dmso-d6) δ 

7.87 (s, 1 H)  7.70 (m, 3 H). 13C NMR (100 MHz, dmso-d6) δ 135.2 131.2 130.7 130.3 

124.3 122.8.  19F NMR (375 MHz, acetone-d6) δ – 62.9. Known Compound.21 
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1H and 13C NMR spectra: 

1-Isothiocyanatomethyl-benzene (1):   

1H(ppm)
5.06.07.08.09.010.0

54 672 80 9

0 1

 

13C(ppm)
0.050.0100.0150.0200.0

 

1-Isothiocyanatomethyl-4-methoxybenzene (2):   

1H(ppm)
3.04.05.06.07.0

4 5 W3210 SSS

2 3 W10 S
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13C(ppm)
0.050.0100.0150.0200.0

 

1-Bromo-4-isothiocyanatomethyl-benzene (3): 

1H(ppm)
1.02.03.04.05.06.07.08.09.0

43210 S

210 S

 

13C(ppm)
0.050.0100.0150.0200.0
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1-Isothiocyanatomethyl-4-trifluoromethyl-benzene (4): 

1H(ppm)
2.03.04.05.06.07.0

4 W SSS3210

2 W S10

13C(ppm)
0.050.0100.0150.0200.0

 

(3-Isothiocyanato-propyl)-benzene (5): 

1H(ppm)
2.03.04.05.06.07.0

8910 W 121314 SSSSS 2021222324257654310

2 W 4 S 610
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13C(ppm)
0.050.0100.0150.0200.0

 

 

(2-Isothiocyanato-1-phenyl-ethyl)-benzene-(6): 

1H(ppm)
-2.00.02.04.06.08.0

6543210

210

 

13C(ppm)
0.050.0100.0150.0200.0
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Isothiocyanato-cyclohexane (7):   

1H(ppm)
0.05.010.015.0

 

13C(ppm)
0.050.0100.0150.0200.0

 

Isothiocyanato-1,2,3,4-tetrahydro-napthalene (8): 

 

1H(ppm)
2.03.04.05.06.07.0

171615 W 1920212223242526272829 SSS 3334353637141312 383940414211 43109876543210

3 W 5 6 S 82 910
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13C(ppm)
0.050.0100.0150.0200.0

 

 

(1-Isothiocyanato-ethyl)-benzene (9):   

1H(ppm)
2.03.04.05.06.07.08.0

¹H NMR (400 MHz, DMSO): δ 7.45-7.31 (m, 4 H);  5.23 (q, J = 6.77 Hz, 1 H);  1.60 (d, J = 6.75 Hz, 3 H).

111098 W S7543210 1415

1 W S0 4

 

13C(ppm)
0.050.0100.0150.0200.0
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(1-Isothiocyanato-1-methyl-ethyl)-benzene (10): 

1H(ppm)
1.02.03.04.05.06.07.0

W SSSSS 282120191817161514131211109876543210

W S 30

 

13C(ppm)
0.050.0100.0150.0200.0

 

(1-Isothiocyanato-1-phenyl-ethyl)-benzene (11): 

1H(ppm)
2.03.04.05.06.07.0

WW4 S3210

W2 S10
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13C(ppm)
0.050.0100.0150.0200.0

 

1-Isothiocyanato-benzene (13): 

1H(ppm)
2.03.04.05.06.07.0

543210

0

 

13C(ppm)
0.050.0100.0150.0200.0
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1-Isothiocyanato-4-methoxy-benzene (14): 

1H(ppm)
3.04.05.06.07.0

7 8W5410 SSS

2 W10 S

13C(ppm)
0.050.0100.0150.0200.0

 

 

1-Bromo-4-isothiocyanato-benzene (15): 

1H(ppm)
3.04.05.06.07.0

W43 SSS210

W1 S0
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13C(ppm)
0.050.0100.0150.0200.0

 

 

1-Fluoro-4-isothiocyanato-benzene (16): 

1H(ppm)
2.03.04.05.06.07.08.0

W* S6543210 * *

W* S10 * *

 

13C(ppm)
0.050.0100.0150.0200.0
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1-Chloro-4-isothiocyanato-benzene (17): 

1H(ppm)
3.04.05.06.07.0

W321 S0

W0 S

 

13C(ppm)
0.050.0100.0150.0200.0

 

 

4-Isothiocyanato-phenol (18): 

1H(ppm)
3.04.05.06.07.08.09.010.0

4321 W0 S

21 W0 S
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13C(ppm)
0.050.0100.0150.0200.0

 

 

1-Isothiocyanato-2-methoxy-benzene (19):  

1H(ppm)
3.04.05.06.07.0

10 W9876543210 S

3 W210 S

 

13C(ppm)
0.050.0100.0150.0200.0
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1-Isothiocyanato-4-methyl-benzene (20): 

1H(ppm)
3.04.05.06.07.0

W161514131211109876543210 SSS 21

W0 S 3

 

13C(ppm)
0.050.0100.0150.0200.0

 

1-Bromo-3-isothiocyanato-benzene (21): 

1H(ppm)
3.04.05.06.07.08.0

W25242322212019181716151413111098765 SSS321

W21 S0
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13C(ppm)
0.050.0100.0150.0200.0

 

 

1-Isothiocyanato-4-trifluoromethyl-benzene (22): 

1H(ppm)
3.04.05.06.07.0

W SSS3210

W S10

 

13C(ppm)
0.050.0100.0150.0200.0
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4-Isothiocyanato-benzoic acid methyl ester (23): 

1H(ppm)
3.04.05.06.07.08.0

432 W10 S

21 W0 S

 

13C(ppm)
0.050.0100.0150.0200.0

 

 

1-Bromo-2-isothiocyanato-benzene (26): 

 1H(ppm)
3.04.05.06.07.0

W987654 SSS3210

W32 S10
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13C(ppm)
0.050.0100.0150.0200.0

 

 

1-Chloro-2-isothiocyanato-benzene (27): 

1H(ppm)
2.03.04.05.06.07.08.09.0

151413121110987653210 W S

210 W S

 

13C(ppm)
0.050.0100.0150.0200.0
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1-Isothiocyanato-3-trifluoromethyl-benzene (28): 

1H(ppm)
0.02.04.06.08.010.012.0

6543210 W SSS

10 W S

 

13C(ppm)
0.050.0100.0150.0200.0

 

                                                 
1 Zhang, W.; Chen, C. H.-T.; Nagashima, T. Tet. Lett. 2003, 44(10) 2065 - 2068. 

2 Goodyer, C. L. M.; Chinje, E. C.; Jaffar, M.; Stratford, I. J.; Threadgill, M. D.; Bioorg. 

Med. Chem. 2003, 11(19) 4189 - 4206. 

3 Windhorst, A. D.; Timmerman, H.; Worthington, E. A.; Bijloo, G. J.; Nederkoorn, P. H. 

J.; Menge, W. M. P. B.; Leurs, R.; Herscheid, Jacobus D. M. J. Med. Chem.; 2000, 43 (9) 

1754 - 1761. 

4 Hirashima, A.; Yoshii, Y.; Eto, M.; Biosci. Biotechnol. Biochem. 1992, 56 (7)1062-

1065.  

5 Wilson, K. J.; Illig, C. R.; Subasinghe, N.; Hoffman, J. B.; Rudolph, M. J.; Soll, R.; 

Molloy, C. J.; Bone, R.; Green, D.; Randall, T.; Zhang, M.; et al. Bioorg. Med. Chem. 

Lett. 2001, 11 (7) 915 - 918. 



 SI-25 

                                                                                                                                               
6 Gittos et al. J. Chem. Soc. Perkin Trans. 1 1976 33,34,37. 

7 Adam, W.; Bargon, R. M.; Bosio, S. G.; Schenk, W. A.; Stalke, D. J. Org. Chem. 2002, 

67 (20) 7037 - 7041. 

8 Bhandari, K.; Srivastava, S.; Shankar, G.; Bioorg. Med. Chem. 2004, 12 (15) 4189 - 

4196. 

9 Barton, D. H. R.; Tachdjian, C. Tetrahedron 1992, 48 (34) 7091-7108. 

10 Woodgate, P. D.; Janssen, S. J.; Rutledge, P. S.; Woodgate, S. D.; Cambie, R. C. 

Synthesis 1984, 12, 1017-1020. 

11 Shan, W. G.; Bian, G. F.; Su, W. K.; Liang, X. R. Org. Prep. Proced. Int. 2004, 36 (3) 

83 - 286. 

12 Hodgkins, J. E.; Reeves, W.P. J. Org. Chem. 1964, 29 (10), 3098 - 3099. 

13 Elguero, J.; Estopa, C.; Ilavsky, D. J. Chem. Res. Miniprint 1981, 12, 4237-4252. 

14 Zhang, X.; Lee, Y. K.; Kelley, J. A.; Burke, T. R. J. Org. Chem. 2000, 65(19) 6237 - 

6240. 

15 Park, S.; Hayes, B. L.; Marankan, F.; Mulhearn, D. C.; Wanna, L. ; Mesecar, A. D.; 

Santarsiero, B. D.; Johnson, M. E.; Venton, D. L. J. Med. Chem. 2003, 46(6) 936 - 953. 

16 Butler, R. N.; Wallace, L. M. J. Chem. Soc. Perkin Trans. 1 2000, 24, 4335 - 4338. 

17 Kristian; D. Collect. Czech. Chem. Commun. 1966, 31 1333 - 1334. 

18 Wilcox, C. S.; Kim, E.; Romano, D.; Kuo, L. H.; Burt, A. L.; Curran, D. P. 

Tetrahedron 1995, 51(2) 621-634. 

19 Exner, O.; Budesinsky, M.; Collect. Czech. Chem. Commun. 1991, 56(11.1) 2234-

2250. 



 SI-26 

                                                                                                                                               
20 Li, Z.; Qian, X.; Liu, Z.; Li, Z.; Song, G. Org. Prep. Proced. Int. 2000, 32(6) 571 - 

573. 

21 Kurzer, F.; Canelle, J. Tetrahedron 1963, 19, 1603 - 1610. 


