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(I)  Experimental Procedure for the synthesis of ynamides. 

(a)  General Information. 

Unless otherwise noted, all the reactions for the preparation of the substrates were 

performed in oven-dried glassware under nitrogen atmosphere with freshly distilled solvents. 

The catalytic reactions were performed under nitrogen atmosphere. Toluene, DCE and 

Methanol were distilled from CaH2 under nitrogen. Methanol and triethylamine (Et3N) were 

stored over 4Å molecular sieves prior to use. All other commercial reagents were used 

without further purification, unless otherwise noted. 
1
H NMR and 

13
C NMR spectra were 

recorded on varian 400 MHz, Bruker 400 and 600 MHz spectrometers using CDCl3 and 

CD2Cl2 as the internal standards. 

(b) Experimental Procedure for the synthesis of (E)-N-methyl-N-(3-methyl-4-

phenylbut-3-en-1-yn-1-yl)methanesulfonamide (1a). 

 

 

(1) Synthesis of (E)-(4,4-dibromo-2-methylbuta-1,3-dien-1-yl)benzene (s2). 

To a dichloromethane (DCM) solution of carbon tetrabromide (18.14 g, 54.70 mmol) was 

added triphenylphosphine (21.48 g, 81.90 mmol) in DCM (100 mL) at 0 °C; the reaction 

mixture was stirred at 0 °C for 10 min, before a solution of (E)-2-methyl-3-

phenylacrylaldehyde (s1) (4.00 g, 27.30 mmol) in anhydrous CH2Cl2 (10 mL) was added. 

The resulting mixture was stirred for 1 h at 0 °C before an addition of H2O (100 mL) to 

partition the organic layer. The resulting mixture was extracted with DCM (3 x 20 mL); the 

combined organic layer was washed with brine, dried over Na2SO4, and concentrated under 

reduced pressure. To this residue was added 100 mL of diethyl ether, and the resulting 

suspension is filtered to remove triphenylphosphine oxide. The ethereal filtrate is 

concentrated in vacuo, and chromatographed through a silica gel column (hexane/ether, 10:1) 

to afford (E)-(4,4-dibromo-2-methylbuta-1,3-dien-1-yl)benzene  (6.20 g, 76 %) as yellow oil. 

To a THF solution of (E)-(4,4-dibromo-2-methylbuta-1,3-dien-1-yl)benzene (5.80 g, 
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20.14 mmol) was added n-BuLi (17.72 mL, 2.5 M in hexane, 44.31 mmol) dropwise at -78 

°C for 30 min. The resulting solution was stirred for 30 min at -78 °C, before it was added 

with water (5 mL) at -78 °C. The resulting solution was stirred at -30 °C for 30 min, and 

warmed to RT before stirring for additional one hour. A saturated aqueous NH4Cl (100 mL) 

was added, and the aqueous layer was separated and extracted with (3 x 20 mL) of ether. The 

organic layer is washed with brine (50 mL), dried over Na2SO4, and concentrated under 

reduced pressure. The residue was eluted through a silica column to afford compound s2 

(2.10 g, 75 %) as colourless liquid. 

 

(2) Synthesis of (E)-(4-bromo-2-methylbut-1-en-3-yn-1-yl)benzene (s3) 

To a acetone (50 mL) solution of triisopropylsilyl acetylene (s2) (3.40 g, 23.90 mmol) 

was added NBS (5.10 g, 28.60 mmol) and AgNO3 (0.4 g, 23.90 mmol); the resulting mixture 

was stirred for 3 h at room temperature. The solution was concentrated in vacuo before an 

addition of water. The organic layer was extracted with pentane (30 mL×3), dried over 

MgSO4, and concentrated under reduced pressure to obtain pure colorless oil of (E)-(4-

bromo-2-methylbut-1-en-3-yn-1-yl)benzene (s3) (4.11 g, 78 %) as colourless  liquid. 

 

 (3) Synthesis of (E)-N-methyl-N-(3-methyl-4-phenylbut-3-en-1-ynyl)methanesulfon- 

amide (1a)  

To a dried flask was added N-methylmethanesulfonamide
s1

 (552 mg, 5.04 mmol), 

CuSO4·5H2O (104.8 mg, 0.420 mmol), 1,10-phenanthroline (162 mg, 0.904 mmol) and 

K2CO3 (1.16 g, 8.40 mmol), and this mixture was added with a toluene (5 mL) solution of 

(E)-(4-bromo-2-methylbut-1-en-3-yn-1-yl)benzene (s3) (1.00 g, 4.20 mmol). The flask was 

charged with nitrogen, and the resulting solution was heated at 80 
o
C overnight. The solution 

was cooled to room temperatures, filtered through Celite
TM

, and concentrated in vacuo. The 

crude residue was chromatographed on a short silica column, giving ynamide 1a as a white 

solid (880 mg, 79 %).
S1 

 

S1
. J. S, Reddy, E. V. Bharathi, D. Dastagiri and A. Kamal, Tetrahedron Lett., 2008,49, 348. 
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 (c) Experimental Procedure for the synthesis of  (E)-N-methyl-N-(3-methyl-4-

(thiophen-2-yl)but-3-en-1-yn-1-yl)methanesulfonamide (1m) 

 

(1) Synthesis of (E)-2-(2-iodoprop-1-enyl)thiophene (s5) 

To a suspension of (ethyl)triphenylphosphonium iodide (11.2 g, 26.70 mmol) in THF (50 

mL) was added n-BuLi (10.68 mL, 2.5 M in hexane, 26.70 mmol) at room temperature. After 

disappearance of solid material, the red solution was transferred into a vigorously stirred 

solution of iodine (2.25 g, 8.90 mmol) in THF (50 mL) at -78 °C. The resulting dark brown 

suspension was stirred for 5 min, and warmed gradually to -30 °C. To this mixture was added 

a solution of NaHMDS (26.70 mL, 1.0 M in THF) to afford a dark red solution. A THF (3 

mL) solution of thiophene-2-carbaldehyde (1.0 g, 8.90 mmol) was slowly added, and the 

mixture was stirred for 30 min at -30 °C. The resulting mixture was diluted with pentane (40 

mL), filtered through a Celite pad, and concentrated in vacuo. The crude residue was 

chromatographed through a silica column (hexane/ethyl acetate, 15:1) to afford (Z)-2-(2-

iodoprop-1-enyl)thiophene s5 (0.77 g, 35 %) as a colourless liquid
(S2)

. 

S2
C.B. Lee, T.-C. Chou, X.-G. Zhang, Z.-G. Wang, S.D. Kuduk, M.D. Chappell, S.J Stachel, 

and S.J. Danishefsky, J. Org. Chem. 2000, 65, 6525. 

(2) Synthesis of (E)-trimethyl(3-methyl-4-(thiophen-2-yl)but-3-en-1-ynyl)silane(s6) 

To a triethylamine solution (10 mL) of Pd(PPh3)2Cl2 (56.21 mg, 0.07 mmol) and CuI 

(4.11 mg, 0.03 mmol) was added (Z)-2-(2-iodoprop-1-enyl)thiophene (s1) (500 mg, 1.99 

mmol), the mixture was stirred for 10 min. To this mixture was added trimethylsilylacetylene 

(392 mg, 3.99 mmol) dropwise over 30 min. The resulting solution was stirred for 8 h at 

room temperature. The resulting solution was filtered through a short celite bed, and 

concentrated under reduced pressure. The residue was eluted through a silica column 

(hexane/ethyl acetate = 10:1) to afford compound (s2), (270 mg, 61 %) as a pale yellow oil. 
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 (3) Synthesis of (E)-2-(4-bromo-2-methylbut-1-en-3-ynyl)thiophene (s7). 

To a methanol/dichloromethane (20 mL, 2:1) mixing solvent was added (E)-trimethyl(3-

methyl-4-(thiophen-2-yl)but-3-en-1-ynyl)silane (s2) (500 mg, 2.26 mmol) and K2CO3 (627 

mg, 4.53 mmol); the resulting mixture was stirred for 30 min at room temperature, The 

solution was concentrated in vacuo before treatment with water. The organic layer was 

extracted with hexane (25 mL×3), and the organic layer was dried over MgSO4. The crude 

product was purified by a vacuum distillation to afford compound (E)-2-(2-methylbut-1-en-3-

ynyl)thiophene  (210 mg, 62 %) as colorless oil. 

The experimental procedure for the preparation of s7 and 1m is similar  to s3 and 1a resp. 

 

.  

 (IV) Standard procedure for gold(I) catalyzed [4+1]-cycloaddition reactions.  

 

A two-necked flask was charged with P(t-Bu)2(o-biphenyl)AuCl(I) (10.60 mg, 0.02 mmol) 

and silver hexafluoroantimonate (6.87 mg, 0.02 mmol), and to this mixture was added dry 

DCE (1.0 mL). The resulting solution was stirred at room temperature for 5 min. To this 

solution was added a dichloroethane solution (2 mL) of compound 1a (100 mg, 0.40 mmol) 

and 8-methylquinoline 1-oxide (76.70 mg, 0.48 mmol). The mixture was kept stirring at 80 

°C for 10 h before it was filtered over a short silica bed. The solvent was evaporated under 

reduced pressure, and the crude product was eluted through a silica gel column to afford 

compound 1a as yellow oil (93 mg, 88 %).  
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Spectral data for (E)-N-methyl-N-(3-methyl-4-phenylbut-3-en-1-yn-1-

yl)methanesulfonamide (1a) 

 
 

White solid; melting point: 73 °C; IR (KBr, cm
-1

): 2229 (m), 1624 (m), 1621 (m), 1335 (s), 

716 (w); 
1
H NMR (400 MHz, CDCl3): δ 7.31 (t, J = 7.6 Hz, 2 H), 7.24 ~ 7.21 (m, 3 H), 6.74 

(s, 1 H), 3.24 (s, 3 H); 3.01 (s, 3 H)  2.03 (s, 3 H); 
13

C NMR (100 MHz, CDCl3): 136.6, 

134.9, 128.8, 128.2, 127.0, 118.8, 82.2, 73.1, 39.1, 36.5, 19.3. HRMS calcd. for 

C13H15NO2S: 249.0823; found: 249.0820. 

Spectral data for (E)-N-butyl-N-(3-methyl-4-phenylbut-3-en-1-yn-1-

yl)methanesulfonamide (1b). 

 

Brown oil; IR (neat, cm
-1

): 2239 (m), 1621 (m), 1604 (m), 1321 (b), 701 (w); 
 1

H NMR (400 

MHz, CDCl3): δ 7.30 (t, J = 8.0 Hz, 2 H), 7.22 ~ 7.19 (m, 3 H), 6.73 (s, 1 H), 3.45 (t, J = 4.0 

Hz, 2 H), 3.05 (s, 3 H); 2.04 (s, 3 H), 1.75 ~ 1.68 (m, 2 H), 1.43 ~ 1.38 (m, 2 H), 1.00 ~ 0.94 

(m, 3 H) 
13

C NMR (100 MHz, CDCl3): δ 136.6, 134.4, 128.7, 128.1, 127.0, 118.9, 80.8, 74.6, 

51.3, 37.9. 30.2, 19.3, 19.2, 13.5; HRMS calcd. for C16H21NO2S: 291.1293; found: 291.1297. 

Spectral data for (E)-N-benzyl-N-(3-methyl-4-phenylbut-3-en-1-yn-1-

yl)methanesulfonamide (1c). 

 
 

Pale yellow oil; IR (neat, cm
-1

): 2241 (m), 1619 (m), 1611 (s), 1318 (b), 703 (w); 
1
H NMR 

(400 MHz, CDCl3): δ 7.46 (dd, J = 6.4, 1.6 Hz, 2 H), 7.41 ~ 7.36 (m, 3 H), 7.32 (t, J = 7.2 

Hz, 3 H), 7.22 (t, J = 4.4 Hz, 2 H), 6.69 (s, 1 H), 4.67 (s, 2 H), 2.91 (s, 3 H), 2.00 (s, 3 H); 
13

C 
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NMR (100 MHz, CDCl3): δ 136.5, 134.4, 128.6, 128.5, 128.1, 127.6, 126.9, 118.8, 81.2, 

75.3, 55.5, 38.7, 19.1; HRMS calcd. for C19H19NO2S: 325.1136;  found: 325.1139. 

Spectral data for (E)-N-(3-methyl-4-phenylbut-3-en-1-yn-1-yl)-N-

phenylmethanesulfonamide (1d). 

 

Brown oil; IR ( neat, cm
-1

): 2246 (m), 1618 (m), 1613 (s), 1367 (b), 711 (w); 
1
H NMR (400 

MHz, CDCl3): δ 7.56 ~ 7.52 (m, 2 H), 7.44 ~ 7.40 (m, 2 H), 7.36 ~ 7.31 (m, 3 H), 7.27 ~ 7.22 

(m, 3 H), 6.90 (s, 1 H), 3.11 (s, 3 H), 2.08 (s, 3 H) 
13

C NMR (100 MHz, CDCl3): δ 138.7, 

136.5, 135.2, 129.4, 128.8, 128.2, 127.1, 125.4, 118.7, 81.1, 74.6, 36.2, 19.2; HRMS calcd. 

for C18H17NO2S: 311.0980; found: 309.0976. 

Spectral data for(E)-N-cyclopropyl-N-(3-methyl-4-phenylbut-3-en-1-yn-1-

yl)methanesulfonamide (1e). 

 

Pale yellow oil; IR (neat, cm
-1

): 2256 (m), 1610 (m), 1607 (s), 1319 (b), 711 (w); 
1
H NMR 

(400 MHz, CDCl3): δ 7.32 ~ 7.29 (m, 3 H), 7.23 ~ 7.20 (m, 2 H), 6.72 (s, 1H), 3.09 (s, 3 H), 

3.09 ~ 3.03 (m, 1 H), 2.06 (s, 3 H), 0.99 ~ 1.00 (m, 2 H), 0.90 ~ 0.86 (m, 2 H); 
13

C NMR 

(100 MHz, CDCl3): δ 136.6, 134.6, 128.7, 128.1, 127.7, 118.8, 79.8, 74.8, 37.5, 32.7; 19.3, 

6.5; HRMS calcd. for C15H17NO2S:  275.0980; found: 275.0979. 

Spectral data for((E)-4-methyl-N-(3-methyl-4-phenylbut-3-en-1-yn-1-yl)-N-

(methylsulfonyl)benzenesulfonamide (1f). 
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Pale yellow solid; melting point 81 °C; IR (KBr, cm
-1

): 2231 (m), 1617 (m), 1611 (s), 1355 

(b), 713 (s); 
1
H.NMR (600 MHz, CD2Cl2): δ 7.81 (d, J = 8.4 Hz, 2 H), 7.42 (dd, J = 6.4 Hz, 

0.8 Hz, 2 H), 7.37 ~ 7.19 (m, 5 H), 6.72 (s, 1 H), 3.10 (s, 3 H), 2.47 (s, 3 H), 2.05 (s, 3 H); 

13
C NMR (150 MHz, CDCl3): δ 144.7, 136.8, 134.4, 133.2, 129.8, 128.8, 128.2, 127.8, 127.0, 

119.1, 83.2, 72.8, 39.3, 21.6, 19.3; HRMS  calcd. for C19H19NO4S2: 389.0755; found: 

389.0759. 

 

Spectral data for (E)-2-(3-methyl-4-phenylbut-3-en-1-yn-1-yl)-1,2-thiazinane 1,1-dioxide 

(1g). 

 
 

Pale yellow solid; melting point 128 °C; IR (KBr, cm
-1

): 2251 (m), 1613 (m), 1619 (s), 1355 

(b), 705 (w); 
1
H NMR (400 MHz, CD2Cl2): δ 7.34 ~ 7.30 (m, 2 H), 7.25 ~ 7.20 (m, 3 H), 6.76 

(s, 1 H), 3.80 (t, J = 5.6 Hz, 2 H), 3.26 ~ 3.22 (m, 2 H); 2.26 ~ 2.20 (m, 2 H), 2.04 (s, 3 H), 

1.86 ~ 1.81(m, 2 H) 
13

C NMR (100 MHz, CDCl3): δ 136.7, 134.7, 128.8, 128.2, 126.9, 119.0, 

82.1, 72.7, 55.4, 47.9; 23.7, 21.1, 19.4; HRMS calcd. for C15H17NO2S: 275.0980; found: 

275.00983. 

Spectral data for (E)-N-methyl-N-(3-methyl-4-phenyloct-3-en-1-yn-1-

yl)methanesulfonamide (1h). 

 

Brown oil; IR (neat, cm
-1

): 2265 (m), 1621 (m), 1611 (s), 1321 (b), 715 (w); 
1
H NMR (400 

MHz, CDCl3): δ 7.71 (d, J = 4.0 Hz, 2 H), 7.32 (q, J = 8.8 Hz, 2 H), 7.23 (t, J =8.8 1 H), 6.48 

(s, 1 H), 3.27 (s, 3 H), 3.09 (s, 3 H), 2.29 (t, J = 7.6 Hz, 2 H); 1.65 ~ 1.57 (m, 2 H), 0.95 (t, J 

= 7.6 Hz, 3 H) 
13

C NMR (100 MHz, CDCl3): δ 136.7, 131.9, 128.2, 128.1, 127.8, 121.2, 89.1, 

70.5, 41.0, 39.0, 36.6, 21.7, 13.7; HRMS calcd. for C15H19NO2S: 277.1136; found: 277.113. 
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Spectral data for (E)-N-(4-(4-fluorophenyl)-3-methylbut-3-en-1-yn-1-yl)-N-

methylmethanesulfonamide (1i). 

 
Brown oil; IR (neat, cm

-1
): 2234 (m), 1599 (m), 1619 (s), 1349 (b), 1210 (m), 710 (w); 

1
H 

NMR (400 MHz, CDCl3): δ 7.68 ~ 7.64 (m, 2 H), 7.01 ~ 7.00 (m, 2 H), 6.40 (s, 1 H), 3.30 (s, 

3 H), 3.08 (s, 3 H), 2.04 (s, 3 H); 
13

C NMR (100 MHz, CDCl3): δ 161.8 (J = 306.8 Hz), 132.9 

(d, J = 3.87), 131.0, 129.4 (d, J = 9.3 Hz), 115.9, 114.9 (d, J = 26.5 Hz), 88.7, 71.0, 39.0, 36.8, 

25.0; HRMS calcd. for C13H14FNO2S: 267.0729; found: 267.0732. 

Spectral data for(E)-N-(4-(4-chlorophenyl)-3-methylbut-3-en-1-yn-1-yl)-N-

methylmethanesulfonamide  (1j). 

 

Pale white solid; melting point; 76 °C; IR (KBr, cm
-1

): 2250 (m), 1612 (m), 1611 (w), 1352 

(b), 703 (w), 315 (m); 
1
H NMR (400 MHz, CDCl3): δ 7.58 (d, J = 8.4 Hz, 2 H), 7.22 (d, J = 

8.4 Hz, 2 H), 6.33 (s, 1 H), 3.21 (s, 3 H), 2.98 (s, 3 H), 2.02 (s, 3 H); 
13

C NMR (100 MHz, 

CDCl3): δ 135.1, 133.5, 132.8, 130.1, 128.5, 119.6, 82.7, 73.1, 39.2, 36.7, 19.3;  HRMS 

calcd. for C13H14ClNO2S: 283.0434; found: 283.0430. 

 

Spectral data for(E)-N-methyl-N-(3-methyl-4-(p-tolyl)but-3-en-1-yn-1-

yl)methanesulfonamide (1k).  

 
 

Brown oil; IR (neat, cm
-1

): 2234 (m), 1612 (m), 1620 (s), 1351 (b), 713 (w);
 1

H NMR (400 

MHz, CDCl3): δ 7.16 ~ 7.11 (m, 4 H), 6.72 (s, 1 H),  3.23 (s, 3 H),  3.10 (s, 3 H), 2.32 (s, 3 
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H); 
13

C NMR (100 MHz, CDCl3): δ 136.9, 135.1, 133.8, 128.9, 128.8, 117.9, 81.9, 73.3, 

39.2, 36.7, 21.2, 19.3; HRMS calcd. for C14H17NO2S: 263.0980; found: 263.0985. 

Spectral data for (E)-N-(4-(4-methoxyphenyl)-3-methylbut-3-en-1-yn-1-yl)-N-

methylmethanesulfonamide (1l). 

 

Pale yellow oil; IR (neat, cm
-1

): 2235 (m), 1621 (m), 1603 (w), 1355 (b), 736 (w); 
1
H NMR 

(600 MHz, CDCl3): δ 7.65 (d, J = 8.8 Hz, 2 H), 6.84 (d, J = 8.8 Hz, 2 H), 6.85 (s, 1 H), 3.79 

(s, 3 H), 3.25 (s, 3 H), 3.30 (s, 3 H), 2.02 (s, 3 H). 
13

C NMR (150 MHz, CDCl3): δ 158.9, 

132.2, 129.7, 129.2, 113.8, 113.7, 88.2, 71.3, 55.3, 39.1, 36.8, 25.1; HRMS calcd. for 

C14H17NO3S: 279.0929; found:  279.0933. 

Spectral data for (E)-N-methyl-N-(3-methyl-4-(thiophen-2-yl)but-3-en-1-yn-1-

yl)methanesulfonamide (1m): 

 
 
 

Pale yellow oil; IR (neat, cm
-1

): 3120 (m), 2261 (m), 1621 (m), 1619 (s), 1510 (v), 1350 (b), 

710 (w); 
1
H NMR (400 MHz, CDCl3): δ 7.19 (d, J = 5.2 Hz, 1 H), 7.10 (d, J = 3.2 Hz, 1 H), 

6.97 (dd, J = 5.2 Hz, 3.2 Hz, 1 H), 6.69 (s, 1 H), 3.34 (s, 3 H), 3.12 (s, 3 H), 2.04 (s, 3 H), 

13
C NMR (100 MHz, CDCl3): δ 140.8, 127.5, 127.0, 126.4, 124.7, 114.3, 91.4, 70.5, 38.8, 

39.6, 24.4; HRMS calcd. for C11H13NO2S2: 255.0388; found:  255.0385. 

Spectral data for (E)-N-(4-(benzo[b]thiophen-2-yl)-3-methylbut-3-en-1-yn-1-yl)-N-

methylmethanesulfonamide (1n). 
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Brown oil; IR (neat, cm
-1

): 3039 (m), 2209 (m), 1602 (m), 1611 (w), 1551 (v), 1355 (b), 
1
H 

NMR (400 MHz, CDCl3): δ 7.74 (t, J = 7.6 Hz, 1 H), 7.70 (t, J = 7.6 Hz, 1 H), 7.37 (s, 1 H), 

7.32 ~ 7.25 (m, 2 H), 6.73 (s, 1 H), 3.39 (s, 3 H), 3.15 (s, 3 H), 2.10 (s, 3 H); 
13

C NMR (100 

MHz, CDCl3): δ 140.6, 139.2, 138.9, 126.8, 124.4, 124.3, 123.3, 121.9, 117.3, 91.8, 70.6, 

38.7, 37.2, 24.7; HRMS calcd. For C15H15NO2S2:  305.0544; found: 305.0547. 

Spectral data for (E)-N-(4-(benzofuran-2-yl)-3-methylbut-3-en-1-yn-1-yl)-N-

methylmethanesulfonamide (1o). 

 
 

Brown oil; IR (neat, cm
-1

): 3048 (m), 2223 (m),1612 (m), 1616 (m) (s), 1619 (s), 1316 (b);
 1
H 

NMR (400 MHz, CDCl3 7.54 (d, J = 7.6, Hz, 1 H), 7.43 (d, J = 7.6 Hz, 1 H), 7.22 ~ 7.15 (m, 

3 H), 6.45 (s, 1 H), 3.40 (s, 3 H), 3.14 (s, 3 H), 2.10 (s, 3 H), 
13

C NMR (100 MHz, CDCl3): δ 

154.1, 129.0, 124.2, 122.9, 122.7, 120.9, 120.4, 118.3, 110.9, 104.4, 91.4, 71.5, 39.0, 36.9, 

24.5; HRMS  calcd. for C15H15NO3S: 289.0773; found: 289.0777. 

Spectral data for (E)-N-phenyl-N-(4-phenylbut-3-en-1-yn-1-yl)methanesulfonamide  

                                                        

Brown oil; IR (neat, cm
-1

): 2253 (m), 1612 (m), 1615 (s), 1351 (b), 1115 (s), 706 (w);
 1

H 

NMR (600 MHz, CDCl3 7.54 (d, J = 8.4 Hz, 2 H), 7.43 (t, J = 7.8 Hz, 2 H), 7.37 ~ 7.35 (m,  

3 H),  7.31 (t, J = 7.8 Hz, 2 H), 7.26 (d, J = 8.4 Hz, 1 H), 6.92 (d, J =16.0 Hz, 1 H), 6.28 (d, J 

=16.0 Hz 1 H), 3.13 (s, 3 H) 
13

C NMR (150 MHz, CDCl3): δ 140.5, 138.6, 136.2, 129.5, 

128.7, 128.5, 128.4, 126.1, 125.6, 107.0, 83.8, 70.5, 36.9; HRMS calcd. for C17H15NO2S: 

297.0823; found: 297.0827 

 

Spectral data of N-(cyclohex-1-en-1-ylethynyl)-N-methylmethanesulfonamide(1q) 
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Brown oil; IR (neat, cm
-1

): 2139 (s), 1612 (m), 1351 (b), 706 (w);
 1

H NMR (400 MHz, CDCl3 

6.03 (d, J = 2.0 Hz, 1 H), 3.17 (s, 3 H), 3.00 (s, 3 H), 2.07 ~ 2.05 (m,  4 H), 1.61 ~ 1.52 (m, 4 

H). 
13

C NMR (100 MHz, CDCl3): δ 134.8, 119.6, 80.6, 70.9, 39.2, 36.3, 29.4, 25.6, 22.3, 

21.4; HRMS  calcd. for C10H15NO2S: 213.0823; found: 213.0826. 

Spectral data for N-methyl-N-(4-methyl-5-phenylfuran-2-yl)methanesulfonamide (2a). 

 

Colourless liquid; IR (neat, cm
-1 

): 3090 (m), 1601 (m), 1610 (m), 1355 (b), 705 (w), 550 (s); 

1
H NMR (400 MHz, CDCl3): 7.51 (d, J = 7.2 Hz, 2 H), 7.36 (t, J = 6.8 Hz, 2 H), 7.24 (t, J = 

7.2 Hz, 1 H), 6.15 (s, 1 H), 3.29 (s, 3 H), 3.06 (s, 3 H), 2.21 (s, 3 H); 
13

C NMR (100 MHz, 

CDCl3): δ 146.2, 144.8, 131.0, 128.5, 127.1, 125.3, 117.7, 109.7, 37.3, 37.2, 11.1; HRMS 

calcd. for C13H15NO3S: 265.0773; found: 265.0770. 

Spectral data for N-butyl-N-(4-methyl-5-phenylfuran-2-yl)methanesulfonamide (2b). 

.  
 

Brown oil; IR (neat, cm
-1

): 3031 (m), 1611 (m), 1595 (m), 1315 (b), 706 (w), 559 (s); 
1
H 

NMR (600 MHz, CDCl3): δ 7.54 ~ 7.52 (m, 2 H), 7.40 ~ 7.37 (m, 2 H), 7.26 (t, J = 5.2 Hz, 1 

H), 6.20 (s, 1 H), 3.61 (t, J = 4.2 Hz, 2 H), 3.01 (s, 3 H), 2.24 (s, 3 H), 1.57~1.53 (m, 2 H), 

1.39 ~ 1.35 (m, 2 H), 0.90 (t, J = 7.2 Hz, 3 H); 
13

C NMR (100 MHz, CDCl3): δ 146.8, 143.0, 

131.1, 128.6, 127.1, 125.4, 117.8, 112.4, 50.0, 38.8, 30.7, 19.5, 13.6, 12.0; HRMS calcd. for 

C16H21NO3S: 307.1242; found: 307.1243. 

 

Spectral data for N-benzyl-N-(4-methyl-5-phenylfuran-2-yl)methanesulfonamide (2c). 
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Brown oil; IR (neat, cm
-1

): 3044 (m), 1621 (m), 1599 (m), 1339 (b), 700 (w), 590 (s); 
1
H 

NMR (400 MHz, CDCl3: δ 7.50 (d, J = 8.0 Hz, 2 H), 7.41 ~ 7.23 (m, 8 H), 6.02 (s, 1 H), 4.80 

(s, 2 H), 3.00 (s, 3 H), 2.16 (s, 3 H); 
13

C NMR (100 MHz, CDCl3): δ 146.6, 143.0, 135.6, 

131.0, 128.8, 128.7, 128.0, 127.1, 125.3, 117.8, 112.2, 54.3, 39.7, 11.9; HRMS calcd. for 

C19H19NO3S: 341.1086; found: 341.1084. 

Spectral data for N-(4-methyl-5-phenylfuran-2-yl)-N-phenylmethanesulfonamide (2d). 

 

Brown oil; IR (neat, cm
-1

): 3134 (m), 1609 (m), 1592 (m), 1341 (b), 709 (w), 590 (s). 
1
H 

NMR (400 MHz, CDCl3): δ 7.58 (d, J = 7.2 Hz, 2 H), 7.43 ~ 7.37 (m, 4 H), 7.31 (q, J = 9.0 

Hz, 2 H), 7.30 ~ 7.29 (m, 2 H), 6.29 (s, 1 H), 3.17 (s, 3 H), 2.23 (s, 3 H); 
13

C NMR (100 

MHz, CDCl3): δ 147.3, 143.8, 139.9, 131.0, 129.5, 128.6, 128.0, 127.3, 127.1, 125.6, 118.0, 

112.3, 39.4, 12.0;  HRMS calcd. for C18H17NO3S: 327.0929; found: 327.0914. 

Spectral data for N-cyclopropyl-N-(4-methyl-5-phenylfuran-2-yl)methanesulfonamide 

(2e). 

 

Colourless liquid; IR (neat, cm
-1

): 3034 (m), 1609 (m), 1595 (m), 1350 (b), 700 (w), 589 (s). 

1
H NMR (400 MHz, CDCl3): δ 7.54 (d, J = 7.6 Hz, 2 H), 7.38 (t, J = 7.6 Hz, 2 H), 7.27 (d, J 

= 7.2 Hz, 1 H), 6.12(s, 1H), 3.10 (s, 3 H), 3.00 ~ 2.99 (m, 1 H), 2.23 (s, 3 H), 0.87 ~ 0.82 (m, 

4 H); 
13

C NMR (100 MHz, CDCl3): δ 146.8, 144.1, 131.1, 128.5, 127.1, 125.4, 117.6, 111.7, 

38.4, 31.7, 11.9, 7.7; HRMS calcd. for C15H17NO3S: 291.0929; found: 291.0932. 
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Spectral data for N,4-dimethyl-N-(4-methyl-5-phenylfuran-2-yl)benzenesulfonamide 

(2f). 

 

Brown oil; IR (neat, cm
-1

): 3104 (m), 1604 (m), 1355 (b), 714 (w), 590 (s); 
1
H NMR (600 

MHz, CDCl3: δ 7.65 ~ 7.63 (m, 2 H), 7.39 (dd, J = 8.4, 1.2 Hz, 2 H), 7.35 ~ 7.32 (m, 2 H), 

7.28 (d, J = 8.4 Hz, 2 H), 7.22 (dd, J = 7.2, 1.2 Hz, 1 H), 6.13 (s, 1 H), 3.17 (s, 3 H), 2.40 (s, 

3 H), 2.23 (s, 3 H), 
13

C NMR (150 MHz, CDCl3): δ 145.9, 145.1, 144.0, 134.6, 131.2, 129.6, 

128.4, 127.9, 126.8, 125.2, 117.6, 109.7, 37.1, 21.6, 12.0; HRMS calcd. for C19H19NO3S: 

341.1086; found: 341.1088. 

Spectral data for 2-(4-methyl-5-phenylfuran-2-yl)-1,2-thiazinane 1,1-dioxide (2g). 

 
 

Yellow oil; IR (neat, cm
-1

): 3036 (m), 1620 (m), 1609 (m),1353 (b), 702 (w), 591 (s); 
1
H 

NMR (400 MHz, CDCl3): δ 7.54 (dd, J = 8.4 Hz, 2 H), 7.40 ~ 7.37 (m, 2 H), 7.27 ~ 7.23 (m, 

1 H), 6.14 (s, 1 H), 3.83 (t, J = 5.6 Hz, 2 H), 3.23 (t, J = 5.6 Hz 2 H), 2.36 ~ 2.15 (m, 2 H), 

2.14 (s, 3 H), 1.94 ~ 1.89 (m, 2 H); 
13

C NMR (100 MHz, CDCl3): δ 146.6, 145.2, 131.4, 

128.9, 126.7, 125.6, 117.9, 110.9, 52.9, 49.6, 24.4, 23.9, 12.2; HRMS calcd. for C15H17NO3S: 

291.0929; found: 291.0933. 

 

Spectral data for N-(4-butyl-5-phenylfuran-2-yl)-N-methylmethanesulfonamide (2h). 

          

Pale yellow oil; IR (neat, cm
-1

): 3033 (m), 1607 (m), 1599 (m), 1354 (b), 1231 (s), 706 (w), 

590 (s); 
1
H NMR (600 MHz, CDCl3: δ 7.52 ~ 7.50 (m, 2 H), 7.40 ~ 7.37 (m, 2 H), 7.27 (dd, J 

= 7.2, 6.0 Hz, 1 H), 6.21 (s, 1 H), 3.31 (s, 3 H), 2.99 (s, 3 H), 2.57 (t, J = 7.8 Hz, 2 H), 1.66 ~ 
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1.62 (m, 2 H), 0.96 (t, J = 7.2 Hz, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 146.0, 145.0, 131.1, 

128.6, 127.2, 125.7, 123.0, 108.1, 37.4, 37.3, 28.0, 22.9, 14.0; HRMS calcd. for C15H19NO3S: 

293.1086, found : 293.1083. 

 

Spectral data  for N-(5-(4-fluorophenyl)-4-methylfuran-2-yl)-N-

methylmethanesulfonamide (2i). 

                  

Pale yellow oil; IR (neat, cm
-1

): 3033 (m), 1607 (m), 1590 (m), 1209 (m), 1352 (b),  592 (s); 

1
H NMR (400 MHz, CDCl3: δ 7.51 ~ 7.48 (m, 2 H), 7.11 ~ 7.06 (m, 2 H), 6.16 (s, 1 H), 3.34 

(s, 3 H), 3.00 (s, 3 H), 2.20 (s, 3 H); 
13

C NMR (100 MHz, CDCl3): δ 161.7(d, J = 306.8 Hz), 

145.5, 144.8, 132.3, 127.2 (dd, J = 12.3, 3.7 Hz), 117.4, 115.8, 115.7 (d, J = 33.2), 109.7,  

37.4, 37.3, 11.8; HRMS  calcd. for C13H14FNO3S: 283.0678 ; found: 283.0678  

Spectral data N-(5-(4-chlorophenyl)-4-methylfuran-2-yl)-N-methylmethanesulfonamide 

(2j). 

 

Colourless liquid; IR (neat, cm
-1

): 3041 (m), 1614 (m), 1596 (m), 1344 (b), 703 (w), 5799 (s), 

299 (m); 
1
H NMR (600 MHz, CDCl3: δ 7.45 (d, J = 8.8 Hz, 2 H), 7.35 (d, J = 8.8 Hz, 2 H), 

6.16 (s, 1 H), 3.31 (s, 3 H), 3.00 (s, 3 H), 2.11 (s, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 145.1, 

144.8, 132.8, 129.5, 129.3, 126.5, 118.3, 109.8 40.5, 37.4, 12.0; HRMS calcd. for 

C13H14ClNO3S: 299.0383; found:  299.0341. 

Spectral data forN-methyl-N-(4-methyl-5-(p-tolyl)furan-2-yl)methanesulfonamide (2k). 
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Colourless oil; IR (neat, cm
-1

): 3122 (m), 1603 (m), 1597(m), 1344 (b),  703 (w),  591 (s); 
1
H 

NMR (600 MHz, CDCl3): δ 7.42 (d, J = 8.4 Hz, 2 H), 7.21 (d, J = 8.4 Hz, 2 H), 6.16 (s, 1 H), 

3.30 (s, 3 H), 2.99 (s, 3 H), 2.35 (s, 3 H), 2.20 (s, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 

146.6, 144.4, 137.0, 128.9, 128.3, 125.4, 117.1, 109.9, 37.4, 37.3, 21.2, 11.9; HRMS calcd. 

for C14H17NO3S:  279.0929; found: 279.0927. 

 

Spectral data forN-(5-(4-methoxyphenyl)-4-methylfuran-2-yl)-N-

methylmethanesulfonamide (2l). 

   

Colourless oil; IR (neat, cm
-1

): 3042 (m), 1605 (m), 1596 (w), 1340 (b), 701 (w), 590 (s); 
1
H 

NMR (600 MHz, CDCl3: δ 7.45 (d, J = 9.0 Hz, 2 H), 6.92 (d, J = 9.0 Hz, 2 H), 6.14 (s, 1 H), 

3.82 (s, 3 H), 3.30 (s, 3 H), 2.99 (s, 3 H), 2.19 (s, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 

158.8, 146.5, 144.2, 126.9, 124.0, 116.2, 114.0, 109.9, 55.3, 37.3, 30.9, 11.8; HRMS calcd. 

for C14H17NO4S:  295.0878; found:  295.0872. 

 

Spectral data for N-methyl-N-(4-methyl-5-(thiophen-2-yl)furan-2-

yl)methanesulfonamide (2m). 

 

Brown oil; IR (neat, cm
-1

): 3043 (m), 1601 (m), 1559 (v), 1344 (b), 704 (w),  595(s); 
1
H 

NMR (600 MHz, CD2Cl2): δ 7.29 (d, J = 5.4 Hz, 1 H), 7.20 (d, J = 3.6 Hz, 1 H), 7.08 (t, J = 

5.4 Hz, 1 H), 6.17(s, 1 H), 3.28 (s, 3 H), 3.00 (s, 3 H), 2.20 (s, 3 H); 
13

C NMR (150 MHz, 
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CD2Cl2): δ 145.2, 143.0, 133.4, 127.8, 124.7, 123.5, 117.7, 109.7, 37.9, 37.6, 11.6; HRMS 

calcd. for C11H13NO3S2: 271.0337; found:  271.0341. 

 

Spectral data for N-(5-(benzo[b]thiophen-2-yl)-4-methylfuran-2-yl)-N-

methylmethanesulfonamide (2n). 

 

Yellow oil IR (neat, cm
-1

): 3078 (m), 1601 (m), 1502 (v),  1335 (b), 703 (w), 555 (s); 
1
H 

NMR (600 MHz, CDCl3): δ 7.88 (d, J = 7.8 Hz, 1 H), 7.74 (d, J = 7.8 Hz, 1 H), 7.36 (s, 1 H), 

7.33 (dd, J = 7.8 Hz, 1.2 Hz, 1 H), 7.31 ~ 7.38 (m, 2 H), 3.33 (s, 3 H), 3.04 (s, 3 H), 2.29 (s, 3 

H); 
13

C NMR (150 MHz, CDCl3): δ 145.3, 142.4, 139.8, 138.8, 132.6, 124.7, 124.4, 123.5, 

122.0, 119.5, 119.0, 109.6, 37.4, 37.3, 11.6; HRMS calcd. for C15H15NO3S2: 321.0493; 

found: 321.0497. 

Spectral data for N-(5-(benzofuran-2-yl)-4-methylfuran-2-yl)-N-

methylmethanesulfonamide (2o). 

 

Yellow oil; IR (neat, cm
-1

): 3078 (m), 1602 (m), 1529 (v), 1335 (b), 707 (w), 597 (s); 
1
H 

NMR (600 MHz, CDCl3): δ 7.54 (d, J = 3.6 Hz, 1 H), 7.48 (d, J = 3.6 Hz, 1 H), 7.26 ~ 

7.22(m, 2 H), 6.77 (s, 1 H), 6.21 (s, 1 H), 3.34 (s, 3 H), 3.03 (s, 3 H), 2.33 (s, 3 H); 
13

C NMR 

(150 MHz, CDCl3): δ 154.4, 147.9, 146.0, 139.3, 128.4, 124.3,123.2, 120.9, 120.8, 111.1, 

109.2, 101.8, 37.5, 37.2, 11.1; HRMS calcd. for C15H15NO4S: 305.0722; found: 305.0722. 

Spectral data for (E)-N,3-dimethyl-N-(methylsulfonyl)-2-oxo-4-phenylbut-3-

enamide(3a) 
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Yellow oil; IR (neat, cm
-1

): 1701 (s), 1669 (s), 1621 (m), 1610 (m) 1335 (b), 707 (w);              

1
HNMR (600 MHz, CDCl3): δ 7.47 (t, J = 4.2 Hz, 2 H), 7.41 ~ 7.39 (m, 2 H), 7.37 (t, J = 1.2 

Hz, 1 H), 7.36 (s, 1 H), 3.34 (s, 3 H), 3.26 (s, 3 H), 2.15 (s, 3 H); 
13

C NMR (150 MHz, 

CDCl3): δ 191.6, 167.4, 146.5, 134.8, 132.8, 130.3, 129.6, 128.7, 40.5, 31.3, 12.4; HRMS 

calcd. for C13H15NO4S: 281.0722; found: 281.0715. 

Spectral data for (E)-N-(methylsulfonyl)-2-oxo-N,4-diphenylbut-3-enamide (3p). 

 

Pale yellow oil; IR (neat, cm
-1

): 1700 (s), 1669 (s), 1621 (m), 1610 (w),; 
1
H NMR (600 MHz, 

CDCl3): δ 7.69 (d, J = 16.2 Hz, 1 H), 7.57 (t, J = 4.2 Hz, 2 H), 7.49 ~ 7.48 (m, 3 H), 7.44 ~ 

7.40 (m, 3 H), 7.36 ~ 7.34 (m, 2 H), 6.87 (d, J =16.2 Hz 1 H), 3.42 (s, 3 H); 
13

C NMR (150 

MHz, CDCl3): δ 187.1, 167.2, 149.3, 133.8, 133.7, 131.7, 130.4, 129.9, 129.8, 129.1, 129.0, 

121.7, 41.2. 

Spectral data for (E)-N,3-dimethyl-N-(methylsulfonyl)-2-oxo-4-phenylbut-3-

enamide(4a) 

 

Brown oil; IR (neat, cm
-1

): 1667 (s), 1621 (m), 1613 (s), 1335 (b), 709 (w); 
1
H NMR (400 

MHz, CDCl3): δ 7.33 ~ 7.30 (m, 2 H), 7.23 ~ 7.21 (m, 3 H), 6.34 (s, 1 H), 3.48 (s,  2 H), 3.32 

(s, 3 H), 3.27 (s, 3 H),1.93 (s, 3 H); 
13

C NMR (100 MHz, CDCl3): δ 171.8, 137.1, 130.9, 

129.6, 128.8, 128.2, 126.8, 47.5, 41.5, 32.7, 18.2; HRMS calcd. for C13H17NO3S: 267.0929; 

found: 267.0924 
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Spectral data for (Z)-2-(cyclohex-2-en-1-ylidene)-N-methyl-N(methylsulfonyl)acetamide 

 

Yellow oil; IR (neat, cm
-1

): 1637 (m), 1621 (m), 1671 (s), 709 (w); 
1
H NMR (400 MHz, 

CDCl3): δ 6.29 ~ 6.25 (m, 1 H), 6.14 (d, J = 8.8 Hz 1 H), 6.05 (s, 1 H), 3.26 (s, 3 H), 3.22 (s, 

3 H), 2.88 ~ 2.85 (m, 2 H), 2.21 ~ 2.17 (m, 2 H), 1.74 ~ 1.67 (m, 2 H); 
13

C NMR (100 MHz, 

CDCl3): δ 167.0, 155.7, 139.4, 130.1, 114.4, 41.6, 32.9, 27.1, 25.6, 21.8; HRMS calcd. for 

C10H15NO3S: 229.0773; found: 229.0773. 

Spectral data for N-(3-iodo-4-methyl-5-phenylfuran-2-yl)-N-

methylmethanesulfonamide(6) 

 

Brown oil; IR (neat, cm
-1

): 1621 (m), 1596 (m), 1335 (b), 707 (w), 559 (s), 280 (s); 
1
H NMR 

(600 MHz, CDCl3): δ 7.53 (d, J = 7.8 Hz, 2 H), 7.40 (t, J = 7.8 Hz, 2 H), 7.32 ~ 7.23 (m, 1 H), 

3.30 (s, 3 H), 3.12 (s, 3 H), 2.20 (s, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 147.5, 145.8, 

130.3, 128.8, 128.0, 126.0, 120.4, 75.0, 39.1, 37.7, 13.4; HRMS calcd. for C13H14INO3S: 

390.9739; found: 390.9739. 

Spectral data for (E)-N,3-dimethyl-N-(methylsulfonyl)-4-oxo-4-phenylbut-2-enamide 

 

Brown oil; IR (neat, cm
-1

): 1700(s), 1668 (s), 1620 (w),  1335 (b), 704 (w); 
1
H NMR (600 

MHz, CDCl3): δ 7.87 ~ 7.85 (m, 2 H), 7.57 ~ 7.56 (m, 1 H), 7.48 ~ 7.45 (m,  2 H), 6.80 (s, 1 

H), 3.19 (s, 3 H), 3.14 (s, 3 H),  2.18 (s, 3 H); 
13

C NMR (100 MHz, CDCl3): δ 198.4, 165.0, 

156.4, 134.4, 133.6, 128.8, 128.7, 120.1, 41.4, 32.6, 21.9.  
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Spectral data for (E)-N-methyl-N-(3-methyl-4-(4-(2-methylprop-1-en-1-yl)phenyl)but-3-

en-1-yn-1-yl)methanesulfonamide compound with N-ethynyl-N-

methylmethanesulfonamide (7) 

 

 

Pale yellow solid; melting point 158 °C; IR (KBr, cm
-1

): 2275 (m), 2150 (m), 1617 (m), 1610 

(s), 1575 (b), 1340 (b), 710 (s); 
1
H NMR (600 MHz, CD2Cl2): δ 7.23 (s, 4 H), 6.72 (s, 2 H), 

3.25 (s, 6 H), 3.09 (s, 6 H), 2.07 (s, 6 H); 
13

C NMR (150 MHz, CDCl3): δ 135.2, 133.5, 128.9, 

119.0, 84.2, 72.5, 38.9, 36.4, 19.6; HRMS  calcd. for C20H24N2O4S2: 420.5507; found: 

420.5509. 

Spectral Data for N,N'-(5,5'-(1,4-phenylene)bis(4-methylfuran-5,2-diyl))bis(N-

methylmethanesulfonamide)(9) 

 

Pale yellow solid; melting point: 184 °C; IR (KBr, cm
-1 

): 3070 (m), 1610 (m), 1601 (m), 

1365 (b), 705 (w); 
1
H NMR (400 MHz, CDCl3): 7.58 (s, 4 H), 6.18 (s, 2 H), 3.32 (s, 6 H), 

3.01 (s, 6 H), 2.25 (s, 6 H); 
13

C NMR (100 MHz, CDCl3): δ 145.8, 144.9, 129.5, 125.3, 118.3, 

109.8, 37.4, 37.3, 12.1; HRMS calcd. for C20H24N2O6S2: 452.1073; found: 452.1079. 

  

 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 

 

S21 

 

 

 

(V) X –ray crystal structure and  data of compound  2d: 

 

 

Table 1.  Crystal data and structure refinement for mo_111104lt_0m. 

Identification code  mo_111104lt_0m 

Empirical formula  C18 H17 N O3 S 

Formula weight  327.39 

Temperature  100(2) K 

Wavelength  0.71073 Å 
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Crystal system  Monoclinic 

Space group  P 1 n 1 

Unit cell dimensions a = 9.0128(18) Å = 90°. 

 b = 9.1833(18) Å = 110.846(4)°. 

 c = 10.1798(19) Å  = 90°. 

Volume 787.4(3) Å3 

Z 2 

Density (calculated) 1.381 Mg/m3 

Absorption coefficient 0.220 mm-1 

F(000) 344 

Crystal size 0.22 x 0.18 x 0.15 mm3 

Theta range for data collection 2.22 to 26.30°. 

Index ranges -11<=h<=11, -11<=k<=11, -12<=l<=12 

Reflections collected 6296 

Independent reflections 2990 [R(int) = 0.0226] 

Completeness to theta = 26.30° 98.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9486 and 0.8213 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2990 / 2 / 210 

Goodness-of-fit on F2 1.030 

Final R indices [I>2sigma(I)] R1 = 0.0274, wR2 = 0.0615 

R indices (all data) R1 = 0.0318, wR2 = 0.0634 

Absolute structure parameter 0.09(5) 
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Largest diff. peak and hole 0.137 and -0.243 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for mo_111104lt_0m.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

S(1) 3321(1) 11313(1) 3036(1) 16(1) 

O(1) 3741(1) 7934(1) 2662(1) 16(1) 

O(2) 2407(2) 12532(1) 3189(1) 22(1) 

O(3) 4992(2) 11250(1) 3818(1) 20(1) 

N(1) 2548(2) 9837(2) 3501(2) 15(1) 

C(1) 5738(2) 4274(2) 66(2) 24(1) 

C(2) 6154(3) 3751(2) 1411(2) 32(1) 

C(3) 5771(3) 4496(2) 2432(2) 28(1) 

C(4) 4933(2) 5803(2) 2097(2) 16(1) 

C(5) 4514(2) 6619(2) 3151(2) 15(1) 

C(6) 3458(2) 8555(2) 3775(2) 15(1) 

C(7) 836(2) 9659(2) 3071(2) 16(1) 

C(8) -21(2) 10570(2) 3627(2) 18(1) 

C(9) -1640(2) 10341(2) 3270(2) 19(1) 

C(10) -2390(2) 9197(2) 2399(2) 22(1) 

C(11) 3005(2) 11088(2) 1237(2) 23(1) 

C(12) 87(2) 8535(2) 2166(2) 19(1) 

C(13) -1518(2) 8295(2) 1845(2) 22(1) 

C(14) 4011(2) 7710(2) 4922(2) 16(1) 
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C(15) 4689(2) 6437(2) 4532(2) 16(1) 

C(16) 5390(2) 5180(2) 5493(2) 23(1) 

C(17) 4493(2) 6313(2) 728(2) 22(1) 

C(18) 4898(2) 5565(2) -278(2) 24(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  mo_111104lt_0m. 

_____________________________________________________  

S(1)-O(2)  1.4311(13) 

S(1)-O(3)  1.4322(14) 

S(1)-N(1)  1.6681(16) 

S(1)-C(11)  1.762(2) 

O(1)-C(6)  1.372(2) 

O(1)-C(5)  1.394(2) 

N(1)-C(6)  1.405(2) 

N(1)-C(7)  1.455(2) 

C(1)-C(2)  1.371(3) 

C(1)-C(18)  1.383(3) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.388(3) 

C(2)-H(2)  0.9500 

C(3)-C(4)  1.394(3) 

C(3)-H(3)  0.9500 

C(4)-C(17)  1.388(3) 

C(4)-C(5)  1.464(3) 

C(5)-C(15)  1.368(3) 

C(6)-C(14)  1.341(3) 

C(7)-C(12)  1.388(3) 

C(7)-C(8)  1.389(3) 

C(8)-C(9)  1.389(3) 
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C(8)-H(8)  0.9500 

C(9)-C(10)  1.386(3) 

C(9)-H(9)  0.9500 

C(10)-C(13)  1.392(3) 

C(10)-H(10)  0.9500 

C(11)-H(11A)  0.9800 

C(11)-H(11B)  0.9800 

C(11)-H(11C)  0.9800 

C(12)-C(13)  1.382(3) 

C(12)-H(12)  0.9500 

C(13)-H(13)  0.9500 

C(14)-C(15)  1.439(3) 

C(14)-H(14)  0.9500 

C(15)-C(16)  1.500(3) 

C(16)-H(16A)  0.9800 

C(16)-H(16B)  0.9800 

C(16)-H(16C)  0.9800 

C(17)-C(18)  1.386(3) 

C(17)-H(17)  0.9500 

C(18)-H(18)  0.9500 

 

O(2)-S(1)-O(3) 120.22(8) 

O(2)-S(1)-N(1) 106.85(8) 

O(3)-S(1)-N(1) 105.80(7) 
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O(2)-S(1)-C(11) 108.59(9) 

O(3)-S(1)-C(11) 108.78(9) 

N(1)-S(1)-C(11) 105.66(9) 

C(6)-O(1)-C(5) 106.36(14) 

C(6)-N(1)-C(7) 116.57(14) 

C(6)-N(1)-S(1) 117.64(12) 

C(7)-N(1)-S(1) 120.74(11) 

C(2)-C(1)-C(18) 118.94(19) 

C(2)-C(1)-H(1) 120.5 

C(18)-C(1)-H(1) 120.5 

C(1)-C(2)-C(3) 121.52(19) 

C(1)-C(2)-H(2) 119.2 

C(3)-C(2)-H(2) 119.2 

C(2)-C(3)-C(4) 119.9(2) 

C(2)-C(3)-H(3) 120.0 

C(4)-C(3)-H(3) 120.0 

C(17)-C(4)-C(3) 118.20(18) 

C(17)-C(4)-C(5) 120.46(16) 

C(3)-C(4)-C(5) 121.34(18) 

C(15)-C(5)-O(1) 109.47(15) 

C(15)-C(5)-C(4) 136.43(16) 

O(1)-C(5)-C(4) 114.10(16) 

C(14)-C(6)-O(1) 110.93(16) 

C(14)-C(6)-N(1) 131.90(18) 
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O(1)-C(6)-N(1) 116.85(16) 

C(12)-C(7)-C(8) 120.58(17) 

C(12)-C(7)-N(1) 119.77(16) 

C(8)-C(7)-N(1) 119.56(16) 

C(9)-C(8)-C(7) 119.16(17) 

C(9)-C(8)-H(8) 120.4 

C(7)-C(8)-H(8) 120.4 

C(10)-C(9)-C(8) 120.66(18) 

C(10)-C(9)-H(9) 119.7 

C(8)-C(9)-H(9) 119.7 

C(9)-C(10)-C(13) 119.57(18) 

C(9)-C(10)-H(10) 120.2 

C(13)-C(10)-H(10) 120.2 

S(1)-C(11)-H(11A) 109.5 

S(1)-C(11)-H(11B) 109.5 

H(11A)-C(11)-H(11B) 109.5 

S(1)-C(11)-H(11C) 109.5 

H(11A)-C(11)-H(11C) 109.5 

H(11B)-C(11)-H(11C) 109.5 

C(13)-C(12)-C(7) 119.77(17) 

C(13)-C(12)-H(12) 120.1 

C(7)-C(12)-H(12) 120.1 

C(12)-C(13)-C(10) 120.22(18) 

C(12)-C(13)-H(13) 119.9 
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C(10)-C(13)-H(13) 119.9 

C(6)-C(14)-C(15) 107.03(17) 

C(6)-C(14)-H(14) 126.5 

C(15)-C(14)-H(14) 126.5 

C(5)-C(15)-C(14) 106.21(16) 

C(5)-C(15)-C(16) 129.27(17) 

C(14)-C(15)-C(16) 124.51(18) 

C(15)-C(16)-H(16A) 109.5 

C(15)-C(16)-H(16B) 109.5 

H(16A)-C(16)-H(16B) 109.5 

C(15)-C(16)-H(16C) 109.5 

H(16A)-C(16)-H(16C) 109.5 

H(16B)-C(16)-H(16C) 109.5 

C(18)-C(17)-C(4) 121.27(18) 

C(18)-C(17)-H(17) 119.4 

C(4)-C(17)-H(17) 119.4 

C(1)-C(18)-C(17) 120.12(19) 

C(1)-C(18)-H(18) 119.9 

C(17)-C(18)-H(18) 119.9 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for mo_111104lt_0m.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

S(1) 16(1)  14(1) 19(1)  -1(1) 8(1)  0(1) 

O(1) 18(1)  12(1) 18(1)  1(1) 7(1)  4(1) 

O(2) 24(1)  15(1) 30(1)  2(1) 14(1)  2(1) 

O(3) 15(1)  21(1) 24(1)  0(1) 7(1)  -2(1) 

N(1) 11(1)  13(1) 20(1)  -1(1) 6(1)  1(1) 

C(1) 25(1)  22(1) 28(1)  -6(1) 13(1)  3(1) 

C(2) 41(1)  21(1) 37(1)  2(1) 18(1)  16(1) 

C(3) 36(1)  23(1) 28(1)  5(1) 15(1)  13(1) 

C(4) 13(1)  13(1) 22(1)  -2(1) 7(1)  -2(1) 

C(5) 13(1)  9(1) 22(1)  2(1) 5(1)  0(1) 

C(6) 14(1)  12(1) 18(1)  -2(1) 6(1)  1(1) 

C(7) 13(1)  18(1) 16(1)  2(1) 4(1)  0(1) 

C(8) 21(1)  17(1) 15(1)  0(1) 7(1)  2(1) 

C(9) 16(1)  20(1) 20(1)  3(1) 7(1)  6(1) 

C(10) 14(1)  29(1) 21(1)  4(1) 4(1)  1(1) 

C(11) 22(1)  27(1) 19(1)  3(1) 8(1)  6(1) 

C(12) 20(1)  18(1) 18(1)  -2(1) 6(1)  2(1) 

C(13) 18(1)  21(1) 22(1)  -4(1) 2(1)  -2(1) 

C(14) 14(1)  18(1) 17(1)  -2(1) 6(1)  -3(1) 
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C(15) 15(1)  14(1) 19(1)  0(1) 5(1)  -1(1) 

C(16) 32(1)  17(1) 21(1)  4(1) 10(1)  4(1) 

C(17) 26(1)  16(1) 24(1)  1(1) 10(1)  6(1) 

C(18) 30(1)  26(1) 18(1)  0(1) 10(1)  4(1) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for mo_111104lt_0m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1) 6022 3758 -618 29 

H(2) 6718 2857 1648 38 

H(3) 6078 4116 3359 33 

H(8) 494 11341 4244 21 

H(9) -2240 10975 3628 23 

H(10) -3492 9030 2181 26 

H(11A) 1892 10831 729 34 

H(11B) 3692 10309 1124 34 

H(11C) 3254 11999 859 34 

H(12) 675 7933 1769 22 

H(13) -2027 7512 1244 27 

H(14) 3964 7913 5821 19 

H(16A) 4881 4273 5050 35 

H(16B) 5216 5319 6382 35 

H(16C) 6533 5126 5677 35 

H(17) 3902 7191 476 26 

H(18) 4598 5940 -1207 29 

________________________________________________________________________________ 
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