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Experimental details and Characterization data; 

General methods and Materials: 1H and 13C NMR spectra were recorded on JEOL 

JNM-LA400 instrument using solutions in CDCl3. Chemical shifts were reported in δ and 

coupling constants in Hz. IR spectra were recorded on Bruker FT IR Vector 22 

spectrometer. Optical rotations were taken on Rudolph AUTOPOL-III automatic 

polarimeter. Elemental analyses were done on Perkin-Elmer 240-C automatic elemental 

analyzer. Mass spectrometric analyses were done on JEOL JMS600 (EI+) instrument. 

Melting points were determined using Perfit apparatus and are uncorrected. All the 

reactions were carried out using freshly distilled solvents. The separation of final 

compounds was achieved by radial chromatography using plates coated with silica gel 

PF254 (E-Merck). THF was distilled from sodium benzophenone ketyl under nitrogen. 

CH2Cl2, triethylamine and CHCl3 were distilled over CaH2. trans-4-Hydroxy-L-proline, 

chlorotitaniumtriisopropoxide and D-serine were obtained from Lancaster. L-threonine 

and titanium(IV) isopropoxide were obtained form SD fine and Spectrochem 

respectively. 

General procedure for preparation of cyclopropanols (1a-c, 3, 5, 7, and 13) and 

cyclobutanols (16a and 18). A solution of the ethylmagnesium bromide (2.96 mmol in 

diethyl ether; 4 equivalents) was added to a solution of an ester[1] (0.74 mmol) in 

anhydrous THF (4 mL) slowly at 18-20 °C and the brown colored reaction mixture was 

stirred for 20 min. It was cooled to 0 °C and few drops of saturated aqueous NH4Cl was 

added to give a precipitate which was filtered through Celite and washed with ether. The 

filtrate was dried over NaSO4 and concentrated. The residue was purified by column 

chromatography over silica gel using 30 % EtOAc in Petroleum ether to give the 

cyclopropanols/cyclobutanols in 50-75 % yields. In the case of N-tosyl azetidine ester 12, 

the cyclopropanol 13 could not be obtained in pure form as it rearranged to the final 

product 14. 

 General procedure for preparation of 2-substituted cyclobutanones (2a-c, 4a-b, 8) 

and ketone (8). A solution of a cyclopropanol (0.18 mmol) in dry CH2Cl2 (2 mL) was 

treated with a suitable Lewis acid (0.18 mmol; see Tables) at room temperature for 3-48 h 

(Tables). The reaction mixture was quenched with water and extracted with CH2Cl2. The 
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organic layer was washed with brine and dried over Na2SO4. The solvent was removed 

under reduced pressure and the crude reaction mixture was purified by column 

chromatography over silica gel or radial chromatography (30 %, EtOAc/Pet. Ether) to 

give pure 2-substituted cyclobutanones. 

(S)-1-(1-tosylpyrrolidin-2-yl)Cyclopropanol (1a). 

S
O

O
N

OH

H3C

 
Yield: 65 %; White solid; m.p. 68-70 °C; TLC Rf 0.40 (30 %, EtOAc/Pet. Ether); 1H 

NMR (400 MHz, CDCl3): δ 0.54 (m, 1H), 0.85 (m, 3H), 1.39 (m, 1H), 1.72 (m, 1H), 1.9 

(m, 2H), 2.43 (s, 3H), 3.3 (m, 3H), 7.31 (d, J = 8.38 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H); 
13C NMR (100 MHz, CDCl3): δ 11, 15.4, 21.5, 24.4, 29.8, 50.6, 57.5, 66.1, 127.5, 129.7, 

134.8, 143.6; IR (NaCl cell, CH2Cl2, cm-1): 3279, 2936, 1596; [α]D
25= −87.87 (c 1, 

CHCl3); Anal. Calcd. for C14H19NO3S: C, 59.76; H, 6.81; N, 4.98. Found: C, 59.19; H, 

6.64; N, 5.02. 

 

4-Methyl-N-((2-oxocyclobutyl)methyl)benzenesulfonamide (2a). 

S
O

O

H
N

O
H3C

3  
Yield: 70 %; Viscous oil; TLC Rf  0.60 (30 %, EtOAc/Pet. Ether, eluted thrice); 1H NMR 

(400 MHz, CDCl3): δ 1.59 (m, 5H), 2.16 (m, 1H), 2.43 (s, 3H), 2.95 (m, 4H), 3.32 (m, 

1H), 4.93 (t, J = 6.08 Hz,1H), 7.28 (d, J = 8.08 Hz, 2H), 7.75 (d, J = 7.8 Hz, 2H); 13C 

NMR (100 MHz, CDCl3): δ 16.8, 21.5, 26.4, 27.2, 42.8, 44.4, 59.6, 127, 129.7, 136.8, 

143.4, 211.8; IR (NaCl cell, CH2Cl2, cm-1): 3282, 1774, 1598;  [α]D
25 = −0.25 (c 1.68, 

CHCl3); MS (EI+): 282 [M ++1]. 

(S)-1-(1-(4-bromophenylsulfonyl) Pyrrolidin-2-yl) cyclopropanol (1b). 

S
O

O
N

OH

Br
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Yield: 60 %; Viscous oil; TLC Rf 0.60 (40 %, EtOAc / Pet. Ether); 1H NMR (400 

MHz,CDCl3): δ 0.53 (m, 1H), 0.86 (m, 3H), 1.45 (m, 1H), 1.77 (m, 1H), 2.02 (m, 2H), 

2.84 (bs, 1H), 3.26 (m, 1H), 3.39 (m, 1H), 3.50 (m, 1H), 7.71 (m, 4H); 13C NMR (100 

MHz, CDCl3): δ 11.1, 15.5, 24.7, 29.9, 50.6, 57.6, 66.4, 127.8, 128.9, 132.4, 136.9; IR 

(NaCl cell, CH2Cl2, cm-1): 3494, 1573; [α]D
25 = −68.48 (c 0.825, CHCl3). 

 

4-Bromo-N-((2-oxocyclobutyl)methyl)benzene sulfonamide (2b). 

S
O

O

H
N

O
Br

3  
Yield: 52 %; Viscous oil; TLC Rf 0.70 (30 %, EtOAc/Pet. Ether, eluted thrice); 1H NMR 

(400 MHz, CDCl3): δ 1.55 (m, 5H), 2.18 (m, 1H), 2.94 (m, 4H), 3.23 (m, 1H), 4.66 (bs, 

1H), 7.66 (dd, J = 4.3, 1.8 Hz, 2H), 7.74 (dd, J = 3.9, 2 Hz, 2H); 13C NMR (100 MHz, 

CDCl3): δ 16.8, 26.34, 27.27, 42.8, 44.4, 59.5, 127.5, 128.6, 132.4, 139.0, 211.8; IR 

(NaCl cell, CH2Cl2, cm-1): 3280, 1771, 1574; [α]D
25= −0.9 (c 0.89, CHCl3). 

(S)-1-(1-(4-methoxyphenylsulfonyl)Pyrrolidin-2-yl) cyclopropanol (1c). 

S
O

O
N

OH

MeO

 
Yield: 65 %; Viscous oil; TLC Rf  0.70 (30 %, EtOAc/Pet. Ether, eluted thrice); 1H NMR 

(400 MHz, CDCl3): δ 0.56 (m, 1H), 0.84 (m, 3H), 1.41 (m, 1H), 1.73 (m, 1H), 1.95 (m, 

2H), 3.05 (bs, 1H), 3.44 (m, 3H), 3.87 (s, 3H), 6.98 (d, J = 9Hz, 2H), 7.79 (d, J = 9Hz, 

2H); 13C NMR (100 MHz, CDCl3): δ 10.9, 14.9, 24.3, 29.5, 50.4, 55.5, 57.4, 65.9, 114.1, 

129.2, 129.4, 162.8; IR ( NaCl, CH2Cl2, cm-1): 3494, 1595; [α]D
25=  −76.9 (c 3.6, CHCl3). 

4-Methoxy-N-((2-oxocyclobutyl)methyl)benzenesulfonamide (2c). 

S
O

O

H
N

O
MeO

3  
Yield: 40 %; Viscous oil; TLC Rf  0.70 (30 %, EtOAc/Pet. Ether, eluted thrice); 1H NMR 

(400 MHz, CDCl3): δ 1.53 (m, 5H), 2.16 (m, 1H), 2.93 (m, 4H), 3.23 (m, 1H), 3.87 (s, 

3H), 4.50 (bs, 1H), 7 (m, 2H), 7.8 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 16.8, 26.4, 
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27.2, 42.7, 44.4, 55.6, 59.5, 114.2, 129.2, 131.4, 162.8, 211; IR (NaCl, CH2Cl2, cm-1): 

3272, 1772,1596. 

 

1-((2S,4R)-4-(tert-butyldimethylsilyloxy)-1-Tosylpyrrolidin-2-yl)cyclopropanol (3). 

N
Ts

TBSO

OH

 
Yield: 55 %; Colourless solid; m. p. 52-54 °C; TLC Rf  0.40 (20 %, EtOAc/Pet. Ether); 1H 

NMR (400 MHz, CDCl3): δ −0.27 (s, 3H), 0.02 (s, 3H), 0.4 (m, 1H), 0.72 (m, 1H), 0.82 

(s, 9H), 0.91 (m, 1H), 0.98 (m, 1H), 1.79 (m, 1H) 2.17 (m, 1H), 2.43 (s, 3H), 3.23 (t, J = 

7.32 Hz, 1H), 3.44 (d, J = 10.96 Hz, 1H), 3.76 (dd, J = 10.96, 4.16 Hz, 1H) 4.37 (m, 1H), 

7.31 (d, J = 8.08 Hz, 2H), 7.76 (d, J = 8.04 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 

−5.1, −5.0, 10.6, 16.5, 17.8, 21.4, 25.6, 39.4, 55.2, 59.3, 65.2, 69.3, 127.6, 129.6, 134.7, 

143.5; IR (NaCl, CH2Cl2, cm-1): 3484, 1598; MS (EI+): 412.19 [M ++1];  [α]D
25= -38.27 

(c 2.9, CHCl3); Anal. Calcd. for C20H33NO4SSi: C, 58.36; H, 8.08; N, 3.4. Found: C, 

58.09; H, 7.84; N, 3.68. 

N-((R)-2-Hydroxy-3-(2-oxocyclobutyl)propyl)-4-methylbenzenesulfonamide (4a). 

Ts
N
H OH

OH  
Yield: 60 %; Viscous oil; TLC Rf  0.20 (50 %, EtOAc/Pet. Ether); 1H NMR (400 MHz, 

CDCl3): δ 1.59 (m) 2.23 (m), 2.42 (s) 2.83 (m), 3.03 (m) 3.42 (m) 3.7-3.87(m), 5.2 (m), 

7.3 (m) 7.7(m); 13C NMR (100 MHz, CDCl3): δ 16.4, 16.9, 21.5, 34, 34.6, 43.8, 44.4, 

48.3, 48.5, 56.3, 57.9, 68.5, 69, 127, 127.1, 127.7, 129.7, 129.8, 136.5, 136.6, 143.4, 

143.6, 212.5, 213.4; IR (NaCl, CH2Cl2, cm-1): 3343, 1768.  

 

N-((R)-2-(tert-butyldimethylsilyloxy)-3-(2-oxocyclobutyl)propyl)-4-

Methylbenzenesulfonamide (4b). 

Ts
N
H OTBS

OH  
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Yield: 42 %; Viscous oil; TLC Rf  0.20 (10 %, EtOAc/Pet. Ether, eluted twice); 1H NMR 

(400 MHz, CDCl3): δ −0.02 (m), 0.75 (m) 1.62-1.87 (m), 2.2 (m), 2.4 (s), 2.7-3.3 (m), 3.9 

(m), 4.5 (m), 4.83 (m), 7.28 (m), 7.7 (m); 13C NMR (100 MHz, CDCl3): δ −4.7, −4.8, 

17.3, 17.7, 17.87, 21.5, 25.7, 34.06, 34.9, 44.4, 44.8, 47.3, 48.2, 55.5, 56.1, 68.5, 68.8, 

127, 127.1, 129.6, 129.7, 133.8, 143.4, 143.5; IR (NaCl, CH2Cl2, cm-1): 3292, 1777. 

 (S)-(2-(1-hydroxycyclopropyl)pyrrolidin-1-yl)Phenyl methanone (5). 

N
COPh

OH

 
Yield: 30 %; White solid; m. p.120-122 °C; TLC Rf  0.55 (40 %,  EtOAc/Pet. Ether, 

eluted twice); 1H NMR (400 MHz, CDCl3): δ 0.53 (m, 1H), 0.75 (m, 1H), 0.86 (m, 2H), 

1.44 (m, 1H), 1.69 (m, 1H), 1.84 (m, 1H), 2.1 (m, 1H), 3.45 (m, 2H), 4.51 (m, 1H), 5.42 

(s, 1H), 7.4-7.54 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 9.9, 12.9, 24.9, 28.5, 51.8, 

57.3, 64.3, 127.2, 128.1, 130.2, 136.8, 172; IR (NaCl, CH2Cl2, cm-1): 3371, 1610; MS 

(EI+): 230.22 [M +]; [α]D
25=  −172.69 (c 0.99, CHCl3). 

(S)-1-(1-benzoylpyrrolidin-2-yl)Propan-1-one (6). 

N
COPh

O

 
Yield: 70 %; Viscous oil; TLC Rf  0.60 (40 %, EtOAc/Pet. Ether); 1H NMR (400 MHz, 

CDCl3): δ 1.11 (t, J = 7.32 Hz, 3H), 1.9  (m, 3H), 2.25 (m, 1H), 2.6 (m, 2H), 3.6 (m, 2H), 

4.7 (m, 1H), 7.4-7.55 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 7.4, 25.4, 28.5, 33.2, 50.2, 

64.5,  127.1, 128.2, 130.1, 136.1, 169.5, 209.4;  IR (NaCl, CH2Cl2, cm-1): 1791, 1628; 

[α]D
25=  −104.85 (c 0.89, CHCl3). 

1-(1-tosylpiperidin-2-yl)Cyclopropanol (7). 

N
Ts

OH

 
Yield: 60 %; Viscous oil; TLC Rf  0.40 (30 %, EtOAc/Pet. Ether); 1H NMR (400 MHz, 

CDCl3): δ 0.56 (m, 1H), 0.81 (m, 3H), 1.50 (m, 4H), 1.92 (m, 2H), 2.42 (s, 3H), 2.85 (bs, 

1H), 3.26 (m, 1H), 3.55 (m, 2H), 7.30 (d, J = 8.04 Hz, 2H), 7.74 (d, J = 8.32 Hz, 2H); 13C 

NMR (100 MHz, CDCl3): δ 13.8, 15.7, 20.6, 21.4, 23.9, 26.9, 44.6, 59.5, 59.6, 127, 
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129.6, 138. 143;  IR (NaCl, CH2Cl2, cm-1): 3496, 1598. Anal. Calcd. for C15H21NO3S: C, 

60.99; H, 7.17; N, 4.74. Found: C, 61.02; H, 6.85; N, 4.91. 

4-Methyl-N-(4-(2-oxocyclobutyl)butyl)benzenesulfonamide (8). 

Ts
N
H

O  
Yield: 76 %; Colorless solid; m. p. 62-64 °C; TLC Rf  0.30 (30 %, EtOAc/Pet. Ether); 1H 

NMR (400 MHz, CDCl3): δ 1.29-1.50 (m, 5H), 1.6 (m, 2H), 2.15 (m, 1H), 2.43 (s, 3H), 

2.91 (m, 4H), 3.23 (m, 1H), 4.7 (t, J = 6.08 Hz, 1H), 7.3 (d, J = 7.8 Hz, 2H), 7.75 (d, J = 

8.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 16.8, 21.5, 24, 28.9,  29.3, 42.9, 44.4, 60.1, 

127, 129.7, 136.9, 143.4, 212; IR (NaCl, CH2Cl2, cm-1): 3280, 1773, 1598; MS (EI+): 296 

[M ++1]. 

Methyl 1-benzylazetidine-2-carboxylate (9). 

Ph N

O

OMe

 
1H NMR (400 MHz, CDCl3): δ 2.17 (m, 1H), 2.35 (m, 1H), 2.93 (m, 1H), 3.27 (m, 1H), 

3.6 (m, 4H) 3. 76 (m, 2H), 7.27 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 21.3, 50.4, 

51.4, 62, 64, 126.9, 127.9, 128.7, 136.7, 172.6.  

1, 6-Diaza-tricyclo[6.2.0.03,6]decane-2,7-dione (10). 

N
N

O

O  

Yield: 75 %; White solid; m. p. 168-170 °C; TLC Rf  0.2 ( Neat EtOAc); 1H NMR (400 

MHz, CDCl3): δ 2.58 (m, 2H), 2.82 (m, 2H), 4.02 - 4.19 (m, 4H), 4.99 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 22.6, 48.4, 63.5, 168.7; IR (NaCl, CH2Cl2, cm-1): 1655, 1423; MS 

(EI+): 165 (Base Peak). 

Azetidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester (11). 

Boc
N

O

OMe

 

 7



Yield: 80 %; Colorless oil; 1H NMR (400 MHz, CDCl3): δ 1.42 (s, 9H), 2.19 (m, 1H), 

2.55 (m, 1H), 3.77 (s, 3H), 3.89 (dd, J = 14.8, 8.4 Hz, 1H), 4.05 (dd J = 14.8, 8.4 Hz, 

1H), 4.62 (dd, J = 9.2, 5.2 Hz 1H); 13C NMR (100 MHz, CDCl3): δ 20.2, 28, 28.1, 28.2, 

28.3, 52.1, 80, 157, 172.1. 

Methyl 1-tosylazetidine-2-carboxylate (12). 

Ts
N

O

OMe

 
Yield: 70 %; White solid; m. p. 86-88 °C; TLC Rf  0.55 (30 %, EtOAc/Pet. Ether); 1H 

NMR (400 MHz, CDCl3): δ 2.26-2.41 (m, 2H), 2.45 (s, 3H), 3.72 (s, 3H), 3.74 (m, 1H), 

3.84 (dd, J = 16.08, 7.8 Hz, 1H), 4.58 (dd, J = 9.28, 8.08 Hz, 1H), 7.35 (m, 2H), 7.78 (m, 

2H); 13C NMR (100 MHz, CDCl3): 19.4, 21.5, 47.7, 52.3, 60.4, 128.1, 129.6, 133, 144, 

170.9. 

4-Methyl-N-(2-(2-oxocyclobutyl)ethyl)benzenesulfonamide (14). 

Ts
N
H

O  
Viscous oil; TLC Rf  0.20 (30 %, EtOAc/Pet. Ether); 1H NMR (400 MHz, CDCl3): δ 1.61 

(m, 1H), 1.75 (m, 2H), 2.2 (m, 1H), 2.42 (s, 3H), 2.91 (m, 2H), 3.06 (m, 2H), 3.28 (m, 

1H), 5.3 (m, 1H), 7.29 (m, 2H), 7.74 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 16.5, 21.4, 

29.3,  41.3, 44.2, 58, 127, 129.6, 136.8, 143.3, 211.7; IR (NaCl, CH2Cl2, cm-1): 3278, 

1771; MS (EI+): 268 [M ++1]. 

(R)-Ethyl 1-tosylaziridine-2-carboxylate (15) 

N
Ts

O

OEt

 
Viscous oil; TLC Rf  0.50 (30 %, EtOAc/Pet. Ether); 1H NMR(400 MHz, CDCl3): δ 1.25 

(t, J = 7.3 Hz, 3H), 2.45 (s, 3H), 2.56 (d, J = 4.2 Hz, 1H), 2.75 (d, J = 4.2 Hz, 1H), 3.31 

(m, 1H) 4.18 (m, 2H), 7.35 ( d, J = 8.23 Hz, 2H), 7.84 (d, J = 8.04 Hz, 2H); 13C NMR 

(100 MHz, CDCl3): 13.8, 21.6, 31.9, 35.8, 62, 128.1, 129.8, 133.9, 145.1, 166.7; [α]D
25 = 

+49.37 (c 1.44, CHCl3). 
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N-(1S,2S)-2-Ethyl-2-hydroxycyclobutyl)methyl)-4-methylbenzenesulfonamide (16a). 

Ts
N
H

HO  
Yield: 52 %; White Solid; m.p. 108-110 °C; TLC Rf  0.38 (30 %, EtOAc/Pet. Ether,); 1H 

NMR (400 MHz, CDCl3): δ 0.87 (t, J = 7.32 Hz, 3H), 1.22 (m, 2H), 1.45 (m, 1H), 1.69 

(m, 2H), 1.92 (q,  J = 7.32 Hz, 2H), 2.26 (bs, 1H), 2.43 (s, 3H), 3.06-3.19 (m, 2H), 5.34 

(m, 1H), 7.29 (m, 2H), 7.75 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 7.2, 16.4, 32.2, 

33.7, 42.8, 44.1, 76.4, 126.9, 129.7, 137, 143.2; MS (EI+): 284 [M ++1]; [α]D
25 = -1.33 (c 

1.6, CHCl3). 

(R)-Propyl 1-tosylaziridine-2-carboxylate (16b). 

N
Ts

O

OiPr

 
Yield: 68 %; Viscous oil; TLC Rf  0.7 (30 %, EtOAc/Pet. Ether eluted twice); 1H NMR 

(400 MHz, CDCl3): δ 1.22 (d,  J = 6.12 Hz, 6H ), 2.45 (s, 3H) 2.55 (d, J = 4.16 Hz, 1H), 

2.74 (d, J = 7.08 Hz, 1H), 3.28 ( dd, J = 7.08 , 4.12 Hz, 1H), 5.02 (h, J = 6.12 Hz, 1H), 

7.34 (d, J = 8.32, 2H), 7.86 (d, J = 8.32 Hz, 2H). 

(2S,3S)-ethyl 3-methyl-1-tosylaziridine-2-carboxylate (17). 

N
Ts

O

OEt
Me

 
Colorless solid; m. p. 52-54 °C; TLC Rf  0.60 (30 %, EtOAc/Pet. Ether,); 1H NMR (400 

MHz, CDCl3): δ 1.25 (t, J = 7.1 Hz, 3H), 1.32 (d, J = 5.8 Hz, 3H), 2.45 (s, 3H), 3.1 (m, 

1H), 3.36 (d, J = 7.6 Hz, 1H),  4.18 (q,  J = 7.1Hz, 2H), 7.34 (m, 2H), 7.85 (m, 2H); 13C 

NMR (100 MHz, CDCl3): δ 12.1, 14.1, 21.6, 40, 41.3, 61.7, 128, 129.7, 134.4, 144.9, 

165.7; [α]D
25 = −34.63 (c 1.1, CHCl3). 

N-(S)-1-((1R,2R)-2-ethyl-2-hydroxycyclobutyl)ethyl)-N,4-

dimethylbenzenesulfonamide (18). 
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H
N
Ts

Me OH  
Yield: 38 %; White solid; m.p. 142-144 °C; TLC Rf  0.48 (30 %,  EtOAc/Pet. Ether,); 1H 

NMR (400 MHz, CDCl3): δ 0.85 (t, J = 7.5 Hz, 3H), 0.98 (d, J = 7.3 Hz, 3H), 1.24 (bs, 

1H), 1.55 (m, 2H), 1.65 (m, 2H), 1.92 (m, 4H), 2.43 (s, 3H), 3.55 (m, 1H), 4.78 (d, J = 

8.32 Hz, 1H), 7.3 (m, 2H), 7.8 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 7.3, 16.7, 20.7, 

21.5, 32.9, 34.2, 49.2, 50.1, 76.7, 127.1, 129.6, 137.9, 143.3; IR (NaCl, CH2Cl2, cm-1): 

1491, 1449; [α]D
25 = +4.3 (c 0.63, CHCl3); MS (EI+): 298 [M ++1]. 

 

Reference: 

1. (a)  J. F. Gerster, S. R. Rohlfing, S. E. Pecore, R. M. Winandy, R. M. Stern, J. E. 

Landmesser, R. A. Olsen, W. B. Gleason, J. Med. Chem. 1987, 30, 839-843.  (b) 

M. –Y. Chang, L. –C. Pai, H. –P. Chen, Tetrahedron Lett. 2005, 46, 7705-7709. 
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Crystal data of 16a: Crystal suitable for X-ray analysis was grown from 30 % 

EtOAc/Pet. Ether by slow evaporation method. Molecular formula C14H21NO3S, M= 

343.4, Orthorhombic, Space group P 2121 21, a= 5.7692(1) Å, b= 9.6431(1) Å, c= 

25.449(4) Å, α= 90.00°, β= 90°, γ= 90.00°, d= 1.329 g/cm-1, T= 100(2)K, Z= 4, µ= 

0.233mm-1, 9206 reflections were collected, 3465 reflection independent [R(int) = 

0.0492], final R1=0.0565, wR2= 0.1084 [ I>2sigma(I)], R1= 0.0694, wR2= 0.1225(all 

data). The structure was solved by direct methods and expanded using Fourier 

techniques. Non-hydrogen atoms were refined anisotropically, while H-atoms were 

included at geometrically idealized positions and were not refined. The final cycle of full 

matrix least-squares refinement using SHELXL97 converged with unweighted and 

weighted agreement factors, 0.0565, wR2= 0.1225(all data), respectively, and goodness 

of fit, S=1.11. The maximum and minimum peaks on the final difference Fourier map 

corresponded to 0.613 and -0.573 0.33 e. Å-3. Crystallographic data (excluding structure 

factors) for the structure reported in this paper has been deposited with the Cambridge 

Crystallographic Data Center as supplementary publication no. CCDC 609060. Copies of 
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the data can be obtained free of charge on application to CCDC, 12, Union Road, 

Cambridge CB2 1EZ, UK (fax: +0044-1223-336-033; Email: deposit@ccdc.cam.ac.uk). 
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