# Supplementary Material (ESI) for New Journal of Chemistry

# This journal is © The Royal Society of Chemistry and 

# The Centre National de la Recherche Scientifique, 2002


Supporting Information

(Biotransformation of 2-arylcyclopropanecarbonitriles, a novel enzymatic approach to enantiopure cyclopropane compounds)

1. Preparation and spectroscopic data of racemic nitriles.

2. Preparation of racemic amides and acids.

3. Biotransformation of racemic amides.

4. Chiral HPLC analysis of nitriles, amides, acids and amines.

5. Reference

1. Preparation and spectroscopic data of racemic nitriles.

General procedure for the preparation of racemic trans and cis 2-arylcyclopropane-carbonitriles:1 To a suspension of sodium hydride (1.6 g, about 80%, 0.04 mol) in anhydrous dimethyl sulphoxide (40 ml) was added in several portions solid trimethylsulphoxonium iodide (9.68 g, 0.044 mol) which was prepared by refluxing methyl iodide with dimethyl sulphoxide. An exothermic reaction took place with copious evolution of hydrogen. After evolution of hydrogen eased (about 15 minutes), the mixture was stirred for another 15 minutes followed by addition of substituted cinnamonitriles (0.04 mol) in dimethyl sulphoxide (20 ml) in dropwise. Keep stirring for 1 h under 35(C and another 1 h at 50(C. The mixture was then poured into cold water (250 ml), extracted with ether (3 ( 60 ml). The ether extract was washed with water (2 ( 20 ml) and dried with MgSO4. After removal of ether, the racemic trans and cis 2-arylcyclopropane-carbonitriles were separated by column chromatography.

(()-trans-2-phenylcyclopropanecarbonitrile (1a): yield 38%; mp 50-52(C [lit. 2 51-52(C]; 1H NMR ( 7.11-7.35 (m, 5H, Ar-H)，2.61-2.66 (m, 1H, H2), 1.57-1.64 (m, 1H, H1), 1.51-1.56 (m, 1H, H3b) 1.42-1.47 (m, 1H, H3a); IR(KBr)：2223 (CN); MS (EI) m/z 143 (M+, 100%), 116 (72), 115 (76). 

(()-cis-2-phenylcyclopropanecarbonitrile (4a): yield 9%; mp 35-37(C [lit. 2 37(C]; 1H NMR ( 7.26-7.40 (m, 5H, Ar-H), 2.55 (q, J 8.2, 1H, H2), 1.80-1.88 (m, 1H, H1), 1.49-1.59 (m, 2H, CH2); IR (KBr) 2231 (CN); MS (EI) m/z 143 (M+, 100%), 142 (23), 116 (87), 115 (93). Anal. Calcd for C10H9N: C, 83.88; H, 6.34; N, 9.78. Found: C, 83.83; H, 6.27; N, 9.75.

(()-trans-2-(4-chlorophenyl)cyclopropanecarbonitrile (1b): yield 25%; mp 84-85(C; 1H NMR ( 7.28 (d, J 8.4, 2H, Ar-H), 7.05 (d, J 8.4, 2H, Ar-H), 2.60-2.63 (m, 1H, H2), 1.61-1.68 (m, 1H, H1), 1.50-1.56 (m, 1H, H3b), 1.39-1.46 (m, 1H, H3a); IR (KBr) 2232 (CN); MS (EI) m/z 179 (M+ + 2, 12), 177 (M+, 38%), 142 (71), 115 (100). Anal. Calcd for C10H8ClN: C, 67.64; H, 4.51; N, 7.89. Found: C, 67.91; H 4.64; N, 8.04. 

(()-cis-2-(4-chlorophenyl)cyclopropanecarbonitrile (4b): yield 5%; mp 49-50(C; 1H NMR ( 7.32 (d, J 8.4, 2H, Ar-H), 7.20 (d, J 8.3, 2H, Ar-H), 2.51 (q, J 8.0, 1H, H2), 1.81-1.89 (m, 1H, H1), 1.50-1.58 (m, 2H, CH2); IR (KBr) 2235 (CN); MS (EI) m/z 179 (M+ + 2, 10), 177 (M+, 31%), 142 (80), 115 (100). Anal. Calcd for C10H8ClN: C, 67.64; H, 4.51; N, 7.89. Found: C, 67.43; H, 4.74; N, 7.80.

(()-trans-2-(3-chlorophenyl)cyclopropanecarbonitrile (1c): yield 32%; mp 28-30(C; 1H NMR ( 6.99-7.28 (m, 4H, Ar-H), 2.59-2.64 (m, 1H, H2), 1.60-1.68 (m, 1H, H1), 1.53-1.58 (m, 1H, H3b), 1.41-1.48 (m, 1H, H3a); IR (KBr) 2231 (CN); MS (EI) m/z 179 (M+ + 2, 15), 177 (M+, 55%), 142 (76), 115 (100). Anal. Calcd for C10H8ClN: C, 67.64; H, 4.51; N, 7.89. Found: C, 67.72; H 4.56; N, 7.73. 

(()-trans-2-(2-chlorophenyl)cyclopropanecarbonitrile (1d): yield 36%; oil; 1H NMR ( 6.97-7.40 (m, 4H, Ar-H), 2.75-2.82 (m, 1H, H2), 1.63-1.68 (m, 1H, H1), 1.41-1.52 (m, 2H, CH2); IR (KBr) 2238 (CN); MS (EI) m/z 179 (M+ + 2, 17), 177 (M+, 47%), 142 (83), 115 (100). ESI-FTMS calcd for C10H8ClN: 200.0236 [M + Na+], 180.0387 [M+ + 3], 178.0457 [M+ + 1]; Found 180.0345 [M+ + 3].

(()-cis-2-(2-chlorophenyl)cyclopropanecarbonitrile (4d): yield 18%; mp 53-54(C; 1H NMR ( 7.21-7.48 (m, 4H, Ar-H), 2.69 (q, J 8.2, 1H, H2), 1.96-2.04 (m, 1H, H1), 1.56-1.66 (m, 2H, CH2); IR (KBr) 2231 (CN); MS (EI) m/z 179 (M+ + 2, 17), 177 (M+, 49%), 142 (83), 115 (100). Anal. Calcd for C10H8ClN: C, 67.64; H, 4.51; N, 7.89. Found: C, 67.28; H, 4.54; N, 7.78.

(()-trans-2-(4-fluorophenyl)cyclopropanecarbonitrile (1e): yield 35%; mp 59-60(C; 1H NMR ( 6.98-7.12 (m, 4H, Ar-H), 2.59-2.66 (m, 1H, H2), 1.59-1.66 (m, 1H, H1), 1.48-1.55 (m, 1H, H3b), 1.39-1.45 (m, 1H, H3a); IR(KBr) 2236 (CN); MS (EI) m/z 161 (M+, 100%), 134 (83), 133 (100). Anal. Calcd for C10H8FN: C, 74.52; H, 5.00; N, 8.69. Found: C 74.70; H 4.97; N, 8.94.

(()-cis-2-(4-fluorophenyl)cyclopropanecarbonitrile (4e): yield 12%; mp 22-23(C; 1H NMR ( 7.03-7.28 (m, 4H, Ar-H), 2.53 (q, J 8.0, 1H, H2), 1.80-1.86 (m, 1H, H1), 1.47-1.57 (m, 2H, CH2); IR (KBr) 2238 (CN); MS (EI) m/z 161 (M+, 100%),  134 (67), 133 (83). Anal. Calcd for C10H8FN: C, 74.52; H, 5.00; N, 8.69. Found: C, 74.55; H, 5.38; N, 8.75. 
(()-trans-2-(4-methylphenyl)cyclopropanecarbonitrile (1f): yield 30%; mp 85-86(C; 1H NMR ( 7.13 (d, J 8.0, 2H, Ar-H), 7.01 (d, J 8.0, 2H, Ar-H), 2.58-2.65 (m, 1H, H2), 2.34 (s, 3H, CH3), 1.58-1.64 (m, 1H, H1), 1.49-1.55 (m, 1H, H3b), 1.40-1.17 (m,1H, H3a); IR (KBr) 2229 (CN); MS (EI)  m/z 157 (M+, 100%), 156 (89), 142 (68), 129 (39), 115 (73). Anal. Calcd for  C11H11N:  C, 84.08; H 7.01; N, 8.91. Found: C, 84.08; H, 6.96; N, 9.10. 

(()-cis-2-(4-methylphenyl)cyclopropanecarbonitrile (4f): yield 10%; mp 43-44(C; 1H NMR ( 7.155 (s, 5H, Ar-H), 2.49 (q, J 8.2, 1H, H2), 2.33 (s, 3H, CH3), 1.75-1.82 (m, 1H, H1), 1.44-1.54 (m, 2H, CH2); IR (KBr) 2230 (CN); MS (EI) m/z 157 (M+, 100%), 156 (90), 142 (73), 129 (46), 115 (89). Anal. Calcd for C11H11N: C, 84.08; H, 7.01; N, 8.91. Found: C, 84.14; H, 7.06; N, 8.81.

(()-trans-2-(4-methoylphenyl)cyclopropanecarbonitrile (1g): yield 38%; mp 76-78(C; 1H NMR ( 7.06 (d, J 8.6, 2H, Ar-H), 6.87 (d, J 8.6, 2H, Ar-H), 3.82 (s, 3H, CH3O), 2.59-2.65 (m, 1H, H2), 1.57-1.63 (m, 1H, H1), 1.45-1.54 (m, 1H, H3b), 1.39-1.48 (m, 1H, H3a); IR (KBr) 2241 (CN); MS (EI) 173 (M+, 100%), 158 (23), 130 (36). Anal. Calcd for C11H11NO: C, 76.31; H, 6.36; N, 8.09. Found: C, 76.29; H, 6.21; N, 8.08.

(()-cis-2-(4-methoylphenyl)cyclopropanecarbonitrile (4g):  yield 13%; mp 33-34(C; 1H NMR ( 7.21 (d, J 8.6, 2H, Ar-H), 6.90 (d, J 8.6, 2H, Ar-H), 3.81 (s, 3H, CH3O), 2.52 (q, J 8.0, 1H, H2), 1.77-1.84 (m, 1H, H1), 1.48-1.53 (m, 2H, CH2); IR (KBr) 2237 (CN); MS (EI) m/z 173 (M+, 100%), 172 (29), 158 (26), 130 (39), 121 (25). Anal. Calcd for C11H11NO: C, 76.31; H, 6.36; N, 8.09. Found: C, 76.40; H, 6.32; N, 8.17.

2. Preparation of racemic amides and acids.

General procedure for the preparation of racemic trans-2-arylcyclopropanecarboxamides from chemical hydration of nitriles:  Racemic trans-2-arylcyclopropanecarbonitriles (50 mg), KOH powder (100 mg) and tert-butanol (5 ml) was heated to reflux (protected by a anhydrous CaCl2 tube) until the nitrile disappeared (TLC). The mixture was poured into cold water (20 ml) and extracted with ether (3 ( 20 ml). The combined ether layer was dried with anhydrous MgSO4. Removal of the ether afforded white solid products which yielded pure trans-2-arylcyclopropanecarboxamides after recrystallization.

2a, 94% yield, mp 190-192(C [lit. 3 189-190(C]. 2b, 90% yield, mp 183-185(C [lit.4 183-184.5(C]. 2c, 91% yield, mp 150-152(C. 2d, 97% yield, mp 130-131(C. 2e, 92% yield, mp 178-180(C. 2f, 91% yield, mp 207-208(C [lit.5 208(C]. 2g, 85% yield, mp 204-206(C.

Preparation of racemic trans-2-arylcyclopropanecarboxylic acid:  Racemic trans-2-arylcyclopropanecarboxylic acids 3a and 3b were prepared by refluxing racemic trans-nitrile 1a or 1b in aqueous H2SO4 (50%). Racemic acids 3c and 3d were prepared from hydrolysis of racemic trans-nitriles 1c and 1d, respectively, by refluxing in aqueous KOH (10%). Racemic acids 3e, 3f and 3g were obtained by complete hydrolysis of racemic trans-nitriles 1e, 1f or 1g, respectively, using Rhodococcus sp. AJ270 catalyzed reaction.

3a, mp 92-94(C, [lit.]6 91.5-92.0(C. 3b, mp 115-117(C, [lit.]6 115-116(C. 3c, mp108-109(C, [lit.]6 108.0-108.5(C. 3d, mp 88-89(C. 3e, mp 110-112(C, [lit.]7 110-112(C. 3f, mp 119-121(C, [lit.]6 119-120(C. 3g, mp 112-114(C, [lit.]8 113-114.5(C.

General procedure for the preparation of racemic cis-2-arylcyclopropanecarboxamides and racemic cis-2-arylcyclopropanecarboxylic acid:  A mixture of racemic cis-2-arylcyclopropanecarbonitrile (50 mg), aqueous KOH (10%) and methanol (2.5 ml) was refluxed for 2 days, and was then poured into 10 ml of cold water. The aqueous solution was then acidified using aqueous HCl (2 M) to pH 2 and extracted with ether. The combined ether layer was dried with anhydrous MgSO4. Acid was obtained after removal of the solvent. HPLC analysis indicated that a small amount (about 10%) of cis isomer was isomerized to the trans-isomer during the hydrolysis. Refluxing the obtained acid with SOCl2, then with cold ammonia solution afforded the corresponding racemic cis-2-arylcyclopropanecarboxamide.

3. Biotransformation of racemic amides.

Enzymic hydrolysis of (()-trans-2-phenylcyclopropanecarboxamide (2a)

(-)(1R,2R)-trans-2-phenylcyclopropanecarboxamide (2a): 2 h (47%) [(]D25 = -177.4 (c = 0.7, CHCl3), ee 51%; 4 h (22%), [(]D25 = -260 (c = 0.8, CHCl3), ee 77% (chiral HPLC).

(+)(1S,2S)-trans-2-phenylcyclopropanecarboxylic acid (3a): 2 h (53%), [(]D25 = +126.3 (c = 3.7, CHCl3), ee 32%; 4 h (78%), [(]D25 = +70.4 (c = 5.0, CHCl3), ee 8% (chiral HPLC).

Enzymic hydrolysis of (()-trans-2-(4-chlorophenyl)cyclopropanecarboxamide (2c)

(-)(1R,2R)-trans-2-(4-chlorophenyl)cyclopropanecarboxamide (2c): 4 h (52%), [(]D25= -131.1 (c = 0.9, CHCl3), ee 58%; 6 h (37%), [(]D25 = -190 (c = 1.4, CHCl3), ee 68% (chiral HPLC).

(+)(1S,2S)-trans-2-(4-chlorophenyl)cyclopropanecarboxylic acid (3c): 4 h (47%), [(]D25 =  +126.3 (c = 4.1, CHCl3), ee 44%; 6 h (59%), [(]D25 = +118.3 (c = 4.8, CHCl3), ee 20% (chiral HPLC).

Enzymic hydrolysis of (()-trans-2-(4-methylphenyl)cyclopropanecarboxamide (2d)

(-)(1R,2R)-trans-2-(4-methylphenyl)cyclopropanecarboxamide (2d): 6 h (54%), [(]D25 = -174.3 (c = 1.4, CHCl3), ee 57% (chiral HPLC).

(+)(1S,2S)-trans-2-(4-methylphenyl)cyclopropanecarboxylic acid (3d): 6 h (42%), [(]D25 =  +198.9 (c = 3.8, CHCl3), ee 59% (chiral HPLC).

Enzymic hydrolysis of (()-trans-2-(4-methoxylphenyl)cyclopropanecarboxamide (2e)

(-)(1R,2R)-trans-2-(4-methoxylphenyl)cyclopropanecarboxamide (2e): 6 h (52%), [(]D25 = -57.1 (c = 0.35, CHCl3), ee 1%; 8 h (22%), [(]D25 = -40 (c = 0.35, CHCl3), ee 3% (chiral HPLC).

(+)(1S,2S)-trans-2-(4-methoxylphenyl)cyclopropanecarboxylic acid (3e): 6 h (26%), [(]D25 =  +48.2 (c = 1.7, CHCl3), ee 15%; 8 h (78%), [(]D25 = +43.3 (c = 1.8, CHCl3), ee 13% (chiral HPLC).

4. Chiral HPLC analysis of nitriles, amides, acids and amines.

Chiral HPLC Resolution Conditions:

1a: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 14.82 min, (-) (1R, 2R) 12.76 min. 

1b: Chiralcel OJ (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.2 ml/min; retention time (+) (1S, 2S) 86.05 min, (-) (1R, 2R) 79.27 min. 

1f: Chiralcel OK (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.2 ml/min; retention time (+) (1S, 2S) 62.15 min, (-) (1R, 2R) 59.11 min. 

2a: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 28.22 min, (-) (1R, 2R) 19.85 min.

2b: Chiralcel OD (0.46 cm ( (25 cm): 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 27.75 min, (-) (1R, 2R) 19.02 min. 

2c: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 26.50 min, (-) (1R, 2R) 21.18 min. 

2d: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 25.99 min, (-) (1R, 2R) 22.04 min. 

2e: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 22.80 min, (-) (1R, 2R) 17.07 min.

2f: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 24.10 min, (-) (1R, 2R) 15.59 min.
2g: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 35.90 min (-) (1R, 2R) 23.46 min. 

3a: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.4 ml/min; retention time (+) (1S, 2S) 17.79 min, (-) (1R, 2R) 13.57 min. 

3b: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.4 ml/min; retention time (+) (1S, 2S) 13.38 min, (-) (1R, 2R) 11.96 min. 

3c: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 7.85 min, (-) (1R, 2R) 6.96 min. 

3d: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 10.25 min, (-) (1R, 2R) 7.99 min. 

3e: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.4 ml/min; retention time (+) (1S, 2S) 14.90 min, (-) (1R, 2R) 13.38 min. 

3f: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.2 ml/min; retention time (+) (1S, 2S) 23.69 min, (-) (1R, 2R) 21.66 min. 

3g: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.4 ml/min; retention time (+) (1S, 2S) 18.20 min, (-) (1R, 2R) 15.86 min. 

4a: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2R) 12.69 min, (-) (1R, 2S) 13.72 min. 

4b: Chiralcel OJ (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2R) 19.28 min, (-) (1R, 2S) 20.94 min. 

4d: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2R) 12.46 min, (-) (1R, 2S) 15.27 min. 

4e: Chiralcel OJ (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2R) 21.42 min, (-) (1R, 2S) 18.57 min. 

4f: Chiralcel OJ (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2R) 17.37 min, (-) (1R, 2S) 21.06 min. 

4g: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2R) 14.52 min, (-) (1R, 2S) 15.39 min. 

5a: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1R, 2S) 21.49 min, (-) (1S, 2R) 24.58 min. 

5b: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1R, 2S) 18.44 min, (-) (1S, 2R) 21.81 min. 

5d: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (-) (1R, 2S) 25.72 min, (+) (1S, 2R) 34.51 min. 

5e: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (-) (1R, 2S) 21.63 min, (+) (1S, 2R) 18.70 min. 

5f: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) 1R, 2S) 17.11 min, (-) (1S, 2R) 20.40 min. 

5g: Chiralcel OD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1R, 2S) 32.99 min, (-) (1S, 2R) 39.23 min.

6a: Chiralcel OJ (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.6 ml/min; retention time (+) (1S, 2R) 12.77 min, (-) (1R, 2S) 11.39 min. 

6b: Chiralcel OJ (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.6 ml/min; retention time (+) (1S, 2R) 10.67 min, (-) (1R, 2S) 9.27 min. 

6d: Chiralpak AD (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 9:1 as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2R) 7.61 min, (-) (1R, 2S) 9.15 min. 

6e: Chiralcel OB (0.46 cm ( ( 25 cm); 30(C; Hex:IPA 25:1 as an eluent; flow rate 0.5 ml/min; retention time (+) (1S, 2R) 14.27 min, (-) (1R, 2S) 12.63 min. 

7(HCl: Chiralcel CR+ (0.4 cm ( ( 15 cm); 15(C; H2O (pH 2.0, HClO4) as an eluent; flow rate 0.8 ml/min;  retention time (+) (1S, 2R) 43.71 min, (-) (1R, 2S) 54.67 min. 

8(HCl9: Chiralcel OJ-R (0.46 cm ( ( 15 cm); 30(C; H2O:CH3CN (7:3) as an eluent; flow rate 0.8 ml/min; retention time (+) (1S, 2S) 86.49 min, (-) (1R, 2R) 82.52 min9.
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