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General Information

Analytical thin layer chromatography was carried out on Merck Silica gel 60 F254 plates. Flash 

chromatography was performed on Merck Silica gel 60, 230-400 mesh. Analytical HPLC was 

carried out with diode array detector or MWD detector. 1H and 13C-NMR spectra were 

recorded at 499.82 MHz and 125.69 MHz, respectively. A phase sensitive NOESY pulse 

program was used to assist in structure elucidation. Melting points are uncorrected. 

Reference acids 2b and 4b for HPLC analysis could not be prepared by chemical hydrolysis 

because these conditions gave rise to epimerization to the all-equatorial cis-isomers 1b and 

3b. Besides, protecting groups other than tosyl are generally not compatible with the strong 

alkaline conditions of hydrolysis. The concerned acids were thus synthesized enzymatically, 

picking out a nitrilase from the screening results featuring sufficient activity but possibly low 

enantioselectivity (Table 1). Because 7a and 8a were extremely poor substrates for all 

nitrilases, 7b and 8b were not prepared. The acids 3b and 4b could not be prepared in low ee, 

3b due to extreme selectivity of NIT-106 and 4b because of too low activity of NIT-104 and 

NIT-107, see reaction times thereof.

Michael-addition of CN

Using Willaert’s original procedure (CAUTION: KCN is highly toxic, the use of an 

appropriate fumehood and a HCN detector is highly recommended) for Michael addition 

resulted in dark brown oils with at least half of the material being a dimer of the desired 

product according to GC/MS analysis. Therefore, the reaction temperature was lowered to 

20°C instead of 70-80°C and the α,β-unsaturated ketone was added slowly within one hour

instead of its immediate addition. After completion, the pH was adjusted to 6.5 using a pH-

electrode and the product isolated immediately to avoid a cyanohydrin formation. Thus, 94% 

of a fairly pure product was obtained as yellow oil.
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Reductive amination

10 eq. of ammonium formate, molecular sieve 4Å and NaCNBH3 were suspended in 

anhydrous MeOH. The ketone was added dropwise in high dilution of anhydrous MeOH. 

After completion, the solvent was removed and the residue diluted with NaHCO3 sat. The 

diastereomeric amines were isolated by continuous extraction. 

Assignment of absolute configurations

The retention time of commercially available (1R,3S)-3-amino-cyclopentanecarboxylic acid 

was determined after pre-column derivatization using the OPA/NAC1 method on achiral 

Purospher RP-column (85% phosphate buffer, 50mM, pH 8.00; 25% acetonitrile). Samples of 

cis-1b (NIT-106, ee 97%) and a racemate (with 10% of trans-(±)-2b) thereof were

detosylated using HBr in acetic acid and phenol under reflux2. After 5 hours, the mixtures

were extracted with ethyl acetate. The aqueous layers were evaporated to dryness and 

analyzed with the above mentioned method (Figure 1).

1 R. H. Buck, K. Krummen, J. Chromatogr. 1987, 387, 255-256: To 5µL of a solution of N-acetyl-L-cystein 
(50mM) and o-phthaldialdehyde (75mM) in sodium-tetraborate buffer (pH 10.5)/acetonitrile 4:1 was added 1µL 
of the amino acid sample in water and mixed for approximately one minute before injection. Detection 
wavelength: 338nm.
2 M. Zaoral, J. Rudinger, Collect. Czech. Chem. Commun. 1959, 24, 1993-2012
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Figure 1. Chromatograms for the determination of the absolute configuration of 
detosylated biotransformation product 1b
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Figure 2. Chromatograms of 1b and 2b on Chirobiotic R chiral column

For the assignment of the trans-derivative 2b, the remaining nitrile 2a from a bioconversion 

with NIT-106 (ee 29%) was transformed to the already assigned cis-derivative. Smoothly, this 

was accomplished in a one-pot epimerization/saponification reaction by treatment with NaOH 

conc. which afforded a mixture of 1b and 2b in a ratio of 1:1.7 at a constant ee of 32 %, as 
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depicted in Figure 2. Because epimerization takes place at C-1 to give the thermodynamically 

more stable diequatorial cis-compound the first eluting peak must correspond to 1S,3S

configuration.

The absolute configuration of 3b was assigned as follows:

The sense of optical rotation from the NIT-106 biotransformation products 1b and 3b were 

both negative. In addition, the elution order of both acid enantiomers was the same on 

Chirobiotic R and AGP column, though the latter column exhibited reverse elution order 

compared to Chirobiotic R. Therefore we assigned the biotransformation product (-)-3b from 

NIT-106 the same 1R,3S-configuration as the corresponding five membered acid enantiomer

(-)-1b.
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time [min]
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Figure 3. Elution order of 1b and 3b on Chirobiotic R (left) and Chriral AGP (right)
chiral column
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Figure 4. Significant NOE interaction derived from NOESY experiments

(±)-cis-N-(3-Cyanocyclopentyl)-4-methyl benzene sulfonamide (1a). White solid, mp 93-

94°C; 1H NMR (CDCl3) δ 1.59-1.73 (m, 2H), 1.85-2.03 (m, 3H), 2.21-2.27 (m, 1H), 2.44 (s, 

3H), 2.71 (m, 1H), 3.67 (m, 1H), 5.10 (d, 1H, J = 7.3 Hz, NH), 7.32 (d, 2H, J = 8.1 Hz), 7.76 

(d, 2H, J = 8.1 Hz); 13C NMR (CDCl3) δ 21.8, 26.2, 28.8, 32.5, 37.9, 54.0, 122.6, 127.3, 

130.1, 137.5, 144.0, the relative configuration was confirmed by NOESY, see Figure 4; m/z 

(EI) 264 M+ (2), 235 (2), 210 (9), 155 (42), 109 (26), 91 (100). IR (CaF) 3247, 2247, 1597, 

1329, 1158 cm-1; Anal. calcd for C13H16N2O2S: C, 59.07; H, 6.11; N, 10.60. Found: C, 59.15; 

H, 6.14; N, 10.54. Chiral separation on Chirobiotic R, polar organic mode 

(MeOH/Et3N/AcOH 100:0.1:0.4), 0.80 ml/min, 30°C.

(±)-cis-3-(Toluene-4-sulfonylamino) cyclopentanecarboxylic acid amide (1c). White solid, 

mp 141-142°C; 1H NMR (DMSO-d6) δ 1.29-1.42 (m, 2H), 1.54-1.67 (m, 3H), 1.73-1.79 (m, 

1H), 2.38 (s, 3H), 2.41-2.47 (m, 1H), 3.32-3.44 (m, 1H), 6.76 (s, br., 1H, NH2), 7.26 (s, br., 

1H, NH2), 7.37 (d, 2H, J = 7.8 Hz), 7.68 (2H, d, J = 7.8 Hz), 7.71 (d, 1H, J = 7.8 Hz, NH); 13C 

NMR (DMSO-d6) δ 21.7, 27.3, 32.7, 37.1, 42.2, 56.0, 127.2, 130.3, 139.4, 143.1, 177.4; m/z 

(EI) 264 (2), 210 (1), 155 (39), 127 (15), 109 (22), 91 (100), 82 (18); IR (CaF) 3359, 3202, 

1667, 1599, 1318, 1154 cm-1.
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Figure 5. Significant NOE interaction derived from NOESY experiments

(±)-trans-N-(3-Cyanocyclopentyl)-4-methyl benzene sulfonamide (2a). White waxy solid, mp 

55-57°C; 1H NMR (CDCl3) δ 1.54 (m, 1H), 1.80-1.84 (m, 1H), 1.95-2.02 (m, 3H), 2.11 (m, 

1H), 2.44 (s, 3H), 2.88 (m, 1H), 3.72 (m, 1H), 5.31 (d, 1H, J = 13.6 Hz, NH), 7.33 (d, 2H, J = 

7.8 Hz), 7.75 (2H, d, J = 7.8 Hz); 13C NMR (CDCl3) δ 21.5, 25.8, 28.7, 32.5, 37.6, 53.8, 

122.3, 127.0, 129.9, 136.7, 143.9, the relative configuration was confirmed by NOESY, see 

Figure 5; m/z (EI) 264 M+ (2), 235 (2), 210 (8), 155 (40), 109 (25), 91 (100); IR (CaF) 3256, 

2239, 1597, 1324, 1153 cm-1; Anal. calcd for C13H16N2O2S: C, 59.07; H, 6.10; N, 10.60. 

Found: C, 59.46; H, 6.14; N, 10.68. Chiral separation on Chiralpak ADH, n-heptane/iso-

propanol 50:50, 0.5 ml/min, 20°C.

(±)-trans-3-(Toluene-4-sulfonylamino) cyclopentanecarboxylic acid amide (2c). White solid, 

mp 174-175°C; 1H NMR (DMSO-d6) δ 1.28-1.35 (m, 1H), 1.43-1.52 (m, 2H), 1.62-1.80 (m, 

3H), 2.60 (s, 3H), 2.62 (m, 1H), 3.44 (m, 1H), 6.67 (s, br., 1H, NH2), 7.21 (s, br., 1H, NH2), 

7.38 (d, 2H, J = 7.8 Hz), 7.59 (d, 1H, J = 6.8 Hz, NH), 7.67 (2H, d, J = 7.8 Hz); 13C NMR 

(DMSO-d6) δ 20.9, 27.6, 32.6, 36.2, 41.4, 54.1, 126.4, 129.5, 138.4, 142.4, 176.8; m/z (EI) 

264 (1), 210 (3), 155 (24), 127 (60), 109 (12), 91 (100), 82 (95) ; IR (CaF) 3356, 3201, 1664, 

1600, 1320, 1156 cm-1 ; Anal. calcd for C13H18N2O3S: C, 55.30; H, 6.42; N, 9.92. Found: C, 

55.67; H, 6.55; N, 9.42. 
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(±)-cis-N-(3-Cyanocyclohexyl)-4-methyl-benzene sulfonamide (3a). White solid, mp 147-

149°C; 1H NMR (CDCl3) δ 1.11-1.18 (m, 1H), 1.21-1.30 (m, 1H), 1.35-1.44 (m, 2H), 1.78-

1.83 (m, 2H), 1.98 (m, dublett-like, 1H, J = 12.7 Hz), 2.17 (m, dublett-like, 1H, J = 12.7 Hz), 

2.41 (m, 1H), 2.44 (s, 3H), 3.08-3.13 (m, 1H), 4.77 (d, 1H, J = 6.8 Hz, NH), 7.31 (d, 2H, J = 

8.3 Hz), 7.75 (d, 2H, J = 8.3 Hz); 13C NMR (CDCl3) δ 21.5, 23.7, 27.2, 28.6, 32.7, 36.4, 51.0, 

121.2, 126.8, 129.9, 137.9, 143.7; m/z (EI) 278 M+ (1), 210 (7), 155 (29), 123 (25), 91 (100); 

IR (CaF) 3271, 2241, 1599, 1327, 1159 cm-1;. Anal. calcd for C14H18N2O2S: C, 60.42; H, 

6.51; N, 10.06. Found: C, 60.08; H, 6.50; N, 9.86.Chiral separation on Chiralpak ADH, n-

heptane/ethanol 50:50, 0.5 ml/min, 20°C.

(±)-cis-3-(Toluene-4-sulfonylamino) cyclohexanecarboxylic acid amide (3c). White solid, mp 

178-180°C; 1H NMR (DMSO-d6) δ 0.95-1.22 (m, 4H), 1.55-1.65 (m, 4H), 1.99-2.04 (m, 1H), 

2.38 (s, 3H), 2.88-2.91 (m, 1H), 6.65 (s, br., 1H, NH2), 7.16 (s, br., 1H, NH2), 7.37 (d, 2H, J = 

7.8), 7.65 (d, 1H, J = 7.3 Hz, NH), 7.68 (d, 2H, J = 7.8 Hz); 13C-NMR (DMSO-d6) δ 20.9, 

23.8, 28.0, 32.8, 36.0, 42.7, 51.7, 126.2, 129.5, 139.4, 142.2, 176.0; m/z (EI) 210 (2), 155 

(22), 141 (12), 124 (6), 123 (17), 91 (100) ; IR (CaF) 3347, 3205, 1667, 1600, 1324, 1157 

cm -1.

(±)-trans-N-(3-Cyanocyclohexyl)-4-methyl-benzene sulfonamide (4a). Colorless oil; 1H 

NMR (CDCl3) δ 1.24-1.32 (m, 1H), 1.60-1.66 (m, 4H), 1.73-1.75 (m, 2H), 1.92-1.95 (m, 1H), 

2.44 (s, 3H), 2.90 (m, 1H), 3.41 (m, 1H), 4.89 (s, br., 1H, NH), 7.33 (d, 2H, J = 8.6 Hz), 7.78 

(d, 2H, J = 8.6 Hz); 13C NMR (CDCl3) δ 20.7, 21.6, 25.7, 27.8, 32.1, 34.8, 48.8, 121.2, 127.0, 

129.9, 137.2, 143.8; m/z (EI) 278 M+ (1), 210 (8), 155 (31), 123 (28), 91 (100) ; IR (CaF) 

3272, 2238, 1599, 1329, 1160 cm-1; Anal. calcd for C14H18N2O2S: C, 60.41; H, 6.52; N, 

10.06. Found: C, 60.47; H, 6.48; N, 9.91. Chiral separation on Chiralpak ADH, n-

heptane/ethanol 50:50, 0.5 ml/min, 20°C.
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trans-3-(Toluene-4-sulfonylamino) cyclohexanecarboxylic acid (4b). Colorless oil, NIT-104:

Yield 22 mg of (-)-4b (43 % at 52 % conversion, ee = 75 %) from 47 mg (±)-4a; NIT-107:

Yield 74 mg of (+)-4b (46 % at 46 % conversion, ee = 86 %) from 150 mg (±)-4a; 1H NMR 

(CDCl3) δ 1.25-1.31 (m, 1H), 1.41 (m, 1H), 1.51-1.80 (m, 6H), 2.42 (s, 3H), 2.64 (m, 1H), 

3.49 (m, 1H), 5.18 (s, br., 1H, NH), 6.29 (s, br., 1H, COOH), 7.30 (d, 2H, J = 7.8 Hz), 7.77 (d, 

2H, J = 7.8 Hz); 13C-NMR (CDCl3) δ 20.7, 21.8, 27.5, 31.8, 33.7, 38.3, 49.2, 127.3, 130.0, 

137.8, 143.7, 180.6. IR (CaF) 3275, 1705, 1599, 1326, 1160 cm-1; Even after preparative 

HPLC the products purity was not sufficient to meet the requirements of elemental analysis 

and an acceptable copy of the spectra. However, the structure is accurate.

(±)-trans-3-(Toluene-4-sulfonylamino) cyclohexanecarboxylic acid amide (4c). White solid, 

mp 155-157°C; 1H NMR (DMSO-d6) δ 1.28-1.38 (m, 4H), 1.44-1.53 (m, 4H), 2.36 (s, 3H), 

2.39 (m, 1H), 3.27 (m, 1H), 6.65 (s, br., 1H, NH2), 7.06 (s, br., 1H, NH2), 7.35 (d, 2H, J = 8.1 

Hz), 7.43 (d, 1H, J = 5.4 Hz, NH), 7.68 (d, 2H, J = 8.1 Hz); 13C-NMR (DMSO-d6) δ 19.8, 

20.9, 28.1, 30.5, 33.6, 37.9, 48.5, 126.4, 129.5, 138.5, 142.3, 176.6; m/z (EI) 210 (2), 155 

(16), 141 (59), 124 (19), 123 (10), 91 (100); IR (CaF) 3352, 3203, 1661, 1599, 1323, 1158 

cm-1. 

(±)-cis-(3-Cyano-cyclohexyl)-carbamic acid benzyl ester (5a). White solid, mp 82-83°C; 1H 

NMR (CDCl3) δ 1.10-1.70 (m, 1H), 1.35-1.50 (m, 3H), 1.87 (m, 1H), 1.97 (m, 1H), 2.05 (m, 

1H), 2.39 (m,  1H), 2.51-2.56 (m, 1H), 3.50 (s, br. 1H), 4.72 (s, br., 1H, NH), 5.09 (s, 2H), 

7.32-7.38 (m, 5H); 13C NMR (CDCl3) δ 23.9, 27.4, 29.2, 32.1, 36.1, 48.8, 67.1, 121.8, 128.4, 

128.5, 128.8, 136.5, 155.6; IR (CaF) 3334, 2240, 1702, 1528, 1267, 1228 cm-1; Anal. calcd 

for C15H18N2O2: C, 69.75; H, 7.02; N, 10.84. Found: C, 69.43; H, 7.01; N, 10.62. Chiral 

separation on Chiralpak ADH, n-heptane/ethanol 80:20, 0.8 ml/min, 20°C.
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(±)-cis-3-Benzyloxycarbonylamino-cyclohexane carboxylic acid (5b). White solid, mp 113-

114°C; NIT-107: Yield 82 mg (93 % at 100 % conversion) from 82 mg (±)-5a; 1H NMR 

(CDCl3) δ 1.04-1.11 (m, 1H), 1.22-1.44 (m, 3H), 1.86 (m, d-like, 1H, J = 13.7 Hz), 1.98 (m, 

2H), 2.29 (m, d-like, 1H, J = 12.2 Hz), 2.44 (m, 1H), 3.54 (m, 1H), 4.69 (m, 1H, NH), 5.08 (s, 

2H), 7.35 (m, 5H), 8.59 (s, br., 1H, COOH); 13C NMR (CDCl3) δ 24.0, 27.9, 32.6, 35.1, 41.9, 

49.3, 66.7, 128.1, 128.5, 136.4, 155.5, 180.3; IR (CaF) 3320, 1703, 1530, 1223 cm-1; Anal. 

calcd for C15H19NO4: C, 64.97; H, 6.91; N, 5.05. Found: C, 64.50; H, 6.87; N, 4.98.

(±)-cis-(3-Carbamoyl-cyclohexyl)-carbamic acid benzyl ester (5c). White solid, mp 196-

198°C; 1H NMR (DMSO-d6) δ 1.02-1.27 (m, 4H), 1.63-1.83 (m, 4H), 2.14 (m, 1H), 3.29 (m, 

1H), 4.99 (s, 2H), 6.68 (s, br., 1H, NH2), 7.22 (s, br., 1H, NH2), 7.25 (d, 1H, J = 7.9 Hz, NH), 

7.29-7,38 (m, 5H); 13C NMR (DMSO-d6) δ 23.9, 28.1, 32.1, 35.5, 42.7, 49.1, 65.0, 127.7, 

128.3, 137.2, 155.2, 176.3; IR (CaF) 3306, 3169, 1689, 1632, 1544 cm-1;

(±)-trans-(3-Cyano-cyclohexyl)-carbamic acid benzyl ester (6a). White solid, mp 115-116°C; 

1H NMR (CDCl3) δ 1.33 (m, 1H), 1.62-1.77 (m, 4H), 1.82-1.86 (m, 1H), 1.93-1.96 (m, 1H), 

2.12-2.15 (m, 1H, J = 12.7 Hz), 2.94 (s, br., 1H), 3.87 (s, br., 1H), 4.68 (s, br., 1H, NH), 5.09 

(s, 2H), 7.31-7.38 (m, 5H); 13C NMR (CDCl3) δ 20.9, 26.0, 28.1, 31.5, 34.1, 46.4, 66.8, 121.4, 

128.0, 128.6, 136.3, 155.3; IR (CaF) 3327, 2235, 1691, 1528, 1238 cm-1; Anal. calcd for 

C15H18N2O2: C, 69.75; H, 7.02; N, 10.84. Found: C, 69.92; H, 7.02; N, 10.79. Chiral 

separation on Chiralpak ADH, n-heptane/ethanol 80:20, 0.8 ml/min, 20°C.

trans-3-Benzyloxycarbonylamino-cyclohexanecarboxylic acid (6b). White solid, mp 104-

109°C; NIT-107: Yield 57 mg (63 % at 77 % conversion, ee = 32 %) from 85 mg (±)-6a; NIT-

107: Yield 20 mg (35 % at 41 % conversion, ee = 74 %, [α]20
D +8.3, c, 0.245, CH2Cl2) from 

57 mg (±)-6a; 1H NMR (CDCl3) δ 1.50 (m, 2H), 1.61 (m, 1H), 1.73 (m, 4H), 1.97 (m, 1H), 

2.62 (m, 1H), 3.91 (m, 1H), 4.85 (m, 1H, NH), 5.12 (m, 2H), 7.32 (m, 1H), 7.35 (m, 4H), 8.80 
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(s, br., 1H, COOH); 13C NMR (CDCl3) δ 20.9, 27.7, 31.2, 33.3, 38.7, 46.5, 67.0, 128.4, 128.5, 

128.8, 136.6, 155.9, 180.7; IR (CaF) 3326, 1702, 1529, 1240 cm-1; Anal. calcd for 

C15H19NO4: C, 64.97; H, 6.91; N, 5.05. Found: C, 62.11; H, 6.77; N, 4.68.

(±)-trans-(3-Carbamoyl-cyclohexyl)-carbamic acid benzyl ester (6c). White solid, mp 128-

129°C; 1H NMR (DMSO-d6) δ 1.45-1.67 (m, 8H), 2.41 (m, 1H), 3.72 (m, 1H), 5.00 (s, 2H), 

6.69 (s, br., 1H, NH2), 7.09 (s, br., 1H, NH2), 7.16 (d, 1H, J = 6.8 Hz, NH), 7.32 (m, 1H), 7.36 

(m, 4H); 13C NMR (DMSO-d6) δ 20.8, 28.7, 31.1, 33.9, 38.8, 46.6, 65.8, 128.5, 128.6, 129.0, 

137.9, 156.1, 177.4; IR (CaF) 3334, 2935, 1703, 1661, 1410, 1243 cm-1;

(±)-cis-(3-Cyano-cyclohexyl)-benzamide (7a). White solid, mp 177-178°C; 1H NMR (CDCl3) 

δ 1.25-1.36 (m, 1H), 1.42-1.59 (m, 3H), 1.92-1.94 (m, 1H), 2.03-2.10 (m, 2H), 2.46 (m, 

dublett-like, 1H, J = 12.5 Hz), 2.64-2.68 (m, 1H), 4.03-4.05 (m, 1H), 6.08 (d, 1H, J = 6.5 Hz, 

NH), 7.44 (m, 2H), 7.51 (m, 1H), 7.75 (m, 2H); 13C NMR (CDCl3) δ 23.3, 27.0, 29.0, 31.6, 

35.4, 47.0, 121.7, 126.9, 128.6, 131.6, 134.2, 166.7; m/z (EI) 228 M+ (33), 227 (32), 122 (19), 

105 (100), 77 (28); IR (CaF) 3307, 2239, 1635, 1533 cm-1; Anal. calcd for C14H16N2O: C, 

73.66; H, 7.06; N, 12.27. Found: C, 73.07; H, 7.02; N, 12.06. Chiral separation on Chiralpak 

ADH, n-heptane/ethanol 90:10, 1.0 ml/min, 20°C.

(±)-cis-(3-Carbamoyl-cyclohexyl)-benzamide (7c). White solid, 1H NMR (DMSO-d6) δ 1.20-

1.31 (m, 3H), 1.36-1.43 (m, 1H), 1.55 (m, 1H), 1.76 (m, 2H), 1.86 (m, 1H), 2.21 (m, 1H), 

3.78 (m, 1H), 6.68 (s, br., 1H, NH2), 7.24 (s, br., 1H, NH2), 7.41 (m, 2H), 7.47 (m, 1H), 7.88

(m, 2H), 8.27 (d, 1H, J = 6.8 Hz, NH); 13C-NMR (DMSO-d6) δ 24.7, 29.0, 32.4, 35.8, 43.4, 

48.4, 127.9, 128.8, 131.7, 135.4, 166.0, 177.2; m/z (EI) 246 M+ (3), 228 (4), 141 (18), 125 

(43), 122 (35), 105 (100), 77 (37); IR (CaF) 3287, 1636, 1538 cm-1.

(±)-trans-(3-Cyano-cyclohexyl)-benzamide (8a). White solid, mp 178-180°C; 1H NMR 

(CDCl3) δ 1.38-1.46 (m, 1H), 1.61-1.93 (m, 5H), 2.05-2.09 (m, 1H), 2.25 (m, 1H), 3.01 (dt, 
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1H, J = 4.4, 4.9 Hz), 4.27-4.34 (m, 1H), 6.00 (d, 1H, J = 6.8 Hz, NH), 7.41 (m, 2H), 7.50 (m, 

1H), 7.73 (m, 2H); 13C NMR (CDCl3) δ 21.1, 26.2, 28.2, 31.5, 33.9, 45.4, 121.3, 126.8, 128.6, 

131.6, 134.5, 166.8; m/z (EI) 228 M+ (5), 122 (19), 105 (100), 77 (41); IR (CaF) 3337, 2235, 

1634, 1536 cm-1; Anal. calcd for C14H16N2O: C, 73.65; H, 7.08; N, 12.27. Found: C, 73.17; H, 

7.04; N, 12.25. 

(±)-trans-(3-Carbamoyl-cyclohexyl)-benzamide (8c). White solid, mp 197-200°C; 1H NMR 

(DMSO-d6) δ 1.53-1.61 (m, 5H), 1.70-1.81 (m, 3H), 2.54 (m, 1H), 4.12 (m, 1H), 6.75 (s, br., 

1H, NH2), 7.14 (s, br., 1H, NH2), 7.44 (m, 2H), 7.51 (m, 1H), 7.83 (m, 2H), 8.02 (d, 1H, J = 

6.8 Hz, NH); 13C-NMR (DMSO-d6) δ 21.3, 28.6, 31.2, 33.7, 39.1, 45.6, 128.1, 128.8, 131.6, 

135.8, 166.7, 177.4; m/z (EI) 246 M+ (0.3), 228 (8), 141 (8), 125 (9), 122 (12), 105 (100), 77 

(37); IR (CaF) 3289, 1635, 1538 cm-1.
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Table 1. Screening of (±)-N-protected γ-amino nitriles 1a-6a employing nitrilase 

preparations NIT-101 - NIT-108; (18 hours reaction time). Conversions determined by 

area normalization. In cases where the sum of nitrile and acid is not 100, the missing 

percentage represents the corresponding amide

Substr. Nitrilase % Nitrile (% ee) % Acid (% ee)

1a NIT-101 97 (3) 2 (94)

1a NIT-102 77 (16) 20 (54)

1a NIT-103 54 (42) 40 (49)

1a NIT-104 15 (94) 85 (17)

1a NIT-105 91 (9) 9 (90)

1a NIT-106 44 (98) 56 (77)

1a NIT-107 10 (83) 90 (9)

1a NIT-108 62 (46) 38 (74)

2a NIT-101 95 (1) 5 (17)

2a NIT-102 80 (14) 18 (55)

2a NIT-103 68 (8) 29 (17)

2a NIT-104 29 (75) 70 (31)

2a NIT-105 94 (1) 6 (23)

2a NIT-106 29 (80) 71 (32)

2a NIT-107 18 (44) 82 (10)

2a NIT-108 57 (18) 43 (24)

3a NIT-101 NIT-102 100 0
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Table 1. continued

Substr. Nitrilase % Nitrile (% ee) % Acid (% ee)

3a NIT-103 95 (0) 5 (2)

3a NIT-104 60 (18) 40 (27)

3a NIT-105 98 (1) 2 (34)

3a NIT-106 50 (>99) 50 (>99)

3a NIT-107 49 (83) 51 (80)

3a NIT-108 94 (1) 6 (23)

4a NIT-101 NIT-102 NIT-105 100 0

4a NIT-103 NIT-108 99 1

4a NIT-104 75 (32) 25 (95)

4a NIT-106 91 (6) 9 (65)

4a NIT-107 79 (28) 22 (>99)

5a NIT-101 98 (0) 2 

5a NIT-102 94 (4) 6 (57)

5a NIT-103 33 (71) 67 (35)

5a NIT-104 25 (9) 75 (3)

5a NIT-105 87 (14) 13 (94)

5a NIT-106 92 (3) 8 (38)

5a NIT-107 2 98 

5a NIT-108 33 (40) 67 (20)



- S15 -

Table 1. continued

Substr. Nitrilase % Nitrile (% ee) % Acid (% ee)

6a NIT-101 100 0

6a NIT-102 NIT-105 NIT-106 98 2

6a NIT-103 93 7

6a NIT-104 83 (7) 17 (33)

6a NIT-107 34 (>99) 66 (52)

6a NIT-108 94 6

7a NIT-101 100 0

7a NIT-102 97 (2) 3 (61)

7a NIT-103 82 (18) 18 (82)

7a NIT-104 85 (19) 15 (>99)

7a NIT-105 99 1

7a NIT-106 100 0

7a NIT-107 86 (10) 14 (63)

7a NIT-108 99 1

8a NIT-101-NIT-108 100 0
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Table 2. Enzymatic preparation of racemic N-protected γ-amino acid references for 

achiral and chiral HPLC analysis - isolated yields.

Substr. Enzyme Substr. conc. Enzyme conc. time Conv. (%) ee (%) Yield (%)

1a NIT-104 0.28 mM 2.00 g/L 18h 89 17 83

2a NIT-106 0.32 mM 1.15 g/L 3d 90 6 81

3a NIT-106 0.41 mM 1.11 g/L 18h 50 88 48 

4a NIT-104 0.17 mM 2.50 g/L 17d 52 75 43

6a NIT-107 0.33 mM 1.00 g/L 3d 77 32 62
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Compound 1b, 500MHz, CDCl3
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Compound 1c, 500MHz, DMSO-d6
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Compound 2a, 500MHz, CDCl3
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Compound 2b, 500MHz, CDCl3
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Compound 2c, 500MHz, DMSO-d6
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Compound 3a, 500MHz, CDCl3

ppm (f1)
-1.00.01.02.03.04.05.06.07.0

7,
76

0
7,

74
4

7,
32

4
7,

30
8

4,
78

3
4,

76
9

3,
13

3
3,

11
9

3,
11

1
3,

10
4

3,
09

7
3,

09
0

3,
07

5

2,
44

1
2,

41
8

2,
41

1
2,

40
4

2,
39

4
2,

38
7

2,
38

0
2,

18
7

2,
16

2

1,
99

8
1,

97
2

1,
83

1
1,

81
2

1,
78

4
1,

77
8

1,
43

6
1,

42
4

1,
41

0
1,

40
0

1,
38

5
1,

37
6

1,
35

9
1,

35
2

1,
29

9
1,

29
2

1,
28

4
1,

26
5

1,
26

0
1,

25
1

1,
24

6
1,

23
9

1,
21

9
1,

21
3

1,
20

7
1,

18
3

1,
17

7
1,

11
1

1,
10

2

N
H

S
O O

CN

 

ppm (f1)
50100

14
3,

69
5

13
7,

93
3

12
9,

85
8

12
6,

81
2

12
1,

18
9

51
,0

24

36
,3

85

32
,6

58

28
,6

30
27

,2
44

23
,6

55

21
,5

44

N
H

S
O O

CN

 



- S24 -

Compound 3b, 500MHz, CDCl3
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Compound 3c, 500MHz, DMSO-d6
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Compound 4a, 500MHz, CDCl3
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Compound 4c, 500MHz, DMSO-d6
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Compound 5a, 500MHz, CDCl3
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Compound 5b, 500MHz, CDCl3
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Compound 5c, 500MHz, DMSO-d6
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Compound 6b, 500MHz, CDCl3
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Compound 6c, 500MHz, DMSO-d6
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Compound 7a, 500MHz, CDCl3
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Compound 8c, 500MHz, DMSO-d6
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