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Synthesis of new modifiers 

Melting points were determined using a Büchi B-540 melting point apparatus and are not correc-

ted. Optical rotation was measured on a Perkin-Elmer polarimeter 241. NMR-Spectra were recorded on 

a Bruker Avance 500 spectrometer with TMS as internal reference. Spectra were measured at 300 K. 

Signal assignment was sometimes assisted through correlation spectroscopy (COSY). IR spectra were 

recorded on a Bruker vector 33 FT-IR spectrometer (KBr, thin film). UV spectra were measured on a 

Varian Cary 400 UV-Vis spectrometer in MeOH.

Method A. (R)-1-(1-naphthyl)ethylamine 1 (0.64 ml, 4 mmol) and typically 5 mmol of the correspon-

ding ketone (4 mmol in case of an aldehyde) were dissolved in titanium(IV)isopropoxide (1.5 ml) and 

the viscous solution was stirred at r.t. in a flask equipped with a CaCl2-tube. After 4 h NaBH3CN (170 

mg, 2.7 mmol) and EtOH (4 ml) were added. The reaction was stirred over-night. Then again 

NaBH3CN (170 mg, 2.7 mmol) and a few drops of HOAc were added. The following day the reaction 

was quenched with water (2 ml), the resulting precipitate filtered over celite and washed with EtOH. 

The filtrate was concentrated in vacuum, dissolved in ethyl acetate and filtered over celite again. The 

filtrate was concentrated and the crude mixture was purified by flash chromatography (ethyl acetate : 

hexane = 1:15 plus addition of triethylamine), where – in the case of diastereoisomers – the two could 

be separated.

7: (+)-(1R)-N-dodecyl-1-(1-naphthyl)ethylamine: yield: 238 mg waxy gel (17.5 %), which solidifies 

in the fridge; [α]D
20 = +74.3 (c = 1, CHCl3); IR (cm-1) 2925, 2854, 1510, 1466, 1375, 1328, 1135; UV 

(MeOH, nm) 204, 224, 281 (broad); HRMS found [M]+ = 339.2943 (calculated 339.2926); MS (EI) 

m/z (%): 322.3 (3), 209.2 (6), 197.1 (22), 156.1 (15), 155.1 (100); 1H-NMR (δ, CDCl3) 8.34 (d, 1H 

(H8''), J7'',8'' = 8.2Hz), 7.87 (dd, 1H, H(6''), J = 7.9Hz, J = 1.7 Hz), 7.77 (d, 1H, H(4''), J3'',4'' = 8.2Hz), 

7.66 (d, 1H, H(2''), J2'',3'' = 7.1Hz), 7.54-7.47 (m, 2H, H(5''), H(7'')), 7.45 (dd, 1H, H(3''), J2'',3'' ~ J3'',4'' ~ 
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7.3Hz), 4.93 (q, 1H, H(1), J1,2 = 6.5Hz), 3.26 (br.t, 1H, NH, JNH,1' ~ 6.9Hz), 1.75 (q, 1H, H(1'), J1',2' ~ 

JNH,1' ~ 7.2Hz), 1.74 (q, 1H, H(1'), J1',2' ~ JNH,1' ~ 7.3Hz), 1.54 (d, 3H, H(2), J1,2 = 6.6Hz), 1.49-1.44 

(br.m, 2H, H(2')), 1.31-1.24 (m, 18H, H(3')-H(11')), 0.88 (t, 3H, H(12'), J11',12' = 7.0Hz); 13C-NMR (δ, 

CDCl3) 138.78 (C(1'')*), 134.14 (C(4a'')*), 131.35 (C(8a'')*), 128.94 (CH), 127.90 (CH), 126.00 (CH), 

125.64 (CH), 125.60 (CH), 123.15 (CH), 120.96 (CH), 48.42 (C(1)), 33.97 (C(1')), 31.91 (CH2), 29.59 

(3x CH2**), 29.48 (CH2), 29.33 (2x CH2**), 29.03 (CH2), 25.57 (CH2), 24.24 (CH2), 22.69 (C(2)), 

14.12 (C(12')); * interchangeable; ** signals overlap

9: (+)-(1R)-N-(2-furanylmethyl)-1-(1-naphthyl)ethylamine: yield: 839 mg pale yellow oil (83.5 %); 

[α]D
20 = +43.2 (c = 1, CHCl3); IR (cm-1) 3333, 3051, 2967, 2926, 1596, 1508, 1456, 1394, 1370, 1327, 

1259, 1171, 1147, 1114, 1074, 1057, 1011; UV (MeOH, nm) 223, 282 (broad); HRMS: found [M]+ = 

251.1298 (calcd. 251.1310); MS (EI) m/z (%): 251.1 (5) [M]+, 236.1 (11) [M–CH3]+, 204.1 (7), 178.9 

(4), 168.0 (5), 153.1 (100), 141.0 (11), 127.1 (39) [naphthyl]+, 115.0 (10), 96.0 (23), 81.0 (65); 1H-

NMR (δ, CDCl3) 8.11 (dd, 1H, aromat., J = 7.3Hz, J = 1.9Hz), 7.86 (dd, 1H, aromat., J = 7.1Hz, J = 

2.4Hz), 7.75 (d, 1H, aromat., J = 8.2Hz), 7.72 (d, 1H, aromat., J = 7.0Hz), 7.50-7.45 (m, 3H, aromat.), 

7.36 (dd, 1H, H(5'), J4',5' = 1.7Hz, J3',5' = 0.6Hz), 6.29 (dd, 1H, H(4'), J3',4' = 3.1Hz, J4',5' = 1.8Hz), 6.08 

(dd, 1H, H(3'), J3',4' = 3.1Hz, J3',5' = 0.5Hz), 4.66 (q, 1H, H(1), J1,2 = 6.6Hz), 3.77 (d, 1H, CH2, Jgem = 

14.5Hz, A of an AB-system), 3.68 (d, 1H, CH2, Jgem = 14.5Hz, B of an AB-system), 1.81 (br. s, 1H, 

NH), 1.49 (d, 3H, H(2), J1,2 = 6.6Hz); 13C-NMR: (δ, CDCl3) 154.12 (C(2')), 141.78 (C(5')), 140.63 

(C(1'')*), 134.03 (C(4a'')*), 131.37 (C(8a'')*), 128.95 (CH, naphthyl), 127.30 (CH, naphthyl), 125.76 

(CH, naphthyl), 125.32 (CH, naphthyl), 122.96 (CH, naphthyl), 122.93 (CH, naphthyl), 110.11 

(C(3')**), 106.90 (C(4')**), 52.32 (C(1)), 44.13 (CH2), 23.45 (C(2)), two aromatic 13C signals appear at 

the same shift; *,** interchangeable.

10: (+)-(1'R,2R)-N-[1’-(1-naphthyl)ethyl]-2-amino-1-methoxypropane: yield: 757 mg as pale oil 

(78 %, sum of diastereoisomers); the (2R) and the (2S) diastereoisomers form in the ratio of 65 : 35; the 
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(2R) diastereoisomer comes first off the column; [α]D
20 = +39.0 (c = 1, CHCl3); IR (cm-1) 3058, 2969, 

2925, 2872, 2827, 1596, 1510, 1451, 1369, 1323, 1229, 1161, 1108, 1020, 1000; UV (MeOH, nm) 223, 

282 (broad); HRMS found [M–CH3]+ = 228.1383 (calcd. 228.1388); MS (EI) m/z (%): 243.2 (0.21) 

[M]+, 228.2 (1) [M–CH3]+, 198.2 (10), 155.1 (100), 128.0 (20) [naphthyl]+, 115.0 (4), 90.2 (4), 76.0 

(6); 1H-NMR (δ, CDCl3) 8.22 (d, 1H, aromat., J = 8.6Hz), 7.85 (dd, 1H, aromat., J = 8.1Hz, J = 1.5Hz), 

7.72 (d, 1H, aromat., J = 8.2Hz), 7.69 (d, 1H, aromat., J = 7.1Hz), 7.52-7.44 (m, 3H, aromat.), 4.77 (q, 

1H, H(1'), J1',2' = 6.6Hz), 3.35 (dd, 1H, H(1), Jgem = 9.3Hz, J1,2 = 4.5Hz, A of an ABX-system), 3.34 (s, 

3H, OCH3), 3.25 (dd, 1H, H(1), Jgem = 9.3Hz, J1,2 = 5.8Hz, B of an ABX-system), 2.94-2.87 (m, 1H, 

H(2), J1,2 = 4.5Hz, X of an ABX-system), 1.71 (br.s, 1H, NH), 1.47 (d, 3H, H(2'), J1',2' = 6.6Hz), 0.99 

(d, 3H, H(3), J2,3 = 6.5Hz); 13C-NMR (δ, CDCl3) 142.17 (C(1'')*), 133.99 (C(4a'')*), 131.20 (C(8a'')*), 

128.93 (CH), 127.01 (CH), 125.67 (CH), 125.65 (CH), 125.22 (CH), 123.00 (CH), 76.84 (OCH3), 

59.00 (C(1)), 50.95 (C(1')), 50.66 (C(2)), 24.01 (C(2')), 18.62 (C(3)), two aromatic 13C signals appear 

at the same shift; * interchangeable.

18 and 19: yield: 319 mg as colorless oil (28.1 %, sum of diastereoisomers), the (2R) and the (2S) dia-

stereoisomers (18 and 19, resp.) form in the ratio of 70 : 30 as identified by NOE-measurements;[56] the 

(2R)-diastereoisomer 18 comes first off the column;

18: (–)-(1'R,2R)-N-[1'-(1-naphthyl)ethyl]-2-amino-3,3-dimethyl-γ-butyrolactone: [α]D
20 = –36.6 (c 

= 1, CHCl3); IR (cm-1) 3335, 3058, 2965, 2929, 1770, 1597, 1511, 1463, 1395, 1365, 1287, 1258, 1202, 

1168, 1142, 1010; UV (MeOH, nm) 223, 272 (broad), 282 (broad); elemental analysis calcd. (%) for 

the TFA salt of 18 C20H22F3NO4 (397.39): C 60.45, H 5.58, N 3.52, O 16.10, F 14.34; found: C 60.58, 

H 5.61, N 3.52, O 16.07, F 14.22; HRMS found [M–CH3]+ = 268.1334 (calculated 268.1338); MS (EI) 

m/z (%): 283.2 (1) [M]+, 268.2 (11) [M–CH3]+, 170.1 (20), 153.1 (100) 128.0 (15) [naphthyl]+, 76.0 

(26); 1H-NMR (δ, CDCl3) 8.14 (d, 1H, aromat., J = 8.4Hz), 7.87 (dd, 1H, aromat., J = 8.1Hz, J = 

1.2Hz), 7.76 (d, 1H, aromat., J = 8.0Hz), 7.64 (d, 1H, aromat., J = 6.8Hz), 7.53-7.44 (m, 3H, aromat.), 
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4.88 (q, 1H, H(1'), J1',2' = 6.6Hz), 3.87 (d, 1H, H(4), Jgem = 8.8Hz, A of an AB-system), 3.68 (d, 1H, 

H(4), Jgem = 8.8Hz, B of an AB-system), 3.21 (br.s, 1H, H(2)), 1.50 (d, 3H, H(2'), J1',2' = 6.7Hz), 1.09 

(s, 3H, methyl), 1.02 (s, 3H, methyl); 13C-NMR (δ, CDCl3) 178.16 (C(1)), 140.21 (C(1'')*), 134.18 

(C(4a'')*), 131.66 (C(8a'')*), 129.18 (CH), 127.71 (CH), 126.24 (CH), 125.92 (CH), 125.66 (CH), 

122.84 (CH), 122.58 (CH), 76.59 (C(4)), 63.53 (C(2)), 52.02 (C(1')), 41.15 (C(3)), 24.08 (methyl**), 

24.03 (methyl**), 20.24 (C(2')**); *,** interchangeable

19: (+)-(1'R,2S)-N-[1'-(1-naphthyl)ethyl]-2-amino-3,3-dimethyl-γ-butyrolactone: [α]D
20 = +127.8 

(c = 1, CHCl3); IR (cm-1) 3046, 2962, 2927, 2892, 1764, 1595, 1511, 1465, 1394, 1363, 1287, 1260, 

1202, 1127, 1011; UV (MeOH, nm) 223, 281 (broad); 1H-NMR (δ, CDCl3) 8.33 (d, 1H, aromat., J = 

8.3Hz), 7.89 (dd, 1H, aromat., J = 7.5Hz, J = 1.7Hz), 7.84 (d, 1H, aromat., J = 7.1Hz), 7.78 (d, 1H, 

aromat., J = 8.1Hz), 7.55-7.48 (m, 3H, aromat.), 5.30 (q, 1H, H(1'), J1',2' = 6.5Hz), 3.87 (d, 1H, H(4), 

Jgem = 8.8Hz, A of an AB-system), 3.69 (d, 1H, H(4), Jgem = 8.9Hz, B of an AB-system), 3.00 (s, 1H, 

H(2)), 1.60 (d, 3H, H(2'), J1',2' = 6.6Hz), 1.09 (s, 3H, methyl), 0.91 (s, 3H, methyl); 13C-NMR (δ, 

CDCl3) 179.08 (C(1)), 140.39 (C(1'')*), 134.16 (C(4a'')*), 131.79 (C(8a'')*), 129.02 (CH), 127.78 

(CH), 126.02 (CH), 125.65 (CH), 125.64 (CH), 124.34 (CH), 123.46 (CH), 76.80 (C(4)), 64.30 (C(2)), 

52.74 (C(1')), 40.48 (C(3)), 24.57 (methyl**), 23.00 (methyl**), 19.91 (C(2')**); *,** interchangeable

20a and 20b: yield: 480 mg as clear colourless oil (34.4%), sum of diastereoisomers in the ratio 27 : 

73; the diastereoisomers could not be further identified.

20a: (+)-isopropyl N-[1’-(1-naphthyl)ethyl]-2-amino-2-phenyl-acetate: major diastereoisomer, 

[α]D
20 = +61.1 (c = 1, CHCl3); IR (cm-1) 3059, 2979, 2925, 1730, 1597, 1510, 1454, 1373, 1289, 1201, 

1174, 1144, 1106; UV (MeOH, nm) 224, 282 (broad); elemental analysis calcd (%) for C23H25NO2 

(347.45): C 79.51, H 7.25, N 4.03, O 9.21; found C 79.54, H 7.21, N 4.16, O 9.15; MS (EI) m/z (%): 

348.2 (2) [M+H]+, 261.1 (23), 260.1 (100) [M–C4H7O2]+, 156.1 (43), 155.1 (60), 153.1 (26), 128.1 

(13), 127.1 (14) [naphthyl]+, 106.1 (31), 104.1 (12), 77.0 (9); 1H-NMR (δ, CDCl3) 7.99 (d, 1H, aromat., 
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J = 8.3Hz), 7.89 (d, 1H, aromat., J = 8.1Hz), 7.79 (d, 1H, aromat., J = 8.2Hz), 7.74 (d, 1H, aromat., J = 

7.1Hz), 7.52 (dd, 1H, aromat., J ~ J ~ 7.6Hz), 7.48 (ddd, 1H, aromat., J ~ J ~ 7.5Hz, J = 1.1Hz), 7.44 

(ddd, 1H, aromat., J = 8.5Hz, J = 6.7Hz, J = 1.5Hz), 7.33-7.24 (m, 5H, phenyl), 5.02 (septet, 1H, OCH, 

iPr, J = 6.3Hz), 4.49 (q, 1H, H(1'), J1',2' = 6.6Hz), 4.31 (s, 1H, H(2)), 2.61 (br.s, 1H, NH), 1.50 (d, 3H, 

H(2'), J1',2' = 6.6Hz), 1.21 (d, 3H, CH3, iPr, J = 6.3Hz), 1.06 (d, 3H, CH3, iPr, J = 6.3Hz); 13C-NMR (δ, 

CDCl3) 172.61 (C(1)), 140.69 (C(1'')*), 138.86 (C(4a'')*), 134.14 (C(8a'')*), 131.47 (C(2)C*), 128.98 

(CH), 128.65 (2x CH), 127.96 (CH), 127.81 (2x CH), 127.50 (CH), 125.92 (CH), 125.81 (CH), 125.46 

(CH), 68.75 (CHO), 63.01 (C(2)), 50.37 (C(1')), 24.01 (C(2')**), 21.85 (methyl**), 21.53 (methyl**); 

*,** interchangeable

20b: (–)-isopropyl N-[1’-(1-naphthyl)ethyl]-2-amino-2-phenyl-acetate: minor diastereoisomer, 

[α]D
20 = – 20.3 (c = 1, CHCl3); IR (cm-1) 3066, 2980, 2931, 1726, 1597, 1510, 1495, 1453, 1374, 1290, 

1205, 1178, 1145, 1105; UV (MeOH, nm) 281 (br); 1H-NMR (δ, CDCl3) 8.13 (m, 1H, aromat.), 7.87 

(m, 1H, aromat.), 7.78-7.76 (m, 2H, aromat.), 7.50-7.42 (m, 3H, aromat.), 7.34-7.21 (m, 5H, phenyl), 

5.06 (septett, 1H, OCH, iPr, J = 6.3Hz), 4.68 (q, 1H, H(1'), J1',2' = 6.5Hz), 4.22 (s, 1H, H(2)), 2.07 (br.s, 

1H, NH), 1.53 (d, 3H, H(2'), J1',2' = 6.5Hz), 1.17 (d, 3H, CH3, iPr, J = 6.3Hz), 1.09 (d, 3H, CH3, iPr, J = 

6.3Hz); 13C-NMR (δ, CDCl3) 173.52 (C(1)), 140.30 (C(1'')*), 138.72 (C(4a'')*), 134.03 (C(8a'')*), 

131.46 (C(2)C*), 128.93 (CH), 128.61 (2x CH), 127.76 (CH), 127.43 (CH), 127.09 (2x CH), 125.79 

(CH), 125.71 (CH), 123.64 (CH), 68.61 (CHO), 63.14 (C(2)), 52.26 (C(1')), 24.00 (C(2')**), 21.83 

(methyl**), 21.49 (methyl**); *,** interchangeable

25: (+)-(1R)-N-(2’,2’,6’,6’-tetramethylpiperidin-4-yl)-1-(1-naphthyl)ethylamine: synthesis as in 

method A but without HOAc, workup after 5 days: quenching with aqueous NaOH solution, filtration 

over celite and extraction of the filtrate with ethyl acetate; purification by flash chromatography 

(hexane : acetone = 70:30 plus addition of 1 % triethylamine); yield: 0.935g white cristals (75.40 %); 

m.p. = 53.8 °C; [α]D
20 = +13.7 (c = 1, CHCl3); UV (MeOH, nm) 225, 282 (br); HRMS: found [M]+ = 
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310.2397 (calculated 310.2409); MS (EI) m/z (%): 310.24 (2) [M]+, 295.21 (8) [M-CH3]+, 155.13 

(100), 140.18 (16), 112.12 (7), 98.10 (67), 58.07 (31); 1H-NMR (δ, CDCl3) 8.21 (d, 1H, aromat., J = 

8.4Hz), 7.87 (d, 1H, aromat., J =  7.9Hz), 7.74 (d, 1H, aromat., J = 8.1Hz), 7.66 (d, 1H, aromat., J = 

7.1Hz), 7.53-7.46 (m, 3H, aromat.), 4.87 (q, 1H, H(1), J1,2 = 6.5Hz), 2.90 (tt, 1H, H(1’), J1’,2’ = 11.7Hz, 

J1’,2’ = 3.5Hz), 1.97 (br.d, 1H, H(2’), J1’,2’ = 11.2Hz), 1.81 (br.d, 1H, H(2’), J1’,2’ = 11.1Hz), 1.49 (d, 3H, 

H(2), J1,2 = 6.5Hz), 1.12 (s, 3H, C(3’)CH3), 1.11 (s, 3H, C(3’)CH3), 1.05 (s, 3H, C(3’)CH3), 0.98 (s, 

3H, C(3’)CH3), 0.96-0.89 (m, 2H, H(2’)); 13C-NMR (δ, CDCl3) 141.77 (C(1'')*), 133.97 (C(4a'')*), 

131.22 (C(8a'')*), 129.00 (CH), 127.15 (CH), 125.73 (CH), 125.67 (CH), 125.28 (CH), 122.87 (2x 

CH), 51.50 (C(3’)), 49.60 (C(1)**), 47.11 (C(1’)**), 46.69 (C(2’)), 46.58 (C(2’)), 34.83 (CH3), 34.79 

(CH3), 28.40 (CH3), 28.31 (CH3), 24.03 (C(2)); *,** interchangeable

Method B. (R)-1-(1-naphthyl)ethylamine 1 (0.64 ml, 4 mmol) and typically 4 mmol of the correspon-

ding ketone were dissolved in dry toluene (16 ml) and the solution was refluxed under nitrogen for 5 h 

in a flask equipped with a Dean-Stark apparatus. After cooling to r.t. and removal of water the solvent 

was evaporated. The crude imine was dissolved in dry toluene (20 ml) and HOAc (1 ml), and pre-

reduced catalyst (40 mg of a 5 wt% Pt/Al2O3 catalyst, Engelhard 4759) was added. The imine was 

reduced under hydrogen (50 bar) within 0.5 h. The catalyst was then filtered off and the solvent evapo-

rated. The crude product was purified by flash chromatography (ethyl acetate : hexane = 1:10 plus 

addition of triethylamine).

4: (+)-(1R)-N-cyclohexyl-1-(1-naphthyl)ethylamine: yield: 1.22 g pale yellow oil (96.3 %); [α]D
20 = 

+33.5 (c = 1, CHCl3); IR (cm-1) 3060, 3015, 2927, 2854, 1598, 1510, 1449, 1393, 1370, 1257, 1214, 

1170, 1124; UV (MeOH, nm) 223, 272, 282; HRMS: found [M]+ = 253.1833 (calcd. 253.1830); MS 

(EI) m/z (%): 253.2 (18) [M]+, 238.2 (77) [M–CH3]+, 210.1 (6), 155.1 (100) [M–cyclohexylamine]+, 

129.1 (9) [naphthyl]+, 98.0 (6); 1H-NMR (δ, CDCl3) 8.19 (d, 1H, aromat., J = 8.4Hz), 7.86 (dd, 1H, 
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aromat., J = 7.7Hz, J = 1.3Hz), 7.73 (d, 1H, aromat., J = 8.2Hz), 7.63 (d, 1H, aromat., J = 7.1Hz), 7.52-

7.45 (m, 3H, aromat.), 4.83 (q, 1H, H(1), J1,2 = 6.6Hz), 2.42-2.38 (m, 1H, H(1')), 1.98-1.96 (m, 1H), 

1.84-1.82 (m, 1H), 1.70-1.65 (m, 2H), 1.55-1.53 (m, 1H), 1.45 (d, 3H, H(2), J1,2 = 6.6Hz), 1.35-1.20 

(br.m, 1H, NH), 1.20-1.05 (m, 5H); 13C-NMR (δ, CDCl3) 142.06 (C(1'')*), 134.01 (C(4a'')*), 131.32 

(C(8a'')*), 128.98 (CH), 126.94 (CH), 125.72 (CH), 125.71 (CH), 125.24 (CH), 122.92 (CH), 122.69 

(CH), 53.93 (C(1')), 49.68 (C(1)), 34.60 (CH2), 33.78 (CH2), 26.21 (CH2), 25.32 (CH2), 25.04 (CH2), 

24.49 (C(2)); * interchangeable

5: (+)-(1R)-N-cyclooctyl-1-(1-naphthyl)ethylamine: yield: 160 mg pale yellow viscous oil (42.3 % 

based on recovered educt 1; [α]D
20 = +9.4 (c = 1, CHCl3); IR (cm-1) 3460-3124, 3053, 2919, 2851, 

1644, 1595, 1510, 1470, 1446, 1393, 1367, 1125; UV (MeOH, nm) 223, 273, 282 (broad); HRMS: 

found [M]+ = 281.2140 (calculated 281.2143); MS (EI) m/z (%): 281.1 (10) [M]+, 266.2 (16), 180.0 

(6), 155.1 (100), 128.1 (19) [naphthyl]+; 1H-NMR (δ, CDCl3) 8.20 (d, 1H, aromat., J = 8.4Hz), 7.86 

(dd, 1H, aromat., J = 7.9Hz, J = 1.5Hz), 7.73 (d, 1H, aromat., J = 8.2Hz), 7.63 (d, 1H, aromat., J = 

7.1Hz), 7.52-7.45 (m, 3H, aromat.), 4.75 (q, 1H, H(1), J1,2 = 6.6Hz), 2.62 (septett, 1H, H(1'), J ~ 4Hz), 

1.81-1.71 (m, 2H), 1.69-1.63 (m, 2H), 1.57-1.30 (m, 13H, from where can be attributed: 1.45 (d, 3H, 

H(2), J1,2 = 6.6Hz)); 13C-NMR (δ, CDCl3) 142.08 (C(1'')*), 134.01 (C(4a'')*), 131.41 (C(8a'')*), 128.97 

(CH), 126.94 (CH), 125.72 (CH), 125.67 (CH), 125.23 (CH), 122.97 (CH), 122.75 (CH), 54.68 (C(1')), 

50.18 (C(1)), 33.74 (CH2), 31.50 (CH2), 27.76 (CH2), 27.26 (CH2), 25.65 (CH2), 24.44 (C(2)), 24.14 

(CH2), 23.74 (CH2); * interchangeable

22: (+)-(1'R)-N-[1'-(1-naphthyl)ethyl]butan-3-onamide: formed as main product when we tried to 

synthesize 16 according to this procedure; yield: 193 mg white crystals (18.9 %) after recrystallization 

from ethyl acetate/hexane; m.p. = 114.5 °C; [α]D
20 = +44.6 (c = 1, CHCl3); IR (cm-1) 3292 (broad), 

3065, 2975, 1717, 1642, 1542, 1359, 1160; UV (MeOH, nm) 224, 270, 281 (broad, weak); elemental 

analysis calcd. (%) for C16H17NO2 (255.31): C 75.27, H 6.71, N 5.49, O 12.53; found C 75.33, H 6.54, 
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N 5.36, O 12.50; MS (EI) m/z (%): 255.2 (1) [M]+, 240.1 (2) [M–CH3]+, 197.1 (26), 173.5 (11), 168.1 

(51), 153.1 (84), 138.9 (15), 127.1 (100) [naphthyl]+, 98.9 (15), 78.0 (26), 63.0 (13); 1H-NMR (δ, 

CDCl3) 8.09 (d, 1H, aromat., J = 8.3Hz), 7.87-7.85 (m, 1H, aromat.), 7.79 (d, 1H, aromat., J = 8.1Hz), 

7.55-7.44 (m, 4H, aromat.), 7.24 (br.s, 1H, NH), 5.95 (dquartett, 1H, H(1'), J ~ J = 7.2Hz), 3.44 (d, 1H, 

H(2), Jgem = 17.2Hz, A of an AB-system), 3.38 (d, 1H, H(2), Jgem = 17.2Hz, B of an AB-system), 2.24 

(s, 3H, H(4)), 1.66 (d, 3H, H(2'), J1',2' = 6.8Hz); 13C-NMR (δ, CDCl3) 204.49 (C(3)), 164.41 (C(1)), 

138.34 (C(1'')*), 133.96 (C(4a'')*), 130.94 (C(8a'')*), 128.85 (CH), 128.28 (CH), 126.48 (CH), 125.82 

(CH), 125.31 (CH), 123.28 (CH), 122.53 (CH), 49.70 (C(2)), 44.86 (C(1')), 30.93 (C(4)), 21.16 (C(2')); 

* interchangeable

Method C. As method B but reduction of the imine was carried out in EtOH p.a. with Pd/C catalyst (84 

mg of 10 wt% Pd) under hydrogen  at 15 bar for 3.5 h. The crude product was purified by flash 

chromatography (EtOH : hexane = 1:6).

11: (–)-(1R)-N-(2-hydroxybenzyl)-1-(1-naphthyl)ethylamine: yield: 850 mg yellow viscous oil (72.6 

%); [α]D
20 = –48.0 (c = 1, CHCl3); IR (cm-1) 3349-3273, 3046, 2970, 2853, 2627, 1614, 1590, 1511, 

1491, 1473, 1397, 1256, 1173, 1102, 1032; UV (MeOH, nm) 223, 273, 282; HRMS: found [M]+ = 

277.1458 (calcd. 277.1467); MS (EI) m/z (%): 277.1 (19) [M]+, 262.1 (19) [M–CH3]+, 170.1 (6), 156.1 

(74), 155.1 (100), 129.1 (23) [naphthyl]+, 107.0 (11), 78.0 (10); 1H-NMR (δ, CDCl3) 8.05-8.02 (m, 1H, 

aromat.), 7.90-7.87 (m, 1H, aromat.), 7.80-7.78 (m, 1H, aromat.), 7.55-7.46 (m, 4H, aromat.), 7.18-7.13 

(m, 1H, aromat.), 6.87-6.81 (m, 2H, aromat.), 6.74-6.70 (m, 1H, aromat.), 4.74 (q, 1H, H(1), J1,2 = 

6.7Hz), 3.96 (1H, H(1'), Jgem = 13.8Hz, A of an AB-system), 3.82 (1H, H(1'), Jgem = 13.8Hz, B of an 

AB-system), 1.60 (d, 3H, H(2), J1,2 = 6.7Hz); 13C-NMR (δ, CDCl3) 158.14 (C-OH), 139.44 (C(1'')*), 

134.04 (C(4a'')*), 131.24 (C(8a'')*), 129.14 (CH), 128.79 (CH), 128.44 (CH), 127.92 (CH), 126.27 
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(CH), 125.74 (CH), 125.64 (CH), 122.81 (CH), 122.53 (CH), 122.38 (CH), 119.12 (CH), 116.46 (CH), 

52.42 (C(1)), 50.64 (C(1')), 23.01 (C(2)); * interchangeable

Method D. Reduction of the ester group with LiAlH4 in dry diethyl ether according to standard proce-

dures, purification by flash chromatography (ethyl acetate : hexane = 1:5 with addition of triethyl-

amine).

12: (–)-(1'R,2R)-N-[1’-(1-naphthyl)ethyl]-2-amino-1-propanol was obtained from amino ester 14; 

yield: 273 mg muddy white gel (41.4 %) that solidified in the fridge; m.p. ~ r.t.; [α]D
20 = –12.4 (c = 1, 

CHCl3); IR (cm-1) 3300 (broad), 3053, 2963, 2871, 1596, 1510, 1455, 1039; UV (MeOH, nm) 223, 273 

(weak), 282; HRMS: found [M–CH3]+ = 214.1233 (calcd. 214.1232); MS (EI) m/z (%): 229.2 (0.4) 

[M]+, 198.2 (5), 153.1 (100), 141.1 (3), 128.0 (16) [naphthyl]+, 76.0 (12); 1H-NMR (δ, CDCl3) 8.16 

(br.d, 1H, aromat., J = 8.4Hz), 7.87 (dd, 1H, aromat., J = 8.0Hz, J = 1.5Hz), 7.75 (d, 1H, aromat., J = 

8.1Hz), 7.59 (d, 1H, aromat., J = 7.1Hz), 7.52-7.46 (m, 3H, aromat.), 4.76 (q, 1H, H(1'), J1',2' = 6.6Hz), 

3.62 (dd, 1H, H(1), Jgem = 10.5Hz, J1,2 = 4.1Hz, A of an ABXY-system), 3.21 (dd, 1H, H(1), Jgem = 

10.5Hz, J1,2 = 5.9Hz, B of an ABXY-system), 2.86 (ddq, 1H, H(2), J1,2 ~ J2,3 ~ 6.3 Hz, J1,2 = 4.1Hz, X 

of an ABXY-system), 2.00 (br.s, 2H, NH, OH), 1.49 (d, 3H, H(2'), J1',2' = 6.6Hz), 1.06 (d, 3H, H(3), J2,3 

= 6.5Hz, Y of an ABXY-system); 13C-NMR (δ, CDCl3) 141.87 (C(1'')*), 133.98 (C(4a'')*), 131.05 

(C(8a'')*), 129.07 (CH), 127.38 (CH), 126.01 (CH), 125.65 (CH), 125.49 (CH), 122.74 (CH), 122.47 

(CH), 65.25 (C(1)), 51.71 (C(2)), 50.24 (C(1')), 23.70 (C(2')), 18.20 (C(3)); * interchangeable; 15N-

NMR (δ, nitromethane as reference, CDCl3) –321.7 ppm (N)

13: (–)-(1'R,3S)-N-[1’-(1-naphthyl)ethyl]-3-amino-1-butanol: was obtained from amino ester 17; 

yield: 451 mg white crystals (85.1 %); mp = 94.0 °C, [α]D
20 = –45.1 (c = 1, CHCl3); IR (cm-1) 3289 

(broad), 3051, 2957, 2924, 2857, 1596, 1511, 1456, 1375, 1258, 1076; UV (MeOH, nm) 198, 202, 223, 

281 (broad, weak); elemental analysis: calcd. (%) for C16H21NO (243.35): C 78.97, H 8.70, N 5.76, O 

10



Page 

6.57; found C 78.93, H 8.57, N 5.71, O 6.77; MS (EI) m/z (%): 243.2 (0.14) [M]+, 228.1 (2) [M–CH3]+, 

168.0 (15), 155.1 (100), 141.0 (3), 129.1 (5); 1H-NMR (δ, CDCl3) 8.13 (d, 1H, aromat., J = 8.5Hz), 

7.87 (dd, 1H, aromat., J = 8.0Hz, J = 1.4Hz), 7.76 (dd, 1H, aromat., J = 7.6Hz, J = 0.8Hz), 7.55-7.45 

(m, 4H, aromat.), 4.83 (q, 1H, H(1'), J1',2' = 6.6Hz), 3.94 (ddd, 1H, H(1), Jgem = 10.9Hz, J1,2 = 6.8Hz, J1,2 

= 3.4Hz, A of an ABXY-system), 3.85 (ddd, 1H, H(1), Jgem = 10.9Hz, J1,2 = 6.5Hz, J1,2 = 3.5Hz, B of 

an ABXY-system), 3.07 (ddq, 1H, H(3), J2,3 ~ J3,4 ~ 6.5Hz, J2,3 = 3.5Hz), 1.86-1.80 (m, 1H, H(2)), 1.51 

(d, 3H, H(2'), J1',2' = 6.6Hz), 1.49-1.43 (m, 1H, H(2)), 1.17 (d, 3H, H(4), J3,4 = 6.4Hz); 13C-NMR (δ, 

CDCl3) 141.38 (C(1'')*), 133.95 (C(4a'')*), 130.92 (C(8a'')*), 129.12 (CH), 127.51 (CH), 126.13 (CH), 

125.71 (CH), 125.55 (CH), 122.49 (CH), 122.38 (CH), 62.21 (C(1)), 51.55 (C(3)), 49.86 (C(1')), 36.72 

(C(2)), 23.01 (C(2')), 20.70 (C(4)); * interchangeable

Method E. 6: (+)-N-(2’-adamantanyl)-1-(1-naphthyl)ethylamine: 1 (0.48 ml, 2.6 mmol) and adaman-

tanone (480 mg, 3.2 mmol, Aldrich) were dissolved in dry toluene (5 ml) and 3 drops of HOAc. The 

flask was closed with a CaCl2 tube and stirred over night. Then the CaCl2 tube was changed to a Dean-

Stark apparatus and dry toluene (10 ml) and a catalytic amount of PPTS were added. The solution was 

refluxed under nitrogen for 5 h and cooled to r.t over night. In another flask LiAlH4 (120 mg, 3.2 

mmol) was suspended in dry diethyl ether (25 ml), cooled to 0 °C under nitrogen and the solution of 

imine in toluene was added slowly via septum under intensive stirring. After 15 min the cooling bath 

was removed and the reaction continued for 3 h at r.t. The mixture was again cooled to 0 °C and during 

vigorous stirring water (1.5 ml), an aqueous NaOH solution (1.5 ml, 15%), and water (4.5 ml) were 

added in this order. The white precipitate was filtered over celite and the filtrate was concentrated in 

vacuum. The crude residue was dissolved in an aqueous NaHCO3 solution and extracted with ethyl 

acetate four times. After drying over MgSO4, the crude product was purified by flash chromatography 

(ethyl acetate : hexane = 1:20 with addition of triethylamine) and yielded 237 mg product as a pale 
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yellow, sticky substance (30.0 %); [α]D
20 = +3.0 (c = 1, CHCl3); IR (cm-1) 3229 (broad), 2900, 2850, 

1449, 1375, 1361, 1304, 1101, 1088, 1057, 1022; UV (MeOH, nm) 223, 281 (br); HRMS: found [M]+ 

= 305.2141 (calcd. 305.2143); MS (EI) m/z (%): 305.2 (11) [M]+, 290.2 (100) [M–CH3]+, 219.0 (16), 

155.1 (34), 153.1 (10), 150.1 (19), 135.1 (46) [adamantanyl]+, 131.0 (16), 119.0 (12), 93.1 (9), 69.0 

(53); 1H-NMR (δ, d-DMSO) 8.24 (d, 1H, aromat., J = 8.1Hz), 7.89 (dd, 1H, aromat., J = 7.6Hz, J = 

1.9Hz), 7.74 (d, 1H, aromat., J = 8.2Hz), 7.69 (d, 1H, aromat., J = 7.2Hz), 7.50-7.44 (m, 3H, aromat.), 

4.65 (q, 1H, H(1), J1,2 = 6.6Hz), 2.55 (br.s, 1H, H(1')), 2.16-2.07 (m, 2H), 1.87-1.39 (m, 12H), 1.36 (d, 

3H, H(2), J1,2 = 6.6Hz); 13C-NMR (δ, d-DMSO) 143.05 (C(1'')*), 134.11 (C(4a'')*), 131.52 (C(8a'')*), 

129.28 (CH), 127.10 (CH), 126.32 (CH), 126.25 (CH), 125.83 (CH), 123.58 (CH), 123.47 (CH), 59.46 

(C(1)), 39.11 (C(1')), 38.15 (CH2), 37.83 (CH2), 37.47 (CH2), 33.32 (C(2')), 31.72 (CH2), 31.43 (CH2), 

31.28 (C(2')), 27.79 (C(4')), 27.76 (C(4')), 25.25 (C(2)); * interchangeable

Synthesis of modifiers 14-17,[31] 21,[57] and 20a and 20b[43] has been published elsewhere. 

Modifiers 16 and 17 were obtained in a ratio of 26 : 74 and were separated by flash chromatography 

(ethyl acetate : hexane = 1:10 with addition of triethylamine). The diastereoisomers were identified, 

compound 17 eluted first off the column. The absolute configuration of the diastereoisomers 16 and 17 

was assigned by comparison between the experimental spectra of the fractions obtained after column 

chromatography and the VCD spectra calculated using density functional theory (DFT). The 

experimental VCD spectra were measured on a Bruker PMA 37 accessory coupled to a VECTOR/33 

Fourier transform infrared spectrometer. Spectra were recorded in CHCl3 using a transmission cell 

equipped with KBr windows and a 1 mm Teflon spacer. The theoretical spectra were determined as 

follows: first the conformational space of 16 and 17 was studied, in order to identify the most stable 

conformers, and among them only those were selected whose energy differed from the lowest value by 

less than 0.5 kcal/mol. The level of theory used for the optimizations, that comprised all degrees of 
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freedom, was B3LYP and B3PW91 hybrid functionals and 6-31G(d,p) basis set. Rotational strengths 

were then calculated at the same level of theory and a synthetic spectrum was generated using gaussian 

functions centered at the excitation energies and scaled with the calculated rotational strengths. All 

calculations were performed with the Gaussian 98 program package.[58] The reliability of this method 

of assigning of the absolute configuration was verified comparing experimental and calculated spectra 

of pentahelicene.[59]

Acknowledgements:  

The authors thank Angelo Vargas for calculating and measuring VCD spectra of 16 and 17, 

Thomas Bürgi for his support and helpful discussions, and Felix Bangerter for measuring all NMR 

spectra. Financial support by the Swiss National Science Foundation is gratefully acknowledged.

References:

[1] M. von Arx, T. Mallat and A. Baiker, Top. Catal. 2002, 19, 75-87.
[2] M. Studer, H.-U. Blaser and C. Exner, Adv. Synth. Catal. 2003, 345, 45-65.
[3] D. Y. Murzin, P. Mäki-Arvela and T. Salmi, Kinet. Catal. 2003, 44, 323-333.
[4] C. J. Baddeley, Top. Catal. 2003, 25, 17-28.
[5] P. B. Wells and A. G. Wilkinson, Top. Catal. 1998, 5, 39-50.
[6] D. Ferri, T. Bürgi, K. Borszeky, T. Mallat and A. Baiker, J. Catal. 2000, 193, 139-144.
[7] J. M. Bonello, R. M. Lambert, N. Künzle and A. Baiker, J. Am. Chem. Soc. 2000, 122, 9864-9865.
[8] M. Schürch, N. Künzle, T. Mallat and A. Baiker, J. Catal. 1998, 176, 569-571.
[9] N. Künzle, R. Hess, T. Mallat and A. Baiker, J. Catal. 1999, 186, 239-241.
[10] T. Morimoto, H. Takahashi and K. Achiwa, Chem. Pharm. Bull. 1994, 42, 481.
[11] A. Roucoux, M. Devocelle, J.-F. Carpentier, F. Agbossou and A. Mortreux, Synlett 1995, 4, 358-
360.
[12] C. Pasquier, S. Naili, L. Pelinski, J. Brocard, A. Mortreux and F. Agbossou, Tetrahedron: 
Asymmetry 1998, 9, 193-196.
[13] F. Hapiot, F. Agbossou, C. Meliet, A. Mortreux, G. M. Rosair and A. J. Welch, New J. Chem. 
1997, 21, 1161.
[14] H. Brunner, A. Apfelbacher and M. Zabel, Eur. J. Inorg. Chem. 2001, 917-924.
[15] T. Sturm, W. Weissensteiner, F. Spindler, K. Mereiter, A. M. López-Agenjo, B. R. Manzano and 
F. A. Jalón, Organometallics 2002, 21, 1766-1774.
[16] A. Baiker, J. Mol. Catal. A. 2000, 163, 205-220.
[17] M. Schürch, O. Schwalm, T. Mallat, J. Weber and A. Baiker, J. Catal. 1997, 169, 275-286.
[18] D. Ferri and T. Bürgi, J. Am. Chem. Soc. 2001, 123, 12074-12084.

13



Page 

[19] Z. Ma, J. Kubota and F. Zaera, J. Catal. 2003, 219, 404-416.
[20] N. Bonalumi, T. Bürgi and A. Baiker, J. Am. Chem. Soc. 2003, 125, 13342-13343.
[21] M. Bartók, M. Sutyinszki, K. Felföldi and G. Szöllösi, Chem. Commun. 2002, 2002, 1130-1131.
[22] H. U. Blaser, H. P. Jalett, W. Lottenbach and M. Studer, J. Am. Chem. Soc. 2000, 122, 12675-
12682.
[23] M. Bartók, K. Felföldi, G. Szöllösi and T. Bartók, Catal. Letters 1999, 61, 1-5.
[24] T. Bürgi, Z. Zhou, N. Künzle, T. Mallat and A. Baiker, J. Catal. 1999, 183, 405-408.
[25] H. U. Blaser, H. P. Jalett, D. M. Monti, A. Baiker and J. T. Wehrli, Stud. Surf. Sci. Catal. 1991, 
67, 147-155.
[26] S. P. Griffiths, P. Johnston, W. A. H. Vermeer and P. B. Wells, J. Chem. Soc. Chem. Commun. 
1994, 2431-2432.
[27] A. Tungler, T. Máthé, K. Fodor, R. A. Sheldon and P. Gallezot, J. Mol. Catal. A: Chem. 1996, 
108, 145-151.
[28] M. Bartók, M. Sutyinszki and K. Felföldi, J. Catal. 2003, 220, 207-214.
[29] P. B. Wells, K. E. Simons, J. A. Slipszenko, S. P. Griffiths and D. F. Ewing, J. Mol. Catal. A: 
Chem. 1999, 146, 159-166.
[30] T. Heinz, G. Z. Wang, A. Pfaltz, B. Minder, M. Schurch, T. Mallat and A. Baiker, J. Chem. Soc. 
Chem. Commun. 1995, 1421-1422.
[31] B. Minder, M. Schürch, T. Mallat, A. Baiker, T. Heinz and A. Pfaltz, J. Catal. 1996, 160, 261-268.
[32] E. Toukoniitty, P. Maeki-Arvela, M. Kuzma, A. Villela, A. K. Neyestanaki, T. Salmi, R. 
Sjoeholm, R. Leino, E. Laine and D. Y. Murzin, J. Catal. 2001, 204, 281-291.
[33] K. E. Simons, G. Wang, T. Heinz, T. Giger, T. Mallat, A. Pfaltz and A. Baiker, Tetrahedron: 
Asymmetry 1995, 6, 505-518.
[34] A. Pfaltz and T. Heinz, Topics Catal. 1997, 4, 229-239.
[35] A. Solladié-Cavallo, C. Marsol and F. Garin, Tetrahedron Lett. 2002, 43, 4733-4735.
[36] A. Solladié-Cavallo, C. Marsol, C. Suteu and F. Garin, Enantiomer 2001, 6, 245-249.
[37] K. E. Simons, P. A. Meheux, S. P. Griffiths, I. M. Sutherland, P. Johnston, P. B. Wells, A. F. 
Carley, M. K. Rajumon, M. W. Roberts and A. Ibbotson, Recl. Trav. Chim. Pays-Bas 1994, 113, 465.
[38] É. Sípos, A. Tungler and I. Bitter, J. Mol. Catal. A: Chem. 2003, 198, 167-173.
[39] G. Szöllösi, C. Somlai, P. T. S. Szabo and M. Bartok, J. Mol. Catal. A: Chem. 2001, 170, 165-173.
[40] S. Diezi, A. Szabo, T. Mallat and A. Baiker, Tetrahedron: Asymmetry 2003, 14, 2573-2577.
[41] B. Minder, M. Schurch, T. Mallat and A. Baiker, Catal. Lett. 1995, 31, 143-151.
[42] A. Marinas, T. Mallat and A. Baiker, J. Catal. 2004, 221, 666-669.
[43] T. Heinz in New chiral modifiers for the enantioselective hydrogenation of alpha-ketoesters over 
Pt catalysts (Neue chirale Modifikatoren für die enantioselektive Hydrierung von alpha-Ketoestern mit 
Platin-Katalysatoren), Vol. ('Ed.'^'Eds.' Universität Basel, Basel, 1997, p.^pp.
[44] J.-L. M. Abboud and R. Notario, Pure Appl. Chem. 1999, 71, 645.
[45] B. Minder, T. Mallat, P. Skrabal and A. Baiker, Catal. Lett. 1994, 29, 115-124.
[46] I. Bakos, S. Szabó, M. Bartók and E. Kàlmàn, J. Electroanal. Chem. 2002, 532, 113-119.
[47] H. B. Kagan, Synlett 2001, 888-899.
[48] W.-R. Huck, T. Bürgi, T. Mallat and A. Baiker, J. Catal. 2003, 216, 276-287.
[49] W.-R. Huck, T. Mallat and A. Baiker, Adv. Synth. Catal. 2003, 345, 255-260.
[50] W.-R. Huck, T. Mallat and A. Baiker, J. Catal. 2001, 200, 171.
[51] O. Schwalm, J. Weber, J. Margitfalvi and A. Baiker, J. Mol. Struct. 1993, 297, 285-293.
[52] A. Baiker, J. Mol. Catal. A: Chem. 1997, 115, 473-493.
[53] G. Vayner, K. N. Houk and Y.-K. Sun, J. Am. Chem. Soc. 2004, 126, 199-203.
[54] J. C. Powers and F. H. Westheimer, J. Am. Chem. Soc. 1960, 82, 5431-5434.
[55] E. H. Cordes and W. P. Jencks, J. Am. Chem. Soc. 1963, 85, 2843-2848.

14



Page 

[56] E. Orglmeister, T. Bürgi, T. Mallat and A. Baiker, manuscript in preparation.
[57] E. Occhiato and J. B. Jones, Tetrahedron 1996, 52, 4199-4214.
[58] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, V. G. 
Zakrzewski, J. A. Montgomery, R. E. Stratmann, J. C. Burant, S. Dapprich, J. M. Millam, A. D. 
Daniels, K. N. Kudin, M. C. Strain, O. Farkas, J. Tomasi, V. Barone, M. Cossi, R. Cammi, B. 
Mennucci, C. Pomelli, C. Adamo, S. Clifford, J. Ochterski, G. A. Petersson, P. Y. Ayala, Q. Cui, K. 
Morokuma, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman, J. Cioslowski, J. V. Ortiz, 
A. G. Baboul, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. Gomperts, R. L. 
Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, C. Gonzalez, M. 
Challacombe, P. M. W. Gill, B. Johnson, W. Chen, M. W. Wong, J. L. Andres, C. Gonzalez, M. Head-
Gordon, E. S. Replogle and J. A. Pople, GAUSSIAN98, Gaussian Inc., Pittsburgh, PA, 1998, p.
[59] T. Bürgi, A. Urakawa, B. Behzadi, K.-H. Ernst and A. Baiker, New J. Chem. 2004, 3, 332 - 334.

15


