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Supporting Information 

1H NMR spectra were recorded on Bruker AC-200 (200 MHz), DPX-250 (250 MHz), WM-400 (400 

MHz), AM-400 (400 MHz), DRX-400 and DRX-500 (500 MHz) spectrometers.  Chemical shifts are 

quoted in ppm relative to tetramethylsilane (δ = 0 ppm) and referenced to the solvent residual.  For 

convenience, the following abbreviations are used; s - singlet, d - doublet, t - triplet, q - quartet, qn - 

quintet, m - multiplet, dd - doublet of doublets etc.  Coupling constants (J) are given in Hz.  Where 

useful, the FID was zero-filled (128 K) and sine-bell shifted (SSB = 30) prior to Fourier Transformation 

in order to provide baseline resolved multiplets and, as a result, easily identifiable and measurable 

coupling constants. Two dimensional (2D) spectra were recorded on a DRX-400 and a Bruker DRX-500 
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spectrometer fitted with gradient coils.  Double Quantum Filtered (DQF) and magnitude COSY spectra 

were typically acquired with 256 slices in F1 and 2048 points in F2 (acquisition time approximately 20 

min).  13C NMR spectra were recorded on Bruker AC-200 (50 MHz), DPX-250 (62.5 MHz), AM-400 

(100 MHz), WM-400 (100 MHz), DRX-400 (400 MHz), and WM-200 (50 MHz) spectrometers in the 

solvent indicated and with proton decoupling.  Chemical shifts are quoted relative to tetramethylsilane 

(δ = 0 ppm).  The attached proton tests (APT) was used to assign signals in particular cases.  Infrared 

spectra were recorded on a Perkin-Elmer 1600 FT IR spectrophotometer.  The sample was prepared as a 

thin liquid film.  Calibration was relative to polystyrene at 1603 cm-1.  Mass Spectra were carried out at 

the Cambridge University Chemical Laboratory.  FAB, EI and CI, low resolution and accurate mass, 

spectra were performed on a KRATOS MS-890 and on a Micromass Q-TOF instrument rotations were 

measured using a Perkin-Elmer 241 polarimeter, in a cell of 1 dm path length.  The concentration (c) is 

expressed in g/100 mL (equivalent to g/0.1 dm3).  Specific rotations denoted as , imply units of 

°dm

[ ]T
Dα

2g-1 (T = temp °C).  Analytical thin layer chromatography (TLC) was carried out on Merck pre-

coated 0.25 mm thick plates of Kieselgel 60 F254.  Preparative layer chromatography was carried out on 

1 mm thick plates (18 cm × 20 cm) of  Merck Kieselgel PF254.   

For a typical hydrogenation procedure see the main text 

Isolation of >98% ee (+)-TMCH, (S)-2 

The solvent was removed from the filtered reaction mixture in vacuo.  Ether was added and the 

precipitate filtered.  The mother liquors were concentrated in vacuo and purification by short-path 

distillation yielded pure (S)-2; [α]D
27 +20.2 (c 0.97, CHCl3); {lit.1 96% ee [α]D

23 +25.9 (c 1, CHCl3);  

lit.2 enantiomer 98% ee [α]D -24.5 (c 1.1, CHCl3); lit.3 enantiomer [α]D
27 -27.04 (c 0.9, CHCl3); the 

enantiomeric excess was determined to be >98% by chiral GC analysis. 

Purification of a τ = 72 h (one equivalent of H2) reaction mixture by flash chromatography 

(CHCl3:MeOH:H2O:AcOH, 180:60:6:10 → 60:30:10:3) gave 7:7’ as an inseparable 13:1 mixture of 

diastereomers.  The amino acids ent-7 and 7’ were separately synthesized by the diastereoselective 

2

 



hydrogenation of mixtures of enantiopure (S)-2 with either D- or L-proline.  The assignment of the 

relative and hence absolute stereochemistry of 7 was made according to the following argument:  

Hydrogention of a mixture of D-proline (R)-3 and (S)-2 gave a single amino acid diastereomer (>20:1).  

This amino acid (ent-7) was identical in all aspects (except having opposite sign of optical rotation, 

[α]D
22 +17.45 (c 0.51, MeOH) with the major diastereomer 7 isolated from the τ = 72 h reaction.  The 

diastereomer 7 must therefore have the (R)-configuration at the methyl-bearing stereocentre (i.e. kinetic 

resolution gives (S)-2 in solution by removal of (R)-2 by reductive amination with L-proline).  The 

remaining cyclohexyl stereocentre was assigned by 1H NMR NOESY experiment.  Key to this analysis 

is the lack of an nOe between 1’H and 5’H.  Furthermore 1H NMR NOESY analysis indicates that 7 

exists predominantly in a twist conformation.   

Assignment of the 1H NMR spectra were made using a 1H-1H COSY experiment.   
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Data for the major diastereomer 7.   

(2S)-1-[(1S, 5R) 3,3,5-trimethyl-cyclohexyl]-pyrrolidine-2-carboxylic acid 7 

Isolated as a white amorphous solid as a 5:1. mixture of diastereomers with 7’; [α]D
22 -24.3 (c 0.115, 

MeOH); 1H NMR (500 MHz, CD3OD) δ 4.00 (dd, J = 9.8, 3.4 Hz, 1H, 2-H), 3.76 (ddd, J = 11.2, 6.8, 

1.5 Hz, 1H, 5-H), 3.54-3.49 (m, 1H, 1’-H), 3.17 (dt, J = 6.4, 11.3 Hz, 1H, 5-H’), 2.31 (dddd, J = 13.1, 

11.3, 9.8, 6.8 Hz, 1H, 3-H), 2.21 (ddt, J = 13.1, 6.8, 3.4 Hz, 1H, 3-H’) 2.09-2.04 (m, 2H, 4-H, 5-H’), 

1.91-1.83 (m, 2H, 4-H’, 5’-H), 1.77 (ddd, J = 13.8, 7.4, 5.0 Hz, 1H, 6’-H), 1.66 (br d, J =  6.0 Hz, 2H, 

2’-H, 2’-H’), 1.57 (ddd, J = 13.8, 7.9, 4.6 Hz, 1H, 6’-H’), 1.46 (dd, J = 13.6, 4.5 Hz, 1H, 4’H), 1.12 (dd, 

J = 13.6, 8.0 Hz, 1H, 4’-H’), 1.08 (s, 3H, 3’-Me), 1.03 (s, 3H, 3’-Me’), 1.00 (d, J = 6.4 Hz, 3H, 5’-Me); 

13C NMR (125 MHz, CD3OD) δ 174.1 (s), 68.9 (d), 61.8 (d), 54.8 (t), 46.2 (t), 40.4 (t), 35.5 (t), 32.1 (t), 
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31.1 (q), 31.0 (q), 30.8 (t), 26.8 (d), 25.1 (s), 21.9 (q) , IR (film) 3418, 2952, 2896, 1713, 1624 cm-1; MS 

(FAB) m/z (rel intensity) 383 [50, (M + H)+];  HRMS (ES) m/z 240.1955 (240.1964 calcd for 

C14H26NO2, MH). 
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The amino acid 7’ was prepared by hydrogenation of a mixture of L-proline and (S)-TMCH and was 

isolated as the major component of a 7:1 mixture of inseparable diastereomers.  Assignment of the 1H 

NMR spectra were made using a 1H-1H COSY experiment 

(2S)-1-[(1R, 5S) 3,3,5-trimethyl-cyclohexyl]-pyrrolidine-2-carboxylic acid 7’ 

Isolated as an amorphous white solid; [α]D
22 -30.8 (c 0.72, MeOH); 1H NMR (500 MHz, CD3OD) 

δ 3.94 (dd, J = 9.8, 4.3 Hz, 1H, 2-H), 3.68 (ddd, J = 11.0, 6.7, 2.6 Hz, 1H, 5-H), 3.54 (tt, J = 11.7, 3.9, 

1H, 1’-H), 3.17 (dt, J = 6.6, 10.9 Hz, 1H, 5-H’), 2.33 (dtd, J = 13.1, 10.1, 7.0 Hz, 1H, 3-H), 219-2.13 

(m, 2H, 3-H’, 5’-H), 207-2.01, (m, 1H, 4-H), 1.90-1.80 (m, 2H, 4-H’, 6’-Hα), 1.74-1.68 (m, 2H, 6’-

H’α, 2’-Hβ), 1.43-1.38 (m, 2H, 2’-H’α, 4’-Hα), 1.27 (dd, J = 13.9, 4.8, Hz, 1H, 4’-H’β), 1.09 (d, J = 

7.4 Hz, 3H, 5’-Me), 1.04 (s, 3H, 3’-Meβ), 0.98 (s, 3H, 3’-Me’α); 13C NMR (125 MHz, CD3OD) δ 174.8 

(s), 68.0 (d), 60.1 (d), 53.7 (t), 44.6 (t), 41.5 (t), 34.8 (t), 33.8 (d), 32.5 (t), 30.8 (t), 28.4 (q), 24.8 (s), 

21.5 (q), 20.8 (q) , IR (film) 3418-2400 br, 2950, 1710, 1610 cm-1

The relative and hence absolute stereochemistry of 7’ was determined by 1H NMR NOESY 

experiment.  Key to this analysis was the observation of an nOe between 1’H and 5’Me and between 

1’H and 3’Meβ.  The NOESY experiment indicated 7’ exists predominantly in the chair conformation 

shown.   
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