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1. General Information

Dry solvents were purchased and stored under nitrogen over molecular sieves (bottles with crown 
caps). Reactions were monitored by analytical thin-layer chromatography (TLC) using silica gel 60 
F254 pre- coated glass plates (0.25 mm thickness) and visualized by UV light and a KMnO4 

solution. Flash chromatography was carried out on silica gel (230-400 mesh). Proton NMR spectra 
were recorded on spectrometers operating at 300 MHz (Bruker Fourier 300). Proton chemical shifts 
are reported in ppm (δ) with the solvent reference relative to tetramethylsilane (TMS) employed as 
the internal standard (CDCl3 δ = 7.26 ppm). 13C NMR spectra were recorded on 300 MHz 
spectrometers (Bruker Fourier 300) operating at 75 MHz, with complete proton decoupling. Carbon 
chemical shifts are reported in ppm (δ) relative to TMS with the respective solvent resonance as the 
internal standard (CDCl3, δ = 77.0 ppm). 19F NMR spectra were recorded on 300 MHz 
spectrometers (Bruker AMX 300) operating at 282 MHz. Fluorine chemical shifts are reported in 
ppm (δ) relative to CF3Cl. Enantiomeric excess determinations were performed under below 
reported conditions with Agilent 1200 series HPLC. Mass spectra (MS) were performed at CIGA 
(Centro Interdipartimentale Grandi Apparecchiature), with mass spectrometer APEX II & Xmass 
software (Bruker Daltonics). Optical rotations were obtained on a polarimeter at 589 nm using 5 mL 
or 1 mL cell with a length of 1 dm.
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2. Preparation of acrylates

2.1 Preparation of methyl 2-(2,2,2-trifluoroacetamido)acrylate (2b)1

To a solution of serine methyl ester hydrochloride (11.2 mmol, 1.742 g) in anhydrous 
dichloromethane (20 mL), triethylamine (44.90 mmol, 4 eq, 6.3 mL) and trifluoroacetic anhydride 
(28 mmol, 2.5 eq, 3.9 mL) were added, dropwise, at 0°C. The reaction became dark and after 
stirring for 24 hours, water was added to eliminate triethylamonium chloride.  The phases were 
separated and the organic layer was washed with saturated NaHCO3 (2 x 10 mL) and dried over 
anhydrous Na2SO4. The solvent was evaporated and the crude product was purified by a short silica 
gel flash column chromatography, eluting with hexane:ethyl acetate 4:1. The pure product (1.912 g) 
was isolated as an yellow oil in 87% yield. The spectroscopic data are in agreement with literature 
values.1 1H NMR (300 MHz, CDCl3) δ: 3.87 (s, 3H), 6.10 (s, 1H), 6.69 (s, 1H), 8.67 (s, 1H).

2.2 Preparation of benzyl 2-(2,2,2-trifluoroacetamido)acrylate (2c)

To a solution of serine benzyl ester hydrochloride (8 mmol, 1.853 g) in anhydrous dichloromethane 
(18 mL), triethylamine (32 mmol, 4 eq, 4.5 mL) and trifluoroacetic anhydride (20 mmol, 2.5 eq, 2.8 
mL) were added, dropwise, at 0°C. The reaction became dark and after stirring for 24 hours, water 
was added to eliminate triethylamonium chloride.  The phases were separated and the organic layer 
was washed with saturated NaHCO3 (2 x 10 ml) and dried over anhydrous Na2SO4. The solvent was 
evaporated and the crude product was purified by a short silica gel flash column chromatography, 
eluting with hexane:ethyl acetate 4:1. The pure product (1.749 g) was isolated as an oil in 80% 
yield. The spectroscopic data are in agreement with literature values.2 1H NMR (300 MHz, CDCl3) 
 5.31 (s, 3H), 6.17 (s, 1H), 6.20 (s, 1H), 7.39 (s, 5H), 8.55 (s broad, 1H).

2.3 Preparation of methyl 2-benzamidoacrylate (2a)3 

To a solution of serine methyl ester hydrochloride (12 mmol, 1.866 g) in anhydrous 
dichloromethane (15 mL), triethylamine (40 mmol, 3.3 eq, 5.6 mL) and benzoylchloride (24 mmol, 
2.0 eq, 2.8 mL) were added, dropwise, at 0°C under inert atmosphere. The reaction was stirred 
overnight at room temperature, then, water was added.  The phases were separated and the organic 
layer was washed with saturated NaHCO3 (2 x 10 mL) and dried over anhydrous Na2SO4. The 
solvent was evaporated and the quantitative crude methyl 2-amino-3-hydroxypropanoate without 
purification was used for the following step. 
To a solution of the product (12 mmol, 3.115 g) in anhydrous dichloromethane (12 mL) at 0°C, 
under inert atmosphere, 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) (14 mmol, 1.16 eq, 2.1 mL) was 
added. Stirring was continued at 0° C for 9 hours. Water was added, the phases were separated and 
the organic layer was washed with saturated NaHCO3 (2 x 10 ml) and dried over anhydrous 
Na2SO4. The solvent was evaporated and the crude acrylate was purified over a short silica gel flash 
chromatography column using n-hexane/ethyl acetate 4:1 as eluent. The acrylate (2.390 g) was 
recovered in 97% chemical yield. The spectroscopic data are in agreement with literature values. 1H 
NMR (300 MHz, CDCl3) δ: 3.88 (s, 3H), 5,98 (s, 1H), 6,79 (s, 1H),7.43-7.57 (m, 3H), 7.81-7.85 
(m, 2H), 8.54 (s broad, 1H).
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3 General procedure for the preparation of chiral ketimines.

5 Å Molecular sieves were activated by heating for 30 minutes at reduced pressure at 200 °C. After 
cooling, anhydrous toluene (8 mL), 2-substituted cyclanone (8 mmol) and (R)- or (S)- 
phenylethylamine (PEA) (8 mmol, 1 mL) were added under inert atmosphere. The mixture was 
stirred under reflux for 24-30 hours in order to obtain a high PEA conversion (75-94%). The 
conversions were monitored by 1H-NMR (CDCl3) of the reaction mixture, comparing the quartet at 
 4.11 of PEA with the signal of the same proton of the ketimine which shifts on the left of the 
spectrum. Ketimines were used for the following step without any purification. 

     Ketimine (q)   Conversion (%)
1a, 4.81 90%
1b, 4.76 84%
1c, 4.56 88%
1d, 4.43 86%
1e, 4.91 84%
1f, 4.80 84%
1g, 4.60 94%
1h, 4.58 75%
1i, 4.87 80%
1j, 4.88 80%

4 General procedure for the Michael additions

4.1 General procedure for the Michael addition of ketimines  ((R)-1f-j) with acrylate 2b and 
ketamine (S)-1a with acrylate 2c.

To a anhydrous toluene solution (6 mL) of crude ketimines (1f-j) (7.2 mmol), 2b (3.6 mmol, 0.5 eq, 
710 mg) and hydroquinone (5 mg) were added (ketimine 1a reacted in the same condition with 2c). 
After stirring at room temperature for 30 hours, the crude was filtered to remove the molecular 
sieves and 20% aqueous acetic acid (3 mL) was added. The mixture was stirred for 1 hour, then 
extracted with ethyl acetate (10 mL x 3). The collected organic layers were washed with saturated 
NaHCO3, dried over Na2SO4, filtered and concentrated in vacuo. The residue was purified by flash 
chromatography column over silica gel, eluting firstly with hexane:ethyl acetate 9:1 and then with 
hexane:ethyl acetate 8:2. 

4.2 General procedure for the Michael addition of chiral ketimines  ((S)-1a-e) with acrylates 2a.

To an anhydrous THF solution (6 mL) of crude ketimine (1a-e) (7.2 mmol), 2a (3.6 mmol, 0.5 eq, 
739 mg) and hydroquinone (5 mg) were added. After stirring under reflux for 3 day, 20% aqueous 
acetic acid (3 mL) was added. The mixture was stirred for 1 hour, then extracted with ethyl acetate 
(10 mL x 3). The collected organic layers were washed with saturated NaHCO3, dried over Na2SO4, 
filtered and concentrated in vacuo. The residue was purified by flash chromatography column over 
silica gel, eluting with hexane:ethyl acetate 7:3.
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5. Domino deprotection/cyclization and hydrogenation reaction of 3f.

To a solution of 3f (0.81 mmol, 251 mg) in 1.3 mL of methanol, p-toluenesulfonic acid (0.81 mmol, 
1 eq, 0.113 mL) was added. The reaction mixture was heated to 65 °C under stirring until TLC 
showed complete reaction (about 24-30 hours). The crude mixture was diluted with MeOH to 15 ml 
and Pd/C (10% w/w, 250 mg) was added. The reaction mixture was placed in a glass Parr reaction 
bottle and shaken under 12 atm of hydrogen. The catalytic hydrogenation was carried out for 24 
hours at 40°C. The catalyst was removed by filtration on a celite cake, and the filtrate was 
concentrated in vacuo. Ethyl acetate was added to the crude product in order to induce precipitation. 
After filtration, white crystals of 2R,3aS,7aS)-2-(methoxycarbonyl)-3a-methyloctahydro-1H-indol-
1-ium 4-methylbenzenesulfonate (5) (135 mg) were obtained in 45% yield. 

6 Synthesis of (2R,3aS,7aS)-methyl 1-((2-bromophenyl)sulfonyl)-3a-methyloctahydro-
1H-indole-2-carboxylate (6). 

TEA (0.43 mmol, 1.1 eq, 0.060 mL) was added to a solution of 5 (0.39 mmol, 143 mg) in 
anhydrous THF (8 mL) under nitrogen atmosphere at rt. After 1h under stirring, TEA (0.43 
mmol, 1.1 eq, 0.060 mL), 2-bromobenzenesulfonylchloride (0.39 mmol, 1 eq, 100 mg) and 
DMAP (0.08 mmol, 0.2 eq, 10 mg) were added. The reaction mixture was stirred at rt for 24 
hours, quenched with 1M HCl (2 mL), extracted with ethyl acetate (5 mL x 4), dried with 
Na2SO4 and concentrated in vacuo. The crude residue was purified by silica gel flash 
chromatography (starting with hexane/ethyl acetate 9:1 to hexane/ethyl acetate 8:2) to yield 85 
mg of 6 as a colorless solid (53% chemical yield).
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Methyl 2-benzamido-3-(1-ethyl-2-oxocyclohexyl)propanoate (Table 1, compound 3a)

O

HN

O

OCH3

O

C6H5

3a

Yield 90% (3.24 mmol, 1.03 g)
1H NMR (300 MHz, CDCl3) 1.20 (s, 3H), 1.40-1.90 (m, 7H), 2.20-2.55 (m, 3H), 3.71 (s, 3H), 
4.79 (ddd, J = 7.8, 4.8, 4.0 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 7.25-7.55 (m, 3H), 7.75 (d, J = 10.1 
Hz, 2H).
13C NMR (75 MHz, CDCl3) 20.96, 25.60, 26.79, 36.45, 38.55, 38.82, 48.08, 50.25, 52.57, 
127.24, 128.78, 131.91, 133.74, 166.92, 173.22, 217.02. 
IR (KBr) cm-1 3292 (NH), 2983-2845 (CH), 1749 (C=O ester), 1700 (C=O ketone), 1631 (C=O 
amide), 1535 (C-N), 1218 (C-O).
MS Mass (ESI) m/z calc. for C18H23NO4Na1+: 340.2, found: 340.2 [M + Na]. 
]20

D = - 72.7 (c 0.994, CH2Cl2).
e.e. 96% determined by HPLC on Daicel Chiralpak AD column; mobile phase: 85:15 
Hexane/Ethanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 15.385 
min (minor), tR 19.602 min (major).  

Methyl 2-benzamido-3-(1-ethyl-2-oxocyclohexyl)propanoate (Table 1, compound 3b) 

O

HN

O

OCH3

O

C6H5

3b
Yield 90% (3.24 mmol, 1.074 g)
1H NMR (300 MHz, CDCl3) t, 3H), 1.40-2.00 (m, 9H), 2.25-2.50 (m, 2H), 2.65 (dd, J = 
14.5, 12.1 Hz, 1 H), 3.74 (s, 3H), 4.71 (ddd, J = 7.8 ,4.0, 3.7 Hz, 1H), 6.90 (d, J = 7.7 Hz, 1H), 7.45-
7.55 (m, 3H), 7.78 (d, J = 9.5 Hz, 2H).
13C NMR (75 MHz, CDCl3) 7.86, 20.64, 26.68, 30.93, 33.71, 34.67, 39.27, 50.19, 51.43, 52.54, 
127.24, 128.77, 131.87, 133.74, 166.87, 173.40, 216.94.
IR (NaCl) cm-1 3346 (NH), 3030- 2867 (CH), 1746 (C=O ester), 1697 (C=O ketone), 1661 (C=O 
amide), 1531 (C-N), 1224 (C-O).
MS Mass (ESI+) m/z calc. for C19H25NO4H1+: 332.1, found: 332.1 [M + H];  m/z calc. for 
C19H25NO4Na1+: 354.2, found: 354.2 [M + Na] 
]20

D = - 65.9 (c 0.720, CH2Cl2)
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e.e. > 98 % determined by HPLC on Daicel Chiralpak AD column; mobile phase: 80:20 
Hexane/Ethanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 14.492 
min (minor), tR 18.706 min (major).
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Methyl 2-benzamido-3-(1-methyl-2-oxocyclopentyl)propanoate (Table 1, compound 3c)

O

HN

O

OCH3

O

C6H5

3c
Yield 95% (3.42 mmol, 1.037 g)
1H NMR (300 MHz, CDCl3) s, 3H), 1.70-2.31(m, 8H), 3.73 (s,3H), 4.92 (ddd, J = 9.2, 4.7, 
3.6 Hz, 1H), 6.32 (d, J = 9.3 Hz, 1H), 7.40-7.60 (m, 3H), 7.74 (d, J = 6.8 Hz, 2H)
13C NMR (75 MHz, CDCl3) , 23.91, 33.49, 37.55, 38.50, 47.81, 49.99, 52.73, 116.21, 
127.21, 128.76, 128.90, 132.17, 133.46, 167.26, 173.00.
IR (NaCl) cm-1 3344 (NH), 3031- 2861 (CH), 1737 (C=O ester), 1658 (C=O ketone), 1650 (C=O 
amide), 1533 (C-N), 1212 (C-O).
MS Mass: (ESI+) m/z calc. for C17H21NO4H1+: 304.1, found: 304.1 [M + H]. 
]20

D  = - 4 (c 1.04, CH2Cl2)
e.e. > 98 determined by HPLC on Daicel Chiralpak IB column; mobile phase: 85:15 
Hexane/Ethanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 7.56 min 
(major), tR 7.88 min (minor). 

Methyl 2-benzamido-3-(2-methyl-3-oxotetrahydrothiophen-2-yl)propanoate (Table 1, 
compound 3d) 

O

HN

O

OCH3

O

C6H5S

3d
Yield 93% (3.35 mmol, 1.076 g)
1H NMR (300 MHz, CDCl3) s, 3H), 2.34 (dd, J = 10.3, 5.1 Hz, 2H), 2.41-2.53 (m,1H), 
2.56-2.68 (m, 1H), 2.90 (dd, J = 13.2, 6.6 Hz, 2H), 3.78 (s, 3H), 5.19 (ddd, J = 9.2, 5.0, 4.6 Hz, 1H), 
6.36 (d, J = 9.2 Hz, 1H), 7.40-7.60 (m, 3H), 7.80 (d, J = 6.0 Hz, 2H).
13C NMR (75 MHz, CDCl3) 22.32, 27.43, 39.28, 41.04, 50.79, 52.81, 55.54, 127.30, 128.92, 
132.21, 133.57, 167.39, 172.70, 217.28.
IR 3301 (NH), 3027-2840 (CH), 1760 (C=O ester), 1724 (C=O ketone), 1645 (C=O amide), 1532 
(C-N), 1218 (C-O), 661 (C-S).
MS Mass: (ESI+) m/z calc. for C16H19NO4S1Na1+: 344.1, found: 344.1 [M + Na].
]20

D = + 10.8 (c  0.991, CH2Cl2).
e.e. 98 determined by HPLC on Daicel Chiralpak AD column; mobile phase: 85:15 Hexane/2-
Propanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 10.77 min 
(minor), tR 14.26 min (major).  



9

Methyl 3-(1-allyl-2-oxocyclohexyl)-2-benzamidopropanoate (Table 1, compound 3e)

O

HN

O

OCH3

O

C6H5

3e
Yield 80% (2.88 mmol, 0.989 g)
1H NMR (200 MHz, CDCl3) 1.40-2.50 (m, 12H), 3.74 (s, 3H), 4.75 (ddd, J = 7.4, 5.1, 3.5 Hz, 
1H), 4.90-5.20 (m, 2H), 5.50-5.70 (m, 1H), 6.85 (d, J = 7.4 Hz, 1H), 7.42-7.51 (m, 3H), 7.80 (dd, J 
= 8.0, 1.0 Hz, 2H).
13C NMR (75 MHz, CDCl3) 20.60, 26.58, 29.90, 33.38, 35.27, 39.31, 42.27, 50.18, 51.38, 52.69, 
116.25, 127.36, 128.83, 132.00, 133.52, 166.95, 173.30, 216.38.
IR (NaCl) cm-1 3355 (NH), 3030- 2865 (CH), 1746 (C=O ester), 1699 (C=O ketone), 1661 (C=O 
amide), 1529 (C-N), 1216 (C-O).
MS Mass: (ESI+) m/z calc. for C20H23NO4H+: 344.3, found 344.3 [M + H].
]20

D = - 87.5 (c 1.30, CH2Cl2)
e.e. 96% determined by HPLC on Daicel Chiralpak AD column; mobile phase: 85:15 
Hexane/Ethanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 14.68 
min (minor), tR 18.48 min (major).  

Methyl 3-(1-methyl-2-oxocyclohexyl)-2-(2,2,2-trifluoroacetamido)propanoate (Table 2, 
compound 3f)

O

HN

O

OCH3

O

CF3

3f

Yield 80% (2.88 mmol, 0.891 g)
1H NMR (300 MHz, CDCl3) : 1.25 (s, 3H), 1.50-1.92 (m, 7H), 1.97-2.10 (m, 1H), 2.28-2.64 (m, 
3H), 3.77 (s, 3H), 4.58 (ddd, J = 10.5, 7.9, 4.1 Hz, 1 H), 7.25 (bs, 1H).
13C NMR (75, CDCl3) : 20.65, 24.94, 26.80, 36.40, 37.74, 38.40, 44.39, 47.86, 49.88, 109.89-
121.32, 156.07-157.57, 171.20, 216.59.
19F NMR (300MHz, CDCl3) : -76.17.
HRMS Mass (TOF MS ES+) m/z calc. for C13H18F3NO4Na1+: 332.1078, found: 332.1078 [M + 
Na].
]20

D = - 66,2 (c 0.5, CH2Cl2).
e.e. 94%  determined by HPLC using Phenomenex Lux 3μ cellulose-4 column; mobile phase: 80:20 
Hexane/2-Propanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 7.65 
min (minor), tR 8.85 min (major).
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Methyl 3-(1-ethyl-2-oxocyclopentyl)-2-(2,2,2-trifluoroacetamido)propanoate (Table 2, 
compound 3g)

O

HN

O

OCH3

O

CF3

3g
Yield 68% (2.448 mmol, 0.757 g)
1H NMR (300MHz, CDCl3) : 0.87 (t, J = 7.5 Hz, 3H), 1.42-1.51 (q, 2H), 1.70 (s, 1H), 1.83-2.20 
(m, 8H), 2.30-2.44 (m, 1H), 3.79 (s, 3H), 4.67 (td, J = 9.7, 4.3 Hz, 1H), 6.71 (d, J = 8.9 Hz, 1H).
13C NMR (75 MHz, CDCl3) : 7.89, 18.14, 28.25, 31.23, 34.65, 36.98, 49.71, 50.84, 52.88, 109.82-
121.25, 156.30-157.80, 171.15, 222.85.
19F NMR (300MHz, CDCl3) : -76.11.
HRMS Mass (TOF MS ES+) m/z calc. for C13H18F3NO4Na1+ 332.1076, found: 332.1076 [M + 
Na].
]20

D = +24,4 (c 0.5, CH2Cl2).
e.e. 97% determined by HPLC on Phenomenex Lux 3μ cellulose-4 column; mobile phase: 
Hexane/2-Propanol 90:10, flow rate: 0,8 mL/min, pressure: 70 bar; detection wavelength 210 nm; tR 
7.81 min (major), tR 9.94 min (minor).

Methyl 3-(1-methyl-2-oxocyclopentyl)-2-(2,2,2-trifluoroacetamido)propanoate (Table 2, 
compound 3h).

O

HN

O

OCH3

O

CF3

3h

Yield 52% (1.872 mmol, 0.553 g).
1H NMR (300 MHz, CDCl3) : 1.07 (s, 3H), 1.77-2.19 (m, 7H), 2.36-2.48 (m, 1H), 3.79 (s, 3H), 
4.73 (td, J = 8.6, 5.9 Hz, 1H), 6.95 (bs, 1H).
13C NMR (75, CDCl3) : 18.33, 22.58, 34.13, 36.66, 37.40, 47.64, 49.75, 52.93, 113.62-117.44, 
156.76-157.26, 171.05, 223.11.
19F NMR (300MHz, CDCl3) : -76.11.
HRMS Mass (TOF MS ES+) m/z calc. for C12H16F3NO4Na1+ 318.0925, found: 318.0925 [M + 
Na].
e.e. 94%   determined by HPLC on Phenomenex Lux 3μ cellulose-4 column; mobile phase: 90:10 
Hexane/2-Propanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 7.98 
min (major), tR 8.94 min (minor).
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Methyl 3-(1-(methylthio)-2-oxocyclohexyl)-2-(2,2,2-trifluoroacetamido)propanoate (Table 2, 
compound 3i)

O
S

HN

O

CF3
O

O

3i

Yield 80% (2.88 mmol, 0.983 g).
1H NMR (300 MHz, CDCl3) : 1.49-1.80 (m, 3H), 1.87 (s, 3H), 1.98-2.13 (m, 4H), 2.20-2.34 (m, 
2H), 2.52 (dd, J = 14.8, 10.7 Hz, 1H), 3.11 (ddd, J = 15.5, 14.1, 6.1 Hz, 1H), 3.80 (s, 3H), 4.78 
(ddd, J = 8.4, 5.2, 3.9 Hz, 1H), 6.96 (d, J = 8.5 Hz, 1H).
13C NMR (75 MHz, CDCl3) : 11.07, 20.55, 25.99, 34.47, 35.30, 36.68, 49.23, 52.99, 55.18, 
109.83-121.26, 156.03-157.53, 171.07, 206.85.
19F NMR (300MHz, CDCl3) : -76.12.
HRMS Mass (TOF MS ES+) m/z calc. for C13H18F3NO4SNa1+ 364.0796, found: 364.0796 [M + 
Na].
]20

D = + 22,3 (c 0.5, CH2Cl2).
e.e. 97% determined by HPLC on Phenomenex Lux 3μ cellulose-4 column; mobile phase: 
Hexane/2-Propanol 90:10; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; 
tR= 8.48 min (major), tR= 10.79 min (minor).

Methyl 3-(1-allyl-2-oxocyclohexyl)-2-(2,2,2-trifluoroacetamido)propanoate (Table 2, 
compound 3j)

O

HN

O

OCH3

O

CF3

3j

Yield 75% (2.7 mmol, 0.905 g).
1H NMR (300 MHz, CDCl3) : 1.50-1.93 (m, 7H), 2.01-2.12 (m, 1H), 2.22-2.64 (m, 5H), 3.78 (s, 
3H), 4.53 (ddt, J = 11.8, 7.9, 3.7 Hz, 1H), 4.99-5.19 (m, 2H), 5.58 (ddt, J = 11.9, 7.2, 4.3 Hz, 1H), 
7.16 (d, J = 7.7 Hz, 1H).
13C NMR (75 MHz, CDCl3) : 20.30, 26.60, 33.40, 34.65, 38.85, 41.79, 49.80, 51.10, 53.09, 
109.88-121.31, 119.64, 131.25, 156.12-157.61, 171.21, 215.73. 
19F NMR (300 MHz, CDCl3) : -76.17.
HRMS Mass (TOF MS ES+) m/z calc. for C15H20F3NO4Na1+: 358.1235, found: 358.1235 [M + 
Na]. 
]20

D  = + 95,6 (c 0.5, CH2Cl2).
e.e. 97% determined by HPLC on Phenomenex Lux 3μ cellulose-4 column; mobile phase: 
Hexane/2-Propanol 90:10; flow rate: 0,8 ml/min; pressure: 70 bar; detection wavelength 210 nm; 
tR= 6.41 min (major), tR= 7.47 min (minor).
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Benzyl 3-(1-methyl-2-oxocyclohexyl)-2-(2,2,2-trifluoroacetamido)propanoate (Table 2, 
compound 3k)

O

HN

O

CF3
O

O

C6H5

3k
Yield 90% (3.24 mmol, 1.249 g)
1H NMR (300 MHz, CDCl3): 1.20 (s, 3H), 1.50-1.83 (m, 7H), 2.23-2.60 (m, 3H), 4.65 (ddd, J = 
11.8, 7.5, 3.9 Hz, 1H), 5.17 (s, 2H), 7.34-.7.37 (m, 6H). 
13C NMR (75 MHz, CDCl3): 20.92, 25.46, 27.02, 36.46, 37.83, 38.68, 48.15, 50.33, 67.91, 
118.72, 126.52, 128.57, 135.18, 156.77, 170.80, 216.93.
IR: (NaCl) cm-1 3326 (NH), 2872-3068 (CH), 1723 (C=O estere), 1696 (C=O ketone), 1554 (C-N), 
1267 (C-O).
MS Mass: (ESI+) m/z calc. for C19H22F3NO4Na1+: 408.2, found: 408.2 [M + Na].
]20

D =- 51.3 (c 1.11, CH2Cl2)
e.e. 96% determined by HPLC on Daicel Chiralpak AD column; mobile phase: 85:15 
Hexane/Ethanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 6.86 min 
(major), tR 8.01 min (minor). 

(2R,3aS,7aS)-2-(methoxycarbonyl)-3a-methyloctahydro-1H-indol-1-ium 4-
methylbenzenesulfonate (5)

N

CH3

O

O

SO

O
O

H
H
H

5

Yield 45% (0.365 mmol, 135 mg)
1H NMR (300MHz, CD3OD) : 1.15 (s, 3H), 1.43-1.64 (m, 6H), 1.78-2.01 (m, 3H), 2.39 (s, 3H), 
3.42 (t, J = 4.8 Hz, 1H), 3.86 (s, 3H), 4.64 (t, J = 9.0 Hz, 1H), 7.26 (d, J = 7.8 Hz, 2H), 7.72 (d, J = 
7.9 Hz, 2H).
13C NMR (75 MHz, CD3OD) : 19.53, 19.96, 20.21, 22.15, 22.64, 31.34, 40.13, 40.83, 52.71, 
56.37, 64.46, 125.60, 128.47, 140.37, 142.20, 169.92. 
HRMS Mass: (TOF MS ES+) m/z calc. for C11H20NO2+ [M] 198.1498, found 198.1498 [M]. 
]20

D = +13,4 (c 0.5, MeOH)
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(2R,3aS,7aS)-methyl 1-((2-bromophenyl)sulfonyl)-3a-methyloctahydro-1H-indole-2-
carboxylate (6).

N

CH3

O

O

O2S
H

Br

6

Yield 53% (0.207 mmol, 86 mg)
1H NMR (300MHz, CD3OD) : 1.12 (s, 3H), 1.25-1.35 (m, 4H), 1.46-1.85 (m, 5H), 2.22 (dd, J = 
12.8, 9.4 Hz, 1H), 3.70 (s, 3H), 3.78 (t, J = 4.4 Hz, 1H), 4.75 (dd, J = 9.3, 6.9 Hz, 1H), 7.34-7.45 
(m, 2H), 7.74 (dd, J = 7.5, 1.6 Hz, 1H), 8.18 (dd, J = 7.6, 2.0 Hz, 1H).
13C NMR (75 MHz, CD3OD) δ: 20.44, 21.13, 23.95, 24.80, 33.94, 40.71, 42.26, 52.26, 60.70, 
66.14, 121.26, 127.35, 131.8, 133.34, 135.17, 141.18, 173.77.
e.e. >98% determined by HPLC on Daicel Chiralpak OD-H column; mobile phase: 80:20 
Hexane/2-Propanol; flow rate: 0,8 mL/min; pressure: 70 bar; detection wavelength 210 nm; tR 11.27 
min (major), tR 13.86 min (minor). 
During high resolution EI mass analysis the ester portion is lost:
HRMS (EI): calcd for C15H19BrNO2S•: 356,03199, found: 356,032810

N

CH3

O

O

O2S
H

Br

6

Chemical Formula: C2H3O2•

Exact Mass: 59,01330
Chemical Formula: C15H19BrNO2S•

Exact Mass: 356,03199
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COMPOUND 5



56

 

H2N H-3b

H-3a
CH3

3.42 ppm

1.14 ppm

C H
4.64 ppm

1.93 ppm

2.39 ppm3a
7a

O
O

H3C

H

3.85 ppm

Measurable nOe correlations:
- methyl 3a (1.14 ppm) and H-7a (3.42 ppm)
- methyl 3a (1.14 ppm) and H-3b (1.93 ppm)
- H-2 (4.64 ppm) and H-3a (2.39 ppm)
- H-3b (1.93ppm) and H-7a (3.42 ppm)
- OCH3 (3.85 ppm) and proton H-3b (1.93 ppm) 
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