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A. General Information

Chemicals and solvents were purchased from commercial suppliers and used as
received. *H and *C NMR spectra were recorded on a Bruker ACF300 or DPX300 (300 MHz) or
AMX500 (500 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm),
and the residual solvent peak was used as an internal reference: proton (chloroform & 7.26),
carbon (chloroform & 77.0). Multiplicity was indicated as follows: s (singlet), d (doublet), t
(triplet), q (quartet), m (multiplet), dd (doublet of doublet), br s (broad singlet). Coupling
constants were reported in Hertz (Hz). Low resolution mass spectra were obtained on a
Finnigan/MAT LCQ spectrometer in ESI mode, and a Finnigan/MAT 95XL-T mass spectrometer
in FAB mode. All high resolution mass spectra were obtained on a Finnigan/MAT 95XL-T
spectrometer. For thin-layer chromatography (TLC), Merck pre-coated TLC plates (Merck 60
F.s4) were used, and compounds were visualized under a UV light at 254 nm. Further
visualization was achieved by staining with iodine, or ceric ammonium molybdate followed by
heating on a hot plate. Flash chromatography separations were performed on Merck 60 (0.040
- 0.063 mm) mesh silica gel. The enantiomeric excesses of the products were determined by
chiral-phase HPLC analysis.

All the branched aldehydes were prepared following the literature procedures® and 1,2-

bis(phenylsulfonyl)ethylene was purchased from Sigma-Aldrich.
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B. Preparation of the Catalysts

B1l. Preparation of L-threonine-derived catalyst 11a

OH OH
TsClI NaN;
OH " pemiTEA NHCbOTS DMF NHCbN3
NHCbz (87%) Z (84%) z
11aa 11ab
TBSCV/DMF QTBS PhaP OTBS
imidazole/DMAP N3 THF/HZO NH2
(81 %) NHCbz (90%) NHCbz
11ac 11ad
T6,0 OTBS pacH,  OTBS
THF/TEA NHTf  1eoH NHTf
(71%) NHCbz (81%) NH,
11ae 0 11a

(2R,3R)-2-(Benzyloxycarbonyl)-3-hydroxybutyl 4-methylbenzenesulfonate 11aa

To an ice-cold solution of benzyl (2R,3R)-1,3-dihydroxybutan-2-ylcarbamate (2.39 g, 10.0
mmol) and triethylamine (15 mmol, 2.1 mL) in dichloromethane (50 mL) at 0 °C was added 4-
toluenesulfonyl chloride (2.28 g, 12.0 mmol). The reaction mixture was stirred at room
temperature for 6 h and then diluted with dichloromethane (50 mL). The organic phase was
washed with agueous NaHCO; (3 X 50 mL) and brine (2 X 50 mL), and dried over Na,SO4. The
solution was filtered and concentrated under the reduced pressure to afford the crude product,
which was subjected to flash chromatographic separation on silica gel (ethyl acetate/hexanes =

1:15 to 1:4) to afford 11aa as a colorless oil (3.41 g, 87%).

'H NMR (500 MHz, CDCl3) & 1.14-1.16 (d, J = 6.3 Hz, 3H), 2.41 (s, 3H), 3.00 (s, 1H), 3.71-3.78 (m,
1H), 4.00-4.07 (m, 2H), 4.11-4.14 (m, 1H), 5.06 (s, 2H), 5.51-5.52 (d, J = 8.9 Hz, 1H), 7.28-7.35 (m,
7H), 7.76-7.78 (m, 2H); *C NMR (75 MHz, CDCl;) & 19.93, 21.63, 54.69, 65.38, 66.97, 68.90,
127.91, 127.93, 128.17, 128.55, 130.00, 132.52, 136.26, 145.15, 156.63; HRMS (ESI) m/z calcd
for C19H23NO6S [M+H]* 416.1129, found 416.1118.
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Benzyl (2R,3R)-1-azido-3-hydroxybutan-2-ylcarbamate 11ab

Sodium azide (1.95 g, 30.0 mmol) was added to 1laa (1.97 g, 5.0 mmol) in N,N-
dimethylformamide (15 mL), and the resulting mixture was heated at 70 °C for 14 hrs. The
reaction mixture was then allowed to cool to room temperature and diluted with ethyl acetate
(75 mL). The organic phase was washed with H,O (3 X 30 mL) and brine (3 X 30 mL). The organic
layer was dried over Na,SO,, filtered and concentrated under the reduced pressure to afford
the crude product as a colorless oil (1.11 g, 84%). The crude product was used in the next step

without further purification.

'H NMR (300 MHz, CDCl5) & 1.18-1.20 (d, J = 6.4 Hz, 3H), 2.82-2.83 (m, 1H), 3.42-3.45 (m, 2H),
3.62-3.67 (m, 1H), 3.97 (br, 1H), 5.11 (s, 2H), 5.50-5.53 (d, J = 8.7 Hz, 1H), 7.31-7.34 (m, 5H); **C
NMR (75 MHz, CDCls) & 20.23, 52.57, 55.13, 66.67, 67.03, 127.97, 128.18, 128.51, 136.13,
156.68; HRMS (ESI) m/z calcd for C1oH1g Ny O3 [M-H] 263.1150, found 263.1149.

Benzyl (2R,3R)-1-azido-3-(tert-butyldimethylsilyloxy)butan-2-ylcarbamate 11ac

To a stirred solution of the azide 1lab (1.27 g 5 mmol) in freshly distilled N,N-
dimethylformamide (5 mL) was added tert-butylchlorodimethylsilane (900 mg, 6.0 mmol),
imidazole (680 mg, 10 mmol) and DMAP (120 mg, 1.0 mmol). After stirring at room
temperature for 12 hrs, ethyl acetate (50 mL) was added to the reaction mixture and the
mixture was washed with water (5 X 20 mL) and brine (2 X 20 mL). The organic phase was dried
with Na,SQy,, filtered and concentrated under the reduced pressure to afford the crude product,
which was purified by flash column chromatography (ethyl acetate/hexanes = 1:20 to 1:5) to

afford the desired product as a colorless oil (1.53 g, 81%).

'H NMR (300 MHz, CDCls) & 0.09 (s, 6H), 0.90 (s, 9H), 1.16-1.19 (d, J = 6.4 Hz, 3H), 3.27-3.31 (m,
1H), 3.41-3.44 (m, 1H), 3.68-3.71 (m, 1H), 4.01-4.05 (m, 1H), 5.10-5.15 (m, 3H), 7.31-7.37 (m,
5H); *C NMR (75 MHz, CDCls) 6§ -5.11, -4.28, 17.90, 20.65, 25.76, 51.89, 55.62, 66.41, 66.95,
128.17, 128.51, 136.27, 156.27; HRMS (ESI) m/z calcd for CigHso N4 O3Si [M+Na]® 401.1979,
found 401.1980.
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Benzyl (2R,3R)-1-amino-3-(tert-butyldimethylsilyloxy)butan-2-ylcarbamate 11ad

Triphenylphosphine (629 mg, 2.4 mmol) was added to azide 11ac (756 mg, 2.0 mmol) in
tetrahedrofuran (15 mL) and H,0 (5.0 mL). The reaction mixture was brought to reflux for 2
hours. Solvent was removed under reduced pressure, and extra water (15 mL) was added. The
aqueous layer was extracted with ethyl acetate several times (3 X 15 mL), and the combined
organic extracts were dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography (ethyl acetate/hexanes = 1:2 to
triethylamine/ethyl acetate = 1:10) to afford the desired amine 11ad as a colorless oil (634 mg,

90%).

'H NMR (300 MHz, CDCl3) 6 0.02-0.03 (d, J = 2.3 Hz, 3H), 0.85 (s, 9H), 1.10-1.12 (d, J = 6.2 Hz,
3H), 1.19 (br, 2H), 2.69-2.71 (d, J = 6.9 Hz, 2H), 3.42-3.45 (m, 1H), 3.97-3.99 (m, 1H), 5.07-5.10 (s,
3H), 7.31-7.37 (m, 5H); *C NMR (75 MHz, CDCl5) & -5.06, -4.30, 17.86, 20.89, 25.74, 44.31,
59.30, 66.66, 67.48, 128.02, 128.44, 131.92, 132.06, 136.51, 156.99; HRMS (ESI) m/z calcd for
CigH32N, 03Si [M+H]* 353.2264, found 353.2262.

Benzyl(2R,3R)-3-(tert-butyldimethylsilyloxy)-1-(trifluoromethylsulfonamido)butan-2-ylcarbama-

te 11ae

Trifluoromethanesulfonic anhydride (0.2 mL, 1.2 mmol) was added to amine 11ad (0.35 g,
1.0 mmol) and triethylamine (0.42 mL, 3.0 mmol) in anhydrous dichloromethane (5 mL) at 0 °C,
and the mixture was stirred at room temperature for 5 hours. After diluting with
dichloromethane (10 mL), the mixture was washed with aqueous NaHCOs (3 X 5 mL) and brine
(2 X 5 mL). The organic layer was dried over Na,SO,, filtered and concentrated under reduced
pressure to afford the crude product, which was purified by flash column chromatography

(ethyl acetate/hexanes = 1:10 to 1:2) to afford 11ae as a white solid (344 mg, 71%).

'H NMR (300 MHz, CDCl3) & 0.13 (s, 6H), 0.93 (s, 9H), 1.21-1.23 (d, J = 6.2 Hz, 3H), 3.39-3.41 (m,
2H), 3.73-3.76 (m, 1H), 4.01-4.05 (m, 1H), 5.17 (s, 2H), 5.29-5.32 (d, J = 9.0 Hz, 1H), 7.39-7.42 (m,
5H); 3C NMR (75 MHz, CDCls) & -5.21, -4.24, 17.83, 20.87, 25.65, 25.79, 47.45, 55.95, 67.47,
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67.68, 128.05, 128.29, 128.56, 135.79, 157.65; HRMS (ESI) m/z calcd for Ci9H31F3N305SSi [M-H]
483.1602, found 483.1580.

N-((2R,3R)-2-Amino-3-(tert-butyldimethylsilyloxy)butyl)trifluoromethanesulfonamide 11a

To the solution of carbamate 11ae (194 mg, 0.4 mmol) in methanol (3 mL) was added
10% Pd/C (20 mg). The flask was then flushed with hydrogen, and a hydrogen balloon was
connected. After the mixture was stirred for one hour, the catalyst was removed by filtration
through Celite, the filtrate was concentrated in vacuo to yield 11a as a white solid (113 mg,

81%).

'H NMR (300 MHz, CDCl3) & 0.06 (s, 3H), 0.09 (s, 3H), 0.90 (s, 9H), 1.15-1.17 (d, J = 6.2 Hz, 3H),
2.69-2.75 (m, 1H), 3.04-3.11 (m, 1H), 3.17 (s, 3H), 3.29-3.33 (m, 1H), 3.74-3.77 (m, 1H); *C NMR
(75 MHz, CDCl5) § 17.82, 20.04, 25.62, 29.59, 46.95, 56.57, 69.49, 117.68, 121.95; HRMS (ESI)

m/z calcd for C11H,5F3N505SSi [M+H]" 351.1375, found 351.1374.

B2. Preparation of L-threonine-derived catalyst 11b

OTBS OH
TBAF TIPSCI
NHTf NHTf
NHCbz (;'6_:)'/:) NHCbz TEA/D%\;/DMAP
1lae ° 11af (75%)
OTIPS OTIPS
Pd/C,H,
NHTf
NHCbz MeOH NH w
(93%) 2
11lba 11b

Benzyl (2R,3R)-3-hydroxy-1-(trifluoromethylsulfonamido)butan-2-ylcarbamate 11af

To a stirred solution of 11ae (484 mg, 1.0 mmol) in THF was added TBAF (1M in THF, 3

mL). After stirring at room temperature for 5 hours, the solvent was removed. The residue was
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taken up in ethyl acetate (30 mL), and s washed with water (3 X 15 mL). The organic phase was
dried with Na,SO,, filtered and concentrated under the reduced pressure to afford the crude
product, which was purified by flash column chromatography (ethyl acetate/hexanes = 1:10 to

1:4) to afford the desired product as a white solid (281 mg, 76%).

'H NMR (300 MHz, CDCls) & 1.20-1.22 (d, J = 6.3 Hz 6H), 3.34-3.42 (m, 2H), 3.65-3.67 (m, 1H),
4.04-4.06 (m, 1H), 4.39 (br, 2H), 5.10 (s, 2H), 5.50-5.53 (d, J = 9.0 Hz, 1H), 7.30-7.36 (m, 5H); *C
NMR (75 MHz, CDCl5) & 20.30, 46.24, 55.06, 66.55, 67.39, 117.55, 121.80, 127.87, 128.27,
128.54, 135.72, 157.37; HRMS (ESI) m/z caled for Ci3H17F3N,0sS [M-H]” 369.0733, found
369.0729.

Benzyl(2R,3R)-1-(trifluoromethylsulfonamido)-3-(triisopropylsilyloxy)butan-2-ylcarbamate 11ba

Chlorotriisopropylsilane (134 mg, 0.7 mmol) was added to a solution of alcohol 11af (178
mg, 0.5 mmol), triethylamine (0.14 mL, 1.0 mmol) and DMAP (12 mg, 0.1 mmol) in anhydrous
dichloromethane (5 mL) at 0 °C. The mixture was then allowed to stir at room temperature for
5 hours and diluted with dichloromethane (10 mL). The mixture was washed with water (3 X 10
mL) and brine (2 X 10 mL). The organic phase was dried with Na,SO,, filtered and concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography (ethyl acetate/hexanes = 1:10 to 1:3) to afford 11ba as a colorless oil (197 mg,
75%).

'H NMR (300 MHz, CDCls) & 1.11 (m, 21H), 1.27-1.30 (m, 3H), 3.47-3.51 (m, 2H), 3.70-3.79 (m,
1H), 4.15-4.17 (m, 1H), 5.17 (s, 2H), 5.26-5.29 (d, J = 8.6 Hz, 1H), 7.39-7.43 (m, 5H); *C NMR (75
MHz, CDCls) & 12.47, 17.95, 18.00, 20.81, 47.86, 56.00, 67.47, 68.62, 117.56, 121.82,
128.06, 128.30, 128.55, 135.79, 157.70; HRMS (ESI) m/z calcd for CyHasF3N20sS Si[M+Na]*
549.2043, found 549.2041.
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N-((2R,3R)-2-Amino-3-(triisopropylsilyloxy)butyl)trifluoromethanesulfonamide 11b

Following the same procedure as described for the preparation of 11a, 11b was obtained

as a white solid (73 mg, 93%) from the carbamate 11ba (105 mg, 0.2mmol).

'H NMR (300 MHz, CDCl5) & 1.07 (m, 21H), 1.21-1.23 (d, J = 8.4 Hz, 3H), 2.70-2.74 (m, 4H), 3.12-
3.19 (m, 1H), 3.33-3.39 (m, 1H), 3.93-3.96 (m, 1H); *C NMR (75 MHz, CDCl3) & 12.51, 17.97,
18.03, 19.76, 46.76, 56.47,70.22, 117.65, 121.92; HRMS (ESI) m/z calcd for Cy4H31F3N,03SSi
[M+H]" 393.1838, found 393.1842.

B3. Preparation of L-threonine-derived catalyst 11c

OH OTBDPS OTBDPS
TBDPSCI Pd/C,H,
NHTf NHTf ——>
TEA/DCM MeOH NHT
NHCbz DMAP NHCbz (95%) NH,
11af (91%) 11ca ° 11c

Benzyl 3-(tert-butyldiphenylsilyloxy)-1-(trifluoromethylsulfonamido)butan-2-ylcarbamate 11ca

Following the same procedure as described for the preparation of 11ba, the carbamate
11lca was obtained as a colorless oil (278 mg, 91% yield) from the alcohol 11af (178 mg,

0.5mmol).

'H NMR (500 MHz, CDCl3) & 1.08-1.12 (m, 12H), 3.10-3.12 (m, 1H), 3.40-3.43 (m, 1H), 3.64-3.65
(m, 1H), 3.88-3.89 (m, 1H), 5.14 (s, 2H), 5.29-5.31 (d, J = 8.8 Hz, 1H), 7.39-7.49 (m, 11H), 7.63-
7.69 (m, 4H); *C NMR (75 MHz, CDCl3) § 19.24, 20.83, 27.06, 47.43, 56.31, 67.56, 67.80, 80.49,
127.71,128.11, 128.18, 128.40, 128.70, 130.05, 130.37, 132.34, 133.30, 135.87, 135.90, 157.75,
173.18; HRMS (ESI) m/z calcd for CagH3sF3N20sSSi [M-H] 607.1915, found 607.1931.

N-((2R,3R)-2-Amino-3-(tert-butyldiphenylsilyloxy)butyl)trifluoromethanesulfonamide 11c

Following the same procedure as described for the preparation of 11a, the catalyst 11c was

obtained as a colorless oil (180 mg, 95% yield) from the carbamate 11ca.
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'H NMR (300 MHz, CDCls) & 1.07 (s, 12H), 2.65-2.71 (m, 1H), 3.04-3.16 (m, 5H), 3.72-3.75 (m,
1H), 7.39-7.45 (m, 6H), 7.63-7.68 (m, 4H); *C NMR (75 MHz, CDCl3) 6 19.21, 19.75, 27.01, 25.79,
46.63, 56.82, 70.62, 127.58, 127.89, 129.84, 130.08, 132.84, 133.61, 135.71, 135.79; HRMS (ESI)
m/z calcd for Cy1H29F3N,05SSi [M+Na]* 475.1702, found 475.1710.

B4. Preparation of L-serine-derived catalyst 12a

HO COOMe p-TSA  THPO COOMe ﬂ, THPQ OH Tscl  THPO OTs
NHCbz D"(';D?’E;:):M 17aq NHODZ (2'1";) 125 NHCDZ D‘fg“i/;')EA 12ac NHCDZ
NaNs * THPo Ns _PhsP  THPQ NH, TH,O  THPO NHTF
([;I;Af;) 12ad NHCbz T';Z%O 12ae NHCbz THF/TEA  455¢ 'NHCbz
P-TSA  HQ NHTf TBSCI TBSO NHTf pg/cH, TBSO \_(NHTf

(27"1‘:3&;; 12ag NHCbz DCMgE%DMAP 12ah NHCbz I\?gﬁ/l:) 12a NH,

(25)-Methyl 2-(benzyloxycarbonyl)-3-(tetrahydro-2H-pyran-2-yloxy)propanoate 12aa

To a stirred solution of (S)-methyl 2-(benzyloxycarbonyl)-3-hydroxypropanoate (5.06 g, 20.0
mmol) and freshly distilled dihydropyran (10 mL) in anhydrous dichloromethane (50 mL) was
added p-toluenesulfonic acid monohydrate (95 mg, 0.5 mmol). After stirring at room
temperature for 3 hours, triethylamine (3 mmol, 0.42 mL) was added the reaction mixture. The
reaction mixture was concentrated, and the residue was taken up in EtOAc (100 mL). The
organic extracts were washed with brine (3 X 50 mL), and dried over Na,SO,. After filtration and
concentration, the residue was purified by column chromatography (ethyl acetate /hexanes =

1/15 to 1/5) to afford the desired product as a white solid (5.86 g, 87%).

'H NMR (300 MHz, CDCl5) § 1.51-1.55 (m, 6H), 3.44-3.51 (m, 1H), 3.75-3.79 (m, 4.5H), 3.96-3.97
(m, 1H), 4.16-4.19 (m, 0.5H), 4.55-4.61 (m, 2H), 5.16 (s, 2H), 5.70-5.92 (m, 1H), 7.35-7.40 (m,
5H); *C NMR (75 MHz, CDCls) & 18.83, 19.29, 25.08, 25.17, 30.03, 30.28, 52.35, 52.39, 54.14,
54.39, 61.65, 62.47, 66.89, 66.98, 67.09, 68.04, 98.43, 98.44, 128.00, 128.04, 128.11, 128.41,
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128.44, 136.18, 155.95, 170.69, 170.82; HRMS (ESI) m/z calcd for C;7H,3NOg [M+Na]Jr 360.1418,
found 360.1435.

Benzyl (R)-1-hydroxy-3-(tetrahydro-2H-pyran-2-yloxy)propan-2-ylcarbamate 12ab

LiAlH; (760 mg, 20.0 mmol) was added to a solution of 12aa (3.37 g, 10.0 mmol) in
anhydrous tetrahydrofuran (40 mL) at -20 °C. After stirring at the same temperature for 1 hour,
the excess of the hydride was destroyed by slow addition of water (10.0 mL). The reaction
mixture was filtered through Celite, and the filtrate was concentrated in vacuo. Water (60 mL)
was added to the residue, and the aqueous layer was extracted with ethyl acetate several times
(3 X 30 mL). The combined organic extracts were dried over anhydrous Na,SO,, filtered, and
concentrated. Purification of the residue by flash column chromatography (ethyl

acetate/hexanes = 1:5 to 1:2) afforded the desired product as a colorless oil (2.81 g, 91%).

'H NMR (300 MHz, CDCls) & 1.48-1.51 (m, 4H), 1.72-1.81 (m, 2H), 3.13-3.15 (m, 1H), 3.51-3.71
(m, 3H), 3.80-3.94 (m, 4H), 4.55-4.57 (m, 1H), 5.13 (s, 2H), 5.52-5.63 (m, 1H), 7.35-7.37 (m, 5H);
13C NMR (75 MHz, €DCls) & 19.64, 25.11, 30.39, 30.55, 52.06, 62.59, 62.83, 62.96, 63.19, 66.71,
66.77, 67.23, 67.46, 99.45, 99.86, 127.98, 128.02, 128.06, 128.41, 128.44, 136.32, 136.38,
156.37. HRMS (ESI) m/z calcd for C16H23NOs [M+Na]* 332.1468, found 332.1475.

(5)-2-(Benzyloxycarbonyl)-3-(tetrahydro-2H-pyran-2-yloxy)propyl-4-methylbenzeneSulfonate

12ac

Following the same procedure as described for the preparation of 11aa, tosylate 12ac

was obtained as a colorless oil (4.35 g, 94% yield) from 12ab (3.09 g, 10.0 mmol).

'H NMR (300 MHz, CDCl3) & 1.39-1.51 (m, 6H), 2.39 (s, 3H), 3.35-3.52 (m, 2H), 3.67-3.80 (m, 2H),
4.06-4.18 (m, 3H), 4.40-4.46 (m, 1H), 5.03 (s, 2H), 5.16-5.34 (m, 1H), 7.28-7.37 (m, 7H), 7.73-
7.75 (m, 2H); *C NMR (75 MHz, CDCls) & 14.16, 19.05, 19.52, 20.98, 21.58, 25.13, 25.18, 28.14,
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30.17, 30.32, 49.50, 60.33, 61.99, 62.66, 65.16, 65.56, 66.90, 67.74, 68.18, 98.79, 99.51, 127.93,
128.03, 128.17, 128.51, 129.86, 132.63, 136.16, 144.93, 155.65; HRMS (ESI) m/z calcd for
C23H29NO5S [M+Na]" 486.1557, found 486.1583.

Benzyl (R)-3-azido-1-(tetrahydro-2H-pyran-2-yloxy)propan-2-ylcarbamate 12ad

Following the same procedure as described for the preparation of 11ab, azide 12ad was

obtained as a colorless oil (1.35 g, 81% yield) from tosylate 12ac (1.67 g, 5.0 mmol).

'H NMR (300 MHz, CDCl3) & 1.47-1.53 (m, 4H), 1.70-1.78 (m, 2H), 3.46-3.55 (m, 4H), 3.61-3.83
(m, 2H), 3.85-3.94 (m, 1H), 4.54-4.57 (m, 1H), 5.10 (s, 2H), 5.25-5.46 (m, 1H), 7.30-7.35 (m, 5H);
3C NMR (75 MHz, CDCl3) & 19.24, 19.69, 25.12, 25.18, 30.27, 30.45, 50.29, 51.34, 51.62, 62.23,
62.88, 66.20, 66.76, 66.88, 98.91, 99.67, 128.03, 128.09, 128.14, 128.46, 128.48, 136.22, 136.30,
155.77; HRMS (ESI) m/z calcd for Ci6H2,N404 [M+Na]" 357.1547, found 357.1542.

Benzyl (R)-1-amino-3-(tetrahydro-2H-pyran-2-yloxy)propan-2-ylcarbamate 12ae

Following the same procedure as described for the preparation of 11ad, amine 12ae was

obtained as a colorless oil (1.06 g, 86% yield) from azide 12ad (1.34 g, 4.0 mmol).

'H NMR (300 MHz, CDCl3) 6 1.26-1.29 (m, 2H), 1.47-1.53 (m, 4H), 1.67-1.71 (m, 2H), 2.84-2.86 (d,
J = 5.9 Hz, 2H), 3.41-3.60 (m, 2H), 3.71-3.84 (m, 3H), 4.52-4.54 (m, 1H), 5.10 (s, 2H), 5.48-5.63
(m, 1H), 7.30-7.36 (m, 5H); **C NMR (75 MHz, CDCls) & 19.34, 19.69, 25.17, 25.22, 30.34, 30.51,
43.01, 43.31, 52.85, 62.22, 62.72, 66.20, 66.49, 66.57, 67.38, 67.66, 98.88, 99.51, 127.93,
127.99, 128.38, 128.40, 136.48, 136.56, 156.26; HRMS (ESI) m/z calcd for CigHasN204 [M+H]*
309.1809, found 309.1808.

Benzyl(R)-1-(tetrahydro-2H-pyran-2-yloxy)-3-(trifluoromethylsulfonamido)propan-2-ylcarbam-

ate 12af

Following the same procedure as described for the preparation of 1lae, the curde
sulfonamide 12af was obtained as a white solid from amine 12ae (310 mg, 1.0 mmol). The

crude product was used directly in the next step.
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(R)-Benzyl 1-hydroxy-3-(trifluoromethylsulfonamido)propan-2-ylcarbamate 12ag

p-Toluenesulfonic acid monohydrate (38 mg, 0.2 mmol) was added to the crude
sulfonamide 12af in methanol (5 mL). After stirring at room temperature for 4 hours, the
solvent was evaporated to afford the crude product, which was purified by flash column
chromatography (ethyl acetate/hexanes = 1:5 to 1:2) to afford 12ag as a colorless oil (0.25 g,

71% for two steps).

'H NMR (500 MHz, CDCl3) & 3.33-3.39 (m, 2H), 3.64-3.71 (m, 2H), 3.81-3.82 (m, 1H), 5.09 (s, 2H),
5.75-5.77 (d, J = 4.9 Hz, 1H), 7.29-7.35 (m, 5H); **C NMR (75 MHz, CDCl3) & 44.88, 52.14, 61.81,
62.46, 118.47, 121.02, 127.93, 128.40, 128.64, 135.76, 157.20; HRMS (ESI) m/z calcd for
C1H1sF3N,0sS [M-H] 355.0576, found 355.0564.

(R)-Benzyl-1-(tert-butyldimethylsilyloxy)-3-(trifluoromethylsulfonamido)propan-2-ylcarbamate

12ah

Following the same procedure as described for the preparation of 11ba, the carbamate
12ah was obtained as a colorless oil (0.8 g, 85% vyield) from the alcohol 12ag (720 mg, 2.0

mmol).

'H NMR (500 MHz, CDCl5) 6 0.11 (s, 6H), 0.93 (s, 9H), 3.47-3.52 (m, 2H), 3.74-3.81 (m, 2H), 3.91-
3.93 (m, 1H), 5.16 (s, 2H), 5.33-5.36 (d, J = 8.0 Hz, 1H), 6.53 (br, 1H), 7.35-7.41 (m, 5H); *C NMR
(75 MHz, CDCls) & -5.69, 18.09, 25.70, 29.66, 46.77,51.27, 63.51, 67.41, 117.59, 121.85, 128.15,
128.35, 128.59, 135.82, 156.84; HRMS (ESI) m/z calcd for CigH,9F3N,0sSSi [M+Na]® 493.1411,
found 493.1418.

(R)-N-(2-Amino-3-(tert-butyldimethylsilyloxy)propyl)trifluoromethanesulfonamide 12a

Following the same procedure as described for the preparation of 11a, the catalyst 12a was

obtained as a white solid (153 mg, 91% yield) from the carbamate 12ah (235 mg, 0.5 mmol).

'H NMR (500 MHz, CDCls) § 0.07 (s, 6H), 0.90 (s, 9H), 3.07-3.09 (m, 1H), 3.14-3.18 (m, 1H), 3.35-
3.39 (m, 1H), 3.57-3.61 (m, 1H), 3.94 (br, 3H); 3C NMR (75 MHz, CDCl3) & -5.63, -5.61, 18.15,
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25.74, 46.74, 52.52, 65.541, 118.76, 1218.32; HRMS (ESI) m/z calcd for CioH,3F3N;03SSi [M+H]*
337.1230, found 337.1230.

B5. Preparation of L-serine-derived catalyst 12b

HO NHTf  TIPsCl  1pso NHTf Pd/CH, TIPSO NHTF
DCM/TEA \—(
NHCbz MeOH
12ag (90%) 12ba NHCbz 770/ 12b NH2

(R)-Benzyl3-(trifluoromethylsulfonamido)-1-(triisopropylsilyloxy)propan-2-ylcarbamate 12ba

Following the same procedure as described for the preparation of 11ba, carbamate 12ba

was obtained as a colorless oil (230 mg, 90% yield) from alcohol 12ag (178 mg, 0.5mmol).

'H NMR (500 MHz, CDCl3) & 1.05-1.11 (m, 21H), 3.47-3.51 (m, 2H), 3.80-3.88 (m, 3H), 5.12 (s,
2H), 5.36-5.39 (m, 1H), 7.34-7.38 (m, 5H); 3C NMR (75 MHz, CDCls) 6 11.64, 17.76, 46.74, 51.46,
64.04, 67.30, 117.57, 121.83, 127.97, 128.22, 128.51, 135.84, 156.81; HRMS (ESI) m/z calcd for
Cy1H3sF3N,05SSi [M+Na]* 535.1880, found 535.1868.

(R)-N-(2-amino-3-(triisopropylsilyloxy)propyl)trifluoromethanesulfonamide 12b

Following the same procedure as described for the preparation of 11a, the catalyst 12b was

obtained as a colorless oil (116 mg, 77% yield) from carbamate 12ba (205 mg, 0.4mmol).

'H NMR (500 MHz, CDCls) & 1.06 (m, 21H), 3.08-3.21 (m, 2H), 3.36-3.40 (m, 1H), 3.68-3.70 (m,
2H), 4.17 (br, 3H); 3C NMR (75 MHz, CDCl3) § 11.70, 17.78, 46.88, 52.49, 66.15, 117.73, 122.00;
HRMS (ESI) m/z calcd for Cy3H,9F3N,03SSi [M+H]" 379.1702, found 379.1707.

B6. Preparation of L-serine-derived catalyst 12c

HO NHTf Tteppsci TBDPSO NHTf py/c H, TBDPSO\_(*H
NHCbz DCM/TEA MeOH Tf
12ag (86%) 12ca  NHCbz (93%) 12¢ NH2
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(R)-Benzyll-(tert-butyldiphenylsilyloxy)-3-(trifluoromethylsulfonamido)propan-2-ylcarbamate

12ca

Following the same procedure as described for the preparation of 11ba, the carbamate

12ca was obtained as a white solid (255 mg, 86% yield) from alcohol 12ag (178 mg, 0.5mmol).

'H NMR (500 MHz, CDCl3) & 1.12 (s, 9H), 3.44-3.46 (m, 2H), 3.78-3.88 (m, 3H), 5.12-5.14 (d, J =
2.8 Hz, 2H), 5.28-5.31 (m, 1H), 6.53 (br, 1H), 7.40-7.47 (m, 11H), 7.64-7.66 (m, 4H); *C NMR (75
MHz, CDCl3) § 19.10, 26.78, 46.46, 51.70, 63.71, 67.35, 117.59, 127.98, 128.00, 128.05, 128.26,
128.52, 130.16, 130.21, 132.10, 132.19, 135.39, 135.44, 135.80, 156.85; HRMS (ESI) m/z calcd
for C3gHa3F3N,05SSi [M+Na]* 617.1724, found 617.1716.

(R)-N-(2-Amino-3-(tert-butyldiphenylsilyloxy)propyl)trifluoromethanesulfonamide 12c

Following the same procedure as described for the preparation of 11a, the catalyst 12¢ was

obtained as a colorless oil (171 mg, 93% yield) from carbamate 12ca (238 mg, 0.4mmol).

'H NMR (500 MHz, CDCl3) & 1.11 (s, 9H), 3.10-3.18 (m, 6H), 3.38-3.41 (m, 1H), 3.61-3.63 (m, 2H),
7.42-7.50 (m, 6H), 7.66-7.68 (m, 4H); 3C NMR (75 MHz, CDCls) & 19.11, 26.74, 46.72, 52.25,
66.53, 127.84, 129.99, 132.60, 135.43; HRMS (ESI) m/z calcd for CyoH7F3N»05SSi [M+H]*®
461.1537, found 461.1544.

C. Representative Procedure

OTBS
CHO NHTf

SO,Ph
. ( 2 NH,  (5mol %) OHC}/\(sozph
. SOzPh F Ph S0,Ph
2 oy ;

1,1-Bis(benzenesulfonyl)ethylene 2 (15.4 mg, 0.05 mmol) was added to a mixture of 2-

phenylpropanal 2 (14 mg, 0.10 mmol) and N-((2R,3R)-2-amino-3-(tert-butyldimethylsilyloxy)butyl)-

trifluoromethanesulfonamide 11a (0.9 mg, 0.0025mmol) in para-fluorotoluene (0.8 mL) in a
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sample vial at room temperature. The vial was then sealed, and the reaction mixture was
stirred for 4 hours and then quenched by addition of 1N aqueous HCI (2 mL). The mixture was
extracted with ethyl acetate several times (3 x3 mL), and the combined organic extracts were
dried over anhydrous Na,SO,, filtered, and concentrated. The residue was purified by flash
column chromatography (ethyl acetate/hexanes = 1:5 to 1:2) to afford 3 as a white solid (20 mg,

93%). The enantiometric excess of 3 was determined by chiral HPLC analysis.

D. Preparation of Chiral Alcohol 15, Acid 16 & Determination of the Absolute Configuration

of the Conjugate Addition Products

D1. Conversion of Michael adduct to Alcohol and Absolute Configuration Determination

OHC SO,Ph
Ph SO,Ph MeOH Ph

MeOH Ph $0,Ph
3 a 15

Following the representative procedure illustrated in section B, Michael addition of 2-phenyl
propanal to vinyl sulfone 2 yielded the adduct 3, which was reduced to the alcohol a by NaBH,.
Removal of sulfone groups afforded the alcohol 15, the configuration of which was determined

by comparing the specific rotation value with that in the literature.’

(R)-2-Methyl-2-phenyl-4,4-bis(phenylsulfonyl)butan-1-ol a

NaBH; (24 mg, 0.5 mmol) was added to the aldehyde 3 (133 mg, 0.3 mmol) in methanol
(3 mL) at O °C. After one hour, the methanol was removed and saturated NH,4Cl solution (4 mL)
was added to the mixture. The agueous phase was extracted with ethyl acetate several times (3
x 5 mL), and the organic extracts were combined and dried over Na,SO,. After filtration and
concentration, the residue was purified by flash column chromatography (EtOAc/Hexanes = 1:5

to 1:3) to afford a as a colorless oil (128 mg, 96%).

'H NMR (500 MHz, CDCl3) & 1.40 (s, 3H), 2.65-2.72 (m, 3H), 3.72-3.74 (d, J = 12.0 Hz, 1H), 4.07-
4.09 (d, J = 12.0 Hz, 1H), 4.74-4.76 (m, 1H), 7.27-7.29 (m, 1H), 7.35-7.39 (m, 4H), 7.47-7.52 (m,
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4H), 7.62-7.68 (m, 4H), 7.78-7.81 (m, 2H); 3C NMR (75 MHz, CDCl5) § 22.79, 32.43, 42.94, 68.77,
81.27, 126.83, 126.99, 128.66, 128.97, 129.03, 129.65, 129.91, 134.42, 134.56, 137.69, 137.85,
143.78; [ao = - 0.78 (c = 0.40, CHCl3); HRMS (ESI) m/z calcd for Cy3H»40sS; [M+Na]* 467.0957,
found 467.0963.

(R)-2-Methyl-2-phenylbutan-1-ol 15

The activated magnesium metal (108 mg, 4.5 mmol) was added into a solution of
compound a (85 mg, 0.15 mmol) in anhydrous methanol (10 mL) with stirring. After 30 minutes,
the reaction mixture was brought to gentle reflux for 2 hrs. After cooling down to room
temperature, the mixture was poured into an aqueous solution of 2 N HCl (10 mL), and
extracted with diethyl ether (3 X 10 mL). The organic extracts were combined, dried over
Na,SO, and filtered. Solvent was removed in vacuo, and the residue was purified by column
chromatography (ethyl acetate /hexanes = 1/15 to 1/5) to afford 15 as a colorless oil (35 mg,
83%).

'H NMR (300 MHz, CDCl3) 6 0.74-0.79 (t, J = 7.4 Hz, 3H), 1.38 (s, 3H), 1.58-1.65 (m, 1H), 1.81-
1.89 (m, 1H), 3.57-3.61 (d, J = 10.8 Hz, 1H), 3.76-3.79 (d, J = 10.8 Hz, 1H), 7.19-7.24 (m, 1H),
7.29-7.42 (m, 4H); [alp = - 3.6 (c = 0.80, CHCls, lit’heat = - 1.77); The ee value of 15 is 83%, tg
(major) = 53.1 min, tg (minor) = 58.2 min (Chiralcel OD-H, A = 220 nm, 2% iPrOH/hexanes, flow

rate = 0.2 mL/min).

CoilabSoltions ZShimadns ZHO2082--2-0.2-2N0-220-00-H ied
CLabSolutions ZShimadzy ZHQ2055-2-0.2-220-0D-H led v
Y . 1900 3 et A Ch|
so0] A B Det.A Chi ] ¥
00 I g |
\ 750
50 | | 5001
1 2501
ol ]
! i ) , o : S
..... s ————
a0 a5 50 55 50 &5
min|
1 DetA Ch1/210nm
s AChl 21
Peakd | et Tme u Hewaht
1 053 114 £1.439
191 19556 15.561
Total T00.000 T00.000]

Racemic 15 Enantiomeric enriched 15
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D2. Conversion of Michael adduct to Chiral Carboxylic Acid 16

o o)
OHC}/\(sozPh NaCIO,/H,0, HO)%/SOQPh Mg )5/\
T - HO 4
Ph SOPh  1BLOH/H,0 Ph SO,ph  MeOH B
3 b 16

(R)-2-Methyl-2-phenyl-4,4-bis(phenylsulfonyl)butanoic acid b

To a stirred solution of the (R)-2-benzyl-4,4-bis(phenylsulfonyl)butanal 3 (133 mg, 0.30
mmol) in a mixture of tert-butanol/water (4.0 mL, v/v = 1:1) were added sodium chlorite (78.0
mg, 0.90 mmol) and 30% aqueous solution of H,0, (0.17 mL, 1.50 mmol), and the resulting
mixture was stirred at room temperature for 3 hours. The reaction mixture was then
concentrated, and the residue was taken up in ethyl acetate (10 mL), washed with water (2 x 5
mL). The organic extract was dried over Na,SO,4 and concentrated, and the residue was purified
by column chromatography (ethyl acetate /hexanes = 1/2 to ethyl acetate) to afford the desired

acid product b as a white foam (120 mg, 87%).

'H NMR (300 MHz, CDCls) & 1.77 (s, 3H), 2.83-2.91 (m, 1H), 3.17-3.24 (m, 1H), 4.52-4.54 (m, 1H),
7.27-7.29 (m, 5H), 7.46-7.69 (m, 8H), 7.94-7.97 (d, J = 7.6 Hz, 2H); *C NMR (75 MHz, CDCl;) &
22.94, 32.64, 49.67, 80.77, 127.07, 127.70, 128.60, 128.91, 129.33, 130.15, 134.24, 134.52,
137.34, 138.02, 140.06, 180.68; [a]p = - 26.3 (c = 1.70, CHCl3); HRMS (ESI) m/z calcd for
C23H2,06S, [M+Na]* = 481.0750, found = 481.0756.

(R)-2-Methyl-2-phenylbutanoic acid 16

The activated magnesium metal (0.18 g, 7.5 mmol) was added into a solution of (R)-2-
benzyl-4,4-bis(phenylsulfonyl)butanoic acid b (92 mg, 0.20 mmol) in anhydrous methanol (15
ml) with stirring. The mixture was heated to 50 °C to initiate continuous hydrogen generation,
and then the heating was then discontinued. After 40 minutes, the reaction mixture was
brought to reflux for 4 hours. After cooling down to room temperature, the mixture was poured
into 2 N HCI solution (10 mL) and extracted with diethyl ether (3 X 10 mL). The organic extracts

were combined, dried over Na,SO,4 and filtered. Solvent was removed in vacuo, and the residue
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was purified by column chromatography (ethyl acetate/hexanes = 1/10 to 1/1) to afford the

desired acid as a colorless oil (30 mg, 85%).

'H NMR (300 MHz, CDCls) & 0.83-0.88 (t, J = 7.4 Hz, 3H), 1.56 (s, 3H), 2.00-2.10 (m, 2H), 7.34-
7.37 (m, 5H); [a]lp=-17.4 (c = 2.70, CHCIs). For the enantiomeric excess determination, Acid 16
was difficult to be resolved by chiral HPLC analysis. Acid 16 was reduced to corresponding
alcohol 15’ with LiAH4, and the ee was determined accordingly. The ee value of 15’ is 82%, tr
(major) = 53.1 min, tg (minor) = 58.2 min (Chiralcel OD-H, A = 220 nm, 2% iPrOH/hexanes, flow

rate = 0.2 mL/min).

CiLabSolutionsizShimadzuZHQ2055-2-0.2-220-00-H led . CLabSohtionmieshimesaZHA20XC ackd-alonk-2-0.2-220-00-H od
miv S = BetA cni|
1 - 5 Det.A Ch1 "
100-{ % P
4 f P Fal & 750+
5o~l o0
| | 250
o / \J H
‘. ../ i h
— — P — — _ o — ¥
I e ; B
40 45 50 55 0 85 ] 45 50 55 & 85 0
min| min|
1 Det.ACh1/210nm 1 DetACHIZ10nm
PeakTable
Detector A Chil 210my Descetor ACH1 2
Peak# Ret. Tinie Arga Height Area % Heiahit %5 | Pea .|
T 53.053 21762953 123433 50.114 51430 587
2 58.191 21663 116528 49,556 48561 9115
Total 3342675 230063 100.000 100.000
R ic15’ Enanti i iched 15’
acemic nantiomeric enriche
References:
.

[1] Baumann, T.; Vogt, H.; Brase, S. Eur. J. Org. Chem. 2007, 266.

[2] Paquette, L. A.; Gilday, J. P.; Ra, C. S. J. Am. Chem.Soc. 1987, 109, 6858.
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E. Analytical Data and HPLC Chromatogram of the Conjugate Addition Products

(R)-2-Methyl-2-phenyl-4,4-bis(phenylsulfonyl)butanal 3

A white solid; [a]p = - 1.78 (c = 2.0, CHCls); "H NMR (300 MHz, CDCl5) § 1.45 (s, 3H), 2.79-3.00 (m,
2H), 4.41-4.44 (m, 1H), 7.24-7.27 (m, 2H), 7.40-7.56 (m, 7H), 7.64-7.67 (m, 4H), 7.85-7.87 (m,
2H), 9.60 (s, 1H); *C NMR (75 MHz, CDCl5) & 19.54, 30.84, 53.03, 80.14, 127.55, 128.06, 129.03,
129.04, 129.22, 129.63, 129.71, 134.51, 134.54, 137.34, 137.80, 138.27, 201.26; HRMS (ESI) m/z
calcd for Co3H»,05S, [M+Na]* 465.0801, found 465.0808; The ee value of 3 is 83%, tg (major) =
22.3 min, tg (minor) = 27.2 min (Chiralcel AS-H, A = 220 nm, 30% iPrOH/hexanes, flow rate = 1.0

mL/min).
Cl\LabSolutions' ZzShimadzu ZHC 187 1-30-1-220--AS-H led Cl\LabSolutions'zShimadzu'ZHG 1946-30-1-220-AS-H.led
m my
T DetA ChY I3 Det.A Ch1l
75 " fa
8 5
| 500~
sl
1 250
251
o} A - o] e
———— A ——— -
15 20 -] 0 35 150 17.5 200 215 250 275 300
min
1 Det.A Chi/220nm 1 DetA Ch1/220nm
PeakTable
SPD-20AChl
Hewh L= Ret_ Teme Ases Height A% | Heght%
1 1 20.779] 67334120 £49870] 21.303 91.776]
8| 25.16. 6414022 528 8.6 §.224
1000 KM I Te TiT48151 TO8116) 0.0 1040, 000
Racemic 3 Enantiomeric enriched 3

(R)-2-Methyl-4,4-bis(phenylsulfonyl)-2-p-tolylbutanal 14a

SO,Ph

SO,Ph
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A white solid; [a]p= +31.0 (c = 1.40, CHCl3); *H NMR (300 MHz, CDCls) & 1.44 (s, 3H), 2.39 (s, 3H),
2.75-2.96 (m, 2H), 4.40-4.43 (m, 1H), 7.12-7.15 (m, 2H), 7.21-7.24 (m, 2H), 7.26-7.58 (m, 4H),
7.64-7.6 (m, 4H), 7.86-7.89 (m, 2H), 9.56 (s, 1H); *C NMR (75 MHz, CDCls) 6 19.51, 20.92, 30.80,
52.75, 80.31, 127.44, 128.96, 129.71, 129.76, 129.85, 134.43, 135.11, 137.42, 137.84, 137.91,
201.26; HRMS (ESI) m/z calcd for C4H»405S, [M+Na]* 479.0948, found 79.0942; The ee value of
14a is 81%, tgr (major) = 21.7 min, tg (minor) = 30.6 min (Chiralcel AS-H, A = 220 nm, 30%

iPrOH/hexanes, flow rate = 1.0 mL/min).

o CALabSoILEONS ZSNmadzLIZHO2031-30-1-220-A5-H e
hromatogram m
ZHQ2012-30-1-220-AS-H C:LabSolutions Data'Project] ZHQ2012-30-1-220-AS-H.led 200 % betacht
R -
] ‘/\Tf :arc 150
s200° . ~ f
,OOOCr_ [ / 1004
] jﬂ \ / |
1 ) \\__ / — s ;
" — — IDetA Ch ] ~ ;
——— 1 . _
10 15 20 % 30 35 10 R T T
min ': ,,,,, BT T T
1 Det.AChl/220nm 150 175 00 28 50 75 x\'n‘
PeakTable ! petAChzzm
Detector A Chl 220nm
Peak# | Ret. Time Area Heioht Area % Height % [,
1 20695] 13030539 90453 51.996 61.490 DA CH Jm_
2 30.587 12030257 56650 48.004 38.510 1 19,454
Tota 25060796 147103 100.000 100.000 = ELE
Racemic 14a Enantiomeric enriched 14a

(R)-2-(4-Fluorophenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal 14b

E

SO,Ph

OHC SO,Ph

A white solid; [a]p= +18.8 (c = 1.83, CHCl3); "H NMR (300 MHz, CDCls) & 1.50 (s, 3H), 2.80-2.98
(m, 2H), 4.41-4.44 (m, 1H), 7.15-7.18 (m, 2H), 7.27-7.29 (m, 2H), 7.54-7.62 (m, 4H), 7.72-7.75 (m,
4H), 7.89-7.92 (m, 2H), 9.61 (s, 1H); 3C NMR (75 MHz, CDCl5) & 19.72, 31.15, 52.55, 80.14,
115.95, 116.24, 129.04, 129.26, 129.37, 129.66, 129.71, 134.07, 134.56, 137.30, 137.73, 200.84;
HRMS (ESI) m/z calcd for Co3H»1FOsS, [M+Na]* 483.0707, found 483.0710; The ee value of 14b is
75%, tg (major) = 26.3 min, tx (minor) = 33.1 min (Chiralcel AS-H, A = 220 nm, 30%

iPrOH/hexanes, flow rate = 1.0 mL/min).
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Chromatogram

Chromatogram
ZHQ2029-30-1-220-AS-H C:\LabSolutions\Data'Project1'ZHQ2029-30-1-220-AS-H.led ZHQ2034-30-1-220-A5-H C:\LabSalutions' Data Project ' ZHQ2034-30-1.220-A5-H.led
uv w =
1 oy B 200000 -N\i'
2000000+ ‘w'r\%\ d [
] | \ [ [
] | | 100000 [ .
10000004 f | | &
] | f N, x
] | J - W e~ T T L .
! — —|—1Det A Ch S ————S——_———— e LS L
R e T A S S 2 % o e - 5
20 25 30 35 40 45 50 i
min 1 DetA Chl/ 220mn
1 Det.AChl/220nm
PeakTable PeakTable
Detector A Chl 220nm Detector A Chl 220nm ) )
Peak# Ret. Time Area Height Area % Height % Pealh Bet. Tipe Ara Esiglt Arca % Elsiahit %
= 1 26.720 30500080 210936 87443 88218
1 26.272 438888093 243%298 46.552 56.306 3 34656 1381272 38171 12847 11.783
2 33.143] 503012076 1887709 53.448 13.694 Tors T48005E] 30107 T00.000 160006
Tota 942800977 4320308 100.000 100.000

Racemic 14b Enantiomeric enriched 14b

(R)-2-(4-Bromophenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal 14c

Br

SO,Ph

OHC SO,Ph

A white solid; [a]o = -125.4 (c = 1.50, CHCl5); *H NMR (300 MHz, CDCls) & 1.49 (s, 3H), 2.80-2.97
(m, 2H), 4.40-4.43 (m, 1H), 7.16-7.19 (m, 2H), 7.54-7.70 (m, 6H), 7.70-7.73 (m, 4H), 7.88-7.91 (m,
2H), 9.61 (s, 1H); *C NMR (75 MHz, CDCl5) 6 19.55, 31.03, 52.76, 80.11, 122.40, 129.04, 129.07,
129.24, 129.63, 129.73, 134.57, 137.28, 137.34, 137.68, 200.55; HRMS (ESI) m/z calcd for
Cy3H,1BrOsS, [M+Na]* 542.9906, found 542.9906; The ee value of 14c is 80%, tz (major) = 25.5
min, tg (minor) = 34.6 min (Chiralcel AS-H, A = 220 nm, 30% iPrOH/hexanes, flow rate = 1.0

mL/min).

e T——— Clrcunatogram
P ZHQ2047-30-1-220-A5-H C:'LabSolutions Data' Py ot 1\ ZHQZ047-30-1-220-AS-H.bed
ZHQ2028-30-1-220-A5-H C: LabSelutions Data Project] ZHQ2028-30-1-220-A5-H led w Q204 AS-H C:LabSolutions Data Project!\ ZHQ -
uV o
2000000 Mt . 500000 ¥
1000000 \ 240000 )
\, AN J ~ I
! N~ S~ . [y — - E— E— +—1Det.A Chl
—— T ] 1DstA Chl 10 0 30 10 50
10 20 30 40 50 win
nun 1 DetAChl /220mm
1 DetAChl/ 220nm
PeakTable -
A 1 - Detector A Chl 220nm
Detector A Chl 220nm _ Pesks | Ret Time Asen W Feight %
Peakil Ret. Tine Area | Height Area ¥ | Heigln % i 38943 90631781 035 §9.9 o1 467
1 258534 340818900 2086483 H0.596 2 35870 10106509 £ L 8.533
2 24,633 337048800 1356770 30,404 Tom 100738201 EE6-A00 100000 100, CHMY
Toual §77867700] 3443253 100000

Racemic 14c

Enantiomeric enriched 14c
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(R)-2-(3-Bromophenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal 14d

A white solid; [a]p= -67.0 (c = 0.80, CHCl3); "H NMR (300 MHz, CDCl3) & 1.47 (s, 3H), 2.87-2.90
(m, 2H), 4.42-4.45 (m, 1H), 7.29-7.44 (m, 3H), 7.54-7.63 (m, 5H), 7.71-7.76 (m, 4H), 7.89-7.93 (m,
2H), 9.63 (s, 1H); *C NMR (75 MHz, CDCl5) § 19.53, 31.15, 52.88, 79.98, 123.42, 126.36, 129.05,
129.10, 129.66, 129.71, 130.43, 130.68, 131.26, 134.56, 134.63, 137.24, 137.66, 140.91, 200.51;
HRMS (ESI) m/z calcd for C3H»1BrOsS, [M+Na]* 542.9906, found 542.9927; The ee value of 14d
is 80%, tg (major) = 45.2 min, tg (minor) = 55.9 min (Chiralcel AS-H, A = 220 nm, 20%

iPrOH/hexanes, flow rate = 1.0 mL/min).

Chromatogram Chrematogram
ZHQZ050-20-1-220-RACEMIC-AS-H €2 LabSolutions Data Project | ZHQ2050-20-1-220-RACEMIC-AS-H.led ZHQ2050-20-1-220-Chiral-AS-H C:\...\ Data'Project '\ ZHQ2050-20-1-220-Charal-AS-H.led
v’ ) ) uv
S00000-] 2 M
| 250000 \
] N\ 3z
s
] ' Y — [ e IDat A Ch]
B e e mm————— I llu T s 6IrJ I “IrJ
in 40 S0 L) 70 | Is]-) min
mil b f
1 Det.AChl/ 220am 1 Der.A Chl/ 2200m
PeakTable PeakTable
Detector A Chl 220nm Detector A Chl 220mm
Peak= Reet. Time Area Height Aren % Height % Peaks Ret. Time Area Height Area %% Height %
! 45.162] 1135620600 513707 S0.007 1 46.060 83507528 386768 90.002 90.046
F: 45111517004 31539335 LER, 33.45; 2] 57.960 9276774 42755| 9.998 9.954
Total | 230791638 £50732 100.000 100.000 Tora] 53781300 35533 T50.000 THo.000
Racemic 14d Enantiomeric enriched 14d

(R)-2-(3-Methoxyphenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal 14e

OMe

SO,Ph

OHC SO,Ph

A colorless oil; [a]p= +2.86 (c = 1.40, CHCl3); 'H NMR (300 MHz, CDCl3) 6 1.45 (s, 3H), 2.74-2.98
(m, 2H), 3.83 (s, 3H), 4.41-4.44 (m, 1H), 6.79-6.92 (m, 3H), 7.31-7.34 (m, 1H), 7.46-7.69 (m, 8H),
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7.87-7.89 (m, 2H), 9.58 (s, 1H); **C NMR (75 MHz, CDCl5) § 19.60, 30.77, 53.10, 55.30, 80.27,
113.23, 113.80, 119.70, 129.02, 129.70, 129.80, 130.22, 134.50, 201.07; HRMS (ESI) m/z calcd
for Ca4H2406S; [M+Na]" 495.0907, found 495.0906; The ee value of 14e is 80%, tz (major) = 25.4
min, tg (minor) = 35.2 min (Chiralcel AD-H, A = 220 nm, 20% iPrOH/hexanes, flow rate = 1.0

mL/min).
C\LabSolutions'zShimadan ZHO2070-20-1-220-AD-H led CLabSolutions\zShimadzy ZHO2078-20-1-220-A0-H led
my my
VB - DetAcChi 1500 3 Det A Chi
fis 3 ] z
® -
1 "N |
250 I i 1000~
500
- L S . =~ «
&
B
........ —r—r—r—r——r—r—r— 1 AN
15 20 2 %0 % 40 o - !
i 15 20 S 30 B 4
1 DetA Ch1/220nm b min
Det.A Ch1/220nm
PeakTable
Detector AChl 220mm .
Peaké | Ret Tune Height Arca % Hewlt % | Peclor A Chl 2o i
1 25428 427866 50930 57856 e R e
i 35.159 311286 49,070 2114 T ¥ TN T
Tota 739153 100,000 10:0.000] Tom 100,010 100.000)
Racemic 14e Enantiomeric enriched 14e

(R)-2-(2-Methoxyphenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal 14f

A colorless oil; [a]p=-78.50 (c = 0.80, CHCl3); 'H NMR (300 MHz, CDCls) 6 1.45 (s, 3H), 2.71-2.78
(m, 1H), 3.17-3.24 (m, 1H), 3.82 (s, 3H), 4.37-4.40 (m, 1H), 6.96-6.99 (m, 1H), 7.12-7.14 (m, 1H),
7.33-7.34 (m, 1H), 7.45-7.73 (m, 9H), 7.97-8.00 (m, 2H), 9.48 (s, 1H); 1*C NMR (75 MHz, CDCl3) &
19.61, 27.56, 51.11, 55.17, 80.75, 111.25, 120.84, 127.42,127.93, 128.72, 128.84, 129.41,
129.86, 130.27, 134.08, 134.40, 137.42, 138.23, 157.30, 201.27 HRMS (ESI) m/z calcd for
C24H24065, [M+Na]* 497.0907, found 497.0918; The ee value of 14f is 82%, tz (major) = 18.6 min,
tr (minor) = 25.5 min (Chiralcel AD-H, A = 220 nm, 20% iPrOH/hexanes, flow rate = 1.0 mL/min).
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CiLabSolutions\zShimadauZHQ-2054-20-1-220-AD-H.led
mv
I.-Ig 2 Det.A Ch1
= I
i &
500+ I
|
| |
250+ | \
i\ i)
0 SR S S
M f T ]
T | T — T
10 15 20 25 30
min
1 DetACh1/220nm
PeakTable
Detector AChl 220uu
Peaks# Ret. Tine Area Hewght Area % Height %a
1 18.613 20504005 GO8018 51.577 58454
2 25498 27700223 96760 48.423 11.546
Tata 57204318 1195678 100.000) 100.000

Cl\LabSoltions'zShimadzu ZHO-2053-20-1-220-AD-H led

3000

Pre Det A Ch1
g
]
2000
1000
@
| 2
4 g
j \ I
s T S 1/ — )
o | Co I T R
10 15 20 25 30
min
1 DetA Ch1/220nm
PeakTalle
Detector AChl 220m
Peaks Ret. Tune Area Height
1 18.372 179732569] IRTEIH0
2 25.029 18236297 29798
[ Tom 197068866 3173301

Racemic 14f

Enantiomeric enriched 14f

(R)-2-Methyl-2-(naphthalen-2-yl)-4,4-bis(phenylsulfonyl)butanal 14g

SO,Ph

SO,Ph

A white solid; [a]p = +64.20 (c = 0.50, CHCls); *H NMR (300 MHz, CDCls) § 1.63 (s, 3H), 2.96-3.09

(m, 2H), 4.48-4.51 (m, 1H), 7.35-7.38 (m, 3H), 7.55-7.61 (m, 7H), 7.74-7.77 (m, 2H), 7.89-7.94 (m,

5H), 9.71 (s, 1H); *C NMR (75 MHz, CDCl3) & 19.64, 30.83, 53.29, 80.42, 125.20, 126.71, 126.78,

127.54, 128.12, 128.88, 128.95, 128.99, 129.47, 129.82, 132.62, 133.27, 134.35, 134.47, 135.47,

137.46, 137.75, 201.05; HRMS (ESI) m/z calcd for Cy7H2405S, [M+Na]* 515.0957, found 515.0948;

The ee value of 14g is 77%, tg (major) = 23.5 min, tg (minor) = 28.5 min (Chiralcel AS-H, A = 220

nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min).

el A Ch|
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(R)-2-Methyl-2-(naphthalen-1-yl)-4,4-bis(phenylsulfonyl)butanal 14h

A white solid; [a]p=-12.50 (c = 1.00, CHCl3); "H NMR (300 MHz, CDCl3) § 1.71 (s, 3H), 3.19-3.24
(m, 2H), 4.68-4.71 (m, 1H), 7.35-7.40 (m, 2H), 7.49-7.62 (m, 9H), 7.69-7.77 (m, 2H), 7.95-7.98 (m,
4H), 9.74 (s, 1H); B3C NMR (75 MHz, CDCls) 6 21.46, 29.93, 53.14, 80.57, 123.92, 125.21, 125.89,
125.97,127.02,128.70, 128.89, 129.53, 129.60, 129.78, 129.85, 134.24, 134.36, 134.47, 134.51,
134.78, 137.10, 138.06, 203.53; HRMS (ESI) m/z calcd for Cy7H2405S; [M+Na]* 515.0981, found
515.0981; The ee value of 14h is 86%, tr (major) = 18.6 min, tg (minor) = 24.0 min (Chiralcel AD-
H, A =220 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min).

S0 ZHOZ075-chiral-30-1-220-A0-
CIILAbS oAt ZSHMmACRIAZHOIOTS- 2D-30- 1-220-AD-H ked - CiLabSoMtans Zhmadzy ZHA0TE chiral- 30 1-220-AD-Hed
v - ) 4004 = ]
] . ] SeCACE 00 H DetACh
300 ]
1 00
200] ]
200+
100 1
] w0l .
o —— —
100 125 15 75 0.0 5 50 75 —
rin 1 12 175 25 2 7
1 Dol ChIZ20nm 0.0 5 5.0 w00 8.0 ns -
Det A Ch1/220nm
PeakTable
Ditector A Ct il Heahi s
[(Fek Teme | Ar T i ] ] FIE
[ P ISR | S
24.005] 38132098 ] 3018 -
| T J 5 ‘K:J 1 | | To0.N

Racemic 14h Enantiomeric enriched 14h

(R)-4-(2-Methyl-1-ox0-4,4-bis(phenylsulfonyl)butan-2-yl)benzonitrile 14i

NC

SO,Ph

OHC SO,Ph

A colorless oil; [a]p = +14.6 (c = 1.30, CHCls); *H NMR (300 MHz, CDCls) & 1.48 (s, 3H), 2.88-2.94
(m, 2H), 4.43-4.44 (m, 1H), 7.45-7.47 (m, 2H), 7.53-7.58 (m, 4H), 7.73-7.75 (m, 6H), 7.85-7.87 (m,
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2H), 9.65 (s, 1H); BC NMR (75 MHz, CDCl3) 6 19.64, 31.47, 53.24, 79.73, 112.27, 118.11, 126.58,
128.36, 129.22,129.25, 129.68, 129.78, 132.59, 132.88, 134.75, 134.88, 137.06, 137.62, 144.26,
200.38; MS (ESI) m/z calcd for Cy4H21NOsS, [M-H] 467.1, found 466.1; The ee value of 14i is 68%,
tg (minor) = 44.4 min, tg (major) = 52.8 min (Chiralcel AD-H, A = 220 nm, 30% iPrOH/hexanes,

flow rate = 1.0 mL/min).
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F. NMR Spectra of Products
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