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General

The following includes general experimental procedures, specific details for
representative reactions, and isolation and spectroscopic information for the new
compounds prepared. All reactions were performed in oven dried glass ware under
argon or nitrogen atmosphere unless noted otherwise. For the reactions, solvents were
purified by distillation and dried by passage over activated alumina under an argon
atmosphere (H,O content < 30 ppm, Karl-Fischer titration). Commercially available
chemicals were used as received unless noted otherwise. Other starting materials were
prepared according published procedures and the corresponding syntheses are
described below. Buffered formate solutions were prepared from 1M formic acid
solutions (pH = 2.0) and the pH was adjusted with 4M NaOH. The pH of these solutions
was measured with an inoLab pH Level 1 pH meter. *H and *C NMR spectra were
recorded on a VARIAN Mercury 300 MHz or a Gemini 300 MHz spectrometer. Infrared
spectra were recorded on a Perkin-Elmer spectrum RX-lI FT-IR. Melting points were
measured on a Buchi 510 apparatus (all melting points were measured in open
capillaries and are uncorrected). High resolution mass spectra were obtained on a VG-
TRIBRID for electron impact ionization (El). Enantiomeric excesses were determined by
chiral HPLC analysis with Merck-Hitachi D-7000 system and Daicel columns. Optical
rotations [a]p were measured on a Jasco DID-1000 polarimeter. The absolute
configurations were assigned by comparison of the [a]p values of known compounds.
For the new compounds, it was assigned based on the established stereochemical

outcome of the reaction.



Synthesis of the Ligands:

Synthesis of ligands required for the catalysts described below were prepared as
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outlined in the literature, otherwise commercially available ligands were utilized.

N-((1R,2R)-2-amino-1,2-dicyclohexylethyl)-2,3,4,5,6-

pentafluorobenzenesulfonamide (Ligand Table 1, Entry 2)

HoN  NHSO,CgFs

To a stirred solution of the free diamine* (83 mg, 0.37 mmol) and DIPEA (0.13 ml, 0.74
mmol) in anhydrous CH,Cl, (10 ml) at 0 € was added pentafluorophenyl sulfonyl
chloride (dropwise) and the resulting mixture was strirred over night. The reaction was
then quenched by addition of saturated NH4Cl (10 mL). After extraction with CH,Cl,
from H,0, and drying with Na,SO,, the crude was purified by FC (MeOH/CH,CI, = 5/95)
to afford pure product 51 mg (30%) as a white powder. NMR Spectroscopy: *H-NMR
(300 MHz, CDCl3) 60.83-1.19 (m, 9H), 1.42 (m, 1H), 1.59-1.72 (m, H), 2.66 (d, J = 3.9,
1H), 3.42 (d, J = 4.2, 1H), 6.62 (br s, 3H, NH’s). **C-NMR (75 MHz, CDCls) 5 25.9, 26.1,
26.1, 26.2, 26.2, 29.1, 29.8, 29.8, 118.8 (m, 1C), 137.7 (m, 2C), 143.2 (m, 1C), 144.1
(m, 2C). IR-Spectroscopy: (thin film, cm™) v 3377, 3089, 2922, 2852, 1646, 1589, 1520,
1494, 1450, 1354, 1314, 1166, 1098, 1032, 988, 932, 909, 889. MS Spectrometry: HR-
MALDI calcd for CooH10FoN20,S [M-H]* 455.1792, found 455.1779. [a]p®® = -66.6 (c =
1.0, CH3OH).



N-((1R,2R)-2-aminocyclohexyl)-2,3,4,5,6-pentafluorobenzenesulfonamide (Ligand
Table 1, Entry 3)

HN,  NHSO,CoFs

To a stirred solution of the free diamine (300 mg, 2.63 mmol) and DIPEA (0.90 ml, 5.26
mmol) in anhydrous CH,Cl, (30 ml) at 0 € was added pentafluorophenyl sulfonyl
chloride (dropwise) and the resulting mixture was strirred over night. The reaction was
then quenched by addition of saturated NH4Cl (10 mL). After extraction with CH,Cl,
from H,0, and drying with Na,SO,, the crude was purified by FC (MeOH/CH,CI, = 5/95)
to afford pure product 383 mg (42%) as a white powder. NMR Spectroscopy: *H-NMR
(300 MHz, CDCl3) 8 1.25-1.70 (m, 9H), 2.32 (d, J = 8.1 Hz, 1H), 3.34 (m, 1H), 3.50 (m,
1H), 6.62 (br s, 3H, NH's). 13C-NMR (75 MHz, CDCl3) 6 23.7, 24.3, 31.0, 31.5, 31.8,
33.1, 118.5 (m, 1C), 137.8 (m, 2C), 143.6 (m, 1C), 144.3 (m, 2C). IR-Spectroscopy:
(thin film, cm™) v 2940, 2866, 1645, 1520, 1495, 1453, 1355, 1299, 1266, 1169, 1098,
989, 918, 831. MS Spectrometry: HR-MALDI calcd for CpoH10FsN20,S [M-H]* 345.0691,
found 345.0690. [a]p%° = -46.7 (c = 1.0, CH3OH).



Synthesis of the Catalysts:

Representative Procedure: To a vial was added [Cp*Ir(H20)3](SO4)° (1 equiv) and the
monosulfonylated diamine (1 equiv) in a 1:1 mixture of water:methanol (0.5 M) and it
was stirred for 1 h at room temperature. Removal of the solvent in vacuo provided the

catalyst complex as a powder in quantitative yield.

{Cp*Ir[(R,R)-Ts-DACH](H.0)}(SO,) (Catalyst Table 1, entry 1)

H20 %\

s
TsNH™ "NH, (SO4)

NMR Spectroscopy: *H-NMR (300 MHz, CDs;OD) & 0.70-1.66 (m, 9H, Diastereomer
A+B), 1.63 (s, 15H, Diastereomer A), 1.76 (s, 15H, Diastereomer B), 1.99-2.16 (m, 2H,
Diastereomer A+B), 2.43 (s, 3H, Diastereomer B), 2.45 (s, 3H, Diastereomer A), 2.96-
3.03 (m, 1H, Diastereomer B), 2.77-2.92 (m, 1H, Diastereromer A), 7.38 (d, J = 6.0 Hz,
2H, Diastereomer B), 7.41 (d, J = 6.0 Hz, 2H, Diastereomer A), 7.74 (d, J = 6.3 Hz, 2H,
Diastereomer B), 7.79 (d, J = 6.3 Hz, 2H, Diastereomer A). **C-NMR (75 MHz, CD3;OD)
08.9, 9.4, 9.4, 10.3, 21.4, 21.5, 24.7, 25.6, 25.8, 26.0, 30.8., 32.0, 33.6, 34.0, 56.1,
56.5, 82,8, 85.1, 90.8, 91.4, 127.8, 128.1, 130.7, 131.0. MS Spectrometry: HR-MALDI
calcd for CaHsglrN20,S [M-SO,-H,0]" 693.2121, found 693.2109. [a]p® = -273.92°(c =
1.0, CHCIy).



{Cp*Ir[(R,R)-Tf-Dicyclohexyl](H,0)}(SO,4) (Catalyst Table 1, entry 2)

H20\ %\

Al
N NHSO,CeFs | 9%

NMR Spectroscopy: *H-NMR (300 MHz, CD3;0D) & 1.04-2.22 (m, 37H), 2.86-2.97 (s,
15H). C-NMR (75 MHz, CDsOD) 3 9.6, 24.6, 25.4, 25.9, 26.1, 30.2, 32.2, 33.2, 35.2,
55.7, 56.9, 66.0, 85.1, 89.4. °F-NMR (282 MHz, CD3;OD) 3160.1 (m, 2F), 147.6 (m,
1F), 134.9 (m, 2F). MS Spectrometry: HR-MALDI calcd for CosH29lrN202S [M-SO4-H,0]"
671.1525, found 671.1514. [a]p?® = -293.16°(c = 0.25, CH 30H).

{Cp*Ir[(R,R)- CsF5SO,-DACH](H.0)}(SO,4) (Catalyst Table 1, entry 3)

H20\ ?%\

Ar
N NHSO,CoFs | 594

NMR Spectroscopy: *H-NMR (300 MHz, CD3;OD) & 0.43-0.51 (m, 1H), 0.73-0.61 (m,
5H), 1.02-1.21, 1.81 (s, 15H), 2.86 (d, J = 5.1 Hz, 1H), 3.48 (d, J = 3.3 Hz, 1H). *C-
NMR (75 MHz, CD3;0D) & 10.4, 27.0, 27.0, 27.4, 27.6, 27.8, 29.4, 30.7, 31.1, 32.3,
41.0, 43.0, 62.0, 73.9, 93.1. F-NMR (282 MHz, CD;OD) 5160.4 (m, 2F), 147.8 (m,
1F), 134.9 (m, 2F). MS Spectrometry: HR-MALDI calcd for CagH29lrN20,S [M-SO4-H,0]"
769.1494, found 769.1479. [a]p?® = -242.22°(c = 1.0, CHCl 3).



Synthesis of Substrates:

Synthesis of B-Ketonitriles:®

x CN

|
R

A solution of KOt-Amyl (1.33 mL, 2.61mmol, 3.00 equiv, 1.7 M in toluene, Fluka)
was added dropwise to a room temperature stirred solution of acetonitrile (0.87 mmol,
1.00 equiv) in THF (3.0 mL) followed by dropwise addition of the ester (3.48 mmol, 4.00
equiv). After 20 min at room temperature, the reaction mixture was diluted with HCI
(0.25 M,100 mL) and EtOAc (100 mL). The layers were separated and the organic layer
was washed sequentially with H,O (2 x 50 mL) and brine (2 x 50 mL), dried over
Na,S0O,4, concentrated, and chromatographed (silica gel, EtOAc/Hex) to provide the
corresponding B-ketonitrile.

Synthesis of a-Nitroketones:’

A mixture of nitromethane (0.11 ml, 2.0 mmol, 1 equiv) and KOt-butyl (0.5 g, 4.4 mmol,
2.2 equiv) in DMSO (10 ml) was stirred for 10 min. while the temperature was
maintained at 10 . The corresponding N-acetylbenzotriazole® (2.0 mmol, 1 equiv) in
DMSO (10 ml) was added dropwise to the resulting solution, and the mixture was stirred
for 2 h at 10 C, and then for additional 6 h at room temperature. The mixture was
poured into water (40 ml), acidified with acetic acid (10 % in water), and then extracted
with ethyl acetate (3 x 30 ml). The combined extracts were washed with water, dried
over Na,SO, concentrated, and chromatographed (silica gel, EtOAc/Hex) to provide the

corresponding a-nitroketone.



Transfer Hydrogenation Reaction of fKetonitriles:

General procedure:

The [-ketonitrile (0.5 mmol, 1.0 equiv), catalyst (0.00125-0.0025 mmol, 0.25-0.5
mol%) and aqueous solution of formic acid (1.0 M formate soln., pH = 3.5, 5.0 equiv, 0.2
M overall concentration) were combined in a glass vial and sealed with a punctured
plastic cap. The reaction mixture was then stirred at ambient temperature for 24 h. The
reaction mixture was then extracted with dichloromethane (3 x). The combined organic
layers were washed with brine, dried over Na,SO,, filtered, and concentrated. The
residue was purified by flash chromatography to provide the corresponding /S

hydroxynitrile.

(R)-3-Hydroxy-3-phenylpropanenitrile (Table 2, entry 1)
QH

3-0Oxo-3-phenylpropanenitrile (0.55 mmol, 80 mg, 1 equiv) was reduced using the
catalyst {Cp*I'[(R,R)-CsFsSO,DPEN](H20)}(SO4) (0.0012 mmol, 1.1 mg, 0.25 mol%)
according to general method to give 78 mg (96%) as a colorless oil.

ee = 94% (HPLC: OJ-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tymajor)
= 26.9 Min, timinoy = 22.0 min). [a]p** = +56.93° (¢ 1.0, CHCI ), Lit.° [a]p®® = +56.1° (¢
0.9, EtOH) for (R) enantiomer (99% ee). NMR Spectroscopy: 'H-NMR (300 MHz,
CDCl3) 8 2.43 (br s, 1H, OH), 2.78 (d, J = 6.3 Hz, 2H), 5.03-5.08 (m, 1H), 7.33-7.42 (m,
5H). 13C-NMR (75 MHz, CDCl3) 6 28.1, 70.2, 117.6, 125.5, 128.8, 128.9, 139.1. All other

spectroscopic data were in agreement with the literature.?

(R)-3-(3-Chlorophenyl)-3-hydroxypropanenitrile (Table 2, entry 2)
OH

CI\©NCN



3-(3-Chlorophenyl)-3-oxopropanenitrile (1.11 mmol, 200 mg, 1 equiv) was reduced
using the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H.0)}(SO,4) (0.0024 mmol, 2.5 mg, 0.25
mol%) according to the general method to give 182 mg (90%) as a pale yellow oil.

ee = 90% (HPLC: OJ-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tymajor)
= 15.4 min, tyminory = 13.6 min). [a]p?® = +41.76° (¢ = 1.0, CHCl3). NMR Spectroscopy:
'H-NMR (300 MHz, CDCl3) & 2.56 (br s, 1H, OH), 2.76 (d, J = 6.3 Hz, 2H), 5.04 (ddd, J
= 3.3, 6.0, 12.0 Hz, 1H), 7.26-7.35 (m, 3H), 7.41 (m, 1H). **C-NMR (75 MHz, CDCl;) &
27.8, 68.8, 117.4, 123.8, 125.7, 128.6, 130.1, 134.5, 143.1. IR-Spectroscopy: (thin film,
cm™) v 3436, 2256, 1576, 1478, 1434, 1303, 1193, 1063, 883, 790. MS Spectrometry:
HR-EI calcd for CgHgCINO [M]" 181.0294, found 181.0289.

(R)-3-Hydroxy-3-(3-methoxyphenyl)propanenitrile (Table 2, entry 3)
QH
©/’\/CN

OMe
3-(3-Methoxyphenyl)-3-oxopropanenitrile (0.57 mmol, 100 mg, 1 equiv) was reduced
using the catalyst {Cp*Ir[(R,R)-CsFsSO.DPEN](H.0)}(SO4) (0.0014 mmol, 1.26 mg,
0.25 mol%) according to general method to give 97 mg (96%) as a colorless oil.
ee = 95% (HPLC: OJ-H, 215 nm, hexane:2-propanol = 95:5, flow rate 0.5 mL/min,
timajoy) = 152.0 Min, tyminoy = 137.7 min). [a]p®® = +44.08° (c = 1.0, CHCl3). NMR
Spectroscopy: *H-NMR (300 MHz, CDCls) & 2.35 (br s, 1H, OH), 2.75 (d, J = 2.4 Hz,
1H), 2.77 (d, J = 3.0 Hz, 1H), 3.82 (s, 3H), 4.98-5.03 (m, 1H), 6.86-6.97 (m, 3H), 7.27-
7.34 (m, 1H). **C-NMR (75 MHz, CDCls) 8 28.0, 55.4, 70.1, 111.0, 114.2, 117.2, 117.6,
130.0, 142.5, 159.9. IR-Spectroscopy: (thin film, cm™) v 3448, 2940, 2838, 2253, 1603,
1490, 1457, 1436, 1267, 1155, 1043, 771. MS Spectrometry: HR-EIl calcd for
C10H1:NO, [M]* 177.0789, found 177.0783.

(R)-3-(4-Fluorophenyl)-3-hydroxypropanenitrile (Table 2, entry 4)
OH

F



3-(4-Fluorophenyl)-3-oxopropanenitrile (0.61 mmol, 100 mg, 1 equiv) was reduced
using the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H,0)}(SO,4) (0.003 mmol, 2.7 mg, 0.5
mol%) according to the general method to give 95 mg (95%) as a pale yellow oll.

ee = 91% (HPLC: OD-H, 215 nm, hexane:2-propanol = 95:5, flow rate 0.5 mL/min,
tr(majory = 93.6 MIN, timinoy = 77.7 min). [a]p® = +43.58° (¢ = 1.0, CHCl>3), Lit.° [a]p™® =
+53.7°(c = 0.86, EtOH) for ( R) enantiomer (99% ee). NMR Spectroscopy: *H-NMR (300
MHz, CDCI3) 6 2.44 (br s, 1H, OH), 2.77 (d, J = 6.3 Hz, 2H), 5.05 (t, J = 6.3 Hz, 1H),
7.06-7.13 (m, 2H), 7.31-7.42 (m, 2H). *C-NMR (75 MHz, CDCl3) &28.0, 69.1, 115.4 (d,
J=21.2Hz), 117.2, 127.1 (d, J = 8.5 Hz), 136.7 (d, J = 3.0 Hz), 160.8 (d, J = 245.2 Hz).

All other spectroscopic data were in agreement with the literature.®

(R)-3-Hydroxy-3-p-tolylpropanenitrile (Table 2, entry 5)
QH

3-0Oxo0-3-p-tolylpropanenitrile (0.64 mmol, 103 mg, 1 equiv) was reduced using the
catalyst {Cp*Ir[(R,R)-CsFsSO.DPEN](H.0)}(SO4) (0.003 mmol, 2.8 mg, 0.5 mol%)
according to general method to give 99 mg (96%) as a colorless oil.

ee = 93% (HPLC: OJ-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tymajor)
= 21.3 min, tminory = 18.6 min). [a]p?® = +29.68° (¢ 1.0, CHCI 3), Lit.° [a]p?® = +65.8° (c
1.09, CHCIl3) for (R) enantiomer (99% ee). NMR Spectroscopy: ‘H-NMR (300 MHz,
CDCl3) 6 2.28 (d, J = 3.6 Hz, 1H, OH), 2.36 (s, 3H), 2.76 (d, J = 5.7 Hz, 1H), 2.82 (d, J =
6.9 Hz, 1H), 4.99-5.05 (ddd, J = 3.9, 6.3, 12.3 Hz, 1H), 7.21 (d, J = 8.4 Hz, 2H), 7.29 (d,
J = 8.4 Hz, 2H). 3¢ NMR (75 MHz, CDCI3) & 21.4, 28.1, 70.1, 117.7, 125.7, 129.7,

138.3, 138.9. All other spectroscopic data were in agreement with the literature.™

(R)-3-Hydroxy-3-(naphthalen-2-yl)propanenitrile (Table 2, entry 6)
OH

e

3-(Naphthalen-2-yl)-3-oxopropanenitrile (0.6 mmol, 117 mg, 1 equiv) was reduced using
the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H.0)}(SO4) (0.003 mmol, 2.6 mg, 0.5 mol%)



with  a modification to the general method. For this substrate 10%
hexafluoroisopropanol was added as a co-solvent to give 111 mg (95%) as a pale
yellow solid.

ee = 96% (HPLC: OJ-H, 254 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tymajor)
= 65.9 Min, tminon = 60.6 Min). [a]p™ = +43.85°(c = 1.0, CHCl ), Lit.° [a]p®® = +59.5°(c
0.5, EtOH) for (R) enantiomer (99% ee). NMR Spectroscopy: 'H-NMR (300 MHz,
CDCl3) 6 2.90 (d, J = 3.6 Hz, 2H), 4.61 (dd, J = 3.3, 13.5 Hz, 2H), 4.4.71 (dd, J = 9.3,
13.5 Hz, 2H), 5.63-5.68 (m, 1H), 7.47-7.55 (m, 3H), 7.85-7.91 (m, 4H). *C NMR (75
MHz, CDCI3) & 28.0, 70.2, 117.3, 122.9, 124.7, 126.4, 126.5, 127.7, 128.0, 128.8,

133.0, 133.3, 138.2. All other spectroscopic data were in agreement with the literature.**

(R)-3-(Furan-2-yl)-3-hydroxypropanenitrile (Table 2, entry 7)

W

3-(Furan-2-yl)-3-oxopropanenitrile (0.55 mmol, 75 mg, 1 equiv) was reduced using the
catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H,0)}(S0.) (0.0014 mmol, 1.22 mg, 0.25 mol%)
according to the general method to give 62.5 mg (83%) as a pale yellow oil.

ee = 96% (HPLC: OJ-H, 220 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tymajor)
= 22.6 min, tmino = 19.9 min). [a]p?’ = +37.16° (¢ = 1.0, CHCI 3). NMR Spectroscopy:
'H-NMR (300 MHz, CDCl3) & 2.57 (br s, 1H, OH), 2.91 (d, J = 6.0 Hz, 2H), 5.06 (t, J =
6.3 Hz, 1H), 6.37-6.42 (m, 2H), 7.41-7.42 (m, 1H). *C-NMR (75 MHz, CDCls) 5 24.8,
63.6, 107.4, 110.5, 117.0, 142.8, 152.8. IR-Spectroscopy: (thin film, cm™) v 3426, 2931,
2255, 1504, 1416, 1233, 1057, 1013, 748, 598, 348. MS Spectrometry: HR-EI calcd for
C/H/NO, [M]" 137.0477, found 137.0472.

(R)-3-Hydroxy-3-(thiophen-2-yl)propanenitrile (Table 2, entry 8)

W

10



3-0Oxo0-3-(thiophen-2-yl)propanenitrile (0.50 mmol, 76 mg, 1 equiv) was reduced using
the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H.0)}(SO,4) (0.0025 mmol, 2.2 mg, 0.5 mol%)
in pH = 3.5 formic acid buffer (2.5 mL, 5 equiv) at 50 T for 24 h to give 72.5 mg (94%)
as a pale yellow oil.

ee = 92% (HPLC: OJ-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tymajor)
= 33.4 min, tminon = 28.8 min). [a]p?® = +33.23° (¢ = 1.0, CHCI 3). NMR Spectroscopy:
'H-NMR (300 MHz, CDCl3) 8 2.62 (d, J = 3.9 Hz, 1H, OH), 2.88 (d, J = 0.9 Hz, 1H), 2.90
(d, J = 1.2 Hz, 1H), 5.28-5.34 (m, 1H), 7.01 (dd, J = 3.6, 5.1 Hz, 1H), 7.10 (td, J = 0.9,
3.9 Hz, 1H), 7.7.33 (dd, J = 1.2, 4.8 Hz, 1H). *C-NMR (75 MHz, CDCls) & 28.3, 66.4,
116.8, 124.7, 125.8, 127.1, 144.3. All other spectroscopic data were in agreement with

the literature.*?

(R)-4-(2-Cyano-1-hydroxyethyl)benzonitrile (Table 2, entry 9)
QH

NC

4-(2-Cyanoacetyl)benzonitrile (0.59 mmol, 100 mg, 1 equiv) was reduced using the
catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H2.0)}(SO4) (0.0015 mmol, 1.3 mg, 0.25 mol%)
according to the general method to give 98 mg (97%) as a pale yellow oil.

ee = 86% (HPLC: OJ-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tymajor)
= 62.4 min, timinony = 51.9 min). [a]p?® = +48.16° (¢ = 1.0, CHCl3). NMR Spectroscopy:
'H-NMR (300 MHz, CDCl3) & 2.52-2.78 (br s, 1H, OH), 2.79 (d, J = 5.7 Hz, 2H), 5.11-
5.17 (m, 1H), 7.56 (d, J = 8.1, 2H), 7.70 (d, J = 8.1, 2H). **C-NMR (75 MHz, CDCl3) 5
28.1, 69.1, 112.3, 116.6, 118.3, 126.3, 132.6, 146.0. IR-Spectroscopy: (thin film, cm™) v
3448, 2230, 1610, 11505, 1413, 1071, 842, 567. MS Spectrometry: HR-EI calcd for
C10HgN,O [M]" 172.0637, found 172.0630.
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Transfer Hydrogenation Reaction of a-Nitroketones:
General procedure:

The a-nitroketone (0.5 mmol, 1.0 equiv), catalyst (0.0025 mmol, 0.5 mol%), and
aqueous formic acid solution (1.0M formate soln., pH = 2.0, 5.0 equiv, 0.2M overall
concentration ) were combined in a glass vial which was then sealed with a punctured
plastic cap. The reaction mixture was then stirred at ambient temperature for 24 h. The
reaction mixture was then extracted with CH,Cl, (3 x). The combined organic layer was
washed, dried over Na,SOy,, filtered, and concentrated. The residue was purified by

flash chromatography to give the corresponding a-nitroalcohol.

(S)-2-Nitro-1-phenylethanol (Table 2, entry 10)
OH

©/_\/ NO,

2-Nitro-1-phenylethanone (0.51 mmol, 85 mg, 1 equiv) was reduced using the catalyst
{Cp*I'[(R,R)-CsFsSO>,DPEN](H20)}(SO4) (0.0025 mmol, 2.2 mg, 0.5 mol%) according to
general method to give 84 mg (94%) as a pale yellow oil.

ee = 93% (HPLC: OD-H, 215 nm, hexane:2-propanol = 97:3, flow rate 1 mL/min, tmajor)
= 42.6 min, tminon = 36.5 min). [a]p®* = 42.99° (c = 1.0, CHCl 3), Lit." [a]p?® = -20.2°(c =
1.00, EtOH) for (R) enantiomer (98% ee). NMR Spectroscopy: *H-NMR: (300 MHz,
CDCI3) 6 2.82 (d, J = 3.9 Hz, 1H, OH), 4.52 (dd, J = 3.3, 13.5 Hz, 1H), 4.62 (dd, J = 9.3,
13.5 Hz, 1H), 5.47 (dt, J = 3.3, 9.6 Hz 1H), 7.34-7.45 (m, 5H). *C-NMR (75 MHz,
CDCl3) 671.4, 81.6, 126.2, 129.3, 129.3, 138.4. All other spectroscopic data were in

agreement with the literature.*

(S)-1-(4-tert-Butylphenyl)-2-nitroethanol (Table 2, entry 11)
QH

12



1-(4-tert-Butylphenyl)-2-nitroethanone (0.500 mmol, 109 mg, 1 equiv) was reduced
using the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H20)}(SO4) (0.0025 mmol, 2.2 mg, 0.5
mol%) according to general method to give 103 mg (92%) as a white solid. Melting
Point: 70 to 72C. ee = 99% (HPLC: OD-H, 215 nm, he xane:2-propanol = 90:10, flow
rate 1 mL/min, tymajon = 16.0 MiN, tyminoy = 11.6 min). [a]p?® = +38.32 (c = 1.0, CHCls).
NMR Spectroscopy: *H-NMR: (300 MHz, CDCl3) & 1.32 (s, 9H), 2.71 (d, J = 3.6 Hz, 1H),
4.51 (dd, J = 3.3, 13.5 Hz, 1H), 4.63 (dd,J = 9.6, 13.5 Hz, 1H), 5.42-5.48 (m, 1H), 7.32-
7.36 (m, 2H), 7.41-7.45 (m, 2H). **C-NMR (75 MHz, CDCls) 5 31.3, 34.7, 70.8, 81.2,
125.6, 125.9, 134.9, 152.0. IR-Spectroscopy: (thin film, cm™) v 3546, 2963, 2360, 1555,
1378, 1219, 1078, 836, 772. MS Spectrometry: HR-El calcd for Ci,H;7NOs; [M]
223.1208, found 223.1204.

(S)-1-(3-Bromophenyl)-2-nitroethanol (Table 2, entry 12)
OH

©/\/NOQ

Br

1-(3-Bromophenyl)-2-nitroethanone (0.50 mmol, 122 mg, 1 equiv) was reduced using
the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H.0)}(SO,4) (0.0025 mmol, 2.2 mg, 0.5 mol%)
according to general method to give 66 mg (54%) as a colorless oil.

ee = 91% (HPLC: OD-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tmajor)
= 21.4 min, tminon = 15.9 min). [a]p?® = +25.76° (c = 1.0, CHCI 3). NMR Spectroscopy:
'H-NMR: (300 MHz, CDCl3) 5 2.90 (d, J = 3.9 Hz, 1H, OH), 4.51 (dd, J = 3.3, 13.5 Hz,
1H), 4.59 (dd, J = 9.0, 13.5 Hz, 1H), 5.43-5.48 (m, 1H), 7.25-7.35 (m, 2H), 7.48-7.52 (m,
1H), 7.59-7.60 (m, 1H). 13C-NMR (75 MHz, CDCl3) 670.3, 80.9, 123.1, 124.5, 129.0,

130.5, 132.0, 140.1. All other spectroscopic data were in agreement with the literature.*

(S)-1-(3-Chlorophenyl)-2-nitroethanol (Table 2, entry 13)
OH

QNNOZ

Cl
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1-(3-Chlorophenyl)-2-nitroethanone (0.50 mmol, 100 mg, 1 equiv) was reduced using
the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H.0)}(SO,4) (0.0025 mmol, 2.2 mg, 0.5 mol%)
according to general method to give 96 mg (95%) as a colorless oil.

ee = 95% (HPLC: OD-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tmajor)
= 17.8 min, tminon = 14.1 min). [a]p?’ = 31.17° (c 1.0, CHCI 3). NMR Spectroscopy: *H-
NMR (300 MHz, CDCls) §2.91 (d, J = 3.9, 1H), 4.51 (dd, J = 3.6, 13.5 Hz, 1H), 4.59 (dd,
J = 9.0, 13.5 Hz, 1H), 5.43-5.49 (m, 1H), 7.26-7.36 (m, 3H), 7.43-7.45 (m, 1H). *C-
NMR (75 MHz, CDCls) 8 70.3, 80.9, 109.9, 124.0, 126.1, 129.1, 130.2, 135.0, 139.9. All

other spectroscopic data were in agreement with the literature.*

(S)-1-(Naphthalen-2-yl)-2-nitroethanol (Table 2, entry 14)
OH

1-(Naphthalen-2-yl)-2-nitroethanone (0.53 mmol, 113 mg, 1 equiv) was reduced using
the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H20)}(S0O4) (0.0025 mmol, 2.2 mg, 0.5 mol%)
according to general method to give 66 mg (58%) as a pale yellow oil.

ee = 93% (HPLC: OD-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tmajor)
= 59.2 min, tminor = 43.0 min). [a]p*® = +37.52° (¢ = 1.0, CHCI 3). NMR Spectroscopy:
'H-NMR (300 MHz, CDCls) 5 2.91 (d, J = 3.6 Hz, 1H, OH), 4.61 (dd, J = 3.3, 13.5 Hz,
1H), 4.71 (dd, J = 9.3, 13.5 Hz, 1H), 5.65 (td, J = 3.6, 9.0 Hz, 1H), 7.47-7.56 (m, 3H),
7.85-7.91 (m, 4H). **C NMR (75 MHz, CDCls) 571.2, 81.2. 123.1, 125.3, 126.3, 126.7,
127.7, 128.0, 128.9, 133.1, 133.3, 135.3. All other spectroscopic data were in

agreement with the literature.®

(S)- 1-(2-methoxyphenyl)-2-nitroethanol (Table 2, entry 15)

OMeQH
__NO,
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1-(2-methoxyphenyl)-2-nitroethanone (0.50 mmol, 90 mg, 1 equiv) was reduced using
the catalyst {Cp*Ir[(R,R)-CsFsSO,DPEN](H20)}(SO4) (0.0025 mmol, 2.2 mg, 0.5 mol%)
according to general method to give 84.5 mg (93%) as a colorless oil.

ee = 83% (HPLC: OD-H, 215 nm, hexane:2-propanol = 90:10, flow rate 1 mL/min, tmajor)
= 12.4 min, tyminory = 10.6 min). [a]p?® = +40.62°(c = 1.0, CHCl 5), Lit."* [a]p** = -50.1°(c
= 1.01, CH,Cl,) for (R) enantiomer (93% ee). NMR Spectroscopy: *H-NMR (300 MHz,
CDClI3) 6 2.80 (d, J = 6.3 Hz, 1H, OH), 3.89 (s, 3H), 4.58 (dd, J = 9.0, 13.2 Hz, 1H), 4.66
(dd, J = 3.6, 13.2 Hz, 1H), 6.92 (dd, J = 0.9, 8.4 Hz, 1H), 7.02 (dt, J = 0.9, 7.5 Hz, 1H),
7.34 (dt, J = 1.2, 7.8 Hz, 1H), 7.45 (dd, J = 1.8, 7.5 Hz, 1H). ®*C-NMR (75 MHz, CDCls)
019.0, 67.9, 80.2, 125.5, 126.7, 128.6, 130.7, 134.3, 136.1. All other spectroscopic data

were in agreement with the literature.*®

(S)-2-Chloro-1-phenylethanol (Table 2, entry 16)
QH

2-Chloro-1-phenylethanone (0.54 mmol, 84 mg, 1 equiv) was reduced using the catalyst
{Cp*I'[(R,R)-CcFsSO,DPEN](H20)}(SO4) (0.00125 mmol, 1.3 mg, 0.25 mol%) according
to the general method to give 79 mg (93%) as a clear oil.

ee = 91% (HPLC: OD-H, 215 nm, hexane:2-propanol = 95:5, flow rate 1 mL/min, tmajor)
= 10.3 min, tyminony = 12.2 min). [a]p*® = +37.52°(c = 1.0, CHCI 3) Lit.*® [a]p*® = -48.10 (c
1.73, CeH1o) for (R) enantiomer (>99% ee). NMR Spectroscopy: ‘H-NMR (300 MHz,
CDCl3) & 2.62 (br s, 1H, OH), 3.65 (dd, J = 8.7, 11.1 Hz, 1H), 3.76 (dd,J = 3.3, 11.1 Hz,
1H), 4.91 (dd, J = 3.6, 8.7 Hz, 1H), 7.30-7.40 (m, 3H). All other spectroscopic data were

in agreement with the literature.’

! Balsells, J.; Mejorado, L.; Phillips, M.; Ortega, F.; Aguirre, G.; Somanathan, R.; Walsh, P.J. Tetrahedron:
Asymmetry, 1998, 9, 4135.

% Halle, R.; Bréhéret, A.; Schulz, E.; Pinel, C.; Lemaire, M. Tetrahedron: Asymmetry, 1997, 8, 2101.

% Soltani, O.; Ariger, M. A.; Carreira, E. M. Org. Lett. 2009, 11, 4196.

* Kim, H.; Staikova, M.; Lough, A. J.; Chin, J. Org. Lett, 2009, 11, 157.

> Ogo, S.; Makihara, N.; Watanabe, Y. Organometallics. 1999, 18, 5470-5474.

® Ji, Y.; Trenkle, W. C.; Vowles, J. V. Org. Lett. 2006, 8, 1161.
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Sample AM-975.1
group carrei
PRO CDCI3 /opt/v earige 36

HoN  NHSO,CeFs

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

Sample AM-975.1-13C
group carrei
CAR CDCI3 /opt/v earige 36

HaN,  NHSO,CeFs

Il | . L

T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ; 1(00 )90 80 70 60 50 40 30 20 10 0 -10  -2C
1 (ppm

Figure 1: 'H- and *C-NMR of N-((1R,2R)-2-amino-1,2-dicyclohexylethyl)-2,3,4,5,6-

pentafluorobenzenesulfonamide ( Ligand Table 1, Entry 2)
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Sample AM-969.1
group carrei

PRO CDCI3 /opt/v earige 35
HoN,  NHSO,CgFs
L
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Sample AM-969.1-13C
group carrei
CAR CDCI3 /opt/v earige 35
HoN,  NHSO,CeFs
Tkl \ . n .

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f %OO )90 80 70 60 50 40 30 20 10 0 -10
1 (ppm

Figure 2: "H and *C-NRM of N-((1R,2R)-2-aminocyclohexyl)-2,3,4,5,6-pentafluorobenzenesulfonamide
(Ligand Table 1, Entry 3)
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Sample AM-974.1
group carrei
PRO MeOD /opt/v earige 50

o R
(S0

I

TsNH™ NH,

T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 .5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Sample AM-974.1-13C
group carrei
CAR MeOD /opt/v earige 50
Hzo\lr"§\ s
TSNH™ “NH; )
sk Nh , h N | ‘“.“ MJ h
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure 3: *H-and **C-NMR of {Cp*Ir[(R,R)-Ts-DACH](H,0)}(SO,) (Catalyst Table 1, Entry 1)



Sample AM-976.1
group carrei
PRO MeOD /opt/v earige 51

2

Sample AM-977.1-13C
group carrei
CAR MeOQD /opt/v earige-57
I

T
115 110 105 100 95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10

Figure 4: "H- and *C-NMR of {Cp*Ir[(R,R)-Tf-dicyclohexyl](H,0)}(SO.) (Catalyst Table 1, Entry 2)
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19F OBSERVE
STANDARD PARAMETERS

H0 )%\

N SO
HoN™ NHSO,CgFs (S04

SO

T T T T T T T T T T T T T T T T T T T
70 80 -90 -110 -130 -150 -170 -190
f1 (ppm)

Sample AM-975.1
group carrei
PRO MeOD /opt/v earige 52

&
H,N" NHSO,CeFs (S04

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

Figure 5: *F-NMR of {Cp*Ir[(R,R)-Tf-dicyclohexyl](H,0)}(SO.) (Catalyst Table 1, Entry 2) and ‘H-NMR of
{Cp*If[(R,R)-CcFsSO»-DACH](H,O)}(SO,) (Catalyst Table 1, entry 3)
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Sample AM-975.1-13C
group carrei
CAR MeOD /opt/v earige 52

|

Il
HN™ " NHSO,CeF5 (S04

j Ll 1

110 105 100 95 90 85 80 75 70 65 60 55 ?10( 4.’; 40 35 30 25 20 15 10 5 0 -5 -10 -15
ppm

19F OBSERVE
STANDARD PARAMETERS

Hzo\ %\

/Ir\
H,N" O NHSO,CeFs | SO

0 -70 -80 -90 -110 -130 -150 -170 -190
f1 (ppm)

Figure 6: *C-NMR and *F-NMR of {Cp*Ir(R,R)-CsFsSO,-DACH](H,0)}(SO.) (Catalyst Table 1, entry 3)
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081108
exp1 stdth
SAMPLE DEC. & VT
date Jan222008 dfrq  299.865
solvent  CD30D dn H1
file exp dpwr 30
ACQUISITION ~ dof 0
sfq  299.865 dm nnn
tn H1 dmm c
at 3.138 dmf 200
np 32000 PROCESSING
sw 5099.4 wiiile
m 2800 proc. ft —//\,
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towr 57 ‘ S5O v
w 2.2 werr Oy~
d 0 wexp prht WR o
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a 2 O
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we 250
hzmm  10.97
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Figure 7: "H-NMR of {Cp*Ir[(R,R)-Ts-DPEN](H,0)}(SO,) (Catalyst Table 1, Entry 4) and *H-NMR of
{Cp*I'[(R,R)-Tf-DPEN](H,0)}(SO,) (Catalyst Table 1, Entry 5)
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Figure 8: "H-NMR of {Cp*Ir[(R,R)-CsFsSO,-DPEN](H,0)}(SO.) (Catalyst Table 1, Entry 6)
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LOC ETHZ NMR

STANDARD 1H Of

File: PROTON

Puisa Sequence:

Salvent: COCI3
Ambient fempera
User: earige

Mercury-30088 *

Pulse 30.0 degres
Acq. time 3.138 sf
Width 5089.4 Hz
16 regetitions:
OBSERVE H1, 3|
DATA PROCESS|
FT size 32768
Total time: 1 min,

arcury-vx 300MHz Nr.§ 0H02/09 13:47:53 USER-earige GROUP:carre SAMPLE:AM-374.1
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T4 L e ol

e
5539 11.40 10.40
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ACQUISITION dmm c
sfrq 300086 dmf 200
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bs 4 werr
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W 3.6 wbs
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Figure 9: "H-NMR of (R)-3-Hydroxy-3-phenylpropanenitrile (Table 2, Entry 1) and "H-NMR of (R)-3-(3-
Chlorophenyl)-3-hydroxypropanenitrile (Table 2, Entry 2)



083480C13

expt sti13c

SAMPLE DEC. & VT
date Jan 202008 dq 299,774
solvent  COCI3 dn Hi

fls  epdwr 40
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Figure 10: 3C-NMR of (R)-3-(3-Chlorophenyl)-3-hydroxypropanenitrile (Table 2, Entry 2) and *H-NMR of
(R)-3-Hydroxy-3-(3-methoxyphenyl)propanenitrile (Table 2, Entry 3)
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os3ETPUECTS

expl std13c
SAMPLE DEC. & VT
date .Jan 20 2008 dfrq 300224
solvent  CDCI3 dn H
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ACQUISITION  dof  -300.0
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LOC ETHZ NMR Mercury-vx 300MHz Nr.6 08/27/09 15:25:26 USER:earige GROUP:carrei SAMPLE 053524
STANDARD 1H OBSERVE
Sample directory: 053524 ou
Pulse Sequance: éwl ~
Solvent. CDCI3
Ambient temperatire |
User: earige |
File; 053524
INOVA-500 noc*
Puise 30.0 degreas
Aca. fime 3.138 sgc
Width 5099.4 Hz
32 repetitions
OBSERVE H1, 300.2230592 MHz
DATA PROCESSING
FT size 32768
Total time 1 min, 58 sef
| }
\ | ll Wk
S Il o]
T T T y T T T—— —r— T T
8 7 6 5 4 3 ppm
(= R R (o) L
2511 1265 11.08
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Figure 11: 3C-NMR of (R)-3-Hydroxy-3-(3-methoxyphenyl)propanenitrile (Table 2, Entry 3) and ‘H-NMR

of (R)-3-(4-Fluorophenyl)-3-hydroxypropanenitrile (Table 2, Entry 4)
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LOG ETHZ NMA Mercury-vx 300MHz Nr.6 08/27/09 15:26:18 USER earige GROUP carrel SAMPLE:0s3532

STANDARD 1H OBSERVE

Sample directory: 053532

Puisa Sequence: s2pul

Solvent; COCI3
Ambient temperature
User. earige

File: 053532
INOVA-500 ‘nmroc*

Puise 30.0 degrees.
Acq. time 3,138 sec

Width 5099.4 Hz

24 repetitions

OBSERVE H1, 3002230536 MHz
DATA PROCESSING

FT size 32768

Total time 1 min, 58 sec

8 7 6 5 4
L
171306
5.21 870

LOC ETHZ NMR Mercury-vx 300MHz Nr.6 08/27/09 15:27:37 USER:earige GROUP:carrel SAMPLE 083573

STANDARD 1H OBSERVE

Sample directory: 053573

Puise Sequence: s2pul

Selvent: COCI3
Ambient temperature
User; earige

File: 053573
INOVA-500 *nmroc*

Puise 30.0 degrees
Acq, time 3.138 sec
Width 5099.4 Hz
24 repetitions
OBSERVE H1, 300.2230566 MHz
DATA PROCESSING
FT size 32768

Total time 1 min, 58 sec

1 0 ppm

r f
/ Al )
| Lo
I T = T T T T T
8 7 6 5 4 3 1 ppm
sor 92 | o
2751 1944

Figure 12: '"H-NMR of (R)-3-Hydroxy-3-p-tolylpropanenitrile (Table 2, Entry 5) and 1H-NMR of (R)-3-

Hydroxy-3-(naphthalen-2-yl)propanenitrile (Table 2, Entry 6)
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LOC ETHZ NMR Mercury-vx 300MHz Nr.6 08/27/09 15:31:35 USER:earige GROUP:carrei SAMPLE-0$3503

STANDARD 1H OBSERVE

Sample directory: 053503

Puise Sequance: s2pul

Solvent: CDCI3
Ambient temperature
User, earige

File: 053562
INOVA-500 *nmroc”

Puise 30.0 degrees
Acq, time 3,136 sec

Width 5099.4 Hz

20 repetiions

OBSERVE H1, 300.2230596 MHz
DATA PROCESSING

FT size 32768

Total time 1 min, 58 sec

35L1
LOG ETHZ NMR Meroury-vx 300MHz Nr.6 08/30/09 11:31:15 USER:earige GROUPGarrel SAMPLE:0s3863

STANDARD 1H OBSERVE

Sample directory: 03503

Pulse Sequence: s2pul

Solvent: CDCI3

Ambient temperature

User: earige

File; 053562 oW

Mercury-30088 ‘gemsoc” b
e o

Puise 30.0 degrees Qo f

Acq. time 3,138 sec —

Width 5089.4 Hz

16 repetitions

OBSERVE H1,300.2230596 MHz

DATA PROCESSING

FT size 32768

Total time 1 min, 58 sec

)‘! !
LJ . i\ | |

8 74 6 5 R 3 2 il -0 ppm
W e )

1389 1438 30.21

1413 1459 12.80

Figure 13: "H-NMR of (R)-3-(Furan-2-yl)-3-hydroxypropanenitrile (Table 2, Entry 7) and 1H-NMR of (R)-3-
Hydroxy-3-(thiophen-2-yl)propanenitrile (Table 2, Entry 8)
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LOC ETHZ NMR Mercury-vx 300MHz Nr.6 08/28/09 14:10:53 USER earige GROUP carrel SAMPLE 053486

STANDARD 1H OBSERVE

File: PROTON

Pulse Sequence: s2pul
Solvent: COCIS

Ambient temperature
User: earige
Mercury-30088 *gemBoc”

Pulse 30.0 degrees.

Aca, tima 3.138 sec

Width 5088.4 Hz

20 repetitions.

OBSERVE H1, 3002230596 MHz
DATA PROCESSING

FT size 32768

Total time 1 min, 58 sec

|

g
i

~2.785

2775

7.600

7716
N

8 7 6 5 4 3 2 1 ppm
Lo e =
24583 12.66
24.75 38.06

0s3486pureC13
expt sudidc

SAMPLE DEC. & VT
date Jan202008 dirg  300.224

solvent COCI3 dn

le axp dpwr
ACQUISITION  dof

sfrq 75499 dm
tn €13 dmm
at 1.300 dmf

H1
35
-300.0
vy
w
9500

np 52000 PROGCESSING

sw 200000 b

1 11000 wifile

bs 4 proc
towr 56 fn
pw 55

200

ft

not used

d1 1.000 werr  showerors

tof 750.4 wexp
nt 1024 wos
o 1024wt

pnets
prcis

140 120 100 80 60 40 20 ppm

Figure 14: "H-NMR and 3C-NMR of (R)-4-(2-Cyano-1-hydroxyethyl)benzonitrile (Table 2, Entry 9)
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LOG ETHZ NMA Marcury-vx 300MHz Nr.§ 0902/09 13:47:53 USER-earige GROUP:carrei SAMPLE:AM-974.1

STANDARD 1H OBSERVE

File: PROTON

Pulsa Sequence: 32pul

Salvent: COCI3
Ambient femperajre
User: earige
Mercury-300B8 *gem6oc”

Puise 30.0 degregs -
Acq. ime 3,138 5o — .:,,r o
Width 5089.4 Hz {

16 repetiions. -~
OBSERVE H1, 300.2230596 MHz
DATA PROCESSING
FTsizese7es |/
Total time 1 min, 56 s6c

|

8 7 6 5 4 3 2 1 -0 ppm
5539 11.40 10.40
11.01 1.8

LOC ETHZ NMR Mercury-vx 300MHz Nr.6 0B/28/09 14:20:34 USER:earige GROUP carrei SAMPLE 053574

STANDAAD 1H OBSERVE

Fils: PROTON

Pulse Sequence: s2pul
{

Solvent: COCI3
Ambient temperature

User; earige
Mercury-300B8 *geméoc” |

Pulse 30,0 degrees
Acq, time 3.138 sec

Width 5099.4 Hz

20 repatitions

OBSERVE H1, 300.2230596 MHz
DATA PROCESSING

FT size 32768

Total time 1 min, 58 sec

M \J“l | Lﬁ{

8 il 6 5 4 3 2. 1 ppm

o Lt eptopd ,. =
1195 5.71 535 53.81
11.74 5.79 4,64

Figure 15: "H-NMR of (S)-2-Nitro-1-phenylethanol (Table 2, Entry 10) and *H-NMR of (S)-1-(4-tert-
Butylphenyl)-2-nitroethanol (Table 2, Entry 11)
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Figure 16: *C-NMR of (S)-1-(4-tert-Butylphenyl)-2-nitroethanol (Table 2, Entry 11) and *H-NMR of (S)-1-
(3-Bromophenyl)-2-nitroethanol (Table 2, Entry 12)
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LOC ETHZ NMR Mercury-vx 300MHz Nr.5 08/30/09 11:29:56 USER earige GROUP carrei SAMPLE:0s4578

STANDARD 1H OBSERVE

Sample directory: 054579 &
File: fexporhomeiocnmivnimrsys/expi/iext

N
Pulse Sequence: s2pul
Solvent: CDCI3

Ambignt temparature
User: earige
Mercury-300BB "gemsoc"

Relax. delay 1.000 sec
Pulse 30.2 degrees
Acq, time 3.138 sec
‘Width 4500.5 Hz
20 repetitions
OBSERVE H1,299.7729181 MHz
DATA PROCESSING

FT size 32768
Total time 2 min| 28 sec

8 i ] 5 4 3 2 il 0 ppm
12;: 12;4 1" ‘12
37.34 2677

LOC ETHZ NMR Mercury-vx 300MHz Nr.5 09/03/09 17:30:42 USERearige GROUP:carrei SAMPLE:AM-973.1

STANDARD 1H OBSERVE

Sample directory: AM-973.1
File: /exparthomeflocnmr/vnmrsys/expl/text

Pulse Sequence: s2pul

Solvent: CDCI3

Ambient temperature
User: earige
Mercury-3008B *gemsoc*

Relax. delay 1.000 sec

Puise 302 degrees

Acq fime 3.138 sec

Width 4500.5 Hz

16 repatitions

OBSERVE H1, 299.7729179 MHz
DATA PROCESSING

FT size 32768

Total time 2 min, 28 sec

8 7 6 5 4 3 2 i ppm

3633 2.10 9.89

Figure 17: "H-NMR of (S)-1-(3-Chlorophenyl)-2-nitroethanol (Table 2, Entry 13) and ‘"H-NMR of (S)-1-
(Naphthalen-2-yl)-2-nitroethanol (Table 2, Entry 14)



LOG ETHZ NMR Mercury-vx 300MHz Nr'§ 08/28/09 14:27:55 USER:earige GROUP:carmel SAMPLE:0s4583

STANDARD 1H OBSERVE

File: PROTON

Pulse Sequence: s2pul
Solvent: CDCI3

Ambient temperature
User: sarige
Mercury-30088 *goméoc"

Pulse 30.0 degrees

Acq. time 3.138 sec

Width 5099.4 Hz

16 repeilions,

OBSERVE H1, 300.2230596 MHz
DATA PROCESSING

FT size 32768

Total time 1 min, 58 sec:

8 7 6 5 4 3 2 1 0 ppm
Jolg | qhind - - b L
895 897 a.88 2865
8.94 8.01 18.87 7.75

LOG ETHZ NMR Mercury-vx 300MHz Nr.6 09/04/09 15:21:54 USER-earige GROUP carrel SAMPLE 053542

STANDARD 1H OBSERVE

Sample directory: 053542

Pulse Sequence: s2pul

Solvent: COCI3
Ambient temperature ok
User: earige
File: 053542
INOVA-500 “nmroc”

Puise 30.0 degrees

Acq, time 3.138 sec

Width 5099.4 Hz

16 repetitions.

OBSERVE H1, 300.2230596 MHz
DATA PROCESSING

FT size 32768

Total time 1 min, 58 sec

8 7 6 5 4 3 2 1 0 ppm
E\-:ll i 13. ‘04‘
1209 1348

Figure 18: "H-NMR of (S)- 1-(2-methoxyphenyl)-2-nitroethano (Table 2, Entry 15) and *H-NMR of (S)-2-
Chloro-1-phenylethanol (Table 2, Entry 16)
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