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1. 'H and 3C NMR spectra for catalyst preparation

4'-Hydroxy-[1,1'-biphenyl]-2-carbaldehyde 5

S~ on

IH NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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4'-Isopropoxy-[1,1'-biphenyl]-2-carbaldehyde 6
CHO

IH NMR spectrum (400 MHz, CDCls)

Benzyloxy)-[1,1'-biphenyl]-2-carbaldehyde 7

CHO

'H NMR spectrum (400 MHz, CDCls)
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Phenoxy)-[1,1'-biphenyl]-2-carbaldehyde 8
CHO

IH NMR spectrum (400 MHz, CDCls)
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N-((R,R)-2-(((4'-Hydroxy-[1,1'-biphenyl]-2-yl)methyl)amino)-1,2-diphenylethyl)-4-

TsHN HN Q
Ph; Ph

OH

methylbenzenesulfonamide 9

'H NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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N-((R,R)-2-(((4'-Isopropoxy-[1,1'-biphenyl]-2-yl)methyl)amino)-1,2-diphenylethyl)-4-

TsHN HN O
Ph; Ph

OiPr

methylbenzenesulfonamide 10

'H NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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Benzyloxy)-[1,1'-biphenyl]-2-yl)methyl)amino)-1,2-diphenylethyl)-4-methylbenzenesulfonamide

TsHN HN O
Ph‘v Ph

OBn

11

'H NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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N-((R,R)-2-(((4'-Isopropoxy-[1,1'-biphenyl]-2-yl)methyl)amino)-1,2-diphenylethyl)-4-

TsHN HN O
Ph; Ph

OPh

methylbenzenesulfonamide 12

'H NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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4-Hydroxy (R,R)-TsDPENRuCl complex 1

IH NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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4-Isopropoxy (R,R)-TsDPENRuCl complex 2

'H NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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4-Benzyloxy (R,R)-TsDPENRuCl complex 3

'H NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCls)
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4-Phenoxy (R,R)-TsDPENRuCl complex 4

'H NMR spectrum (500 MHz, CDCls)

13C NMR spectrum (126 MHz, CDCl5)
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2. Asymmetric Reduction Products.

(R)-1-Phenylethan-1-ol

This compound was prepared by the general procedure for ATH in FA/TEA using acetophenone (0.088
mg, 0.73 mmol, 1.0 eq), catalyst (0.0073 mmol, 0.01 eq) and FA/TEA (0.5 mL) to give 1-phenylethan-
1-ol as a colourless oil (42 mg, 47%);

84 (400 MHz, CDCls) 7.38 — 7.25 (5 H, m, ArH), 4.90 (1 H, g, J 6.4, CHOH), 1.85 (1 H, s, OH) and 1.50 (3
H, d, J 6.4, CHs).

Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T=110 °C, P = 15 psi, FID

temp 250 °C, injector temp 220 °C): ketone 9.9 min, R isomer 15.3 min, S isomer 16.6 min.

IH NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-Phenylethan-1-ol

GC trace of (R)-1-Phenylethan-1-ol
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The reduction of acetophenone was repeated at 40 °C using lower loadings of catalyst (no DCM was
added) and followed over time by GC. The results are summarised below (followed each day,

conversion and ee are in %ages):

loading 0 1 2 4 ee 1 2 4
conv

0.5 mol% 0 99.5 99.6 97.5 97.6 97.8 97.7

0.2 mol% 0 65.2 66 67.3 97.5 97.3 97.6

0.1 mol% 0 20 20.3 20.1 97 97 97

Reductions at 40 °C

150
X
S~
S 100
g —0—0.5 mol%
> 50
S 0.2 mol%
[S)
0 0.1 mol%
0 2 4 6

days

At 0.5 mol% the reaction was complete more quickly at 40 °C than it was at 25 °C (>99% within 1 day
rather than 2d). However at the lower catalyst loadings the catalyst appeared to deactivate after 1
day, presumably as a result of decomposition at the higher temperature. The ees of the reactions did
not deteriorate even after the reactions reached maximum% conversion and were kept running,
indicating no reversal or racemisation even at the higher tempeatures (the ees are within

experimental measurement errors).

The reduction of acetophenone was repeated at 60 °C using lower loadings of catalyst (no DCM was

added) and followed over time by GC. The results are summarised below (conversion and ee are in

%ages):

loading start 1day ee 1day
conv

0.2 mol% 0 99.6 95.4

0.1mol% 0 99.5 95

At 0.2 and 0.1 mol% the reactions go to >99% conversion within 24h and the ee is only slightly

reduced.

S15



(R)-1-(2-Methoxyphenyl)ethan-1-ol
OMe OH

This compound was prepared by the general procedure for ATH in FA/TEA using 1-(2-
methoxyphenyl)ethan-1-one (0.111g, 0.73 mmol, 1.0 eq), catalyst 0.0073 mmol, 0.01 eq) and FA/TEA
(0.5 mL) to give 1-(2-methoxyphenyl)ethan-1-ol as a colourless oil (56.5 mg, 50% yield);

6w (400 MHz, CDCl3) 7.26 (1 H, d, J 7.5, ArH), 7.16 (1 H, app. t,/ 7.8, ArH), 6.87 (1 H, app. t, J 7.4, ArH),
6.79(1H,d,J8.2,ArH),5.01 (1 H, q,/6.0, CHOH), 3.77 (3 H, s, OCHs), 2.66 (1 H, s, OH) and 1.41 (3 H,
d, J 6.5, CHs).

Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T =130 °C, P = 15 psi, FID temp

250 °C, injector temp 220 °C): ketone 11.8 min, R isomer 20.0 min, S isomer 20.5 min.

IH NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-(2-Methoxyphenyl)ethan-1-ol

GC trace of (R)-1-(2-Methoxyphenyl)ethan-1-ol
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(R)-1-(2-Chlorophenyl)ethan-1-ol

This compound was prepared by the general procedure for ATH in FA/TEA using 1-(2-
chlorophenyl)ethan-1-one (0.112 g, 0.73 mmol, 1.0 eq), catalyst (0.0073 mmol, 0.01 eq) and FA/TEA
(0.5 mL) to give 1-(2-chlorophenyl)ethan-1-ol as a colourless oil (0.059 g, 52% yield);

6w (400 MHz, CDCl3) 7.48 (1 H,d, J7.7, ArH), 7.25—-7.15 (2 H, m, ArH), 7.13 —=7.06 (1 H, m, ArH), 5.18
(1H,q,/6.2,CHOH),2.23(1H,s,OH)and 1.38 (1 H, d, J 6.4, CH3).

Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T = 140 °C, P = 18 psi, FID temp

250 °C, injector temp 220 °C): ketone 7.9 min, R isomer 12.9 min, S isomer 14.4 min.

IH NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-(2-Chlorophenyl)ethan-1-ol

GC trace of (R)-1-(2-Chlorophenyl)ethan-1-ol
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(R)-1-(4-Methoxyphenyl)ethan-1-ol

This compound was prepared by the general procedure for ATH in FA/TEA using 1-(4-
methoxyphenyl)ethanone (0.112 g, 0.73 mmol, 1.0 eq), catalyst (0.0073 mmol, 0.01 eq) and FA/TEA
(0.5 mL) to give (R)-1-(4-Methoxyphenyl)ethan-1-ol as a colourless oil (0.042g, 37%);

6w (400 MHz, CDCl3) 7.20 (2 H, d, J 8.0, ArH), 6.80 (2 H, d, J 8.4, ArH), 4.81 (1 H, q, /6.3 CHOH), 3.72 (3
H, s, OCHs), 1.93 (1 H, s, OH) and 1.39 (3 H, d, J 6.4, CHs).

Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T =130 °C, P = 15 psi, FID temp

250 °C, injector temp 220 °C): ketone 23.6 min, R isomer 24.1 min, S isomer 25.1 min.

IH NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-(4-Methoxyphenyl)ethan-1-ol

GC trace of (R)-1-(4-Methoxyphenyl)ethan-1-ol

S21



(R)-1-(4-Chlorophenyl)ethan-1-ol
OH

This compound was prepared by the general procedure for ATH in FA/TEA using 1-(4-
chlorophenyl)ethanone (0.110 g, 0.73 mmol, 1.0 eq), catalyst (0.0073 mmol, 0.01 eq) and FA/TEA (0.5
mL) to give (R)-1-(4-Chlorophenyl)ethan-1-ol as a colourless oil (0.064 g, 57%);

6w (400 MHz, CDCl3) 7.27 —7.15 (4 H, m, ArH), 4.72 (1 H, g, J 6.2, CHOH), 3.34 (1 H, s, OH) and 1.37 (3
H, d, J 6.3, CHs)

Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T = 125°C, P = 15 psi, FID temp

250 °C, injector temp 220 °C): ketone 14.9 min, R isomer 25.4 min, S isomer 27.6 min.

IH NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-(4-Chlorophenyl)ethan-1-ol

GC trace of (R)-1-(4-Chlorophenyl)ethan-1-ol
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(S)-2-Chloro-1-phenylethan-1-ol

This compound was prepared by the general procedure for ATH in FA/TEA using 2-chloro-1-
phenylethanone (0.112 g, 0.73 mmol, 1.0 eq), catalyst .. (R,R) (5 mg, 0.0073 mmol, 0.01 eq) and FA/TEA
(0.5 mL) to give 2-chloro-1-phenylethan-1-ol as a colourless oil (0.078 g, 69% vyield);

6w (400 MHz, CDCl3) 7.43 - 7.29 (5 H, m, ArH), 4.91 —-4.84 (1 H, m, CHOH), 3.77 —3.58 (2 H, m, CHCl)
and 2.93 (1 H, s, OH).

Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T =110 °C, P = 18 psi, FID temp

220 °C, injector temp 220 °C): ketone 13.9 min, S isomer 29.1 min, R isomer 30.9 min.

IH NMR spectrum (400 MHz, CDCls)

S24



GC trace of (+)-2-Chloro-1-phenylethan-1-ol

GC trace of (S)-2-Chloro-1-phenylethan-1-ol
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(R)-1-Phenylpropan-1-ol

This compound was prepared by the general procedure for ATH in FA/TEA using propiophenone (0.098
g, 0.73 mmol, 1.0 eq), catalyst (R,R) (5 mg, 0.0073 mmol, 0.01 eq) and FA/TEA (0.5 mL) to give (R)-1-
Phenylpropan-1-ol (0.071 g, 0.50 mmol, 68 %) as a colourless oil; 84(400 MHz, CDCl3) 7.35-7.29 (5 H,
m, ArH), 4.58 (1 H, t, J 6.5, CHOH), 1.97 (1 H, s, OH), 1.84 —1.72 (2 H, m, CH,CHs) and 0.91 (3 H, t, J 7.4,
CHs).

Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B-236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T = 95 °C, P = 15 psi, FID temp

250 °C, injector temp 220 °C): ketone 27.4 min, R isomer 50.4 min, S isomer 54.5 min.

'H NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-Phenylpropan-1-ol

GC trace of (R)-1-Phenylpropan-1-ol
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(R)-1-(Furan-2-yl)ethan-1-ol

@)

I
This compound was prepared by the general procedure for ATH in FA/TEA using 1-furan-2-yl methyl
ketone (0.081 g, 0.73 mmol, 1 eq), catalyst (0.0073 mmol, 0.01 eq) and FA/TEA (0.5 mL) to give (R)-1-
(Furan-2-yl)ethan-1-ol as a colourless oil (0.043 g, 53%);
6w (400 MHz, CDCl3) 7.37 (1 H, s, ArH), 6.32 (1 H, s, ArH), 6.22 (1 H, s, ArH), 4.87 (1 H, q, J 6.3, CHOH),
2.10(1H, s, OH)and 1.54 (3 H, d, J 6.6, CH3).
Conversion and enantiomeric excess were determined by chiral GC analysis (CROMPAC
CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen, T = 75 °C, P = 15 psi, FID temp

250 °C, injector temp 220 °C): ketone 13.6 min, R isomer 21.7 min, S isomer 23.0 min.

IH NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-(Furan-2-yl)ethan-1-ol

GC trace of (R)-1-(Furan-2-yl)ethan-1-ol
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(R)-1-Cyclohexylethan-1-ol

This compound was prepared by the general procedure for ATH in FA/TEA using cyclohexylmethyl
ketone (0.092 g, 0.73 mmol, 1.0 eq), catalyst (R,R) (5 mg, 0.0073 mmol, 0.01 eq) and FA/TEA (0.5 mL)
to give (R)-1-Cyclohexylethan-1-ol (0.081 g, 0.63 mmol, 86 %) as a colourless oil.

81(400 MHz, CDCls) 3.54 (1 H, quin, J 6.1, CHOH), 1.85 (1 H, d, J 12.6, CH), 1.79 — 1.74 (2 H, m, CH,),
1.67 (2 H, d, J12.1, CH,), 1.45 (1 H, s, OH), 1.27 = 1.18 (3 H, m, CH, + CH), 1.15 (3 H, d, J 6.2, CHs) and
1.05-0.95 (2 H, m, CH>).

Conversion and enantiomeric excess were determined by chiral GC analysis after conversion to the
acetate derivative (CROMPAC CYCLODEXTRIN-B- 236M-19, 50 m x 0.25 mm x 0.25 um, gas hydrogen,
T =92°C, P = 15 psi, FID temp 250 °C, injector temp 220 °C): ketone 40.0 min, R isomer 30.3 min, S

isomer 34.7 min.

'H NMR spectrum (400 MHz, CDCls)
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GC trace of (+)-1-cyclohexylethyl acetate

GC trace of (R)-1-cyclohexylethyl acetate
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3. Single crystal X-ray crystallography
4-Isopropoxy RR-TsDPENRuCl complex (CCDC 1828153)

Single crystal x-ray structure of 4-isopropoxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; minor disordered component omitted for clarity)

Single crystal x-ray structure of 4-isopropoxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; minor disordered component and hydrogen atoms omitted for clarity)
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Single crystal x-ray structure of 4-isopropoxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; minor disordered component omitted for clarity)

Single crystal x-ray structure of 4-isopropoxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; minor disordered component and hydrogen atoms omitted for clarity)

CCDC 1828153 contains the supplementary crystallographic data for this paper. These can be obtained
free of charge from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Single crystals of were grown from vapour diffusion of n-hexane into a chloroform solution of the
compound over several days. Rigaku Oxford Diffraction SuperNova diffractometer with a duel source
(Cu at zero) equipped with an AtlasS2 CCD area detector at 150(2) K. The structure was solved using
Olex2[1] and the ShelXT[2] structure solution program using Direct Methods and refined with the
ShelXL[3] refinement package using Least Squares refinement.
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Compound Reference

4-0iPr RR-TsDPENRuCI complex 2

Chemical Formula

Formula Mass

Crystal system

a/ A

b/ A

c/ A

a/°

B/°

v/ ° )

Unit cell volume/ A
Temperature/ K

Space group

Crystal size/ mm

Radiation

Goodness-of-fit on F?

No. of formula units per unit cell, Z
No. of reflections measured
No. of independent reflections
Final Ry vaules (1 > 20(/))
Final wR(F?) values (I > 20(/))
Final R; values (all data)
Final wR(F?) (all data)

C37H37C|N203RUS
726.26
monoclinic
12.84674(10)
10.21786(8)
12.94691(10)
90
107.1026(8)
90
1624.34(2)
100(2) K

P 2yb

0.08 x0.16 x 0.20
Cu K\a

1.060

2

33429

6865

0.0453
0.1196
0.0458
0.1201

4-benzyloxy RR-TsDPENRuCI complex (CCDC 1828154)

Single crystal x-ray structure of 4-benzyloxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; solvent omitted for clarity)
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Single crystal x-ray structure of 4-benzyloxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; solvent and hydrogen atoms omitted for clarity)

Single crystal x-ray structure of 4-benzyloxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; solvent omitted for clarity)
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Single crystal x-ray structure of 4-benzyloxy RR-TsDPENRuCI complex (ellipsoids are plotted at the
50% probability level; solvent and hydrogen atoms omitted for clarity)

CCDC 1828154 contains the supplementary crystallographic data for this paper. These can be obtained
free of charge from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Single crystals of were grown from vapour diffusion of n-hexane into a chloroform solution of the
compound over several days. A suitable crystal was mounted on a Mitegen head with Fomblin oil and
collected on an Xcalibur Gemini diffractometer with a Ruby CCD area detector at 150(2) K. The
structure was solved using Olex2[1] and the ShelXT[2] structure solution program using Direct
Methods and refined with the ShelXL[3] refinement package using Least Squares refinement.

Compound Reference

4-0OBn RR-TsDPENRuCI complex 3

Chemical Formula
Formula Mass
Crystal system

C42H38C|4N203RUS
893.67
orthorhombic

a/ A 11.01638(12)
b/ A 15.7699(2)
c/ A 22.9663(3)
o/ ° 90

B/° 90

v/ ° 90

Unit cell volume/ A 3989.88(9)
Temperature/ K 150(2) K
Space group P 2ac 2ab
Crystal size/ mm 0.03 x0.04 x 0.70
Radiation CuK/a
Goodness-of-fit on F2 1.073

No. of formula units per unit cell, Z 4

No. of reflections measured 18321

No. of independent reflections 7531

Final Ry vaules (I > 20(/)) 0.0357
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Final wR(F?) values (I > 20(/)) 0.0806
Final R; values (all data) 0.0400
Final wR(F?) (all data) 0.0853
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