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General Experimental:

General; Solvents and reagents for the synthesis of complexes and catalytic reactions were
degassed prior to use and all reactions were carried out under a nitrogen atmosphere. Reactions
at elevated temperature were maintained by thermostatically controlled oil-baths or aluminium
heating blocks. A temperature of 0 °C refers to an ice slush bath, -78 °C to a dry ice acetone
bath. Reactions were monitored by TLC using aluminium backed silica gel 60 (F254) plates,
visualized using UV 254 nm and phosphomolybdic acid (PMA), potassium permanganate as
appropriate. Flash column chromatography was performed using silica gel of 230-400 mesh
size. Thin layer chromatography was carried out on aluminium backed silica gel 60(F254)
plates, visualised using 254nm UV light or potassium permanganate. Reagents were used as
received from commercial sources unless otherwise stated. 'H NMR spectra were recorded on
a Bruker AV (250 MHz), Bruker DPX (300 or 400MHz) or Bruker DRX (500 MHz). Chemical
shifts are reported in § units, parts per million relative to the singlet at 7.26 ppm for chloroform
and at 2.50 ppm for dimethyl sulfoxide for TMS. Coupling constants (J) are measured in Hertz.
IR spectra were recorded on a Perkin-Elmer Spectrum One FT-IR Golden Gate. Mass spectra
were recorded on a Bruker Esquire2000 or a Bruker MicroTOF mass spectrometer. Melting
points were recorded on a Stuart Scientific SMP 1 instrument and are uncorrected. The chiral
GC measurements were performed using a Hewlett-Packard 1050 instrument linked to a PC
running DataApex Clarity software. HPLC measurements were performed out using a Hewlett
Packard 1050 Series with a quaternary pump, autosampler and variable wavelength detector
linked to a PC running DataApex Clarity software. Dry solvents were purchased and used as
received. Optical rotations were measured on an Optical Activity Ltd. AA-1000 Polarimeter
and are reported in deg dm ! cm® g .
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Experimental procedure for complexes, licands, and substrates with NMR spectra.
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Scheme 1 The heterocycle groups that will be used to functionalize DPEN.

Section 1: Preparation of ligands:

N-((1S,25)-2-Amino-1,2-diphenylethyl)thiophene-2-sulfonamide 11a.
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This compound is novel. Under a nitrogen atmosphere, a 100 mL dry round-bottom flask was
charged with (S,S)-DPEN (150 mg, 0.71 mmol) dissolved in dry THF (6 mL). Triethylamine
(218 mg, 2.16 mmol, 300 pL) was added and the resulting solution was cooled to 0 °C using
an ice bath. Thiophene 2-sulfonylchloride (129 mg, 0.71 mmol) was dissolved in dry THF (1.5
mL) in a 25 mL dry round flask. This solution was added dropwise to the cooled (S,S)-DPEN
solution and the resulting solution was stirred overnight at r.t. Saturated NaHCO3 (20 mL) was
added to the mixture and the crude product was extracted using DCM (3 x 30 mL). The
combined extracts were washed with brine (20 mL), dried using MgSO4 and filtered. The
solvent was removed under reduced pressure to afford the crude product. Purification by
column chromatography using silica gel (100% EtOAc) gave the pure product (178 mg, 0.498
mmol, 70%) as a yellow solid; TLC: Rf ca 0.40 (100% EtOAc), strong UV and KMnO4; Mp
113 °C, [a]p® = +24.3 (¢ 0.2 in CHCI3); vmax 3356, 3296, 1593, 1450 cm ™! ; 8u (400 MHz,
CDClI3) 7.34 — 7.30 (1 H, m, CH of Thiophene), 7.25 — 7.12 (10 H, m, ArCH), 7.07 (1 H, t, J
8.4, CH of Thiophene), 6.79 — 6.73 (1 H, m, CH of Thiophene), 4.48 (1 H, d, J 5.1, NCH), 4.17
(1 H,d,J 5.1, NCH), NH not observed; 6c (101 MHz, CDCIl3) 141.35 (C), 141.25 (C), 139.17
(C), 131.81 (CH), 131.40 (CH), 128.53 (CH), 128.37 (CH), 127.65 (CH), 127.55 (CH), 126.94
(CH), 126.88 (CH), 126.53 (CH), 63.45 (NCH), 60.48 (NCH); MS (ESI"): m/z, 359.1 [M +
H) 1 ; HRMS (ESI) m/z: [M + H]" calcd for CisH19N202S> 359.0882; Found 359.0879 (1.0
ppm error).
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HSQC (400 MHz, CDCl3)
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N-((IR,2R)-2-Amino-1,2-diphenylethyl)benzo[b]thiophene-2-sulfonamide 11b.

This compound is novel. Under a nitrogen atmosphere, a 100 mL dry round-bottom flask was
charged with (R,R)-DPEN (109 mg, 0.52 mmol) dissolved in dry THF (5 mL). Triethylamine
(156 mg, 1.55 mmol, 215 puL.) was added and the solution was cooled to 0 °C using an ice bath.
1-Benzothiophene-2-sulfonyl chloride (120 mg, 0.52 mmol) was dissolved in dry THF (1.5
mL) in a 25 mL dry round-bottom flask. This solution was added dropwise to the (R,R)-DPEN
solution and the resulting solution was left overnight at r.t. Saturated NaHCO3 (20 mL) was
added to the mixture and the crude product was extracted using DCM (3 x 30 mL). The
combined extracts were washed with brine (20 mL) and dried using MgSOs and filtered. The
solvent was removed under reduced pressure to afford the crude product. Purification by
column chromatography using silica gel (50% Petroleum ether: 50% EtOAc) gave the pure
product (198 mg, 0.484 mmol, 94%) as a white solid; TLC: Rf ca 0.44 (100% EtOAc), strong
UV and KMnOs; Mp 140 °C; [a]p? -62.5 (¢ 0.07 in CHCl3); vmax 3356, 3296, 3151, 3057,
3024, 2877 cm!; 81 (400 MHz, CDCls) 7.75 (1 H, d, J 8.0, CH of benzo[b]thiophene), 7.67 (1
H, d, J 8.0, CH of benzo[b]thiophene), 7.51 — 7.37 (2 H, m, CH of benzo[b]thiophene), 7.33 —
7.26 (3 H, m, ArH of DPEN), 7.26 — 7.12 (5 H, m, ArH of DPEN), 7.03 (2 H, t, J 7.5, ArH of
DPEN), 6.94 (1 H, t, J 7.3, CH of benzo[b]thiophene), 4.61 (1 H, br. s, NCH), 4.25 (1 H, d, J
4.3, NCH), NH not observed; 6c (101 MHz, CDCl3) 141.72 (C), 141.28 (C), 141.11 (C), 139.38
(C), 137.66 (C), 128.66 (CH), 128.40 (CH), 128.27 (CH), 127.62 (CH), 127.50 (CH), 126.76
(CH), 126.32 (CH), 125.50 (CH), 124.99 (CH), 122.45 (CH), 63.48 (NCH), 60.28 (NCH); MS
(ESI"): m/z, 409.1 [M + H)']; HRMS (ESI-TOF) m/z: [M + H]" caled for C2H21N>0,S,
409.1039, found 409.1032 (1.8 ppm error).
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COSY (400 MHz, CDCls)
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HMBC (400 MHz, CDCl)
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N-((IR,2R)-2-Amino-1,2-diphenylethyl)-2,5-dimethylthiazole-4-sulfonamide 11c.

N
Xi
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NH

This compound is novel. Under a nitrogen atmosphere, a 100 mL dry round-bottom flask
charged with (R,R)-DPEN (150 mg, 0.71 mmol ) dissolved in dry THF (6 mL). Triethylamine
(218 mg, 2.16 mmol, 300 puL) was added and the resulting solution was cooled to 0 °C using
an ice bath. 2,4-Dimethylthiazole-5-sulfonyl chloride (150 mg, 0.71 mmol) was dissolved in
dry THF (1.5 mL) in a 25 mL dry round-bottom flask. This solution was added dropwise to the
(R,R)-DPEN solution and the resulting solution was left overnight at r.t. Saturated NaHCO3
(20 mL) was added to the mixture and the crude product was extracted using DCM (3 x 30 mL)
and the combined extracts were washed with brine (20 mL), then dried using MgSO4 and
filtered. The solvent was removed under reduced pressure to afford the crude product.
Purification by column chromatography using silica gel (50% Petroleum ether : 50% EtOAc,
then 20% MeOH: 80% EtOAc) gave the pure product (159.3 mg, 0.412 mmol, 58%) as a yellow
solid; TLC: Rf ca 0.24 (100% EtOAc), strong UV and KMnOu; Mp 120 °C; [o]p>® +7.6 (¢ 0.09
in CHCl3); vmax 3335, 3295, 3190, 3087, 3058, 3024, 2922 cm™'; 8i (400 MHz, CDCl3) 7.25 —
7.14 (10 H, m, ArH), 4.49 (1 H, t,J 5.0, NCH), 4.18 (1 H, d, J 5.0, NCH), 2.51 (3 H, s, CH3),
2.33 (3 H, s, CH3), NH not observed; oc (101 MHz, CDCls) 168.06 (C), 155.27 (C), 141.28
(C), 139.03 (C), 130.23(C), 128.52 (CH), 128.42 (CH), 127.70 (CH), 127.67 (CH), 126.81
(CH), 126.36 (CH), 63.32 (NCH), 60.35 (NCH), 19.09 (CH3), 16.20 (CHs); MS (ESI"): m/z,
388.1 [(M + H)"]; HRMS (ESI-TOF) m/z: [M + H]" calcd for C19H22N302S, 388.1148, found
388.1142 (1.7 ppm error).
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6c (101 MHz, CDCl3)
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HSQC (400 MHz, CDCl3)
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N-((1S,25)-2-Amino-1,2-diphenylethyl)quinoline-8-sulfonamide 11d.

0,S l
|
., _NH N

NH,

This compound has been reported.* Under a nitrogen atmosphere, in a 100 mL dry round-
bottom flask was charged with (S,5)-DPEN (150 mg, 0.71 mmol ) dissolved in dry THF (6
mL). Triethylamine (218 mg, 2.16 mmol, 300 pL) was added and the resulting solution was
cooled to 0 °C using an ice bath. 8-Quinoline sulfonyl chloride (162 mg, 0.71 mmol) was
dissolved in (1.5 mL) dry THF In a 25 mL dry round-bottom flask. This solution was added
dropwise to the (S,5)-DPEN solution and the resulting solution was left overnight at r.t.
NaHCOs (20 mL) was added to the mixture and the crude product was extracted using DCM
(3 x 30 mL) and then washed with brine (20 mL), dried using MgSOj4 and filtered. The solvent
was removed under reduced pressure to afford the crude product. Purification by column
chromatography using silica gel (100% EtOAc to 10% MeOH in EtOAc) gave the pure product
(99.7 mg, 0.247 mmol, 35%) as a white solid; TLC: Rf ca 0.16 (100% EtOAc), strong UV and
KMnO4; Mp 79.5 °C; [0]p?® -159.2 (c 0.2 in CHCI3); vmax 3034, 3005, 1612, 1595, 1564,1493
cm'; 8u (400 MHz, CDCl3) 8.91 (1 H, dd, J 4.2, 1.3, CH of quinoline), 8.13 (1 H, d, J 7.2,
CH), 8.06 (1 H, dd, J 8.3, 1.3, CH of quinoline), 7.79 (1 H, d, J 8.1, CH of quinoline), 7.47 —
7.35 (2 H, m, CH of quinoline), 7.04 (2 H, dd, J 6.4, 2.7, ArH of Ph), 6.98 — 6.90 (3 H, m, ArH
of Ph), 6.80 — 6.67 (5 H, m, ArH of Ph), 4.52 (1 H, d, J 6.8, NCH), 4.22 (1 H, d, J 6.8, NCH),
2.09 — 1.42 (2 H, br.s, NHy); o6c (101 MHz, CDCl3) 150.70 (CH), 142.95 (C), 141.15 (C),
138.29 (C), 136.81 (C), 136.49 (CH), 132.74 (CH), 130.12 (CH), 128.49 (C), 127.81 (CH),
127.39 (CH), 127.18 (CH), 126.99 (CH), 126.93 (CH), 126.70 (CH), 125.26 (CH), 121.85
(CH), 65.49 (NCH), 60.27 (NCH); MS (EST"): m/z, 404.1 [(M+H)"]; HRMS (ESI-TOF) m/z:
[M + H]" caled for C23H22N30,S 404.1427, found 404.1420 (1.8 ppm error).

*D. E. Dong, J. L. Zhang, W. Z. Zheng, L. Zuo and L. F. Zhang, Chen. Chem. Lett. 2000, 11,
383-384.
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u (400 MHz, CDCl3).
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COSY (101 MHz, CDCl:)
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HMBC (400 MHz, CDCl)
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HRMS
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N -((IR,2R)-2-Amino-1,2-diphenylethyl)pyridine-3-sulfonamide 11f.

This compound is novel. Under a nitrogen atmosphere, a 100 mL dry round flask was charged
with (R,R)-DPEN (200 mg, 0.94 mmol ) dissolved in dry THF (6 mL). Triethylamine (380 mg,
3.76 mmol, 530 pL) was added to the solution and this was cooled to 0 °C using an ice bath. In
a 25 mL dry round flask, pyridine-3-sulfonyl chloride (201 mg, 1.13 mmol) was dissolved in
dry THF (2 mL). The solution of pyridine-3-sulfonyl chloride was added dropwise to the (R, R)-
DPEN solution and left overnight at rt. Saturated NaHCO3 (20 mL) was added to the mixture
and the crude product was extracted using DCM (3 x 30 mL) and then washed with brine (20
mL) and dried using MgSOas. The solvent was removed under reduced pressure to afford the
crude product. Purification by column chromatography using silica gel (100% DCM to 100%
EtOAc) gave the pure product (119 mg, 0.337 mmol, 36%) as a pale-yellow solid; TLC: Rf ca
0.27 (100% EtOAc), strong UV and KMnO4; Mp 162 °C; [a]p?® +30.8 (c 0.05 in CHCI3); Vimax
3354, 3296, 2872, 2855, 1573 cm™!; 8u (400 MHz, CDCls) 8.70 (1 H, s, ArH of pyridyl ring),
8.57 (1 H, d, J 4.8, ArH of pyridyl ring), 7.59 (1 H, d, J 8.0, ArH of pyridyl ring), 7.19 (10 H,
m, ArH), 7.07 (1 H, m, ArH of pyridyl ring), 4.51 (1 H, d, J 4.9, NCH), 4.20 (1 H, d, J 5.0,
NCH), NH not observed; 6c (101 MHz, CDCls) 152.29 (CH), 147.85 (CH), 141.19 (C), 138.68
(C), 136.91 (C), 134.15 (CH), 128.57 (CH), 128.51 (CH), 127.82 (CH), 127.76 (CH), 126.95
(CH), 126.34 (CH), 123.14 (CH), 63.29 (NCH), 60.25 (NCH); MS (ESI"): m/z, 354.1 [M +
H]"; HRMS (ESI-TOF) m/z: [M + H]" calcd for C19H20N30,S 354.1271, found 354.1267 (1.0
ppm error).
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dc (400 MHz, CDCls)
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Furan-2-sulfonyl chloride.

Q/S%Cl

This compound is known. Under a nitrogen atmosphere, In a 25 mL dry round-bottom flask,
furan (500 mg, 7.3 mmol) was dissolved in dry THF(6 mL) and cooled to 0 °C using an ice
bath, t-BuLi (3.11 mL, 1.7M in pentane, 5.3 mmol) was added dropwise to the solution and
left for 15 min at 0 °C. In another 50 mL dry round-bottom flask, 1,4-diazabicyclo[2.2.2]octane
bis(sulfur dioxide) adduct (DABSO) (882 mg, 4.41 mmol) was suspended in dry THF (6mL)
at 0 °C, then the furan solution was added to this solution dropwise and the mixture was left
for 30min. NCS (1.47 g, 11 mmol) was added portionwise to the mixture at 0 °C then left to
warm to r.t over 30min. The crude product was evaporated under vacuum. The crude was
diluted using water (30 mL) and extracted with EtOAc (3 x 30 mL) and the combined extracts
were dried using MgSOs4. The solvent was removed under reduced pressure to afford the crude
product. Purification by column chromatography using silica gel (5% Petroleum ether: 95%
EtOAc) gave the pure product (175.6 mg, 1.05 mmol, 14.4%) as a yellow oil; du (400 MHz,
CDCIls) 7.75 (1 H, brs, furan ring), 7.34 (1 H, d, J 3.6, furan ring), 6.67 (1 H, m, furan ring); oc
(101 MHz, CDCl3) 148.26 (CH), 119.04 (CH), 112.19( CH), ipso CH not observed. The data
matched that reported.
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N-((1S,2S5)-2-Amino-1,2-diphenylethyl)furan-2-sulfonamide 11g.
O™\
=
0,S
’/,/ IilH

NH,

This compound is novel. Under a nitrogen atmosphere, In 100 mL dry round-bottom flask
charged with (S,S)-DPEN (224 mg, 1.06 mmol ) dissolved in dry THF (6mL). Triethylamine
(320 mg, 3.17 mmol, 440 puL) was added to the solution and cooled to 0 °C using an=ice bath.
In 25 mL dry round-bottom flask, furan-2-sulfonyl chloride (175.6 mg, 1.06 mmol) was
dissolved in dry THF (2 mL). This solution was added dropwise to the (S,S)-DPEN solution
and left overnight at r.t. Saturated NaHCO3 (20 mL) was added to the mixture and the crude
product was extracted using DCM (3 x 30 mL) and the extracts were washed with brine (20
mL) and dried using MgSOs. The solvent was removed under reduced pressure to afford the
crude product. Purification by column chromatography using silica in (100% DCM to 60%
DCM: 40% EtOAc) gave the pure product (237.1 mg, 0.693 mmol, 66%) as a white solid; TLC:
Rfca 0.3 (100%EtOAc), strong UV and KMnOs; Mp 121 °C; [a]p?® +12.7 (¢ 0.048 in CHCl5);
Vmax 3355, 3298, 3140, 3106, 3025, 2874 cm™'; du (400 MHz, CDCl3) 7.35 — 7.12 (11 H, m,
ArH + CH of furanring), 6.62 (1 H, d, J 3.4, CH of furan ring), 6.17 (1 H, m, CH of furan ring),
4.55(1H,d,J4.6,NCH),4.25 (1 H, d, J 4.9, NCH); &c (101 MHz, CDCl3) 148.20 (C), 145.63
(CH), 141.25 (C), 139.34 (C), 128.51 (CH), 128.40 (CH), 127.63 (CH), 127.51 (CH), 126.69
(CH), 126.66 (CH), 115.90 (CH), 110.64 (CH), 63.34 (NCH), 60.38 (NCH); MS (ESI+): m/z,
343.1 [M + H]"; HRMS (ESI-TOF) m/z: [M + H]" calcd for CisHi19N>O3S 343.1111, found
343.1112 (-0.3ppm error).
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dc (400 MHz, CDCls)
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HSQC (400 MHz, CDCl3)
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Section 2: Formation of complexes:

Ru Complex (S,S,R?*)-12a, of ligand 11a.

o~

l 02 S
(S.S)- CI““IRU\N/S\@
ligand
HoN

Ph

Ph

This compound is novel. To a dry 50 mL round-bottom flask charged with a solution of
dichloro(p-cymene)ruthenium(II) dimer (85.5 mg, 0.140 mmol) and ligand 11a (100 mg, 0.279
mmol) in dry 2-propanol (1.5 mL) was added triethylamine (56.5 mg, 0.558 mmol, 79 pL).
After stirring at 80 °C for 1 h, the solution was allowed to cool to r.t, and the solvent was
removed under reduced pressure. The residue was dissolved in DCM (2 mL) to remove traces
of 2-propanoland then dried under vacuum, then the crude product was washed with water (5
mL). The complex was purified by column chromatography on silica gel (100% DCM to 60%
DCM: EtOAc) to give the pure product (145 mg, 0.231 mmol, 83%) as a orange solid; TLC:
Rf ca 0.6 (1:10 MeOH :DCM), strong UV and KMnO4; Mp 209 °C; [a]p?® = +105.5 (c 0.1 in
CHCl3); vmax 3285, 3221, 3067, 3027, 2960, 2603, 2498 cm™'; 5 (500 MHz, CDCl3) 7.08-7.04
(4 H, m, ArH), 6.86 — 6.59 (5 H, m, ArH), 6.52 (2 H, brd, J 7.2, ArH), 6.39 — 6.35 (1 H, m,
ArH), 6.19 (1 H, d, J 2.8, ArH), 5.96 (1 H, brd, J 7.1, NH»), 5.81 — 5.66 (4 H, m, ArCH of p-
cymene), 3.83 (1 H, d, J 11.5, CH of NSO»), 3.65 (1 H, t, J 11.5, CH of NH>), 3.54 — 3.44 (1
H, m, NH), 3.18 (1 H, dt, J 13.7, 6.8, CHMe: of p-cymene), 2.38 (3 H, s, CH3), 1.39 (6 H, d,
J 6.8, CH3); 6c (126 MHz, CDCl3) 148.41 (ArC), 139.18 (ArC), 138.69 (ArC), 129.93 (ArCH),
128.80 (ArCH), 128.20 (ArCH), 127.76 (ArCH), 127.20 (ArCH), 126.92 (ArCH), 126.14
(ArCH), 125.62 (ArCH), 104.33 (RuArC), 95.38 (RuArC), 84.52 (RuArCH), 82.20 (RuArCH),
81.02 (RuArCH), 79.93 (RuArCH), 71.76 (NCH), 68.90 (NCH), 30.66 (CH of iPr), 22.53
(CH3), 22.38 (CH3), 19.05 (CH3); m/z (ESI") 593.1 [M - C1 ]*; HRMS (ESI-TOF) m/z: [M - Cl
] caled for C2sH31N202'?RuS: 593.0865, found 593.0860 (1.9 ppm error).
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oc (126 MHz, CDCl).
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HSQC (500 MHz, CDCl:).
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X-ray of Ru Complex (S,S,R%*)-12a CCDC 2182537 (local code nk3).

solid state structure of CCDC 2182537 with only key atoms labelled and thermal ellipsoids
drawn at 50% probability

Crystal structure determination

The asymmetric unit contains the complex and some partially occupied water, there are 4 in
the unit cell. The NHs on the amine were located in a difference map and refined with restrains.
One of them forms a short contact with a neighbouring sulphonamide oxygen and the other
with the partially occupied water O101 shown below

Specified hydrogen bonds (with esds except fixed and riding H)
D-H H..A D..A <(DHA)

091 225 20982(5) 136.9 N9-HO9A..O6B $1

091 238 3.21(3) 151.6 N9-H9B...0101

symmetry operator used to generate symmetry equivalent atoms discussed in above contact
was

$10.5+X,0.5-Y,1-Z

There was some electron density between molecules modelled as partially occupied
molecules of water. 0100 and O101 were both refined at 25% occupancy. No hydrogens
were located for these partially occupied solvents.

The Flack parameter and associate Hooft y parameters were
Flack x: -0.018(3) Shelx 2018
Hooft y: -0.027(2) Olex2

These are small with a small error so you can be confident about the assignment of the
handedness of the crystal measure. Additionally, the synthesis is from a known chiral
diamine.
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Experimental

Single crystals of C2g.25H31CIN20225RuS2 [nk3] were grown from methanol. A suitable crystal
was selected and mounted on a glass fibre with Fomblin oil and placed on a Rigaku Oxford
Diffraction SuperNova diffractometer with a dual source (Cu at zero) equipped with an AtlasS2
CCD area detector. The crystal was kept at 150(2) K during data collection. Using Olex2 [1],
the structure was solved with the SHELXT [2] structure solution program using Intrinsic
Phasing and refined with the SHELXL [3] refinement package using Least Squares
minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A K. & Puschmann, H.
(2009), J. Appl. Cryst. 42, 339-341.
2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal Data for CogH31CIN202.sRuS, (M =636.19 g/mol): orthorhombic, space group P212:2;
(no. 19), a =11.94996(8) A, b = 12.97812(10) A, ¢ = 19.21709(12) A, V = 2980.34(4) A3, Z
=4, T=150(2) K, p(Cu Ka) = 6.620 mm-1, Dcalc = 1.418 g/cm?, 91422 reflections measured
(8.22° <20 < 147.198°), 5988 unique (Rint = 0.0515, Rsigma= 0.0176) which were used in all
calculations. The final Ry was 0.0291 (I > 2o(I)) and wR> was 0.0791 (all data).

Table 1 Crystal data and structure refinement. CCDC 2182537.

Identification code nk3
Empirical formula C28H31CIN202.5RuS2
Formula weight 636.19
Temperature/K 150(2)
Crystal system orthorhombic
Space group P212124

a/A 11.94996(8)
b/A 12.97812(10)
c/A 19.21709(12)
o/° 90

pB/e 90

v/° 90
Volume/A3 2980.34(4)

Z 4

Pcalc g/cm? 1.418
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wmm 1
F(000)
Crystal size/mm?®

Radiation

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=2c (I)]

Final R indexes [all data]
Largest diff. peak/hole / e A~ 0.80/-0.89

6.620
1304.0

0.2 x 0.12 x 0.06 yellow block
CuKa (A =1.54184)
20 range for data collection/°8.22 to 147.198

-14<h<14,-16<k<16,-23<1<23

91422

5988 [Rin = 0.0515, Reigma = 0.0176]

1.061

5988/0/336

R1=10.0291, wR> = 0.0789

R1=10.0293, wR> = 0.0791

Flack parameter -0.018(3)

Intensé_ NK218rep.d: +MS, 0.0-2.5min #1-143
x10 5930860

6

44 592.0869 595.0862

591.0865
) 590.0873 594.0883
587.0893 596.0896
ﬂ 588.0928 589.0878 A 597.0873

% . A L A

x10%. 1+ CasH31N>02RUS;, 593.0865
593.0871
64
1+ 1+
41 592.0880 595.0873
1+
1+ 591.0876 1+
590.0882 594.0891
21 1+
1+ 596.0901
587.0897 1, 1+ 1+
588.0928 589.0881 A 597.0873
014 |A A T T T ! : !
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Ru Complex (R,R,S$%*)-12b of ligand 11b.

(R,R)- ‘@{

I|gand 02 /RU”'C'

S | S\N>_\/NH2

<j; Ph Ph

This compound is novel. To a dry 50 mL round-bottom flask charged with a solution of
dichloro(p-cymene)ruthenium(II) dimer (75.1 mg, 0.123 mmol) and ligand 11b (100 mg, 0.245
mmol) in dry 2-propanol (1.5 mL) was added triethylamine (49.6 mg, 0.49 mmol, 68 pL). After
stirring at 80 °C for 1 h, the solution was allowed to cool to r.t, and the solvent was removed
under reduced pressure. The residue was dissolved in DCM (2 mL) to remove residues of 2-
propanol and then dried under vacuum, then the crude product was washed with water (5 mL).
The complex was purified by column chromatography on silica gel (100% DCM to 60% DCM:
40% EtOAc) to give the pure product (88 mg, 0.130 mmol, 53%) as an orange solid; TLC: Rf
ca 0.6 (1:10 MeOH :DCM), strong UV and KMnOs; Mp =190 °C; [a]p® = -167.5 (c 0.02 in
CHCL3); vmax 3354, 3296, 3220, 3087, 3061, 3028, 2960, 2923, 2871 cm; éu (500 MHz,
CDCl3) 7.69 (1 H, d, J 8.0, ArH), 7.32 — 7.14 (3H, m, ArH), 6.98-6.94 (3 H, m, ArH), 6.74 (2
H, d, J 3.4, ArH), 6.55-6.51 (3 H, m, ArH), 6.46 (2 H, t, J 7.3, ArH), 6.27 (1 H, br. s NH>),
6.14 (1 H, s, ArH), 5.92 (1 H, d, J 5.4, ArCH of p-Cymene), 5.86 (1 H, d, J 5.7, ArCH of p-
Cymene), 5.80-5.76 (2 H, m, ArCH of p-Cymene), 3.87 (1 H, d, J 11.3, NCH of NSO»), 3.72
(1 H,t,J12.5, NCH of NH»), 3.57 — 3.38 (1 H, m, NH>), 3.24 (1 H, m, CHMe; of p-Cymene),
2453 H,s,CHs), 1.43 (6 H, d, J 6.9,CH3); 6c (126 MHz, CDCl3) 147.78 (ArC), 140.36 (ArC),
139.15 (ArC), 138.07 (ArC), 128.83 (ArCH), 128.09 (ArCH), 127.64 (ArCH), 127.18 (ArCH),
127.07 (ArCH), 126.63 (ArCH), 126.48 (ArCH), 125.06 (ArCH), 124.75 (ArCH), 124.01
(ArCH), 122.05 (ArCH), 105.24 (RuArC), 94.54 (RuArC), 85.20 (RuArCH), 82.57 (RuArCH),
80.10 (RuArCH), 79.79 (RuArCH), 71.53 (NCH), 68.85 (NCH), 30.73 (CH of iPr), 22.53
(CH3), 22.40 (CH3), 19.06 (CH3); m/z (ESI") 643.1 [M - C1]; HRMS (ESI-TOF) m/z: [M - Cl
]" caled for C32H33N202!92RuS; 643.1023, found 643.1032 (-0.5 ppm error).
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dc (126 MHz, CDCls)
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HSQC (500 MHz, CDCls)
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X-ray structure of Complex of ligand (R,R,S%*)-12a CCDC 2182538 (local code nk4).

solid state structure of the complex in CCDC 2182538 with only key atoms labelled and
thermal ellipsoids drawn at 50% probability level

Crystal structure determination.

The asymmetric unit contains the complex and some partially occupied methanol (036-C37)
and water (O38). The methanol was refined at 50% occupancy and the water at 25% occupancy
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(the occupancy was judged visually by gauging the size of the thermal parameters on
refinement). The minor component solvents were refined isotropically. The hydrogens were
placed at calculated positions on the methanol but no hydrogens were located on the partially
occupied water O3 1. The hydrogens were located on the amine and refined with restraints.

They form short contacts tabulated below

Specified hydrogen bonds (with esds except fixed and riding H)

D-H H.A D..A <(DHA)
091 238 2982(6) 123.5 NI13-HI3B..010B $1
0.84 246 3.268(9) 161.4 036-H36..Cll

Symmetry operator used to generate symmetry equivalent atoms in above contacts were $1 2-
X,-0.5+Y,1-Z

The other NH (N13-H13A) is pointing towards the partially occupied water but is also lying in
the plane of the Ru-Cl bond which is traditional with these compounds (likely a dipole-dipole
interaction).

The flack parameter and the associated Hooft y parameter were
Flack x: -0.017(9) Shelx 2018
Hooft y: -0.038(2) Olex2

These are relatively small with a small error so you can be confident in the assignment of the
crystal chosen.

The compound is synthesised from a starting material of known chirality
Experimental

Single crystals of C32.5H35CIN202.75RuS> [nk4] were grown from methanol. A suitable crystal
was selected and mounted on a glass fibre with Fomblin oil and placed on a Rigaku Oxford
Diffraction SuperNova diffractometer with a dual source (Cu at zero) equipped with an AtlasS2
CCD area detector. The crystal was kept at 150(2) K during data collection. Using Olex2 [1],
the structure was solved with the SHELXT [2] structure solution program using Intrinsic
Phasing and refined with the SHELXL [3] refinement package using Least Squares
minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009),
J. Appl. Cryst. 42, 339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.
3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.
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Crystal Data for C32.5H35CIN2O2 75RuS> (M =698.26 g/mol): monoclinic, space group P2 (no.
4),2a=9.78513(4) A, b=11.79817(5) A, c = 14.04533(5) A, B=99.3866(4)°, V= 1599.776(11)
A3, 7 =2 T=1502) K, i(Cu Ka) = 6.227 mm-1, Dcalc = 1.450 g/cm?, 76379 reflections
measured (6.378° <20 < 147.368°), 6201 unique (Rint = 0.0891, Rsigma = 0.0265) which were
used in all calculations. The final Ry was 0.0373 (I > 25(I)) and wR» was 0.1065 (all data).

Table 1 Crystal data and structure refinement. CCDC 2182538.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

[e]

o/
pr°

v/°

Volume/A3

Z

pcalcg/cm?

wmm 1

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (1)]

nk4

C32.5H35CIN202.7sRuS

698.26

150(2)

monoclinic

P2,

9.78513(4)

11.79817(5)

14.04533(5)

90

99.3866(4)

90

1599.776(11)

2

1.450

6.227

718.0

0.3 x 0.22 x 0.06 yellow block
CuKoa (A =1.54184)

6.378 to 147.368
-12<h<12,-14<k<12,-17<1<17
76379

6201 [Rine=0.0891, Rsigma = 0.0265]
6201/2/378

1.084

R; =0.0373, wR> =0.1064
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Final R indexes [all data] R: =0.0373, wR2=0.1065

Largest diff. peak/hole / e A~ 1.28/-0.79
Flack parameter -0.017(9)
HRMS
'"tenss- ] NK227.d: +MS, 0.4-1.8min #22-107
g 643,032
5
4 3 645.1032
: 642.1037
31 641.1033
. 640.1039 6461050
2
] 646.1059
14 637.1056
3 “ 639.1044 l 647.1041
% : A I A SO YOS, SPER A A
X10 - 1+ C;zHg;NzOzRUSz, 643.1021
6 643.1029
57
4 E 1+ 1+
- 642.1038 645.1031
3 _: 1+
: 1541.1033 1+
] CAG.1058 644.1049
. 1+
. 1+ 646.1058
14 637.1054 1+ 1+
. “ 639.1040 647.1035
0 | l A "
T v T v T T T T T T T T T T
636 638 640 642 644 646 648 m'z
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Ru Complex (R,R,S%*)-12¢ of ligand 11c.

(R, R)_ ‘@{

s
~N° “NH,
|

N
Ph Ph

This compound is novel. To a dry 50 mL round-bottom flask charged with a solution of
dichloro(p-cymene)ruthenium(II) dimer (85.5 mg, 0.140 mmol) and ligand 11¢ (100 mg, 0.258
mmol) in dry 2-propanol (1.5 mL) was added triethylamine (56.5 mg, 0.558 mmol, 79 uL).
After stirring at 80 °C for 1 h, the solution was allowed to cool to r.t, and the solvent was
removed under reduced pressure. The residue was dissolved in DCM (2mL) to remove residues
of 2-propanol and then dried under vacuum, then the crude product washed with water (5 mL).
The complex was purified by column chromatography on silica gel (100% DCM to 60% DCM:
40% EtOAc to 5% MeOH: 95% EtOAc) to give the pure product (126 mg, 0.192 mmol, 74.5%)
as a orange solid; TLC: Rf ca 0.5 (1:10 MeOH :DCM), strong UV and KMnO4; Mp =234 °C,
[a]p?® = +16.39 (c 0.072 in CHCl3); Vmax 3283, 3217, 3032, 2957 cm™!; 85 (500 MHz, CDCls)
7.01 (2H,t,J74, ArH), 6.93 (1 H,t,J 7.2, ArH), 6.77 (2 H, t, J 7.2, ArH), 6.68 — 6.45 (5 H,
m, ArH), 6.13 — 5.95 (3 H, m, 2 ArCH of p-cymene + NHH), 5.98 — 5.83 (2 H, m, ArCH of p-
cymene), 3.65 -3.60 (2 H, m, NCH + NHH), 3.38-3.30 (2 H, m, NCH + CHMe; of p-cymene),
2.51 (6 H,s,2xCHs),1.87(3H,s,CHs),1.49(3H,d, /6.8, CH3), 1.44 (3 H, d, J 6.8, CH3);
dc (126 MHz, CDCl3) 164.52 (ArC), 152.02 (ArC), 139.42 (ArC), 138.08 (ArC), 137.24 (ArC),
127.85 (ArCH), 127.09 (ArCH), 126.97 (ArCH), 126.42 (ArCH), 126.33 (ArCH), 83.09
(RuArCH), 79.30 (RuArCH),71.13 (NCH), 69.57 (NCH), 30.64 (CHMe: of p-cymene), 23.05
(CHs), 21.96 (CHs), 19.02 (CH3), 18.90 (CH3), 15.79 (CH3), both RuArC and two of the
RuArCH not observed; m/z (ESI") 622.1 [M - CI]"; HRMS (ESI-TOF) m/z: [M - Cl ]* calcd
for C2oH3aN30,'"?RuS; 622.1130, found 622.1123 (2.2 ppm error).
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oc (126 MHz, CDCl).
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HMBC (500 MHz, CDCL3)
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X-ray structure of Ru Complex (R,R,$%)-12¢ CCDC 2182539 (local code nkS5).

solid state structure of the complex in CCDC 2182539 with only key atoms labelled and
thermal ellipsoids drawn at 50% probability level

Crystal structure determination.

The asymmetric unit contains the complex and a disordered water. Six times this in the unit
cell. The water was modelled as disordered over two closely related positions. The occupancy
of the two positions was fixed at 50%. No hydrogens were located on these disordered
solvents and they were refined isotropically. The hydrogens were located on the amine but
refined restraints. They form short contacts tabulated below

Specified hydrogen bonds (with esds except fixed and riding H)
D-H H..A D..A <(DHA)
091 2.10 2.875(6) 142.0 NI10-H10B...O7A_§1

Symmetry operator used to define symmetry related atoms in above contact was $1 -
Y+X,+X,-0.167+Z

N10-H10A lies along the bond of the Ru-Cl1 in what seems to be the norm for these
compounds in a likely dipole-dipole interaction. Both NHs have a much longer interaction
with a symmetry related CI not detailed above.

The Flack and the associated Hooft y parameter are shown below
Flack x: -0.02(2) Shelx 2018
Hooft y: -0.0278(16) Olex2

These are relatively small with a small error so you can have confidence in the handedness of
the structure refined.

Additionally, the molecule is synthesised from a stating material of known configuration
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Experimental

Single crystals of C29H34CIN3O3RuS; [nkS] were grown from methanol. A suitable crystal
was selected and mounted on a glass fibre with Fomblin oil and placed on a Rigaku Oxford
Diffraction SuperNova diffractometer with a dual source (Cu at zero) equipped with an
AtlasS2 CCD area detector. The crystal was kept at 150(2) K during data collection. Using
Olex2 [1], the structure was solved with the SHELXT [2] structure solution program using
Intrinsic Phasing and refined with the SHELXL [3] refinement package using Least Squares
minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H.
(2009), J. Appl. Cryst. 42, 339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal Data for C29H34CIN3O3RuS (M =673.23 g/mol): hexagonal, space group P65 (no.
170), a = 16.90780(10) A, ¢ = 19.27870(10) A, V'=4772.90(6) A*>, Z=6, T=150(2) K, p(Cu
Ka) = 6.253 mm™!, Dcalc = 1.405 g/cm?, 96080 reflections measured (7.582° <20 <
147.348°), 6407 unique (Rint = 0.0416, Rsigma = 0.0134) which were used in all calculations.
The final R; was 0.0424 (1> 2o(I)) and wR> was 0.1132 (all data).

Table 1 Crystal data and structure refinement. CCDC 2182539.

Identification code nk5
Empirical formula C29H34CIN3O3RuS>
Formula weight 673.23
Temperature/K 150(2)
Crystal system hexagonal
Space group P6s

a/A 16.90780(10)
b/A 16.90780(10)
c/A 19.27870(10)
a/° 90

pB/° 90

v/° 120
Volume/A3 4772.90(6)
Z 6
PealeMg/mm? 1.405
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p/mm’!

F(000)

Crystal size/mm?

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole / e A

Flack parameter

6.253

2076.0

0.16 x 0.1 x 0.06 yellow block

7.582 to 147.348°

-20<h<21,-20<k<20,-23<1<23

96080
6407[R(int) = 0.0416]
6407/1/356

1.089

R = 0.0424, wRy = 0.1128
R = 0.0426, wRy = 0.1132
1.01/-0.74

-0.027(11)
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Ru Complex (S,S,5%)-12¢ of ligand 11d.

o
R
Ru—,/
HN 02
Ss- N
ligand Ph

The quinoline ring was reduced to the tetrahydroquinoline upon complexation.

The 'H and '*C NMR spectra indicate the formation of two isomers in a 1:1 ratio, however the
X-ray structure is of one isomer and shows an unexpected inversion of the relative
configuration of the major diastereoisomer compared to other complexes of this type.

This compound is novel. To a dry 50 mL round-bottom flask charged with a solution of
dichloro(p-cymene)ruthenium(II) dimer (92.0 mg, 0.150 mmol) and ligand 11d (121 mg, 0.300
mmol) in dry 2-propanol (1.5 mL) was added triethylamine (60.8 mg, 0.600 mmol, 80 puL).
After stirring at 80 °C for 1 h, the solution was allowed to cool to r.t, and the solvent was
removed under reduced pressure. The residue was dissolved in DCM (2 mL) and then dried
under vacuum to remove the residues of 2-propanol, then the crude product was washed with
water (5 mL). The complex was purified by column chromatography on silica gel (100% DCM
to 100% EtOAc) to give the pure product (106 mg, 0.158 mmol, 53%) as an orange solid; TLC:
Rfca 0.5 (1:10 MeOH :DCM), strong UV and KMnOus; Mp =217.6 °C; [a]p*® =- 675 (¢ 0.016
in CHCI3); vmax 3549, 3442, 3333, 3247 cm™'; 8u (500 MHz, d°-DMSO0) 7.55-7.45 (0.5 H, m,
ArH), 7.15-7.05 (3 H, m, ArH), 6.96-6.92 (1 H, m, ArH), 6.85-6.75 (1 H, m, ArH), 6.75-6.68
(1.5 H, m, ArH), 6.62 (0.5 H, d, J = 8.0 Hz, ArH), 6.58-6.45 (3 H, m, ArH), 6.42 (0.5 H, brs,
ArH), 6.38-6.30 (0.5 H, m, ArH), 6.05-5.96 (0.5 H, m, ArH), 5.80-5.63 (4.5 H, m, 4 x RuArH
+ 0.5 ArH ), 4.08 (0.5 H, d, J = 8.0 Hz, NCH), 4.05-3.96 (0.5 H, m, NCH), 4.68 (0.5 H, d, J =
9.0 Hz, NCH), 3.62-3.55 (0.5 H, m, NCH), 3.55-3.47 (1 H, m, quinNCHH), 3.28-3.20 (1 H, m,
quinNCHH), 3.18-3.05 (2 H, m, CHMe; + NH), 2.55-2.48 (2 H, m, THQCH>), 2.36 (1.5 H, s,
cym-Me), 3.30 (1.5 H, s, cym-Me), 1.82-1.62 (2 H, m, CH>), 1.42-1.28 (6 H, m, CHMe»); oc
(126 MHz, d®-DMSO) 142.49 (ArC), 142.15 (ArC), 140.28 (ArC), 140.10 (ArC), 139.34
(ArC), 138.39 (ArC), 130.03 (ArCH), 129.15 (ArCH), 129.04 (ArCH), 128.65 (ArCH), 128.47
(ArCH), 128.38 (ArCH), 128.14 (ArCH), 127.84 (ArCH), 127.45 (ArCH), 127.49 (ArCH),
126.76 (ArCH), 126.55 (ArCH), 126.43 (ArCH), 124.70 (ArC), 122.39 (ArC), 120.78 (ArC),
120.13 (ArC), 113.75 (Quin CH), 112.47 (Quin CH), 106.84 (RuArC), 104.00 (RuArC),
100.55 (RuArC), 95.30 (RuArC), 94.85 (RuArC), 86.84 (RuArCH), 85.98 (RuArCH), 84.16
(RuArCH), 82.49 (RuArCH), 82.32 (RuArCH), 81.49 (RuArCH), 81.07 (RuArCH), 79.85
(RuArCH), 71.87 (NCH), 70.73 (NCH), 69.34 (NCH), 65.98 (NCH), 41.33 (NCH>), 40.87
(NCH>»), 30.45 (CH3), 30.29 (CH3), 27.86 (CH>), 27.70 (CH2), 22.85 (CH3), 22.54 (CH3), 22.17
(CHs), 21.97 (CH3), 21.08 (CH>), 20.96 (CH>), 18.68 (CH3), 18.33 (CH3); m/z (ESI") 642.2 [M
-C1] *; HRMS (ESI-TOF) m/z: [M - ClI ]" caled for C33H3sN30,'%?RuS 642.1723, found
642.1720 (1.6 ppm error).
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u (500 MHz, d>-DMSO)

61
0E'1
€T
€€'1
%€

b
&1
69'1
ot
zt

0o£T

pET .V

05T
9P-apIOJINS [ApRWIQ gS'E 7
60¢€
or'e
cl'E—2
cre /f

[<43
vTE
9E—p
69°€

86'€
66'€
[ d
SO
80t

HN

® 0,

Cl=Ru

s \N’S

HzN

Ph

Ph

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

11.0

v:“\
STL

T

///f/

HN

® 0,

Cl=Ru

78

HzN

Ph

Ph

54 53 52 51 50 4.9

5.5

60 59 58 57 56

6.2 6.1

64 63
f1 (ppm)

70 69 68 6.7 6.6 6.5

7.1

79 78 77 76 75 74 73 7.2

S66



62T

~No
@

S PEy

@
Py S N A

0€'C —
v —

0s'C v.
9P-3PIX0JINS [ApAWIA 0§°C

HN//// f/ //

NS
Fh

|
Cl=pRu® Oz
~

HzN
Ph

—0T'T

44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06 04
f1 (ppm)

4.6

COSY (500 MHz, d°-DMSO)

HN

cl—Ru® Oz

\N’S

HzN

Ph

Ph

(wdd) 74

>

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f2 (ppm)

8.5

S67



ppm (t1

1.0

20

50

6.0

3.00

3.50

4.00

4.50

ppm (t1

i

S68



dc (126 MHz, d-DMSO)
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HSQC (500 MHz, d-DMSO)
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HMBC (500 MHz, d-DMSO)

o

|
— o
Cl—Ru_ Oz HN
HzN, N
PH  Ph

Fo
a - “«w 4 - 20
Y S \ ' LI
ke 40
. F60
. ‘
L . " “ue g™
4 80
‘.-uw' - ,‘,‘ .
poe | P
. 100
- - ’ £
o . . E
. - . Fi20 &
ptond? 1) - & . g
! .
NN Y v L . o 140
.
160
-180
-200
220
240
8.0 7.5 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f2 (ppm)
IR spectra
[<e]
(=]
s IBRU
o
D
g3
@
2
o]
S ® A
=
£
2 o
© © T
o
=
<
w
o
(2]
9
[ee]
D - =T ON ONOW D=—NOONDOW
3 B I 65|22 B5-N2SESN
0 O M N~ DD DOON DOYVNOOWPOW
T & ¥ DO WONDM O DONDONT
v I MO N 00 ONOPO VWVITIITOOON
M o o m MO NANANN T T T
T T T X T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

C:\Users\chemist\Desktop\Spectral Data\NK230-ru complex-quinoline.0

NK230-ru complex-quinoline

Instrument type and / or accessor| 30/11/2021

Page 1/1

S72



X-Ray structure of Ru Complex (S,S,5%%)-12e CCDC 2182540 (4) (local code nké).

Two different views of the solid state structure on CCDC 2182540 with only key atoms
labelled and thermal ellipsoids drawn at 50% probability level

Crystal structure determination.

The asymmetric unit contains the complex and a molecule of methanol. Twice this in the unit
cell. The NHs and the OH on the methanol were located in a difference map and refined with
distance restraints. They form short contacts tabulated below.

Specified hydrogen bonds (with esds except fixed and riding H)

D-H H..A D..A <(DHA)

091 223 2.974(7) 138.0 NI14-HI4A..O11A_S$I
091 240 3.205(8) 148.3 NI4-HI4B...037_$1
0.95(3) 2.33(3) 3.096(8) 137(4) N2-H2..N12

0.84 2.12 2.952(9) 170.5 037-H37..N2

Symmetry operator used to generate symmetry equivalent atom discussed in above contact
where $1 1-X,-0.5+Y,1-Z

The Flack parameter and associated Hooft y parameter parameter were
Flack x: -0.011(10) Shelx2018
Hooft y: -0.028(3) Olex2

These are reasonably small with a reasonably small error but not so important as the complex
was made from a starting material of known handedness.
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Of interest is the unusual orientation of the NH> hydrogens. The bond of one of the N-H
hydrogens traditionally points along the Ru-Cl bond/vector (see other solid state structures of
these types of Ru complexes). This may be because of steric hindrance or what appears to be
a close contact/H-bond between the tetrahydroquinolyl N2-H2 and the deprotonated
sulphonamide amide N12.

Experimental

Single crystals of C34H42CIN3O3RuS [nk6] were grown from methanol. A suitable crystal
was selected and mounted on a glass fibre with Fomblin oil and placed on a Rigaku Oxford
Diffraction SuperNova diffractometer with a dual source (Cu at zero) equipped with an AtlasS2
CCD area detector. The crystal was kept at 150(2) K during data collection. Using Olex2 [1],
the structure was solved with the SHELXT [2] structure solution program using Intrinsic
Phasing and refined with the SHELXL [3] refinement package using Least Squares
minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H.
(2009), J. Appl. Cryst. 42, 339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal Data for Cs3sH4CIN3O3RuS (M =709.28 g/mol): monoclinic, space group
P2 (no. 4), a = 9.40940(6) A, b= 14.51707(10) A, c = 12.09559(8) A, f=102.9107(7)°, V =
1610.452) A%, Z= 2, T= 150(2) K, w(Cu Ka)= 5.616 mm’, Dcalc = 1.463 g/lcm®, 41114
reflections measured (7.498° < 20 < 147.23°), 6469 unique (Rint = 0.0384, Rgigma = 0.0233)
which were used in all calculations. The final Ry was 0.0422 (I > 25(I)) and wR> was 0.1132
(all data).

Table 1 Crystal data and structure refinement for nk6. CCDC 2182540.

Identification code nk6
Empirical formula C34H42CIN3O3RuS
Formula weight 709.28
Temperature/K 150(2)
Crystal system monoclinic
Space group P2,

a/A 9.40940(6)
b/A 14.51707(10)
c/A 12.09559(8)
a/° 90

pB/e 102.9107(7)
V/° 90
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Volume/A3

Z

pca1cmg/mm3

p/mm’!

F(000)

Crystal size/mm?

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]

Final R indexes [all data]

Largest diff. peak/hole / e A

Flack parameter

1610.45(2)

2

1.463

5.616

736.0

0.14 x 0.1 x 0.05 yellow block
7.498 to 147.23°
-11<h<11,-18<k<17,-15<1<15
41114

6469[R(int) = 0.0384]
6469/4/396

1.065

R;=0.0422, wR, =0.1128

R; =0.0425, wR2 =0.1132
2.20/-0.92

-0.011(10)
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'”tinosé‘ NK221.d: +MS, 0.1-1.0min #7-59
x109 7
125_2 64261720
1.00 3
0_75_: 641.1732 644.1728
. 640.1727
0.50 3 643.1746
] 645.1757
0.25 636.1750
] 646.1755
0.00 3 L_J L,j. S S
x106 - Cs3H3sNsO2RuS, 642.1723
] 1+
125_2 642.1731
1.00
N 1+ 1+
0.75 15541-1740 644.1736
] 1640.1735 1+
0.50 - 639.1740 643.1755
b 1+
] 1+ 645.1763
0.25 636.1755 1+ 1+
. l 638.174 646.1757
0.00 | | \ L.
| T | T | T | T | T | T | T
636 638 640 642 644 646 648 m/z
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Ru Complex (R,R,S%")-12f of ligand (R,R)-11f.

\ =
cl— Ru\ QAN
H,N

ligand @

This compound is novel. To a dry 50 mL round-bottom flask charged with a solution of
dichloro(p-cymene)ruthenium(II) dimer (347 mg, 0.567 mmol) and ligand 11f (400 mg, 1.13
mmol) in dry 2-propanol (14 mL) was added triethylamine (229 mg, 2.27 mmol, 400 pL). After
stirring at 80 °C for 1 h, the solution was allowed to cool to rt, and the solvent was removed
under reduced pressure. The residue was dissolved in DCM (2 mL) to remove residues of 2-
propanol and then dried under vacuum, then the crude product was washed with water (5 mL).
The complex was purified by column chromatography on silica gel (100% DCM to 10%
MeOH: 89% EtOAc and 1% Et3N), then extracted with DCM (3 x 30 mL) to remove excess
Et;N after adding water (10 mL) and dried using MgSOs4 to give the pure product (337 mg,
0.542 mmol, 48%) as a orange solid; TLC: Rf ca 0.6 (1:10 MeOH :DCM), strong UV and
KMnOs; Mp =210 °C; [a]p?! = +10.7 (¢ 0.0035 in CHCI3); vimax 3061, 3028, 2961, 2921, 2865,
1593 cm™!; 85 (500 MHz, DMSO) 8.41 — 8.28 (2 H, m, ArH of pyridyl), 7.61 (1 H,br. s, NHH),
7.44 (1 H,d,J 7.9, ArH), 7.08 (4 H, m, ArH), 6.79 (5§ H, m, ArH), 6.60 (2 H, d, J 7.3, ArH),
5.80 — 5.68 (2 H, m, ArCH of p-cymene), 5.64 (2 H, d, J 5.9, ArCH of p-cymene), 3.74 (1 H,
d, J 11.3 NCH of NSO»), 3.67 — 3.55 (1 H, m, NCH of NH>), 3.18 (1 H, t, J 11.3,NHH), 3.00
(1 H, m, CHMe: of p-cymene), 2.29 (3 H, s, CH3), 1.33 (6 H, d, J 6.8, CH3); 6c (126 MHz,
DMSO) 149.63 (ArCH pyridine), 147.82 (ArCH pyridine), 142.63 (ArC), 140.14 (ArC),
139.53 (ArC), 134.32 (ArCH), 129.30 (ArCH), 128.66 (ArCH), 128.12 (ArCH), 127.63
(ArCH), 127.35 (ArCH), 126.84 (ArCH), 122.87 (ArCH), 103.23 (RuArC), 95.33 (RuArC),
84.76 (RuArCH), 81.62 (RuArCH), 81.47 (RuArCH), 80.10 (RuArCH), 71.19 (NCH), 68.85
(NCH), 30.52 (CHMe; of p-cymene), 23.20 (CH3), 21.87 (CH3), 18.78 (CH3); m/z (ESI")
588.1[M - C1 ]" ; HRMS (ESI-TOF) m/z: [M - Cl ]" caled for C29H32N30,'?RuS 588.1253,
found 588.1266 (-0.9 ppm error).
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u (500 MHz, DMSO)
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dc (126 MHz, DMSO)
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HSQC (500 MHz, DMSO)
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IR spectra
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HRMS

IntenSG. i NK286.d: +MS, 0.0-1.1min #2-66
x10° 7 5881266
1'5'. 587.1271
1 589.1274
1.0 5
i 586.1270 590.1272
] 585.1275
0.54
1 582.1294 584.1283 >91.1298
0. ] [
x100 ] 1+ CasH32Ns0,RUS, 588.1253
2.0 588.1260
1.5
i 1+ 1+
] 587.1270 590.1265
T 1+
1.0
i 1.586.1264 14
] 585.1271 589.1284
1 1+
0.5+ 1+
1 582.1286 " 591.12931+
. 584.1272 592.1281
0.0 4 \ l | N .
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Ru Complex (S,S,R%*)-12g of ligand (S,S)-11g.

This compound is novel. To a dry 50 mL round-bottom flask charged with a solution of
dichloro(p-cymene)ruthenium(Il) dimer (212 mg, 0.346 mmol) and ligand 11g (237 mg, 0.690
mmol) in dry 2-propanol (1.5 mL) was added triethylamine (140 mg, 1.38 mmol, 192 uL).
After stirring at 80 °C for 1 h, the solution was allowed to cool to r.t, and the solvent was
removed under reduced pressure. The residue was dissolved in DCM (2 mL) to remove residues
of 2-propanol and then dried under vacuum, then the crude product was washed with water (5
mL). The complex was purified by column chromatography on silica gel (20% DCM: 80%
EtOAc to 40% DCM: 60% EtOAc) to give the pure product (394 mg, 0.645 mmol, 93%) as an
orange solid; TLC: Rf ca 0.3 (100% EtOAc), strong UV and KMnO4; Mp =215°C; [a]p® =
+85.8 (c 0.02 in CHCI3); Vmax 3279, 3222, 2960, 2873, 1574 cm™!; 8u (600 MHz, CDCl3) 7.17
(1 H, br. s, ArCH), 7.02 (3 H, m, ArCH), 6.81 — 6.65 (5 H, m, ArCH), 6.56 (2 H, br. S, ArCH),
6.04 (1 H, br. S, NHH), 5.83 (1 H, d, J 5.8, ArCH of p-cymene ), 5.80 — 5.72 (3 H, m, ArCH
of p-cymene), 5.67 (1 H, d, J 5.9, ArCH), 5.31 (1 H, br. s, ArCH), 3.86 (1 H, d, J 11.3, NCH
of NSO»), 3.66 (1 H, m, NCH of NH3), 3.46 — 3.35 (1 H, m, NHH), 3.18 (1 H, m, CHMe> of
p-Cymene), 2.39 (3 H, s, CH3), 1.38 (6 H, t, J 6.5, CH3); 6c (151 MHz, CDCl3) 153.27 (ArC),
141.77 (ArCH), 139.34 (ArC), 139.02 (ArC),, 128.25 (ArCH), 127.82 (ArCH), 127.19 (ArCH),
127.07 (ArCH), 126.07 (ArCH), 111.97 (ArCH), 110.60 (ArCH), 104.83 (RuArC), 95.07
(RuArC), 85.57 (RuArCH), 81.67 (RuArCH), 80.21 (RuArCH), 71.77 (NCH), 68.32 (NCH),
30.46 (CHMe; of p-cymene), 22.72 (CH3), 22.14 (CH3), 18.74 (CH3); m/z (ESI') 577.1 [M -
Cl J; HRMS (ESI-TOF) m/z: [M - CI ]" caled for CasH31N203!'2RuS, 577.1093, found
577.1102 (-0.3 ppm error).
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X-ray structure of Ru Complex (S,S,R%*)-12g CCDC 2182541 (local code nk?7).

Solid state structure of CCDC 2182541 with only key atoms labelled and thermal ellipsoids
drawn at 50% probability level

Crystal structure determination.
The asymmetric unit contains the complex, there are four complexes in the unit cell.

The NHs on N9 were located in a difference map and placed at calculated positions for the
refinement. One forms a short contact tabulated below and the other lies along the dipole of
the Ru-Cl bond.

Specified hydrogen bonds (with esds except fixed and riding H)
D-H H..A D..A <(DHA)
091 2.19 2.932(3) 138.1 N9-H9A...O6B $1

Symmetry operator used to define symmetry related atom discussed in above contact was $1
0.5+X,1.5-Y,1-Z

The Flack parameter and related Hoofty y parameter were
Flack x: -0.016(2)
Hooft y: -0.026(2)

This is small with a small error so you can be confident in the assignment of the crystal
chosen. Additionally, it is made from a molecule of known handedness.

Experimental

Single crystals of C2gH31CIN20O3RuS [nk7] were grown from methanol. A suitable crystal
was selected and mounted on a glass fibre with Fomblin oil and placed on a Rigaku Oxford
Diffraction SuperNova diffractometer with a dual source (Cu at zero) equipped with an
AtlasS2 CCD area detector. The crystal was kept at 150(2) K during data collection. Using
Olex2 [1], the structure was solved with the SHELXT [2] structure solution program using
Intrinsic Phasing and refined with the SHELXL [3] refinement package using Least Squares
minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H.
(2009), J. Appl. Cryst. 42, 339-341.
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2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.
3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal Data for CosH31CIN2O3RuS (M =612.13 g/mol): orthorhombic, space group
P21212; (no. 19), a = 12.03830(10) A, b= 12.88610(10) A, ¢ = 18.52100(10) A, V' =
2873.10(4) A*, Z=4, T=150(2) K, p(Cu Ka) = 6.196 mm™!, Dcalc = 1.415 g/em?, 58813
reflections measured (8.358° <20 < 147.162°), 5770 unique (Rint = 0.0390, Rsigma = 0.0183)
which were used in all calculations. The final Riwas 0.0198 (I > 20(I)) and wR> was 0.0517

(all data).

Table 1 Crystal data and structure refinement. CCDC 2182541.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

[e]

o/
p/e

V/°

Volume/A3

Z

pca1cmg/mm3

p/mm’!

F(000)

Crystal size/mm?

20 range for data collection
Index ranges

Reflections collected

nk7

C28H31CIN203RuS

612.13

150(2)

orthorhombic

P21212;

12.03830(10)

12.88610(10)

18.52100(10)

90

90

90

2873.10(4)

4

1.415

6.196

1256.0

0.16 x 0.1 x 0.04 yellow block
8.358 to 147.162°
-14<h<14,-14<k<16,-23<1<23

58813
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Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]

Final R indexes [all data]

5770[R(int) = 0.0390]
5770/0/328

1.042

R, =0.0198, wR, = 0.0514
R, =0.0202, wR, = 0.0517

Largest diff. peak/hole / e A 0.66/-0.52
Flack parameter -0.016(2)
HRMS
Intens. | NK287.d: +MS, 1.1-2.2min #61-127
x10°4 5774102
1.5
i 576.1113 579.1109
1.0 4
] 575.1108
] 578.1127
0.5
] 571.1130 >80.1140
i 581.1132
0.0 o
x10°_] 1+ CasH31N203RUS, 577.1093
] 577.1100
154
: 1+ 1+
E 576.1110 579.1105
] 1.575.1104 "
] 574.1111 578.1124
0.5 1+ 1+
] 5711126 1+ 580'11341+
1 573.1112 581.1120
0.0~ T 7 |,l T T T T T '“ T T T
570 572 574 576 578 580 582 m'z

S93



Table Comparative X-ray crystallographic data for Ru complexes.

Compound

(S,5,5%)-12¢

(S,5,RRY)-12g

Compound (S.S,RR")-12a (R.R, S®)-12b (R.R, S®)-12¢
CCDC 2182537 CCDC 2182538 CCDC 2182539

Empirical formula CasH31CIN2025RuS2 | C32.5H35CIN202.75RuSs | Co9H34CIN3O3RuS»

Formula weight 636.19 698.26 673.23

Temperature/K 150(2) 150(2) 150(2)

Crystal system orthorhombic Monoclinic hexagonal

Space group P2:212; P2, P6s

a/A 11.94996(8) 9.78513(4) 16.90780(10)

b/A 12.97812(10) 11.79817(5) 16.90780(10)

c/A 19.21709(12) 14.04533(5) 19.27870(10)

a/° 90 90 90

p/e 90 99.3866(4) 90

y/° 90 90 120

Volume/A3 2980.34(4) 1599.776(11) 4772.90(6)

Z 4 2 6

Pcalc g/cm® 1.418 1.450 1.405

wmm 1 6.620 6.227 6.253

F(000) 1304.0 718.0 2076.0

Reflections collected | 91422 76379 96080

Data/restraints/ 5988/0/336 6201/2/378 6407/1/356

parameters

Goodness-of-fit on F> | 1.061 1.084 1.089

Final R indexes R1=0.0291, R1=0.0373, R1 =0.0424,

[[>=206 (D] wR2 =0.0789 wR2 =0.1064 wR2=0.1128

Final R indexes [all R1=0.0293, R =0.0373, R1 =0.0426,

data] wR2 =0.0791 wR2 =0.1065 wR>=0.1132

Lar;g\ez’st diff. peak/hole | 0.80/-0.89 1.28/-0.79 1.01/-0.74

/e A

Flack parameter -0.018(3) -0.017(9) -0.027(11)

CCDC 2182540 CCDC 2182541
Empirical formula C34H4CIN3O3RuS C23H31CIN>O3RuS
Formula weight 709.28 612.13
Temperature/K 150(2) 150(2)
Crystal system Monoclinic orthorhombic
Space group P2, P212124
a/A 9.40940(6) 12.03830(10)
b/A 14.51707(10) 12.88610(10)
c/A 12.09559(8) 18.52100(10)
a/° 90 90
p/e 102.9107(7) 90
y/° 90 90
Volume/A3 1610.45(2) 2873.10(4)
Z 2 4
Pcalc g/cm® 1.463 1.415
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wmm 1 5.616 6.196
F(000) 736.0 1256.0
Reflections collected | 41114 58813
Data/restraints/ 6469/4/396 5770/0/328
parameters

Goodness-of-fit on F? | 1.065 1.042

Final R indexes
[[>=26 (I)]

R1=0.0422, wR2 =
0.1128

R1=0.0198, wRy =
0.0514

Final R indexes [all
data]

R;1=0.0425, wRy =
0.1132

R;1=0.0202, wRy =
0.0517

Largest diff. peak/hole | 2.20/-0.92 0.66/-0.52
/e A’
Flack parameter -0.011(10) -0.016(2)
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(S,S)-Noyori Ru complex 1.

This compound has been reported and fully characterised.* In a dry 50 mL round flask,
dichloro(p-cymene)ruthenium(Il) dimer (153 mg, 0.250 mmol) and (S,S) TsDPEN (183 mg,
0.50 mmol) were dissolved in dry 2-propanol (2 mL). Triethylamine (100 mg, 1.00 mmol, 130
uL) was added to the mixture. After stirring at 80 °C for 1 h, the solution was allowed to cool
to r.t, and the solvent was removed under reduced pressure. The residue was dissolved in DCM
(2 mL) and then dried under vacuum, then the crude product was washed with water (5 mL).
The complex was purified by recrystallization from methanol to afford the pure complex as
orange crystals (304 mg, 0.478 mmol, 96%); Mp 233.5 °C; [a]p?® =+24.3 (¢ 0.2 in CHCL);
d 1 (500 MHz, CDCIl3) 7.05-6.95 (5 H, m, ArH), 6.70-6.64 (5 H, m, ArH), 6.55 (2 H, t, J 7.6,
ArH), 6.40-6.28 (3 H, m, ArH+NH), 5.80 (1 H, d, J 4.9, CH of p-cymene), 5.75-5.65 (3 H, m,
CH of p-cymene), 3.68 (1 H, d, J 11.1, CHNSO»), 3.55 (1 H, t, J 11.5, CHNH>), 3.36 (1 H, ¢,
J 11.0, NH), 3.19 — 2.95 (1 H, m, CH of p-cymene), 2.32 (3 H, s, CH3 of-p-Ts), 2.20 (3 H, s,
CHs of p-cymene), 1.38 — 1.31 (6 H, m, 2 x CHj3 of p-cymene); dc (126 MHz, CDCl3) 143.16
(C), 139.52 (C), 138.94 (C), 138.71 (C), 129.05 (CH), 128.00 (CH), 127.80 (CH), 127.48 (CH),
127.23 (CH), 126.74 (CH), 125.90 (CH), 104.02 (C), 94.69 (C), 85.14 (CH), 82.00 (CH), 80.00
(CH), 71.93 (CH), 69.19 (CH), 30.57 (CH), 22.55 (CH3), 22.25 (CH3), 21.18 (CHz3), 18.92
(CH3); MS (ESI"): m/z, 601.1 [M -Cl]". *K.-J. Haack, S. Hashiguchi, A. Fujii, T. Ikariya
and R. Noyori, Angew. Chem. Int. Ed., 1997, 36, 285-288.
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General procedure for racemic reduction of all substrates.

To a solution of ketone (1 mmol) in MeOH (10 mL) was added NaBH4 (75.6 mg, 2mmol)
portion-wise. The solution was stirred at rt until the ketone had consumed. The solvent was
then removed under reduced pressure and the residue partitioned between water (10 mL) and
EtOAc (10 mL). The organic extract were collected and the aqueous layer extracted with
EtOAc (2 x 10 mL). The organic layers were combined, dried over MgSQOg, filtered and the
solvent removed under reduced pressure. Products were purified by column chromatography
gradient elution 0-50% EtOAc in Pet. Ether

General procedure for asymmetric transfer hydrogenation of all substrates.

Catalyst (1 mol%) in FA/TEA 5:2 complex (0.5 mL) was stirred under an inert atmosphere at
rt for 15 min. The ketone (1 mmol) in DCM (0.5 mL) was then added to the mixture and the
reaction was stirred at rt. At the end of the reaction time, sat. NaHCO3 (10 mL) was added to
quench the reaction and the product was extracted with EtOAc (3 x 10 mL). The organic
fractions were then combined, dried over MgSQa, filtered and the solvent removed under
pressure. The crude products were purified by column chromatography (0 — 50% EtOAc in Pet.
Ether). The enantiomeric excess was determined by chiral GC or HPLC.

General procedure for asymmetric transfer hydrogenation of all substrates followed by
GC.

Catalyst (1 mol%) in FA/TEA 5:2 complex (0.5 mL) was stirred under an inert atmosphere at
rt for 15 min. The ketone (1 mmol) in DCM (0.5 mL) was then added to the mixture and the
reaction was stirred at rt. A small amount of solution was taken in specific time and quenched
using Sat. NaHCOs3 (1 mL) and the product extracted with EtOAc (1 mL). The organic layer
was dried over MgSQy, then injected to the chiral GC at the specified time interval to determine
the enantiomeric excess and conversion. Filtration of the mixture through a small plug of silica
gel in 1:1 hexane:EtOAc serves to remove residues of the catalyst before injection into the GC.

General procedure for asymmetric transfer hydrogenation of all substrates followed by
'H NMR.

Catalyst (1 mol%) was added to an NMR tube, then dissolved in FA/TEA 5:2 complex (0.5
mL) by shaking the tube with cap and left for 20 min to form the active form of catalyst. CsDs
(0.1 mL) was added to lock the '"H NMR. The ketone (0.5 mmol) was then added to the mixture
and the cap replaced with a perforated cap to release the CO> generated during the reaction.
NMR spectra were recorded at the intervals indicated.
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Optimization of acetophenone reduction in different conditions using thiophene complex
(S,8)-12a as a model:

Cat. Co- T time | FA:TEA | Conv.* | Ee Yield** | Configu
solvent /% /% /% ration
(5,5)-12a | DCM |r.t 22h | 5:2 99 97.8 |66 S
(5,5)-12a | None r.t 56h | 5:2 97 96.6 | 60 S
(5,5)-12a | MeCN | r.t 6lh |5:2 98 96.2 |72 S
(5,5)-12a | MeOH | r.t 35h |52 99 96.6 |76 S
(5,S)-12a | DCM [40°C | 16h |5:2 99 96 63 S
(5,8)-12a | DCM 60 °C | 6h 5:2 97 91.2 |42 S
(5,8)-12a | H.0 r.t 56h | 5:2 66 954 | 64 S
(5,8)-12a | DCM |r.t 26h | 1.2:1 99 96.6 | 66 S
(5,8)-12a | DCM |r.t 26h | 0.2:1 97 96.4 |76 S
(S,9)-1 H>O 40°C | 6%5h | 1.2:1 98 95 56 S
(S5,5)-1 DCM |r.t 40h | 5:2 97 96.8 |40 S

* GC conversion from sample. ** isolated yield at end of experiment.
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Comparative rate studies —chiral GC:

Shown below are the conversion and ee, as determined by Chiral GC for acetophenone
reduction under the following conditions;1 mmole ketone, 1% catalyst, 0.5 mL FA:TEA, and
0.5 mL DCM, S=[1.0], followed by chiral GC. Ees are shown only for conversions above
10%, as they were difficult to measure accurately at low conversion. The Noyori catalyst is
[(cymene)Ru(TsDPEN)CI]:

Conversion%
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3-pyridyl complex

Conversion%
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Comparative rate studies — '"H NMR:

The conversion of acetophenone reduction is shown below. Conditions; 0.5 mmol ketone, 1%

catalyst, 0.5 mL FA:TEA, S=[1], and 0.1 mL CsDs to lock the 'H NMR, followed by 'H
NMR (300 MHz):
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; Thiazole complex
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Conversion %

Conversion%

3-pyridyl complex
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Conversion%
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Comparison between the maximum rate of reaction of complexes.

The data collected using "H NMR was processed in Origin software, the function used for non-
linear fitting was the logistic function and the algorithm used to fit the data was Levenberg
Marquardt. The R? for each data set was larger than 0.99, reflecting an excellent fit with the
experimental data as shown below.

Complex R-Square
Thiazole 0.99965
Thiophene 0.99893
Benzothiophene 0.99947
Tetrahydroquinoline 0.99773
Noyori 0.99904
3-Pyridyl 0.99969
Furan 0.99893

Fitted plots are shown below:

0.8
c
S 0.6 -
£
:
c
8 0.4
—
S
0.2 4
\7 Thiophene
0.0 T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70

Time(min)
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Molar concentration
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Maximum rate of reaction of each complex ([S] = 0.83 M).

Complex

Rate of reaction (mol min™! L)

Thiophene 12a

0.03868 +£2.21184E-4

Benzothiophene 12b

0.03039 + 5.96019E-5

Thiazole 12¢

0.03416 + 2.50659E-4

Tetrahydroquinoline 12e

0.01121 + 5.50525E-5

3-Pyridyl 12f

0.02532 + 1.13979E-4

Furan 12g

0.0403 + 2.50407E-4

Noyori 1

0.02278 + 1.08426E-4

The reaction rate of the furan complex is faster than the Noyori one by a factor of 1.77, while
the tetrahydroquinoline complex is slower by a factor of 0.5 than the Noyori catalyst.
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Table of Results for ATH of ketones:

Conditions; 1 mmole ketone, 1% catalyst, 0.5 mL FA:TEA, and 0.5 mL DCM, S=[1].

Substrates (S,S5)- (R,R)- (R,R)- (S,S5)- (R,R)-3- (S,S)-Furan
Thiophene | Benzothioph | Thioazole | Tetrahydro pyridyl (12¢g)
(12a) ene (12¢) quinoline (121)
(12b) (12e)
0 97.8% ee >99% ee 98.6% ee 96.8% ee >99% ee 96.6% ee
©)k S) (R) (®) S) (R) )
100% Conv | 98% Conv 99% Conv | 100% Conv | 98% Conv 99% Conv
66% yield | 91% yield 73% yield | 77% yield 88% yield 91% yield
22h 22h 27h 49h 46h 46h
0 94% ec >99 % ec >99 % ee 97.4% ec >99% ee 91.2% ec
Q)k () (R) (R) () (R) ()
100% Conv | 88% Conv 89% Conv | 99% Conv 99% Conv 99% Conv
Cl 72% yield | 70% yield 79% yield | 79% yield | 92% yield | 93% yield
40h 26h 26h 91h 47h 48h
Cl O 95.8% ee 96.2% ee 96.8 % ee 87.4% ee 97.2 % ee 96.2 % ee
@)& ) (R) (R) ) (R) )
100% Conv | 100% Conv 100% Conv | 100% Conv | 100% Conv | 100% Conv
76% yield | 72% yield 72% yield | 80% yield 93% yield 88% yield
48h 21h 27h 161h 165h 23h
OMe O 91.6 % ce 92% ce 96.4% ec 89.4 % ee 95% ec 91.2% ec
@)& (S) (R) (®) (S) (R) (S)
99% Conv | 99% Conv 100% Conv | 30% Conv 99% Conv 98% Conv
64% yield | 71% yield 73% yield 81% yield 70.6% yield
97h 111h 96h 183h 165h 96h
0O 942% ee | 98.3 % ee 96.7 % ee 98.9% ee 97.2 % ee 93.6 % ee
Q)k () (R) (R) (8) (R) ()
97% Conv | 98% Conv 99% Conv | 51% Conv 98% Conv 96% Conv
MeO 89% yield | 91% yield 81% yield | 44% yield 95%yield 82% yield
167h 142h 142h 167h 165h 187h
S O 97.6% ec >99% ce >99% ee 97.6% ec >99% ee 98.4% ec
() ) (®) ®) ® (") (5)
99% Conv | 99% Conv 99% Conv | 97% Conv 100% Conv | 98% Conv
46% yield | 41% yield 59% yield | 65% yield 97% yield 42% yield
120h 120h 120h 145h 165h 96h
0 0] 99.4% ec >99% ce >99% ee 99% ce >99% ee 96.4% ec
()X (s) ® ® (s) ® (s)
93% Conv | 99% Conv 99% Conv | 99% Conv 93% Conv 98% Conv
70% yield | 75% yield 72% yield | 85% yield 70% yield 81% yield
26h 26h 26h 26h 22h 23h
0] 99.1% ee >99% ee >99% ee 99.3% ee >99% ee >99% ee
©\)ﬁ () (R) (R) (S) (R) ()
98% Conv | 99% Conv 99% Conv | 100% Conv | 99% Conv 99% Conv
0 97% yield | 91% yield 93% yield | 90% yield 82% yield 98% yield
27h 27h 27h 27h 22h 23h
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0] >99% ee 92.8% ee >99% ee 99% ee >99% ee 99.6% ee
(S) (R) (R) (S) (R) (S)
99% Conv | 99% Conv 99% Conv | 99% Conv 99% Conv 99% Conv
71% yield 82% yield 82% yield 82% yield 88% yield 87% yield
111h 111h 160h 160h 47h 48h
O 99.2% ee >98.9% ee >99% ee >99% ee 98.4% ee 95.8% ee
Cl (R) (S) (S (R) (S (R)
100% Conv | 100% Conv 100% Conv | 100% Conv | 100% Conv | 100% Conv
82% yield 74.6% yield 73% yield 86% yield 93% yield 88% yield
15h 15h 15h 15h 22h 15h
o 96.8% ee 94.6% ee 98.1% ee 97.2% ee 96.2% ee 94.6% ee
o (R) (S) (S) (R) (S) (R)
99% Conv | 99% Conv 99% Conv | 98% Conv 99% Conv 99% Conv
91% yield 84% yield 84% yield 87% yield 93% yield 87% yield
23h 23h 23h 23h 22h 23h
F O 8% ee 20.2% ee 33.8% ee 9.8% ee 35.2% ee 1.2% ee
F (R) (S) (S) (R) (S) (R)
100% Conv | 100% Conv 100% Conv | 100% Conv | 100% Conv | 100% Conv
F F 68% yield 69% yield 74% yield 78% yield 82% yield 76% yield
F 15h 15h 15h 15h 22h 15h

S114




'"H NMR, *C NMR, HPLC, and GC spectra for tested substrates:
(S)-1-Phenylethanol (NK224).
OH

>

Acetophenone (120 mg, 1.00 mmol) and catalyst (S,S)-12a (6.30 mg, 0.01 mmol) were reacted
following the general procedure to give (S)-1-phenylethanol as a colourless oil (79.1 mg, 65.9
mmol, 65.9%); 6u (400 MHz, CDCl3) 7.43 — 7.35 (4 H, m, ArH), 7.33 — 7.27 (1 H, m, ArH),
5.01 — 4.88 (1 H, m, CH), 1.82 (1 H, br. s, OH), 1.53 (3 H, d, J 6.5, CH3).; c (101 MHz,
CDCl) 145.81 (C, Ar), 128.53 (CH, Ar), 127.51 (CH, Ar), 125.39 (CH, Ar), 70.46 (CH), 25.17
(CH3).; [a]*® -22.8 (¢ 0.136 in CHCl3) 97.8% ee (S) (lit.2 [a]*” +54.9 (¢ 1.0 in CHCl3) 96% ee.
(R)); GC analysis (CHROMPACCYCLODEXTRIN-B-236M-19, 50 m x 0.25 mm x 0.25 pm,
gas Ho, T =110 °C, P = 15 psi, FID temp 250 °C, injector temp 220 °C, ketone 9.09 min., R
isomer 14.30 min., S isomer 15.17min.).

1 (400 MHz, CDCl:)
IEREARY 8AI[AG 3 FEHG
«««««««««« i et |
OH = e Y
©/k i
|
||
] \ Lu .
T
&4 z § 2
@ 3 S &
T T T T T T T T T T T T T T T T T T T T 1
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 P (SAO ) 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 1.0
1 (ppm
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dc (101 MHz, CDCls)

OH

— 14581
12853
~127.51
12539
—70.46
— 2517

r T
210 200

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

Chiral GC - racemic

/N

Clarity - Chromatography SW
DataApex
www.dataapex.com
Hydrogen
Chrompac cyclodextrin beta 236M-19 50mx0.25mmx0.25um

(3§

Voltage

12+

10

— CAClarity\ WORK1\ Data\ Noha K\ Ru\ NK238-22h-110degree-H2-15psi-GC2-acetophenone-racemic- - Colibrick - 1

1430 1
1517 2

Time

Result Table (Uncal - C: |Clarity | WORK1\|Data|\Noha K\Ru |NK238-22h-110degree-H2-15psi-GC 2-acetophenone-racermic- - Colibrick -
)

Reten. Time Area Height Area Height wWos Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 14.300 65.875 3.462 49.5 51.8 0.28
- 15.168 67.183 3.224 50.5 48.2 0.30
Total 133.058 6.686 100.0 100.0

18
[min. ]
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Chiral GC — asymmetric

2

Clarity - Chromatography SW
DataApex

www.dataapex.com

Hydrogen

Chrompac cyclodextrin beta 236M-19 50mx0.25mmx0.25um

[mV]

9.57

9.0

8.5

8.0

Voltage

— CAClarity\ WORK1\ Data\ Noha K\ Ru work\ NK224-22h-110degree-H2-15psi-GC2-S-cat- - Colibrick - 1

7.57

7.0

6.5

0 4

10

T

12

Time

14

16

Result Table (Uncal - C:|Clarity \WORK1\Data\Noha K\Ru work \NK224-22h-110degree-H2- 15psi-GC2-S-cat- - Colibrick - 1)

Reten. Time Area Height Area Height wWos Compound
[min] [mV.s]) [(mV] (%) (%] [min] Name
1 14.504 0.320 0.034 13 2.0 0.16
2 15.332 28.466 1.667 98.9 98.0 0.27
Total 28.785 1.702 100.0 100.0

[min.]
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(R)-1-(4-Chlorophenyl)ethan-1-0l (NK271)
QH

1-(4-Chlorophenyl)ethan-1-one (155 mg, 1.00 mmol) and catalyst (R,R)-12b (6.78 mg, 0.01
mmol) were reacted following the general procedure to give (R)-1-(4-chlorophenyl)ethan-1-ol
as a yellow oil (109.4 mg, 69.9 mmol, 70%); du (400 MHz, CDCls) 7.24-7.20 (4 H, m, ArH),
4.81(1H,q,J6.5 CH),1.70 (1 H, br. s, OH), 1.40 (3 H, d, J 6.5, CH3); dc (101 MHz, CDCl3)
144.25 (C Ar), 133.10 (C, Ar), 128.62 (CH, Ar), 126.80 (CH, Ar), 69.77 (CH), 25.29 (CH3).
[0]*6 +42.5 (¢ 0.102 in CHCl3) >99% ee (R) ((lit.> [a]® =+51.7 (c =0.23, CHCl53), 94% ee (R));
GC analysis (CHROMPACCYCLODEXTRIN-B-236M-19, 50 m x 0.25 mm x 0.25 pm, gas
H», T=125°C, P =15 psi, FID temp 250 °C, injector temp 220 °C, ketone 13.8 min., R isomer
27.04 min., S isomer 29.26 min.)

on (400 MHz, CDCl3)

{i

7.24
4.84
4.82
4.80
4.79

—1.70
1.41
1.40

OH

/@/\ CHy
Cl

L T T3
i a = 3
o s Zom
r T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 f ES.O ) 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
ppm,
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dc (101 MHz, CDCls)

g L] N Q
oH 3 88y 3 P
c 3 988 8 b
I /N
CHy
ci
d L ol T L v il jod) e oy

r 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 11f0 ( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

Chiral GC- racemic

‘Chromatogram C:\Clarity\WORK1\Data\Noha K\Ru\SUBSTRATES\parachloroaccetopheneone\racemic\NK269-2h-125degree-H2-15psi-GC 2-6-1-22-p-choloroacetop

. Clarity - Chromatography SW
’ DataApex
A www.dataapex.com
Hydrogen

Chrompac cyclodextrin beta 236M-19 50mx0.25mmx0.25um

[mV]
10-prachl ph \ racem ic\ NK269-2h-126degree-H2-15psi-GC2-6-1-22-p-chol toph - Colibrick - 1

o

8
&
8 7
K=l
>

6_

5_

4_

T T T T T
10 15 20 25 30
Time Ll
Result Table (Uncal - C: \Clarity | WORK1\|Data\Noha
K\Ru|SUBSTRA TES|\parachloroaccetopheneone|racemic\NK269-2h-125degree-H2-15psi-GC 2-6-1-22-p-choloroacetophenone- - Colibrick - 1)
Reten. Time Area Height Area Height wWos Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 27.036 10.804 0.202 57.2 58.9 1.26
2 29.260 8.081 0.141 4.8 41.1 1.14
Total 18.886 0.343 100.0 100.0
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Chiral GC-asymmetric

2

Clarity - Chromatography SW
DataApex

www.dataapex.com

Hydrogen
Chrompac cyclodextrin beta 236M-19 50mx0.25mmx0.25um

[mv]

124

11

104

Woltage

fhloroaccatophanseone\ banzot hio\ NK271-28h-125degres-H2-15psl-GG2-7-1-22-p-choloroacetophanone- - Colibrick - 1

20

22

24

Time

Result Table {Uncal - C: |Clarity | WORKY| Data|Noha

28 30

K|Ru |SUBSTRA TES | parachioroaccetopheneons|ben zothio | NK271-26h - 1250 egree-H2- 1 5p5-GC 2= 7- 1+ 22-p-choloroacetophenone- - Cofibrick -

1
Reten. Time Area Height Area Height Wos Compound
[min] [mi.s] [mv] [%&] [%a] [min] Name
27.456 4.435 0071 100.0 100.0 111
Total : 4435 0071 1000 : 100.0 ¢ :

[min.]
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(R)-1-(2-Chlorophenyl)ethan-1-ol (NK277)

Cl  OH

1-(2-Chlorophenyl)ethan-1-one (155 mg, 1.00 mmol) and catalyst (R,R)-12¢ (6.6 mg, 0.01
mmol) were reacted following the general procedure to give (R)-1-(2-chlorophenyl)ethan-1-ol
as a yellow oil (113 mg, 0.722 mmol, 72%); du (400 MHz, CDCls) 7.52 (1 H, d, J 7.7, ArH),
7.23 (2 H, m, ArH), 7.13 (1 H, t, J 7.6, ArH), 5.23 (1 H, q, J 6.4, CH), 1.82 (1 H, br. s, OH),
1.42 (3 H, d, J 6.4, CH3); oc (101 MHz, CDCl3) 143.05 (C), 131.66 (C), 129.42 (CH), 128.42
(CH), 127.22 (CH), 126.41 (CH), 66.99 (CH), 23.52 (CHs); [a]*® +68.0 (c 0.122 in CHCI5)
96.8% ee (R) (lit.> [a]® = +64.8 (c = 0.42, CHCls), 88% ee (R)); GC analysis (CP-Chiralsil-
Dex CB 25m x 0.25mm x 0.25um), gas He, T = 140 °C, P = 15 psi, FID temp 250 °C, injector
temp 220 °C, ketone 2.300 min., R isomer 5.31 min., S isomer 6.31 min.).

u (400 MHz, CDCl3)

Mo eT Mo N M woao o oo
R8I LRSS ES] 8 @Y

cl OH S S agaie

@/f\ S e L IV
| / / J /

r T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

1
-1.0

S121




dc (101 MHz, CDCls)

On
I
14305

Cl

66.99

2352

t N ANy
I
I
MMmmmwmmmmmmmmwmwmwmmmmvm,‘rMMr AN N L ]
I
, ; ; ; ‘ ; ; , ; ; : ; ; , ; , : ; ; ‘
210 200 190 180 170 160 150 140 130 120 11(0( 1;)0 90 80 70 60 50 40 30 20 10
1 (ppm

Chiral GC — racemic.

07/02/2022 13Chromatogram C:\Clarity\WORK1\DATA\Noha\substrtaes\2-chloroacet...\NK317_racemic-GC 1-15psi- 140 degree-run 1-7-2-22-alc-.prm Pagelof1l

2

Clarity - Chromatography SW

DataApex
www.dataapex.com
‘ GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um
[mv]
VORK1\ DATA\ Noha\ substrtaes\ 2-chio ph \r IC\NB17_r Ic-GC1-16psi-140 degree-run1-7-2-22-alc- - U-PAD2 -
5+ - ﬁ
T T

o—

e

-

degree-runl-7-2-22-akc- - U-PAD2 - 1)

Time

Result Table (Uncal -
C:|Clarty \WORKI1|DATA |Noha|substrtaes|2-chioroacetophenone|racemic|NK317 _racemic-GC1-15ps-140

o

~ -

Reten. Time Area Height Area Height wos Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 5.312 15.208 2.749 50.1 56.9 0.09
2 6.312 15.175 2.085 49.9 43.1 0.12
Total 30.383 4.834 100.0 100.0
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Chiral GC — asymmetric.

07/02/2022 15Chromatogram C:\Clarity\WORKI1\DATA\Noha\substrtaes\2-chioroacetop...\NK320_azole-GC1-15psi-140 degree-run1-7-2-22-aic-.prm

Pagelofl

2

Clarity - Chromatography SW

DataApex

www.dataapex.com

GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um
[mv]
ty\ WORRINDATA\ Noha\ substrtaes\ 2-chi top \ le\ _azole-GC1-15psi-140 degree-run1-7-2-22-alc- - U-PAD2 - 1
et
10+ o ~
™\ 3
177" Iﬁ
o-
3
> -104
-20-1
-30-
T T T T T T
3 4 5 6 7 8
Time [min.]
Result Table (Uncal -
C:|Clarity | WORK1|DA TA |Noha|substrtaes| 2-chloroac h |azole| ). 1-15ps-140
degree-runl-7-2-22-alc- - U-PAD2 - 1)
Reten. Time Area Height Area Height wos Compound
[min] [mV.s] [mv] [%] [%] [min] Name
1 5.164 39.252 4.802 98.4 97.1 0.13
2 6.364 0.644 0.142 16 29 0.08
Total 39.896 4.944 100.0 100.0
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(R)-1-(2-Methoxyphenyl)ethan-1-o0l (NK280)

OMe OH

1-(2-Methoxyphenyl)ethan-1-one (150.2 mg, 1.00 mmol) and catalyst (R,R)-12b (6.8 mg, 0.01
mmol) were reacted following the general procedure to give (R)-1-(2-methoxyphenyl)ethan-1-
ol as a yellow oil (108.6 mg, 0.714 mmol, 71.4%); éu (400 MHz, CDCl3) 7.37 (1 H, d, J 7.5,
ArH), 7.28 (1 H, m, ArH), 6.99 (1 H, t,J 7.5, ArH), 6.91 (1 H, d, J 8.2, ArH), 5.12 (1 H, q, J
6.5, CH), 3.90 (3 H, br. s, OCH3), 1.54 (3 H, d, J 6.5, CH3); oc (101 MHz, CDCl3) 156.57 (C),
133.45 (C), 128.31 (CH), 126.11(CH), 120.82 (CH), 110.45 (CH), 66.54 (CH), 55.27 (OCH3),
22.87 (CH3); [a]® +17.3 (c 0.084 in CHCl3) 92% ee (R) (lit.? [a]® = +16.4 (c = 0.39, CHCI3),
87% ee (R)) ; GC analysis (CP-Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas He, T = 140
°C, P =15 psi, FID temp 250 °C, injector temp 220 °C, ketone 3.20 min., R isomer 5.22 min.,
S isomer 4.90 min.).

u (400 MHz, CDCl3)

mmmmmmmmmmm

OMe OH NNNNNKNNG®O O

nm

3
3
3
2
2
2
0
9!
9
9.
9
5.15
813
5.12
5.10
3.90

10 mm——

T T T T T T T T T T T T
110 105 100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)
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dc (101 MHz, CDCls)

o

OMe OH

— 156.57|
— 13345
— 12831
— 126.11]
— 12082
11045
66.54
55.27

i T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ( 1;30 90 80 70 60 50 40 30 20 10
ppm

Chiral GC - racemic.

07/02/2022 1:Chromatogram C:\Clarity\WORK1\DATA\Noha\substrtaes\2-methoxy ac...\NK322_racemic-GC1-15psi-140 degree-run1-7-2-22-alc-.prm Page 1of 1

’ Clarity - Chromatography SW
DataApex
’A www.dataapex.com
GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mv]
n DATA;g;ha\ substrtaes\ 2-methoxy acetophenone\ racemic\ NK322_racemic-GC1-15psi-140 degree-run1-7-2-22-alc- - U-PAD2 - I
o~ ™
10- & 8
B Bes 1
o T
g
3 -101
>
-20+
-30
-40-]
T T T T T
3 4 5 6 iZ

Time frin1

Result Table (Uncal - C:|Clarity| WORK1|DATA |Noha|substrtaes|2-methoxy
acetophenone|racemic|\NK322_racemic-GC 1-15psi-140 degree-run1-7-2-22-ak- - U-PAD2 - 1)

Reten. Time Area Height Area Height WOo05s Compound
[min] [mV.s] [mV] [%] [%] [min] Name
2 4.896 18.226 3.758 50.0 54.0 0.08
3 5.224 18.220 3.207 50.0 46.0 0.09
Total 36.446 6.965 100.0 100.0
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Chiral GC — asymmetric.

08/02/2022 0SChromatogram C:\Clarity\WORK1\DATA\Noha\substrtaes\2-methoxy ace...\NK324_benzo-GC1-15psi-140 degree-run1-7-2-22-alc-.prm

Page 1of 1

2

Clarity - Chromatography SW
DataApex

www.dataapex.com

GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mV]
ORK1\ DATA\ Noha\ substrtaes\ 2-methoxy acetoph \ b \NK324_b GC1-15psi-140 degree-run1-7-2-22-alc- - U-PAD2 - I
-
10+ §
V:
2D |
I
o—
£
S -10
-20
-30
T T T T T
4.0 4.5 5.0 525 6.0
Time
Result Table (Uncal - C: \Clarity |WORK1\DATA |Noha\|substrtaes|2-methoxy
acetophenone|benzo \NK324_benzo-GC1-15psi-140 degree-runl1-7-2-22-alc- - U-PAD2 - 1)
Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mV] (%] (%] [min] Name
1 4.996 2.133 0.852 4.0 123 0.04
2 5.188 51.703 6.089 96.0 87.7 0.14
Total 53.837 6.940 100.0 100.0
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(5)-1-(4-Methoxyphenyl)ethan-1-o0l (NK289)
OH

1-(4-methoxyphenyl)ethan-1-one (150.18 mg, 1.00 mmol) and catalyst (S,S)-12a (6.29 mg,
0.01 mmol) were reacted following the general procedure to give (S)-1-(4-
methoxyphenyl)ethan-1-ol as a yellow oil (135.4 mg, 0.135 mmol, 89.1%); éu (400 MHz,
CDCl3) 7.33 (2 H, d, /8.4, ArH), 6.91 (2 H, d, J 8.4, ArH), 4.88 (1 H, q, J 6.3, CH), 3.83 (3 H,
s, OCH3), 1.82 (1 H, br. s, OH), 1.51 (3 H, d, J 6.4, CH3); 6c (101 MHz, CDCI3) 159.01 (C),
138.01 (C), 126.68 (CH), 113.87 (CH), 70.00 (CH), 55.31 (CHs3), 25.03 (CH3); [a]* -46.6 (c
0.092 in CHCl3) 94.2% ee (S) (lit.* [a]*® +46.6 (c 1.0 in CHCl3) 91.7% (R)) ; GC analysis (CP-
Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas He, T = 120 °C, P = 15 psi, FID temp 250
°C, injector temp 220 °C, ketone 10.132 min., R isomer 13.57 min., S isomer 14.74).

u (400 MHz, CDCl3)

OH a8 SR SBBY 2 8 @R
=2 33 FIES b g 88
i o h -
MeO
1
i |
[l i
1
H A ‘ ﬂt
A
& g & Y
T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 _ 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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dc (101 MHz, CDCls)

159.01

OH

Meo’©/‘\

138.01

126.68
11387

70.00

55.31

25.03

r T T T T T T

210 200 190 180 170 160 150

T
140

T T T T T T
130 120 110 100 90 80
f1 (ppm)

Chiral GC — racemic.

01/03/2022 13Chromatogram C:\Clarity\WORK1\DATA\Noha\substrtaes\pmethoxyacetophenone\...\Instrument 1 - 01_03_2022 11_34_58_again.PRM

Pagelof1

2

Clarity - Chromatography SW

DataApex
www.dataapex.com
GC1 Helium

Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

ORK1\ PATA\ Noha\ substrtaes\ pmethoxyacetophenone\ racemic\ again\ Instrument 1 - 01_03_2022 11_34_58_again - U-PAD2 - 1

Voltage

0.5+

0.0

<
<
=

13 14 15 16
Time
Result Table (Uncal -
C:|Clarity | WORK1|DATA |Noha\substr |\pmethoxy acetoph |racemic|again \Instrument 1 - 01_03 2022
11_34 58 again - U-PAD2 - 1)
Reten. Time Area Height Area Height Wos Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 13.572 44.155 1.942 50.3 55.1 0.38
2 14.736 43.604 1.581 49.7 4.9 0.46
Total 87.760 3.523 100.0 100.0

17

[min.]
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Chiral GC — asymmetric.

01/03/2022 12Chromatogram C:\Clarity\WORK1\DATA\Noha\ \NK289-GC 1-15ps-120 degree-run1-2-2-22-ak-.prm
. Clarity - Chromatography SW
"b DataApex
A www.dataapex.com
GC1 Helium

Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mV]
IRK1\ M‘l’hk Noha\ substrtaes\ pmethoxyacetophenone\ thiophene\ again\ NK289-GC1-15psi-120 degree-run1-2-2-22-alc- - U-PAD2 -

34 ~
w
e
bt
2-
g
o-
.l-

T T T T

12 14 16 18
Time
Result Table (Uncal -
C:|Clarity|WORK1\DATA |Noha|sub: |thiophene|. |NK289-GC 1-15psi-120
degree-runl-2-2-22-ak- - U-PAD2 - 1)
Reten. Time Area Height Area Height wos Compound

[min] [mV.s] [mv] [%] [%] [min] Name
1 14.104 2.048 0.257 29 109 0.12
2 14.652 68.585 2102 97.1 8.1 0.54

Total 70.634 2359 100.0 100.0
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(5)-1-(Thiophen-2-yl)ethan-1-ol (NK297)

W

1-(Thiophen-2-yl)ethan-1-one (126.2 mg, 1.00 mmol) and catalyst (S,S5)-12a (6.29 mg, 0.01
mmol) were reacted following the general procedure to give (S)-1-(thiophen-2-yl)ethan-1-o0l as
a yellow oil (58.7 mg, 0.459 mmol, 45.9%); u (400 MHz, CDCl3) 7.16 (1 H, d, J 4.8, ArH),
6.89 (2 H, m, ArH), 5.05 (1 H, q,J 6.4, CH), 1.98 (1 H, br. s, OH), 1.53 (3 H, d, J 6.4, CH3);
dc (101 MHz, CDCI3) 149.89 (C), 126.68 (CH), 124.45 (CH), 123.20(CH), 66.27 (CH), 25.27
(CH3). [a]* -102.3 (c 0.128 in CHCI3) 97.6% ee (R) (lit.’ [a]* = +21.7 (c 1.1, CHCl3) 96%
ee(R)); GC analysis (CP-Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas He, T=115 °C, P =
120 kPa, FID temp 250 °C, injector temp 220 °C, ketone 2.56 min., R isomer 4.72 min., S
isomer 5.15 min.).

u (400 MHz, CDCl3)

717
2.5

| s_ A VAV, L ;
Vs
v T g i
11.0 10.5 10.0 9.5 9.0 8.5 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 -0.5
f1 (ppm)
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dc (101 MHz, CDCls)

149.89

~ 12668
—124.45
~-123.20

—66.27

25.27

TRy
"

210 200 190 180 170 160 150

140

130

120

T T
110 100
f1 (ppm)

Chiral GC - racemic.

/X

Clarity - Chromatography SW
DataApex
www.dataapex.com

GC1 Helium

Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mv]

1.0

Voltage

0.5

5.148 3

7 4.752 2

c\ aamlwrom(ﬂ DATA\ Noha\ substrtaes\ 2-Acetyl thiophene\racemic\ NK58_2 -GC1-120 Kpa-120 degree-19-1-22-alc- - U-PAD2 -

0.0

3.0

3.5

Result Table (Uncal - C:|Clarity \WORK1|DATA |Noha\|substrtaes| 2-Acety/ thiophene|racemic\NK58_2 -GC1-120

T T T

4.0 4.5 5.0
Time

5.5

Kpa-120 degree-19-1-22-alc- - U-PAD2 - 1)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mV] [%] [%] [min] Name
2 4.752 3.884 0.958 50.0 54.2 0.07
3 5.148 3.878 0.810 50.0 45.8 0.08
Total 7.762 1.768 100.0 100.0

6.0
[min.]
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Chiral GC - asymmetric

/X

Clarity - Chromatography SW
DataApex
www.dataapex.com
GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mv]

2.0

1.0

Voltage

0.5

DATA\ NOHA\ SUBSTRTAES\ 2-ACETYL THI OPHENE THI OPHENE\ NK58_2 -GC1-120 KPA-115 DEGRES-24-1-22-ALC-THIOHENE- - U-PAD2 + 1

4720 2

0.0

-0.5

-1.0+

3.5

4.0 4.5 5.0 THD
Time

Result Table (Uncal - C:\CLARITY\WORKI\DATA |NOHA |SUBSTRTAES|2-ACETYL
THIOPHENE\THIOPHENE|NKS8_2 -GC 1-120 KPA-115 DEGREE-24-1-22-ALC-THIOHENE- - U-PAD2 - 1)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mV] [%] [%] [min] Name
4.720 0.420 0.183 12 5.1 0.04
4.908 34.547 3.382 98.8 94.9 0.17
Total 34.967 3.565 100.0 100.0

6.0
[min.]
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(5)-1-(Furan-2-yl)ethan-1-ol (NK351)

W

1-(Furan-2-yl)ethan-1-one (110.1 mg, 1.00 mmol) and catalyst (S,S)-12¢g (6.12 mg, 0.01 mmol)
were reacted following the general procedure to give (S)-1-(furan-2-yl)ethan-1-ol as a yellow
oil ( 90.5 mg, 0.808 mmol, 80.8%); on (400 MHz, CDCl3) 7.40 (1 H, s, ArH), 6.35 (1 H, br. S,
ArH), 6.25 (1 H,d, J 2.7, ArH), 491 (1 H, q, J 6.5, CH), 1.97 (1 H, br. s, OH), 1.57 3 H, d, J
6.6, CHs); oc (101 MHz, CDCl3) 157.60 (C), 141.93 (CH), 110.14 (CH), 105.11 (CH), 63.66
(CH), 21.28 (CHs), [0]*!' -42.0 (c 0.184 in CHCI3) 96.4% ee (S) (lit.* [a]® = +24.7 (c = 0.36,
CHCI3), 94% ee (R)); GC analysis (CP-Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas He,
T =90 °C, P =120 kPa, FID temp 250 °C, injector temp 220 °C, ketone 2.06 min., R isomer
4.09 min., S isomer 4.28 min.).

81 (400 MHz, CDCl3)
o pH T So5 Y
()
hk M )l‘ A
T T T I
10 105 100 95 0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)
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dc (101 MHz, CDCls)

157.60

14193

— 110.14
—105.11

63.66

210 200 190 180 170 160 150

140

130 120

110

1 (ppm)

100

Chiral GC - racemic

2

DataApex
www.dataapex.com

GC1 Helium

Clarity - Chromatography SW

Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mv]

1.57

1.0

0.5

Voltage

0.0

- G\ Clarity\ WORK1\ DATA\ Noha\ substrtaes\ 2-Acety! furan\ racemic\ NK58_2 -GC1-120 Kpa-90 degree-run1-19-1-22-alc- - U-PAD2 -|1

3.0 3.5

4.0

Time

4.5

5.0

Result Table (Uncal - C: |Clarity |WORK1|DA TA |Noha|substrtaes| 2-Acetyl furan \racemic\NKS8_2 -GC 1-120 Kpa-90
degree-run1-19-1-22-alc- - U-PAD2 - 1)

Reten. Time Area Height Area Height wos Compound
[min) [mV.s) (mv]) (%] (%) [min) Name
2 4.088 16.411 2.870 s2.1 67.5 0.12
3 4.276 15.062 1.384 47.9 325 0.16
Total 31.473 4.254 100.0 100.0

[min.]
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Chiral GC-asymmetric

19/02/2022 22Chromatogram C:\CLARITY\WORK1\DATA\NOHA\SUBSTRTAES\2-...\NK304 -GC1-120 KPA-90 DEGREE-RUN1-31-1-22-FUANR-.PRM

Page 1of 1

. Clarity - Chromatography SW
' DataApex
A www.dataapex.com
GC1 Helium

Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

(3

ARITY\ WORK1\ DATA\ NOHA\ SUBSTRTAES\ 2-ACETYL FURAN\ FURAN\ NK304 -GC1-120 KPA-90 DEGREE-RUN1-31-1-22-FUANR- - U-PAD2 - 1

2.5

2.0

1.57

Voltage

1.01

IHD 4.0 4.5 5.0
Time

Result Table (Uncal - C:|CLARITY|\WORK1|DATA |NOHA |SUBSTRTAES|2-ACETYL FURAN|FURAN|NK304
-GC1-120 KPA-90 DEGREE-RUN1-31-1-22-FUANR- - U-PAD2 - 1)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mV] (%] (%] [min] Name
1 4.412 0.453 0.198 1.8 7.2 0.04
2 4.476 25.049 2.563 98.2 92.8 0.16
Total 25.502 2.761 100.0 100.0

[min.]
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(R)-1,2,3,4-Tetrahydronaphthalen-1-ol (NK310)
OH

3,4-Dihydronaphthalen-1(2H)-one (146 mg, 1.00 mmol) and catalyst (R,R)-12¢ (6.6 mg, 0.01
mmol) were reacted following the general procedure to give (R)-1,2,3,4-tetrahydronaphthalen-
1-o0l as a orange oil (120.7 mg, 0.82 mmol, 82%); du (400 MHz, CDCl3) 7.53 — 7.40 (1 H, m,
ArH), 7.28 - 7.19 (2 H, m, ArH), 7.14 (1 H, d, J 4.7, ArH), 4.81 (1 H, br. s, CHOH), 2.86-2.80
(1 H, m, CH»), 2.80 — 2.69 (1 H, m, CHy), 2.12 — 1.88 (3 H, m, CH+OH), 1.84-1.80 (2 H, m,
CH>); oc (101 MHz, CDCIs) 138.82 (C), 137.14 (C), 129.03 (CH), 128.66 (CH), 127.60 (CH),
126.20 (CH), 68.17 (CH), 32.29 (CH>), 29.26 (CHz), 18.81 (CH>); [a]** -23.7 (¢ 0.05 in CHCl5)
>99% ee (R) (lit.3 [o]° = —34.4 (c = 0.57, CHCl3), 99% ee (R)); HPLC analysis (Chiralcel OD-

H, 250 x 4.6 mm column, hexane/2-propanol 98:02, 1 mL/min, 210 nm, Ketone: 7.33 min, R
1somer: 15.12 min, S isomer: 13.19 min.

on (400 MHz, CDCl3)

mmmmmmmm

OH MR ENN N~

PN e P N i

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
CEBBORBNRRNARNOOOSNRARARRND DD BB D MDA N

4
pt
1

481

7 totd
ory
2t

2

8 88 8

T T T T T T T T T T T T T T T T T T T 1
11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

55 50 45
f1 (ppm)
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8c (101 MHz, CDCL)

g% 8888
OH 85 ABRY

NNNNN

VNS

68.17

—28
—2.26
1881

2‘10 2;.)0 1‘90 1‘80 1‘70 1‘50 1‘50 1;0 1‘30 1‘20 1‘1& (pp"{‘;)o ;0 8‘0 7‘0 éO 5‘0 4‘0 3‘0 2‘0 1‘0
Chiral HPLC- racemic.
MWD1 C, Sig=210,4 Ref=off (RACEMIC_TETRALONE_ODH_RUNT\SIG1000001.D)
mAU 1 I
00
400
a0
200
100 -
E s 3 T ¢ ¥ ¥ L r T T 3 T T T
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mMAU*s] [mAU] %
e i | === ——————— | memeeessss | sessmsmaes] S=e s —— |
g | 13.193 BV 0.8509 3.73828e4 661.91278 52.3391
2 15.120 VB 0.8140 3.40405e4 638.47064 47.6603
Totals = 7.14233e4 1300.38342
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Chiral HPLC- asymmetric.

MWD1 C, Sig=210,4 Ref=off (N\K310_ODH_TETRALONE_AZOLE\SIG1000001.D)
mAU 4 ~
50_‘
40
30_
20
104
0..
25 5 75 10 125 15 175 " min
Peak RetTime Type Width Area Height Area
= [min] [min] [mMAU*s] [mAU] %
el i ] | | —— | |
1 14.947 BB 0.7453 2842.52368 58.25013 100.0000
Totals = 2842.52368 58.25013
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(R)-Chroman-4-ol (NK315)
QH
: 0

Chroman-4-one (148.2 mg, 1.00 mmol) and catalyst (R,R)-12¢ (6.6 mg, 0.01 mmol) were
reacted following the general procedure to give (R)-chroman-4-ol as a white solid (139 mg,
0.93 mmol, 93%); du (400 MHz, CDCls) 7.33 (1 H, d, J 7.6, ArH), 7.23 (1 H, t, J 7.7, ArH),
6.95 (1 H,t,J 74, ArH), 6.87 (1 H, d, J 8.2, ArH), 4.81 (1 H, s, CH), 435 - 4.16 (2 H, m,
CH»), 2.22 - 2.09 (1 H, m, CH), 2.09 — 2.01 (1 H, m, CH), 1.97 (1 H, s, OH); &c (101 MHz,
CDCl3) 154.59 (C), 129.74 (CH), 129.67 (CH), 124.33 (C), 120.60 (CH), 117.09 (CH), 63.25
(CH), 61.93 (CH>), 30.83 (CH>); [a]*® +88.3 (c 0.078 in CHCl3) >99% ee (R) (lit.* [a]° =
+64.63 (c = 0.55, CHCI3), 99% ee (R)); HPLC analysis (Chiralcel OD-H, 250 x 4.6 mm

column, hexane/2-propanol 95:05, 1 mL/min, 210 nm, Ketone: 7.33 min, R isomer: 11.37 min,
S isomer: 9.70 min.

u (400 MHz, CDCl3)

73
7.32

OH

@ij SRS
THE

10

] ik

=&
—o

r T T T T T T T T T T T T T T T T T T T 1
11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1.0

55 50 45
1 (ppm)
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dc (101 MHz, CDCls)

mmmmm
N8 Moo
mmmmm
NNNNN

0
=y
15459

3083

8
1
<
1
—1
1
_-63.25
~6193

r T . T . . T . T . T T . T . T T . T T .
200 200 190 180 170 160 150 140 130 120 110 G 1;)0 %0 80 70 60 50 40 30 20 10
ppm

Chiral HPLC - racemic.

WWDT B, Sig=254.4 Ref=off (NK312_ODH_RUNT_2_2_202261G 1000001.0)
mAU > s
200
00
mﬁ
100
0 B S S S S
25 5 75 10 125 15 17.5 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mMAU*s] [mAU] %
sl s Amaa e e L R Jr= e Je e |
1 9.701 BV 0.7094 9.38682e4 2076.31812 48.8580
2 11.369 VB 0.7565 9.82564e4 2045.11304 51.1420
Totals 1.92125e5 4121.43115
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Chiral HPLC -asymmetric.

MWD1 C, Sig=210,4 Ref=off (NK315_AZOLE_ODH_RUNT\SIG1000001.D)
mAU a
140 -
120
100
-
60
40
20
0] ]\L e ,
' 2 4 6 8 10 1 14 mi
Peak RetTime Type Width Area Height Area
= [min] [min] [mMAU*s] [mAU] %
=== mrresTs il fR s | sess==——== | | e |
1 11.430 BB 0.4812 5181.16699 164.61308 100.0000
Totals : 5181.16699 164.61308
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(R)-2-Chloro-1-phenylethan-1-0l.(NK330)

OH

oA

2-Chloro-1-phenylethan-1-one (154.6.1 mg, 1.00 mmol) and catalyst (R,R)-12¢ (6.6 mg, 0.01
mmol) were reacted following the general procedure to give (R)-2-chloro-1-phenylethan-1-ol
as a colourless oil (114 mg, 0.73 mmol, 73%); ou (400 MHz, CDCI3) 7.51 — 7.28 (5 H, m,
ArH), 5.05-4.85 (1 H, m, CH), 3.75(1 H, dd, J 11.2, 3.3, CH>), 3.68-3.62 (1 H, m, CH>), 2.72
(1 H, br. s., OH); dc (101 MHz, CDCl3) 139.95 (C), 128.70 (CH), 128.49 (CH), 126.09 (CH),
74.09 (CH), 50.91 (CHa); [a]*! +58.04 (c 0.17 in CHCI3) >99% ee (S) (lit.> [a]® = +89.5 (c =
0.31, CHCIl3), 97% ee (S)), GC analysis (CP-Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas
He, T =140 °C, P = 15 psi, FID temp 250 °C, injector temp 220 °C, ketone 4.15 min., S isomer
6.54 min., R isomer 6.98 min.).

u (400 MHz, CDCl3)

ITBRRERA %6 RRRRRRBY X

oH  SEE2RRRR ¥ 60w o e
e N TSN

T T T T T T T T T
11.0 105 100 9.5 9.0 85 8.0 7.5 70 65 6.0 5.5 50 4.5
f1 (ppm)
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dc (101 MHz, CDCls)

OH

@/‘\/u

5091

—7409

— 1395

12870
Limag
12609

r T T T
210 200 190 180

T
170

T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Chiral GC- racemic.

09/02/2022 12:44

Chromatogram C:\Clarity\Work 1\DATA\Instrument 1 - 09_02_2022 12_27_23.PRM Page1of1

2

Clarity - Chromatography SW
DataApex
www.dataapex.com
GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mV]
— Instrument 1 - 09_02_2022 12_27_23 - U-PAD2 - 1
40
- o~
20 ; *
o o
= s |
0 I
S -207
S
-40
-60
-80
T T T T T T T
3 4 5 6 7 8 9
Time ]
Result Table (Uncal - Instrument 1 - 09_02_2022 12 27 23 - U-PAD2 - 1)
Reten. Time Area Height Area Height wos Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 6.540 33.431 3.541 50.0 54.2 0.15
2 6.976 33.404 2.987 50.0 45.8 0.19
Total 66.835 6.529 100.0 100.0
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Chiral GC — asymmetric.

09/02/2022 1SChromatogram C:\Clarity\WORK1\DATA\Noha\substrtaes\alpha-chloroaceto...\NK330 -GC1-15psi-140 degree-run1-9-2-22-furan-.prm  Page 1 of 1
7‘ Clarity - Chromatography SW
’ DataApex
A www.dataapex.com
GC1 Helium

Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mV]
\ WORKINDATA\ Noha\ substrtaes\ alpha-chloroacetophenone\ azole\ NK330™-GC1-15psi-140 degree-run1-9-2-22-furan- - U-PAD2 - 1
g
1.5
| I l

@
g
o
>

1.0

0.5

T T T T
6.0 6.5 7.0 7.5
[min.]

Time

Result Table (Uncal - C: |Clarity | WORK1|DATA |Noha|substrtaes|alpha-chloroacetophenone|azole| NK330
-GC1-15psi-140 degree-run1-9-2-22-furan- - U-PAD2 - 1)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mV] [%] (%] [min] Name
1 6.684 3.815 0.817 100.0 100.0 0.08
Total 3.815 0.817 100.0 100.0
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2-Phenoxy-1-phenylethan-1-one (NK340)
O

o0

A 250 mL three neck round-bottom flask was charged with phenol (780 mg, 8.30 mmol) and
K>COs3 (1.66 g, 1.19 mmol), suspended in acetone (70 mL) and left for 30 min at rt. 2-
Bromoacetophenone (1.50 g, 7.50 mmol) was added to the mixture using a dropping funnel
over 45 min, then the solution was refluxed for 4h. The solvent was then evaporated under
vacuum and the residue was extracted using DCM (3 x 50 mL) from 2M NaOH (50 mL), then
dried using dry MgSOs. The crude product was recrystalized from petroleum ether to afford
the desired product as a yellow solid (1.26 g, 5.94 mmol, 79%); ou (400 MHz, CDCl3) 7.92 (2
H,d,J7.7, AtH), 7.53 (1 H, t,J 7.3, ArH), 7.41 2 H, t, J 7.6, ArH), 7.20 (2 H, t, J 7.7, ArH),
7.00 — 6.78 (3 H, m, ArH), 5.19 (2 H, br. s, CHz); 6c (101 MHz, CDCl3) 194.56 (C), 158.04

(C), 134.63 (C), 133.89 (CH), 129.61 (CH), 128.86 (CH), 128.17 (CH), 121.68 (CH), 114.84
(CH), 70.81 (CHz); MP = 78.2 °C. The data matched that reported.®

u (400 MHz, CDCl3)

mmmmmmmmmmmmmmm
mmmmmmmmmmmmm
mmmmmmmmmmmmmmm

o]
: . o N NeEem————

[l

5.18

r T T T T T T T T T T T T T T T T T T T T T T 1
11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1.0

5.0
f1 (ppm)
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oc (101 MHz, CDCl3)

(o]
194.56
158.04
134
133,

—121.68
— 11484
7081

T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 a %20 ) 110 100 9 8 70 60 50 40 30 20 10 0
ppm
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(5)-2-Methoxy-1-phenylethan-1-o0l (NK344).
OH

SARe

2-Methoxy-1-phenylethan-1-one (212.3 mg, 1.00 mmol) and catalyst (R,R)-12f (6.6 mg, 0.01
mmol) were reacted following the general procedure to give (R)- 2-methoxy-1-phenylethan-1-
ol as a colourless oil (179 mg, 0.84 mmol, 84%); 6u (400 MHz, CDCl3) 7.47 — 7.12 (7 H, m,
ArH), 6.94 — 6.78 (3 H, m, ArH), 5.04 (1 H, d, J 8.7, CH), 4.03-4.00 (1 H, m, CH>), 3.93-3.90
(1 H, m, CH), 2.73 (1 H, d, J 8.8, OH); &c (101 MHz, CDCl3) 158.41 (C), 139.68 (C), 129.59
(CH), 128.60 (CH), 128.22 (CH), 126.32 (CH), 121.34 (CH), 114.67 (CH), 73.32 (CH>), 72.62
(CH); [a]*! +57.43 (¢ 0.184 in CHCl3) 96.2% ee (S) (lit.> [a]° = +56.6 (c = 0.35, CHCl3), 93%

ee (8)), HPLC analysis (Chiralcel OD-H, 250 x 4.6 mm column, hexane/2-propanol 93:07, 1
mL/min, 210 nm, Ketone: 15.22 min, S isomer: 26.55 min, R isomer: 16.19 min.

u (400 MHz, CDCl3)

n
mmmmmmmmmmmmmmmm

OH R RRRRREEE R EEE

5 AR INAS S-S

mmmmmmm
SeSoaaa

vvvvvvv

_-5.05
“-5.03
274
272

g
5

5.5 0 45
f1 (ppm)

098] T

T T T T T T T T T T T T T T T T T 1
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1.0
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dc (101 MHz, CDCls)

Sone

158.41
139.68

ﬂﬂﬂﬂﬂ

— 114.67

_~7332
7262

210 200 190 180 170 160 150 140

Chiral HPLC - racemic.

130 120

MWD1 B, Sig=254,4 Ref=off (NK341-ODH-RACEMIC_PHENOXY\SIG1000001.D)
mAU o S
350
3007 2
250 ©
200
150 4
100
50
0 PR i
1|0 2|0 3|0 4(0 mwr|1
Peak RetTime Type Width Area Height Area
i [min] [min] [MAU*s] [mAU] %
B e [ i i | === ======= | === | —==—————— | —======- |
1 16.192 VB 0.4501 1.12928e4 387.38953 50.2552
2 26.553 BB 0.7873 1.11781le4 212.65256 49.7448
Totals 2.24709e4 600.04208
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Chiral HPLC- asymmetric.

MWD1 C, Sig=210,4 Ref=off (NK344_ODH_AZOLE_PHENOXY\SIG1000001.D) - -
mAU 3 =
300%
250
200 -
150 -
100 4 ©
| <
50 P
04 / o~
R " % = "
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

———m |- |-—== | -————-- e | -—-—m———- |-—-————- |
1 16.045 VB 0.4228 308.68591 10.75745 1.9245

2 25.741 BB 0.6520 1.57314e4 374.52927 98.0755

Totals : 1.60401e4 385.28672
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1-(Perfluorophenyl)ethan-1-ol (NK337)
F OH

F

1-(Perfluorophenyl)ethan-1-one (210 mg, 1.00 mmol) and catalyst (S,S)-12e (6.8 mg, 0.01
mmol) were reacted following the general procedure to give 1-(perfluorophenyl)ethan-1-ol as
a yellow oil (164 mg, 0.77 mmol, 78%). ou (400 MHz, CDCl3) 5.29 — 5.10 (1 H, m, CH), 2.19
(1 H, br. S, OH), 1.58 (1 H, d, J 6.7, CHs); 6c (101 MHz, CDCls) 145.86 (C), 143.40 (C),
141.73 (C), 139.20 (C), 138.79 (C), 136.28 (C), 117.84 (C), 62.12 (CH), 22.82 (CH3); d r (376
MHz, CDCls) -144.64, -144.66, -144.70, -144.72, -155.54, -155.60, -155.65, -161.90, -161.92,
-161.96, -161.98, -162.01, -162.03, -162.04; [a]*' +0.96 (c 0.17 in CHCl3) 9.8% ee (R) (lit.”
[a]P 25 -6.7 (¢ 0.1 in CHCl3) 90.2 % ee (S)); GC analysis (CP-Chiralsil-Dex CB 25 m x 0.25
mm x 0.25 um), gas He, T =80 °C, P = 15 psi, FID temp 250 °C, injector temp 220 °C, ketone
28.66 min., R isomer 19.30 min., S isomer 30.32 min.).

u (400 MHz, CDCl3)

2
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5
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157

/
Y
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11.0 10.5 10.0 95 9.0 8.5 8.0 1.3 7.0 6.5 6.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 -0.5 -1.0

T T
5.5 5.0
f1 (ppm)
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dc (101 MHz, CDCls)

BLYR/RY & 5o o

F OH CLTRAR 5 Gu
F. b d I N
F F

F

. " | "
' ” ,I ¥ L UL e Ui
A !
r T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
r (376 MHz, CDCl3
PBRN BBHRRS

F OH FIYY BRECGR
F: R N
F F

F 1

| .,
™
. T T . T T . T T T . T T . T T . T T . . T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 f1»100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
ppm
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Chiral GC — racemic.

09/02/2022 14:00 Chromatogram C:\Clarity\Work 1\DATA\Instrument 1 - 09_02_2022 13_19_01.PRM Page 1of 1
. Clarity - Chromatography SW
DataApex
’A www.dataapex.com
GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[(mv]
— Instrument 1 - 09_02_2022 13_19_01 - U-PAD2 - 1

1.0

Voltage

0.5

0.0

-0.5-

20 25 30

Time [rvin-1

Result Table (Uncal - Instrument 1 - 09 02 2022 13 19 01 - U-PAD2 - 1)

Reten. Time Area Height Area Height wWos Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 19.304 52.881 1.164 49.5 63.6 0.74
2 28.656 54.001 0.667 50.5 36.4 1.32
Total 106.882 1.831 100.0 100.0

Chiral GC — asymmetric.

09/02/2022 1¢Chromatogram C:\Clarity\WORK1\DATA\Noha\substrtaes\pentafloroacetophe...\NK337 -GC1-15psi-80 degree-run1-9-2-22-quino-.prm Page 1of 1

. Clarity - Chromatography SW
DataApex
’A www.dataapex.com
GC1 Helium
Column: CP-Chiralsil-Dex CB 25mx0.25mmx0.25um

[mv]
rity\ W 1\ DATA\ Noha\ substrtaes\ pentaflor toph \ quino\ NK337 -GC1-15psi-80 degree-run1-9-2-22-quino- - U-PAD2 - 1

2.0

s o~

- o~

1.5 & 2

I/XJ Lree—
3 1.07
0.5
0.0
T T T T T T T
20 22 24 26 28 30 32
Time {min.]
Result Table (Uncal - C:\Clarity| WORKI\DATA |Nohal 1o h \quino\NK337
-GC1-15psi-80 degree-runl1-9-2-22-quino- - U-PAD2 - 1)
Reten. Time Area Height Area Height WO0s Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 20.312 4.302 0.252 45.1 59.7 0.27
2 30.320 5.240 0.170 54.9 40.3 0.48
Total 9.542 0.421 100.0 100.0
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Reduction of hindered ortho-substituted substrates using catalysts (R,R)-12¢ and 12f.

Products (R,R)-Thioazole (R,R)-3-pyridyl (5,9)-1
12¢ 12f
OH OH 98% ee (R) 92.4% ee (R) -
95.3% conv 99.5% conv
82% yield 84% yield
118 h 118 h
L >99% ee (R) >99% ee (R) >99% ee (S)
O OH 100% conv 96% conv 57% conv
97% yield 94% yield 41% yield
118 h 168 h 158 h
Br OH 95.6% ee (R) 96.2% ee (R) -
100% conv 99.4% conv
85% yield 87% yield
118 h 118 h
Cl  OH 88.6% ee (R) 90.6% ee (R) -
Cl 99.4% conv 100% conv
85% yield 89% yield
Cl 118 h 118 h
OH 90.6% ee (R) 94.6% ee (R) -
94% conv 85.4% conv
87% yield 71.3% yield
168 h 168 h

1-(2-Ethoxyphenyl)ethan-1-one (NK387).

—

B¢

In 100 mL round bottomed flask, 1-(2-hydroxyphenyl)ethan-1-one (1.00 g, 7.35 mmol) and
K>COs (1.31 g, 9.5 mmol) were added to DMF (20 mL). Bromoethane (2.5 mL, 3.67 g, 33.4
mmol) was added and the mixture heated to 50 °C until the ketone was consumed (ca. 2 days).
The mixture was cooled to r.t and filtered to remove the K>CO3. The product was extracted
using DCM (3 x 50 mL) after adding iced water (50 mL). The organic extracts were combined,
dried over MgSO0s, filtered and the solvent was removed under reduced pressure. The crude
product was purified by column chromatography (0 — 5% EtOAc in Pet. Ether) to give 1-(2-
ethoxyphenyl)ethan-1-one as a white solid (1.10 g, 6.70 mmol, 91%); TLC: Rf ca 0.5 (20%
EtOAc: 80% Pet. Ether), strong UV and KMnOy; on (400 MHz, CDCI3) 7.75 (1 H, d, J 7.7,
ArH), 7.45 (1 H, t,J 7.8, ArH), 7.07 — 6.84 (2 H, m, ArH), 4.15 (2 H, q, J 7.0, CH>), 2.65 (3
H, s, CHs), 1.49 (3 H, t, J 7.0, CH3); d6c (101 MHz, CDCl3) 199.98 (C), 158.40 (C), 133.63
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(CH), 130.35 (CH), 128.35 (C), 120.40 (CH), 112.34 (CH), 64.06 (CH>), 32.03 (CHz3), 14.76
(CH3). The data matched that reported.®

3u (400 MHz, CDCl3).

mmmmmmmmmm
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o
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oc (101 MHz, CDCl)

2 2 38R 2 5 o o ©
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! ! I
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1-(2-Isopropoxyphenyl)ethan-1-one (NK388)

)\O O

o

In a 100 mL round bottomed flask, 1-(2-hydroxyphenyl)ethan-1-one (1.00 g, 7.35 mmol) and
K>CO3 (2.03 g, 14.7 mmol) were added to DMF (20 mL), then 2-bromopropane (1.4 mL, 1.83
g, 14.7 mmol) was added and the mixture heated to 70 °C until the ketone was consumed (3
days). The mixture was cooled to r.t and the K2CO3 was removed by filtration. The product
was extracted using DCM (3 x 50 mL)after adding iced water (50 mL). The organic extracts
were combined, dried over MgSOQs, filtered and the solvent was removed under reduced
pressure. The crude product was purified by column chromatography (0 — 5% EtOAc in Pet.
Ether) to give 1-(2-isopropoxyphenyl)ethan-1-one as a colourless oil (1.25g, 7.01 mmol, 95%);
TLC: Rf ca 0.6 (20% EtOAc: Pet. Ether), strong UV and KMnOy; u (400 MHz, CDCl3) 7.72
(1H,d,J7.9, ArH), 7.41 (1 H, t,J 7.8, ArH), 6.95-6.90 (2 H, m, ArH), 4.68 (1 H, hept, J 6.0,
CH), 2.62 (3 H, s, CH3), 1.39 (6 H, d, J 6.0, CH3); 6 ¢ (101 MHz, CDCls) 199.67 (C), 157.20
(C), 133.37 (CH), 130.28 (CH), 129.05 (C), 120.01 (CH), 113.47 (CH), 70.36 (CH), 31.98
(CH3), 21.87 (CH3). The data matched that reported.’

u (400 MHz, CDCl3)

NRIFRRRS RRREGST ] £8
vvvvvvvvvvvvvv 3 &8
)\ NN SN\ = 2
0 0
I | i
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o
£ e g T I
- - ~N - - ©
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 1.0

5.0
f1 (ppm)
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dc (101 MHz, CDCls)

199.67
157.20
—133.37
_-130.28
~—129.05
—120.01
— 11347
7036
31.98
2187

i T . T . T . T . . . T T . T . T . T . .
210 200 190 180 170 160 150 140 130 120 uf? " 1§Jo £ 80 70 60 50 40 30 20 10
ppm

(R)-2-(1-Hydroxyethyl)phenol (NK408)
OH OH

1-(2-Hydroxyphenyl)ethan-1-one (136 mg, 1.00 mmol) and catalyst (R,R)-12f (6.2 mg, 0.010
mmol) were reacted following the general procedure to give 2-(1-hydroxyethyl)phenol (116
mg, 0.84 mmol , 84%) as a colourless oil; o (400 MHz, CDCIl3) 7.94 (1 H, s, ArOH), 7.18 (1
H,t,J7.7, ArH), 6.99 (1 H, d, J 7.5, ArH), 6.92 — 6.81 (2 H, m, ArH), 5.09 (1 H, q, J 6.5, CH),
2.50 (1 H, br.s, OH), 1.60 (3 H, d, J 6.6, CH3); oc (101 MHz, CDCI3) 155.28 (C), 128.91 (CH),
128.55 (C), 126.51 (CH), 119.96 (CH), 117.04 (CH), 71.40 (CH), 23.40 (CHa). [0]*! +32.4 (c
0.14 in CHCI3) 92.4 % ee (R) (lit.!” [o]*? +22.3 (0.65 ¢ in CH2Cl,) — 98.8% ee (R); GC analysis
(CP-Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas Ho, T = 140 °C, P = 15 psi, FID temp
250 °C, injector temp 220 °C, ketone 2.078 min., R isomer 11.53 min., S isomer 13.64 min.)
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on (400 MHz, CDCl)

OH OH
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Chiral GC - racemic.

[m]
DRK1\ DAITM MNoha\ substrtases\ 2-hydroxyactophsnona\racemici NK390-hydoxy-run2-racemic-140-15psi-12-4-2022-H2 - U-PAD2 -

41

153 1

Voltage

~
3
A

U_
-11
-2
T T T T ;.
11 12 13 14 15
Tirme
Result Table (Lincal -
| Clarity | WORKI DA TA [Nohals |2-hydroxyactoph el racamic |NK3N-hy doxy -run2-racemic-140- 15
PS-12-4-2022-H2 - U-PAD2 - 1)
Reten. Time Area Height Area Height Waos Compound
[min] [m.s] [miv] [20] [%] [min] Name
1 11,528 H.083 2847 623 65.4 0.57
2 1364 56.962 1.507 377 36 0.66
Total 151045 4.3%4 100.0 100.0

Chiral GC — asymmetric

[rmin.]

[mv]
A CLARITN
2.5

-
Z
o

Voltage

0.5

0.0+

WORK1\ DATA\ NOHA\ SUBSTRTAES\ 2- HYDROXYACTOPHENONE. P\ NK391-HYDOXY-FY-140-15PSI-11-4-2022-H2 - U—Pd\DA =1

;[14524 2

13.0

T
12.5
Time

Result Table (Uncal -
C:ICLARITY|WORKIIDATA |\NOHA | SUBSTRTAES | 2-HYDROXYACTOPHENONEPY\NKI21-HYDOXY-FY-140-15P
SI-114-2022-H2 - U-PADZ - 1)

14.5

Reten. Time Area Height Area Height Wos Compound
[rmin] [m.s] [rmv] [%] %] [min] Name
1 12.044 43.295 1.536 96.2 93.3 0.50
2 14.524 1735 0110 3.8 6.7 0.32
Total 45.020 1.646 100.0 woo: &1

[min.]
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(R)-1-(2-Ethoxyphenyl)ethan-1-ol (NK395).

L

O OH

1-(2-Ethoxyphenyl)ethan-1-one (164 mg, 1.00 mmol) and catalyst (R,R)-12¢ (6.6 mg, 0.010
mmol) were reacted following the general procedure to give 1-(2-ethoxyphenyl)ethan-1-ol as
a colourless oil (161 mg, 0.96 mmol, 96%); du (400 MHz, CDCl3) 7.36 (1 H, d, J 7.4, ArH),
7.28-7.23 (1 H, m, ArH), 6.98 (1 H, t, J 7.4, ArH), 6.89 (1 H, d, J 8.2, ArH), 5.12 (1 H, br.s,
CH),4.11 (2H,q,J6.9,CHy),2.96 (1 H, s, OH), 1.54 3H, d, J 6.5, CH3), 1.47 (3 H,t,J 7.0,
CHs3); 6c (101 MHz, CDCl3) 155.93 (C), 133.55 (C), 128.21 (CH), 126.17 (CH), 120.68 (CH),
111.30 (CH), 66.73 (CH), 63.54 (CHa), 22.92 (CHs), 14.93 (CH3); [o]*' +32.5 (c 0.096 in
CHCl3) > 99% ee (R) (lit.!! [a] 2°p = —33.48 (c = 0.233 in CHCl3)- 93% ee (S); HPLC analysis
(Chiralcel OJ , 250 x 4.6 mm column, hexane/2-propanol 99:01, 0.8 mL/min, 290 nm, Ketone:
8.28 min, S isomer: 11.04 min, R isomer: 12.85 min.

1 (400 MHz, CDCl3)
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dc (101 MHz, CDCls)

& Boas 8 ] o5 5 @
I a 88 8 =2 g o o .
0 o ag g o @ & X
[ | (.
LO OH
"
1
|
! I
i
1
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 11(0 ( 1§)0 20 80 70 60 50 40 30 20 10
1 (ppm

Chiral HPLC - racemic.

MWD1 H, Sig=290 4 Ref=off (NK409-OET_OJ-RUN11061-0101.D)

2 4 6 8 10 12 14 16 min

Signal 8: MWDl H, Sig=290,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] &

1 11.040 MM iR 11.42751 2.03213e-1 56.5834
2 12.855 MM 0.9290 8.76835 1.57304e-1 43.4166

Totals : 20.19586 3.60517e-1
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Chiral HPLC — asymmetric sample.

] pa) Zu

) v
MWD1 H, Sig=290,4 Ref=off (NK395-AZ0-0J1061-0101.D)

Signal 8: MWDl H, Sig=290,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
) === mmomoms | mmemomomom |=mmomomoms | mmomemos
1 12.688 MM 1.2038 85.16027 1.17909 100.0000
Totals : 85.16027 1.17909

(R)-1-(2-Isopropoxyphenyl)ethan-1-ol (NK398).

Ao OH

1-(2-Isopropoxyphenyl)ethan-1-one (178 mg, 1.00 mmol) and catalyst (R,R)-10 (6.6 mg,
0.010 mmol) were reacted following the general procedure to give 1-(2-
isopropoxyphenyl)ethan-1-ol as a colourless oil (97 mg, 0.78 mmol, 78%); dou (400 MHz,
CDCl3) 7.35 (1 H, d, J 7.5, ArH), 7.24 (1 H, t, J 7.8,ArH), 6.99 — 6.86 (2 H, m, ArH), 5.19 —
5.03 (1 H, m, CH), 4.67 (1 H, m, CH), 3.00 (1 H, br.s, OH), 1.54 (3 H, d, J 6.5, CH3), 1.40 (6
H, m, CH3); 6c (101 MHz, CDCI3) 154.80 (C), 134.20 (C), 128.11 (CH), 126.43 (CH), 120.50
(CH), 112.49 (CH), 69.89 (CH), 66.94 (CH), 22.88 (CH3), 22.19 (CH3); [a]*' +14.62 (c 0.122
in CHCI3). The separation of enantiomers proved difficult and an ee could not be determined.
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on (400 MHz, CDCl)
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(R)-1-(2-Bromophenyl)ethan-1-ol (NK400)

Br OH

1-(2-bromophenyl)ethan-1-one (199 mg, 1.00 mmol) and catalyst (R,R)-12f (6.2 mg, 0.010
mmol) were reacted following the general procedure to give 1-(2-bromophenyl)ethan-1-ol as
a white solid (175 mg, 0.87 mmol, 87%); du (400 MHz, CDCls) 7.52 (1 H, d, J 7.8,ArH), 7.44
(1H,d,J8.0,ArH), 7.27 (1 H, t,J 7.5, ArH), 7.05 (1 H, t,J 7.6, ArH), 5.17 (1 H, q, J 6.0, CH),
1.95 (1 H, s, OH), 1.41 (3 H, d, J 6.4, CH3); 6c (101 MHz, CDCl3) 144.61 (C), 132.68 (CH),
128.80 (CH), 127.87 (CH), 126.67 (CH), 121.74 (C), 69.22 (CH), 23.59 (CH3); MP. 61.9 °C;
[a]*! +54.3 (¢ 0.194 in CHCl3) 96.2% ee (R) (lit."! [a] *°p = —44.45 (c = 0.432 in CHCI3)- 91%
ee (S); GC analysis (CP-Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas H>, T =140 °C, P =
15 psi, FID temp 250 °C, injector temp 220 °C, ketone 3.11 min., R isomer 8.25 min., S isomer
10.79 min.)

u (400 MHz, CDCl3)

Br OH NNNNNNNRN~
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dc (101 MHz, CDCls)

Br OH

— 14461

69.22

359

T T T T T T
210 200 190 180 170 160 150

Chiral GC - racemic.

T T T
140 130 120

T
110

f1 (ppm

T T T

1;)0 90 80

744

ORK1\ DATA\ Noha\ substrtaes\ 2-br ophenone\r

2.54

2.4H

Voltage
|{|
? 825 1

;7 10.79 2

Ic\NK399_racem lc-GC1-15psi-140 degree-runi-7-4-22-alc- - U-PAD2 - fi

0.04

g
-]

Time

Result Table (Uncal -
C:|Clarity | WORKI | DA TA |Nofialsubstriaes|2-bro moacetophenane|racemic | NK399_racemic-GC1-15ps-140
degree-runl-7-4-22-alc- - U-PAD2 - 1)

Reten. Time Area Height Area Height wos Coempound
[rmin] [miv.g] [mi] [%] [%] [min] Name
1 8.252 2003 0389 52.7 58.9 0.08
2z 10.792 1.800 72 47.3 411 011
Total 3803 0661 100.0 100.0

[min.]
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Chiral GC — asymmetric.

[miv]
MM\DATM NOHA\ SUBSTRTAES\ 2- BROMOACETOPHENONE PY\ NK4 00_PY-GC1-15PSI- 140 DEGREE-RUN1-7-4-22-ALC- - U-PAD2|- 1

6

Voltage

e

Time

Result Table (Uncal -
CCLARITY|WORK1|DATA \NOHA | SUBSTRTA ES | 2-BROMOA CETOPHENONE |PY|NK400_PY-GC1-15PS1-140
DEGREE-RUNI-7-4-22-ALC- - I-PADZ- 1)

12

Reten. Time Area Height Area Height wos Compound
[min] [mV.s5] [mv] [%a] [%] [min] Name
1 6.992 254,955 5,662 G8.1 96,1 0.48
2 10.156 5.667 0.390 19 39 0.24
Tol 3000621 10,052 100.0 100.0

(8)-2-Chloro-1-(2,4-dichlorophenyl)ethan-1-ol (NK403).

Cl  OH
Cl

Cl

2-Chloro-1-(2,4-dichlorophenyl)ethan-1-one (224 mg, 1.00 mmol) and catalyst (R,R)-12f (6.2
mg, 0.010 mmol) were reacted following the general procedure to give 2-chloro-1-(2,4-
dichlorophenyl)ethan-1-ol as a white solid (200 mg, 0.89 mmol, 89%); du (400 MHz, CDCl3)
7.57-7.55 (1 H, m, ArH), 7.37 (1 H, br.s, ArH), 7.30 (1 H, d, J 8.4, ArH), 5.25 (1 H, br. s, CH),
3.86 (1 H,dd, J11.3, 1.6, CH»), 3.52 (1 H, dd, J 11.2, 8.6, CH»), 2.90 (1 H, s, OH); &c (101
MHz, CDCls) 135.90 (C), 134.63 (C), 132.48 (C), 129.32 (CH), 128.55 (CH), 127.60 (CH),
70.29 (CH), 49.15 (CHz); MP. 62.8 °C ; [a]*! +55.3 (¢ 0.12 in CHCl3) 90.6% ee (S) (lit.'? [a]*°=
+57.3 (¢ 2.50 in CHCI3) - >99% ee (S), GC analysis (CP-Chiralsil-Dex CB 25 m x 0.25mm x
0.25um), gas Ho, T =170 °C, P = 15 psi, FID temp 250 °C, injector temp 220 °C, ketone 3.62
min., S isomer 7.40 min., R isomer 8.18 min.)
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on (400 MHz, CDCl)
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Chiral GC - racemic.

[mg
| NOHAL AES\ 2,2 4- TRI CHLOROACETOPHENONE, RACEMI O\ NK402_RACEMI C-GC1-15P31- 170 DEGREE-RUN1-T-4-22-ALC- - I.I-PA.D&-
lig
-
o 0]
g
g
4
- o
g =
2 [ @
P e | p— |
™
-2 T T T T T T
B.5 7.0 15 50 8.5 a0
Time fin]

Result Tabe (Uncal - C:|CLARITY|WORKI|DATA |NOHA |SUBSTRTA

Reten. Time | Start Time | End Time | StartValue | End Value Area Height Area Height Wos
[min] [iin] [min] [miv] [miv] [rriV.5] [mi] [%] [%] [min]
1 7400 6.784 7640 2.360 2367 3.1% 0458 53 531 om
2 B176 8052 B4R 1374 2378 797 0441 8.7 459 0m
Total 5.554 0.540 100.0 100.0

Chiral GC — asymmetric.

[rriv]
RK11DATA\ NOHA\ SUBSTRTAES\ 2,2.4- TRI CHLOROACETOPHENONE, PY\ NK403_PY-GC1-15P81 -170 DEGRES-RUN1 - 11-4-22-ALC- - U-PAD2|- 1
s_
w
g g
~

Woltage

T T T T

7.0 7.5 8.0 8.5
Time

Result Tabie (Uncal -
CHICLARITY |WORKI|DATA |NOHA |SUBSTRTAES |2, 2,4 TRICHLOROACETOPHENONE| PYINKA03_PY-GCI-15P5]
-170 DEGREE-RUNI- 11-4-22-ALC- - U-PAD2 - 1)

Reten. Time Area Height Area Height WS Compound
[min] [m.s] [mv] [%] [%] [min] Name
i 7.248 46.727 4.613 953 926 0.16
2 8192 2285 0.369 4.7 T4 0
Total 49.012 4.982 100.0 100.0

9.0
[min.]
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(R)-1-(2,5-Dimethylphenyl)ethan-1-ol (NK407).
OH

1-(2,5-Dimethylphenyl)ethan-1-one (148 mg, 1.00 mmol) and catalyst (R,R)-12¢ (6.6 mg,
0.010 mmol) were reacted following the general procedure to give 1-(2,5
dimethylphenyl)ethan-1-o0l as a yellow oil (131 mg, 0.87mmol, 87%); du (400 MHz, CDCl;)
7.22 (1 H, s, ArH), 6.90-6.87 (2 H, m, ArH), 4.96 (1 H, q, J 6.4, CH), 2.23 (3 H, s, CH3), 2.18
(3H,s, CHs), 1.33 (3H, d, J 6.4, CH3); 6c (101 MHz, CDCI3) 143.70 (C), 135.80 (C), 131.02
(C), 130.33 (CH), 127.82 (CH), 125.19 (CH), 66.79 (CH), 23.98 (CH3), 21.16 (CH3), 18.46
(CHs). [a]*! +81.04 (c 0.08 in CHCl3) 90.6% ee (R) (lit."* [a]'® +31.7 (¢ 1.01 in CH2Cl,) 62%
ee (R), GC analysis (CP-Chiralsil-Dex CB 25m x 0.25mm x 0.25um), gas H>, T =140 °C, P =
15 psi, FID temp 250 °C, injector temp 220 °C, ketone 3.11 min., R isomer 4.68 min., S isomer
5.46 min.)

1 (400 MHz, CDCl3)
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dc (101 MHz, CDCls)

OH ] ::
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Chiral GC - racemic.

[mv]
TA\ Ihha\_silbst rtaes\ 2,5dimethylacetophenone\ racemic\ NK405_racemic-GC1-15psi--run2-140 degree-run1-7-4-22-alc- - U-PAD2 - {1
b ~N
(=]
| @ 2
1.5 o M
e R
S 1.07
8
°
>
0.5
0.0+
T T T T T
3 4 5 6 7 8
Time [min.J
Result Table (Uncal -

C:|Clarity |WORK1|DATA |Noha|substrtaes| 2 5dimethy lacetophenone|racemic INK405_racemic-GC 1-15ps--run2-14
0 degree-runl-7-4-22-alc- - U-PAD2 - 1)

Reten. Time Area Height Area Height wos Compound
[min] [mV.s] [miv] [%] [%] [min] Name
1 4.676 2438 0.421 50.1 52.4 0.08
2 5.456 2432 0.382 499 476 0.09
Total 4.870 0.802 100.0 100.0
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Chiral GC — asymmetric.

[mv]

JRK1\ ng A\ Noha\ substrtaes\ 2,5dimethylacetophenone\ azole\ NK407-azole-GC1-15psi- 140 degree-runi-12-4-22-alc- - U-PAD2 -

=3
=~
o
o
-

Voltage

-2

4.5 5.0 5.5
Time
Resuft Table (Uncal -
C: |Clarity \WORK1|DA TA |Noha|substrtaes| 2, 5dimethy lacetophenonelazole\NK407-azole-GC 1- 15psi- 140
degree-runli-12-4-22-aic- - U-PADZ - 1)
Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 4.504 65.889 8.272 95.3 94.6 0.12
2 5.39% 3.217 0.470 4.7 5.4 0.11
Total 69.107 8.742 100.0 100.0

[min.]

In situ procedure has been performed using (R,R)-12f for acetophenone reduction:

To a Schlenk tube charged with [RuCla( p-cymene)]> (3.1 mg, 5.0 x 10~ mmol) and ligand 11f
(3.5 mg, 0.010 mmol) was added formic acid/triethylamine 5:2 complex (0.5 mL). After
stirring for 30 min, acetophenone (120 mg, 1.00 mmol) was added and DCM (0.5 mL) was
added and the reaction was stirred at rt. Upon completion, saturated NaHCO; (10 mL) was
added and the product was extracted with EtOAc (3 x 10 mL). The organic extracts were
combined, dried over MgSQOs, filtered and the solvent was removed under reduced pressure.
The crude product was purified by column chromatography (0 — 50% EtOAc in Pet. Ether) to
give (R)-1-phenylethanol as a colourless oil (100 mg, 0.823 mmol, 82%); >99% ee (R); GC
analysis (CHROMPACCYCLODEXTRIN-B-236M-19, 50 m x 0.25 mm x 0.25 pm, gas Ho, T
=110 °C, P =15 psi,FID temp 250 °C, injector temp 220 °C, ketone 9.09 min., R isomer 14.30

min., S isomer 15.17 min.).

S170



References.

1. M. F. Chan, C. Wu, B. G. Raju, T. Kogan, A. Kois, E. J. Verner, R. S. Castillo, V. Yalamorri
and V. N. Balaji, Thienyl-, furyl- and pyrrolyl-sulfonamides and derivatives thereof that
modulate the activity of endothelin. 1999, US5962490 A.

2.J. Hannedouche, G. J. Clarkson and M. Wills, M., A new class of “tethered” ruthenium (II)
catalyst for asymmetric transfer hydrogenation reactions. J. Am. Chem. Soc., 2004, 126, 986-
987.

3. R. Soni, K. E. Jolley, S. Gosiewska, G. J. Clarkson, Z. Fang, T. H. Hall, B. Treloar, R. C.
Knighton and M. Wills, Synthesis of enantiomerically pure and racemic benzyl-tethered Ru

(IT)/TsDPEN complexes by direct arene substitution: further complexes and applications.
Organometallics, 2018, 37, 48-64.

4. K. E. Jolley, A. Zanotti-Gerosa, F. Hancock, A. Dyke, D. M. Grainger, J. A. Medlock, H. G.
Nedden, J. J. Le Paih, S. J. Roseblade and A. Seger, A., Application of tethered ruthenium
catalysts to asymmetric hydrogenation of ketones, and the selective hydrogenation of
aldehydes. Adv. Synth. Catal., 2012, 354, 2545-2555.

5.J. Li, X. Li, Y. Ma, J. Wu, F. Wang, J. Xiang, J. Zhu, Q. Wang and J. Deng, Surfactant-
accelerated asymmetric transfer hydrogenation with recyclable water-soluble catalyst in
aqueous media. RSC Adv., 2013, 3, 1825-1834.

6. J.-W. Zhang, Y. Cai, G.-P. Lu and C. Cai, Facile and selective hydrogenolysis of -O-4
linkages in lignin catalyzed by Pd—Ni bimetallic nanoparticles supported on ZrO 2. Green
Chem., 2016, 18, 6229-6235.

7. P. A. Dub, N. V. Tkachenko, V. K. Vyas, M. Wills, J. S. Smith and S. Tretiak,
Enantioselectivity in the Noyori-Ikariya Asymmetric Transfer Hydrogenation of Ketones.
Organometallics, 2021 40, 1402—-1410.

8. A. Tourteau, V. Andrzejak, M. Body-Malapel, L. Lemaire, A. Lemoine, R. Mansouri, M.
Djouina, N. Renault, J. El Bakali and P. Desreumaux, 3-Carboxamido-5-aryl-isoxazoles as new
CB2 agonists for the treatment of colitis. Biorg. Med. Chem., 2013, 21, 5383-5394.

9.N. Su, T. Deng, D. J. Wink and T. G. Driver, Achieving Site Selectivity in Metal-Catalyzed
Electron-Rich Carbene Transfer Reactions from N-Tosylhydrazones. Org. Lett., 2017, 19,
3990-3993.

10. R. Soni, K. E. Jolley, G. J. Clarkson and M. Wills, Direct formation of tethered Ru (II)
catalysts using arene exchange. Org. Lett., 2013, 15, 5110-5113.

11. Y. Sun, C. Lu, B. Zhao and M. Xue, Enantioselective hydroboration of ketones catalyzed
by rare-earth metal complexes containing Trost ligands. J. Org. Chem., 2020, 85, 10504-10513.

12. T.-Y. Wei, J.-W. Tang, G.-W. Ni, H.-Y. Wang, D. Yi, F.-L. Zhang and S.-X. Chen,
Development of an Enzymatic Process for the Synthesis of (S)-2-Chloro-1-(2, 4-
dichlorophenyl) Ethanol. Org. Process Res. Dev. 2019, 23, 1822-1828.

S171



13. T. Du, B. Wang, C. Wang, J. Xiao and W. Tang, Cobalt-catalyzed asymmetric
hydrogenation of ketones: A remarkable additive effect on enantioselectivity. Chin. Chem. Lett.
2021, 32, 1241-1244.

S172



