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1. General Information

Unless otherwise mentioned, all experiments and manipulations which are sensitive to
moisture or air were carried out under an atmosphere of argon in a glovebox or using
standard Schlenk techniques. Solvents were dried with standard procedures and
degassed with N». Flash column chromatography was performed using Tsingdao silica
gel (60, particle size 200-300 mesh). NMR spectra were recorded on a Bruker DPX 400
spectrometer at 400 MHz for 'H NMR, 101 MHz for '*C NMR in CDCl; with
tetramethylsilane (TMS) as internal standard. Date are reported as: multiplicity(s =
singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet) and chemical shifts are
reported in ppm and coupling constants are given in Hz. Chemical shifts were reported
relative to TMS (0.00 ppm) or CHCl3 (7.26 ppm) for 'H NMR and relative to CDCl3
(77.0 ppm) for 3C NMR. Optical rotations [a]p were determined using a PERKIN
ELMER polarimeter 343 instrument. HPLC analyses were performed using Daicel

chiral column on an Agilent 1260 Series HPLC instrument.



2. General procedure for synthesis of 1,4-diketones

NN R?
o 0 ©/\ Ly OH 0
LONCH _~_OH N
| © R w
o - 5 DBU, THF, 60 °C P o

S5a, S5r, Ss were commercially available and used without further purification

unless otherwise stated. Other substrates were prepared as described in literature.!!!
DBU (0.4 equiv) was added to the stirred solution of benzaldehyde (1.5 equiv) and
thiazolium salt (0.2 equiv) in THF. The resulting reaction mixture was stirred in room
temperature for 10-15 minutes. After that 3-benzoylacrylic acid (1.0 equiv) was added
at 60 °C for overnight and monitored by TLC. After completion of the reaction, reaction
system was cooled to room temperature and washed with saturated solution of sodium
bicarbonate and extracted with ethyl acetate, organic layer was dried over sodium
sulphate and concentrated under reduced pressure. The obtained residue was purified

by flash chromatography on silica gel.

1-(2-fluorophenyl)-4-phenylbutane-1,4-dione (5b)

i L
LT
F

5b
IH NMR (400 MHz, CDCl3) § 8.03 (d, J = 7.0 Hz, 2H), 7.91 (td, J = 7.6, 1.9 Hz, 1H),
7.61— 7.44 (m, 4H), 7.24 (td, J = 7.7, 1.3 Hz, 1H), 7.16 (dd, J = 11.3, 8.3 Hz, 1H), 3.46
(d, J = 1.9 Hz, 4H). 3C NMR (101 MHz, CDCls) § 198.52, 197.03, 196.99, 163.43,
160.89, 136.79, 134.66, 134.57, 133.14, 130.73, 130.70, 128.61, 128.14, 125.42,
125.01, 124.47, 124.43, 116.84, 116.61, 37.46, 37.38, 32.60, 32.58.

[1] A. R. S. Verma, M. Mishra, C. B. Pandey, S. Kumar and B. Tiwari. J. Org. Chem.,
2020, 85, 8166—8175.



1-(2-bromophenyl)-4-phenylbutane-1,4-dione (5c)
i
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B

IH NMR (400 MHz, CDCls) & 8.04 (dd, J = 8.4, 1.4 Hz, 2H), 7.61 (dd, J = 18.3, 7.6

Hz, 3H), 7.49 (t, J = 7.6 Hz, 2H), 7.42 (td, J = 7.5, 1.2 Hz, 1H), 7.31 (td, J = 7.7, 1.7
Hz, 1H), 3.50 (t, J = 6.4 Hz, 2H), 3.37 (t, J = 6.0 Hz, 2H). 3C NMR (101 MHz, CDCl5)

r
5¢c

0 202.69, 198.25, 141.57, 136.59, 133.65, 133.27, 131.63, 128.93, 128.65, 128.12,
127.52, 118.60, 36.56, 33.00.

1-(4-chlorophenyl)-4-(2-fluorophenyl)butane-1,4-dione (5d)

Cl
i
LT
F

5d

IH NMR (400 MHz, CDCl3) § 7.97 (d, J = 8.6 Hz, 2H), 7.90 (td, J = 7.6, 1.9 Hz, 1H),
7.57 — 7.50 (m, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.25 — 7.12 (m, 2H), 3.49 — 3.38 (m, 4H).
13C NMR (101 MHz, CDCls) § 197.34, 163.46, 139.57, 135.14, 134.75, 134.66, 130.72,
130.69, 129.56, 128.93, 125.40, 124.49, 124.46, 116.86, 116.62, 37.44, 37.36, 32.53,
32.51.

1-(2-bromophenyl)-4-(4-chlorophenyl)butane-1,4-dione (5e)

|
Yl
L7

Br
5e

IH NMR (400 MHz, CDCl3) § 7.96 (d, J = 8.5 Hz, 2H), 7.69 — 7.54 (m, 2H), 7.43 (dd,
J =230, 7.9 Hz, 3H), 7.31 (td, J = 7.7, 1.8 Hz, 1H), 3.49 — 3.32 (m, 4H). 3C NMR
(101 MHz, CDCls) § 202.52, 197.07, 141.41, 139.72, 134.92, 133.69, 131.70, 129.54,
128.98, 128.90, 127.52, 118.63, 36.49, 32.92.



1-(3-fluorophenyl)-4-phenylbutane-1,4-dione (5f)
i
F
73
5f

1H NMR (400 MHz, CDCls) & 8.03 (d, J = 7.0 Hz, 2H), 7.83 (d, J = 7.8 Hz, 1H), 7.71
(dd, J=9.5,1.0Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.53 — 7.42 (m, 3H), 7.33 — 7.24 (m,
1H), 3.45 (dd, J = 12.1, 5.6 Hz, 4H). 13C NMR (101 MHz, CDCls) & 198.44, 197.50,
197.48, 164.12, 161.66, 138.91, 138.85, 136.67, 133.26, 130.35, 130.27, 128.65,

128.14, 123.94, 123.91, 120.28, 120.07, 114.99, 114.77, 32.71, 32.54.

1-(4-chlorophenyl)-4-(3-fluorophenyl)butane-1,4-dione (5g)
i

F

D

59

'H NMR (400 MHz, CDCls3) 6 7.97 (d, J = 8.5 Hz, 2H), 7.83 (dt, J = 7.8, 1.3 Hz, 1H),
7.70 (dd, J = 9.4, 1.1 Hz, 1H), 7.46 (d, J = 8.6 Hz, 3H), 7.30 (ddd, J = 8.3, 2.7, 0.9 Hz,
1H), 3.43 (s, 4H). 13C NMR (101 MHz, CDCls) & 197.33, 197.26, 164.13, 161.66,
139.72, 138.79, 138.73, 135.00, 130.38, 130.30, 129.56, 128.98, 123.92, 123.89,
120.38, 120.16, 115.00, 114.78, 32.67, 32.47.

1-phenyl-4-(p-tolyl)butane-1,4-dione (5h)

i
DR
Me

5h

IH NMR (400 MHz, CDCls) & 8.08 — 8.00 (m, 2H), 7.94 (d, J = 8.3 Hz, 2H), 7.58 (t, J
= 7.3 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 3.45 (s, 4H), 2.42 (s,
3H). 3C NMR (101 MHz, CDCls) & 198.84, 198.35, 143.96, 136.83, 134.32, 133.15,
129.30, 128.61, 128.26, 128.15, 32.64, 32.50, 21.68.



1-(4-fluorophenyl)-4-phenylbutane-1,4-dione (5i)

i
7
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5i
IH NMR (400 MHz, CDCl3) § 8.11 — 8.00 (m, 4H), 7.58 (t, J = 7.4 Hz, 1H), 7.51 —
7.44 (m, 2H), 7.15 (t, J = 8.6 Hz, 2H), 3.45 (ddd, J = 10.0, 4.4, 0.9 Hz, 4H). 3C NMR
(101 MHz, CDCls) § 198.61, 197.13, 167.09, 164.56, 136.71, 133.23, 130.82, 130.73,
128.64, 128.14, 115.82, 115.60, 32.59, 32.46.

1-(4-chlorophenyl)-4-phenylbutane-1,4-dione (5j)

i
7
Cl

5j
H NMR (400 MHz, CDCl:) & 8.01 (dd, J = 20.7, 7.8 Hz, 4H), 7.59 (t, J= 7.3 Hz, 1H),
7.48 (dd, J = 14.2, 8.2 Hz, 4H), 3.50 — 3.40 (m, 4H). 3C NMR (101 MHz, CDCl) 5
198.52, 197.52, 139.61, 136.68, 135.13, 133.25, 129.56, 128.94, 128.64, 128.13, 32.56,
32.52.

1,4-di-p-tolylbutane-1,4-dione (5k)

Me
i
DR
Me

5k

IH NMR (400 MHz, CDCls) § 7.94 (d, J = 8.1 Hz, 4H), 7.28 (d, ] = 8.1 Hz, 4H), 3.42
(s, 4H), 2.41 (s, 6H). 13C NMR (101 MHz, CDCls) 8 198.45, 143.90, 134.37, 129.28,
128.26, 32.54, 21.67.

1-(4-chlorophenyl)-4-(p-tolyl)butane-1,4-dione (5I)

Cl
: i
Me ©



IH NMR (400 MHz, CDCls) § 7.95 (dd, J = 19.9, 8.4 Hz, 4H), 7.45 (d, J = 8.6 Hz, 2H),
7.27(d, J=8.6 Hz, 2H), 3.47 — 3.38 (m, 4H), 2.42 (s, 3H). 3C NMR (101 MHz, CDCls)
5 198.15, 197.65, 144.05, 139.57, 135.18, 134.22, 129.57, 129.32, 128.93, 128.25,
32.56, 32.46, 21.68.

1-(4-chlorophenyl)-4-(4-fluorophenyl)butane-1,4-dione (5m)

Cl
i
ST

5m

IH NMR (400 MHz, CDCls) § 8.06 (dd, J = 8.9, 5.4 Hz, 2H), 7.98 (d, J = 8.6 Hz, 2H),
7.46 (d, J = 8.6 Hz, 2H), 7.15 (t, J = 8.6 Hz, 2H), 3.42 (s, 4H). 3C NMR (101 MHz,
CDCls) § 197.43, 196.94, 172.11, 167.13, 164.60, 139.68, 135.04, 133.15, 130.82,
130.73, 129.56, 128.97, 115.86, 115.64, 32.51, 32.43.

1,4-bis(4-chlorophenyl)butane-1,4-dione (5n)

Cl
i
J 7
Cl

5n

IH NMR (400 MHz, CDCls) & 8.00 — 7.95 (m, 4H), 7.50 — 7.42 (m, 4H), 3.42 (s, 4H).
13C NMR (101 MHz, CDCl3) § 197.34, 139.71, 135.01, 129.56, 128.98, 32.49.

1-(2,5-difluorophenyl)-4-phenylbutane-1,4-dione (50)

IH NMR (400 MHz, CDCl3) & 8.03 (dd, J = 8.3, 1.4 Hz, 2H), 7.64 — 7.54 (m, 2H), 7.48
(t, J = 7.5 Hz, 2H), 7.25 — 7.11 (m, 2H), 3.45 (s, 4H). 3C NMR (101 MHz, CDCl3) &
198.29, 136.67, 133.22, 128.63, 128.13, 121.47, 121.37, 121.22, 121.13, 118.32,
118.13, 118.05, 116.71, 116.50, 37.32, 37.24, 32.58, 32.56.



1-(5-fluoro-2-methylphenyl)-4-phenylbutane-1,4-dione (5p)

i L
F

L0
Me
5p

1H NMR (400 MHz, CDCls)  8.03 (d, J = 7.0 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.54
— 7.44 (m, 3H), 7.22 (dd, J = 8.5, 5.5 Hz, 1H), 7.09 (td, J = 8.3, 2.8 Hz, 1H), 3.50 —
3.43 (m, 2H), 3.34 - 3.27 (m, 2H), 2.45 (s, 3H). *C NMR (101 MHz, CDCls) 6 201.63,

201.60, 198.39, 161.84, 159.41, 139.14, 139.08, 136.65, 133.53, 133.49, 133.30,
133.24, 133.22, 128.64, 128.11, 118.20, 117.99, 115.37, 115.15, 35.27, 32.83, 20.39.

1-(4-chlorophenyl)-4-(2,5-difluorophenyl)butane-1,4-dione (5q)

o Cl
F. O O

F (e}

5q

IH NMR (400 MHz, CDCl3) & 7.96 (d, J = 8.6 Hz, 2H), 7.57 (ddd, J = 8.6, 5.4, 3.2 Hz,
1H), 7.46 (d, J = 8.5 Hz, 2H), 7.26 — 7.11 (m, 2H), 3.42 (dd, J = 5.2, 3.4 Hz, 4H). 13C
NMR (101 MHz, CDCl3) 6 197.11, 195.60, 195.56, 139.67, 135.01, 129.54, 128.96,
121.58, 121.48, 121.33, 121.24, 118.43, 118.35, 118.16, 118.08, 116.72, 116.69,

116.47, 116.44, 37.29, 37.21, 32.50, 32.48.

1-(furan-2-yl)-4-phenylbutane-1,4-dione (5t)

(0] O\

NS

5t
IH NMR (400 MHz, CDCl3) § 8.02 (d, J = 7.0 Hz, 2H), 7.69 — 7.53 (m, 2H), 7.47 (t,
J=7.6Hz, 2H), 7.27 (d, J = 1.9 Hz, 1H), 6.55 (dd, J = 3.6, 1.7 Hz, 1H), 3.45 (t, J =
6.6 Hz, 2H), 3.31 (t, J = 6.3 Hz, 2H). 3C NMR (101 MHz, CDCI3) § 198.39, 187.89,
152.56, 146.39, 136.64, 133.21, 128.62, 128.12, 117.15, 112.25, 32.28, 32.25.



3. General procedure for asymmetric hydrogenation of 1,4-diketones

R2 R2
0 OH
[Ir(COD)CI]o/(Rc,Rc,Skc)-f-amphox
7N 1.0 N
R KOH (10 mol%), MTBE R
= o H, (40 atm), RT, 12 h = OH

S/C =1000

To a 4.0 mL vial was added the catalyst precursor [Ir(COD)Cl]> (6.72 mg, 1.0x107
mmol), ligand (Rc,Rc,Src)-f~amphox (12.2 mg, 2.2x10"2 mmol) and anhydrous toluene
(2.0 mL) in the argon-filled glovebox. The mixture was stirred for 2 h at 25 °C giving
orange red solution. And then 0.1 mmol of 1,4-diketones, KOH (0.56 mg, 0.01 mmol)
were added into a 5 mL hydrogenation vessel. 1.0 mL anhydrous MTBE was added as
solvent and a solution of It/(Rc,Rc,Src)-f~amphox in anhydrous toluene (10 puL) was
added via an injection port. Then the vessel was placed in an autoclave, closed it and
moved it out from golvebox. The autoclave quickly purged with hydrogen gas for three
times, then pressurized to 40 atm H. The reaction solution was stirred at room
temperature (25 °C - 30 °C) until for 12 h, then released pressure carefully. The solution
of reaction mixture was purified by flash chromatography on silica gel with ethyl
acetate and the solvent was removed under reduced pressure. The ee value was
determined by chiral HPLC analysis of the hydrogenation product chiral diol directly.

The absolute configurations of 1,4-diols were assigned by analogy.

(1S,4S)-1,4-diphenylbutane-1,4-diol (6a)

OH O
DR

6a
99% yield, >100:1 dr, >99.9% ee. *H NMR (400 MHz, CDCl3) § 7.40 — 7.23 (m, 10H),
4.85—4.52 (m, 2H), 2.87 (s, 2H), 1.98 — 1.76 (m, 4H). 13C NMR (101 MHz, CDCl3) 6
144.64, 128.47,127.53, 125.84, 74.61, 35.92.

Optical Rotation: [a]p ?° = -62.0 (¢ = 1.00, CHCI3). The enantiomeric excess was
determined by HPLC on Chiral OJ-H column, 210 nm, 30 °C, n-hexane: i-PrOH =90:10;

flow 1.0 mL/min; tr (major) = 33.68 min.
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Signal 1: DAD1 A, Sig=210,4 Ref=off
Signal 1: DAD1 A, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
S EETr [T | T |mmmmene | CEEE— | #  [min] [min]  [mAU*s] [mAU] %
1 30.414 BB 0.5800 4898.08594 118.54678 24.7681 | ----l------- [ |--mmmmmme [--mmmmmee- [-------- |
2 34.346 BB 0.6384 4869.43652 110.02171 24.6153 1 33.686 BV R ©.6728 1.71608e4  36@.85788 100.0000
3 36.533 BB ©.7416 1.00146e4  191.03456 50.6246

(1S,4S)-1-(2-fluorophenyl)-4-phenylbutane-1,4-diol (6b)

DO
F

6b

99% yield, 33:1 dr, >99.9% ee. *H NMR (400 MHz, CDCl3) § 7.46 (td, J = 7.5, 1.9 Hz,
1H), 7.33 (d, J = 3.8 Hz, 4H), 7.28 — 7.19 (m, 2H), 7.13 (t, J = 6.8 Hz, 1H), 7.04 — 6.95
(m, 1H), 5.02 (dd, J = 7.4, 4.1 Hz, 1H), 4.70 (dd, J = 7.8, 4.0 Hz, 1H), 3.01 (s, 2H),
1.97 — 1.82 (m, 4H). 2*C NMR (101 MHz, CDCls) & 160.89, 158.45, 144.52, 131.67,
131.53, 128.79, 128.71, 128.50, 127.58, 127.27, 127.22, 125.82, 124.29, 124.25,
115.35, 115.14, 74.61, 68.33, 68.31, 35.73, 34.85.

Optical Rotation: [a]o % = -25.1 (¢ = 1.00, CHCIs). The enantiomeric excess was
determined by HPLC on Chiral AD-3 column, 210 nm, 30 °C, n-hexane: i-PrOH =
90:10; flow 1.0 mL/min; tr (major) = 17.04 min, tr (minor) = 19.75 min, 20.92 min.

fVISIY..-20210604 2031-00-04 11-07-32002-PE-F2-SIV-2F AHhrac-064.0) DADY C, Sig210,4 REF=360, 100 (SoraiSJY, AD-3- 20210604 2021-06-04 11-07-32003-P-E4-S.7-2 AFHO0H.0)
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type

17.028 BB
19.673 BV
20.826 VB
22.970 BB

Width Area

[mAU*s]

©.4758 6887.20654
©.5220 5864.977@5
©.5807 6415.82471
©.6231 6855.07631

207.22250
162.92426
157.01456
155.87086

26.4658
22.5376
24.6544
26.3423

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width

#  [min]

Area

[min] [mAU*s]

Height
[mAU]

1 17.040 BB
2 19.746 BB
3 20.916 BB

0.5113 3.49621e4
©.3912 344.38980
0.4774 713.63147

12.20428
20.33602

991.82367 97.0627

©.9561
1.9812

(1S,4S5)-1-(2-bromophenyl)-4-phenylbutane-1,4-diol (6c)

O OH
Br

6¢c

99% vield, >100:1 dr, >99.9% ee. 'H NMR (400 MHz, CDCls) & 7.56 (dd, J = 7.8, 1.7

Hz, 1H), 7.50 (dd, J = 8.0, 1.3 Hz, 1H), 7.37 — 7.27 (m, 6H), 7.11 (td, J = 7.7, 1.8 Hz,

1H), 5.08 (dd, J = 8.7, 2.6 Hz, 1H), 4.73 (dd, J = 8.4, 3.7 Hz, 1H), 2.86 (s, 2H), 2.02 —

1.77 (m, 4H). 3C NMR (101 MHz, CDCl3) & 144.53, 143.60, 132.64, 128.75, 128.51,

127.72,127.61, 127.29, 125.84, 121.90, 74.71, 73.13, 35.94, 34.58.

Optical Rotation: [a]o % = -39.5 (¢ = 1.00, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral AD-3 column, 210 nm, 30 °C, n-hexane: i-PrOH =

90:10; flow 1.0 mL/min; tr (major) = 15.54 min.

DADT C. 55+2104 Ref=300,100 (D) \G8L#/CLRS.J7-B004-Z0201013 2020-10-13 10-51-00000PZ-C3-5.T-B0045 D)

s

TADT . Sg=210.4 Rel=360, 100 (0 Gl 20201013 2020-10-13 1051 02014 P2 EZ 5750045 sheaasing D)

rrrrr

i
|

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min]  [mAU*s] [mAU]
. E— B T |-
1 15.579 BB ©.3353 9387.54590 413.14755
2 17.767 BV ©.3285 7441.59277 347.30875
3 18.285 VB ©.3871 9951.56855 369.65997
4 20.545 BB ©.4873 1.09125e4 318.87721

24.7454
19.7845
26.4576
29.0125

Signal 1: DAD1 C, Sig=21@,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
) R B B R |-mnemees |
1 15.535 BB @.330@ 2350.27490 101.36878 100.0000

11




(1S,4S)-1-(4-chlorophenyl)-4-(2-fluorophenyl)butane-1,4-diol (6d)

cl
OH ‘
D
F

6d

99% yield, >100:1 dr, 99.8% ee. *H NMR (400 MHz, CDCl3) § 7.45 (td, J = 7.6, 1.9
Hz, 1H), 7.33 — 7.21 (m, 5H), 7.14 (td, J = 7.5, 1.2 Hz, 1H), 7.04 — 6.97 (m, 1H), 5.02
(dd, J = 7.8, 3.8 Hz, 1H), 4.75 — 4.61 (m, 1H), 3.14 (s, 2H), 1.95 — 1.79 (m, 4H). 13C
NMR (101 MHz, CDCls) 6 171.29, 160.83, 158.40, 143.03, 133.12, 131.50, 131.37,
128.91, 128.83, 128.58, 127.19, 124.32, 124.29, 115.40, 115.18, 73.83, 68.29, 68.26,
35.84, 34.63.

Optical Rotation: [a]p % = -37.8 (¢ = 1.00, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral OJ-H column, 210 nm, 30 °C, n-hexane: i-PrOH = 85:15;

flow 1.0 mL/min; tr (major) = 15.16 min, tr (minor) = 14.05 min, 16.71 min.

W | £5 = F
|1

N

| : |

|
|| \\Il
e [ |l
R
Il

......

o 2 @

Signal 1: DAD1 A, Sig=218,4 Ref=off
Signal 1: DAD1 A, Sig=218,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
R [ R — | — [T [— | # [min] [min] [mAU*s] [mAU] %
1 12.839 BV  ©.3658 1.31619e4  541.12238 25.8074 R R R R [-==nmmnnn- [===-=----- [-=--mm--
2 13.933 W ©.3535 1.24237e4  533.83685 24.3599 1 14.e48 BV E ©.2135 53.39716 3.154@7 @.2043
315,383 W 9.4328 1.30618e4  447.11575 25.6110 2 15.162 W R ©.3669 2.59091e4 1024.97583 99.1673
4 16.579 VB 0.4275 1.23533e4  429.58118 24.2218 3 16.712 VB E ©.3350 179.98245 6.50186  0.6885

(1S,4S5)-1-(2-bromophenyl)-4-(4-chlorophenyl)butane-1,4-diol (6e)

Cl
e
S
BO

r
6e
99% yield, >100:1 dr, >99.9% ee. *H NMR (400 MHz, CDCls) & 7.53 (ddd, J = 15.7,

7.9, 1.5 Hz, 2H), 7.28 (q, J = 8.6 Hz, 5H), 7.13 (td, J = 7.6, 1.7 Hz, 1H), 5.05 (dd, J =
12



8.7, 2.7 Hz, 1H), 4.68 (dd, J = 7.7, 4.1 Hz, 1H), 3.51 (s, 2H), 1.96 — 1.71 (m, 4H). 13C
NMR (101 MHz, CDCls) ¢ 143.42, 143.01, 133.10, 132.66, 128.83, 128.57, 127.74,
127.21, 127.18, 121.82, 73.90, 73.08, 36.14, 34.45.

Optical Rotation: [a]p % = -55.1 (¢ = 1.00, CHCIs). The enantiomeric excess was
determined by HPLC on Chiral AD-3 column, 210 nm, 30 °C, n-hexane: i-PrOH =

90:10; flow 1.0 mL/min; tr (major) = 15.62min, tr (minor) = 16.67 min.

Signal 1: DAD1 C, Sig=210,4 Ref=360,160
Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
R PO [=emn|emeeee R R |-eremmee | # [min] [min] [mAU®s]  [mau] %
1 15.934 BV 9.3634 1.56739%4  629.59656 26.1671 EEEE EEEEEEE |--=-]------- [EEEEEEEEEE [EEEEEEEEEe [EEEEEEE |
2 16.991 VB 9.3550 1.43332e4  590.87982 23.9288 1 15.617 MM 9.3641 1.56845e4  714.21509 99.4985
3 18.934 W R ©.3829 1.44984e4  535.96271 24.1914 2 16.672 MM 0.2640  78.64367 4.96580  0.5015
4 20.709 VB 0.4326 1.54017e4  480.37817 25.7127

(1S,45)-1-(3-fluorophenyl)-4-phenylbutane-1,4-diol (6f)

OH
F
D

6f

99% yield, >100:1 dr, >99.9% ee. 'H NMR (600 MHz, CDCl3) 6 7.32 (d, J = 18.3 Hz,
4H), 7.28 — 7.24 (m, 2H), 7.09 — 7.01 (m, 2H), 6.96 — 6.90 (m, 1H), 4.70 — 4.65 (m,
2H), 3.25 (s, 1H), 2.92 (s, 1H), 1.92 — 1.78 (m, 4H). 2*C NMR (151 MHz, CDCl3) 5
163.77, 162.14, 147.45, 147.41, 144.47, 129.93, 129.87, 128.52, 127.63, 125.79,
121.40, 121.38, 114.29, 114.15, 112.80, 112.66, 74.59, 73.88, 73.86, 36.00, 35.70.
Optical Rotation: [a]p % = -27.6 (c = 1.00, CHCI3). The enantiomeric excess was
determined by HPLC on Chiral AD-3 column, 210 nm, 30 °C, n-hexane: i-PrOH =
90:10; flow 1.0 mL/min; tr (major) = 9.39 min.
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Signal 1: DAD1 C, Sig=21@,4 Ref=360,180

Peak RetTime Type Width Area Height Area
i i *
# | [min] | | [min] [mau*s] [mau] | * | Peak RetTime Type Width Area Height Area
-------------------------------------------------- #  [min] [min]  [mAU*s] [mau] %
1 9.393 BB ©.1993 2295.19556 176.93823 22.3503 R T [P T [ommmmennn [ [ |
Z 11.127 BB 0.2344 2285.68848 151.14558 22.2577 1 9.388 VB R ©.1882 8474.25293 690.84277 100.0000
3 12.168 BV ©.2596 2835.83374 169.15118 27.6149
4 13.112 VB ©.2803 2852.49683 156.76355 27.7772

(1S,4S)-1-(4-chlorophenyl)-4-(3-fluorophenyl)butane-1,4-diol (6g)

] Cl

OH

E
T

6g

99% vield, >100:1 dr, >99.9% ee. 'H NMR (400 MHz, CDCl3) & 7.30 — 7.26 (m, 3H),
7.21 (d, J = 8.5 Hz, 2H), 7.03 (t, J = 8.3 Hz, 2H), 6.94 (td, J = 9.0, 8.4, 3.2 Hz, 1H),
4.63 (s, 2H), 3.33 (d, J = 12.6 Hz, 2H), 1.87 — 1.77 (m, 4H). 3C NMR (101 MHz,
CDCl3) 6 164.18, 161.73, 147.28, 147.21, 142.97, 133.16, 130.01, 129.93, 128.60,
127.16, 121.34, 121.32, 114.44,114.23, 112.78, 112.56, 73.85, 73.82, 35.85.

Optical Rotation: [a]o % = -33.2 (¢ = 1.00, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral AD-3 column, 210 nm, 30 °C, n-hexane: i-PrOH =

90:10; flow 1.0 mL/min; tr (major) = 15.07 min.

BAB1C, 521 160 (6o 3 81V OB B
.....
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Signal 1: DAD1 C, Sig=21@,4 Ref=360,100

Peak RetTime Type

1 15.e24 BB
2 18.276 BV
3 18.755 VB
4 20.405 BB

Width Area Height
[min]  [mAU*s] [mAU]

9.3377 1.43575e4 619.83838
@.3347 9540.46484 436.20291
9.4213 1.36224e4  462.92474
0.4356 1.35662e4  443.79395

Area

28.1372
18.6971
26.6967
26.4690

Signal 1: DAD1 C, Sig=21@,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
R R R P R R |--meeee- |
1 15.972 BB 0.3393 4094,70142 179.41325 100.0000

(1S,4S)-1-phenyl-4-(p-tolyl)butane-1,4-diol (6h)

OH

Me I

6h

OH

99% yield, 19:1 dr, >99.9% ee. 'H NMR (400 MHz, CDCls) & 7.36 — 7.24 (m, 5H),

7.21(d, J =8.2 Hz, 2H), 7.14 (d, J = 7.9 Hz, 2H), 4.66 (ddd, J = 11.7, 7.7, 4.3 Hz, 2H),

2.87 (d, J = 43.6 Hz, 2H), 2.34 (s, 3H), 1.93 — 1.75 (m, 4H). *C NMR (101 MHz,

CDCl3) 6 144.71, 141.68, 137.18, 129.14, 128.44, 127.47, 125.86, 125.80, 74.60, 74.47,

36.00, 35.85,

21.12.

Optical Rotation: [a]o % = -35.1 (¢ = 1.00, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral IC column, 210 nm, 25 °C, n-hexane: i-PrOH = 88:12;

flow 1.0 mL/min; tr (major) = 14.40 min, tr (minor) = 13.83 min, 15.62 min.

DAD 1 C. Sig=2104 Fel=350,100 (5

Ay

%

10 " 12

oGy V21352 2021 608 16 14 50002 P2-E4 S1V-4be AF:

1 1 15 16

RACD]

o

Signal 1: DAD1 C,

Sig=210,4 Ref=360,180

31.27147
25.03446
25.3851@
28.64261

27.1225
22.0345
22.7270
28.1160

Peak RetTime Type Width Area
# [min] [min] [mAU*s]
e B R R O R |--enee |
1 13.755 BV 0.3877 776.45502
2 14.382 W 0.3780 636.79761
3 14.957 W ©.3850 650.62225
4 15.531 VB 0.4178 804.89575

signal 1: DAD1 C, Sig=21@,4 Ref=368,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P === ]-mmme |- mmmmmeee [--mmmemees |--emmmee !
1 13.834 BV E ©.2710 457.86172 25.55935 2.2368
2 14.397 VB R ©.3580 1.94322e4 845.94733 94.9338@
3 15.622 BB ©.3684 579.32166 24.62809 2.8302

15




(1S,4S)-1-(4-fluorophenyl)-4-phenylbutane-1,4-diol (6i)

OH O
DR
F

6i
99% yield, >100:1 dr, 98.5% ee. 'H NMR (400 MHz, CDCls) § 7.36 — 7.26 (m, TH),
7.01 (t, J = 8.7 Hz, 2H), 4.75 — 4.65 (m, 2H), 2.77 (s, 2H), 1.95 — 1.75 (m, 4H). 13C
NMR (101 MHz, CDCls) & 163.35, 160.92, 144.53, 140.41, 140.38, 128.53, 127.64,
127.49, 127.41, 125.79, 115.35, 115.14, 74.65, 73.96, 36.06, 35.78.
Optical Rotation: [a]o % = -37.4 (¢ = 1.00, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral IF column, 210 nm, 25 °C, n-hexane: i-PrOH = 88:12;

T02-03 00-58 26006 P2 T2

flow 1.0 mL/min; tr (major) = 9.31 min, tr (minor) = 10.56 min, 11.47 min, 12.40 min.

.....

1200

1000

g g 8

. . Signal 1: DAD1 C, Sig=21@,4 Ref=360,100
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
Peak RetTime Type Width Area Height Area £ [min] w [min] [mAU*s] [mAﬁ] %
#  [min] [min] [mAU*s] [mAuU] % | | | | | | |

B L S oo - 1 9.3e8 BB  ©.2012 1.73925e4 1341,59192 98.8669

1 9.302 BB ©.1983 6891.18262 535.85841 26.5944

2 18.555 BB ©.2488 131.10847 8.10064 ©.7453

2 10.718 BV ©.2317 7218.99902 479.22189 27.8595

3 11.418 W 0.2449 578941602 36524145 22.3424 3 11.473 BB 0.2357  43.19477 2.60145  ©.2455
) ) ) ) ) 4 12.399 BB 0.2267 25.02999 1.69085 9.1423

(1S,4S)-1-(4-chlorophenyl)-4-phenylbutane-1,4-diol (6j)

e
S
Cl

6j
99% yield, >100:1 dr, 99.6% ee. *H NMR (400 MHz, CDCl3) § 7.27 (d, J = 1.1 Hz,
1H), 7.25 — 7.22 (m, 3H), 7.22 — 7.17 (m, 5H), 4.62 (td, J = 7.6, 4.4 Hz, 2H), 2.65 (s,
2H), 1.86 — 1.70 (m, 4H). 3C NMR (101 MHz, CDCl3) § 144.46, 143.14, 133.09,
128.57, 128.54, 127.67, 127.22, 125.77, 74.64, 73.88, 36.02, 35.69.
16



Optical Rotation: [a]o % = -22.8 (¢ = 1.00, CHCIs). The enantiomeric excess was
determined by HPLC on Chiral AD-3 column, 220 nm, 30 °C, n-hexane: i-PrOH =
90:10; flow 1.0 mL/min; tr (major) = 15.98 min, tr (minor) = 19.00 min, 19.36 min,

21.10 min.
TADT B, Sig-220 Fef 360,108 (5374 AR 2020 1117 COSPZBESIACID
u i
$ a 2000
h g‘ § 1750 |
i .
| il “ |
| 1250
(I z |
10001
‘ ‘ [ I‘ - ] |
| .l e |
| 11 00 |
| L[] i |
IRYA =04 -
|4 1 3
T -— A d o 1 I - _ =
0 - 2
Signal 1: DAD1 B, Sig=220,4 Ref=360,100 Signal 1: DAD1 B, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
e == meme-- [---mmmeee- [-mmmemmee- [----m--- I e [=nn]mmsnes [=momenenee |=nemeeee [=neneee [
1 16.041 BB 0.3384 1.09353e4 482.51199 27.1868 1 15.984 BB 0.3215 5.25661e4 2201.95215 99.6593
2 19.026 BV 0.2962 6728.52588 345.55270 16.7281 2 19.004 BB 0.1840  48.54292 3.12830 0.0920
3 19.380 W 0.4197 1.14233e4  394.65350 28.4001 3 19.363 BB 0.2231 94.09824 4.98872 0.1784
4 20.869 VB 0.4440 1.11357e4  369.09760 27.6850 4 21.103 BB 0.2817  37.05931 1.55134  0.0703

(1S,45)-1,4-di-p-tolylbutane-1,4-diol (6k)

OH O Me
D
Me

6k

99% yield, 76:1 dr, >99.9% ee. *H NMR (400 MHz, CDCl3) § 7.94 (d, J = 8.1 Hz, 4H),
7.28 (s, 4H), 3.42 (s, 4H), 2.41 (s, 6H). 3C NMR (101 MHz, CDCl3) & 198.45, 143.90,
134.37, 129.28, 128.26, 32.54, 21.67.

Optical Rotation: [a]o % = -49.6 (¢ = 0.50, CHCIs). The enantiomeric excess was
determined by HPLC on Chiral AD-3 column, 220 nm, 30 °C, n-hexane: i-PrOH =

90:10; flow 1.0 mL/min; tr (major) = 18.22 min, tr (Minor) = 23.42 min.

=

DADY A, S 0,100 (S0 v-20201228 2020-12-26 203001001 P1-AT-5 28 2020-12.26 20

§
H

120

P e 8 B & &l
s 8 3§ % B ¥ 8 & &

17



signal 1: DAD1 A, Sig=22@,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
e [ R | -mmmnee -mmmemmeee |--mmmene |
1 18.249 BB 0.4777 3228.04712 97.13168 26.3898

0.5166 2769.92554 79.87865 22.6446
©.6388 6234.21875 139.10869 50.9657

2 22.323 BV
3 23.403 VB

Signal 1: DAD1 A, Sig=220,4 Ref=360,100

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

e N P | --mmmeee- [=mmmmmeee |--mmmeee !

1 18.220¢ BB ©.4844 1.51410e4 458.19681 98.70@98

2 23.416 BB 0.5606 197.89963 4.78646 1.2902

(1S,4S)-1-(4-chlorophenyl)-4-(p-tolyl)butane-1,4-diol (6l)

Cl
OH O
D
Me

61

99% vyield, >100:1 dr, 99.6% ee. *H NMR (400 MHz, CDCls) § 7.30 (d, J = 8.5 Hz,

2H), 7.28 — 7.19 (m, 4H), 7.16 (d, J = 7.9 Hz, 2H), 4.66 (dt, J = 7.7, 3.6 Hz, 2H), 3.23
(s, 1H), 2.80 (s, 1H), 2.36 (s, 3H), 1.92 — 1.76 (m, 4H). 3C NMR (101 MHz, CDCl3) &
143.21, 141,50, 137.33, 133.00, 129.19, 128.52, 127.23, 125.73, 74.47, 73.85, 36.14,

35.69, 21.12.

Optical Rotation: [a]o % = -49.5 (¢ = 1.00, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral AD-3 column, 210 nm, 30 °C, n-hexane: i-PrOH =

90:10; flow 1.0 mL/min; tr (major) = 16.31 min, tr (minor) = 18.96 min, 19.42 min.

T = FETE

| 3

200

g

Signal 1: DAD1 C, Sig=21@,4 Ref=3608,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
R R B |--eeeeee |=-mmmmeee |+-mmne |
1 16.248 BB ©.3921 7578.68262 272.38766 27.2225

2 18.876 W R @.2929 5177.21289 248.19695 18.5964
3 19.376 VW R ©.4783 1.5083%4  431.55484 54.1811

Signal 1: DAD1 C, Sig=21@,4 Ref=360,100

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]
el R R e | -ommemnoes P |-omnmeee |
1 16.314 MM ©.3875 2.86192e4 1230.81812 99.5592
2 18.958 MM 0.2583 51.69290 3.33579 0.1798
3 19.423 MM @8.3135  75.80@529 3,98809 0.2609
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(1S,4S)-1-(4-chlorophenyl)-4-(4-fluorophenyl)butane-1,4-diol (6m)

OH ‘ cl
. O OH

6m

99% vyield, >100:1 dr, 97.4% ee. 'H NMR (400 MHz, CDCls) & 7.29 (d, J = 8.3 Hz,
3H), 7.23 (d, J = 8.6 Hz, 3H), 7.00 (t, J = 8.7 Hz, 2H), 4.65 (dd, J = 7.4, 3.4 Hz, 2H),
3.01 (d, J = 40.8 Hz, 2H), 1.93 — 1.72 (m, 4H). 13C NMR (101 MHz, CDCl3) § 163.39,
160.95, 143.03, 140.25, 140.21, 133.16, 128.60, 127.43, 127.35, 127.17, 115.41,
115.19, 73.93, 73.87, 35.96, 35.93.

Optical Rotation: [a]o % = -42.1 (¢ = 1.00, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral IF column, 210 nm, 30 °C, n-hexane: i-PrOH = 88:12;

flow 1.0 mL/min; tr (major) = 8.87 min, tr (Minor) = 9.47 min, 10.39 min.

BAD1 €, Sig=2 i S 01 1514 12001 P2-F1- 84V

00
o
£

Ssignal 1: DAD1 C, Sig=21@,4 Ref=360,100 . .
Signal 1: DAD1 C, Sig=21@,4 Ref=360,100
Peak RetTime Type Width Area Height Area

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

# [min] [min] [mAU*s] [mAu] %
) Y P |-mmnnnnnes |-nnnmmees |-nnnnee !
1 8.868 MM ©.2009 1.74838e4 1450.54077 98.2735
2 9.474 MM ©.1901 232.784@7 20.41088 1.3084
3 18.389 BB 0.2248 74.38322 5.02274 9.4181

1 8.665 BB ©.1835 3949.93188 330.45813 22.0089
2 9.633 BV ©.1993 3944.08081 304.08475 21.9763
3 l1e.e27 w @.2073 4927.01758 360.73349 27.4532
4 10.347 VB @.2250@ 5125.90967 345.75763 28.5615

(1S,4S)-1,4-bis(4-chlorophenyl)butane-1,4-diol (6n)

Cl
v
S
Cl

6n
99% yield, >100:1 dr, >99.9% ee. 'H NMR (600 MHz, CDCl3) § 7.29 (d, J = 8.2 Hz,
4H), 7.23 (d, J = 8.1 Hz, 4H), 4.65 (d, J = 4.7 Hz, 2H), 2.92 (s, 2H), 1.88 — 1.73 (m,
4H).13C NMR (151 MHz, CDCl3) 6 141.93, 132.16, 127.58, 126.12, 72.82, 34.83.

19




Optical Rotation: [a]o % = -37.8 (¢ = 0.50, CHCIs). The enantiomeric excess was

determined by HPLC on Chiral AD-3 column, 220 nm, 30 °C, n-hexane: i-PrOH =

90:10; flow 1.0 mL/min; tr (major) = 17.37 min, tr (minor) = 20.09 min.

DAD Z0-30-07004-F 1-A6 Sorg 4G D]

120

signal 1: DAD1 A, Sig=22@,4 Ref=368,100
signal 1: DAD1 A, Sig=220,4 Ref=360,10@

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
R T [ — [ [— [ ‘ # [min] [min] [mAU*s ] [mAU] %

S PR [ [=mmmmee [=mmmeees l--mmmmee \

1 17.343 BB 0.4677 1.92963e4 595.91565 99.2993

2 20.893 BB 0.5262 136.12195 3.64083 @.7ee7

1 17.372 BB ©.4619 2695.90234  83.22778 26.67@8
2 20.085 BV ©.4784 4040.48877 125.23609 39.9717
3 21.e21 VB ©.5843 3371.97144  81.56603 33.3582

(1S,45)-1-(2,5-difluorophenyl)-4-phenylbutane-1,4-diol (60)

OH
T
OH
E

60

99% yield, >100:1 dr, >99.9% ee. 'H NMR (400 MHz, CDCls) 4 7.33 (d, J = 6.6 Hz,
4H), 7.29 — 7.26 (m, 1H), 7.22 — 7.15 (m, 1H), 6.99 — 6.83 (m, 2H), 4.97 (t, J = 5.7 Hz,
1H), 4.69 (dd, J = 7.9, 3.5 Hz, 1H), 3.04 (s, 2H), 1.96 — 1.80 (m, 4H). 3C NMR (101
MHz, CDClz) 6 160.18, 160.16, 157.77, 157.75, 156.53, 154.16, 154.14, 144.32, 133.76,
133.69, 133.60, 133.53, 128.54, 127.69, 125.78, 116.38, 116.30, 116.14, 116.05,
115.03, 114.95, 114.79, 114.70, 113.96, 113.91, 113.71, 113.66, 74.63, 67.89, 35.60,
34.91.

Optical Rotation: [a]o % = -40.7 (¢ = 1.00, CHCIs). The enantiomeric excess was
determined by HPLC on Chiral OD-3 column, 210 nm, 30 °C, n-hexane: i-PrOH =
90:10; flow 1.0 mL/min; tr (major) = 16.25 min.

20
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Signal 1: DAD1 C, Sig=210,4 Ref=off
: : . Signal 1: DAD1 C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area

X X N

#  [min] [min] ~ [mAU*s] [maU] % Peak RetTime Type Width Area Height Area

B R i R [-omommeeee --omoonon l----m--- | #  [min] [min]  [mAU*s] [mAU] %
1 9.825 BB 0.2704 63206.35383 364.30667 25.8934 ____‘ _______ |____ ‘ _______ I __________ ‘ __________ ‘ ________ I
2 11.161 BV ©0.3152 5527.84736 276.56348 22.6434 1 16.245 MM ©.5281 8342.07813 263.29306 109.0000

3 11.828 VB ©.3306 6260.48389 203.77255 25.6481

4

16.392 BB ©.4859 6301.22900 202.00610 25.8151

(1S,4S)-1-(5-fluoro-2-methylphenyl)-4-phenylbutane-1,4-diol (6p)

OH
©
OH
M

e
6p

99% yield, 25:1 dr, >99.9% ee. *H NMR (400 MHz, CDCl3) § 7.34 (d, J = 4.4 Hz, 4H),
7.28 (d, J = 4.3 Hz, 1H), 7.20 (dd, J = 10.2, 2.9 Hz, 1H), 7.04 (dd, J = 8.4, 5.8 Hz, 1H),
6.83 (td, J = 8.3, 2.8 Hz, 1H), 4.88 (t, J = 6.2 Hz, 1H), 4.71 (dd, J = 8.2, 4.5 Hz, 1H),
3.04 (s, 2H), 2.20 (s, 3H), 2.00 — 1.86 (m, 2H), 1.78 (g, J = 7.0, 6.5 Hz, 2H). 3C NMR
(101 MHz, CDCl3) 6 162.89, 160.47, 145.09, 145.03, 144.50, 131.60, 131.52, 129.51,
129.48, 128.53, 127.63, 125.79, 113.77, 113.57, 112.22, 112.00, 74.66, 70.60, 70.59,
36.01, 34.80, 18.24.

Optical Rotation: [a]o % = -60.4 (c = 1.00, CHCI3). The enantiomeric excess was

determined by HPLC on Chiral IF column, 210 nm, 30 °C, n-hexane: i-PrOH = 88:12;

flow 1.0 mL/min; tr (major) = 8.85 min, tr (minor) = 9.61 min, 10.94 min.

DAD1 €. Sg=210.4 Ref=380,100 (0. T3 114103000 P2FEEIV-20 DRD1C. SgeriA
.....
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100 . .
Signal 1: DAD1 C, Sig=218,4 Ref=368,180

Peak REtT]'me Type Nl(_jth Al‘fa Height Area Peak RetTime Type Width Area Height Area
# | [min] omee| [min] | [mau*s] | [mau] | * | £ [min] [min]  [mAU*s) [mAU] %
"""""""""""""""""""""""""""""" S O e s (S SO
1 8.980 BB ©.1912 3946.08789 321.43826 22.0150 S BAS Bl BTN e ey G4 ss Se. s
2 9.755 BV  ©.2045 4993.86279 377.@5154 27.8605 s SETWE G SN 5 ASSEs. .
3 10.202 VB ©.2193 3868.75366 272.99463 21.5836 S aome m I SR .S LA

4 11.187 BB ©.2488 5115.82129 316.20224 28.5409

(1S,4S)-1-(4-chlorophenyl)-4-(2,5-difluorophenyl)butane-1,4-diol (6q)

Cl
OH
O
OH
F

6q

99% vyield, 82:1 dr, >99.9% ee. *H NMR (400 MHz, CDClz) § 7.35 — 7.24 (m, 5H),
7.20 (ddd, J = 8.9, 5.6, 3.1 Hz, 1H), 7.02 — 6.88 (m, 2H), 4.99 (s, 1H), 4.70 (s, 1H), 3.46
(d, J = 16.2 Hz, 1H), 3.09 (s, 1H), 1.95 — 1.81 (m, 4H). 13C NMR (101 MHz, CDCl3) 5
160.18, 160.15, 157.77, 157.75, 156.48, 154.11, 154.09, 142.83, 133.58, 133.51,
133.42, 133.35, 133.27, 128.64, 127.14, 116.46, 116.37, 116.21, 116.12, 115.16,
115.08, 114.92, 114.83, 113.87, 113.82, 113.62, 113.58, 73.87, 67.83, 35.67, 34.67.

Optical Rotation: [a]o % = -43.3 (¢ = 1.00, CHCIs). The enantiomeric excess was
determined by HPLC on Chiral IA column, 210 nm, 30 °C, n-hexane: i-PrOH = 88:12;

flow 1.0 mL/min; tr (major) = 10.45 min, tr (minor) = 13.01 min.

GADT A, Sig=2204 (Soraif S1Y_ 0210530 2021 0530 1221 i ranew Som 12010051 G2 5172 5F ACkchar-new ]
Ay 5 3

& 120
8

100

signal 1: DAD1 A, Sig=220,4 Ref=360,100
signal 1: DAD1 A, Sig=22e,4 Ref=36@,1€0

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
T ELTERES | EEEE EETELES EEEESEELED |meememnna- [-==ennen \ #  [min] [min]  [mAU*s] [mAuU] %
1 1e.397 BB ©.2314 1184.94568 77.93884 20.4087 el T R [ | e |
2 12.336 BV ©.2793 17088.84241 94.35488 29.4319 1 10.448 BB 9.2248 1857.26599 126.85838 98,7961
3 12.954 W ©.2873 1729.21204 91.16385 29.7827 2 13.813 BB ©.2438  22.63145 1.32166  1.2039
4 13.377 VB ©.2904 1183.88630 61.50441 20.3767
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(1S,45)-1,4-di(thiophen-2-yl)butane-1,4-diol (6r)

OH S\

=
~

\_s OH
6r

99% yield, >100:1 dr, >99.9% ee. *H NMR (400 MHz, DMSO-d6) & 6.48 (d, J = 5.0
Hz, 2H), 6.11 — 5.98 (m, 4H), 4.67 (d, J = 4.7 Hz, 2H), 3.90 (q, J = 5.1 Hz, 2H), 0.98 —
0.72 (m, 4H). 3C NMR (101 MHz, DMSO-d6) § 156.03, 131.63, 129.11, 127.96, 73.41,
40.93.

Optical Rotation: [a]o % = -18.1 (¢ = 1.00, CHCI3). The enantiomeric excess was

determined by HPLC on Chiral AD-H column, 220 nm, 30 °C, n-hexane: i-PrOH =

90:10; flow 1.0 mL/min; tr (major) = 22.33 min, tr (minor) = 24.23 min.

: i
x0 | |
| |
\ ‘
¢l ||
. Bk |
| | |
1!
I [ I |
IRAR [
| I [
&
Signal 1: DADL B, Sig=22@,4 Ref=off Signal 1: DADL B, Sig=228,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s ] [mAU] %
e P P rararescas |oareeee R O e Pt s [ !
1 22.372 BB 0.4840 3903.26465 124.42773 25.6466 1 22.327 BB 9.4931 1.58994e4  502.52542 99.5758
2 24.3085 BV 0.5156 7300.44482 220.86026 47.9679 2 24.232 BB 9.3457 67.72499 2.38231 9.4242
3 25.406 VB 9.5536 4015.71606 111.11474 26.3855

(1S,4R)-1-phenylpentane-1,4-dio (6s)

OH
Me
OH
6s

99% yield, 7:4 dr, >99.9% ee. *H NMR (600 MHz, CDCls) § 7.37 — 7.20 (m, 5H), 4.71
— 458 (m, 1H), 3.78 (dg, J = 24.2, 6.1 Hz, 1H), 1.87 — 1.74 (m, 2H), 1.59 — 1.39 (m,
2H), 1.19 — 1.09 (m, 3H). 3C NMR (151 MHz, CDCls) § 144.93, 144.75, 128.39,
127.39, 127.35, 125.86, 125.83, 74.66, 74.13, 68.22, 67.73, 36.19, 36.00, 35.06, 34.94,
23.62, 23.32.
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Optical Rotation: The enantiomeric excess was determined by HPLC on Chiral AD-3
column, 210 nm, 30 °C, n-hexane: i-PrOH =90:10; flow 1.0 mL/min; tr (major) = 9.60

min, tr (minor) = 10.82 min.

B4 20201013 Z028-10-13 10-81 02008 P2.C2 50V BI0I4 5] TADT G, Sig=210.4 =350, 100 [0 daiw 20201073 2025-10-13 10-51 02013 P2 E1 51V B0I44-heaing B

-

R

‘ 400+ |‘
1
1

mAL . = ) mAu 2
o] : 5 i
o]

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
Rl R R Rt |=mmmmmme- [=mmmmmm [=mmmmm-- I # [min] [min]  [mAU*s] [mAU] %
1 9.614 BB 0.2024 7672.43359 565.18958 24 8327 | ----|------- [P P [mmmmmmnn [=mmemmnans [ \
2 10.608 BV  0.1608 5494.70947 52405963 17.7842 1 9.604 BY  0.2261 8474.96094 568.01208 63.5268
3 10.811 W 0.2052 8632.20703 618.82953 27.9391 2 10.818 VB 0.2548 4865.80859 287.05173 36.4732

4 11.138 VB 0.2442 9097.20215 589.56232 29.4441

(1S,4S5)-1-(furan-2-yl)-4-phenylbutane-1,4-diol (6t)

OH O\
=~

OH
6t

99% yield, 75:1 dr, >99.9% ee. *H NMR (600 MHz, CDCI3) & 7.34 (d, J = 4.4 Hz, 5H),
7.27(q,J = 4.3 Hz, 1H), 6.34 — 6.29 (m, 1H), 6.21 (d, J = 3.2 Hz, 1H), 4.73 (dt, J = 8.0,
5.1 Hz, 2H), 2.58 (d, J = 113.7 Hz, 2H), 2.01 — 1.91 (m, 3H), 1.87 — 1.80 (m, 1H). :3C
NMR (151 MHz, CDCI3) & 156.61, 144.49, 141.91, 128.52, 127.63, 125.82, 110.16,
105.80, 74.45, 67.87, 35.41, 32.25.

Optical Rotation: The enantiomeric excess was determined by HPLC on Chiral AS-3
column, 220 nm, 25 °C, n-hexane: i-PrOH =90:10; flow 1.0 mL/min; tr (major) = 12.91

min, tr (Minor) = 14.69 min.
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Signal 1: DAD1 C, S5ig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAD] %
i Rttt === | === | === |======== |
1 12.877 BV 0.3478 4011.55737 180.17473 26.0225
2 13.668 W 0.3406 3694.20044 167.93747 23.9638
3 14.6l11 VB 0.3698 3668.17603 154.03580 23.7950
4 16.168 BB 0.4318 4041.80957 145.61195 26.2187

Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %
i Rt [====] === |===mmm- |===mmm- |======= |
1 12.905 BB 0.3640 1.21743e4  526.04846 98.7458
2 14.685 BB 0.3579 154.63133 6.53953  1.2542
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4. General procedure for asymmetric hydrogenation of benzil (7)

[Ir(COD)CI]o/(Rc,Rc,Skc)-f-amphox
0 O Cs,CO3 (5 mol%), Hy (40 atm)

HO,  OH HO,  OH
+
O I THF, RT, 24 h, S/C = 1000 O Q O Q
8a

7

8b (meso)

To a 4.0 mL vial was added the catalyst precursor [Ir(COD)CI]2 (6.72 mg, 1.0x107
mmol), ligand (Rc,Rc,Skc)-f-amphox (12.2 mg, 2.2x102 mmol) and anhydrous THF
(2.0 mL) in the argon-filled glovebox. The mixture was stirred for 2.0 h at 25 °C giving
orange red solution. And then benzil 7 (0.1 mmol), Cs2CO3 (1.63 mg, 0.005 mmol), and
anhydrous THF (1.0 mL) were added into a 5 mL hydrogenation vessel, and a solution
of Ir/(Rc,Rc,Src)-f~amphox in anhydrous THF (10 pL) was added via an injection port.
Then the vessel was placed in an autoclave, closed it and moved it out from golvebox.
The autoclave quickly purged with hydrogen gas for three times, then pressurized to 40
atm H». The reaction solution was stirred at room temperature (25 °C - 30 °C) until for
24 h, then released pressure carefully. The product was purified by flash

chromatography on silica gel with ethyl acetate.

(1R,2R)-1,2-diphenylethane-1,2-diol (8a)

HO OH
8a

99% yield, 7:3 dr, >99.9% ee. *H NMR (600 MHz, CDClIs) § 7.30 (d, J = 6.2 Hz, 3H),
7.22 (t, J = 6.1 Hz, 5H), 7.10 (s, 2H), 4.80 (s, 1H), 4.67 (s, 1H), 3.10 (s, 1H), 2.44 (s,
1H). ¥C NMR (151 MHz, CDCl3) 6 139.77, 128.21, 128.13, 128.08, 127.93, 127.13,
127.02, 79.02, 78.06.

Optical Rotation: The enantiomeric excess was determined by HPLC on Chiral OJ-H
column, 210 nm, 25 °C, n-hexane: i-PrOH = 90:10; flow 0.5 mL/min; tr (major) =31.73

min. The absolute configuration was assigned by comparing with literature data.[?!

[2] T. Touge, T. Hakamata, H. Nara, T. Kobayashi, N. Sayo, T. Saito, Y. Kayaki, and

T. Ikariya, J. Am. Chem. Soc., 2011, 133 (38), 14960-14963.
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
4 (min] (min] (mAU*s) (mAU] % Peak RetTime Type Width Rrea Height Area
———|m————— | === ==————- | mmmmm————— |mm———————— | =mm————- | # [min] [min] [mAU*s] [mAU] %
1 28.164 MM 1.4919 7845.67871  87.64993 50.3157 B I [====l=mmmmms |====mmmme [====mmme [======= I
2 31.879 MM 1.4505 7747.21582 89.01520 49.6843 1 31.729 vB R 0.6045 1.16715e4 277.58972 100.0000
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5. General procedure for synthesis of 1,5-diketones (9)

O (0]

R 0 0] AICl3
A, T
Cl Cl
R R

Aluminum chloride (1.33 g, 10 mmol) was added to the solution of glutaryl chloride
(845 mg) in benzene (10 mL) at room temperature. The solution was stirred for 4 h at
25 °C. After completion of the reaction, add saturated ammonium chloride solution to
the solution. Extracted with ethyl acetate, organic layer was dried over sodium sulphate
and concentrated under reduced pressure. The obtained residue was purified by flash

chromatography on silica gel.

1,5-di-p-tolylpentane-1,5-dione (9b)

(0] (0]

Me/‘)\/\/”\‘\O‘Me

9b
65% yield. 'H NMR (400 MHz, CDCls) & 7.88 (d, J = 8.3 Hz, 4H), 7.25 (d, J = 8.0 Hz,
4H), 3.08 (t, J = 7.0 Hz, 4H), 2.40 (s, 6H), 2.18 (p, J = 6.9 Hz, 2H). 3C NMR (101
MHz, CDCls) § 199.61, 143.82, 134.43, 129.28, 128.22, 37.57, 21.64, 18.95,

1,5-bis(4-isopropylphenyl)pentane-1,5-dione (9c)

(0] (0]

iPriPF

9c
49% yield. *H NMR (400 MHz, CDCls) § 7.92 (dd, ] = 8.4, 1.9 Hz, 4H), 7.34 — 7.28
(m, 4H), 3.08 (t, J = 7.0 Hz, 4H), 2.96 (p, J = 6.9 Hz, 2H), 2.18 (p, J = 7.0 Hz, 2H), 1.26
(d, J = 7.0 Hz, 12H). 3C NMR (101 MHz, CDCls) 5 199.63, 154.55, 134.78, 128.36,
126.68, 37.59, 34.26, 23.69, 19.00.
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6. General procedure for asymmetric hydrogenation of 1,5-diketones
O O OH OH
[I(COD)CI],/(Re,Re, Skc)-f-amphox :
Cs,CO05 (10 mol%), IPA, H, (40 atm)
R R RT, 12 h R R
S/C =1000

9 10

To a 4.0 mL vial was added the catalyst precursor [Ir(COD)Cl]2 (6.72 mg, 1.0x107

mmol), ligand (Rc,Rc,Src)-f-amphox (12.2 mg, 2.2x10 mmol) and anhydrous IPA (2.0
mL) in the argon-filled glovebox. The mixture was stirred for 2.0 h at 25 °C giving
orange red solution. And then 1,5-diketone 9 (0.1 mmol), Cs2COs3 (3.25 mg, 0.01 mmol.)
were added into a 5 mL hydrogenation vessel. 1.0 mL anhydrous IPA was added as
solvent and a solution of Ir/(Rc,Rc,Src)-f~amphox in anhydrous IPA (10 pL) was added
via an injection port. Then the vessel was placed in an autoclave, closed it and moved
it out from golvebox. The autoclave quickly purged with hydrogen gas for three times,
then pressurized to 40 atm H». The reaction solution was stirred at room temperature
(25 °C - 30 °C) until for 12 h, then released pressure carefully. The solution of reaction
mixture was purified by flash chromatography on silica gel with ethyl acetate and the
solvent was removed under reduced pressure. The ee value was determined by chiral
HPLC analysis of the hydrogenation product chiral diol directly. The absolute

configurations of 1,5-diol were assigned by analogy.

(1S,55)-1,5-diphenylpentane-1,5-diol (10a)

OH OH

10a

99% yield, >100:1 dr, >99.9% ee. 1H NMR (600 MHz, CDCl3) & 7.36 — 7.29 (m, 8H),
7.29 - 7.25 (m, 2H), 4.66 (ddd, J = 8.2, 5.3, 3.0 Hz, 2H), 2.01 (d, J = 3.2 Hz, 2H), 1.88
— 1.79 (m, 2H), 1.76 — 1.68 (m, 2H), 1.48 (p, J = 7.8 Hz, 2H). 13C NMR (151 MHz,
CDCls) § 144.78, 128.49, 127.57, 125.84, 74.46, 38.82, 22.29.
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Optical Rotation: The enantiomeric excess was determined by HPLC on Chiral OJ-H

column, 210 nm, 25 °C, n-hexane: i-PrOH = 90:10; flow 1.0 mL/min; tr (major) =32.37

min.
TADT G, Sig=210,% Refeall (FFPHFP- 1-72.2-00-H-50- 10-TNIL 2021 08-05 2148211004 P1-E5-HFP-1 T2 RACZD) I DADT C., Sig-210.4 Refecll (HFPHFP-1-72-2-0J-1-80-10- ML 20210805 21-48-2T003-F 1-E4HDP-1- T2 EET D
" 3 ;
i .
w I |
. ( I
|
w I
. |1 [
H [
w H
» I
=
®
. Y AN L Db, s e o s T i it N
) = P} b 5 m P =
Signal 1: DADl C, Sig=210,4 Ref=off
Signal 1: DADl C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
- === 1= [=mmmmmm I ! #  [min] [min]  [mAU*s] [mAU]
1 32.411 BV 0.5360 1986.82703 45.44917 22.9806 RO [ — [ P, [ ——— [ — [ ——— |
2 33.63¢ W R 0.6221 1978.65430  38.61782 22.8976 1 32.374 VB R 0.5428 1127.38892  25.06358 100.0000
3 37.604 VvV R 0.6545 4679.18848 88.26025 54.1218

(1S,55)-1,5- di-p-tolylpentane-1,5-diol (10b)

OH OH

Me/‘/'\/\/\‘\O‘Me

10b

99% yield, 92:1 dr, >99.9% ee. 'H NMR (600 MHz, CDCl3) § 7.20 (d, J = 7.7 Hz, 4H),
7.14 (d, 3 = 7.7 Hz, 4H), 4.63 — 4.57 (m, 2H), 2.34 (s, 6H), 2.13 (s, 2H), 1.81 (dg, J =
15.3, 7.8 Hz, 2H), 1.69 (td, J = 13.5, 7.9 Hz, 2H), 1.45 (p, J = 7.7 Hz, 2H). 13C NMR
(151 MHz, CDCls) 6 141.89, 137.17, 129.14, 125.82, 74.23, 38.78, 22.38, 21.13.

Optical Rotation: The enantiomeric excess was determined by HPLC on Chiral AD-3
column, 220 nm, 25 °C, n-hexane: i-PrOH =90:10; flow 1.0 mL/min; tr (major) = 40.14

min, tr (Minor) = 26.76 min.

5=220,% Ref=300,100 (D VCHEMSTA. 5 DIOLP-WE-20211028 2021-10-28 1353-TTOneeE s 003 0] ADT €. Sig=2204 Ref=360 Toh e 20271028 20211038 15855 GA D)
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Signal 1: DADl1 C, Sig=220,4 Ref=360,100 . ; . . .
Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area ) X X
. . L . Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] = . i . .
e [ =mmm | mmmmm e [mmmmmmmmm [mm e (R | T [min] [min] [mAU*s] [mAU]
1 22.728 BB 0.7805 1.37752e¢  253.30339 23.3s46 | ol emmlT et T
. 12 . 10. . 1.0 !
2 27.792 BB 0.9635 3.17318e4  471.27997 53.7984 ToeEeeEes gse 2 . '
2 40.138 BB 1.3651 2.92854e4 308.60568 98.9253

3 40.555 BB 1.3874 1.34757e4 140.20245 22.8469

(1S,55)-1,5-bis(4-isopropylphenyl)pentane-1,5-diol (10c)

ye L,

99% yield, >100:1 dr, >99.9% ee. *H NMR (600 MHz, CDCI3) § 7.24 (d, J = 8.2 Hz,
4H), 7.19 (d, J = 8.3 Hz, 4H), 4.62 (dd, J = 8.0, 5.3 Hz, 2H), 2.90 (p, J = 6.9 Hz, 2H),
2.13 (s, 2H), 1.83 (dq, J = 15.1, 7.7 Hz, 2H), 1.71 (td, J = 13.4, 7.8 Hz, 2H), 1.49 (p, ]
=7.7Hz, 2H), 1.25 (d, J = 6.9 Hz, 12H). 3C NMR (151 MHz, CDCls) § 147.15, 141.20,
125.46, 124.82, 73.23, 37.67, 32.77, 22.98, 21.42.

OH OH

10c r

Optical Rotation: The enantiomeric excess was determined by HPLC on Chiral OD-3

column, 220 nm, 25 °C, n-hexane: i-PrOH = 90:10; flow 1.0 mL/min; tr (major) =11.82

BRDT . 5ig 20,4 =360, 100 (Song V171 5oy e 20711108 BE1-T1-60 14-20- 10 racanond0006 B] TADT €. 5ig-2204 =380, 100 (Song VISV ok p-iPr 20211105 2021-11-63 14-20- 10 DrdewEdiod—G07
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Signal 1: DADl C, Sig=220,4 Ref=360,100

Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area

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

i [l e [==mmmmmmme [m=mmmmmmmes [==mmmmes I # [min] [min] [mAU*s] [mAU]
1 10.025 BB 0.4155 5207.23877 195.03313 23.8300

e R |====mmmmmn | =====mmmmm |======== I
2 1z.180 BV 0.4036 4805.53125 179.37239 21.0764 1 11.815 BB 0.4346 3.26600e4 1173.87292 100.0000

3 12.928 VB 0.5078 1.2038B8e4 360.36252 55.0935

31




7. Mechanistic investigation

OH
Q O [I(COD)Cll,/(Re,Re,Src)-f-amphox oH ‘ ‘
+
KOH (10 mol%), MTBE O O
(o) H, (40 atm), RT, 30 min o] OH

5a S/C = 1000 5a° 6a

To a 4.0 mL vial was added the catalyst precursor [Ir(COD)Cl]2 (6.72 mg, 1.0x107
mmol), ligand (Rc,Rc,Src)-f~amphox (12.2 mg, 2.2x10"> mmol) and anhydrous toluene
(2.0 mL) in the argon-filled glovebox. The mixture was stirred for 2 h at 25 °C giving
orange red solution. And then 0.1 mmol of 1,4-diphenylbutane-1,4-dione (5a), KOH
(0.56 mg, 0.01 mmol) were added into a 5 mL hydrogenation vessel. 1.0 mL anhydrous
MTBE was added as solvent and a solution of Ir/(Rc,Rc,Src)-f~amphox in anhydrous
toluene (10 pL) was added via an injection port. Then the vessel was placed in an
autoclave, closed it and moved it out from golvebox. The autoclave quickly purged with
hydrogen gas for three times, then pressurized to 40 atm H». The reaction solution was
stirred at room temperature for 30 min, then released pressure carefully.

The reaction mixture was purified by flash chromatography on silica gel with ethyl
acetate. The mono-reduced product (S)-4-hydroxy-1,4-diphenylbutan-1-one (5a') could

be obtained in 6.7% yield with 99% ee, and only a trace amount of 6a was detected.

(S)-4-hydroxy-1,4-diphenylbutan-1-one (5a")

e
Sae

5a’
6.7% yield, 99% ee. 'H NMR (400 MHz, CDCls) 6 7.94 (dd, J = 8.4, 1.4 Hz, 2H), 7.58
—7.53 (m, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.40 — 7.33 (m, 4H), 7.30 — 7.26 (m, 1H), 4.83
(dd, J=7.4,5.3 Hz, 1H), 3.11 (t, J = 7.0 Hz, 2H), 2.50 (s, 1H), 2.26 — 2.16 (m, 2H).
13C NMR (101 MHz, CDCls) § 200.59, 144.37, 136.85, 133.16, 128.61, 128.54, 128.12,
127.61, 125.78, 73.63, 34.79, 33.08.

Optical Rotation: [o]p 2> = -23.8 (¢ = 1.00, CHCI3). The enantiomeric excess was
determined by HPLC on Chiral OJ-H column, 240 nm, 30 °C, n-hexane: i-PrOH =90:10;
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flow 1.0 mL/min; tr (major) = 16.89 min, tr (minor) = 19.28 min. The absolute

configuration of 1,4-diphenylbutane-1,4-diol Sa’ was assigned to be (S) by comparing

the optical rotation with literature data.*’

DT 5. =340 Fafech (5 BATA F 1 NEHUN 202068 63 1607 S8001 5275 sfy modakcarch san D BRDT B, 5340 4 R =o (07D F1 0128 s 2030-11 26 1027 161002 2 DT SIv-arir il B
aky o " 5
fi 2 I
. Al 3 750 Il
[ \ I
| | ] |
& [ | |
| | ‘ {
| \ 1250+
I | |
[ | | |
| | 1000 \
‘ \ » ||
= [
\ \
. o [
~ i " I
2 — i \ g
- - , ~ \_ 3
S — e " T || R TR —
Signal 1: DAD1 D, Sig=240,4 Ref=off Signal 1: DAD1 D, Sig=240,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [miU*s] [mAU] % # [min] [min] [mAU*s] [mAl] %
i Rt | === === | === | === | === | === |====|====== | === | === | === |
17.215 BB 0.4570 330.03091 11.35852 50.5578 1 16.887 BB 0.4061 5.31897e4 1963.22437 99.6338
2 19.113 BB 0.4536 322.74789  10.07849% 49.4422 2 19.279 BB 0.6342 195.52222 3.68969 0.3662

The isolation of the intermediate revealed the nature of this stepwise transformation

from 1,4-diketones to 1,4-diols.

Pepnl | TN
o) @ Ph K | H OH
[I(COD)CI]2/(Re.Re, Skc)-F-amphox -
Ph Lo — Ph
Ph KOH, H, O~.Ph Ph
o o
Ph” N0
H
N
N Yo
Fé p——{Ir—N
[I(COD)CIly/(Rg,Re, Src)-F-amphox Ph7/ | N OH
% Ph K | H . Ph
KOH, H; " H Ph
OsLPh OH

[3]Y. Xia, L. Lin, F. Chang, X. Fu, X. Liu and X. Feng, Angew. Chem. Int. Ed. 2015,
54 ,13748-13752.

33




8. Synthesis of (2R,5R)-1-benzyl-2,5-diphenylpyrrolidine (6a")

1) MsCl, Et3N, -20 °C

' oy 2BnNHy 0°C Ph,O,,,Ph
Ph N
OH Bn
6a, 242 mg, 6a’, 216 mg, 69% yield
>99% ee 6:1 dr, 95% ee
= 0,
H e T
n 2,
Ph
Ph Ph f}l Ph
OH Bn
meso- and rac-6a, 242 mg meso- and rac-6a’

203 mg, 65% yield

(2R,5R)-1-benzyl-2,5-diphenylpyrrolidine (6a') was prepared as described in
literature.[* To the solution of methanesulfonyl chloride (0.2 mL, 2.6 mmol) in CH2Cl,
(10 mL) at -20 °C was added a solution of (15,45)-1,4-diphenylbutane-1,4-diol (6a, 242
mg, 1.0 mmol, >99% ee) and EtsN (0.42 mL, 3.0 mmol) in CH2Cl, (10 mL). The
reaction mixture was stirred for 2 h at -20 °C, then quenched with aq. sat. NH4Cl1 (2 mL)
and extracted with DCM. The organic layer was dried (Na>SQO4), and concentrated to
approximately 5 mL under reduced pressure, and immediately used for the next reaction
without further purification.

Benzylamine (2 mL, 20 mmol) was added at 0 °C to the solution obtained in the
previous step and the mixture was stirred at 0 °C for 12 h. Then, the mixture was
extracted with DCM. The organic layer was dried (Na2SO4), and concentrated under
reduced pressure.The obtained residue was purified by flash chromatography on silica
gel.

Using the similar procedure, the corresponding racemic sample could be obtained.
Unfortunately, after repeated purification, rac-6a' still could not be completely

separated from meso-6a’.

[4] M. Periasamy, M. Seenivasaperumal and V. D. Rao, Synthesis, 2003, 16, 2507-2510.
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(2R,5R)-1-benzyl-2,5-diphenylpyrrolidine (6a")

oo
e

69% vyield, 6:1 dr, 95% ee. 'H NMR (400 MHz, CDCls) § 7.35 — 7.26 (m, 9H), 7.25 —
7.16 (m, 4H), 7.11 (d, J = 7.2 Hz, 2H), 4.27 (t, J = 5.5 Hz, 2H), 3.57 (d, J = 14.1 Hz,
1H), 3.08 (d, J = 14.1 Hz, 1H), 2.63 — 2.48 (m, 2H), 2.04 — 1.91 (m, 2H). 3C NMR
(101 MHz, CDCls) 6 142.86, 139.06, 127.26, 127.13, 127.05, 126.84, 125.84, 125.28,
64.16, 49.91, 32.20.

Optical Rotation: The enantiomeric excess was determined by HPLC on Chiral OD-
H column, 254 nm, 25 °C, n-hexane: i-PrOH = 98:2; flow 0.8 mL/min; tr (major) =

5.00 min, tr (minor) = 4.63 min.

DADT A, k=254 4 Red=360. 100 (D ChemiZ... LOMLDH-O0-H80-20- WL 2027-11-08 16-4-08006-F1-D1-VS-ac ) DADT A, Sig=254.4 Ref=360, 100 {DChem3Z\_ata\ DHILDH-OD-HB0-20- 1ML 2021-11-08 18-04-09004-P1-02-Y5.0)
o g M o
1 b ﬁ
o] ||
=] \ ||
"] ‘I \
w] h
o] |
! | % ” (|
w]
1 ‘ | N |
=] [ o [
] | |
] WA |
s . N N Y A N

Signal 1: DADL B, Sig=254,4 Ref=360,100 Signal 1: DADl A, Sig=254,4 Ref=360,100
Peak RetTime Type Width RErea Height LArea Peak RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAU] 3 # [min] [min] [mAU*s] [mAU]
Rt Rttt | === ===~ | === R | =mmm——- | e [ R e [=mmmmmmaae |==mmmme |
4,584 BV 0.0933 958.09088 152.41002 73.3328 1 4.627 BB 0.1391 9.11846 1.01214 2.5306
2 4,996 VB 0.1142 348.40582 44 07001 26.6672 2 5.002 BB 0.0998 351.20908 54.07738 97.4694
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