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Supplementary Table 1 | Optimization of reaction conditions
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Entry [Cu] L* Solvent Additive Yield E.e
1 Cu(BH4)(PPhs)2 L*1 CH.Cl> - 49% 47%
2 Cu(BH4)(PPhg), L*2 CH:Cl> - 34% 45%
3 Cu(BH4)(PPh3)2 L*3 CHCl, - 29% 31%
4 Cu(BHs)(PPhs), L*4 CH:Cl> - 83% 83%
5 Cu(BH4)(PPh3)2 L*5 CHCl, - 54%  26%
6 Cu(BHs)(PPhs), L*6 CH:Cl> - 84% 79%
7 Cu(BHs)(PPhs), L*7 CH:Cl> - 48% 43%
8 Cu(BHJ)(PPhs), L*4 Toluene - 10% 51%
9 Cu(BHs)(PPhs), L*4 THF - 7%  22%

10 Cu(BH4)(PPh3), L*4 1,4-Dioxane - trace -
11 Cu(BHg)(PPhz)2 L*4 DCE - 58% 78%
12 Cu(BHs)(PPhs), L*4 CHCl3 - 84% 89%
13 CuCl L*4 CHCl3 - 96% 89%
14 Cul L*4 CHCl3 - 98% 89%
15 CuOAc L*4 CHCl3 - 90% 88%
16 CuCN L*4 CHCl3 - 95% 88%
17 Cu0 L*4 CHCl3 - 36% 34%
18 Cu(MeCN)4sPFs  L*4 CHCl3 - 45% 80%
19 Cul L*4 CHCl3 MgSO4(20mg) 98% 89%
20 Cul L*4 CHCl3 Protonsponge 98% 90%
(20 mol %)
212 Cul L*4 CHCI; Proton sponge  92% 93%
(20 mol %)

Reaction conditions. A-1 (0.050 mmol), S-1 (1.2 equiv.), [Cu] (10 mol%), L* (10 mol%), and
Ag2COs3 (0.60 equiv.) in solvent (0.10 M) at r.t. for 2 d; Yield was based on 'H NMR analysis of
the crude products using CH2Br2 as an internal standard; E.e. values were based on chiral HPLC

analysis. #The reaction was performed at 0 °C.



Supplementary Table 2 | The effect of silver carbonate and proton sponge

O\\S//\
OH O/ Ph
Cul (10 mol%), L*4 (10 mol%} 7,
+ PhSO,CI - - - > .
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proton sponge (y mol%}
A S CHCl,, Ar, 0°C, 2d 1

Entry Inorganicsalt (x/equiv.) Y/mol% Yield E.e.

1 Ag2CO;3 (0.60) 20 95% 93%
2 Li>COs (0.60) 20 25%  84%
3 Na,COs (0.60) 20 78%  93%
4 K2COs (0.60) 20 88% 93%
5 Cs,CO3 (0.60) 20 91%  82%
6 AgNOs (1.2) 20 5%  24%
7 Ag.O (0.60) 20 85%  92%
8 AgOTf (1.2) 20 3% 1%
9 Ag,COs (0.60) 0 72%  88%
10 Ag,COs (1.0) 0 92%  88%
11 Ag,COs (2.0) 0 91% 87%

Reaction conditions: A-1 (0.050 mmol), S-1 (1.2 equiv.), Cul (10 mol%), L*4 (10 mol%),
inorganic salt (x equiv.), and proton sponge (y equiv.) in CHCI3 (0.50 mL) under Ar at 0 °C for 2
d; Yield was based on *H NMR analysis of the crude products using CH2Br2 asan internal standard;
E.e. values were based on chiral HPLC analysis.



Supplementary Table 3 | Optimization of reaction conditionsfor the serinol substrate
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Entry [Cu] L* Solvent R’ Additive Yield E.e
1 Cul L*1  CHCl3 H - 29%  49%
2 Cul L*2 CHCls H - 60%  50%
3 Cul L*3  CHCl3 H - 39%  71%
4 Cul L*4  CHCls H - 17%  37%
5 Cul L*5  CHCl3 H - 22%  59%
6 Cul L*6 CHCls H - 9% -

7 Cul L*7  CHCl3 H - 26%  50%
8 Cul L*8 CHCls H - 55%  82%
9 Cul L*8 THF H - 1%  37%
10 Cul L*8 EtOAc H - 6% 2%
1 Cul L*8 DCE H - 32%  63%
12 Cul L*8 CH.Cl H - 43%  70%
13 CucCl L*8 CHCls H - 50%  86%
14 Cu0 L*8 CHCl3 H - 11% 20%
15 CuOAc L*8 CHCI3 H - 32%  79%
16 CuCN L*8 CHCl3 H - 43%  85%
17 Cu(BH4)(PPhg), L*8 CHCls H - 24%  65%
18 Cu(MeCN)4sPFs L*8  CHCl3 H - 8% 64%
19 CucCl L*8 CHCl3 H Proton sponge 46% 90%
(20 mol %)
20 CucCl L*8 CHCI3 H Proton sponge 52% 92%
(5.0 mol%)
21 CuCl L*8 CHCl3; OMe Proton sponge 2% 89%
(5.0 mol %)

Reaction conditions: A-S23 (0.050 mmol), S-1or S-2 (1.2 equiv.), [Cu] (10 mol%), L* (10 mol %),
and Ag2COs (0.60 equiv.) in solvent (0.10 M) at r.t. for 1 d; Yield was based on *H NMR analysis
of the crude products using CH2Br2 asaninterna standard; E.e. valueswere based on chiral HPLC
analysis.



Supplementary Table 4 | Optimization of reaction conditionsfor the protected erythritol
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Entry [Cu] L* Solvent Yield E.e
1 Cu(BHs)(PPh)2 L*4 CH.Cl, 10%  65%
2 CU(BH4)(PPh3)2 L*12 CH2C| 2 8% 9%
3 Cu(BHs)(PPhs), L*13 CHCl, 5%  42%
4 Cu(BHs(PPhy); L*10 CH,Cl, 4%  95%
5  Cu(BHs)(PPhs) L*10  Toluene 26%  53%
6  Cu(BHs)(PPhy), L*10 THF 24%  48%
7 Cu(BHs)(PPhs): L*10 14-dioxane 10%  64%
8  Cu(BHs)(PPhs), L*10 DCE 38%  94%
9  Cu(BHs)(PPhs), L*10 CHCls 53%  97%
10  Cu(BH4)(PPhg)z L*10 MeOH trace -
11 CuBr L*10 CHCl3 52% 96%
12 CuBr(PPhg);  L*10 CHCl3 36%  96%
13 CuBreSMe; L*10 CHCl3 84% 96%
14 Cul L*10 CHCl3 64% 97%
15 CuOAcC L*10 CHCl; 52% 96%
16 CuCN L*10 CHCl3 64% 96%
17 Cu0O L*10 CHCl3 66% 97%
18  CuPFg(MeCN); L*10 CHCl3 30%  96%

Reaction conditions. A-3 (0.050 mmol), S-1 (1.2 equiv.), [Cu] (10 mol%), L* (15 mol%), and
Ag2COz (0.60 equiv.) in solvent (0.10 M) at r.t. for 3 d; Yield was based on *H NMR analysis of
the crude products using CH2Br2 as an internal standard; E.e. values were based on chiral HPLC
analysis.



Supplementary Table 5 | Optimization of reaction conditionsfor the protected xylitol
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Entry [Cu] L* Solvent Yield
1 Cu(BHs)(PPhs)2  L*1 CH:Cl> 80% 51%
2 Cu(BHs)(PPh3s)2  L*2 CH:Cl> 94%  51%
3 Cu(BHs)(PPhs)2  L*3 CH:Cl> 2%  36%
4 Cu(BHs)(PPhs)2  L*4 CH:Cl> 88%  96%
5 Cu(BHg)(PPh3).  L*5 CHxCl> 76%  54%
6 Cu(BHs)(PPh3)2  L*6 CH:Cl> 85%  96%
7 Cu(BHg)(PPhs),  L*7 CHxCl> 80%  44%
8 Cu(BHs)(PPh3)>  L*8 CH:Cl> 8%  67%
9 Cu(BH4)(PPh3)., L*4 Toluene 62%  85%
10  Cu(BHs)(PPhs).  L*4 EtOAC 48%  68%
11 Cu(BH4)(PPh3),  L*4 1,4-dioxane 9% 20%
12 Cu(BHs)(PPhg)2  L*4 DCE 83%  92%

Reaction conditions: A-4 (0.050 mmol), S-1 (1.2 equiv.), [Cu] (10 mol%), L* (15 mol%), and
Ag2COz (0.60 equiv.) in solvent (0.10 M) at r.t. for 3 d; Yield was based on *H NMR analysis of
the crude products using CH2Br2 as an internal standard; E.e. values were based on chiral HPLC
analysis.



Supplementary Table 6 | Optimization of reaction conditionsfor the protected myo-inositol

Ph
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Entry [Cu] Solvent Additive Yield E.e
1 Cul L*4 CH.Cl> - 9% 0%
2 Cul L*8 CHxCl> - 5% 0%
3 Cul L*12 CH.Cl> - 43% 11%
4 Cul L*14 CHxCl> - 40% 18%
5 Cul L*15 CH.Cl> - 33% 8%
6 Cul L*16 CHxCl> - 12% 5%
7 Cul L*17 CH.Cl> - 48% 11%
8 Cul L*13 CHxCl> - 92% 76%
9 Cul L*11 CH.Cl> - 88% 78%
10 CucCl L*11 CHxCl> - 85% 68%
11 CuCN L*11 CH.Cl> - 90% 50%
12 Cu(MeCN)4PFs L*11 CH2Cl; - 83% 79%
13 Cu(BH4)(PPh3), L*11 CH2Cl> - 70% 87%
14 Cu(BH4)(PPh3), L*11 THF - 31% 85%
15 Cu(BH4)(PPhg), L*11 EtOAC - trace -
16 Cu(BH4)(PPhz), L*11 DCE - 70% 88%
17 Cu(BH4)(PPhz), L*11 CHCl3 - 79% 93%
18 Cu(BH4)(PPh3), L*11 CHCI3 4A MS 94% 93%
(20 mg)

Reaction conditions: A-5 (0.050 mmol), S-1 (1.2 equiv.), [Cu] (10 mol%), L* (12 mol%), and
Ag2COz (0.60 equiv.) in solvent (0.10 M) at r.t. for 2 d; Yield was based on *H NMR analysis of
the crude products using CH2Br2 as an internal standard; E.e. values were based on chiral HPLC
analysis.



General information

All reactions were carried out under argon atmosphere using Schlenk techniques. Reagents were
purchased at the highest commercia quality and used without further purification unless otherwise
stated. Extra dry solvents were purchased from J&K®. Chloroform (CHCIl3) was distilled from
anhydrous calcium hydride (CaHz) and stored under argon. Analytical thin layer chromatography
(TLC) was performed on precoated silicagel 60 GF254 plates. Flash column chromatography was
performed using Tsingdao silicagel (60, particle size 0.040-0.063 mm). H, 13C, °F, and *'P-NMR
spectra were recorded on Bruker Avance-400 or -500 spectrometers. The chemical shifts are
expressed in ppm and coupling constants are given in Hz. Datafor *H NMR are recorded asfollows:
chemical shift (ppm), multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; p, pentet, m, multiplet;

br, broad), coupling constant (Hz), integration. Datafor 3C NMR are reported interms of chemical

shift (8, ppm). Mass spectrometric data were obtained using Bruker Apex IV RTMS. Enantiomeric
excess (e.e.) was determined using Agilent high-performance liquid chromatography (HPLC) with
a Hitachi detector or SHIMADZU LC-20AD with an SPD-20AV detector; column conditions are
reported in the experimental section below. Specific optical rotation was measured on a Rudolph-

Autopol |. X-ray diffraction was measured on a“Bruker APEX-II CCD” diffractometer with Cu—
Ko radiation.



Synthesis of substrates

The synthesis of 2,2-disubstituted diol substrates A-1 and A-S1-A-S22
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General procedure 1:

Method a: To asuspension of NaH (60% dispensed in mineral oil, 240.0 mg, 6.0 mmol, 1.2 equiv.)
indry THF (15mL) at 0 °C was slowly added diethyl 2-phenylmalonate (196.0 mg, 5.0 mmoal, 1.0
equiv.). After stirring for 30 min, the corresponding alkyl halide (1.2 equiv.) was added dropwise.
The reaction mixture was warmed to r.t. and stirred overnight. Then the reaction was quenched
with saturated NH4Cl (ag.) and extracted with CH2Cl2 (3x). The combined organic layers were
dried (Na2SO4) and concentrated in vacuo. The residue was briefly purified by silica gel column
chromatography to give the crude diester product.

Method b: To a suspension of NaH (60% dispensed in minera oil, 400.0 mg, 10.0 mmol, 2.0
equiv.) in dry DMF (15 mL) at 0 °C was slowly added diethyl 2-phenylmalonate (196.0 mg, 5.0
mmol, 1.0 equiv.). After stirring for 30 min, the corresponding alky! halide (4.0 equiv.) was added
dropwise. The reaction mixture was heated to 80 °C for 1 d. After completion of the reaction, the
mixture was cooled to r.t., quenched with saturated NH4Cl (ag.), and extracted with EtOAc (3x).
The combined organic layers were washed with H20 (4x), dried (Na&SO4), and concentrated in
vacuo. The residue was briefly purified by silica gel column chromatography to give the crude
diester product.

Method c: Under argon atmosphere, Na (1.2 g, 50 mmol, 10 equiv.) was added to dry 'PrOH (10
mL) at r.t. After stirring for 12 h, diethyl 2-phenylmalonate (196.0 mg, 5.0 mmol, 1.0 equiv.) was
added dropwise. After stirring for an additional 6 h, the corresponding alkyl halide (5.0 equiv.)
was added dropwise and the reaction mixture was stirred at r.t. overnight. Then the reaction
mixture was quenched with saturated NH4Cl (ag.) and extracted with CH2Cl2 (3x). The combined
organic layers were dried (Na2SO4) and concentrated in vacuo. The residue was directly used in
the next step without further purification.



To asuspension of LiAIH4 (760.0 mg, 20 mmol, 4.0 equiv.) in Et2O (15 mL) at 0 °C was slowly
added a solution of the diester in Et2O (5 mL). Then the reaction mixture was warmed to r.t. and
stirred for 2 h. Next, it was quenched by slow, portionwise addition of wet NazSO4 (4.0 mL water
in 32.0 g N&SO4) at 0 °C. Upon completion, the mixture was warmed to r.t., stirred for an
additional 30 min, filtered, and concentrated. The residue was purified by silica gel column
chromatography to give the corresponding diol products.
2-Methyl-2-phenylpropane-1,3-diol (A-1)

e
Ph OH

A1

According to General procedure 1 with methyl iodide (0.85 g, 6.0 mmol, 1.2 equiv.) and Method
a, the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 2/1) to yield product A-1 as awhite solid (590.7 mg, 71% yield over two steps).
IH NMR (400 MHz, CDCls) & 7.43 (dd, J = 8.2, 1.5 Hz, 2H), 7.37 (t, J= 7.7 Hz, 2H), 7.32 - 7.21
(m, 1H), 3.97 (dd, J=11.1, 4.8 Hz, 2H), 3.84 (dd, J=11.1, 4.8 Hz, 2H), 2.19-2.06 (m, 2H), 1.31
(s, 3H).

13C NMR (100 MHz, CDCl3) § 142.9, 128.7, 126.7, 126.6, 70.1, 44.6, 20.7.

HRMS (ESI) mVz calcd. for Ci0H14NaO2 [M + Na]* 189.0886, found 189.0884.

2-Ethyl-2-phenylpropane-1,3-diol (A-S1)
o
Ph OH
A-$1
According to General procedure 1 with ethyl iodide (0.94 g, 6.0 mmol, 1.2 equiv.) and Method
a, the reaction mixture was purified by column chromatography on silica gel (petroleum

ether/EtOAC = 2/1) to yield product A-S1 as awhite solid (594.4 mg, 66% yield over two steps).

1H NMR (400 MHz, CDCl3) § 7.38 — 7.32 (m, 4H), 7.24 (t, J = 7.5 Hz, 1H), 4.07 (d, J = 11.0 Hz,
2H), 3.89 (d, J = 11.0 Hz, 2H), 2.65 (br s, 2H), 1.66 (q, J = 7.5 Hz, 2H), 0.66 (t, J = 7.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 141.2, 128.6, 127.0, 126.4, 68.2, 47.3, 26.7, 7.8.

HRM S (ESI) mVz calcd. for C11HisNaO2 [M + Na]* 203.1043, found 203.1040.
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2-1sopropyl-2-phenylpropane-1,3-diol (A-S2)
e
Ph OH
A-S2
According to General procedure 1 with isopropyl bromide (3.10 g, 25.0 mmol, 5.0 equiv.) and
Method c, the reaction mixture was purified by column chromatography on silica gel (petroleum

ether/EtOAc = 3/1) to yield product A-S2 as awhite solid (165.2 mg, 17% yield over two steps).

1H NMR (400 MHz, CDCl3) § 7.38— 7.30 (m, 4H), 7.26 — 7.19 (m, 1H), 4.16 (d, J = 10.8 Hz, 2H),
4,05 (d, J = 10.8 Hz, 2H), 3.13 (br s, 2H), 1.88 (hept, J = 7.0 Hz, 1H), 0.73 (d, J = 7.0 Hz, 6H).

13C NMR (100 MHz, CDCl3) 6 140.2, 128.1, 127.9, 126.1, 66.8, 49.3, 33.0, 17.6.

HRM S (ESI) mvz calcd. for C12H1sNaO2 [M + Na]* 217.1199, found 217.1195.
2-(Cyclopropylmethyl)-2-phenylpropane-1,3-diol (A-S3)

OH

Ph OH
A-S3

According to General procedure 1 with cyclopropylmethyl chloride (1.81 g, 20.0 mmoal, 4.0
equiv.), KI (830 mg, 5.0 mmol, 1.0 equiv.) and Method b, the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield product A-S3 as a
white solid (577.1 mg, 56% yield over two steps).

IH NMR (400 MHz, CDCl3) § 7.44—7.33 (m, 4H), 7.27 —7.21 (m, 1H), 4.16 (d, J = 10.6 Hz, 2H),
4.00 (d, J=10.7 Hz, 2H), 2.60 (br s, 2H), 1.55 (d, J = 6.1 Hz, 2H), 0.42 — 0.28 (m, 3H), —0.01 —
—0.06 (m, 2H).

13C NMR (100 MHz, CDCl3) 6 141.8, 128.6, 127.1, 126.5, 68.6, 48.3, 39.9, 5.8, 4.6.

HRM S (ESI) mVz calcd. for CiaHisNaO2 [M + Na]* 229.1199, found 229.1195.
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2-(2-(Benzyloxy)ethyl)-2-phenylpropane-1,3-diol (A-$4)
BnO
W><:OH
Ph OH
A-S4

According to General procedur e 1 with ((2-bromoethoxy)methyl)benzene (1.30 g, 6.0 mmol, 1.2
equiv.) and Method a, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAC = 2/1) to yield product A-S4 as a white solid (100.4 mg, 7% yield over
two steps). (Note: in Method a, the reaction mixture was refluxed for 2 d before workup).

IH NMR (400 MHz, CDCl3) § 7.47 — 7.14 (m, 10H), 4.43 (s, 2H), 4.02 — 3.87 (m, 4H), 3.49 (t, J
= 5.6 Hz, 2H), 2.91 (t, J = 6.3 Hz, 2H), 2.17 (t, J = 5.6 Hz, 2H).

13C NMR (100 MHz, CDCl3) § 141.5, 137.4, 128.7, 128.5, 127.9, 127.8, 126.8, 126.7, 73.4, 68.5,
66.8, 47.3, 33.0.

HRM S (ESI) mVz calcd. for CisHz2NaOs [M + Na]* 309.1461, found 309.1456.

2-(3-Chloropropyl)-2-phenylpropane-1,3-diol (A-S5)

Cl

OH

Ph OH
A-S5

According to General procedur e 1 with 1-bromo-3-chloropropane (3.14 g, 20.0 mmol, 4.0 equiv.)
and Method b, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAC = 2/1) to yield product A-S5 as awhite solid (240.1 mg, 21% yield over
two steps).

'H NMR (400 MHz, CDCls) 6 7.35 (t, J = 7.6 Hz, 2H), 7.28 (d, J = 7.6 Hz, 2H), 7.23 (t, J = 7.2
Hz, 1H), 4.00 (d, J = 12.5 Hz, 2H), 3.83 (d, J = 12.1 Hz, 2H), 3.41 (t, J = 6.5 Hz, 2H), 3.05 — 2.94
(m, 2H), 1.84—-1.72 (m, 2H), 1.53 — 1.46 (m, 2H).

13C NMR (100 MHz, CDCl3) 6 141.0, 128.7, 126.7, 67.6, 46.6, 45.5, 30.9, 26.7.

HRM S (ESI) m/z calcd. for Ci2H17CINaO2 [M + Na]* 251.0809, found 251.0806.
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2-Benzyl-2-phenylpropane-1,3-diol (A-S6)
Ph
o
Ph™ \_on
A-S6
According to General procedure 1 with benzyl bromide (1.81 g, 20.0 mmol, 4.0 equiv.) and
Method b, the reaction mixture was purified by column chromatography on silica gel (petroleum

ether/EtOAC = 2/1) to yield product A-S6 as awhite solid (532.4 mg, 44% yield over two steps).

1H NMR (400 MHz, CDCl3) § 7.39 — 7.31 (m, 2H), 7.30 — 7.23 (m, 3H), 7.17 — 7.06 (m, 3H), 6.81
—6.78 (M, 2H), 4.03 (d, J = 11.0 Hz, 2H), 3.96 (d, J = 11.0 Hz, 2H), 2.94 (s, 2H), 2.27 (br s, 2H).

13C NMR (100 MHz, CDCl3s)  140.8, 136.7, 130.2, 128.6, 127.7, 127.2, 126.8, 126.2, 67.3, 48.3,
40.9.

HRM S (ESI) mVz calcd. for CasHisNaO2 [M + Na]* 265.1199, found 265.1194.

2-((1,3-Dioxolan-2-yl)methyl)-2-phenylpropane-1,3-diol (A-S7)

[\
o_ 0O

\ECOH

Ph™ \_on

A-S7

According to General procedure 1 with 2-(bromomethyl)-1,3-dioxolane (3.34 g, 20.0 mmol, 4.0
equiv.) and Method b, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAC = 2/1) to yield product A-S7 as a white solid (238.4 mg, 20% yield over
two steps).

1H NMR (400 MHz, CDCl3) § 7.40—7.31 (m, 4H), 7.27 — 7.20 (m, 1H), 4.74—4.72 (m, 1H), 4.01
—3.89 (M, 6H), 3.81—3.74 (M, 2H), 2.89 —2.78 (M, 2H), 2.25 (dd, J = 4.7, 1.6 Hz, 2H).

13C NMR (100 MHz, CDCl3) § 141.1, 128.7, 126.8, 126.6, 102.2, 68.1, 64.8, 46.0, 37.1.

HRM S (ESI) mVz caled. for CisHisNaOs [M + Na]* 261.1097, found 261.1093.
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2-Allyl-2-phenylpropane-1,3-diol (A-S8)

X
OH
Ph OH
A-S8

According to General procedure 1 with allyl bromide (0.73 g, 6.0 mmol, 1.2 equiv.) and Method
a, the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAC = 2/1) to yield product A-S8 as awhite solid (547.8 mg, 57% yield over two steps).

1H NMR (400 MHz, CDCl3) § 7.39—7.31 (m, 4H), 7.27 — 7.22 (m, 1H), 5.59 — 5.40 (m, 1H), 5.04
(dd, J=17.0, 1.8 Hz, 1H), 5.00 —4.93 (m, 1H), 4.00 (dd, J = 11.2, 3.9 Hz, 2H), 3.88 (dd, J = 11.2,
2.4 Hz, 2H), 2.68 (br s, 2H), 2.43 (d, J = 7.3 Hz, 2H).

13C NMR (100 MHz, CDCI3) § 141.1, 133.6, 128.6, 126.9, 126.6, 117.9, 67.8, 47.0, 38.8.

HRMS (ESI) m/z calcd. for Ci2H150 [M + H —H20]* 175.1117, found 175.1114.
2-(3-Methylbut-2-en-1-yl)-2-phenylpropane-1,3-diol (A-S9)

N
OH

Ph
A-S9

According to General procedure 1 with 3,3-dimethylallyl bromide (0.89 g, 6.0 mmol, 1.2 equiv.)
and Method a, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAC = 2/1) to yield product A-S9 as a white solid (600.0 mg, 55% yield over
two steps).

1H NMR (400 MHz, CDCl3) § 7.40 — 7.32 (m, 4H), 7.28 — 7.21 (m, 1H), 4.88 (t, J = 7.2 Hz, 1H),
4.06 (dd, J = 11.0, 3.3 Hz, 2H), 3.91 (dd, J = 11.0, 3.4 Hz, 2H), 2.36 (d, J = 7.3 Hz, 2H), 2.32 —
2.11 (m, 2H), 1.61 (s, 3H), 1.55 (s, 3H).

13C NMR (100 MHz, CDCl3) § 141.4, 134.5, 128.6, 127.1, 126.5, 118.8, 68.5, 47.8, 32.9, 25.9,
17.9.

HRM S (ESI) mVz calcd. for C1aH190 [M + H — H20]* 203.1430, found 203.1427.
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2-Phenyl-2-(prop-2-yn-1-yl)propane-1,3-diol (A-S10)

Ph

OH

O
A-S10
According to General procedure 1 with 2-propynyl bromide (0.71 g, 6.0 mmol, 1.2 equiv.) and
Method a, the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAC = 2/1) to yield product A-S10 as awhite solid (408.0 mg, 43% yield over two steps).
'H NMR (400 MHz, CDCls) 6 7.47 — 7.34 (m, 4H), 7.32 — 7.25 (m, 1H), 4.10 (dd, J = 11.1, 5.7
Hz, 2H), 4.00 (dd, J = 11.1, 6.0 Hz, 2H), 2.76 (d, J = 2.6 Hz, 2H), 2.17 (t, J = 6.0 Hz, 2H), 1.99 (t,
J=26Hz 1H).
13C NMR (100 MHz, CDCl3) 6 140.3, 128.8, 127.2, 126.7, 80.9, 71.3, 67.8, 47.4, 23.2.

HRMS (ESI) m/z caled. for C12H1502 [M + H]* 191.1067, found 191.1064.

2-(But-2-yn-1-yl)-2-phenylpropane-1,3-diol (A-S11)

OH

Ph OH

A-S11

According to General procedure 1 with 1-bromo-2-butyne (0.80 g, 6.0 mmol, 1.2 equiv.) and
Method a, the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 2/1) to yield product A-S11 as awhite solid (458.8 mg, 45% yield over two steps).

1H NMR (400 MHz, CDCl3) § 7.40—7.29 (m, 4H), 7.26 — 7.19 (m, 1H), 3.96 (d, J = 11.0 Hz, 2H),
3.87 (d, J= 11.0 Hz, 2H), 3.09 (br s, 2H), 2.59 (d, J = 2.3 Hz, 2H), 1.68 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 140.8, 128.3, 126.7, 126.6, 78.4, 75.2, 67.3, 47.2, 23,5, 3.4.

HRM S (ESI) mVz calcd. for CasHisNaO2 [M + Na]* 227.1043, found 227.1042.
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OH OH OH OH
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OH OH OH OH
Br
A-512 A-S13 A-514 A-515
OH OH OH OH
/©><:OH /©><:OH OH (E><0H
‘Bu BnO S
A-516 A-s17 A-518 A-519

General procedure 2:

To a suspension of NaH (60% dispensed in mineral oil, 480.0 mg, 12.0 mmol, 2.4 equiv.) in dry
THF (15 mL) at 0 °C was slowly added the corresponding ester (5.0 mmol, 1.0 equiv.). After
stirring for 30 min, ethyl carbonate (1.7 g, 15 mmol, 3.0 equiv.) was added dropwise. The mixture
was warmed to r.t. and then heated to reflux under inert atmosphere for 24 h. After cooling tor.t.,
saturated NH4Cl (aqg.) was carefully added to the above reaction solution to quench the reaction
and the mixture was extracted with EtOA c (3x). The combined organic layersweredried (Na:SOs),
filtered, and concentrated. The crude malonate diester product was used directly in the next step
without further purification.

The crude malonate diester was dissolved in dry THF (15 mL) and the solution was cooled to O °C.
Then NaH (60% dispensed in mineral oil, 240.0 mg, 6.0 mmol, 1.2 equiv.) was added in four
portions under inert atmosphere. After stirring for 30 min, methyl iodide (852.0 mg, 6.0 mmol, 1.2
equiv.) was added dropwise. The reaction mixture was warmed to r.t. and stirred overnight. Then
the reaction was quenched with saturated NH4Cl (ag.) and extracted with CH2Cl2 (3x). The
combined organic layers were dried (Na2SOa4) and concentrated in vacuo. The residue was purified
by silicagel column chromatography to give the a,a-disubstituted malonate diester product.

To asuspension of LiAIH4 (4.0 equiv.) in Et20 (15mL) at 0 °C was slowly added a solution of the
a,0-disubstituted malonate diester in Et2O (5 mL). Then the reaction mixture was warmed to r.t.
and stirred for 2 h. Next, it was quenched by slow, portionwise addition of wet NazSO4 (4.0 mL
water in 32.0 g NaSOa4) at 0 °C. Upon completion, the mixture was warmed to r.t., stirred for an
additional 30 min, filtered, and concentrated. The residue was purified by silica gel column
chromatography to give the corresponding diol products.
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2-(3-Fluor ophenyl)-2-methylpropane-1,3-diol (A-S12)

OH
F
OH
A-S$12

According to General procedure 2 with ethyl 2-(3-fluorophenyl)acetate (0.91 g, 5.0 mmol, 1.0
equiv.), the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAC = 2/1) to yield product A-S12 asawhite solid (331.2 mg, 36% yield over three steps).
'H NMR (400 MHz, CDCl3) § 7.35—7.27 (m, 1H), 7.18 (d, J = 7.9 Hz, 1H), 7.13 (dt, J = 11.1,
2.1 Hz, 1H), 6.94 (td, J = 8.3, 2.2 Hz, 1H), 3.90 (d, J = 11.0 Hz, 2H), 3.77 (d, J = 10.9 Hz, 2H),
2.66 (br s, 2H), 1.25 (s, 3H).

13C NMR (100 MHz, CDClIs) 6 163.0 (d, J = 245.2 Hz), 146.0 (d, J = 6.7 Hz), 129.9 (d, J = 8.3
Hz), 122.2 (d, J = 2.8 Hz), 114.0 (d, J = 21.9 HZ), 113.5 (d, J = 20.9 Hz). 69.6, 44.5 (d, J =15
Hz), 20.7.

F NMR (376 MHz, CDCl3) 6 —112.5 (ddd, J=11.3, 8.5, 6.0 Hz).

HRM S (ESI) mVz calcd. for CioH13FNaO2 [M + Na]* 207.0792, found 207.0789.

2-(2-Bromophenyl)-2-methylpropane-1,3-diol (A-S13)

OH
e
Br

A-S$13

According to General procedure 2 with ethyl 2-(2-bromophenyl)acetate (1.22 g, 5.0 mmol, 1.0
equiv.), except that DIBAL-H (4.0 equiv.) was used instead of LiAlH4, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield product
A-S13 as awhite solid (269.8 mg, 22% yield over three steps).

1H NMR (400 MHz, CDCl3) § 7.64 (ddd, J = 15.0, 8.0, 1.5 Hz, 2H), 7.36 — 7.29 (m, 1H), 7.10 (td,
J=7.8, 1.7 Hz, 1H), 4.43 (dd, J = 11.0, 5.4 Hz, 2H), 4.01 (dd, J = 11.2, 4.5 Hz, 2H), 2.39 (t, J =
5.1 Hz, 2H), 1.38 (s, 3H).

13C NMR (100 MHz, CDCl3) § 140.6, 135.9, 131.3, 128.5, 127.6, 122.3, 69.2, 46.5, 19.5.

HRMS (ESI) m/z calcd. for CioH13BrNaO2 [M + Na]* 266.9991, found 266.9987.
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2-(3-Chlor ophenyl)-2-methylpropane-1,3-diol (A-S14)

OH
Cl

OH

A-S14

According to General procedure 2 with ethyl 2-(3-chlorophenyl)acetate (0.99 g, 5.0 mmol, 1.0
equiv.), the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAC = 2/1) to yield product A-S14 as awhite solid (350.5 mg, 35% yield over three steps).

1H NMR (400 MHz, CDCl3) § 7.43 — 7.42 (m, 1H), 7.35—7.27 (m, 2H), 7.24 (dt, J = 7.1, 1.9 Hz,
1H), 3.95 (d, J = 10.9 Hz, 2H), 3.83 (d, J = 11.0 Hz, 2H), 2.18 (br s, 2H), 1.27 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 145.4, 134.6, 129.8, 127.1, 126.9, 124.9, 69.9, 44.6, 20.8.

HRMS (ESI) m/z calcd. for Cio0H13CINaO2 [M + Na]* 223.0496, found 223.0493.

2-M ethyl-2-(3-(trifluoromethyl)phenyl)propane-1,3-diol (A-S15)

OH
FsC

OH

A-S15

According to General procedure 2 with ethyl 2-(3-(trifluoromethyl)phenyl)acetate (1.16 g, 5.0
mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAcC = 2/1) to yield product A-S15 as awhite solid (468.4 mg, 40% yield over

three steps).

1H NMR (400 MHz, CDCl3) § 7.65 (s, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.51 — 7.43 (m, 2H), 3.91 (d,
J=11.0 Hz, 2H), 3.77 (d, J = 11.0 Hz, 2H), 2.97 (br s, 2H), 1.25 (s, 3H).

13C NMR (100 MHz, CDCls) & 144.5, 130.7 (g, J = 31.7 Hz), 130.22, 130.21, 128.9, 124.2 (q, J
=270.7 Hz), 123.4 (q, J = 3.9 Hz), 69.4, 44.4, 20.7.

F NMR (376 MHz, CDCl3) & —62.5.

HRM S (ESI) mVz calcd. for CiiH1sFaNaO2 [M + Na]* 257.0760, found 257.0756.
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2-(4-(tert-Butyl)phenyl)-2-methylpropane-1,3-diol (A-S16)
OH

o

Bu
A-S16

According to General procedure 2 with ethyl 2-(4-(tert-butyl)phenyl)acetate (1.10 g, 5.0 mmal,
1.0 equiv.), the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 2/1) to yield product A-S16 asawhite solid (488.2 mg, 44% yield over three steps).

1H NMR (400 MHz, CDCl3) & 7.42 — 7.33 (m, 4H), 3.97 (dd, J = 11.0, 6.0 Hz, 2H), 3.84 (dd, J =
11.0, 5.9 Hz, 2H), 1.96 (t, J = 6.0 Hz, 2H), 1.32 (s, 9H), 1.31 (s, 3H).

13C NMR (100 MHz, CD30D) 6 152.4, 145.0, 130.1, 128.6, 71.7, 48.0, 37.6, 34.3, 23.1.

HRM S (ESI) mVz calcd. for CiaH22NaO2 [M + Na]* 245.1512, found 245.1508.

2-(4-(Benzyloxy)phenyl)-2-methylpropane-1,3-diol (A-S17)

OH
O
BnO

A-S17

According to General procedure 2 with ethyl 2-(4-(benzyloxy)phenyl)acetate (1.35 g, 5.0 mmoal,
1.0 equiv.), the reaction mixture was purified by column chromatography on silicagel (petroleum
ether/EtOAC = 2/1) to yield product A-S17 asawhite solid (340.0 mg, 25% yield over three steps).

1H NMR (400 MHz, CDCl3) & 7.50 — 7.29 (m, 7H), 7.01 —6.94 (m, 2H), 5.05 (s, 2H), 3.91 (dd, J
=10.9, 5.7 Hz, 2H), 3.79 (dd, J = 11.0, 5.6 Hz, 2H), 2.14 (t, J = 5.8 Hz, 2H), 1.27 (s, 3H).

13C NMR (100 MHz, CD30D) 6 157.4, 136.9, 135.0, 128.6, 128.0, 127.8, 127.4, 114.9, 70.2, 44.0,
20.8.

HRMS (ESI) m/z calcd. for Ci7H20NaOs [M + Na]™ 295.1305, found 295.1300.
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2-(3,5-Dimethylphenyl)-2-methylpropane-1,3-diol (A-S18)
OH

OH

A-S18

According to General procedure 2 with ethyl 2-(3,5-dimethylphenyl)acetate (0.96 g, 5.0 mmol,
1.0 equiv.), the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 2/1) to yield product A-S18 asawhite solid (475.8 mg, 49% yield over three steps).

IH NMR (400 MHz, CDCl3) 3 6.96 (s, 2H), 6.85 (s, 1H), 3.83 (d, J = 10.9 Hz, 2H), 3.67 (d, J =
11.0 Hz, 2H), 3.21 (br s, 2H), 2.29 (s, 6H), 1.23 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 143.0, 137.7, 128.1, 124.2, 69.3, 44.0, 21.4, 20.5.

HRM S (ESI) mVz calcd. for CioH1sNaO2 [M + Na]* 217.1199, found 217.1200.

2-Methyl-2-(thiophen-3-yl)propane-1,3-diol (A-S19)

OH
(f{w

S
A-$19

According to General procedure 2 with ethyl 2-(thiophen-3-yl)acetate (0.85 g, 5.0 mmol, 1.0
equiv.), the reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAC = 2/1) to yield product A-S19 as awhite solid (154.6 mg, 18% yield over three steps).
'H NMR (400 MHz, CDClI3) 6 7.35 (dd, J = 5.0, 3.0 Hz, 1H), 7.21 (dd, J= 2.9, 1.4 Hz, 1H), 7.13
(dd, J=5.0, 1.4 Hz, 1H), 3.89 (dd, J = 10.9, 5.9 Hz, 2H), 3.80 (dd, J = 10.9, 6.0 Hz, 2H), 2.02 —
1.94 (m, 2H), 1.32 (s, 3H).
13C NMR (100 MHz, CDCl3) 6 144.4, 126.1, 126.0, 121.0, 69.9, 43.5, 20.6.

HRM S (ESI) m/z caled. for CsH12Na02S [M + Na]* 195.0450, found 195.0449.

A-S20 was synthesized according to the reported literature?.
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M ethyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate (A-S20)

OH
Meoj?<:
OH
o)
A-520

1H NMR (400 MHz, CDCl3) & 3.90 (d, J = 11.3 Hz, 2H), 3.80 — 3.64 (m, 5H), 3.08 (br s, 2H),
1.07 (s, 3H).

13C NMR (100 MHz, CDCls) 6 176.4, 67.9, 52.2, 49.1, 17.1.

HRM S (ESI) mVz calcd. for CsH1304 [M + H]* 149.0808, found 149.0809.

A-S21 was synthesized according to the reported literature?.
3,3-Bis(hydr oxymethyl)-1-methylindolin-2-one (A-S21)

OH
OH

0

N
Me

A-S21
IH NMR (400 MHz, CD3OD) 6 7.45 (d, J = 7.3 Hz, 1H), 7.34 (td, J = 7.8, 1.2 Hz, 1H), 7.17 —
7.09 (m, 1H), 7.01 (d, J = 7.8 Hz, 1H), 3.93 (d, J = 10.8 Hz, 2H), 3.83 (d, J = 10.8 Hz, 2H), 3.23
(s, 3H).
13C NMR (100 MHz, CD30D) § 178.2, 144.6, 129.5, 128.0, 123.6, 122.3, 107.9, 63.3, 57.8, 25.1.
HRMS (ESI) m/z calcd. for C11H14NOs [M + H]* 208.0968, found 208.0967.
A-S22 (meso cyclohexane-1,2-diol) was bought from commercia sources and employed directly.

OH

(:EOH

A-S22
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The synthesis of 2-amino-1,3-diol substrates A-S23-A-S33

OH K,COs, THF/H,O OH
H2N><: +  ChbzCl 2 3 2 CszN><:
R OH 0°Ctort. R OH

CszN><:OH CszN><:OH CszN><:OH CszN><:OH
H OH Me OH Et ”Pr

OH OH
A-S23 A-S24 A-S25 A-S26
on CbzHN OH
CbZHN><:OH CbzHN OH
Bu OH
o Z A-S33
A-S27 A-S29 )

General procedure 3:

To asolution of unprotected 2-amino propanediol (3.0 mmoal) in THF/H20 (v/v = 1/1) (5.0 mL)
were successively added K2COs (0.83 g, 6.0 mmol, 2.0 equiv.) and benzyl chloroformate (0.50
mL, 3.6 mmol, 1.2 equiv.) at 0 °C. The resulting reaction mixture was stirred at r.t. for 3 h. Upon
completion, aqueous 3N HCI was added dropwise until the pH reached ~3 and the reaction mixture
was extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with water (1
x 10 mL) and brine (1 x 10 mL), dried (N&2SOs), filtered, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel (CH2Cl2/MeOH = 100/1 ~ 20/1) to afford
the corresponding product.

Note: The corresponding unprotected 2-amino propanediols for the synthesis of substrates A-S23,
A-S24, and A-S33 were commercialy available, and the corresponding unprotected 2-amino
propanediols for the synthesis of substrates A-S25, A-S26, A-S27, and A-S29 were synthesized
according to reported literature®.
Benzyl (1,3-dihydroxypropan-2-yl)carbamate (A-S23)
CszN><:OH

H \—on

A-S23

According to Gener al procedure 3, product A-S23 was obtained asawhite solid (423.1 mg, 62%).

1H NMR (400 MHz, Acetone-de) 5 7.41 —7.27 (m, 5H), 6.09 (s, 1H), 5.06 (s, 2H), 3.94 (t, J = 5.2
Hz, 2H), 3.66 (m, 5H).

13C NMR (100 MHz, Acetone-ds) 6 156.3, 137.5, 128.3, 127.8, 127.7, 65.7, 61.4, 54.7.
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HRM S (ESI) mVz calcd. for CisH1sNO4 [M + H]* 226.1074, found 226.1068.

Benzyl (1,3-dihydroxy-2-methylpropan-2-yl)car bamate (A-S24)

Cszl\><:OH
OH

A-S24

According to Gener al procedure 3, product A-S24 was obtained as awhite solid (650.6 mg, 91%).

IH NMR (400 MHz, CDCl3) § 7.38—7.29 (m, 5H), 5.38 (s, 1H), 5.06 (s, 2H), 3.77 —3.73 (M, 2H),
3.65—3.61 (M, 2H), 3.56 (s, 2H), 1.18 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 156.5, 136.1, 128.6, 128.3, 128.1, 67.7, 66.9, 57.2, 20.0.

HRMS (ESI) m/z calcd. for Ci12H1sNO4 [M + H]™ 240.1230, found 240.1225.

Benzyl (1-hydroxy-2-(hydroxymethyl)butan-2-yl)car bamate (A-S25)
CszN><:OH
EU \_on
A-S25

According to General procedure 3, product A-S25 was obtained asacolorless oil (709.2 mg, 93%
yield).

IH NMR (400 MHz, CDCl3) § 7.35 (m, 5H), 5.46 (s, 1H), 5.07 (s, 2H), 3.88 (s, 2H), 3.80 (d, J =
11.4 Hz, 2H), 3.60 (d, J = 11.5 Hz, 2H), 1.63 (g, J = 7.5 Hz, 2H), 0.86 (t, J = 7.5 Hz, 3H).

13C NMR (100 MHz, CDCl3)  156.6, 136.2, 128.6, 128.2, 128.1, 66.8, 65.7, 59.6, 25.2, 7.6.

HRMS (ESI) m/z calcd. for CisH20NO4 [M + H]™ 254.1387, found 254.1381.

Benzyl (1-hydroxy-2-(hydroxymethyl)pentan-2-yl)car bamate (A-S26)

CszN><:OH
P \—on

A-S26
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According to Gener al procedur e 3, product A-S26 was obtained asacolorless il (662.9 mg, 83%
yield).

IH NMR (400 MHz, CDCl3) § 7.35 — 7.27 (m, 5H), 5.49 (s, 1H), 5.04 (s, 2H), 4.01 (s, 2H), 3.76
(d, J=11.5Hz, 2H), 3.57 (d, J = 11.4 Hz, 2H), 1.60 - 1.43 (m, 2H), 1.24 (m, 2H), 0.88 (t, J= 7.2
Hz, 3H).

13C NMR (100 MHz, CDCl3) § 156.7, 136.2, 128.6, 128.2, 128.1, 66.8, 65.9, 59.5, 34.9, 16.3, 14.5.

HRMS (ESI) m/z calcd. for C14H22NO4 [M + H]* 268.1543, found 268.1537.

Benzyl (1-hydroxy-2-(hydroxymethyl)-4-methylpentan-2-yl)car bamate (A-S27)

CszN><:OH
i
Bu OH

A-S27

According to General procedure 3, product A-S27 was obtained as awhite solid (512.2 mg, 61%
yield).

1H NMR (400 MHz, CDCl3) § 7.34 (m, 5H), 5.24 (s, 1H), 5.07 (s, 2H), 3.90 (d, J = 11.5 Hz, 2H),
3.61(d, J = 11.5 Hz, 2H), 1.71 (m, 1H), 1.48 (d, J = 6.1 Hz, 2H), 0.92 (d, J = 6.6 Hz, 6H).

13C NMR (100 MHz, CDCl3) § 156.5, 136.2, 128.6, 128.3, 128.1, 66.9, 59.9, 41.8, 24.7 (2C), 23.4.

HRMS (ESI) m/z calcd. for CisH24NO4 [M + H]* 282.1700, found 282.1694.

Benzyl (1-hydroxy-2-(hydroxymethyl)pent-4-en-2-yl)car bamate (A-S29)

CbzHN._/~ OH
OH
Z  A-S29
According to General procedure 3, product A-S29 was obtained as ayellow oil (769.4 mg, 97%
yield).
IH NMR (400 MHz, CDClI3) § 7.39 —7.32 (m, 5H), 5.74 (ddt, J = 15.7, 10.6, 7.5 Hz, 1H), 5.46 (s,
1H), 5.12 (s, 1H), 5.10 - 5.08 (m, 1H), 5.04 (s, 2H), 3.84 (s, 2H), 3.76 (d, J = 11.6 Hz, 2H), 3.58

(d, J=11.6 Hz, 2H), 2.35 (d, J = 7.4 Hz, 2H).

13C NMR (100 MHz, CDClI3) § 156.6, 136.1, 132.3, 128.6, 128.3, 128.1, 119.7, 66.9, 65.4, 59.1,
37.0.
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HRMS (ESI) m/z calcd. for C14H20NO4 [M + H]* 266.1387, found 266.1380.

Benzyl (1-hydroxy-2-(hydroxymethyl)-4-(4-octylphenyl)butan-2-yl)car bamate (A-S33)
CbzHN._ /O

OH
A-S33

According to General procedure 3, product A-S33 was obtained as awhite solid (1.018 g, 77%).
'H NMR (400 MHz, CDCl3) & 7.39—7.32 (m, 5H), 7.09 —7.04 (m, 5H), 5.32 (s, 1H), 5.08 (s, 2H),
3.90(dd, J=11.5, 4.0 Hz, 2H), 3.66 (dd, J = 11.7, 4.5 Hz, 2H), 3.31 (s, 2H), 2.59 — 2.53 (M, 4H),
1.91-1.85(m, 2H), 1.61 — 1.53 (m, 2H), 1.30 - 1.25 (m, 10 H), 0.91 — 0.84 (m, 3H).

13C NMR (100 MHz, CDClIs) 6 156.5, 140.7, 138.6, 136.2, 128.6, 128.5, 128.3, 128.2 — 128.0 (m,
2C), 67.0, 66.5, 59.6, 35.6, 35.1, 31.9, 31.6, 29.5, 29.4, 29.3, 29.1, 22.7, 14.2.

HRM S (ESI) mVz calcd. for Co7HaoNO4 [M + H]* 442.2952, found 442.2943.

LR X
P<
>< oxalyl chloride O><O )kﬂ/(')“%\/le o 0 1) conc. HCI OH OH
Y _ bwso y N MeOH
Et3N, CH Cl K,CO3, MeOH 2) CbzCl
NHBoc — 3 252 5=/ \HBoe €03 /) e ) Y NHCbz

KyCOs
A-S30-1 THF/H,0 A-S30
PhaPCHBr L-sodium ascorbate BnN
3 3
Napvps CuSO,45H0 | CHaClfH,0
1)} conc. HCI
QH OH ) NeoH O><o @ ¢ toono HCl gpapn, /O
y . MeOH % MeOH il
2) cbzdd y 2)cozcl N OH
=/ NHCbz K,COs3 —/ NHBoc — NHBoc )K \-NBn
THF/H,0 N . NBn TzHc}i?l_?o
- -S28- N A-S32
A-S28 A-S28-1 N A s32.1 2
CbzHN._/ OH Cbz%OH Cb/zil\\l)<:OH
| “—OH Z \—oH N T \—oH
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To asolution of oxalyl chloride (1.05 mL, 12.4 mmol, 1.24 equiv.) in CH2Cl2 (25 mL) was added
DMSO (1.85 mL, 25.8 mmol, 2.58 equiv.) at —78 °C. After the mixture was stirred for 30 min at
—78 °C, a solution of N-Boc protected acetonide alcohol (2.613 g, 10 mmol) in CH2Cl2 (25 mL)
was added, and stirring was continued at —78 °C for 30 min. The reaction mixture was treated with
triethylamine (3.65 mL, 26.3 mmol, 2.63 equiv.), allowed to warm to r.t., and stirred for 30 min.
The reaction mixture was diluted with 1M HCI (5 mL), washed with saturated NaHCOsz and brine,
dried, and concentrated. The residue was purified by silicagel column chromatography (petroleum
ether/EtOAc = 10/1 ~ 3/1) to give the N-Boc protected acetonide aldehyde (1.591 g, 62% yield) as
awhite solid.

Synthesis of A-S28:

To asolution of PhsPCH3Br (3.215 g, 9.0 mmol, 3.0 equiv.) in THF (18 ml) was added NaHMDS
(2.0 M in THF, 4.5 ml, 9.0 mmol, 3.0 equiv.) at 0 °C. The mixture was stirred for 1 h and then

treated with a solution of the aldehyde (777.9 mg, 3.0 mmol) in THF (15 ml). The reaction mixture
was dtirred at r.t. for 30 min and then quenched with a saturated aqueous NH4Cl solution. The
agueous phase was extracted with EtOAc (2 x 20 mL). The combined organic extracts were dried

(Na2SO4) and concentrated in vacuo. Flash chromatography (petroleum ether/EtOAc = 24/1 ~ 11/1)
afforded A-S28-1 (701.3 mg, 91%) as awhite solid.

A-S28-1 (701.3 mg, 2.7 mmol) was demasked using concentrated HCl (3 mL) in MeOH (9 mL)
at r.t. overnight. After evaporation of all the volatile materialsin vacuo, the residue was dissolved
in a mixture of THF/H20 (1/1 (v/v), 6 mL). Then, K2COs (753.4 mg, 5.5 mmol, 2.0 equiv.) and
benzyl chloroformate (0.46 mL, 3.3 mmol, 1.2 equiv.) were added at O °C under stirring. The
reaction mixture was stirred at r.t. for 3 h. Aqueous 3N HCI was added dropwise until the pH
reached ~3. The reaction mixture was extracted with EtOAc (2 x 10 mL). The organic layers were
combined, washed with water (1 x 10 mL) and brine (1 x 10 mL), dried (N&SOs), filtered, and
concentrated in vacuo. The resulting crude compound was purified by column chromatography on
silicagel (CH2Cl2/MeOH = 100/1 ~ 20/1) to afford product A-S28 as a colorless oil (514.6 mg,
73% over two steps).

Benzyl (1-hydroxy-2-(hydroxymethyl)but-3-en-2-yl) car bamate (A-S28)

CbzHN OH
| \—oH

A-S28
1H NMR (400 MHz, CDCl3) § 7.38 — 7.29 (m, 5H), 5.82 (dd, J = 17.5, 10.8 Hz, 1H), 5.68 (s, 1H),
5.26 (d, J = 10.8 Hz, 1H), 5.20 (d, J = 17.5 Hz, 1H), 5.07 (s, 2H), 3.83 (s, 2H), 3.70 (q, J = 11.5
Hz, 4H).
13C NMR (100 MHz, CDCl3) § 156.7, 136.5, 136.1, 128.6, 128.3, 128.1, 116.3, 67.1, 65.9, 62.1.

HRM S (ESI) mVz calcd. for C1sH1sNO4 [M + H]* 252.1230, found 252.1224.
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Synthesis of A-S30:

To asolution of the aldehyde (777.9 mg, 3.0 mmol) in MeOH (24 mL) were sequentially added
(1-diazo-2-oxo-propyl)-phosphonic acid dimethyl ester (0.68 mL, 4.5 mmol, 1.5 equiv.) and
K2COs (828.5 mg, 6.0 mmol, 2.0 equiv.) at 0 °C. The mixture wasreacted at 0 °C for 1 h and then
at r.t. for another 1 h. After the removal of MeOH in vacuo, H20 (25 mL) was added and the
reaction mixture was extracted with EtOAc (3 x 25 mL). The combined organic extracts were
dried (Na2SOa4) and concentrated in vacuo. Flash chromatography (petroleum ether/EtOAc = 24/1
~ 5/1) produced A-S30-1 (697.9 mg, 92% yield).

A-S30-1 (1.5 mmol) was demasked using concentrated HCl (2 mL) in MeOH (5 mL) at r.t.
overnight. After evaporation of al the volatile materials in vacuo, the residue was dissolved in a
mixture of THF/H20 (/1 (v/v), 3.0 mL). Then, K2COs (0.415 g, 3.0 mmol, 2.0 equiv.) and benzyl
chloroformate (0.25 mL, 1.8 mmol, 1.2 equiv.) were successively added at 0 °C under stirring. The
reaction mixture was stirred at r.t. for 3 h. Aqueous 3N HC| was added dropwise until the pH
reached ~3. The reaction mixture was extracted with EtOAc (2 x 5 mL). The combined organic
layers were washed with water (1 x 5 mL) and brine (1 x 5 mL), dried (Na2SOs), filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CH2CI2/MeOH = 100/1 ~ 20/1) to afford product A-S30 as a white solid (340.3 mg, 91% over
two steps).

Benzyl (1-hydroxy-2-(hydroxymethyl)but-3-yn-2-yl) car bamate (A-S30)

Cbz%OH
Z \—OH
A-S30

1H NMR (400 MHz, CDCl3) § 7.45 — 7.31 (m, 5H), 5.62 (s, 1H), 5.14 (s, 2H), 3.96 (dd, J = 11.5,
6.4 Hz, 2H), 3.87 (dd, J = 11.5, 6.9 Hz, 2H), 3.01 (s, 2H), 2.50 (s, 1H).

13C NMR (100 MHz, CDCl3) § 155.8, 135.8, 128.6, 128.3, 128.2, 90.0, 74.1, 67.2, 65.8, 56.6.

HRM S (ESI) m/z calcd. for CasHisNO4 [M + H]* 250.1074, found 250.1068.

Synthesis of A-S32:

To asolution of BnN3 (777.9 mg, 3.0 mmol) in CH2Cl2/H20 (/1 (v/v), 5 mL) were sequentially
added A-S30-1 (254.3 mg, 1.0 mmoal), L-sodium ascorbate (89.0 mg, 0.45 mmol, 0.45 equiv.), and
CuS04-5H20 (37.5 mg, 0.15 mmol, 0.15 equiv.) at r.t. and the mixture was reacted at r.t. for 1 d.
Upon completion, the reaction mixture was extracted with CH2Cl2 (3 x 5 mL). The combined
organic extracts were dried (NaSOs4) and concentrated in vacuo. Flash chromatography
(petroleum ether/EtOAcC = 10/1 ~ 1/1) produced A-S32-1 (369.0 mg, 95% yield).
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A-S32-1 (0.75 mmol) was demasked using concentrated HCl (1 mL) in MeOH (2.5 mL) at r.t.
overnight. After evaporation of al the volatile materials in vacuo, the residue was dissolved in a
mixture of THF/H20 (1/1 (v/v), 2 mL). Then, K2COsz (0.208 g, 1.5 mmol, 2.0 equiv.) and benzyl
chloroformate (0.13 mL, 0.9 mmol, 1.2 equiv.) were successively added at 0 °C under stirring. The
reaction mixture was stirred at r.t. for 3 h. Aqueous 3N HCl was added dropwise until the pH
reached ~3. The reaction mixture was extracted with EtOAc (2 x 2.5 mL). The combined organic
layers were washed with water (1 x 2.5 mL) and brine (1 x 2.5 mL), dried (Na2SOs), filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CH2Cl2/MeOH = 100/1 ~ 20/1) to afford product A-S32 as a white solid (200.8 mg, 70% over
two steps).

Benzyl (2-(1-benzyl-1H-1,2,3-triazol-5-yl)-1,3-dihydr oxypropan-2-yl)car bamate (A-S32)

CbzHN OH

N OH

\N/NBn

A-S32

IH NMR (400 MHz, CDCl3) & 7.66 (s, 1H), 7.34 — 7.25 (m, 10H), 6.26 (s, 1H), 5.46 (S, 2H), 5.02
(s, 2H), 4.12 — 4.01 (m, 4H), 3.87 (d, J = 11.7 Hz, 2H).

13C NMR (100 MHz, CDCl3s) & 156.6, 148.0, 136.0, 134.3, 129.2, 128.8, 128.6, 128.2, 128.1,
128.0, 122.6, 67.0, 66.0, 58.6, 54.3.

HRM S (ESI) m/z calcd. for CaoH2sN4O4 [M + H]* 383.1714, found 383.1704.

MeO._ _OMe
NO, HCHO (37% OH 7< Q
©/\ , % aq.), NaOH 02N><: 02N><: ><
EtOH/1,4-dioxane, r.t. Ph OH p-TsOH-H,0 Ph o
A-S31-1 acetone, r.t. A-S31-2
_Zn H2N><:O>< CbzCl, KoCO3 HN _CHsCOOH _ cpzHN._/OH
CHsCOOH  ph g THF/H,0 H,0,60°C  Ph OH
0°Ctordt.
A-S31-3 or A- 331.4 A-S31

Synthesis of A-S31:

To asolution of phenylnitromethane (4.658 g, 34.0 mmol) in EtOH (46 mL) and 1,4-dioxane (19
mL) were added agqueous NaOH (1.0 M, 0.19 mL, 0.6 mol%) and formalin (37%, 5.6 mL, 68.0
mmol, 2.0 equiv.) at r.t. and the mixture was stirred at r.t. for 5 h. After evaporation of al the
volatile materials in vacuo, H20 (45 mL) was added. The resulting mixture was extracted with
EtOAcC (3 x 45 mL), dried, and concentrated. The residue was purified by flash chromatography
(petroleum ether/EtOAC = 10/1 ~ 2/1) to afford A-S31-1 (4.738 g, 71% yield).
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To a solution of A-S31-1 (3.434 g, 17.4 mmoal) in acetone (40 mL) were added p-TSOH-H20
(330.9mg, 1.74 mmol, 0.1 equiv.) and 2,2-dimethoxypropane (2.4 mL, 19 mmol, 1.1 equiv.) a r.t.
and the reaction mixture was stirred at r.t. for 2 h. Upon completion, the reaction was quenched
with EtsN (0.34 mL, 2.38 mmol, 0.14 equiv.) at r.t. and the stirring was continued for an additional
30 min. The resulting mixture was concentrated in vacuo and the residue was purified by column
chromatography (petroleum ether/EtOAc = 12/1 ~ 5/1) to provide the acetonide A-S31-2 (3.709 g,
90% yield).

To a solution of the acetonide A-S31-2 (1.427 g, 6.0 mmol) in CH3COOH (36 mL) were added
zinc powders (1.56 g, 72.0 mmol, 12.0 equiv.) portionwise in 15-min intervals at r.t. and upon
completion, the reaction mixture was stirred for additional 3 h. After filtration, the filtrate was
concentrated in vacuo. The residue was diluted with CH2Cl2 (30 mL), washed with saturated
NaHCOs (30 mL), dried over NaSOsa, filtered, and concentrated in vacuo to provide the crude
amine A-S31-3 (1.192 g, 96% yield).

To asolution of A-S31-3 (1.192 g, 5.75 mmol) in THF/H20 (1/1 (v/v), 10 mL) were successively
added K2COg3 (1.589 g, 11.5 mmol, 2.0 equiv.) and benzyl chloroformate (0.96 mL, 6.9 mmol, 1.2
equiv.) at 0 °C under stirring. The reaction mixturewas stirred at r.t. for 3 h. Aqueous 3N HCl was
added dropwise until the pH reached ~3. The reaction mixture was extracted with EtOAc (2 x 15
mL). The combined organic layers were washed with water (1 x 15 mL) and brine (1 x 15 mL),
dried (Na&SOs), filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silicagel (petroleum ether/EtOAc = 50/1 ~ 4/1) to afford the benzyl carbamate
acetonide A-S31-4. The acetonide A-S31-4 was demasked by stirring in acetic acid and H20 (4/1
(v/v), 35 mL) at 60 °C for 1 h. Upon completion, all the volatile materials were removed in vacuo
and the residue was purified by column chromatography (petroleum ether/EtOAc = 50/1 ~ 1/3) to
offer product A-S31 as awhite solid (1.482 g, 86% over two steps).

Benzyl (1,3-dihydroxy-2-phenylpropan-2-yl) carbamate (A-S31)
CszN><:OH
PP™ \—on
A-S31

1H NMR (400 MHz, CDCl3) § 7.37 —7.26 (m, 10H), 5.91 (s, 1H), 5.11 (s, 2H), 4.00 (dd, J = 11.8,
5.0 Hz, 2H), 3.92 (dd, J = 11.8, 5.4 Hz, 2H), 3.31 (s, 2H).

13C NMR (100 MHz, CDClI3) 6 156.8, 139.5, 136.1, 128.8, 128.6, 128.3, 128.2, 127.8, 126.0, 67.8,
67.2, 63.9.

HRMS (ESI) m/z calcd. for Ci17H20NO4 [M + H]* 302.1387, found 302.1380.
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The synthesis of 1,2,3-triol substrates A-S34-A-542

O RMgBr HO R

CeCI3 ><:
0. _O0 THF 0°C O0.__0O MeOH/H,0 R

A A

OH OH | OH

\

A-S34 A-835 A-S36 A-837
OH
oH. /O HO><:OH HO><:OH ©
Z “oH BV “on P \on o
F F
A-S38 A-S39 A-S40 A-S42

General procedure 4.

To asuspension of cerium(l11) chloride (1.85 g, 7.5 mmol, 1.5 equiv.) in anhydrous THF (10 mL)
was added the corresponding Grignard reagent (7.5 mmol, 1.5 equiv.). After stirring for 1.5 h at
0 °C, a solution of 2,2-dimethyl-1,3-dioxan-5-one (0.6 mL, 5 mmol, 1.0 equiv.) in THF (5 mL)
was added dropwise at 0 °C by cannula. The resulting mixture was stirred at 0 °C for 1.5 h. After
being neutralized with saturated NH4Cl (aqg.), the mixture was vigorously stirred for 15 min. The
resulting gummy residue was removed by decantation and filtration through celite. Thefiltrate was
concentrated under reduced pressure, and the residual solids were washed and extracted with
CH2Cl2 (3x). The combined organic layer was dried (Na&2SOa4) and concentrated in vacuo. The
residue was purified by silicagel column chromatography to provide the tertiary acohol.

To asolution of the tertiary alcohol obtained above in a2/1 mixture of MeOH (6 mL) and H20 (3

mL) was added two drops of conc. HCl at r.t. and the mixturewas stirred at r.t. for 6 h. Evaporation

of the volatile materialsin vacuo followed by chromatographic purification (MeOH/CH2Cl2 = 1/20)
of the residue gave the corresponding product.

2-Methylpropane-1,2,3-triol (A-S34)
OH
A-S34

According to Gener al procedur e 4 with methyl magnesium bromide (7.5mL, 1.0 M in THF, 1.5
equiv.), the reaction mixture was purified by column chromatography on silicagel (MeOH/CH:Cl2
= 1/20) to yield product A-S34 as a colorless oil (181 mg, 34% yield over two steps).

H NMR (400 MHz, CD30D) 6 3.36 (d, J = 1.9 Hz, 4H), 1.03 (s, 3H).
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13C NMR (100 MHz, CD30D) § 72.6, 66.3, 20.0.

HRM S (ESI) m/z caled. for CaH1oNaOs [M + Na]* 129.0522, found 129.0522.

2-1sopropylpropane-1,2,3-triol (A-S35)
Ho / ©H
OH
A-S35
According to General procedure 4 with isopropyl magnesium bromide (7.5 mL, 1.0 M in THF,

1.5 equiv.), the reaction mixture was purified by column chromatography on silica gel
(MeOH/CH:Cl2 = 1/20) to yield product A-S35 as a colorless oil (308 mg, 46% yield over two

steps).

1H NMR (400 MHz, CDs0D) 5 3.73 (d, J = 11.2 Hz, 2H), 3.64 (d, J = 11.3 Hz, 2H), 3.43 (s, 3H),
1.93—1.74 (m, 1H), 0.92 (d, J = 6.9 Hz, 6H).

13C NMR (100 MHz, CD30D) § 75.3, 65.7, 32.3, 16.8.

HRMS (ESI) m/z calcd. for CsH1aNaOs [M + Na]* 157.0835, found 157.0835.

2-Vinylpropane-1,2,3-triol (A-S36)
HO OH
] OH
A-S36
According to General procedure 4 with vinyl magnesium bromide (7.5 mL, 1.0 M in THF, 1.5
equiv.), the reaction mixture was purified by column chromatography on silicagel (MeOH/CH:Cl2
= 1/20) to yield product A-S36 as a colorless oil (266 mg, 45% yield over two steps).

IH NMR (400 MHz, Acetone-ds) & 5.99 (dd, J = 17.4, 10.9 Hz, 1H), 5.39 (dd, J = 17.4, 1.9 Hz,
1H), 5.13 (dd, J = 10.9, 2.0 Hz, 1H), 3.87 (d, J = 36.9 Hz, 3H), 3.55 (q, J = 10.8 Hz, 4H).

13C NMR (100 MHz, Acetone-ds) & 205.9, 140.0, 114.0, 75.4, 65.9.

HRMS (ESI) m/z calcd. for CsHioNaOs [M + Na]* 141.0522, found 141.0521.
2-Allylpropane-1,2,3-triol (A-S37)
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Ho. / OH
OH
= A-S37

According to General procedure 4 with allyl magnesium bromide (7.5 mL, 1.0 M in THF, 1.5
equiv.), the reaction mixture was purified by column chromatography on silicagel (MeOH/CH:Cl>
= 1/20) to yield product A-S37 as a colorless oil (397 mg, 60% yield over two steps).

H NMR (400 MHz, CD30D) & 5.89 (m, 1H), 5.16 — 4.99 (m, 2H), 4.85 (s, 4H), 2.26 (d, J=7.4
Hz, 2H).

13C NMR (100 MHz, CD30D) § 133.4, 116.9, 73.9, 64.5, 38.2.

HRMS (ESI) m/z calcd. for CsH12NaOs [M + Na]*™ 155.0679, found 155.0677.

2-Ethynylpropane-1,2,3-triol (A-S38)

OH

OH
A-S38
According to General procedure 4 with ethynyl magnesium bromide (15 mL, 0.50 M in THF,

1.5 equiv.), the reaction mixture was purified by column chromatography on silica gel
(MeOH/CH:Cl2 = 1/20) to yield product A-S38 as a white solid (400 mg, 69% yield over two

steps).
'H NMR (400 MHz, CDs0D) 6 3.61 (d, J = 2.4 Hz, 4H), 2.81 (s, 1H).
13C NMR (100 MHz, CDs0D) 6 83.8, 73.4, 71.0, 65.2.

HRM S (ESI) m/z calcd. for CsHsNaOs [M + Na* 139.0366, found 139.0365.

2-Benzylpropane-1,2,3-triol (A-S39)
HO><:OH
B™ \—oH

A-S39
According to General procedure 4 with benzyl magnesium bromide (7.5 mL, 1.0 M in THF, 1.5
equiv.). The reaction mixture was purified by column chromatography on silica gel
(MeOH/CH:Cl2 = 1/20) to yield product A-S39 as a white solid (292 mg, 32% yield over two
steps).

32



IH NMR (400 MHz, CDsOD) § 7.35 — 7.21 (m, 4H), 7.20 — 7.14 (m, 1H), 3.42 (s, 4H), 2.80 (s,
2H).

13C NMR (100 MHz, CDs0D) 6 137.0, 130.3, 127.4, 125.8, 74.4, 64.2, 39.4.

HRM S (ESI) m/z calcd. for CioH14NaOs [M + Na]* 205.0835, found 205.0834.

2-Phenylpropane-1,2,3-triol (A-S40)

HO><:OH
Ph OH
A-S40

According to General procedure 4 with phenyl magnesium bromide (7.5mL, 1.0 M in THF, 1.5
equiv.), the reaction mixture was purified by column chromatography on silicagel (MeOH/CH:Cl2
= 1/20) to yield product A-340 as awhite solid (463 mg, 55% yield over two steps).

1H NMR (400 MHz, CDCl3) § 7.32 - 7.27 (m, 2H), 7.27 — 7.21 (m, 2H), 7.21 — 7.16 (m, 1H), 4.54
(s, 1H), 4.03 (s, 2H), 3.73 (d, J = 11.7 Hz, 2H), 3.57 (d, J = 11.7 Hz, 2H).

13C NMR (100 MHz, CDCl3) 6 141.2, 128.3, 127.4, 125.3, 76.7, 67.7.

HRM S (ESI) m/z calcd. for CoH12NaOs [M + Na]* 191.0679, found 191.0676.

2-(2,4-Difluor ophenyl)propane-1,2,3-triol (A-S42)

Ho. / ©H
OH
F F
A-S42

According to General procedure 4 with 2,4-difluorophenyl magnesium bromide (1.5 equiv.)
prepared using 1-bromo-2,4-difluorobenzene and Mg, the reaction mixture was purified by column
chromatography on silicagel (MeOH/CH2Cl2 = 1/20) to yield product A-$42 as awhite solid (530
mg, 52% yield over two steps).

1H NMR (400 MHz, CDsOD) § 7.74 (td, J = 8.9, 6.8 Hz, 1H), 6.99 — 6.93 (m, 1H), 6.92 — 6.86
(m, 1H), 3.95 —3.79 (M, 4H).

13C NMR (100 MHz, CDsOD) & 162.4 (dd, J = 244.8, 12.4 Hz), 159.7 (dd, J = 245.6, 11.8 Hz),
130.7 (dd, J = 9.5, 6.6 Hz), 125.3 (dd, J = 13.4, 3.7 Hz), 110.4 (dd, J = 20.7, 3.4 Hz), 103.3 (dd, J
= 28.6, 25.7 Hz), 76.7 (d, J = 5.6 Hz), 65.4 (d, J = 5.3 H2).
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19F NMR (376 MHz, CD30D) § -110.1 (m), —114.8 (m).

HRMS (ESI) m/z calcd. for CoHioF2NaOs [M + Na]* 227.0490, found 227.0488.

o)
H
> H\ n-BuLi, THF HOL /™A _o0% Acon HoL /©
+
Ph O 0 -78<Ctort =Z o 90 °C o Z OH

7< A-S41

Synthesis of A-S41:

To asolution of phenylacetylene (2.2 mL, 20 mmol) in THF (20 mL) was dropwise added n-BuL.i
(24 M in THF, 8.3 mL, 20 mmol) at —78 °C. After stirring for 1 h, the ketone (2.4 mL, 20 mmol,
1.0 equiv.) in THF (20 mL) was slowly added via syringe and the mixture was stirred at —78 °C
for 2 h. The reaction mixture was quenched with saturated NH4Cl (ag.) and extracted with EtOAc
(3x). The combined organic layers were washed with H20 (1x), dried (Na2SOs), and concentrated
in vacuo. The residue was dissolved in acetic acid (90%, 30 mL) and the solution was stirred at
90 °C for 15 min. The reaction mixture was concentrated in vacuo and the resulting residue was
purified by flash column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield
product A-S41 as awhite solid (2.5 g, 65% yield over two steps).

2-(Phenylethynyl)propane-1,2,3-triol (A-S41)

Ho. /—OH
~Z \—OH
Ph
A-S41

1H NMR (400 MHz, CDz0D) § 7.51 — 7.41 (m, 2H), 7.36 — 7.26 (m, 3H), 3.79 — 3.64 (M, 4H).
13C NMR (100 MHz, CD30D) & 131.4, 128.04, 127.97, 122.8, 89.1, 84.7, 71.6, 65.3.

HRM S (ESI) mVz calcd. for CiiH12NaOs [M + Na]* 215.0679, found 215.0678.
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Synthesis of ligands

N
N
S-L* EtsN, DCM
or + RSO.CI
Sl 0°Ctort, 12h
N
)%
HaNT P
N

Hl}l =
S5=0 X N
i\
O

L*4 L4 L*8 L*9
General procedures5:

Toasolution of amine S-L* or S-L* (1.47 g, 5.0 mmol, 1.0 equiv.) in anhydrous CH2Cl2 (10 mL)
were successively added the corresponding sulfonyl chloride (6.0 mmol, 1.2 equiv.) and EtsN (1.67
mL, 12.0 mmol, 2.0 equiv.) under argon at 0 °C. The reaction mixture was stirred for 12 h at r.t.
and quenched by H20. The organic layer was separated and the agueous layer was extracted with
CH2Cl2 (3x). The combined organic phase was washed with brine, dried (Na2SOa4), concentrated,
and purified by silica gel flash column chromatography (eluent: CH2Clo/MeOH = 20/1 ~ 10/1) to
afford the product.
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According to General procedure 5 with amine S-L* (1.47 g, 5.0 mmol, 1.0 equiv.) and
pentamethylbenzenesulfony! chloride (1.48 g, 6.0 mmol, 1.2 equiv.), the reaction mixture was
purified by column chromatography on silicagel (CH2Cl2/MeOH = 20/1 ~ 10/1) to yield product
L*4 asawhite solid (1.81 g, 72% yield).

1H NMR (400 MHz, CDCl3) § 8.61 (d, J = 4.3 Hz, 1H x 0.4), 8.55 (d, J = 4.6 Hz, 1H), 8.21 (d, J
= 8.5 Hz, 1H x 0.4), 8.08 (d, J = 8.5 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.87 (d, J = 8.3 Hz, 1H x
0.4), 7.65 (t, J = 7.6 Hz, 1H), 7.56 — 7.51 (m, 1H + 1H x 0.4), 7.39 (t, J = 7.5 Hz, 1H x 0.4), 7.18
—7.16 (M, 1H + 1H x 0.4), 5.72 —5.63 (M, 1H), 5.61 — 5.54 (m, 1H x 0.4), 5.08 (d, J = 10.6 Hz,
1H), 5.01 — 4.89 (m, 2H + 1H x 0.4), 4.84 (d, J = 10.3 Hz, 1H x 0.4), 4.44 (d, J = 10.9 Hz, 1H x
0.4), 3.37 (q, J = 9.6 Hz, 1H x 0.4), 3.28 —3.22 (M, 1H + 1H x 0.4), 3.20 — 3.10 (m, 1H), 3.10 —
3.00 (m, 1H x 0.4), 2.86 (g, J = 9.8 Hz, 1H), 2.77 — 2.71 (m, 2H + 2H x 0.4), 2.35 (S, 6H x 0.4),
2.27 (s, 6H), 1.98 (s, 3H), 1.86 (s, 3H x 0.4), 1.81 (s, 6H), 1.77 (s, 6H x 0.4), 1.67 — 1.65 (m, 2H
x 0.4), 1.60 — 1.50 (m, 4H), 1.27 — 1.21 (m, 1H + 2H x 0.4), 0.87 (dd, J = 13.0, 7.5 Hz, 1H x 0.4),
0.72 (dd, J = 13.5, 7.3 Hz, 1H).

13C NMR (100 MHz, CDCls) & 149.0, 148.6, 148.3, 147.6, 144.2, 141.4, 141.2, 141.1, 139.2,
139.0, 134.6, 134.4, 134.1, 133.9, 133.7, 129.8, 128.8, 128.3, 127.3, 126.2, 125.6, 125.0, 124.7,
123.2, 122.5, 119.1, 114.5, 62.9, 60.6, 56.5, 55.8, 55.6, 52.6, 40.1, 39.7, 39.6, 39.4, 27.6, 27.4,
27.3,26.1,25.1, 18.5, 18.4, 17.3, 16.5, 16.4.

HRMS (ESI) m/z calcd. for CaoH3sN302S [M + H]* 504.2679, found 504.2680.

The structure of L*4 wasfurther confirmed by X-ray diffraction analysis (Supplementary Fig. 18).

L*4I

According to General procedure 5 with amine S-L* (1.47 g, 5.0 mmol, 1.0 equiv.) and
pentamethylbenzenesulfony! chloride (1.48 g, 6.0 mmol, 1.2 equiv.), the reaction mixture was
purified by column chromatography on silica gel (CH2Cl2/MeOH = 20/1 ~ 10/1) to yield product
L*4" asawhite solid (1.50 g, 60% yield).

IH NMR (500 MHz, CDCl3) 5 8.63 (d, J = 4.3 Hz, 1H x 0.4), 8.58 (d, J = 4.6 Hz, 1H), 8.25 (d, J
= 8.5 Hz, 1H x 0.4), 7.99 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8.6 Hz, 1H x
0.4), 7.65 (t, J = 7.6 Hz, 1H), 7.55 (t, J = 7.6 Hz, 1H x 0.4), 7.51 (t, J = 7.6 Hz, 1H), 7.39 (t, J =
7.5 Hz, 1H x 0.4), 7.24 (d, J = 4.6 Hz, 1H), 7.11 (d, J = 4.3 Hz, 1H x 0.4), 5.85—5.78 (m, 1H +
1H x 0.4), 5.15—5.10 (m, 1H + 1H x 0.4), 5.04 —5.00 (m, 1H + 1H x 0.4), 4.97 (d, J = 10.4 Hz,
1H), 4.38 (d, J = 10.8 Hz, 1H x 0.4), 3.29 (q, J = 9.4 Hz, 1H x 0.4), 2.96 — 2.87 (m, 3H + 3H x
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0.4), 2.82-2.75(m, 2H), 2.73-2.68 (m, 1H % 0.4), 2.37 (s, 6H x 0.4), 2.28 (s, 6H), 2.05 (s, 3H),
1.91 (s, 3H x 0.4), 1.89 (s, 6H), 1.83 (s, 6H % 0.4), 1.64 (s, 1H x 0.4), 1.58 — 1.42 (m, 3H + 2H x
0.4),1.19-1.14 (m, 1H x 0.4), 1.09 - 1.04 (m, 1H), 0.82-0.76 (m, 1H + 1H x 0.4).

13C NMR (125 MHz, CDCls) & 149.1, 148.8, 148.4, 147.7, 144.7, 141.9, 140.2, 139.9, 139.3,
139.1, 134.7, 134.5, 134.2, 134.1, 133.9, 129.8, 128.8, 128.4, 127.4, 126.2, 125.1, 124.9, 123.0,
122.4, 119.3, 114.8, 114.5, 62.3, 60.8, 56.6, 52.0, 49.13, 49.06, 45.9, 45.7, 39.0, 38.8, 27.4, 27.3,
26.5,26.4, 25.3, 24.2, 18.48, 18.46, 17.4, 16.7, 16.6.

HRMS (ESI) m/z calcd. for CaoH3sN302S [M + H]* 504.2679, found 504.2680.

According to General procedure5with amine S-L* (1.47 g, 5.0 mmol, 1.0 equiv.) and quinoline-
8-sulfonyl chloride (1.37 g, 6.0 mmol, 1.2 equiv.), the reaction mixture was purified by column
chromatography on silicagel (CH2Cl2/MeOH = 20/1 ~ 10/1) to yield product L *8 as awhite solid
(1.70 g, 70% yield).

1H NMR (400 MHz, CDCl3) § 9.08 (d, J = 4.0 Hz, 1H), 8.75 (d, J = 4.5 Hz, 1H), 8.58 (s, 2H x
0.1), 8.23—8.22 (m, 1H + 1H x 0.1), 8.11 — 8.05 (m, 2H + 2H x 0.1), 7.94 (dd, J = 20.0, 7.3 Hz,
2H), 7.67 = 7.63 (M, 1H + 1H x 0.1), 7.56 — 7.53 (m, 3H), 7.46 — 7.42 (m, 1H + 2H x 0.1), 7.31
(s, 2H x 0.1), 7.09 (s, 2H x 0.1), 5.62 — 5.58 (m, 1H + 1H x 0.1), 4.90 — 4.86 (M, 3H), 4.09 (s, 3H
x 0.1), 3.35 (s, 2H x 0.1), 3.10 — 2.77 (m, 2H), 2.65—2.62 (M, 1H + 1H x 0.1), 2.10 (s, 1H + 1H
x 0.1), 1.91 (s, 1H + 1H x 0.1), 1.76 — 1.69 (m, 1H + 1H x 0.1), 1.45 (s, 1H + 1H x 0.1), 1.26 —
1.20 (m, 2H + 2H x 0.1), 1.10— 1.06 (m, 1H + 1H x 0.1), 0.81 — 0.51 (m, 1H + 1H x 0.1).

13C NMR (125 MHz, CDCl3) & 150.8, 149.8, 149.1, 148.0, 146.1, 143.2, 142.9, 141.1, 136.5,
135.7, 133.2, 131.0, 130.2, 128.8, 128.4, 127.2, 126.5, 125.7, 125.1, 122.8, 122.1, 122.0, 119.6,
114.4, 63.0, 61.2, 57.0, 55.4, 52.8, 39.5, 39.3, 39.0, 27.4, 27.0, 25.9, 24.9.

HRM S (ESI) m/z calcd. for CasH20N402S [M + H]* 485.2006, found 485.2007.
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According to General procedure 5 with amine S-L* (1.47 g, 5.0 mmol, 1.0 equiv.) and
cyclopropanesulfonyl chloride (0.61 mL, 6.0 mmol, 1.2 equiv.). The reaction mixture was purified
by column chromatography on silicagel (CH2Cl2/MeOH = 50/1 ~ 30/1) to yield product L*9 asa
yellow solid (1.57 g, 79% yield).

1H NMR (400 MHz, CDCl3) § 8.97 (d, J = 4.5 Hz, 1H), 8.86 (d, J = 4.1 Hz, 1H x 0.55), 8.71 (d,
J=85Hz, 1H x 0.55), 8.31 (d, J = 8.5 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H + 1H x 0.55), 7.81 - 7.70
(M, 2H + 1H x 0.55), 7.66 (t, J = 7.6 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H x 0.55), 7.38 (d, J = 4.1 Hz,
1H x 0.55), 5.75 —5.56 (M, 1H + 1H x 0.55), 5.29 (d, J = 10.5 Hz, 1H), 4.95—4.92 (m, 2H + 1H
x 0.55), 4.87 (d, J = 10.3 Hz, 1H x 0.55), 4.52 (d, J = 10.8 Hz, 1H x 0.55), 3.38 (g, J = 9.6 Hz, 1H
x 0.55), 3.29 —3.16 (M, 2H + 1H x 0.55), 3.11 — 3.03 (M, 1H x 0.55), 2.98 — 2.66 (M, 3H + 2H x
0.55), 2.30 (s, 1H + 1H x 0.55), 1.95—1.88 (m, 1H), 1.71— 1.61 (m, 3H + 4H x 0.55), 1.39 — 1.22
(m, 1H + 1H x 0.55), 1.08 — 0.80 (M, 2H + 2H x 0.55), 0.72 — 0.65 (M, 1H), 0.51—0.27 (m, 1H +
2H x 0.55), 0.18 — 0.10 (m, 1H), —0.04 ——0.25 (m, 1H x 0.55).

13C NMR (100 MHz, CDCls) § 149.9, 149.5, 149.0, 148.2, 146.4, 142.7, 141.1, 141.0, 130.5,
130.2,129.3, 129.1, 127.5, 127.1, 126.2, 126.2, 124.9, 123.5, 122.4, 120.0, 114.5, 62.5, 61.3, 56.6,
55.6, 55.4, 52.5, 40.2, 39.8, 39.5, 39.3, 30.9, 30.8, 27.6, 27.4, 27.2, 26.2, 25.0, 5.6, 5.5, 4.9, 4.8.

HRMS (ESI) m/z calcd. for C22H2sN302S [M + H]* 398.1897, found 398.1895.
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Nk, [ TNH PP,
N ~ N NS

S-L* ©iCHO 1) EtOH, reflux 10 h L1l

or + > or
P PPh,  2) NaBH, (10 equiv.) L*11"
EtOH, r.t., 6 h
N
)ib ﬁ
HNT PhaP  HN" P
~ _N x> N

A solution of amine SL* or S-L* (147 g, 50 mmol, 1.0 equiv.) and 2-
(diphenylphosphanyl)benzal dehyde (1.45 g, 5.0 mmol, 1.0 equiv.) in anhydrous ethanol (150 mL)
was heated under reflux for 10 h. The reaction was then cooled to r.t. Sodium borohydride (1.90
0, 50 mmol, 10 equiv.) was added at r.t. After stirring for 6 h, the reaction was quenched by adding
acetone (50 mL) and the solventswere removed under reduced pressure. The residue was dissolved
in a mixture of saturated ammonium hydrochloride solution (100 mL) and dichloromethane (100
mL) with vigorous stirring. The agueous phase was extracted with dichloromethane (3x). The
combined organic phase was washed with brine, dried (NazSOa), concentrated, and purified by
silica gl flash column chromatography (eluent: petroleum ether/EtOAc = 1/1, then EtOAC) to
afford the product.

L*11
L*11 was obtained as awhite solid (1.79 g, 63% yield).

1H NMR (400 MHz, CDCl3) 5§ 9.33 (s, 1H x 0.3), 9.00 — 8.84 (m, 1H), 8.76 (s, 1H x 0.3), 8.17 —
8.15(m, 2H + 1H x 0.3), 7.91— 7.78 (M, 1H), 7.73—7.69 (m, 1H + 1H x 0.3), 7.58 — 7.49 (m, 1H
+ 1H x 0.3), 7.35 — 7.05 (m, 13H + 14H x 0.3), 6.89 — 6.80 (m, 1H + 1H x 0.3), 5.77 — 5.54 (m,
1H + 1H x 0.3), 4.98 — 4.76 (M, 2H + 2H x 0.3), 4.60 (d, J = 9.5 Hz, 1H), 3.98 — 3.84 (M, 2H x
0.3), 3.79 (d, J = 12.8 Hz, 1H), 3.51 (d, J = 13.1 Hz, 1H + 1H x 0.3), 3.40 (s, 1H x 0.3), 3.23 —
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3.04 (M, 1H + 2H x 0.3), 3.04 — 2.76 (M, 4H), 2.76 — 2.41 (m, 3H), 2.19 (s, 1H + 1H x 0.3), 1.51
(s, 4H + 2H x 0.3), 1.20— 1.02 (m, 1H + 2H x 0.3), 0.91 — 0.63 (m, 2H).

13C NMR (100 MHz, CDCls) & 150.6, 148.6, 148.2, 144.7, 144.4, 141.8, 136.9, 136.8, 136.6,
135.7,135.5, 133.8, 133.7, 133.6, 133.5, 130.4, 129.44, 129.38, 129.0, 128.8, 128.7, 128.5, 128.44,
128.41, 128.34, 128.28, 127.2, 126.2, 122.7, 120.1, 114.1, 69.2, 62.4, 58.3, 57.0, 56.0, 50.0, 49.8,
40.9, 39.9, 29.2, 28.1, 27.5, 26.8, 25.2.

3P NMR (162 MHz, CDCl3) 6 —-16.3.

HRMS (ESI) mVz calcd. for CasHaoNsP [M + H]* 568.2876, found 568.2873.

=

PhaP HNT NP
N

L*11'
L*11' was obtained asayellow solid (1.48 g, 52% yield).

1H NMR (400 MHz, CDCl3) § 9.32 (s, 1H x 0.3), 8.92 — 8.91 (m, 1H), 8.76 (s, 1H x 0.3), 8.17 —
8.11 (m, 2H + 1H x 0.3), 7.87 — 7.80 (m, 1H), 7.73—7.69 (m, 1H + 1H x 0.3), 7.57 — 7.50 (m, 1H
+1H x 0.3), 7.33 - 7.10 (m, 13H + 14H x 0.3), 6.88 —6.83 (M, 1H + 1H x 0.3), 5.87 —5.78 (m,
1H + 1H x 0.3), 5.08 (d, J = 10.5 Hz, 1H + 1H x 0.3), 4.99 (d, J = 17.3 Hz, 1H + 1H x 0.3), 4.61
(d, J= 9.5 Hz, 1H), 3.96 —3.83 (M, 2H x 0.3), 3.76 (d, J = 13.3 Hz, 1H), 3.53 (d, J = 13.3 Hz, 1H
+ 1H x 0.3), 3.32 (s, 1H x 0.3), 2.97 —2.70 (M, 5H + 5H x 0.3), 2.21 — 2.15 (m, 1H + 2H x 0.3),
1.51 —1.43 (m, 3H + 3H x 0.3), 1.15—1.09 (m, 1H + 1H x 0.3), 0.73—0.68 (M, 1H + 1H x 0.3).

13C NMR (100 MHz, CDCls) § 150.6, 148.8, 148.2, 144.8, 144.5, 140.8, 136.9, 136.8, 136.7,
135.8, 135.7,133.9, 133.8, 133.7, 133.6, 130.4, 129.42, 129.38, 129.1, 128.8, 128.6, 128.5, 128.42,
128.35, 127.3, 126.1, 122.9, 120.1, 114.3, 62.5, 56.3, 50.1, 49.9, 49.3, 47.3, 39.6, 27.7, 26.7, 24.5.
3P NMR (162 MHz, CDCl3) 6 —16.3.

HRMS (ESI) mVz calcd. for CasHaoNsP [M + H]* 568.2876, found 568.2871.
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Cu-catalyzed enantioselective radical S-O cross-coupling of 2,2-disubstituted
1,3-diols, meso 1,2-diol, and 1,2,3-triols

\ Cul (10 mol%) | 0\ $

R', A OH o, 0 L*4 (10 mol%)

2 )n + /S

RN oH cl” Ar Ag,CO5 (0.60 equiv. )

/! proton sponge (20 mol%) S +OH
CHCI5, 0°C, 2d

1-32 and 47-55 5

General procedureA:

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with Cul (5.7 mg, 0.030 mmol, 10 mol%), L*4 (15.1 mg, 0.030 mmol, 10 mol%),
Ag2COs (49.6 mg, 0.18 mmol, 0.60 equiv.), proton sponge (12.8 mg, 0.060 mmol, 0.20 equiv.),
alcohol (0.30 mmol, 1.0 equiv.), and anhydrous CHCI3s (3.0 mL). Then the corresponding sulfonyl
chloride (0.36 mmol, 1.2 equiv.) was added and the reaction mixture was stirred at 0 °C. Upon
completion (monitored by TLC), the reaction mixture was concentrated in vacuo and the residue
was purified by column chromatography on silica gel to afford the desired product.

The preparation of racemic products (+)-1-32:

. Lo
R%{OH . 0P Et;N (2.0 equiv.) Rq\/éé:o’ Ar
R /n OH Cl” Ar DCM RZ Y oH

(£)-1-32

To a solution of diol (0.10 mmol, 1.0 equiv.) and EtsN (27.7 pL, 0.20 mmol, 2.0 equiv.) in dry
DCM (1.0 mL) was added the corresponding sulfonyl chloride (0.11 mmol, 1.1 equiv.). After
stirring for 24 h, saturated NH4Cl (ag.) was added to the above reaction solution to quench the
reaction. Then, the mixture was extracted with DCM (3x) and the combined organic layers were
dried (NaSOs), filtered, and concentrated. The residue was purified by silica gel column
chromatography to afford the desired racemate.

The preparation of racemic products (+)-47-55:
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O\\ /7
Cul (10 mol%)
\ /
HO><:OH L ac (10 mol%) HO
+  PhSO,CI
R OH 2 Ag,CO; (0.60 equiv.) R OH /©/ NMe;
CHCly, rt,, 14 (£)-47_55 L

Theracemates of products (+)-47-55 were prepared by following Gener al procedur e A described

above using Lrac (10 mol%) as ligand. After stirring at r.t. for 24 h, the reaction mixture was
concentrated in vacuo and the residue was purified by column chromatography on silica gel to
afford the desired racemates.

(R)-3-Hydroxy-2-methyl-2-phenylpropyl benzenesulfonate (1)
Ph/<:OH
1

According to General procedure A with A-1 (499 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfony! chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 1 as a
colorless oil (79.0 mg, 86% yield, 94% e.e.).

HPL C analysis: Chiracel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 26.64 min, tr (Minor) = 29.12 min.

1H NMR (400 MHz, CDCl3) § 7.92 — 7.77 (m, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.53 (t, J = 7.7 Hz,
2H), 7.33 — 7.24 (m, 5H), 4.27 (d, J = 9.6 Hz, 1H), 4.23 (d, J = 9.6 Hz, 1H), 3.80 (d, J = 11.3 Hz,
1H), 3.76 (d, J = 11.3 Hz, 1H), 1.63 (br s, 1H), 1.33 (s, 3H).

13C NMR (100 MHz, CDCls) 6 141.2, 135.6, 133.8, 129.2, 128.7, 127.9, 127.1, 126.3, 74.2, 67.4,
43.8, 20.1.
HRMS (ESI) calcd for CisH1sNaO4S[M + Na]*™ 329.0818, found: 329.0814.

(R)-3-Hydroxy-2-methyl-2-phenylpropyl 4-methylbenzenesulfonate (2)
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According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and 4-
methylbenzenesulfonyl chloride (68.4 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product
2 asawhite solid (82.5 mg, 86% yield, 93% e.e.).

HPL C analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 80/20, flow rate 0.3 mL/min, A = 214 nm),
tr (Major) = 23.40 min, tr (minor) = 25.24 min.

'H NMR (400 MHz, CDCls) 4 7.72 (d, J = 8.3 Hz, 2H), 7.35—7.20 (m, 7H), 4.23 (d, J = 9.6 Hz,
1H), 4.19 (d, J= 9.6 Hz, 1H), 3.77 (d, J = 11.4 Hz, 1H), 3.73 (d, J = 11.4 Hz, 1H), 2.44 (s, 3H),
1.84 (br s, 1H), 1.31 (s, 3H).

13C NMR (100 MHz, CDCl3)  144.8, 141.3, 132.5, 129.8, 128.6, 127.8, 127.0, 126.3, 74.0, 67.3,
43.7, 21.6, 20.1.

HRMS (ES) calcd for Ci7H20NaOsS [M + Na]* 343.0975, found: 343.0975.

(R)-3-Hydroxy-2-methyl-2-phenylpropyl 4-methoxybenzenesulfonate (3)

/
w, /O OMe

According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and 4-
methoxybenzenesulfonyl chloride (74.4 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product
3asacolorlessail (57.5 mg, 57% yield, 92% e.e.).

HPL C analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 214 nm),
tr (Major) = 19.66 min, tr (minor) = 22.23 min.

IH NMR (400 MHz, CDCl3) § 7.84—7.72 (m, 2H), 7.37 — 7.21 (m, 5H), 7.02— 6.95 (m, 2H), 4.23

(d, J= 9.6 Hz, 1H), 4.18 (d, J = 9.6 Hz, 1H), 3.88 (s, 3H), 3.79 (d, J = 11.4 Hz, 1H), 3.75 (d, J =
11.4 Hz, 1H), 1.74 (br s, 1H), 1.32 (s, 3H).
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13C NMR (100 MHz, CDCl3)  163.8, 141.4, 130.1, 128.6, 127.1, 126.9, 126.4, 114.4, 73.8, 67.4,
55.7,43.8, 20.2.

HRMS (ESI) calcd for Ci7H20NaOsS [M + Na]* 359.0924, found: 359.0918.

(R)-3-Hydr oxy-2-methyl-2-phenylpropyl 2-bromobenzenesulfonate (4)

According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and 2-
bromobenzenesulfonyl chloride (92.0 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product
4 asadightly yellow solid (77.1 mg, 67% yield, 93% e.e.).

HPL C analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 40.56 min, tr (minor) = 44.23 min.

1H NMR (400 MHz, CDCl3) & 8.13—8.04 (m, 1H), 7.80— 7.72 (m, 1H), 7.53—7.43 (m, 2H), 7.36
—7.28 (M, 4H), 7.28 — 7.21 (m, 1H), 4.33 (d, J = 9.6 Hz, 1H), 4.27 (d, J = 9.6 Hz, 1H), 3.84 (d, J
= 11.6 Hz, 1H), 3.81 (d, J = 11.6 Hz, 1H), 1.82 (br s, 1H), 1.39 (s, 3H).

13C NMR (100 MHz, CDCl3) § 141.2, 135.6, 135.4, 134.7, 132.1, 128.7, 127.6, 127.2, 126.4,
120.8, 74.9, 67.4, 43.8, 20.3.

HRMS (ES) calcd for CisH17BrNaOsS [M + Na]* 406.9923, found: 406.9918.

(R)-3-Hydroxy-2-methyl-2-phenylpropyl 2-chlor obenzenesulfonate (5)

According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and 2-
chlorobenzenesulfonyl chloride (76.0 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product
5asacolorlessail (56.9 mg, 56% yield, 91% e.e.).
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HPLC analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 85/15, flow rate 0.4 mL/min, A = 214 nm),
tr (major) = 29.06 min, tr (Minor) = 31.01 min.

1H NMR (400 MHz, CDCl3) 5 8.11 —8.03 (m, 1H), 7.59 — 7.53 (m, 2H), 7.45—7.41 (m, 1H), 7.32
—7.31(m, 4H), 7.26 — 7.23 (m, 1H), 4.35 (d, J = 9.6 Hz, 1H), 4.29 (d, J = 9.6 Hz, 1H), 3.84 (d, J
= 11.2 Hz, 1H), 3.81 (d, J = 11.2 Hz, 1H), 1.70 (br s, 1H), 1.39 (s, 3H).

13C NMR (100 MHz, CDCl3) & 141.2, 134.8, 133.7, 132.9, 132.1, 131.9, 128.7, 127.2, 127.1,
126.3, 74.9, 67.4, 43.8, 20.3.

HRMS (ESI) calcd for CisH17CINaO4S [M + Na]* 363.0428, found: 363.0423.

Methyl (R)-3-((3-hydr oxy-2-methyl-2-phenylpropoxy)sulfonyl)benzoate (6)

According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and methyl 3-
(chlorosulfonyl)benzoate (59.1 pL, 0.36 mmoal, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 6 as awhite
solid (95.1 mg, 87% yield, 91% e.e.).

HPLC analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 80/20, flow rate 0.6 mL/min, A = 214 nm),
tr (Major) = 16.41 min, tr (minor) = 19.34 min.

IH NMR (400 MHz, CDCl3) & 8.49 (t, J = 1.6 Hz, 1H), 8.30 (dt, J = 7.8, 1.3 Hz, 1H), 7.99 (d, J
=7.9, 1.4 Hz, 1H), 7.61 (t, J = 7.8 Hz, 1H), 7.32 — 7.19 (m, 5H), 4.28 (s, 2H), 3.96 (s, 3H), 3.79
(d, J=11.2 Hz, 1H), 3.75 (d, J = 11.2 Hz, 1H), 1.81 (br s, 1H), 1.34 (s, 3H).

13C NMR (100 MHz, CDCl3) § 165.1, 141.1, 136.3, 134.6, 131.7, 131.4, 129.5, 128.9, 128.6,
127.1, 126.2, 74.6, 67.2, 52.7, 43.8, 20.1.
HRMS (ES) calcd for CisH20NaOsS [M + Na]* 387.0873, found: 387.0867.

(R)-3-Hydroxy-2-methyl-2-phenylpropyl 3-cyanobenzenesulfonate (7)
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According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and 3-
cyanobenzenesulfonyl chloride (72.6 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified
by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 7 as a
white solid (97.1 mg, 98% yield, 95% e.e.).

HPL C analysis. Chiralcel AZ3 (n-Hexane/i-PrOH = 70/30, flow rate 0.7 mL/min, A = 214 nm), tr
(major) = 21.05 min, tr (Minor) = 24.77 min.

1H NMR (400 MHz, CDCl3) & 8.00—7.98 (m, 2H), 7.89 (dt, J = 7.8, 1.2 Hz, 1H), 7.68 — 7.59 (m,
1H), 7.32 — 7.20 (m, 5H), 4.33 (d, J = 9.5 Hz, 1H), 4.29 (d, J = 9.5 Hz, 1H), 3.79 (d, J = 11.1 Hz,
1H), 3.73(d, J = 11.1 Hz, 1H), 1.93 (br s, 1H), 1.35 (s, 3H).

13C NMR (100 MHz, CDCls) § 140.8, 137.3, 136.7, 131.6, 131.2, 130.2, 128.6, 127.2, 126.1,
116.7, 113.8, 75.2, 67.0, 43.7, 19.9.

HRMS (ES) calcd for Ci7H17NNaOsS [M + Na]* 354.0770, found: 354.0765.

(R)-3-Hydroxy-2-methyl-2-phenylpr opyl 4-cyanobenzenesulfonate (8)
o.P
S
o T on
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According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and 4-
cyanobenzenesulfonyl chloride (72.6 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified
by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 8 as a
white solid (96.2 mg, 97% yield, 94% e.e.).

HPL C analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 80/20, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 28.18 min, tr (minor) = 33.00 min.

IH NMR (400 MHz, CDCl3) § 7.92 — 7.84 (m, 2H), 7.81 —7.75 (m, 2H), 7.34 — 7.20 (m, 5H), 4.32

(d,J=9.5Hz, 1H), 4.29 (d, J=9.5Hz, 1H), 3.78 (d, J = 11.2 Hz, 1H), 3.73 (d, J= 11.2 Hz, 1H),
1.89 (br s, 1H), 1.34 (s, 3H).
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13C NMR (100 MHz, CDClI3) 6 140.9, 139.8, 132.9, 128.7, 128.4, 127.2, 126.2, 117.4, 116.9, 75.1,
67.1,43.7, 20.0.

HRMS (ESI) calcd for C17H1sNO4S [M + Na]*™ 332.0951, found: 332.0943.

(R)-3-Hydroxy-2-methyl-2-phenylpropyl 4-nitrobenzenesulfonate (9)

0
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According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and 4-
nitrobenzenesulfony! chloride (79.8 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified
by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 9 as a
dlightly yellow solid (85.2 mg, 81% yield, 94% e.e.).

HPL C analysis: Chiracel OD3 (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 254 nm),
tr (Major) = 18.52 min, tr (Minor) = 22.55 min.

IH NMR (400 MHz, CDCl3) § 8.32 (d, J = 8.8 Hz, 2H), 7.96 (d, J = 8.8 Hz, 2H), 7.36 — 7.20 (m,
5H), 4.35 (d, J = 9.5 Hz, 1H), 4.32 (d, J = 9.5 Hz, 1H), 3.80 (d, J = 11.2 Hz, 1H), 3.75 (d, J = 11.1
Hz, 1H), 1.73 (br s, 1H), 1.36 (s, 3H).

13C NMR (100 MHz, CDCl3) 4 150.6, 141.3, 140.9, 129.1, 128.7, 127.3, 126.2, 124.3, 75.3, 67.1,
43.8, 20.0.

HRMS (ESI) calcd for C10H130 [M-pNO2PhSO3]* 149.0961, found: 149.0963.

Note: The product was unstable in neat state at r.t. after purification and should be stored in
refrigerator at —20 °C.

(R)-3-Hydroxy-2-methyl-2-phenylpropyl naphthalene-2-sulfonate (10)

According to General procedure A with A-1 (49.9 mg, 0.30 mmol, 1.0 equiv.) and naphthal ene-
2-sulfonyl chloride (81.6 mg, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by column
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chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 10 as a white solid
(77.2mg, 72%yield, 91% e.e).

HPLC analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 80/20, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 17.95 min, tr (Minor) = 20.83 min.

1H NMR (400 MHz, CDCl3) & 8.48 —8.36 (m, 1H), 7.96 — 7.91 (m, 3H), 7.76 (dd, J = 8.7, 1.9 Hz,
1H), 7.72 — 7.60 (m, 2H), 7.33 — 7.13 (M, 5H), 4.29 (d, J = 9.6 Hz, 1H), 4.25 (d, J = 9.6 Hz, 1H),
3.78(d, J = 11.3 Hz, 1H), 3.74 (d, J = 11.3 Hz, 1H), 1.79 (br s, 1H), 1.32 (s, 3H).

13C NMR (100 MHz, CDCl3) & 141.2, 135.2, 132.3, 131.8, 129.8, 129.6, 129.4, 129.3, 128.6,
127.9, 127.8, 127.0, 126.3, 122.4, 74.3, 67.3, 43.8, 20.1.

HRMS (ESI) calcd for C20H20NaO4S [M + Na]* 379.0975, found: 379.0970.

(R)-2-(Hydroxymethyl)-2-phenylbutyl benzenesulfonate (11)
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According to General procedure A with A-S1 (54.1 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 11 as a
colorless oil (88.2 mg, 92% yield, 93% e.e.).

HPL C analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 88/12, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 19.67 min, tr (minor) = 21.86 min.

IH NMR (400 MHz, CDCl3) § 7.91 — 7.83 (m, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.7 Hz,
2H), 7.30 (t, J = 7.5 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.18 — 7.12 (m, 2H), 4.38 (d, J = 9.5 Hz,
1H), 4.33 (d, J= 9.5 Hz, 1H), 3.88 (d, J = 11.3 Hz, 1H), 3.82 (d, J = 11.3 Hz, 1H), 1.77 — 1.66 (m,
J=7.2Hz, 3H), 0.61 (t, J = 7.5 Hz, 3H).

13C NMR (100 MHz, CDCls) 4 139.8, 135.5, 133.8, 129.2, 128.6, 127.8, 126.8, 126.4, 71.6, 64.8,
47.0,25.7,7.4.
HRMS (ESI) calcd for C17H20NaO4S[M + Na]*™ 343.0975, found: 343.0971.

(R)-2-(Hydr oxymethyl)-3-methyl-2-phenylbutyl benzenesulfonate (12)
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According to General procedure A with A-S2 (58.3 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 12 as a
colorless oil (88.5 mg, 88% yield, 94% e.e.).

HPL C analysis: Chiralcel ODH (n-Hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 22.85 min, tr (Minor) = 25.68 min.

IH NMR (400 MHz, CDCl3) § 7.97 — 7.83 (m, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.55 (t, J = 7.7 Hz,
2H), 7.29 (t, J = 7.4 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 7.15 — 7.13 (m, 2H), 4.57 (d, J = 9.6 Hz,
1H), 4.48 (d, J = 9.6 Hz, 1H), 4.06 (d, J = 11.5 Hz, 1H), 3.99 (d, J = 11.5 Hz, 1H), 2.07 — 2.00 (m,
2H), 0.76 (d, J = 7.0 Hz, 3H), 0.74 (d, J = 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3)  138.3, 135.5, 133.8, 129.2, 128.2, 127.9, 127.1, 126.7, 70.7, 63.1,
494, 31.4,17.8, 17.6.

HRMS (ES) calcd for CisH22NaOsS [M + Na]* 357.1131, found: 357.1123.

(R)-3-Cyclopropyl-2-(hydr oxymethyl)-2-phenylpropyl benzenesulfonate (13)
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According to General procedure A with A-S3 (61.9 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 13 asawhite
solid (92.5 mg, 89% yield, 96% e.e.).

HPL C analysis. Chiracel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 21.19 min, tr (Minor) = 23.90 min.

IH NMR (400 MHz, CDCl3) § 7.89 (d, J = 7.7 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.55 (t, J = 7.7

Hz, 2H), 7.36 — 7.28 (M, 2H), 7.26 — 7.20 (m, 3H), 4.47 (s, 2H), 4.03 —3.84 (m, 2H), 1.72 — 1.55
(m, 3H), 0.39 —0.23 (M, 3H), —0.01 ——0.10 (M, 2H).
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13C NMR (100 MHz, CDClz3)  140.4, 135.6, 133.8, 129.3, 128.6, 127.9, 126.9, 126.5, 71.8, 65.1,
47.9, 38.6,5.4, 4.6, 4.4.

HRMS (ES) calcd for CioH22NaOsS [M + Na]* 369.1131, found: 369.1127.

(R)-4-(Benzyloxy)-2-(hydr oxymethyl)-2-phenylbutyl benzenesulfonate (14)
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According to General procedure A with A-$4 (859 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 14 asawhite
solid (102.5 mg, 80% yield, 93% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 214 nm), tr
(mgjor) = 44.97 min, tr (minor) = 40.86 min.

1H NMR (400 MHz, CDCl3) § 7.79 — 7.71 (m, 2H), 7.61 (tt, J = 7.1, 1.2 Hz, 1H), 7.48 (t, J= 7.8
Hz, 2H), 7.35 - 7.19 (m, 8H), 7.16 — 7.14 (m, 2H), 4.40 — 4.33 (m, 2H), 4.32 (d, J = 9.6 Hz, 1H),
4.28(d, J=9.6 Hz, 1H), 3.91 (d, J = 11.8 Hz, 1H), 3.84 (d, J = 11.8 Hz, 1H), 3.47 —3.39 (m, 1H),
3.39—3.31 (m, 1H), 2,51 (br s, 1H), 2.18 —2.09 (m, 1H), 2.08 — 2.01 (m, 1H).

13C NMR (100 MHz, CDCl3) § 139.9, 137.4, 135.5, 133.7, 129.1, 128.6, 128.4, 127.8, 127.8,
127.7, 126.9, 126.5, 73.5, 73.2, 66.2, 64.9, 46.4, 33.4.

HRMS (ES) calcd for CaaH26NaOsS [M + Na]* 449.1393, found: 449.1386.

(R)-5-Chlor o-2-(hydr oxymethyl)-2-phenylpentyl benzenesulfonate (15)
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According to General procedure A with A-S5 (68.6 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
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column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 15 as a
colorless oil (74.2 mg, 67% yield, 89% e.e.).

HPLC analysis. Chiralcel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A = 214 nm),
tr (Major) = 20.23 min, tr (Minor) = 25.96 min.

IH NMR (400 MHz, CDCl3) & 7.87 (d, J = 7.8 Hz, 2H), 7.67 (t, J = 7.4 Hz, 1H), 7.55 (t, J = 7.7
Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 7.25 (d, J = 7.7 Hz, 1H), 7.16 (d, J = 7.7 Hz, 2H), 4.38 (d, J =
9.6 Hz, 1H), 4.31 (d, J = 9.6 Hz, 1H), 3.91 (d, J = 11.3 Hz, 1H), 3.83 (d, J = 11.3 Hz, 1H), 3.39 (t,
J=6.4Hz, 2H), 1.93 - 1.76 (m, 2H), 1.71 (br s, 1H), 1.52 — 1.39 (m, 2H).

13C NMR (100 MHz, CDClz3) § 139.4, 135.5, 133.9, 129.3, 128.9, 127.9, 127.2, 126.3, 71.7, 64.9,
46.5, 45.1, 30.5, 26.4.

HRMS (ESI) calcd for CisH21CINaO4S [M + Na]* 391.0741, found: 391.0736.

(R)-2-Benzyl-3-hydroxy-2-phenylpropyl benzenesulfonate (16)
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According to General procedure A with A-S6 (72.7 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 16 asawhite
solid (111.2 mg, 97% yield, 98% e.e.).

HPL C analysis: Chiralcel A (n-Hexane/i-PrOH = 80/20, flow rate 0.5 mL/min, A = 214 nm), tr
(major) =17.96 min, tr (minor) = 22.41 min.

IH NMR (400 MHz, CDCl3) 8 7.87 (d, J = 7.5 Hz, 2H), 7.66 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.8
Hz, 2H), 7.29 — 7.21 (m, 3H), 7.13 — 7.04 (m, 5H), 6.71 (d, J = 7.0 Hz, 2H), 4.35 (d, J = 9.5 Hz,
1H), 4.30 (d, J = 9.5 Hz, 1H), 3.88 (s, 2H), 2.96 (s, 2H), 1.71 (br s, 1H).

13C NMR (100 MHz, CDCl3) & 139.4, 135.6, 135.5, 133.9, 130.2, 129.3, 128.5, 127.9, 127.8,
127.0, 126.6, 126.5, 70.8, 63.9, 47.8, 39.9.

HRMS (ESI) calcd for C22H22NaO4S [M + Na]* 405.1131, found: 405.1126.

The structure of 16 was further confirmed by X-ray diffraction analysis (Supplementary Fig. 19).

(R)-2-((1,3-Dioxolan-2-yl)methyl)-3-hydr oxy-2-phenylpropyl benzenesulfonate (17)
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According to General procedure A with A-S7 (71.5 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 17 asawhite
solid (93.2 mg, 82% yield, 93% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 60/40, flow rate 1.0 mL/min, A = 210 nm), tr
(major) =12.90 min, tr (minor) = 15.76 min.

1H NMR (400 MHz, CDCl3) & 7.77 — 7.74 (m, 2H), 7.65— 7.58 (m, 1H), 7.48 (t, J = 7.8 Hz, 2H),
7.33—7.18 (m, 5H), 4.65 — 4.58 (m, 1H), 4.31 (s, 2H), 4.01 — 3.86 (M, 4H), 3.78 — 3.65 (M, 2H),
2.73(t, J= 7.0 Hz, 1H), 2.25 (dd, J = 14.8, 3.7 Hz, 1H), 2.05 (dd, J = 14.8, 5.8 Hz, 1H).

13C NMR (100 MHz, CDCl3s) § 139.5, 135.5, 133.6, 129.1, 128.6, 127.8, 127.0, 126.4, 101.7, 73.4,
64.8, 64.6, 64.5, 45.2, 37.4.

HRMS (ES) calcd for CioH22NaOsS [M + Na]* 401.1029, found: 401.1024.

(R)-2-(Hydr oxymethyl)-2-phenylpent-4-en-1-yl benzenesulfonate (18)
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According to General procedure A with A-S8 (57.7 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by

column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 18 as a
colorless oil (87.6 mg, 88% yield, 95% e.e.).

HPL C analysis: Chiralcel IC (n-Hexanel/i-PrOH = 85/15, flow rate 1.0 mL/min, A = 210 nm), tr
(maor) = 16.21 min, tr (minor) = 13.84 min.

1H NMR (400 MHz, CDCl3) § 7.91 - 7.79 (m, 2H), 7.69 — 7.61 (m, 1H), 7.54 (t, J = 7.8 Hz, 2H),
7.34 —7.27 (m, 2H), 7.26 — 7.16 (m, 3H), 5.45 — 5.34 (m, 1H), 5.00 (dd, J = 17.1, 1.9 Hz, 1H),
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4.96 —4.87 (m, 1H), 4.37 (d, J = 9.5 Hz, 1H), 4.32 (d, J = 9.5 Hz, 1H), 3.88 (d, J = 11.4 Hz, 1H),
3.84(d, J= 11.4 Hz, 1H), 2.48 (d, J = 7.5 Hz, 2H), 1.70 (br s, 1H).

13C NMR (100 MHz, CDCl3) § 139.6, 135.5, 133.8, 132.3, 129.2, 128.7, 127.9, 127.0, 126.5,
118.8, 71.7, 65.0, 46.6, 37.9.

HRMS (ES) calcd for CisH20NaOsS [M + Na]* 355.0975, found: 355.0970.

(R)-2-(Hydr oxymethyl)-5-methyl-2-phenylhex-4-en-1-yl benzenesulfonate (19)
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According to General procedure A with A-S9 (66.1 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 19 asawhite
solid (87.4 mg, 81% vyield, 97% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 80/20, flow rate 0.5 mL/min, A = 214 nm), tr
(mgjor) = 31.62 min, tr (minor) = 29.62 min.

'H NMR (400 MHz, CDCl3) § 7.86 (d, J = 7.4 Hz, 2H), 7.65 (t, J=7.5Hz, 1H), 7.54 (t, J=7.8
Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.24 (d, = 7.2 Hz, 1H), 7.21 - 7.17 (m, 2H), 4.73 (t, J = 7.3 Hz,
1H), 4.36 (d, J = 9.4 Hz, 1H), 4.31 (d, J = 9.4 Hz, 1H), 3.88 — 3.80 (m, 2H), 2.41 (d, J = 7.3 Hz,
2H), 1.62 (br s, 1H), 1.56 (s, 3H), 1.52 (s, 3H).

13C NMR (100 MHz, CDCl3) § 140.0, 135.6, 135.3, 133.8, 129.2, 128.6, 127.9, 126.9, 126.6,
117.7,71.9,65.3,47.2, 31.9, 25.9, 17.9.

HRMS (ES) calcd for CooH2aNaOsS [M + Na]* 383.1288, found: 383.1281.

N

(R)-2-(Hydr oxymethyl)-2-phenylpent-4-yn-1-yl benzenesulfonate (20)
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According to General procedure A with A-S10 (57.1 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 20 as a
colorless oil (93.4 mg, 94% yield, 95% e.e.).

HPL C analysis: Chiralcel AZ3 (n-Hexane/i-PrOH = 70/30, flow rate 0.5 mL/min, A = 214 nm), tr
(mgjor) = 21.55 min, tr (minor) = 23.42 min.

1H NMR (400 MHz, CDCl3) & 7.86 — 7.84 (m, 2H), 7.68 — 7.62 (m, 1H), 7.53 (t, J = 7.7 Hz, 2H),
7.34—7.25 (m, 5H), 4.44 (d, J = 9.6 Hz, 1H), 4.38 (d, J = 9.6 Hz, 1H), 3.89 (s, 2H), 2.70 (t, J =
2.3 Hz, 2H), 1.84 (t, J = 2.7 Hz, 1H), 1.79 (br s, 1H).

13C NMR (100 MHz, CDCl3)  138.6, 135.3, 133.8, 129.2, 128.7, 128.0, 127.5, 126.5, 79.4, 71.8,
71.7, 65.6, 46.6, 23.2.

HRMS (ESI) calcd for CisH1sNaO4S [M + Na]* 353.0818, found: 353.0813.

(R)-2-(Hydr oxymethyl)-2-phenylhex-4-yn-1-yl benzenesulfonate (21)

According to General procedure A with A-S11 (61.3 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 21 asawhite
solid (89.9 mg, 87% yield, 95% e.e.).

HPL C analysis: Chiracel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A = 210 nm),
tr (major) = 32.38 min, tr (Minor) = 36.35 min.

IH NMR (400 MHz, CDCl3) § 7.88 — 7.79 (m, 2H), 7.67 — 7.60 (m, 1H), 7.51 (t, J = 7.8 Hz, 2H),
7.33—7.20 (m, 5H), 4.41 (d, J = 9.5 Hz, 1H), 4.37 (d, J = 9.5 Hz, 1H), 3.87 (d, J = 11.4 Hz, 1H),
3.84 (d, J = 11.4 Hz, 1H), 2.63 —2.60 (m, 2H), 1.89 (br s, 1H), 1.60 (t, J = 2.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 4 139.2, 135.4, 133.7, 129.1, 128.5, 127.9, 127.2, 126.6, 79.1, 74.0,
72.2,65.8,46.7, 23,5, 3.4.

HRMS (ESI) calcd for CigH2104S [M + H]™ 345.1155, found: 345.1153.

(R)-2-(3-Fluor ophenyl)-3-hydr oxy-2-methylpropyl benzenesulfonate (22)
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According to General procedure A with A-S12 (55.3 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 22 as a
colorless oil (75.6 mg, 78% yield, 84% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, A = 214 nm), tr
(mgjor) = 21.12 min, tr (minor) = 18.00 min.

1H NMR (400 MHz, CDCl3) & 7.86 — 7.83 (m, 2H), 7.69 — 7.63 (m, 1H), 7.54 (t, J = 7.8 Hz, 2H),
7.30—7.23 (m, 1H), 7.05 (d, J = 8.1 Hz, 1H), 6.98 — 6.90 (M, 2H), 4.22 (d, J = 9.6 Hz, 1H), 4.21
(d, J=10.0 Hz, 1H), 3.79—3.72 (m, 2H), 1.77 (br s, 1H), 1.32 (s, 3H).

13C NMR (100 MHz, CDCl3) § 162.9 (d, J = 244.2 Hz), 144.1 (d, J = 6.7 Hz), 135.5, 133.9, 130.0

(d, J=8.3Hz), 129.3, 127.8, 122.0 (d, J = 2.9 Hz), 114.0 (d, J = 20.8 Hz), 113.7 (d, J = 22.3 H2),
73.8,67.1,43.9 (d, J= 1.7 Hz), 20.1.

19F NMR (376 MHz, CDCl3) § —112.2.

HRMS (ES) calcd for CisH17FNaOsS [M + Na]* 347.0724, found: 347.0720.

(R)-2-(2-Bromophenyl)-3-hydr oxy-2-methylpropyl benzenesulfonate (23)

(ON //O
/" "Ph

/, O
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According to General procedure A with A-S13 (73.5 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 23 as a
colorless oil (86.6 mg, 75% yield, 88% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 214 nm), tr
(mgjor) = 17.15 min, tr (minor) = 13.46 min.
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1H NMR (400 MHz, CDCl3) § 7.84 — 7.81 (m, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.57 — 7.46 (m, 3H),
7.36 (dd, J = 8.0, 1.6 Hz, 1H), 7.29 — 7.24 (m, 2H), 7.08 (td, J = 7.8, 1.7 Hz, 1H), 4.65 (d, J = 9.7
Hz, 1H), 4.54 (d, J = 9.7 Hz, 1H), 4.09 (d, J = 11.4 Hz, 1H), 4.05 (d, J = 11.4 Hz, 1H), 1.84 (br s,
1H), 1.50 (s, 3H).

13C NMR (100 MHz, CDCls) & 138.9, 136.0, 135.6, 133.8, 130.4, 129.2, 128.8, 127.9, 127.7,
122.0, 72.1, 65.3, 45.7, 19.3.

HRMS (ESI) calcd for CisH17BrNaOsS [M + Na]*™ 406.9923, found: 406.9919.

(R)-2-(3-Chlor ophenyl)-3-hydr oxy-2-methylpropyl benzenesulfonate (24)
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According to General procedure A with A-S14 (60.2 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 24 asawhite
solid (81.6 mg, 80% yield, 85% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, A = 214 nm), tr
(mgjor) = 20.61 min, tr (minor) = 16.36 min.

IH NMR (400 MHz, CDCl3) § 7.89 — 7.81 (m, 2H), 7.69 — 7.63 (m, 1H), 7.564 — 7.52 (m, 2H),
7.25-7.19 (m, 3H), 7.18 — 7.15 (m, 1H), 4.22 (d, J = 9.6 Hz, 1H), 4.20 (d, J = 9.6 Hz, 1H), 3.80
—3.72(m, 2H), 1.78 (br s, 1H), 1.32 (s, 3H).

13C NMR (100 MHz, CDCls) 6 143.6, 135.5, 134.5, 133.9, 129.8, 129.3, 127.8, 127.3, 126.8,
124.6, 73.8, 67.1, 43.9, 20.1.
HRMS (ESI) calcd for CisH17CINaO4S [M + Na]*™ 363.0428, found: 363.0424.

(R)-3-Hydroxy-2-methyl-2-(3-(trifluoromethyl)phenyl)propyl benzenesulfonate (25)
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According to General procedure A with A-S15 (70.3 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 25 asawhite
solid (61.7 mg, 55% yield, 84% e.e.).

HPLC analysis. Chiralcel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.3 mL/min, A = 214 nm),
tr (Major) = 37.21 min, tr (minor) = 40.29 min.

IH NMR (400 MHz, CDCl3) § 7.82 (d, J = 7.4 Hz, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.56 — 7.45 (m,
5H), 7.41 (t, J = 7.9 Hz, 1H), 4.26 (d, J = 9.6 Hz, 1H), 4.23 (d, J = 9.6 Hz, 1H), 3.80 (d, J = 11.3
Hz, 1H), 3.76 (d, J = 11.3 Hz, 1H), 2.07 (br s, 1H), 1.35 (s, 3H).

13C NMR (100 MHz, CDCls3) § 142.6, 135.3, 133.9, 130.8 (g, J = 31.9 Hz), 130.0 (g, J = 1.0 H2),
129.3, 129.0, 127.7, 124.0 (g, J = 270.7 Hz), 123.9 (q, J = 3.7 HZ), 123.1 (q, J = 3.8 Hz), 73.7,
66.9, 43.9, 20.1.

19F NMR (376 MHz, CDCls) § —62.5.

HRMS (ESI) calcd for Ci7Hi7FsNaO4S [M + Na]™ 397.0692, found: 397.0688.

(R)-2-(4-(tert-Butyl)phenyl)-3-hydr oxy-2-methylpr opyl benzenesulfonate (26)
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According to General procedure A with A-S16 (66.7 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 26 asawhite
solid (80.2 mg, 74% yield, 94% e.e.).

HPL C analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.3 mL/min, A = 214 nm),
tr (Major) = 41.91 min, tr (Minor) = 29.62 min.
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1H NMR (400 MHz, CDCl3) & 7.89 — 7.80 (m, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.53 (t, J = 7.7 Hz,
2H), 7.32 (d, J = 8.6 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 4.26 (d, J = 9.6 Hz, 1H), 4.20 (d, J = 9.6
Hz, 1H), 3.78 (d, J = 11.2 Hz, 1H), 3.74 (d, J = 11.2 Hz, 1H), 1.65 (br s, 2H), 1.32 (s, 3H), 1.30 (s,
9H).

13C NMR (100 MHz, CDClzs) § 149.9, 138.0, 135.6, 133.8, 129.2, 127.9, 126.0, 125.6, 74.3, 67.4,
43.4,34.3,31.2, 20.1.

HRMS (ES) calcd for CooH2sNaOsS [M + Na]* 385.1444, found: 385.1440.

(R)-2-(4-(Benzyloxy)phenyl)-3-hydr oxy-2-methylpropyl benzenesulfonate (27)
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According to General procedure A with A-S17 (81.7 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silicagel (petroleum ether/EtOAc = 4/1) to yield product 27 asawhite
solid (95.2 mg, 77% yield, 92% e.e.).

HPL C analysis: Chiralcel IC (n-Hexanel/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 214 nm), tr
(major) = 60.00 min, tr (Minor) = 46.09 min.

IH NMR (400 MHz, CDCl3) 8 7.83 (d, J = 7.4 Hz, 2H), 7.63 (t, J = 7.5 Hz, 1H), 7.50 (t, J = 7.8
Hz, 2H), 7.42 - 7.30 (m, 5H), 7.17 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 5.03 (s, 2H), 4.21
(d, = 9.6 Hz, 1H), 4.16 (d, J = 9.6 Hz, 1H), 3.73 (d, J = 11.2 Hz, 1H), 3.70 (d, J = 11.2 Hz, 1H),
1.98 (br s, 1H), 1.29 (s, 3H).

13C NMR (100 MHz, CDCls) § 157.6, 136.8, 135.6, 133.8, 133.3, 129.2, 128.6, 128.0, 127.8,
127.5, 127.4, 114.8, 74.4, 69.9, 67.4, 43.2, 20.1.
HRM S (ESI) calcd for CosH24NaOsS [M + Na]* 435.1237, found: 435.1232.

(R)-2-(3,5-Dimethylphenyl)-3-hydr oxy-2-methylpr opyl benzenesulfonate (28)
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According to General procedure A with A-S18 (58.3 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 28 as a
colorless ail (86.5 mg, 86% yield, 94% e.e.).

HPL C analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 90/10, flow rate 0.4 mL/min, A = 214 nm),
tr (Major) = 23.05 min, tr (Minor) = 24.65 min.

1H NMR (400 MHz, CDCl3) § 7.88 — 7.80 (m, 2H), 7.67 — 7.60 (m, 1H), 7.52 (t, J = 7.7 Hz, 2H),
6.86 (s, 1H), 6.83 (s, 2H), 4.26 (d, J = 9.5 Hz, 1H), 4.19 (d, J = 9.5 Hz, 1H), 3.74 (d, J = 11.2 Hz,
1H), 3.71 (d, J = 11.2 Hz, 1H), 2.26 (s, 6H), 1.83 (br s, 1H), 1.30 (s, 3H).

13C NMR (100 MHz, CDCl3)  141.1, 138.0, 135.6, 133.7, 129.1, 128.7, 127.8, 124.0, 74.4, 67 .4,
43.6, 21.4, 20.1.

HRMS (ES) calcd for CisH22NaOsS [M + Na]* 357.1131, found: 357.1129.

(R)-3-Hydroxy-2-methyl-2-(thiophen-3-yl)propyl benzenesulfonate (29)
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According to General procedure A with A-S19 (51.7 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield product 29 as a
colorless oil (67.5 mg, 72% vyield, 91% e.e.).

HPL C analysis: Chiralcel 1C (n-Hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, A = 214 nm), tr
(major) = 29.07 min, tr (Minor) = 22.64 min.

1H NMR (400 MHz, CDCl3) § 7.88 — 7.85 (m, 2H), 7.69 — 7.62 (m, 1H), 7.54 (t, J = 7.7 Hz, 2H),
7.28 (dd, J = 5.1, 3.0 Hz, 1H), 7.08 (dd, J = 2.9, 1.4 Hz, 1H), 7.01 (dd, J = 5.1, 1.4 Hz, 1H), 4.21
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(d, J=9.6 Hz, 1H), 4.14 (d, J = 9.6 Hz, 1H), 3.73(d, J = 11.2 Hz, 1H), 3.68 (d, J = 11.2 Hz, 1H),
1.86 (br s, 1H), 1.31 (s, 3H).

13C NMR (100 MHz, CDClz3) § 142.6, 135.6, 133.8, 129.3, 127.8, 126.0, 125.9, 121.3, 73.9, 67.1,
42.6, 20.2.

HRMS (ESI) calcd for C1aH16Na0sSz [M + Na]* 335.0382, found: 335.0378.

Methyl (R)-3-hydroxy-2-methyl-2-(((phenylsulfonyl)oxy)methyl)pr opanoate (30)
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According to General procedure A with A-S20 (44.4 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield product 30 as a
colorless oil (36.5 mg, 42% yield, 79% e.e.).

HPL C analysis: Chiralcel IF (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 216 nm), tr
(major) = 17.95 min, tr (minor) = 20.69 min.

1H NMR (400 MHz, CDCl3) 8 7.92 (d, J = 7.4 Hz, 2H), 7.68 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 7.7
Hz, 2H), 4.29 (d, J = 9.8 Hz, 1H), 4.13 (d, J = 9.8 Hz, 1H), 3.71 (s, 2H), 3.67 (s, 3H), 2.24 (br s,
1H), 1.17 (s, 3H).

13C NMR (100 MHz, CDCl3) § 173.8, 135.5, 134.0, 129.3, 127.9, 70.9, 64.3, 52.4, 48.3, 17.2.

HRM S (ESI) calcd for Ci2H1706S [M + H]* 289.0740, found: 289.0741.

(9)-(3-(Hydroxymethyl)-1-methyl-2-oxoindolin-3-yl)methyl benzenesulfonate (31)
Q. 0
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According to General procedure A with A-S21 (62.2 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
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column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product 31 as a
colorless oil (88.5 mg, 85% yield, 85% e.e.).

[a]p? = +43.8 (C 0.5, CHCl3).

HPL C analysis: Chiralcel ID (n-Hexane/i-PrOH = 60/40, flow rate 0.5 mL/min, A = 210 nm), tr
(mgjor) = 24.49 min, tr (minor) = 28.34 min.

IH NMR (400 MHz, CDCl3) § 7.84 — 7.73 (m, 2H), 7.64 (tt, J= 7.0, 1.2 Hz, 1H), 7.51 (t, J= 7.8
Hz, 2H), 7.34 (td, J = 7.8, 1.2 Hz, 1H), 7.25—7.18 (m, 1H), 7.05 (td, J = 7.6, 0.9 Hz, 1H), 6.87 (d,
J=7.8Hz, 1H), 451 (d, J = 9.6 Hz, 1H), 4.33 (d, J = 9.6 Hz, 1H), 3.88 —3.83 (m, 1H), 3.73 (d, J
= 11.3 Hz, 1H), 3.18 (s, 3H), 2.67 (br s, 1H).

13C NMR (100 MHz, CDCl3) § 175.5, 143.8, 135.2, 133.9, 129.2, 129.2, 127.9, 126.4, 124.0,
123.1, 108.6, 69.8, 63.8, 53.3, 26.3.

HRMS (ESI) calcd for Ci7H1sNOsS [M + H]* 348.0900, found: 348.0898.

(1R,25)-2-Hydr oxycyclohexyl benzenesulfonate (32)

According to General procedure A with A-S22 (34.8 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.), the reaction mixture was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield product 32 as a
colorless oil (74.5 mg, 97% yield, 95% e.e.).

[a]o?® = +13.5 (c 1.0, CHCI3).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 214 nm), tr
(mgjor) = 34.66 min, tr (minor) = 20.08 min.

1H NMR (400 MHz, CDCl3) § 8.01 — 7.87 (m, 2H), 7.66 (t, J = 7.5 Hz, 1H), 7.56 (t, J = 7.7 Hz,
2H), 4.68 — 4.65 (m, 1H), 3.85 — 3.82 (m, 1H), 2.06 (br s, 1H), 1.96 — 1.88 (m, 1H), 1.82 — 1.70
(m, 1H), 1.68 — 1.46 (M, 4H), 1.36 — 1.24 (m, 2H).

13C NMR (100 MHz, CDCl3) § 137.1, 133.7, 129.2, 127.6, 83.4, 68.9, 30.2, 27.7, 21.7, 20.7.

HRMS (ESI) calcd for Ciz2H1sNOsS [M + Na]* 279.0662, found: 279.0662.
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(R)-2,3-Dihydroxy-2-methylpropyl benzenesulfonate (47)
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According to General procedure A with A-S34 (31.8 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 uL, 0.36 mmol, 1.2 equiv.) for 24 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
47 aslight yellow oil (51 mg, 69% yield, 97% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 216 nm), tr
(major) = 43.63 min, tr (minor) = 48.05 min.

IH NMR (400 MHz, CDCl3) § 7.93 (d, J = 7.4 Hz, 2H), 7.69 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 7.7
Hz, 2H), 4.00 (d, J = 9.9 Hz, 1H), 3.93 (d, J = 9.9 Hz, 1H), 3.58 (d, J = 11.4 Hz, 1H), 3.46 (d, J =
11.4 Hz, 1H), 1.17 (s, 3H).

13C NMR (100 MHz, CDCl3) § 135.5, 134.1, 129.4, 127.9, 73.2, 71.6, 66.3, 20.9.

HRMS (ESI) m/z calcd. for Cio0H14NaOsS [M + Na]* 247.0635, found 247.0632.

(R)-2-Hydr oxy-2-(hydroxymethyl)-3-methylbutyl benzenesulfonate (48)
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According to General procedure A with A-S35 (40.3 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfony! chloride (46.1 pL, 0.36 mmol, 1.2 equiv.) for 10 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
48 asacolorless ail (54.3 mg, 66% yield, 91% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, A = 214 nm), tr
(minor) = 45.13 min, tr (Major) = 55.98 min.

1H NMR (400 MHz, CDCl3) § 7.93 (d, J = 8.0 Hz, 2H), 7.73—7.66 (m, 1H), 7.63 — 7.50 (m, 2H),
4.20 —3.96 (m, 2H), 3.68 — 3.54 (M, 2H), 1.96 — 1.82 (m, 1H), 0.90 (d, J = 7.0 Hz, 6H).
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13C NMR (100 MHz, CDCl3) 6 135.5, 134.1, 129.4, 127.9, 74.7, 70.8, 63.3, 31.4, 16.55, 16.48.

HRM S (ESI) m/z caled. for C12H1sNaOsS [M + Na]* 297.0767, found 297.0765.

(R)-2-Hydr oxy-2-(hydr oxymethyl)but-3-en-1-yl benzenesulfonate (49)
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According to General procedure A with A-S36 (35.4 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.) for 14 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
49 as awhite solid (51.1 mg, 66% yield, 97% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, X = 214 nm), tr
(minor) = 19.70 min, tr (Major) = 26.14 min.

IH NMR (400 MHz, CDCl3) 8 7.92 (d, J = 7.5 Hz, 2H), 7.68 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 7.7
Hz, 2H), 5.80 (dd, J = 17.4, 10.9 Hz, 1H), 5.45 (d, J = 17.3 Hz, 1H), 5.30 (d, J = 10.9 Hz, 1H),
4.06 (s, 2H), 3.71—3.59 (m, 1H), 3.53 (d, J = 11.4 Hz, 1H), 2.79 (s, 1H), 2.25 (s, 1H).

13C NMR (100 MHz, CDCl3) 5 136.1, 135.4, 134.1, 129.4, 128.0, 117.7, 74.3, 72.2, 65.6.

HRM S (ESI) m/z calcd. for C1iH1aNaOsS [M + Na]* 281.0454, found 281.0451.

(R)-2-Hydr oxy-2-(hydr oxymethyl)pent-4-en-1-yl benzenesulfonate (50)
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According to General procedure A with A-S37 (39.6 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 uL, 0.36 mmol, 1.2 equiv.) for 14 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
50 asayellow oil (60.5 mg, 74% yield, 94% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A = 214 nm), tr
(minor) = 16.90 min, tr (Mmagor) = 23.02 min.

63



IH NMR (400 MHz, CDCl3)  7.92 (d, J = 7.8 Hz, 2H), 7.69 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 7.7
Hz, 2H), 5.88 — 5.62 (m, 1H), 5.21 — 4.97 (m, 2H), 4.12 —3.83 (M, 2H), 3.58 (d, J = 11.5 Hz, 1H),
3.49 (d, J = 11.5 Hz, 1H), 2.98 — 2.34 (m, 2H), 2.27 (d, J = 7.5 Hz, 2H).

13C NMR (100 MHz, CDCl3) § 135.4, 134.1, 131.4, 129.4, 128.0, 120.0, 72.9, 71.3, 64.9, 38.4.

HRMS (ESI) m/z calcd. for C12H16NaOsS [M + Na]* 295.0611, found 295.0607.

(R)-2-Hydr oxy-2-(hydr oxymethyl)but-3-yn-1-yl benzenesulfonate (51)
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According to General procedure A with A-S38 (34.8 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfony! chloride (46.1 pL, 0.36 mmol, 1.2 equiv.) for 14 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
51 asawhite solid (55.4 mg, 72% yield, 99% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.6 mL/min, A = 214 nm), tr
(minor) = 71.90 min, tr (Major) = 74.89 min.

1H NMR (400 MHz, CDCl3) & 8.06 — 7.84 (m, 2H), 7.69 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 7.7 Hz,
2H), 4.22 — 4.05 (m, 2H), 3.71 (d, J = 5.5 Hz, 2H), 3.21 (s, 1H), 2,51 (s, 1H), 2.43 (s, 1H).

13C NMR (100 MHz, CDCl3) 6 135.4, 134.2, 129.4, 128.1, 80.8, 75.5, 71.7, 69.6, 65.9.

HRMS (ESI) m/z calcd. for CiiH12NaOs [M + Na]* 279.0298, found 279.0294.

(R)-2-benzyl-2,3-dihydroxypropyl benzenesulfonate (52)

Os //O
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According to General procedure A with A-S39 (54.7 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.) for 7 h, the reaction mixture was
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purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
52 asalight yellow solid (66.7 mg, 69% yield, 95% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 214 nm), tr
(minor) = 39.84 min, tr (Major) = 41.20 min.

1H NMR (400 MHz, CDCl3) § 7.91 (d, J = 7.8 Hz, 2H), 7.67 (t, J = 7.5 Hz, 1H), 7.56 (t, J = 7.6
Hz, 2H), 7.26 — 7.07 (m, 5H), 3.94 (d, J = 9.8 Hz, 1H), 3.83 (d, J = 9.8 Hz, 1H), 3.56 (dd, J = 11.5,
4.5 Hz, 1H), 3.46 (dd, J = 11.6, 4.3 Hz, 1H), 2.80 (s, 2H), 2.63 (s, 1H), 2.44 (s, 1H).

13C NMR (100 MHz, CDCl3)  135.4, 135.0, 134.2, 130.5, 129.4, 128.5, 128.0, 127.0, 73.4, 70.6,
64.6, 39.7.

HRMS (ESI) m/z calcd. for Ci16H18NaOsS [M + Na]* 345.0767, found 345.0765.

(R)-2,3-Dihydr oxy-2-phenylpropyl benzenesulfonate (53)

O\\ //O
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According to General procedure A with A-S40 (50.5 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.) for 8 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
53 asalight yellow solid (50 mg, 54% yield, 94% e.e.) aong with an epoxide side product.

HPL C analysis. Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 214 nm), tr
(minor) = 33.31 min, tr (Major) = 49.66 min.

IH NMR (400 MHz, CDCl3) § 7.85 — 7.77 (m, 2H), 7.64 (t, J = 7.5 Hz, 1H), 7.50 (t, J = 7.8 Hz,
2H), 7.39—7.24 (m, 6H), 4.36 —4.25 (m, 2H), 3.91—3.80 (m, 1H), 3.73(d, J = 11.7 Hz, 1H), 3.35
(s, 1H), 2.48 (s, 1H).

13C NMR (100 MHz, CDCl3s) 4 139.6, 135.3, 134.1, 129.4, 128.6, 128.1, 127.9, 125.5, 75.4, 73.4,
66.8.
HRM S (ESI) mvz calcd. for Ci1sH1eNaOsS [M + Na]™ 331.0611, found 331.0604.

(R)-2-Hydr oxy-2-(hydr oxymethyl)-4-phenylbut-3-yn-1-yl benzenesulfonate (54)

65



O« //O

~N

> ph
HoL / ©
#Z \—OH
Ph 54

According to General procedure A with A-$41 (57.7 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 pL, 0.36 mmol, 1.2 equiv.) for 7 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
54 as awhite solid (79.8 mg, 80% yield, 99% e.e.).

HPL C analysis: Chiralcel IC (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 254 nm), tr
(minor) = 25.12 min, tr (Magjor) = 33.78 min.

1H NMR (400 MHz, CDCl3) & 8.00 — 7.90 (m, 2H), 7.69 — 7.60 (m, 1H), 7.53 (t, J = 7.8 Hz, 2H),
7.43-7.28 (M, 5H), 4.24 (d, J = 2.2 Hz, 2H), 3.90 — 3.70 (m, 2H), 3.04 (s, 1H), 2.33 (s, 1H).

13C NMR (100 MHz, CDCl3) 4 135.5, 134.1, 132.0, 129.4, 129.1, 128.4, 128.0, 121.4, 87.3, 85.5,
72.0, 70.2, 66.1.

HRMS (ESI) m/z calcd. for Ci7H16NaOsS [M + Na]™ 355.0611, found 355.0611.

(R)-2-(2,4-Difluor ophenyl)-2,3-dihydroxypropyl benzenesulfonate (55)
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According to General procedure A with A-$42 (61.2 mg, 0.30 mmol, 1.0 equiv.) and
benzenesulfonyl chloride (46.1 uL, 0.36 mmol, 1.2 equiv.) for 24 h, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product
55 as awhite solid (65.0 mg, 63% yield, 95% e.e.) along with an epoxide side product.

HPL C analysis. Chiralcel ODH (n-Hexane/i-PrOH = 80/20, flow rate 0.5 mL/min, A = 214 nm),
tr (minor) = 17.95 min, tr (Major) = 16.09 min.

IH NMR (400 MHz, CDCl3) § 7.84 — 7.74 (m, 2H), 7.68 — 7.57 (m, 2H), 7.54 — 7.50 (m, 2H), 6.91

—6.86 (M, 1H), 6.71 — 6.65 (M, 1H), 4.48 (d, J = 11.6 Hz, 1H), 4.39 (d, J = 10.9 Hz, 1H), 3.96 (d,
J=9.9Hz, 1H), 3.74—3.72 (m, 2H), 2.53 (br s, 1H).
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13C NMR (100 MHz, CDCl3) § 162.8 (dd, J = 249.9, 12.3 Hz), 159.1 (dd, J = 247.7, 11.8 Hz),
130.1 (dd, J = 9.5, 5.9 Hz), 122.2 (dd, J = 13.0, 3.9 Hz), 111.6 (dd, J = 20.7, 3.4 Hz), 104.2 (dd, J
= 27.6, 25.4 Hz), 75.0 (d, J = 5.0 Hz), 73.0 (d, J = 5.7 H2), 65.6 (d, J = 5.2 Hz).

19F NMR (376 MHz, CDCl3) § —109.3 (d, J = 8.1 Hz), -110.3 (d, J = 8.1 H2).

HRM S (ESI) m/z caled. for CisH14ClIF20sS [M + CI]~ 379.0224, found 379.0218.
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Cu-catalyzed enantioselective radical S-O cross-coupling of 2-amino 1,3-diols

CuCl (10 mol%) o :
OH S !
R o, 0 L*8 (10 mol%) S omp
+ S : R o .
CbzHN OH cl” PMP  Ag,COj; (0.60 equiv.) /

5.2 CHCly, rt, 1-1.5d  CbzHN"\_ 4,

+ L*8, R = 8-quinolinyl
+ L*9, R = cyclopropyl

General procedure B:

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with CuCl (2.0 mg, 0.020 mmol, 10 mol%), L*8 (9.7 mg, 0.020 mmol, 10 mol%),
Ag2COs (33.0 mg, 0.12 mmol, 0.60 equiv.), diol (0.20 mmol, 1.0 equiv.), and anhydrous CHCls
(2.0 mL). Then 4-methoxybenzenesulfonyl chloride (49.5 mg, 0.24 mmol, 1.2 equiv.) was added
and the reaction mixture was stirred at r.t. Upon completion (monitored by TLC), the reaction
mixture was concentrated in vacuo and the residue was purified by column chromatography on
basic aluminum oxide to afford the desired product.

Note: Most of the products were unstablein neat state at r.t. after purification and should be stored
inrefrigerator at —20 °C.

O\\ép
R><:OH 0.0 EtsN (2.0 equiv.) ~>PMP
+ S R 0]
CbzHN N
OH Cl" PMP DCM
CbzHN
S-2 OH
(+)-33-43

To a solution of diol (0.10 mmol, 1.0 equiv.) and EtsN (27.7 pL, 0.20 mmol, 2.0 equiv.) in dry
DCM (1.0 mL) was added 4-methoxybenzenesulfonyl chloride (22.7 mg, 0.11 mmol, 1.1 equiv.).
After stirring for 24 h at r.t., saturated NH4Cl (ag.) was added to the above reaction solution to
guench the reaction. Then, the mixture was extracted with DCM (3x) and the combined organic
layers were dried (NaSOs), filtered, and concentrated. The residue was purified by column
chromatography on basic aluminum oxide to afford the desired racemate.
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(R)-2-(((Benzyloxy)car bonyl)amino)-3-hydr oxypr opyl 4-methoxybenzene-sulfonate (33)

O\\ /7

O
S
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L
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33

According to General procedure B with A-S23 (67.6 mg, 0.30 mmol, 1.0 equiv.) and additional
proton sponge (5 mol%), the reaction mixture was purified by column chromatography on basic
aluminum oxide (CH2Cl2/MeOH = 200/1 ~ 80/1) to yield product 33 as a colorless il (41.0 mg,
67% yield, 87% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 230 nm), tr
(minor) = 43.69 min, tr (Major) = 49.07 min.

1H NMR (400 MHz, CDCl3) 5 7.82 (d, J = 8.6 Hz, 2H), 7.37 — 7.29 (m, 5H), 6.99 (d, J = 8.6 Hz,
2H), 5.30 (s, 1H), 5.05 (s, 2H), 4.16 — 4.08 (m, 2H), 3.94 — 3.87 (m, 1H), 3.86 (s, 3H), 3.79—3.75
(m, 1H), 3.64 (dd, J = 11.5, 5.3 Hz, 1H), 2.24 — 2.20 (m, 1H).

13C NMR (100 MHz, CDClz3) § 164.0, 136.1, 130.2, 128.6, 128.3, 128.1, 126.6, 114.6, 67.9, 67.1,
60.9, 55.8, 51.3.

HRM S (ESI) m/z calcd. for CisHz2NO7S [M + H]* 396.1111, found 396.1103.

(R)-2-(((Benzyloxy)car bonyl)amino)-3-hydr oxy-2-methylpr opyl 4-methoxy-
benzenesulfonate (34)
0
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According to General procedure B with A-S24 (71.8 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CH2Cl2/MeOH =
200/1 ~ 100/1) to yield product 34 as a colorless oil (66.0 mg, 81% yield, 95% e.e.).

HPL C analysis: Chiracel 1B (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 214 nm), tr
(minor) = 32.56 min, tr (Major) = 35.70 min.

1H NMR (400 MHz, CDCl3) § 7.82 (d, J = 8.9 Hz, 2H), 7.38 — 7.30 (m, 5H), 6.99 (d, J = 8.9 Hz,

2H), 5.16 (s, 1H), 5.04 — 4.97 (m, 2H), 4.23 (d, J = 10.0 Hz, 1H), 4.08 (d, J = 10.0 Hz, 1H), 3.87
(s, 3H), 3.69 — 3.61 (M, 2H), 2.74 (s, 1H), 1.25 (s, 3H).
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13C NMR (100 MHz, CDClIs) § 164.0, 155.7, 136.0, 130.2, 128.6, 128.3, 128.0, 126.8, 114.6, 71.0,
66.8, 66.6, 56.3, 55.7, 19.8.

HRM S (ESI) m/z caled. for CisH24NO7S [M + H]* 410.1268, found 410.1257.

(R)-2-(((Benzyloxy)car bonyl)amino)-2-(hydroxymethyl)butyl 4-methoxybenzene-sulfonate
(35)

O\ //
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According to General procedure B with A-S25 (76.0 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CH2Cl2/MeOH =
200/1 ~ 100/1) to yield product 35 as acolorless il (50.5 mg, 60% yield, 94% e.e.).

HPL C analysis: Chiralcel IB (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 254 nm), tr
(minor) = 31.03 min, tr (Major) = 35.38 min.

1H NMR (400 MHz, CDCl3) § 7.82 (d, J = 8.7 Hz, 2H), 7.39 — 7.31 (m, 5H), 6.99 (d, J = 8.8 Hz,
2H), 5.05 — 4.98 (m, 3H), 4.20 (d, J = 10.1 Hz, 1H), 4.12 (d, J = 10.1 Hz, 1H), 3.87 (s, 3H), 3.74
—3.64 (m, 2H), 3.45 (s, 1H), 1.78 (dg, J = 15.0, 7.6 Hz, 1H), 1.56 (dg, J = 14.8, 7.5 Hz, 1H), 0.83
(t, J= 7.5 Hz, 3H).

13C NMR (100 MHz, CDClIs) § 163.9, 155.9, 136.0, 130.2, 128.6, 128.3, 128.0, 126.7, 114.6, 70.1,
66.9, 64.6, 58.9, 55.7, 25.6, 7.3.

HRM S (ESI) m/z calcd. for CaoHzsNO7S [M + H]* 424.1424, found 424.1415.

(R)-2-(((Benzyloxy)car bonyl)amino)-2-(hydr oxymethyl)pentyl 4-methoxy-benzenesulfonate
(36)

O\ //
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According to General procedure B with A-S26 (80.2 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CH2Cl2/MeOH =
200/1 ~ 120/1) to yield product 36 as a colorless oil (70.1 mg, 80% yield, 95% e.e.).

HPL C analysis: Chiralcel IB (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 254 nm), tr
(minor) = 27.82 min, tr (Major) = 30.50 min.

1H NMR (400 MHz, CDCl3) § 7.82 (d, J = 8.9 Hz, 2H), 7.39 — 7.32 (m, 5H), 6.99 (d, J = 8.9 Hz,
2H), 5.04 — 4.98 (m, 3H), 4.20 (d, J = 10.1 Hz, 1H), 4.10 (d, J = 10.1 Hz, 1H), 3.87 (s, 3H), 3.74
(dd, J = 11.8, 4.6 Hz, 1H), 3.66 (dd, J = 12.2, 6.8 Hz, 1H), 3.49 (s, 1H), 1.72 — 1.64 (m, 1H), 1.48
(ddd, J = 13.9, 11.5, 5.4 Hz, 1H), 1.27 — 1.19 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDClIs) 6 164.0, 155.9, 136.0, 130.2, 128.6, 128.3, 128.0, 126.7, 114.6, 70.4,
66.9, 64.9, 58.8, 55.7, 35.2, 16.2, 14.3.

HRM'S (ESI) m/z calcd. for CatHzsNO7S [M + H]* 438.1581, found 438.1574.

(R)-2-(((Benzyloxy)car bonyl)amino)-2-(hydr oxymethyl)-4-methylpentyl 4-
methoxybenzenesulfonate (37)
0
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According to General procedure B with A-S27 (84.4 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CH2Cl2/MeOH =
200/1 ~ 160/1) to yield product 37 as a colorless oil (48.8 mg, 54% yield, 97% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 254 nm), tr
(minor) = 45.54 min, tr (Major) = 48.93 min.

1H NMR (400 MHz, CDCl3) 5 7.82 (d, J = 9.0 Hz, 2H), 7.39 — 7.30 (m, 5H), 6.99 (d, J = 9.0 Hz,
2H), 5.03 (s, 1H), 5.01 (s, 2H), 4.19 (d, J = 9.9 Hz, 1H), 4.12 (d, J = 9.9 Hz, 1H), 3.87 (s, 3H),

3.80 (dd, J = 12.5, 4.9 Hz, 1H), 3.67 (dd, J = 12.0, 6.8 Hz, 1H), 3.43 (s, 1H), 1.72 — 1.64 (m, 3H),
0.90 (dd, J = 6.3, 3.1 Hz, 6H).

13C NMR (100 MHz, CDCl3) § 164.0, 155.7,136.1, 130.2, 128.6, 128.2, 128.0, 126.7, 114.6, 70.8,
66.85, 64.7,59.1, 55.7, 40.9, 24.8, 24.2, 23.3.

HRM S (ESI) m/z calcd. for Ca2HaoNO7S [M + H]* 452.1737, found 452.1728.
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(R)-2-(((Benzyloxy)car bonyl)amino)-2-(hydr oxymethyl)but-3-en-1-yl 4-methoxy-
benzenesulfonate (38)

According to General procedure B with A-S29 (75.4 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CHzCl2/MeOH =
200/1 ~ 120/1) to yield product 38 as a colorless oil (43.8 mg, 52% yield, 95% e.e.).

HPLC analysis: Chiralcel IB (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 254 nm), tr
(minor) = 35.74 min, tr (Major) = 37.84 min.

1H NMR (400 MHz, CDCl3) 5 7.81 (d, J = 8.8 Hz, 2H), 7.39 — 7.31 (m, 5H), 6.98 (d, J = 9.0 Hz,
2H), 5.78 (dd, J = 17.4, 10.9 Hz, 1H), 5.35 (s, 1H), 5.30 —5.22 (m, 2H), 5.02 (s, 2H), 4.30 (d, J =
10.1 Hz, 1H), 4.20 (d, J = 10.0 Hz, 1H), 3.87 (s, 3H), 3.75—3.67 (M, 2H).

13C NMR (100 MHz, CDCl3) § 164.0, 155.7, 135.9, 135.2, 130.2, 128.6, 128.3, 128.0, 126.6,
117.4, 114.6, 70.2, 67.0, 65.4, 60.5, 55.7.

HRMS (ESI) m/z calcd. for C20H24NO7S [M + H]* 422.1268, found 422.1259.

(R)-2-(((Benzyloxy)car bonyl)amino)-2-(hydr oxymethyl)pent-4-en-1-yl 4-methoxy-
benzenesulfonate (39)
O
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According to General procedure B with A-S29 (79.6 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CH2Cl2/MeOH =
200/1 ~ 120/1) to yield product 39 as a colorless ail (56.6 mg, 65% yield, 95% e.e.).

HPL C analysis: Chiracel 1B (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 254 nm), tr
(minor) = 29.85 min, tr (Major) = 32.45 min.

1H NMR (400 MHz, CDCl3) § 7.82 (d, J = 8.7 Hz, 2H), 7.39 — 7.32 (m, 5H), 6.99 (d, J = 8.8 Hz,
2H), 5.69 (ddt, J = 17.3, 10.3, 7.5 Hz, 1H), 5.15—5.08 (m, 3H), 5.01 (s, 2H), 4.16 (g, J = 10.1 Hz,
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2H), 3.88 (s, 3H), 3.70 (d, J = 6.1 Hz, 2H), 3.43 (s, 1H), 2.54 (dd, J = 14.1, 6.9 Hz, 1H), 2.27 (dd,
J=14.1, 8.0 Hz, 1H).

13C NMR (100 MHz, CDCls) & 164.0, 155.8, 135.9, 131.2, 130.2, 128.6, 128.3, 128.0, 126.7,
120.6, 114.6, 69.7, 67.0, 64.9, 58.2, 55.7, 37.1.

HRM S (ESI) m/z calcd. for CatHasNO7S [M + H]* 436.1424, found 436.1414.

(R)-2-(((Benzyloxy)car bonyl)amino)-2-(hydr oxymethyl)but-3-yn-1-yl 4-methoxy-
benzenesulfonate (40)
0
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According to General procedure B with A-S30 (74.8 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic auminum oxide (CH2Cl2/MeOH =
200/1 ~ 120/1) to yield product 40 as a colorless oil (39.4 mg, 47% yield, 95% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 230 nm), tr
(minor) = 39.44 min, tr (Major) = 43.33 min.

1H NMR (400 MHz, CDCl3) § 7.82 (d, J = 9.0 Hz, 2H), 7.38 — 7.30 (m, 5H), 6.99 (d, J = 9.0 Hz,
2H), 5.46 (s, 1H), 5.04 (s, 2H), 4.32 (d, J = 1.8 Hz, 2H), 3.92 — 3.87 (m, 1H), 3.86 (s, 3H), 3.82
(dd, J=11.7, 6.8 Hz, 1H), 2.94 (s, 1H), 2.43 (s, 1H).

13C NMR (100 MHz, CDCl3) § 164.1, 154.9, 135.8, 130.3, 128.6, 128.3, 128.1, 126.5, 114.6, 79.2,
74.6, 69.0, 67.1, 65.2, 55.7, 55.0.

HRM'S (ESI) m/z calcd. for CaoH22NO7S [M + H]* 420.1111, found 420.1103.

(R)-2-(((Benzyloxy)car bonyl)amino)-3-hydr oxy-2-phenylpropyl 4-methoxy-
benzenesulfonate (41)
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According to General procedure B with A-S31 (90.4 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CH2Cl2/MeOH =
200/1 ~ 100/1) to yield product 41 as a colorless oil (80.8 mg, 86% yield, 95% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 230 nm), tr
(minor) = 48.63 min, tr (Major) = 51.86 min.

1H NMR (400 MHz, CDCl3) § 7.76 (d, J = 8.9 Hz, 2H), 7.41 —7.33 (m, 5H), 7.30 — 7.28 (m, 2H),
7.26—7.24 (m, 2H), 6.95 (d, J = 8.8 Hz, 2H), 5.69 (s, 1H), 5.03 (s, 2H), 4.59 (d, J = 10.2 Hz, 1H),
450 (d, J = 10.3 Hz, 1H), 3.97 (d, J = 12.4 Hz, 1H), 3.87 — 3.84 (m, 4H).

13C NMR (100 MHz, CDCls) & 164.0, 155.8, 138.3, 136.0, 130.3, 128.8, 128.6, 128.3, 128.1,
128.0, 126.4, 125.8, 114.6, 70.7, 67.3, 67.0, 62.4, 55.7.

HRM'S (ESI) m/z calcd. for CaaHasNO7S [M + H]* 472.1424, found 472.1417.

(R)-2-(1-Benzyl-1H-1,2,3-triazol-5-yl)-2-(((benzyloxy)car bonyl)amino)-3-hydr oxy-propyl 4-
methoxybenzenesulfonate (42)

O\\ /9
/
CbzHN. / ©
N OMe
N OH
N/NBn
42

According to General procedure B with A-S32 (114.7 mg, 0.30 mmol, 1.0 equiv.) and L*9 (10
mol%) instead of L*8 (10 mol%), the reaction mixture was purified by column chromatography
on basic aluminum oxide (CH2Cl2/MeOH = 200/1 ~ 100/1) to yield product 42 as a colorless oil
(79.8 mg, 72% yield, 86% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, A = 214 nm), tr
(minor) = 24.07 min, tr (Major) = 28.90 min.

1H NMR (400 MHz, CDCl3) § 7.72 (d, J = 9.0 Hz, 2H), 7.54 (s, 1H), 7.39 — 7.35 (m, 3H), 7.34 —
7.31(m, 3H), 7.29—7.27 (m, 2H), 7.25— 7.22 (m, 2H), 6.92 (d, J = 9.0 Hz, 2H), 5.94 (s, 1H), 5.51
—5.42 (m, 2H), 5.00 — 4.93 (m, 2H), 4.53 (d, J = 10.0 Hz, 1H), 4.47 (d, J = 10.0 Hz, 1H), 4.10 —
4.07 (m, 1H), 3.99 (dd, J = 11.7, 7.6 Hz, 1H), 3.85 (s, 3H), 3.72 (s, 1H).

13C NMR (100 MHz, CDCls) & 163.9, 155.3, 146.4, 135.9, 134.2, 130.2, 129.2, 128.9, 128.6,
128.2, 128.0, 127.9, 126.6, 122.7, 114.5, 69.3, 66.9, 65.7, 57.2, 55.7, 54.3.

HRMS (ESI) m/z calcd. for C27H20N4O7S [M + H]* 553.1751, found 553.1739.
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(R)-2-(((Benzyloxy)car bonyl)amino)-2-(hydr oxymethyl)-4-(4-octylphenyl)butyl 4-
methoxybenzenesulfonate (43)

According to General procedure B with A-S33 (132.5 mg, 0.30 mmol, 1.0 equiv.), the reaction
mixture was purified by column chromatography on basic aluminum oxide (CH2Cl2/MeOH =
200/1 ~ 100/1) to yield product 43 as a colorless ail (70.9 mg, 58% yield, 95% e.e.).

HPLC analysis: Chiralcel IC (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 230 nm), tr
(major) = 48.42 min, tr (minor) = 54.09 min.

1H NMR (400 MHz, CDCl3) § 7.82 (d, J = 8.7 Hz, 2H), 7.39 — 7.31 (m, 5H), 7.06 (d, J = 7.8 Hz,
2H), 6.99 (dd, J = 10.5, 7.7 Hz, 4H), 5.08 (s, 1H), 5.02 (s, 2H), 4.22 — 4.15 (m, 2H), 3.87 (s, 3H),
3.76 (g, J = 12.0 Hz, 2H), 2.56 — 2.46 (m, 4H), 2.07 —2.02 (m, 1H), 1.81 (ddd, J = 14.1, 11.5, 5.7
Hz, 1H), 1.57 (t, J = 7.5 Hz, 2H), 1.30 — 1.25 (m, 10H), 0.88 (t, J = 6.6 Hz, 3H).

13C NMR (100 MHz, CDCls) & 164.0, 155.7, 140.8, 138.1, 136.0, 130.2, 128.6, 128.5, 128.3,
128.1, 128.0, 126.6, 114.6, 70.2, 66.9, 64.5, 58.7, 55.7, 35.5, 34.5, 31.9, 31.6, 29.5, 29.4, 29.3,
28.8,22.7,14.1.

HRM S (ESI) mVz calcd. for CasHasNO7S [M + H]* 612.2989, found 612.2976.
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Synthetic transformations

a) Diversification of 1,2-aminoalcohols

O\\é/o o
X>pVp
CszN\<:O . OO SH  NaoH, EtoH f}\\)NQs
™ \_0oH 45 °C
34 44
95% e.e. 54%, 95% e.e.

A 10 mL resealable Schlenk tube equipped with amagnetic stir bar was charged with naphthal ene-
2-thiol (64.0 mg, 0.40 mmol, 2.0 equiv.), NaOH (16.0 mg, 0.40 mmol, 2.0 equiv.), and EtOH (4.0
mL ). The Schlenk tube was sealed and heated to 45 °C for 0.5 h under stirring before 34 (81.9 mg,
0.20 mmol, 1.0 equiv.) was added into the mixture. The reaction was stirred at the same
temperature for another 16 h. The tube was allowed to cool to r.t. The solvent was then removed
in vacuo and the residue was purified with flash column chromatography (CH2Cl2/MeOH = 120/1
~ 50/1) to give product 44 as awhite solid (29.5 mg, 54% yield, 95% e.e.).

(R)-4-M ethyl-4-((naphthalen-2-ylthio)methyl)oxazolidin-2-one (44)

(@)
Y,
AR SS

44

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 254 nm), tr
(major) = 27.54 min, tr (minor) = 30.83 min.

1H NMR (400 MHz, CDCl3) § 7.83 (d, J = 1.8 Hz, 1H), 7.79 — 7.73 (m, 3H), 7.50 — 7.43 (m, 3H),
6.17 (s, 1H), 4.28 (d, J = 8.7 Hz, 1H), 4.04 (d, J = 8.7 Hz, 1H), 3.25—3.17 (m, 2H), 1.39 (s, 3H).

13C NMR (100 MHz, CDCls) & 158.7, 133.7, 132.8, 132.1, 129.0, 128.6, 127.8, 127.7, 127.3,
126.8, 126.2, 74.8, 58.8, 44.7, 25.4.

HRM S (ESI) m/z calcd. for CisHisNO2S [M + H]* 274.0896, found 274.0890.
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o P

S O
> 18-Crown-6
o PMP . pppk OUOWB N\
W OH -78°Ctor.t. 2
34 45
95% e.e. 62%, 95% e.e.

To a solution of Ph2PK (0.5 M in THF, 0.48 mL, 0.24 mmol, 1.2 equiv.) was slowly added a
solution of 34 (81.9 mg, 0.20 mmol, 1.0 equiv.) and 18-crown-6 (64.0 mg, 0.24 mmol, 1.2 equiv.)
in THF (2.0 mL) at —78 °C under argon. Then, the reaction was allowed to warm tor.t. slowly and
was further stirred overnight. Upon completion, the solvent was removed in vacuo and the residue
was purified with flash column chromatography (CH2Cl2/MeOH = 200/1 ~ 100/1) to give product
45 as awhite solid (37.0 mg, 62% yield, 95% e.e.).

(R)-4-((Diphenylphosphanyl)methyl)-4-methyloxazolidin-2-one (45)

O
Y,
O\)Q/F’th

45

HPL C analysis. Chiralcel IF (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 254 nm), tr
(major) = 32.60 min, tr (Minor) = 37.19 min.

IH NMR (400 MHz, CDCls) § 7.47 — 7.41 (m, 4H), 7.36 — 7.33 (m, 6H), 5.63 (s, 1H), 4.23 (d, J
= 8.5 Hz, 1H), 4.05 (dd, J = 8.5, 1.5 Hz, 1H), 2.49 (t, J = 2.6 Hz, 2H), 1.37 (s, 3H).

13C NMR (100 MHz, CDCl3) § 158.4, 137.6 (dd, J = 10.4, 7.9 Hz), 132.8 (dd, J = 19.7, 11.9 Hz),
129.1 (d, J = 6.6 Hz), 128.8 (dd, J = 7.3, 2.0 Hz), 76.5 (d, J = 8.8 Hz), 57.9 (d, J = 16.5 Hz), 41.1
(d, J=17.7 Hz), 27.4 (d, J = 8.8 H2).

31p NMR (162 MHz, CDCl3) § —26.2.

HRM S (ESI) mVz calcd. for Ca7H19NO2P [M + H]* 300.1148, found 300.1142.

The structure of 45 was further confirmed by X-ray diffraction analysis (Supplementary Fig. 20).
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o. P NaOPh

g PMP _ DMF O»NH Conc. HCI /,><:0Ph
CbZHN\\<: 105 OC O\){/OPh 125 oC H2N OH

NS

OH
34 S46-1 S46-2
95% e.e. 61%, 94% e.e. 46%, 95% e.e.
NazCrOTHzO
Nal 4
H,SQ,
H,O, rt., 20 h
OPh OPh
/§/: TMSCHN, lg/:
H,N - HCI-H,N
z OMe  toluene/MeOH (4/1) z OH
& rt, 18 h &
46-1 46
94% e.e. 63%, 94% e.e.

Sepl: A 10 mL resealable Schlenk tube equipped with a magnetic stir bar was charged with 34
(81.9 mg, 0.20 mmol, 1.0 equiv.), NaOPh (66.4 mg, 0.40 mmol, 2.0 equiv.), and DMF (2.0 mL).
The Schlenk tube was sealed and heated to 105 °C for 13 h. Upon completion, the tube was allowed
to cool to r.t. Brine (10.0 mL) was added and the reaction mixture was extracted with Et20 (2 x
10 mL). The combined organic extracts were dried (NaSO4) and concentrated in vacuo and the
residue was purified with flash column chromatography (CH2Cl2/MeOH = 200/1 ~ 100/1) to give
product $46-1 as awhite solid (25.2 mg, 61% yield, 94% e.e.).

Sep2: A solution of $46-1 (25.2 mg, 0.12 mmol) in 12 M HCI (1 mL) was heated in a pressure
vessel at 125 °C for 16 h. The solution was then concentrated in vacuo and the residue was further
purified with flash column chromatography (CH2Cl2/MeOH = 100/1 ~ 10/1) to give product S46-
2 asawhite solid (10.0 mg, 46% yield, 95% e.e.).

Sep3: Sodium dichromate (6.0 mg, 0.020 mmol, 10 mol%), sodium periodate (231.0 mg, 1.08
mmol, 5.4 equiv.), and sulfuric acid (75 pL, 0.40 mmol, 2.0 equiv.) were dissolved in water (2.0
mL) and $46-2 (36.2 mg, 0.20 mmol) was added at r.t. After stirring for 20 h at r.t., Dowex 50WX8
in water was added to the reaction mixture and the suspension was stirred for an additional 60 min
at r.t. Thereafter, the ion exchange resin was washed with water and the product was eluted using
agueous ammonia (3 M) as an eluent. The solution was then concentrated in vacuo and the residue
was acidified by HCI (4 M in 1,4-dioxane). After evaporation, product 46 (29.0 mg, 0.125 mmoal,
63%, 94% e.e.) was obtained as a light-yellow powder. (The enantiomeric excess was determined
after conversion to the corresponding methyl ester).

Sep4: To a suspension of 46 (11.6 mg, 0.050 mmol, 1.0 equiv.) in anhydrous benzene/MeOH
(2.00 mL, 0.05 M, 4/1) was added (diazomethyl)trimethylsilane (0.10 mL, 0.20 mmol, 2.0 M in
hexanes, 4.0 equiv.). The reaction mixture was stirred at r.t. for 18 h. The reaction was quenched
with acetic acid (0.1 mL) and the resulting mixture was concentrated in vacuo, yielding a white
powder containing the methyl ester 46-1 (94% e.e.).

78



(S)-4-M ethyl-4-(phenoxymethyl)oxazolidin-2-one (S46-1)

0
-
o0 _X_opn

S46-1

HPL C analysis: Chiralcel IB (n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 220 nm), tr
(minor) = 11.01 min, tr (Major) = 13.88 min.

IH NMR (400 MHz, CDCl3) § 7.32 - 7.26 (m, 2H), 7.01 — 6.97 (m, 1H), 6.91 — 6.87 (m, 2H), 6.16
(s, 1H), 4.38 (d, J = 8.7 Hz, 1H), 4.11 (d, J = 8.7 Hz, 1H), 3.91 — 3.85 (m, 2H), 1.48 (s, 3H).

13C NMR (100 MHz, CDCl3) § 159.1, 158.2, 129.6, 121.6, 114.6, 73.2, 72.6, 57.6, 23.1.

HRM S (ESI) m/z calcd. for C11H1aNOs [M + H]* 208.0968, found 208.0965.

(R)-2-Amino-2-methyl-3-phenoxypr opan-1-ol ($46-2)
//,/<:0Ph
HoN OH
S46-2

HPL C analysis: Chiralcel 1C (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 254 nm), tr
(major) =9.68 min, tr (Minor) = 12.68 min.

1H NMR (400 MHz, CDCl3) § 7.26 (t, J = 8.6, 7.3 Hz, 1H)., 6.95 (t, J = 7.3 Hz, 1H), 6.89 (d, J =
8.1 Hz, 2H), 3.87 (d, J = 9.0 Hz, 1H), 3.78 (d, J = 9.0 Hz, 1H), 3.60 (d, J = 11.0 Hz, 1H), 3.48 (d,
J=11.0 Hz, 1H), 3.43 (s, 3H), 1.20 (s, 3H).

13C NMR (100 MHz, CDCl3) § 158.6, 129.5, 121.1, 114.6, 73.0, 67.3, 54.1, 21.8.

HRM S (ESI) m/z caled. for CioH1sNO2 [M + H]* 182.1176, found 182.1175.

(S)-2-Amino-2-methyl-3-phenoxypropanoic acid hydrochloride (46)

, /—OPh
HCI-HZN/§;OH

0
46
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IH NMR (400 MHz, D20) § 7.37 (t, J = 7.8 Hz, 2H), 7.08 (t, J = 7.5 Hz, 1H), 7.02 (d, J = 8.1 Hz,
2H), 4.49 (d, J = 10.3 Hz, 1H), 4.22 (d, J = 10.3 Hz, 1H), 1.66 (s, 3H).

13C NMR (100 MHz, D20) § 172.5, 157.3, 129.9, 122.2, 114.8, 70.1, 60.0, 18.3.

HRMS (ESI) m/z calcd. for CioH1sNO2 [M + H]™ 196.0968, found 196.0968.

Methyl (S)-2-amino-2-methyl-3-phenoxypropanoate (46-1)

, /—OPh
HZN(§;OM9
o

46-1

HPL C analysis. Chiralcel OJH (n-Hexane/i-PrOH = 90/10, flow rate 0.5 mL/min, A = 220 nm), tr
(minor) = 18.50 min, tr (major) = 20.04 min.

IH NMR (400 MHz, CDCl3) § 7.27 (t, J = 7.8 Hz, 2H), 6.96 (t, J = 7.2 Hz, 1H), 6.89 (d, J = 8.0
Hz, 2H), 4.22 (d, J = 8.5 Hz, 1H), 3.88 (d, J = 8.5 Hz, 1H), 3.73 (s, 3H), 1.97 (s, 2H), 1.39 (s, 3H).

13C NMR (100 MHz, CDClz3) § 176.5, 158.5, 129.4, 121.2, 114.7, 74.4, 58.2, 52.5, 23.2.

HRM S (ESI) m/z calcd. for CisHisNOs [M + H]* 210.1125, found 210.1120.

b) One-pot synthesis of quater nary epoxides

PhSO,CI (1.2 equiv.)
Cul (10 mol%)

H0><°H L*4 (10 mol%) then, DBU o\<
R OH Ag,CO3 (0.60 equiv.) CHClj, rt., 6 h R\\o o
proton sponge (20 mol%) 5658
CHCI3, 0°C, 8h -

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with a magnetic stir bar
was charged with Cul (5.7 mg, 0.030 mmol, 10 mol%), L*4 (15.1 mg, 0.030 mmol, 10 mol%o),
Ag2COs (49.6 mg, 0.18 mmol, 0.60 equiv.), proton sponge (12.8 mg, 0.060 mmol, 0.20 equiv.),
the corresponding triol (0.30 mmol, 1.0 equiv.), and anhydrous CHCIl3 (3.0 mL). Then,
benzenesulfonyl chloride (4to, 0.36 mmol, 1.2 equiv.) was added to the mixture and the reaction
mixture was stirred at 0 °C. After 8 h, the reaction mixture was filtered through a plug of celite
(rinsed with 2.0 mL CHClIs). 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) (53.6 pL, 0.36 mmoal,
1.2 equiv.) was added to the filtrate and the reaction mixture was stirred at r.t. for 6 h. Solvent was
evaporated in vacuo and the residue was purified by flash column chromatography on silica gel
(petroleum ether/EtOAcC = 5/1) to give the product.
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(R)-(2-Benzyloxiran-2-yl)methanol (56)

N
B \—OH

56

Product 56 was obtained as ayellow oil (36.0 mg, 73% yield, 95% e.e.).

HPL C analysis: Chiralcel ODH (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 254 nm),
tr (minor) = 6.83 min, tr (Maor) = 7.74 min.

1H NMR (400 MHz, CDCl3) § 7.37 — 7.13 (m, 5H), 3.74 (dd, J = 12.3, 4.4 Hz, 1H), 3.59 (dd, J =
12.3, 7.9 Hz, 1H), 3.08 (d, J = 14.3 Hz, 1H), 2.92 — 2.82 (m, 2H), 2.66 (d, J = 4.7 Hz, 1H), 1.96 —
1.82 (m, 1H).

13C NMR (100 MHz, CDCl3) § 136.1, 129.6, 128.5, 126.9, 62.8, 60.0, 49.7, 38.3.

HRM S (ESI) m/z calcd. for CioH12NaO2 [M + Na]* 187.0730 found 187.0728.

(R)-(2-Phenyloxiran-2-yl)methanol (57)

X
PR \—0H

57

Product 57 was obtained as a colorless oil (27.2 mg, 60% yield, 94% e.e.).

HPLC analysis: Chiralcel IF (n-Hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, A = 214 nm), tr
(minor) = 14.22 min, tr (Major) = 17.58 min.

IH NMR (400 MHz, CDCl3) § 7.44 — 7.29 (m, 5H), 4.11 (dd, J = 12.6, 2.5 Hz, 1H), 4.02 (dd, J =
12.9, 7.7 Hz, 1H), 3.28 (d, J = 5.3 Hz, 1H), 2.83 (d, J = 5.3 Hz, 1H), 1.95— 1.77 (m, 1H).

13C NMR (100 MHz, CDCl3) 6 137.4, 128.6, 128.2, 126.0, 63.1, 60.4, 52.5.

HRM'S (ESI) m/z calcd. for CoH1oNaO2 [M + Na]* 173.0573, found 173.0574.
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(R)-(2-(Phenylethynyl)oxiran-2-yl)methanol (58)
O(
PH
58
Product 58 was obtained as ayellow solid (45.0 mg, 86% yield, 96% e.e.).

HPL C analysis. Chiralcel IF (n-Hexane/i-PrOH = 85/15, flow rate 0.6 mL/min, A = 214 nm), tr
(minor) = 9.56 min, tr (Major) = 14.18 min.

IH NMR (400 MHz, CDCl3) & 7.49 — 7.40 (m, 2H), 7.36 — 7.28 (m, 3H), 4.09—3.97 (m, 1H), 3.96
—3.81 (m, 1H), 3.20 (d, J = 5.6 Hz, 1H), 3.14 (d, J = 5.5 Hz, 1H), 1.97 — 1.86 (m, 1H).

13C NMR (100 MHz, CDCl3) § 132.0, 129.0, 128.4, 121.6, 84.9, 84.8, 63.0, 51.6, 51.4.

HRMS (ESI) m/z caled. for CuH1102 [M + H]* 175.0754, found 175.0754.

c) Synthesisof akey intermediate for antifungal agents

PhSO,CI (1.2 equiv.)

. /=
HO OH Cul (10 mol%) then 1H-1,2,4-triazole o N/ /JN
L*4 (10 mol%) K2COs3 \<: N
OH ‘ OH
Ag,COs3 (0.60 equiv.) MeCN, 60 °C, 1d /@\
F F proton sponge (20 mol%) F F
A-542 CHCl3, 0°C, 1d 59, 74%, 93% ee

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with Cul (5.7 mg, 0.030 mmol, 10 mol%), L*4 (15.1 mg, 0.030 mmol, 10 mol%),
Ag2COs (49.6 mg, 0.18 mmol, 0.60 equiv.), proton sponge (12.8 mg, 0.060 mmol, 0.20 equiv.),
A-$42 (61.3 mg, 0.30 mmol, 1.0 equiv.), and anhydrous CHCI3 (3.0 mL). Then, benzenesulfonyl
chloride (46 t00.36 mmol, 1.2 equiv.) was added into the mixture and the reaction mixture was
stirred at 0 °C. After stirring for 1 d, the reaction mixture was filtered through a plug of celite
(rinsed with EtOACc) and concentrated in vacuo. The residue was dissolved in MeCN (3.0 mL),
then K2COs3 (82.8 mg, 0.60 mmol, 2.0 equiv.) and 1,2,4-triazole (41.4 mg, 0.60 mmol, 2.0 equiv.)
were added. The reaction mixture was heated to 60 °C for 1 d while stirring. After cooled to r.t.,
the reaction mixture was diluted with EtOAc (80 mL ), washed with H20 and brine, dried (Na2SOa),
and concentrated in vacuo. The residue was briefly purified by silicagel column chromatography
(petroleum ether/EtOAC = 1/1 ~ 1/3) to give product 59 as awhite solid (56.5 mg, 74% yield).
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(9)-2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)pr opane-1,2-diol (59)

/=N
HO N
S
oL
F F
59

[a]p?’ = 57 (c 1.0, MeOH).

HPL C analysis. Chiralcel OZ3 (n-Hexane/i-PrOH = 80/20, flow rate 0.4 mL/min, A = 214 nm), tr
(major) = 42.35 min, tr (minor) = 35.05 min, 93% e.e.

IH NMR (500 MHz, CDCl3) & 7.96 (s, 1H), 7.84 (s, 1H), 7.51 (td, J = 8.9, 6.6 Hz, 1H), 6.94 —
6.66 (M, 2H), 4.78 (d, J = 14.3 Hz, 1H), 4.71 (d, J = 14.3 Hz, 1H), 3.98 (dd, J = 11.7, 1.6 Hz, 1H),
3.77 (d, J= 11.7 Hz, 1H), 2.17 (br s, 2H).

13C NMR (125 MHz, CDCls) § 162.8 (dd, J = 250.9, 12.8 Hz), 158.7 (dd, J = 246.4, 12.0 Hz),
151.9, 144.4, 130.0 (dd, J = 9.6, 6.0 Hz), 122.9 (dd, J = 13.3, 3.9 Hz), 111.8 (dd, J = 20.7, 3.4 Hz),
104.2 (dd, J = 27.6, 25.6 Hz), 76.2 (d, J = 5.2 Hz), 66.6 (d, J = 4.3 Hz), 54.3 (d, J = 6.1 H2).

19F NMR (376 MHz, CDCl3) § —109.8 (d, J = 8.1 Hz), —109.9 (d, J = 7.9 H2).

HRM S (ESI) m/z caled. for CuiH12F2N3O2 [M + H]* 256.0892, found 256.0889.

Note: The absolute configuration of 59 was determined by X-ray diffraction analysis
(Supplementary Fig. 21).
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Desymmetrization of polyolsfrom natural resour ces
(A) Desymmetrization of glycerol and subsequent transfor mations

Gram-scale desymmetrization of glycerol for the synthesis of 60

Cul (10 mol%) Os, ”
OH o) L*4 (10 mol%) > Tol
HO + 5. > HO
OH ClI" Tol Ag>CQj; (0.60 equiv.) /é
proton sponge (20 mol%}) ’|
glyiegol A-2 S-3 CHCl3, rit., 1d 60, 75%, 93% ee.
Vg

According to General procedure A with glycerol A-2 (1.0 g, 11 mmol, 1.0 equiv.) and tosyl
chloride S-3(2.5g, 13mmol, 1.2 equiv.) at r.t. for 1 d, the reaction mixture was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product 60 as a white solid
(209, 75%yield, 93% e.e.).

HPLC analysis: Chiralcel ADH (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 214 nm),
tr (major) = 17.73 min, tr (Minor) = 18.99 min.

1H NMR (400 MHz, CDCl3) § 7.83—7.76 (m, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.15—4.02 (m, 2H),
4.01—3.91 (m, 1H), 3.75—3.52 (m, 2H), 3.21 (s, 1H), 2.65 (s, 1H), 2.45 (s, 3H).

13C NMR (100 MHz, CDCls) § 145.3, 132.4, 130.0, 128.0, 70.7, 69.7, 62.7, 21.7.

HRM S (ESI) mvz calcd. for C10H14NaOsS [M + Na]™ 269.0454, found 269.0453.

Desymmetrization of crude glycerol (71%) for the synthesis of 60

E /23
[e) .
Cul (10 mol%) Os ; N

- OH o, .0 * 0 ’S\Tol
. HO{ . O L*4 (10 mol%) o

75N . HO : NH
. OH ClI"  Tol Ag,CO3 (0.60 equiv.) ' l .
crude ol | 5.3 proton sponge (20 mol%) OH o N~ o073
réﬁ/f?g?;)ro ” CHClg, rt., 1d 60, 38%, 82% e.e. | 0

L*4

According to General procedure A with crude glycerol A-2 (129.6 mg, 1.0 mmol, 1.0 equiv.) and
tosyl chloride S-3(228.7 mg, 1.2 mmol, 1.2 equiv.) at r.t. for 1 d, the reaction mixture was purified
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by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product 60 as a
white solid (93.5 mg, 38% yield, 82% e.e.).

Desymmetrization of glycerol for the synthesis of 60'

0
Cul (10 mol%) Os/
HO{OH . QP L*4" (10 mol%) g ol
OH cl” "Tol Ag,CO5 (0.60 equiv.) HO!"
proton sponge (20 mol%) OH
Glycerol (A-2 S-3
yoerol (A-2) CHCl;, rt, 1d 60', 67%, -86% e.e.

L*4l

According to General procedure A with glycerol A-2 (92.0 mg, 1.0 mmol, 1.0 equiv.) and tosyl
chloride S-3(228.7 mg, 1.2 mmol, 1.2 equiv.) atr.t. for 1d (L*4' (50.4 mg, 0.10 mmol, 0.10 equiv.)
was used instead of L*4), the reaction mixture was purified by column chromatography on silica
gel (petroleum ether/EtOAC = 1/1) toyield product 60" as awhite solid (165.0 mg, 67% yield, —86%
ee)

HPLC analysis: Chiralcel ADH (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 214 nm),
tr (minor) = 17.65 min, tr (Major) = 18.89 min.

The synthesis of 61

O\\ /9
/"~ Tol
O Cs,COs (1.1 equiv.) o,
o~ 6
OH CHCl3 OH
60 61

To a solution of compound 60 (1.58 g, 6.42 mmol, 1.0 equiv.) in CHCIs (60.0 mL) was added
cesium carbonate (2.30 g, 7.07 mmol, 1.1 equiv.). The reaction mixture was stirred at r.t. for 4 h
and then filtered over a short plug of celite. The filtrate was concentrated in vacuo at 25 °C and
the residue was purified by flash column chromatography on silica gel (petroleum ether/EtOAC =
1/1) to yield product 61 as a colorless oil (425 mg, 89% yield).

One-pot procedure for the synthesis of 61.
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Cul (10 mol%)
L*4 (10 mol%)

o
OH TsCl (1.2 equiv.) Cs,CO3 (1.1 equiv.)
RO l - OH

OH Ag,CO3 (0.60 equiv.) CHCI3
proton sponge (20 mol%) 61
Glycerol A-2 CHCls, rt., 1d

Step 1 was performed in a 1.0-mmol scale according to General procedure A with glycerol A-2
(92.0 mg, 1.0 mmol, 1.0 equiv.) and tosyl chloride S-3 (228.7 mg, 1.2 mmol, 1.2 equiv.) at r.t. for
1 d. Then the reaction mixture was filtered over a plug of celite and the filter-cake was washed
with chloroform (2 x 1.0 mL). Cesium carbonate (0.36 g, 1.1 mmol, 1.1 equiv.) was added to the
filtrate and the mixture was stirred at r.t. Upon completion, the reaction mixture was filtered over
a short plug of celite and the solvent was evaporated in vacuo at 25 °C. The residue was purified
by flash column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield product 61
(49.5 mg, 67% yield in two steps) as a colorless ail.

(R)-Oxiran-2-ylmethanol (61)
O(
OH
61

1H NMR (400 MHz, CDCl3) § 3.96 (d, J = 12.3 Hz, 1H), 3.62 - 3.54 (m, 1H), 3.20—3.15 (m, 1H),
2.82 (t, J= 4.4 Hz, 1H), 2.78 — 2.74 (m, 1H), 2.71 (br s, 1H).

13C NMR (100 MHz, CDCl3) 6 61.9, 52.3, 44.2.
Determination of the e.e. and absolute configuration of 61

O( PMBCI (1.1 equiv.) O(
OH NaH (1.1 equiv.) OPMB

61 DMF 61-1

To asuspension of NaH (60% dispensed in mineral oil, 44 mg, 1.1 mmol, 1.1 equiv.) in DMF (2.0
mL) was added 4-methoxybenzy! chloride (150.0 pL, 1.1 mmol, 1.1 equiv.) at 0 °C under argon.
After stirring for 20 min, 61 (65.0 puL, 1.0 mmol, 1.0 equiv.) was added dropwise and the reaction
mixture was allowed to warm to r.t. After 1 d, the reaction mixture was diluted with EtOAc (80
mL) and washed with saturated NH4Cl (ag.) (20 mL) and H20 (3 x 20 mL). The organic layers
were dried (NaSO4) and concentrated in vacuo. The residue was purified by silica gel column
chromatography (petroleum ether/EtOAc = 1/1) to yield product 61-1 (174.5 mg, 90% yield, 90%
e.e) asacolorlessoil.

Note: The absolute configuration of 61-1 was determined by comparing its HPL C traceswith those
in literature®.
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(9)-2-(((4-M ethoxybenzyl)oxy)methyl)oxir ane (61-1)

X
OPMB

61-1

HPLC anaysis: Chiralcel A (n-Hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, A = 214 nm), tr
(major) = 11.57 min, tr (minor) = 12.33 min.

IH NMR (400 MHz, CDCl3) § 7.34—7.21 (m, 3H), 6.91 —6.86 (m, 2H), 4.52 (g, J = 11.5 Hz, 2H),
3.80 (s, 3H), 3.73 (dd, J = 11.4, 3.1 Hz, 1H), 3.41 (dd, J = 11.4, 5.8 Hz, 1H), 3.23—3.12 (m, 1H),
2.80 (t, J = 4.6 Hz, 1H), 2.66 — 2.58 (m, 1H).

13C NMR (100 MHz, CDCl3) § 159.3, 130.0, 129.5, 113.8, 73.0, 70.5, 55.3, 50.9, 44.4.

HRM S (ESI) mVz calcd. for CisH14NaOs [M + Na]* 217.0835, found 217.0836.

The synthesis of 62

o
:_: (12 equiv.) ZnCl0,-6H,0 (0.1 equiv.)
- n 4 0M .1 equiv.
O( Me/N e O( PhNH, (1.1 equiv.) HO_<:NHPh
OH CHCl, Cl CH,Cl, cl
61 62 62-1
81%y 71% yield in two steps

91% e.e.

Toasolution of 61 (65.0 pL, 1.0 mmol, 1.0 equiv.) in CH2Cl2 (2.0 mL) was added 1-chloro-N,N,2-
trimethylprop-1-en-1-amine (160.0 uL, 1.2 mmol, 1.2 equiv.) at 0 °C under argon. After stirring
for 4 h at 0 °C, the internal standard CH2Br2 (70.0 pL, 1.0 mmol, 1.0 equiv.) was added into the
reaction mixture and 20 pL of the solution was transferred into the NMR tube followed by the
addition of CDCl3. The subsequent *H NMR analysis indicated 81% yield for 62.

Then, to the reaction mixture were added aniline (81 pL, 0.89 mmol, 1.1 equiv.) and
Zn(ClO4)2:6H20 (29.8 mg, 0.080 mmol, 0.10 equiv.). The mixture was warmed to r.t. and stirred
for 3 d. After removing the solvent, the residue was purified by silicagel column chromatography
(petroleum ether/EtOAC = 4/1) to give 62-1 (132.0 mg, 71% yield in two steps, 91% ee.) as a
colorlessoil.

NHPh
H0—<:
Cl
62-1
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HPLC analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 80/20, flow rate 0.5 mL/min, A = 254 nm),
tr (Major) = 17.62 min, tr (Minor) = 18.75 min.

1H NMR (400 MHz, CDCl3) § 7.21 —7.13 (m, 2H), 6.75 (t, J = 7.3 Hz, 1H), 6.69 — 6.64 (m, 2H),
4,08 — 4.03 (M, 1H), 3.68 — 3.59 (M, 2H), 3.36 (dd, J = 13.3, 4.4 Hz, 1H), 3.21 (dd, J = 13.3, 7.2
Hz, 1H), 3.04 (br s, 2H).

13C NMR (100 MHz, CDCl3) § 147.7, 129.3, 118.2, 113.3, 69.8, 47.6, 47.1.

HRM S (ESI) mVz calcd. for CoH13CINO [M + H]* 186.0680, found 186.0680.

The synthesis of 63

02
> Tol O o)
© PR TBD (50mol%) "\
HO *  PhO” “OPh - Q
OH 2-Me-THF o _\._ ot
60 63

To asolution of compound 60 (49.3 mg, 0.20 mmol, 1.0 equiv.) and dipheny| carbonate (47.2 mg,
0.22 mmol, 1.1 equiv.) in 2-Me-THF (2.0 mL) was added 1,5,7-triazabicylo[4.4.0]dec-5-ene (1.4
mg, 0.010 mmol, 5.0 mol%). The reaction mixture was stirred at r.t. Upon compl etion, solvent was
evaporated in vacuo and the residue was purified by flash column chromatography on silica gel
(petroleum ether/EtOACc = 1/1) toyield product 63 asalight yellow solid (40.0 mg, 74% yield, 93%
ee).

(R)-(2-Oxo-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate (63)

0
=0
o_\_oTs

63

HPL C analysis. Chiralcel ADH (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A = 214 nm),
tr (Major) = 27.76 min, tr (Minor) = 28.79 min.

1H NMR (400 MHz, CDCl3) 5 7.80 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 4.97 — 4.82 (m,
1H), 4.54 (t, J = 8.7 Hz, 1H), 4.36 (dd, J = 8.9, 5.9 Hz, 1H), 4.29 —4.17 (m, 2H), 2.47 (s, 3H).

13C NMR (100 MHz, CDCls) § 153.8, 145.9, 131.8, 130.2, 128.0, 72.9, 67.2, 65.5, 21.7.

HRMS (ESI) m/zcalcd. for CiaH12NaOsS [M + Na]* 295.0247, found 295.0248.
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The synthesis of 64

0.2
/" Tol 0
0] MeO. _OMe CF3SO,0H (1.0 mol%)
H0—<: + 7< o
OH Acetone O\)\/OTS
60 64

To a solution of 60 (49.3 mg, 0.20 mmol, 1.0 equiv.) in acetone (3.0 mL)were added 2,2-
dimethoxypropane (31.2 mg, 0.30 mmol, 1.5 equiv.) and trifluoromethanesulfonic acid (0.21 mg,
0.0020 mmol, 1.0 mol %) at r.t. After stirring at r.t. for 1 h, triethylamine was added and the reaction
mixture was concentrated to a minimum volume. The residue was purified by flash column
chromatography on silicagel (petroleum ether/EtOAc = 1/1) to yield product 64 as alight yellow
solid (42 mg, 77% yield, 92% e.e.).

(R)-(2,2-Dimethyl-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate (64)
o
o N\ _ ot

64

HPL C analysis. Chiralcel IC (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 214 nm), tr
(major) = 17.20 min, tr (minor) = 20.64 min.

IH NMR (400 MHz, CDCl3) & 7.80 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.32 — 4.23 (m,
1H), 4.10 — 3.94 (m, 3H), 3.77 (dd, J = 8.8, 5.1 Hz, 1H), 2.45 (s, 3H), 1.34 (s, 3H), 1.31 (s, 3H).

13C NMR (100 MHz, CDCl3) § 145.1, 132.7,129.9, 128.0, 110.1, 72.9, 69.5, 66.2, 26.6, 25.2, 21.7.

HRMS (ESI) m/z calcd. for CisHi90sS [M + H]* 287.0948, found 287.0947.

The synthesis of 65

O\\ //C)
g Tol N3
HO + NaNj HO><:
Actone/H,O OH
60 65

To asolution of 60 (49.3 mg, 0.20 mmol, 1.0 equiv.) in acetone (1.8 mL) and H20 (0.6 mL) was
added NaNs (65 mg, 1.0 mmol, 5.0 equiv.). The mixture was stirred at 60 °C overnight before
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removing the solvent in vacuo. The residue was purified by flash column chromatography on silica
gel (CH2Cl2/MeOH = 10/1) to yield product 65 as a colorless oil (22.8 mg, 97% yield, 92% e.e.).

(S)-3-Azidopropane-1,2-diol (65)

N3
e
OH
65

HPLC anaysis: Chiralcel ID (n-Hexane/i-PrOH = 97/3, flow rate 0.8 mL/min, A = 214 nm), tr
(mgjor) =57.01 min, tr (minor) = 61.21 min.

IH NMR (400 MHz, CDCl3) & 3.94 —3.85 (m, 1H), 3.71 (dd, J = 11.4, 3.6 Hz, 1H), 3.60 (dd, J =
11.4, 6.3 Hz, 1H), 3.46 —3.35 (M, 2H), 3.06 (S, 2H).

13C NMR (100 MHz, CDCl3) § 70.9, 64.0, 53.5.

HRMS (ESI) m/zcalcd. for CsH7NsNaO2z [M + Na]* 140.0430, found 140.0431.

The synthesis of 66

Osg’ /\
"~ Tol N N—Ph
0 / N\ EtsN
HO + HN  N—Ph HO —
OH __/ toluene, reflux OH
66 iZi
60 , dropropizine

To asolution of compound 60 (49.3 mg, 0.20 mmol, 1.0 equiv.) and 1-phenylpiperazine (38.9 mg,
0.24 mmol, 1.2 equiv.) in toluene (2.0 mL) was added triethylamine (40.5 mg, 0.40 mmol, 2.0
equiv.). The mixture was heated to reflux while stirring. Upon completion, the solvent was
evaporated in vacuo and the residue was purified by flash column chromatography on silica gel
(CH2Cl2/MeOH = 20/1) to yield product 66 as a white solid (35.0 mg, 72% yield, 93% e.e.).

One-pot procedure for the synthesis of 66.

Cul (10 mol%) HN N—Ph
* 0, —/
OH TIS-CAI' 8022:[1?\/)) (1.2 equiv.) N NP
HO > HO
OH Ag,CO3 (0.60 equiv.) EtsN (2.0 equiv.) OH
proton sponge (20 mol%)  toluene, reflux
Glycerol A-2 CHCI5, rt., 1d 66, dropropizine
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Step 1 was performed in a0.2-mmol scale according to General procedure A. Upon completion,
the reaction mixture was filtered over a plug of celite and the filter-cake was washed with
chloroform severa times. The filtrate was concentrated in vacuo and the residue was redissolved
in toluene (2.0 mL). Then, 1-phenylpiperazine (38.9 mg, 0.24 mmol, 1.2 equiv.) was added and
the mixture was heated to reflux. Upon completion, the solvent was evaporated in vacuo and the
residue was purified by flash column chromatography on silicagel (CH2Cl2/MeOH = 20/1) toyield
product 66 as awhite solid (22.0 mg, 47% yield in two steps, 93% e.e.).

(S)-3-(4-Phenylpiperazin-1-yl)propane-1,2-diol (66)

N N—Ph
HO><: \__/

OH

66

HPL C analysis. Chiralcel OJH (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 254 nm), tr
(major) = 15.85 min, tr (minor) = 19.41 min.

1H NMR (400 MHz, CDCl3) § 7.31—7.23 (m, 2H), 6.97 —6.90 (m, 2H), 6.90— 6.83 (m, 1H), 3.94
—3.84 (M, 1H), 3.77 (dd, J = 11.4, 3.7 Hz, 1H), 3.53 (dd, J = 11.4, 4.4 Hz, 1H), 3.28 — 3.14 (m,
4H), 2.90 —2.79 (m, 2H), 2.71 — 2,57 (m, 3H), 2.43 (dd, J = 12.5, 3.9 Hz, 1H).

13C NMR (100 MHz, CDCl3) § 151.1, 129.2, 120.0, 116.2, 66.9, 64.8, 60.3, 53.4, 49.2.

HRM'S (ESI) mvz calcd. for CiaH21N202 [M + H]* 237.1598, found 237.1596.

(B) Desymmetrization of protected erythritol and xylitol
The synthesis of 67

HO, OH PivCl (2.0 equiv.) HO ~ OH

HO OH pyridine PivO OPiv
Erythritol A-3

To asolution of erythritol (5.0 g, 41 mmol, 1.0 equiv.) in pyridine (100 mL) at 0 °C was slowly
added pivaloyl chloride (10.1 mL, 82 mmol, 2.0 equiv.). The reaction mixture was stirred at r.t.
overnight. Then the resulting mixture was diluted with EtOAc (200 mL) and washed with 1N HCI
(5 x 50 mL) to remove pyridine. The organic layer was dried (Na2SOs), filtered, and concentrated
in vacuo. The residue was dissolved in aminimum amount of CH2Cl2 (10 mL). Then pentane (300
mL ) was added (in the beginning it should be added slowly) while swirling by hand, during which
time the product started precipitating out. The resulting solution was swirled by hand for a few
min. Thiswasthen filtered with aBuchner funnel to give product A-3 asawhite solid (6.78 g, 57%
yield).
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2,3-Dihydroxybutane-1,4-diyl bis(2,2-dimethylpropanoate) (A-3)

HO OH
PivOﬂOPiv

A-3
IH NMR (400 MHz, CDCl3) § 4.4 — 4.2 (m, 4H), 3.9—3.7 (m, 2H), 2.8 (br s, 2H), 1.2 (s, 18H).
13C NMR (100 MHz, CDCls) § 179.4, 70.7, 65.6, 38.9, 27.2.

HRM S (ESI) m/z calcd. for C1aH2706 [M + H]* 291.1802, found 291.1801.

PhSO,CI (1.2 equiv.) O ph 5 Ph. Ph .
. [) - -
CuBr-SMe; (10 mol%) HOO o e

CHCl,, rit., 3d
A-3 67, 75%, 97% ee

HO, ~ OH L*10 (15 mol%) ﬂ |
* * |
pivoﬂopiv Ag,COs (0.60 equiv.)  PivO OPiv ! PPh, Ph,P
! L*10

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with a magnetic stir bar
was charged with CuBr-SMez (4.1 mg, 0.020 mmol, 10 mol%), L*10 (23.7 mg, 0.030 mmol, 15
mol%), Ag2COs (33.1 mg, 0.12 mmol, 0.60 equiv.), A-3 (58.0 mg, 0.20 mmol, 1.0 equiv.), and
anhydrous CHCI3 (2.0 mL). Then benzenesulfonyl chloride (30.8 pL, 0.24 mmol, 1.2 equiv.) was
added and the reaction mixture was stirred at r.t. for 3 d. Upon completion, the reaction mixture
was concentrated in vacuo and the residue was purified by column chromatography on silica gel
(petroleum ether/EtOAC = 4/1) to afford the desired product 67 as a white solid (64.2 mg, 75%
yield, 97% e.e.).

2-Hydroxy-3-((phenylsulfonyl)oxy)butane-1,4-diyl bis(2,2-dimethylpropanoate) (67)

A _ph
o

HO O

* %

PivO OPiv
67

HPL C analysis. Chiralcel OD (n-Hexane/i-PrOH = 90/10, flow rate 0.3 mL/min, A = 210 nm), tr
(major) = 29.16 min, tr (Minor) = 24.61 min.

IH NMR (400 MHz, CDCl3) § 7.96 — 7.88 (m, 2H), 7.71 — 7.64 (m, 1H), 7.57 (t, J = 7.7 Hz, 2H),

4.88 — 4.81 (m, 1H), 4.40 — 4.28 (m, 2H), 4.24 (dd, J = 11.9, 3.8 Hz, 1H), 4.08 (dd, J = 11.9, 5.4
Hz, 1H), 4.03—3.96 (m, 1H), 2.61 (br s, 1H), 1.22 (s, 9H), 1.16 (s, 9H).
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13C NMR (100 MHz, CDCls) 6 178.8, 178.3, 136.6, 134.0, 129.3, 127.6, 78.9, 68.6, 64.2, 61.8,
38.85, 38.79, 27.1, 27.0.

HRM S (ESI) mvz calcd. for CaoHz10sS [M + H]* 431.1734, found 431.1733.

The synthesis of 68

OH OH PivCI (2.0 equiv.) , oo
HO OH Plvod\l/'\/OP'V
pyridine
OH OH
Xylitol A-4

To asolution of xylitol (3.0 g, 20 mmol, 1.0 equiv.) in pyridine (50 mL) at 0 °C was slowly added
pivaloyl chloride (5.0 mL, 40 mmoal, 2.0 equiv.). The reaction mixture was stirred at r.t. overnight.
Then the resulting mixture was diluted with EtOAc (150 mL) and washed with 1IN HCI (5 x 40
mL ) to remove pyridine. The organic layer wasdried (NazSOa), filtered, and concentrated in vacuo.
The residue was dissolved in a minimum amount of CH2Cl2 (8 mL). Then pentane (300 mL) was
added (in the beginning it should be added slowly) while swirling by hand, during which time the
product started precipitating out. The resulting solution was swirled by hand for afew min. This
was then filtered with a Buchner funnel to give product A-4 as awhite solid (3.50 g, 55% yield).

2,3,4-Trihydroxypentane-1,5-diyl bis(2,2-dimethylpropanoate) (A-4)

OH OH
PivO OPiv

OH
A-4

'H NMR (400 MHz, CDCl3) 6 4.22 (d, J = 6.1 Hz, 4H), 4.00 (s, 2H), 3.61 — 3.52 (m, 1H), 3.28
(brs, 2H), 3.11 (br s, 1H), 1.21 (s, 18H).

13C NMR (100 MHz, CDCl3) § 179.0, 71.6, 69.9, 65.4, 38.8, 27.1.

HRMS (ESI) m/z calcd. for CisHzsNaO7 [M + Na]* 343.1727, found 343.1725.

E %2]
PhSO,CI (1.2 equiv.) Qo N

OH OH Cu(BH,)(PPh3), (10 mol%) OH O™, -
PO OPiv L*4 (15 mol%) . Pivo\),,\,(,k/OPiv Ne | _&
Ag,COs (0.60 equiv.) oH : o7
OH CH,Cl, r.t., 3d
A-4 68, 85%, 93% e.e.
L*4
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Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with CuBHa(PPhs)2 (12.0 mg, 0.020 mmol, 10 mol%), L*4 (15.1 mg, 0.030 mmol,
15 mol%), Ag2COs (33.1 mg, 0.12 mmol, 0.60 equiv.), A-4 (64.0 mg, 0.20 mmol, 1.0 equiv.), and
anhydrous CH2Cl2 (2.0 mL). Then benzenesulfonyl chloride (30.8 pL, 0.24 mmol, 1.2 equiv.) was
added and the reaction mixture was stirred at r.t. for 3 d. Upon completion, the reaction mixture
was concentrated in vacuo and the residue was purified by column chromatography on silica gel
(petroleum ether/EtOAC = 2/1) to afford the desired product 68 as a white solid (78.3 mg, 85%
yield, 93% e.e)).

2,3-Dihydroxy-4-((phenylsulfonyl)oxy)pentane-1,5-diyl bis(2,2-dimethylpropanoate) (68)

HPLC analysis: Chiralcel G (n-Hexane/i-PrOH = 80/20, flow rate 0.5 mL/min, A = 214 nm), tr
(maor) =21.73 min, tr (Minor) = 25.88 min.

1H NMR (400 MHz, CDCl3) & 8.01 — 7.90 (m, 2H), 7.67 (t, J = 7.5 Hz, 1H), 7.57 (t, J = 7.7 Hz,
2H), 5.01 — 4.92 (m, 1H), 4.40 (dd, J = 12.6, 3.8 Hz, 1H), 4.23 — 4.11 (m, 3H), 3.95 (td, J = 6.0,
2.3 Hz, 1H), 3.83 (dd, J = 5.6, 2.3 Hz, 1H), 2.74 (br s, 2H), 1.20 (s, 9H), 1.15 (s, 9H).

13C NMR (100 MHz, CDCls) § 178.8, 178.0, 136.5, 134.1, 129.3, 127.7, 80.6, 69.5, 68.6, 65.1,
62.2, 38.8, 38.7, 27.1, 27.0.

HRMS (ESI) mVz calcd. for CaiHas00S [M + H]* 461.1840, found 461.1838.

(C)4,6-Desymmetrization of protected inositol and subsequent transfor mations to D-myo-
inositol-4-phosphate

A-5 was synthesized according to the reported literature®.

Ph
oo

6 OTBS
OH
OH

A-5

1H NMR (400 MHz, CDCl3) § 7.65—7.62 (m, 2H), 7.41—7.30 (m, 3H), 4.55 (s, 2H), 4.30 —4.16
(M, 4H), 3.79 — 3.51 (M, 2H), 0.96 (s, 9H), 0.15 (s, 6H).
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13C NMR (100 MHz, CDCl3) § 137.0, 129.5, 128.1, 125.3, 107.0, 76.0, 69.4, 68.3, 59.6, 25.8, 18.3,
—4.6.

HRMS (ESI) mVz calcd. for CioH2906Si [M + H]* 381.1728, found 381.1724.

The synthesis of 69

Ph =
Ph oo :
CuBH,(PPhs), (10 mol%) o ; N
! OTBS
o)

0 ) OO . Q. 0 L*11 (12 mol%)
/o8 . A V0 NH PPh,
6 OTBS ClI” Ph Ag,CO;3(0.60 equiv.), 4 AMS 0=S : l
H CHCl3, rt., 2d Ph ' Ny
OH !
A-5 S-1 69, 78%, 91% e.e.; . L*11

recrystallization, 71%, 98% e.e.’

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with CuBH4(PPhs)2 (157.8 mg, 0.26 mmol, 10 mol%), L*11 (179.3 mg, 0.32 mmol,
12 mol %), Ag2COs (435.5 mg, 1.6 mmol, 0.60 equiv.), A-5 (1.0 g, 2.6 mmol, 1.0 equiv.), 4 A MS
(0.40 g), and anhydrous CHCI3 (50.0 mL). Then benzenesulfony! chloride (0.40 mL, 3.2 mmol,
1.2 equiv.) was added and the reaction mixture was stirred at r.t. for 2 d. The reaction mixture was
filtered through a plug of celite (rinsed with EtOAc) and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 4/1) to afford the
desired product 69 as a white solid (1.07 g, 78% vyield, 91% e.e.). Recrystallization from n-
Hexaneli-PrOH (20/1) produced 69 in 71% yield with 98% e.e.

(1R,3S,55,6R,7R,8R,9R)-8-((tert-Butyldimethylsilyl)oxy)-9-hydr oxy-3-phenyl-2,4,10-
trioxaadamantan-6-yl benzenesulfonate (69)

Ph
O/‘VO
0

L\ _oTBS
Q_[on
0=
Ph
69

HPLC analysis: Chiralcel OD (n-Hexane/i-PrOH = 95/5, flow rate 0.5 mL/min, A = 214 nm), tr
(mgjor) = 20.81 min, tr (minor) = 14.33 min.

1H NMR (400 MHz, CDCl3) § 8.03—7.92 (m, 2H), 7.77 — 7.69 (m, 1H), 7.66 — 7.56 (m, 4H), 7.37
—7.30 (m, 3H), 5.25 (td, J = 4.0, 1.7 Hz, 1H), 4.68 — 4.64 (m, 1H), 4.44 — 4.39 (m, 1H), 4.30 —
4.27 (m, 1H), 4.25 (t, J = 1.8 Hz, 1H), 4.19 — 4.16 (m, 1H), 2.43 (d, J = 6.6 Hz, 1H), 0.92 (s, 9H),
0.13 (s, 3H), 0.10 (s, 3H).
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13C NMR (100 MHz, CDClz3) § 136.5, 135.3, 134.7, 129.7, 129.6, 128.03, 127.95, 125.3, 107.4,
75.4,74.6, 73.4,69.5, 67.5, 59.3, 25.8, 18.2, —4.65, —4.71.

HRM S (ESI) mVz calcd. for CosHas0sSSi [M + H]* 521.1660, found 521.1660.

The structure of 69 was further confirmed by X-ray diffraction analysis (Supplementary Fig. 22).

The synthesis of 69'

Ph

j;h CuBH,(PPh3), (10 mol%) OJ%O 5 /[N
0\ o. 0 L*11' (12 mol%) -
40 + sl . OTBS | php HN XN
B oTBs  CI” Ph Ag,CO;(060equiv), 4AMS (O ! | B
OH CHClg, rt,, 2d o o .
on L*11"
A5 S-1 69", 70%, ~85% e.e.

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with amagnetic stir bar
was charged with CuBH4(PPhs)2 (6.0 mg, 0.010 mmol, 10 mol%), L*11 (6.8 mg, 0.012 mmol, 12
mol%), Ag2COs (16.6 mg, 0.060 mmol, 0.60 equiv.), A-5 (38.1 mg, 0.10 mmol, 1.0 equiv.), 4 A
MS (40 mg), and anhydrous CHCI3 (2.0 mL). Then, benzenesulfony! chloride (15.4 pL, to mmol,
1.2 equiv.) was added to the mixture and the reaction mixture was stirred at r.t. for 2 d. Upon
completion, the reaction mixture was filtered through a plug of celite (rinsed with EtOAc) and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAC = 4/1) to afford the desired product 69" as a white solid (36.3 mg, 70%
yield, —85% e.e.).

HPL C analysis: Chiralcel OD (n-Hexane/i-PrOH = 95/5, flow rate 0.5 mL/min, A = 214 nm), tr
(major) = 14.23 min, tr (minor) = 20.85 min.
The synthesis of 69-2

Ph Ph
oo (BnORPN(Pr), oo oo
O

o] 1H-tetrazole, DCM 0
oTes _BAF OH
! OTBS
O |oH then, m-CPBA [oNe) THF O 0O

\ N7 N
_%-0 PhSO,0 P PhSO,0 p
O/S\Ph BnO' OBn BnO' OBn
69 69-1 69-2
98% e.e. not isolated 84%y, 99% e.e.

Sepl: A mixture of 69 (230 mg, 0.44 mmol, 1.0 equiv.) and 1H-tetrazole (92.4 mg, 1.32 mmol,
3.0 equiv.) was dissolved in DCM (10.0 mL) and stirred for 10 min at r.t. Dibenzyl N,N-
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diisopropylphosphoramidite (0.22 mL, 0.66 mmol, 1.5 equiv.) was then added and the reaction
mixture was stirred at r.t. for 1 h. The reaction flask was then cooled to —40 °C and m-CPBA
(201mg (85% purity, 0.990 mmol, 2.25 equiv.) was added in one portion. The reaction mixture
was gradually warmed to r.t. over a period of 2 h. DCM (40 mL) was then added to the mixture.
The organic layer was washed with saturated NaHCOs (ag.), water, and brine, dried (Na:SOa),
filtered, and concentrated in vacuo. The residue was directly used in the next step without further
purification.

Note: 69-1 has avery similar Rf value with that of 69 during TLC analysis.

Sep2: To a solution of the thus-obtained residue in THF (5.0 mL) was dropwise added TBAF
(0.44 mL, 1.0M in THF) at 0 °C with stirring under argon. After stirringat 0 °C for 1 hand at r.t.
for an additional 24 h, the reaction mixture was then diluted with EtOAc (80 mL), washed with
water (50 mL) and brine (50 mL ), dried (NaSOa), filtered, and concentrated in vacuo. Theresidue
was purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to afford the
desired product 69-2 as a colorless oil (246.1 mg, 84% yield over two steps, 99% e.e.).

Note: If 69-1 was purified after Siep 1, the corresponding Step 2 went to completionin1 hat 0 °C.

(1S,3R,5R,6S,7S,8R,9R)-8-((Bis(benzyloxy)phosphor yl)oxy)-9-hydr oxy-3-phenyl-2,4,10-
trioxaadamantan-6-yl benzenesulfonate (69-2)

Ph

O o
o

OH

o _ 0
PhS0,0 B’

BnO' OBn
69-2

HPLC analysis: Chiralcel IA (n-Hexane/i-PrOH = 60/40, flow rate 0.7 mL/min, A = 214 nm), tr
(major) = 25.25 min, tr (minor) = 31.59 min.

1H NMR (400 MHz, CDCl3s) § 7.99 —7.87 (m, 2H), 7.67 —7.59 (m, 1H), 7.58 — 7.45 (m, 4H), 7.44
—7.27 (m, 13H), 5.21 (t, J = 3.8 Hz, 1H), 5.18 — 5.04 (m, 5H), 4.43 — 4.41 (m, 1H), 4.33-4.31
(m, 2H), 4.01 (s, 1H), 3.20 (d, J = 8.6 Hz, 1H).

13C NMR (100 MHz, CDClIs) 6 135.5, 135.34, 135.31, 135.27, 135.24, 134.4, 129.9, 129.5, 128.7
(d, J=23Hz), 128.6 (d, J= 1.2 Hz), 128.06, 128.03, 128.00, 127.9, 125.1, 107.6, 73.2 (d, J=5.3
Hz), 72.9, 72.5, 70.03 (d, J = 2.7 HZ), 69.97 (d, J = 2.5 Hz), 69.84 (d, J = 5.2 HZ), 68.0 (d, J = 4.8
Hz), 58.9.

3P NMR (162 MHz, CDCl3s) § —2.03.

HRMS (ESI) m/z calcd. for CasH32011PS[M + H]* 667.1397, found 667.1396.
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The synthesis of 69-3

Ph Ph
O O O O
6] Mg 6]
_ OH I OH
o, 0 DCM/MeOH o, 0
PhSO,0 /p\/ HO /p\’
BnO OBn BnO OBn
69-2 69-3
99% e.e. 68% vy, 99% e.e.

To a solution of 69-2 (66.6 mg, 0.10 mmoal, 1.0 equiv.) in DCM/MeOH (2.0 mL/1.0 mL) was
added magnesium strips (24.0 mg, 1.0 mmol, 10.0 equiv.). After stirring for 4 h at r.t., the reaction
mixture was diluted with EtOAc (40 mL) and quenched with saturated NH4Cl (ag.) (20 mL). The
organic layer was separated and washed with brine (20 mL), dried (Na&SOs), filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(petroleum ether/EtOAcC = 1/2) to afford the desired product 69-3 as acolorless oil (35.8 mg, 68%
yield, 99% e.e.).

Dibenzyl ((1S,3R,5R,6S,7S,8S,99)-8,9-dihydr oxy-3-phenyl-2,4,10-trioxaadamantan-6-yl)
phosphate (69-3)

Ph

@) @)
0

_ OH
O 0
HO g’
BnO  OBn
69-3

HPL C analysis: Chiralcel ID (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A = 214 nm), tr
(mgjor) = 17.79 min, tr (minor) = 21.08 min.

1H NMR (400 MHz, CDCl3) § 7.62 — 7.55 (m, 2H), 7.45 — 7.29 (m, 13H), 5.12 — 5.00 (m, 5H),
4.63 (s, 1H), 4.44 (s, 1H), 4.39 — 4.32 (m, 1H), 4.30 — 4.21 (m, 1H), 4.06 (s, 1H), 3.15 (br s, 2H).

13C NMR (100 MHz, CDCl3) § 136.2, 135.0 (d, J = 2.7 Hz), 134.9 (d, J = 2.1 Hz), 129.7, 129.0,
128.9, 128.8, 128.7, 128.2, 128.1, 128.0, 125.2, 107.4, 75.3, 73.6 (d, J = 7.9 Hz), 71.7 (d, J = 5.7
Hz), 70.3 (d, J = 5.8 Hz), 70.2 (d, J = 5.8 Hz), 69.4 (d, J = 3.3 H2), 66.9, 59.3.

31p NMR (162 MHz, CDCl3) § —2.16.

HRM S (ESI) mVz calcd. for C27H2809P [M + H]* 527.1465, found 527.14609.
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The synthesis of 70

Ph
oo
o

H,, Pd/C
OH
o\ /O MeOH
HO 7
70\
BnO OBn
69-3 70
99% e.e. 99% y

To asolution of 69-3 (35.8 mg, 0.070 mmol) in MeOH (4.0 mL) was added Pd/C (10% wt, 100
mg, 0.094 mmol, 1.3 equiv.) under argon. The reaction flask was evacuated and refilled with
hydrogen gas. The suspension was then allowed to stir under hydrogen atmosphere for 24 h. The
reaction mixture was filtered through a plug of celite (rinsed with MeOH) and concentrated in
vacuo. The residue was dissolved in deionized water and passed through Dowex 50WX8 ion-
exchange resin (Na" form) using deionized water as the eluent. The fractions containing the
product were concentrated in vacuo at 60 °C and further dried with an oil pump to afford 70 (20.9
mg, 99%) as awhite fluffy solid.

Sodium (1S,2R,3S5,4S,55,69)-2,3,4,5,6-pentahydr oxycyclohexyl phosphate (70)

[a]p?’ = 0.6 (¢ 1.0, H20).

IH NMR (400 MHz, D20) & 4.07 (g, J = 9.1 Hz, 1H), 3.99 (t, J = 2.5 Hz, 1H), 3.65 — 3.56 (M,
2H), 3.47 (dd, J = 10.0, 2.7 Hz, 1H), 3.36 (t, J = 9.2 Hz, 1H).

13C NMR (100 MHz, D20) $ 77.9 (d, J=6.0 Hz), 73.6 (d, J= 3.0 Hz), 72.1, 71.9, 70.9. 70.8 (d, J
=29Hz).

31p NMR (162 MHz, D20) § 1.46.

HRM S (ESI) m/z calcd. for CsH1200P [M — 2Na + H]~ 259.0224, found 259.0224.
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M echanistic study

A. Radical inhibition experiments

a
Cul (10 mol%)
oH L*4 (10 mol%)
Ag,CO; (0.60 equiv.)
+ PhSQ.CI
Ph OH proton sponge (20 mol%)
CHCI;, 0°C, 2d
A1 S-1
Trapping reagent Yield of 1 E.e.of 1
TEMPO (3.0 equiv.) 47% 90%
1,4-Benzoquinone (3.0 equiv.) Trace -
BHT (3.0 equiv.) 55% 93%

b
Ph o
CuBH,(PPha), (10 mol%)
L*11 (12 mol%)
o o Ag,CO5 (0.60 equiv.)
o) + PhSQO,CI -
OTBS 4AMS
OH CHCI;, rt., 2d
OH A5 S-1
Trapping reagent Yield of 69 E.e. of 69
TEMPOQ (3.0 equiv.) Trace -
1,4-Benzoquinone (3.0 equiv.) 6% 67%
BHT (3.0 equiv.) 9% 71%
[
CuCl (10 mol%)
H><:OH QL L*8 (10 mol%)
+
7N 5.0 mol%)
CbzHN c” “pvB proton sponge (
z OH Ag,COs (0.60 equiv.)
CHCls, rt., 1 d
A-823 S-2
Trapping reagent Yield of 33 E.e. of 33
TEMPO (3.0 equiv.) 16% 88%
1,4-Benzoquinone (3.0 equiv.) Trace -
BHT (3.0 equiv.) 20% 92%

\

S
/ >Ph N
7,

Q
<
NH
Ph! OH l |
1 N oﬁls
Q
L*4

When BHT was used as the trapping reagent:

By Bu
HO. o . Q. o
W20 4=0
\
Bu \Ph Bu Ph
71, 25% yield 72, 8% yield
/
Ph
o/IVO
0 N
: OTBS
Q OH NH PPhy
Y0 N
— X
0= 9
Ph
L*11
When BHT was used as the trapping reagent:
By By

71, 54% yield

/
o]
O !
S\
/pvB
H, o
A r 1
CbzHN OH N _S
X~ 07
o]
L*g

When BHT was used as the trapping reagent:
By

By
HO. o , © o
\\S//O g="
\
Bu . Bu

\_o
\
PMB

72-1, 20% yield

72, 24% yield

71-1, 29% yield

Supplementary Fig. 1 | Radical inhibition experiments.
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Cul (10 mol%) 0.0
L*4 (10 mol%) S

><:OH Ag,COs5 (0.60 equiv.) , ¢
+  PhSO,CI
Ph OH z proton sponge (20 mol%) ph/<:OH
CHCl,, 0°C, 2 d
A-1 S-1 1
L*4
Trapping reagents Yield of1 E.e.of 1 (When BHT was used as the trapping reagent?
TEMPO (3.0 equiv.) 47% 90% t OH t o)
1,4-Benzoquinone (3.0 equiv.) trace N Bu Bu Bu 'Bu
BHT (3.0 equiv.) 55% 93%
O -0
§ Ph/S\\O
pH ©
. 72, 8% yield
71, 25% yield

. J

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with substrate A-1 (33.2 mg, 0.20 mmol, 1.0 equiv.), Cul (3.8 mg, 0.020 mmol, 10
mol %), L*4 (10.1 mg, 0.020 mmol, 10 mol%), Ag2COs (33.1 mg, 0.12 mmol, 0.60 equiv.), proton
sponge (8.6 mg, 0.040 mmol, 0.20 equiv.), the corresponding trapping reagent (3.0 equiv.), and
anhydrous CHCl3 (2.0 mL). Then, benzenesulfonyl chloride S-1 (30.7 uL, 0.24 mmol, 1.2 equiv.)
was added to the mixture and the reaction mixture was stirred at 0 °C for 2 d. The reaction mixture
was filtered through a plug of celite (rinsed with EtOAc) and concentrated in vacuo. The residue
was purified with column chromatography (petroleum ether/EtOAc = 4/1) to give product 1.

Note: When BHT was used as the trapping reagent, the residue was purified with column
chromatography to afford 71 (21.5 mg, 25% yield) and 72 (7.0 mg, 8% yield) (both yields are
based on benzenesulfonyl chloride).

2,6-Di-tert-butyl-4-((phenylsulfonyl)methyl)phenol (71)
OH

Bu Bu

S//
p{ ©

7

IH NMR (400 MHz, CDCl3) & 7.61 — 7.56 (m, 3H), 7.43 (t, J = 7.8 Hz, 2H), 6.75 (s, 2H), 5.25 (s,
1H), 4.22 (s, 2H), 1.32 (s, 18H).

13C NMR (100 MHz, CDCl3) § 154.2, 137.8, 136.0, 133.3, 128.8, 128.6, 127.6, 118.7, 63.1, 34.1,
30.0.
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HRM S (ESI) m/z calcd. for Ca1H2sNaOsS [M + Na]*™ 383.1651, found 383.1651.

The NMR spectroscopic data match with those in literature®.

2,6-Di-tert-butyl-4-methyl-4-(phenylsulfonyl)cyclohexa-2,5-dien-1-one (72)

@]
‘Bu Bu
_0
PR
72

IH NMR (400 MHz, CDCl3) 8 7.65 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.41 (t, J= 7.8
Hz, 2H), 6.65 (s, 2H), 1.83 (s, 3H), 1.10 (s, 18H).

13C NMR (100 MHz, CDClI3) § 183.6, 151.3, 135.5, 134.1, 133.4, 130.3, 128.2, 65.8, 35.2, 29.0,
18.4.

HRM S (ESI) m/z calcd. for C2iH2sNa0sS [M + Na]* 383.1651, found 383.1653.

The NMR spectroscopic data match with those in literature’ and the structure was further
confirmed by X-ray diffraction analysis (Supplementary Fig. 23).

Ph i =
Ph CuBH,4(PPhs), (10 mol%) o/‘vo 5
)V L*11 (12 mol%) o : N
T . Ag,COs3 (0.60 equiv.) T\ orss !
\?‘&OTBS PhSOCl 4AMS R _oH : [ NH PPh
OH ' N
9 !

W\

CHCls, rit., 2d 0=%
OH o1 Ph
A-5 -
6 L*11
Trapping reagents Yield of 69  E.e. of 69 (When BHT was used as the trapping reagent?
TEMPO (3.0 equiv.) trace - OH o}
1,4-Benzoquinone (3.0 equiv.) 6% 67% 'Bu ‘Bu Bu '‘Bu
BHT (3.0 equiv.) 9% 71%
o} -0
< Ph/S\b
pH © :
] 72, 24% yield
71, 54% yield

. J

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with substrate A-5 (114.2 mg, 0.30 mmol, 1.0 equiv.), CuBH4(PPhs)2 (18.0 mg, 0.030
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mmol, 10 mol%), L*11 (20.4 mg, 0.036 mmol, 12 mol%), Ag2COs (49.6 mg, 0.18 mmol, 0.60
equiv.), 4 A M'S (60.0 mg), the corresponding trapping reagent (3.0 equiv.), and anhydrous CHCl3
(3.0 mL). Then, benzenesulfonyl chloride S-1 (46.1 pL, 0.36 mmol, 1.2 equiv.) was added to the
mixture and the reaction mixture was stirred at r.t. for 2 d. The reaction mixture was filtered
through a plug of celite (rinsed with EtOAc) and concentrated in vacuo. The residue was purified
with column chromatography (petroleum ether/EtOAc = 4/1) to give product 69.

Note: When BHT was used as the trapping reagent, the residue was purified with column

chromatography to afford 71 (70.0 mg, 54% yield) and 72 (31.2 mg, 24% yield) (both yields are
based on benzenesulfonyl chloride).

CuCI (10 mol%)

\\ L2
H><:OH o, 0 L*8 (10 mol%) PMB
CbzHN OH * C|/S PMB Proten sponge (5.0 mol%) CszN NH N~
Ag-CO;3; (0.60 equiv.) O,S

A-S23 S-2 CHCIg, rit.,, 1d
Trapping reagents Yield of 33 E.e. of 33 (When BHT was used as the trapping reagent:\
TEMPO (3.0 equiv.) 16% 88% OH o
1,4-Benzoquinone (3.0 equiv.) trace ; Bu ‘Bu By Bu
BHT (3.0 equiv.) 20% 92%
//O /S//O
'S PMB™
PME 72-1, 20% yield
71-1, 29% yield

J/

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with substrate A-S23 (45.1 mg, 0.20 mmol, 1.0 equiv.), CuCl (2.0 mg, 0.020 mmol,
10 mol%y), L*8 (9.7 mg, 0.020 mmol, 10 mol%), Ag2COs (33.0 mg, 0.12 mmol, 0.60 equiv.),
proton sponge (2.2 mg, 0.010 mmol, 5.0 mol%), the corresponding trapping reagent (3.0 equiv.),
and anhydrous CHCIs (2.0 mL). Then, 4-methoxybenzenesulfonyl chloride S-2 (49.5 mg, 0.24
mmol, 1.2 equiv.) was added to the mixture and the reaction mixture was stirred at r.t. for 1 d. The
reaction mixture was filtered through a plug of celite (rinsed with EtOAc) and concentrated in
vacuo. The residue was purified by column chromatography on basic aluminum oxide
(CH2Cl2/MeOH = 200/1 ~ 80/1) to give product 33.

Note: When BHT was used as the trapping reagent, the residue was purified with column

chromatography to afford 71-1 (27.2 mg, 29% yield) and 72-1 (18.5 mg, 20% yield) (both yields
are based on 4-methoxybenzenesulfonyl chloride).
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2,6-Di-tert-butyl-4-(((4-methoxyphenyl)sulfonyl)methyl)phenol (71-1)

OH

MeO 711

IH NMR (400 MHz, CDCl3) & 7.49 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 6.77 (s, 2H),
5.27 (s, 1H), 4.21 (s, 2H), 3.86 (s, 3H), 1.35 (S, 18H).

13C NMR (100 MHz, CDCl3) § 163.6, 154.2, 136.0, 131.0, 129.4, 127.7, 119.1, 113.8, 63.4, 55.6,
34.1, 30.1.

HRM S (ESI) m/z caled. for CioH1sNO2 [M — H]* 389.1792, found 389.1787.

2,6-Di-tert-butyl-4-((4-methoxyphenyl)sulfonyl)-4-methylcyclohexa-2,5-dien-1-one (72-1)

IH NMR (400 MHz, CDCl3) § 7.57 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 6.66 (s, 2H),
3.82 (s, 3H), 1.83 (s, 3H), 1.13 (s, 18H).

13C NMR (100 MHz, CDCl3) & 183.8, 164.1, 151.2, 135.8, 132.4, 124.9, 113.4, 65.9, 55.7, 35.2,
29.0, 18.6.

HRM S (ESI) m/z calcd. for CioH1sNO2 [M + Na]* 413.1757, found 413.1758.
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B. Radical clock experiments

(0}

\\S//O O\\ //o

Cul (10 mol%) \ S,
L*4 (10 mol%) Ph Ph

+ PhSO,CI + N
Ag,CO3 (0.60 equiv.)
proton sponge (20 mol%) G
CHCI3, 3d 73 74

AE-1 S-1

0 °C: 73: 14% yield; 74: 16% yield (Z/E mixture)
rt.. 73: 27% yield; 74: 37% yield (Z/E mixture)

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with alkene AE-1 (68.4 mg, 0.60 mmol, 3.0 equiv.), Cul (3.8 mg, 0.020 mmol, 10
mol %), L*4 (10.1 mg, 0.020 mmol, 10 mol%), Ag2COs (33.1 mg, 0.12 mmol, 0.60 equiv.), proton
sponge (8.6 mg, 0.040 mmol, 0.20 equiv.), and anhydrous CHCI3 (2.0 mL). Then, benzenesulfonyl
chloride S-1 (25.6 pL, 0.20 mmol, 1.0 equiv.) was added to the mixture and the reaction mixture
was stirred at 0 °C or r.t. for 3 d. The reaction mixture was filtered through a plug of celite (rinsed
with EtOAc) and concentrated in vacuo. The residue was purified with column chromatography

(petroleum ether/EtOAc = 10/1) to give products 73 and 74.

4-((Phenylsulfonyl)methyl)-1,2-dihydr onaphthalene (73)

O\\S\//O

Ph

73

IH NMR (400 MHz, CDCl3) 8 7.80 (d, J = 7.7 Hz, 2H), 7.54 (t, J = 7.5 Hz, 1H), 7.43 (t, J= 7.8
Hz, 2H), 7.13 — 7.05 (m, 4H), 5.91 (t, J = 4.6 Hz, 1H), 4.22 (s, 2H), 2.71 — 2.65 (m, 2H), 2.27 —

2.17 (m, 2H).

13C NMR (100 MHz, CDCls) & 138.3, 135.8, 134.9, 133.6, 132.5, 128.7, 128.6, 127.6, 127.4,

126.3, 125.7, 123.1, 59.9, 27.6, 23.3.

HRM S (ESI) mvz calcd. for C17H1702S [M + H]*™ 285.0944, found 285.0943.

The NMR spectroscopic data match with those in literature®.
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((2-Phenylpent-2-en-1-yl)sulfonyl)benzene (74)

O\\S\//O

Ph
X

N
74

IH NMR (400 MHz, CDCl3) & 7.78 — 7.73 (m, 2H + 2H x 0.7), 7.56 (t, J = 7.6 Hz, 1 H x 0.7),
750 (t, J=7.4 Hz, 2H x 0.7), 7.44 (t, = 7.7 Hz, 1H), 7.38 (t, J = 7.7 Hz, 2H), 7.31 — 7.13 (m, 3H
+4H x 0.7), 7.04 (d, J = 6.6 Hz, 1H), 5.96 (t, J = 7.4 Hz, 1H), 5.60 (t, J = 7.5 Hz, 1H x 0.7), 4.36
(s, 2H), 4.12 (s, 2H x 0.7), 2.08 (p, J = 7.5 Hz, 2H), 1.99 (p, J = 7.5 Hz, 2H x 0.7), 0.96 (t, J = 7.5
Hz, 3H), 0.86 (t, J = 7.5 Hz, 3H x 0.7).

13C NMR (100 MHz, CDClz3) & 140.8, 140.39, 140.38, 139.0, 138.8, 138.3, 133.5, 133.4, 128.9,
128.8, 128.53, 128.50, 128.49, 128.3, 128.1, 127.5, 127.23, 127.20, 127.1, 126.4, 65.0, 57.6, 22.8,
22.7,13.9, 13.6.

HRM S (ESI) m/z caled. for Ci7H1902S [M + H]* 287.1100, found 287.1099.
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C. Copper catalyzed enantioselective S-O cross-coupling using an alter native method for
generating sulfonyl radical

FsC—I——0
a o) =

. o

>t
(©) (©) Am o N
0 4
OH . « A0 [0-1] [0-2] R s

NH

Ph oH PN o Cul (10 molo6), L*4 (10 mol%) “,, A

Ag,CO; (0.60 equiv.), proton sponge (20 mol%) Ph' OH N O‘ﬁ

o

L*4

or

CHCl3, 60 °C, 4d 1

With [O-1], 10% yield, 77% e.e.
With [0-2], 15% yield, 46% e.e.

Possible mechanism for sulfonyl radical generation:

[e]
\ _O
S/
Ph/\/ oh
(0]
CullL*4 S-4 NS {-scission o o
0 ——» R — > Ph/s TN \\S//
SET radical addition ph "
For [0-1], R = Et R X Ph
For [0-2], R = CF RN
F;,C—I——0O
b o s =
Ad\O)J\O/O\‘Am or o
(N2 N
OH o [0-1] [0-2] S<
\ O / "Ph
+ 7 > , o NH
Ph oH P N Cul (10 mol%), L*4 (10 mol%) ', )
Ag,CO; (0.60 equiv.), proton sponge (20 mol%) Ph N Oﬁﬁ
CHClj, 60 °C, 4 d OH
A-l S-4-1 1 (¢]
With [0-1], 47% yield, 62% e.e. L4
With [0-2], 57% yield, 45% e.e.
Possible mechanism for sulfonyl radical generation:
(o]
\\S//O
Ph TN
Cul/L*4 -4- cpicai
©] u _ R S-4-1 _ O\\ //0 . B-scission A //o
SET radical addition Ph/SWR i Ph/s'
For [0-1], R = Et R
For [0-2], R = CF, e
C =
O
)J\ O
o o of 1By N S//O N
. O\\//O [O-3] (2.5 equiv.) _ o/ ~Tol
S Me
Ph oH Tol” >s” Cul (10 mol%), L*4 (10 mol%) ”/<: ’}‘H
CHCl3, 60 °C, 3d
3 PH OH Ny~ o=}
Al S4-2 2 o
42% yield, 80% e.e.
L*4
Possible mechanism for sulfonyl radical generation:
e
/_\ SSA S Tol
CuliL*4 S-4-2 o o
[0-3] >  Me" > 7
SET Radical substitution Tol” "
ol
d =
0. H
By o~ N //O
OH 0\\ ,/0 [0-4] (3.0 equiv.) S\Ph N
+ S _NH, o
1,
Ph oH Ph N Cul (1.5 eq.), L*4 (1.5 eq.) NH
CHCl, rt, 1d Ph oH |
Al S-4-3 1 Ny~ o=}
53% yield, 88% e.e. (e}
Possible mechanism for sulfonyl radical generation: L*4
o 0
H,oN N4
2! \”/ \Ph
Cul/L*4 ‘BuO- S-4-3 QP QP 0,
- \Y \Y o
[0-4] ——— or - HNg SL T Ng US. . TN \\S//
SET BUO, Hydrogen atom abstraction N Ph HAA N Ph ph”""
(HAA) N2
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Supplementary Fig. 2 | Copper-catalyzed enantioselective S-O cross-coupling using
alternative methods for generating sulfonyl radical. Possible reaction pathways are drawn by
referring to literature (a®**; b4, ¢'5,d9).

Cul (10 mol%)

o L*4 (10 mol%) Osg %
OH e Ag,CO; (0.60 equiv.)
+ ph/\/s\ + [0]
Ph OH Ph proton sponge (20 mol%) Ph
CHCI3, 60 °C, 4 d OH
A-1 S-4 4
[O] Yield of 1 E.e. of 1
rd. J_o. . .
0~ "0 iAm [0-1] 10% 7%
[0-1] [0-2] 15% 46%

[0-2]

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with a magnetic stir bar
was charged with substrate A-1 (33.2 mg, 0.20 mmol, 1.0 equiv.), Cul (3.8 mg, 0.020 mmol, 10
mol %), L*4 (10.1 mg, 0.020 mmol, 10 mol%), Ag2COs (33.1 mg, 0.12 mmol, 0.60 equiv.), proton
sponge (8.6 mg, 0.040 mmol, 0.20 equiv.), and anhydrous CHCIlsz (2.0 mL). Then, (E)-(2-
(phenylsulfonyl)vinyl)benzene S-4 (97.7 mg, 0.40 mmol, 2.0 equiv.) and the corresponding
oxidant [O] (2.0 equiv.) were added into the mixture and the reaction mixture was stirred at 60 °C
for 4 d. The reaction mixture was filtered through a plug of celite (rinsed with EtOAc) and
concentrated in vacuo. The residue was purified with column chromatography (petroleum
ether/EtOAC = 4/1) to give product 1.

Cul (10 mol%) O/
L*4 (10 mol%) g/

><:OH . O\\S 0 . 1o 192G (0:60 equiv) / g Ph
Ph e L Ft |

OH proton sponge (20 mol%) py
A S41 CHCl,, 60°C, 4 d <13H
FCm™9 [0]  Yeldof1  Eeoft | L4
Ad\o)J\o/o‘fAm [0-1] 47% 62% |
[0-1] [0-2] 57% 45%
[0-2]

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with amagnetic stir bar
was charged with substrate A-1 (33.2 mg, 0.20 mmol, 1.0 equiv.), Cul (3.8 mg, 0.020 mmol, 10
mol%), L*4 (10.1 mg, 0.020 mmol, 10 mol%), Ag2COs (33.1 mg, 0.12 mmol, 0.60 equiv.), proton
sponge (8.6 mg, 0.040 mmol, 0.20 equiv.), and anhydrous CHCls (2.0 mL). Then,
(alylsulfonyl)benzene S-4-1 (62.0 uL, 0.40 mmol, 2.0 equiv.) and the corresponding oxidant [O]
(2.0 equiv.) were added into the mixture and the reaction mixture was stirred at 60 °C for 4 d. The
reaction mixture was filtered through a plug of celite (rinsed with EtOAc) and concentrated in

108



vacuo. The residue was purified with column chromatography (petroleum ether/EtOAC = 4/1) to
give product 1.

JJ\ O\ //
><:0H . o\\s//o " [O- 31 (25 equw) ~Tol
Ph o Tol” g7 cul (12:118:/U)630L°é(130dm01 %) /<: I]IH
> ’ PR SOH o=}
o]

A-1 S-4-2
42% yleld 80% e.e.

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetlc stir bar
was charged with substrate A-1 (8.3 mg, 0.050 mmol, 1.0 equiv.), S-4-2 (20.2 mg, 0.10 mmol, 2.0
equiv.), Cul (0.95 mg, 0.0050 mmol, 10 mol%), L*4 (2.5 mg, 0.0050 mmol, 10 mol%), and
anhydrous CHCI3 (0.50 mL). Then, O-3 (25.3 mg, 0.125 mmol, 2.5 equiv.) was added to the
mixture and the reaction mixture was stirred at 60 °C for 3 d. The reaction mixture was filtered
through a plug of celite (rinsed with EtOAc) and concentrated in vacuo. The residue was purified
with column chromatography (petroleum ether/EtOAcC = 2/1) to give product 2.

’Bu’O\O/H N //O
OH 0\\ ,/0 [0-4] (3.0 equiv.) ,S\Ph
><: + _S___NH, , o
Ph oM Ph N Cul (1.5 equiv.). L*4 (1.5 equiv.) ’/<:
CHCl, r.t, 1d Ph oH

A1 S4-3 1
53% yield, 88% e.e.

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with substrate A-1 (8.3 mg, 0.050 mmol, 1.0 equiv.), S-4-3 (8.6 mg, 0.050 mmol, 1.0
equiv.), Cul (14.2 mg, 0.075 mmol, 1.5 equiv.), L*4 (37.8 mg, 0.075 mmol, 1.5 equiv.), and
anhydrous CHCI3 (1.0 mL). Then, O-4 (30 puL, 5.0-6.0 mol/L in decane, 0.15 mmol, 3.0 equiv.)
was added into the mixture and the reaction mixture was stirred at r.t. for 1 d. The reaction mixture
was filtered through a plug of celite (rinsed with EtOAc) and concentrated in vacuo. The residue
was purified with column chromatography (petroleum ether/EtOAc = 3/1) to give product 1.
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D. Control experiment with unstable benzyl sulfonyl radical

/
o) o)

o\\s// o\\s//

Cul (10 mol%), L*4 (10 mol%) /> Bn / Bn N
OH o o
0\\ //0 Ag,CO; (0.6 eq.) Ph
+ S + + NN
Ph 75N Proton sponge (20 mol%} Ph Ph Ph NH
OH Cl Bn o OH Q |
CHCl;, 0°C, 2d \ _Bn

A1 $-5 75, 38%, 1% ee s’ 77, 4% Ny oﬁﬁ

N\
SN g

76, 13%
L*4

Possible mechanism for the formation of 75 and 76:

HO
Ph o
:>< Ox 2 O\\S//\
M Proton sponge HO OH ﬁ Fn O/ Bn
g - Ag,CO;3 o g #° A1 Ph 0
—_— B —
I Ph
o]
& AgCl + H0 + CO, 7 O\S _0 5 QB0
Bn” N\ o\
Possible mechanism for the formation of 77: ©
Cul/L*4 A \NG—
P T Ph S=0 . o Ph
Ph S0,CI SET 6/ T» Ph/ Ph/\/
S-5 SO, 77

Supplementary Fig. 3 | Control experiment with unstable benzyl sulfonyl radical. Possible
pathways for the formation of 75/76' and 77'¢-2° were drawn by referring to literature.

O 2 . /
Cul (10 mol%) S<gn 5
OH 0. O L*4 (10 mol%) O .
MRS Ag,COs (0.60 equiv.) ><:
P \_on  CBn o 20 mol%) Ph" \_oH
proton sponge mol%
A1 S-5 CHC|3, 0 OC, 2d 75, 38%, 1% e.e.
O\\S//O
g “Bn

* Ph><:o + (Bn), g
\S,Bn :
o D :
76, 13% 77, 4%

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with a magnetic stir bar
was charged with substrate A-1 (166.0 mg, 1.0 mmol, 1.0 equiv.), Cul (19.0 mg, 0.10 mmol, 10
mol%), L*4 (50.4 mg, 0.10 mmol, 10 mol%), Ag-COs (165.6 mg, 0.60 mmol, 0.60 equiv.), proton
sponge (42.8 mg, 0.20 mmol, 0.20 equiv.), and anhydrous CHCIls (10.0 mL). Then,
phenylmethanesulfonyl chloride S-5 (228.8 mg, 1.2 mmol, 1.2 equiv.) was added to the mixture
and the reaction mixture was stirred at 0 °C for 2 d. The reaction mixture was filtered through a
plug of celite (rinsed with EtOAc) and concentrated in vacuo. The residue was purified with
column chromatography on silicagel to give 75 (121.9 mg, 38% yield, 1% e.e.), 76 (61.2 mg, 13%
yield), and 77 (7.2 mg, 4% yield).

3-Hydroxy-2-methyl-2-phenylpropyl phenylmethanesulfonate (75)
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0y’

/" Bn

o
Ph OH

75

HPL C analysis. Chiralcel ASH (n-Hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, A = 214 nm),
tr (Major) = 43.17 min, tr (Minor) = 51.04 min.

'H NMR (400 MHz, CDCl3) § 7.38 — 7.23 (m, 10H), 4.31 — 4.29 (m, 4H), 3.73 — 3.66 (m, 2H),
1.79 (br s, 1H), 1.30 (s, 3H).

13C NMR (100 MHz, CDCl3)  141.5, 130.7, 129.1, 128.9, 128.7, 127.6, 127.1, 126.4, 73.7, 67.0,
56.6, 43.9, 20.2.

HRM S (ESI) mvz calcd. for Ca1H2sNaOsS [M + Na]™ 343.0975, found 343.0976.

2-Methyl-2-phenylpropane-1,3-diyl bis(phenylmethanesulfonate) (76)

Oy, 8/9

/" "Bn

=0
Ph o

_Bn
&
O
76

1H NMR (400 MHz, CDCl3) § 7.39 — 7.32 (m, 13H), 7.22 — 7.17 (m, 2H), 4.23 (s, 4H), 4.19 (s,
4H), 1.29 (s, 3H).

13C NMR (100 MHz, CDCl3s) § 139.5, 130.6, 129.0, 128.8, 128.7, 127.6, 127.4, 126.0, 72.6, 56.6,
42.4, 20.2.

HRMS (ESI) m/z calcd. for CaiH2sNaOsS [M + Na]* 497.1063, found 497.1060.
1,2-Diphenylethane (77)

77
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1H NMR (400 MHz, CDCl3) § 7.31 — 7.25 (m, 4H), 7.21—7.18 (m, 6H), 2.92 (s, 4H).
13C NMR (100 MHz, CDCl3) § 141.8, 128.4, 128.3, 125.9, 37.9.

The NMR spectroscopic data match with those in the literature?*.
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E. Control experimentswith monoalcohols

Cul (10 mol%) O\\S:/O
L*4 (10 mol%) g “Ph
><:OH Ag,CO3 (0.60 equiv.) ><:
+ PhSO,CI >
Ph R 2 proton sponge (20 mol%) Ph R
S-1 CHCI3, 0°C, 2d
A6 R =0Me 78, R= OMe, 0% y; recovery of A-6: 87% vy
A-7,R=Me 79, R= Me, 0% y; recovery of A-7: 84% vy
A-8, R =0S0,Ph 80, R = OSO,Ph, 0% vy; recovery of A-8: 88% vy, 0% e.e.

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with Cul (5.7 mg, 0.030 mmol, 10 mol%), L*4 (15.1 mg, 0.030 mmol, 10 mol%),
Ag2COs (49.6 mg, 0.18 mmol, 0.60 equiv.), proton sponge (12.8 mg, 0.060 mmol, 0.20 equiv.),
the corresponding racemic monoal cohol (0.30 mmol, 1.0 equiv.), and anhydrous CHCls (3.0 mL).
Then, benzenesulfonyl chloride S-1 (46.1 pL, 0.36 mmol, 1.2 equiv.) was added to the mixture
and the reaction mixture was stirred at 0 °C for 2 d. Then, the reaction mixture was concentrated
in vacuo and the residue was purified by column chromatography on silicagel.

The synthesis of A-6

><:OH NaH, Mel ><:OH
Ph OH THF Ph OMe
A-1 A-6

To a solution of diol A-1 (332.0 mg, 2.0 mmol) in dry THF (10.0 mL) was added NaH (60%
dispensed in mineral oil, 88.0 mg, 2.2 mmol, 1.1 equiv.) in four portions at 0 °C under inert
atmosphere. After stirring for 30 min, methyl iodide (312.0 mg, 2.2 mmol, 1.1 equiv.) was added
dropwise. The reaction mixture was warmed to r.t. and stirred overnight. Then the reaction was
guenched with saturated NH4Cl (ag.) and extracted with CH2Cl2 (3x). The combined organic layers
were dried (Na2SOa4) and concentrated in vacuo. The residue was purified by silica gel column
chromatography (petroleum ether/EtOAC = 10/1 ~ 5/1) to give product A-6 (241.5mg, 67% yield)
asacolorlessoil.

3-M ethoxy-2-methyl-2-phenylpropan-1-ol (A-6)
><:OH
Ph™ \_ome
A-6

IH NMR (400 MHz, CDCl3) § 7.43—7.36 (m, 2H), 7.36 — 7.28 (m, 2H), 7.25—7.18 (m, 1H), 3.87
(d, J = 11.0 Hz, 1H), 3.77 — 3.69 (m, 2H), 3.55 (d, J = 9.1 Hz, 1H), 3.35 (s, 3H), 2.48 (br s, 1H),
1.30 (s, 3H).
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13C NMR (100 MHz, CDClI3) § 143.6, 128.3, 126.4, 126.3, 80.1, 70.2, 59.3, 43.7, 21.0.

HRMS (ESI) m/z calcd. for CiiHisNaO2 [M + Na]* 203.1043, found 203.1042.

The synthesis of A-7

o)
NaH
OMe II\\I/IaeT )\WOMe Etl OMe  LjAlH, OH
Ph/ﬁ( 2 . Pnh — — ><;
THF THF Ph Et,O Ph
o} o}
A-7-1 A-7-2 A7

Sep 1: To a solution of methyl 2-phenylacetate (1.5 g, 10.0 mmol) in dry THF (50.0 mL) was
added NaH (60% dispensed in mineral oil, 440.0 mg, 11.0 mmol, 1.1 equiv.) in four portions at
0 °C under inert atmosphere. After stirring for 30 min, methyl iodide (1.56 g, 11.0 mmol, 1.1 equiv.)
was added dropwise. The reaction mixture was warmed to r.t. and stirred overnight. Then the
reaction was quenched with saturated NH4Cl (ag.) and extracted with CH2Cl2 (3x). The combined
organic layers were dried (Na2SO4) and concentrated in vacuo. The residue was purified by silica
gel column chromatography (petroleum ether/EtOAc = 80/1 ~ 40/1) to give product A-7-1 (1.02
0, 62% yield) asacolorless oil.

Sep 2: To a solution of methyl 2-phenylpropanoate A-7-1 (1.02 g, 6.2 mmol) in dry THF (30.0
mL) was added NaH (60% dispensed in mineral oil, 273.3 mg, 6.8 mmol, 1.1 equiv.) in four
portions a 0 °C under inert atmosphere. After stirring for 30 min, ethyl iodide (1.06 g, 6.8 mmol,
1.1 equiv.) was added dropwise. The reaction mixture was warmed to r.t. and stirred overnight.
Then the reaction was quenched with saturated NH4Cl (ag.) and extracted with CH2Cl2 (3x). The
combined organic layerswere dried (Na2SO4) and concentrated in vacuo. The residue was purified
by silicagel column chromatography (petroleum ether/EtOAc = 100/1) to give product A-7-2 (0.75
0, 63% yield) asacolorless oil.

Step 3: To asuspension of LiAlH4 (444.6 mg, 11.7 mmol, 3.0 equiv.) in Et20 (15.0 mL) at 0 °C
was slowly added a solution of A-7-2 (0.75 g, 3.9 mmol) in Et20 (5.0 mL). Then the reaction
mixture was warmed to r.t. and stirred for 2 h. Next, the reaction was quenched by slow,
portionwise addition of wet Na2SOs (4.0 mL water in 32.0 g NazSOa) at 0 °C. Upon completion,
the mixture was warmed to r.t., stirred for an additional 30 min, filtered, and concentrated. The
residue was purified by silicagel column chromatography (petroleum ether/EtOAc = 10/1 ~ 5/1)
to give product A-7 (0.47 g, 73% yield) asacolorless ail.

M ethyl 2-phenylpropanoate (A-7-1)

P J\WOMe

O
A-71
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1H NMR (400 MHz, CDCl3) § 7.35—7.26 (m, 4H), 7.26 — 7.20 (m, 1H), 3.71 (q, J = 7.2 Hz, 1H),
3.63 (s, 3H), 1.49 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 174.9, 140.5, 128.5, 127.4, 127.0, 51.9, 45.3, 18.5.

Methyl 2-methyl-2-phenylbutanoate (A-7-2)

O

Ph

A-7-2

1H NMR (400 MHz, CDCl3) § 7.34 — 7.26 (m, 4H), 7.23—7.20 (m, 1H), 3.63 (s, 3H), 2.10 (dg, J
= 14.7, 7.4 Hz, 1H), 1.95 (dg, J = 14.6, 7.4 Hz, 1H), 1.52 (s, 3H), 0.82 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 176.6, 143.8, 128.2, 126.5, 125.9, 51.9, 50.6, 31.8, 22.1, 9.0.

2-Methyl-2-phenylbutan-1-ol (A-7)

OH
X

A-7
1H NMR (400 MHz, CDCl3) § 7.33—7.27 (m, 4H), 7.22 — 7.15 (m, 1H), 3.64 (d, J = 10.9 Hz, 1H),
3.47 (d, J = 10.9 Hz, 1H), 1.84 — 1.73 (m, 1H), 1.63 (s, 1H), 1.59 — 1.48 (m, 1H), 1.30 (s, 3H),
0.70 (t, J = 7.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) § 144.6, 128.2, 126.7, 125.9, 72.2, 43.5, 30.7, 20.8, 8.1.

HRM S (ESI) mvz calcd. for CiiHis [M + H — H20]* 147.1168, found 147.1169.
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F. Control experimentswith catalytic/stoichiometric Cu(OTf)

Cu(OTf), (x mol%) o.P

OH . s :
L*4 (y mol% ~ !
Ph><: + PhSOLCI vy mol) , —~g Ph
OH Ag,CO5 (0.60 equiv.) !
proton sponge (20 mol%) Ph OH :
A-1 S-1 CHCl3, 0°C, 2d ] 5
X Y  Yieldof1 Ee.oft| ! o
10 10 92% 91% ! L4
100 100 6% 16%

Control experiment with catalytic Cu(OTf)2:

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with substrate A-1 (16.6 mg, 0.10 mmol, 1.0 equiv.), Cu(OTf)2 (3.6 mg, 0.010 mmol,
10 mol%), L*4 (5.0 mg, 0.010 mmol, 10 mol%), Ag2COs (16.6 mg, 0.060 mmoal, 0.60 equiv.),
proton sponge (4.3 mg, 0.020 mmol, 0.20 equiv.), and anhydrous CHCls (1.0 mL). Then,
benzenesulfonyl chloride S-1 (15.4 pL, 0.12 mmol, 1.2 equiv.) was added to the mixture and the
reaction mixture was stirred at 0 °C for 2 d. The reaction mixture was filtered through a plug of
celite (rinsed with EtOAc) and concentrated in vacuo. The residue was purified with column
chromatography (petroleum ether/EtOAc = 4/1) to give product 1 (28.1 mg, 92% yield, 91% e.e.).

Control experiment with stoichiometric Cu(OTf)2:

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with substrate A-1 (16.6 mg, 0.10 mmol, 1.0 equiv.), Cu(OTf)2 (36.2 mg, 0.10 mmoal,
100 mol%), L*4 (50.4 mg, 0.10 mmol, 100 mol%), Ag2COs (16.6 mg, 0.060 mmol, 0.60 equiv.),
proton sponge (4.3 mg, 0.020 mmol, 0.20 equiv.), and anhydrous CHClI3 (1.0 mL). The mixture
wasstirred at r.t. for 1 h before benzenesulfonyl chloride S-1 (15.4 pL, 0.12 mmol, 1.2 equiv.) was
added at 0 °C and the reaction mixture was stirred at 0 °C for 2 d. The reaction mixture was filtered
through a plug of celite (rinsed with EtOAc) and concentrated in vacuo. The residue was purified
with column chromatography (petroleum ether/EtOAc = 4/1) to give product 1 (1.8 mg, 6% yield,
16% e.e.).
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G. High-resolution mass spectroscopic characterization of the catalyst

a
2#30-61 RT: 0.29-059 AVY: 16 NL: 589E5
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Supplementary Fig. 4 | Electrospray ionization (ESI) mass spectroscopy (MS) analysis. A
solution of CuBH4(PPhs)2 (0.10 mmoal), L*4 (0.10 mmol), Ag2COs (0.60 equiv.), and proton
sponge (20 mol%) in DCM (0.10 M) was stirred for 10 h at room temperature. Then the reaction
mixture was analyzed by ESI MS, showing a peak at m/z 566.1887 ascribed to the Cu(l)-L*4

complex. The observed isotopic distribution (a) well matches the calculated one (b).

LA L L L L L L I |
566.0 566.5 567.0 567.5
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H. Possible changesin the coordination mode of substratesto the copper catalyst

2,2-Dicarbo-substituted 1,3-diol Cbz-protected serinol
o O\\ //o O\ //o
Oxur S\ S\ o !/
A S<

~
R VS ¢ / or /O\/ or
(o *LCu, ol *LCu (-0 APN 3{
“Lod-0 NS \2. /2. ey

Supplementary Fig. 5| Possible changesin the coord| natlon mode of substratesto the copper
catalyst.
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. NMR experimentswith L*11

General procedure of the NMR experiments:

Under argon atmosphere, an oven-dried reseal able Schlenk tube equipped with amagnetic stir bar
was charged with Cul (4.8 mg, 0.025 mmol, 1.0 equiv.), L*11 (14.2 mg, 0.025 mmol, 1.0 equiv.),
Ag2COs3 (6.9 or 0 mg, 0.025 or 0 mmol, 1.0 or 0 equiv.), proton sponge (5.4 or 0 mg, 0.025 or 0
mmol, 1.0 or 0 equiv.), and DM SO-ds (0.50 mL ). The reaction mixture was stirred at r.t. for 0.5 h
before being transferred to an NMR tube under argon for NMR experiments.

'H-NMR of Cul + L*11 + PS

h
| % _,i-v"L_ ﬁ_,'} \ lif L

M

_.'H.J\‘_ e .n'.';”:«,_ A _._/\..%_.--' A BN,
"H-NMR of Cul + L*11 + Ag,CO; i
|

!

illl
| IVJ". ‘

TH-NMR of Cul + L*11 l

)4 ]
[ .'li n

L

FAN | i

9.0 8.5 8.0 .5 7.0 6.5 6.0 il 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
fl (ppm)

Supplementary Fig. 6 | tH-NMR spectra of the coordination complex from Cul and L*11
either in the absence (bottom) or in the presence of a base (middle and top) in DM SO-ds.
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Supplementary Fig. 7 | *H,'"H-COSY 2D-NMR spectrum of the coordination complex from
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X-ray crystallography
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Supplementary Fig. 18 | X-ray structureof compound L*4 (CCDC 2102449, 50% probability
elipsoids).
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Supplementary Fig. 19 | X-ray structure of compound 16 (CCDC 2102446, 50% probability
ellipsoids).
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Supplementary Fig. 20 | X-ray structure of compound 45 (CCDC 2102451, 50% probability
elipsoids).
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Supplementary Fig. 21 | X-ray structure of compound 59 (CCDC 2102448, 50% probability
ellipsoids).
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Supplementary Fig. 22 | X-ray structure of compound 69 (CCDC 2102450, 50% probability
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Computational study

1. Computational details

All density functional theory (DFT) calculations were performed using Gaussian 16 program?,
Geometry optimizations were conducted with B3LY P functional 224, employing the D3 version of
Grimme's dispersion corrections® with Becke-Johnson damping®. LANL2DZ basis set?’° was
used for copper and 6-31G(d) basis set was used for al other atoms. Also, the (5d,7f) keyword in
Gaussian 16 software was used. Single-point energies and solvent effects at chloroform were
evaluated with M06-L functional®. SDD basis set®~% was used for copper the and 6-311+G(d,p)
basis set was used for all other atoms. The solvation energies were cal culated with a self-consistent
reaction field (SCRF) using the SMD implicit solvent model®® in chloroform or DMSO. For the
specified structures containing the “-Sol” suffix, geometry optimizations were conducted using the
SMD model in chloroform with the same functional, dispersion correction, and basis sets as gas-
phase geometry optimization. Frequency analysis was also performed at the same level of theory
as geometry optimization to confirm whether optimized stationary points were either local
minimum or transition state, as well as to evaluate zero-point vibrational energies and thermal
corrections for enthalpies and free energies at 298.15 K. Mulliken spin distribution was acquired
at the same level of theory as geometry optimization.

MECP (minimum energy crossing point)*” was acquired using ORCA 5.0 software®=° at
B3LY P/G-D3(BJ)/Def2-SVPPlevel of theory (optimization was conducted with Gaussian version
of B3LY P functional with the D3 version of Grimme' s dispersion corrections and Becke-Johnson
damping; the Def2-SVP basis set was used for all atoms). After MECP was located, single-point
energy at M06-L/6-311+G(d,p)-SDD was calculated to evaluate electronic energy with higher
accuracy in Gaussian 16. The corresponding structures connecting to MECP were optimized at
B3LYP-D3(BJ)/Def2-SVP level of theory in Gaussian 16, and single-point energies were
calculated at M06-L/6-311+G(d,p)-SDD level of theory also in Gaussian 16.

In addition, geometry optimization, frequency analysis, and single point energy of open-shell
local minimums were cal culated with unrestricted DFT methods, while the same computations for
close-shell transition states and local minimums were performed with restricted DFT methods.
Wavefunction stability test at the same level of theory as geometry optimizations was employed
to ensure that the SCF converged wavefunction was stable.

To correct the Gibbs free energies under 1 atm to the standard state in solution (1 mol/L), a
correction of RTIn(cs/cg) was added to the energies of all species. cs stands for the standard molar
concentration in solution (1 mol/L), ¢g stands for the standard molar concentration in gas phase
(about 0.040876 mol/L), and R is the gas constant. For calculated intermediates at the standard
state of 1 mol/L at 298.15 K, the correction value equaling to 1.89 kcal/mol was used. For solvent
chloroform with a density of 1480 g/L at 298.15 K and molecular weight of 119.38 g/mal, the
correction value equaling to 3.38 kcal/mol was used.

The 3D diagrams of optimized structures shown in the main text and below in the Supplementary
Information for computations were generated with CY Lview software™.
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2. Cu(I)-mediated generation of benzenesulfonyl radical Int82
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Supplementary Fig. 24 | Calculated mechanisms for the generation of benzenesulfonyl
radical Int82. Ar, 2,3,4,5,6-pentamethylphenyl.

Based on previous mechanistic studies on the mechanism of Cu-mediated carbon—halide bond
cleavage*>*, four possible S—Cl bond cleavage pathways (oxidative addition, inner-sphere
electron transfer, stepwise outer-sphere electron transfer, and dissociative electron transfer) were
explored. The computational results are summarized in Supplementary Fig. 24. The inner-sphere
electron transfer pathway is the most favorable, while the oxidative addition, dissociative electron
transfer, and stepwise out-sphere electron transfer pathways are unlikely. Detailed explanations of
each pathway are provided below.

Mulliken Spin
\\/0 Q Distribution
Ar ?/ O\\ L - Arss/ . Arl\sﬂo
. "Vt AN . o ) cl 0.037
o 3 N//‘ Cu\ Ph =y Ve 2NN, N1 0.142
S @S S N — °*=5 N e A GNP - N, N2 0.169
L o % -\(\ <\ A\ =g % 01 0.000
r N \f/y 2 [ H 02 -0.199
A g ~ 4 - B X
) i f \ ~ 03 -0.196
Proposed Int-S4 ] Int S4 ’ Int-S7 Ph -0.111
Proposed Product Structure of Optimized Cu(lll) Structure Wavefunction Stable
Oxidative Addition (Wavefunction Unstable) Optimized Cu(ll)-Radical Complex

Supplementary Fig. 25 | Results of optimization of the post-oxidative addition Cu(III)
intermediate. Ar, 2,3,4,5,6-pentamethylphenyl.

For the double electron oxidative addition (OA) pathway, the transition state cannot be located
despite extensive efforts. The post-intermediate of this oxidative addition, the optimized
L*4Cu(Ill)(benzenesulfonyl)Cl-diol species, is not a stable intermediate based on our
computations. All the attempts to locate the proposed Cu(Ill) species were eventually optimized
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to the open-shell singlet vdW complex of L*4Cu(II)Cl and benzenesulfonyl radical Int-S7
(Supplementary Fig. 25). This open-shell singlet complex Int-S7 is actually the post-intermediate
of radical-type S—CI bond cleavage, and the open-shell singlet nature of Int-S7 is confirmed by
Mulliken spin distribution. Therefore, we believe that the double electron Cu(I)-Cu(III) oxidative
addition pathway is unlikely for the S—Cl bond cleavage.
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Supplementary Fig. 26 | Computed pathways for the ISET mechanism. Free energies in
kcal/mol compared to Int-S1, S-1, and chloroform are shown in parentheses. Ar, 2,3,4,5,6-
pentamethylphenyl.
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Supplementary Fig. 29 | IRC pathway of the favored ISET transition state TS-S2-1.

For the inner-sphere electron transfer (ISET) pathway, the transition state was successfully
located as TS-S2-1. The L*4Cu(I)-diol complex Int-S1 forms a complex Int-S9 with chloroform,
which is exergonic by 3.0 kcal/mol. The Cu - Cl distance in Int-S9 is 6.03A, implying that the
coordination of Cu and Cl in Int-S9 is unfavorable (Supplementary Figs. 26 and 27). Int-S9 then
forms a complex Int-S10 with sulfonyl chloride, which requires a free energy barrier of —7.0
kcal/mol to cleave the S—CI bond via ISET transition state TS-S2-1. IRC calculation elucidates
the direct connection between TS-S2-1 and its pre-intermediate Int-S10 (Supplementary Fig. 29).
This negative free energy barrier is due to the subtle shift of saddle points mainly arising from a
change of functionals and basis sets during geometry optimization (B3LYP-D3(BJ)/6-31G(d)-
LANL2DZ) and single-point energy calculation (M06-L/6-311+G(d,p)-SDD-SMD(Chloroform)).
The gas phase optimization results at the B3LYP-D3(BJ)/6-31G(d)-LANL2DZ level of theory
indicate a positive barrier of 4.6 kcal/mol (Int-S10 to TS-S2-1, Supplementary Table 13).
Mulliken spin population of TS-S2-1 confirms its open-shell singlet nature (Supplementary Fig.
28). Compared to the ISET pathway without explicit solvent, adding chloroform lowers the overall
barrier by 2.2 kcal/mol (TS-S2 vs. TS-S2-1, Supplementary Fig. 26). Thus, the favorable TS of
ISET is TS-S2-1.
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For the dissociative electron transfer (DET) and stepwise outer-sphere electron transfer
(OSET-SW) pathways, modified Marcus theory** was used to estimate the free energy barriers
following the studies by Coote, Matyjaszewski, and Liu*>*,

The DET barrier is estimated by the following equations:
AGE. = AGE1 + ATG D”)2 (1)

AGg _ (\/DRadical—Cl_\/D_p) +4o @)

4
Ao = AX[Q2rp) Yt + 2ry) ™t — (rp + 14) 7] = 12.0 kcal/mol (3)

where A:G® = 13.8 kcal/mol is the reaction energy of DET pathway (Supplementary Fig. 30A).
AGo* is the intrinsic barrier, which is estimated using formula (2). Ao is the solvent reorganization
energy that can be calculated with formula (3). Dp represents the interaction energy between the
radical and CI” in the solvent cage. Dp = 0 gives the upper boundary of the estimated barrier.
Dradical-c1 represents the S—Cl BDE of radical precursor S-1 (Supplementary Fig. 30B). 4 equals to
99 kcal/mol as suggested in the previous studies by Coote, Matyjaszewski, and Liu***. rp
represents the van der Waals radius updated by Bader® for electron donor Int-S1. ra represents
the same van der Waals radius for electron acceptor S-1 (Supplementary Fig. 30C). By including
the above values into the formulas (1), (2), and (3), the upper boundary of the free energy barrier

for DET is given as 25.0 kcal/mol.
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Supplementary Fig. 31 | Free energy change for OSET-SW (stepwise outer-spher e electron-
transfer) mechanism. Ar, 2,3,4,5,6-pentamethylphenyl.

The barrier of OSET-SW is estimated using the following equation (6) (Supplementary Fig.
31), where o is calculated by the above equation (3). By including the above values into the
equation (6), the free energy barrier for OSET-SW is estimated as 11.6 kcal/mol.

A,G® 2 Ao A,G® 2
L) =2 (1+25) @

11.6 o ~
4><3_0) ~ 11.6 kcal/mol (7)

t _ AGH
AGOSET—SW - AGO(

AGEcpr oy =3.0%x (1+

Based on the above calculations and estimations, the inner-sphere electron transfer pathway
via TS-S2-1 is the most favorable pathway, which leads to the generation of benzenesulfonyl
radical Int82 and aL*4Cu(l1)Cl speciesInt-S3.
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3. Mechanistic details of transformation from L*4Cu(II)Cl to L*4Cu(Il)alkoxide
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Supplementary Fig. 32 | DFT-Computed free energy changes of the generation of anionic
LCu(II) alkoxide species Int81. Ar, 2,3,4,5,6-pentamethylphenyl; Q, quinolin-4-yl.

After the sulfonyl radical generation, the L*4Cu(II)Cl-diol Int-S3 will be irreversibly
dehalogenated by silver(I) salt (Supplementary Fig. 32), and the generated cationic L*4Cu(II)
species will be complexed by the neutral diol substrate to form the intermediate Int-S11. From
Int-S11, the hydroxyl group (labeled with red color) at the trans-position of sulfonamide is firstly
deprotonated by carbonate anion via TS-S13, reversibly forming neutral copper(Il) species Int-
S14. In comparison, deprotonation of the hydroxyl group (labeled as blue color) at the cis-position
of sulfonamide via TS-S13-1 is 5.7 kcal/mol less favorable than TS-S13 (Supplementary Fig. 32),
suggesting that the alternative sequence of deprotonation is unlikely. Int-S14 then undergoes
another facile deprotonation via TS-S15, irreversibly generating the anionic L*4Cu(Il)alkoxide
species Int81.
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4. Discussion on the S—O bonding mechanism
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Supplementary Fig. 33 | DFT calculations on S-O bond formation pathways with Int81 and
benzenesulfonyl radical Int82. Free energies in kcal/mol are shown in parentheses, which are
compared to Int81 and Int82. Ar, 2,3,4,5,6-pentamethylphenyl.

The S—O bond formation pathways between L*4Cu(Il)alkoxide intermediate Int81 and
sulfonyl radical Int82 include three major mechanistic possibilities: sequential SET and ion-type
S—O bonding (path A in Supplementary Fig. 33), outer-sphere radical-substitution-type S—O bond
formation via TS84-Major (path B in Supplementary Fig. 33), and reductive elimination (path C
in Supplementary Fig. 33).
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Supplementary Fig. 34 | The proposed closed-shell singlet pre-intermediate structure of the
proposed TS for ion-type S—O bond formation pathway has an RHF to UHF ‘wavefunction’
instability. Further optimization on this proposed structure leads to the open-shell singlet
intermediate Int83-OSS with a stable ‘wavefunction’. And the Mulliken spin distribution Int83-
OSS indicates its open-shell singlet nature. Ar, 2,3,4,5,6-pentamethylphenyl.

Regarding path A, the ion-type S—O bonding, the transition state cannot be located after
extensive efforts. The structure of the pre-intermediate prior to the proposed ion-type S—O bonding
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transition state, Int83-CSS, has an RHF to UHF ‘wavefunction’ instability, indicating that such a
closed-shell singlet intermediate does not exist at the computed potential energy surface. Further
open-shell singlet optimization of the proposed Int83-CSS led to the open-shell singlet
intermediate Int83-OSS, which is the pre-intermediate for the radical substitution S—O bond
formation. Based on these results, the ion-type S—O bonding pathway is not operative
(Supplementary Fig. 34).
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Supplementary Fig. 35 | Detailed free energy diagram for radical-substitution-type S—O
bond formation pathway. Ar, 2,3,4,5,6-pentamethylphenyl.
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Supplementary Fig. 36 | Located structure and Mulliken spin distribution of located open-
shell singlet S—-O bond formation transition state TS84-Major. Ar, 2,3.4,5,6-
pentamethylphenyl.

For path B, doublet radicals Int81 and Int82 can form both triplet diradical species Int83-
Triplet and open-shell singlet diradical species Int83-OSS. Int83-Triplet can transform into Int83-
OSS via a facile MECP with a 0.1 kcal/mol free energy barrier. Int83-OSS undergoes S—O bond
formation via open-shell singlet diradical transition state TS84-Major, leading to closed-shell
singlet species Int85 (Supplementary Fig. 35).

We should point out that MECP is acquired using ORCA 5.0 software at the B3LYP/G-
D3(BJ)/Def2-SVP level of theory. And the change of basis set from 6-31G*-LANL2DZ to Def2-
SVP gives a consistent free energy diagram of S—O bond formation (Supplementary Table 8).
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As for the radical substitution transition state TS84-Major, it is an open-shell diradical singlet
S—O bond formation transition state, whose nature of radical substitution is confirmed by the
computed Mulliken spin distribution. Significant radical characters are identified on the carbons
of the forming S—O bond, the coordinating nitrogen and oxygen atoms, and the copper centre
(Supplementary Fig. 36)
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Supplementary Fig. 37 | The optimized TS structure for S—-O bond reductive elimination has an
RHF to UHF ‘wavefunction’ instability. Further geometry optimization on this structure leads to
the open-shell singlet TS TS84-Major with a stable ‘wavefunction’. Ar, 2,3,4,5,6-
pentamethylphenyl.

Regarding path C, the reductive elimination, the located transition state TS84-RE-S2 with
RHF has an RHF to UHF ‘wavefunction’ instability, indicating that such a closed-shell singlet
state is not the actual intrinsic electron state of the proposed reductive elimination transition state.
Further open-shell singlet optimization of this TS84-RE-S2 led to the open-shell singlet transition
state TS84-Major. Based on these results, the reductive elimination pathway is not operative.
(Supplementary Fig. 37)

Therefore, S—O bond formation undergoes an outer-sphere singlet radical-substitution-type S—
O bond formation via TS84-Major.
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5. Computationsfor relative dissociation constantsof L*4 and L*11

O O
HA + ( N =—= A + ( NH AGicpmso (a)

pyrrolidin-2-one, experimental reference pK, = 24.2
(J. Org. Chem. 56, 4218-4223 (1991))

AGgyc.
pKa(HA) = ApKa + pKa(pyrrolidin—Z—one) = % +24.2 (b)

Free energy change (AGcac-bmso) of acid-base reaction equation (a) in DM SO was calcul ated
based on DFT calculations at MO06-L/6-311+G(d,p)-SDD-SMD(DMSO)//B3LY P-D3(BJ)/6-
31G(d)-LANL2DZ level of theory at 298.15K. The N—H pKa values were then calculated with
equation (b), using the experimentally measured N-H pKa of pyrrolidin-2-one in DMSO as
reference (N-H pKain DM SO = 24.2)*, Computed AGcac-omso and N—H pKa values of L*4 and
L*11 arelisted in Supplementary Table 7.

Supplementary Table 7 | Calculated free ener gy change of proton exchangereaction between
L*4 or L*11 with the deprotonated anion of reference acid (N-H of pyrrolidin-2-one) and
calculated ApKa

HA AGgqc.pmso (kealimoly Calculated pK,
/ZJ
N
| = NH -10.1 16.8

%
N
226 40.8
| NH PPh;y
NS K@
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6. Verification of computed S-O bond formation mechanism in various levels of theory for
geometry optimization

Supplementary Table 8 | Verification of computed S-O bond formation mechanism in

various levels of theory for geometry optimization
¥
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o u? Me. /—COH
™ wl
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N, No N, No N, No N, No A1 N /NG)
/) A, TN TS84-Major (0SS) N o P du
O/ “ O/ % —_— O/ % N\=° > O/ >8, M,/
/ 5 2" en o0
\8 Kg o ©\ V Me osozPh\:(‘
PH ‘Me PR "Me PR Me PR Me ’/<: PR Me
(vdW Complex) (vdW Complex) N/\N = ~ H: O\\S P OH
Int81  Int82 Int83-Triplet Int83-0SS © &N g Int85 (CSS) 1 Int86
H— )
z
M ethods Int81 Int83-Triplet Int83-0SS TS84-Major Int85 Int86
I 1
A 0.0 —6.8 —6.8 0.6 -9.5 -12.7
I 1
B 0.0 -6.7 -6.3 0.8 -94 -13.6
I 1
C 0.0 -6.2 -5.6 17 -9.3 -12.2

Method A: M06-L/6-311+G(d, p)-SDD-SMD(Chloroform)//B3LY P-D3(BJ)/6-31G(d)-LANL 2-

DZ
Method B: M06-L/6-311+G(d, p)-SDD-SMD(Chloroform)//B3LY P-D3(BJ)/6-31G(d)-LANL 2-

DZ-SMD(Chloroform)
Method C: M06-L/6-311+G(d, p)-SDD-SMD(Chloroform)//B3LY P-D3(BJ)/Def2-SV P
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7. Driving force for the formation of Int83-77iplet
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Supplementary Fig. 38 | Overall analysis on the driving forces for generating Int83-Triplet

with copper(Il) species Int81 and sulfonyl radical Int82.

Doublet anionic copper(Il) species Int81 and sulfonyl radical Int82 can form anionic species
Int83-Triplet. The formation of several non-covalent interactions leads to an exergonic generation
of Int83-Triplet by 6.8 kcal/mol. Further analysis using Multiwfn*’ with IGM* model and
visualization with VMD software*® support the existence of multiple hydrogen bonds between the
ligand fragment and sulfonyl radical as well as the n-m stacking interaction between the phenyl
fragment on the substrate and the phenylsulfonyl radical (green isosurfaces in Supplementary Figs.
38, 39b, and 40Db).
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Supplementary Fig. 39 | a) Multiple hydrogen bonds of ligand fragment and sulfonyl radical. b)
IGM visualization of these hydrogen bonds.

Calculations of interacting energy of multiple bonds between the ligand fragment and
sulfonyl radical were performed at M06-L/6-311+G(d,p) level of theory in gas-phase. The
interacting energy with BSSE correction of intermolecular hydrogen bonds (AEH-Bonds) Was
calculated using Gaussian 16 according to the following equation:

AFEH-Bonds = Ecomplex-fragment - Eseparate = Ecomplex-fragment— (Efragment-l + Efragment-Z)
where Ecomplex-fragment refers to the gas-phase single point energy of the interacting ligand
fragment and sulfonyl radical. The geometry of the interacting fragment (named as Int83-

Triplet H-Bond-Frag-All) is taken from the optimized geometry of Int83-Triplet. Eseparate
(Efragment-1 + Efragment-2) refers to the gas-phase single point energies of ligand fragment (named as
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Int83-Triplet H-Bond-Frag-H-Donor) and sulfonyl radical (named as Int83-7riplet H-Bond-
Frag-Sulf) also taken from the optimized geometry of Int83-Triplet. The calculated interacting
energy of these multiple bonds with BSSE correction is 12.6 kcal/mol (Supplementary Fig. 39).
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Supplementary Fig. 40 | a) n -n stacking between phenyl group of diol substrate fragment and
sulfonyl radical. b) IGM visualization of n-n stacking.

Calculations of interacting energy of m-n stacking between the substrate fragment from Int83-
Triplet and sulfonyl radical were performed at M06-L/6-311+G(d,p) level of theory in gas-phase.
The interacting energy with BSSE correction of n-n stacking (AFEx-x stacking) Was calculated using
Gaussian 16 according to the following equation:

AFEnx stacking = Ecomplex-fragment - Eseparate = Ecomplex-fragment - (Efragment-l + Efragment-Z)

where Ecomplex-fragment refers to the gas-phase single point energy of the interacting ligand
fragment and sulfonyl radical. The geometry of the interacting fragment (named as Int83-
Triplet pi-pi-Frag) is taken from the optimized geometry of Int83-77iplet with appended C - H
bonds (1.096 A for C(sp’)-H bond on toluene fragment). Escparate (Efragment-1 + Efragment-2) refers to
the gas-phase single point energies of ligand fragment (named as Int83-Triplet pi-pi-Frag-Tol)
and sulfonyl radical (named as Int83-Triplet_pi-pi-Frag-Sulf) also taken from the optimized
geometry of Int83-Triplet. The calculated interacting energy of these multiple bonds with BSSE
correction is 5.2 kcal/mol (Supplementary Fig. 40).
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8. Conformational search of stereo-determining S—O bond formation transition state TS84
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Supplementary Fig. 41 | (A) Considered conformational factors on the ligand in the
conformational search of S—O bond formation transition state TS84. (B) Considered
conformational factors on attack type of benzenesulfonyl radical Int82 in the conformational
search of S—O bond formation transition state TS84. Ar, 2,3,4,5,6-pentamethylpheny].

146



Supplementary Table 9 | Conformational search of S-O bond formation transition state
leading to major product. Free energies are compared to TS84-Major.

t

Configuration Catalyst AAG
of Product Configuration Attack-Type No. (kcal/rsr;)lol)

I 1 1 1 1 1
(R A Major-A TS84-S1 49

I 1 1 1 1 1
(R A Major-B TS84-2 14

1 ) 1 1 ) 1
(R A Major-C TS84-S3 30

1 ) 1 1 ) 1
(R) B Major-A TS84-4 12.6

I 1 1 1 1 1
(R B Major-B TS84-S5 11.4

I 1 1 1 1 1
(R B Major-C TS84-S6 105

I 1 1 1 1 1
(R c Major-A TS84-S7 45

I 1 1 1 1 1
(R C Major-B TS84-S8 25

I 1 1 1 1 1
(R C Major-C TS84-S9 5.4

I 1 1 1 1 1
(R D Major-A TS84-S10 14

1 ) 1 1 ) 1
(R D Major-B TSB4-Major 0.0

1 ) 1 1 ) 1
(R) D Major-C TS84-S11 2.9

I 1 1 1 1 1
(R) E Major-A TS84-S12 2.3

I 1 1 1 1 1
(R E Major-B TS84-S13 43

I 1 1 1 1 1
(R E Major-C TS84-S14 75

I 1 1 1 1 1

. Optimized to

(R F Major-A / TS84-S12

I 1 1 1 1 1
(R F Major-B TS84-S15 14

I 1 1 1 1 1
(R F Major-C TS84-S16 36
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Supplementary Table 10 | Conformational search of S-O bond formation transition state
leading to the minor product. Free energies are compared to TS84-Major.

+

Configuration Catalyst AAG

of Product Configuration Attack-Type No. (kcal/;lol)
| 9 I A I Minor-A I TS84-S17 I 3.6 I
| (9 I A I Minor-B I TS84-S18 I 45 I
| 9 | A I Minor-C I TS84-S19 I 33 I
| (9 I B I Minor-A I TS84-S20 I 5.9 I
| (9 I B I Minor-B I TS84-S21 I 6.5 I
| 9 I B I Minor-C I TS84-S22 I 8.2 I
| 9 I C I Minor-A I TS84-S23 I 6.7 I
| 9 I C I Minor-B I TS84-S24 I 6.5 I
| 9 I C I Minor-C I TS84-S25 I 7.8 I
| 9 | D I Minor-A I TS84-S26 I 31 I
| (9 | D I Minor-B I TS84-S27 I 42 I
| (9 | D I Minor-C I TS84-Minor I 27 I
| (9 I E I Minor-A I TS84-S28 I 7.9 I
| ©) | E " Mino-B  TSB4S20 7.4 '
| ©) | E " MinoC  TSB4S30 7.4 '
| 9 I F I Minor-A I TS84-S31 I 7.6 I
| 9 I F I Minor-B I TS84-S32 I 6.8 I
| (9 | F I Minor-C I TS84-S33 I 7.8 I
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Supplementary Fig. 42 | Key conformers of S—O bond formation transition states leading to
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Supplementary Fig. 43 | Key conformers of S—O bond formation transition states leading to
the major product with D, E, and F ligand conformation. Free energies are compared to TS84-
Major. Trivial hydrogen atoms are omitted for clarity. Ar, 2,3,4,5,6-pentamethylphenyl.
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9. Verification of computed ster eoselectivity by variouslevels of theory

Supplementary Table 11 | Verification of computed stereoselectivity by various levels of

theory.

Computational Method for Single Point Energy Calculation

AAG* (TS84-Minor) — 44G* (TS84-Major)

/kcal/mol
B3LYP-D3(BJ)/6-311+G(d, p)-SDD-SMD(Chloroform) 2.1
B3LY P-D3(BJ)/Def2-TZVP*©%-SM D(Chloroform) 24
MO06-L/6-311+G(d, p)-SDD-SMD(Chloroform) 2.7
M0651/6-311+G(d, p)-SDD-SMD(Chloroform) 5.0
PBEQ®>**-D3(BJ)/6-311+G(d, p)-SDD-SMD(Chloroform) 29
®B97X-D%/6-311+G(d, p)-SDD-SMD(Chloroform) 12
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10. Verification of the steric effects of quinuclidine moiety in enantioselectivity determination

of S—O bond formation
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Supplementary Fig. 46 | (A) Enantioisomeric S—O bond formation transition states with ligand
L*4. (B) Enantioisomeric S—O bond formation transition states with the truncated ligand. Ar,
2,3,4,5,6-pentamethylphenyl.

To verify that the steric effects of quinuclidine moiety are the leading factor that controls the
enantioselectivity of S—O bond formation, we also computed the enantioisomeric S—O bond
formation transition states using the truncated ligand model. In the full ligand model (Ligand =
L*4), TS84-Minor is 2.7 kcal/mol higher in free energy as compared to TS84-Major, which we
believe is due to the steric repulsions between the attacking sulfonyl radical and the quinuclidine
moiety in TS84-Minor (Supplementary Fig. 46A). By removing one of the carbon bridges of the
quinuclidine moiety, such steric repulsions should be moved. We indeed found that the truncated
model has a much lower and opposite enantioselectivity between the competing transition states
(TS84-Major-Truncated vs. TS84-Minor-Truncated, Supplementary Fig. 46B), which verified
our mechanistic rational of the enantioselectivity.
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11. Table of energies

Supplementary Table 12 | Energies in Fig. 5, Supplementary Figs. 24-38 and 42-46, and
Supplementary Tables 8-11

Imaginar
Structure ZPE TCH TCG E H G Freqyuenc
y

A-1 022500 023754 0188000  -540016082 530778533 ~530.828073
s1 010204 OIHBT  ooeeess 1240507226 —1240.395355 —1240.440568
1 031075 0335 266708 -1319.712180 ~1319.375022 ~1319.445477
Intg1 08142 089284 73681 2614278307 ~2613.415555 ~2613.542716
Intg2 009893 010748 0065227 -780.274236 ~780.166752 ~780.209009
imgz-oss 09PN 098 ogon183  —a304583715 ~3393.611083 ~3393.759527
Int83-Triplet 0'92603 0'92265 0824025  —3394.583528 ~3393.610869 ~3393.759503

Tssamajor OO 0903 0go6a05 3304574038 ~3393.602000 ~3303.747833 277.0

Tseaminor 0909 09 ogr7808 3304571358 ~3393.508966 ~3303.743460 249.8
Intes 091626 098 ogariz1 3304500007 ~3393.616412 ~3393.763826
Int86 082007 OBTS0 745043 2614897468 ~2614.022163 ~2614.151525
Chloroform 002999 0025 g 00185 -1419.312417 ~1419.287022 ~1419.320602
(::gir;;e 009000 000236 00167 460138076 —460.136616 —460.154653
Cz::z:e 000000 000236 001502 _460.350608 —460.357338 —460.374721
Int-SL 0'81129 0'85,;974 0761114  —2615.393446 2614503703 —2614.632332

TS 0'9‘(‘)426 1'0%318 0849387  —3855.919458 3854916273 ~3855.070071 16471

Tss21 099 1039 gga0e01 5275249721 ~5274.218809 ~5274.383830 168.1i
Int-S3 0'8‘:‘)’503 0'8%478 0763117  -3075.643068 3074748283 ~3074.879951
int-ss2 009 y03104 0860080 5275261833 5274229893 5274401753
Int-S5 0'8‘;339 0'8%132 0763026  —2615.234096 ~2614.342770 ~2614.470170
Int-S6 00906 019990 o0s0515  -1240.643806 ~1240.533901 ~1240.584291
Int-S8 0'9‘?96 1'0%418 0849362  -3855.908719 —3854.904533 —3855,059357
Int-S8-1 0'92477 1'0%412 0848713  —3855.907353 —3854.903228 —3855.058640
Int-S9 0'863253 0'9%)751 0770320  —4034.722674 —4033.805164 —4033.952354
int-sio 0026 1033 gg5e000 5275236748 5274204615 5274377539
Biczrn?ggate 0'0%626 0'0‘:’)073 0000493  —264.584283 —264.553553 —264.583790
Ca/igi"::te 001399 001813 ~0OLSE 564010042 ~263.992108 264021823
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0.84339

0.89132

Int-S11 2 ) 0763926 2615234096 ~2614.342770 ~2614.470170

stz 0804 098K o 767800 —2870.350013 ~2878.441569 ~2878.582191
stz O80T 090920 765121 —2870:340635 —2878.440375 ~2878.584514

Tssiz 080 090 763313 2879360031 —2878.457498 —2878.507118 11934
Tssizn 0808 099 g760885  -2870.348044 ~2878.445061 —2878.583059 47731

intsa 08303 08T g751600 2614784577 ~2613.906798 ~2614.032878
s 0832 09085 o765 2870360514 —2878.452461 ~2878.505362

Tssis 0887 0880 o743 os78820832 ~2877.932326 —2878.073457 126251
Tssast 090 OIS ogazor 3304564851 ~3393.502659 —3393.740060 2049
Tssasp 09080 0900 ggres07 3304572204 ~3393.600155 ~3393.745607 284.1i
Tssasy 09O 09 ggopms 3304571434 ~3393,509224 ~3393.743108 35101
Tssasa 0900 09N ogrnigs 3304550043 ~3393,581034 ~3393.727758 200.5
Tssass 090 OB ogonz0 3304554084 ~3393.583082 ~3393.729604 2138
Tseass 0908t 09T ogresp3 3304557581 ~3393,585471 ~3393.731058 2334
Tssasy 09T 090 ggomia 3304565733 ~3393.503432 ~3393.740592 323.4]
Tseasg 090 OIS gguszp 3304568303 ~3393.506237 ~3393.743861 235.6
Tssasg 0900 09U ogapie3 3304567688 ~3393.504969 ~3393.739225 288.91
Tssasio 0912 O9TOL ogomer 3304568722 ~3393,507107 ~3393.745531 26824
Tssasu 090 09T ogorm 330457043 ~3393,508060 ~3393.743203 367.6i
Tssasiz 09 0903 ogo3as 3304567836 ~3393.595804 ~3393.744001 27851
Tsasiz O9U0 09T ggrpa7p 3304563008 ~3393,501900 ~3393.740926 195.6i
TS84-S14 0'9%)511 097172 0g23s3 3304550125 ~3393.587402 ~3393.735872 3237
Tssasis 09 09720 ogo3m6 3304568688 ~3393,506587 ~3393.745672 2204
Tssasie OO0 0973 ggonges 3304567715 3393595177 ~3393.742020 34961
Tseasyy  O900%0 09724 ggo6675 3304568603 ~3303,506244 ~3393.742018 3285
Tssasig  090M 097240 ogr3e5 3304567083 ~3393,505583 ~3393.740618 205.8
Tssasig OO 090 ogar00 3304570164 ~3393,507895 ~3393.742560 2323
Tssaspo 0908 09728 gg3935 3304562201 ~3393.500110 ~3393.738355 32541
Tseasor 09177 09721 ggop974 3304566480 ~3393.503865 ~3393.737506 305.4
Tssaszz 098 097200 ggpe009 3304561604 ~3393.589627 ~3393.734695 37L14]
Tsseszs 090 0973 ogo663 3304563788 ~3393,501258 ~3393.737165 388.6i
Tssaspa 09077 O9TBL 0gm963 3304566488 ~3393.503875 ~3393.737525 305.1i
Tseasps 09 O9TL - ggr5776 3304561200 ~3393.583688 ~3303.735424 323.4]
Tssasps 09018 097229 g6 3304569263 ~3393.506068 ~3393.742017 262.7
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0.91612

0.97214

TS84-S27 0 A 0.826671  -3304.567740 ~3303.595596 ~3303.741069 217
Tssass 091530 097201 o0 —as0assrar2 3303585324 ~3303.735274 3182i
Tssaspg 090 09T ogoe61 3304550647 ~3393,587759 ~3393.735086 2017
Tssasao 0909 0972 gga400p 33045560040 ~3393,588317 ~3393.735008 3189
Tssasan 0907 09722 ogoase0 3304560323 ~3393.587999 ~3393.735763 3729
Tsass OO0 097280 ggpaeg  —asoaseasra 3303501571 ~3303.736986 284.0i
Tssaszg 09102 09T ogo7700 3304563169 ~3393,500750 ~3303.735460 3195
T8 '\é'a?‘g' 099748 09BL 0g17343  -3356.466301 —3355,502081 —3355,649048 260.6i
Tf?:;}“é';t”e‘;r' 090851 0901 0g10036 3356469264 3355504252 ~3355.650228 227.91

Zero-point correction (ZPE), thermal correction to enthalpy (TCH), thermal correction to Gibbs free energy (TCG), energies (E), enthalpies (H),
and Gibbs free energies (G) (in Hartree) of the structures calculated at M06-L/6-311+G(d,p)-SDD-SMD(Chloroform)//B3LY P-D3(BJ)/6-31G(d)-
LANL2DZ level of theory.
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Supplementary Table 13 | Energiesfor vdW complex Int-S10 and ISET transition state TS-
S2-1

Structure  ZPE TCH TCG E H G Imaginary
Frequency
Int-SI0 0966253 1032125 0859243  —5273.832429 —~5272.800304 5272973186
TSS2-1  0.965559 1030912 0860891 -5273.826775 —5272.795863 —5272.965884 168.1i

Zero-point correction (ZPE), thermal correction to enthalpy (TCH), thermal correction to Gibbs free energy (TCG), energies (E), enthalpies (H),
and Gibbs free energies (G) (in Hartree) of the structures calculated at B3LY P-D3(BJ)/6-31G(d)-LANL2DZ level of theory.
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Supplementary Table 14 | Energiesin Supplementary Table 7

Imaginary

Structure ZPE TCH TCG E H G
Frequency

Pyrrolidin-2-One  0.096644  0.102675 0.068168  —286.175174  —286.072499  —286.107006

Pyrrolidin-2-One- 111685 0118002 0082872 286687026 286569004  —286.604154

Anion
L*11-Anion 0.658926 0.695247 0.588819 -1976.171867 —1975.476620 —1975.583048
L*11 0.677210 0.713257 0.607901 -1976.724192 —1976.010935 -—1976.116291
L*4-Anion 0.610739 0.644804 0.547338 -1878.032365 —1877.387561 —1877.485027
L*4 0.625782 0.659910 0561983 -1878.528038 —1877.868128 —1877.966055

Zero-point correction (ZPE), thermal correction to enthalpy (TCH), thermal correction to Gibbs free energy (TCG), energies (E), enthalpies (H),
and Gibbsfree energies (G) (in Hartree) of the structures cal culated at M06-L/6-311+G(d,p)-SDD-(DMSO)//B3LY P-D3(BJ)/ 6-31G(d)-LANL2DZ

level of theory.
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Supplementary Table 15 | Energiesin Supplementary Table 8

Structure ZPE TCH TCG E H G ::T:q?l:re]!?rcil/
1-Sol 0225153 0237682 0188141 540016008 -539.778416 —539.827957
A-1-Sol 03169001 0337331 0266563 -1319.712432 1319375101 -—1319.445869
Int81-Sol 0815054 0863398 0735864 —2614.278545 2613415147 —2613.542681
Int82-Sol 0099005 0107555 0065296 —780.274265 —780.166710  —780.208969

Int83-0SS-Sol 0.916684 0.97334 0.825439  —3394.584133 —3393.610793 —3393.758694

Int83-Triplet-Sol 0.916699 0.973312 0.824521  —3394.583882 —3393.610570 —3393.759361

TS84-Major-Sol 0.916675 0.972733 0.827632  —3394.574922 —-3393.602189 —3393.747290 275.2i

Int85-Sol 0919146 0975403  0.828132 —3394.591692 —3393.616289 —3393.763560

Int86-Sol 0.827530  0.875829 0.745563  —-2614.897886 —2614.022057 —2614.152323

Zero-point correction (ZPE), thermal correction to enthalpy (TCH), thermal correction to Gibbs free energy (TCG), energies (E), enthalpies (H),
and Gibbs free energies (G) (in Hartree) of the structures calculated at M06-L/6-311+G(d,p)-SDD-SMD(Chloroform)//B3LY P-D3(BJ)/6-31G(d)-

LANL2DZ-SMD(Chloroform) level of theory.
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Supplementary Table 16 | Energiesin Supplementary Table 8

Structure ZPE TCH TCG E H G LT;QL%
1-s1 0315396 0335710 0265586 -1319.711104 -1319.375385 —1319.445518
A-1-S1 0223965 0236490 0186892 -540.015547 530779057  —539.828655
Int81-S1 0809520 0856932 0720838 —2614.276498 -—2613.419566 —2613.546660
Int82-S1 0008694 0107218 0065054 780273040 -780.166722  —780.208886
Int830SSS1 0910062 0966568 0818200 —3394.580639 3393614071 —3393.762340
Int83-Triplet-SL 0910087 0.966619 0.819264 3394580794 —3393.614175 —3393.761530

TS84-S34 0010348 0966255 0821334 -3304.571105 3393604850 -3393749771  305.1i

Int85-S1 0912423 0968578 0821623 -3394.588081 3393620403 -—3393.767358
Int86-SL 0821071 0.869273 0739820 -—2614.80494 —2614.025667 —2614.155111

Zero-point correction (ZPE), thermal correction to enthalpy (TCH), thermal correction to Gibbs free energy (TCG), energies (E), enthalpies (H),
and Gibbs free energies (G) (in Hartree) of the structures calculated at M06-L/6-311+G(d,p)-SDD-(Chloroform)//B3LY P-D3(BJ)/Def2-SVP level
of theory.
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Supplementary Table 17 | Energiesin Supplementary Figs. 30 and 38-40

Structure E
S1 —1240.493976
Int82 —780.262100
Chlorine Radical —460.136082
Int81 —2614.201946
Int83-Triplet —3394.501427
Int83-Triplet_H-Bond-Frag-All —2658.220216
Int83-Triplet_H-Bond-Frag-H-Donor —1877.939996
Int83-Triplet_H-Bond-Frag-Sulf —780.256869
Int83-Triplet_pi-pi-Frag —1051.857699
Int83-Triplet_pi-pi-Frag-Sulf —780.256869
Int83-Triplet_pi-pi-Frag-Tol —271.590107

Energies (E) (in Hartree) of the structures calculated at M06-L/6-311+G(d,p)-SDD-(Gas Phase) level of theory.
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Supplementary Table 18 | Energiesfor MECP and inter mediates connecting to MECP

Structure E
Int83-0OSS-S1 —3394.499497
MECP —3394.499174
Int83-Triplet-S1 —3394.499341

Energies (E) (in Hartree) of the structures calculated at M06-L/6-311+G(d,p)-SDD-(Gas Phase). MECP structure is optimized with ORCA 5.0 at
B3LY P/G-D3(BJ)/Def2-SVP level of theory.
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Supplementary Table 19 | Energiesin Supplementary Table 11 for TS84-Major

Level of Theory E
B3LY P-D3(BJ)/6-311+G(d, p)-SDD SMD(Chloroform) —3395.175851
B3LY P-D3(BJ)/Def2-TZVP-SMD(Chloroform) —4838.735790
MO06-L/6-311+G(d, p)-SDD-SMD(Chloroform) —3394.574038
M06/6-311+G(d, p)-SDD-SMD(Chloroform) —3393.134957
PBEO-D3(BJ)/6-311+G(d, p)-SDD-SMD(Chloroform) —3391.854350
©B97X-D/6-311+G(d, p)-SDD-SMD(Chloroform) —3394.072393

Energies (E) (in Hartree) of the structures. The level of theory for computation islabeled in this table.
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Supplementary Table 20 | Energiesin Supplementary Table 11 for TS84-Minor

Level of Theory E
B3LY P-D3(BJ)/6-311+G(d, p)-SDD SMD(Chloroform) —3395.174246
B3LY P-D3(BJ)/Def2-TZVP-SMD(Chloroform) —4838.733679
MO06-L/6-311+G(d, p)-SDD-SMD(Chloroform) —3394.571358
M06/6-311+G(d, p)-SDD-SMD(Chloroform) —3393.128678
PBEO-D3(BJ)/6-311+G(d, p)-SDD-SMD(Chloroform) —3391.851395
©B97X-D/6-311+G(d, p)-SDD-SMD(Chloroform) -3394.072122

Energies (E) (in Hartree) of the structures. The level of theory for computation islabelled in this table.
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HPL C spectra

DAD1 C, Sig=214 4 Ref=360,100 (J)\A 5-121-R 2018-12-04 14-01-42\CYF-5-121-RAC.D)

mAU -] O w o
] Os i 8
200 — \/S/ E‘I‘ ‘?’
150 . ><: O @ .': | (
100] !'I| | I. (|
] | Ph A
50 II | OH i.‘ I". II' ;
" I | el o e
0 f[) ‘ I IIO I I 115 ZIU 2|5 ’ 3E| min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
e SRR |- [ =mm e B R | <-- e |
1 27.446 BB 0.4951 6546.12695 205.77153 50.0091
2 29.960 BB 0.4820 6543.74365 209.70865 49.9909
Totals 1.30899e4  415.48018
DAD1 C, Sig=214 .4 Ref=360,100 (J)\A 5-121-R 2018-12-04 14-01-42\CYF-5-121-2.D)
mAL ] §
400 0] \\/ S// %‘:
300 5 o \© I
200 ’//<: FI ||‘
100 Ph OH I'l I:.. 8
0 5 1 = P = -._ull_ .‘\-.. = {,_g..._'i
I 1|0 I‘:‘: ZB 2|5 3|0 min

5
Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B e R | mmmees | mmmees R |
1 26.638 BB 0.4615 1.21728e4  406.30667 96.9703
2 29.123 BB 0.4776 380.32712 12.06976 3.0297
Totals : 1.25531e4  418.37643
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DAD1 C, Sig=214,4 Ref=360,100 (CYF'6-126 2020-01-07 11-27-01"CYF-6-126-RAC.D)

mAU_ O § §
100 O\\ / -
80+ /S ﬁ ?:?.
O [\
60] fx<: : (|
] Ph™ \_oH ImE
2 rac-2 |\
o —— e
S s e R 25 min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e EES === [ mmee | =mmeee | -memmeees [=nmmnes |
1 23.421 BB 0.4398 3175.39697 108.38940 50.3229
2 25.236 BB 0.4797 3134.64819 98.38332 49.6771
Totals 6310.04517 206.77272
DAD1 C, Sig=214 4 Ref=360,100 (CYF\6-126 2020-01-07 11-27-0N1\CYF-6-126.D)
mAU ] 5
0 9
s o g
2504 0 \©\ [
f”uj /,,2<: I| :'.
] Ph™ \—oH e
52_: 2 e — l_-o"! __\_\__l/gx_._._
T T s T T T T g 5 ) T s i
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 23.397 BB
2 25.239 BB

0.4436 1.23510e4
©.5131 427.68002

Totals : 1.27787e4

416.88589 96.6532
12.19695 3.3468

429.08284
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DAD1 C, Sig=214 4 Ref=360,100 (J\B CYF-5-122\CYF-RAC-5-122-003-80-05ML.D)

mAU - e
0 & 3
O\\ U ?; i
- S T 7
100 O i i
o ><: OMe | | I".
20 rac-3 I"\ e
0 e e ——— i
o 5 10 15 20 25 min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU ] %

1 19.571 8B 0.3563 3312.99048 144.05716 50.1175
2 22.031 BB 0.3932 3297.45850 128.56339 49.8825

Totals : 6610.44897 272.62054
DAD1 C, Sig=214 .4 Ref=360,100 (JB CYF-5-122\CYF-5-122-0D3-80-05ML.D)
mAU 0 0] 8
N7 P4
250 ~ S/ ¢
150 ’ | I|
0 Ph{OH OMe .
&0 ! 3 | L g
0 e S ri e e —— L b S .
T T T T 1 T T u T y T T T
0 5 10 15 20 25 miny

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

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

1 19.655 BB 0.3678 6316.80273 265.27060 96.0805
2 22.227 BB 0.3804 257.68695 9.94211 3.9195

Totals : 6574.48969 275.21271
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DAD1 C, Sig=214 4 Ref=360,100 (J:\E 5-128 2018-12-12 22-42-16\CYF-5-128-RAC.D)

mAU Br 1= o
o O\\ //() g %
$ ﬁ L

| |
50 O n i
40 B
30 Ph RER!

1 | |I
20 OH ]
10 B rac-4 _.rl \t‘l \
04— T e e —_—e = M — ieg

" o 2 3% 4 s e 7 m

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e B e |- mmmee e |-=mee |
1 40.637 BB 0.9430 5680.95166 87.78540 49.9983
2 43.991 BB 1.0263 5681.33496 81.19753 50.0017

Totals : 1.13623e4 168.98293
DAD1 C, Sig=214,4 Ref=360,100 (J1E 5-128 2018-12-12 22-42-16\CYF-5-128.D)
mAl - ~
O Br 2
O\ /7 5
400 S 1
S 1
300 /><:O | I'.
200 \
Ph |
100 OH || \ §
. g = s 4._' R — - '.\‘V\'? — ey — ; ;
10 20 30 40 50 80 70 mir{

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

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

1 40.557 BB 1.0312 3.49591e4  496.64200 96.4715
2 44.228 BB 0.8974 1278.63330  19.80105 3.5285

Totals : 3.62377e4  516.44305
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DAD1 C, Sig=214 4 Ref=360,100 (JAG CYF-2-CL\CYF-2-CL 2019-01-22 12-45-03\CYF-2-CL-RAC.D)

mAU ] O g 8
400 O\\S// & 8
] / " I
300] ><: 0] I| -
| ||
200 | '|
100 — " OH II I'-. ,'I '.
- A It aC-5 - I'; ;I I".
0 S| S L VY W LS . T
0 5; 1I0 'I|5 2|0 2|5 3‘0 3IS mir
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 29.092 BV 0.4894 1.3043%4  411.93097 49.9016
2 30.932 VB 0.5126 1.30953e4  391.18246 50.0984

Totals : 2.61392e4  803.11343
DADI C, Sig=214.4 Ref=360,100 (JAG CYF-2-CLICYF-2-CL 2019-01-22 1245-03ICYF-2-CLD)

o

700 Os //O &

600 -3 ,S I'im

500 //<:O (|

4004 g A

300 '

2004 Ph OH !| I:I =

1003 [ 2
U—E'— S .’\...1‘\_._.-. e 5 u y L/l?\- y

T T T T
10 15 20 25 30 35 min

0 5
Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e EEEER R | e | mmmees |--mee |
1 29.056 BV 0.4913 2.25506e4  704.79889 95.4932
2 31.013 VB ©0.5132 1064.28271  31.25978 4.5068

Totals : 2.3614%4  736.05867
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DAD1 C, Sig=214,4 Ref=360,100 (J:\\F CYF-5-126\CYF-RAC-5-126-0D3-80-06ML.D)
mAL

250 O\\ //O gl' g
- /S\©/002Me I| ;I .'n’;
O | I‘ I
150 | | |
|1 \
100 Ph><: iy I
50 OH .'I \ |\
D e !’-.\_ - raC-G - -—-Ujll. II_‘\b__ — I_jll 1‘.\.-_ “—
6 2I.S I é '."I.5 I IIO I I2!.5I II5 I 1?I.5 ZIU mir|
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.421 VB 0.3187 5588.94531 270.92761 49.6770

2 19.324 BB 0.3793 5661.63232 229.92053 50.3230
Totals 1.12506e4  500.84814
) DAD1 C, Sig=214 4 Ref=360,100 (J:\F CYF-5-126\CYF-5-126-0D3-80-06ML.D)
003 o. 0 g
600 \/S COs,Me ,r'l
500 O | :
400—: /z}<: \©/ |I |I
ok I GNP 1
100 6 1t &
03— E——— . L~ L e —
T " " P T P
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU ] %
] EEEEEE e |-mmme |mmme |--me e |
1 16.406 VB 0.3213 1.54474e4  740.68158 95.5041
2 19.338 BB 0.4242 727.19312 26.33344  4.4959
Totals : 1.61746e4 767.01502
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DAD1 B, Sig=214,4 Ref=360,100 (J\H CYF-3-CN\CYF-RAC-3-CN-AZ3-70-07ML.D)
mAU g §
700 = O\ // IRIII I&
600 - I A
500 = | A
sk t><:: \[::j/ I B
zﬁ _ P h OH |I. ';IIII :.I I".I\
g | Sy 1ac-7 - . .___._-" Nomad XMoo
o s 2 2
Signal 2: DADI B, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S B R e R | mmemee |-meeee- |
1 21.075 BB 0.5304 3.03276e4  866.30450 50.0004
2 24,552 BB 0.6427 3.03271e4  718.09961 49.9996
Totals 6.06547e4 1584.40411
DAD1 B, Sig=214 4 Ref=360,100 (J:\\H CYF-3-CN\CYF-3-CN-AZ3-70-07ML.D)
mAU g
600 O\ // ﬁ
500 S
I CAC
o Ph oH .' .
]OE A '__ = S, P— ___._,: 5._ a
R T T S 5 mi
Signal 2: DAD1 B, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R R R | -mmmee |-ommeee |- mee |
1 21.049 BB 0.5159 2.50874e4  735.60181 97.4477
2 24.769 BB 0.5425 657.07574 17.48202 2.9023
Totals 2.57445e4  753.08382
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DAD1 C, Sig=214.4 Ref=360,100 (J

\D CYF-5-12NCYF-RAC-5-127-0D3-80-05ML.D)

mAU 3 0 % 5
2 Oy T
125 O | il il
1004 ><: \©\ [ 1 .l |
753 CN [ |\
50 Ph OH I [\
2:: o= _,J»_,.._._r.‘a_g.'.'s— e SN _u':_\_‘._.| u'll \_,_
T s T T T T T T s T T T T T T Ta T T i
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R e |- mmmee |-mmmeee |---me e |
1 28.392 BB 0.5647 7239.03174 196.98079 50.0401
2 33.127 BB 0.6515 7227.41699 171.53909 49.9599
Totals 1.44664e4  368.51988
DAD1 C, Sig=214 4 Ref=360,100 (J\D CYF-5-12T\CYF-5-127-0D3-80-05ML.D)
mAU 0 g
o O\ / g
80 \/S/ '"'.
A
:E Ph OH CN I'! I';II %
. N e

10 15 20 25 30 35 mirf

5
Signal 3: DAD1 C, Sig=214,4 Ref=360,100

0

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] EEEEES |- em]mme e | mmemees | mmmees |-emee |
1 28.176 BB 0.5618 3568.46948 97.76511 97.1027
2 32.998 BB 0.4994 106.47512 2.55890 2.8973
Totals : 3674.94460 100.32402
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DAD1 A, Sig=254 .4 Ref=360,100 (J\C 5-123 2018-12-04 16-54-01\CYF-5-123-RAC2.D)
mAU 4 O "‘i E
O I
40 / I I
- NO i'l i. I;
TZ—- il OH : I [
0_: e . rac-9 NS I T . T
5 1w s T2 25 7 3 m
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 18.547 BB 0.4033 1540.53479 59.26131 50.0490
2 22.477 BB 0.4863 1537.52075 48.97441 49.9510

Totals : 3078.05554 108.23572
DAD1 A, Sig=254 4 Ref=360,100 (J:)\C 5-123 2018-12-04 16-54-01"CYF-5-123.D)
mAL - o
g
200 O\\/S/ i
1004 ‘. I
NO [
50 Ph OH 2 | 2
0 - -9 - e
R S S S S -
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 18.518 BB 8.4073 6512.91992 247.26157 97.1952
2 22.554 BB 0.4841 187.94423 5.95738 2.8048

Totals : 6700.86415 253.21895
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mAU

DAD1 C, Sig=214 4 Ref=360,100 (J\I CYF-2-NAPH\CYF-RAC-2-NAPH-0D3-80-05ML.D)

500 O\\S//O |§ g
400 / I I
300—_ I' | f i
200—; Ph><:OH .! I';I .':
L 10 5 T 1
0 T 2].5 S f[x T ?!.5 e 'EIO T .12|.5I T II5 S lﬁl’\ o 210 ‘ 22|5' mir
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ceefemeee R O R s |« -emme e |
1 18.110 BB 0.3345 1.18807e4  549.04218 49.8904
2 21.014 BB ©0.3941 1.1932%4  467.00278 50.1096
Totals : 2.38136e4 1016.04495
¥ DAD1 C, Sig=214 4 Ref=360,100 (J:\ CYF-2-NAPH\CYF-2-NAPH-OD3-80-05ML-R.D)
vl 02 :
800 \/S O iil'
400 | I;
200 Ph OH !I \ §
0] 10 e .__‘—-4."' I\\._ L /8\_ e
0 T 2?5I o fly T ?I.SI o IIO o I12I.5I o 'f|5 o Il?I.SI Y 2IU L I22l_5. o ;nin
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R I R | mmmee | mmmee |mmee |
1 17.946 VB ©0.3326 2.29115e4 1058.11353 95.5153

2 20.826 BB 0.4251 1075.75134

Totals :

37.67390

4.4847

2.39872e4 1095.78743
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DAD1 B, Sig=214.4 Ref=360,100 (J:\J 5-134-R 2018-12-18 18-32-24\CYF-5-134-RAC.D)

mAU e b

o 0P .

250 ~S. || Il

200 - d Ph !.I l'.!

150 | | I |

100 Ph><:OH i 51 |i Ii.

2 rac-11 EEE]

0 — —— — e D —t ) —

(O T T
Signal 2: DAD1 B, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 19.715 BB 0.3459 7290.31738 324.71332 49.9950
2 21.823 BB ©.3852 7291.76904 290.15915 50.0050

Totals : 1.45821e4 614.87247
DAD1 B, Sig=214,4 Ref=360,100 (J:\J 5-134-R 2018-12-18 18-32-24\CYF-5-134.D)
mAU O g
Os v/ S
200 S. 1i
50 d Ph ‘I i'
100 I
Ph |
50 OH fa 8
11 |\ b
0 o {\_._ s - = = = e — ILLI k.!__‘_l./f.\“l.:\._l - - - = = =
(IJ f]) I]O 'I]5 2[0 2]5 [ulli

Signal 2: DAD1 B, Sig=214,4 Ref=360,100

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

e R P [<ommmmeees [<emmmmeees |-ommmee |

1 19.673 BB 0.3518 5284.06445 231.88922 96.3103
2 21.855 BB 0.3739 202.43370 6.90801  3.6897

Totals : 5486.49815 238.79723
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DAD1 C, Sig=214.4 Ref=360,100 (EACHEM32\1\DATAICYF\7-51AND OTHERS 2020-07-09 22-38-32\7-51-RAC.D)

mAU - 8
- o -
5003 0O Ph | 1".'
400 oh N || |
300 | |
3003 OH o
100 rac-12 ik 1l
Eliocae e geear soee el e o N Renpe st
R R N miry
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R |-=n ] mmmeee |- mm e R |- mmeee |
1 22.763 VW R 0.4712 2.64663e4  793.42444 49.9860
2 25.463 BV R 0.4760 2.64812e4  721.82117 50.0140
Totals : 5.29475e4 1515.24561
DAD1 C, Sig=214 4 Ref=360,100 (E\CHEM32\1\DATA\CYF\7-51AND OTHERS 2020-07-09 22-38-32\7-51.0)
mAU g
s 0.0 |
500 N | |
400 ) O’ Ph [
300 /}<: [ |
200 |1 o
| Ph (1 2
n’g ..__/_“‘“-—______,.___.;_‘;(.)_H it it u "\' oy 2 — ——
5 2 o 45 T T R
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

ceonf e R |-ommmmeee | -ommmeeee <o |

1 22.845 VB R 0.4042 2.68053e4  801.42841 96.8794
2 25.680 MM R ©0.7481 863.42938 19.23664 3.1206

Totals : 2.76687e4  820.66504
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DAD1 C, Sig=214 4 Ref=360,100 (J/HPLC-JNC\O J-1-9410 JNC-1-94-RACE.D)

mAU 3 - o
1753 Os //O § %
$§§ g Ph i !1
IUO—E Il !I | ;,
0 P \—oH AT
5 _ A~fEcts ] \ %
' 5 10 s 0 25 o
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]
B I R R | -memme e R |
1 21.497 BB 0.4650 6125.73096 204.75266 49.9619
2 24.179 BB 0.5235 6135.07227 180.99455 50.0381
Totals 1.22608e4 385.74721
DAD1 C, Sig=214 4 Ref=360,100 (J/'HPLC-JNC\O J-1-9410 JNC-1-94-CHIRAL D)
ma\U__ §
800 Os //O F«
600—: O’ “Ph | '!
400 ., || lu‘
200—: Ph OH I! I-, =
o D e s = et
IR T T " i

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]
e SRR |--me | mm e |--mmmmee |--mmemeee [--me e |
1 21.190 BB 0.4082 2.52645e4  956.27551 97.8889
2 23.900 BB 0.4575 544.86035 18.29020 2.1111
Totals 2.58093e4 974.56571
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DAD1 C, Sig=214.4 Ref=360,100 (JAHPLC-JNC\Q J-1-11TWNC-1-11TRACE D)

mnu: O & 2
Bro.  Osg § 3
120 " Ph A N
0 \L><::O N\
- Ph AU
bk N OH )
22: AL Lo i & \_1;/"
' 0 45 20 25 30 35 40 45  mn
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e RO |<=== |- mee- R e |« om e ee |
1 40.729 BB 1.1421 1.24472e4  146.08464 49.9344
2 45.276 BB 1.2531 1.24799%4  131.99074 50.0656
Totals : 2.49271e4  278.07538
DAD1 C, Sig=214 4 Ref=360,100 (J\HPLC-JNC'Q J-1-117WJNC-1-117CHIRAL.D)
mAU 7 o 8
600 ¢
o] BnOW O\\S//\Ph -"%x
400 / [ i
200 Ph oy
100 OH g i 3
0 allime A14 R -../"’“-,__,;JJ \_._r
1] é IIO 'Ilfv 2:3 2I5 3|i] 3IS 4|0 4I5 miry
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Rl REEEE R R |--emeeee R s | <-- e |
1 40.855 BB ©0.9825 2172.73169  26.33521 3.6210
2 44.965 BB 1.4234 5.78305e4 575.96515 96.3790
Totals :

6.00033e4  602.30036
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DAD1 C, Sig=214 4 Ref=360,100 (J'\HPLC-JNC\P J-1-96\P JNC-1-96-RACE.D)

mAU 3 Cl i 8
350 O\\ /7 ﬁ E
23: " “Ph :I [
0 i |
200 3 [ | |
150 -3 |\ |
i Fh OH I ; \
o rac5 ;e . () S
R T T T T e mir]
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 20.444 BB 0.4186 1.05288e4  390.50967 49.8595
2 25.936 BB 0.5536 1.05881e4  295.79929 50.1405

Totals : 2.1116%e4 686.30896
DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC-JNC'P J-1-96\P JNC-1-96-CHIRAL.D)
mAU Cl §
500 H O\\S/,O f
400 ~ [\
3%% /}<:d Ph I| |II
200 g : I .
100 Ph OH |\ g
- — 15 - — o L D —
' R "5 T " i
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

R P P |==mmemmes |=mmmemmes | =-mmmeee |

1 20.230 BB 0.4582 1.74597e4  578.41498 94.2752
2 25:957 BB 0.5397 1060.22070  30.48491 5.7248

Totals : 1.85199%4  608.89989
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DAD1 D, Sig=214 4 Ref=360,100 (J'\K CYF-5-138\CYF-RAC-5-138-1A-80-05ML.D)

- Os : g
1000 - S8 fl &
800 ¥ g Pn i i
6003 If '. .'I
st " —on
s ra_c-16_ Sy TS L‘J—\—'—
0 25 5 75 10 125 15 175 20 225 mirf
Signal 4: DAD1 D, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e EECRES == mm e |- emenee | = me e [==mmmee |
1 17.735 BB 0.3597 2.91049e4 1258.84668 49.7203
2 22.054 BB 0.4719 2.94324e4 975.66431 50.2797
Totals 5.85373e4 2234.51099
DAD1 D, Sig=214 4 Refl=360,100 (J:\K CYF-5-138\CYF-5-138-1A-80-05ML D)
mAU ] 5
O\ // I'?
800 ~ "
Ph S~ i
i g P I
400 - g .i III
200 il OH il | =
16 I\ 3
0 — . — . B E— . S |_| —— "__'. I"_I .l‘, . \rh" . 'tl — l"_“_1' — 7
2I.5 é ?!5 1I{J 12I.5 'I|5 ‘Ii‘|’.5 2IO 22|.5 min
Signal 4: DAD1 D, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Sl R R R | -mmmeee |-=nmee- |
1 17.957 BB 0.3596 2.01939%e4 873.74371 98.9850
2 22.411 BB 0.4158 207.06618 7.84785 1.0150
Totals : 2.04010e4 881.59157
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DAD1 A, Sig=210,4 Ref=360,100 (J)HPLC-JNCY J-1-137 2019-05-31 17-44-30\NC-1-137RACE-2.0)

mAU: —\ 2 §
ot o_ O O\\S'/O A :
:;2: 1<:O/ Ph .: i’:I I:I \
75 [ | A
0 Ph™ \—oH [\
22:,_ = ‘\J':I‘"\_ racA7 ud I\_, ) \\__,_. —
R SRR SRR SRR S R S I T S
Signal 1: DAD1 A, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el EESEES e e | -ommemee | mmmees |-emee |
1 12.897 BB 0.4878 6058.05176 185.09772 50.0626
2 15.721 BB 0.5898 6042.91260 151.36731 49.9374
Totals : 1.21010e4 336.46503
DAD1 A, Sig=210,4 Ref=360,100 (JAHPLC-JNCYY J-1-137 2019-05-31 17-44-30WNC-1-137CHIRAL.D)
mAl 3 [\ 2
303 O O Osd E
2503 /S\ Ph ill
200 , 0] k)
150 3 > f
100- Ph™ \_oH i i
50 A [\ i
o3 St 17 R B, TR S "
0 I TR T T S T " T
Signal 1: DAD1 A, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e BETEREE e R |<-mmee e [<mmme e |<-me oo |
1 12.899 BB 0.4847 9648.34375 297.27383 96.4599
2 15.757 BB 0.4924 354.09372 8.89554  3.5401
Totals : 1.00024e4 306.16937
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DAD1 C, Sig=214 .4 Ref=360,100 (JAHPLC-JNCN J-1-119JNC-1-119RAC-IC2-8020- TML-30MIN.D)

mAU 3 b}
800 O 7 ﬁ e
o] ds\Ph ;ﬁ ﬂ
A | II:, | I1'|
200 Ph OH I'I I'-\I ,1':' ‘
0 rac-18 ) T R TP M.
T TR TR TR T T R R T T
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 13.794 BB 0.4044 2.26347e4  850.85217 49.9647
2 16.262 BB 0.4816 2.26667e4  715.40497 50.0353

Totals : 4.53013e4 1566.25714
DAD1 C, Sig=214 .4 Ref=360,100 (JAHPLC-JNC'N J-1-110JNC-1-119CHIRAL-IC2-8020- TML-30MIN.D)
mAU 3 0 8
1750 ~ 7/, o
1500 ﬁ \/S/\ ﬂ
1250 0 Ph [
1000 ’}<: J A
i " \—on g
: 18 5 i &
252 - B i\ I = e \
0 |2 ‘It é- é IID 1|2 114 IIS !IS miry
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 13.836 BB 0.4227 1519.28662 52.95740  2.5934
2 16.205 BB 0.4971 5.70629%e4 1746.67407 97.4066

Totals : 5.85821e4 1799.63147
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DAD1 C, Sig=214 4 Ref=360,100 (J\HPLC-JNC'M J-1-77'"M JNC-1-77-RACE.D)
mAU

g 3
EEE S O\\/S//(\)Ph .'g ;:.
250 O ! ||. [
200 o O
e """ \—oH I
% P ot T & AT

5 10 15 20 25 30 35 mir|
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

] R |==mn = mmeee |=mmmmenme |=nmmmmnee | =emmmeee |
1 29.524 BV 0.6132 1.76897e4  449.40564 49.8741
2 31.545 VB 0.6574 1.77790e4  415.30038 50.1259

Totals : 3.54687e4  864.70602

DAD1 C, Sig=214 4 Ref=360,100 (J'HPLC-JNC\M J-1-TTIM JNC-1-77-CHIRAL.D)

mAL =

. 8
i I QU N i
o g P i
100 3 /}<: | I|
753 ||
504 Ph OH |

S T T S A\
s 40 45 20 25 3 35
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

S R R P |=mmmmmme |- mmmme - | ==mmmeee |
1 29.615 BB 0.4645 161.02058 4.,20716 1.6608
2 31.621 BB 0.6682 9534.49609 223.29117 98.3392

Totals : 9695.51668 227.49833
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DAD1 C, Sig=214 4 Ref=360,100 (J:\L CYF-5-135\CYF-RAC-5-135-AZ3-70-05ML.D)
mau-g 0 % 3
mi IO i
|50—§ d Ph i i', ,'I IE
100 [ '.I I
o P Non o\
] rac-20 T
0] 2. N - o Tl AR M. W . -
o s 40 45 2 5 mif
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
I R |-=ee | mee- |--mmme e R s [<mme e |
1 21.673 BB 0.4325 6663.60986 233.82124 50.1063
2 23.491 BB 0.4715 6635.34180 214.12151 49.8937
Totals 1.32990e4 447 .94275
DAD1 C, Sig=214 4 Rel=360,100 (J:\L CYF-5-135\CYF-5-135-AZ3-70-05ML-R.D)
mAU %
1000 0] 5
wi IO |
o0 g Ph i
400 /'/<: | ';I
2001 Ph OH |\ %
I E— 120{ S l\qfﬁﬁw —

10 15 20 25 miry

0 5
Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S EEEE B |- omeemee s |<-me e |
1 21.554 BB 0.4431 2.96180e4 1013.07269 97.6624
2 23.417 BB 0.4535 708.90771  23.66096 2.3376
Totals : 3.03269e4 1036.73365
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DAD1 A, Sig=210,4 Ref=360,100 (CYF\CYF-RAC-6-12-0D3-90-05ML.D)

mAU 3
it | osg
00
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TP o
O E— .f_Lac721 —

\/S - P

— e e

335
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T —r——
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20 25

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

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

e EEEE R R |-memeee | --mmmeee |--meee |
1 33.275 BB 0.6829 3.01701e4
2 37.040 BB 0.7023 3.00936e4

Totals 6.02636e4
DAD1 A, Sig=210,4 Ref=360,100 (CYF\CYF-6-12-OD3-90-05ML-R D)

mAU -

7004 /)

o I Osgr

400—: O

it Ph™ \—oH

o3 — 24 —
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635.71606 49.9365

1301.26703

T
10

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

Peak RetTime Type Width Area
# [min] [min] [mAU*s ]
el EEEEEE === | meeee |- mmemee |- mmmeeeee |--meeee |
1 32.384 VB 0.6700 3.55325e4
2 36.347 BB 0.5735 886.38678
Totals 3.64188e4

791.15167 97.5661
20.45714

811.60882
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DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC-JNCU J-1-09U J-99RACE.D)

mAU 3 0 g 8
at:- Os //\ ;"
s o ™
2003 F II I'! :I I",
150 OH B |\
100 [\ f\
SE:_._'/L___ 7 rac-22 - 3 \\_ e A N
1] :I"n I ' IIO ' I I ) IIS I I 2ID I I ' 2|5 min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] SR P | -=mm e R s == mm |
1 18.062 BB 0.5412 1.37816e4 379.94040 48.4019
2 21.356 BB 0.6594 1.46916e4 330.02811 51.5981
Totals : 2.84732e4 709.96851
DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC-JNC\U J- I-99'-.U€?9CHIRAL.D]
mAU N // "F“
i g
pont F : A
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400 2 |\
o I Y 7 Srnasaiee o ]
0 é 1ID 1I5 2|D 2[5 miry
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e P |==mmeeee |===mmm e |- mmee- |
1 17.998 BB 0.5591 6059.41992 160.27577 8.2080

2 21.117 BB

Totals

0.6865 6.77639%9e4 1462.68982 91.7920

7.38233e4 1622.96559
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DAD1 C, Sig=214 4 Ref=360,100 (J'\HPLC-JNC\Z J-1-154 2019-06-04 15-55-33WNC-1-154RACE2.D)

O ©
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Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
R TR R R | --emee e | <-eeme e | <-= e |
1 13.431 VB 0.4069 3.00337e4 1112.82178 49.8426

2 17.208 BB 0.5322 3.02234e4  859.51923 50.1574
Totals : 6.02571e4 1972.34100

DAD1 C, Sig=214 4 Ref=360,100 (JOHPLC-JNC\Z J-1-154 2019-06-04 15-55-33WNC-1-154CHIRAL.D)

750 pe #

o A
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1000 4 ; o)

7504 EX{OH J A

5003 Br ¢ [\

250 & f \
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Signal 3: DAD1 C, Sig=214,4 Ref=360,100

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

1 13.464 BB 0.4175 4041.71436 143.11044  5.9220
2 17.146 BB 0.5609 6.42076e4 1746.52466 94.0780

Totals : 6.82493e4 1889.63510
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DAD1 C, Sig=214 4 Rel=360,100 (JAHPLC-JNC\S J-1-100\S J-100RACE.D)

n;?:— O\\ /, /() E g
200 Cl | I". [
:;‘E E OH | i_\‘ ;r \
o _ rac24 g J %
0 5 10 5 20 25 mid
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 16.359 BB 0.4930 1.19515e4  362.14798 49.2865
2 20.666 BB 0.6239 1.22975e4  294.03146 50.7135

Totals : 2.42491e4  656.17944

DAD1 C, Sig=214.4 Ref=360,100 (JAHPLC-JNC\S J-1-1001S J-100CHIRAL.D)
=< 0f
- e
£ I NN
2003 OH § | \
1004 . gi
'E 24 Y R .
[ ‘.If) IIO 1!5 2|0 2|5 mir|
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

S e P | =mmmemnes |=mmmmmmees |==mm e |
1 16.364 BB 0.5167 2231.01001 63.68486 7.5066

2 20.607 BB 0.6386 2.74896e4 648.39532 92.4934
Totals : 2.97206e4 712.08019
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DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC -8(:'-.1’ J-1-981T J-1-98RAC-0D3-9010-03ML-45MIN.D}
mAU ] N 2 8
g P
21 FsC AEA
150 - OH ; Ii'-. ;' ".I‘
it A\ .'! \ :'I III‘\
e r80:25 M el
s T T T s T s s s a0 " min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e P P s [<emmmneees | -mmmmeeee- |<ommmee |

1 37.3689 BV 0.9164 2.60903e4  421.33765 49.9609
2 40.450 VB 1.0544 2.61312e4  367.12762 50.0391

Totals : 5.22215e4  788.46527
DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC-JNCIT J-1-28\T J-1-98CHIRAL-OD3-9010-03ML-40MIN.D)
mAU 3 o /O E
1754 QS:Ph ]
g / {
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75 | |
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22:5 W | _ 25 S \\_'/?\__'_ |
s T T T T T s T T T T T T T s a0 md
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 37.210 BB 0.8851 1.25468e4  210.58719 92.0208
2 40.285 BB 1.0576 1087.94312 14.17150 7.9792

Totals : 1.36348e4  224.75869
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DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC-JNC'V J-1-1300J-1-130-0408RACE-9010.0)
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Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s ] [mAU] %

1 29.443 BB 0.8305 8666.94141 158.35564 50.3687
2 41.848 BB 1.1140 8540.05371 110.21272 49.6313

Totals : 1.72070e4  268.56835
DAD1 C, Sig=214,4 Ref=360,100 (J/'HPLC-JNCWV J-1-130WJ-1-130-0408CHIRAL-9010.D)
i Osl g
1503 > Ilvll
1253 , O/ Ph [ 1
1004 5P !i \
;:: | OH 2 :'I l"'.
25 ¢ b ] A
04— N .'l'_.__Bi__.._,_ . Y. S—— N . (Y S
Ela IIO 1|5 2I0 2|5 3|0 3IS 4|0 4|5 min|
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

e R P P |=mmmme - |=mmmmmee- |==mmmeee |
1 29.619 BB 0.5906 484.02200 9.69248 3.0644

2 41.909 BB 1.1662 1.53110e4  196.68939 96.9356

Totals : 1.57950e4  206.38187
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DAD1 C, Sig=214 4 Ref=360,100 (JA'HPLC-JNC'R J-1-127JNC-1-127RACE-IC1-8515-08ML-3UL-TOMIN.D)
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Signal 3: DAD1 C, Sig=214,4 Ref=360,100

k | \
II I\‘I s ./"II \,7 =

G0

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
ORI EEEEE el e |- eeeee |- meeeee | <-eeee- |
1 46.184 BB 1.2733 1.62088e4  179.53838 50.6514
2 60.411 BB 1.3983 1.57919e4  134.25790 49.3486
Totals : 3.20008e4  313.79628
DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC-JNC'R J-1-127WUNC-1-127CHIRAL-IC1-8515-08ML-1UL-50MIN.D)
mAU_f O\ //() §
300—: \/S\ $
250 . o Ph .'I \
200 " [\
ot OH |\
80 s [\
o R I WO | A e |
0 lID 2IU 310 410 ‘SI{'J GIO mir}
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e B |--me|memeee [ mmemee [-mmemee |--meeeee |
1 46.090 BB ©0.9952 1519.08008 18.02513 3.8625
2 58.991 BB 1.6451 3.78102e4  312.15445 96.1375
Totals 3.93293e4  330.17958
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DAD1 D, Sig=214 4 Ref=360,100 (CYF\CYF-RAC-5-01-0D3-90-04ML D)

pe -
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- N S o .Y .

SR T S A " Irni_r]

Signal 4: DAD1 D, Sig=214,4 Ref=360,100

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

1 23.274 BV 0.3998 4392.04834 167.58720 49.9583
2 24.817 VB 0.4238 4399.38037 158.51543 50.0417

Totals : 8791.42871 326.10263
DAD1 D, Sig=214 4 Ref=360,100 (CYF\CYF-5-01-0D3-20-04ML.D)
m.nlU_; Os //O g
0 g P i
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2004 OH | |
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100 | !'. %
50'5 28 | Y a
L e = : —_—— e e
EI» 1|0 1|5 Z’D 2|5 min
Signal 4: DAD1 D, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 23.049 BB 0.4028 1.19484e4  451.41046 96.7776
2 24.654 BB 0.3897 397.85120 15.28601 3.2224

Totals : 1.23463e4  466.69647
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DAD1 C, Sig=214 4 Ref=360,100 (JAHPLC-JNCW J-1-111'W J-111RACE.D)
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Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el EEEEE e |--mmee e |--memeee <= mee |
1 22.612 BB 0.6586 7538.25537 170.22421 50.1406
2 29.279 BB 0.8446 7495.96533 131.19647 49.8594

Totals : 1.50342e4 301.42068
DAD1 C, S5ig=214 4 Ref=360, 100 (JAHPLC-JNCYW J-1-111'W J-111CHIRAL.D)
mAU 7]
800} Os ’/O §
S ph B
600 . 0 I
400 . [\
74 - 3
200 ’ OH @ .: ﬁ'\
. . e o 29 g I . SN B
R TR R TN T D il

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

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

1 22.638 BB 0.6518 2808.64746  62.80257 4.5239
2 29.065 BB 0.9275 5.92758e4  953.26880 95.4761

Totals : 6.20844e4 1016.07137
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min
PDA Ch2 216nm
Peak#|Ret. Time Area Area%
1 18. 032 8502427 50. 071
2 20. 537 8478254 49, 929
mAU
750~ oc_c PDA Multi 2 216nm, 4nm
500—~ Os //O \
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, o l|
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min
PDA Ch2 216nm
Peak#|Ret. Time Area Area%
1 17. 948 18703727 89. 359
2 20. 691 2227374 10. 641
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DAD1 C, Sig=210,4 Ref=360, 100 (D\CHEM32/1\DATAICYF\7-61-R 2020-07-21 16-50-3117-61-RACZ.D}
mAlU (0]
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Signal 3: DAD1 C, Sig=210,4 Ref=360,100

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

1 24.676 BB 0.6711 4358.09082  93.27851 50.6129
2 28.238 BB 0.9044 4252.54053 55.72058 49.3871

Totals : 8610.63135 148.99910
DADT C. $ig=210,4 Ref=380, 100 (DCHEM32 QAT AICYFI7-61-R 2020-07-21 16-56-3117-61.0)
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Signal 3: DAD1 C, Sig=210,4 Ref=360,100

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

1 24.496 BB 0.6814 7145.81738 154.56819 92.5157
2 28.337 BB 0.9032 578.07666 7.56759  7.4843

Totals : 7723.89404 162.13578
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PDA Multi 2 214nm, 4nn
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min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 20. 156 4817879 50. 226
2 35. 585 4774471 49. 774
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PeakZ|Ret. Time Area Area%
1 20.073 1508858 2.650
2 34. 663 55419143 97. 350
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Peak#[Ret. Time Area Area%
1 43. 054 16181251 50. 797
2 49. 540 15673499 49. 203
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Peak#|Ret. Time Area Area%
1 43. 689 3970147 6. 606
2 49. 065 56127057 93. 394
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Detector A Chl 214nm
Peak#|Ret. Time Area Area%
1 32.599 7974609 50. 027
2 36. 482 7965842 49, 973
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Peak#|Ret. Time Area Area%
1 32. 563 799560 2. 267
2 35. 697 34465827 97.733
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1 30. 963 966334 49. 344
: 35. 610 992047 50. 656
mV
] Detector A Ch2 254nm
100 0
: :
i O/
] CszN\<: \©\ )
50 o OMe \
: B \—on
] 35 & \
i = [
0 i — - —L S
0 10 20 30 40 50
min
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Peak#|Ret. Time Area Area%
1 31. 027 93811 2.789
2 35..375 3269394 97. 211
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1 27.823 126589 2:372
2 30. 496 5209174 97.628
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1 S. ® g
50 O/ Ph = =
! "o |
25 OH H
. rac-47 J \
SR T T S| T — 1 T T T T 1 7 v T T T 7
0 10 20 30 10 50
min
PDA Chl 216nm
T Hight Area Area®
44. 829 45687 2970689 50. 336
48. 180 39799 2931023 19. 664
mAU
6007 PDA Wulti 1 216nm, ing
500 f
100
] O~z '
300 o \
] o Ph '
2007 HO\<: ‘ \
] N
i OH .
] 47 s
G_ A )If\ i i
T I L T I T I T T T I T T
0 10 20 30 10 30 ‘
min
PDA Chl 216nm
T Hight Area Area%
43. 633 116816 350841052 08. 563
48. 045 6508 511615 1.437
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mAU

200 PDA Multi 1 214nm, indl
150
100—_ O\\ 7 EE
1 7 Ph 3 &
! Ho /" © A
50- f‘
] OH | \ f
1 . rac-48 J \\A /
0 AL S 7
T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
0 10 20 30 10 50 _
min
PDA Chl 214nm
Peak#|Ret. Time Area Area
1 14. 737 5170923 50. 422
2 55. 767 5081411 19.578
mAU
0 PDA Wulti 1 21inm, in]
] e
200~
] O\\S//O /f\
1 g Ph \
100 HO \
b \\‘~ 5
| " \—on |
] 48 g |
L e e - AN .
T T T T I T T T T T T T T ! T T T T '| T T T T ! T T T T
0 10 20 30 10 50 _
min
PDA Chl 214nm
PeakZ|Ret. Time Area Area%
1 15.133 862927 1. 351
2 55.976 | 18957529 95. 616




DAD1 A, Sig=214 4 Ref=360,100 (DACHEM32\ . 145 AND 146 2019-11-27 11-33-161Y-4-145-RAC-IF-70-30-08ML.D)

mAU % 3
1 L]

1200 Osg 2 8
~ \ fi

1000 O/ Ph i 0
8001 HO \ A
600 14 B
4004 | OH I A e
\ A

200 rac-49 .' \ |

O e e e e

T T
10 15 20 25 30 miry

0 5
Signal 1: DAD1 A, Sig=214,4 Ref=360,100

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

1 19.097 BB 0.5927 5.49300e4 1361.50183 49.6119
2 25.903 BB ©.7202 5.57893e4 1137.53833 50.3881

Totals : 1.10719e5 2499.04016
ik DAD1 A, Sig=214 4 Ref=360,100 (DACHEM32\.. -144 145 AND 146 2019-11-27 11-33-161Y-4-145-IF-70-30-08ML.D)
n;;z- O\\ /7 @
500 3 ~ &
w: HO\<:O/ o A
3003 o i
2003 | OH g I;' II'-.
. ® D 2 N -
0 IS Ii{] I|5 2Il'l 2|5 SIO miry
Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 19.696 BB 0.4271 223.91586 7.44110  1.2765
2 26.139 BB 0.6353 1.73174e4  414.63785 98.7235

Totals : 1.75413e4 422.07895
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DAD1 A, Sig=214 4 Ref=360,100 (DA\CHEM32\ . 145 AND 146 2019-11-27 11-33-161Y-4-144-RAC-IF-70-30-08ML D)

mAU ] O §
12004 Osg/ e 3
1000 /" ~Ph I o
800 HO O [ g'] |
600 [ A
400 OH | |
E / _ | I:'. I".
202_ ~ rac-50 e o R o Bt
o 5 7 T T T T T T T T T T T s T T T i
Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 16.566 BB 0.4341 3.36574e4 1175.45862 49.7711
2 22.945 BB 0.5477 3.39670e4  957.85992 50.2289

Totals : 6.76245e4 2133.31854
DAD1T A, Slg=214_4 Ref=360,100 (DACHEM32\...-144 145 AND 146 2019-11-27 11-33-16\Y-4-144-IF-70-30-08ML.D)
mAU O\\ //O
1200 N
~~>Ph

1000 0O
800 H O\<:

600 W

400 ) OH
200 =

23016

16,896

1] i 5q - P S—— I — wal J'II \

Signal 1: DAD1 #, Sig=214,4 Ref=360,100 .
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 16.896 BB 0.3851 994.24774  39.03794  3.0223
2 23.016 BB 0.5443 3.19023e4  902.72003 96.9777

Totals : 3.28966e4  941.75797
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DAD1 A, Sig=214 4 Ref=360,100 (D\CHEM32\1\DATAVYUZLY-4-146-RAC-IF-85-15-06ML.D)

mAU
250—2 O\\S//\
2004 g Pbh
- % g
- Z —oH AN
0_§ _,\..Jl'.__.‘_ . __f\.rEC-51 - - et e e u’ll .\t/: k-.—
R T T A T T T
Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

S R R P |=mmmmemee | =mmmmmee |==mmmeee |
1 69.688 BB 1.4905 1.04227e4 95.26035 48.6567

2 74.477 BB 1.5120 1.09982e4 95,32996 51.3433

Totals : 2.14210e4 190.59031
DAD1 A, Sig=214 4 Ref=360,100 (D:\CHEM32\1\DATAWUZL\Y-4-146-IF-85-15-06ML.D)
mAl
250 Os 2
20-0% /" “Ph %
150% HO O R‘
1207 égv OH g;x
501 o
S I - S e
0 R R R R S S
Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 71.89 MM R 1.6864 36.91464 3.64819%e-1 0.1953
2 74.888 BB R 1.7048 1.88659e4  150.87593 99.8047

Totals : 1.89028e4 151. 24075
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DAD1 C, 5ig=214 4 Ref=360,100 (SNAPSHOT.D)

mAU

600 3 [ O\\ /,O
500 / \Ph
400 ‘ HO><:O
300 |
200 || Bn OH 8 g
mz: —— .._n_all'\_.__,_ i, RSN __‘..,Ij?..c:-?_z._..- — S _L’//?\+/‘t\“_
S " w45 20 2 3 s 4o i
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R B |--me e |- ommee |--mmemee |--me e |
1 40.155 MF R 1.0439 4132.74365 65.98158 50.2760

2 42.248 FM R 1.09789 4087.36255

63.13996 49.7240

Totals : 8220.10620 129.12153

DAD1 C, Sig=214 4 Ref=360,100 (YUZL\Y-4-159 160 161 2019-12-05 17-19-44\Y-4-150.D)
n::{llg— O\\ //() g-.
500 ~ \
4004 HO \<:O/ Ph || II".
300 4 R I %
200 | Bn' OH 3 |I Ill'l.
mg:______,x ___,il'\,._.___..,___ ?2 I . . S ___l./%"'}" \\- -

5 w0 45 20 5 3 3 40 a5

Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
ORI EEEEEE P |- emmeee R |<--mee- |

1 39.844 MF R 0.8243 1289.43713 26.07094  2.5085

2 41.202 FM R 1.2568 5.01140e4  664.55450 97.4915

Totals :

5.14034e4  690.62545
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DAD1 C, Sig=214 4 Ref=360,100 (DDATA BE...-159 160 161 2019-12-05 17-19-44\Y-4-161-RAC-IF-85-15-08ML.D)

mAU 7
300 Os S//O
g " Ph
20 HO><:O
1503
100- -| Ph™ \—oH g 8
5{]—5 i fl | " 8
o _é_.._.,./\_ll'g._.._.al 'u..-JI:\._.__._._A-_._.Jx.r_a_,_C_E.?_..__ﬂ-. o % - T e e e
o % s 4 50 mif

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area
#  [min] [min] [mAU*s ]
e B |-om ] me e R R R |
1 33.261 MM R ©0.9470 2851.12207 50.17986 50.7037

2 50.385 MM R 1.2603 2771.98584 36.65672 49.2963

Height Area

Totals : 5623.10791 86.83659
DAD1 C, Sig=214 4 Ref=360,100 (D:\DATA BE... 32\1'\DATAWYUZL\Y-4-159 160 161 2019-12-05 17-19-44\Y-4-161.D)

mAU ] 5
400 Os %
300 — HO \<: O/ Ph I!' '\,IIII
200 A\ ] a8

] Ph' [ A
100 ] I'; OH E I| '\I

04 __._.‘.__,_.__flhﬂ__-~——..._§§_._ e e __.“"’:,__1____ T B [ ;
" R Y N T

Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
R R e R |- memee |--mmeee |

1 33.316 MM R 1.1787 9063.11511 12.76951 2.8688

2 49.657 MM R 1.3411 3.05780e4 380.00366 97.1312

Totals : 3.14811e4  392.77317
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DAD1 A, Sig=254 4 Ref=360,100 (DADATALYZL\Y-4-155 AND 160 2019-12-09 22-45-07\Y-4-160-RAC-80-20-08ML.D)
mAU 3

3 0

700 O\\S//\

6004 O’ Ph

500 HO & .

400 & 8

300 7z i 2
1 / OH .“l \ fa

Pk Ph rac-54 [\ A\

o : [ | S e e J -
0 5 10 45 20 25 30 35 mir

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

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

e RIS | oome e [<mmmmeeees [<ommmmeees | <ommmee |

1 25.123 MM R 0.7431 1.34045e4  300.64035 49.7959

2 33.930 BB ©0.9485 1.35144e4  222.52800 50.2041
Totals : 2.69190e4  523.16835
DAD1 A, Sig=254 4 Ref=360,100 (D\DATAWZLIY-4-155 AND 160 2019-12-09 22-45-07\Y-4-160.D)
mAU : 0
o Osgl
600 3 O/ Ph "
500 HO M\
400 3 o [\
::ﬁ ] / OH | I!'n
100 Ph” 54 [
03— - — - SN | C— . u"l \._'_
0 S SI: v ‘IFD 2SR II5 R 210 SR 2I5 R 3:3 e 3|5 - Imin
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 33.777 MM R 1.0497 3.71312e4 589.54926 100.0000

Totals

3.71312e4  589.54926
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DAD1 C, Sig=214,4 Ref=360,100 (E

\CHEM32\\DATACYF\7-116-RE 2020-11-17 10-02-596-29-RAC.D)

2004 O\\/S//?ph g gj
HO o ll II: !!I i'.
1503 R ||
. E |:55 I_' Ii. .'r "-.I\
" i rac;_ﬂ _ e - ___,"(\\_L_ . \\M_‘,J'I \\__ﬁ =
s s s ae H::Q.s”"1'5“"1?’.5""25””2:;.5”“@
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el EEEEEEE R R R s R |--me e |
1 16.043 BB 0.4042 6933.35449 259.12103 49.8665
2 17.974 BB 0.4415 6970.48145 235.35799 50.1335
Totals : 1.39038e4 494 .47902
DAD1 C, Sig=214 4 Ref=360,100 (EACHEM32\1'\DATA\CYF\7-116-RE 2020-11-17 10-02-50\7-116.D)
mAU ] O //O ﬁ
200 \/ “Ph t:|
I50—§ HO\<:O il ‘I'.
100—2 /@i OH Ii .Ili
50- F F g ||
24 55 o e Nl
T 25 é ?].5 o 10 r!2!.5‘ o I[:‘: T l]il.sr o 2]0 T ‘22I.5‘ e ;nin
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el EESEEEE e EEne R R |- me e |
i 16.8995 W 0.3044 201.24348 8.08368 2.6139

2 17952 BB

Totals :

0.4581 7497.80273 249.85152 97.3861

7699.04622 257.93520
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mAU

PDA Multi 1 254nm, 4nn

,-lg_:
304
] X 5 &
20 -
] Bn OH
104 rac-56 \
04
-10 T T J v T T T J T T J v X T T J T Y 1 T ¥
0.0 2.5 5.0 7.5 10.0
min
PDA Chl 254nm
PeakZ|Ret. Time Area Area%
1 6. 828 239232 19. 007
2 7.788 218929 50. 993
mAU
200 PDA Multi 1 25nm, ind]
150+
1004 O(
] B \“—OH
50- 56
] " J
0‘ f\‘i
T T T T I T T T T I T T T T '| T T T T
0.0 2.5 5.0 7.5

min

PDA Chl 254nm

Peak#|Ret. Time Area Area%
1 6. 826 50295 2. 633
2 7. 744 1859928 97. 367
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DAD1 A, Sig=214,4 Ref=360,100 (D:\CHEM32\1'\DATA\WYUZL\Y-4-113-RAC-IF-90-10-06ML.D)

mAU ] o
¥ 2
ir

800 O T ;
i "

600 I Il
14 I
i1 }

400 Ph OH [ [ 1
| ‘ | I'.

200 rac-57 I iy
|\ |\

0 =3 = S LN o~ N
T T S . B
2 4 6 8 10 12 14 16 18 min

Signal 1: DAD1 A, Sig=214,4 Ref=360,100

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

1 14.169 BB 0.2844 1.43686e4  804.36670 50.8227
2 17.479 BB 0.3178 1.39034e4  676.29822 49.1773

Totals : 2.82719%e4 1480.66492
DAD1 A, Sig=214,4 Ref=360,100 (DACHEM32\1\DATA\WYUZL'Y-4-113-IF-90-10-06ML.D)
mAU
350 2
300 0] =
250 ( T
o PR \—OH I
100 57 ™ [ Il_
50 S { %
0 - —— e ——— — - —— — [/‘-"--_. ______ IJI _\r. —_—
0 RN R RN A T AT R ™
Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.223 BB 0.3046 175.96741 9.05875 3.2035
2 17.580 BB 0.3187 5317.02051 257.68738 96.7965

Totals : 5492.98792 266.74612
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DAD1 A, Sig=214 4 Ref=360,100 (D\CHEM32\1\DATAWYUZLY-4-105-A2-RAC-IF-85-15-06ML D)

mAU
1000
0]
800 2
4 @
S\ on 2 :
400 / Il Iy
] A
200 Ph i f\
It aC-58 | I:.. | IIL
0 S e g e, = =l

T T L e e e e e Y LA S e S e e e e
2.5 7.5 10 12.5 15 17.5 20 mir

5|
Signal 1: DAD1 A, Sig=214,4 Ref=360,100

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

1 9.550 BV 0.1723 6344.29980 568.22705 49.1477
2 14.178 MM R 0.2850 6564.34619 383.89737 50.8523

Totals : 1.29086e4 952.12442
DAD1 A, Sig=214 4 Ref=360,100 (D)CHEM32\DATAYUZLY-4-105-A2-IF-85-15-06ML-RE.D)
mAU
] QQ(_
800 \
\‘\\ 8
600 / OH o
400 - Ph// F
0 % 2 ft
0 e = A ol N
T R T T 4 48 18 min
Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

R R P | =mmmmmeeee | =mmmmmee | =mmmmeee |
1 9.561 BB 0.1653 150.32806 13.78107 1.8749

2 14.180 VB 0.2574 7867.64990 465.09219 98.1251

Totals : 8017.97797 478.87326
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DAD1 C, Sig=214 4 Ref=360,100 (D\DATA\CYF\CYF-6-38 2019-09-02 18-10-38\CYF-6-38-RAC.D)

peeit /=N § g

- HO NNﬁJ A T

250 \ "ul

200 OH I II |

150 I [\

100 F F & [\

o e e e
s T T e T s T e T T s T T Tae T Tas T Tae T T4 i

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

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

1 34.220 BB 0.7497 1.93434e4  383.97079 49.8087
2 41.803 BB 0.8924 1.94920e4  321.02356 50.1913

Totals : 3.88354e4 704.99435
DAD1 C, Sig=214 4 Ref=360,100 (D:\DATA\CYF\CYF-6-38 2019-09-02 18-10-38\CYF-6-38-1.D)
E ~ :
60 = HO><: \N/J |ril
503 \\ |
Q OH I
ﬁ: F F g ll III".
I B T A
' R AT AT M T Y w0 as mir{
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 35.052 BB 9.5761 152.75999 3.22813 3.4050
2 42.354 BB 0.8174 4333.64697  79.82232 96.5950

Totals : 4486.40697  83.05045
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mAU

509: PDA Multi 2 214nm, 4nn
500
100 : g
] ()Q./S) S
] S -
2003 OH
100 rac-60 \ \\J
o3 A j \ J
T T T T | T T T T | T T T T | T T T T l T T T T l
0 b 10 15 20 25
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 17. 744 7770885 50. 093
2 18. 999 7741996 19. 907
mAU
1000 PDA Wulti 2 214nm, ind
750 o
] Ox 2 {\
500 /
] HO><:
. OH
250+
: 80 || &
i A AN } ..
0 L ' ' ' L L) ' L L | ¥ L) ' U I_ L L ' L] 1
0 3 10 15 20
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area®
1 17. 732 15825448 96. 517
2 18. 997 571060 3. 483
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mAU

i PDA Multi 2 214nm, Inn
750 =
S &
| Os //O :
500 /
. O
HO{
| OH
2504
i rac-60" \
' A UL
G T T Yn-l T T T T I T T~ T '|' T T F— T T T T
0 5 10 15 20 25 :
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 17. 634 14452992 19. 968
2 18. 883 14471286 50. 032
mAU
| PDA Multi 1 214nm, 4nm
500 =
] O
E O
/
- L
250 HO
A OH
t oy
/E 60" g k
G- _ILJ_’/\_.—_./\ /{\
T T T I T T T T | L] T | T | T | T T T
0 ) 10 15 20 25
min
PDA Chl 214nm
Peak&[Ret. Time Area Area%
1 17. 633 967526 7.243
2 18. 890 12390772 92. 757
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mAU

2000~ PDA Multi 2 214nm, Ind]
] a0
1500 = &
] o) (|
1000+ {Zi__
1 OPMB
1 rac-61-1
500+
G T T T ]—K T T I_i T T T T I—I T T T I T IJIIQIL—II T I’_'l T T T IFJ’_I T T T
0.0 2.5 3.0 7.5 10.0 12.5 15.0 ET.8 )
min
PDA Ch2 214nm
PeakZ|Ret. Time Area Area%
1 11. 536 20014504 19. 983
2 12. 254 20028168 50. 017
mAU
7504 PD§ Multi 2 214nm, Inn
500
CkZ:_
250 OPMB
1 61-1
0= T T '|_l |_-|_Hr_] —T T T r T —T T T T —T
0.0 2.5 8.0 7.5 10.0 15.0
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 11. 571 9836666 93. 202
2 12. 334 193774 4. 798
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DAD1 B, Sig=254 4 Ref=360,100 (D\CHEM32\1\DATA\CYF\8-59 2021-06-18 11-16-10\8-59-RAC.D)

ma\U; "3? %

1753 NHPh o

2 o Il

1004 Cl [

754 Ly i |

50 rac-62-1 TR

253 I

o E . = - e X s : : S —— — = LI"’I '\"} : \: : : "

I IIU I ' I 2IE| I 310 I 4|0 I I .‘;D I mir

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S B R R |--mmemeee |--mmemeee | --memeee |
1 39.057 BB 0.8159 1.13314e4  212.56741 49.9013
2 41.682 BB 0.8492 1.13762e4  198.90997 50.0987
Totals 2.27076e4  411.47739
DAD1 B, Sig=254 4 Ref=360,100 (DACHEM32\1'DATAICYF\8-59 2021-06-18 11-16-1018-59-.0)
mAU_E §
mn—: ﬁ
" NHPh i
SD—: HO—<: .l {
40 (1 &
20 cl ;1 3
o : .._..:"\___.6_2;1 i — — 7, U —
' " w0 % " & 50 min

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s ] [mAU] %
el EEERE | -=m e meee s [<mmemnee | --mmee |
1 36.562 BB 0.7683 6347.69092 122.96014 95.6414

2 39.138 BB 0.6199 289.28012 5.64447  4.3586

Totals : 6636.97104 128.60460
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mAU

100-) = = PDA Multi 2 214nm, ind
= =
75- (
] TsO
30
0]
o5
o J L rac-63 } J
T T T L] | T T L] T | T L] T L] | L] T T T | T L] T L] | T T L) T | T Ll T T | T T T L]
0 5 10 15 20 25 30 a5 10
min
PDA Ch2 214nm
PeakZ[Ret. Time Area Area%
1 27. 319 2732185 19. 9352
2 28. 903 2737405 50. 048
mAU
1000 PDA Wulti 2 214nm, ind
750 5
] TsO r
500 ,
y 0
250 O)\O .
63 \ ;
A _L&
T T T T l T T T T ] T T T T '[ T T T T '[ T T T T '[ T T T T I T T T T ] T T T T
0 b 10 15 20 25 30 33 .
min
PDA Ch2 214nm
PeakZ|Ret. Time Area Area%
1 27. 759 29203039 96. 530
2 28. 7192 1049921 3.470
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mAU

i % PDA Multi 2 214nm, nn
i 2 =
300
! TsO
200
5 0]
100—_ 7‘\0
1 rac-64 \
G A..
T T T I T T T T ] T T T | T T T l T T T T
0 2 10 20 25
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 17. 329 7818800 50. 859
2 20. 698 75546359 19. 141
mAU
] = PDA Multi 2 214nm, 4nn]
1000 &
750_' TsO
500 0
: /0
250 z
1 64 | 2
G- i k /\
) L e S B B | —r r 1T & . ©t 11t 1t T 1
0 5 10 20 23
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 17. 203 24403395 95. 953
2 20. 638 1029377 4. 047
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mAlU

30 PDA Multi 2 214nm, ind
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] T T T T | T T T T T T T T l T T T T l T T T T T T T T T T T T
0 10 20 30 10 50 60 70
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 57. 955 1567218 19, 776
2 61. 299 1581338 50. 224
mAU
754 PDA Multi 2 214nm, Ino
50+

L
57. 008

[ o]

o

1 4

T
j\
@) z
T w

j 65
0 \.Jx_,- M
0 L] L] L] L) llo T T T T 00 Ll T T T 3'0 T L] L) L 1|0 T T T L] 50 L) T T T 60 L] L] T L) TO
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 37. 008 3500135 95. 790
2 61.214 153849 4. 210
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mAU

i PDA Multi 1 250nm, Ini
20
N — (\
1207 N  N-Ph \
. HO{ —
100 OH
] rac-66
50j I
- \L_LL
G- N1
U T T ;ls T T T llﬂ T T T T l|5 T T T T 2|0 L T T T 2'5 T T T T
min
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 15. 683 67874169 50. 041
2 18. 931 6776370 49. 959
mAU
150~ ) PDA Multi 1 254nm, 4nn
100+ W
] 'l
g N N—Ph
50 HO><: __/
4 OH \ 2
] 66 \ %
ol e )
T T T '| T T T T [ T T T T I T T '| T T I T T T T
0 3 10 15 20 25
min
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 15. 848 1413892 96. 584
2 19. 109 157150 3.416
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DAD1 C, Sig=2104 Ref=360,100 (D:\CHEM32\1'\DATA\CYF\7-T6 2020-08-25 16-55-59\7-76-RAC.D)

an & 2
50 O R R
403 HO O—§:O II' -II .'I .I
30 ﬂph . :'. |; \
20 - PivO OPiv | | [
10 [ rac-67 [\ o
e e BN DG R e e A e e
RN AT R T "2 30 3]5rﬂ|
Signal 3: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 24.521 MM R ©0.7550 2737.22607 60.42809 49.9650
2 29.146 BB 0.5999 2741.06470 54.57893 50.0350

Totals : 5478.29077 115.00702
DAD1 C, Sig=210.4 Ref=360,100 (DACHEM32\1\DATA\CYF\7-76 2020-08-25 16-55-50\7-76.0)

mAU - B

300 §

0

200 Il £

" HO,  ©-$=0 [

100- _J>I;<¥_Ph " &

50 @ [\
f P oy, § )\

T T T
10 15 20 25 30 35 min

5
Signal 3: DAD1 C, Sig=210,4 Ref=360,100

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

1 24.610 VBA  0.4859 284.42828 6.88627  1.4559
2 29.157 BB 0.7737 1.92518e4  342.54050 98.5441

Totals : 1.95362e4 349.42676
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DAD1 C, Sig=214 4 Ref=360,100 (EACHEM32\T'\DATA\CYF\7-94 2020-00-21 15-03-2617-94-RAC.D)

maU ] O\ o o2
175 /\ S//O g §
150 — OH O \P h [ |
o . PivO OPiv || ."'
75 I .: [
50 I OH [\ F A
2; : Mwn_,_“_/\_,u" I'-.m.."_._.,.__,.. e f?_c"@_gm _L.A.J:I Iﬁ\_w-..-\.-,.,._.v'; !‘“_WMW__._HW_.._.._H
s 45| 2 25 30 i
Signal 3: DAD1 C, Sig=214,4| Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 21.979 W R 0.4243 7495.18896 210.41428 49.7485
2 25.898 VW R 0.5297 7570.98486 172.54945 50.2515

Totals 1.50662e4  382.96373
DAD1 C, Sig=214 4 Ref=360,100 (EACHEM32\1\DATA\CYF\7-94 2020-09-21 15-03-26'7-94-R.D)
mAU o
meo—: O\\ -0 a
3 = I
800 _. O H O P h | ',I
ot PivO._ g%~ OPiv A
400 —: PI I| wn
200 OH |\ 5
gi,,.,....._ REE AR P . ,_——_z/‘IL._.....,____. S e e T B R S \".“r- — _r(-\-'-f._r PR Gt
..":r EIO I|5 2ID 2|5 SIU mir
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 21.731 MF R 0.6522 4.60241e4 1176.15613 96.5065
2 25.875 MM R 0.7466 1666.04968 37.19242  3.4935

Totals : 4.76901e4 1213.34855
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DAD1 C, Sig=214,4 Ref=360,100 (E:\CHEM32\1\DATAICYF\7-45 2020-07-13 15-11-23\7-45-RAC.D)
mAL -]
Ph g

n

e O/IVO II

300 o | §
RF!:J:&L/OTBS I S

200 Q IoH B [\

o0=5© || [\
100 iDh [\ { A
0 rac69 s s / ‘\.___',\_ = J_/"I - \__,_

' 5 10 - 15 20 25 mid
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 14.247 BB 0.3478 1.11356e4  485.09732 50.2792
2 21.208 BB 0.7362 1.1011%4  230.99066 49.7208

Totals : 2.21475e4 716.08798
DAD1 C, Sig=214 4 Ref=360,100 (E\CHEM32\1\DATAICYF\7-45 2020-07-13 15-11-23\7-45.D)
mAU Ph )
2
250 07\ 0 n
I
G CL\_otBs '
150 (e} |
“S B ||
100 o= |
Ph 8 |
%0 L5 .
o 69 —— e f‘\.l/"\_l =i — i \:,_ ——
N RN NN 25 min

5
Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e E R P | --mm e |-mmmeeees |-mmmeee- |
1 14.326 VB 0.3219 431.55362 20.64451 4.2794
2 20.813 MM R 0.5120 9652.83691 314.24161 95.7206

Totals : 1.00844e4  334.88612
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DAD1 C, Sig=214 4 Ref=360,100 (EANCHEM32\\DATAWCYF\T7-53 2020-07-13 16-06-2017-53.D) Ph

mAU -
: oo
( O
- 1 ! OTBS
200 I O\ ,/O
(| o HO S\
100 [\ 2 PO
0 = - D - -
A T o s T T T T T %5 min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

) R |=mmn ] ommmeee | =mmmmnne |=mmmmem e |==mmmeee |
1 14.231 FM R ©.3634 1.06069%¢e4 486.45728 92.3635

2 20.847 BB 0.4886 876.96826 27.60643  7.6365

Totals : 1.14838e4  514.06371
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DAD1 A, Sig=214 4 Ref=360,100 (D:\CHEM32\1\DATAICYF\7-83 2020-09-07 11-34-07\7-83-RAC2.D)
mAU

ph 3 g
400 i i
350 o)Vo i\ i
300 O I I
250 OH 1 i
200 o o .'I | [
18 PhSO,0 “p’ & i)
- ~ BnO" "OBn |\ {
0 J\rac-692 — - - P —|
R " % 15 20 25 3 3 a " G
Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

S R T P |=mmmemme | =mmmme e | =-mmmeee |
1 25.246 BB 0.7178 2.15957e4 443.73969 50.0919

2 31.594 BB 0.8804 2.15164e4  355.35165 49.9081

Totals : 4.31121e4 799.09134
DAD1 A, Sig=214,4 Ref=360,100 (D:\CHEM32\1\DATA\CYF\7-83 2020-09-07 11-34-07\7-83-2.0)
mAU Ph
300 g
E @) O I
250 o I
2003 OH [
150 O 0O [ I
100 -: PhSOZO :P:/ a' I':
50 BnO OBn I'I I'I
o4 692 e . S, el e—— |
N R T T AR R R R

Signal 1: DAD1 A, Sig=214,4 Ref=360,100

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

1 25.054 BB 0.7288 1.71626e4  341.24591 100.0000

Totals : 1.71626e4 341.24591
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DAD1 A, Sig=214 4 Rel=360, 100 (D CHEM32\IDATA\CYF\7-01 2020-08-11 20-09-1417-01-RAC D)
; Ph &
mAU
60 )v E E
(=]
50 O O I-‘._ =
O 1l o
(A A
403 OH I i
203 . [ [ A
H o, 0 i [\
20 f O K G [\
; f BnO" OBn . [\
10 [\ Y f \
o4 ERTOREIRIEY S B Y AL T . O |
——
10 15 20 25 min

Signal 1: DAD1 A, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B R e |- mmeme e |--emme e R |
1 17.795 BB 0.5492 2627.13843 66.17142 50.4671
Z 21.877 BB 0.6600 2578.50488 47.00665 49.5329

Totals : 5205.64331 113.17807
DAD1 A, Sig=214,4 Ref=360,100 (D:\CHEM32\1\DATA\CYF\7-91 2020-09-11 20-09-14\7-91.D)

mAU ] Ph 2

2003 O)vo itj:l

250 o) [

200 I OH I'

150§ O 0 [\

1003 HO :p:’ [ -.‘\

50 BnO OBn [\

04 T Y. W S S — Wi \--,_| Ty SeRR————
s _1'0 TR N A ™

Signal 1: DAD1 A, Sig=214,4 Ref=360,100

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

e E— S P— |=mmmmemeee |=emmmmneee | =emmmne |
1 17.609 BB 0.6034 1.52800e4 373.41321 100.0000

Totals : 1.52800e4  373.41321
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mAU

S0 PDA Wulti 2 214nm, 4nn
200+ Os b . ”
~ A =
] ><d ’ | \ i
100-_ Ph OH j [\
] _ |
& rac-75 | \ .J
L—/f*p—“-'\-_‘__ \
R, J )
T T T LAY L B B Ry FOL N S L JR
0 10 20 30 40 50 60
min
PDA Ch2 214nm
i Hight Area Area%
42. 974 167425 18864266 50. 069
50. 913 137467 18812123 49. 931
mAU
900 PDA Vulti 2 21dnm, dnd
400
300 ¢ 5
] Os //O | ?;
200 /S\B \
] o " '
] 75 [ f
O?WL_J"\‘.J\.J\A_,A J
0 10 20 30 40 50 60
min
PDA Ch2 214nm
T Hight Area Area%
43. 168 323381 37814858 50. 432
51. 037 257676 37167756 49, 568
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