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General experimental details

Analytical thin-layer chromatography (TLC) was carried out using 0.2 mm commercial silica gel plates
(Yantai Jiangyou Silica Gel Development Co., Ltd., silica gel HSGF 254). Preparative column
chromatography employing silica gel (Qingdao Shenghai Fine Silica Gel Chemical Co., Ltd., 200-300
mesh) was performed according to the method of Still. Solvents for the chromatography are listed as
volume/volume ratios. High-resolution mass spectra (HRMS) were performed at Instrumental Analysis
Center of Shanghai Jiao Tong University using ESI method. Proton nuclear magnetic resonance (*H NMR)
spectra were recorded with a Bruker AVANCE |11 HD 400 (400 MHz) (or Bruker AVANCE I11 HD 500
(500 MHz)) spectrometer. Chemical shifts are reported in delta (8) units, parts per million (ppm)
downfield from tetramethylsilane or ppm relative to the center of the singlet at 7.26 ppm for
deuteriochloroform and to the center of the singlet at 3.49 ppm for methanol-ds. Coupling constants are
reported in Hertz (Hz). Carbon-13 nuclear magnetic resonance (**C NMR) spectra were routinely run with
broadband decoupling. Chemical shifts are reported in delta (8) units, ppm relative to the center of the
triplet at 77.0 ppm for deuteriochloroform. High performance liquid chromatography (HPLC) was
performed with Thermo Fisher spectrometers using chiral column as noted for each compound. Optical
rotations were measured on a SGW®-1 polarimeter. THF was purified by distillation with Na-
benzophenone. Pd,(dba);*CHCI; was purchased from Sinocompound Co. and used as received.
Substituted vinyl ethylene carbonates (VECs) were synthesized according to our previous reported
procedure.! Phosphoramidite ligands were synthesized according to the reported literature.”* All other

chemicals were used as received from commercial resources.
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Table S1. Condition optimizations®
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Ph 2a solvent, 20 °C, 16 h
1a (2 equiv.) 4 AMs
(1 equiv.)
’ O\ /R
PN
I S " 94
(Ry-L1: R ="Pr (R)-L4: R = Pr

(R,R,R)-L2: R = (R)-1-phenylethyl
(S,R,R)-L3: R = (R)-1-phenylethyl

ligand
(R)-L1
(R,R,R)-L2
(S,R,R)-L3
(R)-L4
(S,S,5)-L5
(S,R,R)-L6
(R)-L1
(R)-L1
(R)-L1
(R)-L1
(R)-L1
(R)-L1
(R)-L1
(R)-L1
(R)-L1

Pd,(dba)s;- CHCI,
(2.5 mol%)
ligand (10 mol%)
Boron reagent (5 mol%)

boron reagent
BEt;

BEt;

BEt;

BEt;

BEt;

BEt;
B(OH);
B(OMe);
PhB(OH),
BEt;

BEt;

BEt;

BEt;

BEt;

BEt;

(S,S,S)-L5: R = (S)-1-phenylethyl
(S,R,R)-L6: R = (R)-1-phenylethyl

solvent
THF
THF
THF
THF
THF
THF
THF
THF
THF
Et,0
1,4-dioxane
MTBE
toluene
CH.Cl,
CH5;CN

OH
Ph O—/_

= HO X~

3a

yield (%)"
81

74
79
67
90
63
93
93
58
94
84
33
38

ee (%)°

48

& Reaction conditions: Pd,(dba)s-CHCI; (2.5 mol%), ligand (10 mol%), boron reagent (5 mol%), 1a (0.2 mmol),
2a (0.4 mmol), 4 A molecular sieves (100 mg), solvent (0.1 M), 20 °C, 16 hours. ” Isolated yield. ¢ Determined by
HPLC using chiral stationary phase.
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General procedure for the asymmetric allylic mono-etherification of VEC 1a with various

diols

Pd,(dba)s- CHCls

o) (2.5 mol%)
>¥O (R)-L1 (10 mol%) ){OH
Et3B (5 mol% Ph, O~
O / + HO.,OH 3B (5 mol%) Ho "8
Ph MTBE, 20 °C, 16 h
1a 2 4 AMS 3a
(2 equiv.)
(1 equiv.)

To an oven dried screw-cap reaction tube equipped with a magnetic stir bar, Pd,(dba);:CHCI; (5.2 mg,
0.005 mmol, 2.5 mol%), Zhou’s ligand (R)-L1 (7.6 mg, 0.02 mmol, 10 mol%), and VEC 1a (38.0 mg, 0.2
mmol, 1.0 equiv.) were added. The reaction tube was sealed with rubber-septum, then evacuated and
backfilled with nitrogen (this process was repeated a total of three times). Et;B (10 uL of 1 M solution in
THF, 0.01 mmol, 5 mol%), ethylene glycol 2 (22.3 uL, 0.4 mmol, 2.0 equiv.), and anhydrous MTBE (2
mL) were added sequentially via syringe. The resulting mixture was stirred at 20 <€ for 16 h. The solvent
was removed by rotary evaporation under vacuum. The crude product was purified by flash column
chromatography on silica gel to afford the corresponding diol 3a. The enantiomeric excesses of the

products were determined by HPLC analysis using chiral stationary phases as indicated for each case.

3a

(S)-2-(2-hydroxyethoxy)-2-phenylbut-3-en-1-ol (3a). The crude product was purified by flash column
chromatography (2:8 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a light
yellow oil in 94% yield (39.2 mg); [a]*p = -4.201 (c = 1.55, CHCIs); ‘*H NMR (500 MHz, CDCl5) 3
7.42-7.40 (m, 2H), 7.38-7.35 (m, 2H), 7.30-7.27 (m, 1H), 6.07 (dd, J = 17.7, 11.0 Hz, 1H), 5.44 (dd, J =
11.0, 1.2 Hz, 1H), 5.38 (dd, J = 17.6, 1.2 Hz, 1H), 3.94 (d, J = 11.8 Hz, 1H), 3.90 (d, J = 11.6 Hz, 1H),
3.76 (t, J = 4.5 Hz, 2H), 3.51-3.47 (m, 1H), 3.44-3.40 (m, 1H), 3.08 (bs, 1H), 2.91 (bs, 1H); **C NMR
(125 MHz, CDCls) 6 140.1, 137.8, 128.3, 127.6, 126.9, 117.8, 81.8, 66.5, 64.5, 62.2; HRMS (ESI-MS):
Calcd. for CypH1603 (M+Na): 231.0997, Found: 231.0988; HPLC conditions: Chiralcel OD-H column,
220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/19, tminor = 17.56 MiN, tyajor = 19.83 min; 91% ee.

Ph \OJ—/
Ho >~

3b
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(S)-2-(3-hydroxypropoxy)-2-phenylbut-3-en-1-ol (3b). The crude product was purified by flash column
chromatography (2:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a yellow
oil in 94% yield (41.6 mg); [a]®p = -6.468 (c = 1.05, CHCI3); *H NMR (500 MHz, CDCls) & 7.41-7.39
(m, 2H), 7.38-7.35 (m, 2H), 7.30-7.27 (m, 1H), 6.04 (dd, J = 17.6, 11.0 Hz, 1H), 5.43 (dd, J = 11.0, 1.2
Hz, 1H), 5.37 (dd, J = 17.7, 1.2 Hz, 1H), 3.95 (d, J = 11.7 Hz, 1H), 3.92 (d, J = 10.6 Hz, 1H), 3.83-3.79
(m, 2H), 3.50 (t, J = 5.8 Hz, 2H), 2.63 (dd, J = 5.4, 5.2, Hz, 1H), 2.42 (dd, J = 6.4, 6.4 Hz, 1H), 1.87-1.82
(m, 2H); *C NMR (125 MHz, CDCl,) & 140.3, 138.2, 128.3, 127.6, 126.8, 117.5, 81.6, 66.0, 60.9, 60.8,
32.2; HRMS (ESI-MS): Calcd. for Cy3H1503 (M+Na): 245.1154, Found: 245.1148; HPLC conditions:
Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor = 10.37 min, tmjor =
11.46 min; 96% ee.

J_FOH
3c

(S)-2-(4-hydroxybutoxy)-2-phenylbut-3-en-1-ol (3c). The crude product was purified by flash column
chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a light
yellow oil in 96% yield (45.6 mg); [a]*p = -5.948 (c = 0.90, CHCIs); *H NMR (500 MHz, CDCls) &
7.40-7.38 (m, 2H), 7.37-7.35 (m, 2H), 7.30-7.27 (m, 1H), 6.07 (dd, J = 17.7, 11.0 Hz, 1H), 5.45 (dd, J =
11.0, 1.2 Hz, 1H), 5.39 (dd, J = 17.6, 1.2 Hz, 1H), 3.89 (d, J = 11.4 Hz, 1H), 3.86 (d, J = 11.4 Hz, 1H),
3.66 (t, J = 6.0 Hz, 2H), 3.40-3.33 (m, 2H), 2.30 (bs, 2H), 1.73-1.64 (m, 4H); *C NMR (125 MHz,
CDCl3) 6 140.2, 137.6, 128.3, 127.6, 126.9, 117.8, 81.8, 66.9, 62.8, 62.7, 29.7, 26.9; HRMS (ESI-MS):
Calcd. for C14H,005 (M+Na): 259.1310, Found: 259.1307; HPLC conditions: Chiralcel AS-H column, 220
nm, flow rate: 0.6 ml/min, i-PrOH/hexanes = 1/9, tyajor = 22.27 MiN, trinor = 23.62 Min; 93% ee.

OH

O/—/
f
3d
(S)-2-(2-(2-hydroxyethoxy)ethoxy)-2-phenylbut-3-en-1-ol (3d). The crude product was purified by
flash column chromatography (2:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a yellow oil in 91% yield (45.8 mg); [a]*5 = -8.239 (¢ = 0.80, CHCls); "H NMR (500 MHz,
CDCl,) 6 7.41-7.39 (m, 2H), 7.37-7.34 (m, 2H), 7.30-7.26 (m, 1H), 6.07 (dd, J = 17.6, 11.0 Hz, 1H),
5.39 (dd, J = 11.1, 1.2 Hz, 1H), 5.33 (dd, J = 17.6, 1.2 Hz, 1H), 3.96 (d, J = 11.8, Hz, 1H), 3.93 (d, J =
11.8, Hz, 1H), 3.76 (t, J = 4.4, Hz, 2H), 3.73-3.66 (m, 2H), 3.63 (t, J = 4.8, Hz, 2H), 3.58-3.54 (m, 1H),

3.51-3.47 (m, 1H), 3.32 (bs, 1H) 3.00 (bs, 1H); *C NMR (125 MHz, CDCl,) § 140.3, 138.4, 128.2, 127.5,
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126.8, 117.3, 82.0, 72.6, 70.7, 65.9, 62.7, 61.6; HRMS (ESI-MS): Calcd. for C14H»004 (M+Na): 275.1259,
Found: 275.1260; HPLC conditions: Chiralcel OD-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/19, tminor = 28.90 min, tyjor = 33.38 min; 96% ee.

OIOH
ol
3e
(S)-2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)-2-phenylbut-3-en-1-ol  (3e). The crude product was
purified by flash column chromatography (2:8 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 88% vyield (52.1 mg); [a]*p = -8.655 (¢ = 0.90, CHCl5); *H NMR (400
MHz, CDCls) & 7.39-7.36 (m, 2H), 7.35-7.32 (m, 2H), 7.28-7.24 (m, 1H), 6.07 (dd, J = 17.5, 11.0 Hz,
1H), 5.31 (dd, J = 11.0, 1.2 Hz, 1H), 5.23 (dd, J = 17.0, 1.2 Hz, 1H), 4.37 (bs, 1H), 4.25 (bs, 1H), 4.01 (d,
J =12.3 Hz, 1H), 3.98 (d, J = 12.2 Hz, 1H), 3.71-3.66 (m, 8H), 3.61-3.57 (m, 3H), 3.50-3.46 (m, 1H);
3C NMR (125 MHz, CDCl5) & 140.9, 139.5, 128.1, 127.3, 126.7, 116.5, 82.0, 73.1, 70.9, 70.5, 69.7, 64.7,
62.7, 61.6; HRMS (ESI-MS): Calcd. for C16H,,05(M+Na): 319.1521, Found: 319.1528; HPLC conditions:
Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/13, tmsjor = 18.22, tminor = 20.49

min; 96% ee.

OH

N
Ph \\of T
HO M _~
3f

S

(S)-N-(2-((1-hydroxy-2-phenylbut-3-en-2-yl)oxy)ethyl)-N-(2-hydroxyethyl)-4-
methylbenzenesulfonamide (3f). The crude product was purified by flash column chromatography (1:10
of EtOAc:Petroleum ether) on silica gel to provide the title compound as a yellow oil in 89% yield (72.2
mg); [0]%®p = -1.086 (c = 1.95, CHCI5); *"H NMR (500 MHz, CDCl5) & 7.69 (d, J = 8.3 Hz, 2H), 7.40-7.35
(m, 4H), 7.31-7.28 (m, 3H), 6.10 (dd, J = 17.7, 11.0 Hz, 1H), 5.49 (dd, J = 11.1, 1.2 Hz, 1H), 5.39 (dd, J
=17.8, 1.2 Hz, 1H), 3.90 (d, J = 11.8 Hz, 1H), 3.84 (d, J = 11.8 Hz, 1H), 3.81 (t, J = 4.0 Hz, 1H), 3.62-
3.52 (m, 2H), 3.34-3.32 (m, 2H), 3.30-3.28 (m, 2H), 2.70 (bs, 1H), 2.42 (s, 3H), 1.89 (bs, 1H); *C NMR
(125 MHz, CDCl3) 6 143.6, 139.3, 136.7, 135.4, 129.7, 128.4, 127.8, 127.3, 127.0, 118.7, 82.9, 67.4, 63.0,
61.4, 53.0, 50.3, 21.4; HRMS (ESI-APCI): Calcd. for C;H,7NOsS (M+Na): 428.1508, Found: 428.1505;
HPLC conditions: Chiralcel OJ-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/2, tminor =
28.39 min, tmsjor = 33.97 min; 91% ee.
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3g
(S,2)-4-((1-hydroxy-2-phenylbut-3-en-2-yl)oxy)but-2-en-1-ol (3g). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 92% yield (42.9 mg); [a]®, = +51.864 (c = 0.60, CHCI); *H NMR
(500 MHz, CDCls) 8 7.41-7.39 (m, 2H), 7.38-7.35 (m, 2H), 7.31-7.28 (m, 1H), 6.11 (dd, J = 17.6, 11.0
Hz, 1H), 5.79-5.70 (m, 2H), 5.48 (dd, J = 11.0, 1.2 Hz, 1H), 5.40 (dd, J = 17.6, 1.2 Hz, 1H), 4.13 (d, J =
12.0 Hz, 1H), 4.09 (d, J = 12.0 Hz, 1H), 3.97-3.82 (m, 4H) 2.44 (bs, 2H); *C NMR (125 MHz, CDCls) &
139.8, 137.1, 131.4, 128.6, 128.3, 127.7, 127.0, 118.2, 82.5, 67.4, 59.4, 58.4; HRMS (ESI-MS): Calcd.
for C14H1505 (M+Na): 257.1154, Found: 257.1161; HPLC conditions: Chiralcel AS-H column, 220 nm,

flow rate: 1 ml/min, i-PrOH/hexanes = 1/4, tyinor = 6.81 MiN, trajor = 7.60 min; 85% ee.

OH
v
Ph, O

3h

(S)-2-((4-hydroxybut-2-yn-1-yl)oxy)-2-phenylbut-3-en-1-ol (3h). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a yellow oil in 90% yield (41.8 mg); [a]*p = -8.921 (c = 0.90, CHCI,); *H NMR (500 MHz,
CDCl3) 6 7.42-7.40 (m, 2H), 7.39-7.36 (m, 2H), 7.32-7.29 (m, 1H), 6.11 (dd, J = 17.7, 11.1 Hz, 1H),
5.50 (dd, J = 11.1, 1.2 Hz, 1H), 5.43 (dd, J = 17.6, 1.2 Hz, 1H), 4.29 (s, 2H), 4.11 (d, J = 15.3 Hz, 1H),
4.02 (d, J = 15.4 Hz, 1H), 3.92-3.85 (m, 2H), 2.34 (bs, 1H), 1.89 (bs, 1H); *C NMR (125 MHz, CDCl5) &
139.2, 136.5, 128.4, 127.9, 127.0, 118.9, 84.3, 83.4, 82.4, 67.7, 52.4, 51.0; HRMS (ESI-MS): Calcd. for
C14H1603 (M+Na): 255.0997, Found: 255.0973; HPLC conditions: Chiralcel OJ-H column, 220 nm, flow
rate: 1 ml/min, i-PrOH/hexanes = 1/6, tmajor = 32.48 min, tminer = 34.90 min; 89% ee.

Ph OQOH

3i
(S)-2-((2-(hydroxymethyl)benzyl)oxy)-2-phenylbut-3-en-1-ol (3i). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a yellow oil in 90% yield (51.3 mg); [a]*5 = -10.986 (¢ = 1.00, CHCIs); ‘H NMR (500
MHz, CDCly) 6 7.46-7.44 (m, 2H), 7.40-7.37 (m, 3H), 7.34-7.31 (m, 2H), 7.30-7.28 (m, 2H), 6.19 (dd, J
=17.6, 11.0 Hz, 1H), 5.52 (dd, J = 11.0, 1.2 Hz, 1H), 5.45 (dd, J = 17.7, 1.2 Hz, 1H), 4.70 (d, J = 12.1 Hz,
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1H), 4.67 (d, J = 12.2 Hz, 1H), 4.52 (d, J = 10.7 Hz, 1H), 4.45 (d, J = 10.6 Hz, 1H), 3.97 (d, J = 11.6 Hz,
1H), 3.94 (d, J = 11.8 Hz, 1H), 3.16 (bs, 1H), 2.55 (bs, 1H); *C NMR (125 MHz, CDCls) & 139.9, 139.7,
137.3, 136.6, 129.8, 129.7, 128.5, 128.4, 128.2, 127.8, 127.0, 118.6, 83.0, 67.0, 64.4, 63.7; HRMS (ESI-
MS): Calcd. for CigH,003 (M+Na): 307.1310, Found: 307.1309; HPLC conditions: Chiralcel AD-H
column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/13, tminor = 27.19 MiN, tmsjor = 29.24 Min; 83%

: OH
Ph, O

HO X~

3j

ee.

(S)-2-((3-(hydroxymethyl)benzyl)oxy)-2-phenylbut-3-en-1-ol (3j). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a yellow oil in 93% yield (52.8 mg); [0]*p = -34.589 (¢ = 0.85, CHCI5); '"H NMR (500
MHz, CDCl,) § 7.48-7.45 (m, 2H), 7.40-7.31 (m, 5H), 7.30-7.27 (m, 2H), 6.18 (dd, J = 17.7, 11.0 Hz,
1H), 5.52 (dd, J = 11.1, 1.2 Hz, 1H), 5.48 (dd, J = 17.8, 1.2 Hz, 1H), 4.68 (s, 2H), 4.43 (d, J = 11.4 Hz,
1H), 4.38 (d, J = 11.4 Hz, 1H), 3.96-3.89 (m, 2H), 2.13 (bs, 1H), 1.73 (bs, 1H); *C NMR (125 MHz,
CDCl3) 6 141.0, 139.9, 139.0, 137.2, 128.6, 128.4, 127.8, 127.0, 126.6, 126.0, 125.9, 118.4, 82.5, 67.6,
65.2, 65.1; HRMS (ESI-MS): Calcd. for CigH»0; (M+Na): 307.1310, Found: 307.1307; HPLC
conditions: Chiralcel OD-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/13, tmajor = 33.86

Min, tminor = 37.82 min; 91% ee.
o
Ph, O

HO X~
3k
(S)-2-((4-(hydroxymethyl)benzyl)oxy)-2-phenylbut-3-en-1-ol (3Kk). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 85% yield (48.3 mg); [a]*5 = -15.928 (c = 0.80, CHCI;); ‘*H NMR (500
MHz, CDCl;) & 7.48-7.46 (m, 2H), 7.40-7.34 (m, 6H), 7.33-7.30 (m, 1H), 6.18 (dd, J = 17.6, 11.1 Hz,
1H), 5.52 (dd, J = 11.2, 1.2 Hz, 1H), 5.49 (dd, J = 17.8, 1.2 Hz, 1H), 4.68 (s, 2H), 4.43 (d, J = 11.4 Hz,
1H), 4.38 (d, J = 11.4 Hz, 1H), 3.97-3.89 (m, 2H), 2.04 (dd, J = 6.6, 6.2 Hz, 1H), 1.80 (dd, J = 5.8, 5.4
Hz, 1H); BC NMR (125 MHz, CDCl3) & 140.1, 140.0, 138.1, 137.3, 128.4, 127.8, 127.6, 127.1, 127.0,
118.4, 82.5, 67.6, 65.1, 65.0; HRMS (ESI-MS): Calcd. for C;gH,003 (M+Na): 307.1310, Found: 307.1326;
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HPLC conditions: Chiralcel OD-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/13, tyinor =
46.46 min, tyor = 50.48 min; 95% ee.

7 N\

—N OH
Ph, O

HO X~
3l

(S)-2-((6-(hydroxymethyl)pyridin-2-yl)methoxy)-2-phenylbut-3-en-1-ol (3l). The crude product was
purified by flash column chromatography (3:7 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a colorless oil in 88% yield (50.4 mg); [a]* = -17.976 (c = 0.40, CHCI;); *H NMR (500
MHz, CDCls) 6 7.70 (t, J = 7.8 Hz, 1H), 7.47-7.45 (m, 2H), 7.38-7.35 (m, 2H), 7.31-7.28 (m, 2H), 7.23
(d, J=7.8 Hz, 1H), 6.14 (dd, J = 17.6, 11.0 Hz, 1H), 5.42 (dd, J = 11.2, 1.3 Hz, 1H), 5.38 (dd, J = 17.6,
1.2 Hz, 1H), 4.73 (s, 2H), 4.58 (d, J = 13.4 Hz, 1H), 4.51 (d, J = 13.4 Hz, 1H), 4.07 (d, J = 12.0 Hz, 1H),
4.04 (d, J = 12.0 Hz, 1H); *C NMR (125 MHz, CDCls) § 159.2, 157.9, 140.4, 138.5, 137.6, 128.4, 127.6,
126.9, 120.2, 119.6, 117.5, 83.2, 66.2, 66.0, 64.4; HRMS (ESI-MS): Calcd. for C;7H;gNO3 (M+Na):
308.1263, Found: 308.1275; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/4, tyajor = 8.09 min, tyiner = 9.01 min; 96% ee.

H3C

OH
o/
HO N

3m

(S)-2-(2-hydroxyethoxy)-2-(p-tolyl)but-3-en-1-ol (3m). The crude product was purified by flash column
chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as an orange
oil in 91% yield (40.5 mg); [a]®, = 9.377 (c = 0.95, CHCI,); *H NMR (500 MHz, CDCl5) & 7.29 (d, J =
8.2 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.06 (dd, J = 17.6, 11.0 Hz, 1H), 5.43 (dd, J = 11.0, 1.2 Hz, 1H),
5.38 (dd, J = 17.6, 1.3 Hz, 1H), 3.92 (d, J = 11.2 Hz, 1H), 3.87 (d, J = 11.4 Hz, 1H), 3.75 (t, J = 4.4 Hz,
2H), 3.48-3.44 (m, 1H) 3.41-3.38 (m, 1H), 3.23 (bs, 1H) 2.96 (bs, 1H), 2.34 (s, 3H); *C NMR (125 MHz,
CDCl5) 6 137.9, 137.3, 137.0, 129.0, 126.9, 117.6, 81.8, 66.6, 64.4, 62.2, 21.0; HRMS (ESI-MS): Calcd.
for C13H1505 (M+Na): 245.1154, Found: 245.1156; HPLC conditions: Chiralcel AD-H column, 220 nm,

flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor = 8.44 MinN, tmajor = 9.50 min; 89% ee.

OMe OH
\\O
HO NP

3n
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(S)-2-(2-hydroxyethoxy)-2-(2-methoxyphenyl)but-3-en-1-ol (3n). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a yellow oil in 73% yield (34.8 mg); [0]®p = -11.544 (c = 1.00, CHCI5); *H NMR (400
MHz, CDCls) 6 7.52 (dd, J = 7.8, 1.6 Hz, 1H), 7.30-7.26 (m, 1H), 7.00-6.96 (m, 1H), 6.90 (dd, J = 8.2,
1.2 Hz, 1H), 6.10 (dd, J = 17.7 Hz, 11.0, 1H), 5.29 (dd, J = 10.9, 1.3 Hz, 1H), 5.20 (dd, J = 17.7, 1.4 Hz,
1H), 4.18 (d, J = 11.6, Hz, 1H), 4.02 (d, J = 11.6, Hz, 1H), 3.78 (s, 3H), 3.77-3.72 (m, 2H), 3.53 (t, J =
4.5 Hz, 2H), 3.27 (bs, 1H), 2.79 (bs, 1H); *C NMR (126 MHz, CDCI;) & 156.8, 137.8, 129.0, 128.7,
128.5, 120.6, 116.3, 111.8, 81.6, 64.3, 64.2, 62.2, 55.2; HRMS (ESI-MS): Calcd. for C13H1304 (M+Na):
261.1103, Found: 261.1100; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/11, tminor = 14.30 Min, tyejor = 16.25 min; 92% ee.

OMe

\OIOH
HO X~
30

(S)-2-(2-hydroxyethoxy)-2-(3-methoxyphenyl)but-3-en-1-ol (30). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 92% yield (44.0 mg); [a]%p = -4.749 (c = 0.90, CHCIs); *H NMR (500
MHz, CDCl;) & 7.27 (d, J = 8.4 Hz, 1H), 7.00-6.96 (m, 2H), 6.84-6.82 (m, 1H), 6.05 (dd, J = 17.7, 11.0
Hz, 1H), 5.44 (dd, J = 12.2, 1.2 Hz, 1H), 5.39 (dd, J = 17.7, 1.2 Hz, 1H), 3.93 (d, J = 11.7 Hz, 1H), 3.90
(d, J = 11.2 Hz, 1H), 3.80 (s, 3H), 3.77 (t, J = 4.4 Hz, 2H), 3.53-3.49 (m, 1H), 3.47-3.43 (m, 1H), 3.01
(bs, 1H), 2.78 (bs, 1H); *C NMR (125 MHz, CDCly) § 159.6, 141.9, 137.7, 129.4, 119.2, 117.8, 113.1,
112.7, 81.8, 66.4, 64.5, 62.3, 55.2; HRMS (ESI-MS): Calcd. for Cy3H;30, (M+Na): 261.1103, Found:
261.1101; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9,
tminor = 11.47 mMin, tygor = 12.58 min; 90% ee.

MeO,
OH
‘\OI
HO N
3p
(S)-2-(2-hydroxyethoxy)-2-(4-methoxyphenyl)but-3-en-1-ol (3p). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a yellow oil in 94% yield (44.9 mg); [a]*p = -4.247 (¢ = 0.95, CHCI); "H NMR (500 MHz,
CDCl3) 6 7.33 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.05 (dd, J = 17.1, 10.5 Hz, 1H), 5.43 (dd, J =
11.0, 1.2 Hz, 1H), 5.38 (dd, J = 17.6, 1.2 Hz, 1H), 3.94 (d, J = 11.6 Hz, 1H), 3.88 (d, J = 11.6 Hz, 1H),
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3.80 (s, 3H), 3.76 (d, J = 4.7 Hz, 2H), 3.48-3.44 (m, 1H), 3.43— 3.39 (m, 1H), 1.76 (bs, 2H); **C NMR
(100 MHz, CDCl3) & 159.0, 138.1, 131.9, 128.2, 117.5, 113.8, 81.5, 66.4, 64.3, 62.3, 55.2; HRMS (ESI-
MS): Calcd. for Ci3Hig04 (M+Na): 261.1205, Found: 261.1100; HPLC conditions: Chiralcel OD-H
column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor = 11.99 Min, tyajor = 15.64 min; 93% ee.

F

OH
\of
HO N

3q

(S)-2-(4-fluorophenyl)-2-(2-hydroxyethoxy)but-3-en-1-ol (3q) The crude product was purified by flash
column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a
yellow oil in 89% yield (40.3 mg); [a]®> = -2.360 (c = 1.10, CHCIl,); *H NMR (500 MHz, CDCls) &
7.41-7.37 (m, 2H), 7.07-7.02 (m, 2H), 6.04 (dd, J = 17.8, 11.1 Hz, 1H), 5.45 (dd, J = 11.1, 1.1 Hz, 1H),
5.36 (dd, J=17.7, 1.2 Hz, 1H), 3.94-3.86 (m, 2H), 3.77 (t, J = 5.2 Hz, 2H), 3.50-3.46 (m, 1H), 3.44-3.40
(m, 1H), 3.03 (bs, 1H), 2.94 (dd, J = 6.4, 6.5 Hz, 1H); *C NMR (125 MHz, CDCl;) & 163.1, 161.2, 137.7,
136.0, 135.9, 128.8, 128.7, 118.0, 115.2, 115.0, 81.5, 66.4, 64.5, 62.2; HRMS (ESI-MS): Calcd. for
CoHisFO3 (M+Na): 249.0903, Found: 249.0903; HPLC conditions: Chiralcel AS-H column, 220 nm,

flow rate: 1 ml/min, i-PrOH/hexanes = 1/4, tminor = 4.89 MiN, trajor = 6.83 min; 88% ee.
(¢]]

OH
\of
HO %

3r

(S)-2-(4-chlorophenyl)-2-(2-hydroxyethoxy)but-3-en-1-ol (3r). The crude product was purified by flash
column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a
colorless oil in 90% yield (43.7 mg); [0]*°p = +4.741 (c =1.15, CHCI5); 'H NMR (500 MHz, CDCl5) §
7.36 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.9 Hz, 2H), 6.02 (dd, J = 17.8, 11.1 Hz, 1H), 5.45 (dd, J = 10.0, 1.0
Hz, 1H), 5.34 (dd, J = 17.6, 1.0 Hz, 1H), 3.90 (d, J = 11.8 Hz, 1H), 3.85 (d, J = 11.7 Hz, 1H), 3.79-3.74
(m, 2H), 3.50-3.46 (m, 1H), 3.43-3.39 (m, 1H), 3.13 (bs, 2H); *C NMR (125 MHz, CDCls) § 138.8,
137.4,133.5,128.4, 118.3, 81.5, 77.2, 66.3, 64.5, 62.2; HRMS (ESI-MS): Calcd. for C1,H15CIO; (M+Na):
265.0607, Found: 265.0609; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/9, tminor = 8.95 mMin, tysjor = 10.16 min; 86% ee.

Br.

OH
\OI
HO L F
3s
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(S)-2-(4-bromophenyl)-2-(2-hydroxyethoxy)but-3-en-1-ol (3s). The crude product was purified by flash
column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a
light yellow oil in 93% yield (53.6 mg); [a]® = +4.933 (c =1.15, CHCI5); *H NMR (500 MHz, CDCl3) &
7.48 (d, J = 8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H), 6.02 (dd, J = 17.8, 11.1 Hz, 1H), 5.45 (dd, J = 11.0, 1.0
Hz, 1H), 5.34 (dd, J = 17.8, 1.1 Hz, 1H), 3.90 (d, J = 11.9 Hz, 1H), 3.85 (d, J = 11.6 Hz, 1H), 3.76 (t,J =
4.4 Hz, 2H), 3.50-3.47 (m, 1H), 3.43-3.39 (m, 1H), 3.17 (bs, 1H), 3.12 (dd, J = 6.6, 6.4 Hz, 1H); °C
NMR (125 MHz, CDCly) 6 139.4, 137.4, 131.4, 128.8, 121.7, 118.3, 81.6, 66.3, 64.5, 62.2; HRMS (ESI-
MS): Calcd. for Cy,HisBrOs (M+Na): 309.0102, Found: 309.0114; HPLC conditions: Chiralcel AD-H

column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor = 9.06 MiN, traor = 10.39 min; 90% ee.

OH
o’/
HO N
3t

(S)-2-(benzo[d][1,3]dioxol-5-yl)-2-(2-hydroxyethoxy)but-3-en-1-0l  (3t). The crude product was
purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the
title compound as a light yellow oil in 87% yield (43.9 mg); [a]®p = -3.652 (c = 1.40, CHCI5); *H NMR
(500 MHz, CDCls) § 6.93 (d, J = 1.7 Hz, 1H), 6.86 (dd, J = 8.2, 1.8 Hz, 1H), 6.79 (d, J = 8.2 Hz, 1H),
6.02 (dd, J = 17.6, 11.0 Hz, 1H), 5.95 (s, 2 H), 5.43 (dd, J = 11.0, 1.2 Hz, 1H), 5.38 (dd, J = 17.7, 1.2 Hz,
1H), 3.89 (d, J = 11.6 Hz, 1H), 3.86 (d, J = 11.7 Hz, 1H), 3.76 (t, J = 4.6 Hz, 2H), 3.50-3.46 (m, 1H),
3.43-3.39 (m, 1H), 3.08 (bs, 1H), 2.89 (bs, 1H); *C NMR (125 MHz, CDCl;) & 147.8, 147.0, 137.9,
134.0, 120.2, 117.7, 107.9, 107.7, 101.0, 81.6, 66.4, 64.4, 62.2; HRMS (ESI-MS): Calcd. for C;3H;50s5

(M+Na): 275.0895, Found: 275.0893; HPLC conditions: Chiralcel AS-H column, 220 nm, flow rate: 1
ml/min, i-PrOH/hexanes = 1/4, tyinor = 8.16 Min, tmsjor = 11.54 min; 75% ee.

cl Cl

\OIOH
HO. X~
3u
(S)-2-(3,4-dichlorophenyl)-2-(2-hydroxyethoxy)but-3-en-1-ol (3u). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 87% yield (48.3 mg); [0]*p = +4.594 (¢ = 0.80, CHCI5); 'H NMR (500
MHz, CDCl3) 6 7.54 (dd, J = 2.2, 0.9 Hz, 1H), 7.43-7.41 (dd, J = 8.4, 0.9 Hz, 1H), 7.27-7.24 (m, 1H),
5.98 (dd, J = 17.8, 11.0 Hz, 1H), 5.47 (dd, J = 12.0, 1.0 Hz, 1H), 5.34 (dd, J = 18.7, 1.0 Hz, 1H), 3.94 (d,
J = 11.8 Hz, 1H), 3.82 (d, J = 13.2 Hz, 1H), 3.79 (t, J = 6.0 Hz, 2H), 3.55-3.50 (m, 1H), 3.47-3.44 (m,

1H), 3.17 (bs, 1H), 3.04 (bs, 1H); *C NMR (125 MHz, CDCl) & 141.1, 137.1, 132.4, 131.6, 130.2, 129.1,
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126.4, 118.7, 81.2, 66.0, 64.6, 62.2; HRMS (ESI-MS): Calcd. for C1,H14,Cl,05; (M+Na): 299.0218, Found:
299.0215; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/6,
tminor = 5.80 min, tor = 6.72 Min; 89% ee.

(S)-2-(2-hydroxyethoxy)-2-(naphthalen-2-yl)but-3-en-1-ol (3v). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 92% vyield (47.5 mg); [a]®p = -7.086 (¢ = 1.15, CHCl); *H NMR (500
MHz, CDCls) & 7.86-7.80 (m, 4H), 7.51 (dd, J = 8.6, 1.8 Hz, 1H), 7.49-7.46 (m, 2H), 6.13 (dd, J = 17.6,
11.0 Hz, 1H), 5.47 (dd, J = 11.0, 1.2 Hz, 1H), 5.42 (dd, J = 17.6, 1.2 Hz, 1H), 4.06 (d, J = 11.6 Hz, 1H),
4.00 (d, J = 11.7 Hz, 1H), 3.78 (t, J = 4.5 Hz, 2H), 3.53-3.44 (m, 2H), 3.16 (bs, 1H), 2.97 (bs, 1H); °C
NMR (125 MHz, CDCl;) 6 137.9, 137.6, 133.0, 132.7, 128.2, 128.0, 127.5, 126.2, 126.1, 125.9, 124.9,
118.0, 81.9, 66.2, 64.6, 62.3; HRMS (ESI-MS): Calcd. for C;sH;505 (M+Na): 281.1154, Found: 281.1150;
HPLC conditions: Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor =

10.81 min, tmajor = 12.28 min; 86% ee.
AN
S B OIOH
HOL M~

3w

(S)-2-(2-hydroxyethoxy)-2-(thiophen-3-yl)but-3-en-1-0 (3w). The crude product was purified by flash
column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a
light yellow oil in 91% yield (39.1 mg); [a]*5 = -2.607 (c = 0.95, CHCls); *H NMR (500 MHz, CDCl;) &
7.32 (dd, J = 5.0, 3.0 Hz, 1H), 7.27 (dd, J = 3.0, 1.4 Hz, 1H), 7.08 (dd, J = 5.0, 1.4 Hz, 1H), 6.09 (dd, J =
17.6, 11.0 Hz, 1H), 5.43 (dd, J = 11.0, 1.2 Hz, 1H), 5.39 (dd, J = 17.5, 1.2 Hz, 1H), 3.94 (dd, J = 11.6, 5.4
Hz, 1H), 3.82 (dd, J = 11.6, 6.4 Hz, 1H), 3.73 (t, J =4.8 Hz, 2H), 3.48-3.44 (m, 1H), 3.40-3.36 (m, 1H),
3.16 (dd, J = 5.4, 5.2 Hz, 1H), 3.02 (dd, J = 6.4, 6.3 Hz, 1H); **C NMR (125 MHz, CDCl;) & 141.4,
137.4,126.9, 125.8, 123.0, 117.7, 80.5, 67.0, 64.6, 62.2; HRMS (ESI-MS): Calcd. for C1oH14,03S (M+Na):
237.0561, Found: 237.0567; HPLC conditions: Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/9, tminor = 8.68 mMin, tmsjor = 12.43 min; 70% ee.
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: OH
HsC O

HO X~
3x

(R)-2-((3-(hydroxymethyl)benzyl)oxy)-2-methylbut-3-en-1-ol (3x). The crude product was purified by
flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a yellow oil in 89% yield (39.5 mg); [0]®p = +2.961 (c = 0.85, CHCIs); *H NMR (400 MHz,
CDCly) 6 7.35-7.30 (m, 2H), 7.26-7.22 (m, 2H), 5.90 (dd, J = 17.6, 11.0 Hz, 1H), 5.34 (dd, J = 4.6, 1.2
Hz, 1H), 5.30 (dd, J = 11.0, 1.2 Hz, 1H), 4.62 (s, 2H), 4.39 (s, 2H), 3.54 (d, J = 11.2 Hz, 1H), 3.47 (d, J =
11.3 Hz, 1H), 2.36 (bs, 2H), 1.38 (s, 3H); *C NMR (126 MHz, CDCl,) & 141.1, 139.6, 139.2, 128.5,
126.7, 126.1, 126.0, 117.2, 78.5, 69.4, 65.0, 64.8, 18.5; HRMS (ESI-MS): Calcd. for C13H1303; (M+Na):
245.1154, Found: 245.1158; HPLC conditions: Chiralcel OD-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/6, tminor = 10.57 min, tysor = 12.12 min; 41% ee.

General procedure for the asymmetric allylic di-etherification of Ph-VEC 1a with various

diols

Pd,(dba)s- CHCl,

o) (3 mol%)
>¥ (R)-L1 (12 mol%)
g 9 4+ HO. .OH EtsB (5 mol%)
d
Ph z MTBE, 20 °C, 36 h
1a , 4AMS
. (1 equiv.)
(2.2 equiv.)

To an oven dried screw-cap reaction tube equipped with a magnetic stir bar, Pd,(dba);:CHCI; (6.2 mg,
0.006 mmol, 3 mol%), Zhou’s ligand (R)-L1 (9.1 mg, 0.024 mmol, 12 mol%), and VEC 1la (83.6 mg,
0.44 mmol, 2.2 equiv.) were added. The reaction tube was sealed with rubber-septum, then evacuated and
backfilled with nitrogen (this process was repeated a total of three times). Et;B (10 uL of 1 M solution in
THF, 0.01 mmol, 5 mol%), ethylene glycol 2 (11.2 pL, 0.2 mmol, 1.0 equiv.), and anhydrous MTBE (2
mL) were added sequentially via syringe. The resulting mixture was stirred at 20 <€ for 36 h. The solvent
was removed by rotary evaporation under vacuum. The crude product was purified by flash column
chromatography on silica gel to afford the corresponding diol 4. The enantiomeric excesses of the

products were determined by HPLC analysis using chiral stationary phases as indicated for each case.
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Ph\

HO_ = O/\/O ~"OH

4a

(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-phenylbut-3-en-1-ol) (4a). The crude product was purified
by flash column chromatography (2:8 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow solid in 89% yield (62.8 mg); mp. 68-70 <€€; HPLC analysis indicated 6:1 dr;
'"H NMR (500 MHz, CDCl;) § 7.45-7.42 (m, 4H), 7.38-7.35 (m, 4H), 7.31-7.27 (m, 2H), 6.10 (dd, J =
17.6, 11.0 Hz, 2H), 5.43 (dd, J = 11.0, 1.2 Hz, 2H), 5.40 (dd, J = 17.8, 1.5 Hz, 2H), 3.99 (d, J = 11.8 Hz,
2H), 3.94 (d, J = 11.8 Hz, 2H), 3.59-3.50 (m, 4H), 2.99 (bs, 2H); *C NMR (125 MHz, CDCl;) § 140.0,
138.0, 128.3, 127.6, 126.9, 117.6, 82.3, 66.5, 63.0; HRMS (ESI-MS): Calcd. for C,,H2604 (M+NH,):
372.2175, Found: 372.2186; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 0.5 ml/min, i-
PrOH/hexanes = 1/9, tminor = 28.58 min, tmsjor = 42.80 min; 97% ee.

\ /I

4b

(2S,2'S)-2,2'-(propane-1,3-diylbis(oxy))bis(2-phenylbut-3-en-1-ol) (4b). The crude product was
purified by flash column chromatography (2:8 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 87% yield (64.2 mg); HPLC analysis indicated 9:1 dr; *H NMR (500
MHz, CDCls) § 7.40-7.38 (m, 4H), 7.36-7.34 (m, 4H), 7.30-7.26 (m, 2H), 6.07 (dd, J = 17.7, 11.0 Hz,
2H), 5.43 (dd, J = 11.0, 1.4 Hz, 2H), 5.37 (d, J = 17.6, 1.3 Hz, 2H), 3.91 (d, J = 10.6 Hz, 2H), 3.89 (d, J =
8.6 Hz, 2H), 3.54-3.47 (m, 4H), 2.42 (bs, 2H), 1.92-1.87 (m, 2H); **C NMR (125 MHz, CDCls) & 140.4,
138.0, 128.3, 127.6, 126.9, 117.6, 81.8, 66.7, 59.8, 30.6; HRMS (ESI-MS): Calcd. for C,3H,30, (M+NH,):
386.2331, Found: 386.2349; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 0.5 ml/min, i-
PrOH/hexanes = 1/9, tminor = 46.75 MiN, tysor = 49.0 min; 99% ee.

HO O/\/\/O ~"SOH

(25,2'S)-2,2'-(butane-1,4-diylbis(oxy))bis(2-phenylbut-3-en-1-ol) (4c). The crude product was purified
by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound as a light yellow oil in 92% yield (70.1 mg); HPLC analysis indicated 15:1 dr; *H NMR (500
MHz, CDCl;) 6 7.40-7.34 (m, 8H), 7.30-7.27 (m, 2H), 6.06 (dd, J = 17.7, 11.0 Hz, 2H), 5.44 (dd, J =
11.0, 1.3 Hz, 2H), 5.38 (dd, J = 17.6, 1.3 Hz, 2H), 3.89-3.83 (m, 4H), 3.37-3.31 (m, 4H), 2.08 (dd, J =

4c

S15



5.8, 5.2 Hz, 2H), 1.74-1.69 (m, 4H); *C NMR (125 MHz, CDCl5) & 140.4, 137.7, 128.3, 127.6, 126.9,
117.7, 81.6, 67.0, 62.8, 27.0; HRMS (ESI-MS): Calcd. for CyH304 (M+NH,): 400.2488, Found:
400.2509; HPLC conditions: Chiralcel OJ-H column, 220 nm, flow rate: 0.5 ml/min, i-PrOH/hexanes =
1/1.5, tmsjor = 17.28 min, tiner = 24.07 min; >99% ee.

Ph \ // Ph

HO A o~ O~ A OH
4d

(2S,2'S)-2,2'-((oxybis(ethane-2,1-diyl))bis(oxy))bis(2-phenylbut-3-en-1-ol) (4d). The crude product
was purified by flash column chromatography (2:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a light yellow oil in 87% yield (69.6 mg); HPLC analysis indicated 16:1 dr; *H
NMR (500 MHz, CDCls) & 7.42—7.39 (m, 4H), 7.36-7.32 (m, 4H), 7.29-7.25 (m, 2H), 6.14 (dd, J = 17.4,
11.0 Hz, 2H), 5.39 (dd, J = 10.9, 8.6 Hz, 2H), 5.30 (dd, J = 17.6, 5.7 Hz, 2H), 4.46 (dd, J = 7.3, 6.7 Hz,
2H), 3.97-3.87 (m, 4H), 3.74-3.67 (m, 4H), 3.63-3.57 (m, 2H), 3.50-3.44 (m, 2H); *C NMR (125 MHz,
CDCl3) 8 140.5, 138.4, 128.2, 127.4, 127.0, 117.3, 82.5, 70.9, 66.3, 62.5; HRMS (ESI-MS): Calcd. for
Ca4H3005 (M+NH,): 416.2437, Found: 416.2452; HPLC conditions: Chiralcel AS-H column, 220 nm,
flow rate: 1 ml/min, i-PrOH/hexanes = 1/19, tyjor = 44.53 min; >99% ee.

Ph\

HO._~
o O/\/O\/\O/\/O({P\OH
\ h

4e

(2S,13S)-2,13-diphenyl-2,13-divinyl-3,6,9,12-tetraoxatetradecane-1,14-diol (4e). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a light yellow oil in 84% yield (74.6 mg); HPLC analysis indicated 12:1 dr; *H
NMR (400 MHz, CDCls) & 7.40-7.38 (m, 4H), 7.33 (t, J = 7.4 Hz, 4H), 7.27-7.24 (m, 2H), 6.07 (dd, J =
17.6, 11.0 Hz, 2H), 5.35 (dd, J = 11.0, 1.2 Hz, 2H), 5.29 (dd, J = 19.1, 1.4 Hz, 2H), 3.92 (s, 4H), 3.71 (s,
4H), 3.70-3.67 (m, 4H), 3.58-3.54 (m, 4H), 3.50-3.46 (m, 2H); *C NMR (125 MHz, CDCl5) & 140.8,
138.8, 128.1, 127.3, 126.9, 117.0, 82.0, 71.0, 70.5, 65.7, 62.8; HRMS (ESI-MS): Calcd. for CysH3405
(M+NHy,): 460.2699, Found: 460.2715; HPLC conditions: Chiralcel OD-H column, 220 nm, flow rate: 1
ml/min, i-PrOH/hexanes = 1/19, tyajor = 51.16 min; >99% ee.

\ Ts //
O PRI N
4f
N,N-bis(2-(((S)-1-hydroxy-2-phenylbut-3-en-2-yl)oxy)ethyl)-4-methylbenzenesulfonamide (4f). The

crude product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica
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gel to provide the title compound as a light yellow oil in 87% yield (96.3 mg); HPLC analysis indicated
9:1 dr; 'H NMR (500 MHz, CDCls) & 7.68 (d, J = 8.2 Hz, 2H), 7.36-7.32 (m, 8H), 7.30-7.25 (m, 4H),
6.03 (dd, J =17.7, 11.0 Hz, 2H), 5.43 (dd, J = 11.0, 1.3 Hz, 2H), 5.34 (dd, J = 17.5, 1.2 Hz, 2H), 3.82 (d,
J=11.6 Hz, 2H), 3.78 (d, J = 11.8 Hz, 2H), 3.55-3.46 (m, 4H), 3.43-3.40 (m, 4H), 2.48 (bs, 2H), 2.40 (s,
3H); *C NMR (125 MHz, CDCls) § 143.4, 139.7, 136.9, 136.4, 129.6, 128.3, 127.7, 127.3, 127.0, 118.4,
82.6, 67.3, 62.0, 49.2, 21.4; HRMS (ESI-APCI): Calcd. for C3H3;NOsS (M+NH,): 569.2685, Found:
569.2715; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/4,
tminor = 11.82 mMiN, trgor = 29.75 min; 99% ee.

HOEJ \\ Ph OH
OUJU

49
(2S,2'S)-2,2'-(((Z2)-but-2-ene-1,4-diyl)bis(oxy))bis(2-phenylbut-3-en-1-ol) (4g). The crude product was
purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the
title compound as a light yellow oil in 90% yield (68.2 mg); HPLC analysis indicated 10:1 dr; *H NMR
(500 MHz, CDCly) & 7.38-7.32 (m, 8H), 7.30-7.27 (m, 2H), 6.08 (dd, J = 17.6, 11.0 Hz, 2H), 5.79-5.73
(m, 2H), 5.44 (dd, J = 11.0, 1.4 Hz, 2H), 5.37 (dd, J = 17.6, 1.4 Hz, 2H), 3.90-3.80 (m, 8H), 2.15 (dd, J =
6.5, 6.5 Hz, 2H); **C NMR (125 MHz, CDCl;) & 139.9, 137.1, 129.0, 128.3, 127.7, 127.0, 118.2, 82.5,
67.7, 59.8; HRMS (ESI-MS): Calcd. for CyH,s04 (M+NH,): 398.2331, Found: 398.2348; HPLC
conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor = 22.98 min,
tmajor = 38.06 min; >99% ee.
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(25,2'S)-2,2'-(but-2-yne-1,4-diylbis(oxy))bis(2-phenylbut-3-en-1-ol) (4h). The crude product was
purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the
title compound as a yellow oil in 93% yield (70.3 mg); HPLC analysis indicated 14:1 dr; "H NMR (500
MHz, CDCl;) 6 7.42-7.36 (m, 8H), 7.32-7.29 (m, 2H), 6.12 (dd, J = 17.7, 11.0 Hz, 2H), 5.50 (dd, J =
11.0, 11 Hz, 2H), 5.42 (dd, J = 17.6, 17.6 Hz, 2H), 4.12 (d, J = 14.2 Hz, 2H), 4.03 (d, J = 14.6 Hz, 2H),
3.92-3.84 (m, 4H), 2.24 (dd, J = 6.8, 6.7 Hz, 2H); *C NMR (125 MHz, CDCls) & 139.3, 136.6, 128.4,
127.9, 127.0, 118.8, 83.4, 82.7, 67.8, 52.4; HRMS (ESI-MS): Calcd. for CyH,c0, (M+NH,): 396.2175,
Found: 396.2195; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes =
1/3, tminor = 13.35 min, tosjor = 23.31 min; >99% ee.
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(2S,2'S)-2,2'-((1,2-phenylenebis(methylene))bis(oxy))bis(2-phenylbut-3-en-1-ol)  (4i). The crude
product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to
provide the title compound as a yellow oil in 82% vyield (70.2 mg); HPLC analysis indicated 5:1 dr; *H
NMR (500 MHz, CDCls) & 7.45-7.40 (m, 6H), 7.37-7.34 (m, 4H), 7.33-7.28 (m, 4H), 6.12 (dd, J = 17.6,
11.0 Hz, 2H), 5.46 (dd, J = 11.0, 1.4 Hz, 2H), 5.42 (dd, J = 17.8, 1.2 Hz, 2H), 4.48 (d, J = 11.5 Hz, 2H),
4.44 (d, J = 11.6 Hz, 2H), 3.95-3.88 (m, 4H), 2.25 (bs, 2H); *C NMR (125 MHz, CDCl5) & 140.0, 137.6,
136.7, 128.6, 128.4, 127.8, 127.7, 127.0, 118.1, 82.7, 67.2, 63.3; HRMS (ESI-MS): Calcd. for C,3H3,0,
(M+NHy,): 448.2488, Found: 448.2509; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1
ml/min, i-PrOH/hexanes = 1/4, tyjnor = 6.85 Min, tmsjor = 14.39 min; 98% ee.

Ph, \ Z/ Ph

HO_ = O/\©/\O;</OH

4

(25,2'S)-2,2'-((1,3-phenylenebis(methylene))bis(oxy))bis(2-phenylbut-3-en-1-ol)  (4j). The crude
product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to
provide the title compound as a light yellow oil in 87% yield (75.1 mg); HPLC analysis indicated 11:1 dr;
'H NMR (500 MHz, CDCls) § 7.49-7.47 (m, 4H), 7.40-7.29 (m, 10H), 6.18 (dd, J = 17.6, 11.1 Hz, 2H),
5.52 (dd, J = 8.4, 8.4 Hz, 2H), 5.49 (dd, J = 15.0, 15.0 Hz, 2H), 4.45 (d, J = 11.6 Hz, 2H), 4.40 (d, J =
11.6 Hz, 2H), 3.98-3.90 (m, 4H), 2.05 (dd, J = 6.7, 6.4 Hz, 2H); *C NMR (125 MHz, CDCl;) & 140.0,
138.9, 137.3, 128.5, 128.4, 127.8, 127.0, 126.4, 126.2, 118.4, 82.5, 67.6, 65.2; HRMS (ESI-MS): Calcd.
for C,gH300, (M+NH,): 448.2488, Found: 448.2508; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow
rate: 1 ml/min, i-PrOH/hexanes = 1/3, tyajor = 14.76 min; >99% ee.

Hol OH
Ph—% Q O(;h
Vs < > N\
4k

(25,2'S)-2,2'-((1,4-phenylenebis(methylene))bis(oxy))bis(2-phenylbut-3-en-1-ol)  (4k). The crude
product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to
provide the title compound as a yellow oil in 88% vyield (75.9 mg); HPLC analysis indicated 12:1 dr; *H
NMR (500 MHz, CDCly) & 7.48-7.46 (m, 4H), 7.40-7.36 (m, 8H), 7.32-7.29 (m, 2H), 6.18 (dd, J = 17.6,
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11.1 Hz, 2H), 5.51 (dd, J = 8.6, 1.2 Hz, 2H), 5.48 (dd, J = 16.3, 1.2 Hz, 2H), 4.43 (d, J = 11.4 Hz, 2H),
4.38 (d, J = 11.4 Hz, 2H), 3.97-3.89 (m, 4H), 2.04 (dd, J = 5.8, 5.7 Hz, 2H); *C NMR (125 MHz, CDCl,)
5 140.0, 137.9, 137.3, 128.4, 127.7, 127.4, 127.0, 118.3, 82.4, 77.2, 67.6, 65.0; HRMS (ESI-MS): Calcd.
for C,gH300, (M+NH,): 448.2488, Found: 448.2509; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow
rate: 1 ml/min, i-PrOH/hexanes = 1/4, tyinor = 13.27 min, tygor = 40.63 min; >99% ee.

Ph, | I e

Ho L /Q/OH
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(2S,2'S)-2,2'-((pyridine-2,6-diylbis(methylene))bis(oxy))bis(2-phenylbut-3-en-1-ol) (4l). The crude
product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to
provide the title compound as a yellow oil in 94% yield (80.8 mg); HPLC analysis indicated 15:1 dr; *H
NMR (400 MHz, CDCls) 8 7.65 (t, J = 7.7 Hz, 1H), 7.48-7.45 (m, 4H), 7.38-7.34 (m, 4H), 7.30-7.26 (m,
2H), 7.14 (d, J = 7.7 Hz, 2H), 6.20 (dd, J = 17.6, 11.0 Hz, 2H), 6.06 (bs, 2H), 5.40 (dd, J = 10.8, 1.0 Hz,
2H), 5.35 (dd, J = 17.6, 1.2 Hz, 2H), 4.62 (d, J = 13.7 Hz, 2H), 4.50 (d, J = 13.8 Hz, 2H), 4.08-3.99 (m,
4H); BC NMR (125 MHz, CDCIs) 8 158.3, 140.5, 138.2, 137.6, 128.2, 127.4, 127.0, 120.4, 117.7, 83.8,
66.7, 65.9; HRMS (ESI-MS): Calcd. for C,;HxNO, (M+H): 432.2175, Found: 432.2192; HPLC
conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/2.3, tyinor = 9.48 min,
tmajor = 22.92 min; >99% ee.

Ref
JNXQ

(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(p-tolyl)but-3-en-1-o0l) (4m). The crude product was
purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the
title compound as a light yellow oil in 91% yield (69.5 mg); HPLC analysis indicated 5:1 dr; '"H NMR
(500 MHz, CDCls3) 8 7.30 (d, J = 8.1 Hz, 4H), 7.17 (d, J = 8.0 Hz, 4H), 6.08 (dd, J = 17.6, 11.0 Hz, 2H),
5.40 (dd, J=7.9, 1.2 Hz, 2H), 5.38 (dd, J = 14.6, 1.4 Hz, 2H), 3.98 (d, J = 11.6 Hz, 2H), 3.90 (d, J =11.6
Hz, 2H), 3.57-3.44 (m, 4H), 2.96 (dd, J = 6.5, 6.3 Hz, 2H), 2.34 (s, 6H); *C NMR (125 MHz, CDCls) &
138.2, 137.3, 136.9, 129.0, 126.9, 117.3, 82.2, 66.5, 63.0, 21.0; HRMS (ESI-APCI): Calcd. for Cy;H3004
(M+NHy,): 400.2488, Found: 400.2506; HPLC conditions: Chiralcel OJ-H column, 220 nm, flow rate: 1
ml/min, i-PrOH/hexanes = 1/9, tmjor = 16.37 mMin, triner = 26.78 min; 99% ee.
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(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(2-methoxyphenyl)but-3-en-1-ol) (4n). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a yellow oil in 70% yield (58.0 mg); HPLC analysis indicated 24:1 dr; ‘*H NMR
(500 MHz, CDCly) 6 7.61 (dd, J = 7.8, 1.8 Hz, 2H), 7.30-26 (m, 2H), 7.01-6.98 (m, 2H), 6.90 (dd, J =
8.2, 1.2 Hz, 2H), 6.14 (dd, J = 17.6, 10.9 Hz, 2H), 5.28 (dd, J = 11.0, 1.4 Hz, 2H), 5.22 (dd, J = 17.6, 1.4
Hz, 2H), 4.21 (d, J = 11.8 Hz, 2H), 4.09 (d, J = 11.8 Hz, 2H), 3.77 (s, 6H), 3.67-3.63 (M, 4H), 2.99 (bs,
2H); *C NMR (125 MHz, CDCI3) § 156.8, 137.9, 128.9, 128.8, 128.5, 120.6, 116.0, 111.7, 82.2, 64.7,
63.0, 55.2; HRMS (ESI-APCI): Calcd. for CyH30s (M+NH,): 432.2386, Found: 432.2407; HPLC
conditions: Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/24, tyajor = 39.45

min; >99% ee.

g
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(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(3-methoxyphenyl)but-3-en-1-ol) (40). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a colorless oil in 86% yield (71.1 mg); HPLC analysis indicated 14:1 dr; ‘*H NMR
(500 MHz, CDCl,3) 6 7.29 (dd, J = 8.0, 7.9 Hz, 2H), 7.06 (s, 2H), 7.00 (d, J = 7.8 Hz, 2H), 6.83 (dd, J =
8.2, 2.4 Hz, 2H), 6.09 (dd, J = 17.6, 11.1 Hz, 2H), 5.43 (dd, J = 10.2, 10.2 Hz, 2H), 5.40 (dd, J = 8.0, 8.0
Hz, 2H), 3.98 (d, J = 11.8 Hz, 2H), 3.92 (d, J = 12.0 Hz, 2H), 3.80 (s, 6H), 3.62-3.50 (m, 4H), 2.92 (dd, J
=6.7, 6.5 Hz, 2H); BC NMR (125 MHz, CDCls) 6 159.6, 141.7, 137.7, 129.3, 119.3, 117.8, 113.4, 112.5,
82.30, 66.8, 63.1, 55.2; HRMS (ESI-APCI): Calcd. for CyH300s (M+NH,): 432.2386, Found: 432.2406;
HPLC conditions: Chiralcel OD-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor =
24.49 min, tysjor = 16.98 min; 98% ee.

Ref
JNfQ

S20



(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(4-methoxyphenyl)but-3-en-1-ol) (4p). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a yellow oil in 88% yield (72.6 mg); HPLC analysis indicated 4:1 dr; ‘H NMR (500
MHz, CDCly) & 7.34 (d, J = 8.8 Hz, 4H), 6.89 (d, J = 8.8 Hz, 4H), 6.08 (dd, J = 17.6, 11.0 Hz, 2H), 5.40
(dd, J =11.0, 1.2 Hz, 2H), 5.37 (dd, J = 17.6, 1.2 Hz, 2H), 3.99 (d, J = 11.8 Hz, 2H), 3.90 (d, J = 7.8 Hz,
2H), 3.80 (s, 6H), 3.55-3.43 (m, 4H), 2.90 (dd, J = 6.8, 6.2 Hz, 2H); *C NMR (125 MHz, CDCl5) & 159.0,
138.3, 131.9, 128.2, 117.3, 113.7, 82.0, 66.5, 62.9, 55.2; HRMS (ESI-APCI): Calcd. for C,;H3,0¢
(M+NHy,): 432.2386, Found: 432.2406; HPLC conditions: Chiralcel AS-H column, 220 nm, flow rate: 1
ml/min, i-PrOH/hexanes = 1/9, tyinor = 21.00 min, tmsjor = 26.52 Min; 96 % ee.

0
JNXQ

(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(4-fluorophenyl)but-3-en-1-ol) (4q). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a light yellow oil in 90% vyield (70.1 mg); HPLC analysis indicated 6:1 dr; *H NMR
(500 MHz, CDCls) § 7.43-7.40 (m, 4H), 7.05 (dd, J = 8.6, 8.4 Hz, 4H), 6.06 (dd, J = 17.6, 11.0 Hz, 2H),
5.45 (dd, J = 11.0, 1.9 Hz, 2H), 5.37 (dd, J = 17.6, 1.2 Hz, 2H), 3.95 (d, J = 11.4 Hz, 2H), 3.92 (d, J =
11.5 Hz, 2H), 3.59-3.48 (m, 4H), 2.88 (dd, J = 6.4, 6.4 Hz, 2H); *C NMR (125 MHz, CDCl;) & 163.1,
161.2,137.8,137.7, 135.8, 128.8, 118.0, 117.9, 115.2, 115.0, 81.9, 66.4, 63.0; HRMS (ESI-APCI): Calcd.
for CyoHasF204 (M+NH,): 408.1986, Found: 408.2004; HPLC conditions: Lux 5u Cellulose-2, 220 nm,
flow rate: 1 ml/min, i-PrOH/hexanes = 1/5.7, tminor = 8.80 MiN, tyajor = 10.76 min; 99% ee.

Ref
JNfQ

(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(4-chlorophenyl)but-3-en-1-ol) (4r). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a light yellow oil in 89% vyield (75.4 mg); HPLC analysis indicated 15:1 dr; 'H
NMR (500 MHz, CDCl3) & 7.39-7.36 (m, 4H), 7.35-7.32 (m, 4H), 6.05 (dd, J = 17.6, 11.0 Hz, 2H), 5.45
(dd, J = 11.2, 1.2 Hz, 2H), 5.37 (dd, J = 17.7, 1.0 Hz, 2H), 3.94 (d, J = 12.2 Hz, 2H), 3.91 (d, J = 7.8 Hz,
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2H), 3.60-3.49 (m, 4H), 2.86 (dd, J = 6.2, 6.2 Hz, 2H); *C NMR (125 MHz, CDCl5) & 138.6, 137.5,
133.6, 128.5, 128.4, 118.2, 81.9, 66.4, 63.0; HRMS (ESI-APCI): Calcd. for CyH»Cl,04 (M+Na):
445.0949, Found: 445.0942; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/19, tminor = 35.17 Min, tysjor = 43.81 min; 99% ee.

HO\}}O/\/
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(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(4-bromophenyl)but-3-en-1-o0l) (4s). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a light yellow oil in 85% yield (86.8 mg); HPLC analysis indicated 13:1 dr; *H
NMR (500 MHz, CDCl3) 4 7.49 (d, J = 8.6 Hz, 4H), 7.31 (d, J = 8.6 Hz, 4H), 6.05 (dd, J = 17.6, 11.0 Hz,
2H), 5.45 (dd, J = 11.0, 1.1 Hz, 2H), 5.37 (dd, J = 17.7, 1.0 Hz, 2H), 3.94 (d, J = 11.5 Hz, 2H), 3.91 (d, J
= 8.8 Hz, 2H), 3.57-3.49 (m, 4H), 2.81 (dd, J = 6.4, 6.2 Hz, 2H); **C NMR (125 MHz, CDCl;) & 139.2,
137.5, 131.5, 128.8, 121.8, 118.2, 82.0, 66.4, 63.0; HRMS (ESI-APCI): Calcd. for C,,H»4Br,0, (M+NH,):
530.0385, Found: 530.0380; HPLC conditions: Chiralcel OJ-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/9, tmajor = 15.53 min, tminer = 21.11 min; 99% ee.
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(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(benzo[d][1,3]dioxol-5-yl)but-3-en-1-0l) (4t). The crude
product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to
provide the title compound as a yellow oil in 83% yield (73.2 mg); HPLC analysis indicated 3:1 dr; *H
NMR (500 MHz, CDCl;) 6 6.97 (d, J = 1.7 Hz, 2H), 6.90-6.86 (m, 2H), 6.79 (d, J = 8.1 Hz, 2H), 6.06 (dd,
J=17.6, 11.0 Hz, 2H), 5.96 (s, 4H), 5.43 (dd, J = 7.9, 1.2 Hz, 2H), 5.40 (dd, J = 13.4, 1.6 Hz, 2H), 3.92
(d, J = 9.0 Hz, 2H), 3.88 (d, J = 12.0 Hz, 2H), 3.57-3.3.46 (m, 4H), 2.88 (bs, 4H); *C NMR (125 MHz,
CDCl;) & 147.8, 147.0, 138.0, 133.9, 120.3, 117.6, 107.9, 101.0, 82.0, 66.6, 66.5, 62.9; HRMS (ESI-
APCI): Calcd. for Cy4H260s (M+NH,): 460.1971, Found: 460.1980; HPLC conditions: Lux 5u Cellulose-
2,220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/4, tyinor = 19.20 mMin, tmajor = 29.27 min; 93% ee.
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(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(3,4-dichlorophenyl)but-3-en-1-0l)  (4u). The crude
product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to
provide the title compound as a colorless oil in 88% yield (86.2 mg); HPLC analysis indicated 3:1 dr; *H
NMR (500 MHz, CDCls) 6 7.58 (s, 2H), 7.45-7.43 (m, 2H), 7.30-7.26 (m, 2H), 6.03 (dd, J = 16.8, 11.0
Hz, 2H), 5.50 (dd, J = 11.0, 11 Hz, 2H), 5.39 (dd, J = 17.8, 3.8 Hz, 2H), 3.93 (d, J = 8.6 Hz, 2H), 3.87 (d,
J = 11.7 Hz, 2H), 3.63-3.51 (m, 4H), 2.82 (bs, 2H); **C NMR (125 MHz, CDCls) & 140.7, 136.8, 132.6,
131.8, 130.3, 129.2, 126.5, 119.0, 81.7, 66.5, 63.1; HRMS (ESI-APCI): Calcd. for C,H,Cl,04 (M+NH,):
510.0616, Found: 510.0615; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/5.7, tminor = 10.40 min, tmajor = 11.32 min; 95% ee.

|
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(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(naphthalen-2-yl)but-3-en-1-ol) (4v). The crude product
was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide
the title compound as a light yellow oil in 86% yield (78.2 mg); HPLC analysis indicated 6:1 dr; ‘*H NMR
(500 MHz, CDCl,) & 7.92-7.90 (m, 2H), 7.85-7.82 (m, 6H), 7.57-7.55 (m, 2H), 7.50-7.47 (m, 4H), 6.22
(dd, J = 17.6, 11.0 Hz, 2H), 5.49 (dd, J = 6.5, 1.2 Hz, 2H), 5.46 (dd, J = 13.0, 1.2 Hz, 2H), 4.15 (d, J =
11.8 Hz, 2H), 4.06 (d, J = 11.6 Hz, 2H), 3.65-3.56 (m, 4H), 3.04 (bs, 2H); *C NMR (125 MHz, CDCl;) &
138.0, 137.4, 133.0, 132.8, 128.2, 128.1, 127.5, 126.2, 126.1, 126.0, 125.0, 117.9, 82.5, 66.5, 63.2;
HRMS (ESI-APCI): Calcd. for C3H3z04 (M+NH,): 472.2488, Found: 472.2499; HPLC conditions: Lux

5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor = 23.76 MiN, tmsjor = 39.04 min;
98% ee.

X
HO . O/\/O ~oH

\,
4w S
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(2S,2'S)-2,2'-(ethane-1,2-diylbis(oxy))bis(2-(thiophen-3-yl)but-3-en-1-ol) (4w). The crude product was
purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the
title compound as a yellow oil in 89% yield (65.3 mg); HPLC analysis indicated 2:1 dr; *"H NMR (500
MHz, CDCly) 8 7.32-7.30 (m, 2H), 7.28-7.27 (m, 2H), 7.08 (dd, J = 5.0, 1.2 Hz, 2H), 6.09 (dd, J = 17.4,
11.0 Hz, 2H), 5.41 (dd, J = 8.5, 3.0 Hz, 2H), 5.38 (dd, J = 11.8, 1.8 Hz, 2H), 3.98 (d, J = 11.6 Hz, 2H),
3.86 (d, J = 6.8 Hz, 2H), 3.54-3.40 (m, 4H), 2.90 (dd, J = 7.6, 6.7 Hz, 2H); *C NMR (125 MHz, CDCl5)
5 141.4, 137.8, 126.9, 125.8, 122.8, 117.4, 80.8, 66.7, 63.2; HRMS (ESI-APCI): Calcd. for C1gH,,0,4S;
(M+NHy,): 384.1303, Found: 384.1319; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1
ml/min, i-PrOH/hexanes = 1/4, tminor = 9.55 MinN, tmsjor = 17.62 min; 93% ee.

HO“@}O/\Q/\O%OH

4x

(2R,2'R)-2,2'-((1,3-phenylenebis(methylene))bis(oxy))bis(2-methylbut-3-en-1-ol)  (4x). The crude
product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to
provide the title compound as a yellow oil in 89% vyield (54.5 mg); HPLC analysis indicated 2:1 dr; *H
NMR (400 MHz, CDClg) & 7.34-7.29 (m, 2H), 7.25-7.23 (m, 2H), 5.92 (dd, J = 17.5, 11.1 Hz, 2H), 5.35
(dd, J =5.1, 1.2 2H), 5.32 (dd, J = 11.6, 1.4 Hz, 2H), 4.41 (s, 4H), 3.57 (d, J = 11.0, Hz, 2H), 3.50 (d, J =
11.0 Hz, 2H), 2.13 (dd, J = 6.7, 6.4 Hz, 2H), 1.39 (s, 6H); *C NMR (126 MHz, CDCl5) & 139.7, 139.2,
128.4, 126.6, 126.5, 117.2, 78.5, 69.5, 64.8, 18.6; HRMS (ESI-MS): Calcd. for CigH»04 (M+Na):
329.1729, Found: 329.1725; HPLC conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/9, tmajor = 12.67 min, tminer = 15.33 min; 84% ee.

Br, Br
Q1
Ho\}g o Ny O/"' OH
‘ =
4y

(25,2'S)-2,2'-((pyridine-2,6-diylbis(methylene))bis(oxy))bis(2-(4-bromophenyl)but-3-en-1-ol)  (4y).
The crude product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on
silica gel to provide the title compound as a yellow oil in 84% vyield (98.1 mg); HPLC analysis indicated
9:1 dr; *H NMR (500 MHz, CDCls) & 7.65 (t, J = 7.6 Hz, 1H), 7.47 (d, J = 8.6 Hz, 4H), 7.34 (d, J = 8.6
Hz, 4H), 7.14 (d, J = 7.7 Hz, 2H), 6.28 (bs, 2H), 6.14 (dd, J = 17.7, 11.0 Hz, 2H), 5.43 (dd, J = 11.0, 1.2
Hz, 2H), 5.34 (dd, J = 17.7, 1.1 Hz, 2H), 4.63 (d, J = 13.7 Hz, 2H), 4.48 (d, J = 13.7 Hz, 2H), 4.04-3.92
(m, 4H); *C NMR (125 MHz, CDCl,) & 158.1, 139.7, 137.7, 137.6, 131.3, 128.9, 121.5, 120.6, 118.3,
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83.5, 66.5, 65.9; HRMS (ESI-MS): Calcd. for C,;H,,Br,NO, (M+H): 588.0385, Found: 588.0379; HPLC
conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tminor = 33.24 min,
tmajor = 53.50 min; 97% ee.

(2S,2'S)-2,2'-((pyridine-2,6-diylbis(methylene))bis(oxy))bis(2-(naphthalen-2-yl)but-3-en-1-ol)  (4z).
The crude product was purified by flash column chromatography (1:10 of EtOAc:Petroleum ether) on
silica gel to provide the title compound as a colorless oil in 81% yield (86.4 mg); HPLC analysis indicated
7:1 dr; *H NMR (500 MHz, CDCls) § 7.92 (s, 2H), 7.85-7.80 (m, 6H), 7.64 (t, J = 7.7 Hz, 1H), 7.60 (dd,
J = 8.6, 2.0 Hz, 2H), 7.49-7.45 (m, 4H), 7.14 (d, J = 7.7 Hz, 2H), 6.29 (dd, J = 17.6, 11.0 Hz, 2H), 6.23
(bs, 2H), 5.45 (dd, J = 11.0, 1.4 Hz, 2H), 5.40 (d, J = 17.6, 1.4 Hz, 2H), 4.65 (d, J = 13.8 Hz, 2H), 4.55 (d,
J = 13.8 Hz, 2H), 4.22 (d, J = 12.1 Hz, 2H), 4.11 (d, J = 12.2 Hz, 2H); *C NMR (125 MHz, CDCls) &
158.4, 138.2, 138.0, 137.6, 133.0, 132.7, 128.2, 128.0, 127.5, 126.1, 126.0, 126.0, 125.3, 120.5, 117.9,
84.0, 66.7, 66.1; HRMS (ESI-MS): Calcd. for CssH33sNO, (M+H): 532.248, Found: 532.2496; HPLC
conditions: Lux 5u Cellulose-2, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 2/8, tmsjor = 18.97 min,
tminor = 28.59 min; 99% ee.

Procedure for 1.0 mmol scale mono-etherification of Ph-VEC 1a with ethylene glycol 2a

Pd,(dba)s- CHCl,

o) (2.5 mol%)
>¥o (R)-L1 (10 mol%)
Et3B (5 mol%)
(6] 3
\ 7+ ho
Ph MTBE, 20 °C, 16 h
1a 2a 4AMS
. (2 equiv.)
(1 equiv.)

To an oven dried 25 mL Schlenk flask equipped with a magnetic stir bar, Pd,(dba);CHCI; (26 mg, 0.025
mmol, 2.5 mol%), Zhou’s ligand (R)-L1 (38 mg, 0.1 mmol, 10 mol%), and VEC 1a (190 mg, 1.0 mmol,
1.0 equiv.) were added. The reaction tube was sealed with rubber-septum, then evacuated and backfilled
with nitrogen (this process was repeated a total of three times). EtsB (50 pL of 1 M solution in THF, 0.05
mmol, 5 mol%), ethylene glycol 2 (111.5 pL, 2 mmol, 2.0 equiv.), and anhydrous MTBE (8 mL) were
added sequentially via syringe. The resulting mixture was stirred at 20 € for 16 h. The solvent was
removed by rotary evaporation under vacuum. The crude product was purified by flash column

chromatography on silica gel to afford the diol 3a in 92% yield (191.5 mg) and 91% ee.
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Procedure for 1.0 mmol scale di-etherification of Ph-VEC with ethylene glycol 2a

Pd,(dba)s- CHCl3

o) (3 mol%)
>¥o (R)-L1 (12 mol%)
o Et3B (5 mol%)
\M + HO/\/OH
Ph MTBE, 20 °C, 36 h
1a 2a 4 AMS
. (1 equiv.)
(2.2 equiv.)

To an oven dried 25 mL Schlenk flask equipped with a magnetic stir bar, Pd,(dba);-CHCI; (31 mg, 0.03
mmol, 3 mol%), Zhou’s ligand (R)-L1 (45.5 mg, 0.12 mmol, 12 mol%), and VEC 1a (418 mg, 2.2 mmol,
2.2 equiv.) were added. The reaction tube was sealed with rubber-septum, then evacuated and backfilled
with nitrogen (this process was repeated a total of three times). EtsB (50 pL of 1 M solution in THF, 0.05
mmol, 5 mol%), ethylene glycol 2 (56 pL, 1.0 mmol, 1.0 equiv.), and anhydrous MTBE (8 mL) were
added sequentially via syringe. The resulting mixture was stirred at 20 € for 36 h. The solvent was
removed by rotary evaporation under vacuum. The crude product was purified by flash column
chromatography on silica gel to afford the diol 4a in 88% yield (311.7 mg) and 97% ee (6:1 dr).

General procedure for the elaboration of mono-etherified product 3 to crown ethers 5

X,OH 1) TsCl, Et;N, DCM X~g

Ph, O- o

HoL SO r,24h \4/
2) NaH, DMSO Ph

3a, 3d, 3e, 3f, 3l -40 °C 5

O

(e
O —
5a

(S)-2-phenyl-2-vinyl-1,4-dioxane (5a): A solution of toluene sulfonyl chloride (137 mg, 0.721 mmol, 1.0
equiv) in CH,CI, (5 mL) was added slowly to a stirred solution of (S)-2-(2-hydroxyethoxy)-2-phenylbut-
3-en-1-ol (3a) (150 mg, 0.721 mmol, 1.0 equiv) and followed by the addition of triethylamine (80.0 mg,
0.793 mmol, 1.1 equiv) in CH,CI, (10 mL) at room temperature. The reaction was stirred at room
temperature for 24 h. The reaction mixture was then quenched with saturated aqueous NH,CI, and
extracted with CH,Cl,. The combined organic layers were dried over anhydrous Na,SQ,, filtered and
concentrated under vacuum to afford yellow oil. The oil was dissolved in anhydrous DMSO (2 mL) and
sodium hydride (39.8 mg, 1.657 mmol, 2.0 equiv) was added in batches at room temperature. The
reaction mixture was then heated to 40 T and the progress of reaction was monitored by TLC. The
organic layer was extracted with ethyl acetate and washed with sat. NaHCO; (2 x 1 mL), H,O (3 x 2 mL)

and dried over anhydrous Na,SQO,, filtered and the solvent was removed. The crude product was purified
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by flash column chromatography (1:10 of EtOAc:Petroleum ether) on silica gel to provide the title
compound (5a) as a colorless oil in 94% yield (88.8 mg). [a]® = -6.711 (c = 0.38, CHCls); *H NMR (500
MHz, CDCls;) & 7.46-7.44 (m, 2H), 7.38-7.34 (m, 2H), 7.29-7.26 (m, 1H), 5.87 (dd, J = 17.6, 11.0 Hz,
1H), 5.37 (dd, J = 11, 1.2 Hz, 1H), 5.34 (dd, J = 17.8, 1.2 Hz, 1H), 3.93 (s, 2H), 3.90-3.86 (m, 1H), 3.78—
3.74 (m, 1H), 3.72-3.66 (m, 2H); *C NMR (125 MHz, CDCl,) § 141.3, 139.5, 128.3, 128.2, 127.4, 126.5,
117.4, 71.9, 66.9, 61.6; HRMS (ESI-MS): Calcd. for C;,H;,0, (M+H): 191.1072, Found: 191.1073;
HPLC conditions: Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/19, tyinor =
4.02 min, tmsjor = 5.08 min; 89% ee.

(0]

(¥

N~—
5d

(S)-2-phenyl-2-vinyl-1,4,7-trioxonane (5d). The crude product was purified by flash column
chromatography (1:9 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a colorless
oil in 33% yield (16.7 mg). [0]®p = +4.484 (c = 0.49, CHCI3); '"H NMR (500 MHz, CDCl5) § 7.46-7.44
(m, 2H), 7.36-7.33 (m, 2H), 7.27-7.24 (m, 1H), 5.93 (dd, J = 17.5, 11.0 Hz, 1H), 5.28 (dd, J = 7.3, 1.3
Hz, 1H), 5.26 (dd, J = 13.6, 1.2 Hz, 1H), 4.23 (d, J = 12.0 Hz, 1H), 4.19 (d, J = 11.7 Hz, 1H), 3.90-3.70
(m, 8H); *C NMR (125 MHz, CDCls) & 141.8, 140.5, 128.1, 127.2, 126.9, 116.1, 82.8, 77.3, 73.4, 73.2,
72.6, 66.5; HRMS (ESI-MS): Calcd. for CyyHi1s03 (M+NH,): 252.1600, Found: 252.1610; HPLC

conditions: Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/9, tpajor = 11.05

Min, tminor = 12.18 min; 95% ee.
o~ Mo
P
~— =
5e

(S)-2-phenyl-2-vinyl-1,4,7,10-tetraoxacyclododecane (5e). The crude product was purified by flash
column chromatography (2:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a
yellow oil in 71% yield (29.3 mg). [a]*5 = -7.523 (¢ = 0.60, CHCI5); "H NMR (500 MHz, CDCl5) & 7.43—
7.41 (m, 2H), 7.35-7.32 (m, 2H), 7.27-7.24 (m, 1H), 6.05 (dd, J = 17.6, 11.0 Hz, 1H), 5.30 (dd, J = 10.9,
1.2 Hz, 1H), 5.25 (dd, J = 17.6, 1.2 Hz, 1H), 4.01 (d, J = 10.1 Hz, 1H), 3.92 (d, J = 10.1 Hz, 1H), 3.83 (t,
J = 4.5 Hz, 2H), 3.78-3.58 (m, 10H); *C NMR (125 MHz, CDCl5) & 141.4, 140.0, 128.0, 127.2, 126.9,
116.2, 81.5, 74.3, 71.7, 71.4, 70.8, 70.7, 70.6, 64.7; HRMS (ESI-MS): Calcd. for CisH,,04 (M+Na):
301.1416, Found: 301.1426; HPLC conditions: Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/9, tminor = 9.96 MiN, tyor = 11.17 min; 96% ee.
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(S)-2-phenyl-7-tosyl-2-vinyl-1,4,7-dioxazonane (5f). The crude product was purified by flash column
chromatography (1:9 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a yellow
oil in 77% vyield (36.5 mg). [a]®p = +58.629 (c = 0.65, CHCIs); *H NMR (500 MHz, CDCls) & 7.61 (d, J
= 8.3 Hz, 2H), 7.32-7.27 (m, 4H), 7.24-7.20 (m, 3H), 6.03 (dd, J = 17.7.0, 11.0 Hz, 1H), 5.42 (dd, J =
11.0, 1.2 Hz, 1H), 5.31 (dd, J = 17.6, 1.2 Hz, 1H), 3.82 (d, J = 11.8 Hz, 1H), 3.76 (d, J = 11.8 Hz, 1H),
3.74 (t, J = 4.05 Hz, 1H), 3.54-3.50 (m, 1H), 3.49-3.45 (m, 1H), 3.27-3.24 (m, 2H), 3.22-3.20 (m, 2H),
2.35 (s, 3H); °C NMR (125 MHz, CDCls) § 143.8, 139.6, 136.7, 136.0, 132.5, 129.8, 128.3, 127.7, 127.0,
126.9, 118.6, 92.7, 82.4, 67.7, 60.0, 44.7, 21.5; HRMS (ESI-MS): Calcd. for C,;H,sNO,S (M+Na):
410.1402, Found: 410.1430; HPLC conditions: Chiralcel AD-H column, 220 nm, flow rate: 1 ml/min, i-
PrOH/hexanes = 1/19, tminor = 21.74 Min, tyejor = 25.77 min; 91% ee.

\

X
pZ
N

e

5l

(S)-1,2-((Pyridine-2,6-diyl)dimethoxy)-2-phenylbut-3-en (3l). The crude product was purified by flash
column chromatography (2:8 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a
white solid in 91% yield (55.4 mg). [a]®p = +7.750 (c = 0.50, CHCl5); mp. 187-189 €; 'H NMR (500
MHz, CDClg) & 7.65 (dd, J = 7.7, 7.6 Hz, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.56-7.53 (m, 2H), 7.38-7.33 (m,
2H), 7.29-7.25 (m, 1H), 7.05 (d, J = 7.4, 1H), 6.05 (dd, J = 17, 10.8 Hz, 1H), 5.40 (dd, J = 17.6, 5.8 Hz,
1H), 5.34 (dd, J = 10.9, 5.4 Hz, 1H), 4.80 (d, J = 7.8 Hz, 1H), 4.76 (d, J = 9.4 Hz, 1H), 4.30-4.23 (m, 2H),
3.95 (s, 2H); *C NMR (125 MHz, CDCl5) & 160.5, 156.4, 141.7, 140.2, 136.7, 128.1, 127.3, 126.8, 119.7,
118.6, 116.0, 81.7, 73.4, 73.3, 67.1; HRMS (ESI-MS): Calcd. for C,;H:;;NO, (M+H): 268.1338, Found:
268.1337; HPLC conditions: Chiralcel AS-H column, 220 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 1/4,
tmajor = 19.47 min, tyinor = 23.42 min; 94% ee.
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General procedure for the synthesis of Aza-18-crown-6 from Bis-etherified products 4

X
.
N
| J > RSN
R, R » +BUOK \t 3\4
HO_ - N £__OH T

0 S o ’ N THF, it, 3 days o) 9
‘ _ OTs OTs N
6 ‘ ~

4l, 4y, 4z % 7

(4R,12R)-4,12-diphenyl-4,12-divinyl-3,6,10,13-tetraoxa-1,8(2,6)-dipyridinacyclotetradecaphane (71):
The compound 41 (43.1 mg, 0.1 mmol, 1.0 equiv.) was dissolved in anhydrous THF (2 mL) and t-BuOK
(33.7 mg, 0.3 mmol, 3.0 equiv) was added in batches at 0 <C. The reaction mixture was stirred at room
temperature for 30 minutes and then a solution of compound 6 (44.7 mg, 0.1 mmol, 1.0 equiv) in THF
was slowly added to the stirred solution and the progress of reaction was monitored by TLC. The mixture
was quenched with saturated aqueous NH,CI and the organic layer was extracted with ethyl acetate. The
combined organic layer was dried over anhydrous Na,SQ,, filtered and the solvent was removed. The
crude product was purified by flash column chromatography (1:9 of EtOAc:Petroleum ether) on silica gel
to provide the title compound (71) as a white solid in 69% yield (36.9 mg); mp. 112-114 €:; ‘*H NMR
(500 MHz, CDCls) & 7.65 (t, J = 7.8 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.55-7.52 (m, 4H), 7.42 (d, J = 7.7
Hz, 2H), 7.38-7.34 (m, 4H), 7.29-7.26 (m, 2H), 7.16 (d, J = 7.6 Hz, 2H), 6.11 (dd, J = 17.6, 10.9 Hz, 2H),
5.40 (dd, J = 17.6, 1.4 Hz, 2H), 5.36 (dd, J = 11.0, 1.4 Hz, 2H), 4.51 (d, J = 13.2 Hz, 2H), 4.45-4.38 (m,
4H), 4.34 (d, J = 13.9 Hz, 2H), 4.04-3.92 (m, 4H); *C NMR (125 MHz, CDCls) & 158.9, 157.7, 141.2,
139.5, 136.7, 136.6, 128.0, 127.3, 127.0, 120.6, 118.6, 116.5, 82.2, 73.9, 73.4, 66.9; HRMS (ESI-MS):
Calcd. for Cz4Hs4N>,O4 (M+H): 535.2597, Found: 535.2605.

Br
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(4R,12R)-4,12-bis(4-bromophenyl)-4,12-divinyl-3,6,10,13-tetraoxa-1,8(2,6)-
dipyridinacyclotetradecaphane (7y). The crude product was purified by flash column chromatography
(2:10 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a white solid in 55% yield
(38.1 mg); mp. 147-149 <€; *H NMR (500 MHz, CDCl;) § 7.65 (t, J = 7.7 Hz, 1H), 7.59 (t, J = 7.7 Hz,
1H), 7.49 (d, J = 8.6 Hz, 4H), 7.43 (d, J = 8.6 Hz, 4H), 7.37 (d, J = 7.7 Hz, 2H), 7.12 (d, J = 7.6 Hz, 2H),
6.04 (dd, J = 17.1, 11.5 Hz, 2H), 5.40 (d, J = 10.1 Hz, 2H), 5.34 (dd, J = 7.0, 1.2 Hz, 2H), 4.54 (d, J =
13.1 Hz, 2H), 4.44 (d, J = 13.8 Hz, 2H), 4.37-4.30 (m, 4H), 3.98-3.93 (m, 4H); *C NMR (125 MHz,
CDCly) & 158.6, 157.6, 140.5, 139.0, 136.8, 136.8, 131.2, 129.0, 121.4, 120.7, 118.8, 117.0, 81.9, 73.9,
73.0, 66.9; HRMS (ESI-MS): Calcd. for C34H3,Br,N,O, (M+H): 691.0807, Found: 691.0816.

O b O
P
O o~
\\\\- j\/

O O
N

N

=

7z

(4R,12R)-4,12-di(naphthalen-2-yl)-4,12-divinyl-3,6,10,13-tetraoxa-1,8(2,6)-
dipyridinacyclotetradecaphane (7z). The crude product was purified by flash column chromatography
(1:15 of EtOAc:Petroleum ether) on silica gel to provide the title compound as a white solid in 52% yield
(33.3 mg); mp. 123-125 €; *H NMR (500 MHz, CDCls) & 7.99 (s, 2H), 7.86-7.80 (m, 6H), 7.69—7.64 (m,
3H), 7.54 (t, J = 7.6 Hz, 1H), 7.49-7.45 (m, 6H), 7.15 (d, J = 7.7 Hz, 2H), 6.18 (dd, J = 17.6, 10.8 Hz,
2H), 5.69 (dd, J = 17.6, 1.3 Hz, 2H), 5.40 (dd, J = 11.0, 1.3 Hz, 2H), 4.58 (d, J = 13.2 Hz, 2H), 4.51-4.44
(m, 4H), 4.39 (d, J = 13.8 Hz, 2H), 4.16-4.07 (m, 4H); *C NMR (125 MHz, CDCl,) & 158.8, 157.7,
139.4, 138.7, 136.8, 133.0, 132.7, 128.2, 127.7, 127.5, 126.0, 125.9, 125.8, 125.3, 120.7, 118.8, 116.8,
114.0, 82.4, 74.0, 73.5, 67.0; HRMS (ESI-MS): Calcd. for Cs;HzsN,O4 (M+H): 635.2910, Found:
635.2913.

Procedure for enantiomeric recognition of (-alanine methyl ester HCI salt 8

Each samples were made by mixing a solution (10 mM) of 8 in CD;OD (0.2 mL) and a solution of a host
compound in CD;0D (0.4 mL) with different concentrations, and were assessed by "H NMR at 500 MHz.
Differences in the chemical shifts between the enantiomers were then recorded. All chemical shift values

were referenced to the internal tetramethylsilane.
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Table S2. Enantiomeric Discrimination of Racemic Alanine Methyl Ester HCI Salt 8 (10 mM) by 'H
NMR Study

Compound Concentration Guest 8 proton

(mM) CH (AAS, ppm) CHs (AAS, ppm) OCHs(AAS, ppm)

4a 5 overlap overlap overlap
10 overlap overlap overlap
15 overlap overlap overlap
20 overlap overlap overlap
4d 5 overlap overlap overlap
10 0.0027 0.0028 overlap
15 0.0030 overlap overlap
20 0.0032 overlap overlap
4e 5 overlap overlap overlap
10 overlap overlap overlap
15 overlap overlap overlap
20 overlap overlap overlap
41 5 overlap overlap overlap
10 overlap overlap overlap
15 overlap overlap overlap
20 overlap overlap overlap
71 5 overlap 0.0038 overlap
10 0.0029 0.0078 0.0028
15 0.0045 0.0126 0.0046
20 0.0060 0.0151 0.0059

AAS (ppm) = [AST — AS°], AS = (Chemical shift values of the protons in the presence of chiral host compound)-
(chemical shift values of the protons in the absence of chiral host compound).

X-rays crystallography of 4a (CCDC1956162)

A single crystal of 4a was obtained from THF/n-Hexane solvent at room temperature. Diffraction data
were collected on Bruker SMART Apex-III CMOS-Based X-ray diffractometer with Cu-Ka. Radiation (A
= 1.54178). The empirical absorption correction was applied by using the SADABS program. The
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structure was solved using direct method, and refined by full matrix least-squares on F? (G.M Sheldrick,

SHELXTL2014, program of crystal structure refinement, University of G@tingen, Germany).

Table S3. Crystal data and structure refinement for 4a.

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Limiting indices

Reflections collected / unique

Completeness to theta = 67.679

Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I1>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

da

C22H2305

372.44

298(2) K

1.54178 A

Monoclinic, P2(1)

a=9.2956(4) A alpha =90 deg.

b =7.3388(3) A beta=100.612(2) deg.
c =14.8128(7) A gamma = 90 deg.
993.22(8) A3

2, 1.245 Mg/m"3

0.708 mm~-1

400

0.240 x 0.220 x 0.200 mm

3.035 to 68.184 deg.

-11<=h<=11, -8<=k<=8, -17<=I<=17
13936 / 3602 [R(int) = 0.0384]

99.7 %

Full-matrix least-squares on F"2
3602 /1 /258

1.075

R1 =0.0330, wR2 = 0.0857
R1=10.0351, wR2 = 0.0878

0.23(8)

n/a

0.107 and -0.148 e.A™-3
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Figure S1: Molecular structure of 4a

X-rays crystallography of 71 (CCDC1956163)

A single crystal of 71 was obtained from ethanol solvent at room temperature. Diffraction data were
collected on Bruker SMART Apex-III CMOS-Based X-ray diffractometer with Cu-Ka. Radiation (A =
1.54178). The empirical absorption correction was applied by using the SADABS program. The structure
was solved using direct method, and refined by full matrix least-squares on F* (G.M Sheldrick,

SHELXTL2014, program of crystal structure refinement, University of G@tingen, Germany).

Table S4. Crystal data and structure refinement for 71.

Identification code 7l

Empirical formula Cs4H34N204

Formula weight 534.63

Temperature 297(2) K

Wavelength 154178 A

Crystal system, space group Orthorhombic, P2(1)2(1)2

Unit cell dimensions a=18.5611(9) A alpha =90 deg.

b =24.3398(11) A beta = 90 deg.
€ =6.3720(3) A gamma = 90 deg.
Volume 2878.7(2) A™3
Z, Calculated density 4,1.234 Mg/ m"3
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Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 67.679
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

0.645 mm~-1

1136

0.180 x 0.160 x 0.150 mm
2.994 to 68.395 deg.

-22<=h<=22, -29<=k<=29, -7<=I<=7

21263 / 5284 [R(int) = 0.0706]
99.9 %

Full-matrix least-squares on F*2
5284 /0/ 362

1.052

R1=0.0572, wR2 =0.1618

R1 =0.0850, wR2 = 0.1937
0.1(2)

0.0022(6)

0.324 and -0.169 e.A™-3

Figure S2: Molecular structure of 71
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Enantiomeric NMR discrimination of (t)-alanine methyl ester HCI salt 8 by chiral
compounds 4d and 7I

+ -
HsC_NH,CI
CO,CHs
8
sk-ref10/1 —©=N~® o w© 8
ORT O N e =
NODR T O =
Sod o~ < < 3
tTTOO0 - - -
L= N |
“‘
|
1
1
1
s (| Y
8 3 3
- ™M m

5 100 95 9.0 85 80 75 720 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0
f1 (ppm)

Figure S3: 'H NMR (500 MHz, CD;0D) of (-alanine methyl ester HCI salt 8.
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Figure S4: 'H NMR spectrum (500 MHz) of ()-8 (10 Mm) and chiral crown ether 71 (10 Mm) in
CDs0D (1/2).
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Figure S5. Partial '"H NMR spectrum (500 MHz) of (+)-8 (10 mM) with 71 at (a) 0 mM, (b) 5.0 mM, (c)
10 mM, (d) 15 mM, (e) 20 mM in CD;0D (1/2).
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Figure S6. Partial *"H NMR spectrum (500 MHz) of (+)-8 (10 mM) with 7l at (a) 0 mM, (b) 5.0 mM, (c)
10 mM, (d) 15 mM, (e) 20 mM in CD;0D (1/2).
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Figure S7. Partial "H NMR spectrum (500 MHz) of (+)-8 (10 mM) with 71 at (a) 0 mM, (b) 5.0 mM, (c)
10 mM, (d) 15 mM, (e) 20 mM in CD;OD (1/2).
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Figure S8: 'H NMR spectrum (500 MHz) of ()-8 (10 Mm) and chiral compound 4d (10 Mm) in CD;0D
(1/2).
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Figure S9. Partial "H NMR spectrum (500 MHz) of (+/-)-8 (10 mM) with 4a at (a) 0 mM, (b) 5.0 mM, (c)
10 mM, (d) 15 mM, (e) 20 mM in CD50D (1/2).
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Figure S10. Partial '"H NMR spectrum (500 MHz) of (+/-)-8 (10 mM) with 4d at (a) 0 mM, (b) 5.0 mM,
(c) 10 mM, (d) 15 mM, (e) 20 mM in CD;0D (1/2).
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Figure S11. Partial *H NMR spectrum (500 MHz) of (+/-)-8 (10 mM) with 4d at (a) 0 mM, (b) 5.0 mM,
(c) 10 mM, (d) 15 mM, (e) 20 mM in CD;0D (1/2).
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OH
Ph \OI
HO X~

3a
1 300 - ™ zc #182 [manually integrated] SK-171110-racs UWV_VIS_1 WWL: 220 nm
1,200 4
1,000 4
S 800
z |
o )
S 600
8 ]
3 -
= ]
= 400 11- 17867 5 nang
200 ]
i I A
-sn - T T T T T
0.0 5.0 10.0 15.0 20.0 251
Time [min]
Integration Results
Mo. FPeak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL Yo %6 n.a.
1 17.667 230.565 363.929 4944 52.41 n.a.
2 19.903 235.816 330.493 50.56 47.59 n.a.
Total: 466.381 694.422 100.00 100.00
[Chromatogram |
100.0 ﬂ SK-171213-MetBE #1 LV WIS 1 WWL:220 nm
|2 - 10,833
87.5 4
75.0
62.5
2
Eﬁﬂ 04
=
2
5375
K]
=
25.0
12.51
i1-17.563
0.04 S — — T
-10 U - r T T T T 1
0.0 50 10.0 15.0 200 257
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mALl % % n.a.
1 17.563 2.889 5.437 4,66 5,68 n.a.
2 19.833 50.132 o0.317 9534 04.32 n.a.
Total: 62.021 95.754 100.00 100.00
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OH

Ph \Of
HO 3~

3b
|Chromatogram
200- EI SH-171226-P-ract! #1 UW_WIS_1 WWL:220 nm
12 - 11.477
175 11 -10.35
150
125
% ]
E‘ 100+
s ]
E ]
5 754
& 1
= ]
50
25
0-: Mo L T T
-20 ; r T T T T T T T T 1
0.0 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 16.7
Time [min]
|Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 10.357 56.264 174.248 50.04 48.49 n.a.
2 11.477 56.179 185.130 49.96 51.51 n.a.
Total: 112.443 359.377 100.00 100.00
Chromatogram |
300- Bl SK-171226-P-chil #1 UW_WIS_1 WWL:220 nm
2 - 11.457
2504
200
=)
E 180
d
£
£
= 100+
=
=
50
ol o 1 - 10387
L] I
_50 - r T T T T T T T T 1
0.0 2.0 4.0 5.0 2.0 10.0 12.0 14.0 16.0 16.8
Time [rnin]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL min maL Y i n.a.
1 10.367 1.578 5.143 1.89 1.84 n.a.
2 11.457 81.718 260.343 98.11 98.06 n.a.
Total: 83.295 265.486 100.00 100.00
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3c
|Chromatogram
180- ﬂ SK-171222-B-rac. #1 LW_WVIS_1 WWL:220 nm
1-22247
150.] | 2#7 23 se7
125
% 100
3
5 75
5
2
504
25+
o /N ! .
-20- r T T T T 1
0.0 5.0 10.0 15.0 200 250 30.0
Time [min]
\Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mal o o n.a.
1 22,247 78.714 152.849 50.06 50.31 n.a.
2 23.587 78.514 150.846 49.84 49.69 n.a.
Total: 157.228 303.735 100.00 100.00
[Chromatogram ]
180- "l SK-171222-B-chi #1 LW _WIS_ 1 WYL 220 nm
1 - 22267
150+
1254
% 100
8
5 75
5
£
S0+
254
|2 - 23625
s W
0 T T
_20 - r T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 28.5
Time [min]
\Integration Results
Mao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
nin mAL*min mALl % % n.a.
1 22 267 84.853 164.164 96.54 96.46 n.a.
2 23.623 3.041 5.024 3.46 3.54 n.a.
Total: B7.894 170.188 100.00 100.00
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3d
|Chromatogram
300 - T SK-171220-EG-rac2 #1 UW_WIS_1 WWL:220 nm
] i 1 - 28,350
2504
] |2 - 3EA65
200
= ]
£ 15.04
= ]
g ]
8 J
o 0.0
= ]
= 4
5.0
] O—- 1
i 1 T
-5'0 :l T T T T T T 1
12.0 15.0 20.0 250 30.0 350 40.0 42.0
Time: [min]
\Integration Results
Mo, Peak Name Retention Time Area Height Relative Area Relative Height Amount
nin mAL*min mALll % Yo n.a.
1 28.350 28.805 26.159 49,06 53.13 r.8.
2 33.463 28.849 23.079 50.04 46.87 n.a.
Total: 57.654 49.239 100.00 100.00
|Chromatogram
35.0 - SK-171220-EG-chil #1 UW_WIS_ 1 WWL:220 nm
30.0 4 12 - 33.380
25.0
= 20.0
M
£ 15.04
£
3
= 10.0
5.0+
0.0 .l-zaT.gns -
_5'0 = r T T T T T T 1
12.0 15.0 20.0 25.0 30.0 350 40.0 44 2
Time [min]
\Integration Results
Nao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maLl Yo % n.a.
1 28.903 0.733 0.749 1.96 2.41 n.a.
2 33.380 36.628 30.311 98.04 97 .59 n.a.
Total: 3a7.361 31.081 100.00 100.00
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OH
o/

0
Ph \\of

HO X~

3e
[Chromatogram
2004 3l SK-171229-TEG-rac #1 W VIS 1 WWLI220 nm
i1 - 18.243
12 - 20,327
15.0 4
=
'E 10.0
)
=
£
2
= 5.0
0.0+
_____f\__ﬂ_\_’ I
T T
_d'c - r T T T T T T T T T 1
a0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 260 271
Time [min]
\Integration Results
Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min L) % Yo n.a.
1 18.243 11.686 19.165 50.00 52.83 n.a.
2 20.327 11.685 17.109 50.00 4717 n.a.
Taotal: 23.370 36.274 100.00 100.00
Chrom m
30.0 - 1 BK-171229-TEG-chi #1 UW_WIS_1 WWVL:220 nm
i 1-18.220
25.0+
2004
=
£ 1504
a
£
£
2 10.0 4
]
=
5.0
i2 - 20,483
0.0 Y I
_5'0 - L) T T T T T T T T 1
&.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 25.1
Time [min]
Integration Results
MNao. Peak Name Retention Time Ares Height Relative Area Relative Height Amount
min mAL*min AL . ] % n.a.
1 18.220 16.964 26.964 98.02 97.66 n.a.
2 20.493 0.342 0.646 1.88 2.34 n.a.
Total: 17.306 27.611 100.00 100.00
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3f
[Chromatogram
18.0 - 7 SK-180126-rac #1 UW_WIS_1 WWL:220 nm
i1 - 28.203
15.0
12.5 4 12 - 33870
% 10.0
5
5 759
5
2
5.0
2.5
0.0 ! f |
_2'0 - T T T T T T T T
0.0 50 10.0 15.0 20.0 250 30.0 350 40.0 43
Time [min]
Integration Results
Mao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % %o n.a.
1 28.203 24.039 15.468 49,79 55.84 n.a.
2 33.870 24.239 12.232 50.21 44.16 n.a.
Taotal: 48.279 27.699 100.00 100.00
|Chromatogram
250 - 7 SK-180126-chi #1 LW_WIS_1 WWL:220 nm
|2 - 35975
20.0
15.0
2
M
2 10.04
£
5
=
=
5.0
11 - 28,3893
0.0+
1
_5'0 - T T T T T T T T
0.0 50 10.0 15.0 200 25.0 30.0 350 40.0 432
Tirme [min]
Integration Results
Mo, Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min AL min maLl %o % n.a.
1 28.393 2.107 1.549 4.52 543 n.a.
2 33.973 44 513 22 550 95.48 93.57 n.a.
Total: 46.620 24.098 100.00 100.00
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3g
[Chromatogram
250 - ﬂ SK-180103-rac #1 LW WIS_ 1 WWL:220 nm
] 11 - B.7ET
| 2-7573
200:
150
% ]
o ]
£ 100+
= 4
5 4
= i
= ]
504
0_1 gl W i [
-50- r T T T T T T T 1
0.0 2.0 4.0 6.0 2.0 10.0 12.0 14.0 15.0
Time [rmin]
Integration Results
MNo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl %o % n.a.
1 6.787 46.697 235.832 49.73 52.05 n.a.
2 7.573 47.196 217.213 50.27 47.95 n.a.
Total: 93.893 453.045 100.00 100.00
[Chromatogram ]
300 - 'ﬂ SK-180103-chi1 #1 UW_WIS_1WWL:220 nm
2504 12 - 7800
2004
=
E 150
3
=
oo
=
2 100+
]
=
50
(1 - BE1S
04 T T
_50 - r T T T T T T 1
0.0 2.0 4.0 6.0 a.0 10.0 12.0 14.0
Time [min]
Integration Results
Mo, Peak Name Retention Time Ares Height Relative Area Relative Height Armount
min mAL*min L) %o o n.a.
1 5.813 4.142 22.000 7.28 8.33 n.a.
2 7.600 52773 242 171 9272 91.67 n.a.
Taotal: 56.915 264.171 100.00 100.00
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OH

Ph ;3
HO N
3h
Chrom m
45.0 SH-180104-rac #1 LW_WIS_1 WWL:220 nm
J o i - 32,470
40.0 12 - 34,500
0.0 4
%‘ J
E J
2 20.0 4
-
5
= ]
t‘ <
10.0 4
0.0 1 .
-5.0- r T T T T T T T T T 1
0.0 5.0 10.0 15.0 200 250 300 350 40.0 45.0 50.0
Time [min]
Integration Results
Mo, Peak Mame Retention Time Area Height Relative Area Relative Height Amount
nin AL *rruin mAlLl S Yo n.a.
1 32.470 35.325 42.341 49.95 52.58 n.a.
2 34.690 35.395 38.191 50.05 47.42 n.a.
Total: 70.719 80.532 100.00 100.00
|Chromatogram |
80.0 - 'ﬂ SK-180106-chiT #1 UW_WIS_1 WWL:220 nm
|1 - 32467
F0.0
0.0 4
50.0+
=
E. 40.0
b}
z
£ 300
]
=
20.04
10.0 4
Nh‘ 12 - 34803
0.0 ! =
-10.0 < T - T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 350 40.0 432
Time [min]
\Integration Results
Na. Peak MName Retention Time Area Height Relative Area Relative Height Amount
nin AL ™ rrin ALl % Yo n.a.
1 32.487 65117 76.322 94.52 94.84 n.a.
2 34.903 3.776 4.148 5.48 5.18 n.a.
Total: 68.893 80.471 100.00 100.00
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Ph, O OH
HO X~
3i
[Chromatogram
180+ SK-180123-rac #1 LW WIS 1 WWL220 nm
1 - 2T AET
150
] 12 -28.253
125]
% 100
B
5 75
= ]
5 ]
£
50—_
25]
olb— M oA AN |
] T T
_20 | r T T T T T T T 1
0.0 5.0 10.0 15.0 200 25.0 30.0 35.6
Time [min]
Integration Results
MNo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL % %o na.
1 27.187 106.116 157.910 49,96 52.26 n.a.
2 29.253 106.305 144.230 50.04 AT.74 n.a.
Taotal: 212.421 302.140 100.00 100.00
[Chromatogram
250 ﬂ SK-180123-chi#1 LWV_WIS_1 WWL:220 nm
12 - 28,237
2004
1504
z
M
E 100+
=
5
]
=
504
|1-J?J
0 N Al
-50- L) T T T T T 1
0.0 10.0 200 30.0 40.0 500 525
Time [min]
\Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min malLl % % n.a.
1 27.187 15.555 24.273 8.53 9.61 n.a.
2 29 237 166.812 228.189 91.47 90.39 n.a.
Total: 182.366 252.462 100.00 100.00
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OH

Ph, O
Ho 3 _~
3
|Chromatogram
a0.0 - "1 SK-180116-rac #1 LW WIS 1 WWL:220 nm
] 11 - 33,857
12 - 37.600
75.0 4
62.5 4
%50 o
8
375
=
£
25.0 4
12.5 4
0.0 - —J_A‘__.p.n_g 1 . T
-10.04 1 ' T T T T T T
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45
Time [min]
Integration Results
Mao. Peak Name Retention Time Area Height Relative Area Relative Heighit Amount
niin AL min ALl Y % n.a.
1 33.857 94.757 83.597 49.89 52.04 n.a.
2 37.600 95.173 T7.057 50.11 A7.96 n.a.
Total: 189.930 160.655 100.00 100.00
Chromi m
160- 1 SK-180118-chi #1 LW WIS 1 WWL:220 nm
i1 - 53.660
1404
1204
100
=
E a0
W
3
2
5 90
S
=
40 -
20+
12 - 37817
ol ¥l ) } .
_20- T T T T T T T T
0.0 5.0 10.0 15.0 200 25.0 30.0 350 40.0 45.1
Time [min]
\Integration Results
Mo Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mA L min mAL % Yo n.a.
1 33.860 1T0.620 148.152 95.49 95.67 n.a.
2 37.817 8.063 6.744 4.51 4.33 n.a.
Total: 178.683 155.885 100.00 100.00
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OH

Ph, O
HO X _~
3k
[Chromatogram
60.0 - SK-180105-rac #1 LW WIS 1 WWLEZ220 nm
1 - 46,243
50.01 42 - 50,337
40.0
=
E 30.0-
5]
£
£
S 2001
]
=
10.0
DD_____jﬂm__ﬂJUx |
_ID D - r T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 50.0
Time [min]
\Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL % % n.a.
1 46,243 75.550 51.033 49.62 51.90 n.a.
2 50.337 76.720 47.288 50.38 48.10 n.a.
Total: 152.270 98.333 100.00 100.00
[Chromatogram |
30.0 - 3 SK-180105-chi #1 LW WIS 1 WWLIZ20 nm
|2 - 50.4F77
25.0
20.0
=
E 150
a
=
£
2 10,04
]
=
5.0
11 - 46 M5T
0.0 1
T T
-5.0 4 - - - - -
0.0 10.0 20.0 0.0 40.0 50.0 59.9
Time [min]
\Integration Results
Na. Peak Name Fetention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 46,457 1.163 0.863 2.57 3.09 n.a.
2 50.477F 44 105 27.051 a7.43 96.91 n.a.
Total: 45.268 27.914 100.00 100.00
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—N OH
Ph, O
Ho X~
3l
[Ehromatogram
100.0 . SK-180119-rac #1 LW WIS 1 WWLZ220 nm
] 1-B8.0687
8751 |2 -8.013
75.0
62.5
% ]
5500
2 ]
s ]
= ]
S537.5+
A 1
= ]
25.0
12.5
0.0 /\‘—\w_,.k .J
] T
_10 0 - r T T T T T T 1
0.0 2.0 4.0 6.0 a.0 10.0 12.0 14.0
Time [min]
\Integration Results
Na. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl Yo % n.a.
1 8.007 23.087 93.034 50.14 51.87 n.a.
2 9.013 22953 86.310 49.86 48.13 n.a.
Total: 46.040 179.344 100.00 100.00
|Chromatogram
230- ﬂ SK-180118-chi #1 LW _WIS_1 WWL:220 nm
200+ 1-B.087
1754
1504
% 125
m
E 1004
=
3
g 75+
504
254 J
2-9.013
al . ! :
-2D = L) T T T T T T ™
0.0 2.0 4.0 5.0 a0 10.0 12.0 141
Time [min]
\Integration Results
MNao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min AL % % n.a.
1 8.087 48.999 192.189 98.21 97.89 n.a.
2 9.013 0.895 4135 1.79 2.11 n.a.
Total: 49.894 196.324 100.00 100.00

S110




HO =
3m
Chrom m
2504 SH-180131-4Me-rac #1 LV WIS 1 WWL220 nm
|1 - 8487
200 |2 - B.55T
1504
2
)
£ 100
£
=
=
=
50 4
04 . t T
_SD- T T T T T T
0.0 2.0 4.0 5.0 a.0 10.0 12.0 13.0
Time [min]
\Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAlLl % S n.a.
1 B.467 50.068 216.447 50.15 52.53 n.a.
2 9.537 49.759 195.567 49.85 47.47 n.a.
Total: 99.827 412.014 100.00 100.00
[Chromatogram ]
500 - ﬂ SK-180131-4Ma-chi #1 LWV_WIS_1 WWL:220 nm
2 - 8.503
500+
400
=
E 300
=]
=
=
5 2004
=
=
100
(1 - 3437
o T - T
_IDD - r T T T T T T 1
0.0 2.0 4.0 5.0 a0 10.0 120 126
Time [min]
Integration Results
Mao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAlL % % n.a.
1 B.437 7674 36.562 5.51 B.74 n.a.
2 9.503 131.615 506.221 94.49 93.26 n.a.
Total: 139.288 542.784 100.00 100.00
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OMe

OH
\\O
HO =
3n
[Chromatogram
2804 ﬂ Li-180312-rac #1 UW_WIS_1 WWL:220 nm
] o1 - 14293
| |2 - 16,257
2004
150
% ]
- ]
£ 100+
_E J
=] ]
¥ ]
=L ]
50
0 I .
_50- T T T T T T T
0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0
Time [min]
Integration Results
Mo. Peak Name Retention Time Ares Height Relative Area Relative Height Armount
min mAL*min maALl % % n.a.
1 14.293 90.378 229.044 49.98 52.66 n.a.
2 16.257 90.456 205.893 50.02 47.34 n.a.
Total: 180.834 434.938 100.00 100.00
[Chromatogram
350- ﬂ Li-180312-chi #1 LWV_WIS_1 WWL:220 nm
3004 1|2 - 16.247
2504
%-200—
M
E 1504
£
B
=< 100
50
i1 - 14,307
0+ L T T
_50- T T T T T T T T
0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 200 21.0
Timmie [rmin]
\Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min malLl % % n.a.
1 14.307 5.340 14.390 3.92 4.63 n.a.
2 16.247 130.890 206.666 96.08 95.37 n.a.
Total: 136.230 311.057 100.00 100.00
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HO =
30
Chrom: m
120- o SK-180201-3Me0-rac #1 LV_WIS_ 1 WWWL:220 nm
i1 - 11.457
100 12 - 12.577
a0
=
E 60
b}
=
£
=] 40
S
=
20
ad M_ L - T
-20 - r T T T T T T T n
0.0 2.0 4.0 6.0 a.0 10.0 12.0 14.0 16.0
Time [min]
Integration Results
Mao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl %o i n.a.
1 11.457 33222 103.845 49,95 52.26 n.a.
2 12.577 33.286 a4 B72 50.05 47.74 n.a.
Total: 66.508 198.7T17 100.00 100.00
|Chromatogram |
220 - ﬂ SK-180201-3MeO-chi #1 UW_WIS_1 WWL:220 nm
200 |2 - 12,580
1754
150
% 125 ]
s ]
£ 100+
_E ]
E ]
5 TS—:
50
25
] 11 - 11467
o] e N :
_20 : r T T T T T T T Ll
0.0 2.0 4.0 6.0 a.0 10.0 12.0 14.0 16,1
Time [min]
Integration Results
Mo Peak Name Retention Time Ares Height Relative Area Relative Height Amournt
min mAL*min maAL Yo o n.a.
1 11.467 3.697 12.409 5.12 5.06 n.a.
2 12.580 58.446 195.636 94 .88 94.04 n.a.
Taotal: T2.144 208.046 100.00 100.00
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HO =
3p
|Chromatogram
300+ 'ﬂ SH-180116-rac? #1 LV_WIS_1 WWLi220 nm
] i1 -11.920
250
1 |2 - 15.747
200
= ]
E 150
- ]
] 4
= B
2 ]
= 1004
¥ ]
= 4
50]
o4 4/\—/\“}\*\_—/‘ . 1 S—
-50 : r T T T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 200
Time [min]
\Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min L) %% i n.a.
1 11.920 106.786 277.442 49,87 54.53 n.a.
2 15.747 107.331 231.360 50.13 45.47 n.a.
Total: 214.117 508.802 100.00 100.00
[Chromatogram ]
00 - Bl SK-180116-chil #1 LW WIS_1 WWVL:220 nm
7oo 4 2 - 15.840
500
500
=
E. 400
3
2
2 300 4
]
=
2004
1004
y1-11.880
o] L ! Il -
_IOU -I T T T T T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 21.7
Time [min]
Integration Results
Mo, Peak Name Retention Time Ares Height Relative Area Relative Height Amount
min mAL*min maL %o o n.a.
1 11.990 11.413 28.964 342 4.04 n.a.
2 15.640 321.907 688.478 96.58 95.96 n.a.
Total: 333.320 717.442 100.00 100.00
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HO =
3q
[Chromatogram ]
180- ﬂ SH-180117-rac #1 UW_WIS_1 WWL:220 nm
] 1-4.843
150
125 y2 - B.76T
% 100
P
5 75
5 ]
2
50
25
UE IJ I T
_20 - T T T T T T T T
0.01 1.25 2.50 375 5.00 6.25 7.50 875 10,03
Time [min]
Integration Results
Mo, Peak Name Retention Time Area Height Relative Area Relative Height Armount
min mA L min L) % %% n.a.
1 4.843 25.659 166.549 50.11 57.15 n.a.
2 B.7T6T 25.546 124 853 49 .89 42 85 n.a.
Total: 51.204 291.402 100.00 100.00
[Chromatogram |
200- 1 SK-180202-4F-chi #1 UV _WVIS_1 WWL:220 nm
] 12 - 6.827
1?5—_
150
125
% ]
100
2 ]
2 ]
5 754
] ]
< ]
50
254 |1 -4.893 }
0_: A 1 .
_20 : r T T T T T T T 1
0.0 2.0 4.0 6.0 5.0 10.0 12.0 14.0 14.6
Time [rmin]
lIntegration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL % % na.
1 4.893 2.562 17.450 5.03 B.67 na.
2 6.827 39.931 183.785 93.97 91.33 n.a.
Total: 42.493 201.235 100.00 100.00
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Cl

OH
o/

HO X~
3r
|Chromatogram
1.000 - 3 skhan-2019 #38 [manually integrated] 5k-190318-rac LV WIS_1 WWYLI220 nm
875+
7504
— G254
z
3 5004
E o1 - B.BS2
E 12 - 10.085
2 375
2504
1254
] L 1
=30 T T
0.0 20 40 60 8.0 10.0 12.0 14.0 16.0 " 186
Tirme [min]
\Integration Results
Na. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
niin AL min mALl % % n.a.
1 8.852 114.226 446.861 49.97 52.82 n.a.
2 10.065 114.356 399.104 50.03 47.18 n.a.
Total: 228.582 845.965 100.00 100.00
|Chromatogram
1,200 - 2 skhan-2019 #27 [manually integrated] 5k-190318-chi UV WIS 1 WWYLIZ20 nm
1,000
200
E) ]
E 1 12 - 10.158
g s004
E ]
] J
g ]
400+
200
1 11 - B.950
] ]
_30 - r T T T T T I T 1
0.0 2.0 4.0 6.0 a0 10.0 12.0 13.3
Time [min]
Integration Results
Mo. Peak Name Retention Time Ares Height Relative Area Relative Height Armournt
min mAL*min mAL o o n.a.
1 5.950 13.358 58.512 T.07 8.59 n.a.
2 10.158 175.661 622.873 92.83 91.41 n.a.
Total: 189.019 681.384 100.00 100.00
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Br.

HO =
3s
[Chromatogram
300 - ﬂ SK-180130-4Br-rac #1 U WIS 1 WWYL:220 nm
1-8.0853
|2 - 10.380
250
2004
=
E 1504
a
2
£
= 1004
=
=
50
o] I\
-50 - L) T T T T T T T T T 1
0.0 2.0 4.0 6.0 a0 10.0 12.0 14.0 16.0 18.4
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % S n.a.
1 9.053 70.916 283.850 49.93 52.67 n.a.
2 10.390 71.115 255.107 50.07 47.33 n.a.
Total: 142.031 538.957 100.00 100.00
Chromatogra
450- il SH-180130-4Br-chi #1 LWV_WIS_1 WWL:220 nm
12 - 10.367
4004
3004
2
M
E 2004
£
5
E
=
100+
i1 - 8057
0 ! - ——
-50 - L) T T T T T T T
0.0 2.0 4.0 6.0 a0 10.0 12.0 14.1
Time [min]
[Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maAlL % % n.a.
1 9.057 5.424 27.224 5.14 5.03 n.a.
2 10.387 118.474 424 507 94 .86 93.97 n.a.
Total: 124.898 451.732 100.00 100.00
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¢

HO XX~
3t
|Chromatogram
30.0 3 SK-180205-rac #1 LW _WIS_1 WWL:220 nm
1 i1 - B.1ST
25.0
200
1 2 - 11550
=) ]
E 150
- ]
g ]
E J
= 10.0
= ]
= i
5.0
] l.'.l—- L
] T
_5'0 : T T T T T T T
0.0 2.0 4.0 6.0 2.0 10.0 12.0 14.5
Time [min]
Integration Results
Na. Peak Name Retention Time Area Height Relative Area Relative Height Amount
nin mA L min mALl % % n.a.
1 8.157 7.720 27.208 50.11 50.92 n.a.
2 11.550 7.686 17.511 49.89 39.08 n.a.
Total: 15.406 44.809 100.00 100.00
[Chromatogram
450 - 3l S5K-180205-chi #1 LV_WIS_1 WWL:220 nm
12-11.540
40.0 -
30.0
2
m
E 20.0 1
£
5
]
=
10.0 1 -8.183
0.04 /\\_k 1 | .
T
_5'0 - L T T T T T T
0.0 2.0 4.0 6.0 a0 10.0 12.0 14.0 15.0
Tirme [min]
\Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maAlLl Yo % n.a.
1 8.163 2.598 9.518 12.44 18.70 n.a.
2 11.540 18.283 41.381 87.56 §1.30 n.a.
Total: 20.881 50.899 100.00 100.00
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Cl

Cl
OH
of
HO X _~
3u
[Chromatogram
350 - El SK-180316-rac #1 LW _WIS_1 WWYL:220 nm
1-5.823
3004 12 - B.T40
250
%2{#0—
m
2 150
=
3
= 100
50 J
04 L T T
_50- T T T T T T T T T
0.01 1.00 2.00 3.00 4.00 5.00 6.00 7.00 .00 .00 952
Time [min]
Integration Results
Mo, Peak Name Retention Time Area Height Relative Area Relative Height Amount
miin mA L™ min ALl Yo %o n.a.
1 5.823 52.202 318.032 51.04 5277 n.a.
2 6.740 50.070 284 687 48.86 AT7.23 n.a.
Total: 102.272 602.719 100.00 100.00
|Chromatogram
400 il SK-180316-chi #1 LN WIS 1 WiL:220 nm
350—: |2 - B.720
300
250
=) ]
E 200
o ]
£ ]
= ]
5 150—_
= ]
< ]
100 4
50
] 11 - 5.803
0] — -
_50: r T T T T T T T 1
0.01 1.00 2.00 3.00 4.00 5.00 .00 7.00 .00 9.00
Time [min]
Integration Results
Mo, Peak Mame Retention Time Area Height Relative Area Relative Height Amount
niin AL min mALl Y % n.a.
1 5.803 3.535 24.124 5.51 5.60 n.a.
2 6.720 80.629 341.333 94.49 93.40 n.a.
Total: 64.164 365.457 100.00 100.00
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HO =
3v
|Chromatogram ]
1200 - ﬂ SK-180202-2nap-rac #1 LIV WIS 1 WYL 220 nm
] i1 - 10,800
1000: y2 - 12.270
00
= ]
E 500
o 4
2 ]
_E E
= 400
= ]
t‘: 4
2004
04 L 1 1
_200 - r T T T T T T T T 1
0.0 2.0 4.0 6.0 a.0 10.0 12.0 14.0 16.0 17.0
Time [min]
Integration Results
Mo Peak Mame Retention Time Area Height Relative Area Relative Height Armount
min mAL*min maALl Yo o n.a.
1 10.800 443.183 1086.481 49.87 52.04 n.a.
2 12.270 445533 1001.459 50.13 47.88 n.a.
Taotal: 888.716 2087.940 100.00 100.00
[Chromatogram
250 - "] SK-180202-2nap-chi #1 LW _WIS_1 WWYL:220 nm
|2 - 12.283
2004
150+
2
M
E 100
£
=
=
=
50
i1 -10.81
0 "’/\‘. . T
_SD- T T T T T T T T
0.0 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 17.0
Timie [min]
Integration Results
Mo Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mbL o %o n.a.
1 10.813 5.634 18.203 7.07 8.29 n.a.
2 12.283 87.204 202.363 92.83 91.71 n.a.
Total: 93.B38 220.656 100.00 100.00
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|Chromatogram
110.0 - ﬂ SK-180310-Svec-rac #1 LW WIS 1 WiL:220 nm
100.0 |1 - 8640
a87.5
75.0
|2 - 12,373
% 62.5]
)
£ 50.04
=
=
2
£ 37.54
25.04
12.5 4
0.0 M ; 1 |
-10 D - r T T T T T L
0.0 4.0 6.0 a0 10.0 12.0 14.0 15.5
Tirme [rmin]
\Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
niin mAL*min malLl % %o n.a.
1 8.640 27.025 o7.036 49.42 58.04 n.a.
2 12.373 27 664 70156 50.58 41.96 n.a.
Total: 54.689 167.191 100.00 100.00
[Chrematogram ]
180- 'ﬂ SHK-180310-Svec-chi #1 LWV_WIS_1 WWL:220 nm
1404 12 - 12.433
120
100
=
g- a0
W
3
=
2
5 804
-
=
40
11 -BETT
204
o] AV NN . ,
_20- r T T T T T T 1
0.0 2.0 4.0 6.0 .0 10.0 12.0 14.0 15.5
Time [min]
\Integration Results
Mao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min miL o %o n.a.
1 8.677 B8.823 30.738 15.12 18.54 n.a.
2 12.433 49.534 135.073 84 .88 81.46 n.a.
Total: 58.357 165.810 100.00 100.00
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OH

H3C, ‘\O
HO N4
3x
|Chromatogram
250 SK-180324-rac #1 W WIS 1 WWVLEZ220 nm
| i1 - 10.503
200 2-12.127
150
% ]
o J
£ 100+
-E ]
5] J
¥ J
= ]
50+
0: e 1
_50- T T T T T T T
0.0 2.0 4.0 5.0 a0 10.0 12.0 14.0 15.3
Time [min]
\Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 10.503 78.124 215.076 50.28 52.41 n.a.
2 12,127 TV.266 195.261 49.72 47.59 n.a.
Total: 155.389 410.337 100.00 100.00
[Chromatogram
120- 5 SK-180324-chi #1 LWV_WIS_ 1 WWL:220 nm
1 i2-12.120
100
80
= ]
E 60
- 1
=} ] 1 - 10.567
_E E
5 40
] ]
{ 4
20
o j Jrf\n\__._/\_.._ //\._ 1 1 r
_20 - T T T T T T T
0.0 2.0 4.0 5.0 8.0 10.0 12.0 14.0 15.7
Time [min]
Integration Results
Mao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
mir mAL*min maLU % % n.a.
1 10.567 16.561 47.968 29.43 32.06 n.a.
2 12.120 38.711 101.672 70.57 67.84 n.a.
Total: 56.272 149.641 100.00 100.00
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Ph\

HO _~ O/\/O ~"OH

4a
[Chromatogram
300- ﬂ SKE-171218-rac).Sdimer #1 LV WIS_1WYL:220 nm
12 - 34,800
2504
2004
=
E 1501 1-28.583
)
=
£
§ 1004 13- 42.963
o
504
o4 m_ | 'I —
_50- r T T T T T 1
0.0 100 20.0 30.0 40.0 50.0 55.0
Time [min]
m,paﬂm Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % % n.a.
1 28.583 105.920 13B.752 22.97 27.41 n.a.
2 34.600 251.265 268.101 54.50 53.94 n.a.
3 42,963 103.874 93.008 22,53 18.64 n.a.
Total: 461.059 498.860 100.00 100.00
Chromatogram
2304 EI SK-171218-spiro0.Sdimer #1 [manipulated] LW WIS 1 WWL:220 nm
200+ 13 - 42600
175+
1504
= 125
E
L=}
£ 1004
£
g 754
S0+
12 - 34ETT
25+
0] P’\_ L .|__-Izs.5sn L - 1 .
-Z20< - = - - =
0.0 10.0 20.0 S0.0 40.0 50.0 55.0
Time [min]
Integration Results
Mo, Peak Mame Retention Time Area Height Relative Area Relative Height Amount
mir mAL*min mALl % % n.a.
1 28.580 3.113 2.180 1.18 0.93 n.a.
2 34.677 36.276 39.401 13.78 16.79 M8
3 42.800 223.789 193.126 85.03 82.28 n.a.
Total: 263,178 234,707 100.00 100.00
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\ /I

4b
|Chromatogram
1604 1 SK-171230-Pdm-rac #1 UV WIS 1 WWL:220 nm
140+ 13 - 53,267
1204
100 4
2
= B0 11 -46.845g 477
£
£ oo
2
=
404
204
ofb—— N A .
T T
-20- L) T T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 G1.6
Time [min]
\Integration Results
MNao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mal Yo %o n.a.
1 46.847 75.203 78.246 24.76 26.57 n.a.
2 49177 75.540 76.045 24 B7 25.82 n.a.
3 53.287 153.003 140.244 50.37 47 .62 n.a.
Total: 303.747 294.535 100.00 100.00
|Chromatogram ]
100.0 - 1 SK-171230-FPdm-chi #1 LW WIS_1 WWL:220 nm
a7.5 - 42 - 48.007
75.0
62.54
2
=50.0
£
=
537.5
=
= ]
2504
12.57 J 43 - 53.187
00_: h - AN P AN 1 l':"ﬂ-"'Tll/\T
_10 U .- r T T T T T T 1
0.0 10.0 200 30.0 40.0 50.0 62.1
Time [min]
Integration Results
Mo. Peak Name Retention Time Ares Height Relative Area Relative Height Amount
min mAL*min mAL %o %o n.a.
1 46,747 0.269 0.302 0.28 0.31 O,
2 49.007 85.810 87.073 89.45 90.14 n.a.
3 53.187 9.855 8.227 10.27 9.65 n.a.
Total: 95.934 96.608 100.00 100.00
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Ph,, )

HO_ AL g0y g
(Ph

4c
|Chromatogram
100.0 - ﬂ SK-171226-rack #1 LW _WIS_1 WWL:220 nm
a7 5—: 12-21.017
75.0
52.5 1
% ]
#5004
£
=
EB? 5 <
= ]
25.0
12.5
0.0] — l
_1 0 U .- r T T T T n
0.0 5.0 10.0 15.0 200 25.0 30.1
Time [min]
\Integration Results
Mao. Peak NMame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min L) Yo %o n.a.
1 17.253 47.698 34.096 24.62 21.50 n.a.
2 21.017 96.313 85952 49.72 54.19 n.a.
3 24.043 49.694 38.562 25.65 24.31 n.a.
Total: 193.703 158.609 100.00 100.00
Chrom m
140 EI SK-171225-chil #1 LV WIS 1 WWYLI220 nm
1204 (1 - 17477
100
= a04
m
g 60
£
g 404
204
12 - 21.057
04 u S 2 -2|4.0?|:|
_20- T T T T T T
0.0 50 10.0 15.0 20.0 250 30.8
Time [min]
\Integration Results
Nao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAlLl Y Yo n.a.
1 171477 1668.817 118.902 93.61 91.45 n.a.
2 21.057 11.182 10.785 6.20 8.20 n.a.
3 24,070 0.340 0.329 0.19 0.25 n.a.
Total: 180.339 130.016 100.00 100.00

$125




3} Z/ Ph
HO O/\/‘:.\/\ o & OH

Chrom: m
20,04 5 SK-171222-rac #1 W VIS 1 WWLI220 nm
12 - 30,883
0.0 4
50.0 4
%- 40.0
m
B 30.04 i1 - 31.407
2
E 13 - 44,560
= 20.0
10.0 4
0.0+ }LL - [ ; -
_IU O - r T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 55.0
Time [min]
|Integration Results
MNa. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL Yo ] n.a.
1 31.407 38.899 28.454 20.88 24,92 n.a.
2 39.983 108.876 62.209 58.44 54.56 n.a.
3 44,980 38.516 23.435 20.67 20.52 n.a.
Total: 186.290 114.187 100.00 100.00
|Chromatogram
250 - ﬂ SK-171222-chi #1 [manipulated] UW_WVIS_1 WWL:220 nm
J 12 - 44,530
2004
150
% ]
- J
£ 1004
-E ]
= J
] J
= J
50
1 ‘/\ 11 - 40,12
04 PN, ] } .
_50- T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 54.5
Time [min]
\Integration Results
Nao. Peak Name Retenfion Time Area Height Relative Area Relative Height Amount
min mALI*min mALl Y % n.a.
1 40.120 22.744 13.608 5.77 65.26 n.a.
2 44 530 371.268 203.639 094.23 93.74 n.a.
Taotal: 394.012 217.248 100.00 100.00
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de
|Chromatogram
250 7l SK-180102-rac2 #1 UW_VIS_1WWL:220 nm
J 12 - 44 823
20.0 4
15.0 4
= ]
E (1 -38.120
8
E 10.0 4 13 - 51.527
Qo
¥ ]
= ]
5.0+
0.0+ 1 | T T
_5'0 ; T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 &0.0 67 .4
Tirme [min]
\Integration Results
MNao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL Yo . ] n.a.
1 38.120 19.653 11.672 24,79 28.12 n.a.
2 44 .623 40.203 20.702 50.71 49.85 n.a.
3 51.527 19.418 9.133 24.49 22.00 n.a.
Total: 79.274 41.508 100.00 100.00
|Chromatogram ]
30.0 - 3 SK-180102-chi #1 UV VIS 1 WWL220 nm
] 2 - 51.157
250
2004
=
E 15.0
[:=]
£
£
= 100+
]
=
5.0
] i1 - 45173
0.0 V- . t T
_5'0 : T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 &0.0 66.2
Time [min]
\Integration Results
Nao. Peak Name Retenfion Time Area Height Relative Area Relative Height Amount
min mALI*min mALl Y % n.a.
1 45.173 4.603 2.423 7.53 8.37 n.a.
2 51.157 56.562 26.512 92.47 91.63 n.a.
Total: 61.165 28.935 100.00 100.00
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HO - N < OH
o> \/\OA/
af
Chrom: m
140- SK-180309-rac #1 LW WIS 1 WWLE220 nm
1204 12-1B.270
1-11.780
100
= 804
‘w
g B0
£
=< 404 13- 29,777
204 J
o4 M I . | ! :
_20- T T T T T T
0.0 50 10.0 15.0 200 25.0 30.0 350
Time [rmin]
\Integration Results
MNao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mal) o %o n.a.
1 11.780 54.499 109.204 25.45 40.78 n.a.
2 18.270 105.659 121.101 49.34 45.22 n.a.
3 28.777 53.893 37.484 25.21 14,00 n.a.
Total: 214.151 267.789 100.00 100.00
|Chromatogram
45.0 - 1 SK-18030%-chi #1 [manipulated] W VIS WWL220 nm
40.0 4 13 - 28,750
30.0 4
2
rm
£ 20.04
£
.
10.0 4
12 - 1B.283
0.0 LEREE LN |
T T
-5'0 - r T T T T T T il
0.0 5.0 10.0 15.0 200 250 300 35.1
Time [min]
\Integration Results
Na. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min AL rrin mALl % % n.a.
1 11.820 0.147 0.299 0.23 0.64 M.,
2 18.393 5.226 6.953 9.84 14.96 n.a.
3 29.750 56.932 38.235 89.93 84,40 n.a.
Total: 63.305 46.488 100.00 100.00
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HO&J

\\ Ph OH

49
|Chromatogram
50.0 - 1l SK-180305-rac #1 UW_WVIS_1 WWL:220 nm
12 - 29,800
40.0 4 o1 -22.803
— 30.0
z
E. i3 - 36.017
=
2200
.
10.0 4
0.0+
T T
-5'0 - r T T T T T T T T 1
7.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 46.3
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 22.903 30.390 40.803 28.36 36.98 M.,
2 29.900 46376 45 658 43.28 41.38 n.a.
3 38.017 30.396 23.871 28.36 21.64 n.a.
Total: 107.162 110,333 100.00 100.00
Chrom m
35.0 - SK-180305-chi #1 LW WIS 1 WWL:220 nm
' 13 - 38.057
30.0 4
25.0 4
% 20.0 4
‘w
2 15.0
£
g 10.0 4
5.04
12 - 30,100
0.0 P , 11-22.877 |
T T T
_5'0 = T T T T T T T
7.0 10.0 15.0 20.0 250 30.0 350 40.0 45.0
Time [min]
\Integration Results
Na. Peak Mame Retention Time Ares Height Relative Area Relative Height Amount
nin mAL*min maAL % % n.a.
1 22977 0.077 0106 0.16 0.28 n.a.
2 30.100 4.171 3721 8.82 9.93 n.a.
3 38.057 43.015 33.636 81.01 89.78 n.a.
Total: 47.263 37.463 100.00 100.00
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HO
- OH
4h
[Chromatogram |
70.0 4 ﬂ SK-180302-rac #1 UW_WVIS_1 VWWL:220 nm
12 - 14,803
60.0
50.0 4
% 40.0
‘w
£ 30.04
£
g 20.0
13 - 24,513
10,0 4
0.0+ . 1 .
-10 0 = r T T T T T 1
7.0 10.0 15.0 20.0 25.0 30.0 321
Time [min]
Integration Results
Mo Peak Name Retention Time Ares Height Relative Area Relative Height Amount
min mAL*min mal o %o n.a.
1 13.260 19.945 39.989 26,64 35.57 n.a.
2 14.803 34918 61.573 48.63 54.77 n.a.
3 24,513 20.013 10.867 26,73 9.67 n.a.
Total: T74.876 112.429 100.00 100.00
|Chromatogram
30.0 - 1 SK-180302-chi #1 UW_WIS_1WWL:220 nm
13- 23310
25.0 4
20.04
=
£ 15.0
a
=
£
§ 10.0
<
(2 - 14.833
5.04
0.0l Lt -5/as0 : ) :
_5'0 - T T T T T
7.0 10.0 15.0 20.0 25.0 30.0 320
Time [min]
Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAl % % n.a.
1 13.350 0.110 0.181 0.19 0.55 n.a.
2 14.833 3.748 6.262 6.49 19.07 n.a.
3 23.310 53.862 26.389 83.32 80.38 n.a.
Total: 57.718 32.832 100.00 100.00
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[Chromatogram
300 - ﬂ SK-180308-rac #1 UW_WIS_1 WWL:220 nm
] 12 - B.ETO
250
o1 - B.B53
200
=) ]
E 150
= ]
= ]
g J
§ 100—_ 13- 14.420
=
50
o AN ,
_50: T T T T T T T T T
0.0 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 18.2
Time [rmin]
\Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
nin mALI*min mALl % % n.a.
1 5.853 47.459 219.258 25.60 38.52 n.a.
2 9.870 91.633 264 420 4943 46 46 n.a.
3 14.420 46.282 BS5.485 24,97 15.02 n.a.
Total: 185.374 569.163 100.00 100.00
[Chromatogram
250- ﬂ Sk-180308-chi #1 UW_ VIS 1 WWYL:220 nm
|3 - 14.367
200
150+
2
m
£ 1004
£
§ i2 - B.EED
=
504
n/k | 11 - 6853
0 T T T
_50- T T T T T T T T
0.0 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 17.5
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 65.853 1.021 4.933 0.68 1.65 M.,
2 9.880 23473 67425 15.59 22 61 n.a.
3 14.387 126.053 225.914 83.73 75.74 n.a.
Total: 150.547 298.276 100.00 100.00
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HO._~ o/\@/\o/ﬁ/OH

4j
[Chromatogram
200- SK-180306-rac #1 LW WIS 1 WWL:220 nm
j |2 - 10,963
175
1504
] 11 -B8.580
1254
% ]
E- 100
= ]
g ]
E 754 13- 14,803
= j
50
25
o] S e ! —_ L .
_20- r T T T T T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 208
Time [min]
lIntegration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
[ually] mALI*min AL % % n.a.
1 8.580 38.812 126.936 25.08 33.55 n.a.
2 10.263 76.729 184 982 49.58 4890 n.a.
3 14.803 39.208 BE6.378 25.34 17.65 n.a.
Total: 154.749 378.296 100.00 100.00
|Chromatogram
2004 ¥ Sk-180306-chi #1 [manipulated) WY VIS 1 WYL:220 nm
12 - 14.763
1754
150+
1251
2
-E 1001
=
=
5 75
]
=
50+
25 11 -10.990
0] e 1
T T
-20- L) T T T T T T T T T 1
0.0 2.0 4.0 5.0 a0 10.0 12.0 14.0 16.0 18.0 19.0
Time [min]
lIntegration Results
Mao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL) % . ] n.a.
1 10.980 9.703 23.273 8.45 11.64 n.a.
2 14.763 105115 176.709 91.55 88.36 n.a.
Total: 114.818 199.982 100.00 100.00
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4k
[Chromatogram
90.0 - ﬂ SK-180301-rac #1 [manipulated] LW WIS 1 WWL220 nm
2 - 22267
¥5.0 -
1-13.280
62.5 4
%50 0
5
7.5
d:25 0
i3 - 42,387
12.5 1 \
0.0 - __L—W\_A_J - - I .
-10.0- r T T T T T T T T T 1
0.0 5.0 10,0 15.0 200 250 30.0 350 40.0 45.0 50.0
Time [min]
Integration Results
Mo Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mal Yo o n.a.
1 13.260 34.381 50.495 25,04 43.27 n.a.
2 22 287 59.105 76.314 50.32 47.52 n.a.
3 42,387 33.843 14.794 24,64 9.21 n.a.
Total: 137.329 160.603 100.00 100.00
[Chromatogram
2004 5 SH-180301-chi #1 [manipulatad] W VIS 1 WWLI220 nm
13 - 40,527
G0.0 4
50.0
% 40.0
m
£ 30.04
£
g 20.0
|2 -22.310
10.0 4
JL, I 1 - 13.267
0.04 L= T L
_10 0 = T T T T T
0.0 10.0 200 30.0 40.0 50.7
Time [min]
\Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min AL % ] n.a.
1 13.267 0.270 0.556 016 0.70 n.a.
2 22310 13.247 14.580 766 18.39 n.a.
3 40.627 159.319 54.212 92.18 80.91 n.a.
Total: 172.836 79.359 100.00 100.00
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HO\/"2 N OH
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=
41
|Chromatogram
100.0 - B Sk-180122-rac #1 UV WIS _ 1 WWYLI220 nm
a7.5 1-B.480 (2 - 17.460
75.0
62.5 4
2
5500
=
=
5375
_§ 13 -23.050
=
25.0 4
12.54
0.0] L —
-1 U 0 = r T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 279
Time [min]
\Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min AL % % n.a.
1 9.480 33.327 BE6.086 23.97 42,60 O,
2 17.460 71.628 84723 51.51 41.93 n.a.
3 23.050 34.108 31.258 24.53 15.47 n.a.
Total: 139.064 202.066 100.00 100.00
[Chromatogram
250 ﬂ SK-180122-chi #1 LW WIS 1 WYL 220 nm
1 13- 22.817
200
150
% ]
‘@
E 100+
E J
5
S0
] |2 - 17480
B | Y N 11 - B-4Es
0 o T L T
-50- L) T T T T 1
0.0 5.0 10.0 15.0 200 25.0 29.2
Tirme [rmin]
Integration Results
Mo Peak Name Retention Time Ares Height Relative Area Relative Height Amount
nin s L™ rrnin mALll Y % n.a.
1 9.483 0.132 0.431 0.05 0.19 n.a.
2 17.480 15.174 18.104 §.34 8.15 n.a.
3 22,917 224.142 203.657 93.61 91.66 n.a.
Total: 239.447 222192 100.00 100.00
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Chrom m
180- Sk-180326-4Me-rac #1 LW _WVIS_ 1 WWLEZ220 nm
140+ |2 - 21.827
1204
100+
% 11 - 16,480
£ 804
@
2
5
= \3- 26,763
a0 |
20+
0] 4{'&]“\____ 1 - : '
_20- T T T T T T
0.0 5.0 10.0 15.0 200 250 30.0 32.1
Time [min]
Jggpuﬂmnkssuhs
Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAlLl*min mAL) %o % n.a.
1 16.480 81.952 83.750 23.54 31.70 n.a.
2 21.627 186.877 138.821 53.68 52.54 M8
3 26.763 79.286 41.649 2278 15.76 n.a.
Total: 348.115 264,219 100.00 100.00
Chrom m
250~ B SK-180326-4Me-chi #1 U _WIS_1 WWL:220 nm
§1 - 16367
2004
150
2
m
£ 100
2
z
504
12 - 21.733
0 P L 13- 28,763
T
-50- T T T T T T
0.0 5.0 10.0 15.0 20.0 250 200 328
Time [min]
Integration Results
Ma. Peak Name Retention Time: Area Height Relative Area Relative Height Amount
min mAL*min maLl %o o n.a.
1 16.367 227.528 232,795 82,30 85.65 n.a.
2 21.733 47 226 34 885 17.08 12.98 n.g.
3 26.783 1.714 0.992 0.62 0.37 n.a.
Total: 276.465 268,653 100.00 100.00
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[Chromatogram

25,0 1 5K-180403-2Me0-rac #1 UV_VIS_1 WVL 220 nm
30,0 1 -28.393
250
20.0]

Abzorbance [mAL)
o
(=]
i

13 - 39,863

10.0
5.0+
0.0+ L
_5'0 = r T T T T T T T T T 1
11.0 15.0 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 0.0
Time [min]
M‘&ﬂm\ Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % Yo n.a.
1 28.393 47.327 30.386 52.41 56.79 n.a.
2 34.520 21.152 10.621 23.43 19.85 n.a.
3 39,6683 21.815 12.496 24 16 23.36 n.a.
Total: 90,204 53.503 100.00 100.00
Chromatogram
50.0 - B SK-180403-2Me0-chi #1 UV _WVIS_1 WWL:220 nm
|2 - 38.450
40.0 4
= 0.0+
Z
m
£
£ 200
5
2
=
10.0
11 -28.433
0.0 L T T
-5.0 4 = - - = -
15.0 200 250 30.0 350 40.0 45.0 48.0
Time [min]
Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 28.433 3.296 2.382 4.07 512 n.a.
2 39.450 Fr.720 44116 95.93 94.88 n.a.
Total: 81.016 46.498 100.00 100.00
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(Q

40
|Chromatogram
45.0 - 7 SK-180327-3Me0-rac #1 UV_WIS_1 WWYL:220 nm
40.0 1 i1 - 16.440
30,0 4
= |2 - 18.230
m
2 20.0
£
g 13- 25,913
10.0 4
0.0 | } L |
_5'0 - T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 350
Time [min]
Integration Results
Nao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL Yo %o n.a.
1 16.440 24.727 38.048 32.58 50.03 n.a.
2 19.230 26.369 24 757 3475 3255 n.a.
3 25.913 24.785 13.248 32.66 17.42 n.a.
Total: 75.880 76.053 100.00 100.00
Chromatogram
£0.0 - E SK-180327-3MeC-chi #1 UV WIS_1 WWYL:220 nm
70.04 (3 - 24977
50.0 4
50.0 o
=
E. 40.0
&
£
E 30.0 4
=
20.0 4
1009 |2 - 18.440
f h (1 - 16.493
0.0+ L e I[ I|
_10 D = T T T T T T
0.0 50 10.0 15.0 20.0 250 30.0 341
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
i mAL*min ALl % % n.a.
1 16.493 1.245 1.481 1.08 1.97 n.a.
2 19.440 7.753 6.388 6.73 8.51 n.a.
3 24.977 106.237 B67.185 92.19 89.52 n.a.
Total: 115.236 75.064 100.00 100.00




MeO,

0
JNWQ

|Chromatogram
50.0 o SK-180321-4MeCrac #1 UW_VIS_1 WWL:220 nm
|2 - 23677
50.04
40.04
=)
E 30.04 |3 - 26.463
L]
£
£
E 20.0 4
=
10.0 4
-10 u = r T T T T T T
0.0 5.0 100 15.0 20.0 25.0 30.0 35.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 20.917 33.410 36.644 27.55 31.43 n.8.
2 23.677 54.166 51.588 44 66 44.24 n.a.
3 26,483 33.696 28.367 27.79 24,33 n.a.
Total: 121.273 116.598 100.00 100.00
|Chromatogram
110.0 - ] SK-180321-4MeOchi #1 [manipulated] UW_VIS_1 WWL:220 nm
100.0 13 - 26.517
87.5
75.0
% 62.5
'
2 50.04
£
g 37.54
25.0
12.5 4
00 M- ]
_10 U - r T T T T T T 1
0.0 50 10.0 15.0 200 250 30.0 354
Tirme [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 21.007 2.455 2.895 1.64 2.23 n.a.
2 23.767 28.910 28.839 20.03 22.19 n.a.
3 28.517 116.975 98.257 78.23 75.59 n.a.
Total: 148,339 129,991 100.00 100.00
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|Chromatogram
&0.0 - 7] SK-180322-4Frac #1 UY_WIS_1 WWL:220 nm
12 - 9.827
T0.0 4
60.0 4
500 13- 10.783
=
E. 40.0
[
£
E 30.04
=
20.0
10.0
_10 0 - r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 140 15.1
Time [min]
Integration Results
MNa. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mA LU *min malLl % %o n.a.
1 8.790 17.362 61.122 29.30 32.93 n.a.
2 9.627 23.587 T4.431 39.81 40.10 n.a.
3 10.783 18.299 50.058 30.89 286.97 n.a.
Total: 59.247 185.611 100.00 100.00
|Chromatogram
60.0 SK-180322-4Fchi #1 UV WIS 1 WWL:220 nm
3 - 10.757
50.0
40.0 4
=
£ 30.04
[
£
£
§ 20.0
=
10.04 12 - 5.8
0.0 Lt P03
T
_10 0 - r T T T T T T T 1
0.0 2.0 4.0 6.0 &.0 10.0 12.0 14.0 15.5
Time [min]
Integration Results
Ma. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAL % Yo n.a.
1 8.803 0.070 0.275 0.31 0.42 n.a.
2 9.633 3.493 11.231 15.31 16.89 n.a.
3 10.757 19.260 54.576 84,39 82,59 n.a.
Total: 22.824 66.082 100.00 100.00
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Chrom m
1,000 - ! skhan-2019 #11 sk-190220-rach UV_WVIS_1 WWL:220 nm
8754
7504
. 825
2
E 500+ 12 - 30,255
2
5
B 3754
=
13- 43537
250 4
125 1
04 L T T T
_50 - r T T T T T 1
0.0 100 200 300 40.0 51.2
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAl) % % n.a.
1 35.290 471.888 361.279 27.70 31.58 n.a.
2 39.255 T57AST 482.832 44.44 43.04 n.a.
3 43,937 474.631 280.9980 27 .B6 25.41 n.a.
Total: 1703.676 1145.101 100.00 100.00
[Chromatogram
100 3 skhan-2019 #61 [manually integrated] sk-190220-chi UV_VIS_1 WVL:220 nm
80
60+
=)
‘!'5: ]
o 404
8 _ 13- 43.810
= J
2
2 204
oi— N . nw_w‘-_as“sa
-20
_30 - T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 54.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 35.168 0.318 0.370 0.57 0.97 n.a.
2 39.518 3.629 2.835 6.45 7.44 n.a.
&) 43.810 52.341 34.884 92.99 91.59 n.a.
Total: 56.288 38.089 100.00 100.00
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4s Br
[Chromatogram
140+ 'ﬂ SK-180323-4Br-rac #1 UNV_VIS_1 WWL:220 nm
|2 - 17.860
120+
1004
% &04
B
E 60 |1 - 1568
g 40
13- 22.020
204
o4 J\\W_ 1 . - r
-20- F T T T T T T 1
0.0 5.0 100 15.0 20.0 25.0 0.0 331
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL %o Yo n.a.
1 15.623 35.509 53.056 20.37 24,72 n.a.
2 A7.860 102.634 129.824 58.89 60.48 n.a.
3 22,020 36.141 31.758 20.74 14.80 n.a.
Total: 174,285 214,638 100.00 100.00
Chromatogram
450 - il SK-180323-4Br-chi #1 UV _WVIS_1 WWL220 nm
400 11 - 15.550
3004
H
‘o
£ 2004
£
2
100+
12 - 17.880
o .. } : L 43 - 22;1 13
-504 S - - - =
0.0 5.0 100 15.0 200 259
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAl) % % n.a.
1 15.530 258.396 391.387 92,13 93.43 n.a.
2 17.890 20.760 26.331 7.40 5.29 n.a.
3 22,113 1.325 1.200 0.47 0.29 n.a.
Total: 280.480 418.918 100.00 100.00
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3
4t O
Chrom m
20.0 - 1| SK-180331-rac #1 UV VIS 1 WWL:220 nm
|2- 22727
17.5
y1-18.150
15.0
12.5
3
|3 - 28,360
o 10.04
£
i
E T.54
=
5.0+
2.5
0.0 1
T T
-2'0 - T T T T T T T
10.0 12.5 15.0 175 200 225 25.0 27.5 300 325
Time [min]
|Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mall % % n.a.
1 19.150 12.190 16.007 29.10 35.94 n.a.
2 22727 17.589 18.207 41.52 40.88 n.a.
3 29,360 12.306 10.322 29,38 23.18 n.a.
Total: 41.885 44,536 100.00 100.00
Chrom m
35,0 - 3] 5K-180331-chi #1 UV _WIS_1 WWLEZ20 nm
30.0 4 \3-28.270
25.0
= 20.0 4
‘o
£ 15.0 4
E |2 - 22,757
=< 10.0 4
5.0+
y1- 18,167
0.0+ L | 1 1 :
-5.0 < - ; T T
10.0 15.0 200 25.0 0.0 350
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maAL % % n.a.
1 19.197 1.301 1.640 2.63 3.70 n.a.
2 22757 11.996 12.436 24.25 28.04 n.a.
3 29.270 38172 30.270 73.12 68.26 n.a.
Total: 49,468 44,347 100.00 100.00
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4u Cl
[Chromatogram
300- o1 SK-180405-rac #1 UV WIS_1 WWL:220 nm
13- 13.513
2504
2004
=)
£ 150
5]
£
2 11 - 10,400
§ 1004 12 -11.323
=
504
o . + T T
-50‘ L) T T T T T T T T1
0.0 2.0 4.0 6.0 a.0 10.0 12.0 14.0 16.1
Time [min]
Integration Results
Nao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min maLl % %o n.a.
1 10.400 28.653 103.196 18.91 2219 n.a.
2 11.323 28.424 85.350 18.76 20.51 n.a.
3 13.513 94.431 266.400 62,33 57.29 n.a.
Total: 151.507 464,986 100.00 100.00
[Chromatogram |
400+ " SK-180405-chi #1 [manipulated] UV _VIS_1 WWL:220 nm
12-11.323
350
S00
2504
=)
g 2004
L)
£
E 150
=
100 3-13.510
50+
|1 - 10400
04 : T
_50- T T T T T T T T
0.0 20 4.0 6.0 a.0 10.0 12.0 14.0 16.5
Time [min]
Integration Results
No. Feak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 10.400 3.095 11.380 2.07 2.35 n.a.
2 11.323 109.821 369.752 73.40 76.48 n.a.
3 13.510 36.696 102.322 24,53 21.16 n.a.
Total: 149.612 483.454 100.00 100.00
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|Chromatogram
600 - ﬂ SK-1803258-2nap-rac #1 LV WIS 1 WWYL:220 nm
12 - 26.367
500 1 -238f7
400 4
=
£ 300
Q@ 13- 40137
=
2
E 2004
=
100 4
o4 A ¥ T T
-100 “r T T T T T T T T T 1
0.0 5.0 10.0 15.0 200 25.0 30.0 35.0 40.0 45.0 50.0
Time [min]
Integration Results
Nao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mall o %o n.a.
1 23.837 458.068 501.156 30.94 38.47 n.a.
2 26.367 560.374 545388 37.85 41.87 n.a.
3 40.137 461.946 256.153 31.20 19.66 n.a.
Total: 1480.386 1302.697 100.00 100.00
|Chromatogram ]
300 - 'ﬂ SK-180328-2nap-chi #1 UW_VIS_1 WWL:220 nm
13 - 39.043
700+
500 4
5004
=)
3 400 4
5]
£
‘E 300 o
§ 12 - 26,417
=
200 4
100
| i1 -Iz 7B .
0 A 1 T T
_100 = T T T T T
0.0 10.0 200 30.0 40.0 50.3
Time [min]
Matim\ Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mall % % n.a.
1 23.760 14.208 15.648 0.81 1.56 n.a.
2 26.417 252.967 253.051 14.84 25.23 n.a.
3 39.043 1477.826 T34.248 84,35 73.21 n.a.
Total: 1751.999 1002.946 100.00 100.00
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HO (0]
0~ "7 oH
4w L;:é
Chrom: m
100.0- SK-180330-Svec-rac #1 LV WIS 1 WWL220 nm
12- 14,187
87.5
75.04
1-8.540
62.5 4
z
5 20.0 4
£
£
§3?5— 13- 17.660
=
25.0 4
12.5 1
0.0+ T L T T
-10 0 - L) T T T T T T T T 1
0.0 2.5 50 7.5 10,0 12.5 15.0 17.5 200 21.0
Time [min]
n_tep'atinn Results
Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL % i n.a.
1 9.540 20.448 66,799 23.87 34.86 n.a.
2 14.197 45.096 91.627 52.64 47.82 n.a.
3 17.660 20122 33.188 23.49 17.32 n.a.
Total: 85.664 191.615 100.00 100.00
|Chromatogram
1404 'ﬂ SK.-180330-Svec-chi #1 [manipulated] UW_WIS_1 WWL:220 nm
(3 - 17817
1204
1004
%. &0 12 - 14.200
"
g 60+
£
g 40+
204
i1 - 8,650
_20- T T T T T T T T
0.0 25 50 75 10.0 12.5 15.0 17.5 20.0 224
Time [min]
n_te,patiun Results
Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl o % n.a.
1 9.550 2.810 B8.936 2.45 4.35 n.a.
2 14.200 37.114 75.151 32.33 36.55 n.a.
3 17.617 74.865 121.509 65,22 59.10 n.a.
Total: 114.788 205.595 100.00 100.00
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/

.

Me

Sonaa

4x
200 7 zc #38 [manually integrated)] SK-180417-rac UV_WVIS_1 WWL:220 nm
2504
2004
=)
=
£ 150+
o]
S
k=
2 100
E-
504
o] .
-30 = T T T T T T T T
0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.3
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 12.820 12,599 35.117 24.92 28,63 na,
2 14.103 25,322 60.147 50.09 49.04 n.a.
3 15.473 12.630 27.396 24.98 22.33 n.a.
Total: 50,551 122,660 100.00 100.00
400 - T zc #195 [manually integrated)] SK-181228-chil UV_WVIS_1 WWL:220 nm
300 4
=)
=
E
2 200 -
=
£
§ \1-12.670
=
100 4
|2 - 13.963
3-15.333
ol \ AN | L :
_30 - r T T T T T T T T 1
0o 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 216
Time [min]
Integration Results
MNo. |Peak NMame Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL %o % n.a.
1 12.670 47615 129.513 60.12 62,59 na,
2 13.963 27.346 67.932 34.53 32.83 n.a.
3 15.333 4.243 9.474 5.36 4.58 n.a.
Total: 79.204 206.919 100.00 100.00
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Br,

Br

OH

[€hromatogram

9 skhan-2019 #107 [manually integrated]

sk-190610-rac

UV_VIS_1 WVL:220 nm

4004

3704
3503
3304
3103

290 4

2704
2504
=) 3
2 2304
E 210
8 1904
g2 9v3
8 1703
3 1507
< 1304
1103
904
704
503

304
103 J

2103

11-32.983

12-39.917

13 - 53.837

303

0.0

30.0

Time [min]

60.0

Integration Results

No. [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1
2
3

32.983
39.917
53.837

115.504
192.776
114.849

79.951
103.534
52.447

27.30
45.56
27.14

33.89
43.88
22.23

n.a.
n.a.
n.a.

Total:

423.130

235.932

100.00

100.00

Chromatogram

400

3 skhan-2019 #106 [manually integrated]

sk-190610-chi2

UV_VIS_1 WVL:220 nm

370
350
330
310
290
270

250

2230

£.210

8 190

g 170

2 150

< 130
110

90
70
50
30
10
-10

| 11-33.242
T

\2-40.147

13- 53.495

r

0.0

30.0

Time [min]

Integration Results

No. [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1
2
3

33.242
40.147
53.495

4.469
28.635
254.305

2.631
17.475
116.187

1.55
9.96
88.48

1.93
12.82
85.25

n.a.
n.a.
n.a.

Total:

287.409

136.293

100.00

100.00
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[Chromatogram

1,000

930
890
850
810
770
730
690
650
610
570
530
490
450
410
370
330
290
250
210
170
130

90

50

10
-30

F skhan-2019 #146

sk-190705-rac

UV_VIS_1 WVL:220 nm

mAU

12-21.728

11-19.010

13- 28.392

— —T

0.0 5.0

Integ

ration Results

No.

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
D/ﬂ

Relative Height
o/ﬂ

Amount
n.a.

7
2
3

19.010
21.728
28.392

176.561
463.495
168.973

196.014
431.548
110.712

21.82
57.29
20.89

26.55
58.45
15.00

n.a.
n.a.
n.a.

Total:

809.029

738.274

100.00

100.00

1,500

1,410
1,350
1,290
1,230
1,170
1,110
1,050
990
930
870
810
750
690
630
570
510
450
390
330
270
210
150
90
30
-30

Chromatogram

@ skhan-2019 #145 [manually integrated]

sk-190705-chi

UV_VIS_1 WVL:220 nm

mAU

11-18.972

12 - 21.840

13 - 28.587
T

0.0 5.0

T
10.0

— TE—

30.0

35.0

Integration Results

No.

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
Dl'ﬂ

Relative Height
un"ﬂ

Amount
n.a.

1
2
3

18.972
21.840
28.587

463.030
63.363
2.883

513.066
66.267
1.838

87.48
11.97
0.54

88.28
11.40
0.32

n.a.
n.a.
n.a.

Total:

529.275

581.171

100.00

100.00
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|Chromatogram
2000 - 'ﬂ SK-180626-rac #1 UV WIS 1 WWL:220 nm
1750 4 11-3.983 12 - 5.063
1500 4
1250 4
2
E 1000 o
[=
2
& 7504
]
=
500
2504
04 1 L I
_200 = T T T T T T
0.0 1.00 2.00 3.00 4.00 5.00 6.00 5.80
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL o %o n.a.
1 3.993 227.847 1721.078 50.20 50.38 n.a.
2 5.063 226067 1695.381 49.80 49.62 n.a.
Taotal: 453.914 3416.458 100.00 100.00
[Chromatogram |
400 - ﬂ SK-180626-chi #1 UW_WIS_1 WVL:220 nm
350 12 - 5.0B3
300
2504
=)
2 2004
5]
£
2
£ 150
E
=
100
50
i1 -4.017
04 T
-50- r T T T T T T 1
0.01 1.00 2.00 3.00 4.00 5.00 5.00 5.86
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maALl % % n.a.
1 4.017 2.283 24.072 5.60 6.56 n.a.
2 5.083 38.504 342.863 94.40 93.44 n.a.
Total: 40.786 366.935 100.00 100.00

5149



N—
5d
|Chromatogram
70.0 - 'ﬂ SK-180710-rac #1 UV WIS_1 WWYL:220 nm
(2 -12.150
50.0
50.0
%' 40.0
'y
2 3004
2
g
= 20.0-
10.0 4
0.0 4
-lu U -I T T T T T 1
5.01 6.25 7.50 875 10,00 11.25 12.50 13.38
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mALl % % n.a.
1 10.963 20.951 53.238 49,36 45,98 n.a.
2 12.150 21.491 62.541 50.64 54.02 n.a.
Total: 42.442 115.779 100.00 100.00
[Chromatogram ]
3504 'ﬂ SK-180710-chi#1 UW_VIS_1 WWVL:220 nm
|1 -11.050
300
2504
%200—
m
£ 1504
2
g
< 1004
504
|2 - 12477
04 ! T T
_50- r T T T T T T T 1
6.01 7.00 800 9.00 10.00 11.00 12.00 13.00 1371
Time [min]
\Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL %% %o n.a.
1 11.050 75.218 314176 97.64 97.92 n.a.
2 12177 1.816 6.670 2.36 2.08 n.a.
Total: 77.034 320.846 100.00 100.00
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[Chromatogram ]
200- i | UV _WIS_1 WWL220 nm
11 = 8.847
250 ] 2= 11.410
200
2150
g 100
50 <
e i
T
0=
-m- r T T T T T T
4.01 5.00 625 7.50 B.75 10.00 11.25 12.50 12.97|
Timse [min]
L Results
MNe. Pexak MNarme Retention Time Area Haxight Redative Anea Ralative Height Armount
iy mALI"min AL % %% fLa.
1 9.947 116.630 265397 50.37 52.87 8.
2 11.410 114.899 236567 49.63 47.13 n.a.
Total: 231.529 501.964 100.00 100.00
[Chromatogram ]
1&00'-! UV VIS 1 WVL-220 nm
14040 - i2 - 11,187
1200 4
1000 4
% 800 -
g 600 -
400
200
./%k_ o1 - 5063
0 B = .
2004 - - : ; - - .
401 5.00 625 7.50 ] 10,00 11,25 12,50 13.93
Time [min]
Results _
No.  |Peak Mamea Ratantion Time Area Haight Ralative Area Redative Hedght Aamount
min b LI*min bl ) ) na,
1 0.963 13.350 37613 2.01 270 .
2 11167 G50, 709 1357 38T 27849 a7 30 n.g
Total: GE4.068 1395.000 100.00 100.00
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Chromat m
300 - 'ﬂ zo #135 [manually integrated] SK-181009-rac LW WIS 1 WL 220 nm
250 4
200 +
=3
=
E
2 1504
£
2
=)
L
100 4
507 11-21.740 |2 - 25.783
-5: r T T T T T : v T : v T 1
0.0 5.0 10,0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min maAU % % n.a.
1 21.740 32.403 41.769 50.01 52.35 n.a.
2 25.783 32.386 38.020 49.99 47.65 n.a.
Total: 64.789 79.789 100.00 100.00
[Chromatogram
250 - 'ﬂ zc #1365 [manually integrated)] SK-181009-chi LW WIS 1 WWL:220 nm
200 |2 - 25. 76T
150 4
=
=
£
§ 100
o
a2
2
E=}
=
50
11-21.743
0 _.-h-— T I T
_SU - r T v T v T T T T T T - T v 1
0.0 5.0 10.0 18.0 20.0 25.0 30.0 34.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL Yo %% n.a.
L 21.743 6.781 12.717 4.60 5.94 n.a.
2 25.767 140.676 201.263 95.40 84.06 n.a.
Total: 147.458 213.979 100.00 100.00

S152




7
N
"//
Ph
51
[Chromatogram
1204 '3 SK-180625-rac #1 UV_WVIS_1 WWVL:220 nm
1-18.567
100+
|2 -23.343
80+
=
£ 604
8
=
=
S 40+
K=
=<
20+
0 va\ } .
-20 - r T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 304
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU Y% % n.a.
1 19.567 111.250 110.937 50.12 54.42 n.a.
2 23.343 110.717 92.933 49.88 45.58 n.a.
Total: 221.967 203.870 100.00 100.00
|Chromatogram |
350- 'ﬂ SK-180625-chi #1 LW _WIS_1 WWL:220 nm
300 (1 - 18.470
250
%-200—_
m ]
£ 1504
= ]
E ]
= 100
50
2 - 23.423
P | I N S
-50- r T T T T T
0.0 50 10.0 15.0 20.0 250 30.6
Time [min]
Integration Results
Mo Peak Mame Retention Time Area Height Relative Area Relative Height Amount
nin mAL*min maALl % %o n.a.
1 19.470 301.870 208.496 96.97 96.63 n.a.
2 23.423 9.428 10.410 3.03 3.37 n.a.
Total: 311.298 308.906 100.00 100.00
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