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General information. All experiments were conducted under air atmosphere unless
otherwise noted. 'H and '3C NMR spectra were recorded on a Bruker Ascend™ 400
(400 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm),
and the residual solvent peak was used as an internal reference: 'H (chloroform & 7.26;
DMSO & 2.50), 3C (chloroform & 77.0; DMSO § 39.5). Data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad), coupling constants (Hz) and integration. For thin layer
chromatography (TLC), Merck pre-coated TLC plates (Merck 60 F254) were used,
and compounds were visualized with a UV light at 254nm. High resolution mass
spectra (HRMS) were obtained on an Agilent 129011-6545 spectrometer. Optical
rotations were recorded on a Rudolph Research Analytical Autopol I automatic
polarimeter. Enantiomeric excesses (ee) were determined by HPLC analysis on
Agilent HPLC units, and Waters €2695; column of Chiralcel OD-H, Chiralpak AD-H,
AS-H, ID or IE was used. Column chromatography was performed with silica gel
(200-300 mesh ASTM). Unless otherwise noted, commercially available reagents

purchased from Adamas-beta, TCI, or Energy Chemical and were used as received.

The 2,3-dienoate adducts 2[1l, MBH acetates 41?1 and rac-8[3) were synthesized in one

step from commercially available materials by literature methods.

I1. Optimization of axially chiral sulfonamides synthesis
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Supplementary Table 1. Attempt of Synthesis of Axially Chiral Sulfonamides

from Allenoates via Phosphine Catalysis®P

P h 4 CO,Bn
Tol” 7 N OAc ot (10 ol Tol” \N/ﬁ( 2
Me I + ::-::(hi ___jﬂ;i_lfg_ﬁl_,, Me A | H

CO,Bn Cs,CO3 (1.0 equiv.)
24 °C, 2 h, PhMe
Me Me
1a 2a (1.4 equiv.) 3a
OTBDPS OTBS
PPh,
PPh, HN.__S OTBDPS PPh,
HN._O hd HN._O
NH PPh, PPh, Y
\[:;]/ NHTs NHBoc /[::j/NH
F3C CF3 CF3 F
-2% ee -1% ee 0% ee 18% ee -3% ee
0TBS
/\/\pph2 OO oTBS OTMS
PPh PPh, PPh, PPh,
TBDPSO )H< OO NHBoc NHBoc NHBoc
0% ee 3% ee 16% ee 13% ee 6% ee
oTBS oTBS OTBS
/\/\Pth Pth /\/\Pth Pth
TBDPSO
WINHBOC }INHBOC WINHBOC gNHBoc
3% ee 5% ee 3% ee 0% ee

aUnless noted otherwise, the reactions were performed with 1 (0.05 mmol), 2 (0.07
mmol, 1.4 equiv.), cat. (10 mol%), and Cs,CO; (0.05 mmol, 1.0 equiv.) in toluene
(0.5 mL) at 24 °C for 2 h. "The ee value was determined by chiral HPLC.

To a Schlenk tube containing 1 (0.1 mmol), phosphine (10 mol%) and Cs,CO; (0.1
mmol, 1.0 equiv.) were added toluene (0.5 mL) and dienoate 2a (0.14 mmol, 1.4
equiv.). The reaction mixture was stirred at 24 °C for 2 h. Then, the ee value of 3a

was determined by chiral HPLC.

Supplementary Table 2. Base and Solvent Screening®
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Y /,O \\ /7

ol SN OAc ToI/S\N/WCOZBn
Me e == _P1(omo%) Me (j .
CO,Bn Base (1.0 equiv.) I
rt., 2 h, Solvent
Me , OTBDPS p, Me
1a 2a (1.4 equiv.) 3a
PPh,
NHBoc
Entry Base Solvent ee (%)°

1 Cs,C0; PhMe 18
2 K2CO3 PhMe 12
3 Na,COs3 PhMe 13
4 LioCO; PhMe -
5 KHCO3 PhMe 10
6 NaHCO; PhMe ;
7 K3PO4 PhMe 7
8 NayHPO,4 PhMe

° Cs,CO3 THF 0
10 Cs,C03 HCCl, 0
11 Cs,C03 Et,0 9
12 Cs,C03 EtOAc 3
13 Cs,CO; CH4CN 3
14 Cs,CO4 PhCI 0
15 Cs,CO; Hexanes 3
16 Cs,CO3 Acetone 0
17 Cs,CO4 PhCF; 0

aUnless noted otherwise, the reactions were performed with 1 (0.05 mmol), 2 (0.07
mmol, 1.4 equiv.), P1 (10 mol%), and Cs,CO; (0.05 mmol, 1.0 equiv.) in toluene (0.5
mL) at 24 °C for 2 h. "The ee value was determined by chiral HPLC.

To a Schlenk tube containing 1 (0.1 mmol), P1 (10 mol%) and base (0.1 mmol, 1.0
equiv.) were added toluene (0.5 mL) and dienoate 2a (0.14 mmol, 1.4 equiv.). The
reaction mixture was stirred at 24 °C for 2 h. Then, the ee value of 3a was determined

by chiral HPLC.

Supplementary Table 3. Optimization of the Reaction Conditions to Access
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Axially Chiral Sulfonamides from Allenoates via Amine Catalysis®

\// N

S, .H .S. CO,Bn
S\ Tol N/W
Tol™ N OAc Cat. (10 mol%)
Me | + —. Me | H
CO,Bn Base (1.0 equiv.)
Solvent, Temp.
Me Me
1a 2a (1.4 equiv.) 3a
) e
N
HO,,,
MeO N
~
N
B (Quinine)
Et
o \H
)0
N
3o
OMeMeO
D {(DHQD),AQN} E {(DHQD),Pyr}

Entry Cat. Base Solvent Temp. (°C) Yield (%)P ee (%)°
1 A - PhMe 24 7 51
2 B - PhMe 24 75 21
3 C - PhMe 24 63 15
4 D - PhMe 24 67 -27
5 E - PhMe 24 85 -17
6 A - Mesitylene 24 84 72
7d A - Mesitylene 24 83 79
gd A - Mesitylene -20 9 88
gd A Cs,CO3 Mesitylene -20 91 84
109 A Cs,CO3 Mesitylene -40 92 89
119 A K>CO3 Mesitylene -40 73 88
12¢ A NayCO3 Mesitylene -40 61 89
134 A KHCO4 Mesitylene -40 35 83
144 A K3POy4 Mesitylene -40 31 89
159 A Cs,CO4 Mesitylene .50 92 90

aUnless noted otherwise, the reactions were performed with 1a (0.05 mmol, 1.0
equiv.), 2a (0.07 mmol, 1.4 equiv.), catalyst (10 mol%), and base (1.0 equiv.) in
solvent (0.5 mL) at 24 to -50 °C for 12 h. "Yield was detected by '"H-NMR. °The ee
value was determined by chiral HPLC. ¢Mesitylene (4 mL) was added.

To a Schlenk tube containing 1 (0.05 mmol), amine (10 mol%) and base (1.0 equiv.)

5/150



were added solvent (4 mL) and dienoate 2a (0.07 mmol, 1.4 equiv.). The reaction
mixture was stirred at 24 to -50 °C for 12 h. The solvent was removed by silica gel
column chromatography and the residue was then purified by silica gel column

chromatography to afford the product 3a.

Supplementary Table 4. Optimization of the Reaction Conditions via Amine

Catalysis®P
Q.0 2P
oSN OAc . Tol/S‘N/chozB”
Me | N . Cat. (10 mol%) Me | o
CO,Bn 24 °C, 2 h, PhMe I
Me Me
1a 2a (1.4 equiv.) 3a
Entry Cat. ee (%)
1 Hydroquinine 19
2 pIcb 51
3 Quinidine 21
4 Cinchonine 15
5 Cinchonidine 14
6 (DHQD),AQN =27
7 (DHQD),Pyr -17
8 (DHQD),PHAL -17
9 (DHQ),AQN -27
10 (DHQ),Pyr 3
11 (DHQD),PHAL 14

aUnless noted otherwise, the reactions were performed with 1a (0.05 mmol, 1.0

equiv.), 2a (0.07 mmol, 1.4 equiv.), catalyst (10 mol%), in toluene (0.5 mL) at 24 °C
for 2 h. ®The ee value was determined by chiral HPLC.

To a Schlenk tube containing 1 (0.05 mmol), amine (10 mol%) were added PhMe (0.5
mL) and dienoate 2a (0.07 mmol, 1.4 equiv.). The reaction mixture was stirred at 24
°C for 2 h. The solvent was removed by silica gel column chromatography and the
residue was then purified by silica gel column chromatography to afford the product

3a. The ee value of 3a was determined by chiral HPLC.

Supplementary Table 5. Solvent Screening of the Reaction Conditions via Amine
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Catalysis®P

O\\S:P H O‘\s"o CO,BN
Tol 7N OAc B-ICD (10 mol%) Tol* NW i
Me | + :.:(> Me (>| ‘.‘

CO.Bn 24 °C, 2 h, Solvent
Me Me
1a 2a (1.4 equiv.) 3a
Entry Solvent ee (%)
1 DCM 47
2 THF 5
3 EtOAc 21
4 CH3CN 33
5 DMSO 2
6 DMF 0
7 HCCl, 49
8 PhCI 57
9 PhF 55
10 o-DCB 53
1 PhCF3 41
12 PhH 57
13 Hexanes 32
14 o-Xylene 41
15 m-Xylene 69
16 p-Xylene 67
17 PhEt 70
18 PhOMe 57
19 Mesitylene 72
20° Mesitylene 79

aUnless noted otherwise, the reactions were performed with 1a (0.05 mmol, 1.0
equiv.), 2a (0.07 mmol, 1.4 equiv.), catalyst (10 mol%), in toluene (0.5 mL) at 24 °C
for 2 h. ®The ee value was determined by chiral HPLC. ‘Mesitylene (4 mL) was added.
To a Schlenk tube containing 1 (0.05 mmol), amine (10 mol%) were added PhMe (0.5
mL) and dienoate 2a (0.07 mmol, 1.4 equiv.). The reaction mixture was stirred at 24
°C for 2 h. The solvent was removed by silica gel column chromatography and the
residue was then purified by silica gel column chromatography to afford the product

3a. The ee value of 3a was determined by chiral HPLC.

Supplementary Table 6. Optimization of the Reaction Conditions to Access
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Axially Chiral Sulfonamides from MBH Acetate?

NHT: Q.0
¥ RSN CO,Bn
| Me OAc . /w(
e _pooemary S
CO,Bn Cs,CO3 (1.0 equiv.)
Me Temp., mesitylene
Me
1a 4e (1.4 equiv.) 5e
Entry Temp. (°C) SICD (x mol%) ee (%)° Yield (%)°
1 -50 5 91 95
2 -40 5 91 %
3 -30 5 91 95
4 -20 5 87 95
° 30 3 o1 93
6° -30 2 91 95
~ 30 1 91 96
g -30 1 91 %4

aReaction: 1 (0.1 mmol), 4 (0.14 mmol, 1.4 equiv.), S-ICD (x mol%), Cs,CO; (0.1
mmol, 1.0 equiv.) in mesitylene (2 mL) at -30 to -50 °C for 24 h. ’Isolated yield. The
ee value was determined by chiral HPLC. {Mesitylene (1 mL) was added. ¢48 h. f72 h.

To a Schlenk tube containing 1 (0.1 mmol), S-ICD (x mol%) and Cs,CO; (0.1 mmol,
1.0 equiv.) were added mesitylene and MBH acetate 4e (0.07 mmol, 1.4 equiv.). The
reaction mixture was stirred at 24 to -50 °C for 12 h. The solvent was removed by
silica gel column chromatography and the residue was then purified by silica gel

column chromatography to afford the product Se.

Supplementary Table 7. Optimization of the Selective N-H Activation®
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CO,"Bu
Q.0 AICD (10 mol%) Q ,,0\/(

1o SN M OAc Cs,C0; (1.0 equiv) 1o~ SNy
M N__Ph * N
e T CO,"Bu Mesitylene, Temp. Me AN
0 o
6a 4c (1.4 equiv.) 7a
Entry Temp. (°C) Yield (%)° ee (%)°
1 -30 71 77
2 -50 76 84

aUnless noted otherwise, the reactions were performed with 6a (0.05 mmol), 4a (0.07
mmol, 1.4 equiv.), -ICD (10 mol%), Cs,CO3 (0.05 mmol, 1.0 equiv.) in mesitylene
(3 mL) at -30 to -50 °C for 24 h. YIsolated yield. °The ee value was determined by
chiral HPLC.

To a Schlenk tube containing 6a (0.05 mmol), f-ICD (10 mol%) and Cs,COj; (0.05
mmol, 1.0 equiv.) were added mesitylene (3 mL) and MBH acetate 4¢ (0.07 mmol,
1.4 equiv.). The reaction mixture was stirred at -30 to -50 °C for 24 h. The solvent
was removed by silica gel column chromatography and the residue was then purified

by silica gel column chromatography to afford the product 7a.

Supplementary Table 8. Optimization of Kinetic Resolution of NOBINs?

Me Me Me
MeO MeO CO,"Bu MeO
e O NHTS + ;/fOAc ICD (3 mol%) Ve O Nj-l-/s . Ve O NHTs
OH CO,"Bu  Base (0.7 equiv.) OH OH
OO Solvent, 0 °C OO OO
Br Br Br
(£)-8 (0.1 mmol) 4 (0.7 equiv.) 9 (R)-8
Entry Base Solvent Temp. (°C) CP(%)  8a, ee® 9a, ee® 59
1 Cs,C0; THF 0 54 71 60 8
2 Cs,CO; CH5CN 0 58 33 24 2
3 Cs,CO3 DCM 0 30 30 70 8
4 Cs,CO3 toluene 0 32 36 76 11
5 Cs,CO5 mesitylene 0 43 37 50 4
6 Cs,CO3 Chlorobenzene 0 51 73 70 12
7 K,CO3 Chlorobenzene 0 43 60 81 16
8 Na,CO3 Chlorobenzene 0 22 23 81 12
9 K,CO3 Chlorobenzene -10 40 52 80 14
10® K,CO4 Chlorobenzene 0 55 77 94 27

aUnless noted otherwise, the reactions were performed with 8a (0.1 mmol), 4a (0.07
mmol, 0.7 equiv.), f-ICD (3 mol%), Base (0.07 mmol, 0.7 equiv.) in Solvent (2 mL)
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at 0 °C for 12 h. PConversion (C) = eeg,/(eeg,teeq,). “The ee value was determined by
chiral HPLC. 9S = In[(1-Conv.)(1-eeg,)]/In(1-Conv.)(1+eeg,)]. the reactions were
performed with 8a (0.1 mmol), 4a (0.035 mmol, 0.35 equiv.), -ICD (3 mol%), Base
(0.035 mmol, 0.35 equiv.) in Solvent (8 mL) at 0 °C for 36 h

To a Schlenk tube containing 6a (0.05 mmol), f-ICD (10 mol%) and Cs,COj; (0.05
mmol, 1.0 equiv.) were added mesitylene (3 mL) and MBH acetate 4¢ (0.07 mmol,
1.4 equiv.). The reaction mixture was stirred at -30 to -50 °C for 24 h. The solvent
was removed by silica gel column chromatography and the residue was then purified

by silica gel column chromatography to afford the product 7a.

II1. General procedure and spectra data of axially chiral sulfonamides and biaryl

amino phenols

Representative procedure for synthesis of 3:

\ /7 \Y

SSe - .S< CO,R
re SN . . OAc AICD (10 mol%) R4 NW 2
1 2 - 1] 2l
RS RS CO,R Cs,C05 (1.0 equiv.) RIA RsH
| /7R Mesitylene, -50 °C ‘, R
1 2 (1.4 equiv.) 3

To a Schlenk tube containing 1 (0.05 mmol), S-ICD (1.5 mg, 10 mol%) and Cs,CO;
(0.05 mmol, 1.0 equiv.) were added mesitylene (4 mL) and dienoate 2 (0.07 mmol,
1.4 equiv.). The reaction mixture was stirred at -50 °C for 24 hours to 7 days. The
solvent was removed by silica gel column chromatography and the residue was then
purified by silica gel column chromatography with hexanes/ethyl acetate as the eluent

to afford the product 3.

Characterization of compounds 3:

3a (91% yield, Hexane-EtOAc = 10:1, Rf = 0.3). Syrup. 'H

\ 7/

TO'A/AS‘Nﬁ( BN NMR (400 MHz, CDCL3) & 7.69 (d, J = 8.3 Hz, 2H), 7.44 — 7.37
e °

|
(? (m, 1H), 7.28 — 7.14 (m, 7H), 6.86 (m, 1H), 5.03 (d,J = 12.5 Hz,

Me 3a

1H), 4.98 (d, J= 14.6 Hz, 1H), 4.95 (d, J = 12.5 Hz, 1H), 4.87 (d,

J=14.6 Hz, 1H), 4.49 (s, 2H), 2.35 (s, 3H), 2.15 (s, 3H), 2.06 (s, 3H). 3C NMR (100
10/150



MHz, CDCl;) 6216.45, 165.7, 143.4, 141.9, 139.8, 138.9, 138.3, 137.4, 135.7, 132.1,
129.4, 128.4, 128.4, 128.1, 128.1, 101.4, 96.2, 79.3, 66.8, 48.7, 21.6, 20.4, 20.3.
HRMS (ESI) m/z Calcd for [C,7H6INO4S, M + H]*: 588.0700; Found: 588.0703.

Optical Rotation: [a]®p -30.0 (¢ = 1.0, CHCI3). 90% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 17.216 min for minor isomer, fzr = 20.148 min for major

isomer).

Signal:  VWD1A Wavelength=254 nm Signal:  WWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Mame RT[min]  Type  Width [min] Area Height Areat% Name
17441 EE] 22 2606.95 9795 49.93 17216 MMm 042 216.58 822 502
20399 BB 258 281458 8299 50,07 20,148 BB 286 4100.12 120,05 94.98

sum 5621.55 Sum 4316.70

3b (92% yield, Hexane-EtOAc = 5:1, Rf= 0.4). Syrup. 'H NMR

To WM (400 MHZ, CDC) 8 7.78 (d, J = 8.2 Hz, 2H), 7.51 (s, 1H), 7.28

Me | o
Il
(? (d, J = 8.2 Hz, 2H), 6.99 (s, 1H), 5.03 (d, J = 14.6 Hz, 1H), 4.93

Me 3b

(d, J=14.6 Hz, 1H), 4.54 (s, 2H), 3.61 (s, 3H), 2.42 (s, 3H), 2.24
(s, 3H), 2.19 (s, 3H). BC NMR (100 MHz, CDCl3) §216.2, 166.2, 143.4, 141.9, 139.8,
138.9, 138.2, 137.3, 132.1, 129.3, 128.3, 101.4, 96.0, 79.2, 52.4, 48.7, 21.5, 20.3, 20.2.
HRMS (ESI) m/z Calcd for [C,0H»,INO4S, M + Na]*: 532.0050; Found: 532.0053.

Optical Rotation: [a]®p -35.0 (¢ = 1.0, CHCI3). 85% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,
wavelength = 254 nm, fz = 12.906 min for minor isomer, g = 15.073 min for major

isomer).
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: ¥
0o 3¢ (85% yield, Hexane-EtOAc = 5:1, Rf= 0.4). Syrup. 'TH NMR
-l CO,Et
TN (400 MHz, CDCLy) 8 7.77 (d, J = 8.2 Hz, 2H), 7.51 (s, 1H), 7.28
e .
l
Q (d, J = 8.2 Hz, 2H), 6.9 (s, 1H), 5.04 (d, J = 14.5 Hz, 1H), 4.93
3c
e (d, J = 14.5 Hz, 1H), 4.64 — 4.46 (m, 2H), 4.13 — 3.96 (m, 2H),

2.41 (s, 3H), 2.23 (s, 3H), 2.20 (s, 3H), 1.14 (t, J= 7.1 Hz, 3H). 3C NMR (100 MHz,
CDCLy) §216.2, 165.7, 143.4, 141.9, 139.8, 138.9, 138.2, 137.3, 132.0, 129.3, 128.3,
101.4, 96.23, 79.1, 61.3, 48.6, 21.5, 20.3, 20.2, 14.0. HRMS (ESI) m/z Calcd for
[C2H24INO,S, M + Na]*: 548.0363; Found:548.0365.

Optical Rotation: [a]*p -30.0 (¢ = 1.0, CHCI3). 92% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 15.301 min for minor isomer, g = 17.396 min for major

isomer).
£ ?
Si:::mn] sz:-wav:::ﬁ:ﬁ; " Area Height  Area% Name "“E:'T‘:‘m i VWE;; Wa":::?:‘;:z L o W Gt -
0o 3d (95% yield, Hexane-EtOAc = 5:1, Rf= 0.4). Syrup. 'TH NMR
. I/\s'i co,Pr
°M N/ﬁf (400 MHz, CDCl3) 6 7.77 (d, J = 8.2 Hz, 2H), 7.50 (s, 1H), 7.28
e .
l
Q (d, J = 8.2 Hz, 2H), 6.9 (s, 1H), 5.03 (d, J = 14.4 Hz, 1H), 4.92
3d
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(d, J=14.4 Hz, 1H), 4.90 — 4.84 (m, 1H), 4.64 — 4.46 (m, 2H), 2.42 (s, 3H), 2.23 (s,
3H), 2.20 (s, 3H), 1.14 (d, J = 6.3 Hz, 3H), 1.11 (d, J = 6.3 Hz, 3H). 13C NMR (100
MHz, CDCl;) 6 216.2, 165.3, 143.4, 142.1, 139.8, 138.9, 138.4, 137.2, 132.1, 129.4,
128.29, 101.3, 96.5, 78.9, 68.8, 48.5, 21.6, 21.5, 20.3, 20.3. HRMS (ESI) m/z Calcd
for [Cy,H4INO4S, M + Na]*: 548.0363; Found: 548.0368.

Optical Rotation: [a]®p -30.0 (¢ = 1.0, CHCI3). 90% ee (HPLC conditions:
Chiralpak AS-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,

wavelength = 254 nm, fg = 11.038 min for minor isomer, fgr = 13.114 min for major

isomer).
3e. (94% yield, Hexane-EtOAc = 5:1, Rf = 0.4). Syrup. '"H NMR
8. CO,"Bu
TO'M N/ﬁ( (400 MHz, CDCl5) 8 7.77 (d, J = 8.3 Hz, 2H), 7.51 (d, J= 0.9 Hz,
e [
l
(j 1H), 7.28 (d, J = 8.3 Hz, 2H), 6.99 (d, /= 0.9 Hz, 1H), 5.05 (d, J
3e
Me

= 14.5 Hz, 1H), 4.94 (d, J = 14.5 Hz, 1H), 4.63 — 4.47 (m, 2H),
3.99 (qt, J = 10.8, 6.7 Hz, 2H), 2.42 (s, 3H), 2.23 (s, 3H), 2.20 (s, 3H), 1.52-1.45 (m,
6.8 Hz, 2H), 1.31-1.26 (m, J = 15.2, 7.5 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H). 3C NMR
(100 MHz, CDCl3) 6 216.2, 165.8, 143.4, 141.9, 139.8, 138.9, 138.3, 137.4, 132.0,
129.4, 128.3, 101.4, 96.3, 79.1, 65.2, 48.6, 30.4, 21.6, 20.3, 20.2, 19.0, 13.7. HRMS
(ESI) m/z Calcd for [C,4H5INO4S, M + NaJ*: 576.0676; Found: 576.0680.

Optical Rotation: [a]®p -32.0 (¢ = 1.0, CHCI3). 90% ee (HPLC conditions:

Chiralpak AS-H column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min,
13/150



wavelength = 254 nm, g = 12.661 min for minor isomer, g = 15.323 min for major

isomer).
my mv
100 g ~ L s DetAChT
15 20
50 10
g
25 g
o - 2 iy
00
a0 ) ) - )
105 128, 150 48 2001 225 i 100 125 150 175 200 225 250
1. DetAGh1/254nm 1 DetACh1/254nm "
Peak Tuble PeakTable
Detector A Chl 254nm Detector A Chl 254nm
Peaké | Ret, Time Area Height Area % Peak | ReLTime |  Awa | Heght | Arwa%
i 14.669 561904 10352 47753 1] 12,661 88518 2059 4.784
— 17,661 614785 3290 52.247 H 15.323 1761711 27858 | 95.216
Total 1176688 | 18642 100.000 [ Total 1850229] 29916 100.000]
0o 3f (94% yield, Hexane-EtOAc = 5:1, Rf= 0.4). Syrup. 'H NMR
To )\S'QN CO,Bu
N (400 MHz, CDCl3) 8 7.76 (d, J = 8.3 Hz, 2H), 7.50 (dd, J = 1.4,
e .
l
Q 0.5 Hz, 1H), 7.27 (d, J = 8.3 Hz, 2H), 6.99 (dd, J = 1.4, 0.5 Hz,
Me 3f

1H), 5.01 (d, J=14.3 Hz, 1H), 4.87 (d, J= 14.3 Hz, 1H), 4.56 (d,
J=14.1 Hz, 1H), 4.48 (d, J = 14.1 Hz, 1H), 2.41 (s, 3H), 2.23 (s, 3H), 2.23 (s, 3H),
1.32 (s, 9H). 3BC NMR (100 MHz, CDCl;) 6 216.3, 164.8, 143.3, 142.2, 139.8, 138.9,
138.5, 137.4, 132.1, 129.3, 128.3, 101.1, 97.5, 81.2, 78.6, 48.5, 27.7, 21.5, 20.3, 20.3.
HRMS (ESI) m/z Calcd for [C,4Ho3INO4S, M + Na]*: 576.0676; Found: 576.0681.

Optical Rotation: [a]*p -30.0 (¢ = 1.0, CHCI3). 92% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 11.029 min for minor isomer, g = 9.863 min for major

a1 120
3504 10 b
a5 1o
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25 o0f
2501 v
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i
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o E)
Time[rie]
Signal:  VWD1A Wavelength=254 nm Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Areat Name
9859 88 126 7036 72 35154 50.07 9863 BMm 031 2256.67 1373 9621
11.008 88 135 701631 296.62 4993 11020 MMm 034 8882 418 379
Sum 14053.03 Sum 234550
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00 3g (85% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, Rf =

Tolh/ﬂsgj/j(cozc”m 0.5). syrup. 'H NMR (400 MHz, CDCl3) 5 7.66 (d, J = 8.0 Hz,
e

i
2H), 7.35 (s, 1H), 7.19-7.14 (m, 12H), 6.74 (s, 1H), 6.70 (s,

Me 39

1H), 5.03 (d, J = 14.6 Hz, 1H), 4.92 (d, J= 14.6 Hz, 1H), 4.49
(s, 2H), 2.32 (s, 3H), 2.09 (s, 3H), 1.94 (s, 3H). 3C NMR (100 MHz, CDCl;) 8 216.7,
164.8, 143.3, 141.9, 140.0, 139.7, 138.9, 138.3, 137.2, 132.0, 129.3, 128.3 127.8,
127.7,127.2, 126.9, 101.3, 96.1, 79.1, 77.3, 48.5, 21.5, 20.3, 20.0. HRMS (ESI) m/z
Calcd for [C33H30INO4S, M + Na]*: 686.0832; Found: 686.0834.

Optical Rotation: [a]*p -30.0 (¢ = 1.0, CHCI3). 92% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, g = 14.295 min for minor isomer, fgr = 16.424 min for major

isomer).

588§

Signal:  VWD1A Wavelength=254 nm Signal. VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] rea eigl Area% Name RT[min]  Type  Width [min] Area Height Areat Name
14,315 BB 205 1281.81 51.26 4999 14295  BMm 037 6043 254 383
16,444 88 216 128215 4427 5001 16.424 88 248 151651 5233 96.17
Sum 2563.96 Sum

0o 3h (92% yield, Hexane-EtOAc = 5:1, Rf = 0.3). Syrup. 'H

N

(?AW NMR (400 MHz, CDCLy) 8 7.63 (d, J = 7.8 Hz, 2H), 7.29 -
e r

i
7.10 (m, 12H), 7.03 (s, 1H), 6.74 (s, 1H), 6.70 (s, 1H), 5.06 (d,

Me 3h

J=14.6 Hz, 1H), 4.92 (d, J = 14.6 Hz, 1H), 4.53 (d, J = 14.1
Hz, 1H), 4.40 (d, J = 14.1 Hz, 1H), 2.33 (s, 3H), 2.13 (s, 3H), 1.9 (s, 3H). 3C NMR
(100 MHz, CDCls) § 216.6, 164.9, 143.3, 142.8, 140.15, 139.7, 138.0, 133.8, 132.0,
131.2, 129.3, 128.4, 128.2, 127.9, 127.8, 127.2, 127.0, 125.0, 96.3, 79.3, 77.4, 48.3,
21.6, 20.7, 19.8. HRMS (ESI) m/z Calcd for [C33H3oBrNO,S, M + Na]*: 638.0971,
640.0956; Found: 638.0976, 640.0958.
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Optical Rotation: [a]*p -8.5 (¢ = 0.5, CHCl;). 93% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 12.527 min for minor isomer, g = 14.345 min for major isomer).

c33385§358¢8%

12 18 14 15 16 17 18 1
Teme fmin]

Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Areath Name
12.460 88 1.55 4084.44 193.46 4968
14.314 8B 207 4104.53 167.60 50.12 14,345 88 215

1638.18 66.86 96.57
Sum 8188.97 Sum 1696.38

Signal:  VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Areath Name

12527 BMm 0.31 58.20 293 343

3i (84% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, Rf =

N

I/S\

CO,CHPh,
- {S/BW 0.5). Syrup. 'H NMR (400 MHz, CDCl;) § 7.74 (d, J = 7.8 Hz,
e re

Tol

[
. 2H), 7.41 — 7.23 (m, 13H), 7.05-6.98 (m, 2H), 6.80 (s, 1H),

5.14 (d, J = 14.7 Hz, 1H), 4.98 (d, J = 14.7 Hz, 1H), 4.64 (d, J
= 14.1 Hz, 1H), 4.51 (d, J = 14.1 Hz, 1H), 2.42 (s, 3H), 2.13 (s, 3H). 3C NMR (100
MHz, CDCl3) § 216.5, 164.7, 143.5, 143.3, 140.0, 137.8, 136.4, 131.4, 130.2, 129.4,
129.3, 128.3, 128.1, 127.8, 127.7, 127.1, 126.9, 125.3, 96.1, 79.2, 77.4, 48.1, 21.5,

19.8. HRMS (ESI) m/z Calcd for [C3;,HsBrNO4S, M + Na]™: 624.0815, 626.0799;
Found: 625.0811, 626.0804.

Optical Rotation: [a]®p -10.6 (¢ = 0.5, CHCI3). 90% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, fz = 11.580 min for minor isomer, fgr = 14.187 min for major

isomer).
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Signal: VWD1A Wavelength=254 nm Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
11502 8B 180 183492 99.34 49.68 11580 MMm 027 3292 192 5.20
14.258 B8 207 184262 7923 50.12 14487 88 188 599,67 2623 2480
Sum 76,74 Sum 63258

3j (91% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, Rf =

To'hf‘N;ﬁf O 0 4). Syrup. '"H NMR (400 MHz, CDCly) 8 7.70 (d, J = 8.2 Hz,
© : 3 2H), 7.33 — 7.21 (m, 12H), 7.12-7.03 (m, 2H), 7.01-6.99 (m,
1H), 6.79 (s, 1H), 5.13 (d, J = 14.6 Hz, 1H), 4.97 (d, J = 14.6

Hz, 1H), 4.66 (d, J = 14.0 Hz, 1H), 4.41 (d, J = 14.0 Hz, 1H), 2.41 (s, 3H), 2.13 (s,
3H). 13C NMR (100 MHz, CDCl5) 5 216.4, 164.7, 143.4, 143.3, 140.0, 137.6, 135.0,
134.9, 129.6, 129.3, 129.1, 128.4, 128.0, 127.9, 127.8, 127.8, 127.1, 126.9, 96.1, 79.2,
77.4, 48.1, 21.5, 19.4. HRMS (ESI) m/z Calcd for [C3,HysCINO4S, M + Na]*:

580.1320, 582.1304; Found: 580.1325, 582.1308.

Optical Rotation: [a]®p -5.4 (¢ = 0.25, CHCI3). 84% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, fg = 11.567 min for minor isomer, fzr = 13.870 min for major

isomer).
H gvi
3k (98% yield, Hexane-EtOAc = 5:1, Rf = 0.3). Syrup. 'H
8. CO,CHPh
ol N/BT 7 NMR (400 MHz, CDCl;) & 7.85 — 7.67 (m, 3H), 7.37 — 7.22
re
|
(? " (m, 13H), 6.80 (s, 1H), 5.15 (d, J = 14.8 Hz, 1H), 5.04 (d, ] =
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14.8 Hz, 1H), 4.58 (d, ] = 14.2 Hz, 1H), 4.52 (d, J = 14.2 Hz, 1H), 2.56 (dq, J = 15.1,
7.5 Hz, 1H), 2.43 (s, 3H), 2.31 (dq, J = 15.0, 7.5 Hz, 1H), 0.97 (t, J = 7.5 Hz, 3H). 13C
NMR (100 MHz, CDCl3) § 216.8, 164.7, 149.8, 143.7, 140.1, 139.9, 138.7, 138.0,
132.1, 129.4, 128.4, 127.9, 127.8, 127.3, 127.0, 123.0, 102.0, 95.9, 79.4, 77.5, 48.8,
25.3, 21.6, 14.0. HRMS (ESI) m/z Calcd for [C33HaopINOLS, M + Na]*: 763.9938,
765,9922; Found: 763.9939, 769.9924.

Optical Rotation: [a]®p -15.3 (¢ = 0.5, CHCl3). 75% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 12.590 min for minor isomer, g = 11.311 min for major

isomer).
&
24 25 26 27 28 29 30 31 32 33 M 35 123 456 7 8 9101 121!|I|5\6'1I‘:I‘81[Bm‘:]92’)2|22ZENZSZEZ?ZBZBMJ‘-J?]EMJS
Signal: VWD1A Wavelength=254 nm Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name RT [min] Type Width [min] Area Height Area% Name
11.259 vB 1.19 411313 211.82 49.94 11,311 BMm 0.30 127489 66.08 a7.70
12.501 BB 132 4123.40 187.34 50.08 12,590 BMm 033 178.86 8.30 1230
Sum 8236.53 Sum 145375
31 (72% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, Ry =
. I)\S'QN CO,CHPh, .
°M g( 0.5). Syrup. 'TH NMR (400 MHz, CDCl;) 6 7.63 (dd, J = 6.6,
e .
\
3l _
© R = COMe 2.8 Hz, 1H), 7.55 (d, J= 8.2 Hz, 2H), 7.29-7.18 (m, 14H), 6.78

(s, 1H), 5.15 (d, J = 14.6 Hz, 1H), 5.03 (d, J = 14.6 Hz, 1H),
4.75 (d,J=14.4 Hz, 1H), 4.66 (d, J= 14.4 Hz, 1H), 3.45 (s, 3H), 2.39 (s, 3H), 1.83 (s,
3H). 3C NMR (100 MHz, CDCl3) 6 216.7, 166.6, 165.2, 142.9, 141.3, 140.2, 138.3,
136.5, 134.8, 132.4, 129.5, 129.3, 128.4, 128.3, 128.1, 127.8, 127.8, 127.5, 127.0,
96.9, 78.9, 51.8, 50.3, 21.5, 18.7. HRMS (ESI) m/z Calcd for [C34H3;NOgS, M +
Na]*: 604.1764; Found: 604.1767.

Optical Rotation: [a]®p -45.0 (¢ = 1.0, CHCI3). 82% ee (HPLC conditions:
18/150



Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 26.212 min for minor isomer, fzr = 20.444 min for major

isomer).

533 ¥EEEGY

Signal:  DAD1ASig=254,4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name
20444 B8 223 1677.13 47.07 90.76
26212 88 239 170.70 268 92
Sum 1847.83

Signal:  DAD1ASig=2544 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name
20.441 B8 231 1619.47 45.48 50.02
26.153 B8 275 1617.87 H.44 4998
Sum 3237.34

00 3m (98% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1,
\f‘NﬁTCOZCHPhZ R; = 0.5). White solid. MP: 69-70 °C. '"H NMR (400
H MHz, CDCly) 5 8.40 (s, 1H), 7.94 — 7.82 (m, 4H), 7.26-

Ve 27 7.53 (m, 2H), 7.40 (d, J = 1.4 Hz, 1H), 7.25 — 7.19 (m,

10H), 6.85 — 6.79 (m, 1H), 6.75 (s, 1H), 5.08 (d, J = 14.7 Hz, 1H), 4.97 (d, J = 14.7
Hz, 1H), 4.63 (s, 2H), 2.16 (s, 3H), 1.99 (s, 3H). *C NMR (100 MHz, CDCly) &
216.8, 164.9, 142.0, 140.1, 140.1, 139.9, 139.0, 138.3, 137.1, 135.0, 132.3, 132.2,
129.8, 129.5, 129.4, 128.9, 128.6, 128.4, 127.9, 127.9, 127.8, 127.3, 127.0, 124.1,
101.4, 96.1, 79.3, 77.4, 48.8, 20.5, 20.2. HRMS (ESI) m/z Calcd for [CgHsoINO,S,

M + Na]*: 722.0832; Found: 722.0833.

Optical Rotation: [a]®p -44.0 (¢ = 1.0, CHCI3). 89% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 21.687 min for minor isomer, fr = 29.458 min for major

isomer).
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Signal: VWD1A, Wavelength=254 nm Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Areat Name
21,648 BB 395 7963.39 188.11 48,87 21687  MMm 064 1110.48 2125 553
4 80GT.77 128.10 50.33 29458 MMm 098 18957.38 300.02 9447
Sum 16031.16 Sum 20067.86

oo 3n (90% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, Ry
s’ CO,CHPh

FQM ) N/ﬁf “—0.5). White solid. MP: 69-70 °C. '"H NMR (400 MHz,

CDCly) 6 7.88-7.84 (m, 2H), 7.43 (s, 1H), 7.30 — 7.19 (m,
Ve O 10H), 7.10 (t, J = 8.6 Hz, 2H), 6.85 (s, 1H), 6.78 (s, 1H),
5.08 (d,J=14.7 Hz, 1H), 4.97 (d, J= 14.7 Hz, 1H), 4.59 (d, /= 14.2 Hz, 1H), 4.54 (d,
J = 14.2 Hz, 1H), 2.19 (s, 3H), 2.04 (s, 3H). 13C NMR (100 MHz, CDCl;) & 216.7,
165.2 (d, \Jc.r=252.7 Hz), 164.8, 141.9, 140.0, 140.0, 138.9, 137.3 (d, “Jc.r= 3.0 Hz),
136.9, 132.2, 131.0 (d, 3Jc.r= 9.3 Hz), 128.3, 127.9, 127.8, 127.2, 126.9, 115.8 (d,
2Jer=122.4Hz), 101.0,95.9,79.2, 77.4, 48.8, 20.6, 20.0. ’F NMR (376 MHz, CDCl3)
0 -105.53. HRMS (ESI) m/z Calcd for [C3,H,7FINO4S, M + Na]™: 690.0582; Found:

690.0587.

Optical Rotation: [a]®p -30.0 (¢ = 1.0, CHCI3). 84% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,

wavelength = 254 nm, fg = 15.896 min for minor isomer, fr = 17.224 min for major
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Signal:  VWD1A Wavelength=254 nm Signal:  \WD1A Wavelangth=254 nm
RTImin}  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Hoight  Area% Name
16.307 BB 135 97.73 3.54 49,90 15896 MMm 041 4221
17.734 88 169 9813 3.17 50.10 17224 ve 184 4887.85 16226 92.05
Sum 195.85 Sum 5309.97
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0.0 30 (98% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1,
C,@\A\ i‘NﬁfCOZCHP” Ry = 0.5). White solid. MP: 139-140 °C. TH NMR (400
: MHz, CDCI3)6 7.82 (d, J = 8.6 Hz, 2H), 7.45 (s, 1H),

Ve 20 7.43 (d, J = 8.6 Hz, 2H), 7.33 — 7.25 (m, 10H), 6.88 (s,

1H), 6.81 (s, 1H), 5.10 (d, J = 14.7 Hz, 1H), 4.99 (d, J = 14.7 Hz, 1H), 4.63 (d, J =
14.1 Hz, 1H), 4.56 (d, J = 14.1 Hz, 1H), 2.21 (s, 3H), 2.05 (s, 3H). 3C NMR (100
MHz, CDCl3) 6 216.7, 164.8, 141.9, 140.0, 139.9, 139.7, 139.0, 138.9, 136.8, 132.2,
129.8, 128.9, 128.3, 127.9, 127.8, 127.3, 126.9, 101.1, 95.9, 77.4, 48.9, 20.4, 20.0.

HRMS (ESI) m/z Calcd for [C;3,H,7CIINO4S, M + Na]*: 706.0286; Found: 706.0286.

Optical Rotation: [a]®p -33.0 (¢ = 1.0, CHCI3). 88% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 18.899 min for minor isomer, fzr = 20.709 min for major

isomer).

m
0388848388 3REEE

signal VWD1A Wavelength=254 nm Signal:  VWD1AWavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
18186 BY 185 238274 60,18 49.92 18899 MMm 052 1095 595
19.969 va 296 2380.02 60.76 50.08 20709 ] 245 5651.63 14325 9405

Sum 4772.77 Sum 6009.12

o0 3p (92% vyield, Hexane-EtOAc-Chlorobenzene = 7:1:1,
i 4 CO,CHPh, . ,

Br/®|v|e Nﬁf R¢ = 0.4). White solid. MP: 139-149 °C. TH NMR (400

|
MHz, CDCl5) 6 7.75 (d, J = 8.5 Hz, 2H), 7.59 (d, J = 8.5

3
Me P Hz, 2H), 7.45 (s, 1H), 7.34 — 7.22 (m, 10H), 6.88 (s, 1H),
6.81 (s, 1H), 5.09 (d, J = 14.7 Hz, 1H), 4.99 (d, J = 14.7 Hz, 1H), 4.63 (d, /= 14.1 Hz,
1H), 4.56 (d, J = 14.1 Hz, 1H), 2.21 (s, 3H), 2.05 (s, 3H). 3C NMR (100 MHz,
CDCl;) 6 216.7, 164.8, 141.9, 140.2, 140.0, 139.9, 138.9, 136.7, 132.2, 131.9, 129.9,

128.3, 127.9, 127.8, 127.5, 127.3, 126.9, 101.1, 95.8, 79.2, 77.4, 48.9, 20.4, 20.0.
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HRMS (ESI) m/z Calcd for [C5,H,;BrINO4S, M + Na]*: 749.9781, 751.9765; Found:
749.9785, 751.9761.

Optical Rotation: [a]*p -32.0 (¢ = 1.0, CHCI3). 90% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,
wavelength = 254 nm, g = 23.170 min for minor isomer, fg = 25.031 min for major

isomer).

Signal: VWD1A,Wavelength=254 nm Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
23470 MMm 4.8

22940 88 198 473.18 011 49.98 7S 058 5569 128
24816 88 220 47347 913 5002 25091 88 287 1091.08 20.55 95.14

Sum 946.65 Sum 146,74

0.0 3q (95% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1,
l@; z/‘NﬁTCOzCHPhZ Ry = 0.4). White solid. MP: 139-140 °C. TH NMR (400
: MHz, CDCLy) & 7.81 (d, J = 8.5 Hz, 2H), 7.59 (d, J = 8.5

Ve 34 Hz, 2H), 7.45 (s, 1H), 7.34 — 7.25 (m, 10H), 6.87 (s, 1H),

6.80 (s, 1H), 5.00 (d, J = 14.7 Hz, 1H), 4.98 (d,.J = 14.7 Hz, 1H), 4.62 (d, J = 14.1 Hz,
1H), 4.55 (d, J = 14.1 Hz, 1H), 2.21 (s, 3H), 2.04 (s, 3H). 3C NMR (100 MHz,
CDCL) 5 216.7, 164.8, 141.9, 140.9, 140.0, 139.9, 138.9, 137.9, 136.7, 132.2, 129.8,
128.3, 127.9, 127.8, 1273, 126.9, 101.2, 100.0, 95.9, 79.2, 77.4, 48.9, 20.4, 20.0.

HRMS (ESI) m/z Calcd for [C3,H,71,NO4S, M + Na]™: 797.9642; Found: 797.9647.

Optical Rotation: [a]®p -13.0 (¢ = 1.0, CHCI3). 85% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 24.642 min for minor isomer, fr = 27.598 min for major

isomer).
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signal: VWD 1A Wavelength=254 nm Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Arca% Name RT[min]  Type  With [min] Area Height Areat Name
26.566 B3 317 2802.16 5064 4995 24642 MMm 071 1760.33 29.05 7.60
20.924 [} 312 26807.48 5450 50.05 27.508 BB as7 2139192 37747 9240

Sum 5600.64 Sum 23152.25

y 3r (97% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, Ry
fBu/@,\A\z&ﬁfCOZCHPhZ = 0.4). Syrup. '"H NMR (400 MHz, CDCl3) 67.70 (d, J =
8.6 Hz, 2H), 7.39 (d, J = 8.6 Hz, 2H), 7.35 (s, 1H), 7.24 —

Ve 7.13 (m, 10H), 6.75 (s, 1H), 6.71 (s, 1H), 5.05 (d, J =

14.6 Hz, 1H), 4.94 (d, J = 14.6 Hz, 1H), 4.50 (s, 2H), 2.11 (s, 3H), 1.95 (s, 3H), 1.25
(s, 9H). BC NMR (100 MHz, CDCl;) 6 216.8, 164.8, 156.5, 142.0, 140.1, 140.0,
139.7, 138.9, 138.1, 137.2, 132.1, 128.3, 128.1, 127.8, 127.7, 127.2, 126.9, 125.7,
101.0, 96.3, 79.2, 77.4, 48.5, 35.1, 31.1, 20.3, 20.1. HRMS (ESI) m/z Calcd for

[C36H36INO4S, M + Na]™: 728.1302; Found: 728.1306.

Optical Rotation: [a]®p -21.6 (¢ = 0.5, CHCIL3). 92% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 9.699 min for minor isomer, g = 11.065 min for major

300-
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Signal:  VWD1AWavelength=254 nm Signal:  \VWD1AWavelength=254 nm
RT[min]  Typs  Width [min] Area Hoight  Areat Name RY(min]  Typs  Width min] Area Hoight  Areats Wame
9679 88 130 5475.81 279.22 49.99 9699 MMm 029 516,69 822 411
113 88 152 5477.56 236.56 5001 11.085 BB 220 12114.93 52285 9589
sum Sum 12633.62

3s (90% vyield, Hexane-EtOAc-Chlorobenzene = 7:1:1,

/@/\\/\NWCOZCHPM B ) ) . o 1
F\C vo k| Ry = 0.5). White solid. MP: 138-139 °C. 'TH NMR (400
I
(? MHz, CDCl;) 6 8.01 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 8.1
Me 3s 23/150



Hz, 2H), 7.45 (s, 1H), 7.35-7.26 (m, 10H), 6.89 (s, 1H), 6.80 (s, 1H), 5.09 (d, J = 14.8
Hz, 1H), 4.98 (d, J = 14.8 Hz, 1H), 4.66 (d, J = 14.1 Hz, 1H), 4.58 (d, J = 14.1 Hz,
1H), 2.22 (s, 3H), 2.05 (s, 3H). 3C NMR (100 MHz, CDCl;) 6 216.8, 164.8, 144.5,
141.9, 140.2, 139.9, 139.9, 139.0, 136.5, 134.2 (q, %Jc.r = 32.8 Hz), 132.3, 128.9,
128.3, 127.9, 127.8, 127.30, 126.9, 125.8 (q, 3Jc= 3.3 Hz), 123.4 (q, 'Jc= 271.2
Hz), 101.0, 95.8, 79.2, 77.5, 49.1, 20.4, 20.0. ’F NMR (376 MHz, CDCl3) 8 -62.85.
HRMS (ESI) m/z Calcd for [C33H,7F3INO4S, M + Na]*: 740.0550; Found: 740.0552.

Optical Rotation: [0]*p -28 (¢ = 1.0, CHCl;). 85% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 16.342 min for minor isomer, g = 13.669 min for major isomer).

signal:  VWD1A Wavelengih=254 nm Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area%h Name RT[min]  Type  Width [min] Area Height Area% Name
13.308 8 280 47240 1242 50.09 13.669 88 257 1699.93 4454 9255
15865 88 254 470.78 1074 4981 16342 MMm 061 136.94 349 745
sum 943,18 Sum 1836.87

3t (93% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, R¢

Ph@; j‘N/l\[COZCHth — 0.5). White solid. MP: 77-78 °C. 'H NMR (400 MHz,

(? : CDCly) §7.93 (d, J = 8.3 Hz, 2H), 7.67 (d, J = 8.3 Hz,

e 2H), 7.62 (d, J = 7.5 Hz, 2H), 7.51 — 7.39 (m, 4H), 7.27-
7.22 (m, 10H), 6.86 (s, 1H), 6.80 (s, 1H), 5.13 (d, J = 14.7 Hz, 1H), 5.01 (d, J = 14.7
Hz, 1H), 4.63 (s, 2H), 2.20 (s, 3H), 2.06 (s, 3H). 3C NMR (100 MHz, CDCls) &
216.8, 164.8, 145.4, 142.0, 140.0, 139.8, 139.8, 139.4, 138.9, 137.1, 132.1, 129.0,
128.8, 128.3, 128.3, 127.8, 127.7, 127.3, 127.3, 127.2, 126.9, 101.2, 96.1, 79.2, 77.4,
48.7, 20.4, 20.1. HRMS (ESI) m/z Calcd for [C3sH3INOLS, M + NaJ*: 748.0989;

Found: 748.0991.
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Optical Rotation: [a]®p -31.0 (¢ = 1.0, CHCI3). 95% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,
wavelength = 254 nm, fz = 37.085 min for minor isomer, g = 39.892 min for major

isomer).

6 15 20 22 24 25 28 30 32 34 35 3 40 42 44 48 48 %0 %2 54 %6 83 60 Tima [rin]

Signal:  VWD1A Wavelength=254 nm
RT(min]  Type  Width [min] Area Hoight  Areath
i7.085 MM m 073 5837 0.84 218

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Arsa Height  Arca% Name
36873 MMm 0.88 15285 208 4925 e i - il
39721 MM m 0.97 157.48 1.90 50.75 Sum 2660.66
Sum 31033

0.0 3u (83% yield). Syrup. 'TH NMR (400 MHz, CDCl;) 6 7.68
QA\ jNﬁ(COZCHPhZ (s, 1H), 7.66-7.64 (m, 1H), 7.43 (s, 1H), 7.36 — 7.31 (m, 2H),
e (? : 7.30 - 7.22 (m, 10H), 6.83 (s, 1H), 6.7 (s, 1H), 5.12 (d, J =

Ve ¥ 14.6 Hz, 1H), 5.00 (d, = 14.6 Hz, 1H), 4.57 (s, 2H), 2.37 (s,
3H), 2.18 (s, 3H), 2.02 (s, 3H). ¥C NMR (100 MHz, CDCl5) 5 216.8, 164.8, 142.0,
141.0, 140.0, 140.0, 139.8, 138.9, 138.9, 137.1, 133.4 132.1, 128.7, 128.6, 128.3,
127.8, 127.7, 1272, 1269, 1253, 101.1, 96.1, 79.2, 77.3, 48.6, 21.3, 20.4, 20.1.
HRMS (ESI) m/z Calcd for [C33H30INO4S, M + Na]*: 686.0832; Found: 686.0837.

Optical Rotation: [a]*p -45.0 (¢ = 1.0, CHCI3). 93% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 8.465 min for minor isomer, g = 9.646 min for major

isomer).
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cysessEEE

Signal:  DAD1ASig=2544 Ref=off
RT[min]  Type  Width [min] Area
8558 B8 124 216261
9.850 vB 1.16 216366

Sum 4326.27

\ 7/
Me/S\NWCCbCHth
Me(?

Me 3v

Signal: VWD1A Wavelength=254 nm
Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
159,63 49.99 8465 BMm 030 46.56 251 3
136.23 50.01 9646 88 136 1107.56 47.26 96.26
sum 1244.12

3v (90% yield, Hexane-EtOAc = 5:1, Ry = 0.3). White solid.
MP: 134-135 °C. 'TH NMR (400 MHz, CDCl3) 6 7.42 (s, 1H),
7.34 — 7.12 (m, 10H), 6.89 (s, 1H), 6.84 (s, 1H), 4.90 (d, J =
14.7 Hz, 1H), 4.78 (d, J = 14.7 Hz, 1H), 4.64 (d, J = 14.2 Hz,

1H), 4.02 (d, J = 14.2 Hz, 1H), 3.26 (s, 3H), 2.22 (s, 3H), 2.16 (s, 3H). 13C NMR (100

MHz, CDCl;) 6 216.6, 165.4, 140.9, 140.0, 134.0, 139.8, 138.4, 137.2, 132.5, 128.4,

128.4, 128.0, 127.9, 127.6, 126.9, 103.6, 95.5, 78.8, 77.6, 48.9, 42.7, 20.4, 19.9.

HRMS (ESI) m/z Calcd for [C,7Hy6INO4S, M + Na]*: 610.0519; Found: 610.0524.

Optical Rotation: [a]*p -5.0 (¢ = 1.0, CHCl;). 97% ee (HPLC conditions: Chiralpak

AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 17.561 min for minor isomer, g = 11.438 min for major isomer).

201 > 100
25 s
300 -
s o]
250]
= -
22000 60
i 2 o
1
125 «|
oo ]
o ]
% o]
o
i ® 7 ®
-
Signal VWD 1A Wavelength=254 nm Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Narme RT[min]  Type  Width [min] Area Height Area% Name
11.368 ve 143 7160.47 33868 9.9 11.438 vB 121 195227 97.24 8.51
16.661 BB 239 718543 157.98 50.09 17.561 MM m 045 29.60 0.97 149
Sum 14345.90 Sum 1981.87

\//

ErS‘NWC%CHPhZ

32

Me 3w

3w (97% yield, Hexane-EtOAc = 5:1, Ry = 0.4). White solid.
MP: 114-115 °C. '"TH NMR (400 MHz, CDCl;) 8 7.41 (s, 1H),
7.33 — 7.13 (m, 10H), 6.87 (s, 1H), 6.81 (s, 1H), 4.90 (d, J =
14.7 Hz, 1H), 4.79 (d, J = 14.7 Hz, 1H), 4.61 (d, J = 14.0 Hz,
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1H), 4.07 (d, /= 14.0 Hz, 1H), 3.48 (dq, J = 14.7, 7.4 Hz, 1H), 3.39 (dq, /= 14.7, 7.4
Hz, 1H), 2.23 (s, 3H), 2.14 (s, 3H), 1.35 (t, J = 7.4 Hz, 3H). 3C NMR (100 MHz,
CDCl) 6 216.8, 165.3, 141.2, 140.0, 139.9, 139.9, 138.4, 137.1, 132.5, 128.4, 128.4,
128.0, 127.9, 127.5, 126.9, 103.5, 95.6, 78.8, 77.5, 49.9, 48.9, 20.4, 20.0, 8.1. HRMS
(ESI) m/z Calcd for [C,3H,5INO4S, M + Na]*: 624.0676; Found: 624.0672.

Optical Rotation: [a]*p -4 (¢ = 1.0, CHCl3). 97% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 16.322 min for minor isomer, g = 9.050 min for major isomer).

Signal:  VWD1A Wavelength=254 nm signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Areah Name RT[min]  Type  Width [min] Area Height Area% Name
9.168 88 136 724.41 46.29 50.13 9.050 BB 149 1681.68 108.70 98.70
16.467 88 198 72054 2284 4087 16322 MMm 044 2208 o7z 1.30
Sum 1444 95 Sum 1703.75

3x (95% yield, Hexane-EtOAc = 5:1, Ry = 0.3). White solid.

VM\ j‘Nﬁ(COZCH% MP: 96-97 °C. 'H NMR (400 MHz, CDCl5) § 7.51 (d, J = 0.8
(? Hz, 1H), 7.38 — 7.23 (m, 10H), 6.91 (d, J = 0.8 Hz, 1H), 6.86 (s,

e ¥ 1H), 4.98 (s, 2H), 4.65 (d, J = 14.0 Hz, 1H), 437 (d, J = 14.0

Hz, 1H), 2.93-2.86 (m, 1H), 2.25 (s, 3H), 2.22 (s, 3H), 131 — 1.23 (m, 1H), 1.21 -
1,14 (m, TH), 1.10 — 1.01 (m, 1H), 1.0 — 0.94 (m, 1H). ®C NMR (100 MHz, CDC;)
5216.7, 165.0, 141.2, 140.0, 139.9, 139.8, 138.5, 137.2, 132.3, 128.4, 128.3, 127.9,
127.8, 1273, 1269, 103.1, 95.8, 78.9, 77.4, 48.8, 32.2, 20.4, 20.0, 7.2, 6.5. HRMS

(ESI) m/z Calcd for [C,9H,5INO4S, M + Na]*™: 636.0676; Found: 636.0677.

Optical Rotation: [a]*p -3.0 (¢ = 1.0, CHCI;). 99% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 14.665 min for minor isomer, g = 17.098 min for major isomer).
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Signal: VWD1A Wavelength=254 nm Signal. VWD1A Wavelen: gth=254 nm
RT[min]  Type  Width [min] Area Height Areat Name RT[min]  Type  Width [min] Area Height Areath Name
14.515 B8 1.63 804,34 327 49.99 14.665 MM m 025 164 0.08 0.45
17,987 ] 205 804,52 2439 50.01 17.008 88 177 36165 1248 90.55
Sum 1608.85 Sum 33.29

Representative procedure for synthesis of 5:

\\ /7 Y2

SL .8. R
reS . OAc AICD (1 mol%) riS NWCOZ
1 2 1 2
R R3 CO,R Cs,C0; (1.0 equiv.) R R3
R Mesitylene, -30 °C R
1 4 (1.4 equiv.) 5

To a Schlenk tube containing 6 (0.05 mmol), -ICD (1.5 mg, 10 mol%) and Cs,CO;
(0.05 mmol, 1.0 equiv.) were added mesitylene (3 mL) and MBH acetate 4 (0.14
mmol, 1.4 equiv.). The reaction mixture was stirred at -50 °C for 24 h. The solvent
was removed by silica gel column chromatography and the residue was then purified
by silica gel column chromatography to afford the product 5.

00 Characterization of compounds 5 S5a. (94% yield, Hexane-

N

I/S\

oW M EtOAc = 5:1, Ry = 0.5). Syrup. 'H NMR (400 MHz, CDCly) &
e
(? 77.75 (d, J = 8.2 Hz, 2H), 7.50 (s, 1H), 7.29 (d, J = 8.2 Hz, 2H),

Me 5a

6.98 (s, 1H), 6.27 (d, J = 0.8 Hz, 1H), 5.76 (s, 1H), 4.57 (d, J =
14.2 Hz, 1H), 4.51 (d, J = 14.2 Hz, 1H), 3.55 (s, 3H), 2.42 (s, 3H), 2.22 (s, 3H), 2.16
(s, 3H). BC NMR (100 MHz, CDCl3) & 166.5, 143.5, 141.8, 139.8, 139.0, 138.2,
137.1, 135.4, 132.2, 131.9, 129.4, 128.3, 100.8, 51.9, 50.0, 21.5, 20.3, 20.2. HRMS
(ESI) m/z Calcd for [C,yH2INO4S, M + H]*: 500.0387; Found: 500.0391.

Optical Rotation: [a]*p - 32.0 (¢ = 1.0, CHCI3). 90% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, g = 10.767 min for minor isomer, g = 9.470 min for major

isomer).
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3888

Signal WWD'1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name reat
9387 BB 124 2651.19 133.04 50.11 8470 MMm 029 64.18 3.38 461
10.667 88 162 2630.42 107.66 49.89 10.767 88 191 132010 5358 9539
Sum 529061 Sum 139328

5b. (95% yield, Hexane-EtOAc = 5:1, R¢ = 0.5). White solid. MP:

To;\f\NﬁTCOZE‘ 122-124 °C. "H NMR (400 MHz, CDCl;) § 7.74 (d, J = 8.2 Hz,
(? 2H), 7.50 (s, 1H), 7.28 (d, J = 8.2 Hz, 2H), 6.98 (s, 1H), 6.29 (s,

e % 1H), 5.80 (s, 1H), 4.58 (d, J= 14.2 Hz, 1H), 4.52 (d, J = 14.2 Hz,

1H), 4.13-3.92 (m, 2H), 2.42 (s, 3H), 2.22 (s, 3H), 2.18 (s, 3H), 1.12 (t, J = 7.1 Hz,
3H). 3C NMR (100 MHz, CDCl;) & 166.1, 143.4, 142.1, 139.8, 139.0, 138.4, 137.3,
135.9, 132.2, 131.6, 129.4, 128.3, 100.6, 60.9, 49.9, 21.5, 20.3, 20.3, 13.8. HRMS

(ESI) m/z Calcd for [C,Hy4INO4S, M + Na]*: 536.0363; Found: 536.0366.

Optical Rotation: [a]*p - 24.0 (¢ = 1.0, CHCI3). 90% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 8.212 min for minor isomer, g = 8.861 min for major

isomer).
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Sample Name: LY.-2-43-Rac-2-ADH-0.2-1; Date Acquired: 7/11/2020 10:28:45 AM CST; Vial: 12; Injection: Sample Name: LY.-2-41-ADHE0.2-1; Date Acquired: 7/25/2020 12:06:24 PMCST;  Vial: 40; Injection:
Peak Table Peak_Table
— Retention
Retent: of
Tt | Area | height | %area Time (min) | 72 Hetght | %Aren
1 9.053|752097 |53200 |49.83 1 88611528150 | 119833 |94.50
2 8.363| 756140 60017 [50.17 2 8.212|80604  [6902  |5.01
Sum 1511137.2| 113217.1 Sum 1608753.7 | 126735.2

5¢. (97% yield, Hexane-EtOAc = 5:1, R¢= 0.4). Syrup. 'H NMR

Tolhf\N/IWCOZ”BU (400 MHz, CDCly) 5 7.74 (d, J = 8.3 Hz, 2H), 7.49 (s, 1H), 7.28
(? (d, J = 8.3 Hz, 2H), 6.98 (s, 1H), 6.29 (d, J = 0.9 Hz, 1H), 5.83

e °° (s, 1H), 4.58 (d, J = 14.3 Hz, 1H), 4.51 (d, J = 14.3 Hz, 1H),

4.04 —3.85 (m, 2H), 2.41 (s, 3H), 2.22 (s, 3H), 2.17 (s, 3H), 1.50 — 1.41 (m, 2H), 1.28
(dq, J = 14.4, 7.3 Hz, 2H), 0.88 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl;) &
166.1, 143.4, 142.0, 139.7, 139.0, 138.3, 137.3, 135.9, 132.2, 131.6, 1294, 128.2,
100.6, 64.8, 49.9, 30.3, 21.5, 20.3, 20.3, 19.0, 13.6. HRMS (ESI) m/z Calcd for

[Ca3H5INO4S, M + Na]™: 564.0676; Found: 564.0677.

Optical Rotation: [a]*p - 24.0 (¢ = 1.0, CHCl3). >99% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fgr = 6.472 min for minor isomer, fg = 7.548 min for major

isomer).
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Sample Name: LY-2-43-Rac-4-ADH-0.2-1;  Date Acquired: 7/11/2020 11:20:06 AMCST; Vial: 14; Injection: Sample Name: LY-2-41-ADH-4-0.2-1; Date Acquired: 7/12/2020 12:11:40 PM CST; Vial: 16; Injection:

Peak Table Peak_Table

Retention
Time (min)

7.445 | 865405 73458 49.96

Ar Height | % Ave Retention
ea ig 0a T mmy | Area | Height | % Area

7.548 | 629951 | 54969 |99.87
2 6.323|866786 | 90358 | 50.04 2 6.472 831 -26 0.13

Sum 1732191.3 | 163816.7 Sum 781954942 8

5d. (94% yield, Hexane-EtOAc = 5:1, R¢= 0.5). Syrup. 'TH NMR

TO.J\S"\N/WCOJBU (400 MHz, CDCL3) §7.66 (d, J = 8.2 Hz, 2H), 7.42 (s, 1H), 7.20
Me |

(d, J=8.2 Hz, 2H), 6.92 (s, 1H), 6.18 (d, J= 0.9 Hz, 1H), 5.73 (s,

me O 1H), 4.50 (d, J= 14.3 Hz, 1H), 4.39 (d, J = 14.3 Hz, 1H), 2.35 (s,

3H), 2.15 (s, 3H), 2.14 (s, 3H), 1.24 (s, 9H). 13C NMR (100 MHz, CDCl;) 6 165.1,
143.4, 142.4, 139.8, 139.0, 138.5, 137.2, 132.2, 131.2, 129.4, 128.3, 100.3, 81.0, 49.7,
27.7, 21.5, 20.5, 20.3. HRMS (ESI) m/z Calcd for [Cy3HxINO4S, M + Nal*:
564.0676; Found: 564.0681.

Optical Rotation: [a]*p - 14.0 (¢ = 1.0, CHCI3). 91% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, tg = 9.470 min for minor isomer, fg = 10.767 min for major

isomer).
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\ 7/

ToI/S‘NWCOZBn
Me@l

Me 5e

Se. (94% yield, Hexane-EtOAc = 5:1, R¢= 0.4). Syrup. 'H NMR
(400 MHz, CDCly) & 7.64 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 0.6
Hz, 1H), 7.27 — 7.20 (m, 3H), 7.19 — 7.13 (m, 4H), 6.83 (d, J =
0.6 Hz, 1H), 6.25 (d, J = 0.8 Hz, 1H), 5.76 (s, 1H), 4.98 (d, J =

12.4 Hz, 1H), 4.88 (d, J = 12.4 Hz, 1H), 4.50 (d, J = 14.3 Hz, 1H), 4.45 (d, J = 14.3

Hz, 1H), 2.32 (s, 3H), 2.10 (s, 3H), 2.03 (s, 3H). 3C NMR (100 MHz, CDCl;) &

165.8, 143.4, 141.8, 139.7, 139.0, 138.1, 137.2, 135.6, 135.4, 132.1, 132.1, 1294,

128.3, 128.2, 128.1, 128.1, 100.7, 66.6, 50.0, 21.5, 20.3, 20.2. HRMS (ESI) m/z

Calcd for [CyHp6INO4S, M + Na]*: 598.0519; Found: 598.0523.

Optical Rotation: [a]*p - 24.0 (¢ = 1.0, CHCl3). 91% ee (HPLC conditions:

Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, fg = 12.137 min for minor isomer, fgr = 13.047 min for major

isomer).

Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] rea
12,258 BY 165 1845.74
13.210 vB 160 1626.31
Sum 327205

Signal:  \WD1A Wavelength=254 nm
Height Areat Name RT[min]  Type  Width [min] Area Height Area%h Name
85.93 50.30 12473 MMm 028 307.04 1716 469

33 6246.10
sum 655314

5f. (92% yield, Hexane-EtOAc = 5:1, Ry = 0.4). Syrup. 'H NMR
(400 MHz, CDCl5) 6 7.72 (d, J = 7.8 Hz, 2H), 7.27 (d, J = 8.0 Hz,
2H), 7.17 (s, 1H), 6.97 (s, 1H), 6.27 (s, 1H), 5.80 (s, 1H), 4.61 (d,
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J=14.2 Hz, 1H), 4.44 (d, /= 14.2 Hz, 1H), 4.13 — 3.82 (m, 2H), 2.42 (s, 3H), 2.25 (s,
6H), 1.52—-1.45 (m, 2H), 1.35 — 1.24 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 3C NMR (100
MHz, CDCl;) & 166.1, 143.4, 142.8, 139.6, 137.9, 136.0, 133.9, 132.1, 131.3, 131.2,
129.4, 128.1, 124.6, 64.8, 49.7, 30.4, 21.6, 20.6, 20.0, 19.1, 13.7. HRMS (ESI) m/z
Calcd for [Cy3HpsBrNO4S, M + Na]*: 516.0815; Found: 516.0819.

Optical Rotation: [a]*p — 4.2 (¢ = 1.0, CHCI3). 83% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min,

wavelength = 254 nm, tg = 10.953 min for minor isomer, g = 9.292 min for major

isomer).
5 g
-
Signal:  WWD1AMavelengin=254 nm Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] i Height  Areat " RT[min]  Type  Width [min] Area Height Arsa% Nama
9.348 57 693,91 389.02 01z 9202 BMm 028 11083.10 610.05 9172
10.896 BB 185 6880.57 33249 4888 10853 VMm 0.31 1001.05 50.13 828
Sum 1375448 sum 1209415
5g. (82% yield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. '"H NMR
R4 0,8
S u
Tor S (400 MHz, CDCl5) & 8.00 (d, J = 1.6 Hz, 1H), 7.73 (d, J = 8.2
Me |

. Hz, 2H), 7.52 (d, J = 1.6 Hz, 1H), 7.30 (d, J = 8.2 Hz, 2H), 6.33

! (s, 1H), 5.88 (s, 1H), 4.56 (d, J = 14.3 Hz, 1H), 4.49 (d, J = 14.3
Hz, 1H), 4.00 (dt, J = 10.9, 6.8 Hz, 1H), 3.91 (dt, J = 10.9, 6.8 Hz, 1H), 2.43 (s, 3H),
2.18 (s, 3H), 1.50 — 1.41 (m, 2H), 1.33 — 1.26 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H). 13C
NMR (100 MHz, CDCLy) § 166.0, 146.1, 144.6, 143.8, 140.3, 140.2, 138.0, 135.7,
132.0, 129.6, 128.3, 101.9, 94.8, 65.0, 50.0, 30.3, 21.6, 20.2, 19.1, 13.7. HRMS (ESI)

m/z Calcd for [CyyHpsIbNO4S, M + Nal*: 675.9486; Found: 675.9491.

Optical Rotation: [a]*p — 2.4 (¢ = 0.5, CHCI3). 90% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min,
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wavelength = 254 nm, g = 11.867 min for minor isomer, g = 9.781 min for major

isomer).

§gss

. 8 6%

B N
Time [min]

Signal:  VWD1A Wavelength=254 nm Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area%h Name RT[min]  Type  Width min] Area Height Areath Name
9903 88 201 362077 18552 50.32 9781  VMm 030 31893.88 1605.34 95.24
11819 88 277 356325 154.30 49,68 11867 MMm 035 1594.15 70.92 4.76
sum 721302 Sum 33488.03

5h. (80% yield, Hexane-EtOAc = 5:1, R;=0.5). Syrup. 'H NMR

To'/; fI\N/B]f OB (400 MHz, CDCly) 8 7.81 (d,J = 1.8 Hz, 1H), 7.73 (d, J= 8.1 Hz,
(? n 2H), 7.41 (d, J = 1.8 Hz, 1H), 7.30 (d, J = 8.1 Hz, 2H), 6.34 (s,

! 1H), 5.86 (s, 1H), 4.54 (d, J = 14.3 Hz, 1H), 4.49 (d, J = 14.3 Hz,

1H), 4.03 — 3.96 (m, 1H), 3.96 — 3.88 (m, 1H), 2.66 (dq, J = 15.1, 7.5 Hz, 1H), 2.50
(dq, J = 15.1, 7.5 Hz, 1H), 2.44 (s, 3H), 1.50 — 1.43 (m, 2H), 1.33 — 1.25 (m, 2H),
1.14 (t, J = 7.5 Hz, 3H), 0.90 (t, J = 7.3 Hz, 3H).. 3C NMR (100 MHz, CDCLy) 5
166.0, 162.5, 149.9, 143.8, 140.3, 138.7, 138.0, 135.5, 132.2, 129.6, 128.3, 123.0,
101.3, 65.0, 50.0, 30.4, 25.4, 21.6, 19.1, 14.2, 13.7. HRMS (ESI) m/z Caled for

[Cy3H,7BrINO4S, M + NaJ*: 641.9781; Found: 641.9785.

Optical Rotation: [a]*p — 5.6 (¢ = 1.0, CHCI;3). 89% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min,
wavelength = 254 nm, g = 8.678 min for minor isomer, g = 7.688 min for major

isomer)
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Signal:  VWD1A Wavelength=254 nm Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width[min] Aren Haight Arca’
] B i S8ae5 i il 7688 VB o 11879.19 106207 94.45
8800 88 147 8456.22 651.33 49.49 BSR. MMm Lt it Sl 53
Sum 17088.41 S

5i. (95% yield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. 'H NMR

Me‘N/B](COZ"B“ (400 MHz, CDCLy) § 7.73 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 7.9 Hz,

© s 1H), 7.28 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 7.5 Hz, 1H), 7.04 (dd,

J=179,7.5 Hz, 1H), 6.28 (s, 1H), 5.82 (s, 1H), 4.62 (d, J = 14.3

Hz, 1H), 4.47 (d, J = 14.3 Hz, 1H), 4.00 (dt, J = 11.0, 6.6 Hz, 1H), 3.91 (dt, J = 11.0,

6.6 Hz, 1H), 2.43 (s, 3H), 2.30 (s, 3H), 1.52 — 1.43 (m, 2H), 1.34 — 1.25 (m, 2H), 0.89

(t, J=7.3 Hz, 3H). 3C NMR (100 MHz, CDCl;) § 166.1, 143.6, 143.5, 137.9, 136.7,

135.9, 131.6, 131.3, 130.4, 129.4, 129.4, 128.1, 125.0, 64.9, 49.7, 30.4, 21.6, 20.1,

19.1, 13.7. HRMS (ESI) m/z Calcd for [Cy,H,6BrNO4S, M + Na]*: 502.0658; Found:
502.0662.

Optical Rotation: [a]*p - 10.4 (¢ = 1.0, CHCI3). 83% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 7.597 min for minor isomer, g = 6.677 min for major

isomer)
o] IS o=
‘;hqutm’ﬁ B 85 9 95 10 105 11 15 12 125 1 136 1 b P R i o R e R ) ﬁﬂhn:u[mr-:\' LI
Signal: VWD1A Wavelength=254 nm Signal VWD1A, Wavelength=254 nm
RT[min] Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name.
6416 vB 084 7067.36 654.96 50.07 6.677 BMm 0.18 6485.56 619.70 9141
7.285 BB 173 T048.42 564.64 49.93 7.597 BB 081 607.79 5122 859
Sum 1411578 Sum T073.37
5j. (92% yield, Hexane-EtOAc = 5:1, R¢= 0.4). Syrup. 'H NMR
. )\s'iN CO,"Bu
"N (400 MHz, CDCly) 87.68 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz,
e
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2H), 7.18 — 7.02 (m, 3H), 6.23 (d, /= 1.1 Hz, 1H), 5.77 (s, 1H), 4.61 (d, J= 14.2 Hz,
1H), 4.37 (d, J = 14.2 Hz, 1H), 3.99 (dt, J = 10.9, 6.7 Hz, 1H), 3.91 (dt, J = 10.9, 6.7
Hz, 1H), 2.41 (s, 3H), 2.29 (s, 3H), 1.51 — 1.42 (m, 2H), 1.33 — 1.23 (m, 2H), 0.87 (t,
J = 7.4 Hz, 3H). ¥C NMR (100 MHz, CDCl;) § 166.32, 143.77, 143.64, 137.95,
136.23, 135.47, 135.12, 131.31, 130.09, 129.69, 129.40, 128.40, 128.31, 65.15, 50.00,

30.68, 21.86, 20.06, 19.36, 13.95. HRMS (ESI) m/z Calcd for [C5,H,6CINO4S, M +
Na]*: 458.1163; Found: 458.1168.

Optical Rotation: [a]*p - 2.6 (¢ = 1.0, CHCL). 92% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, fgr = 5.660 min for minor isomer, g = 5.172 min for major

isomer).
= 12
-
Signal: VWD1A Wavelength=254 nm Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area eigl Areats Name RT[min]  Type  Width [min] Area Height Area% ame
5336 BV 068 6132.02 570.88 49.94 5172 BMm 013 337248 395.07 95.80
5963 vB 095 6147.69 557.25 50.06 5660 MMm 0.14 147,69 1872 420
Sum 12279.70 Sum 352017
5k. (87% yield, Hexane-EtOAc-Chlorobenzene = 7:1:1, Ry =
T I/\\SII\N CO,"Bu .
°M /gf 0.6). Syrup. 'TH NMR (400 MHz, CDCl5) 6 7.64 (dd, J=7.6, 1.4
e
5k _ _
© R = GO;Me Hz, 1H), 7.52 (d, J= 8.3 Hz, 2H), 7.31 (dd, J= 7.6, 1.4 Hz, 1H),

7.25 — 7.22 (m, 1H), 7.20 (d, J = 8.3 Hz, 2H), 6.31 (d, J = 1.3
Hz, 1H), 5.90 (s, 1H), 4.64 (d, J = 14.6 Hz, 1H), 4.58 (d, J = 14.6 Hz, 1H), 3.90 (t, J =
6.7 Hz, 2H), 3.54 (s, 3H), 2.38 (s, 3H), 1.94 (s, 3H), 1.41 — 1.32 (m, 2H), 1.26 — 1.16
(m, 2H), 0.82 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, CDCl;) § 166.8, 166.4, 143.0,
140.9, 138.1, 136.9, 135.0, 132.6, 131.1, 129.4, 128.1, 127.5, 64.7, 51.9, 51.8, 30.3,

21.5,19.0, 18.9, 13.6. HRMS (ESI) m/z Calcd for [C,4H29NOgS, M + H]": 460.1788;
Found: 460.1783.
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Optical Rotation: [a]*’p — 0.4 (¢ = 1.0, CHCI3). 70% ee (HPLC conditions:
Chiralpak AS-H column, n-Hexane/i-PrOH = 90:0, flow rate = 1.0 mL/min,
wavelength = 254 nm, g = 12.987 min for minor isomer, g = 12.167 min for major

isomer).

xxxxxxxxxxxxxxxxxxxxxxxxxxx

Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Wicth [min] Area Height Areath Name
12167 BMm 0.30 3580.46 18620 84.78
12967 MMm 031 64282 3285 1522
422328

Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min) Area Height Area% Name
12115 BMm 031 180.72 936 4975
12867  MBm 034 19163 870 5025
Sum 361.35

51. (97% yield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. '"H NMR

Mei/‘N/I\WCOfB“ (400 MHz, CDCly) & 7.54 (s, 1H), 7.03 (s, 1H), 6.22 (s, 1H),
(? . 5.45 (s, 1H), 4.71 (d, J = 14.1 Hz, 1H), 4.21 — 4.03 (m, 3H), 3.40

e (s, 3H), 2.37 (s, 3H), 2.24 (s, 3H), 1.63 — 1.57 (m, 2H), 1.46 —
1.32 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCL;) 5 166.3, 140.9,
140.1, 138.6, 137.2, 135.2, 132.6, 131.7, 103.1, 65.1, 50.5, 42.8, 30.5, 20.4, 20.1, 19.2,
13.7. HRMS (ESI) m/z Calcd for [CsHnINOLS, M + H]™: 466.0543; Found:

466.0547

Optical Rotation: [a]*p — 7.8 (¢ = 1.0, CHCI3). 98% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fg = 7.17 min for minor isomer, fg = 8.413 min for major

isomer).
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Signal:  VWD1AWavelength=254 nm Signal:  YWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Arcat% Name RT[min]  Type  Width [min] Area Height Area% Name
7.170 B8 087 272204 269.39 49.97 T.283 88 0.66 608.60 60.57 98.80
2222222 22286 50.08 8526 MMm 017 741 070 120
Sum 5446.87 Sum 616.01

S5m. (92% vyield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. 'H

N

ErS\N/WCOZ"B“ NMR (400 MHz, CDCl3) & 7.54 (s, 1H), 7.03 (s, 1H), 6.22 (s,
Me |
(? ) 1H), 5.49 (s, 1H), 4.69 (d, J = 14.0 Hz, 1H), 4.19 (d, J = 14.0 Hz,
m
Me

1H), 4.16 — 3.96 (m, 2H), 3.75 — 3.46 (m, 2H), 2.38 (s, 3H), 2.24
(s, 3H), 1.61 — 1.54 (m, 2H), 1.47 (t, J= 7.4 Hz, 3H), 1.41 — 1.31 (m, 2H), 0.92 (t, J =
7.4 Hz, 3H). 3C NMR (100 MHz, CDCl3) & 166.3, 141.2, 140.0, 138.6, 137.2, 135.4,
132.6, 131.8, 103.0, 65.1, 50.4, 50.0, 30.5, 20.3, 20.2, 19.2, 13.7, 8.1. HRMS (ESI)
m/z Calcd for [CgHpsINO4S, M + Na]*: 502.0519; Found: 502.0523.

Optical Rotation: [a]*’p — 4.6 (¢ = 1.0, CHCI3). 98% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 6.830 min for minor isomer, g = 5.341 min for major

0]
200]
1e0]
1601
1a0]
210
% 100
|
o]
o]
21
o}
Signal: VWD1A Wavelength=254 nm
RT(min]  Type  Width [min] Area Height  Area% Name Signal:  VWD1AWavelength=254 nm
e i 282, . [min]  Type  Width [min] Are: Height roa% m
6807 BB 077 283.76 3024 50.08 5,34 w 048 15374 20457 98,26
566.
6830 MMm [} 27.22 300
E 1564.70

5n. (87% yield, Hexane-EtOAc = 5:1, R = 0.5). Syrup. 'H NMR

VS‘N/WCOZ’”B“ (400 MHz, CDCL3) § 7.56 (s, 1H), 7.01 (s, 1H), 6.24 (s, 1H), 5.63
Me |
f> (s, 1H), 4.64 (d, J = 14.1 Hz, 1H), 4.42 (d, J = 14.1 Hz, 1H), 4.20

5n

Me ~3.88 (m, 2H), 3.12 — 2.78 (m, 1H), 2.35 (s, 3H), 2.24 (s, 3H),

38/150



1.58 — 1.51 (m, 2H), 1.38 — 1.31 (m, 2H), 1.28 — 1.15 (m, 2H), 1.15 — 1.01 (m, 2H),
0.91 (t, J = 7.3 Hz, 3H). 3*C NMR (100 MHz, CDCl3) 8 166.2, 141.4, 139.9, 138.7,
137.4, 135.7, 132.4, 131.6, 102.4, 65.0, 50.4, 32.4, 30.4, 20.3, 20.3, 19.1, 13.7, 7.2,
6.5. HRMS (ESI) m/z Calcd for [C;9HyINO4S, M + Na]*: 514.0519; Found:
514.0521.

Optical Rotation: [a]*p — 2.3 (¢ = 1.0, CHCI3). 96% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, g = 6.928 min for minor isomer, g = 6.316 min for major

isomer).

Signal:  VWD1A Wavelength=254 nm Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] res H Area% Name
6317 ve 058 755.04 87.09 5001 6316 VB 063 1068.02 123.08 98.15
6.920 88 093 754.70 7.7 49.99 6.928 0.54 20.17 210 185
Sum 1509.74 Sum 1088.19

0 0 50. (78% yield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. 'H

Q;S/\NWCOZHBU NMR (400 MHz, CDCl;) ¢ 7.67-7.65 (m, 2H), 7.50 (s, 1H)

e | H ] s s s

v (? 50 7.40-7.37 (m, 2H), 6.99 (s, 1H), 6.30 (s, 1H), 5.85 (s, 1H),

" 4.59 (d, J = 14.2 Hz, 1H), 4.52 (d, J = 14.2 Hz, 1H), 4.05 —

3.95 (m, 1H), 3.95 — 3.85 (m, 1H), 2.41 (s, 3H), 2.23 (s, 3H), 2.19 (s, 3H), 1.51 — 1.42

(m, 2H), 1.31 — 1.24 (m, 2H), 0.89 (t, /= 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) &

166.2, 142.2, 141.1, 139.8, 139.1, 139.0, 137.3, 136.0, 133.5, 132.2, 131.7, 128.7,

128.7, 125.4, 100.4, 64.9, 50.0, 30.4, 21.3, 20.4, 20.3, 19.1, 13.7. HRMS (ESI) m/z
Calcd for [Co3HpsNO4S, M + Na]™: 564.0676; Found: 564.0681.

Optical Rotation: [a]*’p — 0.4 (¢ = 1.0, CHCI3). 92% ee (HPLC conditions:

Chiralpak AS-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
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wavelength = 254 nm, fg = 5.553 min for minor isomer, g = 6.347 min for major

isomer).

Signal:  VWD1AWavelength=254 nm Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Areat% Name RT[min]  Type  Width (min] Area Height Areath Name
5561 BY 089 738.05 50.42 4968 5553  MMm 021 176 2631 408
6395 vB 161 T48.52 3057 5032 6347 MBm 043 8034.08 208.12 85.92
Sum 1489 48 Sum 837584

5p. (64% yield, Hexane-EtOAc = 5:1, R¢ = 0.5). Syrup.
0 0
/@S coyBu. '"H NMR (400 MHz, CDCl;) 6 7.79 (d, J = 8.7 Hz, 2H),
MeO M ﬁ(

N
(? 7.50 (s, 1H), 6.99 (s, 1H), 6.96 (d, J = 8.7 Hz, 2H), 6.29 (s,
5
Mo 1H), 5.83 (s, 1H), 4.57 (d, J = 14.3 Hz, 1H), 4.51 (d, J =

14.3 Hz, 1H), 4.00 (dt, /= 11.2, 6.8 Hz, 1H), 3.91 (dt, J=11.2, 6.8 Hz, 1H), 3.87 (s,
3H), 2.23 (s, 3H), 2.20 (s, 3H), 1.53 — 1.41 (m, 2H), 1.34 — 1.24 (m, 2H), 0.89 (t, J =
7.3 Hz, 3H). 13C NMR (100 MHz, CDCl;) 8 166.2, 163.1, 142.1, 139.8, 139.1, 137.5,
136.0, 133.2, 132.3, 131.5, 130.4, 113.9, 100.5, 64.9, 55.6, 50.0, 30.4, 20.4, 20.3, 19.1,
13.7. HRMS (ESI) m/z Calcd for [Cy3HxINOsS, M + H]": 558.0806; Found:
558.0811.

Optical Rotation: [a]*p — 19.0 (¢ = 1.0, CHCIl;). 90% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, g = 9.160 min for minor isomer, g = 9.902 min for major

isomer).
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5q. (86% yield, Hexane-EtOAc = 5:1, Ry = 0.4). Syrup.
o\/P n
@S\NWC% BuIH NMR (400 MHz, CDCl5) § 8.34 (d, J = 8.5 Hz, 2H),
OaN Me A
f? 8.05 (d, J= 8.5 Hz, 2H), 7.49 (s, 1H), 7.03 (s, 1H), 6.31 (s,
5q
Me 1H), 5.78 (s, 1H), 4.65 (d, J = 14.1 Hz, 1H), 4.57 (d, J =

14.1 Hz, 1H), 4.09 — 3.98 (m, 1H), 3.98 — 3.89 (m, 1H), 2.25 (s, 3H), 2.23 (s, 3H),
1.55 — 1.44 (m, 2H), 1.35 — 1.25 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 13C NMR (100
MHz, CDCl;) & 165.9, 150.1, 146.7, 142.3, 140.5, 139.2, 136.2, 135.3, 132.5, 132.2,
129.6, 124.1, 99.9, 65.0, 50.5, 30.4, 20.4, 20.4, 19.1, 13.6. HRMS (ESI) m/z Calcd
for [Cy,H,5IN,O6S, M + Na]*: 595.0370; Found: 595.0373.

Optical Rotation: [a]*p — 15.6 (¢ = 1.0, CHCIl;). 89% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 7.914 min for minor isomer, g = 8.711 min for major

1200
-
1600 :
1a00{
1200] x
1000 2 600
E oo Fan
= «
300
00 2
200] p
o4
i
ve rin]
Signal:  VWD1A Wavelength=254 nm Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
7.954 B 074 21497.69 172048 4977 7914 w 076 1285501 1064 47 9457
8734 ] 105 21683.86 161027 50.23 & vB 110 737.75 56,61 543
sum 4319155 Sum 1359276

5r. (97% yield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. 'H
80 cosBu NMR (400 MHz, CDCls) & 7.87 (dd, J = 8.6, 5.2 Hz, 2H),
Oy ( ) 87,87 ( )
(? 7.49 (s, 1H), 7.17 (t, J = 8.6 Hz, 2H), 7.00 (s, 1H), 6.30 (s,

5r

Me 1H), 5.80 (s, 1H), 4.60 (d, J = 14.2 Hz, 1H), 4.52 (d, J =
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14.2 Hz, 1H), 4.09 — 3.97 (m, 1H), 3.97 — 3.88 (m, 1H), 2.23 (s, 3H), 2.21 (s, 3H),
1.52 — 1.43 (m, 2H), 1.34 — 1.25 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 13C NMR (100
MHz, CDCl3) 6 166.4, 165.3 (‘Jc.r=253.0 Hz), 142.2, 140.1, 139.2, 137.4 (d, *Jc.r =
3.3 Hz), 137.0, 135.8, 132.4, 131.8, 131.0 (d, 3Jc.r = 9.3 Hz), 116.0 (d, °Jc.r = 22.5
Hz), 100.2, 64.9, 50.2, 30.4, 20.4, 20.3, 19.1, 13.7. ’F NMR (376 MHz, CDCI;) 6 -
105.46. HRMS (ESI) m/z Calcd for [Cy,HsFINO4S, M + Na]™: 568.0425; Found:
568.0429.

Optical Rotation: [a]*p — 30.0 (¢ = 1.0, CHCIl;). 93% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,
wavelength = 254 nm, fgr = 6.878 min for minor isomer, g = 6.110 min for major

isomer).

may

IEESTEEERERE]

Signal: VWD1A Wavelength=254 nm Signal: VWD1A.Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Areath Name RT(min]  Type  Width [min] Area Heigh

6.120 88 079 8277.08 83277 49.46 6110 Bv o088 4747.04 48296 96.28

m 845745 71578 50.54 9 183.66

Sum 1673453 Sum 4930.70

5 5s. (92% yield, Hexane-EtOAc = 5:1, R = 0.5). Syrup. 'H
3 QjNWCOZHBU NMR (400 MHz, CDCl3)  7.80 (d, J = 8.2 Hz, 2H), 7.50 (s,
f? ) 1H), 7.47 (d, J = 8.2 Hz, 2H), 7.00 (s, 1H), 6.30 (s, 1H),
Me 5.80 (s, 1H), 4.60 (d, J = 14.2 Hz, 1H), 4.52 (d, J = 14.2 Hz,
1H), 4.10 — 3.97 (m, 1H), 3.97 — 3.88 (m, 1H), 2.24 (s, 3H), 2.21 (s, 3H), 1.52 — 1.43
(m, 2H), 1.34 — 1.25 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl;) 5
166.1, 142.2, 140.1, 139.7, 139.2, 139.2, 136.9, 135.7, 132.4, 131.9, 129.8, 129.1,
100.2, 65.0, 502, 30.4, 20.4, 203, 19.1, 13.7. HRMS (ESI) m/z Caled for

[C2uH,5CIINO4S, M + H]*: 584.0130; Found: 584.0132.
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Optical Rotation: [a]*p — 15.0 (¢ = 1.0, CHCIl;). 92% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 5.660 min for minor isomer, g = 5.172 min for major

isomer).

FTTHT

TS ELEE)
8

S5 6 6s
T fmi]

Signal: VWD1A Wavelength=254 nm Signal: VWD1A Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Heigl Areaths Name
5162  BMm 013 2165.59 25656 4067 5172 BMm 013 337248 305.07 9580
5630  MVm 0.15 2194.13 231.08 5033 5660  MMm 014 147.69 16.72 420
Sum 4359.72 Sum 352017

5t. (97% yield, Hexane-EtOAc = 5:1, Ry = 0.4). Syrup. 'H

. @imﬁ(”m NMR (400 MHz, CDCLy) § 7.72 (d, J = 8.7 Hz, 2H), 7.63
(? i (d, J = 8.7 Hz, 2H), 7.49 (s, 1H), 7.00 (s, 1H), 6.29 (d, J =

Me 0.8 Hz, 1H), 5.79 (s, 1H), 4.59 (d, J = 14.2 Hz, 1H), 4.52 (d,

J =142 Hz, 1H), 4.01 (dt, J = 10.9, 6.6 Hz, 1H), 3.92 (dt, J = 10.9, 6.6 Hz, 1H), 2.23
(s, 3H), 2.20 (s, 3H), 1.51 — 1.43 (m, 2H), 1.33 — 1.25 (m, 2H), 0.88 (t, J = 7.3 Hz,
3H). 13C NMR (100 MHz, CDCl3) 6 166.0, 142.1, 140.2, 140.0, 139.1, 136.8, 135.6,
132.3, 132.1, 131.8, 129.8, 127.7, 100.2, 64.9, 50.2, 30.3, 20.4, 20.3, 19.0, 13.6.
HRMS (ESI) m/z Calcd for [C,,H,sBrINO4S, M + Na]*: 627.9625; Found: 627.9630.

Optical Rotation: [a]*p — 25.5 (¢ = 1.0, CHCIl;). 90% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, fgr = 6.173 min for minor isomer, g = 5.579 min for major

isomer).
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Signal:  VWD1A Wavelength=254 nm Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name.
5519 av 086 1802.72 157.86 4976 5579  BMm 016 678180 €57.07 94,9
6.113 vB 108 1819.79 141.90 5024 m 6 357.88 50
Sum 362251 Sum 713968

oo 5u. (98% yield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. 'H
'/QMjNﬁTCOZ Bu' NMR (400 MHz, CDCl;) 6 7.84 (d, J = 8.5 Hz, 2H), 7.57 (d,
(? J = 8.5 Hz, 2H), 7.49 (s, 1H), 6.99 (s, 1H), 6.29 (d, /= 0.8

Me " Hz, 1H), 5.79 (s, 1H), 4.59 (d, /= 14.2 Hz, 1H), 4.51 (d, J =

14.2 Hz, 1H), 4.00 (dt, J = 10.8, 6.8 Hz, 1H), 3.92 (dt, /= 10.8, 6.6 Hz, 1H), 2.22 (s,
3H), 2.20 (s, 3H), 1.50 — 1.43 (m, 2H), 1.33 — 1.24 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl;) 6 166.0, 142.1, 140.8, 140.0, 139.1, 138.0, 136.8, 135.6,
132.3, 131.8, 129.7, 100.2, 100.1, 64.9, 50.2, 30.3, 20.4, 20.3, 19.0, 13.6. HRMS

ESI) m/z Calcd for [Cy,H,sBrlbNO4S, M + Na]™: 675.9486; Found: 675.9491.
(

Optical Rotation: [a]*p — 25.7 (¢ = 1.0, CHCl;). 90% ee (HPLC conditions:
Chiralpak OD-H column, n-Hexane/i-PrOH = 85:25, flow rate = 1.0 mL/min,
wavelength = 254 nm, fgr = 6.114 min for minor isomer, g = 5.490 min for major

isomer).

 ysssisigid

55
Tie (]

Signal: VWD1A Wavelength=254 nm Signal: VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
5484 w 054 10517.17 1006.14 4931 490 MMm 017 2158690 1
6.066 vB 1.37 10813.42 72683 5069 6114 MMm 0.21 112809 85.24 497
Sum 2133058 sum 22714.99

Representative procedure for synthesis of 7:
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CO,R
Y AICD (10 mol%) O\'OT 2
Tol” ~ N~ OAc Cs,CO3 (1.0 equiv.) A
—_—

; H R . Tol” "N HR
R N N. X’R C0O,"Bu Mesitylene, -50 °C R! N...R
R (H) R2 )H(

o]

6 (X=CorP) 4c (1.4 equiv.) 7

To a Schlenk tube containing 64 (0.05 mmol), £-ICD (1.5 mg, 10 mol%) and Cs,COs
(0.05 mmol, 1.0 equiv.) were added mesitylene (3 mL) and MBH acetate 4¢ (0.14
mmol, 1.4 equiv.). The reaction mixture was stirred at -50 °C for 24 h. The solvent
was removed by silica gel column chromatography and the residue was then purified
by silica gel column chromatography with hexanes/ethyl acetate as the eluent to

afford the product 7.

Characterization of compounds of 7:

co B 7a. (76% yield, Hexane-EtOAc = 3:1, Ry = 0.5). Syrup. 'H NMR

Tolcf‘\s:’?E (400 MHz, CDCl5) § 9.15 (s, 1H), 8.07 (d, J = 8.2 Hz, 1H), 7.85 (d,

Me(j’“(p J=7.4Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.48-7.44 (m, 1H), 7.41-

" 738 (m, 2H), 7.19-7.14 (m, 3H), 6.82 (d, /= 7.5 Hz, 1H), 6.03 (s,

1H), 5.53 (s, 1H), 4.72 (d, J = 14.0 Hz, 1H), 4.02 (d, J = 14.0 Hz, 1H), 3.72 — 3.54 (m,

2H), 2.31 (s, 3H), 1.60 (s, 3H), 1.33-1.26 (m, 2H), 1.15-1.06 (m, 2H), 0.75 (t, J = 7.3

Hz, 3H). 3C NMR (100 MHz, CDCl;) § 165.6, 165.0, 144.2, 138.5, 138.3, 136.1,

135.2, 134.4, 131.7, 130.9, 129.7, 129.2, 128.5, 127.8, 127.8, 127.4, 127.1, 121.7,

64.8, 51.1,30.2, 21.5, 18.9, 17.9, 13.6. HRMS (ESI) m/z Calcd for [C2oH3,N,058, M
+ Na]*: 543.1924; Found: 543.1929.

Optical Rotation: [0]*°p 60.0 (¢ = 1.0, CHCl;). 84% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 10.116 min for minor isomer, fg = 7.849 min for major isomer).
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Signal: VWD 1A Wavelength=254 nm Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name RT [min] Type Width [min] Area Height Area% Name
7.976 BB 142 3363.98 247.26 49.99 7.849 BB 0.80 986.53 78.00 91.79
10217 BB 187 3364.89 175.73 50.01 10.116 MM m 0.26 88.20 525 821
Sum 6728.87 Sum 107473
; 7b. (81% yield, Hexane-EtOAc = 3:1, Ry = 0.4). Syrup. '"H NMR
c:o2 Bu
\\ /
/ (400 MHz, CDCl3) § 9.11 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.74 (d,

Me
© p J=8.2Hz, 2H), 7.56 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 7.8 Hz, 3H),
7.16 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 7.5 Hz, 1H), 6.03 (s, 1H),
5.53 (s, 1H), 4.71 (d, J = 14.0 Hz, 1H), 4.02 (d, J = 14.0 Hz, 1H), 3.71-3.58 (m, 2H),
2.35 (s, 3H), 2.32 (s, 3H), 1.59 (s, 3H), 1.34 — 1.26 (m, 2H), 1.16-1.06 (m, 2H), 0.75 (t,
J=7.4 Hz, 3H). 3C NMR (100 MHz, CDCl3) & 165.6, 165.0, 144.2, 142.2, 138.5,
138.4, 136.1, 135.2, 131.6, 131.0, 129.7, 129.2, 129.2, 127.8, 127.7, 127.4, 127.0,
121.7, 64.9, 51.1, 30.2, 21.6, 21.5, 18.9, 17.9, 13.6. HRMS (ESI) m/z Calcd for
[C30H34N,04S, M + Na]*: 557.2081; Found: 557.2085.

Optical Rotation: [0]*°p 51.0 (¢ = 1.0, CHCl5). 86% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 21.846 min for minor isomer, g = 14.998 min for major isomer).

R 5 30 3 o
Time
Signal:  VWD1AWavelength=254 nm ignak. | WDIAWavelangheZid
RT[min]  Type  Width [min] Area Height Areath Name [min]  Type  Width [min] o reat i
15,002 88 244 210492 81.00 50.01 plaat 1 56
2629 BB 308 2104.09 5310 999 260 g i
Sum 4209.0 o

o Tc. (45% yield, Hexane-EtOAc = 3:1, Ry = 0.4). Syrup. '"H NMR
O\/ z !
S T oMe (400 MHz, CDCI3) & 9.15 (s, 1H), 8.12 (d, J = 8.0 Hz, 1H), 7.89
H
(j“p (d, J = 8.8 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.26 — 7.15 (m, 3H),

46/150



6.96 (d, J= 8.8 Hz, 2H), 6.86 (d, J= 7.4 Hz, 1H), 6.10 (s, 1H), 5.58 (s, 1H), 4.79 (d, J
=14.0 Hz, 1H), 4.07 (d, J= 14.0 Hz, 1H), 3.86 (s, 3H), 3.76 (dt, /= 10.9, 6.8 Hz, 1H),
3.68 (dt, J = 10.9, 6.8 Hz, 1H), 2.39 (s, 3H), 1.65 (s, 3H), 1.42 — 1.31 (m, 2H), 1.18
(dq, J = 14.5, 7.3 Hz, 2H), 0.82 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl;)
0165.6, 164.6, 162.4, 144.2, 138.4, 136.1, 135.1, 130.9, 129.7, 129.3, 129.1, 127.8,
127.6, 126.8, 126.7, 121.6, 113.7, 64.8, 55.4, 51.0, 30.2, 21.5, 18.9, 17.9, 13.6.
HRMS (ESI) m/z Calcd for [C30H34N,06S, M + Na]*: 573.2030; Found: 573.2034.

Optical Rotation: [0]*°p 34.0 (¢ = 1.0, CHCl3). 76% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 20.637 min for minor isomer, g = 12.800 min for major isomer).

ma
mau
3835838883888

IR EEEEEEEERE. % =
Time i) EEREEEE R R R R R R R R R
Tine fra]

Signal:  VWD1A Wavelengih=254 nm Signali  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Helght Arsa%% e RT(min]  Type  Width [min] Area Height Areath Name
12780 88 146 7323.11 301.05 5001 12800 BB 135 3136.05 13107 787
20486 BMm 065 732158 17491 49.99 20637  MMm 3 43277
Sum 14843.70 sum 3568.82

s oo 7d. (74% yield, Hexane-EtOAc = 3:1, R¢= 0.4). Syrup. 'H NMR
Tol)‘s’ahj; B (400 MHz, CDCl;) 8 9.20 (s, 1H), 8.13 (d, J = 8.2 Hz, 1H), 7.85
Me@“ﬁ (d, J = 8.5 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.5 Hz,
M), 727721 (m, 3H), 6.88 (. J = 7.5 Hz, 1H), 6.10 (s, 1H),
5.58 (s, 1H), 4.78 (d, J = 14.0 Hz, 1H), 4.09 (d, J = 14.0 Hz, 1H), 3.74 (dt, J = 10.8,
6.8 Hz, 1H), 3.65 (dt, J = 10.8, 6.8 Hz, 1H), 2.39 (s, 3H), 1.66 (s, 3H), 1.42 — 1.28 (m,
11H), 1.17 (dq, J = 14.4, 7.4 Hz, 2H), 0.81 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz,
CDCls) 6 165.6, 164.9, 155.2, 144.1, 138.5, 138.4, 136.1, 135.1, 131.4, 131.0, 129.7,
129.1,127.8, 127.7,127.2, 127.0, 125.5, 121.7, 64.8, 51.0, 34.9, 31.1, 30.2, 21.5, 18.9,
17.9, 13.6. . HRMS (ESI) m/z Calcd for [C33H4oN,OsS, M + Na]*: 599.2550; Found:
599.2554.

47/150



Optical Rotation: [0]*°p 45.0 (¢ = 1.0, CHCl5). 89% ee (HPLC conditions: Chiralpak
OZ-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254

nm, g = 16.263 min for minor isomer, g = 10.780 min for major isomer).

58%%

3
20B3NYER

T 16 17 1 18 R EEEEEE
T ] soww * # 0 T 2 3 & 5 6 7 & 8 fo 11 12 13 1a_15 16 17 18 19 20 21 22 23 24 25 28 27 28 2 30
Time fmin]

Signal:  DAD1ASig=254.4 Ref=off
RT[min]  Type  Width [min] Area Height Areath Name
10.780 88 366 1666.39 50.90 9451
16263  BMm 068 96.86 17 549
Sum 1763.25

RT[min]  Type  Width [min] Area Height Area% Name
10853 88 260 465248 14255 4957
16.340 BB 459 473367 72,05 5043

Te. (55% yield, Hexane-EtOAc = 3:1, Ry = 0.4). Syrup. 'H NMR
O\\P\/(COZ Bu )

o, @ (400 MHz, CDCL) § 9.3 (5, TH), 8.10 (d, J = 8.1 Hz, 1H), 8.03
Me@“ﬁ (d, J= 8.1 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.57 (d, J = 8.2 Hz,
" 2H), 7.23 (d, J = 7.7 Hz, 1H), 7.18 (d, J = 8.1 Hz, 2H), 6.87 (d, J

= 7.5 Hz, 1H), 6.07 (s, 1H), 5.58 (s, 1H), 4.79 (d, /= 13.9 Hz, 1H), 3.99 (d, /= 13.9
Hz, 1H), 3.74 — 3.55 (m, 2H), 2.35 (s, 3H), 1.62 (s, 3H), 1.35 — 1.27 (m, 2H), 1.12 (dq,
J=14.4,7.3 Hz, 2H), 0.77 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl;) § 165.6,
163.7, 144.3, 138.5, 138.0, 137.7, 135.9, 135.2, 133.3 (3Jc.r = 32.5 Hz), 131.1, 129.7,
129.3, 127.9, 127.9, 127.7, 127.5, 125.6 (*Jcr = 3.8 Hz), 123.7 ({Jc.r = 270.8 Hz),
121.5, 64.9, 51.3, 30.2, 21.5, 18.9, 17.9, 13.5. YF NMR (376 MHz, CDCl;) 62.94.
HRMS (ESI) m/z Calcd for [C;30H3,F3N,OsS, M + NaJ*: 599.2550; Found: 599.2554.

Optical Rotation: [0]*°p 32.0 (¢ = 1.0, CHCl5). 78% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, g = 13.026 min for minor isomer, g = 8.474 min for major isomer).

Figure 50. HPLC Trace of 7e.
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Signal:  VWD1A Wavelength=254 nm Signal:  VWD1A Wavelanglh=254 nm
RT(min]  Type  Width [min] Area Haight Areath Name RT[min]  Type  Wicth [min] Area Haight Area% Name
8478 vB 095 293787 189.33 4995 8.474 68 112 662.31 4392 88.92
13013 BMm 039 294335 116.35 5005 13,028 88 157 85.03 335 1108
Sum 588121 Sum 76734

6f°1, (85% yield). Yellow solid. MP: 91-92 °C. 'H NMR (400

Me” ™ NH, MHz, DMSO) § 12.12 (s, 1H), 11.04 (s, 1H), 9.49 (s, 1H), 7.29
Cl N_O
[ (s, 1H), 3.16 (s, 3H). 3C NMR (100 MHz, DMSO) & 154.7,
(¢]] N O
H

6 1545, 126.6, 126.2, 125.3, 121.5, 115.1, 41.7. HRMS (ESI)
m/z Calcd for [CoH;Cl,N504S, M + Nal*: 345.9427, 347.9396; Found: 345.9428,
347.9400.

o ﬁ/COz”BU 7g. (38% yield, Hexane-EtOAc = 2:1, R¢= 0.4). Syrup. '"H NMR
ro N (400 MHz, CDCl;) § 8.01 — 7.90 (m, 2H), 7.89 — 7.81 (m, 2H),
Me{j”‘(.";*:g 7.59 (d, J = 8.2 Hz, 2H), 7.48 — 7.35 (m, 6H), 7.13 (d, /= 8.1 Hz,
2H), 7.01 (d, J = 8.1 Hz, 1H), 6.85 — 6.81 (m, 1H), 6.54 (d, J =

7.4 Hz, 1H), 6.42 (d, = 10.6 Hz, 1H), 6.06 (s, 1H), 5.56 (s, 1H), 4.58 (d, J = 14.1 Hz,
1H), 4.04 (d, J = 14.1 Hz, 1H), 3.85 — 3.69 (m, 2H), 2.33 (s, 3H), 1.65 (s, 3H), 1.44 —
1.32 (m, 2H), 1.22 — 1.16 (m, 2H), 0.80 (s, 3H). *C NMR (100 MHz, CDCl3) & 165.8,
144.0, 141.2, 138.8, 136.3, 135.5, 132.4 (Jep = 128.3 Hz), 132.2 (Jep = 10.2 Hz),
132.0 (Jep = 128.9 Hz), 132.0 CJep = 2.5 Hz), 131.9 (CJep = 2.7 Hz), 131.5 (Jep =
10 Hz), 130.9, 129.7, 129.1, 128.5 (3Jc.p = 24.7 Hz), 128.6, 128.5, 127.9, 125.9 (CJc.p
= 8.5 Hz), 123.7, 116.5 (*Jcp = 4.7 Hz), 65.0, 50.6, 30.3, 21.6, 19.0, 18.4, 13.7.31P
NMR (162 MHz, CDCl;3) 18.02 (d, J = 11.1 Hz). HRMS (ESI) m/z Calcd for

[C54H37N,05PS, M + NaJ*: 639.2053; Found: 639.2058.

Optical Rotation: [0]*°p 48.0 (¢ = 1.0, CHCl;). 66% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254
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nm, g = 9.723 min for minor isomer, fg = 12.157 min for major isomer).

2r
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B2 T e E]
Signal:  DAD1ASig=254.4 Ref=ofl Signal:  DAD1A Sig=254.4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min) Area Height Areath Name
2,653 B8 243 561.71 .78 50.18 9723 MMm 032 2006 082 16.83
12.182 B8 199 558,02 16.03 4984 12.156 88 191 99.10 284

Sum

7h. (53% yield, Hexane-EtOAc = 5:1, R¢= 0.5). Syrup. '"H NMR

Vi

0)

Y

Ne)

b4 COchth

T s« (400 MHz, CDCl3) § 9.11 (s, 1H), 8.21 (d, J = 8.2 Hz, 1H), 7.75
p (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.4 Hz,
O 7n

/S\
Tol
N'H
Me\(jN

2H), 6.83 (d, J=7.3 Hz, 1H), 6.48 (s, 1H), 4.92 (d, /= 14.9 Hz, 1H), 4.86 (d, /= 14.9

2H), 7.27— 7.22 (m, 4H), 7.21 — 7.13 (m, 7H), 7.12 — 7.04 (m,

Hz, 1H), 4.73 (d, J = 13.8 Hz, 1H), 4.19 (d, J = 13.8 Hz, 1H), 2.34 (s, 3H), 1.64 (s,
3H), 1.35 (s, 9H). 3C NMR (100 MHz, CDCI;) 6 215.9, 164.8, 164.8, 155.0, 144.0,
140.0, 139.8, 138.9, 138.5, 136.2, 131.4, 129.7, 129.2, 128.3, 128.2, 127.7, 127.6,
127.3,127.2,127.0, 126.7, 126.5, 125.3, 121.0, 95.6, 79.9, 77.6, 49.1, 34.9, 31.1, 21.5,
18.1. HRMS (ESI) m/z Calcd for [C43H4IN,OsS, M+Na]*: 721.2707; Found:
721.2711.

Optical Rotation: [a]*p -7.2 (¢ = 0.5, CHCI;). 16% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254

nm, g = 16.569 min for minor isomer, g = 8.867 min for major isomer).

210 v
220
200
180
160-
e
120
100r
-
o
EIEIED H 5 E) E]
ve i)
Signal:  VWD1AWavelength=254 nm Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] a Height Area% Name RT[min]  Type  Width [min] Area Height Areat% Name
8769 BB 127 452220 23169 49.95 8.867 BB 131 2625.78 134.70 57.76
16.396 BB 402 4531.20 98.22 5005 16569  BMm 0.70 191999 4253 4224
Sum 9053.49 Sum 4545.77
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S. CF
Tol” 3
N H
Me\(jN
O 7

7i. (46% yield, Hexane-EtOAc = 5:1, R¢=0.5). Syrup. 'H NMR
(400 MHz, CDCl3) § 9.12 (s, 1H), 8.19 (d, J = 8.0 Hz, 1H), 7.83
(d, J=8.3 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.3 Hz,
2H), 7.29 (d, J = 8.0 Hz, 1H), 7.26 — 7.21 (m, 3H), 7.20 — 7.11

(m, 7H), 7.08 — 7.03 (m, 2H), 6.89 (d, J = 7.5 Hz, 1H), 6.47 (s, 1H), 4.97 (d, J = 14.9

Hz, 1H), 491 (d, J = 14.9 Hz, 1H), 4.84 (d, J = 13.6 Hz, 1H), 4.10 (d, J = 13.6 Hz,

1H), 2.32 (s, 3H), 1.71 (s, 3H). 3C NMR (100 MHz, CDCl;) & 216.1, 165.0, 163.5,

144.2, 139.9, 139.7, 138.9, 138.2, 137.4, 136.2, 132.9 (3Jc.r = 32.3 Hz), 129.7, 129.3,

128.4, 128.3, 127.9, 127.8, 127.7, 127.3, 127.2, 126.9, 126.2, 125.3 (3Jc.r = 3.7 Hz),

123.7 ({Jer = 2709 Hz), 1209, 95.4, 79.7, 77.7, 49.2, 21.5, 18.1. '’F NMR (376

MHz, CDCl;) 62.83. HRMS (ESI) m/z Calcd for [C4H33F3N,OsS, M + Na]l*:

733.1954; Found: 733.1959.

Optical Rotation: [a]*p -6.6 (¢ = 0.5, CHCI;). 42% ee (HPLC conditions: Chiralpak

AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 12.534 min for minor isomer, g = 21.435 min for major isomer).

Signal:  VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area
12515 BB 226 719.69
21176 88 365 72392

Sum 144362

Signal:  VWDTAWavelength=254 nm

Height o e RT[min]  Type  Width [min] Area

i s 12,534 88 221 876.16 31.00 2901

21435 88 358 214875 36,68 7099
Sum 3026.90

165 50.15

Representative procedure for synthesis of 8:

R
NHSO,R? N
OH

R31-

\ 7/ N\ /

()-8 (0.1 mmol)

N CO,"Bu N
R R
OAc pICD (3 mol%) NN e o2 7 NHSO,R?
SO,R +
CO,"Bu  KyCO3 (0.35 equiv.) N OH ol SN OH
3l -
Chlorobenzene, 0 °C R°7j P L
4 (0.7 equiv.) 9 (R)-8
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To a Schlenk tube containing rac-8 (0.1 mmol), £-ICD (1.0 mg, 3 mol%) and K,CO;
(0.035 mmol, 0.35 equiv.) were added chlorobenzene (8 mL) and MBH acetate 4
(0.07 mmol, 0.7 equiv.). The reaction mixture was allowed to stir at 0 °C for 72 h.
The solvent was removed by silica gel column chromatography and the residue was
then purified by silica gel column chromatography to afford the product 9 and

unreacted starting material 8.

9a. (56% yield, Hexane-EtOAc = 5:1, Ry = 0.4). Syrup. 'H
Meo O TCOQ"B“ NMR (400 MHz, DMSO-dg) & 9.32 (s, 1H), 7.43 (d, J = 8.1
Me OH Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 6.74 (s, 1H), 6.70 (s, 1H),

(J 9% 5.96 (s, 1H), 5.35 (s, 1H), 4.18 (d, J = 16.7 Hz, 1H), 3.96 (t, J
= 6.6 Hz, 2H), 3.89 (d, J = 16.7 Hz, 1H), 2.39 (s, 3H), 2.36 (s,
3H), 2.19 (s, 3H), 1.96 (s, 3H), 1.78 (s, 3H), 1.55 — 1.42 (m, 2H), 1.32 — 1.23 (m, 2H),
0.86 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, DMSO-dg) & 165.5, 156.1, 153.3,
143.5, 137.5, 137.3, 137.0, 136.2, 135.0, 134.3, 131.1, 130.4, 129.4, 1294, 128.2,
127.8, 124.0, 116.8, 115.2, 64.1, 59.6, 50.3, 30.0, 23.7, 21.3, 21.0, 18.6, 15.7, 13.6,
13.1. HRMS (ESI) m/z Calcd for [C3,H;33BrNOgS, M + Na]*: 666.1495, 668.1480;

Found: 666.1497, 668.1481.

Optical Rotation: [0]*°p 90.0 (¢ = 1.0, CHCl;). 80% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 10.349 min for minor isomer, g = 5.710 min for major isomer).

Signal:  DADIASig=2544 Ref=off Signal:  DAD1A Sig=254,4 Refeoff
RT(min]  Type  Width [min] Area Height
5715 MMm 020 51824 4106

Name. RT[min]  Type  Width [min] rea Height Areath Name
5710  MBm 020 1738.97 137.10 90.08
50924 15.89 56 10349 VMm 045 191.52 645 992
Sum 1027.49 Sum 193049

»
583
£
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8a. (38% yield, Hexane-EtOAc = 2:1, Ry = 0.4). Syrup. 'TH NMR

Me

e O (400 MHz, CDCLy) & 7.55 (d, J = 8.0 Hz, 2H), 7.41 (s, 1H), 7.22
Ve on (d, J = 8.0 Hz, 2H), 6.76 (s, 1H), 6.08 (s, 1H), 4.41 (s, 1H), 3.67

Br 2 (s, 3H), 2.43 (s, 3H), 2.40 (s, 3H), 2.31 (s, 3H), 1.80 (s, 3H), 1.70
(s, 3H). 3C NMR (100 MHz, CDCly) & 154.3, 151.6, 144.0,

140.3, 137.7, 136.3, 132.7, 131.8, 131.1, 129.7, 127.1, 124.1, 120.4, 120.0, 119.4,
115.7, 60.0, 24.2, 21.5, 20.4, 16.5, 13.1. HRMS (ESI) m/z Calcd for [C24H,sBrNO,S,

M + Na]*: 526.0658, 528.0640; Found: 526.0661, 528.0644.

Optical Rotation: [a]*p -34.0 (¢ = 1.0, CHCI3). 96% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 4.978 min for minor isomer, g = 8.937 min for major

isomer).
Ve 9b. (58% yield, Hexane-EtOAc = 5:1, Ry = 0.5) Syrup. 'H
MeO CO,"Bu
O j/ NMR (400 MHz, DMSO-dg) 8 9.75 (s, 1H), 7.84 (d, J = 8.9
Me N~
Br O O o' Hz, 1H), 7.79 (t, J = 9.4 Hz, 1H), 7.38 (d, J = 8.9 Hz, 1H),
% 7.25 (d, J = 8.9 Hz, 2H), 7.20 — 6.97 (m, 4H), 6.88 (s, 1H),

5.84 (s, 1H), 5.13 (s, 1H), 4.14— 4.02 (m, 1H), 3.95 (t, J = 6.5 Hz, 2H), 3.83 (d, J =
16.7 Hz, 1H), 3.71 (s, 3H), 2.31 (s, 3H), 2.28 (s, 3H), 1.71 (s, 3H), 1.52 — 1.43 (m,
2H), 1.29- 1.22 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, DMSO-d¢) &
165.6, 156.1, 151.9, 135.7, 135.2, 135.2, 135.0, 133.3, 131.8, 131.7, 129.6, 129.4,
128.9, 127.9, 127.7, 127.7, 127.6, 126.1, 126.1, 124.1, 122.7, 118.3, 117.1, 64.1, 59.5,

53/150



54.9, 49.6, 30.0, 18.6, 15.9, 13.6, 13.0. HRMS (ESI) m/z Calcd for [C;34H3sBrNOgS,
M + Na]*: 688.1339, 690.1324; Found: 688.1337, 690.1324.

Optical Rotation: [a]*p 48 (¢ = 1.0, CHCl3). 80% ee (HPLC conditions: Chiralpak
IE column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm,

tr = 16.202 min for minor isomer, fg = 19.509 min for major isomer).

Signal: VWD 1A Wavelength=254 nm Signal: VWD1A Wavelength=254 nm
Area Height Area% Name RT[min)  Type  Width [min] Area Height Area'h Name
16.175 B8 194 4235.85 15047 49.89 16202 BMm 043 17.85 423 10.25
9521 425484 12642 5011 19.509 8 240 1032.06 061 89.75
Sum 849069 Sum 1140.90

8b. (32% yield, Hexane-EtOAc = 3:1, Ry = 0.3). Syrup. 'H

MeO O NMR (400 MHz, CDCl5) & 7.82 (d, J = 8.9 Hz, 1H), 7.68 (d, J

B o = 8.7 Hz, 1H), 7.49 (s, 1H), 7.41 (dd, J = 8.7, 1.9 Hz, 1H),

OO 8b 7.35 (d, J = 8.3 Hz, 2H), 7.23 (d, J= 8.9 Hz, 1H), 7.09 (d, J =

8.1 Hz, 2H), 6.87 (d, /= 1.6 Hz, 1H), 6.07 (s, 1H), 4.98 (s, 1H),

3.72 (s, 3H), 2.38 (s, 3H), 2.36 (s, 3H), 1.74 (s, 3H). 13C NMR (100 MHz, CDCl;) &

154.7, 151.8, 143.9, 135.8, 133.8, 133.3, 132.6, 131.7, 130.9, 130.0, 129.6, 127.6,

127.3, 127.0, 125.4, 125.4, 122.0, 122.0, 121.3, 118.1, 113.3, 60.1, 21.7, 16.6, 13.3.

HRMS (ESI) m/z Calcd for [CysH4BrNO4S, M + Na]*: 548.0502, 550.0484; Found:
548.0504, 550.0479.

Optical Rotation: [0]*p -53 (¢ = 1.0, CHCl;). 93% ee (HPLC conditions: Chiralpak
IE column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm,

tg = 5.336 min for minor isomer, fg = 8.541 min for major isomer).
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Signal: VWD 1AWavelength=254 nm Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name RT [min] Type Width [min] Area Height Area% Name
5.228 BB 202 4445 66 365.70 50.26 5.336 MM m 0.18 5263 465 344
8.287 BB 1.15 4399.59 253.75 4974 8541 68 133 1475.86 8155 96.56
Sum 884526 Sum 1528.49
Me 9¢. (56% yield, Hexane-EtOAc = 4:1, Ry = 0.5). Syrup. 'H
MeO CO,"Bu
O j/ NMR (400 MHz, DMSO-dg) 3 9.67 (br, 1H), 8.08 (d, J =
Me’ N~ Ts

1.8 Hz, 1H), 7.81 (d, J = 8.9 Hz, 1H), 7.33 (d, J = 8.7 Hz,

oo
9c

1H), 5.88 (s, 1H), 5.21 (s, 1H), 4.12 (s, 1H), 3.95 (t, J = 6.4 Hz, 2H), 3.84 (d, J = 16.6

Br 1H), 7.26 (d, J = 8.9 Hz, 1H), 7.24 — 6.89 (m, 5H), 6.87 (s,
Hz, 1H), 3.70 (s, 3H), 2.31 (s, 3H), 2.26 (s, 3H), 1.69 (s, 3H), 1.54 — 1.42 (m, 2H),
1.31 — 1.22 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H). 3C NMR (100 MHz, DMSO-d) &
165.5, 156.2, 152.4, 143.3, 136.0, 135.3, 134.9, 134.9, 132.0, 131.9, 130.6, 129.8,
129.3, 129.1, 128.7, 128.4, 128.0, 128.0, 127.7, 127.1, 119.3, 117.4, 115.5, 64.1, 59.6,
50.3, 30.0, 21.0, 18.6, 15.8, 13.6, 13.0. HRMS (ESI) m/z Calcd for [C3;H;BrNOgS,
M + Na]*: 688.1339, 690.1324; Found: 688.1338, 690.1321.

Optical Rotation: [a]*p 68 (¢ = 1.0, CHCl3). 77% ee (HPLC conditions: Chiralpak
IE column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm,

tg = 13.233 min for minor isomer, g = 16.617 min for major isomer).

Signal: DAD1A Sig=254.4 Ref=off Signal VWD1A Wavelength=254 nm

RT(min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Namo
12785 BB 101 77564 3441 4941 13233 88 132 161.33 735 1159
16.005 BB 295 7943 27.59 5059 16.617 BB 213 1230.36 4197 88.41
Sum 1569.95 Surm

8c. (32% yield, Hexane-EtOAc = 3:1, R¢= 0.3). Syrup. '"H NMR

Me

MeO D) (400 MHz, CDCly) & 7.95 (d, J = 1.8 Hz, 1H), 7.75 (d, J = 8.9
Me NHTs 55/150
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Hz, 1H), 7.54 (s, 1H), 7.32 (d, /= 8.2 Hz, 2H), 7.23 (d, /= 8.9 Hz, 1H), 7.13 (dd, J =
8.9, 1.8 Hz, 1H), 7.05 (d, J = 8.2 Hz, 2H), 6.52 (d, J = 8.9 Hz, 1H), 6.02 (s, 1H), 4.96
(s, 1H), 3.72 (s, 3H), 2.39 (s, 3H), 2.38 (s, 3H), 1.72 (s, 3H). 3C NMR (100 MHz,
CDCl5) 6 154.7, 151.2, 144.0, 136.0, 133.2, 132.6, 131.7, 131.0, 130.5, 130.2, 129.9,
129.5, 127.0, 125.0, 122.4, 121.5, 118.8, 117.5, 114.2, 60.1, 21.6, 16.6, 13.2. HRMS
(ESI) m/z Calcd for [CysHoyBrNO4S, M + Na]™: 548.0502, 550.0484; Found:
548.0505, 550.0489.

Optical Rotation: [0]*p -82 (¢ = 1.0, CHCl;). 94% ee (HPLC conditions: Chiralpak
IE column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm,

tg = 10.652 min for minor isomer, g = 8.992 min for major isomer).

BB

Ay

358888888

75 & 85
Time [mir]

Signal:  DAD1ASig=2544 Ref=off Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area%h Namo RT[min]  Type  Width [min] Area Height Area% Name
8546 w 153 69515.78 249305 4987 8992 88 172 1251.84 5319 96.88
10.068 vB 267 69867.20 201723 50.13 10652 BMm 033 4028 188 312
Sum 139383.06 Sum 120212

9d. (43% yield, Hexane-EtOAc = 5:1, Ry = 0.5). Syrup. 'H

Tcoz * NMR (400 MHz, DMSO-dg) 8 9.64 (s, 1H), 8.02 (d, J = 8.6

on’ Hz, 2H), 7.96 — 7.85 (m, 2H), 7.52 (t, J = 7.5 Hz, 1H), 7.43

(d, J = 8.8 Hz, 1H), 7.34 — 7.24 (m, 3H), 7.23 — 7.05 (m,

5H), 7.04 (d, J = 8.5 Hz, 1H), 6.91 (d, J= 8.2 Hz, 1H), 5.87 (s, 1H), 5.21 (s, 1H), 4.1
(d, J = 16.6 Hz, 1H), 3.96 (t, J = 5.3 Hz, 2H), 3.88 (d, J = 16.6 Hz, 1H), 2.30 (s, 3H),
1.51 — 1.40 (m, 2H), 1.28 — 1.19 (m, 2H), 0.83 (t, J = 7.4 Hz, 3H). 13C NMR (100
MHz, DMSO-d¢) 6 165.4, 152.7, 143.5, 137.3, 135.9, 135.0, 134.0, 133.9, 133.5,
132.4, 129.7, 129.2, 128.6, 128.1, 127.9, 127.8, 127.7, 126.5, 126.5, 126.2, 126.0,
125.0, 122.7, 118.1, 115.5, 64.1, 49.7, 40.1, 38.9, 30.0, 20.9, 18.6, 13.6. HRMS (ESI)

m/z Calcd for [C35sH33NOsS, M + Na]™: 602.1972; Found: 602.1969.

56/150



Optical Rotation: [a]*p 70 (¢ = 1.0, CHCl3). 71% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, g = 10.883 min for minor isomer, g = 15.683 min for major isomer).

"
w0 N o
s Py
&
i 27,
& 2
s0] B
o
» 1
0
v |
Signal VWD1A Wavelength=254 nm Signal:  DAD1ASig=2544 Ref=off
RT[min]  Type  Width [min] Area Height Area% Narme RT(min] Type  Width (min] Area Hoight Arsa% Nam:
12390 BB 273 375372 101,52 50,08 10883 MMm 041 27150 1020 427
17567 MMm 093 3742.20 61.18 49.92 15683 MMm 070 1631.55 35.33 3
Sum 7495.92 Sum 1903,05

8d. (51% yield, Hexane-EtOAc = 4:1, R¢= 0.5). Syrup. 'H NMR

OO e (400 MHz, CDCL) 3 8.13 (d, J = 9.0 Hz, 1H), 8.04 —7.93 (m, 2H),

OO O:d 7.88 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.41 (t, J= 7.5

Hz, 1H), 7.35 (t, J= 7.5 Hz, 1H), 7.30 (d, J = 8.9 Hz, 1H), 7.25 (t,

J =175 Hz, 1H), 7.12 — 7.07 (m, 3H), 7.04 (d, J = 8.5 Hz, 1H), 6.64 (d, J = 8.5 Hz,

1H), 6.51 (s, 1H), 4.69 (s, 1H), 2.34 (s, 3H). BC NMR (100 MHz, CDCLy) & 151.8,

144.0, 135.8, 134.5, 132.9, 132.9, 131.5, 131.1, 130.5, 129.6, 129.2, 128.4, 128.2,

127.5, 127.4, 127.1, 1256, 125.2, 123.9, 123.7, 119.1, 118.4, 117.8, 111.9, 21.48.
HRMS (ESI) m/z Calcd for [C,7H,NOsS, M+Na]™: 462.1134; Found: 462.1135.

Optical Rotation: [0]*p -47 (¢ = 1.0, CHCl;). 79% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254

nm, g = 9.539 min for minor isomer, fg = 8.684 min for major isomer).

=
ma

588

G 65 7 75 & 85 ¥ 9
Tima [mie]

signal; DAD1A.Sig=254,4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Heigl Area%h Name
9.200 w 11 40843.12 2523.62 50.06 8684 BMm 024 41272 2678 89.50
9,987 w 129 4045136 2481.24 49.94 9539 MMm 024 48.40 3.16 10.50
80094 48 Sum 461.12

Signal:  DADIASig=254.4 Refeoff
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e 9e. (60% yield, Hexane-EtOAc = 3:1, Ry = 0.6). Syrup.
MeO O TCOz"BU 1H NMR (400 MHz, DMSO) & 9.55 (s, 1H), 7.81 — 7.71

Me g;Ms (m, 2H), 7.25 — 7.13 (m, 3H), 7.06 (s, 1H), 6.97 (d, J =
OO 0 13.3 Hz, 1H), 6.03 (s, 1H), 5.56 (s, 1H), 4.18 — 3.75 (m,
4H), 3.61 (s, 3H), 2.54 — 2.29 (m, 3H), 2.25 (s, 3H), 1.61

(s, 3H), 1.49 — 1.36 (m, 2H), 1.26 — 1.17 (m, 2H), 0.80 (t, J = 7.4 Hz, 3H). 13C NMR
(100 MHz, DMSO-dg) & 165.6, 156.1, 151.9, 135.7, 135.2, 135.1, 133.3, 131.8, 131.7,
129.7, 129.4, 127.9, 127.7, 126.1, 124.2, 124.2, 122.7, 118.3, 117.1, 64.1, 59.5, 49.6,
39.9, 30.0, 18.6, 15.9, 13.6, 13.0. HRMS (ESI) m/z Calcd for [CysH33NO4S, M +

Na]*: 534.1921; Found: 534.1921.

Optical Rotation: [0]*°p 26.0 (¢ = 1.0, CHCl5). 54% ee (HPLC conditions: Chiralpak
AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254

nm, fg = 10.389 min for minor isomer, g = 9.564 min for major isomer).

Signal. WVWD1A Wavelength=254 nm Signal:  VWD1A Wavelength=254 nm

RT[min] ~ Type  Width [min] Area Height Areath Name RT[min]  Type  Width [min] Area Height Area% Name
9.308 BY 0.88 500.94 31.03 49,64 9.564 B8 0.96 211.26 107 7699

10.075 v 1.00 508.24 2779 50.36 10389 BMm 031

63,16 316 2301
sum 1009.19 Sum 27442

8e. (26% yield, Hexane-EtOAc = 5:1, Ry = 0.2). Syrup. 'TH NMR

Me
MeO O (400 MHz, CDCl;) & 7.87 — 7.83 (m, 2H), 7.48 (s, 1H), 7.40 — 7.31
Me NHMs
OO on . (m,2H), 7.24 (s, 1H), 7.13 — 7.04 (m, 1H), 5.77 (s, 1H), 5.22 (s, 1H),
g 3.75(s, 3H), 2.69 (s, 3H), 2.40 (s, 3H), 1.86 (s, 3H). 13C NMR (100
MHz, CDCl3) 6 155.0, 151.0, 133.23, 133.0, 132.4, 132.0, 131.1,
129.4, 128.7, 127.6, 124.2, 123.6, 123.1, 121.5, 117.7, 114.1, 60.1, 39.6, 16.5, 13.3.

HRMS (ESI) m/z Calcd for [C,0H,NO4S, M + Na]*: 394.1083; Found: 394.1086.
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Optical Rotation: [a]*p -30.0 (¢ = 1.0, CHCI3). 94% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min,

wavelength = 254 nm, g = 9.005 min for minor isomer, fg = 11.326 min for major

isomer).
Me 9f. (60% yield, Hexane-EtOAc = 5:1, Ry = 0.4) Syrup.
MeO CO,"Bu
O j/ IH NMR (400 MHz, DMSO-dg) & 10.11 (s, 1H), 8.55 (d,
Me N<
O O oH" J = 1.4 Hz, 1H), 8.07 (d, J = 8.9 Hz, 1H), 7.70 (dd, J =
Me0,C of 8.9, 1.6 Hz, 1H), 7.37 (d, J = 8.9 Hz, 1H), 7.15 (s, 1H),

7.09 (d, J= 7.0 Hz, 1H), 6.02 (s, 1H), 5.57 (s, 1H), 4.14 — 3.98 (m, 4H), 3.87 (s, 3H),
3.70 (s, 3H), 2.50 (s, 3H), 2.32 (s, 3H), 1.68 (s, 3H), 1.51 — 1.40 (m, 2H), 1.29 — 1.23
(m, 2H), 0.86 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, DMSO-dy) & 166.5, 165.5,
156.1, 154.4, 135.8, 135.5, 135.3, 134.5, 131.7, 131.5, 131.2, 130.8, 130.1, 127.9,
127.8,126.8, 125.0, 123.7, 119.3, 117.4, 64.1, 59.6, 52.0, 49.8, 39.7, 30.0, 18.6, 15.9,
13.5, 13.0. HRMS (ESI) m/z Calcd for [C30H35sNOgS, M + Na]*: 592.1976; Found:
592.1978.

Optical Rotation: [0]*°p 10.3 (¢ = 1.0, CHCl3). 53% ee (HPLC conditions: Chiralpak
IE column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm,

tg = 18.985 min for minor isomer, g = 22.803 min for major isomer).

59/150



200 180
180] g
1o0] a0y
1]
120
1
2 2 100{
Eon i
oo] o
eof 60
sof a0y
2]
o
%35 26 27 2829 30 31 32 B N B TI3 1567 83NN NBUBBTBIRDN B UBBRT BB NI 2D UB
o o)
a VWD 1A Wavelength: =254 nm sig VDA Wavelength=254
RT[min]  Type  Width [min] Area Hoight Areath Name [min]  Type  Width [min] a  Height %
18.960 B8 31 6601.10 193.16 4989 18.085 88 285 231245 66.28
80: 523 6630.70 154 50, 80 762!
13231 9938 42

8f. (33% yield, Hexane-EtOAc = 2:1, Ry = 0.4) Syrup. 'H

MeO NMR (400 MHz, CDCl;) & 8.61 (d, J = 1.5 Hz, 1H), 8.00
Me O NHMs  (d, J = 8.8 Hz, 1H), 7.94 (dd, J = 8.8, 1.5 Hz, 1H), 7.49 (s,

OO Z:i 1H), 7.35 (d, J= 8.8 Hz, 1H), 7.14 (d, J = 8.8 Hz, 1H), 5.75

(s, 1H), 5.53 (brs, 1H), 3.96 (s, 3H), 3.77 (s, 3H), 2.74 (s,

MeOQC

3H), 2.42 (s, 3H), 1.86 (s, 3H). 13C NMR (100 MHz, CDCl;) § 167.0, 155.1, 153.2,
135.0, 133.7, 133.0, 132.6, 132.0, 131.8, 128.4, 127.1, 125.8, 123.4, 122.8, 121.5,
118.8, 114.4, 60.2, 52.3, 39.8, 16.6, 13.3. HRMS (ESI) m/z Calcd for [C,,H,3NOgS,
M + Na]*: 452.1138; Found: 452.1139.

Optical Rotation: [a]®p -36.0 (¢ = 1.0, CHCI3). 97% ee (HPLC conditions:
Chiralpak AD-H column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min,

wavelength = 254 nm, fr = 9.452 min for minor isomer, g = 7.949 min for major

]
2
g 26
2
» 22
1 2]
s -
%
B i
12
1]
600 #
00 &
H
00, 2
o of
75
Tiwa B 1A UL I TG R SR R A S RS en e b S0  ie el
Signal:  DAD1ASig=2544 Ref=olf Signal:  DADIA,SIg=264,4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
7.930 BV 132 28396.00 1879.94 4987 7949 Be 180 457.04 28.34 98.25
222222 5.3 203 9452 MMm 024 8.12 047 175

Sum 465.16
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IV. Racemization experiment

Kp-T 1
AG' = hK enantiomerization , enantiomerization " rac
Kp is the Boltzmann, Xp = 1.38066F - 23

JK-1. T is temperature. % is the Plance

constant. 4 = 6.62608E-34 Js. R is the specific gas constant, R = 8.31451 J'-K-'mol!

Compound (0.1 mmol) was dissolved in mesitylene (1 mL) in a Schlenk tube. The
tube was immersed in a pre-heated oil bath at 100-140 °C. At given interval of time,
small samples (50 pL) was removed via syringe and injected into the HPLC to
measure the enantiomeric excess.

O O,
i CO,CHPh g CO,CHPh
Tol” \N/\H/ 2 2 . Tol” \N/\H/ 2 2
Me Br |-| 140°C Me Br |-|
mesitylene
Me Me

3h recovered-3h

t (h) ee (%) In(ee)

0 90 -0.083

1 65 -0.117

2 46 -0.151

3 35 -0.198

3a 90 -0.083

AT =110°C

61/150



Racemization of 3h in mesitylene at 140 oC

0
[ 2000 4000 6000 8000 10000 12000
-0.2
T .04
k=4
-0.6
0.8
-1
1.2
Time/h
Kiac = 9E-5, Kenantiomerization = 4.5E-5, AG' = 32.65 Kcal/mol
\\s/’o CO,CHPh O\\s/’ CO,CHPh
Tol” \N/\H/ 2 2 . Tol” \N/\H/ 2 2
Ve ALl i 15°C Ve ALl i
mesitylene
Me Me
39 recovered-3g
t (h) ee (%) In(ee)
0 92 -0.083
1 89 -0.117
2 86 -0.151
3 82 -0.198
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Racemization of 3g in mesitylene at 135 oC

0 2000 4000 6000 8000 10000 12000 14000 16000

-0.3
Time/h
Kirae = 1E-5, Kenantiomerization = SE-6, AG' = 34.02 Kcal/mol
\\sf’o CO,CHPh Q\s” CO,CHPh
Tol” \N/\H/ 22h2 . Tol” \N/\”/ 22
Et_ABr 140°C Et_ABr &
mesitylene
| |
3k recovered-3k
t (h) ee (%) In(ee)
0 75 -0.288
1 71 -0.342
2 67 -0.400
3 62 -0.478
4 66 -0.562
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Racemization of 3k in mesitylene at 140 oC

0 2000

In(ee)

6000 8000 10000

14000 16000

\ /7

Me,S\N/\”/002CHPh2

Time/h

135°C

Kirac = 2E-5, Kenantiomerization = 1E-3, AG' = 33.88 Kcal/mol

\//

Me/S\N/\H/002CHPh2

Me | |°| Me | |-|
mesitylene
Me Me

3v recovered-3v
t (h) ee (%) In(ee)
0 97 -0.030
0.5 92 -0.083
1 87 -0.139
1.5 83 -0.186
2 79 -0.236
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Racemization of 3v in mesitylene at 110 oC

§ 1000 2000 3000 4000 5000 6000 7000 8000

-0.25

-0.3

Time/h

Kiac = 3E-5, Kenantiomerization = 1.3E-5, AG' = 33.13 Kcal/mol

\ /7

ToI,S\N/\”/COZMe Tol,S\N/\H/COZMe
140 °C

Me | |°| Me | |'|
mesitylene
Me Me

3b recovered-3b
t(h) ee (%) In(ee)
0 85 -0.163
1 68 -0.400
2 45 -0.799
3 32 -1.139

65/150



Racemization of 3b in mesitylene at 140 oC

‘()_' 2000 4000 6000 8000 10000 12000

Time/h

Kiae = 9E-5, Kenantiomerization = 4.5E-5, AG' = 32.65 Kcal/mol

0 0 (0]
g CO,Me hd CO,Me
Tol” \N/\W 2 . Tol” \N/\W 2
Me A 1o°c Me A |
mesitylene
Me Me
5a recovered-5a
t (h) ee (%) In(ee)
0 90 -0.105
0.5 86 -0.151
1 83 -0.186
1.5 78 -0.248
2 74 -0.301
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Racemization of Sa in mesitylene at 110 oC

0 1000 2000 3000 4000 5000

6000 7000 8000

time/h

Kiac = 3E-5, Kenantiomerization = 1.5E-5, AG' = 31.05 Kcal/mol
COanU COanU
TO|/S\N 9’ Me 100 °C
Me N mesitylene
o]
7b recovered-7b
t(h) ee (%) In(ee)
0 78 -0.248
0.5 70 -0.357
1 64 -0.446
1.5 59 -0.528
2 50 -0.693
25 46 -0.777
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Racemization of 7b in mesitylene at 100 oC

0
01 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
-0.2
—_ [|
@ -0.3
S .04
-0.5
-0.6
-0.7
-0.8
-0.9
Time/h
Kiac = 6E-5, Kenantiomerization = 3E-3, AG' = 29.83 Kcal/mol
COanU COanU
\\//OT \\//
T0|/S\N H CF3 100°C
Me N mesitylene
(0]
7e recovered-7e
t (h) ee (%) In(ee)
0 77 -0.261
0.5 70 -0.357
1 63 -0.462
1.5 58 -0.545
2 53 -0.635
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Racemization of 7e in mesitylene at 100 oC

0.1 0 1000 2000 3000 4000 5000 6000 7000 8000

0.2
0.3
-0.4
0.5
0.6

-0.7
Time/h

Kiae = 5E-5, Kenantiomerization = 2.3E-5, AG*= 29.85 Kcal/mol

CO,"Bu CO,"Bu
\// Y2
S 110°C S

Tol”™™ Tol” ™™
oMe | H\Erlph mesitylene oMe \ H\EEPh
0 0
79 recovered-7g
t(h) ee (%) In(ee)
0 66 -0.416
0.5 64 -0.446
1 62 -0.478
1.5 60 -0.511
2 57 -0.534
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In(ee)

Racemization of 7g in mesitylene at 110 oC

1000 2000 3000 4000 5000 6000 7000 8000

Time/g

Krae = 2E-5, Kenantiomerization = 1E-5, AG'=31.36 Kcal/mol

70/150



V. Gram scale reaction

Q‘sf’o H hd CO,CHPh
Me”™ "N’ OAc AICD (10mol%) M€ N/ﬁ( T
Me s :.:(> - Me A ! i

CO,CHPh, Cs,CO3 (1.0 equiv.)
Mesitylene
Me -50°C, 24 h Me
1p (2 mmol) 29 (1.2 equiv.) 3v, 822 mg

70%, 97% ee

To a three-necked flask containing 1p (650.3 mg, 2 mmol), f-ICD (60 mg, 0.2 mmol,
10 mol%) and Cs,CO; (651.6 mg, 2 mmol, 1.0 equiv.) were added mesitylene (120
mL) and dienoate 2g (773.7 mg, 2.4 mmol, 1.2 equiv.). The reaction mixture was
stirred at -50 °C for 24 hours. The solvent was removed by silica gel column
chromatography and the residue was then purified by silica gel column

chromatography (Hexane-EtOAc = 5:1) to afford the product 3v (822 mg) in 70%

yield with 97% ee.
O 0
\ 7/ \ /7 n
Tol” \N,H oA . o TOI/S\NWCOZ Bu
Me | N —( _ PCD (1 mol%) Me AL
CO,"Bu Cs,CO3 (1.0 equiv.)
Mesitylene
Me -30°C,72h Me
1a (2 mmol) 4c (1.1 equiv.) 5¢, 953 mg

88%, 91% ee

To a three-necked flask containing 1a (802.5 mg, 2 mmol), £-ICD (6 mg, 0.02 mmol,
1 mol%) and Cs,CO; (651.6 mg, 2 mmol, 1.0 equiv.) were added mesitylene (20 mL)
and MBH acetate 4¢ (440.5 mg, 2.2 mmol, 1.1 equiv.). The reaction mixture was
stirred at -30 °C for 72 hours. The solvent was removed by silica gel column
chromatography and the residue was then purified by silica gel column
chromatography (Hexane-EtOAc = 15:1) to afford the product S¢ (953 mg) in 88%
yield with 91% ee.
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V1. Further transformation

OH 3vor5c (15 mol%) o)
CO,H m-CPBA (2.0 equiv.) § o
DCM (0.02 M) o
36 h,0°C
SI-1 SI-2

\ 7/

O
N
Me/S\NWCOZCHPhZ ToI/S\NWCOZ Bu
Me | H Me@l

Me Me

3v 5¢c
12% vyield, 20% ee 15% yield, 39% ee

A solution of 3w or 5¢ (26.6 mg, 0.123 mmol, 15 mol%) and m-CPBA (85%, 37.3 mg,
0.218 mmol, 1.5 equiv.) in CH,Cl, was stirred at 0 °C for 5 min, then 3-(1-hydroxy-2-
naphthyl)propionic acid SI-1 was added. After 36 h, the resulting mixture poured into
aqueous Na,S;0; (5 mL) and aqueous NaHCOs;, and extracted with CH,Cl,. The
organic layers were dried over anhydrous Na,SO, and solvents were removed in
vacuo. The residue was purified by column chromatography on silica gel (eluent:
Hexane-EtOAc-CH,Cl, = 8:1:1) to give SI-2 ."H NMR (CDCl;, 400 MHz) 68.00 (d, J
=7.7 Hz, 1H), 7.62 (td, J= 7.5, 1.0 Hz, 1H), 7.40 (t, /= 7.5 Hz, 1H), 7.25 (d, J= 7.7
Hz, 1H), 6.65 (d, J = 9.9 Hz, 1H), 6.20 (d, /= 9.9 Hz, 1H), 2.90 (ddd, J =9.7, 11.2,
17.6 Hz, 1H), 2.59 (ddd, J = 2.0, 9.6, 17.6 Hz, 1H), 2.41 (ddd, J = 2.0, 9.6, 13.2Hz,
1H), 2.18 (ddd, J = 9.8, 11.2, 13.2 Hz, 1H); 3C NMR (101 MHz, CDCls) 6 196.5,
176.5, 136.8, 135.7, 132.3, 128.9, 127.9, 127.9, 127.7, 127.3, 83.4, 31.2, 26.5; MS (EI)
m/z 214.06 (M*); HPLC condition: Chiralpak OD-H column, n-Hexane/i-PrOH =
85:15, flow rate = 1.0 mL/min, wavelength = 254 nm, ¢tz = 17.6 min for minor isomer,

fr = 21.1 min for major isomer).
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2.8 14 B 8 AT e w0 a2 AN IBREEREREEREEEEREEEEEETIEEEEEEEEEEEEXE)]
Teva foin] Tine fmin]
Signak  VWD1A Wavelength=254 nm signal:  DADIASIg=2544 Ref=off

RT[min]  Type  Width [min] Area Height Area% Name RT[min]  Type  Width [min] Area Height Area% Name
17.835 BBA 162 1144 44 38.20 30.88 17.640 BB 208 93065 3515 49.74

21251 BBA 263 2549.34 68.96 69.02 21148 B8 224 94040 30.16 5026

Sum 3693.78 Sum 1871.05
\ 7/ O\\ 7
_S< CO,CHPh, .S< CO,CHPh,
Me” N o Me” N
Me A ! ‘-‘ 3 Me A,! O
-78°C
92%, 97% ee
Me Me
3v 10

Through a solution containing 3v (108 mg, 0.2 mmol) in 2 mL of CH,Cl, was
bubbled an ozone-oxygen stream at -78 °C until the starting material was consumed.
The resulting mixture poured into aqueous Na,O;S, (5 mL) and extracted with
CH,Cl,. The organic layer is dried on anhydrous Na,SO, and the solvent is removed
in vacuum to obtain the product 10. "H NMR (400 MHz, CDCls) & 7.57 (s, 1H), 7.43
—7.31 (m, 10H), 7.06 (s, 1H), 6.96 (s, 1H), 5.05 (d, J = 19.5 Hz, 1H), 491 (d, J =
19.5 Hz, 1H), 3.36 (s, 3H), 2.53 (s, 3H), 2.25 (s, 3H). 3C NMR (100 MHz, CDCl;) &
188.0, 159.1, 141.6, 141.0, 139.4, 139.3, 138.8, 133.1, 129.0, 128.8, 128.8, 127.6,
127.4, 101.2, 79.9, 58.9, 44.0, 20.6. HRMS (ESI) m/z Calcd for [CysH4INOsS, M +
Na]*: 600.0310; Found: 600.0311. [a]*p -13.3 (¢ = 1.0, CHCI3). 97% ee. HPLC
conditions: Chiralpak AD-H column, n-Hexane/i-PrOH = 70:30, flow rate = 1.0
mL/min, wavelength = 254 nm, tz = 14.869 min for minor isomer, tz = 18.558 min for

major isomer).

1" 2
s 20
2
1 2
10]
o
o Z EEEEEE] 5 T EY )
Timo fmin) memin}
Signal:  VWD1A Wavelength=254 nm Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Arca Height Area% Name. RT[min]  Type  Width [min] Area Height Area% Name
14874 MMm 0.98 910.19 14.30 50.15 14.868 MM m 066 2228 0.40 124
18568  BMm 1.08 904.73 1284 49.85 18,558 88 501 1773.85 2489 98.76
sum 1814.92 Sum 1796.13

73/150



\ 7/ \ 7/

ToI/S\NWCO[Bu ToI/S‘NWCHZOH
Me | DIBAL-H (3.0 eq.) Me |
-78°C
86%, 86% ee
Me Me
5¢c 11

A solution of 5¢ (108 mg, 0.2 mmol) and DIBAL-H (0.4 mL, 0.6 mmol, 3 equiv.) in
CH,CI, (0.6 mL) was stirred at -78 °C for 8 h. the resulting mixture poured into
aqueous NH,4Cl (5 mL) and extracted with CH,Cl,. The organic layers were dried
over anhydrous Na,SO, and solvents were removed in vacuo. The residue was
purified by column chromatography on silica gel (Hexane-EtOAc = 4:1) to give 11.
'"H NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.2 Hz, 2H), 7.51 (s, 1H), 7.28 (d, J = 8.1
Hz, 2H), 7.01 (s, 1H), 5.06 (s, 1H), 4.67 (s, 1H), 4.43 (d, J = 14.0 Hz, 1H), 4.29 (dd, J
=14.6, 2.7 Hz, 2H), 4.16 (d, J = 14.6 Hz, 1H), 2.50 (s, 1H), 2.42 (s, 3H), 2.23 (s, 6H).
I3C NMR (100 MHz, CDCly) 6 143.7, 143.4, 142.2, 140.0, 139.3, 138.1, 136.9, 132.5,
129.6, 128.2, 117.6, 100.1, 64.3, 52.4, 21.5, 20.4, 20.3. HRMS (ESI) m/z Calcd for
[C1oH2,INO;S, M + Na]': 494.0257; Found: 494.0258. [a]*’p -22.5 (¢ = 1.0, CHC]l5).
86% ee. HPLC conditions: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow
rate = 1.0 mL/min, wavelength = 254 nm, tz = 16.564 min for minor isomer, tz =

19.170 min for major isomer).

o335se838885553

Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
15922 B8 165 31359 11.82 50.38
18203 B8 235 308.83 979 4962
sum 622.41

Signal:  VWD1AWavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
16.564 88 298 386.05 1184 686
19.170 E 280 5237.79 13271 9314
Sum 5623.84
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VII. Geometries of the enantiomeric transition states

The atroposelective model are depicted as follows: the deprotonated 1g binds to
catalyst f-ICD by hydrogen-bonding interaction between the S=0O oxygen of 1g and
the OH of S-ICD; subsequently, the product 3g was readily afforded by nucleophilic
attack under the chiral environment; the orientation of the electronic abundant iodine
atom in the favored TS-3g-major shows more favorable noncovalent interactions with
hydrogens; hence placing the ortho-iodine inside gives rise to the favored transition
state TS-3g-major, while placing the ortho-methyl inside results in the less favored

TS-3g-minor.

p—

Me

TS-3g-major

TS-3g-minor
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IX. X-Ray crystallography analysis of compound 3v (CCDC-2078431)

N

Me

- (220321)

~ CO,CHPh,
N
N EY =
3
8
il
8
Me @
&
&
5
T
%
@
2 -70  qo 21040600 P 212121 R =0.03 RES= 0-132 X
Datablock: ga_210406a_a
Bond pracisiocm: ©C-C = 0.00E5 A Wavalangkth=1.34138
a=5%_53194{T] b=15.1834 {11} Cc=18.2181(14)
alpha=90 bata=50 gamma=30
Tomparatura 1ED K
Calculated Eeported
voluma 1636_6{3) ZEIE_E{3}
Epaca group P 21 21 21 P21 21 21
Hall group P Zac Zab P Zac zab
Molaty formula ©C27 HZE I N O4 S ¥
tm formula C2T7T Hze I N4 8 CZT HZe I H 04 8
Mr EBT.45 GET._45
Ox,g cm-3 1.480 1.4B0
z ] 4
Mu {mm-1} T.Z05 T.ZOS
Fooo 11E4.0 11E4.0
Fooor 11ET7_51
b, k,lmax 11,19,22 11,19,22
Hraf 5475[ 3091) Ed459
Tmin, Tmax 0.374,0.487 0.430,0.752
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E = L.0O55

Npar- 31B

The following ALERTS were genersted. Sach ALEAT ham the Format
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Click am tha hypeclinks more detailes of bhe test.
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¥ plart lavel ©
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All these data can be obtained free of charge from Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/ data_request/ci.
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X. NMR Spectra
Compound 3a
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Compound 3b
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