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General Experimental Details

Air-sensitive manipulations were conducted under inert atmosphere in a nitrogen-filled glovebox
or by standard Schlenk techniques. Tetrahydrofuran (THF) was purified by passing it through a column
composed of activated A-1 alumina and degassing by freeze-pump-thaw method. [Ir(cod)Cl], was obtained
from Johnson-Matthey and used without further purification.

Chiral supercritical fluid chromatography (SFC) analysis was conducted on a JASCO SF-2000
integrated analytical SFC system. Proton nuclear magnetic resonance ('"H NMR) spectra were acquired on
commercial instruments (300, 400, 500 and 600 MHz) at the NMR facility of University of California,
Berkeley. Carbon-13 nuclear magnetic resonance (°C NMR) spectra were acquired at 100, 126 and 151
MHz. Fluorine-19 nuclear magnetic resonance ('’F NMR) spectra were acquired at 376 MHz. The proton
signal for the residual non-deuterated solvent (6 7.26 for CDClj;, 8 7.16 for CsDg) was used as an internal
reference for 'H NMR spectra. For ?C NMR spectra, chemical shifts are reported relative to the & 77.16
resonance of CDCl; and relative to the 8 128.06 resonance of C¢Dg. For '’F NMR spectra, chemical shifts
are reported relative to the & -113.15 resonance of PhF as an external reference. Coupling constants are
reported in Hz. Optical rotations were measured on a Perkin Elmer 241 Automatic Polarimeter. The high-
resolution mass spectra were obtained on a high-resolution mass spectrometer at the QB3/Chemistry Mass
Spectrometry Facility at UC Berkeley and on the Perkin Elmer AXION2 TOF MS operated by the LBNL
Catalysis Facility.

Analytical thin layer chromatography (TLC) was performed on Kieselgel 60 F,s4 glass plates pre-
coated with a 0.25 mm thickness of silica gel. The TLC plates were visualized with UV light and/or by
staining with KMnOy. For the purification of allylation products, column chromatography was generally
performed on a Teledyne Isco Combiflash® Ry system with RediSep Gold™ columns. SiliaFlash® T60
silica gel (particle size 5-20 um) was used to fill the cartridge for the Combiflash® system. For the
purification of substrates, column chromatography was generally performed using Kieselgel 60 (230-400

mesh) silica gel, typically with a 50-100:1 weight ratio of silica gel to the crude products.
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Table S1. Study of the Effects of Ligands on Yield and Diastereoselectivity”

®
Br. \iﬁ

Br [Cu(CH3CN)4]PFg (5 mol%) Z>N O <> ~l

Z>N 0 - N L (5.5 mol%) <, R0 p-Iryy/ PN

g e 0COOMe 7] @ moi%) @ “NMe, S o-F" =

10 ot ©2 . DBU (5 mol%), THF N Iz N—/ o

.0 equiv Jequiv
q rt,6h ph Ph BF,

BINAP ligands Garphos ligands

(R)-BINAP (Ar = Ph)

OMe
OO >99%, 1:1.03 dr ‘O
PAr,

i O (R)-Ph-Garphos (Ar = Ph)
; 98%, 1:2.39 dr
(R)-tol-BINAP (Ar = 4-tol) PPh; (R)-Hg-BINAP | MeO PAr, ~°7°

PAr;  99%, 1.50:1 dr PPhy 99%, 1:3.01dr | MeO PAT2 ol Garphos (Ar = 3.5-xyly)
OO ‘O ‘ 98%, 1:3.12 dr

(R)-DM-BINAP (Ar = 3,5-xylyl)

89%, 1:1.78 dr OMe
R'=Ph, RZ=Ph
Segphos ligands Walphos ligands 96%, 23.21:1 dr
(R)-Segphos (Ar = Ph) e .
<O < 94%, >100:1 dr

PAr; (R)-DM-Segphos (Ar = 3,5-xylyl)

= PR2, tmessommmsmessemsseeeoonee
o} PAr2 91%, 1:4.42 dr CE : R' = Cy, R? = 3,5-di-CF3-Ph
< O < 96%, 6.30:1 dr
o (R)-DTBM-Segphos (Ar = 3,5-di-Bu-4-MeO-Ph)
87%, 1.45:1 dr R' = Ph, R% = 3,5-xylyl
—————————————————————————————————————————————————————————————————————————————————— 97%, 18.42:1 dr

Josiphos ligands Miscellaneous ligands

0 O 99%, 1:2.07 dr ; PRI i R!=Ph, R2 = 3,5-di-CF5-Ph
' 2 '

R'=Ph,R2="Bu

3 PPh
e 98%, 5.58:1 dr 2
2 ’ '
RGP Fg T N2 i Aﬁ

: R' = 4-MeO-3,5-di-Me-Ph, R = 3,5-di-CF5-Ph
' 93%, 48.84:1 dr

R'=Cy,R2=1Bu O— ~"~PPh
@ 92%, 6.75:1 dr PPhy jv 2 (+)-DIOP
(-)-Norphos (1R,1'R,28S,2'S)-Duanphos o) PPhy 13%, 1:1.30 dr
98%, 3.56:1 dr 94%, 1.44:1 dr

aYields were determined by "H NMR analysis of the crude reaction mixtures as combined yields of two diastereomers of the branched
product with mesitylene as an internal standard. Diastereoselectivity was determined by "H NMR analysis of the crude reaction mixtures.

In general, reactions conducted with ligands derived from Walphos afforded the product in high yield with
high diastereooselectivity. The ligand circled in a red dash line was chosen for further studies on substrate

scope.
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Synthesis of Azaaryl Acetamides and Acetates
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1k 1 1m Cl 1n
1c, 1d and 1k were synthesized following a published procedure.!"!
1m was purchased from Combi-Blocks.

1n was synthesized following a published procedure.'”!

1a was synthesized by the following procedure:

B )
PN, § 0 uMwos By o
X E Me NMe, -78°Ctor.t. X !

NMe,

In a 100-mL round-bottom flask containing a magnetic stir bar were added 5-bromo-2-fluoropyridine (0.51
mL, 5.0 mmol, 1.0 equiv), dimethylacetamide (DMAc, 0.51 mL, 5.5 mmol, 1.1 equiv) and THF (10 mL).
The mixture was cooled to -78 °C. LIHMDS (1.0 M solution in THF, 11.0 mL, 11.0 mmol, 2.2 equiv) was
then added dropwise to the reaction mixture. Thereafter, the reaction mixture was slowly warmed to r.t. and
stirred at r.t. overnight.

The reaction mixture was quenched with a sat. aqueous NH4CI solution (50 mL) and then diluted with
EtOAc (100 mL). The organic layer was separated and washed with brine (50 mL). After evaporation of the
solvent under vacuum, the crude mixture was purified by flash column chromatography (0 to 10% MeOH

in DCM) to give 1a (756 mg, 3.11 mmol, 62%) as a yellow solid.

2-(5-bromopyridin-2-yl)-N,N-dimethylacetamide (1a)

B
A I

A NMe,
"H NMR (500 MHz, CDCl;) & 8.58 (dd, J = 2.4, 0.7 Hz, 1H), 7.77 (dd, ] = 8.3, 2.4 Hz, 1H), 7.26 (d, ] = 8.3
Hz, 1H), 3.86 (s, 2H), 3.09 (s, 3H), 2.97 (s, 3H).
BC NMR (151 MHz, CDCls) § 169.6, 154.5, 150.3, 139.2, 125.3, 119.0, 43.0, 37.9, 35.7.

HRMS (ESI): m/z for CoH,BrN,O [M+H]" calcd.: 243.0128, found: 243.0126.

1b was synthesized by the following procedure:
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QN Q NaHMDS QN o
OJ\CI ¥ Me)kNMez T o0Cort OJ\/U\NMeZ
To the solution of 2-chlorobenzoxazle (0.46 mL, 4.0 mmol, 1.0 equiv) and dimethylacetamide (1.12 mL,
12.0 mmol, 3.00 equiv) in toluene (20 mL) at 0 °C was added NaHMDS (1.0 M in THF, 12.0 mmol, 3.0
equiv) over 2 min. After stirring the mixture at 0 °C for 5 h, the reaction mixture was warmed to r.t. and
stirred for another 18 h before it was quenched with sat. aqueous NH,Cl1 solution (50 mL) and diluted with
EtOAc (100 mL). The organic layer was separated and washed with brine (50 mL). After evaporation of the

solvent under vacuum, the crude mixture was purified by flash column chromatography (40% to 75%

hexanes in EtOAc) to give 1b (376 mg, 1.84 mmol, 46%) as a yellow solid.

2-(benzo[d]oxazol-2-yl)-N,N-dimethylacetamide (1b)

o
J\/U\NMez

e}

"H NMR (600 MHz, CDCl;) & 7.72 — 7.67 (m, 1H), 7.54 — 7.48 (m, 1H), 7.35 — 7.29 (m, 2H), 4.07 (s, 2H),
3.14 (s, 3H), 3.02 (s, 3H).

BC NMR (151 MHz, CDCls) § 166.2, 160.8, 151.3, 141.3, 125.1, 124.4, 120.0, 110.8, 38.0, 35.92, 35.32.
HRMS (ESI): m/z for C;;H13N,0, [M+H]" caled.: 205.0972, found: 205.0973.

le, 1f, 1g and 1h were synthesized by the following procedure:

H
NHMe N
X P a s for 1e ~Ns *HCI for 1f
[N coon y N.R‘ osteoceHe [N Q7 Me™ OMe
pZ + - = -R
! 2R
) - DIPEA N HN O forig BnNH; for 1h
HCI R2 N

In a 100-mL round-bottom flask containing a magnetic stir bar were added 2-pyridylacetic acid
hydrochloride (0.87 g, 5.0 mmol, 1.0 equiv), the corresponding amine (5.0 mmol, 1.0 equiv), I-
hydroxybenzotriazole (HOBt, 0.68 g, 5.0 mmol, 1.0 equiv), N,N-diisopropylethylamine (DIPEA, for 1e, 1g
and 1h, 1.74 mL, 10.0 mmol, 2.00 equiv; for 1f, 2.61 mL, 15.0 mmol, 3.00 equiv) and DCM (20 mL). The
mixture was cooled to 0 °C. Then N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride
(EDCI-HCI, 0.96 g, 5.0 mmol, 1.0 equiv) was added in one portion to the reaction mixture. The reaction
mixture was slowly warmed to r.t. and stirred at r.t. overnight.

The reaction mixture was diluted with EtOAc (100 mL) and washed with water (50 mL), sat. aqueous
NaHCOj; solution (50 mL) and brine (50 ml). After evaporation of the solvent under vacuum, the crude

mixture was purified by flash column chromatography to give the corresponding amide.

N-allyl-N-methyl-2-(pyridin-2-yl)acetamide (1e)

N\ (0]
™ ! N/\/
Me
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0 to 5% MeOH in DCM for flash column chromatography. The title compound was isolated (455 mg, 2.39
mmol, 48%) as a yellow oil.

Compound 1e exists as a mixture of two rotomers (1:1 ratio).

"H NMR (600 MHz, C¢Dg) & 8.43 — 8.35 (m, 1H), 7.31 (dd, J = 7.9, 1.1 Hz, 0.5H), 7.27 (dd, J=7.8, 1.1
Hz, 0.5H), 7.08 — 6.95 (m, 1H), 6.62 — 6.53 (m, 1H), 5.62 — 5.53 (m, 0.5H), 5.36 — 5.24 (m, 0.5H), 4.93 —
4.83 (m, 2H), 3.81 (q, J = 2.3, 1.5 Hz, 2H), 3.79 — 3.75 (m, 1H), 3.69 — 3.60 (m, 1H), 2.69 (s, 1.5H), 2.54 (s,
1.5H).

BC NMR (151 MHz, C¢D6) § 169.6, 169.2, 157.1, 157.0, 149.4, 149.4, 136.1, 136.1, 133.8, 133.6, 124.0,
123.9, 121.6, 121.6, 116.6, 115.9, 52.4, 50.0, 44.2, 44.1, 34.8, 33.3.

HRMS (ESI): m/z for C;;H;5sN,O [M+H]+ calcd.: 191.1179, found: 191.1178.

N-methoxy-N-methyl-2-(pyridin-2-yl)acetamide (1f)

Me
0 to 10% MeOH in DCM for flash column chromatography. The title compound was isolated (conducted at
10-mmol scale, 780 mg, 4.32 mmol, 43%) as brown crystals.

"H NMR (500 MHz, CDCl;) § 8.55 (ddd, J = 5.0, 1.9, 0.9 Hz, 1H), 7.64 (td, /= 7.7, 1.9 Hz, 1H), 7.32 (d, J
=7.8Hz, 1H), 7.17 (ddd, J=7.5,4.9, 1.1 Hz, 1H), 4.00 (s, 2H), 3.69 (s, 3H), 3.23 (s, 3H).

BC NMR (151 MHz, CDCl3) § 171.3, 155.4, 149.3, 136.3, 123.9, 121.7, 61.3, 41.8, 32.1.

HRMS (ESI): m/z for CoH3N,0, [M+H]" caled.: 181.0972, found: 181.0975.

1-morpholino-2-(pyridin-2-yl)ethan-1-one (1g)

Z°N O
\I

N
L_o

0 to 10% MeOH in DCM for flash column chromatography. The title compound was isolated (113 mg,

0.55 mmol, 11%) as a yellow oil.

"H NMR (500 MHz, CDCl;) & 8.52 (ddd, J = 4.9, 1.8, 0.9 Hz, 1H), 7.66 (td, J = 7.7, 1.9 Hz, 1H), 7.45 —

7.31 (m, 1H), 7.18 (ddd, J = 7.6, 4.9, 1.1 Hz, 1H), 3.92 (s, 2H), 3.73 — 3.59 (m, 6H), 3.58 — 3.37 (m, 2H).

BC NMR (151 MHz, CDCl;) § 168.8, 155.7, 149.5, 136.9, 123.7, 122.1, 66.9, 66.8, 46.8, 43.8, 42.3.

HRMS (ESI): m/z for C;;H;sN,0, [M+H]" caled.: 207.1128, found: 207.1128.

N-benzyl-2-(pyridin-2-yl)acetamide (1h)
= ‘N (@]
X NHBn
0 to 6% MeOH in DCM for flash column chromatography. The title compound was isolated (922 mg, 4.07

mmol, 81%) as a white solid.
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"H NMR (500 MHz, CDCL3)  8.56 — 8.46 (m, 1H), 7.72 (br s, 1H), 7.66 (td, J = 7.7, 1.8 Hz, 1H), 7.34 —
7.11 (m, 7H), 4.47 (d, J= 5.8 Hz, 2H), 3.78 (s, 2H).

BC NMR (151 MHz, CDCls) & 169.3, 155.8, 149.3, 138.5, 137.3, 128.7, 127.6, 127.4, 124.2, 122.2, 45 4,
43.6.

HRMS (ESI): m/z for C14H;sN,O [M+H]" caled.: 227.1179, found: 227.1176.

1i, 1j and 11 were synthesized by the following procedure:

N LDA then N
Lo 0 [_coowme

M

MeO” “OMe
To a solution of diisopropylamine (2.1 mL, 15.0 mmol, 3.0 equiv) in THF (20 mL) was added “BuLi (2.5
M in hexanes, 6.0 mL, 15.0 mmol, 3.0 equiv) at 0 °C. The reaction mixture was stirred at 0 °C for 15 min.
A solution of the corresponding methyl azaarene (5.0 mmol, 1.0 equiv) in THF (10 mL) was then added
dropwise to the LDA solution at -78 °C. The reaction mixture was stirred at -78 °C for 2 h. Thereafter,
dimethyl carbonate (0.50 mL, 6.0 mmol, 1.2 equiv) was added quickly to the mixture. After stirring at -78
°C for 15 min, the reaction was quenched by water (5 mL) at -78 °C and warmed to r.t.. The mixture was
diluted with water (50 mL) and extracted with EtOAc (100 mL). The organic layer was separated, washed
with brine (50 mL) and dried over Na,SO,. After evaporation of the solvent under vacuum, the crude

mixture was purified by flash column chromatography to give the corresponding ester.

methyl 2-(6-methoxypyridin-2-yl)acetate (1i)
OMe
N OMe
0 to 10% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated
(277 mg, 1.53 mmol, 31%) as a colorless oil.
"H NMR (500 MHz, CDCl3) & 7.52 (dd, J = 8.3, 7.2 Hz, 1H), 6.83 (d, J= 7.2 Hz, 1H), 6.63 (d, J = 8.3 Hz,
1H), 3.90 (s, 3H), 3.75 (s, 2H), 3.72 (s, 3H).
BC NMR (151 MHz, CDCl3) § 171.3, 163.8, 152.0, 139.1, 116.3, 109.1, 53.4, 52.1, 43.6.

HRMS (EI): m/z for CoH;;NO; [M]" calcd.: 181.0739, found: 181.0732.

methyl 2-(isoquinolin-1-yl)acetate (1j)
= |N o)
N OMe
0 to 20% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated
(985 mg, 4.90 mmol, 98%) as a yellow powder.
"H NMR (500 MHz, CDCL3)  8.48 (d, J = 5.7 Hz, 1H), 8.12 — 8.05 (m, 1H), 7.89 — 7.83 (m, 1H), 7.74 —

7.67 (m, 1H), 7.67 — 7.56 (m, 2H), 4.37 (s, 2H), 3.72 (s, 3H).
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BC NMR (151 MHz, CDCl3) § 171.0, 154.6, 142.2, 136.5, 130.3, 127.7, 127.5, 125.2, 120.6, 52.4, 42.2.
HRMS (EI): m/z for C;,H;;NO, [M]" caled.: 202.0863, found: 202.0862.

methyl 2-(quinolin-2-yl)acetate (11)

N0
X OMe

0 to 25% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated

(310 mg, 1.54 mmol, 31%) as a colorless oil.

"H NMR (500 MHz, CDCl;) & 8.14 (dd, J = 8.5, 0.8 Hz, 1H), 8.10 — 8.04 (m, 1H), 7.81 (dd, J= 8.0, 1.4 Hz,

1H), 7.71 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H), 7.53 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H), 4.06

(s, 2H), 3.74 (s, 3H).

BC NMR (151 MHz, CDCls) & 171.0, 154.8, 148.0, 136.8, 129.8, 129.3, 127.7, 127.2, 126.6, 121.8, 52.3,

44.8.

HRMS (EI): m/z for C;H;,NO, [M] caled.: 202.0863, found: 202.0862.
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Synthesis of Allylic Methyl Carbonates

O P
pyridine
RMOH + )J\ —>0
OMe 0°Ctort.

al
" 0cooMe -"0cooMe -"0cooMe F -"0cooMe
2a 2 2¢ 2d
Me AcO
§
"0cooMe " 0cooMe -"0CcooMe Woeoom
2% 2 2g o 2h
al FsC 0N

3 2

RX"0cooMe

/\/\/\
" 0cooMme VST ocoome Me” " 0c00Me Me” " ocoome
\_s 2 S 2 2k 21

Allylic methy carbonates were synthesized from the allylic alcohols! following a published procedure!*!:

To a mixture of pyridine (0.73 mL, 9.0 mmol, 3.0 equiv), the allylic alcohol (3.0 mmol, 1.0 equiv) and
DCM (6 mL) was added methyl chloroformate (0.46 mL, 6.0 mmol, 2.0 equiv) dropwise at 0 °C. The
reaction mixture was allowed to warm to r.t. and stirred overnight (monitored by TLC). The mixture was
then quenched with water (50 mL) and diluted with EtOAc (100 mL). The organic layer was separated and
washed with an aqueous HCI solution (1M, 50 mL; for 2j, this step was not performed) and brine (50 mL).
After evaporation of the solvent under vacuum, the crude mixture was purified by flash column

chromatography to give the allylic methyl carbonate.

(E)-4-(3-((methoxycarbonyl)oxy)prop-1-en-1-yl)phenyl acetate (2¢)

WOCOOMe
AcO

0 to 20% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated
(starting from 2.0 mmol of the corresponding allylic alcohol; 486 mg, 1.94 mmol, 97%) as a white solid.

"H NMR (500 MHz, CDCl;) § 7.40 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.6 Hz, 2H), 6.71 — 6.62 (m, 1H), 6.25
(dt,J=15.8, 6.4 Hz, 1H), 4.78 (dd, J = 6.4, 1.4 Hz, 2H), 3.81 (s, 3H), 2.30 (s, 3H).

BC NMR (151 MHz, CDCl;) § 169.4, 155.7, 150.6, 133.9, 133.8, 127.8, 122.8, 121.9, 68.4, 68.4, 54.9,
21.2.

HRMS (EI): m/z for C13H,4,05[M]" caled.: 250.0841, found: 250.0842.

(E)-3-(3-fluorophenyl)allyl methyl carbonate (2d)

FWOCOOMe

0 to 10% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated

(starting from 3.0 mmol of the corresponding allylic alcohol; 580 mg, 2.76 mmol, 92%) as a colorless oil.
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"H NMR (600 MHz, CDCls) § 7.29 (td, J = 8.0, 6.0 Hz, 1H), 7.15 (dt, J = 7.7, 1.3 Hz, 1H), 7.09 (dt, J =
10.0, 2.1 Hz, 1H), 6.96 (tdd, J = 8.4, 2.6, 0.9 Hz, 1H), 6.65 (d, J = 15.9 Hz, 1H), 6.30 (dt, J = 15.9, 6.3 Hz,
1H), 4.79 (dd, J = 6.3, 1.4 Hz, 2H), 3.82 (s, 3H).

BC NMR (151 MHz, CDCl3) & 163.2 (d, J = 245.8 Hz), 155.7, 138.5 (d, J = 7.7 Hz), 133.4 (d, J = 2.7 Hz),
130.2 (d, J = 8.3 Hz), 124.1, 122.7 (d, J= 2.8 Hz), 115.1 (d, J=21.4 Hz), 113.2 (d, J=21.7 Hz), 68.1, 55.0.
YF NMR (376 MHz, CDCl3) § -113.4 — -113.6 (m).

HRMS (EI): m/z for C,H;;FO;[M]" calcd.: 210.0692, found: 210.0695.

(E)-methyl (3-(4-(trifluoromethyl)phenyl)allyl) carbonate (2f)

/©/vocoom
FaC

3
0 to 10% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated
(starting from 5.5 mmol of the corresponding allylic alcohol; 1.06 g, 4.07 mmol, 74%) as a white solid.

"H NMR (600 MHz, CDCl;) § 7.58 (d, J = 8.1 Hz, 2H), 7.48 (d, J = 7.9 Hz, 2H), 6.71 (dt, /= 15.9, 1.5 Hz,
1H), 6.38 (dt, J=15.9, 6.2 Hz, 1H), 4.82 (dd, /= 6.2, 1.4 Hz, 2H), 3.82 (s, 3H).

BC NMR (151 MHz, CDCly) § 155.7, 139.6, 133.0, 130.1 (q, J = 32.4 Hz), 127.0, 125.7 (q, J = 3.8 Hz),
125.4,124.2 (d,J=271.8 Hz), 68.0, 55.1.

YF NMR (376 MHz, CDCl3) § -62.7 (s).

HRMS (EI): m/z for Cj,H; F305 [M]" caled.: 260.0660, found: 260.0661.

(E)-methyl (3-(4-nitrophenyl)allyl) carbonate (2g)
O/vocoowm
0N
0 to 20% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated
(starting from 5.0 mmol of the corresponding allylic alcohol; 1.13 g, 4.76 mmol, 95%) as a yellow solid.
"H NMR (500 MHz, CDCl;) 5 8.18 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 6.74 (dt, J= 16.2, 1.7 Hz,
1H), 6.46 (dt, J=16.0, 5.9 Hz, 1H), 4.83 (dd, /= 6.0, 1.5 Hz, 2H), 3.82 (s, 3H).
“C NMR (151 MHz, CDCl3) § 155.6, 147.4, 142.6, 131.8, 127.6, 127.3, 124.2, 67.6, 55.2.
HRMS (EI): m/z for C;1H;;NOs [M]" caled.: 237.0637, found: 237.0634.

(E)-methyl (3-(thiazol-5-yl)allyl) carbonate (2j)

X" 0cooMe

s
0 to 40% EtOAc in hexanes was used for flash column chromatography. The title compound was isolated
(starting from 2.0 mmol of the corresponding allylic alcohol; 149 mg, 0.80 mmol, 40%) as a yellow solid.
"H NMR (500 MHz, CDCl;) & 8.67 (s, 1H), 7.78 (s, 1H), 6.97 — 6.80 (m, 1H), 6.14 (dt, J = 15.6, 6.2 Hz,
1H), 4.76 (dd, J = 6.2, 1.4 Hz, 2H), 3.82 (s, 3H).
BC NMR (151 MHz, CDCly) § 155.6, 152.3, 142.5, 136.2, 126.0, 124.1, 67.6, 55.1.

S10



HRMS (ESI): m/z for CgH;(NOsS [M+H]" caled.: 200.0376, found: 200.0376.

Synthesis of Iridium Catalysts
Iridium catalysts were synthesized following published procedures.”! Catalyst [Ir] was synthesized from
the corresponding (R,,R,R)-phosphoramidite ligand. Catalyst ent-[Ir] was prepared from the corresponding

(S4,5,S)-phosphoramidite ligand.
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General Procedure for Allylations of Azaaryl Acetamides and Acetates

N o [CU(CHsCN)4JPFg (2.0 mol%) @'I\Ij o
Ar L (2.2 mol% |,
IJ\@)LR: + RO 0c00Me ( ) gfiR
=

[Ir] (1.0 mol%)

1 (1.00 equiv) 2(110equiv)  DBU (20 mol%), THF (020 M) 3 R
rt, 10h
®
PPh, N

-, S =l
L PArz - '8>P/|(y Ph
S P

= 3.5-di-CFa- ©
Ar = 3,5-di-CF3-Ph Ph Ph BF,

In a nitrogen-filled dry-box, a 1-dram (4 mL) vial equipped with a magnetic stir bar was charged
with [Cu(CH3CN)4]PF¢ (3.7 mg, 0.010 mmol), L (10.2 mg, 0.0110 mmol) and THF (1.0 mL). The vial was
sealed with a cap containing PTFE/silicone septa. The mixture was stirred at room temperature for 30 min
to prepare the Walphos-ligated copper complex (solution A). This solution was used within 10 min.

In a nitrogen-filled dry-box, a 1-dram (4 mL) vial equipped with a magnetic stir bar was charged
with azaaryl acetamide or acetate 1 (0.100 mmol, 1.00 equiv) and methyl carbonate 2 (0.110 mmol, 1.10
equiv). To the vial was added 0.20 mL of solution A (0.0020 mmol, 2.0 mol % of the copper complex). The
vial was sealed with a cap containing PTFE/silicone septa. The mixture was stirred at room temperature for
5 min. A stock solution of DBU in THF (0.10 mL, 0.30 mg, 0.0020 mmol, 2.0 mol %) and a stock solution
of [Ir] in THF (prepared freshly with [Ir] in solid state and used within 10 min, 0.20 mL, 1.1 mg, 0.0010
mmol, 1.0 mol %) were then added sequentially to the vial. The vial was then removed from the dry box.
The mixture was stirred at room temperature for 10 h.

The reaction mixture was diluted with 2 mL of hexanes, and the resulting solution was filtered
through a 0.5-inch plug of silica gel (eluting with 1:1 hexanes:EtOAc, 8 mL; for polar compounds such as
3fa, 3ga and 3aj, pure EtOAc was used). After evaporation of the solvent under vacuum, the crude mixture
was purified by column chromatography on a Teledyne Isco Combiflash® Ry system with RediSep Gold™
columns (4-gram silica gel column). The diastereoselectivity was determined by 'H NMR analysis of the
crude reaction mixture.

If the compound was not isolated as a single diastereomer by flash column chromatography on a
Teledyne Isco Combiflash®™ Ry system, a preparative TLC separation was performed to remove the minor
diastereomer in the product.

For the synthesis of allylation product 3fa, 3ga, 3ha, 3ia, 3la, 3ma and 3na, 5 mol % of the
copper complex (5.0 mol % of [Cu(CH3CN),4]PFs and 5.5 mol % of L in 0.20 mL of THF), 2 mol % of [Ir]
(in 0.20 mL of THF) and 5 mol % of DBU (in 0.10 mL of THF) were used.
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Gram-Scale Synthesis of 3aa

BN 0O [CU(CH3GN),]PFg (1.0 mol%) \Q 3aa
| = N L (1.1 mol%) single diastereomer
X NMe,* Ph OCOOMe [Ir] (0.5 mol%) NMez 1.04 g, 96%
DBU (1.0 mol%), THF (0 20 M) >20:1 dr, >99% ee

1a (1.00 equiv, 3.0 mmol) 2a (1.05 equiv) rt, 18 h

PPh,

PA Ph
L= Fe ; * - ; /'erf

Ar = 3,5-di-CF3-Ph BEC

In a nitrogen-filled dry-box, a 1-dram vial (4 mL, vial A) equipped with a magnetic stir bar was
charged with [Cu(CH;CN)4]PF¢ (11.2 mg, 0.0300 mmol, 1.00 mol%), L (30.7 mg, 0.0330 mmol, 1.10
mol%) and THF (3.0 mL). The vial was sealed with a cap containing PTFE/silicone septa. The mixture was
stirred at room temperature for 30 min to prepare the Walphos-ligated copper complex. This solution was
used within 10 min. A 1-dram vial (4 mL, vial B) equipped with a magnetic stir bar was charged with
iridium complex [Ir] (16.4 mg, 0.0150 mmol, 0.50 mol%) and THF (3.0 mL). The vial was sealed with a
cap containing PTFE/silicone septa. The mixture was stirred at room temperature for 1 min. This solution
was used within 10 min.

In a nitrogen-filled dry-box, a 20 mL vial (vial C) equipped with a magnetic stir bar was charged
with azaaryl acetamide 1a (729 mg, 3.00 mmol, 1.00 equiv). The solution of the copper complex in vial A
was added into vial C via syringe. Vial A was rinsed with THF (1 mL x 3) and the resulting solution was
added to vial C. The mixture in vial C was stirred at r.t. for 5 min. Thereafter, a stock solution of DBU in
THF (3.0 mL, 4.6 mg, 0.030 mmol, 1.0 mol %), methyl carbonate 2a (605 mg, 3.15 mmol, 1.05 equiv) and
the solution of the iridium complex in vial B were then added sequentially to vial C. Vial B was rinsed
with THF (1 mL x 3) and the resulting solution was added to vial C. Vial C was sealed partially (CO, gas
generated during the reaction) with a cap containing PTFE/silicone septa. The mixture in vial C was stirred
at room temperature for 18 h.

After the reaction, the vial was removed from the dry box. The reaction mixture was diluted with
15 mL of hexanes, and the resulting solution was filtered through a 0.5-inch plug of silica gel (eluting with
1:1 hexanes:EtOAc, 100 mL). After evaporation of the solvent under vacuum, the crude mixture was
purified by column chromatography (0 to 40% EtOAc in hexanes) on a Teledyne Isco Combiflash® Ry
system with RediSep Gold™ columns (24-gram silica gel column) to give 3aa as a white solid (single
diastereomer, 1.04 g, 2.89 mmol, 96%). The diastereoselectivity was determined by 'H NMR analysis of
the crude reaction mixture to be >20:1. The enantiomeric excess was determined by SFC analysis to be

>99%. See the next section for detailed characterizations of 3aa.
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Scope of Azaaryl Acetamides and Acetates

(2R,3S)-2-(5-bromopyridin-2-yl)-/V,N-dimethyl-3-phenylpent-4-enamide (3aa)
X l("éMez
P N

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 35.0 mg, 0.0974 mmol, 97%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 1.76 min (major) and tg =
1.42 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>*=-97.1°(c 0.14, CH,CL,).

"H NMR (600 MHz, CDCl;) & 8.56 (s, 1H), 7.80 (dd, J = 8.5, 2.4 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.34 —
7.28 (m, 4H), 7.23 — 7.19 (m, 1H), 5.84 — 5.74 (m, 1H), 4.85 — 4.80 (m, 2H), 4.59 (d, J = 11.3 Hz, 1H),
4.22 (dd, J=11.3, 8.7 Hz, 1H), 2.91 (s, 3H), 2.67 (s, 3H).

BC NMR (151 MHz, CDCls) § 170.8, 157.2, 149.8, 142.1, 139.6, 138.6, 128.7, 128.0, 126.9, 124.7, 119.5,
117.0, 55.8, 53.6, 37.5, 35.9.

HRMS (ESI): m/z for CigHy0BrN,O [M+H]" caled.: 359.0754, found: 359.0754.

(2R,3R)-2-(5-bromopyridin-2-yl)-V,N-dimethyl-3-phenylpent-4-enamide (4aa)

Br. 2SN 0o

~ l';é\uwez
Phe 7

Prepared according to the general procedure as described above (ent-[Ir] was used instead of [Ir]).
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (0 to 45% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 30.0 mg, 0.0835 mmol, 84%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.00 min (major) and tg =
1.63 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p>*=—71.0°(c 0.42, CH,CL,).
"H NMR (600 MHz, CDCl;) & 8.34 — 8.30 (m, 1H), 7.59 (dd, J = 8.5, 2.4 Hz, 1H), 7.36 (d, J = 8.5 Hz, 1H),
7.13 (t, J=17.5 Hz, 2H), 7.11 — 7.03 (m, 3H), 6.08 (ddd, J = 17.3, 10.4, 7.0 Hz, 1H), 5.13 — 5.02 (m, 2H),
4.59 (d, J=11.1 Hz, 1H), 4.32 (dd, J=11.1, 7.1 Hz, 1H), 3.17 (s, 3H), 2.95 (s, 3H).
BC NMR (151 MHz, CDCls) § 171.1, 156.6, 149.7, 140.3, 139.7, 139.1, 128.8, 128.4, 126.6, 124.5, 119.0,
116.0, 55.0, 52.7, 37.7, 36.2.
HRMS (ESI): m/z for C;sH,0BrN,O [M+H]+ caled.: 359.0754, found: 359.0756.

S14



(2R,35)-2-(benzo|d]oxazol-2-yl)-N,N-dimethyl-3-phenylpent-4-enamide (3ba)

QJlN o]
o ""@Mez
Ph N

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be 15:1.

The crude mixture was purified by column chromatography (0 to 55% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 30.1 mg, 0.0939 mmol, 94%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 4.93 min (major) and tg =
4.46 min (minor) [OD-H, 3.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>® =—54.5°(c 0.40, CH,CL,).

"H NMR (600 MHz, CDCl;) & 7.76 — 7.66 (m, 1H), 7.60 — 7.54 (m, 1H), 7.38 — 7.30 (m, 6H), 7.25 — 7.21
(m, 1H), 5.94 (ddd, J=16.8, 10.2, 8.5 Hz, 1H), 5.08 — 4.99 (m, 1H), 4.87 (d, /= 10.2 Hz, 1H), 4.81 (d, J =
11.3 Hz, 1H), 4.60 (dd, J=11.3, 8.5 Hz, 1H), 2.99 (s, 3H), 2.73 (s, 3H).

BC NMR (151 MHz, CDCls) § 166.8, 162.5, 151.2, 141.0, 140.9, 137.8, 128.8, 128.0, 127.2, 125.1, 124.5,
120.0, 117.2, 111.1, 50.9, 48.7, 37.6, 36.1.

HRMS (ESI): m/z for C,0H,;;N,0, [M+H]+ calcd.: 321.1598, found: 323.1593.

(25,35)-2-(benzo|d]thiazol-2-yl)-V,N-dimethyl-3-phenylpent-4-enamide (3ca)

QJN 0
S NMe,

P N

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 45% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 32.7 mg, 0.0972 mmol, 97%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.91 min (major) and tg =
2.00 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>®=-112.0°(c 0.25, CH,Cl,).

"H NMR (600 MHz, CDCl;) § 8.00 (d, J = 8.1 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.48 — 7.43 (m, 1H), 7.39
—7.30 (m, 5H), 7.26 — 7.21 (m, 1H), 5.99 (ddd, J = 16.8, 10.2, 8.7 Hz, 1H), 5.01 — 4.92 (m, 2H), 4.86 (d, J
=10.2 Hz, 1H), 4.25 (dd, J=11.1, 8.8 Hz, 1H), 2.85 (s, 3H), 2.70 (s, 3H).

BC NMR (151 MHz, CDCls) § 169.7, 169.0, 152.0, 141.3, 137.3, 136.2, 128.7, 128.0, 127.2, 125.9, 125.1,
122.9,121.9,117.7, 55.3, 53.8, 37.6, 36.0.

HRMS (ESI): m/z for C,0H,N,0S [M+H]" calcd.: 337.1369, found: 337.1372.

(25,3R)-2-(benzo|d]thiazol-2-yl)-N,N-dimethyl-3-phenylpent-4-enamide (4ca)
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Phe

Prepared according to the general procedure as described above (ent-[Ir] was used instead of [Ir]).

The diastereomeric ratio was determined to be 20:1.

The crude mixture was purified by column chromatography (0 to 55% EtOAc in hexanes) to give the title
compound as a white solid (28.4 mg, 0.0844 mmol, 84%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 5.90 min (major) and tg =
4.97 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>®=-28.5°(c 0.20, CH,CL,).

"H NMR (600 MHz, CDCl;) & 7.84 — 7.81 (m, 1H), 7.78 — 7.74 (m, 1H), 7.37 — 7.33 (m, 1H), 7.30 — 7.26
(m, 1H), 7.24 — 7.20 (m, 2H), 7.18 — 7.14 (m, 2H), 7.09 — 7.05 (m, 1H), 6.13 (ddd, /= 17.4, 10.3, 7.5 Hz,
1H), 5.13 — 5.07 (m, 2H), 5.02 (d, J = 10.6 Hz, 1H), 4.38 (dd, J = 10.6, 7.5 Hz, 1H), 3.19 (s, 3H), 2.99 (s,
3H).

BC NMR (151 MHz, CDCls) § 169.8, 168.2, 152.0, 139.7, 138.7, 135.8, 128.6, 128.5, 127.0, 125.7, 124.9,
122.8,121.7,116.9, 54.2,52.8, 37.9, 36.3.

HRMS (ESI): m/z for C,0H,N,0S [M+H]" calcd.: 337.1369, found: 337.1368.

(2R,3S)-2-(3-chloropyrazin-2-yl)-V,N-dimethyl-3-phenylpent-4-enamide (3da)
@N o
Nﬁ) é\“\ﬂez

b~
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (0 to 70% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 26.8 mg, 0.0849 mmol, 85%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.18 min (major) and tg =
1.93 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p>®=-26.0°(c 0.45, CH,CL,).
"H NMR (600 MHz, CDCl;) § 8.63 (d, J = 2.3 Hz, 1H), 8.25 (d, J = 2.3 Hz, 1H), 7.40 — 7.36 (m, 2H), 7.34
—7.29 (m, 2H), 7.25 - 7.21 (m, 1H), 5.91 (ddd, J = 16.9, 10.3, 8.6 Hz, 1H), 5.00 (d, /= 10.9 Hz, 1H), 4.86
—4.77 (m, 2H), 4.55 (dd, /= 10.9, 8.6 Hz, 1H), 2.77 (s, 3H), 2.69 (s, 3H).
BC NMR (151 MHz, CDCls) 5 168.8, 152.5, 148.9, 143.1, 142.1, 141.5, 137.9, 128.6, 128.4, 127.1, 117.0,
52.3,50.2,37.2, 36.0.
HRMS (ESI): m/z for C;7H;oCIN;O [M+H]" calcd.: 316.1211, found: 316.1211.

(2R,3R)-2-(3-chloropyrazin-2-yl)-N,N-dimethyl-3-phenylpent-4-enamide (4da)
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@N o

Conr
Prepared according to the general procedure as described above (ent-[Ir] was used instead of [Ir]).
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (0 to 70% EtOAc in hexanes) to give the title
compound as a colorless gel (22.8 mg, 0.0722 mmol, 72%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 4.42 min (major) and tg =
4.76 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p® = +61.4°(c 0.14, CH,CL,).
"H NMR (500 MHz, CDCl;) § 8.49 (d, J = 2.4 Hz, 1H), 8.06 (d, J = 2.4 Hz, 1H), 7.17 — 7.10 (m, 4H), 7.10
—7.01 (m, 1H), 6.12 (ddd, J=17.5, 10.0, 7.6 Hz, 1H), 5.18 — 5.11 (m, 2H), 5.06 (d, /= 10.8 Hz, 1H), 4.61
(dd, J=10.9, 7.5 Hz, 1H), 3.23 (s, 3H), 2.99 (s, 3H).
BC NMR (151 MHz, CDCls) § 169.3, 151.9, 148.5, 142.8, 141.9, 140.2, 138.9, 128.6, 128.4, 126.8, 116.8,
52.0,49.8,37.8,36.4.
HRMS (ESI): m/z for C;7HoCIN;O [M+H]" caled.: 316.1211, found: 316.1211.

(2R,3S)-N-allyl-N-methyl-3-phenyl-2-(pyridin-2-yl)pent-4-enamide (3ea)

Z°N O

|
N N/\/
i Me
Ph* |

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 50% EtOAc in hexanes) to give the title
compound as a colorless gel (isolated as a single diastereomer, 28.5 mg, 0.0930 mmol, 93%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 6.57 min (major) and tg =
6.19 min (minor) [OD-H, 2.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>=-110.2°(c 0.16, CH,Cl,).

Compound 3ea exists as a mixture of two rotomers (1.2:1 ratio).

"H NMR (600 MHz, CDCl;) & 8.56 — 8.46 (m, 1H), 7.74 — 7.57 (m, 2H), 7.42 — 7.24 (m, 4H), 7.23 - 7.11
(m, 2H), 5.89 — 5.73 (m, 1H), 5.44 (ddd, /= 17.1, 10.1, 4.9 Hz, 0.45H), 5.33 — 5.22 (m, 0.55H), 4.97 (dd, J
=10.3, 1.4 Hz, 0.45H), 4.87 — 4.83 (m, 0.55H), 4.83 — 4.72 (m, 2H), 4.70 — 4.61 (m, 1H), 4.58 — 4.52 (m,
0.55H), 4.46 (d, J = 11.2 Hz, 0.45H), 4.35 — 4.24 (m, 1.45H), 4.02 — 3.94 (m, 0.55H), 3.62 — 3.54 (m,
0.45H), 3.51 — 3.45 (m, 0.55H), 2.91 (s, 1.65H), 2.66 (s, 1.35H).

BC NMR (151 MHz, CDCls) § 171.0, 171.0, 158.7, 158.5, 148.9, 148.8, 142.6, 142.4, 138.9, 137.0, 132.6,
132.4, 128.6, 128.5, 128.4, 128.2, 126.8, 126.6, 123.2, 123.0, 122.4, 122.4, 116.7, 116.5, 116.4, 116.3, 57.0,
56.7,53.7,53.5,51.9, 50.3, 35.3, 33.8.

HRMS (ESI): m/z for C50H,3N,0 [M+H]" caled.: 307.1805, found: 307.1804.
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(2R,3S)-N-methoxy-N-methyl-3-phenyl-2-(pyridin-2-yl)pent-4-enamide (3fa)

Z°N O

X l ‘. N,OMe
| Me
Ph™ |

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be 12:1.

The crude mixture was purified by column chromatography (0 to 70% EtOAc in hexanes) to give the title
compound as a colorless gel (28.6 mg, 0.0965 mmol, 96%).

The enantiomeric excess was determined by SFC analysis to be 97% with tg = 7.65 min (major) and tg =
7.23 min (minor) [IC, 3.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>=-181.0°(c 0.12, CH,Cl,).

"H NMR (500 MHz, CDCls) 8 8.56 (d, J = 4.6 Hz, 1H), 7.73 — 7.59 (m, 2H), 7.40 — 7.35 (m, 2H), 7.31 (dd,
J=28.5,69 Hz, 2H), 7.23 — 7.12 (m, 2H), 5.81 (ddd, J = 16.3, 10.8, 8.6 Hz, 1H), 4.90 (d, /= 11.7 Hz, 1H),
4.82 —4.73 (m, 2H), 4.25 (dd, J=11.7, 8.5 Hz, 1H), 3.50 (s, 3H), 2.92 (s, 3H).

BC NMR (151 MHz, CDCls) § 172.4, 158.2, 149.1, 142.2, 139.0, 136.8, 128.6, 128.3, 126.8, 123.6, 122.4,
116.5, 61.8, 55.0, 53.2, 32.2.

HRMS (ESI): m/z for CigH,N,0, [M+H]" caled.: 297.1598, found: 297.1598.

(2R,3S)-1-morpholino-3-phenyl-2-(pyridin-2-yl)pent-4-en-1-one (3ga)
@1 o
N AN

Ph“"liL @
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (30% to 90% EtOAc in hexanes) to give the
title compound as a white solid (29.9 mg, 0.0927 mmol, 93%).
The enantiomeric excess was determined by SFC analysis to be 99% with tg = 2.74 min (major) and tg =
2.43 min (minor) [OJ-H, 3.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p*=-94.1°(c 0.16, CH,CL,).
"H NMR (500 MHz, CDCl5) & 8.49 (dt, J = 5.0, 1.3 Hz, 1H), 7.75 — 7.58 (m, 2H), 7.38 — 7.29 (m, 4H),
7.25—7.15 (m, 2H), 5.81 (ddd, J=16.9, 10.5, 8.5 Hz, 1H), 4.89 — 4.74 (m, 2H), 4.57 (d, /= 11.4 Hz, 1H),
4.30 (dd, J=11.3, 8.5 Hz, 1H), 3.59 — 3.46 (m, 2H), 3.44 — 3.28 (m, 3H), 3.28 — 3.18 (m, 2H), 3.18 — 3.07
(m, 1H).
BC NMR (151 MHz, CDCl3) § 169.8, 158.3, 148.9, 142.4, 138.7, 137.0, 128.8, 128.2, 126.9, 123.3, 122.5,

116.8, 66.8, 66.7, 56.1, 53.3, 46.5, 42.6.
HRMS (ESI): m/z for C20H»3N,0, [M+H]" caled.: 323.1754, found: 323.1755.
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(2R,3S)-N-benzyl-3-phenyl-2-(pyridin-2-yl)pent-4-enamide (3ha)

Z>N 0
Q"“ii\msn

N
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (0 to 65% EtOAc in hexanes) to give the title
compound as a white solid (30.0 mg, 0.0876 mmol, 88%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 15.12 min (major) and tg
= 14.34 min (minor) [OD-H, 3.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p® = +12.5° (¢ 0.24, CH,CL,).
"H NMR (500 MHz, CDCls) 8 8.51 (dd, J= 5.0, 1.7 Hz, 1H), 7.66 (td, J=7.7, 1.8 Hz, 1H), 7.42 (d, J="7.8
Hz, 1H), 7.35 — 7.29 (m, 4H), 7.29 — 7.24 (m, 1H), 7.22 — 7.13 (m, 4H), 7.13 — 7.05 (m, 1H), 6.83 — 6.77
(m, 2H), 5.82 (ddd, J=16.9, 10.3, 8.2 Hz, 1H), 4.86 —4.76 (m, 2H), 4.29 — 4.21 (m, 2H), 4.15 (dd, J=15.1,
5.6 Hz, 1H), 4.07 (d, J=11.0 Hz, 1H).
BC NMR (151 MHz, CDCls) § 170.6, 157.9, 149.0, 141.3, 138.7, 138.3, 136.9, 128.8, 128.5, 128.4, 127.5,
127.1,127.0, 124.4, 122.5, 116.6, 61.6, 54.0, 43 .4.
HRMS (ESI): m/z for C,3H,3N,0 [M+H]" caled.: 343.1805, found: 343.1802.

methyl (2R,3:5)-2-(6-methoxypyridin-2-yl)-3-phenylpent-4-enoate (3ia)
OMe
Z>N 0

) é

ph N
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be 10:1.
The crude mixture was purified by column chromatography (0 to 10% EtOAc in hexanes) to give the title
compound as a colorless gel (28.7 mg, 0.0965 mmol, 97%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.97 min (major) and tg =
3.20 min (minor) [OJ-H, 1.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p® = +73.5°(c 0.16, CH,CL,).
"H NMR (400 MHz, CDCl3) § 7.35 — 7.29 (m, 1H), 7.17 — 7.02 (m, 5H), 6.72 (dd, J = 7.3, 0.7 Hz, 1H),
6.44 (dd, J = 8.2, 0.7 Hz, 1H), 6.10 (ddd, /= 17.1, 10.3, 7.7 Hz, 1H), 5.17 (dt, J = 17.2, 1.3 Hz, 1H), 5.10
(dt, J=10.3, 1.1 Hz, 1H), 4.30 (dd, J=11.4, 7.6 Hz, 1H), 4.17 (d, J = 11.4 Hz, 1H), 3.83 (s, 3H), 3.69 (s,
3H).
BC NMR (151 MHz, CDCls) § 172.4, 163.3, 153.8, 140.8, 139.7, 138.7, 128.4, 128.3, 126.5, 116.2, 115.9,
109.0, 58.4, 53.4, 52.2, 51.9.
HRMS (ESI): m/z for C gH,0NO3; [M+H]" caled.: 298.1438, found: 298.1437.

S19



methyl (2R,3S)-2-(isoquinolin-1-yl)-3-phenylpent-4-enoate (3ja)

= IN (o]
. émg
ph N

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 20% EtOAc in hexanes) to give the title
compound as a yellow gel (31.3 mg, 0.0986 mmol, 99%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 4.25 min (major) and tg =
3.38 min (minor) [OJ-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>*=-95.7°(c 0.39, CH,CL,).

"H NMR (500 MHz, CDCL3) & 8.63 (d, J = 5.6 Hz, 1H), 8.44 — 8.39 (m, 1H), 7.90 — 7.83 (m, 1H), 7.74 —
7.65 (m, 2H), 7.60 (dd, J = 5.6, 1.0 Hz, 1H), 7.49 — 7.42 (m, 2H), 7.37 (dd, J = 8.4, 6.9 Hz, 2H), 7.29 —
7.22 (m, 1H), 5.73 (ddd, /= 17.1, 10.3, 7.5 Hz, 1H), 5.17 (d, /= 11.3 Hz, 1H), 4.80 (dd, /= 11.3, 7.6 Hz,
1H), 4.75 (dt, J=17.0, 1.4 Hz, 1H), 4.68 (dt, /= 10.4, 1.3 Hz, 1H), 3.39 (s, 3H).

BC NMR (151 MHz, CDCls) § 171.2, 156.0, 142.4, 141.8, 138.8, 136.7, 130.1, 128.7, 128.6, 128.1, 127.8,
127.8,127.0, 124.8, 120.4, 116.3, 54.0, 52.2, 51.1.

HRMS (ESI): m/z for C;;H,0NO, [M+H]" calcd.: 318.1489, found: 318.1487.

tert-butyl (2R,3S5)-2-(isoquinolin-1-yl)-3-phenylpent-4-enoate (3ka)

4 |N (0]
N
doB
ph N

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 10% EtOAc in hexanes) to give the title
compound as a white solid (35.0 mg, 0.0973 mmol, 97%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 5.16 min (major) and tg =
5.44 min (minor) [OD-H, 3.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p®=-92.2°(c 0.27, CH,CL,).

"H NMR (500 MHz, CDCL3) & 8.63 (d, J = 5.6 Hz, 1H), 8.48 — 8.44 (m, 1H), 7.88 — 7.81 (m, 1H), 7.73 —
7.63 (m, 2H), 7.58 (dd, J=5.7, 0.9 Hz, 1H), 7.52 — 7.45 (m, 2H), 7.39 — 7.31 (m, 2H), 7.29 — 7.23 (m, 1H),
5.77 (ddd, J=17.3, 10.4, 7.1 Hz, 1H), 5.06 (d,J=11.4 Hz, 1H), 4.85 - 4.79 (m, 1H), 4.74 (dt,J=17.1, 1.4
Hz, 1H), 4.70 (dt,J=10.3, 1.4 Hz, 1H), 1.05 (s, 9H).

BC NMR (151 MHz, CDCls) § 169.8, 156.4, 142.3, 142.0, 139.5, 136.7, 129.9, 129.1, 128.5, 128.1, 127.7,
127.5,126.8, 125.1, 120.1, 115.8, 81.1, 54.8, 50.6, 27.7.

HRMS (ESI): m/z for C,4H,NO, [M+H]" caled.: 360.1958, found: 360.1957.
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tert-butyl (2R,3R)-2-(isoquinolin-1-yl)-3-phenylpent-4-enoate (4ka)

G
ph7 NF

Prepared according to the general procedure as described above (ent-[Ir] was used instead of [Ir]).

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 15% EtOAc in hexanes) to give the title
compound as a colorless gel (36.0 mg, 0.0100 mmol, >99%).

The enantiomeric excess was determined by SFC analysis to be 96% with tg = 2.37 min (major) and tg =
1.65 min (minor) [OJ-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>® = +59.6° (¢ 0.25, CH,Cl,).

"H NMR (500 MHz, CDCls) & 8.45 (d, J = 5.6 Hz, 1H), 8.28 (dd, J = 8.6, 1.3 Hz, 1H), 7.73 — 7.66 (m, 1H),
7.56 (dddd, J = 18.2, 8.3, 6.8, 1.4 Hz, 2H), 7.38 (dd, /= 5.6, 0.9 Hz, 1H), 7.15 - 7.11 (m, 2H), 7.02 — 6.96
(m, 2H), 6.92 — 6.86 (m, 1H), 6.24 (ddd, J = 17.1, 10.3, 8.0 Hz, 1H), 5.29 (dt, /= 17.1, 1.3 Hz, 1H), 5.17
(ddd, J=10.2, 1.5, 0.8 Hz, 1H), 5.04 (d, /= 11.2 Hz, 1H), 4.78 (dd, /= 11.2, 8.0 Hz, 1H), 1.33 (s, 9H).

BC NMR (151 MHz, CDCls) § 170.4, 156.1, 142.0, 141.6, 140.0, 136.4, 129.6, 128.4, 128.0, 127.7, 127.4,
127.2,126.1, 124.8, 119.8, 116.0, 81.4, 54.4, 50.8, 28.1.

HRMS (ESI): m/z for C,4H,NO, [M+H]" caled.: 360.1958, found: 360.1958.

methyl (2R,35)-3-phenyl-2-(quinolin-2-yl)pent-4-enoate (31a)

N0
N I)VLOMe
P NF
Prepared according to the general procedure as described above.
The diastereomeric ratio of the crude mixture was determined to be 6:1.
The crude mixture was purified by column chromatography (0 to 20% EtOAc in hexanes) to give the title
compound as a yellow gel (30.7 mg, 0.0967 mmol, 97%). However, the diastereomeric ratio of the product

after purification was determined to be 2.4:1, indicating that 3la epimerized on silica gel.

HRMS (ESI): m/z for C;;H,0NO, [M+H]" caled.: 318.1489, found: 318.1489.

For characterizations, the crude mixture of 3la was reduced by DIBAL-H after filtering off metal salts:

= |N (0] = IN
X ,,,li‘;oMe DIBAL-H “ /"'C)H
PR Z Ph" “
To the crude mixture of 3la in THF (0.5 mL) was added DIBAL-H solution (1M in hexanes, 0.40 mL, 0.40

mmol, 4.0 equiv) dropwise under -20 °C. After stirred at -20 °C for 1 h, the mixture was warmed to r.t. and
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quenched with aqueous Rochelle salt solution (3 mL). The mixture was stirred at r.t. for 30 min until a clear
solution was obtained, and then extracted with EtOAc (6 mL x 4). After evaporation of the solvent under
vacuum, the crude mixture was purified by flash column chromatography (0 to 35% EtOAc in hexanes) to

give 5 (isolated a single diastereomer, 20.0 mg, 0.0691 mmol, 69%) as a yellow gel.

(2R,35)-3-phenyl-2-(quinolin-2-yl)pent-4-en-1-ol (5)

Z "N
|

N /,,,COH
PR N

The enantiomeric excess was determined by SFC analysis to be 99% with tg = 4.18 min (major) and tg =

3.78 min (minor) [AD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p® = +124.0°(c 0.30, CH,CL,).

"H NMR (500 MHz, CDCl3) & 8.02 (dd, J= 8.3, 1.1 Hz, 1H), 7.75 (dd, J = 8.5, 0.7 Hz, 1H), 7.70 — 7.64 (m,

2H), 7.50 — 7.43 (m, 1H), 7.11 — 7.06 (m, 2H), 7.06 — 6.99 (m, 3H), 6.68 (d, J = 8.5 Hz, 1H), 6.24 (ddd, J =

17.0, 10.1, 9.1 Hz, 1H), 5.33 (dt, J = 16.9, 1.3 Hz, 1H), 5.21 (dd, J=10.1, 1.6 Hz, 1H), 4.23 (dd, J=11.1,

4.0 Hz, 1H), 4.18 — 4.05 (m, 2H), 3.26 (ddd, /= 10.9, 4.1, 2.3 Hz, 1H).

BC NMR (151 MHz, CDCl3) § 164.0, 147.1, 142.8, 139.5, 135.8, 129.6, 129.0, 128.4, 128.1, 127.6, 126.8,

126.3, 126.2,122.8, 117.0, 63.4, 52.9, 52.3.

HRMS (ESI): m/z for C20H,oNO [M+H]" caled.: 290.1539, found: 290.1537.

methyl (2R,35)-3-phenyl-2-(pyrazin-2-yl)pent-4-enoate (3ma)

P

N
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be 10:1.
The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (27.0 mg, 0.101 mmol, >99%).
The enantiomeric excess was determined by SFC analysis to be 95% with tg = 3.41 min (major) and tg =
3.24 min (minor) [OD-H, 3.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p>®=—-66.3°(c 0.35, CH,CL,).
"H NMR (400 MHz, CDCl;) § 8.70 (d, J = 1.5 Hz, 1H), 8.63 — 8.55 (m, 1H), 8.49 (d, /= 2.5 Hz, 1H), 7.38
—7.30 (m, 4H), 7.25 - 7.21 (m, 1H), 5.86 — 5.61 (m, 1H), 4.92 — 4.73 (m, 2H), 4.37 — 4.20 (m, 2H), 3.44 (s,
3H).
BC NMR (151 MHz, CDCls) § 171.0, 152.8, 145.5, 144.4, 143.7, 141.0, 138.0, 128.8, 128.0, 127.2, 117.4,
57.1,52.3.
HRMS (ESI): m/z for Ci¢H17N,0, [M+H]" caled.: 269.1285, found: 269.1285.
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ethyl (2R,3:5)-2-(3-chloropyrazin-2-yl)-3-phenylpent-4-enoate (3na)
@N o
Nﬁ) "“éEt

cL s
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be 16:1.
The crude mixture was purified by column chromatography (0 to 20% EtOAc in hexanes) to give the title
compound as a colorless gel (30.5 mg, 0.0963 mmol, 96%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.70 min (major) and tg =
2.60 min (minor) [OJ-H, 3.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p>®=—-46.9°(c 0.35, CH,CL,).
"H NMR (400 MHz, CDCl;) § 8.63 (d, J = 2.4 Hz, 1H), 8.33 (d, J = 2.4 Hz, 1H), 7.46 — 7.35 (m, 4H), 7.33
—7.25 (m, 1H), 5.98 — 5.78 (m, 1H), 4.95 — 4.79 (m, 3H), 4.47 (dd, J=11.3, 8.6 Hz, 1H), 3.94 (qd, J="7.1,
2.0 Hz, 2H), 0.97 (t, J= 7.1 Hz, 3H).
BC NMR (151 MHz, CDCls) § 169.5, 151.9, 149.8, 142.7, 142.4, 141.1, 138.0, 128.7, 128.3, 127.2, 116.9,
61.3,53.9,51.9,13.9.
HRMS (ESI): m/z for Cy;H;5CIN,0, [M+H]" calcd.: 317.1051, found: 317.1051.
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Scope of Allylic Methyl Carbonates

(2R,3S)-2-(5-bromopyridin-2-yl)-V,N-dimethyl-3-(p-tolyl)pent-4-enamide (3ab)
Br. > lN o
N NMe,
o

Prepared according to the general procedure as described above.

Me

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 34.9 mg, 0.0935 mmol, 94%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.32 min (major) and tg =
2.00 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>*=-107.5°(c 0.52, CH,Cl,).

"H NMR (500 MHz, CDCl;) & 8.55 (d, J = 2.4 Hz, 1H), 7.79 (dd, J = 8.4, 2.4 Hz, 1H), 7.58 (d, J = 8.5 Hz,
1H), 7.20 (d, J= 8.2 Hz, 2H), 7.11 (d, /= 7.8 Hz, 2H), 5.76 (ddd, J=17.4, 9.8, 8.7 Hz, 1H), 4.88 — 4.76 (m,
2H), 4.56 (d, J=11.3 Hz, 1H), 4.18 (dd, J=11.3, 8.7 Hz, 1H), 2.92 (s, 3H), 2.69 (s, 3H), 2.31 (s, 3H).

BC NMR (151 MHz, CDCls) § 170.8, 157.3, 149.8, 139.5, 139.1, 138.9, 136.3, 129.4, 127.8, 124.6, 119.5,
116.6, 55.8,53.2,37.5,35.9, 21.2.

HRMS (ESI): m/z for C1oH,,BrN,O [M+H]" calcd.: 373.0910, found: 373.0916.

4-((3S,4R)-4-(5-bromopyridin-2-yl)-5-(dimethylamino)-5-oxopent-1-en-3-yl)phenyl acetate (3ac)
Br. NN o
W =
Aco/©

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 55% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 38.5 mg, 0.0923 mmol, 92%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.47 min (major) and tg =
1.76 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>*=-103.1°(c 0.59, CH,Cl,).

"H NMR (500 MHz, CDCl;) & 8.55 (d, J = 2.3 Hz, 1H), 7.79 (dd, J = 8.4, 2.2 Hz, 1H), 7.56 (d, J = 8.5 Hz,
1H), 7.32 (d, J = 8.5 Hz, 2H), 7.03 (d, J = 8.6 Hz, 2H), 5.76 (ddd, J = 16.8, 10.4, 8.6 Hz, 1H), 4.86 — 4.76
(m, 2H), 4.52 (d, J=11.3 Hz, 1H), 4.23 (dd, J=11.2, 8.6 Hz, 1H), 2.89 (s, 3H), 2.68 (s, 3H), 2.28 (s, 3H).
BC NMR (151 MHz, CDCls) § 170.6, 169.5, 157.0, 149.8, 149.5, 139.7, 139.6, 138.2, 129.0, 124.6, 121.6,
119.5,117.2, 56.0, 52.8, 37.5, 35.9, 21.3.
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HRMS (ESI): m/z for C20H»,BrN,O; [M+H]" calcd.: 417.0808, found: 417.0805.

(2R,35)-2-(5-bromopyridin-2-yl)-3-(3-fluorophenyl)-V,/V-dimethylpent-4-enamide (3ad)

BN 0

\Q"'-é\u\nez

F\© >z
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 34.2 mg, 0.0906 mmol, 91%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.05 min (major) and tg =
1.89 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p*=-106.7° (¢ 0.49, CH,Cl,).
"H NMR (500 MHz, CDCl;) & 8.56 (d, J = 2.4 Hz, 1H), 7.80 (dd, J = 8.4, 2.3 Hz, 1H), 7.54 (d, J = 8.4 Hz,
1H), 7.30 = 7.22 (m, 1H), 7.10 (dt, /= 7.8, 1.2 Hz, 1H), 7.02 (dt, /= 10.0, 2.1 Hz, 1H), 6.95 — 6.87 (m, 1H),
5.73 (ddd, J = 16.9, 10.2, 8.6 Hz, 1H), 491 — 4.74 (m, 2H), 4.54 (d, J = 11.3 Hz, 1H), 4.23 (dd, J = 11.3,
8.7 Hz, 1H), 2.95 (s, 3H), 2.71 (s, 3H).
BC NMR (151 MHz, CDCl3) § 170.5, 163.0 (d, J = 245.6 Hz), 156.8, 150.0, 144.9 (d, J = 7.0 Hz), 139.6,
138.0, 130.1 (d, /= 8.1 Hz), 124.5, 123.7 (d, /= 2.8 Hz), 119.6, 117.4, 114.8 (d, J=21.6 Hz), 113.8 (d, J =
21.3 Hz), 55.7, 53.1, 37.5, 36.0.
YF NMR (376 MHz, CDCl3) § -112.8 —-113.1 (m).
HRMS (ESI): m/z for C;sH;oBrFN,O [M+H]+ caled.: 377.0659, found: 377.0665.

(2R,35)-2-(5-bromopyridin-2-yl)-3-(4-chlorophenyl)-V,N-dimethylpent-4-enamide (3ae)
Br\@ o
X S NMe,
o
cl

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 35.9 mg, 0.0912 mmol, 91%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 4.18 min (major) and tg =
3.88 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p®=—114.8°(c 0.50, CH,Cl,).
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"H NMR (500 MHz, CDCLy) & 8.42 (d, J = 2.3 Hz, 1H), 7.65 (dd, J = 8.4, 2.3 Hz, 1H), 7.39 (d, J = 8.4 Hz,
1H), 7.14 — 7.04 (m, 4H), 5.68 — 5.51 (m, 1H), 4.74 — 4.55 (m, 2H), 4.37 (d, J = 11.4 Hz, 1H), 4.07 (dd, J =
11.3, 8.6 Hz, 1H), 2.79 (s, 3H), 2.56 (s, 3H).

3C NMR (151 MHz, CDCL3) 5 170.4, 156.8, 149.9, 140.8, 139.7, 138.2, 132.6, 129.4, 128.8, 124.4, 119.6,
117.3,55.9, 52.8, 37.5, 36.0.

HRMS (ESI): m/z for Ci5HoBrCIN,O [M+H]" caled.: 393.0364, found: 393.0365.

(2R,35)-2-(5-bromopyridin-2-yl)-N,N-dimethyl-3-(4-(trifluoromethyl)phenyl)pent-4-enamide (3af)
N7 S NMle,
o
FsC

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 38.8 mg, 0.0908 mmol, 91%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 5.83 min (major) and tg =
5.16 min (minor) [OD-H, 2.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>*=-103.6°(c 0.55, CH,Cl,).

"H NMR (500 MHz, CDCl;) & 8.58 (d, J = 2.3 Hz, 1H), 7.81 (dd, J = 8.4, 2.2 Hz, 1H), 7.57 (d, J = 8.0 Hz,
2H), 7.53 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 8.0 Hz, 2H), 5.74 (ddd, J = 17.2, 10.2, 8.6 Hz, 1H), 4.88 — 4.77
(m, 2H), 4.56 (d, J=11.3 Hz, 1H), 4.31 (dd, J=11.2, 8.7 Hz, 1H), 2.95 (s, 3H), 2.70 (s, 3H).

BC NMR (151 MHz, CDCl;) § 170.2, 156.6, 150.1, 146.5, 139.7, 137.9, 129.1 (d, J = 32.5 Hz), 128.4,
125.7 (g, J=3.8 Hz), 124.3, 124.3 (q, J = 271.8 Hz), 119.7, 117.6, 55.8, 53.3, 37.5, 36.0.

YF NMR (376 MHz, CDCl3) § -62.5 (s).

HRMS (ESI): m/z for C1oH1oBrF3N,O [M+H]" calcd.: 427.0627, found: 427.0632.

(2R,3S)-2-(5-bromopyridin-2-yl)-V,N-dimethyl-3-(4-nitrophenyl)pent-4-enamide (3ag)
N NMe,
o

O,N

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (isolated as a single diastereomer, 37.2 mg, 0.0920 mmol, 92%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 3.24 min (major) and tg =

2.82 min (minor) [OJ-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
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[a]p>®=—-168.0° (c 0.49, CH,Cl,).

"H NMR (500 MHz, CDCl;) & 8.59 (dd, J = 2.3, 0.7 Hz, 1H), 8.21 — 8.13 (m, 2H), 7.81 (dd, J = 8.4, 2.4 Hz,
1H), 7.58 — 7.45 (m, 3H), 5.83 — 5.65 (m, 1H), 4.88 (dt, J = 10.2, 0.9 Hz, 1H), 4.82 (dt, J = 16.9, 1.1 Hz,
1H), 4.55 (d, J = 11.3 Hz, 1H), 4.36 (dd, J = 11.3, 8.6 Hz, 1H), 2.96 (s, 3H), 2.70 (s, 3H).

BC NMR (151 MHz, CDCls) § 169.9, 156.2, 150.2, 146.9, 139.8, 137.2, 128.9, 124.2, 124.0, 119.8, 118.2,
55.9,53.2,37.5, 36.0.

HRMS (ESI): m/z for CigHeBrN3;0; [M+H]" calcd.: 404.0604, found: 404.0605.

(2R,3R)-2-(5-bromopyridin-2-yl)-N,N-dimethyl-3-(4-nitrophenyl)pent-4-enamide (4ag)

B
"N 0

Prepared according to the general procedure as described above (ent-[Ir] was used instead of [Ir]).

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 60% EtOAc in hexanes) to give the title
compound as a colorless gel (isolated as a single diastereomer, 36.5 mg, 0.0903 mmol, 90%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 3.78 min (major) and tg =
3.25 min (minor) [OD-H, 10.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p*=-103.6° (¢ 0.30, CH,Cl,).

"H NMR (500 MHz, CDCl;) 5 8.40 — 8.27 (m, 1H), 8.06 — 7.92 (m, 2H), 7.62 (dd, J = 8.4, 2.4 Hz, 1H),
7.33 (dd, J = 8.4, 0.8 Hz, 1H), 7.28 — 7.19 (m, 2H), 6.13 — 5.98 (m, 1H), 5.15 (dt, /= 10.4, 1.1 Hz, 1H),
5.06 (dt,J=17.2, 1.2 Hz, 1H), 4.57 (d, /= 11.1 Hz, 1H), 4.48 (dd, /= 11.0, 6.9 Hz, 1H), 3.16 (s, 3H), 2.96
(s, 3H).

BC NMR (151 MHz, CDCls) § 170.3, 155.7, 150.1, 148.2, 146.7, 139.5, 138.4, 129.8, 124.1, 123.6, 119.5,
117.3, 54.8, 52.4,37.7, 36.3.

HRMS (ESI): m/z for CigHeBrN30; [M+H]" calcd.: 404.0604, found: 404.0605.

(2R,35)-2-(5-bromopyridin-2-yl)-3-(furan-3-yl)-/V,V-dimethylpent-4-enamide (3ah)

Br\@' o
= "'-é\wlez
>
o
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title

compound as a colorless gel (isolated as a single diastereomer, 28.9 mg, 0.0828 mmol, 83%).
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The enantiomeric excess was determined by SFC analysis to be >99% with tg = 2.87 min (major) and tg =
2.40 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>®=—-87.5°(c 0.44, CH,CL,).

"H NMR (500 MHz, CDCl;) & 8.54 (d, J = 2.4 Hz, 1H), 7.77 (dd, J = 8.5, 2.3 Hz, 1H), 7.50 (d, J = 8.5 Hz,
1H), 7.35 (t, J = 1.7 Hz, 1H), 7.31 — 7.28 (m, 1H), 6.36 — 6.32 (m, 1H), 5.67 (ddd, J = 17.0, 10.2, 8.6 Hz,
1H), 4.95 — 4.79 (m, 2H), 4.35 (d, J = 11.1 Hz, 1H), 4.20 (dd, J = 11.1, 8.6 Hz, 1H), 3.00 (s, 3H), 2.82 (s,
3H).

BC NMR (151 MHz, CDCls) § 171.0, 156.8, 149.9, 143.0, 139.5, 139.5, 137.6, 125.9, 124.4, 119.5, 117.1,
109.9, 55.9, 44.0, 37.6, 36.1.

HRMS (ESI): m/z for Ci¢HsBrN,O, [M+H]" calcd.: 349.0546, found: 349.0545.

(2R,35)-2-(5-bromopyridin-2-yl)-NV,N-dimethyl-3-(thiophen-2-yl)pent-4-enamide (3ai)

BN o

@ =
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a colorless gel (isolated as a single diastereomer, 30.8 mg, 0.0843 mmol, 84%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 4.49 min (major) and tg =
3.41 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p>=-123.1°(c 0.41, CH,Cl,).
"H NMR (500 MHz, CDCl;) & 8.55 (d, J = 2.3 Hz, 1H), 7.78 (dd, J = 8.5, 2.4 Hz, 1H), 7.52 (d, J = 8.4 Hz,
1H), 7.16 (dd, J=4.7, 1.6 Hz, 1H), 6.93 — 6.88 (m, 2H), 5.74 (ddd, J=16.9, 10.1, 8.5 Hz, 1H), 4.94 — 4.79
(m, 2H), 4.58 (dd, J=11.1, 8.5 Hz, 1H), 4.51 (d, J=11.2 Hz, 1H), 3.00 (s, 3H), 2.79 (s, 3H).
BC NMR (151 MHz, CDCls) § 170.6, 156.6, 150.0, 145.4, 140.0, 138.2, 126.9, 124.7, 124.4, 123.9, 119.6,
117.2,56.9, 48.5, 37.6, 36.1.
HRMS (ESI): m/z for C1¢H sBrN,OS [M+H]" caled.: 365.0318, found: 365.0318.

(2R,3R)-2-(5-bromopyridin-2-yl)-NV,N-dimethyl-3-(thiophen-2-yl)pent-4-enamide (4ai)

BN o

\_s
Prepared according to the general procedure as described above (ent-[Ir] was used instead of [Ir]).

The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 50% EtOAc in hexanes) to give the title

compound as a slightly yellow solid (isolated as a single diastereomer, 34.6 mg, 0.0947 mmol, 95%).
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The enantiomeric excess was determined by SFC analysis to be >99% with tg = 4.68 min (major) and tg =
3.46 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p*=-56.1°(c 0.41, CH,CL,).

"H NMR (500 MHz, CDCl;) & 8.41 (d, J = 2.4 Hz, 1H), 7.66 (dd, J = 8.4, 2.4 Hz, 1H), 7.38 (d, J = 8.5 Hz,
1H), 7.02 (dd, J= 5.1, 1.1 Hz, 1H), 6.75 (dd, /= 5.1, 3.5 Hz, 1H), 6.62 (dd, J= 3.5, 1.1 Hz, 1H), 6.09 (ddd,
J=17.3,10.3, 7.2 Hz, 1H), 5.18 — 5.07 (m, 2H), 4.60 (dd, J=10.8, 7.1 Hz, 1H), 4.49 (d, /= 10.7 Hz, 1H),
3.14 (s, 3H), 2.93 (s, 3H).

BC NMR (151 MHz, CDCls) § 170.6, 156.4, 149.9, 143.8, 139.2, 139.2, 126.6, 125.5, 124.3, 124.2, 119.3,
116.4,56.4,47.7,37.7,36.2.

HRMS (ESI): m/z for C;¢H sBrN,OS [M+H]" caled.: 365.0318, found: 365.0319.

(2R,35)-2-(5-bromopyridin-2-yl)-NV,N-dimethyl-3-(thiazol-5-yl)pent-4-enamide (3aj)
BN 0

" \\/1 =
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.
The crude mixture was purified by column chromatography (30 to 100% EtOAc in hexanes) to give the
title compound as a colorless gel (isolated as a single diastereomer, 27.7 mg, 0.0756 mmol, 76%).
The enantiomeric excess was determined by SFC analysis to be >99% with tg = 1.42 min (major) and tg =
1.24 min (minor) [OD-H, 20.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
[a]p>*=-98.1°(c 0.40, CH,CL,).
"H NMR (500 MHz, CDCls) 5 8.69 (s, 1H), 8.57 (d, J= 2.3 Hz, 1H), 7.79 (dd, J = 8.5, 2.4 Hz, 1H), 7.71 (s,
1H), 7.46 (dd, J = 8.5, 0.7 Hz, 1H), 5.73 (ddd, /= 17.2, 9.9, 8.7 Hz, 1H), 4.98 — 4.81 (m, 2H), 4.64 (dd, J =
10.9, 8.8 Hz, 1H), 4.46 (d,J=11.0 Hz, 1H), 3.01 (s, 3H), 2.82 (s, 3H).
BC NMR (151 MHz, CDCls) § 170.1, 156.0, 152.3, 150.2, 140.7, 139.8, 137.3, 124.1, 119.8, 118.2, 57.0,

45.7,37.5, 36.1.
HRMS (ESI): m/z for C;5H;;BrN;0S [M+H]" caled.: 366.0270, found: 366.0263.

(2R,3R,E)-2-(5-bromopyridin-2-yl)-/V,N-dimethyl-3-vinylhex-4-enamide (3ak)
BN 0
\Q”'-é\u\nez
A NF
Prepared according to the general procedure as described above.
The diastereomeric ratio was determined to be >20:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (28.4 mg, 0.0879 mmol, 88%).
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The enantiomeric excess was determined by SFC analysis to be 97% with tg = 1.84 min (major) and tg =
1.65 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p>*=—-60.0°(c 0.37, CH,CL,).

"H NMR (500 MHz, CDCl;) & 8.51 (d, J = 2.4 Hz, 1H), 7.73 (dd, J = 8.4, 2.4 Hz, 1H), 7.42 (d, J = 8.5 Hz,
1H), 5.62 — 5.38 (m, 3H), 4.86 — 4.78 (m, 2H), 4.12 (d, J = 10.4 Hz, 1H), 3.65 — 3.55 (m, 1H), 3.09 (s, 3H),
2.91 (s, 3H), 1.65 (d, J= 5.6 Hz, 3H).

BC NMR (151 MHz, CDCls) & 171.2, 157.2, 149.8, 139.3, 138.2, 130.9, 127.2, 124.6, 119.3, 116.5, 55.1,
50.3,37.7,36.1, 18.3.

HRMS (ESI): m/z for C;sHyBrN,O [M+H]" caled.: 323.0754, found: 323.0753.

(2R,35)-2-(5-bromopyridin-2-yl)-NV,N,3-trimethylpent-4-enamide (3al)
Br\©l 0
N NMey
N

Prepared according to the general procedure as described above.

The diastereomeric ratio was determined to be 9:1.

The crude mixture was purified by column chromatography (0 to 40% EtOAc in hexanes) to give the title
compound as a white solid (27.4 mg, 0.0922 mmol, 92%).

The enantiomeric excess was determined by SFC analysis to be 98% with tg = 1.82 min (major) and tg =
1.63 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].

[a]p*=—63.5°(c 0.11, CH,CL,).

"H NMR (500 MHz, CDCl3) § 8.51 (d, J = 2.5 Hz, 1H), 7.74 (dd, J = 8.5, 2.4 Hz, 1H), 7.41 (dd, J = 8.4,
0.7 Hz, 1H), 5.49 (ddd, J=17.0, 10.3, 8.3 Hz, 1H), 4.97 — 4.66 (m, 2H), 3.93 (d, /= 10.6 Hz, 1H), 3.11 (s,
3H), 3.09 — 3.03 (m, 1H), 2.94 (s, 3H), 1.11 (d, /= 6.5 Hz, 3H).

BC NMR (151 MHz, CDCly) & 171.6, 157.7, 149.8, 140.8, 139.4, 124.3, 119.2, 115.3, 56.7, 42.0, 37.8,
36.1, 19.5.

HRMS (ESI): m/z for Ci3HsBrN,O [M+H]" caled.: 297.0597, found: 297.0596.

(2R,3R)-2-(5-bromopyridin-2-yl)-V,N,3-trimethylpent-4-enamide (4al)

B
"N o

|
N NMley
P

Prepared according to the general procedure as described above (ent-[Ir] was used instead of [Ir]).

The diastereomeric ratio was determined to be 6:1.

The crude mixture was purified by column chromatography (0 to 50% EtOAc in hexanes) to give the title
compound as a white solid (27.9 mg, 0.0939 mmol, 94%).

The enantiomeric excess was determined by SFC analysis to be >99% with tg = 1.98 min (major) and tg =

1.78 min (minor) [OD-H, 5.0% MeOH, 2.5 mL/min, 220 nm, 40 °C].
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[a]p>*=-30.6°(c 0.13, CH,CL,).

"H NMR (500 MHz, CDCl;) & 8.55 (d, J = 2.3 Hz, 1H), 7.78 (dd, J = 8.4, 2.4 Hz, 1H), 7.49 (dd, J = 8.5,
0.7 Hz, 1H), 5.86 (ddd, J = 17.3, 10.4, 7.1 Hz, 1H), 5.10 (dt, J = 17.3, 1.4 Hz, 1H), 5.01 (dt, J = 10.4, 1.2
Hz, 1H), 3.92 (d, J = 10.4 Hz, 1H), 3.12 — 3.00 (m, 4H), 2.91 (s, 3H), 0.80 (d, J = 6.9 Hz, 3H).

BC NMR (151 MHz, CDCly) § 171.6, 157.6, 149.9, 141.6, 139.6, 124.0, 119.4, 114.7, 56.7, 40.9, 37.7,
36.0, 17.4.

HRMS (ESI): m/z for C;3H;sBrN,O [M+H]+ caled.: 297.0597, found: 297.0598.
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Determination of Absolute Configuration
The structure and absolute configuration of allylation product 3ca and its diastereomer 4ca were
determined by X-ray diffraction analysis. Single crystals suitable for X-ray diffraction were obtained by

slow vapor diffusion of pentane into saturated solutions of 3ca and 4ca in diethyl ether.

Q)N o} QJN o}
S ”'-lii\uvle2 S ﬁ\lMez
P N phe
3ca 4ca

The absolute configurations of all other products shown in this paper were assigned by analogy.
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3ca

A colorless rod 0.20 x 0.10 x 0.10 mm in size was mounted on a Cryoloop with Paratone oil. Data were
collected in a nitrogen gas stream at 100(2) K using and scans. Crystal-to-detector distance was 40 mm
and exposure time was 50 seconds per frame using a scan width of 2.0°, fast scan was added and used
to replace overloaded reflections. Data collection was 99.1% complete to 26.73° in 0. A total of 11627
reflections were collected covering the indices, -15 <h <14, -7<k <7,-16 <1< 15. 3624 reflections
were found to be symmetry independent, with an Rint of 0.0552. Indexing and unit cell refinement
indicated a primitive, monoclinic lattice. The space group was found to be P2; (No. 4). The data were
integrated using the Bruker SAINT software program and scaled using the SADABS software program.
Solution by iterative methods (SHELXT-2016) produced a complete heavy-atom phasing model
consistent with the proposed structure. All non-hydrogen atoms were refined anisotropically by full-
matrix least-squares (SHELXL-2016). All hydrogen atoms were placed using a riding model. Their
positions were constrained relative to their parent atom using the appropriate HFIX command in
SHELXL-2016. Absolute stereochemistry was unambiguously determined to all chiral centers.

Table S2 Crystal data and structure refinement for 3ca.

Identification code
Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

B/

V/°

Volume/A’

Z

Peale g/cm’

w/mm’'

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.73°
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters

3ca

C20H20N,0S

336.44

100(2)

monoclinic

P2,

11.935(2)

5.9402(10)

12.713(2)

90

105.332(7)

90

869.2(3)

2

1.285

0.195

356.0

0.2x0.1x0.1

MoKa (L =0.71073A)

5.458 to 53.304
-15<h<14,-7<k<7,-16<1<15
11627

3624 [Rint = 0.0552, Rgjgma = 0.0575]
99.1%

Multi-scan

0.4296 and 0.3131

Full-matrix least-squares on F*
3624/1/220
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Goodness-of-fit on F* 1.069

Final R indexes [[>=2c (I)] R;=0.0326, wR, =0.0797
Final R indexes [all data] R;=0.0375, wR, =0.0815
Largest diff. peak/hole / ¢ A~ 0.29/-0.23

Flack parameter 0.01(4)

Table S3 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic
Displacement Parameters (A*x10°) for 3ca. U, is defined as 1/3 of of the trace of
the orthogonalised Uy, tensor.

Atom x y z U(eq)

S1 1720.5(4) 8173.2(8) 3496.0(4) 17.06(15)
01 4000.2(13) 7253(3) 2469.8(14) 24.1(4)
N1 2253.2(15) 4384(3) 4524.7(14) 15.4(4)
N2 4891.1(16) 4268(3) 3435.2(15) 18.8(4)
CI2 1824.3(17) 5786 (3) 5200.6(17) 15.0(4)
C17 1468.7(16) 7931(4) 4774.3(16) 15.3(4)
C16 1010.5(17) 9513(4) 5352.9(18) 17.3(4)
C4 2592.6(17) 3578(4) 793.4(16) 16.5(4)
C2 777.3(19) 3800(4) 1421.3(17) 20.6(5)
C18 3942.9(18) 5401(4) 2875.7(17) 15.4(4)
C13 1727.6(19) 5226(4) 6243.2(18) 17.8(4)
Cl11 2249.3(17) 5405(3) 3624.1(17) 14.7(4)
C20 6032.8(19) 5234(4) 3503(2) 25.0(5)
C15 912.3(19) 8917(4) 6376.2(19) 19.7(5)
Cl 1993.6(18) 4696 (4) 1580.7(17) 15.9(4)
C10 2740.6(17) 4355(3) 2768.8(16) 15.0(4)
Cl14 1273(2) 6795 (4) 6816.3(19) 19.9(5)
C5 2687(2) 4721(4) ~131.1(18) 23.4(5)
C6 3273(2) 3761(5) ~833(2) 30.6(6)
C9 3069(2) 1440 (4) 989 (2) 22.0(5)
C3 ~169.8(19) 5035(5) 1070.5(19) 26.2(5)
C7 3761(2) 1642(5) _616(2) 30.8(6)
C8 3656(2) 484(4) 292(2) 27.2(5)
C19 4890(2) 2099 (4) 3968(2) 30.6(6)

Table S4 Anisotropic Displacement Parameters (A*x10’) for 3ca. The
Anisotropic displacement factor exponent takes the form: -
2n’[h*a** Uy +2hka*b*Uyy+...].

Atom Un Uz Us; Uz; Uis Uiz

S1 19.5(3) 14.2(2) 18.6(3) 2.7(2) 6.96(18) 2.4(2)
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01
N1
N2
Cl12
C17
Cl6
C4
C2
CI8
Cl13
Cl1
C20
CI5
Cl
C10
Cl4
(O8]
C6
C9
C3
C7
C8
C19

Table S5 Bond Lengths for 3ca.
AtomAtom Length/A

S1
S1
01
N1
N1
N2
N2
N2
C12
C12
C17
Cl6
C4

19.
14.
14

4(8)
1(8)
.2(9)

12.1(9)

12.4(9)

11.8(9)

14.8(9)
20.2(10)
15.4(10)
17.8(10)

11.8(9)
15.7(10)
15.7(10)
16.4(10)

14.1(9)
18.7(11)
25.6(11)
36.8(14)
24.7(11)
16.4(11)
28.0(13)
26.8(12)
23.8(12)

18.2(8)
16.5(9)
21.9(9)

16.2(10)

16(1)

16.8(10)

19.9(11)

24.3(11)
15.7(9)

17.4(10)
13.6(9)

31.6(13)

20.4(11)
15.1(9)

13.9(10)

23.5(11)

25.6(12)

39.1(15)

20.9(12)

36.9(15)

41.3(15)

26.8(12)

25.7(12)

C17 1.
Cl1
CI8
Cl12
Cl1
CI8
C20
C19
C17
Cl13
Cl6
CI5
Cl

I T T T e T e S o e Sy S g

735(2)

.754(2)
.225(3)
.388(3)
.294(3)
.347(3)
.460(3)
.456(3)
.406(3)
.401(3)
.391(3)
.383(3)
.527(3)

C4
C4
C2
C2
CI8
Cl13
Cl1
CI5
Cl
(O]
C6
C9
C7

Table S6 Bond Angles for 3ca.
Atom Atom Atom

Angle/*

33.7(9)
15.5(8)
19.9(9)

16.

4(10)

17.3(9)

23.

0(11)

13.9(9)

17.
15.
18.
17.
27.
23.
15.
16.
18.
18.
18.
20.
23.
25.
27.
38.

(O]
C9
Cl
C3
C10
Cl4
C10
Cl4
C10
C6
C7
C8
C8

6(10)
8(10)
3(10)
9(10)
0(12)
8(11)
4(10)
3(10)
4(11)
4(11)
6(11)
6(11)
6(12)
5(13)
4(12)
7(15)
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7.2(7)
0.5(7)
3.0(8)
.1(8)
.4(9)
0.9(9)
.7(8)
.5(8)
.1(8)
2.2(8)
0.6(8)
0.6(10)
-4.1(9)
2.4(8)
0.5(8)
.0(9)
4.6(9)
4(1)
-0.3(9)
1.7(10)
-8.4(11)
-4.6(10)
12.9(12)

Atom Atom Length/A
1.

387(3)

.386(3)
.509(3)
.322(3)
.536(3)
.379(3)
.501(3)
.400(3)
.551(3)
.393(3)
.384(4)
.388(3)
.377(4)

Atom Atom Atom

S36

.2(7)
.6(6)
.8(7)
.0(7)
.3(7)
.8(8)
.1(7)
.5(8)
.5(8)
.8(8)
.7(7)
.4(9)
.7(8)
.7(7)
.1(7)
.6(9)
.9(9)
12.3(10)
6.4(9)
2.5(9)
11.6(11)
6.3(10)
2.1(11)

B O W OOy NN WWW W WL

Angle/*

-1.5(7)
-1.8(7)

1.6(8)
-1.5(8)
.3(8)
0.4(8)
.2(8)
.9(8)
1.3(8)
.4(8)
.5(8)

0.6(9)

0.3(8)

0.7(8)

0.3(8)
-1.0(8)

4.0(9)
2.4(11)
~0.4(9)
1.2(10)
3.6(11)
4.9(10)
5.8(11)
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C17
Cl1
CI8
CI8
C19
N1
N1
Cl13
Cl12
Cl6
Cl6
CI5
(O]
C9
C9
C3
01
01

Table S7 Hydrogen Atom Coordinates (Ax 10*) and Isotropic Displacement

S1
N1
N2
N2
N2
Cl12
Cl12
Cl12
C17
C17
C17
Cl6
C4
C4
C4
C2
CI8
CI8

Cl1
Cl12
C20
C19
C20
C17
Cl13
C17
S1
S1
Cl12
C17
Cl
Cl
Cs
Cl
N2
C10

89.00(10)
110.54(18)
118.42(19)

125.7(2)
115.84(19)
115.37(18)

125.4(2)
119.21(19)
109.07(15)
128.98(17)
121.94(19)

117.9(2)
119.95(19)
121.45(19)

118.6(2)

123.8(2)

122.6(2)
118.73(18)

Parameters (A*x10°) for 3ca.

Atom
H16
H2
H13
H20A
H20B
H20C
H15
H1
H10
H14
H5
H6
H9
H3A
H3B
H7
HS8
HI9A
H19B
H19C

X

y

773

687
1970
6491
6434
5940

596
1941
2839
1204
2349
3337
2993
-106
-914
4167
3987
4191
5581
4898

Refinement model description

N2
Cl4
N1
N1
C10
Cl6
C4
C2
C2
CI8
Cl1
Cl1
Cl13
C4
C7
C4
C8
C7

10956
2259
3792
4172
5532
6645
9961
6348
2704
6429
6171
4561

620
6581
4377

990
-975
1969
1980

889
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CI8
Cl13
Cl1
Cl1
Cl1
CI5
Cl
Cl
Cl
C10
C10
C10
Cl4
(O]
C6
C9
C7
C8

C10
Cl12
S1
C10
S1
Cl4
C10
C4
C10
Cl
CI8
Cl
CI5
C6
(O]
C8
C6
C9

118.66(18)
118.8(2)
116.00(16)
122.39(19)
121.48(15)
120.8(2)
109.47(16)
111.04(17)
111.70(17)
108.45(16)
107.62(17)
114.67(17)
121.3(2)
120.6(2)
120.1(2)
120.9(2)
119.7(2)
120.2(2)

U(eq)

5054
1582
6550
3197
4268
3090
6786
1424
2917
7524
-287
-1461
1608
903
986
-1090
441
4229
4586
3446

21
25
21
37
37
37
24
19
18
24
28
37
26
31
31
37
33
46
46
46
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Number of restraints - 1, number of constraints - unknown.

Details:

1. Fixed Uiso
At 1.2 times of:

All C(H) groups, All C(H,H) groups
At 1.5 times of:
All C(H,H,H) groups

2.a Ternary CH refined with riding coordinates:
Cl(H1), C10(H10)

2.b Aromatic/amide H refined with riding coordinates:
Clé6(Hl6), C2(H2), C13(H13), Cl5(H15), Cl4(H14), C5(H5), C6(H6), C9(HI),
C7(H7), C8(H8)

2.c X=CH2 refined with riding coordinates:

C3 (H3A, H3B)

2.d Idealised Me refined as rotating group:

C20 (H20A,H20B,H20C), Cl9(H19A,H19B,H19C)

This report has been created with Olex2, compiled on 2017.08.10 svn.r3458 for OlexSys. Please let us know if there are any errors or if
you would like to have additional features.
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4ca

A colorless rod 0.50 x 0.20 x 0.10 mm in size was mounted on a Cryoloop with
Paratone oil. Data were collected in a nitrogen gas stream at 100(2) K using and scans.
Crystal-to-detector distance was 50 mm and exposure time was 15 seconds per frame
using a scan width of 0.4°, fast scan was added and used to replace overloaded
reflections. Data collection was 99.6% complete to 27.48° in 6. A total of 15255
reflections were collected covering the indices, -8 <h <8, -11 <k <11, -40 <1<40.
3972 reflections were found to be symmetry independent, with an Ry, of 0.0275.
Indexing and unit cell refinement indicated a primitive, monoclinic lattice. The space
group was found to be P2,2,2; (No. 19). The data were integrated using the Bruker
SAINT software program and scaled using the SADABS software program. Solution
by iterative methods (SHELXT-2016) produced a complete heavy-atom phasing
model consistent with the proposed structure. All non-hydrogen atoms were refined
anisotropically by full-matrix least-squares (SHELXL-2016). All hydrogen atoms
were placed using a riding model. Their positions were constrained relative to their
parent atom using the appropriate HFIX command in SHELXL-2016. Absolute
stereochemistry was unambiguously determined to all chiral centers.

Table S8 Crystal data and structure refinement for 4ca.

Identification code
Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pr°

V/°

Volume/A’

Z

Pealeg/cm’

w/mm’'

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission
Refinement method

4ca

C20H20N,0S

336.44

100(2)

orthorhombic

P2,2:2,

6.3339(5)

8.7346(7)

31.364(3)

90

90

90

1735.2(2)

4

1.288

0.176

712.0

0.5%x0.2x0.1

MoKa (L =0.71073A)

4.84 t0 55.042
-8<h<8,-11<k<11,-40<1<40
15255

3972 [Rint = 0.0275, Rgigma = 0.0246]
99.6%

Multi-scan

0.4305 and 0.3724

Full-matrix least-squares on F*
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Data/restraints/parameters
Goodness-of-fit on F*

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A
Flack parameter

3972/0/220
1.128

R, = 0.0256, wR, = 0.0707
R; = 0.0261, wR, = 0.0711
0.29/-0.22

-0.001(13)

Table S9 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic
Displacement Parameters (A?x10%) for 4ca. Ueq is defined as 1/3 of of the
trace of the orthogonalised Uy, tensor.

Atom X

S1 4538.4(6)
o1 6506.2(19)
N1 1266(2)
N2 3252(2)
C18 4673(3)
Cl1 3065(2)
C12 928(3)
C9 6947(3)
C4 5357(3)
Clo 2398(3)
C17 2542(3)
Cl 5813(2)
Co6 3103(3)
C13 -854(3)
C7 4687(3)
C10 3930(2)
Cl4 -993(3)
C5 3424(3)
C2 6469(3)
C3 6160(3)
C8 6612(3)
C19 3915(3)
C20 1024 (3)
C15 609(4)

y z
5127.3(4) 3069.4(2)
8067.8(14) 3542.1(4)
4739.9(15) 3559.7(4)
9091.8(15) 3614.6(5)
7966.4(17) 3668.5(5)
5438.0(17) 3535.4(5)
3861.0(18) 3193.4(5)
3007.1(19) 4241.7(5)
4100.5(17) 4274.3(4)
3153(2) 2498.5(6)
3936.4(17) 2886.9(5)
5721.7(17) 4122.5(5)
2180(2) 4598.3(5)
2957.2(19) 3117.5(6)
1099.5(19) 4560.3(5)
6463.9(17) 3880.8(5)
2171(2) 2733.2(6)
3673.0(19) 4455.4(5)
6783.1(19) 4481.7(6)
6567(2) 4892.7(6)
1511(2) 4382.6(6)
10518(2) 3410.8(6)
9002(2) 3731.5(7)
2279(2) 2427.2(6)

S41

U(eq)
19.49(11)

25.
16.
20.
16.
15.

17

14

27

4(3)
6(3)
6(3)
1(3)
1(3)

.3(3)
20.
16.
26.
18.
16.
23.
23.
25.
.9(3)
29.
20.
23.

0(3)
7(3)
6(4)
8(3)
3(3)
1(3)
2(3)
2(4)

2(4)
0(3)
3(3)

.7(4)
24.
28.
33.
32.

8(4)
3(4)
1(4)
1(4)
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Table S10 Anisotropic Displacement Parameters (A’x10%) for 4ca. The
Anisotropic displacement factor exponent takes the form: -
2n’[h*a** Uy +2hka*b*Upp+...].

Atom Un Uz, Usz Uazs Uz Uz

S1 20.54(19) 19.46(18) 18.47(18) 0.14(13) 5.43(15) -1.10(15)
0Ol 17.4(6) 24.1(6) 34.8(7) 9.7(5) 5.3(5) -0.4(5)
N1 16.2(6) 16.6(6) 16.9(6) 0.0(5) -0.4(5) 0.0(5)
N2 17.4(6) 16.3(6) 28.0(7) 4.9(5) -1.2(6) -0.4(5)
C18 16.8(7) 16.0(6) 15.7(6) 1.9(5) =-3.0(6) =-=1.5(6)
Cl1 15.5(7) 15.4(7) 14.3(6) 2.7(5) 0.5(5) 2.7(5)
Cl12 20.9(8) 13.8(6) 17.1(7) 0.8(5) =-2.7(6) 3.3(6)
C9 20.4(8) 21.1(8) 18.5(7) 1.5(6) 1.0(6) 0.9(6)
C4 20.6(7) 16.1(7) 13.5(6) 0.4(5) -1.7(6) -0.4(6)
Cl6 41.0(11) 20.2(8) 18.6(8) -1.6(6) 4.1(7) 2.9(8)
C17 25.1(8) 12.7(7) 18.5(7) 1.2(5) =1.2(6) 2.1(6)
Cl1 15.2(7) 16.3(7) 17.4(7) 2.4(5) -2.1(5) -0.5(5)
Cé6 24.7(8) 22.8(8) 21.8(8) 4.5(6) 1.9(6) =-4.6(7)
C13 20.8(8) 22.3(8) 26.5(8) =-2.4(6) -3.1(6) =-0.5(6)
C7 34.0(9) 17.0(7) 24.7(8) 3.2(6) 0.3(7) =1.4(7)
C10 14.3(7) 14.7(7) 15.6(6) 1.5(5) =-0.6(5) =0.7(5)
Cl4 33(1) 25.6(9) 30.9(9) -6.4(7) =-9.0(8) -=3.6(7)
C5s 20.6(8) 18.7(7) 20.7(7) 2.2(6) 1.4(6) 1.1(6)
C2 23.7(8) 17.7(7) 28.5(8) 0.4(6) =-8.5(7) =2.7(7)
C3 33.1(10) 25.0(8) 25.1(8) =2.7(7) =9.3(7) 0.2(7)
C8 29.2(9) 18.5(8) 26.7(8) 1.2(6) 0.9(7) 5.7(7)
C19 31.3(9) 17.7(8) 35.7(9) 10.1(7) -2.8(7) -=0.3(7)
C20 17.2(8) 28.2(9) 53.9(12) 6.7(9) 2.2(8) 4.8(7)

Cl15 50.6(12) 23.2(8) 22.4(8) -8.3(6) =5.7(9) 0.4(9)

Table S11 Bond Lengths for 4ca.
AtomAtom Length/A AtomAtom Length/A
SI  CIll1 1.7551(15) C9 C8 1.395(2)

S1 C17 1.7344(17) C4 Cl1 1.522(2)
01 Ci18 1.230(2) C4 (5 1.401(2)
N1 Cl11 1.295(2) Cl6 C17 1.400(2)
N1 Cl12 1.3983(19) Cl6 Cl15 1.384(3)
N2 CI18 1.343(2) C1 Cl10 1.555(2)
N2 CI19 1.461(2) C1 C2 1.517(2)
N2 C20 1.460(2) C6 C7 1.383(3)
C18 C10 1.545(2) C6 C5 1.394(2)
Cl1 C10 1.509(2) C13 Cl4 1.390(2)
Cl12 C17 1.405(2) C7 C8 1.388(3)
Cl12 C13 1.398(2) Cl14 Cl15 1.400(3)
cC9 (4 1.392(2) C2 C3 1.317(3)
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Table S12 Bond Angles for 4ca.
Angle/*
88.86(8)

Atom Atom Atom

C17
Cl1
CI8
CI8
C20
01
01
N2
N1
N1
C10
N1
Cl13
Cl13
C4
C9
C9
(O]

Table S13 Hydrogen Atom Coordinates (Ax 10*) and Isotropic Displacement

S1
N1
N2
N2
N2
CI8
CI8
CI8
Cl1
Cl1
Cl1
Cl12
Cl12
Cl12
C9
C4
C4
C4

Cl1
Cl12
C19
C20
C19
N2
C10
C10
S1
C10
S1
C17
N1
C17
C8
Cl
(O8]
Cl

110.
119.
125.
115.
122.
119.
118.
116.
123.
119.
115.
125.
119.
120.
118.
118.
122.

18(13)
08(14)
21(15)
68(14)
62(14)
17(13)
15(14)
37(11)
85(13)
78(11)
15(14)
01(15)
84(15)
59(17)
56(15)
66(14)
75(14)

Parameters (A*x10°) for 4ca.

Atom
H9
H16
H1
H6
H13
H7
H10
H14
H5
H2
H3A
H3B
HS8
HI9A
H19B
H19C
H20A
H20B

X

8273
3488
7023
1789
-1946
4459
2780
-2194
2323
7175
5461
6636
7705
5449
3527
3214
588
175

y

Atom Atom Atom

CI5
Cl12
Cl6
Cl6
C4
C2
C2
C7
Cl4
C6
CI8
Cl1
Cl1
Cl13
C6
C3
C7
Cl6

3281
3218
5662
1903
2882
80
6701
1551
4406
7699
5669
7308
773
10506
11386
10617
7927
9542
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Cl6
C17
C17
C17
Cl
Cl
Cl
C6
Cl13
C7
C10
C10
C10
Cl4
(O]
C2
C8
CI5

C17
S1
S1
Cl12
C10
C4
C10
(O]
Cl12
C8
Cl
CI8
Cl
CI5
C4
Cl
C9
Cl4

Angle/*

117.
109.
128.
121
113.
112.
108.
120.
118.
119.
109.
107.
112.
121.
120.
126.
120.
121.

4122
2291
3918
4722
3324
4655
4089
2677
4481
4402
4989
5092
4357
3370
3592
3134
3744
3518

60(17)
44(12)
90(14)

.65(16)

25(13)
86(13)
50(13)
34(16)
56(16)
68(15)
31(12)
79(12)
40(12)
00(17)
47(16)
75(16)
25(17)
33(16)

U(eq)

24
32
20
28
28
30
18
36
24
28
33
33
30
42
42
42
50
50
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H20C 814 9478 4011 50
H15 465 1743 2165 38

Refinement model description

Number of restraints - 0, number of constraints - unknown.
Details:
1. Fixed Uiso
At 1.2 times of:
All C(H) groups, All C(H,H) groups
At 1.5 times of:
All C(H,H,H) groups
2.a Ternary CH refined with riding coordinates:
Cl(H1), C10(H10)
2.b Aromatic/amide H refined with riding coordinates:
c9(H9), Cle6(H1l6), C6(H6), C13(H13), C7(H7), Cl4(H14), C5(H5), C2(H2),
C8 (H8),
C15(H15)
2.c X=CH2 refined with riding coordinates:
C3 (H3A, H3B)
2.d Idealised Me refined as rotating group:
Cl19(H19A,H19B,H19C), C20(H20A,H20B,H20C)

This report has been created with Olex2, compiled on 2017.08.10 svn.r3458 for OlexSys. Please let us know if there are any errors or if
you would like to have additional features.

S44


Xingyu Jiang
S44


1 (ppm)

© <t N~ < ™ o
© o™ A ™ O S
3 5 B & a2 N LY S45
- - — - <M
| | | I VN
Br
= IN 0
NS
NM&Q
| |
MMMWWMM wmwmwwwwwmwmwmmmwwmmmmmmmwmw
210 200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 ©0 BHO 40 30 20 10 0 -10


Xingyu Jiang
S45


S46

\ 7

Br

L6C~

NM82

60°€—

98'€—

STAVAN
VAl
GL'/
9L

8L°L

/58
86
868

898

~50°g
~10'g

-0

=/8l

=80k

=00’

0.0 95

30 25 20 15 10 05 00

3.5

4.0

4.5

86 80 75 70 65 6.0 55

9.0

1 (ppm)


Xingyu Jiang
S46


S47

2€'GE
2656
/6L€

08°0H—
€0'0C~
AL 2N
80°'Gcl”
ee vl —

9c' IG1—

78091 —
61991 —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200


Xingyu Jiang
S47


S48

c0'€~
14558

LO0V—

Le°L
AW
ce’L
ASWA
€e’L
LG L
1G°L
A A
A A
A WA
69/
69,
0LL

=G0°¢

~v0'g

=60°¢

=66}

=860

=00"H

3.0

7.5

0.0 95

0.0

20 15 10 05

2.5

40 35

4.5

5.5

6.0

6.5

7.0

8.0

8.5

9.0

1 (ppm)


Xingyu Jiang
S48


S49

92 €E~
08' Ve
LYY

«m.iuv
00°0S—
6225

vm.m:
oo.o_.v/
€9'Icl
G9'Lcl

ww.mNFV

100 90
1 (ppm)

B621

Nm.mm_.v.
08°€cl
LLOE L
719€L
mm.mw_.v
ov'evli
NonFV
[ WAL"

Y2691~
656917

1e exists as a mixture of two rotomers (1:1 ratio)

210 200 190

70 60 50 40 30 20 10 0O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
1e exists as a mixture of two rotomers (1:1 ratio)

Xingyu Jiang
S49


12°K4
6921
G9'€1
G9°€1
99°¢1
99°¢1
99°¢1
99°¢;
LL €7
18°€1

I8°€
I8°€
¢8'¢
¢8'¢
€8'v
€8'Y
15 %
G8'v
G8'v
G8'v
98'v
.8V
88'Y
88'Y
]
]
|

06t
061
96'9
159
.59
2G97
8G9
83991
85°91
10°L
20’L
20’L
€0°L
€0°L
9z'L
12/
12 .
8zZ'L
82'L
1S/
1S/
1S/
2eL
2eL
8e'g
8e'g
8’8
868’
68
6€'8
mm.ﬂ
6€'8
0v'8
o8’

L e

S50

L

\

/

1e exists as a mixture of two rotomers (1:1 ratio)

=09
~cS I

700t

10"}

‘202

=66 1|

F2e0
F0S'0

Fe0't

H\vO”_.

J19°0

~1G°0

FI10°L

7.0

J.O 95

36 30 25 20 15 10 05 00

4.0

6.0

6.5

85 80 75

9.0


Xingyu Jiang
1e exists as a mixture of two rotomers (1:1 ratio)

Xingyu Jiang
S50


O Al © Al oo
« < A o QO = © -
— ToRNe) © ™ @ ™ b
N~ n < (o} AN — - Al
~— - - - - (o] < (ap]
| I | \ o/ | | | S51
= |N @)
X .OMe
N
Me
|
|
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)


Xingyu Jiang
S51


€ce

(0))
@
op

o
Q
v

] AV
91’2
91°L
LL'L
L.
LV'L
8lL'L
8lL°L
[ASWA
gL
€9'.L
€9'L
¥9°L
G9°L
99/
99/
12°R°]
S8
Ga'8
Gg'8
ga'8
Gg'8
9G'8
99’8

1
1
:

|
]
]

\

|

JLQK_A_JL

J

=10}

=00t

Feoy

Fz60

4.0

8.5

3.0 2.5 2.0 1.5 1.0

3.5

4.5

5.0

7.5 7.0 6.5 6.0

8.0

9.0

9.5

0.0

1 (ppm)


Xingyu Jiang
S52


S53

Ve v~
18°€V—
6L9v"

9799
mw.mov

80°¢Cl~
69°€Ct”

98'9€1—

ov'evil—
89°GGl—

08891 —

190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200


Xingyu Jiang
S53


\ 7/

12K
4R
Gg'e
GG'e —_

—— =0

19°€
19°€
AR
€9’
¥9'€
AR

YA WA
yA WA
8L/,
817
S WA
811
WA
Sl WA
140A
12 WA
ge'/
9¢€'/
9¢€'/
9¢€’,

v9'.L
v9'L
99/
99/
N@N\
892
1G'8
168
AR} —
cq'8

cq'8

AR}

€98

€98

—

/1

B—
— €0'I

——— HI.VO. _..

— koot

R

FyO I

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

5.0

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

).0

1 (ppm)


Xingyu Jiang
S54


S55

LS EY~
8e'av

gc'vel
9€' /2~
mm.NN_.%
02'8¢l
S TAVA Y BN
67'8CL"

6l°ccl
\

9c'evi—
8L°9G1—

92691 —

30 20 10

40

10 100 90 80 70 60 50
1 (ppm)

120

uw e e

130

NHBn
140

180 170 160 150

190

N

00


Xingyu Jiang
S55


S56

8/°€1
O 1
VA A4
8L/

8lL°/1 >
1WA

NHBn

61°. Z—

1WA
61/ \
YAVA
0c’.L
¢’ L
¢’ L
INAYA
INAVA
Ve L
Gc'L
G2 /1
G2 /1
92’ /1
1S /1
1S L1
XA
82 /1
82'L
82 L
82
SYAVA
62'L
62’ L
0oL
0g'.L
(R4
€L
€L
Y9/,
g9’/
99/,
99/,
19/
89/
cl’ L
09’8
09’8
09’8
1G'8
1G'8
IG'8
1G'8
29’8

—

W

Y

—l—

J/

F80¢

Fgoz

Fev 2t

MwQF

180

4.5

8.5

36 30 25 20 15 10 05 00

4.0

5.5

6.0

6.5

75 70

8.0

9.0

9.5

J).0

1 (ppm)


Xingyu Jiang
S56


1 (ppm)

M Al o] o I~
- ™ Ql o)) © O N
N~ © O (o} ~— O O ™
- ~— - - onwn <
I | | I N S57
OMe
N
OMe
|
210 200 190 180 170 160 150 140 130 120 1O 100 90 80 70 60 50 40 30 20 10 O -10


Xingyu Jiang
S57


S58
OMe

OMe

\ /7

el e~

GL e

06'€”

c9'9

mm.ou/n
¢8' 9~
vw.o\

LG L
A A
A WA

12

A
N~
Q@O
D~

F86°0

£66°0

00’

7.5

10.0 95

0.5

60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

6.5

7.0

8.0

8.5

9.0


Xingyu Jiang
S58


S59

9Ly —

Iy eq—

19°0C I~
1T
NmNN_.w.
|74

@N.omw\
6791

a4l

8G9 VGl —

86°0L1—

\

OMe

/

VIR ETPRRERORTRHN RARSRIN PO W —

AL

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S59


¢l €—
YA 4
09°/7
09°/1
L9/ 1
197/ 1
29 /1
€9°/1
€9/ 1
¥9°/1
vm.ﬁ
89°L1
69/
0L L1
0L /1
0L'L
(WAVA
cl’L
782
782
98°/
98°/
98°/
80'8
80'8
80'8
80'8
60'8
018
OL'8
OL'8
81’8
617’8

OMe

0 S60

\

=0

-10d

©00°¢

Y|
2001

660

=00}

Fg6°0

8.5

10.0 95

O.(

0.5

60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

6.5

75 70

8.0

9.0


Xingyu Jiang
S60


S61

08'vv—
ve€2a—

mw. _N;
GG'oCl
6L LS\
99°/2L-F
1262l
9,62} /A
6L°9€|

€08yl —
I8 VG I—

VO LLL—

\

OMe

Y

150

160

170

130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

140

180

210 200 190


Xingyu Jiang
S61


VL E—
90v—

eV /.
1A A
A WA
2GS /1
€8 /1
€97
€9/,
QG /1
Ga'/1
69/
0L 1
WAVA
WAV
WAV
[YAVA
€L/

082
18°L
¢8'L
¢8'L

S0'8
90'8
90'8
90'8
10'8
B.ﬁ
208
80'8
€181
18
m:i
gL'

S62

\

OMe

/

=/16'¢
=v0°¢

/86°0

=660

=0 ||

oL
=86°()

00' 1}

0.0 95

40 35 30 25 20 15 10 05 00

4.5

6.0 b5

6.5

80 75 70

8.5

9.0

1 (ppm)


Xingyu Jiang
S62


S63

0c'tc—

V6 va—

9€'89
hm.wmv

98" g~
082cL—
YAV
Fw.mmrv
€6'ecl

09091 —
cL’9G1—

ov'691—

OCOOMe

AN

AcO

e oo s b——————_—— -5

100 90
1 (ppm)

210 200 190

70 60 50 40 30 20 10 0O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S63


0e¢c—

18°€—

S64

OCOOMe

A

AcO

F/0'g

F66'¢

=v0'd

FLO b

FO0'H

/61

=G0

0.5

60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

6.5

90 85 80 75 70

9.5

0.0


Xingyu Jiang
S64


S65

c0'9G—

¢l'89—

8L'ELL
AR
90°GLI
02'S _,_.V
ON.NNFV
K.NNF\
L0'VCl
61°0CL
¥2'0€}
vr'eel
ov'ect
6781
PG 8EI

¥.'GG1—
9€°291\
66'€91~

OCOOMe

>

WWWWWWWWWMWWWWM T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

J0


Xingyu Jiang
S65


c8'€—

6LV
6LV
08t
08
82'9
0€'9
0€'9
1€°9
2e9
99
199
96'9
96"
96"
L6
80°L
80°L
60°L
oL'L
oL'L
0L'L
A
G/
Gl
9.&
9L
9L/
L2L]
8zZ'L
82 L
62 L
62 L

(o (o]{ (o]

s N e e —

S66

OCOOMe

X

=86'C

=60°]

E8O'H

r.0°}

86°0f
$00'}

=c0’L

90"}

7.0

0.5

40 35 30 25 20 15 10

4.5

5.0
1 (ppm)

5.5

6.0

6.5

95 90 85 80 75

10.0


Xingyu Jiang
S66


S67

80°99—

66°,9—

Rep ¥4}
ceect
cl’acl
6€'GCl
04°Gcl
¢lL’Gcl
GL'Gcl
LL°G2l
N@.@NFV
96'9¢1
L/L°6¢}
66621
L2 0El
cv’oclL
86°¢cEl
G9'6E1L
€L°G991—

OCOOMe

X

FsC

WWMWWWW I

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S67


S68

OCOOMe

™

F5C

F20°g

=20

7.5

10.0 95

60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

6.5

7.0

8.0

8.5

9.0


Xingyu Jiang
S68


0 WLw — 0 I O
© ¥ O«
n N~A SN N
n < < OANANAN
— - v
o NN S

S69

—67.64
—55.16

/@f\\“‘/\ocoonne
O,N

210 200 1

90

180 170 160 150 140 130 120 110 100 90
1 (ppm)

80


Xingyu Jiang
S69


S70

OCOOMe

AN

O,N

/]

'll 1002

—— 0072

/0

.MM Foo't
= FOO I
R £102

6.5

10.0 95

40 35 30 25 20 15 10 05 00

4.5

5.5

6.0

80 75 7.0

8.5

9.0

1 (ppm)


Xingyu Jiang
S70


S71

—155.63
~152.29
—142.50
—136.15
~125.98
~124.09
—67.60

—55.07

NWOCOOMe

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)



Xingyu Jiang
S71


S72

AR

9.y
9/.'v
LL'Y
YA 4
¢k
€197
71797
G119y
91794
19
m@f
€891
78791
7891
7879
7879~
¥8'9)
98’9
/89
/89
/89
/89
/89
/89
8./,
98—

L
[

-

[

f

OCOOMe

\_S

=60°'¢

=80

Froy

Foo'i|

Foor i

Foo' 1|

10.0 95

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

9.0


Xingyu Jiang
S72


S73

68'GE~
1G°LET

99°€G~
6.95—

ETIAN
IS BLE
L9VTh
18921\
96,2}
99821

658E L~
9561~
gy’

6L6VI—
91'LG1—

GL0L1—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

00


Xingyu Jiang
S73


19T

LS V1
A A
€27
891

I6°C
ON.S/

6917
I8V
I8V
I8V
ac8'v
ae8'v
14204
9/°G1
LL'G
8L°G
6.°GH
6.4°G

6/, G
08°'G

08'S
28's
0z,
0z’
gL
gL
12,
ce.
22,
62
o€,
e,
2c.
ee'/
%A
09°Z

Ei
6L'L

081
18/

—

—_——

L L

)

om.ﬁ
958

S74

A

Judl

Fo0'g

F90'g

F2O'}

00t

€0

FOO' Y

AN L
H/oor

1400 %
660

00" L

F00'}

0.5

25 20 15 10

3.0

60 55 50 45 40 35
1 (ppm)

6.5

95 90 85 80 75 70

10.0


Xingyu Jiang
S74


S75

L2 9E~
|ZAVAN

992G~
L6'VS—

b

96°G LI
SO'6LI~
ek
19°9Z 1\
2y 82l
11821

OL'6ELY
vL6EL
82°0v 1

L6 —

c9'9G|—

FULLE—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200


Xingyu Jiang
S75


Y0 O]
L€
0€ 1
LE 11
4% 4
€e 1
8911
0911
70°G1
70°G1
¥0°G1
,0°G
,0°G
10°S
80°G
60°S
60'G
60'G
G0'9
909
90’9
809
609
609
go’.
90°,
90°,
yAVWA
yAVWA
yAVWA
80°2
80°2
] WA
] WA
154 WA
194 A
1A WA
gL'z
ge'/
ge'/
9¢€'/
yASWA
8¢

09
09
AR
AR
€e'8
€e'8

NN N~

N e

S76

[

—-==

Fotg
.0'¢g

=40° L
=E0°I

G0

FOO'L

Mgd

c0'¢

R20'L

FOO't

=960

10.0 9.5

30 25 20 15 10 05 00

3.5

4.0

4.5

5.5

6.0

/75 70 65

8.0

8.5

9.0

1 (ppm)


Xingyu Jiang
S76


S77

VE9E~
c9'LE”

898V~
¢6'09~

AT

LLLLL
mo.omr/
wimr/
i.mmv/
LL L1\
20'82 1~
08821~
28 /€L
98 0P L,
96°0v |

Ve LGl —

Ov'29l—
¢899 —

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S77


€L°¢
66°¢

69V
09'v
09'v
rAh %
I8V
c8'v
98'v
.8V
10°G
10°G
¥0'S
16°G
¢6'S
€6'G
¥6°G
¥6°S
G6°9
G6'G

987

Ve L
9c’L
ce’L
AW
[ASWA
[ASWA
€e’L
ve'L
ve'L
veL
GeL
9¢’.L
9e’.L
9G°L
LG/
0L,
0L°L
YAV

S78

— ’/‘
— L

e

]
_
]
]
]
]
]
]

FE0'E

FG0'g

rc0't

wm_.o.v.

cO’'L

heoL

Foo't

=00}

2009
=060

10"k

3.0

2.0 95

20 15 10 05 00

2.5

6.0 55 45 40 35
1 (ppm)

6.5

80 75 70

8.5

9.0


Xingyu Jiang
S78


S79

16°GE~
69,87

LL7EG~
LS9

99°LLI
98 _.N_./
06'ccl
€L'acl
06'GC I\
NNNN_.N
00'8¢L
v.'8¢2l
mm.mmw\
€e’LE}

62 vl
L671S1—

6689~
89691~

100 90
1 (ppm)

210 200 190

70 60 650 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S79


04°¢;
G8'¢;
€c P
Ge¥1
Ge'v
LSV
G811
1811
€61
96’V
YASH%
66V
96'G
86'G

S80

86'G —_—

66'G —_—
66'S

009

109

209

Al

ve'L

ve'L

S2'L —
Sg'L

Sg'L

92'L .
1e°L —
LS.

ee'/

ve'L

ve'L

o

Se'/ —
9g'/

1€/

8¢c/

8¢e/

vyl

byl

L —
Ly, —
Ly,

18/~

68'L~ —

%

Q

=
66'L \
00'8 oﬂﬁlv

I

==

=80

~10'¢

F10'L

/160

=60°G
901

8670
%00°|

6.0

7.5

8.0

0.0 95

40 35 30 25 20 15 10 05 00

4.5

5.5

6.5

7.0

8.5

9.0

1 (ppm)


Xingyu Jiang
S80


S81

P 9E~
06°LE"

L1L°2G~
v vS~

0691
L9 FNF/
9/.'¢cl
L6’ V2l
¢L’Gc I\
96'9¢1
¥G'8¢ct
N@.wmr\
mh.mmv\
,9°8€1
LL6EL
c0'cSl—

V2891~
08691

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S81


66°C1
61°€1
9€ 11
VAYS 4
8E 11
6E 11
L0'G
€0°G1
20°G1
80°G1

80°GH
oL'S
oL’
LG
2L'S
2L's
ARC
219
219
€L
90,
10,
vlL
gL/
9L/
L.
12
12
A
A
A
9z,
9z,
12/
82/,
82/,
82,
62 L
62
Ve,
Ve,
Ge'/
Ge'/L
Ge'/
9g',
9g',
Gl/
G/
Gl/
9L/
@N.g
9/
187/
28 L]
28/
mwi
€8/

€8°/-

S82

=80°¢

~v0'g

=G0’}

o
o0 +—
SO

£GO0'H

G

INF

3.0

10.0 95

20 15 10 05 00

2.5

40 35

4.5

6.0 bbb

6.5

80 75 70

8.5

9.0

1 (ppm)


Xingyu Jiang
S82


S83

00°9€~
YA

¥2 09~
82'ca

66 9L1—

90281\
L£82L~;
1982}

26'LE1
LY L~
oLgyl s
el evl?,
L88YL7,
9v'2S1

LL°891—

100 90
1 (ppm)

210 200 190

70 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S83


04°¢7
L/l ¢c
12°R4
9G 11
9411
VAR 4
6L 11
6L j
0811
2811
2811

€811
€811
€811
€8’y
G8'v
G8'v
g8’y
G8'v
66’1V
L0'S
88'G
68'G
06'S
L6°G
L6°G
c6'S
€6'G
¥6°G
A
V'L
LeL
LEL
ce’L
€e’L
€e’L
8€'L
8E'L
6€°L
6€°L
ov'L
GZ'8

mmwv
€9'8

m@wv

N/ﬁw—'—’dﬁ'ﬁaﬁ—#—‘——'

S84

7N o
ClL .
PR N

N

ALJJ&AI

+ 66|

~00°¢g

FLO'}

/8670

MOQN

10°¢

F96°0r

=860

7.5

0.0 95

40 35 30 25 20 15 10 05 00

4.5

5.5

6.0

6.5

7.0

8.0

8.5

9.0

1 (ppm)


Xingyu Jiang
S84


S85

6€°9E~
9,',8"

867~
c0cs—

SL9H—

08'92 k~
Ge'82
09'821

/8'8E L~
€2 oV~
88 L1
9Lk,
2g'8y ks
88' LG

€e691—

100 90
1 (ppm)

140 130

210 200 190

/0 60 50 40 30 20 10 O -10

80

110

120

170 160 150

180


Xingyu Jiang
S85


0911
€971

20°G1
LG
cl'g
k'S
2L's
1 e
145
LG
GL'S
GL'G
GL'S
qL's
809
0]
0]
¢l9
eL'9
¥1'9
GL'9
WA
WA
5

Ea Ay S S i e e S

90'8
mo.wv
61’8
mv.wv

S86

*: signals of trace amount of diethyl ether

.

=

=G0°¢g

=50t

F00'H

Mmo.w

v0'#

=10}

=860

3.0

5.0
1 (ppm)

7.0

8.5

0.5

20 15 1.0

2.5

3.5

4.0

4.5

6.0 bbb

6.5

7.5

8.0

9.0

9.5

0.0


Xingyu Jiang
*: signals of trace amount of diethyl ether

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
S86


S87

O

3ea exists as a mixture of two rotomers (1.2:1 ratio, or 55:45 ratio)

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130 120 110

170


Xingyu Jiang
3ea exists as a mixture of two rotomers (1.2:1 ratio, or 55:45 ratio)

Xingyu Jiang
S87


99°¢1
L6°C1
4904
S 11
VA4
€911
G911
V. ¥
Gl
Gl V1
9.V
8LV
8LV
8LV
6LV
08t
I8V
I8V
98t
91/,
YA WA
YA WA
yA WA
8L/
817/1
61/
61/
0TAVA |
0c' L1t
ON.E
9¢' L1
YXAVN
821
6L
6cL
e,
4 9WA
€e.L
IR NA
ge'/
geg’/
o€/,
9¢/L
9¢ /L
€9/~
yAS WA
19/
89/,
89/
69/,
69/,
69/,
69/,
09’8
LG8
LG8
29’8
29’8

=

—

S88

3ea exists as a mixture of two rotomers (1.2:1 ratio, or 55:45 ratio)

00V
|4 (Noe

Foo'L

3.5

4.0

7.5

8.5

0.0

25 20 15 10 05

3.0

4.5

5.5

6.0

6.5

7.0

8.0

9.0

9.5

0.0

1 (ppm)


Xingyu Jiang
3ea exists as a mixture of two rotomers (1.2:1 ratio, or 55:45 ratio)

Xingyu Jiang
S88


S89

6l 2cE—

A
96457
£8 19—

1GOLL
mm.mﬁ/
95'€2 1\
9,921~
82'82} 7
19'821

9,9€L—
oo.%ﬁ
6L°2hL

vIL6rL—

61891 —

9€ ¢l —

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S89


UO 0|
621
09°€1
XA
Ve
G2
X a
9L'Y1
9L'%1
LL Y
8LY
8LV
08V
8L°G
6.°G
18°G
€8'g
G8'g
91°L
91'L
LL'L
LV'L
8lL°L
8L
612
0c’L
0c’L
L.
R
¢c'L
9c’L
YAV
6S'.L
0e’.L
LeL
[ASWA
ce’L
Ge'L
9¢’L
LEL
LEL
LEL
G9°L
99°,
99/
L9,
89°L

99’8

Ga'8
mm.wW

S90

Lesg
Fesz

F20’ )

S0°g

¢6'0

FLOH

10

90°¢
00°¢

~oog

=00t

3.5

7.5

0.5

25 20 15 1.0

3.0

55 50 45 4.0
1 (ppm)

6.0

6.5

7.0

95 90 85 80

10.0


Xingyu Jiang
S90


S91

65 cv—
caov—
82°€a~\
OGS~

99'99
ow.mmv

mw.@:/
2szel
92'€2 1\
£6°921~
oL'8gl7
11821

v0'LEL—
wo.wm@
ge'gyl

€687 L —

ve89L—

84691 —

100 90
1 (ppm)

210 200 190

70 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S91


12°€
22'e
€2°¢
€2°E
v2 €
RORN
mm.mg
9€°€]
LEE
86°€
8€ €1
(0) 7%
1G°€E
1GE
2s'e
€G'¢
62V
0EV
ASRY
9SG
65
18'Y
1Y
28y
egvi  —
e
v8'v

eyt —
61°G7
LV
ANA
81°L1
8L/
1WA
02 L1
0¢ /1
¢c Ly
veL
9z'L
0g’L
2eL
cs
ee’L
Ve L
Ge'.L
19/
19/
89/
89/
69°L
0L'L
0L L
o ﬂ
6781
6’8
678
0G'8-
058’

S92

J115

/

/

/

r

* signals of trace amount of diastereomer of 3ga

=
OHﬁl\”
NI,,,... =
(A
N\ //

G0

* No
€0’

—= €0

S VLSPAS !

N

00

4.0

7.0

'L\.IKI'L‘I

10.0 95

0.C

0.5

25 20 15 10

3.0

3.5

55 5.0 45
1 (ppm)

6.0

6.5

80 75

8.5

9.0

the diastereomeric ratio was determined to be >20:1

=1¢

% 00

0.C

0.5

25 20 15 10

3.0

4.0

4.5

5.0
1 (ppm)

5.5

o1

8.0

6.5

7.0

7.5

8.5

9.0

10.0 95



Xingyu Jiang
* signals of trace amount of diastereomer of 3ga

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
the diastereomeric ratio was determined to be >20:1

Xingyu Jiang
S92


S93

9E ey —

66'€9—
LG 19—

69911
c¢g'ecl
Yrvcl
L0 Lcl
VI Lcl
JAE
8E'8¢l
ca'8¢l
9.'8¢1
68°9€1 ¢
9¢'8¢1
04°8€}
Ve Fvv\
00'6vL
V6'LS1—

19°0L1—

)

- NHBn
N

Ph"

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S93


9011
8011
911
8L
LS 11
gV
ec' 1
1424
Ge'v1
T4
8.1
8.1
6L 11
28’11

8’1
c8'Y
12 %
¥8'v
¢8'S
¢8'S
089
089
089
189
189
0L'Z
91°L
YA WA
L.
8lL°L
8lL°L
612
612
0c’L
0c’L
9¢'L
lc'L
YA
lc'L
8¢'L
8¢'L
0€'L
e L
ce'L
AW
gL
.
S A
ev'.L
ev'.L
¥9°L
¥9°L
G99,
99,
098
09’8
168
1G°8

S94

710}

=80}

50z

=10°¢

Fvoi

R
DO OLND
QooooQd
eSS e

=00’}

4.0

8.5

0.0 95

0.(

0.5

30 25 20 15 10

3.5

70 65 60 55 50 45
1 (ppm)

7.5

8.0

9.0


Xingyu Jiang
S94


S95

98'1G\
GL'gS
0v'€S”,
i8S

0'601~
98'GLL
cToll-
L'92)
wm.wmvw
€821
LL'8E L
0L 6EL
6,071

G8'eGl—
€ee9l—

6€°cLl—

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130 120 110

170


Xingyu Jiang
S95


* signals of trace amount of diastereomer of 3ia

T Y KN (N

T 10 T

LS pul N |

7.5

10.0 95

0.C

0.5

20 15 10

2.5

8.0

8.5

9.0

the diastereomeric ratio was determined to be 10:1

MMMT I JMM

0

oy

hl.

6.5

=
6.0

10.0 95

0.C

0.5

25 20 15 10

3.0

40 35

4.5

5.0
1 (ppm)

5.5

80 75 70

8.5

9.0


Xingyu Jiang
* signals of trace amount of diastereomer of 3ia

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
the diastereomeric ratio was determined to be 10:1

Xingyu Jiang
S96


S97

L LGN
9125~
G0vG”

cE€9lLl
ov'0cl
€8 vl
G6'9¢}
9/L°/Lc}
¢8'/Lcl
,0°8¢}
om.wm_.V
69'8¢1
L OE F\
mm.mmr\
9/.°8¢1
€8 Fvv\
geerl
66'991—

6L LL1—

110

120

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130

170


Xingyu Jiang
S97


6€°€1
99'V1
19V
19V
6911
6911
6911
€L
€LV
€LV
9/
9.1
YA %
6LV
08V
a8’V
916
816
69°G
LL'G
LL'G
€.L°G
€.°S
9c’/
9c’.
yXAA
STWA
9¢€'/
YASWA
YASWA
8¢’/
) VA
) VA
YA A
YA A
8.
6S° /L
68/,
092
092
19/
89/
69/,
69/
(YAVA
L.
L.
g8/,
g8/,
98'/
YA WA
YA A
ov'8
L7'8
cv'8
cv'8
€98
798

o e e e e e

S98

W

=80°C

se0't

Mgf

€0’

=90" |

FLO W

L
SO NL O
ceeecem
— A~ AN

8.0

0.C

0.5

40 35 30 25 20 15 10

4.5

/70 65 6.0 b5

7.5

95 90 85

0.0

1 (ppm)


Xingyu Jiang
S98


S99

69°/Lc—

09'09—
18 ¥G—

€L18—

v8'GLI
0L'0ct
80'Gcl
8.°9¢}
8v'Lcl
99'/¢l1
€18l
mv.wmrw
90'6¢t
Nm.mmr\
mm.mm_.\
0G°6€}
g6 Il\
geerl
Ge991—

78691 —

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S99


GO Iy
69 11
6911
6911
L P
L. P71

S100

VA
¢l ¥
€LY
€LV
9.V
9.1
9L'%1
2811
G0"G1
207G
QL °Gq

LL°G
TV
9¢'L
9¢'L
YA
LS.
Ge'L
Ge'L
9¢’L
9¢’L
8L
8E'L
YA
8Y'L
6L
6L
6y’ L
YA
YA A
8G°L
89,
G9°L
99/
9L
L9,
89/
89/
69/
0L,
0L,
LL L
¥8'L
v8'L
G8'L
98,
98,
Gv'8
Ly'8
LV'8
c9'8
€98

F

S

sl

[]

k ol

—80'6

mvo.v

H/No. H

oy

90l

FOO'

5.0
1 (ppm)

8.5

0.5

40 35 30 25 20 15 10

4.5

/75 70 65 60 bbb

8.0

9.0

9.5

0.0


Xingyu Jiang
S100


S101

¢l'8¢—

¢8'09—
Sy va—

I 18—

86°GLI
9.6l
G8'vcl
80°9¢}
91'/clt
ov'Lcl
¢l Lcl
mo.wNFW
LE'8¢CI
mm.mmr\
om.mmr\
eo'ovl
09 Fvv\
v0o'evi
€Lo9gL—

9€°0L1—

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S101


€€ I
8.1
€0°G1
G0'G1
G G
QLG
9141
91°G1

Y a)

S102

LF 3
81°G7
81°G1
81°G1
12°G1
12°G1
LSS
0€°G1
LE"G1
LE°G1

¢g’9
¢¢’9
2’9
2’9
689
169
/69
/6'9
869
869
002
¢l’L
ANWA
A WA
14 WA
14 WA
9c¢’L
8E'L
8E'L
6€°.L
6€°L
12 A
GG,
9G°L
9G°L
YA A

8G'/
89/
89/
69,
0L,
0L'L]
/2’8
wm.ﬂ
6281
62’8
GY'8

YA A
89°L

9’8’

r

/

Ry

[

*: signals of trace amount of ethyl acetate

| J_Jb{ln

m

=106

L O

AVNTE
Woo.v
FLO'H

EE0’ )

m%.o-

€02
“o0d
=00’}
=10
g0 I

=00
=10°t

8.5

0.0 95

40 35 30 25 20 15 10 05 00

4.5

5.5

6.0

6.5

/75 7.0

8.0

9.0

1 (ppm)


Xingyu Jiang
*: signals of trace amount of ethyl acetate

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
S102


S103

92'2a~\
16'25”

Sy €9—

Ph'

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S103


¢l
¢l
€LY
LY
14904
Sl
911
LS
¢c'
0297
L2 G
AAY
€2'q1
LE°G1

1E°G
2e'S
GE'S
GE'S
GE'S
22’9
229
199
69'9
00'Z
00'Z
10°L
102
20,
20,
€0'L
v0'L
v0'L
10°2
10°2
L0°L
80
80,
oL'Z
T
o'/
Rl
Lv'L
8t/
8t/
99/
99/
89/
89/
89/
69,
bLL]
V.l
9./
9L L1
2081
2081
£0°8

€08’

S104

*: signals of trace amount of diethyl ether

00"k

W@O.N

LO"

=10’ |
~60'}

0.5

25 20 15 10

3.0

4.0

4.5

1 (ppm)

8.5

9.0

9.5

10.0


Xingyu Jiang
*: signals of trace amount of diethyl ether

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
S104


S105

RN A
L0°LG—

6 LI —

NNNS/
66'L2)
¥8'82 |
86'LE L
20’ LI~
99°EYL
a4l
eyt

Q
=
622517 o
=)
86°0L1— 5 =
o
L2

160 150 140 130 120 1MO0 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

170

210 200 190 180



Xingyu Jiang
S105


OO0 OO S MA(
NoOoooOouuUTMOmMOMO®
00 00 00 0O 00 00 CO OO I~ I~ I
O
J1S J
OMe
/’

PR

|
* signals of trace amount of diastereomer of 3ma

|
|
qL I
P Lm H - ﬂv A JFL L — LLL
© © o ©
0D Q
8

15 10 05 0.0

50 45 40 35 30 25 20

the diastereomeric ratio was determined to be 10:1

e

(@ (o}
o N~
T T T T T T T T TV T [@)) T T T T T T T T T T T T T T T T T T T T T T T
50 45 40 35 30 25 20 15 10 05 00

90 85 80 75 70 65 6.0 55

0.0 95
1 (ppm)


Xingyu Jiang
* signals of trace amount of diastereomer of 3ma

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
the diastereomeric ratio was determined to be 10:1

Xingyu Jiang
S106


S107

I6°€L—

£6'1G—
06'€S5”
2S 19~

98911 —

mEN;
c€'82g k>
v.'821
66°LE 1\
60" LY L~
Al
exadl
E.miw
06° LGl

Y9691 —

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S107


(@Ne)!

& ®

0
S108

™
1.0

* signals of trace amount of diastereomer of 3na

G0't

o
4.0

=00

HW%
66

0.5

25 20 15

3.0

3.5

4.5

5.5

6.0

6.5

8.5

9.0

10.0 95

the diastereomeric ratio was determined to be 16:1

0.5

25 20 15 10

3.0

45 4.0

5.0
1 (ppm)

. T
65 6.0 55

7.0

7.5

8.5

9.0

10.0 95


Xingyu Jiang
* signals of trace amount of diastereomer of 3na

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
*

Xingyu Jiang
the diastereomeric ratio was determined to be 16:1

Xingyu Jiang
S108


S109

6l 1c—

€6°9E~
A

91'€9~
089G

€99 _,_./
91°'6 _,_./
mm.vN_./
@NNN_./
LE62CL~X
vm.mm_./
98'8C L\
€L'6ge _.N
LG'6E1L

6L 6V1—

0€°LG1—

G8°0L1—

Me

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -0

80

160 150 140 130 120 110

170


Xingyu Jiang
S109


LE'¢C
69°¢
¢6'c
9P
8L
8L
0¢ 11
IR 4
8411
wm.j
6LV
(S 4
6LV
18’V
18’V
28’V
28’V
c8'v

|
i
/

e

9/°G
9/°G

ONO OO
—r—— 0NN

o
9V

S110

=

Br
Me

FE0'g

=c0'gl

=v0°¢

FIOH

FLO'}

=40

FLO W

¥¢0'¢

~v0'e

=00’}

Fe0' |

=00’

0.0 95

36 30 25 20 15 10 05 00

4.0

4.5

5.5

6.0

85 80 75 70 65

9.0

1 (ppm)


Xingyu Jiang
S110


S111

82'lc—

68°GE~
0S°LE7

€824~
c0'99—

8L'LLL~
yG 6L~
S9' kgL
6S V2l

86'821”
¥2'8E 1\
SS6ELT
89'6E1

25671~
a6y’
66'9G1—

09691~
09°0LL"

o L

AcO

ol

—

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130 120 110

170


Xingyu Jiang
S111


82'C
892
68'C
121
A
A
S2
LGP
€S -

—

08t
08V
c8'Y
c8'v
€8'v
v8'v
v8'v
¥8'v
cl'S
V.S
V.S

o

o0}

<t
|

O
N~
L0

9/°G

0 I~
NI~

OANN O
QOO I~

DMMANM
OO NOCQQO MM
NNNNNNNNNN U0

e o\ 2 e

N
To)

8L°L
8L°L
08,
08’2

Lo
O
(o0}

Ga'8

S112

A

AcO

=e0'gy

=608

=c¢0'C

fo.r

FOoO't

@SN

FLO )

J%é

=€0'¢

@SF

%gd

FOO't

4.5

7.5

10.0 95

6.0 55 5.0 40 35 30 25 20 15 10 05 0
1 (ppm)

6.5

7.0

8.0

8.5

9.0


Xingyu Jiang
S112


S113

16°GE~
LG L8

V1€9~
LLGG

x4l
8811l
mm.tQ
v9'611

2L €21
eL€2l
62l
60°0€1
710l
G0'8El
€9°6€1
R ed!
06°711
L6671
08°'9G1
8129l
08°€91
901

69°EL
mw.m:/
X

e e e T

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S113


FL O
G621
XA
XA
XA
GS'v
€911
GG'v
08t
0811
08'¥
€8'Y
€8'v
€8'v
€8'v
G8'v
G8'v
69°'G
LL'G
bL'G
clL’S
€L°G
VLG
QLG
069
169
0L
0L
c0’.
€0,
€0,
v0'L
602
602
0L'Z
L
L
L
ve'L
9c¢'L
L.
8¢'L
€9,

mm.m%
6L,

6L,

182

9G'8
Nm.wv

S114

£

_—

=

=60°¢

=80°¢

oyl

=10}

HT.\mo.m.

EvO'

£86°0

»mo.v

GOk

65|
hgo'1

FOO'H

=v0’|

0.0 9.5

40 35 30 25 20 15 10 05 00

4.5

5.5

6.0

85 80 75 70 65

9.0

1 (ppm)


Xingyu Jiang
S114


S115

16°GE~
A WA

6,25~
88'9G—

LELLLy
29611
Py vehy
28921
65621~
SGZeL—
91'8EL~
L9'6ELT
18°0v |

6671 —

08991 —

SV 0LI—

Cl

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S115


mm.mg
9G°¢y
YA
6/.°¢h
*0h4
L0171
L0
607
mm.j
8E 11
140 %
79’y
140 %
.9V
89tV
89tV
89V
89V

—

0LY
GG'G

L9°G
69°9
69°9
09°'G
19°G
0L'Z
(A
L
[AWA
151 AVA
15 AVA
15 YA
14 WA
S
6€°L
ov'.L
v9'L
G9°L
99°L
99°,
AR
AR

S116

Cl

=

Fy0'g

Fy0'g

Hrmo. H

=10°t

HZuo.m

FOO'}

Ny

00t

/560

Feo't

0.0 95

40 35 30 25 20 15 10 05 00

4.5

6.0 b5

6.5

80 75 70

8.5

9.0

1 (ppm)


Xingyu Jiang
S116


S117

16°GE~
VAN

92'€9~
18°6G—

G9'LILL
cl'6lLL
ev'ect
120 %4"
g€c'acl
29'qcl
g9'acl
1962l
LE'8C I~
66821
oceclt
98°'/EL;
gL mmr\
S 9vL—
60°0G1~
199G~

V2 0Ll—

F3C

100 90
1 (ppm)

210 200 190

70 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S117


0L2—
S6'2—
62
o€
1S
£e'y
SS'v
85

6LV
08V
08'¥

£8'F
£8'Y
8y

98't
FN@/
2.6
€.'G
V.G
v/
E.&
9L/
8/°G

€'/
mﬁ/
25,
vmﬁ/

9G° L7
w@n\
082
08°L
¢8'L
¢8'L
89’8
898

L

S118

F,C

=

=v0'¢l

=80°¢

2501

=e0°}

J 66k

FGO' |

,0g

Mw@o

00°¢

" 660

EGO'L

.0 95

40 35 30 25 20 15 10 05 00

4.5

5.5

6.0

6.5

80 75 70

8.5

9.0

1 (ppm)


Xingyu Jiang
S118


S119

00°9€~
or'LE”

€2 e~
/18G5

228l
78611~
L6°€CL 7
LLveL,
26'82|

vNNmFM
€8'6C1

/89—
€209l —
02991~

06691 —

A

WWWWWWMWWWWMW

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130 120 110

170


Xingyu Jiang
S119


0L°¢

96°¢
14507
98|
9€ 11
1

8€v
14504
9911
0811
0811
I8V
14° 2%
142 %
14° 2%
98t
.8V
.8V
68’V
68’V
68’V
0.°S
LL'G
cl’S
€.L°S
€L'G
GL'S
GL'S
8v'L
6v'.L
0S°.
082
18"/
4 A
€8/,
L
L
8L
8L
8G'8
8G'8
6S'8
69'8

e e L [ N s

00 00 00 0O

N e

S120

e\

Br
OoN

—80°¢

—10°¢

=90 1|

=60

pdmmo. b

80|

50" 1}

=80°¢

=00}
=g0°q

=v6°0

3.0

7.5

0.5

20 15 1.0

2.5

60 55 50 45 40 35
1 (ppm)

6.5

7.0

90 85 80

9.5

0.0


Xingyu Jiang
S120


S121

82°9¢€~
99'28”

Gy’ 2a~
08'vS—

WA
S 6LL—
€962
Lvel’
LL62L7
P 8EL~
9v'6EL"
69°9¥ L~
128y~
80°0SG }

2L'SSL"

0€0L1—

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130 120 110

170


Xingyu Jiang
S121


S122

L

=G0'C

=10°¢g

FO0’}

= 7r
H/mvm

€0’

£66°0

F00°¢

=960

3.0

4.5

5.0
1 (ppm)

8.0

0.(

0.5

20 15 10

2.5

3.5

4.0

70 65 60 55

7.5

95 90 85

10.0


Xingyu Jiang
S122


S128

10°98—
65287
16°Sh—

68°'9G—

€6'601L—
60° LI
VS 6L~
88 74N
88'Gcl—

S9°LE1~
1G°6EI
vS'6€l
wm.mvv\
L6 6V}
G8'9G1—

00" HLI—

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S123


é8'¢
00°€
8LV
oc'v
0¢ 17
c¢c'v
V€11
VAYR &
811
78V
g8V
a8'v
a8'v
98t
98t
88’V
88’V
68t
vm.mg
G9°G1
99°GH
197G
£9°GA
69'G\
mm.m%
(Ae
€9
¥€9
¥€9
ge9
9c¢'L
6c’L
0g.L
0g.L
1494
1
Ggg’
6v'.L
LG,
9,7/
YVAVA
8.7/
8.7/
14K °]
¥9'8

LU

NN
e\

S124

A

A

M

i

~G0'g

—60°¢

=/0"H

=10}

=61

Feo |

=10l

00" I

e
¥6°0
H(o._.

20l

FOL'}

3.0

7.5

10.0 95

20 15 10 05 00

2.5

60 55 50 45 40 35
1 (ppm)

6.5

7.0

8.0

8.5

9.0


Xingyu Jiang
S124


S125

80°9€~
9G°LE”

098y —
16°9G—

v L _,_./
€9'6 4o\
ow.mmw/
m#.vmrw.
om._um_.\
16°9¢}

128617
85 6E 1

Sh'SvL”
166V
659G L~

c9'0LL—

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130 120 110

170


Xingyu Jiang
S125


mm.m;
00°€n
0517
SV
9811
VASH &
8911
0911
7811
7811
98t
98t
YASE 4
.8V
06t
06V
06t
0.°S
cl’S
cl’S
v.'S

|

I R A

v
N~

NNOOOANANANNOLW
NN D Ll
MNNNNNNOOOOOW LW

o
O L0

LLL
8L°L
6L,
6L,
ga'8
99’8

S126

=10'g

=v0'C

F2o’ I

=10°¢
=v6°0

=€0°L

=00°H

=v0'|

3.0

5.0
1 (ppm)

0.5

20 15 10

2.5

40 35

4.5

5.5

6.0

95 90 85 80 75 70 65

10.0


Xingyu Jiang
S126


€6°¢
1€
81" -
R a
R a
09'¥-
19"}
29't
LL'G
LL'G
LL'G
zist
ergi
eL's
eL's
9L'G
9L'G
91'G
909
109
80°9
60°9
0L'9
L9
219
299
299
299
299
v.'9
v.'9
G/'9
G/'9

c0'.
c0'L
€0,

€0'L
VASAN
mm”m\

G9°L
G9'L
99,

L9,
'8
Zu.wv

S127

,L.JJL 1

o~

~€0'9
=80'g

=90

260 |

=€0'g

Feo’}

~E0H

oL
/60

Ev0°L
=00'H

=c0’L

4.5

7.0

0.5

36 30 25 20 1.5 1.0

4.0

55 5.0
1 (ppm)

6.0

6.5

90 85 80 75

9.5

).0


Xingyu Jiang
S127


S128

81°9E~
bLLE

89 LY —
9€'9G9—

mv@:/
EE'6LL\
QE&FV
eevel
om.mmvw
29'921

G1'6€L7
12 '6E L
08 €Vl

68611~
8C'9G |~

G9°0L1—

100 90
1 (ppm)

210 200 190 180

/0 60 50 40 30 20 10 O -10

80

160 150 140 130 120 110

170


Xingyu Jiang
S128


o NOO T O M < ©

e QNN KO o o o oY%

N~ O O™ AN+~ © n N~NO

-— T YT T - Tp} <t Om

| NNSONGS NN/ | N/ S129

X ”'é\lMez
N
\_S

I Iwmmwwu WWWWWWWMWJWMWWMWWWWWWWWWWWW

210 200 190 180 170 160 150 140 130 120 1MO0 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)


Xingyu Jiang
S129


S130

@

“” “NMe,
- =

N

=

Br

e

\\‘

S

—€0°¢gl

—66'¢

2900t

~LOH

-+ 60

=601

=G0’}
00}

=30}

3.0

4.5

7.5

0.0

0.5

20 15 10

2.5

3.5

4.0

5.5

6.0

6.5

7.0

90 85 80

9.5

.0

1 (ppm)


Xingyu Jiang
S130


S131

0€8lI—

L0°9€~
cl'LE”

0€'09—
€L'eg—

0S' 9~
0€6L—
65 VS~
¢c’lel—
06°0€t"
v2'8E1~\
€e6elL "

08671 —
SL'/S1L—

(S VA S

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -10

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S131


9Y
99| 1
162
60°€
65 €1
65 €1
09°¢4
19°E
€9°€;
L
Sl
08'¥
18
18
18V
28 v
28 v
£8P
G8'v
G8'P
G8'P
A
A
ev'S
ev'S
Sy’
Gy’
9v'S
9v'G
9v'G
8v'S
6v°S
0S'S
Rege
1SS
1SS
2SS
€g’ ﬂ
€6°G
¥G'G
GGG
9G°g-
L/

mvm/
aL .

NEV
EN\
v,/

—

168
Fm.wv

S132

=

———

=90

=00°¢
=86°¢

FOoO't

=10}

=,0

Fg62

=v6°0

5.5

8.5

0.5

40 35 30 25 20 15 1.0

4.5

5.0
1 (ppm)

75 70 65 6.0

8.0

9.0

9.5

0.0


Xingyu Jiang
S132


S133

c¢a6l—

01'9E~
GL'LE7
€0cv”

0499—

0€°GH—
Gg6H—
8C'vel—

61~
8L 0V

8L6VI—
0L°LG)1—

€9 LLI—

100 90
1 (ppm)

210 200 190

/0 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S133


OL kI~
L
Y6°CH
10°€1
10°€1
80°€1
60°€1
60°€;
oL'E
L€
26
v6°€
SL'v
SL'v
9/'¥
LLY
8L'Y
8L'Y
08'¥
08'¥
08'¥
€8'Y
v8'v
v8'v
mv.m/
L¥'G

LY'G]
81'G
61'G
0S’ i
059G
2S's

ov'L
ov'.L
[AA

A A

€L’ L
€L,
|ZAVA

YAVA
1G'8
Fm.wv

—"I'll'

S134

-

=

=

=667

.0¢

Mmo._.

90°e

=10}

Fgog

FyO'L

=00t
=10k

F¥6°0

5.5

8.5

0.0 95

30 25 20 15 10 05 00

3.5

4.0

4.5

6.0

6.5

75 70

8.0

9.0

1 (ppm)


Xingyu Jiang
S134


S135

Wil—

c0'9¢€~
0L°LE~
88°0v”"

6999—

vLVvIL—
evell—
coOvel~

6G°6C 1~
oG Iy~

ve'6vl—
192G —

€9 LLI—

100 90
1 (ppm)

210 200 190

70 60 50 40 30 20 10 O -0

80

1770 160 150 140 130 120 110

180


Xingyu Jiang
S135


S136

i

—_—

=80'g

=00°¢
=G0

Fv0'L

Fe0'1|

=90°L

FEO0'H

=00t

7.5

0.C

0.5

40 35 30 25 20 15 1.0

4.5

6.0 bb

6.5

7.0

8.0

8.5

9.0

9.5

0.0

1 (ppm)


Xingyu Jiang
S136


	SI main text 2018-01-06
	2 X-ray data
	3ca pic
	3ca
	4ca pic
	4ca

	3 NMR
	1a-C
	1a-H
	1b-C
	1b-H
	1e-C
	1e-H
	1f-C
	1f-H
	1g-C
	1g-H
	1h-C
	1h-H
	1i-C
	1i-H
	1j-C
	1j-H
	1l-C
	1l-H
	2c-C
	2c-H
	2d-C
	2d-H
	2f-C
	2f-H
	2g-C
	2g-H
	2j-C
	2j-H
	3-1-aa-C
	3-1-aa-H
	3-1-aa-o-C
	3-1-aa-o-H
	3-1-ba-C
	3-1-ba-H
	3-1-ca-C
	3-1-ca-H
	3-1-ca-o-C
	3-1-ca-o-H
	3-1-da-C
	3-1-da-H
	3-1-da-o-C
	3-1-da-o-H
	3-1-ea-C
	3-1-ea-H
	3-1-fa-C
	3-1-fa-H
	3-1-ga-C
	3-1-ga-H
	3-1-ha-C
	3-1-ha-H
	3-1-ia-C
	3-1-ia-H
	3-1-ja-C
	3-1-ja-H
	3-1-ka-C
	3-1-ka-H
	3-1-ka-o-C
	3-1-ka-o-H
	3-1-la-C
	3-1-la-H
	3-1-ma-C
	3-1-ma-H
	3-1-na-C
	3-1-na-H
	3-2-ab-C
	3-2-ab-H
	3-2-ac-C
	3-2-ac-H
	3-2-ad-C
	3-2-ad-H
	3-2-ae-C
	3-2-ae-H
	3-2-af-C
	3-2-af-H
	3-2-ag-C
	3-2-ag-H
	3-2-ag-o-C
	3-2-ag-o-H
	3-2-ah-C
	3-2-ah-H
	3-2-ai-C
	3-2-ai-H
	3-2-ai-o-C
	3-2-ai-o-H
	3-2-aj-C
	3-2-aj-H
	3-2-ak-C
	3-2-ak-H
	3-2-al-C
	3-2-al-H
	3-2-al-o-C
	3-2-al-o-H


