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1. General information

Unless stated otherwise, all reactions were conducted in Schlenk tube under an inert atmosphere of
dry Na2. All reactions that required heating were proceeded in oil bath. Commercially obtained reagents
were used without purification. Reaction starting materials and ligands were prepared as depicted in the
literature. *H, *3C, °F NMR pectra were recorded on a Bruker AVANCE 400 (400 MHz for *H; 101 MHz
for 3C; 376 MHz for 1°F) or Bruker AVANCE 500 (500 MHz for H; 126 MHz for C; 471 MHz for
F). IH NMR and 3C NMR chemical shifts were determined relative to internal standard TMS at § 0.0
and 6 77.16. Chemical shifts (9) are reported in ppm, and coupling constants (J) are in Hertz (Hz). The
following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad. Infrared (IR) spectra are recorded on a Nicolet 210 spectrophotometer
and were recorded in potassium bromide (KBr) pellet. Mass spectra (HRMS) were obtained using ESI
mass spectrometer. Melting points were determined using a hot stage apparatus. Diastereotopic ratios
was determined by *H NMR. Enantiomeric ratios were determined by HPLC, using a chiralcel OD-H or
INA and INC column with hexane and i-PrOH as solvents.



2. The synthesis of ligands and optimization of reaction conditions

2.1 The synthesis of ligands Cn-ACBP L5-L7
The synthesis of ligands L5-L7 were prepared according to the literature previously reported by Zhou
and coworkers.!!!
(R4,S,S)-C2-ACBP (L5)
Known compound.[! 25% yield, white solid, m.p. = 193.8-195.7 <, [a]3' =-122(c 0.60,

o o) CHCl), Ri=0.10 (ethyl acetate). *H NMR (500 MHz, CDCI3) 8 8.58 (d, J = 4.1 Hz, 2H),
ﬂ 7.46 (dd, J = 8.1, 1.2 Hz, 2H), 7.34 (dd, J = 8.1, 4.6 Hz, 2H), 3.98 — 3.92 (m, 2H), 1.42 (d,
O¢ N
< J =509 Hz 6H). 3C NMR (126 MHz, CDCls) & 155.3, 149.5, 146.1, 130.1, 124.9, 85.2,
19.0.

(Ra,S,S)-C3-ACBP (L6)
2N Known compound.! 51% yield, white solid, m.p. = 204.7-204.9 T, [«]3' =-392 (c
oY N 0.72, CH.Cly), Ri= 0.10 (ethyl acetate). *H NMR (500 MHz, CDCls) 5 8.46 (d, J = 4.1
N Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.31 — 7.25 (m, 2H), 4.68 — 4.58 (m, 2H), 1.98 — 1.93
(m, 2H), 1.43 (d, J = 6.5 Hz, 6H). °C NMR (126 MHz, CDCl3) 5 154.1, 149.5, 144.4,
124.9,123.9, 75.7, 41.8, 22.7.
(Ra,S,S)-C4-ACBP (L7)
P Known compound.[117% yield, white solid, m.p. = 205.2-205.3 <C, [a]3' =-306 (c 0.48,
N CH:Cl,), Re=0.10 (ethyl acetate). 'H NMR (500 MHz, CDCly) 5 8.38 (d, J = 3.2 Hz, 2H),

\(}m\\\“

~
N

: [¢)
qo A 7.32-7.27 (M, 4H), 4.38 — 4.31 (M, 2H), 1.90 — 1.83 (m, 2H), 1.80 — 1.72 (m, 2H), 1.42
N (d, J=6.3Hz, 6H). 3C NMR (126 MHz, CDCls) 5 154.2, 146.6, 142.3, 123.9, 120.6, 80.6,
36.3, 22.5.

z
|

(Sa,R,R)-C3-ACBP L6 was synthesized identically to (Rs,S,S)-C3-ACBP L6.
%o
\ (0]
2H), 7.42 (d, J = 8.2 Hz, 2H), 7.31 — 7.26 (m, 2H), 4.66 — 4.59 (m, 2H), 1.98 — 1.92 (m,

(Sa,R,R)-C3-ACBP (L6)
N Known compound.™™ 56% yield, white solid, m.p. = 203.8-204.2 T, [a]3' =368 (c 0.64,
7" CH:Cla), Ri=0.10 (ethyl acetate). 'H NMR (500 MHz, CDCle-d) & 846 (d, J = 3.9 Hz,
2H), 1.42 (d, J = 6.5 Hz, 6H). 3C NMR (126 MHz, CDCls) § 154.0, 149.4, 144.3, 124.8, 123.8, 75.6,
41.7, 22.6.



2.2 Condition optimization of enantioselective C(sp®)-H insertion reaction
Table S2-1. The screening for the enantioselective C(sp®)-H insertion reaction of 1af®

Ph

Ph
N [Pd] (10 mol%), L (12 mol%), 'z_D P:Z_D
2 > +
NaBArF (24 mol%), rt, solvent, 12h Ph Ph

Ph" N N N
'i's Ts Ts
1a trans-2a cis-2a
ee ee
entry cat. ligand solvent trans:cis yield [trans] [cis]
1 Pd(PhCN)Cl, L1 toluene 1:15.7 66% -2% 10%
2 Pd(PhCN),Cl» L2 toluene 1:7.3 44% 1% -2%
3 Pd(PhCN)Cl, L3 toluene 1:7.3 58% 15%  -4%
4 Pd(PhCN),Cl> L4 toluene 1:9.0 67% 3%  -11%
5 Pd(PhCN),Cl> L5 toluene 1:5.7 54% 28% 0
6 Pd(PhCN),Cl> L6 toluene 1.2:1 66% 93%  -8%
7 Pd(PhCN),Cl> L7 toluene 1:3.8 41% 63%  -7%
8 Pd(PhCN),Cl> L8 toluene 1:9.0 66% 8% -2%
9 Pd(PhCN),Cl> L9 toluene 1:15.7 47% 8%  -17%
10 Pd(PhCN),Cl> L10 toluene 1:13.3 30% 35%  23%
11 Pd(PhCN),Cl> L11 toluene 1:8.1 41% 5% 2%
12 Pd(PhCN),Cl> L12 toluene 1:8.1 53% 9% -1%
13 Pd(PhCN),Cl» L13 toluene 1:35 16% 58%  -6%
14 Pd(PhCN),Cl> L14 toluene 1:53 61% 71%  -44%
15 Pd(PhCN),Cl» L15 toluene 1:13.3 14% 10%  35%
16 Pd(PhCN),Cl, L16 toluene 1:9.0 21% -49%  -4%
17 Pd(PhCN),Cl, L17 toluene 1:7.3 32% -31% -12%
18 Pd(PhCN),Cl, L18 toluene 1:11.5 44% 3% -4%
19 Pd(PhCN),Cl» L19 toluene 1:115 8% 34%  -13%
20 Pd(PhCN),Cl, L20 toluene 1:10.1 50% -24 10%
21 Pd(PhCN),Cl» L21 toluene - trace - -
22 Pd(PhCN),Cl» L22 toluene 1:10.1 9% 3% -3%
23 Pd(PhCN),Cl» L23 toluene 1:3.2 47% 7% -13%
24 Pd(PhCN),Cl» L24 toluene 1:8.1 16% 7%  -10%
25 Pd(PhCN),Cl» L25 toluene 1:115 15% -6% -4%
26 Pd(PhCN),Cl» L6 DCE 1.7:1 71% 88%  -2%
27 Pd(PhCN),Cl, L6 DCM 1:1.2 59% 82%  -5%
28 Pd(PhCN),Cl, L6 CHClI; 1:115 69% 5% 20%
29 Pd(PhCN),Cl, L6 PhCF3 1.6:1 63% 93%  -9%
30 Pd(PhCN),Cl, L6 PhF 1:6.1 35% 20%  -3%
31 Pd(PhCN),Cl, L6 mesitylene 1:5.3 66% 67% -19%
32 Pd(PhCN),Cl, L6 PhCI 1:1.2 14% 88%  -3%
33 Pd(PPhs)4 L6 PhCF3 1:8.1 41% 16%  48%
34 Pdz(dba)s L6 PhCF3 1:10.1 84% -13% 2%



35 Pd(cod)Cl: L6
36 Pd(PPhs).Cl> L6
37 PdCl; L6
38 [Pd(allyl)Cl]2 L6
39 PdBr. L6

40 PA(CH:CN)Cl, L6
41 Pd(CH3CN)2Cl> L1
42 Pd(CH3CN):Cl> L2
43 Pd(CH3CN).Cl. L3
44 Pd(CH3CN).Cl. L4
45  PA(CH:CN)Cl, L5
46 Pd(CH3CN)2Cl L7
4710 Pd(CH3CN).Cl; L6

PhCF3
PhCF3
PhCF3
PhCF3
PhCF3
PhCF;
PhCF3
PhCF3
PhCF3
PhCF3
PhCF;
PhCF3
PhCF3

1:2.3
1:2.7
1.7:1
1:4.0
1:2.2
5.2:1
1:3.0
1:2.4
1:6.7
1:.8.1
7.3:1
2.8:1
1:2.1

49%
17%
46%
58%
57%
73%
69%
62%
58%
76%
65%
57%
19%

79%
6%
85%
32%
0
94%
-12%
-1%
4%
5%
95%
91%
4%

-44%
42%
-10%
-2%
2%
-21%
8%
6%
-3%
20%
-12%
-19%
-2%

[a]1la was prepared in situ through the oxidization of hydrazone S1a’ by MnO; (8.0 eq) and filtered followed by concentration; 1a

(0.1 mmol), [1a] = 0.033 M, rt; The yield was isolated yield; The ee values of 2a were determined by HPLC using chiral stationary

phase; The ratio of cis/trans was determined by *H NMR spectrum of the crude reaction mixture. [b] The reaction was conducted

for four days without NaBAr".

R L1:R=Bn
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Table S2-2. The screening for the enantioselective C(sp’)-H insertion reaction of enynone 3al?

entry
1

© 00 N O O b~ WDN

NN NN NN R R R R R B B B B
o s WNRP O O 0 N 0o b WNPFP O

27

O

[Pd] (10 mol%), 7o
L(11 mol%) =
solvent 60 °C,12h
Ph N

cis/trans > 99:1

= /|
o N AN (‘:o N Pho
o
" ~
L1R Bn R O N S: g i \. \;;
L2: R=j-Pr
L3:R=tBu

A\
z

L4: R=Ph L6 L7
cat. (mol %) add. (0.22 eq) ligand solvent yield ee
Pd(PhCN).Cl; NaBArF L1 toluene 82% 89%
Pd(PhCN).Cl; NaBArF L2 toluene 86% 24%
Pd(PhCN)Cl; NaBAr" L3 toluene 90% 0
Pd(PhCN).Cl; NaBAr" L4 toluene 89% 39%
Pd(PhCN).Cl; NaBAr" L5 toluene 47% 10%
Pd(PhCN)Cl; NaBAr" L6 toluene 37% 3%
Pd(PhCN)Cl; NaBAr" L7 toluene 51% 4%
Pd(PhCN)Cl; NaBAr" L8 toluene 90% 0
Pd(PhCN)Cl; NaBAr" L9 toluene 2% 7%
Pd(dba). NaBAr" L1 toluene 0 -
Pd(PPhs)4 NaBAr" L1 toluene 20% 0
PdCl; NaBAr" L1 toluene 90% 10%
PdClx(cod) NaBAr" L1 toluene 84% 66%
Pd(CH3CN).Cl; NaBAr" L1 toluene 87% 30%
Pd(PhCN).Cl; - L1 toluene 85% 7%
Pd(PhCN).Cl; NaBAr" L1 DCE 76% 20%
Pd(PhCN).Cl; NaBAr" L1 CHCIs 44% 55%
Pd(PhCN).Cl; NaBAr" L1 DCM 76% 11%
Pd(PhCN).Cl; NaBAr" L1 THF 83% 53%
Pd(PhCN).Cl; NaBAr" L1 PhCF; 61% 20%
Pd(CHsCN).Cl> NaBAr" L1 PhCF; 63% 8%
Pd(CHsCN).Cl> NaBAr" L2 PhCF; 79% 5%
Pd(CHsCN).Cl> NaBAr" L3 PhCF; 73% 1%
Pd(CHsCN).Cl> NaBAr" L4 PhCF; 69% 14%
Pd(CHsCN).Cl> NaBAr" L5 PhCF; 43% 3%
Pd(CHsCN),Cl> NaBAr" L6 PhCF; 43% 5%
Pd(CH3CN),Cl> NaBAr" L7 PhCF; 42% 3%

[a] 3a (0.1 mmol), [3a] = 0.2 M, 60°C; The yield was isolated yield; The ee values of 4a were determined by HPLC using chiral

stationary phase; The ratio of cis/trans was determined by *H NMR spectrum of the crude reaction mixture.



3. General procedure for preparation of hydrazones and diazo

compounds

Typical procedure for formation of 2-aminobenzophenones (precursor of S1w’&S1x°)?!

A Schlenk tube was charged with 2-aminobenzonitrile (1.0 equiv.), arylboronic acids (2.0 equiv.),
Pd(TFA)2 (5 mol%), 5,5'-dimethyl-2,2'-dipyridyl (7.5 mol%), MsOH (10.0 equiv.) THF: H,0=2:1 (0.5
M) at room temperature. The reaction mixture was stirred vigorously at 80 °C for 24-36 h. The mixture
was poured into ethyl acetate, which was washed with saturated NaHCO3 and then brine. After the
aqueous layer was extracted with ethyl acetate, the combined organic layers were dried over anhydrous
Na,SO4 and evaporated in vacuo. The residue was purified by flash column chromatography to yield the
desired products.

Typical procedure for acetylation of 2-aminobenzophenones (precursor of Slaa’)

To a solution of 2-aminobenzophenones (1.0 equiv.) and EtsN (2.2 equiv.) in DCM (0.5 M) at 0°C
under nitrogen was added Ac,0 (1.2 equiv.) dropwise. The resulting mixture was allowed to warm up to
room temperature and stirred until the reaction was completed by TLC. Water was added and the organic
phase was separated. Aqueous phase was extracted with DCM twice. The combined organic phase was
washed with brine, dried over MgSQy, filtered and concentrated under reduced pressure. Purification of
the crude product by flash column chromatography to vyield the desired acetylated 2-
aminobenzophenones.

Typical procedure for sulfonylation of 2-aminobenzophenones or 2-aminoacetophenone

To a solution of 2-aminobenzophenones or 2-aminoacetophenone (1.0 equiv.) in DCM (0.5M) at
0 °C was added pyridine (1.5 equiv.) and tosyl chloride or methanesulfonyl chloride (1.5 equiv.). The
reaction was allowed to come to room temperature while stirring overnight. Water was added to the
reaction and the layers were separated. The organic layer was washed with water and brine, then dried
over NaySOy, filtered and concentrated in vacuo, and purified by flash column chromatography to yield
the desired sulfonylated products.

Typical procedure for benzylation or alkylation of amides

To a flame-dried flask was added the sulfonylated or acetylated 2-aminobenzophenones (1.0 equiv.),
anhydrous K>COj or Cs>CO3 (2.5 equiv.) and anhydrous acetonitrile (0.5 M). The desired benzyl bromide
or alkyl bromide (1.5 equiv) was added dropwise and the reaction was heated to ranging 60°C from 80°C
overnight. The K,COs or Cs,CO3 was removed by filtraltion and washed with ethyl acetate twice. Then
the acetonitrile in filtrate was removed in vacuo. The residue was dissolved in ethyl acetate and washed
with H>O and brine. The organic layer was dried over Na,SOy, filtered, and concentrated in vacuo, and
purified by flash column chromatography to yield the desired benzylated or alkylated amides S1a-Sly,
Slaa-Slab.

Typical procedure for dibenzylation of 2-aminobenzophenones

To a flame-dried flask was added the 2-aminobenzophenone (1.0 equiv.), anhydrous K>COs (5.0
equiv.) and anhydrous acetonitrile (0.5 M). Benzyl bromide (3.0 equiv) was added dropwise and the
reaction was heated to 80°C overnight. The K,CO3 was removed by filtraltion and washed with ethyl
acetate twice. Then the solvent in filtrate was removed in vacuo and the residue was purified by flash
column chromatography to yield the desired dibenzylated amine S1ac as bright yellow oil.

Typical procedure for formation of hydrazones!”
To a flame-dried flask was added anhydrous 1-butanol or ethanol (0.5 M) along with the desired
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both amidated and benzylated or alkylated S1a-S1y, Slaa-Slab as well as dibenzylated Slac. (1.0
equiv.). Glacial acetic acid (0.5 to 2.0 equiv.) was added followed by hydrazine hydrate (5.0 to 10.0
equiv.), and the reaction was heated to 100-120°C reflux for 18-120 h upon completion by TLC. The
residue was dissolved in ethyl acetate and washed with H,O and brine. The organic layer was dried over
Na,SOy, filtered, and concentrated in vacuo, and purified by flash column chromatography to yield the
desired hydrazones S1a’-S1y’. Most notably, if ethanol was used, removing in vacuo was required first.
Note: Hydrazones were often isolated as a mixture of E/Z isomers or were used without further
purification. Therefore, 'H NMR and 3C NMR peaks have been reported only for major isomer of
hydrazones (slightly larger Ryvalue, major isomer). However, due to obataining an inseparable mixture
of two isomers, NMR spectrogram of S1aa were characterized in the form of mixed spectrum.
Compound Sla: 99% yield, white solid, m.p. = 105.4-107.0 <C, R; = 0.5 (petroleum
(P T ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCls) § 7.60 (d, J = 7.4 Hz, 2H),
i\ 7.53(t,J=7.4Hz,1H), 7.45 (d, J = 8.2 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.30 - 7.23
O O (m, 5H), 7.22 — 7.18 (m, 3H), 6.97 (d, J = 8.1 Hz, 2H), 6.94 — 6.90 (m, 1H), 4.96 (s,
2H), 2.21 (s, 3H). C NMR (126 MHz, CDCls) § 195.1, 143.3, 139.6, 137.0, 136.9,
136.8, 136.1, 133.0, 133.0, 130.7, 130.6, 130.2, 129.9, 129.3, 128.3, 128.1, 127.9, 127.8, 127.4, 56.8,
21.5. IR (KBr, cm) 3062, 3031, 1668, 1597, 1489, 1448, 1343, 1289, 1264, 1215, 1160, 1092, 1055,
932, 860, 814, 733, 703, 657, 562. HRMS (ESI) Calcd for C27H23NNaOsS (M+Na)* 464.1291, found
464.1283.

«105 |+ES| Scan (0.524 min) Frag=175.0v 20191230-LwD-1.4

7 -

4641283

1 437.2346 481.2606 525.2865
(- i [ e . | ||.. 1. 5DDI‘I.BSII’ P ||. 5 5:13:.2548.I

410 420 430 440 450 460 470 480 480 500 510 520 530 540 550 560
Counts vs. Mass-to-Charge (miz)

Compound S1b: 90% yield, white solid, m.p. = 148.1-149.5 <C, R; = 0.5 (petroleum
ether: ethyl acetate = 5:1). 'H NMR (400 MHz, CDCls) § 7.59 (d, J = 7.8 Hz, 2H),
Ts 1.53(t,J=7.4Hz, 1H), 7.47 (d, J=7.9 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.31 - 7.24
‘)‘\‘ (m, 3H), 7.10 (d, J = 7.6 Hz, 2H), 7.03 - 6.91 (m, 5H), 4.90 (s, 2H), 2.26 (s, 3H), 2.22
O O (s, 3H). *C NMR (101 MHz, CDCl3) § 195.0, 143.2, 139.7, 137.5, 137.1, 137.0,
136.9, 133.00, 132.96, 132.9, 130.7, 130.7, 130.2, 129.8, 129.3, 129.0, 128.0, 127.9, 127.4, 56.6, 21.5,
21.3. IR (KBr, cm™*) 3059, 3029, 2923, 1669, 1596, 1487, 1447, 1344, 1290, 1264, 1160, 1092, 1057,

932, 863, 814, 765, 704, 657, 576, 547. HRMS (ESI) Calcd for C2sH2sNO3S (M+H)* 456.1628, found
456.1630.




x10 3 |+ESI Scan (0.661 min) Frag=175.0V 20191230-LWD-27.d

1.64

45613 45614 45615 45615 45617 45618 45619 4562 45621 45622 45623 45624
Counts vs. Mass-to-Charge (miz)

iPr Compound Slc: 97% vyield, white solid, m.p. = 107.5-108.5 <C, R; = 0.5 (petroleum

ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCls) § 7.61 (d, J = 7.9 Hz, 2H), 7.52

(t,J=7.4Hz, 1H), 7.43 (d, J=8.1 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.31 - 7.24 (m, 3H),

70 7.15(d, J=7.9 Hz, 2H), 7.05 (d, J = 7.9 Hz, 2H), 6.99 — 6.91 (m, 3H), 4.92 (s, 2H), 2.83
(hept, J = 6.8 Hz, 1H), 2.20 (s, 3H), 1.19 (d, J = 7.0 Hz, 6H). *C NMR (126 MHz,
CDCIs) 6 195.1, 1484, 143.1, 139.6, 137.3, 137.0, 136.9, 133.5, 133.0, 132.9, 130.7,

130.6, 130.2, 129.8, 129.3, 128.0, 127.9, 127.4, 126.3, 56.7, 33.8, 24.0, 21.5. IR (KBr, cm™) 3060, 2961,

2871, 1669, 1597, 1487, 1447, 1344, 1289, 1264, 1160, 1092, 1058, 932, 864, 815, 765, 733, 705, 657,
575, 548. HRMS (ESI) Calcd for C3H3NO3S (M+H)* 484.1941, found 484.1937.

x10 % |+ESI Scan (1.958 min) Frag=175.0v 20201101-LwD31.d

4841337

44
3_
2_
48419 484192 484194 484196 484188 4842 484202 484204 484206 484208
Counts vs. Mass-to-Charge (miz)
B Compound S1d: 99% yield, white solid, m.p. = 125.4-127.4 °C, Rr= 0.6 (petroleum
_Bu «

ether: ethyl acetate = 5:1). 'H NMR (400 MHz, CDCls) & 7.66 (d, J = 7.8 Hz, 2H),

7.57 (t,J=7.3 Hz, 1H), 7.47 (d, J= 7.9 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.37 — 7.30

o >N (m, 3H), 7.30 — 7.17 (m, 4H), 7.06 — 7.01 (m, 1H), 6.99 (d, J = 7.9 Hz, 2H), 4.97 (s,

2H), 2.24 (s, 3H), 1.31 (s, 9H). 3C NMR (101 MHz, CDCl;) & 195.1, 150.7, 143.1,

139.5, 137.3, 137.0, 136.9, 133.1, 133.0, 132.9, 130.7, 130.6, 130.2, 129.4, 129.2,

128.1, 127.9, 127.4, 125.2, 56.6, 34.5, 31.4, 21.5. IR (KBr, cm™®) 3062, 2961, 2868, 1669, 1596, 1485,

1446, 1402, 1344, 1289, 1264, 1160, 1092, 1060, 931, 863, 812, 704, 652, 573, 548. HRMS (ESI) Calcd
for C31H31NNaOsS (M+Na)* 520.1917, found 520.1911.
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x10 % |+ESI Scan (0.502 min) Frag=175.0V 20200102-LWD-18.d

5.5
5
4.5
4
3.54
3
2.5
7
1.54
14

520,151

. 266

[

0.57 | 5252888 536.1646 543

-

504 506 50E 510 512 514 516 518 520 522 524 526 528 530 532 534 535 538 540 542 544 545 543 550 552 554
Counts vs. Mass-to-Charge (miz)

Ph Compund Sle: 99% yield, white solid, m.p. = 146.9-148.7 <C, R = 0.4 (petroleum
ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCls) § 7.60 (d, J = 7.3 Hz, 2H),
7.55 - 7.50 (m, 3H), 7.48 (d, J = 8.2 Hz, 2H), 7.45 — 7.38 (m, 4H), 7.37 — 7.26 (m,
8H), 7.05 — 7.00 (m, 1H), 6.97 (d, J = 8.0 Hz, 2H), 4.99 (s, 2H), 2.21 (s, 3H). 1°C

NMR (126 MHz, CDCls) 6 195.1, 143.3, 140.7, 140.6, 139.6, 137.2, 137.0, 136.8,
135.2, 133.0, 130.8, 130.6, 130.3, 130.2, 129.4, 128.8, 128.1, 127.9, 127.5, 127 .4,

127.1, 127.0, 56.6, 21.5. IR (KBr, cm) 3060, 3031, 2924, 1669, 1597, 1487, 1447, 1408, 1345, 1290,

1265, 1160, 1092, 1058, 932, 864, 762, 735, 702, 657, 568, 546. HRMS (ESI) Calcd for C33H2sNO3S
(M+H)* 518.1785, found 518.1785.

x10 % |+ESI Scan (1.738 min) Frag=175.0V 20201101-LWwD25.d

2.5 5181785
2,254

1.754
154
1.254
14
0.754
051
0.254

518.145 51815 512.155 51816 518.165 51217 518175 51818 512125 5113 512195 5182 518205 51821
Counts vs. Mass-to-Charge (miz)

A Compound S1f: 66% yield, white solid, m.p. = 118.3-120.3 <C, R = 0.5 (petroleum
ether: ethyl acetate = 5:1). 'H NMR (400 MHz, CDCl3) 6 7.58 (d, J = 7.5 Hz, 2H), 7.52

(t, J=7.4 Hz, 1H), 7.46 (d, J = 8.1 Hz, 2H), 7.34 (t, J = 7.7 Hz, 2H), 7.30 — 7.27 (m,

o N 2H), 7.25-7.15 (m, 5H), 7.01 - 6.92 (m, 3H), 6.63 (dd, J = 17.6, 10.9 Hz, 1H), 5.68 (d,

J =17.6 Hz, 1H), 5.20 (d, J = 10.9 Hz, 1H), 4.93 (s, 2H), 2.21 (s, 3H). *C NMR (101
MHz, CDCls) 6 195.0, 143.3, 139.6, 137.1, 137.0, 136.9, 136.7, 136.6, 135.7, 132.9,

132.9, 130.7, 130.6, 130.2, 130.0, 129.3, 128.1, 127.9, 127.5, 126.2, 114.0, 56.5, 21.5. IR (KBr, cm™)

3060, 1669, 1596, 1487, 1447, 1344, 1289, 1264, 1216, 1160, 1092, 1058, 931, 863, 816, 735, 704, 657,
575, 547. HRMS (ESI) Calcd for C3gH2sNNaOsS (M+Na)* 490.1447, found 490.1445.
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x102 |+ESI Scan (0.443 min) Frag=175.0V 20201101-LWD47 d

490, 1445
420,144,

OMe

490,142 490,144 430,146 430,148 430,15 480,152 490,154 430,156 '
Counts vs. Mass-to-Charge (miz)

Compound S1g: 99% vyield, white solid, m.p. = 110.2-112.4 <C, Rt = 0.2 (petroleum
ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCls) § 7.59 (d, J = 7.2 Hz, 2H), 7.53
(t, J=7.4 Hz, 1H), 7.46 (d, J = 8.2 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.31 - 7.26 (m,
3H), 7.13 (d, J = 8.6 Hz, 2H), 6.98 (d, J = 8.0 Hz, 2H), 6.94 — 6.89 (m, 1H), 6.71 (d, J
= 8.6 Hz, 2H), 4.88 (s, 2H), 3.73 (s, 3H), 2.22 (s, 3H). *C NMR (101 MHz, CDCl3) &
195.1, 159.3, 143.2, 139.7, 136.97, 136.96, 136.9, 133.0, 132.9, 131.2, 130.6, 130.1,

129.3, 128.2, 128.1, 127.9, 127.4, 113.6, 56.3, 55.2, 21.5. IR (KBr, cm™) 3061, 2956, 2837, 1669, 1596,
1514, 1447, 1343, 1288, 1250, 1159, 1092, 1034, 932, 864, 816, 762, 735, 704, 657, 576, 548. HRMS
(ESI) Calcd for CogHosNO4S (M+H)* 472.1577, found 472.1579.

x10 % |+ESI Scan (1.436 min) Frag=175.0V 20201101-LwD43.d

0.8+

0.6+

0.4+

0.2

4721579

SMe

472154 472156 472158 47216 472162 472184 472166 472168 47217 472172

Counts vs. Mass-to-Charge (m/z)
Compound S1h: 99% vyield, white solid, m.p. = 109.8-111.9 <C, Rt = 0.3 (petroleum
ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCl3)) 8 7.58 (d, J = 7.4 Hz, 2H), 7.53
(t,J=7.4Hz, 1H), 7.45(d, J=8.2 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.32 - 7.26 (m, 3H),
7.15(d, J=8.2 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 7.01 - 6.91 (m, 3H), 4.89 (s, 2H), 2.41
(s, 3H), 2.21 (s, 3H). 3C NMR (101 MHz, CDCl3) & 195.0, 143.3, 139.6, 138.1, 137.0,
136.9, 136.7, 133.0, 132.9, 132.8, 130.7, 130.6, 130.3, 130.2, 129.3, 128.0, 127.9, 127.5,

126.2, 56.4, 21.5, 15.6. IR (KBr, cm™) 3060, 2921, 1668, 1597, 1490, 1445, 1344, 1289, 1264, 1160,
1092, 1055, 932, 863, 812, 767, 735, 704, 657, 572, 546. HRMS (ESI) Calcd for C2sH26NO;3S o(M+H)*
488.1349, found 488.1346.
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x10 % |+ESI Scan (1.745 min) Frag=175.0V 20201101-LWwD45.d

-
48

o

1348

O‘

488125 48813 438135 48814 488145 48815 4BS155 48216 488165 48817 488175 48813

Counts vs. Mass-to-Charge (miz)

Compound S1i: 99% yield, white solid, m.p. =132.2-133.4 <C, Rt= 0.4 (petroleum ether:
ethyl acetate = 5:1). *H NMR (400 MHz, CDCls) § 7.78 — 7.71 (m, 1H), 7.71 — 7.63 (m,
2H), 7.57 (d, J = 8.3 Hz, 3H), 7.54 — 7.44 (m, 4H), 7.44 — 7.37 (m, 2H), 7.30 (t, J = 7.7
Hz, 2H), 7.28 — 7.17 (m, 3H), 7.02 — 6.91 (m, 3H), 5.11 (s, 2H), 2.20 (s, 3H). 3C NMR
(101 MHz, CDCls) & 195.1, 143.3, 139.6, 137.1, 136.9, 136.8, 133.6, 133.2, 132.98,
132.95, 132.9, 130.8, 130.6, 130.2, 129.4, 128.9, 128.1, 128.00, 127.96, 127.96, 127.7,

127.5, 127.5, 126.04, 126.01, 57.0, 21.5. IR (KBr, cm™) 3059, 1668, 1597, 1487, 1447, 1400, 1344,
1289, 1264, 1160, 1092, 1066, 933, 896, 859, 817, 759, 734, 705, 660, 575, 547, 476. HRMS (ESI)
Calcd for C31H26NOsS (M+H)* 492.1628, found 492.1629.

x102 |+ESI Scan (1.123 min) Frag=175.0V 20191230-LWD-24.d

0.5

4521629

432156 432.158 49216 492162 492164 492166 492168 48217 492172 492174 492176 492178 49218

Counts vs. Mass-to-Charge (m/z)
Compound S1j: 65% yield, white solid, m.p. = 117.7-118.7 <C, Rs = 0.5 (petroleum
ether: ethyl acetate = 5:1). 'H NMR (400 MHz, CDCl3) § 7.59 (d, J = 7.8 Hz, 2H), 7.54
(t, J=7.4 Hz, 1H), 7.44 (d, J = 7.9 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 7.32 — 7.20 (m,
5H), 6.97 (d, J=7.9 Hz, 2H), 6.94 — 6.83 (m, 3H), 4.92 (s, 2H), 2.21 (s, 3H). *°F NMR
(376 MHz, CDCl3) § -114.39. °C NMR (101 MHz, CDCl3) § 195.0, 162.4 (d, J = 246.1
Hz), 143.4, 139.6, 136.8, 136.5, 133.0, 132.8, 131.9 (d, J = 3.2 Hz), 131.6 (d, J = 8.2

Hz), 130.7, 130.6, 130.2, 129.4, 128.1, 127.8, 127.5, 115.2 (d, J = 21.3 Hz), 56.0, 21.5. IR (KBr, cm™)
3065, 1669, 1599, 1510, 1446, 1345, 1289, 1264, 1223, 1160, 1093, 1058, 932, 860, 764, 735, 704, 657,
575, 547. HRMS (ESI) Calcd for C27H23FNO3S (M+H)* 460.1377, found 460.1375.
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x102 |+ESI Scan (1.009 min) Frag=175.0V 20191230-LWD-16.d

460.1375

4601 46011 46012 46013 46014 46015 46016 460.17 46018 48019 4802 46021 46022 46023 46024

Counts vs. Mass-to-Charge (miz)
Compound S1k: 97% yield, white solid, m.p. = 133.2-133.4 °C, Ry= 0.5 (petroleum
ether: ethyl acetate = 5:1). '"H NMR (400 MHz, CDCl3) § 7.67 — 7.53 (m, 3H), 7.47 (d,
J =179 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.36 — 7.28 (m, 3H), 7.26 — 7.15 (m, 4H),
7.05 — 6.94 (m, 3H), 4.95 (s, 2H), 2.24 (s, 3H). *C NMR (101 MHz, CDCl3) 5 195.0,
143.5, 139.6, 136.9, 136.8, 136.5, 134.7, 133.8, 133.1, 132.7, 131.2, 130.8, 130.6,
130.3,129.4, 128.5, 128.1, 127.9, 127.6, 56.1, 21.5. IR (KBr, cm™1) 3062, 2924, 1669,

1596, 1490, 1446, 1409, 1347, 1290, 1265, 1161, 1091, 1060, 932, 863, 813, 704, 657, 572, 546. HRMS
(ESI) Calcd for C27H23CINOsS (M+H)* 476.1082, found 476.1072; isotopic peak: HRMS (ESI) Calcd
for Co7H23CINOsS (M+H)* 478.1053, found 478.1052.

z102 |+E3I £33 (0.978 44) Freg=175 OVI0191230-L%D-20.d
1.4 476,072
0. 54
0. 6
0. 4
0.2
476.094 476.096 476.098 4761  476.102 476.104 476,106 476.108 476.11 476.112 476.114 476.116
i 5 mFE =z
z10t |+ESI £33 (0. 662 #4) Freg=175. OVI0191230-L%D-20.d
4 47E.[10
0. 5
’ 475.1042  478.1044  475.1045 478.1043  478.105  478.1052  478.1054  478.1056  478.1058  478. 10§
i 5 BHE 'z
Br Compound S1I: 80% yield, white solid, m.p. = 138.7-140.1 <C, R¢ = 0.5 (petroleum
ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCls) & 7.57 (d, J = 7.7 Hz, 2H),
753 (t,J=7.4Hz, 1H), 7.43 (d, J =8.1 Hz, 2H), 7.34 (t, J = 7.7 Hz, 2H), 7.32 - 7.23
.Ts
O N

(m, 5H), 7.13 (d, J = 8.2 Hz, 2H), 7.01 — 6.91 (m, 3H), 4.89 (s, 2H), 2.20 (s, 3H). 1°C
NMR (101 MHz, CDCls) 5 194.8, 143.4, 139.5, 136.8, 136.7, 136.3, 135.1, 133.0,

14



132.5, 131.5, 131.4, 130.8, 130.5, 130.2, 129.3, 128.0, 127.8, 127.5, 121.9, 56.0, 21.5. IR (KBr, cm™)
3063, 1668, 1596, 1487, 1446, 1403, 1346, 1289, 1263, 1160, 1091, 1068, 1011, 931, 862, 813, 765, 735,
703, 657, 637, 570, 545. HRMS (ESI) Calcd for C27H22BrNNaO3S (M+Na)* 542.0396, found 542.0406;
isotopic peak: HRMS (ESI) Calcd for C27H22BrNNaO3S (M+Na)* 544.0376, found 544.0364.

x102

+E3I &3 (0. 207 44) Freg=175. OVZ0201101-L¥DET. &

542408

542.036 542.037 542.033 542.039 542.04 542.041 542.042 542.043 542.044 542.045 542046

i 5 mFE /=)

[ -
1

[=J == N =}
.
1

2 [-ESI 433§ (0. 224 44%3) Frag=175. 0V 20201101-L¥DIT.4

543. 99 5d4 544.01  544.02  544.03 544 04  544.05  544.06 544 07 54408 544 09
i 5 mFE =z

Compound S1m: 59% yield, white solid, m.p. = 130.3-133.4 <C, Rt = 0.5 (petroleum
ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) § 7.57 (d, J = 7.2 Hz, 2H), 7.54
(t, J=7.4 Hz, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H), 7.35 (t, J = 7.8
Hz, 2H), 7.33 - 7.26 (m, 3H), 7.03 — 6.92 (m, 5H), 4.87 (s, 2H), 2.21 (s, 3H). *C NMR
(126 MHz, CDCls) 6 194.9, 143.4, 139.5, 137.4, 136.9, 136.8, 136.4, 135.8, 133.0,
132.5,131.7,130.8, 130.6, 130.3, 129.4, 128.1, 127.9 127.6, 93.8, 56.2, 21.5. IR (KB,

cmt) 3060, 2924, 1669, 1596, 1485, 1448, 1346, 1289, 1264, 1161, 1091, 1061, 1008, 932, 863, 814,
735, 704, 657, 569, 546. HRMS (ESI) Calcd for Co7H23INNaOsS (M+Na)* 590.0257, found 590.0259.

x104

5.5
B4
45-
4
3.5
34
25-
24
1.5
14
0.5
0

+E5| Scan (1.188 min) Frag=175.0V 20210118-WLwD1.d

591.0256
5834134

5904169

5e32  5@94  58SE  5EBE 580 5302 5S04 5906 5808 591 BE1Z  6Si4
Counts vs. Mass-to-Charge (miz)
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Compound S1n: 91% yield, white solid, m.p. = 149.2-151.5 <C, R; = 0.6 (petroleum
ether: ethyl acetate = 5:1). *H NMR (500 MHz, Chloroform-d) § 7.59 (d, J = 7.2 Hz,
2H), 7.54 (t, J=7.4 Hz, 1H), 7.49 — 7.40 (m, 6H), 7.36 (t, J = 7.7 Hz, 2H), 7.34 - 7.28
(m, 3H), 7.01 — 6.94 (m, 3H), 5.01 (s, 2H), 2.21 (s, 3H). *°F NMR (471 MHz, CDCls)
8 -62.46. °C NMR (126 MHz, CDCls) § 195.0, 143.6, 140.3, 139.5, 137.1, 136.8,
136.3,133.1, 132.6, 131.0, 130.6, 130.4, 130.00, 129.99 (q, J = 32.3 Hz), 129.4, 128.1,

127.9,127.7,125.3 (q, J = 3.6 Hz), 124.2 (q, J = 272.2 Hz), 56.4, 21.5. IR (KBr, cm™) 3127, 1669, 1597,
1487, 1446, 1401, 1325, 1289, 1162, 1120, 1067, 1019, 932, 862, 815, 704, 657, 638, 570, 545. HRMS
(ESI) Calcd for CogHasFsNO3S (M+H)* 510.1345, found 510.1345.

x104 |+ESI Scan (1.932 min) Frag=175.0V 20201101-LwD18.d

1.3
1.2
114

14
0.3
0.8
0.7
061
051
0.4
0.2-
0.2-

510.13 510132 510134 510138 510.128 510.14 510.142 510144 510,146
Counts vs. Mass-to-Charge (miz)

Compound S10: 95% yield, white solid, m.p. = 110.1-112.9 °C, R, = 0.6 (petroleum
ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) § 7.60 (d, J = 7.2 Hz, 2H), 7.53
(t, J=7.4 Hz, 1H), 7.41 (d, J = 8.2 Hz, 2H), 7.36 (t, J = 7.8 Hz, 2H), 7.33 — 7.26 (m,
5H), 7.05 (d, J = 8.2 Hz, 2H), 6.99 — 6.92 (m, 3H), 4.96 (s, 2H), 2.19 (s, 3H). YF NMR
(471 MHz, CDCl3) 8 -57.76.13C NMR (126 MHz, CDCls) 3 195.0, 148.8(d, J = 1.4 Hz),
143.5,139.5,137.0,136.8, 136.5, 135.0, 133.1, 132.6, 131.2, 130.8, 130.6, 130.3, 129.4,

128.1,127.8, 127.6, 120.6, 120.5 (q, J = 257.0 Hz), 56.1, 21.42. IR (KBr, cm) 3063, 1670, 1597, 1509,
1447, 1347, 1261, 1222, 1162, 1092, 1061, 931, 862, 815, 764, 735, 704, 657, 571, 546. HRMS (ESI)
Calcd for CasH2oFsNNaO4S (M+Na)* 548.1114, found 548.1102.

x10F |+ESI Scan (0.491 min) Frag=175.0V 20201101-LWD41.d

~ 5481102

B4811  B4B111 548112 548113 B4B114  B4B115  B4B116 542117 B4B118  B4B118

CO,Me

Counts vs. Mass-to-Charge (miz)
Compound S1p: 99% vyield, white solid, m.p. = 133.1-135.1 <C, R; = 0.2 (petroleum
ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCls) 6 7.88 (d, J = 8.2 Hz, 2H), 7.59
(d, J=7.2Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.45 (d, J = 8.2 Hz, 2H), 7.40 — 7.31 (m,
4H), 7.32 — 7.27 (m, 3H), 6.98 (d, J = 8.0 Hz, 2H), 6.95 — 6.90 (m, 1H), 5.01 (s, 2H),
3.89 (s, 3H), 2.22 (s, 3H). ®*C NMR (101 MHz, CDCl3) & 195.0, 167.0, 143.5, 141.4,
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139.5, 136.9, 136.8, 136.5, 133.1, 132.8, 130.9, 130.7, 130.4, 129.8, 129.7, 129.6, 129.4, 128.1, 127.9,
127.6, 56.5, 52.2, 21.5. IR (KBr, cm) 3064, 2952, 1721, 1669, 1597, 1441, 1347, 1283, 1161, 1110,
932, 865, 760, 705, 657, 571, 546. HRMS (ESI) Calcd for CyoH2sNOsS (M+H)* 500.1526, found
500.1530.

x102 |+ESI Scan (0.951 min) Frag=175.0V 20191230-LWD-26.d

5001 500.125 50015 5001175 5002 500.225 50025 500275 5003 500.325 50035 500.375 5004
Counts vs. Mass-to-Charge (miz)

Compound S1q: 87% yield, white solid, m.p. = 122.8-126.5 <C, Rt = 0.5 (petroleum

F/EP ether: ethyl acetate = 5:1). '"H NMR (400 MHz, CDCls3) § 7.64 (d, J= 7.2 Hz, 2H), 7.51

o S\ (t,J=7.8Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.31 — 7.25 (m,

3H), 7.20 — 7.12 (m, 1H), 7.04 — 6.93 (m, 4H), 6.85 (t, J = 9.0 Hz, 1H), 5.03 (s, 2H),
2.21 (s, 3H). F NMR (376 MHz, CDCls) § -117.62. 3C NMR (101 MHz, CDCl;) &

194.9, 161.14 (d, J = 247.7 Hz), 143.3, 139.7, 137.1, 137.0, 136.3, 132.8, 132.4 (d, J= 3.6 Hz), 131.9,
130.7, 130.6, 130.2, 129.73 (d, /= 8.2 Hz), 129.3, 128.0, 127.8, 127.5, 124.0 (d, /= 3.7 Hz), 123.1 (d, J
=14.4Hz), 115.0 (d, J=21.8 Hz), 49.6, 21.4. IR (KBr, cm) 3063, 1669, 1597, 1493, 1450, 1346, 1289,

1265, 1230, 1160, 1111, 1091, 1060, 933, 865, 814, 762, 736, 704, 657, 639, 611, 570, 547. HRMS (ESI)
Calcd for C27H22FNNaOsS (M+Na)* 482.1196 found 482.1189.

x10 8 |+ESI Scan (1.251 min) Frag=175.0V 20201101-LwD20.d
1.34

1.24 - 482 1189
1.1

14
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

482116 482118 48212 482122 482124 482126 482128 48213 4821327 4821
Counts vs. Mass-to-Charge (miz)

Compound S1r: 82% yield, white solid, m.p. = 159.3-165.0 <C, Rt = 0.5 (petroleum

Cl/@ ether: ethyl acetate = 5:1). 'TH NMR (400 MHz, CDCls) 5 7.68 (dd, J= 7.3, 1.7 Hz, 1H),

0 N 7.62(d,J=7.2 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.49 (d, J = 8.2 Hz, 2H), 7.36 (¢, J =

7.7 Hz, 2H), 7.32 —7.27 (m, 3H), 7.22 — 7.11 (m, 3H), 7.05 — 6.98 (m, 3H), 5.16 (s, 2H),
2.23 (s, 3H). 3C NMR (101 MHz, CDCl3) § 194.9, 143.5, 139.6, 137.2, 137.0, 136.2,

134.5, 133.8, 132.9, 132.3, 132.2, 131.0, 130.7, 130.5, 129.4, 129.3, 129.2, 128.1, 128.0, 127.5, 127.1,
127.0, 53.5, 21.6. IR (KBr, cm™) 3062, 1668, 1594, 1483, 1444, 1345, 1291, 1260, 1160, 1093, 1039,
931, 857, 813, 756, 702, 655, 610, 566. HRMS (ESI) Calcd for C27H23CINO;S (M+H)* 476.1082, found

476.1079; isotopic peak: HRMS (ESI) Calcd for Co7H23CINO3sS (M+H)* 478.1053, found 478.1059.
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z102 |+E3I &3 (0. 844 #4) Freg=175. OVI0191230-L¥D-22.4
169 47611079

47607 475. 08 476. 09 476.1 476. 11 476. 12 478,13 476. 14 476, 15

z102 |+E3I £33 (0. 644 #4) Freg=175. OVZ0191230-L¥D-22.4
478. 1059

0. 34

478.085 4751 478,105 478,11 478,115 475,12 478,125 478.13
i 5 mFE /=)

F Compound S1s: 90% vyield, white solid, m.p. = 113.0-114.6 C, Rs = 0.5 (petroleum
(P/ ether: ethyl acetate = 5:1). "TH NMR (500 MHz, CDCl3) § 7.60 (d, J= 7.9 Hz, 2H), 7.54

o °N (t, J=17.4 Hz, 1H), 7.44 (d, J = 8.1 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 7.33 — 7.26 (m,

3H), 7.21 — 7.14 (m, 1H), 7.05 (d, J = 7.6 Hz, 1H), 7.02 — 6.94 (m, 4H), 6.89 (td, J =

8.5,2.3 Hz, 1H), 4.95 (s, 2H), 2.20 (s, 3H). YF NMR (471 MHz, CDCl3) § -113.10. *C

NMR (126 MHz, CDCl3) 6 195.0, 162.7 (d, J = 245.9 Hz), 143.5, 139.5, 138.8 (d, J = 7.2 Hz), 136.9 (d,

J =10.9 Hz), 136.6, 133.1, 132.9, 130.9, 130.7, 130.3, 129.9, 129.8, 129.4, 128.1, 127.9, 127.6, 125.4

(d, J=2.8 Hz), 116.6 (d, J = 21.2 Hz), 114.8 (d, J = 21.1 Hz), 56.4, 21.5. IR (KBr, cm™) 3063, 1669,

1595, 1487, 1448, 1347, 1289, 1261, 1161, 1092, 1057, 933, 875, 767, 737, 706, 658, 566. HRMS (ESI)
Calcd for Co7H23FNOsS (M+H)* 460.1377, found 460.1371.

x102 [+ES| Scan (0.292 min) Frag=175.0V 20201101-LWD35.4
5.5 4601371
5
454
4
3.5
3
2.5
24
1.5
14
0.5

460134 480136 460132 450,14 460.142 460,144 480,146 460,148
Counts vs. Mass-to-Charge (miz)
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ether: ethyl acetate = 5:1)."H NMR (400 MHz, CDCl3) § 7.61 (d, J = 7.3 Hz, 2H), 7.54

0 N (t, J=7.4 Hz, 1H), 7.43 (d, J = 8.2 Hz, 2H), 7.36 (t, J = 7.7 Hz, 2H), 7.34 — 7.27 (m,

5H), 7.22 (d, J = 7.7 Hz, 1H), 7.07 (t, J = 8.1 Hz, 1H), 7.01 - 6.92 (m, 3H), 4.91 (s, 2H),

2.21 (s, 3H). 3C NMR (101 MHz, CDCl3) § 195.0, 143.5, 139.6, 138.5, 136.9, 136.8,

136.6, 133.1, 132.8, 132.6, 130.9, 130.8, 130.6, 130.3, 129.9, 129.4, 128.4, 128.1, 127.8, 127.7, 122.3,

56.3, 21.5. IR (KBr, cm™) 3061, 2924, 1669, 1596, 1574, 1482, 1448, 1346, 1290, 1264, 1211, 1161,

1094, 1067, 933, 845, 813, 788, 766, 735, 705, 660, 639, 564. HRMS (ESI) Calcd for C,7H22BrNNaOsS

(M+Na)* 542.0396, found 542.0398; isotopic peak: HRMS (ESI) Calcd for C,7H2,BrNNaOsS (M+Na)*
544.0376, found 544.0372.

z102 |+E3I 43 (0. 058 #4) Freg=175. 0VZ0201101-L¥D33d

34 542.|0298

(P/Br Compound S1t: 99% yield, white solid, m.p. = 105.4-107.3 <C, R¢ = 0.5 (petroleum

5420275 342.03 542.0325 542.035 5420375 542.04 542 0425 542045 5420475 542. 05 542. 0325 342. 035 542. 0575
i 5 mFE =z

z102 |+E3I &3 (0.275 44) Freg=175. 0VZ0201101-L¥D33 &

544. 02 544. 022 544. 024 544 025 544. 025 544. 03 544. 032 544. 034 544. 036 544. 038 544. 04 544. 042 544, 044 544, 046 544, 043
i 5 mFE =z

\( Compound S1u: 97% yield, white solid, m.p. = 111.4-112.5 <C, Rt = 0.6 (petroleum

o "N ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) § 7.77 (d, J = 7.6 Hz, 2H), 7.55

O O (t, J=7.2 Hz, 1H), 7.48 — 7.37 (m, 5H), 7.38 — 7.30 (m, 2H), 7.19 (d, J = 7.9 Hz, 1H),

7.09 (d, J=7.7 Hz, 2H), 3.45 (d, J = 34.3 Hz, 2H), 2.29 (s, 3H), 1.82 (hept, J = 6.8 Hz,

1H), 0.90 (s, 6H). 3C NMR (126 MHz, CDCl3) § 195.00, 143.3, 140.1, 138.1, 137.1, 135.9, 133.0, 130.8,

130.8, 130.3, 130.2, 129.3, 128.1, 128.0, 127.1, 60.0, 27.2, 21.6, 20.6. IR (KBr, cm™) 3061, 2958, 2871,

1672, 1596, 1487, 1447, 1346, 1289, 1262, 1159, 1090, 1061, 926, 850, 815, 771, 735, 705, 657, 638,
575, 548. HRMS (ESI) Calcd for C24H2sNNaO3sS (M+Na)* 430.1447, found 430.1438.
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x108 |+ESI Scan (0.799 min) Frag=175.0V 20191230-LWD-14.d

1.2
114

14
0.9
0.8
0.7
0.6
051
0.4
0.3
0.2-
014

©430.1438

4081612 B
400 410 420 430 440 450 460 470 480 480 500 510 520 530 540 550 560 570 580 530 600
Counts vs. Mass-to-Charge (miz)

| 4eT1EE 4662137 525.2849 569.3111 583.4058

Compound S1v: 96% vyield, white solid, m.p. = 105.5-106.8 <C, R¢ = 0.6 (petroleum
<P ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCls) § 7.76 (d, J = 7.2 Hz, 2H), 7.54

(t, J = 7.4 Hz, 1H), 7.48 — 7.31 (m, 7H), 7.21 (d, J = 8.0 Hz, 1H), 7.08 (d, J = 8.0 Hz,
2H), 3.46 (s, 2H), 2.29 (s, 3H), 1.85 — 1.40 (m, 6H), 1.21 — 1.05 (m, 3H), 0.92 — 0.77

(m, 2H). 3C NMR (101 MHz, CDCls) § 195.0, 143.27, 140.1, 138.3, 137.2, 136.1,
133.0, 130.8, 130.6, 130.2, 129.3, 128.1, 128.1, 127.1, 59.1, 36.2, 31.2, 26.5, 25.8, 21.6. IR (KBr, cm-?)
3062, 2924, 2851, 1672, 1597, 1487, 1447, 1347, 1290, 1263, 1162, 1092, 1042, 932, 879, 821, 770, 734,
705, 657, 637, 579. HRMS (ESI) Calcd for C27HzoNO3S (M+H)* 448.1941, found 448.1940.

%103 |+ES| Scan (0.455 min) Frag=175.0V 20201101-LwD39.d
1.6
1.4
1.2

14
0.8
0.6

0.4+

0.24

443188 44819 448132 448154 448136 448198 4482 448200 448204 448206 4487208 44801
Counts vs. Mass-to-Charge (miz)

Compound S1w: 84% vyield, white solid, m.p. = 117.5-119.1 <C, R¢= 0.5 (petroleum

(? ether: ethyl acetate = 5:1). '"H NMR (400 MHz, CDCls) & 7.50 (d, J = 7.8 Hz, 2H),

o SN 7.44(d,J=7.8 Hz, 2H), 7.33 — 7.13 (m, 10H), 7.01 — 6.88 (m, 3H), 4.97 (s, 2H), 2.41

O O (s, 3H), 2.20 (s, 3H). *C NMR (101 MHz, CDCl:) 5 194.8, 143.9, 143.2,139.9, 136.9,

136.8, 136.2, 134.4, 133.2, 130.8, 130.5, 130.1, 129.9, 129.3, 128.8, 128.3, 127.9,

127.8, 127.4, 56.9, 21.8, 21.5. IR (KBr, cm) 3031, 2923, 1664, 1603, 1488, 1448, 1342, 1291, 1265,

1214, 1159, 1092, 1055, 931, 861, 814, 776, 726, 698, 656, 607, 561. HRMS (ESI) Calcd for
CasH2sNNaOsS (M+Na)* 478.1447, found 478.1440.
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x10 % |+ESI Scan (1.410 min) Frag=175.0V 20201101-LwD23.d

*478.1440

0.9

0.2

47814 478142 478144 478146 478148 47815 478152 478154 478156 478158 47816
Counts vs. Mass-to-Charge (miz)

Compound S1x: 78% yield, white solid, m.p. = 149.9-151.7 <C, Rs = 0.5 (petroleum

(P ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCls) § 7.54 (d, J = 8.2 Hz, 2H),

o N 746 (d, J=7.9 Hz, 2H), 7.38 — 7.25 (m, 4H), 7.27 — 7.16 (m, 6H), 7.02 (d, J = 7.9

Hz, 2H), 6.95 — 6.86 (M, 1H), 4.94 (s, 2H), 2.26 (s, 3H). *C NMR (101 MHz, CDCls)

c 6 193.8, 143.5, 139.5, 139.4, 137.0, 136.6, 135.9, 135.3, 132.6, 132.0, 130.9, 129.9,

129.8,129.4,128.4,128.3, 127.9, 127.5, 56.8, 21.5. IR (KBr, cm'1) 3064, 1671, 1590, 1486, 1448, 1400,

1344, 1290, 1263, 1215, 1160, 1091, 1056, 1020, 930, 860, 815, 777, 736, 656, 562. HRMS (ESI) Calcd

for C27H2CINNaOsS (M+Na)* 498.0901, found 498.0902; isotopic peak: HRMS (ESI) Calcd for
C27H22CINNaOsS (M+Na)* 500.0872, found 500.0865.

z102 |+E3I &3 (0. 305 #4) Freg=175. 0VZ0201101-L¥D25. &

5. 54 498, 0902

495,055 493.07 495.075 493.03 493.085 495.03 495.085 495.1 493.105 493.11 498.11
i 5 mFE =z

il
e
5]
|
=]
e
5]
=)
Ba
o

z102 |+E3I £33 (1.038 #4) Freg=175. 0VZ0201101-L¥D25. &

0 |
499.4 4995 499.6 499.7 499.8 499.9 500  500.1  500.2 500.3 500.4 500.5  500.6
it 5 Bk 'z

ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) § 7.55 (dd, J = 7.5, 1.6 Hz, 1H),

O °N 7.49 (d, J = 8.2 Hz, 2H), 7.33 — 7.27 (m, 2H), 7.25 (d, J = 7.9 Hz, 2H), 7.23 — 7.16 (m,
Me*@ 5H), 6.74 (d, J=17.7 Hz, 1H), 4.80 (s, 2H), 2.42 (s, 3H), 2.33 (s, 3H). *C NMR (126 MHz,
CDCl) 6 200.4, 143.8, 141.4, 136.3, 135.5, 135.2, 131.2, 129.9, 129.53, 129.45, 129.4,

EP Compound Sly: Yield: 94%, white solid, m.p. = 118.4-119.7 °C, Ry = 0.4 (petroleum
Ts
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128.4,128.3, 128.1, 128.0, 55.7, 29.9, 21.6. IR (KBr, cm™) 3065, 3032, 1691, 1596, 1488, 1447, 1348,
1285, 1243, 1162, 1090, 1042, 859, 816, 784, 739, 702, 655, 601, 562. HRMS (ESI) Calcd for
C2H»NO;S (M+H)* 380.1315, found 380.1313.

%108 |+ES| Scan (0.292 min) Frag=175.0V 202208052 SF-L\wD-2-147-2.d
- 3201313
1.4
1.2

14
0.8
0.6

0.4+

330123 380,124 380125 380,126 220127 380,128 280.123 38013 380131 280.132 380,133 280134 320135 380,136
Counts vs, Mass-to-Charge (miz)

ether: ethyl acetate = 2:1). 'TH NMR (400 MHz, CDCl;) § 7.73 — 7.66 (m, 2H), 7.58 (t,

0 "N J=74Hz 1H), 7.47 - 737 (m, 5H), 7.17 — 7.04 (m, SH), 6.94 — 6.91 (m, 1H), 5.26 (d,

J=14.5Hz, 2H), 4.17 (d, J = 14.4 Hz, 2H), 1.93 (s, 3H). 3C NMR (101 MHz, CDCls)

§ 194.8, 170.7, 140.9, 137.0, 136.9, 136.5, 133.4, 131.4, 130.9, 130.0, 129.9, 129.0,

128.4, 128.1, 127.5, 127.3, 52.7, 22.9. IR (KBr, cm') 3062, 3030, 2928, 1664, 1596, 1487, 1448, 1339,

1357, 1314, 1287, 1214, 1072, 932, 762, 733, 705, 637. HRMS (ESI) Calcd for Co,H;sNNaO, (M+Na)*
352.1308, found 352.1302.

(P Compound Slaa: 88% yield, white solid, m.p. = 61.1-63.6 <C, R = 0.5 (petroleum
Ac

«10°% |+ES| Scan (0,637 min) Frag=175.0V 20201101-LWD52 4
114

i * 352.1302
0.2
0.8
0.7
0.6+
0.5+
0.44
0.34
0.2

35212 35213 35214 35215 35216 /217 /18 35219 3522 352,21
Counts vs. Mass-to-Charge (miz)

ether: ethyl acetate = 5:1). "TH NMR (500 MHz, CDCl;) & 7.77 (d, J = 7.9 Hz, 2H),

O °N 7.59 (t,J=17.3 Hz, 1H), 7.45 (t, J=7.6 Hz, 2H), 7.41 — 7.29 (m, 3H), 7.26 — 7.18 (m,

6H), 4.73 (s, 2H), 2.85 (s, 3H). 3C NMR (126 MHz, CDCl;) § 195.9, 138.6, 137.5,
137.0, 135.9, 133.6, 133.1, 131.0, 130.5, 130.0, 129.4, 128.54, 128.47, 128.0, 127.5,

55.9,40.5. IR (KBr, cm™) 3062, 3031, 2933, 1667, 1595, 1488, 148, 1337, 1289, 1264, 1151, 1063, 960,

932, 861, 778, 703, 638, 540, 518. HRMS (ESI) Calcd for C,;Hi9NNaO3S (M+Na)" 388.0978, found
388.0975.

E? Compound Slab: 99% yield, white solid, m.p. = 85.3-86.4 °C, Ry = 0.6 (petroleum
Ms
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x10% |+ES| Scan (0.438 min) Frag=175.0V 20191230-LwD-7.d

[ ~ e Son .
70 3/5 380 395 390 395 400 405 410 415 420 495 430 435 440 445 450 455 46D 465
Counts vs, Mass-to-Charge (miz)

=30:1). 'TH NMR (400 MHz, CDCL3) & 7.75 (d, J = 8.2 Hz, 2H), 7.58 (t, J = 7.4 Hz,

o B 1H), 7.42 (t, J=7.7 Hz, 2H), 7.39 — 7.30 (m, 2H), 7.17 — 7.10 (m, 6H), 7.07 (t, J= 7.4

Hz, 1H), 6.97 (d, J = 8.1 Hz, 1H), 6.85 — 6.79 (m, 4H), 4.01 (s, 4H). 3C NMR (101

MHz, CDCls) § 199.2, 150.0, 138.4, 137.2, 134.5, 132.9, 130.8, 129.8, 129.7, 128.8,

128.5,128.1, 127.1, 122.2, 121.7, 56.6. IR (KBr, cm™!) 3061, 3028, 1662, 1595, 1489, 1448, 1315, 1289,
1260, 926, 742, 700, 641. HRMS (ESI) Calcd for C27H24NO (M+H)* 378.1852, found 378.1854.

E? Compound lac: 96% yield, bright yellow oil, Ry= 0.6 (petroleum ether: ethyl acetate
Bn

%108 |+ES| Scan (0.995 min) Frag=175.0V 202208052 SF-L\WD-4-172-1d

- 378/1854

1.4

1.2
14

0.8

0.6

0.4+

378,181 178182 378,183 378,184 378.185 378,198 178,187 378,188 378,183
Counts vs, Mass-to-Charge (miz)

Compound Sla’: 46% vyield, yellowish white solid, m.p. = 139.7-141.2 <C, R = 0.3

(P (petroleum ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCl3) § 7.53 — 7.41 (m,

NN 5H), 7.39 (d, J = 6.6 Hz, 1H), 7.33 (t, J = 7.6 Hz, 1H), 7.32 - 7.22 (m, 3H), 7.18 - 7.03

O O (m, 4H), 6.99 (t, J = 7.5 Hz, 2H), 6.71 (d, J = 6.5 Hz, 2H), 5.52 (s, 2H), 4.37 (d, J = 14.8

Hz, 1H), 3.99 (d, J = 14.5 Hz, 1H), 2.37 (s, 3H). *C NMR (101 MHz, CDCls3) § 147.1,

143.6, 138.6, 138.5, 136.9, 134.9, 134.8, 131.8, 131.3, 129.7, 129.6, 129.4, 129.2, 128.4, 128.2, 128.0,

127.7, 126.3, 54.9, 21.6. IR (KBr, cm™) 3408, 3299, 3061, 3032, 2925, 1596, 1494, 1447, 1331, 1268,

1213, 1159, 1090, 1033, 858, 816, 771, 736, 698, 658, 609, 566. HRMS (ESI) Calcd for Ca7H26N30-S
(M+H)* 456.1740, found 456.1737.
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x102 |+ESI Scan (1.834 min) Frag=175.0V 20191230-LwD-2.d
456.1737
9
2
g
5
44
3
2
14
o . T . T . T . T . T r
456614 456.15 456,16 456.17 456,18 456.19 4562 456.21 456,22 45623

54.8, 21.6, 21.1.

Counts vs. Mass-to-Charge (miz)

Compound S1b’: 74% yield, yellowish white solid, m.p. = 121.0-124.1 °C, R,= 0.3
(petroleum ether: ethyl acetate = 5:1). 'TH NMR (400 MHz, CDCl;) § 7.57 — 7.31 (m,
7H), 7.26 (d, J = 6.0 Hz, 3H), 7.20 — 7.08 (m, 3H), 6.78 (d, J = 7.5 Hz, 2H), 6.56 (s,
2H), 5.59 (s, 2H), 4.31 (d, J = 14.6 Hz, 1H), 3.97 (d, J = 14.0 Hz, 1H), 2.38 (s, 3H),
2.20 (s, 3H). BC NMR (101 MHz, CDCl3) & 147.2, 143.6, 138.6, 138.5, 137.4, 136.9,
135.0,131.8,131.7,131.3,129.7,129.6, 129.4,129.2, 128.7, 128.4, 128.3,128.1, 126.3,
IR (KBr, cm'") 3409, 3299, 3057, 2923, 1594, 1488, 1444, 1330, 1266, 1157, 1089,

1042, 861, 813, 737, 696, 657, 572, 547. HRMS (ESI) Calcd for C2sH27N3NaO>S (M+Na)* 492.1716,

found 492.1709.

x10% |+ESI Scan (0.477 min) Frag=175.0V 20200102-L\WD-28.d

] 1.

© 4921709

481.2604 ‘ | 508.1441 5252865 53772023

470 475

iPr

480 485 480 495 500 505 510 515 520 525 530 535 54D 545 5RO
Counts vs. Mass-to-Charge (miz)

Compound Si1c’: 29% vyield, yellowish white foam, m.p. = 65.9-69.9 <C, Rt = 0.3
(petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCls) §7.55 — 7.36 (m,
7H), 7.36 — 7.19 (m, 4H), 7.09 (d, J = 7.7 Hz, 2H), 6.82 (d, J = 7.7 Hz, 2H), 6.59 (s,
2H), 5.28 (s, 2H), 4.30 (d, J = 14.4 Hz, 1H), 4.04 (d, J = 13.5 Hz, 1H), 2.75 (hept, J =
6.8 Hz, 1H), 2.36 (s, 3H), 1.15 (d, J = 6.9 Hz, 6H). *°C NMR (126 MHz, CDCls) §
148.4, 147.4, 143.4, 139.1, 138.6, 137.2, 134.9, 132.1, 131.6, 131.4, 129.9, 129.8,

129.29, 129.26, 128.43, 128.40, 128.3, 126.4, 126.1, 55.2, 33.8, 24.04, 24.00, 21.6. IR (KBr, cm™) 3410,
3300, 3059, 2961, 2927, 1596, 1488, 1444, 1329, 1157, 1090, 1058, 863, 840, 815, 769, 736, 694, 657,
572, 547. HRMS (ESI) Calcd for C3oH32N30.S (M+H)* 498.2210, found 498.2209.
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x102 |+ESI Scan (0.234 min) Frag=175.0v 20201101-LwD32.d

5 4587203

438205 49821 498215 48822 488225 49823 498235 49824 498245 48825 488255
Counts vs. Mass-to-Charge (miz)

t-Bu Compound S1d’: 82% yield, yellowish white foam, m.p. = 63.6-66.5 °C, Ry = 0.4

(petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) 8 7.53 — 7.45 (m, 3H),

7.44 —7.37 (m, 4H), 7.33 — 7.24 (m, 4H), 7.06 (d, J = 7.5 Hz, 2H), 6.97 (d, J= 7.8 Hz,

N 2H), 6.59 (s, 2H), 5.56 (s, 2H), 4.30 (d, /= 14.2 Hz, 1H), 4.07 (d, /= 12.9 Hz, 1H), 2.34

O O (s, 3H), 1.21 (s, 9H). 3C NMR (126 MHz, CDCls) 8 150.6, 147.3, 143.3, 139.3, 138.6,

137.2, 134.9, 131.7, 131.5, 131.3, 129.9, 129.5, 129.3, 129.2, 128.42, 128.35, 128.3,

126.4, 124.9, 55.2, 34.5, 31.4, 21.6. IR (KBr, cm™") 3408, 3229, 3059, 2962, 2869, 1596, 1488, 1445,

1130, 1267, 1158, 1090, 1024, 863, 813, 768, 737, 698, 657, 572, 549. HRMS (ESI) Calcd for
C31H33N3NaO,S (M+Na)* 534.2185, found 534.2177.

x10 % |+ESI Scan (0.960 min) Frag=175.0V 20200102-LWD-19.d

5
45
44
3.54
34
2.5
24
1.54
14 520.1505

A 762278
o2 | | ssosor e
0k | " PP FPOPP TP [P

5342177

B04 2528
| | g57.3g41  E77.17ED
=l P

L Ll . P e li.. .
430 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 680 670 680 690
Counts vs. Mass-to-Charge (miz)

Ph Compound Sl1e’: 58% yield, yellowish white foam, m.p. = 92.1-98.4 °C, R, = 0.2

(petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) & 7.53 — 7.37 (m,

11H), 7.35 — 7.25 (m, 5H), 7.18 (d, /= 7.8 Hz, 2H), 7.11 (d, J = 7.7 Hz, 2H), 6.72 (s,

N N 2H), 5.54 (s, 2H), 4.36 (d, J=14.6 Hz, 1H), 4.15 (d, J= 14.3 Hz, 1H), 2.35 (s, 3H). 3C

O O NMR (126 MHz, CDCls) 6 147.3, 143.6, 140.7, 140.6, 139.1, 138.6, 137.0, 135.0, 133.8,

131.54,131.45, 130.1, 130.0, 129.39, 129.36, 128.9, 128.5, 128.5, 128.3, 127.5, 127.0,

126.7, 126.4, 55.2, 21.6. IR (KBr, cm™") 3407, 3298, 3058, 1596, 1487, 1444, 1406, 1329, 1265, 1157,

1089, 1043, 843, 815, 765, 737, 698, 658, 569, 545. HRMS (ESI) Calcd for C33H29N3NaO,S (M+Na)*
554.1872, found 554.1875.
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x102 |+ESI Scan (0,289 min) Frag=175.0V 20201101-LwD30.d

2.8
2.6
2.4
2.2

24
1.84

1.4
1.24

14
0.8
0.6
0.4

554184 554185 554185 554187 554188 554189 55419 554181 554182  554.193
Counts vs. Mass-to-Charge (miz)

x Compound S1f’: 71% yield, yellowish white foam, m.p. = 182.4-218.9 <C, R; = 0.3

(petroleum ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCl3) §7.57 — 7.33 (m,

8H), 7.29 — 7.25 (m, 2H), 7.18 (d, J = 7.5 Hz, 1H), 7.13 (d, J = 7.9 Hz, 2H), 7.00 (d, J

N2 7.8 Hz, 2H), 6.70 — 6.49 (m, 3H), 5.63 (d, J = 17.6 Hz, 1H), 5.39 (s, 2H), 5.18 (d, J =

O O 10.9 Hz, 1H), 4.32 (d, J = 14.6 Hz, 1H), 4.04 (d, J = 14.2 Hz, 1H), 2.38 (s, 3H). **C

NMR (101 MHz, CDCls) 6 147.2,143.7, 138.7, 138.6, 137.0, 136.8, 136.4, 135.0, 134.3,

131.6, 131.4, 129.83, 129.79, 129.4, 129.3, 128.41, 128.39, 128.2, 126.3, 125.8, 114.0, 54.9, 21.6. IR

(KBr, cm'1) 3408, 3300, 3058, 2924, 1627, 1596, 1512, 1488, 1444, 1407, 1330, 1268, 1214, 1158, 1089,

1043, 993, 911, 847, 817, 770, 736, 695, 659, 573, 546. HRMS (ESI) Calcd for C2gH2sN30,S (M+H)*
482.1897, found 482.1888.

«105 [+ES| Scan (1.118 min) Frag=175.0v 20201104-Lin/D-45.4
- 482 1288

482186 482187 482188 482189 48219 482191 482192 482183 482134 482135
Counts vs. Mass-to-Charge (miz)

OMe Compound S1g’: 36% vyield, yellowish white foam, m.p. = 57.7-74.9 C, Ry = 0.4
(petroleum ether: ethyl acetate = 2:1). *H NMR (500 MHz, CDCl3) § 7.56 — 7.46 (m,

i L 3H), 7.45-7.39 (m, 3H), 7.37 (t, J = 7.7 Hz, 1H), 7.30 - 7.26 (m, 3H), 7.16 (d, J = 7.4

| Hz, 2H), 7.12 (s, 1H), 6.59 (s, 2H), 6.50 (d, J = 8.3 Hz, 2H), 5.59 (s, 2H), 4.27 (d, J =

O O 14.6 Hz, 1H), 3.94 (d, J = 11.8 Hz, 1H), 3.70 (s, 3H), 2.40 (s, 3H). 3C NMR (126 MHz,
CDCls) 6 159.2, 147.4, 143.6, 138.7, 138.5, 137.0, 135.1, 131.9, 131.4, 131.0, 129.8,
129.4,129.3,128.5, 128.4, 128.3, 126.8, 126.4, 113.4, 55.2, 54.5, 21.6. IR (KBr, cm™) 3406, 3300, 3061,
2934, 1609, 1513, 1488, 1444, 1328, 1248, 1157, 1113, 1089, 1034, 949, 861, 840, 816, 771, 735, 693,

657, 573, 548. HRMS (ESI) Calcd for C2gH2sN303S (M+H)* 486.1846, found 486.1842.
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%105 |+ES| Scan (0.509 min) Frag=175.0v 20201101-LiwD44.d

T 431842

r[\'a

43605 4861 48615 4862 48625 4863 4BEI5 4854 48645 4865 48655
Counts vs. Mass-to-Charge (miz)

SMe Compound S1h’:; 79% vyield, yellowish white foam, m.p. = 60.1-66.3 <C, R; = 0.15

(petroleum ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCl3) § 7.52 — 7.33 (m,

., LTS 7H), 7.31 -7.22 (m, 3H), 7.18 (d, J = 7.7 Hz, 1H), 7.13 (d, J = 7.9 Hz, 2H), 6.82 (d, J =

I 8.1 Hz, 2H), 6.63 — 6.50 (m, 2H), 5.10 (s, 2H), 4.27 (d, J = 14.6 Hz, 1H), 4.03 (d, J =

O O 14.5 Hz, 1H), 2.38 (s, 3H), 2.37 (s, 3H). **C NMR (101 MHz, CDCls) & 147.2, 143.6,

138.7,138.5,138.1, 136.7, 134.9, 131.5, 131.3, 130.0, 129.8, 129.4, 129.3, 128.4, 128.2,

126.2, 125.8, 54.8, 21.6, 15.6. IR (KBr, cm™) 3408, 3300, 3058, 2924, 1627, 1596, 1512, 1488, 1444,

1407, 1330, 1268, 1214, 1158, 1089, 1043, 993, 949, 911, 847, 817, 770, 736, 695, 659, 573, 546. HRMS
(ESI) Calcd for CasH2sN30,S; (M+H)* 502.1618, found 502.1608.

x10 % |+ESI Scan (1.405 min) Frag=175.0V 20201101-LWwD46 d

74 ~502.1608

5

5

4

3

7

T T T T T T T T T T

502.18 502.161 502.162 502.163 502164 502.165 502.166 502.167 502.168

Counts vs. Mass-to-Charge (miz)

Compound S1i’: 70% yield, yellowish white foam, m.p. = 77.0-86.9 °C, R, = 0.2

O‘ (petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl;) § 7.69 — 7.64 (m,

1H), 7.53 — 7.35 (m, 12H), 7.32 — 7.20 (m, 3H), 7.03 — 6.95 (m, 3H), 6.81 — 6.69 (m,

"NN SN H) 521 (s, 2H), 449 (d, J = 14.5 Hz, TH), 4.30 (d, J = 14.6 Hz, 1H), 2.26 (s, 3H). *C

O O NMR (126 MHz, CDCl3) & 147.4, 143.7, 139.2, 138.6, 137.0, 135.0, 132.9, 132.1, 131.5,

131.4,130.1,129.4,129.3,129.0, 128.5,128.4,127.9,127.7,127.5,127.2,126.4, 126.1,

125.9, 55.7, 21.5. IR (KBr, cm™') 3408, 3300, 3056, 2923, 1596, 1488, 1444, 1328, 1269, 1157, 1089,

1043, 951, 896, 859, 816, 756, 696, 661, 572, 547, 478. HRMS (ESI) Calcd for C3;HasN30,S (M+H)*
506.1897, found 506.1890.
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%103 |+ESI Scan (1.613 min) Frag=175.0V 20191230-LWWD-25.d

114 506.1230

14
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

506.13 506,14 506.15 506,16 506.17 506.18 506.19 5062 50521 506.22 506.23 50624 50625 50626 50627 506.28
Counts vs. Mass-to-Charge (miz)

F Compound S1j’: 68% yield, yellowish white solid, m.p. = 145.5-147.5 °C, Rr= 0.3

(petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCls) & 7.53 — 7.44 (m,

3H), 7.44 - 7.33 (m, 4H), 7.29 - 7.26 (m, 3H), 7.18 — 7.11 (m, 3H), 6.78 — 6.48 (m, 4H),

N 5.63 (s, 2H), 4.28 (d, J = 14.7 Hz, 1H), 4.05 (d, J = 14.6 Hz, 1H), 2.39 (s, 3H). YF NMR

O O (471 MHz, CDCl3) 5 -114.48.13C NMR (126 MHz, CDCl3) §162.4 (d, J = 246.6 Hz),

147.2, 143.8, 138.71, 138.65, 136.8, 135.0, 131.6, 131.5, 131.3 (d, J= 8.2 Hz), 130.6

(d, J=2.7Hz), 129.9, 129.5, 129.4, 128.5, 128.3, 126.3, 114.9 (d, J=21.3 Hz), 54.5, 21.6. IR (KBr, cm"

1Y 3408, 3299, 3062, 2925, 1600, 1510, 1489, 1443, 1328, 1222, 1157, 1089, 1037, 842, 768, 735, 692,
655, 570, 547. HRMS (ESI) Calcd for C27H24FN3NaO,S (M+Na)* 496.1495, found 496.1458.

x10 % |+ES| Scan (0.733 min) Frag=175.0V 20200102-LwD-17.d
E4
5.5 496.1458
E4
4.5+
44
354
34
2.5
24
1.54
14
0.5
0

4355 496 4961 4362 4963 4964 4965 4966 4967 4968 4963 457 4971
Counts vs. Mass-to-Charge (miz)

cl Compound S1Kk’: 75% yield, yellowish white solid, m.p. = 120.0-121.1 °C, R,= 0.3
(petroleum ether: ethyl acetate = 5:1). "TH NMR (400 MHz, Chloroform-d) & 7.57 —7.34
(m, 7H), 7.28 — 7.17 (m, 4H), 7.12 (d, J= 7.7 Hz, 2H), 6.88 (d, J= 7.9 Hz, 2H), 6.67 —
6.48 (m, 2H), 5.65 (s, 2H), 4.24 (d, J = 14.7 Hz, 1H), 4.11 (d, /= 14.9 Hz, 1H), 2.37 (s,
O O 3H). BC NMR (101 MHz, CDCl;) & 147.0, 143.8, 138.8, 138.5, 136.4, 134.8, 133.5,
133.1,131.4,131.1,130.8, 129.9, 129.4, 128.4, 128.2, 128.0, 126.1, 54.7,21.6. IR (KBr,
cm) 3408, 3300, 3060, 2924, 1597, 1493, 1444, 1408, 1329, 1267, 1158, 1090, 1039, 1016, 948, 862,
813, 768, 737, 695, 658, 571, 547. HRMS (ESI) Calcd for C7H25CIN3O,S (M+H)" 490.1351, found
490.1350; isotopic peak: HRMS (ESI) Calcd for C27;H25CIN3O2S (M+H)" 492.1322, found 492.1317.
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z102 |+E3I £33 (1.501 #4) Freg=175. OVZ0191230-L%D-21.4
32

490  490.02 490.04 490.06 490.08 490.1 490.12 490.14 490.16 490.18 490.2 490.22 490.24 '
8 5 BRFE &'z

z102 |+E3I £33 (0.534 #4) Freg=175 OVI0191230-L¥D-21.4

26 492,317
2.4
ce
1.4
05
0. 54
0. 44
0. 24
i 491.9 491.85 497 492.05 492.1 492.15 4922 492.25 4923 492.35 492.4 492 45 4925
it 5 mFE /=)

Br Compound S1P’: 41% vyield, yellowish white solid, m.p. = 117.0-119.4 <C, Rf = 0.3

(petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCls) § 7.50 (t, J = 7.4 Hz,

HoN. s 1H), 7.48 — 7.35 (m, 6H), 7.26 — 7.20 (m, 4H), 7.13 (d, J = 7.5 Hz, 2H), 7.03 (d, J = 8.0

Hz, 2H), 6.49 (s, 2H), 4.23 (d, J = 14.6 Hz, 1H), 4.12 (d, J = 14.4 Hz, 1H), 2.40 (s, 3H).
O O 13C NMR (126 MHz, CDCl3) § 147.1, 143.9, 139.0, 138.5, 136.5, 134.8, 133.7, 131.5,

131.2, 131.0, 130.0, 129.4, 128.4, 128.3, 126.1, 121.9, 54.9, 21.7. IR (KBr, cm™) 3403,
3300, 3059, 2923, 1593, 1487, 1443, 1406, 1329, 1158, 1089, 1068, 1042, 1011, 862, 811, 768, 737, 692,
657, 570, 546. HRMS (ESI) Calcd for C27HsBrNsO,S (M+H)* 534.0846, found 534.0839; isotopic peak:
HRMS (ESI) Calcd for C27HxsBrNs0,S (M+H)* 536.0825, found 534.0817.

z102 |+E3I &3 (1. 357 44%) Freg=175. O0VZ0201101-L¥D28. &

534. 04 534. 05 534, 05 534. 07 534. 03 534. 09 534.1 534. 11
it 5 Bk 'z
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z103 |=ESI &35 (1.357 £+49) Frag-175. 0V 20201101-L¥D28.d
1 036, PeLY
2. T34
2. 54
2. 254
24
754
=T
234
0. 75
0. 54
0. 25
0 —T—— " P p— py — T —T — T — — T T
535.75 535.8 535.85 535.9 535.95 536 536. 05 536. 1 536. 15
ty 5 BEE @/

Compound S1m’; 37% yield, yellowish white foam, m.p. = 66.6-72.5 <C, R = 0.3

(petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCl3) § 7.51 (t, J = 7.5

Hz, 1H), 7.46 — 7.36 (m, 6H), 7.27 — 7.25 (m, 4H), 7.22 (d, J = 8.1 Hz, 4H), 7.13 (d, J

. =7.8 Hz, 2H), 6.34 (s, 2H), 5.54 (s, 2H), 4.21 (d, J = 14.6 Hz, 1H), 4.13 (d, J = 14.6 Hz,

O O 1H), 2.41 (s, 3H). ®°C NMR (126 MHz, CDCls) § 147.1, 143.9, 139.1, 138.5, 137.0,

136.6, 134.8,134.3, 131.5, 131.4, 131.1, 130.1, 129.4, 128.5, 128.4, 128.3, 126.2, 93.8,

55.1, 21.7. IR (KBr, cm™) 3406, 3299, 3059, 2923, 1593, 1486, 1444, 1403, 1329, 1159, 1089, 1060,

1007, 948, 861, 812, 768, 736, 695, 658, 570, 546. HRMS (ESI) Calcd for C2;H2s5IN3O2S (M+Na)*
604.0526, found 604.0527.

x104 |+ESI Scan (1.351 min) Frag=175.0V 20210118-WLWD2.d

45 £04.0527
44
351
34
254
24
154 £05.0557
14
051 £06 0558
0 . . ) o

607.0539
L) T 1 - T -

800 601 802 803 604 805 806 807 603 809 810 611
Counts vs. Mass-to-Charge (miz)

CF, Compound S1n’: 28% vyield, yellowish white foam, m.p. = 84.3-89.0 <C, Rt = 0.3

(petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCl3) § 7.53 (td, J = 7.4,

1.0 Hz, 1H), 7.49 - 7.35 (m, 6H), 7.32 (d, J = 7.9 Hz, 1H), 7.26 — 7.23 (m, 3H), 7.13 (d,

NN J=8.0Hz, 2H), 7.07 (d, J = 7.9 Hz, 2H), 6.77 — 6.67 (m, 2H), 5.26 (s, 2H), 4.32 (s, 2H),

O O 2.35 (s, 3H). °F NMR (471 MHz, CDCl3) § -62.7.3C NMR (126 MHz, CDCls3) 6 147.2,

144.0,139.5, 138.7, 138.5, 136.4, 134.7, 131.5, 130.9, 130.2, 129.70, 129.69 (q, J = 34.0

Hz), 129.6, 129.4, 128.5, 128.5, 126.1, 124.8 (q, J = 3.6 Hz), 124.1 (q, J = 272.1 Hz), 55.4, 21.5. IR

(KBr, cm™) 3409, 3301, 3063, 2924, 1595, 1489, 1443, 1421, 1325, 1160, 1122, 1066, 1020, 843, 815,

769, 737, 693, 657, 569, 545. HRMS (ESI) Calcd for CasH24FsN3sNaO,S (M+Na)* 546.1433, found
546.1437.
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x102
354

3.254
3
2,754
254
2.25
24
1.75+
1.5
1.254
14
0.75

+E5| Scan (0.231 min) Frag=175.0V 20201101-LwD13.d

54613 546135 54614 546145  B4B15 546155 54616 546165  B4E17 546175 54618
Counts vs. Mass-to-Charge (miz)

ocF,  Compound S10’: 47% vyield, yellowish white foam, m.p. = 84.3-89.0 <C, Rt = 0.3

(petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCl3) § 7.52 (t, J = 7.4 Hz,
1H), 7.46 — 7.38 (m, 6H), 7.30 — 7.25 (m, 4H), 7.09 (d, J = 7.8 Hz, 2H), 6.76 (d, J = 8.1
Hz, 2H), 6.66 (s, 2H), 5.58 (s, 2H), 4.28 (d, J = 14.6 Hz, 1H), 4.20 (d, J = 14.6 Hz, 1H),

O O 2.36 (5, 3H). °F NMR (471 MHz, CDCls) § -57.84.13C NMR (126 MHz, CDCl3) § 148.7,

147.2, 143.9, 139.3, 138.6, 136.7, 134.8, 133.5, 131.5, 131.2, 131.0, 130.1, 129.5, 129.4,

128.5,128.4, 126.2, 120.32, 120.32(q, J = 257.2 Hz), 54.9, 21.5. IR (KBr, cm™) 3408, 3300, 3062, 2926,
1596, 1508, 1444, 1330, 1262, 1222, 1159, 1090, 1040, 859, 816, 770, 735, 694, 657, 571, 547. HRMS
(ESI) Calcd for C2sH2sF3N303S (M+H)* 540.1563, found 540.1564.

x102

164
1.4
1.2

14
0.8
0.6

0.4+

+E5| Scan (0.313 min) Frag=175.0V 20201101-LwD42 d

540.1564

H,N.

129.51,

N
|

540152 540.153 540,154 540.155 540.156 540,157 540.158 540.155 540.16 540.161 540,162 540,163 540,164 540.165
Counts vs. Mass-to-Charge (miz)

COMe  Compound S1p’: 15% vyield, yellowish white foam, m.p. = 70.3-85.1 <C, Rf = 0.5
(petroleum ether: ethyl acetate = 2:1). *H NMR (500 MHz, CDCl3) § 7.61 (d, J = 8.1
Hz, 2H), 7.53 — 7.44 (m, 3H), 7.43 — 7.35 (m, 4H), 7.26 — 7.24 (m, 3H), 7.18 (d, J = 8.0
Hz, 1H), 7.13 (d, J = 7.9 Hz, 2H), 6.77 — 6.68 (m, 2H), 5.44 (s, 2H), 4.37 (d, J = 15.0
O Hz, 1H), 4.17 (d, J = 14.9 Hz, 1H), 3.87 (s, 3H), 2.38 (s, 3H). **C NMR (126 MHz,

CDCls) 6 166.8, 147.1, 144.0, 140.0, 138.9, 138.6, 136.5, 134.9, 131.5, 131.4, 130.0,
129.48, 129.44, 129.39, 129.3, 128.5, 128.4, 126.3, 54.9, 52.2, 21.6. IR (KBr, cm™) 3407, 3300,

N .Ts

3060, 2951, 1720, 1603, 1488, 1441, 1331, 1282, 1159, 1111, 1046, 964, 861, 813, 771, 735, 698, 658,
572, 546. HRMS (ESI) Calcd for CaoH2sN304S (M+H)* 514.1795, found 514.1788.
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%105 |+ES| Scan (1.483 min) Frag=175.0v 20201101-LwD22.d
3.25-

3 514.1788
2754
254
2251
2_
1,754
151
1254
14
0.754
054

514176 514177 514178 514179 51418 514181 514182 514183 514184 514185 514185 514187
Counts vs. Mass-to-Charge (miz)

Compound S1q’: 96% yield, yellowish white solid, m.p. = 121.2-127.3 °C, R;= 0.3

/(P - (petroleum ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCl;) & 7.54 — 7.46 (m,

Mo 3H), 7.45-7.33 (m, 4H), 7.27 — 7.21 (m, 3H), 7.17 (d, I = 7.8 Hz, 2H), 7.09 (d, ) = 7.3

O O Hz, 2H), 6.85 - 6.70 (m, 3H), 5.61 (s, 2H), 4.31 (d, J = 15.1 Hz, 1H), 4.16 (d, J = 15.1

Hz, 1H), 2.39 (s, 3H). °F NMR (376 MHz, CDCls) § -116.56. *C NMR (101 MHz,

CDCl3) 6 161.0 (d, J =247.8 Hz), 147.2, 143.9, 138.7 (d, J= 12.7 Hz), 136.1, 135.1, 132.2 (d, J= 3.7

Hz), 131.6, 131.2, 129.8, 129.8, 129.7, 129.4, 129.4, 128.5, 128.3, 128.2, 126.3, 123.9 (d, J = 3.6 Hz),

122.1 (d, J=14.3 Hz), 115.1 (d, J=22.0 Hz), 48.4, 21.7. IR (KBr, cm'®) 3408, 3301, 3060, 1591, 1491,

1448, 1333, 1270, 1228, 1159, 1089, 1036, 946, 861, 816, 763, 738, 694, 656, 570, 548. HRMS (ESI)
Calcd for C27H25FN30,S (M+H)* 474.1646, found 474.1649.

F
H,N.

«102 |+ESI Scan (0.316 min) Frag=175.0v 20201101-LwD21 4
5.5 474.1649
5,_
45
4
354
1
254
24
154
14
054

47416 474162 474164 ATAN6E  4TA1BR 47417 ATAT2 474174 474076 AT4178
Counts vs. Mass-to-Charge (miz)

(petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCl3) § 7.52 — 7.41 (m,
HaNoy SN 4H), 7.38 (dd, J = 7.5, 1.5 Hz, 1H), 7.33 (dd, J = 6.6, 2.9 Hz, 2H), 7.29 (d, J = 8.0 Hz,
O O 1H), 7.20 — 7.12 (m, 5H), 7.03 (d, J = 7.3 Hz, 1H), 7.00 — 6.94 (m, 1H), 6.87 — 6.77 (m,
2H), 5.43 (s, 2H), 4.53 (d, J = 15.4 Hz, 1H), 4.43 (d, J = 15.5 Hz, 1H), 2.38 (s, 3H). **C
NMR (126 MHz, CDCl3) & 147.1, 144.0, 140.0, 138.6, 135.6, 134.9, 133.5, 132.7, 131.8, 131.5, 130.3,
129.9, 129.4, 129.3, 129.1, 128.8, 128.7, 128.2, 128.0, 126.4, 126.2, 53.1, 21.6. IR (KBr, cm) 3409,
3302, 3061, 2925, 1596, 1486, 1444, 1335, 1269, 1209, 1161, 1090, 1038, 947, 851, 817, 740, 697, 657,
570, 547. HRMS (ESI) Calcd for Co7H25CIN3O,.S (M+H)* 490.1351, found 490.1346; isotopic peak:
HRMS (ESI) Calcd for C27H25CIN3O,S (M+H)* 492.1322, found 492.1325.

% Compound S1r’: 79% vyield, yellowish white solid, m.p. = 127.0-129.2 <C, Ry = 0.3
. Ts
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z102 |+E3I £33 (1. 763 44) Freg=175. OVI0191230-L¥D-23.4
480, L2346

e
RS e @ B3R e
1

490,06 490.07 490.08 490.09 490.1 480.11 490.12 490.1
it 5

13 480.14 490.15 490.16 490.17 490.13 490.19 490.2
EEFE 2

z102 |+E3I 438 (1.513 #44) Freg=175 OVI0191230-L%D-23.d
L3 492, 1325

0. 24

497.12 492.125 492.13 492.135 482 14 492145 492, 15 492155 492.16 492 165 492. 17 492. 175 482,18

#4 5 EEE /)

F  Compound S1s’: 49% yield, yellowish white foam, m.p. = 63.9-65.4 °C, R, = 0.3

(P/ (petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCl;) § 7.54 — 7.36 (m,
‘N SN 7H), 7.32-7.25 (m, 3H), 7.19(d, J = 7.8 Hz, 1H), 7.15 (d, J = 7.9 Hz, 2H), 7.00 — 6.92
|

O O (m, 1H), 6.75 (td, J = 8.4, 2.0 Hz, 1H), 6.55 (d, J = 6.8 Hz, 1H), 6.34 — 6.24 (m, 1H),

5.49 (s, 2H), 4.32 (d, J = 14.9 Hz, 1H), 4.07 (d, J = 14.8 Hz, 1H), 2.39 (s, 3H). ’F NMR
(471 MHz, CDCls) § -113.29. 1*C NMR (126 MHz, CDCls) § 162.4 (d, J = 245.9 Hz), 147.2, 143.9,
138.8, 138.5,137.4 (d, J = 7.0 Hz), 136.7, 134.9, 131.6, 131.4, 130.0, 129.48, 129.47, 129.4, 128.5, 128 4,
126.3, 125.2 (d, J = 2.7 Hz), 116.4 (d, J = 21.9 Hz), 114.7 (d, J = 21.2 Hz), 54.7, 21.6. IR (KBr, cm™)
3408, 3300, 3062, 2925, 1616, 1593, 1488, 1447, 1331, 1256, 1208, 1159, 1090, 1043, 927, 879, 815,
769, 738, 692, 658, 570, 548. HRMS (ESI) Calcd for CorHasFN3O2S (M+H)* 474.1646, found 476.1644.

%102 |+ESI Scan (0.199 min) Frag=175.0V 20201101-LWD36.d
351
325
34
2751
254
225
24
1.754
151
1.254
14
0.754
054

4741644

474162 474164 474166 474168 47417 474172 474174
Counts vs. Mass-to-Charge (miz)

(petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCl3) 4 7.53 (t, J = 7.3 Hz,

(P/Br Compound S1t’: 50% vyield, yellowish white foam, m.p. = 56.8-71.1 <C, Ry = 0.3

~n SN 1H), 7.48 — 7.39 (m, 6H), 7.34 — 7.25 (m, 4H), 7.17 — 7.09 (m, 3H), 6.85 (t, J = 7.8 Hz,
|

O O 1H), 6.69 (d, J = 5.8 Hz, 1H), 6.50 (s, 1H), 5.51 (5, 2H), 4.27 (d, J = 14.7 Hz, 1H), 4.10
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(d, J = 14.6 Hz, 1H), 2.39 (s, 3H). 3C NMR (126 MHz, CDCl3) § 147.2, 144.0, 139.2, 138.5, 136.9,
136.8, 134.8, 132.5, 131.4, 131.3, 130.8, 130.1, 129.5, 129.5, 128.6, 128.5, 128.3, 128.2, 126.2, 122.2,
55.0, 21.7. IR (KBr, cm™) 3407, 3299, 3060, 2923, 1597, 1571, 1485, 1444, 1330, 1266, 1207, 1158,
1090, 1067, 1041, 889, 845, 815, 768, 736, 695, 660, 568. HRMS (ESI) Calcd for C27H2sBrNsO2S
(M+H)* 534.0846, found 534.0840. isotopic peak: HRMS (ESI) Calcd for Ca7H2sBrNsO2S (M+H)*

536.0825, found 536.0823.

z10t |+ESI &3 (0. 278 #4) Freg=175 OVI0Z01101-L%D3. &
o4
34
&4
5
4
24
24
U T T T T T T T T T
534. 045 534.05 534. 055 534. 05 534. 065 534.0 534.075 534.08 534. 085 534. 09
T8 5 BEEE @'z
x102 |+E30 438 (0. 195 4% Freg=175. 0V20201101-L¥D3. 4
3. 54
24
2.5
24
.5
0. 54
U T T T T T T T T T T T
536.04 536.05 536.06 53607 535.08  536.09 536. 1 536.11  536.12  536.13  536.14
i 5 WKL /2

H,N. \( Ts

IN N

Compound S1u’: 27% yield, yellowish white solid, m.p. = 106.2-107.8 °C, Ry= 0.3
(petroleum ether: ethyl acetate = 5:1). *H NMR (500 MHz, CDCl) 6 7.66 (s, 2H), 7.54

O O ~7.36 (m, 6H), 7.28 — 7.21 (m, 5H), 5.68 (s, 2H), 3.02 — 2.88 (m, 2H), 2.42 (s, 3H),

1.24 (s, 1H), 0.46 (s, 3H), 0.20 (s, 3H). *C NMR (126 MHz, CDCL:) § 146.6, 143.8,
138.8, 138.7, 136.6, 131.9, 130.3, 129.9, 129.6, 129.1, 128.4, 128.2, 128.1, 126.2, 58.4, 26.6, 21.7, 20.1,
19.7. IR (KBr, em™) 3412, 3303, 3059, 2961, 2872, 1594, 1488, 1444, 1338, 1267, 1221, 1155, 1089,
1064, 1040, 961, 855, 817, 768, 739, 698, 659, 577, 546. HRMS (ESI) Calcd for CasHyN3NaO,S

(M+Na)* 444.1716, found 444.1710.

x10 % |+ES| Scan (0.466 min) Frag=175.0V 20200102-L\WD-15.d
5

4.5

4441710

0.5+ 44517

443 444 45 48 44 450

451 452 453 456 4b7

Counts vs. Mass-to-Charge (miz)
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(petroleum ether: ethyl acetate = 5:1). *H NMR (400 MHz, CDCls) § 7.64 (s, 2H), 7.54
—7.34 (m, 6H), 7.28 — 7.22 (m, 5H), 5.23 (s, 2H), 3.02 — 2.91 (m, 2H), 2.42 (s, 3H),
O O 1.47 — 1.22 (m, 5H), 1.06 — 0.77 (m, 4H), 0.64 (s, 1H), 0.36 (g, J = 10.5 Hz, 2H). 13C

NMR (101 MHz, CDCl;) 6 146.6, 143.8, 139.0, 138.8, 136.6, 131.8, 131.8, 130.5, 129.9,
129.5,129.0, 128.4,128.3, 128.1, 126.2, 57.5, 35.4,30.9, 30.6, 26.2, 25.6,25.4,21.7, 21.6. IR (KBr, cm
13413, 3303, 3059, 2926, 2851, 1597, 1487, 1445, 1338, 1266, 1210, 1159, 1090, 1060, 1035, 973, 923,
895, 821, 769, 737, 697, 658, 581, 547. HRMS (ESI) Calcd for C,7H3:N30,S (M+H)" 462.2210, found
462.2212.

(P Compound S1v’: 66% yield, yellowish white solid, m.p. = 135.2-136.5 °C, Ry = 0.3

=z
z

%102 |+ESI Scan (0,439 min) Frag=175.0V 20201101-LWD40.d
1.3
121
114

14
VR
0.8
0.7
061
0.5
0.4
0.2-
0.2-

462213 46222 462222 462.724 462226 462298 46223 462232
Counts vs. Mass-to-Charge (miz)

(petroleum ether: ethyl acetate = 5:1). '"H NMR (500 MHz, CDCl;) § 7.55 — 7.44 (m,
NN 3H), 7.40 (d, J= 7.3 Hz, 1H), 7.38 — 7.29 (m, 3H), 7.15 (d, /= 7.8 Hz, 2H), 7.12 —
O O 7.06 (m, 4H), 7.00 (t, J= 7.5 Hz, 2H), 6.76 — 6.69 (m, 2H), 5.47 (s, 2H), 4.36 (d, J =
14.8 Hz, 1H), 4.00 (d, J = 14.5 Hz, 1H), 2.39 (s, 3H), 2.31 (s, 3H). *C NMR (126
MHz, CDCl3) 6 147.6, 143.7, 138.5, 138.3, 137.0, 135.9, 135.2, 135.0, 131.9, 131.4, 129.8, 129.7, 129.5,
129.3,129.2,128.5,128.1, 127.7, 126.4, 55.0, 21.7, 21.4. IR (KBr, cm™") 3406, 3297, 3062, 3031, 2923,
1600, 1489, 1448, 1333, 1266, 1158, 1090, 1043, 858, 819, 732, 700, 657, 607, 563, 545. HRMS (ESI)
Calcd for CasH27N3NaO,S (M+Na)* 492.1716, found 492.1713. '"H NMR (500 MHz, Chloroform-d) &
7.55 -7.44 (m, 3H), 7.40 (d, /= 7.3 Hz, 1H), 7.38 — 7.29 (m, 4H), 7.15 (d, /= 7.8 Hz, 2H), 7.12 — 7.06
(m, 4H), 7.00 (t, J=7.5 Hz, 2H), , 5.47 (s, 1H), 4.36 (d, /= 14.8 Hz, 1H), 4.00 (d, /= 14.5 Hz, 1H), 2.39
(s, 3H), 2.31 (s, 3H).

x10 % |+ESI Scan (0.062 min) Frag=175.0V 20201101-LWwD24 d

(P Compound S1w’: 85% yield, yellowish white foam, m.p. = 72.9-83.0 °C, R,= 0.3
H,N Ts

1.8
161
1.4
121

14
0.8
061
0.4-
0.2

492168 49217 492172 492174 492176 492178 49218
Counts vs. Mass-to-Charge (miz)
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Compound S1x’: 24% yield, yellowish white solid, m.p. = 132.8-134.0 °C, R;=0.3
(petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) § 7.55 — 7.43 (m,
3H), 7.41 - 7.32 (m, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.21 — 7.08 (m, 6H), 7.00 (t, J =
7.5 Hz, 2H), 6.72 (s, 2H), 5.52 (s, 2H), 4.35 (d, J = 14.7 Hz, 1H), 4.16 (d, J = 14.5
Hz, 1H), 2.40 (s, 3H). 3C NMR (126 MHz, CDCls) § 145.9, 143.9, 138.8, 137.2,

136.4, 134.8, 134.6, 133.9, 131.4, 131.3, 129.9, 129.5, 129.4, 129.4, 128.4, 128.1, 127.8, 127.4, 55.2,
21.6. IR (KBr, cm™) 3409, 3301, 3062, 1597, 1489, 1446, 1333, 1159, 1091, 1037, 950, 836, 742, 675,
610, 566. HRMS (ESI) Calcd for C27H24CIN3NaO,S (M+Na)* 512.1170, found 512.1172; isotopic peak
: HRMS (ESI) Calcd for C27H24CIN3NaO,S (M+Na)* 514.1141, found 514.1132.

z102 |+E3I &3 (0. 377 #44) Freg=175. 0VZ0201101-L¥D26. &

512.08 512. 09 512 512, 512. 12 512,13 512. 14 512,15
T8 5 mFHE 0/z
z102 |+E3I &3 (0. 710 44) Freg=175. 0VZ0201101-L¥D26. &
5. 5 514.[1132
4.5
4
0. 5:
0
514. 08 514.09 51d.1 51411 514. 12 51413 514 14 51415 514,16 514.17
i 5 mFE =z
Compound S1y’: Yield: 90%, white solid, m.p. = 85.8-88.1 °C, Ry= 0.4 (petroleum ether:
N . ethyl acetate = 2:1). 'H NMR (500 MHz, CDCL;) 6 7.58 (d, J= 7.9 Hz, 2H), 7.52 (d, J =
2 .Ts

128.21, 128.18,

7.7 Hz, 1H), 7.32 (t, J= 7.5 Hz, 1H), 7.23 (d, J= 8.0 Hz, 2H), 7.21 — 7.13 (m, 6H), 6.75
(d,J= 8.0 Hz, 1H), 4.85 (s, 2H), 2.39 (s, 3H), 1.99 (s, 3H). 13C NMR (126 MHz, CDCls)
§ 158.1, 143.4, 141.4, 136.7, 136.5, 135.6, 130.3, 130.03, 130.00, 129.4, 128.6, 128.3,
127.9, 56.1,21.5, 18.8. IR (KBr, cm™') 3397, 3063, 3032, 1597, 1491, 1445, 1343, 1215,

1091, 1044, 862, 817, 701, 607, 560. HRMS (ESI) Calcd for C2,H24N30S (M+H)* 394.1584, found

394.1587.
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x10% |+ESI Scan (0.347 min) Frag=175.0V 2022080525F-L\wWD-2-147-3.d
- 354[1587

134,156 394,157 394,158 334,153 334.16 394,161 394,162 194,163
Counts vs, Mass-to-Charge (miz)

Compound Slaa’: 62% yield, yellowish white foam (contains an inseparable Z/E

(? mixture), m.p. = 52.0-54.2 T, Ry = 0.3 (petroleum ether: ethyl acetate = 2:1). 'H NMR

N N (500 MHz, CDCls) 6 7.54 — 7.26 (m, 14H), 7.23 — 7.09 (m, 7H), 7.01 (d, J = 5.8 Hz,

O O 1H), 6.85 (d, J = 7.9 Hz, 1H), 5.62 and 5.52 (s, 2H), 5.58 and 5.22 (d, J = 14.6 Hz,

1H), ,3.98 and 3.22 (d, J = 14.5 Hz, 1H), 1.98 and 1.46 (s, 3H). 3C NMR (126 MHz,

CDCls) 8 170.7 and 169.7, 147.6 and 146.0, 141.4 and 141.1, 138.3 and 137.7, 132.5 and 131.8, 132.1

and 132.0, 130.8 and 130.3, 130.1 and 130.0, 128.95, 128.89, 128.82, 128.77, 128.7, 128.5, 128.4, 128.2,

127.6 and 127.2, 126.7, 126.33 and 126.28, 126.1, 51.0 and 50.6, 22.5 and 22.1.IR (KBr, cm™) 3306,

3059, 3029, 2927, 1698, 1664, 1602, 1579, 1489, 1447, 1372, 1292, 1266, 1166, 1070, 1022, 953, 736,
699, 654, 536. HRMS (ESI) Calcd for CzH21NsNaO (M+Na)* 366.1577, found 366.1582.

«10& |+ES| Scan (0.414 min) Frag=175.0V 20181230-Li/D-44.d

151
1.4
1.2-

14
0.8
061

352 1252 3832078 TREE = 43723385 4511336 4753233
1 i L

1 153,20
ol N | P P PPN I o
330 340 350 30D 370 380 350 400 410 420 430 440 450 460 470 480 490
Counts vs. Mass-to-Charge (miz)

(petroleum ether: ethyl acetate = 5:1). '"H NMR (400 MHz, CDCl3) 8 7.49 (d, J = 6.8

N Hz, 2H), 7.44 (d, J = 8.5 Hz, 1H), 7.39 — 7.29 (m, 5H), 7.22 — 7.15 (m, 4H), 7.07 (s,

O O 2H), 5.58 (s, 2H), 4.43 (d, J = 14.3 Hz, 1H), 4.23 (s, 1H), 2.45 (s, 3H). 3C NMR (101

MHz, CDCls) 6 146.8, 138.9, 138.4, 135.3, 133.6, 132.9, 130.6, 129.9, 129.2, 128.6,

128.5,128.4,128.1, 126.1, 54.9, 41.5. IR (KBr, cm™") 3408, 3298, 3061, 3030, 2931, 1589, 1489, 1445,

1330, 1213, 1148, 1061, 964, 864, 775, 735, 699, 654, 608, 541, 521, 497. HRMS (ESI) Calcd for
C21H21N3NaO,S (M+Na)* 402.1246, found 402.1239.

EP Compound Slab’: 50% yield, yellowish white solid, m.p. = 123.6-125.4 °C, R,=0.4
H,N Ms
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x10 3 |+ESI Scan (0.683 min) Frag=175.0V 20191230-LwD-8.d

54 4021233

D.i_l . é_l.d.ld.cl.:.;:. .l. | Lll -nl.Lll.j:ll‘.-L.IJ. j:‘.: .J..l.l.a P Il.‘ aooh lLil....._ . - ..-F.:._l.lf-.:

200 300 400 500 600 700 BOD 00 1000 1100 1200 1300 1400
Counts vs, Mass-to-Charge (miz)

E? Compound 1ac’: Yield: 90%, yellowish oil, Rr= 0.4 (petroleum ether:ethyl acetate =
H,N Bn

30:1). 'H NMR (500 MHz, CDCls) § 7.51 — 7.45 (m, 2H), 7.36 — 7.26 (m, 4H), 7.21 (d,

N J=7.5Hz, 1H),7.17 - 7.08 (m, 7H), 7.06 (d, J = 8.2 Hz, 1H), 6.89 — 6.84 (m, 4H), 5.54

O O (s, 2H), 4.03 (d, J = 14.4 Hz, 2H), 3.95 (d, J = 14.4 Hz, 2H). 3C NMR (126 MHz,

CDCL3) 5 150.8, 149.6, 138.8, 137.7, 130.8, 129.8, 128.9, 128.3, 128.13, 128.08, 127.1,

127.0, 126.4, 122.7, 122.4, 55.9. IR (KBr, cm™') 3409, 3059, 3027, 1591, 1489, 1446, 1367, 1330, 1207,
1074, 954, 767, 741, 697, 656. HRMS (ESI) Calcd for Co7HaeN3 (M+H)* 392.2121, found 392.2124.

%108 |+ESI Scan (0.748 min) Frag=175.0v/ 20220805Z5F-L\/D-4-172-2.d
- 3g2[2124
144
124
14
0.2
061
04

0.2

392.21 392,211 192212 192213 392.214 332,215 392216 192217
Counts vs, Mass-to-Charge (miz)

The procedure for formation of diazo compound 1z

. Zn dust (5.0 equiv.) .
CO,H SOCl, (2.5 equiv.) COMe  NH,CI (10.0 equiv.) CO,Me TsCl (1.5 equiv.) CO,Me
—>MeOH 0°C 1060°G pyridine (1.5 equiv.)
NO2 overnight NO, acetone:H,0 = 4:1, 50°C NH, DCM, 0°C to rt NHTs
18 mmol 99% yield overnight overnight

58% yield 96% yield

) N
BnBr (3.0 equiv.) p-ABSA (2.0 equiv.)

@\/\COZMe EtaN (2.0 equiv.) ©\A002Me DBU (2.5 equiv.) CO,Me
.Bn _— B
NHTs MeCN, rt N .Bn

3 days 1"3 dry MeCN, 50°C N
59% yield 24h Ts
64% yield 1z

The procedures were slightly modified according to Ref 4.

2-nitrophenylacetic acid (3.3 g, 18 mmol) was dissolved in methanol (30 mL) and the solution was
cooled down to 0 °C before addition of thionyl dichloride (3.4 mL, 45 mmol) dropwise. The reaction was
stirred overnight at 60 °C and checked by TLC. The solvent was evaporated in vacuo and the residual oil
washed with a saturated solution of NaHCO; and extracted with EtOAc. Subsequently, the combined
organic fractions were washed with water and brine, dried over NaSO4 and concentrated in vacuo to
afford methyl 2-(2-nitrophenyl)acetate (3.6g, 99% yield) as yellow solid without purification.

To methyl 2-(2-nitrophenyl)acetate from the previous reaction (3.6 g, 18 mmol) in 4:1 acetone/water
(60 mL) was added zinc dust (6.0 g, 90 mmol) and NH4Cl (10.0 g, 180 mmol), and stirred 12 hours at
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50 °C. The solution was then concentrated and diluted with ethyl acetate. The organic layer was washed
with water and brine, then dried over Na,SOy, filtered and concentrated in vacuo, and purified by flash
column chromatography (silica gel, petroleum ether/AcOEt = 5:1) to afford methyl 2-(2-
aminophenyl)acetate (1.8 g, 58%) as red oil.

To a solution of methyl 2-(2-aminophenyl)acetate (1.8 g, 11 mmol) in DCM (30 mL) at 0 °C was
added pyridine (1.3 mL,16.5 mmol) and tosyl chloride (3.1 g, 16.5 mmol). The reaction was allowed to
come to room temperature while stirring overnight. Water was added to the reaction and the layers were
separated. The organic layer was washed with water and brine, then dried over Na>SOs, filtered and
concentrated in vacuo, and purified by flash column chromatography (silica gel, petroleum ether/AcOEt
= 5:1) to afford methyl 2-(2-((4-methylphenyl)sulfonamido)phenyl)acetate as white solid (3.3g, 96% ).

A solution of above material (3.3 g, 10.3 mmol) was dissolved in acetonitrile (30 mL). After the
addition of triethylamine (3.0 mL, 20.6 mmol), the reaction mixture was cooled down to 0 °C. Next,
benzyl bromide (3.6 mL, 15.5 mmol) was added dropwise and the reaction mixture was stirred at room
temperature for 3 days until no starting material was detected anymore. Subsequently, the solvent was
evaporated in vacuo and the residual oil was dissolved in DCM, and washed with water and brine. After
drying over Na;SOs, the mixture was concentrated in vacuo and purified via column chromatography
(silica gel, petroleum ether/AcOEt = 5:1) to afford methyl 2-(2-((N-benzyl-4-
methylphenyl)sulfonamido)phenyl)acetate (2.5g, 59%) as white solid.

A solution containing the ester above (2.5 g, 6.1 mmol) and p-ABSA (2.93g, 12.2 mmol) in MeCN (30
mL) was cooled to 0 °C. DBU (2.3 g, 15.3 mmol) was added dropwise. The reaction stirred for 24 h at
50 °C monitored by TLC. Then, the reaction mixture was cooled down to 0 °C and saturated NH4Cl
solution was added to quench the reaction. The mixture was extracted with DCM, washed with brine and
dried over Na>SOs. The solvent was evaporated in vacuo and the crude reaction mixture was purified via
flash column chromatography (silica gel, petroleum ether/AcOEt = 5:1) to afford methyl 2-(2-((V-
benzyl-4-methylphenyl)sulfonamido)phenyl)-2-diazoacetate 1z (1.70 g, 64%) as bright yellow solid.

N, Compound 1z: known compound.™ Yield: 64%, bright yellow solid, R, = 0.5
(:fj\cone (petroleum ether: ethyl acetate = 5:1). 'H NMR (400 MHz, CDCl3) § 7.65 (d, J= 8.1
= Hz, 2H), 7.49 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.27 (t, J = 7.7 Hz, 1H),
Ts 7.23 —7.12 (m, 3H), 7.12 — 7.06 (m, 3H), 6.56 (d, J = 8.0 Hz, 1H), 5.05 (s, 1H), 4.10

(s, 1H), 3.62 (s, 3H), 2.47 (s, 3H). 13C NMR (101 MHz, CDCl;5) & 166.0, 144.1, 137.0, 135.8, 134.5,
131.3,129.8, 129.5, 128.7, 128.4, 128.2, 128.0, 127.7, 60.6, 56.9, 51.8, 21.7.
The procedure for formation of diazo compound 1ad

o HCHO (37% pl/v, 20.0 equiv.)

o ) o ) NaBH3CN (5.0 equiv.)
Ph—NH, + C|)k0/\/c' _ pyridine (1.4 equiv.) Ph\N)kO/\/q KOH (4.0 equiv) ph. ~_OH AcOH (10.0 equiv.) Ph. ~_OH
1.05 equiv. DCM, 0°Ctort, 6 h H EtOH, 90°C, 4h H MeCN, 0°C to rt, 12 h |
MsCI (1.2 equiv.) .
Ph., ~_OH EtsN (1.5 equiv.) Pho -~ OMs Nal (5.0 equiv.) Phy !
"\‘ DCM,0°Ctort, 1h | acetone, 65°C, 24 h |

4% yield for 5 steps
0 o °  rammnomn .

Ph. no, NaH (6.0 equiv.) N /\iﬁ - equiv. Ph. o
’\\‘/\/ );/M_OMQ THF, 0°C to 80°C, 5 days o '\" ° dry MeCN, rt, 19 h '\\‘W
-0 equiv. 43% yield OMe 88% yield 1ae

The procedures referred to Ref'5.
\ Compound 1ad: known compound.P! 88% yield, yellow oil, R;= 0.5 (petroleum ether:
Ph. ’ o ethyl acetate = 12:1). '"H NMR (400 MHz, CDCl3) § 7.27 — 7.18 (m, 2H), 6.75 — 6.67

NW y

| oMme (m, 3H), 3.76 (s, 3H), 3.52 (t, J = 6.9 Hz, 2H), 2.93 (s, 3H), 2.53 (t, J = 6.9 Hz, 2H).
BCNMR (101 MHz, CDCl3) 8 167.8, 148.7,129.3,116.8, 112.2, 52.0, 50.8, 38.3, 21.7.
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4. General procedure for Pd(lIl)-catalyzed C-H insertion of diazo

compounds and synthetic applications

4.1 General procedure for enantioselective Pd(II)-catalyzed C-H insertion of diazo
compounds (0.1 mmol)

In a flame-dried scintillation vial, the desired hydrazones S1a’-S1y’, Slaa’-Slac’ (0.1 mmol, 1.0
equiv.) were dissolved in anhydrous benzotrifluoride (0.033 M). The scintillation vial was wrapped in
foil, and MnO, (8.0 equiv.) was added. The oxidation was allowed to stir until full conversion of the
starting material was observed by TLC, then the MnO;, was removed by filtering through celite into a
new flame-dried flask using dry ethyl acetate quickly. Next the solvent was removed in vacuo at room
temperature. The crude magenta diazo compounds la-1y, 1aa-lac were used for next step without
purification and were diluted to 0.033 M with anhydrous benzotrifluoride. By the way, pure diazo
compounds 1z and 1ad were not generated in suit through this method. In the meantime, under nitrogen
atmosphere, Pd(CH3CN).Cl, (10 mol%), chiral ligand L5 or L6 (12 mol%) and NaBAr" (24 mol%) were
added in dry benzotrifluoride (6.7>10 M). The chiral catalysts mixture was stirred to bright yellow at
room temperature for 2 h. Then the magenta solution of diazo compounds 1a-1ad was added dropwise
into the catalyst system for 10 min. The insertion reaction was stirred at room temperature within 12 h
until completion monitored by TLC. The crude reaction mixture was filtered over Celite, concentrated
in vacuo, and purified by column chromatography to yield the desired insertion products 2a-2ad.

Compound trans-2a: 47.1 mg of Sl1a’ yields 28.6 mg of 2a (65%, 12 h, trans/cis =

Q 7.3:1, using L5); 46.1 mg of Sl1a’ yields 31.4 mg of 2a (73%, 12 h, trans/cis = 5.2:1,

O N O using L6), white solid, m.p. = 133.4-135.3 <C, R¢ = 0.5 (petroleum ether: ethyl acetate

Ts =12:1). *H NMR (500 MHz, CDCls) § 7.90 (d, J = 8.2 Hz, 1H), 7.55 (d, J = 8.2 Hz,
2H), 7.38 — 7.31 (m, 5H), 7.33 - 7.25 (m, 1H), 7.17 — 7.09 (m, 3H), 7.07 — 7.00 (m, 3H), 6.88 (d, J = 7.4
Hz, 1H), 6.43 (d, J = 7.5 Hz, 2H), 5.02 (d, J = 4.0 Hz, 1H), 4.23 (d, J = 3.9 Hz, 1H), 2.39 (s, 3H). *C
NMR (126 MHz, CDCl3) 5 144.1, 143.6, 143.2, 142.5, 134.7, 133.1, 129.7, 129.0, 128.81, 128.76, 127.9,
127.6, 126.9, 126.3, 125.9, 124.7, 115.7, 74.4, 57.4, 21.7. IR (KBr, cm™1) 3063, 3030, 2922, 1598, 1456,
1400, 1359, 1169, 1090, 1025, 957, 812, 733, 699, 665, 575, 542. HRMS (ESI) Calcd for Co7H24NO2S
(M+H)* 426.1522, found 426.1518. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80
mL/min, tz = major: 8.8 min, minor: 12.1 min. 95% ee. [a]3! = -127°(c 0.75, CH.Cl,); HPLC (using
L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, t= major: 7.8 min, minor: 10.5 min. 94%
ee. [a]d! =-125°(c 0.46, CH.Cl,).

%102 |+ES| Scan (0.578 min) Frag=175.0V 20191230-LD-29.4
161
1.4
1.2

14
0.8-
061
0.4
0.2-

42614 426145 42615 426155 42616 426165 42617 426175 42618 426185  426.19
Counts vs. Mass-to-Charge (m/'z)
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< E>

Al
DA Wulti 1 254nm, n)
o] R B I 1] = retention time
1% = area %
300]
200] .
: H
N E
T T
T T T T
8 9 10 1
min
<HRFE>
DA Chl 254mm ] _
s | GRETR ) e ) A E % PN
7.955 | 2014354 119875 50.070 | 56. 662
10. 540 | 2008709 687 49.930 | 43.338
Eif 4023063 | 911561 100000 | 100. 000
<EIE> <>
v AU
TOX Valt? 1 254nm, 4] PDA Multi 1 Z5dnm, ne]
1000 using L5 e using L6
750
500
500] £ -
250-|
250] B
n = s s =
: T
T T 7 T ; T T T T 7 T
8 9 10 1 12 13 11 15 T H g 10 ¥ 12
min in
<EEFR> <>
PDA Chl 254nm ) ) ) DA Chl 2540m
i | R BE fA) mif | A [ A=c k] % fi1:2) VT | f BIER ] T I Ens % FE%
U 5768 803854 107756 97.533 95,070 A EERITT] 321601 57 0@ 97 9%
2| 12116 203357 8025 2. 467 1.930 ST i 51777 975 2. 761 3122
it 8241901 115780 100000 100.000 el 49567 | 38860 T60-000 05000

Compound cis-2a: white solid, m.p. = 163.6-166.0 <C, Rt= 0.4 (petroleum ether: ethyl
acetate = 12:1). 'H NMR (400 MHz, CDCls) 5 7.82 (d, J = 8.0 Hz, 1H), 7.64 (d, J =
7.8 Hz, 2H), 7.33 (t, J = 7.5 Hz, 1H), 7.20 (d, J = 7.8 Hz, 2H), 7.08 — 6.88 (m, 7H),
6.83 (d, J =7.3 Hz, 1H), 6.76 (d, J = 7.3 Hz, 2H), 6.64 (d, J = 7.2 Hz, 2H), 5.57 (d, J
=9.5Hz, 1H), 4.68 (d, J = 9.5 Hz, 1H), 2.38 (s, 3H). *C NMR (101 MHz, CDCls) 6 144.1, 143.3, 137.5,
136.7, 136.0, 134.4, 129.9, 129.7, 128.5, 127.9, 127.7, 127.4, 127.2, 127.1, 126.0, 124.8, 115.9, 71.0,
54.0, 21.7. IR (KBr, cm™) 3058, 2986, 1598, 1494, 1456, 1356, 1266, 1166, 1096, 1027, 950, 895, 813,

776, 736, 702, 661, 576, 542. HRMS (ESI) Calcd for Cy7H2sNNaO>S (M+Na)* 448.1342, found
448.1335.

x103

244
224

74
1.8
1.6
1.4
1.2

14
0.8
0.6
0.4
0.2

0

+E5| Scan (0.980 min) Frag=175.0V 20210205-LwD1.d

4481338

s20. 1303

443 450 451 452 453

Counts vs. Mass-to-Charge (miz)
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Compound trans-2b: 47.6 mg of S1b’ yields 28.1 mg of 2b (63%, 4 h, trans/cis =
O 4.9:1, using L5); 46.9 mg of S1b’ yields 24.6 mg of 2b (56%, 4 h, trans/cis = 2.4:1,
O N using L6), white solid, m.p. =162.8-163.9 <C, R¢= 0.5 (petroleum ether: ethyl acetate
Ts =12:1). 'H NMR (500 MHz, CDCl3) 6 7.89 (d, J = 8.2 Hz, 1H), 7.55 (d, J = 8.2 Hz,
2H), 7.33 (t, J = 7.8 Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.17 — 7.09 (m, 5H), 7.06 — 6.99 (m, 3H), 6.87 (d,
J=7.5Hz, 1H), 6.42 (d, J = 7.5 Hz, 2H), 4.97 (d, J = 4.0 Hz, 1H), 4.21 (d, J = 3.9 Hz, 1H), 2.39 (s, 3H),
2.34 (s, 3H). 3°C NMR (126 MHz, CDCls) § 144.0, 143.6, 142.5,140.3,137.5, 134.7, 133.2, 129.7, 129.6,
128.8,128.7,127.6, 126.8, 126.3, 125.9, 124.6, 115.7, 74.3,57.4, 21.7, 21.3. IR (KBr, cm™) 3028, 2921,
1597, 1457, 1358, 1260, 1166, 1090, 1022, 957, 808, 735, 700, 665, 573, 542. HRMS (ESI) Calcd for
C2sH26NO,S (M+H)* 440.1679, found 440.1676. HPLC (using L5): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, t=major: 7.9 min, minor: 9.8 min. 96% ee. [a]3! =-158<(c 0.68, CH:Cl.);
HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tzr = major: 7.2 min, minor:
8.7 min. 92% ee. [a]3' =-138°(c 0.57, CH.Cl,).

@\“@

x102 |+ES| Scan (0.428 min) Frag=175.0V 20191230-LwD-45.d
5.5+ 4401676
B4
4.5+
44
3.54
34
254
24
1.5
14
0.5
0 . . — r . . . r
44015 440.16 44017 440.18 440.19 4402 4401 44022
Counts vs. Mass-to-Charge (miz)
<eif >
mAll
PDA Wulti 1 254nm, Ing
R B I} [1] = retention time
o0 THI#1% = area %
2504 . <
T T T T T T T
6 7 8 9 10 11 12
min
<>
PDA Chl 254nm
5 | B ] i L HENE % FES
7.335 | 4199083 255735 50. 042 51. 307
8. 741 1192025 242707 19.958 18.693
Aif 8391109 198443 100000 | 100. 000
<> <@ >
mAU wAU
DA Multi 1 254nm, Ing PDA Wulti 1 254nm, dns|
12504
15004 . H
using L6
using L5 ool g
10004 . 750
: ]
500 =
00
250
T — o - T = -
7 5 g i il 12 6 7 8 9 1o 1
min
<HfD> <R
PDA Chl 254nm DA Chl 254nm
WS | R T E L&EME i % N WS | fREIHTIE TE A A ED % %
7.938 | 12465528 696950 98. 082 98. 185 T.221 7383257 467091 96. 062 96. 308
9. 822 243780 12881 1. 918 815 2 B.678 302674 7907 3.938 3. 692
Bif 12709308 709831 100.000 | 100 000 Eil 7685031 184999 100.000 | 100.000
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@ Compound trans-2¢: 51.1 mg of S1c’ yields 25.0 mg of 2¢ (52%, 11 h, trans/cis

%, = 3.0:1, using L5); 49.7 mg of Slc’ yields 31.8 mg of 2¢ (68%, 11h, trans/cis =

O N O 3.5:1, using L6), white solid, m.p. = 176.2-177.4 <C, R; = 0.5 (petroleum ether:

Pr Ts ethyl acetate = 12:1). *H NMR (500 MHz, CDCls) § 7.88 (d, J = 8.2 Hz, 1H), 7.53
(d, J = 8.1 Hz, 2H), 7.33 (t, J = 7.8 Hz, 1H), 7.25 — 7.23 (m, 2H), 7.19 — 7.08 (m, 5H), 7.06 — 6.99 (m,
3H), 6.88 (d, J = 7.4 Hz, 1H), 6.45 (d, J = 7.5 Hz, 2H), 5.03 (d, J = 3.6 Hz, 1H), 4.24 (d, J = 3.3 Hz, 1H),
2.89 (hept, J = 7.0 Hz, 1H), 2.38 (s, 3H), 1.24 (d, J = 6.9 Hz, 6H). 3C NMR (126 MHz, CDCls) 5 148.4,
143.9, 143.7,142.5, 140.5, 135.0, 133.3, 129.7, 128.75, 128.73, 127.5, 127.0, 126.8, 126.4, 125.8, 124.6,
115.6, 74.2, 57.2, 33.9, 24.13, 24.11, 21.6. IR (KBr, cm™) 3027, 2961, 2926, 1598, 1458, 1401, 1458,
1359, 1261, 1169, 1106, 1022, 959, 813, 753, 700, 667, 575, 544. HRMS (ESI) Calcd for C3H2sNNaO,S
(M+Na)* 490.1811, found 490.1802. HPL.C (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80
mL/min, t = major: 6.9 min, minor: 8.9 min. 96% ee. [a]?' = -132°(c 0.42, CH,Cly); HPLC (using
L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tg = major: 6.8 min, minor: 8.6 min. 96%

ee. [a]?' =-139°(c 0.45, CH,Cl,).

x10 3 [+ESI Scan (0.485 min) Frag=175.0v 20201101-LwD7 d
2
490.1802
74
g
5
4
k|
2
T T T T T T T
450.1795 450.18 450.1805 450181 450.1815 450182
Counts vs. Mass-to-Charge (miz)
<@
mAL
A Multi 1 254nm, 4nm
o] {7 B i} [] = retention time
[ifH1% = area %
3004
£ -
2004 P g
" /\4 A_A
o 1 5 3 10 i
min
B ETE REWE [GEY %
2554170 171376 49. 813 53. 465
2 N 2573306 149165 50. 187 46. 535
it 5127476 320541 100. 000 100. 000
<ERD <>
mAL mAL
PDA Multi 1 254nm, 4nm PDA Multi 1 254nm, dnn
1500
15004
using L5 using L6
1000 10004
w /\
8 10 1 5 7 8 ) 10 1
ain
<>
PDA Chl 254nm
(& ED Y FAEY i 5 | o TE o] i i [ LEME % 4 E%
97. 870 98. 42 1 6. 754 TRA666T 571492 98. 011 98. 325
2 2. 130 1.658 8649 159218 9736 1989 |  1.676 ]
Hif 9684069 662435 100. 000 100. 000 Hit 8005884 581228 100. 000 100. 000
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@ Compound frans-2d: 52.3 mg of S1d’ yields 27.3 mg of 2d (55%, 6 h, trans/cis =

%, O 3.2:1, using LS); 53.8 mg of S1d’ yields 41.0 mg of 2d (81%, 6 h, trans/cis = 4.0:1,

O N using L6), white solid, m.p. = 151.9-153.8 °C, Ry = 0.6 (petroleum ether: ethyl

vBy s acetate = 12:1). "H NMR (500 MHz, CDCls) 6 7.88 (d, J = 8.2 Hz, 1H), 7.52 (d, J
= 8.1 Hz, 2H), 7.37 — 7.31 (m, 3H), 7.27 — 7.24 (m, 2H), 7.13 (t, J = 7.3 Hz, 1H), 7.08 (d, J = 8.0 Hz,
2H), 7.06 — 7.01 (m, 3H), 6.89 (d, J = 7.4 Hz, 1H), 6.46 (d, J = 7.5 Hz, 2H), 5.04 (d, J = 3.4 Hz, 1H),
4.25(d, J=3.1 Hz, 1H), 2.37 (s, 3H), 1.31 (s, 9H). 3C NMR (126 MHz, CDCls) 8 150.6, 143.9, 143.8,
142.5, 140.1, 135.0, 133.3, 129.7, 128.75, 128.73, 127.5, 126.8, 126.4, 125.8, 125.5, 124.6, 115.6, 74.1,
57.2,34.7,31.5,21.6. IR (KBr, cm™) 3030, 2962, 2869, 1598, 1494, 1477, 1460, 1360, 1265, 1170, 1108,
1023, 961, 814, 737, 703, 668, 576, 546. HRMS (ESI) Calcd for C3;H3,NO>S (M+H)" 482.2148, found
482.2141. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tg = major: 6.6
min, minor: 9.1 min. 96% ee. [a]3' =-107° (¢ 0.69, CH,Cl,); HPLC (using L6): OD-H column, 90:10

hexane: isopropanol, 0.80 mL/min, tg = major: 6.0 min, minor: 7.9 min. 97% ee. [a]3' =-109° (c 0.28,
CHCl).
x102 [+ESI Scan (0.751 min) Frag=175.0V 20151230-L\wWD-38.d
5 4822141
24
74
E4
B4
4
34
24
14
0 T T T T T T T
482 205 4321 482 2115 48272 432225 43223 432235
Counts vs. Mass-to-Charge (miz)
<D
mAU
PDA Multi 1 254nm, 4nnj
{7 B IR [A] = retention time
200] T #1% = area %
1004 : :9:
B 7 § 4 10
W
PDA 1 _254nm
S | GRETe A [iEc] i LEHE B S
6. 127 1239183 1797 19. 630 56. 478
7.907 1257656 3050 50. 370 13. 522
Bit 2496839 167847 100. 000 100. 000
<ttt <D
mAU mAU
PDA Multi 1 254nm, 4nnj PDA Multi 1 254nm, 4nm
. 1000 .
ool using L5 using L6
750
g 3
< 5004 :
500
250+
g 2
T T T T = T L T = = T T T = T T k7| = T
5 6 7 8 9 10 1 5 6 T 8 9 10
<HER> <>
PDA 1 _254nm PDA 1 254nm
WS | GBI T R LE0E T % W5 | e e T EBE B %
6. 629 1759262 539464 97. 955 98. 553 6. 044 5166941 409314 98. 400 98. 719
9. 097 162023 7920 2.045 LT 2 7.858 84014 5312 1. 600 . 281
Bif 7921285 547384 100. 000 100. 000 Bil 5250955 114626 100. 000 100, 000
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@ Compound trans-2e: 54.9 mg of Sle’ yields 28.2 mg of 2e (54%, 11 h, trans/cis

%, O = 3.3:1, using L5); 52.7 mg of Sle’ yields 45.3 mg of 2e (91%, 11 h, trans/cis =

O N 4.0:1, using L6), white solid, m.p. = 147.7-149.1 <C, R = 0.5 (petroleum ether:

o Ts ethyl acetate = 12:1). *H NMR (500 MHz, CDCl3) § 7.92 (d, J = 8.2 Hz, 1H), 7.60

—7.52 (m, 6H), 7.45 — 7.38 (m, 4H), 7.37 — 7.32 (m, 2H), 7.18 — 7.10 (m, 3H), 7.08 — 7.01 (m, 3H), 6.90

(d, J=7.4 Hz, 1H), 6.46 (d, J = 7.6 Hz, 2H), 5.07 (d, J = 3.9 Hz, 1H), 4.27 (d, J = 3.8 Hz, 1H), 2.39 (s,

3H).3C NMR (126 MHz, CDCl3) § 144.1, 143.5, 142.4, 142.2, 141.0, 140.8, 134.7, 133.1, 129.7, 128.89,

128.85, 128.8, 127.7, 127.6, 127.4, 127.3, 126.9, 126.4, 124.7, 115.7, 74.2, 57.4, 21.7. IR (KBr, cm™)

3030, 2923, 1598, 1484, 1460, 1405, 1359, 1261, 1169, 1108, 1028, 960, 839, 813, 760, 732, 700, 667,

575, 544. HRMS (ESI) Calcd for C33H27NNaO,S (M+Na)* 524.1654, found 424.1651. HPLC (using
L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tg = major: 10.9 min, minor; 15.7 min. 96%

ee. [a]d' =-180°(c 0.53, CH,Cl,); HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80

mL/min, tz = major: 10.8 min, minor: 15.4 min. 97% ee. [a]3'! =-179°(c 0.42, CH.Cl,).

x102 |+ES| Scan (0.436 min) Frag=175.0V 20201101-LwDé6.d
454
44 524 1651
3.5
3
254
24
1.5
14
0.5- T T T T T T Lp— Lp— T T T T
2416 B2162 524164 b24166 524168  b2417 524172 B24174 B24AT6 24178 52418 BAME2
Counts vs. Mass-to-Charge (miz)
<>
mAU
PDA Multi 1 254nm, 4na|
o] R B 15 5] = retention time
o T f% = area %
500 2 o
; /k K
s "
T T 7 T T
7.5 10.0 12.5 15.0 17.5
<R
DA Chl 254nm
W5 | BRI [ A REHE % %
10.924 | 10149906 394256 50. 005 58, 107
15.263 | 10147876 284943 19,995 11893
Bil 20297781 678199 100.000 | 100. 000
<@ D> <@l E)>
Al AU
E FOA Wulti 1 254nm, g} PDA Wulti 1 25dnm, dnd]
1000
using L5 using L6
2000 3000
; 20004 ;
1000 \
) 1000
T - T = - " = L
T.‘E ld.U IEI.E 15‘ 0 lF‘_E ,',‘5 ]U‘.(} 12‘,5 15'_() lTI‘E
min
<HEFE> <WE>
PDA 1 254nm PDA 1 254nm
W [ fRETE] ] T W (XD T A% W | BRTed ] [Tk I D [E) i
10. 939 29283369 1103539 97. 899 98. 521 10. 774 39775497 1587747 98. 533 98. 947
15. 706 628596 16564 2.101 - 479 2 15. 375 592070 16896 1. 467 - 053
B il 29911965 1120103 100. 000 100. 000 it 10367567 1604643 100. 000 100. 000
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@ Compound trans-2f: 49.0 mg of S1f yields 19.1 mg of 2f (42%, 12 h, trans/cis =
%, O 2.8:1, using L5); 52.3 mg of S1f yields 28.9 mg of 2f (59%, 12 h, trans/cis = 3.8:1,
using L6), white solid, m.p. = 148.4-150.9 <C, R = 0.6 (petroleum ether: ethyl
Ts acetate = 12:1). *H NMR (500 MHz, CDCl3) 5 7.90 (d, J = 8.2 Hz, 1H), 7.55 (d, J
= 8.2 Hz, 2H), 7.40 — 7.32 (m, 3H), 7.29 (d, J = 8.1 Hz, 2H), 7.16 — 7.09 (m, 3H), 7.07 — 7.00 (m, 3H),
6.87 (d, J=7.4 Hz, 1H), 6.71 (dd, J = 17.6, 10.9 Hz, 1H), 6.43 (d, J = 7.4 Hz, 2H), 5.73 (d, J = 17.6 Hz,
1H), 5.23 (d, J = 10.9 Hz, 1H), 4.99 (d, J = 4.2 Hz, 1H), 4.21 (d, J = 4.0 Hz, 1H), 2.39 (s, 3H). *C NMR
(126 MHz, CDCl3) 5 144.1, 143.5,142.7,142.4,137.3, 136.6, 134.6, 133.1, 129.7, 128.83, 128.77, 127.6,
126.9,126.8, 126.3, 126.1, 124.7, 115.7, 114.1, 74.2,57.4, 21.7. IR (KBr, cm™) 3029, 1598, 1482, 1358,
1264, 1167, 1098, 1023, 911, 813, 748, 701, 666, 575, 543. HRMS (ESI) Calcd for C29H26NO-S (M+H)*
452.1679, found 452.1676. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min,
tr = major: 8.6 min, minor: 10.8 min. 97% ee. [a]d! =-173°(c 0.53, CH,Cl,); HPLC (using L6): OD-
H column, 90:10 hexane: isopropanol, 0.80 mL/min, tz = major: 8.7 min, minor: 11.0 min. 97%ee. [a]3
=-156°(c 0.74, CHCl,).

x10 2 [+ESI Scan (1.983 min) Frag=175.0v 20201101-LWD13.d
1.4+
4521676
1.24
14
0.84
0.6+
0.4+
0.24
T T T— T ™ ™— — T T T — T T
4521625 452165 4521675 4b217 4521725 4B217h 4B2177h 4562718 4521825 452185 4521875 45219
Counts vs. Mass-to-Charge (miz)
<>
mAU
PDA Walti | Z54nm, 4nd
R B I ] = retention time
3004
[H1#1% = area %
2004 o
T X -
; é 5‘1 lh lll 1'2 13 14
W
DA Chl 254nm
it | BRI ) [T i [I=/Ed S %
8,800 | 2870869 131580 19.937 | 51181
10. 950 2887147 125499 50. 063 48. 816
it 5767016 257088 100. 000 100. 000
<> <if >
mAU mAU
PDA Multi 1 254nm, 4nn| PDA Multi 1 254nm, 4nm
1000- 20007
using L using L6
3000 g 5 15009 g
2000 E 10007 &
1000 /L s00] /k
7 & 3 10 I & 5 14 7 8 9 10 11 12 13 14
<WpF> <WEFE>
e a i =03 || G B | B e I RENE B TS
e ﬁkh;]”gfg 3!?;’1‘913 r’;’;b e ml_};’:‘; 13 HE; 1“!‘18 - 8.700 L JJ’VQEZ 59824 : 5]25‘319 98. 420
03 SET R 2 10. 955 263312 12200 1. 681 . 580
T I T e Fil T TBe61264 772035 T00-000 T 160-000
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Compound trans-2g: 49.4 mg of S1g° yields 29.6 mg of 2g (64%, 11 h, trans/cis
Q =1.0:1, 14.8 mg trans product, using L5); 50.9 mg of S1g’ yields 34.9 mg of 2g
O N O (73%, 11 h, trans/cis = 1.7:1, 22.0 mg trans product, using L6), white solid, m.p.
MeO Ts =135.0-137.1 <, Ry = 0.3 (petroleum ether: ethyl acetate = 12:1). *H NMR (500
MHz, CDCls) & 7.88 (d, J = 8.2 Hz, 1H), 7.54 (d, J = 8.1 Hz, 2H), 7.33 (t, J = 7.8 Hz, 1H), 7.26 — 7.24
(m, 2H), 7.15 - 7.09 (m, 3H), 7.06 — 6.99 (m, 3H), 6.91 — 6.83 (m, 3H), 6.43 (d, J = 7.4 Hz, 2H), 4.96
(d, J=4.0 Hz, 1H), 4.21 (d, J = 3.9 Hz, 1H), 3.80 (s, 3H), 2.39 (s, 3H). 1*C NMR (126 MHz, CDCl3) &
159.3, 144.0, 143.6, 142.4, 135.5, 134.7, 133.2, 129.7, 128.8, 128.7, 127.5, 127.2, 126.8, 126.3, 124.6,
115.6, 114.3, 74.0, 57.4, 55.4, 21.7. IR (KBr, cm™) 3031, 2933, 2837, 1605, 1513, 1459, 1358, 1300,
1249, 1170, 1101, 1033, 957, 817, 743, 702, 667, 575, 547. HRMS (ESI) Calcd for C2sH2sNO3S (M+H)*
456.1628, found 456.1627. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min,
tr = major: 11.7 min, minor: 15.5 min. 96% ee. [a]3' =-180°(c 0.63, CH,Cl,); HPLC (using L6): OD-
H column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 11.6 min, minor: 15.5 min. 98% ee.
[a]3! =-170°(c 0.37, CH,Cly).

x102 |+ESI Scan (1.873 min) Frag=175.0V 20201101-LWD14 d

456.1627

45614 45615 45618 45617 45618 45619 4562 45621 45622 45623 45624 45E25  4BE25
Counts vs. Mass-to-Charge (miz)

<BiE>
mAU
PDA Multi 1 254nm, 4nnf
o] R IF] 7] = retention time
7 o/ = 0o,
fif1% = area %
200- _
=z g
. s
T T
10.0 12 15.0 I
<>
PDA Chl 254nm _ __
W5 [ RN | e o EENE HES TS
11.131 3081280 124291 49. 568 53. 711
14. 269 3135021 107117 50. 432 46. 289
Bif 6216302 231407 100. 000 100. 000
<@ > <>
mAU mAU
PDA Multi 1 254nm, 4nm FDA Multi 1 254nm, 4nm
4004
750+
using L using L6
3004 g 5 g
5004
= S
200+ -~ °
250+
100+
g g
n - n n = n
T T T T T Ty T T T T T T T T T
10 11 12 13 14 15 16 17 18 10 11 12 13 14 15 16 I 18
ain
<> <>
PDA 1 254nm PDA 1 254nm __ __
WS | GeEInf | b FRE [ZES [T TS S | GRERTA [ @ i AR HE Tk
11. 717 4322691 154940 98. 053 98. 560 11. 648 8398753 303441 98. 859 99. 072
15. 489 85821 2264 1.947 110 2 15. 508 96966 2841 1.141 928
Bl 1408512 157204 100. 000 100. 000 Bit 8195720 306282 100. 000 100. 000

47



Compound cis-2g: 49.4 mg of S1g° yields 29.6 mg of 2g (64%, 11 h, trans/cis =

1.0:1.0, 14.8 mg cis product, using L5); 50.9 mg of S1g’ yield 34.9 mg of 2g

(73%, 11 h, trans/cis = 1.7:1, 12.9 mg cis product, using L6), white solid, m.p.

209.7-211.9 T, R = 0.2 (petroleum ether: ethyl acetate = 12:1). *H NMR (500

MHz, CDCls) 6 7.80 (d, J = 8.0 Hz, 1H), 7.63 (d, J = 8.1 Hz, 2H), 7.32 (t, J = 7.7

Hz, 1H), 7.20 (d, J = 8.0 Hz, 2H), 7.07 — 6.97 (m, 4H), 6.84 (d, J = 7.4 Hz, 1H), 6.70 — 6.63 (m, 4H),

6.47 (d, J = 8.6 Hz, 2H), 5.53 (d, J = 9.5 Hz, 1H), 4.64 (d, J = 9.4 Hz, 1H), 3.64 (s, 3H), 2.38 (s, 3H). *C

NMR (126 MHz, CDCls) 8 158.7, 144.0, 143.3, 136.8, 136.1, 134.4, 129.9, 129.8, 129.7, 128.5, 128 .4,

127.9,127.2,127.1, 126.0, 124.7, 115.9, 113.1, 70.6, 55.2, 54.0, 21.7. IR (KBr, cm) 3034, 2836, 1605,

1512, 1461, 1355, 1298, 1248, 1168, 1097, 1032, 951, 818, 739, 702, 673, 576, 546. HRMS (ESI) Calcd
for CasH2sNNaOsS (M+Na)* 478.1447, found 478.1450. HPL.C (using L5): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, ts = major: 18.0 min, minor: 15.0 min. 70%ee. [a]3! =-52(c 0.37, CH,Cl,);
HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, ts = major: 18.2 min, minor:

15.1 min. 66% ee. [a]3! =-45°(c 0.35, CH:Cl,).

x10# |+ESI| Scan (0.974 min) Frag=175.0V 20210118-WLWD4 d
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4781450
254 -
2,25
24
1.754
1.54
1.254
1 7 -
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0.254
0 . A I | | il 1L L 1 . .
T T T T T T T T T T T T T T T
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<@ E>
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150 ¥ : :
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[H1#1% = area %
100
EU K;/\ ;
T T . T A
12 15.0 17.5 20.0
<>
PDA Chl 254nm
S [ f Byt ) [ HHRE HEBE [EE) A%
15,116 | 1795083 53105 50. 611 57, 131
18177 | 1750278 10071 19,356 12, 869
Bl 3546261 93479 100. 000 | 100. 000
<A <@igHE>
iU Al
PDA Wulti 1 254nm, nn POA Vulti T Zonm, Tnm]
2004
. 100 -
. using L5 using L6
300
100 d
5 200 g
& 1004
I X /\
125 15.0 s 200 125 175 20.0
[ = <WEFE>
PDA Chl 254mm PDA Chl 254mm
W [ FRE ] [GEA i EhE % 4% 65 | Gewnd i TR Lams [ FiE%
14,078 517668 15. 261 18.579 15.055 | 1145118 17.370 L. 636
17, 999 3040192 84.736 81,421 18.199 5148866 82. 630 8. 364
Bif 3587859 100.000 | 100. 000 Ei 6591281 100.000 | 100. 000

48



@ Compound trans-2h: 50.0 mg of S1h’ yields 26.9 mg of 2h (57%, 12 h, cis/trans
%, =1.3:1, 11.8 mg trans product, using L5); 61.1 mg of S1h’ yields 36.1 mg of 2h
O N O (63%, 12 h, trans/cis = 1.7:1, 22.7 mg trans product, using L6), white solid, m.p.
MeS Ts = 136.3-138.8 T, R = 0.4 (petroleum ether: ethyl acetate = 12:1). *H NMR (500
MHz, CDCls) 6 7.89 (d, J = 8.2 Hz, 1H), 7.55 (d, J = 8.2 Hz, 2H), 7.34 (t, J = 7.8 Hz, 1H), 7.25 - 7.20
(m, 4H), 7.17 — 7.09 (m, 3H), 7.07 — 7.00 (m, 3H), 6.87 (d, J = 7.4 Hz, 1H), 6.42 (d, J = 7.5 Hz, 2H),
4.96 (d, J=4.1 Hz, 1H), 4.19 (d, J = 3.9 Hz, 1H), 2.47 (s, 3H), 2.39 (s, 3H). *C NMR (101 MHz, CDCls)
5 144.1, 143.4, 142.4, 140.1, 138.0, 134.6, 133.0, 129.7, 128.82, 128.76, 127.5, 127.2, 126.9, 126.5,
126.3, 124.7, 115.6, 74.1, 57.4, 21.7, 16.1. IR (KBr, cm') 3026, 1595, 1486, 1356, 1264, 1165, 1095,
1021, 958, 809, 755, 702, 664, 572, 540. HRMS (ESI) Calcd for C2sH2sNO-S, (M+H)* 472.1400, found
472.1395. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tg = major: 11.4
min, minor: 15.2 min. 82% ee. [a]3! =-80°(c 0.43, CH:Cl,); HPLC (using L6): OD-H column, 90:10
hexane: isopropanol, 0.80 mL/min, tz = major: 11.3 min, minor: 15.0 min. 96% ee. [a]3! =-112°(c
0.51, CH.Cly).

x102 |+ESI Scan (0.446 min) Frag=175.0V 20201101-LwD15.d

84 4721395

472125 47213 472135 47214 472145 47215 472155 47216 472165 47217
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W5 | BEETe] ] L2 W IR TE] [TE) g%
11522 | 3981480 135240 50071 53. 384
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it 7951634 253335 100.000 | 100.000
" -
<eifhED> <>
wAl mAU
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750+ 750 .
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500- 5004 -
£ &
250 /L 250 /k
|' T T = T = T = =
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min
<> <>
PDA Chl 254nm DDA Ch1 254nm _ ‘ _
RS | BERTH ] [iTE A LEBE e FiF% W5 T BRI ] g W %A [ i %
11. 446 9220884 316439 90.707 92. 022 11. 297 9572892 341810 98. 150 98. 422
15. 183 944643 27432 9.293 978 15. 038 180418 5479 1. 850 . 518
Eif 10165527 343871 100.000 | 100. 000 &l 9753310 7289 100.000] 100000

49



Compound cis-2h: 50.0 mg of S1h’ yields 26.9 mg (57%, 12 h, cis/trans = 1.3:1,
15.1 mg cis product, using L5); 61.1 mg of S1h’ yields 36.1 mg of 2h (63%, 12
h, trans/cis = 1.7:1, 13.4 mg cis product, using L6), white solid, m.p. = 204.9-
206.2 <T, R = 0.3 (petroleum ether: ethyl acetate = 12:1). *H NMR (500 MHz,
CDCls) 6 7.81 (d, J = 8.1 Hz, 1H), 7.64 (d, J = 8.1 Hz, 2H), 7.33 (t, J = 7.7 Hz, 1H), 7.21 (d, J = 8.0 Hz,
2H), 7.08 — 6.97 (m, 4H), 6.87 — 6.80 (m, 3H), 6.70 — 6.63 (m, 4H), 5.52 (d, J = 9.5 Hz, 1H), 4.66 (d, J
= 9.5 Hz, 1H), 2.39 (s, 3H), 2.34 (s, 3H). 3C NMR (126 MHz, CDCls) § 144.1, 143.2, 137.2, 136.6,
136.0, 134.6, 134.3, 129.9, 129.8, 128.6, 128.0, 127.8, 127.24, 127.20, 126.1, 126.0, 124.8, 115.9, 70.6,
53.9,21.7,16.1. IR (KBr, cm™) 3032, 2922, 1597, 1464, 1353, 1300, 1220, 1164, 1095, 1021, 952, 813,
735, 700, 664, 577, 543. HRMS (ESI) Calcd for CzsH2sNNaO2S; (M+Na)* 494.1219, found 494.1221.
HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, ts= major: 19.0 min, minor:
13.6 min. 54% ee. [a]3! = -19°(c 0.42, CH.Cl,); HPLC (using L6): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, t = major: 19.0 min, minor: 13.5 min. 42%ee. [a]3! =-10(c 0.39, CH,Cl,).
H NMR (500 MHz, Chloroform-d) & 7.81 (d, J = 8.1 Hz, 1H), 7.64 (d, J=8.1 Hz, 2H), 7.33 (t, J = 7.7
Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.08 — 6.97 (m, 4H), 6.87 — 6.80 (m, 3H), , 5.52 (d, J = 9.5 Hz, 1H),
4.66 (d, J =9.5 Hz, 1H), 2.39 (s, 3H), 2.34 (s, 3H).

x104 [+ESI Scan (0.670 min) Frag=175.0V 20210118-WL\wD5.d
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o Bt = o 7 T o S [ Bergui - AT e T ;
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Al 20178149 195535 100.000 | 100.000 £l 6703704 162532 100.000 ] 100.000
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Compound trans-2i: 51.4 mg of S1i’ yields 28.5 mg of 2i (59%, 3 h, trans/cis =

Q 2.3:1, using L5); 50.6 mg of S1i’ yields 21.4 mg of 2i (45%, 3 h, trans/cis = 4.0:1,

CO O using L6), white solid, m.p. = 189.0-190.9 <C, Rt = 0.6 (petroleum ether: ethyl
N

Ts acetate = 12:1). *H NMR (500 MHz, CDCls) § 7.96 (d, J = 8.2 Hz, 1H), 7.85 —

7.75 (m, 4H), 7.58 (d, J = 8.2 Hz, 2H), 7.49 — 7.44 (m, 2H), 7.42 (dd, J = 8.5, 1.5 Hz, 1H), 7.38 (t, J =
7.8 Hz, 1H), 7.16 (t, J = 7.4 Hz, 1H), 7.11 (d, J = 8.1 Hz, 2H), 7.09 — 7.02 (m, 3H), 6.89 (d, J = 7.5 Hz,
1H), 6.46 (d, J = 7.4 Hz, 2H), 5.17 (d, J = 4.2 Hz, 1H), 4.29 (d, J = 4.2 Hz, 1H), 2.38 (s, 3H). *C NMR
(126 MHz, CDCl3) 5 144.1, 143.5, 142.6, 140.3, 134.7, 133.5, 133.18, 133.17, 129.7,129.1, 128.9, 128.8,
128.3,127.8, 127.64, 127.60, 127.0, 126.37, 126.35, 126.1, 124.9, 124.7, 123.9, 115.7, 74.6, 57.4, 21.7.
IR (KBr, cm™) 3058, 2923, 1598, 1493, 1447, 1460, 1359, 1264, 1170, 1107, 1090, 1026, 956, 815, 737,
701, 666, 574, 544, 476. HRMS (ESI) Calcd for Cs1H26NO2S (M+H)* 476.1679, found 476.1670. HPLC
(using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 10.4 min, minor: 12.9
min. 97% ee. [a]3! = -86°(c 0.50, CH,Cly); HPLC (using L6): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, t=major: 9.2 min, minor: 11.3 min. 98% ee. [a]3! =-83<(c 0.26, CH.Cl,).
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Compound trans-2j: 48.7 mg of S1j’ yields 29.6 mg of 2j (65%, 11 h, trans/cis =
Q 5.3:1, using L5); 48.0 mg of S1j’ yields 24.7 mg of 2j (55%, 11 h, trans/cis = 5.3:1,
O ‘N using L6), white solid, m.p. = 129.5-130.6 <C, R = 0.6 (petroleum ether:ethyl
F Ts acetate = 12:1). *H NMR (500 MHz, CDCl3) 5 7.89 (d, J = 8.2 Hz, 1H), 7.55 (d, J
=8.1 Hz, 2H), 7.36 — 7.27 (m, 3H), 7.15 — 7.10 (m, 3H), 7.07 — 6.97 (m, 5H), 6.87 (d, J = 7.4 Hz, 1H),
6.41(d, J=7.6 Hz, 2H), 4.98 (d, J = 4.1 Hz, 1H), 4.18 (d, J = 4.0 Hz, 1H), 2.39 (s, 3H). 1°F NMR (471
MHz, CDCls) § -114.8. *C NMR (126 MHz, CDCls) § 162.3 (d, J = 245.8 Hz), 144.2, 143.3, 142.3,
139.1(d, J = 2.9 Hz), 134.5, 132.9, 129.8, 128.9, 128.8, 127.7 (d, J = 8.1 Hz), 127.55, 127.52, 127.0,
126.3,124.8,115.9,115.7 (d, J = 2.5 Hz), 73.8,57.4, 21.6. IR (KBr, cm™) 3032, 2922, 1600, 1509, 1458,
1359, 1226, 1170, 1096, 1023, 957, 817, 736, 701, 667, 574, 543. HRMS (ESI) Calcd for C2;H2sFNO2S
(M+H)* 444.1428, found 444.1432. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80
mL/min, tz = major: 8.1 min, minor: 11.0 min. 98% ee. [a]d! =-145<(c 0.76, CH,Cl,); HPLC (using
L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, t= major: 8.0 min, minor: 10.7 min. 97%
ee. [a]d! =-101°(c 0.41, CH.CL,).

x102 |+ES| Scan (0.446 min) Frag=175.0V 20191230-LwD-37.d
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(d, J=7.9 Hz, 2H), 7

Compound trans-2k: 51.0 mg of S1k’ yields 27.5 mg of 2k (57%, 12 h, trans/cis
=4.6:1, using L5); 48.9 mg of S1k’ yields 23.9 mg of 2k (52%, 12 h, trans/cis =
1.8:1, using L6), white solid, m.p. = 145.6-147.6 <C, R; = 0.5 (petroleum ether:
ethyl acetate = 12:1). *H NMR (400 MHz, CDCls) 6 7.90 (d, J = 8.2 Hz, 1H), 7.55
.39 - 7.26 (m, 5H), 7.19 — 7.10 (m, 3H), 7.09 — 6.99 (m, 3H), 6.87 (d, J = 7.5 Hz,

1H), 6.40 (d, J = 7.6 Hz, 2H), 4.95 (d, J = 4.2 Hz, 1H), 4.16 (d, J = 4.0 Hz, 1H), 2.40 (s, 3H). *C NMR

(101 MHz, CDCls)

144.3, 143.2, 142.3, 141.7, 134.4, 133.6, 132.8, 129.8, 129.1, 128.9, 128.8, 127.6,

127.5,127.4,127.1, 126.3, 124.9, 115.7, 73.8, 57.4, 21.7. IR (KBr, cm™) 3029, 1597, 1486, 1458, 1359,
1263, 1168, 1090, 1016, 956, 812, 751, 703, 665, 574, 542. HRMS (ESI) Calcd for Cy7H23CINO,S
(M+H)* 460.1133, found 460.1138; isotopic peak: HRMS (ESI) Calcd for Cz7H23CINO2S (M+H)*
462.1104, found 462.1103. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min,
tr = major: 8.1 min, minor: 10.8 min. 96% ee. [a]d! =-135°(c 0.64, CH,Cl,); HPLC (using L6): OD-
H column, 90:10 hexane: isopropanol, 0.80 mL/min, tz = major: 8.2 min, minor: 10.9 min. 92% ee. [a]3

= -154°=(c 0.68, CH.Cl,).
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Compound trans-2I: 54.0 mg of S1I’ yields 30.6 mg of 2l (60%, 11 h, trans/cis
=4.3:1, using L5); 52.1 mg of S1I’ yields 24.1 mg 2l (49%, 11 h, trans/cis = 3.5:1,

O using L6), white solid, m.p. = 169.6-172.2 <C, R = 0.5 (petroleum ether: ethyl
Br O l acetate = 12:1). 'H NMR (500 MHz, CDCls) § 7.90 (d, J = 8.2 Hz, 1H), 7.55 (d, J
=8.2 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H), 7.35 (t, J = 7.8 Hz, 1H), 7.21 (d, J = 8.3 Hz, 2H), 7.17 - 7.11 (m,
3H), 7.08 — 7.00 (m, 3H), 6.86 (d, J = 7.5 Hz, 1H), 6.40 (d, J = 7.5 Hz, 2H), 4.93 (d, J = 4.3 Hz, 1H),
4.16 (d, J=4.2 Hz, 1H), 2.40 (s, 3H). °C NMR (126 MHz, CDCl3) § 144.3, 143.2, 142.3, 142.2, 132.8,
132.1, 129.8, 128.9, 128.8, 127.7, 127.6, 127.5, 127.1, 126.3, 124.9, 121.8, 115.7, 73.8, 57.3, 21.7. IR
(KBr, cm) 3029, 2921, 1597, 1484, 1458, 1359, 1261, 1167, 1106, 1010, 957, 811, 754, 702, 665, 575,
542. HRMS (ESI) Calcd for Ca7H23BrNO2S (M+H)* 504.0628, found 504.0623; isotopic peak: HRMS
(ESI) Calcd for C27H23BrNO,S (M+H)* 506.0607, found 506.0609. HPL.C (using L5): OD-H column,
90:10 hexane: isopropanol, 0.80 mL/min, tz = major: 8.3 min, minor: 11.0 min. 97% ee. [a]3' =-140°
(c 0.48, CHCly); HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tr= major:
7.6 min, minor: 9.8 min. 97% ee. [a]3! =-119°(c 0.51, CH,Cly).
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T I ] T i EEHE i E % Efia
Toez| 531560 30310 .51 | 53,300
9,731 | Gaeeno 27067 50190 | 16,65
Eif 1073500 57977 100000 | 100.000
<EifHE> <fa s>
mAU mAU
PDA Multi 1 254nm, 4n] PDA Multi 1 254nm, 4nn
15004 . 6
using Ll
using L5 soo] g
10004
h-

s
9. 751

8 9 10 11 12 13 6 9 10 1 12
min win
<WpFe> KR
PDA Chl 254 A Chl 254nm
S T BREAEY ] i I L&D e BT BT | TR 1L T EEHE T % B
8. 300 | 11089083 626257 98. 618 98. 628 7613 | 1708178 101633 EERFi) 8. 620
11034 151935 6790 1.352 072 9,751 TITS 1413 1571 1371
Bif 11241018 633077 100.000 | 100 000 Bit 1736400 103046 100.000 | 100.000
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@ Compound trans-2m: 53.5 mg of SIm’ yields 21.2 mg of 2m (42%, 12 h, trans/cis

= O =4.3:1, using L5); 55.5 mg of S1m’ yields 24.8 mg of 2m (47%, 12 h, trans/cis =

| O N 3.2:1, using L6), white solid, m.p. = 186.9-191.0 <C, R = 0.5 (petroleum ether:

ethyl acetate = 12:1). *H NMR (500 MHz, CDCls) § 7.90 (d, J = 8.2 Hz, 1H), 7.66

(d, J=8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.16 — 7.12 (m, 3H), 7.08 (d, J =

8.1 Hz, 2H), 7.06 — 7.01 (m, 3H), 6.86 (d, J = 7.4 Hz, 1H), 6.40 (d, J = 7.6 Hz, 2H), 4.92 (d, J = 4.1 Hz,

1H), 4.16 (d, J = 3.9 Hz, 1H), 2.40 (s, 3H). 1*C NMR (126 MHz, CDCls) § 144.3, 143.2, 142.9, 142.3,

138.0, 134.4,132.8,129.8,128.9, 128.8, 128.0, 127.6, 127.5, 127.1, 126.3, 124.9, 115.7,93.4, 73.9, 57.3,

21.7. IR (KBr, cm) 3031, 1596, 1482, 1359, 1167, 1098, 1006, 957, 811, 733, 703, 666, 576, 545.

HRMS (ESI) Calcd for Ca7H22INNaO-S (M+Na)* 574.0308, found 574.0305. HPLC (using L5): INA

column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 11.9 min, minor: 15.9 min. 86% ee. [a]3"

=-96<(c 0.34, CH.Cl,); HPLC (using L6): INA column, 90:10 hexane: isopropanol, 0.80 mL/min, tg=
major: 11.6 min, minor: 15.3 min. 96% ee. [a]3' =-126<(c 0.40, CH.Cl,).

x102 |+ES| Scan (1.548 min) Frag=175.0V 20210118-WLWD3.d
181 5740305
1.4
1.2
14
0.8+ 575.4143
0.6
0.4
02 ‘ ‘
0 ! iy - Ly - £ — iy - L 5
573 LYY 574 b74h BB bibb 576 B765 BI7 LT
Counts vs. Mass-to-Charge (miz)
<EifAE>
AU
POA Wulti 1 Zoina, ing)
400 ¥ N :
R 7] = retention time
0] 1% = area %
200 E -
100 /\
o]
T T T T T T T T
10 1 12 13 14 15 16 17 18
nin
<HRFD>
PDA Chl 254nm
WS | {RE i) B idei kA % IS
1 877 | 2860969 155085 50.243 56. 383
2| 14.277| 2833351 119971 19.757 13617
it 5694320 275056 100.000 | 100.000
<A <eiffE>
AU AU
DA Walti 1 Z54mm, dns) L FOA Wulti T Zainm, ing)
500 . .
using L5 0] using L6
g 500 Z
250+ = =
H N N B
T —— T T —— T T = T T T T T
10 1 12 13 11 15 16 17 18 10 1 12 13 14 15 16 1 18
min
<HEFD <>
PDA Chl 254nm PDA Chl 254nm
W | R mE o1 wans Mm% P w5 | fREIR () i [.1:4 A=z k4 % i E%
L] 11.923 1959966 235125 93. 351 94. 638 1] 11564 7314512 374636 98. 396 98. 661
2 15.913 353301 13321 6. 649 5. 362 2 15.322 | 119213 5086 1. 604 1.339
it 5313267 248446 100. 000 100. 000 &it 433725 379723 100. 000 100. 000

55



<

O
FsC Ts

Compound trans-2n: 53.1 mg of S1n’ yields 27.0 mg of 2n (54%, 11 h, trans/cis
= 2.8:1, using L5); 52.2 mg of S1n’ yields 24.1 mg of 2n (49%, 11 h, trans/cis =
1.9:1, using L6), white solid, m.p. = 160.9-162.5 <C, Rt = 0.6 (petroleum ether:
ethyl acetate = 12:1). *'H NMR (500 MHz, CDCls) 6 7.93 (d, J = 8.2 Hz, 1H), 7.63

—7.54 (m, 4H), 7.46 (d, J = 8.1 Hz, 2H), 7.37 (t, J = 7.8 Hz, 1H), 7.19 — 7.12 (m, 3H), 7.09 — 7.02 (m,
3H), 6.87 (d, J = 7.5 Hz, 1H), 6.41 (d, J=7.4 Hz, 2H), 5.03 (d, J = 4.3 Hz, 1H), 4.17 (d, J = 4.2 Hz, 1H),
2.41 (s, 3H). F NMR (471 MHz, CDCls) § -62.5. *C NMR (126 MHz, CDCl3) § 147.0, 144.4, 143.0,
142.3,134.3,132.7, 130.1 (q, J = 32.4 Hz), 129.8, 129.0, 128.9, 127.6, 127.5, 126.33, 126.31, 126.0 (q,
J =35 Hz), 125.0, 124.2 (g, J = 272.16 Hz), 115.7, 73.9, 57.3, 21.7. IR (KBr, cm™) 3032, 2922, 1620,
1598, 1494, 1478, 1461, 1419, 1361, 1325, 1263, 1167, 1121, 1068, 1017, 950, 840, 814, 739, 701, 667,
576, 544. HRMS (ESI) Calcd for C2gH23FsNO,S (M+H)* 494.1396, found 494.1395. HPLC (using L5):
OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 6.9 min, minor: 9.6 min. 96% ee.
[a]3! = -116°(c 0.61, CH,Cl,); HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80
mL/min, tz = major: 6.4 min, minor: 8.6 min. 96% ee. [a]3! =-116°(c 0.36, CH,Cl,).

%103 |+ESI Scan (1.422 min) Frag=175.0V 20201101-LwWD2.d
1.64
4341385
1.44
1.24
14
0.8
0.6
0.4
0.2
494134 494136 494138 49414 4594142 434144 494146 494148 43415 494152 434.154 494.156 494.158 48416
Counts vs. Mass-to-Charge (miz)
<EifFpED>
mAU
PDA Multi 1 254nm, 4naf
10003 {5 1] 18] = retention time
o 1% = area %
500 % -
2504 /’\
T I T 7 o
<>
DA Chl 254nm
W5 | EREuT (A T FAE R kT mEs S
6. 440 5318408 414038 50. 284 57.571
B.579 5258352 305135 19. 716 42. 429
it 10576760 719173 100. 000 100. 000
<> <EHE>
mAU mAU
PDA Multi 1 254nm, 4nm 1500 PDA Multi 1 254nm, 4nn
1500 . .
using L5 using L6
10004
10004

S
9.581

]

2
8 616

8 9 10 11 12 6 8 9 10 11
in

<R <>

PDA Chi 2510m, PDA Chl 254nm

W T PRRBTH i A (&= ED % IS WS | BRI i R L&EdHm s P FE%
6.935 | 8655917 639257 97.733 98. 378 6.436 | 7030334 543586 98.108 98. 557
9.581 200821 10541 2. 267 1.622 : 8. 646 135544 7956 1.892 . 443

Eif 856738 649798 100.000 | 100. 000 Ail 7165879 551542 100.000 | 100.000
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@ Compound trans-20: 53.4 mg of S1o’ yields 36.8 mg of 20 (73%, 10 h,
%, Q trans/cis = 4.6:1, using L5); 56.3 mg of S10’ yields 34.0 mg of 20 (64%, 10 h,
O N trans/cis = 4.3:1, using L6), white solid, m.p. = 118.1-120.7 <C, R; = 0.6
Fac0 Ts (petroleum ether: ethyl acetate = 12:1). 'H NMR (500 MHz, CDCls) 8 7.91 (d,
J=8.2 Hz, 1H), 7.55 (d, J = 8.1 Hz, 2H), 7.39 — 7.32 (m, 3H), 7.20 — 7.10 (m, 5H), 7.09 — 7.01 (m, 3H),
6.88 (d, J = 7.5 Hz, 1H), 6.43 (d, J = 7.7 Hz, 2H), 5.02 (d, J = 4.0 Hz, 1H), 4.19 (d, J = 3.9 Hz, 1H), 2.40
(s, 3H).F NMR (471 MHz, CDCl3) § -57.8. 13C NMR (126 MHz, CDCl3) & 148.8, 144.3,143.2, 142.2,
141.9, 134.5, 132.8, 129.8, 129.0, 128.9, 127.55, 127.52, 127.4, 127.1, 126.4, 124.9, 121.5, 120.6 (q, J
= 258.3 Hz), 115.7, 73.6, 57.3, 21.6. IR (KBr, cm™) 2968, 1596, 1505, 1361, 1261, 1222, 1167, 1167,
1101, 1022, 957, 811, 752, 702, 667, 575, 543. HRMS (ESI) Calcd for CzsH22FsNNaOsS (M+Na)*
532.1164, found 532.1156. HPL.C (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min,
tr = major: 6.6 min, minor: 9.7 min. 97% ee. [a]3' =-77°(c 0.62, CH.Cl,); HPLC (using L6): OD-H
column, 90:10 hexane: isopropanol, 0.80 mL/min, tz = major: 6.6 min, minor: 9.6 min. 98% ee. [a]3"
=-72°(c 0.58, CH.Cl,).

x102 |+ES| Scan (0.286 min) Frag=175.0v 20201101-LwD11.d
284
264
74 532 1156
2.2
2
1.8
1.6
1.4
1.2
14
0.8
0.6
0.4_ T T T T T T T T
53211 532115 53212 532125 53213 532135 53214 532145
Counts vs. Mass-to-Charge (miz)
<EiEE>
mAU
: DA Walti 1 Z5dnm, dnn]
{7 B 1] = retention time
20 [Hi#1% = area %
1004 /i\ :
T R L N
<>
PDA Chl 254nm
WE | R | 7] EEDE T TR
6. 660 1284867 96594 51.339 60. 520
9. 616 1217827 63012 48. 661 39. 480
£if 2502694 159606 100. 000 100. 000
<A <>
mAU mAU
PDA Multi 1 Z5dnm, ind 5 PDA Walti 1 Z54nm, dn]
150 using L5 1oo] using L6
1000

s
>n 631
16
8
?h 559
0. 552

T T T T T T T T T T T T T T T T
6 7 8 9 10 1 12 13 5 6 T 8 9 10 11 12 13
min min
<> <>
PDA Chl 254nm PDA Chl 254nm
WS | BB W [ W EEBE [T % 5 | BEEE e [RSTES i 2% AR
6.631 | 9185237 712475 98. 357 98. 896 6. 550 585589 9. 006 99. 307
9.716 153390 7957 1. 643 104 9. 552 73512 1086 0.994 . 693
Bif 9338627 720432 100. 000 100. 000 it 7399170 589676 100. 000 100. 000
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@ Compound trans-2p: 55.0 mg of S1p’ yields 22.0 mg of 2p (42%, 4 h, trans/cis
%, O =4.6:1, using L5); 51.3 mg of S1p’ yields 23.7 mg of 2p (49%, 4 h, trans/cis
O N =3.5:1, using L6), white solid, m.p. = 148.6-149.9 <C, Rr= 0.6 (petroleum ether:
MeOC s ethyl acetate = 5:1). *H NMR (500 MHz, CDCly) & 8.02 (d, J = 8.2 Hz, 2H),
7.92 (d, J=8.2 Hz, 1H), 7.57 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 7.35 (t, J = 7.8 Hz, 1H), 7.17
—7.11 (m, 3H), 7.08 — 7.01 (m, 3H), 6.86 (d, J = 7.5 Hz, 1H), 6.41 (d, J = 7.5 Hz, 2H), 5.03 (d, J = 4.4
Hz, 1H), 4.17 (d, J = 4.2 Hz, 1H), 3.91 (s, 3H), 2.40 (s, 3H). *C NMR (126 MHz, CDCls) § 166.9, 148.1,
144.4,143.1,142.3,134.3,132.8, 130.4, 129.8, 129.7, 129.0, 128.8, 127.61, 127.57, 127.1, 126.3, 125.9,
124.9, 115.7, 74.1, 57.3, 52.2, 21.6. IR (KBr, cm™) 3059, 2952, 1721, 1604, 1458, 1437, 1359, 1279,
1169, 1109, 1021, 958, 811, 737, 702, 666, 575, 543. HRMS (ESI) Calcd for CzoHz6NO4S (M+H)*
484.1577, found 484.1580. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min,
tr = major: 13.9 min, minor: 17.7 min. 95% ee. [a]3' =-113°(c 1.08, CH,Cl,); HPLC (using L6): OD-
H column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 13.2 min, minor: 16.3 min. 94% ee.
[a]3! =-86°(c 0.35, CH,Cly).

x102 |+ES| Scan (0,683 min) Frag=175.0v 20191230-LwD-43.d
484 1580
2754
254
2254
7
1.754
1.5
1.254
14
0.754
0.5
025
0— . . . . r . r . r
48413 48414 48415 48416 48417 48418 48419 43432 4841 48477
Counts vs. Mass-to-Charge (miz)
<EiEE>
mAU
1504 PDA Multi 1 254nm, 4nm
B It} 8] = retention time
o] 1% = area %
50+ i %
11 ll2 ll‘.‘ l‘l l‘S l‘b 1‘7 1‘8 19
<HRE>
PDA Chl 254nm
WS | Gfind ) T i HEBE T B1% %
13. 408 1439521 42174 49. 897 52. 881
16. 290 1445452 37578 50. 103 47. 119
£ if 2884973 79752 100. 000 100. 000
<> <EifE>
mAU mAU
PDA Multi 1 254nm, 4nnf PDA Multi 1 254nm, 4nnf
1000-] . 1007 .
using L5 using L6
750+ 3001

2
I
o
;
2
3

T T

1 12 13 16 ¥ 18 19 11 12 13 11 15 16 1 18 19
(= <EpE>
PDA Chl 254nm PDA Ch1 254nm _ ]
W | B eyEd ] T i EWmE i 0 [y s | PR ] G I [Rx kA [ERY g%

13. 945 | 15459906 103831 57, 410 97 950 13. 203 1600868 142310 97. 162 97.533

17,658 105531 111 > 556 3 041 16. 300 134386 3600 2.838 2. 467
ait 15865436 412248 100. 000 100. 000 i 4735254 145909 100. 000 100. 000
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@ Compound trans-2q: 48.2 mg of S1q° yields 28.5 mg of 2q (63%, 12 h, trans/cis =

. 7.3:1, using L5); 47.3 mg of 1q yields 27.5 mg of S2q° (62%, 12 h, trans/cis = 5.3:1,
O N O using L6), white solid, m.p. = 168.8-170.6 C, R; = 0.5 (petroleum ether: ethyl acetate
F TS =12:1). 'H NMR (500 MHz, CDCls) § 7.94 (d, J = 8.2 Hz, 1H), 7.57 (d, J = 8.1 Hz,

2H), 7.46 (t, J=7.6 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.30 — 7.26 (m, 1H), 7.15 - 7.02
(m, 6H), 6.98 (t, J = 7.6 Hz, 2H), 6.88 (d, J = 7.4 Hz, 1H), 6.44 (d, J = 7.6 Hz, 2H), 5.34 (d, J = 3.4 Hz,
1H), 4.21 (d, J = 3.0 Hz, 1H), 2.38 (s, 3H). °F NMR (471 MHz, CDCl3) § -117.2. 3C NMR (126 MHz,
CDCls) 6 159.8 (d, J = 246.4 Hz), 144.2, 143.2, 142.2, 134.7, 133.0, 130.2 (d, J = 13.1 Hz), 129.8, 129.4
(d, J=8.1Hz), 128.9, 128.5, 127.9 (d, J = 3.9 Hz), 127.6, 127.5, 126.8, 126.5, 124.8, 124.7 (d, J = 3.5
Hz),115.68, 115.68 (d, J = 21.1 Hz), 68.6, 56.4, 21.7. IR (KBr, cm™) 3064, 2924, 1595, 1486, 1457,
1360, 1261, 1228, 1168, 1098, 1028, 959, 812, 758, 733, 700, 666, 574, 546. HRMS (ESI) Calcd for
C21H23sFNOLS (M+H)* 444.1428, found 444.1425. HPLC (using L5): OD-H column, 97.5:2.5 hexane:
isopropanol, 0.70 mL/min, tr = major: 14.6 min, minor: 21.6 min. 92% ee; HPLC (using L6): OD-H
column, 97.5:2.5 hexane: isopropanol, 0.70 mL/min, tz = major: 15.5 min, minor: 22.2 min. 94% ee. (The
specific rotation did not measure due to a pair of an inseparable diastereoisomers.)

x102 |+ES| Scan (0.541 min) Frag=175.0v 20191230-LwD-39.d
3.54
34
254
24
1.5
14
0.5
0 . . . . . . .
444135 44414 444145 44415 444 155 44416 444 165
Counts vs. Mass-to-Charge (miz)
<EifE>
mAU
PDA Multi 1 254nm, 4nn|
B I 5] = retention time
o] 1% = area %
cis cis
100+ ; " ; /
U,___,&\ ,/K .
10.0 I2‘ 5 15‘ 0 IT‘ 5 20‘ o 22' 5 25' o 2?‘,5 30.0
min
<WRFE>
PDA Chl 254nm
i | R TRt A mH I A=k kA [ % i 1%
1 14. 907 3996607 | 85556 | | 50.147 19. 841
2 21. 446 3973102 | 86100 | | 49.853 50.159
Bit 7969709 171656 100.000 | 100.000
<@EifE> <EiED>
mAU mAU
TOR VaTtT T Z5inm, 1] POA Wulti T Z5dnm, ing)
500 R 75 .
using L5 using L6
50 i
: cis ) z o cis
250-] 3 cis =
25 {
g J §
kS Bl
= "
" T \T T T - T T T
10,0 125 150 175 20,0 22 5 250 °T5 | 300 10.0 12.5 15.0 7.5 20.0 22.5 25.0 2.5 30.0
min min
<> <>
PDA Chl 254 PDA Chl 254nm
W5 gEmai | mn i reirs LR T W GEEB | @E | e [ N 10
1 16571 8915613 217081 6.0 95. 997 1| 15544 1473806 32074 96,958 97. 060
2| 21.566 370730 9053 3.979 4.003 2 22.229 46238 971 3. 042 2. 940
ait 9316314 226134 100. 000 100. 000 it 1520135 33048 100. 000 100. 000
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Compound trans-2r: 48.6 mg of S1r’ yields 27.6 mg of 2r (61%, 7 h, trans/cis = 4.3:1,
using L5); 48.8 mg of S1r’ yields 24.3 mg of 2r (53%, 7 h, trans/cis = 2.8:1, using L6),
white solid, m.p. = 155.6-159.5 <C, R¢= 0.5 (petroleum ether: ethyl acetate = 12:1). 'H
NMR (500 MHz, CDCls) & 7.94 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 8.2 Hz, 2H), 7.45 (dd,

J=73, 1.8 Hz, 1H), 7.40 — 7.33 (m, 2H), 7.25 — 7.17 (m, 4H), 7.10 (t, J = 7.4 Hz, 1H), 7.02 (t, J = 7.5
Hz, 1H), 6.97 (t, J = 7.6 Hz, 2H), 6.84 (d, J = 7.5 Hz, 1H), 6.42 (d, J = 7.5 Hz, 2H), 5.51 (d, J = 3.5 Hz,

1H), 4.13 (d, J =

3.5 Hz, 1H), 2.42 (s, 3H). *C NMR (126 MHz, CDCls) § 144.3, 143.2, 142.2, 140.7,

134.7, 133.2, 131.8, 129.9, 129.8, 128.9, 128.4, 127.8, 127.7, 127.6, 126.9, 126.4, 124.8, 115.2, 70.6,
56.7, 21.7. IR (KBr, cm™) 3031, 1598, 1455, 1354, 1247, 1166, 1098, 1025, 961, 811, 738, 702, 667,
579, 548. HRMS (ESI) Calcd for Ca7H23CINO,S (M+H)* 460.1133, found 460.1129. isotopic peak:
HRMS (ESI) Calcd for Co7H23CINO,S (M+H)* 462.1104, found 460.1103. HPLC (using L5): INC
column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 14.6 min, minor: 13.2 min. 89% ee. HPLC
(using L6): INC column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 15.0 min, minor: 13.5

min. 88% ee. (The specific rotation did not measure due to a pair of an inseparable diastereoisomers.)

2102 [+BSI £35f (0. 754 48) Frag-175. 0V20191230-L¥D-40.d =101 [+BSI £3558 (0. 688 £42) Frag-175.0V20191230-L4D-40.4
2.4 8 4621103
L 3
1.6 N
paps :
4
os 2
o6 2
0.4 .
0.2 -
o 0
459.95 460  460.02 46004 46006 460 05 460.1 460.12 460 14 460.16 460.15 460.2 46022 16702 467,04 16706 16708 261 1 467,12 167 14 16716 16718 18
W 5 R @/ Y 5 REFE (=/2)
<EifE>
mAU
PDA Multi 1 254nm, 4nm
100] R B[] = retention time
THBi% = area %
759
cis g H cis
50+ ! = =
25 ¢
0
T T T T
10.0 12.5 15.0 17.5 20.0
min
<ife>
PDA Chl 254nm X X
W | {RETET 1] i I [iA=E ik % 1033
10 13,479 856653 46867 19,856 50.179
2 14.974 861598 46533 50.144 49. 821
it 1718251 93401 100. 000 100. 000
<> <eifpE>
AU mAU
PDA Multi 1 254nm, 4nmf PDA Multi 1 254nm, 4nm
400+
10004
using L5 100] using L6
750 .
i . cis
cis - cis - cis
2 =
z 2 5
5004 = 2o =
o5 \ 1004 ¢
- ¢ g ¢ : M
E] 8,
ol T T
T T T T
ldﬂ 12‘5 15‘,0 17‘,5 20.0 10.0 12.5 15.0 17. 0.0
min
<EpF> <WEFD>
PDA Chl 254nm ) ) PDA Chl 254nm §
Wl | fREEE | @ | mil | tahe [laf 243 HA e | {REIE A m# 1 Lama Mm% S
1 13181 198396 26257 5. 336 5. 436 1] 13492 173285 9281 5.613 5. 750
2 14.631 8841811 456727 94. 664 94. 564 2 14.974 2881309 152110 94.327 94.250
it 9340207 482984 100. 000 100. 000 it 3054594 161391 100. 000 100. 000
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Compound trans-2s: 50.4 mg of S1s’ yields 21.9 mg of 2s (46%, 11 h, trans/cis =
4.9:1, using L5); 48.1 mg of S1s’ yields 25.2 mg of 2s (56%, 11 h, trans/cis = 4.0:1,
using L6), white solid, m.p. =121.4-122.5 <C, R¢= 0.5 (petroleum ether: ethyl acetate
=12:1). *H NMR (500 MHz, CDCl3) § 7.91 (d, J = 8.2 Hz, 1H), 7.56 (d, J = 8.1 Hz,
2H), 7.39 — 7.27 (m, 2H), 7.18 — 7.11 (m, 4H), 7.08 — 7.01 (m, 4H), 6.98 (t, J =84
Hz, 1H), 6.87 (d, J = 7.4 Hz, 1H), 6.41 (d, J = 7.6 Hz, 2H), 4.98 (d, J = 4.0 Hz, 1H), 4.19 (d, J = 3.9 Hz,
1H), 2.40 (s, 3H). °F NMR (471 MHz, CDCl3) § -112.2. *3C NMR (126 MHz, CDCls) §163.2 (d, J =
246.6 Hz), 145.7 (d, J = 6.6 Hz), 144.3, 143.2, 142.3, 134.4, 132.8, 130.6 (d, J = 8.2 Hz), 129.8, 129.0,
128.8,127.6, 127.5,127.1, 126.3, 124.9, 121.5 (d, J = 2.6 Hz), 115.8, 114.8 (d, J = 21.2 Hz), 113.0 (d, J
= 22.5 Hz), 73.8, 57.3, 21.7. IR (KBr, cm™) 3063, 3031, 2924, 1595, 1484, 1455, 1359, 1264, 1168,
1098, 1027, 959, 879, 811, 789, 737, 698, 665, 577, 543. HRMS (ESI) Calcd for Co;H23FNO2S (M+H)*
444.1428, found 444.1422. HPLC (using L5): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min,
tr = major: 8.2 min, minor: 12.0 min. 93% ee. [a]d! =-134°(c 0.69, CH,Cl,); HPLC (using L6): OD-
H column, 90:10 hexane: isopropanol, 0.80 mL/min, tz = major: 7.9 min, minor: 11.2 min. 95%ee. [a]3
=-155°(c 0.59, CHCl,).

x1032 |+ES| Scan (1.713 min) Frag=175.0v 20201101-LwD5.d
24
1.8- 4441422
1.6
1.4
1.2
14
0.8
0.6
0.4
0.2-— r . . r r . r
444 12 44413 444 14 444 15 444 16 44417 444 18
Counts vs. Mass-to-Charge (miz)
<A
mAU
PDA Multi 1 254nm, 4nm
B I 18] = retention time
w00 T #H% = area %
2504 /;k i
% ; é ‘.‘3 lIU i lll lIZ 13
<WEF>
PDA 1 254nm
5 T RET ] TR R [RSIED B o
8. 009 4356060 258808 50. 064 55. 765
11.214 1344942 205368 19. 936 44. 235
£ill 8701002 464266 100. 000 100. 000
<EHED> <EHE>
mAU mAU
PDA Multi 1 254nm, 4nnj PDA Multi 1 254nm, 4nd
1500~ . .
using L5 using L6

1000

2
12008
2
|
11,258

‘
‘
8 9 10 11 12 13 14 L3 9 10 11 12 13
g W
95, PDA 1 254nm
PDA 1 254 —
T | e ] W R AR R FT T | R | BT EEHE L )
8211 | 11422361 637182 96. 371 97. 374 7,049 | S531WT 521595 97309 97. 931
12008 129757 17191 3,626 2. 676 2] 11758 227813 11021 2. 601 2,069
Bif 11852118 654676 100. 000 100. 000 Bit 8759260 532616 100. 000 100. 000
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Compound trans-2t; 53.2 mg of S1t’ yields 20.4 mg of 2t (40%, 10 h, trans/cis =
4.0:1, using L5); 50.5 mg of S1t’ yields 20.0 mg of 2t (42%, 10 h, trans/cis = 2.8:1,
using L6), white solid, m.p. = 168.9-175.5 <C, R = 0.5 (petroleum ether: ethyl acetate
=12:1). *H NMR (500 MHz, CDCl3) § 7.91 (d, J = 8.2 Hz, 1H), 7.55 (d, J = 8.2 Hz,
2H), 7.44 (s, 1H), 7.41 (d, J = 7.9 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.28 — 7.25 (m,
1H), 7.20 (t, J = 7.8 Hz, 1H), 7.17 — 7.11 (m, 3H), 7.08 — 7.00 (m, 3H), 6.87 (d, J = 7.5 Hz, 1H), 6.41 (d,
J=7.5Hz, 2H), 4.95 (d, J = 4.2 Hz, 1H), 4.18 (d, J = 4.1 Hz, 1H), 2.40 (s, 3H). ¥C NMR (126 MHz,
CDCl3) 8 145.4,144.3,143.2,142.3,134.4,132.8, 131.0, 130.6, 129.8, 129.0, 128.9, 127.6, 127.5, 127.1,
126.3, 124.9, 124.7, 123.0, 115.7, 73.7,57.3, 21.7. IR (KBr, cm™) 3063, 2923, 1597, 1572, 1475, 1428,
1401, 1359, 1260, 1167, 1094, 1027, 955, 811, 787, 735, 699, 666, 575, 543. HRMS (ESI) Calcd for
Ca7H2:BrNNaO,S (M+Na)* 526.0447, found 526.0443; isotopic peak: HRMS (ESI) Calcd for
Ca7H22BrNNaO,S (M+Na)* 528.0427, found 528.0420. HPLC (using L5): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, ts = major: 8.7 min, minor: 13.5 min. 94% ee. [a]3'! =-158<(c 0.48, CH,Cl,);
HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tzr = major: 8.6 min, minor:
13.0 min. 98% ee. [a]d! =-162°(c 0.46, CH:Cl,).

02 [-ESI 5% (0.193 4#) Fras— 0201 WD8.4 2102 |+BST £33 (0.243 £48) Frag-175. 0V20201101-L¥DE.4
215 24
17s 16
i 1
: 0o
07 0.6
0.5 0.4,
0.25- 0.2
. 0
5 01 526/015 526 02 525025 526.03 526/033 52604 526045 525 05 526055 526.06 526065 526,07 s27 98 52798 ES 528102 52304 52805 52308 5281 s2812 52814 52816
tE s EEE /o 85 EEE e
<>
AU
_ DA Wulti 1 Zodnm, in
400 3 I rEl = : :
R B IF] [8] = retention time
) Flos — 0
= fi#H% = area %
200 _
3 %
N a
o 7 T
. . T : : T :
8 9 10 11 12 13 14 15
<>
DA 1 _254nm
W | DR [l 153 L& B FIFE
8. 580 125688 49. 896 55. 522
12. 847 100686 50. 104 44. 478
it 226373 100. 000 100. 000
<> <EilE>
AU AU
POA WuTti T 254nm, dne] POA Valtl 1 Z54mm, i
1000 100]
o] using L5 o] using L6
500-] z 2004 o
2509 100 -
= -]
+ 1 — i ¥ - T 4
7 T : : : 7 ; T ; . : T : :
8 9 10 11 12 13 1 15 ] 9 10 1 12 13 14 15
nin min
<R <WpF>
PDA 1 254nm PDA 1 254nm _ __
WS | BREET ) R HEWE e 1 WS [ BT R [iAEE T FE [ 2 [ty FIFES
8. 686 118698 96,859 | 97,500 8.515] 2741201] 135102 98.753 | 98.730
13.472 10737 3. 141 2. 500 2 12.973 34603 1743 . 247 1.270
£it 429435 100. 000 100. 000 it 2775807 137236 100. 000 100. 000
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Compound trans-2u: 41.2 mg of S1u’ yields 21.6 mg 2u (56%, 11 h, trans/cis = 12.0:1

dr, using L5); 42.1 mg of S1u’ yields 20.3 mg of 2u (52%, 11 h, trans/cis = 15.7:1, using
N L6), white solid, m.p. = 157.8-161.4 <C, Ry = 0.8 (petroleum ether: ethyl acetate = 12:1).
Ts 'H NMR (500 MHz, CDCls) § 7.83 (d, J = 8.2 Hz, 1H), 7.47 (d, J = 8.1 Hz, 2H), 7.28 (t,
J=7.7 Hz, 1H), 7.05 - 6.97 (m, 4H), 6.94 — 6.86 (m, 3H), 6.23 (d, J = 7.7 Hz, 2H), 4.07 (d, J = 2.2 Hz,
1H), 4.01 - 3.93 (m, 1H), 2.45 (dh, J = 12.5, 6.1 Hz, 1H), 2.35 (s, 3H), 1.08 (d, J = 6.9 Hz, 3H), 0.92 (d,
J = 6.8 Hz, 3H). 3C NMR (126 MHz, CDCls) § 144.5, 143.8, 142.6, 134.9, 134.7, 129.7, 128.5, 128.4,
127.5, 126.09, 126.07, 124.6, 116.3, 76.5, 47.5, 34.1, 21.6, 18.6, 15.8. IR (KBr, cm) 3030, 2961, 2873,
1598, 1459, 1356, 1301, 1168, 1093, 1027, 958, 812, 734, 700, 667, 577, 542. HRMS (ESI) Calcd for
Ca4H2sNNaO2S (M+Na)* 414.1498, found 414.1499. HPLC (using L5): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, t=major: 6.2 min, minor: 8.7 min. 56%ee. [a]3! =-177<(c 0.56, CH.Cl);
HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tzr = major: 6.0 min, minor:
8.3 min. 60% ee. [a]3' =-187<(c 0.06, CH.Cl).

x102 |+ESI Scan (0.883 min) Frag=175.0V 20191230-LWD-32.d

7] 414.1499

o :

4141 41411 41412 41413 41414 41415 41416 41417 41418 41419 4142 41421 41422 41423
Counts vs. Mass-to-Charge (miz)

<>
AU
PDA Walti 1 Z5dnm, dns]
R B 5} [1] = retention time
300
Fos — [
fi#H% = area %
200 -
§ K
. i "
T T T
6 7 8 9 10
<>
PDA Chl 254nm _ _ __
W5 | GREET [T R [V [ S
6.073 | 1319192 135175 50. 996 60. 129
8,330 | 1267658 89635 49. 004 30,871
il 2586850 224810 100000 | 100.000
<> <>
mAU mAll
PDA Multi 1 Z5dmm, dns] PDA Wulti 1 Z5dnm, dna]
using L5 750 using L6
20009
2 500 s
< s
1000+
2504
5 H
i L i
T T T T
6 7 8 9 10 6 8 9 10
ain
<WEED <>
PDA Chl 254nm PDA Ch1 254nm _ i, _
WS | B [ Tl HanE T T BT ERER I I EEo7 L] R
6.153 | 12374050 1147074 77. 641 83. 761 [ 1] 6.040] 3820278 | 374385 79. 988 84. 902
8,657 | 3563566 FRRRTT] 3. 350 16, 239 : 8,301 955761 66575 20,012 15. 098
Bif 15937617 1369457 100. 000 100. 000 il 4776039 440960 100. 000 100. 000
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Compound trans-2v: 47.2 mg of S1v’ yields 29.9 mg of 2v (68%, 12 h, trans/cis =

19.0:1 dr, using L5); 48.0 mg of S1v’ yields 29.2 mg of 2v (65%, 12 h, trans/cis =
N 24.0:1, using L6), white solid, m.p. = 114.8-118.9 <C, Rt = 0.7 (petroleum ether: ethyl
Ts acetate = 12:1). *H NMR (500 MHz, CDCl3) 5 7.82 (d, J = 8.1 Hz, 1H), 7.42 (d, J =
8.1 Hz, 2H), 7.29 (t, J = 7.8 Hz, 1H), 7.03 (t, J = 7.4 Hz, 2H), 6.98 (d, J = 8.0 Hz, 2H), 6.94 — 6.86 (m,
3H), 6.24 (d, J = 7.5 Hz, 2H), 4.13 (d, J = 0.4 Hz, 1H), 3.96 (dd, J = 4.3, 2.8 Hz, 1H), 2.34 (s, 3H), 2.08
—2.00 (m, 1H), 1.84 — 1.67 (m, 5H), 1.39 — 1.22 (m, 3H), 1.21 — 1.12 (m, 1H), 0.98 (qd, J = 12.3, 3.0
Hz, 1H). 3C NMR (126 MHz, CDCl3) § 144.4, 143.7, 142.6, 134.9, 134.6, 129.6, 128.5, 128.4, 127.4,
126.2,126.0, 124.6,116.5, 76.4, 48.3,44.4,29.1, 26.7, 26.6, 26.3, 26.1, 21.6. IR (KBr, cm™) 3031, 2928,
2853, 1598, 1455, 1354, 1247, 1166, 1098, 1025, 961, 811, 738, 702, 667, 580, 548. HRMS (ESI) Calcd
for Ca7H30NOLS (M+H)* 432.1992, found 432.1991. HPLC (using L5): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, t=major: 5.8 min, minor: 9.0 min. 82%ee. [a]3! =-158<(c 0.73, CH:Cl);
HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tzr = major: 5.9 min, minor:
9.0 min. 86% ee. [a]3' =-168<(c 0.99, CH.Cl).

x10 % |+ESI Scan (1.630 min) Frag=175.0V 20201101-LwD12.d

,\s\‘\©

2 4321991
1.8
161
144
121

14
0.8
0.6
0.4-
0.2-

0

432192 432134 432196 432198 4322 432202 432204 432206 432208 43221 432212 432714 432216 432218
Counts vs. Mass-to-Charge (miz)

<>
AU
PDA Wulti 1 Z5dnm, dng
wo|  {RFIFA] = retention time
Flox — 0
[HI#1% = area %
250 2
%
T T T T T v
5 6 7 8 9 10 11 12
min
<R
PDA Chl 254mm _ _ _
5 | BREeTH [ A EEDE W% N
5.900 2519799 210673 49. 966 60. 757
8.942 2523187 136076 50.034 39. 243
it 5042986 346749 100. 000 100. 000
<@g <EifED>
mAU mAU
PDA Multi 1 254nm, 4na{ PDA Multi 1 254nm, 4naf
10007
using L using L6
2000 g 5 ~ g
750+
b =
= 500 “
1000
250+
T = T - = A"
T T T T T T T T T T T T T
6 7 g 9 10 11 12 5 6 7 8 9 10 11 12
min nin
<WR> <WpF>
PDA 1_254nm ___ _ PDA Chl 254nm
WS [ BRI [A] [ i kaPE &% % W5 | GRRTA i T R EEMHA [iTE) L)
5. 846 12808200 1152618 91. 150 94. 495 5. 874 5188943 165633 92. 872 95. 358
8. 962 1243589 67155 8. 850 . 505 8. 980 398235 22667 7.128 . 642
Eil 14051790 | 1219772 100. 000 | 100. 000 il 5581178 188300 100. 000 | 100. 000
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@ Compound trans-2w: 48.3 mg of S1w’ yields 27.3 mg of 2w (60%, 8 h, trans/cis = 6.1:1,
% O using L5); 47.3 mg of S1w’ yields 22.1 mg of 2w (50%, 8 h, trans/cis = 3.8:1, using L6),
O $ white solid, m.p. = 139.7-140.4 <T, R = 0.5 (petroleum ether: ethyl acetate = 12:1). *H
NMR (500 MHz, CDCls) 6 7.89 (d, J = 8.2 Hz, 1H), 7.55 (d, J = 8.3 Hz, 2H), 7.36 — 7.29
(m, 5H), 7.30 — 7.25 (m, 1H), 7.12 (d, J = 8.1 Hz, 2H), 7.02 (t, ) = 7.7 Hz, 1H), 6.89 — 6.81 (m, 3H), 6.33
(d, J = 8.0 Hz, 2H), 5.00 (d, J = 4.2 Hz, 1H), 4.19 (d, J = 4.0 Hz, 1H), 2.39 (s, 3H), 2.27 (s, 3H). *°C
NMR (126 MHz, CDCls) & 144.0, 143.3, 142.4, 140.6, 136.5, 134.8, 133.3, 129.7, 129.4, 128.9, 128.7,
127.8,127.6,127.4, 126.3, 125.9, 124.6, 115.6, 74.5, 57.0, 21.6, 21.1. IR (KBr, cm) 3030, 2922, 1597,
1512, 1477, 1457, 1359, 1261, 1167, 1107, 1025, 959, 808, 751, 701, 664, 572, 542. HRMS (ESI) Calcd
for CsH26NO2S (M+H)* 440.1679, found 440.1680. HPLC (using L5): INA column, 90:10 hexane:
isopropanol, 0.80 mL/min, tr = major: 10.6 min, minor: 12.3 min. 90% ee. [a]3! = -157°(c 0.45,
CH_Cly); HPLC (using L6): INA column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 9.0 min,
minor: 10.3 min. 90% ee. [a]3! =-180°(c 0.41, CH,Cl,).

x10 3 [+ESI Scan (1.85% min) Frag=175.0vV 20201101-LwD3.d
224
29 440.1680
1.84
1.64
1.4+
1.2
14
0.84
0.6+
0.4+
T T T r— ™ — — - T T T T
440164 440166 440168 44017 4407172 440174 440776 440178 44018 440182 440184 4407186
Counts vs. Mass-to-Charge (miz)
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mAU
PDA Multi 1 254nm, 4nnj
1500] {R 7] = retention time
[fIFH% = area %
10004
2
= E
B /\ /\
T T < T T -
8 9 10 11 12
<>
PDA 1 254nm
W5 [ GRETRT (W] e I LEWE i % 17 FE%
9. 009 10177940 676084 49. 796 54. 542
10. 361 10261177 563473 50. 204 15. 158
£if 20439117 1239557 100. 000 100. 000
<@k <@g
mAU mAU
PDA Multi 1 254nm, 4nnj 5 PDA Multi 1 254nm, 4nnj
e using L5 using L6
10004
500 ;
: 3
500 .
2501
g g
T - T = 4 =
T T T T T T T T + T
8 9 10 11 12 13 11 15 8 9 10 11 12
<A (3]
PDA Chl 254nm PDA Chl 254nm
5 | GiBaf i T I EDE T B Y 5 [ {5 F e ] [l R EEhE % A%
10. 568 6297001 360900 94. 974 95. 583 8. 962 6966913 477500 94.813 95. 531
12. 288 333252 16677 5. 026 4,417 2 10. 333 381144 22336 5. 187 . 469
£it 6630253 377577 100. 000 100. 000 Hif 7348057 499836 100. 000 100. 000
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o Compound trans-2x: 50.8 mg of S1x’ yields 22.9 mg of 2x (48%, 12 h, trans/cis =
1.5:1, using L5); 49.0 mg of S1x’ yields 24.8 mg of 2x (54%, 12 h, trans/cis = 2.4:1,

% Q using L6), white solid, m.p. = 139.6-143.4 <C, R = 0.5 (petroleum ether: ethyl acetate

O N =12:1). *H NMR (500 MHz, CDCl3) § 7.91 (d, J = 8.2 Hz, 1H), 7.52 (d, J = 8.1 Hz,
Ts 2H), 7.39 - 7.29 (m, 6H), 7.12 (d, J = 8.1 Hz, 2H), 7.06 (t, J = 7.5 Hz, 1H), 6.99 (d, J

= 8.3 Hz, 2H), 6.88 (d, J = 7.4 Hz, 1H), 6.37 (d, J = 8.3 Hz, 2H), 4.96 (d, J = 3.8 Hz, 1H), 4.21 (d, J =
3.6 Hz, 1H), 2.41 (s, 3H). *C NMR (126 MHz, CDCls) 5 144.3, 142.8, 142.5, 142.0, 134.7,132.8, 132.5,
129.7, 129.1, 129.0, 128.9, 128.8, 128.0, 127.5, 126.3, 125.9, 124.9, 116.0, 74.3, 56.5, 21.7. IR (KBr,
cm™) 3029, 1597, 1485, 1457, 1358, 1260, 1166, 1091, 1020, 960, 810, 752, 701, 665, 566, 544. HRMS
(ESI) Calcd for C27H23CINO,S (M+H)* 460.1133, found 460.1123; isotopic peak: HRMS (ESI) Calcd
for Co7H23CINO,S (M+H)* 462.1104, found 462.1103. HPL.C (using L5): OD-H column, 90:10 hexane:
isopropanol, 0.80 mL/min, ts = major: 10.9 min, minor: 9.4 min. 82%ee. [a]3'! =-144°(c 0.24, CH,Cl,);
HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tzr = major: 9.5 min, minor:
8.4 min. 89% ee. [a]3' =-125°(c 0.34, CH.Cl,).

2102 [+BSI £335 (0. 469 83 Fras 0V20201101-L*D4 & x102 [+BST £33 (0. 719 542) Frag=-175.0V20201101-1%D4 &
. 60,1123 102
. 3
4 2.
: o5
0 .
W wlw wln wle  wln sli wln slu eln el W0 won el 0s o slT w1 sl i el n werin eE o el s
e 5 WAL (/2 e 5 WAL @/2)
<A
mAU
PDA Multi 1 254nm, 4nm
. =2 e . .
su0- {R 1] = retention time
y o/ — 0,
1% = area %
250 H
‘/\_4 ‘/\
Y : :
8 9 10 11 12
=
PDA Chl 254nm _ _
WS | BRBI ] [Tk i [ %=E/Ed i % TS
8.315 3056411 187973 50. 777 57. 636
9.517 2962918 138162 19. 223 42. 364
2if 6019328 326135 100. 000 100. 000
< iE> < E>
mAU mAU
PDA Multi 1 254nm, 4nd PDA Multi 1 254nm, 4nnj
100 400 .
using L5 using L6
300 300
g g
200+ e 2004 &
1004 100
E 2
A i = 4
Y T v
T T T : | ,
5.0 7.5 10.0 12.5 15.0 8 9 10 11 12
n
<URFD> <>
PDA Chl 254nm __ _ PDA Chl 254nm __ __
AR G i EEDE [ A, WE | G | W 7 LEHE TE Al
9. 384 434522 23414 8,975 11. 766 8. 360 229020 3008 5.402 . 630
10. 860 1406746 175577 91. 025 88,234 2 9. 509 1010189 184460 94. 598 93. 370
Eif 1841268 198991 100. 000 100. 000 it 4239209 197558 100. 000 100. 000

The alkyl-containing diazo 1y could not be prepared because of the alkyl-containing diazo compound
was unstable at ambient temperature and quickly delivered to the olefin one by [1,2]-H shift. In addition,

using one-pot method (The desired hydrazone and catalyst were mixed first at 0°C, then MnO, was added
into the catalyst system slowly.) also failed.

| Compound 2y: white solid, m.p. = 131.3-132.1 °C, Ry= 0.8 (petroleum ether: ethyl
N acetate = 5:1). 'TH NMR (400 MHz, CDCl;) § 7.61 (d, J = 7.8 Hz, 2H), 7.50 (d, J= 7.8
gfs Hz, 1H), 7.29 (d, J = 7.8 Hz, 2H), 7.24 — 7.04 (m, 7H), 6.76 (dd, J = 17.6, 11.0 Hz,
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1H), 6.66 (d, J=7.9 Hz, 1H), 5.54 (d, J = 17.6 Hz, 1H), 5.11 (d, J= 11.0 Hz, 1H), 4.87 (d, J= 7.5 Hz,
1H), 4.42 (d, J = 9.5 Hz, 1H), 2.45 (s, 3H). *C NMR (101 MHz, CDCls) § 143.6, 138.7, 136.5, 136.2,
135.4, 132.6, 129.6, 129.4, 129.2, 128.5, 128.2, 127.9, 127.8, 126.0, 115.4, 55.9, 21.6. IR (KBr, cm™)
3063, 3030, 1629, 1482, 1451, 1345, 1186, 1090, 1051, 861, 814, 774, 705, 655, 560. HRMS (ESI)
Calcd for C2,H»NO,S (M+H)" 364.1366, found 364.1354.

102 [+ES| Scan (1.789 min) Frag=175.0V 202208052 SF-Lin/D-2-159.
64,1354

g_

&

5

44

3_

2_

‘] .

’ 341225 364125 3841275 36413 /41325 364135 /4175 38414 3641425 364145 3641475
Counts vs. Mass-to-Charge (m/'z)
MeO,C, Compound trans-2z: known compound.[ 43.8 mg of 1z yields 9.4 mg of 2z (23%,
'FQ 24 h, trans/cis = 1.4:1, using L6), white solid, Rr= 0.4 (petroleum ether: ethyl acetate
Ph
? = 8:1). '"H NMR (500 MHz, CDCl3) § 7.75 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 8.2 Hz,
s

2H), 7.38 — 7.25 (m, 7H), 7.18 (d, J= 8.2 Hz, 2H), 7.06 (t, /= 7.5 Hz, 1H), 5.77 (d, J

=3.6 Hz, 1H), 3.91 (d, J = 3.6 Hz, 1H), 3.54 (s, 3H), 2.35 (s, 3H). 1*C NMR (126 MHz, CDCl;) § 170.6,

144.0, 142.2, 141.9, 134.8, 129.5, 1294, 128.9, 127.9, 127.6, 127.4, 126.3, 125.8, 124.3, 115.7, 67.0,

55.7,52.6,21.5. HPLC (using L6): OD-H column, 99:1 hexane: isopropanol, 1.00 mL/min, tr = major:

38.0 min, minor: 33.3 min. 2% ee.

MeO,C Compound cis-2z: known compound. 43.8 mg of 1z yields 9.4 mg of 2z (23%,

'Z_Q 24 h, trans/cis = 1.4:1, using L6), white solid, R = 0.4 (petroleum ether: ethyl

Ph N acetate = 8:1). TH NMR (400 MHz, CDCl3) § 7.71 (d, J = 8.1 Hz, 1H), 7.52 (d, J =

Ts 8.3 Hz, 2H), 7.38 — 7.28 (m, 1H), 7.24 — 7.12 (m, 9H), 5.59 (d, J = 10.1 Hz, 1H),

4.37(d, J=10.1 Hz, 1H), 3.22 (s, 3H), 2.35 (s, 3H). 3C NMR (101 MHz, CDCl5) § 169.5, 144.1, 142.7,

137.4,135.3,129.0, 128.2, 127.11, 127.06, 126.9, 124.8, 116.1, 67.2, 52.7, 51.7, 21.6. (Only the peak of

the cis-product is marked in the '3C NMR spectrum.) HPLC (using L6): OD-H column, 99:1 hexane:
isopropanol, 1.00 mL/min, tg = major: 45.4 min, minor: 43.3 min. 16% ee.

it > fhifE
wl

100

{58 [A] = retention time PO Wulti 1 256, dol
THIFH% = area % frans cis

Y T T Y U

trans
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Compound cis-2aa: 34.0 mg of Slaa’ yields 7.8 mg of 2aa (25%, 12 h, cis/trans >
99:1 dr, using L5); 34.0 mg of Slaa’ yields 16.6 mg of 2aa (54%, 12 h, cis/trans >
99:1 dr, using L6), white solid, m.p. = 171.0-172.2 <C, Rt = 0.4 (petroleum ether: ethyl
acetate = 5:1). *H NMR (500 MHz, CDCls) § 8.42 (d, J = 7.8 Hz, 1H), 7.34 (t, J=7.7
Hz, 1H), 7.10 - 6.91 (m, 8H), 6.79 (d, J = 7.2 Hz, 2H), 6.69 (s, 2H), 5.55 (d, J = 9.4
Hz, 1H),5.19 (d, J = 9.3 Hz, 1H), 2.04 (s, 3H). 3C NMR (126 MHz, CDCls) 6 169.6, 144.4, 137.8, 136.8,
132.7, 130.0, 128.4, 128.2, 127.9, 127.6, 127.1, 126.8, 125.4, 124.3, 116.8, 70.0, 53.9, 24.3. IR (KBr,
cm™) 3032, 2920, 1663, 1597, 1477, 1457, 1394, 1351, 1265, 1127, 1028, 925, 852, 781, 732, 700, 655,
611, 562. HRMS (ESI) Calcd for C22Hi1sNNaO (M+Na)* 336.1359, found 336.1350. HPLC (using L5):
OD-h column, 95:5 hexane: isopropanol, 1.00 mL/min, tzg = major: 14.1 min, minor: 25.5 min. 14% ee.
[a]3! =-5<(c0.28, CH,Cl,); HPLC (using L6): OD-H column, 95:5 hexane: isopropanol, 1.00 mL/min,
tr = major: 14.0 min, minor: 25.3 min. 10% ee. [a]3' = -3°(c 0.38, CH,Cl,).

x10 2 [+ESI| Scan (1.380 min) Frag=175.0v 20191230-LWD-30.d
2754
254 336.1350
2254
74
1.754
1.54
1.254
14
0.75+
0.5+
0.25
T T T T T T T T T T T T
33672 33613 33614 33615 33616 33617 33618 33619 3362 336.21 3322 33623
Counts vs. Mass-to-Charge (miz)
<EfE>
mAU
1 PDA Multi 1 254nm, 4nnj
TR F IS 1] = retention time
ool 1i#1% = area %
§
504 i
] T T T T T P\K‘ T
10.0 12.5 15.0 17.5 20.0 22.5 25.0 21.5
WpE>
PDA 1 254nm
W BB (A eSS I [ & 7ES IS IS
14. 020 1775349 59810 19. 887 61. 753
25. 230 1783358 37044 50. 113 38. 247
2l 3558707 96854 100. 000 100. 000
<EiFE> <fnifi >
mAU mAU
PDA Multi 1 254nm, 4nm 5 PDA Multi 1 254nm, 4nn
1004
400+ .
300 using L5 using L6
3004
2004 ?
1004 /k ; §
; L
10.0 12'. 5 15I o lT‘. 5 20‘. 0 ZZI. 5 ZS‘. 0 2?‘. 5 lT‘_ 5 20‘, 0 22‘_ 5 25I‘ 0 21". 5
<BRFR>
PDA 1 254nm
5 [ FRETR T i LEHE % % [l i) TN
14. 143 4908712 152546 56. 509 67. 350 54, 801 65. 717
25. 537 3764148 13950 13. 101 32. 650 45. 199 34. 283
Bif BET2861 226496 100. 000 100. 000 100. 000 100. 000
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Compound frans-2ab: 39.3 mg of Slab’ yields 25.4 mg of 2ab (70%, 12 h, trans/cis
O =5.7:1, using LS5); 39.6 mg of S1lab’ yields 26.6 mg of 2ab (73%, 12 h, trans/cis =
N 4.3:1, using L6), white solid, m.p. = 95.4-96.6 °C, Ry = 0.3 (petroleum ether:ethyl
M acetate = 12:1). '"H NMR (500 MHz, CDCl3) 8 7.57 (d, J = 8.1 Hz, 1H), 7.38 — 7.26
(m, 9H), 7.14 — 7.06 (m, 4H), 5.18 (d, J = 3.9 Hz, 1H), 4.43 (d, J = 3.8 Hz, 1H), 2.69 (s, 3H). 3C NMR
(101 MHz, CDCl3) 6 143.2,142.4,142.2,132.8,129.2,129.1, 128.3, 127.63, 127.61, 126.6, 126.2, 124.3,
114.1, 74.7, 56.9, 37.9. IR (KBr, cm™) 3056, 2986, 1599, 1495, 1479, 1460, 1422, 1352, 1265, 1160,
1109, 1028, 970, 897, 738, 703, 544, 515. HRMS (ESI) Calcd for C2;H{9NNaO,S (M+Na)* 372.1028,
found 372.1030. HPLC (using LS): OD-H column, 90:10 hexane:isopropanol, 0.80 mL/min, tr = major:
11.8 min, minor: 14.7 min. 96.5:3.5 er. [a]3' =-185° (¢ 0.50, CH,Cl>); HPLC (using L6): OD-H column,
90:10 hexane:isopropanol, 0.80 mL/min, tg=major: 11.9 min, minor: 14.8 min. 96.5:3.5 er. [a]3'=-200°
(c 0.63, CH2CL).

x104 |+ES| Scan (1.899 min) Frag=175.0V 20210118-WLwWD6.d
315 R
34
254
24
1.5
14 -
0.5 -
] . | . |
T T T T T T T Lo Ly T T T T
an 372 373 374 375 376 377 378 3 380 38 382
Counts vs, Mass-to-Charge (miz)
<@EifE>
wAlU
POA Tt T 25dmm, 1]
R B IF] [] = retention time
2001 [H1#1% = area %
100 /\ .
T T T T 7 T 7 T
10 11 12 13 11 15 16 17 18
<>
PDA Chl 254nm
S [ GRETET ] T I EEDE L FEAE
11,966 | 2937276 139302 19, 610 58, 072
14.573 | 2983470 100639 50. 390 41.928
Aif 5920746 240031 100.000 | 100.000
<eifpE> <EIHE>
mAU wAU
PDA Wulti 1 25inm, ing B PDA Multi 1 Z5inm, ind
7504 i .
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500+ z o
250 N
250
H H
i — i =
T T T
T T T T T T T T T T T T T T LN
10 1 12 13 11 15 16 17 10 11 12 13 14 15 16 17 18
min min
<> <R
PDA Chl 254nm POA Chl 2540m
e S | BREIn T 1 LENE [ HE% 5 B ] I A E&EME [TEAT] Y
11.848 | 7875831 366699 96. 457 97.191 11,912 | 5274120 248746 96. 477 97. 267
14. 698 289239 10586 3. 543 2. 806 2 14 842 192610 6990 3,523 2. 733
Bif 8164670 377285 100. 000 100. 000 Aif 5466730 255735 100. 000 100. 000
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Compound cis-2ab: white solid, m.p. = 152.8-153.5 °C, Ry = 0.2 (petroleum ether:
ethyl acetate = 12:1). 'H NMR (400 MHz, CDCls) § 7.54 (d, J = 8.0 Hz, 1H), 7.34 (t,
J=7.6 Hz, 1H), 7.13 — 6.96 (m, 8H), 6.87 — 6.79 (m, 4H), 5.68 (d, J = 9.7 Hz, 1H),
5.25 (d, J=9.6 Hz, 1H), 2.89 (s, 3H). 13C NMR (101 MHz, CDCl;) & 143.1, 137.1,
136.3, 133.0, 129.8, 128.6, 127.93, 127.85, 127.6, 127.2, 127.1, 126.3, 124.0, 113.6, 71.0, 53.9, 38.9. IR
(KBr, cm™) 3031, 2927, 1598, 1476, 1456, 1347, 1157, 963, 780, 738, 700, 546, 512. HRMS (ESI) Calcd
for C21H19NNaO,S (M+Na)* 372.1028, found 372.1029.

Ms

x102 |+ESI Scan (1.006 min) Frag=175.0 20191230-LWD-31.d
3727029

372 37205 3721 37215 3722 37225 3723 37235 724 7245 3725 7255 3726 65 2T 37275
Counts vs. Mass-to-Charge (m/z)

The diazo compound 3ac and 3ad were conducted in standard condition. However, only trace of
C(sp’)-H insertion products was observed.

Ph

Pd(CH3CN),Cl, (10 mol%), Ph,
N%j@ L6 (12 mol%), NaBArF (24 mol%)
Ph
Ph N PhCFs, 1t, 12 h N
| Bn
Bn
1ac 4ac, trace
N, Pd(CH3CN),Cl, (10 mol%),
Ph. 0 L6 (12 mol%), NaBArF (24 mol%) Ph"‘(j\
| PhCFa, 1t, 24 h COzMe
1ad OMe S 2ad, trace

4.2 Gram scale experiment (3 mmol) for diazo compound 1a

Pd(CH3CN),Cl; (9 mol%), “,
N3 O L6 (11.8 mol%), NaBAr" (21.6 mol%) O
N
©/\N PhCF3, rt, 15 h O |
] Ts
Ts

23, 79%
1a trans:cis = 3.1:1
ee (trans) = 94%

In a flame-dried 100 mL flask, the desired hydrazones S1a’ (3 mmol, 1.40 g) were dissolved in 20 mL
anhydrous benzotrifluoride (0.15 M). The flask was wrapped in foil, and MnO, (24.0 mmol, 1.96 g) was

added. The oxidation was allowed to stir for 10 min until full conversion of the starting material was
observed by TLC and dry Na,SOj4 (1.0 g) was added to stir for 1 min to remove H,O generated in suit.
Then MnO; and Na,SO4 was removed by filtering through alumina (neutral) into a new flame-dried flask
using dry ethyl acetate (30 mL) quickly. Next the solvent was removed in vacuo at room temperature.
The crude magenta diazo compounds 1a were used for next step without purification and were diluted to
0.15 M with anhydrous benzotrifluoride (20 mL). In the meantime, under nitrogen atmosphere,
Pd(CH3CN).Cl (9 mol%, 69.1 mg), chiral ligand L6 (10.8 mol%, 82.0 mg) and NaBAr" (21.6 mol%,
575 mg) were added in dry benzotrifluoride (15 mL, 1.8x%10-2M). The chiral catalysts mixture was stirred
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to bright yellow at room temperature for 2 h and the grey aggregation was removed through cotton. The
bright yellow solution was transferred into a new flame-dry flask and the magenta solution of diazo
compounds 1a was added dropwise into the catalyst system with syringe pump for 2 hours (10 mL/h)
under nitrogen atmosphere. The insertion reaction was stirred at room temperature overnight (for another
13 h). The crude reaction mixture was filtered over Celite, concentrated in vacuo, and purified by column
chromatography (PE: DCM = 3:1) to yield the insertion product 2a (1.03 g, 79%, trans:cis = 3.1:1, 94%
ee for trans-2a).
4.3 Procedure for the removal of tosyl in trans-2alfl
The C-H inserion of 1a was conducted repeatedly and could be expanded to 0.26 mmol scale (111 mg
of S1a’, 0.26 mmol), thus delivering 2a (63.4 mg) with 61% yield, 5.5:1 trans/cis ratio and 94% ee. Then
a mixture of trans-2a (53.5 mg, 0.13mmol, 1.0 equiv.) and Mg powder (43.4 mg, 1.82 mmol, 14.0 equiv.)
in dry MeOH (5.0 mL) was sonicated under N2 atmosphere, then the mixture was stirred at 50°C for 2h
until completion, quenched with saturated NH4Cl, and the aqueous layer was extracted with DCM. The
combined organic layers were dried over Na;SO4. The filtrate was concentrated under reduced pressure
and purified by flash column chromatography to yield the product trans-2a’.
Compound trans-2a’: 53.5 mg of frans-2a’ yields 24.2 mg of trans-2a’ (71%, 2 h,
%, Q trans/cis > 99:1), yellow oil, R = 0.8 (petroleum ether: ethyl acetate = 12:1). 'H NMR
O N (500 MHz, CDCl3) 4 7.33 — 7.23 (m, 8H), 7.18 — 7.09 (m, 3H), 6.84 (d, J = 7.3 Hz, 1H),
6.78 — 6.70 (m, 2H), 4.82 (d, J = 9.5 Hz, 1H), 4.29 (d, J = 9.5 Hz, 1H), 4.17 (s, 1H).
13C NMR (126 MHz, CDCl3) § 150.9, 143.0, 142.3, 131.4, 129.0, 128.63, 128.55, 128.2, 127.7, 127.0,
126.8, 125.2, 119.3, 109.2, 73.8, 58.9. IR (KBr, cm™) 3363, 3030, 2918, 2851, 1603, 1486, 1460, 1359,
1262, 1033, 742, 700, 616. HRMS (ESI) Calcd for CxHi7NNa (M+Na)* 294.1253, found 294.1249.
HPLC: OD-H column, 95:5 hexane: isopropanol, 1.00 mL/min, tg = major: 15.7 min, minor: 11.2 min.
94% ee. [a]?' =-49°(c 7.7, CH,Cly).

x10 2 |+ESI Scan (0.996 min) Frag=175.0v 20210118-WLWwD14.d

54 294.1249
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3004
3004
= 8
2004 El ] 2001 -
100+ 100+
]
T T - T T u = T u — T =
10.0 12.5 15.0 17.5 20.0 10.0 125 150 175 20.0
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5 T BRBE L] P LENE T #% i % VEE | G ) T T [ Rx 2 S L)

11.213 3134877 175233 48. 508 57. 480

11. 229 140690 7839 3. 056 4. 157
15. 726 4462490 180738 96. 944 95. 843
git 4603180 188577 100. 000 100. 000
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2if 6462550 304859 100. 000 100. 000
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Compound cis-2a’: known compound®, yellow oil (The procedure of the removal of

O tosyl in cis-2a was the same as that of trans-2a), R¢ = 0.7 (petroleum ether: ethyl acetate
O \ O =12:1). *H NMR (500 MHz, CDCl3) § 7.17 (t, J = 7.6 Hz, 1H), 7.06 — 6.96 (m, 9H),
H 6.84 (d, J =7.8 Hz, 1H), 6.78 (t, J = 7.4 Hz, 1H), 6.75 — 6.69 (m, 2H), 5.24 (d, J=9.0

Hz, 1H), 4.73 (d, J = 9.0 Hz, 1H), 4.20 (s, 1H). 3C NMR (126 MHz, CDCls) § 151.7, 140.1, 139.3,
131.3,129.4,128.1, 127.7,127.6, 127.3, 126.9, 126.2, 125.9, 119.3, 109.1, 69.0, 54.2.
4.4 Side product in the Pd(II)-catalyzed C-H insertion of diazo compound

The major side product in the Pd(II)-catalyzed C-H insertion of diazo compound is O-H insertion
product. Because of the high activity of donor-type diazo compounds, the attack by H,O to deliver O-H
insertion easily happens in the catalytic system. Taking diazo compound 1a in scale-up experiment for
example, in addition to C-H insertion product 2a (79% yield, trans: cis = 3.1:1), side product 7 (12%

yield) and trace of carbene dimer were also obtained.

Ph Ph }
N3 Pd(CH3CN),Cly (10 mol%) ’FQ . HO)\/© . Ts—N _ N-Ts
Ph SN <

L6 (12 mol%), NaBAr™ (24 mol%) N PH Ph
"y i 0
Ts PhCF3, rt, 15h
1a, 3.0 mmol 2a, 79% 7,12% trace
trans:cis = 3.1:1, 94% ee side product carbene dimer

C-H insertion product

Compound 7: white solid, m.p. = 152.1-153.0 °C, Ry = 0.4 (petroleum ether:ethyl

(P . acetate = 5:1). "H NMR (500 MHz, CDCL3) § 7.62 (d, J = 8.2 Hz, 2H), 7.34 (d, /= 8.1

N Hz, 2H), 7.30 — 7.23 (m, 1H), 7.22 — 7.17 (m, 4H), 7.14 — 7.05 (m, 5H), 6.94 (dd, J =

O O 7.6, 1.5 Hz, 1H), 6.60 (d, J = 7.7 Hz, 1H), 6.48 (d, J = 6.6 Hz, 2H), 6.07 (s, 1H), 5.28

(d, J=13.1 Hz, 1H), 4.12 (d, J = 13.1 Hz, 1H), 4.10 — 4.07 (m, 1H), 2.47 (s, 3H). ’C

NMR (126 MHz, CDCLy)  146.4, 144.4, 142.6, 136.9, 134.8, 134.3, 130.8, 130.0, 129.8, 129.3, 128.9,

128.34, 128.28, 128.1, 127.5, 126.5, 126.3, 126.2, 68.5, 56.3, 21.7. IR (KBr, cm™) 3515, 3063, 3032,

1598, 1490, 1451, 1338, 1158, 1091, 1049, 873, 844, 816, 740, 715, 661, 561. HRMS (ESI) Calcd for
C27H2sNNaO3S (M+Na)* 466.1447, found 466.1437.

102 [<ESI &£33§8 (1. 256 4+%) Freg-175. OV 20210528-Z3F-LWD6. d
% 466 1437

455,13 455, 135 486. 14 455 145 46615 455.155 456,15 466. 165 466.17 485.175 466.13 466.185 466,19
i 5 mFE =z
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5. General procedure for preparation of enynones

A OH . OTBS
el ' Ac,0 (12 equiv), EtN (2.2 equiv) R°T M_,
A\, DCM.O°Clort 85-96% NH “ 1'3'0”&"3300'30(5-52%%"'-) 3
2 y )
o 94%
S2 S3 S4 S5
oTBS
|
= Pz
R OTBS  by(PPhy),Cl, (5 mol%), Cul (10 mol%) ~7
+ 20
/"Q y Et;N, THF, 50°C R N
o 60-89%
1.0 equiv. 1.5 equiv. /&O
S3 S5 S6
oTBS oTBsS OH 0
= NaH (1.2 equiv.) = = =
L Z" alkyl bromide (1.1-1.5 equiv) e Z TBAF (15 equiv) N\ Z DMP (12 equiv) N\ Z
i i —_— all —_— i
R THF, 0°Cto rt RU_ ., Demesorss Ru L pemo2sm,t3n R L
NH 66-91% N "R N” "R 52-88% N "R
N BN BN BN
o o o o
S6 S7 S8 S9
o o
i
= \
= O O . - .
A AcOH (0.6 equiv.), piperidine (0.2 equiv.) [
Rz% + M MgSO, (0.2-0.4 equiv.), toluene, rt, 3h N X
N R! 45-70% \ R
PN 1.2 - 1.5 equiv. RN
o
o
S9 S10 3a-3i

Typical procedure for preparation of S3

To a solution of 2-iodoaniline and EtsN (2.2 equiv.) in DCM (0.5 M) at 0°C under nitrogen was
added Ac,0 (1.2 equiv.) dropwise. The resulting mixture was allowed to warmed up to room temperature
and stirred until the reaction was completed by TLC. Water was added and the organic phase was
separated. Aqueous phase was extracted with DCM twice. The combined organic phase was washed with
NaHCO; and NH4CI, dried over MgSQy, filtered and concentrated under reduced pressure. Purification
of the crude product by flash column chromatography (silica gel, petroleum ether/AcOEt = 5:1) gave S3
with 85-96% yield.
Typical procedure for preparation of S5

To a solution of 2-propynol S4 (300 mmol) in CH,Cl, (150 mL) was added tert-butyldimethylsilyl
chloride (450 mmol) and 1-H imidazole (750 mmol) at 0. After about 2 h, the reaction was monitored
by TLC until totally completed. The reaction mixture was washed with water, dried over MgSQ4, and
was concentrated in vacuo. The crude product was purified by flash column chromatography (silica gel,
petroleum ether/AcOEt = 20:1) to afford S5 as colorless oil (94% yield).
Typical procedure for preparation of S6

Under nitrogen atmosphere, a mixture of S3 (10 mmol, 1.0 equiv.), Cul (10 mol%), Pd(PPhs).Cl,
(5 mol%) were added to a schlenk tube, EtsN (20 mL) and THF (20 mL) as co-solvent was added to the
reaction mixture, then S5 (15 mmol, 1.5 equiv.) was added slowly. The reaction was stirred for 12 h at
50 °C. The mixture was diluted with H,O, and extracted with CH,Cl,. The extract was dried over MgSO4
and evaporated under reduced pressure. The residue was purified by chromatography on silica gel with
petroleum ether/ethyl acetate (5:1) as the eluent to afford S6 (60-89%).
Typical procedure for preparation of S7
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To astirred suspension of NaH (3.6 mmol) in 3 ml of dry THF at 0 °C the S6 (3.0 mmol, 1.0 equiv.)
dissolved in 4 mL of THF was added dropwise within 5 min. The reaction mixture was stirred until the
solution became clear, and the solution of alkyl bromide (1.1-1.5 equiv.) in 3 mL of THF was added
dropwise within 5 min. The solution was warmed up to room temperature and monitored by TLC. After
S6 was completely consumed, the reaction mixture was quenched with water (15 mL). The resulting
solution was extracted with ethyl acetate (3x10 mL). Combined organic layers were washed with brine
(120 mL), dried over MgSQs, filtered and concentrated under reduced pressure. Purification of the
crude product by flash column chromatography (silica gel, petroleum ether/AcOEt = 5:1) gave S7 (66-
91%).

Typical procedure for preparation of S8

To a solution of S7 in DCM tetrabutylammonium fluoride (TBAF, 1.5 equiv.) was added slowly,
the reaction was monitored by TLC. After totally completed, the reaction mixture was quenched with
water. The resulting solution was extracted with DCM. Combined organic layers were washed with brine,
dried over MgSQy, filtered and concentrated under reduced pressure. Purification of the crude product
by flash column chromatography (silica gel, petroleum ether/AcOEt = 2:1) gave S8 as yellow oil (85-
97%).

Typical procedure for preparation of S9

To asolution of S8 in DCM (0.25 M) Dess-Martin regent (1.5 equiv.) was added with portions. The
reaction was monitored by TLC, after totally completed, the reaction mixture was added saturated
NaHCOs aqueous solution and saturated Na.S;03 aqueous solution to quench the reaction. The resulting
solution was extracted with DCM. Combined organic layers were washed with brine, dried over MgSQy,
filtered and concentrated under reduced pressure. Purification of the crude product by flash column
chromatography (silica gel, petroleum ether/AcOEt = 3:1) gave S9 as yellow oil (52-88%).

Typical procedure for preparation of enynones 3a-3il”!

S9 (1.0 equiv.), AcOH (0.6 equiv.), piperidine (0.2 equiv.) and MgSO4 (0.2 - 0.5 equiv.) were added
to a solution of S10 (1.2-1.5 equiv.) in toluene at room temperature. The reaction was stirred at room
temperature and monitored by TLC. The reaction mixture was extracted with ethyl acetate and water.
Combined organic layers were washed with brine, dried over MgSOs, filtered and concentrated under
reduced pressure. The resulting residue was purified by flash column chromatography (silica gel,
petroleum ether/AcOEt = 2:1) to yield 3a-3i (45-70%).

o o Compound 3a: known compound.t’1 61% vyield, yellow oil, Rf = 0.2 (petroleum ether:

| ethyl acetate = 3:1). 'H NMR (400 MHz, CDCls) 8 7.58 — 7.50 (m, 1H), 7.36 — 7.29

A (m, 2H), 7.26 — 7.21 (m, 3H), 7.21 — 7.17 (m, 2H), 6.90 — 6.81 (m, 1H), 6.80 (s, 1H),
N 5.38 (d, J=14.2 Hz, 1H), 4.34 (d, J = 14.2 Hz, 1H), 2.49 (s, 3H), 2.38 (s, 3H), 1.85 (s,
gAc 3H). 3C NMR (101 MHz, CDCls) & 200.8, 195.7, 170.1, 150.5, 144.2, 137.2, 134.2,

131.2,129.9,129.4, 128.5, 128.4, 127.7, 121.8, 121.2, 101.9, 89.3, 52.3, 31.1, 27.2, 22.6.
Compound 3b: known compound.155% yield, yellow oil, Rf= 0.3 (petroleum ether:
ethyl acetate = 3:1). *H NMR (400 MHz, CDCls) § 7.56 — 7.50 (m, 1H), 7.36 — 7.31
N (m, 2H), 7.09 — 7.01 (m, 4H), 6.89 — 6.84 (m, 1H), 6.83 — 6.79 (m, 1H), 5.31 (d, J =
14.2 Hz, 1H), 4.32 (d, J = 14.2 Hz, 1H), 2.49 (s, 3H), 2.37 (s, 3H), 2.28 (s, 3H), 1.83
ﬁﬁc (s, 3H). 3C NMR (101 MHz, CDCls) & 200.6, 195.5, 169.8, 150.1, 144.0, 137.0,
133.95,133.93131.1,129.8,129.2,128.9, 128.3, 121.5, 121.1, 101.9, 89.0, 51.8, 30.9,

27.0,22.4,21.1.

O O
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o o Compound 3c: known compound.[46% yield, yellow oil, Rs = 0.3 (petroleum

| ether: ethyl acetate = 2:1). *H NMR (400 MHz, CDCl3) & 7.38 — 7.32 (m, 1H),

N 7.19 — 7.12 (m, 2H), 6.92 (d, J = 8.4 Hz, 2H), 6.74 — 6.67 (m, 1H), 6.64 (s, 1H),

gN 6.57 (d, J = 8.4 Hz, 2H), 5.05 (d, J = 14.2 Hz, 1H), 4.20 (d, J = 14.2 Hz, 1H), 3.54

MeO he (s, 3H), 2.30 (s, 3H), 2.18 (s, 3H), 1.64 (s, 3H). 3C NMR (101 MHz, CDCls) &

200.3, 195.2, 169.3, 158.6, 149.8, 143.5, 133.6, 130.8, 130.2, 129.4, 128.8, 128.0, 121.2, 120.7, 113.2,

101.5, 88.6, 54.7, 51.1, 30.5, 26.6, 22.0.

o o Compound 3d: known compound.”156% yield, yellow oil, Rt = 0.3 (petroleum ether:

ethyl acetate = 2:1). 'H NMR (400 MHz, CDCls) & 7.55 (dd, J = 5.5, 3.7 Hz, 1H),

N 7.35(dd, J=5.6, 3.6 Hz, 2H), 7.18 — 7.12 (m, 2H), 6.92 (t, J = 8.6 Hz, 2H), 6.85 (dd,

. J=5.4,3.6 Hz, 1H), 6.78 (s, 1H), 5.29 (d, J = 14.2 Hz, 1H), 4.36 (d, J = 14.3 Hz,

FgAc 1H), 2.49 (s, 3H), 2.38 (s, 3H), 1.84 (s, 3H). 2°F NMR (376 MHz, CDCl3) 6 -114.74.

13C NMR (101 MHz, CDCl3) § 200.8, 195.6, 170.1, 162.3 (d, J = 245.9 Hz), 150.5,

144.0, 134.3, 133.00 (d, J = 3.3 Hz), 131.3 (d, J = 6.1 Hz), 131.1, 129.8, 128.6, 121.7, 121.0, 115.26 (d,
J=21.3 Hz),101.7,89.2,51.5, 31.0, 27.1, 22.5.

o o Compound 3e: known compound.l’155% yield, yellow oil, Ry = 0.3 (petroleum ether:

| ethyl acetate = 2:1). *H NMR (400 MHz, CDCl3) 6 7.30 — 7.27 (m, 1H), 7.12 — 7.04

X (m, 2H), 6.94 — 6.86 (m, 4H), 6.69 (d, J = 7.4 Hz, 1H), 6.55 (s, 1H), 4.92 (d, J = 14.4

N Hz, 1H), 4.19 (d, J = 14.4 Hz, 1H), 2.19 (s, 3H), 2.10 (s, 3H), 1.55 (s, 3H). *C NMR
CI/©/\AC (101 MHz, CDCls) 6 200.0, 195.0, 169.2, 149.9, 143.1, 135.2, 133.5, 132.5, 130.8,

130.1, 129.0, 128.0, 127.8, 120.9, 120.1, 100.8, 88.5, 50.9, 30.2, 26.2, 21.7.
o o Compound 3f: known compound.l’145% yield, yellow oil, Ry = 0.3 (petroleum ether:

| ethyl acetate = 2:1). 'H NMR (400 MHz, CDCls) § 7.36 — 7.31 (m, 1H), 7.19 — 7.09

T (m, 4H), 6.88 (d, J = 8.2 Hz, 2H), 6.74 (d, J = 7.1 Hz, 1H), 6.58 (s, 1H), 4.93 (d, J =

" 14.3 Hz, 1H), 4.25 (d, J = 14.3 Hz, 1H), 2.25 (s, 3H), 2.16 (s, 3H), 1.61 (s, 3H). *C
BrgAc NMR (101 MHz, CDCls) 6 200.3, 195.2, 169.5, 149.9, 143.3, 135.8, 133.7, 130.95,
130.90, 130.7,129.1, 128.1, 121.09, 121.05, 120.4, 101.0, 88.7, 51.2, 30.4, 26.5, 21.9.

o o Compound 3g: 50% yield, yellow oil, Rf = 0.3 (petroleum ether: ethyl acetate = 2:1).

| IH NMR (400 MHz, CDCls) § 7.20 — 7.13 (m, 4H), 7.13 — 7.07 (m, 2H), 6.97 — 6.88

N £ (m, 1H), 6.74 (dd, J = 8.6, 5.3 Hz, 1H), 6.71 (5, 1H), 5.30 (d, J = 14.2 Hz, 1H), 4.23

| (d, J = 14.2 Hz, 1H), 2.40 (s, 3H), 2.30 (s, 3H), 1.78 (s, 3H). °F NMR (376 MHz,

@”m CDCls) § -111.8. 3C NMR (101 MHz, CDCls) & 200.4, 195.4, 169.9, 161.2 (d, J =

250.4 Hz), 150.9, 140.1 (d, J = 3.5 Hz), 136.7, 131.4 (d, J = 9.1 Hz), 129.2, 128.3, 127.6, 123.3 (d, J =

10.1 Hz), 120.26 (d, J = 24.2 Hz), 120.26, 120.1, 118.2 (d, J = 22.4 Hz), 99.8, 89.6, 52.0, 30.8, 26.9,

22.3. IR (KBr, cm™) 3608, 3325, 3062, 2919, 1676, 1597, 1565, 1487, 1460, 1393, 1365, 1308, 1231,

1158, 1059, 1028, 952, 856, 801, 755, 701, 674, 632, 610, 555, 486, 433. HRMS (ESI) Calcd for
CasH21FNOs (M+H)* 378.1500, found 378.1502.

75



x108

+E5| Scan (0.475 min) Frag=175.0V 20210413-Z5F-L\wD1.d

= 378.1502

3791520

3801631

3 ] 670

78 373 320 381 82 383 384 385 26 387 328

Counts vs. Mass-to-Charge (m/z)
Compound 3h: 55% vyield, yellow oil, Rt = 0.3 (petroleum ether: ethyl acetate =
2:1). *H NMR (400 MHz, CDCl3) § 7.34 (s, 1H), 7.27 — 7.16 (m, 5H), 7.12 (d, J =
8.0 Hz, 1H), 6.80 (s, 1H), 6.74 (d, J = 8.1 Hz, 1H), 5.35 (d, J = 14.2 Hz, 1H), 4.34
(d, J=14.2 Hz, 1H), 2.49 (s, 3H), 2.37 (s, 3H), 2.34 (s, 3H), 1.84 (s, 3H).:*C NMR
(101 MHz, CDCls) 6 200.7, 195.5, 170.1, 150.1, 141.6, 138.5, 137.1, 134.3, 132.0,
129.4,129.2, 128.2, 127.4, 121.2, 121.1, 102.2, 88.7, 52.1, 30.9, 27.0, 22.4, 20.8.

IR (KBr, cm) 3609, 3306, 3030, 2924, 2353, 2192, 1786, 1766, 1711, 1664, 1585, 1535, 1517, 1497,
1392, 1375, 1292, 1246, 1171, 1070, 1022, 969, 887, 831, 745, 703, 628, 584, 536, 508, 441. HRMS
(ESI) Calcd for CsH2sNOs (M+H)* 374.1751, found 374.1758.

ZH-1#181 RT: 153 AV:1 NL: 1.60E7
F: FTMS + p ESI Full ms [100.00-1000.00]
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o 9 Compound 3i: known compound.t” 70% yield, yellow oil, R;= 0.3 (petroleum ether:
ethyl acetate = 3:1). '"H NMR (500 MHz, CDCL;) § 7.60 (d, J = 7.6 Hz, 1H), 7.51 (4,

|
T J=17.6 Hz, 1H), 7.40 (t, J = 7.5 Hz, 1H), 7.24 (d, J = 7.8 Hz, 1H), 4.02 — 3.90 (m,
o~y 1H), 3.51 —3.35 (m, 1H), 2.51 (s, 3H), 2.38 (s, 3H), 1.81 (s, 3H), 1.56 — 1.44 (m, 2H),
Ac 1.38 — 1.29 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). ®C NMR (126 MHz, CDCls) 5 200.8,

195.6, 169.9, 150.4, 144.6, 134.2, 131.3, 129.4, 128.2, 121.7, 121.0, 101.9, 89.1, 48.5, 30.9, 29.8, 27.0,
22.5,20.1,13.8.
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6. General procedure for Pd(II)-catalyzed C-H insertion of enynones

General procedure for enantioselective Pd(11)-catalyzed C-H insertion of enynones

Under nitrogen atmosphere, to a solution of enynone 3a-3i (0.2 mmol) in dry toluene (0.2 M),
[Pd(PhCN).Cl;] (10 mol%), Pybox ligand L1 (11 mol%) and NaBAr" (22 mol%) were added. The
reaction mixture was then heated to a temperature of 60 °C and stirred for 12 h. After the reaction was
completed, the reaction mixture was filtered through short silica gel, and then the solvent was removed
under reduced pressure. The crude C-H insertion product was purified by flash column chromatography
(silica gel, petroleum ether/AcOEt = 3:1) to yield 4a-4i.
Compound 4a: known compound.l’? 72.0 mg of 3a yields 59.8 mg of 4a (83%, 12
h, >99:1 dr), yellow oil, Rt = 0.3 (petroleum ether: ethyl acetate = 3:1). 'H NMR
(400 MHz, CDCls) 6 8.39 (d, J = 7.4 Hz, 1H), 7.41 — 7.32 (m, 1H), 7.16 — 7.08 (m,
5H), 6.89 (dd, J = 6.5, 3.0 Hz, 2H), 5.96 (s, 1H), 5.59 (d, J = 9.3 Hz, 1H), 5.22 (d, J
=9.5 Hz, 1H), 2.34 (s, 3H), 2.16 (s, 3H), 2.04 (s, 3H). *C NMR (101 MHz, CDCls)
6 194.0, 169.5, 157.9, 149.0, 143.9, 138.0, 129.0, 128.4, 128.0, 126.3, 125.2, 124.4, 121.7, 117.0, 109.8,
68.2,47.0, 29.0, 24.3, 14.0. HPLC: OD-H column, 90:10 hexane: isopropanol, 1.00 mL/min, tg = major:
13.7 min, minor: 23.7 min. 89% ee. [a]3® =-38°(c 0.10, CH,Cl,).

<t iifE> <G>
D:\HPLC %i#\2015\zh-i-170-4-0DH-10%.lcd D:\HPLC#(4#12015\zh-i-197-5-0DH-10%_led
mv mV 1500
R A [T
3000+
(=R ES
{4 F ][] = retention time
10004
2000+ ﬁﬁ$f\% =area %
8§
1000-{ K S 500~ 8
N o
AN :
= — . — — e - : —
125 150 175 200 25 25.0 125 15.0 17.5 20.0 225 25.0
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Compound 4b: known compound.m 74.7 mg of 3b yields 63.5 mg of 4b (85%, 12
h, >99:1 dr), yellow oil, R¢ = 0.3 (petroleum ether: ethyl acetate = 3:1). 'H NMR (400
MHz, CDCls) § 8.38 (d, J = 7.1 Hz, 1H), 7.42 — 7.32 (m, 1H), 7.10 (d, J = 3.9 Hz, 2H),
6.90 (d, J = 7.5 Hz, 2H), 6.76 (d, J = 7.6 Hz, 2H), 5.96 (s, 1H), 5.56 (d, J = 9.0 Hz,
1H), 5.19 (d, J = 9.2 Hz, 1H), 2.36 (s, 3H), 2.21 (s, 3H), 2.18 (s, 3H), 2.05 (s, 3H). 13C
NMR (101 MHz, CDCls) 8 194.2, 169.5, 157.9, 149.1, 143.9, 137.7, 135.0, 129.4, 129.0, 128.9, 126.2,
125.2,124.4,121.7,117.0,109.7,68.1, 47.1, 29.0, 24.3, 21.0, 14.1. HPLC: OD-H column, 90:10 hexane:
isopropanol, 1.00 mL/min, t = major: 11.6 min, minor: 20.0 min. 90% ee. [a]3® = -89°(c 0.17,
CH,Cl,).

<G E> <& E>
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Compound 4c: known compound.” 77.9 mg of 3¢ yields 65.4 mg of 4c (84%, 12
h, >99:1 dr), yellow oil, Rf = 0.3 (petroleum ether: ethyl acetate = 3:1). *H NMR
(400 MHz, CDCl3) 5 8.34 (d, J = 7.4 Hz, 1H), 7.31 (t, J = 7.3 Hz, 1H), 7.10 - 7.02
(m, 2H), 6.78 (d, J = 8.5 Hz, 2H), 6.60 (d, J = 8.3 Hz, 2H), 5.98 (s, 1H), 5.52 (d,
J=9.1Hz, 1H), 5.14 (d, J = 9.2 Hz, 1H), 3.64 (s, 3H), 2.33 (5, 3H), 2.16 (s, 3H).
13C NMR (101 MHz, CDCl3) & 194.0, 169.4, 159.2, 157.8, 149.1, 143.8, 130.0, 129.3, 128.8, 127.4,
125.1,124.3,121.7, 116.9, 113.6, 109.6, 67.7, 55.2, 46.9, 29.0, 24.2, 14.0. HPL.C: OD-H column, 90:10
hexane: isopropanol, 1.00 mL/min, tz = major: 18.6 min, minor: 30.3 min. 80% ee. [a]3® =-71<(c0.12,
CH,Cl,).

<EHE> <& A
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Compound 4d: known compound.t’l 75.5 mg of 3d yields 60.4 mg of 4d (80%, 12
h, >99:1 dr), yellow oil, Rf = 0.3 (petroleum ether: ethyl acetate = 3:1). 'H NMR
(400 MHz, CDCls) 6 8.37 (d, J = 6.9 Hz, 1H), 7.37 (dt, J = 8.1, 4.5 Hz, 1H), 7.12
(d, J=3.9 Hz, 2H), 6.96 —6.74 (m, 4H), 6.05 (s, 1H), 5.59 (d, J =9.0 Hz, 1H), 5.21
(d, 3 =9.2 Hz, 1H), 2.36 (s, 3H), 2.21 (s, 3H), 2.04 (s, 3H). *°F NMR (376 MHz,
CDCI3) 6 -113.76. °C NMR (101 MHz, CDCl3) § 193.9, 169.3, 162.3 (d, J = 247.9 Hz), 158.0, 148.8,
143.6, 133.9 (d, J = 2.0 Hz), 129.0, 128.9, 127.9 (d, J = 8.1 Hz), 125.2, 124.6, 121.8, 117.0, 115.3 (d, J
=21.9 Hz), 109.8, 67.5, 46.9, 29.0, 24.2, 14.1. HPLC: OD-H column, 90:10 hexane: isopropanol, 1.00
mL/min, tz = major: 14.3 min, minor: 26.0 min. 91% ee. [a]3® =-88°(c 0.11, CH,Cl). *H NMR (400
MHz, Chloroform-d) & 8.37 (d, J = 6.9 Hz, 1H), 7.37 (dt, J = 8.1, 4.5 Hz, 2H), 7.12 (d, J = 3.9 Hz, 2H), ,
6.05 (s, 1H), 5.59 (d, J = 9.0 Hz, 1H), 5.21 (d, J = 9.2 Hz, 1H), 2.36 (s, 3H), 2.21 (s, 3H), 2.04 (s, 3H).
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Compound 4e: known compound.l’l 78.8 mg of 3e yields 59.9 mg of 4e (76%, 12
h, >99:1 dr), yellow oil, R = 0.3 (petroleum ether: ethyl acetate = 3:1). *H NMR
(400 MHz, CDCl3) 6 8.34 (d, J = 6.8 Hz, 1H), 7.36 — 7.31 (m, 1H), 7.14 — 7.04 (m,
4H), 6.82 (d, J = 8.2 Hz, 2H), 6.04 (s, 1H), 5.55 (d, J = 8.7 Hz, 1H), 5.19 (d, J =
9.1 Hz, 1H), 2.33 (s, 3H), 2.19 (s, 3H), 2.01 (s, 3H). 3C NMR (101 MHz, CDCls)
8193.9,169.2, 158.0, 148.6, 143.6, 136.7, 133.8, 129.0, 128.5, 127.6, 125.2, 124.6, 121.8, 117.0, 109.9,
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67.5, 46.9, 29.0, 24.2, 14.0. HPLC: OD-H column, 90:10 hexane: isopropanol, 1.00 mL/min, tg = major:
15.5 min, minor: 27.8 min. 94% ee. [a]3® =-41°(c 0.13, CH,Cl,).
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Compound 4f: known compound.[ 87.6 mg of 3f yields 72.4 mg of 4f (83%, 12
h, >99:1 dr), yellow oil, R = 0.3 (petroleum ether: ethyl acetate = 3:1). *H NMR
(400 MHz, CDCls) & 8.34 (d, J = 6.8 Hz, 1H), 7.34 (t, J = 7.2 Hz, 1H), 7.23 (d, J =
7.8 Hz, 2H), 7.14 — 7.06 (m, 2H), 6.76 (d, J = 8.2 Hz, 2H), 6.04 (s, 1H), 5.54 (d, J
=9.0 Hz, 1H), 5.20 (d, J = 9.0 Hz, 1H), 2.34 (s, 3H), 2.20 (s, 3H), 2.02 (s, 3H). 13C
NMR (101 MHz, CDCls) 8 193.9, 169.2, 158.1, 148.5, 143.5, 137.2, 131.5, 129.0, 128.8, 128.0, 125.2,
124.6, 121.9, 121.8, 117.0, 110.0, 67.6, 46.9, 29.0, 24.2, 14.0. HPLC: OD-H column, 90:10 hexane:
isopropanol, 1.00 mL/min, tz = major: 15.6 min, minor: 28.4 min. 95% ee. [a]3® =-46°(c 0.14, CH.Cl,).
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Compound 4g: 94.4 mg of 3g yields 59.2 mg of 4g (63%, 12 h, >99:1 dr), yellow
oil, Rf = 0.3 (petroleum ether: ethyl acetate = 3:1). *H NMR (400 MHz, CDCl3) &
8.36 (dd, J = 7.7, 4.4 Hz, 1H), 7.19 — 7.09 (m, 3H), 7.04 (td, J = 8.9, 2.5 Hz, 1H),
6.95-6.84 (m, 2H), 6.80 (d, J = 7.6 Hz, 1H), 5.99 (s, 1H), 5.61 (d, J = 9.5 Hz, 1H),
5.22(d, J=9.5Hz, 1H), 2.34 (s, 3H), 2.18 (s, 3H), 2.03 (s, 3H). **F NMR (376 MHz,
CDCl3) 6-117.87.*C NMR (101 MHz, CDCls) 5 193.9, 169.2, 159.8 (d, J = 243.3 Hz), 158.1, 148.1,
140.0, 137.7, 131.4 (d, J = 8.3 Hz), 128.5, 128.2, 126.2, 121.8, 117.9 (d, J = 8.3 Hz), 115.3 (d, J = 22.7
Hz), 112.5 (d, J = 24.4 Hz), 110.0, 68.5, 46.9, 29.0, 24.0, 14.0. IR (KBr, cm™*) 3743, 3609, 3307, 3032,
2923, 2853, 2353, 1726, 1667, 1608, 1566, 1481, 1453, 1392, 1354, 1316, 1256, 1229, 1173, 1128, 1078,
1057, 1030, 948, 874, 822, 804, 755, 706, 675, 631, 608, 546, 517, 485. HRMS (ESI) Calcd for
CasH21FNOs (M+H)* 378.1500, found 378.1497. HPLC: OD-H column, 90:10 hexane: isopropanol,
1.00 mL/min, tr = major: 12.1min, minor: 15.3 min. 96% ee. [a]3® = -44°(c 0.13, CH:Cl,).
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Compound 4h: 74.7 mg of 3h yields 63.5 mg of 4h (85%, 12 h, >99:1 dr), yellow
solid, m. p. = 118-119 °C, R¢ = 0.3 (petroleum ether: ethyl acetate = 3:1). 'H NMR
(400 MHz, CDCl3) 6 8.26 (d, J = 7.6 Hz, 1H), 7.16 (d, J = 8.1 Hz, 1H), 7.13 - 7.06
(m, 3H), 6.93 — 6.85 (m, 3H), 5.96 (s, 1H), 5.57 (d, J = 9.2 Hz, 1H), 5.18 (d, J =
9.3 Hz, 1H), 2.34 (s, 3H), 2.32 (s, 3H), 2.17 (s, 3H), 2.03 (s, 3H). **C NMR (101
MHz, CDCl3) 8 194.1, 169.2, 157.9, 149.1, 141.7, 138.2, 134.2, 129.5, 129.3, 128.4, 128.0, 126.3, 125.7,
121.8, 116.7, 109.8, 68.4, 47.0, 29.0, 24.2, 21.2, 14.1. IR (KBr, cm™) 3855, 3746, 3493, 3030, 2921,
2852, 2352, 2319, 1727, 1664, 1566, 1486, 1451, 1429, 1391, 1350, 1304, 1270, 1228, 1182, 1058, 1030,
955, 821, 756, 706, 676, 633, 606, 538, 519. HRMS (ESI) Calcd for C24H24NO3 (M+H)* 374.1751, found
374.1767. HPL.C: OD-H column, 90:10 hexane: isopropanol, 1.00 mL/min, tg = major: 13.5 min, minor:
16.9 min. 92% ee. [a]3® =-46°(c 0.04, CH:Cl,).
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The alkyl substituted enynone 3i was tested in the optimal condition. Substrate 3i basically remained
in this system and there was no desired C-H insertion product 4i even at 120 <C, only trace of 4j.

o %

/\/\N
Ac

364.1522.

(11 mol%)

PhCN) Cl, (10 mol%)
NaBAr (22 mol%)
/\/\N toluene, 60 °C to 120 °C

3i

4i, ND 4j, trace

Compound 4j: yellow oil, Rf= 0.2 (petroleum ether: ethyl acetate = 12:1). '"H NMR
(400 MHz, CDCl3) 8 7.65 — 7.57 (m, 2H), 7.53 — 7.48 (m, 1H), 7.30 — 7.26 (m, 2H),
4.06 —3.94 (m, 1H), 3.06 —2.96 (m, 1H), 2.70 (s, 3H), 2.44 (s, 3H), 1.87 (s, 3H), 1.52
- 1.38 (m, 2H), 1.25 - 1.17 (m, 2H), 0.82 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz,
CDCl3) 6 192.9, 181.5, 170.5, 163.8, 149.6, 141.6, 136.0, 132.1, 130.9, 129.7, 127.9,
123.6, 120.8,49.4,29.8, 29.7, 29.0, 23.0, 20.1, 15.0, 13.8. IR (KBr, cm™!) 3608, 3325,
3062, 2919, 1676, 1597, 1565, 1487, 1460, 1393, 1365, 1308, 1231, 1158, 1059, 1028, 952, 856, 801,
755,701, 674,632,610, 555, 486, 433. HRMS (ESI) Calcd for C20H23NNaO4" (M+Na)* 364.1519, found
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7. Deuteration experiment

7.1 Preparation of the dideutierium-labled d2-S1a’

(0] D D D b
LiAID,4 (1.6 equiv. PBr; (1.3 equiv.)

cl 4 (1.6 equiv) OoH : . Br
THF, 0°C to 80°C DCM, 0°C to rt

Step 2
s Step 1 s12 P s13

Step 1: Under a N2 atmosphere, to a stirring suspension of LiAlD4 (3.2 mmol) in dry THF (10 mL) was
added dropwise a THF solution (5 mL) of benzoyl chloride (5.1 mmol) at 0°C. The solution was then
refluxed to 80°C for 2 h until the reaction was completely transformed. The mixture was carefully
quenched by dropwise addition of H2O at 0 °C. The resulting mixture was acidified with 1 M HCI (30
mL), extracted with Et,O (320 mL), washed with 10% acqueous K»,CQOj3 (30 mL) and saturated brine.
Organic layer was dried over anhydrous Na;SOg, filtered and evapoured under reduced pressure. The
crude mixture S12 was directly used for next step.
Step 2: To a round bottom flask containing crude alcohol S12 and dry DCM, PBr3; (6.8 mmol) was added
dropwise at 0 °C. The reaction mixture was warmed up to rt and stirred overnight. Upon completion, the
reaction mixture was carefully quenched by NaHCOj3 at 0 °C. The resulting mixture was extracted with
DCM (3% 20 mL) and washed with saturated brine. Organic layer was dried over anhydrous Na;SOs,
filtered and evapoured under reduced pressure very carefully. The crude mixture was purified by column
chromatography (in petroleum ether) to affored 607 mg (69%) of (bromomethyl-d;)benzene S13 as
colorless liquid.
Step 3: The dideutierium-labled d»-S1a’ was affored as yellowish white solid (798 mg, 91%) according
to the typical procedure for formation of hydrazones in Chapter 3.

D D Compound d>-Sla: 67% yield, white solid, m.p. = 105.1-106.7 °C, Ry = 0.5

Ts .
0N (petroleum ether: ethyl acetate = 5:1). "TH NMR (400 MHz, CDCl3) § 7.59 (d, J =

7.8 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.45 (d, J = 8.0 Hz, 2H), 7.35 (t, J= 7.6 Hz,

2H), 7.30 — 7.24 (m, 5H), 7.22 — 7.17 (m, 3H), 6.96 (d, J= 8.0 Hz, 2H), 6.94 — 6.90
(m, 1H), 2.20 (s, 3H). 3C NMR (101 MHz, CDCl3) § 195.1, 143.2, 139.6, 136.9, 136.8, 136.0, 133.1,
133.0, 130.67, 130.65, 130.2, 129.9, 129.3, 128.3, 128.0, 127.8, 127.4, 21.5. IR (KBr, cm™') 3061, 3030,
1669, 1596, 1488, 1447, 1345, 1287, 1265, 1162, 1101, 929, 809, 734, 702, 648, 603, 550. HRMS (ESI)
Caled for Co7Hy D,NNaOsS (M+Na)* 466.1416, found 466.1417.

%104 |+ES| Sean (0.718 min) Frag=175.0v 202101183 WL\wWD7.d
1.84 ABE 1417
1.6
141 475.3252
1.2
14
0.8
0.5 4671450
044 476.3283
0.2
D In a1 | P L
464 465 466 467 463 469 470 471 472 473 414 475 476
Counts vs. Mass-to-Charge (miz)
D D Compound d2-S1a’: 91% yield, yellowish white solid, m.p. = 135.6-136.9 °C, Ry
HoN. Ts.
’ N Nx@ = 0.3 (petroleum ether: ethyl acetate = 5:1). "TH NMR (500 MHz, CDCls) & 7.54 —
O O 7.42 (m, 5H), 7.40 (d, J = 7.0 Hz, 1H), 7.34 (t, J = 7.7 Hz, 1H), 7.31 — 7.25 (m,
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3H), 7.19 — 7.05 (m, 4H), 7.00 (t, J = 7.5 Hz, 2H), 6.76 — 6.66 (m, 2H), 5.55 (s, 2H), 2.38 (s, 3H). 3C
NMR (126 MHz, CDCls) 6 147.2, 143.6, 138.6, 138.5, 136.9, 135.0, 134.8, 131.9, 131.4, 129.7, 129.6,
129.4,129.3, 128.40, 128.39, 128.3, 128.1, 127.8, 126.4, 21.6. IR (KBr, cm™') 3408, 3299, 3060, 1594,
1489, 1445, 1331, 1269, 1234, 1161, 1094, 1028, 854, 810, 766, 735, 695, 656, 604, 562. HRMS (ESI)
Calcd for C27H23D2N3NaO,S (M+Na)* 480.1685, found 480.1687.

x104 |+ESI Scan (0.483 min) Frag=175.0V 20210118-WLWD2.d

34

2.5

478 4785 473 4795 480 4805 481 4815 482 4325 483 4835 484 4345 485 4355
Counts vs. Mass-to-Charge (miz)

7.2 Deuteration Experiment

Ph D
N Pd(CH3CN),Cl, (10 mol%), Ph,
Dzb L6 (12 mol%), NaBArF (24 mol%) D,
D ph N
7L“.‘ PhCF3, t, 12 h )
Ph 14

dy-2a, 62% (99% D)

d,-1a (99% D) dr=4.7:1,92% ee

In a flame-dried scintillation vial, the substrate d>-S1a’ (0.1 mmol) was dissolved in anhydrous
benzotrifluoride (0.033 M). The scintillation vial was wrapped in foil, and MnO> (0.8 equiv.) was added.
The oxidation was allowed to stir until full conversion of the starting material was observed by TLC,
then the MnO; was removed by filtering through celite into a new flame-dried flask using dry ethyl
acetate quickly. Next the solvent was removed in vacuo at room temperature. The crude magenta diazo
compound d»-1a was used for next step without purification and was diluted to 0.033 M with anhydrous
benzotrifluoride. In the meantime, under nitrogen atmosphere, Pd(CH3sCN)2Cl, (10 mol%), chiral ligand
L6 (12 mol%) and NaBAr" (24 mol%) were added in dry benzotrifluoride (6.7>10® M). The chiral
catalysts mixture was stirred at room temperature for 2 h. Then the magenta solution of diazo compounds
d>-1a was added dropwise into the catalyst system for 10 min. The insertion reaction was stirred at room
temperature for 12 h. The crude reaction mixture was filtered over Celite, concentrated in vacuo, and
purified by column chromatography (silica gel, petroleum ether/AcOEt = 30:1) to yield the desired
insertion product d»-2a. The dr value (trans/cis) was determined by *H NMR using crude mixture. The
value of D-incorporation (cis &trans product) was calculated through *H NMR.

Compound dz-2a (trans): 48.4 mg of d>-1a yields 27.8 mg of d.-2a (62%, 12 h, trans:cis

QD O =4.7:1, 22.9 mg trans product, using L6), white solid, m.p. = 133.1-135.8 C, Rf= 0.5
(petroleum ether: ethyl acetate = 12:1). *H NMR (400 MHz, CDCl3) 6 7.90 (d, J = 8.2

™ Hz, 1H), 7.55 (d, J = 7.8 Hz, 2H), 7.39 — 7.26 (m, 6H), 7.17 — 7.08 (m, 3H), 7.07 — 6.99
(m, 3H), 6.87 (d, J = 7.5 Hz, 1H), 6.43 (d, J = 7.8 Hz, 2H), 2.39 (s, 3H). 3C NMR (101 MHz, CDCl3) &
144.1, 1435, 143.1, 142.5, 134.7, 133.1, 129.7, 129.0, 128.8, 128.7, 127.9, 127.6, 127.5, 126.9, 126.3,
125.9, 124.7, 115.7, 21.7. IR (KBr, cm™) 3028, 2923, 1597, 1545, 1358, 1261, 1166, 1120, 1089, 974,
939, 812, 754, 700, 663, 575, 541. HRMS (ESI) Calcd for C27H21D2NNaO,S (M+Na)* 450.1467, found
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450.1468. HPLC (using L6): OD-H column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 8.5
min, minor: 11.3 min. 92% ee. [a]3! =-164°(c 0.55, CH,Cl,).

x104 [+ESI Scan (1.307 min) Frag=175.0v 20210118 wLwD11.d
1.8 450 1468
1.64
1.4
1.24
14
0.8
051 451.1504
0.4+
0.24 452 1472 4573491
0 — . . . o e . . e —— : e
447 448 449 450 451 452 453 454 455 456 457 458 455 460 461 482
Counts vs. Mass-to-Charge (miz)
<miE CmigE>
mAU mAU
1500 DA WaTti 1 254nm, dna] DA Waltl 1 Z5nm, dnd]
R B It A] = retention time
750+
10004 ﬁ}/’—{% =area %
s 500 B
H ] -
5004 =
/k ] j\
n /k n - n '_,j._l
5.0 7]5 ld 0 12‘,5 15.0 5.0 7‘5 10I 0 12‘,5 15.0
<> <WEF>
PDA Chl 254nm PDA Chl 254nm
WS | {RET ] m# [21::4 fLame W% N e | R ] m# 1 4 k&t s 4 %
1 8. 450 9677320 526842 50. 069 55. 894 1 8. 480 6670011 364858 95.622 96. 416
2 11. 126 9650685 115733 49.931 4. 106 2 11. 303 305376 13564 4.378 3.584
it 19328005 942575 100. 000 100. 000 Bit 6975387 378422 100. 000 100. 000
AN T O TN ORI A =0T A )
FRBU A OO =SS SRR @
[ N S O N T S N S N e S S N ) I
NANEALNENENENENENENLNENL NN S 2
. . 1.00 o o
D-incorporation (trans) = 1 -—————— x100% > 99%
239.64-1.00x3
dy-2a (trans) Methyl of Ts
H atoms on C1 and C2
Y t Ly
e
2 2 2
‘ : : : : : = : : : : e : : : : :
). 0 9.5 9.0 8.5 8. 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
1 (ppm)
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Compound d2-2a (cis): 48.4 mg of d.-1a yields 27.8 mg of d2-2a (62%, 12 h, trans:cis
=4.7:1, 4.9 mg of cis product, using L6), white solid, m.p. =151.7-153.1 C, R=0.4
(petroleum ether: ethyl acetate = 12:1). *H NMR (500 MHz, CDCl3) § 7.82 (d, J = 8.1
Hz, 1H), 7.64 (d, J = 8.2 Hz, 2H), 7.33 (t, J = 7.3 Hz, 1H), 7.20 (d, J = 8.1 Hz, 2H),



7.08 — 7.01 (m, 2H), 7.01 - 6.96 (m, 3H), 6.93 (t, J = 7.4 Hz, 2H), 6.83 (d, J = 7.2 Hz, 1H), 6.76 (d, J =
7.3 Hz, 2H), 6.64 (d, J = 7.1 Hz, 2H), 2.39 (s, 3H). 3C NMR (126 MHz, CDCl3) & 144.0, 143.4, 137.5,
136.7, 136.1, 134.4, 129.9, 129.8, 128.6, 127.9, 127.7, 127.4, 127.3, 127.2, 127.1, 126.1, 124.8, 115.9,
21.7. IR (KBr, cm) 3028, 2921, 1596, 1453, 1353, 1266, 1164, 1035, 930, 811, 753, 701, 657, 575, 546.
HRMS (ESI) Calcd for Co7H21D,NNaO,S (M+Na)* 450.1467, found 450.1469. HPLC (using L6): OD-
H column, 90:10 hexane: isopropanol, 0.80 mL/min, tr = major: 12.8 min, minor: 10.3 min. 17% ee.
[a]3! =-3°(c 0.99, CH,CLy).

x104 |+ES| Scan (0.540 min) Frag=175.0 20210118-\WLWD12.d
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4501469
3
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7.3 Preparation of the monodeutierium-labled d-1a

(0] D D
LiAID, (0.5 i H PBr;3 (1.1 equiv.) H
H iAID,4 (0.5 equiv.) OH 3 (1.1 equiv. Br Step 3
THF, 0°C to rt DCM, 0°C to rt
Step 1 Step 2
S14 s15 $16 d-s1a'

Step 1: Under a N2 atmosphere, to a stirring suspension of LiAID4 (3.3 mmol) in dry THF (10 mL) was
added dropwise a THF solution (10 mL) of benzaldehyde S14 (6.8 mmol) at 0°C. The resulting mixture
was then warmed to room temperature and stirred for 2 h. The reaction was diluted with Et;O (10 mL),
carefully quenched by dropwise addition of aqueous 2.0 M NaOH (30 mL) at 0 °C, filtered through a
pad of silica and extracted with Et;O (3% 20 mL). The combined organic solution was dried over
anhydrous Na SO, filtered and evapoured under reduced pressure. The crude mixture S15 was directly
used for next step.

Step 2: To a round bottom flask containing crude alcohol and dry DCM, PBr3 (7.6 mmol) was added
dropwise at 0 °C. The reaction mixture was warmed up to room temperature and stirred overnight. Upon
completion, the reaction mixture was carefully quenched by NaHCOs3 at 0 °C. The resulting mixture was
extracted with DCM (3% 20 mL) and washed with saturated brine. Organic layer was dried over
anhydrous Na,SOys, filtered and evapoured under reduced pressure very carefully. The crude mixture was
purified by column chromatography (in petroleum ether) to affored (bromomethyl-d)benzene S16 (902
mg, 77%) as colorless liquid.

Step 3: The monodeutierium-labled d-S1a’ was affored as yellowish white solid (1183 mg, 81%)
according to the typical procedure for formation of hydrazones in Chapter 3.

LY Compound d-Sla: Yield: 90%, white solid, m.p. = 102.8-104.9 <, Ry = 0.5
S.

o N (petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCls) § 7.60 (d, J =
7.5 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.45 (d, J = 8.2 Hz, 2H), 7.36 (t, J = 7.7 Hz,

2H), 7.30 — 7.24 (m, 5H), 7.23 — 7.18 (m, 3H), 6.96 (d, J = 8.1 Hz, 2H), 6.95 - 6.90
(m, 1H), 4.95 (s, 1H), 2.20 (s, 3H). 3C NMR (126 MHz, CDCls) & 195.1, 143.2, 139.6, 137.0, 136.9,
136.8, 136.1, 133.1, 133.0, 130.68, 130.67, 130.2, 129.9, 129.3, 128.3, 128.1, 127.87, 127.86, 127.5,
56.7, 56.6, 56.4, 21.5. IR (KBr, cmt) 3062, 3032, 1669, 1296, 1488, 1448, 1346, 1265, 1161, 1098, 932,
818, 735, 703, 650, 552. HRMS (ESI) Calcd for Co7H2,DNNaO3S (M+Na)* 465.1353, found 465.1356.

«10# |+ES| Scan (1.085 min) Frag=175.0v 20210118-WLWD3.d
E4
5.5 465.1356
E4
454
44
35
34
254
2 4861336
151
14
05 467.1384
0 . I | . .
463 4p4 465 I 457 468 469 400 471 472 473
Counts vs, Mass-to-Charge (miz)
D _H Compound d-S1a’: Yield: 81%, yellowish white solid, m.p. = 135.3-136.5 °C, Ry
HoN. Ts.
’ N N>© = 0.3 (petroleum ether: ethyl acetate = 5:1). '"H NMR (400 MHz, CDCls) § 7.54 —
O O 7.37 (m, 6H), 7.34 (t, J= 7.7 Hz, 1H), 7.31 — 7.25 (m, 3H), 7.18 — 7.05 (m, 4H),

7.00 (t, J= 7.4 Hz, 2H), 6.71 (d, J = 6.2 Hz, 2H), 5.51 (s, 2H), 4.35 (s, 0.5H), 3.97
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(s, 0.5H), 2.38 (s, 3H). 3C NMR (101 MHz, CDCls) 8 147.1, 143.6, 138.6, 136.9, 134.9, 134.8, 131.9,
131.4,129.7,129.6, 129.4,129.2, 128.4, 128.2, 128.0, 127.7, 126.4, 54.9, 54.7, 54.4, 21.6. IR (KBr, cm
13408, 3300, 3060, 1594, 1489, 1446, 1333, 1269, 1159, 1092, 948, 907, 818, 767, 737, 696, 656, 564.
HRMS (ESI) Calcd for C27H24DN3NaO»S (M+Na)* 479.1622, found 479.1624.

x10 4 |+ESI Scan (1.203 min) Frag=175.0v 20210118-wLWD10.d

7

47591624

480.1661

4312619
] L | . . AL L .. L \
" 4785 479 4735 480 4305 431 4815 482 4825 483 4835 484 4345 485 4855 43§ 4865 487 4875
Counts vs, Mass-to-Charge (miz)

7.4 Kinetic Isotope Effect (KIE) Experiment

Ph D H
N Pd(CH3CN),Cl, (10 mol%), Ph, Phu,
2b L6 (12 mol%), NaBAF (24 mol%)  Hu, + Do,

D7£N PhCFg, tt, 12 h Pr N PH 1Y
P -|—'S Ts Ts

d-2a, 71% yield
d-1a (99% D) dr=7.3:1

ky/kp (trans) = 1.0:1
kulkp (cis) = 1.2:1

In a flame-dried scintillation vial, the substrate d-S1a’ (0.1 mmol) was dissolved in anhydrous
benzotrifluoride (0.033 M). The scintillation vial was wrapped in foil, and MnO- (0.8 equiv.) was added.
The oxidation was allowed to stir until full conversion of the starting material was observed by TLC,
then the MnO; was removed by filtering through celite into a new flame-dried flask using dry ethyl
acetate quickly. Next the solvent was removed in vacuo at room temperature. The crude magenta diazo
compound d-1a was used for next step without purification. Then diazo compound d-1a was diluted to
0.033 M. In the meantime, under nitrogen atmosphere, PA(CH3CN)2Cl, (10 mol%), chiral ligand L6 (12
mol%) and NaBAr" (24 mol%) were added in dry benzotrifluoride (6.7>10° M). The chiral catalysts
mixture was stirred at room temperature for 2 h. Then the magenta solution of diazo compounds d-1a
was added dropwise into the catalyst system for 10 min. The insertion reaction was stirred at room
temperature for 12 h. The crude reaction mixture was filtered over Celite, concentrated in vacuo, and
purified by column chromatography (silica gel, petroleum ether/AcOEt = 30:1) to yield the desired
insertion product. The dr value (trans/cis) was determined by *H NMR using crude mixture. KIE value
(kn/kp (trans-d-2a) = 1.0:1; ku/kp (cis-d-2a) = 1.2:1) was determined by the ratio of desired products by
'H NMR analysis.
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8. Mechanistic Studies

8.1 Preparation of substrate (R/S)-S20 for control experiments

Bh Ph Ph
o) TsCl (1.5 equiv.), pyridine (1.5 equiv.) (1-bromoethyl)benzene (1.5 equiv.), Cs,CO3 (2.5 equiv.) o
o Me_ H
HaN DCM, 1t MeCN, 80°C Py
2 Step 1 TsHN Step 2 P )
817 S18 Ts
Ph Ph (RIS)-819
o NoH4eH,0 (10.0 equiv.), AcOH (2.0 equiv.) HZN,N/
Me_ H Me_ H
Ph><N 1-butanol, 110°C N
|
Ts Step 3 Ph +s
(R/S)-819 (R/S)-S20

Step 1: To a solution of 2-aminobenzophenone S17 (3.8 mmol, 1.0 equiv.) in DCM (0.3 M) at 0 °C was
added pyridine (5.7 mmol, 1.5 equiv.) and tosyl chloride (5.7 mmol, 1.5 equiv.). The reaction was allowed
to come to room temperature while stirring overnight. Water was added to the reaction and the layers
were separated. The organic layer was washed with water and brine, then dried over anhydrous Na,SOs,
filtered and concentrated in vacuo, and purified by column chromatography (silica gel, petroleum
ether/AcOEt = 5:1) to yield the desired products.

Step 2: To a flame-dried flask was added the sulfonylated 2-aminobenzophenone S18 (3.5 mmol, 1.0
equiv.), anhydrous Cs;CO; (8.7 mmol, 2.5 equiv.) and anhydrous acetonitrile (0.3 M). (1-
Bromoethyl)benzene (5.2 mmol, 1.5 equiv.) was added dropwise and the reaction was heated to 80°C
overnight. The Cs;CO3 was removed by filtraltion and washed with ethyl acetate twice. Then the
acetonitrile in filtrate was removed in vacuo. The residue was dissolved in ethyl acetate and washed with
H,O and brine. The organic layer was dried over anhydrous Na,SOy, filtered, and concentrated in vacuo,
and purified by column chromatography (silica gel, petroleum ether/AcOEt = 5:1) to yield (R/S)-S19
(1600 mg, 99%).

Step 3: To a flame-dried flask was added anhydrous 1-butanol (0.5 M) along with (R/S)-S19 (2.9 mmol,
1.0 equiv.). Glacial acetic acid (5.7 mmol, 2.0 equiv.) was added followed by anhydrous hydrazine (29
mmol, 10.0 equiv.), and the reaction was heated to 110°C reflux for 40 h upon completion by TLC. The
residue was dissolved in ethyl acetate and washed with H,O and brine. The organic layer was dried over
anhydrous Na;SOy, filtered, and concentrated in vacuo, and purified by column chromatography (silica
gel, petroleum ether/AcOEt = 5:1) to yield the desired hydrazone (R/S)-S20 (471 mg, 27%).

8.2 Preparation of substrate (R)-S20 for control experiments
Br

DMAP (2.0 equiv.), POBr3 (0.6 equiv.)
dry hexane, 0°C to rt, 30 min

Ref 8: J. Am. Chem. Soc. 2016, 138, 10774-10777.

(R) (S)
Ph Ph Ph
O%jij TsCl (1.5 equiv.), pyridine (1.5 equiv.) o (S)-(1-bromoethyl)benzene (1.5 equiv.), Cs,CO4 (2.5 equiv.) O)jij
Me, H
HoN DCM, rt MeCN, 80°C N
2 Step 1 TsHN Step 2 PR 1
s17 $18 Sn2 mechanism s
(R)-S19
Ph Ph 6.6 g, 45% ee
fo) Ph
Me\<H recrystallization Me OH N,H,4eH,0 (10.0 equiv.), AcOH (2.0 equiv.) HZN,N/
prt N \<N Me, H
T Ph ! 1-butanol, 110°C KN
° Te Step 3 PR ]
(R)-S19 P Ts
) R)-S19
6.6 g, 45% ee 1_3(9 )97% ce (R)-S20

740 mg, 97% ee
The synthesis of (S)-(1-bromoethyl)benzene!: To a solution of (R)-1-phenylethan-1-ol (50 mmol, 1.0
equiv.) in dry hexane (100 mL) was added DMAP (100 mmol, 2.0 equiv.) and the mixture was cooled to
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0 °C. To the mixture was added POBr3 (30 mmol, 0.6 equiv.) slowly. The mixture was stirred at 0 °C for
30 min, then filtered and the solid was washed with hexane (50 mL). The combined filtrate was washed
with water (100 mL) and saturated aqueous solution Na,COj3 (50 mL). The organic layer was dried over
anhydrous Na>SO,4 and concentrated to afford the target product as colourless oil, which was used for
next step without further purification.
The synthesis of (R)-S20

The (R)-S19 (6.6 g, 60% yield for two steps, 45% ee) was afforded according to Step 1 and 2 above
using (S)-(1-bromoethyl)benzene as chiron. (R)-S19 with low ee value was required to recrystallize in
DCM/i-PrOH system for three times and the optically pure (R)-S19 (1.3 g, 97% ee) was obtained. The
target product (R)-S20 (740 mg, 55%, 97% ee) was afforded according to Step 3 and the ee value was

supposed to be consistent.

Ts. Compound (R)-S19: 60% vyield, white solid, m.p. = 128.2-129.2 <C, Rt = 0.6
2N (petroleum ether: ethyl acetate = 5:1). 'H NMR (500 MHz, CDCl3) § 7.90 (d, J =
O O 7.1 Hz, 1H), 7.64 — 7.27 (m, 8H), 7.21 — 7.07 (m, 5H), 7.00 and 6.73 (d, J = 7.2
Hz, 4H), 5.37 and 5.04 (m, 1H), 2.32 and 2.29 (s, 1H), 1.54 and 1.44 (d, J = 6.5
Hz, 2H). 3C NMR (126 MHz, CDCl3) § 195.8 and 194.4, 143.1 and 142.8, 141.9 and 140.4 141.0 and
140.1, 137.9 and 137.5, 137.6 and 137.0, 136.9 and 135.9, 133.8, 133.0 and 132.9, 131.0 and 130.7,
130.5 and 130.22, 130.16, 129.2 and 129.0, 128.7 and 128.5, 128.4 and 128.2, 128.1 and 128.0, 127.8,
127.7 and 127.6, 61.9 and 61.2, 21.60 and 19.9, 21.55. IR (KBr, cm) 3062, 3031, 2981, 2993, 1670,
1596, 1486, 1448, 1343, 1287, 1263, 1160, 1085, 1021, 940, 907, 812, 768, 733, 703, 660, 639, 572, 550.
HRMS (ESI) Calcd for C2sH2sNOsS (M+H)* 456.1628, found 456.1626. HPLC: INA column, 90:10
hexane: isopropanol, 1.00 mL/min, tz = major: 11.8 min, minor: 13.1 min. 97% ee. [a]3! =104 (c0.61,
CH.Cly)).

x10 % |+ESI Scan (1.322 min) Frag=175.0V 20201101-LWwD43.d
1.4+

1.24

14

0.8

0.6

0.4+

0.2

45611 45612 45613 45614 45615 45616 45617 45618 45619 4562 45621 45622 45623 45624
Counts vs. Mass-to-Charge (miz)
<> >
mAl

PDA Multi 2 PDA Multi T 254nm, 4ng

1000 1000-

{RF 1] 7] = retention time
3000 1% = area % 00

m e B

1663060 98, 284
1627 1. 718 1

1693688 100, 00D 100

50.171 47. (48
00, 000 100. 000
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HAN. TS H Compound (R)-S20: 55% vyield, yellow foam, m.p. = 57.4-72.4 <C, Ry = 0.4

| /\O (petroleum ether: ethyl acetate = 5:1), 97% ee. 'H NMR (500 MHz, CDCls3) § 7.59

O O and 7.56 (d, J =7.2 Hz, 2H), 7.49 and 7.36 (t, J = 7.6 Hz, 2H), 7.41 and 7.32 (t, J

=7.4 Hz, 1H), 7.25 - 7.00 (m, 10H), 6.96 and 6.86(d, J = 8.1 Hz, 2H), 6.79 and

6.59 (s, 1H), 5.57 (s, 2H), 5.28 and 5.06 (g, J = 7.0 Hz, 1H), 2.40 and 2.33 (s, 3H), 1.40 and 1.30 (d, J =

7.1 Hz, 3H). *C NMR (126 MHz, CDCl3) § 147.6 and 146.5, 142.8 and 142.4, 142.2, 142.0 and 140.9,

139.5 and 139.0, 136.3 and 135.8, 133.9 and 133.4, 133.2 and 132.8, 132.1 and 131.7, 129.6 and 129.2,

129.1 and 128.9, 128.82 and 128.72, 128.79 and 128.54, 128.34 and 128.09, 128.26 and 128.19, 128.0

and 127.4, 127.74 and 127.52, 127.68 and 127.28, 127.6, 61.6 and 61.4, 22.6 and 21.6, 21.5 and 20.1.

IR (KBr, cm) 3408, 3301, 3061, 2980, 2934, 1594, 1494, 1446, 1324, 1157, 1088, 907, 815, 757, 697,
660, 577, 552. HRMS (ESI) Calcd for C2sH2sN30.S (M+H)* 470.1897, found 470.1901.

x102 |+ESI Scan (0.190 min) Frag=175.0V 20201101-LWwD50.d
5.5

470.1301

470186 470188 47019 4700192 470134 470196 470.188 4702 470202 470204
Counts vs. Mass-to-Charge (miz)

8.3 C(sp®)-H insertion of 5a for control experiments
In a flame-dried scintillation vial, the hydrazone (R)-S20 (0.08 mmol, 1.0 equiv.) was dissolved in
anhydrous benzotrifluoride (0.04 M). The scintillation vial was wrapped in foil, and MnO> (0.64 mmol,
8.0 equiv.) was added. The oxidation was allowed to stir until full conversion of the starting material was
observed by TLC, then the MnO; was removed by filtering through celite into a new flame-dried flask
using dry ethyl acetate quickly. Next the solvent was removed in vacuo at room temperature. The crude
magenta diazo compound (R)-5a was used for next step without purification and was diluted to 0.025 M.
In the meantime, under nitrogen atmosphere, Pd(CH3sCN)2Cl, (10 mol%), chiral ligand L6 (12 mol%)
and NaBArF (24 mol%) were added in dry benzotrifluoride (4.0x<10 M), The chiral catalysts mixture
was stirred at room temperature for 2 h. Then the magenta solution of diazo compound (R)-5a was added
dropwise into the catalyst system for 10 min. The insertion reaction was stirred at room temperature for
10 h. The crude reaction mixture was filtered over Celite, concentrated in vacuo, and purified by column
chromatography (silica gel, petroleum ether/AcOEt = 30:1) to yield the desired insertion product 6a.
The procedures of other control experiments were analogous to that of the procedure above.
@ Compound 6a (cis): 68% yield, (catalyzed by Pd(CH3CN).Cl; + rac-L6 with 96% ee
H hydrazone (R)-5a), white solid, m.p. =212.4-213.7 <C, Ry = 0.6 (petroleum ether: ethyl
O\\\\\\fQ acetate = 12:1). 'H NMR (500 MHz, CDClz) 6 7.84 (d, J = 8.2 Hz, 2H), 7.78 (d, J =
Me s 8.2 Hz, 1H), 7.31 - 7.24 (m, 3H), 7.10 (t, J = 7.3 Hz, 1H), 7.05-6.98 (m, 3H), 6.98 —
6.92 (m, 3H), 6.84 (d, J = 7.5 Hz, 2H), 6.80 (d, J = 7.4 Hz, 1H), 6.65 (d, J = 5.9 Hz, 2H), 4.60 (s, 1H),
2.40 (s, 3H), 2.26 (s, 3H). 3C NMR (126 MHz, CDCls) § 143.9, 143.6, 141.3, 139.2, 136.3, 131.4, 130.2,
129.7, 128.6, 127.8, 127.6, 127.4, 127.0, 126.9, 126.4, 125.7, 123.0, 112.9, 78.7, 63.0, 27.0, 21.7. IR
(KBr, cm™) 3025, 1596, 1455, 1342, 1234, 1160, 1123, 1084, 997, 811, 778, 727, 695, 655, 575. HRMS
(ESI) Calcd for CogH26NO2S (M+H)* 440.1679, found 440.1675. HPLC: OD-H column, 95:5 hexane:

o
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isopropanol, 0.50 mL/min, ts = major: 20.9 min, minor: 28.4 min. 96% ee. [a]3! =109 (¢ 0.63, CH.Cl,).
(More details see Figure S8-1b and Figure S8-2b) *H NMR (500 MHz, Chloroform-d) § 7.84 (d, J =8.2
Hz, 2H), 7.78 (d, J = 8.2 Hz, 1H), 7.31 — 7.24 (m, 3H), 7.10 (t, J = 7.3 Hz, 1H), , 6.84 (d, J = 7.5 Hz,
2H), 6.80 (d, J = 7.4 Hz, 1H), 6.65 (d, J = 5.9 Hz, 2H), 4.60 (s, 1H), 2.40 (s, 3H), 2.26 (s, 3H).

x102

+E5| Scan (0.229 min) Frag=175.0V 20201101-LwD51.d

44017 440175 44018 440185 44019 440135 4402 440205

Counts vs. Mass-to-Charge (miz)

4401155 44016 440165

440.15

Compound 6a (trans): white solid (separated from a pair of diastereoisomers in the
catalytic system of Pd(CH3CN),Cl, with racemic hydrazone (R/S)-5a, cis:trans =
63:37), m.p. =97.2-97.5 T, R¢= 0.6 (petroleum ether: ethyl acetate = 12:1). 'H NMR
(500 MHz, CDCl3) 6 7.78 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 7.46 (d, J =

7.4 Hz, 2H), 7.35 - 7.26 (m, 4H), 7.23 — 7.18 (m, 3H), 7.14 (t, J = 7.3 Hz, 2H), 7.02 — 6.92 (m, 2H), 6.73
(d, J = 7.3 Hz, 2H), 4.65 (s, 1H), 2.40 (s, 3H), 1.58 (s, 3H). 3C NMR (126 MHz, CDCls) 5 146.6, 143.7,
142.7,138.7, 138.5, 131.4, 129.6, 129.5, 128.6, 128.4, 128.3, 127.6, 127.3, 127.2, 126.1, 126.0, 123.4,
114.2,77.9, 63.3, 22.9, 21.6. IR (KBr, cm) 3129, 1610, 1461, 1401, 1350, 1239, 1162, 1084, 991, 808,
749, 696, 650, 571. HRMS (ESI) Calcd for CosHzsNNaO,S (M+Na)* 462.1498, found 462.1488.

x10%

354

+ES| Scan (1.088 min) Frag=175.0V 20210528-Z5F-L\wD4.d

S0, | 200

‘ 464 1511 465.2309
[ ' . | . 1.

4835 464 4645 465 4G5S 466
Counts vs, Mass-to-Charge (miz)

451 4615 462 4625 463

8.4 Intramolecular C(sp’)-H insertion of (R/S)-5a monitored by HPLC
Table S8-1. Intramolecular C(sp®)-H insertion of (R/S)-5a monitored by HPLC

-
thzij e R
M C@.N 10 mol% [Pd] ¥ 1s Ts
3 ' 0
S Ts 12 mol% L ] (2R, 3R)-6a (2R 33) -6a
. 24 mol% NaBAr’ trans
—_—
PhCF3, 1t, 10 h
ph 8 Ph
NZ)D
C,2H % ; > ,& C )
PN MG s N
(R)Ts Ts
(28, 35)-6a (s, 3R) 6a
trans cis

(R/S)-5a, 0% ee
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entry

S8-la
S8-1b

SM cat. (mol %)
(R/S)-5a Pd(CH3CN).Cl,
(R/S)-5a Pd(CH3CN).Cl,

ligand

/

rac-L6

yield
(%)
65
49

cis:trans €€cis
(%)
63:37 0
92:8 0

€€trans
(%)
0
0

Reaction conditions: (R/S)-5a (0.08 mmol, 0.025M), [Pd] (10 mol%), L (12 mol%) and NaBAr* (24 mol%), PhCFs,
rt, under N2; The ratio of cis/trans was determined by *H NMR spectrum of the crude reaction mixture. The ee value

was determined by HPLC.

Cis and trans insertion products were shown in HPLC figure. The absolute configuration of the peak
2 (from left to right) in HPLC was determined by single crystal X-ray diffraction, which showed a cis-
(2R, 3S) configuration. According to the racemic standard for 6a (Figure S8-1a and S8-1b), peak 2 and
peak 4 were a pair of enantiomers and thus peak 4 showed a cis-(2S, 3R) configuration. And we could
also deduce that peak 1 and peak 3 were another pair of enantiomers, which showed a trans configuration.
In addition, in Figure S8-2a, enantiomerically enriched (R)-5a (97% ee) delivered peak 3 and peak 4 (28,
3R) with 79:21 cis/trans ratio (consistent with the 78:22 cis/trans ratio determined by 'H NMR) and 98%
ee. It meant that the configuration at the insertion site (C1) basically retained. Based on above
information, we could deduce that peak 3 showed a trans-(2S, 3S) configuration and further deduce that
peak 1 showed a trans-(2R, 3R) configuration. Collectively, from left to right in HPLC figures, the
attribution of each peak was shown below: peak 1 = trans-(2R, 3R); peak 2 = cis-(2R, 35); peak 3 = trans-
(28, 385); peak 4 = cis-(2S, 3R).

<EREED
mAU Ph H
500 1w R
] . > X PDA Multi 1 254nm, 4nm
1 PREII = retention time Phe—=" |
] 1HI#H% = area % HsC IN Z
’100*_ Ts Ph H
] (2R, 3S) B
H Ph cis, X-ray H3zC=xX!
300 o SN
2 Ph | H Ph
Ph=< Ts N
N (e 2
900 HsC ,"‘ g (28, 38) HaC=X
] Ts \] .- trans ~ PR N
] (2R, 3R)N & l’ 5 £ /T
100 trans g (2S, 3R)
] cis
25 30 35
min
&>
PDA Chl 254nm A N _ N
WS | R I 4 e &4 A% %
1 18. 335 3463814 107372 18.810 23. 327
2 19. 229 5924221 161199 32.171 35. 021
3| 24.282 33113562 74562 17.982 | 16. 199
4 26. 277 5715472 117164 31.037 25. 454
Je 82y 18414859 460298 100. 000 100. 000

Figure S8-1a Intramolecular C(sp®)-H insertion of (R/S)-5a catalyzed by Pd(CH3sCN):Cl;
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< ED

mAU

400 PDA Wulti 1 254nm, 4nm]
1 1REIE = retention time Ph H
1 #1% = area % S H
4 > 2
2004 H HC N Ph H HsC=<
l ~Ph Ts S PR N
e (2R,38)  Hyc= T
S Ph N (2S, 3R)
HsC N T ;
TS/ S %_, cIs
100 (28, 38) 2
] (2R, 3R) trans g /
trans
=
\ \lfc_
] 5
0 ¥ '] Jr_.—"‘=---._ J.T 1
T T T T
10 15 20 25 30 35
min
W
PDA Chl 254nm_ _ _ _ _
5 | B[] m i IR ES % 4 FF%
1| 19.726 501751 11418 4. 632 5. 817
2| 20.852 1910825 103956 15. 417 53. 511
3| 26.846 506876 8019 1. 679 1. 128
1| 29.662 1904000 70877 15. 271 36. 484
il 10832451 194270 100. 000 100. 000

Figure S8-1b Intramolecular C(sp®)-H insertion of (R/S)-5a catalyzed by Pd(CH3CN),Cl; + rac-L6

8.5 Intramolecular C(sp®)-H insertion of (R)-5a monitored by HPLC
Table S8-2. Intramolecular C(sp?)-H insertion of (R)-5a monitored by HPLC

entry

S8-2a
S8-2b
S8-2¢
S8-2d
S8-2e

SM

(R)-5a
(R)-5a
(R)-5a
(R)-5a
(R)-5a

9'
Ph
C .

10 mol% [Pd]

Ph

Ph\‘&'}‘

3C
Ts
(R)-5a, 97% ee

cat. (mol %)

Pd(CH3CN).Cl,
Pd(CH3CN).Cl;
Pd(CH3CN).Cl,
Pd(CH3CN).Cl,
Pd(CH3CN)Cl;

12 mol% L
24 mol% NaBAr"

PhCF3, rt, 10 h

trans

(2R, 3R)-6a

’0» -’

O

N

(2R, 33) -6a

Ph H H.PN
eSS 5 2
Ts

(2s, 35)-6a (2s, 3R) -6a
trans cis

chiral ligand  yield cis:trans €€cis €€trans
(%) (%) (%)
/ 55 78:22 98 88
rac-L6 68 94:6 96 97
(Sa R, R)-L6 63 95:5 97 95
(Ra, S, S)-L6 36 93:7 92 95
(Ra, S, S)-L6 19 68:32 87 98

Reaction conditions: S8-2a-2d: (R)-5a (0.08 mmol, 0.025M), [Pd] (10 mol%), L (12 mol%) and NaBAr" (24
mol%), PhCFs, rt, under N2; S8-2¢e: -10°C. The ratio of cis/trans was determined by *H NMR spectrum of the crude

reaction mixture. The ee value was determined by HPLC.
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<EiEED

mAU
730 PDA Multi 1 254nm, 4nm
1  %BE = retention time
1H % = area %
500+ ’2]@
S c
- NP e o —2j© HyC=
Ph
Ph—( * (2R 3s) TS o
] H.G N cis (2s,38) = T
. 8 trans 8 (28, 3R)
250+ TS ;
- (2R, 3R)
trans - .
o -
= &=
. g 8'
'] 4 4
o T ¥
— —
10 15 20 25 30 35
min
<WpFe>
PDA Chl 254nm . .
WEe | fREAE s , 1 A AR B |  miEs | FAr
1| 19.487 | 259681 | 7100 | 1. 301 | 2. 174
2| 20.843 | 114806 | 3137 | 0.575 | 0. 960
3| 25.936 | 3961401 73469 | 19.843 | 22.493
4| 28.302 | 15627979 242921 | 78.281 | 74.3713
il 19963867 326626 100. 000 100. 000

Figure S8-2a Intramolecular C(sp®)-H insertion of (R)-5a catalyzed by Pd(CH3CN),Cl;

< ED
mAU
PDA Multi 1 254nm, 4no
1 (REA] = retention time
5004 % =area % Ph
1 S Ph
2 H
W~ ~ 2 K
1 2 HSC /N H3C B 1
Ph=< Ts Ph N HyC=
] HiC N (2R, 35) T g PN
250 Ts cis (28,38)
1 (2R, 3R) \’ J trans (23 3R)
) trans
1 — =3
g £ 5:
| ° ° =
0 s 8 3 o
T
—
10 15 20 25 3[] 3h
min
k>
PDA Chl Z254nm . o
W | fREIRSE | mAE | FEE | tLE#e ms | A
1| 19.601 | 6007 | 238 | 0. 048 | 0.115
2| 20.879 | 247887 | 5884 | 1. 973 | 2. 828
3 26.362 | 369707 7102 | 2.943 | 3. 414
4 28.376 | 11939652 194801 | 95.036  93.643
2t 12563253 208026 100. 000 100. 000

Figure S8-2b Intramolecular C(sp®)-H insertion of (R)-5a catalyzed by Pd(CH3CN),Cl, + rac-L6
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<EE D>

mAU

7504 PDA Multi 1 254nm, 4n
U1 {REIIE] = retention time
Ti#1% = area % Ph H
Ph—gii)
1 5 Ph
500 H ‘\Ph ch N "\H c H Ph
] > / 2 = 5
Ph=—( TS HaC=X o
H N (2R,.3S) Ph /N ! H =X
| Ts/ cis Ts Ph /N
250 (2R, 3R) (2S, 3S) Ts
1 trans trans (2S, 3R)
. = - cis
o x 1 L * i )
T T T T T T I T T T T T T
10 15 20 25 30 35
min
IR
PDA Chl 254nm ] N _ .
W | PREAS [F] HE i]i3 e A% 1 %
1 19. 288 11522 438 0. 048 0.115
2 20. 540 290597 6947 1. 210 1. 830
3 25.993 422220 8453 1. 759 2,227
1 27.772 | 23283324 | 363801 | 96. 983 | 95. 828
it 24007663 379639 100. 000 100. 000

Figure S8-2¢ Intramolecular C(sp®)-H insertion of (R)-5a catalyzed by Pd(CH3CN),Cl; +(S,, R, R)-L6

<t ED>

mAlU

i PDA Multi 1 254nm, 4nnl
1 {AEA) = retention time
[ #5% = area %

[+1]
g
I3
0,
AN
2
w
~ o
0 X~
&
«

T
-w O
3,
-2

27,642
T

w

- O

=
A

b4

] o (28, 3R)
] (2s, 38) cis
] (2R, 3R)\ J trans /
250 trans - .
] 5 = =
] g 8§ |
[V - o & T 3
¥ ¥ L
10 l|5 2ID 2|5 H-I[] 35
min
>
PDA Chl 254nm
g | fREIRERE | mE | wE | t&ha m% | FA
1| 19.231 | 61945 | 1427 | 0. 187 | 0.273
2| 20.403 | 1315481 | 29791 | 3. 967 | 5. T07
3| 25,717 2303386 | 44637 | 6. 946 8.551
4] 27.642 | 29479049 | 446131 | 88.900  85.468
Bt 33159861 a21986 100. 000 100. 000

Figure S8-2d Intramolecular C(sp?)-H insertion of (R)-5a catalyzed by Pd(CH3CN).Cl; + (R4, S, S)-
L6 at room temperature
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<A
mAU

PDA Multi 1 254nm, ing
Ph H

1 fREITE = retention time N
10004 % = area % >
] Ph y  HC=
] 3 Ph_N
— Ph=— Ts H Ph
] HsC N (2s, 38) S

H Ph

] Ts trans - H3C=X
] 2 = PR N
500 Ph= (2R, 38) N /
1 HaC N cis = Ts
] oy z (28, 3R)
250 (2R, 3R)\l . \l 8 1/ *
1 trans ~ #
] Z 5
0 e :
10 15 20 25 30 35
min
{WpFE>
PDA Chl 254nm
WS | fRERTR ) mE | EE | AREREES | % | rEs
1] 19.317 | 120575 | 3967 | _ 0.293 | 0. 577
2| 20.399 | 1853005 | 44437 | _ 4. 500 6. 459
3| 25399 | 11460350 | 213945 | _ 27.833 31. 096
4| 27.702 | 27741448 | 425668 | _ 67.374 | 61. 869
2i 41175377 688017 100. 000 100. 000

Figure S8-2¢ Intramolecular C(sp®)-H insertion of (R)-5a catalyzed by Pd(CH3CN),Cl, + (R, S, S)-L6
at-10°C

Based on the plausible reaction mechanism of prochiral substrate 2a in Scheme 6 of main text, the
possible working mode of chirality transfer of substrate 5a is depicted following. When forming the
chiral palladium carbene, an initial hydride shift from C1 to C2 to form short-lived and compact
zwitterionic intermediate occurs with stereochemical selectivity, which is dominated by substrate and
palladium catalyst and thus diastereoselectivity is governed in this process. Although the pyridine rings
of axially chiral 2,2’-bipyridine ligand L6 could influence diastereoselectivity to some extent, the n-n
interaction between two phenyls on C1 and C2 is still favorable. Therefore, cis-indoline affords with
higher proportion. Subsequently, a fast ring-closure follows, accounting for the stereochemical fidelity
of C1. However, if there is a mismatch in stereochemical preference between the substrate and chiral
palladium catalyst of zwitterionic intermediate, the rate of ring-closure would be inhibited. In order to
reduce the steric repulsion or structure strain in the chiral cavity between substrate and catalyst, a trivial
rotation around the C,y—N bond of zwitterionic intermediate to expose a favorable face might happen,

which causes the chirality erosion of C1.
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9. Hammett analysis

l l Pd(CH43CN),Cl, (10 mol%) O
L6 (12 mol%
Ng . Ng (12 mol%)
NaBAr" (24 mol%) HIX Q
H s X s Ts

1a X = Me, 1b
0.5 equiv. 0.5 equiv.

(trans+cis)-2a/2b

The general experiment procedure: In a flame-dried scintillation vial, the hydrazone S1a’ (0.05 mmol,
0.5 equiv.) and S1b’ (0.05 mmol, 0.5 equiv.) was dissolved in anhydrous benzotrifluoride (0.033 M). The
scintillation vial was wrapped in foil, and MnO, (0.8 mmol, 8.0 equiv.) was added. The oxidation was
allowed to stir until full conversion of the starting material was observed by TLC, then the MnO, was
removed by filtering through celite into a new flame-dried flask quickly. The crude magenta diazo
compound mixture containing 1a and 1b was used for next step without purification and then diluted to
0.033 M. In the meantime, under nitrogen atmosphere, Pd(CH3sCN),Cl, (10 mol%), chiral ligand L6 (12
mol%) and NaBArF (24 mol%) were added in dry benzotrifluoride (6.7>10 M). The chiral catalysts
mixture was stirred at room temperature for 1 h and swifted to -25°C (Due to a rapid transformation of
diazo compound at room temperature, we changed the system at -25°C to retard C-H insertion process).
Then the magenta solution was added dropwise into the catalyst system for 9 min. The insertion reaction
was stirred for another 9 min. The crude reaction mixture was filtered over Celite quickly to remove
catalysis and concentrated in vacuo. The ratio of 2b/2a was determined by *H NMR. Similar procedures
were used to determine ratios of 2d/2a, 2e/2a, 2f/2a, 29/2a, 2j/2a, 2k/2a, 21/2a, 2n/2a and 20/2a. (The
Hammett substituent constants were selected from the literature of Chem. Rev. 1991, 91, 165-195.)1
Table S9-1. Hammett analysis through competition experiments with p-substitute benzyl substrate

entry substrate X o conv. Kx/Ky lg(K«W/Kn)
1 1g OMe -0.27 8% 1.02 0.0086
2 1d t-Bu -0.20 13% 1.08 0.0334
3 1b CHs -0.17 8% 1.03 0.0128
4 1f vinyl -0.04 11% 1.09 0.0374
5 le Ph -0.01 9% 0.95 -0.0211
6 1j F 0.06 9% 0.93 -0.0135
7 1k Cl 0.23 8% 0.92 -0.0362
8 1l Br 0.232 6% 0.81 -0.0915
9 1n OCF3 0.35 10% 0.70 -0.1549
10 lo CFs 0.54 9% 0.62 -0.2076
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10. X-Ray diffraction analysis

10.1 Crystal data and structure refinement for frans-2a

Single crystal of trans-2a was grown from slow evaporation of PE/DCM solvent. A suitable crystal
was selected and measured on a Agilent SuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal
was kept at 100(10) K during data collection.

Figure S10-1 Ellipsoid plot of the crystal structure of trans-2a (Prob = 50, Temp = 100 K)

Table S10-1. Crystal data and structure refinement for trans-2a

CcDC 2142261
Identification code trans-2a (LWD-11-78-1)
Empirical formula C27H23NO2S
Formula weight 425.52
Temperature/K 100.00(10)
Crystal system monoclinic
Space group P2,

alA 9.4589(6)
b/A 9.3504(5)
c/A 12.9480(8)
a/° 90

/e 110.298(7)
v/° 90
Volume/A3 1074.06(12)
Z 2

Peaicg/cm?® 1.316
wmm?? 0.175
F(000) 448.0

Crystal size/mm?

0.13 x0.12 x0.11

Radiation Mo Ka (A =10.71073)

20 range for data collection/° 4.592 t0 49.998

Index ranges -11<h<11,-11<k<11,-15<1<5 14
Reflections collected 4686

Independent reflections 3047 [Rint = 0.0233, Rsigma = 0.0416]
Data/restraints/parameters 3047/1/281
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Goodness-of-fit on F2 1.123

Final R indexes [[>=2c (I)] R1 =0.0344, wR, = 0.0785
Final R indexes [all data] R1=0.0358, wR, = 0.0798
Largest diff. peak/hole / e A3 0.22/-0.37

Flack parameter -0.01(5)

10.2 Crystal data and structure refinement for 4h

Single crystal of 4h was grown from slow evaporation of PE/EA solvent. A suitable crystal was
selected and measured on a Agilent SuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal
was kept at 150 K during data collection.

Figure S10-2 Ellipsoid plot of the crystal structure of 4h (Prob = 50, Temp = 150 K)
Table S10-2. Crystal data and structure refinement for 4h

CcDC 1908561
Identification code 4h (ZH-53-1)
Empirical formula C24H23NO3
Formula weight 373.43
Temperature/K 150.00(10)
Crystal system orthorhombic
Space group P21212;

alA 7.94940(10)
b/A 10.28380(10)
c/A 24.4594(3)
a/° 90

/e 90

v/° 90
Volume/A3 1999.56(4)

z 4

Peaicg/cm?® 1.240

wmm?? 0.652

F(000) 792.0

Crystal size/mm?

0.16 x0.14 =<0.12
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Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack/Hooft parameter

CuKa (A = 1.54184)

7.228 t0 148.368
29<h<9,-11<k<12,-30<1<30
18997

3985 [Rint = 0.0323, Reigma = 0.0204]
3985/0/257

0.986

R; = 0.0349, WR; = 0.0923

R: = 0.0369, WR; = 0.0935
0.27/-0.20

0.02(7)/0.03(6)

10.3 Crystal data and structure refinement for the (2R, 35)-6a
Experimental Procedure

Single crystal of (2R, 3S)-6a was grown from slow evaporation of PE/DCM solvent. A suitable crystal
was selected and measured on a Agilent SuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal
was kept at 150(10) K during data collection.

..................................

..................................

Figure S10-3 Ellipsoid plot of the crystal structure of (2R, 3S)-6a (Prob = 50, Temp = 150 K)
Table S10-3 Crystal data and structure refinement for (2R, 35)-6a

CcDC 2142262
Identification code (2R, 3S)-6a (LWD-I11-17-3)
Empirical formula C2sH25NO-S
Formula weight 439.55
Temperature/K 150.00(10)
Crystal system trigonal
Space group P31

alA 10.2503(2)
b/A 10.2503(2)
c/A 18.6428(4)
a/° 90

/e 90

v/° 120
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Volume/A3

VA

peacg/cm?®

wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack/Hooft parameter

104

1696.35(8)

3

1.291

1.465

696.0

0.15 %0.12 x0.11

CuKa (A=1.54184)

9.964 to 148.012
-12<h<11,-9<k<12,-22<1<21
10380

4315 [Rint = 0.0271, Rsigma = 0.0294]
4315/1/292

1.046

R1 =0.0299, wR, = 0.0819

R1 =0.0303, wR, = 0.0828
0.19/-0.21

0.006(8)/-0.004(7)
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12. Spectrum of NMR
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