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1. General materials and methods

"H NMR spectrum were recorded on Bruker DPX 400 MHz spectrometer or Bruker Ascend 600
MHz spectrometer in CDCl;. Chemical shifts were reported in ppm with the internal TMS signal at
0.00 ppm as a standard. The spectrum is interpreted as: s = singlet, d = doublet, t = triplet, m = multiplet,
brs = broad singlet, dd = doublet of doublets, dt = doublet of triplets, coupling constant(s) J are reported
in Hz and relative integrations are reported. '3C NMR spectrum were recorded on Bruker DPX 400
MHz spectrometer or Bruker Ascend 600 MHz spectrometer in CDCl;. 3C NMR spectra were
referenced to the solvent resonance (CDCl; at 77.16 ppm). 9F NMR spectra were recorded on a Bruker
DPX 400 MHz spectrometer in CDCl;. Melting points were obtained in open capillary tubes using SGW
X-4 micro melting point apparatus which were uncorrected. Mass spectrum were recorded on TOF
mass spectrometer. Commercially available materials purchased from Adamas-beta, TCI or Energy
Chemical and were used as received. Tetrahydrofuran was distilled over sodium, dichloromethane was

distilled over calcium hydride.

2. Experimental procedure

Preparation of 1-azadienes 1

NTs
R0 TsNH, o ol T ONTs 4 /j\ . PPh, “
>R R 7
F toluene, reflux, 12 h F = O toluene, 70°C R _ COR

1

Substrates 1 were synthesized according to the literature procedure.! Spectral data of compounds
were in accordance with those reported in the literature.

Preparation of vinylethylene carbonates 2

f

(0]
0 1) vinyl-MgBr, THF, 0 °C to rt )\\
Q

OH

R2 2) triphosgene, DCM, 0 °C to rt

Substrates 2 were synthesized according to the literature procedure.? Spectral data of compounds
were in accordance with those reported in the literature.

Preparation of oxazolidinones 4

\FO

- . o
NHBoG 1) vinyl-MgBr, THF, 0 °C to rt _ MsN
1 \ = _
R3
2 2) 'BUOK, THF, 0 °C to rt —
S 3) MsCl, NaH, THF/DMF = (2:5), R3S/
0°Ctort

4

Substrates 4 were synthesized according to the literature procedure.’
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0 4b: Following the literature procedure’, compound 4b was obtained as a white
)\ 0 soild; purified by silica gel column chromatography (petroleum ether/ethyl acetate
MsN =4/1); m.p.: 82-83 °C ; 'TH NMR (600 MHz, CDCl3) § 7.27 — 7.20 (m, 4H), 6.11
(dd, J=17.1,10.7 Hz, 1H), 5.43 — 5.35 (m, 2H), 4.30 (d, /= 9.4 Hz, 1H), 4.21 (d,
J=9.4 Hz, 1H), 3.29 (s, 3H), 2.37 (s, 3H). 3C NMR (150 MHz, CDCl;) 8 151.9,
Me 139.0, 137.2, 135.7, 129.7(2C), 124.9(2C), 117.1, 83.8, 54.7, 40.2, 21.2. HRMS
(ESI-TOF, m/z): calcd for C;3HsNNaO,4S [M+Na]*: 304.0619, found: 304.0619.

o 4c¢: Following the literature procedure?, compound 4¢ was obtained as a white soild;

)ko purified by silica gel column chromatography (petroleum ether/ethyl acetate = 4/1);

MsN m.p.: 91-93 °C ; TH NMR (600 MHz, CDCl;) & 7.43 — 7.39 (m, 2H), 7.34 — 7.29

(m, 2H), 6.10 (dd, J=17.1, 10.7 Hz, 1H), 5.45 — 5.38 (m, 2H), 4.32 (d, /= 9.4 Hz,

1H), 4.18 (d, J=9.4 Hz, 1H), 3.31 (s, 3H). 13C NMR (150 MHz, CDCl;) 8 151.6,

Cl 137.2, 136.6, 135.1, 129.3(2C), 126.5(2C), 117.8, 83.2, 54.5, 40.3. HRMS (ESI-
TOF, m/z): calcd for C;,H;,CINNaO4S [M+Na]*: 324.0073, found: 324.0053.

o 4e: Following the literature procedure?, compound 4e was obtained as a white
)ko soild; purified by silica gel column chromatography (petroleum ether/ethyl
MsN acetate = 4/1); m.p.: 99-101 °C ; '"H NMR (400 MHz, CDCl3) § 7.55 — 7.50 (m,
2H), 7.36 — 7.27 (m, 2H), 6.10 (dd, J=17.1, 10.7 Hz, 1H), 5.49 — 5.40 (m, 2H),

433 (d,J=9.4 Hz, 1H), 4.18 (d, /= 9.4 Hz, 1H), 3.32 (s, 3H). 3C NMR (100

MHz, CDCl3) 6 151.6, 141.0, 136.5, 132.3, 130.8, 128.2, 123.5, 123.4, 117.9, 82.9, 54.5, 40.4. HRMS
4

Br



(ESI-TOF, m/z): calcd for C,,H,BrNNaO,4S [M+Na]*: 367.9568, found: 367.9552.

o 4f: Following the literature procedure’, compound 4f was obtained as a white soild,;

)\\O purified by silica gel column chromatography (petroleum ether/ethyl acetate = 4/1);

MsN m.p.: 75-76 °C ; TH NMR (400 MHz, CDCl;) § 7.48 — 7.42 (m, 1H), 7.34 — 7.21
6}¢ (m, 3H), 6.14 (dd, J = 17.1, 10.5 Hz, 1H), 5.41 (d, J= 10.5 Hz, 1H), 5.31 (d, J =

Me 17.1 Hz, 1H), 4.45 (d, J= 9.4 Hz, 1H), 4.24 (d, J= 9.4 Hz, 1H), 3.31 (s, 3H), 2.31

(s, 3H). 3C NMR (150 MHz, CDCl3) § 151.6, 136.4, 136.0, 134.6, 132.5, 129.1, 126.5, 125.2, 118 4,

84.3, 54.1, 40.2, 21.1. HRMS (ESI-TOF, m/z): calcd for C3H;sNNaO4S [M+Na]*: 304.0619, found:
304.0621.

4g: Following the literature procedure?, compound 4g was obtained as a white soild,;

o purified by silica gel column chromatography (petroleum ether/ethyl acetate = 4/1);

1
MsN __ mp:107-109 °C ;'H NMR (400 MHz, CDCl3) 8 7.71 — 7.64 (m, 1H), 7.48 - 7.30
(m, 3H), 6.39 — 6.28 (m, 1H), 5.48 — 5.36 (m, 2H), 4.60 (dd, J = 9.9, 1.3 Hz, 1H),
cl
431 (dd, J = 9.9, 1.3 Hz, 1H), 3.32 (d, J = 1.3 Hz, 3H). 3C NMR (100 MHz,

CDCl3) 6 151.1, 136.8, 135.0, 131.1, 130.3, 130.1, 127.6, 126.9, 117.9, 82.8, 54.2, 40.3. HRMS (ESI-
TOF, m/z): calcd for C;,H{,CINNaO4S [M+Na]": 324.0073, found: 324.0075.

4h: Following the literature procedure’, compound 4h was obtained as a white

o
N)ko soild; purified by silica gel column chromatography (petroleum ether/ethyl acetate
s

M
__ =41); mp.: 109-110 °C ; 'H NMR (400 MHz, CDCLy) & 7.94 — 7.83 (m, 4H),
O 7.58 —7.51 (m, 2H), 7.43 — 7.36 (m, 1H), 6.21 (dd, J= 17.1, 10.7 Hz, 1H), 5.51 —
Q 5.41 (m, 2H), 4.41 (d, J = 9.4 Hz, 1H), 4.33 (d, J = 9.4 Hz, 1H), 3.30 (s, 3H). 3C

NMR (100 MHz, CDCl;) 6 152.0, 137.0, 135.9, 133.2, 133.0, 129.3, 128.4, 127.8,
127.2,127.1, 124.2, 122.4, 117.7, 83.9, 54.6, 40.4. HRMS (ESI-TOF, m/z): calcd for C;cH5NNaO4S
[M+Na]*: 340.0619, found: 340.0615.

4i: Following the literature procedure’, compound 4i was obtained as a white soild;

)

&O purified by silica gel column chromatography (petroleum ether/ethyl acetate = 4/1);
MsN m.p.: 97-98 °C ; TH NMR (600 MHz, CDCl;) 8 7.43 — 7.39 (m, 1H), 7.16 — 7.12
5'\¢ (m, 1H), 7.07 — 7.02 (m, 1H), 6.18 (dd, J = 17.0, 10.7 Hz, 1H), 5.55 (d, /= 17.0
NS Hz, 1H), 5.49 (d, /= 10.7 Hz, 1H), 4.36 (d, J = 9.6 Hz, 1H), 4.24 (d, /= 9.6 Hz,

1H), 3.32 (s, 3H). 3C NMR (150 MHz, CDCl3) 6 151.4, 141.2,135.9, 127.5, 127.4, 126.6, 117.9, 81.5,
55.2,40.2. HRMS (ESI-TOF, m/z): calcd for CoH;;NNaO,S, [M+Na]*: 296.0027, found: 296.0020.



General procedure A for the [S + 4] cyclization of 1-azadienes 1 with vinylethylene

carbonates 2 or oxazolidinones 4

CO,R
0 Pd,dba; (5 mol%) 2R1
j\[; . X}\\O Sphos (11mol%) x7 "\
R DCE, 4 h g\/NTS
CO.R \EK& R2 ==
1 2 (X=0) 3(X=0)
4 (X = NMs) 5 (X = NMs)

Under a nitrogen atmosphere, Pd,(dba); (9.2 mg, 0.01 mmol) and Sphos (9.1 mg, 0.022 mmol)
were dissolved in 1, 2-dichloroethane (2.0 mL), and stirred at room temperature for approximately
30 min. Then, 1-azadienes 1 (0.2 mmol) and vinylethylene carbonates 2 or oxazolidinone 4 (0.3
mmol) were added sequentially. The reaction mixture was allowed to stir at 25 °C or 70 °C for 4 h
and then directly purified by silica gel chromatography (petroleum ether/ethyl acetate = 4:1, v/v) to
provide the desired products 3a-3y, 5a-51.

CO.Et 3a: Following the general procedure A, compound 3a was obtained as a
2

N\ Ph white soild in 93% yield (93.6 mg); purified by silica gel column
0]

NTs chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 123-124 °C; 'H
S NMR (400 MHz, CDCl3) 6 7.57 — 7.51 (m, 2H), 7.38 — 7.21 (m, 6H), 7.20 —

7.13 (m, 2H), 7.11 — 7.02 (m, 4H), 6.61 (t, J= 8.2 Hz, 1H), 4.64 (d, J = 12.7
Hz, 1H), 4.55 — 4.45 (m, 2H), 4.40 (d, /= 12.4 Hz, 1H), 4.27 — 4.16 (m, 2H), 3.95 (q, /= 7.1 Hz,
2H), 2.35 (s, 3H), 0.85 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCl;) & 168.7, 147.1, 143.6,
141.0, 140.5, 137.0, 136.3, 133.5, 129.3(9)(2C), 129.3(5), 128.8, 128.5(4)(2C), 128.4(6) (2C),
128.2(2C), 128.1, 127.5(2C), 126.5(2C), 65.0, 64.6, 61.2, 49.0, 21.6, 13.6; HRMS (ESI-TOF,
m/z): calcd for C,oHy9NNaOsS [M+Na]*: 526.1664, found: 526.1655.

Ph

CO,Me 3b: Following the general procedure A, compound 3b was obtained as a

o P white soild in 95% yield (93.1 mg); purified by silica gel column

g\/NTS chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 128-130 °C; 'H

S NMR (600 MHz, CDCl5) 6 7.56 — 7.51 (m, 2H), 7.37 — 7.22 (m, 6H), 7.22 —

7.14 (m, 2H), 7.11 — 7.01 (m, 4H), 6.63 (t, J= 8.2 Hz, 1H), 4.63 (d, J=12.7

Hz, 1H), 4.54 — 4.47 (m, 2H), 4.39 (d, /= 12.4 Hz, 1H), 4.24 (d, J = 12.7 Hz, 1H), 4.19 (dd, J =

14.6, 8.8 Hz, 1H), 3.49 (s, 3H), 2.35 (s, 3H); 13C NMR (150 MHz, CDCl;) 8 169.2, 147.6, 143.6,

140.9, 140.5, 136.8, 136.3, 133.2, 129.5, 129.4 (2C), 128.9, 128.6 (2C), 128.3(3) (2C), 128.3(1)

(20), 128.2, 127.5(2C), 126.5 (2C), 65.0, 64.5, 52.2, 49.0, 21.6; HRMS (ESI-TOF, m/z): calcd
for CpgH»7NNaOsS [M+Na]*: 512.1508, found: 512.1502.

Ph



0 CO,Et 3c: Following the general procedure A, compound 3¢ was

\ obtained as a white soild in 92% yield (98.2 mg); purified by

Ph—™\ NTs OMe silica gel column chromatography (petroleum ether/ethyl
acetate = 4/1); m.p.: 142-144 °C; 'TH NMR (400 MHz, CDCls)

8 7.56 —7.50 (m, 2H), 7.39 — 7.27 (m, 5H), 7.12 — 7.05 (m, 2H), 7.05 — 6.98 (m, 2H), 6.71 — 6.64
(m, 2H), 6.59 (t, J=8.2 Hz, 1H), 4.61 (d, /= 12.6 Hz, 1H), 4.54 — 4.45 (m, 2H), 4.40 (d, /= 12.4
Hz, 1H), 4.25 — 4.14 (m, 2H), 4.00 (q, J = 7.1 Hz, 2H), 3.80 (s, 3H), 2.37 (s, 3H), 0.94 (t, /= 7.1
Hz, 3H). 13C NMR (150 MHz, CDCl3) 8 169.0, 160.7, 143.5, 140.5, 136.6, 131.9, 130.0(2C),
129.4(0) (2C), 129.3(8), 128.8, 128.5(2C), 128.1, 127.6(2C), 126.5(2C), 113.7(2C), 65.1, 64.4,
61.2, 55.5, 49.0, 21.6, 13.9. HRMS (ESI-TOF, m/z): calcd for Cs;oH3;NNaOgS [M+Na]*:

556.1170, found: 556.1761.

co.B 3d: Following the general procedure A, compound 3d was obtained as a
u
2 white soild in 80% yield (85.1 mg); purified by silica gel column

O

j\) Ph chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 123-125 °C;
Ph N TH NMR (400 MHz, CDCl;) & 7.59 — 7.52 (m, 2H), 7.38 — 7.25 (m, 5H),
7.25 —-7.20 (m, 1H), 7.21 — 7.12 (m, 2H), 7.14 — 7.07 (m, 2H), 7.08 — 7.01 (m, 2H), 6.57 (t, J =
8.3 Hz, 1H), 4.62 (d, J = 12.6 Hz, 1H), 4.54 — 4.37 (m, 3H), 4.26 — 4.14 (m, 2H), 2.35 (s, 3H),
1.16 (s, 9H).13C NMR (150 MHz, CDCl;) 6 167.5, 145.7, 143.5, 141.2, 140.5, 137.3, 136.3, 134.9,
129.4(2),129.1, 128.7(2C), 128.5(2C), 128.3, 128.1(5)(2C), 128.0(8), 127.5(2C), 126.5(2C), 81.8,
65.3, 64.7, 48.9(3C), 27.6, 21.6. HRMS (ESI-TOF, m/z): calcd for C3;H33NNaOsS [M+Na]*:
554.1977, found: 554.1970.

CO,Me 3e: Following the general procedure A, compound 3e was
OWMG obtained as a white soild in 92% yield (92.7 mg); purified by
j\_/ silica gel column chromatography (petroleum ether/ethyl acetate

PR N = 4/1); m.p.: 129-131 °C; 'TH NMR (600 MHz, CDCl3) & 7.55 —
7.51 (m, 2H), 7.37 — 7.25 (m, 5H), 7.08 — 7.03 (m, 2H), 7.00 — 6.90 (m, 4H), 6.61 (t, /= 8.2 Hz,
1H), 4.60 (d, J = 12.7 Hz, 1H), 4.55 — 4.46 (m, 2H), 4.38 (d, J = 12.4 Hz, 1H), 4.23 — 4.15 (m,
2H), 3.52 (s, 3H), 2.36 (s, 3H), 2.32 (s, 3H); '3C NMR (150 MHz, CDCl;) 8 169.3, 147.7, 143.5,
140.8, 140.5, 139.7, 136.5, 133.9, 132.3, 129.3(2C), 129.0(2C), 128.9, 128.5(2C), 128.2(2C),

128.1, 127.5(2C), 126.5(2C), 65.0, 64.4, 52.2,49.1, 21.6, 21.5; HRMS (ESI-TOF, m/z): calcd for
Cy9H»9oNNaOsS [M+Na]*: 526.1664, found: 526.1656.

CO,Me 3f: Following the general procedure A, compound 3f was

OWOMG obtained as a white soild in 93% yield (96.7 mg); purified by

j\_/NT silica gel column chromatography (petroleum ether/ethyl
s

Ph N acetate = 4/1); m.p.: 141-142 °C; '"H NMR (400 MHz, CDCls)

5 7.56—17.50 (m, 2H), 7.39 — 7.27 (m, 5H), 7.12 — 7.05 (m, 2H), 7.04 — 6.97 (m, 2H), 6.74 — 6.65
7



(m, 2H), 6.61 (t, J=8.2 Hz, 1H), 4.60 (d, /= 12.7 Hz, 1H), 4.56 — 4.44 (m, 2H), 4.38 (d, /=123
Hz, 1H), 4.24 —4.12 (m, 2H), 3.79 (s, 3H), 3.53 (s, 3H), 2.36 (s, 3H); 13C NMR (150 MHz, CDCl3)
6 169.5, 160.7, 147.5, 143.5, 140.8, 140.5, 136.6, 131.4, 129.8(2C), 129.4(2C), 129.1, 129.0,
128.5(2C), 128.1, 127.5(2C), 126.5(2C), 113.7(2C), 65.0, 64.3, 55.4, 52.2, 49.0, 21.6; HRMS
(ESI-TOF, m/z): calcd for CoHy9NNaOgS [M+Na]*: 542.1613, found: 542.1604.

0 COMe y 3g: Following the general procedure A, compound 3g was
\ obtained as a white soild in 94% yield (94.6 mg); purified by silica
Ph \ NTs gel column chromatography (petroleum ether/ethyl acetate = 4/1);
m.p.: 137-139 °C; TH NMR (600 MHz, CDCl;) 8 7.58 — 7.54 (m,
2H), 7.37 — 7.28 (m, 3H), 7.24 — 7.19 (m, 2H), 7.10 — 7.03 (m, 4H), 6.96 — 6.92 (m, 1H), 6.72 (s,
1H), 6.67 (t,J=8.2 Hz, 1H), 4.65 (d, /= 12.7 Hz, 1H), 4.55 — 4.48 (m, 2H), 4.38 (d, /= 12.4 Hz,
1H), 4.30 (d, J=12.7 Hz, 1H), 4.17 (dd, J = 14.7, 8.9 Hz, 1H), 3.51 (s, 3H), 2.35 (s, 3H), 2.12 (s,
3H); BC NMR (150 MHz, CDCl;) 8 169.3, 147.9, 143.5, 140.6, 140.4, 137.8, 136.4, 136.2, 132.9,
130.3, 129.3(2C), 129.2, 128.6, 128.5(2C), 128.3, 128.1, 127.5(2C), 126.5(2C), 126.0, 64.9, 64.3,
52.2,49.2, 21.5, 21.2; HRMS (ESI-TOF, m/z): calcd for CyyHoNNaOsS [M+Na]*: 526.6028,
found: 526.1654.

o COuMe 3h: Following the general procedure A, compound 3h was
OMe  obtained as a white soild in 92% yield (95.6 mg); purified by

Ph—\ NTs silica gel column chromatography (petroleum ether/ethyl acetate
=4/1); m.p.: 144-145 °C; '"H NMR (400 MHz, CDCl3) 8 7.59 —

7.52 (m, 2H), 7.39 — 7.23 (m, 5H), 7.14 — 7.03 (m, 3H), 6.85 — 6.78 (m, 1H), 6.74 — 6.68 (m, 1H),
6.65 (t, 1H), 6.51 — 6.46 (m, 1H), 4.64 (d, /= 12.7 Hz, 1H), 4.55 —4.45 (m, 2H), 4.38 (d, /=124
Hz, 1H),4.29 (d,J=12.7 Hz, 1H), 4.16 (dd, /= 14.7, 8.9 Hz, 1H), 3.63 (s, 3H), 3.52 (s, 3H), 2.36
(s, 3H); 3C NMR (100 MHz, CDCl;) 6 169.2, 159.4, 147.3, 143.6, 140.8, 140.4, 137.7, 136.4,
133.3,129.4, 129.3(2C), 129.1, 128.6(2C), 128.2, 127.5(2C), 126.5(2C), 121.1, 115.6, 113.2, 64.9,
64.4, 55.1, 52.3, 49.1, 21.6; HRMS (ESI-TOF, m/z): caled for CgHy)NNaOsS [M-+Na]*:

542.1613, found: 542.1604.

3i: Following the general procedure A, compound 3i was obtained
O CO,Me

\

Ph™\ NTs O column chromatography (petroleum ether/ethyl acetate = 4/1);
Q m.p.: 177-178 °C; 'H NMR (400 MHz, CDCl;) 8 7.81 — 7.74 (m,

1H), 7.67 — 7.41 (m, 7H), 7.39 — 7.27 (m, 3H), 7.19 — 7.12 (m,
3H), 6.84 — 6.75 (m, 2H), 6.70 (t, J = 8.2 Hz, 1H), 4.72 (d, J = 12.7 Hz, 1H), 4.64 (dd, J = 14.6,
7.6 Hz, 1H), 4.54 (d, J = 12.4 Hz, 1H), 4.44 (d, J = 12.4 Hz, 1H), 4.39 — 4.22 (m, 2H), 3.46 (s,
3H), 2.15 (s, 3H); 13C NMR (100 MHz, CDCl3) § 169.2, 147.8, 143.6, 140.8, 140.5, 136.5, 133.6,

133.3, 132.8, 129.2(2C), 129.2, 128.6(2C), 128.5, 128.3, 128.2, 128.0, 127.7, 127.2(2C), 127.1,
8

as a white soild in 90% yield (97.1 mg); purified by silica gel



126.5(2C), 126.4, 125.6, 65.0, 64.5, 52.3, 49.5, 21.4; HRMS (ESI-TOF, m/z): calcd for
C3,H29NNaOsS [M+Na]™: 562.1664, found: 562.1657.

o COM 3j: Following the general procedure A, compound 3j was obtained as
e
\ 20 a white soild in 80% yield (76.7 mg); purified by silica gel column

Ph—N\ chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 127-129
°C; TH NMR (600 MHz, CDCl3) & 7.6 — 7.5 (m, 2H), 7.5 — 7.4 (m,
2H), 7.4 — 7.3 (m, 3H), 7.3 — 7.2 (m, 3H), 6.5 (t, /= 8.1 Hz, 1H), 6.3 — 6.3 (m, 2H), 4.5 (dd, J =
14.9,7.5 Hz, 1H), 4.4 (d, J=12.5 Hz, 1H), 4.3 (d, /= 12.6 Hz, 1H), 4.3 (d, /= 12.5 Hz, 1H), 4.0
(d, J=12.6 Hz, 1H), 4.0 (dd, J= 14.9, 8.6 Hz, 1H), 3.7 (s, 3H), 2.4 (s, 3H); '3C NMR (150 MHz,
CDCl;) & 168.7, 149.2, 144.2, 143.9, 141.0, 140.4, 136.5, 134.8, 130.8, 129.7(2C), 128.9,
128.5(2C), 128.1, 127.7(2C), 126.5(2C), 113.3, 111.8, 64.2, 63.9, 52.4, 47.8, 21.7; HRMS (ESI-

TOF, m/z): calcd for C,HysNNaOgS [M+Na]*: 502.1300, found: 502.1294.

NTS\/

o 3k: Following the general procedure A, compound 3k was obtained
CO,M
\ 28 © as a white soild in 82% yield (81.3 mg); purified by silica gel column

Ph—\ chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 132-134
°C; 'TH NMR (600 MHz, CDCl;) 6 7.58 — 7.40 (m, 4H), 7.37 — 7.24
(m, 4H), 7.16 — 7.12 (m, 2H), 6.98 — 6.83 (m, 2H), 6.59 (t, /= 8.1 Hz, 1H), 4.50 — 4.42 (m, 3H),
434 (d,J=12.5Hz, 1H), 4.14 (d, J= 12.7 Hz, 1H), 4.07 (dd, J= 14.7, 8.6 Hz, 1H), 3.62 (s, 3H),
2.38 (s, 3H); 13C NMR (150 MHz, CDCl;) & 168.9, 143.8, 141.0, 140.4, 139.3, 139.2, 136.4,
133.0, 129.5(2C), 129.2, 128.7, 128.5(2C), 128.4, 128.1, 127.4(2C), 127.1, 126.5(2C), 64.8, 64.3,
52.5,48.0,21.7, HRMS (ESI-TOF, m/z): calcd for CpsHsNNaOsS, [M+Na]*: 518.1072, found:
518.1064.

NTs\/

31: Following the general procedure A, compound 31 was obtained as a white

soild in 85% yield (72.7 mg); purified by silica gel column chromatography

g\/NTS (petroleum ether/ethyl acetate = 4/1); m.p.: 85-86 °C; 'H NMR (400 MHz,

SN CDCl3) 6 7.3 -7.1 (m, 5H), 7.1 — 7.0 (m, 4H), 6.1 (t, J= 8.1 Hz, 1H), 4.5 (d,

J=12.4 Hz, 1H), 4.3 (dd, J=14.5, 7.8 Hz, 1H), 4.2 — 4.0 (m, 3H), 3.9 (d, J

=11.7 Hz, 1H), 3.5 (s, 3H), 2.4 (s, 3H), 1.9 (s, 3H); 13C NMR (100 MHz, CDCl;) 8 169.3, 147.2,

143.5, 139.4, 137.0, 136.4, 133.3, 129.4, 129.3(2C), 128.3(1) (2C), 128.2(6) (2C), 127.5(2C),

126.9, 66.0, 65.2, 52.2, 48.8, 22.5, 21.6; HRMS (ESI-TOF, m/z): calcd for C,3;H»sNNaOsS
[M-+Na]*: 450.1351, found: 450.1345.



3m: Following the general procedure A, compound 3m was obtained

as a white soild in 93% yield (93.7 mg); purified by silica gel column

NT chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 138-139
s

=~ °C; TH NMR (600 MHz, CDCl;) 8 7.46 — 7.40 (m, 2H), 7.31 — 7.26

(m, 1H), 7.25 — 7.23 (m, 2H), 7.20 — 7.13 (m, 4H), 7.11 — 7.03 (m,

4H), 6.59 (t, J = 8.2 Hz, 1H), 4.61 (d, J = 12.7 Hz, 1H), 4.54 — 4.46

(m, 2H), 4.37 (d, J = 12.4 Hz, 1H), 4.25 — 4.15 (m, 2H), 3.49 (s, 3H),
2.35 (s, 6H); 1*C NMR (150 MHz, CDCl3) & 169.2, 147.5, 143.6, 140.7, 138.0, 137.5, 136.8,
136.4, 133.2, 129.5, 129.4(2C), 129.3(2C), 128.3(2) (2C), 128.2(9) (2C), 128.0, 127.5(2C),
126.4(2C), 64.9, 64.4, 52.2, 49.1, 21.6, 21.2; HRMS (ESI-TOF, m/z): caled for CaoHayNNaOsS
[M+Nal*: 526.1664, found: 526.1657.

3n: Following the general procedure A, compound 3n was obtained
CO,Me

/_S/Ph as a white soild in 93% yield (96.6 mg); purified by silica gel column
0 chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 147-148

SN e °C; TH NMR (600 MHz, CDCl3) 8 7.51 — 7.46 (m, 2H), 7.31 — 7.25

(m, 1H), 7.26 — 7.21 (m, 2H), 7.19 — 7.13 (m, 2H), 7.10 — 7.02 (m,

4H), 6.90 — 6.84 (m, 2H), 6.56 (t, J = 8.2 Hz, 1H), 4.61 (d, J = 12.7

Hz, 1H), 4.53 — 4.45 (m, 2H), 4.37 (d, J=12.4 Hz, 1H), 4.23 (d, J =

12.7 Hz, 1H), 4.17 (dd, J = 14.7, 8.9 Hz, 1H), 3.82 (s, 3H), 3.49 (s, 3H), 2.35 (s, 3H); 3C NMR
(150 MHz, CDCl3) 6 169.2, 159.7, 147.6, 143.6, 140.2, 136.8, 136.4, 133.2, 132.8, 129.4(4),
129.39(2C), 128.3(2) (20), 128.2(9) (2C), 127.7(2C), 127.5(2C), 127.2, 113.9(2C), 64.9, 64.4,
55.4, 52.2, 49.2, 21.6; HRMS (ESI-TOF, m/z): calcd for CyoHoNNaO¢S [M+Na]*: 542.1613,

found: 542.1607.

MeO

30: Following the general procedure A, compound 30 was obtained as

a white soild in 86% yield (97.3 mg); purified by silica gel column

chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 179-181

S °C; TH NMR (600 MHz, CDCl3) 8 7.65 — 7.56 (m, 6H), 7.48 — 7.42

(m, 2H), 7.38 — 7.34 (m, 1H), 7.32 — 7.27 (m, 1H), 7.27 — 7.22 (m,

2H), 7.20—7.14 (m, 2H), 7.11 — 7.04 (m, 4H), 6.70 (t, /= 8.2 Hz, 1H),

4.66 (d, J=12.7 Hz, 1H), 4.57 — 4.50 (m, 2H), 4.42 (d, J = 12.5 Hz,

1H), 4.27 (d, J = 12.7 Hz, 1H), 4.21 (dd, J = 14.6, 8.8 Hz, 1H), 3.51 (s, 3H), 2.36 (s, 3H); 13C

NMR (150 MHz, CDCl5) ¢ 169.2, 143.6, 141.0, 140.7, 140.4, 139.3, 136.8, 136.3, 133.2, 129.5,

129.4(2C), 128.9(2C), 128.8, 128.3(2C), 128.3(2C) 127.6, 127.5(2C), 127.3(2C), 127.2(2C),

126.9(2C), 65.0, 64.3, 52.2, 49.1, 21.6; HRMS (ESI-TOF, m/z): calcd for Cs;4H;;NNaOsS
[M+Na]*: 588.1821, found: 588.1815.

Ph
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COQMG
o N Ph
NTs
=~

3p: Following the general procedure A, compound 3p was obtained as a
white soild in 94% yield (95.4 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 154-155 °C;
H NMR (600 MHz, CDCl3) 8 7.5 — 7.5 (m, 2H), 7.3 — 7.3 (m, 1H), 7.2
—7.2 (m, 2H), 7.2 — 7.1 (m, 2H), 7.1 — 7.0 (m, 6H), 6.6 (t, J = 8.2 Hz,
1H), 4.6 (d, J=12.7 Hz, 1H), 4.5 (dd, J=14.7, 7.6 Hz, 1H), 4.4 (d, J =
12.5 Hz, 1H), 4.4 (d,J=12.5 Hz, 1H), 4.2 (d, J= 12.7 Hz, 1H), 4.2 (dd,

J=14.6, 8.8 Hz, 1H), 3.5 (s, 3H), 2.3 (s, 3H); 3C NMR (150 MHz, CDCl3) 6 169.1, 162.8 (d, J
= 247.5 Hz), 147.7, 143.7, 139.9, 136.6, 136.6 (d, J = 3.2 Hz), 136.3, 133.1, 129.5, 129.4(2C),
128.9, 128.3(2)(2C), 128.3(2)(2C)128.2(5) (d, J = 8.2 Hz)(2C), 127.52C), 1154 (d, J =214
Hz)(2C), 64.9, 64.5, 52.2, 48.9, 21.6; 1F NMR (376 MHz, CDCl3) 6 -114.12 — -114.23 (m, 1F);
HRMS (ESI-TOF, m/z): calcd for C,gH,sFNNaOsS [M+Na]*: 530.1413, found: 530.1407.

CO,Me

O/—g/ Ph

NTs
N

Cl

3q: Following the general procedure A, compound 3q was obtained as
a white soild in 94% yield (98.3 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 160-161
°C; 'TH NMR (600 MHz, CDCl;) 8 7.51 — 7.45 (m, 2H), 7.35 - 7.27 (m,
3H), 7.24 — 7.20 (m, 2H), 7.19 — 7.13 (m, 2H), 7.10 — 7.02 (m, 4H),
6.62 (t, J=8.2 Hz, 1H), 4.64 (d, J=12.7 Hz, 1H), 4.49 (dd, J = 14.6,
7.6 Hz, 1H), 4.44 (d, /= 12.5 Hz, 1H), 4.37 (d, J = 12.5 Hz, 1H), 4.23

(d, J=12.7 Hz, 1H), 4.17 (dd, J = 14.6, 8.8 Hz, 1H), 3.50 (s, 3H), 2.35 (s, 3H); 13C NMR (150
MHz, CDCl;) & 169.1, 147.7, 143.7, 139.8, 138.9, 136.6, 136.2, 134.1, 133.1, 129.5, 129.4,
129.4(2C), 128.7(2C), 128.3(2C), 128.3(2C), 127.9(2C), 127.5(2C), 65.0, 64.3, 52.2, 48.9, 21.6;
HRMS (ESI-TOF, m/z): calcd for C,gH,cCINNaOsS [M+Na]*: 546.1118, found: 546.1112.

COZMe
o N Ph
NTs

Br

3r: Following the general procedure A, compound 3r was obtained as
a white soild in 90% yield (102.3 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 172-174
°C; TH NMR (600 MHz, CDCl;) & 7.49 — 7.44 (m, 2H), 7.44 — 7.39
(m, 2H), 7.32 - 7.26 (m, 1H), 7.25 - 7.20 (m, 2H), 7.19 - 7.13 (m, 2H),
7.09 —7.03 (m, 4H), 6.63 (t, J=8.2 Hz, 1H), 4.64 (d,J=12.7 Hz, 1H),
4.49 (dd, J=14.6, 7.6 Hz, 1H), 4.44 (d, J=12.5 Hz, 1H), 4.36 (d, J =

12.5 Hz, 1H), 4.22 (d, J=12.7 Hz, 1H), 4.17 (dd, J = 14.6, 8.8 Hz, 1H), 3.50 (s, 3H), 2.35 (s, 3H);
13C NMR (150 MHz, CDCl;) 8 169.1, 147.7, 143.7, 139.9, 139.4, 136.6, 136.2, 133.1, 131.7(2C),
129.6, 129.5, 129.4(2C), 128.3(2C), 128.3(2C), 128.2(2C), 127.5(2C), 122.4, 65.0, 64.3, 52.2,
48.9, 21.6; HRMS (ESI-TOF, m/z): calcd for CysHysBrNNaOsS [M+Na]*: 590.0613, found:

590.0608.
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3s: Following the general procedure A, compound 3s was obtained

as a white soild in 93% yield (93.7 mg); purified by silica gel column

o NTs chromatography (petroleum ether/ethyl acetate =4/1); m.p.: 142-144
S °C; TH NMR (400 MHz, CDCl;) 8 7.43 —7.00 (m, 13H), 6.62 (t,J=
Me 8.2 Hz, 1H), 4.63 (d, J=12.6 Hz, 1H), 4.55 — 4.46 (m, 2H), 4.37 (d,

J=12.3 Hz, 1H), 4.28 — 4.13 (m, 2H), 3.49 (s, 3H), 2.36 (s, 3H),
2.35 (s, 3H); 1¥C NMR (100 MHz, CDCl3) § 169.2, 147.6, 143.6, 140.9, 140.4, 138.1, 136.8,
136.4, 133.2, 129.5, 129.4(2C), 128.9, 128.7, 128.5, 128.3(2) (2C), 128.3(0) (2C), 127.5(2C),
127.2,123.6, 64.9, 64.5, 52.2, 49.1, 21.6, 21.6; HRMS (ESI-TOF, m/z): calcd for C2oH,0NNaOsS
[M+Na]*: 526.1664, found: 526.1654.

CO,Me 3t: Following the general procedure A, compound 3t was obtained

O/_S/Ph as a white soild in 94% yield (97.6 mg); purified by silica gel

NTs column chromatography (petroleum ether/ethyl acetate =4/1); m.p.:

S 147-149 °C; "H NMR (600 MHz, CDCl;) & 7.31 — 7.23 (m, 4H),

MeO 7.20 —7.14 (m, 2H), 7.14 — 7.10 (m, 1H), 7.09 — 7.03 (m, 5H), 6.88

—6.83 (m, 1H), 6.62 (t,J = 8.2 Hz, 1H), 4.63 (d, /= 12.7 Hz, 1H),

4.54 —4.45 (m, 2H), 4.37 (d, J= 12.4 Hz, 1H), 4.23 (d, /= 12.7 Hz, 1H), 4.18 (dd, /= 14.6, 8.8

Hz, 1H), 3.82 (s, 3H), 3.49 (s, 3H), 2.35 (s, 3H); 13C NMR (150 MHz, CDCl3) 3§ 169.2, 159.8,

147.5, 143.7, 142.0, 14009, 136.8, 136.3, 133.2, 129.5(2), 129.4(8), 129.4(2C), 129.1,

128.3(2)(2C), 128.3(0)(2C), 127.5(2C), 119.0, 113.7, 112.2, 64.9, 64.6, 55.4, 52.2, 49.0, 21.6;
HRMS (ESI-TOF, m/z): calcd for C,9H,9NNaOgS [M+Na]*: 542.1613, found: 542.1607.

CO,Me 3u: Following the general procedure A, compound 3u was obtained

o N Ph as a white soild in 94% yield (98.5 mg); purified by silica gel column

NTs chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 155-156

S °C; TH NMR (600 MHz, CDCls) 8 7.53 — 7.49 (m, 1H), 7.45 — 7.39

Cl (m, 1H), 7.32 — 7.22 (m, 5H), 7.20 — 7.14 (m, 2H), 7.10 — 7.04 (m,

4H), 6.62 (t, J= 8.2 Hz, 1H), 4.64 (d, J=12.7 Hz, 1H), 4.50 (dd, J =

14.6, 7.7 Hz, 1H), 4.44 (d, J=12.5 Hz, 1H), 4.36 (d, /= 12.5 Hz, 1H), 4.23 — 4.14 (m, 2H), 3.50

(s, 3H), 2.36 (s, 3H); 13C NMR (150 MHz, CDCl3) & 169.1, 147.6, 143.8, 142.3, 139.9, 136.7,

136.2, 134.5, 133.1, 130.0, 129.8, 129.6, 129.5(2C), 128.3(4)(2C), 128.3(2)(2C), 128.2,

127.5(2C), 126.7, 124.7, 65.0, 64.3, 52.2, 48.8, 21.6; HRMS (ESI-TOF, m/z): calcd for
CosH6CINNaOsS [M+Na]*: 546.1118, found: 546.1113.
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3v: Following the general procedure A, compound 3v was obtained as
CO,Me

a white soild in 89% yield (92.5 mg); purified by silica gel column

NTs chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 136-138
MeQ S °C; '"H NMR (400 MHz, CDCl3) 4 7.35—7.18 (m, 6H), 7.16 — 7.08 (m,
5H), 6.95 — 6.82 (m, 2H), 6.29 (t,J= 8.3 Hz, 1H), 4.55 (d, J=12.4 Hz,

2H), 4.46 (dd, J = 14.5, 7.8 Hz, 1H), 4.39 — 4.23 (m, 2H), 4.18 (d, J =
12.5 Hz, 1H), 3.79 (s, 3H), 3.49 (s, 3H), 2.39 (s, 3H); 3C NMR (150 MHz, CDCl3) § 169.2, 156.4,
147.3, 143.7, 141.7, 137.3, 136.4, 132.9, 130.8, 130.5, 130.1, 129.5(2C), 129.4(3), 129.3(7),
128.3(0) (2C), 128.2(9) (2C), 127.6(2C), 120.9, 110.7, 65.2, 64.7, 55.4, 52.1, 48.5, 21.6; HRMS
(ESI-TOF, m/z): calcd for CoH2oNNaOgS [M+Na]*: 542.1613, found:542.1606.

CO,Me 3w: Following the general procedure A, compound 3w was obtained

O/—g/ Ph asawhite soild in 85% yield (91.7 mg); purified by silica gel column

NTs chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 177-178

= °C; 'TH NMR (600 MHz, CDCl;) & 8.05 — 8.02 (m, 1H), 7.86 — 7.79

O (m, 3H), 7.69 — 7.64 (m, 1H), 7.51 — 7.44 (m, 2H), 7.33 — 7.24 (m,

Q 3H), 7.21 — 7.15 (m, 2H), 7.14 — 7.02 (m, 4H), 6.78 (t, J/ = 8.2 Hz,

1H), 4.67 (d, J=12.8 Hz, 1H), 4.64 (d, J = 12.5 Hz, 1H), 4.57 (dd, J = 14.6, 7.6 Hz, 1H), 4.48 (d,

J=12.5 Hz, 1H), 4.31 — 4.19 (m, 2H), 3.50 (s, 3H), 2.35 (s, 3H); 3C NMR (100 MHz, CDCl3) &

169.2, 147.6, 143.7, 140.8, 137.6, 136.8, 136.3, 133.5, 133.2, 133.1, 129.5, 129.4(5)(2C), 129.2,

128.5,128.3(2C), 128.3(2C), 128.1, 127.7, 127.5(2C), 126.4, 126.3, 125.8, 124.3,65.1, 64.5, 52.2,

49.1, 21.6; HRMS (ESI-TOF, m/z): caled for C;;HyoNNaOsS [M+Na]*: 562.1664, found:
562.1650.

CO,Me 3x: Following the general procedure A, compound 3x was obtained as a

N Ph white soild in 95% yield (94.2 mg); purified by silica gel column

NTs chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 136-138 °C;

S 'H NMR (600 MHz, CDCl;) 8 7.3 — 7.3 (m, 2H), 7.3 — 7.2 (m, 3H), 7.2 —

7.2 (m, 2H), 7.1 — 7.0 (m, 4H), 7.0 — 7.0 (m, 1H), 6.7 (t, J = 8.1 Hz, 1H),

4.6 (d,J=12.6 Hz, 1H), 4.6 — 4.5 (m, 2H), 4.4 (d, /= 12.5 Hz, 1H), 4.2 —

4.1 (m, 2H), 3.5 (s, 3H), 2.3 (s, 3H); 13C NMR (150 MHz, CDCl3) 8 169.1, 148.0, 143.7, 143.6,

136.7, 136.4, 135.1, 133.3, 129.6, 129.5(2C), 128.3(4) (2C), 128.2(8) (2C), 127.8, 127.5(2C),

126.8, 125.4(3), 125.4(2), 65.1, 63.9, 52.2, 49.0, 21.6; HRMS (ESI-TOF, m/z): calcd for
C,6HsNNaOsS, [M+Na]*: 518.1072, found: 518.1066.
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3y: Following the general procedure A, compound 3y was obtained as a white
soild in 90% yield (88.4 mg); purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 4/1); m.p.: 132-133 °C ; 'TH NMR (400 MHz,
CDCl;) 6 8.63 — 8.57 (m, 1H), 7.72 — 7.60 (m, 2H), 7.44 — 6.88 (m, 11H),
4.76 (d, J=12.4 Hz, 1H), 4.63 (d, J = 12.6 Hz, 1H), 4.53 (dd, J=14.7, 7.7
Hz, 1H), 4.43 (d, J = 12.4 Hz, 1H), 4.29 — 4.18 (m, 2H), 3.49 (s, 3H), 2.34 (s,

3H). 3C NMR (150 MHz, CDCl;) & 169.0, 156.8, 149.3, 147.7, 143.6, 139.9, 136.8, 136.6, 136.0,

133.3,131.7, 129.5, 129

4(20), 128.2(9)(2C), 128.2(7)(2C), 127.5(2C), 122.8, 121.3, 65.0, 62.8, 52.2,

48.6,21.6. HRMS (ESI-TOF, m/z): calcd for Cy7H,6N,NaOsS [M+Na]*: 513.1460, found: 513.1451.

CO,Me

NV Nl
NTs

5a: Following the general procedure A, compound 5a was obtained as a
white soild in 83% vyield (94.1 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 138-140 °C;
'H NMR (600 MHz, CDCl3) 8 7.54 — 7.47 (m, 2H), 7.42 — 7.32 (m, 3H),
7.32—-7.26 (m, 1H), 7.25—-7.21 (m, 2H), 7.18 — 7.13 (m, 2H), 7.10 — 7.04
(m, 4H), 6.49 (t, J= 8.2 Hz, 1H), 4.81 (d, J = 15.0 Hz, 1H), 4.59 (d, J =

14.0 Hz, 1H), 4.44 (dd, J = 14.7, 7.5 Hz, 1H), 4.23 (dd, J = 14.7, 8.9 Hz, 1H), 4.14 (d, J = 14.9
Hz, 1H), 3.96 (d, J= 13.9 Hz, 1H), 3.54 (s, 3H), 2.36 (s, 3H), 2.08 (s, 3H). 13C NMR (150 MHz,
CDCl;) & 168.1, 145.8, 143.8, 140.8, 139.9, 136.1, 1359, 132.7, 129.6, 129.5, 129.4(2C),
128.9(2)(2C), 128.9(1), 128.4(2C), 128.2(2C), 127.6(2C), 127.5(2C), 52.5, 48.6, 45.8, 44.7, 39.4,
21.6. HRMS (ESI-TOF, m/z): calcd for C,9H39N,NaO¢S, [M+Na]*: 589.1443, found: 589.1439.

CO,Me

5b: Following the general procedure A, compound 5b was obtained as

N Ph a white soild in 75% yield (87.1 mg); purified by silica gel column
MsN

NTs

Me

chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 155-157
°C; 'TH NMR (600 MHz, CDCl;) § 7.40 — 7.36 (m, 2H), 7.31 — 7.25 (m,
1H), 7.25 - 7.09 (m, 6H), 7.09 — 7.03 (m, 4H), 6.45 (t, J= 8.2 Hz, 1H),
4.79 (d,J=14.9 Hz, 1H), 4.58 (d, /= 14.0 Hz, 1H), 4.44 (dd, J = 14.7,
7.5 Hz, 1H), 4.22 (dd, J=14.7, 8.9 Hz, 1H), 4.12 (d, /= 14.9 Hz, 1H),

3.94 (d,J=14.0 Hz, 1H), 3.54 (s, 3H), 2.36 (d, /= 6.1 Hz, 6H), 2.10 (s, 3H). '3C NMR (150 MHz,

CDCl;) & 168.1, 145.

8, 143.7, 140.7, 138.9, 136.9, 136.2, 135.9, 132.7, 129.6(2C), 129.5,

129.4(2C), 128.8, 128.4(2C), 128.2(2C), 127.5(2C), 127.4(2C), 52.4, 48.7, 45.8, 44.6, 39.5, 21.6,
21.3. HRMS (ESI-TOF, m/z): calcd for C5yH3,N,NaOgS, [M+Na]™: 603.1599, found: 603.1597.
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CO,Me 5c: Following the general procedure A, compound Sc¢ was obtained as a

white soild in 78% yield (93.6 mg); purified by silica gel column

NTs chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 169-171
= °C; TH NMR (600 MHz, CDCl3) 8 7.46 — 7.41 (m, 2H), 7.37 — 7.32 (m,
2H), 7.32—7.25 (m, 1H), 7.23 —7.19 (m, 2H), 7.18 — 7.13 (m, 2H), 7.08

—7.03 (m, 4H), 6.45 (t, J= 8.2 Hz, 1H), 4.72 (d, J= 14.8 Hz, 1H), 4.61

(d,J=14.2 Hz, 1H), 4.44 (dd, J = 14.6, 7.7 Hz, 1H), 4.22 (dd, J = 14.6,
8.7 Hz, 1H), 4.14 (d, J = 14.9 Hz, 1H), 3.93 (d, J = 14.1 Hz, 1H), 3.52 (s, 3H), 2.36 (s, 3H), 2.26
(s, 3H). BC NMR (150 MHz, CDCl3) & 168.1, 145.8, 143.9, 139.9, 138.2, 136.1, 135.7, 134.8(2),
134.8(0), 132.4, 129.8, 129.6, 129.4(2C), 129.0(2C), 128.8(2C), 128.4(2C), 128.2(2C), 127.5,
52.4,48.4,46.0,44.6,39.6,21.6. HRMS (ESI-TOF, m/z): calcd for C5oH,0CIN,NaOgS, [M+Na]':
623.1053, found: 603.1033.

CO-Me 5d: Following the general procedure A, compound 5d was obtained as a
2

/—g/ph white soild in 62% yield (72.0 mg); purified by silica gel column
MsN
S chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 162-163 °C;

~ e TH NMR (600 MHz, CDCl3) § 7.33 — 7.21 (m, 6H), 7.18 — 7.13 (m, 3H),

7.10 — 7.04 (m, 4H), 6.48 (t, J = 8.1 Hz, 1H), 4.80 (d, J = 15.0 Hz, 1H),

4.59 (d, J = 14.0 Hz, 1H), 4.44 (dd, J = 14.7, 7.4 Hz, 1H), 4.22 (dd, J =

Me 14.7, 8.9 Hz, 1H), 4.11 (d, J = 15.0 Hz, 1H), 3.95 (d, J = 14.0 Hz, 1H),

3.55 (s, 3H), 2.38 (s, 3H), 2.36 (s, 3H), 2.08 (s, 3H). 3C NMR (100 MHz, CDCl3) & 168.1, 145.8,
143.7, 140.9, 139.9, 138.7, 136.2, 136.0, 132.8, 129.6, 129.5, 129.4, 129.4(2C), 128.8, 128.4(2C),
128.2, 128.2(2C), 127.6(2C), 124.6, 52.5, 48.7, 45.7, 44.7, 39.5, 21.6, 21.6. HRMS (ESI-TOF,

m/z): calcd for C3o0H3,N,NaOgS, [M+Na]*: 603.1599, found: 603.1590.

CO,Me 5e: Following the general procedure A, compound Se was obtained as a

NV Nl

NTs
= TH NMR (600 MHz, CDCl;) 8 7.59 — 7.56 (m, 1H), 7.49 — 7.45 (m, 1H),

7.45 —7.40 (m, 1H), 7.33 —7.21 (m, 4H), 7.20 — 7.15 (m, 2H), 7.11 — 7.04

(m, 4H), 6.42 (t, J= 8.1 Hz, 1H), 4.67 (d, J = 14.8 Hz, 1H), 4.61 (d, J =

Br 14.2 Hz, 1H), 4.47 (dd, J = 14.5, 7.7 Hz, 1H), 4.23 (dd, J = 14.5, 8.7 Hz,

1H), 4.15 (d, J = 14.8 Hz, 1H), 3.87 (d, J = 14.2 Hz, 1H), 3.52 (s, 3H), 2.38 (s, 3H), 2.29 (s, 3H).

13C NMR (150 MHz, CDCl;) & 168.2, 145.7, 144.0, 142.0, 139.9, 136.3, 135.8, 132.3, 131.8,

130.5, 130.3, 130.1, 129.6, 129.5(2C), 128.5(2C), 128.2(2C), 127.5(2C), 126.0, 122.9, 52.5, 48.3,

46.1,44.7,39.6,21.6. HRMS (ESI-TOF, m/z): calcd for C,9H9BrN,;NaOgS, [M+Na]*: 667.0548,
found: 667.0557.

white soild in 76% yield (97.9 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 182-184 °C;
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CO,Me 5f: Following the general procedure A, compound 5f was obtained as a
N Ph white soild in 48% yield (55.8 mg); purified by silica gel column
NTs chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 171-172 °C;
S 'H NMR (600 MHz, CDCl3) 4 7.31 — 7.20 (m, 5H), 7.19 — 7.11 (m, 4H),
7.11 — 7.08 (m, 2H), 7.07 — 7.03 (m, 2H), 6.32 (dd, J = 8.9, 7.2 Hz, 1H),
4.68 (d,J=14.1 Hz, 1H), 4.59 (d,J=14.9 Hz, 1H), 4.42 (dd,J=14.9,7.2
Hz, 1H), 4.22 (dd, J = 14.8, 9.0 Hz, 1H), 4.13 — 4.05 (m, 2H), 3.57 (s, 3H), 2.38 (s, 3H), 2.36 (s,
3H), 2.08 (s, 3H). 13C NMR (150 MHz, CDCl;) 6 168.2, 146.0, 143.7, 141.5, 140.1, 136.1, 136.0,
135.4, 132.9, 131.7, 130.9, 129.9, 129.6, 129.4(2C), 128.6, 128.4(2C), 128.2(2C), 127.6(2C),
126.1,52.5,48.4,45.7,45.4,40.0, 21.6, 20.1. HRMS (ESI-TOF, m/z): calcd for C3oH3,N,NaOgS,
[M+Na]*: 603.1599, found: 603.1581.

CO,Me 5g: Following the general procedure A, compound 5g was obtained as a

MsN /—g/ Ph white soild in 52% yield (62.5 mg); purified by silica gel column

NTs chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 181-183 °C;

RS TH NMR (600 MHz, CDCl3) 8 7.44 — 7.37 (m, 1H), 7.35 — 7.20 (m, 6H),

7.20 —7.14 (m, 2H), 7.11 — 7.04 (m, 4H), 6.37 — 6.31 (m, 1H), 4.76 (d, J =

14.9 Hz, 1H), 4.72 (dd, J = 14.4, 1.1 Hz, 1H), 4.44 (dd, J = 14.8, 7.3 Hz,

1H), 4.22 (dd, J=14.7,9.0 Hz, 1H), 4.14 — 4.04 (m, 2H), 3.54 (s, 3H), 2.36 (s, 3H), 2.31 (s, 3H).

I3C NMR (150 MHz, CDCl5) 8 168.4, 146.3, 143.8, 140.0, 139.0, 136.2, 135.9, 132.5(6), 132.5(3),

132.4(7) 131.6, 129.9, 129.8, 129.6, 129.4(2C), 128.4(2C), 128.2(2C), 127.5(2C), 127.1, 52.5,

48.2, 45.8, 44.8, 40.2, 21.6. HRMS (ESI-TOF, m/z): calcd for C,9H,9CIN,NaOgS, [M+Na]:
623.1053, found: 623.1030.

Cl

CO,Me 5h: Following the general procedure A, compound Sh was obtained as a

N Ph Wwhite soild in 79% yield (97.5 mg); purified by silica gel column
MsN

chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 184-185 °C;

~ e 'H NMR (400 MHz, CDCl3) § 8.02 — 7.94 (m, 1H), 7.93 — 7.79 (m, 3H),

O 7.65 — 7.57 (m, 1H), 7.56 — 7.45 (m, 2H), 7.33 — 7.23 (m, 3H), 7.20 —
7.14 (m, 2H), 7.13 — 7.04 (m, 4H), 6.62 (t, J= 8.1 Hz, 1H), 4.91 (d, J =

' 14.9 Hz, 1H), 4.62 (d, J = 14.1 Hz, 1H), 4.50 (dd, J = 14.7, 7.6 Hz, 1H),

434 —4.21 (m, 2H), 4.02 (d, J = 14.1 Hz, 1H), 3.53 (s, 3H), 2.37 (s, 3H), 2.06 (s, 3H). 3C NMR
(100 MHz, CDCl3) & 168.1, 145.7, 143.8, 140.9, 137.1, 136.2, 135.9, 133.3(1), 133.2(9), 132.7,
129.6, 129.5(2C), 128.6, 128.4(6), 128.4(6)(2C), 128.3(2C), 127.8, 127.6(2C), 126.8(3), 126.8(0),
126.7(6), 125.0, 52.5, 48.7, 45.9, 44.6, 39.6, 21.6. HRMS (ESI-TOF, m/z): caled for
C33H3N,NaOgS, [M+Na]*: 639.1599, found: 639.1594.
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CO,Me 5i: Following the general procedure A, compound 5i was obtained as a

white soild in 82% yield (94.0 mg); purified by silica gel column

NTs chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 147-148 °C;

S 'H NMR (600 MHz, CDCl3) 8 7.37 — 7.34 (m, 1H), 7.31 — 7.23 (m, 4H),

7.19 —7.14 (m, 2H), 7.13 — 7.06 (m, 4H), 7.05 — 7.00 (m, 1H), 6.57 (t, J =

8.2 Hz, 1H), 4.72 (d, J = 14.9 Hz, 1H), 4.57 — 4.47 (m, 2H), 4.24 — 4.13

(m, 2H), 3.87 (d, J = 14.2 Hz, 1H), 3.50 (s, 3H), 2.45 (s, 3H), 2.36 (s, 3H). 3C NMR (150 MHz,

CDCl;) 6 168.2, 145.8, 143.8, 143.0, 136.2, 135.9, 134.5, 132.2, 129.6, 129.5(2C), 128.4(2C),

128.2(20C), 128.0, 127.5(2C), 127.2, 126.3, 126.2, 52.4, 48.7, 46.0, 44.6, 39.2, 21.6. HRMS (ESI-
TOF, m/z): calcd for C,7H,3N,NaOgS; [M+Na]*: 595.1007, found: 595.0983.

CO,Me 5j: Following the general procedure A, compound 5j was obtained
MSNW as a white soild in 78% yield (90.6 mg); purified by silica gel
j\_/NTs Me column chromatography (petroleum ether/ethyl acetate = 2/1);

Ph m.p.: 158-159 °C; '"H NMR (400 MHz, CDCl;) 8 7.55 — 7.48 (m,
2H), 7.43 — 7.31 (m, 3H), 7.25 — 7.19 (m, 2H), 7.12 — 7.02 (m, 4H), 6.98 — 6.92 (m, 1H), 6.72 —
6.67 (m, 1H), 6.52 (t, J= 8.2 Hz, 1H), 4.83 (d, /= 14.9 Hz, 1H), 4.59 (d, J = 14.0 Hz, 1H), 4.45
(dd, /= 14.8, 7.4 Hz, 1H), 4.21 (dd, J= 14.8, 8.9 Hz, 1H), 4.12 (d, J= 14.9 Hz, 1H), 4.00 (d, J =
14.0 Hz, 1H), 3.56 (s, 3H), 2.37 (s, 3H), 2.11 (s, 3H), 2.07 (s, 3H). 3C NMR (150 MHz, CDCl5)
& 168.1, 146.1, 143.6, 140.7, 140.0, 138.0, 136.0, 135.7, 132.4, 130.4, 129.8, 129.3(2C),
128.9(2)(2C), 128.9(0), 128.5, 128.4, 127.6(2C), 127.5(2C), 125.9, 52.4, 48.8, 45.8, 44.6, 39.5,

21.5, 21.2. HRMS (ESI-TOF, m/z): calcd for C;0H3;,N;NaO¢S, [M+Na]*: 603.1599, found:
603,1589.

CO,Me Sk: Following the general procedure A, compound Sk was

MsN \ OMe obtained as a white soild in 82% yield (97.9 mg); purified by
silica gel column chromatography (petroleum ether/ethyl acetate

Phj\¥/NTS =2/1); m.p.: 160-161 °C; '"H NMR (400 MHz, CDCl;) 8 7.51 —

7.45 (m, 2H), 7.42 — 7.32 (m, 3H), 7.31 — 7.27 (m, 2H), 7.13 — 7.06 (m, 2H), 7.04 — 6.95 (m, 2H),
6.70 — 6.60 (m, 2H), 6.52 — 6.42 (m, 1H), 4.78 (d, /= 14.9 Hz, 1H), 4.61 —4.53 (m, 1H), 4.45 (dd,
J=14.7,7.5 Hz, 1H), 4.26 — 4.10 (m, 2H), 3.92 (d, J = 14.1 Hz, 1H), 3.79 (s, 3H), 3.57 (s, 3H),
2.38 (s, 3H), 2.08 (s, 3H). 13C NMR (100 MHz, CDCl;) 6 168.4, 160.7, 145.7, 143.7, 140.8, 140.0,
136.2, 131.0, 129.7(2C), 129.6, 129.4(2C), 128.9(1)(2C), 128.8(8), 128.5, 127.6(1)(2C),
127.5(9)(2C), 113.8(2C), 55.4, 52.4, 48.6, 45.9, 44.7, 39.5, 21.6. HRMS (ESI-TOF, m/z): calcd
for C3pH3,N,NaO-S, [M+Na]*: 619.1549, found: 619.1540.
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CO,Me 51: Following the general procedure A, compound 51 was obtained as a
MsN N\ / \\ white soild in 72% yield (80.2 mg); purified by silica gel column

S NTs O chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 142-143

Ph °C; 'TH NMR (600 MHz, CDCl3) 4 7.61 — 7.56 (m, 2H), 7.44 — 7.31 (m,
5H), 7.28 — 7.24 (m, 2H), 7.20 — 7.17 (m, 1H), 6.39 — 6.34 (m, 1H), 6.30 — 6.27 (m, 1H), 6.22 —
6.19 (m, 1H), 4.75 (d, J=15.0 Hz, 1H), 4.45 — 4.37 (m, 2H), 4.04 (d, J = 15.1 Hz, 1H), 3.99 (dd,
J=15.1,8.7 Hz, 1H), 3.91 (d, J= 14.1 Hz, 1H), 3.77 (s, 3H), 2.44 (s, 3H), 2.04 (s, 3H). 3C NMR
(150 MHz, CDCl;) & 167.6, 148.5, 144.1, 144.0, 141.2, 140.2, 136.3, 133.5, 130.2, 129.8(2C),
129.6, 128.9(2C), 128.8, 127.7(2C), 127.6(2C), 113.0, 111.7, 52.7, 47.5, 45.1, 44.7, 40.0, 21.7.

HRMS (ESI-TOF, m/z): calcd for C,7HsN,NaO;S, [M+Na]*: 579.1236, found: 579.1226.
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Scale-up experiment

Pd,dbas (5 mol%)

NTs Q Ph
)\\ Sphos (11 mol%) 0 N
Ph + 0 >

>

0
NTs
CO,Et \7’\¢ DCE, rt, 6 h p

1a

(1.07 g, 3 mmol) (1.37 g, 91%yield)

Under a nitrogen atmosphere, Pd,(dba);-(137.1 mg, 0.15 mmol) and Sphos (137.6 mg, 0.33 mmol)
were dissolved in 1, 2-dichloroethane (30.0 mL), and stirred at room temperature for approximately
30 min. Then, 1-azadienes 1a (1.07 g, 3 mmol) and vinylethylene carbonates 2a (855.1 mg, 4.5
mmol) was added sequentially. The reaction mixture was allowed to stir at 25 °C for 6 h. After
concentrated, the residue was purified by silica gel chromatography (petroleum ether/ethyl acetate

=4:1, v/v) to provide the desired product 3a (1.37 g, 91% yield).

Control experiment and synthetic transformation of 3a and Sa

1.
CO,Et
NTs o) Pd,dbas (5 mol%) 2Ph Ph
)\\O Sphos (11 mol%) X TsN Ph
Ph * 0 > NTs * EtO,C
CO,Et = DCE, 110°C, 4 h —
PH O
PH
1a 2a 3a 3a’
90% yield ND

Under a nitrogen atmosphere, Pd,(dba); (9.2 mg, 0.01 mmol) and Sphos (9.1 mg, 0.022 mmol)
were dissolved in 1, 2-dichloroethane (2.0 mL), and stirred at room temperature for approximately
30 min. Then, 1-azadienes 1 (71.5 mg, 0.2 mmol) and vinylethylene carbonates 2 (57.1 mg, 0.3
mmol) were added sequentially. The reaction mixture was allowed to stir at 110 °C for 4 h and then
directly purified by silica gel chromatography (petroleum ether/ethyl acetate = 4:1, v/v) to provide
the only product 3a obtained with high yield (90%), without any [3+2] product 3a’.
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CO,R

N

Ph o 4
TN toluene, 110°C,12 h Ph Ts
NTs >  RO,C Ph

= X
PH i
6a (X = O, R = Et: 80% yield)
3aor 5a 6b (X = NMs, R = Me: 83% yield)

Under nitrogen atmosphere, compound 3a or Sa (0.1 mmol) was added into a flame-dried Schlenk
tube equipped with a magnetic stirring bar. Anhydrous toluene (1.0 mL) was added via syringe to the
reaction tube. The reaction mixture was stirred at 110 °C for 12 hours and then directly purified by

silica gel chromatography (petroleum ether/ethyl acetate = 4:1, v/v) to provide the [4.3.0] bicyclic
product 6a or 6b.

N 6a: Following the control experiment procedure 2, compound 6a was obtained

Ph—’ Ts as a white soild in 80% yield (40.3 mg); purified by silica gel column
EtO,C Ph chromatography (petroleum ether/ethyl acetate = 4/1); m.p.: 101-103 °C ; 'TH
O NMR (400 MHz, CDCl;) 8 7.48 — 7.28 (m, 7H), 7.25 — 6.95 (m, 7H), 4.90 (d,

J=10.5 Hz, 1H), 4.83 —4.72 (m, 2H), 4.50 (dd, J = 20.7, 12.2 Hz, 1H), 4.34 — 4.27 (m, 2H), 3.98 (d,
J=9.5 Hz, 1H), 3.91 — 3.80 (m, 1H), 3.79 — 3.68 (m, 1H), 2.37 (s, 3H), 0.92 (t, /= 7.1 Hz, 3H). BC
NMR (100 MHz, CDCl;) 6 168.7, 163.9, 144.6, 137.9, 137.3, 136.1, 129.8, 129.7(2C), 128.5(2C),
128.4(2C), 128.0(2C), 127.6, 127.5(6) (2C), 127.0(2C), 72.0, 70.6, 63.8, 62.1, 60.0, 52.4, 46.5, 21.7,

13.5. HRMS (ESI-TOF, m/z): calcd for Co9gH,0NNaOsS [M+Na]*: 526.1664, found: 526.1658.

N 6b: Following the control experiment procedure 2, compound 6b was obtained

Ph—( Ts as a white soild in 83% yield (46.5 mg); purified by silica gel column

MeO2C Ph chromatography (petroleum ether/ethyl acetate = 2/1); m.p.: 146-147 °C ; 'H
N

Ms NMR (600 MHz, CDCl3) 8 7.52 — 7.31 (m, 7H), 7.28 — 6.68 (m, 7H), 4.92 (dd,
J=120.0, 6.5 Hz, 1H), 4.82 (dd, J = 10.0, 6.5 Hz, 1H), 4.68 (dd, J = 20.0, 10.1 Hz, 1H), 4.58 (d, J =
11.6 Hz, 1H), 3.77 (d, J=11.6 Hz, 1H), 3.71 (s, 2H), 3.55 (s, 3H), 2.67 (s, 3H), 2.38 (s, 3H); 13C NMR
(150 MHz, CDCl3) 6 168.49, 162.49, 144.52, 137.17, 137.02, 134.65, 130.31, 129.60(2C), 128.83(2C),
128.30(2C), 128.03, 126.95(2C), 126.81(2C), 61.77, 59.46, 53.09, 51.17, 50.59, 49.67, 46.72, 37.17,
21.55. HRMS (ESI-TOF, m/z): calcd for C9H3oN,NaOgS, [M+Na]*: 589.1437, found: 589.1439.
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3. The absolute configuration determination of 3¢

Fig S1. X-ray structure of 3c.

Crystal data and structure refinement for CCDC 2235404

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 27.679°

20220906zm01 Om

C30H31NO6 S

533.62

293(2)K

0.71073 A

monoclinic

P121/m

a=14.656(5) A o =90°.
b=9.799(4) A 1B =99.933(14).
c=19.177(7) A Ty =90°.
2713.1(18) A3

4

1.306 Mg/m3

0.164 mm-!

1128.0

0.540 x 0.480 x 0.360 mm?3

2.341 to 27.679°.

-19<=h<=18, -12<=k<=12, -24<=|<=24
37759

6247 [R(int) = 0.0905]

98.6 %
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Absorption correction multi-scan

Max. and min. transmission 0.7456 and 0.6093

Refinement method Full-matrix least-squares on F 2
Data / restraints / parameters 6247 /56 /366
Goodness-of-fit on F2 0.968

Final R indices [I>2sigma(I)] R1=0.0500, wR2 =0.1362

R indices (all data) R1=0.0943, wR2 = 0.1665
Extinction coefficient 0.020(3)

Largest diff. peak and hole 0.222 and -0.294 ¢.A-3
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4. 'H and '*C NMR spectra
'H NMR of 4b in CDCl; (600 MHz)
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"H NMR of 4e in CDCI; (400 MHz)
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"H NMR of 4f in CDCI; (400 MHz)
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"H NMR of 4g in CDCl; (400 MHz)
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"H NMR of 4h in CDCl; (400 MHz)
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"H NMR of 4i in CDCl; (600 MHz)
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"H NMR of 3a in CDCl; (400 MHz)
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"H NMR of 3b in CDCl; (600 MHz)
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"H NMR of 3¢ in CDCl; (400 MHz)
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"H NMR of 3d in CDCl; (400 MHz)
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"H NMR of 3e in CDCI; (600 MHz)
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"H NMR of 3f in CDCI; (600 MHz)
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"H NMR of 3g in CDCl; (600 MHz)
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"H NMR of 3h in CDCl; (400 MHz)
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"H NMR of 3i in CDCl; (400 MHz)
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"H NMR of 3j in CDCI; (600 MHz)
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"H NMR of 3k in CDCl; (600 MHz)
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"H NMR of 31 in CDCl; (400 MHz)
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"H NMR of 3m in CDCl; (600 MHz)
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"H NMR of 3n in CDCl; (600MHz)
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"H NMR of 30 in CDCl; (600 MHz)

95€'Z
905°€
S6L'Y ] e
oLy [
0zzy
veTy
65TV 3
08zt
80v'y Le
8Zv'y [ L

[4%-34
vzs'y S
LESY 09T —
6vSy
(-4 4 =]
99y o
199t r
689'9 =3
z0L'9
FIVA) =
150°L £50°6Y — — L3
§90°L 222G — -
180°L
€80°L ﬁ

-0.5

0.0

0.5

1.0

1.5

2.0
qQ

"L .
ooty 00t [ prevey
160°2 Feai 6.6'V9
09L°L
€91L°L
€LLVL I
€81L°L
98L°L
6€Z°L
eve'L
9vZTL
GSZT°L

3.0

&
=)
o
35

40
f1(ppm)

ST69CT
8.Z°L [X:1x4%
1822 e - 6T ZZ1
882'L Jco._. 1287221
1622 L 285721 )F

9.2°L

182°L H\ao._‘
09Z°L am =21 100}

4.5

5.0

€0€°L €€€°8T1
el 628'821 v.
$se L 9€6°8Z )
15€°2 Lzv'6zL %
vag'L oLgezL
99¢°L Loz'eel ¥
69¢°L | SLE9EL 1
SEvL 0SL°9€L )
LEV'L 25T°6EL
vy L | €LE°0VL
1SV°2 SLL OV
09%°L § £66°0V1 |
9.5°L 6£9°EYL ~
615°L

985°L
065°L
£6G° 2 ~
96572
665°L o
1092 Mo
£09°2 \

609°Z |
€19°2 ] (@] L
S19°2 ]
129°2
5292 ]
829'L
€92 | <

6€9°L o 0

NTs

211691

NTs

CO,Me
N (Ph

COzMe
4
e ~§\( Ph

8.5

BC NMR of 30 in CDCl; (150 MHz)

44



"H NMR of 3p in CDCl; (600 MHz)
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F NMR of 3p in CDCI; (376 MHz)
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"H NMR of 3r in CDCI; (600 MHz)
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"H NMR of 3s in CDCl; (400 MHz)
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"H NMR of 3t in CDCI; (600 MHz)
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"H NMR of 3u in CDCl; (600 MHz)
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"H NMR of 3v in CDCl; (400 MHz)
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"H NMR of 3w in CDCI; (600 MHz)

€5€C
00S°€
€E€TY
i:1744
852V
€L2V
S6Zv
Ll a4
18v'v
9SSV
695V
185y
€65V
929y
LYoy
099V
189°%
69L°9
€8L'9
1619
SS0°L
890°L
960°L

|

Fo0'e

660°L
oLL'L
432
51
89L'L
08z
€61°L
85z'2q
01Z'L

182°L
£82°L
s8z'L
S62°L
90€°L
80€°L
[
ssvL
vov's
8ov'.
vivs
o0syz
veyL
z6v°L
s6vL
1592
099°2

o

OzMe

N
v

NTs

eeecee
v e+

00}

f1(ppm)

T o0

— 700 ¢

5 Bese

7AW A
v29°2~
5082~
0182
vi8L
0z8'L]
sz8°2 ]
£€8°L ]
6€8°L |
vve'L ]

8veL
558°L |
z£0°8 |
s£0'g 7

a

\\\( Ph

~

) 00z

0L
e

00°L

13C NMR of 3w in CDCl; (100 MHz)

veo'Le —

L£2°2G —

250°S9

70

80

9D

Zvevel

108°'S2l 1

100
f1(ppm)

TVE9C1
VASATAS

n1Q

657221

599°2Z1
8¥1°821

20

vve 821

205821

0

052621

£61°62ZL 7

GZG'6Z1

ZLLeel -

EITEET

copcey

gcggey

zz8'9¢)

L Ph
NTs

81G°/EL

8LL/0¥L
€99 ¢yl

CcO,Me

165°LyL -
y0Z'691L —

L
~ |

—
—~

—
—/

{

210 200 190 110 170 |160 || 15 140 | 1

53



CO,Me

"H NMR of 3x in CDCl; (600 MHz)
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"H NMR of 3y in CDCl; (600 MHz)
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'H NMR of 5a in CDCl; (600 MHz)
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'H NMR of 5b in CDCl; (600 MHz)
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'H NMR of 5¢ in CDCl; (600 MHz)
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'H NMR of 5d in CDCl; (600 MHz)

£€80°C —
voee
sl€C V

8YS'E~_

Lwe'e
S96°¢ /

0oLy
FIAAAN

i

1

700°E
(X3
0'€

1.0 05 0.0 -05 -1.0 -1

1.5

3.0 25 20

.5

=00°¢
0L

H\co._‘

4.0

oozv I

7001
00"}

L1494
vezy - f
6czy I
zzry ]
vev'y
Eloady
65Y°v |

=00°L
£00°L

5.0 45
f1(ppm

.5

9ISV
665V |
¥8Lv
608"
29v°'9
18%°'9
ver'9
050°2
¥90°L

2L0L

001
i

6.0

7.0 6.5

S80°Z

00°¢

89-9

pX4 A

ZrLL]
vsiL]
€912 ]
29172
z81L ]
szz's ]
6£2°L ]
vsz'L
€9z'L |
1922
18z L |
vez'L

Me

T T T T
9.0 7.

8.0

8.5

).5 10.0 9.5

13C NMR of 5d in CDCl; (100 MHz)

8991z

8L9°LT

261°65 —
LYY\
yyLrSY —

18987 —

0Sv°'2s —

[A2:A4AA)

65S°.21
[Z44:14]
Lev'szi
008°8Z1
ovyezL
Les 6Tl

8E96CH

£v6'6€L
956:041 4

w2evl ]

06L°S¥L

¥80°891 —

59



'H NMR of Se in CDCl; (600 MHz)
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'H NMR of 5g in CDCl; (600 MHz)

Lez
y9£'Z
Les'e
svs'e
SL0%
060t
00y
14324
861y
£1zy
zzzy
18TV
very
9y
svry
Lor'y
0Ly
soLy
L'y
6zLy
zsLy
Ly
9z¢'9
8e€9
Lre'e
£5€°9
zs0°L
$90°L
£80°2
$80°L
160°L
660°L
8siL
0912
LIV
18172
veLL
nee
ozz'L
LeTL
Wwe'L
svz'L |
6vZ'L
1522 1
1922 1
€922
1922 4
€122
SLT LA
8LZ°L
L8Z"2

A00°€

€822

9822
0622 |
s6z'L
262°L |
20e°L
90€°L |
80¢°L |
oe's ]
z8e’L
96€°L
66€°L
60v°L
Ly

CO,Me
NTs

Cl

9zv'L

“ooe

v00°C
=00°L

1+00°)

0L
0L

0L

f1(ppm)

13C NMR of 5g in CDCl; (150 MHz)

S09°'LC —

0LL'OY ~

T08 PP ~_

9v8'SY —

9G1 81

29vr'es —

Il

62

LZL7Z1

9€6°LZ1
961821

110

8EY'8Z1

sp621

120

109621

028621
068'62Z1 7

13

SEOIET

Zly2eL

140

0EGCEL

195 Nn_‘;
298°'S€L
0L1°9€1

150

220°6€L

9loovi

16d

[44: %43
viT oL
vSE'891L —

" J \-Wmhm

170

C2Me
NTs

180

§T,/ Ph

n
|

190

o
RSN
T —

MsN

AN —l




'H NMR of 5h in CDCl; (400 MHz)
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"H NMR of 5i in CDCl; (600 MHz)
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"H NMR of 5j in CDCI; (400 MHz)
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'H NMR of 5k in CDCl; (400 MHz)
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'H NMR of 51 in CDCl; (600 MHz)
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"H NMR of 6a in CDCl; (400 MHz)

€060 ]
126701
8€6°0 |
TLET
soL'e
€zLe
zeL'e
wie
0SL°€
8GL°¢E
89L°¢
s8L'e
€08°¢

T
-0.5

T
0.0

+28°¢
0€8°¢
6€8°E
8v8'¢
158°¢
998°¢
88’
S96'€
686°C
06Z°¥

sezy
siey

15v'7 |
18ty
805V |
6E5'Y |
Wy

8SLY
SLL'Y
06L'¥
€6LY
S08'v
608°%
688
SL6'V
S20°L

=00°¢

f1(ppm)

Y0z
0202

160°L

oLL'L

8z1'L
oL
S61°2 1
y1Z'L
882L
v62L |
8622
oLeL
912
v2eL
62€L
BEE"/ |

—Ts
—Ph
H
\

by g S

28388383823
TANT-NT -

Foo2

ZveL ]
8ve’L ]
sse°L
osg2
vieL
98¢°L |
06¢°L |
covL ]
80v°L |
vivL]
ozv°L ]

vev'L %
Lzl ]
Sev'L

Ph
EtO,C

H00°L

BC NMR of 6a in CDCl; (100 MHz)

067°€L —

669 Lz —

Z6%° 9 —

L1y'es —

886765 ~\_

wIUCY

508'€9 "
619°0L~
866°LL

™

S€0°LZ1

8SSITT
S65°L21

€66°22H
S6£°821
£€6°821

889621
6z8'621 s

uW%WMMMW

160°9€1L ~_
oLeLEL N

$68°L81

S6S VL

Wi

Ph

188°€9t

oL '89L —

d

IN1

h_
)Ne

I
N

f
t

68



"H NMR of 6b in CDCl; (600 MHz)
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