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1. Experimental section

1.1 Materials and instrumentation

All manipulations were carried out in glass reaction tubes equipped with magnetic
stir bars under argon atmosphere. Unless otherwise mentioned, solvents and
reagents were purchased from commercial sources and used as received. Analytical
thin-layer chromatography was performed using glass plates pre-coated with 0.25
mm 230-400 mesh silica gel impregnated with a fluorescent indicator (254 nm). Thin
layer chromatography plates were visualized by exposure to ultraviolet light. Melting
points were recorded by XT4A micro Melting point Measurement Instruments,
thermometer was unrevised. The transformation progress and Mass spectra were
indicated by LC-MSD-Trap-XCT instrument. High-resolution mass spectrometry
(HRMS) data were obtained on an Agilent Technologies 1290-6540
UHPLC/AccurateMass Quadrupole Time-of Flight (Q-TOF) LC/MS using ESI as the ion
source. X-ray analysis was performed with a single-crystal X-ray diffractometer.
Moreover, NMR spectra were obtained on Bruker AVANCE Ill 400 systems using
CDCl; or DMSO-dg as solvent, TMS as internal standard substance, with proton and
carbon resonances at 400 and 100 MHz, respectively.

1.2 Synthetic procedures

General Procedure A: Synthesis of the products of 3a-3q.

R 10 mol% Nal, 2.0 equiv. R4
5 O
CH,Cly 25 °C, 16 h R OO s
1a-1q R4 R
R3

R2
3a-3q

A dried glass reaction tube equipped with a magnetic stir bar was charged with 2-
naphthol 1 (1.0 mmol), Nal (15 mg, 0.1 mmol) and CH,Cl, (5 mL). Then DAST (0.26 mL,
2.0 mmol) was slowly injected by syringe, the mixture was stirred at room
temperature for 16 h. The reaction progress was monitored by TLC. The reaction
mixture was added with saturated NaHCO; solution and extracted with CH,Cl, (5.0
mL). The combined organic phase was washed with brine, dried over anhydrous
Na,S0,;, and concentrated, and the residue was purified by flash column
chromatography to give the pure product. The products were characterized by H
NMR, 33C NMR and HRMS.

General Procedure B: Synthesis of compounds 2a, 2c and 2d.
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R

o
OH 10 mol% Nal 2.0 equiv. g ‘
R o
CH,Cl,, 25°C, 1 h R OO

1a, 1c, 1d 2a, 2c, 2d

A dried glass reaction tube equipped with a magnetic stir bar was charged with
2-naphthol 1 (1.0 mmol), Nal (15 mg, 0.1 mmol) and CH,Cl, (5 mL). Then DAST (0.26
mL, 2.0 mmol) was slowly injected by syringe, the mixture was stirred at room
temperature for 1 h. Then the reaction mixture was added with saturated NaHCO;
solution and extracted with CH,Cl, (5.0 mL). The combined organic phase was
washed with brine, dried over anhydrous Na,S0O,, concentrated, and the residue was
purified by flash column chromatography to give the pure product. The products
were characterized by *H NMR, 3C NMR and HRMS.

General Procedure C: Synthesis of the compounds 5a-5ag.

OH 1.5 equiv. EtzN, 2.0 equiv. o
R T T+ Akene R L)
CH,Cl, 25°C, 16 h
5

1 4

O\R

A dried glass reaction tube equipped with a magnetic stir bar was charged with 2-
naphthol substrate 1 (1.0 mmol), 4 (3.0 mmol) and EtsN (1.5 mmol). Then DAST (0.26
mL, 2.0 mmol) was slowly injected by syringe, the mixture was stirred at room
temperature for 16 h. The reaction progress was monitored by TLC. After the
reaction finished, the reaction mixture was added with saturated NaHCOs; solution
and extracted with CH,Cl, (5.0 mL). The combined organic phase was washed with
brine, dried over anhydrous Na,SO,, concentrated, and the residue was purified by
flash column chromatography to give the pure product. The products were
characterized by 'H NMR, 13C NMR and HRMS.

2. Results and Discussion

2.1 Reaction Development and Optimization

Table S1. Additive screeningf@lb]

o
OH
10 mol% additive, 2.0 equiv. (0]
R - * 0
CH,Cl, 25°C, time OO

entry cat. time (h) conversion rate

yield®!
1a 2a 3a




1 - 18 20% 50% 20% 9%
2 - 48 0 5% 80% 73%
3 Cul 16 0 0 85% 76%
4 Znl, 16 0 0 87% 73%
5 K 16 0 0 78% 73%
6 Nal 16 0 0 87% 82%
7 Cucl 16 0 0 83% 61%
8 CuBr 16 0 0 78% 60%
9 CuCl, 16 0 0 79% 68%
10 CuBr, 16 0 0 74% 54%
11 NaCl 16 20% 16% 44% 10%

[a] Reaction conditions: 1a (1.0 mmol), additive (10 mol%), DAST (2.0 mmol), 5.0 mL of CH,Cl,,
25 °C. [b] Yields were determined by HPLC external standard method.

Table S2. Solvent screening(al(b]

T L
OH 10 mol% Nal, 2.0 equi O
R mol% Nal, 2.0 equiv. . fe) . 5
Solvent, 25°C, time OO
1a 2a 3a
entry solvent conversion rate
yield®!
1a 2a 3a
1 DCE 0 0 87 79
2 THF 0 36 51 41
3 1,4-dioxane 0 28 59 38
4 CH5CN 0 0 86 77

[a] Reaction conditions: 1a (1.0 mmol), Nal (10 mol%), DAST (2.0 mmol), 5.0 mL of solvent, 25 °C.
[b] Yields were determined by HPLC external standard method.



Table S3. Dosage of DAST screeningl2lb]

(@)
S0 o~ )
ROH 10 mol% Nal, x equiv. . 0O O . 5 O
CH,Cl,, 25°C, time C OO

1a 2a 3a
entry DAST conversion rate
yield[b!
(x) equiv. la 2a 3a
1 1.0 0 0 82 70
1.5 0 0 86 74
3.0 0 0 78 65

[a] Reaction conditions: 1a (1.0 mmol), Nal (10 mol%), DAST (x equiv.), 5.0 mL of CH,Cl,,
25 °C, 16 h. [b] Yields were determined by HPLC external standard method.

Table S4. Dosage of Nal screening(@)b]

o
< o~
OH y mol% Nal, 2.0 equiv. o O
| - * °
CHQClz, 25°C, time OO

1a ’n N
entry Nal conversion rate Yield!®!
(y) mol% 1a 2a 3a
1 1.0 1 28 53 42
2 5.0 0 0 72 65
3 20.0 0 0 86 79
4 40.0 0 0 80 71

[a] Reaction conditions: 1a (1.0 mmol), Nal (y mol%), DAST (2.0 mmol), 5 mL of solvent, 25
°C, 16 h. [b] Yields were determined by HPLC external standard method.



Table S5. DAST-Type reagents screeningl@lb]

(o)
OH 10 mol% Nal, 2.0 equiv. O ‘
CH,Cl,, 25°C, 16 h 0 O

1a 3a
DAST-type reagents: o—
e - ; i Y Wt
= —-S- F-S-N
AN 4 ‘ ‘
F F o Fo
a b c o—
34% 40% 51%

[a] Reaction conditions: 1a (1 mmol), Nal (10 mol%), DAST-Type reagent (2.0 mmol), 5 mL of
CH,Cl,, 25 °C, 16 h. [b] Yields were determined by HPLC external standard method.

Table S6. Base and Nal screeningl2}b]

OH Base, 2.0 equiv. /\(0\/\/
"o CH,Cly, 25 °C, 16 h ~ o
1a 4a 5a
entry Nal Base (3.0 eq.) Yield®!
1 10 mol% - 42%
2 10 mol% EtsN 75%
3 - EtsN 76%
4 - DIPEA 73%
5 -- Pyridine 45%
6 - - 15%

[a] Reaction conditions: 1a (1 mmol), 4a (3.0 eq.), Nal (x mol%), base (3.0 equiv.) DAST (2.0
mmol), 5 mL of CH,Cl,, 25 °C, 16 h. [b] Yields were determined by HPLC.

Table S7. Dosage of the olefin and Et;N screening(a)]

OH (z equiv.) EtzN, 2.0 equiv. /\/O\/\/
+ 2N > (o)
0N oo, 25°C, 16
(y equiv.)
1a 4a 5a



entry 4a (y equiv.) Et;N (z equiv.) yield(®!

1 3.0 1.0 68%
2 3.0 15 77%
3 3.0 2.0 74%
4 3.0 3.0 76%
5 1.0 1.5 69%
6 2.0 15 72%
7 5.0 1.5 65%

[a] Reaction conditions: 1a (1 mmol), 4a (y equiv.) base (z equiv.), DAST (2.0 mmol), 5 mL of
CH,Cl,, 25 °C, 16 h. [b] Yields were determined by HPLC.

2.2 Analytical date

2.2.1 Analytical Date of 3a-3q

3a

2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one’? (3a, yield 75%):
Orange solid, m.p.: 160 - 162 °C. *H NMR (400 MHz, DMSO-dg, ppm): § = 7.99 - 7.96
(m, 2H), 7.87 (d, J = 8.8 Hz, 1H), 7.74 (d, J = 10.1 Hz, 1H), 7.62 - 7.43 (m, 6H), 7.36 (d, J
= 8.1 Hz, 1H), 6.36 (d, J = 10.0 Hz, 1H). 3C NMR (100 MHz, DMSO-dg, ppm): 6 = 189.0,
154.0, 144.5, 138.3, 131.0, 130.5, 130.2, 130.0, 129.2, 128.8, 127.9, 127.8, 127.5,
126.4, 124.5, 123.8, 122.9, 114.6, 112.1, 95.1. *H NMR (400 MHz, CDCl;, ppm): 6 =
8.0 (dd, J=1.3 Hz, 7.4 Hz, 1H), 7.81 (d, / = 8.2 Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H), 7.47 -
7.30 (m, 8H), 6.27 (d, J = 10.1 Hz, 1H). 3C NMR (100 MHz, CDCl, ppm): & = 189.5,
154.3, 143.5, 139.4, 130.7, 130.6, 130.0, 129.6, 129.5, 128.8, 127.6, 127.0, 126.9,
124.3,124.2, 123.8, 115.5, 111.9, 95.6. HRMS (ESI-TOF): Calcd for CyoH130,S [M+H]*:
317.0631; Found: 317.0636.

Br

Br 3b

4,5'-dibromo-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one  (3b,
yield 77%). Orange solid, m.p.: 208 - 210 °C. 'H NMR (400 MHz, CDCls, ppm): & =
8.20 - 8.18 (m, 1H), 8.02 - 8.00 (m, 1H), 7.90 - 7.88 (m, 1H), 7.72 (s, 1H), 7.56 - 7.53
(m, 2H), 7.56 - 7.53 (m, 2H), 7.29 - 7.25 (m, 1H), 6.84 (s, 1H). 13C NMR (100 MHz,
CDCl3, ppm): 6 = 186.1, 153.4, 141.8, 137.3, 131.8, 130.4, 130.2, 129.0, 128.9, 128.8,
128.2, 127.9, 126.9, 126.6, 125.8, 124.9, 121.2, 116.1, 115.9, 95.6. HRMS (ESI-TOF):
Calcd for CyoH411Br,0,S [M+H]*: 472.8841; Found: 472.8848.
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Br0 3c

6,7'-dibromo-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one (3¢,
yield 62%): Orange solid, m.p.: 153 - 155 °C. 'H NMR (400 MHz, CDCls, ppm): 6 = 7.98
(d, J= 1.6 Hz, 1H), 7.87 (d, J= 8.3 Hz, 1H), 7.61 - 7.58 (m, 2H), 7.50 - 7.48 (m, 2H), 7.38
(d, J = 8.8 Hz, 1H), 7.31 - 7.26 (m, 1H), 7.18 (d, J = 8.8 Hz, 1H), 6.32 (d, J = 10.1 Hz, 1H).
13C NMR (100 MHz, CDCl;, ppm): 6 = 188.3, 154.5, 142.0, 137.6, 133.4, 132.2, 131.7,
131.2, 130.8, 130.4, 128.6, 127.2, 126.9, 125.9, 125.0, 124.3, 118.1, 115.9, 112.9,
95.4. HRMS (ESI-TOF): Calcd for CygH11Br,0,S [M+H]*: 472.8841; Found: 472.8841.

O
.
"3d

7,8'-dibromo-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one  (3d,
yield 60%): Orange solid, m.p.: 215 - 216 °C. 'H NMR (400 MHz, CDCl;, ppm): 6 = 8.14
(d, J = 4.8 Hz, 1H), 7.68 (dd, J = 4.8 Hz, 8.8 Hz, 2H), 7.57 (dd, J = 2.0 Hz, 8.1 Hz, 1H),
7.41 (s, 1H), 7.43 (dd, J = 1.8 Hz, 8.8 Hz, 1H), 7.39 (d, J = 8.9 Hz, 1H), 7.32 (d, J = 10.1
Hz, 1H), 7.22 (d, J = 8.1 Hz, 1H), 6.29 (d, J = 10.1 Hz, 1H). 13C NMR (100 MHz, CDCls,
ppm): 6 = 188.2, 154.9, 142.5, 140.6, 133.3, 130.8, 130.4, 130.2, 129.9, 129.1, 128.3,
127.9, 126.4, 125.3, 123.9, 121.3, 114.6, 112.3, 95.1. HRMS (ESI-TOF): Calcd for
CyoH11Br,0,S [M+H]*: 472.8841; Found: 472.8840.

0c1
CI ) 3e

6,7'-dichloro-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one (3e,
yield 69%): Orange solid, m.p.: 188 - 190 °C. 'H NMR (400 MHz, CDCls, ppm): *H NMR
(400 MHz, CDCls, ppm): & = 7.93 (d, J= 8.3 Hz, 1H), 7.78 (d, J= 1.8 Hz, 1H), 7.59 (d, J =
8.8 Hz, 1H), 7.42 - 7.23 (m, 6H), 6.31 (d, J = 10.1 Hz, 1H). 13C NMR (100 MHz, CDCl,,
ppm): 6 =188.4, 154.5, 142.1, 137.1, 136.2, 131.2, 131.0, 130.5, 130.1, 129.3, 128.4,
128.0,127.5,127.0, 126.9, 125.8, 125.0, 115.9, 112.9, 95.3. HRMS (ESI-TOF): Calcd
for C,oH1;,Cl,05S [M+H]*: 384.9851; Found: 384.9848.

5
FO "3f

7,8'-difluoro-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one. (3f,
yield 28%): Orange solid, m.p.: 163 - 165 °C. 'H NMR (400 MHz, CDCls, ppm): 6 = 7.81
(dd, J = 5.6 Hz, 8.8 Hz, 1H), 7.72 - 7.68 (m, 2H), 7.36 - 7.33 (m, 3H), 7.14 - 7.30 (m, 2H),
6.92 (dd, J = 1.7 Hz, 9.9 Hz, 1H), 6.24 (d, J = 10.1 Hz, 1H). 13C NMR (100 MHz, CDCls,
ppm): & = 188.8, 165.2, 162.6 (d, J = 18.5 Hz), 160.1, 155.0, 142.6, 141.9 (d, J = 8.1
Hz), 131.5 (dd, J = 9.5 Hz, 17.1 Hz, 1H), 129.6 (d, J = 10.1 Hz), 127.9, 127.7, 125.8 (d, J
= 3.4 Hz), 122.8 (d, J = 2.9 Hz), 117.3, 117.0, 114.8 (dd, J = 10.5 Hz, 35.97 Hz, 1H),
111.2 (d, J = 2.5 Hz), 107.9, 107.7, 95.1. HRMS (ESI-TOF): Calcd for CygH1oF;NaO,S
7



[M+Na]*: 375.0262; Found: 375.0262.

CN
R
o

CN 3g

2-ox0-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiole]-5,6'-dicarbonitrile
(3g, yield 66%): Orange solid, m.p.: 248 - 250 °C. 'H NMR (400 MHz, CDCl;, ppm): &
=8.04 (d, J = 7.8 Hz, 1H), 7.86 - 7.80 (m, 3H), 7.58 - 7.51 (m, 3H), 7.41 - 7.36 (m, 2H),
6.42 (d, J = 10.1 Hz, 1H). 3C NMR (100 MHz, CDCl;, ppm): 6 = 187.9, 157.0, 142.7,
141.9, 136.1, 135.4, 134.7, 133.2, 131.1, 131.0, 130.5, 129.6, 128.1, 125.0, 123.3,
119.5, 116.0, 114.7, 113.9, 113.1, 106.9, 93.5. HRMS (ESI-TOF): Calcd for
C,,H10N,NaO,S [M+Na]*: 389.0355; Found: 389.0354.

Nc ) 3h

2-ox0-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiole]-6,7'-dicarbonitrile
(3h, yield 71%): Orange solid, m.p.: 236 - 238 °C. 'H NMR (400 MHz, CDCl3, ppm): *H
NMR (400 MHz, DMSO-dg, ppm): & = 8.65 (s, 1H), 8.17 - 8.14 (m, 2H), 8.06 - 8.01 (m,
2H), 7.80 - 7.77 (m, 2H), 7.71 (d, J = 8.9 Hz, 1H), 7.55 (d, J = 8.6 Hz, 1H), 6.51 (d, J =
10.1 Hz, 1H). 3C NMR (100 MHz, CDCl; and DMSO-dg, ppm): 6 = 187.4, 156.0, 142.6,
142.4, 135.1, 133.9, 133.3, 130.3, 129.2, 129.1, 129.0, 127.7, 127.4, 125.3, 124.3,
118.7,117.4, 115.5, 113.6, 113.5, 107.1, 94.7. HRMS (ESI-TOF): Calcd for C,,H11N,0,S
[M+H]*: 367.0541; Found: 367.0538.

(o}
*
3i

2-ox0-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiole]-7,8'-dicarbonitrile
(3i, yield 75%): Orange solid, m.p.: 220 - 222 °C. *H NMR (400 MHz, CDCl;, ppm): 6 =
8.28 (s, 1H), 7.93 (d, J = 8.6 Hz, 1H), 7.80 - 7.75 (m, 2H), 7.70 (s, 1H), 7.56 - 7.50 (m,
3H), 7.43 (d, J = 10.1 Hz, 1H), 6.45 (d, J = 10.1 Hz, 1H). 13C NMR (100 MHz, CDCls,
ppm): 6 = 187.2, 155.3, 141.6, 139.6, 133.8, 133.3, 132.0, 130.4, 130.2, 130.1 130.0,
128.2,127.8,126.4, 125.0, 118.7, 117.5, 116.4, 114.8, 114.2, 110.6, 95.0. HRMS (ESI-
TOF): Calcd for C5,Hq9N,NaO,S [M+Na]*: 389.0355; Found: 389.0351.

(o} 6
CFZH
HF,C” ' ‘ 3j

6,7'-bis(difluoromethyl)-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-
one (3], yield 79%): Orange solid, m.p.: 136 - 138 °C. IH NMR (400 MHz, CDCl3, ppm):
§=8.11(d, J= 8.0 Hz, 1H), 7.96 (s, 1H), 7.78 (d, J = 8.8 Hz, 1H), 7.61 - 7.52 (m, 3H),
7.47 - 7.38 (m, 3H), 6.90 - 7.52 (m, 2H), 6.36 (d, J = 10.1 Hz, 1H). 13C NMR (100 MHz,

8



CDCl3, ppm): 6 = 188.5, 155.4, 142.6, 142.5, 141.3, 136.5, 130.3, 130.0, 129.8, 129.7,
128.6, 127.7, 127.4, 126.8, 126.4, 125.3, 124.7, 123.4, 115.9, 113.7, 112.8, 95.4.
HRMS (ESI-TOF): Calcd for C,,H13F,0,S [M+H]*: 417.0567; Found: 417.0566.

EtOOC

(0]
cooa 3k

diethyl 2-ox0-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiole]-3,4'-
dicarboxylate (3k, yield 31%): Orange solid, m.p.: 140 - 142 °C. 'H NMR (400 MHz,
CDCls, ppm): & = 8.29 (s, 1H), 8.10 (s, 1H), 8.03 (d, J= 7.7 Hz, 1H), 7.81 (d, /= 8.3 Hz,
1H), 7.51 - 7.46 (m, 1H), 7.44 - 7.39 (m, 3H), 7.33 - 7.30 (m, 1H), 7.24 (d, J = 8.2 Hz,
1H), 4.41 - 4.32 (m, 2H), 4.30 - 4.20 (m, 2H), 1.33 (t, J = 7.1 Hz, 3H), 1.24 (t, 7.1 Hz,
3H). 13C NMR (100 MHz, CDCl3, ppm): 6 = 184.0, 164.5, 163.7, 152.5, 148.5, 139.9,
132.7, 131.4, 130.8, 130.6, 130.4, 129.9, 129.6, 129.1, 127.9, 127.3, 125.1, 124 .4,
117.9, 116.2, 96.8, 61.7, 61.3, 14.4, 14.2. HRMS (ESI-TOF): Calcd for CysH,106S
[M+H]*: 461.1053; Found: 461.1051.

0
O COOMe
o
MeOOC 3l

dimethyl 2-ox0-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiole]-6,7'-
dicarboxylate (3, yield 62%): Orange solid, m.p.: 228 - 229 °C. 'H NMR (400 MHz,
CDCls, ppm): & = 8.59 (s, 1H), 8.13 - 8.00 (m, 4H), 7.83 (d, J = 8.8 Hz, 1H), 7.45 (dd, J =
4.8 Hz, 8.8 Hz, 2H), 7.33 (d, J = 8.7 Hz, 1H), 6.35 (d, /= 10.0 Hz, 1H), 3.96 (s, 3H), 3.97
(s, 3H). 3C NMR (100 MHz, CDCl3, ppm): 188.4, 166.9, 165.7, 156.0, 143.2, 142.8,
131.9, 131.5, 130.8, 130.6, 129.8, 129.7, 129.6, 127.1, 126.6, 126.1, 124.5, 124 .4,
115.8,112.7, 95.5, 52.6, 52.3. HRMS (ESI-TOF): Calcd for Cy4H1706S [M+H]*: 433.0740;
Found: 433.0741.

COOEt
i ﬁi
oel

COOEt 3m

diethyl 2-ox0-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiole]-5,6'-
dicarboxylate (3, yield 55%): Orange solid, m.p.: 140 - 142 °C. 'H NMR (400 MHz,
CDCls, ppm): 6 = 8.82 (d, J = 9.3 Hz, 1H), 8.50 (d, J = 10.6 Hz, 1H), 8.17 (dd, J = 0.5 Hz,
7.8 Hz, 1H), 8.04 (dd, J = 2.0 Hz, 6.5 Hz, 1H), 7.98 (dd, J = 1.2 Hz, 7.8 Hz, 1H), 7.52 -
7.42 (m, 4H), 6.38 (d, J = 10.6 Hz, 1H), 4.49 - 4.41 (m, 4H), 1.47 - 1.42 (m, 6H). 13C
NMR (100 MHz, CDCl;, ppm): & = 188.4, 167.3, 166.2, 154.2, 140.7, 140.0, 132.0,
130.2, 130.1, 130.0, 129.42, 129.40, 129.3, 128.6, 128.4, 125.9, 125.8, 125.1, 116.3,
113.2, 95.7, 61.9, 61.2, 14.4, 14.3. HRMS (ESI-TOF): Calcd for CysH,106S [M+H]*:
461.1053; Found:. 461.1051.



oPh
Ph ) 30

6,7'-diphenyl-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one (30,
yield 65%): Orange solid, m.p.: 166 - 168 °C. 'H NMR (400 MHz, CDCls, ppm): 6 = 8.08
(d, J = 8.0 Hz, 1H), 8.02 (s, 1H), 7.75 (d, J = 8.8 Hz, 1H), 7.71 - 7.55 (m, 7H), 7.49 - 7.35
(m, 9H), 6.33 (d, J = 10.0 Hz, 1H). 13C NMR (100 MHz, CDCls, ppm): & = 189.3, 154.5,
143.5, 143.2, 140.8, 139.5, 137.8, 137.1, 130.9, 130.0, 129.2, 129.0, 128.9, 128.3,
128.2, 128.0, 127.9, 127.5, 127.4, 127.3, 127.1, 126.8, 126.7, 124.9, 124.2, 115.6,
112.4,95.7. HRMS (ESI-TOF): Calcd for C3,H,,0,S [M+H]*: 469.1257; Found: 469.1260.

OCl-l3
L0

6,7'-dimethyl-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one  (3p,
yield 45%): Orange foam. 'H NMR (400 MHz, CDCls, ppm): 6 = 7.86 (d, J = 7.9 Hz, 1H),
7.56 (d, J = 8.9 Hz, 2H), 7.32 (d, J = 8.8 Hz, 1H), 7.27 - 7.18 (m, 4H), 7.09 (s, 1H), 6.23
(d, J = 10.0 Hz, 1H), 2.43 (s, 3H), 2.35 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): & =
189.7, 153.8, 143.6, 140.1, 136.4, 133.7, 131.3, 130.8, 130.2, 129.4, 129.3, 127.7,
127.0, 126.9, 126.8, 124.1, 123.8, 115.5, 111.9, 95.7, 21.6, 21.2. HRMS (ESI-TOF):
Calcd for C,,H170,S [M+H]*: 345.0944; Found: 345.0947.

0:* S
OOO

3q
6,7'-dipropyl-2H-spiro[naphthalene-1,2'-naphtho[1,2-d][1,3]oxathiol]-2-one  (3q,
yield 48%): Orange foam. 'H NMR (400 MHz, CDCls, ppm): 6 = 7.89 (d, J = 7.9 Hz, 1H),
7.61 - 7.57 (m, 2H), 7.34 - 7.23 (m, 5H), 7.12 (d, J = 1.4 Hz, 1H) , 6.24 (d, J = 10.0 Hz,
1H), 2.69 (t, J = 7.3 Hz, 2H), 2.60 (t, J = 7.3 Hz, 2H), 1.71 - 1.59 (m, 4H), 0.96 - 0.92 (m,
6H). 13C NMR (100 MHz, CDCl;, ppm): 6 = 189.7, 153.9, 144.9, 143.7, 138.5, 136.6,
130.8, 129.6, 129.4, 128.6, 127.3, 127.2, 126.9, 126.8, 124.3, 124.2, 123.7, 115.5,
111.8, 95.7, 38.0, 37.6, 24.5, 24.3, 13.8. HRMS (ESI-TOF): Calcd for Cy6H»50,S [M+H]*:
401.1570; Found: 401.1577.

(o] —

\_7
N. O N

'

S 3r

6H-spiro[quinoline-5,2'-[1,3]oxathiolo[5,4-h]quinolin]-6-one (3r, yield 25%): Orange
foam; 'H NMR (400 MHz, CDCls, ppm): & = 8.55 (dd, J = 1.4 Hz, 4.8 Hz, 1H), 7.98 (d, J
=7.2 Hz, 1H), 7.78 (dd, J = 1.4 Hz, 4.8 Hz, 1H), 7.51 - 7.47 (m, 2H), 7.44 - 7.40 (m, 2H),
7.10 (d, J = 9.3 Hz, 1H), 6.79 (t, J = 6.8 Hz, 1H), 6.47 (d, J = 10.2 Hz, 1H). 13C NMR (100
MHz, CDCls;, ppm): 6 = 186.3, 173.3, 160.0, 150.5, 142.4, 141.6, 138.8, 137.3, 136.8,
133.9, 126.4, 126.1, 125.2, 125.1, 123.5, 110.9, 102.5, 86.1. HRMS (ESI-TOF): Calcd
for C1gH;11N,0,S [M+H]*: 319.0536; Found:319.0529.
10



2.2.2 Analytical Date of compounds of 2a, 2c and 2d.

(o]

0,

4a,8a-dihydro-2H-spiro[naphthalene-1,3'-naphtho[1,2-e][1,3,4]oxadithiin]-2-one?
(2a, yield 25%): Yellow solid, m.p.: 155-156 °C. 'H NMR (400 MHz, DMSO-d¢, ppm): &
=8.10 (d, J = 8.4 Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.92 (d, J = 9.0 Hz, 1H), 7.75 - 7.72
(m, 3H), 7.67 - 7.63 (m, 3H), 7.56 - 7.52 (m, 1H), 7.44 (d, J = 9.0 Hz, 1H), 6.34 (d, J =
10.0 Hz, 1H). 13C NMR (100 MHz, DMSO-ds, ppm): 6 = 186.8, 151.9, 142.3, 134.3,
130.8, 130.7, 130.5, 129.7, 128.5, 128.4, 127.4, 127.3, 124.9, 123.0, 122.1, 121.2,
109.8, 83.8. HRMS (ESI-TOF): Calcd for CygH130,S; [M+H]*: 349.0351; Found:.
349.0374.

0.

Br %Br 2b

6,8'-dibromo-4a,8a-dihydro-2H-spiro[naphthalene-1,3'-naphtho[1,2-
e][1,3,4]oxadithiin]-2-one? (2b, yield 30%): Yellow solid, m.p.: 152-153 °C. 'H NMR
(400 MHz, CDCl;, ppm): 6 =8.00 (d, J=9.0 Hz, 1H), 7.95 (d, / = 0.9 Hz, 1H), 7.65 - 7.28
(m, 5H), 7.34-7.28 (m, 2H), 6.30 (d, J = 10.0 Hz, 1H). 13C NMR (100 MHz, CDCl;, ppm):
6 =186.0, 152.2. 139.8. 133.9. 133.1. 132.5. 131.7. 130.3, 130.2, 130.2, 130.2, 129.3,
127.4, 125.0, 124.6, 124.5, 122.2, 118.6, 111.2, 84.4. HRMS (ESI-TOF): Calcd for
CyoH11Br,0,S; [M+H]*: 504.8562; Found: 504.8562.

o]

7,9'-dibromo-4a,8a-dihydro-2H-spiro[naphthalene-1,3'-naphtho[1,2-
e][1,3,4]oxadithiin]-2-one (2c, yield 22%): Yellow solid, m.p.: 200 - 202 °C. 'H NMR
(400 MHz, CDCl3, ppm): 6 = 8.31 (s, 1H), 7.86 (d, J = 1.8 Hz, 1H), 7.7 - 7.63 (m, 3H),
7.53 (dd, J = 1.7 Hz, 8.6 Hz, 1H), 7.37 - 7.33 (m, 3H), 6.29 (d, J = 10.0 Hz, 1H). 13C NMR
(100 MHz, CDCl3, ppm): 6 = 186.0, 152.7. 140.2, 136.9, 133.5, 132.8, 131.1, 130.9,
130.0, 128.9, 128.4, 128.2, 127.6, 125.4, 125.1, 124.0, 124.7, 121.5, 110.1, 84.1.
HRMS (ESI-TOF): Calcd for CygH11Br,0,S, [M+H]*: 504.8562; Found: 504.8563.

2.3.3 Analytical Date of 5a-5ag

/\(0\/\/

0 5a

3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5a, yield 56%): Colorless oil; *H
NMR (400 MHz, CDCl3, ppm): 6 =7.93 (d, /= 8.4 Hz, 1H), 7.74 (d, J = 7.9 Hz, 1H), 7.56
(d, J = 8.8 Hz, 1H), 7.57 - 7.50 (m, 1H), 7.42 - 7.39 (m, 1H), 7.09 (d, J = 8.8 Hz, 1H),
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5.47 (dd, J = 2.0 Hz, 4.6 Hz, 1H), 3.99 - 3.93 (m, 1H), 3.75 - 3.69 (m, 1H), 3.26 - 3.14
(m, 2H), 1.65 - 1.58 (m, 2H), 1.39 - 1.33 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 13C NMR (100
MHz, CDCls;, ppm): 6 = 146.2, 130.0, 128.4, 127.2, 125.3, 124.9, 123.1, 121.6, 118.8,
110.0, 93.6, 67.6, 30.35, 27.8, 18.1, 12.7. HRMS (ESI-TOF): Calcd for C;cH13NaO,S
[M+Na]*: 297.0920; Found: 297.0914.

/\(0\/\/
ooy

Br 5b
3-bromo-3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5b, yield 20%): Yellow
oil. 'H NMR (400 MHz, CDCl3, ppm): & = 8.15 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.1 Hz,
1H), 7.56 - 7.43 (m, 2H), 7.43 (S, 1H), 5.46 (d, J = 2.0 Hz, 4.3 Hz, 1H), 3.96 - 3.90 (m,
1H), 3.73 - 3.67 (m, 1H), 3.24 - 3.12 (m, 2H), 1.65 - 1.58 (m, 2H), 1.39 - 1.30 (m, 2H),
0.90 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl;, ppm): 6 = 146.9, 131.6, 128.0,
127.6, 127.1, 125.5, 123.6, 123.0, 119.5, 111.6, 94.5, 68.8, 31.5, 28.8, 19.2, 13.8.
HRMS (ESI-TOF): Calcd for C44H17BrO,S [M]*: 352.0127; Found: 352.0131.

O~

~
Br ) 5c

8-bromo-3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5c, yield 62%): Yellow
oil. 'H NMR (400 MHz, CDCls, ppm): & = 7.89 (d, J = 2.0 Hz, 1H), 7.77 (d, J = 9.0 Hz,
1H), 7.55 (dd, J =2.0 Hz, 9.0 Hz, 1H), 7.43 (d, J = 8.9 Hz, 1H), 7.07 (d, J = 8.9 Hz, 1H),
5.46 (dd, J =2.1 Hz, 4.5 Hz, 1H), 3.95 - 3.90 (m, 1H), 3.74 - 3.68 (m, 1H), 3.24 - 3.11 (m,
2H), 1.62 - 1.57 (m, 2H), 1.36 - 1.27 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H). 13C NMR (100
MHz, CDCls;, ppm): 6 = 147.5, 130.6, 130.2, 129.6, 129.4, 125.0, 124.7, 124.4, 121.0,
118.0, 111.5, 94.5, 68.8, 31.5, 28.8, 19.2, 13.8. HRMS (ESI-TOF): Calcd for
CigH17BrNaO,S [M+Na]*: 375.0025; Found: 375.0020.

O~

/\r
O s

9-bromo-3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5d, yield 48%): Yellow
oil. 'H NMR (400 MHz, CDCls, ppm): & = 8.05 (d, J = 1.7 Hz, 1H), 7.58 (d, J = 8.6 Hz,
1H), 7.48 (d, J = 8.8 Hz, 1H), 7.44 (dd, J = 1.8 Hz, 8.6 Hz, 1H), 7.06 (d, J = 8.9 Hz, 1H),
5.45 (dd, J = 2.2 Hz, 4.5 Hz, 1H), 3.95 - 3.90 (m, 1H), 3.74 - 3.68 (m, 1H), 3.24 - 3.11
(m, 2H), 1.62 - 1.57 (m, 2H), 1.36 - 1.27 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H). 13C NMR (100
MHz, CDCl;, ppm): 6 = 148.0, 132.3, 129.8, 127.9, 127.5, 125.9, 125.1, 120.9, 120.3,
110.4, 94.6, 68.8, 53.5, 31.6, 28.8, 19.2, 13.8. HRMS (ESI-TOF): Calcd for
CigH17BrNaO,S [M+Na]*: 375.0025; Found: 375.0024.

0.

Br AO( N

OO Se

10-bromo-3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5e, vyield 42%):

12



Yellow oil. *H NMR (400 MHz, CDCls, ppm): & = 7.77 (dd, J = 1.1 Hz, 7.5 Hz, 1H), 7.67
(dd, J = 0.7 Hz, 8.0 Hz, 1H), 7.51 (d, 8.8 Hz, 1H), 7.15 - 7.09 (m, 2H), 5.53 (dd, J = 2.7
Hz, 6.1 Hz, 1H), 4.03 - 3.98 (m, 1H), 3.74 - 3.68 (m, 1H), 3.03 (dd, J = 2.7 Hz, 13.1 Hz,
1H), 2.80 (dd, J = 6.1 Hz, 13.1 Hz, 1H), 1.69 - 1.62 (m, 2H), 1.45 - 1.36 (m, 2H), 0.94 (t,
J=7.4 Hz, 3H). 13C NMR (100 MHz, CDCl;, ppm): 6 = 150.5, 134.1, 132.4, 130.7, 128.9,
127.4, 124.5, 121.2, 118.3, 114.9, 98.3, 68.7, 31.6, 31.2, 19.3, 13.9. HRMS (ESI-TOF):
Calcd for C44H17Br0O,S [M]*: 352.0127; Found: 352.0129.

O~
O

3-butoxy-9-fluoro-2,3-dihydronaphtho[2,1-b][1,4]oxathiine  (3f, vyield 35%):
Colorless oil. *H NMR (400 MHz, CDCl;, ppm): 6 = 7.72 (dd, J = 5.9 Hz, 8.9 Hz, 1H),
7.56 - 7.51 (m, 2H), 7.17 - 7.12 (m, 1H), 7.03 (d, J = 8.9 Hz, 1H), 5.47 (dd, J = 2.1 Hz,
4.5 Hz, 1H), 3.98 - 3.91 (m, 1H), 3.74 - 3.68 (m, 1H), 3.24 - 3.12 (m, 2H), 1.65 - 1.58 (m,
2H), 1.37 - 1.32 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCls, ppm): & =
161.3 (d, J = 245.3 Hz), 148.2, 132.2 (d, J = 9.5 Hz), 130.6 (d, J = 9.5 Hz), 126.3, 125.9,
119.2 (d, J = 2.7 Hz), 114.2 (d, J = 2.1 Hz), 110.3 (d, J = 5.5 Hz), 106.9 (d, J = 23.0 Hz),
94.6, 68.8, 31.6, 28.8, 19.2, 13.8. HRMS (ESI-TOF): Calcd for CygH1sFO,S [M+H]*:
293.1006; Found: 293.1004.

Py

8-bromo-3-butoxy-10-fluoro-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (58, vyield
28%): Yellow oil. *H NMR (400 MHz, CDCls, ppm): 6 = 7.65 (s, 1H), 7.39 (dd, J = 1.6 Hz,
8.9 Hz, 1H), 7.22 (dd, J = 1.9 Hz, 14.6 Hz, 1H), 7.06 (d, J = 8.9 Hz, 1H), 5.46 - 5.44 (m,
1H), 3.95 - 3.90 (m, 1H), 3.73 - 3.67 (m, 1H), 3.15 (dd, J = 1.6 Hz, 13.0 Hz, 1H), 3.03
(dd, J = 4.6 Hz, 12.9 Hz, 1H), 1.65 - 1.58 (m, 2H), 1.39 - 1.30 (m, 2H), 0.89 (t, J = 7.4 Hz,
3H). 13C NMR (100 MHz, CDCl3, ppm): 6 = 159.1 (d, J = 256.2 Hz), 148.0, 132.7 (d, J =
5.4 Hz), 126.5 (d, J = 17.0 Hz), 124.7 (d, J = 2.9 Hz), 122.1 (d, J = 1.5 Hz), 120.4 (d, J =
11.2 Hz), 116.1 (d, J = 10.2 Hz), 115.3 (d, J = 26.1 Hz), 110.7 (d, J = 7.7 Hz), 94.7, 68.8,
31.6, 29.2 (d, J = 10.1 Hz), 19.2, 13.8. HRMS (ESI-TOF): Calcd for C;5H16BrFO,S [M]*:
370.0033; Found: 370.0032.

o _~_-

58

O~

e
S

3-butoxy-8-chloro-2,3-dihydronaphtho[2,1-b][1,4]oxathiine  (5h, yield 45%):
Colorless oil; *H NMR (400 MHz, CDCl;, ppm): 6 = 7.74 (d, J = 8.9 Hz, 1H), 7.62 (d, J =
1.6 Hz, 1H), 7.35 - 7.32 (m, 2H), 7.43 (d, J = 8.9 Hz, 1H), 6.99 (d, J = 8.9 Hz, 1H), 5.37 -
5.35 (m, 1H), 3.86 - 3.80 (m, 1H), 3.64 - 3.58 (m, 1H), 3.14 - 3.02 (m, 2H), 1.55 - 1.48
(m, 2H), 1.28 - 1.17 (m, 2H), 0.79 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCls, ppm):
6 =147.4,130.2, 129.9, 129.4, 127.0, 126.9, 125.0, 124.3, 121.0,, 111.5, 94.5, 94.4,
68.8, 31.5, 28.8, 19.2, 13.8. HRMS (ESI-TOF): Calcd for C;H15ClO,S [M+Na]*:331.0530;

13



Found:331.0531.
YO

o

CN 5i

3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine-7-carbonitrile (5i, yield 48%):
Yellow oil. H NMR (400 MHz, CDCl3, ppm): 6 = 7.93 - 7.88 (m, 2H), 7.56 (d, /= 8.9 Hz,
1H), 7.35 (t, J = 2.0 Hz, 1H), 7.14 (d, J = 8.9 Hz, 1H), 5.51 (dd, J = 2.4 Hz, 5.3 Hz, 1H),
4.00 - 3.94 (m, 1H), 3.74 - 3.68 (m, 1H), 3.18 - 2.99 (m 2H), 1.66 - 1.59 (m, 2H), 1.41 -
1.32 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl;, ppm): & = 150.5,
137.4, 134.2, 130.3, 130.2, 127.5, 123.1, 121.6, 120.9, 112.5, 107.0, 96.3, 68.9, 31.6,
29.7, 19.2, 13.8. HRMS (ESI-TOF): Calcd for C;7H7NO,S [M]*: 299.0975; Found:
299.0985.

o _~_-

/\(
ST

3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine-8-carbonitrile (5j, yield 47%):
Yellow oil. H NMR (400 MHz, CDCls, ppm): 6 = 8.05 (d, /= 1.0 Hz, 1H), 7.90 (d, J = 8.7
Hz, 1H), 7.57 - 7.52 (m, 2H), 7.14 (d, J = 8.9 Hz, 1H), 5.48 (dd, J = 2.0 Hz, 4.3 Hz, 1H),
3.95 - 3.89 (m, 1H), 3.74 - 3.68 (m, 1H), 3.24 - 3.11 (m, 2H), 1.62 - 1.57 (m, 2H), 1.36 -
1.24 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl;, ppm): & = 149.7,
134.0, 132.7, 128.4, 126.9, 126.3, 123.9, 121.7, 119.3, 112.0, 107.4, 94.6, 68.9, 31.9,
28.6, 19.1, 13.8. HRMS (ESI-TOF): Calcd for C;7H.sNO,S [M+H]*: 300.1058; Found:
300.1054.

O~

/\r
CN() o

3-butoxy-9-isocyano-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5k, vyield 38%):
Yellow oil. 'H NMR (400 MHz, CDCls, ppm): 6 = 8.26 (s, 1H), 7.79 (d, J = 8.4 Hz, 1H),
7.54 (d, J = 8.9 Hz, 1H), 7.48 (dd, J = 1.2 Hz, 8.4 Hz, 1H), 7.19 (d, J = 8.8 Hz, 1H), 5.49
(dd, J = 2.1 Hz, 4.2 Hz, 1H), 3.97 - 3.89 (m, 1H), 3.74 - 3.68 (m, 1H), 3.25 - 3.13 (m, 2H),
1.63 - 1.56 (m, 2H), 1.37 - 1.25 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz,
CDCls, ppm): 6 = 148.5, 131.0, 130.3, 129.4, 128.6, 125.9, 124.8, 123.0, 119.4, 112.3,
109.6, 94.4, 68.9, 31.5, 28.7, 19.2, 13.8. HRMS (ESI-TOF): Calcd for C;7H1gNO,S
[M+H]*: 300.1053; Found: 300.1053.

/\(0\/\/

L
COOEt Sl

ethyl 3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine-5-carboxylate (5I, vyield
35%): Colorless oil; TH NMR (400 MHz, CDCls, ppm): 6 = 7.90 (s, 1H), 7.81 (d, / = 8.5
Hz, 1H), 7.68 (d, J = 8.1 Hz, 1H), 7.46 - 7.42 (m, 1H), 7.32 - 7.28 (m, 1H), 5.42 (dd, J =
2.2 Hz, 4.5 Hz, 1H), 4.35 - 4.29 (m, 2H), 3.95 - 3.89 (m, 1H), 3.65 - 3.59 (m, 1H), 3.20 -
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3.04 (m, 2H), 1.53 - 1.46 (m, 2H), 1.32 (t, J = 7.1 Hz, 3H), 1.26 - 1.18 (m, 2H), 0.76 (t, J
= 7.4 Hz, 3H). 13C NMR (100 MHz, CDCls, ppm): & = 166.2, 144.8, 132.1, 129.2, 128.7,
128.0, 127.8, 124.9, 123.3, 122.5, 113.2, 94.3 (d, J = 4.3 Hz), 68.7, 61.2, 31.5, 28.6,
19.2, 14.3, 13.8. HRMS (ESI-TOF): Calcd for CigH»,Na0,S [M+Na]*: 369.1131; Found:
369.1130.

O~

3
MeOOC 5m

methyl 3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine-8-carboxylate (5m, yield
42%): Colorless oil; *H NMR (400 MHz, CDCls, ppm): 6 = 8.48 (d, J = 1.6 Hz, 1H), 8.06
(dd, J = 1.7 Hz, 8.8 Hz, 1H), 7.91 (d, J = 8.8 Hz, 1H), 7.63 (d, J = 8.8 Hz, 1H), 7.11 (d, J =
8.9 Hz, 1H), 5.48 (dd, J =2.1 Hz, 4.5 Hz, 1H), 3.96 (s, 3H), 3.95 - 3.91 (m, 1H), 3.73 -
3.68 (m, 1H), 3.24 - 3.11 (m, 2H), 1.64 - 1.57 (m, 2H), 1.37 - 1.28 (m, 2H), 0.88 (t, J =
7.4 Hz, 3H). 13C NMR (100 MHz, CDCl;, ppm): 6 = 167.2, 149.2, 133.4, 131.2, 128.5,
127.3, 125.8, 125.7, 122.9, 120.7, 111.4, 94.7, 68.8, 52.1, 31.5, 28.7, 19.1, 13.8.
HRMS (ESI-TOF): Calcd for C13H,:0,4S [M+H]*: 333.1155; Found: 333.1155.

o _~_-

COOEt 5n

ethyl 3-butoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine-7-carboxylate (5n, vyield
52%): Colorless oil; TH NMR (400 MHz, CDCls, ppm): 6 = 8.00 (s, 1H), 7.91 (d, / = 8.5
Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.57 - 7.53 (m, 1H), 7.43 - 7.39 (m, 1H), 5.53 (dd, J =
2.2 Hz, 4.5 Hz, 1H), 4.44 - 4.39 (m, 2H), 4.05 - 3.99 (m, 1H), 3.75 - 3.70 (m, 1H), 3.31
(m, 2H), 1.61 - 1.55 (m, 2H), 1.42 (t, J = 7.1 Hz, 3H ), 1.36 - 1.25 (m, 2H), 0.86 (t, J =
7.4 Hz, 3H). 13C NMR (100 MHz, CDCl;, ppm): 6 = 166.2, 144.7, 132.1, 129.2, 128.4,
128.0, 127.8, 124.9, 123.3, 122.5, 113.2, 94.3, 68.7, 61.2, 31.4, 28.6, 19.2, 14.4, 13.8.
HRMS (ESI-TOF): Calcd for C19H,,Na0,S [M+Na]*: 369.1131; Found: 369.1124.

O~

/\r
Ph ) 50

3-butoxy-8-phenyl-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (50, vyield 55%):
Colorless oil; *H NMR (400 MHz, CDCls, ppm): 6 = 8.00 (d, J = 8.7 Hz, 2H), 7.98 (d, J =
1.7 Hz, 1H), 7.79 (dd, J = 1.9 Hz, 8.7 Hz, 1H), 7.74 - 7.71 (m, 2H), 7.62 (d, J = 8.8 Hz,
1H), 7.52 - 7.48 (m, 2H), 7.41 - 7.38 (m, 1H), 7.12 (d, J = 8.8 Hz, 1H), 5.49 (dd, J = 2.1
Hz, 4.6 Hz, 1H), 4.00 - 3.95 (m, 1H), 3.76 - 3.71 (m, 1H), 3.28 - 3.15 (m, 2H), 1.68 -
1.61 (m, 2H), 1.40 - 1.30 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 3C NMR (100 MHz, CDCls,
ppm): 6 = 147.4, 140.9, 136.9, 130.3, 129.8, 128.9, 127.3, 126.3, 126.2, 125.9, 123.3,
120.3, 111.1, 94.7, 68.7, 31.6, 28.9, 19.2, 13.8. HRMS (ESI-TOF): Calcd for
C,,H,,Na0,S [M+Na]*: 373.1233; Found: 373.1231.

YO
’ 5p
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3-butoxy-8-methyl-2,3-dihydronaphtho[2,1-b][1,4]oxathiine  (5p, vyield 46%):
Colorless oil; TH NMR (400 MHz, CDCls, ppm): 6 = 7.82 (d, J = 8.6 Hz, 1H), 7.53 (s, 1H),
7.47 (d, J = 8.8 Hz, 1H), 7.34 (dd, J = 1.6 Hz, 8.6 Hz, 1H), 7.05 (d, J = 8.8 Hz, 1H), 5.45
(dd, J = 2.1 Hz, 4.6 Hz, 1H), 3.97 - 3.92 (m, 1H), 3.74 - 3.68 (m, 1H), 3.25 - 3.12 (m, 2H),
2.49 (s, 3H), 1.66 - 1.57 (m, 2H), 1.40 - 1.29 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 13C NMR
(100 MHz, CDCl3, ppm): 6 = 146.7, 133.7, 129.7, 129.2, 128.5, 127.4, 125.4, 122.5,
119.8, 110.9, 94.6, 68.7, 31.6, 18.9, 21.4, 19.2, 13.8. HRMS (ESI-TOF): Calcd for
Cy7H50Na0,S [M+Na]*: 311.1076; Found: 311.1075.

o _~_-

Ny
/oo 5q

3-butoxy-2,3-dihydro-8-methoxynaphtho[2,1-b][1,4]oxathiine (5q, yield 26%):
Colorless oil; *H NMR (400 MHz, CDCl;, ppm): 6 = 7.53 (d, /= 8.9 Hz, 1H), 7.36 (d, J =
8.8 Hz, 1H), 7.06 (d, J = 2.3 Hz, 1H), 6.93 (dd, J = 2.3 Hz, 8.9Hz, 1H), 6.83 (d, J = 8.7 Hz,
1H), 5.33 (dd, J = 2.1 Hz, 4.6 Hz, 1H), 3.86 - 3.79 (m, 4H), 3.61 - 3.56 (m, 1H), 3.12 (dd,
J=2.2 Hz, 12.8 Hz, 1H), 3.03 (dd, J = 4.6 Hz, 12.8 Hz, 1H), 1.54 - 1.47 (m, 2H), 1.26 -
1.20 (m, 2H), 1.16 (s, 1H), 0.78 (t, J = 7.4 Hz, 3H). 3C NMR (100 MHz, CDCl3, ppm): & =
158.4, 148.0, 132.3, 129.8, 125.8, 124.6, 117.4, 116.5, 109.7, 101.8,94.6 (d, J = 5.1
Hz), 68.7, 55.4, 55.3, 31.6, 28.9, 19.2, 13.8. HRMS (ESI-TOF): Calcd for C;7H,,03S
[M+H]*: 305.1206; Found: 305.1210.

o _~_~

e u.

3-butoxy-8-ethoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5r, yield 45%): Yellow
oil. I1H NMR (400 MHz, CDCls, ppm): 6 = 7.64 (d, J= 8.9 Hz, 1H), 7.47 (d, J = 8.8 Hz, 1H),
7.2 (d, J = 2.0 Hz, 1H), 7.04 (dd, J = 2.3 Hz, 8.9 Hz, 1H), 6.94 (d, J = 8.8 Hz, 1H), 5.47
(dd, J=2.0 Hz, 4.5 Hz, 1H), 4.20 - 4.14 (m, 2H), 3.97 - 3.92 (m, 1H), 3.73 - 3.68 (m, 1H),
3.25 - 3.12 (m, 2H), 1.66 - 1.58 (m, 2H), 1.49 (t, J = 7.0 Hz, 3H), 1.39 - 1.30 (m, 2H),
0.89 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl, ppm): & = 157.7, 147.9, 132.3,
129.8,125.8,124.5,117.3, 116.7, 109.5, 102.6, 94.6, 68.7, 63.5, 31.6, 28.9, 19.2, 14.8,
13.8. HRMS (ESI-TOF): Calcd for C;gH»303S [M+H]*: 319.1362; Found: 319.1356.

/\(
@" 5s

3-butoxy-2,3-dihydro-[1,4]oxathiino[3,2-f]quinoline (5s, yield 43%): Brown oil. H
NMR (400 MHz, CDCls, ppm): & = 8.40 (s, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.75 (dd, J = 0.7
Hz, 8.1 Hz, 1H), 7.53 - 7.42 (m, 2H), 5.40 (dd, J = 2.0 Hz, 3.7 Hz, 1H), 3.85 - 3.79 (m,
1H), 3.65 - 3.59 (m, 1H), 3.19 - 3.06 (m, 2H), 1.53 - 1.46 (m, 2H), 1.27 - 1.17 (m, 2H),
0.78 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl, ppm): & = 143.4, 143.2, 142.6,
129.7,127.3,126.6,125.7, 122.5, 122.4, 93.1, 68.8, 31.4, 28.7, 19.1, 13.7. HRMS (ESI-
TOF): Calcd for C;5H15NO,S [M+H]*: 276.1053; Found: 276.1059.
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3-butoxy-2,3-dihydro-[1,4]oxathiino[3,2-f]quinoline (5t, yield 33%): Brown oil. 'H
NMR (400 MHz, CDCls, ppm): & = 8.74 (dd, J = 1.3 Hz, 4.2 Hz, 1H), 8.18 (d, J = 8.5 Hz,
1H), 7.75 (d, J = 9.1 Hz, 1H), 7.32 (dd, J = 2.8 Hz, 4.2 Hz, 1H), 7.24 (d, J = 9.1 Hz, 1H),
5.43 (dd, J = 2.0 Hz, 4.2 Hz, 1H), 3.91 - 3.85 (m, 1H), 3.69 - 3.63 (m, 1H), 3.19 - 3.07
(m, 2H), 1.59 - 1.51 (m, 2H), 1.32 - 1.21 (m, 2H), 0.82 (t, J = 7.4 Hz, 3H). 13C NMR (100
MHz, CDCl;, ppm): 6 = 148.2, 147.2, 144.6, 130.9, 127.2, 126.2, 123.4, 120.8, 110.9,
94.3, 68.7, 31.5, 28.5, 19.1, 13.8. HRMS (ESI-TOF): Calcd for C;5sH1sNO,S [M+H]*:
276.1053; Found: 276.1056.

/\(0\/\/

- 5u

3-butoxy-2,3-dihydro-[1,4]oxathiino[2,3-h]quinoline (5u, yield 29%): Brown oil. H
NMR (400 MHz, CDCls, ppm): & = 8.82 (dd, J = 1.6 Hz, 4.3 Hz, 1H), 7.98 (dd, J = 1.6 Hz,
8.2 Hz, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.24 (dd, J = 4.3 Hz, 8.2 Hz, 1H), 7.08 (d, J = 8.9 Hz,
1H), 5.42 (dd, J = 2.0 Hz, 4.6 Hz, 1H), 3.92 - 3.86 (m, 1H), 3.69 - 3.63 (m, 1H), 3.20 -
3.09 (m, 2H), 1.59 - 1.52 (m, 2H), 1.33 - 1.24 (m, 2H), 0.83 (t, J = 7.4 Hz, 3H). 13C NMR
(100 MHz, CDCl3, ppm): 6 = 149.9, 149.4, 145.7, 135.9, 124.3, 124.0, 120.6, 119.6,
114.8, 94.9, 68.8, 31.5, 28.6, 19.1, 13.8. HRMS (ESI-TOF): Calcd for C;5H1gNO,S
[M+H]*: 276.1053; Found: 276.1062.

/\(0\/\/

N 0
o 5v

3-butoxy-2,3-dihydro-[1,4]oxathiino[2,3-h]isoquinoline (5v, yield 36%): Brown oil.
1H NMR (400 MHz, CDCl, ppm): 6 = 9.01 (s, 1H), 8.43 (d, J = 5.9 Hz, 1H), 7.60 - 7.55
(m, 2H), 7.08 (d, J = 8.8 Hz, 1H), 5.42 (dd, J = 2.0 Hz, 4.2 Hz, 1H), 3.89 - 3.83 (m, 1H),
3.67 - 3.62 (m, 1H), 3.17 - 3.05 (m, 2H), 1.57 - 1.50 (m, 2H), 1.30 - 1.19 (m, 2H), 0.80
(t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCls, ppm): & = 151.9, 150.3, 143.3, 134.3
125.5, 124.7, 121.3, 115.9, 110.4, 94.6, 68.9, 31.4, 28.3, 19.1, 13.7. HRMS (ESI-TOF):
Calcd for C45H1gNO,S [M+H]*: 276.1053; Found: 276.1060.

Y

0 5ab

3-ethoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine 3= (5ab, yield 57%): Colorless oil;
1H NMR (400 MHz, CDCls, ppm): & = 7.81 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H),
7.45 - 7.38 (m, 2H), 7.30 - 7.26 (m, 1H), 6.97 (d, J = 8.9 Hz, 1H), 5.36 (dd, J = 2.1 Hz,
4.7 Hz, 1H), 3.93 - 3.85 (m, 1H), 3.70 - 3.63 (m, 1H), 3.12 (dd, J = 2.2 Hz, 12.9 Hz, 1H),
3.03 (dd, J = 4.7 Hz, 12.9 Hz, 1H), 1.16 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCls,
ppm): 6 =147.3, 131.1, 129.5, 128.3, 126.4, 126.1, 124.2, 122.7, 119.9, 111.0, 94.4 (d,
J =43 Hz) , 64.5, 28.9, 12.2. HRMS (ESI-TOF): Calcd for Ci4H14NaO,S [M+Na]*:
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269.0607; Found: 269.0607.
/\KOJ\

0 5ac

3-isobutoxy-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5ac, yield 52%): Colorless oil;
1H NMR (400 MHz, CDCls, ppm): & = 8.02 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H),
7.61-7.55 (m, 2H), 7.44 (t, J = 7.4 Hz, 1H), 7.16 (d, J = 8.8 Hz, 1H), 5.47 (dd, J = 1.9 Hz,
6.4 Hz, 1H), 3.78 (dd, J = 6.8 Hz, 12.3 Hz, 1H), 3.50 (dd, J = 9.3 Hz, 6.4 Hz, 1H), 3.28 -
3.17 (m, 2H), 2.03 - 1.94 (m, 1H), 0.97 (d, J = 6.6 Hz, 3H), 0.93 (d, J = 6.7 Hz, 3H). 13C
NMR (100 MHz, CDCl;, ppm): & = 147.4, 131.1, 129.5, 128.4, 126.4, 126.0, 124.3,
122.8, 120.0, 111.2, 94.8, 75.5, 28.9, 28.5, 19.4, 19.3. HRMS (ESI-TOF): Calcd for
C16H1905S [M+H]*: 275.1100; Found: 275.1100.

K

0 5ad

3-(tert-butoxy)-2,3-dihydronaphtho([2,1-b][1,4]oxathiine (5ad, yield 39%): Colorless
oil. 'H NMR (400 MHz, CDCls, ppm): & = 7.94 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.1 Hz,
1H), 7.57 - 7.51 (m, 2H), 7.40 (t, J = 7.6 Hz, 1H), 7.06 (d, J = 8.8 Hz, 1H), 5.69 (dd, J =
2.5 Hz, 5.0 Hz, 1H), 3.20 - 3.11 (m, 2H), 1.39 (s, 9H). 13C NMR (100 MHz, CDCl3, ppm):
6 =148.2, 131.1, 129.4, 128.3, 126.3, 125.9, 124.1, 122.7, 120.2, 110.6, 90.5, 76.4,
30.1, 28.8. HRMS (ESI-TOF): Calcd for C4H190,S [M+H]*: 275.1100; Found: 275.1094.

“r°\©
o
5ae

3-(cyclohexyloxy)-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5ae, vyield 33%):
Colorless oil. 'TH NMR (400 MHz, CDCls, ppm): 6 =7.93 (d, /= 8.4 Hz, 1H), 7.76 (d, J =
8.1 Hz, 1H), 7.57 - 7.50 (m, 2H), 7.40 (t, J = 7.4 Hz, 1H), 7.08 (d, J = 8.8 Hz, 1H), 5.60
(dd, J=2.0 Hz, 4.8 Hz, 1H), 3.92 - 3.80 (m, 1H), 3.25 - 3.13 (m, 2H), 2.0 (dd, J = 2.7 Hz,
9.8 Hz, 1H), 1.91 (dd, J = 3.8 Hz, 11.1 Hz, 1H), 1.81 - 1.72 (m, 2H), 1.57 - 1.54 (m, 1H),
1.48 - 1.16 (m, 5H). 13C NMR (100 MHz, CDClz, ppm): 6 = 147.6, 131.1, 129.4, 128.3,
126.3, 126.0, 124.2, 122.7, 120.0, 110.9, 93.2, 33.5, 32.1, 29.3, 25.6, 24.3, 24.2.
HRMS (ESI-TOF): Calcd for C13H,:0,S [M+H]*: 301.1257; Found: 301.1258.

(9]

3-phenyl-2,3-dihydronaphtho[2,1-b][1,4]oxathiine (5af, yield 12%): Colorless oil; H
NMR (400 MHz, CDCl3, ppm): & = 7.90 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H), 7.55
-7.36 (m, 8H), 7.14 (d, J = 8.9 Hz, 1H), 5.30 (dd, J = 2.3 Hz, 8.9 Hz, 1H), 3.36 - 3.25 (m,
2H). 13C NMR (100 MHz, CDCl;, ppm): 6 = 150.0, 140.3, 131.2, 129.4, 128.7, 128.5,
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128.3, 126.4, 126.0, 125.9, 124.2, 122.6, 120.0, 110.3, 31.5, 29.7. HRMS (ESI-TOF):
Calcd for C1gH150S [M+H]*: 279.0838; Found: 279.0843.

10;0 5ag

7a,10,11,11a-tetrahydro-9H-naphtho[2,1-b]pyrano[3,2-e][1,4]oxathiine® (5ag, yield
15%): Colorless oil; *H NMR (400 MHz, CDCls, ppm): 6 = 7.77 (d, J = 8.4 Hz, 1H), 7.66
(d, J = 8.0 Hz, 1H), 7.47 (d, J = 8.8 Hz, 1H), 7.43 - 7.38 (m, 1H), 7.31 - 7.27 (m, 1H),
7.04 (d, J = 8.9 Hz, 1H), 5.57 (d, J =2.2 Hz, 1H), 4.04 - 3.97 (m, 1H), 3.70 - 3.66 (m, 1H),
3.29 - 3.25 (m, 1H), 1.94 - 1.66 (m, 4H). HRMS (ESI-TOF): Calcd for CysH150,S
[M+H]*:259.0793; Found: 259.0788.

2.3 'H NMR and 3C NMR spectra
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Figure $39. 'H NMR (400 MHz, CDCl3) Spectrum of Compound 2b
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Figure $86. 13C NMR (100 MHz, CDCl; ) Spectrum of Compound 5v
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Figure $87. 1H NMR (400 MHz, CDCl3) Spectrum of Compound 5ab
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Figure S91. 'H NMR (400 MHz, CDCl3) Spectrum of Compound 5ad
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Figure $93. 'H NMR (400 MHz, CDCls) Spectrum of Compound 5ae
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Figure $97. 'H NMR (400 MHz, CDCl3) Spectrum of Compound 5ag
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2.4 HRMS spectra

x10 5 |+*ESI Scan (0.184-0.348 min, 26 Scans) Frag=160.0V GY0822-1-0.2ul.d Subtract

1.154
1.1
1.05- 317.0636

0.95+4
0.9
0.85+

0.75
0.7
0.65+
0.6
0.55-
0.5
0.5+
0.4
0.354
0.3+
0.25+
0.2+
0.154
0.1+
0.05 317.1632
(o] 1 | | | '

317.0979

316 95 317 317.05 _ 3171 31715 317.2 317.25 3173

Figure $100. HRMS (ESI-TOF) Spectrum of Compound 3a

+ESI Scan (rt: 2.775 min) Frag=175.0v 1222-1-1.d

3.7 473.8805

0.2
|

T T T T T T T T T T T T T T T T T T 7 T 7 7
4724 4725 4726 4727 4728 4729 473 4730 4732 4733 4734 4735 4736 4737 4AT3B 4739 474 4741 4742 4743 4744 4745
Counts (%) vs. Mass-to-Charge (mz)

Figure S101. HRMS (ESI-TOF) Spectrum of Compound 3b
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x10 4 [*ES| Scan (0.175-0.340 min, 26 Scans) Frag=160.0V GY0822-2-0.2ul.d Subtract
1.154
1.1
1.05+4
472.8841
14
0.95+
0.94
0.85+
0.8
0.75+
0.7
0.654
0.6
0.554
0.5
0.45
0.4
0.354
0.3
0.25-
0.2
0.15 472 9293
0.1
0:G5 472 9058
472.8 47282 472.84 AT2.86 472.88 A472.9 47292 472.94 A472.96 47298 473 A473.02 473.04
Figure $102. HRMS (ESI-TOF) Spectrum of Compound 3¢
x10 2 |+*ESI| Scan (0.185-0.336 min, 24 Scans) Frag=160.0V GY0619-12-0.2ul.d Subtract
8.254
=1
7.75+4
772'2: 472.8840
T
6.75+
6.5
6.25
o
S5.754
5.5
5.254
o
4 75
4.54
4.254
i
3.754
3.54
3.254
2.754
2.54
2.25+4
1.75-
1.54
1 Zfi 472.9186
0.754
0.5+
0.254
1
' 4728 A4T2.8Z 472.84 4T72.86 47288 4729 _ A4T72.92_ 47294 472.96 472.98 473 473.02 473.04
Figure $103. HRMS (ESI-TOF) Spectrum of Compound 3d
x10 4 +ES| Scan (0.182-0.332 min, 66 Scans) Frag=180.0v GY0115-4.d Subtract
1.2
1.15
1.149
1.05 384 9848
il
0.95
0.9
0.854
0.84
0.75
0.74
0.654
0.64
0.55
0.54
0.45-
0.44
0.354
0.3
0.25 385.9881
0.2
0.154
0.1
0.05- ‘
o [ L 1l
384 4 384 6 3848 385 3852 385 4 3856 3858 386 386 2 386 4 386.6

Figure S104. HRMS (ESI-TOF) Spectrum of Compound 3e
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x10* J+ESI Scan (rt: 1,039 min) Frag=175.0V 1222-6.d

L1
1.05

0.957

0.5 3750262

0.8
0.75
0.7
0.657
0.6
0.557)
0,57
0,45
047
0.35
0.3
0.25
0.7
0.157
0.1
0,057 374.9257

375Tl42

375.r955

T T T T T
374.85 3749 374.95 375 375.05

T T T
375.1 375.15 3752

Counts vs, Mass-to-Charge (m/z)

T
375.25

T
3753

T T T
37535 3754 375.45

Figure $105. HRMS (ESI-TOF) Spectrum of Compound 3f

104 [+ESI Scan (rt: 0,712 min) Frag=175.0V 1222-3.d

388.4 388.5 388.6 3887 3888 388.9

389 389.1 389.2
Counts s, Mass-to-Charge (m/z)

389.3

389.4

389.5

389.6 389.7 89.8

Figure S106. HRMS (ESI-TOF) Spectrum of Compound 3g

x10 3 | *ESI Scan (0.172-0.343 min, 27 Scans) Frag=160.0V GY0822-5-0.2ul.d Subtract

1.054
14

0.95 367.0538

0.9+
0.85+4
0.84
0.754
0.74
0.65
0.64
0.554
0.54
0.454
0.4+
0.354
0.34
0.25+4
0.2+
0.154
0.14
0.054

367.1462

367.2373

.
366.8 36685 3669 36695 367 367.05

367.1_367.16 3672 367.25 3673

.
367.

35 3674 367.45 3675

Figure $S107. HRMS (ESI-TOF) Spectrum of Compound 3h
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<10 3 |*+ESI Scan (0.180-0.320 min, 61 Scans) Frag=180.0V GY0115-3.d Subtract

5 [+ESI Scan (rt: 0,666 min) Frag=175.00 1222=4.d

T T T T T T T T T T T T T T T T T T T T
388.6 3887 38R 3889 389 389.1 3802 3803 389.4 3895  380.6 380.7 380.8 380.9 3%0 300.1 3902 3903 3904 90,5

Counts vs. Massto-Charge (m/z)

Figure S108. HRMS (ESI-TOF) Spectrum of Compound 3i

o 417.0566

(e Sy
o
i

0.5] 418.0600

0.1 419.0570

& ! ‘ |
416.5 416.75 417 41725 4175 41775 418 41825 4185 41875 419 41925 4195 41875

Figure $109. HRMS (ESI-TOF) Spectrum of Compound 3j

+ES| Scan (0.184-0.317 min, 68 Scans) Frag=180.0v GY0115-1.d Subtract

344 461.1051

1 462.1080

463.1074
464.1079

460 -F964

459.5 460 460.5 461

Figure S110. HRMS (ESI-TOF) Spectrum of Compound 3k
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+E8I| Scan (0.174-0.338 min, 26 Scans) Frag=160.0V GY0822-6-0.2ul.d Subtract

&4 433.0741

14 433.1070

0.2+ 4-’.53-‘1352

432.975 433 433.025 433.05 433.075 433.1 433.125 433.15 433.175 433.2 433.225 433.25

Figure S111. HRMS (ESI-TOF) Spectrum of Compound 3l

Figure S112. HRMS (ESI-TOF) Spectrum of Compound 3m

x10 4

8.5+
84
7.5+
74

6.5+

5.5
54

4.5+

3.5
3
2.5
24

1.54

0.5+

+ES| Scan (0.165-0.337 min, 27 Scans) Frag=160.0v GY0822-7-0.2ul.d Subtract

469.1260

469.1657

469 .‘2466

469 469.05 469.1 _469.15 @ 469.2 469.25 469.3 469.35

Figure S113. HRMS (ESI-TOF) Spectrum of Compound 30
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+ESI| Scan (0.172-0.343 min, 27 Scans) Frag=160.0V GY0822-8-0.2ul.d Subtract

345.0947

345.1300

345.1474 345 1758
| |

3451124
1

Figure S114. HRMS (ESI-TOF) Spectrum of Compound 3p

345 02 345 04 34506 34508 3451 345 12 345 14 34516 345 18 3452 34522 345 24 345 26 345 28

e e
9]
|

+ESI| Scan (0.177-0.35% min. 28 Scans) Frag=160.0V GY0822-9-0.2ul.d Subtract

401.1577

401.1960

a01 4011 _401.z . 4013 . a01.a 401.5

Figure S115. HRMS (ESI-TOF) Spectrum of Compound 3q

401.6

+ES

1 Scan (rt: 1.535 min) Frag=175.0V gy1223-2.d

320.p564

321.p582

T 7 T T T T T T T T T T T T
318 3182 3184 3186 3188 319 3192 3194 3196 3198 320 3202 3204 3206 3208 321 3212
Counts (%) vs. Mass-to-Charge (m/z)

Figure S116. HRMS (ESI-TOF) Spectrum of Compound 3r
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<105 [7EST Scan (rt: 8.465 min) Frag=175.0v 2-NAIFEN p(6).d
461
4.4
4.2
-
39,0374
381
3.6
3.4
3.2
o+
28
2,67
2.4
2.2
o
18
161
1.4
12
H 350,0414
0.6]
067 3510368
0.4]
0.2
0 T T T T T T T T T T T T T T T T
348 8.2 8.4 3486 348.8 399 3492 39.4 3496 39.8 50 350.2 304 3506 3508 351
Counts vs, Mass-to-Charge (myz)
Figure S117. HRMS (ESI-TOF) Spectrum of Compound 2a
x10 2 |+*ESI| Scan (0.188-0.359 min, 27 Scans) Frag=160.0V GY0619-13-0.2ul.d Subtract
7.254
-
6.754
acl 504.8562
6.254
s
5.75-
5.5
5.254
s
4.754
4.5
4.25
Py
3.754
3.5
3.25-
a]
2754
2.5
225
>
1.754
1.5
1.25
1
S 504.9005
0.54 504.8777
0.25
o . y . . . . L . . x
504.8 504 .82 504 .84 504 .86 504 88 _. 5049 504.92 504 .94 504.96 504 .98
Figure S118. HRMS (ESI-TOF) Spectrum of Compound 2b
x10 3 |+*ESI Scan (0.172-0.356 min, 29 Scans)} Frag=160.0Vv GY0822-4-0.2ul.d Subtract
1.45
1.4
1.35
] 504.8563
1.25
1.2
1.154
1.1
1.05
1
0.95
0.9
0.85-
0.8
0.75-|
0.7
0.65-
0.6
0.55-
0.5
0.45-|
0.4
0.35|
0.3
0.25-
0.2+ 504 .8867
0.15-
0.1
0.05
o]
5048 504 82 504 .84 504 86 50488 __ 5049 _ 50492 504 94 504 96

Figure S119. HRMS (ESI-TOF) Spectrum of Compound 2c¢
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10 2 |*ESI Scan (0.213-0.267 min, 24 Scans) Frag=180.0v GY0115-7.d

7.5
7. 254
74

6.754 297.0914

6.5
6.254

2,759
5,594
5.254
54
4.754
4.5+
4.254

3.754
3.5
3.254

2754
2.5
2254
2
1.75-
1.5
1.25-
1
0.75+
0.5+
0.254 ‘

298.0938

Figure $120. HRMS (ESI-TOF) Spectrum of Compound 5a

| | I
296.2 296.4 2966 2968 297 2972 2974 2976 2978 298 2982 2984 2986 2988 299

Ll
299 2

x105 [+ESI Scan (rt: 2,378 min) Frag=175.0v 1222-12.d

1.2
1.15
1.1
1.05

0,95
0.9
0.85
0.8
0.757
0.7
0.657
0.6
0,557
0.5
0.45
0.4
0.35
0.3
0.25+
0.2
0.15
0.1
0,057

3520131

353.0164

354.0112

355.p151

3512 3514 3516 3518 352 3522 3524 3526 3528 353 3532 353.4 3536 3538 354 354.2 354.4 3546 3548 355 3552 3554 3556 355.8 356 3562 3564 356.6

Figure S121. HRMS (ESI-TOF) Spectrum of Compound 5b

10 2 +ESI Scan (0.187-0.2617 min, 33 Scans) Frag=180.0VvV GY0115-8.d Subtract

1.a5] 375.0020

3I75.37178

374.7 374.8 374.9 275

3751 -.375.2 .. 375.3 375.4

Figure S122. HRMS (ESI-TOF) Spectrum of Compound 5¢
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102 +ES| Scan (0.186-0.280 min, 41 Scans) Frag=180.0Vv GY0115-8.d Subtract

4 375.0024

G
IS
H

375.3333

1 Il
3747 3748 3749 375 _ 3751 _ 375 2 3753 3754 3755 3756

Figure $123. HRMS (ESI-TOF) Spectrum of Compound 5d

x10° |+ESI Scan (rt: 1,740 min) Frag=175,0V 1222-14.d

354.1122
354.0111

352.0129

0. 353.0159

o L

T T T T T T T T T T T T T T T
3514 3516 3518 352 3522 3524 3526 3528 353 3532 3534 353.6 353.8 354 354.2 354.4 3546
Counts vs, Mass-to-Charge (m/z)

Figure S124. HRMS (ESI-TOF) Spectrum of Compound 5e

103 |+ESI Scan (it: 4.641 min) Frag=175.0V 1222-7.d

4.5
461
4.4
4.2

] 293.1004
3.8
3.6
3.4
3.2

2.8
2.6
247
2.2

1.8
1.6
1.4
L2
293.2040
0.8
0.6
0.4
0.2

292.98 293 293.02  293.04  293.06  293.08 2931  293.2  293.04 29316  293.8 2932  293.22 293.24  293.26 29328 2933 29332
Counts vs. Mass-to-Charge (m/z)

Figure S125. HRMS (ESI-TOF) Spectrum of Compound 5f
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x10* [*ESI Scan (rt: 2159 min) Frag=175.0V 1222-15.d
2.7
2.6
2.5
2.4
2.3
2,7
2.1 370,0032

1.9 372.p011
1.8
1.H
1.6
1.57
1.4
1.3
1.2
1.1

372,0875

0,4 371.0077

0.1
| | | | | | I |

T T T T T T T T T T T T T T
3694 3696 369.8 370 3702 3704 3706 3708 371 3712 3714 3716 3718 3n 32 3724 3726
Counts vs, Mass-to-Charge (m/z)

Figure S126. HRMS (ESI-TOF) Spectrum of Compound 5g

x10 1 |*ESI Scan (0.277-0.29171 min, 7 Scans) Frag=180.0V GY0115-10.d Subtract

331.0531

330.95 331 331.05 337.1. 331.15 331 .2 331.25

Figure S127. HRMS (ESI-TOF) Spectrum of Compound 5h

x10% |+ESI Scan (rt: 1,115 min) Frag=175,0V 1222-16,d

1057

0.957
0.9
0.857
0.8
0.757
0.7
0.657

0.557
0.57
0.457
0.4
0.357

0.157
0.1

99,3317
0.05 zsa.rm

299.60%0
‘ f°

T T T T T T T T T T T T T
298.9 298.95 299 299.05 299.1 299.15 299.2 299.25 299.3 299.35 299.4 299.45 299.5 299.55 299.6
Counts vs, Mass-to-Charge (m/z)
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Figure S128. HRMS (ESI-TOF) Spectrum of Compound 5i

3 |+ESI Scan (0.195-0.279 min, 37 Scans) Frag=180.0v GY0115-11.d Subtract

300.1054

301.1088

302.1055

0 T =
299.5 300

Figure $129. HRMS (ESI-TOF) Spectrum of Compound 5j

+ESI Scan (rt: 1019 min) Frag=175.0V 1222-17.d

l9‘3.r7ﬂﬂ

300.,

053

EDBTBIB

Counts vs, Mass-to-Charge (m/z)

Figure S130. HRMS (ESI-TOF) Spectrum of Compound 5k
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x10 4 |*ESI| Scan (0.168-0.228 min, 54 Scans) Frag=180.0V GY0416-1.d Subtract
4,24
A
387 369.1130
3.64
3.4
3.2
3
2.84
2.6
2.4
2.2
>
1.8
1.6
1.4
1.2
14
o= 370.1158
0.6
0.4
s 371.1129
|| 372.1146
[s] . il . . i . . . S| .
36B5 369 365.5 370 3705 _ 371 3775 372 3725
Figure S131. HRMS (ESI-TOF) Spectrum of Compound 5I
x10 4 +ES| Scan (0.198-0.284 min, 42 Scans) Frag=180.0V GY0115-12.d Subtract
3.24
3.14
3]
2.9
28] 333.1155
2.7
2.64
2.5
2.4
2.3
2.24
2.14
=]
1.9
1.84
1.7
1.6
1.5
1.4
1.34
1.2
1.1
1]
0.9+
0.8+
07
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0.5
04|
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0.2 3321075 335.115
951 L I I ‘ St
33z 3325 333 3355 332 _ 3345 335 3355 336 3365
Figure S132. HRMS (ESI-TOF) Spectrum of Compound 5m
x10 4 +=ESI Scan (0.191-0.287 min, 42 Scans) Frag=180.0v GY0115-13.d Subtract
1.24
1.154
1.1 369 1124
1.05-
1
0.95-
0.9
0.85
0.8
0.754
0.7
0.65-
0.6
0.55
0.5
0.454
0.4
0.35]
0.3
0.254 370.1157
0.2
0.154
0.1 371.1126
0.05- |
o L1 L
368.5 369 369.5 . 370 370.5 371 371.5

Figure S133. HRMS (ESI-TOF) Spectrum of Compound 5n
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x10 2 +ES| Scan (0.195-0.272 min, 34 Scans) Frag=180.0v GY0115-14.d Subtract
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Figure S134 HRMS (ESI-TOF) Spectrum of Compound 50
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Figure S135. HRMS (ESI-TOF) Spectrum of Compound 5p
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Figure S136. HRMS (ESI-TOF) Spectrum of Compound 5q
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Figure S137. HRMS (ESI-TOF) Spectrum of Compound 5r
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Figure S138. HRMS (ESI-TOF) Spectrum of Compound 5s
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Figure $139. HRMS (ESI-TOF) Spectrum of Compound 5t
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Figure $140. HRMS (ESI-TOF) Spectrum of Compound 5u
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Figure S141. HRMS (ESI-TOF) Spectrum of Compound 5v
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Figure S142. HRMS (ESI-TOF) Spectrum of Compound 5ab

+ESI Scan (rt: 4.500 min) Frag=175.0V 12229.d

275.1100

274.98 275 275.02 275.04 275.06 275.08 275.1 275.12 275.14 275.16 275.18 275.2 27522 27524
Counts (%) vs. Mass=to-Charge (m/z)

Figure S143. HRMS (ESI-TOF) Spectrum of Compound 5ac
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Figure S144. HRMS (ESI-TOF) Spectrum of Compound 5ad
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Figure S145. HRMS (ESI-TOF) Spectrum of Compound 5ae
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Figure S146. HRMS (ESI-TOF) Spectrum of Compound 5af
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Figure S147. HRMS (ESI-TOF) Spectrum of Compound 5ag
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Figure S148. HRMS (ESI-TOF) Spectrum of Compounds 5ah1 and 5ah2

2.5 Details for Single Crystal X-ray Analysis

The structure of 3a and 2a were determined by the X ray diffraction. Recrystallized
from acetone. Further information can be found in the CIF file. There crystals were
deposited in the Cambridge Crystallographic Data Centre and assigned as CCDC
2113590 and CCDC 2113591. The checkCIF reports were obtained via the
International Union of Crystallography's (IUCr)

Prob
Temp

S0
293

<1 Y

CCDC 2113590

PLATON-Mar 22 04:11:25 2017 - (70316)

Z -133 20170331 P -1 R = 0.05 RES= 0 -B1 X

Figure $149. X-ray crystal structure of 3a with the ellipsoid contour at 50% probability levels.8
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Table S8. Crystal data and structure refinement for 20170331 (3a).

Datablock: 20170331
Bond precision: C-C = 0.0030 A Wavelength=0.71073
Cell: a=8.3023(5) b=9.0644 (7) c=10.6356(10)

alpha=99.420(7) beta=93.883(6) gamma=108.503(7)
Temperature: 293 K

Calculated Reported
Volume 742.63(11) 742.63(11)
Space group B=1 P -1
Hall group =B o =E
Moiety formula C20 H12 02 S C20 H12 02 S
Sum formula C20 H1Z 92'8 C20 H12 02 s
Mr 31636 316436
Dx,g cm-3 1.415 1.415
Z 2 2
Mu (mm-1) 0.225 0225
F00O0 328.0 328.0
F000” 328.39
h, k, Imax 11,12,14 111214
Nref 4053 3428
Tmin, Tmax 0...955,.0..:965 0.950,1.000
Tmin’ 0.954

Correction method= # Reported T Limits: Tmin=0.950 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 0.846 Theta (max)= 29.264

wR2 (reflections)=

R(reflections)= 0.0467( 2603) 0.1144( 3428)

S = 1.040 Npar= 208

> 3 Prob = 50

¢ Temp = 293
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Figure S150. X-ray crystal structure of 2a with the ellipsoid contour at 50%
probability levels

Table S9. Crystal data and structure refinement for 201709117 (2a).

Datablock: 201709177

Bond precision: C-C = 0.0048 A Wavelength=1.54184
Cell: a=9.1135(4) b=6.4959(3) c=26.5272(12)
alpha=90 beta=92.726(4) gamma=90
Temperature: 293 K
Calculated Reported
Volume 1568.64(12) 1568.65(13)
Space group P 21/n P121/n1
Hall group -P 2yn -P 2yn
Moiety formula C20 H12 02 S1.91, 0.044(S2) C20 H12 02 S2
Sum formula C20 H12 02 S2 C20 H12 02 s2
Mr 348.42 348.42
Dx,g cm-3 1.475 1.475
Z 4 4
Mu (mm-1) F£250 3.150
FO00 720.0 720.0
FO00’ 724.45
h,k, lmax 10;7,31 104731
Nref 2797 2786
Tmin, Tmax 0.596,0.664 0.857,1.000
Tmin” 0.540

Correction method= # Reported T Limits: Tmin=0.857 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 0.996 Theta (max)= 67.076

wR2 (reflections)=

i = 0. 7
R(reflections)= 0.0520( 2327) 0.1427( 2786)

S =1.097 Npar= 266
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