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General information

All reactions in non-aqueous media were conducted under a positive pressure of dry nitrogen in
glassware that had been dried in an oven prior to use, unless noted otherwise. All anhydrous solvents
were purchased from Shanghai Titan Technology Co., Ltd. Thin layer chromatography (Spec). A silica
gel plate (100x25mm, GF254, 0.23mm, 5-20um) was purchased from Yantai Huayang New Material
Technology Co., Ltd. Flash column chromatography was performed using silica gel (200-300 mesh).
The Phosphomolybdic acid (5% phosphomolybdic acid + 95% ethanol) was utilized for color
development, and the light absorption effect of the product was observed using a portable UV analyzer.
'"H and '*C nuclear magnetic resonance spectra (NMR) were obtained on a Bruker 400 MHz
spectrometer. The spectra were recorded in parts per million (ppm) downfield of tetramethylsilane
(TMS) (6 = 0) in CDCI3 and DMSO-ds, unless otherwise specified. Signal splitting patterns are
described as singlet (s), doublet (d), triplet (t), quartet (q), quintet (quint), or multiplet (m), with
coupling constants (J) in hertz. High-resolution mass spectra (HRMS) and X-ray single crystal
diffraction were performed by Sanguan Technology Service (Guangzhou) Co., Ltd. HMRS data for
new compounds were acquired in the mass spectrometer equipped with TOF analyzer. High-resolution
mass spectra (HRMS) were recorded using Electron Impact (EI), Fast Atom Bombardment (FAB)

or Electrospray lonization (ESI) techniques. The parent ion [M]* is quoted with the indicated cation.

Complete compounds set
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Figure S1 Acetylpyranulose substrates 2a-2j.
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Figure S2 f-oxodithioester substrates 3a-3e.
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Figure S3 Thieno[2, 3-b]pyran products 4a-4n and Sa-5i.

General procedures for the synthesis of acetylpyranuloses 1a-e and 2a-2j !l
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Scheme S1 Synthesis of substrates 1a-e. (1b as an example)

Step 1: n-Butyllithium (33 mL, 80 mmol, 3.0 eq.) was added dropwise to furan (20.7 mL, 287 mmol,
11.0 eq.) at 0°C and stirred for 3 hours. Then, 25 mL anhydrous tetrahydrofuran and propanoic acid
(1.97 mL, 26 mmol, 1.0 eq.) were slowly added at 0°C. After stirring for 30 minutes, the mixture was
allowed to gradually return to room temperature and stirred for another 3 hours. After the reaction was

complete, quenched with water and extracted with EA (20 mLx3). The organic layer was dried over
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Na;SO4 and concentrated under vacuum. The residue was purified by column chromatography
(PE:EA=30:1) to obtain G1b (yellow oil, 2.1 g, yield 64%).

Step 2: [Cp*RhCL]» (10 mg, 0.1% mmol) and (R, R)-TSDPEN (44 mg, 1% mmol) were added in
water (50 mL) and the mixture was stirred for 1.5 hours at 40°C. G1b (1.1 g, 10 mmol, 1.0 eq.) and
sodium formate (13.5 g, 20 mmol, 2.0 eq.) were added to the mixture and stirred for 12 hours. The
crude reaction mixture was extracted with EA (20 mLx3) and the organic layer was dried over Na;SOs,
concentrated under vacuum. The residue was purified by column chromatography (PE:EA=40:1) to get
G2b (colorless oil, 0.9 g, yield 8§1.2%).

Step 3: To a solution of G2b (1.06 g, 10 mmol, 1.0 eq.) in THF-H>O (40 mL, THF:H,O=3:1), NaHCO3
(1.62 g, 20 mmol, 2.0 eq.), NaOAc-3H,O (1.3 g, 10 mmol, 1.0 eq.), and NBS (1.71 g, 10 mmol, 1.0 eq.)
were added and the mixture was stirred for 1 hour. After the reaction was complete, the crude reaction
mixture was quenched with water, extracted with EA (20 mLx3), and the organic layer was dried over
Na,SO4, concentrated under vacuum. The residue was purified by column chromatography
(PE:EA=40:1) to get 1b (light yellow oil, 0.85 g, yield 69%)) .
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Scheme S2 Synthesis of substrates 2a-j. (2¢ as an example)

Step 4: To a solution of 1b (1 g, 7.03 mmol, 1.0 eq.) in ethanol (20 mL), Ac,O (1.08 g, 10.55 mmol,
1.0 eq.) and DMAP (99 mg, 0.7 mmol, 0.1 eq.) were added and the mixture was stirred for 30 minutes
at 40°C. After the reaction was complete, the crude reaction mixture was extracted with EA (20 mLx3),
the organic layer was dried over Na,SO4and concentrated under vacuum. The residue was purified by
column chromatography (PE:EA=30:1) to obtain 2¢ and 2h (2¢:2h=3:1).

General procedures for the synthesis of f-oxodithioesters 3a-3e
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Scheme S3 Synthesis of substrates 3a-e. (3a as an example)

Stepl: Na,S-9H,O (6.31 g, 26.27 mmol, 1.0 eq.), CS; (2.0 g, 26.27 mmol, 1.0 eq.) and methyl
trioctylammonium chloride (0.05 g, 0.26 mmol, 1.0 eq.) were dissolved in water and then the mixture
was stirred for 1.5 hours at room temperature. Subsequently, Me>SO4 (6.63 g, 52.56 mmol, 2.0 eq.) was
added to the mixture and stirred for another 1 hour at 10°C, 1 hour at room temperature. After the
reaction was complete, the crude reaction mixture was extracted with EA (20 mLx3), the organic layer
was dried over NaSOs; and concentrated under vacuum. The residue was purified by flash
chromatography (petroleum ether) to get dimethyl carbonotrithioate (yellow oil, 0.72 g, yield 51.4%).
Step2: To a solution of dimethyl carbonotrithioate (0.58 g, 4.16mmol, 1.0 eq.) in anhydrous DMF, NaH
(0.20 g, 8.32 mmol, 2.0 eq.) and CsHsO (0.50 g, 4.16 mmol, 1.0 eq.) were added at room temperature,
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and the mixture was stirred for 2 hours. After the reaction was complete, the reaction mixture was
subsequently acidified with SN HCI, pH 2-3. The resulting mixture was extracted with EA (20 mLx3),
the organic layer was dried over Na,SO4 and concentrated under vacuum. The residue was purified

through column chromatography (petroleum ether) to get 3a (yellow solid, 0.62 g, yield 81%).

General procedures for the synthesis of thieno[2, 3-b]pyran 4a-n and 5a-i

4a-n 3a-e 5a-i

Scheme S4 Synthesis of substrates 4a-n and 5a-i. (4a as an example)

To a solution of 3a (0.10g, 0.47mmol, 1.0 eq.) and 2a (0.08g, 0.47 mmol, 1.0 eq.) in anhydrous DCM
(3.0 mL), NaH (0.01g, 0.47 mmol, 1.0 eq.) was added slowly under nitrogen atmosphere, and the
resulting mixture was stirred for ten minutes at 0°C, then allowed to return to room temperature and
stirred for 12 hours. After the reaction was complete, the mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography (PE:EA=30:1, R,=0.1) to obtain 4a (white
powder, 0.06 g, yield 60.4%).

Crystallographic data and molecular structure of enantiomer 4 (Deposition Number 2402947)

The crystal of 4 for X-ray diffraction study has been obtained through the dissolving of compound in
PE-EA, followed by slow evaporation of the solvent at room temperature. The crystal was kept at 150

K during data collection.

P ¢ 0
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Figure S4 X-ray crystal structure of 4; the ellipsoids depicted at the 50% probability level.
Table S1 Crystal data and structure refinement for 4.

Identification code 4
Empirical formula Ci5H140:S,
Formula weight 306.38
Temperature/K 149.99(10)
Crystal system triclinic
Space group P-1

a/A 6.1960(3)
b/A 10.6217(6)
c/A 11.3470(6)
a/° 82.619(4)
p/° 74.785(5)
y/° 73.760(5)
Volume/A3 690.62(7)
Z 2

S5



Pealcg/cm’ 1.473

wmm-! 3.536

F(000) 320.0

Crystal size/mm? 0.15x0.13 x 0.12

Radiation Cu Ko (A=1.54184)

20 range for data collection/® |8.09 to 148.326

Index ranges -6<h<7,-13<k<13,-14<1<13
Reflections collected 4814

Independent reflections 2708 [Rine = 0.0381, Ryigma = 0.0375]
Data/restraints/parameters 2708/0/183

Goodness-of-fit on F? 1.071

Final R indexes [I>=2c (I)] R; =0.0574, wR, = 0.1588

Final R indexes [all data] R; =0.0586, wR,=0.1612

Largest diff. peak/hole / ¢ A3 0.51/-0.66

Crystal structure determination of 4

Crystal Data for C;sH403S; (M =306.38 g/mol): triclinic, space group P-1 (no. 2),a=
6.1960(3) A, b= 10.6217(6) A, c = 11.3470(6) A, o = 82.619(4)°, B = 74.785(5)°, y = 73.760(5)°, V =
690.62(7) A3, Z= 2, T=149.99(10) K, p(Cu Ka) = 3.536 mm™', Dcalc = 1.473 g/cm?, 4814 reflections
measured (8.09° <20 < 148.326°), 2708 unique (Rin = 0.0381, Rsigma = 0.0375) which were used in all
calculations. The final R; was 0.0574 (I > 2o(I)) and wR, was 0.1612 (all data).

Characterization data of the obtained compounds
2 /3 0 Py
Cr L
AcO' O AcO” O
2a 3:1 2f
(2R,6R)-6-methyl-5-0x0-5,6-dihydro-2 H-pyran-2-yl acetate (2a): colorless oil, 0.85 g, 66.7% yield, Ry
=0.6 (PE:EA=2:1). "H NMR (400 MHz, CDCl;) 6 6.89 (dd, J = 10.2, 3.7 Hz, 1H, H-2), 6.49 (d, J= 3.6
Hz, 1H, H-1), 6.22 (d, /= 10.2 Hz, 1H, H-3), 4.61 (q, /= 6.7 Hz, 1H, H-5), 2.15 (s, 3H, COCH3), 1.42
(d, J= 6.8 Hz, 3H, 5-CH3). The data of "H NMR is consistent with the literature.!!
(28,6R)-6-methyl-5-0x0-5,6-dihydro-2 H-pyran-2-yl acetate (2f): colorless oil, 0.42 g, 33.3% yield, Ry
=0.7 (PE:EA=2:1). '"H NMR (400 MHz, CDCl;) § 6.88 (dd, J = 10.3, 2.4 Hz, 1H, H-2), 6.56 (d, J=2.4,
1H, H-1), 6.24 (d, J=10.3 Hz, 1H, H-3), 4.38 (q, J = 7.0 Hz, 1H, H-5), 2.16 (s, 3H, COCH3), 1.50 (d, J
= 7.0 Hz, 3H, 5-CH3). The data of '"H NMR is consistent with the literatures.[!]
AcO O

(OT
1:3

(2R,6S)—6-methy1-5—oxo-5,6-d1hydro-2H—pyran—2—y1 acetate (2b): colorless oil, 0.88 g, 31.8% yield, Ry
=0.7 (PE:EA=1:1). '"H NMR (400 MHz, Chloroform-d) 6 6.89 (dd, J=10.4, 2.4 Hz, 1H, H-2), 6.56 (d,
J =24 Hz, 1H, H-1), 6.24 (d, J = 10.4 Hz, 1H, H-3), 438 (q, J = 7.0 Hz, 1H, H-5), 2.16 (s, 3H,
COCH3), 1.50 (d, J="7.0 Hz, 3H, 5-CH3).

(28,685)-6-methyl-5-0x0-5,6-dihydro-2 H-pyran-2-yl acetate (2g): colorless oil, 0.41 g, 68.2% yield, Ry
=0.6 (PE:EA=1:1) '"H NMR (400 MHz, Chloroform-d) J 6.88 (dd, J=10.2, 3.7 Hz, 1H, H-2), 6.48 (d,
J =3.7 Hz, 1H, H-1), 6.21 (d, J = 10.2 Hz, 1H, H-3), 4.60 (q, J = 6.7 Hz, 1H, H-5), 2.14 (s, 3H,
COCHj;), 1.41 (d, J= 6.7 Hz, 3H, 5-CH3). The data of 'H NMR is consistent with the literature.’

AcO"
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AcO" SO AcO O
2c 3:1

(2R,6R)-6-ethyl-5-0x0-5,6-dihydro-2 H-pyran-2-yl acetate (2¢): colorless oil, 1.15 g, 65.6% yield, Ry
=0.7 (PE:EA=2:1). 'H NMR (400 MHz, CDCl3) § 6.90 (dd, J = 10.2, 3.7 Hz, 1H, H-2), 6.52 (d, J=3.6
Hz, 1H, H-1), 6.21 (d, J=10.2 Hz, 1H, H-3), 4.43 (dd, /= 6.9, 4.0 Hz, 1H, H-5), 2.14 (s, 3H, COCH3),
1.96 (dqd, J = 15.1, 7.6, 4.2 Hz, 1H, CH,CH3), 1.81 (dp, J = 14.4, 7.3 Hz, 1H, CH,CH3), 0.97 (t, J =
7.4 Hz, 3H, CH3). 3C NMR (100 MHz, CDCl3) 6 195.6, 169.6, 141.6, 128.8, 87.1, 76.8, 23.0, 21.0, 9.0.
(2S,6R)-6-ethyl-5-0x0-5,6-dihydro-2H-pyran-2-yl acetate (2h): colorless oil, 0.60 g, 34.4% yield, Ry
=0.6 (PE:EA=2:1). 'H NMR (400 MHz, CDCl3) § 6.85 (dt, J = 10.4, 2.6 Hz, 1H, H-2), 6.56 (dd, J = 2.8,
1.3 Hz, 1H, H-1), 6.22 (d, J = 10.4, 1H, H-3), 4.15 (dd, /= 7.8, 6.2 Hz, 1H, H-5), 2.15 (s, /= 1.2 Hz,
3H, COCHa), 1.89 (p, J = 7.4 Hz, 2H, CH,CH3), 1.03 (t, J = 7.4 Hz, 3H, CH3). '*C NMR (100 MHz,
CDCls) 6 195.6, 169.6, 141.6, 128.8, 87.1, 76.9, 23.0, 21.0, 9.0.

(OTIT

Et AcO” ©O

(2R,6S)-6-ethyl-5-0x0-5,6-dihydro-2 H-pyran-2-yl acetate (2d): colorless oil, 0.48 g, 32.8% yield, Ry
=0.6 (PE:EA=2:1). '"H NMR (400 MHz, Chloroform-d) & 6.84 (dd, J = 10.4, 2.7 Hz, 1H, H-2), 6.55 (d,
J=2.7Hz, 1H, H-1), 6.21 (d, /= 10.4 Hz, 1H, H-3), 4.14 (dd, /= 7.8, 6.2 Hz, 1H, H-5), 2.14 (s, 3H,
COCHs5), 1.88 (p, J = 7.4 Hz, 2H, CH,CH3), 1.02 (t, J = 7.4 Hz, 3H, CH3). 3C NMR (100 MHz, CDCI;)
5195.7,169.4,142.8, 128.4, 87.6, 80.9, 26.3, 21.1, 9.9.
(25,65)-6-ethyl-5-0x0-5,6-dihydro-2 H-pyran-2-yl acetate (2i): colorless oil, 0.98 g, 67.2% yield, R,
=0.7 (PE:EA=2:1). 'H NMR (400 MHz, CDCL) 6 6.90 (dd, J = 10.2, 3.7 Hz, 1H, H-2), 6.52 (d, J = 3.7
Hz, 1H, H-1), 6.22 (d, J=10.2 Hz, 1H, H-3), 4.43 (dd, /= 6.9, 4.1 Hz, 1H, H-5), 2.14 (s, 3H, COCH3),
1.96 (ddd, J = 14.6, 7.4, 4.1 Hz, 1H, CH,CH3), 1.81 (dp, J = 14.4, 7.2 Hz, 1H, CH,CH3), 1.65 (s, 3H,
CHj3). BC NMR (100 MHz, CDCl3) 6 195.6, 169.6, 141.6, 128.7, 87.1, 76.8, 23.0, 20.9, 8.9.

AcO™ - r ACOICI

2e

(2R,6R)-5-0x0-6-propyl-5,6-dihydro-2 H-pyran-2-yl acetate (2e), colorless oil, 0.60 g, 66.7% yield, R,
=0.7 (PE:EA=2:1). 'H NMR (400 MHz, DMSO-de) 6 7.10 (dd, J = 10.2, 3.7 Hz, 1H, H-2), 6.46 (d, J=
3.7 Hz, 1H, H-1), 6.25 (d, J = 10.3 Hz, 1H, H-3), 4.48 (dd, J = 7.7, 3.8 Hz, 1H, H-5), 2.10 (s, 3H,
COCH3), 1.84 - 1.70 (m, 1H), 1.58 (dtd, J = 14.1, 8.3, 6.1 Hz, 1H), 1.40 — 1.28 (m, 2H), 0.86 (t, J= 7.4
Hz, 3H, CH3). *C NMR (100 MHz, CDCl;) J 195.8, 169.6, 141.5, 128.7, 87.2, 75.6, 31.7, 21.3, 17.5,
13.8.

(2S,6R)-5-0x0-6-propyl-5,6-dihydro-2 H-pyran-2-yl acetate (2j), colorless oil, 1.22 g, 33.3% yield, Ry
=0.6 (PE:EA=2:1). 'H NMR (400 MHz, DMSO) 6 7.09 (dd, J = 10.3, 2.5 Hz, 1H, H-2), 6.53 (d, J= 2.5,
1.4 Hz, 1H, H-1), 6.25 (d, J=10.3, 1H, H-3), 4.30 (dd, J = 8.6, 5.2 Hz, 1H, H-5), 2.10 (s, 3H, COCH3),
1.74 — 1.64 (m, 2H), 1.37 (dhept, J = 13.2, 6.8, 6.4 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H, CH3). *C NMR

(100 MHz, CDCl3) 6 195.8, 169.6, 141.2, 128.7, 87.3, 75.9, 31.7, 21.0, 17.9, 14.0.
OH S

3a
methyl (Z)-3-hydroxy-3-phenylprop-2-enedithioate (3a), yellow solid, 425.4 mg, 80.4% yield. Ry=0.4

AcO"
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(PE). 'H NMR (400 MHz, CDCL3) 6 15.10 (s, 1H, Bn-OH), 7.88 (d, J = 7.3 Hz, 2H, ArH), 7.54 — 7.48
(m, 1H, ArH), 7.44 (dd, J = 8.3, 6.5 Hz, 2H, ArH), 6.96 (s, 1H, CH), 2.65 (s, 3H, SCH3). The data of 'H

NMR is consistent with the literature.[!

OH S
MeO 3b

methyl (2)-3-hydroxy-3-(4-methoxyphenyl)prop-2-enedithioate (3b), yellow solid, 393.8 mg, 78.8%
yield. Ry=0.5 (PE), 'H NMR (400 MHz, CDCL;) §15.19 (s, 1H, Bn-OH), 7.86 (d, J = 8.8 Hz, 2H, ArH),
6.94 (s, 1H, CH), 6.97 — 6.92 (m, 2H, ArH), 3.87 (s, 3H, OCH3), 2.65 (s, 3H, CH3). The data of 'H

NMR is consistent with the literature.[!

OH S
Cl 3c
methyl (2)-3-(4-chlorophenyl)-3-hydroxyprop-2-enedithioate (3¢), yellow solid, 434.7 mg, 82.4% yield.
R;=0.4 (PE), 'H NMR (400 MHz, CDCl;) 6 15.07 (s, 1H, Bn-OH), 7.85 — 7.78 (m, 2H, ArH), 7.47 —

7.38 (m, 2H, ArH), 6.91 (s, 1H, CH), 2.66 (s, 3H, CH3). The data of "H NMR is consistent with the

literature.l!

OH S
/@MSMe
F 3d
methyl (2)-3-(4-fluorophenyl)-3-hydroxyprop-2-enedithioate (3d), yellow solid, 419.5 mg, 81.7% yield.
R;=0.61 (PE), 'H NMR (400 MHz, CDCl3) 6 15.11 (s, 1H, Bn-OH), 7.94 — 7.85 (m, 2H, ArH), 7.19 —

7.09 (m, 2H, ArH), 6.90 (s, 1H, CH), 2.66 (s, 3H, CH3). The data of "H NMR is consistent with the

literature.!¥

OH S
' 3e
methyl (Z2)-3-hydroxy-3-(4-iodophenyl)prop-2-enedithioate (3e), yellow solid, 398.7 mg, 77.6% yield,
R;=0.8 (PE). 'H NMR (400 MHz, CDCl;) 6 15.04 (s, 1H, Bn-OH), 7.87 — 7.76 (m, 2H, ArH), 7.63 —

7.56 (m, 2H, ArH), 6.91 (s, 1H, CH), 2.66 (s, 3H, CH3). The data of "H NMR is consistent with the

literature.P’!

(2R, 4aR,7aS)-5-benzoyl-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-one
(4a):

White powder, Ry=0.3 (PE:EA=6:1), 48.9 mg, 60.4% yield. m.p. 149-151°C. 'H NMR (400 MHz,
CDCl3) 0 7.65 — 7.58 (m, 2H, ArH), 7.55 — 7.49 (m, 1H, ArH), 7.43 (dd, J = 8.2, 6.7 Hz, 2H, ArH),
5.57 (d, J= 7.4 Hz, 1H, H-2), 4.25 (dt, /= 9.5, 7.3 Hz, 1H, H-3), 3.99 (q, J = 7.0 Hz, 1H, H-6), 2.67
(dd, J=14.6, 9.6 Hz, 1H, H-4), 2.50 (dd, J = 14.7, 7.1 Hz, 1H, H-4), 2.45 (s, 3H, SCH3), 1.38 (d, J =
6.9 Hz, 3H, CH;). *C NMR (100 MHz, CDCL) 6 211.1, 190.2, 156.4, 139.7, 132.0, 128.7, 128.2,
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127.7, 83.7, 80.9, 51.1, 38.3, 17.6, 16.7. HRMS (ESI): m/z calcd for Cy6H1603S:Na: 343.0439; found:
343.0444 [M+Na]".

(2S,4aR,7aS)-5-benzoyl-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4 H)-one (4b):
White powder, Ry=0.3 (PE:EA=6:1), 50.1 mg, 62.3% yield. m.p. 159-160°C. 'H NMR (400 MHz,
CDCl3) 6 7.57 — 7.46 (m, 3H, ArH), 7.46 — 7.39 (m, 2H, ArH) 6.27 (d, J= 8.8 Hz, 1H, H-2), 4.57 (ddd,
J=28.5,54,2.6 Hz, 1H, H-3), 4.23 (q, J= 6.8 Hz, 1H, H-6), 2.85 (dd, J = 15.7, 5.4 Hz, 1H, H-4), 2.57
(dd,J=15.7,2.7 Hz, 1H, H-4), 2.41 (s, 3H, SCH3), 1.37 (d, J = 6.9 Hz, 3H, CH;).!3*C NMR (100 MHz,
CDCl3) ¢ 210.8, 190.1, 157.5, 139.6, 132.1, 128.7, 128.1, 127.8, 84.7, 73.5, 49.6, 36.5, 17.8, 15.6.
HRMS (ESI): m/z caled for C16Hi603S2Na: 343.0439; found: 343.0443 [M+Na]".

4c

(2R, 4aR,7aS)-5-benzoyl-2-ethyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-one (4c¢):
White powder, Ry=0.3 (PE:EA=6:1), 56.1 mg, 70.4% yield. m.p. 149-151°C. 'H NMR (400 MHz,
Chloroform-d) ¢ 7.67 — 7.58 (m, 2H, ArH), 7.58 — 7.48 (m, 1H, ArH), 7.48 — 7.37 (m, 2H, ArH), 5.54
(d, J=7.4 Hz, 1H, H-2), 4.23 (dt, /= 9.8, 7.3 Hz, 1H, H-3), 3.80 (dd, J= 7.7, 4.7 Hz, 1H, H-6), 2.60
(dd, J=14.4,99 Hz, 1H, H-4), 2.48 (dd, J = 14.4, 7.2 Hz, 1H, H-4), 2.46 (s, 3H, SCH3), 1.92 — 1.66
(m, 2H, CH,CH3), 1.00 (t, J = 7.4 Hz, 3H, CH,CH3).!3C NMR (100 MHz, CDCl3) 6211.3, 190.2, 156.8,
139.7, 131.9, 128.7, 128.1, 127.7, 85.9, 83.8, 51.9, 39.4, 24.8, 17.6, 9.7. HRMS (ESI): m/z calcd for
C17H1303S:Na: 357.0595; found: 357.0600 [M+Na]".

4ad

(2S,4aR, 7aS)-5-benzoyl-2-ethyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[ 2, 3-b]pyran-3(4H)-one (4d):
White powder, R=0.3 (PE:EA=6:1), 52.3 mg, 65.4% yield. m.p. 137-139°C. 'H NMR (400 MHz, ) §
7.55 - 7.47 (m, 3H, ArH), 7.45 — 7.38 (m, 2H, ArH), 6.31 (d, /= 8.8 Hz, 1H, H-2), 4.58 (ddd, J = 8.8,
5.3, 2.5 Hz, 1H, H-3), 4.05 (dd, J=17.5, 3.8 Hz, 1H, , H-6), 2.80 (dd, J = 15.4, 5.3 Hz, 1H, H-4), 2.56
(dd, J=15.4, 2.5 Hz, 1H, H-4), 2.40 (s, 3H, , SCH3), 1.92 (dqd, J = 14.9, 7.5, 3.9 Hz, 1H, CH,CH3),
1.74 (dt, J = 14.4, 7.3 Hz, 1H, CH,CH3), 0.96 (t, J = 7.4 Hz, 3H, CH,CH3;).!3C NMR (100 MHz, CDCl3)
0210.74,190.1, 157.4, 139.6, 132.1, 128.6, 128.1, 127.9, 84.7, 78.1,49.7, 37.4, 23.3, 17.8, 9.4. HRMS
(ESI): m/z calced for C17H;303S:Na: 357.0595; found: 357.0599 [M+Na]".
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(2R,4aR,7aS)-5-benzoyl-6-(methylthio)-2-propyl-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-one (4e):
White powder, R=0.3 (PE:EA=6:1), 54.8 mg, 68.5% yield. m.p. 104-106°C. 'H NMR (400 MHz, ) §
7.63 —7.59 (m, 2H, ArH), 7.56 — 7.49 (m, 1H, ArH), 7.47 — 7.40 (m, 2H, ArH), 5.53 (d, /J=7.5 Hz, 1H,
H-2), 4.23 (dt, J= 9.8, 7.3 Hz, 1H, H-3), 3.86 (dd, J= 7.0, 5.6 Hz, 1H, H-6), 2.61 (dd, J = 14.5, 10.0
Hz, 1H, H-4), 2.49 (dd, J = 14.5, 7.1 Hz, 1H, H-4), 2.46 (s, 3H, SCH3), 1.74 — 1.66 (m, 2H), 1.55 —
1.41 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H, CH3). 1*C NMR (100 MHz, CDCI;) 6 211.4, 190.2, 156.7, 139.7,
131.9, 128.7, 128.1, 127.7, 84.7, 83.8, 51.1, 39.1, 33.4, 18.5, 17.6, 13.7. HRMS (ESI): m/z calcd for
Ci3H2003S:Na: 371.0752; found: 371.0756 [M+Na]".

(2R, 4aR,7aS)-5-(4-methoxybenzoyl)-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-
3(4H)-one (4f):

White powder, R;=0.4 (PE:EA=6:1), 62.7 mg, 62.7% yield. m.p. 149-151°C. 'H NMR (400 MHz,
CDCl3) 6 7.69 (d, J=8.7Hz, 2H, ArH), 6.93 (d, /= 8.8 Hz, 2H, ArH), 5.54 (d, /J=7.3 Hz, 1H, H-2),
4.26 (dt,J=9.1, 7.3 Hz, 1H, H-3),4.01 (q, J = 6.8 Hz, 1H, H-6), 3.87 (s, 3H, OCH3), 2.69 (dd, J = 14.7,
9.2 Hz, 1H, H-4), 2.62 (dd, J = 14.7, 7.4 Hz, 1H, H-4), 2.42 (s, 3H, SCH3), 1.39 (d, /= 7.0 Hz, 3H,
CHj3). BC NMR (100 MzHz, CDCls) § 211.3, 189.5, 163.1, 151.9, 131.8, 130.7, 129.2, 113.9, 83.6,
80.9, 55.5,51.7, 38.1, 17.5, 16.8. HRMS (ESI): m/z calcd for Ci7H;304S,Na: 373.0544; found:
373.0548 [M+Na]".

(2R, 4aR,7aS)-5-(4-chlorobenzoyl)-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-
3(4H)-one (4g):

White powder, R;=0.3 (PE:EA=6:1), 64.3 mg, 80.4% yield. m.p. 155-157°C. '"H NMR (400 MHz,
CDCl3) 6 7.60 — 7.55 (m, 2H, ArH), 7.45 — 7.39 (m, 2H, ArH), 5.57 (d,J= 7.4 Hz, 1H, H-2), 4.23 (dt, J
=9.4,7.3 Hz, 1H, H-3),4.01 (q, /= 7.0 Hz, 1H, H-6), 2.68 (dd, J= 14.6, 9.4 Hz, 1H, H-4), 2.58 (dd, J
=14.6,7.2 Hz, 1H, H-4), 2.46 (s, 3H, SCH3), 1.39 (d, J = 7.0 Hz, 3H, CH3). *C NMR (100 MHz,
CDCl3) 6 210.9, 189.0, 156.8, 138.4, 137.9, 129.4, 129.0, 128.0, 83.6, 80.9, 51.1, 38.3, 17.7, 16.8.
HRMS (ESI): m/z caled for C16H;5C103S,Na: 377.0049; found: 377.0053 [M+Na]".
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(2R, 4aR,7aS)-5-(4-iodobenzoyl)-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[ 2,3-b]pyran-3(4 H)-
one (4h):

White powder, Ry=0.3 (PE:EA=6:1), 56.9 mg, 70.7% yield. m.p. 190-191°C. 'H NMR (400 MHz,
CDCl3) 6 7.85 —7.73 (m, 2H, ArH), 7.39 — 7.30 (m, 2H, ArH), 5.57 (d, /= 7.4 Hz, 1H, H-2), 4.22 (dt, J
=9.4,7.3 Hz, 1H, H-3), 4.01 (q, J= 7.0 Hz, 1H, H-6), 2.67 (dd, J = 14.6, 9.4 Hz, 1H, H-4), 2.62 — 2.55
(d, 1H, H-4), 2.46 (s, 3H, SCH3), 1.39 (d, J = 7.0 Hz, 3H, 6-CHs). 3*C NMR (100 MHz, CDCl;) ¢
210.9, 189.2, 157.2, 138.9, 137.9, 129.4, 127.8, 99.3, 83.6, 80.9, 51.1, 38.3, 17.6, 16.7. HRMS (ESI):
m/z calcd for Ci6H15103S,Na: 468.9405; found: 468.9407 [M+Na]".

(2R,4aR,7aS)-2-ethyl-5-(4-methoxybenzoyl)-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-
3(4H)-one (4i):

Wihte powder, Rr=0.3 (PE:EA=6:1), 62.2 mg, 77.8% yield. m.p. 99-100°C. 'H NMR (400 MHz,
CDCl3) 6 7.71 — 7.64 (m, 2H, ArH), 6.98-6.85 (m, 2H, ArH), 5.52 (d, J= 7.4 Hz, 1H, H-2), 424 (q,J =
8.1 Hz, 1H, H-3), 3.87 (s, 3H, OCH3), 3.82 (dd, J=7.4,4.5 Hz, 1H, H-6), 2.61 (d, /= 8.5 Hz, 2H, H-4),
2.43 (s, 3H, SCH3), 1.78 (m, 2H, CH,CH3), 1.01 (t, J = 7.4 Hz, 3H, CH.CH3). '*C NMR (100 MHz,
CDCl3) 0 211.4, 1894, 163.0, 131.9, 130.5, 129.1, 113.9, 85.9, 83.7, 55.4, 51.6, 39.2, 24.8, 17.5, 9.7.
HRMS (ESI): m/z calced for C1sH2004S:Na: 387.0701; found: 387.0705 [M+Na]".

(2R, 4aR,7aS)-5-(4-chlorobenzoyl)-2-ethyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-
one (4j):

White powder, Ry=0.4 (PE:EA=6:1), 63.7 mg, 79.6% yield. m.p. 114-116°C. 'H NMR (400 MHz,
CDCl3) 6 7.57 (d, J = 8.4 Hz, 2H, ArH), 7.41 (d, J = 8.4 Hz, 2H, ArH), 5.54 (d, /= 7.4 Hz, 1H, H-2),
4.21 (dt, J=9.4, 7.5 Hz, 1H, H-3), 3.82 (dd, J = 7.7, 4.6 Hz, 1H, H-6), 2.58 (dd, J = 8.4, 6.9 Hz, 2H,
H-4), 2.46 (s, 3H, SCH3), 1.86 — 1.71 (dq, 2H), 1.00 (t, J = 7.4 Hz, 3H, CH>CH3). 3C NMR (100 MHz,
CDCl3) 6 211.0, 188.9, 157.1, 138.2, 137.9, 129.3, 129.1, 127.9, 85.9, 83.7, 51.1, 39.3, 24.8, 17.6, 9.7.
HRMS (ESI): m/z caled for C17H;7C103S,Na: 391.0205; found: 391.0209 [M+Na]".
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(2R, 4aR,7aS)-2-ethyl-5-(4-fluorobenzoyl)-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-

one (4k):

White powder, Ry=0.4 (PE:EA=6:1), 60.3 mg, 75.4% yield. m.p. 119-120°C. 'H NMR (400 MHz,

CDCl3) 6 7.71 — 7.61 (m, 2H, ArH), 7.17 — 7.07 (m, 2H, ArH), 5.54 (d, /= 7.4 Hz, 1H, H-2), 4.22 (dt, J
=9.3,7.5Hz, 1H, H-3), 3.82 (dd, J=7.7, 4.6 Hz, 1H, H-6), 2.59 (dd, J = 8.4, 5.6 Hz, 2H, H-4), 2.46 (s,
3H, SCH3), 1.90 — 1.67 (m, 2H), 1.01 (t, J = 7.4 Hz, 3H, CH3). 3C NMR (100 MHz, CDCl;) ¢ 211.1,
188.9, 165.1 (d, J = 253.4 Hz), 156.1, 135.8, 130.5, 130.5, 128.2, 116.0, 115.8, 86.0, 83.7, 51.3, 39.3,
24.8,17.6, 9.8. HRMS (ESI): m/z calcd for Ci7H17FO3S,Na: 375.0501; found: 375.0504 [M+Na]".

(2R,4aR,7aS)-5-(4-methoxybenzoyl)-6-(methylthio)-2-propyl-4a,7a-dihydro-2 H-thieno[ 2,3-b]pyran-
3(4H)-one (41):

White powder, Ry=0.5 (PE:EA=6:1), 58.7 mg, 73.4% yield. m.p. 109-110°C. 'H NMR (400 MHz,
CDCl3) 6 7.72 — 7.63 (m, 2H, ArH), 6.98 — 6.89 (m, 2H, ArH), 5.51 (d, /= 7.4 Hz, 1H, H-2), 4.24 (dt, J
=9.2, 7.5 Hz, 1H, H-3), 3.90 — 3.84 (m, 1H, H-6), 3.87 (s, 3H, OCHj3), 2.69 — 2.54 (m, 2H, H-4), 2.43
(s, 3H, SCH3), 1.78 — 1.63 (m, 2H), 1.53 — 1.42 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H, CH3). 3*C NMR (100
MHz, CDCl3) 0 211.5, 189.4, 163.0, 152.3, 131.9, 130.5, 129.1, 113.9, 84.7, 83.6, 55.4, 51.6, 39.0, 33 .4,
18.5, 17.5, 13.7. HRMS (ESI): m/z calcd for C19H2,04S:Na: 401.0857; found: 401.0858 [M+Na]*.

(2R, 4aR,7aS)-5-(4-chlorobenzoyl)-6-(methylthio)-2-propyl-4a,7a-dihydro-2 H-thieno[2,3-b ]pyran-
3(4H)-one (4m):

White powder, Ry=0.5 (PE:EA=6:1), 61.2 mg, 76.5% yield. m.p. 104-106°C. 'H NMR (400 MHz,
CDCl3) 6 7.54 — 7.48 (m, 2H, ArH), 7.46-7.39 (m, 2H, ArH), 6.30 (d, J = 8.9 Hz, 1H, H-2), 4.58 (dt, J
=8.6,5.3,2.6 Hz, 1H, H-3),4.14 — 4.06 (dd, 1H, H-6), 2.82 (dd, J=15.4, 5.4 Hz, 1H, H-4), 2.55 (dd, J
=154, 2.7 Hz, 1H, H-4), 2.40 (s, 3H, SCH3), 1.92 — 1.79 (m, 1H), 1.71 — 1.57 (m, 1H), 1.43 (dq, J =
7.4 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H, CH3). '*C NMR (100 MHz, CDCl3) § 211.2, 188.9, 157.2, 138.2,
137.9, 129.3, 129.0, 127.9, 84.7, 83.7, 51.1, 39.1, 33.4, 18.5, 17.6, 14.1, 13.7. HRMS (ESI): m/z calcd
for C1sH19C103S;:Na: 405.0362; found: 405.0366 [M+Na]".
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4n
(2R, 4aR,7aS)-5-(4-fluorobenzoyl)-6-(methylthio)-2-propyl-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-
3(4H)-one (4n):
White yield, 65.1 mg, R;=0.5 (PE:EA=6:1), 81.4% yield. m.p. 104-105°C. 'H NMR (400 MHz, CDCls)
07.71 =7.62 (m, 2H, ArH), 7.16 — 7.09 (m, 2H, ArH), 5.54 (d, /= 7.5 Hz, 1H, H-2), 4.22 (dt, J = 9.6,
7.5 Hz, 1H, H-3), 3.88 (dd, J= 7.2, 5.4 Hz, 1H, H-6), 2.63 (dd, J = 14.4, 9.5 Hz, 1H, H-4), 2.56 (dd, J
=14.4,7.3 Hz, 1H, H-4), 2.45 (s, 3H, SCH3), 1.71 (dq, J= 7.7, 5.6, 2.1 Hz, 2H), 1.46 (dt, J=15.1, 7.7
Hz, 2H), 0.92 (t, J = 7.3 Hz, 3H, CH;). 1*C NMR (100 MHz, CDCl;) 6 211.2, 188.8, 165.1 (d, J =
253.3 Hz), 156.1, 135.8, 130.5, 130.4, 128.1, 115.9, 115.8, 84.7, 83.7, 51.3, 39.1, 33.4, 18.6, 17.6,
13.37. HRMS (ESI): m/z calcd for C1sH19FO3S;Na: 389.0657; found: 389.0660 [M+Na]".

H O
/S g
S
H O
5a
(2R,4aS,7aR)-5-benzoyl-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-one
(5a):

White powder, 63.8 mg, R;=0.29 (PE:EA=6:1), 79.8% yield. m.p. 163-165 °C. 'H NMR (400 MHz,
CDCl3) 6 7.55 — 7.48 (m, 3H, ArH), 7.44-7.39 (m, 2H, ArH), 6.27 (dd, J = 8.8, 0.9 Hz, 1H, H-2), 4.57
(ddd, J=8.2,5.2,2.5 Hz, 1H, H-3), 4.23 (q, J= 6.8 Hz, 1H, H-6), 2.85 (dd, J=15.7, 5.3 Hz, 1H, H-4),
2.57 (dd, J=15.7,2.6 Hz, 1H, H-4), 2.41 (s, 3H, CH3), 1.37 (d, J = 6.9 Hz, 3H, 6-CH3). *C NMR (100
MHz, CDCls) 6 210.7, 190.0, 157.4, 139.6, 132.0, 128.9, 128.1, 127.9, 84.2, 73.4, 49.6, 36.5, 17.8, 15.6.
HRMS (ESI): m/z calced for C16Hi603S2Na: 343.0439; found: 343.0441 [M+Na]".

(25,448, 7aR)-5-benzoyl-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-one (Sb):
White powder, 60.0 mg, R;=0.3 (PE:EA=6:1), 74.7% yield. m.p. 154-156°C. 'H NMR (400 MHz,
CDCl3) 6 7.67 — 7.58 (m, 2H, ArH), 7.56 — 7.50 (m, 1H, ArH), 7.46 — 7.40 (m, 2H, ArH), 5.57 (d, J =
7.3 Hz, 1H, H-2), 4.25 (dt, J=9.5, 7.2 Hz, 1H, H-3), 3.99 (q, /= 7.0 Hz, 1H, H-6), 2.67 (dd, J = 14.5,
9.6 Hz, 1H, H-4), 2.50 (dd, J = 14.6, 7.2 Hz, 1H, H-4), 2.45 (s, 3H, SCH3), 1.38 (d, J = 6.9 Hz, 3H, 6-
CHj3). 3C NMR (100 MHz, CDCl3) ¢ 211.2, 190.2, 156.5, 139.7, 132.1, 128.1, 128.9, 128.1, 127.8,
83.7, 80.9, 77.2, 51.0, 38.3, 17.6, 16.7. HRMS (ESI): m/z calcd for CisHi603S:Na: 343.0439; found:
343.0440 [M+Na]".
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S Et
4o
5¢

(2R,4aS,7aR)-5-benzoyl-2-ethyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-one (5c¢):
white powder, R;=0.44 (PE:EA=6:1), 60.6 mg, 75.7% yield. m.p. 139-141 °C. 'H NMR (400 MHz, ) 6
7.56 — 7.47 (m, 3H, ArH), 7.45 — 7.38 (m, 2H, ArH), 6.31 (d, /= 8.9 Hz, 1H, H-2), 4.58 (ddd, /= 8.7,
5.3, 2.6 Hz, 1H, H-3), 4.05 (dd, J = 7.6, 3.9 Hz, 1H, H-6), 2.81 (dd, J = 15.4, 5.4 Hz, 1H, H-4), 2.56
(dd, J=15.5, 2.6 Hz, 1H, H-4), 2.40 (s, 3H, SCH3) 1.92 (dqd, J = 14.9, 7.5, 3.8 Hz, 1H), 1.72 (dt, J =
14.6, 7.3 Hz, 1H), 0.96 (t, J = 7.4 Hz, 3H, CH3). 3*C NMR (100 MHz, CDCl3) & 210.7, 190.1, 157.4,
139.7, 132.1, 128.7, 128.1, 128.0, 84.8, 78.1, 49.8, 37.4, 23.4, 17.9, 9.4. HRMS (ESI): m/z calcd for
C17H1303S:Na: 357.0595; found: 357.0599 [M+Na]".

5d

(25,448, 7aR)-5-benzoyl-2-ethyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[ 2,3-bpyran-3(4H)-one (5d):
White powder, Ry=0.5 (PE:EA=6:1), 48.3 mg, 60.4% yield. m.p. 151-153°C. 'H NMR (400 MHz,
CDCl3) 6 7.65 — 7.57 (m, 2H, ArH), 7.56 — 7.47 (m, 1H, ArH), 7.47 — 7.39 (m, 2H, ArH), 5.54 (d, J =
7.5 Hz, 1H, H-2), 4.23 (dt, J=9.8, 7.3 Hz, 1H, H-3), 3.80 (dd, J = 7.6, 4.7 Hz, 1H, H-6), 2.59 (dd, J =
14.3, 9.9 Hz, 1H, H-4), 2.47 (dd, J = 14.2, 8.9 Hz, 1H, H-4), 2.47 (s, 3H, SCH3), 1.89 — 1.66 (m, 2H),
1.00 (t, J = 7.4 Hz, 3H, CH;). '*C NMR (100 MHz, CDCl3) 6 211.3, 190.3, 156.9, 139.7, 131.9, 128.1,
128.1, 127.7, 85.9, 83.8, 51.0, 39.4, 24.8, 17.6, 9.7. HRMS (ESI): m/z calcd for C;7Hi303S,Na:
357.0595; found: 357.0599 [M+Na]".

5e

(2R,4aS,7aR)-5-benzoyl-6-(methylthio)-2-propyl-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-3(4H)-one (Se):
White powder, Ry=0.5 (PE:EA=6:1), 49.9 mg, 83.2% yield. m.p. 139-141°C. 'H NMR (400 MHz,
CDCl3) 6 7.56 — 7.47 (m, 3H, ArH), 7.46 — 7.38 (m, 2H, ArH), 6.30 (d, J = 8.9 Hz, 1H, H-2), 4.58 (ddd,
J=28.5,5.4,2.6 Hz, 1H, H-3), 4.10 (dd, /= 8.4, 3.6 Hz, 1H, H-6), 2.82 (dd, /= 15.4, 5.4 Hz, 1H, H-4),
2.55(dd, J=15.5, 2.6 Hz, 1H, H-4), 2.40 (s, 3H, SCH3), 1.92 - 1.79 (m, 1H), 1.71 — 1.57 (m, 1H), 1.43
(h, J= 7.4 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H, CHs). *C NMR (100 MHz, CDCL) § 210.9, 190.1, 157.4,
139.7,132.1,128.7, 128.1, 128.0, 84.8, 76.9, 49.8, 37.2, 31.9, 18.3, 17.9, 13.8. HRMS (ESI): m/z calcd
for C1sH2003S:Na: 371.0752; found: 371.0756 [M+Na]".
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5f
(25,4aS,7aR)-5-(4-methoxybenzoyl)-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-
3(4H)-one (5f):
White powder, R;=0.3 (PE:EA=6:1), 63.4 mg, 79.2% yield. m.p. 150-152°C. 'H NMR (400 MHz,
CDCl3) 6 7.72 — 7.64 (m, 2H, ArH), 6.96 — 6.90 (m, 2H, ArH), 5.57 - 5.51 (d, /= 7.3 Hz, 1H, H-2),
4.26 (dt, J= 8.6, 7.1 Hz, 1H, H-3), 4.01 (q, /= 7.0 Hz, 1H, H-6), 3.87 (s, 3H, OCH3), 2.71 — 2.59 (m,
2H, H-4), 2.42 (s, 3H, SCH3), 1.61 (d, 3H, CH3). *C NMR (100 MHz, CDCl3) § 211.2, 189.5, 163.1,
131.8, 130.9, 130.6, 129.1, 113.9, 83.5, 80.9, 55.5, 51.6, 38.1, 17.5, 16.8. HRMS (ESI): m/z calcd for
C17H1304S,:Na: 373.0544; found: 373.0548 [M+Na]".

(2S,4aS,7aR)-5-(4-chlorobenzoyl)-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-
3(4H)-one (5g):

White powder, R;=0.3 (PE:EA=6:1), 61.3 mg, 74.7% yield. m.p. 166-168°C. 'H NMR (400 MHz,
CDCl3) 6 7.58 (d, J= 8.2 Hz, 2H, ArH), 7.42 (d, J= 8.1 Hz, 2H, ArH), 5.57 (d, /= 7.4 Hz, 1H, H-2),
4.23 (dt,J=9.1,7.6 Hz, 1H, H-3), 4.01 (q, /= 6.9 Hz, 1H, H-6), 2.68 (dd, /= 14.6, 9.3 Hz, 1H, H-4),
2.58 (dd, J = 14.6, 7.2 Hz, 1H, H-4), 2.46 (d, J = 1.0 Hz, 3H, SCH3), 1.39 (d, J = 7.0 Hz, 3H, CH3). 1*C
NMR (100 MHz, CDCl3) 6 211.0, 189.0, 156.9, 138.3, 137.9, 129.4, 129.0, 128.0, 83.6, 80.9, 51.1,
38.3,17.7, 16.7. HRMS (ESI): m/z calcd for Ci6H;5C103S:Na: 377.0046; found: 377.0049 [M+Na]*.

5h
(2S,4aS,7aR)-5-(4-fluorobenzoyl)-2-methyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[2,3-b]pyran-
3(4H)-one (5h):
White powder, Ry=0.3 (PE:EA=6:1), 62.5 mg, 78.1% yield. m.p. 126-128°C. 'H NMR (400 MHz,
CDCl3) 6 7.72 — 7.62 (m, 2H, ArH), 7.17 — 7.07 (m, 2H, ArH), 5.57 (d, /= 7.2 Hz, 1H, H-2), 4.24 (dt, J
=9.3, 7.3 Hz, 1H, H-3), 4.01 (q, J= 7.0 Hz, 1H, H-6), 2.69 (dd, J = 14.6, 9.3 Hz, 1H, H-4), 2.59 (dd, J
= 14.6, 7.2 Hz, 1H, H-4), 2.45 (s, 3H, SCH3), 1.39 (d, J = 7.0 Hz, 3H, CH3). *C NMR (100 MHz,
CDCl3) 6 211.0, 188.9, 165.1 (d, J = 253.5 Hz), 155.7, 135.7, 130.6, 130.5, 128.2, 115.9, 115.7, 83.5,
80.9, 51.2, 38.2, 17.6. HRMS (ESI): m/z calcd for CisHisFO3S;Na: 361.0344; found: 361.0347
[M+Na]*.
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Cl

5i
(2R, 4aS,7aR)-5-(4-chlorobenzoyl)-2-ethyl-6-(methylthio)-4a,7a-dihydro-2 H-thieno[ 2,3-b]pyran-3(4 H)-
one (5i):
White powder, R;=0.4 (PE:EA=6:1), 57.0 mg, 71.6% yield. m.p. 119-121°C. 'H NMR (400 MHz,
CDCls) 6 7.45 (d, J= 8.5 Hz, 2H, ArH), 7.39 (d, /= 8.5 Hz, 2H, ArH), 6.31 (dd, /=8.9, 0.8 Hz, 1H,
H-2), 4.56 (ddd, J= 8.4, 5.3, 2.6 Hz, 1H, H-3), 4.04 (dd, J=17.5, 3.9 Hz, 1H, H-6), 2.83 (dd, J = 15.2,
5.3 Hz, 1H, H-4), 2.58 (dd, J = 15.3, 2.7 Hz, 1H, H-4), 2.41 (s, 3H, SCH3), 1.92 (dqd, /= 15.0, 7.5, 3.9
Hz, 1H), 1.73 (dq, J = 14.6, 7.4 Hz, 1H), 0.97 (t, J= 7.4 Hz, 3H, CH3). *C NMR (100 MHz, CDCl;) 6
210.8, 188.8, 157.7, 138.4, 137.8, 129.6, 129.0, 127.7, 84.7, 78.7,49.8, 37.4, 23.4, 17.8, 9.4. HRMS
(ESI): m/z caled for C17H;7C103S,Na: 391.0205; found: 391.0209 [M+Na]".
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NMR spectra

'H spectra of 2a.
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'H spectra of 2b.
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'H spectra of 2¢.
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13C spectra of 2e.
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NOESY spectra of 2e¢.
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'H spectra of 2d.
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13C spectra of 2d.
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NOESY spectra of 2d.
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'H spectra of 2e.
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13C spectra of 2e.
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NOESY spectra of 2e.
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'H spectra of 2f.
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'H spectra of 2g.
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'H spectra of 2h.
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13C spectra of 2h.
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NOESY spectra of 2h.
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'H spectra of 2i.
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13C spectra of 2i.
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'H spectra of 2j.

N20240702-FC2575-DCH0O70102. 1. fid EEEERF R R R JrEEzEcEe B 8L
S - L-E-E of = = SS 3
) = -
N T
o
o =
Hj @) O CH,
2j
|
|
JL J A J
T 4 J J 4 T 7T J
g & 8 = 2 g E =
= = = o5 i o o
T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6 4.0 3.5 3.0 2.5 2.0 1.5 .0 o. 0.0 -0.

(ppm)

S35

ouuu

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

=500



13C spectra of 2j.
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NOESY spectra of 2j.
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'H spectra of 3a.
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'H spectra of 3b.
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'H spectra of 3c.
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'H spectra of 3d.
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'H spectra of 3e.
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'H spectra of 4a.
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13C spectra of 4a.
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NOESY spectra of 4a.

}

-0

-1

-3

4

5

-6

7

545

& I
b 4
@ . ¥
L :
N
2 1
" "
E 0 b ﬂ
3 i &557" ‘-) 98 5. 5T,
1
L L] LJ T Ll LJ L] T L L T T L4
8.5 5.5 5.0 4.5 4.0 A5 3.0 2.5 2.0 LS 1.0 0.5 0.0 -0.5
£2 (ppm)

1l



HRMS of 4a.

Single Mass Analysis

Tolerance = 50 mDa / DBE: min=-1.5 max= 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
2354 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:16-16 H:16-16 N:0-100 O:0-100 Na:0-4 S:1-4
32
240910-5647-1-4A 21 (0.147) 1: TOF MS ES+
9.36e+005
100- 343.0444
0 —
] 3440475
- 321.0625 346.0439
. 317.0672 3'23.0597 332994{ 335 _9773337.0739 | 2 3508898 359 _3136361.00% 366.1199369.9(51"2
l!l"lll'ls%l ""'Il'lII'I'I"l"l"l"'I'l’"lll'l"""l"l'l 'I’"III"""IllI"Illl"l""ll""'I""'III""Ill’l"'ll"'l‘
315.0 .0 325.0 330.0 335.0 340.0 345.0 350.0 355.0 360.0 365.0 370.0
Minimum: =-1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mia PPM DBEE 1-FIT Norm Conf (%) Formula

3.0 33,003 0.5 1.5 8.5 1018.9 n/a n/a CI16 H16 03 Na 52
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'H spectra of 4b.
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13C spectra 4b.
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NOESY spectra of 4b.
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HRMS of 4b.

Single Mass Analysis

Tolerance=5.0mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
2354 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:16-16 H:16-16 N:0-100 O:0-100 Na: 04 S: 14
32
240910-5-647-1-4B 16 (0.121) 1: TOF MS ES+
2.13e+006
100 343.0443
9%
344.0473
_ 301.1416321.0617 ; ! : -
R 127.97671851158 5140101 8321.0 3750703 4050141 550.5175 gg7 5479 621 19:;;
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa  PPM DB  i-FIT Norm Conf(®) Formula

30443 343043 0.4 1.2 8.5 1088. 2 n/a n/a C16 H16 03 Na S2
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'H spectra of 4¢.
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13C spectra 4c.
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NOESY spectra of 4c.
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HRMS of 4c¢.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min=-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2640 formula(e) evaluated with 1 results within limits (up to 50 best isotopic
Elements Used:

C:17-17 H:1818 N:0-100 O:0-100 Na:0-4 S:1-4

32

matches for each mass)

S54

240910-5-647-1-4C 33 (0.229) 1: TOF MS ES+
1.94e+005
100~ 357.0600
%—
1 358.0623
. 11
. 33,0437 P48T05H00919 3508045 3535676 S0 3 3603247 363137 3668661 __360.0099 71728
L LA L L l T T T Ll Ll Ll L L l Ll L LA L L L L T T Ll T Ll L L L l L Ll L L I T T T Ll L) Ll L L l L L L L l L T L L Ll Ll Ll L l L
3425 345.0 3475 350.0 352.5 355.0 357.5 360.0 362.5 365.0 367.5 370.0 3725
Minimum: -1..5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Nom Conf(®) Formula
357. 0600 357, 0595 0.5 1.4 8.5 698.9 n/a n/a CI7 H18 03 Na S2



'H spectra of 4d.

- 12000

- 11000
- 10000
9000
8000
7000
- 6000
5000
4000
3000
2000
- 1000

¥6'0 7
960 1
8670 1
991 1
991 1
0L'L
2L
VL1
L1
101
s |
881 1
68 1
061
161
261
261
€61

6l

G6'

96'1

161

e

267

Fesz

Fiso
Feso

/]

57\
857
557
8LCF
607
82
€897

€0y

oy

S0y

Qv
96y
1S
LSy
897
897
6Gv
65v
09y

0£9~
79"

L
0¥'L
0¥'L
WL
cr'L
cr'L
EV'L
L
6v'L
6v'L
1§'L
¢St
€92
€92

DCHO71503

Fgoe
B o011

T/ = Fos0

— == T-c5(

—_— —==— T

—_— =" T-gg7

= 10¢C

) 68'C

f1 (ppm)

S55



13C spectra of 4d.
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NOESY spectra of 4d.
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HRMS of 4d.

Single Mass Analysis

Tolerance =5.0 mDa / DBE: min =-1.5 max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
2640 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:17-17 H:18-18 N:0-100 O:0-100 Na: 04 S:1-4
32
240910-5-647-1-4D 19 (0.136) 1: TOF MSES+
1.20e+006
100- 357.0599
%—
358.0630
I 32950 3350777 338 3437 250 3730335
ol 317.0855 = | > 353.2655 | | | 3603250 " 380.1337  389.0858 403.0544
" 3200 | 3300 | 3400 | 3500 3800 = 3700 3800 . 3900  400.0
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Norm Conf(®%) Formula

357.0599 357.0595 0.4 1.1 8.5 %l.4 n/a n/a CI7 HI8 B Na &2
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'H spectra of 4e.
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13C spectra of 4e.
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NOESY spectra of 4e.
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HRMS of 4e.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
2943 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:18-18 H:20-20 N:0-100 O:0-100 Na:0-4 S:1-4
32
240910-5-647-1-4E 25 (0.168) 1: TOF MSES+
1.31e+006
100~ 371.0756
Oy
372.0784
. 50088 3490031 0906 3603234 53 1080 65,1084 [ 374 0751 3519884  387. 0496 380,0475 9941516 2978820,
l'l'l' Il' 'I l'l’l‘l'l l' ‘I' Ill i"l l ll I L] I Ty lllll LI L I' ‘ LI ‘lllll' "lii[!ll
340.0 345 0 350.0 355 0 360.0 365. 0 3?0.0 3 0 380.0 335 D 390 0 3950 4CD 0
Minimum: =1.5
Maximum: 5.0 10.0 50,0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula

371.0756  371.0752 0.4 1.1 8.5 963.9 n/a n/a C18 H20 03 Na S2
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'H spectra of 4f.
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13C spectra of 4f.
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HRMS of 4f.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
2940 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:17-17 H:18-18 N:0-100 O:0-100 Na:0-4 S:14
29
240910-5-647-1-4F 10 (0.089) 1: TOF MS ES+
1.72e+006
100+ 373.0548
%_
374.0575
351.0730353. ; 365.0878 376.0547
c LI ]%7!‘?]7?[ L 'l L !_! 'l.-l_Izslslsf 5“5‘8?1 l L) Tizl ???gl Trry II I_I.lei-lofuilgl LBl I LELEL ! L I‘/I L l LELELI l LELELE '%;l“isl?l U?QIJ!O_IZ'QJ!%QI1"IOI2UBITI 113?.11??1_?:3[T?? m
345.0 350.0 355.0 360.0 365.0 370.0 375.0 380.0 385.0 390.0 395.0 400.0

Minimum:; -1.5
Maximum: 50 10,0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Norm Conf(%) Formula

373.0548 373.0544 0.4 I.1 8.5 1022.7 nfa  n/a CI7 1118 04 Na S2
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'H spectra of 4g.

N20240703—-FC2601—DCH0O70201. 1. fid
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13C spectra of 4g.
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NOESY spectra of 4g.
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HRMS of 4g.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT=3

Monoisotopic Mass, Even Electron lons

5349 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:16-16 H:15-15 N:0-100 O:0-100 Na:0-4 S:1-4 CI:1-3
29
240910-5-647-1-4G 27 (0.178) 1: TOF MS ES+
1.77e+005
100~ 377.0053
el 379.0031
i 380.0065
o] 3629262 366.8682 369.0386  371.0315  376.3087 | /. 383.8887 384.8046 380.0351  o°1-0667 -~
T ] L) L L L] Ll Ll L) L 'I L] L) L L) L L L) T I L) L] L l L] L L 'I T L] T T l L] L) L] L] " L) L) L] L] I T L] L) L] L) L L] L] L) T L] L] 'I L
362.5 365.0 367.5 370.0 3725 375.0 377.5 380.0 382.5 385.0 3875 390.0 3925
Minimum: =3 B
Max imum: 50 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
377.0053 377. 0049 0.4 1.1 8.5 720.8 n/a n/a Cl16 115 03 Na S2 Cl
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'H spectra of 4h.
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13C spectra of 4h.
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HRMS of 4h.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2951 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:16-16 H:15-15 N:0-100 O:0-100 Na:0-4 S:1-4 [11-3

29
240910-5-647-1-41 12 (0.100) 1: TOF MS ES+
1.16e+006
. 468.9407
%-
' 469.9437
) 446.9500
"" lllllllllllllllllllllllllllllllllllllll LILELJ L] Ll
4400 = 4450 = 4500 = 4550 = 4600 = 4650 = 4700 A 4750 = 480.0 o 43’&0 ' 4900 T 4050 | 500
Minimum: =1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE

—-'l'g Norm Conf(%) Formula

Ty,
468.9407  468. 9405 0.2 0.4 8.5 856. n/a n/a CI6 115 03 Na S2 1
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'H spectra of 4i.
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13C spectra of 4i.
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HRMS of 4i.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT= 3

Monoisotopic Mass, Even Electron lons
3261 formula(e) evaluated with 1 results within imits (up to 50 best isotopic matches for each mass)

Elements Used:
C:18-18 H:20-20 N:0-100 O:0-100 Na:04 S:1-4
29
240910-5-647-1-4J 17 (0.126) 1: TOF MS ES+
1.31e+006
100- 387.0705
%_
419.0965
0.0992 559.5177
o] sassonizrares 2149181 g g5 1410 3650684 517.025 587.04%6 6652240885437
50 100 150 200 250 300 350 400 450 500 550 600 650 700
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i<FIT Norm Conf(®%) Formula

387.0705  387.0701 0.4 1.0 8.5 1001.3 n/a n/a CI8 H20 04 Na S2
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'H spectra of 4j.
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13C spectra of 4j.
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NOESY spectra of 4j.
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HRMS of 4j.

Single Mass Analysis

Tolerance = 5.0mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
6092 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:17-17 H:17-17 N:0-100 O:0-100 Na:0-4 S:1-4 Cl:1-3
29
240010-5-647-1-4K 11 (0.094) 1: TOF MS ES+
2.40e+006
o~ 393.0178
) 394.0203
1 3570592 3523262369-0385,371 03543763172 3330532 | ) 4050243 4069957 4089929 413.3302 -
A 3600 = 3650 3700 = 3750 = 380.0 = 3850 = 3900 = 3950 = 4000 = 4050 = 4100 = 4150 = 4200
Minimum: -1.5
Maximum: 50 100 50.0
Mass Calc. Mass mDa P DBE i=FIT Norm Conf %) Formula

391,0209 391.0205 0.4 1.0 8.5 1125.0 n‘a n/a CI7 H17 03 Na S2 Cl
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"Hspectra of 4k.
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13C spectra of 4k.
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HRMS of 4k.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2622 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:17-17 H:17-17 N:0-100 0O:0-100 Na:0-4 S:1-4 F:1-1

29
240910-5-647-1-4L 14 (0.110) 1: TOF MS ES+
2.07e+006
100- 375.0504
%
' 376.0530
’ 349‘0732353.8683 360.13242 367.0833 372.0435 | 381.2979 383 2003 391_9252393.0223 398.1284‘4;02.1642‘,2
ll‘Il"'ll'l‘ll"l]ll'l"“ll‘lllIll"l'l“ll"'ll'l'l"ll] lllllll l‘l'lilll'l'l"l'l‘lIlll'l""l“‘lIlllrI'I'Illl'llll"l
345.0 350.0 355.0 360.0 365.0 370.0 375.0 380.0 385.0 390.0 395.0 400.0 405.0
Minimum: =1.-9
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa P DBE i=FIT  Norm Conf (%) Formula

375. 0504 375, 0501 0.3 0.8 8.5 1104.1 n/a n/a CI7 HI7 03 Na S2 F
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'H spectra of 41.
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13C spectra of 41

N20240731-FC2994-hX072901.1.fid
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HRMS of 41.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
3604 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:19-19 H:22-22 N:0-100 0O:0-100 Na:0-4 S:1-4
29
240910-5-647-1-4M 16 (0.121) 1: TOF MS ES+
2.64e+006

. 401.0858

%

] 402.0885

] 379.10 3.0838

10343812069 004017 3931184 3080811 _ 4050820 413265041706 ‘2‘4’9'06121,422-29904261“_,2.,.”95(.,_,

Ull.'l]lII"I"IIIlll"l'll'Ul"'l]"U'l'!l'll"'lll". L] Il]""l'!l‘l"'ll!"'l' m

375.0 380.0 385.0 390.0 395.0 406.0 405.0 4100 415.0 420.0 425.0 430.0

Minimum: 1.5
Maximum; 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE iF+IT Nom Conf(®) Formula

401. 0858  401. 0857 0.1 0.2 8.5 1075.3 n/a n/a C19 l22 04 Na S2
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'H spectra of 4m.
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13C spectra of 4m.
N20%0730—FC2982—§X072803. 1.fid
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HRMS of 4m.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
6889 fomula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:18-18 H:19-19 N:0-100 O:0-100 Na:04 S:14 Cl1-3
29
240910-5-647-1-4N 17 (0.126) 1: TOF MS ES+
1.28e+006
— 405.0366
. 407.0338
383.0542385.0514 399.0656 b 0094230097 4283024 433.3072
ol 3812074577 "/ 3889863 397.0607 1 417.0658421.0099 ™ Errerrrriorrre il
'II"lll'll'l"ll'llIIIl"!'lll'llIIUIIIII"'II"'II!"'TIII'II‘ lIll’l'l"lllII'III('IIII"ll'IIllIIIIl"ll‘ll'fll"l'l'.‘ll’l"l"ll

380.0 385.0 390.0 395.0 400.0 405.0 410.0 415.0 4200 425.0 430.0 435.0

Minimum: =1.5

Maximum: 5.0 10,0 50.0

Mass Calc. Mass mDa PPM  DBE i=FIT  Norm Conf(%) Formula

405. 0366  405. 0362 0.4 1.0 8.5 1064.8 n/a n/a C18 H19 03 Na S2 Cl
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'H spectra of 4n.
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13C spectra of 4n.

N20240731-FC2994-MX072902.1 fid
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HRMS of 4n.

Single Mass Analysis

Tolerance =5.0 mDa / DBE: min =-1.5 max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT= 3

Monoisotopic Mass, Even Electron lons
2927 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:18-18 H: 1919 N:0-100 O:0-100 Na: 04 S:1-4 F:1-1
29
240910-5-647-1-40 18 (0.131) 1: TOF MS ES+
4.05e+005
100+ 389.0660
%-
| 390.0687
,3,_7239"‘ 376.3044 377.3060 3812949 3822690 388.3544 [ 3P20063304.2000 393.3972‘“2 0982 403 %006 .,
I L L L I Ll Ll L L ‘ L L L L I L L L L l L L] L
3725 375 0 3?7 5 3&) 0 3825 385.0 387 5 390.0 392.5 395.0 397.5 400.0 402 5 405 0
Minimum: -1.5
Maximum: 5.0 10,0 50,0
Mass Calc. Mass nDa PPM DBE iFIT  Norm Conf(%) Formula
389. 0660  389. 0657 0.3 0.8 8.5 716.3 n/a n/a CIBHI9 03 Na 2 F
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'H spectra of 5a.
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13C spectra of 5a.
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NOSEY spectra of Sa.
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HRMS of 5a.

Single Mass Analysis

Tolerance =5.0 mDa / DBE: min=-1.5, max= 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
2354 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:16-16 H:16-16 N:0-100 O:0-100 Na:0-4 S:1-4
29
240910-5-647-1-5A 17 (0. 126) 1: TOF MS ES+
11164006

i 343,041

O

344.0473
01 327.08473202300 3322058 3350786  SU4C 3393447 | 20049 3508015 3532088 3542708 389103

3275 3300 3325 3350 3375 3400 3425 3450 3475 3500 3525 3550 3575

Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mba PPM DBE i=FIT Norm Conf®) Formula

H3. 041 330139 0.2 0.6 8.5 9MW.3 n/a n/a CI6 16 03 Na S2
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'H spectra of 5b.
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13C spectra of 5b.
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NOESY spectra of Sb.
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HRMS of 5b.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used fori-FIT=3

Monoisotopic Mass, Even Electron lons
2354 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:16-16 H:16-16 N:0-100 O:0-100 Na: 04 S:1-4
29
240910-5-647-1-5B 18 (0.131) 1: TOF MSES+
9.47e+005
100- 343.0440
%=
344.0476345.0412
3303380 3320954 3350772 338.3424 3393454 ( 3470489 3508927 3532603 3669000
L L l Ll L L L ‘ L Ll L) L) l L) L L L I L L Ll L] ' L) L L] L l L) L) L) I Ll L L L I L Ll Ll Ll ‘ L) Ll L L I L) L] L] Ll ' L Ll L) L I L
330.0 3325 335.0 337.5 340.0 3425 3450 3475 350.0 352.5 355.0 315
Minimum: -1.8
Maximum: 50 10,0  50.0
Mass Calc. Mass mDa PPM DBE i=FIT  Norm Conf(%) Formula
343. 0440  343. 0439 0.1 0.3 8.5 985.3 n/a n/a C16 1116 03 Na S2
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'H spectra of 5c.
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13C spectra of Sc.
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NOESY spectra of Se.
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HRMS of 5c¢.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
2640 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:17-17 H:18-18 N:0-100 O:0-100 Na: 04 S:1-4
29
240910-5647-1-5C 21 (0.147) 1: TOF MS ES+
9.28e+005
100- 357.0599
%m
358.0632
I 335.0774
o) 3151548318 3005 3213173 il 353.2677 (| (A603246  373.0342 a4 4379 3o ogs1 3941479 .
3100 = 3200 = 3300 3400 3500 3600 3700 3800 3900 4000
Minimum: =1.5
Max imum; 5.0 10,0 50.0
Mass Calc. Mass mDa PP DBE i-FIT Norm Conf(%) Formula

357.0599 357.0595 0.4 1.1 8.5 960.6 n/a n/a CI7 HI8 03 Na S2
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'H spectra of 5d.
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13C spectra of 5d.
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NOESY spectra of 5d.
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HRMS of 5d.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min=-1.5, max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
2640 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:17-17 H: 1818 N:0-100 O: 0-100 Na:0-4 S:1-4
29
240910-5-647-1-5D 15(0.115) 1: TOF MS ES+
2.27e+006
100- 357.0599
0% =
1 358.0627
T""""l""""""""""l'"’""""'""""l""l"' "'"I"""""""'"""l"'"l"""""'"""""""'I'l’
3300 33.0 340.0 345.0 350.0 35.0 360.0 365.0 370.0 375.0 380.0 385.0
Minimum: =-1.5
Max imum: 5.0 100 50.0
Mass Calc. Mass mba P DBE iFIT Nom Coaf®) Formula

357. 0699 357. 0395 0.4 1.1 8.5 11B.7 n/a n/a Cl7 HI8 03 Na S2
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'H spectra of Se.
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13C spectra of Se.
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NOESY spectra of Se.
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HRMS of Se.

Single Mass Analysis

Tolerance =5.0 mDa / DBE: min =-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
2943 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:18-18 H:20-20 N:0-100 O:0-100 Na: 04 S:1-4
29
240910-5-647-1-5E 22 (0.152) 1: TOF MS ES+
6.02e+005
100~ 371.0756
%-
?}72.0787
[ 3490041 387.0502
; 304.8914 4183019 331.0784 | 360.3227 ke 403.1005 408.1615424.9000 433.0436
llIlllllllllllllll.lll.'lI'lllll]l'llllllllll‘l'I‘Ill‘ll"l'llllllll Il‘l'llll‘ll'lIl'lllllllllllll‘lllI'lIllllll]llllllll‘lll‘l'.‘I
310 320 330 340 350 360 370 380 390 400 410 420 430
Minimum: -1.5
Max imum: 5.0 10,0 50.0
Mass Calc. Mass mDa P DBE i-FIT  Norm Conf(%) Formula

371.0756 3710752 0.4 1.1 8.5 820.1 n/a n/a C18 H20 03 Na S2
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13C spectra of 5f.
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HRMS of 5f.

Single Mass Analysis

Tolerance = 5,0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
2940 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:17-17 H:18-18 N:0-100 O:0-100 Na: 04 S: 14
29
240910-5-647-1-5F 21 (0.147) 1: TOF MS ES+
5.14e+005
100~ 373.0548
%% —

374.0579
389.0296

LI LI LEL BB LB AL LI L L LRI LA LEL LS LB LB LB LB LELELEL LB LELELELE LB LB LB LB r'lut
0 Il | Ll 1 1 I 1 I Ll 1 1 1 1 1 Ll | I 1

355.0 360.0 365.0 3700 375.0 380.0 385.0 390.0 395.0
Minimum: ~-1.8
Maximum: 5.0 10,0 50,0
Mass Calc. Mass mDa PPM DBE i¥IT Nomm Conf(%) Formula

373.0548 373.0544 0.4 1.1 8.5 822.0 n/a n/a CI7 HI8 04 Na S2
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'H spectra of 5g.
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13C spectra of 5g.

SL9L~
9911

[45%: 1

orIs—

2608 —
19°€8 —

86'L21 \_
20621 >
se6ct”

L6 LEL ~
vegel 7

06'951 —

=

‘881 —

2}

0le—

N20240716-FC2790-NX070201.1.fid

1)
I
©

T
200 190 180 170 160 150 140 130

210

1 (ppm)

5116



HRMS of Sg.

Single Mass Analysis

Tolerance = 5.0 mDa / DBE:min=-1.5 max=50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
5349 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:16-16 H:1515 N:0-100 O:0-100 Na:04 S:1-4 Cl:1-3
29
240910-5-647-1-5G 12 (0.100) 1: TOF MS ES+
9.40e+005
- 377.0046
% 379.0021
i ; 7.0196 380.0041
W 35?266‘5,355 " 362.3298 369.0376 371 0356 | L BAIT 495 o762 394.9766306.9008 4063455,

LA RAAAE RAAAS BARA LARAE RALAE RARES LALES LA

3450 3500 3550 = 3600 3650 3700 = 3750 = 3800 = 3850 ~ 3900 3950 = 4000 4050

Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mha PPM DEE i-FIT Norm Conf(%) Formula

3770016 377. 0049 -0.3 -0.8 8.5 1089.0 n/a n/a C16 H15 03 Na S2 Cl
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'H spectra of 5h.
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13C spectra of 5h.
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NOESY spectra of Sh.
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HRMS of 5h.

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min=-1.5 max=50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
2340 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:16-16 H: 1515 N:0-100 O:0-100 Na:0-4 S:1-4 F:1-1

29

240910-5-647-1-5H 23 (0.157)

100+

0=y

344.876(_ 347.1320 #350]8924

al

Minimum:
Maximum:

Mass
361. 0347

LA L |
3400

1 T LA (L
345.0 350.0

-1.5

50 10.0 50.0

Calc, Mass mDa  PPM DBE
361,034 0.3 0.8 85

1: TOF MS ES+
9.22e+004
361.0347
20362
369123 | r 1132 0515 3728855  377-0061 :s?t.-'u.ooasmrz
LA l LI B A 'l LI B B I L LA l
355.0 360.0 365.0 370.0 375.0 380.0

i-FIT Norm Conf(%) Formula
671.5 n/a n/a Ci16 15 (B Na S2 F
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'H spectra of 5i.
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13C spectra of 5i.
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NOSEY spectra of 5i.
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HRMS of 5i.

Single Mass Analysis

Tolerance =5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

6092 formula(e) evaluated with 1 results within imits (up to 50 best isotopic matches for each mass)
Elements Used:

C:17-17 H:17-17 N:0-100 O:0-100 Na:0-4 S:1-4 Cl: 13

29

240910-5-647-1-5J 15 (0.115) 1: TOF MS ES+
1.39e+006
100 391.0209
%~ 393.0179
: o 406.9951
1 3171141 3383407 03235 %9039 3812080 ||| 3050150] , 4230468 4371939 452901 4590090
c ]lll‘l'l'.l"l.l'll'll"'".I'Il"ll"'l""ll'llllll'.l""lll'l.l"'l'..'l lllI"'".'llI‘lll.'l"l"l."ll'[l"'l".lll"‘l"'lI..'lllllll"l'l'll“'ll'll‘ mz
320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470
Minimum: -1.5
Maximum: 50 10.0  50.0
Mass Calc. Mass mDa PPM  DBE i-FIT Norm Conf (%) Formula
391.0209 391.0205 0.4 L0 85 1059.6 nfa n/a CI17 H17 @B Na S2 Cl
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