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1. General information

Reactions were monitored by thin layer chromatography using UV light to visualize the course
of reaction. Purification of reaction products was carried out by flash chromatography on silica gel
or just by simple filtration and washing. 'H and 3CNMR spectra were obtained using a Bruker
DPX-400 spectrometer. 'H NMR chemical shifts are reported in ppm (J) relative to
tetramethylsilane (TMS) with the solvent resonance employed as the internal standard. Data are
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet),
coupling constants (Hz) and integration. '*C NMR chemical shifts are reported in ppm (J) from
tetramethylsilane (TMS) with the solvent resonance as the internal standard. Melting points were

measured on an electrothermal digital melting point apparatus.

2. General procedure for preparation of 3-isothiocyanato thiobutyrolactone 1

NH,HCI NCS
CSCl,
o o
S NaHCOs, S

The homocysteinethiolactone hydrochloride (1.53 g, 10.0 mmol) was dissolved in CH,Cl, (90
mL), and saturated aqueous NaHCO; (90 mL) was added at 0 °C. The biphasic mixture was stirred
vigorously for 15 min. The stirring was stopped, and thiophosgene (1.71 g, 1.14 mL, 15.0 mmol)
was added via syringe to the organic layer. Stirring was immediately restarted, and the reaction
was allowed to stir for 2 h at 0 °C. The layers were separated and the aqueous layer was extracted
with CH,Cl, (2x50 mL) and washed with water (50 mL). The combined organics were dried over
Na,SO,, concentrated under vacuum. The residue mixture was purified by flash column

chromatography on silica gel to give 3-isothiocyanato thiobutyrolactone 1.

3. Characterization data of compound 1

NCS

1: Light yellow oil; yield 73%, 1.16 g; 'H NMR (CDCls, 400 MHz) 8: 2.25-2.35 (m, 1H), 2.65-
2.72 (m, 1H), 3.34-3.38 (m, 2H), 4.43-4.47 (m, 1H); *C NMR (CDCl;, 100 MHz) 6: 27.5, 31.9,
64.0, 199.8; HRMS (ESI-TOF) m/z: Calcd. for CsHsNNaOS, [M+Na]*: 181.9705; Found:

181.9703.
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4. Catalytic asymmetric synthesis of bispiro[pyrazolone-thiobutyrolactone] skeletons 3

In a sealed tube equipped with a magnetic stirring bar, to the mixture of 3-isothiocyanato
thiobutyrolactone 1 (0.10 mmol), and squaramide catalyst C12 (10 mol %) in 1.5 mL of freshly
distilled toluene was added alkylidene pyrazolone 2 (0.15 mmol). The reaction mixture was stirred
at room temperature for 16 h and was directly loaded onto a silica gel and purified by flash

chromatography to give the desired product 3, using hexane/EtOAc (10/1, v/v) as the eluent.

5. Characterization data of compounds 3

3a: Light yellow solid, m.p. 207.9-208.5 °C; yield 87%, 36.6 mg, 93% ee, >20:1 dr, [0]p?® =
+151.3 (¢ 2.1, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,,4j0- = 11.61 min; T, = 7.15 min);
'"H NMR (CDCl;, 400 MHz) ¢: 2.18 (s, 3H), 2.57-2.65 (m, 1H), 2.72-2.78 (m, 1H), 3.12-3.26 (m,
2H), 4.39 (s, 1H), 7.12-7.16 (m, 1H), 7.19-7.23 (m, 3H), 7.27-7.34 (m, 4H), 7.75 (d, J = 8.0 Hz,
2H), 9.50 (br s, 1H); *C NMR (CDCl;, 100 MHz) ¢: 11.8, 25.3, 32.5, 51.0, 75.0, 76.7, 117.1,
123.5, 126.6, 127.0, 127.5, 128.1, 135.1, 155.6, 167.1, 193.3, 201.5; HRMS (ESI-TOF) m/z:

Calcd. for C,H 9N3;NaO,S, [M+Na]": 444.0811; Found: 444.0813.

3b: Light yellow solid, m.p. 134.2-134.7 °C; yield 85%, 37.3 mg, 91% ee, >20:1 dr, [a]p?® =
+163.0 (c 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,,4j0- = 11.04 min; T, = 6.30 min);
'"H NMR (CDCl;, 400 MHz) ¢: 2.21 (s, 3H), 2.71-2.79 (m, 2H), 2.89-2.95 (m, 1H), 3.41-3.45 (m,
1H), 4.33 (s, 1H), 7.18-7.27 (m, 3H), 7.42-7.51 (m, 4H), 7.71 (d, J = 8.4 Hz, 2H), 11.86 (br s, 1H);
3C NMR (CDCl;, 100 MHz) d: 14.2, 27.6, 35.0, 52.5, 77.4,79.2, 116.6 (d, Jcr = 22.3 Hz), 119.2,

126.3, 127.2, 127.3, 129.6, 132.4 (d, Jor = 9.2 Hz), 137.3, 159.2, 163.7 (d, Jor = 245.1 Hz), 169 .4,
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194.2, 205.7; F NMR (CDCl;, 470 MHz) J: -111.41; HRMS (ESI-TOF) m/z: Calcd. for

CH gFN3NaO,S, [M+Na]*: 462.0717; Found: 462.0714.

3c: Light yellow solid, m.p. 163.2-164.0 °C; yield 84%, 36.9 mg, 98% ee, >20:1 dr, [a]p?’ =
+119.4 (¢ 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4, = 8.61 min; T, = 5.68 min); 'H
NMR (DMSO-dg, 400 MHz) o: 2.22 (s, 3H), 2.70-2.82 (m, 2H), 2.90-2.95 (m, 1H), 3.41-3.47 (m,
1H), 4.35 (s, 1H), 7.19-7.30 (m, 4 H), 7.39-7.47 (m, 3H), 7.71 (d, ] = 7.6 Hz, 2H), 11.89 (br s, 1H);
3C NMR (DMSO-ds, 100 MHz) §: 14.2, 27.7, 35.1, 52.6, 77.3, 79.2, 116.8 (d, Jcr = 21.4 Hz),
117.1(d, Jcr = 23.1 Hz), 119.1, 126.3, 126.4, 129.7, 131.7 (d, Jcr = 9.2 Hz), 133.6 (d, Jor = 8.3
Hz), 137.3, 159.2, 162.6 (d, Jcr = 244.4 Hz), 170.0, 194.0, 205.5; '°F NMR (CDCl;, 470 MHz) §:
-111.41; HRMS (ESI-TOF) m/z: Calcd. for C,HigFN3NaO,S, [M+Na]*: 462.0717; Found:

462.0717.

3d: Light yellow solid, m.p. 184.5-185.6 °C; yield 85%, 38.7 mg, 99% ee, >20:1 dr, [a]p?’ =
+206.7 (c 2.9, CHCI;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 11.36 mMin; Tyimer = 6.05 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.21 (s, 3H), 2.70-2.82 (m, 2H), 2.89-2.95 (m, 1H), 3.41-3.47
(m, 1H), 4.32 (s, 1H), 7.23-7.27 (m, 1H), 7.42-7.47 (m, 6H), 7.70-7.73 (m, 2H), 11.88 (br s, 1H);
3C NMR (DMSO-ds, 100 MHz) d: 14.2, 27.7, 35.0, 52.5, 77.3, 79.2, 119.3, 126.3, 129.6, 129.7,
130.0, 132.1, 134.7, 137.3, 159.1, 169.6, 194.1, 205.6; HRMS (ESI-TOF) m/z: Calcd. for

CH;3CIN;3NaO,S, [M+Na]™: 478.0421; Found: 478.0424.
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3e: Light yellow solid, m.p. 130.2-130.8 °C; yield 86%, 42.9 mg, >99% ee, >20:1 dr, [a]p*° =
+146.1 (c 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,,4j0r = 12.13 min; Ty, = 6.16 min);
'"H NMR (CDCl;, 400 MHz) ¢: 2.21 (s, 3H), 2.69-2.82 (m, 2H), 2.89-2.95 (m, 1H), 3.40-3.46 (m,
1H), 4.30 (s, 1H), 7.23-7.27 (m, 1H), 7.38-7.46 (m, 4H), 7.56 (d, J = 8.4 Hz, 2H), 7.71 (d, /= 8.4
Hz, 2H), 11.88 (br s, 1H); 3C NMR (CDCls, 100 MHz) d: 14.2, 27.7, 35.0, 52.6, 77.2, 79.1, 119.3,
123.4,126.3, 129.6, 130.4, 132.4, 132.6, 137.3, 159.1, 169.6, 194.1, 205.6; HRMS (ESI-TOF) m/z:

Calcd. for C,H sBrN;3;NaO,S, [M+Na]*: 521.9916; Found: 521.9914.
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3f: Light yellow solid, m.p. 179.2-179.9 °C; yield 82%, 35.7 mg, 93% ee, >20:1 dr, [a]p*® =
+229.6 (c 2.5, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4j0r = 13.71 min; Ty = 7.51 min);
'"H NMR (DMSO-ds, 400 MHz) d: 2.19 (s, 3H), 2.20 (s, 3H), 2.69-2.82 (m, 2H), 2.89-2.93 (m,
1H), 3.38-3.40 (m, 1H), 4.26 (s, 1H), 7.11-7.14 (m, 2H), 7.21-7.25 (m, 1H), 7.29 (d, J = 8.0 Hz,
2H), 7.41-7.45 (m, 2H), 7.74-7.76 (m, 2H), 11.83 (br s, 1H); *C NMR (DMSO-d,;, 100 MHz) §:
14.2, 21.0, 27.6, 35.1, 53.4, 77.4, 79.2, 119.0, 126.1, 127.9, 129.6, 130.0, 130.2, 137.4, 139.3,
159.1, 169.8, 194.4, 206.0; HRMS (ESI-TOF) m/z: Calcd. for C,3H,N3NaO,S, [M+Na]™:

458.0967; Found: 458.0962.

3g: Light yellow solid, m.p. 184.2-185.1 °C; yield 90%, 41.7 mg, 93% ee, >20:1 dr, [a]p?’ =
+289.1 (¢ 2.2, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 10.45 min; Tyimer = 6.73 min);
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'H NMR (DMSO-ds, 400 MHz) &: 1.09-1.11 (m, 6H), 2.19 (s, 3H), 2.67-2.83 (m, 3H), 2.90-2.94
(m, 1H), 4.30 (s, 1H), 7.19-7.31 (m, 5H), 7.42-7.46 (m, 2H), 7.74 (d, J = 7.6 Hz, 2H), 11.84 (br s,
1H); 1*C NMR (DMSO-ds, 100 MHz) J: 14.2, 23.9, 24.1, 27.6, 33.4, 35.2, 53.2, 77.3, 79.2, 119.1,
126.1, 127.6, 128.4, 129.6, 130.0, 137.5, 149.8, 159.2, 169.8, 194.4, 205.9; HRMS (ESI-TOF) m/z:

Calcd. for C,5H,sN3;NaO,S, [M+Na]*: 486.1280; Found: 486.1277.

3h: Light yellow solid, m.p. 201.3-201.7 °C; yield 82%, 37.0 mg, 96% ee, 12:1 dr, [a]p* =
+377.4 (c 2.8, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4i0r = 16.70 min; Ty = 9.21 min);
'"H NMR (CDCl;, 400 MHz) ¢: 2.17 (s, 3H), 2.57-2.65 (m, 1H), 2.71-2.77 (m, 1H), 3.09-3.15 (m,
1H), 3.18-3.24 (m, 1H), 3.65 (s, 3H), 4.33 (s, 1H), 6.70 (d, J = 8.8 Hz, 2H), 7.11-7.15 (m, 1H),
7.20 (d, J = 8.8 Hz, 2H), 7.30-7.34 (m, 2H), 7.75-7.77 (m, 2H), 9.77 (br s, 1H); 3*C NMR (CDCl;,
100 MHz) ¢: 13.1, 26.6, 33.8, 51.8, 54.2, 75.6, 78.0, 113.6, 118.4, 121.1, 124.8, 127.9, 130.1,
136.4, 157.0, 159.1, 168.4, 194.7, 203.0; HRMS (ESI-TOF) m/z: Calcd. for Cy3H;1N3NaOsS,

[M+Na]*: 474.0917; Found: 474.0914.

3i: Light yellow solid, m.p. 179.8-179.9 °C; yield 90%, 44.0 mg, 87% ee, >20:1 dr, [a]p*® =
+484.1 (c 2.3, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 23.33 Min; Tyiner = 8.51 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.24 (s, 3H), 2.60-2.67 (m, 1H), 2.80-2.87 (m, 1H), 2.89-2.94
(m, 1H), 3.40-3.43 (m, 1H), 5.17 (s, 1H), 7.22-7.26 (m, 1H), 7.39-7.44 (m, 3H), 7.64-7.69 (m, 3H),
7.87 (d, J = 7.2 Hz, 1H), 11.92 (br s, 1H); 3C NMR (DMSO-ds, 100 MHz) ¢: 14.4, 27.7, 34.7,
47.9,77.7,79.0,119.3, 126.4, 129.0, 129.6, 130.0, 130.8, 132.2, 133.3, 133.4, 137.1, 158.8, 169.3,
193.6, 205.4; HRMS (ESI-TOF) m/z: Calcd. for C5,H;7C;N3NaO,S, [M+Na]*: 512.0031; Found:

512.0027.

S6



&
’\f_,_\\lbzosg
=
Hl(\l) S>
3j: Light yellow solid, m.p. 161.5-161.8 °C; yield 84%, 35.9 mg, 96% ee, >20:1 dr, [a]p*® =
+192.2 (¢ 2.4, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,,4j0 = 13.38 min; Ty, = 7.70 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.19 (s, 3H), 2.58-2.64 (m, 1H), 2.78-2.85 (m, 1H), 2.89-2.94
(m, 1H), 3.38-3.41 (m, 1H), 4.67 (s, 1H), 7.00-7.02 (m, 1H), 7.17 (d, J = 3.2 Hz, 1H), 7.23-7.27
(m, 1H), 7.44-7.48 (m, 2H), 7.56 (d, J = 4.8 Hz, 1H), 7.77 (d, J = 7.6 Hz, 2H), 11.81 (br s, 1H);
3C NMR (DMSO-ds, 100 MHz) d: 14.1, 27.4, 35.1, 49.2, 77.3, 79.2, 118.9, 126.1, 127.8, 129.0,
129.6, 130.7, 131.8, 137.5, 158.8, 169.3, 193.8, 205.9; HRMS (ESI-TOF) m/z: Calcd. for

CyoH17N3NaO,S; [M+Na]*: 450.0375; Found: 450.0378.

Cl

o

3k: Light yellow solid, m.p. 262.1-263.1 °C; yield 82%, 40.1 mg, 97% ee, >20:1 dr, [a]p?’ =
+54.2 (¢ 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 12.07 min; Tyimer = 6.65 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.23 (s, 3H), 2.62-2.68 (m, 1H), 2.80-2.86 (m, 1H), 2.89-2.94
(m, 1H), 3.39-3.44 (m, 1H), 5.04 (s, 1H), 7.23-7.27 (m, 1H), 7.42-7.46 (m, 2H), 7.50-7.52 (m, 1H),
7.68-7.73 (m, 3H), 7.88 (d, J = 8.4 Hz, 1H), 11.91 (br s, 1H); '*C NMR (DMSO-ds, 100 MHz) J:
14.3, 27.7, 34.7, 46.6, 77.6, 78.9, 119.4, 126.4, 127.3, 128.6, 129.6, 130.4, 132.6, 135.5, 136.2,
137.1, 158.8, 169.3, 193.6, 205.4; HRMS (ESI-TOF) m/z: Calcd. for CyH;;Cl,N;NaO,S,

[M+Na]*: 512.0031; Found: 512.0035.

31: Light yellow solid, m.p. 170.3-171.3 °C; yield 84%, 40.4 mg, 97% ee, >20:1 dr, [a]p*® =
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+250.5 (¢ 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,,4j0 = 38.14 min; T, = 13.75 min);
'H NMR (DMSO-dg, 400 MHz) d: 2.12 (s, 3H), 2.45-2.51 (m, 1H), 2.65-2.72 (m, 1H), 2.97-3.04
(m, 1H), 3.24-3.30 (m, 1H), 3.70 (s, 3H), 3.75 (s, 3H), 4.89 (s, 1H), 6.48-6.50 (m, 1H), 6.58 (s,
1H), 7.22-7.26 (m, 1H), 7.43-7.45 (m, 3H), 7.74 (d, J = 8.0 Hz, 2H), 11.66 (br s, 1H); 3C NMR
(DMSO-ds, 100 MHz) 6: 14.0, 27.2, 34.6, 43.9, 55.7, 56.5, 77.4, 78.8, 99.3, 106.0, 110.7, 119.1,
126.1, 129.6, 130.1, 137.5, 159.2, 161.3, 170.1, 194.4, 206.0; HRMS (ESI-TOF) m/z: Calcd. for
Cy4H23N3NaO,4S, [M+Na]*: 504.1022; Found: 504.1025.

O e
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3m: Light yellow solid, m.p. 175.4-176.0 °C; yield 80%, 38.5 mg, 96% ee, >20:1 dr, [a]p?® =
+134.5 (c 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 16.53 min; Tyiner = 9.06 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.12 (s, 3H), 2.53-2.56 (m, 1H), 2.68-2.75 (m, 1H), 2.92-2.98
(m, 1H), 3.28-3.32 (m, 1H), 3.35 (s, 3H), 3.51 (s, 3H), 3.70 (s, 3H), 4.94 (s, 1H), 6.88-6.91 (m,
1H), 7.00 (d, J= 8.8 Hz, 1H), 7.06 (d, J=2.8 Hz, 1H), 7.23-7.27 (m, 1H), 7.43-7.47 (m, 2H), 7.75
(d, J= 8.0 Hz, 2H), 11.73 (br s, 1H); *C NMR (DMSO-ds, 100 MHz) J: 14.1, 27.3, 34.6, 44.3,
55.7,56.8,77.4, 78.8, 113.5, 115.1, 115.5, 118.8, 119.8, 126.1, 129.7, 137.5, 152.0, 153.3, 159.3,
170.1, 194.1, 205.6; HRMS (ESI-TOF) m/z: Calcd. for Cy4H,3N3NaO4S, [M+Na]*: 504.1022;

Found: 504.1023.

3n: Light yellow solid, m.p. 162.3-162.8 °C; yield 86%, 37.4 mg, >99% ee, >20:1 dr, [a]p?’ =
+356.9 (c 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 14.82 min; Tyiner = 7.80 min);

'"H NMR (DMSO-d;, 400 MHz) ¢: 2.19 (s, 3H), 2.29 (s, 3H), 2.70-2.80 (m, 2H), 2.80-2.95 (m,
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1H), 3.39-3.41 (m, 1H), 4.29 (s, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.32-7.34 (m, 3H), 7.39-7.42 (m,
2H), 7.59 (d, J = 8.4 Hz, 2H), 11.84 (br s, 1H); '3C NMR (DMSO-ds, 100 MHz) J: 14.2, 21.0,
27.6, 35.1, 53.6, 77.2, 79.2, 119.2, 129.6, 129.7, 130.0, 130.1, 131.1, 135.0, 135.5, 158.9, 169.6,
194.5, 205.9; HRMS (ESI-TOF) m/z: Calcd. for C,3H;;N;3;NaO,S, [M+Na]*: 458.0967; Found:

458.0965.

30: Light yellow solid, m.p. 132.3-132.8 °C; yield 87%, 39.4 mg, 96% ee, >20:1 dr, [0]p?® =
+267.8 (c 2.7, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4j0r = 13.75 min; T = 6.64 min);
'"H NMR (DMSO-ds, 400 MHz) d: 2.20 (s, 3H), 2.29 (s, 3H), 2.72-2.79 (m, 2H), 2.89-2.93 (m,
1H), 3.41-3.45 (m, 1H), 4.31 (s, 1H), 7.17-7.24 (m, 4H), 7.47-7.50 (m, 2H), 7.58 (d, J = 8.4 Hz,
2H), 11.84 (br s, 1H); *C NMR (DMSO-ds, 100 MHz) J: 14.2, 21.0, 27.6, 35.0, 52.5, 77.3, 79.2,
116.5 (d, Jcr = 22.4 Hz), 119.3, 127.3 (d, Jcr = 7.1 Hz), 130.0, 132.4 (d, Jor = 8.4 Hz), 134.9,
135.6, 158.9, 162.8 (d, Jcr = 245.2 Hz), 169.4, 194.3, 205.7; 9F NMR (CDCl;, 470 MHz) : -
112.25; HRMS (ESI-TOF) m/z: Calcd. for Cy3Hy0FN3;NaO,S, [M-+Na]™: 476.0873; Found:

476.0877.

3p: Light yellow solid, m.p. 187.2-187.7 °C; yield 80%, 36.2 mg, 91% ee, >20:1 dr, [a]p?® =
+9.3 (¢ 2.9, CHCIy); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4j0- = 10.55 min; T = 5.94 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.24 (s, 3H), 2.31 (s, 3H), 2.73-2.85 (m, 2H), 2.94-2.99 (m,
1H), 3.44-3.49 (m, 1H), 4.38 (s, 1H), 7.20-7.32 (m, 5H), 7.40-7.43 (m, 1H), 7.62 (d, J = 8.4 Hz,
2H), 11.92 (br s, 1H); *C NMR (DMSO-ds, 100 MHz) d: 14.2, 20.9, 27.7, 35.1, 52.6, 77.2, 79.2,

116.7 (d, Jor=20.4 Hz), 117.1 (d, Jor = 23.1 Hz), 119.1, 126.4, 130.0, 131.7, 133.6, 134.9, 135.6,
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159.0, 162.7 (d, Jcr = 245.0 Hz), 169.5, 194.2, 205.5; '°F NMR (CDCl;, 470 MHz) J: -111.45;

HRMS (ESI-TOF) m/z: Calcd. for C3H,0FN3NaO,S, [M+Na]*: 476.0873; Found: 476.0873.

3q: Light yellow solid, m.p. 187.7-188.1 °C; yield 86%, 40.3 mg, >99% ee, >20:1 dr, [a]p?’ =
+299.4 (c 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tpgjor = 15.15 min; Tyimer = 6.37 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.20 (s, 3H), 2.28 (s, 3H), 2.69-2.81 (m, 2H), 2.90-2.95 (m,
1H), 3.41-3.46 (m, 1H), 4.31 (s, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.40-7.46 (m, 4H), 7.59 (d, J = 8.4
Hz, 2H), 11.86 (br s, 1H); 3C NMR (DMSO-ds, 100 MHz) ¢: 14.2, 21.0, 27.7, 35.0, 52.6, 72.2,
79.2, 119.3, 129.7, 130.0, 130.1, 132.1, 134.7, 134.9, 135.6, 158.9, 169.4, 194.2, 205.6; HRMS

(ESI-TOF) m/z: Caled. for Cy3H,CIN3NaO,S, [M+Na]*: 492.0578; Found: 492.0577.

3r: Light yellow solid, m.p. 148.3-149.1 °C; yield 80%, 41.0 mg, 93% ee, >20:1 dr, [a]p?’ =
+225.9 (¢ 2.1, CHCI;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 18.14 min; Tyimer = 8.12 min);
'H NMR (DMSO-ds, 400 MHz) d: 2.12 (s, 3H), 2.23 (s, 3H), 2.62-2.75 (m, 2H), 2.81-2.87 (m,
1H), 3.33-3.39 (m, 1H), 4.21 (s, 1H), 7.16 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.48-7.52
(m, 4H), 11.79 (br s, 1H); *C NMR (DMSO-ds, 100 MHz) J: 14.2, 21.0, 27.7, 35.0, 52.6, 77.1,
79.1, 119.3, 123.4, 130.0, 130.4, 132.4, 132.6, 134.9, 135.6, 158.9, 169.4, 194.2, 205.6; HRMS

(ESI-TOF) m/z: Calcd. for C,3H,0BrN;NaO,S, [M+Na]*: 536.0073; Found: 536.0074.



3s: Light yellow solid, m.p. 164.5-165.3 °C; yield 90%, 40.4 mg, 93% ee, >20:1 dr, [a]p? =
+272.4 (c 2.0, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(80/20 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4, = 9.68 min; T, = 5.79 min); 'H
NMR (CDCls, 400 MHz) ¢: 2.16 (s, 3H), 2.19 (s, 3H), 2.26 (s, 3H), 2.55-2.63 (m, 1H), 2.69-2.74
(m, 1H), 3.10-3.24 (m, 2H), 4.34 (s, 1H), 6.98 (d, J = 8.0 Hz, 2H), 7.10-7.17 (m, 4H), 7.61 (d, J =
8.4 Hz, 2H), 9.76 (br s, 1H); 13C NMR (CDCl;, 100 MHz) J: 14.1, 21.0, 26.9, 27.7, 34.9, 53.1,
77.4, 79.1, 119.5, 127.4, 129.4, 129.7, 130.0, 135.0, 135.6, 139.3, 157.8, 169.3, 195.9, 204.0;

HRMS (ESI-TOF) m/z: Calcd. for C,4H,3N;3Na0,S, [M+Na]*: 472.1124; Found: 472.1121.

3t: Light yellow solid, m.p. 165.3-165.9 °C; yield 90%, 41.9 mg, 95% ee, >20:1 dr, [a]p?® =
+346.1 (c 2.8, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 22.75 MiN; Tyiner = 9.84 min);
'H NMR (DMSO-ds, 400 MHz) o: 2.18 (s, 3H), 2.29 (s, 3H), 2.69-2.74 (m, 1H), 2.78-2.83 (m,
1H), 2.86-2.91 (m, 1H), 3.39-3.41 (m, 1H), 3.68 (s, 3H), 4.23 (s, 1H), 6.87 (d, J = 8.4 Hz, 2H),
7.23 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 11.78 (br s, 1H); 3C
NMR (DMSO-d, 100 MHz) ¢: 14.2, 21.0, 27.5, 35.0, 53.1, 55.5, 77.4, 79.2, 114.9, 119.1, 122.6,
130.0, 131.4, 135.1, 135.4, 159.0, 160.2, 169.6, 194.6, 206.1; HRMS (ESI-TOF) m/z: Calcd. for

C14H23N3NaO5S,; [M+Na]*™: 488.1073; Found: 488.1073.

&

3u: Light yellow solid, m.p. 210.3-210.9 °C; yield 89%, 41.4 mg, 94% ee, >20:1 dr, [a]p?® =
+269.9 (c 2.9, CHCl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,,4j0r = 22.68 min; Tyin0 = 10.65 min);
'"H NMR (DMSO-ds, 400 MHz) d: 2.13 (s, 3H), 2.44-2.50 (m, 1H), 2.68-2.75 (m, 1H), 2.94-3.00

(m, 1H), 3.25-3.31 (m, 1H), 3.36 (s, 3H), 3.75 (s, 3H), 4.99 (s, 3H), 6.88-6.92 (m, 1H), 7.05 (d, J
S11



= 8.4 Hz, 1H), 7.22-7.26 (m, 1H), 7.29-7.33 (m, 1H), 7.42-7.46 (m, 2H), 7.51 (d, J = 7.6 Hz, 1H),
7.72 (d, J = 7.6 Hz, 2H), 11.72 (br s, 1H); 3C NMR (DMSO-d,, 100 MHz) 6: 14.1, 27.2, 34.6,
44.1,56.3,77.3,78.9, 112.4, 118.9, 119.1, 121.1, 126.1, 129.3, 129.6, 130.8, 137.4, 158.0, 159.2,
170.1, 194.3, 205.8; HRMS (ESI-TOF) m/z: Caled. for CoyHy;N;NaOsS, [M+Na]*: 488.1073;

Found: 488.1077.

3v: Light yellow solid, m.p. 193.2-193.9 °C; yield 83%, 37.8 mg, 98% ee, >20:1 dr, [0]p?® =
+83.8 (¢ 2.9, CHCIl;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; .40, = 9.61 Min; T,y = 6.10 min); 'H
NMR (DMSO-dg, 400 MHz) 0: 2.20 (s, 3 H), 2.73-2.79 (m, 2H), 2.87-2.94 (m, 1H), 3.39-3.42
(m, 1H), 4.30 (s, 1H), 7.33-7.39 (m, 5H), 7.50 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 8.8 Hz, 2H), 11.88
(br s, 1H); 3C NMR (DMSO-dg, 100 MHz) d: 14.2, 27.6, 35.1, 53.5, 77.4, 79.3, 120.5, 129.0,
129.7, 129.8, 129.9, 130.0, 130.1, 130.9, 136.2, 159.6, 169.8, 194.1, 205.8; HRMS (ESI-TOF) m/z:

Calcd. for C,,H 3CIN3NaO,S, [M+Na]*: 478.0421; Found: 478.0418.

Cl

3w: Light yellow solid, m.p. 130.2-131.1 °C; yield 82%, 43.7 mg, 91% ee, 13:1 dr, [a]p* =
+94.9 (¢ 2.9, CHCI;); The ee was determined by HPLC analysis using a Chiralpak IC column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; 7,40 = 9.83 Min; Tyyi0r = 5.37 min); 'H
NMR (DMSO-dy4, 400 MHz) J: 2.21 (s, 3H), 2.69-2.74 (m, 1H), 2.77-2.83 (m, 1H), 2.87-2.94 (m,
1H), 3.40-3.46 (m, 1H), 4.30 (s, 1H), 7.36 (d, J = 8.4 Hz, 2H), 7.50 (d, /= 9.2 Hz, 2H), 7.55 (d, J
= 8.8 Hz, 2H), 7.75 (d, J = 8.8 Hz, 2H), 11.90 (br s, 1H); 3*C NMR (DMSO-d,;, 100 MHz) ¢: 14.2,
27.7, 35.0, 52.6, 77.3, 79.2, 120.7, 123.4, 129.7, 130.1, 130.3, 132.3, 132.7, 136.0, 159.6, 169.6,
193.8, 205.5; HRMS (ESI-TOF) m/z: Calcd. for CyH;;BrCIN;NaO,S, [M+Na]™: 555.9526;

Found: 555.9522.
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3x: Light yellow solid, m.p. 178.9-179.5 °C; yield 87%, 37.8 mg, 86% ee, >20:1 dr; The ee was
determined by HPLC analysis using a Chiralpak IC column (85/15 hexane/i-PrOH; flow rate: 1.0
mL/min; A = 254 nm; Ty = 7.69 min; Ty, = 5.74 min); 'H NMR (DMSO-ds, 400 MHz) o:
1.18-1.22 (m, 3H), 2.48-2.64 (m, 2H), 2.70-2.78 (m, 2H), 2.88-2.95 (m, 1H), 3.42-3.44 (m, 1H),
4.32 (s, 1H), 7.22-7.25 (m, 1H), 7.33-7.46 (m, 7H), 7.75 (d, J = 8.0 Hz, 2H), 11.85 (br s, 1H); 13C
NMR (DMSO-d, 100 MHz) 6: 9.6, 21.6, 27.6, 35.1, 53.5, 77.5, 79.3, 119.1, 126.2, 129.6, 129.7,
130.1, 131.1, 137.5, 162.6, 169.9, 194.7, 206.0; HRMS (ESI-TOF) m/z: Calcd. for

Cy3HyN3NaO, S, [M+Na]*: 458.0967; Found: 458.0962.

3y: Light yellow solid, m.p. 184.3-184.6 °C; yield 90%, 42.2 mg, 98% ee, >20:1 dr; The ee was
determined by HPLC analysis using a Chiralpak IC column (85/15 hexane/i-PrOH; flow rate: 1.0
mL/min; A = 254 nm; Tyger = 7.42 min; Ty, = 4.95 min); 'H NMR (DMSO-ds, 400 MHz) o:
1.18-1.22 (m, 3H), 2.47-2.54 (m, 1H), 2.59-2.65 (m, 1H), 2.67-2.73 (m, 1H), 2.76-2.82 (m, 1H),
2.91-2.94 (m, 1H), 3.41-3.43 (m, 1H), 4.33 (s, 1H), 7.22-7.25 (m, 1H), 7.42 (s, 6H), 7.74 (d, J =
7.2 Hz, 2H), 11.88 (br s, 1H); 3C NMR (DMSO-d,, 100 MHz) ¢: 9.6, 21.6, 27.7, 35.0, 52.6, 77.5,
79.2, 119.3, 126.2, 129.6, 129.7, 130.1, 132.1, 134.7, 137.4, 162.6, 169.7, 194.4, 205.7; HRMS

(ESI-TOF) m/z: Caled. for Cy3H0CIN3NaO,S; [M+Na]*: 492.0578; Found: 492.0582.

6. Preparative scale synthesis of the product 3a

NCS =N Ph O
LNyt § i P
~Ph C12 (10 mol %) SN
(@] + _—N
4HN
S

S (0]
1 2a toluene, rt, 16 h 3a
0.16 g, 1.0 mmol 0.39 g, 1.5 mmol 10-fold scale 0.35 g, 83%, 91% ee, >20:1 dr

In a sealed tube equipped with a magnetic stirring bar, to the mixture of 3-isothiocyanato

thiobutyrolactone 1 (0.16 g, 1.0 mmol), and squaramide catalyst C12 (10 mol %) in 15 mL of
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freshly distilled toluene was added alkylidene pyrazolone 2 (0.39 g, 1.5 mmol). The reaction
mixture was stirred at room temperature for 16 h and was directly loaded onto a silica gel and
purified by flash chromatography (hexane/EtOAc, 10/1, v/v) to give the desired product 3a (0.35 g,

83%, 91% ee, >20:1 dr).

7. Further investigation of transformation of 3q

CHgs CHs

NN cl Mel (1.5 eq), N/N; cl
| =0 K,COj3 (1.5 eq) | =
HsC o HsC SN
S _ .

o HzCS—\ )
HN > acetone, rt, 12 h N >

[o ] o~ s

0.20 mmol

- 90 9 .
3q: 99% ee, >20:1 dr 4q: 90%, 94% ee, >20:1 dr

To a stirred solution of 3q (93.8 mg, 0.20 mmol) in acetone (1.0 mL) was added K,COj; (41 mg,
0.30 mmol) at 0 °C. Then iodomethane (43 mg, 0.30 mmol) in 2.0 mL acetone was added
dropwise into the stirred reaction mixture. The reaction mixture was allowed to stir at room
temperature for another 12 h, and was directly loaded onto a silica gel and purified by flash
chromatography (hexane/EtOAc, 10/1, v/v) to give the desired product 4q (90%, 94% ee, >20:1

dr).

4q: Light yellow solid, m.p. 174.3-175.5 °C; yield 90%, 43.7 mg, 94% ee, >20:1 dr; The ee was
determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-PrOH; flow rate: 1.0
mL/min; A = 254 nm; T, = 7.69 min; Tyyine = 10.47 min); '"H NMR (CDCls, 400 MHz) o: 2.24 (s,
3H), 2.28 (s, 3H), 2.48 (s, 3H), 2.84-2.88 (m, 1H), 3.25-3.28 (m, 1H), 3.37-3.38 (m, 1H), 3.53-
3.60 (m, 1H), 4.45 (s, 1H), 7.21-7.23 (m, 2H), 7.32-7.39 (m, 4H), 7.55-7.57 (m, 2H); 3C NMR
(CDCls, 100 MHz) J: 13.8, 14.2, 20.9, 28.7, 37.5, 54.1, 77.1, 89.3, 119.3, 129.5, 130.0, 131.1,
132.3, 134.1, 134.8, 135.8, 157.9, 168.3, 168.5, 206.5; HRMS (ESI-TOF) m/z: Calcd. for

C,4H2,CIN;3NaO, S, [M+Na]*: 506.0734; Found: 506.0737.
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8. X-ray crystal data for compound 3k

Table S1 Crystal data and structure refinement for 3k

Identification code 3k

Empirical formula C»H7C11N30,S,
Formula weight 490.40
Temperature/K 169.99(10)

Crystal system monoclinic

Space group P2,

a/A, b/A, c/A 9.0271(6), 10.9083(6), 11.1404(8)
a/°, B/°, y/°, 90, 105.790(7), 90.
Volume/A3 1055.60(12)

Z 2

Pealcg/cm’ 1.543

wmm'! 0.532

F(000) 504.0

Radiation Mo Ka (A=0.71073)
Crystal size/mm? 0.15x0.12 x0.11

20 range for data collection/° 4.69 to 58.856

Index ranges -10<h<11,-14<k<14,-11<1<15
Reflections collected 5127

Independent reflections 3901 [Rine = 0.0231, Rgigma = 0.0540]
Data/restraints/parameters 3901/1/281

Goodness-of-fit on F2 0.978

Final R indexes [[>=2c (I)] R;=0.0359, wR, = 0.0685
Final R indexes [all data] R;=0.0416, wR, = 0.0709
Largest diff. peak/hole /e A3 0.26/-0.23

Flack/Hooft parameter -0.01(4)/0.00(5)

Crystal Data for C,H{;CL,N30,S, (M =490.40 g/mol): monoclinic, space group P2 (no.
4),a= 9.0271(6) A, b = 10.9083(6) A, ¢ = 11.1404(8) A, g = 105.790(7)°, V=
1055.60(12) A3, Z= 2, T= 169.99(10) K, w(Mo Ka) = 0.532 mm’!, Dcalc = 1.543 g/cm?, 5127
reflections measured (4.69° < 20 < 58.856°), 3901 unique (Riy = 0.0231, Rgigma = 0.0540) which
were used in all calculations. The final R; was 0.0359 (I > 2o(I)) and wR;, was 0.0709 (all data).
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9. The Copies of '"H NMR, 3C NMR and HPLC Spectra for Compounds 1, 3 and 4

'H and 3C NMR of 1
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'H and 3C NMR of 3a
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HPLC of 3a

WD A, Wavelength=284 nm (LRM-Cx5.00
k=

11.115

] Time Area Height Width Area% Symmetry
7.047 74217 37341 0.3059 50,299 0.651
2 11.115 73335.1 2304.6 0.4842 49,701 0.533

—_

WD A, Wavelength=254 nm (LRM-A1(E).DY

25 ) T4 10 125 15 175 mn

& Time Area Height Width Area% Symmetry
7172 1525.3 74 0.3219 3,557 0,762
2 11541 41354 .2 11798 0.5842 Q5,443 0,584

—_
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'H and 3C NMR of 3b
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19F NMR of 3b

—-111.41
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HPLC of 3b

WD A, Wavelength=254 nm (LRM-A112.00

&00
&00

200
200
100

=
PR TR PR R RTHRY RRRT] RRTTE RTINS Runri K]

jin}

3

11.185

Time Area Height Width Area% Symmetry

—

£.316 12352.7 66,3 0.274 50,407 0,645

11,1595 12153.2 327.1 0,5574 49,593 0.63

WD A, Wiavelength=254 nm (LREM-A115.0)

Time Area Height Width Area% Symmetry

—

f,308 2266.6 103.3 0,319 4.316 0,88

11.04 502527 1360.2 0,556 95,684 0.545
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'H and 3C NMR of 3¢
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YF NMR of 3¢

—-111.41
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HPLC of 3¢

YD1 A, Wiavelength=254 nm (LRM-A145.00

maLl - N
5 (2
300~ .,\ﬂ §
] i A
00 - -
: g
400 -
200 -
|:| 5| I I
f | I e f [ I ' 5 |
248 ] i 10 124 min
[ [
& Time Area Height Width Area% Symmetry
1 5,645 14372.6 o019 0.2656 49,905 0,648
2 8,728 14427.2 4879 04928 50,095 0.681
VD &, ifavelength=254 nm (LRM-A145 D)
ma = B
anun—i
25005
2000 -
1500
1000 =
B ')
500 - b
3 0
s . :
I I I I I o
& 10 15 20 25 min
[+ [+]
] Time Area Height Width Area% Symmetry
1 5,655 857.2 50.5 0.2531 0.767 0.63
z 8.617 110943.5 3703.6 0.4565 99,233 0.478
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'H and 3C NMR of 3d
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HPLC of 3d

WD A, Wavelength=254 nm (LRM-A122.D9

T o
I & gﬁ‘
200~ 'gi@@
; m
200-
100- /\
I:I_E L T
Tt T AL T U U R T gy ]|
] 10 14 20 min
[4] [+]
# Time Area Height Width  Area% Symmetry
1 6,006 5939.1 2213 0,2858 49,943 0.693
Z 11,445 59594 2147 10,6955 20,057 0.653
WIKD A, Wavelength=254 nm (LRM-A125.0)
T o
1000 -
200
B0
400 -
200 b
g o
o4 [in]
a- . . ' .
i e S o [ o T, i o i [ i D e
25 ] i) 10 125 14 min
Kl [+
# Time Area Height Width  Area% Symmetry
1 B.052 282.4 11.4 00,3529 0,595 0,92
2 11,364 471925 11526 0.6217 99,405 0.519
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'H and 13C NMR of 3e
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HPLC of 3e

WD A, Wavelength=254 nm (LRb-A10.D)

: e
250 ‘5?
E ¢ p
: j@ Ed
180~ j
] A
1DEI—;
50~
0- ! ;
T | (B T T I
§ 10 15 20 245 min
1] '
# Time Area Height Width  Area% Symmetry
1 £,095 §345.2 209 02979 | 5045 | 0688
Z 12,126 5335.6 114 07803 | 49985 | 0679
WD A, i awelength=254 nm (LREM-A105.00
mall - o
250—;
200—2
‘150—;
‘100—2
50—; [g'“
0= -
5 10 15 20 26 mn
[ I*]
# Time Area Height Width Area% Symmetry
1 £.157 60,4 z.2 0.3985 0,443 0,522
z 12,133 13582.9 306.7 0.6697 | 99.557 0.6
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H and 13C NMR of 3f
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HPLC of 3f

WD A, W avelength=254 nm (LR-A200
mALl— R
00—
| o
1 &
£00- o
400
200~
o- | . ' .
| I Lo | T | T T I
5 10 15 20 25 20 25 min
[+ [+]
# Time Area Height Width Area% Symmekry
1 7471 215835.9 997.5 0.3324 49,616 0,676
2z 13.59 221739 490.3 0.6876 50,354 0.568

WD A, Wavelength=254 nm (LRM-A25.00

madl ™ o
120 = :
100 -
80—
60 -
a0 - oy
g o
20- i
U—:—'J\“"_‘— | ."\.I i .
s s T R T T o T T i T 1
2.5 5 T 10 124 15 min
[« [+]
# Time Area Height Width Area% Symmetry
1 7.514 234.5 11.9 0.3087 3.661 0,545
2 13,709 61702 134.2 0.6934 06,339 0.668
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'H and 3C NMR of 3g
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HPLC of 3g

WD A, Wiavelength=254 nm (LRM-A280.0)

1800
1280
1000

i

11.067

# Time Area

Height

Width

Area% Symmetry

1 6.776 33407

1787

0.2851

50,089

0.544

2 11.067 33287.5

896.3

0.5663

49,911

0.574

WD A, Wavelength=254 nm (LRM-AZ585.00

2

3500

[2h)
o
o
(=]

25005
20005
15005
10005
500=

] -Ps.?as

248

h

# Time Area

Height

Width

Area®e Symmelry

—_

6.736 S622.9

323.6

0.2637

3.269

0.561

2 10,453 166410.1

39089

0,5557

96,731

0,366
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H and 3C NMR of 3h
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HPLC of 3h

WD A, Wavelength=254 nm (LRM-AT7 2.

16.772

Time

Area

Height

Width

Area% Symmetry

—

9.14

196251

652.3

0.4376

49,994

0.65

16,775

19629.9

3319

0.6939
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0.552

VD A, Wavelength=254 nm (LRM-A7 5.0

z
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o o o
il

b
(]
o

-
o

o o
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Time
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—

9.209
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H and 3C NMR of 3i

s
o
[ <
8672 A ] —
05T Fe &1t
e AA s€ 6¢
st7 E sLe
980T -
6v9T Fo %,mm
- = :
# - £0°L |3 oo
9€87 S = Lo ©
Fags — == Wa,c L= (8Lt — -
0L8T =
€687 ,
i —_ BrLL e
$767T
kA o Lo
Q08¢
00t'E &
o - e : -
L= 00°6L~ P -
FLLS— e 5 J 860
.
e
0zTL -
6ET'L e
LSTL w
88E°L L= zeell
sot hk S _ 701 mv”mm_/
L) e ey - Fuoe = 96KEL =
eppLde —— proe [~ £9°621
4oL — E— - s6 6zl )
699°'L b ZRE1~E
689°L GlLZEL-F
£98°L L oN”mm@w
lagic TrEEl
| = Lo'LEL
o5
o
[
- SL8S1—
=
g 0£'691—
&
o
22611 — f —_— Tac-m 09'€61—
- £4'50T—
E

T 60 0 40 30 20

80

100

S35

1 (ppn)

180 180 170 160 160 140 130 120 110

200




HPLC of 3i

WD A, Wavelength=254 nm (LRM-A551 .10

mal - A
: &
400 - Er'b-
: "
iz N
300
5 o &
200~ T
: ot
= /\
0- - : . :
T A T T e T
] 10 15 20 il min
[+]
# Time Area Height Width Area% Symmebry
5,459 13090,7 224.7 04155 20054 0,654
2 24,073 13062.2 140,9 1,5449 49,946 0,581

VDT A, Mfavelength=254 nm (LRM-AS5.00

B0 -
00—
400

200-

o
;—_;:-8.514

& 10 14 20 26 min
[+]
o Time Area Height Width Area% Symmetry
1 §.5l4 5561.1 230.5 0.3547 6,356 0.631
2 23,33 86347 9125 1.577 93,644 0,354
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'H and 3C NMR of 3j
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HPLC of 3

WD A, Wavelength=254 nm (LRM-A2X. 00

maLl | ™
500
500 o
] i
400 —|
200
I:l 2 1
T T I i
5 10 20 min
[« [+]
# Time Area Height Width Area%e Symmetry
1 7.65 182286 8738 0,3154 50,116 0.693
2 13,352 151439 419.4 0.6587 49,554 0.583
W A, iawelength=254 nm (LREM-A351.00
mall - -
e
300-
20:::—5
3 o
100 —: E:
- [
o o 1 : !
k. T R T T T
bl 10 16 20 25 min
[ [+]
# Time Area Height Width Area% Symmetry
1 7702 436.3 20.6 0.3235 1,964 0,706
2 13,354 21777.4 505.3 0.6538 98,036 0,586
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H and 3C NMR of 3k
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HPLC of 3k

WVIND 1 A, Wavelength=254 nm (LRM-A155.00

maLl | e
2500 -
2000 = o
: 2
1500 - o
1000
SDD—E
o .
T T T T
i) 10 14 20 min
[ 0
# Time Area Height Width Area% Symmetry
1 6.632 455579 2731.2 0.2346 49,604 0,656
z 12,138 46266 1292.2 0.5409 50,39 0.564
WD AL Wavelength=254 nm (LRM-A155.00
mALl = =
1750 %
1600 =
1250 =
1000 =
750 -
500 = 4
s g
250—E pi
0i= ey T
- T T T T
5 10 15 20 min
[+]
& Time Area Height Width Area% Symmetry
1 6,652 1185.7 67,5 0,2529 1.623 0.624
2 12.076 718659 2023.7 0.5353 93,377 0512
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H and 3C NMR of 31
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HPLC of 31

WD A, Wavelength=254 nm (LRM-A192.D)

mALl- o i
100~ ﬁ
a0- ¢

SOLETFT

10 20 30 40 a0 min
[4] [+
# Time Area Height Width  Area% Symmetry
1 13,882 S488.3 117.5 0.7783 43,908 0,695
2 40,377 o508.5 371 20781 00,092 0.613
WD &, iiavelength=254 nm (LRM-A195 D)
AL -
2|:u:|—f
15:::—5
100—5
: i
50— r
3 B
D_E A P . ' I
' n ' 20 a0 ' a0 rin
Kl [+]
] Time Area Height Width Area% Symmetry
1 13,755 551 12.5 0.7067 1.647 0,701
z 35,147 347011 263.7 2,1931 95,353 0,533
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H and 3C NMR of 3m
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HPLC of 3m

YD1 A, Wavelength=254 nm (LRM-A162.D)

5.179

160 -

‘_%“ :

100

50—

min

& Time Area Height VWidth Area% Symmetry
5,921 5792.3 2024 0.4339 49,964 0672
2 16,174 5800.6 113.6 0.8513 a0.036 0,719

—

VD A, Wavelength=254 nm (LRM-A16S.00

mAl ]
200—5
150—5
100—5

50—

b 0.065

o
il

=
=
k3
[}
[2x]
o
&
h
[l

] Time Area Height Width Area% Symmetry
1 9.065 2317 76 0.4631 1.5820 0.697
2 16,532 124972 234.4 0.8131 95,180 0.674
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H and 3C NMR of 3n
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HPLC of 3n

WD A, Wavelength=254 nm (LRM-AZ5X.0)

Ll | i
: & &
3 ! o
. :
- [w}
200- 2
100
0- — ; -
i I [ [ L [ [ I d
) 10 16 20 26 20 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 7834 9616.2 405,3 [0.3954 49,947 0,787
2 15,306 9636.5 200.1 0.8025 50,053 0.637
YWD A, Wavelength=284 nm (LRM-AZ55.00
méLl - ]
1000 -
800
600 —
400 -
200~ ]
3 o
- F-
- ! . 1
I 4 T I I o
& 10 15 20 min
[4] [+]
& Time Area Height Width Area% Symmetry
1 7,609 115.6 37 0.4456 0,209 0.418
2 14,825 567123 1131.5 00,7606 99,791 0,458
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'H and 13C NMR of 30
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YF NMR of 30
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HPLC of 30

VD A, Wrawelength=254 nm (LRM-AZ2X. 00

B
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h
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[ N FRRwh |
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25

& Time
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Height

Width

Area% Symmelry
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WD A, Wavelength=254 nm (LRM-A225.0)
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H and 3C NMR of 3p

£€6'C

©
&
L na
)

BOEY
ELE #W

IREP

Llg'll—

=y chm
. ~ Waa;
£0°1

— FE'l

———— Foot

!

no's
-ilmmww Wo_;
=

00z

12.8

0.5

Lo

10.5 10,0 85 8.0 &5 &0

1.0

12,0 1L5

.0

1 {ppn)

e/
P60Z—
§TEE
vmam/
sLes

S6'6E

gav
LE O

09'zs—

LLLi~
Llal—"

09911
18911
0oLl
gLl
£16117
0F'9Z 1~
G6'6T 1~
99°'1£1
PLIEL
ZOEEL
OLEEL
PG PEL
zosEl

BE'8SL—
12191
mm.mwﬁ\\
S¥e9l—

Slval—

£6°50T—

70 60 0 40 a0 0 10

80

190 180 170 160 180 140 130 120 110 100

200

1 (ppm)

S50



19F NMR of 3p
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HPLC of 3p

WD A, Wavelength=254 nm (LRM-A262.00

mall - =
400
: o
300~ e
200-
100 - L
0- ! . ! T
T 5 7 ] [ Y [ I T [ 2
5 10 i) 20 25 30 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 5.9 7618 523.3 0.2203 49,627 0,65
2 10,391 71324 233.9 0.4997 50,373 0.657
YWD A, Wavelength=254 nm (LRb-AZ650.0)
mal - S
1?5—5
150
126 =
1004
75-
:
25 o
0 e ——.;"a\ ' L
) T T T [ T T | T T
7.5 10 125 15 min
[« [+]
# Time Area Height Width Area% Symmetry
1 5.949 3271 214 0.2324 4,361 0,704
2 10,557 7174.1 207.2 0.5249 95,639 0.635
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H and 3C NMR of 3q
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HPLC of 3q

WD A, W avelength=254 nm (LRM-A1325.00

]
1 "b{:k
5 "k@
300~ &
] o
200~ &
: b
0- - gt
I I ' I ! ¥ ] ] I [
g 10 14 20 25 min
[4] [
# Time Area Height Width  Area% Symmetry
1 b.359 7963.9 400.2 0,315 49,953 0,701
Z 1547 7578, 1155 10025 50,047 0,586
VD A&, Wiavelength=254 nm (LRM-A135 D)
il 2 =
700~
f00 =
500
400 -
200-=
200 =
B P~
1002 ]
E o
0= o !
I I T T T £ T it it L L T o ;
] 10 15 20 5 cl 35 min
[4] [+]
] Time Area Height Width Area% Symmetry
1 6,377 140.2 5.3 0,379 0,290 0,493
2 15.151 48236 764.3 19583 99,710 0477
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'H and 13C NMR of 3r
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HPLC of 3r

WD A, Wavelength=264 nm (LRM-AX.D)

T
700
EDD—E 4
500 - m {‘5{;’
E [SU
400 i L] @(‘7‘
300 - m
200~
100
D_f RN | t
T | | [ e s [ T T
] 10 158 20 28 a0 min
4] 0
# Time Area Height Width  Area% Symmetry
1 8.061 17668 764.1 0.3854 50,018 0.702
2 15,529 17655.5 257.5 1,1427 49,982 0.616
WD A, W avelength=254 nm (LR k-A45.00
mall C
500 -
600 -
400 -
i =
200 - -
A o0
. o .
5 0 15 20 25 min
[+] [+]
& Time Area Height Width Area% Symmetry
1 §.117 2454.5 101.7 0,3675 3.744 0,682
2 18.14 £3115.9 912.9 0.9316 96,256 0,416
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H and 3C NMR of 3s
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HPLC of 3s

VDT A, M avelength=25 nm (LRM-A2500

i

9. 756

25 <3 7/&s) 10

Time

Area

Height

Width

Area% Symmetry

—_

5,776

11713.5

678.8

0.2633

49,990

0,705

9,756

11718.2

341.2

0.5197

50,010

0.64

WD A, Mavelength=254 nm (LRR-A35.00

k2 g oo
[ [ R
o o o O O
b bava bl

min

Time

Area

Height

Width

Area% Symmetry

—_

5.7896

1529.2

§5.8

0.3552

3683

0.552

9,685

47630.6

1407.9

0.5104

96,317

0.572
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'H and 3C NMR of 3t
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HPLC of 3t

WD A, Wavelength=254 nm (LRM-A2125.00

['v]

22452

Time

Area

Height

Width

Area% Symmekry

—

9,793

49980,

1736

0.4329

50,376

0.619

22,452

49235.5

5979

1.2097

49,624

0.454

WD A, Wavelength=254 nm (LRM-AZ15.0

100—5
so—f
50—5
%

20—

= L 9.341

35 mn

#

Time

Area

Height

Width

Area% Symmetry

i

9.641

257.8

7

0.5023

2,968

0.744

22,731

9774

114.9

1.2867

97.432

0.603
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H and 3C NMR of 3u
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HPLC of 3u

VD1 A, Wavelength=254 nm (LRM-A175.00

mal | i
500 =
a0
- [[w}
: 5
200 - &
5| o
200 =
100 =
0- . '
I T i T F
10 20 20 min
[4] [+]
# Time Area Height Width Area% Symmetry
1 10,397 15936.6 541.3 0.4475 49,969 0.678
z 22,075 15956,1 231.1 1.0466 50,031 0,587
WD A, Wiawelength=254 nm (LRM-A17 5.0
mdl - o
00~
600
400 -
- ]
: 2
200 - 'Ch_
e A - :
T T ’ T I T A
10 0 30 40 g0 min
[4] [+]
# Time Area Height Width Area% Symmebry
1 10,65 2304 69,2 0.5043 2,815 0727
2 22,686 79551.2 1022.6 1.1605 97,185 0.477
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'H and 13C NMR of 3v
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HPLC of 3v

WINDT A, Wavelength=254 nm (LRM-A225.0)

300~
280~
200+
160~
100~

9.520

=== e e e = e s e e = i e = b e ==t = fe s P s e et
g ] T4 10 125 15 175 20min

# Time Area Height Width  Area% Symmetry
1 6,053 0520.6 3372 0.2731 00,089 0,739
2 9.62 2506 1823 04573 49,911 0.71

WD A, Wavelength=254 nm (LRM-A3Z5.07

5106

# Time Area Height Width Area% Symmetry
6,106 69,4 4.9 0,2575 1.086 0.6l
2z 9,615 55516.5 1846.7 0.4577 95,914 0.611

—
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I'H and 13C NMR of 3w
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HPLC of 3w

WD A, Wavelength=259 nm (LRM-AZ1X.D)

mN_I': éf}
1000—; i éﬁ.\ﬁv
800~ Tl
: Q A
500 - o
400 -
200-
|:|_: 1
T T T T T T ! T T F=—]
Z 4 G g 10 12 14 16 min
1] [+
# Time Area Height Width  Area% Symmetry
1 5,389 16575 1171.3 0.2358 50,066 0673
2 9,801 16531.5 474 050353 49,934 0,693
WD A, Wiavelength=254 nm (LRM-A3215.D)
mll - 0
500
500 -
400 -
] 0
200 5
: [v]
o VAN s .
25 5 75 10 125 15 min
[+] [+]
# Time Area Height Width Area% Symmebry
1 5,376 1324.1 93.6 0.215 4,300 0,682
Z 9,826 294725 897.9 0,497 95,700 0,603
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I'H and 13C NMR of 3x
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HPLC of 3x

WD A, W avelength=254 nm (LRM-A245. D)

mAll =
= o]
< =
1280 = F
4 -~
1000 =
7502
500 =
250 =
0= ! ! .
T T T T T T T
25 5 75 10 12.5 18 min
[o] [+]
& Time Area Height Width Area% Symmekry
1 5.61 214673 1603.2 0.2042 50,093 0.726
2 7703 21387.7 1057.3 0.307 49,907 0.654
VD1 A, Wavelength=254 nm (LRM-43451.0)
mALl -
3000 —
5 A,
2000 — !
: : &
1000 — @0@
D : 1 1
I T I T I T
2 4 G ] 10 min
[ [+]
# Time Area Height Width Area% Symmetry
1 5.741 65967 40,4 0.1717 7116 1,239
2 7696 86104.9 3500 0.3454 92,554 0.575
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'H and 3C NMR of 3y
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HPLC of 3y

WD A, Wrawelength=254 nm (LR - 435200

2000

1500

1000

500

7408

# Time

Area

Height

Width

Area% Symmekry

1 4.932

25038.2

2243.6

0.1692

49,288

0.719

2 7409

25761.2

1307.6

0.3009

50.712

0.664

WD AL W avelength=254 nm (LRM-AZ55.D0

4950

# Time

Area

Height

Width

Area% Symmektry

1 4,95

261

23.4

0.1692

1.061

0.766

2 7417

24338.7

1234.3

0.3001

95,939

0.651
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H and 3C NMR of 4q
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HPLC of 4q

WIE A, Wiawelength=254 nm (LRM-v514.0)

maLl 2 = i
; s
200 - i
&00 —
400 —
200 -
0- T
T T T T T
] 10 15 20 25 in
Il [*]
# Time Area Height Width Area%s Symmekry
1 7.451 360107 1070.3 10,4875 49,035 0.49
z 10,171 37425.7 784.1 0.6859 50,9565 0,482
WD A, WMiavelength=254 nm (LRkM-Zv'51.00
L2
3000 <
2500
2000 =
1500 = &
1000 = & }5}
= i @,}
S00 E . .':-'?S
0= ! = e,
T T T T
5 0 15 20 min
[4] [+]
# Time Area Height Width Area% Symmekry
1 7695 1262463 3385.9 0.532 96,514 0.422
2 10,476 4154.1 95,9 07222 3.1586 0.462
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