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General Remarks

All reactions were performed under an argon atmosphere and solvents were dried according to
established procedures. "H NMR (300 M) and >C NMR (75 M) spectra were obtained in CDCI3. The
chemical shifts are reported in ppm relative to internal standard TMS (‘H NMR), to residual signals of
the solvents (CHCls, 7.26 ppm for 'H NMR and 77.0 ppm for °C NMR). The enantiomeric excess was
determined by HPLC analysis. Diastereoselectivities were determined by '"H NMR spectroscopic

analysis. MgBu, (1.0M in heptane) is commercially available.

General Procedure for the Ring-Opening Reaction

To a stirred solution of L5 (9.66 mg, 0.03 mmol) in toluene (1.0 mL) was added MgBu, (30uL, 1.0 M
in haptane, 0.03 mmol) under an argon atmosphere and was stirred at room temperature for 30 min.
Then 3-isothiocyanato oxindoles (0.22 mmol, 1.1 eq) and aziridines (0.20 mmol) in toluene (1.0 mL)
was transferred into the flask containing the catalyst under 0 C. After the addition, the mixture was
stirred at 0 ‘C for 1 h and warmed to room temperature. After stirring for 1 h, the mixture was
quenched with saturated NH,4Cl and extracted with CH,Cl,. The combined organic layers were dried
over Na,SO, and concentrated under vacuum. Then the mixture was purified by silica gel column

chromatography (PE/EA =4/1 to 1/1) to afford product 3.

3a

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 189-191 C; 77.9
mg; 96% yield; >20:1 dr; 97% ee determined by HPLC on a Chiralpak IC-H column
(hexane/2-propanol = 80/20, flow rate = 1.0 mL/min, tyiner = 18.7 min, tygjor = 15.0 min); [a]"p= 60.4

(c = 0.98, CHCL;); "H NMR (300 MHz, CDCL): 6 8.63 (d, J = 4.4 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H),
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7.81 (td, J = 7.6, 1.5 Hz, 2H), 7.51 — 7.33 (m, 3H), 7.15 (t, J = 7.5 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H),
3.69 — 3.48 (m, 1H), 2.67 — 2.48 (m, 2H), 2.46 (s, 3H), 2.03 — 1.62 (m, 4H), 1.43 — 1.21 (m, 3H) ppm;
BBC NMR (75 MHz, CDCLy): & 172.6, 162.3, 149.4, 148.2, 143.3, 137.2, 130.7, 126.2, 125.0, 124.5,
123.3, 121.9, 108.9, 68.7, 49.2, 48.8, 34.3, 27.3, 26.0, 25.4, 25.0 ppm; IR (neat): 3358, 2933, 2030,

1728, 1678, 1515, 1371, 1101, 752, 621 cm™; HRMS (ESI): C»,H»,N,0,S [M+H]" caled: 407.1536,

found: 407.1541.

3b

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 75.9 mg; 94%
yield; >20:1 dr; 95% ee determined by HPLC on a Chiralpak IC-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tpinor = 19.2 min, tyyjor = 21.4 min); [a]"p=29.5 (c = 0.98, CHCL); 'H NMR
(300 MHz, CDCL,): ¢ 8.60 (d, J = 4.6 Hz, 1H), 7.91 (d, J= 7.8 Hz, 1H), 7.86 — 7.70 (m, 2H), 7.51 (d, J
= 7.4 Hz, 1H), 7.44 (ddd, J =174, 4.8, 1.2 Hz, 1H), 7.35 (td, J= 7.8, 0.9 Hz, 1H), 7.16 (t, J = 7.6 Hz,
1H), 6.52 (d, J= 7.8 Hz, 1H), 5.81 (dd, J=9.7, 1.5 Hz, 1H), 5.67 (dd, J=9.7, 2.3 Hz, 1H), 4.03 (qd, J
=10.6, 5.5 Hz, 1H), 2.98 (td, J = 11.2, 5.5 Hz, 1H), 2.90 — 2.62 (m, 2H), 2.50 (s, 3H), 2.38 — 2.20 (m,
1H), 2.16 — 1.96 (m, 1H) ppm; *C NMR (75 MHz, CDCLy): § 172.4, 162.3, 149.2, 148.1, 143.1, 137.2,
130.7, 126.3, 125.2, 124.9 (overlapped), 124.9%, 124.3, 123.5, 122.0, 108.9, 67.9, 45.8, 44.6, 33.5, 27.8,
26.1 ppm; IR (neat): 3356, 2928, 2026, 1727, 1513, 1371, 1090, 1024, 751, 664 cm™'; HRMS (ESI):

CyHy0N40,S [M+H]" calcd: 405.1380, found: 405.1391.

\
Me 3c
Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 155-157 C;

86.2 mg; 95% yield; >20:1 dr; 98% ee determined by HPLC on a Chiralpak IC-H column
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(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tminor = 14.8 min, tp,jor = 24.1 min); [a]'o=7.7 (¢
= 1.04, CHCL;); *H NMR (300 MHz, CDCly): J 8.58 (d, J = 4.6 Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.89
(d, J=10.2 Hz, 1H), 7.82 (td, J=7.7, 1.6 Hz, 1H), 7.52 — 7.32 (m, 3H), 7.30 — 7.09 (m, 4H), 7.03 (d, J
= 7.2 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 4.22 (qd, /= 9.8, 5.6 Hz, 1H), 3.46 (dd, /= 16.0, 5.6 Hz, 1H),
3.37 —3.23 (m, 1H), 3.07 — 2.86 (m, 2H), 2.78 (dd, J = 15.9, 9.1 Hz, 1H), 2.67 (s, 3H) ppm; °C NMR
(75 MHz, CDCLy): 6 172.0, 162.7, 149.2, 148.2, 143.3, 138.3, 137.3, 134.4, 134.3, 130.8, 128.3°, 128.2%,
126.5, 126.3, 125.0, 124.5, 123.5, 122.0, 109.0, 68.0, 46.6, 45.9, 36.9, 30.8, 26.3 ppm; IR (neat): 3356,
2929, 2026, 1728, 1678, 1613, 1514, 1470, 1371, 1089, 752 cm™; HRMS (ESI): C26H,,N,0,S [M+H]"

calcd: 455.1536, found: 455.1546.

3d

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 153-155 C;
49.4 mg; 63% yield; >20:1 dr; 98% ee determined by HPLC on a Chiralpak IA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyiner = 7.7 Min, ty,jor = 6.8 min); [a]"p=-43.6 (c
=0.96, CHCl3); "H NMR (300 MHz, CDCly): § 8.57 (d, J = 4.6 Hz, 1H), 8.09 (d, J = 7.8 Hz, 1H), 8.03
(d, J=9.2Hz, 1H), 7.82 (td, J=7.7, 1.6 Hz, 1H), 7.51 — 7.33 (m, 3H), 7.11 (t, /= 7.6 Hz, 1H), 6.87 (d,
J="1.8 Hz, 1H), 3.98 — 3.78 (m, 1H), 3.02 — 2.81 (m, 1H), 2.93 (s, 3H), 2.40 — 2.13 (m, 1H), 2.13 —
1.87 (m, 2H), 1.87 — 1.69 (m, 1H), 1.69 — 1.46 (m, 2H) ppm; **C NMR (75 MHz, CDCl;): 6 171.6,
163.2, 149.4, 148.2, 143.5, 137.2, 130.7, 126.1, 125.3, 124.1, 123.2, 121.8, 109.1, 67.3, 53.7, 50.5, 34.1,
26.7,26.4, 22.5 ppm; IR (neat): 3364, 2962, 2030, 1728, 1469, 1372, 1259, 1122, 1023, 753, 620 cm™;

HRMS (ESI): CyH,0N,0,S [M+H]" caled: 393.1380, found: 393.1390.

Me 3e
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Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 70.6 mg; 93%
yield; >20:1 dr; 98% ee determined by HPLC on a Chiralpak IC-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tpino: = 23.0 min, tyyjor = 30.1 min); [a]"p=11.6 (c = 2.06, CHCL); 'H NMR
(300 MHz, CDCl;): ¢ 8.60 (d, J = 4.5 Hz, 1H), 8.02 (d, /= 7.8 Hz, 1H), 7.91 (d, J= 9.8 Hz, 1H), 7.81
(td, J=17.7, 1.5 Hz, 1H), 7.48 — 7.32 (m, 3H), 7.14 (t, J= 7.5 Hz, 1H), 6.71 (d, J = 7.8 Hz, 1H), 4.00 —
3.80 (m, 1H), 2.82 — 2.64 (m, 1H), 2.71 (s, 3H), 1.44 (d, /= 7.1 Hz, 3H), 1.16 (d, J = 6.7 Hz, 3H) ppm;
B3C NMR (75 MHz, CDCL): § 172.4, 162.5, 149.3, 148.1, 143.1, 137.6, 137.2, 130.6, 126.2, 125.4,
124.4, 123.3, 121.9, 108.9, 68.8, 45.9, 45.7, 26.2, 19.6, 12.6 ppm; IR (neat): 3361. 2983, 2029, 1729,
1517, 1371, 1259, 1130, 868, 752, 622 cm™; HRMS (ESI): Cy0HN40,S [M+H]" calcd: 381.1380,

found: 381.1386.

Me 3f
Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 78.3 mg; 96%
yield; >20:1 dr; >99% ee determined by HPLC on a Chiralpak IC-H column (hexane/2-propanol =
80/20, flow rate = 1.0 mL/min, ty,jor = 12.8 min); [a]"p=-26.7 (c = 1.98, CHCl,); 'H NMR (300 MHz,
CDCl;): 0 8.54 (d, J=4.7 Hz, 1H), 7.97 (d, J= 7.8 Hz, 1H), 7.80 (td, J=7.7, 1.6 Hz, 1H), 7.71 (d, J=
10.5 Hz, 1H), 7.49 — 7.38 (m, 2H), 7.34 (td, /= 7.8, 0.8 Hz, 1H), 7.12 (t, /= 7.6 Hz, 1H), 6.66 (d, J =
7.8 Hz, 1H), 4.08 — 3.87 (m, 1H), 2.79 (s, 3H), 2.49 (td, /= 7.3, 3.2 Hz, 1H), 2.20 — 2.02 (m, 1H), 1.87
— 1.61 (m, 2H), 1.55 — 1.35 (m, 1H), 1.20 (t, J = 7.5 Hz, 3H), 0.82 (t, J = 7.3 Hz, 3H) ppm; *C NMR
(75 MHz, CDCl;): 6 172.3, 163.1, 149.3, 148.0, 142.9, 137.2 (overlapped), 137.1, 130.4, 126.1, 126.0
(overlapped), 124.3, 123.5, 122.1, 108.9, 68.9, 51.3, 51.2, 26.7, 26.3, 22.0, 14.7, 10.6 ppm; IR (neat):
3358, 2967, 2026, 1727, 1513, 1370, 1088, 751, 621 cm™'; HRMS (ESI): C5,H,,N,0,S [M+H]" caled:

409.1693, found: 409.1702.
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Me 39
Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 108-110 C;
94.7 mg; 94% vyield; >20:1 dr; 88% ee determined by HPLC on a Chiralpak [IA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyiner = 20.6 Min, tyyjor = 9.8 min); [a]"p=150.2
(¢ =1.99, CHCls); "H NMR (300 MHz, CDCl3): 6 8.58 (d, J = 4.4 Hz, 1H), 8.38 (d, J = 10.5 Hz, 1H),
7.94 (d, J="7.8 Hz, 1H), 7.75 (td, J= 7.7, 1.6 Hz, 1H), 7.48 — 7.33 (m, 5H), 7.31 — 7.26 (m, 1H), 7.25 —
7.12 (m, 5H), 7.07 (t, J = 7.4 Hz, 2H), 7.02 — 6.93 (m, 1H), 6.59 (d, J= 7.7 Hz, 1H), 5.68 — 5.56 (m,
1H), 4.46 (d, J = 12.1 Hz, 1H), 2.55 (s, 3H) ppm; *C NMR (75 MHz, CDCLy): § 172.4, 162.3, 149.1,
148.1, 143.4, 140.5, 138.0, 137.1, 135.1, 130.8*, 130.7°, 128.3, 128.0, 127.9, 127.3, 127.2, 126.3, 125.3,
125.0, 123.3, 122.0, 108.9, 68.2, 55.7, 52.3, 26.2 ppm; IR (neat): 3356, 3013, 2026, 1726, 1510, 1371,

1217, 1091, 753, 701, 615 cm™; HRMS (ESI): C3H»N40,S [M+H]" caled: 505.1693, found:

505.1704.

3h

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 73-75 ‘C; 86.7
mg; 90% yield; >20:1 dr; 97% ee determined by HPLC on a Chiralpak IC-H column
(hexane/2-propanol = 80/20, flow rate = 1.0 mL/min, tyinor = 11.4 min, ty,jor = 9.6 min); [a]"5="-39.5 (¢
=2.03, CHCly); "H NMR (300 MHz, CDCly): § 8.65 (d, J = 4.5 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H), 7.95
—7.78 (m, 2H), 7.54 — 7.40 (m, 2H), 7.28 — 7.14 (m, 4H), 7.10 (t, J = 7.4 Hz, 1H), 7.06 — 6.96 (m, 2H),
6.48 (d, J=17.8 Hz, 1H), 4.75 (d, J = 15.7 Hz, 1H), 3.78 — 3.52 (m, 1H), 3.20 (d, J= 15.7 Hz, 1H), 2.65
(td, J=12.2, 3.1 Hz, 1H), 2.52 (d, J = 13.1 Hz, 1H), 1.96 (d, J = 9.3 Hz, 1H), 1.87 (d, J= 9.3 Hz, 1H),
1.82 — 1.63 (m, 2H), 1.43 — 1.21 (m, 3H) ppm; *C NMR (75 MHz, CDCly): 6 172.9, 162.3, 149.5,

148.3, 142.2, 138.2, 137.2, 134.6, 130.5, 128.7, 127.6, 126.9, 126.2, 125.2, 124.6, 123.4, 122.0, 109.9,
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68.8,49.0, 48.9, 43.4, 34.3,27.3, 25.4, 25.0 ppm; IR (neat): 3359, 2934, 2858, 2022, 1728, 1678, 1514,
1365, 1180, 752, 697, 645 cm’'; HRMS (ESI): CagHygNO,S [M+H]™ caled: 483.1849, found:

483.1862.

General Procedure for the Ring-Closure Reaction

The crude product 3 (0.20 mmol scale) without further purification was dissolved in THF (2.0 mL),
Mel (15uL, 0.24 mmol) and K¢/BuO (49 mg, 0.44 mmol) were added respectively under 0 C. After
stirring for 10 min, saturated NH4CI was added and the aqueous layer was extracted with CH,Cl,. The
combined organic layers were dried over Na,SO4 and concentrated under vacuum to give a crude

product, which was purified by column chromatography (PE/EA =4/1 to 1/1) to afford 4.

Note: The cycliztion process usually could not be identified by TLC analysis, for the same height of 3
and 4 on thin layer chromatography, for the TLC analysis result of 3a and 4a (left is 3a, right is 4a on

the thin layer chromatography, PE: EA=2:1) :

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 166-168 C;
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77.3 mg; 92% yield; >20:1 dr; 94% ee determined by HPLC on a Chiralpak IA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyinor = 9.8 min, tyajor = 24.0 min); [a]"5="-76.0 (¢
= 1.00, CHCl3); *H NMR (300 MHz, CDCl;): 6 8.69 (d, J = 4.4 Hz, 1H), 7.83 (d, J= 7.8 Hz, 1H), 7.71
(td, J=7.7,1.6 Hz, 1H), 7.39 — 7.29 (m, 2H), 7.23 (d, /= 6.4 Hz, 1H), 7.15 (d, J="7.2 Hz, 1H), 6.84 (d,
J=17.7Hz, 1H), 4.29 (td, J = 11.1, 2.9 Hz, 1H), 3.21 (s, 3H), 2.77 (dd, J = 11.4, 2.7 Hz, 1H), 2.08 (s,
3H), 1.99 — 1.87 (m, 1H), 1.76 (d, J = 12.5 Hz, 1H), 1.63 (d, J = 12.5 Hz, 1H), 1.51 — 0.89 (m, 5H)
ppm; *C NMR (75 MHz, CDCly): 6 174.2, 168.6, 158.0, 154.6, 149.3, 143.4, 136.3, 131.8, 128.8,
124.7, 123.2, 123.0, 122.7, 107.9, 68.3, 57.5, 49.4, 33.1, 26.9, 26.3, 25.7, 25.0, 15.7 ppm; IR (neat):
3357,2933, 1714, 1670, 1439, 1347, 1091, 1001, 753 cm™; HRMS (ESI): C,3H24N,0,S [M+H]" caled:

421.1693, found: 421.1703.

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 109-111 C;
65.2 mg; 78% yield; 17:1 dr; 94% ee determined by HPLC on a Chiralpak TA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyiner = 7.6 Min, tpsjor = 15.2 min); [a]"p=21.3 (¢
= 1.04, CHCL;); *H NMR (300 MHz, CDCly): J 8.68 (d, J = 4.6 Hz, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.69
(td, J=7.7,1.5 Hz, 1H), 7.40 — 7.29 (m, 2H), 7.24 (d, J= 6.8 Hz, 1H), 7.15 (d, J=7.4 Hz, 1H), 6.86 (d,
J=17.7 Hz, 1H), 5.72 - 5.61 (m, 1H), 5.55 — 5.43 (m, 1H), 4.46 (td, /= 11.1, 4.6 Hz, 1H), 3.31 (d, /=
16.1 Hz, 1H), 3.22 (s, 3H), 2.34 — 2.13 (m, 2H), 2.10 (s, 3H), 1.86 — 1.70 (m, 1H), 1.70 — 1.56 (m, 1H)
ppm; *C NMR (75 MHz, CDCly): d 173.7, 168.1, 158.8, 154.4, 149.3, 143.2, 136.1, 131.2, 129.0,
126.5, 124.7, 124.6, 123.2, 123.1, 122.6, 108.0, 68.0, 54.4, 46.1, 33.9, 27.8, 26.3, 15.5 ppm; IR (neat):
3338, 3024, 2925, 2366, 1712, 1670, 1336, 1091, 1018, 753, 667 cm'; HRMS (ESI): C»3H,,N,0,S

[M+H]" calcd: 419.1536, found: 419.1545.
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Mé 4c
Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 150-152 C;
83.3 mg; 89% vyield; >20:1 dr; 97% ee determined by HPLC on a Chiralpak IA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyiner = 11.6 Min, tygjor = 19.6 min); [a]"p=77.0
(¢ = 1.01, CHCLy); "H NMR (300 MHz, CDCl;): 6 8.69 (d, J = 4.5 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H),
7.70 (td, J=17.7, 1.5 Hz, 1H), 7.44 — 7.29 (m, 2H), 7.23 (d, J = 6.8 Hz, 1H), 7.14 (dd, J = 13.7, 6.5 Hz,
3H), 7.09 — 7.01 (m, 1H), 6.92 (d, J= 7.8 Hz, 1H), 6.85 (d, /= 7.3 Hz, 1H), 4.63 (td, J=11.2, 4.5 Hz,
1H), 4.11 — 3.96 (m, 1H), 3.25 (s, 3H), 2.88 (dd, J = 15.1, 11.7 Hz, 1H), 2.62 —2.28 (m, 3H), 2.12 (s,
3H) ppm; *C NMR (75 MHz, CDCl;): § 173.5, 168.2, 158.9, 154.3, 149.4, 143.4, 136.2, 135.1, 133.6,
131.2,129.7,129.2, 128.7, 126.2, 126.0, 124.7, 123.4, 123.2, 122.8, 108.2, 67.9, 54.6, 46.6, 37.4, 31.2,
26.4, 15.6 ppm; IR (neat): 3369, 2926, 2372, 1711, 1672, 1583, 1382, 1096, 1019, 751, 664 cm™;

HRMS (ESI): C57H2N,0,S [M+H]" caled: 469.1693, found: 469.1703.

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 32.1 mg; 37%
yield; >20:1 dr; 98% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40,
flow rate = 1.0 mL/min, tyinor = 8.0 min, tyajor = 10.3 min); [a]"p=25.4 (c = 1.07, CHCl3); 'H NMR
(300 MHz, CDCl;): 6 8.66 (d, J = 4.7 Hz, 1H), 7.86 (d, /= 7.8 Hz, 1H), 7.67 (td, J = 7.7, 1.6 Hz, 1H),
7.38 —7.23 (m, 3H), 7.14 (t, /= 7.4 Hz, 1H), 6.82 (d, J= 7.7 Hz, 1H), 4.52 (td, J = 10.7, 3.7 Hz, 1H),
3.20 (s, 3H), 2.75 — 2.59 (m, 1H), 2.27 (td, J = 10.3, 4.2 Hz, 1H), 2.10 (s, 3H), 1.85 — 1.30 (m, 8H),
121 — 1.13 (m, 1H) ppm; *C NMR (75 MHz, CDCls): 6 173.7, 166.0, 159.9, 154.1, 149.1, 143.5,
136.0, 132.6, 128.9, 124.6, 123.2%, 123.1°, 123.0, 107.8, 69.1, 56.4, 49.9, 34.9, 27.5, 27.0, 26.2, 25.8,

24.7, 15.3 ppm; IR (neat): 3403, 2929, 2373, 1712, 1585, 1470, 1345, 1232, 1099, 1021, 753, 666 cm™';
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HRMS (ESI): Co4H6N40,S [M+H]" caled: 435.1849, found: 435.1862.

Mé

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 193-195 C;
48.7 mg; 60% yield; >20:1 dr; >99% ee determined by HPLC on a Chiralpak IA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyiner = 10.5 min, ty,jor = 16.3 min); [a]"5=-300.6
(¢ =2.05, CHCl;); ‘"H NMR (300 MHz, CDCls): 6 8.70 (d, J = 4.7 Hz, 1H), 7.93 — 7.78 (m, 2H), 7.50 —
7.40 (m, 1H), 7.37 — 7.27 (m, 1H), 7.22 (d, J= 6.8 Hz, 1H), 7.10 (t, /= 7.4 Hz, 1H), 6.86 (d, J="7.7 Hz,
1H), 4.81 — 4.58 (m, 1H), 3.24 (s, 3H), 2.27 (td, J = 12.0, 7.0 Hz, 1H), 2.15 (s, 3H), 1.63 — 1.47 (m,
3H), 1.40 — 1.21 (m, 2H), 1.18 — 0.99 (m, 1H) ppm; **C NMR (75 MHz, CDCl;): d 174.6, 170.4, 155.0,
153.5, 148.9, 143.0, 136.9, 132.5, 128.7, 126.0, 124.5, 122.9, 108.0, 67.5, 55.6, 48.5, 30.3, 26.2, 22.5,
20.0, 16.5 ppm; IR (neat): 3404, 2962, 2373, 1714, 1580, 1470, 1376, 1328, 1216, 1095, 1024, 815,

749, 681, 618 cm’'; HRMS (ESI): CpH,oN,0,S [M+H]" caled: 407.1536, found: 407.1548.

Me
B+ n-COPY
N//l N/)\SMe
mé  © 4

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 87-89 ‘C; 70.9
mg; 90% yield; >20:1 dr; 98% ee determined by HPLC on a Chiralpak IA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyine: = 6.7 Min, tyajor = 16.0 min); [a]"5=-27.3 (c
=2.02, CHCly); '"H NMR (300 MHz, CDCl;): 6 8.67 (d, J = 4.3 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.67
(t,J = 7.6 Hz, 1H), 7.41 — 7.20 (m, 3H), 7.14 (t, J = 7.4 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H), 4.44 — 421
(m, 1H), 3.21 (s, 3H), 2.18 — 2.01 (m, 1H), 2.10 (s, 3H), 1.53 (d, J= 6.1 Hz, 3H), 0.77 (d, J = 6.7 Hz,
3H) ppm; *C NMR (75 MHz, CDCly): § 173.6, 166.5, 159.6, 154.1, 149.2, 143.3, 136.0, 132.2, 128.9,
124.6, 123.2, 123.0, 122.9, 107.8, 69.2, 54.1, 47.1, 26.2, 20.5, 15.3, 14.1 ppm; IR (neat): 3343, 2928,
2373, 1713, 1586, 1384, 1223, 1119, 755, 628 cm'; HRMS (ESI): C,;H»N,0,S [M+H]" calcd:

395.1536, found: 395.1547.
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Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). White solid, m.p. 175-177 C;
76.7 mg; 91% yield; >20:1 dr; >99% ee determined by HPLC on a Chiralpak IA-H column
(hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyjer = 7.4 min); [a]"o= 7.7 (c = 1.03, CHCl;);
'H NMR (300 MHz, CDCl;): § 8.68 (d, J = 4.5 Hz, 1H), 7.98 (d, J= 7.8 Hz, 1H), 7.68 (td, /= 7.8, 1.5
Hz, 1H), 7.39 — 7.23 (m, 3H), 7.14 (t, /= 7.4 Hz, 1H), 6.83 (d, J = 7.7 Hz, 1H), 4.74 — 4.57 (m, 1H),
3.20 (s, 3H), 2.21 — 2.02 (m, 2H), 2.10 (s, 3H), 1.82 — 1.63 (m, 1H), 1.50 — 1.32 (m, 1H), 1.19 — 1.09
(m, 1H), 1.05 (t, J = 7.4 Hz, 3H), 0.72 (t, J = 7.5 Hz, 3H) ppm; *C NMR (75 MHz, CDCL): 6 174.0,
166.5, 160.8, 154.1, 149.2, 143.3, 136.0, 133.5, 128.9, 124.6, 123.6, 123.3, 123.1, 107.8, 69.1, 56.5,
50.8,28.3, 26.3,23.8, 15.2, 12.4, 9.4 ppm; IR (neat): 3329, 2965, 2931, 1713, 1586, 1470, 1342, 1216,

1096, 996, 752, 666 cm™; HRMS (ESI): C,3H,6N40,S [M+H]" caled: 423.1849, found: 423.1863.

Ph
Ph \-COPY
11,
; N/)\SMe
N
mé  © ah

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 91.2 mg; 88%
yield; >20:1 dr; 89% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40,
flow rate = 1.0 mL/min, tyinor = 7.6 Min, ty,jor = 6.2 min); [a]"p=-111.2 (¢ = 2.30, CHCL); 'H NMR
(300 MHz, CDCly): ¢ 8.64 (d, J = 4.6 Hz, 1H), 7.83 (d, /= 7.8 Hz, 1H), 7.65 (td, /= 7.7, 1.6 Hz, 1H),
7.36 —7.26 (m, 2H), 7.16 — 7.07 (m, 4H), 7.05 — 6.93 (m, 6H), 6.93 — 6.83 (m, 2H), 6.43 (d, /= 7.6 Hz,
1H), 6.05 (d, J=11.1 Hz, 1H), 3.41 (d, /= 11.1 Hz, 1H), 3.02 (s, 3H), 2.26 (s, 3H) ppm; **C NMR (75
MHz, CDClLy): ¢ 173.7, 166.9, 160.3, 153.8, 148.9, 142.2, 141.7, 136.1, 134.7, 131.5, 129.0, 128.7,
128.2, 127.7, 127.4, 126.9, 126.2, 124.7, 123.5, 123.3, 122.7, 107.6, 69.7, 61.1, 59.6, 26.0, 15.7 ppm;
IR (neat): 3343, 2927, 2363, 1708, 1583, 1350, 1209, 1089, 1007, 751, 699 cm”; HRMS (ESI):

C3H,6N,0,S [M+H]" calcd: 519.1849, found: 519.1862.
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Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 80.3 mg; 81% yield;
15:1 dr; 98% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40, flow
rate = 1.0 mL/min, tpinoy = 10.7 min, ty,jor = 13.8 min); [a]"p=-51.6 (c = 0.99, CHCl,); 'H NMR (300
MHz, CDCl,): 0 8.69 (d, J=4.7 Hz, 1H), 7.84 (d, /J=7.8 Hz, 1H), 7.71 (td, J= 7.7, 1.6 Hz, 1H), 7.40 —
7.28 (m, 6H), 7.25 — 7.17 (m, 2H), 7.10 (t, J = 7.2 Hz, 1H), 6.73 (d, J= 7.6 Hz, 1H), 5.15 (d, J=15.7
Hz, 1H), 4.67 (d, J=15.7 Hz, 1H), 4.36 (td, /= 11.1, 3.0 Hz, 1H), 2.76 (dd, /= 11.6, 2.7 Hz, 1H), 2.10
(s, 3H), 2.04 — 1.92 (m, 1H), 1.77 (d, J = 14.4 Hz, 1H), 1.65 (d, J = 12.7 Hz, 1H), 1.55 — 1.29 (m, 2H),
1.20 — 0.92 (m, 3H) ppm; *C NMR (75 MHz, CDCls):  174.3, 168.8, 157.9, 154.5, 149.3, 142.7,
136.3, 135.8, 131.9, 128.7, 127.6, 127.2, 124.8, 123.2, 122.8, 108.9, 68.2, 57.5, 49.3, 44.0, 33.1, 27.1,
25.8,25.0, 15.8 ppm; IR (neat): 3355, 2931, 2372, 1712, 1670, 1348, 1260, 1172, 1117, 755, 698, 620

cm™; HRMS (ESI): CagHasN40,S [M+H] caled: 497.2006, found: 497.2018.

nPY
Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 68.0 mg; 76%
yield; >20:1 dr; 97% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40,
flow rate = 1.0 mL/min, tyinor = 7.2 min, tmajor = 11.7 min); [a]"p=-63.4 (c = 2.04, CHCly); 'H NMR
(300 MHz, CDCl,): ¢ 8.68 (d, J=4.5 Hz, 1H), 7.82 (d, J= 7.8 Hz, 1H), 7.69 (t, /= 7.2 Hz, 1H), 7.38 —
7.29 (m, 2H), 7.22 (d, /= 7.0 Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 4.29 (td, J =
10.9, 2.4 Hz, 1H), 3.89 — 3.74 (m, 1H), 3.60 — 3.42 (m, 1H), 2.78 (d, J=9.6 Hz, 1H), 2.08 (s, 3H), 1.93
(t, J=10.5 Hz, 1H), 1.81 — 1.59 (m, 4H), 1.52 — 1.11 (m, 5H), 0.98 (t, J = 7.3 Hz, 3H) ppm; °C NMR
(75 MHz, CDCl3): 6 174.0, 168.6, 157.8, 154.5, 149.3, 142.9, 136.2, 131.9, 128.7, 124.6, 123.1, 122.8,
122.6, 108.1, 68.1, 57.5,49.4,41.7, 33.1, 26.9, 25.7, 24.9, 20.8, 15.6, 11.4 ppm; IR (neat): 3398, 2933,

2447, 1711, 1614, 1467, 1368, 1203, 1119, 753, 666 cm™'; HRMS (ESI): C,5H,sN,0,S [M+H]" calcd:
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449.2006, found: 449.2014.

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 74.6 mg; 86%
yield; >20:1 dr; 93% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40,
flow rate = 1.0 mL/min, tyinor = 9.8 min, tmajor = 27.9 min); [a]"p=-84.2 (c = 1.95, CHCl); 'H NMR
(300 MHz, CDCl,): 0 8.68 (d, J=3.1 Hz, 1H), 7.84 (d, J= 7.5 Hz, lH), 7.70 (t, /= 7.2 Hz, 1H), 7.41 —
7.30 (m, 1H), 7.12 (d, J= 7.5 Hz, 1H), 7.04 (s, 1H), 6.73 (d, J = 7.6 Hz, 1H), 4.27 (t, J= 10.3 Hz, 1H),
3.19 (s, 3H), 2.77 (d, J= 10.1 Hz, 1H), 2.37 (s, 3H), 2.09 (s, 3H), 1.92 (dd, J=20.7, 11.2 Hz, 1H), 1.76
(d, J=12.8 Hz, 1H), 1.63 (d, J = 10.4 Hz, 1H), 1.53 — 0.92 (m, 5H) ppm; **C NMR (75 MHz, CDCl;):
0174.1, 168.6, 157.7, 154.6, 149.2, 141.0, 136.2, 132.6, 131.7, 129.0, 124.6, 123.8, 122.6, 107.6, 68.4,
57.5,49.3, 33.1, 26.8, 26.3, 25.7, 24.9, 21.1, 15.6 ppm; IR (neat): 3399, 2933, 2860, 1712, 1438, 1363,

1115, 809, 755, 666, 554 cm™; HRMS (ESI): C,4H6N,0,S [M+H]" caled: 435.1849, found: 435.1863.

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 44.3 mg; 46%
yield; >20:1 dr; 97% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40,
flow rate = 1.0 mL/min, tyinor = 13.7 min, tomgjer = 25.5 min); [a]"p=-189.0 (c = 2.00, CHCl;); 'H NMR
(300 MHz, CDCl): ¢ 8.70 (d, J = 4.7 Hz, 1H), 7.92 — 7.78 (m, 2H), 7.48 — 7.39 (m, 1H), 7.34 — 7.27
(m, 4H), 7.25 — 7.14 (m, 2H), 7.06 (t, /= 7.3 Hz, 1H), 6.73 (d, J= 7.7 Hz, 1H), 5.04 (d, J = 15.7 Hz,
1H), 4.84 (d, J=15.8 Hz, 1H), 4.80 — 4.68 (m, 1H), 2.32 (td, /= 12.0, 6.9 Hz, 1H), 2.17 (s, 3H), 1.67 —
1.51 (m, 3H), 1.47 — 1.10 (m, 4H) ppm; *C NMR (75 MHz, CDCl;): ¢ 174.8, 170.4, 155.0, 153.6,
148.9, 142.3, 137.0, 135.7, 132.6, 128.7, 127.5, 127.1, 126.1, 124.6, 123.1, 123.0, 109.1, 67.4, 55.7,
48.4, 43.9, 30.2, 22.8, 20.2, 16.6 ppm; IR (neat): 3351, 2926, 2373, 1674, 1582, 1466, 1382, 1218,

1170, 1102, 1029, 753, 620 cm'; HRMS (ESI): CysHyN4O,S [M+H]" calcd: 483.1849, found:
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483.1861.

Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 72.7 mg; 73%
yield; >20:1 dr; 97% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40,
flow rate = 1.0 mL/min, tyiner = 5.7 mMin, ty,jer = 9.5 min); [¢]"p= 2.0 (c = 0.99, CHCl,); 'H NMR (300
MHz, CDCL): 6 8.67 (d, J=4.2 Hz, 1H), 7.96 (d, J=7.8 Hz, 1H), 7.67 (t,J = 7.6 Hz, 1H), 7.40 — 7.26
(m, 7H), 7.21 (d, J=7.6 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 6.74 (d, /= 7.7 Hz, 1H), 5.05 (d, /= 15.6
Hz, 1H), 4.79 — 4.64 (m, 2H), 2.27 — 2.01 (m, 2H), 2.11 (s, 3H), 1.83 — 1.66(m, 1H), 1.55 — 1.38 (m,
1H), 1.22 — 1.12 (m, 1H), 1.07 (t, J = 7.3 Hz, 3H), 0.72 (t, J = 7.4 Hz, 3H) ppm; *C NMR (75 MHz,
CDCly): 6 173.9, 166.6, 161.0, 154.0, 149.1, 142.6, 136.0, 135.8, 133.7, 128.8, 128.7, 127.6, 127.5,
124.6, 123.7, 123.4, 123.1, 108.8, 69.0, 56.7, 50.9, 44.0, 28.6, 24.2, 15.3, 12.6, 9.5 ppm; IR (neat):
3368, 2926, 2372, 1656, 1588, 1460, 1384, 1215, 1115, 1045, 770, 625 cm’'; HRMS (ESI):

CaoH3oN40,S [M+H]" calcd: 499.2162, found: 499.2174.

Me Me
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Purified by silica gel column chromatography (PE/EA = 4/1 to 1/1). Colorless oil; 66.9 mg; 82%
yield; >20:1 dr; 98% ee determined by HPLC on a Chiralpak IA-H column (hexane/2-propanol = 60/40,
flow rate = 1.0 mL/min, tyinor = 6.2 Min, ty,jor = 18.5 min); [a]"p=-57.6 (c = 1.98, CHCL,); 'H NMR
(300 MHz, CDCl,): ¢ 8.67 (d, J=4.4 Hz, 1H), 7.88 (d, J= 7.8 Hz, 1H), 7.67 (t, J=7.3 Hz, 1H), 7.37 -
7.29 (m, 1H), 7.13 (d, /= 7.8 Hz, 1H), 7.06 (s, 1H), 6.72 (d, J = 7.8 Hz, 1H), 4.41 — 4.23 (m, 1H), 3.19
(s, 3H), 2.37 (s, 3H), 2.10 (s, 3H), 2.17 — 2.00 (m, 1H), 1.52 (d, J = 6.1 Hz, 3H), 0.76 (d, J = 6.7 Hz,
3H) ppm; *C NMR (75 MHz, CDCLy): § 173.5, 166.6, 159.4, 154.2, 149.2, 140.9, 136.0, 132.7, 132.1,

129.1, 124.5, 123.8, 122.9, 107.5, 69.3, 54.2, 47.1, 26.2, 21.1, 20.5, 15.3, 14.2 ppm; IR (neat): 3334,
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2969, 2372, 1710, 1585, 1357, 1225, 1108, 913, 755, 668, 552 cm™; HRMS (ESI): CyH,N,0,S

[M+H]" calcd: 409.1693, found: 409.1702.

3a (122 mg, 0.30 mmol) was dissolved in DCM (5.0 mL) and NaH (18mg, 60%, 0.45 mmol) was
added slowly under 0 “C. After stirring for 3 h, saturated NH,Cl was added and the aqueous layer was
extracted with CH,Cl,. The combined organic layers were dried over Na,SO, and concentrated under
vacuum. The residue was purified by column chromatography (PE/EA = 4/1 to 2/1) to afford 5 (82 mg,
91% yield). White solid, m.p. 228-230 C; 91% yield; >20:1 dr; 95% ee determined by HPLC on a
Chiralpak OD-H column (hexane/2-propanol = 60/40, flow rate = 1.0 mL/min, tyinor = 9.9 min, tpgjor =
13.2 min); [a]"p=-276.3 (c = 1.01, CHCl;); "H NMR (300 MHz, CDCl;): 6 7.37 (t, J = 7.7 Hz, 1H),
7.31 (d, J=17.3 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 6.83 (d, J = 8.0 Hz, 2H), 6.75 (s, 1H), 3.95 (td, J =
10.4, 3.9 Hz, 1H), 3.18 (s, 3H), 2.12 — 1.97 (m, 1H), 1.88 — 1.72 (m, 2H), 1.63 (d, J = 12.0 Hz, 1H),
1.32 (t, J = 10.4 Hz, 2H), 1.14 (d, J = 11.1 Hz, 2H), 0.93 — 0.81 (m, 1H) ppm; *C NMR (75 MHz,
CDCly): 6 176.4,174.2, 143.8, 130.4, 126.7, 123.5, 123.4, 108.4, 63.4, 50.1, 43.2, 31.6, 26.3, 25.0. 23.7,
23.6 ppm; IR (neat): 3199, 2929, 2437, 1718, 1470, 1261, 1092, 1022, 755, 664, 628 cm™; HRMS

(ESI): C16H sN;0S [M+H]" caled: 302.1322, found: 302.1330.
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X-Ray Analysis of 4e

G 51
C16
,,,//N »PG
’, //k
7
N SMe
N R\
Y/ (@)
Me 4e
Bond precision: C-C=0.0087 A Wavelength=0.71073
Cell: a=10.363(3) b=9.318(2) c=11.453(4)
alpha=90 beta=112.70(4) gamma=90
Temperature: 292 K
Calculated Reported
Volume 1020.3(6) 1020.2(5)
Space group P21 P1211
Hall group P 2yb P 2yb
Moiety formula C22H22N4 025 C22 H22 N4 025
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Sum formula
Mr

Dx,g cm-3
VA

Mu (mm-1)
FO00

FOOOQ'
h,k,Imax
Nref

Tmin, Tmax
Tmin'

C22H22N4 025
406.50
1.323

2

0.185

428.0
428.40
14,12,15
5354[ 2836]
0.962,0.971
0.962

C22 H22 N4 025
406.50

1.323

2

0.185

428.0

14,12,15
2969
0.455,1.000

Correction method= # Reported T Limits: Tmin=0.455 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.05/0.55 Theta(max)= 28.870
R(reflections)= 0.0598( 1936) wR2(reflections)=0.1618( 2969)
$=0.994 Npar= 264

Representative Procedure for the Modification Process of Amino Acids and

Peptides

Amino acids or peptides methyl esters hydrochloride (0.13 mmol) was dissolved in CH,Cl, (0.5 mL),
and saturated aqueous NaHCO; (0.5 mL). The biphasic mixture was stirred vigorously for 10 minutes.
The stirring was stopped, and ring-opening product 3 (0.1 mmol ) was added via syringe to the organic
layer. Stirring was immediately restarted, and the reaction was allowed to stir at room temperature for
20 h. The layers were separated and the aqueous layer was extracted with CH,Cl, and washed with
water. 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 the coupling product.

Purified by column chromatography (PE/EA = 4/1 to 0/1). Colorless oil; 36,2 mg; 69% yield; >20:1 dr;
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[o]"p= -53.9 (c = 1.02, CHCL;); *H NMR (300 MHz, CDCl;): 6 8.57 (d, J = 4.5 Hz, 1H), 8.15 (d, J =
7.7 Hz, 1H), 8.07 (s, 1H), 7.87 (td, J="7.7, 1.6 Hz, 1H), 7.47 (ddd, J= 7.5, 4.8, 1.0 Hz, 1H), 7.32 (t, J =
7.7 Hz, 1H), 7.22 (d, J= 3.3 Hz, 1H), 7.08 (t, J = 7.4 Hz, 1H), 6.73 (d, J= 7.7 Hz, 1H), 5.16 — 4.97 (m,
1H), 4.53 (s, 1H), 3.73 (s, 3H), 3.01 (s, 3H), 2.67 (s, 1H), 1.85 — 1.62 (m, 3H), 1.34 — 1.10 (m, 4H),
1.07 — 0.64 (m, 10H) ppm; *C NMR (75 MHz, CDCl;): & 182.0, 175.2, 173.3, 163.9, 149.1, 148.2,
144.0, 137.4, 1309, 129.3, 128.7, 126.5, 123.1, 122.2, 108.2, 67.0, 52.1, 45.4, 41.6, 34.1, 30.5, 26.4,
25.0, 24.0, 22.6, 22.3 ppm; IR (neat): 3369, 2958, 2370, 1721, 1524, 1465, 1384, 1218, 1126, 1042,

752, 667, 622 cm’'; HRMS (ESI): Cy,H;sN5O,S [M+H]" caled: 526.2483, found: 526.2508.

Me
N M
N N COOMe
NHCOPy 6b

Purified by column chromatography (PE/EA = 4/1 to 0/1). Colorless oil; 46.2 mg; 84% yield; >20:1 dr;
[a]"p=-83.8 (c = 1.01, CHCls); *H NMR (300 MHz, CDCL): 6 9.37 (d, J = 7.3 Hz, 1H), 8.54 (d, J =
4.2 Hz, 1H), 7.87 (d, J = 7.7 Hz, 1H), 7.74 (t, J = 7.7 Hz, 1H), 7.66 (d, J = 10.5 Hz, 1H), 7.51 — 7.26
(m, 3H), 7.12 (t, J = 7.6 Hz, 1H), 6.51 (d, /= 7.8 Hz, 1H), 6.03 (s, 1H), 5.08 — 4.89 (m, 1H), 3.67 (s,
3H), 3.64 — 3.50 (m, 1H), 2.90 — 2.71 (m, 1H), 2.38 (s, 3H), 2.19 (d, /= 12.7 Hz, lH), 1.91 (d, /= 12.8
Hz, 1H), 1.87 — 1.57 (m, 6H), 1.41 — 1.26 (m, 1H), 1.26 — 1.12 (m, 2H), 1.00 (dd, J= 10.6, 5.7 Hz, 6H)
ppm; *C NMR (75 MHz, CDCly): 6 183.3, 176.6, 173.0, 162.2, 149.3, 148.1, 143.0, 137.2, 130.8,
126.9, 126.2, 124.0, 123.7, 122.0, 109.0, 67.6, 57.7, 52.2, 49.6, 44.9, 41.2, 34.6, 27.0, 26.0, 25.6, 25.3,
25.0,23.0,21.8 ppm; IR (neat): 3358, 2931, 2371, 1687, 1613, 1469, 1384, 1217, 1129, 1025, 763, 666

cm™'; HRMS (ESI): Co0H37N50,S [M+H]" caled: 552.2639, found: 552.2664.

Purified by column chromatography (PE/EA = 4/1 to 0/1). Colorless oil; 40.2 mg; 79% yield; >20:1 dr;
[a]"p=-7.1 (c = 0.99, CHCl5); *H NMR (300 MHz, CDCls): J 8.73 (s, 1H), 8.56 (d, J = 4.1 Hz, 1H),

8.12 (dd, J = 24.0, 6.6 Hz, 2H), 7.88 (t, J = 7.5 Hz, 1H), 7.59 — 7.39 (m, 1H), 7.22 (d, J = 7.5 Hz, 1H),
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7.13 - 6.93 (m, 2H), 6.73 (d, J = 7.7 Hz, 1H), 5.00 — 4.79 (m, 1H), 4.26 — 3.46 (m, SH), 3.21 (s, 3H),
2.51 (s, 1H), 2.35 — 1.80 (m, 4H), 1.48 — 1.12 (m, 4H), 0.53 (d, J = 7.3 Hz, 3H) ppm; *C NMR (75
MHz, CDCLy): § 178.5, 174.4, 172.8, 164.5, 149.2, 148.2, 145.0, 137.4, 131.0, 128.1, 126.5, 122.4,
122.0, 120.8, 107.5, 67.7, 52.2, 45.8, 45.1, 30.5, 26.9, 24.0, 19.1, 15.9, 8.4 ppm; IR (neat): 3383, 3269,
2961, 2372, 2027, 1719, 1554, 1366, 1215, 1091, 1043, 999, 754, 666, 539 cm™; HRMS (ESI):

Cy6H3N50,S [M+H]" caled: 510.2170, found: 510.2191.

Purified by column chromatography (PE/EA = 4/1 to 0/1). White solid, m.p. 113-115 C; 45.2 mg; 76%
yield; >20:1 dr; [a]"p= -67.0 (c = 1.02, CHCL;); *H NMR (300 MHz, CDCLy): ¢ 8.50 (d, J = 4.5 Hz,
1H), 8.14 (d, J= 7.8 Hz, 2H), 7.83 (td, /= 7.7, 1.4 Hz, 1H), 7.41 (dd, J = 6.9, 5.0 Hz, 1H), 7.26 — 7.15
(m, 2H), 7.11 — 7.01 (m, 1H), 6.96 (t, J = 7.4 Hz, 2H), 6.68 (d, J = 7.7 Hz, 1H), 5.04 —4.84 (m, 1H),
4.63 (s, 1H), 4.58 — 4.42 (m, 1H), 3.64 (s, 3H), 3.04 (s, 3H), 2.40 (s, 1H), 1.70 — 1.48 (m, 3H), 1.38 (d,
J=6.9 Hz, 3H), 1.19 (d, J = 6.2 Hz, 4H), 0.84 (t, J = 5.9 Hz, 6H), 0.62 (s, 3H) ppm; *C NMR (75
MHz, CDClLy): ¢ 180.8, 174.6, 173.2, 171.9, 164.6, 148.8, 148.2, 144.4, 137.5, 130.9, 128.7, 126.6,
122.8, 122.3, 121.6, 107.9, 66.9, 52.1, 50.8, 45.2, 41.1, 30.5, 26.5, 24.7, 22.8, 21.7, 19.1, 17.8, 13.7
ppm; IR (neat): 3324, 2959, 2369, 1721, 1524, 1467, 1217, 1126, 1042, 755, 666, 540 cm™'; HRMS

(ESI): C30H4oNeOsS [M+H]" caled: 597.2854, found: 597.2880.

Representative Procedure for Synthesis of the Organocatalysis

The ring-opening product 3a (0.25 mmol) and cyclohexanediamine moiety (0.30 mmol) was dissolved

in CH,Cl,, and the reaction was allowed to stir at room temperature for 24 h. Then concentrated under

vacuum conditions. The residue mixture was purified by flash column chromatography on silica gel to

give the bifunctional amine-thioureas.
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Purified by column chromatography (PE/EA/MeOH/NH;(H,0) = 4/1/0/0 to 0/1/0.05/0.05). White solid,
m.p. 135-137 °C; 123.4 mg; 86% yield; >20:1 dr; [a]"p = -48.5 (c = 0.99, CHCl,); 'H NMR (300 MHz,
CDCl;): 0 8.96 (s, 1H), 8.62 (d, J=4.4 Hz, 1H), 7.95 (d, J=7.7 Hz, 1H), 7.82 (td, J="7.7, 1.5 Hz, 1H),
7.72 (d, J=10.3 Hz, 1H), 7.53 — 7.40 (m, 2H), 7.36 (t, /= 7.7 Hz, 1H), 7.16 (t, J="7.5 Hz, 1H), 6.56 (d,
J=1.7Hz, 1H), 5.94 (s, 1H), 4.53 —4.29 (m, 1H), 3.75 - 3.51 (m, 1H), 2.92 — 2.77 (m, 1H), 2.67 (d, J
=23.4 Hz, 4H), 2.44 (s, 3H), 2.30 (d, /= 12.8 Hz, 2H), 1.96 (d, /= 11.5 Hz, 1H), 1.91 — 1.60 (m, 10H),
1.60 — 1.47 (m, 2H), 1.47 — 1.11 (m, 6H) ppm; *C NMR (75 MHz, CDCls): 6 181.6, 176.6, 162.2,
149.5, 148.2, 143.2, 137.3, 130.6, 127.1, 126.2, 124.0, 123.7, 122.0, 108.8, 67.3, 62.1, 56.5, 49.5, 49.3,
45.3, 34.6, 29.8, 27.0, 25.8, 25.0, 24.6, 23.7, 23.3, 22.7*, 22.7° (overlapped) ppm; IR (neat): 3360,
2929, 2372, 1675, 1382, 1217, 1095, 1023, 755, 665, 621 cm™; HRMS (ESI): C3,H4,N40,S [M+H]"

calcd: 575.3163, found: 575.3191.

Purified by column chromatography (PE/EA/MeOH/NH;(H,0) = 4/1/0/0 to 0/1/0.05/0.05). White solid,
m.p. 148-150 °C; 127.7 mg; 89% yield; >20:1 dr; [a]"p = -89.4 (¢ = 1.01, CHCL); *H NMR (300 MHz,
CDCl;): 6 9.20 (s, 1H), 8.63 (d, J=4.3 Hz, 1H), 7.97 (d, /= 7.8 Hz, 1H), 7.81 (td, J= 7.7, 1.5 Hz, 1H),
7.78 — 7.66 (m, 1H), 7.52 — 7.39 (m, 2H), 7.36 (t, J= 7.6 Hz, 1H), 7.16 (t, J= 7.5 Hz, 1H), 6.58 (d, J =

7.8 Hz, 1H), 5.86 (s, 1H), 4.20 (s, 1H), 3.75 — 3.49 (m, 1H), 3.04 — 2.89 (m, 1H), 2.84 (dd, J=27.2, 4.4
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Hz, 4H), 2.45 (s, 3H), 2.34 (d, J = 12.8 Hz, 1H), 2.02 — 1.60 (m, 11H), 1.60 — 1.12 (m, 9H) ppm; *C
NMR (75 MHz, CDCly): 6 180.3, 176.7, 162.2, 149.4, 148.2, 143.1, 137.2, 130.8, 130.5, 127.3, 126.1,
123.7,121.9, 108.8, 67.6, 65.5, 62.6, 57.4, 49.4, 48.5, 44.8, 34.5, 30.4, 27.0, 25.9, 25.4, 24.9, 24.3, 24.0,
23.9,19.1, 13.6 ppm; IR (neat): 3244, 2931, 2858, 2370, 1695, 1518, 1216, 1130, 1023, 751, 665, 540

cm™; HRMS (ESI): C3,HaoNgO,S [M+H] caled: 575.3163, found: 575.3189.

Procedure for Michael Reaction

The acetylacetone 9 (0.40 mmol) and nitroalkenes 10 (0.20 mmol) and thioureas catalysis (0.02 mmol)
was dissolved in toluene (0.5 mL), and the reaction was allowed to stir at room temperature for 24 h.
Then concentrated under vacuum conditions. The residue mixture was purified by flash column

chromatography on silica gel to give the conjugate adduct 11.

O Ph

N
Me O

Me 0] 11

Purified by column chromatography (PE/EA = 20/1 to 7/1). White solid, m.p. 105-107 ‘C; From 8a:
41.8 mg; 84% yield; 33% ee determined by HPLC on a Chiralpak OD-H column (hexane/2-propanol =
60/40, flow rate = 1.0 mL/min, tyiner = 14.1 min, tyyjor = 9.3 min); [a]"p=78.1 (c = 0.97, CHCl;); From
8b: 45.8 mg; 92% yield; -90% ee determined by HPLC on a Chiralpak OD-H column
(hexane/2-propanol = 60/420, flow rate = 1.0 mL/min, tyinor = 9.3 Min, topsjer = 13.8 min); [a]"p=-183.2
(¢ = 1.00, CHCL3); "H NMR (300 MHz, CDCly): § 7.39 — 7.23 (m, 3H), 7.23 — 7.13 (m, 2H), 4.65 (d, J
= 2.5 Hz, 1H), 4.63 (s, 1H), 4.38 (d, J = 10.8 Hz, 1H), 4.25 (ddd, J = 10.8, 7.3, 5.3 Hz, 1H), 2.29 (s,
3H), 1.94 (s, 3H) ppm; *C NMR (75 MHz, CDCl;): 6 201.7, 201.0, 135.9, 129.3, 128.5, 127.9, 78.1,
70.6, 42.7, 30.4, 29.6 ppm; IR (neat): 3395, 2923, 2376, 1718, 1551, 1383, 1261, 1216, 1095, 1023,

761,702, 536 cm™; HRMS (ESI): C3H;sNO, [M+Na]" caled: 272.0893, found: 272.0904.

S21



Copies of HPLC Results

\
Me 3a
HPLC using an IC-H (n-Hexane/i-PrOH=80/20, flow rate 1.0 mL/min)
: S
0.14-{ N
] 3
0.12-
0.10-
0.08-|
S ]
< ]
0.06
o.o4{
o.oz{
0.00— et .
] VAN
2.00 4.00 6.00 800 1000 1200 1400 1600 1800 2000 2200  24.00
min
Retention Time Area % Area Height
1 14.571 6687404 51.97 151478
2 18.297 6180339 48.03 127215
0.20—
0.15;
2 i
0.10
0.05—
] 3
8 ~
, 3
0.00—| /W‘Lh
‘2.%)0‘ ‘ ‘4,‘00‘ ‘ ‘6,‘00‘ ‘ ‘8,‘00‘ ‘ ‘10,‘00‘ ‘ ‘12,‘00‘ ‘ ‘14,‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20‘,00
min
Retention Time Area % Area Height
1 14.991 10055054 98.53 235460
2 18.736 149811 1.47 3492
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\
Me 3b
HPLC using an IC-H (n-Hexane/i-PrOH=80/20, flow rate 1.0 mL/min)
0.10-| Q
E X
—
i (9V}
0.08—
0.06—
S |
2 |
0.04—
0.02—
0.0 besthhandrsedy MMM mewwwwwwww “ /L\ —
5.50 ‘ 10.‘00 ‘ ‘ 15ﬁ00 ‘ ‘ 2oﬁoo ‘ 25‘.00
min
Retention Time Area % Area Height
1 19.042 4856005 46.29 102594
2 21.325 5635106 53.71 84517
1.00
0.80
0.60—
2 |
< -
0.40-
0.20 N
-
] o
3 -
0.00 ; A\
- ‘ T ‘ T T ‘ T T ‘ T T ‘ T
5.00 10.00 15.00 20.00 25.00
min
Retention Time Area % Area Height
1 19.174 1542096 2.36 35318
2 21.430 63818256 97.64 1099584
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3c

HPLC using an IC-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)

AU

AU

0.14-]
0.12{
0.10{ N
N
4 o
3 N
0.08-
0.06{
0.04-]
0.02
0.00 S
: VAN RN
5.00 10100 15100 20,00 25,00
min
Retention Time Area % Area Height
1 14.239 5076928 48.04 141093
2 23.221 5491410 51.96 80980
1.60
1.40{
1.20{
1.00{
0.80-|
0.60{
] &
7 o
0.40- <
: N
l ] |
0.20 &
1 3 /k
0.00] —+
600 800 1000 12000 1400 1600 1800 2000 2200 2400  26.00
min
Retention Time Area % Area Height
1 14.836 212187 1.02 6085
2 24.095 20503157 98.98 273991
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Me 3d

HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)

0.35-
0.30]
0.25-
0.20]
=) ]
< ]
O.l5i
0.10—
0.05-]
0.00]
2.00 4.00 6.00 8.00 10/00
min
Retention Time Area % Area Height
1 7.618 6731372 51.63 339974
2 8.453 6306681 48.37 311289
0.80
0.60—
2 0.40-|
0.20
i <
| ™
N~
- ~
0.00— ~ \
T T T T T T T T T —
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
min
Retention Time Area % Area Height
1 6.756 13308782 98.99 812532
2 7.734 136451 1.01 6383
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Me,
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Me={ .NCS
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Me 3e

HPLC using an IC-H (n-Hexane/i-PrOH=80/20, flow rate 1.0 mL/min)

AU

AU

0.25{
0.20]
0.15{
0.10{
0.05{
7 [Te)
- [}
4 O') ™
0.00 N ©
, o
4 ™
-0.05
-0.10
18,00 20.00 22100 24.00 26.00 28100 30,00 32,00 34/00
min
Retention Time Area % Area Height
1 22.995 1957011 50.06 39331
2 31.133 1952401 49.94 24286
0.40
0.35
0.30
0.25-
0.20
0.15+
0.10
] N
0.05— ©
] Q
0.00 EN
500 10/00 15000 2000 25000 30/00 35000
min
Retention Time Area % Area Height
1 23.027 311409 0.97 6677
2 30.112 31925073 99.03 412846
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NH
“NCS
0]
N
Me 3f
HPLC using an IC-H (n-Hexane/i-PrOH=80/20, flow rate 1.0 mL/min)
0.20;
015
2 0104
] 5 2
0.05— g uﬁ)

I I I I I
10.00 12.00 14.00 16.00 18.00 20.00

min

Retention Time Area % Area Height

1 12.919 1405950 50.76 41089

2 15.390 1363667 49.24 36791
1.8(r:
1.60]
1.40-|
1.2({
1.0(r:
o} i
< ]
0.80
0.60
0.40
0.20]
0.00

A e e A e L o LA Sy e
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
min
Retention Time Area % Area Height
1 12.819 49278143 100.00 1790705
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Ph
~NCS
0]
N
\
Me 3g
HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
0.50{
0.40{
: o
B <
0.30-| <
2] 8
0.20{
0.107:
0.00-
————— e
2.00 4.00 6.00 800 1000 12.00 1400 1600 18.00  20.00  22.00  24.0C
min
Retention Time Area % Area Height
1 9.775 12045920 53.15 548464
2 20.440 10616230 46.85 243616
1.80
1.60]
1.40]
1.20
5 1.00]
< i
0.80]
0.60
0.40- ©
i <
1 S
0.20 S
0.00 A
b YARN YARN JARN
5.00 1000 15100 20100 25100
min
Retention Time Area % Area Height
1 9.765 41888557 94.22 1883204
2 20.648 2569015 5.78 61000
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3h

HPLC using an IC-H (n-Hexane/i-PrOH=80/20, flow rate 1.0 mL/min)

0.018-

0.016

0.014

0.012
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o <
o

S

il

/
/

8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00
min
Retention Time Area % Area Height
1 9.555 509680 47.91 18249
2 11.301 554067 52.09 17914
0.70]
0.60]
0.50-]
0.40]
o ]
< ]
0.30
0.20]
] ~
0.10 ]
] -
4 —
0.00 AN N
— — — — 1 — — —
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
min
Retention Time Area % Area Height
1 9.618 17547664 98.52 714550
2 11.397 264455 1.48 10065
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L B e e Lt B B B B By B
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

min
Retention Time Area % Area Height
1 9.014 2726493 51.33 130447
2 21.714 2585371 48.67 56313
0.60-]
4 (2]
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min
Retention Time Area % Area Height
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2 23.959 26754406 96.76 467834
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14.759

0.007 A JAN A\ JAN
T A o ey B B e B L R e e e e A
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
min
Retention Time Area % Area Height
1 7.376 2895039 46.78 151527
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HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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min
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HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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HPLC using an IA-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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HPLC using an OD-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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HPLC using an OD-H (n-Hexane/i-PrOH=60/40, flow rate 1.0 mL/min)
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nin
Retention Time Area % Area Height
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