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Part 1: General Information

Unless otherwise specified, all reactions were carried out under an argon atmosphere in an oven
dried sealed tube, with dry, freshly distilled solvents in anhydrous conditions. THF was distilled
from Na and used directly. Reagents were obtained from commercial suppliers and used without
further purification unless otherwise noted. The silica gel (200-300 meshes) was used for column
chromatography, and the distillation range of petroleum was 60-90 °C. 'H and '*C NMR spectra
were recorded on Bruker 600 or 400 MHz instrument in CDCls, and spectral data were reported in
ppm relative to tetramethylsilane (TMS) as internal standard. The high-resolution mass spectra
(HRMS) were measured on a Thermo Q-Exactive spectrometer by ESI, and mass analyzer type is
Oribitrap. Data collections for crystal structure were performed at295.13 K using Cu Ka
(A =1.54184) radiation on a SuperNova, Dual, Cu at zero, Eos diffractometer. The determination
of enantiomeric excess was performed via chiral HPLC analysis Thermo Ulti Mate 3000 HPLC,
(RIGOL) L-3000 or Agilent 1260 Infinity II. Optical rotations were measured by Rudolph Research
Analytical Autopol-I instrument, cell length = 1 dm, concentrations (c¢) are quoted in g/100 mL,
sodium D line (589 nm). NHC catalysts A-D were purchased from Energy Chemical and used as
received. Isoindigos were prepared according to the reported literature procedures. !

Part 2: Experimental Section

1. General procedure for the synthesis of bisporooxindoles 3 (3a as an example).
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A dry 25 mL Schlenk tube with stir bar was charged with isoindigo 1a (46 mg, 0.1 mmol, 1.0
equiv), NHC C (8.4 mg, 0.02 mmol, 20 mol %), CsOAc (3.8 mg, 0.02 mmol, 20 mol %). The tube
was evacuated, and refilled with nitrogen. Then enals 2a (15.6 mg, 1.2 mmol, 1.2 equiv) was added
and the mixture was dissolved with newly distilled solvent THF (1.0 mL). The mixture was stirred

at room temperature for 24 hours when the substrate was consumed completely (monitored by
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TLC). The reaction mixture was concentrated under vacuum and purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 15:1) to afford product 3a as white
solid (38 mg, 65% yield).

2. Optimization of Reaction Conditions?
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entry NHC R base solvent yield (%)°  ee (%) ¢
1 Al Boc DBU THF 62 -
2 A2 Boc DBU THF 65 -
3 A3 Boc DBU THF 51 -
4 B Boc DBU THF 30 32
5 C Boc DBU THF 61 88
6 D Boc DBU THF trace -
7 E Boc DBU THF trace -
8 F Boc DBU THF 54 43
9 C Me DBU THF 50 0
10 C Allyl  DBU THF 72 44
11 C Bn DBU THF 53 0
12 C Boc  K,CO; THF 54 84
13 C Boc  KOAc THF 64 86
14 C Boc  Cs,CO; THF 80 84
15 C Boc  K;PO, THF 64 84
16 C Boc  KOBu THF 52 86
17 C Boc CsOAc THF 65 90
18 C Boc  CsOAc DCM 30 90
19 C Boc  CsOAc 1,4-dioxane 49 90
20 C Boc  CsOAc DCE 15 90
21 C Boc  CsOAc DME 56 86
22 C Boc  CsOAc toluene 35 84
23 C Boc  CsOAc CH;CN 27 86
24 C Boc  CsOAc ether 15 84
25 C Boc  CsOAc THF trace -
267 C Boc  CsOAc THF 30 90
27¢ C Boc  CsOAc THF 54 90
28/ C Boc  CsOAc THF 15 90

“Reaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), NHC (0.02 mmol), base (0.02 mmol), solvent (1 mL), under
Ar at 25 °C for 24 h. ? Tsolated yield based on 1a. ¢ Enantiomeric excess of 3a, determined via chiral phase HPLC
analysis. The dr (>20:1) value were determined by 'H NMR spectroscopy. ¢ 50 mg 4A MS was added. ¢ 50 mg
Na2S04 was added. ¢ 50 mg MgSOs was added.



3. 1 mmol Scale preparation of 3a.

A dry 50 mL Schlenk tube with stir bar was charged with isoindigo 1a (460 mg, 0.1 mmol, 1.0
equiv), NHC C (84 mg, 0.2 mmol, 20 mol %), CsOAc (38 mg, 0. 2 mmol, 20 mol %). The tube was
evacuated, and refilled with nitrogen. Then enals 2a (156 mg, 1.2 mmol, 1.2 equiv) was added and
the mixture was dissolved with newly distilled solvent THF (10 mL). The mixture was stirred at
room temperature for 18 hours when the substrate was consumed completely (monitored by TLC).
The reaction mixture was concentrated under vacuum and purified by column chromatography on
silica gel (petroleum ether/ethyl acetate = 15:1) to afford product 3a as white solid (356 mg, 60%
yield).

4. The procedure for the synthesis of bisporooxindoles 5a using [-bromoenal 4a as the starting

material.
BFY
NHC E (20 mol%) O7™N\_\ Et
DBU (120 mol%) NN
THF, rt, Ar, 20h
Et
NHC E

5a+5a’, 68% yield

5a:5a' = 1.25:1d.r.
5a: 99% ee
5a': 34% ee

1a (0.1 mmol)

A dry 25 mL Schlenk tube with stir bar was charged with isoindigo 1a (69 mg, 0.1 mmol, 1.0
equiv), NHC E (8.7 mg, 0.02 mmol, 20 mol %), DBU (18 mg, 0.12 mmol, 120 mol %). The tube
was evacuated, and refilled with nitrogen. Then -bromoenal 4a (25 mg, 0.12 mmol, 1.2 equiv) was
added and the mixture was dissolved with newly distilled solvent THF (1.0 mL). The mixture was
stirred at room temperature for 20 hours when the substrate was consumed completely (monitored
by TLC). The reaction mixture was concentrated under vacuum and purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to afford products 5a and 5a’
as white solid (40 mg, 68% yield).

5. The procedure for the synthesis of compound 6 and 7 using compound 3a as the starting material.
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1a, 90% ee . 6
71% yield, 94% ee

To a CH2Cl, (4 mL) solution of 3a (0.2 mmol) in round bottle flask under ice bath,
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trifluoroacetic acid (0.74 mL) was added. Keep stirring for 1 hour, the reaction mixture was work
up with rotavapor to dryness. Newly distilled anhydrous THF was added to the residue and then
cooled to 0 °C, NaH (16 mg, 60%, 2.0 eq.) was added, the reaction mixture was stirred at 0 °C for
15 min and Mel (0.24 mL) was added, then the reaction mixture was stirred for 2 hours under room
temperature. The reaction mixture was quenched by saturated NH4Cl solution, extracted with ethyl
acetate three times. The organic phase was combined and dried with anhydrous Na>SO4 and
concentrated under vacuum. The residue was purified by column chromatography on silica gel

(petroleum ether/ethyl acetate = 15:1) to afford products 6 as a white solid (60 mg, 71% yield).
O OH
Me\N J/o % Me\N 5
: NaBH4 (1.5 eq)
Ph MeOH S Ph

71% yield, 94% ee 82% yield, 82% ee

In a 25 mL test tube, bisporooxindole 6 (60 mg, 0.14 mmol, 1.0 equiv), sodium borohydride
(8 mg, 1.5 equiv) and methanol (1 mL) was mixed and stirred for 1 h, and quenched with water
carefully. Ethyl acetate (10 mL) was added to the mixture, and the organic phase was separated out
and dried with anhydrous Na,SQO4. After removal of the solvent, the residue was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 8:1) to afford products 7 as a white
solid (49 mg, 82% yield).

Part 3: Characterization of all the Products
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3a, Prepared according to the general procedure in 0.1 mmol scale, 65% yield, 38 mg, white solid,
m.p. 119-122 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCl3) ¢ 7.66-7.62 (m, 2H), 7.41 (d, J = 7.6 Hz, 1H), 7.32 (d, /= 7.6 Hz, 1H), 7.27-
7.10 (m, 7H), 7.08-7.03 (m, 2H), 5.00 (t, J = 10.8 Hz, 1H), 3.88 (dd, J; = 19.6, 11.6 Hz, 1H), 3.27
(dd, J; = 19.2, 10.0 Hz, 1H), 1.65 (s, 9H), 1.50 (s, 9H); *C NMR (100 MHz, CDCl3): 6 206.5,
173.8, 170.8, 148.1, 147.9, 140.6, 140.3, 134.4, 129.9, 129.7, 128.5, 128.2, 127.7, 126.1, 125.0,

124.6,123.7,123.4,122.1,114.9, 114.7, 85.1, 84.5, 70.0, 65.4, 46.3, 40.4, 28.1, 27.9; HRMS (ESI)
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m/z: [M+Na]"Calcd for C35H34N2NaO7" 617.2258; Found 617.2263. HPLC: CHIRALPAK IC, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, tg= 7.6 min (minor), 15.8 min

(major), 90% ee. Optical rotation: [o.]*’p=-375 (c = 1.0 in EtOAc).

b
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3b, Prepared according to the general procedure in 0.1 mmol scale, 89% yield, 54 mg, white solid,
m.p. 121-124°C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCl3) ¢ 7.65-7.61 (m, 2H), 7.43 (d, J = 7.2 Hz, 1H), 7.32 (d, /= 7.6 Hz, 1H), 7.26-
7.05 (m, 5H), 6.92 (s, 4H), 4.96 (t, J=10.4 Hz, 1H), 3.68 (dd, J=19.2, 11.2 Hz, 1H), 3.25 (dd, J =
19.6, 10.0 Hz, 1H), 2.22 (s, 3H), 1.65 (s, 9H), 1.51 (s, 9H); 1*C NMR (100 MHz, CDCl3): 6 206.7,
173.8, 170.8, 148.1, 148.0, 140.6, 140.3, 137.3, 131.3, 129.9, 129.6, 128.9, 128.3, 126.1, 125.0,
124.6,123.8, 123.4, 122.2, 114.9, 114.7, 85.0, 84.4, 70.0, 65.3, 46.0, 40.5, 28.0, 27.9, 20.9; HRMS
(ESI) m/z: [M+H]"Calcd for C36H37N207" 609.2595; Found 609.2599. HPLC: CHIRALPAK IC,
n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, = 7.4 min (minor), 14.5

min (major), 92% ee. Optical rotation: [a]*p=-641 (c = 1.0 in EtOAc).
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3¢, Prepared according to the general procedure in 0.1 mmol scale, 75% yield, 47 mg, white solid,
m.p. 127-130°C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(600 MHz, CDCls) 0 7.63 (t, J = 8.4 Hz, 2H), 7.42 (d, J = 7.8 Hz, 1H), 7.32 (d, J = 7.8 Hz, 1H),
7.26-7.18 (m, 2H), 7.13 (t, J= 7.8 Hz, 1H), 7.07 (t, J = 7.8 Hz, 1H), 6.97 (d, J = 8.4 Hz, 2H), 6.65
(d, J=9.0 Hz, 2H), 4.95 (t, J = 10.8 Hz, 1H), 3.70 (s, 3H), 3.65 (dd, /= 19.2, 11.4 Hz, 1H), 3.24
(dd,J=19.8,10.2 Hz, 1H), 1.65 (s, 9H), 1.51 (s, 9H); 13C NMR (150 MHz, CDCl5): 6 206.5, 173.9,
170.8, 159.0, 148.1, 148.0, 140.7, 140.4, 129.9, 129.6, 126.4, 126.1, 125.0, 124.6, 123.9, 123.5,
122.3, 114.9, 114.7, 113.6, 85.0, 84.5, 70.1, 65.4, 55.1, 45.7, 40.7, 28.1, 27.9; HRMS (ESI) m/z:
[M+Na]"Calcd for CisH3¢NaNaOs™ 647.2364; Found 647.2369. HPLC: CHIRALPAK IC, »n-

hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, tg= 10.5 min (minor), 17.3 min
6



(major), 92% ee. Optical rotation: [o]*’p=+90 (c = 1.0 in EtOAc);
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3d, Prepared according to the general procedure in 0.1 mmol scale, 52% yield, 33 mg, yellow solid,
m.p. 106-108 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(400 MHz, CDCl3) ¢ 7.64-7.61 (m, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.32 (d, /= 7.6 Hz, 1H), 7.26-
7.05 (m, 4H), 6.91 (d, J= 8.8 Hz, 2H), 6.47 (d, J = 8.8 Hz, 2H), 4.91 (t, /= 10.8 Hz, 1H), 3.65 (dd,
J=19.2,11.2 Hz, 1H), 3.22 (dd, J=19.2, 10.0 Hz, 1H), 2.85 (s, 6H), 1.65 (s, 9H), 1.51 (s, 9H); 13C
NMR (100 MHz, CDCl;): ¢ 207.1, 174.1, 170.9, 149.8, 148.2, 148.1, 140.6, 140.3, 129.8, 129.4,
129.2, 126.1, 125.0, 124.5, 124.1, 123.4, 122.3, 121.6, 115.0, 114.7, 112.1, 85.0, 84.3, 70.2, 65.5,
45.7, 40.8, 40.3, 29.6, 28.1, 27.9; HRMS (ESI) m/z: [M+H]" Calcd for C37H4N307" 660.2861;
Found 638.2850. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min,
UV =254 nm, tr = 10.4 min (minor), 13.8 min (major), 86% ee. Optical rotation: [0]*p = -125 (¢

= 1.0 in EtOAc);
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3e, Prepared according to the general procedure in 0.1 mmol scale, 65% yield, 41 mg, white solid,
m.p. 92-95 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCl3) 6 7.65-7.61 (m, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.32 (dd, J = 8.0, 0.8 Hz, 1H),
7.29-7.06 (m, 4H), 6.96 (dd, J = 12.0, 8.8 Hz, 4H), 4.97 (t, J = 10.4 Hz, 1H), 3.68 (dd, J = 19.2,
11.2 Hz, 1H), 3.26 (dd, J = 19.6, 10.0 Hz, 1H), 2.81-2.74 (m, 1H), 1.65 (s, 9H), 1.50 (s, 9H), 1.16
(d, J=2.8 Hz, 3H), 1.14 (d, J = 2.8 Hz, 3H); 3C NMR (100 MHz, CDCl;): 6 206.8, 173.9, 170.8,
148.2, 148.1, 140.0, 140.6, 140.3, 131.7, 129.9, 129.6, 128.4, 126.2, 126.17, 125.0, 124.6, 123.8,
123.4, 122.2, 114.9, 114.7, 85.1, 84.4, 70.1, 65.3, 46.0, 40.6, 33.5, 28.1, 28.0, 23.9, 23.7; HRMS
(ESI) m/z: [M+Na]" Calcd for C3sHsoN2NaO7" 659.2728; Found 659.2739. HPLC: CHIRALPAK
IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 6.7 min (minor), 7.7

min (major), 90% ee. Optical rotation: [a]*°p = +406 (c = 1.0 in EtOAc);
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3f, Prepared according to the general procedure in 0.1 mmol scale, 51% yield, 32 mg, white solid,
m.p. 103-106 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(400 MHz, CDCl3) J 7.64 (t, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.32 (dd, J = 8.0 Hz, 1H),
7.26-7.06 (m, 5H), 6.96 (s, 4H), 4.97 (t, /= 10.4 Hz, 1H), 3.69 (dd, J = 19.6, 11.2 Hz, 1H), 3.26
(dd, J=19.2,9.6 Hz, 1H), 2.52 (q, J = 7.6 Hz, 2H), 1.66 (s, 9H), 1.50 (s, 9H), 1.16 (d, /= 2.8 Hz,
3H); BC NMR (100 MHz, CDCl3): 6 206.7, 173.9, 170.8, 148.1, 148.0, 143.6, 140.6, 140.3, 131.6,
129.9, 129.6, 128.4, 127.7, 126.2, 125.0, 124.6, 123.8, 123.4, 122.2, 114.9, 114.7, 85.0, 84.4, 70.1,
65.4, 46.0, 40.6, 28.3, 28.1, 27.9, 15.2; HRMS (ESI) m/z: [M+Na]" Calcd for C37;H3sN2NaO7"
645.2571; Found 645.2579. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate =
1.0 mL/min, UV =254 nm, #g = 7.1 min (minor), 9.3 min (major), 94% ee. Optical rotation: [a]*p

=-560 (c = 1.0 in EtOAc);
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3g, Prepared according to the general procedure in 0.1 mmol scale, 64% yield, 40 mg, white solid,
m.p. 102-105 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(600 MHz, CDC13) 6 7.63 (d, J = 8.4 Hz, 2H), 7.44 (d, /= 7.8 Hz, 1H), 7.30 (d, J = 7.8 Hz, 1H),
7.26-7.20 (m, 2H), 7.14 (t,J=7.8 Hz, 1H), 7.10-7.06 (m, 3H), 6.97 (d, J= 8.4 Hz, 2H), 4.97 (t, J =
10.8 Hz, 1H), 3.64 (dd, J=19.2, 10.8 Hz, 1H), 3.26 (dd, /= 19.2, 9.6 Hz, 1H), 1.65 (s, 9H), 1.52
(s, 9H); BC NMR (150 MHz, CDCls): 6 205.9, 173.7, 170.7, 148.1, 147.8, 140.7, 140.3, 133.7,
133.2, 130.0, 129.9, 128.4, 126.1, 125.0, 124.7, 123.4, 122.0, 115.1, 114.8, 85.1, 84.8, 70.0, 65.2,
45.7, 40.3, 28.1, 27.9; HRMS (ESI) m/z: [M+H]" Calcd for C35H34CIN,O7" 629.2049; Found
629.2056. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =
254 nm, fr = 7.6 min (minor), 12.9 min (major), 88% ee. Optical rotation: [0.]*’p = -413 (c = 1.0

in EtOAc);
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3h, Prepared according to the general procedure in 0.1 mmol scale, 52% yield, 35 mg, white solid,
m.p. 138-141 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(400 MHz, CDCl3) 6 7.63 (d, J= 8.0 Hz, 2H), 7.44 (d, J = 8.0 Hz, 1H), 7.31-7.20 (m, 5H), 7.15 (t,
J=17.6 Hz, 1H), 7.08 (t, /= 7.6 Hz, 1H), 6.92 (d, J = 8.4 Hz, 2H), 4.96 (t, /= 10.8 Hz, 1H), 3.64
(dd, J=19.2,10.8 Hz, 1H), 3.27 (dd, J = 19.2, 10.0 Hz, 1H), 1.65 (s, 9H), 1.52 (s, 9H); *C NMR
(100 MHz, CDCls): 6 206.0, 173.8, 170.7, 148.0, 147.7, 140.6, 140.2, 133.6, 131.3, 130.2, 130.0,
129.9, 126.0, 125.1, 124.8, 123.4, 123.3, 121.9, 121.8, 115.1, 114.8, 85.1, 84.8, 69.9, 65.1, 45.7,
40.2, 28.0, 27.9; HRMS (ESI) m/z: [M+Na]" Calcd for C3sH33BrN:NaO;" 695.1363; Found
695.1373. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =
254 nm, #r = 7.0 min (minor), 12.1 min (major), 86% ee. Optical rotation: [a.]*>p = +483 (c = 1.0

in EtOAc);
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3i, Prepared according to the general procedure in 0.1 mmol scale, 82% yield, 50 mg, white solid,
m.p. 123-125 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(600 MHz, CDCls) 0 7.63 (t, J = 7.2 Hz, 2H), 7.43 (d, J = 7.8 Hz, 1H), 7.30 (d, J = 7.8 Hz, 1H),
7.25 (t,J=17.8 Hz, 1H), 7.21 (t, J=7.8 Hz, 1H), 7.15 (t, J= 7.2 Hz, 1H), 7.08 (t, /= 7.8 Hz, 1H),
7.03-7.00 (m, 2H), 6.81 (t, J = 8.4 Hz, 2H), 4.98 (t, /= 10.8 Hz, 1H), 3.64 (dd, J=19.2, 11.4 Hz,
1H), 3.27 (dd, J = 19.8, 10.2 Hz, 1H), 1.65 (s, 9H), 1.51 (s, 9H); 3C NMR (150 MHz, CDCl3): ¢
206.1, 173.8, 170.8, 163.1 (C-F, d, 'Jcr = 246.0 Hz), 148.1, 147.8, 140.7, 140.3, 130.2 (C-F, d, *Jc.
r = 2.4 Hz), 130.1, 130.06, 130.0, 129.8, 126.1, 125.1, 124.7, 123.5, 123.4, 122.0, 115.2 (C-F, d,
2Jer = 60.0 Hz), 115.0, 85.2, 84.7, 70.0, 65.3, 45.7, 40.5, 28.1, 27.9; HRMS (ESI) m/z: [M+Na]"
Caled for CssH33FNoNaO;" 635.2164; Found 635.2155. HPLC: CHIRALPAK IC, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =254 nm, fr = 7.2 min (minor), 11.0 min

(major), 88% ee. Optical rotation: [a.]*p = -312 (c = 1.0 in EtOAc).
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3j, Prepared according to the general procedure in 0.1 mmol scale, 55% yield, 35 mg, white solid,
m.p. 101-104 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(600 MHz, CDCl3) 6 7.99 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 7.8 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H),
7.44 (d, J=17.8 Hz, 1H), 7.29-7.23 (m, 5H), 7.18 (t, J= 7.2 Hz, 1H), 7.08 (t, /= 7.8 Hz, 1H), 5.13
(t,J=10.2 Hz, 1H), 3.71 (dd, J=19.2, 9.6 Hz, 1H), 3.27 (dd, /= 19.2, 10.2 Hz, 1H), 1.65 (s, 9H),
1.51 (s, 9H); BC NMR (150 MHz, CDCl3): 6 205.1, 173.5, 170.6, 148.0, 147.6, 147.5, 142.4, 140.7,
140.2, 130.25, 130.2, 129.5, 125.9, 125.1, 125.0, 123.4, 123.3, 122.8, 121.5, 115.2, 114.9, 85.3,
85.1, 70.0, 64.9, 45.8, 40.2, 28.1, 27.9; HRMS (ESI) m/z: [M+Na]* Calcd for C3sH33N3NaOq"
662.2109; Found 662.2122. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate =
1.0 mL/min, UV = 254 nm, fr = 11.9 min (minor), 18.7 min (major), 86% ee. Optical rotation:

[a]*p = +413 (c = 1.0 in EtOAc).

00
Boc\NJj
OTEN (6] .\Cone
‘Boc

3k
3k, Prepared according to the general procedure in 0.1 mmol scale, 43% yield, 28 mg, white solid,
m.p. 89-91 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). "H NMR
(600 MHz, CDCl3) 6 7.79 (d, J = 8.4 Hz, 2H), 7.65 (dd, J=15.0, 7.8 Hz, 2H), 7.42 (d, /= 7.8 Hz,
1H), 7.30 (d, J= 7.8 Hz, 1H), 7.26-7.19 (m, 2H), 7.16-7.06 (m, 4H), 5.07 (t, /= 10.8 Hz, 1H), 3.85
(s, 3H), 3.72 (dd, J=19.2, 10.8 Hz, 1H), 3.29 (dd, /= 19.8, 10.2 Hz, 1H), 1.65 (s, 9H), 1.50 (s, 9H);
13C NMR (150 MHz, CDCl5): 6 205.8, 173.6, 170.7, 166.6, 148.1, 147.7, 140.7, 140.2, 140.0, 130.0,
129.9, 129.6, 129.4, 128.6, 126.1, 125.0, 124.8, 123.4, 123.3, 121.9, 115.1, 114.8, 85.2, 84.8, 70.0,
65.1,52.0, 46.1, 40.2, 28.1,27.9; HRMS (ESI) m/z: [M+Na]" Calcd for C37H3¢N2NaOg" 675.2313;
Found 675.2315. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min,
UV = 254 nm, tr = 13.6 min (minor), 20.2 min (major), 86% ee. Optical rotation: [0.]*’p = +252

(¢ = 1.0 in EtOAc).
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31, Prepared according to the general procedure in 0.1 mmol scale, 45% yield, 28 mg, white solid,
m.p. 89-92 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). "H NMR
(400 MHz, CDCl3) 6 7.64 (t, J = 7.6 Hz, 2H), 7.45-7.42 (m, 3H), 7.29-7.22 (m, 3H), 7.19-7.15 (m,
3H), 7.08 (td, J=17.6, 0.4 Hz, 1H), 5.07 (t, /= 10.8 Hz, 1H), 3.68 (dd, /= 19.2, 11.2 Hz, 1H), 3.30
(dd,J=19.2,10.0 Hz, 1H), 1.65 (s, 9H), 1.52 (s, 9H); 13C NMR (100 MHz, CDCl5): 6 205.3, 173.6,
170.6, 147.9, 147.6, 140.7, 140.3, 140.2, 131.9, 130.2, 129.3, 126.0, 125.1, 125.0, 123.4, 122.9,
121.6,118.4,115.2,114.9, 111.7, 85.3, 85.1, 70.0, 64.9, 46.1, 40.0, 28.0, 27.9; HRMS (ESI) m/z:
[M+Na]" Calcd for C3sH33N3NaO;" 642.2211; Found 642.2216. HPLC: CHIRALPAK IC, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, ¢z = 15.0 min (minor), 26.0

min (major), 86% ee. Optical rotation: [a]*’p =-193 (c = 1.0 in EtOAc);

3m, Prepared according to the general procedure in 0.1 mmol scale, 60% yield, 37 mg, white solid,
m.p. 79-81 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). "H NMR
(400 MHz, CDCl3) 6 7.64 (t, J = 7.6 Hz, 2H), 7.45 (d, J = 8.4 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H),
7.27-7.02 (m, 5H), 6.71-6.65 (m, 2H), 6.51 (s, 1H), 4.98 (t, /= 10.8 Hz, 1H), 3.68 (dd, J = 19.2,
11.2 Hz, 1H), 3.57 (s, 3H), 3.27 (dd, J = 19.2, 10.0 Hz, 1H), 1.65 (s, 9H), 1.51 (s, 9H); *C NMR
(100 MHz, CDCls): 6 206.4, 173.8, 170.8, 159.2, 148.1, 147.9, 140.7, 140.4, 136.0, 129.9, 129.7,
129.1, 126.2, 125.0, 124.6, 123.8, 123.4, 122.1, 120.6, 115.0, 114.7, 114.0, 113.4, 85.1, 84.5, 69.9,
65.3,54.9,46.4,40.4,28.1,27.9; HRMS (ESI) m/z: [M+Na]" Calcd for C3sH3sN2NaOg" 647.2364;
Found 647.2356. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min,
UV =254 nm, g = 7.3 min (minor), 20.3 min (major), 90% ee. Optical rotation: [a]*’p = -131 (c

= 1.0 in EtOAc).
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3n, Prepared according to the general procedure in 0.1 mmol scale, 66% yield, 41 mg, white solid,
m.p. 113-115 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(600 MHz, CDCl3) 6 7.63 (t, J = 6.6 Hz, 2H), 7.43 (d, J = 7.8 Hz, 1H), 7.32 (d, J = 7.8 Hz, 1H),
7.24 (t,J=17.8 Hz, 1H), 7.18 (t,J=7.2 Hz, 1H), 7.13 (t, J= 7.2 Hz, 1H), 7.07 (t, /= 7.8 Hz, 1H),
6.86 (d, J=17.8 Hz, 1H), 6.80 (s, 1H), 6.75 (d, /= 7.2 Hz, 1H), 4.93 (t, /= 10.8 Hz, 1H), 3.67 (dd,
J=19.2,11.4 Hz, 1H), 3.23 (dd, J = 19.8, 10.2 Hz, 1H), 2.12 (s, 3H), 2.07 (s, 3H), 1.65 (s, 9H),
1.50 (s, 9H); 13C NMR (150 MHz, CDCls): § 206.7, 173.8, 170.8, 148.2, 148.1, 140.7, 140.4, 136.2,
135.9, 131.8, 129.9, 129.7, 129.5, 129.4, 126.2, 125.9, 125.0, 124.5, 124.0, 123.5, 122.3, 114.9,
114.7, 85.0, 84.3, 70.1, 65.4, 46.0, 40.6, 28.1, 27.9, 19.6, 19.2; HRMS (ESI) m/z: [M+Na]" Calcd
for C37H3sN2NaO7" 645.2571; Found 645.2579. HPLC: CHIRALPAK IC, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 6.7 min (minor), 10.4 min (major), 92% ee.

Optical rotation: [0.]*p = -55 (¢ = 1.0 in EtOAc);

B

Boc~p

' Br

F
Boc

3o

30, Prepared according to the general procedure in 0.1 mmol scale, 40% yield, 28 mg, white solid,
m.p. 138-141 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(600 MHz, CDCls) 6 7.63 (t, J= 7.8 Hz, 2H), 7.48 (d, J = 8.4 Hz, 1H), 7.29-7.22 (m, 4H), 7.16 (t,
J=17.8 Hz, 1H), 7.08 (t, /= 7.8 Hz, 1H), 6.93-6.91 (m, 1H), 6.86 (t, /= 8.4 Hz, 1H), 4.95 (t,J =
10.8 Hz, 1H), 3.59 (dd, J=19.2, 10.8 Hz, 1H), 3.27 (dd, J=19.2, 10.2 Hz, 1H), 1.65 (s, 9H), 1.54
(s, 9H); 3C NMR (150 MHz, CDCl3): § 205.5, 173.36, 170.7, 158.6 (C-F, d, 'Jcr = 255.0 Hz),
148.0, 147.8,140.7, 140.3, 133.4, 132.2 (C-F, d, “Jc.r = 4.3 Hz), 130.1 (C-F, d, *Jcr = 4.8 Hz), 129.2
(C-F, d,*Jcr =7.0 Hz), 126.0, 125.1, 124.9, 123.3, 123.2, 121.9, 116.2, 116.0, 115.1, 114.8, 108.8
(C-F, d, *Jcr=21.0 Hz), 85.2, 85.0, 69.9, 65.1, 45.4, 40.3, 28.1, 27.9; HRMS (ESI) m/z: [M+Na]*
Caled for C;3sH3BrFNoNaO;" 713.1269; Found 713.1259. HPLC: CHIRALPAK IC, n-

hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 6.4 min (minor), 11.0 min
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(major), 68% ee. Optical rotation: [a.]*’p = -74 (c = 1.0 in EtOAc).

3p, Prepared according to the general procedure in 0.1 mmol scale, 76% yield, 49 mg, white solid,
m.p. 104-106 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(600 MHz, CDCl3) 6 7.73-7.67 (m, 3H), 7.64-7.61 (m, 2H), 7.56 (d, J = 8.4 Hz, 1H), 7.41-7.38 (m,
2H), 7.37-7.33 (m, 2H), 7.25-7.23 (m, 1H), 7.19-7.15 (m, 2H), 7.09-7.04 (m, 2H), 5.18 (t, J=10.2
Hz, 1H), 3.85 (dd, J=19.2, 10.8 Hz, 1H), 3.35 (dd, J=19.2, 9.6 Hz, 1H), 1.67 (s, 9H), 1.37 (s, 9H);
13C NMR (150 MHz, CDCl5): 6206.3, 173.8,170.9, 148.2, 147.8, 140.7, 140.4, 133.1, 132.8, 132.1,
129.9, 129.7, 128.0, 127.7, 127.5, 127.3, 126.5, 126.2, 126.0, 125.97, 125.0, 124.6, 123.8, 123.5,
122.2,115.0,114.7,85.1, 84.5,70.2, 65.4,46.4, 40.5, 28.1, 27.8; HRMS (ESI) m/z: [M+Na]" Calcd
for C39H36N2NaO7" 667.2415; Found 667.2422. HPLC: CHIRALPAK IC, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r = 8.1 min (minor), 13.7 min (major), 90% ee.

Optical rotation: [a.]*p = -134 (c = 1.0 in EtOAc).

B J?O
oc~N—4
Q/N\Boc

3q

3q, Prepared according to the general procedure in 0.1 mmol scale, 50% yield, 32 mg, white solid,
m.p. 157-160 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(400 MHz, CDCl3) 0 8.07-8.05 (m, 1H), 7.77-7.66 (m, 4H), 7.60 (d, J= 8.8 Hz, 1H), 7.42-7.38 (m,
2H), 7.33-7.28 (m, 2H), 7.24-7.19 (m, 1H), 7.10 (t, J = 6.8 Hz, 1H), 6.98-6.93 (m, 2H), 6.22 (t, J =
10.8 Hz, 1H), 3.73 (dd, J=19.2, 11.2 Hz, 1H), 3.42 (dd, J = 19.6, 10.0 Hz, 1H), 1.68 (s, 9H), 1.53
(s, 9H); BC NMR (100 MHz, CDCl3): 6 206.2, 174.3, 171.3, 148.0, 147.9, 140.6, 139.8, 133.6,
132.4, 131.3, 129.9, 129.5, 128.5, 128.3, 126.5, 125.6, 125.4, 125.1, 125.0, 124.3, 124.0, 123.3,
123.1, 122.2, 114.7, 114.6, 85.4, 84.6, 70.4, 65.7, 42.5, 39.4, 28.1, 28.0; HRMS (ESI) m/z:
[M+Na]" Calcd for C3oH36N2NaO;" 667.2415; Found 667.2423. HPLC: CHIRALPAK IC, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =254 nm, g = 6.8 min (minor), 17.0 min

(major), 90% ee. Optical rotation: [a]*’p = -154 (c = 1.0 in EtOAc);
13
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3r, Prepared according to the general procedure in 0.1 mmol scale, 80% yield, 48 mg, white solid,
m.p. 101-104 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCl3) 0 7.64-7.61 (m, 2H), 7.50 (d, J= 8.8 Hz, 1H), 7.31-7.22 (m, 3H), 7.17-7.13 (m,
1H), 7.10-7.06 (m, 2H), 6.91-6.90 (m, 1H), 6.55 (dd, J=4.8, 1.2 Hz, 1H), 5.06 (t, /= 10.4 Hz, 1H),
3.61 (dd, J = 19.6, 11.2 Hz, 1H), 3.32 (dd, J = 19.6, 9.6 Hz, 1H), 1.65 (s, 9H), 1.53 (s, 9H); 13C
NMR (100 MHz, CDCl3): 6 206.3, 174.1, 170.7, 148.1, 148.0, 140.7, 140.4, 136.0, 130.0, 129.8,
127.2, 126.0, 125.5, 125.1, 124.7, 124.0, 123.3, 122.8, 122.0, 115.1, 114.8, 85.1, 84.6, 69.9, 64.6,
42.0, 41.4, 28.1, 27.9; HRMS (ESI) m/z: [M+Na]" Calcd for C33H3N,NaO7S*™ 623.1822; Found
623.1830.HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =
254 nm, fr = 7.2 min (minor), 11.9 min (major), 88% ee. Optical rotation: [o.]*p = -308 (c = 1.0

in EtOAc);

00
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3s, Prepared according to the general procedure in 0.1 mmol scale, 70% yield, 51 mg, white solid,
m.p. 113-115 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCls) ¢ 8.01 (d, J= 6.8 Hz, 1H), 7.72-7.69 (m, 1H), 7.63 (d, J= 8.0 Hz, 1H), 7.53 (s,
1H), 7.38-7.32 (m, 2H), 7.28-7.23 (m, 1H), 7.18-7.07 (m, 5H), 6.96 (t,J=7.6 Hz, 1H), 5.28 (t, /=
10.4 Hz, 1H), 3.56 (dd, J=19.6, 10.8 Hz, 1H), 3.44 (dd, J=19.6, 10.0 Hz, 1H), 1.67 (s, 9H), 1.64
(s, 9H), 1.53 (s, 9H); 13C NMR (100 MHz, CDCl3): § 206.2, 174.5, 170.8, 148.1, 148.0, 140.7,
140.3, 130.0, 129.9, 129.8, 126.0, 125.1, 124.6, 124.3, 124.27, 123.9, 123.4, 122.2, 122.0, 118.8,
115.8,115.0, 114.82, 114.8, 85.2, 84.6, 83.8,70.3, 64.6,42.5, 37.3,28.1,28.08, 27.9; HRMS (ESI)
m/z: [M+Na]" Calcd for C4H43N3NaOo" 756.2892; Found 756.2913. HPLC: CHIRALPAK IC, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #g = 5.6 min (minor), 8.6 min

(major), 96% ee. Optical rotation: [a.]*’p = +594 (c = 1.0 in EtOAc).
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3t, Prepared according to the general procedure in 0.1 mmol scale, 46% yield, 28 mg, white solid,
m.p. 83-86 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). "H NMR
(400 MHz, CDCl3) 0 7.62 (d, J= 8.0 Hz, 1H), 7.58-7.52 (m, 2H), 7.30-7.27 (m, 1H), 7.25-7.17 (m,
7H), 7.14-7.06 (m, 2H), 6.30 (d, J = 16.0 Hz, 1H), 6.02 (dd, J = 16.0, 8.8 Hz, 1H), 4.45 (dd, J =
18.8, 9.6 Hz, 1H), 3.33-3.17 (m, 2H), 1.63 (s, 9H), 1.57 (s, 9H); *C NMR (100 MHz, CDCl5): §
206.6, 174.5, 170.4, 148.1, 148.0, 140.7, 140.4, 136.3, 134.8, 130.0, 129.7, 128.4, 127.8, 126.4,
125.7,124.9,124.8,124.5,123.5,123.4,121.8, 115.1, 114.8, 85.0, 84.9, 69.8, 63.9, 44.7, 41.8, 28.0,
27.97, HRMS (ESI) m/z: [M+Na]" Calcd for C37H4N307" 643.2415; Found 643.2412. HPLC:
CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, tr = 7.7
min (minor), 12.7 min (major), 80% ee. Optical rotation: [a.]*>p = +504 (c = 1.0 in EtOAc).

[oNe]
Boc\NJ[

OBn

3u, Prepared according to the general procedure in 0.1 mmol scale, 39% yield, 26 mg, white solid,
m.p. 123-125 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(400 MHz, CDCl3) 6 7.65 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H),
7.34-7.21 (m, 8H), 7.11-7.03 (m, 2H), 4.41 (s, 2H), 3.71-3.62 (m, 1H), 3.41-3.33 (m, 2H), 3.13 (dd,
J=19.2,10.0 Hz, 1H), 2.92 (dd, J = 19.2, 10.8 Hz, 1H), 1.67-1.59 (m, 19H), 1.53-1.49 (m, 2H),
1.28-1.21 (m, 1H); 3C NMR (100 MHz, CDCls): 6 207.1, 174.7, 170.3, 148.3, 148.1, 140.7, 140.5,
138.3, 129.9, 129.7, 128.4, 127.6, 125.6, 124.9, 124.8, 124.1, 123.3, 121.9, 141.9, 115.0, 114.7,
84.9, 84.8, 72.8, 70.4, 69.7, 63.5, 41.9, 40.5, 28.5, 28.0, 26.1; HRMS (ESI) m/z: [M+Na]" Calcd
for C3oH42N2NaOs" 689.2833; Found 689.2824. HPLC: CHIRALPAK IC, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, tr = 8.4 min (minor), 12.2 min (major), 82% ee.

Optical rotation: [a]*°p = -312 (c = 1.0 in EtOAc).
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3v, Prepared according to the general procedure in 0.1 mmol scale, 12% yield, 6 mg, white solid,
m.p. 155-157 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 10:1). '"H NMR
(400 MHz, CDCl3) 6 7.65 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H),
7.26-7.22 (m, 3H), 7.12-7.05 (m, 2H), 3.25-3.01 (m, 3H), 2.46-2.38 (m, 1H), 1.61 (s, 9H), 1.61 (s,
9H); 3C NMR (100 MHz, CDCls): 6 207.8, 176.7, 170.0, 148.6, 148.1, 140.9, 139.8, 129.9, 129.7,
125.4, 124.9, 124.8, 123.7, 121.7, 115.0, 114.8, 84.89, 84.88, 69.0, 59.1, 36.1, 28.5, 28.1; HRMS
(ESI) m/z: [M+NH4]" Caled for Co9H34N307" 536.2391; Found 536.2406. HPLC: CHIRALPAK
IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 7.6 min (minor),

10.8 min (major), 84% ee. Optical rotation: [o]*°p = +686 (c = 1.0 in EtOAc).
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3w, Prepared according to the general procedure in 0.1 mmol scale, 42% yield, 26 mg, white solid,
m.p. 125-127 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCl3) ¢ 7.55 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.31 (d, /= 7.2 Hz, 1H),
7.18-7.14 (m, 5H), 7.11-7.07 (m, 1H), 7.04-6.96 (m, 4H), 3.66-3.58 (m, 1H), 3.06 (dd, J = 19.6,
10.0 Hz, 1H), 2.88 (dd, J=19.6, 10.4 Hz, 1H), 2.61-2.54 (m, 1H), 2.47-2.40 (m, 1H), 1.76-1.66 (m,
1H), 1.53 (s, 9H), 1.52 (s, 9H), 1.39-1.30 (m, 1H); 3C NMR (100 MHz, CDCl3): § 207.1, 174.7,
170.2, 148.2, 148.0, 141.1, 140.7, 140.5, 129.9, 129.7, 128.4, 128.2, 126.1, 125.5, 124.8, 124.7,
123.9, 123.2, 115.0, 114.7, 84.9, 84.8, 70.2, 63.5, 41.8, 40.5, 34.8, 31.5, 28.0; HRMS (ESI) m/z:
[M+Na]" Calcd for C3;7H3sN2NaO7" 645.2571; Found 645.2567. HPLC: CHIRALPAK IC, »n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #gr = 6.5 min (minor), 7.8 min

(major), 86% ee. Optical rotation: [o]*>p = -135 (c = 1.0 in EtOAc).
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3x, Prepared according to the general procedure in 0.1 mmol scale, 60% yield, 38 mg, white solid,
m.p. 125-127 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). "H NMR
(400 MHz, CDCl3) 6 7.51 (d, J = 8.4 Hz, 1H), 7.45 (s, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.15-7.10 (m,
4H), 7.04 (d, J= 7.6 Hz, 3H), 6.98 (d, J= 8.4 Hz, 1H), 4.97 (t, /= 10.8 Hz, 1H), 3.68 (dd, J=19.2,
11.2 Hz, 1H), 3.26 (dd, J=19.2, 10.0 Hz, 1H), 2.35 (s, 3H), 2.26 (s, 3H), 1.66 (s, 9H), 1.50 (s, 9H);
I3C NMR (100 MHz, CDCl3): 6206.9, 173.9, 171.0, 148.3, 148.1, 138.2, 137.9, 134.7, 134.3, 130.4,
130.1, 128.5, 128.2, 127.6, 126.6, 123.9, 123.7, 122.1, 114.6, 114.4, 84.8, 84.2, 70.1, 65.3, 46.2,
40.5, 28.1, 27.9, 21.2, 21.1; HRMS (ESI) m/z: [M+Na]" Calcd for C37H3sN,NaO;" 645.2571;
Found 645.2567. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min,
UV =254 nm, tg = 5.1 min (minor), 9.9 min (major), 86% ee. Optical rotation: [a.]*p =-171 (c =

1.0 in EtOAc).
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3y, Prepared according to the general procedure in 0.1 mmol scale, 74% yield, 48 mg, white solid,
m.p. 91.3-92.1 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). 'H NMR
(400 MHz, CDCl3) 6 7.57 (d, J = 8.4 Hz, 1H), 7.34 (d, /= 9.6 Hz, 1H), 7.23 (s, 1H), 7.16-7.11 (m,
3H), 7.08-7.06 (m, 2H), 6.91 (d, /= 2.4 Hz, 1H), 6.77 (dd, J = 8.8, 2.8 Hz, 1H), 6.71 (dd, J = 9.6,
1.2 Hz, 1H), 4.97 (t, /= 10.8 Hz, 1H), 3.81 (s, 3H), 3.72 (s, 3H), 3.70 (dd, J=19.2, 10.8 Hz, 1H),
3.27 (dd, J = 19.6, 9.6 Hz, 1H), 1.64 (s, 9H), 1.49 (s, 9H); 13C NMR (100 MHz, CDCl3): 6206.5,
173.9, 170.8, 157.04, 157.0, 148.3, 148.0, 133.8, 133.5, 128.5, 128.2, 127.7, 124.9, 123.1, 115.9,
115.6, 114.6, 111.4, 109.4, 85.0, 84.4, 70.2, 65.5, 55.5, 55.4, 46.4, 40.4, 28.0, 27.8; HRMS (ESI)
m/z: [M+Na]" Calcd for C37H3sN2NaOg* 622.2470; Found 677.2466. HPLC: CHIRALPAK OD-H,
n-hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, UV = 254 nm, #z = 6.8 min (minor), 16.9

min (major), 87% ee. Optical rotation: [0]*’p =-162 (c = 1.0 in EtOAc).
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3z+32’, Prepared according to the general procedure in 0.1 mmol scale, 36% yield, 26 mg. 3z, white
solid, m.p. 99-101 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). 'H
NMR (400 MHz, CDCl3) ¢ 7.89 (s, 1H), 7.68 (s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.30-7.22 (m, 2H),
7.19-7.13 (m, 4H), 7.03 (d, J = 7.2 Hz, 2H), 4.94 (t, /= 10.4 Hz, 1H), 3.66 (dd, J=19.2, 11.2 Hz,
1H), 3.26 (dd, J = 19.6, 10.0 Hz, 1H), 1.66 (s, 9H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCl3): ¢
205.4, 173.3,170.1, 147.7, 147.5, 141.6, 141.2, 133.8, 128.4, 128.2, 128.1, 127.8, 127.4, 124.6,
124.2,123.7,122.5,120.9, 118.6, 118.5, 85.9, 85.3, 69.5, 65.0, 46.5, 40.1, 28.0, 27.9; HRMS (ESI)
m/z: M" Caled for C3sHzBroNoNaO5" 750.0571; Found 750.0565. HPLC: CHIRALPAK IC, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #g = 3.6 min (minor), 4.4 min

(major), 78% ee. Optical rotation: [o.]*’p = +217 (c = 1.0 in EtOAc).
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32>, white solid, m.p. 101-102 °C,: "TH NMR (400 MHz, CDCls) 6 8.07 (d,J = 1.6 Hz, 1H), 7.70 (d,
J=1.2 Hz, 1H), 7.34-7.32 (m, 1H), 7.12-7.09 (m, 4H), 7.00-6.96 (m, 3H), 6.25 (d, /= 8.4 Hz, 1H),
5.36 (t,J=11.2 Hz, 1H), 3.51 (dd, J=20.0, 10.0 Hz, 1H), 3.27 (dd, J=19.6, 11.2 Hz, 1H), 1.68 (s,
9H), 1.52 (s, 9H); 13C NMR (100 MHz, CDCl3): 6 205.8, 172.0, 168.5, 148.4, 147.7, 141.9, 141.0,
134.4, 128.2, 127.9, 127.6, 127.2, 126.8, 126.78, 125.2, 124.2, 123.6, 122.8, 119.8, 119.1, 118.7,
85.4, 85.3, 69.9, 65.9, 45.7, 39.8, 28.1, 27.9; HRMS (ESI) m/z: M" Calcd for C35H3,BraN,NaO7*
750.0571; Found 750.0563. HPLC: CHIRALPAK IA, n-hexane/isopropanol = 80/20, flow rate =
1.0 mL/min, UV = 254 nm, fr =4.3 min (minor), 4.6 min (major), 78% ee. Optical rotation: [a]*°p

=+209 (c = 1.0 in EtOAc).
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3aa+3aa’, Prepared according to the general procedure in 0.1 mmol scale, 76% yield, 57 mg. 3aa,
white soild, m.p. 126-128 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient
8:1). "TH NMR (400 MHz, CDCl3) 6 7.75 (d, J = 2.0 Hz, 1H), 7.66-7.64 (m, 1H), 7.43-7.39 (m, 3H),
7.36-7.33 (m, 1H), 7.19-7.14 (m, 3H), 7.06-7.04 (m, 2H), 4.92 (t, J = 10.8 Hz, 1H), 3.67 (dd, J =
19.6,10.8 Hz, 1H), 3.26 (dd, J=19.6, 10.0 Hz, 1H), 1.69 (s, 9H), 1.54 (s, 9H); *C NMR (150 MHz,
CDCl3): 6 205.3, 172.7, 169.8, 140.2, 147.8, 139.8, 139.4, 133.8, 133.2, 132.9, 129.1, 128.5, 128 .4,
128.1,126.4,125.7,123.8,118.2, 117.9, 116.7, 116.5, 85.9, 85.4, 69.5, 65.0, 46.5, 40.3, 28.0, 27.9;
HRMS (ESI) m/z: [M+Na]" Caled for CssH32BroN2NaO7" 775.0448; Found 775.0456. HPLC:
CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, tr = 3.9

min (major), 4.4 min (minor), 64% ee. Optical rotation: [a.]*>p = +68 (c = 1.0 in EtOAc).
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3aa’, white solid, m.p. 103-105 °C: "TH NMR (400 MHz, CDCl3) 6 7.73 (d, J = 8.8 Hz, 1H), 7.39-
7.37 (m, 4H), 7.11 (t,J= 3.2 Hz, 3H), 7.01-6.99 (m, 2H), 6.54 (d, /=2.0 Hz, 1H), 5.36 (t, /= 10.8
Hz, 1H), 3.52 (dd, J = 20.0, 11.2 Hz, 1H), 3.31 (dd, J = 20.0, 11.2 Hz, 1H), 1.67 (s, 9H), 1.51 (s,
9H); 3C NMR (100 MHz, CDCl3): 6 205.8, 171.8, 168.3, 148.4, 147.8, 139.9, 138.8, 134.2, 132.9,
129.0, 128.3, 127.8, 127.6, 126.9, 125.8, 122.8, 117.2, 117.1, 116.8, 116.7, 85.3, 85.2, 69.9, 66.1,
45.8,39.6, 28.0,27.9; HRMS (ESI) m/z: [M+Na]* Calcd for C3sH3,Br,N,NaO7" 775.0448; Found
775.0459. HPLC: CHIRALPAK IA, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =
254 nm, tg = 3.9 min (major), 4.3 min (minor), 80% ee. Optical rotation: [a.]*p =-167 (¢ = 1.0 in

EtOAc).
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3ab+3ab’, Prepared according to the general procedure in 0.1 mmol scale, 50% yield, 33 mg, 3ab:
white solid, m.p. 104-105 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient
8:1). 'H NMR (400 MHz, CDCl3) 6 7.70 (d, J = 8.0 Hz, 1H), 7.62 (d, J= 1.6 Hz, 1H), 7.47 (d, J =

9.2 Hz, 1H), 7.31-7.24 (m, 3H), 7.21-7.14 (m, 3H), 7.06 (d, J = 6.8 Hz, 2H), 4.93 (t, /= 10.8 Hz,
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1H), 3.68 (dd, J=19.6, 11.2 Hz, 1H), 3.27 (dd, J = 19.2, 10.0 Hz, 1H), 1.69 (s, 9H), 1.54 (s, 9H);
I3C NMR (150 MHz, CDCl3): 6 205.4,172.9, 169.9, 148.0, 147.8, 139.3, 138.9, 133.9, 130.6, 130.4,
130.2, 130.0, 128.5, 128.4, 128.1, 126.3, 125.3, 123.6, 123.5, 116.3, 116.1, 85.9, 85.3, 69.6, 65.0,
46.4, 40.3, 28.0, 27.8; HRMS (ESI) m/z: M" Calcd for C3sH3CI,NoNaO7" 662.1581; Found
662.1582. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =
254 nm, tr = 3.8 min (minor), 4.4 min (major), 76% ee. Optical rotation: [a]*p = -40 (¢ = 1.0 in

EtOAc).

3ab’

3ab’, white solid, m.p. 101-103 °C. 'H NMR (400 MHz, CDCl3) 6 7.79 (d, J = 8.0 Hz, 1H), 7.43
(d, J=9.6 Hz, 1H), 7.24-7.19 (m, 3H), 7.11-7.09 (m, 3H), 7.01-6.99 (m, 2H), 6.38 (d, J=2.4 Hz,
1H), 5.37 (t, J=10.8 Hz, 1H), 3.53 (dd, J = 20.0, 10.4 Hz, 1H), 3.31 (dd, J = 19.6, 10.8 Hz, 1H),
1.67 (s, 9H), 1.51 (s, 9H); 13C NMR (100 MHz, CDCl3): 6 205.8, 171.9, 168.4, 148.4, 147.9, 139.4,
138.4, 134.2, 130.0, 129.9, 129.6, 128.2, 127.8, 127.6, 126.1, 125.4, 124.1, 122.5, 116.9, 116.3,
85.3, 85.1, 69.9, 66.1, 45.8, 36.6, 28.1, 27.9; HRMS (ESI) m/z: [M+NH4]" Calcd for
C3sH36CLN3O7" 680.1925; Found 680.1933. HPLC: CHIRALPAK IA, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, #rx = 3.8 min (minor), 4.2 min (major), 72% ee.

Optical rotation: [a.]*p =-131 (c = 1.0 in EtOAc).
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3ac+3ac’, Prepared according to the general procedure in 0.1 mmol scale, 53% yield, 34 mg, white
solid, m.p. 3ac: 85-88 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1).
3ac: 'H NMR (400 MHz, CDCl3) 6 7.71 (dd, J = 9.0, 4.8 Hz, 1H), 7.49 (dd, J = 8.8, 4.4 Hz, 1H),
7.39 (dd, J = 8.4, 2.4 Hz, 1H), 7.20-7.13 (m, 3H), 7.08-7.06 (m, 3H), 7.01-6.90 (m, 2H), 4.94 (t, J
=10.4 Hz, 1H), 3.69 (dd, /=19.2, 11.6 Hz, 1H), 3.27 (dd, /= 19.6, 10.0 Hz, 1H), 1.67 (s, 9H), 1.52
(s, 9H); BC NMR (150 MHz, CDCl3): 6 205.5, 173.2, 170.2, 161.1, 158.6, 148.5, 147.9, 136.7 (d

=19 Hz), 136.2 (d = 1.8 Hz), 133.9, 128.4 (d = 8.9 Hz), 128.0, 125.2 (d = 8.1 Hz), 123.5 (d =8.8
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Hz), 116.9, 116.7 (d = 4.7 Hz), 116.4, 116.3, 116.1 (d = 7.9 Hz), 113.9 (d = 28.0 Hz), 111.1 (d =
25.0 Hz), 85.6, 85.1, 69.8, 65.2, 46.4, 40.3, 27.9, 27.8; HRMS (ESI) m/z: [M+Na]" Calcd for
C3sH32F2N2NaO7™ 653.2070; Found 653.2086. HPLC: CHIRALPAK IC, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, tr = 3.7 min (major), 4.6 min (minor), 80% ee.

Optical rotation: [0]*°p = +247 (c = 1.0 in EtOAc).

3ac’

3ac’: white solid, M.P. = 89-91°C, 'TH NMR (400 MHz, CDCl3) § 7.83 (dd, J= 9.2, 4.4 Hz, 1H),
7.48 (dd, J= 8.2, 4.8 Hz, 1H), 7.11-7.06 (m, 3H), 7.02-6.92 (m, SH), 6.17 (d, J = 8.8 Hz, 1H), 5.41
(t,J=10.0 Hz, 1H), 3.54 (dd, /= 19.6, 10.0 Hz, 1H), 3.29 (dd, J = 19.6, 10.8 Hz, 1H), 1.68 (s, 9H),
1.51 (s, 9H);'*C NMR (100 MHz, CDCl3): 205.8, 172.2, 168.6, 160.3 (d = 12.0 Hz), 157.9 (d =
10.0 Hz), 148.5, 147.9, 136.9 (d = 2.0 Hz), 136.2, 134.2, 128.2, 127.8, 127.5, 125.3 (d = 7.0 Hz),
122.5 (d=28.0 Hz), 117.0 (d = 7.0 Hz), 116.7 (d = 9.0 Hz), 116.6 (d = 7.0 Hz), 116.4 (d = 4.0 Hz),
113.3(d=26.0Hz), 111.5 (d=26.0 Hz), 85.1, 85.0, 70.1, 66.2, 45.8, 39.5, 28.1, 27.9; HRMS (ESI)
m/z: [M+NH4]" Calcd for C3sH3¢F2N3O7" 648.2516; Found 648.2520. HPLC: CHIRALPAK 1A,
n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =254 nm, #gr = 3.8 min (major), 4.3 min

(minor), 74% ee. Optical rotation: [0.]*’p = +76 (c = 1.0 in EtOAc).

3ad+3ad’, Prepared according to the general procedure in 0.1 mmol scale, 55% yield, 42 mg. 3ad,
white solid, m.p. 117-120°C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1).
TH NMR (400 MHz, CDCl3) 6 7.74 (d, J = 1.6 Hz, 1H), 7.66-7.64 (m, 1H), 7.44-7.39 (m, 3H), 7.36-
7.33 (m, 1H), 6.97-6.92 (m, 4H), 4.89 (t, /= 10.8 Hz, 1H), 3.64 (dd, J = 19.6, 11.6 Hz, 1H), 3.23
(dd, J=19.6, 10.0 Hz, 1H), 2.24 (s, 3H), 1.69 (s, 9H), 1.55 (s, 9H); 1¥C NMR (150 MHz, CDCl3):
0205.5,172.8, 169.8, 148.1, 147.9, 139.8, 139.4, 137.7, 133.2, 132.8, 130.7, 129.1, 129.0, 128.4,
126.4,125.8,123.9,118.2,117.9,116.7,116.5, 85.9, 85.3, 69.6, 65.0, 46.2, 40.5, 28.0, 27.9; HRMS

(ESI) m/z: [M+Na]" Calcd for C3¢H34N>NaO7" 789.0605; Found 789.0617. HPLC: CHIRALPAK
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IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, fr = 4.0 min (minor), 4.5
min (major), 76% ee. Optical rotation: [a]*°p = -42 (c = 1.0 in EtOAc).
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3ad’, white solid, m.p. 107-119°C,'"H NMR (400 MHz, CDCI3) J 7.73 (d, J = 8.8 Hz, 1H), 7.41-
7.36 (m, 4H), 6.90 (dd, J = 11.6, 8.0 Hz, 4H), 6.51 (d, /= 2.0 Hz, 1H), 5.31 (t, /= 10.8 Hz, 1H),
3.50 (dd, J = 20.0, 10.0 Hz, 1H), 3.29 (dd, J = 20.0, 11.2 Hz, 1H), 2.20 (s, 3H), 1.67 (s, 9H), 1.51
(s, 9H); BC NMR (100 MHz, CDCl3): 6 206.0, 171.8, 168.3, 148.4, 147.8, 139.8, 138.9, 137.5,
132.8,132.78,131.0, 129.0, 127.5, 126.9, 125.9, 122.8,117.2,117.0, 116.8, 116.6, 85.2, 85.1, 70.0,
66.0,45.4,39.9,28.0,27.9; [M+Na]" Calcd for C36H34N>NaO7" 789.0605; Found 789.0620. HPLC:
CHIRALPAK IA, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r = 3.9

min (minor), 4.2 min (major), 88% ee. Optical rotation: [a.]*>p = -121 (c = 1.0 in EtOAc).
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3ae, Prepared according to the general procedure in 0.1 mmol scale, 46% yield, 36 mg, white solid,
m.p.: 89-91°C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). 'H NMR
(400 MHz, CDC13) 6 7.74 (s, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.44-7.39 (m, 3H), 7.36-7.33 (m, 1H),
6.97 (d, J = 8.8 Hz, 2H), 6.68 (d, J = 8.8 Hz, 2H), 4.87 (t, /= 10.4 Hz, 1H), 3.72 (s, 3H), 3.62 (dd,
J=19.6,11.6 Hz, 1H), 3.23 (dd, J=19.6, 11.6 Hz, 1H), 1.69 (s, 9H), 1.55 (s, 9H); '3C NMR (150
MHz, CDCl3): 6 205.4, 172.9, 169.8, 159.2, 148.0, 147.8, 139.8, 139.4, 133.1, 132.8, 129.6, 129.1,
126.4,125.8,125.6,123.9,118.2,117.9,116.7, 116.5, 113.8, 85.9, 85.3, 69.6, 65.0, 55.1, 45.9, 40.6,
28.0, 27.9; HRMS (ESI) m/z: [M+Na]* Calcd for C36H34Br2N2NaOsg™ 803.0575; Found 803.0574.
HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm,

tr = 4.9 min (major), 7.0 min (minor), 62% ee. Optical rotation: [a.]*p = -69 (¢ = 1.0 in EtOAc).
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3af, Prepared according to the general procedure in 0.1 mmol scale, 63% yield, 49 mg, white solid,
m.p.: 82-83°C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCl3) 6 7.65 (d, J = 8.8 Hz, 1H), 7.49 (d, J = 8.8 Hz, 1H), 7.46 (d, J = 1.6 Hz, 1H),
7.41-7.37 (m, 2H), 7.34 (d, J= 1.6 Hz, 1H), 7.28-7.25 (m, 2H), 7.20 (d, J=7.2 Hz, 1H), 7.08 (d, J
= 8.0 Hz, 2H), 3.66-3.57 (m, 1H), 3.12 (dd, /= 18.8, 9.6 Hz, 1H), 2.91 (dd, /= 19.2, 10.4 Hz, 1H),
2.685-2.612 (m, 1H), 2.587-2.511 (m, 1H), 1.80-1.70 (m, 1H), 1.65 (s, 9H), 1.64 (s, 9H), 1.44-1.35
(m, 1H); 3C NMR (150 MHz, CDCls): § 205.7, 173.5, 169.2, 148.2, 147.99, 140.8, 139.8, 139.6,
133.1, 132.9, 128.5, 128.3, 126.3, 125.9, 123.6, 118.2, 118.0, 116.8, 116.5, 85.8, 85.7, 69.7, 63.1,
41.6, 40.8, 34.8, 31.5, 28.0; HRMS (ESI) m/z: [M+Na]" Calcd for C37H36BraNNaO7" 803.0761;
Found 803.0779. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min,
UV = 254 nm, fr = 4.2 min (minor), 5.3 min (major), 57% ee. Optical rotation: [0.]*’p = -48 (c =

1.0 in EtOAc).

S5a+5a’, Prepared according to the general procedure in 0.1 mmol scale, 68% yield, 40 mg, Sa: white
solid, m.p. 107-108 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). Sa:
'"H NMR (400 MHz, CDCls) 6 7.76 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.39-7.30 (m, 3H),
7.26-7.19 (m, 5H), 7.16-7.10 (m, 3H), 6.98 (t, /= 8.0 Hz, 1H), 1.58 (s, 9H), 1.51 (s, 9H);!3C NMR
(100 MHz, CDCl3): 196.6, 172.0, 169.2, 168.6, 148.3, 148.1, 141.1, 139.6, 133.3, 131.5, 131.1,
130.3,130.2, 128.8, 127.8, 126.9, 126.2, 124.8, 124.7, 123.1, 120.8, 115.1, 114.8, 85.1, 84.6, 72.1,
66.8, 28.0, 27.9; HRMS (ESI) m/z: [M+H]" Calcd for C3sH33N>07" 593.2282; Found 593.2280.
HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm,

tr = 14.3 min (major), 45.0 min (minor), >99:1 er. Optical rotation: [a.]*>p = +23 (c = 1.0 in EtOAc).
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5a’: white solid, m.p. 95-97 °C, 'TH NMR (400 MHz, CDCl3) § 7.79 (d, J = 8.0 Hz, 1H), 7.75 (d, J
=8.0 Hz, 1H), 7.31-7.17 (m, 5H), 7.11 (d, J= 8.0 Hz, 2H), 7.04 (s, 1H), 6.91-6.82 (m, 3H), 6.71 (d,
J=8.0 Hz, 1H), 1.51 (s, 9H), 1.50 (s, 9H);!3C NMR (100 MHz, CDCl5): 196.1, 170.1, 169.3, 167.5,
148.8, 148.7, 140.8, 139.8, 131.5, 131.3, 130.4, 130.38, 130.1, 129.1, 127.7, 125.0, 124.8, 124.5,
124.3, 123.7, 122.2, 115.7, 115.2, 84.8, 84.6, 28.0, 27.9; HRMS (ESI) m/z: [M+H]" Calcd for
C3sH33N>07" 593.2282; Found 593.2278. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20,
flow rate = 1.0 mL/min, UV = 254 nm, #r = 20.7 min (major), 48.1 min (minor), 34% ee. Optical

rotation: [0]*’p = -8 (c = 1.0 in EtOAc).
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6, Prepared according to the general procedure in 0.2 mmol scale, 71% yield, 60 mg, white solid,
m.p. 231-233 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). 'TH NMR
(400 MHz, CDCl3) 6 7.59 (d, J = 7.2 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 7.18 (t, /= 7.6 Hz, 1H),
7.17-7.03 (m, 6H), 7.01-6.93 (m, 2H), 6.64 (d, J = 8.0 Hz, 1H), 6.38 (d, /= 7.6 Hz, 1H), 5.15 (t, J
=10.8 Hz, 1H), 3.74 (dd, J; = 19.2 Hz, J; = 12.0 Hz, 1H), 3.19 (dd, J; = 19.2 Hz, J; = 10.0 Hz, 1H),
3.15 (s, 1H), 2.75 (s, 1H); 3C NMR (100 MHz, CDCl3): 6 208.1, 175.0, 171.6, 144.4, 143.9, 135.3,
129.4,129.0,128.2,127.8,127.3,125.9, 125.5, 124.1, 123.7, 123.2, 122.8, 108.2, 108.0, 69.3, 64.0,
45.8, 40.3, 26.3, 25.3. HRMS (ESI) m/z: [M+H]" Caled for Cy7H23N,O3" 423.1703; Found
423.1705. HPLC: CHIRALPAK IC, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =
254 nm, fr = 22.4 min (minor), 43.1 min (major), 92% ee. Optical rotation: [o]*p = +12 (¢ = 1.0

in EtOAc).
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7, Prepared according to the general procedure in 0.14 mmol scale, 82% yield, 49 mg, white solid,
m.p. 247-248 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR
(400 MHz, CDCl3) 6 7.49 (d, J = 7.6 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.14 (t, J= 7.6 Hz, 1H),
7.08-7.02 (m, 6H), 6.97-6.92 (m, 2H), 6.61 (d, /= 8.0 Hz, 1H), 6.32 (d, /= 8.0 Hz, 1H), 5.76-5.70
(m, 1H), 5.01 (t,J=10.4 Hz, 1H), 3.49-3.41 (m, 1H), 3.19 (s, 1H), 2.72 (s, 1H), 2.61-2.53 (m, 1H),
2.24 (d, J=9.2 Hz, 1H); 3C NMR (100 MHz, CDCl;5): 6 175.9, 175.4, 144.1, 143.6, 137.4, 128.7,
128.6, 128.5, 127.6, 126.8, 126.1, 124.3, 123.6, 122.8, 122.4, 107.9, 107.6, 66.7, 65.6, 48.7, 37.4,
26.0,25.4; HRMS (ESI) m/z: [M+H]" Caled for C27H2sN2O3 " 425.1860; Found 425.1848; HRMS
(EST) m/z: [M+H]" Caled for C27H2sN>03" 425.1860; Found 425.1848. HPLC: CHIRALPAK IC,
n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #gr = 38.6 min (major), 62.3

min (minor), 82% ee. Optical rotation: [a.]*’p = -11 (c = 1.0 in EtOAc).
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Part 5: HPLC spectra for all the products
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Bt [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 6.991 2652.26 113.30 50.89
2 16.914 2559.11 27.73 49.11
Total 5211.37 100
WDLA, ¥ "
40
a5
304 1
2 ]
151 =
10 =
y A
0 1 2 { 5 6 1 8 0 11 12 13 14 15 16 17 18 19 20 21 22 23
AR [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 6.803 125.66 6.20 6.64
2 16.923 1766.99 18.63 93.36
Total 1892.65 100
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[O)e]
Boc\N_J[
Br 5. (o) Ph

N\
Boc
Br
3z
D1A, Wavelength=254 nm
160 B
1401 7
1201
1001
Z 80
6
404
20+
U—
0 i 2 3 ‘II a (.3 al ZIS lIU 11 lIZ 13 II-'I 15
Bt [mind
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.635 5566.47 794.24 53.35
2 4.379 4867.49 711.76 46.65
Total 10433.96 1506.00 100
VWD1A I nm
4004 o
3504
300+
_ 250+
2 2001
1504
1004
50
0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
B[ [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.624 788.85 105.06 10.64
2 4.351 6624.73 906.36 89.36
Total 7413.58 1011.42 100
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mALl

220

2001
1804
160+
140
120
100
80+
iy
401
an
0

0. 000. 250. 500. T51. 001. 251. 501. 752. 002, 252. 502. 753. 003. 253. 503. 754. 004. 254. 504. 755. 005, 255. 505. 756. 006. 256. 506. 757 00T, 257. 50

B [minl
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4.252 740.10 103.44 48.55
2 4.583 784.25 89.68 51.45
Total 1524.35 193.12 100
ngth=254 nm
3004
700
600+
500
E 4001
300
2004
1004

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0. 000, 250, 500, 751, 001. 251. 501. 752, 002, 252. 50, 754, 003, 253, 503, 754. 004, 254. 504, 755, 005, 255, 505, 756, 006. 256, 506, 757, 007, 257. 50

Bf(E [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4.252 815.10 121.03 11.49
2 4.600 6279.31 560.58 88.51
Total 7094.41 681.61 100

52




(0]
Boc\N__/[_

mALl

220

@)

2001
180
1604
140
120
1004
80
60
404
201

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0. 000. 250, 500, 751, 001, 251. 501. 752, 002, 252, 502, 753, 003, 253, 503. 754, 004, 254. 504. 755, 005. 255, 505. T56. 006. 256, 506, T57. 007, 257. 50

Sec
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4.030 1490.84 154.94 49.26
2 4.751 1535.81 158.03 50.74
Total 3026.65 312.97 100
ength=254 nn
x10 31 =
L 4
L. 2-
L. 0
Z 0.8
0. 6 :
0. 44
0. 2-
0.0
00 o5 10 15 20 %5 30 35 40 45 50 &5 60 65 7.0 7.5
Sec
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4.154 2737.39 380.03 17.88
2 4.846 12569.95 1423.41 82.12
Total 15307.34 1803.44 100
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220

2001
180
160
140+
120+
100
Bl
60
404
20
0

mALl

0. 000. 250. 500. 751. 001. 251. 501. 752, 002. 252. 502. 753, 003. 253. 503. 754. 004. 254. 504. 755. 005. 255. 505. 756. 006. 256. 506. T57. 007. 257. 50

i [min]

Peak#

Ret. Time (min)

Area (mAU)

Height (mAU)

Area %

1

3.902

597.98

93.08

52.09

2

4.290

550.08

77.32

4791

Total

1148.06

170.40

100

mALl

8004
7004
6004
5004
4001
3004
2004
1007

3. B84

X

0. 000. 250. 500. 751. 00L. 251. 501. 752, 002. 252. 502. 753. 003. 253. 503. 754. 004. 254. 504. 755. 005. 255. 505. T56. 006. 256. 506. T57. 007. 257. 50

i [min]

Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.884 3368.39 449.34 90.19
2 4.264 366.30 53.05 9.81

Total 3734.68 502.39 100
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@)

(0]
Boc\N_J['

Ph
CION
Cl \Boc
3ab
.Il"llilél:.l" ||.-| 11!
220
2004
1804
1607
1407
_ 120
E 1004
80
B0
104
204
i
0.0 05 1.0 15 20 2.5 2.0 35 40 45 G50 55 60 65 7.0 T.5 80 8.5
Bf (Rl [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.836 868.39 82.87 49.26
2 4.444 894.46 106.61 50.74
Total 1762.86 189.48 100
g LA, VaveLength-254 um
1001
90+
80 .
70 =
a0
Z 50
.10_
301
201
104
o
0.0 05 1.0 15 20 25 30 35 40 45 50 55 60 65 7.0 7.5 BO B85
Bf (] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.837 61.32 7.07 11.75
2 4.442 460.74 56.11 88.25
Total 522.06 63.18 100
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0. 84
0.7 =
—  0.67 =
E 0.5
0. 41
0. 31
0. 24
0.1
0.0
0.0 0.5 © 1.5 2.0 25 3.0 3.5 40 45 50 55 6.0 6.5 5 80 85
B iE] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.793 3685.58 486.40 48.28
2 4.182 3947.98 463.92 51.72
Total 7633.56 950.32 100
YWD1A th=254 nm
x10 7 | =
0. 94
0. 8
0. 71
_ 0.6
ré 0:5-
0. 41
0. 31
0. 24
0. 11
0.0 —
0.0 0.5 1.5 2.0 25 30 3.5 40 45 50 55 6.0 6.5 5 80 85
B [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.783 1257.66 184.62 14.39
2 4.161 7483.19 900.74 85.61
Total 8740.85 1085.36 100
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@)

(0]
Boc\N_J['

mAll

35 4.0 4.5

B[ [minl

55 6.0 6.5

7.5 8.0 8.5

Peak#

Ret. Time (min)

Area (mAU)

Height (mAU)

Area %

3.700

2003.60

292.08

52.70

4.561

1798.52

222.49

47.30

Total

3802.12

514.57

100

a5

5001
3501
3001
2501
2001
150
100

50

mALl

J*\
35 4.0

0.0 0.5 10

L5 20 25 3.0

4.5

) 5.5 6.0 6.5 7.5 8.0 85
Bt Tmind
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.700 2581.12 339.31 89.50
2 4.560 302.83 43.66 10.50
Total 2883.94 382.97 100
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3004
2501
200 ;
% 150] -
1004
501
0.0 05 1.0 L5 20 25 30 35 40 45 50 55 60 65 7.0 7.5 80 B85
Bf (A [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.812 953.01 140.15 51.56
2 4.346 895.20 109.61 48.44
Total 1848.21 249.76 100
VWD1A, Wavelength=254 nm
x10 %7
1. 47
1. 21
1. 01
Z 0.8
0. 64
0. 41 ;
0. 21
0.0 0.5 1.0 1.5 20 25 30 35 40 45 50 55 60 65 7.0 5 8.0 8.3
Bt [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.789 6697.02 862.75 87.36
2 4.309 969.22 151.55 12.64
Total 7666.24 1014.30 100
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mALl

0. 000. 250. 500. T51. 00L. 251. 501. T52. 002. 252. 502. 753. 003. 253. 503. 754. 004. 254. 504. 755. 005. 255. 505. 756. 006. 236. 506. T5T. 007. 257. 50

Bt [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.895 616.23 55.53 49.37
2 4.167 631.94 54.29 50.63
Total 1248.18 109.82 100
VWD1A, Wavelength=254 nm
325 =
300 =
275
250
295+
200
= 175
g 1501
1251
100 £
751 -
504
A\
;0 0.5 1.0 L5 20 25 3.0 35 4.0 45 50 55 6.0 65 7.0 7.5 80 85 9.0 95 10.0 10.5 11.0
Sec
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.996 471.72 41.19 11.51
2 4.468 3627.63 286.50 88.49
Total 4099.34 327.69 100
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3ad’

110

1004
90
80
70
60
50
404
30
20
1(H
0

mALl

1. 181

0. 000. 250. 500. 751. 00L. 251. 501. 752. 002. 252. 502. 753. 003. 253. 503. 754, 004. 254. 504. 755. 005, 255. 505. 756. 006. 256. 506. T57. 007. 257. 50

Peak#

Ret. Time (min)

Area (mAU)

Height (mAU)

Area %

1

3.923

527.10

57.99

48.82

2

4.181

552.60

55.29

51.18

Total

1079.71

113.28

100

550

a004
450+
4004
350+
300+
250+
200+
1504
100

50+

mALl

0. 000. 250. 500. 751. 00L. 251. 501. 752. 002. 252. 502. T53. 003. 253. 503. 754. 004. 254. 504. 755. 005, 255. 505. 756. 006. 256. 506. T57. 007. 257. 50

BHiE [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.926 169.64 21.79 6.05
2 4.180 2633.84 242.55 93.95
Total 2803.48 264.34 100
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400
3504
2501 Y
% 2004 |
150 I
1004
50
(\ — e e k' — — — — - —
0.0 0.5 L0 L5 2.0 2.5 3.0 3.5 40 45 50 55 6.0 65 7.0 7.5 8.0 85 9.0 95 10.0 10.511.0 11.5 12.0
B8 [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4.930 2018.78 238.62 50.11
2 6.997 2010.07 230.54 49.89
Total 4028.85 100
3001
2601
) 2001 *
T 150 |
100 =
501 +
o4 . | ! ._.I',_. ! 5 S — - | !
0.0 0.5 L0 L5 20 2.5 2.0 3.5 40 45 50 55 60 6.5 7.0 7.5 8.0 85 9.0 9.5 10.0 10.5 1.0 11.5 12.0
B [min)
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4.938 359.27 45.09 18.87
2 7.002 1544.18 176.05 81.13
Total 1903.45 100




@)

(0]
Boc\N_J[_

x10 2 =)
L. 0] .
0. 81
= s
0.4
0.¢
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 50 55 60 65 7.0 7.5 80 85 9.0 9.5 10.0 10.5 11.0
FrfE [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4.242 751.02 98.68 494
2 5.329 769.20 89.99 50.6
Total 1520.23 100
VWD1A, lengtl nm
x10 2 | =
4. 01 T
3. 5
3.0
2 2.5
2.0 S
1.5 3
1.0]
0. 5
0.0 0.5 1.0 15 20 25 3.0 3.5 40 45 50 55 60 65 7.0 7.5 80 B85 9.0 9.5 10.0 10.5 11.0
Bt [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 4221 940.10 127.51 21.26
2 5.267 3481.78 406.43 78.74
Total 4421.88 100
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1401
1201
1001 4
Z 80
60
10
20
N s
0 2 4 6 81012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Sec
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 14.283 2972.92 80.09 51.71
2 45.047 2775.94 12.92 48.29
Total 5748.86 100
VWDIA, Wavelength=254 m
3254
3004 3
2751 v
2501
2951
2001
o 1757
E 1504
1254
100
751 :
501 =
e\ 3
8 10 12 14 16 18 20 22 24 26 28 30 32 34 38 38 40 42 44 48 48 50 52 54 56 58 60 62
Sec
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 14.947 10682.26 260.75 99.99
2 45.136 1.58 0.03 0.01
Total 10683.84 100
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601
50
404 =
e 3
204 E:
0 éni 6 : 12 14 16 18 20 22 24 26 28 30 5;!"2 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 20.667 531.17 7.54 50.71
2 48.118 516.28 3.09 49.29
Total 1047.45 100
WDIA, Vavelength=251 nm
601 j
50 Y
401
e
204 f
02 4 6 8 10121416 1820 222 2 28 30 32 34 36 38 40 42 44 46 48 50 52 54 % % 0 2
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 20.706 1365.01 19.72 67.18
2 48.289 666.85 4.02 32.82
Total 2031.86 100
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o]
454
40H
351
_ 307
"
151 v
N
i} IIS IIU 1I2 II-'l Il'ti IIS 2IU 2I2 ZI-‘J 2|6 2|8 EIU 'JIZ SI-I JIG JIB -IIU -1|2 -1I-'l -'llb' -'IIB SIU 5|2 5|-'l 5l'ti SIB 'tiIU
i [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 22.975 1406.26 27.55 50.33
2 43.873 1387.58 14.11 49.67
Total 2793.84 41.66 100
16
14
12
104
z 9 v
14 :
i v )\
6 ‘I{ Ilf] 1‘:3 III Ill'\ II‘\' Z.’I[] f."'.f Zfll I'\ f.'l‘\' ::(l :3".! -ill Hll'\ :’,IH lll! lIZ? I‘l I.ti ll.‘\‘ .'I ;'Jll \I!'\ .'|IR l':[l
BfE] [min
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 22.332 17.62 0.40 2.63
2 43.289 635.27 6.95 97.37
Total 670.89 7.35 100
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0 OH
Me~N_J[ :

7
1201
1001
801
£ 6o
101
201
ot
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 'Ea's 40 42 41 46 48 50 52 54 56 58 60 62 61 66 68 70 72 74
Bf 8] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 37.720 10278.17 103.32 49.19
2 62.261 10398.40 71.30 50.81
Total 20676.57 174.62 100
_ VDIA, Wavelength=254 nn
504
4.5 i
4. 01 R
3. 54 =
3.0
Z 55
2.0
1.5 3
1.0 =
[ A}p\
0. 0
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74
BtiEl mind
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 38.580 300.13 2.70 91.03
2 62.292 29.57 0.20 8.97
Total 329.69 100
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Part 6. Crystal structure data.

The racemic 3ad, 3ac’ and chiral product 7 were obtained by slow diffusion in CH,Clo/hexanes at
room temperature, colorless crystals were observed. Supplementary information of the crystals are
available under CCDC number (3ad: 2107861), (3ac’: 2107864), (7: 2158074)which could be
accessible at free of charge from The Cambridge Crystallographic Data Centre via

www.ccde.cam.ac.uk. Thermal ellipsoid probability is 30%.

I. Crystal structure of racemic 3ad and 3ac’.

000 ¢
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II. Crystal structure of chiral product 7.

O OH
Me __/j =

Table 1 Crystal data and structure refinement for cu_220228 OCF_7 Om.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°
Volume/A3
Z
Pealcg/cm’
-1

pw/mm

F(000)

cu 220228 OCF_7 Om
CssHsoC1.FN4Os
933.89

170(2)
monoclinic

P2,

13.2632(4)
9.2221(3)
19.4715(6)

90

97.7280(10)

90

2360.02(13)

2

1.314

1.693

980.0
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Crystal size/mm’

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A3

Flack parameter

0.480 x 0.230 x 0.160
CuKo (1 = 1.54178)

4.58 to 136.638
\15<h<15,-11<k<11,-23<1<23
39406

8486 [Rin = 0.0390, Rigma = 0.0362]
8486/32/608

1.151

R, =0.0399, wR, = 0.1275

R, =0.0412, wR, = 0.1299

0.36/-0.39

0.044(5)

Table 2 Fractional Atomic Coordinates (x 10*) and Equivalent Isotropic Displacement

Parameters (A2x10%) for cu_220228 OCF_7 Om. U is defined as 1/3 of of the trace of the

orthogonalised Uyy tensor.

Atom X

Cl1 11051.8(10)
CI2 11080.4(9)
Ol 4618.2(16)
02  5051.1(17)
03 1412.5(15)
04 7243.4(15)
05 5602.3(14)
06  6231.0(14)
N1 1020.9(17)

y

6668.4(15)
4012.8(16)
116(3)
3500(3)
1089(2)
9409(2)
9897(2)
5626(2)

3341(2)

z U(eq)

8413.5(7) 77.6(3)
7608.5(6) 76.6(3)
5528.3(10) 41.9(5)
5612.3(12) 49.5(6)
5206.4(11) 33.7(4)
8441.6(11) 34.1(4)
9365.8(11) 34.8(4)
10224.8(10) 35.5(4)
5595.8(12) 29.6(4)
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N2

N3

N4

Cl

C2

C3

C4

Cs5

C6

C7

C8

C9

C10

Cll1

Cl12

CI13

C14

C15

Cl16

C17

C18

C19

C20

C21

C22

C23

C24

4849(2)
5894.0(16)
6976.9(19)
2198(4)
1454(5)
750(5)
776(4)
1523(3)
2241(2)
3062(2)
3555(2)
3678(2)
3542.9(18)
2719.0(18)
1656.6(18)
1513(2)
2530(2)
3145(2)
2714(3)
1699(3)
1082(3)
-55(2)
4561(2)
4154(2)
4242(3)
3480(3)

2672(3)

2791(3)
8310(2)
4088(2)
5017(5)
5548(8)
4676(10)
3159(10)
2593(7)
3518(4)
3013(3)
1528(4)
816(3)
2065(3)
3021(3)
2324(3)
4673(3)
4538(3)
5767(3)
7075(3)
7164(3)
5959(4)
3097(4)
2879(3)
1966(3)
1538(5)
650(5)

218(4)

6704.1(13)
7782.8(11)
9520.9(14)
3948.7(18)
3459(2)

3118(3)

3246(2)

3747.9(18)
4102.7(14)
4659.8(13)
4596.2(14)
5317.2(12)
5829.4(12)
5402.7(12)
5386.3(12)
5738.1(13)
5648.9(12)
5716.5(15)
5887.1(18)
5985(2)

5900.9(19)
5627(2)

6012.9(15)
7027.2(14)
7715.5(16)
7907.9(16)

7432.7(17)

40.5(6)
28.1(4)
37.9(5)
62.2(11)
90.0(18)
103.1(17)
91.4(14)
63.6(11)
41.8(7)
29.3(5)
39.2(6)
28.6(5)
25.5(5)
23.2(5)
24.3(5)
30.3(5)
27.3(5)
38.3(6)
50.3(9)
54.9(9)
46.7(7)
47.2(7)
33.7(6)
35.6(6)
52.4(9)
55.8(9)

48.8(8)
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C25

C26

C27

C28

C29

C30

C31

C32

C33

C34

C35

C36

C37

C38

C39

C40

C41

C42

C43

C44

C45

C46

C47

C48

C49

C50

Cs1

2593(2)
3347(2)
5790(3)
9544(2)
10307(2)
10180(2)
9268(2)
8492(2)
8618.9(18)
7800.1(17)
7073.4(19)
6013.5(17)
6181.2(17)
7061.8(17)
6684.6(18)
7455(2)
7529.1(19)
7985(2)
8341(3)
8266(3)
7817(3)
6524.7(18)
5143.5(19)
5265.0(17)
4586.1(19)
3802(2)

3711(2)

672(3)
1545(3)
3362(5)
6541(3)
5798(4)
5346(4)
5640(4)
6380(3)
6835(3)
7608(2)
8650(3)
8532(3)
7581(2)
6556(2)
5395(3)
4192(3)
5638(3)
5996(4)
4854(6)
3442(5)
3055(4)
8564(2)
7292(3)
6835(3)
5837(3)
5319(4)

5774(4)

6744.6(15)
6539.9(12)
7056(2)
9953.8(15)
10365.7(18)
11014.0(17)
11253.9(16)
10849.9(14)
10187.0(13)
9705.1(12)
10024.4(14)
9582.3(12)
8952.4(11)
9250.0(11)
9728.9(13)
8926.1(17)
8732.8(13)
8156.0(15)
7781.4(18)
7984(2)
8563(2)
8382.2(12)
7880.1(13)
8568.9(12)
8776.9(13)
8283.5(15)

7601.8(16)

35.3(6)
27.5(5)
61.4(10)
35.1(6)
43.9(7)
43.1(7)
45.0(7)
35.7(6)
24.2(5)
22.4(5)
29.3(5)
24.1(5)
20.7(4)
21.3(4)
27.0(5)
37.4(6)
28.4(5)
43.8(7)
66.9(13)
68.9(14)
56.2(10)
24.2(5)
26.7(5)
22.7(4)
29.3(5)
39.1(6)

44.5(7)
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C52

C53

C54

C55

4372(2)
6024(3)
6855(4)

10910(3)

6788(4)
8975(4)
2773(4)

4783(5)

7390.5(14)
7121.1(15)
9920(3)

8404(2)

37.4(6)
42.3(7)
70.2(13)

59.9(10)

Table 3 Anisotropic Displacement Parameters (A2x10% for cu 220228 OCF_7 Om. The

Anisotropic displacement factor exponent takes the form: -21?[h?a*2U1+2hka*b* U +--].

Atom Uy

Cl1

Cl12

01

02

03

04

05

06

N1

N2

N3

N4

Cl

C2

c3

C4

Cs

C6

Cc7

C8

73.0(7)
63.9(6)
35.7(10)
28.7(10)
28.8(9)
29.1(9)
24.7(9)
25.7(9)
24.5(10)
33.0(12)
26.2(10)
32.6(12)
83(3)
107(4)
78(3)
56(2)
42.0(17)
31.7(14)
25.1(12)

42.5(15)

Un
80.7(7)
99.6(8)
56.4(12)
66.6(15)
26.8(9)
27.9(9)
28.3(9)
48.1(11)
28.1(10)
47.4(14)
30.6(10)
22.1(11)
75(2)
119(4)
185(4)
175(4)
114(3)
73(2)
40.8(13)

51.3(17)

Uss
80.5(7)
67.6(6)
33.2(10)
51.1(12)
44.4(10)
45.0(11)
50.6(11)
32.4(9)
35.6(11)
36.6(12)
27.6(10)
56.1(15)
32.1(15)
48(2)
46(2)
39.7(19)
32.7(15)
21.5(11)
21.8(11)

24.3(12)

Uss
2.4(6)
-11.0(6)
-0.2(9)
20.9(11)
-2.8(8)
10.0(8)
-5.7(8)
11.2(8)
0.7(8)
0.7(10)
6.2(8)
2.3(10)
21.3(16)
36(2)
36(3)
4(3)
5.4(19)
12.7(12)
6.6(10)

2.3(12)

Uss
15.6(6)
14.0(5)
3.1(8)
-1.6(9)
0.5(8)
3.6(8)
2.3(8)
2.9(7)
2.0(8)
-11.1(10)
4.5(8)
-4.9(10)
21.9(16)
23(2)
7(2)
-4.3(17)
-3.9(13)
5.8(10)
2.1(9)

6.6(11)

Uz
1.5(6)
-4.7(6)
20.6(10)
-13.5(10)
-4.2(7)
-6.1(8)
7.9(7)
-12.2(8)
1.0(9)
-0.3(11)
2.5(8)
-3.6(9)
40(2)
70(3)
59(4)
13)
-4(2)
17.5(14)
1.9(11)

15.1(13)
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C9

C10

Cl1

C12

C13

Cl4

C15

Clé6

C17

C18

C19

C20

C21

C22

C23

C24

C25

C26

C27

C28

C29

C30

C31

C32

C33

C34

C35

29.6(12)
22.9(11)
20.5(11)
23.0(11)
31.6(13)
32.2(12)
42.9(16)
66(2)

64(2)

44.8(17)
25.6(14)
27.7(12)
38.4(14)
53(2)

70(2)

59(2)

41.9(15)
32.2(13)
42.8(19)
24.5(13)
24.1(13)
31.3(14)
37.4(15)
27.3(13)
18.0(10)
17.3(10)

20.4(11)

32.2(12)
29.0(12)
25.0(10)
25.8(11)
28.6(12)
25.0(12)
29.4(12)
25.5(13)
27.9(15)
37.2(15)
53.8(18)
36.6(13)
40.9(14)
76(2)

72(2)

51.9(17)
30.2(12)
26.8(11)
74(3)

42.3(14)
52.8(17)
43.6(15)
59.4(19)
49.2(15)
24.6(11)
21.5(10)

28.9(12)

23.8(11)
23.7(11)
23.3(11)
23.1(10)
28.2(12)
22.4(11)
38.5(14)
49.6(17)
64(2)

55.0(18)
63(2)

34.3(13)
26.4(12)
25.1(14)
27.3(14)
39.8(15)
35.4(13)
23.1(11)
60(2)

38.4(13)
54.2(18)
50.0(17)
35.3(14)
29.7(13)
28.9(11)
28.1(11)

36.3(13)

-1.7(10)
2.1(9)
1.7(8)
2.7(9)
-0.2(9)
5.29)
8.2(11)
4.0(12)
-8.2(14)
-6.1(13)
-3.8(15)
6.7(11)
-2.2(10)
1.1(15)
14.3(15)
16.6(14)
4.4(11)
1.0(9)
-3.9(19)
0.1(12)
-0.3(15)
2.1(13)
6.8(14)
0.9(11)
-4.7(9)
-1.9(8)

-12.5(10)

3.1(9)
0.0(9)
0.5(8)
-0.3(8)
-4.7(10)
-4.4(9)
-9.7(12)
-27.0(15)
21.7(17)
-4.9(13)
9.0(13)
-5.6(10)
-0.2(10)
-6.8(13)
13.1(14)
24.4(14)
10.4(11)
2.4(9)
-20.8(16)
4.1(10)
3.2(12)
-10.9(12)
-5.9(12)
1.0(10)
-1.3(9)
1.8(8)

-4.6(9)

9.1(10)
0.7(9)
-2.2(9)
-1.6(9)
1.3(10)
-1.0(10)
-8.9(12)
-7.8(14)
12.0(14)
10.0(13)
-0.4(13)
-2.4(11)
6.7(12)
20.2(18)
26(2)
16.3(15)
5.1(12)
7.3(10)
-11.1(18)
4.6(11)
12.1(13)
7.4(12)
-1.7(15)
-1.0(12)
-3.59)
22.0(8)

3.4(9)
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C36

C37

C38

C39

C40

C41

C42

C43

C44

C45

C46

C47

C48

C49

Cs0

Cs1

C52

C53

C54

C55

19.0(11)
17.8(10)
19.7(10)
20.2(11)
29.4(13)
24.0(11)
34.3(15)
47.3(18)
59(2)

47.7(18)
21.6(11)
25.9(11)
18.6(10)
22.9(11)
30.9(13)
33.3(14)
35.9(14)
43.3(16)
63(2)

48.3(19)

23.8(11)
22.6(10)
20.3(10)
24.2(11)
26.8(12)
31.3(12)
67(2)
117(4)
77(3)
40.1(16)
21.5(10)
31.9(12)
24.7(10)
34.3(12)
47.3(16)
61.9(18)
50.2(15)
52.6(17)
28.1(16)

79(3)

28.5(11)
21.8(10)
23.4(11)
33.4(12)
50.7(16)
27.9(11)
30.4(13)
34.5(15)
63(2)
73(2)
29.8(11)
22.1(11)
23.9(11)
29.6(11)
37.9(14)
35.2(14)
23.8(12)
32.2(14)
118(4)

50.0(19)

-6.7(9)
-1.4(8)
-2.4(8)
6.2(9)
-13.4(11)
-7.8(10)
-3.5(13)
-25(2)
-43(2)
-30.9(17)
3.6(9)
-0.6(9)
-3.0(8)
1.2(10)
-2.1(12)
-8.3(14)
-1.0(11)
10.7(13)
28(2)

17.3(18)

Table 4 Bond Lengths for cu_ 220228 OCF_7 Om.

Atom Atom Length/A

Cll

CI2

01

02

03

C55 1.749(5)
C55 1.745(5)
C9  1.41503)
C20 1.223(4)

Cl2 1.222(3)

C14

Cl15

Cl6

C17

C21

C15 1.393(4)
Cl6 1.394(5)
C17 1.387(6)
C18 1.377(5)

C22 1.387(4)

Atom Atom Length/A

-0.1(8)
2.8(8)
1.9(8)

-7.7(9)

-13.6(12)

-3.2(9)
4.6(11)

-1.4(14)

-22.5(18)

21.1(17)

4.0(9)
2.0(9)
-0.2(8)
-0.5(9)
-0.1(11)
-7.0(11)
-4.0(10)
9.9(12)
5(2)

-3.6(15)

-0.3(9)
-2.0(8)
-2.6(9)
-6.2(9)
5.2(11)
7.7(10)
23.1(14)
36(2)
41(2)
20.2(15)
3.7(9)
1.5(10)
0.6(9)
-6.3(10)
-13.7(12)
-12.7(14)
-6.7(12)
0.2(14)
-3.9(16)

7.9(19)
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04 C46
05 C36
06 C39
N1 Cl12
N1 C13
N1 CI19
N2 C20
N2 (21
N2 C27
N3 C46
N3 C47
N3 C53
N4 C39
N4 C40
N4 C54
Cl C2
Cl Cé6
c2 C3
C3 4
Cc4 G5
Cs €6
Co C7
C7 C8
C7 Cl1
c8 C9
c9 Cl10
C10 C26

1.225(3)
1.414(3)
1.223(3)
1.360(3)
1.400(4)
1.454(4)
1.351(4)
1.407(4)
1.440(4)
1.362(3)
1.399(3)
1.458(3)
1.345(4)
1.396(5)
1.462(4)
1.367(6)
1.414(6)
1.339(11)
1.420(12)
1.396(7)
1.391(6)
1.503(4)
1.530(4)
1.573(3)
1.538(4)
1.549(3)

1.519(3)

C21

C22

C23

C24

C25

C28

C28

C29

C30

C31

C32

C33

C34

C34

C35

C36

C37

C37

C37

C38

C38

C40

C40

C41

C42

C43

C44

C26

C23

C24

C25

C26

C29

C33

C30

C31

C32

C33

C34

C35

C38

C36

C37

C48

C46

C38

C41

C39

C45

C41

C42

C43

C44

C45

1.387(4)
1.391(6)
1.377(6)
1.394(4)
1.383(4)
1.385(4)
1.391(4)
1.361(5)
1.381(5)
1.388(4)
1.389(4)
1.515(3)
1.550(3)
1.566(3)
1.550(3)
1.548(3)
1.505(3)
1.549(3)
1.553(3)
1.511(3)
1.546(3)
1.386(4)
1.393(4)
1.385(4)
1.399(5)
1.369(8)

1.390(7)
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C10

C10

Cl1

Cl1

C13

C13

C20

Cll1

C14

C12

C18

Cl4

1.544(4)

1.555(3)

1.510(3)

1.546(3)

1.372(4)

1.389(4)

C47

C47

C48

C49

C50

C5l1

Cs52

C48

C49

Cs0

Cs1

C52

1.382(4)

1.394(3)

1.386(3)

1.401(4)

1.382(5)

1.382(5)

Table 5 Bond Angles for cu_220228 OCF_7 Om.

Atom Atom Atom Angle/°

C12

Cl12

C13

C20

C20

C21

C46

C46

C47

C39

C39

C40

C2

C3

C2

Cs

Co

Cs

(O]

N1

N1

NI

N2

N2

N2

N3

N3

N3

N4

N4

N4

Cl

C2

c3

C4

Cs

Cé

Ceé

C13

C19

C19

C21

C27

C27

C47

C53

Cs3

C40

C54

C54

Co

Cl

c4

C3

C4

Cl

C7

111.9(2)
123.8(2)
124.1(2)
111.3(2)
124.2(3)
124.3(3)
111.4(2)
123.6(2)
124.9(2)
111.7(2)
121.8(3)
126.4(3)
120.2(5)
121.4(6)
120.3(5)
119.3(6)
119.5(6)
119.3(4)

123.3(3)

Atom Atom Atom Angle/°

C23 C24 (C25

C26

C25

C25

C21

C29

C30

C29

C30

C31

C32

C32

C28

C33

C33

C35

C34

05

05

C25

C26

C26

C26

C28

C29

C30

C31

C32

C33

C33

C33

C34

C34

C34

C35

C36

C36

C24

C21

C10

C10

C33

C28

C31

C32

C33

C28

C34

C34

C35

C38

C38

C36

C37

C35

120.6(3)
119.2(3)
119.2(2)
131.7(2)
108.9(2)
121.0(3)
121.1(3)
118.4(3)
121.4(3)
120.1(3)
117.8(2)
123.5(2)
118.7(2)
118.4(2)
113.64(19)
103.65(18)
107.46(18)
111.0(2)

112.80(19)
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Cl

Co

Co

C8

C7

Ol

01

C8

C26

C26

C20

C26

C20

9

Cl4

C14

Cl12

Cl4

Cl12

C10

03

03

N1

C18

C18

Cl4

C13

Co

C7

Cc7

C7

C8

C9

C9

C9

C10

C10

C10

C10

C10

C10

Cl1

Cl1

Cl11

Cl1

Cl1

Cl1

Cl12

Cl12

C12

CI13

C13

C13

C14

Cc7

C8

Cl1

Cl1

C9

C8

C10

C10

C20

C9

c9

Cl1

Cl1

Cll1

Cl12

C10

C10

C7

Cc7

Cc7

N1

Cll1

Cl1

Cl4

N1

N1

C15

117.4(3)
119.6(2)
113.0(2)
105.0(2)
107.6(2)
116.1(2)
109.0(2)
105.3(2)
101.2(2)
113.6(2)
109.7(2)
118.1(2)
112.2(2)
102.20(19)
101.68(19)
119.4(2)
110.36(19)
112.16(19)
110.7(2)
102.67(19)
125.3(2)
126.8(2)
107.9(2)
123.2(3)
127.3(3)
109.3(2)

118.8(3)

C37

C48

C48

C36

C48

C36

C46

C41

C41

C39

C41

C39

C37

06

06

N4

C45

C45

C41

C42

C42

C40

C41

C44

C43

C40

04

C36

C37

C37

C37

C37

C37

C37

C38

C38

C38

C38

C38

C38

C39

C39

C39

C40

C40

C40

C41

C41

C41

C42

C43

ca4

C45

C46

C35

C36

C46

C46

C38

C38

C38

C39

C37

C37

C34

C34

C34

N4

C38

C38

C41

N4

N4

C40

C38

C38

C43

C42

C45

C44

N3

105.29(18)
117.38(18)
101.99(19)
108.90(19)
115.06(19)
103.31(18)
110.17(17)
102.07(19)
116.60(19)
110.99(18)
116.29(19)
108.42(18)
102.47(17)
125.92)
126.1(2)
108.0(2)
123.0(3)
126.7(3)
110.32)
120.1(3)
132.1(3)
107.8(2)
117.3(4)
121.5(4)
122.3(3)
115.7(4)

124.8(2)
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CI13

C15

Cl4

C17

C18

C13

02

02

N2

C22

C22

C26

C21

C24

C14

Cl4

C15

Cl6

C17

C18

C20

C20

C20

C21

C21

C21

C22

C23

Cl1

Cll1

Cl16

C15

Cl6

C17

N2

C10

C10

C26

N2

N2

C23

C22

109.2(2)
131.6(3)
118.2(3)
121.4(3)
120.5(3)
117.8(3)
124.13)
127.13)
108.8(2)
122.6(3)
127.7(3)
109.7(2)
117.3(3)

121.2(3)

04

N3

Cs52

Cs52

C48

C49

C49

C47

C48

C5l1

C52

C47

CI2

C46

C46

C47

C47

C47

C48

C48

C48

C49

C50

Cs1

C52

C55

C37

C37

C48

N3

N3

C47

C37

C37

C50

C49

Cs0

C51

Cll

127.2(2)
107.9(2)
122.7(2)
127.3(2)
109.9(2)
119.1(2)
132.2(2)
108.7(2)
118.5(2)
121.13)
121.0(3)
117.6(3)

112.8(2)

Table 6 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A2x

10%) for cu_220228 OCF_7_Om.

Atom X

HID 4770.61

H5D 4968.1

H1

H2

H3

H4

H5

H7

2688.13

1435.84

229.72

290.41

1541.44

3623.53

H8A 4226.78

H8B 3119.67

y

-466.5

10005.15

5656.49

6556.38

5073.56

2536.48

1583.28

3739.73

1639.69

917.7

z

5212.6

9452.47

4185.83

3359.12

2788.92

2993.21

3846.16

4674.23

4434.46

4258.18

U(eq)
93

42

75
108
124
110
76

35

47

47

78



H9 3115.65

HI15 3840.03

H16 3123.78

H17 1427.17

H18 381.41

HI19A -236.34

H19B -458.99

H19C -195.37

H22 4800.01

H23 3517.66

H24 2162.92

H25 2028.6

H27A 5653.54

H27B 6104.81

H27C 6252.17

H28 9654.07

H29 10928.74

H30 10706.9

H31 9169.93

H32 7873.26

H34 8155.15

H35A7328.76

H35B 7027.82

H36 5534.92

H42 8053.23

H43 8641.49

H44 8529.32

98.93

5715.86

7923.17

8064.34

6016

2107.2

3791.32

3226.8

1839.15

335.08

-394.98

385.61

3923.7

3991.92

2560.49

6855.04

5599.94

4839.14

5329.21

6576.8

8196.6

9658.39

8374.71

8025.27

6977.05

5064.18

2700.65

5332.53

5648.1

5937.65

6110.31

5954.01

5473.68

5324.09

6104.77

8042.2

8375.29

7575.2

6420.17

7460.32

6738.98

7206.33

9505.24

10192.63

11294.84

11705.25

11027.31

9379.07

10018.43

10510.66

9857.46

8020.39

7376.51

7720.28

34

46

60

66

56

71

71

71

63

67

59

42

92

92

92

42

53

52

54

43

27

35

35

29

53

80

83



H45 7762.77 2073.28 8701.4 67

H49 4650.79 5510.94 9243.62 35
H50 3325.79 4643.33 8419.79 47
H51 3185.6 5385.4 7273.71 53
H52 4299.7 7125.12 6925.53 45
H53A5388.8 9450.42 6925.76 63
H53B 6199.92 8226.81 6800.3 63
H53C 6571.06 9696.27 7192.59 63
H54A 6550.48 2008.9 9609.25 105
H54B 6410.69 2975.89 10272.35 105
H54C 7521.73 2451.19 10147.49 105
H55A11411.31 4356.99 8771.31 72
H55B 10221.72 4536.98 8510.42 72
Experimental

Single crystals of CssHsoCl.FN4Og [cu_ 220228 OCF_7 Om] were []. A suitable crystal was
selected and [] on a diffractometer. The crystal was kept at 170(2) K during data collection. Using
Olex2 [1], the structure was solved with the Unknown [2] structure solution program using
Unknown and refined with the Unknown [3] refinement package using Unknown minimisation.

1.

2.

3.
Crystal structure determination of [cu_220228 OCF_7_0m]
Crystal Data for CssHsoCI.FN4Os (M =933.89 g/mol): monoclinic, space group P2; (no. 4),a=
13.2632(4) A, b= 9.2221(3) A, c = 19.4715(6) A, § = 97.7280(10) °, V= 2360.02(13) A°, Z=
2, T=170(2) K, u(CuKa)=1.693 mm™, Dcalc = 1.314 g/cm?, 39406 reflections measured (4.58°
< 20 = 136.638°), 8486 unique (Rixx= 0.0390, Rsigma= 0.0362) which were used in all
calculations. The final R; was 0.0399 (I > 2¢(I)) and wR> was 0.1299 (all data).
Refinement model description

Number of restraints - 32, number of constraints - unknown.
80



Details:
N/A
This report has been created with Olex2, compiled on 2018.05.29 svn.r3508 for OlexSys. Please let

us know if there are any errors or if you would like to have additional features.
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