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1. General information:

'H NMR spectra were recorded on Bruker Avance Il HD 600 or Avance 400 MHz spectrometer.
Chemical shifts are recorded in ppm relative to tetramethylsilane and with the solvent resonance
as the internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, m = multiplet, g = quaternary, br = broad), coupling constants (Hz), integration.
3C NMR data were collected on Bruker Avance |1l HD 150 or Avance 100 MHz spectrometer.
Chemical shifts are reported in ppm from the tetramethylsilane with the solvent resonance as
internal standard. Enantiomer excesses were determined by chiral HPLC analysis on Chiralcel
IA/IE/ID/ODH in comparison with the authentic racemates. Chiral HPLC analysis recorded on
Thermo scientific Dionex Ultimate 3000 and Agilent Technologies 1260 Infinity. Optical rotations
were reported as follows: [a]p' (c: g/200 mL, in solvent). Optical rotations recorded on Autopol
Automatic Polarimeter. HRMS was recorded on an ABI/Sciex QStar Mass Spectrometer (ESI).
All regents and solvents were purchased from commercial sources and purified commonly before

used.
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2. Synthesis of starting materials

Synthesis of Variously Functionalized 2-Nitrobenzofurans (1a-1k):

o
H x. _NO NO BUANl, Et3N
©\)L MeNO, @\/\/ 2 NaBH, 2 PhI(OAc), N\ _no
OH  NH,OAc, AcOH oH  1:4-dioxane, EtOH oH  MeCN, 35°C, 30 min J
135°C, 3 h 0°C,1h
1.0 equiv A B 1a

To a 25 mL flask were added nitromethane (5.0 mL), NH;,OAc (77 mg, 1.0 mmol), and acetic
acid (2.0 mL). The mixture was stirred at 90 <C for 15 min before addition of salicylaldehyde
(0.61 g, 5.0 mmol). The reaction mixture was heated at 135 <T for 3 h. After cooling to ambient
temperature, the reaction was worked up with Et,O (50 mL) and brine (50 mL). Purification by
column chromatography on silica gel (n-pentane/EtOAc: 8/1) yielded product A (0.58 g, 70%) as
a yellow solid.

NaBH, (45 mg, 1.2 mmol) was suspended in a mixture of 1,4-dioxane and EtOH (4.0 mL, 3:1).
A (165 mg, 1 mmol) dissolved in 1,4-dioxane (3.0 mL) was added dropwise at 0 <C. The reaction
mixture was stirred at 0 <C for 1 h, quenched with saturated aqueous NH,4CI solution (10 mL),
extracted with Et,0 (3 %25 mL), washed with brine (50 mL), and dried over Na,SO,4. The organic
phase was removed under vacuum to afford the crude B.

To a 25 mL flask were added crude B, BusNI (923 mg, 2.5 mmol), NEt; (202 mg, 2.0 mmol),
Phl(OAC), (966 mg, 3.0 equiv), and acetonitrile (10.0 mL). The mixture was stirred at 35 T for
30 min, extracted with Et,O (50 mL) and brine (3 > 25 mL), dried over Na,SO,. Purification by
column chromatography on silica gel (n-pentane/Et,O: 20/1) yielded 2-nitrobenzofuran 1a (98 mg,

60%) as a light yellow solid. 1b-1k were synthesized in the same reaction conditions

Synthesis of a-iminoesters (2a-2k):

o MgSO, (2.0 equiv), Et;N (1.1 equiv
RCHO + N\)k HCI 9SO, ( ), Et3N ( ) RSN CO,Me
2 o~ DCM, rt, overnight
1 equiv 1.5 equiv

To a suspension of glycine methyl ester hydrochloride (1.5 equiv) and MgSO, (2.0 equiv) in
CH,CI, was added Et;N (1.1 equiv). Then, this solution was stirred at room temperature for 1 h.
Subsequently, the aldehyde (1.0 equiv) was added and the reaction was stirred at room
temperature overnight. Work up: MgSO, was removed by filtration and the filtrate was washed
once with H,O. The aqueous phase was extracted once with CH,Cl, and the combined organic
layers were washed with brine. The organic phase was dried over Na,SO,, filtered and
concentrated. Due to their instability, most of the a-iminoesters, once isolated, were immediately
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used in the 1,3-dipolar cycloaddition reactions. But if necessary, further purification can be
obtained via recrystallization from ethanol.
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3. Typical producdure for the asymmertric dearomatization reaction

1) Procedure A: Synthesis of Chiral [2,3]-fused Hydrobenzofuranpyrrolidines (3aa-3ka)

Cu(MeCN),CIO, (5 mol%) MeO,C : Oj
N L8 (5.5 mol% H 1 @4\ i
mnoz + PN co Me ( ") (W | ro o
o 10% Cs,C03, MTBE, 0 °C, 0.1y, , ; 2
o ’N02P h >
1a 2a 3aa ! (S, Sp)-Pr-Phosferrox-L8

In a test tube, L8 (5.3 mg, 0.011 mmol) and Cu(MeCN),CIO,4 (3.3 mg, 0.01 mmol) were
dissolved in MTBE (2.0 mL) and stirred for 60 min at ambient temperature. Then,
2-nitrobenzofuran la (32.6 mg, 0.2 mmol), N-benzylidene glycine methyl ester 2a (53.1 mg, 0.3
mmol) and Cs,CO; (6.5 mg, 0.02 mmol, 10 mol%) were added. The reaction mixture was stirred
at 0 °C for 12 h. Upon consumption of 2-nitrobenzofuran 1a (determined by TLC), The mixture
was concentrated and the residue was purified by column chromatography (eluent: ethyl
acetate/petroleum ether = 1.5) to afford the cycloadduct 3aa in 83% vyield (56.5 mg). Chiral

3ab-3ka were synthesized in the same reaction conditions.

2) Procedure B: Synthesis of Racemic [2,3]-fused Hydrobenzofuranpyrrolidines (3aa-3ka)

Cu(MeCN),CI0, (5 mol%) MeO,C
x rac-Binap (5.5 mol% H
mNO: + Ph" N> Co,Me Pl ) NH
o 10% Cs,CO;, MTBE, 0 °C, 0.1y,
Ph
0 NO;
1a 2a 3aa

In a test tube. rac-Binap (6.8 mg, 0.011 mmol), Cu(CHsCN),4CIO, (3.3 mg, 0.005 mmol),
2-nitrobenzofuran 1a (32.6 mg, 0.02 mmol), N-benzylidene glycine methyl ester 2a (53.1 mg, 0.3
mmol) and Cs,CO; (6.5 mg, 0.02 mmol, 10 mol%) were added. The reaction tube was placed
under vacuum and backfilled with argon three times. After that, MTBE (2.0 mL, 0.1 M) were
added via syringe. The resulting mixture was stirred at rt for 6 h. The mixture was concentrated
and the residue was purified by column chromatography. The mixture was concentrated and the
residue was purified by column chromatography (eluent: ethyl acetate/petroleum ether = 1:5) to
afford the corresponding racemic products. Racemic 3ab-3ka were synthesized in the same

reaction conditions.
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4. Synthetic transformations of products.

Reduction of the nitro group

MeO,C MeO,C
H ~NH Zinc dust, HCI H )~NH
- MeOH, 0 °C, 30 min -
o ‘noi" o Nuih
3aa (98% ee) 4aa (71% yield, 99% ee)

Reduction of the ester group

MeO,C
H ~NH LiAIH, (2 equiv)
~“pn Et,0, -78 °C to -40 °C
‘NO
MeO o 2 MeO
3ia (99% ee) 4ia (75% yield, 97% ee)
Cross-Coupling of 3fa
Pd(PPh;), (10 mol%)
MeO,C PhB(OH), (1.5 equiv) MeO,C
H i H
Br . NH K,CO; (1.5 equiv) Ph . NH
) toluene, N5, 100 °C, 10 h )
o Nofh o Nofh
3fa (97% ee) 4fa (88% yield, 96% ee)

Reduction of the nitro group (3aa-4aa)

A suspension of the cycloadduct 3aa (51 mg, 0.15 mmol) in methanol (2.0 mL) and concentrated
HCI (0.12 mL) was carefully treated with zinc dust (0.39 g, 6 mmol) at 0 <C. The suspension was
stirred at 0 T for 30 min. A saturated aqueous NaHCO3 solution was slowly added (until pH = 9).
The mixture was filtered through celite, eluting with EtOAc. The filtrate was dried over Na,SO,,
filtered, and evaporated. Purification by flash chromatography (CH,Cl,/methanol = 40:1) gave the

product 4aa (33 mg, 71%) as a yellow solid.

Reduction of ester group (3ia-4ia):

A solution of 3ia (55.5 mg, 0.15 mmol) in dry Et,O (1.5 mL) under nitrogen was cooled to -78
°C, then 0.3 mL LiAIH, (1 M in THF) was added via syringe slowly. The reaction mixture was
stirred at -78 <C for 30 min and moved to -40 <C for another 10 min. Then water (0.2 mL) and
15% aqueous sodium hydroxide (0.2 mL) was added carefully. The mixture was filtered over
anhydrous MgSQy,, and the filtrate was concentrated. The residue was subjected to the preparative

thin layer chromatography (DCM/MeOH = 50:1) to afford 4ia (38.5 mg, 75%) as light brown oil.
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Suzuki-Myiyaura Cross-Coupling (3fa-4fa):
3fa (41.8 mg, 0.1 mmol), PhB(OH), (18.5 mg, 0.15 mmol), Pd(PPhs), (11.5 mg, 0.01 mmol,

10 mol%), K,CO;3; (21 mg, 0.15 mmol, 1.5 equiv) were stirred in Toluene (2 mL) under N,
atmosphere at 105 <€ for 12 h. The reaction mixture was partitioned between ethyl acetate and
water. The combined organic phases were dried (Na,SOy,), filtered and concentrated in vacuo to
afford a crude oil. Purification by flash column chromatography (Vpe/Vea = 8:1 as eluent)

furnished desired product 4fa (36.6 mg, 88%) as a colorless oil.
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5. Condition optimization

Table S1: Condition optimizations®

! o
Cu(MeCN),CIO, (x mol%) MeO,C 3 \3.,,.
mNoz + PhAN/\CO Me L8 (5.5 mol %)t Cs:C03 (y %mol) H,_ NH 3 FQG/(PPhN Pr
o 2 MTBE, T °C, 0.1y, 12 h _ : 2
o “NoPP
1a 2a 3aa ; (S, Sp)-Phosferrox
entry X: y T(°C) yield® dre ee” (%)
1 5:5.5 0 83 9:1 98
2 3:3.3 0 62 8:1 95
‘3 5:5.5 25 81 7:1 94
4 5:5.5 -20 79 9:1 98
5 5:5.5 -40 69 8:1 94

#Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Cu(MeCN),ClO, (5 mol%), L8 (5.5 mol%)
and Cs,COs (10 mol%) in MTBE (2.0 mL), T °C, N, 2 h. ®Yields of isolated product. ‘Determined

by *H NMR analysis of the crude mixture.  Determined by chiral HPLC analysis. ¢8 h.

Table S2: Solvents and Bases®

Cu(MeCN),Cl0, (5 mol%) MeO,C (\)j
mNOz + Ph SN co,Me L8 (5.5 mol %), Base (10 mol%) H ~NH o PPh:‘ Pr
(o] Solvent, 0 °C, 0.1y, 12 h 5 "/Nofh , @
1a 2a 3aa ! (S, S,)-Phosferrox
entry solvent base yield” (%) dre ee? (%)
1 MTBE Cs,CO; 83 9:1 98
2 DCM Cs,CO; 60 7:1 93
3 THF Cs,CO; 45 51 91
4 toluene Cs,CO5 35 2:1 89
5 MeCN Cs,CO3 trace
6 Et,0 Cs,CO; 76 7:1 95
7 DCE Cs,CO; 35 6:1 96
8 CHCl, Cs,CO3 66 6:1 94
9 MTBE Na,CO3 55 8:1 93
10 MTBE K,COs3 73 6:1 91
11 MTBE Et;N trace
12 MTBE DIPEA trace
13 MTBE DBU 39 51 82
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#Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Cu(MeCN),ClO, (5 mol%), L (5.5 mol%)
and base (10 mol%) in solvent (2.0 mL), 0 °C, N,, 12 h. ®Yields of isolated product. “Determined
by *H NMR analysis of the crude mixture. “Determined by chiral HPLC analysis.
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6. Characterization of compounds

methyl (1S,3S,3aS,8bS)-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro[2,3-c]pyrrole

-1-carboxylate (3aa)

3aa

Colorless oil. 56.5 mg, 83% yield, 9:1 dr, 96% ee.

[a]p® = 152.37 (¢ = 1.15, CH,CL).

m.p.: 143.2-146.5 °C

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, A =254 nm, retention time: 9.880 min (major), 15.672 min (minor).

TLC: Rf = 0.30 (petroleum ether:ethyl acetate = 5:1) [UV]

'H NMR (400 MHz, CDClg) § 7.42 — 7.37 (m, 3H), 7.33-7.31 (m, 2H), 7.30 — 7.24 (m, 1H), 7.07
(d, J = 7.2 Hz, 1H), 7.00-6.97 (m, 2H), 5.13 (s, 1H), 4.74 (d, J = 8.4 Hz, 1H), 4.68 (d, J = 8.4 Hz,
1H), 3.73 (s, 3H), 2.69 (br s, 1H).

3C NMR (100 MHz, CDCl3) § 168.7 ,132.2, 1305, 129.1 , 128.7 , 127.7, 124.9, 123.3 , 123.0
122.7,110.6,69.9,64.2,58.4,52.3.

HRMS (ESI): m/z calcd. For CigH17N,0s [M+H]" 341.1132, found m/z 341.1136.

methyl (1S,3S,3aS,8bS)-3a-nitro-3-(p-tolyl)-2,3,3a,8b-tetrahydro-1H-benzofuro[2,3-c]

pyrrole-1-carboxylate (3ab)

3ab

Light yellow oil. 57.3 mg, 81% yield, 8:1 dr, 99% ee.
[a]o® = 15.15 (c = 1.30, CH,Cl,).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =

25 °C, A =254 nm, retention time: 9.658 min (major), 20.653 min (minor).
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'H NMR (600 MHz, CDCl3) & 7.28 — 7.24 (m, 2H), 7.20 (s, 4H), 7.07 (d, J = 7.2 Hz, 1H), 7.02 —
6.95 (M, 2H), 5.06 (s, 1H), 4.73 (d, J = 8.4 Hz, 1H), 4.66 (d, J = 8.4 Hz, 1H), 3.73 (s, 3H), 2.37 (s,
3H).

3C NMR (150 MHz, CDCl3) & 168.9, 158.9, 139.1, 130.5, 129.5, 129.3, 127.6, 125.0, 123.3,
123.2,122.9, 110.7, 70.0, 64.4, 58.5, 52.4, 21.4.

HRMS (ESI): m/z calcd. For C1oH1gN,NaOs [M+Na]™ 377.1108, found m/z 377.1106.

methyl (1S,3S,3aS5,8bS)-3-(4-methoxyphenyl)-3a-nitro-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ac)

3ac

Light yellow oil. 62.9 mg, 85% vyield, 10:1 dr, 98% ee.

[a]o® = 15.15 (c = 1.30, CH,Cl,).

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 19.098 min (major), 23.383 min (minor).

'H NMR (400 MHz, CDCl3) § 7.30 — 7.23 (m, 3H), 7.09-7.06 (m, 1H), 7.03 — 6.98 (m, 2H), 6.94
—6.90 (M, 2H), 5.06 (s, 1H), 4.74 (d, J = 8.4 Hz, 1H), 4.67 (d, J = 8.4 Hz, 1H), 3.82 (s, 3H), 3.73
(s, 3H), 2.74 (br s, 1H).

3C NMR (150 MHz, CDCl3) & 168.9, 160.3, 158.9, 130.5, 129.1, 125.0, 124.4, 123.3, 123.2,
123.0,114.2, 110.6, 77.4,77.2, 77.0, 69.8, 64.3, 58.3, 55.4, 52.4.

HRMS (ESI): m/z calcd. For C1oH1gN,NaOg [M+Na]™ 393.1057, found m/z 393.1061.

methyl (1S,3S,3aS,8bS)-3-(4-chlorophenyl)-3a-nitro-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ad)

3ad

Light yellow oil. 62.1 mg, 83% yield, 8:1 dr, 99% ee.
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[a]lo” = 51.46 (c = 1.30, CH,Cl,).

HPLC CHIRALCEL OJH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, A =254 nm, retention time: 25.693 min (major), 35.565 min (minor).

'H NMR (400 MHz, CDCls) § 7.39 — 7.35 (m, 2H), 7.30 — 7.24 (m, 3H), 7.07 (d, J = 7.6 Hz, 1H),
7.03-6.96 (m, 2H), 5.07 (d, J = 11.2 Hz, 1H), 4.72 (d, J = 8.4 Hz, 1H), 4.65 (t, J = 8.8 Hz, 1H),
3.74 (s, 3H), 2.91 (t, J = 10.4 Hz, 1H).

BC NMR (150 MHz, CDCl3) 6 168.7, 158.9, 135.2, 131.1, 130.6, 129.2, 129.0, 129.0, 127.6,
125.0, 123.4, 122.7, 122.7, 110.6, 69.3, 64.2, 58.2, 29.8.

HRMS (ESI): m/z calcd. For C1gH;15CIN,NaOs [M+Na]* 397.0562, found m/z 397.0556.

methyl (1S,3S,3aS,8bS)-3-(4-bromophenyl)-3a-nitro-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ae)

3ae

Light brown oil. 66.8 mg, 80% vyield, 7:1 dr, 96% ee.

[a]o®® = 49.55 (c = 1.85, CH,Cl,).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature = 25
°C, A =254 nm, retention time: 18.290 min (minor), 19.733 min (major).

'H NMR (600 MHz, CDCl3) & 7.52 (d, J = 7.2 Hz, 2H), 7.29 — 7.24 (m, 1H), 7.20 (d, J = 7.8 Hz,
2H), 7.07 (d, J = 7.8 Hz, 1H), 7.02-6.96 (m, 2H), 5.05 (d, J = 10.8 Hz, 1H), 4.72 (d, J = 8.4 Hz,
1H), 4.64 (t, J = 9.0 Hz, 1H), 3.73 (s, 3H), 2.91 (t, J = 10.2 Hz, 1H).

BC NMR (150 MHz, CDCls) 6 168.7, 158.9, 132.0, 131.6, 130.6, 129.5, 125.0, 123.5, 123.4,
122.7,122.6,110.7, 69.4, 64.2, 58.2, 52.4.

HRMS (ESI): m/z calcd. For C,gH1sBrN,NaOs [M+Na]* 441.0057, found m/z 441.0062.

methyl (1S,3S,3aS,8bS)-3-(4-(methoxycarbonyl)phenyl)-3a-nitro-2,3,3a,8b-tetrahydro

-1H-benzofuro[2,3-c]pyrrole-1-carboxylate (3af)
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Colorless oil. 59.7 mg, 75% vyield, 9:1 dr, 98% ee.

[a]o® = 51.46 (c = 1.30, CH,Cl,).

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 15.827 min (major), 23.255 min (minor).

'"H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.30 — 7.24 (m,
1H), 7.07 (d, J = 7.2 Hz, 1H), 7.01 (td, J = 7.2, 0.4 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 5.16 (d, J =
11.6 Hz, 1H), 4.73 (d, J = 8.3 Hz, 1H), 4.71 — 4.64 (m, 1H), 3.93 (s, 3H), 3.75 (s, 3H), 2.99 (t, J =
9.0 Hz, 1H).

B3C NMR (150 MHz, CDCl;) & 168.6, 166.6, 158.8, 137.4, 130.8, 130.5, 129.9, 127.7, 124.9,
123.4,122.6, 122.5, 110.6, 69.5, 64.2, 58.3, 52.3, 52.3.

HRMS (ESI): m/z calcd. For CoH1gN,NaO; [M+Na]™ 421.1006, found m/z 421.1011.

methyl (1S,3S,3aS,8bS)-3a-nitro-3-(m-tolyl)-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ag)

3ag

Colorless oil. 51.7 mg, 73% vield, 5:1 dr, 97% ee.

[a]o® = 76.80 (c = 0.60, CH,Cl,).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 0.6 mL/min, temperature = 25
°C, L =254 nm, retention time: 15.355 min (major), 17.308 min (minor).

'H NMR (600 MHz, CDCl3) 8 7.27 (q, J = 7.8 Hz, 2H), 7.19 (d, J = 7.8 Hz, 1H), 7.11 — 7.05 (m,
3H), 7.02 — 6.96 (m, 2H), 5.06 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 8.4 Hz, 1H), 4.65 (t, J = 9.6 Hz,
1H), 3.73 (s, 3H), 3.00 (t, J = 10.8 Hz, 1H), 2.36 (s, 3H).

BC NMR (150 MHz, CDCl3) 6 168.9, 158.9, 138.5, 132.3, 130.5, 129.9, 128.6, 128.3, 124.9,

124.7,123.3, 123.2, 122.9, 110.7, 70.0, 64.3, 58.6, 52.4, 29.8, 21.6.
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HRMS (ESI): m/z calcd. For C19H1gN,NaOs [M+Na]™ 377.1108, found m/z 377.1108.

methyl (1S,3S,3aS,8bS)-3-(3-chlorophenyl)-3a-nitro-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ah)

3ah

White solid. 53.8 mg, 72% vyield, 5:1 dr, 92% ee.

[a]o®® = -99.24 (c = 0.35, CH,Cl,).

m.p.: 225.3-227.1°C

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 9.770 min (major), 11.933 min (minor).

'H NMR (600 MHz, CDCl3) § 7.39 — 7.25 (m, 4H), 7.19 (d, J = 7.2 Hz, 1H), 7.08 (d, J = 7.8 Hz,
1H), 7.03 — 6.97 (m, 2H), 5.08 (d, J = 11.3 Hz, 1H), 4.72 (d, J = 8.4 Hz, 1H), 4.65 (t, J = 9.0 Hz,
1H), 3.74 (s, 3H), 2.92 (t, J = 10.2 Hz, 1H).

BC NMR (150 MHz, CDCl3) 6 168.7, 158.9, 134.8, 134.6, 130.6, 130.0, 129.4, 128.1, 126.1,
125.1, 1235, 122.7, 122.6, 110.7, 69.3, 64.2, 58.3, 52.4.

HRMS (ESI): m/z calcd. For C1gH16CIN,Os [M+H]" 375.0742, found m/z 375.0738.

methyl (1S,3R,3aS,8bS)-3a-nitro-3-(thiophen-2-yl)-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ai)

, GOaMe

3ai
Light brown oil. 49.1 mg, 71% yield, 10:1 dr, 98% ee.
[a]o”™® = 88.95 (c = 0.65, CH,Cl,).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 80/20, flow rate = 0.6 mL/min, temperature =

25 °C, A =254 nm, retention time: 11.742 min (major), 19.582 min (minor).
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'H NMR (400 MHz, CDCl3) § 7.38 (dd, J = 5.2, 1.1 Hz, 1H), 7.32 — 7.27 (m, 1H), 7.13 (d, J = 3.6
Hz, 1H), 7.10 — 6.98 (m, 4H), 5.34 (d, J = 12.0 Hz, 1H), 4.74 (d, J = 8.0 Hz, 1H), 4.64 (d, J = 9.6
Hz, 1H), 3.71 (s, 3H), 2.99 (t, J = 11.2 Hz, 1H).

C NMR (150 MHz, CDCly) & 168.5, 158.9, 134.1, 130.6, 127.5, 127.0, 126.9, 125.0, 123.5,
122.7,122.5, 110.8, 66.5, 64.4, 58.5, 52.4.

HRMS (ESI): m/z calcd. For C1sH14N,NaOsS [M+Na]* 369.0516, found m/z 369.0511.

methyl (1S,3S,3aS,8bS)-3-(naphthalen-1-yl)-3a-nitro-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3aj)

Light brown oil. 63.2 mg, 81% vyield, 8:1 dr, 98% ee.

[a]p® = 39.57 (¢ = 1.3, CH,CL).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 80/20, flow rate = 0.6 mL/min, temperature = 25
°C, A =254 nm, retention time: 11.742 min (major), 19.582 min (minor).

'H NMR (400 MHz, CDCl5) & 7.88 — 7.81 (m, 4H), 7.53 — 7.48 (m, 2H), 7.38 (dd, J = 8.8, 1.8 Hz,
1H), 7.30 — 7.24 (m, 1H), 7.09 (d, J = 7.2 Hz, 1H), 7.01 (td, J = 7.5, 0.8 Hz, 1H), 6.95 (d, J = 8.4
Hz, 1H), 5.29 (d, J = 10.8 Hz, 1H), 4.77 (d, J = 8.4 Hz, 1H), 4.72 (t, J = 8.6 Hz, 1H), 3.12 (t, J =
10.4 Hz, 1H).

BC NMR (150 MHz, CDCls) 6 168.8, 158.9, 133.5, 133.1, 130.4, 129.8, 128.4, 128.2, 127.7,
127.2,126.6, 126.5, 124.9, 124.8, 123.3, 123.1, 122.7, 110.6, 70.0, 64.3, 58.5, 52.3.

HRMS (ESI): m/z calcd. For C,,H1gN,NaOs [M+Na]™ 413.1108, found m/z 413.1105.

methyl (1S,3S,3aS,8bS)-3-cyclohexyl-3a-nitro-2,3,3a,8b-tetrahydro-1H-benzofuro [2,3-c]

pyrrole-1-carboxylate (3ak)

, GOaMe

3ak
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Light yellow oil. 56.1 mg, 81% yield, 7:1 dr, 96% ee.

[a]o® = 97.16 (c = 0.95, CH,Cl,).

HPLC CHIRALCEL ID, n-hexane/2-propanol = 90/10, flow rate = 0.8 mL/min, temperature = 25
°C, L =254 nm, retention time: 9.266 min (minor), 10.217 min (major).

'H NMR (400 MHz, CDCls)  7.30 — 7.25,(m , 1H), 7.06 (d, J = 8.4 Hz, 1H), 6.99 — 6.95 (m, 2H),
4.48 (s, 2H), 3.83 (d, J = 9.2 Hz, 1H), 3.67 (s, 3H), 2.30 (br s, 1H), 2.00 (d, J = 12.4 Hz, 1H), 1.83
—1.63 (m, 5H), 1.35 - 1.11 (m, 5H), 1.07 — 0.90 (m, 1H).

¢ NMR (100MHz, CDCl3) 6 168.9, 159.1 130.5, 124.9 123.3 123.0, 122.6, 110.6, 64.4, 60.5,
52.3,37.7,31.1, 29.8, 28.6, 26.1, 25.8, 25.6.

HRMS (ESI): m/z calcd. For C1gH»,N,NaOs [M+Na]™ 369.1421, found m/z 369.1425.

methyl (1S,3S,3aS,8bS)-3a-nitro-3-((E)-styryl)-2,3,3a,8b-tetrahydro-1H-benzofuro[2,3-c]
pyrrole-1-carboxylate (3al)

y §OaMe
NH

0 Noy=
Ph

3al

Colorless oil. 51.2 mg, 70% yield, 6:1 dr, 96% ee.

[a]o® = 128.01 (¢ = 0.60, CH,CL).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature = 25
°C, A =254 nm, retention time: 14.337 min (minor), 16.935 min (major).

'H NMR (400 MHz, CDCl3) § 7.42 (d, J = 6.8 Hz, 2H), 7.37 — 7.27 (m, 4H), 7.09 — 7.05 (m, 2H), 7.01
(t, J=7.8 Hz, 1H), 6.77 (d, J = 16.0 Hz, 1H), 6.28 (dd, J = 16.0, 7.6 Hz, 1H), 4.73 (d, J = 8.4 Hz, 1H),
4.66 — 4.63 (m, 2H), 3.70 (s, 3H).

3C NMR (100 MHz, CDCl3) & 168.8, 158.9, 136.7, 135.8, 130.6, 129.3, 128.8, 128.6, 127.0, 124.9,
123.8, 123.4,122.9,119.9, 110.8, 77.5, 77.2, 76.8, 69.4, 64.8, 58.4, 52.4.

HRMS (ESI): m/z calcd. For CooH1gN,NaOs [M+Na]™ 389.1108, found m/z 389.1113.

methyl (1S,3S,3aS,8bS)-7-methyl-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ba)
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0" No,Ph

3ba

Light yellow oil. 56.7 mg, 80% vyield, 7:1 dr, 97% ee.

[a]o® = 99.01 (c = 1.0, CH,CL).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature = 25
°C, A =254 nm, retention time: 14.882 min (minor), 16.022 min (major).

'H NMR (600 MHz, CDCl3) § 7.39 — 7.38 (m, 3H), 7.31 — 7.29 (m, 2H), 7.06 (d, J = 8.4 Hz, 1H),
6.85 (d, J = 7.9 Hz, 2H), 5.09 (d, J = 12.0 Hz, 1H), 4.69 (d, J = 8.4 Hz, 1H), 4.65 (m, J = 8.4 Hz,
1H), 3.73 (s, 3H), 3.01 (t, J = 11.1 Hz, 1H), 2.28 (s, 3H).

B3C NMR (150 MHz, CDClg) & 168.9, 156.9, 132.9, 132.5, 130.9, 129.2, 128.8, 127.8, 125.4,
123.4,122.8, 110.2, 70.0, 64.4, 58.8, 52.3, 21.0.

HRMS (ESI): m/z calcd. For C1oH19N,0s [M+H]" 355.1288, found m/z 355.1282.

methyl (1S,3S,3aS,8bS)-7-methoxy-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ca)
MeO H CO,Me
NH

0" No,Ph

3ca

Colorless oil. 60.7 mg, 82% yield, 10:1 dr, 94% ee.

[a]o® = -113.20 (c = 1.0, CH,Cl,).

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 80/20, flow rate = 0.6 mL/min, temperature =
25 °C, L =254 nm, retention time: 18.992 min (major), 35.137 min (minor).

'H NMR (600 MHz, CDCl3) & 7.39 — 7.38(m, 3H), 7.31 — 7.29 (m, 2H), 6.88 (d, J = 8.4 Hz, 1H),
6.79 (dd, J = 8.4, 2.7 Hz, 1H), 6.62 (d, J = 2.6 Hz, 1H), 5.08 (d, J = 12.1 Hz, 1H), 4.70 (d, J = 9.0
Hz, 1H), 4.65 (t, J = 9.3 Hz 1H), 3.76 (s, 3H), 3.74 (s, 3H), 3.06 — 2.99 (m, 1H).

B3C NMR (150 MHz, CDCls) 6 168.9, 156.1, 153.0, 132.5, 129.2, 128.8, 127.8, 123.8, 123.7,
115.4,111.0, 110.8, 70.0, 64.3, 58.9, 56.1, 52.5, 29.9.

HRMS (ESI): m/z calcd. For C1oH1gN,NaOg [M+Na]" 393.1057, found m/z 393.1061.
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methyl (1S,3S,3aS,8bS)-7-fluoro-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3da)
E H CO,Me
NH

0" No,Ph

3da

Light yellow oil. 53.7 mg, 75% vyield, 9:1 dr, 95% ee.

[a]o® = -113.20 (¢ = 1.0, CH,Cl,).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 80/20, flow rate = 0.6 mL/min, temperature = 25
°C, A =254 nm, retention time: 13.230 min (minor), 14.932 min (major).

'H NMR (600 MHz, CDCl3) § 7.41 — 7.38 (m, 3H), 7.32 — 7.30 (m, 2H), 6.97 (td, J = 8.7, 2.6 Hz,
1H), 6.91 (dd, J = 8.9, 4.1 Hz, 1H), 6.79 (dd, J = 7.7, 2.6 Hz, 1H), 5.10 (s, 1H), 4.71 (d, J = 8.5 Hz,
1H), 4.67 (d, J = 8.5 Hz, 1H), 3.78 (s, 3H), 2.29 (br s, 1H).

B3C NMR (150 MHz, CDCls) 5 168.7, 158.9 (d, Jor = 238.5 Hz), 154.9, 132.2, 129.3, 128.9,
128.8,127.8, 126.2, 124.3 (d, Jo.r = 9.0 Hz), 123.6, 117.1 (d, Jo.r = 25.5 Hz), 112.3 (d, Jc.r = 25.5

Hz), 111.3, (d, Jc.r = 9.0 Hz), 69.9, 64.1, 58.4, 52.6, 29.8.
F NMR (376 MHz, CDCl,): § -120.1 (5).
HRMS (ESI): m/z calcd. For CigH16FN,Os [M+H]" 359.1038, found m/z 359.1038.

methyl (1S,3S,3aS,8bS)-7-chloro-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ea)
cl y GO:Me
“ NH

0" No,Ph

3ea

Light yellow oil. 59.1 mg, 79% vyield, 8:1 dr, 98% ee.

[a]o® = 80.67 (c = 0.65, CH,Cl,).

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.6 mL/min, temperature =
25 °C, A =254 nm, retention time: 10.952 min (major), 16.840 min (minor).

'H NMR (600 MHz, CDCl3) 5 7.42 — 7.38 (m, 3H), 7.32— 7.30 (m, 2H), 7.24 (dd, J = 8.6, 2.3 Hz,
1H), 7.05 (s, 1H), 6.91 (d, J = 8.4 Hz, 1H), 5.13 (s, 1H), 5.02 (s, OH), 4.72 — 4.67 (m, 2H), 4.00 (s,

OH), 3.78 (s, 3H).
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C NMR (150 MHz, CDCls) & 168.6, 157.5, 131.9, 130.6, 129.4, 128.9, 128.5, 127.8, 125.3,
124.7,123.2, 111.7, 58.1, 52.6, 29.9.

HRMS (ESI): m/z calcd. For C1gH;15CIN,NaOs [M+Na]* 397.0562, found m/z 397.0560.

methyl (1S,3S,3aS,8bS)-7-bromo-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3fa)
Br H CO,Me
NH

0" No,Ph

3fa

Light yellow oil. 65.2 mg, 78% vyield, 6:1 dr, 97% ee.

[a]o® = 40.33 (c = 0.60, CH,Cl,).

m.p.: 160.3-162.8 °C

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 14.892 min (major), 25.466 min (minor).

'H NMR (400 MHz, CDCls) § 7.42 — 7.35 (m, 4H), 7.32 — 7.27 (m, 2H), 7.20 (s, 1H), 6.86 (d, J =
8.8 Hz, 1H), 5.10 (d, J = 11.2 Hz, 1H), 4.70 (t, J = 6.8 Hz, 1H), 4.65 (d, J = 9.0 Hz, 1H), 3.77 (s,
3H), 3.04 — 2.96 (m, 1H).

BC NMR (150 MHz, CDCl3) & 168.7, 158.0, 133.4, 132.2, 129.3, 128.8, 128.2, 127.7, 125.3,
123.2,115.4,112.2, 69.9, 64.2, 58.1, 52.5.

HRMS (ESI): m/z calcd. For CigH15BrN,NaOs [M+Na]" 441.0057, found m/z 441.0059.

methyl (1S,3S,3aS,8bS)-3a,7-dinitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro[2,3-c]

pyrrole-1-carboxylate (3ga)
0N y GOMe
““NH

0" No,Ph

3ga

Light yellow oil. 57.0 mg, 74% yield, 15:1 dr, 99% ee.
[a]o”® = 103.03 (c = 0.43, CH,Cl,).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature = 25

°C, L =254 nm, retention time: 14.002 min (major), 15.212 min (minor).
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'H NMR (400 MHz, CDCls) & 8.25 (dd, J = 9.2, 2.4 Hz, 1H), 8.03 (d, J = 2.4 Hz, 1H), 7.42-7.39 (m,
3H), 7.32-7.30 (m, 2H), 7.07 (d, J = 9.2 Hz, 1H), 5.16 (s, 1H), 4.78-4.72 (m, 2H), 3.83 (s, 3H), 2.65 (br
s, 1H).

BC NMR (100 MHz, CDCls) 6 168.4, 163.3, 144.1, 131.7, 129.6, 128.9, 127.8, 127.5, 124.8, 123.3,
121.6, 110.9, 56.9, 52.8.

HRMS (ESI): m/z calcd. For C1gH15N3sNaO; [M+Na]™ 408.0802, found m/z 408.0798.

methyl (1S,3S,3aS,8bS)-6-bromo-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ha)
H CO,Me

NH
Br

0" No,Ph

3ha

Light yellow oil. 69.4 mg, 83% yield, 8:1 dr, 95% ee.

[a]o® = 86.14 (c = 0.45, CH,Cl,).

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 11.603 min (major), 17.175 min (minor).

'H NMR (600 MHz, CDCls) & 7.41 — 7.37 (m, 3H), 7.30 — 7.29 (m, 2H), 7.15 — 7.13 (m, 2H),
6.94 (d, J = 8.4Hz, 1H), 5.10 (d, J = 11.3 Hz, 1H), 4.66 — 4.64 (m, 2H), 3.74 (s, 3H), 2.99-2.93 (m,
1H).

BC NMR (150 MHz, CDCls) & 168.7, 159.6, 132.2, 129.3, 128.8, 127.8, 126.6, 126.1, 123.8,
123.3,122.2,114.4,69.9, 64.1, 57.9, 52.5.

HRMS (ESI): m/z calcd. For C1gH15BrN,NaOs [M+Na]" 441.0057, found m/z 441.0058.

methyl (1S,3S,3aS,8bS)-6-methyl-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ia)
CO,Me

NH
Me

0" No,Ph

3ia
Light yellow oil. 60.9 mg, 86% vyield, 11:1 dr, 99% ee.
[a]o” = 86.14 (c = 0.45, CH,Cl,).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =

25 °C, A =254 nm, retention time: 9.420 min (major), 15.513 min (minor).
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'H NMR (600 MHz, CDCls) & 7.41 — 7.37 (m, 3H), 7.32 (m, 2H), 6.93 (d, J = 7.8 Hz, 1H), 6.81
(d, 3 =9.0 Hz, 2H), 5.13 (s, 1H), 4.69 (d, J = 8.4 Hz, 1H), 4.66 (d, J = 8.4 Hz, 1H), 3.74 (s, 3H),
2.78 (br s, 1H), 2.32 (s, 3H).

BC NMR (150 MHz, CDCl,) 6 168.9, 159.2, 141.2, 132.3, 129.2, 128.8, 127.8, 124.5, 124.2,
123.3,119.7,111.3, 69.8, 64.2, 58.3, 52.4, 29.8, 21.7.

HRMS (ESI): m/z calcd. For C1oH19N,0s [M+H]" 355.1288, found m/z 355.1283.

methyl (1S,3S,3aS,8bS)-6-methoxy-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ja)
" CO,Me

NH
MeO

0" No,Ph

3ja
Colorless oil. 61.4 mg, 83% yield, 10:1 dr, 99% ee.
[a]o® = 34.30 (c = 0.85, CH,Cl,).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 9.420 min (major), 15.513 min (minor).
'H NMR (600 MHz, CDCls) § 7.34 — 7.30 (m, 3H), 7.27 — 7.22 (m, 2H), 6.86 (d, J = 7.8 Hz, 1H),
6.47 (m, 2H), 5.06 (s, 1H), 4.59 (d, J = 8.4 Hz, 1H), 4.57 (d, J = 8.4 Hz, 1H), 3.68 (s, 3H), 3.66 (5,
3H), 2.91 (s, 1H).
BC NMR (150 MHz, CDCl3) & 168.9, 162.1, 160.2, 132.2, 129.3, 128.8, 127.8, 125.2, 123.7,
114.2,109.8, 96.8, 69.7, 64.2, 58.0, 55.7, 52.5.

HRMS (ESI): m/z calcd. For C1oH1gN,NaOg [M+Na]™ 393.1057, found m/z 393.1053.

methyl (1S,3S,3aS,8bS)-5-bromo-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3ka)
H CO,Me
NH

Br ° NO,Ph

3ka

Light yellow oil. 66.0 mg, 79% yield, 9:1 dr, 98% ee.

[a]o®® = 95.14 (c = 0.50, CH,Cl,).
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HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 11.717 min (major), 14.002 min (minor).

'"H NMR (600 MHz, CDCl5) 8 7.43 (d, J = 7.8 Hz, 1H), 7.41 — 7.39 (m, 3H), 7.38 — 7.36 (m, 2H),
7.01 (d,J =7.8 Hz, 1H), 6.89 (t, J = 7.8 Hz, 1H), 5.11 (s, 1H), 4.80 (d, J = 8.4 Hz, 1H), 4.67 (d, J
= 7.8 Hz, 1H), 3.73 (s, 3H).

3C NMR (150 MHz, CDCl3) & 168.5, 156.4, 133.7, 131.9, 129.4, 128.8, 128.3, 124.5, 124.2,
123.9,122.1, 103.3, 70.1, 64.3, 59.0, 52.5.

HRMS (ESI): m/z calcd. For C1gH15BrN,NaOs [M+Na]" 441.0057, found m/z 441.0060.

methyl (1S,3S,3aS,8bS)-8-chloro-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro

[2,3-c]pyrrole-1-carboxylate (3la)
Cl  cO,Me
H
NH

O No,Ph

3la

Light yellow oil. 61.3 mg, 82% vyield, 10:1 dr, 92% ee.

[a]o® = 100.33 (¢ = 0.70, CH,CL).

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 9.168 min (major), 11.119 min (minor).

'H NMR (600 MHz, CDCl) § 7.42 — 7.39 (m, 3H), 7.33 =7.31 (m, 2H), 7.22 (t, J = 8.1 Hz, 1H),
7.00 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 5.16 (s, 1H), 4.82 (d, J = 8.4 Hz, 1H), 4.62 (d, J
= 8.4 Hz, 1H), 3.93 (s, OH), 3.71 (s, 3H), 2.96 (s, 1H).

3C NMR (150 MHz, CDClg) 8 169.5, 159.3, 131.8, 131.7, 130.7, 129.3, 128.9, 128.9, 127.6,
126.0, 123.9, 123.5, 122.3, 109.4, 69.4, 63.5, 58.9, 52.8.

HRMS (ESI): m/z calcd. For C1gH16CIN,Os [M+H]" 375.0742, found m/z 375.0741.

methyl (1S,3S,3aS,8bS)-3a-amino-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro[2,3-c]

pyrrole-1-carboxylate (4aa)
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4aa

White solid. 33 mg, 71% yield, 99% ee.

[a]o® = -30.05 (c = 0.92, CH,Cl,).

m.p.: 121.7-124.5°C

HPLC CHIRALCEL ID, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature = 25
°C, A =254 nm, retention time: 18.477 min (major), 24.298 min (minor).

'H NMR (600 MHz, CDCls) 6 7.47 (d, J = 7.2 Hz, 2H), 7.26 — 7.14 (m, 4H), 7.01 (t, J = 6.6 Hz,
1H), 6.74 (d, J = 7.8 Hz, 1H), 6.67 (t, J = 6.9 Hz, 1H), 4.65 (s, 1H), 4.41 (d, J = 6.6 Hz, 1H), 4.14
(d, J = 6.6 Hz, 1H), 3.33 (s, 3H).

BC NMR (150 MHz, MeOD) 6 171.6, 163.2, 155.9, 139.1, 133.7, 132.7, 129.9, 129.8, 129.7,
129.3,129.2, 129.0, 128.9, 128.4, 124.8, 120.1, 116.9, 65.1, 64.4, 52.1.

HRMS (ESI): m/z calcd. For C1gH19N,03 [M+H]" 311.1390, found m/z 311.1384.

methyl(1S,3S,3aS,8bS)-3a-nitro-3,7-diphenyl-2,3,3a,8b-tetrahydro-1H-benzofuro[2,3-c]

pyrrole-1-carboxylate (4fa)

Colorless oil. 36.6 mg, 88% yield, 96% ee.

[a]o® = 167.11 (c = 0.40, CH,CL,).

HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 11.760 min (major), 19.002 min (minor).

'H NMR (600 MHz, CDCls) & 7.50 — 7.45 (m, 3H), 7.44 — 7.41 (m, 5H), 7.36 — 7.33 (m, 3H),
7.30 (s, 1H), 7.05 (d, J = 9.0 Hz, 1H), 5.17 (s, 1H), 4.79 (d, J = 9.0 Hz, 1H), 4.74 (d, J = 9.0 Hz,
1H), 3.72 (s, 3H), 2.22 (s, 2H).

BC NMR (150 MHz, CDCl3) 6 168.6, 158.4, 140.4, 137.2, 131.9, 129.8, 129.4, 129.0, 128.9,

127.9,127.5, 126.9, 123.9, 123.4, 123.1, 110.9, 69.8, 64.2, 58.2, 52.6.
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HRMS (ESI): m/z calcd. For CosH»:N,Os [M+H]" 417.1445, found m/z 417.1442.

((1S,3S,3aS,8bS)-6-methoxy-3a-nitro-3-phenyl-2,3,3a,8b-tetrahydro-1H-benzofuro[2,3-c]pyr

rol-1-yl)methanol (4ia)

HO
“ ~Ph
MeO 0 NO;

4ia
Light yellow oil. 38.5 mg, 75% yield, 96% ee.
[a]o®® = 50.43 (c = 0.60, CH,Cl,).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, temperature =
25 °C, L =254 nm, retention time: 11.760 min (major), 19.002 min (minor).
'H NMR (600 MHz, CDCl3) 6 7.37 (s, 3H), 7.33 (s, 2H), 7.13 (d, J = 7.8 Hz, 1H), 6.57 (d, J = 9.0
Hz, 2H), 5.11 (s, 1H), 4.41 (d, J = 7.8 Hz, 1H), 3.96 (q, J = 6.0 Hz, 1H), 3.80 (dd, J = 10.8, 5.4 Hz,
1H), 3.77 (s, 3H), 3.69 (dd, J = 10.2, 6.0 Hz, 1H), 2.51 (s, 2H).
B3C NMR (150 MHz, CDClg) & 161.7, 160.3, 133.3, 129.8, 129.2, 128.6, 128.2, 125.6, 123.8,
115.4,114.4,109.4, 96.8, 69.9, 62.1, 61.9, 56.4, 55.7, 29.8.

HRMS (ESI): m/z calcd. For C1gH1gN,NaOs [M+Na]™ 365.1108, found m/z 365.1115.
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7. Copies of NMR spectra
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'H NMR of 3ab
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'H NMR of 3ac
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'H NMR of 3ad
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'H NMR of 3ae
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!H NMR of 3af
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'H NMR of 3ag
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'H NMR of 3ah
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'H NMR of 3ai
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'H NMR of 3aj
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'H NMR of 3ak
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'H NMR of 3al

L 3. 4E+11

3. 697

3.0E+11

R

00
-
a3

T

L2 8E+11

b2 6E+11

L2 2E+11

b2 0E+11

3al

476 474 472 470 468 4.66 4.64 462 4.60

6E+11

L 1. 4E+11

E1.0E+11
L 8. 0E+10

L 6. 0E+10

| I 2. OE+10

2 d L 2. 0E+10

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

£1 (ppm)

37
2. 40

8.
58,87

S
= f 1. 70E+10

—69.42
—61.80
5

— 5

. 60E+10

L 1. 50E+10

L 1. 40E+10

L 1. 30E+10

k1. 20E+10

L 1. 10E+10
L 1. 00E+10
9. 00E+09
L 8. 00E+09
f- 7. 00E+09
L 6. 00E+09
5. 00E+09
L 4. 00E+09
L 3. 00E+09
L 2. 00E+09

L 0. 00E+00

L -1. 00E+09

T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10

£1 (ppm)

S36



'H NMR of 3ba

Jul20-2018-WZ. 12. fid

7.391
7.385
7.380

3ba

6.847

53

4548
4834
— 3734
3.031
3.013

= = = n
s S =2 3

15 510 E05 5.00 4,95 4.9 435 4.80 476

3=

1=

20=

L 22000

L 21000

L 20000

L 19000

L 18000

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

Lo

L -1000

k2000

13C NMR of 3ba

Jul20-2018-WZ. 11. fid

168. 95

H,C

9.5 9.0 85 8.0

96

6.

I

L 4000

L 3500

L 3000

L 2000

L 1500

L 1000

L 500

T T T T T
210 200 190 180 170

T
160

T
150

d T "
=
= =
T T T T T T T T T T T T
.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 1.0 1
(pom)
ER 3
R 3
I
T T T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10 [ 10
(ppm)

S37



'H NMR of 3ca
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'H NMR of 3da
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¥F NMR of 3da
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'H NMR of 3ea
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'H NMR of 3fa
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'H NMR of 3ga
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'H NMR of 3ha
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'H NMR of 3ia
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'H NMR of 3ja
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'H NMR of 3ka

Jul2

5-2018-yxh. 70. fid

7433
7420
7409

6.880

914

\ 4585
3734

51

S48

<

]
it

.

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 4000

L 3000

L 2000

L 1000

L -1000

13C NMR of 3ka

Jul26-2018-yxh. 71. fid

168.48

156.44

5.0 4.5 4.0 3.5 3.0 2.5 2.0
£1 (ppm)

10334
731
7695
5430

5904

5252

§

T T T
200 190 180 170

T
160

T T
100 90

£1 (ppm)

S47

L 8500

L 8000

L 7500

L 7000

L 6500

L 6000

L 5000

L 4500

L 4000

L 3500

L 3000

L 2000

L 1500

L 1000

L 500

L -500




'H NMR of 3la
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'H NMR of 4aa
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'H NMR of 4ia
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'H NMR of 4fa
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8. Copies of HPLC spectra for racemic and chiral compounds

7] 70 30 .81 15 A JF HE I #88 [T-2) B2 771 mtbe r od UV_VIS_1 WVL:256 nm
875
750 CO,Me
1 NH
625 O
% 500 22a 1-8.872
s
S ]
= 4
5 375
2 1
= 1 |2 - 15.857
250+
125
0—: T ! T
-100- 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 1
0.0 50 10.0 15.0 200 255
[ [61] [min]
BLER
F5  |Name RetTime Area Height Area Height Ff i
min mAU*min mAU % % n.a.
1 9.872 168.341 483.730 49.47 63.79 n.a.
15.857 171.952 274.573 50.53 36.21 n.a.
BRI 340.293 758.303 100.00 100.00
800~ 13 70 30 0.8 Mo SRk #2 [T Al #1410 Ph 98% ee UV_VIS_1 WVL:256 nm
700 ]
600
500
= )
£ 4001
2 ]
=
£ 300
E 1 \1-9.880
< ]
2004
100
0__ — — | - L 12- 15.6|?2
-100 - 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 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.3
1 Ti1] [min]
BAER
5 [Name RetTime Area Height Area Height FF i B
min mAU*min mAU Yo % n.a.
1 9.880 94.916 257.961 99.19 99.40 n.a.
2 15.672 0.780 1.555 0.81 0.60 n.a.
BRI 95.696 259.515 100.00 100.00
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250 70 30 0.8 #50 [T 51 #1731 P-CH3 IV IF% race UV_VIS_1 WVL:256 nm
1-9717
2004 co,Me
Crpw
% No.
1504 O
E) 3ab Me
E |2 - 20,497
@
2 1004
2
5
a2
=
50
_50 - r T T T T T T T T T1
0.0 5.0 100 15.0 20.0 25.0 300 35.0 40.0 456
[ 1] [min]
BAER
5 [Name RetTime Area Height Area Height i
min mAU*min mAU Yo % n.a.
1 9.717 92.031 227.807 49.49 67.39 n.a.
2 20.497 93.924 110.234 50.51 32.61 n.a.
BRI 185.955 338.041 100.00 100.00
700 1270 30 0B TE L TFOEW: #12 [T 51 #1771 p-me 99% ee UV_VIS_1 WVL:256 nm
] 1 - 9658
600+
5004
% 400—_
o ]
2 3004
1] 4
=]
g 1
< 2004
100
1 2 - 20.653
o — . L1220
-100 - T T T T T T T T T T T T T T T T T
0.0 50 10.0 15.0 20.0 251
i} [i1] [min]
BAER
5 |Name RetTime Area Height Area Height Fffh R
min mAU*min mAU % % n.a.
1 9.658 254.821 620.430 99.47 99.70 n.a.
2 20.653 1.359 1.874 0.53 0.30 n.a.
B 256.180 622.304 100.00 100.00
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80 200.8 #16 [FaI 177

200 p-meo race UV_VIS_1 WVL:256 nm
600
500-
CO,Me
— O NH
=< 400
E % No
s 2
E 3004 3ac OMe
5 (1 - #1401 - 19.067
2
=< |2-23.192
2004
100
04 — 1
_50_ T T T T T T T T T T T T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 26.9
[f [11] [min]
BoER
5 |Name Rettime Area Height Area Height Ff i it
min mAU*min mAU % %
1 #Har 1 19.067 117.158 262.485 49.96 55.95 n.a.
na. |#42 n.a. n.a. n.a. n.a. na. n.a.
2 23.192 117.366 206.629 50.04 44.05 n.a.
BRI 234.523 469.114 100.00 100.00
|
80 20 08 #17 [T Al A1) p-meo race UV_VIS_1 WVL.256 nm
750
625
% 500 4 (1 =44 1 - 19.098
8
@ 3754
=]
5
2
<
2504
125
2-23.389
0+ | : T
71007| T T T T T T T T T T T T T T T T T T
0.0 50 100 15.0 20.0 25.1
i} ] [min]
BAER
FF5  |Name Rettime Area Height Area Height Ff dh it
min mAU*min mAL % %%
Har1 19.098 223214 498.987 99.09 99.17 n.a.
na. |#H42 n.a. n.a. n.a. n.a. na. n.a.
2 23.383 2.054 4.195 0.91 0.83 n.a.
BA: 225.268 503.182 100.00 100.00
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_ 7170 30 0.87 M A JFRE I #34 [T 20155 P-CL oj race UV_VIS_1WVL:256 nm
350
3004
CO,Me
NH
2504 O
8 200 3ad -
2
2 i1 - 24 460
2 1504
=
1004 12 - 36.663
50
0] ! :
_ZO‘I T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0 45.0 493
i} [1] [min]
BAER
5 |Name RetTime Area Height Area Height i
min mAU*min mAU % % n.a
1 24.460 280.343 152.569 50.45 61.22 n.a.
2 36.663 275.349 96.655 49.55 38.78 n.a.
BRI 555.692 249.223 100.00 100.00
: |
3] 70 30 D.8HTEE A2 TR KNG #38 [T- ) H193] P-CL oj cat 99 UV_WIS_1 WWL:256 nm
350
3004
2504
5 \2 - 35.585
<
E 200
3
&
E 1504
=
1004
50
o] AN \_11- 25693 .
T T
-50- r T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 49.7
[1f (1] [min]
BaER
FF4 |Name RetTime Area Height Area Height = 1=% ]
min AL min mAL % % Nn.a.
1 25693 3.645 2032 0.47 1.28 n.a.
2 35.565 770.266 225911 99.53 9872 n.a.
j-% H 773.911 228.843 100.00 100.00
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Additional Info : Peak(s) manually integrated

VIWD1 A, Wavelength=250 nm (LLZ0180711\Z016145.0)
mAL

400
co,Me

17.734

3ae Br
200
100
§ =
;3
T
0 y -,
T T T T
[i] 5 10 15 20 mir}
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAU] %
s===|======- | ====]======= | ========== | ========== | ===mmm=—
1 17.734 VB 0.45%6 1.31287e4d 416.35712 45,3998
2 19.,9% BV 0.4530 1.37316ed 466.00653 47.4844
21.308 vV 0.4380 988.45911 34.60992 3.4181
Additienal Info : Peak(s) manually integrated
VWD1 A, Wavelength=250 nm (LL20180711\2016149.D)
mAU 2
=
1750
1500
1250 +
1000 +
750
500 -
250
jiﬁ.J
o
@
a L +
T T T T T T v T v T T T T
a 5 10 15 20 miry
Peak RetTime Type Width Area Height Area
# [min] [min) [mAU*s] [mAU] %
| |====1 | === === | === |
1 18.290 BV 0.3825 584.98419 23.87268 0.8770
2 19.733 vV 0.5244 6.72474e4 1889.38611 99.1230
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300+ 7 70 30 0.87F K4S JF L #36 [T & #1791 p-co2me race od UV_VIS_1 WVL:256 nm
2504 1 -15.817
CO,Me
Qg
200
9 No.
O \2-23.015
2 3af 'CO,Me
£ 150
3
&
2
S 100+
=1
<
50
04
_50 - r T T T T T 1
0.0 50 10.0 15.0 20.0 25.0 28.4
[} 1A [min]
BoER
FF5  |Name RetTime Area Height Area Height Fffh R
min mAU*min mAL % % n.a.
1 15.817 189.707 242708 50.31 58.43 n.a.
2 23.015 187.371 172.687 49.69 41.57 n.a.
B 377.078 415.394 100.00 100.00
& |
350 .70 30 0.8 IR T ok #28 [T 5 0171 p-cozme cat.2 UV_VIS_1 WVL:256 nm
300 \1-15.827
250
% 200
m
2 1504
1]
E=3
5
< 100
50+
| | _12-23.255
01 T T
-50- ¥ T T T T T T T T T T T T T T T 1
0.0 5.0 100 15.0 200 259
1 [6] [min]
BAER
5 |Name RetTime Area Height Area Height f
min mAU*min mAL % % n.a.
1 15.827 249.523 298.662 98.96 99.06 n.a.
2 23.255 2.634 2.831 1.04 0.94 n.a.
BR: 252.157 301.494 100.00 100.00
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600 7380 20 0.6 #25 [T & £177] m-ch3 ia race UV_VIS_1 WVL:250 nm
500
| CO,Me
O
£ 3004
2 ]
= ] (1-15.288 5 47307
E 2004
i 4
100
o] J\.
-100- T T T T T T T T T T T T T T T T T T T T ™
0.0 6.0 8.0 10.0 12.0 14.0 16.0 187
{1 1] [min]
BAER
G R BI 7] I TRT 1 34 A %ot e T HE e i 7 P i i
min mAU*min mAU Yo O n.a.
1 15.288 92.856 235.275 49.55 50.68 n.a.
2 17.307 94.548 228.936 50.45 49.32 n.a.
BRI 187.404 464.210 100.00 100.00
600 73180 20 0.6 #24 m-ch3 ia cat UV_VIS_1 WVL:250 nm
500
400
1 12 - 17,301
- ]
£ 300
= j
=
o
: l
§ 200
‘i 4
100 4
1 1 - 15.355
04 L,L._I |
-100- T T T T T T T T T T T T T T T T T T T T 1
0.0 6.0 8.0 10.0 12.0 16.0 18.5
i} 18] [min]
BaER
G X {5 BI e ) I TR (33 A et s g 1 HE e e e FE AL
min mAU*min mAU % % n.a.
1 15.355 2.155 6.391 1.53 1.75 n.a.
2 17.308 139.040 359.338 98.47 98.25 n.a.
BA: 141.195 365.729 100.00 100.00
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200 .70 30 OB TR JF O #23 [T 51 B3] m-cl race od UV_VIS_1 WVL:256 nm
3504
3004
JoMe 1-9.787
. 2504 O NH | X
% o \2-11.873
E.200
8
=
2
s 1504
2
=
1004
504
0]
=504
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 T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 181
i} [i1] [min]
BAER
5 |[Name RetTime Area Height Area Height Ff fh i
min mAU*min mAL % %% n.a.
1 9.787 89.618 244 .353 49.10 54 62 n.a.
2 11.873 92.888 203.018 50.90 45.38 n.a.
BRI 182.506 447.37T1 100.00 100.00
400 - 'ﬂ 70 30 0.8 LA wE I #31 [T ah #1471 m-cl UV_VIS_1WVL:256 nm
350
3004
2504
=) 1-9.770
E 200+
3
=
£ 150
3
=
100
504
12-11.933
0] o 1
I T
_50 - T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 140 148
i} [1] [min]
BAER
5 |Name RetTime Area Height Area Height i
min mAU*min mAL % % n.a.
1 9.770 83.046 214.194 95.72 96.46 n.a.
2 11.933 3.714 7.849 4.28 3.54 n.a.
BRI 86.760 222.044 100.00 100.00
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T 70 30 087 I A JF KT #32 [T a1 7] WLr OD race UV_VIS_1 WVL:256 nm
\1-11.852
4004
— 3004
=2
E \2-19.253
3
=
£ 200
(=]
a2
Ed
1004
04
_Soqu"'r T — T T T L B T T T T — T T T —T
0.0 25 75 10.0 12.5 150 17.5 20.0 232
[} (1] [min]
BasR
FF5  [Name RetTime Area Height Area Height Fffh R
min mALU*min mAL Yo i) n.a.
1 11.852 206.394 461.125 50.27 65.19 n.a.
2 19.253 204.146 246.261 49.73 34.81 n.a.
BRI 410.540 707.387 100.00 100.00
|
800 'ﬂ 70 30 0.8 1L A Ji W #41 [T s #1470 I gy UV_VIS_1WVL:256 nm
700 - 11.742
6004
500 4
=) ]
£ 4001
g ]
c
B 4
2 300
a8 ]
¢ 4
2004
100 ]
] 121
04 : T T
_100-| T —T T T T T — T T — T T T T T L | T
0.0 2.5 50 75 10.0 15.0 175 20.3
[ 0] [min]
BAER
K5 [Name RetTime Area Height Area Height Fffh R
min mAU*min mAL % % n.a.
1 11.742 317.742 696.016 98.81 99.19 n.a.
2 19.582 3.838 5.650 1.19 0.81 n.a.
BRI 321.580 701.666 100.00 100.00
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Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=250 nm (LL20180711\2016142.D)

mAU o 2
' g
700
600 CO,Me
O
500 0" \o
w O
400
300
200
100 - (J
. .
I I I I
0 5 10 15 20
Peak RetTime Type Width Lrea Height LArea
# [min] [min] [mAU*s] [mAU] %

Sl BEEE e B | ==mmmmmmme | === | == |
1 22.415 VB 0.5101 2.52935e4 744.15082 50.5064
2 25.150 BB 0.5438 2.47864e4 700.53308 49.493¢6

Additional Infeo : Peak(s) manually integrated

VWD1 A, Wavelength=250 nm (LL20180711\2016143.D)
mAU |

600
500+

400

300

200

22.859

o] N

=195

0 5 10 15 20 25

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [(mAU] &

1 22.859 BB 0.4607 221.57669 T.44716 0.9925
2 25.195 EB 0.5375 2.21044e4 627.75745 99.0075
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Additional Infe : Peak(s) manually integrated

VWDA A, Wavelengih=250 nm (LL20180730\2016400.0)
mAU 7]
200
175
] CO,Me
1 50_: NH
] 9" No.
125 -
] 3ak
100
75
50
25
0
1 T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] &

1 12.398 MM 0.4792 4375.0351e 152.17900 49.2066
2 13.782 MM 0.3526 4516.11230 213.46397 50.7934

Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=250 nm (LL20180730\2016401.D)
mAL ~
600 @
500
400 co,Me
NH
300 %" o
3ak
2004
100 +
&
o
0
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 2 4 6 8 10 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAlU] %

——mm | e | === | == | === R | == |
1 9.266 BB  0.3402 470.38248 22.61916  4.2473
2 10.217 BB 0.2807 1.06046e4  599.28125 95.7527
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2300+ 3] 70 30 0.8 JE A Tk #252 [T & #1145 LL 1A ROUGUIR UV_VIS_1WVL:256 nm
20001
1750
1500 ] MeO,C
% NH 11-14.345
= 1250 9" NO,™ pn \2-17.038
8 1
g 3al
£ 1000
2
¢ 4
750 ]
500 1
250
] p\_ R ]
-50- T T
00 25 50 75 10.0 125 15.0 175 " 207
[} [71] [min]
BAER
5  |Name RetTime Area Height Area Height Ff i i
min mAU*min mAU % Y% n.a.
1 14.345 495.599 1394.324 49.27 5418 n.a.
2 17.038 510.219 1179.002 50.73 45.82 n.a.
BA: 1005.818 2573.325 100.00 100.00
i |
2800 7] 70 30 0875 M A JF kI #253 [T o) 2 471 LL 1A ROUGUI C 96EE UV_VIS_1 WWL:256 nm
2500
20004
COMe 12 -16.935
2
E 1500—_
c
a 3al
S
@ ]
=< 1000
500
114,337
i I L T
r T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 266
11} [0] [min]
BAEGR
F5 |Name RetTime Area Height Area Height ¥ dn it
min mAU*min mAL % % n.a.
1 14.337 16.488 48.125 2.00 2.53 n.a.
2 16.935 808.894 1854.654 98.00 97.47 n.a.
BA: 825.382 1902.779 100.00 100.00
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Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=250 nm (LL20180718\2016254.D)
mAL —

15.987

400
350+
300
250 o nofh

200

150

100

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAT] %
=== == | ====|======- | ======——-- [====—==—-= | ======== |
1 9.373 BV 0.2092 7241.98730 533.86945 49,3536
2 10.066 VV 0.2232 7431.68945 507.80945 50.6464

Additional Infeo : Peak(s) manually integrated

VWD1 A, Wavelength=250 nm (LL20180718\2016253.D)
mAU |
800
MeO,C
Ve H ~NH
600 :
d ”Nozph
3ba
400 +
200 4
0
| 1 | 1 | 1 1 1
1] 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAl] %

1 14.882 WV 0.3066 1.86307e4 935.45349 98.2730
2 1le6.022 VB 0.3732 327.40701 12.90335 1.7270
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Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=250 nm (LL20180719\2016270.D)

&
-
e
5 a3 " dp mi
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAU*s] [mAU] %

Sl EEEEEE e | =mmm e | === | === |
1 19.559 MM 0.7170 7155.06250 166.32347 50.0973

2 35.854 MM 1.7884 7127.25781 66.42270 485.9027

Additional Infe : Peak(s) manually integrated
VIV D1 A, Wavelength=250 nm (LL20180719\2016271.D)
mAU 123

MeO,C

MeO. NH

s ozph
3ca

o B
}
]

35.137

Peak RetTime Type Width Area Height Lrea
7 [min] [min] [mAU*s] [mAU] 3

1 18.9%2 VB 0.6123 71e0.63574 177.8819%4 97.0050
2 35.137 BB 0.8725 221.08228 2.99099 2.9950
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250 @ 80 20 0.6 #26 [F 4 £171] 5-fie race UV_VIS_1 WVL:250 nm
200
MeO,C
1504
— E NH
=2
E o nof"
@ 3da
2 1004
o
=)
2
2 1= 12987 12 - 14.840
50
01 T
—SD-I T T T I e e e — T —T T T T
0.0 20 4.0 8.0 80 10.0 12.0 14.0 16.0 17.2
i [71] [min]
BasR
s gk {RBIE M) I T 51 U 7y A e s g A e T i
min mAU*min mAL % % n.a
1 12.987 25.037 66.140 50.22 51.06 na.
2 14.840 24.820 63.394 49.78 48.94 n.a.
B 49.857 129.534 100.00 100.00
|
{8020 06 #27 [T A1 £1 7] 5-fie cat UV_VIS_1 WVL:250 nm
400+
— 3004
% \2-14.932
8
&
£ 200
(=]
2
=
1004
11 -13.230
0 I 1
-50 4
r T T T T T T T T T T T T T T T T T T T T T T
0.0 20 4.0 6.0 8.0 10.0 120 14.0 16.3
i} [71] [min]
BaaR
s |k {REE M I T 51 (8- A %o i g HE X i 7 Ff i
min mAU*min mAL %o i) n.a.
1 13.230 2.299 7.476 232 269 n.a.
2 14.932 96.706 270.382 97.68 97.31 n.a.
BRI 99.005 277.859 100.00 100.00
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100.0 'ﬂ 70 30 0.6 2k A JE kg #57 [T a4 5-Cl race OD UV_VIS_1 WWVL:256 nm
87.5]
75.0
MeO,C
= 6257 o NH
£ 1 Ph
= J 0 NO;
g 500 s0n
3 ]
2 375] \1-11.148
< ]
25,0
] 12-16.983
1253
oo~ — N I . [V A ‘
-5.0 T —T L L L B e B T L T T — T T T T
0.0 2.0 40 6.0 8.0 10.0 12.0 140 16.0 18.0 197
1 1] [min]
BAER
FF5  |Name RetTime Area Height Area Height f dh R
min mAU*min mAU % % n.a.
1 11.148 14.250 34.345 50.89 66.15 n.a.
2 16.983 13.751 17.574 49.11 33.85 n.a.
BRI 28.002 51.919 100.00 100.00
100.0 - 'ﬂ 70 30 0.8 Lk A< JfH i #60 [T s 147 6-CL CAT 98ee UV_VIS_1 WWVL:256 nm
87.5
75.03 \1-10.952
62.57
% ]
£ 500
g ]
5 ]
=) 4
g 37.54
B 4
< ]
2504
1257
1 e 2 - 16.840
0.0: . L :
_10-0 -: r T T T T T T T T T
0.0 20 40 6.0 a0 100 12.0 140 16.0 18.2
[} [0] [min]
B8R
5 |Name RetTime Area Height Area Height Ff i
min mAU*min mAL % ] n.a.
1 10.952 30.811 73.938 98.90 99.23 n.a.
2 16.840 0.343 0.577 1.10 0.77 n.a.
B 31.154 74.515 100.00 100.00
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Rdditional Info : Peak(s) manually integrated

VWD1 A, Wavelength=250 nm (LL20180721\2016305.0)
mAU | a
120
100 ] MeO,C
4 Br NH
] o NOzP "
80 j 3fa
60
| :
40
20
o :M S
1 J I I 1
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] (mAU] %

- - | === === | === | === | === |
1 15.122 BB 0.5571 4710.84521 130.31750 50.4912

2 25.484 BBA 1.4389 4819.19141 47.86678 49.5088

Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=250 nm (LL20180721\2016304.D)
mAl o
175 i

150 -

MeO,C
125 H

NH
o~ Ph

100 o0 NO;

3fa

75

Peak RetTime Type Width LArea Height Lrea
# [min] [min] [mAU*s] [mAU] %
=== |- | === | === | —==—===—== | =======—=
1 14.892 BB 0.5425 £499.38818 183.62541 98.4974
2 25.466 MM 1.0272 99.15053 1.60879 1.5026
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300 8 70 30 0.8 K4 JEUK I #246 [T #171] LLIA 47 0 UV_VIS_1 WWL:256 nm
250 +
200 4
MeO,C
5 O,N NH
E 150 4 o Nofh
@ \1-14.020
= \3-15.140
£
E 100
<
3 - 19.360
504
0+ T
-50- r 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 —1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 356
[} [71] [min]
BoER
5 |Name RetTime Area Height Area Height Ff dh it
min mAU*min mAU % % n.a.
1 14.020 44.369 123.568 29.79 41.10 n.a.
2 15.140 43.981 114.726 29.53 38.16 n.a.
3 19.360 60.600 62.326 40.68 20.73 n.a.
BRI 148.950 300.620 100.00 100.00
800 - 73] 70 30 0.8 Mk A= JF ks #251 [T s #1401 LL IA CAT 99% UY_VIS_1WWVL:256 nm
700
600
500 ON cOo,Me
= 1 X ONH
E 400 ] 0 Roph \1-14.002
g ] 3ga
(1] 4
£ 300
2 )
{ o4
200
100
1 2.15212
0— 1 1 ;
_100-"'I"'I"'I‘"I"'I‘"I"'I"'I"'I
0.0 25 5.0 75 10.0 125 15.0 175 200 223
i 1] [min]
BLER
5 |Name RetTime Area Height Area Height FF i
min mAU*min mALU Yo % n.a.
1 14.002 140.578 392.139 99.24 99.17 n.a.
2 15.212 1.074 3.269 0.76 0.83 n.a.
BA: 141.652 395.408 100.00 100.00
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Bdditional Info : Peak(s) manually integrated

VWD A, Wavelength=250 nm [LLZ01807 202016296 D)
mAL =
|
80 Me0,C §
NH ~
Br o] NO;:.h
B0 3ha
10
20—
G_
0 25 5 75 10 125 15 175 20
Peak RetTime Type Width Lrea Height Area
f [min] [min] [mAU*=] [mAT] %
=== === | ====|======- | ========== | ========== | ======== |
1 11.677 BB 0.3%38 2737.75%1%5 107.2%388 49%.4639
2 17.080 BB 0.817% 2747.10083 70.17310 50.5361
Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=250 nm (LLZ018072012016297 D)
mAU 3
350
300
Me0,C
H J~NH
250
Br o NofP
200 4 3ha
150
100
50— w
. £
0 2 4 6 10 12 14 16 18 il
Peak RetTime Type Width Area Height Area
7 [min] [min] [mAU*s] [mAld] %
———= | | === | === m == | m = | == m - | === |
1 11.603 BB 0.4036 9459.96191 362.3526%9 97.5978
2 17.175% EBE 0.5756 232.84355 5.77000 2.4022
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_ 7] 70 30 0.8 45 A< J[- 157 #58 [T a1 44147] 6-Me race OD UV_VIS_1 WVL:256 nm
175+
1504
MeO,C
1254 NH
=)
E Me d no;" \1-9.535
o 100 3ia
&
=]
5 75
2 12 - 15.530
50
25+
] T
0 1 - |
207 T— T T —— —— — T T SR — —
0.0 20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0
i 1] [min]
BASR
5 |Name RetTime Area Height Area Height Ff i
min mAU*min mAL % O n.a.
1 9.535 38.628 103.095 49.75 62.09 n.a.
2 15.530 39.009 62.945 50.25 37.91 n.a.
BAI: 77.638 166.041 100.00 100.00
|
_ 71 70 30 0.8fiF A A JFRLIF #61 [T 4190 6-CH3 CAT 99 ee UV_VIS_1 WVL:256 nm
400 4
Me0,C
i . \1-9.420
5 3004 g
< Me o “nofh
I 3ia
5
£ 2004
o
8
<
1004
0 — I L 2- 1!'7-513
=50~
T T T T T T T T T T T T T T T T T T T T T T T T ™
0.0 20 4.0 8.0 8.0 10.0 12.0 14.0 16.0 17.2
[ [ [min]
BAER
5 |Name RetTime Area Height Area Height Ff R
min mAU*min mAU Yo % n.a.
1 9.420 121.141 320.751 99.59 99.73 na.
2 15.513 0.499 0.875 0.41 0.27 n.a.
BR: 121.641 321.627 100.00 100.00
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150270 30 08 A JF KR #59 (1211 7)1 §-MeO race OD UV _VIS_1 WVL:256 nm
1254
1004
= 754 MeO,C
< NH
LE]
E 50.] oo o noPh (1-11.392
E 3ja
§ 25 12-18.208
04 . T T
-25-
-50- —71 v v T T [ Tt Tt T Tt | T T Tt v Tt Tt T T T T T T T T — T 1 T
0.0 25 50 75 10.0 12.5 15.0 17.5 20.0 20.9
[} fi1] [min]
BAER
FF5  |Name RetTime Area Height Area Height Ff i
min mAU*min mAL % % n.a.
1 11.392 21927 48.967 50.71 64.01 n.a.
2 18.208 21314 27.532 49.29 35.99 n.a.
B 43.241 76.499 100.00 100.00
|
250 - 7] 70 30 0.8 1k 4 Jf: kI #65 [Tzl #1471 6-MEO CAT2 99 EE UV_VIS_1 WVL:256 nm
200+
(1= 11.217
MeO,C
H /~NH
= 150
=2 o
r MeO o no;"
‘o 3ja
=
3
5 100+
2
=
50
12 - 18 287
04 : I : I
—20—I — T T L L R B R | — T T T T LA A | — T — T 1
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0
i Ti1] [min]
BAER
%5 |Name RetTime Area Height Area Height FF i il
min mAU*min mAU Yo % n.a.
1 11.217 80.440 177.692 99.54 99.65 n.a.
2 18.287 0.371 0.625 0.46 0.35 n.a.
BRI 80.810 178.317 100.00 100.00
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Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=254 nm (LL20180726\2016349.D)
mAU ]
500 —
i MeO,C
NH
400 o ‘noZ"
4 Br
3ka
300:
200—-
100
D_-
e e ) S A A AL AR
1] 25 5 7.5 10 12.5 15 17.5 20 min|
Peak EetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.701 MM 0.4588 1.40092e4 508.85767 50.8069
2 13.824 MM 0.5604 1.3564Ze4 403.37881 49.1931

Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=254 nm (LL20180726\7016358.D)
mAU =
I
120
MeO,C
100 H J~NH
I OZPh
Br
80 | 3ka
BD -
40 -
20+ R
El
0 by
I T T 1 I 1 I
0 2 4 6 8 10 12 14 mir|
Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] [m&ld] %

———e|mm———e- | ==== | =mmmeme | ==mmmm e e | === e
1 11.717 BB 0.4217 3565.19727 130.06592 98.9698
2 14.002 MM 0.5122  37.11134  1.20751  1.0302
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Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=254 nm (LL20180726\Z016354.D)

mAU | 4
200- %
: Me0zC
| NH
1 3la
100
5
o
0 2 4 6 8 10 2w
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s=] [mall] %

e B R | == | === | == |
1 9.473 BV 0.2083 3205.51685 235.50203 49.3693

2 11.367 EB 0.2649 3287.41260 189.56013 50.6307

Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=254 nm (LL20180726\Z016360.D)

mAU 2
400 - T

350 MeO,C
H,

cl
/NH
300 .
o NoPh

3la

250

200

150 <

100 H

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 2
=== == | =—===]======= | =—========= | ========== | ======== I
1 9.168 BV 0.3144 8690.19531 422.22791 96.1244
2 11.119 MM 0.4210 350.37836 13.86924 3.8756
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[ 70 30 0.8 JE A JFRK G #106 [T 4051 7] NO2-NH2 id R UV_VIS_1 WVL:256 nm
250 4
MeO,C
2004 NH
=) Ph
< 150] 0 NH
‘g 4aa
c
3
S 100
=1
=
1-18.045
50 I \2-24633
04 W
-50-; T T T T T T T T T T T T T T T T T T —
00 50 100 150 200 250 29 4
[ 171] [min]
BAGR
F5  [Name RetTime Area Height Area Height o B
min mAU*min mAL % Y% n.a
1 18.045 36.249 49631 48.54 56.94 na.
2 24.633 38.425 37.532 51.46 43.06 n.a.
BRI 74.674 87.163 100.00 100.00
300+ 'ﬂ 70 30 0.8 1L 4 JERE e #134 [T 204840 NH2CCAT2 UV_VIS_1 WVL:256 nm
250
200+
2
8 150
c
1]
=]
5 i1 18.477
2
1004
504
-10- r T T T T T T T T T T T T T T T T T T T T T ul
0.0 50 10.0 15.0 20.0 250 271
i} 18] [min]
BAER
F5 |Name RetTime Area Height Area Height FF i il
min mAU*min mAU Yo % n.a.
1 18.477 88.170 113.873 99.54 100.00 n.a.
2 24.298 0.404 0.002 0.46 0.00 n.a.
BRIl 88.574 113.874 100.00 100.00
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1000 73] 70 30 0.8 Lk 4 JEHL I #87 [T sl #141] reduction |A R UV_VIS_1 WVL:256 nm
875
7501
6251 HO
5 ]
I 1 NH
E 500 Ph i1-11.385
s 1 MeO O NO;
E 375 ] sia |2 -13.435
2 ]
250
125
0 |
_SD‘I T T T T T T T T T m
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.6
I} [A)] [min]
BoER
FF5 |Name RetTime Area Height Area Height i
min mAU*min mAL % % n.a.
1 11.385 198.520 472104 50.91 56.06 n.a.
2 13.435 181.432 370.046 49.09 43.94 n.a.
BA: 389.951 842.151 100.00 100.00
1800 270 30 0.8 JEAE JFITK T #86 [T #1777 reduction 1A C UV_VIS_1 WVL:256 nm
1600
1400
] i1-11.382
1200
5 )
< 1000
3
s 800
5 )
2 ]
< 500
4004
200
o4 /\/\ I } 12-13 75|3
_100_-I T T T T T T T T 1
0.0 20 40 8.0 8.0 10.0 12.0 14.0 15.3
1} [6] [min]
HAER
5 [Name RetTime Area Height Area Height FF i i
min mAU*min mAU % % n.a.
1 11.382 541.875 1234.466 98.36 98.75 n.a.
2 13.753 9.043 15.657 1.64 1.25 n.a.
BRI 550.918 1250.124 100.00 100.00

S76




15%_j?O%OBWﬂMUN%W#%[FMEMH suzuki race UV_VIS_1 WVL:256 nm
1400
1200
MeO,C
| P
10004 -
) O o Nofh 11=11.785
=) 1 4fa
E 800 A
3 ]
& i
E 600 4 12 - 18833
B o
< o
4004
2004
0__ | - | T
_100‘|r‘w-|‘-r|'r"|‘-rlllr'll"r"rlll‘|r"r"'
0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5
[} (7] [min]
B8R
5  |Name RetTime Area Height Area Height FF dh i
min mAU*min mAU % %% n.a.
1 11.785 498.393 964.257 49.71 62.15 na.
2 18.833 504.300 587.313 50.29 37.85 n.a.
B 1002.693 1551.570 100.00 100.00
15%_3m30&%@#*ﬂ%%#&[hﬁ&9] suzuki race UV_VIS_1 WVL:256 nm
14004
1200 ]
1 11=11.760
1000
% 800
n ]
c
= 600
g )
2 ]
400
200
o] , | .2-19_0?2
-ZUO-I —r I oI T L B L R R |
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 21.5
[t} [71] [min]
BoER
5 |Name RetTime Area Height Area Height f
min mAU*min mAU % % na.
1 11.760 562.257 1117.084 98.14 98.87 na.
2 19.002 10.632 12.743 1.86 1.13 n.a.
B 572.890 1129.827 100.00 100.00
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9. Crystal data and structure refinement for 3ah

Table 1 Crystal data and structure refinement for LL_1.

Identification code LL 1

Empirical formula C1gH15CIN,O5
Formula weight 374.77
Temperature/K 120.00(10)
Crystal system trigonal

Space group P3;

alA 11.0671(2)

b/A 11.0671(2)

c/A 11.8214(2)

a/° 90

p/e 90

y/° 120

Volume/A3 1253.91(5)

z 3

Peatcg/cm’ 1.489

wmm™ 2.329

F(000) 582.0

Crystal size/mm? 0.16 x0.14 x0.12
Radiation CuKo (A =1.54184)
20 range for data collection/°9.228 to 146.992
Index ranges -8<h<13,-13<k<12,-14<1<14
Reflections collected 8112

Independent reflections 3098 [Rint = 0.0270, Rsigma = 0.0245]
Data/restraints/parameters ~ 3098/1/240

Goodness-of-fit on F? 1.050

Final R indexes [[>=20 (I)] R; =0.0307, wR, =0.0775

Final R indexes [all data] R; =0.0308, wR, = 0.0775
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Largest diff. peak/hole / e A 0.20/-0.30
Flack parameter 0.007(7)/0.007(5)
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10. Copies of HSQC, HMBC and Noesy

HSQC of 3aa

HSQC

Mo:l

cb

~100

120

140

160

180

HMBC of 3aa

d_
c —
b -
a—

8.0

7.5

7.0

6.5

6.0

HMEC HNo:1

5.5

5.0

~100

120

140

-160

2.0

8.5

8.0

7.5

7.0

6.5
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6.0

5.5

5.0 4.5 4.0

35

ppm



Noesy of 3aa

Noesy No:1l

ppm
. Fo
)
’ 1
r
. L2
-]
v =
(Y ]
o »
Y
. L L
A 5
! L6
1 =
= ’
' 8
T T T T T T T T T 9
9 8 7 6 5 4 3 2 1 0 ppm
HSQC of 4
d
MeO,C
b
c NH HSQC No:2 m
a
O BRUKE
4
diastereoisomer of 3aa ac b
racemic M ﬁ
ppm
- 40
d — L3
c - - 60
b — -
a -
- 80
100
— -
120
== - -
— -
140
N - 160
180
T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 ppm
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HMBC of 4

ac
m J‘ ppm
- 40
d—
c— . - 60
b —|
a—] .
- 80
-100
-120
— = X 4 .
—= L4
— - .
140
7 = 160
ﬂ . -
T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 4.5 4.0 35 ppm
Noesy of 4
Noesy No:2
ppm
v O
1
2
| F3
(
. & L
4
e 5
F6
E7
——— '
8
F9
T T T T T T
9 8 T 6 5 4 0 ppm
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