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1. General remarks

*H NMR spectra were recorded on Bruker AMX-400 (400 MHz) or Bruker AMX-600 (600 MHz). The chemical
shifts were recorded in ppm relative to tetramethylsilane and with the solvent resonance as the internal
standard (CDCl;, ¢ = 7.26). Data were reported as follows: chemical shift (§ ppm), multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet, dd = doublet of doublets, tt = triplet of triplets), coupling constants
(Hz), integration and assignment. 3C NMR data were collected on Bruker AMX-400 (101 MHz) or Bruker
AMX-600 (151 MHz) with complete proton decoupling. Chemical shifts are reported in ppm from the
tetramethylsilane with the solvent resonance as internal standard (CDCls, § = 77.00). °F NMR spectra were
collected on on Bruker AMX-400 (376 MHz) or Bruker AMX-600 (565 MHz) with complete proton decoupling.
Enantiomeric excesses (ee) were determined by HPLC analysis using the corresponding commercial chiralpak
column as stated in the experimental procedures at 25 °C. Melting points (Mp) were determined using
OptiMelt automated melting point system. Optical rotations were reported as follows: [a]," = (¢ = g/100 mL, in
solvent). ESI-HRMS spectra were recorded as thin-films on a Perkin-Elmer Spectrum One FT-IR instrument.
X-ray crystallographic data were collected by a Bruker D8 Venture Photon II. All reactions were performed in
sealed oven-dried glass tubes under an atmosphere of air unless otherwise noted. All the solvents were
purified by usual methods before use. Metal salts obtained from commercial sources were used without further
purification. The chiral N,N'-dioxide ligands were synthesized by the same procedure in the literature.® The
cyclic hypervalent iodine(lll) reagents 2 and 4 were synthesized by the same procedure in the literature.? 2

2. Synthesis of substrates

2.1 General procedures for the synthesis of the substituted indanonecarboxamides and

indanonecarboxesters

Following a reported procedure,* NaH (60% dispersion, 2.0 equiv) was suspended in dry THF under nitrogen
in an oven-dried flask. A solution of the appropriate 1-indanone (1.0 equiv) in dry THF was added dropwise.
After stirring for 10 minutes, a solution of the isocyanate in dry THF was added dropwise and the mixture was
heated to reflux for 2 h. After cooling to 0 °C, 1 N HCI was added cautiously until the solid had completely
dissolved. The solution was extracted with Et,O (2 x 20 mL) and the organic phase was washed with sat
NaHCO3; (20 mL), brine (20 mL). The combined organic layers were dried (MgSO4), filtered and evaporated.

The crude was purified by column chromatography on silica gel.

To a flask equipped with a Dean-Stark trap and reflux condenser was added B-ketomethyl ester,
corresponding alcohol, the transesterification catalyst ZnO and solvent (toluene or cyclohexane). The mixture
was heated to reflux, distilling the methanol formed during the reaction. The mixture was refluxed for 10-24 h
until complete conversion was observed by TLC, then concentrated under reduced pressure and the crude

residue was purified by column chromatography.

2.2 General procedures for the synthesis of acyclic B-keto amides

MgBr- Oy J<
~Cs
\/Y N

(1.2 equiv) o (1.2 equiv)

i Cul (15 mol%) NaH _NaH (2 equiv) M J<
R >cl THF -78°Cort R THF, reflux, 20
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Following a reported procedure,’ a dry Schlenk tube was charged with Cul (0.15 equiv), THF (0.1 M) and the
acid chloride (1.0 equiv). The mixture was cooled to —78 °C and i-pentylmagnesium bromide (1.2 equiv) was
added dropwise. The mixture was warmed to room temperature overnight. The mixture was diluted with NH4ClI
and EtOAc. The layers were separated and the aqueous layer was extracted with EtOAc (2 x 20 mL). The
combined organic layers were dried (MgSO.), filtered and evaporated. The crude was purified by column

chromatography on silica gel.

NaH (60% dispersion, 2.0 equiv) was suspended in dry THF under nitrogen in an oven-dried flask. A solution
of the appropriate ketone (1.0 equiv) in dry THF was added dropwise. After stirring for 10 minutes, a solution
of the isocyanate in dry THF was added dropwise and the mixture was heated to reflux for 2 h. After cooling to
0 °C, 1 N HCl was added cautiously until the solid had completely dissolved. The solution was extracted with
Et,O (2 x 20 mL) and the organic phase was washed with sat NaHCO3 (20 mL), brine (20 mL). The combined
organic layers were dried (MgSO4), filtered and evaporated. The crude was purified by column

chromatography on silica gel.

3.Typical procedure for the catalytic asymmetric reaction

The corresponding racemic products were obtained by using racemic N,N'-dioxide (+)-Ls-PiEt2 as the ligand

under the respective catalytic reaction conditions.

3.1 General procedure (A) for the reaction of indanonecarboxamides 1a-o and nitratobenziodoxole 2:

0,NO—I—0 Ni(OTf), 10 mol% 0 o
N o, L3-TQ-(S)-EPh 10 mol% S R?
R ) 5AM.S. 2.5 mg R N
HN-R CHCl3, 0 °C, 48 h ONO,
1a-o0 2 3a-0

To an oven-dried tube was added Ni(OTf), (3.6 mg, 0.01 mmol, 10 mol%), Ls-TQ-(S)-EPh (6.3 mg, 0.01 mmol,
10 mol%), indanonecarboxamides 1a-o (0.10 mmol) and 5 A molecular sieves (2.5 mg) under Ar atmosphere.
Anhydrous CHCI; (0.5 mL) was added and the mixture was stirred at 30 °C for 15 minutes. Subsequently, the
reaction was cooled to 0 °C, a solution of the nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in CHCl3 (1.0 mL)
was added. The reaction was performed at 0 °C for 48 hours and directly subjected to flash column
chromatography on silica gel (eluent: petroleum ether/dichloromethane/ethyl acetate = 20:10:1) to afford the

corresponding product 3a-o.

3.2 General procedure (B) for the reaction of indanonecarboxesters 1p-x and nitratobenziodoxole 2:

O 0,NO—I—0 Co(OT), 10 mol%
N o, Ly TQPr10mol%
Ri_ o "CHCl, 10°C, 241
ONo2
1p-x 2 3p-x

To an oven-dried tube was added Co(OTf), (3.6 mg, 0.01 mmol, 10 mol%), Ls-TQ'Pr (5.1 mg, 0.01 mmol, 10

mol%), indanonecarboxesters 1p-x (0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) under Ar
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atmosphere. The mixture was cooled to -10 °C and anhydrous CHCI; (1.0 mL) was added. The reaction was
performed at -10 °C for 24 hours and directly subjected to flash column chromatography on silica gel (eluent:

petroleum ether/ethyl acetate = 20:1) to afford the corresponding product 3p-x.

3.3 General procedure (C) for the reaction of acyclic B-keto amides 1y-af and nitratobenziodoxole 2:

O O O,NO—|—O Fe(OTf), 10 mol% o O
L3-PiEt,Me 10 mol%
R N + == S N
THF, 60 °C i
By M B ONO}
1y-af 2 3y-af

To an oven-dried tube was added Fe(OTf), (3.6 mg, 0.01 mmol, 10 mol%), Ls-PiEt2Me (6.2 mg, 0.01 mmol, 10
mol%) and acyclic B-keto amides 1ly-af (0.10 mmol) under Ar atmosphere. Anhydrous THF (1.0 mL) was
added and the mixture was stirred at 30 °C for 15 minutes. Subsequently, the nitratobenziodoxole 2 (35.5 mg,
0.11 mmol) was added and the reaction was performed at 60 °C. The reaction mixture was directly subjected
to flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 20:1) to afford the

corresponding product 3y-af.

3.4 General procedure (D) for the reaction of indanonecarboxamides and azidoiodinane 4:

o} N3—I—0 Zn(OTf), 10 mol%

y %o . ©/% Ls-TQ-(S)-EPh 10 mol%_ w
T 5AMS.25m
Z HN‘% DCE, 0 °C, 241
1 4 5a-h

To an oven-dried tube was added Zn(OTf), (3.6 mg, 0.01 mmol, 10 mol%), Ls-TQ-(S)-EPh (6.3 mg, 0.01 mmol,
10 mol%), 5 A molecular sieves (2.5 mg), indanonecarboxamides 1 (0.10 mmol) and azidoiodinane 4 (39.4 mg,
0.13 mmol) under Ar atmosphere. The mixture was cooled to 0 °C and anhydrous DCE (1.0 mL) was added.
The reaction was performed at 0 °C for 24 hours and directly subjected to flash column chromatography on

silica gel (eluent: petroleum ether/dichloromethane/ethyl acetate = 20:10:1) to afford the corresponding

product 5a-h.

3.5 General procedure (E) for the reaction of indanonecarboxesters and azidoiodinane 4:

o N3—l—0 Zn(OTf), 10 mol%
L0 (R C[V
1 4 5i-p
To an oven-dried tube was added Zn(OTf), (3.6 mg, 0.01 mmol, 10 mol%), L3-TQ-(S)-EPh (6.3 mg, 0.01 mmol,
10 mol%), indanonecarboxesters 1 (0.10 mmol) and azidoiodinane 4 (39.4 mg, 0.13 mmol) under Ar
atmosphere. The mixture was cooled to -20 °C and anhydrous DCE (1.0 mL) was added. The reaction was
performed at -20 °C for 24 hours and directly subjected to flash column chromatography on silica gel (eluent:

petroleum ether/ ethyl acetate = 20:1) to afford the corresponding product 5i-p.
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4. Optimization of reaction conditions

4.1. The reaction of indanonecarboxamide and nitratobenziodoxole 2

Table S1. Screening of the metal salts?

C{ S N Sl ~ f(’ ? L
. _LePicH 10 mol%
HN% ©/% DCE, 0°C, 16 h ONO'dZ
1a 2 3a
Entry Metal salt Yield (%)° ee (%)°
1 Sc(OTf)s 64 5
2 Mg(OTf), 68 12
3 Co(BF4)2:6H.0 67 72
4 Co(OTf), 69 67
5 Ni(OTf), 68 76
6 Ni(BF4)2-6H,0 74 68
7 Ni(ClO4)2:6H20 64 55
8 Ni(acac): 63 48
9 Ni(OTs),-6H,0 73 39
10¢ Ni(OTf), 76 68
11° Ni(OTf), 85 53
12 Ni(OTf), 61 68
139 Ni(OTf), 75 80

2Unless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), N,N'-dioxide Ls-PicH (4.9 mg, 0.01
mmol, 10 mol%), indanonecarboxamide 1a (23.1 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in DCE (1.0 mL) at
0 °C under Ar atmosphere for 16 hours. PIsolated yield. *Determined by HPLC analysis on a chiral stationary phase. “The reaction was
performed at 10 °C. ®The reaction was performed at 20 °C. The reaction was performed at -10 °C. 95 A molecular sieves (10.0 mg)

was added.

Table S2. Screening of the ligands?

o} 0,NO—|—O0 Ni(OTf), 10 mol% ORNe)
@ﬁ_(o ij/% _ligand 10mol% w J<
+
5AM.S. 10 mg
HN— DCE, 0 °C, 16 h ONOZ
1a 2
O\\ Q
R +
o\\ ., \(5N
/N\H" Y /N\
L;-PicH: R = cyclohexyl, n = 2 R H™ 'R

L3-PicP: R = cyclopentyl, n = 2

L3-PrcP: R = cyclopentyl, n = 1 Ls-TQBn: R = Bn

L;-TQPr: R = ‘Pr
L3-TQcH: R = cyclohexyl
L;-TQ-(S)-EPh: R = (S)-2-
phenylethyl
Ls-TQ-(R)-EPh: R = (R)-2-
phenylethyl

L3-TQCHPh,: R = Ph,CH
L;-TQ'Bu: R = Bu

L3-RacP: R = cyclopentyl

Entry Ligand Yield (%)° ee (%)°
1 Ls-PicH 75 80
2 L3-PicP 75 57
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3 L3-PrcP 70 20
4 Ls-RacP 64 12
5 L3-TQBN 74 64
6 Ls-TQ'Pr 72 82
7 L3-TQcH 74 84
8 L3-TQ-(S)-EPh 70 87
9 L3-TQ-(R)-EPh 52 80
10 Ls-TQ'Bu 60 30

2Unless otherwise noted, all reactions were carried out with Ni(OTf) (3.6 mg, 0.01 mmol, 10 mol%), ligand (0.01 mmol, 10 mol%), 5 A
molecular sieves (10.0 mg) , indanonecarboxamide 1a (23.1 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in DCE

(1.0 mL) at 0 °C under Ar atmosphere for 16 hours. Plsolated yield. °Determined by HPLC analysis on a chiral stationary phase.

Table S3. Screening of the solvents?®
0,NO—I—0 O o

o) Ni(OTf), 10 mol%
0 Ls-TQ-(S)-EPh 10 mol% J<
* 5AM.S. 10 mg N
HN ONO,

solvent, 0 °C, 16 h

1a 2 3a
Entry Solvent Yield (%)° ee (%)°
1 CH.Cl, 84 82
2 CHCl3 80 90
3 CHCICH,CI 70 87
4 CI,CHCHCI, 72 68
5 THF 83 8
6 Et,O 48 0
7 Toluene 58 13

2Unless otherwise noted, all reactions were carried out with Ni(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), L3-TQ-(S)-EPh (6.3 mg, 0.01
mmol, 10 mol%), 5 A molecular sieves (10.0 mg) , indanonecarboxamide 1a (23.1 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0
mg, 0.13 mmol) in solvent (1.0 mL) at 0 °C under Ar atmosphere for 16 hours. "Isolated yield. “Determined by HPLC analysis on a

chiral stationary phase.

Table S4. Screening of the quantities of 5 A molecular sieves?

0 0,NO—I—0 Ni(OTf), 10 mol% 9 o
0 L;-TQ-(S)-EPh 10 mol% J<
* 5AM.S. 10 mg N
HN% CHCI3, 0°C, 16 h

ONO,
1a 2 3a
Entry 5 AMS Yield (%)° ee (%)°
1 10.0 mg 80 90
2 5.0 mg 81 90
3 2.5mg 81 92
4 0 mg 72 76
54 2.5mg 83 92

aUnless otherwise noted, all reactions were carried out with Ni(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), L3-TQ-(S)-EPh (6.3 mg, 0.01
mmol, 10 mol%), 5 A molecular sieves, indanonecarboxamide 1a (23.1 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13
mmol) in CHCls (1.0 mL) at 0 °C under Ar atmosphere for 16 hours. "Isolated yield. °Determined by HPLC analysis on a chiral

stationary phase. “The reaction was performed in CHCIs (1.5 mL) for 48 h.

Table S5. Screen of other ligands?
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o 0,NO—I—O0  Ni(OTf), 10 mol% O o
O ligand 10 mol% J<
* 5AMS. 25mg N
HN .
CHCI3,0°C, 16 h ONO,
1a 2 3a

SiPhg

CL,., ClL..
SO OGN

N ’ ~
ipf UpyPr iPr
L5 L6
Entry Ligand Yield (%)° ee (%)°
1 L1 39 -20
2 L2 51 -22
3 L3 74 0
4 L4 36 0
5 L5 50 0
6 L6 58 30

aUnless otherwise noted, all reactions were carried out with Ni(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), ligand (0.01 mmol, 10 mol%), 5 A
molecular sieves (2.5 mg), indanonecarboxamide 1a (23.1 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in CHClIs3

(1.5 mL) at 0 °C under Ar atmosphere 48 hours. PIsolated yield. °Determined by HPLC analysis on a chiral stationary phase.

4.2 The reaction of indanonecarboxesters and nitratobenziodoxole 2

Table S6. Screening of the ligands?

o} 0,NO—|—O0 Ni(OTf), 10 mol% O o
O . _ Ligand 10 mol% J<
T 5AMS. 25mg mg
cl 0 CHCl3, 0 °C, 16 h ONo2
1r 2
n n

<

L3-PicH: R = cyclohexyl, n = 2
L3-PrcH: R = cyclohexyl, n =1 R

L3-TQBn: R =Bn

L;-TQPr: R = 'Pr

L3-TQcH: R = cyclohexyl
L3-TQ-(S)-EPh: R = (S)-2-
phenylethyl

L3-TQ-1-Ad: R = 1-adamantyl|

L3-RacH: R = cyclohexyl

Entry Ligand

Yield (%)° ee (%)°

1 L3-PicH
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2 Ls-PrcH 62 0
3 Ls-RacH 68 0
4 L3-TQBN 72 16
5 Ls-TQ'Pr 77 40
6 L3-TQcH 64 26
7 L3-TQ-(S)-EPh 78 10
8 L3-TQ-1-Ad 73 20

2Unless otherwise noted, all reactions were carried out with Ni(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), ligand (0.01 mmol, 10 mol%), 5 A
molecular sieves (2.5 mg), indanonecarboxester 1r (26.7 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in CHCI3

(1.0 mL) at 0 °C under Ar atmosphere for 16 hours. Plsolated yield. °Determined by HPLC analysis on a chiral stationary phase.

Table S7. Screening of the metal salts?

o O;NO—I—0  metal salt 10 mol% O o
0 . Ls-TQPr 10 mol% J<
5AM.S.2.5mg o
cl o CHCl3, 0°C,16h  Cl ONO,
1r 2 3r

Entry Metal salt Yield (%)° ee (%)°
1 Mg(OT¥), 60 6
2 Fe(OTH); 61 0
3 Co(OTH);, 78 84
4 Ni(OTf), 68 50
5 Cu(OT); 73 14
6 Zn(OTh, 84 64
7 Sc(OThHs 78 0
8 Gd(OTf)s 72 20
gd Co(OTH);, 78 88

10% ¢ Co(OTf), 76 90

119.e 1 Co(OT);, 81 90

aUnless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), L3-TQ'Pr (5.1 mg, 0.01 mmol, 10 mol%),
5 A molecular sieves (2.5 mg), indanonecarboxester 1r (26.7 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in
CHCIs (1.0 mL) at 0 °C under Ar atmosphere for 16 hours. Isolated yield. °Determined by HPLC analysis on a chiral stationary phase.

dWithout 5 A molecular sieves. ¢The reaction was performed at -10 °C. 'The reaction was performed for 24 h.

4.3 The reaction of acyclic B-keto amides and nitratobenziodoxole 2:

Table S8. Screening of the metal salts?

0 0 O,NO—|—O metal salt 10 mol% o o
J< . L3-TQ-(S)-EPh 10 mol% J<
N 5AMS. 2.5mg N
Me CHCls, 30 °C, 16 h Me ONO;,
1ah 2 3ah
Entry Metal salt Yield (%)° ee (%)°
1 Mg(OTf), trace 8
2 Fe(OTf), trace 30
3 Co(OTf), trace 7
4 Ni(OTf), trace 10
5 Cu(OTf), trace 0
6 Zn(OTf), trace 14
7 Sc(0Tf); trace 7
84 Fe(OTf), 50 14
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aUnless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), L3-TQ-(S)-EPh (6.3 mg, 0.01 mmol, 10
mol%), 5 A molecular sieves (2.5 mg), acyclic B-keto amide lah (23.3 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13
mmol) in CHCI3 (1.0 mL) at 30 °C under Ar atmosphere for 16 hours. PIsolated yield. “Determined by HPLC analysis on a chiral

stationary phase. 9The reaction was performed at 50 °C.

Table S9. Screening of the ligands?

o o 0;NO—|—0O  Fe(OTf), 10 mol%
W J< 2 |_|gand210 mol% W J<
N +
H 5 /3\ M.S. 2.5 mg
Me [j CHCl3, 50 °C, 16 h Me ONOY
1ah 2
n n + .
N N
S N o< TN (0]
o= N.,\_/\\-‘N 0 O~ -0
\\N 0 0 N N
Ny N R™ T | R
) L3-TQ'Pr: R = Pr
L3-PrPry: R = 2,6-?Pr206H3, n=1 L3-TQ-(S)-EPh: R = (S)-2-
L3-PiPry: R = 2,6-'Pr,CgHj, n = 2 phenylethyl
L;-PiEt,Me: R = 2,6-Et, 4-Me-CgHp, n = 2
L3-PiEt,: R = 2,6-Et,CgHg, n = 2 j
Ls-PiMe;: R = 2,4,6-Me;CgHyp, n = 2 N
Ls-PiMe,: R = 2,6-Me,CgHg, n = 2 O:{ \/\ ¢]
L;-PiAd: R = adamantyl, n =2 y ‘H ‘\ N,
L3-PicH: R = cyclohexyl, n = 2 R HOR
3 : yclohexyl, n
L3-RaPry: R = 2,6-Pr,CgHg
Entry Ligand Yield (%)° ee (%)°
1 L3-TQsEPh 50 14
2 Ls-TQ'Pr 46 5
3 Ls-RaPr2 55 18
4 L3-PrPr2 51 28
5 L3-PiPr2 52 35
6 Ls-PiEt2Me 52 45
7 L3-PiEt2 52 30
8 L3-PiMes 55 22
9 L3-PiMe2 51 17
10 Ls-PiAd 46 30
11 L3-PicH 46 7
124 L3-PiEt2Me 51 46

2Unless otherwise noted, all reactions were carried out with Fe(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), ligand (0.01 mmol, 10 mol%), 5 A
molecular sieves (2.5 mg), acyclic B-keto amide 1lah (23.3 mg, 0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in CHCIz
(1.0 mL) at 50 °C under Ar atmosphere for 16 hours. Plsolated yield. “Determined by HPLC analysis on a chiral stationary phase.

dwithout 5 A molecular sieves.

Table S10. Screening of the acyclic B-keto amides?

0,NO—|— Fe(OTf), 10 mol% o o
J< ? La-ePiEtzlﬁe 1(;nrzol% J<
CHCl3, 50 °C, 16 h 4 H
’ ' R'ONO,
2 3
Entry R? Yield (%)b ee (%)°

1 Me 51 46
2 Et 58 77
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3d Et 58 80

49 Pr N.R. --
5d Bu 41 93
64 F N.R. --
7d Cl N.R. --
gd-e Bu 44 93

aUnless otherwise noted, all reactions were carried out with Fe(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), Ls-PiEtoMe (6.2 mg, 0.01 mmol,
10 mol%), acyclic B-keto amide 1 (0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in CHCI3 (1.0 mL) at 50 °C under Ar
atmosphere for 16 hours. Plsolated yield. *Determined by HPLC analysis on a chiral stationary phase. “Nitratobenziodoxole 2 (35.5

mg, 0.11 mmol) was added. ®The reaction was performed at 60 °C.

Table S11. Screening of the solvents?

@M ke, P REmie 0 mots @MN e
solvents, 60 °C, 16 h iBY ONO};
2 3y

Entry Solvent Yield (%)° ee (%)°
1 CHCl3 44 93
2 EtOAC 21 75
3 MeCN 45 80
4 Et,O N.R. --
5 Toluene 20 75
6 THF 70 92
74 THF 82 92

aUnless otherwise noted, all reactions were carried out with Fe(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), Ls-PiEt,Me (6.2 mg, 0.01
mmol, 10 mol%), acyclic B-keto amide 1y (27.5 mg, 0.10 mmol) and nitratobenziodoxole 2 (35.5 mg, 0.11 mmol) in solvent
(1.0 mL) at 60 °C under Ar atmosphere for 16 hours. Plsolated yield. °Determined by HPLC analysis on a chiral stationary phase.

4The reaction was performed for 24 h.

4.4 The reaction of indanonecarboxamides and azidoiodinane 4:

Table S12. Screening of the metal salts?
metal salt 10 mol%

O o
©E§_4 ©/% Ly-TQ(S}-EPh 10 mol%_ w j<
5AM.S. 2.5 mg N
HN— CHCl3, 0 °C, 16 h N

3

5a
Entry Metal salt Yield (%)° ee (%)°
1 Mg(OTf), trace 16
2 Fe(OTf), 78 30
3 Co(OTf), trace 30
4 Ni(OTf), trace 0
5 Cu(OTf), trace 0
6 Zn(OTf), 84 75
7 Sc(OTf)3 trace 7

aUnless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), L3-TQ-(S)-EPh (6.3 mg, 0.01 mmol, 10
mol%), 5 A molecular sieves (2.5 mg), indanonecarboxamides 1a (0.10 mmol) and azidoiodinane 4 (39.4 mg, 0.13 mmol) in CHCls

(1.0 mL) at 0 °C under Ar atmosphere for 16 hours. Plsolated yield. °Determined by HPLC analysis on a chiral stationary phase.
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Table S13. Screening of the ligands?
% N3—I—O  Zn(OTf), 10 mol% 9 o
O . Ligand 10 mol% NJ<
5AM.S.2.5mg H
HN CHCl3, 0 °C, 16 h Ng
5a

.
o= b o‘

/N\H' = ,tl
R ~ o
. N " o\
L3-PrPry: R = 2,6-PryCqHy, n = 1 - y-N

L3-PiPr;: R = 2,6-Pr,CgHs, n =
L3-TQBn: R =Bn

\\ L3-TQ'Pr: R = Pr
_ r:] L3-TQcH: R = cyclohexyl
o=" " K TQ-(S)- 'R = (S)-2-
\\ O '(5 L3-TQ-(S)-EPh: R = (S)-2
/ N\ phenylethyl
R L3-TQCHPh,: R = CHPh,

L;-RaPry: R = 2,6-’Pr206H3

Entry Ligand Yield (%)° ee (%)°
1 L3-PrPr2 58 0
2 L3-PiPr2 67 60
3 Ls-RaPr2 64 0
4 Ls-TQPr 54 73
5 Ls-TQcH 58 66
6 Ls-TQ-(S)-EPh 84 75
7 L3-TQCHPh? 83 60

2Unless otherwise noted, all reactions were carried out with Zn(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), ligand (0.01 mmol, 10 mol%), 5 A
molecular sieves (2.5 mg), indanonecarboxamides 1a (0.10 mmol) and azidoiodinane 4 (39.4 mg, 0.13 mmol) in CHClz (1.0 mL) at

0 °C under Ar atmosphere for 16 hours. Plsolated yield. “Determined by HPLC analysis on a chiral stationary phase.

Table S14. Screening of the solvents?

N3—I—0 Zn(OTf), 10 mol% O o
L3-TQ-(S)-EPh 10 mol% J<
>—< XN
HN g 5AM.S.2.5mg H

solvent, 0 °C, 16 h N3
5a
Entry Solvent Yield (%)° ee (%)°
1 DCM 37 63
2 CHCl3 84 75
3 DCE 78 90
4 EtOAC 40 51
5 Toluene 22 38
6 THF 53 11
79 DCE 84 90

2Unless otherwise noted, all reactions were carried out with Zn(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), L3-TQ-(S)-EPh (0.01 mmol, 10
mol%), 5 A molecular sieves (2.5 mg), indanonecarboxamides 1a (0.10 mmol) and azidoiodinane 4 (39.4 mg, 0.13 mmol) in solvent
(1.0 mL) at 0 °C under Ar atmosphere for 16 hours. "Isolated yield. “Determined by HPLC analysis on a chiral stationary phase. “The

reaction was performed for 24 h.
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4.5 The reaction of indanonecarboxesters and azidoiodinane 4:

Table S15. Screening of the metal salts?

0 N3—I—O metal salt 10 mol%
Brmo . L3-TQ’Pr 10 mol% W
o % ©/% DCE, 0°C, 16 h
1t 4
Entry Metal salt Yield (%)b ee (%)°
1 Mg(OTf). 33 78
2 Fe(OTf), 38 -16
3 Co(OTf), 42 72
4 Ni(OTf), 48 53
5 Zn(OTH), 64 92

2Unless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), Ls-TQ'Pr (5.1 mg, 0.01 mmol, 10 mol%),
indanonecarboxesters 1t (0.10 mmol) and azidoiodinane 4 (39.4 mg, 0.13 mmol) in DCE (1.0 mL) at O °C under Ar atmosphere for 16

hours. PIsolated yield. “Determined by HPLC analysis on a chiral stationary phase.

Table S16. Screening of the ligands?
5 o N3—l—O0 Zn(OTf), 10 mol%
r (0] o,
\@ﬂ_q N L|gand 10 mol%
g DCE 0°C,16h
(o]
1t

L;-TQPr: R = 'Pr
L3-TQcH: R = cyclohexyl

\ - L3-TQ-(S)-EPh: R = (S)-2-
Oﬁ N’fo\_/\,‘éN Y p;enyle(zth)yl ©
N N
R R
Entry Ligand Yield (%)° ee (%)°
1 Ls-TQPr 64 92
2 L3-TQcH 82 30
3 Ls-TQ-(S)-EPh 72 91
44 La-TQ-(S)-EPh 78 92
5e Ls-TQ-(S)-EPh 78 94
6' Ls-TQ-(S)-EPh 76 92

2Unless otherwise noted, all reactions were carried out with Zn(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), ligand (0.01 mmol, 10 mol%),
indanonecarboxesters 1t (0.10 mmol) and azidoiodinane 4 (39.4 mg, 0.13 mmol) in DCE (1.0 mL) at 0 °C under Ar atmosphere for 16
hours. "Isolated yield. “Determined by HPLC analysis on a chiral stationary phase. The reaction was performed at -10 °C for 24

hours. ¢The reaction was performed at -20 °C for 24 hours. The reaction was performed at -30 °C for 24 hours.

4.6 The reaction of 1,3-diketones and nitratobenziodoxole 2:

Table S17. Screening of the metal salts?

ON02 metal salt 10 mol% O o
M @ _LyTQ-(S)-EPh 10 mol%_ W
CHClj, 25 °C, 16 h
ONO,
3ai
Entry Metal salt Yield (%)° ee (%)°
1 Sc(OThs 85 0
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2 Gd(OTf)s 72 0
3 Mg(OTf), 71 -6
4 Fe(OTf), N.R. -
5 Fe(OTf)s N.R. -
6 Co(OTf), 70 10
7 Ni(OTf), 70 0
8 Cu(OTf), 77 0
9 Zn(OTH), 76 11
10 Zn(OTH), 89 36

aUnless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), L3-TQ-(S)-EPh (6.3 mg, 0.01 mmol, 10
mol%), 1,3-diketones lai (0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in CHCIs (1.0 mL) at 25 °C under Ar
atmosphere for 16 hours. Plsolated yield. “Determined by HPLC analysis on a chiral stationary phase. 9The reaction was performed at

0 °C for 16 hours

Table S18. Screening of the ligands?

ONOz Zn(OTf), 10 mol% 0 o
ngand 10 mol%
3ai
Entry Ligand Yield (%)° ee (%)°
1 L3-TQBnN 84 22
2 L3-TQCHPh2 78 18
3 Ls-TQ'Pr 87 56
4 L3-TQcH 93 50
5 L3-TQ-(S)-EPh 89 36
6 Ls-PiMe2 84 25
7 L3-PiMe2'Bu 87 28
8 L3-PiEt2 88 28
9 L3-PiPr2 69 10
10 L3-PiEt2Me 85 30
11¢ Ls-TQ'Pr 79 46

aUnless otherwise noted, all reactions were carried out with Zn(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), ligand (0.01 mmol, 10 mol%),
1,3-diketones 1ai (0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in CHCIs (1.0 mL) at 0 °C under Ar atmosphere for 16
hours. "Isolated yield. “Determined by HPLC analysis on a chiral stationary phase. The reaction was performed at -10 °C for 36

hours.

Table S19. Screening of the solvents?

ONO; Zn(0Tf); 10 mol% 0 o
_Ls-TQPr 10 mol%
% @ solvent, 0 °C, 16 h w
3ai
Entry solvent Yield (%)° ee (%)°
1 DCM 89 22
2 CHCl3 87 56
3 DCE 91 22
4 EtOAc 92 34
5 Toluene 27 0
6 THF 52 0
7 Et,O 26 0
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2Unless otherwise noted, all reactions were carried out with Zn(OTf)z (3.6 mg, 0.01 mmol, 10 mol%), Ls-TQ'Pr (5.1 mg, 0.01 mmol, 10
mol%), 1,3-diketones lai (0.10 mmol) and nitratobenziodoxole 2 (42.0 mg, 0.13 mmol) in solvent (1.0 mL) at 0 °C under Ar

atmosphere for 16 hours. Plsolated yield. “Determined by HPLC analysis on a chiral stationary phase.
5. Typical procedure for the gram-scale synthesis of product

0,NO—|—0 Ni(OTH), (10 mol%)
L3-TQ (S) EPh (10 mol%) )<
5AMS.
HN CHCls, -20-0 °C, 48 h oNo!

1f (3.5 mmol, 1.09 g) f (1.06 g, 82% yield, 92% ee)
After recrystalllzatlon (0.80 g, 62% yield, 99% ee)

To an oven-dried round bottomed flask was added Ni(OTf), (124.9 mg, 0.35 mmol, 10 mol%), Ls-TQ-(S)-EPh

(221.5 mg, 0.35 mmol, 10 mol%), indanonecarboxamides 1f (1085.7 mg, 3.5 mmol) and 5 A molecular sieves
(87.5 mg) under Ar atmosphere. Anhydrous CHCI; (17.5 mL) was added and the mixture was stirred at 30 °C

for 2 h. Then the reaction was cooled to -20 °C, a solution of the nitratobenziodoxole 2 (1470.0 mg, 4.55 mmol)
in CHCI; (35 mL) was added dropwise. The reaction was performed at -20 °C for 30 mins. Subsequently, the
reaction is allowed to warm to 0 °C for 48 hours. The reaction was directly subjected to flash column

chromatography on silica gel (eluent: petroleum ether/dichloromethane/ethyl acetate = 20:10:1) to afford the

corresponding product 3f as white amorphous solid (1.06 g, 82% yield, 92% ee). 3f could be obtained in 62%

yield with 99% ee after recrystallization.

6. Transformations of the product

O o
Jon s olee e
THF, 0°C, 1 h , N
Br ONOj Br OH

3f (0.1 mmol, 99% ee) 6 (93% yield, 99% ee)

Synthesis of molecule 6: Following a reported procedure,? a solution of 3f (37.1 mg, 0.1 mmol, 1 equiv) in THF
(1.0 mL) was cooled to 0 °C before addition of Zn powder (65.4 mg, 1.0 mmol, 10 equiv) and AcOH (0.5 mL).
The reaction was left to stir for 1 hour before filtration over Celite. Solvent was removed under reduced
pressure, and the crude product was purified by flash column chromatography on silica (eluent: petroleum
ether/ethyl acetate = 20:1).

jj\ J< MeMgBr (2 mmol) J<
, N THF, -78°C to rt
Br ONO} Br
3f (0.1 mmol, 99% ee) 7 (63% yield, >19:1 d.r., 99% ee)

Synthesis of molecule 7: Following a reported procedure,® to a solution of 3f (37.1 mg, 0.1 mmol, 1 equiv.) in
THF (1.0 mL, 0.1 M) was added MeMgBr (3 M solution in Et,O, 0.66 mL, 2 mmol, 20.0 equiv.) under nitrogen
at -78 °C. Then the reaction was allowed to warm up to room temperature overnight and quenched with a
saturated aqueous solution of NH4Cl, extracted with EtOAc (3 x 20 mL), dried (MgSO,4) and concentrated
under reduced pressure. Purification by flash column chromatography (SiO», eluent: petroleum ether/ ethyl
acetate = 4:1) affords the compound 7 (21.6 mg, 63% yield, > 19:1 d.r., 99% ee).
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7. The nonlinear effect between the ee value of the ligand Ls-PiEt.Me and the
product 3y

o o O,NO—I—O  Fe(OTf), 10 mol% o o
J< L3-PiEt,Me 10 mol% J<
NT T THF, 60 °C, 24 h ; N
iBy H , , By ONOI;

1y 2 3y

A dry reaction tube was charged with prepared catalyst Ls-PiEt-Me/Fe(OTf), (x mg), ent-Lz-PiEt2Me/Fe(OTf),
(y mg) under an inert atmosphere. Anhydrous tetrahydrofuran (0.5 mL) was added and the resulting solution
was stirred at 30 °C for 0.5 h. After the solvent was removed in vacuo, acyclic f-keto amides 1y (0.10 mmol)
and nitratobenziodoxole 2 (0.10 mmol) were added. Tetrahydrofuran (1.0 mL) was added and the reaction

mixture was stirred at 60 °C for 24 h. The product 3y was purified by flash chromatography.

Entry xly (mg) ee of Ls-PiEt2Me ee of 3y
1 3.1/3.1 0 0
2 3.7/2.5 20 18
3 4.4/1.8 40 38
4 5.0/1.2 60 54
5 5.6/0.6 80 68
6 6.3/0 100 92

Nonlinear effect

100

90
80 y = 0.8943x + 0.2857

R? = 0.9958

70
60
50
40
30
20
10

ee of 3y

0 20 40 60 80 100 120
ee of Lg-PiEt,Me
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8. Control experiments

(a)
o o 0,NO—I—0 Ni(OTf), 10 mol%
. . \% L3-TQ-(S)-EPh 10 mol% J<
N Ph 5AM.S.25mg
CHCI3, 0°C, 48 h ONo2
1a 2 2 equiv
75% yield, 44% ee
(b)

o o
O,NO—|I—0  Fe(OTf), 10 mol% o o J< NJ<

J< L3-PiEt2Me 10 mol% N
Ly-PiEt,Me 10 mol% N +
THF, 60 °C, 24 h
onat
0,NO

3ag 1
52% yield not detected

Scheme 1. (a) Radical trap experiment with 1,1-diphenylethene. (b) Radical clock experiment.

When the radical inhibitor 1,1-diphenylethene was added to the reaction mixture of 1a and 2, the reaction
could still be carried out to provide the corresponding product 3a in 75% yield with 44% ee (Scheme 1a).
Moreover, a radical clock reaction of lag under the conditions C was carried out, affording the racemic
product 3ag in 52% yield, while the product 11 was not detected (Scheme 1b). These results indicated that the
reaction pathway probably did not involve a radical process.
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9. Unsuccessful substrate scope

(a)
o o 0,NO—I—0 Ni(OT), 10 mol% o o ><
NJ< Ls-TQ-(S)-EPh 10 mol% N
H 5AM.S. 2.5 mg | oNG
CHCl3, 0 °C, 48 h
2 3aj
decomposed not detected
(b)
v . o VW
0,NO—I—0 Ni(OTf), 10 mol% o)
N L;-TQ-(S)-EPh 10 mol% N
H * oNb
5AM.S.25mg 2
CHCl3, 0°C, 48 h
1ak 2 3ak
trace
()
Bn 0,NO——0 Ni(OTf), 10 mol% BN ono,
L;-TQ-(S)-EPh 10 mol%
o + o
N 5AM.S.25mg N
H CHCl3, 0°C, 48 h H
12 2 13
83% recovered not detected
(d)
o o N3—I—O0 Fe(OTf), 10 mol%
J< Ly-PiEt;Me 10 mol%
N "THF, 60°C, 24 h N
Bu H BU Ny H
4
89% recovered not detected
© [¢) N3—I—0 Zn(OTf)o/L3-TQ-(S)-EPh 0o
o) . (1:1 10 mol%),
5AM.S., DCE, 0 °C NHBu
NHBu N3
1 4 5
1) not detected
o O 0,NO—I—0 Fe(OTf), 10 mol%
J< LyPiEtMe 10 mol%
o * TTHF, 60°C, 24 h
Bu 60°C, Bu ONO2
2
not detected
Table S20. Screening of the metal salts?
O O N3—I—0O Metal salt 10 mol%
k LyPiEtMe 10 mol% k
N +
ey H “THF, 60°C, 24h B N, M
4
Entry Metal salt Yield (%)° ee (%)°
1 Mg(OTf), N.R. ]
2 Fe(OTf), N.R. -
3 Co(OTf), N.R. -
4 Ni(OTf), N.R. -
5 Cu(OTf), N.R. -
6 Zn(OTf), N.R. -
7 Sc(0Tf); N.R. -
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aUnless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), Ls-PiEt.Me (6.2 mg, 0.01 mmol, 10
mol%), acyclic B-keto amide 1y (0.10 mmol) and azidoiodinane 4 (33.3 mg, 0.11 mmol) in THF (1.0 mL) at 60 °C under Ar

atmosphere for 24 hours. Plsolated yield. “Determined by HPLC analysis on a chiral stationary phase.

Table S21. Screening of the solvents?

ka + N3—l—0 L:?’(l?EHM;?(;nr(rjlloﬁ/o w j<
By H solvent 60 °C, 24 h By Ng
4

Entry solvent Yield (%)° ee (%)°
1 THF N.R. -

2 CHCl3 N.R. -

3 DCE N.R. -

4 EtOAC N.R. -

5 Toluene N.R. -

64 Toluene N.R. -

2Unless otherwise noted, all reactions were carried out with Fe(OTf)2 (3.6 mg, 0.01 mmol, 10 mol%), Ls-PiEt2Me (3.2 mg, 0.01 mmol,
10 mol%), acyclic B-keto amide 1y (0.10 mmol) and azidoiodinane 4 (33.3 mg, 0.11 mmol) in solvent (1.0 mL) at 60 °C under Ar
atmosphere for 24 hours. PIsolated yield. °Determined by HPLC analysis on a chiral stationary phase. The reaction was performed at

90 °C.

Table S22. Screening of the metal salts?

k ONO=70 L’\:-ePtialétsjlllt(;? Omn?cl)ﬂl/:/o 01 k
BU ONO,
2 3ah
Entry Metal salt Yield (%)° ee (%)°
1 Mg(OTf), N.R. -
2 Fe(OTf). N.R. -
3 Co(OTf), N.R. -
4 Ni(OTf), N.R. -
5 Cu(OT), N.R. -
6 Zn(OT), N.R. -
7 Sc(OThs N.R. -

2Unless otherwise noted, all reactions were carried out with metal salt (0.01 mmol, 10 mol%), Ls-PiEt2Me (6.2 mg, 0.01 mmol, 10
mol%), acyclic B-keto ester 1ah (0.10 mmol) and nitratobenziodoxole 2 (35.5 mg, 0.11 mmol) in THF (1.0 mL) at 60 °C under Ar

atmosphere for 24 hours. Plsolated yield. “Determined by HPLC analysis on a chiral stationary phase.

Table S23. Screening of the solvents?

0,NO— Fe(OTf), 10 mol% o o
L;-PiEt,Me 10 mol%
solvent, 60 °C, 24 h i
BU ONO,
2 3ah
Entry solvent Yield (%)° ce (%)°
1 THF N.R. i
2 CHCls N.R. .
3 DCE N.R. .
4 EtOAC N.R. )
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5 Toluene N.R.
64 Toluene N.R.

2Unless otherwise noted, all reactions were carried out with Fe(OTf)2 (0.01 mmol, 10 mol%), Ls-PiEt-Me (6.2 mg, 0.01 mmol, 10
mol%), acyclic B-keto ester 1ah (0.10 mmol) and nitratobenziodoxole 2 (35.5 mg, 0.11 mmol) in solvent (1.0 mL) at 60 °C under Ar

atmosphere for 24 hours. PIsolated yield. Determined by HPLC analysis on a chiral stationary phase. The reaction was performed at

90 °C.
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10. Computational studies

Computational Methods

All computations were carried out using the Gaussian 09 D.01 software package’. The calculation of geometry
optimization, frequency and Gibbs energy corrections were carried out for 1f at the temperature of 298.15K.
All calculations were performed at M06-2X8 level of theory with Grimme’s D3 empirical dispersion correction®
with def2-TZVP® and SMD (trichloromethane) implicit solvation model*!. The Mulliken population and atomic

charges of 1f was analyzed by Multiwfn (version 3.8)'2 and CYLview!® was used as the visualizer.

Figl. Optimized configuration of 2+H* with 1(22), O(23), O(25) and O(26) labeled.

Mulliken population and atomic charges of 2+H*

Atom
Atom
Atom
Atom

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

c)
C2)
c@3)
C4)
cG)
c®)
H(7)
H(8)
H)
H(10)
ca1)
c@a2)
H(13)
H(14)
H(15)
c(16)
H(17)
H(18)
H(19)
0(20)
H(21)
1(22)
0(23)

Population:
Population:
Population:
Population:
Population:
Population:
Population:
Population:
Population:
Population
Population
Population
Population
Population
Population
Population
Population
Population
Population
Population
Population
Population:

Population

5.85275492 Net charge: 0.14724508

6.19831710
6.14685940
6.15314274
6.17149975
6.00256064
0.77217121
0.80655584
0.80997827
1 0.79467495
: 5.92695627
1 6.38716464
1 0.81559950
1 0.81512745
1 0.82753479
1 6.46740600
: 0.81056550
: 0.80109608
1 0.81287890
: 8.49088658
1 0.57940408
24.18426853
: 8.35382716

Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:
Net charge:

-0.19831710
-0.14685940
-0.15314274
-0.17149975
-0.00256064
0.22782879
0.19344416
0.19002173
0.20532505
0.07304373
-0.38716464
0.18440050
0.18487255
0.17246521
-0.46740600
0.18943450
0.19890392
0.18712110
-0.49088658
0.42059592
0.81573147
-0.35382716
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Atom N(24) Population: 6.43470487 Net charge: 0.56529513
Atom O(25) Population: 8.27840939 Net charge: -0.27840939
Atom O(26) Population: 8.30565546 Net charge: -0.30565546
Total net charge: 1.00000000

Energies and coordinates of 2+H*

-0.387800 0.769600 -0.301800
0.258400 1.960200 -0.562800
-0.489800 3.126100 -0.463300
-1.830900 3.067200 -0.114500
-2.445400 1.847700 0.129900
-1.725700 0.660700 0.036000
1.299600 2.001200 -0.851600
-0.014100 4.076700 -0.664900
-2.407400 3.979600 -0.037400
-3.493200 1.817200 0.400200
-2.340500 -0.693300 0.341800
-2.226600 -1.014100 1.820600
-2.779400 -0.266800 2.389800
-2.644400 -2.000600 2.021500
-1.185500 -0.989200 2.148100
-3.754700 -0.848900 -0.178000
-3.819400 -0.592500 -1.237400
-4.084700 -1.877400 -0.029100
-4.428700 -0.197700 0.376600
-1.504400 -1.687700 -0.351900
-1.845200 -1.832300 -1.253300
0.664500 -1.052800 -0.391300
2.436500 -0.108500 -0.554000
2.998100 0.415000 0.601600
4.078200 0.875300 0.428700
2.346600 0.361300 1.604700

I O r rT T OIT T T OO T IT IT T OOOO OO0

O 0O z2 O

Zero-point correction = 0.197650
Thermal correction to Enthalpy = 0.213227
Thermal correction to Gibbs Free Energy = 0.155149
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11. Crystal data

The absolute configuration of compound 6 was determined to be S by X-ray chromatography analysis. Single
crystal of 6 [C14H16BrNO3] was obtained by slow evaporation in petroleum ether/CH,Cl, at 25 °C. CCDC:
2100120.

The colourless crystal in block-shape, with approximate dimensions of 0.262 x 0.272 x 0.328 mm?, was
selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker D8 Venture
Photon Il diffractometer at 173(2)K equipped with micro-focus Mo radiation source (K = 0.71073A). Applied
with face-indexed numerical absorption correction, the structure solution was solved and refinement was
processed by SHELXTL (version 6.14) and OLEX 2.3 program package®? ¢ 9, The structure was analyzed by
ADDSYM routine implemented in PLATON suite and no higher symmetry was suggested®.

Crystallographic Data for C14H16BrNOs.

Formula C14H16BrNO3
Formula mass (amu) 326.19
Space group P212121
a (A) 9.8997(3)
b (A) 10.1961(3)
cA) 14.3871(5)
a (deg) 90
B (deg) 90
y (deg) 90
V (A3 1452.21(8)
z 4
AA) 0.71073
T (K) 173K
Prealed (9 €M) 1.492
u (mm) 2.834
Transmission factors 0.438,0.642
20 max (deg) 27.521
No. of unigue data, including F,?> <0 3175
No. of unique data, with Fo? > 20(F,?) 3048

No. of variables 183
R(F) for Fo? > 20(Fo?) 2 0.0188
Ru(Fo2) b 0.0484
Goodness of fit 1.064

# R(F) = 2IFol — |Fell / X[Fol-

b Rw(Fo?) = [Y[W(Fo? — Fc?)?] | SWFo*Y?; wt = [0%(Fo?) + (Ap)? + Bp], where p = [max(F,2,0) + 2F] / 3.
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13. Spectral characterization data for the reaction substrates 1y-laf

2-Benzoyl-N-(tert-butyl)-4-methylpentanamide (1y)
White amorphous solid, 78% yield.

H NMR (400 MHz, CDCls) & 8.08-7.97 (m, 2H), 7.64-7.55 (m, 1H), 7.52-7.44
(m, 2H), 6.10 (s, 1H), 4.30 (t, J = 9.6 Hz, 1H), 1.95-1.70 (m, 2H), 1.66—1.53 (m,
1H), 1.29 (s, 9H), 0.95-0.87 (m, 6H).

13C NMR (101 MHz, CDCls) & 200.3, 168.1, 136.7, 133.7, 128.8, 128.6, 55.8, 51.2, 41.5, 28.5, 26.6, 22.6, 22.5.
IR (film, cm~t) :3295, 2961, 1688, 1641, 1545, 1452, 1326, 1228, 689;
HRMS (ESI*) m/z calcd for C7HzsNNaO,* ([M]+Na*) = 298.1778, found 298.1776.

N-(tert-Butyl)-2-(4-fluorobenzoyl)-4-methylpentanamide (1z)
White amorphous solid, 71% yield.

H NMR (400 MHz, CDCls) & 8.15-8.00 (m, 2H), 7.20~7.08 (m, 2H), 6.00 (s,
1H), 4.24 (t, J = 7.2 Hz, 1H), 1.93-1.70 (m, 2H), 1.64-1.52 (m, 1H), 1.28 (s,
9H), 0.94-0.86 (m, 6H).

13C NMR (101 MHz, CDCls) & 198.4, 167.9, 166.2 (d, J = 254.6 Hz), 133.0 (d, J = 2,9 Hz), 131.4 (d, J = 9.4
Hz), 116.0 (d, J = 21.8 Hz), 55.9, 51.3, 41.1, 28.5, 26.5, 22.6, 22.4.

1F NMR (376 MHz, CDCl3) 8 -103.9.

IR (film, cm™?) :3284, 2960, 1689, 1639, 1598, 1549, 1456, 1327, 1232, 855, 607;

HRMS (ESI*) m/z calcd for C17H24FNNaO2* ([M]+Na*) = 316.1683, found 316.1685.

N-(tert-Butyl)-2-(4-chlorobenzoyl)-4-methylpentanamide (1aa)
White amorphous solid, 70% yield.

H NMR (400 MHz, CDCls) 5 8.04-7.92 (m, 2H), 7.52—7.40 (m, 2H), 5.97
(s, 1H), 4.23 (t, J = 7.2 Hz, 1H), 1.93-1.68 (m, 2H), 1.64—1.50 (m, 1H),
1.28 (s, 9H), 0.96-0.84 (m, 6H).

13C NMR (101 MHz, CDCls) & 198.8, 167.8, 140.4, 134.9, 130.1, 129.2, 55.0, 51.4, 41.1, 28.5, 26.6, 22.5, 22.4.
IR (film, cm™?) :3310, 2960, 1688, 1645, 1540, 1224, 1094;

HRMS (ESI*) m/z calcd for Ci7HxCIP*%8NNaO,* ([M]+Na*) = 332.1388, found 332.1384 and
C17H24CIP59859NNa0,* ([M]+Na*) = 334.1358, found 334.1350.

2-(4-Bromobenzoyl)-N-(tert-butyl)-4-methylpentanamide (1lab)
White amorphous solid, 72% yield.

H NMR (400 MHz, CDCls) 5 7.95-7.82 (m, 2H), 7.66-7.56 (m, 2H), 5.97
(s, 1H), 4.22 (t, J = 7.2 Hz, 1H), 1.90-1.70 (m, 2H), 1.64-1.54 (m, 1H),
1.28 (s, 9H), 0.95-0.82 (m, 6H).

13C NMR (101MHz, CDCl3) & 198.8, 167.8, 140.4, 134.9, 130.1, 129.2, 55.0, 51.4, 41.1, 28.5, 26.6, 22.5, 22.4.
IR (film, cm1) :3312, 2960, 1688, 1644, 1540, 1224, 1070;

HRMS (ESI*) m/z caled for Ci7H24Br’'8°%3NNaO,* ([M]+Na*) = 376.0883, found 376.0880 and
C17H24Bré29183NNaO,* ([M]+Na*) = 378.0862, found 378.0859.

N-(tert-Butyl)-4-methyl-2-(4-methylbenzoyl)pentanamide (1lac)
White amorphous solid, 76% yield.
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H NMR (400 MHz, CDCls) & 8.00~7.87 (m, 2H), 7.30-7.26 (m, 2H), 6.14 (s, 1H), 4.28 (t, J = 7.2 Hz, 1H), 2.42
(s, 3H), 1.93-1.70 (m, 2H), 1.65-1.52 (m, 1H), 1.28 (s, 9H), 0.95-0.82 (m, 6H).

13C NMR (101 MHz, CDCls) 5 200.0, 168.3, 144.8, 134.2, 129.5, 128.8, 55.5, 51.2, 41.6, 28.5, 26.6, 22.6, 22.5,
21.7.

IR (film, cm™) :3304, 2960, 1684, 1645, 1541, 1229;

HRMS (ESI*) m/z calcd for CisHz7NNaO,* ([M]+Na*) = 312.1934, found 312.1935.

N-(tert-Butyl)-2-(4-methoxybenzoyl)-4-methylpentanamide (1ad)
White amorphous solid, 75% yield.

!H NMR (400 MHz, CDCls) 3 8.06-7.98 (m, 2H), 7.00-6.90 (m, 2H),
6.18 (s, 1H), 4.25 (t, J = 7.2 Hz, 1H), 3.88 (s, 3H), 1.90-1.70 (m, 2H),
1.65-1.52 (m, 1H), 1.28 (s, 9H), 0.95-0.85 (m, 6H).

13C NMR(101 MHz, CDCls) 5 198.7, 168.4, 164.1, 131.1, 129.6, 114.0, 55.5, 55.2, 51.1, 41.7, 28.5, 26.5, 22.6,
22.5.

IR (film, cm™?) :3328, 2960, 1651, 1599, 1534, 1255, 1172, 1030;

HRMS (ESI*) m/z calcd for C1sH27NNaOs* ([M]+Na*) = 328.1883, found 328.1882.

2-(2-Naphthoyl)-N-(tert-butyl)-4-methylpentanamide (1lae)
White amorphous solid, 76% yield.

'H NMR (400 MHz, CDCl3) & 8.61 (s, 1H), 8.11=7.97 (m, 2H), 7.94-7.84
(m, 2H), 7.66-7.52 (m, 2H), 6.19 (s, 1H), 4.48 (t, J = 7.2 Hz, 1H), 1.99-
1.77 (m, 2H), 1.70-1.55 (m, 1H), 1.30 (s, 9H), 0.98-0.87 (m, 6H).

13C NMR (101 MHz, CDCl3) & 200.4, 168.2, 135.9, 134.0, 132.5, 130.9, 130.0, 129.0, 128.8, 127.8, 127.0,
123.9,55.8,51.3, 41.8, 28.6, 26.7, 22.59, 22.57.

IR (film, cm™?) :3291, 2960, 1683, 1642, 1544, 1225;

HRMS (ESI*) m/z calcd for C21H27NNaO;* ([M]+Na*) = 348.1934, found 348.1935.

N-(tert-Butyl)-2-(furan-2-carbonyl)-4-methylpentanamide (1af)
White amorphous solid, 65% yield.
'H NMR (400 MHz, CDCl3) & 7.70-7.60 (m, 1H), 7.38-7.32 (m, 1H), 6.60—6.53
\\o ey ﬂ (m, 1H), 6.25 (s, 1H), 4.05 (t, J = 7.2 Hz, 1H), 1.90-1.70 (m, 2H), 1.64-1.52 (m,
1H), 1.29 (s, 9H), 0.95-0.87 (m, 6H).
13C NMR (101 MHz, CDCls) 8 188.2, 167.6, 152.0, 147.7, 119.7, 112.7, 55.4, 51.2, 41.4, 28.5, 26.4, 22.5, 22.4.
IR (film, cm™?) :3308, 2962, 1674, 1645, 1537, 1463, 1225, 765;
HRMS (ESI*) m/z calcd for C1sH23NNaOs* ([M]+Na*) = 288.1570, found 288.1569.

N-(tert-Butyl)-2-cyclopropyl-3-oxo-3-phenylpropanamide (1ag)
White amorphous solid, 36% yield.

(@] (0]
J< 1H NMR (400 MHz, CDCls) & 8.04—7.94 (m, 2H), 7.64—7.55 (m, 1H), 7.52-7.44
ﬂ (m, 2H), 6.40 (s, 1H), 4.50 (d, J = 9.6 Hz, 1H), 1.43-1.35 (m, 1H), 1.33 (s, 9H),
0.72-0.62 (m, 1H), 0.61-0.45 (m, 2H), 0.27-0.17 (m, 1H),

13C NMR (101 MHz, CDCls) & 199.8, 167.8, 136.6, 133.7, 128.76, 128.75, 60.7,
51.3,28.6, 13.2,4.7, 3.4.
IR (film, cm™) :3293, 2976, 1689, 1635, 1552, 1226;
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HRMS (ESI*) m/z calcd for CieHz:NNaO,* ([M]+Na*) = 282.1465, found 282.1463.

14. Spectral characterization data and HPLC conditions for products.

(S)-2-(tert-Butylcarbamoyl)-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3a)

0) o White amorphous solid, 24.3 mg, 83% yield, 92% ee, m.p. 96-99 °C. [a]p®® =
132.0 (c = 0.18, CHCl,); HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0
” mL/min, & = 254 nm) tminor) = 4.62 MIN, t(majory = 5.57 min;
ONO),

'H NMR (400 MHz, CDCls) & 7.80-7.74 (m, 1H), 7.71-7.63 (m, 1H), 7.54—7.48
(m, 1H), 7.45-7.37 (m, 1H), 6.28 (s, 1H), 4.31 (d, J = 17.2 Hz, 1H), 3.26 (d, J = 17.2 Hz, 1H), 1.33 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 195.0, 161.3, 151.9, 136.8, 132.7, 128.3, 126.4, 125.3, 91.1, 52.3, 35.3, 28.3.

IR (film, cm™1) :3370, 2973, 1729, 1657, 1522, 1294, 1219, 840;

HRMS (ESI*) m/z calcd for C14H16N2NaOs* ([M]+Na*) = 315.0951, found 315.0950.
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1 4.639 2666074 50.78
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0.0 - — ‘ = ‘ H‘HH‘/“\HWHH“ — — — —
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 M;:{S‘(ls 4.50 5.00 5.50 6.00 6.50 7.00 7.50
Retention Time Area % Area
1 4.619 323962 4.20
2 5.574 7381642 95.80

(S)-2-(tert-Butylcarbamoyl)-6-fluoro-1-0x0-2,3-dihydro-1H-inden-2-yl nitrate (3b)

0 o White amorphous solid, 26.3 mg, 85% yield, 92% ee, m.p. 93-97 °C. [a]p® =
F 115.5 (c = 0.32, CH.Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH
N 90/10, 1.0 mL/min, & = 254 NM) tminon = 5.26 MiN, tmajon = 5.73 min:
ONO,

!H NMR (400 MHz, CDCls) & 7.54—7.48 (m, 1H), 7.44-7.36 (m, 2H), 6.23 (s,
1H), 4.25 (d, J = 17.2 Hz, 1H), 3.23 (d, J = 17.2 Hz, 1H), 1.34 (s, 9H).

13C NMR (101 MHz, CDCls) & 194.4, 162.5 (J = 248.4 Hz), 160.9, 147.4 (J = 2.1 Hz), 134.4 (J = 7.9 Hz), 127.9
(3=7.9Hz), 124.5 (J = 23.5 Hz), 111.1 (J = 22.4 Hz), 91.5, 52.5, 34.9, 28.3.

19F NMR (376 MHz, CDCls) & -112.4.

IR (film, cm) :3373, 2974, 1733, 1659, 1522, 1487, 1293, 1268, 1224, 837;

HRMS (ESI*) m/z calcd for C14H1sFN,NaOs* ((M]+Na*) = 338.0857, found 338.0861.
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0.00
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(S)-2-(tert-Butylcarbamoyl)-5-chloro-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3c)

Cl

White amorphous solid, 28.1 mg, 86% yield, 94% ee, m.p. 97-99 °C. [a]p®
= 129.8 (c = 0.24, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH
90/10, 1.0 mL/min, & = 254 nm) t(minory = 5.11 MiN, t(majory = 6.52 min;

!4 NMR (400 MHz, CDCl3) & 7.75-7.68 (m, 1H), 7.56—7.47 (m, 1H), 7.44—

7.37 (m, 1H), 6.23 (s, 1H), 4.22 (d, J = 17.6 Hz, 1H), 3.21 (d, J = 17.6 Hz, 1H), 1.33 (s, 9H).
13C NMR (101 MHz, CDCls) & 193.7, 161.0, 153.1, 143.6, 131.2, 129.2, 126.7, 126.4, 91.0, 52.5, 35.1, 28.3.
IR (film, cm™Y) :3372, 2973, 1731, 1659, 1522, 1292, 1214, 829;

HRMS (ESI*) m/z calcd for

C14H1sCP*98N,NaOs*  ([M]+Na*) = 349.0562, found 349.0565 and

C14H15CI%69659N,NaOs* ([M]+Na*) = 351.0532, found 351.0536.
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Retention Time Area % Area
1 5.105 215733 3.10
2 6.522 6735775 96.90

(S)-2-(tert-Butylcarbamoyl)-6-chloro-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3d)
0O o) White amorphous solid, 28.7 mg, 88% yield, 93% ee, m.p. 104-107 °C.
Cl J< [a]p?® = 112.7 (c = 0.36, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexanefi-
\©:Z§(U\” PrOH 90/10, 1.0 mL/min, & = 254 nmM) tminory = 5.19 MIN, tmajory = 6.03 Min;
ONG 14 NMR (400 MHz, CDCl3) & 7.78-7.73 (m, 1H), 7.67—7.62 (m, 1H), 7.53—
7.43 (m, 1H), 6.22 (s, 1H), 4.24 (d, J = 17.2 Hz, 1H), 3.23 (d, J = 17.2 Hz, 1H), 1.33 (s, 9H).
13C NMR (101 MHz, CDCl3) 8 194.1, 160.8, 149.9, 136.7, 134.7, 134.2, 127.6, 125.0, 91.2, 52.5, 35.0, 28.3.
IR (film, cm™?) :3374, 2973, 1733, 1659, 1522, 1293, 1209, 836;

HRMS (ESI*) m/z calcd for Ci4HisCIB4%8N,NaOs* ([M]+Na*) = 365.0301, found 365.0304 and
C14H15CIR8-9659N,NaOs* ([M]+Na*) = 367.0272, found 367.0276.
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0,00““““““““““““ - e ——
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Minutes
Retention Time Area % Area
1 5.194 376025 3.65
2 6.031 9914165 96.35

(S)-4-Bromo-2-(tert-butylcarbamoyl)-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3e)

') o Colorless oil, 31.4 mg, 85% yield, 92% ee, [a]p® = 118.2 (c = 0.34, CH,Cl,);
HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 80/20, 1.0 mL/min, A = 254 nm)
” t(minor) = 4.21 min, t(major) = 4.60 min;
ONO,
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14 NMR (400 MHz, CDCl3) & 7.86-7.84 (m, 1H), 7.75-7.73 (m, 1H), 7.36—7.32 (m, 1H), 6.24 (s, 1H), 4.26 (d, J
=17.6 Hz, 1H), 3.18 (d, J = 17.6 Hz, 1H), 1.35 (s, 9H).

13C NMR (101 MHz, CDCl3) 5 194.8, 161.0, 151.6, 139.4, 134.7, 129.9, 124.1, 121.7, 90.6, 52.5, 36.6, 28.4.

IR (film, cm™?) :3376, 2973, 1736, 1660, 1521, 1294, 1216, 820;

HRMS (ESI*) m/z calcd for CiqHisBr’8918N,NaOs* ([M]+Na*) = 393.0057, found 393.0053 and
C14H1sBre22163N,NaOs* ([M]+Na*) = 395.0036, found 395.0040.

Retention Time Area % Area
1 4,222 2669002 49.49
2 4.606 2723707 50.51

Retention Time Area % Area
1 4.213 121310 461
2 4.596 2508090 95.39

(S)-5-Bromo-2-(tert-butylcarbamoyl)-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3f)
o) o White amorphous solid, 31.2 mg, 84% vyield, 93% ee, m.p. 109-112 °C.
\|J\ J< [a]p?®= 129.8 (c = 0.42, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexaneli-
\ N PrOH 90/10, 1.0 mL/min, & = 254 nM) tminory = 5.34 MIN, tmajor) = 6.95 Min;
14 NMR (400 MHz, CDCl3) & 7.75-7.70 (m, 1H), 7.65-7.63 (m, 1H), 7.60—
7.55 (m, 1H), 6.23 (s, 1H), 4.26 (d, J = 17.2 Hz, 1H), 3.25 (d, J = 17.2 Hz, 1H), 1.33 (s, 9H).
13C NMR (101 MHz, CDCl3) & 194.0, 161.0, 153.2, 132.6, 132.1, 131.6, 129.8, 126.4, 90.9, 52.5, 35.0, 28.3.
IR (film, cm1) :3372, 2973, 1731, 1659, 1522, 1292, 1213, 827
HRMS (ESIY) m/z calcd for Ci4HisBr’8918N,NaOs* ([M]+Na*) = 393.0057, found 393.0058 and
C14H15Br&09163N,NaOs* ([M]+Na*) = 395.0036, found 395.0042.
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Retention Time Area % Area

1 5.422 892503 49.44
2 7.009 912720 50.56
Retention Time Area % Area
1 5.337 249939 3.41
2 6.949 7088978 96.59

(S)-6-Bromo-2-(tert-butylcarbamoyl)-1-oxo0-2,3-dihydro-1H-inden-2-yl nitrate (3g)

0 o White amorphous solid, 27.5 mg, 74% yield, 89% ee, m.p. 93-97 °C. [a]p?®
Br J< =95.7 (c = 0.28, CH.Cl,); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 90/10,

W” 1.0 mL/min, & = 254 nm) t(minory = 4.51 Min, tmejory = 6.45 min;
ONO3 4 NMR (400 MHz, CDCl3) & 7.95-7.90 (m, 1H), 7.82-7.75 (m, 1H), 7.45—

7.37 (M, 1H), 6.22 (s, 1H), 4.22 (d, J = 17.6 Hz, 1H), 3.21 (d, J = 17.6 Hz, 1H), 1.33 (s, 9H).
13C NMR (101 MHz, CDCl3) 8 194.0, 160.9, 150.4, 139.5, 134.5, 128.1, 127.9, 122.4, 91.1, 52.5, 35.1, 28.3.
IR (film, cm™?) :3374, 2973, 1733, 1659, 1522, 1294, 1208, 824;
HRMS (ESI*) m/z calcd for CiqHisBr’8918N,NaOs* ([M]+Na*) = 393.0057, found 393.0059 and
C14H1sBre29163N,NaOs* ([M]+Na*) = 395.0036, found 395.0044.
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(S)-7-Bromo-2-(tert-butylcarbamoyl)-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3h)
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Br o o Colorless oil, 27.8 mg, 75% yield, 85% ee, [a]p®® = 134.2 (c = 0.08, CH,Cl,);
J< HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254 nm)
WN t(minor) = 6.42 MiN, timajory = 7.20 min;
ONO';| 14 NMR (400 MHz, CDCls) & 7.64—7.56 (m, 1H), 7.54—7.44 (m, 2H), 6.26 (s, 1H),
4.27 (d, J = 17.2 Hz, 1H), 3.25 (d, J = 17.2 Hz, 1H), 1.34 (s, 9H).
13C NMR (101 MHz, CDCl3) 8 192.5, 161.0, 154.5, 137.0, 133.3, 130.7, 125.3, 121.2, 91.2, 52.5, 34.5, 28.3.
IR (film, cm™) :3375, 2972, 1732, 1659, 1522, 1291, 1215, 830;

HRMS (ESI*) m/z calcd for CiqHisBr’8918N,NaOs* ([M]+Na*) = 393.0057, found 393.0058 and
C14H15Bré%963N,NaOs* ([M]+Na*) = 395.0036, found 395.0043.
0.10
;( 0.05{ :
0.00
0.00 1460 2460 3,60 4,60 n 5,60 Y 6,60 7,60 C 8,‘00 9,‘00 ‘ ‘10‘00
Minutes
Retention Time Area % Area
1 6.418 1102788 49.92
2 7.205 1106370 50.08
Retention Time Area % Area
1 6.400 210877 7.46
2 7.226 2615017 92.54

(S)-2-(tert-Butylcarbamoyl)-6-cyano-1-oxo-2,3-dihydro-1H-inden-2-yl nitrate (3i)

0] o White amorphous solid, 27.0 mg, 85% yield, 72% ee, m.p. 83-87 °C.
NC [a]o?® = 63.4 (c = 0.40, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-
” PrOH 90/10, 1.0 mL/min, A = 254 nm) t(minory = 13.71 Min, timajory = 18.93

ONO,

min;

14 NMR (400 MHz, CDCl3) & 8.15-8.00 (m, 1H), 7.97—7.90 (m, 1H), 7.70-7.64 (m, 1H), 6.22 (s, 1H), 4.31 (d, J
=17.6 Hz, 1H), 3.35 (d, J = 17.6 Hz, 1H), 1.33 (s, 9H).

13C NMR (101 MHz, CDClz) & 193.8, 160.5, 155.5, 138.9, 133.6, 129.3, 127.6, 117.3, 112.8, 90.6, 52.7, 35.8,
28.3.

IR (film, cm™1) :3374, 2975, 1741, 1660, 1524, 1294, 1218, 836;

HRMS (ESI*) m/z calcd for C1sH1sN3sNaOs* ([M]+Na*) = 340.0904, found 340.0909.
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0.030-
0.020 H
2 3
0.0104 &)
0.000 ~ — A ~
0.00 2.60 4.‘00 8.‘00 ‘ ‘10.‘00 C ‘12.‘00 ‘ ‘ 14.‘00 C ‘16.‘00 T 18.‘00 C ‘20.‘00 C ‘22.‘00 ‘ ‘ ‘24.‘00
Minutes
Retention Time Area % Area
1 13.724 779923 50.27
2 18.988 771438 49.73
0.030
0.020
2
0.0104
0.000
0.00 2.‘00 4.00 3.60 ‘ 10.‘00 ‘ ‘ 12.‘00 ‘ ‘14.‘00 o 16.‘00 o 18.‘00 n ‘20.‘00 ‘ ‘22.‘00 ‘ ‘24.00
Minutes
Retention Time Area % Area
1 13.711 189664 13.60
2 18.932 1205268 86.40

(S)-2-(tert-Butylcarbamoyl)-5-methyl-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3j)

o) o White amorphous solid, 19.1 mg, 62% yield, 82% ee, m.p. 90-94 °C.
[a]p?®= 132.3 (c = 0.22, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-
H PrOH 90/10, 1.0 mL/min, & = 254 nm) tminor) = 4.84 MiN, tmajory = 5.81 min;
Me ON02

'H NMR (400 MHz, CDCls) & 7.73-7.63 (m, 1H), 7.35-7.27 (m, 1H), 7.26—
7.20 (m, 1H), 6.26 (s, 1H), 4.27 (d, J = 16.8 Hz, 1H), 3.21 (d, J = 16.8 Hz, 1H), 2.46 (s, 3H), 1.33 (s, 9H).

13C NMR (101 MHz, CDCIl3) 8 194.2, 161.5, 152.3, 148.7, 130.4, 129.7, 126.8, 125.2, 91.4, 52.3, 35.1, 28.4,
22.4.

IR (film, cm™?) :3368, 2972, 1725, 1657, 1523, 1293, 830;

HRMS (ESI*) m/z calcd for C1sH1sN2NaOs* ([M]+Na*) = 329.1108, found 329.1109.

5.822

.......

Retention Time Area % Area
1 4.840 916810 50.19
2 5.822 909777 49.81

Retention Time | Area % Area




1 4.837 295498 9.08
2 5.812 2957458 90.92

(S)-2-(tert-Butylcarbamoyl)-6-methyl-1-ox0-2,3-dihydro-1H-inden-2-yl| nitrate (3k)

o) o White amorphous solid, 25.4 mg, 83% vyield, 92% ee, m.p. 90-94 °C.
Me J< [a]p?®= 127.7 (c = 0.33, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-

W” ProH 90/10, 1.0 mL/min, A = 254 nM) tminor) = 4.79 MiN, tmajony = 5.18 min;
ONO; 1H NMR (400 MHz, CDCl3) & 7.62—7.54 (m, 1H), 7.53—7.47 (m, 1H), 7.44—

7.37 (m, 1H), 6.25 (s, 1H), 4.26 (d, J = 17.2 Hz, 1H), 3.21 (d, J = 17.2 Hz, 1H), 2.40 (s, 3H), 1.33 (s, 9H).
13C NMR (101 MHz, CDCIl3) 8 195.0, 161.4, 149.3, 138.5, 138.1, 132.8, 126.1, 125.2, 91.5, 52.3, 35.0, 28.4,
21.1.

IR (film, cm™?) :3370, 2972, 1726, 1656, 1522, 1291, 1222, 825;
HRMS (ESI*) m/z calcd for C1sH1sN2NaOs* ([M]+Na*) = 329.1108, found 329.1107.

1.20
1.00—
0.801
2 0.60+
0.40

0.20

0.00-

T L e e e e B B T L B B e B B B T [ L e e e I B s
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes

Retention Time Area % Area
1 4.803 9634809 49.56
2 5.198 9804439 50.44
f A
Retention Time Area % Area
1 4,791 290889 4.03
2 5.179 6923964 95.97

(S)-2-(tert-Butylcarbamoyl)-6-methoxy-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (3I)

e} o White amorphous solid, 26.0 mg, 80% vyield, 90% ee, m.p. 117-121 °C.
MeO [a]o?® = 92.1 (c = 0.13, CH,Cl,); HPLC (Daicel chiralcel ID, n-hexanefi-
N PrOH 90/10, 1.0 mL/min, A = 254 nmM) tmajory = 8.14 Min, tminony = 9.56 min;

ONO),

14 NMR (400 MHz, CDCls) & 7.45-7.36 (m, 1H), 7.32-7.25 (m, 1H),
7.22-7.15 (m, 1H), 6.25 (s, 1H), 4.23 (d, J = 16.8 Hz, 1H), 3.84 (s, 3H), 3.19 (d, J = 16.8 Hz, 1H), 1.34 (s, 9H).
13C NMR (101 MHz, CDCI3) 8 195.0, 161.3, 159.9, 145.0, 133.8, 127.2, 126.4, 106.2, 91.7, 55.6, 52.4, 34.7,
28.4.

IR (film, cm1) :3371, 2970, 1724, 1657, 1494, 1286, 1229, 840;

HRMS (ESI*) m/z calcd for C1sH1sN2NaOg* ([M]+Na*) = 345.1057, found 345.1059.
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0.10+

?( 0.05; g
0.00: /\
0. O‘ 1.&)0‘ 2.00‘ 3.(‘)0‘ 4.‘00‘ o ‘5.%)0‘ ‘6.‘00‘ ‘ ‘7.‘00‘ o ‘B.(‘)O‘ o ‘9.‘00‘ o ‘10.‘0(; o ‘11.‘00‘ o :‘lZ.‘OO‘ o ‘13.‘00‘ o ‘14.‘00‘ o ‘15.‘0(; ‘
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Retention Time Area % Area
1 8.226 1893757 51.44
2 9.548 1787507 48.56
0,40{
2 ]
0,2077 8
ooy e
000 100 300 400 500 6.00 700 800 900 1000 1100 1200 1300 1400 1500
Minutes
Retention Time Area % Area
1 8.141 9332492 95.10
2 9.556 481095 4.90

(S)-2-(((3r)-Adamantan-1-yl)carbamoyl)-1-0x0-2,3-dihydro-1H-inden-2-yl nitrate (3m)

O o

N
ONOY

35.3,29.3.

A-Ad

White amorphous solid, 29.0 mg, 78% yield, 76% ee, m.p. 111-114 °C. [a]p®=
104.6 (c = 0.30, CH.Cl,); HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0

mL/min, & = 254 nm) tminory = 5.80 MiN, t(majory = 7.41 min;
'H NMR (400 MHz, CDCls) & 7.83-7.75 (m, 1H), 7.73-7.65 (m, 1H), 7.55-7.48
(m, 1H), 7.45-7.38 (m, 1H), 6.12 (s, 1H), 4.30 (d, J = 17.2 Hz, 1H), 3.26 (d, J = 17.2 Hz, 1H), 2.12-2.02 (m,
3H), 2.00-1.91 (m, 6H), 1.68—1.60 (M, 6H).
13C NMR (101 MHz, CDCl3) & 195.0, 161.0, 151.9, 136.8, 132.8, 128.3, 126.4, 125.4, 91.2, 53.1, 41.1, 36.1,

IR (film, cm™?) :3363, 2910, 1728, 1666, 1520, 1294, 831,
HRMS (ESI*) m/z calcd for CaoH22N2NaOs* ([M]+Na*) = 393.1421, found 393.1423.

0.10+
0.
[oX 0‘ ‘0‘50‘ o ‘11‘30‘ 1‘50‘ 2‘00‘ 2‘50‘ o 3,60‘ ‘3.‘50‘ ' ‘4.‘00‘ o ‘4v‘50‘ o ‘51‘)0‘ ' ‘5.%0‘ ‘B‘DD‘ 6,‘50‘ 7&)0‘ 7.%0‘ o 860‘ 8,‘50‘
Minutes
Retention Time Area % Area
1 5.870 1236915 49.34
2 7.491 1270089 50.66
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5.799

T T
5.00 950 10.00

Minutes

Retention Time Area % Area
1 5.799 947888 11.96
2 7.414 6977375 88.04

(S)-2-(Isopropylcarbamoyl)-1-0x0-2,3-dihydro-1H-inden-2-yl nitrate (3n)

O o

N

oNO'}

White amorphous solid, 22.2 mg, 80% vyield, 82% ee, m.p. 73—-75 °C. [a]p®® =
98.9 (c = 0.09, CH,Cl,); HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0
mL/min, A = 254 nm) t(minor) = 6.30 MiN, t(majory = 8.95 min;

!4 NMR (400 MHz, CDCls) & 7.83-7.75 (m, 1H), 7.73-7.65 (m, 1H), 7.55-7.48

(m, 1H), 7.46-7.39 (m, 1H), 6.31 (s, 1H), 4.34 (d, J = 17.2 Hz, 1H), 4.10-3.90 (m, 1H), 3.30 (d, J = 17.2 Hz,

1H), 1.22-1.14 (m, 6H).

13C NMR (101 MHz, CDCls) 5 194.8, 161.6, 151.9, 136.9, 132.7, 128.3, 126.6, 125.4, 90.9, 42.7, 35.4, 22.4,

22.1.

IR (film, cm™?) :3362, 2976, 1730, 1657, 1527, 1295, 839;
HRMS (ESI*) m/z calcd for C13H14N2NaOs* ([M]+Na*) = 301.0795, found 301.0797.

— T T —
5.00 10.00

Minutes

Retention Time Area % Area
1 6.330 2563149 50.36
2 8.887 2526856 49.64
A
Retention Time Area % Area
1 6.299 320142 9.35
2 8.946 3105466 90.65

(S)-2-(Benzylcarbamoyl)-1-ox0-2,3-dihydro-1H-inden-2-yl nitrate (30)

O o

_.Bn
N

ONOY

Colorless oil, 24.3 mg, 75% vyield, 78% ee, [a]p® = 100.0 (¢ = 0.06, CH,Cl,);
HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0 mL/min, & = 254 nm) tminor)
=13.08 min, tmajor) = 20.48 min;

1H NMR (400 MHz, CDCl3) 8 7.84—7.78 (m, 1H), 7.75-7.67 (m, 1H), 7.59-7.52 (m,

1H), 7.50~7.41 (m, 1H), 7.40~7.19 (m, 5H), 6.82 (s, 1H), 4.57—4.37 (m, 3H), 3.35 (d, J = 16.8 Hz, 1H).
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13C NMR (101 MHz, CDCls) & 194.5, 162.6, 151.8, 137.0, 136.9, 132.6, 128.8, 128.5, 127.8, 127.6, 126.5,
125.5,90.9, 44.2, 35.6.

IR (film, cm™) :3358, 2928, 1729, 1657, 1527, 1294, 836;

HRMS (ESI*) m/z calcd for Ci7H1N;NaOs* ([M]+Na*) = 349.0795, found 349.0797.

[=2]
0.15] 8
&
0.101
2
0.05+
0.00
0.00 ' ' ' ZJ‘JO ' ' ' 460 ' ' ' Evl‘JD ' ' ' 8.60 ' ' ' 10.‘00 ' ' ' 12}00 ' ' ' 14.‘00 ' ' ' 15}00 ' ' ' 18.‘00 ' ' ' 20}00 ' ' ' 22.‘00
Minutes
Retention Time Area % Area
1 13.120 3232179 51.91
2 20.369 2994498 48.09
0.80-
0.60 8
(D 0.40 o
0.20- /9\
0.00 " " " Z[‘)Q " " " A(‘)O " " " SBD " " " an " " " 10‘00 " " " 12‘00 ' " " 1A‘DD " " " 16‘00 " " " 1&‘00 " " " 20‘00 " " " 22‘00 " " " ZA‘DD "

Minutes

Retention Time Area % Area
1 13.082 2760601 10.72
2 20.483 22998813 89.28

(S)-tert-Butyl-2-(nitrooxy)-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (3p)
0 o Colorless oil, 23.7 mg, 81% yield, 84% ee, [a]p®® = 138.4 (c = 0.44, CH,Cl,);

HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254 nm)
O

ONO,

t(minor) = 5.65 MiN, t(majory = 10.66 min;

'H NMR (400 MHz, CDCls) & 7.85-7.80 (m, 1H), 7.75-7.67 (m, 1H), 7.55-7.50
(m, 1H), 7.49-7.42 (m, 1H), 4.23 (d, J = 17.6 Hz, 1H), 3.41 (d, J = 17.6 Hz, 1H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 191.3, 163.9, 151.7, 136.9, 132.6, 128.6, 126.3, 125.8, 89.0, 85.0, 38.3, 27.6.

IR (film, cm™?) : 2982, 1729, 1656, 1296, 1153, 840;

HRMS (ESI*) m/z calcd for C14H1sNNaOg* ([M]+Na*) = 316.0792, found 316.0794.

0.10+

AU

0.05-

o
8
- >10.688

L S N e e ey o e By e o B B ey LR T T T T B B B B
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

Minutes
Retention Time Area % Area
1 5.649 1021626 50.48
2 10.688 1002056 49.52
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(S)-tert-Butyl-5-fluoro-2-(nitrooxy)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (3q)

0 o Colorless oil, 25.2 mg, 81% vyield, 91% ee, [a]p?®= 132.5 (c = 0.46, CH,Cly);
HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254
O NM) tminor) = 6.26 MiN, tmajory = 13.86 min;
F ONO,

14 NMR (400 MHz, CDCl3) & 7.90-7.75 (m, 1H), 7.25-7.10 (m, 2H), 4.22 (d,
J =18.0 Hz, 1H), 3.39 (d, J = 18.0 Hz, 1H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCls) 5 189.4, 168.3 (J = 259 Hz), 163.7, 154.7 (J = 10.8 Hz), 129.1 (J = 1.7 Hz), 128.3
(J=10.8 Hz), 117.2 (J = 23.8 Hz), 113.3 (J = 22.9 Hz), 89.0, 85.3, 38.2 (J = 1.9 Hz), 27.6.

19F NMR (376 MHz, CDCl3) 5 -97.8.

IR (film, cm™?) : 2983, 1731, 1658, 1259, 1153, 834;

HRMS (ESI*) m/z calcd for C14H14FNNaOg* ([M]+Na*) = 334.0697, found 334.0697.

0.20

2 0.10] %
0.00— - - - - ‘/‘\‘ v - - -
0.00 2.60 4.60 6,60 5.60 10.‘00 12.‘00 14.‘00 16.‘00 18.00
Minutes
Retention Time Area % Area
1 6.228 2182525 50.44
2 13.886 2144565 49.56
0.10-
2 0.05+ o -
0.00 /\
0.00 2.(‘)0 4.60 6.(‘)0 ‘ 8.60 ‘ 10,‘00 ‘ ‘ 12.‘00 ‘ ‘ 14,‘00 ‘ ‘ 16.‘00 ‘ ‘ 18.00
Minutes
Retention Time Area % Area
1 6.259 202335 451
2 13.861 4285804 95.49

(S)-tert-Butyl-5-chloro-2-(nitrooxy)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (3r)
o o Colorless oil, 26.7 mg, 81% vyield, 90% ee, [a]p® = 147.5 (c = 0.67,
J< CHCl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min,
WO A =254 nm) tgminory = 6.32 MiN, tmajory = 10.96 min;
Cl ONO, 1H NMR (400 MHz, CDCls) & 7.79-7.71 (m, 1H), 7.55-7.50 (m, 1H), 7.47—
7.40 (m, 1H), 4.19 (d, J = 17.6 Hz, 1H), 3.38 (d, J = 17.6 Hz, 1H), 1.43 (s, 9H).
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13C NMR (101 MHz, CDCls) & 189.9, 163.6, 153.0, 143.7, 131.1, 129.5, 126.8, 126.6, 88.9, 85.3, 38.0, 27.6.
IR (film, cm™?) : 2982, 1730, 1658, 1296, 1153, 832;

HRMS (ESI*) m/z calcd for CisHi4CIP4%8NNaOs* ([M]+Na*) = 350.0402, found 350.0406 and
C14H14CIP89%9NNaOg* ([M]+Na*) = 352.0372, found 352.0375.
0.10+ S
2
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0.00 - VN x
0.00 1. 60 2, 60 3.!‘)0 4.00 5, 60 6. bO 7.60 8.60 9.60 10.‘00 11.‘00 12.‘00 13.‘00 14.‘00
Minutes
Retention Time Area % Area
1 6.480 2546466 50.36
2 10.438 2510115 49.64
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S 0.04— =
< <
0.02 &
0.00 — - ‘/‘*‘\T\“ — | —
0.00 1.60 2.(‘)0 3.!‘)0 4. 60 5.(‘)0 6.60 7.60 8.00 9.00 10.‘00 11.‘00 12.‘00 13.‘00 14.‘00 15.00
Minutes
Retention Time Area % Area
1 6.324 61179 4.95
2 10.964 1175112 95.05

(S)-tert-Butyl-5-bromo-2-(nitrooxy)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (3s)

0 o White amorphous solid, 33.6 mg, 90% yield, 90% ee, m.p. 7074 °C. [a]p?®
= 137.3 (c = 0.47, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH
0 90/10, 1.0 mL/min, & = 254 nM) t(minory =7.35 MIN, {majory = 11.73 min;
Br ON02

H NMR (400 MHz, CDCl3) & 7.75-7.55 (m, 1H), 4.20 (d, J = 18.0 Hz, 1H),
3.38 (d, J = 18.0 Hz, 1H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCls)  190.2, 163.5, 153.0, 132.7, 132.4, 131.5, 129.7, 126.8, 88.8, 85.3, 37.9, 27.6.

IR (film, cm™) : 2981, 1730, 1658, 1296, 1153, 832;

HRMS (ESI*) m/z calcd for Ci4H14Br'8°%3NNaOg* ([M]+Na*) = 393.9897, found 393.9899 and
C14H14Br8%963NNaOg* ([M]+Na*) = 395.9876, found 395.9878.
0.15-
0.10— I~
2 :
0.05—
0.00— - - - - - - - - - - - - - - - - : ; ] - -
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Retention Time Area % Area
1 7.302 3259470 49.94
2 11.644 3267084 50.06
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(S)-tert-Butyl-6-bromo-2-(nitrooxy)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (3t)
Colorless oil, 30.7 mg, 82% yield, 89% ee, [a]p®® = 144.6 (c = 0.45,

Br P o )< CH.Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min,
WO A = 254 NM) tminon = 5.82 MiN, tnajor) = 8.96 Min;
ONO; 1H NMR (400 MHz, CDCls) & 8.00-7.90 (m, 1H), 7.85-7.75 (m, 1H), 7.45—
7.37 (m, 1H), 4.16 (d, J = 18.0 Hz, 1H), 3.34 (d, J = 18.0 Hz, 1H), 1.44 (s, 9H).
13C NMR (101 MHz, CDCl3) 5 190.1, 163.5, 150.2, 139.7, 134.4, 128.5, 127.8, 122.7, 89.1, 85.4, 38.0, 27.6.
IR (film, cm™) : 2981, 1729, 1655, 1298, 1152, 839;

HRMS (ESI*) m/z caled for Ci4H14Br'8°%3NNaOg* ([M]+Na*) = 393.9897, found 393.9896 and
C14H14Bri*9183NNaOg* ([M]+Na*) = 395.9876, found 395.9877.
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(S)-tert-Butyl-2-(nitrooxy)-1-oxo-6-(trifluoromethyl)-2,3-dihydro-1H-indene-2-carboxylate (3u)
Colorless oil, 20.1 mg, 67% vyield, 78% ee, [a]p®® = 107.7 (c = 0.38,

0 o
CF3 J< CH_Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min,
O A = 254 NM) teminor) = 4.70 MiN, tmajon = 5.91 min;
ONO2 1H NMR (400 MHz, CDCls) & 8.15-8.05 (m, 1H), 8.00-7.90 (m, 1H), 7.73—

7.64 (m, 1H), 4.29 (d, J = 18.0 Hz, 1H), 3.47 (d, J = 18.0 Hz, 1H), 1.45 (s, 9H).
s41



13C NMR (101 MHz, CDCls) & 190.4, 163.4, 154.7, 133.2 (g, J = 3.0 Hz), 131.6 (q, J = 33.0 Hz), 127.2, 123.3
(q, J = 271 Hz), 122.9 (q, J = 4.0 Hz), 88.9, 85.6, 38.4, 27.6.
19F NMR (376 MHz, CDCl3) & -62.8.

IR (film, cm™) : 2982, 1731, 1658, 1297, 1151, 835;
HRMS (ESI*) m/z calcd for CisH1aFsNKOg* ([M]+K*) = 400.0406, found 400.0406.

0.04

2 0.02— (s}
0.00
0.00 ‘ 1.60 2.60 3.00 ‘ 4.60 C 5.60 T 6.60 ‘ 7.60 8.60 ‘ 9.00 ‘ ‘10.00
Minutes
Retention Time Area % Area
1 4.672 387507 50.56
2 5.861 378876 49.44
0.15+
5 0.10
< =y
0.05+ ’:r
0.00 - - - ‘/\ B— — = —
0.00 1.00 2.00 3.00 4.00 5.60 6.60 7.00 8.00 9.00 10.00
Minutes
Retention Time Area % Area
1 4.704 231669 10.91
2 5.909 1891031 89.09

(S)-tert-Butyl-5-methyl-2-(nitrooxy)-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (3v)
Colorless oil, 25.0 mg, 81% yield, 88% ee, [a]p®®= 93.1 (c = 0.32, CH,Cl,);
HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254 nm)

(@) o J<
Wo
ONO,

=17.6 Hz, 1H), 3.27 (d, J = 17.6 Hz, 1H), 2.41 (s, 3H), 1.37 (s, 9H).

13C NMR (101 MHz, CDClI3) 6 190.5, 164.1, 152.2, 148.8, 130.4, 129.9, 126.6, 125.6, 89.3, 84.9, 38.1, 27.6,

22.3.

{(minor) = 5.71 min, t(major) = 15.39 min;
H NMR (400 MHz, CDCl3) & 7.66—7.60 (m, 1H), 7.28-7.15 (m, 2H), 4.10 (d, J

IR (film, cm™?) : 2984, 1735, 1661, 1298, 1141, 837;

HRMS (ESI*) m/z calcd for C1sH17NNaOg* ([M]+Na*) = 330.0948, found 330.0949.

i >15.396

I R
16.00 18.00

0.00 ‘ 2.00 4.60 6.00 ‘ 8.00 ‘ 10.‘00 ‘ ‘ ‘ 12.‘00 ‘ ‘ 14.‘00 ‘
Minutes
Retention Time Area % Area
5.707 1352543 50.80
15.396 1310096 49.20
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0.0304
5 00207
<

0.010

1 }>5.711

15.391

0.000-

T
10.00
Minutes

T
12.00

T T T T
14.00 16.00 18.00 20.00

Retention Time Area % Area
1 5711 112276 6.39
2 15.391 1645363 93.61

(S)-tert-Butyl-6-methyl-2-(nitrooxy)-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (3w)
0 o Colorless oil, 24.1 mg, 79% yield, 93% ee, [a]p®®= 162.4 (c = 0.43, CH,Cl,);
J< HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254 nm)
WO tminon) = 5.30 MiN, {majory = 8.37 min;
ONO, 14 NMR (400 MHz, CDCls) & 7.65-7.58 (m, 1H), 7.55-7.47 (m, 1H), 7.43—
7.37 (m, 1H), 4.17 (d, J = 17.6 Hz, 1H), 3.34 (d, J = 17.6 Hz, 1H), 2.42 (s, 3H), 1.44 (s, 9H).
13C NMR (101 MHz, CDCIl3) 8 191.3, 164.0, 149.1, 138.8, 138.2, 132.8, 126.0, 125.6, 89.4, 84.9, 38.0, 27.6,

21.1.
IR (film, cm™?) : 2982, 1727, 1655, 1297, 1152, 834;
HRMS (ESI*) m/z calcd for C1sH17NNaOg* ([M]+Na*) = 330.0948, found 330.0947.

0.20

<
0.10

0.00

U
] >8.318

T T T B By B e e L A R
7.00 8.00 9.00 10.00 11.00 12.00 13.00

0.00 ‘ 1.00 2.00 ‘ 3.00 ‘ 4.00‘ 5.00 ‘ ‘ ‘6.(‘)0‘ s
Minutes
Retention Time Area % Area
1 5.271 2078580 51.19
2 8.318 1982161 48.81
0.10+
2 0.05 ©
0.00 A
0.00 ‘1.!‘)0‘ n ‘2.(‘)0‘ 3.60‘ 4,1‘30 5.(‘)0‘ n ‘6.60‘ n ‘7,00‘ n ‘8.00‘ ‘9.60‘ ‘ ‘10,‘00‘ n ‘11.‘00‘ t ‘12.00
Minutes
Retention Time Area % Area
1 5.296 67243 3.46
2 8.372 1873595 96.54

(S)-tert-Butyl-5-methoxy-2-(nitrooxy)-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (3x)
Colorless oil, 29.8 mg, 92% vyield, 84% ee, [a]p® = 194.6 (c = 0.41,

7 o J< CH_Cl,); HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 90/10, 1.0 mL/min,
wo A = 254 nm) tinon = 7.64 MiN, tmajon = 9.10 min;
MeO ONO, H NMR (400 MHz, CDCls) & 7.80—7.65 (m, 1H), 7.03—6.86 (m, 2H), 4.18
(d, 3 =17.6 Hz, 1H), 3.92 (s, 3H), 3.33 (d, J = 17.6 Hz, 1H), 1.45 (s, 9H).
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13C NMR (101 MHz, CDCls) & 188.9, 167.0, 164.2, 154.9, 127.6, 125.7, 116.9, 109.4, 89.4, 84.8, 55.9, 38.3,

27.7.

IR (film, cm) : 2981, 1721, 1655, 1299, 1265, 1154, 838;

HRMS (ESI*) m/z calcd for C1sHizNNaO;* ([M]+Na*) = 346.0897, found 346.0896.

0.40-

12.00

2 0.20
0.00 — g — B ~— Y, S— — — ——
0.00 1.60 2.00 3. 60 4.(‘)0 5.00 6.60 71‘)0 81‘)0 9,60 10.‘00 11.‘00 12.‘00
Minutes
Retention Time Area % Area
1 7.637 3988068 50.35
2 9.112 3932793 49.65
<D( 0.20— >
0.00““““““ ““““A - ——
0.00 1.60 2.60 3 60 4.60 5. 60 6.60 7.60 8.60 9.60 10,‘00 11.‘00
Minutes
Retention Time Area % Area
1 7.639 395197 8.19
2 9.096 4430042 91.81

(S)-2-Benzoyl-1-(tert-butylamino)-4-methyl-1-oxopentan-2-yl nitrate (3y)

o o
‘ N
B ONOY

HRMS (ESI*) m/z calcd for Ci7HxsN20s* ([M]+H*) = 337.1758, found 337.1754.

White amorphous solid, 27.6 mg, 82% vyield, 92% ee, m.p. 96-99 °C. [a];*® =
207.3 (c = 0.47, CH.Cl,, A = 365 nm); HPLC (Daicel chiralcel I1G, n-hexaneli-
PrOH 90/10, 1.0 mL/min, X = 254 nM) tminory = 5.62 MIN, tmajory = 6.80 Min;

!4 NMR (400 MHz, CDCls) 5 8.03 (s, 1H), 7.83-7.75 (m, 2H), 7.61-7.51 (m, 1H),
7.46-7.37 (M, 2H), 2.65-2.45 (m, 2H), 1.81-1.73 (m, 1H), 1.40 (s, 9H), 0.98-0.89 (m, 6H).
13C NMR (101 MHz, CDCls) & 187.3, 162.5, 133.9, 133.8, 128.7, 128.2, 98.3, 52.5, 45.3, 28.3, 24.3, 23.7, 23.5.
IR (film, cm™?) :3395, 2967, 1680, 1515, 1225;

0.10+
2 0.05+
0.00
0.00 ‘ 1.00 2.60 3.(‘)0 Y 460 s 5.60 T 6.60 o 8.60 9.60
Minutes
Retention Time Area % Area
1 5.543 942474 49.54
2 6.697 959996 50.46
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0.030-

0.020
>

A

0.010-

o e
Retention Time Area % Area
5.618 15943 4.09
6.804 373897 95.91

(S)-1-(tert-Butylamino)-2-(4-fluorobenzoyl)-4-methyl-1-oxopentan-2-yl nitrate (3z)
Colorless oil, 25.5 mg, 72% yield, 82% ee, [a];?°= 164.4 (c = 0.15, CH,Cl,,
A =365 nm); HPLC (Daicel chiralcel IG, n-hexane/i-PrOH 90/10, 1.0 mL/min,
By ONOg A =254 nm) tainorny = 4.99 Min, tmajory = 6.09 Min;
F 1H NMR (400 MHz, CDCls) 8 7.99 (s, 1H), 7.87-7.77 (m, 2H), 7.15-7.05 (m,
2H), 2.62—2.43 (m, 2H), 1.80-1.74 (m, 1H), 1.40 (s, 9H), 0.98-0.90 (M, 6H).
13C NMR (101 MHz, CDCl3) & 185.6, 165.9 (J = 215.4 Hz), 162.5, 131.0 (J = 9.5 Hz), 130.3 (J = 3.2 Hz), 116.1
(J =221 Hz), 98.2,52.6, 45.4, 28.3, 24.3, 23.7, 23.6.
19F NMR (376 MHz, CDCl3) 8 -103.2.
IR (film, cm™?) :3395, 2965, 1707, 1681, 1513, 1239, 1162, 849;

O O

HRMS (ESI*) m/z calcd for Ci7Ha4FN,0s* (IM]+H*) = 355.1664, found 355.1661.

0.15

0.10

2
0.05+
0.00
0.1 1.60 2.(‘)0 3.00 ‘ 4.(‘)0 C 5.&)0 t 6.60 T 7.60 ‘ 8.60 C 9.00 ‘ ‘10.00
Minutes
Retention Time Area % Area
4.974 1268369 51.60
6.086 1189522 48.40
0.20—
2 0.10 E
0.00 ,/k
0.1 1.‘00 2.(‘)0 3.00 ‘ 4.(‘)0 C 5.‘00 t 6.60 tT 7.‘00 ‘ 8.60 C 9.00 ‘ ‘10.00
Minutes
Retention Time Area % Area
4.994 2420812 8.96
6.087 24586681 91.04

(S)-1-(tert-Butylamino)-2-(4-chlorobenzoyl)-4-methyl-1-oxopentan-2-yl nitrate (3aa)

S45



Colorless oil, 26.9 mg, 73% yield, 82% ee, [a.]%°= 207.5 (c = 0.28, CH,Cl,,
A = 365 nm); HPLC (Daicel chiralcel IG, n-hexane/i-PrOH 90/10, 1.0
mL/min, & = 254 nm) tminor) = 5.31 MiN, tmajory = 9.17 min;

Cl 'H NMR (600 MHz, CDCls) & 7.96 (s, 1H), 7.78-7.65 (m, 2H), 7.45-7.35
(m, 2H), 2.60-2.43 (m, 2H), 1.80-1.74 (m, 1H), 1.40 (s, 9H), 0.97-0.91 (m, 6H).

13C NMR (151 MHz, CDCl3) & 185.7, 162.4, 140.3, 132.3, 129.6, 129.1, 98.0, 52.6, 45.4, 28.3, 24.3, 23.62,
23.56.

IR (film, cm™?) :3395, 2966, 1708, 1681, 1514, 1222, 1095, 844;

HRMS (ESI*) m/z calcd for C17H24CIR49688N,05* ([M]+H*) = 371.1368, found 371.1364 and Cy7H,4CI35-9%°N,05*
(IM]+Na*) = 373.1339, found 373.1336.

o O

' N
B ONO}

0.80
0.60 E
2 0.40+ %
0.20+ /\
0.00‘ = = = ~—— e
0.00 11‘30 2.(‘)0 3.(‘)0 4.60 5.60 6,&)0 7.60 8460 91‘)0 104‘00 11.‘00 12.‘00
Minutes
Retention Time Area % Area
1 5.290 6070018 50.42
2 9.174 5969028 49.58
1.50+
5 1.00] - i
2 »
0.50] )
0.00 1.60 2.[‘)0 3.(‘)0 4.&)0 5.(‘)0 6.&)0 7.1‘)0 8.&)0 9.[‘)0 10.‘00 11.‘00 12.0C
Minutes
Retention Time Area % Area
1 5.311 2641932 9.16
2 9.171 26201400 90.84

(S)-2-(4-Bromobenzoyl)-1-(tert-butylamino)-4-methyl-1-oxopentan-2-yl nitrate (3ab)

Colorless oil, 25.0 mg, 60% yield, 79% ee, [a];%°= 245.0 (c = 0.12, CH,Cl,,
A = 365 nm); HPLC (Daicel chiralcel IG, n-hexane/i-PrOH 90/10, 1.0
mL/min, & = 254 nM) tminory = 5.61 MIN, t(majory = 11.54 min;

Br 'H NMR (600 MHz, CDCls) & 7.95 (s, 1H), 7.71-7.61 (m, 2H), 7.60-7.50
(m, 2H), 2.60-2.43 (m, 2H), 1.80-1.73 (m, 1H), 1.40 (s, 9H), 0.99-0.91 (m, 6H).

13C NMR (151 MHz, CDCls) & 185.9, 162.4, 132.7, 132.1, 129.6, 129.1, 98.0, 52.6, 45.4, 28.3, 24.3, 23.62,
23.56.

IR (film, cm™1) :3395, 2965, 1709, 1681, 1514, 1221, 842;

HRMS (ESI*) m/z calcd for Cy7H24Br’8918N,0s* ([M]+H*) = 415.0863, found 415.0856 and C17H4Bré%963N,05*
(IM]+Na*) = 417.0843, found 417.0851.

1.00-

0O O

' N
B ONO}

2 050+

0.00-

. % 11.675

T T I e e T T T T T T T
1.00 10.00 11.00 12.00 13.00 14.00 15.00

Minutes

S46



Retention Time Area % Area
1 5.602 8333841 50.35
2 11.675 8218342 49.65
1.50
1.00+ ;. ;c
2 ]
0.50 T
0.00 1.60 2.60 3.(‘)0 4.[‘)0 5.60 6.60 7.(‘)0 81‘)0 9.(‘)0 10.‘00 11.‘00 12.‘00 13.‘00 14.‘00 15.0C
Minutes
Retention Time Area % Area
1 5.611 3693074 10.56
2 11.542 31264185 89.44

(S)-1-(tert-Butylamino)-4-methyl-2-(4-methylbenzoyl)-1-oxopentan-2-yl nitrate (3ac)

Colorless oil, 27.7 mg, 79% yield, 91% ee, [a],?®® = 216.2 (¢ = 0.26,
CHzCl,, A = 365 nm); HPLC (Daicel chiralcel 1G, n-hexane/i-PrOH 90/10,
1.0 mL/min, A = 254 nm) tgminorny = 5.23 MiN, tmajory = 10.17 min;

Me 4 NMR (600 MHz, CDCls) & 8.07 (s, 1H), 7.75-7.66 (m, 2H), 7.25-7.18
(m, 2H), 2.65-2.45 (m, 2H), 2.38 (s, 3H), 1.79-1.71 (m, 1H), 1.40 (s, 9H), 0.97-0.88 (m, 6H).

13C NMR (151 MHz, CDCl3) d 187.3, 162.5, 145.0, 131.3, 129.5, 128.4, 98.5, 52.4, 45.2, 28.3, 24.3, 23.7, 23.5,

0O O

' N
B ONOY

21.6.

IR (film, cm™) :3395, 2966, 1704, 1515, 1224, 835;

HRMS (ESI*) m/z calcd for CisHz7N20s* ([M]+H*) = 351.1914, found 351.1916.

0.15+

9.989

Retention Time Area % Area
1 5.201 1502104 51.46
2 9.989 1416895 48.54
. A
Retention Time Area % Area
1 5.229 56162 4.52
2 10.167 1186862 95.48
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(S)-1-(tert-Butylamino)-2-(4-methoxybenzoyl)-4-methyl-1-oxopentan-2-yl nitrate (3ad)

Colorless oil, 32.6 mg, 89% vyield, 90% ee, [a];?® = 200.6 (c = 0.52,
CHzCl,, A = 365 nm); HPLC (Daicel chiralcel IG, n-hexane/i-PrOH 90/10,
1.0 mL/min, X = 254 nm) tminor) =6.89 MiN, timajoy = 15.80 min;

MeO 14 NMR (600 MHz, CDCls) & 8.12 (s, 1H), 7.87-7.73 (m, 2H), 7.92-7.85
(m, 2H), 3.84 (s, 3H), 2.70-2.44 (m, 2H), 1.75-1.67 (m, 1H), 1.40 (s, 9H), 0.97—0.85 (m, 6H).

13C NMR (151 MHz, CDCl;) 5 186.7, 164.1, 162.6, 130.8, 126.5, 114.0, 98.6, 55.5, 52.4, 45.1, 28.3, 24.2, 23.7,
23.4.

IR (film, cm™?) :3394, 2966, 1698, 1600, 1513, 1268, 1177, 1025, 844;

HRMS (ESI*) m/z calcd for C1gH27N20g" ([M]+H*) = 367.1864, found 367.1855.

O O

_ N
Bd' ONOj

0.06-

0.04~

AU

0.02

0.00

] > 15.681
[

— — T
12.00 14.00 16.00 18.00 20.00 22.00 24.00

Minutes

—
10.00

Retention Time Area % Area
1 6.943 670471 50.58
2 15.681 655060 49.42

Retention Time Area % Area
1 6.891 51671 4.64
2 15.797 1060822 95.36

White amorphous solid, 28.7 mg, 74% yield, 86% ee, m.p. 86-89 °C.

(S)-2-(2-Naphthoyl)-1-(tert-butylamino)-4-methyl-1-oxopentan-2-yl nitrate (3ae)
[a]:2°=61.3 (c = 0.15, CH,Cl,, A = 405 nm); HPLC (Daicel chiralcel ASH,
n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254 nM) tgminory = 4.13 MIN, tmajon)

IBU ON02 = 4.48 min;

IH NMR (600 MHz, CDCls) & 8.34 (s, 1H), 8.13 (s, 1H), 7.91-7.82 (m, 4H), 7.64-7.52 (m, 2H), 2.70-2.55 (m,
2H), 1.86-1.78 (m, 1H), 1.43 (s, 9H), 0.99-0.93 (M, 6H).

13C NMR (151 MHz, CDCls) & 187.2, 162.6, 135.7, 132.2, 131.2, 129.9, 129.7, 129.1, 128.7, 127.7, 127.1,
123.8, 98.5, 52.6, 45.5, 28.3, 24.3, 23.7, 23.6.

IR (film, cm™*) :3394, 2966, 1680, 1515, 1220;

HRMS (ESI*) m/z calcd for CoiHz7N2Os* ([M]+H*) = 387.1914, found 387.1906.
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2.00-
2 1.00+ <
0.00 = = = = = = = = = = = = = — —— — — — = = = = — = =
0.00 041‘)0 11‘)0 1.130 2.60 2.1‘)0 3,60 3,‘50 4,60 441‘)0 51‘)0 5.%0 6.(‘)0 6.“30 7.60 7,‘50 8.00
Minutes
Retention Time Area % Area
1 4.124 15229233 49.28
2 4.470 15673074 50.72
2.00
2
1.00- a
0.00
0,00‘ ‘041‘:0‘ ‘14[‘)0‘ ‘1.150‘ ‘2.(‘)0‘ ‘2.150‘ ‘3.60‘ ‘3.‘50‘ ‘4‘00 4.‘50‘ 5.(‘]0‘ 541‘:0‘ 6.(‘)0‘ 6.%0‘ ‘7.(‘)0‘ o 7.‘50‘ ‘8.0(2
Minutes
Retention Time Area % Area
1 4.132 1983242 6.74
2 4.481 27461000 93.26

(S)-1-(tert-Butylamino)-2-(furan-2-carbonyl)-4-methyl-1-oxopentan-2-yl nitrate (3af)

Colorless oil, 27.2 mg, 83% yield, 81% ee, [a],?°= 104.6 (c = 0.28, CH,Cl,, A

(0] 0]
J< 365 nm); HPLC (Daicel chiralcel IG, n-hexane/i-PrOH 90/10, 1.0 mL/min, A
\\ _ ” 254 M) tminon = 6.41 MiN, tmajon = 8.26 min;
O 'Bu ONO;,

H NMR (600 MHz, CDCl3) & 8.12 (s, 1H), 7.55-7.47 (m, 1H), 7.43-7.32 (m, 1H),

6.60-6.50 (M, 1H), 2.67-2.37 (m, 2H), 1.75-1.65 (m, 1H), 1.39 (s, 9H), 0.98-0.86 (m, 6H).
13C NMR (151 MHz, CDCl3) 5 177.5, 161.9, 150.0, 146.9, 120.2, 113.1, 97.3, 52.4, 43.7, 28.3, 24 2, 23.5, 23 4.
IR (film, cm™) :3399, 2967, 1701, 1519, 1458, 767;
HRMS (ESI*) m/z calcd for CisHzsN206" ([M]+H*) = 327.1551, found 327.1551.

Z.OOi
2 1.00—: o
0.007 = = = — - — = — ——
0.00 1.60 2.1‘3)0 3.60 4.(")0 5.60 6.(‘)0 7.60 8.(‘)0 9.(‘)0 10.‘00 11.‘00 12.00
Minutes
Retention Time Area % Area
1 6.350 20289917 50.14
2 8.206 20178380 49.86
2.00-
2 1 00] S
0.0G‘ — “‘j\‘““‘ e —
0.00 1.‘00 2.(‘)0 3.(‘)0 4.60 5.(‘)0 6.‘00 7.1‘]0 B.‘OO 9.[‘)0 10.‘00 11.‘00 12.0C
Minutes
Retention Time Area % Area
1 6.407 3130712 9.36
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(S)-2-Azido-N-(tert-butyl)-1-ox0-2,3-dihydro-1H-indene-2-carboxamide (5a)

O o

White amorphous solid, 22.9 mg, 84% yield, 90% ee, m.p. 70-72 °C. [a];® = -

158.2 (c = 0.33, CHxCl,, & = 436 nm); HPLC (Daicel chiralcel OXH, n-hexane/i-
” ProOH 90/10, 1.0 mL/min, A = 254 nM) timajory = 5.97 Min, t(minoy = 6.44 Min;

N3

H NMR (600 MHz, CDCls) & 7.82—7.77 (m, 1H), 7.70-7.65 (m, 1H), 7.52-7.48

(m, 1H), 7.45-7.40 (m, 1H), 6.61 (s, 1H), 3.99 (d, J = 17.4 Hz, 1H), 3.18 (d, J = 17.4 Hz, 1H), 1.37 (s, 9H).

13C NMR (151 MHz, CDCl5) & 198.8, 164.9, 152.5, 136.6, 133.5, 128.3, 126.4, 125.4, 72.8, 52.0, 37.4, 28.5.
IR (film, cm™) :3405, 2972, 2110, 1720, 1675, 1519, 1221;
HRMS (ESI*) m/z calcd for C4HisNsNaO,* ([M]+Na*) = 295.1165, found 295.1166.
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0.004—
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0.000—

LI S
3.50

Minutes

Retention Time Area % Area
1 5.810 55015 50.48
2 6.226 53978 49.52
0.025-
0.020—
0.015+
2
0.010
0.005+
0.000-
0.00‘ ‘O.‘SO‘ 1.(‘)0‘ ‘1.1‘-’:0‘ 2,(‘]0‘ 2.‘50‘ 3.(‘30‘ ‘ ‘3.1‘-’:0‘ o ‘4.(‘]0‘ 4.‘50‘ 5.60 5.1‘-’:0‘ 7.0C
Minutes
Retention Time Area % Area
1 5.974 1025127 94.65
2 6.443 57919 5.35

(S)-2-Azido-N-(tert-butyl)-6-fluoro-1-oxo0-2,3-dihydro-1H-indene-2-carboxamide (5b)

e]
(0]
F J<
N
N3 H

Colorless oil, 23.5 mg, 81% vyield, 90% ee, [a],*° =
A = 436 nm); HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH 90/10, 1.0

-235.5 (c = 0.21, CH.Cl,,

mL/min, & = 254 nm) tmajor) = 5.34 MiN, tgminory = 5.62 min;

IH NMR (600 MHz, CDCls) & 7.50-7.46 (m, 1H), 7.45-7.41 (m, 1H), 7.41—
7.36 (M, 1H), 6.57 (s, 1H), 3.94 (d, J = 16.8 Hz, 1H), 3.14 (d, J = 16.8 Hz, 1H), 1.36 (s, 9H).
13C NMR (151 MHz, CDCl3) 3 197.9, 164.6, 162.6 (J = 260.6 Hz), 148.1 (J = 3.0 Hz), 135.2 (J = 9.1 Hz), 127.8
(J=8.2 Hz), 124.3 (J = 23.9 Hz), 111.1 (J = 22.7 Hz), 73.6, 52.1, 37.0, 28.5.
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19F NMR (565 MHz, CDCls) & -112.7.
IR (film, cm~t) :3407, 2972, 2112, 1726, 1678, 1519, 1487, 1265;
HRMS (ESI*) m/z calcd for C14HisFNsNaO,* ((M]+Na*) = 313.1071, found 313.1068.

0,025
0.020]

00154
2

A

00104

0,005

Retention Time Area % Area
1 5.334 217767 49.70
2 5.608 220424 50.30

Retention Time Area % Area
1 5.340 6965675 95.15
2 5.624 354788 4.85

(S)-2-Azido-N-(tert-butyl)-6-chloro-1-ox0-2,3-dihydro-1H-indene-2-carboxamide (5c¢)

O o
c P
N
N3H

H NMR (400 MHz, CDCl3) & 7.78-7.73 (m, 1H), 7.66—7.60 (m, 1H), 7.47-7.42 (m, 1H), 6.56 (s, 1H), 3.95 (d, J
=17.6 Hz, 1H), 3.14 (d, J = 17.6 Hz, 1H), 1.36 (s, 9H).
13C NMR (101 MHz, CDCls) & 197.6, 164.6, 150.6, 136.5, 135.0, 134.8, 127.6, 125.0, 73.4, 52.2, 37.1, 28.5.
IR (film, cm™) :3405, 2971, 2111, 1725, 1678, 1518, 1252;

White amorphous solid, 25.5 mg, 83% yield, 93% ee, m.p. 84-86 °C. [a];®
= -224.0 (c = 0.20, CH.Cl,, A = 436 nm); HPLC (Daicel chiralcel IA, n-
hexane/i-PrOH 90/10, 1.0 mL/min, & = 254 nm) tminoy = 5.41 MIN, tmajor) =

7.11 min;

HRMS (ESI*) m/z calcd for Cy4HisCP*%%9N,NaO,* ([M]+Na*) = 329.0776, found 329.0776 and
Ci14H15CI%89859N,NaO,* ([M]+Na*) = 331.0746, found 331.0744.
Retention Time Area % Area
1 5.370 695713 51.63
2 7.077 651725 48.37
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600 650 7.00 7.50 8.00 850 2.00 950 1000

Retention Time Area % Area
1 5.406 184279 3.15
2 7.108 5661442 96.85

(S)-2-Azido-6-bromo-N-(tert-butyl)-1-0x0-2,3-dihydro-1H-indene-2-carboxamide (5d)
[a]:25=-142.7 (c = 0.31, CH,Cl,, A = 436 nm); HPLC (Daicel chiralcel ODH,
n-hexane/i-PrOH 98/2, 1.0 mL/min, A = 254 nmM) tmajory = 11.62 Min, t(minor) =

'H NMR (400 MHz, CDCl3) 8 7.96-7.88 (m, 1H), 7.82—7.72 (m, 1H), 7.42-7.35 (m, 1H), 6.56 (s, 1H), 3.93 (d, J

=17.2 Hz, 1H), 3.11 (d, J = 17.2 Hz, 1H), 1.36 (s, 9H).

o) White amorphous solid, 28.4 mg, 81% yield, 95% ee, m.p. 98-101 °C.
O
Br J<
N
N3H .
13.27 min;
13C NMR (101 MHz, CDCl3) 8 197.5, 164.5, 151.1, 139.3, 135.3, 128.1, 127.9, 122.4, 73.2, 52.2, 37.2, 28.5.

IR (film, cm™) :3404, 2971, 2110, 1725, 1677, 1518, 1253;

HRMS (ESI*) m/z calcd for CiqHisBr’898N,NaO,* ([M]+Na*)

Ci14H15Bré®9163N,NaO,* (IM]+Na*) = 375.0250, found 375.0251.

373.0271,

found 373.0272 and

00304

0.025]

0,020

2 0015]

00104

0,005

—— ]
800
Minutes.

—_——————
1300 1400 1500 1600

Retention Time Area % Area
1 11.268 3575568 50.73
2 12.931 3473332 49.27
0] /\/,_g j\ . -
Retention Time Area % Area
1 11.620 143025 2.45
2 13.272 5702816 97.55

(S)-2-Azido-5-bromo-N-(tert-butyl)-1-ox0-2,3-dihydro-1H-indene-2-carboxamide (5e)
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0 o White amorphous solid, 28.0 mg, 80% yield, 93% ee, m.p. 80-83 °C. [a];°=
J< -231.0 (c = 0.23, CHxCl,;, A = 436 nm); HPLC (Daicel chiralcel OXH, n-

/©5§JNJ\3H hexane/i-PrOH 90/10, 1.0 mL/min, & = 254 nM) tmajory = 5.94 Min, tminor =

Br 6.62 min;

14 NMR (400 MHz, CDCls) & 7.75-7.53 (m, 3H), 6.57 (s, 1H), 3.96 (d, J = 17.2 Hz, 1H), 3.15 (d, J = 17.2 Hz,

1H), 1.36 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 197.6, 164.6, 153.9, 132.38, 132.37, 132.1, 129.8, 126.4, 73.0, 52.2, 37.2, 28.5.

IR (film, cm™?) :3404, 2971, 2110, 1723, 1678, 1518, 1260, 1216;

HRMS (ESI*) m/z calcd for CiqHisBr’8918N,NaO,* ([M]+Na*) = 373.0271, found 373.0272 and
C14H15Br8%963N,NaO,* ([M]+Na*) = 375.0250, found 375.0251.
Retention Time Area % Area
1 5.924 4709282 50.01
2 6.604 4707355 49.99
o —
Retention Time Area % Area
1 5.943 465270 96.57
2 6.621 16531 3.43

(S)-2-Azido-4-bromo-N-(tert-butyl)-1-0x0-2,3-dihydro-1H-indene-2-carboxamide (5f)

O o
NJ<

Colorless oil, 28.1 mg, 80% vyield, 84% ee, [a],?*= -230.3 (c = 0.28, CH,Cl,, A =
436 nm); HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A =

N3 H 254 nm) t(majory = 5.37 min, tminony = 5.86 min;
By 14 NMR (400 MHz, CDCls) & 7.88-7.81 (m, 1H), 7.78=7.71 (m, 1H), 7.37-7.30
(m, 1H), 6.58 (s, 1H), 3.92 (d, J = 18.0 Hz, 1H), 3.11 (d, J = 18.0 Hz, 1H), 1.37 (s,
9H).

13C NMR (101 MHz, CDCl3) 8 198.2, 164.7, 152.4, 139.2, 135.6, 130.0, 124.1, 121.7, 72.6, 52.2, 38.7, 28.5.
IR (film, cm™1) :3404, 2971, 2110, 1729, 1678, 1518, 1263;

HRMS (ESIY) m/z calcd for CiqHisBr’8918N,NaO,* ([M]+Na*) =
C14H15Bré9183N,NaO,* (IM]+Na*) = 375.0250, found 375.0250.

373.0271, found 373.0270 and
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Retention Time Area % Area
1 5.350 8750682 49.93
2 5.824 8774990 50.07
-\ A
Retention Time Area % Area
1 5.374 1467693 91.62
2 5.855 134172 8.38

(S)-2-Azido-N-(tert-butyl)-6-methyl-1-0x0-2,3-dihydro-1H-indene-2-carboxamide (5g)

o o White amorphous solid, 24.3 mg, 85% yield, 74% ee, m.p. 75-79 °C. [a];?®=
J< -161.9 (c = 0.45, CHCl;, A = 436 nm); HPLC (Daicel chiralcel OXH, n-

\©:/§3NJ\3H hexane/i-PrOH 90/10, 1.0 mL/min, & = 254 nm) tmajor) = 6.17 MiN, t(minor) = 6.57

min;

14 NMR (400 MHz, CDCl3) & 7.61=7.56 (m, 1H), 7.52=7.45 (m, 1H), 7.41-7.34 (m, 1H), 6.60 (s, 1H), 3.93 (d, J

=17.2 Hz, 1H), 3.13 (d, J = 17.2 Hz, 1H), 2.40 (s, 3H), 1.36 (s, 9H).

13C NMR (101 MHz, CDCIl3) 8 198.8, 165.0, 150.0, 138.4, 137.9, 133.6, 126.0, 125.2, 73.2, 52.0, 37.0, 28.5,

21.0.

IR (film, cm™?) :3408, 2970, 2110, 1719, 1678, 1519, 1276, 1225;

HRMS (ESI*) m/z calcd for C1sH1sN4sNaO,* ([M]+Na*) = 309.1322, found 309.1323.

Retention Time Area % Area
1 6.198 709894 50.19
2 6.579 704654 49.81
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Retention Time Area % Area
1 6.170 10347264 87.20
2 6.574 1519141 12.80

(S)-2-Azido-N-(tert-butyl)-6-methoxy-1-0x0-2,3-dihydro-1H-indene-2-carboxamide (5h)
0 o White amorphous solid, 25.9 mg, 86% yield, 54% ee, m.p. 69-72 °C.

MeO J< [a]:25=-137.4 (c = 0.34, CH,Cl,, A = 436 nm); HPLC (Daicel chiralcel IA,

\©:/§2:1\3H n-hexane/i-PrOH 90/10, 1.0 mL/min, & = 254 nm) tginory = 6.05 Min, tmajor)

=7.25 min;

14 NMR (400 MHz, CDCl3) & 7.41-7.35 (m, 1H), 7.28-7.23 (m, 1H), 7.21-7.19 (m, 1H), 6.59 (s, 1H), 3.89 (d, J
=17.2 Hz, 1H), 3.83 (s, 3H), 3.10 (d, J = 17.2 Hz, 1H), 1.36 (s, 9H).
13C NMR (101 MHz, CDCls) 5 198.7, 165.0, 159.9, 145.6, 134.7, 127.1, 126.2, 106.1, 73.6, 55.6, 52.0, 36.9,
28.5.

IR (film, cm™?) :3406, 2969, 2110, 1717, 1677, 1458, 1276, 1231;
HRMS (ESI*) m/z calcd for C1sH1sN4sNaOs* ([M]+Na*) = 325.1271, found 325.1272.

0,030 8
0.020
0.010+
@ a a
0. 0‘ o ‘0.‘50‘ o ‘1.‘00‘ o ‘1 ‘50‘ o ‘2 ‘DD‘ o ‘2 ‘50‘ o ‘3.‘00‘ o ‘3.‘50‘ o ‘A.‘DD‘ o ‘A‘EO‘ o ‘5{‘]0‘ o ‘5‘50‘ o ‘6‘00‘ o 6“50‘ ' 7‘00‘ o ‘7.‘50‘ o ‘B.‘OO‘ o ‘B.‘SO‘ o ‘9 ‘OD‘ o ‘9 ‘SD‘ o ‘10.00
Minutes
Retention Time Area % Area
1 5.976 284437 49.98
2 7.206 284656 50.02
Retention Time Area % Area
1 6.046 220023 22.97
2 7.248 737852 77.03

(S)-tert-Butyl-2-azido-1-o0x0-2,3-dihydro-1H-indene-2-carboxylate (5i)
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0 o Colorless oil, 24.0 mg, 88% yield, 97% ee, [a]p®® = -209.5 (c = 0.37, CH,Cl);
J< HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 98/2, 1.0 mL/min, L = 254 nm)
o tminon) = 6.14 MiN, tmajor = 6.75 min;

'H NMR (600 MHz, CDCls) & 7.86-7.75 (m, 1H), 7.69-7.61 (m, 1H), 7.52-7.36
(m, 2H), 3.63 (d, J = 16.8 Hz, 1H), 2.99 (d, J = 16.8 Hz, 1H), 1.45 (s, 9H).
13C NMR (151 MHz, CDCl3) 8 197.9, 167.3, 152.2, 136.2, 133.2, 128.2, 126.3, 125.4, 84.4, 70.4, 38.5, 27.8.
IR (film, cm™?) :2981, 2114, 1741, 1719, 1608, 1250, 1152;
HRMS (ESI*) m/z calcd for C14H1sFNsNaOs* ([M]+Na*) = 273.1113, found 273.1115.

0.254

0.204
5 015
<

0.10-

0.05-

0.0(

L ey 1t e e e B S B S T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes

Retention Time Area % Area
1 6.108 2984304 50.22
2 6.768 2958257 49.78
1.40
1.20
1.00H
S 0.80
= 0.60
0.40
0.201 §
0.0( 4\
0‘00"“14&)0“"24(‘)0‘“‘3‘(‘30"“44&)0““5460““6‘(‘30“ ‘71‘)0““8‘(‘30““9‘60““10400
Minutes
Retention Time Area % Area
1 6.136 249022 1.39
2 6.754 17631236 98.61

(S)-tert-Butyl-2-azido-5-fluoro-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (5j)
Colorless oil, 23.3 mg, 80% yield, 97% ee, [a]p?®= -235.7 (c = 0.25, CH,Cl,);

O o
J< HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 92/8, 1.0 mL/min, A = 254 nm)
N ) t(minor) = 4.86 min, t(major) = 5.14 min;
3
F

'H NMR (600 MHz, CDCl3) & 7.88-7.76 (m, 1H), 7.21-7.06 (m, 2H), 3.61 (d, J
=17.4 Hz, 1H), 2.96 (d, J = 17.4 Hz, 1H), 1.46 (s, 9H).
13C NMR (151 MHz, CDCls) & 196.1, 167.9 (J = 259.8 Hz), 167.0, 155.2 (J = 10.6 Hz), 129.5 (J = 1.4 Hz),
127.9 (J = 10.7 Hz), 116.8 (J = 23.9 Hz), 113.2 (J = 22.8 Hz), 84.7, 70.6, 38.3, 27.8.
19F NMR (565 MHz, CDCl3) & -99.4.
IR (film, cm1) :2982, 2113, 1727, 1612, 1598, 1258, 1153;
HRMS (ESI*) m/z calcd for C14H14FN3NaO3z* ([M]+Na*) = 314.0911, found 314.0915.
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0.08

0.06

AU

0.04+

0.02

L B B B e e B Lt e Bttt Bty e L
0.00 0.50 1.00 150 2.00 250 3.00 350 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.0C

Retention Time Area % Area
1 4.942 733622 49.84
2 5.265 738275 50.16
1.00
0.80-
0.60+
< 0.40
0.20-{ §
0.0 ’T\
0400‘ v ‘0,[’)0‘ v ‘1,‘00‘ v ‘14‘50‘ v ‘Z(‘)O‘ v ‘2,‘50‘ v ‘3‘60‘ v ‘34‘50‘ v ‘4,[‘)0‘ v ‘4,‘50‘ v ‘54(‘30‘ v ‘5}:0‘ v ‘6,1‘)0‘ v ‘5“‘50‘ v ‘74(‘10‘ v ‘7.‘50‘ v ‘E,G
Minutes
Retention Time Area % Area
1 4.858 109238 1.46
2 5.142 7349262 98.54

(S)-tert-Butyl-2-azido-5-chloro-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (5k)
Colorless oil, 25.5 mg, 83% vyield, 94% ee, [a]p?® = -247.0 (c = 0.46, CH,Cl,);

O o
J< HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254
N3O Nnm) tminory = 4.81 MiN, tmajor) = 5.19 min;
Cl

14 NMR (600 MHz, CDCl3) & 7.78-7.70 (m, 1H), 7.49—7.44 (m, 1H), 7.44—
7.39 (M, 1H), 3.60 (d, J = 17.4 Hz, 1H), 2.95 (d, J = 17.4 Hz, 1H), 1.45 (s, 9H).
13C NMR (151 MHz, CDCl3) & 196.6, 166.9, 153.6, 142.9, 131.6, 129.1, 126.6, 126.5, 84.8, 70.4, 38.2, 27.8.
IR (film, cm™?) :2981, 2113, 1725, 1599, 1253, 1152;
HRMS (ESI*) m/z calcd for Cy4H14CP*%%9N3NaOs* ([M]+Na*) = 330.0616, found 330.0613 and
C14H14CI389859N;NaOs* ([M]+Na*) = 332.0586, found 332.0581.

0.12+
Ried
0.084
2 0061
0.044
0.02
0.00 ——
0.00‘ o ‘0.‘50‘ o ‘1.(‘]0‘ o ‘1.‘50‘ o ‘2.(‘)0‘ o ‘2.‘50‘ o ‘3.(‘)0‘ o ‘3.‘50‘ ‘ ‘M‘A.‘DO‘ o ‘4.‘50‘ o ‘5,(‘]0‘ o ‘5.‘570 o ‘6.60‘ o ‘6.‘50‘ o ‘7.(‘)0‘ o ‘7.‘50‘ o é.OG
nutes

Retention Time Area % Area

1 4.811 1033786 50.23

2 5.193 1024236 49.77
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0.50—
0.40—
0.30—
2
0.20+
0.10 3
S
0.00
0. 0‘ ‘0.‘50‘ ‘1.(‘]0‘ ‘1.‘50‘ ‘2.(‘)0‘ ‘2.‘50‘ ‘3.(‘)0‘ ‘3.‘50‘ ‘ ‘4.‘00‘ o ‘4.‘50‘ o 5,(‘]0‘ 5.‘50‘ 6.60‘ 6.‘50‘ o ‘7.(‘)0‘ 7.‘50‘ ‘ 8.00
Minutes
Retention Time Area % Area
1 4.814 114710 2.63
2 5.193 4245150 97.37

(S)-tert-Butyl-2-azido-6-bromo-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (5I)

White amorphous solid, 27.6 mg, 78% yield, 94% ee, m.p. 69-71 °C. [a]p?®
=-215.8 (c = 0.48, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH
90/10, 1.0 mL/min, & = 254 nM) tminor) = 4.78 MiN, tmajory = 5.41 min;

H NMR (600 MHz, CDCl;) & 7.96-7.89 (m, 1H), 7.80-7.72 (m, 1H), 7.38—
7.32 (m, 1H), 3.57 (d, J = 17.4 Hz, 1H), 2.92 (d, J = 17.4 Hz, 1H), 1.45 (s, 9H).
13C NMR (151 MHz, CDCl3) 8 196.7, 166.8, 150.7, 138.9, 135.0, 128.2, 127.8, 122.3, 84.8, 70.7, 38.2, 27.8.
IR (film, cm™?) :2980, 2113, 1743, 1722, 1250, 1152;

(@]
O
Br )<
(0]
N3

HRMS (ESI*) m/z calcd for Ci4H1,Br'®9®N;NaOz* ([M]+Na*) = 374.0111, found 374.0108 and
C14H14Br8%963N;NaOs* ([M]+Na*) = 376.0090, found 376.0088.
0.40-] @
0.30
2 0204
0.10+
0.00 I~
0. 0‘ ‘0.‘50‘ ‘1.(‘]0‘ ‘1.‘.‘—30‘ ‘2.(‘)0‘ ‘2.‘50‘ ‘3.(‘)0‘ ‘3.1’)0‘ ‘4.(‘)0‘ 4.‘50‘ 5,(‘]0‘ 5.‘.‘—30‘ 6.60‘ 6.‘50‘ o ‘7.(‘)0‘ 7.1’)0‘ ‘ 8.00
Minutes
Retention Time Area % Area
1 4.842 3228342 50.11
2 5.563 3214210 49.89
0.30
0.20+
2
0.10+
S
0.00 /}\4 N
0.00‘ ‘ ‘0.‘50‘ o ‘1.(‘]0‘ ‘l.‘SO‘ ‘2.(‘30‘ ‘2.%0‘ ‘3.(‘)0‘ ‘3.‘50‘ ‘ ‘4.1‘2)0‘ o ‘4.‘50‘ o ‘5,(‘]0‘ o ‘5.‘50‘ ‘6.(‘)0‘ 6.%0‘ o ‘7.(‘)0‘ ‘7.‘50‘ é.OG
Minutes
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Retention Time Area % Area
1 4,782 88886 2.93
2 5.412 2943410 97.07

(S)-tert-Butyl-2-azido-5-bromo-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (5m)

O o
0J<
N

7.55 (m, 1H), 3.60 (d, J = 17.4 Hz, 1H), 2.96 (d, J = 17.4 Hz, 1H), 1.46 (s, 9H).
13C NMR (151 MHz, CDCls) & 196.8, 166.9, 153.6, 132.01, 131.97, 131.8, 129.7, 126.5, 84.8, 70.4, 38.1, 27.8.
IR (film, cm~t) :2980, 2113, 1721, 1593, 1253, 1152;

HRMS (ESI*) m/z calcd

for

C14H14Br78.9183N3Na03+

(M]+Na’) =

C14H14Bré®9163N;NaO5* ([M]+Na*) = 376.0090, found 376.0089.

374.0111,

White amorphous solid, 31.4 mg, 89% vyield, 94% ee, m.p. 78-80 °C. [a]p®®
-202.6 (c = 0.61, CHCl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH
90/10, 1.0 mL/min, & = 254 nm) tminor) = 5.03 MIN, tmajory = 5.49 min;

14 NMR (600 MHz, CDCl3) & 7.69-7.66 (m, 1H), 7.65-7.62 (m, 1H), 7.60—

found 374.0110 and

0.08+

0.06

AU

0.04+

0.024

0.00-

T T T
4.00

U
5.00 5.50

4.50 6.00 6.50 7.00
Minutes
Retention Time Area % Area
1 5.033 753169 49.47
2 5.497 769344 50.53
0.50
0.40+
S 0.30+
<
0.20+
0.10] fé
0.00 A yax
000 050 100 150 200 250 300 350 400 45 500 550 600 650 700 750
Minutes
Retention Time Area % Area
1 5.034 175426 3.27
2 5.493 5193400 96.73

(S)-tert-Butyl-2-azido-4-bromo-1-ox0-2,3-dihydro-1H-indene-2-carboxylate (5n)
Colorless oil, 28.6 mg, 81% yield, 90% ee, [a]p® =
HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254 nm)

O o

K

N3

Br

t(major) = 4.06 min, {(minorn) = 4.62 min;
H NMR (600 MHz, CDCl) & 7.86-7.81 (m, 1H), 7.79-7.71 (m, 1H), 7.38-7.32
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(m, 1H), 3.55 (d, J = 17.4 Hz, 1H), 2.92 (d, J = 17.4 Hz, 1H), 1.47 (s, 9H).
13C NMR (151 MHz, CDCls) & 197.3, 166.8, 151.9, 138.9, 135.1, 130.0, 124.2, 121.6, 84.9, 70.3, 39.6, 27.8.S
IR (film, cm~t) :2980, 2115, 1725, 1257, 1152;

HRMS (ESI*) m/z calcd for CisHi14Br'®9®N;NaOs* ([M]+Na*) = 374.0111, found 374.0108 and
C14H14Br8%9163N;NaO3* ([M]+Na*) = 376.0090, found 376.0087.
0.40—
0.30—
2
< 0.20]
0.10+
0.00 A
0. 0‘ o ‘0.‘50‘ o ‘1.(‘]0‘ o ‘1.1‘-’;0‘ o ‘2.(‘)0‘ o ‘2.‘50‘ o ‘3.(‘)0‘ o ‘3.‘50‘ o ‘4.‘00‘ o ‘4.‘50‘ o ‘5,(‘]0‘ o 51‘-’;0 660 6‘50 760 7‘50 8.00
Minutes
Retention Time Area % Area
1 4,058 3137768 50.44
2 4,632 3082892 49.56
0.50
0.40+
0.30
2
0.20+
[3¢]
0.10 S
<
0.00
0.00 0.50 1.00 1.50 2.00 2.50 360 o 3‘50 ‘4.(‘)0‘ 4‘50 560 5‘.‘50 6.60 6‘50 760 7‘50 8.00
Minutes
Retention Time Area % Area
1 4.057 3654678 94.94
2 4.623 194911 5.06

(S)-tert-Butyl-2-azido-5-methyl-1-o0x0-2,3-dihydro-1H-indene-2-carboxylate (50)
0 o Colorless oil, 24.2 mg, 84% yield, 97% ee, [a]p®® = -274.2 (c = 0.39, CH,CL,);

)< HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254 nm)

MO tminory = 4.59 MiN, tmajory = 5.18 min;
IH NMR (600 MHz, CDCl3) & 7.72—7.66 (m, 1H), 7.25-7.21 (m, 2H), 3.67 (d,

J=17.4 Hz, 1H), 2.92 (d, J = 17.4 Hz, 1H), 2.46 (s, 3H), 1.46 (s, 9H).
13C NMR (151 MHz, CDCls) 5 197.3, 167.4, 152.7, 147.8, 130.9, 129.5, 126.6, 125.3, 84.3, 70.7, 38.3, 27.8,
22.2.
IR (film, cm1) :2980, 2110, 1740, 1717, 1609, 1246, 1153;
HRMS (ESI*) m/z calcd for C1sH17N3NaOs* ([M]+Na*) = 310.1162, found 310.1163
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0.08—
0.06—
2 0.04—
0.02—
0.00 —A
0. 0‘ o ‘0.‘50‘ o ‘1.(‘]0‘ o ‘1.‘50‘ o ‘2.(‘)0‘ o ‘2.‘50‘ o ‘3.(‘)0‘ o ‘3.‘50‘ o ‘4.‘00‘ o ‘4‘50‘ o 5(‘]0 5‘50 660 6.‘50‘ 760 7‘50 é 0
Minutes
Retention Time Area % Area
1 4.594 679625 49.70
2 5.183 687964 50.30
0.15+
0.10+
2
0.05+
3
<
0.00 4\ 7 AN
000 050 100 150 200 250 300 350 400 45 500 550 600 650 700 750 800
Minutes
Retention Time Area % Area
1 4.594 22456 1.46
2 5.181 1511263 98.54

(S)-tert-Butyl-2-azido-5-methoxy-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (5p)

o o Colorless oil, 23.9 mg, 79% vyield, 92% ee, [a]p®® = 229.5 (c = 0.41,

J< CHCl,); HPLC (Daicel chiralcel ASH, n-hexane/i-PrOH 90/10, 1.0 mL/min,
/©5§2Nj\30 A = 254 M) teminon = 6.83 MiN, tmajon = 11.1 min;

MeO 4 NMR (600 MHz, CDCl3) & 7.78—7.70 (m, 1H), 6.98-6.91 (m, 1H), 6.89—
6.83 (m, 1H), 3.90 (s, 3H), 3.57 (d, J = 17.4 Hz, 1H), 2.91 (d, J = 17.4 Hz, 1H), 1.46 (s, 9H).
13C NMR (151 MHz, CDCls) & 195.8, 167.6, 166.5, 155.3, 127.2, 126.2, 116.3, 109.5, 84.3, 70.7, 55.8, 38.4,
27.8.

IR (film, cm™) :2980, 2111, 1739, 1711, 1600, 1264, 1153;
HRMS (ESI*) m/z calcd for CisH17N3sNaO,* ([M]+Na*) = 326.1111, found 326.1111

0.020-

0.015+

0.010-

AU

0.005—

Minutes

T T
10.00

LI B S R e e ey R
11.00 12.00 13.00

Retention Time

Area

% Area
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1 6.824 229632 50.23
2 11.133 227520 49.77
0.002- §
0.001-] §
5 ©
= 0000 j\
-0.001+
-0.002-
0.00 ‘1.00‘ ‘2,00‘ ‘3.(‘)0‘ 460 o ‘5.(")0‘ 6.00 7.‘00‘ 8.(‘)0‘ o 960 ‘ ‘10.‘0(; o ‘11.‘00‘ o ‘12.‘00‘ o ‘13.‘00‘ o ‘14.‘00‘ o ‘15.00
Minutes
Retention Time Area % Area
1 6.825 3416 4.06
2 11.094 80660 95.94

(S)-5-Bromo-N-(tert-butyl)-2-hydroxy-1-ox0-2,3-dihydro-1H-indene-2-carboxamide (6)

Br

O o
L
£,
H

OH

White amorphous solid, 30.5 mg, 93% yield, 99% ee, m.p. 161-165 °C.
[a]o?® = -10.6 (c = 0.48, CH,Cl,); HPLC (Daicel chiralcel ASH, n-hexanefi-
PrOH 90/10, 1.0 mL/min, A = 254 nM) tminory = 4.74 MiN, tmajor) = 9.84 Min;

!4 NMR (400 MHz, CDCls) & 7.67-7.47 (m, 3H), 6.77 (s, 1H), 4.04 (s, 1H),
3.64 (d, J = 16.8 Hz, 1H), 3.00 (d, J = 16.8 Hz, 1H), 1.30 (s, 9H).
13C NMR (101 MHz, CDCl3) 8 202.7, 169.2, 154.5, 132.8, 131.8, 131.5, 129.6, 126.0, 82.3, 51.4, 40.3, 28.5.
IR (film, cm™?) :3384, 2969, 1725, 1651, 1595, 1528, 1214, 929;

HRMS (ESI*) m/z calcd for Ci4Hi6Br'®°%3NNaOz* ([M]+Na*) = 348.0206, found 348.0203 and
C14H16Bré®9163NNaO,* ([M]+Na*) = 350.0185, found 350.0180.
1.50+
1.00+ B
0.50
0.0
0. 0‘ 1.‘00‘ 2.‘00‘ 3.‘00‘ 4‘00 o 5.‘00‘ 6.00 7‘00‘ 8.‘00 o 9.00 ' ‘10.‘00‘ o ‘11.‘00‘ o ‘12.‘00‘ o ‘13.‘00‘ o ‘14.‘00‘ o ‘15.00
Minutes
Retention Time Area % Area
1 4.745 16673420 49.46
2 9.807 17040559 50.54
0.301
0.20+
0.10+
0.0 4
0. 0‘ 1.‘00‘ 2.‘00‘ 3.‘00‘ 4.‘00‘ o ‘5.‘00 ‘6.‘00 7‘00‘ 8.‘00 o 9.00 ' ‘10.‘00‘ o ‘11.‘00‘ o ‘12.‘00‘ o ‘13.‘00‘ o ‘14.‘00‘ o ‘15.00

Minutes

S62



Retention Time Area % Area
1 4,743 17461 0.20
2 9.838 8623379 99.80

(R)-5-Bromo-2-((R)-1-(tert-butylamino)-1-hydroxyethyl)-2-hydroxy-2,3-dihydro-1H-inden-1-one (7)

OH 0 White amorphous solid, 20.5 mg, 63% yield, > 19:1 d.r., 99% ee, m.p. 128—
132 °C. [a]p®® = 24.2 (c = 0.26, CH,Cl,); HPLC (Daicel chiralcel IA, n-
hexane/i-PrOH 90/10, 1.0 mL/min, A = 215 nm) tminory = 6.56 MIN, tmajory =
9.99 min;

14 NMR (400 MHz, CDCls) & 7.42-7.34 (m, 2H), 7.23-7.16 (m, 1H), 6.47 (s, 1H), 4.04 (s, 1H), 3.53 (d, J
16.4 Hz, 1H), 2.97 (d, J = 16.4 Hz, 1H), 2.85 (s, 1H), 1.45 (s, 3H), 1.32 (s, 9H).

13C NMR (101 MHz, CDCl3) & 171.3, 144.0, 142.1, 130.6, 128.2, 124.9, 122.9, 85.2, 81.9, 51.1, 41.2, 28.6,
22.6.

IR (film, cm™?) :3395, 2969, 1652, 1532, 1367, 1225, 1094, 1041;

HRMS (ESI*) m/z calcd for CisHBr'®°®3NNaOz* ([M]+Na*) =
C1sH20Bré9163NNaOs* ([M]+Na*) = 366.0498, found 366.0494.

/,
%,

Br

364.0519, found 364.0514 and

0.15+

0.05-

A

L o B B S B By e
5.00 6.00 7.00 8.00

T T T T
9.00 10.00

L e e e L RSLL A B B
11.00 12.00 13.00 14.00

T
15.00

16.00

0.
Minutes
Retention Time Area % Area
1 6.519 2337246 48.91
2 8.643 27101 0.57
3 9.980 2398774 50.20
4 11.399 15459 0.32
0.35
020l
3 0.154
0.10
o0 B g 3
o. Aj\—/— j\.; i i
0. 0‘ L(‘)O 2%)0‘ ' ‘v‘ Y ‘. Y ‘500 o 6.60 ‘7.(‘)0‘ ' ‘N“S.(‘)O‘ o ‘;{‘)0‘ o ‘10‘00‘ o ‘11‘00‘ o ‘12‘00‘ o ‘13‘00‘ o ‘14‘00‘ o ‘15‘00‘ o ‘16v00
Retention Time Area % Area
1 6.557 27822 0.45
2 8.609 49037 0.79
3 9.992 6088192 97.79
4 11.444 60565 0.97
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15. Copies of NMR Spectra for the Reaction Substrates and Products

ly
T NN O 00— QNI (=] o © 0 QXMW N — OO NSV nAOR
SS Lo n T = R R Y®XHLRREBEHENLOBNNANR G R
00 00 I~ N DN D~ I~ N © < < < e A A A A A, —-—-—0 O OO
N Sm— ! ~ MRSt
N
Bu H
L E— — 1
22 1.1 6.0
- T T T T L e E — m— [ e e —
1.9 1.8 1.7 1.65 1.60 1.55 0.95 0.85
i
Ju i \"”h‘\ i
T =N B T el I
2.0 1.02.1 1.0 1.1 2.21.19.06.0
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
ly
o v v ot — -
N (=} O~ 00 O o < o~ [ =N )
s s S o % o6 S R I e
(=] o NN AN A v - — 00 O N AN
I — —— = — v < NN AN
[ [ SN v ol I\
o ‘Bu
| |
i
. L
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S64



1z

68701
060
1670
€60
8T
sl ;
LS

8571 1
09T
79°1 1
€91 ¥
€Ll \W
SLT

LLT
8.1
08°1
781 ]
v8°1
81
LS'T
68°1

Y
vy V
9T¥

009 —

mﬁ.h/
LI'L

90°8
LO'8
80'8
or's

O 0
'Bu

|

V.
20210707—hea—he

1.5

2.1
1.8 1.7 1.6
ity i
[ A

1.9

==

_—

2.11.19.06.0

1.0

i
1.0

0.0

0.5

60 55 50 45 40 35 30 25 20 15 1.0

6.5

7.0

7.5

8.0

8.5

9.0

1z

€v'ce

mm.NNV
€5°9T 7
ow.wm\

vy —

0g'1S —
¥6'SS —

98°SII
80911 V
LETEL
v I€El
96°Cel
66°CEl \

88191\
EVLOT
68°L91

I¥'861 —

o O

KN-SF. 2. 1. 11

0210707 hea-he

Bu

rLouey

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S65



1z

(o))
0
o
(=)
i
. Value ) O O J<
N
Bu
F
20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

-10

S66



laa

_N.w/

L6'S —

SYLA
L’
86°L~\.
0087

o 0 J<
N

kn-fel. 15, 1. 17

120210707 he

H

'Bu

Cl

1.0

2.1

1.9 1.8 1.7

2.0

|
‘i" b My

2.11.09.06.0

o e e

30 25 20 15 10 05 00 -05

3.5

60 55 50 45 40

6.5

7.0

7.5

8.0

8.5

9.0

laa

a
oot
LO 1Y —
SEIS—
09S¢ —

00°LL —

SI'6TIN
L00g1
98 pel 7
seor1”

SLLIT —

18°861 —

Cl

1161l

|

c—kn

a-20210707-h

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S67



lab

N =0 N n oo XN N —~ORNON—=QXOTM®HND X
BN ) aaq YRV OQNNNNNAQ QX
(SN S SN S v < < < B T T T e R e R R R e e e e ===
NS = I ~— E— i e —
Br
T
2.1
T T T ‘\
1.9 1.8 1.5
|
I I
! |
T s I A
1919 1.0 1.0 2.11.09.06.0
T T T T T T T T T T T T T T
90 85 80 75 70 65 6.0 45 40 35 20 1.5 1.0 05 0.0

lab

Friamesiy

o Br

A | o

210 200 190 180 170 160 150 140 130 120 110 100 90

S68

80



880
06°0
160
2670
8T'1
SS'1
LS'T
65°1
09'1
91
LT
YL T
9.1
8.1
6L1 ;
781 ]

¥8'T 1
98°1 ]
181
681
we!

9TY
wN.vW
ocy

yiro—

LTLA
6cL”

6L
ve'L”

lac

o O

M. 2

Kkn

20210707 he

1Title

Bu

Me'

1.0

2.0
1.901.851.801.751.70 1.65 1.60 1.55 1.50

7

2.01.09.16.0

3.0

1.9

2.0

20 1.5 1.0 05 0.0

2.5

3.0

3.5

4.0

65 60 55 50 45

7.0

7.5

8.0

8.5

9.0

lac

69°1C
S,NN/
ssze
mm.omx
75°8¢C

19177
RN
0SS\

9L8TI
156217
srver”

SLYv1 —

ST'89I1 —

S6°661 —

‘ Me

ca 20210707 he

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S69



lad

81'9—

v69\
9697

208~
v0'8 7

o O

50Me. 23

N
£

Bu

MeO'

1.0

2.1

1.8 1.7 16 15

1.9

i

2.11.09.16.1

1.0 3.0

1.0

2.0

2.0

0.0 -0.

0.5

65 60 55 50 45 40 35 30 25 20 15 1.0

7.0

7.5

8.0

8.5

9.0

lad

i
Sl
99'1v —
cI'ls

o

86°¢IT —

09°6T1
8011

60'v91 —
€V'891 —

89'861 —

SOMe. 24. 1.1

420210707 he

MeO

W

v

o

|

el ] L L

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S70



lae

1601
26701
¥6°0 1
$6'01
o€l 1
238
€911
S9'1 Y
L9
08°1
781
81
S8'1
181
061
061
v6°1
96'1
861"

——

<
(=}
0
_

€a-20210707—he

ih

2.0

19 18 1.7 1.6

2.0

it \‘H‘ !

i

e By

2.00.99.06.0

s

1.0 2.02.02.0

1.0

0.9

-0.:

0.0

0.5

1.0

2.0

2.5

3.0

3.5

65 60 55 50 45 40

7.0

85 80 75

9.0

).5

lae

LS'TT
65'CC

L9°9C
R‘wm\

8.1y
6T 1S\
6L'SS~

€6°¢T1
86'9C1
9L°LT1
SL8TI
L6'8T1
86671
88°0€1
zsTel
00+€1
L8'SE

TT891 —

$€00C—

cokn-BNap. 26. 1. 11

20210707 h

70 60 50 40 30 20 10 O -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S71



laf

¢6°0
6C'1
PST1
SST1
LS'T
6519
091 1
9’1 JW

~m.o#

—

CRR
€L1%
vL'T \W
9L°1
8L 1
6L°1
181 1
81
81
98°1
88°1

€0
SOV V
90'¥

STIO~
9579\
869~

SEL
om.hv.
S VAl

1.1

2.5

1.8 1.7 1.6 1.5

1.9

b
i
i

25119362

pate
1.0 1.0

09 1.0

0.0

0.5

1.0

2.0

60 55 50 45 40 35 30 25

6.5

7.0

7.5

8.0

8.5

9.0

laf

ov'Ce

@w.mmw
€r'9T
mm.wm\
6€ 1Y —

€TIS —~
Yy'SS —

LTIl —
99611 —

YL LY~
86'1S1 —

C9°L91 —

0T'881 —

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S72



lag

S X = XO X O (=3 QAN SO NV O0ONOX>-WVTTNHORO-OVWVLTONAN—OK0O T NN — O
Saennayy I MITTINMqaELvvo g Aaadaad
el e e L T o nNen —~—————= -0 0000000000000 OOO0O
NGNS ‘ L e o222 2 2°°8
e 0 0] /k
s )
PR ——
12 1.0 20 1.0
1.42 1.40 1.38 1.36 0.70.6 0.5 0.4 03 0.2
! \‘ i
i ‘ ‘ | L
g T b 5 e
1.91.02.0 0.9 1.0 1.29.0 1.02.01.0
90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 1.5 10 05 00 -05 -1.0 -15
lag
o N 0 — \O
0 0 Aol ol e e — o o o~
ey I S o5 o6 co@ © -5
)} o N AN A o ~— 4 en L.
— — — = — O w) N — < o
\ \ SN I \ N
P k
cpes N
&y H
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

S73



3a

WAV ANO n —O 0 N o0 <t o
N O O S S o S O © < < o —_
e \p N
ONGO,
ik I I I L
g i By o - W
0.91.00.9 1.0 0.9 1.0 1.0 9.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

3a
el o 0 S>> 0 —
< - = O Al 68O < “a N o
(=)} fel v N NN — o v 0
= — — — e — [o)} v N o
I I I NN P I I (.
ONO,

ol

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

S74



3b

N = O Q=N [\ &~ n v —
NN ST o a a A SRS
L N O S S SN N © < < ()
e | N N
Value
Title as-20201123-hcqg-hqg-300.1.fid
Solvent cDcCI3
Temperature 294.5
Number of Scans6
Spectrometer FréQ@siicy O
Nucleus 1H F
ONOS
T T
1.0 2.0

=
==

—1.34

i T i o & S
1.02.0 1.0 1.0 1.0 9.0
80 75 70 65 60 55 50 45 40 35 30 25 1.5 1.0 05 0.0
1 (ppm)
3b
— en <t — — NN =00 O 0N O e
= NN TN MAS YT =] 2 © @
< M= oYt T T~ —~ " = LRy
[o)} O O © Tt e n AN~ — — o <t o©
— i N D [N o vy N A
| ~\ N N = | | [
Vaiue
Title as-20201123-hcq-hq-300.2.fid
Solvent CcDCI3 O O
Temperature 294.8 F
L = J<
Nucleus 13c | \N
/
ONO}
T T T T
164 163 162 161
f1 (ppm)
[l
i
|
| L ’ |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 20 0 -10

f1 (ppm)

S75



3b

Parameter Value
Title as-20201123-hcq-hq-300.3.fid
Solvent cbci3
Temperature  294.6
Number of Scan$6
Spectrometer FragG@secy
Nucleus 19F

—-112.44

2 0
TS
onadS

10 0 -10 -20 -30 -40 -50

-60

-70

-80

-90 -100 -110 -120 -1
1 (ppm)

S76

T T T T
30 -140 -150 -160 -1

70 -180 -190 -200 -210



3c

N —cnondaoo o A o~ oo o
NSRS I N IS SRS o
R N S ) <+ < ) —
———— | N/ N
Parameter Value
Title hcq-20201109-hg-264.1.fid 0
Solvent coci3 O
Temperature  297.7
Number of Scans6
Spectrometer FréQosiicy W k
Nucleus H N
H
cl ONO}
—— 1
1.0 1.0 1.0
T T T T T
7.8 7.7 7.6 7.5 7.4
o
Iy ‘ I A
— ! T T T
1.01.01.0 0.9 1.0 1.0 9.0

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 2.0 1.5

f1 (ppm)
3c
o S <t SN~
~ S = NN Q Q ® %
I — e — O o ] N S
(=)} o n < n A f=J o v 0
— — o — — e — — [} vy N o
I ~ N N I I [
Parameter Value
Title hcq-20201109-hq-264.2 fid
Solvent cDcCI3 O

Temperature  297.9 O
Number of Scans56

Spectrometer Freqo@y

Nucleus 13c N

cl ONOY

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

f1 (ppm)

S77



3d

i O v <t n 0O [\l O o v - o
RN N a o a N ©
L e O L Ll o ° < < o en —
——— = | N Ne
Parameter Value
-;I;If/enl (r;<;q(;2l:(1)201123 302.1.fid O O
Nombor of Scanse. Cl
zzi:z;osme(er Frfzﬁer&y N
ond;
= —
1.0 1.0 1.0
79 78 77 76 75 7.4
! I 1" 1
] ‘ Il Il )
i [ T T w
1.01.01.0 1.0 1.0 1.0 9.0
85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)
3d
— < (=1 — N >~>O O
= ® S NN =8d i = © @
<+ =) Qa Ot TN N \n S M
(=)} O < N oenon AN — o <t
— — — — e — [o)} w N
[ [ [ ~\ [ [ I
Parameter Value
-;I;If/enl (r;<;q(;2l:(1)201123 302.2.fid O O
Tompereure | 2080 cl k
Spectrometer FreQo&y
Nucleus 13Cc N
ONO,
[
I ‘\
| { “
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

S78



3e

N s e ol S\ <+ 00 < o © v
0 0 0 00 BN ¢ N 3] a a = ]
O O T T S © <+ < el —
e \ N N
Value

Tite hea-20201109-ha-262.1.fid

Solvent cDciI3

Temperature 207.8

Number of Scans 16
Spectrometer Freqae06cy3
Nucleus 1H

O O < <t noen O < A
% %0 09 00t Iy R
[ O L S o ~ o~ o~
— NP2
] ‘\ !
I
|
1.0 1.0 1.0
80 79 7.8 7.7 76 75 74 73 72
f1 (ppm)
] "
1 it i i e ‘
A = T T I i
1.01.01.0 0.9 1.0 1.0 9.0
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
3e
O vy (=] A v 0
~ (o)} O N~ oo o f=3 o v el
< S = aYawo 9 “ w o
(o)} o w NN oA [=} o el 0
— — — — e — ()} w [ag} (o]
| I N, | | I
Parameter Value
Title hcq-20201109-hq-262.2 fid o 0
Solvent cDcCI3
R oo x L l<
Spectrometer FréQO&gcy I H
Nucleus 13C /
ONOS
Br
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

S79



3f

— W QN> o N < 0 N (ol
~ 8o nn I S a o ™
N NN © <+ < o e —
—_ \ N N
Parameter Value
::f/em r(.:c;(;zl302011097nq7253 1.fid p
Nmpor of Scanse N 1l -
Spectrometer Freaadricy JI - \N/ e
Nucleus 1H P
R -
Br - ONd;
e i e
1.0 1.0 1.0
T T T T T
7.75 7.70 7.65 7.60 7.55
o 1" I
L : I Ji I
— i T T T
1.01.01.0 0.9 1.0 1.0 9.0

90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 -0.5
f1 (ppm)
3f
(=] wv ~ O O N OO
(=] (=)} — v O n < — (=) [=2 4
<+ S RN ) < S @
(=2} o v non oA (=] o v 0
— — — — e — [o)} e} N
[ [ —\ [ [ I
Parameter Value
:;If/en‘ I::cl;(—:zlg201109—hq—283 2.fid O O
Temperature 298.0 k
Number of Scan256
Spectrometer FreQo&cy
Nucleus 13C N
H
Br ONO-
i
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S80



39

—_ — O N0 I>n O o el =} o N o
QAN R NN YT a D o= «
L L T S o o Nel < < o en —
—_—y——— | N N
Parameter Value
Title FXM-20201120-HCQ-HQ-298.22.1.1r
Solvent cDcCI3 O O
Tomeeraue 2o Br J<
Spectrometer FréQoicy
Nucleus 1H N
ONOf
— —
0.9 1.0 1.0
79 78 77 76 15 1.4
[ I 1 1
| ) A Il 1 .
R = T T T
0.91.01.0 1.0 1.0 1.0 9.0
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
3g
~ ) o~ O~ NS ™M
o)} ] o T = o — v o
o =) =] N T B~ - \n S M
[o)} =] e} N n oA — o w0
— — — — e — (=)} v o o
[ [ [ SN N/ [ [ I
Parameter Value
Title FXM-20201120-HCQ-HQ-298.23.1.1r O
Solvent cbcia O
Nomborof Scaraes Br
oo T N
H
ONO5,
i
|
| | ’ | . } }
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S81



3h

yel—

€TEN
Lre”

STH~
6Tt

979 —

ov'L
8Y'L
6v'L
IS°L%
Nm.h\
8S°L
09°L

Br

306, 1. 1. 1x

H
2

ON

o

L

1.02.0

0.9

1.0 05 0.0

1.5

40 35 30 25 20

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

3h

PE'8C —
8v've —

°sTs —

SI'I6—

0T 1T\
9T'STI ~
69°0€T
0€°€ET —
96'9¢1 7

oS vS1 —
96091 —

ov'cel —

~

@]
]

T
hea-20201123-ha—306. 2. 1. 1x

N
H
2

Friamesty

ON

70 60 50 40 30 20 10 O -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S82



3i

WVt n Ay o o N S~ on o
S8R9 QY N “q @ @ M.
0NN NN NN ° <+ < o -
—_———— \ N N
Parameter Value
;l;lf/en‘ I’(;(:E)qéZI§2011237th304 1.fid O O
Tomneratre | 2012 NC
Spectrometer FréQasrscy
Nucleus H N
ond;!
1.0 1.0 1.0
81 80 79 78 7.7 7.6
! I I ‘ 1" m
B A I i L A
s i T T T
1.01.01.0 1.0 1.0 1.0 9.0

).0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.0
f1 (ppm)
3i
) v o 0 O on I~ o N
~ <t 0wV N n on o~ v (e vy —
o S wv BN A \n © 5.
(=)} o n NN AN o —— [=} o vy 0
— — — e — —— N w o [\l
| (| NN N/ Vo | | | |
Parameter Value

Title hcq-20201123-hq-304.2 fid

Solvent cDcCI3 O

Temperature  294.7 O

Nomber of carace NC J<

Nucleus 13C

N
ONO}
|
|
|
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S83



3

00O AN W oen Nl S n on N O o
L9 m Ay N. A o= < !
L e L el <+ < o e N —
~I S | N N |
Parameter Value
Title hcq-20201109-hq-265.1. fid
Solvent cDcCI3
Temperature 297.7
Number of Scans6
f‘zilcet;csme(er Fr:z()érﬁ:y O O J<
N
H
Me ONO,
1.0 1.0 1.0
78 77 7.6 15 74 13 72
s | i i ], .
e . T T T T
1.01.01.0 0.9 1.0 1.0 3.0 9.0
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.0
f1 (ppm)
3j
(=} [se e I} — O N
o vy on o~ T o~ aA o o — NN
<+ — A w0 S O N o «a — oM an
[=)} o n < n A — o v 0 AN
— ——— —— = — [=)} vy (el e o}
[ PN ~ [ [ N
Parameter Value
Title hcq-20201109-hq-265.2 fid
Solvent cDcCI3
Temperature 297.9
Number of Scan256
evarmetor O
oo e o J<
N
Me ONO,
i
i
|
i
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S84



3k

S\ I = o\ ) wy 0 < o0 N (= o
"N n ST 3] IS ISR < ]
[ S N © < < o oen S\ —
— \ % N2 \
0 o
Solvent cociz
Temperature ~ 297.8 Me J<
Number of Scans6
zZi::;:osmeter Fr:zﬂer&:y H
ONO,
T T T
0.9 1.0 1.0
T T T T T T T T
7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35
[ 1
U ‘ . i _ JL
—P I T T T T
091.01.0 1.0 1.0 1.0 3.0 9.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)
o I <+ O T % —
=N < N =3 o I 0 o
< — A BB AN < “@ Qe
= ©° T A — I < 0 —
— — . - - o " ERNEN
I I [N Y I I AN
Parameter Value
Title hcq-20201109-hq-266.2.fid
Solvent cDcCI3

Temperature  298.0 O O
ON

Number of Scans56 Me
Spectrometer Freqo@y
Nucleus 13c N
0
Z

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

S85



3l

n — o~ O g
R a
[ O S ©
— |
Parameter Value
Title hcq-20201128-hcq-267.1.fid
Solvent CcDCI3
Temperature  294.1
Number of Scansé
Spectrometer Freaaditcy
Nucleus 1H
= ——
1.0 1.4 1.0

o)
MeO Q J<
N
ON

T T T T T T T
7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15

w o— < —~
R N =
<t <t n N
=\ N2

2

—1.34

I
o I VR S
—E I T I s i
1.01.41.0 1.0 1.0 3.0 1.0 9.0
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
3l

0 <t & [ [=Eelw] N

(o)) N o0 (=)} 0 — < (o] o < o o O

< 2o f enw S ~ S @ = oo

[o)} O n < (el e Ie\ (=) — v o < o0

= —_— — —_—— = o o o AN

| N NN \ \ \ Y Lo

Parameter Value
Title hcq-20201128-hcq-267.2.fid
Solvent CcDcCI3
Temperature  294.2
R caraaa
ooty raatay
Nucleus 13C
9 o
MeO
N
ONOS
I ! I I
“ - L
I
| | |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S86



A= O QX0 N — 1 on — o N 0 0 < o~~~ v
EEEnYLvLoVnnY Y MBS oA S e
N N T S S S S S S Y NN < < o N -
————— e N N 1o
Parameter Value
Title FXM-20201120-HCQ-HQ-294.10.1.1r O
Solvent cbcia O
Temperature 298.2
Smomator raaodsy .Ad
Nucleus H N
H
ONOS
L0 1.0 10 1.0
78 77 76 15 74
! 1
! U L
e o gl - T
091.01.01.0 1.0 1.0 1.0 3.16.06.0
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.!
f1 (ppm)
3m
[se) (=) — A O O 0 O
3 & 3 22377 © g geoaoy
w S - O Al 0O N - < S Ey]
(=)} =] w NN oA — o — O
| | | ~SNN I | | N NS/
Parameter Value
Title FXM-20201120-HCQ-HQ-294.11.1.1r
Solvent cDCI3
Tomrerate 298 9 o
Spectrometer Freqagicy
Nucleus 13C Ad
N
oNg
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 O -10
f1 (ppm)

S87



3n

SI'1
LT'T

0T'1

8TE\
e’
96'¢
wm.m/
00'% ¢
10
€0'Y
SOy
€y
LEY

1€9—

L
VL
St'L
cs’L
PSL~
89°LF
0L’L
ILL
LL'L
6L'L

8
4
q
bl

Friomersy

4.054.003.953.90

— L

1.01.01.01.0

0.9

6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0

6.5

7.0

7.5

8.0

8.5

9.0
3n

Iree

om.NNv.
Iv'se—
99°Cy —

7806 —

8¢°GCI

LY9C1 V
¥€'8¢CI1
89'Cel
989¢1

SO

98'1S1 —

8S 191 —

LLY61 —

0210706246, 2. 1. 11

130

Lia

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S88



30

£eE~
gee”
LEY
ov'¥
It
Sy
Sty f
8t'Y
0S¥y
sy
vS'y

B2y
9T'L

0€'L ]
1€°L
peL]
9¢°L]
St'L
vSL
96°L ]
TLLT
08|
8L

.B
Nn

onol

3.2

5.6

4.3

4.5 4.4

4.6

735 730 725 7.20

7.40

3
)

1.01.01.01.15.61.0

0.0 -0.5

0.5

1.0

1.5

25 2.0

3.0

90 85 80 75 7.0 65 60 55 50 45 40 35

2.5
30

€5°6e—

€Ty —

8806 —

8¥°STI
(414}
6S°LTI
18°LC1
S¥'8TI ~%
78°8C1 “
¥ocel
L89¢1 \
L6'9€1
08151 —

29091 —

vsvel —

o

.Bn
N

onol

70 60 50 40 30 20 10 O -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S89



3p

N~ < NO T A0 \Oo v — [SaleN <
R O S T S S S SN < < e —
e\ " ) S |
Parameter Value
;I:f/en‘ ;(:E:léZI;)2011237th308 1.fid O O
Temperature 294.4
Number of Scans6
Spectrometer FréQasrscy k
Nucleus 1H
O
ONO,
M M
1.0 1.0 1.0 1.0
T T T T T T T T T
7.857.807.757.707.657.607.557.507.45
k1 i Ii e ‘
— R ey T T T
1.01.01.01.0 1.0 1.0 9.0
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
3p
o~ o o [N
N oo} o O N oen > o — — o
— m' — S ol B e 2 “ N
N O gl N A N 0 ©~
— — — —— = = 0 0 [se} N
I I I ~SNN Vol I I
Parameter Value
Title hcq-20201123-hg-308.2 fid O
Solvent cocia O
Temperature 294.6
Number of Scan256
Spectrometer FreQo@scy )<
WO
ONO;
|
|
| |
|
, |
| - 1
T T T T T T T T T T T T T T T 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

f1 (ppm)

S90



3q

vl —

LEEN
e’

0TH~\
YTy

SI'L
h—.h%
6l'LT
0T'L
€8°L
¥8'L
S8'L
98°L

L

i
B
ONO,

~.
e

E

I

o
N

t

76 74 72 7.0 68

7.8

8.0

L

=

1.0

1.0

2.0

1.0

0.0

0.5

1.0

2.0

6.5 60 55 50 45 40 35 30 25

7.0

7.5

8.0

8.5

9.0

3q

€9°LT —

61°8¢
17°8¢

9T’'S8 —
8688 —

9I'€ll
6c°€Ell
LOLTT
T€LTT N.
§T8CI
9¢°8C1
vo.mﬁ\

90°6C1

€9PS1

YLYST V
L9€9T ~
00°L91 ~
65691 7

9¢°681 —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

210

S91



3q

-10

o0
~
~
)
I
7 o
. o iy L
F~ ™" 7" ONO,
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

S92



3r

O T AV A o~ o o )
RN N = A -
[ S L o < < el —
—~ N N/ N |
SO N e J<
O
cl ONO,
! “ 1 1
“k_M I I M,JL L
— T T i
1.0091.0 1.0 1.0 9.0

90 85 80 75 7.0 6.

3r

—189.90
—163.56
—152.98

Vatue

Jeca 20210707 ha 468, 2. 1. 1

Cl

6.0

—143.70

/
T

131.05

5.5

129.51

126.76

126.60

_-88.87
~85.32

—37.98
—27.60

I |

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

S93



3s

—_ O~ — O o 0 — O <
~ © v o n N — <+ <
NN N~ <+ < e —
—l— N N I
O
Br ONO,
T
3.0
7.80 7.75 7.70 7.65 7.60 7.55
1
| 1" I J
I I I L.
i T T T
3.0 1.0 1.0 9.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 2.0 1.5 1.0 0.0
3s
~ < oy S~ 0o o~
— ) >N O R~ — < — a
S o) I ad = oo ®© < o
=N © " I RU R RS RS ) ~ ~
— — — —— = = - 00 00 [sa} g\l
I I I " \ o/ I I
O 9 /I<
O
Br ONO,
i
i
|
| L “
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S94



3t

7.95
7.94
7.82
7.82
7.80
7.80
7.43
7.41

419
N4.14
337
N3.32

S~

Br 2 i J<
S A

—1.44

-
ONO,
[ e =
0.9 1.0 1.0
80 79 78 77 76 75 74
L i i A
N T T ™
091.01.0 1.0 1.0 9.0
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 1.5 1.0 0.5 0.0
3t
o~ o~ N} NV A
(=] <t — O < <+ 0 >~ v 00 o~ o
= I3} 1= At XA S N °
2 £ 2 2gddd 2 58
| | | NN SN/ \ o/ | |
|
! I
| L] | ’
30 20 10

210 200 190 180 170 160 150 140 130 120 110 100 90 80

S95



3u

Sl —

SPE~
os€”

LTV~
v’

89°L
ow.hV
SO6'L~\
L6'L
608 \

eca 20210118 ha 468, 1. 1. 1x

S o
oK

2

ONO,

0.9

80 79 7.8 7.7 76 1.5

83 82 8.1

AT

—

—

091.01.0

0.0

0.5

6.0 5.5 50 45 40 35 3.0 25 2.0 1.5 1.0

6.5

7.0

7.5

8.0

8.5

9.0

oLt —

SE€8E—

T9°S8~
8888

ocell
ce'lcl
L8'TTI
16°ccl
S6°CCl
66'CCl

€9vT1

0T'LT1
£€LTI
90'1€1
6€1¢€1
€LTEL ]
90°Z€T |
vieet |
LTEET ]
0T €€l
cTeet ]

ﬁ

—

SOYST Q
9€°€91

LEO6] —

3u

g

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S96



3u

—-62.76

4202101 18-ha—465. 3. 1. 11

Fra7csey

CH\T,
|

Vi

|
ONO,

A

90 -200 -210 -2

10 0 -10 -20 -30 -40 -50

-60

-70

-80

-90

-100 -110 -120 -130 -140 -150 -160 -170 -180 -1

S97



3v

LET—

Iv'c—

STE~N
6T’

80\
AR

0.0

0.5

1.0

J

1.5

2.0

2.5

3.0

40 3.5

4.5

O o
ONO,
2.1
7.20 7.15
6.5 6.0 5.5 5.0

7.25
7.0

a-20210112-484. 1. 1. 11

1
09 2.1
7.5

hee

8.0

8.5

9.0

3v

[4 X 4%
€9°LT —

P1'8¢ —

98'¥8 —
€€°68 —

wm,WN~
€9°9C1 V
16'6Cl 7
LEOET \

8L8Y1 ~
srest—

90v91 —

ys061 —

-10

10

20

60 50 40 30

70

110 100 90 80
S98

q-20210112-454. 2. 1. 1r O O
ONO,
170 160 150 140 130 120

180

190

210 200




3w

— N — — O\ A n [l o <
N N < < o 3 —
— N N I I

9 o
- e

ONO,
T T T
0.9 1.0 1.0
T T T T T T T
7.65 7.60 7.55 7.50 7.45 7.40 7.35

| §h 1 I L

L il J

— T T T T
091.01.0 1.0 1.0 3.0 9.0

20 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0 -0.

3w
™~ 0 + T AWV
] =N —~ KA KN a o = )
- o] Q 00 avn ¥ x 3 © o
N © T e AaA o ©~ =~ =
— — —_. = = = = 0 0 [se} A AN
I I [ A e (I I (.
0 o L
reca-20210114-ha-470. 17. 1. 11 I 7
RS )
. | s
=

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

S99



3x

sl —

[EEN
see’

T6'E~
91 v~
(a2

6’9
mm.ow
869

€L~
orL”

o)

ONO,

MeO

t

6.8

7.4 7.2 7.0

7.6

7.8

A

|

1.0

1.03.0

2.0

1.0

00 -0

0.5

65 60 55 50 45 40 35 30 25 20 1.5 1.0

7.0

7.5

8.0

8.5

9.0
3x

SO'LT —

ce8e—

T6'SS —

88—
1768 —

8€°601 7
S8'OTT ~
69'ST1

19°LT1 M

L8YS17
€THIL
POLOT~

€6'881 —

O o

156, 2. 1. 13

T
20210114 ha

ITitie

ONO,

MeO

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S100



3y

8.03
7.80
7.79
7.58
7.56
7.54
7.44
7.42
7.40
2.63
2.61
2.59
2.57
2.53
2.52
2.49
2.48
1.81
1.79
1.77
1.76
1.74
1.40
0.96
0.94
0.93

;
|
|
§
|

420210706 ha—464. 1. 1. 1x

i H
Bu ONO,
I
|
! |
B i T T
09201.02.0 1.01.0 1.0 90 6.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
3y
8 a SELQ o o A  wowwnA
~ o A n 00 0 “Q oo N AN QYN
[ee] o NN oA 0 o w 0 <t en on
— — — == (o) g} < (o BNo\Bo\ B}
| | ~ | | | ~~
: o O J<
o T s i
Bu ONO,
I
|
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S101



3z

N —~0 O X S LoV AN NnO O S TN
BnuxxS=8 22 RRS5YRRLNEZIIR
[ S A A O N AdadddAddANN—————C 33
—_—— —_— o S
P
N
Bu ONO'E|
—
e e 6.0
0.9
2.0 1.9 09 1.0 e e e
B A o —_—— S, ' 095 0.90
7.2 7.1 7.0 7.85 7.80 7.75 26 25 24 . .
I
|
! I IIHI it
pony T i e
1.01.9 2.0 091.0 0.98.96.0
2.5 9.0 8.5 80 7.5 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
3z
Vel S TV N O~ n
) N O < S AN N — (=)} el [3a) o Lo o e
“ R 22383373 2 2 83 93%n
o0 O O O NN N N = — 0 o~ o Ual 0 <t en on
— —— - — o - N o~ v < (o BN o\ B o\ B}
| NI SAPERN | \ Ll
o o J<
: o N
Bu ONOS
1
4 m l . |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S102



3z

—-103.23

e N

Bu ONCE

20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

S103



3aa

2.58
2.57
2.55
2.54
2.49
2.48
2.46
2.45
1.79
1.78
1.77
1.76
1.75
1.40
0.95
0.94
0.94
0.93

AN
'Bu ONOY

o o
,“:‘,‘./:anz. Ho-$74. 1. 1. 12 /@/MNJ(\
ol

L
6.0
2.0 —————— 0.98 094  0.90
T T T T 1.79 1.77 1.75
2.60 255 250 245
1
[
i I
J_] | ik &)
E L (I T
1.02.02.0 2.0 1.0 9.0 6.0
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
3aa
o — — QN >~ 0
[ < n N n o [se] o O (<N o BN o BiN)
%) ol S a R S NS N o
0 Nl <t 0 AN A 0 o Ual 0 <t N on
— — —— = — N v < (o I\ BNo B o\]
[ [ NN \ I ——
1T L
. ' iR H
. = 'BU ONO
: cl z
L |
1 I\, . L 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S104



3ab

v O <t~ O SO0 WV TR0 NSOV O WV S o
R MMM IIIIEEERENE T OG0
[ A AdadddddNN <<~ —=S S 33
—— e S\
e o o ,L<
cnels , H
e 'Bu ONO>
Br
M
1.0 1.0 1.0 6.0
T T T T L e T T T T
2.60 2.55 2.50 2.45 1.78 1.74 0.94 0.90
1
iy
‘\
[}
‘_M | A
Bt e i T T
1.01.92.0 1.0 1.0 1.0 9.0 6.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
3ab
f=} [} N> —=un
(=) o ~ o oo — o - (=2 o I o B\)
) N oA oo S NS M QN
[ o N A 0 o el 0 <t nen
— — — == — N i < (o BN o\ I o INa\}
| | ~\ | | | ~~
vaTes o] o J<
e , ﬁ
e 'Bu ONO,
Br
| I
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S105



3ac

160
60
£€6°0
¥6°0
oyl
oLl
€Ll
YL
SL'1
9L'1
LL'T
8L'1
8¢'C
wv.m/
6v'C
1S°C
(4
65°C
09'C
9'C
£€9°C

1TL~
wL’

oL’L
:.bw.
LO'8—

ca-2H052021-HCQ-B7E. 15. 1. 1r

6.0

0.90

0.95

1.0

1.0

1.0

1.72

1.76

2.55 2.45

2.65

4y

i

1.01.03.0

6.0

1.0 9.1

1.9 20

0.9

0.0

0.5

20 1.5 1.0

2.5

3.0

3.5

60 55 50 45 40

6.5

7.0

7.5

8.0

8.5

9.0

3ac

91T
LY'€T
L9°ET
STYT
67'8C

———

TSy —
s —

SY'86 —

8E°8TI
v'6cl
0g' 1l

66'vv1 —

YS9l —

TeL8l —

HCQ 7S 14, 1. 11

70 60 50 40 30 20 10 O -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S106



3ad

06°0
16°0
260
€60
or'1
oLl
oL'1
oLl
€Ll
YL

889~
6897

08'L~
18°L
[4%°2d

2021-HCQ-B77. 15, 1. 1+

=

MeQO

e

1.01.0

6.0

1.0 9.0

2.0

09 1.9

30 25 20 15 10 05 0.0 -05

3.5

65 60 55 50 45 40

7.0

7.5

8.0

8.5

9.0
3ad

e
89°¢C
cTye "
8T'8¢C

€Sy —
LETS
€666~

96'86 —
YOyl —

1s°921 ~
LLOET —

85791\
80v91 7

L9981 —

o 0

‘Bu ONOS

MeO

70 60 50 40 30 20 10 O -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S107



3ae

$6°0
hm.ow
86°0

€'l
08I
181
(4
€8°1
781
8S'C
65°C
09'C
19°¢
$9'C
99°C
89°C
69°C

vS'L
SSL
9¢'L
09°L
19°L
(4
¥8'L
98°L
L8'L
68°L
€r'8
ve'8

o o J<
N
Bu ONCH

£
3
g
a
z
&

or FrGe@erzy

1

1

1.00 0.95

A

Ly b

1.0

1.0

2.0

4.0

1.85 1.80

2.55

2.65

79 78 7.7 76 1.5

=

9.0 6.0

1.1

1.01.0

1.01.04.02.0

1.0 05 0.0

1.5

65 60 55 50 45 40 35 30 25 20

7.0

7.5

8.0

8.5

9.0

3ae

96°€T
89°¢T
Nm‘VN“
YE€'8C

SY'Sy—
LS'TS —

0586 —

c8'eCl
|a gt
YL LTI
€L°8TI
80°6¢CI1
oL6cl
98°6C1
0T 1€l
arcel
socel

€9°C91 —

cTL8l —

70 60 50 40 30 20 10 O -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S108



3af

—8.12
7.51
7.51
7.37
7.37
6.56
6.56
6.56
6.55
2.63
2.62
2.61
2.60
2.46
2.45
2.43
2.42
1.73
1.72
1.71
1.70
1.69
1.68
1.67
1.39
0.95
0.94
0.90
0.89

z
z
i

0O O ,J<:
WN
\_0o Bu" onot!

6.0

#/jww\\\‘ MJMNML MFAAUUAAN
T . . _T
1.0 1.0 1.0 1.0

—_—T
0.9 1.0
T T T T T T T T T T T T T T . . . 1.0 09 0.8
7.6 7.5 7.4 73 6.8 6.56 6.54 2726252423 175 170 1.65
[
il

J— Il

T ~ T A T 7 T

09 091.0 1.0 1.01.0 1.0 9.1 6.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.

3af
=) (=) o [ e}
< o0 S 0 — (=} o ) [ 0 AN O N
~ — S 9 S “@ a e N =¥ oM
[ o v < o — [l o o 0 <t N en
— —_ —— —_— - o)} vy <t AN AN
I I N/ (. I I I ~~
B RN N
\_0 B ONOY
|
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0o -10

S109



5a

©C POV O T M — — 0 o~ =
R C R R R ) SN Q —~ o
N S O O S SN ) <+ e —
TN | N N I
i J<
N
N3
'Y M m
(St ‘ Il Il J |
s T i T 7
091.01.01.0 0.9 1.0 1.0 9.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
5a
) 0 — = A0S N
~ oo} v v NN oon N o o0 (=]
% < I S 0O = < n v
I O " ERAESESES IS N ~
— — — — e — ~ w o o
I I I ~N NI I I I I
! |
| L {l H |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S110



5b

-10

10

20

60 50 40 30

70

=
) =]
0
=
| 2
9¢' 1 — Upw s 0 84'8C —
969€ —
S
[ e
“ s —
[ e
<
AR - e [«
ore” =F - 09°€L~
\ \ ) 1TLL—
o
. ZT
€6°E\ -, _ e )
96¢” o= = T e
0 k
w
[ <
LEOLL Yy ZT
s I o= Z
L2 )
STYTI
(e}
w - [Tagal
b %.8@
88°LTI
: = w_.mm_\
B e YT SET o
pO'SY1 T
\4 =) L w) .
§9T “F2 [ crto1
B o \
6€'L i : -9 ° 17°€91 7
or'L = s | T 2991
. H & o) -
7L g ez % S| n [
WL L < =i2 |2
L N =S
€L S| o ° |e
) ; Lo F %
9L ELLLALAS T6'L6T —
Ly'L Lo
St'L
6v'L = o)
F o o

80

180 170 160 150 140 130 120 110 100 90
Si11

190

210 200




5b

VaTue

reca-20210820 ha-q64. 2. 1. 11

-10 -20 -30 -40 -50

-60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

S112



5c

AN U S I =2 el s on N}
N S T U N S N1 e )
= | N2 S

(@]
c Tl
N
N3H

N3.12

—1.36

I
UJ .
N o —_— u— ]
1.01.01.0 1.0 1.0 1.0 9.0
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
5c
o o~ o <t A O 0 —~
=) v ) o~ n o (=1 o0 o -
™~ < =) R e < - -
(=)} Nl wv non e o o [ 0
— — — — e — o~ v [ag} o
[ [ [ ~\ [ [ (I
9 o
N
N3sH
| Lo | ;
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S113



5d

— 0 0 O\ O w © v o— <+ o ©
AN SN o) (S - < “
N A N S NN © o o -
—\ I N N I
e veTes o
) heca-20210701 Ha 466, 1. 1. 11 @]
B coers Br J<
- N
ot Ns H
LA ] i i Uu A
7 ~ I T T T
091.01.0 0.9 1.0 1.0 9.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.0
5d
© — v © 0 —~ <
< n = AN — o< < " © o~
N < — N ENEN N - -
o © " RUESESRS 9 al = w0
— — — — o~ v o o
I I I NN I I I I
e (o]
Value 0
e By %
N
! i |
| ! |
R I B A
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

S114



5e

00 Wy 0 0 O o~ [o 0 N O
£3387 7 “ a3 == A
o NN ) LR Ao —
— \ N, N \
OO /I<
N
N
Br 3H
1

(A ‘ i i L
R BE oy T T
3.0 0.9 1.0 1.0 9.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.:

5e
=) (= o S~ aAa
™~ < o Ao oo < - -
(=2} o vy neneen A o o o~ [
— — — — ~ v o o
I I I N I I I I
L3 /I<
N
NsH
Br

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

S115



5f

vy on O <t O < A 0 v O o N o~
[ O L T o o © o en o en —
—\ = SO SO |
O o
« : NJ<
NaH
Br

i | 1 m

J__ il ‘ i Ut 1

S & i s Ian i

1.01.01.0 1.0 1.0 1.0 9.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0

00 — < 0 O~ A
— ~ Sl - <% oo~ v " =)
o < N SRt — ) = S
o)} O vy noen Al AN o o o0 o0
— — — — o~ w on [\l
I I I Ny NY I I I I
e O
o N
N3H
Br

L 1” | |

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O -10

S116



59

00 O 0 NI~ (= o — ) - (=} Nl
wAaS a9 S o - = N “
[ S S © e e n o —
— \ N N \ \
. o s0mvorer sadeo. 0. 1.1 9 0
[
JJUL ! it il LAJLL
—E T T T T T
0.91.01.0 0.9 1.0 1.0 3.0 9.0
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0
5g
~ O wv O — >~
~ (o)} (o)} N O O — 0 = < <
o + A IS ~ 3 S S
(=)} N} <t nonon A o — ©~ —
— — — —— o — ~ [0 o o]
\ \ I~ 7\ \ \ \ \
NJ<
| }
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S117



5h

AN NN OO NS
MR IR R Sy @ ®
O N L T S S SN S N
T ~I~

VaTee o

20210324670, 1. 1. 12

313
N3.08

—1.36

O
MeO /]<
N
NaH
T R
1.0 1.4 1.0
7.35 7.25 7.15
I " I
A il »_‘JL . |
B e o T "
1.0141.0 1.0 1.03.0 1.0 9.0
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
5h
[ - o (e o >~ o0 (=]
el [) e o o O —~ — Nel <t © vy (=]
% < o w < = O © \n © < ®© N
(o)) O <t 0N AN (=] o v o Nl 0
— —_ - - — - - — ~ N n A
| (. | NN | | \ | |
@]
- O
MeO J<
N
NayH
i
| [
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S118



5i

AN — I~ 0 WV O WV Al v ol S 0 Ual
00 00 O O O < < < <+ O O [=Ne)) <
[ S S S N N LR o —
——— = N |
i J<
. @]
: N3
09 1.0 2.0
78 7.7 7.6 1.5 7.4
o it It
| M M 1y 1
e it ™ [
0.91.02.0 1. 1.0 9.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
5i
[se] 0 (=)} Ao O
N o — — — N 0 < < < = —
o~ o N R R ) < < < ®
(o)) e vy N n oA < (=} 0 ©~
— — — — == 0 o~ [Sa) N
| | | ~N N | | | |
- : O e) J<
e N3
| L “ |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S119



5]

Fe
=
=]
0
=
| ©
o | w 18°L0—
o1 — JT ~ =
1€°8¢—
o
e
0
[ e
S6T e |e
86C” = rm ccoL—
)
09°€\ dr 2 [ e
€9¢” 69't8
(=]
[ < ”
(o]
©
7o) =
F< TUETT ©
R.m:/ o
| © $9°911
5 ow.o:v
o - €8'LT1
~ Fa 06'LT1
- Nm.ou_\
2 | o €5°6T1
~ ©
g "
a L g LUSSTY
vTSSI
L | @ 66'991
(=)} o~ .
NN =12 90°L91 .
- - 8.°891
8L K L2 :
8L o~ L2
€8°L L 2 ,‘
. ) H
v8L | % 80°961 —
~ n B
L 5
(=)
Lo o
~ r o )

-10

10

20

60 50 40 30

70

80

180 170 160 150 140 130 120 110 100 90
S120

190

210 200




5]

-10

-20

-30

=

N
b
I

2 o

wok
N
F 3
-70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

40

-50

-60

S121



5k

v < O ol — o N o < Al
[l RS o o n [ K= <
NN R a A -
~ N N N I
e e O 0 /L:
- e
N
cl 3
i ‘” il I
l ‘ﬂ J M “ ‘ J L
T " " !
0.9091.0 1.0 1.0 9.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.:5
5k
© — ~ AN — o 0O
) (=)} v AN O~ un < Nel < o -
© ° o] a — 8o = s = ®
[=)} o wv <t ‘A AaA < j=] o0 o~
— — — — 0 o~ o N
I I I I~~~ I I I I
ST ecacsostossaona-ri. 1 9 o J<
"0
N
cl 3
I | | ‘ i
| L]
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S122



51

N>~ n 0 o <+ = ©n
AN~ n v N <t
SN~ e SIS —
SV N N \
Parameter Value O
i Br: /l<
6 1 N3
i I ' 1" I
A I\ l M M IJ |
g A i [ [
091.01.0 1.0 1.0 9.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
51
N — N T >0 = <
) 0 ~ QO — 0 N —_ ) ) —_
) ) =3 B NN * ° = *
X O ) SRR RS RS < o © ~
— — — —— == ] o~ o0 N
I I I N Y NS/ I I I I
VaTus 0
20210428 10-176. 2. 1. 1r (o]
Br: /l<
O
Ny
[
! |
| i
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S123



5m

SO o~ a o 0 v ©°

© 0O 0" © 0 N o <

o NN LR SIS —

/= N N I

I I I
I JI Il .
JR—T O 7 f
1.01.0 1.0 1.0 1.0 9.0
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
5m
o © o - T o
© 0 ©° oo ® o 0 " o =
) ) IS A=~ o8 = “a < x
=y © " RERERSES| < 1<) 0 o~
— — — — 0 o~ [sg} N
I I I — I I I I
sovrase e o fo Q /J<
O
- N
Br 3
| |
| .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S124



5n

LY 1 —

16T~
o

pSE
Lse”’

veL
mm.bw
9¢°L
9L°L

8L°L
8L

€8°L

L

L

9.0

1.0

1.0

0.9091.0

0.0

0.5

1.0

2.0

6.0 55 50 45 40 35 3.0 25

6.5

7.0

7.5

8.0

8.5

9.0

5n

8'LT—

85°6¢ —

9T°0L —

98'v8 —

Y9 1CI ~
61'vCl
L6°6T1 —
60°SEl —
68°8€T 7

oIS —

18991 —

€EL61 —

©
=z

O
O

Br

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S125



50

S [e =] <t — O v

"I el i n [e) 3= < <t

N NS o aa o —

NN N N | |

e 0 o
o’l<
/QD(/(N%
I

] 1 I

LAAJ Il JA

T T Iy T ! [

09 1.9 1.0 1.0 3.0 9.0

90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 -0.5
50
[ < Q< i o< O
o < O o0 0w oA — Ne) — o o0
o~ o~ o~ S 8w n ° «a ©
[o)} Nl w o<t (el e B e BNo\| < (=] [ [
— —_— —— —— o — 0 [ o a AN
| | (. ~\ /— | | | (.
‘\
! |
| L]
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

S126



Sp

1 —

06T\
c6c”

96°€~
65°¢
06°€—

@w.m/
Y69~
om.o\

€LLN
vLL”

9 o

Ngo

MeO

9.0

1.0

3.0 1.0

1.01.0

0.9

1.0 05 0.0

1.5

25 20

3.0

3.5

6.0 5.5 50 45 4.0

6.5

7.0

7.5

8.0

8.5

9.0

5p

¥8'LT —

€v'8¢ —

08°6S —

LoL —

8T¥8 —

SY'601 —
PeEOIL —

91°9Z1 \
1zLer”

Pessl —

L9991\
ssLo1”

6L°S61 —

o)
N

MeO

-10

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S127



0g'1 —

66T
10’

€97
ow.m\
Y0y —

LL9—

IsL
Nm.b/
LS'L
hm.b\
€9°L

Br

N

—

F=

)
<

1.0

—_
3.0

-0.:

30 25 20 15 1.0 05 0.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9Y'8C —

1oy —

IS —

§TT8 —

66'SCI
€9°6C1
€S Iel
9L 1€l
8LCEl

—

12949

81°691 —

L9°C0C —

zT
=/

OH

Br

70 60 50 40 30 20 10 O -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S128



7 (in CDCIs)

S 00> —= N o~ < v - N v o
AR R < < nwn oo ® <
L e S e el < o o (o e Ie\ — -
—/ | | N /- \ Y
NH'Bu
\I I | ‘K i
N s T T
1.91.0 0.9 1.0 1.0
: : : : : : : : : :
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
7 (in CDCls)
O N - O — O 00
o S = N o0 0 o o0 v A
— +a S ws o - xR - - \n 9
[ T T A AaaA v o~ — — 0 N
— — e = = 0 0 vy < a AN
| NS~ \ | | (.
|
| I |
: : : : : : : : : : : :
210 200 190 180 170 160 150 140 130 120 110 100 90

S129




7 (in de-DMSO)

-~ —_ O — > (=) o O
N N o— — QN v < v < oo >~ 0 A
Ne NS “ e N ==
~ W % N NV
[T L I i ’\
B i T i
1.91.00.9 1.01.0 1.1 1.0 9.13.0
95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00
7 (in de-DMSO)
(=) [eelie)) ol v Ao
=) N on <t O on < S O — f=3 S 0
- Sa onwo R A -~ & a9
[ < < (o I o B o BaN] v o~ (=) N 0 <t
— —— —— = — o0 0 v o (o BN a]
\ o Sl s Il \ \ Vol
. NHBu
i
| L - I |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

S130



7 (in de-DMSO)
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7 (in de-DMSO)
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