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I. General Information

All manipulations were maintained under an atmosphere of nirogen unless otherwise
stated. Commercially available reagents were used without further purification.
Solvents were pre-dried over activated 4 A molecular sieves and were refluxed over
sodium-benzophenone (toluene, tetrahydrofurane), phosphorus pentoxide (chloroform)
or calcium hydride (dichloromethane, dichloroethane, acetonitrile) under an nitrogen
atmosphere and collected by distillation. Column chromatography was performed on
silica gel (200-300 mesh). '"H NMR spectra were recorded on a 400 MHz NMR
spectrometer and '*C NMR spectra were recorded on a 101 MHz NMR spectrometer.
Infrared spectra were prepared as KBr pellets and were recorded on a Varian Excalibur
3100 series FT-IR spectrometer. Mass spectra were recorded by the mass spectrometry
service of Shanghai Institute of Organic Chemistry. HPLC analyses on a Waters 1596
or Shimadzu SPD-15C. Optical rotations were measured with Rudolph Research
Analytical in a 1 dm cuvette.l. L1-5", L6 1, L701 L8, LB 10! L14!), L1512,
L16® and L2071 were synthesized according to the literature procedures, and others
ligands were commercially available. The substrates 5-Keto Esters”) and Amides!!"’

were synthesized according to the literature procedures.
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I1. Optimization of Asymmetric Nitrooxylation of B-Keto Esters
Table S1. Optimization of the Reaction Conditions (Metal Salts) for the Asymmetric

Nitrooxylation

? ONO—1—0 MX, (10 mol %) 2 i O O
wcozrsu + @/% Lig 1 (12 mol %) /(:é’ooﬁu " o .

‘., ! \ 4
MeO H CHxCl,0°C, 2h  MeO oNO, [ N N))

(2a, 0.15 mmol) 1(1.2 equiv) 3a o o
Lig 1
entry MX, yield (%)” ee (%)°
14 - 60 -
2 Mg(OTHf), 90 0
3 Cu(OTf), 94 -1
4 Zn(OT1), 88 52
5 Ni(Cl04)26H,0O 82 -5
6 Fe(OTf) 94 7
7 Co(OAc)4H,0 >99 -2
8 Sc(0TH)3 94 0
9 Ni(OTf), 88 3
10 Ca(OT1), 78 0
11 LiOTf 77 0
12 Al(OT1); 82 1
13 Y(OTf); 91 0
14 In(OTf); 78 2

“Reaction conditions: 2a (0.15 mmol), 1 (1.2 equiv.), MX, (10 mol %), Lig 1 (12 mol %), DCM
(2.0 mL), 0 °C, N atmosphere. *The yields of isolated products. “Determined by HPLC analysis. ¢
Carried out at rt for 5 h.
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Table S2. Optimization of the Reaction Conditions (Ligands) for the Asymmetric

Nitrooxylation
L (12mol%)
Zn(0TH), (10m0|%) 9
o'Bu DCM, 0°C MeO 'ONO,
2a (1.2 equiv) 3a
O O L1RL=Ph RZ=H 88% yield, 52% ee
o L2R'=Bn,R2=H 86% yield, 2% ee L6 X=0,R=Ph 86% yield, 42% ee
o ’~0 L3R'='Bu,RZ=H 57% yield, 0% ee xS L15X=0,R=Pr  94% yield, 3% ee
TN N)),/ L4R'=/Pr ,R®=H 52% yield, 41% ee o\ /~0 L16X=NH,R=Ph 92% yield, 1% ee
R % "~ “R? L5R'=PhR?=Ph 79%yield, 38% ee N NP
R R L
R R
“Cr oy [/] eV,
N
© o H /o
X z o N/ 0 SN N/ 0 N N
OLE NP - ) p; k( =
PhPR PhPh PhPH ipr ipf
L7 L8 L9 L10
56% vyield, -33% ee 73% vyield, 46% ee 77% vyield, 10% ee 73% yield, -15% ee

\
O

‘ OWX(O
e | \ 2
O o) ' </ N R
@/ NT Y N ‘ o L13R'='Bu,R2=H  83% yield, 17% ee
N N N L 17 R! = 'Bu, R = NO, 87% yield, 8% ee
— L 18 R ='Bu, R = CF; 85% yield, 11% ee

L19 R =Ph, R?=CF; 82% yield, 11% ee

Z=

L1 L12
89% yield, 15% ee 85% yield, -21% ee

v CCO &

S, > S
</, N Cl =N N= Cl >¥NH HNJ<
N PT\ P 0" N N HN, NH

Ph 2 - A c Ph PH

PhPH
L14R=H 94% yield, 8% ee
L 20 R = Ph 94% yield, -2% ee L21 L 22 L 23
88% yield, 0% ee 73% yield, 0% ee 62% yield, 0% ee

“Reaction conditions: 2a (0.15 mmol), 1 (1.2 equiv.), Zn(OTf), (10 mol %), Lig (12 mol %), DCM
(2.0 mL), 0 °C, N, atmosphere.

Table S3. Optimization of the Reaction Conditions (solvent) for the Asymmetric

Nitrooxylation

? O:NO———0  zn(0Tf), (10 mol %) 3
wcozrsu + Lig 1 (12 mol %) /(:é,COz’Bu . o .
. N 2
MeO H solvent, 0°C,2h  MeO oNo, | [N N ))

(2, 0.15 mmol) 1(1.2 equiv) 3a e o
Lig 1
entry solvent yield (%)’ ee (%)°
1 DCM 88 52
2 DCE 86 45
3 MeCN 95 19
4 THF 90 1




5 CHCl; 90 11
6 DME 89

7 chlorobenzene 97

8 1,2-dibromoethane 78

9 DCE/Et;O 84 43
10 DCE/MeOH trace -

“Reaction conditions: 2a (0.15 mmol), 1 (1.2 equiv.), Zn(OTf), (10 mol %), Lig 1 (12 mol %),
solvent (2.0 mL), 0 °C, N, atmosphere. “The yields of isolated products. “Determined by HPLC
analysis.

Table S4. Optimization of the Reaction Conditions (“Zn” salts) for the Asymmetric

Nitrooxylation

? ONO——0 ZnX, (10 mol %) ? : O O
wcozrau + Lig 1 (12 mol %) wcoztBu " o .

| N 7
MeO H CH,Cl,, 0°C,2h  MeO ono, ¢ [N N))

(2a, 0.15 mmol) 1(12 equiv) 3a o o
Lig 1

entry ZnX, yield (%)” ee (%)°
I Zn(OTH), 88 52
2 Zn(NTE), 95 23
3 Zn(BF4)yxH;0 83 62
44 Zn(SbFe) 89 64
Zn(Cl04)y6H,0 99 72
Zn(OAc)» 87 11
Zn(0,CCF3), 83 11

8¢ Zn(0,CPh), 87 3

“Reaction conditions: 2a (0.15 mmol), 1 (1.2 equiv.), MX, (10 mol %), Lig 1 (12 mol %), DCM
(2.0 mL), 0 °C, N atmosphere. “The yields of isolated products. “Determined by HPLC analysis.
47n(SbFe), was prepared in stu by the reaction of AgSbFs with ZnCl, in DCM. *Zn(O,CPh), was
prepared in stu by the reaction of AgO>CPh with ZnCl, in DCM.

Table S5. Optimization of the Reaction Conditions (temperature and additive) for the

Asymmetric Nitrooxylation

o O:NO=1=—0 " zn(cI0,),.6H,0 (10 mol %) ? 3 O O
/©i§<C02fBu + Lig 1 (12 mol %) /(:é,ooﬁu " o .

~, | N 7
MeO H CH,Cly, T or additive  pMeO ONO, \\/N N))

(2a, 0.15 mmol) 1 (1.2 equiv) 3a - o
Lig 1
entry T (°C) additive Time (h) yield (%) ee (%)°
1 20 - 5 83 53
2 0 - 2 99 72
3 rt - 1.5 88 52
4 0 4 A 2 76 1

“Reaction conditions: 2a (0.15 mmol), 1 (1.2 equiv.), Zn(ClO4)>"6H>0 (10 mol %), Lig 1 (12 mol %),
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DCM (2.0 mL), 0 °C, N, atmosphere. “The yields of isolated products. “Determined by HPLC
analysis.

IIL. Preparation of reagent 1('!!

Ccl——o0 0,NO—|—0
AgNO; (2.0 equiv.) 2
©/% DCM, tt, black

To an over-dried flask were added 1-chloro-3,3-dimethyl-1,3-dihydro-1A3-benzo[d][1,

1

2]iodaoxole (10 mmol, 1.0 equiv.), AgNO3 (20 mmol, 2.0 equiv.) and DCM (80 mL) at
room temperature under N2 atomasphere. After that the reaction was protected from
light and stirred for 12 h at ambient temperature. Upon completion, the suspension was
filtered over celite, and the filtrate was removed the solvent under reduced pressure to
afford crude product as a yellow solid. The pure reagent 1 was obtained via
recrystallization in 95% yield (3.07 g, 9.5 mmol, pale yellow solid). 'TH NMR (400
MHz, CDCl3) 6 7.68 (d, J= 8.0 Hz, 1H), 7.57 (t, J=7.6 Hz, 1H), 7.51 (t, J= 7.6 Hz,
1H), 7.18 (d, /= 7.2 Hz, 1H), 1.60 (s, 6H); 3C{'"H}NMR (101 MHz, CDCl3) 5 149.0,
131.4,131.3,129.9,126.8,117.2,89.3,28.7, IRV (KBr, cm™): 3101, 2982, 2924, 1495,
1462, 1441, 1260, 635.

IV. General Procedure for racemic Nitrooxylation of f-Keto Esters/Amides

0 o O,NO—I—O O o
AN + Zn(OAc), (10 mol %) B
R R' Ry R'
Z~/"H CH,Cly, tt # /" ONO,
2 (esters) or 4 (amides) 1 3orbs

To an over-dried flask was charged with 2 or 4 (0.15 mmol, 1.0 equiv.), reagent 1 (58.2
mg, 0.18 mmol, 1.2 equiv.), Zn(OAc)2(0.015 mmol, 10 mol %) and anhydrous CH2Cl:
(2 ml) under N2 atmosphere. After that the reaction mixture was stirred at room
temperature for 2 hours as monitoring by TLC. Upon completion the crude product was

purified by colum chromatography via silica gel to afford the desired product 3 or 5.
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V. General Procedure for Catalytic Asymmetric Nitrooxylation

0 o 0:NO——0 Zn(CI04),6H,0 (10 mol %) O o
+ 0,
RWR, L1 (12 mol %) RWR,
H CH,Cl,, 0 °C ONO,
2 (esters) or 4 (amides) 1 3orb

To an over-dried flask was charged with Zn(ClO4)2-6H20 (0.015 mmol, 10 mol %), L.1
(0.018 mmol, 12 mol %) and anhydrous dichloromethane (2 mL) under N2 atmosphere,
then stirred at room temperature for 2 h. Substrates 2 or 4 (0.15 mmol, 1.0 equiv.) was
added and stirred for 30 min at 0 °C. After that, to the mixture, reagent 1 (0.18 mmol,
1.2 equiv.) was added and the reaction was keep in 0 °C under N2 atmosphere as
monitoring by TLC. Upon completion, the crude product was purified by column

chromatography via silica gel to afford the desired asymmetric product 3 or 5.
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V1. General Procedure for Gram Scale:

o) 0,NO—|—0 0

Zn(ClO4),6H,0 (10 mol %)
MeO MeO
mCOz‘Bu + @ L1 (12 mol %) mcozfsu
MeO H CH,Cl,, 0 °C MeO ONO,
2k (4 mmol, 1.17 g) 1 3k, Y: 85% (3.4 mmol, 1.20 g), ee: 61%

[After recrystallization: Y: 50% (2.0 mmol, 711 mg), ee: 94%)]

To an over-dried flask was charged with Zn(ClO4)2:6H20 (0.4 mmol, 10 mol %), L1
(0.48 mmol, 12 mol %) and anhydrous dichloromethane (5 mL) under N2 atomsphere,
then stirred at room temperature for 2 h. 2k (4 mmol, 1.0 equiv.) was added and stirred
for 30 min at 0 °C. After that, to the mxiture, reagent 1 (4.8 mmol, 1.2 equiv.) was
added and the reaction was keep in 0 °C under N2 atmosphere as monitoring by TLC.
Upon completion, the crude product was purified by column chromatography via silica
gel to afford the desired asymmetric product 3k in 85% yield (1.20 g, 3.4 mmol, ee:
61%). After recrystallization, the product ee value up to 94% in 50% yield (711 mg, 2.0
mmol), (Figure. S1).

2 50 I
J . hul
area area %
N
i 1 | 31705464 | 97.03 w0
200+ I
] 2 |968805 297 [
— Sum|326742693 1000 |1
1.50 |
5 i
< (.
1700_: |
|
| |
0.50 ‘ =4
i @
i | \ [e0]
0.00] —— ,5_5 T,:|
) e e e e e e e e e B LA e e s s s s s s e s e e B e .y e s
0.00 1.00 2.00 3.00 4.00 500 6.00 7.00 8.00 9.00 10.00

Figure S1. the HPLC spectra of 3k after recrystallization
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0

MeO ONO,

3a

(R)-tert-butyl-5-methoxy-2-(nitrooxy)-1-o0xo0-2,3-dihydro-1H-indene-2-

carboxylate; 99% yield (48.0 mg, 0.149 mmol); white solid (m.p. : 118-120 °C); 'H
NMR (400 MHz, CDCl3) 6 7.75 (d, J = 8.4 Hz, 1H), 6.97 (dd, J = 2.2, 8.6 Hz, 1H),
6.92 (s, 1H), 4.18 (d, J=17.6 Hz, 1H), 3.92 (s, 3H), 3.33 (d, /= 17.6 Hz, 1H), 1.45 (s,
9H); BC{'H}NMR (101 MHz, CDCl3) 5 189.1, 167.2, 164.4, 155.0, 127.8, 125.9,
117.0, 109.6, 89.6, 85.0, 56.1, 38.5, 27.8; IR v (KBr, ecm™): 2978, 2933, 1746, 1719,
1649, 1600, 1295, 1263, 844; HPLC: (OD-H, Hexane/ 'PrOH = 95/5, 1.0 mL/min, 254
nm), tr (major-isomer) = 9.44 min, tr (minor-isomer) = 10.56 min (72% ee); HRMS

(ESI, m/z): caled for C1sHi1sNO7" [M+H]*: 324.1078, found: 324.1080.

O

Me oNO,

3b

(R)-tert-butyl-5-methyl-2-(nitrooxy)-1-0xo0-2,3-dihydro-1H-indene-2-carboxylate;
95% yield (43.7 mg, 0.143 mmol); white solid (m.p. : 108-110 °C); H NMR (400 MHz,
CDCl3) 6 7.70 (d, J = 8.0 Hz, 1H), 7.31 (s, 1H), 7.26 (d, J=7.6 Hz, 1H), 4.17 (d, J =
17.6 Hz, 1H), 3.34 (d, J = 17.6 Hz, 1H), 2.48 (s, 3H), 1.44 (s, 9H); BC{'H}NMR (101
MHz, CDCl3) 6 190.7, 164.2, 152.3, 149.0, 130.5, 130.1, 126. 8, 125.7, 89.5, 85.0, 38.3,
27. 8, 22.5; IR v (KBr, em™): 2980, 2928, 1753, 1721, 1656, 1295, 1150, 844, 824;
HPLC: (OD-H, Hexane/ ‘PrOH = 95/5, 1.0 mL/min, 254 nm), tr (major-isomer) = 6.4
min, tr (minor-isomer) = 6.8 min (62% ee); HRMS (ESI, m/z): calcd for C1sHi1sNOg"
[M+H]": 308.1129, found: 308.1132.

0O

Br OoNO,

3c
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(R)-tert-butyl-5-bromo-2-(nitrooxy)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate;

97% yield (54.2 mg, 0.146 mmol); white solid (m.p. : 106-109 °C); 'H NMR (400
MHz, CDCl3) 6 7.71 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 4.20
(d,J=17.6 Hz, 1H), 3.39 (d,J=17.6 Hz, 1H), 1.44 (s, 9H); "*C{'H}NMR (101 MHz,
CDCl3) 6 190.3, 163.7,153.1, 132.8, 132.5, 131.7, 129.9, 126.9, 89.0, 85.5, 38.1, 27.8;
IR v (KBr, em™): 2983, 2933, 1759, 1731, 1671, 1597, 1295, 1150, 1056, 839, 712;
HPLC: (AD-H, Hexane/ ‘PrOH = 99/1, 1.0 mL/min, 254 nm), tr (major-isomer) = 8.8
min, tr (minor-isomer) = 11.0 min (40% ee); HRMS (ESI, m/z): calcd for
C14H14BrNNaOs" [M+Na]": 393.9897, found: 393.9896.

0]

Cl ONO,
3d

(R)-tert-butyl-5-chloro-2-(nitrooxy)-1-o0xo0-2,3-dihydro-1H-indene-2-carboxylate;
93% yield (45.7 mg, 0.140 mmol); white solid (m.p. : 122-125 °C); '"H NMR (400 MHz,
CDCl3) 6 7.76 (d, J = 8.0 Hz, 1H), 7.53 (s, 1H), 7.44 (d, J= 8.3 Hz, 1H), 4.20 (d, J =
18.0 Hz, 1H), 3.38 (d,J=17.6 Hz, 1H), 1.44 (s, 9H); 3C{'H}NMR (101 MHz, CDCls)
0 189.5, 169.8, 167.2, 163.9, 154.8, 128.5, 117.5, 113.6, 89.2, 85.4, 38.4, 27.8; IR v
(KBr, em™): 2980, 2930, 1761, 1729, 1654, 1594, 1295, 1150, 826; HPLC: ( OD-H,
Hexane/ ‘PrOH = 99/1, 1.0 mL/min, 254 nm), tr (major-isomer) = 12.2 min, tr (minor-
isomer) = 13.6 min (46% ee); HRMS (ESI, m/z): calcd for C14H14CINNaOs" [M+Na]":
350.0402, found: 350.0398.

0
F “ONO,
3e
(R)-tert-butyl-5-fluoro-2-(nitrooxy)-1-o0xo-2,3-dihydro-1H-indene-2-carboxylate;
96% yield (44.8 mg, 0.144 mmol); white solid (m.p. : 107-112 °C) ; "TH NMR (400

MHz, CDCls) § 7.84 (dd, J = 5.2, 8.4 Hz, 1H), 7.19 (d, J= 8.0 Hz, 1H), 7.15 (d, J =
8.0 Hz, 1H), 4.22 (d, J= 17.6 Hz, 1H), 3.39 (d, J= 18.0 Hz, 1H), 1.44 (d, J= 1.6 Hz,
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9H); BC{IH}NMR (101 MHz, CDCl;) § 189.5, 168.5 (d,/J=261.6 Hz), 163.9, 154.8(d,
J=11.1Hz),129.3 (d,/=2.0 Hz), 128.4(d,J=11.1 Hz), 117.3 (d,/=23.2 Hz), 113.4
(d, J=23.2 Hz), 89.2, 85.4,38.4 (d, /=2.0 Hz), 27.8; HPLC: (AD-H, Hexane/ 'PrOH
=99/1, 1.0 mL/min, 254 nm), tr (major-isomer) = 11.3 min, tr (minor-isomer) = 12.7

min (62% ee); HRMS (ESI, m/z): calcd for C14aH1sFNOs" [M+H]": 312.0878, found:

312.0870.
0
Ph ‘ONO,
3f

(R)-tert-butyl-2-(nitrooxy)-1-oxo-5-phenyl-2,3-dihydro-1H-indene-2-carboxylate;
98% yield (54.3 mg, 0.147 mmol); white solid (m.p. : 86-89 °C); "TH NMR (400 MHz,
CDCl3) 6 7.88 (d, /= 8.0 Hz, 1H), 7.72 — 7.60 (m, 4H), 7.48 (dt, J = 13.5, 7.0 Hz, 3H),
4.28 (d, J=17.6 Hz, 1H), 3.45 (d, J = 17.6 Hz, 1H), 1.47 (s, 9H); BC{'H}NMR (101
MHz, CDCl3) 6 190.8, 164.2, 152.5, 150.3, 139.6, 131.7, 129.2, 128.2, 127.7, 126.3,
124.8, 89.5, 85.2, 38.5, 27.8; HPLC: (AD-H, Hexane/ ‘PrOH = 95/5, 1.0 mL/min, 254
nm), tr (major-isomer) = 9.8 min, tr (minor-isomer) = 19.1 min (55% ee); HRMS (ESI,
m/z): caled for C20H20NOg™ [M+H]": 370.1285, found: 370.1280.

0]
COztBU
“ONO,
OMe
39
(R)-tert-butyl-4-methoxy-2-(nitrooxy)-1-o0xo-2,3-dihydro-1H-indene-2-
carboxylate; 97% yield (47.0 mg, 0.146 mmol); white solid (m.p: 75-77 °C); 'TH NMR
(400 MHz, CDCl3) 6 7.45 —7.35 (m, 2H), 7.14 (dd, J= 7.2, 1.6 Hz, 1H), 4.14 (dd, J =
18.0, 4.8 Hz, 1H), 3.92 (d, /= 2.8 Hz, 3H), 3.26 (dd, /= 18.2, 3.4 Hz, 1H), 1.44 (d, J
= 4.0 Hz, 9H); BC{'"H}NMR (101 MHz, CDCl3) § 191.7, 164.1, 156.7, 140.8, 134.1,
130.3, 117.01, 116.99, 89.1, 85.0, 55.8, 35.3, 27.8; HPLC: (OD-H, Hexane/ ‘PrOH =

99/1, 1.0 mL/min, 254 nm), tr (major-isomer) = 8.1 min, tr (minor-isomer) = 10.7 min
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(55% ee); HRMS (ESI, m/z): caled for CisHisNO7" [M+H]": 324.1078, found:
324.1082.

)

MeO\©i/§/C02tBu
“ONO,
3h

(R)-tert-butyl-6-methoxy-2-(nitrooxy)-1-oxo-2,3-dihydro-1H-indene-2-
carboxylate; 92% yield (44.6 mg, 0.138 mmol); white solid (m.p. : 85-87 °C); '"H NMR
(400 MHz, CDCl3) 6 7.41 (d, J= 8.4 Hz, 1H), 7.29 (dd, J = 8.4, 2.4 Hz, 1H), 7.21 (d,
J=2.0Hz, 1H), 4.14 (d, J=17.6 Hz, 1H), 3.84 (s, 3H), 3.32 (d, /= 17.6 Hz, 1H), 1.44
(s, 9H); BC{'H}NMR (101 MHz, CDCl3) 5 191.4, 164.1, 160.3, 144.9, 134.0, 127.2,
126.7, 106.6, 89.9, 85.1, 55.8, 37.8, 27.8; IR v (KBr, em™): 2980, 2937, 1756; 1759;
1667; 1301; 1203; 1153; 1063; 840; HPLC: (OD-H, Hexane/ ‘PrOH = 95/5, 1.0
mL/min, 254 nm), tr (major-isomer) = 7.4 min, tr (minor-isomer) = 8.6 min (55% ee);
HRMS (ESI, m/z): calcd for CisH1sNO7" [M+H]": 324.1078, found: 324.1087.
0
Me\@ig,cozfsu
‘ONO,
3i

(R)-tert-butyl-6-methyl-2-(nitrooxy)-1-0xo0-2,3-dihydro-1H-indene-2-
carboxylate;92% yield (42.4 mg, 0.138 mmol); light yellow oil; "H NMR (400 MHz,
CDClz) 6 7.61 (s, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.40 (d, J= 8.0 Hz, 1H), 4.17 (d, J =
17.6 Hz, 1H), 3.34 (d, J= 17.6 Hz, 1H), 2.42 (s, 3H), 1.43 (s, 9H); BC{'H}NMR (101
MHz, CDCl3) 6 191.4,164.2, 149.3,138.9, 138.4, 133.0, 126.2, 125.7, 89.6, 85.0, 38.2,
27.8,21.2; HPLC: (OD-H, Hexane/ 'PrOH = 99.2/0.8, 1.0 mL/min, 254 nm), tr (major-
isomer) = 9.0 min, tr (minor-isomer) = 13.0 min (55% ee); HRMS (ESI, m/z): calcd
for C1sH1sNOs" [M+H]": 308.1129, found: 308.1125.
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OMe o
' CO,Bu
‘ONO,
3j

(R)-tert-butyl-7-methoxy-2-(nitrooxy)-1-0xo-2,3-dihydro-1H-indene-2-
carboxylate; 92% yield (44.6 mg, 0.138 mmol); white solid (m.p. : 127-130 °C); 'H
NMR (400 MHz, CDCl3) 6 7.63 (t, J = 8.2 Hz, 1H), 7.03 (d, /= 7.6 Hz, 1H), 6.85 (d,
J=8.4Hz, 1H), 4.16 (d, J=17.6 Hz, 1H), 3.95 (s, 3H), 3.32 (d, /= 17.6 Hz, 1H), 1.44
(s, 9H); BC{'H}NMR (101 MHz, CDCl3) 5 188.3, 164.4, 159.8, 153.8, 138.9, 121.3,
118.07,110.3, 89.4, 85.0, 56.2, 38.0, 27.9; HPLC: (AD-H, Hexane/ 'PrOH =90/10, 1.0
mL/min, 254 nm), tr (major-isomer) = 9.3 min, tr (minor-isomer) = 12.0 min (78% ee);

HRMS (ESI, m/z): calcd for CisHisNO7" [M+H]": 324.1078, found: 324.1081.

O

MeO ONO,
3k

(R)-tert-butyl-5,6-dimethoxy-2-(nitrooxy)-1-0x0-2,3-dihydro-1H-indene-2-

carboxylate; 99% yield (52.5 mg, 0.149 mmol); white solid (m.p. : 116-119 °C); 'H
NMR (400 MHz, CDCl3) 6 7.18 (d, J=1.6 Hz, 1H), 6.90 (s, 1H), 4.13 (d, /= 17.6 Hz,
1H), 4.00 (s, 3H), 3.90 (s, 3H), 3.29 (d, J = 17.6 Hz, 1H), 1.44 (d, J = 1.6 Hz, 9H);
BC{TH}NMR (101 MHz, CDCl3) 189.5, 164.4, 157.5, 150.4, 148.0, 125.4, 107.1,
105.6, 89.6, 85.0, 56.7, 56.3, 38.2, 27.8; IR v (KBr, em™): 2978, 2935, 1756, 1741,
1638, 1270, 1265, 1148, 836, 774; HPLC: (AD-H, Hexane/ 'PrOH = 80/20, 1.0 mL/min,
254 nm), tr (major-isomer) = 5.8 min, tr (minor-isomer) = 8.4 min (61% ee); HRMS

(ESI, m/z): calcd for C1sH19NNaOs" [M+Na]": 376.1003, found: 376.1010.

0O

“ONO,

3l
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(R)-tert-butyl-2-(nitrooxy)-1-oxo-2,3-dihydro-1H-cyclopenta|b]naphthalene-2-
carboxylate; 94% yield (48.4 mg, 0.141 mmol); white solid (m.p: 149-154 °C); 'H
NMR (400 MHz, CDCl3) 6 8.43 (s, 1H), 7.99 (d, /= 8.4 Hz, 1H), 7.94 — 7.84 (m, 2H),
7.66 (t,J=7.6 Hz, 1H), 7.55 (t,J=7.4 Hz, 1H), 4.40 (d,/J=17.6 Hz, 1H), 3.58 (d, J =
17.6 Hz, 1H), 1.43 (s, 9H); BC{'H}NMR (101 MHz, CDCl3) 6 191.7, 164.2, 143.3,
138.3, 132.8, 130.7, 130.4, 130.1, 128.2, 127.6, 127.1, 124.8, 89.9, 85.2, 38.1, 27.8;
IR v (KBr, ecm™): 2975, 2928, 1739, 1724, 1647, 1295, 1150, 1133, 844, 749; HPLC:
(OD-H, Hexane/ 'PrOH = 97/3, 1.0 mL/min, 254 nm), tr (major-isomer) = 9.5 min, tr
(minor-isomer) = 11.0 min (44% ee); HRMS (ESI, m/z): calcd for CisH17NNaOg"
[M+Na]": 366.0948, found: 366.0939.

0O

MeO ONO,

3m

(R)-Methyl-5-methoxy-2-(nitrooxy)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate;
88% yield (42.7 mg, 0.132 mmol); white solid (m.p. : 105-110 °C); "H NMR (400 MHz,
CDClz) 6 7.75 (d, J= 8.4 Hz, 1H), 6.98 (d, /= 9.6 Hz, 1H), 6.94 (s, 1H), 4.22 (d, J =
17.6 Hz, 1H), 3.93 (s, 3H), 3.81 (s, 3H), 3.37 (d, J = 17.6 Hz, 1H); BC{'H}NMR (101
MHz, CDCl3) 6 188.5,167.4,166.1, 154.8, 127.9,125.6, 117.2,109.7, 89.3, 56.1, 54.0,
38.4; HPLC: (AD-H, Hexane/ 'PrOH = 95/5, 1.0 mL/min, 254 nm), tr (major-isomer)
= 17.6 min, tr (minor-isomer) = 18.7 min (6% ee); HRMS (ESI, m/z): calcd for
C12H11NNaO7" [M+Na]": 304.0428, found: 304.0431.

0
COzEt
MeO ONO,
3n

(R)-Ethyl-5-methoxy-2-(nitrooxy)-1-0x0-2,3-dihydro-1H-indene-2-carboxylate;

92% yield (40.7 mg, 0.138 mmol); white solid (m.p. : 109-113 °C); '"H NMR (400 MHz,
CDCl3) 6 7.75 (d, J = 8.4 Hz, 1H), 6.98 (dd, J = 8.6, 2.2 Hz, 1H), 6.94 (s, 1H), 4.28
(qd, J=7.1,2.3 Hz, 2H), 4.22 (d, J=17.6 Hz, 1H), 3.93 (s, 3H), 3.36 (d, /= 17.6 Hz,
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1H), 1.26 (t, J = 7.2 Hz, 3H); BC{'H}NMR (101 MHz, CDCl3) 6 188.6, 167.4, 165.5,
154.9,127.9,125.7,117.2,109.7, 89.3, 63.4, 56.1, 38.4, 14.1; HPLC: (OD-H, Hexane/
PrOH =97/3, 1.0 mL/min, 254 nm), tr (minor - isomer ) = 21.2 min, tr (major - isomer )
= 24.1 min (21% ee); HRMS (ESI, m/z): calcd for Ci3H14aNO7" [M+H]": 296.0765,
found: 296.0771.

0

MeO ONO,

30

(R)-Isopropyl-5-methoxy-2-(nitrooxy)-1-oxo0-2,3-dihydro-1H-indene-2-
carboxylate; 96% yield (44.5 mg, 0.144 mmol); white solid (m.p. : 116-119 °C); H
NMR (400 MHz, CDCl3) 6 7.75 (d, J = 8.8 Hz, 1H), 6.98 (dd, J = 8.6, 2.2 Hz, 1H),
6.93 (s, 1H), 5.11 (m, 1H), 4.22 (d, /= 18.0 Hz, 1H), 3.93 (s, 3H), 3.35(d, /= 17.6 Hz,
1H), 1.29 (d, J = 6.4 Hz, 3H), 1.22 (d, J = 6.0 Hz, 3H); B*C{'H}NMR (101 MHz,
CDClz) 6 188.7, 167.3, 154.9, 127.9, 125.8, 117.1, 109.7, 89.3, 71.7, 56.1, 38.4, 21.7,
21.5; HPLC: (AD-H, Hexane/ ‘PrOH = 94/6, 1.0 mL/min, 254 nm), tr (major-isomer)
= 15.4 min, tr (minor-isomer) = 16.7 min (14% ee); HRMS (ESI, m/z): calcd for
C1sH16NO7" [M+H]*: 310.0921, found: 310.0919.

0

COzAd
“oNO,
3p

(3r)-adamantan-1-yl-(2R)-2-(nitrooxy)-1-0x0-2,3-dihydro-1H-indene-2-

carboxylate; 88% yield (49.0 mg, 0.132 mmol); white solid (m.p. : 126-129 °C); 'H
NMR (400 MHz, CDCl3) 6 7.83 (d,J= 7.6 Hz, 1H), 7.71 (t,J=7.0, 1H), 7.52 (d, J =
7.6 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 4.22 (d, J=18.0 Hz, 1H), 3.41 (d, /= 17.6 Hz,
1H), 2.16 (s, 3H), 2.06 (d, J = 2.8 Hz, 6H), 1.63 (t, J= 3.0 Hz, 6H); BC{'H}NMR (101
MHz, CDCl3) 6 191.5,163.6, 151.8,137.0, 132.9, 128.7, 126.5, 125.9, 89.2, 85.2,41.1,
38.5,36.0, 31.1; HPLC: (AD-H, Hexane/ 'PrOH = 97/3, 1.0 mL/min, 254 nm), tr
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(major-isomer) = 11.0 min, tr (minor-isomer) = 14.8 min (24% ee); HRMS (ESI, m/z):
caled for C20H22NO¢" [M+H]": 372.1442, found: 372.1448.

0
CONHAd
ONO,
ba

2-(((3r)-adamantan-1-yl)carbamoyl)-1-0x0-2,3-dihydro-1H-inden-2-yl nitrate; 90%
yield (50.0 mg, 0.135 mmol); white solid (m.p. : 140-142 °C); '"H NMR (400 MHz,
CDClz) 6 7.79 (d, J= 7.6 Hz, 1H), 7.69 (d, J= 7.0 Hz, 1H), 7.52 (d, /= 7.6 Hz, 1H),
7.43 (t,J=7.6 Hz, 1H), 6.12 (s, 1H), 4.31 (d, /= 17.2 Hz, 1H), 3.27 (d, J = 16.8 Hz,
1H), 2.07 (s, 3H), 1.98 (s, 5H), 1.66 (d, J = 2.8 Hz, 7H); BC{'H}NMR (101 MHz,
CDCl3) 6 195.2,161.2, 152.1, 136.9, 133.0, 128.5, 126.6, 125.5,91.3, 53.2, 41.3, 36.3,
35.5,29.5; HPLC: (AD-H, Hexane/ 'PrOH = 95/5, 1.0 mL/min, 254 nm), tr (minor -
isomer) = 8.3 min, tr (major-isomer) = 11.7 min (14% ee); HRMS (ESI, m/z): calcd
for C20H23N205" [M+H]"™: 371.1601, found: 371.1607.

0O

CONHAd
MeO ONO,

5b

2-(((3r)-adamantan-1-yl)carbamoyl)-5-methoxy-1-0x0-2,3-dihydro-1H-inden-2-yl
nitrate; 89% yield (53.6 mg, 0.134 mmol); white solid (m.p. : 97-101 °C); '"H NMR
(400 MHz, CDCl3) 6 7.74 - 7.69 (m, 1H), 7.01 — 6.88 (m, 2H), 6.14 (s, 1H), 4.28 (d, J
=16.8 Hz, 1H), 3.90 (s, 3H), 3.20 (d, /= 17.2 Hz, 1H), 2.10 - 1.92 (m, 9H), 1.71 — 1.62
(m, 6H); BC{'H}NMR (101 MHz, CDCl3) § 192.7, 167.2, 161.6, 155.2, 127.4, 125.9,
116.9, 109.6,91.6, 56.0, 53.1, 41.2, 36.3, 35.4, 29.5; HPLC: (OD-H, Hexane/ ‘PrOH =
90/10, 1.0 mL/min, 254 nm), tr (major-isomer) = 6.3 min, tr (minor-isomer) = 11.0 min
(12% ee); HRMS (ESI, m/z): calcd for C21H2sN206" [M+H]": 401.1707, found:
401.1711.
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0

CONHBn
MeO ONO,

5¢c

2-(benzylcarbamoyl)-5-methoxy-1-0x0-2,3-dihydro-1H-inden-2-yl nitrate; 91%
yield (48.8 mg, 0.137 mmol); white solid (m.p. : 97-101 °C); 'H NMR (400 MHz,
CDClz) 6 7.77 — 7.72 (m, 1H), 7.37 — 7.22 (m, 5H), 7.00 — 6.93 (m, 2H), 6.81 (s, 1H),
4.55 — 4.47 (m, 1H), 4.45 — 4.33 (m, 1H), 3.92 (s, 3H), 3.28 (d, J = 17.6 Hz, 1H);
BC{IH}NMR (101 MHz, CDCl3) § 192.1, 167.3, 163.2, 155.2, 137.1, 128.9, 127.9,
127.7,127.5,125.8,117.1,109.7,91.3, 56.1, 44.4,35.7, HPLC: (AD-H, Hexane/ 'PrOH
= 92/8, 1.0 mL/min, 254 nm), tr (major-isomer) = 29.3 min, tr (minor-isomer) = 34.1
min (6% ee); HRMS (ESI, m/z): calcd for CisH17N20s" [M+H]": 357.1081, found:
357.1089.

0O

CONBn2
ONO,
5d

2-(dibenzylcarbamoyl)-1-0x0-2,3-dihydro-1H-inden-2-yl nitrate; 84% yield (52.5
mg, 0.126 mmol); white solid (m.p. : 87-91 °C); TH NMR (400 MHz, CDCl3) 5 7.72 —
7.63 (m, 3H), 7.42 (t, J= 7.6 Hz, 1H), 7.38 — 7.33 (m, 4H), 7.32 — 7.27 (m, 1H), 7.23
(td,J=7.4,1.2Hz, 1H),7.19-7.11 (m, 2H), 6.94 (d, /= 8.0 Hz, 1H), 5.07 (d, /= 16.0
Hz, 1H),4.97 (d,J=14.8 Hz, 1H), 4.80 (d, /= 14.8 Hz, 1H), 4.56 (d, /= 17.6 Hz, 1H),
438 (d,J=15.6 Hz, 1H), 3.56 (d, J= 17.6 Hz, 1H); BC{H}NMR (101 MHz, CDCl3)
0 202.7, 167.9, 154.9, 136.5, 135.7, 134.3, 133.3, 131.5, 128.9, 128.1, 128.0, 127.8,
127.7,127.5,126.3,126.2,125.7,124.9,61.9, 51.2, 50.7, 38.8; HPLC: (AD-H, Hexane/
PrOH = 85/15, 1.0 mL/min, 254 nm), tr (major-isomer) = 20.2 min, tr (minor-isomer)
= 30.1 min (20% ee); HRMS (ESI, m/z): calcd for C24H21N205" [M+H]": 417.1445,
found: 417.1447.
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0]

CONBn2
MeO ONO,

5e

2-(dibenzylcarbamoyl)-5-methoxy-1-oxo0-2,3-dihydro-1H-inden-2-yl nitrate; 87%
yield (58.3 mg, 0.131 mmol); white solid (m.p. : 95-100 °C); 'H NMR (400 MHz,
CDClz) 6 7.63 (d, J = 8.8 Hz, 1H), 7.41 — 7.31 (m, 5H), 7.30 — 7.27 (m, 1H), 7.24 —
7.11 (m, 3H), 7.06 (d, J= 2.0 Hz, 1H), 6.99 — 6.89 (m, 2H), 5.07 (d, J = 15.6 Hz, 1H),
4.95 (d,J=14.8 Hz, 1H), 4.80 (d, J= 14.8 Hz, 1H), 4.50 (d, /= 17.6 Hz, 1H), 4.35 (d,
J=16.0 Hz, 1H), 3.94 (s, 3H), 3.49 (d, J = 17.6 Hz, 1H); BC{'H}NMR (101 MHz,
CDCl) 6 200.8, 168.1, 166.2, 158.0, 136.5, 134.7, 131.5, 128.9, 128.0, 127.7, 127.6,
127.38, 127.37, 126.3, 126.1, 124.9, 116.3, 109.4, 62.2, 55.9, 51.2, 50.7, 38.7; HPLC:
(AD-H, Hexane/ ‘PrOH = 92/8, 1.0 mL/min, 254 nm), tr (major-isomer) = 13.3 min, tr
(minor-isomer) = 38.8 min (12% ee); HRMS (ESI, m/z): caled for CasH23N206"
[M+H]": 447.1551, found: 447.1558.
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VII. Limited Substrates
Table S6: The results for limited substrates

The result for racemic The result for asymmtric
Entry | Substrates . e
conditions” conditions
o O
1 woa 23% of yield No reaction
o
2 @é_/f No reaction No reaction
CF,
o ~56% of yield (impurity with ~43% of yield (impurity
3 O. Q I OH I OH
ome by-product @ )¢ with by-product @ )
Ph
4 wo The substrate was The substrate was
N decomposed decomposed

“ Reaction conditions: substrate (0.15 mmol), 1 (1.2 equiv), Zn(OAc), (10 mol %), CH>Cl, (1.5
mL), rt, nitrogen. ® Reaction conditions: substrate (0.15 mmol), 1 (1.2 equiv), Zn(C104),:6H,O (10
mol %), ligand 1 (12 mol %), CH>Cl> (1.5 mL), 0 °C, nitrogen. ¢ The '"H NMR Spectrum is shown
in Figure S2.
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ppm
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Figure S2. The '"H NMR Spectrum of impure product
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VIII. Crystallographic Data

O,NO—|—O
reagent 1
Identification code cd17385
Empirical formula CO9HIOIN O4
Formula weight 323.08
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

a=8.0323(15) A
b=8.5118(16) A

¢ =9.7664(19) A
546.78(18) A3

2

1.962 Mg/m?3

2.922 mm-!

312

0.200 x 0.170 x 0.140 mm?
2.716 to 25.498°.
-9<=h<=7, -10<=k<=10, -11<=l<=11
3146

2031 [R(int) = 0.0281]

99.7 %

Semi-empirical from equivalents
0.7456 and 0.3346

Full-matrix least-squares on F2
2031/0/139

1.100
R1=0.0283, wR2 = 0.0715
R1=0.0293, wR2 = 0.0722
0.065(4)

0.759 and -1.056 e.A-3

0= 65.902(3)°.
B= 68.342(3)°.
v = 68.126(3)°.
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O
/©:§<CO§BU
MeO ONO;
rac-3a
0
MeO:(>:Z§,COZq3u
MeO ‘oNO,
3k
Table S7. Crystal data and structure refinement for rac-3a and 3k.
rac-3a 3k
Identification code d8v17641 cu_d8v20406 Om
Empirical formula C15H17N O7 C16 H19 N O8
Formula weight 323.29 353.32
Temperature 296(2) K 293(2) K
Wavelength 0.71073 A 1.54178 A
Crystal system Monoclinic Monoclinic
Space group P21/c P21
a=12.1197(6) A a=90". a=153075(5) A a= o0
Unit cell dimensions b=13.2870(6) A B=103.695(2)" b=12.23534) A B=91236(2)°"
c=10.6235(5) A 7=90° c=19.3019(6) A 7=90°.
Volume 1662.11(14) A3 3614.2(2) A3
V4 4 8
Density (calculated) 1.292 Mg/m3 1.299 Mg/m3
Absorption coefficient 0.104 mm-! 0.898 mm-1
F(000) 680 1488

Crystal size

0.180 x 0.130 x 0.080 mm3
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Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [[>2sigma(I)]
R indices (all data)
Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

IX. HPLC Data

2.311 to 25.496°.
-14<=h<=14, -16<=k<=16, -
12<=1<=12
26364
3093 [R(int) = 0.0611]
99.7 %
Semi-empirical from equivalents
0.7456 and 0.6251
Full-matrix least-squares on F2
3093/0/213
1.028
R1=0.0477, wR2 =0.1278
R1=0.0605, wR2 =0.1411
0.032(5)
0.257 and -0.265 e.A-3
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2.289 to 67.500°.
-18<=h<=17, -14<=k<=13, -23<=]<=23

83425
12861 [R(int) = 0.0627]
99.3 %
Semi-empirical from equivalents
0.7533 and 0.4869
Full-matrix least-squares on F2
12861/2/922
1.034
R1=0.0680, wR2 =0.1861
R1=0.0871, wR2=0.2146
-0.09(6)
0.0186(15)
0.519 and -0.285 e.A-3



Compound 3a

HPLC Conditions

Column: Chiralcel OD-H, Daicel Chemical
Industries, Ltd.
Eluent: Hexanes / isopropanol (95:5)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
my 250
m_ II.I|
150 \ |||
- }' | \_
o i
. { | H,
— |,' \ | \
. e . AV
00 25 50 75 100 125 150
min
Peak# | Ret. Time Area %
1 9.220 49.82
2 10.156 50.18
Chiral
mv
400 g
[
[ |
Il
300 |I |
|
| |
200 | |
|
!
100~ || I it
(| =
.I \ |'I:. .".
0- o - = 5 1_." ~+ Ny
0.0 75 10.0
min
Peak# | Ret. Time Area %
1 9.442 85.89
2 10.556 14.11
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recrystallization

0.50

— 8.541—

area area %

1 9314734 | 97.95

2 |'I'E!5036 205

100.0

Sum | 9509770.0
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Compound 3b

“ONO,

0O

CO,Bu

HPLC Conditions

Column:
Industries, Ltd.

Eluent: Hexanes / isopropanol (95:5)

Chiralcel

Flow rate: 1.0 mL/min

OD-H, Daicel

Chemical

3b
Detection: UV 254 nm
Racemic
0.7
||
=
0. 6 z %
0.5 ‘l i
‘ |
0.4 |
=
0.3
0.2
N
0.1 ||
0.0 e
| ' | ! | ! ! | ! ! | | | !
0.00 2.00 4.00 6.00 8.00 10. 00 12.00
Peaktt Ret. time Area Area %
1 6. 039 6257175 49. 58
2 6. 439 6372536 50. 42
12639711 100. 00
Chiral
] I
. &
0. 4&} ﬁ
E l
0.30 |
z | |‘
0. 26 | | e
) T
0.16 N
;' L
- / \ ‘I
0. 09 = NE—K A -
0.00 100 2,00 300 4.00 5.00 6.00 7.00 8.00 0.00 10,00
Peak# Ret. time Area Area %
1 6. 363 4811985 81.08
2 6. 846 1122729 18.92
5934714 100. 00
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Compound 3¢

HPLC Conditions

Column: Chiralcel OD-H, Daicel Chemical
Industries, Ltd.
Eluent: Hexanes / isopropanol ( 99: 1)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
| 2
1.20 2 =
; b 1
1. Dﬂ_ J ‘ )
0.86
s ] . [
= 0.60 (| '
] [ .
0.40 . '
: ] 1 :I
0.20 | | |
] | 1 S|
- i ‘..
0. 00 = = - RS - =
I T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 1200
i
Detector A Chl 254nm
Peak# | Ret. time Area Area %
1| 8. 735] 19151805 50.26
2| 10.955] 18954848 | 49.74
38106653 | 100. 00
Chiral
0.80 |
] B
0. 76) ok
0. 69: | |
] |
0. 56 '
4 |l )
] 2]
=0.44 [ | s
0. 36 | f
0.20 [ i
0.19 I
0.00 A%
— — — — — —L —
0.00 2.00 4.00 6.00 8.00 10. 00 12.00 14.00
SEh
Detector A Chl 254nm
Peak# Ret. time Area Area %
1 8.801 | 12377414 |  70.20
2| 11.038| 5253417 29.80
17630831 | 100. 00
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Compound 3d

HPLC Conditions

O Column: Chiralcel OD-H, Daicel Chemical
CO,Bu Industries, Ltd.
cl “ONO, Eluent: Hexanes / isopropanol (99:1)
3d Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
] | |
0.604 2 i3
] e =
] al a:
0. 507 [l M
] I‘ ||
0. 40 | [ |
] | | ‘.
= O.M: | | |
z o
0. 20 | [
] ‘ ‘
0.104 AR
0. CO; - P ; o/ o
: — — | S o - —
0.00 2.00 100 6.00 8.00 10.00 12.00 14.00 16.00
Peak# Ret. Time Area Area %
1 12.126 1281279 | 50.00
2 13.450 | 12821450 | 50.00
Chiral
0. 70 |
| £
0. 60 £n
] ki
4 —H
0.50 [
] | ‘.
0':10_: [ r~
— 1 | g
= ] . 2
0.30; B )
] ||
0.207
4 |
0. 10 .
— ————— | — =
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14. 00 16.00
Peak# Ret. Time Area Area %
1 12.126 | 13679808 | 73.01
2 13.577 5057318 | 26.99
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Compound 3e
HPLC Conditions
O Column: Chiralcel OD-H, Daicel Chemical
CO,'Bu Industries, Ltd.
"’ONQZ Eluent: Hexanes / isopropanol (99:1)
Flow rate: 1.0 mL/min

3e
Detection: UV 254 nm

Racemic

0. 05

L2440

0. 067 |

AU

0.0 |
4 |

0.0

0. 00 o . o NN AN ) ‘: o

T —T —T—
0.00 2.00 400 6.00 8.00 10.00 12.00 14.00

Peak# Ret. Time Area Area %

1 11.082 1485829 50.05

2 12.440 1482827 49.95

Chiral

0.3 £
] i
0. 25 .
] |

0.20
] |

AU

0. 15 .

0.1/

=12.729

0.5

T
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Peak# Ret. Time Area Area %
1 11.336 5200006 80.96

2 12.729 1223145 19.04
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Compound 3f
HPLC Conditions

0O Column: Chiralcel AD-H, Daicel Chemical
CO,Bu Industries, Ltd.
Ph “ONO, Eluent: Hexanes / isopropanol (95:5)
3¢ Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
0.25] |
1 E
Cj“j
0.20] T
] \ 2
] 0
0.15] ‘I =
= |
0.10 i (
] ‘ | : |
0.051 ‘
[ |
0_0&:_ - ~ L 7':‘_27 -
T
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Ret. Time Area Area %
1 9.961 | 3589515 | 49.11
2 19.862 | 3719734 | 50.89
Chiral
0.5(}_ l
] E
] -
0. 40 i
1 |
|
0.30] [
= I
0.204 ‘
[ | =
| .
] i
0. 104 || |
| A
0_0:}_, - S . A_ ; R i S ; e
———————————————————————
0.00 2.00 100 6.00 8.00 10.00 12.00 1400 16.00 1800 20,00

Peak# Ret. Time Area Area %

1 9.764 6912334 77.53

2 19.135 2003453 22.47
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Compound 3g

0 HPLC Conditions
‘ Column: Chiralcel OD-H, Daicel Chemical
COz Bu .
7 Industries, Ltd.
ONO; Eluent: Hexanes / isopropanol (99:1)
OMe Flow rate: 1.0 mL/min
39 Detection: UV 254 nm
Racemic
0167
] __f*j ‘_
2 :
012 | =i
0107 [ ‘.
> 0.08 [ |
< ] [ 1
006 || '
0047 |
00
000 e - N A - ~ 7
T T P e o R R e S S 2.
area area %
1 | 4185001 | 50.00
2 |4'I84555 50.00
Sum | 8369556.2 | 100.0
Chiral
0,3.’; ‘h
] Iy
] K=
0.301 I3
0,2&2 I‘
0.20] [
= ] | —
< E | | <
0.15 o ~
1 , =
0107 : A
0,0572 ‘
0001 - — A iy pay
OODI T T \'I |DDI T T I2J]0I T T \3 |DDI T T \4 |OOI T T \5 ‘DDI T T \GV‘DDI T T \?:‘OOI T T \erv‘ool T T \97"30\ T T \10‘00\ T T I1 1 ‘OD\ T T I12‘OD
area area %
1 | 11390460 | 7744
2 | 3317810 2256
Sum | 147082696 | 100.0
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Recrystallization

03]

8145

025

020

2 ] |
< 0.15 [
0107

005

-11.020

= / ‘\ -
000] — : s

0.00 1.00 200 3.00 4.00 500 6.00 7.00 8.00 9.00 10.00 11.00 12.00

area area %

1 | 9054498 | 9543
2 | 433182 4.57

Sum | 9487680.2 | 100.0
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Compound 3h

MeO

Racemic

3h

COztBU

“ONO,

HPLC Conditions

Column:
Industries, Ltd.
Eluent: Hexanes / isopropanol (95:5)

Chiralcel

Flow rate: 1.0 mL/min
Detection: UV 254 nm

OD-H, Daicel

Chemical

0.35]
0.30]

0.25

0.05]

0.004—

F38F—
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0.00

T T
4.00

Peak#

Ret. Time
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Area %
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Chiral

180,
1.60]
1. ICF
1.20]
_ L00]
= 1
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e

T =8.643

0.00

2.00

3.00

Peak#

Ret. Time
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Area %

7.359

25531157

77.83

8.643

7273980

22.17

4.00
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Compound 3i

HPLC Conditions

M O Column: Chiralcel OD-H, Daicel Chemical
e )
CO,Bu Industries, Ltd.
“ONO, Eluent: Hexanes / isopropanol (99.2:0.8)
3i Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
O.ZEr- M )
(=] .
0.15] |
0.10] |
0.05] f ."
X S \_ .
] Y A N & 5 —
0.00 200 100 6.00 8.0 1000 1200 1400
Peak# Ret. time Area Area %
1 8.858 | 7068595 49. 59
2 12.645 | 7186790 50. 41
14255385 100. 00
Chiral
0.19 |
] =]
. =
0.16 =
0.08 |
= 0.08 |
0.01 | :
0. oz:
0. oé"' T - - ~ —— = -
0.00 I Z.IOO I fl.IOO 6.‘00 I 8.‘00 I ‘ 10.|00‘ ‘ 12.‘00I 1"]_‘00 I
Peak# Ret. time Area Area %
1 9. 040 3028256 77.28
2 12.951 1037229 22.72
4565485 100. 00
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Compound 3j

HPLC Conditions

OMe o Column: Chiralcel AD-H, Daicel Chemical
CO,Bu Industries, Ltd.
’,’ONOZ Eluent: Hexanes / isopropanol (90:10)
3 Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
1.8 | -
160, g o
] iE =
1.40] I |
1204 i |
1. 00H | |
= ] ‘ '
0. 804 ‘ Il
0.60] | R
0.40] | [
2] x |
0.00 ‘ I 2‘00 ‘ I A'LIDO I ‘ 6.|00 ‘ 8.‘0() - 1O.IDOI ‘ IZIOO‘ 11‘00‘ 16.IDOI
Peak# | Ret. Time Area Area %
1 8.651 | 22668872 | 49.98
2 11.289 | 22685438 | 50.02
Chiral
1 |
160+ [o2]
] 3
140 @
120 R
1.00] A
2 ]
< 0.80+ |
0.60 :
0.204 | b
OOO_: T T | T T 7I | T _ _I _ ‘_ _\ T _ _| T E\’_I \;‘_I w;k. ;i | i IAL |
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
rettime area area %
1 9348 30481020 88973
2 11.963 3777759 11.027
Sum 34258779 100.000
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Compound 3k

MeO

MeO

Racemic

O

3k

CO,Bu
“ONO,

HPLC Conditions
Column: Chiralcel
Industries, Ltd.
Eluent: Hexanes / isopropanol (80:20)
Flow rate: 1.0 mL/min

Detection: UV 254 nm

AD-H, Daicel Chemical

014

0.12]

0107

AU

—=—8.313

area

area %

1 1904213

2 | 1909636

Sum | 3813840 3

4993
50.07

100.0

Chiral
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o e o S o
o = ] i w
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—=10.259

=
=]
[S]

ret time

area

area %

1 | 6780
2 | 10259
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1062946
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82.847
17.153
100.000

14.00

I T
16.00 18.00 20.00 2200

[
12.00 2400
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Recrystallization

|
o
] 2
015 T
4 |
|
_ i
o 010+
< 1 [
| |
0,05; |1
1 i 2
1 | "‘. oo}
0.00H _ - __1_\‘[> AR
0.00 21‘30 4‘00 ‘ 6‘00 ‘ 8‘00 10‘00 'IZ‘OD
area area %
1 2463388 95.99
2 103024 401
Sum | 2566412.6 | 1000
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Compound 31

HPLC Conditions

Column: Chiralcel OD-H, Daicel Chemical
Industries, Ltd.

Eluent: Hexanes / isopropanol (97:3)

Flow rate: 1.0 mL/min

3l
Detection: UV 254 nm
Racemic
0.8 |
i 2
0. 707 i
B o I
0. 604 A
0.5H
':\0.10‘
0.3
0. 201
0. 10:
0.0} A —n
00 20 40 &0 800 100 1200
Peak# | Ret. Time Area Area %
1 9.566 12375809 49.94
2 11.226 12403843 50.06
Chiral
n |
0. 50H e
i ik
] il
0. 40+ |
| i
4 | |
0.30] A
ER . i
| =
0. 20+ [ -
] | A
] \ [
0. IOt |
000l [ . SN L
L L L L I
0.00 2.00 4.00 6.00 8.00 10. 00 12.00

Peak# | Ret. Time Area Area %
1 9.465 77002788 72.11

2 11.019 2979354 27.89
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Compound 3m

HPLC Conditions

o Column: Chiralcel AD-H, Daicel Chemical
2
CO,Me Industries, Ltd.
MeO ONO, Eluent: Hexanes / isopropanol (95:5)
3 Flow rate: 1.0 mL/min
m )
Detection: UV 254 nm
Racemic
0.40 b
Koo
0.3 T
I |
0.25] Lo
| |
| |
=00 1.
(1
0.15] Vo
| [
0. 10+ | |
0,05 . ‘
0. 00 — s U ﬂ ;:
0.03I ‘ ‘Z.IOO‘ I 1.b0 ‘ ‘6.|00‘ ‘ I8\‘00‘ I I10.|00‘ ‘ ‘12.‘00I I ‘1-']_‘00‘ ‘ IlEiIOOI ‘ ‘18.‘03‘ I IZO.IOO‘
Peak# | Ret. Time Area Area %
1 17.470 | 9917609 | 50.05
2 18.625 | 9899466 | 49.95
Chiral
] I
0.20, %:_ |
oA
05 | B
—_ [ [
= 0.10] RER
[
0.05 |
[ S S ) - - "'E" \_
L B e e e e WAL S B B
0.00 200 100 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20,00
Peak# | Ret. Time Area Area %
1 17.589 | 5670749 | 52.91
2 18.652 | 5047070 | 47.09
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Compound 3n

HPLC Conditions

0 Column: Chiralcel OD-H, Daicel Chemical
CO,Et Industries, Ltd.
MeO ONO, Eluent: Hexanes / isopropanol (97:3)
an Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
0.1
] | }
0.16] i L
o i
0.121 j |
" "
= ] { |
= 0. o
0.061 | ‘
0.0H I |
0.02 ‘ ‘
O_m_:___ _ . _ I — ~— o _ . ! —r
—_——————  ———
000 200 400 600 800 1000 1200 1400 16.00 1800 20.00 2200 2400 26.00 28.00 30.00
Peak# | Ret. Time Area Area %
1 22.115 6522875 | 50.77
2 25.125 6326113 | 49.23
Chiral
5 s
0.151 ' A
| . [
= 0.10] ‘ |
1 |
|
7 | | |
0.051 [ |
] | | |
ol Al f e
000 200 400 600 800 1000 1200 1400 1600 IS00 .00 2.00 2000 260
Peak# | Ret. Time Area Area %
1 21.218 | 5595907 | 39.72
2 24002 | 8492683 | 60.28
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Compound 3o
HPLC Conditions

O Column: Chiralcel AD-H, Daicel Chemical
CO,Pr Industries, Ltd.
MeO ONO, Eluent: Hexanes / isopropanol (94:6)
30 Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
0.50] ‘{ |
] g |
] I
0.401 =
1 |
4 ‘I I\
0.3‘}_ [ ‘ |
2 L
0.20] [ |
] N
0.10] Lo
———————————
0.00 2.00 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Peak# | Ret. Time Area Area %
1 15550 | 10758177 | 50.06
2 16.863 | 10731872 | 49.94
Chiral
0.40/] A
| B
iy =
T
0. 30+ [ |
I I
=020 R
| .
0101 .
4 | | |
e e e R
0.00 2.00 1.00 6.00 8.00 10.00 1200 14. 00 16.00
Peak# | Ret. Time Area Area %
1 15.443 | 8950780 | 57.01
2 16.747 | 6750550 | 42.99
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Compound 3p

HPLC Conditions

umn: i i . .
0 Column: Chiralcel AD-H, Daicel Chemical
CO,Ad Industries, Ltd.
“ONO ) Eluent: Hexanes / isopropanol (97:3)
3p Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
0.16] ‘ :
, 167 m 5
] 5 o
0.14] & .
] H |
0.1 i
] [ I
0. 107 I
] | |
= 0.08] | | |
] ' w
0. 06 \ '
3 | I
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1 — M - —_— oL -, —_— —,—4—-_“—
T L T 7 T T — T — T
0.00 2.00 400 6.00 8.00 10.00 12.00 14.00
Peak# | Ret. Time Area Area %
1 10.912 | 2459607 | 50.18
2 13.676 | 2442359 | 49.82
Chiral
0.50 é
1 &
0.4, I
l =]
0.30] ' *
] | =
= ] | I -ll
0. 20+ ‘
1 | |
l | [
0.1 [ |
A | .' |
0. m{ o o\ o . _ _ : "x._<>'_ i / _ /‘; ._\‘.:h
= T e A
Peak# | Ret. Time Area Area %
1 10.959 | 8141253 | 62.03
2 14.828 | 4983529 | 37.97
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Compound 5a
HPLC Conditions
0 Column: Chiralcel AD-H, Daicel Chemical

O CONHAd Industries, Ltd.
ONO, Eluent: Hexanes / isopropanol (95:5)
Flow rate: 1.0 mL/min
Detection: UV 254 nm

5a

Racemic
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0. 08

——=—11.848

0. 06 I
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0. 0 . [

0.021 [ |

L T
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Peak# | Ret. Time Area Area %

1 8.651 1262155 49.25

2 11.848 1300349 | 50.75
Chiral
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1 T T T T T T I;‘ T T T T T T T

T
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Peak# | Ret. Time Area Area %

1 8.273 1574192 42.94

2 11.662 2091813 57.06
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Compound Sb

HPLC Conditions

O Column: Chiralcel AD-H, Daicel Chemical
O CONHAd  Industries, Ltd.
MeO ONO, Eluent: Hexanes / isopropanol (90:10)
5b Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
0.12 l
%
0.101 I
] I s
0.08] =
4 | | }‘n
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] i i
0.04 || (|
i | |
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T T L B Ey B By B T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Peak# | Ret. Time Area Area %
1 6.259 1119440 | 49.57
2 10.900 1138802 | 50.43
Chiral
| |
0.25] :
- i
] ©
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' T T I T o T T T T
0.00 2.00 400 6.00 8.00 10.00 12.00 14.00 16.00
Peak# | Ret. Time Area Area %
1 6.254 2629186 | 56.19
2 10.985 | 2049785 | 43.81
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Compound 5c

Racemic

0O

MeO I

5¢c

CONHBn
ONO,

HPLC Conditions

Column:

Industries, Ltd.
Eluent: Hexanes / isopropanol (92:8)

Flow rate: 1.0 mL/min
Detection: UV 254 nm

Chiralcel

AD-H, Daicel

Chemical
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Compound 5d

HPLC Conditions

o) Column: Chiralcel AD-H, Daicel Chemical
CONBn, Industries, Ltd.
ONO, Eluent: Hexanes / isopropanol (85:15)
54 Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
0. 1+ l
] i
0. 12 P o
1 B =
0. 10 =
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0. 06 i
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0.00 5.00 10.00 15.00 20.00 25. 00 30.00 35.00
Peal# Ret. time Area Area %
1 21.028 | 4723091 50.07
2 31.642 | 4709688 49.93
9432779 100.00
Chiral
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Peak# | Ret. Time Area Area %
1 20.161 | 5959315 | 60.04
2 30.096 | 3966504 | 39.96
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Compound Se

HPLC Conditions

0o Column: Chiralcel AD-H, Daicel Chemical
O CONBn, Industries, Ltd.
MeO ONO, Eluent: Hexanes / isopropanol (92:8)
50 Flow rate: 1.0 mL/min
Detection: UV 254 nm
Racemic
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] A
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] | ]I
0.10] I. A
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e ™
Peak# | Ret. Time Area Area %
1 13.436 | 19074785 | 50.49
2 39.141 | 18706156 | 49.51
Chiral
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1 13.324 | 15110948 | 43.81
2 38.849 | 19378069 | 56.19
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