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A. General information

The 'H and '*C NMR spectra were recorded at 500 MHz for 'H and at 125 MHz for
13C. The chemical shifts (6) for 'H and 'C are given in ppm relative to residual
signals of the solvents (CDCl; at 7.26 ppm 'H NMR, 77.16 ppm 3C NMR. d6-DMSO
at 2.50 ppm 'H NMR, 39.52 ppm '3C NMR). Coupling constants are given in Hz. The
following abbreviations are used to indicate the multiplicity: s, singlet; d, doublet; t,
triplet; g, quartet; m, multiplet. High-resolution mass spectra (HRMS) were obtained
from the Waters Q-Tof Ultima Global. X-ray data was obtained from Zhongke
chemical technology service center. Optical rotations are reported as follows: [a]p?® (¢
in g per 100 mL, solvent: CHCl;, MeOH).

Note: NMR signals containing common solvent contaminants were list. H;O in
CDCl; at 1.56 ppm 'H NMR, and in d6-DMSO at 3.33 ppm 'H NMR; Ethyl acetate in
CDCl; at 2.05 (s), 4.12 (q), 1.26 (t) ppm 'H NMR; Dichloromethane in CDCl; at 5.30
(s) ppm '"H NMR.

All the reactions were set up under air and using freshly distilled solvents, without
any precautions to exclude moisture, unless otherwise noted open air chemistry on the
bench-top. Chromatographic purification of products was accomplished using force-
flow chromatography (FC) on silica gel (300-400 mesh). For thin layer
chromatography (TLC) analysis throughout this work, Merck pre-coated TLC plates
(silica gel 60 GF254, 0.25 mm) were used, using UV light as the visualizing agent and
an phosphomolybdic acid or basic aqueous potassium permanganate (KMnQO,) as
stain developing solutions. Organic solutions were concentrated under reduced
pressure on a Biichi rotary evaporator.

HPLC analyses on chiral stationary phase were performed on an Hitachi Chromaste.
Daicel Chiralpak IA, IB, IC, or chiral-N(s)(2) columns with n-hexane/i-PrOH as the
eluent were used. HPLC traces were compared to racemic samples which prepared by

mixture of two enantiomeric final products obtained using (S) and (R) catalyst.



Commercial reagents and solvents were purchased from Sigma Aldrich, Fluka, and
Alfa Aesar used as received, without further purification. The 2-
hydroxycinnamaldehydes 1 were prepared according to the literature procedures.!]
All 1-nitromethylcycloalcohols were prepared from cyclic ketones according to the

literature procedures.?] 2-nitroethanol 2f and 2-nitropropan-1-ol 2u were purchased.

[1] Sun X-L; Chen Y-H; Zhu D-Y; Zhang Y; Liu Y-K. Org. Lett. 2016, /8, 864.
[2] Mo-Hui Wei, Yi-Rong Zhou, Liang-Hu Gu, Fan Luo, Fang-Lin Zhang. Tetrahedron Letters. 2013,

54, 2546.



B. Preparation of substrates

B1. Preparation of 3"

NH,
CFs CFs O CF
CSCly, NaHCO FaC SN S 3
Q _ OSCl NaHCO; Q TN Sonit AN
o o NH HN
FiC NH, CH,Cly, 0°C FiC NCS CH,Cly, 25 °C

s3" FsC 3" CFs

To a solution of 3,5-bis(trifluoromethyl)aniline (3 mL, 20 mmol, 1.0 equiv.) and
saturated sodium bicarbonate solution (40 mL) in CH,Cl, (40 mL) was added
thiophosgene CSCl, (1.7 mL, 22 mmol, 1.1 equiv.) very slowly at 0 °C. The reaction
was stirred at 0 °C for about 2 h (monitored by TLC). The reaction mixture was
extracted three times with CH,Cl, and the combined organic layers were washed with
saturated sodium chloride solution. The organic layer was dried with anhydrous
Na,SO,4 and the solvent was evaporated. The product was purified by column
chromatography on a silica gel (petroleum ether) to afford the desired product S3" as
a yellow oil (2.4 g).

To a solution of S3” (2.4 g, 8.9 mmol, 2.5 equiv.) in CH,Cl, (5§ mL) was added
(1R,2R)-cyclohexane-1,2-diamine (405 mg, 3.5 mmol, 1.0 equiv.) at 25 °C. The
reaction was stirred at 25 °C for about 12 h until the consumption of (1R,2R)-
cyclohexane-1,2-diamine (monitored by TLC). Then the reaction mixture was
concentrated and the residue was purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 5/1) to give product 3" (1.2 g, 23% yield over two

steps).



B2. Preparation of 2-nitro-3-phenylpropan-1-ol 2s

H H

EtOOC.__X__COOEt
| 29
©Ao 1) CH3NO,, NaOH, MeOH ©/\/N02 N ©/\/ NO:
2) 6M HCI, 0 °C

28 CH,Cl,, 40 °C 30
NO, NaOAc NO,
©/\/ + (CH0), ———— ©/\[
THF, r.t.
30 2s OH

To a solution of benzaldehyde (1.8 mL, 18 mmol, 1.0 equiv.) and nitromethane (1.1
mL, 20 mmol, 1.1 equiv.) in MeOH (5 mL) was added NaOH (1.1 g, 27 mmol, 1.5
equiv.) in MeOH (5 mL) at 0 °C. The reaction was stirred at 0 °C for 2 h until the
consumption of benzaldehyde (monitored by TLC). After that, pour the reaction
mixture into 6M HCI solution at 0 °C and white precipitation started to form. 28 (1.6 g,
60% yield) could be afforded as a yellow solid by recrystallization with EtOH. To a
solution of 28 (298 mg, 2 mmol, 1.0 equiv.) in CH,Cl, (3 mL) was added 29 (608 mg,
2.4 mmol, 1.2 equiv.) and the reaction was refluxed at 40 °C for 48 h. The solvent was
evaporated and the product was purified by column chromatography on a silica gel
(petroleum ether/ethyl acetate = 80/1) to afford the desired product 30 as a yellow oil
(272 mg, 90% yield).

To a solution of 30 (272 mg, 1.8 mmol, 1.0 equiv.) in THF (3 mL) was added NaOAc
(44 mg, 0.54 mmol, 0.3 equiv.) and paraformaldehyde (49 mg, 1.6 mmol, 0.9 equiv.)
at room temperature. The reaction was stirred at room temperature until completion of
the reaction. The reaction mixture was extracted three times with ethyl acetate and the
combined organic layers were washed with saturated sodium chloride solution. The
organic layer was dried with anhydrous Na,SO,4 and then the solvent was evaporated.
The product was purified by column chromatography on a silica gel (petroleum
ether/ethyl acetate = 5/1) to afford the desired product 2s as a white solid (222 mg, 68%
yield).



B3. Preparation of 2-nitropropane-1,3-diol 2u

NaOAc
ogN/\/OH + (CH0)y ———— HO/\/\OH
THF, r.t. NO,
2f 2u

To a solution of 2—nitroethanol (0.43 mL, 6 mmol, 1.0 equiv.) in THF (10 mL) was
added NaOAc (148 mg, 1.8 mmol, 0.3 equiv.) and paraformaldehyde (180 mg, 6
mmol, 1.0 equiv.) at room temperature. The reaction was stirred at room temperature
until completion of the reaction. The reaction mixture was extracted three times with
ethyl acetate and the combined organic layers were washed with saturated sodium
chloride solution. The organic layer was dried with anhydrous Na,SO, and then the
solvent was evaporated. The product was purified by column chromatography on a
silica gel (petroleum ether/ethyl acetate = 1.5/1) to afford the desired product 2u as a
yellow oil (300 mg, 41% yield).

B4. Preparation of ethyl 2-hydroxy-3-nitropropanoate 6

OH
EtO__~ EtsN
_NOo, 8% _ Eto
j(\o * Me 2
% 0-25°C O NO,
6

To a solution of ethyl 2-oxoacetate (1 mL, 5 mmol, 1.0 equiv.) in nitromethane (10
mL) was added Et;N (0.35 mL, 2.5 mmol, 0.5 equiv.) at 0 °C. The reaction was stirred
at 25 °C until completion of the reaction. Then the solvent nitromethane was
evaporated. The residue was purified by column chromatography on a silica gel
(petroleum ether/ethyl acetate = 4/1) to afford the desired product 6 as a white solid
(643 mg, 79% yield).

BS. Preparation of (2-nitroethyl)(phenyl)sulfane 14

Ac,0/Py PhSH, Et;N __SPh
_ =
O,N

o ks 31 CH4CN, 0°C 14

To a solution of 2—nitroethanol (0.36 mL, 5 mmol, 1.0 equiv.) and acetic anhydride

(0.52 mL, 5.5 mmol, 1.1 equiv.) in CH,Cl, (8 mL) was added pyridine (0.45 mL, 5.5



mmol, 1.1 equiv.). The reaction was stirred under nitrogen atmosphere at room
temperature. After 7 h, the reaction mixture was poured into 1M HCI and the aqueous
phase was extracted with dichloromethane. The combined organic layers were washed
with 1M HCI for three times. The organic layer was washed with saturated sodium
chloride solution and was dried with anhydrous Na,SO,4 and then the solvent was
evaporated. The product was purified by column chromatography on a silica gel
(petroleum ether/ethyl acetate = 5/1) to afford the desired product 31 as a colorless oil
(542 mg, 81% yield).

To a solution of 31 (542 mg, 4 mmol, 1.0 equiv.) and thiophenol (0.42 mL, 4 mmol,
1.0 equiv.) in acetonitrile (6 mL) was added Et;N (0.57 mL, 4 mmol, 1.0 equiv.) at 0
°C. The reaction was stirred at 0 °C for 30min. The reaction mixture was poured into
IM HCI at 0 °C and the aqueous phase was extracted with ethyl acetate . The
combined organic layers were washed with 1M HCI for three times. The organic layer
was washed with saturated sodium chloride solution and was dried with anhydrous
Na,SO, and then the solvent was evaporated. The product was purified by column
chromatography on a silica gel (petroleum ether/ethyl acetate = 100/1-30/1) to afford

the desired product 14 as a colorless oil (608 mg, 82% yield).

B6. Preparation of 5-bromo-2-(2-nitroethyl)-1H-indole 17

H H

Br N/ No etooc._4__COOEt Br \ NO,
* || -
N N

B N CH,Cly, 40 °C H
H
7

32 29 1

The synthetic method of 32 is the same as that of 34.

To a solution of 32 (200 mg, 0.75 mmol, 1.0 equiv.) in CH,Cl, (3 mL) was added 29
(190 mg, 0.75 mmol, 1.0 equiv.) and the reaction was refluxed at 40 °C for 6 days.
The solvent was evaporated and the product was purified by column chromatography
on a silica gel (petroleum ether/ethyl acetate = 6/1-4/1) to afford the desired product
17 as ared oil (141.4 mg, 70% yield).



B7. Preparation of 1-methyl-3-(2-nitroethyl)-1H-indole 18

NO
—~0 =0 2
CHgl, NaH CH3NO,, NH,0Ac -
\ N N
N dry THF, 0 °C-rt. N 100 °C reflux N
H Me \
33 34 Me
NO, NO,
- NaBH,
N . A\
N THF : MeOH = 9:1, 0 °C N
Me Me
34 18

To a solution of sodium hydride (560 mg, 14 mmol, 2.0 equiv.) in dry THF (10 mL)
was added indole-3-carboxaldehyde (1 g, 7 mmol, 1.0 equiv.) at 0 °C in nitrogen
atmosphere. The reaction was stirred at room temperature for 1 h and iodomethane
(872 pL, 14 mmol, 2.0 equiv.) was added to the reaction. The reaction was stirred at
room temperature until completion of the reaction. The mixture was quenched with
sat. NH4Cl and extracted with ethyl acetate. The combined organic layers were dried
over anhydrous Na,SO, and the solvent was evaporated. The product was purified by
column chromatography on a silica gel (petroleum ether/ethyl acetate = 2/1) to afford
the desired product 33. To a solution of 33 (1.14g, 7 mmol, 1.0 equiv.) in
nitromethane (8 mL) was added ammonium acetate (270 mg, 3.5 mmol, 0.5 equiv.)
and the reaction was refluxed at 100 °C for 1 h. The reaction mixture was
recrystallized with ethanol and the desired product 34 was obtained as a yellow solid
(1.3g, 93% yield for 2 steps).

To a solution of 34 (300 mg, 1.5 mmol, 1.0 equiv.) in mixed solvent (THF/ MeOH =
9/1, 3 mL) was added sodium borohydride (84 mg, 2.2 mmol, 1.5 equiv.) at 0 °C and
the reaction was stirred at room temperature overnight. The mixture was quenched
with sat. NH4Cl and extracted with ethyl acetate. The combined organic layers were
dried over anhydrous Na,SO, and the solvent was evaporated. The product was
purified by column chromatography on a silica gel (petroleum ether/ethyl acetate =

15/1) to afford the desired product 18 as a yellow oil (134.4 mg, 44% yield).



C. Optimization of the reaction conditions

C1. Optimization of the Michael Addition

cat. (20 mol %)

@[Oj\ <:><H additive (20 mol %)
Z>cHo

NO, solvent, Tem.

o
p-TSOH (40 mol %) %
CH,Cly, 25 °C :
2Cl2 NO,

1a 2a 5a

3: Ar=Ph, R=TMS

Ar
mOR 3a: Ar=Ph, R=TBS O‘COOH
3b: Ar = 3,5-(CF3),CeH3, R = TMS N N

N Ar B
H 3c: Ar = 3,5-(CH3),CgH3, R = TES 0C

CF
o/ ’
N>< s
*TFA
Ph NH H H
3g
A1: NaOAc A4: 2-OHCgH4COOH

A2: DIPEA AS5; 2-FCgH,COOH >\’_NH HN%
A3: C4HsCOOH

CF;
Table S1. Optimization of the Michael Addition?
Tem Yield ee
Entry  Cat. additive Solvent t(d)® dre
(°C) (%0)° (%)
1 3 / CHCl; 25 1 55 71 >20:1
2 3 / CHCl; 0 3 69 87 >20:1
3 3a / CHCl; 0 3 66 87 >20:1
4 3b / CHCl; 0-60 3 trace 5 >20:1
5 3¢ / CHCl; 0 3 trace 87 >20:1

6 3d / CHCl, 0 3 / / /



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

3e

3f

3!

3+3h

3+3’

3'+3e

CHCl;

CHCl;

CHCl;

CHCl;

CHCl;

CHCl;

CHCl;

toluene

CH,Cl,

DCE

TCE

Benzotrifluoride

Bromobenzene

MTBE

CH;CN

Et,O

THF

EA

Acetone

0-40

0-40

51

trace

44

54

trace

42

trace

39

53

44

57

57

14

44

29

86

87

18

83

84

83

83

76

79

82

76

80

79

77

76

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1

>20:1



26 3
27 3
28 3
29 3
30 3
31 3

Al

A2

A3

A4

AS

3"

CHCl;

CHCl;

CHCl;

CHCl;

CHCl;

CHCl;

0 3 trace
0 3 53
0 3 trace
0 3 /

0 3 32
0 3 71

86

84

87

86

91

>20:1

>20:1

>20:1

>20:1

>20:1

[a] Unless otherwise specified, all reactions were carried out using 2a (0.05 mmol, 1.0 equiv.), 1a (0.06 mmol, 1.2

equiv.) in solvent (0.2 mL) with cat. (20 mol %) and additive (20 mol %) at 0 °C. After workup, the mixture was

purified by flash chromatography on silica gel to afford 4a. Compound 4a was dissolved in redistilled CH,Cl,

(0.05 mmol in 0.3 mL) at 25 °C. p-TsOH (40 mol %) was added. After full conversion of the second step, the

residue was purified by flash chromatography on gel to give product 5a. [b] For the first step. [c] Isolated yield of

5a over two steps. [d] Determined by HPLC analyses of isolated compound 5a on chiral stationary phases. [e]

Determined by 'H NMR.

TMS = trimethylsilyl

TBS = (1,1-Dimethylethyl)dimethylsilyl

TES = triethylsilyl

DIPEA = N,N-Diisopropylethylamine

p-TsOH = p-Toluenesulfonic acid.

DCE = 1,2-dichloroethane

TCE = 1,1,2,2-tetrachloroethane

MTBE = tert-Butyl methyl ether

THF = tetrahydrofuran

EA = cthyl acetate



C2. Optimization of the one-pot reaction

.
& CHO

<:>SOH additive (20 mol %)

cat. (20 mol %)
p-TsOH (40 mol %)

NO, CHCl3, 0 °C CH,Cl,, 25 °C
1a 2a
Table S2. Optimization of the one-pot reaction?
Yield
Entry Cat. additive  t(d)® ee (%)4 dre

(%0)°

1 3 / 3.5 73 79 >20:1

2 3a / 3.5 69 81 >20:1

3 3 3" 3.5 66 79 >20:1

[a] Unless otherwise specified, all reactions were carried out using 2a (0.05 mmol, 1.0 equiv.), 1a (0.06 mmol, 1.2
equiv.) in CHCl; (0.2 mL) with 3 (20 mol %) and additive (20 mol %) at 0 °C for 3 days. Then p-TsOH (40 mol %)
was added to the reaction mixture at 25 °C. After workup, the mixture was purified by flash chromatography on

silica gel to afford 5a. [b] For the two steps. [c] Isolated yield of 5a over two steps. [d] Determined by HPLC

analyses of isolated compound 5a on chiral stationary phases. [e] Determined by 'H NMR.

TMS = trimethylsilyl

p-TsOH = p-Toluenesulfonic acid.

TBS = (1,1-Dimethylethyl)dimethylsilyl



D. Scope of the reaction 1

+
Py}
)

R!

3" (20 mol %)

|I’-\2
-,
> cHo OaN

p-TSOH (40 mol %)

R' ()
R?
3
O,N ReR-

1 2
oL, O
> CcHo NO,
1a 2a
ZcHo NO
1a 2b 2
L., oY
— F
CHO N
1a 2c O:
c,., 0%
ZCcHo NO,
1a 2d
=
CHO
1a 2eN02
OH
OH
©/\/\ OZN/\/
CHO 2f
1a
OMe
OH OH
= NO
CHO 2d 2
19
F
OH OH
= NO
CHO 2d 2

1h




o
o]
=

OSOH

NO,

CHO

OH
=

MeO.

2d

1

CHO

OH
=

Cl

1j

NO,

5l

I nw/_ o
T T
N N

CHO
CHO

OH
=
1k
OH
L.
11

Me
F
Cl

1m

©)
O&N

(0]
/@[/\
10

NO,

OH

NO,

CHO

Ph

OH

CHO

q

C

OH

CHO

B

OH

o
I
O

1a



OH
NO,
(0]
OH
<j/\/\CHO )}/ ‘
1a 5t 02N\ Me
OH ©
HO OH
> cHo \)\/ -
1a 2u 5uON 7
HO

General procedure: A glass vial equipped with a magnetic stirring bar was charged
with 1-nitromethylcycloalcohols 2 (0.20 mmol, 1.0 equiv.), different substituted 2-
hydroxycinnamaldehydes 1 (0.24 mmol, 1.2 equiv.), 3 (0.04 mmol, 0.2 equiv.) and 3"
(0.04 mmol, 0.2 equiv.) in CHCI; (0.5 mL) at 0 °C. The resulting reaction mixture was
kept under vigorous stirring until the consumption of 2 (monitored by TLC analysis).
After completion of the reaction, the residue was purified by flash chromatography on
silica gel (petroleum ether/ethyl acetate = 5/1 to 1.5/1) to afford 4 as intermediate.
Then, compound 4 (1.0 equiv.) was respectively dissolved in anhydrous CH,Cl, (0.10
mmol in 0.5 mL) at 25 °C and p-TsOH (0.4 equiv.) was added to the reaction mixture.
After full conversion of the second step, the residue was purified by flash
chromatography on silica gel (petroleum ether/ethyl acetate = 100/1 to 4/1) to give
product 5 for NMR and HPLC analysis.



(0]
@OO
NO

2
5a

Sa was obtained as a white solid 40.8 mg in 71% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 60/1). 'TH NMR (500
MHz, CDCl;) 6 7.26 (dd, J = 7.6, 2.5 Hz, 2H), 6.93 (t, J = 7.5 Hz, 1H), 6.82 (d, J =
8.1 Hz, 1H), 5.74 (s, 1H), 4.72 (d, J = 3.6 Hz, 1H), 3.63 (d, J = 2.9 Hz, 1H), 2.17 (dt,
J=13.2,2.3 Hz, 1H), 2.04 — 1.91 (m, 2H), 1.86 — 1.59 (m, 5H), 1.56— 1.47 (m, 2H),
1.36 — 1.28 (m, 1H), 1.03 (qt, J = 13.2, 4.0 Hz, 1H), 0.82 (td, J = 13.6, 3.6 Hz, 1H)
ppm. BC NMR (125 MHz, CDCl3) ¢ 153.5, 131.7, 129.7, 121.9, 120.5, 115.7, 93.6,
91.4, 75.2, 40.0, 31.5, 30.7, 30.6, 25.4, 21.6, 21.4 ppm. HRMS: [M-H] calcd. For
Ci6H1gNOy 288.1241, found 288.1237. [a]p*® 40.28 (¢ = 2.08 in CHCI;). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak IB
column [n-hexane/i-PrOH = 90/10, 1 mL/min], 4 = 210 nm, %, = 8.03 min, #,ner =
7.35 min, ee = 91%. The enantiomeric excess after recrystallization was determined
by HPLC analysis on Daicel Chiralpak IB column [r-hexane/i-PrOH = 90/10, 1
mL/min], 4 = 210 nm, f,40, = 6.91 min, #,, = 6.33 min, ee = 97%. The

diastereomeric ratio was determined by 'H NMR, dr >20:1.

O

NO,
5b

Sb was obtained as a white solid 40.2 mg in 63% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 60/1). 'TH NMR (500
MHz, CDCl;) ¢ 7.27 (dd, J = 26.1, 7.8 Hz, 2H), 6.93 (t, J = 7.5 Hz, 1H), 6.81 (d, J =
8.1 Hz, 1H), 5.72 (s, 1H), 4.72 (d, J = 3.4 Hz, 1H), 3.68 (s, 1H), 2.26 — 2.12 (m, 2H),
2.05-1.98 (m, 1H), 1.80 — 1.63 (m, 2H), 1.50 (dd, J = 13.5, 3.0 Hz, 1H), 1.34 (dd, J
=14.3, 3.1 Hz, 1H), 1.17 (dd, J = 13.1, 1.7 Hz, 1H), 1.06 (td, J = 14.0, 3.5 Hz, 1H),
0.98 (dd, J=13.2, 2.6 Hz, 1H), 0.89 (s, 3H), 0.76 (s, 3H) ppm. 3C NMR (125 MHz,
CDCly) 0 153.4, 131.6, 129.5, 121.7, 120.4, 115.5, 92.9, 91.2, 75.0, 36.1, 34.1, 34.0,



324, 31.3, 304, 29.3, 26.1, 23.8 ppm. HRMS: [M-H] calcd. For C;gH;NO4
316.1554, found 316.1548. [a]p?® 45.66 (¢ = 1.46 in CHC]ls). The enantiomeric excess
was determined by HPLC analysis on Daicel Chiralpak IB column [r-hexane/i-PrOH
=90/10, 1 mL/min], 4 = 210 nm, #,,4jor = 6.24 min, f,;,,- = 5.71 min, ee = 88%. The

diastereomeric ratio was determined by 'H NMR, dr >20:1.

Ty
ﬁlo2 FF
5¢
Sc was obtained as a colorless oil 46 mg in 71% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 8/1). 'TH NMR (500
MHz, CDCl3) 6 7.28 (d, J = 7.5 Hz, 2H), 6.96 (t, /= 7.4 Hz, 1H), 6.83 (d, J = 8.5 Hz,
1H), 5.74 (s, 1H), 4.80 (d, J = 3.5 Hz, 1H), 3.74 (s, 1H), 2.37 — 2.14 (m, 4H), 2.05
(ddd, J=13.3, 3.8, 1.9 Hz, 1H), 1.96 (t, J = 11.4 Hz, 1H), 1.76 (dd, J = 7.7, 2.4 Hz,
2H), 1.61 — 1.54 (m, 1H), 1.29 — 1.23 (m, 1H) ppm. 3C NMR (125 MHz, CDCl;) ¢
153.2, 131.6, 129.9, 121.1, 120.8, 115.6, 91.3, 91.2, 73.3, 36.7, 36.6, 31.2, 30.3, 29.5,
29.3, 29.1, 26.6, 26.5 ppm. HRMS: [M-H] calcd. For C;sH;sF,NO4 324.1053, found
324.1056. [a]p*® 29.79 (¢ = 1.65 in CHCI;). The enantiomeric excess was determined
by HPLC analysis on Daicel Chiralpak IA column [n-hexane/i-PrOH = 90/10, 1
mL/min], 4 = 210 nm, t,40, = 857 min, fyp, = 7.88 min, ee = 85%. The

diastereomeric ratio was determined by 'H NMR, dr >20:1.

0
@OD
NO,
5d
5d was obtained as a white solid 47.4 mg in 86% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 50/1). TH NMR (500
MHz, CDCl3) 6 7.29 — 7.23 (m, 1H), 7.17 — 7.12 (m, 1H), 6.91 (t, J = 7.4 Hz, 1H),
6.84 (d, J = 8.2 Hz, 1H), 5.66 (s, 1H), 4.94 (d, J = 3.3 Hz, 1H), 3.86 (d, J = 2.7 Hz,

1H), 2.24 (dt, J = 13.1, 2.4 Hz, 1H), 2.11 (ddd, J = 13.2, 9.6, 6.3 Hz, 2H), 1.88 (dd, J



=13.3,4.7 Hz, 1H), 1.82 — 1.72 (m, 1H), 1.72 — 1.60 (m, 2H), 1.52 (ddd, J = 15.0, 7.3,
3.7 Hz, 1H), 1.46 — 1.36 (m, 1H), 1.32 (ddd, J = 13.2, 9.0, 5.0 Hz, 1H) ppm. 3C
NMR (125 MHz, CDCl;) ¢ 153.2, 130.5, 129.6, 120.8, 120.7, 116.0, 91.6, 90.1, 84.2,
42.4, 33.6, 32.1, 30.5, 26.7, 23.4 ppm. HRMS: [M-H]" calcd. For CsH;NO,
274.1085, found 274.1090. [a]p2® 16.59 (¢ = 0.67 in CHCl;). The enantiomeric excess
was determined by HPLC analysis on Daicel Chiralpak IB column [n-hexane/i-PrOH
= 95/5, 1 mL/min], A = 210 nm, #,40 = 7.85 min, f,;,or = 7.40 min, ee = 93%. The
enantiomeric excess after recrystallization was determined by HPLC analysis on
Daicel Chiralpak IB column [n-hexane/i-PrOH = 95/5, 1 mL/min], 4 = 210 nm, #,,4or
= 7.99 min, t,,;,,- = 7.47 min, ee >99%. The diasterecomeric ratio was determined by

"H NMR, dr >20:1.

S9)3
5e Ko,
Se was obtained as a white solid 32 mg in 61% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 60/1-40/1). "TH NMR
(400 MHz, CDCl3) 6 7.26 — 7.20 (m, 1H), 7.14 (dd, J = 7.6, 1.4 Hz, 1H), 6.91 (td, J =
7.5, 0.9 Hz, 1H), 6.83 (d, J= 8.2 Hz, 1H), 5.66 (s, 1H), 4.72 (d, /= 3.0 Hz, 1H), 3.74
(d, /J=2.7 Hz, 1H), 2.61 — 2.48 (m, 1H), 2.34 — 2.13 (m, 3H), 2.09 (ddd, J = 13.2, 4.0,
1.9 Hz, 1H), 1.76 (ddq, J = 10.7, 8.3, 5.3 Hz, 2H), 1.55 — 1.40 (m, 1H) ppm. 3C
NMR (101 MHz, CDCl;) ¢ 153.1, 130.8, 129.7, 120.9, 120.1, 116.1, 92.1, 89.9, 60.5,
34.1, 32.3, 31.3, 30.4, 13.8 ppm. HRMS: [M-H] calcd. For C14H4NO4 260.0928,
found 260.0933. [a]p?® 11.86 (¢ = 1.18 in CHCIs). The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak IB column [n-hexane/i-PrOH =
98/2, 1 mL/min], A = 210 nm, #,4, = 14.04 min, #,,,- = 13.17 min, ee = 95%. The

diastereomeric ratio was determined by 'H NMR, dr >20:1.



0
5¢' NO,
Se’ was obtained as a white solid 10 mg in 19% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 60/1). 'TH NMR (400
MHz, CDCl3) ¢ 7.28 — 7.18 (m, 2H), 6.96 (t,J = 7.4 Hz, 1H), 6.86 (d, J = 8.1 Hz, 1H),
5.75 (s, 1H), 4.91 (d, J = 2.6 Hz, 1H), 3.62 (s, 1H), 2.60 (dt, J = 13.6, 2.5 Hz, 1H),
2.32(dd, J=22.5,9.7 Hz, 1H), 2.18 — 2.00 (m, 2H), 1.86 — 1.78 (m, 1H), 1.73 (ddd, J
=14.5, 10.1, 5.1 Hz, 1H), 1.54 — 1.40 (m, 1H), 1.08 (ddt, /= 12.9, 8.7, 4.2 Hz, 1H)
ppm. B3C NMR (101 MHz, CDCl3) ¢ 153.9, 129.9, 128.4, 121.6, 121.2, 116.8, 92.7,
89.2, 73.7, 35.9, 33.9, 32.6, 22.8, 12.8 ppm. HRMS: [M-H] calcd. For C;4H;4NOy4
260.0928, found 260.0924. [a]p2® 71.17 (¢ = 2.39 in CHC]l;). The enantiomeric excess
was determined by HPLC analysis on Daicel Chiralpak IC column [n-hexane/i-PrOH
=90/10, 1 mL/min], A = 210 nm, #,40 = 7.47 min, o = 5.99 min, ee = 98%. The

diastereomeric ratio was determined by 'H NMR, dr >20:1.

Oy

s NO,
5f was obtained as a white solid 10 mg in 23% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 20/1-10/1). "TH NMR
(400 MHz, CDCl3) 6 7.24 (d, J= 1.7 Hz, 1H), 6.96 (dd, J=11.9, 4.7 Hz, 2H), 6.90 (t,
J=17.4 Hz, 1H), 5.58 (s, 1H), 4.80 (ddd, /=11.2, 5.1, 3.9 Hz, 1H), 4.16 (dd, J = 12.0,
5.2 Hz, 1H), 3.94 (d, J=2.2 Hz, 1H), 3.88 (t, /= 11.6 Hz, 1H), 2.26 (dt,J=13.4,2.3
Hz, 1H), 2.11 (ddd, J = 13.4, 3.9, 1.9 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl;) ¢
154.8, 152.1, 130.1, 129.6, 121.6, 115.7, 91.1, 81.0, 57.9, 33.0, 28.8 ppm. HRMS:
[M-H]" calcd. For C;1H(NO, 220.0615, found 220.0618. [a]p?? -40.39 (¢ = 0.29 in
CHCI;). The enantiomeric excess was determined by HPLC analysis on Daicel
Chiralpak IC column [n-hexane/i-PrOH = 90/10, 1 mL/min], 2 = 210 nm, #,,4j,- = 8.64
min, t,,;,,- = 7.66 min, ee = 98%. The diastereomeric ratio was determined by NMR,

dr>20:1.



o

5¢ NO2

5f” was obtained as a white solid 26.2 mg in 59% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 60/1). '"H NMR (400
MHz, CDCl;) 6 7.32 — 7.26 (m, 1H), 7.19 (dd, J = 7.8, 1.4 Hz, 1H), 7.02 — 6.95 (m,
2H), 5.64 (s, 1H), 4.51 (d, J = 14.1 Hz, 1H), 4.30 (d, /= 0.9 Hz, 1H), 4.00 — 3.88 (m,
2H), 2.36 (dt, J = 13.7, 2.4 Hz, 1H), 1.84 (ddd, J = 13.7, 2.0, 1.2 Hz, 1H) ppm. 13C
NMR (101 MHz, CDCl;) ¢ 155.0, 129.8, 128.7, 121.5, 116.3, 92.4, 82.7, 58.8, 31.3,
24.6 ppm. HRMS: [M-H] calcd. For C1;H(NO4 220.0615, found 220.0613. [a]p?’ -
25.53 (¢ = 0.75 in CHCIl;). The enantiomeric excess was determined by HPLC
analysis on Daicel Chiralpak ID column [r-hexane/i-PrOH = 90/10, 1 mL/min], 4 =
210 nm, tgjor = 12.21 min, ¢y = 10.70 min, ee = 95%. The diastereomeric ratio was

determined by NMR, dr >20:1.

OMe
@i@b
Sg was obtained as a white solid 36 mg in 59% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1-8/1). 'H NMR
(500 MHz, CDCl3) 6 6.90 — 6.83 (m, 2H), 6.74 (dd, J = 5.7, 3.4 Hz, 1H), 5.78 (d, J =
0.9 Hz, 1H), 4.92 (d, J = 3.3 Hz, 1H), 3.88 (s, 4H), 2.23 (dt, J = 13.1, 2.5 Hz, 1H),
2.14-2.02 (m, 2H), 1.91 — 1.82 (m, 1H), 1.75 (dd, J = 13.5, 7.5 Hz, 1H), 1.72 — 1.65
(m, 1H), 1.65 — 1.58 (m, 1H), 1.56 — 1.48 (m, 1H), 1.43 — 1.30 (m, 2H) ppm. 3C
NMR (125 MHz, CDCl;) 0 147.5, 142.8, 122.3, 121.7, 120.6, 111.6, 91.9, 90.2, 84.4,
56.1, 42.7, 33.7, 32.1, 30.5, 26.9, 23.6 ppm. HRMS: [M+Na]* calcd. For
Ci6H1oNNaOs* 328.1155, found 328.1151. [a]p?® -22.27 (¢ = 1.43 in CHCI;). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak IB
column [n-hexane/i-PrOH = 95/5, 1 mL/min], 2 = 210 nm, #,,4jo- = 17.01 min, #,er =

15.65 min, ee = 94%. The diastereomeric ratio was determined by NMR, dr >20:1.



F
@‘b
S5h was obtained as a white solid 38 mg in 65% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 30/1-20/1). "TH NMR
(500 MHz, CDCl;) ¢ 7.07 (ddd, J = 10.6, 8.2, 1.4 Hz, 1H), 6.94 (d, J = 7.7 Hz, 1H),
6.85 (td, J = 8.0, 4.9 Hz, 1H), 5.76 (s, 1H), 4.94 (d, /= 3.4 Hz, 1H), 3.92 (d, /= 2.6
Hz, 1H), 2.27 (dt, J = 13.3, 2.5 Hz, 1H), 2.17 — 2.06 (m, 2H), 1.94 — 1.85 (m, 1H),
1.81 — 1.60 (m, 3H), 1.58 — 1.49 (m, 1H), 1.45 — 1.36 (m, 1H), 1.32 (ddd, J = 20.0,
10.1, 5.5 Hz, 1H) ppm. 3C NMR (125 MHz, CDCl3) ¢ 151.7, 149.8, 125.7, 125.6,
123.4, 120.5, 120.4, 116.3, 116.2, 91.8, 90.0, 84.5, 42.6, 33.8, 31.8, 31.8, 30.4, 26.9,
23.6 ppm. HRMS: [M-H]- calcd. For CsH;sFNO4 292.0991, found 292.0992. [a]p?*
21.87 (¢ = 1.45 in CHCIl;). The enantiomeric excess was determined by HPLC
analysis on Daicel Chiralpak Chiral-NS (2) column [r-hexane/i-PrOH = 95/5, 1
mL/min], 4 = 210 nm, t,45 = 12.14 min, f,,,, = 11.49 min, ee = 94%. The

diastereomeric ratio was determined by NMR, dr >20:1.

MeO 0.
@Cb

NO,
5i

5i was obtained as a white solid 18 mg in 29% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 50/1-20/1). "TH NMR
(500 MHz, CDCl3) 6 7.04 (d, J = 8.5 Hz, 1H), 6.49 (dd, J = 8.5, 2.5 Hz, 1H), 6.40 (d,
J=2.5Hz, 1H), 5.63 (d, /= 0.8 Hz, 1H), 4.90 (d, /= 3.2 Hz, 1H), 3.81 (d, /= 3.0 Hz,
1H), 3.78 (s, 3H), 2.21 (dt, J = 13.1, 2.5 Hz, 1H), 2.16 — 2.04 (m, 2H), 1.87 (ddd, J =
12.2,5.2,3.4 Hz, 1H), 1.81 — 1.71 (m, 1H), 1.70 — 1.59 (m, 2H), 1.56 — 1.48 (m, 1H),
1.45 - 1.31 (m, 2H) ppm. 3C NMR (125 MHz, CDCl;) ¢ 161.1, 154.2, 131.2, 113.1,
107.3, 101.3, 91.8, 90.3, 84.4, 55.4, 42.5, 33.9, 31.6, 30.9, 26.8, 23.5 ppm. HRMS:
[M-H] calcd. For CisH sNOs 304.1190, found 304.1182. [a]p?® -27.15 (¢ = 1.33 in

CHCI;). The enantiomeric excess was determined by HPLC analysis on Daicel



Chiralpak IB column [n-hexane/i-PrOH = 90/10, 1 mL/min], A = 210 nm, #,,4j,- = 8.37
min, #,;,,- = 7.06 min, ee = 92%. The diastereomeric ratio was determined by NMR,

dr>20:1.

. NO,
Sj was obtained as a yellow oil 32 mg in 52% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 30/1-20/1). "TH NMR
(500 MHz, CDCls) 6 7.10 (d, J = 8.2 Hz, 1H), 6.90 (dd, J = 8.2, 1.0 Hz, 1H), 6.87 (s,
1H), 5.65 (s, 1H), 4.93 (d, J= 3.1 Hz, 1H), 3.83 (d, /= 2.3 Hz, 1H), 2.23 (d, /= 13.2
Hz, 1H), 2.18 — 2.10 (m, 1H), 2.05 (ddd, /= 13.3, 3.6, 1.4 Hz, 1H), 1.88 (dd, J=9.9,
8.2 Hz, 1H), 1.77 — 1.60 (m, 3H), 1.56 — 1.46 (m, 1H), 1.46 — 1.37 (m, 1H), 1.35—
1.28 (m, 1H) ppm. 3C NMR (125 MHz, CDCl;) ¢ 153.8, 135.0, 131.5, 121.0, 119.5,
116.2, 91.6, 89.9, 84.2, 42.3, 33.7, 31.5, 30.3, 26.6, 23.3 ppm. HRMS: [M-H] calcd.
For C;5sH;sCINO4 308.0695, found 308.0699. [a]p?’ -14.27 (¢ = 1.19 in CHCIl3). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak IB

column [n-hexane/i-PrOH = 95/5, 1 mL/min], 4 = 210 nm, t,40r = 9.99 min, 0, =

7.88 min, ee = 91%. The diastereomeric ratio was determined by NMR, dr >20:1.

o
3 :
5k was obtained as a white solid 40.8 mg in 71% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 30/1). TH NMR (500
MHz, CDCl;) ¢ 7.05 (dd, J = 8.3, 1.8 Hz, 1H), 6.92 (d, J = 1.5 Hz, 1H), 6.73 (d, J =
8.3 Hz, 1H), 5.63 (d, /= 0.8 Hz, 1H), 4.92 (d, J = 3.3 Hz, 1H), 3.82 (d, /= 3.0 Hz,
1H), 2.27 (s, 3H), 2.22 (dt, J=13.1, 2.5 Hz, 1H), 2.12 — 2.04 (m, 2H), 1.90 — 1.83 (m,
1H), 1.80 — 1.74 (m, 1H), 1.72 — 1.60 (m, 2H), 1.56 — 1.49 (m, 1H), 1.44 — 1.32 (m,
2H) ppm. 3C NMR (125 MHz, CDCl;) ¢ 151.0, 130.7, 130.3, 130.0, 120.5, 115.7,



91.6, 90.2, 84.1, 42.5, 33.7, 32.1, 30.7, 26.7, 23.4, 20.5 ppm. HRMS: [M-H] calcd.
For Ci¢H;sNO, 288.1241, found 288.1248. [a]p?® 29.37 (¢ = 0.96 in CHCI3). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak IB
column [n-hexane/i-PrOH = 80/20, 1 mL/min], A = 210 nm, #,,4j0r = 7.25 min, t,ner =

6.13 min, ee = 85%. The diastereomeric ratio was determined by NMR, dr >20:1.

0
] :
51 was obtained as a white solid 38 mg in 65% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 30/1-20/1). "TH NMR
(500 MHz, CDCl3) 6 6.99 — 6.88 (m, 2H), 6.77 (dd, J = 8.9, 4.7 Hz, 1H), 5.63 (d, J =
1.0 Hz, 1H), 4.91 (d, J = 3.4 Hz, 1H), 3.82 (d, J = 3.1 Hz, 1H), 2.26 — 2.10 (m, 2H),
2.05 (ddd, J=13.2,4.2,2.0 Hz, 1H), 1.90 — 1.83 (m, 1H), 1.79 — 1.59 (m, 3H), 1.55 —
1.49 (m, 1H), 1.47 — 1.33 (m, 1H), 1.27 (ddd, J = 15.7, 8.0, 3.0 Hz, 1H) ppm. 13C
NMR (125 MHz, CDCl) ¢ 157.7, 155.8, 149.5, 122.0, 117.1, 117.0, 116.9, 116.9,
116.7, 116.5, 91.7, 90.0, 84.4, 42.6, 33.8, 32.0, 30.4, 26.7, 23.5 ppm. HRMS: [M-H]-
caled. For CsH sFNOy 292.0991, found 292.0993. [a]p?® 8.50 (¢ = 1.57 in CHCI3).
The enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak 1B
column [n-hexane/i-PrOH = 90/10, 1 mL/min], 4 = 210 nm, #,40, = 7.73 min, tyiner =

7.05 min, ee = 92%. The diastereomeric ratio was determined by NMR dr >20:1.

o
_ :

S5m was obtained as a white solid 30 mg in 48% yield for two steps after column

chromatography on silica gel (petroleum ether/ethyl acetate = 30/1-15/1). TH NMR

(500 MHz, CDCl3) 6 7.24 —7.16 (m, 2H), 6.78 (d, J= 8.6 Hz, 1H), 5.65 (d, /= 1.0 Hz,

1H), 4.92 (d, J=3.4 Hz, 1H), 3.82 (d, J= 3.0 Hz, 1H), 2.23 (dt, J = 13.3, 2.5 Hz, 1H),

2.20 —2.13 (m, 1H), 2.05 (ddd, /= 13.3, 4.2, 2.0 Hz, 1H), 1.91 — 1.85 (m, 1H), 1.77 —



1.60 (m, 3H), 1.53 (ddd, J=15.3, 7.3, 3.6 Hz, 1H), 1.45 — 1.38 (m, 1H), 1.31 (ddd, J
=12.1, 8.6, 3.3 Hz, 1H) ppm. 3C NMR (125 MHz, CDCls) ¢ 152.0, 130.4, 129.8,
125.7, 122.6, 117.4, 91.8, 89.9, 84.4, 42.5, 33.8, 31.9, 30.4, 26.7, 23.5 ppm. HRMS:
[M-H] caled. For CisH;sCINO, 308.0695, found 308.0690. [a]p?® 55.19 (¢ = 1.11 in
CHCIl;). The enantiomeric excess was determined by HPLC analysis on Daicel
Chiralpak IB column [n-hexane/i-PrOH = 95/5, 1 mL/min], A = 210 nm, #,,4j0 = 9.53
min, ¢, = 8.59 min, ee = 93%. The diastereomeric ratio was determined by NMR

dr >20:1.

(e}
O
Br

5n

5n was obtained as a white solid 42 mg in 59% vyield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 20/1). TH NMR (500
MHz, CDCl;) 6 7.40 — 7.29 (m, 2H), 6.73 (d, J = 8.6 Hz, 1H), 5.65 (s, 1H), 4.92 (d, J
= 3.3 Hz, 1H), 3.82 (d, J= 3.0 Hz, 1H), 2.31 — 2.09 (m, 2H), 2.04 (ddd, J = 13.3, 4.1,
2.0 Hz, 1H), 1.93 — 1.83 (m, 1H), 1.80 — 1.59 (m, 3H), 1.56 — 1.49 (m, 1H), 1.48 —
1.36 (m, 1H), 1.36 — 1.23 (m, 1H) ppm. 13C NMR (125 MHz, CDCl;) ¢ 152.6, 133.3,
132.7, 123.1, 117.9, 112.9, 91.7, 89.9, 84.4, 42.5, 33.8, 31.8, 30.3, 26.7, 23.5 ppm.
HRMS: [M-H] calcd. For CisH sBrNO4 352.0190, found 352.0194. [a]p?® 64.83 (c
= 1.89 in CHCI;). The enantiomeric excess was determined by HPLC analysis on
Daicel Chiralpak IB column [n-hexane/i-PrOH = 90/10, 1 mL/min], A = 210 nm, #,,4or
= 8.77 min, t,;,,, = 7.87 min, ee = 93%. The diasterecomeric ratio was determined by

NMR dr >20:1.

o
o
O,N

NO,
50

So was obtained as a white solid 20 mg in 31% yield for two steps after column

chromatography on silica gel (petroleum ether/ethyl acetate = 5/1). 'TH NMR (500



MHz, CDCl;) ¢ 8.21 (d, J = 2.6 Hz, 1H), 8.17 (dd, J = 9.0, 2.7 Hz, 1H), 6.95 (d, J =
9.0 Hz, 1H), 5.76 (s, 1H), 5.01 (d, /= 3.3 Hz, 1H), 3.93 (d, /= 2.8 Hz, 1H), 2.32 (dt,
J=13.5,2.3 Hz, 1H), 2.29 — 2.19 (m, 1H), 2.08 (ddd, /= 13.5, 4.0, 1.9 Hz, 1H), 1.98
—1.89 (m, 1H), 1.71 — 1.61 (m, 3H), 1.56 — 1.50 (m, 1H), 1.46 — 1.34 (m, 1H), 1.28 —
1.22 (m, 1H) ppm. 3C NMR (125 MHz, CDCl;) ¢ 158.7, 127.5, 125.8, 121.8, 116.8,
110.1, 92.3, 89.6, 84.6, 42.3, 33.7, 31.7, 30.1, 26.6, 23.4 ppm. HRMS: [M-H] calcd.
For C;sH;sN,Og™ 319.0936, found 319.0934. [a]p?® 105.07 (¢ = 0.81 in CHCI;). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak IB
column [n-hexane/i-PrOH = 90/10, 1 mL/min], A = 210 nm, #,,4jor = 21.01 min, t,,0, =

18.43 min, ee = 87%. The diastereomeric ratio was determined by NMR dr >20:1.

o}
5p 7
S5p was obtained as a white solid 40.6 mg in 58% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 50/1-20/1). "TH NMR
(400 MHz, CDCl3) 6 7.59 — 7.53 (m, 2H), 7.51 (dd, J = 8.4, 2.3 Hz, 1H), 7.47 — 7.38
(m, 3H), 7.35 — 7.28 (m, 1H), 6.92 (d, J = 8.4 Hz, 1H), 5.70 (d, /= 1.1 Hz, 1H), 4.98
(d, J=3.3 Hz, 1H), 3.92 (d, J = 3.1 Hz, 1H), 2.27 (dt, J = 13.2, 2.5 Hz, 1H), 2.21 —
2.08 (m, 2H), 1.98 — 1.86 (m, 1H), 1.79 (dt, /= 8.0, 6.8 Hz, 1H), 1.76 — 1.61 (m, 2H),
1.54 (ddd, J=11.7, 7.6, 3.5 Hz, 1H), 1.48 — 1.35 (m, 2H) ppm. '3C NMR (101 MHz,
CDCl) 0 152.8, 140.3, 133.9, 129.2, 128.8, 128.4, 126.9, 126.8, 121.2, 116.3, 91.8,
90.2, 84.3, 42.5, 33.8, 32.2, 30.6, 26.7, 23.4 ppm. HRMS: [M-H] calcd. For
Cy1HoNO4 350.1398, found 350.1395. [a]p?® 112.91 (¢ = 1.50 in CHCI;). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak TA
column [n-hexane/i-PrOH = 98/2, 1 mL/min], 2 = 204 nm, #,4jo- = 13.12 min, tier =

10.33 min, ee = 87%. The diastereomeric ratio was determined by NMR dr >20:1.



o)
@‘b
¢] z

NO,
5q

5q was obtained as a white solid 38 mg in 59% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 40/1). 'TH NMR (500
MHz, CDCl3) 6 7.20 (t, J = 8.1 Hz, 1H), 7.03 (d, /= 7.9 Hz, 1H), 6.80 (d, J = 8.3 Hz,
1H), 5.67 (s, 1H), 5.10 (d, J = 3.1 Hz, 1H), 4.25 (d, J=2.0 Hz, 1H), 2.28 (d, /= 13.3
Hz, 1H), 1.97 (dd, J = 13.3, 1.6 Hz, 1H), 1.93 — 1.66 (m, 5H), 1.60 (dd, J = 15.5, 6.9
Hz, 1H), 1.53 — 1.44 (m, 1H), 1.34 — 1.26 (m, 1H) ppm. '3C NMR (125 MHz, CDCls)
0 154.4, 1349, 129.9, 122.1, 119.6, 115.1, 92.0, 90.0, 83.9, 41.8, 33.7, 30.7, 30.1,
26.9, 23.0 ppm. HRMS: [M-H]- calcd. For C;sH;sCINO4 308.0695, found 308.0690.
[a]p?* 106.36 (¢ = 1.44 in CHCls). The enantiomeric excess was determined by HPLC
analysis on Daicel Chiralpak IC column [n-hexane/i-PrOH = 90/10, 1 mL/min], 4 =
210 nm, tygjor = 7.23 min, im0 = 6.24 min, ee = 92%. The diastereomeric ratio was

determined by NMR dr >20:1.

(o)
@‘b
Br =

NO,
5r

S5r was obtained as a white solid 55 mg in 78% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 60/1). TH NMR (400
MHz, CDCl;) 0 7.21 (dd, J = 8.0, 1.2 Hz, 1H), 7.13 (t, /= 8.1 Hz, 1H), 6.84 (dd, J =
8.2,0.8 Hz, 1H), 5.65 (d, /= 1.4 Hz, 1H), 5.09 (d, J= 3.4 Hz, 1H), 4.24 (d, /= 3.1 Hz,
1H), 2.27 (dd, J=9.2, 6.7 Hz, 1H), 1.97 (ddd, J=13.3, 3.9, 2.2 Hz, 1H), 1.94 — 1.64
(m, 5H), 1.64 — 1.53 (m, 1H), 1.52 — 1.42 (m, 1H), 1.33 — 1.21 (m, 1H) ppm. 3C
NMR (101 MHz, CDCl;) ¢ 154.5, 130.3, 125.4, 121.2, 115.8, 92.1, 90.1, 83.8, 41.8,
33.6, 32.3, 30.8, 26.9, 23.0 ppm. HRMS: [M-H] calcd. For CsH;sBrNO4 352.0190,
found 352.0188. [a]p2® 118.10 (¢ = 1.90 in CHCI3). The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak IC column [n-hexane/i-PrOH =

95/5, 1 mL/min], A = 210 nm, tmajor= 8.86 min, tminor= 7.29 min, ee = 93%. The



enantiomeric excess after recrystallization was determined by HPLC analysis on
Daicel Chiralpak IC column [n-hexane/i-PrOH = 95/5, 1 mL/min], 2 = 210 nm, t,4jor

= 7.81 min, t,;,,- = 6.31 min, ee >99%. The diastereomeric ratio was determined by

(0]
(0]
5s OZN:

Ph

NMR dr >20:1.

5s was obtained as a white solid 16.3 mg in 26% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 30/1). TH NMR (500
MHz, CDCl;) 6 7.39 — 7.32 (m, 1H), 7.30 — 7.22 (m, 4H), 7.07 — 6.99 (m, 2H), 6.88
(dd, J=7.4, 1.9 Hz, 2H), 5.62 (d, J = 1.6 Hz, 1H), 4.25 (dd, J = 13.7, 1.3 Hz, 1H),
3.94 (s, 1H), 3.66 (d, J=13.7 Hz, 1H), 3.29 (d, J = 14.3 Hz, 1H), 2.76 (d, /= 14.3 Hz,
1H), 2.11 (dt, J=13.9, 2.4 Hz, 1H), 1.95 — 1.87 (m, 1H) ppm. '3C NMR (101 MHz,
CDCly) 0 154.8, 132.4, 130.7, 130.0, 129.3, 128.8, 128.0, 121.0, 120.9, 116.3, 91.8,
91.6, 61.9, 42.7, 37.1, 26.5 ppm. HRMS: [M+H]* calcd. For C;gHsNO4" 312.1230,
found 312.1233. [a]p?® -44.55 (¢ = 1.24 in CHCI;). The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak IB column [n-hexane/i-PrOH =
85/15, 1 mL/min], 4 = 210 nm, #,40, = 8.62 min, f,,,,, = 6.88 min, ee = 85%. The

diastereomeric ratio was determined by NMR dr >20:1.

(0]

5s' P
O,N
F’h/

Ss’ was obtained as a white solid 11.4 mg in 18% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 60/1). 'TH NMR (400
MHz, CDCl;) 6 7.32 (pd, J = 4.5, 1.8 Hz, 3H), 7.25 — 7.18 (m, 1H), 7.17 — 7.11 (m,
2H), 6.99 (dd, J=17.6, 1.5 Hz, 1H), 6.89 (ddd, /= 11.1, 8.4, 4.5 Hz, 2H), 5.65 (s, 1H),
3.91 -3.80 (m, 2H), 3.73 (s, 1H), 3.61 (d, J=13.8 Hz, 1H), 3.41 (d, /= 13.8 Hz, 1H),
2.61 (dt,J=13.7, 2.6 Hz, 1H), 2.04 (ddd, J = 13.8, 3.4, 1.7 Hz, 1H) ppm. 3C NMR



(101 MHz, CDCls) ¢ 154.7, 133.4, 129.9, 129.8, 129.6, 128.9, 128.0, 121.5, 120.9,
115.6,91.4,89.7, 58.5, 40.2, 37.6, 27.0 ppm. HRMS: [M+H]" calcd. For C;gH ;gNO,*
312.1230, found 312.1228. [a]p2® 2.90 (¢ = 0.82 in CHCI3). The enantiomeric excess
was determined by HPLC analysis on Daicel Chiralpak IB column [n-hexane/i-PrOH
= 85/15, 1 mL/min], A = 210 nm, %40 = 8.30 min, #,,,» = 7.61 min, ee = 82%. The

diastereomeric ratio was determined by NMR dr >20:1.

(0]

O,N Me
5t

5t was obtained as a white solid 16 mg in 34% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 100/1). "TH NMR (500
MHz, CDCl;) 6 7.30 — 7.26 (m, 1H), 7.13 (dd, J = 7.8, 1.4 Hz, 1H), 6.99 — 6.92 (m,
2H), 5.60 (d, J= 1.7 Hz, 1H), 4.49 (dd, J = 13.7, 1.4 Hz, 1H), 3.80 (s, 1H), 3.51 (d, J
=13.7 Hz, 1H), 2.15 (dt, J=13.8, 2.4 Hz, 1H), 1.93 — 1.84 (m, 1H), 1.35 (s, 3H) ppm.
13C NMR (101 MHz, CDCl;) 6 154.8, 130.5, 129.7, 121.0, 120.8, 116.1, 91.8, 88.2,
63.4, 36.1, 26.3, 22.6 ppm. HRMS: [M+H]" calcd. For C;;H;4NO4* 236.0917, found
236.0922. [a]p?® 49.12 (¢ = 0.13 in CHCIs). The enantiomeric excess was determined
by HPLC analysis on Daicel Chiralpak IA column [n-hexane/i-PrOH = 80/20, 1
mL/min], 4 = 210 nm, t,40, = 6.82 min, f,, = 6.24 min, ee = 98%. The

diastereomeric ratio was determined by NMR dr >20:1.

(0]

O,N Me
5t

5t’ was obtained as a white solid 21 mg in 45% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 30/1). "TH NMR (400
MHz, CDCl;) 6 7.25 - 7.19 (m, 1H), 6.91 (dtd, J=14.9, 7.9, 1.2 Hz, 3H), 5.56 (s, 1H),
4.06 (d, J=12.1 Hz, 1H), 3.79 (dd, J = 12.1, 0.9 Hz, 1H), 3.59 (s, 1H), 2.39 (dt, J =
13.7, 2.6 Hz, 1H), 1.96 (ddd, J = 13.7, 3.5, 1.8 Hz, 1H), 1.89 (s, 3H) ppm. 3C NMR



(101 MHz, CDCl;) ¢ 154.6, 129.8, 129.5, 121.4, 120.8, 115.6, 91.3, 85.8, 62.4, 37.7,
26.5, 23.4 ppm. HRMS: [M+H]" calcd. For C1,H14,NO4" 236.0917, found 236.0920.
[a]p? -75.44 (¢ = 0.63 in CHC]l). The enantiomeric excess was determined by HPLC
analysis on Daicel Chiralpak IA column [r-hexane/i-PrOH = 80/20, 1 mL/min], A =
210 nm, tg0r = 7.48 min, fn = 6.17 min, ee = 93%. The diastereomeric ratio was

determined by NMR dr >20:1.

[0}

S5u O,N /’
HO

Su was obtained as a white solid 10 mg in 20% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 15/1). "TH NMR (400
MHz, CDCls) 6 7.30 — 7.23 (m, 2H), 7.02 — 6.91 (m, 2H), 5.64 (d, J = 1.7 Hz, 1H),
4.56 (dd, J=13.7, 1.4 Hz, 1H), 3.99 (s, 1H), 3.74 (dd, /= 11.9, 5.6 Hz, 1H), 3.62 (dd,
J=17.6, 8.8 Hz, 2H), 2.18 (dt, J = 13.9, 2.4 Hz, 1H), 1.99 — 1.84 (m, 2H) ppm. 3C
NMR (101 MHz, CDCl;) 6 179.9, 154.7, 130.0, 129.9, 121.2, 116.2, 92.2, 91.9, 65.1,
60.8, 32.2, 25.9 ppm. HRMS: [M+H]" calcd. For C;H;4NOs* 252.0866, found
252.0864. [a]p?® -2.72 (¢ = 0.34 in CHC]ls). The enantiomeric excess was determined
by HPLC analysis on Daicel Chiralpak IA column [n-hexane/i-PrOH = 80/20, 1
mL/min], 4 = 210 nm, #,4, = 1037 min, #ym, = 9.23 min, ee = 88%. The

diastereomeric ratio was determined by NMR dr >20:1.

0]
O
5u' OZN:

HO
Su’ was obtained as a white solid 10 mg in 20% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 4/1). 'TH NMR (400
MHz, CDCl;) 6 7.29 — 7.22 (m, 1H), 6.91 (ddd, J = 21.5, 11.4, 5.7 Hz, 3H), 5.58 (s,
1H), 4.34 — 4.16 (m, 2H), 4.05 (d, J=12.5 Hz, 1H), 3.90 (d, /= 12.5 Hz, 1H), 3.81 (s,
1H), 2.55 — 2.37 (m, 1H), 2.32 (dt, J = 13.8, 2.5 Hz, 1H), 2.03 — 1.91 (m, 1H) ppm.



13C NMR (101 MHz, CDCl3) 6 154.7, 130.0, 129.1, 121.5, 120.0, 115.7, 91.2, 89.6,
63.9, 58.3, 33.8, 26.6 ppm. HRMS: [M+H]* calcd. For C1,H;4NOs" 252.0866, found
252.0860. [a]p?’ -53.74 (¢ = 0.19 in CHC]l;). The enantiomeric excess was determined
by HPLC analysis on Daicel Chiralpak IA column [n-hexane/i-PrOH = 80/20, 1
mL/min], 4 = 210 nm, t,40, = 9.50 min, f,, = 8.13 min, ee = 90%. The

diastereomeric ratio was determined by NMR dr >20:1.



E. Scope of the reaction 2

1) 3 (20 mol %)

3" (20 mol %) O
~OH OH CHCl3, 0°C Rl o DBU N
R + = R (o)
P EtOOC COOEt ~F
CHO NO, 2) p-TsOH (40 mol %) io CH,Cly, 25 °C Z > COOEt
1 6 CH,Cly, 25°C 7 W2 8

General procedure: A glass vial equipped with a magnetic stirring bar was charged
with 6 (0.24 mmol, 1.2 equiv.), different substituted 2-hydroxycinnamaldehydes 1
(0.20 mmol, 1.0 equiv.), 3 (0.04 mmol, 0.2 equiv.) and 3" (0.04 mmol, 0.2 equiv.) in
CHCI; (0.5 mL) at 0 °C. The resulting reaction mixture was kept under vigorous
stirring until the consumption of 1 (monitored by TLC analysis). After completion of
the reaction, the residue was purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 3/1 to 2/1) to afford the intermediate. Then, the
intermediate (1.0 equiv.) was respectively dissolved in anhydrous CH,Cl, (0.10 mmol
in 0.5 mL) at 25 °C and p-TsOH (0.4 equiv.) was added to the reaction mixture. After
full conversion of the second step, the residue was purified by flash chromatography
on silica gel (petroleum ether/ethyl acetate = 20/1 to 8/1) to give product 7.

At last, compound 7 (1.0 equiv.) was respectively dissolved in CH,Cl, (0.10 mmol in
0.5 mL) at 25 °C and DBU (1.2 equiv.) was added to the reaction mixture. After full
conversion of the third step, the residue was purified by flash chromatography on
silica gel (petroleum ether/ethyl acetate = 20/1 to 5/1) to give product 8 for NMR and
HPLC analysis.



0
CQX
Z > COOEt

8a

8a was obtained as a white solid 30 mg in 61% yield for three steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 15/1). 'TH NMR (400
MHz, CDCl;) 6 7.19 — 7.03 (m, 2H), 6.99 — 6.84 (m, 2H), 6.41 (dd, J = 7.1, 1.4 Hz,
1H), 6.16 (d, J = 1.9 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 3.59 — 3.47 (m, 1H), 2.15 -
1.99 (m, 2H), 1.29 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (101 MHz, CDCl;) ¢ 162.3,
151.8, 141.8, 128.1, 127.3, 125.5, 121.2, 116.6, 115.0, 92.4, 61.4, 26.5, 24.8, 14.2
ppm. HRMS: [M+H]" calcd. For Ci4H 504" 247.0965, found 247.0967. [a]p?® 88.68
(¢ = 0.57 in CHCIl;). The enantiomeric excess was determined by HPLC analysis on
Daicel Chiralpak IA column [n-hexane/i-PrOH = 90/10, 1 mL/min], 4 = 210 nm, #,,4o,
= 9.59 min, t,;,,, = 8.72 min, ee = 95%. The diasterecomeric ratio was determined by

NMR dr >20:1.

F
o
SV}

Z >COOEt

8b
8b was obtained as a white solid 16.8 mg in 32% yield for three steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 15/1). 'TH NMR (400
MHz, CDCl3) 6 6.97 — 6.90 (m, 1H), 6.83 (ddd, J=12.2, 10.4, 5.5 Hz, 2H), 6.41 (dd,
J=17.1,1.5Hz, 1H), 6.25 (dd, /= 3.9, 2.0 Hz, 1H), 4.24 (q, J= 7.1 Hz, 2H), 3.58 (dd,
J=43,2.6 Hz, 1H), 2.13 (ddd, J = 13.2, 3.3, 2.0 Hz, 1H), 2.06 (ddd, J = 13.2, 4.1,
2.3 Hz, 1H), 1.30 (t, / = 7.1 Hz, 3H) ppm. 3C NMR (101 MHz, CDCls) ¢ 162.1,
142.0, 128.2, 122.2, 121.1, 121.0, 115.2, 115.0, 114.4, 92.2, 61.5, 26.1, 24.6, 14.2
ppm. HRMS: [M+H]* calcd. For C4H4FO,4" 265.0871, found 265.0869. [a]p2® 45.86
(¢ = 1.34 in CHCI;). The enantiomeric excess was determined by HPLC analysis on
Daicel Chiralpak IB column [n-hexane/i-PrOH = 90/10, 1 mL/min], A = 210 nm, t,4jor
= 9.71 min, t,,, = 8.94 min, ee = 93%. The diastereomeric ratio was determined by

NMR dr >20:1.



cl o
T Je
Z > COOEt

8c

8c was obtained as a white solid 11 mg in 20% yield for three steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1-5/1). 'H NMR
(400 MHz, CDCl3) 6 7.00 (d, J = 8.1 Hz, 1H), 6.96 (d, J = 2.0 Hz, 1H), 6.87 (dd, J =
8.0, 2.0 Hz, 1H), 6.38 (dd, J= 7.1, 1.6 Hz, 1H), 6.15 (q, J = 2.0 Hz, 1H), 4.24 (q, J =
7.1 Hz, 2H), 3.56 — 3.47 (m, 1H), 2.12 (ddd, J = 13.2, 3.3, 2.0 Hz, 1H), 2.02 (ddd, J =
13.1, 4.1, 2.3 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) ¢
162.1, 152.5, 141.8, 133.2, 127.9, 124.1, 121.4, 117.0, 114.5, 92.2, 61.5, 26.0, 24.7,
14.2 ppm. HRMS: [M+H]" calcd. For C14H4Cl104" 281.0575, found 281.0579. [a]p?’
56.36 (¢ = 0.51 in CHCI;). The enantiomeric excess was determined by HPLC
analysis on Daicel Chiralpak IB column [n-hexane/i-PrOH = 80/20, 1 mL/min], 4 =
204 nm, tg0r = 7.28 min, fim = 6.83 min, ee = 85%. The diastereomeric ratio was

determined by NMR dr >20:1.

o
L e
c Z > COOEt

8d

8d was obtained as a colorless oil 12 mg in 21% yield for three steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1). "TH NMR (400
MHz, CDCl;) 6 7.13 — 7.04 (m, 2H), 6.87 (d, J = 8.3 Hz, 1H), 6.38 (dd, J= 7.1, 1.5
Hz, 1H), 6.15 (dd, J = 3.8, 1.9 Hz, 1H), 4.24 (q, /= 7.1 Hz, 2H), 3.54 — 3.46 (m, 1H),
2.11(ddd, J=13.2,3.2,2.0 Hz, 1H), 2.02 (ddd, /= 13.2, 4.1, 2.2 Hz, 1H), 1.30 (t, J =
7.1 Hz, 3H) ppm. 3C NMR (101 MHz, CDCls) ¢ 162.1, 150.5, 142.1, 139.7, 128.0,
127.0, 125.9, 117.9, 114.2, 92.3, 61.5, 26.3, 24.5, 14.2 ppm. HRMS: [M+H]* calcd.
For C14H4C104" 281.0575, found 281.0570. [a]p?® 164.42 (¢ = 0.47 in CHCls). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak IA
column [n-hexane/i-PrOH = 80/20, 1 mL/min], 4 = 230 nm, #,4j0, = 7.39 min, tyiner =

6.54 min, ee = 91%. The diastereomeric ratio was determined by NMR dr >20:1.



o
/CQX
MeO Z > COOEt

8e

8e was obtained as a colorless oil 26.4mg in 48% yield for three steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1). 'TH NMR (400
MHz, CDCl;) J 6.86 (d, J = 8.8 Hz, 1H), 6.69 (dd, J = 8.8, 3.0 Hz, 1H), 6.63 (d, J =
3.0 Hz, 1H), 6.40 (dd, J= 7.1, 1.4 Hz, 1H), 6.13 (q, J = 2.0 Hz, 1H), 4.23 (q, J="7.1
Hz, 2H), 3.75 (s, 3H), 3.47 (ddd, /= 7.2, 4.6, 2.7 Hz, 1H), 2.15 - 1.97 (m, 2H), 1.29 (t,
J =7.1 Hz, 3H) ppm. 3C NMR (101 MHz, CDCl;) ¢ 162.4, 153.8, 145.6, 142.0,
126.1, 117.1, 114.6, 113.4, 112.4, 92.4, 61.4, 55.8, 26.8, 24.8, 14.2 ppm. HRMS:
[M+H]* calcd. For CisH;Os* 277.1071, found 277.1067. [a]p*® 136.94 (¢ = 1.10 in
CHCIl;). The enantiomeric excess was determined by HPLC analysis on Daicel
Chiralpak IA column [n-hexane/i-PrOH = 80/20, 1 mL/min], 2 = 230 nm, f,,4jo = 8.84
min, ¢, = 7.74 min, ee = 92%. The diastereomeric ratio was determined by NMR

dr >20:1.

o
@Q\i’
Z > COOEt

Br
8f

8f was obtained as a colorless oil 28.4 mg in 44% yield for three steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 20/1-15/1). TH NMR
(400 MHz, CDCl3) 6 7.14 (dd, J=17.9, 1.1 Hz, 1H), 6.99 (t, /= 8.1 Hz, 1H), 6.90 (d, J
= 8.1 Hz, 1H), 6.47 (dd, J = 7.2, 1.5 Hz, 1H), 6.15 (dd, J = 3.9, 2.0 Hz, 1H), 4.35 —
4.16 (m, 2H), 4.00 (ddd, J = 7.3, 4.6, 2.8 Hz, 1H), 2.12 (ddd, J = 13.2, 3.3, 2.1 Hz,
1H), 2.01 (ddd, J = 13.2, 4.1, 2.3 Hz, 1H), 1.30 (t, /= 7.1 Hz, 3H) ppm. 3C NMR
(101 MHz, CDCl3) ¢ 162.1, 153.1, 142.6, 128.6, 125.6, 124.9, 122.3, 116.0, 113.1,
92.3, 61.5, 25.9, 24.6, 14.2 ppm. HRMS: [M+H]* calcd. For Ci4H4BrO," 325.0070,
found 325.0071. [a]p2® 149.82 (¢ = 1.08 in CHCI3). The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak IA column [n-hexane/i-PrOH =
90/10, 1 mL/min], A = 204 nm, #,,4or = 9.35 min, £, = 8.43 min, ee = 90%. The

diastereomeric ratio was determined by NMR dr >20:1.



F. Other reactions

F1. Synthesis of 13

OH 3 (20 mol%) OH 1) TBSCI, imidoazole OTBS
SN 3" (20 mol%) o CH,Cly, 25 °C
o
@M * E‘OOC)\ . 2) DBU, CH,Cly, 25°C @
° Ph" COOEt » CHoClp, .
NO, CHCl, 0°C PR N > COOEt
9 6 NO,
10 11
qres PdIC, H, oTeS EtsSiH, BF3-Et,0 o
e A7 e 2
. o . 0 Ph" COOEt
PR NP coopt  MeOH 25°C Ph" COOEt CHaCl2, 0°C

13
1 12

A glass vial equipped with a magnetic stirring bar was charged with ethyl 2-hydroxy-
3-nitropropanoate 6 (0.20 mmol, 1.0 equiv.), cinnamaldehyde 9 (0.24 mmol, 1.2
equiv.), 3 (0.04 mmol, 0.2 equiv.) and 3" (0.04 mmol, 0.2 equiv.) in CHCl; (1 mL) at
0 °C. The resulting reaction mixture was kept under vigorous stirring until the
consumption of 6 (monitored by TLC analysis). After completion of the reaction, the
residue was purified by flash chromatography on silica gel (petroleum ether/ethyl
acetate = 3/1 to 1.5/1) to afford 10 as intermediate.

Compound 10 (1.0 equiv.) was dissolved in CH,Cl, (0.10 mmol in 0.5 mL). Imidazole
(3.0 equiv.) and TBSCI (2.0 equiv.) were added to the reaction mixture at 0 °C and the
reaction was kept at 25 °C until the consumption of 10. After full conversion of the
second step, the residue was purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 10/1) to give the intermediate. The intermediate (1.0
equiv) was dissolved in CH,Cl, (0.10 mmol in 0.5 mL) at 25 °C and DBU (1.2 equiv.)
was added to the reaction mixture. After full conversion of the third step, the residue
was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate =
100/1) to give product 11.

Hydrogenate a solution of 11 (57 mg, 0.16 mmol) in MeOH (2 mL) at atmospheric
pressure using 10% Pd/C (6 mg) as the catalyst. And the reaction mixture was stirred

at 25 °C. After completion of the reaction, filter the catalyst and the solvent was



removed under vacuum. The product was purified by column chromatography on a
silica gel (petroleum ether/ethyl acetate = 100/1-60/1) to afford the desired product 12.
To a solution of 12 (0.065 mmol, 1.0 equiv.) and triethylsilane (0.20 mmol, 3.0 equiv.)
in anhydrous CH,Cl, (0.5 mL) was added BF;-Et,0 (0.1 mmol, 1.5 equiv.) at 0 °C.
The reaction was stirred at 0 °C for 1 h. The product was purified by column
chromatography on a silica gel (petroleum ether/ethyl acetate = 10/1) to afford the
desired product 13 for NMR and HPLC analysis.



3
PR COOEt

13
13 was obtained as a colorless oil 12 mg in 26% yield for five steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1). 'TH NMR (400
MHz, CDCl5) 6 7.38 — 7.29 (m, 2H), 7.23 (dd, J = 10.3, 4.6 Hz, 3H), 4.33 — 4.19 (m,
3H), 4.11 (dd, J=11.7,2.3 Hz, 1H), 3.63 (td, J=11.8, 2.5 Hz, 1H), 2.86 (tt, J = 12.1,
3.8 Hz, 1H), 2.20 (ddt, J = 13.1, 3.8, 2.1 Hz, 1H), 1.88 (dtd, J = 16.4, 12.1, 4.5 Hz,
1H), 1.82 — 1.69 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (101 MHz, CDCl;)
0 171.3, 144.7, 128.7, 126.7, 126.7, 76.6, 68.3, 61.2, 41.5, 36.3, 32.6, 14.2 ppm.
HRMS: [M+H]* caled. For C14H 905" 235.1329, found 235.1326. [a]p?® -83.28 (¢ =
0.42 in CHCI;). The enantiomeric excess was determined by HPLC analysis on Daicel
Chiralpak IC column [n-hexane/i-PrOH = 90/10, 1 mL/min], A = 210 nm, 4o =
19.83 min, #,,;,,, = 17.89 min, ee = 95%. The diastereomeric ratio was determined by

NMR dr >20:1.



F2. Synthesis of 16

3 (20 mol%) O0~OH
OH 3" (20 mol%) ©/
+ 0 N/\/SPh . /,
= 2 o
CHO CHCl3, 0 °C SPh
1a ON
14 15

2) Celite, PCC, CH,Cl,, 25 °C

O +OH o__0
©/ 1) Bu3SnH, AIBN, toluene, 110 °C reflux ©/
SPh S
16

0N
T

A glass vial equipped with a magnetic stirring bar was charged with (2-nitroethyl)
(phenyl) sulfane 14 (0.24 mmol, 1.2 equiv.), 2-hydroxycinnamaldehyde 1a (0.20
mmol, 1.0 equiv.), 3 (0.04 mmol, 0.2 equiv.) and 3" (0.04 mmol, 0.2 equiv.) in CHCI;
(0.5 mL) at 0 °C. The resulting reaction mixture was kept under vigorous stirring until
the consumption of 1a (monitored by TLC analysis). After completion of the reaction,
the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl
acetate = 8/1 to 5/1) to afford 15 as intermediate.

Then, compound 15 (1.0 equiv.) was dissolved in toluene (0.10 mmol in 1.0 mL).
AIBN (1.0 equiv.), BusSnH (3.5 equiv.) were added to the reaction mixture and the
resulting reaction mixture was kept under vigorous stirring at 110 °C until the
consumption of 15 (monitored by TLC analysis).After full conversion of the second
step, the residue was purified by flash chromatography on silica gel (petroleum
ether/ethyl acetate = 20/1) to get the intermediate. At last, the intermediate (1.0 equiv.)
was dissolved in CH,Cl, (0.10 mmol in 0.5 mL) at 25 °C. Celite and PCC (3.0 equiv.)
were added to the reaction mixture. After full conversion of the third step, the residue
was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate =

25/1) to give product 16 for NMR and HPLC analysis.



©o o
4
16

16 was obtained as a colorless oil 6.8 mg in 20% yield for three steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 25/1). 'TH NMR (400
MHz, CDCl;) 6 7.29 (td, J = 7.8, 1.6 Hz, 1H), 7.21 (d, J = 6.3 Hz, 1H), 7.14 (td, J =
7.5, 1.1 Hz, 1H), 7.08 (d, /= 8.1 Hz, 1H), 5.85 (ddd, J=17.1, 10.2, 6.9 Hz, 1H), 5.24
(d, /=10.2 Hz, 1H), 5.11 (d, J = 17.1 Hz, 1H), 3.74 (q, J = 6.6 Hz, 1H), 2.89 (dd, J =
15.8, 5.8 Hz, 1H), 2.78 (dd, J = 15.8, 7.2 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl;)
0 167.7, 151.4, 136.8, 128.8, 127.7, 124.6, 124.6, 117.8, 117.1, 38.8, 34.9 ppm.
HRMS: [M+H]" caled. For C;1H;0," 175.0754, found 175.0757. [a]p?® -57.42 (¢ =
0.56 in CHCI;). The enantiomeric excess was determined by HPLC analysis on Daicel
Chiralpak AD-H column [n-hexane/i-PrOH = 98/2, 1 mL/min], A = 204 nm, f,,4j0r =
10.18 min, #,i,0- = 9.35 min, ee = 97%. The diastereomeric ratio was determined by

NMR dr >20:1.



F3. Synthesis of 19

3(20m0|% Br
+
ZCHo N CHCI3, 0°C
1a 17

@[% _ TsOH(10eq) ‘;‘#
ON® l N CHCl,, 25 °C \ NH
! ON 19
A glass vial equipped with a magnetic stirring bar was charged with 5-bromo-2-(2-
nitroethyl)-1H-indole 17 (0.20 mmol, 1.0 equiv.), 2-hydroxycinnamaldehyde 1a (0.24
mmol, 1.2 equiv.), 3 (0.04 mmol, 0.2 equiv.) and 3" (0.04 mmol, 0.2 equiv.) in CHCl;
(0.5 mL) at 0 °C. The resulting reaction mixture was kept under vigorous stirring until
the consumption of 17 (monitored by TLC analysis). After completion of the reaction,
the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl
acetate = 3/1 to 2/1) to afford I as intermediate. Then, compound I (1.0 equiv.) was
dissolved in anhydrous CH,Cl, (0.10 mmol in 0.5 mL) at 25 °C and p-TsOH (1.0
equiv.) was added to the reaction mixture. After full conversion of the second step,

the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl

acetate = 10/1) to give product 19 for NMR and HPLC analysis.



Br
o I
(CLIT,
o,N
19

19 was obtained as a yellow solid 15.4 mg in 19% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1). 'TH NMR (400
MHz, CDCl;) 0 7.91 (s, 1H), 7.84 (d, J= 1.4 Hz, 1H), 7.28 (dd, J = 8.6, 1.7 Hz, 1H),
7.15 (dd, J=12.0, 5.1 Hz, 2H), 6.85 (t, /= 7.4 Hz, 1H), 6.80 (dd, J= 7.7, 1.5 Hz, 1H),
6.76 (d, J = 8.2 Hz, 1H), 5.74 (d, J = 4.8 Hz, 1H), 4.91 — 4.80 (m, 1H), 4.31 (d, J =
6.8 Hz, 1H), 3.36 (dd, J = 15.7, 12.5 Hz, 1H), 3.19 (dd, J = 15.7, 2.6 Hz, 1H), 2.88
(ddd, J=14.2, 6.8, 5.4 Hz, 1H), 2.38 (d, J = 14.3 Hz, 1H) ppm. 13C NMR (101 MHz,
CDCly) 0 154.7, 154.2, 133.2, 130.5, 130.1, 129.6, 129.5, 125.5, 120.6, 120.4, 118.1,
117.0, 113.9, 112.1, 86.8, 65.1, 37.4, 30.9, 28.2 ppm. HRMS: [M+H]* calcd. For
C1oH6BrN,O3*" 399.0339, found 399.0341. [a]p?® 159.63 (¢ = 0.67 in CHCI;). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak IC
column [n-hexane/i-PrOH = 90/10, 1 mL/min], A = 230 nm, Z,,4jor = 7.55 min, t,ner =

6.43 min, ee = 98%. The diastereomeric ratio was determined by NMR dr >20:1.



F4. Synthesis of 20

3 (20 mol%)
©[/\ 3" (20 mol%
CHCI3, 0

18 Me

0._,OH
@ N TsOH(Oeq)
[ oN 20

A glass vial equipped with a magnetic stirring bar was charged with 5-bromo-2-(2-
nitroethyl)-1H-indole 18 (0.20 mmol, 1.0 equiv.), 2-hydroxycinnamaldehyde 1a (0.24
mmol, 1.2 equiv.), 3 (0.04 mmol, 0.2 equiv.) and 3" (0.04 mmol, 0.2 equiv.) in CHCl;
(0.5 mL) at 0 °C. The resulting reaction mixture was kept under vigorous stirring until
the consumption of 18 (monitored by TLC analysis). After completion of the reaction,
the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl
acetate = 5/1 to 3/1) to afford II as intermediate. Then, compound II (1.0 equiv.) was
dissolved in anhydrous CH,Cl, (0.10 mmol in 0.5 mL) at 25 °C and p-TsOH (1.0
equiv.) was added to the reaction mixture. After full conversion of the second step,
the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl
acetate = 40/1) to give product 20 for NMR and HPLC analysis.



Me
o N
O30
Ozl\i
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20 was obtained as a yellow solid 17.8 mg in 27% yield for two steps after column
chromatography on silica gel (petroleum ether/ethyl acetate = 40/1). 'TH NMR (400
MHz, CDCl;) ¢ 7.50 (d, J = 8.0 Hz, 1H), 7.29 — 7.21 (m, 3H), 7.14 — 7.04 (m, 2H),
6.90 (dd, J = 10.8, 4.2 Hz, 1H), 6.76 (d, J = 8.2 Hz, 1H), 5.79 (d, J = 3.3 Hz, 1H),
5.14 (ddd, J=10.6, 5.2, 2.3 Hz, 1H), 3.86 (d, /= 8.6 Hz, 4H), 3.62 (dd, /= 15.2, 10.6
Hz, 1H), 3.52 (dd, J = 15.2, 5.2 Hz, 1H), 2.98 (d, J = 15.2 Hz, 1H), 2.69 (ddd, J =
15.2, 6.7, 4.8 Hz, 1H) ppm. 3C NMR (101 MHz, CDCls) ¢ 151.8, 137.1, 132.7,
129.4,128.7, 126.4, 123.4, 122.8, 121.7, 119.5, 118.3, 117.7, 109.3, 107.5, 92.0, 67.5,
35.1, 30.2, 25.5, 25.3 ppm. HRMS: [M+H]" calcd. For Cy0H9N,O5" 335.1390, found
335.1393. [a]p2® 151.39 (c = 0.83 in CHC]l;). The enantiomeric excess was determined
by HPLC analysis on Daicel Chiralpak IC column [r-hexane/i-PrOH = 90/10, 1
mL/min], 4 = 230 nm, #,4, = 10.39 min, . = 9.61 min, ee = 98%. The

diastereomeric ratio was determined by NMR dr >20:1.



G. Synthetic transformation

(2R,2'S,6'S)-4'H,6' H-spiro[pyrrolidine-2,5'-[2,6Jmethanobenzo[d][1,3]dioxocin]-

5-one (22)
o 0
C[g}) 2 COOEt Q NiCl,-6H,0, NaBH,
_—
z T™MG < o
NOZ MeCN, 40 °C O,N MeOH, 0 °C
5 ,q  COOE 22 O

To a solution of 5f (44 mg, 0.2 mmol) and ethyl acrylate (43 pL, 0.4 mmol) in
anhydrous MeCN (1.0 mL) was added tetramethylguanidine (25 pL, 0.2 mmol) at
room temperature. The reaction was stirred at 40 °C for 24 h before the solvent was
removed under vacuum. The product was purified by column chromatography on a
silica gel (petroleum ether/ethyl acetate = 15/1) to afford the desired product 21 as a
colorless oil (52 mg, 81% yield). To a suspension of 21 (52 mg, 0.162 mmol) and
NiCl-6H,0 (46 mg, 0.19 mmol) in methanol (1.5 mL) was added NaBH, (92 mg, 2.43
mmol) at 0 °C and the mixture was stirred at 0 °C for 1 h, after which the mixture was
quenched with sat. NH,4Cl at 0 °C and extracted with CH,Cl,. The combined organic
layers were dried over anhydrous Na,SO, and the solvent was evaporated. The
product was purified by column chromatography on a silica gel (petroleum ether/ethyl
acetate = 2/1 to CH,Cl,/MeOH = 20/1) to afford the desired product 22 as a white
solid (39.5 mg, 99% yield). ™H NMR (600 MHz, CDCl3) 6 7.24 (t, J = 7.7 Hz), 7.05
(d, /J=7.2 Hz), 6.92 (t,J= 7.8 Hz), 5.53 (s), 5.20 (s), 3.42 (d, J=11.8 Hz), 3.31 (d, J
=11.7 Hz), 2.86 (s), 2.56 — 2.42 (m), 2.28 (d, /= 13.4 Hz), 2.11 - 2.01 (m), 1.92 (d, J
= 13.1 Hz) ppm. 3C NMR (151 MHz, CDCl;) ¢ 176.4, 155.0, 129.5, 129.2, 122.3,
121.2, 116.0, 91.7, 64.8, 59.0, 40.0, 30.2, 29.8, 26.3 ppm. HRMS: [M+H]" calcd. For
C14H¢NOs*" 246.1125, found 246.1121. [a]p*® -36.86 (¢ = 1.67 in CHCI;). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak AD-H
column [n-hexane/i-PrOH = 80/20, 1 mL/min], 4 = 210 nm, #,4j0 = 9.93 min, tyiner =

9.11 min, ee = 89%. The diastercomeric ratio was determined by '"H NMR, dr >20:1.



(2'R,6'S)-spiro[cyclopentane-1,4'-[2,6]methanobenzo|d][1,3]dioxocin]-5'(6'H)-on

o o
©/\g;ob KMnO,, KOH o
: MeOH, H0, 0 °C
NO, o)
5d 23

(23)

To a suspension of 5d (34.6 mg, 0.12 mmol) and KOH (8.4 mg, 0.14 mmol) in
methanol (0.5 mL) was added KMnQO, (15.8 mg, 0.1 mmol) in H,O (0.5 mL) at 0 °C.
The reaction was stirred at 0 °C for 10 minutes , after which the mixture was
quenched with sat. NH4Cl at 0 °C and extracted with CH,Cl,. The combined organic
layers were dried over anhydrous Na,SO, and the solvent was evaporated. The
residue was purified by column chromatography on a silica gel (petroleum ether/ethyl
acetate = 30/1) to afford the desired product 23 as a white solid (20.8 mg, 71% yield).
TH NMR (400 MHz, CDCl;) 6 7.26 — 7.20 (m, 1H), 7.19 — 7.12 (m, 1H), 6.92 (t, J =
7.0 Hz, 2H), 5.83 (d, J = 1.5 Hz, 1H), 3.74 (s, 1H), 2.46 (dt, J = 13.6, 2.5 Hz, 1H),
2.33 (ddd, J=13.6, 3.3, 1.9 Hz, 1H), 2.23 - 2.08 (m, 1H), 1.91 — 1.65 (m, 4H), 1.63 —
1.47 (m, 3H) ppm. 3C NMR (101 MHz, CDCls) 6 209.1, 152.3, 129.6, 128.9, 121.6,
118.3,116.9,91.6, 89.3,43.5,41.9, 41.0, 26.5, 25.5, 25.3 ppm. HRMS: [M-H]- calcd.
For C;sH;05" 245.1172, found 245.1178. [a]p?® -242.99 (¢ = 0.74 in CHCI;). The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak Chiral-
MIJ (2) column [n-hexane/i-PrOH = 90/10, 1 mL/min], A = 210 nm, t,,4jo» = 9.66 min,
tminor = 7.66 min, ee = 88%. The diastereomeric ratio was determined by '"H NMR, dr

>20:1.



(2'R,5'S,6'S)-5"-nitro-7'-phenyl-5',6'-dihydrospiro[cyclopentane-1,4'-
[2,6]methanobenzo|d][1,3]dioxocine] (24)

(o} OH (o}
(@] é Na,COj3; (aq), Pd(PPh3), (@]
+ ©/ ~OH
H DME, 90 °C
B o, Ph
5r

NO
24 2

In a glass vial equipped with a magnetic stirring bar, the 5r (35.4 mg, 0.1 mmol),
phenylboronic acid (18.3 mg, 0.15 mmol) and Pd(PPh;), (5.8 mg, 0.005 mmol) in
DME (0.5 mL) were added. Aqueous Na,CO; (0.52 mmol, 2 M, 0.26 mL) was added
under nitrogen atmosphere. The resulting mixture was stirred at room temperature for
15 min and then at 90 °C for another 12 h. After being cooled to room temperature,
the solvent was removed under vacuum and the residue was extracted with CH,ClL,.
The combined organic layers were dried over anhydrous Na,SO, and the solvent was
evaporated. The crude product was purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 100/1) to afford the desired product 24 as a white
solid (16.7 mg, 48% yield). "TH NMR (400 MHz, CDCl;) ¢ 7.51 — 7.40 (m, 3H), 7.33
—7.23 (m, 3H), 6.90 (t, J = 7.3 Hz, 2H), 5.80 (s, 1H), 4.58 (s, 1H), 3.93 (s, 1H), 3.57
(s, 1H), 2.82 (dt,J=13.6, 2.7 Hz, 1H), 1.94 — 1.84 (m, 2H), 1.82 — 1.66 (m, 3H), 1.59
—1.44 (m, 3H), 1.17 — 1.04 (m, 1H) ppm. 3C NMR (101 MHz, CDCl3) ¢ 153.7,
142.4, 139.1, 129.1, 128.7, 128.7, 127.9, 122.6, 120.2, 116.0, 92.3, 90.8, 80.6, 40.6,
39.6, 28.7, 25.0, 22.7, 22.7 ppm. HRMS: [M-H] calcd. For Cy;H0NO, 350.1398,
found 350.1401. [a]p2® 106.14 (¢ = 0.83 in CHCI3). The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak IB column [n-hexane/i-PrOH =
98/2, 1 mL/min], 4 = 204 nm, #,,40r = 5.94 min, t,,,, = 5.34 min, ee = 92%. The

diastereomeric ratio was determined by 'H NMR, dr = 12.5:1.



The absolute configuration of the nitro stereocenter in compound 24 was confirmed
by the following method. First, following the general procedure, product 5v was
obtained by the reaction of 1v and 2d. It was found that compounds Sv and 24 showed
different TLC behaviour, which indicated that these two compounds are
diastereoisomers. Then, the relative configuration of 5v was confirmed by NOESY,
which was matched with the configuration of Sk.
1) 3 (20 mol %)
Q:on\ QSOH gH(élzn;%lC%) @Cg}b
“ero NO, 2) p-TsOH (40 mol %) Ph H

Ph
v 2d CH,Cl,, 25 °C s 02




The NOSEY spectrum of Sv (500 MHz, CDCly)
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(2'5,6'S)-5',6'-dihydrospiro[cyclohexane-1,4'-[2,6]methanobenzo|d][1,3]dioxocine]

o o
(e} Bu3SnH, AIBN o)
-
- toluene, 80 °C
5a NO, 25

To a solution of 5a (40 mg, 0.14 mmol) and Tributyltin Hydride (48 pL, 0.18 mmol)

(25)

in toluene (1 mL) was added AIBN (4.5 mg, 0.028 mmol) at room temperature. The
reaction was stirred at 80 °C for 7 hours before the solvent was removed under
vacuum. The product was purified by column chromatography on a silica gel
(petroleum ether/ethyl acetate = 100/1-60/1) to afford the desired product 25 as a
brown oil (20 mg, 59% yield). '"H NMR (400 MHz, CDCl3) ¢ 7.24 — 7.18 (m, 1H),
7.15(dd, J=7.9, 1.4 Hz, 1H), 6.97 — 6.85 (m, 2H), 5.92 (d, J= 1.6 Hz, 1H), 3.69 (s,
1H), 2.41 (dt, J=13.7, 2.5 Hz, 1H), 2.31 (ddd, J = 13.7, 3.3, 2.0 Hz, 1H), 1.76 (dd, J
=14.3, 3.7 Hz, 1H), 1.70 — 1.60 (m, 4H), 1.58 — 1.51 (m, 1H), 1.46 — 1.32 (m, 2H),
1.31 — 1.04 (m, 3H), 0.92 — 0.79 (m, 1H) ppm. 13C NMR (101 MHz, CDCl;) § 208.9,
152.3,129.6, 129.0, 121.5, 118.2, 117.1, 91.4, 81.0, 43.2, 36.9, 35.7, 25.8, 24.8, 20.9,
20.6 ppm. HRMS: [M+H]" calcd. For CigHy0," 245.1536, found 245.1530. [a]p? -
144.38 (¢ = 1.48 in CHCIl;). The enantiomeric excess was determined by HPLC
analysis on Daicel Chiralpak IA column [n-hexane/i-PrOH = 98/2, 1 mL/min], 4 =
204 nm, t,40 = 6.67 min, f,,- = 5.77 min, ee = 85%. The diastereomeric ratio was

determined by '"H NMR, dr >20:1.



ethyl (1aR,3R,95,9aR)-9,9a-dihydro-1aH-3,9-methanobenzo|d]oxireno[2,3-
g][1,3]dioxocine-1a-carboxylate (26)
_A_OEt |

.a CH,Cly, 25 °C :
KF (35 mg, 0.6 mmol) was added to a solution of m-chloroperoxybenzoic acid (62 mg,
0.30 mmol) in anhydrous CH,Cl, (1.5 ml) and the suspension was maintained at room
temperatme with stirring. After 30 min 8a (30 mg, 0.12 mmol) was added and the
mixtme was stirred for 5 days. The insoluble complexes were then filtered off, and the
solvent was removed under vacuum. The product was purified by column
chromatography on a silica gel (petroleum ether/ethyl acetate = 10/1) to afford the
desired product 26 as a white solid (14 mg, 44% yield). 'TH NMR (400 MHz, CDCl;)
0725 (td, J= 8.1, 1.5 Hz, 1H), 7.16 (dd, J = 7.4, 1.3 Hz, 1H), 6.99 — 6.92 (m, 2H),
5.64 (s, 1H), 4.25 — 4.15 (m, 2H), 3.73 (d, J = 1.5 Hz, 1H), 3.52 (d, / = 1.8 Hz, 1H),
2.58 — 2.48 (m, 1H), 1.81 — 1.72 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H) ppm. 3C NMR
(101 MHz, CDCl3) 6 165.6, 152.3, 129.5, 128.3, 121.4, 121.3, 117.0,91.4, 77.3, 62.7,
61.5, 28.2, 23.4, 14.0 ppm. HRMS: [M+Na]" calcd. For C4H4NaOs* 285.0733,
found 285.0729. [a]p?® 62.41 (¢ = 1.08 in CHCIs). The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak OD-H column [r-hexane/i-PrOH

= 80/20, 1 mL/min], A = 210 nm, #,,4jo = 10.12 min, t,,,, = 9.27 min, ee = 89%. The

diastereomeric ratio was determined by 'H NMR, dr >20:1.



2-((95,10R)-10-nitro-6-oxaspiro[4.5]decan-9-yl)phenol (27)

OH OH
©/ EtsSiH, BF3-Et,0 ©/

OH
OZN\ CHzclz, 0°C OzN\

ad 27

To a solution of 4d (29.3 mg, 0.1 mmol) and triethylsilane (47.8 pL, 0.3 mmol) in
anhydrous CH,Cl, (1.0 mL) was added BF;-Et,O (18.5 pL, 0.15 mmol) at 0 °C. The
reaction was stirred at 0 °C for 1 h before the solvent was removed under vacuum.
The product was purified by column chromatography on a silica gel (petroleum
ether/ethyl acetate = 5/1) to afford the desired product 27 as a white solid (17.5 mg,
63% yield). '"H NMR (500 MHz, DMSO) ¢ 9.79 (s, 1H), 7.08 (t, J= 7.7 Hz, 1H), 6.94
(d, J=7.6 Hz, 1H), 6.86 — 6.81 (m, 1H), 6.75 (t, J= 7.5 Hz, 1H), 4.97 (d, /= 3.9 Hz,
1H), 3.94 (dd, J=11.8, 4.6 Hz, 1H), 3.79 (td, J=12.2, 2.2 Hz, 1H), 3.72 (dt, J = 13.5,
3.9 Hz, 1H), 3.35 (s, 1H), 2.69 (qd, J = 13.0, 5.2 Hz, 1H), 2.32 — 2.22 (m, 1H), 1.81 —
1.71 (m, 1H), 1.70 — 1.57 (m, 4H), 1.54 — 1.46 (m, 1H), 1.41 (d, J=12.9 Hz, 1H) ppm.
13C NMR (125 MHz, DMSO) ¢ 154.8, 128.1, 126.6, 125.0, 119.1, 114.7, 89.8, 83.0,
61.0, 37.2, 33.8, 32.1, 23.8, 22.6, 22.3 ppm. HRMS: [M+H]* calcd. For C1sHy)NO4*
278.1387, found 278.1392. [a]p?® 117.72 (¢ = 0.58 in MeOH). The enantiomeric
excess was determined by HPLC analysis on Daicel Chiralpak IC column [n-
hexane/i-PrOH = 90/10, 1 mL/min], 2 = 210 nm, #,,4jo, = 7.82 min, t,,- = 6.93 min, ee

= 97%. The diastereomeric ratio was determined by 'H NMR, dr >20:1.



H. Scale-up synthesis of 5d

NO, CHCl3, 0 °C 0N CH,Cl,, 25 °C :
1a 2d » 5d NO,

©/\O/L + OSOH i(fgomrﬁifﬁi) @%OH p-TSOH (40 mol %) @cgjb
CHO 0

A glass vial equipped with a magnetic stirring bar was charged with 1-
nitromethylcycloalcohol 2d (2903 mg, 2 mmol, 1.0 equiv.), 2-
hydroxycinnamaldehyde 1a (356 mg, 2.4 mmol, 1.2 equiv.), 3 (130 mg, 0.4 mmol, 0.2
equiv.) and 3”’ (263mg, 0.4 mmol, 0.2 equiv.) in CHCI; (5 mL) at 0 °C. The resulting
reaction mixture was kept under vigorous stirring until the consumption of 2d
(monitored by TLC analysis). After completion of the reaction, the reaction mixture
was concentrated and the residue was purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 4/1 to 3/1) to afford 4d as a red solid (586 mg). Then
the second step was performed. Compound 4d (586 mg, 2 mmol, 1.0 equiv.) was
dissolved in anhydrous CH,Cl, (10 mL) at 25 °C and p-TsOH (0.4 equiv.) was added
to the reaction mixture. After full conversion of the second step, the reaction mixture
was concentrated and the residue was purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 60/1 to 50/1) to give product 5d (457 mg, 83% yield

over two steps, 93% ee, dr >20:1).



I. NMR analysis and computational studies for the reaction

pathway

NMR analysis

HO ,—NO,

4a'-S 4a'-R 4a-S 4a-R
3.2 kcal/mol 4.5 kcal/mol 0.0 kcal/mol 0.7 kcal/mol

4a-S : 4a-R =4.5:1

5a -
NO,
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1 (ppm)

TH NMR (400 MHz, DMSO) § 9.82 (s, 1H), 9.79 (s, 1H), 7.07 (t, J = 7.4 Hz, 1H),
6.92 (d, J= 7.7 Hz, 1H), 6.82 (d, J= 8.1 Hz, 1H), 6.74 (d, J= 7.4 Hz, 1H), 6.55 (d, J



= 6.7 Hz, 1H), 5.09 (d, /= 7.8 Hz, 1H), 4.97 (d, J = 4.0 Hz, 1H), 3.93 (dd, J = 10.1,
3.7 Hz, 1H), 2.25 (s, 1H), 1.61 — 1.33 (m, 11H) ppm. MS: [M-H] calcd. For
C16H20NOs 306.13, found 306.11.

Computational details

In order to investigate the intermediates which formed through catalyzed Michael
addition, the energies of different proposed structures were calculated with DFT
computations. The DFT calculations were performed with Gaussian 09. Geometry
optimizations were carried out at the B3LYP-D3 level of theory with the 6-31G(d)
basis set. Vibrational frequencies were computed at the same level to verify that the
optimized structures are local minimums and to evaluate zero-point vibrational
energies (ZPVE) and thermal corrections at 298 K. Solvent effects in chloroform were

evaluated at the more accurate B3LYP-D3/6-311+G(d,p) level with the SMD model.

Figure S1. Lowest energy geometry of (25,4R,5R)-4-(2-hydroxyphenyl)-5-nitro-1-
oxaspiro[5.5] undecan-2-ol (4a-S)
G (chloroform) =-1053.197097 Hartree

C 3.717989 -0.289194 -1.301038
C 2.224055 -0.625093 -1.185718
C 1.653035 -0.143962 0.167837
C 2.445075 -0.790314 1.317717
C 3.948328 -0.492533 1.211926
C 4.513906 -0.920385 -0.149628
H 2.087842 -1.709676 -1.253150
H 1.666982 -0.201663 -2.027212
H 3.847601 0.800797 -1.280979
H 4.097616 -0.639205 -2.268562
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Figure S2. Lowest energy geometry of (2R,4R,5R)-4-(2-hydroxyphenyl)-5-nitro-1-

-0.897681
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Figure S3. Lowest energy geometry of (25,4R)-4-((R)-(1-hydroxycyclohexyl)(nitro)

methyl)chroman-2-ol (4a’-S)

G (chloroform) =-1053.19198 Hartree
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Figure S4. Lowest energy geometry of (2R,4R)-4-((R)-(1-hydroxycyclohexyl)(nitro)

methyl)chroman-2-ol (4a’-R)

G (chloroform) =-1053.189983 Hartree
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J. NMR spectra and HPLC analyses

The '"H NMR spectrum of 5a (500 MHz, CDCl;)
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The HPLC of racemic 5a

Chrem Type: Fixed WL Chromatogram, 210 nm

7,280
T.953

11511239,
11582048,

Intensity (AU}
X}
=}

5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area % BC
1 7.280 11511239 19,825 BV
2 7.953 11592048 50.175 VB
23103287 100.000
The HPLC of chiral 5a
Chrom Type: Fixed WL Chromatogram, 210 nm
2 3 g
= -3 &
by E g
3 4 .
5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

Retention Time (min)

Chrem Type: Fixred WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%

No. RT Area Area % BC

1 T.353 15310969 85,747 BB

2 8.027 67122 4.253 BB
1378081 100.000




The HPLC of chiral Sa after recrystallization

Intensity (AU}

Chrom Type: Fixed WL Chromatogram, 210 nm
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Betenticn Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculation Metheod: AREA%

No. RT Area Area % BC
il 6.333 2977611 98.505 BB
2 6.907 43183 1.4835 BB

3022804 100.000




The "TH NMR spectrum of 5b (500 MHz, CDCls)
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The HPLC of racemic 5b

Absorbance (AU)
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Chrom Type: Fixed WL Chromatogram,

5.680

506,

JRANANY

210 nm

5.0 5.5 6.0 6.5 7.0 7.5
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREAS
No. RT Area Area % BC
1 5.680 375506 50.086 BB
2 6.193 374222 49,914 BE
749728 100.000
The HPLC of chiral 5b
Chrom Type: Fixed WL Chromatogram, 210 nm
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Betention Time (min)
Chrom Type: Fixed WL Chrematogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No . RT Area Area % BC
1 313 1485148 24,142 BB
2 6.240 92475 S.858 BB
1578623 100.000




The 'H NMR spectrum of 5¢ (500 MHz, CDCl;)
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The HPLC of racemic 5c¢

Chrom Type: Fixed WL Chromatogram, 210 nm
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7.0 T 8.0 B.5 5.0 9.5 10.0
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%
No. RT Area Lrez % BC
af 7.813 1820062 0.506 BV
2 8.507 1783622 49,4594 VB
3603684 100.000
The HPLC of chiral 5¢
Chroem Type: Fized WL Chreomatogram, 210 nm
1.4
1.2 3 o
- 1.u—§ .
i E -
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0.2 2
0.0 E T 1
T.0 7.5 8.0 8.5 9.0 9.5 10.0
Retention Time (mimn)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitatien: AREA
Calculation Method: AREA%
No . BT Area Area % BC
1 7.880 415872 7.521 BB
2 8.573 5113573 82.478 BB
5529445 100.000




The 'TH NMR spectrum of 5d (500 MHz, CDCl5)
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The HPLC of racemic 5d

Chrom Type: Fixed WL Chromatogram, 210 nm
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7.0 7.2 7.4 7.6 7.8 8.0 8.2 B.4 8.6
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculation Method: AREA%

No. RT Erea Lrea % BC

1 7.433 562460 49.934 BV

2 7.873 56393¢ 50.0€6 VB
1126396 100.000

The HPLC of chiral 5d

Chroem Type: Fized WL Chremategram, 210 nm
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Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitaticn: AREA
Calculation Methcd: AREA%

No. RT Area Area % BC
1 7.400 3431592 .44 BB
2 7.853 126443 3.554 BB

3558035 100.000




The HPLC of chiral 5d after recrystallization

Chrom Type: Fixed WL Chromategram, 210 nm
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Peak Quantitaticon: AREA
Calculation Metheod: AREA%

No. RT Area Area % BC
1 7.473 4225321 93 778 EB
2 7.983 G384 Q.222 BB

4234705 100.000
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The NOSEY spectrum of Se (400 MHz, CDCl;)
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The HPLC of racemic Se

Chrom Type: Fixed WL Chromatogram, 210 nm
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0.7 = = =
2 z
E - =
0.6 = 4 =
2 3 E 3
H 0.5 = - =
= : z 2
=
a
o D.4 =
g E
0.3 =
[ E
< 0.2 =
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Retention Time (min}

Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Cuantitation: AREA
Calculaticn Method: AREA%

He. RT Area Area % BC

1 13.067 3415772 49,044 BV

2 13.860 3423427 50.056 VB
58391499 100.000

The HPLC of chiral Se

Chrom Type: Fixed WL Chromatogram, 210 nm
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Chrom Type: Fixed WL Chromatogram, 210 nm
Peak CQuantitation: ARER
Calculaticn Method: AREA%

No. RT Area Area % BC
1 13.173 8027684 97.870 BV
2 14.040 191508 2.330 TBB

8219173 100.000
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The HPLC of racemic 5¢’

Chrom Type: Fixed WL Chromatogram,

85,5993

100726

Absorbance (AU)

210 nm

673334, 7.473

5.6 5_B 6.0 6.2 6.4 6.6 6.8 7.0 T.2 7.4 T.6 7.8 8.0
Retention Time (min)
Chroem Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%
No. RT Area Area % BC
5.993 700726 50.987 BB
2 7.473 673334 49,003 BB
1374060 100.000
The HPLC of chiral 5e¢’
Chrom Type: Fixed WL Chromatogram, 210 nm
0.5 0
(¢}
2
0.4 e
= = 5¢' NO,
2 =
0.3 E
E —
Q 0.
o
4
0.
0.
5.6 5.8 6.0 6.2 6.4 6.6 6.8 T.0 7.2 7.4 T.6 T.8 B.O
Betention Time (min)
Chrem Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No. RT Area Area % BC
5.983 14848 0.920 BB
2 7.473 1577474 23,080 BB
1592122 100.000




The 'TH NMR spectrum of 5f
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The NOSEY spectrum of 5f (400 MHz, CDCly)
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The HPLC of racemic 5f

Chrom Iype: Fixed WL Chromatogram, 210 nm
0.20 ]
0.15 - E =
2 E &
& Q.10 E E 3
F S =
4 3
8 .
2 3
0.05 -
0.00 - g g
L B B S B B B By L B B B B e |
7.0 7.5 8.0 B.5 9.0 8.5
Betention Time {mimn)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculaticn Method: AREA%
Ho. RT Area Area % BC
1 7.653 570189 50.315 BB
2 B.647 563046 49,685 BB
1133235 100.000
The HPLC of chiral 5f
Chrom Type: Fixed WL Chreomatogram, 210 nm
0.5 3
0.4 3 E
2 0.3 3 s
'] E ot
o =
& E
a 0.2 -
E E
0.1
0.0 — :
'.|.|-|||||-|.|-||||i-|.|.|||||-|.|-1|||i-|.|.|||||||
7.0 7.5 8.0 B.5 3.0 9.5
Betention Time {min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%
HNo. RT Area Area % BC
18 7.660 14683 0.858 EB
2 E.540 1697439 99,142 EB
1712122 100.000




The 'TH NMR spectrum of 5> (400 MHz, CDCls)
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The HPLC of racemic 5f

Chrom Type: Fixed WL Chromatogram, 210 nm

1.4 73 O
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1.2—; 2
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=) 3 = i

£ 0.8 = e 5

5 ;

2 3

5 0.6 =

5 0.4 3

0.2 -5
0.0 i
9.5 10.0 10.5 11.0 11.5 12.0 125 13.0
Betention Time (min)
Chrom Type: Fixed WL Chrcmatogram, 210 nm

Peak Quantitaticn: AREA

Calculation Method: AREA%

Ho. RT Area Area % BC
3 10.660 4277006 43,878 EB
2 12287 4281111 50.024 EB

B55B117 100.000
The HPLC of chiral 5f
Chroem Type: Fixed WL Chromatogram, 210 nm
1.4 7
E O.
1.2 4 o
1.0 3 ;.
g E # 5f NO,
= 0.8 =
z
- E :
! 0.6 =
i 3 g
g 0.4 3 g
0.2 3 @
3 =]
0.0 E T
9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0
Betention Time [(min)
Chrom Type: Fixed WL Chromateogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No. RT Area Area % BC
1 10.700 116162 2.674 BB
2 12.213 4227398 97.326 BB

4343560 100.000




The 'TH NMR spectrum of 5g (500 MHz, CDCl;)
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The HPLC of racemic 5g

Chrom Type:

Fixed WL Chromatogram, 210 nm

0.8 -
= 0.6 SR
2 : :
4 ] 3 -
o 0.4 - s ;
) ] [\ I
] | /
o q I \ i
w — | Y I.' h
ﬁ E 'I I‘- { |'\|
0.2 | \ /
] f |'\ |I
] | /
= | |
] / \ /
0.0 3 ST Y — SRR
L I I I B L B L L L A |
14 15 16 17 ik} 19
Retention Time (min)
Chrom Fixed WL Chromatogram, 210 nm
Peak Quantitation: ARERZ
Calculation Method: AREA%
No. RT LArea BRrea % BC
1 15,720 41844473 50.136 BV
2 16.840 4161691 45 . 864 VB
5346134 100.000

The HPLC of chiral 5g
Chromatogram, 210 nm

Chrom Type: Fixed WL Cl

0.5 ]
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5 ] |
- 0.3 -
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B L L | 7T L | 1 11 | LI L | T 1 T 7T | LI L L | LI LI T T 1 7T |
15 16 17 18 19
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: ARERZ
Calculation Method: AREAS
No. RT Area Lrea % BC
1 15.647 2682120 97.106 BV
2 17.007 79935 2.894 TEB
2762055 100.000




The 'TH NMR spectrum of 5h (500 MHz, CDCl5)
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The HPLC of racemic Sh

Chrom Type: Fixed WL Chromatogram, 210 nm

0.6 3
0.5 7
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Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%
Ho. RT Lre=a Lrea % BC
1 11.540 2684438 49.483 BV
2 12,227 2740581 50.517 VB
5425019 100.000
The HPLC of chiral 5h
Chrom Type: Fixed WL Chromatogram, 210 nm
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Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%
No. RT Area Area % BC
3 11.487 169331 2.887 BV
2 12.140 5695688 97.:113 VB
5865019 100.000




The 'TH NMR spectrum of 5i (500 MHz, CDCl5)
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The HPLC of racemic 5i

Chrom Type: Fixed WL Chromatogram, 210 nm
1.6
= MeO (o}
1.4 S -
129 S = Y
. [ rac-5i NO,
2 1.0 2
§ 0.8 ff’(\
4 Py
o 0.6 / |
] | \
4 ooy
0.4 | \
II l‘.
0.2 / \
e T r_// \\nﬂ___L
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6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 B.4 8.6 g.8

Retention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm

k Quantitation: AREA

Pea
Calculation Method: AREA%
No. RT Area Brea % BC
a8 7.020 49,632 BE
2 B3 2y 50.368 EB
8144327 100.000

The HPLC of chiral 5i

Chrom Type: Fixed WL Chromatogram, 210 nm
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Retention Time (min)
Cl Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculation Method: AREAS%

No. RT Area Area % BC

1 7.060 3.5590 BB

2 8.3&7 96.010 BB
00.000
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The HPLC of racemic 5j

Chrom Type: Fixed WL Chromatogram, 210 nm
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No. RT Area Area % BC
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18598947 100.000
The HPLC of chiral 5j
Chrom Type: Fixed WL Chromatogram, 210 nm
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The 'TH NMR spectrum of 5k (500 MHz, CDCl5)
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The HPLC of racemic 5k

Chrom Type: Fixed WL Chromatogram, 210 nm
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55 6.0 6.5 7.0 1.5 a.0

Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculaticn Methcd: AREA%

No. RT Area Area % BC

1 5.5%40 458405 49.508 BB

2 T7.0860 457519 50.482 BB
925924 100.000

The HPLC of chiral 5k

Chrom Type: Fixed WL Chromatogram, 210 nm

7.247

3340% 18,

Absorbance (AU}
(=]
b i
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> 20322, £.133
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55 6.0 6.5 7.0 7.5 a.0

Betention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitaticon: AREA
Calculaticn Method: AREA%

No. RT Area Area % BC
1 6.133 270322 7.387 BB
2 7.247 3388918 B2.613 BB




The 'TH NMR spectrum of 51 (500 MHz, CDCl5)
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The HPLC of racemic 51

Chrom Type:

Absorbance (AU)

H
wn
Ll b bonn b bt

Fixed WL Chromatogram,

210 nm

0.0 - =
L L L I I I L I L L L L L L I L L R B R R A R
5.5 6.0 6.5 7.0 7.5 8.0 8.5 5.0 9.5
Retention Time (min)
WL Chromatogram, 210 nm
Peak Quantitation:
Calculation Method: AREAS%
No. RT Area Lrea % BC
1i 7.027 8154828 50.212 BV
2 T.027 8085825 49738 VB
16240653 100.000
The HPLC of chiral 51
Chrom Type: Fixed WL Chromatogram, 210 nm
1.6 3
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1.2 3 o
2 1.0 z
] i
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5.5 6.0 6.5 7.0 iy 8.0 8.5 9.0 9.5
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREAS
No. RT Area Lrea % BC
E 7.047 165724 3,830 BB
2 T =133 4161343 9¢.170 BB




The 'TH NMR spectrum of 5m (500 MHz, CDCl5)
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The HPLC of racemic Sm

Chrom Type: Fixed WL Chromatogram, 210 nm

1

td
ot

2.5 ]
3 0
2.05 g z cl
= 3 & rac-5m NO,
2 3 3 =
z 1.5 - 2 =
3 E ﬁ =
=] —: II I|I III'\'II
4 1.0 - [\ ( \
0 = |1 |
] E | [
'g - || II | |I
5 , |
0.5 4 / \'. l'lr\ ! II| [ ll'u
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_- [\ [ | \ | 5
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7 8 9 10 11
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%
No. RT Area Lrea %
i 8.567 45.594
2 9.487 50.40¢
16010245 100.000

The HPLC of chiral Sm

Chrom Type: Fixed WL Chromatogram, 210 nm

.15

Absorbance (AU)
=

N A
R SRR A R R I U B R R

7 8 ] 10 11

Retention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREAS%

No. RT Erea Lrea %
i 34224 3: 379
2 978626 96.621




The 'TH NMR spectrum of 5n (500 MHz, CDCl5)
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The HPLC of racemic 5Sn

Chrom Type: Fixed WL Chromatogram, 210 nm

3.5 3
E (¢}
3.0 3
3 g Br
2.5 - = ; H
E E = rac-5n  NO,
T 2.0 = =
E e
: 3 g A
% 1.5 3 [\ f a
3 :: | |III II: "'II
e | \ \
ﬁ 1.0 E II| \ II|I \
:E Il, I'\, II| \'.\
0.5 j: .'l \ |,' \
- i I
0.0 j T “/ \&“* 5 T -/ G

T2 JIE 7.6 7.8 8.0 8.2 8.4 B.6 8.8 5.0 9.2 5.4 9.6
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREZ
Calculation Method: AREAS%

No. RT Area Erea % BC
1 7.767 10238602 BB
2 §.667 10622974 BB

208e157¢ 100.000
The HPLC of chiral 5n
Chrom Type: Fixed WL Chromatogram, 210 nm
0.8 J
0.7 -3
0.6 3 o
g 0.5 -
8 0.4 3 o
g E I\
.8 E |'l )
o 0.3 [
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£ f \
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3 /
0.1 / \
] / \_
0.0 : . : el o
i
g i | 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 9.2 9.4 9.6
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitatioc ARER

Calculation Method: AREA%

No. RT Area Area % BC
13 7.867 78863 3.549 BB
2 8.773 2124513 96.421 BB

2203376 100.000




The 'TH NMR spectrum of 50 (500 MHz, CDCl;)
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The HPLC of racemic 50

Chrom Type:

Fixed WL Chromatogram, 210 nm
0.40
= (o}
0.35 = =
0.30 : K O5N 7
5 “ S rac-50 NO,
2 02 2
M\
E 0.20 f\
[
B 0.15 |1
] | 1
| |
4 0.10 [
\
| \ III \
0.00 .\—--/— Sr——t =
A B I L L I I I L L IR IR I L L
16 17 18 19 20 21 22 23
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREAS%
Ho. RT Ar=a Lrea % BC
3 2696382 50.738 BB
2 2617910 49 _262 BB
5314292 100.000
The HPLC of chiral 50
Chrom Type: Fixed WL Chromatogram, 210 nm
0.40
0.35 =
0.30 O2N
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8 N
g 0.20 o
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< 0.15 |
3 [
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16 17 is 19 20 21 22 23
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: ARERA
Calculation Method: AREAS
No. RT Lrea Lrea & BC
: 18.427 213841 6.747 BB
2 21.013 2955672 93 .253 BB
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The '"H NMR spectrum of 5p (400 MHz, CDCly)
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The HPLC of racemic S5p

Chrem Type: Fixed WL Chromatogram, 204 nm

1.6 - 0
1.4 —_% .g- Phi
5 12 __; g ; rac-5p riloz
= 1.0 4 ; =
E 2 g
E 0.8 -3 ] &
g u.cé =
4 3
0.4 —5
0.2 —E
0.0 E
] 10 11 12 13 14 15
Betention Time (min}
Chrom Type: Fixed WL Chromatogram, 204 nm
Peak Quantitaticn: AREA
Calculaticn Method: AREA%
Ne. RT Area Area % BC
1 10.400 8539359 49,329 EB
2 3.033 87716867 20.671 BB
17311066 100.000

The HPLC of chiral 5p

Chrom Type: Fixed WL Chromatogram, 204 nm

13,120

5p NO;

10411195,
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Absorbance (AL}
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Betention Time (min)

Chrom Type: Fixed WL Chromatogram, 204 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Lrea Lrea % BC
1 10.333 702070 6.317 BB
2 13.120 10411195 93.683 BB

11113265 100.000




The 'TH NMR spectrum of 5q (500 MHz, CDCl5)
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The HPLC of racemic 5q

Chrom Type:

Fixed WL Chromatogram, 21

0 nm
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Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculation Method: AREA%

No. RT Area Brea % BC
I €.260 558079¢ 50 2] BB
2 7.247 548159¢ 19,552 BB
11062392 100.000
The HPLC of chiral 5q
Chrom Type: Fixed WL Chromatogram, 210 nm
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4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREAS
No. RT Area BArea % BC
] €.240 3038104 95.952 BB
2 T.227 128167 4,048 BB
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The HPLC of racemic 5r

Chrom Type:

Fizxed WL Chromatogram, 210 nm
2.0 ]
1.5 - -
-% A c 3
g = 5
g 1.0 || |I A
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i il I II |
Q 7 I [
n ] | | |
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5 6 7 8 9 10 11
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREAS%
No. RT Aresa Area % BC
1 T30 49,824 BB
2 8.873 50.176 BE
100.000
The HPLC of chiral 5r
Chrom Type: Fixed WL Chromatogram, 210 nm
1.5 -
2 & =
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3 __ i
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5 6 7 8 9 10 11
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREZ
Calculation Method: AREA%
No. RT Lrea Brea % BC
1 T . 293 5731015 96.263 BB
2 8.860 222505 3.7137% BB




The HPLC of chiral 5r after recrystallization

Intensity (AU)

Chrom Type: Fixed WL Chromatogram, 210 nm

B.313

1286 3255,

EER2, T.B1l3

MR RARAARA AR RN ARAR AR ANAAA AR A RPN |

5 & T 8 9 10 11

Betention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculation Method: AREA%

No. RT Area Area % BC
1 €.313 12863255 o, 048 BB
2 7.813 BEB2 0.052 BB

12869937 100.000
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The NOSEY spectrum of Ss (500 MHz, CDCl,;)
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The HPLC of racemic 5s

Chrom Type: Fixed WL Chromategram, 210 nm

1.5 3 =
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& 0.5
0.0 . : .
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Betention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area % BC

1 6.880 4533585 49 808 BB

2 8.620 4568477 50.192 BB
9102062 100.000

The HPLC of chiral 5s

Chrom Type: Fixed WL Chromatogram, 210 nm

2.0 —
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o 13
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- o
=3 3
bt 1.0
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g E .
g - ]
0.5 - i
— w
0.0 = :
6.0 6.5 7.0 7.5 8.0 8.5 3.0 3.5 10.0

Retention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitatien: AREA
Calculation Method: AREA%

No. RT Area Area % BC
1 6.880 5615260 92,669 BB
2 8.620 4423 7.331 BB

6059496 100.000




The 'TH NMR spectrum of 5s° (400 MHz, CDCl;)
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The HPLC of racemic 5s’

Chrom Type: Fixed WL Chromatogram, 210 nm
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6.5 7.0 7.5 8.0 B.5 9.0 9.5

Betention Time (min)

Chroem Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREAS

No. RT Area Area % BC

1 7.600 1310708 50.063 BB

2 B8.287 1307308 49,935 BB
2618017 100.000

The HPLC of chiral 5s°

Chrom Type: Fized WL Chromatoegram, 210 nm

5285563, 8.300

T.613

3311286,

)

Intensity (AU)
=
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[ PP P R P (PP P 0 W PO PO PR PRI Y O Y T Y

6.5 7.0 7.5 8.0 8.5 5.0 9.5
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitaticn: AREA
Calculation Method: AREAS

No. ET Area Area % BC
1 7.613 533286 8.165 BB
2 8.300 5285563 90.835 BB

5818849 100.000
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The NOSEY spectrum of 5t (500 MHz, CDCly)
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The HPLC of racemic 5t

Chrom Type: Fixed WL Chromatogram, 210 nm

1.0
- *_—\ ,-.
E ~ 2
0.8 3 x &
- E = "
2 E = =
0.6 3 = s
E E o -
= E
o 4
i 0.4 3
=] 3
= =
0.2 =
0.0 3 .
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5.0 5.5 6.0 6.5 7.0 7.5 B.0
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitatiocn: AREA
Calculation Metheod: AREA%

No. RT Area Area % BC

1 6.220 2887824 49,008 BV

2 6.813 2004783 50.992 VB
5892607 100.000

The HPLC of chiral 5t

Chrom Type: Fixed WL Chromateogram, 210 nm

1BACL1E G, &, B2D

Intensity (AU}
6,240

22177,

P VT RTT VR PP [OFP FIOTY POE AT PP PO THPPY (PO PR |

5.0 5.5 6.0 6.5 7.0 7.5 8.0
Betention Time (min)
Chrom Type: Fixed WL Chrcomatogram, 210 nm

Peak Quantitaticn: AREA
Calculaticn Method: AREA%

No. RT Area Area % BC
B 6.240 22177 1.191 BV
2 6.820 18401886 98 .809 VB

1862363 100.000
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The HPLC of racemic 5t’

Intensity (AU}

Chrom Type: Fixed WL Chromatogram, 210 nm

1223659, 6.207
1244687, 7.520

Y PP PP PP I PPRY T IRURTITL PRV PP PP |

5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

Betention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculaticn Method: AREAR%:

No. RT Area Area % BC
1 6.207 1223659 48.574 BB
2 7.520 1244687 50.426 BB
2468346 100.000
The HPLC of chiral 5¢
Chrem Type: Fixed WL Chromatogram, 210 nm
1.6 3
1.4
1.2 3 =
Z 0.8 - g
i 0.6 -3
o 3 2
0.4 3 E
0.2
i ; ==t o
5.0 5.5 6.0 6.5 7.0 7.5 8.0 B.5
Retention Time (min)
Chrom Type: Fixed WL Chrematogram, 210 nm
Peak Quantitaticn: ARFEA
Calculation Method: AREA%
No. RT Area Area % BC
1. 6.173 3801427 96.585 BB
2 7.480 1379286 3.415 BB

4039353 100.000
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The HPLC of racemic Su

Intensity (AU)
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.20

15
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.05

.00

Chrom Type: Fized WL Chromatogram, 204 nm

i, B, 267

ON 7
rac-5u HO

10945ER
1091590, 10.453

AN AN AN AN AR A AAR A AR AN

L L [ L A Ry il 0 L ) L P WA L L FLEN B A B W AR A |
B.5 3.0 9.5 10.0 10.5 11.0 11.5

Retention Time (min}

Chrom Type: Fixed WL Chromatogram, 204 nm

Peak Quantitaticn: ARER
Calculation Method: AREA%

No. RT Area Area % BC
i 9.267 1094568 50.068 BB
2 10.4533 1091590 49,932 BB
2188158 100.000
The HPLC of chiral Su
Chrom Type: Fixed WL Chromatogram, 210 nm
1.5
2 - E
- 0 3 £
5 E
g . 3
- 5 | =
] 5
.0 - : :
LI B L B B L L B L L B L N L L B L L B L B B L I B I
B.5 9.0 9.5 10.0 10.5 11.0 11.5
Betention Time (min)
Chrom Type: Fixed WL Chromategram, 210 nm
Peak Quantitaticn: AREA
Calculaticon Method: AREA%
No. RT Area Area % BC
1 8227 457581 6.016 BB
2 10.367 7148776 93.984 EB

7606337 100.000
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The NOSEY spectrum of Su’ (400 MHz, CDCl;)
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The HPLC of racemic Su’

Chrom Type: Fixed WL Chromatogram, 210 nm

0.20 ]
3 ~
0.15 3 = i
- = =
- fa -
g : :
4 = 5
& 0.10 z g
bt 5 =
E 7 0
E 3
H e
0.05 3
0.00 - r . T
7.5 8.0 B.5 3.0 3.5 10.0 10.5

Retention Time (mim)

Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREL%

Heo. RT Area Area % BC
1 8.147 £4845¢ 50.088 BB
2 9,507 646237 49,814 BB
1294883 100.000
The HPLC of chiral 5u’
Chrom Type: Fixed WL Chromatogram, 210 nm
0.44
- 0.3 G
2 ] -
2 E =
;‘ 0.2 -
g E =
0.1 3 &
o0 f ; . .
7.5 8.0 8.5 9.0 9.5 10.0 10.
Betention Time (min)
Chrom Type: Fixed WL Chremateogram, 210 nm
Peak Quantitation: AREA
Calculaticn Method: AREA%
No. RT Lrea Area % BC
1 8.133 1431480 24,880 EB
2 9,500 77082 2110 BB

1508562 100.000




The 'TH NMR spectrum of 8a (400 MHz, CDCI;)
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The HPLC of racemic 8a

Chrom Type: Fixed WL Chromatogram, 210 nm

o
GQX
Z > COOEt

E : 2
= 3 o = rac-8a
g ;
r 3 < 2
g _: L
= E
= E
8.0 8.5 9.0 9.5 10.0 10.5
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticon: AREA
Calculation Method: AREA%
No. RT Area Area % BC
3l 8.733 7639532 49,825 BV
2 9.587 7693199 =11 B VB
15332731 100.000
The HPLC of chiral 8a
Chrom Type: Fixed WL Chromatogram, 210 nm
= o
E " Z  COOEt
- - 5 8a
2 3 3
& E 3
-1 4
E -3
B 3 5
E| o
3 7
3 i)
B.0O 8.5 3.0 9.5 10.0 10.5
Betention Time (min)
Chroem Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: ARER
Calculation Method: AREA%
No. RT Area Area % BC
1 B.720 2474045 97.258 BB
2 9,587 126126 2.742 BB

4600171

100.000




The 'TH NMR spectrum of 8b (400 MHz, CDCl5)
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The HPLC of racemic 8b

Chrom Type: Fixed WL Chromatogram, 210 nm
673
45 F
5 (o}
2 s o (@]
3 : - Z
g‘ 0= g 7 COOEt
= E = = rac-8b
B 8 £ 5
g =
B ]
4 =
04 :
8.0 B.5 5.0 9.5 10.0 10.5 11.0
Retention Time (min)
Chrem Type: Fixed WL Chromategram, 210 nm
Peak Quantitaticn: AREA
Calculation Metheod: AREAR%
No. RT Area Area % BC
Bl 8.940 4461808 30.181 BV
2 9.773 4429594 49.819 VB
8891402 100.000
The HPLC of chiral 8b
Chrom Type: Fixed WL Chromatogram, 210 nm
3 F
3 . o
e : ?
5 E 3 Z COOEt
= E 8
8 E "
5 E &
B.0 B.5 5.0 9.5 10.0 10.5 11.0
Retenticn Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREL%
No. RT Area Area % BC
i 8.940 284127 3.334 BB
2 L 8238746 96.666 BB
8522873 100.000
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The HPLC of racemic 8c

Chrom Type: Fixed

WL Chromatogram, 204 nm

1.0 3
3 & (¢]] O
E = s
3 = 5 Z
5 E i o COOEt
[ J i ™
-~ 0.6 - =2 = rac-8c
il i o 5
Bl e
L =
3 0.4
5 E
- E
0.z
0.0 3
5.5 6.0 6.5 T.0 7.5 8.0 8.5
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 204 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No. RT Area Area % BC
1 &.840 2711645 23,660 BV
2 7.300 2748730 50.340 VB
5460375 100.000
The HPLC of chiral 8¢
Chrom Type: Fixed WL Chromatogram, 204 nm
:
8 [
s Cl (o}
] =
g 1. z COOEt
5 2 8c
bl 0 =
s
L]
3 0. b
Ll
A &
D' -
0. 2
0.0 -3 . -
L 6.0 6.5 7.0 7.5 a.0 8.5
Retention Time (min)
Chrom Type: Fixed WL Chreomatogram, 204 nm
Peak Quantitaticn: AREA
Calculation Methed: AREA%
No. RT Area Area % BC
6.833 355321 T7.368 BB
2 7.280 4457046 92.632 BB
4822367 100.000




Cl %

8d

COOEt

ek, |

R "

L
co
i

P
oo

o=
oo

2044 @ m—

3.21=

o=

F1.70E+09
F1.60E+09
F1.50E+09
F1.40E+09
F1.30E+09
F1.20E+09
F1.10E+09
-1.00E+09

9.00E+08
F8.00E+08
-7.00E+08
F6.00E+08
F9.00E+08
~4.00E+08
-3.00E+08
2. 00E+08
~1.00E+08
-0.00E+00

F1.00E+08

1.0

10.0 9.0

41.02x =
3
5

8.0 7.0 6.0 4.0 3.0 20

5.0
f1 (ppm)

The 13C NMR spectrum of 8d (101 MHz, CDCls)

1621
~150.5
142.1
129.7
127.0
1259

%

1280

1

~17.9
~114.2
—02.3
81.5
~26.3
~-245
—14.2

Cl %

8d

COOEt

2. 10E-08

2. 0CE+08

1. 90E+08

1. 8OE+08

1. TOE+08

1. 6OE+08

1. GOE+08

r1.4CE=08

1. 30E-08

1. Z0E+08

1. 10E+08

F1. 00E+08

5. 00E+0T

8. 0CE+0T

7. 00E+07

6. 0CE+07

F5. O0E+07

F4. 00E=07

3. 00E+07

2. 00E+0T

1. 00E-0T

0. 0CE+00

1. DOE+0T

=2, QOE+0T

T T T T
210 zoo 10 1sD 170

T T T T T T T T T T T
100 90 80 70 &0 &0 40 a0 20 10 0
£1 (ppm}

T T T T T T
180 150 140 130 120 110

T
=10



The HPLC of racemic 8d

Chrom Type: Fixed WL Chromatogram, 230 nm

1.0
E (0]
E $ o
0.8 - g cl -
- E = B COOEt
i E s = rac-8d
0.6 — = =
z 3 - 3
el — ¥ -
L ]
8 0.4 3
=] 3
Lol -
0.2
0.0 - : -
5.5 6.0 6.5 7.0 7.5 8.0 8.5

Betention Time (min)

Chrom Type: Fixed WL Chromatogram, 230 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area % BC

1 6.560 2892512 49,988 BB

2 7.407 2893768 50.011 BB
5786280 100.000

The HPLC of chiral 8d

Chrom Type: Fixed WL Chromatogram, 230 nm

£.840
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m

Intenaity (AU}
EAE 88T,

it Dol duntindains b it b ki

Betention Time (min)

-

Chrem Type: Fixed WL Chromatcgram, 230 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area % BC
1 6.540 3846957 85.674 BB
2 7.387 164204 4.326 BB

3gl18¢el 100.000
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The HPLC of racemic 8e

Chrom Type:

Fixed WL Chromatogram, 230 nm

0]
E i 0
e ’ 2 /©/\$OL
R 3 i 2 MeO Z > COOEt
E .6 — = = rac-8e
E o -
z 3 ! i
e E -
] 1
§ 4
) 3
oz 3
0 ; - -
LB B e L B S B R R B
3 7 8 9 10
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 230 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No. RT Area Area % BC
1 T. 707 3201143 49,833 BB
2 8.780 3222568 50.167 BB
6423711 100.000
The HPLC of chiral 8e
Chrom Type: Fixed WL Chromategram, 230 nm
E )
N 3 - MeO Z COOEt
i é é 8e
> 3 3
ol -
E i
E 3 3
g
:
E ; L L
L e I B e B B L B e B B B e
3 T a £l 10
Betention Time (min)
Chrom Type: Fixed WL Chromatogram, 230 nm
Peak Quantitation: AREA
Calculation Method: AREAR
No. RT Area Area % BC
1 7.740 4477310 26.027 EB
2 8.840 185265 3.973 BB

4662575 100.000




The 'TH NMR spectrum of 8f (400 MHz, CDCl;)
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The HPLC of racemic 8f

Chrem Type: Fixed WL Chromatogram, 204 nm

I.Oi O
- Ll
E = = 0
E - -
e B s ! Z >COOEt
2 3 ,E_ E " rac-8f
3* 0.6 _é i ;g
b 3
8 0.4
E ;
8.2 =3
0.0 - .
7.0 7.5 8.0 8.5 5.0 3.5 10.0 10.5
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 204 nm
Peak Quantitation: ARFA
Calculation Method: AREA%
No. RT Area Area %
il 8.453 3942121 49,7438
2 9,367 3982088 50.252
79242089 100.000
The HPLC of chiral 8f
Chrom Type: Fixed WL Chromatogram, 204 nm
1.2 =5
3 & o
1.0 = A o]
_: -3
o E e COOEt
2 aiuts - Br &
z &
g 0.6 _E
= 0.4 3 3
0.0 E T
T.0 7.5 8.0 8.5 3.0 9.5 10.0 10.5

Betention Time [(min)

Chrom Type: Fixed WL Chromatogram, 204 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area %
1L 8.433 270198 4,963
2 9,347 5171567 85.035

5441765 100.000
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The HMBC spectrum of 13 (500 MHz, CDCly)
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The HPLC of racemic 13

Intenaity (AU}

Chrom Type: Fixed WL Chromatogram, 210 nm

17,773

I1B4602,
I1DE56E6, 19.640

% PP FYPTY PROTE U1 CPrPl SPETLETEN [YTT) FEer PP PPTTY

T T

16 17 1B 19 20 21 22

Betention Time [(min)

Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area % BC

1 LFTA3 3104602 £3,084 BE

2 159,640 3106566 50.016 BB
6211168 100.000

The HPLC of chiral 13

Intensity (AU}

Chrom Type: Fixed WL Chromatogram, 210 nm

GEDERRL, 17.B93

19,812

a7,

1802

16 17 18 13 20 21 22

Betention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm

Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area % BC
1 17.8483 6608881 87.345 BB
2 19.833 180237 2.655 BB

6789118 100.000




The 'TH NMR spectrum of 16 (400 MHz, CDCI;)
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The HPLC of racemic 16

Chrem Type: Fixed WL Chromatogram, 204 nm

Intensity (AU}

o, 180

FLSTTTTN

2501587, 10,007

PPN PRV 1RV PRPPL DU PRV POOL PP PP PO (PP T POV TROR O PP

B.O B.5 3.0 9.5

10.0

Retention Time (mim)

10.5 11.0 11.5

Chrom Type: Fizxed WL Chromatogram, 204 nm
Peak Quantitation: AREA
Calculation Method: AREA%
No. RT Area Area % BC
i: 9,180 2518900 20 172 BV
2 10.007 2501587 49,828 VB
5020497 100.000
The HPLC of chiral 16
Chrom Type: Fixed WL Chromatogram, 204 nm
g 2
8.0 8.5 9.0 9.5 .0 .5 11.0 11.5
Betention Time (min)
Chroem Type: Fixed WL Chromateogram, 204 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No. RT Area Area % BC
i 9,347 49022 1.708 BB
2 10.180 2820838 98.292 BB
2869860 100.000




The 'TH NMR spectrum of 19 (400 MHz, CDCI;)
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The NOSEY spectrum of 19 (400 MHz, CDCly)
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The HPLC of racemic 19

Chrom Type: Fixed WL Chromatogram, 230 nm

0. Br
s
0. = % mli] o !i]n
& v
- 0. £ . \
E E J NA
~ 7 =
0. - < >
fnd @ <
a ON ac19
E 0.
a
0.
0.
U g 1 L
4.5 5.0 5.5 6.0 6.5 7.0 1.5 8.0 8.5 9.0 9.5
Retention Time (min)
Chrom Type: Fired WL Chromatogram, 230 nm
Peak Quantitaticn: AREA
Calculaticon Method: AREA%
No. RT Area Area %
6.440 2511870 49.968
2 7.547 2513154 50.032
3027124 100.000
The HPLC of chiral 19
Chrom Type: Fixed WL Chromatogram, 230 nm
0.5 7 Br
0.4 — O O
3 -: : DPR
i 0.3 5 - J
- ] & 3
B 4 a O,N
- ] = 2% 19
§ 0.2
; E &
3 @
0.1 G
0.0 -3 : - —
4.5 5.0 5.5 6.0 6.5 7.0 1.5 8.0 8.5 %0 9.5

Retention Time (min)
Chrom Type: Fixed WL Chromatocgram, 230 nm

Peak Quantitatien: AREA
Calculation Method: AREAR%

No. RT Lrea hrea %
1 6.427 1405712 99.185
2 7.547 11411 0.B80OS

1417123 100.000
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The NOSEY spectrum of 20 (500 MHz, CDCl3)
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The HPLC of racemic 20

Chrom Type: Fixed WL Chromateogram, 230 nm

2.0 3 Vie
= i
2 o N
] 2 : O )
1.5 — = =
E ] =
. - =
Foy 5 - = 2
=8 - H ::ﬂ 02N
pi 3 5 & rac-20
& il = & =
5 4
= =]
Lol o
0.5 —
0.0 — - }
L L B e B B e e e B e B e B e e
9.0 9.5 10.0 10.5 11.0 11.5

Betention Time (min)

Chrom Type: Fixzed WL Chromatogram, 230 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%

Ho. RT Area Area % BC

1 g.700 §129280 50.487 BV

2 10.487 6079600 4%.513 VB
12278890 100.000

The HPLC of chiral 20

Chrom Type: Fixed WL Chromatogram, 230 nm

1.4 3
E Me
1.2 3 o o N
O
1.0 i
g E 5 i
= 0.8 2 ON 29
ol E 2
ol E
5 0.6 -3
5 E "
B 0.4 -
E -
0.2 5
E =
0.0 z . L
9.0 9.5 10.0 10.5 11.0 11.5
Betention Time (min)
Chrom Type: Fixed WL Chromatogram, 230 nm
Peak Quantitaticn: AREA
Calculaticon Method: AREA%
No. RT Area Area % BC
9.613 48559 1.002 BB
2 10.393 4786943 98,9098 EB

4843302 100.000




The 'TH NMR spectrum of 22 (600 MHz, CDCl;)
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The 'H-'H COSY spectrum of 22 (500 MHz, CDCl5)
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The HPLC of racemic 22

Chrom Type: Fixed WL Chromatogram, 210 nm

rac-22

3335288, 9.DED
3328281, 9. 94D

Absorbance (AU)

PPY S (TP CRTTY [OTTI TUTS TTTTICTTTY FTPoY FOTTS (Toes (PTel

T 8 9 10 11 12
Betention Time [(min)
Chrem Type: Fixed WL Chromatogram, 210 nm

Peak Quantitation: AREA
Calculation Method: AREA%

No. RT Area Area % BC

1 9.060 3335288 50.045 BV

2 2,840 3329281 49,855 VB
E664568 100.000

The HPLC of chiral 22

Chrem Type: Fixed WL Chromatogram, 210 nm

2.0 <
E &
= £
1.5 - -
= E &
£ = H
— -1
. a
o E &
] 1.0
: : 3
. &
0.5 2
- (=]
&= ]
4 3
E 2
0.0 - . LS
N o e e T L BRI B e e e |
7 A ] 10 11 12

Betention Time (min)

Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%

No. RT Area Area % BC
1 9.113 416820 5.530 BB
2 5,827 7120453 4,470 BB

7537313 100.000
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The 'TH NMR spectrum of 23 (400 MHz, CDCI;)
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The HPLC of racemic 23

Chrom Type: Fixed WL Chromatogram, 210 nm

E )
] . 0
3 s z o
& 3 = rac-.
2 E 2 S
r a A
o L ™
E | '
E |
L [N e S L e
7 B £l 10 11
Retention Time (min)
Chrom Type: Fixed WL Chromatecgram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
Mo . RT Area Lrea % BC
1 7.820 2860180 50.051 BB
2 8.413 2854408 49,9449 BB
5714598 100.000
The HPLC of chiral 23
Chrom Type: Fixzed WL Chromatogram, 210 nm
3 o
E 0
- 8 o]
- 3 23
2 3
z E 2
) - o
E 3
: .
- E ~
. 2
- 3
E B
_1rr|[|lrr!1IrI'IrlrIl'rIrIIrlrr]r!r![r|r||'r|r||
7 8 9 10 11
Retention Time (min}
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: ARFA
Calculation Method: AREA%
No. RT Area Area % BC
11 7.660 346004 5823 BB
2 8,660 5595728 84,177 BB

5941732 100.000
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The HPLC of racemic 24

Chrom Type: Fixed WL Chromatogram, 204 nm

= (e}
1.6 = (6]
1.4 - o .
E 3 e Ph
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1.2 - i rac-24
g E 5 g
] 1.0 3 - =
3 L £
B E = H]
et 0.8 -]
E =
E 0.6 -3
0.2 -
0.2—;
0.0 E t :
4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4
Betention Time (min)
Chrem Type: Fixed WL Chromateogram, 204 nm
Peak Quantitaticn: AREA
Calculaticn Method: ARELA%
No. RT Area Area % BC
i 5.320 1902913 50.020 BV
2 5.913 4988827 49,980 VB
G2B81740 100.000
The HPLC of chiral 24
Chrom Type: Fixed WL Chromatogram, 204 nm
0]
0.7 3 o)
0.6 % bh
3 . NO,
0.5 -3 = 24
2 E o
e 0.4 - ]
oy 3 =
Rl E i
E 0.3 -
= E -
g 0.2 - —7
_: i
E b1
0.0 .
4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4
Retention Time (min)
Chrem Type: Fixed WL Chromatogram, 204 nm
Peak Quantitaticn: AREA
Calculation Method: AREL%
No. RT Area Area % BC
5.340 E4983 2.770 BB
2 5.940 1658613 96.230 BB




The 'TH NMR spectrum of 25 (400 MHz, CDCI;)
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The 3C NMR spectrum of 25 (101 MHz, CDCl;)
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The HPLC of racemic 25

Chrom Type: Fixed WL Chromatogram, 204 nm
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& 3
0.2
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0.0 3 ; :
5.0 5.5 6.0 €.5 7.0 7.5 8.0
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 204 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No. RT Area Area % BC
I 5.747 2676638 49 780 BV
2 6.640 2885285 50.210 VB
5375803 100.000
The HPLC of chiral 25
Chrom Type: Fixed WL Chromatogram, 204 nm
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E u
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5.0 Sk 6.0 6.5 7.0 T 8.0
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 204 nm
Peak Quantitation: AREA
Calculation Method: AREA%
No. RT Area Area % BC
¥ 5.767 563268 T:730 BB
2 6.687 6723840 8z2.270 BB
7287108 100.000




The 'TH NMR spectrum of 26 (400 MHz, CDCI;)
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The NOSEY spectrum of 26 (400 MHz, CDCly)
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The HPLC of racemic 26

Chrom Type: Fixed WL Chromatoegram, 210 nm
- s :
_5 : :
2 3 2 g
= E ot 5
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e T T T e
3.0 9.5 10.0 10.5 11.0
Betention Time (min)
Chroem Type: Fixed WL Chromatcgram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
Ne. RT Area Area % BC
1 9.267 1714621 49.892 BV
2 10.100 1722039 30.108 VB
3436660 100.000
The HPLC of chiral 26
Chrom Type: Fixed WL Chromatogram, 210 nm
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9.0 2.5 10.0 10.5 11.0
Betention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREA%
No. RT Area Area % BC
1 9.273 1613731 94,340 BB
2 10.120 96935 3.660 BB
1712686 100.000




The 'TH NMR spectrum of 27 (500 MHz, CDCl;)
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The 3C NMR spectrum of 27 (125 MHz, CDCl;)
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The HPLC of racemic 27

Chrom Type: Fized WL Chromatoegram, 210 nm
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6.6 6.8 7.0 7.2 7.8 7.6 7.8 8.0
Retention Time (min)
Chrom Type: Fixed WL Chromatcgram, 210 nm

Peak Quantitaticn: ARERA
Calculation Method: AREA%

No. RT Area Area % BC

k 7.000 2187954 50,127 BB

2 7.8932 2176307 49 873 BB
4354861 100.000

The HPLC of chiral 27

Chrom Type: Fixed WL Chromategram, 210 nm

7.820

782704 %,

Intensity (AL}

1ps221, 6.%27

_
(4]
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6.6 6.8 7.0 7.2 7.4 7.6 7.8 B.0

Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitation: AREA
Calculation Method: AREA%

No. RT Area Area % BC
1 65.827 105221 1-..379 BB
2 7.820 7327048 98.621 BB

7632270 100.000




K. Single crystal X-Ray diffraction data

CCDC 2072646 contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data

Centre via www.ccde.cam.ac.uk/data request/cif.

Absolute configuration of Sk - CCDC 2072646

Me

Bond precisicn: C-C = 0.0052 A Wavelength=1.54184
Ceaill a=7.2163(4) b=10.5180(4) c=19,1890(7
alpha=380 beta=90 gamma=230
Temperature 2893 K
Calculated Reported
Vaolume 1456.47(11) 1456.47(10)
Space group P2F 2121 P21 2121
Hall group P Zac Zab P Zac Zab
Moiety formula Cl6 H19 N O4 ?
um formula Cl6 H1% N 04 C16 H19 N 04
Mr 289.32 289.32
Dx,g cm-3 1.31% 1,319
Z 4 4
Mu (mm-1) 0.780 0.780
Fooo 616. | 616.0
Fooor 617.98
h, k, lmax 8,12,22 B,12,22
Nref 2617[ 1532] 26186
Tmin, Tmax 0.823,0.843% 0.B29,1.000
Tmin”® 0.823
Correction method= # Reported T Limits: Tmin=0.829 Tmax=1.000
AbsCorr = MULTI-SCAN
Data completeness= 1.71/1.00 Theta(max)= &7.248
Rireflectiona}= 0.0448( 2138) wR2 (reflecticns)= 0.1230( 2616)

5 = 1.0386 Npar= 132



http://www.ccdc.cam.ac.uk/data

