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1. General data

Solvents for reactions were dried appropriately before use: toluene, THF and Et,O were dried
by refluxing with sodium and benzophenone as an indicator, CH,Cl, and CHCI; were dried by
refluxing with CaH,. All other reagents were directly used as purchased from Aladdin,
Adamas-beta® and Energy Chemical.

Unless otherwise noted, commercial reagents were used as received and all reactions were
carried out directly in the air atmosphere.'H NMR and **C NMR spectra were recorded on Bruker
Avance 600 MHz or 400 MHz spectrometer. Chemical shifts (8) are reported in ppm from
tetramethylsilane (TMS) with the solvent resonance as the internal standard. Proton signal
multiplicities are given as s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet), br (broad)
or a combination of them. J-values are in Hz. HRMS (ESI-Q-TOF) spectra were recorded on
Bruker Impact-11 mass spectrometer. Enantiomer ratios were determined by HPLC (CHIRALPAK
AD-H, IA-H, IF-H,0OD-H columns were purchased from Daicel Chemical Industries, LTD).
Optical rotations were determined at A = 589 nm (sodium D line) by using a Rudolph-API
automatic polar meter. o, p—unsaturated diester 2, chiral aldehydes® were prepared according

to the literature.
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2. Reaction condition optimization

Table S1: Additives screening?

. CHO
EtOOC,  Ph 5 OO
COOEt 3e (10 mol%) 3 !

DABCO, additive OH

S .

H,N™ “COOBu * Ph _~ By | OH
2 COOEt solvent, 60 °C O~ ™\~ TCOOBU |
1 2 H 4.6 !

. Ar
3e: Ar= 3,5-20F3CBH3

Entry Additive Solvent Time(h) Yield(%0)° ee! dr¢
1P LiBr PhCH, 16.5 trace
2° ZnCl, PhCH, 16.5 55 7 92:8
3° Cu(OTf), PhCHj 16.5 trace
4° ZnF, PhCH, 24 61 -18 79:12
5° ZnBr, PhCH, 28 56 -9 94:6
6° Zn(OAc), PhCH, 28 68 0 62:38
7 Zn(OAc), CeFs 11 45 5 81:19
8 AgOAC CeFs 225 18 53 86:14
9 Ag,CO; CeFs 225 17 53 87:13
10 Cu(CHsCN)4PFe CeFs 8.5 N.R.
11 Cu(OAc), CeFs 8.5 N.R.
12 AgSbFs CeFs 235 44 59 90:10
13 AgBF, CeFs 235 55 61 92:8
14 Zn(OTH), CeFs 19.5 48 23 63:37
15 NaOAc CeFs 235 42 67 91:9

2 Unless noted otherwise, reactions were performed with 1a (0.40 mmol), 2a (0.20 mmol), 3 (0.02 mmol), base
(0.25 mmol) and additive (0.06mmol) in solvent (1.0 mL) at 60 <. °base (0.2mmol), additive (0.08mmol), ©
Isolated yield. ¢ Determined by chiral HPLC.

Table S2: Screening of the alkoxy groups of glycinates®

: CHO
3e (10 mol%) c fn 3 OO oH

COOEt  inuclidine (1.0 equiv) =02

-~ !
HoN COOR + Ph__~ COOR | OH
z \)\COOE‘ CeFe. 60 °C II}- | OO

(0]
H i
1 2a 4 : Ar

3e: Ar = 3,5-2CF3C¢H3

Entry R Yield(%)" ee dr®
1 Me 53 75 99:1
2 Et 68 76 98:2
3 Bn 27 70 93:7
4 ‘Bu 83 80 90:10

2 Reactions were performed with 1 (0.3 mmol), 2a (0.2 mmol), 3 (0.02 mmol) and base (0.2 mmol) in C¢Fg (1.0
mL) at 60 °C. ° Isolated yield. ¢ Determined by chiral HPLC.
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3. General procedure for the catalytic asymmetric reaction

CHO
COOE 3e (10 mol%)  F1OOC, on
A~ . . R\)\ quinuclidine ( 10equw) /)\1 :
N~ >Co0Bu N COOE CaFa, 30°C COOtBuE OH
1 2 .
. Ar

3e: Ar=3,5- ZCF3C6H3

A dry Schlenk tube was charged with o,B—unsaturated diester 2 (0.2 mmol), catalyst 3e
(0.02mmol), Quinuclidine (0.2 mmol) and Glycine tert-butyl ester 1(0.3 mmol). After the addition
of Hexafluorobenzene (1.0 mL), the reaction mixture was effectively stirred at 30 <€ and
monitored by TLC. After the complete consumption of reactant 2, the mixture was concentrated in
vacuo and purified by flash chromatography on silica gel (petroleum: AcOEt = 5:1 to 1:1) to

afford products 4-6.
2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-phenylpyrrolidine-2,4-dicarboxylate (4a):

tBUOOC NH Colorless oil (60.9 mg, 92%); R¢= 0.23 (petroleum ether/ ethyl acetate =
" O 2:1); the enantiomeric excess was determined to be 86% by HPLC

© COOEt analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 80/20,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tx(major) 8.578 min, tg(minor) 14.228 min; [a]p*°
=-2.99 (c=1.17, CHCI5); *H NMR (600 MHz, CDCl5) & 7.36 (t, ] = 7.5 Hz, 2H), 7.29 (d, ] = 7.4
Hz, 3H), 6.49 (s, 1H), 4.26 — 4.15 (m, 3H), 4.08 (t, J = 7.9 Hz, 1H), 3.59 (d, J = 8.6 Hz, 1H), 1.40
(s, 9H), 1.26 (t, J = 7.1 Hz, 3H). **C NMR (151 MHz, CDCls) & 170.62, 169.14, 168.20, 139.74,
129.02, 127.82, 127.44, 82.96, 61.98, 61.27, 56.06, 47.99, 27.91, 14.11. HRMS(ESI) m/z:

[M+H]" Calculated for C15H,4NOs" 334.1649; found 334.1648.

,,,,,

a0

Peak RetTime Type Width
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2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(2-nitrophenyl)-5-oxopyrrolidine-2,4-dicarboxylate (4b):
tBUOOC NH Yellow oil (53.0 mg, 70%); R¢= 0.12 (petroleum ether/ ethyl acetate = 2:1);
. O  the enantiomeric excess was determined to be 88% by HPLC analysis on
©\NOZCOOEt Daicel Chirapak AD-H column (hexane/isopropanol = 70/30, flow rate 1.0
mL/min, T = 30 °C), UV 220 nm, tg(major) 9.891 min, tg(minor) 18.391
min; [a]o?° = -58.48 (c=0.56 CHCI3); *H NMR (600 MHz, CDCl3) & 7.91 (d, J = 8.1 Hz, 1H),
7.67 (t,J = 7.4 Hz, 1H), 7.56 (d, J = 7.7 Hz, 1H), 7.48 (t, J = 7.7 Hz, 1H), 7.08 (s, 1H), 4.67 (t, J =
6.3 Hz, 1H), 4.24 (m, J = 12.1, 5.2 Hz, 3H), 3.58 (d, J = 7.0 Hz, 1H), 1.41 (s, 9H), 1.28 (t, J = 7.2
Hz, 3H). BC NMR (151 MHz, CDCls) 6 170.47, 168.74, 167.62, 149.49, 134.94, 133.69, 129.17,
128.79, 124.99, 83.47, 62.23, 60.91, 56.03, 42.61, 27.76, 14.03. HRMS(ESI) m/z: [M+H]"

Calculated for C1gH,3N,0," 379.1500; found 379.1492.

VDT A, Waarslength=220 rm (VW Z202 WYV Z0000BE 0] VAVET A, Wavelengih=230 nm (WVIZ202 11/ 1 2000088 D)

Peak RetTime Type Width Area Height Area Peak RetTime Type Iidth Area Height Area
# [min] [min] [mAU*s] [mAU] ¥ [min] [min) [mAU*s] [mAU]

=1

1 10.121 VB .2909 8418.25684 444.50644 49.8772

2 18.842 BB 0.5631 8459.69238 233.21579 50

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(2-(diphenylphosphanyl)phenyl)-5-oxopyrrolidine-2,4-
dicarboxylate (4c):
tBUOOC NH Colorless oil (101.9 mg, 81%); R¢= 0.14 (petroleum ether/ ethyl acetate =
. O  2:1); the enantiomeric excess was determined to be 85% by HPLC
©\PPh(;OOEt analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 21.684 min,
tr(minor) 37.276 min; [a]o™® = 6.81 (c=1.73 CHCl,); *H NMR (600 MHz, CDCl3) & 7.40 — 7.35
(m, 2H), 7.34 — 7.29 (m, 6H), 7.23 — 7.15 (m, 5H), 6.95 (dd, J = 7.6, 3.7 Hz, 1H), 6.47 (s, 1H),
5.09 (s, 1H), 4.30 (d, J = 3.7 Hz, 1H), 3.93 — 3.80 (m, 2H), 3.27 (s, 1H), 1.46 (s, 9H), 1.11 (t, J =
7.1 Hz, 3H).®*C NMR (151 MHz, CDCIl;) & 171.68, 169.43, 167.57, 136.71, 136.63, 136.28,

136.21, 135.89, 135.79, 134.64, 133.88, 133.79, 133.75, 133.66, 130.25, 128.80, 128.75, 128.66,
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128.62, 128.61, 128.58, 127.83, 126.52, 82.84, 62.39, 62.36, 61.66, 56.52, 28.00, 13.92.

HRMS(ESI) m/z: [M+H]" Calculated for CgsHsNOsP *© 518.2091; found 518.2089.

T A Wvlargth=220 rom (W ESE TV ZG00TS4 5 T A, Wavslangh=328 v (WSS TV 00T
Al 3 mAL ]
3 a0
a0
o0
a0
s
400
0
2 = 0
Peak RetTime Type Width Areas Height Ares Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [maU] 3 [min] [min] [mAU*s] [mAaU]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(m-tolyl)pyrrolidine-2,4-dicarboxylate (4d):
tBUOOC NH Colorless oil (22.0 mg, 32%); R¢= 0.28 (petroleum ether/ ethyl acetate =
. O  2:1); the enantiomeric excess was determined to be 88% by HPLC
©\CH3COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 10.083 min,
tr(minor) 20.534 min; [a]p® = -22.43 (c=0.44 CHCI5); *H NMR (600 MHz, CDCl3) 6 7.22 (d, J =
1.3 Hz, 2H), 7.18 (d, J = 1.5 Hz, 2H), 6.42 (s, 1H), 4.45 (t, J = 6.5 Hz, 1H), 4.25 — 4.18 (m, 2H),
4.14 (d, J = 5.9 Hz, 1H), 3.51 (d, J = 7.2 Hz, 1H), 2.44 (s, 3H), 1.43 (s, 9H), 1.27 (t, J = 7.1 Hz,
3H). ¥*C NMR (151 MHz, CDCl;) § 170.93, 169.32, 168.40, 139.05, 136.22, 130.73, 127.43,
126.90, 125.83, 82.92, 62.00, 61.93, 56.29, 42.71, 27.88, 19.76, 14.09. HRMS(ESI) m/z: [M+H]"

Calculated for C19H,6NO5" 348.1805; found 348.1804.

V=220 e V20 T ZO005 0 VDT A, WG 220 o (W WZZ0Z TWED08G D1
20 - 2
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] ¥ [min] [min] [mAU*s] [mAU]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(3-nitrophenyl)-5-oxopyrrolidine-2,4-dicarboxylate (4e):
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tBLUOOC NH Colorless oil (52.4 mg, 69%); R¢= 0.18 (petroleum ether/ ethyl acetate =
O  2:1); the enantiomeric excess was determined to be 77% by HPLC

COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 70/30,

NO, flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 8.302 min,
tr(minor) 13.596 min; [a]p® = -11.83 (c=1.05 CHCIl5); *H NMR (600 MHz, CDCls) & 8.23 (s,
1H), 8.19 (d, J = 8.1 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 7.9 Hz, 1H), 7.01 (bs, 1H), 4.28
— 4.19 (m, 4H), 3.65 (d, J = 8.9 Hz, 1H), 1.41 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H). *C NMR (151
MHz, CDCl;) & 169.85, 168.52, 167.67, 148.61, 141.54, 133.84, 130.09, 122.91, 122.68, 83.56,
62.26, 60.74, 55.72, 47.40, 27.87, 14.07. HRMS(ESI) m/z: [M+H]" Calculated for C1gH»3N,0;"

379.1500; found 379.1493.

nnnnn

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

# [min] [min] [min] [min] [mAU*s] [mAU]
0.25952 49.8122 1 §.302 BB
& 50.1878 2 13.596 VB

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(3-fluorophenyl)-5-oxopyrrolidine-2,4-dicarboxylate (4f):
tBUOOC NH Colorless oil (55.8 mg, 79%); R¢= 0.24 (petroleum ether/ ethyl acetate =
O 2:1); the enantiomeric excess was determined to be 83% by HPLC

COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 70/30,

F flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tz(major) 7.017 min,
tr(minor) 11.749 min; [a]p*° = 10.91 (c=1.01 CHCI3); *H NMR (600 MHz, CDCl3) & 7.33 (dd, J
=14.2, 7.3 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 7.00 (t, J = 9.3 Hz, 2H), 6.35 (s, 1H), 4.26 — 4.19 (m,
2H), 4.16 (d, J = 7.3 Hz, 1H), 4.08 (t, J = 8.0 Hz, 1H), 3.56 (d, J = 8.8 Hz, 1H), 1.41 (s, 9H), 1.27
(t, 3 = 7.1 Hz, 3H). *C NMR (151 MHz, CDCls) & 170.18, 168.82, 167.93, 163.81, 162.17,
142.08, 142.03, 130.64, 130.58, 123.09, 123.07, 114.88, 114.74, 114.67, 114.53, 83.20, 62.10,
60.91, 55.85, 47.57, 27.88, 14.09. HRMS(ESI) m/z: [M+H]" Calculated for CigH»3FNOs"

352.1555; found 352.1557.
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Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mRU) # [min] [min] [mAU*s] [mAU]

2 11.749 WV 0.3158 531.717%90

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(3-(trifluoromethyl)phenyl)pyrrolidine-2,4-

dicarboxylate (49):
tBUOOC NH White solid (55.2 mg, 69%); R¢= 0.29 (petroleum ether/ ethyl acetate =
- O  2:1); the enantiomeric excess was determined to be 72% by HPLC
COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 90/10,
CF3 flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tz(major) 10.509 min,

tz(minor) 19.574 min; [a]o® = -18.79 (c=1.08 CHCl;); *H NMR (600 MHz, CDCly) § 7.61 — 7.55
(m, 2H), 7.52 (s, 2H), 6.75 (s, 1H), 4.27 — 4.18 (m, 3H), 4.14 (t, J = 8.2 Hz, 1H), 3.60 (d, J = 9.0
Hz, 1H), 1.40 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H). *C NMR (151 MHz, CDCl) § 170.18, 168.75,
167.84, 140.55, 131.48, 131.26, 130.76, 129.61, 124.74, 124.71, 124.64, 124.61, 83.29, 62.15,
60.94, 55.84, 47.65, 27.82, 14.04. HRMS(ESI) m/z: [M+H]" Calculated for CigHsFsNOs*

402.1523; found 402.1527.

WG A, Wareieng220 mm (WIVEE0E W EBOGTAE 6] VWO A, Warmienge=220 i (W ESCITWWEO00T40 5]
s 3 N
)
Peak RetTime Type Width Area Area Peak RetTime Type Width Area Height Area
¥ [min] [min] [MRU*s] # [min] [mauU
=== | === | === |-== | === [ [==== ===
1 10.485 BV 0.2 . %0 48.0959 1 10.509% BV
2 19.577 BB 0.5175 3532.25586 105.88844 51.89041 2 19.574 BB

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(3-bromophenyl)-5-oxopyrrolidine-2,4-dicarboxylate

(4h):
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tBUOOC \H Light yellow oil (63.7 mg, 77%); R¢= 0.28 (petroleum ether/ ethyl acetate
O = 2:1); the enantiomeric excess was determined to be 85% by HPLC

COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 70/30,

Br flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 5.859 min,
tr(minor) 9.544 min; [a]p™° = -15.62 (c=1.27 CHCI,); *"H NMR (600 MHz, CDCls) § 7.46 (s, 1H),
7.44 (s, 1H), 7.24 (d, J = 4.6 Hz, 2H), 6.92 (s, 1H), 4.26 — 4.18 (m, 2H), 4.16 (d, J = 7.3 Hz, 1H),
4.04 (t, J = 8.1 Hz, 1H), 3.58 (d, J = 8.8 Hz, 1H), 1.42 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H). **C NMR
(151 MHz, CDCI3) 6 170.34, 168.83, 167.91, 141.89, 130.96, 130.80, 130.56, 126.07, 122.92,
83.19, 62.09, 61.05, 55.79, 47.44, 27.89, 14.09. HRMS(ESI) m/z: [M+H]" Calculated for

C1sH23BrNOs" 412.0754; found 412.0735.

A, Vi mamargth=220 rem (V2202 TIWWZB00T 4.5} WD A, Wavelengh=220 Fim (W Z202 T Z000T16.5)

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] ¥ [min] [min [mAaU]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(m-tolyl)pyrrolidine-2,4-dicarboxylate (4i):
tBuOOC NH Colorless oil (36.8 mg, 53%); R¢= 0.23 (petroleum ether/ ethyl acetate =
O  2:1); the enantiomeric excess was determined to be 88% by HPLC
COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 80/20,
CHs, flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 7.381 min,
tr(minor) 13.450 min; [a]p®° = -14.88 (c=0.80 CHCIl5); *H NMR (600 MHz, CDCls) & 7.25 (m, J
=14.3, 6.9 Hz, 1H), 7.10 (t, J = 9.4 Hz, 3H), 6.56 (s, 1H), 4.22 (m, J = 16.7, 9.3 Hz, 2H), 4.16 (d,
J=6.9 Hz, 1H), 4.04 (t, J = 7.5 Hz, 1H), 3.59 (d, J = 8.4 Hz, 1H), 2.35 (s, 3H), 1.42 (s, 9H), 1.26
(t, 3 = 6.9 Hz, 3H). *C NMR (151 MHz, CDCl5) & 170.85, 169.23, 168.27, 139.81, 138.64,
128.86, 128.49, 128.15, 124.37, 82.84, 61.90, 61.43, 56.01, 47.80, 27.89, 21.38, 14.08.

HRMS(ESI) m/z: [M+H]" Calculated for C19H,sNOs" 348.1805; found 348.1804.
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v au
200
o
0
60
e
w0
B
400 o0
0 0
m 20
100
Peak RetTime Type Width Zrea re Peak RetTime Type ea

[min] [mAU*s]

1 5.7 BV 0.1860 9827.29004 831.69629 49.091%5 1 7.381 BV
9.530 BBR 0.2888 1.01910e4 554.48383 50.9085 2 13.450 BB

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(3-(trifluoromethoxy)phenyl)pyrrolidine-2,4-
dicarboxylate (4j):
tBUOOC NH Colorless oil (65.3 mg, 78%); Rs= 0.24 (petroleum ether/ ethyl
. O acetate = 2:1); the enantiomeric excess was determined to be 83%
F3CO© COOEt by HPLC analysis on Daicel Chirapak AD-H column
(hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C),
UV 220 nm, tg(major) 16.640 min, tz(minor) 24.175 min; [a]p® = -10.77 (c=1.31 CHCly); *H
NMR (600 MHz, CDCls) § 7.34 (d, J = 8.5 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 6.49 (s, 1H), 4.22
(dddd, J = 17.9, 10.8, 7.2, 3.7 Hz, 2H), 4.15 (d, J = 7.4 Hz, 1H), 4.10 (t, J = 8.1 Hz, 1H), 3.56 (d, J
= 8.8 Hz, 1H), 1.40 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H). *C NMR (151 MHz, CDCl) § 170.15,
168.77,167.91, 148.73, 138.22, 128.96, 121.49, 121.28, 119.57, 83.24, 62.13, 61.01, 55.91, 47.27,

27.86, 14.08. HRMS(ESI) m/z: [M+H]" Calculated for C1gHsFsNOg* 418.1472; found 418.1469.

T A Wnvtargth=220 rom (W ESEE TV WG0085
sa0-|
10
20|
5 mn
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAU] # [min]

1 1e.640 vv
2 24.275 BB

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(4-nitrophenyl)-5-oxopyrrolidine-2,4-dicarboxylate (4k):
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tBuOOC NH Colorless oil (62.8 mg, 83%); Rf = 0.14 (petroleum ether/ ethyl

" O  acetate = 2:1); the enantiomeric excess was determined to be 77% by
OZN/© COOEt HPLC analysis on Daicel Chirapak AD-H column
(hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C), UV

220 nm, tg(major) 11.763 min, tz(minor) 23.507 min; [a]p® = -6.95 (c=1.25 CHCl3); *H NMR
(600 MHz, CDCl3) 6 8.25 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 6.63 (s, 1H), 4.30 — 4.15
(m, 4H), 3.59 (dd, J = 6.0, 3.0 Hz, 1H), 1.41 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H). **C NMR (151 MHz,
CDCls3) 8 169.55, 168.38, 167.57, 147.59, 146.69, 128.60, 124.28, 83.69, 62.35, 60.47, 55.66,

47.46, 27.90, 14.09. HRMS(ESI) m/z: [M+H]" Calculated for CigH»N,0;" 379.1500; found

379.1497.
= T W T

=
Peak RetTime Type Width rea Height Area Peak RetTime Type idth Area Height Area

# [min] [min] [mAU*s] [mAU] # [min] [min] [mAU*s] [mAU]
el e e e R B [ e e EE e e B B

1 11. BB 2.34375 28 9721 763 BB 15 1

23.416 BB 398.61133 140.55669 49.0279 2 23.507 BB 0.7008 2414.

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(4-cyanophenyl)-5-oxopyrrolidine-2,4-dicarboxylate (41):
tBUOOC NH White solid (55.3 mg, 77%); Rs= 0.14 (petroleum ether/ ethyl acetate

. O = 2:1); the enantiomeric excess was determined to be 86% by HPLC
NC/© COOEt analysis on Daicel Chirapak IA-H column (hexane/isopropanol =
70/30, flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tz(major)

10.778 min, tg(minor) 20.727 min; [a]p® = -22.38 (c=0.29 CHCls); '"H NMR (600 MHz, CDCls)
§7.68 (d, ] = 8.0 Hz, 2H), 7.45 (d, ] = 7.9 Hz, 2H), 6.75 (s, 1H), 4.28 — 4.16 (m, 3H), 4.14 (t, J =
8.1 Hz, 1H), 3.57 (d, J = 8.8 Hz, 1H), 1.40 (s, 9H), 1.27 (t, = 7.1 Hz, 3H). *C NMR (151 MHz,
CDCly) 6 169.86, 168.51, 167.65, 144.81, 132.82, 128.44, 118.28, 111.98, 83.51, 62.24, 60.58,
55.63, 47.72, 27.88, 14.06. HRMS(ESI) m/z: [M+H]" Calculated for CioH»N,Os" 359.1601;

found 359.1597.

510



664

E
Peak RetTime Type Width Rrea Height Area Peak RetTime Type Width Rrea Height Area
# [min] [min] [mAU*s] [mAU] 4 [min] [min] [MAU*s] [mAU
*********** | === === === el B el Attt Al At initell Attt Aieintetatei it Attt
10.720 BV 0.3578 230¢ 35 96.13934 49.7129 1 10.778 BV 0.3502 8302, 35 1232 93.1090
2 20.664 BB 0.6869 2326.66455 51.12508 50.2871 2 20.727 BB 0.6686 14.1045 6.8910

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(4-chlorophenyl)-5-oxopyrrolidine-2,4-dicarboxylate
(4m):

tBuOOC NH White solid (60.9 mg, 83%); R¢= 0.20 (petroleum ether/ ethyl acetate

. O = 2:1); the enantiomeric excess was determined to be 90% by HPLC

- /© COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol =

70/30, flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 7.821

min, tz(minor) 14.362 min; [a]p® = 5.02 (c=0.58, CHCl,); *"H NMR (600 MHz, CDCls) § 7.34 (d,

J=8.2 Hz, 2H), 7.25 (d, J = 10.2 Hz, 2H), 6.21 (s, 1H), 4.26 — 4.16 (m, 2H), 4.13 (d, J = 7.4 Hz,

1H), 4.06 (t, J = 8.2 Hz, 1H), 3.53 (d, J = 8.9 Hz, 1H), 1.41 (s, 9H), 1.26 (t, J = 7.1 Hz, 3H). **C

NMR (151 MHz, CDCl3) 6 170.26, 168.84, 167.95, 138.05, 133.72, 129.17, 128.84, 83.20, 62.07,

61.02, 55.95, 47.34, 27.90, 14.08. HRMS(ESI) m/z: [M+H]" Calculated for C19H,6NOs" 368.1259;

found 368.1254.

00
aco
am.
10
w0 o
®
Peak RetTime Type Width Area Height Area Peak RetTime Type Width
AU AU] # [min] [min]
it Rttt |====|======= |
1 21 v L 225
2 14.362 BB L4164 4 034 4

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-([1,1'-biphenyl]-4-yI)-5-oxopyrrolidine-2,4-dicarboxylate

(4n):
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tBUOOC NH Colorless oil (56.0 mg, 68%); R¢= 0.24 (petroleum ether/ ethyl acetate

. O = 2:1); the enantiomeric excess was determined to be 88% by HPLC

oh /© COOEt analysis on Daicel Chirapak I1A-H column (hexane/isopropanol =
90/10, flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major)

22.718 min, tg(minor) 39.652 min; [a]p™° = -10.37 (c=1.22 CHCI,); *H NMR (600 MHz, CDCl5)
5 7.58 (t,J = 6.9 Hz, 4H), 7.44 (t, J = 7.5 Hz, 2H), 7.39 — 7.34 (m, 3H), 6.89 (s, 1H), 4.26 — 4.19
(m, 3H), 4.13 (t, J = 7.8 Hz, 1H), 3.64 (d, J = 8.6 Hz, 1H), 1.43 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H).
3C NMR (151 MHz, CDCl;) § 170.78, 169.17, 168.23, 140.76, 140.45, 138.75, 128.83, 127.87,
127.66, 127.49, 127.02, 82.99, 61.98, 61.36, 56.04, 47.61, 27.92, 14.11. HRMS(ESI) m/z:

[M+H]" Calculated for C,sH,sNOs" 410.1962; found 410.1948.

AN Z202 T 2000227 T 1 VNG A, Wanelengih=220 i (W 2202 11 2000228 D)

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAaU] # [min] [min] [maU*s] [maUu

1 22.848 BB
2 40.227 BB

5 50.0435 1 22.718 BB 0.57e2 8504.91797 228.18091 93.9226

] 49,9565 2 39.652 BB 0.9602 ©550.31860 §.55710
2-(tert-butyl) 4-ethyl (s, 3R, 4S)-3-(4-methoxyphenyl)-5-oxopyrrolidine-2,4-
dicarboxylate(40):

tBUOOC Colorless oil (33.9 mg, 47%); Rs= 0.20 (petroleum ether/ ethyl

NH
O acetate = 2:1); the enantiomeric excess was determined to be 86 %

Meo/© COOEt by HPLC analysis on Daicel Chirapak AD-H column

(hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C), UV
220 nm, tz(major) 8.419 min, tz(minor) 14.098 min; [a]p® = -12.24 (c=0.68, CHCIl,); ‘*H NMR
(600 MHz, CDCl3) & 7.21 (d, J = 8.3 Hz, 2H), 6.88 (d, ] = 8.3 Hz, 2H), 6.43 (s, 1H), 4.26 — 4.15
(m, 2H), 4.13 (d, J = 7.3 Hz, 1H), 4.03 (t, J = 8.1 Hz, 1H), 3.80 (s, 3H), 3.55 (d, J = 8.8 Hz, 1H),
1.41 (s, 9H), 1.26 (t, J = 7.1 Hz, 3H). *C NMR (151 MHz, CDCls) & 170.65, 169.17, 168.25,
159.14, 131.60, 128.50, 114.34, 82.88, 61.91, 61.41, 56.16, 55.31, 47.37, 27.91, 14.10.

HRMS(ESI) m/z: [M+H]" Calculated for C19H,sNOg" 364.1755; found 364.1751.
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2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(3,4-dichlorophenyl)-5-oxopyrrolidine-2,4-dicarboxylate
(4p):

tBUOOC NH Colorless oil (62.6 mg, 78%); R¢= 0.29 (petroleum ether/ ethyl acetate
O = 2:1); the enantiomeric excess was determined to be 83% by HPLC
- COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol =
Cl 85/15, flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 8.892

min, tg(minor) 17.757 min; [a]o> = -19.04 (c=1.25 CHCI5); *H NMR (600 MHz, CDCl5) & 7.45
(d, J =8.3 Hz, 1H), 7.41 (d, J = 1.8 Hz, 1H), 7.27 (s, 1H), 7.15 (d, J = 8.2, 1.8 Hz, 1H), 6.41 (s,
1H), 4.27 — 4.19 (m, 2H), 4.13 (d, J = 7.5 Hz, 1H), 4.05 (t, J = 8.3 Hz, 1H), 3.54 (d, J = 9.0 Hz,
1H), 1.42 (s, 9H), 1.28 (t, J = 7.1 Hz, 3H). *C NMR (151 MHz, CDCls) § 169.78, 168.56, 167.73,
139.66, 133.08, 132.07, 130.99, 129.75, 126.78, 83.51, 62.24, 60.72, 55.63, 46.95, 27.92, 14.09.

HRMS(ESI) m/z: [M+H]" Calculated for C15H»,Cl,NOs" 402.0870; found 402.0860.

A, Vi mamangth=230 rem (VW ZE2 W WZDG0 T2 6] D1 A, Waveiengin=220 hn (WWZZ021 W EZ003113.0)
mau |

20

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAaU] # [min] [min] [mAU*s] [mAU]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(6-methoxynaphthalen-2-yl)-5-oxopyrrolidine-2,4-

dicarboxylate (4q):
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tBULOOC Light yellow oil (42.2 mg, 51%); R¢= 0.14 (petroleum ether/
NH

\:EK:O ethyl acetate = 2:1); the enantiomeric excess was determined
MeO COOEt to be 87% by HPLC analysis on Daicel Chirapak AD-H
column (hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T

= 30 °C), UV 220 nm, tg(major) 21.644 min, tg(minor) 33.594 min; [a]p® = -20.93 (c=0.84
CHCI,); *H NMR (600 MHz, CDCl) § 7.75 (d, J = 8.4 Hz, 1H), 7.71 (d, J = 8.8 Hz, 1H), 7.68 (s,
1H), 7.37 (d, J = 8.3 Hz, 1H), 7.16 (d, J = 8.9 Hz, 1H), 7.13 (s, 1H), 6.77 (s, 1H), 4.27 (d, J = 7.0
Hz, 1H), 4.24 — 4.17 (m, 3H), 3.92 (s, 3H), 3.70 (d, J = 8.5 Hz, 1H), 1.39 (s, 9H), 1.25 (t, J = 7.1
Hz, 3H). *C NMR (151 MHz, CDCl;) § 170.83, 169.25, 168.31, 157.97, 134.65, 134.01, 129.25,
128.84, 127.80, 126.48, 125.38, 119.37, 105.75, 82.91, 61.94, 61.39, 56.04, 55.33, 47.99, 27.91,

27.83, 14.08. HRMS(ESI) m/z: [M+H]" Calculated for C,3H,sNOg" 414.1911; found 414.1905.

=220 b WV ZZ02 W 2000188 01 VAVET A Wavelenglh=220 v (W Z202 10 W ZE00 187D
mAu

# [min]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(pyridin-2-yl)pyrrolidine-2,4-dicarboxylate (5a):
tBUuOOC White solid (54.5 mg, 82%); Rf= 0.14 (petroleum ether/ ethyl acetate =

NH

e O  2:1); the enantiomeric excess was determined to be 88% by HPLC

| _N COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 70/30,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 12.112 min, tz(minor) 20.371 min; [a]o”°
= -14.07 (c=1.10 CHCI5); 'H NMR (600 MHz, CDCl5) & 8.61 (d, ] = 3.9 Hz, 1H), 7.65 (t, ] = 7.6
Hz, 1H), 7.28 (d, J = 1.8 Hz, 1H), 7.24 — 7.20 (m, 1H), 6.62 (s, 1H), 4.55 (d, J = 7.9 Hz, 1H), 4.26
— 4.17 (m, 3H), 3.98 (d, J = 9.5 Hz, 1H), 1.40 (s, 9H), 1.26 (t, J = 7.1 Hz, 3H). *C NMR (151
MHz, CDCI3) 170.23, 169.31, 168.39, 157.81, 149.88, 136.62, 124.08, 122.65, 82.82, 61.82,
59.30, 54.56, 49.30, 27.89, 14.09. HRMS(ESI) m/z: [M+H]" Calculated for Ci7H:N,Os"

335.1601; found 335.1598.
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Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

[min] [min] [mAU*s] [mRU] # [min] [min] [mAU*s] [mAU]

1 12.112 EB 0.3131 1.32786e4  637.10431 94.2442
) 49.9017 2 20.371 BB 0.5138 810.96583 24.35573  5.7558

1 12.064 BB

2 20.148 BB

2-(tert-butyl)  4-ethyl (2S, 3R, 4S)-3-(3-bromopyridin-2-yl)-5-oxopyrrolidine-2,4-

dicarboxylate (5b):

tBUOOC NH Colorless oil (60.0 mg, 73%); Rs= 0.10 (petroleum ether/ ethyl acetate =
N O  2:1); the enantiomeric excess was determined to be 91% by HPLC
vt
| — 5 COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 70/30,
r

flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 15.506 min,
tr(minor) 20.651 min; [a]p%’ = -3.69 (c=0.71 CHCI5); *H NMR (600 MHz, CDCl5) & 8.55 (d, J =
3.4 Hz, 1H), 7.90 — 7.86 (m, 1H), 7.11 (dd, J = 8.0, 4.5 Hz, 1H), 6.36 (s, 1H), 4.84 (t, J = 7.9 Hz,
1H), 4.62 (d, J = 7.2 Hz, 1H), 4.28 — 4.18 (m, 2H), 3.76 (d, J = 8.5 Hz, 1H), 1.41 (s, 9H), 1.28 (t, J
= 7.1 Hz, 3H). B¢ NMR (151 MHz, CDCl3) 6 169.97, 169.15, 168.05, 156.67, 148.38, 140.65,
123.82, 121.72, 82.95, 61.93, 59.50, 55.07, 47.26, 27.78, 14.11. HRMS(ESI) m/z: [M+H]"

Calculated for C;7H»,BrN,O5" 413.0707; found 413.0714.

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mzU] ¥ [min] [min] [maU*s] [mAU]
e [ [ [===mmmmmee [=mmmmmmmmm |====mmm= I
12 0.05 1 15.5 B 318 1.80250e4 51 94 442
18413 49,9433 2 20.651 BB 0.6031 860.72614  21.820861 5576

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(quinolin-2-yl)pyrrolidine-2,4-dicarboxylate (5¢):
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tBUOOC Yellow oil (72.6 mg, 94%); R¢= 0.20 (petroleum ether/ ethyl acetate =
NH

O  2:1); the enantiomeric excess was determined to be 85% by HPLC

_N COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 80/20,

flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 10.611 min,
tr(minor) 23.306 min; [a]p? = -50.25 (c=1.45 CHCI5); *H NMR (600 MHz, CDCl,) 6 8.13 (d, J =
8.3 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 7.53 (t, J =
7.4 Hz, 1H), 7.43 (d, J = 8.3 Hz, 1H), 6.76 (s, 1H), 4.72 (d, J = 7.5 Hz, 1H), 4.43 (dd, J = 8.8, 7.7
Hz, 1H), 4.28 — 4.16 (m, 3H), 1.42 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H). *C NMR (151 MHz, CDCl5)
6 170.46, 169.47, 168.55, 158.32, 147.96, 136.77, 129.70, 129.27, 127.55, 127.47, 126.54, 121.95,
82.95, 61.88, 59.62, 54.44, 49.43, 27.93, 27.86, 14.11. HRMS(ESI) m/z: [M+H]" Calculated for

C,1H2N,05" 385.1758; found 385.1757.

VDT A, Warsiengh=220 am (WWZZ02 1IN W 200008210 VAVDT A Wavaengh=220 i (W1 Z202 VY 2000084 01

Peak RetTime Type Width Area Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s]) [mAU]

n] [min]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(thiophen-3-yl)pyrrolidine-2,4-dicarboxylate (5d):
tBUOOC NH Colorless oil (51.3 mg, 76%); Rs= 0.23 (petroleum ether/ ethyl acetate =
. O 2:1); the enantiomeric excess was determined to be 87% by HPLC
@ COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tz(major) 26.987 min, tz(minor) 45.892 min; [a]p°
= -5.79 (c=1.08 CHCI5); '"H NMR (600 MHz, CDCl,) & 7.34 (dd, ] = 4.6, 2.9 Hz, 1H), 7.18 (s,
1H), 7.05 (d, J = 4.2 Hz, 1H), 6.90 (s, 1H), 4.23 (m, J = 20.2, 12.2, 5.7 Hz, 3H), 4.16 (d, J = 7.1
Hz, 1H), 3.57 (d, J = 8.6 Hz, 1H), 1.44 (s, 9H), 1.28 (t, J = 7.1 Hz, 3H). *C NMR (151 MHz,
CDCl3) 6 170.79, 170.71, 169.11, 169.09, 168.22, 140.09, 126.87, 126.13, 126.11, 121.96, 83.01,
82.98, 62.01, 60.98, 60.93, 55.59, 55.57, 43.16, 43.11, 27.91, 14.12. HRMS(ESI) m/z: [M+H]"

Calculated for C1sH,NOsS © 340.1213; found 340.1204.
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Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] # [min] [min] [mAU*s] [mAU]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(furan-2-yl)-5-oxopyrrolidine-2,4-dicarboxylate (5e):
tBLUOOC NH Light yellow oil (54.1 mg, 76%); Rs= 0.28 (petroleum ether/ ethyl acetate
~e O = 2:1); the enantiomeric excess was determined to be 87% by HPLC
@o COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tz(major) 19.886 min, tz(minor) 36.529 min; [a]p*°
= -5.52 (c=1.03 CHCl5); *H NMR (600 MHz, CDCl3) 6 7.38 (s, 1H), 6.79 (s, 1H), 6.33 (d, J = 1.1
Hz, 1H), 6.24 (d, J = 2.8 Hz, 1H), 4.28 — 4.22 (m, 3H), 4.19 (t, J = 8.2 Hz, 1H), 3.69 (d, J = 8.9 Hz,
1H), 1.45 (s, 9H), 1.29 (t, J = 7.1 Hz, 3H). *C NMR (151 MHz, CDCls) § 170.19, 168.80, 167.93,
151.36, 142.41, 142.09, 110.46, 107.45, 83.07, 62.03, 58.56, 58.54, 53.35, 53.18, 41.35, 30.87,
27.89, 27.82, 14.09, 13.86. HRMS(ESI) m/z: [M+H]" Calculated for CiH»,NOg * 324.1442;

found 324.1446.

Peak RetTime Type Width Zrea Height Erea
4 [min] [min] [ma 1 [mAU]

94369 93.3375
3.10014 €6.6625

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-(9-ethyl-9H-carbazol-3-yl)-5-oxopyrrolidine-2,4-

dicarboxylate (5f):
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tBUOOC Colorless oil (24.0 mg, 27%); R¢= 0.16 (petroleum ether/ ethyl

NH
O . O  acetate = 2:1); the enantiomeric excess was determined to be 89%
N O COOEt by HPLC analysis on Daicel Chirapak AD-H column
K (hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C),

UV 220 nm, tg(major) 22.589 min, tz(minor) 44.668 min; [a]p™ = -34.25 (c=0.25 CHCly); *H
NMR (600 MHz, CDCls) 5 8.08 (d, J =7.7 Hz, 1H), 8.01 (s, 1H), 7.48 (t,J = 7.5 Hz, 1H), 7.43 —
7.37 (m, 3H), 7.23 (d, J = 7.4 Hz, 1H), 6.43 (s, 1H), 4.37 (q, J = 7.1 Hz, 2H), 4.28 (g, J = 6.9 Hz,
2H), 4.21 (m,J =10.7, 7.2, 3.6 Hz, 2H), 3.74 (d, J = 7.6 Hz, 1H), 1.47 — 1.38 (m, 12H), 1.25 (t, J
= 7.1 Hz, 3H). *C NMR (151 MHz, CDCl3) § 170.84, 169.37, 168.46, 140.40, 139.46, 130.10,
126.01, 124.85, 123.29, 122.59, 120.41, 119.33, 119.05, 108.89, 108.62, 82.85, 62.04, 61.89,
56.67, 48.29, 37.64, 27.94, 27.86, 14.10, 13.78. HRMS(ESI) m/z: [M+H]" Calculated for

CasH31N205 * 451.2227; found 451.2207.

BT A Wavdergihe220 nm (W W20 TWWZ000 183 D} 1 BT A, Wasmengih=230 rem (W Z202 T WZD00 B4 6]

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area
3 [min] [min] [mAU*s] [mAU] ¥ [min] [min] [maU*s]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-methyl-5-oxopyrrolidine-2,4-dicarboxylate(6a):
tBLOOC Colorless solid (30.3 mg, 56%); Rs= 0.20 (petroleum ether/ ethyl acetate =

NH
O  2:1); the enantiomeric excess was determined to be 84% by HPLC

COOEt analysis on Daicel Chirapak OD-H column (hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tz(major) 23.972 min, tg(minor) 16.472 min; [a]p*°
= 0.72 (c=0.61, CHCIl5); "H NMR (600 MHz, CDCl) & 6.20 (s, 1H), 4.25 (q, J = 6.7 Hz, 2H),
3.71 (d, J = 7.6 Hz, 1H), 3.09 (d, J = 9.3 Hz, 1H), 3.00 — 2.83 (m, 1H), 1.50 (s, 9H), 1.34 (d, J =
6.7 Hz, 3H), 1.31 (t, J = 7.1 Hz, 3H). B¢ NMR (151 MHz, CDCly) 6 170.97, 169.48, 168.60,
82.92, 61.80, 60.97, 55.80, 38.34, 28.02, 18.58, 14.18. HRMS(ESI) m/z: [M+H]" Calculated for

C13HNOs © 272.1492; found 272.1495.
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ype Width Area Height Area
s [maU]

Peak RetTime Type Width Area Height Area Peak RetTime

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-ethyl-5-oxopyrrolidine-2,4-dicarboxylate (6b):

tBUOOC Colorless oil (13.4 mg, 24%); R¢= 0.23 (petroleum ether/ ethyl acetate =
NH

O 2:1); the enantiomeric excess was determined to be 79% by HPLC

NS

COOEt analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 30 °C), UV 200 nm, tg(major) 11.906 min, tz(minor) 17.996 min; [a]o”°
= 8.46 (c=0.53 CHCI3); *H NMR (600 MHz, CDCls) § 6.20 (s, 1H), 4.26 — 4.20 (m, 2H), 3.75 (d,
J=6.3 Hz, 1H), 3.13 (d, J = 7.7 Hz, 1H), 2.89 — 2.83 (m, 1H), 1.86 (dt, J = 13.5, 6.7 Hz, 1H), 1.61
— 1.54 (m, 1H), 1.50 (s, 9H), 1.30 (t, J = 7.1 Hz, 3H), 0.97 (t, J = 7.4 Hz, 3H). *C NMR (151
MHz, CDCly) 6 171.39, 169.81, 169.14, 82.76, 61.75, 59.59, 53.86, 44.18, 27.97, 27.15, 14.09,

11.18. HRMS(ESI) m/z: [M+H]" Calculated for C14H,sNOs * 286.1649; found 286.1639.

1A, Wavalength=300 i (WWE302 TV 2800717 B VT A, Wavmlength=200 i (AWES02 TWHZ007 16 61
e
7%
150
Ed
2
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
& [min] [min] [mAU*s] [mAU] # [min] [min] [mAU*s] [mAU]
it Ettl ettt | === |==mmmm e e |========] = |======= |====l== ] | === | === |
1 11.937 VB 0.3387 2483.51367 110.81915 51.6111 0.3281 4756.32959 221.19685 89.6039
2 18.01e Vv 0.4744 2328.4e582 75.01697 48.3889 0.4669 551.84167 17.64549 10.3961

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-3-isobutyl-5-oxopyrrolidine-2,4-dicarboxylate (6¢):
tBUOOC NH Colorless oil (19.0 mg, 30%); R¢= 0.14 (petroleum ether/ ethyl acetate =

R O  2:1); the enantiomeric excess was determined to be 72% by HPLC

)\ COOEt S19



analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T
=30 °C), UV 200 nm, tz(major) 9.455 min, tz(minor) 18.232 min; [a]p”’ = 0.09 (c=0.38 CHCly);
'H NMR (600 MHz, CDCls) § 6.06 (s, 1H), 4.28 — 4.20 (m, 2H), 3.71 (d, J = 6.0 Hz, 1H), 3.09 (d,
J = 7.3 Hz, 1H), 3.01 (dt, J = 13.4, 6.7 Hz, 1H), 1.69 — 1.63 (m, 1H), 1.50 (s, 9H), 1.45 (m, J =
15.6, 6.8 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H), 0.95 (d, J = 6.4 Hz, 3H), 0.91 (d, J = 6.3 Hz, 3H). **C
NMR (151 MHz, CDCl3) 6 171.44, 169.84, 169.14, 82.80, 61.79, 60.17, 54.87, 44.56, 40.70,
28.00, 25.75, 23.26, 21.67, 14.08. HRMS(ESI) m/z: [M+H]" Calculated for C;sH,sNOs *

314.1962; found 314.1959.

TWWZ202 W 0007 5.0} VG A Wavelenglh=200 i (W WZZ0Z T

200

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAaU*s] [mAaU] ¥ [min] [min] [mAU*s] [mAU]

2-(tert-butyl) 4-ethyl (2S, 3R, 4S)-5-0x0-3-(phenylethynyl)pyrrolidine-2,4-dicarboxylate (6d):
tBUOOC NH Colorless oil (49.2 mg, 69%); R¢= 0.33 (petroleum ether/ ethyl acetate =
. O  2:1); the enantiomeric excess was determined to be 68% by HPLC
Ph/ COOEt analysis on Daicel Chirapak IF-H column (hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tz(major) 20.281 min, tz(minor) 23.757 min; [a]o”
= 23.67 (c=1.15 CHCIy); 'H NMR (600 MHz, CDCl3) 6 7.41 (m, J =7.5, 1.8 Hz, 2H), 7.31 (m, J
= 7.1 Hz, 3H), 6.67 (s, 1H), 4.31 — 4.27 (m, 2H), 4.20 (d, J = 7.1 Hz, 1H), 3.99 — 3.95 (m, 1H),
3.61 (d, J = 8.5 Hz, 1H), 1.53 (s, 9H), 1.33 (t, J = 7.1 Hz, 3H).”*C NMR (151 MHz, CDCl;) &
169.83, 168.34, 167.53, 131.73, 128.53, 128.32, 122.42, 86.39, 83.62, 83.41, 62.26, 60.02, 54.77,
34.34, 27.98, 14.23, 14.14. HRMS(ESI) m/z: [M+H]" Calculated for CyH,sNOs * 358.1649;

found 358.1659.
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Area Peak RetTime Type Width

2-(tert-butyl)  4-ethyl (2S, 3R, 4S)-5-oxo-3-((trimethylsilyl)ethynyl)pyrrolidine-2,4-

dicarboxylate (6e):

tBuOOC NH Colorless oil (51.5 mg, 73%); Rs= 0.38 (petroleum ether/ ethyl acetate
. O = 2:1); the enantiomeric excess was determined to be 77% by HPLC

=
TMS/ COOEt analysis on Daicel Chirapak IF-H column (hexane/isopropanol = 90/10,

flow rate 1.0 mL/min, T = 30 °C), UV 220 nm, tg(major) 11.052 min, tg(minor) 13.302 min; [a]p>°
= -9.23 (c=1.12 CHCl,); *H NMR (600 MHz, CDCly) 5 6.52 (s, 1H), 4.31 — 4.23 (m, 2H), 4.09 (d,
3= 6.8 Hz, 1H), 3.75 (dd, J = 7.9, 7.0 Hz, 1H), 3.49 (d, J = 8.1 Hz, 1H), 1.51 (s, 9H), 1.32 (t, J =
7.1 Hz, 3H), 0.16 (s, 9H). °C NMR (151 MHz, CDCls) 5 170.14, 168.74, 167.82, 103.29, 88.77,
83.70, 62.52, 60.35, 55.07, 34.84, 28.32, 14.48, 0.37, 0.19. [|\/|+H]+ Calculated for C;7H3NO,Si *

354.1731; found 354.1736.

. Wmvengih=E20 rm (WP ES0ET Vi W EB00TTA Bl WOT A, VisARnGeE20 o (VA ZZ02TWWZDMOTTT OF
mAL
&
g
........
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] ) [mAU] ¥ [min) [mAU]

1 11.052 BB

2 13.264 BB 0.3231 1293, 61.37637 49,2013 2 13.302 WV
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4. Determination of the absolute configuration

The absolute configuration of compound 4-6 was established by comparing its optical rotation

value with the known compound

4-ethyl

2-methyl  (2S,3R,4S)-5-0x0-3-phenyl-

pyrrolidine-2,4-dicarboxylate (7a) in literature data:

(2S,3R,4S) - product (7a) in this work

(2S,3R,4S) - product in literature!

EtOOC,  Ph

OJ\Q‘COOMe

H

4-¢thyl 2-methyl (2S,3R,4S)-
5-0x0-3-phenylpyrrolidine-2,4-dicarboxylate

EtOOC,  Ph

OQ\Q‘COOM‘:

H

4-ethyl 2-methyl (2S,3R,4S)-
5-0x0-3-phenylpyrrolidine-2,4-dicarboxylate

[a]p? = —11.03 (c = 0.40, CHCls).

[a]o® = —16.3 (c = 0.6, CHCI3).

'H NMR (600 MHz, CDCIl3) & 7.39 — 7.28
(m, 5H), 6.46 (bs, 1H), 4.29 (d, J = 6.3 Hz,
1H), 4.26 — 4.19 (m, 2H), 4.18 — 4.13 (m, 1H),
3.77 (s, 3H), 3.57 (d, J = 7.7 Hz, 1H), 1.27 (t,
J=17.1Hz, 3H).

BC NMR (151 MHz, CDCl3) & 170.74,
170.68, 168.13, 139.76, 129.19, 127.98,
127.15, 62.10, 60.88, 55.75, 52.78, 47.42,
14.07.

'H NMR (300 MHz, CDCl5) & 7.43-7.27 (m,
5H), 6.48 (bs, 1H), 4.29 (d, J = 6.3 Hz, 1H),
4.26-4.18 (m, 2H), 4.17 (dd, J = 6.3, 7.5

Hz, 1H), 3.77 (s, 3H), 3.57 (d, J = 7.6 Hz,
1H), 1.26 (t, J = 7.1 Hz, 3H).

3¢ NMR (75MHz, CDCly) § 170.7, 170.7,
168.1, 139.7, 129.2, 127.9, 127.1, 62.1, 60.9,
55.3, 52.8, 47.4, 14.1.
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6. The spectrums of *H NMR and **C NMR
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