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1. General Information

Most chemical reagents were purchased from Adamas-beta® Co., Ltd. (Shanghai, China),
aladdin® Co., Ltd. (Shanghai, China) and Sigma-Aldrich Co. (St. Louis, Missouri, USA) and
were used as received without further purification. *H and *C NMR spectra were recorded on a
Bruker AV-400 spectrometer in CDCls. CDCl; served as the internal standard (8 = 7.26) for 'H
NMR and (8 = 77.0) for **C NMR. Chiral HPLC was performed on a Agilent 1260 apparatus
equipped with a spectrophotometric detector (monitoring at 205-230 nm) with Daicel chiral AS-H
and AD-H columns. High-resolution mass spectrometry was recorded on Shimadzu LCMS-IT-
TOF mass spectrometer. Optical rotations were measured on an Insmark IP-digi300/2 polarimeter.
All reactions were monitored by thin-layer chromatography (TLC) plates (Qingdao Marine
Chemistry Company, Qingdao, China). Flash column chromatography was completed by using
silica gel 200-300 (particle size 0.0040-0.0750 mm) (Qingdao Marine Chemistry Company,
Qingdao, China).

2. Preparation of the Catalysts
N-((S)-2-(((1S,2S)-2-(dimethylamino)cyclohexyl)amino)-2-oxo-1-phenylethyl)-2-
(diphenylphosphino)benzamide (1a)
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Typical procedure: the tert-butyl (S)-((1S,2S)-2-(dimethylamino)cyclohexylcarbamoyl)(phenyl)
methylcarbamate 1a> (375 mg, 1.0 mmol) prepared from N-Boc-L-phenylglycine and (1S,2S)-
N’,N’-dimethylcyclohexane-1,2-diamine according to the reported procedure! was dissolved in
CHClI; (10 mL) and trifluoroacetic acid (1 mL) was dropped at 0 °C. The reaction mixture was
then stirred for 4 h at room temperature. All volatile compounds were removed in vacuo and the

residue was dissolved in water and treated with saturated Na>COs3 solution. The resulting mixture
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was extracted with CH2Cl, and the combined organic layers were dried over Na;SOas. After
filtration and then evaporation of the solvent to afford the free amine 1a” as colourless oil which
was used directly in the next step without further purification. To a stirred solution of crude 1a” in
CHCl, (8 mL) at room temperature was added (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP-CI, 531 mg, 1.2 mmol),
followed by the addition of diisopropylethylamine (0.2 mL, 1.2 mmol) and 2-
(diphenylphosphino)benzoic acid (306 mg, 1 mmol). The reaction mixture was then stirred for 12
h at room temperature. The mixture was combined with CH,Cl, and water and the organic layer
was separated, washed with saturated NaHCO3, and dried over Na SOa. The solvent was removed
in vacuo to afford the crude protected as colourless oil, the crude product was purified by flash
chromatography (35% EtOAc in hexanes) yielding 1a (394 mg, 70%) as a white solid.

Mp. 109-110 °C; [a]o® = 97.5 (c 0.80, CHCly); *H-NMR (400 MHz, CDCls) § 7.85 (s, 1H), 7.76
(s, 1H), 7.46 (d, J = 6.8 Hz, 1H), 7.34-7.26 (m, 13H), 7.14 (d, J = 7.6 Hz, 3H), 6.9-6.90 (m, 2H),
5.05 (s, 1H), 3.96 (d, J = 8.0 Hz, 1H), 3.35 (s, 1H), 2.78 (s, 1H), 2.67 (d, J = 3.6 Hz, 3H), 2.45 (d,
J =3.2 Hz, 3H), 1.99 (s, 2H), 1.84-1.72 (m, 5H), 1.33-1.23 (m, 4H). *3*C-NMR (101 MHz, CDCls)
5 172.9, 170.0, 139.2, 138.9, 134.6, 134.1, 133.8, 133.6, 133.4, 131.4, 129.7, 129.4, 129.3, 129.1,
129.0, 128.9, 128.8, 128.6, 128.5, 127.2, 68.4, 62.0, 48.8, 42.6, 38.5, 37.1, 30.6, 24.3, 23.6, 22.7;
31P-NMR (162 MHz, CDCls) 6 -9.9; HRMS (ESI): m/z [M+H]* calcd. for CssH3sN3O2P: 564.2774,
found: 564.2782,
N-((S)-1-(((1S,2S)-2-(dimethylamino)cyclohexyl)amino)-3-methyl-1-oxobutan-2-yl)-2-
(diphenylphosphino)benzamide (1b)

Catalyst 1b was prepared according to the procedure used to synthesize catalyst 1a,
starting from 1b’ (341 mg, 1.0 mmol) to yield the desired product as a white solid (397 mg, 75%).
Mp. 72-73 °C; [a]o® = 25.3(c 0.95, CH2Cl,); *H-NMR (400 MHz, CDCl3) § 7.62 (dd, J=7.2,2.8
Hz, 1H), 7.39-7.37 (m, 1H), 7.35-7.26 (m, 12H), 6.97 (dd, J = 6.8, 4.0 Hz, 1H), 6.67 (d, J = 8.4
Hz, 1H), 6.42 (s, 1H), 4.34-4.30 (m, 1H), 3.49-3.42 (m, 1H), 2.48-2.45 (m, 1H), 2.28-2.24 (m,
1H), 2.18 (s, 6H), 2.01-2.03 (m, 1H), 1.84-1.79 (m, 2H), 1.68-1.65 (m, 1H), 1.27-1.10 (m, 4H),
0.87 (s, 3H), 0.86 (s, 3H). 3C-NMR (100 MHz, CDCls)  170.6, 168.6, 141.3, 141.1, 137.5, 137 .4,
136.6, 136.4, 134.4, 133.9, 133.7, 130.3, 128.7, 128.7, 128.6, 128.5, 128.5, 128.5, 127.7, 127.6,
66.4,58.9,51.4, 39.9, 32.5, 31.5, 25.3, 24.7, 21.3, 18.8, 18.2; 3'P-NMR (162 MHz, CDCl3) & -10.0;
HRMS (ESI): m/z [M+H]* calcd. for Cs2HoN3O2P: 530.2931, found: 530.2934.
N-((S)-1-(((1S,2S)-2-(dimethylamino)cyclohexyl)amino)-3,3-dimethyl-1-oxobutan-2-yl)-2-
(diphenylphosphino)benzamide (1c)

Catalyst 1c was prepared according to the procedure used to synthesize catalyst 1a, starting from
1c¢’ (355 mg, 1.0 mmol) to yield the desired product as a white solid (391 mg, 72%). Mp. 82-83
°C; [a]o®® = 80.6 (c 0.80, CH.Cl,); *H-NMR (400 MHz, CDCl3) § 7.62-7.59 (m, 1H), 7.39-7.37
(m, 1H), 7.35-7.23 (m, 11H), 6.98-6.95 (m, 1H), 6.81 (d, J = 9.2 Hz, 1H), 6.37 (s, 1H), 4.31 (d, J
= 9.2 Hz, 1H), 3.4-3.41 (m, 1H), 2.52-2.49 (m, 1H), 2.18 (s, 6H), 1.85-1.82 (m, 2H), 1.68-1.65
(m, 1H), 1.26-1.07 (m, 5H), 0.95 (s, 9H). **C-NMR (100 MHz, CDCls) & 170.2, 168.5, 141.3,
141.0, 137.7, 137.6, 137.5, 136.7, 136.5, 134.4, 133.9, 133.7, 133.6, 133.5, 130.2, 128.6, 128.5,
128.4, 128.4, 128.3, 127.4, 66.3, 61.1, 51.3, 39.8, 35.1, 32.2, 26.5, 25.2, 24.5, 21.1, 15.2. 3Ip-
NMR (162 MHz, CDCl3) 8-9.9; HRMS (ESI): m/z [M+H]"* calcd. for CzsHs2N302P: 544.3087,
found:544.3089.
2-(diphenylphosphino)-N-((S)-1-(((1S,2S)-2-(isobutylamino)cyclohexyl)amino)-3,3-dimethyl-
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1-oxobutan-2-yl)benzamide (1d)

Catalyst 1d was prepared according to the procedure used to synthesize catalyst 1a, starting from
1d’ (383 mg, 1.0 mmol) to yield the desired product as a white solid (429 mg, 75%). Mp. 67-68
°C; [a]o® = 23.3 (c 1.80, CHCl,); *H-NMR (400 MHz, CDCl3) & 7.62-7.0 (m, 1H), 7.38 (td, J =
7.6, 1.2 Hz, 1H), 7.32-7.30 (m, 7H), 7.26-7.21 (m, 4H), 6.98-6.95 (m, 1H), 6.70 (d, J = 8.8 Hz,
1H), 6.20 (d, J = 7.2 Hz, 1H), 4.28 (d, J = 8.8 Hz, 1H), 3.51 (qd, J = 10.8, 4.0 Hz, 1H), 2.50 (dd, J
=11.2, 6.8 Hz, 1H), 2.28 (td, J = 10.2, 3.6 Hz, 1H), 2.21 (dd, J = 11.2, 6.8 Hz, 1H), 2.14-2.04 (m,
2H), 1.72-1.58 (m, 4H), 1.31-1.06 (m, 4H), 0.93 (s, 9H), 0.85 (d, J = 6.4 Hz, 6H); 3C-NMR (101
MHz, CDCl3) 6 170.3, 168.9, 141.4, 141.1, 137.1, 136.0, 135.8, 134.5, 133.8, 133.6, 130.4, 128.8,
128.7, 128.6, 127.7, 61.8, 60.8, 54.3, 53.5, 34.5, 32.2, 31.4, 28.9, 26.7, 24.6, 20.7; *'P-NMR (162
MHz, CDCl3) 8-10.6; HRMS (ESI): m/z [M+H]* calcd. for CssHasN3O2P [M+H]* 572.3400, found:
572.3406.
N-((S)-1-(((1R,2R)-2-(dimethylamino)cyclohexyl)amino)-3,3-dimethyl-1-oxobutan-2-yl)-2-
(diphenylphosphino)benzamide (1e)

Catalyst 1e was prepared according to the procedure used to synthesize catalyst 1a, starting from
1e’ (355 mg, 1.0 mmol) to yield the desired product as a white solid(407 mg, 75%) Mp. 101-102
°C; [a]o® =-10.4 (c 0.80, CH,Cl); *H-NMR (400 MHz, CDCls3)  7.59 (dd, J = 6.8, 3.6 Hz, 1H),
7.39 (t, J = 7.6 Hz, 1H), 7.35-7.22 (m, 11H), 6.98 (dd, J = 7.2, 3.6 Hz, 1H), 6.86 (d, J = 6.4 Hz,
1H), 6.78 (d, J = 7.2 Hz, 1H), 4.23 (d, J = 7.6 Hz, 1H), 3.71-3.62 (m, 2H), 2.51-2.47 (m, 1H),
2.25 (s, 6H), 1.80-1.83 (m, 2H), 1.69 (d, J = 7.6 Hz, 1H), 1.29-1.25 (m, 2H), 1.20-1.14 (m, 2H),
0.94 (s, 9H); *C-NMR (101 MHz, CDCls) & 170.2, 169.4, 152.2, 141.0, 140.7, 137.1, 137.0,
136.5, 136.3, 134.5, 133.9, 133.7, 133.7, 133.5, 130.5, 128.9, 128.7, 128.6, 128.5, 128.5, 127.7,
127.7, 66.9, 62.1, 50.00, 39.7, 34.1, 32.1, 26.6, 24.6, 24.5, 21.6.3P-NMR (162 MHz, CDCls) &-
10.4; HRMS (ESI): m/z [M+H]* calcd. for C3sH42N302P: 544.3087, found: 544.3092.

3. Representative procedure of 1,3-dipole cycloaddition

[COR3
\
COR3 R2 . COR3 . R
2 precat. 1¢c or 1e (6 mol%) R30C ) R*OC 3 5
N Ag,0 (3 mol%) WR “R
or R N COzMe or CO-Me
3 toluene, -20 °C 1 N COzMe R N 2
COR , R™ N N
/[ 3 12-24 h endo-4 endo-6
R4 5

Precatalyst 1c or 1e (0.012 mmol) and Ag2O (0.006 mmol) were dissolved in toluene (1.4 mL).
The reaction mixture was stirred for 1 h at rt, followed by the addition of maleates 2 or 5 (0.20
mmol) and iminester substrates 3 (0.30 mmol). Once starting material had been consumed
(monitored by TLC), the mixture was purified by column chromatography to give the
corresponding cycloaddition product 4 or 6, which was then directly analyzed by chiral HPLC.

4. Analytical data of the [3 + 2] cyclization products
(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-phenylpyrrolidine-2,3,4-tricarboxylate (4a)!

S4



EtO,C,  CO,Et

Ph N CO,Me
H
4a

White solid, Mp. 118-119 °C; yield 94%; [a]o®® = +52.1 (c 1.00, CH.Cl.); The ee value was 92%,
tr (major) = 5.71 min, tg (minor) = 9.55 min (Chiralcel AS-H, A = 205 nm, iPrOH/hexanes = 50:50,
flow rate = 0.8 mL/min).
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(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(p-tolyl)pyrrolidine-2,3,4-tricarboxylate (4b)*
EtO,C, CO,Et

N~ ~CO,Me
HsC H
4b

White solid, Mp. 115-116 °C; yield 92%; [a]o®® = +46.8 (c 1.04, CH,Cl.); The ee value was 87%,
tr (Major) = 6.33 min, tr (Minor) = 14.35 min, (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes 50:50,
flow rate =0.8 mL/min).
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(2S,3R,4S,5R)-3,4-diethyl  2-methyl  5-(4-methoxyphenyl)pyrrolidine-2,3,4-tricarboxylate
(40)*
EtO,C CO,Et

N COZMe

H,CO H
4c

White solid, Mp. 84-86 °C; yield 91%; [a]o® = +47.5 (c 1.02, CH,Cl,); The ee value was 93%, tr
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(major) = 7.28 min, tr (minor) = 13.97 min, (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes 50:50,
flow rate =0.8 mL/min).

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(4-fluorophenyl)pyrrolidine-2,3,4-tricarboxylate (4d)!

EtO,C.  CO,Et

N COzMe
F H
4d

White solid, Mp. 101-103 °C; yield 97%; [a]p%® = +51.4 (¢ 1.05, CH2Cly); The ee value was 93%,
tr (major) = 7.46min, tg (minor) = 12.94 min, (Chiralcel AS-H, A =
210 nm, iPrOH/hexanes 50:50, flow rate =0.8 mL/min).
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(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(4-chlorophenyl)pyrrolidine-2,3,4-tricarboxylate (4e)!
EtO,C CO,Et

N COZMG
Cl H

4e
White solid, Mp. 117-118 °C; yield 97%; [a]o % = +47.0 (c 1.03, CH.Cl,); The ee value was 85%,
tr (Mmajor) = 7.44 min, tr (minor) = 12.77 min, (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes 50:50,
flow rate =0.8 mL/min).
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(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(4-bromophenyl)pyrrolidine-2,3,4-tricarboxylate (4f)!

Br

EtO,C

N
H
4f

CO,Et

COzMe

A white solid, Mp. 104-105 °C; yield 92%; [a]o® = +46.8 (c 1.10, CH,Cly); The ee
value was 85%, tr (major) = 5.98 min, tr (minor) = 9.33 min (Chiralcel AS-H, A = 210 nm,
iPrOH/hexanes = 50:50, flow rate = 1.0 mL/min).
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(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(4-cyanophenyl)pyrrolidine-2,3,4-tricarboxylate (4g)*

NC

EtO,C,

N
H
49

CO,Et

CO,Me

White solid, Mp. 123-124 °C; yield 88%; [a]p® = +26.2 (c 0.70, CH.Cl,); The ee value was 80%,
tr (major) = 4.75 min, tg (Minor) = 5.41min (Chiralcel AS-H, A =210 nm, iPrOH/hexanes = 50:50,
flow rate = 1.0 mL/min).

S7



) -
o o 2ty
f
oo [
I
300 |
a0 |
[
400 |
- ||
a00 ||
200 |
100 : B
100 | 0
o] ——— _J \\\_ﬁg//ﬂ\\_,ﬁi_ ]
W R EFET ) FERY MR Qi) I iy I v fRETETR AT eEER I AT AL W 5 I T
# [min] [min] [mal*s] [mAl] % : # [min] [min] [mAU*s] [mAU] %
- J====1 [ [ [ |)—=emt I===-1 [ [ e [
1 4.725 BV 0.1474 7627.75293 791.62213 49.5522 . 1 4.754 MM 0.l646 37%7.73120 384.44531 90.0672

2 5.383 WV 0.19798 7765.61426 €04.861731 50.4478 , 2 5.411 MM 0.1990 418.82324 35.08270 $.9328
\

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(o-tolyl)pyrrolidine-2,3,4-tricarboxylate (4h)
EtO,C CO,Et

N COzMe
H

4h

White solid, Mp. 76-77 °C; yield 92%; [a]p® = +71.88 (¢ 1.30, CH,Cl,); *H-NMR (400 MHz,
CDCl3) 6 7.37-7.35 (m, 1H), 7.16-7.11 (m, 3H), 4.56 (d, J = 6.4 Hz, 1H), 4.13-4.06 (m, 3H), 3.82
(s, 3H), 3.70 (dt, J = 15.2, 8.4 Hz, 2H), 3.63-3.51 (m, 2H), 3.07 (brs, 1H), 2.35 (s, 3H), 1.20 (t, J =
7.2 Hz, 3H), 0.73 (t, J = 7.2 Hz, 3H); 3C-NMR (101 MHz, CDCls) § 171.1, 170.2, 135.6, 134.8,
130.0, 127.5, 125.9, 125.3, 62.0, 61.5, 61.0, 60.3, 52.2, 51.0, 50.8, 19.6, 13.9, 13.4; HRMS (ESI):
m/z [M+H]* calcd. for C19H2sNQOs: 364.1755, found 364.1758; The ee value was 86%, tr (major) =
5.01 min, tgr (Minor) = 9.38 min (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes = 50:50, flow rate =
1.0 mL/min).
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(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(2-fluorophenyl)pyrrolidine-2,3,4-tricarboxylate (4i)
EtO,C CO,Et

N~ YCO,Me
H
F
4i
White solid, Mp. 85-86 °C; yield 93%; [o]o%® = +104.22 (¢ 1.15, CH,Cl,); *H-NMR (400 MHz,
CDCl3) § 7.40 (t, J = 7.2 Hz, 1H), 7.22 (td, J = 7.6, 1.6 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 7.01-
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6.96 (m, 1H), 4.58 (d, J = 6.0 Hz, 1H), 4.09-4.04 (m, 3H), 3.78 (s, 3H), 3.93-3.62 (m, 4H), 3.18
(brs, 1H), 1.17 (t, J = 7.2 Hz, 3H), 0.76 (t, J = 7.2 Hz, 3H); 3C-NMR (101 MHz, CDCls) & 170.9,
170.4, 169.9, 161.3, 158.9, 129.1, 127.2, 124.2, 124.1, 123.9, 114.8, 114.6, 61.2, 61.0, 60.3, 58.9,
58.8, 52.2, 51.4, 51.2, 13.9, 13.5; HRMS (ESI): m/z [M+H]* calcd. for C1sH22FNOs [M+H]*
3 6 8 . 1 5 0 4 , f 0 u n d :
368.1506; The ee value was 88%, tr (major) = 5.68 min, tg (minor) = 10.65min
(Chiralcel AS-H, A =210 nm, iPrOH/hexanes = 50:50, flow rate = 1.0 mL/min).
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BT < 35y b : i A ciEif ; . . ) o )
® RENME XA Ex EmE Ve WEIEL s grmierhy KR wERE R W WL
# [min] [min] [mAU*s] [mAaU] ] [ [min] [min] [mAU*s] [maAU] "

e [====1 [ [ Jmmmmmnas I
] i o e R 1-=--1 [ [ R —— |
1 5.658 BV 0.1736 1.05045ed  932.83539 50.0803 ;g pg5 My 0,1885 5008.45455 522.54541 93.9350
3
2 10.591 MM 0.4241 1.04708e4  411.50583 49.9197 1 L j4ee0 e 0.3393  381.48976  16.16196  5.0650
:

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(3-fluorophenyl)pyrrolidine-2,3,4-tricarboxylate (4j)
EtO,C CO,Et
N ()C)zhﬂe
H
F 4j

White solid, Mp.99-100°C; yield 88%; [a]o® = +51.0 (¢ 1.25, CH2Clz); 'H-NMR (400 MHz,
CDCl3) 6 7.30-7.25 (m, 1H), 7.15-7.08 (m, 2H), 6.9-6.92 (m, 1H), 4.44 (d, J = 6.8 Hz, 1H), 4.12
(9, J=7.2 Hz, 3H), 3.79 (s, 3H), 3.78-3.68 (m, 3H), 3.58 (dd, J = 8.0, 7.2 Hz, 1H), 1.23 (t, J = 7.2
Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H); *C-NMR (101 MHz, CDCls) § 170.9, 170.20, 170.17, 163.8,
161.4, 139.9, 129.8, 122.4, 114.2, 64.7, 62.0, 61.2, 60.5, 52.5, 52.3, 51.2, 14.0, 13.6; HRMS (ESI):
m/z [M+H]* calcd. for C1gH22FNOg [M+H]* 368.1504, found:368.1506; The ee value was 76%, tr
(major) = 5.46 min, tg (minor) = 8.88 min (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes = 50:50,
flow rate = 1.0 mL/min).

mau ' ] »
0 i g '\dp
0 1 I
g4 {
o Y - HI
i i
20 P
. | |
N i |
o [ f\ ] ‘
[ \ 20 | N
© \ i [ | &
\ o] |
. o ! J \ A\
T - ——— -~ e~ s — — —
' 2 mie|
'
W PRETETIR] 2R W [EJES W iy [ 3iE o fRETRSI R U U i L U 1y U TET AL
# [min] [min] [mAT*s] [mAU] % E # [min] [min] [mAU*=] [mArU] %
====1 |====1 | | |t | === |====1 | | |==mmmmee |
1 5.463 MM 0.1792 2631.4274% 244.74727 50.0569 : 1 5.455 MM 0.1788 T7628.23242 711.17511 87.9403

2 8.890 BB 0.3102 2625.44458 131.43527 49,9431 ' 2 §.875 MF 0.3088 1046.10046 56.46661 12.0597
'

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(naphthalen-2-yl)pyrrolidine-2,3,4-tricarboxylate (4k)*
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EtO,C,  CO,Et

OO N~ ~CO,Me
H

4k

White solid, Mp. 122-124 °C; yield 89%; [a]p® = +28.9 (¢ 1.06, CH2Cly); The ee value was 97%,
tr (major) = 8.43 min, tr (Minor) = 18.83 min, (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes 50:50,
flow rate =0.8 mL/min).

..... 2 mAU g
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[ ! 260 s
L — - . AN 1 g &
! o e
1] b ] 1 ) 5 E) :
1
1
| #  [min] [min]  [mAU*s] [mAU]
1
e R [ e |- R [
! 1 8.425 BB 0.3691 5.03516e4 2140.63550 98.7305

2 18.831 MM 2.2849 647.44647 4.72271 1.2695

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(pyridin-3-yl)pyrrolidine-2,3,4-tricarboxylate (4l)?
EtO,C CO,Et
] N

—

N~ ~CO,Me
N H

41

White solid, Mp. 100-101 °C; yield: 89%; [a]po3® = +44.2 (c 0.65, CH2Cl;); The ee
value was 74%, tr (major) = 6.27 min, tr (minor) = 7.13 min (Chiralcel AS-H, A = 210 nm,
iPrOH/hexanes = 50:50, flow rate = 1.0 mL/min).

]
300 8
20|
0]
| e N — — —
5 I 7 8 o

0 45 5 55 ] 65 7 5 8 85 9

W PR E TR AT dERe =ik U 1y Ui (TS W {RETES ) AER R W [ L [l 3en W
# [min] [min] [mAU*s] [maU] % # [min] [min] [mAU*s] [mAU] %
====1 | ====] | | [ | -==-1 === | | | === |
1 6.308 VB 0.2139 4293.85303 307.48459 49.9895 1 6.271 MM 0.2336 4722.89941 336.93103 87.0040
2 7.153 BB 0.2470 4295.65820 265.449%43 50.0105 2 7.131 MM 0.2648 705.47321 44,39523 12,9960

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(thiophen-2-yl)pyrrolidine-2,3,4-tricarboxylate (4m)*

S10



Et0,C,  CO,Et

\ NN COMe
S H
4m
White solid, Mp. 85-86 °C; yield 80%; [a]o*® = +32.6 (c 1.10, CH,Cl.); The ee value was 70%, tr
(major) = 5.63 min, tr (minor) = 10.95 min (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes = 50:50,
flow rate = 1.0 mL/min).

562

1 7 T ) 7 % P P -
e v D 3 I I AL I Loy
§#  [min] [min]  [mAU*s] [mAU] %
" I====1 \ \ | ==mmmmme |
1 5.628 BV 0.1649 2763.06982 253.75302 85.0629
2 10.951 FM 0.4083 485.19745 19.80689 14.9371

W RETE I R g W i L I LEQTIEEA
§  [min] [min]  [mAU*s] [mAU] 5
-===1 I====1 \ \ e
1 5.616 MM 0.1841 2084.59448 188.70624 50.1577
2 10.929 ™M 0.4208 2071.48242  82.03603 49,8423

5

(2S,3R,4S,55)-3,4-diethyl 2-methyl 5-cyclohexylpyrrolidine-2,3,4-tricarboxylate (4n)!
EtO,C CO,Et

N~ TCOMe
H

4n
White solid, Mp. 80-81 °C; yield: 80%; [a]o®® = +14.7 (¢ 0.90, CH,Cl,); The ee value was 51%,
tr (minor) = 5.31 min, tr (Major) = 6.07 min (Chiralcel AD-H, A = 210 nm, iPrOH/hexanes 20:80,
flow rate = 1 mL/min).

6.072

45 5 55 s 65 7 75 8

PP 3 P : P T P I

W LRE I R W [EQUIES U i WETHIRE 0 e fegmtin 25 o U T B I i W
£ [min] (min]  [mAD*s] (mAU] % #  [min] [min]  [mAU*s] [mAU] s

o 1===-1 [ [ e [ Fp— | | P |
1 5.307 BB 0.1488 2009.10315 203.31778 4£8.8355 | 1 §.310 MF  0.1615 1516.22046 156.48764 24.4632

!
2 6.083 MF 0.1962 2022.37024 171.7513% 50.16845 , 2 6.072 BV 0.1825 4681.74365 3063.48880 75.5368
!
!
!

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 2-methyl-5-phenylpyrrolidine-2,3,4-tricarboxylate (40)!

S11



Colorless oil, yield 90%; [a]o®® = +40.8 (c 1.20, CH.Cl,); The ee value was 93%, tg (minor) =
7.92 min, tr (major) = 12.14 min, (Chiralcel AD-H, A = 205 nm, iPrOH/hexanes 15:85, flow rate
=0.8 mL/min).

d
:

RN AERN

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 2-methyl-5-(p-tolyl)pyrrolidine-2,3,4-tricarboxylate (4p)*

Colorless oil, yield 83%; [a]o®® = +25.8 (¢ 1.00, CH2Cl;); The ee value was 94%, tg (minor) =
7.45 min, tg (major) = 10.28 min, (Chiralcel AD-H, A = 210 nm, iPrOH/hexanes 15:85, flow rate
=0.8 mL/min).

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 5-(4-fluorophenyl)-2-methylpyrrolidine-2,3,4-tri-
carboxylate (4q)*

White solid, Mp. 87-88 °C; yield 82%; [a]o® = +41.2 (c 1.00, CH,Cl,); The ee value was 96%, tr
S12



(minor) = 8.14min, tr (major) = 12.11 min, (Chiralcel AD-H, A = 210 nm, iPrOH/hexanes 15:85,
flow rate =0.8 mL/min).

(2S,3R,4S,5R)-3,4-diethyl 2-methyl 2-methyl-5-(naphthalen-2-yl)pyrrolidine-2,3,4-
tricarboxylate (4r)*

Colorless oil, yield 81%; [a]o®® = +21.8 (c 0.95, CH2Cl,); The ee value was 88%, tr (minor) =
18.2 min, tr (Major) = 19.9 min, (Chiralcel OD-H, A = 210 nm, iPrOH/hexanes 15:85, flow rate
=0.8 mL/min).

(2S,3R,4S,5R)-trimethyl 5-phenylpyrrolidine-2,3,4-tricarboxylate (4s)!

White solid, yield 91%; Mp. 94-95 °C; [a]o® = +72.8 (c 1.10, CH,Cl,); The ee value was 90%, tr
(major) = 7.47 min, tr (Minor) = 15.2 min, (Chiralcel AS-H, A = 210 nm, iPrOH/hexanes 50:50,
flow rate =0.8 mL/min).

S13



(2S,3R,4S,5R)-trimethyl 2-methyl-5-phenylpyrrolidine-2,3,4-tricarboxylate (4t)!
CO,Me

MeOZCIg\
CO,Me
pn” N 2

H
4t
Colorless oil, yield 82%; [a]o®® = +80.6 (c 1.10, CH2CI2) The ee value was 94%, tg (minor) =

18.56 min, tr (major) = 19.70 min, (Chiralcel OD-H, A = 205 nm, iPrOH/hexanes 15:85, flow rate
=0.8 mL/min).

(2S,3R,4S,5R)-trimethyl 5-(4-fluorophenyl)pyrrolidine-2,3,4-tricarboxylate (4u)

MGOZC COzMe

COzMe

Iz

4u

White solid, Mp. 94-95 °C; yield 87%; [a]o® = +69.7 (¢ 0.95, CH,Cl;); 'H-NMR (400 MHz,
CDCl3) 6 7.33-7.29 (m, 2H), 6.99 (t, J = 8.8 Hz, 2H), 4.45 (d, J = 6.8 Hz, 1H), 4.12 (d, J = 8.8 Hz,
1H), 3.78 (s, 3H), 3.71-3.9 (m, 1H), 3.67(s, 3H), 3.56-3.52 (m, 1H), 3.24 (s, 3H), 2.83 (s, 1H);
13C-NMR (101 MHz, CDCls) 6 171., 170.8, 170.7, 163.3, 132.9, 128.5, 115.22, 64.6, 62.1, 52.4,
52.4, 52.1, 51.4, 50.7; HRMS (ESI): m/z [M+H]* calcd. for CisH1sFNOs: 340.1191, found:
340.1198; The ee value was 92%, tr (major) = 8.52 min, tg (minor) = 14.74 min, (Chiralcel AS-H,
A =210 nm, iPrOH/hexanes 50:50, flow rate = 0.8 mL/min).
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i mAU §
] 8 & i . [
. “ §~§>" : 200 |
‘ \ - é
i g F
# [min] [min] [MAU*3] [mAU] i # [min] [min] [mAU*s] [mAU]
I | === | === I===== = =" | === | : ____‘ _______ \____‘ _______ |=========" |=========" I=======" ‘
1 8.961 BB 0.2732 876.09882 43.5402¢ 49,3727 : 1 8.520 BB 0.3037 1.29782e4 655.65277 95.80982
2 12.980 MM 0.4588 898.36121  32.€3707 50.8273 2 14.740 MM 0.6086 567.68652 15.54742  4.1908
(1S,3R,3aS,6aR)-methyl 5-methyl-4,6-dioxo-3-phenyloctahydropyrrolo[3,4-c]pyrrole-1-
carboxylate (4v)!
o)
CO,Me
Pr” N
4v

White solid, yield 91%; Mp. 164-165 °C; [a]p% = +70.6 (¢ 1.20, CH,Cl,); The ee value was 87%,
tr (minor) = 9.41 min, tgr (Major) = 15.12 min, (Chiralcel AS-H, A =205 nm, iPrOH/hexanes 50:50,
flow rate =1.0 mL/min).

Iy 3 % & & % o | } } P L % % B w
WEOGREINT SN MRS WREBL R wemipl | MORREIRITD R MR MR M
§ [min] [min] [mAU*=] [maU] % ' # [min] [min] [mAU*s] [mAU] &
-==1 I====1 I [ [ === [ I====I I I L I
1 9.445 BB 0.3013 2909.09937 147.56882 50.1973 | 1 9.405 MM 0.3373 764.67596  37.78337  6.5047

2 15.369 BB 0.7998 2886.23364  55.81626 49.8027 | 2 15.124 MM 0.8590 1.09912e4  213.25989 93,4953
:

(2S,3S,4S,5R)-trimethyl 5-phenylpyrrolidine-2,3,4-tricarboxylate (6a)*

QOZMG
MeOZC s
p‘COZMe
N
Ph H
6a

Catalyzed by 1c: colorless oil, yield 78%; [a]o** = +6.6 (c 1.10, CH2Cl,); The ee value was 31%,
tr (major) = 8.13 min, tg (minor) = 13.57 min (Chiralcel OD-H, A=
220 nm, iPrOH/hexanes = 40:60, flow rate = 1.0 mL/min).
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1o
o 25
7 T ) % T % T % P P T
[ s T (T S N 0 W i A W 7 W T LLE B L (T VO = I i 5L W ety W A
# [min] [min] [mAU*s] [mAT] & # [min] [min] [mAU*s] [mAU] ]

e I====1 [ [ [===mmmmn [
1 8.128 MF 0.3378 3296.70825 162.64555 65.4338
2 13.569 MF 0.6197 1741.52881 46.84081 34.5662

sl [====1 [ [ [=mmmmmmn]
1 3.0%4 VB 0.3254 %584.34766 464.15735 4%.5722
2 13.439 BB 0.5944 974%.76367 255.12340 50.4278

Catalyzed by 1e: colorless oil, yield 65%; [a]p*° = +3.9 (¢ 1.10, CH,Cl,); The ee value was 11%,
tr (major) = 8.12 min, tr (minor) = 13.47 min (Chiralcel OD-H, A= 220 nm, iPrOH/hexanes =
40:60, flow rate = 1.0 mL/min).

----1 I====1 [ [ [==mmmmm- [
1 8.117 BB 0.3248 2588.86060 125.63798 55.5202
2 13.471 MF 0.5832 2074.05811 59.26960 44.4798

=== [====1 [ [ .
1 4.094 VB 0.3254 9584.34766 464.15735 49.5722
2 13.439 EB 0.5944 9749.76367 255.12340 50.4278

; T
'
] X
0] s )
g K
] ;
100- '
. 5
T I 3 Z % ey e e e e e A
W {RETE] BT s I8 7 A5 W [ TIE SR i L ) = GO U i 5L U iFiy Ui [Fi A5
#  [min] [min]  [mAU*z] [mAU] s , o # [min] (min]  [MAU*s) [mRU] $

K
X

(2S,4S,5R)-dimethyl 5-phenylpyrrolidine-2,4-dicarboxylate (6b)3

MeOZC
p—cone
N
Ph H
6b

Catalyzed by 1c: white solid, Mp.70-71°C; yield 88%); [a]o® = +23.8 (¢ 1.10, CH.Cly); The ee
value was 51%, tr (major) = 8.81 min, tr (minor) = 11.97 min, (Chiralcel AS-H, A = 205 nm,
iPrOH/hexanes 20:80, flow rate =1.0 mL/min).
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W CRETET AR R LEingt I 773 U [T W R RTIT ETY i I 17 AL W o5 WA i L
# [min] fmin] [mAU*s] [mAU] & # [min] [min] [mAU*s] [mal] g

— 1===-1
1 8.758 vV 0.2574 9373.21875 561.31519 50.0872
2 11.997 VB 0.3796 9340.59766 380.48575 49.9128

e [====1 [ [ [ [
1 8.810 BV 0.2422 4140.£9316 260.50585 75.4775
2 11.972 FM  0.3928 1345.23853  57.07861 24.5225

Catalyzed by 1e: white solid, Mp.72-73°C; yield 90%; [a]o® = +31.5 (c 1.00, CH.Cly); The ee
value was 71%, tr (major) = 8.85 min, tr (minor) = 12.03 min, (Chiralcel AS-H, A = 205 nm,
iPrOH/hexanes 20:80, flow rate =1.0 mL/min).

.
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'
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| !
o | ‘ ‘| \ :
:
| | 20
- [ | [ |
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| oA el
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.............................................. !
I 7 H H = % = Y T .
P 2 =

I fRETES SRR dg LEaTE2) [l [E3TnE
#  [min] [min]  [mAU*s] [mAU] $
——=e J====] | I I I
1 8,758 YV  0.2574 9373.21875 561.31519 50.0872
2 11,997 VB 0.3796 9340.59766 380.48575 49,0128

T H 1 % z
[ e =2 VI & 3 [T EH W W
#  [min) [min]  [mAU*s] [mAU] %

— I====1 [ | [
1 8.852 BV 0.2551 7254.98682 436.37183 85.5462
2 12.034 BV 0.3561 1225.79419  52.37110 14.4538

(2S,4S,5R)-4-ethyl 2-methyl 5-phenylpyrrolidine-2,4-dicarboxylate (6¢)3
EtO,C

I>—002Me
Ph” N

H
6¢c

White solid, Mp.69-70 °C; yield 87%; [a]p®® = +15.1 (c 1.10, CH2Cl,); The ee value was 69%, tr
(major) = 6.61 min, tr (Minor) = 9.20 min, (Chiralcel AS-H, A = 205 nm, iPrOH/hexanes 20:80,
flow rate =1.0 mL/min).

1 6.641 BB 0.2070 1.88894e4 1398.84766 50.1242
2 9.408 BV 0.2696 1.87958e4 1074.66174 43.B758

] [====1 [ [ [ [
1 6.609 MF  0.1992 2.15042e4 1799.35327 84.5217
2 9.203 FM  0.2587 3938.03052 253.71158 15.4783
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i fRETEF R A W TR AR Ui W) . . .
+ min) (min]  [maUTs) () N DO (REEET AT e i [ AL WEE MR
JR— [p— | | | P [min] [min] [mAU*s] [mAU] 3
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(2S,4S,5R)-4-tert-butyl 2-methyl 5-phenylpyrrolidine-2,4-dicarboxylate (6d)?

t-BuO,C
I><002Me

N

Ph” N

6d

White solid, Mp.68-69 °C; yield 87%); [a]o*® = +12.3 (¢ 0.10, CH.Cl.); The ee value was 51%, tr
(major) = 5.30 min, tr (Minor) = 6.54 min, (Chiralcel AS-H, A = 205 nm, iPrOH/hexanes 20:80,
flow rate =1.0 mL/min).

won] . o]
- ﬁ I 8
1200 | ‘I ' @
o] || 2 .
[ i\ 1 oo
o | I .
[ .
o ‘I 750
] [ | w0l o
[ [ 2
200] [ |
Y [\ 20
o] ] o/ N 1
i & I % T ) 7 7 T = I i i ' i i
T T 7 1 7
I GBI R ST R W 1) 5L W iy WE R . . . "
#  (min] {min) (mAU*s] {mAU] s [ < () SR I ) #1 W g [EainEee
- [— | | | mmmmmmee (& [min] [min]  [mAU*s) [mAU] %
1 5.295 BV 0.1491 1.40192e4 1451.27136 49.6366 1~~~ I====1 | I [ I
1 5.302 VW 0.1445 1.26150e4 1343.80676 75.4225

2 6.539 BV 0.2225 1.42245e4 984.00521 50.3634 .
} 2 6.539% BV 0.1704 4110.77588 365.98730 24.5775

(2S,4S,5R)-methyl 4-((4-methoxybenzyl)carbamoyl)-5-phenylpyrrolidine-2-carboxylate (6e)*
o)

PMBHN

COzMe

Ph” N

6e
White solid, Mp. 82-83 °C; yield 87%; [a]po®® = +25.6 (c 1.10, CH2Cl.); The ee value was 70%, tr
(minor) = 8.29 min, tr (major) = 10.78 min. (Chiralcel AD-H, A =205 nm
'PrOH/hexane = 20:80, flow rate = 1 mL/min).

.
1500 t},,,«:
I
- /'
|
- [
[
] [
[
=0 [\
o v \7"\‘ J S
: : = = : * = 7 8 9 10 11 12 13 mis
b fREIETE] MY W W L U g LE3inEs b {5 TR ERY R It [Fj A5 W [ g
# [min] [min] [mAU*=] [mAU] & # [min] [min] [mAU+*s] [mAU] Y
-l 1====I ! I I bo=== I====1 I I | ==mmmmmm I
1 B.646 MM D.3607 2,59332ed 1198.29163 50,1834 1 8.289 MM 0.3066 2091.25122 113.69623 15.1808
2 11.095 BV 0.3957 2.57437e4  983.43164 49.8166 2 10.782 MM 0.4095 1.1684%e4  475.56796 84.8192

(2S,4S,5R)-methyl 4-(isopropylcarbamoyl)-5-phenylpyrrolidine-2-carboxylate (6f)*
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A g
N
CO,Me
N
Ph” "N

6f

White solid, Mp. 107-108 °C; yield 89%); [a]p*®° = +45.6 (¢ 1.10, CH2Cl.); The ee value was 79%,
tr(minor) = 4.98 min, tr(major) = 6.19 min (Chiralcel AD-H, A = 205 nm, 'PrOH/hexane = 20:80,

flow rate = 1 mL/min).

e} H , Al
i ' 2000]
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|¥ H ' 1750
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| \ f \ | 500
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100 | \ | \ '
i | \ [ \ I 250
DAY \ | N —
! 1‘5 5 5'5 L] 85 T 7‘5 my
' P I ) : o5 7 7 3 :
We PREAUTI) SRR MR WREEL WS WIS ggarn K wew e W R
# [min] tmin]  [mAU*s] (maU] s "% [min] [min]  [mAU*s] [(maU] s
Sl 1===-1 I I [===mmmme I
-1 I===-1 [ [ [ [
1 4.872 WV 0.1771 7556.47217 653.41949 50.2913 ! , , , )
4 4 4 4 4 4
2 6.196 BB 0.2140 7468.%2383 534.52008 49.7087 ! ! £.984 M 0.1542 2819.78345 304.83487 10.4432
1 2 6.194 VB 0.2079 2.41814ed4 1798.06921 89.5568
|

(2S,4S,5R)-methyl 4-(isopropylcarbamoyl)-5-(p-tolyl)pyrrolidine-2-carboxylate (6g)*
AL

N

F1

(:()ZRAG

Iz

6g
White solid, Mp. 100-101 °C; yield 90%; [a]p%® = +45.1 (c 0.75, CH.Cl.); The ee value was 81%,
tr (minor) = 5.33 min, tr (Major) = 6.47 min (Chiralcel AD-H, A = 205 nm, 'PrOH/hexane = 20:80,
flow rate = 1 mL/min).

NN

' = * % = = . - 45 5 55 & 65 7 75 8 85  m
W CRETETI MY R W [ 5L [0 [EES

§  [(min) {min]  [mAU*s] {mAD] 5 WE PRETIT] ZEMY U LEiE=2l Lt LETinE A
J— [p— | | [JE—— | # [min] [min) [mAU*s] [mAU] &

1 5.004 BV 0.1755 9281.57422 B803.76678 49.7746 | --==| |====1 | | |

1 5.325 FM
2 6.468 VV

0.1947 527.45105
0.2282 5006.12012

45.14505 4.5318
337.90825 90.4882

2 6.274 BV 0.2024 9%365.63574 701.40503 50.2254

(2S,4S,5R)-methyl
(6h)*

4-(isopropylcarbamoyl)-5-(4-methoxyphenyl)pyrrolidine-2-carboxylate
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/L O

N
H

MeO
6h

CO,Me

Iz

White solid, Mp. 99-100 °C; yield 92%; [a]o®® = +11.2 (c 0.80, CHCl,); The ee value was 92%,
tr(minor) = 6.53 min, tr(major) = 7.29 min (Chiralcel AD-H, A = 205 nm, 'PrOH/hexane = 20:80,
flow rate = 1 mL/min).

| '

|| \ | o= ,
\ [ :

| | I Q}

\ |\ ™ &

| \ \ '
\ | \ g &
' 8¢
N

\ | E>_4ﬁW4444, 47
R o) LR JHIES 2 JEE ""“E . .5 : . . s._ : . -
WECORRITIO JUE R WREBL R W i ke wemiBl W iR
# [min] [min] [mAU*=] [maU] ' .
[ [min] [min] [mAU*s] [mAU] %

-1 I===-1
1 6.377 BV
2 7.298 VB

0.2201 4738.08105 326.89258 50.1516
h

3143 4 433 3 4
0.2343 4700.43353 302.10716 49.5484 | 2 1.294 VB 0.2937 9216.73633 486.85422 96.0819

1 6.525 MM 0.3052 375.85089 20.52398 3.9181

(2S,4S,5R)-methyl 5-(3-(benzyloxy)phenyl)-4-(isopropylcarbamoyl)pyrrolidine-2-carboxylate

(6i)

/L O

N
H

Iz

OBn
6i

COzMe

Colorless oil, yield 85%; [a]o®® = +17.9 (¢ 1.80, CH2Cl,); 'H-NMR (400 MHz, CDCl3) & 7.43—
7.30 (m, 5H), 7.22 (t, J = 8.0 Hz, 1H), 6.99 (s, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.84 (dd, J = 8.0, 2.0
Hz, 1H), 5.99 (d, J = 8.0 Hz, 1H), 5.04 (s, 2H), 4.40 (d, J = 6.4 Hz, 1H), 4.00 (dd, J = 10.0, 6.0 Hz,
1H), 3.80 (s, 3H), 3.72-3.67 (m, 1H), 3.01-2.97 (m, 1H), 2.57-2.53 (m, 1H), 2.35-2.34 (m, 1H),
2.14 (brs, 1H), 0.81-0.78 (m, 6H); *C-NMR (101 MHz, CDCls) & 174.0, 171.6, 158.7, 140.0,
136.9, 129.4, 1285, 127.9, 127.5, 119.1, 113.4, 69.9, 65.0, 58.1, 52.3, 50.0, 40.6, 33.7, 22.2;
HRMS (ESI): m/z [M+H]* calcd. for Ca3H2sN204: 397.2122, found: 397.2127; The ee value was
67%, tr(minor) = 6.77 min, tr(major) = 11.90 min (Chiralcel AD-H, A = 205 nm, 'PrOH/hexane =
20:80, flow rate = 1 mL/min).
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# [min] [min] [mAU*s] [mad] & vod fmin] [min] [mAT*s] [mAU] $
===l [====1 | I [ ==mmmmmn] ===l |====1 | | | === |
1 6.759 MM 0.2727 2.01372e4 1230.84985 49.98612 1 6.771 MM 0.2510 7701.12695 511.42978 16.3504

2 11.981 FM 0.6357 2.01484e4 528.22302 50.0139, 2 11.904 MM 0.8332 3.939%95e4 1037.10974 83.849%9c
'

(2S,4S,5R)-methyl 5-(4-fluorophenyl)-4-(isopropylcarbamoyl)pyrrolidine-2-carboxylate (6j)*
o}
A
H

CO,Me

Iz

6j
White solid, Mp. 126-127 °C; yield 95%; [a]p® = +48.7 (¢ 0.95, CH2Cl,); The ee value was 86%,
tr(minor) = 5.06 min, tr(major) = 5.99 min (Chiralcel AD-H, A = 205 nm, 'PrOH/hexane = 20:80,
flow rate = 1 mL/min).

g

AU OO0 0. 200 200, 0. 0. I

- ¥ & 8 8 8 B B B E

LR PN s O U i #2 W QU E AR T I i - I (i A W I T

# [min] [min] [mAU*=] [mAU] ] ! # [min] [min] [mAU*s ] [mAU] 3
|
=== | ====1 | | | ===mmmm- | EJ— | | ====| | | | —— |
1 5.002 BV 0.1726 1707.40210 147.87270 50.4192 . 1 5.062 MM 0.2259 £50.10992 47.96942 7.0087

2 6.173 VB 0.2107 1679.00977 120.42619% 49.5808 . 2 5.991 MM 0.2508 B625.62891 573.28583 92,9913
I
!

(2S,4S,5R)-methyl 5-(3-fluorophenyl)-4-(isopropylcarbamoyl)pyrrolidine-2-carboxylate (6k)
By

N

H CO,Me

Iz

F
6k

White solid, Mp. 126-127 °C; yield 88%; [a]o*® = 41.75 (c 1.00, CH:Cl.); *H-NMR (400 MHz,
CDCls) & 7.29-7.24 (m, 1H), 7.10 (t, J = 1.0 Hz, 2H), 6.92 (td, J = 8.4, 2.1 Hz, 1H), 6.14 (d, J =
7.5 Hz, 1H), 4.42 (d, J = 6.8 Hz, 1H), 4.01 (dd, J = 10.0, 6.0 Hz, 1H), 3.80 (s, 3H), 3.74-3.67 (m,
1H), 3.0-2.99 (m, 1H), 2.61-2.53 (m, 1H), 2.35-2.29 (m, 2H), 2.22 (brs, 1H), 0.82 (dd, J = 2.0,
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4.8 Hz, 6H); C-NMR (101 MHz, CDCl3) 6 173.9, 171.3, 163.9, 161.5, 141.0, 129.8, 122.3, 114.3,
113.7, 64.6, 58.0, 52.3, 50.0, 40.7, 33.6, 22.3; HRMS (ESI): m/z [M+H]* calcd. for C16H21FN20Os:
309.1609, found:

309.1615; The ee value was 72%, tr(minor) = 5.10 min, tr(major) = 6.30 min
(Chiralcel AD-H, . = 205 nm, 'PrOH/hexane = 20:80, flow rate = 1 mL/min).

R TN =S U % I A W i [EaE E [ 7 ) 3 I = =g W gy W i

# [min] [min] [mAU*s] [mAU] & . [min] [min) [mAU*s] [mAU] 4]
-===l I===-1 I I [===mmmmm ===l I====1 \ I |=====- I
1 5.184 MM 0.1783 2416.14868 225.87682 49,9790 , 1  5.104 MM 0.1923 1438.27783 124.68163 13.8647

2 6.228 VB 0.1846 2418.17627 198.13126 50.0210 . 2 6.297 MM 0.2240 89%35.36328 664.77710 86.1353
'

(2S,4S,5R)-methyl 5-(4-chlorophenyl)-4-(isopropylcarbamoyl)pyrrolidine-2-carboxylate (61)*

A g
N
H

CO,Me

Iz

C
6l

White solid, Mp. 128-129 °C; yield 89%; [a]p® = +51.3 (¢ 0.90, CH2Cl,); The ee value was 86%,
tr(minor) = 5.70 min, tr(major) = 6.68 min (Chiralcel AD-H, A = 205 nm, 'PrOH/hexane = 20:80,
flow rate = 1 mL/min).

LLE B AT (1) <SR [ETHIE ) W iy (10 I R R b W i 5 U 17 I [ FH

# [min] [min] [mRU*s] [mAO] % " [min] [min] [mRU*=] [mAl] %
- === [ [ [ Pemmn] [====1 [ [ [==mmmmm [
1 5.417 VB 0.1907 4735.09521 375.62595 50.0135, 1 5.697 MM 0.19%933 616.51263 51.80881 £.9870
2 ©.587 BB 0.234% 4732,53711 302.54657 49,9865 , 2 6.678 MF 0.2468 B207.25781 554.31323 93.0130
!
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