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1. General Methods

Unless otherwise specified, all reactions were conducted under an inert atmosphere
and anhydrous conditions. All the solvents were purified according to the standard
procedures. All chemicals which are commercially available were employed without
further purification. Thin-layer chromatography (TLC) was performed on silica gel
plates (60F - 254) using UV - light (254 nm). Flash chromatography was conducted
on silica gel (200-300 mesh). 'H and '3C NMR spectra were recorded at ambient
reported in parts per million (ppm). The data are reported as follows: for 'H NMR,
chemical shift in ppm from tetramethylsilane with the solvent as internal standard
(DMSO 6 2.50 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet or overlap of non-equivalent resonances), integration; for 1>*C NMR, chemical
shift in ppm from tetramethylsilane with the solvent as internal indicator (DMSO 6 39.5
ppm), multiplicity with respect to protons. All high-resolution mass spectra were
obtained on a Q-TOF Micro LC/MS System ESI spectrometer to be given in m/z.
Enantiomeric excesses values were determined with HPLC (chiral column; mobile
phase hexane/i-PrOH). Cyclic B-keto esters 1 were employed directly from commercial
sources except 1q-1s''l, 1t2l, 1xB1 which prepared according to the literature;

azoalkenes 2 were synthesized according to modified literature-reported procedures!*!.
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2. Representative Procedures

Optimization of the reaction conditions for 3a-3k, 3p-3t, 3a’

1. Effect of Catalysts (Table S1)

M902C
0 . Cat. EtOz(} CO,Et

~N
~ 10 mol%
&0025 e UL B
2\ toluene, 0 °C |

N
CO,Et OH NHCO,Me
1a 2a 3a
! _A |
: HN HNAT
! N _ :
! H  HN-Ar . , |
; N H o ‘N (o}
l H N N, !
:MeO N 0 S )7 @) n-amyl” “n-amyl O !
| O n :
| ) C3 (=2, Av = 3.5-(CFYPh) s 5
i =3,5- - =2, Ar= 9,5 ) Ar = 3,5-(CF3),-Ph)
| C1 (Ar=3,5-(CF3)-Ph) (n=2. Ar = 4-CF+-Ph) ( (CF3)2-Ph) 5
Entry Cat. Yield (%)° ee (%)°
1 C1 92 88
2 c2 94 90
3 C3 90 52
4 C4 95 32
5 C5 96 <5

a) Reaction conditions: 1a (0.05 mmol), 2a (0.06 mmol.), Cat. (10 mol%) and toluene (1 mL) at

0 ‘Cfor 12 h. b) Isolated yields. c) Determined by chiral HPLC analysis. All dr > 20:1.

2. Effect of Solvents (Table S2)

MeO,C
o 2N c2 Eto,c COEt
N° (10 mol%) -
CO.Et + -~ N
2\ solvent, 0 °C ~~N
CO,Et OH NHCO,Me
1a 2a 3a
Entry Cat. Solvent Yield (%)° ee (%)°
1 C2 toluene 94 90
2 C2 THF 80 64
3 C2 CHsCN 85 80
4 c2 CHCl 96 94
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a) Reaction conditions: 1a (0.05 mmol), 2a (0.06 mmol.), C2 (10 mol%) and solvent (1 mL)at0 C

for 12 h. b) Isolated yields. c) Determined by chiral HPLC analysis. All dr > 20:1.

3. Effect of more Temperatures (Table S3)

N~ (10 mol%) N\
CO,Et +
%\ CHzclz, T C:)HN\
o,k NHCO,Me
1a 2a 3a
Entry Cat. T/°C Yield (%)° ee (%)°
1 Cc2 25 80 88
2 C2 0 96 94
3 C2 -20 94 93

a) Reaction conditions: 1a (0.05 mmol), 2a (0.06 mmol.), C2 (10 mol%) and CH2Cl> (1 mL), 12 h.

b) Isolated yields. c) Determined by chiral HPLC analysis. All dr > 20:1.

5. Effect of the amount of catalyst (Table S4)

o MeOzC’i c2. EtO,C  CO2Et
L P e
Z\ CH,Cl,, 0 C éHN
CO,Et NHCO,Me
1a 2a 3a
Entry Cat. Eq (mol%) Yield (%)° ee (%)°
1 C2 2 36 10
2 Cc2 4 79 87
3 Cc2 6 82 93
4 C2 8 88 94
5 C2 10 96 94

a) Reaction conditions: 1a (0.05 mmol), 2a (0.06 mmol.), and CH2Cl, (1 mL), at 0 ‘Cfor 12 h. b)

Isolated yields. ¢) Determined by chiral HPLC analysis. All dr > 20:1.

Optimization of the reaction conditions for 3I-30

1. Effect of more Temperatures (Table S5)
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EtO,C
0 2N c2. Eto,c  COEt
N~ (10 mol%) - N\
COEt -
%\/ CH2C|2, T B N
CO,Et OH NHCO,Et
1a 2l 3l
Entry Cat. T/°C Yield (%)° ee (%)°
1 C2 25 83 80
2 C2 0 88 86
3 C2 -20 87 84
4 C2 -40 92 90

a) Reaction conditions: 1a (0.05 mmol), 21 (0.06 mmol.), C2 (10 mol%) and CH2Cl, (1 mL), 24 h.

b) Isolated yields. c) Determined by chiral HPLC analysis. All dr > 20:1.
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Optimization of the reaction conditions for 3u-3z

1. Effect of additive (Table S6)

MeOZC
0] ' C2.

oN
CO,Me N (10mol%) Oﬁ\},
%\ CH,Cly, 0°C éHNNHco y
olVie

CO,Et
1u 2a 3u
Entry Cat. Additive Yield (%)° ee (%)°
1 C2 - 78 32
2 c2 50 mg 3A MS 89 93
3 c2 50 mg 4A MS 91 94
4 c2 50 mg 5A MS 90 94

a) Reaction conditions: 1u (0.05 mmol), 2a (0.06 mmol.), C2 (10 mol%) and CH.Cl, (1 mL)at0 C

for 48 h. b) Isolated yields. c) Determined by chiral HPLC analysis. All dr > 20:1.

General Procedures for the synthesis of products 3

For 3a-3k, 3p-3t, 3a’

R30,C
© _N c2. R'0,c CO.R?
C02R1 . N (10 mOl%) - mﬁ
é %\ CH,Cl,, 0 °C ~N
CO,R? OH NHCO,R?
1 2 3

Cyclic p-keto ester 1 (0.20 mmol), and C2 (10 mol%) were dissolved in CH>Cl»
(2 mL) and azoalkene 2 (0.24 mmol) was added dropwise at 0 °C. The reaction mixture
was stirred for 12 h. After the completion of the reaction which was indicated by TLC,
the solvents were removed in vacuo and the crude product was separated by flash
column chromatography on silica gel (petroleum ether/ethyl acetate = 1.5:1-1:1) to

afford the target products 3.

For 31-30
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R20,C

O _N c2. Eto,c CO2R'
é cog  , (10 mol%) ®R3
Z\ R CH,Cl,, -40 °C ~N
CO.R! OH NHCO,R?
1a 2 3

Cyclic p-keto ester 1a (0.20 mmol), and C2 (10 mol%) were dissolved in CH2Cl>
(2 mL) and azoalkene 2 (0.24 mmol) was added dropwise at -40 °C. The reaction
mixture was stirred for 12 h. After the completion of the reaction which was indicated
by TLC, the solvents were removed in vacuo and the crude product was separated by
flash column chromatography on silica gel (petroleum ether/ethyl acetate = 1.5:1-1:1)

to afford the target products 3.

For 3u-3z
MeOZC
o} N c2. R10,C CO,Et
; N* (10 mol%) A
( COQR + X
n x %\ 4A MS nt =N
CO,Et CH,Cl,, 0 °C OH NHCO,Me
1 2a 3

Cyclic p-keto ester 1 (0.20 mmol), 4A MS (50 mg) and C2 (10 mol%) were
dissolved in CH>Cl> (2 mL) and azoalkene 2a (0.24 mmol) was added dropwise at 0 °C.
The reaction mixture was stirred for 12 h. After the completion of the reaction which
was indicated by TLC, the solvents were removed in vacuo and the crude product was
separated by flash column chromatography on silica gel (petroleum ether/ethyl acetate

= 1.5:1-1:1) to afford the target products 3.

Procedure for the gram-scale reaction

MeO,C
o 2N c2. Et0,C CO2Et
N’ (10 mol%) -
CO,Et + N
Z\ CH20|2, 0°C N
CO,Et OH NHCO,Me
1a 2a 3a

Cyclic p-keto ester 1a (0.47 g, 3 mmol), and C2 (10 mol%) were dissolved in
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CHCl; (20 mL) and azoalkene 2a (0.72 g, 3.6 mmol) was added dropwise at 0 °C. The
reaction mixture was stirred for 24 h.After the completion of the reaction which was
indicated by TLC, the solvents were removed in vacuo and the crude product was
separated by flash column chromatography on silica gel (petroleum ether/ethyl acetate

= 3:1-1:1) to afford the target products 3a.(0.94 g, 88% yield) as a white solid.

Derivatization of 3a, 3¢ and 3e into compounds 4-8

EtO,C CO,Et EtO,C CO,Et
N\ BF3+Et,0 N\
—~N HSiEts, CH,Cl, ~N
OH NHCO,Me 98% H  NHco,Me
3a 4 (94% ee)

To the solution of compound 3a (68.4 mg, 0.19 mmol) in CH2Cl; (1 mL) was add
boron trifluoride ether (41.2 mg, 0.29 mmol) and triethyl silane (33.4 mg, 0.29 mmol)
dissolved in CH2Cl, (1mL), the reaction mixture was stirred at 20 “‘C for 4 h. After the
completion of the reaction which was indicated by TLC, the reaction mixture was
treated with H2O and extracted with ethyl acetate and washed with brine. The combined
organic layers were dried with anhydrous Na>SO4 and the solvent was removed under
reduced pressure. The residue was purified through preparative thin layer
chromatography on silica gel (petroleum ether/ethyl acetate = 3:1) to afford pure

product 4.

EtO,C CO,Et EtOZC—J CO,Et
A BrCH,CO,Et T\
ﬁ N Cs,CO3, CH3CN' E N
NHCO,Me  81% Etozc\/N\COZMe
4 (94% ee) 5 (94%/93% ee)

To the solution of compound 4 (64.0 mg, 0.19 mmol) in CH3CN (1 mL) was added
ethyl 2-bromoacetate (48.1 mg, 0.29 mmol). Then, Cs2CO3 (94.5 mg, 0.29 mmol) was
added to the reaction mixture, which was stirred at room temperature for 2 h. After the

completion of the reaction which was indicated by TLC, the reaction mixture was
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purified through preparative thin layer chromatography on silica gel (petroleum

ether/ethyl acetate = 4:1) to afford pure product 5.

CO,Et
Et029 2 EtO,C CO,Et

\ CSzCO3
Ho 60% A N
Et0,c— ' COMe -7
5 (94%/93% ee) 6 (92% ee)

To the solution of compound 5 (65.0 mg, 0.15 mmol) in CH3CN (1 mL) was added
Cs2C03(97.7 mg, 0.3 mmol), the reaction mixture was stirred at 60 ‘C for 3 day. After
the completion of the reaction which was indicated by TLC, the reaction mixture was
purified through preparative thin layer chromatography on silica gel (petroleum

ether/ethyl acetate = 4:1) to afford pure product 6.

EtO,C  COEt Et0,C  COsEt EtO,C COEL
N THF ~N CH,Cl, SN
OH NHCO,Bn 93% OH NH, 95%
3c 7 8 (94% ee from 7)

To the solution of compound 3c (83.0 mg, 0.19 mmol) in THF (1 mL) was added
Pd/C (25 mg) under H>, the reaction mixture was stirred at room temperature overnight.
After the completion of the reaction which was indicated by TLC, the reaction mixture
was purified through preparative thin layer chromatography on silica gel (petroleum
ether/ethyl acetate = 4:1) to afford pure product 7.

To the solution of compound 7 (53.2 mg, 0.18 mmol) in CH2Cl> (1 mL) was added
TFA (0.25 mmol), the reaction mixture was stirred at 20 T for 24 h. After the
completion of the reaction which was indicated by TLC, the reaction mixture was
treated with H>O and extracted with ethyl acetate and washed with brine. The combined
organic layers were dried with anhydrous Na>SO4 and the solvent was removed under
reduced pressure. The residue was purified through preparative thin layer

chromatography on silica gel (petroleum cther/ethyl acetate = 4:1) to afford pure
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product 8.

CO,Et CO,Et
EtO,C ™2 EtO,C | 2
N\ TFA AN
—_—
=N CH,Cl, \N,NH
OH NHCO,Bu 849,
3e 8 (81% ee from 3e)

To the solution of compound 3e (59.7 mg, 0.15 mmol) in CHCl> (1 mL) was
added TFA (0.26 mmol), the reaction mixture was stirred at 20 <C for 6 h. After the
completion of the reaction which was indicated by TLC, the reaction mixture was
treated with H2O and extracted with ethyl acetate and washed with brine. The combined
organic layers were dried with anhydrous Na>SO4 and the solvent was removed under
reduced pressure. The residue was purified through preparative thin layer
chromatography on silica gel (petroleum ether/ethyl acetate = 4:1) to afford pure

product 8.

3. Characterization of Products

Diethyl (3aR,6aR)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-4,5,6,6a-tetrah

ydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3a:

EtO,C CO,Et
N
N
OH NH
MeO,C’

A colorless solid; 68.4 mg; isolated yield = 96%; dr > 20:1; m.p. 87.5 — 87.8<C;
[0]?®?p = -11.00 (c 0.1 EtOAC); HPLC (IC column, i-propanol/hexane = 30/70, flow
rate 1.0 mL/min, A = 254 nm), retention time: t; = 5.76 min (minor), t> = 7.71 min
(major), ee = 94%; 'H NMR (400 MHz, DMSO) § 9.32 — 8.82 (m, 1H), 6.49 (s, 1H),
4.11 - 3.95 (m, 4H), 3.64 (s, 3H), 2.68 — 2.60 (m, 1H), 2.08 (s, 3H), 1.99 — 1.62 (m,
5H), 1.11 (t, J=7.1 Hz, 6H). *C NMR (100 MHz, DMS0) § 172.2, 165.3, 159.5, 157.9,
104.8, 99.4, 63.3, 60.4, 58.5, 52.7, 38.0, 36.9, 23.0, 14.8, 14.6, 11.8. HRMS (ESI) m/z

calcd for C16H224N207Na* [M + Na]" = 379.1476, found = 379.1486.
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Diethyl (3aR,6aR)-1-((ethoxycarbonyl)amino)-6a-hydroxy-2-methyl-4.5.6,6a-tetrahy

drocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3b:

EtO,C CO,Et
TN\
N
OH NH
EtO,C’

A colorless oil; 66.6 mg; isolated yield = 90%; dr > 20:1; [0]*>?p = 15.38 (¢ 0.13
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t1 = 5.67 min (minor), t. = 7.80 min (major), ee = 91%; *H NMR
(400 MHz, DMSO) § 9.24 — 8.76 (m, 1H), 6.51 — 6.45 (m, 1H), 4.10 — 3.94 (m, 6H),
2.67-2.62 (m, 1H), 2.08 (s, 3H), 1.75 — 1.62 (m, 5H), 1.20 (t, J = 7.0 Hz, 3H), 1.11 (t,
J=7.1Hz, 6H).¥C NMR (100 MHz, DMSO) § 172.2, 165.3, 159.6, 157.4,104.7, 99.2,
63.3, 61.5, 60.4, 58.5, 38.0, 36.9, 23.0, 14.9, 14.8, 14.6, 11.8. HRMS (ESI) m/z calcd

for C17H26N207Na* [M + Na]* = 393.1632, found = 393.1636.

Diethyl (3aR,6aR)-1-(((benzyloxy)carbonyl)amino)-6a-hydroxy-2-methyl-4,5,6,6a-tet

rahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3c:

Etozg CO,Et
TN\
N
OH NH
BnO,C’

A colorless solid; 83.0 mg; isolated yield = 96%; dr > 20:1; m.p. 84.2 — 84.4<C,;
[0]®4p = -10.67 (c 0.15 EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow
rate 1.0 mL/min, 2 = 254 nm), retention time: t; = 8.35 min (minor), t> = 11.53 min
(major), ee = 95%; *H NMR (400 MHz, DMS0) § 9.30 — 8.81 (m, 1H), 7.36 — 7.28 (m,
5H), 6.56 — 6.50 (m, 1H), 5.08 — 5.00 (m, 2H), 4.12 — 3.90 (m, 4H), 2.70 — 2.66 (m,
1H), 2.11 (s, 3H), 1.99 — 1.64 (m, 5H), 1.20 (t, J = 7.0 Hz, 3H), 1.02 (t, J = 7.1 Hz, 3H).
13C NMR (100 MHz, DMSO0) § 172.2, 165.3, 159.4, 157.4, 136.9, 129.0, 128.6, 128.3,
104.8, 99.3, 66.8, 63.3, 60.4, 58.5, 38.0, 36.9, 23.0, 14.8, 14.6, 11.8. HRMS (ESI) m/z

calcd for Co2H2sN207Na* [M + Na]* = 455.1789, found = 455.1794.
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Diethyl (3aR,6aR)-1-((((9H-fluoren-9-ylYmethoxy)carbonyl)amino)-6a-hydroxy-2-me

thyl-4,5,6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3d:

EtO,C CO3Et
Ly
~N
OH NH

Q7
)

A colorless solid; 98.8 mg; isolated yield = 95%; dr > 20:1; m.p. 140.2 — 140.5<TC;
[0]?*°0 = 9.31 (c 0.23 EtOAC); HPLC (IC column, i-propanol/hexane = 30/70, flow rate
1.0 mL/min, 2 = 254 nm), retention time: t; = 9.86 min (minor), t2 = 13.19 min (major),
ee = 95%; 'H NMR (400 MHz, DMSO) 6 9.57 — 8.68 (m, 1H), § 7.91 — 7.33 (m, 8H),
6.47 — 6.29 (m, 1H), 4.65 — 4.05 (m, 4H), 4.00 — 3.95 (m, 3H), 2.65 — 2.51 (m, 1H),
2.06 (s, 3H), 1.96 — 1.60 (m, 5H), 1.14 — 1.09 (m, 6H). *C NMR (100 MHz, DMSO) 5
172.2,165.3, 159.5, 157.3, 144.0, 141.3, 128.2, 127.6, 125.8, 120.6, 104.8, 99.4, 66.7,
63.3, 60.4, 58.5, 47.1, 38.0, 37.0, 23.1, 14.9, 14.6, 11.8. HRMS (ESI) m/z calcd for
C2o9H32N207Na* [M + Na]* = 543.2102, found = 543.2110.

Diethyl (3aR,6aR)-1-((tert-butoxycarbonyllamino)-6a-hydroxy-2-methyl-4.5,6,6a-tetr

ahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3e:

A colorless solid; 59.7 mg; isolated yield = 75%; dr > 20:1; m.p. 76.2 — 76.4<C;
[0]?*p = -5.20 (¢ 0.51 EtOAC); HPLC (IC column, i-propanol/hexane = 30/70, flow
rate 1.0 mL/min, A = 254 nm), retention time: t; = 5.96 min (minor), t = 6.85 min
(major), ee = 85%; *H NMR (400 MHz, DMSO) § 9.97 — 8.45 (m, 1H), 6.48 — 6.36 (m,
1H), 4.11 — 3.95 (m, 4H), 2.64 — 2.62 (m, 1H), 2.07 (s, 3H), 1.99 — 1.61 (m, 5H), 1.41
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(s, 9H), 1.11 (t, J = 7.1 Hz, 6H). *C NMR (100 MHz, DMSO) & 172.2, 165.4, 159.8,
156.4, 104.7,99.0, 80.4, 63.3, 60.5, 58.5, 38.0, 36.9, 28.3, 23.0, 14.9, 14.6, 11.8. HRMS
(ESI) m/z calcd for C19H30N207Na* [M + Na]* = 421.1945, found = 421.1950.

3a-ethyl 3-methyl (3aR,6aR)-1-((ethoxycarbonyl)amino)-6a-hydroxy-2-methyl-4.5.6,

6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3f:

EtO,C CO,Me

N
= "N
OH NHCO,Et

A colorless solid; 68.4 mg; isolated yield = 96%; dr > 20:1; m.p. 78.3 — 78.5<C;
[0]?*®p = -7.39 (c 0.23 EtOAC); HPLC (IC column, i-propanol/hexane = 30/70, flow
rate 1.0 mL/min, A = 254 nm), retention time: t1 = 5.94 min (minor), t> = 8.97 min
(major), ee = 95%; *H NMR (400 MHz, DMSO) § 9.26 — 8.78 (m, 1H), 6.54 — 6.49 (m,
1H), 4.11 — 3.91 (m, 4H), 3.49 (s, 3H), 2.66 — 2.58 (m, 1H), 2.07 (s, 3H), 1.95 — 1.61
(m, 5H), 1.19 (t, J = 7.0 Hz, 3H), 1.09 (d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, DMSO)
0 172.1,165.8, 159.7, 157.4, 104.8, 99.0, 63.3, 61.5, 60.4, 50.4, 38.0, 36.9, 23.0, 14.9,
14.6, 11.9. HRMS (ESI) m/z calcd for C16H24N207Na* [M + Na]* = 379.1476, found =
379.1481.

3a-ethyl 3-methyl (3aR,6aR)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-4.5,

6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3q:

EtOZQ CO,Me
TN\
=N
OH NHCO,Me
A colorless solid; 47.9 mg; isolated yield = 70%; dr > 20:1; m.p. 95.3 — 95.7C;
[0]%*5p = 7.95 (c 0.23 EtOAC); HPLC (IC column, i-propanol/hexane = 30/70, flow rate
1.0 mL/min, 2 = 254 nm), retention time: t; = 6.28 min (minor), t> = 9.43 min (major),

ee = 93%; 'H NMR (400 MHz, DMSO) & 9.33 — 8.83 (m, 1H), 6.52 (s, 1H), 4.14 — 4.08
(m, 2H), 3.63 (s, 3H), 3.50 (s, 3H), 2.66 — 2.58 (m, 1H), 2.07 (s, 3H), 1.73 — 1.62 (m,
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5H), 1.09 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, DMSO) 5 172.1, 165.8, 159.7, 157.9,
104.8, 99.2, 63.2, 60.4, 52.7, 50.4, 38.0, 36.9, 23.0, 14.6, 11.9. HRMS (ESI) m/z calcd
for C1sH22N207Na* [M + Na]* = 365.1319, found = 365.1328.

3-benzyl 3a-ethyl (3aR,6aR)-6a-hydroxy-1-((ethoxycarbonyl)amino)-2-methyl-4.5.6,

6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3h:

EtO,C CO,Bn

A\
=N
OH NHCO,Et

A colorless oil; 77.8 mg; isolated yield = 90%; dr > 20:1; [0]?*"p = 10.42 (c 0.05
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t; = 5.36 min (minor), t; = 6.49 min (major), ee = 92%; *H NMR
(400 MHz, DMSO) 5 9.28 — 8.80 (m, 1H), 7.35 — 7.25 (m, 5H), 6.58 — 5.50 (m, 1H),
5.07 —5.00 (m, 2H), 4.11 — 3.89 (m, 4H), 2.67 — 2.65 (m, 1H), 2.11 (s, 3H), 1.98 — 1.64
(m, 5H), 1.19 (t, J = 7.1 Hz, 3H), 1.01 (t, = 7.1 Hz, 3H). 3C NMR (100 MHz, DMSO)
0 172.1, 165.0, 160.3, 157.4, 137.7, 128.7, 128.0, 127.7, 104.9, 98.8, 64.2, 63.3, 61.5,
60.5, 38.1, 37.0, 23.0, 14.9, 14.5, 11.9. HRMS (ESI) m/z calcd for C22H2sN207Na* [M
+ Na]* = 455.1789, found = 455.1794.

3-allyl 3a-ethyl (3aR,6aR)-6a-hydroxy-1-((ethoxycarbonyl)amino)-2-methyl-4,5.6,6a

-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3i:

Et0,C ( COLAllyl

A\
z N
OH NHCO,Et

A colorless oil; 33.6 mg; isolated yield = 55%; dr > 20:1; [0]?*®p = -2.67 (€ 0.15
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 4 = 254
nm), retention time: t; = 6.68 min (minor), t> = 9.25 min (major), ee = 93%; ‘H NMR
(400 MHz, DMSO) & 9.29 — 8.80 (m, 1H), 6.56 — 6.51 (m, 1H), 5.90 — 5.81 (m, 1H),
5.23 — 5.11 (m, 2H), 5 4.50 — 4.40 (m, 2H), & 4.09 — 3.92 (m, 4H), 5 2.68 — 2.63 (M,
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1H), 2.08 (s, 3H), 1.97 — 1.62 (m, 5H), 1.19 (t, J = 6.8 Hz, 3H), 1.09 (t, J = 7.0 Hz, 3H).
13C NMR (100 MHz, DMSO) § 172.2, 164.9, 160.2, 157.4, 133.9, 116.6, 104.8, 98.8,
63.2, 615, 60.5, 38.0, 36.9, 23.0, 14.9, 14.6, 11.9. HRMS (ESI) m/z calcd for
C1sH26N207Na* [M + Na]* = 405.1632, found = 405.1638.

3-(tert-butyl) 3a-ethyl (3aR,6aR)-6a-hydroxy-1-((ethoxycarbonyl)amino)-2-methyl-

4 5,6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3j:

Et0,c CO,'Bu

A\
=N
OH NHCO,Et

A colorless oil; 71.6 mg; isolated yield = 90%; dr > 20:1; [0]?*®p = 1.86 (c 0.15
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t1 = 9.84 min (major), t> = 15.1 min (minor), ee = 93%; *H NMR
(400 MHz, DMSO) & 9.22 — 8.71 (m, 1H), 6.44 — 6.38 (m, 1H), 4.16 — 4.03 (m, 4H),
2.73-2.68 (m, 1H), 2.10 (s, 3H), 2.00 — 1.66 (m, 5H), 1.40 (s, 9H), 1.25 (t, J = 7.0 Hz,
3H), 1.20 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, DMSO) § 172.4, 164.9, 158.6, 157.5,
104.5, 100.7, 78.0, 63.5, 61.4, 60.4, 38.0, 37.0, 28.6, 22.9, 14.9, 14.7, 11.7. HRMS (ESI)
m/z calcd for C19H3oN207Na* [M + Na]* = 421.1945, found = 421.1956.

3a-ethyl 3-(2-methoxyethyl) (3aR,6aR)-1-((ethoxycarbonyl)amino)-6a-hydroxy-2-m

ethyl-4,5,6,6a-tetrahydrocyclopenta]b]pyrrole-3,3a(1H)-dicarboxylate 3k:

~N
OH NHCO,Et

A colorless oil; 72.0 mg; isolated yield = 90%; dr > 20:1; [a]**® = 17.29 (c 0.17
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), retention time: t; = 6.93 min (minor), t2 = 11.15 min (major), ee = 80%; *H NMR
(400 MHz, DMSO) § 9.29 — 8.80 (m, 1H), 6.54 — 6.48 (m, 1H), 4.11 — 4.07 (m, 6H),

3.47 — 3.45 (m, 2H), 3.23 (s, 3H), 2.64 — 2.62 (m, 1H), 2.07 (s, 3H), 1.97 — 1.62 (m,
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5H), 1.19 (t, J = 7.0 Hz, 3H), 1.11 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, DMSO) &
172.1, 165.2, 159.8, 157.2, 104.8, 99.0, 70.7, 63.3, 61.9, 61.59, 60.4, 58.5, 38.1, 36.8,
23.0, 14.9, 14.6, 11.9. HRMS (ESI) m/z calcd for CigHzsN20sNa* [M + Na]* =
423.1738, found = 423.1740.

Diethyl (3aR,6aR)-1-((ethoxycarbonyl)amino)-2-ethyl-6a-hydroxy-4,5,6,6a-tetrahydr

ocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3l:

EtO,C COEt
N\
N
OH NHCO,Et
A colorless oil; 70.7 mg; isolated yield = 92%; dr > 20:1; [0]®1p = 16.87 (¢ 0.15
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t1 = 5.12 min (minor), t, = 5.86 min (major), ee = 90%; *H NMR
(400 MHz, DMSO) 5 9.21 — 8.75 (m, 1H), 6.49 — 6.43 (m, 1H), 4.11 — 3.93 (m, 6H),
2.85-2.63 (M, 2H), 2.20 — 1.62 (m, 6H), 1.22 — 1.19 (m, 3H), 1.12 (t, J = 7.1 Hz, 6H),
1.05 (t, J = 7.4 Hz, 3H). 3C NMR (100 MHz, DMSO) § 172.2, 165.1, 164.9, 157.3,
104.9, 98.5, 63.1, 61.3, 60.3, 58.4, 38.2, 36.8, 23.0, 19.0, 14.9, 14.7, 14.5, 12.5. HRMS

(ESI) m/z calcd for C1sH2sN207Na* [M + Na]* = 407.1789, found = 407.1792.

3a-ethyl 3-methyl (3aR,6aR)-1-((ethoxycarbonyl)amino)-6a-hydroxy-2-propyl-4.5.6,

6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3m:

EtO,c CO,Me
o\
N
OH NHCO,Et
A colorless oil; 69.9 mg; isolated yield = 91%; dr > 20:1; [a]**%p = 11.14 (c 0.21
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 4 = 254
nm), retention time: t; = 6.13 min (minor), t2 = 8.33 min (major), ee = 94%;'H NMR
(400 MHz, DMSO) 5 9.18 — 8.72 (m, 1H), 6.49 — 6.43 (m, 1H), 4.15 — 3.86 (m, 4H),
3.49 (s, 3H), 2.82 — 2.58 (M, 2H), 2.02 — 1.46 (m, 8H), 1.21 — 1.17 (m, 3H), 1.09 (t, J

= 7.1 Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H). C NMR (100 MHz, DMSO) § 172.1, 165.6,
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163.5, 157.2,105.0, 99.6, 63.2, 61.3, 60.3, 50.3, 38.1, 36.9, 27.1, 23.1, 20.9, 14.9, 14.6,
14. 0. HRMS (ESI) m/z calcd for C1gH2sN207Na" [M + Na]*™ = 407.1789, found =
407.1790.

3a-ethyl 3-methyl (3aR,6aR)-2-butyl-1-((ethoxycarbonyl)amino)-6a-hydroxy-4,5,6,6

a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3n:

Et0,c CO;Me

A\

N
OH NHCO,Et

A colorless oil; 71.6 mg; isolated yield = 90%; dr > 20:1; [a]*>®p = 19.46 (c 0.13
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t; = 5.02 min (minor), t. = 6.71 min (major), ee = 93%; *H NMR
(400 MHz, DMSO) § 9.21 — 8.74 (m, 1H), 6.52 — 6.46 (m, 1H), 4.15 — 3.86 (m, 4H),
3.49 (s, 3H), 2.84 — 2.58 (m, 2H), 2.45 — 1.61 (m, 6H), 1.44 — 1.42 (m, 2H), 1.33 - 1.27
(m, 2H), 1.19 (t, J = 6.8 Hz, 3H), 1.09 (t, J = 7.0 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H). 13C
NMR (100 MHz, DMSO) ¢ 172.2, 165.5, 164.0, 157.3, 105.0, 99.2, 63.1, 61.3, 60.3,
50.3, 38.2, 36.9, 29.6, 25.0, 23.1, 22.3, 14.9, 14.6, 14.1. HRMS (ESI) m/z calcd for
Ci9H3oN207Na* [M + Na]* = 421,1945, found = 421.1949.

3a-ethyl 3-methyl (3aR,6aR)-2-benzyl-1-((ethoxycarbonyl)amino)-6a-hydroxy-4.5.6,

6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3o0:

Et0,C COMe

N\
N Ph
OH NHCO,Et

A colorless oil; 82.1 mg; isolated yield = 95%; dr > 20:1; [a]**®p = -30.83 (c 0.12
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 4 = 254
nm), retention time: t1 = 7.42 min (minor), t. = 9.86 min (major), ee = 90%; *H NMR
(400 MHz, DMSO) & 9.17 — 8.68 (m, 1H), 7.25 — 7.18 (m, 5H), 6.59 — 6.48 (m, 1H),
4.15 — 3.93(m, 4H), 3.82 — 3.68 (M, 2H), 3.50 (s, 3H), 2.67 — 2.62 (M, 1H), 2.05 — 1.62
(m, 5H), 1.16 — 1.11 (m, 6H). 3C NMR (100 MHz, DMSO) & 172.1, 165.1, 160.3,
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157.4,137.7,128.7,127.9, 127.7, 104.9, 104.7, 98.8, 64.2, 63.3, 61.5, 60.5, 38.1, 37.1,
23.1,14.9,14.7, 14.5, 11.9. HRMS (ESI) m/z calcd for C22H2sN207Na* [M + Na]* =
455.1789, found = 455.1794.

3-ethyl 3a-methyl (3aR,6aR)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-4,5,

6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3p:

MeO,C COaEt

N
= N
OH NHCO,Me

A colorless solid; 61.6 mg; isolated yield = 90%; dr > 20:1; m.p. 86.9 — 87.3<C;
[0]?°%p = 16.64 (c 0.22 EtOAC); HPLC (IC column, i-propanol/hexane = 30/70, flow
rate 1.0 mL/min, A = 254 nm), retention time: t; = 6.44 min (minor), t = 7.69 min
(major), ee = 94%; 'H NMR (400 MHz, DMSO) & 9.34 — 8.84 (m, 1H), 6.56 (s, 1H),
4.04 —3.90 (m, 2H), 3.63 (s, 3H), 3.52 (s, 3H), 2.66 — 2.58 (M, 1H), 2.07 (s, 3H), 1.99
—1.66 (m, 5H), 1.10 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, DMSO) & 172.8, 165.3,
159.7, 157.9, 104.7, 99.1, 63.4, 58.5, 52.8, 52.0, 38.2, 36.8, 23.0, 14.9, 11.8. HRMS
(ESI) m/z calcd for C15H22N207Na* [M + Na]* = 365.1319, found = 365.1321.

3a-benzyl 3-ethyl (3aR,6aR)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-4.5,

6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3g:

BnO,C CO,Et
N\
N
OH NHCOo,Me
A colorless oil; 60.2 mg; isolated yield = 72%; dr > 20:1; [0]*>%p = 21.74 (¢ 0.23
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 4 = 254
nm), retention time: t; = 5.70 min (minor), t; = 7.42 min (major), ee = 90%; *H NMR
(400 MHz, DMSO) & 9.37 — 8.87 (m, 1H), 7.34 — 7.29 (m, 5H), 6.64 — 5.89 (m, 1H),
5.18 — 4.91(m, 2H), 3.96 — 3.84 (m, 2H), 3.59 (s, 3H), 2.71 — 2.64 (m, 1H), 2.08 (s, 3H),
1.80 — 1.64 (m, 5H), 1.03 (t, J = 7.1 Hz, 3H). 2*C NMR (100 MHz, DMSO) § 172.2,

S18



165.3, 159.6, 157.9, 137.1, 128.7, 128.1, 127.9, 104.9, 99.1, 66.0, 63.6, 58.6, 52.7, 38.2,
37.0, 23.1, 14.8, 11.9. HRMS (ESI) m/z calcd for C21H26N207Na* [M + Na]* =
441.1632, found = 441.1640.

3-ethyl 3a-isopropyl (3aR,6aR)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-

4 5.6 6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3r:

iPro,C  CO,Et
TN\
N
OH NHCO,Me
A colorless oil; 66.6 mg; isolated yield = 90%; dr > 20:1; [a]**®p = 14.06 (c 0.18
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t; = 4.87 min (minor), t; = 6.48 min (major), ee = 92%; *H NMR
(400 MHz, DMSO) & 9.30 — 8.78 (m, 1H), 6.40 (s, 1H), 4.85 — 4.81 (m, 1H), 4.02 —
3.91 (m, 2H), 3.62 (s, 3H), 2.67 — 2.62 (m, 1H), 2.07 (s, 3H), 1.74 — 1.62 (m, 5H), 1.14
—1.08 (m, 9H). 3C NMR (100 MHz, DMSO0) § 171.6, 165.3, 159.2, 157.9, 104.8, 99.6,
67.6, 63.1, 58.5, 52.7, 37.9, 37.0, 22.1, 21.9, 14.8, 11.8. HRMS (ESI) m/z calcd for

C17H26N207Na* [M + Na]* = 393.1632, found = 393.1634.

3-ethyl 3a-isobutyl (3aR,6aR)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-4,

5,6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3s:

iBuo,c CO,Et

A\
z N
OH NHco,Me

A colorless oil; 52.2 mg; isolated yield = 68%; dr > 20:1; [a]?*®p = 7.05 (c 0.23
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), retention time: t; = 4.85 min (minor), t> = 6.89 min (major), ee = 93%; *H NMR
(400 MHz, DMSO) & 9.33 - 8.83 (m, 1H), 6.47 (s, 1H), 4.02 - 3.81 (m, 4H), 3.63 (s,
3H), 2.67 - 2.62 (m, 1H), 2.07 (s, 3H), 1.99 - 1.97 (m, 1H), 1.81 - 1.62 (m, 5H), 1.11 (¢,
J =7.1 Hz, 3H), 0.84 - 0.83 (m, 6H). *C NMR (100 MHz, DMSO) § 172.1, 165.3,
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159.4,157.9, 104.8,99.4, 70.5, 63.5, 58.5, 52.7, 38.1, 36.8, 27.7,23.1, 19.4, 14.8, 11.9.
HRMS (ESI) m/z calcd for C1gH2sN2O7Na* [M + Na]*™ = 407.1789, found = 407.1791.

3a-(tert-butyl) 3-ethyl (3aR,6aR)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl

-4 5,6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 3t:

Buo,C COEt

A\

~N
OH NHCO,Me

A colorless oil; 53.8 mg; isolated yield = 70%; dr > 20:1; [0]**8p = 15.81 (¢ 0.16
EtOAc); HPLC (IC column, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t1 = 5.08 min (minor), t, = 5.49 min (major), ee = 84%; ‘H NMR
(400 MHz, DMSO) § 8.85 - 8.44 (m, 1H), 6.53 - 6.39 (m, 1H), 4.04 - 3.90 (m, 2H),
3.52 (s, 3H), 2.64 - 2.59 (m, 1H), 2.07 (s, 3H), 1.98 - 1.90 (m, 1H), 1.75 - 1.61 (m, 4H),
1.42 (s, 9H), 1.10 (t, J = 7.1 Hz, 3H). *°C NMR (100 MHz, DMSO) & 171.1, 165.4,
159.0, 157.9, 104.9, 99.9, 79.5, 63.7, 58.5, 52.7, 37.9, 37.0, 28.1, 23.1, 14.9, 11.8.
HRMS (ESI) m/z calcd for C1gH2sN2O7Na* [M + Na]*™ = 407.1789, found = 407.1791.

3-ethyl 3a-methyl (3aR,7aR)-7a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-1.4,

5,6,7,7a-hexahydro-3aH-indole-3,3a-dicarboxylate 3u:

MeO,C CO,Et

A\
=N
OH NHCO,Me

A colorless oil; 64.8 mg; isolated yield = 91%; dr > 20:1; [a]*>*p = 20.29 (c 0.17
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), retention time: t1 = 7.54 min (minor), t, = 11.60 min (major), ee = 91%; *H NMR
(400 MHz, DMSO) & 8.88 — 8.40 (m, 1H), 5.87 (s, 1H), 4.09 — 3.95 (m, 2H), 3.63 (s,
3H), 3.53 (s, 3H), 2.47 — 2.44 (m, 1H), 2.05 (s, 3H), 1.79 — 1.36 (m, 7H), 1.14 (t, J =
7.1 Hz, 3H). 3C NMR (100 MHz, DMSO) & 172.7, 165.5, 157.5, 157.3, 105.2, 94.2,
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58.8, 57.3, 52.5, 51.6, 34.1, 30.3, 21.4, 20.7, 14.8, 12.3. HRMS (ESI) m/z calcd for
C16H24N207Na™ [M + Na]* = 379.1476, found = 379.1476.

Diethyl (3aR,7aR)-7a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-1,4,5,6,7,7a-h

exahydro-3aH-indole-3,3a-dicarboxylate 3v:

Et0,C COEt
N\
N
OH NHCO,Me
A colorless oil; 66.6 mg; isolated yield = 90%; dr > 20:1; [a]*>®p = 15.25 (c 0.24
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t1 = 6.58 min (minor), t> = 10.84 min (major), ee = 93%; *H NMR
(400 MHz, DMSO) & 8.78 — 8.33 (m, 1H), 5.73 (s, 1H), 4.06 — 3.95 (m, 4H), 3.63 (s,
3H), 2.45 -2.28 (s,1H), 2.05 (s, 3H), 1.80 — 1.76 (m, 1H), 1.64 — 1.46 (m, 6H), 1.66 —
1.11 (m, 6H). 3C NMR (100 MHz, DMSO) § 172.0, 165.5, 157.2, 157.2, 105.9, 94.3,
60.1, 58.9, 57.2, 52.7, 34.5, 30.4, 21.6, 21.0, 14.7, 14.5, 12.3.HRMS (ESI) m/z calcd

for C17H26N207Na* [M + Na]" = 393.1632, found = 393.1637.

3-ethyl 3a-methyl (3aR,8aR)-8a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-4,5,

6,7,8,8a-hexahydrocyclohepta[b]pyrrole-3,3a(1H)-dicarboxylate 3w:

MeO,C CO,Et
™\
N
OH NHCOo,Me
A colorless oil; 60.7 mg; isolated yield = 82%; dr > 20:1; [a]**%> = 6.51 (c 0.35
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), retention time: t; = 6.46 min (minor), t; = 8.99 min (major), ee = 86%; ‘H NMR
(400 MHz, DMSO) & 8.88 (s, 1H), & 6.03 — 6.01 (m, 1H), 4.09 — 3.95 (m, 2H), 3.66 —
3.59 (m, 3H), 3.51 — 3.48 (m, 3H), 2.33 — 2.23(m, 1H), 2.14 (s, 3H), 1.99 — 1.78 (m,
3H), 1.55 — 1.24 (m, 6H), 1.12 (d, J = 7.1 Hz, 3H). 3C NMR (100 MHz, DMSO) 5
172.8, 165.4, 160.3, 157.2, 122.9, 98.0, 63.9, 60.0, 58.7, 51.7, 35.7, 31.8, 30.8, 28.2,
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23.8, 14.8, 12.2. HRMS (ESI) m/z calcd for C17H26N207Na* [M + Na]* = 393.1632,
found = 393.1637.

3a,5-di-tert-butyl 3-ethyl (3aS,6aS)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-met

hyl-6,6a-dihydropyrrolo[3.,4-b]pyrrole-3,3a,5(1H,4H)-tricarboxylate 3x:

Bu0,C CO2Et
BUO,C—N M
N
OH NHCO,Me

A colorless oil; 82.5 mg; isolated yield = 85%; dr > 20:1; [a]**®p = 8.25 (c 0.24
EtOAc); HPLC (IC column, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t1 = 5.25 min (minor), t, = 11.02 min (major), ee = 85%; *H NMR
(400 MHz, DMSO) 5 9.33 — 8.95 (m, 1H), 7.03 (s, 1H), 4.14 — 4.03 (m, 4H), 3.68 (s,
3H), 3.31 — 3.28 (M, 2H), 2.09 (s, 3H), 1.43 — 1.40 (m, 18H), 1.21 - 1.19 (m, 3H). 13C
NMR (100 MHz, DMSO) 6 169.5, 169.2, 165.0, 158.5, 157.5, 101.9, 92.6, 72.5, 64.1,
60.3, 59.2, 57.3, 52.7, 51.8, 30.4, 21.8, 14.7, 12.1. HRMS (ESI) m/z calcd for

C22H3sN309Na™ [M + Na]* = 508.2266, found = 508.2266.

3-ethyl 3a-methyl (3aS,7aR)-7a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-1.6,

7, 7a-tetrahydropyrano[4,3-b]pyrrole-3,3a(4H)-dicarboxylate 3y:

MeOZQ COZEt
O \

=N
OH NHCO,Me

A colorless oil; 46.5 mg; isolated yield = 65%; dr > 20:1; [a]*>®> = 11.60 (c 0.15
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 4 = 254
nm), retention time: t; = 13.5 min (minor), t; = 16.5 min (major), ee = 60%; *H NMR
(400 MHz, DMSO) & 9.07 — 8.60 (m, 1H), 6.20 (s, 1H), 4.35 — 4.91 (m, 4H), 3.79 —
3.74 (m, 1H), 3.62 (s, 3H), 3.56 (s, 3H), 2.92 — 2.89 (m, 1H), 2.06 (s, 3H), 1.70 — 1.68
(m, 2H), 1.12 (t, J = 7.1 Hz, 3H).23C NMR (100 MHz, DMSO0) § 171.1, 165.2, 158.5,
157.4,102.0,92.6, 72.5, 64.1, 59.1, 57.4, 52.6, 51.8, 30.5, 14.7, 12.2. HRMS (ESI) m/z

calcd for C15sH22N20gNa™ [M + Na]* = 381.1268, found = 381.1272.
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3-ethyl 3a-methyl (3aS,6aS)-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-6,6a

-dihydro-1H-thieno[3,4-b]pyrrole-3,3a(4H)-dicarboxylate 3z:

MeO,C CO,Et
<
N
OH NHCO,Me

A colorless oil; 46.8 mg; isolated yield = 65%; dr > 20:1; [a]*®!p = 15.93 (c 0.15
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t; = 6.77 min (minor), t; = 9.21 min (major), ee = 75%; *H NMR
(400 MHz, DMSO) 6 9.46—8.95 (m, 1H), 7.12 (s, 1H), 4.06 — 3.93 (m, 2H), 3.83 — 3.80
(m, 1H), 3.63 (s, 3H), 3.55 (s, 3H), 3.16 — 3.07 (s, 1H), 2.90 — 2.86 (M, 2H), 2.11 (s,
3H), 1.12 (t, J=7.1 Hz, 3H). *C NMR (100 MHz, DMS0) § 171.4, 165.0, 161.1, 157.7,
107.0, 98.3, 67.2, 58.8, 52.8, 52.4, 42.7, 41.1, 14.8, 12.1.HRMS (ESI) m/z calcd for

C14H20N207SNa* [M + Na]" = 388.0883, found = 388.0887.

3,7-diethyl 3a,7a-dimethyl (3aR,4aR,7aR,8aR)-1,5-bis((tert-butoxycarbonyl)amino)-

4a,8a-dihydroxy-2,6-dimethyl-4a,5,8,8a-tetrahydropyrrolo[2,3-flindole-3,3a,7,7a(1H,

4H)-tetracarboxylate 3a’:

1OH

3a' (80% ee) (meso)-3a’

A colorless solid; 86.9 mg; isolated yield = 61%; dr = 9:1; m.p. 290.8 — 291.1C,;
[0]?®%p = 42.73 (¢ 0.11 EtOAC); HPLC (IC column, i-propanol/hexane = 30/70, flow
rate 1.0 mL/min, A = 254 nm), retention time: minor product: t; = 18.54 min (minor), t.
= 23.56 min (major), ee = 80%; H NMR (400 MHz, DMSO) & 8.44— 7.98 (m, 2H),
7.30—5.78 (m, 2H), 4.06— 3.98 (m, 4H), 3.60— 3.51 (m, 6H), 3.07— 2.73 (m, 2H), 2.35—
2.25 (m, 1H), 2.08— 1.98 (m, 6H), 1.59 — 1.56 (m, 1H), 1.43— 1.39 (m, 18H), 1.15- 1.14

(d, J = 6.0 Hz, 6H). *C NMR (100 MHz, DMSO) § 165.1, 159.0, 156.8, 155.2, 100.6,
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92.6, 81.4, 58.8, 57.1, 52.6, 28.3, 27.9, 14.8, 12.2. HRMS (ESI) m/z calcd for
Ca2HsN4O1zsNa* [M + Na]* = 735.3059, found = 735.3058.

Diethyl (3aR,6aS)-1-((methoxycarbonyl)amino)-2-methyl-4,5,6,6a-tetrahydrocyclope

nta[b]pyrrole-3,3a(1H)-dicarboxylate 4:

EtO0,C CO2Et

A\
TN

H' NHco,Me

A colorless oil; 64.0 mg; isolated yield = 98%; dr > 20:1; [a]**°p = -8.01 (¢ 0.35
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t1 = 6.24 min (minor), t> = 11.46 min (major), ee = 94%; *H NMR
(400 MHz, DMSO) & 9.52 (s, 1H), 4.09— 3.95 (m, 5H), 3.63 (s, 3H), 2.42— 2.38 (m,
1H), 2.03 (s, 3H), 1.89— 1.55 (m, 5H), 1.15 - 1.10 (m, 6H). *C NMR (100 MHz, DMSO)
0 174.5,165.3, 161.3, 157.0, 100.5, 60.8, 60.7, 58.5, 56.5, 52.7, 36.8, 32.1, 24.4, 14.8,
14.5,11.9. HRMS (ESI) m/z calcd for C16H24N20¢Na* [M + Na]* = 363.1527, found =
363.1533.

Diethyl (3aR,6aS)-1-((2-ethoxy-2-oxoethyl)(methoxycarbonyl)amino)-2-methyl-4,5,

6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarboxylate 5: °

Et0,C COEt

E10,C— ' ~COzMe

A colorless oil; 65.0 mg; isolated yield = 81%; dr = 2:3; [a]**% = 1.77(c 0.15
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), major product: t; = 12.20 min (minor), t> = 13.73 min (major), ee = 93%; minor
product: t; = 14.93 min (minor), t; = 17.00 min (major), ee = 94%; *H NMR (400 MHz,
DMSO) & 4.41 — 4.33 (m, 1H), 4.15 — 4.07 (m, 4H), 4.06 — 3.96 (m, 4H), 3.67 — 3.64
(m, 3H), 2.41 — 2.27 (m, 1H), 2.08 — 2.05 (M, 3H), 1.91 — 1.56 (M, 5H), 1.22 — 1.09 (m,
9H). 3C NMR (100 MHz, DMSO) § 174.4, 169.0, 165.4, 161.1, 159.7, 156.8, 102.5,
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75.3,72.8,61.4, 60.9, 58.9, 54.0, 50.6, 36.6, 34.2, 24.5, 14.7, 14.4, 11.9. HRMS (ESI)
m/z calcd for CooH3zoN20gNa™ [M + Na]* = 449.1894, found = 449.1899.

Diethyl (3aR,6aS)-2-methyl-4,5,6,6a-tetrahydrocyclopenta[b]pyrrole-3,3a(1H)-dicarb

oxylate 6:
Et0,c CO,Et
N\
N
H H

A colorless oil; 24.4 mg; isolated yield = 60%; dr > 20:1; [a]**°p = 1.67 (c 0.21
EtOAc); HPLC (ID column, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t; = 12.50 min  (minor), t, = 14.61 min (major), ee = 92%; *H
NMR (400 MHz, DMSO) & 6.24 (s, 1H), 4.63 - 4.64 (s, 1H), 4.08 — 3.98 (m, 4H), 2.33
-2.25 (m, 1H), 1.85 — 1.82 (m, 1H), 1.75 (s, 3H), 1.56 — 1.39 (m, 2H), 1.26 — 1.24 (m,
2H), 1.15 — 1.10 (m, 6H). 3C NMR (100 MHz, CDCls) & 174.2, 172.4, 170.8, 89.6,
78.8, 66.4, 63.0, 61.0, 33.3, 33.3, 24.1, 15.2, 14.0, 13.8. HRMS (ESI) m/z calcd for
C14H21NOsNa* [M + Na]* = 290.1363, found = 290.1363.

Diethyl (3aR,6aR)-1-amino-6a-hydroxy-2-methyl-4.5,6,6a-tetrahydrocyclopenta[b]py
rrole-3,3a(1H)-dicarboxylate 7:

EtOzC_J CO,Et
T N\
=N
OH NH,

A colorless oil; 53.2 mg; isolated yield = 93%; dr > 20:1; 'H NMR (400 MHz,
DMSO) 6 5.99 (s, 1H), 4.24 (s, 2H), 4.09 — 3.88 (m, 4H), 2.66 — 2.58 (m, 1H), 2.15 (s,
3H), 1.69 — 1.58 (m, 5H), 1.13 — 1.08 (m, 6H). *C NMR (100 MHz, DMSO) & 172.6,
165.5, 162.02, 104.5, 96.0, 63.0, 60.2, 57.8, 37.2, 37.1, 22.8, 15.0, 14.6, 12.8. HRMS

(ESI) m/z calcd for C14H22N20sNa*™ [M + Na]* = 321.1421, found = 321.1425.

Diethyl (R)-3-methyl-2,5,6,7-tetrahydro-4aH-cyclopenta[c]pyridazine-4,4a-dicarboxy

late 8 (from 7):
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CO,Et

EtO,C
e
~. _NH

N

A colorless oil; 47.5 mg; isolated yield = 95%; [a]**%p = 23.5 (¢ 0.1 EtO
Ac); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 4 =
254 nm), retention time: t; = 5.24 min (minor), to = 5.81 min (major), ee = 9
4%; 'H NMR (400 MHz, DMSO) & 10.07 (s, 1H), 4.05 — 3.96 (m, 4H), 2.80
— 2.78 (m, 1H), 2.49 — 2.41 (m, 2H), 2.15 (s, 3H), 1.86 — 1.64 (m, 3H), 1.16
(t, J = 7.1 Hz, 3H), 1.11 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, DMSO)
o 172.2, 166.9, 153.6, 146.7, 92.5, 60.9, 59.1, 49.2, 38.4, 29.4, 19.6, 17.1, 14.
7, 14.4. HRMS (ESI) m/z caled for CisH20N204sNa® [M + Na]® = 303.1315, fo
und = 303.1320.

Diethyl (R)-3-methyl-2,5,6,7-tetrahydro-4aH-cyclopenta[c]pyridazine-4,4a-dicarboxy

late 8 (from 3e):

CO,Et
EtO,C | 2

A
\N,NH
A colorless oil; 35.3 mg; isolated yield = 84%; [o]**°p = 10.75 (c 0.2 E

tOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 4
= 254 nm), retention time: t; = 5.31 min (minor), to = 5.95 min (major), ee =
81%; 'H NMR (400 MHz, DMSO) § 10.07 (s, 1H), 4.05 — 3.96 (m, 4H), 2.
80 — 2.78 (m, 1H), 2.49 — 2.41 (m, 2H), 2.15 (s, 3H), 1.86 — 1.64 (m, 3H),
1.16 (t, J = 7.1 Hz, 3H), 1.11 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, DM
SO) ¢ 172.2, 166.9, 153.6, 146.7, 92.5, 60.9, 59.1, 49.2, 38.4, 294, 19.6, 17.1,
14.7, 14.4. HRMS (ESI) m/z caled for C14H0N2OsNa® [M + Na]® = 303.131
5, found = 303.1320

Ethyl(3aR,6aR)-3a-acetyl-6a-hydroxy-1-((methoxycarbonyl)amino)-2-methyl-

1,3a,4,5,6,6a-hexahydrocyclopenta]b]pyrrole-3-carboxylate S1:
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O=/ CO,Et
A\
=N
OH NHCO,Me

A colorless oil; 49.6 mg; isolated yield = 76%; dr > 20:1; [0]?*®> = 14.01 (¢ 0.15
EtOAc); HPLC (IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, 1 = 254
nm), retention time: t; = 6.44 min (major), t, = 10.87 min (minor), ee = 40%; *H NMR
(400 MHz, DMSO) & 9.49 - 9.08 (m, 1H), 6.68 (s, 1H), 4.02 - 3.97 (m, 2H), 3.64 (s,
3H), 2.64 - 2.59 (m, 1H), 2.14 (s, 3H), 2.00 (s, 3H), 1.55 — 1.24 (m, 5H), 1.11 (t, J =
7.1 Hz, 3H). 3C NMR (100 MHz, DMSO) & 206.8, 165.5, 160.9, 157.8, 104.8, 99.6,
67.0, 58.7, 52.7, 38.4, 34.1, 28.5, 22.6, 14.8, 12.1. HRMS (ESI) m/z calcd for
CisH22N206Na* [M + Na]* = 349.1370, found = 349.1372.
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4. X-ray Single Crystal Data for Compound 3p and (meso)-3a’

3p

MeO,C CO»Et
TN\
:°N
OH NHCO,Me

CCDC: 2253282

Table S7 Crystal data and structure refinement for 3p.

Identification code 20230358 _auto
Empirical formula C15H22N207
Formula weight 342.34
Temperature/K 293(2)

Crystal system orthorhombic
Space group P21212;

alA 8.24888(18)

b/A 8.64551(16)

c/A 24.3498(5)

o/° 90

p/e 90

v/° 90

Volume/A3 1736.52(6)

Z 4

Pcalcg/Cm3 1.309

wmm™ 0.884

F(000) 728.0

Crystal size/mm?3 0.13 x0.12 x0.1
Radiation CuKa (A =1.54184)
20 range for data collection/°7.26 to 140.8
Index ranges -10<h<9,-10<k <9,-29<1<29
Reflections collected 18852

Independent reflections 3330 [Rint = 0.0328, Rsigma = 0.0223]
Data/restraints/parameters ~ 3330/3/240

Goodness-of-fit on F? 1.027

Final R indexes [[>=2c (I)] R1=0.0427, wR2 =0.1130

Final R indexes [all data] R1=10.0454, wR2> =0.1160

Largest diff. peak/hole / e A2 0.24/-0.20

Flack parameter -0.05(10)
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(meso)-3a’

CCDC: 2253283

Table S8 Crystal data and structure refinement for 20230339.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

o/
p/°

v/°
Volume/A3
Z

Pealcg/ cm?
w/mm
F(000)
Crystal size/mm?®

Radiation

20230339
C32H48N4O14
712.74

293(2)

triclinic

P-1

9.4928(9)
9.8026(9)
11.3802(8)
102.528(7)
110.036(8)
102.007(8)
924.02(15)

1

1.281

0.850

380.0

0.15 x0.12 x<0.1
CuKa (A= 1.54184)

20 range for data collection/°8.71 to 143.166

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

\11<h<11,-10<k<11,-13<1<12
6573

3435 [Rint = 0.0265, Rsigna = 0.0456]
3435/14/246

1.060

R1 = 0.0544, WR; = 0.1335

R1 = 0.0750, WR; = 0.1674

Largest diff. peak/hole / e A®0.22/-0.23
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8.23 6425771 288917 40.55% 1.988 BB
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Total 12,968,865 477765 100.00%
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Mo Retention Time ‘ PeakArea Peak Height Peak Area(%) | Peak Width Peak Type ‘
835 242004 9512 2.35% 1578 BB
2 1153 10075870 309107 97.65% 3.108 BB
Total 10,317,874 318619 100.00%




3d

Voltage(pV)

0 1 2 3 4

St PO

8 9 10 1" 12 13 14 15 16
Time(Min)

17

[~ Show G

Integration Result ] Calculation Resu[tl TimeT able l

~I

No. Retention Time | PeakArea
9.80 9005826
2 1325 9324565
18,330,391

Total

Peak He|ghtv _
3072390
265177
572,567

PeakWidth |
2603 BB
3298 BB

PeakArea(%)
49.13%
50.87%
100.00%

Peak Type

wi14223.che

Wottage(pv)
=
N
2

antid0

7 [ 9
Time(Min)

[~ Shaw Gi

Integralion Fresul | Calculstion Result| TimeT sble

v

No. Retention Time \ PeakArea

Peak Height

Peak Area(%) \ Peak Width Peak Type

9.86 196490
21319 7464051
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No. | Retention Time \ PeakArea \ Peak Height \

PeakArea(%) |  PeakWidth | Peak Type

\

6.22 905423 55052
2715 935512 52929
Total 1,840,935 107,981
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50.82%
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No. | Retention Time \ PeakArea \ Peak Height \
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5.96 260589 15006
2 6.85 3137227 209435
Total 3,397,816 224 441
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No. | RefentionTime |  PeakArea |  PeakHeight |  PeakArea(%) |  PeakWidth | Peak Type |
5.85 2600924 208720 49.48% 1.043 BB
2901 2655663 137023 50.52% 1.69 BB
Total 5,256,587 345,743 100.00%
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Mo Retention Time | PeakArea Peak Height PeakArea(%) |  PeakWidth Peak Type |
5.94 215311 18549 2.63% 0532 BB
2897 7972223 371384 97.37% 2053 BB
Total 8,187,534 389,933 100.00%
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No. | RefentionTime |  PeakArea |  PeakHeight |  PeakArea(%) |  PeakWidth | _ PeakType |
6.19 2230408 165481 50.33% 1568 BB
2936 2201286 111206 49.67% 1786 BB
Total 4,431,694 276,687 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble |
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
6.28 82189 5737 3.57% 0.708 BB
20943 2216979 12067 96.43% 1772 BB
Total 2,299,148 117,804 100.00%
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MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
5.40 28176M 305658 49.41% 0.922 BB
2 661 3909123 276504 50.59% 0716 BB
Total 7726734 582162 100.00%
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MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
5.36 131878 11642 3.99% 0.447 BB
2 649 3172128 241512 96.01% 1.008 BB
Total 3,204,006 252154 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
1013 1896083 65644 50.67% 1588 BB
2 15.43 1846145 29863 49.33% 3864 BB
Total 3,742,228 95,507 100.00%
L] ] g =
| K| e | A LA AL R
05
04
5
3
03
s
3
)
£
So2
0.1
02 M 2
e
0 A 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Time(Hin)
9*3*0‘00 |~ Show Gri
Integration Result | Calculation Resull] TimeT able | ZJ
No. | RefenionTime |  PeakArea |  PeakHeight |  PeakArea(%) |  PeakWidth Peak Type |
9.84 4747707 173409 96.33% 3.082 BB
2 1510 180689 3816 3.67% 1.693 BB
Total 4,928,396 177,225 100.00%
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6.93 95128
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Integralion Fresult | Calculstion Result| TimeTsble
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
588 1861502 152608 50.14% 0589 88
2510 1851305 156522 40.86% 0856 88
Total 3712897 309,128 100.00%
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Mo Retention Time | PeakArea Peak Height PeakArea(%) |  PeakWidth Peak Type |
5.12 254683 20198 4.88% 0.66 BV
2586 4966678 372439 95.12% 0984 VB
Total 5221361 392,637 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
5.05 1744901 14271 49.75% 1.266 BB
2681 1762111 115384 50.25% 1.384 BB
Total 3,507,012 258,005 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
5.02 124282 10212 3.50% 0.602 BB
2671 3343296 235275 96.41% 0.969 BB
Total 3,467 678 245488 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
740 2094523 104085 49.15% 1.499 BB
2993 2167298 88266 50.85% 1552 BB
Total 4,261,821 192321 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
742 236974 1872 5.02% 0.947 BB
2 986 4480791 185807 94.98% 2384 BB
Total 4717765 197,379 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
6.34 3656887 249868 40.23% 0.908 BB
2 768 3771783 242284 50.77% 0.887 BB
Total 7428670 402150 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
6.44 152925 10592 2.60% 0.551 BB
2 769 5723187 338983 97.40% 1412 BB
Total 5,876,122 349576 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width \ Peak Type |
5.67 423261 32881 49.70% 1.021 BB
2747 428337 27763 50.30% 1.043 BB
Total 851,508 60,624 100.00% =
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No. | RetentionTime | PeakArea | PeakHeight |  PeakArea(®) |  PeakWidth | Peak Type |
5.70 87457 7820 5.48% 0.417 BB
2742 1508245 98537 94.52% 0.98 BB
Total 1,595,702 106,357 100.00%
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No [ RetenfonTime [  PeakAea |  PeakHeioht [ PeakArea() [  PeakWidh [ PeakType |
484 515840 40676 50.67% 1.076 BB
2 6.92 502219 32971 49.33% 1.488 BB
Total 1,018,059 73,647 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
485 30421 2276 3.46% 0.616 BB
2 689 849868 53916 96.54% 1.88 BB
Total 850,289 56,192 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
5.35 1846321 170663 49.10% 0.49 BV
2 581 1913661 139413 50.90% 0518 VB
Total 3,759,982 310,076 100.00%
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No. | RefentonTime |  PeakArea |  PeakHeight | PeakArea(%) |  PeakWidth | Peak Type |
5.08 465421 50819 8.16% 0.356 BV
2549 5240666 475679 91.84% 0.949 VB
Total 5,706,087 526,498 100.00%
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No | RetenfonTime [  Peakirea |  PeakHeight [ Peakrea(®) |  PeakWidh PeakTipe |
743 1797969 94890 50.00% 1.608 BB
2 1143 1797769 56851 50.00% 2.345 BB

Total 3,595,738 151,741 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble |
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
7.54 98424 4921 4.44% 1.002 BB
2 1160 2116649 63336 95.56% 2898 BB
Total 2215072 68,257 100.00%
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No. | RetentionTime | PeakArea | PeakHeight |  PeakArea(%) |  PeakWidth | Peak Type |
6.57 868846 46219 50.95% 0.932 BB
2933 836499 31070 49.05% 19 BB
Total 1,705,245 77,289 100.00%
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6.46 190159 11661 6.91% 072 BB
2899 2562848 15231 93.09% 2.428 BB
Total 2,753,007 126,892 100.00%
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6.79 1739238 99479 50.82% 2.213 BB
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Total 3,422,234 177,752 100.00%
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MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
8.77 128981 8410 12.67% 0.63 BB
2921 889179 41965 87.33% 2241 BB
Total 1,018,160 50,375 100.00%
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Total 1,219,009 12,368 100.00%
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6.13 2817145 148512 50.02% 1.748 BB
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Total 5,632,547 239,637 100.00%
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MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
12.28 156966 6298 20.97% 1.583 BV
21389 155000 6910 2071% 1181 VB
3 15.04 216854 9086 28.97% 1.483 BV
4 17.04 219757 7140 29.36% 3015 VB
Total 748577 20,434 100.00%
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MNo Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type |
12.20 18280 809 2.75% 0.892 BB
21373 394532 16945 59.00% 1.351 BB
31403 7410 414 111% 0.917 BB
4 17.00 248323 8168 37.14% 1617 BB
Total 568,645 26,336 100.00%
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MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
12.50 88656 5015 4.18% 0.808 BB
2 1481 2032412 107222 95.82% 1524 BB
Total 2,121,068 112,237 100.00%
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MNo. Retention Time | PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type \
5.38 3338753 340154 50.23% 1.092 BY
2 6.04 3308244 287190 4977% 0.808 VB
Total 5,646,997 627,244 100.00%
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531 697769 69502 90.26% 0.721 BB
2 595 75300 7363 974% 0.366 BB
Total 772,069 76,865 100.00%
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Integralion Fresult | Calculstion Result| TimeTsble 4
MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
6.46 1438673 106968 40.89% 1.338 BB
2 10.90 1443054 50824 50.11% 1662 BB
Total 2879727 157,792 100.00%
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MNo Retention Time \ PeakArea Peak Height PeakArea(%) \ Peak Width Peak Type |
6.44 1412209 108812 70.36% 1.018 BB
2 1087 595098 22103 29.64% 0.993 BB
Total 2,007,907 130915 100.00%
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