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1. General Information

All reactions were carried out under an atmosphere of nitrogen in flame-dried
glassware with magnetic stirring. '"H NMR spectra, 'F NMR spectra, 3'P NMR
spectra, 3C NMR spectra were recorded on a Bruker 300, 400 and 500 MHz
spectrometer in CDClj;. All signals are reported in ppm with the internal TMS signal
at 0 ppm as a standard. Data for 'H NMR spectra are reported as follows: chemical
shift (ppm, referenced to TMS; s = singlet, d = doublet, t = triplet, q = quarte, dd =
doublet of doublets, dt = doublet of triplets, m = multiplet), coupling constant (Hz),
and intergration. Data for 3C NMR are reported in terms of chemical shift (ppm)
relative to residual solvent peak (CDCls: 77.0 ppm). Reactions were monitored by
thin layer chromatography (TLC) using silica gel plates. Flash column
chromatography was performed over silica gel (300-400 mesh). The substrates (R,
Rs)-M1, M7, (S, Rs)-M1, M3, M4,l!] 1b-1e,?! 2a-2p,B] 4a-4f,[*] 61?1 were synthesized
according to published procedures. The spectral data of the substrates were consisted
with that reported in the literature. The enantionmeric excesses of the products were

determined by chiral stationary phase HPLC using a Chiralpak AS-H, AD-H, IE.

2. General Procedure for the Synthesis of products 3ab-3ak, 3ca-3ea,

Sab-5ap, Sca-5fa, 7ab-7ap, 8

Typical procedure for asymmetric silver-catalyzed cycloaddition of azomethine
ylides with maleimides, cyclopentene-1,3-diones, and N-(2-t-

butylphenyl)maleimide.

General Procedure A

A solution of (S,Rs)-M8 (5.5 mol%) and AgOAc (5 mol%) in Xylene (2 mL) was
stirred at room temperature for 2 h. The reaction mixture was cooled to -30 °C and
then the imino ester 2 (0.15 mmol), Cs,CO; (0.045 mmol) and maleimide 1 (0.165
mmol) were added sequentially. Following complete consumption of the imino ester 2,

the solvent was removed under reduced pressure. The crude product was then purified
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by flash column chromatography on silica gel to afford the desired product.

General Procedure B

A solution of (S,Rs)-M8 (5.5 mol%) and AgOAc (5 mol%) in Xylene (2 mL) was
stirred at room temperature for 2 h. The reaction mixture was cooled to -30 °C and
then the imino ester 2 (0.15 mmol), Cs,COj3 (0.045 mmol) and cyclo-pentenedione 4
(0.165 mmol) were added sequentially. Following complete consumption of the imino
ester 2, the solvent was removed under reduced pressure. The crude product was then
purified by flash column chromatography on silica gel to afford the desired product.
Configuration of the 5 was determined by 'H, *C NMR, HPLC Spectra, in
comparison with the literature, see: [4].

General Procedure C

A solution of (S,Rs)-M8 (5.5 mol%) and AgOAc (5 mol%) in Xylene (2 mL) was
stirred at room temperature for 2 h. The reaction mixture was cooled to -30 °C and
then the imino ester 2 (0.15 mmol), Cs,CO; (0.045 mmol) and N-(2-f-
butylphenyl)maleimide 6 (0.165 mmol) were added sequentially. Following complete
consumption of the imino ester 2, the solvent was removed under reduced pressure.
The crude product was then purified by flash column chromatography on silica gel to
afford the desired product. Configuration of the 7 was determined by 'H, 3C NMR,
HPLC Spectra, in comparison with the literature, see: [5].

3.1 Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-chlorophenyl)-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ab).

MeO,C 0
HN N—Ph
(e
Cl
3ab

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2b (31.7 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ab as a white
solid (67.1 mg, 99% yield) and 91% ee. Mp: 155-156 °C. 'H NMR (400 MHz, CDCl;)
0 7.42-7.38 (m, 4 H), 7.33 (t,J=7.1 Hz, 3 H), 7.13 (d, /= 7.5 Hz, 2 H), 4.55 (dd, J =

8.5,4.9 Hz, 1 H), 4.12-4.10 (m, 1 H), 3.86 (s, 3 H), 3.71 (t, J= 7.2 Hz, 1 H), 3.53 (t, J
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= 8.2 Hz, 1 H), 2.48 (s, 1 H). 3C NMR (126 MHz, CDCls) 6 174.89, 173.44, 169.88,
135.24, 134.03, 131.44, 129.05, 128.62, 128.55, 128.44, 126.00, 63.38, 61.71, 52.31,
49.06, 47.94. ESI-MS calculated for C,,H;7CIN,NaOy4: m/z (%): 407.0769 (M+H"),
found: 407.0774. Enantiomeric excess was determined by HPLC with a Chiralpak
ASH column (hexanes: 2-propanol = 50:50, 0.8 mL/min, 220 nm); minor enantiomer

tr = 18.5 min, major enantiomer tr = 41.4 min. [o]p> =-135.2 (¢ = 0.25, CHCl;).

3.2  Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-iodophenyl)-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ac).

MeO,C o)
HN N—Ph
(e
|
3ac

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2¢ (45.5 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ac as a white
solid (64.8 mg, 91% yield) and 90% ee. Mp: 209-210 °C. 'H NMR (400 MHz, CDCl;)
07.67(d,J=8.1Hz, 1H), 7.40 (t, /= 7.4 Hz, 1H), 7.33 (t,J=7.3 Hz, 1H), 7.19 (d, J
= 8.1 Hz, 1H), 7.12 (d, /= 7.5 Hz, 1H), 4.49 (d, J = 8.6 Hz, 1H), 4.09 (d, J = 6.6 Hz,
1H), 3.85 (s, 1H), 3.68 (t, J = 7.2 Hz, 1H), 3.51 (t, J = 8.2 Hz, 1H), 2.46 (s, 1H). 13C
NMR (126 MHz, CDCl;) 6 174.85, 173.41, 169.86, 137.43, 136.46, 131.41, 129.03,
129.00, 128.53, 125.98, 93.95, 63.49, 61.69, 52.28, 48.97, 47.89. ESI-MS calculated
for Cy0H5IN,O4: m/z (%): 477.0306 (M+H"), found: 477.0316. Enantiomeric excess
was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol =
50:50, 0.8 mL/min, 220 nm); minor enantiomer tr = 20.2 min, major enantiomer tr =

47.7 min. [o]p® =-117.2 (¢ = 0.25, CHCl,).

3.3 Synthesis of methyl (1R,3S,3aR,6aS)-3-(3-fluorophenyl)-4,6-dioxo-5-
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phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ad).

MeO,C o)
HN N—Ph
O
F
3ad

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2d (29.3 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ad as a white
solid (46.7 mg, 85% yield) and 90% ee. Mp: 154-155 °C. 'H NMR (400 MHz, CDCl;)
0 7.39 (t,J=17.6 Hz, 2 H), 7.34-7.30 (m, 2 H), 7.21 (dd, J = 14.4, 8.9 Hz, 2 H), 7.13
(d, J=8.0 Hz, 2 H), 6.99 (t, J = 8.2 Hz, 1 H), 4.56 (dd, J = 8.5, 4.8 Hz, 1 H), 4.12-
4.09 (m, 1 H), 3.86 (s, 3 H), 3.70 (t, J=7.2 Hz, 1 H), 3.54 (t,/=8.2 Hz, 1H) , 2.51 (s,
1 H). PF NMR (282 MHz, CDCl3) 8 -112.48 - -112.56 (m).]3C NMR (126 MHz,
CDCl;) 6 174.90, 173.41, 169.84, 162.82 (d, J = 246.3 Hz), 139.47 (d, J = 7.2 Hz),
131.46, 129.96 (d, J = 8.2 Hz), 129.04, 128.54, 126.05, 122.77 (d, /= 2.8 Hz), 115.27
(d, J=21.1 Hz), 114.09 (d, J = 22.4 Hz), 63.37 (d, J = 1.7 Hz), 61.65, 52.29, 49.08,
47.93. ESI-MS calculated for C,0H7FN,NaO4: m/z (%): 391.1065 (M+H"), found:
391.1072. Enantiomeric excess was determined by HPLC with a Chiralpak ASH
column (hexanes: 2-propanol = 50:50, 0.8 mL/min, 220 nm); minor enantiomer tr =

14.9 min, major enantiomer tr = 31.6 min. [a]p* = -84.9 (¢ = 0.25, CHCI,).

34 Synthesis of methyl (1R,3S,3aR,6aS)-4,6-dioxo-5-phenyl-3-(4-

(trifluoromethyl)phenyl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ae).

MeO,C o)
HN N—Ph
(e
FsC
3ae
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Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2e (36.8 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ae as a white
solid (58.5 mg, 97% yield) and 91% ee. Mp: 122-123 °C. 'TH NMR (400 MHz, CDCls)
07.59(q,/=8.4Hz 4H),7.40 (t,J=7.4Hz 2 H),7.33(t,J=7.3Hz, 1 H), 7.12 (d,
J=17.5Hz, 2 H), 4.63 (dd, J=8.2,5.1 Hz, 1 H), 4.16 — 4.14 (m, 1 H), 3.87 (s, 3 H),
3.74 (t,J="1.3 Hz, 1 H), 3.60 (t, /= 8.2 Hz, 1 H), 2.53 (s, 1 H). ’F NMR (282 MHz,
CDCl;) 8 -62.44.13C NMR (126 MHz, CDCl;) & 174.77, 173.30, 169.82, 140.77,
131.40, 130.43 (q, J = 32.4 Hz), 129.10, 128.65, 127.56, 126.02, 125.38 (q, J = 3.7
Hz), 123.96 (q, Jc, r = 272.2 Hz), 63.54, 61.82, 52.37, 49.07, 47.86. ESI-MS
calculated for C,H;gF;N,O4: m/z (%): 419.1213 (M+H"), found: 419.1220.
Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 50:50, 0.8 mL/min, 220 nm); minor enantiomer tr = 12.2 min,

major enantiomer tr = 20.8 min. [a]p> = -78.8 (¢ = 0.25, CHCIy).

3.5 Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-cyanophenyl)-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3af).

MeO,C o)
HN N—Ph
(e}
NC
3af

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2f (30.3 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3af as a white
solid (49.5 mg, 88% yield) and 98% ee. Mp: 109-110 °C. 'H NMR (400 MHz, CDCl;)
0 7.61 (dd, J=20.7, 8.2 Hz, 4 H), 7.42-7.34 (m, 3 H), 7.10 (d, J = 7.6 Hz, 2 H), 4.63
(dd, J = 8.4, 4.4 Hz, 1H), 4.17-4.14 (m, 1H), 3.86 (s,3 H), 3.74 (t, J = 7.3 Hz, 1H),
3.60 (t, J= 8.2 Hz, 1H), 2.53 (s, IH). 3C NMR (126 MHz, CDCl;) 3 174.63, 173.19,
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169.67, 142.27, 132.20, 131.29, 129.10, 128.69, 127.91, 125.95, 118.57, 112.14,
63.33, 61.75, 52.39, 48.99, 47.64. ESI-MS calculated for C,;HsN;O04: m/z (%):
376.1292 (M+H"), found: 376.1305. Enantiomeric excess was determined by HPLC
with a Chiralpak ASH column (hexanes: 2-propanol = 50:50, 0.8 mL/min, 220 nm);
minor enantiomer tr = 23.8 min, major enantiomer tr = 37.2 min. [a]p® =-167.6 (¢ =

0.25, CHCL;).

3.6 Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-(methylthio)phenyl)-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ag).

MeO,C 0
HN N—Ph
O
MeS
3ag

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2g (49.8 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ag as a white
solid (55.2 mg, 93% yield) and 92% ee. Mp: 202-203 °C. 'H NMR (300 MHz, CDCl;)
0 7.42-7.32 (m, 5 H), 7.21 (d, J= 8.4 Hz, 2 H), 7.16-7.13 (m, 2 H), 4.51 (d, /= 8.7 Hz,
1 H), 4.08 (d, J=6.7 Hz, 1 H), 3.86 (s, 3 H), 3.71-3.66 (m, 1 H), 3.53-3.48 (m, 1 H),
2.45 (s, 3 H), 1.26 (s, 1 H). 3C NMR (126 MHz, CDCIl;) 8 175.02, 173.57, 170.01,
138.61, 133.32, 131.53, 129.00, 128.47, 127.56, 126.23, 126.04, 63.79, 61.75, 52.27,
49.20, 48.15, 15.51. ESI-MS calculated for C,;H,)N;NaO,S: m/z (%): 419.1036
(M+H"), found: 419.1042. Enantiomeric excess was determined by HPLC with a
Chiralpak ASH column (hexanes: 2-propanol = 50:50, 0.8 mL/min, 254 nm); minor
enantiomer tr = 26.4 min, major enantiomer tr = 59.5 min. [a]p? = -166.6 (¢ = 0.25,

CHCL;).

3.7 Synthesis of methyl (1R,3S,3aR,6aS)-3-([1,1'-biphenyl]-4-yl)-4,6-dioxo-5-
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phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ah).

MeO,C 0
HN N—Ph
(@]
Ph
3ah

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2h (38 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ah as a white
solid (63.3 mg, 99% yield) and 98% ee. Mp: 244-245 °C. 'H NMR (300 MHz, CDCl;)
0 7.61-7.59 (m, 4 H), 7.52 (d, /= 8.3 Hz, 2 H), 7.45-7.32 (m, 6 H), 7.19-7.16 (m, 2 H),
4.64 (d,J=8.6 Hz, 1 H), 4.15 (d, J= 6.6 Hz, 1 H), 3.88 (s, 1H), 3.77-3.72 (m, 1 H),
3.63-3.57 (m, 1 H), 2.54 (s, 1 H). 3C NMR (126 MHz, CDCls) & 175.04, 173.61,
170.04, 141.14, 140.56, 135.63, 131.57, 129.04, 128.69, 128.50, 127.59, 127.32,
127.13, 127.08, 126.08, 64.06, 61.89, 52.34, 49.37, 48.31. ESI-MS calculated for
CosH2oNoNaOy4: m/z (%): 449.1472 (M+H), found: 449.1478. Enantiomeric excess
was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol =
50:50, 0.8 mL/min, 254 nm); minor enantiomer tr = 22.4 min, major enantiomer tr =

53.6 min. [a]p2 = -164.8 (c = 0.25, CHCl;).

3.8 Synthesis of methyl (1R,3S,3aR,6aS)-4,6-dioxo-5-phenyl-3-(o-

tolyl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ai).

MeO,C o)
HN N—Ph
(0]
3ai

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,

0.165 mmol) and imino ester 2i (28.7 mg, 0.15 mmol) at -30 °C, after flash column
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chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 3ai as a white
solid (33.9 mg, 62% yield) and 84% ee. Mp: 175-176 °C. 'H NMR (300 MHz, CDCl;)
3 7.65(dd,J=17.0,2.5 Hz, 1 H), 7.38-7.28 (m, 3 H), 7.22-7.21 (m, 3 H), 7.07-7.03 (m,
2 H), 4.71 (dd, J = 8.6, 4.3 Hz, 1 H), 4.14 — 4.10 (m, 1 H), 3.88 (s, 3 H), 3.75 - 3.70
(m, 1 H), 3.66-3.60 (m, 1 H), 2.43 (d, J= 7.1 Hz, 4 H). 3C NMR (101 MHz, CDCl;)
0 175.13, 173.35, 170.06, 135.76, 135.32, 131.56, 130.23, 128.89, 128.35, 127.94,
126.05, 126.05, 125.27, 61.48, 60.51, 52.24, 48.27, 46.89, 19.34. ESI-MS calculated
for C;HpoNoNaOy4: m/z (%): 387.1315 (M+H"), found: 387.1320. Enantiomeric
excess was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol
=50:50, 0.8 mL/min, 210 nm); minor enantiomer tr = 14.6 min, major enantiomer tr =

39.0 min. [o]p2 = -102.6 (¢ = 0.25, CHCl).

3.9 Synthesis of tert-butyl (1R,3S,3aR,6aS)-4,6-dioxo-5-phenyl-3-(o-

tolyl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3aj).

BuO,C o}
HN N—Ph
o)
3aj

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2j (35 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 3aj as a white
solid (51.5 mg, 81% yield) and 94% ee. Mp: 208-209 °C. 'H NMR (400 MHz, CDCl;)
0 7.70-7.58 (m, 1 H), 7.35 (t,J=7.5Hz, 2 H), 7.29 (d, /= 7.2 Hz, 1 H), 7.21 (d, J =
2.2 Hz,3 H), 7.06 (d,J=7.3 Hz, 2 H), 4.66 (d, /= 8.7 Hz, 1 H), 3.99 (d, /= 6.0 Hz, 1
H), 3.71-3.65 (m, 1 H), 3.64-3.58 (m, 1 H), 2.44 (s, 3 H), 2.28 (s, 1 H), 1.59 (s, 9 H).
3C NMR (101 MHz, CDCl;) & 174.83, 173.55, 168.45, 135.73, 135.47, 131.60,
130.12, 128.85, 128.24, 127.79, 126.14, 125.95, 125.17, 82.24, 62.17, 60.23, 48.17,
47.12, 28.06, 19.35. MS (ED): m/z (%) = 406 (M+, 1.78), 305 (100); HRMS
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calculated for [Cy4Hy604N,]+: 406.1895 found: 406.1983. Enantiomeric excess was
determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 90 :10,
1.0 mL/min, 190 nm); minor enantiomer tr = 16.3 min, major enantiomer tr = 24.1

min. [a]p2 = -93.8 (¢ = 0.4, CHCl,).

3.10 Synthesis of methyl (1R,3S,3aR,6aS)-4,6-dioxo-3,5-

diphenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ak).

MeO,C o)
HN N—Ph
Ph (0]
3ak

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 2k (26.6 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ak as a white
solid (51.5 mg, 98% yield) and 85% ee. Mp: 170-171 °C. 'H NMR (300 MHz, CDCl;)
0 7.47-7.29 (m, 8H), 7.16-7.13 (m, 2H), 4.59 (dd, J = 8.7, 5.3 Hz, 1H), 4.12 (dd, J =
6.4,5.2 Hz, 1H), 3.87 (s, 3 H), 3.71 (t, /= 6.9 Hz, 1H), 3.54 (t, /= 8.3 Hz, 1H), 2.51
(t, J = 5.0 Hz, 1H). 13C NMR (126 MHz, CDCl;) 8 175.06, 173.58, 170.03, 136.64,
131.56, 128.96, 128.43, 128.43, 128.39, 127.06, 126.05, 64.16, 61.82, 52.27, 49.34,
48.26. ESI-MS calculated for CyoH;gN,NaO4: m/z (%): 373.1159 (M+HY), found:
373.1167. Enantiomeric excess was determined by HPLC with a Chiralpak ASH
column (hexanes: 2-propanol = 50:50, 0.8 mL/min, 210 nm); minor enantiomer tr =

15.8 min, major enantiomer tr = 28.1 min. [a]p?> =-91.6 (¢ = 0.25, CHCI;).

3.11 Synthesis of benzyl (1R,3S,3aR,6aS)-3-(4-bromophenyl)-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3al).
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BnOzC O

HN N—Ph

Br
3al

Prepared according to general procedure A from N-Phenylmaleimide 1a (28.6 mg,
0.165 mmol) and imino ester 21 (49.8 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3al as a white
solid (63.2 mg, 83% yield) and 95% ee. Mp: 200-201 °C. 'H NMR (300 MHz, CDCl;)
0 7.48-7.30 (m, 12 H), 7.16-7.13 (m, 2 H), 5.29 (dd, J = 28.7, 12.1 Hz, 2 H), 4.49 (dd,
J=8.7,47Hz, 1 H),4.11 (dd,J=6.7,4.6 Hz, 1 H), 3.70 (t, J=7.2 Hz, 1 H), 3.50 (t,
J=28.2Hz, 1 H), 248 (t, J = 4.5 Hz, 1 H). 3C NMR (126 MHz, CDCl;) 5 174.85,
173.43, 169.36, 135.77, 135.30, 131.53, 131.45, 129.06, 128.77, 128.72, 128.57,
128.53, 128.43, 126.05, 122.20, 67.39, 63.41, 61.83, 48.97, 47.88. ESI-MS calculated
for Cy¢H,BrN;NaOy4: m/z (%): 527.0577 (M+H"), found: 527.0587. Enantiomeric
excess was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol
=50:50, 0.8 mL/min, 210 nm); minor enantiomer tr = 20.5 min, major enantiomer tr =

49.5 min. [a]p2 = -98.3 (c = 0.25, CHCL).

3.12 Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-bromophenyl)-5-(4-chlorophenyl)-

4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ca).

MeO,C o)
HN N@CI
0]
Br
3ca

Prepared according to general procedure A from maleimide 1¢ (34.3 mg, 0.165 mmol)
and imino ester 2a(38.4 mg, 0.15 mmol) at -30 °C, after flash column

chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ca as a white
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solid (66.9 mg, 96% yield) and 84% ee. Mp: 245-246 °C. 'H NMR (400 MHz, CDCl;)
0747 (d,J=8.4Hz 2 H), 7.38-7.35 (m, 2 H), 7.31 (d, /= 8.4 Hz, 2 H), 7.09 (d, J =
8.7 Hz, 2 H), 4.54 (d, J=8.7 Hz, 1 H), 4.12 (d, J= 6.7 Hz, 1 H), 3.86 (s, 3 H), 3.73-
3.69 (m, 1 H), 3.54 (t, J = 8.2 Hz, 1 H), 2.48 (s, 1 H). 3C NMR (101 MHz, CDCl3) &
174.59, 173.13, 169.79, 135.65, 134.35, 131.63, 129.90, 129.26, 128.73, 127.23,
122.35, 63.47, 61.77, 52.37, 49.03, 47.90. ESI-MS calculated for C,,H;7BrCIN,Oy4:
m/z (%): 463.0055 (M+N™), found: 463.0064. Enantiomeric excess was determined
by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 50:50, 0.8 mL/min,
210 nm); minor enantiomer tr = 15.4 min, major enantiomer tr = 31.3 min. [a]p? = -

73.6 (¢ = 0.25, CHCl,).

3.13 Synthesis of tert-butyl (1R,3S,3aR,6aS)-3-(4-bromophenyl)-5-(4-chlorophenyl)-

4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3¢m).

BuO,C @]
HN NOCI
(0]
Br
3cm

Prepared according to general procedure A from maleimide 1¢ (34.3 mg, 0.165 mmol)
and imino ester 2m (44.7 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3cm as a white
solid (66.9 mg, 80% yield) and 96% ee. Mp: 243-244 °C. 'H NMR (400 MHz, CDCl;)
07.46(d,J=8.4Hz 2H),7.37(d,J=8.7Hz 2 H),7.31 (d,J=8.4 Hz, 2 H), 7.10 (d,
J=28.7Hz, 2 H), 4.51 (d, J=8.7 Hz, 1 H), 4.00 (d, /= 6.6 Hz, 1 H), 3.72-3.62 (m, 1
H), 3.56-3.48 (m, 1 H), 2.36 (s, 1 H), 1.56 (s, 9 H). *C NMR (101 MHz, CDCl;) §
174.37, 173.36, 168.26, 135.77, 134.27, 131.58, 129.95, 129.27, 128.69, 127.34,
122.24, 82.68, 63.24, 62.50, 49.32, 47.86, 28.06. ESI-MS calculated for
Cy3H2,BrCIN,NaOy4: m/z (%): 527.0349 (M+Na*), found: 527.0342. Enantiomeric

excess was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol
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=90:10, 0.8 mL/min, 230 nm); minor enantiomer tr = 29.7 min, major enantiomer tr =

34.0 min. [a]p2 = -146.6 (c = 0.4, CHCL;).

3.14 Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-bromophenyl)-5-(3-chlorophenyl)-

4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3da).

MeO,C 0 Cl
w0
(0]
Br
3da

Prepared according to general procedure A from maleimide 1d (34.3 mg, 0.165 mmol)
and imino ester 2a(38.4 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3da as a white
solid (78 mg, >99% yield) and 92% ee. Mp: 140-141 °C. 'TH NMR (300 MHz, CDCl;)
0747 (d,J=8.4 Hz, 2 H), 7.32-7.30 (m, 4 H), 7.16 (s, 1 H), 7.05-7.02 (m, 1 H), 4.52
(d, /=8.7Hz, 1 H), 4.10 (d, J= 6.7 Hz, 1 H), 3.85 (s, 3 H), 3.71-3.67 (m, 1 H), 3.52
(t, /= 8.2 Hz, 1 H), 2.44 (s, 1 H). 3C NMR (101 MHz, CDCl3) & 174.47, 173.03,
169.76, 135.67, 134.50, 132.44, 131.57, 129.98, 128.72, 128.72, 126.24, 124.20,
122.28, 63.37, 61.70, 52.31, 48.97, 47.85. ESI-MS calculated for C,,H;7BrCIN,Oy4:
m/z (%): 463.0055 (M+H"), found: 463.0067. Enantiomeric excess was determined
by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 50:50, 0.8 mL/min,
210 nm); minor enantiomer tr = 15.3 min, major enantiomer tr = 39.4 min. [a]p? = -

114.2 (¢ = 0.25, CHCL,).

3.15 Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-bromophenyl)-4,6-dioxo-5-(p-

tolyl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3ea).
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MeO,C o)

O

Br
3ea

Prepared according to general procedure A from maleimide 1e (31 mg, 0.165 mmol)
and imino ester 2a(38.4 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 3ea as a white
solid (62.9 mg, 95% yield) and 91% ee. Mp: 193-194 °C. 'H NMR (300 MHz, CDCl;)
0746 (d,J=8.4Hz 2H),7.31(d,J=8.4Hz 2H),7.19 (d,J=8.2 Hz, 2 H), 7.00 (d,
J =283 Hz 2 H), 450 (d, J=8.7 Hz, 1 H), 4.08 (d, /= 6.7 Hz, 1 H), 3.85 (s, 3 H),
3.67 (t, J=17.2 Hz, 1 H), 3.50 (t, J= 8.2 Hz, 1 H), 2.45 (s, 1 H), 2.33 (s, 3 H). 3C
NMR (101 MHz, CDCl;) & 174.96, 173.52, 169.89, 138.60, 135.86, 131.49, 129.65,
128.82, 128.79, 125.79, 122.13, 63.38, 61.69, 52.25, 49.01, 47.91, 21.09. ESI-MS
calculated for C,H;0BrN,O4: m/z (%): 443.0601 (M+H"), found: 443.0613.
Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 50:50, 0.8 mL/min, 210 nm); minor enantiomer tr = 17.2 min,

major enantiomer tr = 34.7 min. [a]p> = -130.7 (¢ = 0.25, CHCl5).

3.16 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(4-chlorophenyl)-5-methyl-
4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5ab).
MeO,C o)

HN Ph

‘1,

Cl sap

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2b(31.7 mg, 0.15 mmol) at -30 °C, after flash column

chromatography Petroleum ether : AcOEt = 2:1) afforded the product Saa as a white
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solid (58.4mg, 95% yield) and 94% ee. Mp: 157-158 °C. 'TH NMR (300 MHz, CDCl;)
0 7.35-7.29 (m, 4 H), 7.22 (dd, J = 5.0, 1.8 Hz,3 H), 6.95 (dd, J = 6.5, 3.0 Hz, 2 H),
4.35(d,J=5.5Hz 1H),3.93 (t,J=5.3 Hz, 1 H), 3.89 (s, 3 H), 2.87 (s, 2 H), 2.8-
2.78 (m, 2H), 2.26 (s, 1 H), 1.15 (s, 3 H). 3C NMR (101 MHz, CDCl;) & 217.32,
215.48, 170.54, 135.64, 135.64, 133.59, 129.64, 128.52, 128.36, 128.29, 127.12,
65.37, 63.44, 60.24, 55.85, 54.28, 52.11, 43.85, 18.22. ESI-MS calculated for
Cy3Hy3CINOy: m/z (%): 412.1310 (M+H™), found: 412.1318. Enantiomeric excess

was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol =

50:50, 0.8 mL/min, 210 nm); minor enantiomer tr = 8.8 min, major enantiomer tr =

12.1 min. [a]p? = -4.6 (¢ = 0.25, CHCI,).

3.17 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(4-iodophenyl)-5-methyl-
4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5ac).

MeO,C 0

HN Ph

‘1,

Sac

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2¢(45.5 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sac as a white
solid (58.4mg, 85% yield) and 94% ee. Mp: 160-161 °C. 'TH NMR (300 MHz, CDCl;)
0 7.64 (d,J=8.4 Hz, 2 H), 7.18 (dd, /= 5.0, 1.8 Hz, 3 H), 7.04 (d, J = 8.3 Hz, 2 H),
6.91 (dd, /= 6.4, 3.1 Hz, 2 H), 4.28-4.25 (m, 1 H), 3.89-3.87 (m, 1 H), 3.84 (s, 3 H),
2.82 (s, 2 H), 2.74 (dd, J = 4.0, 3.2 Hz, 2 H), 2.21 (s, 1 H), 1.11 (s, 3 H). 3C NMR
(101 MHz, CDCl3) 6 217.28, 215.43, 170.51, 137.22, 136.87, 135.63, 129.63, 128.87,
128.51, 127.11, 93.42, 65.51, 63.45, 60.23, 55.78, 54.26, 52.10, 43.83, 18.22. ESI-MS
calculated for C,3Hx»INNaO4: m/z (%): 526.0486 (M+H'), found: 526.0497.

Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
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(hexanes: 2-propanol = 50:50, 0.8 mL/min, 210 nm); minor enantiomer tr = 9.8 min,

major enantiomer tr = 14.8 min. [a]p® = 4.4 (¢ = 0.25, CHCly).

3.18 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(3-fluorophenyl)-5-methyl-
4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5ad).
MeO,C o)

HN

Sad

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2d(29.3 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sad as a
yellow solid (36.8mg, 62% yield) and 90% ee. Mp: 157-158 °C. 'TH NMR (300 MHz,
CDCly) 6 7.31 (dd, J=10.8, 4.9 Hz, 1 H), 7.19 (dd, J= 5.0, 1.8 Hz, 3 H), 7.11-6.91
(m, 5 H),4.34 (d,/J=7.8 Hz, 1 H), 3.91 (d, /= 6.9 Hz, 1 H), 3.86 (s, 3 H), 2.84 (s, 2
H), 2.78-2.75 (m, 2 H), 2.24 (s, 1 H), 1.14 (s, 3 H). 1°F NMR (282 MHz, CDCl3) § -
112.81 (td, J = 8.7, 5.6 Hz). 3C NMR (101 MHz, CDCl;) 6 217.33, 215.34, 170.52,
162.75 (d, J = 245.9 Hz), 139.87 (d, J = 7.1 Hz), 135.70, 129.72-129.64 (m), 129.67,
128.55, 127.14, 122.72 (d, J = 2.8 Hz), 114.83 (d, J = 21.2 Hz), 113.96 (d, J = 22.4
Hz), 65.47, 63.45, 60.27, 55.88, 54.27, 52.14, 43.91, 18.29. ESI-MS calculated for
Cy3H23FNO4: m/z (%): 396.1606 (M+H™), found: 396.1609. Enantiomeric excess was
determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 80:20,
0.8 mL/min, 210 nm); minor enantiomer tr = 12.9 min, major enantiomer tr =25.4 min.

[0]p2 = -5.2 (c = 0.25, CHCLs).

3.19 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-5-methyl-4,6-dioxo-3-(4-

(trifluoromethyl)phenyl)octahydrocyclopenta[c]pyrrole-1-carboxylate (5ae).
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MeO,C 0

HN Ph

‘1, ~

FaC Sae

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2e(36.8 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sae as a white
solid (46.7mg, 70% yield) and 94% ee. Mp: 155-156 °C. '"H NMR (300 MHz, CDCl;)
07.59 (d,J=8.1 Hz,2 H), 7.43 (d, J= 8.0 Hz, 2 H), 7.19 (d, J = 4.8 Hz, 3 H), 6.94-
6.91 (m, 2 H), 439 (d, J=7.0 Hz, 1 H), 3.93 (d, /= 6.0 Hz, 1 H), 3.86 (s, 3 H), 2.84
(s, 2 H), 2.78 (t, J = 7.6 Hz, 2 H), 2.27 (s, 1H), 1.13 (s, 3 H). °’F NMR (282 MHz,
CDCl;) 8 -62.47.13C NMR (101 MHz, CDCl;) & 217.17, 215.40, 170.47, 141.26,
141.26, 135.61, 130.07 (q, J = 33.3 Hz), 129.63, 129.63, 128.56, 127.37, 127.18,
125.12 (q, J = 3.7 Hz), 124.04 (q, Jc, r = 272.3 Hz), 65.48, 63.51, 60.27, 55.80, 54.23,
52.16,43.91, 18.23. ESI-MS calculated for C,4H»3F3NO4: m/z (%): 446.1574 (M+H"),
found: 446.1585. Enantiomeric excess was determined by HPLC with a Chiralpak
ASH column (hexanes: 2-propanol = 50:50, 0.8 mL/min, 220 nm); minor enantiomer

tr = 6.9 min, major enantiomer tr = 8.2 min. [a]p> = -13.5 (¢ = 0.25, CHCI,).

3.20 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(4-cyanophenyl)-5-methyl-

4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5af).

MeO,C o)
HN 7, _Ph
O
NC
Saf

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165

mmol) and imino ester 2f (30.3 mg, 0.15 mmol) at -30 °C, after flash column
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chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Saf as a white
solid (50.1mg, 83% yield) and 95% ee. Mp: 148-149 °C. 'H NMR (400 MHz, CDCl;)
07.61(d,J=8.0Hz,2 H),7.43 (d,J=8.0 Hz, 2 H), 7.19 (d, /= 4.7 Hz, 3 H), 6.91-
6.90 (m, 2 H), 4.39 (d,J=6.3 Hz, 1 H), 3.93 (d, /= 5.2 Hz, 1 H), 3.85 (s, 3 H), 2.86-
2.81 (m, 2 H), 2.78 (d, /= 6.3 Hz, 2 H), 2.28 (s, 1 H), 1.09 (s, 3 H). *C NMR (126
MHz, CDCl;) 6 216.92, 215.44, 170.31, 142.80, 135.45, 131.92, 129.53, 128.56,
127.74, 127.20, 118.65, 111.65, 65.25, 63.40, 60.23, 55.69, 53.99, 52.16, 43.91, 18.17.
ESI-MS calculated for Cy4H,3N,04: m/z (%): 403.1652 (M+H™), found: 403.1664.
Enantiomeric excess was determined by HPLC with a Chiralpak IE column (hexanes:
2-propanol = 70:30, 0.8 mL/min, 210 nm); major enantiomer tr = 14.6 min, minor

enantiomer tr = 17.7 min. [a]p® = -4.8 (¢ = 0.25, CHCI,).

3.21 Synthesis of  methyl (1R,3S,3aR,5R,6aS)-5-benzyl-5-methyl-3-(4-

(methylthio)phenyl)-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5ag).

MeO,C 0
HN 7, _Ph
@)
MeS
Sag

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2g (33.5 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sag as a white
solid (44.7mg, 70% yield) and 94% ee. Mp: 159-160 °C. 'TH NMR (300 MHz, CDCl;)
0 7.20-7.11 (m, 7 H), 6.92 (dd, J = 6.5, 3.0 Hz, 2 H), 4.28 (dd, J = 5.9, 2.6 Hz, 1 H),
3.88 (dd,J=5.3,1.8 Hz, 1 H), 3.85 (s, 3 H), 2.83 (s, 2 H), 2.75 (dd, /= 5.6, 2.2 Hz, 2
H), 2.46 (s, 3 H), 2.14 (s, 1H), 1.13 (s, 3 H). 3C NMR (101 MHz, CDCl;)  217.52,
215.50, 170.63, 138.06, 135.69, 133.79, 129.65, 128.45, 127.41, 127.04, 126.09,
65.77, 63.46, 60.21, 55.95, 54.40, 52.05, 43.75, 18.23, 15.60. ESI-MS calculated for
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CosHoNO4S: m/z (%): 424.1577 (M+H"), found: 424.1579. Enantiomeric excess was
determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 60:40,
0.8 mL/min, 210 nm); minor enantiomer tr = 11.9 min, major enantiomer tr = 18.5

min. [a]p? =-14.2 (¢ = 0.25, CHCl5).

3.22 Synthesis of methyl (1R,3S,3aR,5R,6aS)-3-([1,1'-biphenyl]-4-yl)-5-benzyl-5-
methyl-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (Sah).
MeO,C 0

=, -Ph

Ph

Sah

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2h (38 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sah as a white
solid (61.1 mg,90% yield) and 95% ee. Mp: 186-187 °C. 'TH NMR (300 MHz, CDCl;)
0 7.63-7.56 (m, 4 H), 7.40 (dt, J=14.4, 6.7 Hz, 5 H), 7.19 (dd, J= 5.0, 1.7 Hz, 3 H),
6.95 (dd, J=6.4, 2.9 Hz, 2 H), 438 (d, /=79 Hz, 1 H), 3.92 (d, J = 6.8 Hz, 1 H),
3.87 (s, 3 H), 2.86 (s, 2 H), 2.81 (t, J = 6.5 Hz, 2 H), 2.21 (s, IH) , 1.17 (s, 3 H). 13C
NMR (101 MHz, CDCls) ¢ 217.57, 215.52, 170.67, 140.66, 140.61, 136.08, 135.74,
129.69, 128.66, 128.48, 127.43, 127.24, 127.07, 127.02, 126.80, 65.97, 63.56, 60.26,
56.07, 54.50, 52.09, 43.79, 18.29. ESI-MS calculated for CyyH,sNO4: m/z (%):
454.2013 (M+HY), found: 454.2023. Enantiomeric excess was determined by HPLC
with a Chiralpak ASH column (hexanes: 2-propanol = 80:20, 0.8 mL/min, 254 nm);
minor enantiomer tr = 17.4 min, major enantiomer tr =33.2 min. [a]p®> = -6.8 (¢ =

0.25, CHCL;).

3.23 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(4-fluorophenyl)-5-methyl-

4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5an).
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MeO,C o)

HN

San
Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2n (29.3mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product San as a
yellow solid (43.1 mg, 73% yield) and 92% ee. Mp: 135-136 °C. 'H NMR (300 MHz,
CDCl3) 6 7.30-7.25 (m, 2 H), 7.18 (dd, /= 5.0, 1.7 Hz, 3 H), 7.02 (t, J = 8.7 Hz, 2 H),
6.92 (dd,J=6.5,3.0 Hz, 2 H), 4.34 (d, /= 8.1 Hz, 1 H), 3.92-3.90 (m, 1 H), 3.86 (s,
3 H), 2.84 (s, 2 H), 2.75 (dd, J = 5.0, 2.7 Hz, 2 H), 2.23 (s, 1 H), 1.12 (s, 3 H). '°F
NMR (282 MHz, CDCl3) & -114.06 — -114.11 (m). 3C NMR (101 MHz, CDCl;)
217.41, 215.59, 170.61, 162.31 (d, J = 246.4 Hz), 135.68, 132.82 (d, J = 3.2 Hz),
129.67, 128.59, 128.52, 127.12, 115.11 (d, J = 21.5 Hz), 65.42, 63.45, 60.27, 55.96,
54.34, 52.11, 43.89, 18.22. ESI-MS calculated for C,3H3FNOy4: m/z (%): 396.1606
(M+H"), found: 396.1613. Enantiomeric excess was determined by HPLC with a
Chiralpak ASH column (hexanes: 2-propanol = 80:20, 0.8 mL/min, 220 nm); minor
enantiomer tr = 15.2 min, major enantiomer tr =20.7 min. [a]p? = -18.9 (¢ = 0.25,

CHCl,).

3.24 Synthesis of ethyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(4-chlorophenyl)-5-methyl-

4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5ao).
EtO,C o)

HN Ph

‘ry

Cl
Sao

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
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mmol) and imino ester 20 (33.8 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sao as a white
solid (52.1 mg, 82% yield) and 94% ee. Mp: 170-171 °C. 'H NMR (300 MHz, CDCl;)
0 7.31-7.22 (m, 4 H), 7.18 (dd, J = 5.0, 1.7 Hz, 3 H), 6.92 (dd, J= 6.7, 2.9 Hz, 2 H),
4.35-4.28 (m, 3 H), 3.89-3.86 (m, 1 H), 2.83 (s, 2 H), 2.75 (dd, J= 5.7, 2.1 Hz, 2 H),
2.22 (s, 1 H), 1.37 (t,J= 7.2 Hz, 3 H), 1.11 (s, 3 H). 13C NMR (101 MHz, CDCl;) §
217.03, 215.52, 170.04, 135.72, 135.69, 133.55, 129.64, 128.48, 128.33, 128.29,
127.10, 65.33, 63.58, 61.20, 60.19, 55.93, 54.28, 43.82, 18.19, 14.11. ESI-MS
calculated for CyHysCINO4s: m/z  (%):426.1467 (M+H™), found: 426.1471.
Enantiomeric excess was determined by HPLC with a Chiralpak ADH column
(hexanes: 2-propanol = 80:20, 1.0 mL/min, 254 nm); major enantiomer tr = 11.2 min,

minor enantiomer tr = 16.7 min. [a]p?® = -7.1 (¢ = 0.25, CHCl5).

3.25 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(4-bromophenyl)-1,5-

dimethyl-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (Sap).

Meo,c Me O

~., -Ph

Br

Sap

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2p (40.5 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sap as a white
solid (59.1 mg, 89% yield) and 92% ee. Mp: 187-188 °C. 'H NMR (300 MHz, CDCl;)
0743 (d,J=8.4Hz 2 H),7.18 (dd,J=5.5,3.0 Hz, 5 H), 6.90 (dd, J = 6.6, 2.9 Hz, 2
H), 4.62 (d, J=9.3 Hz, 1 H), 3.83 (s, 3 H), 2.89 (t, J = 9.6 Hz, 1 H), 2.80 (s, 2 H),
2.47 (d, J=9.8 Hz, 1 H), 2.10 (s, 1 H), 1.45 (s, 3 H), 1.01 (s, 3 H). 13C NMR (101
MHz, CDCl;) 6 216.21, 215.07, 173.10, 136.46, 135.50, 131.20, 129.61, 128.74,
128.49, 127.15, 121.61, 68.75, 63.07, 61.96, 60.16, 56.41, 52.39, 44.02, 24.12, 18.13.
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ESI-MS calculated for Cy4H,5sBrNOy4: m/z (%):470.0961 (M+HY), found: 470.0975.
Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm); minor enantiomer tr = 15.2 min,

major enantiomer tr = 17.5 min. [a]p® = -33.2 (¢ = 0.25, CHCly).

3.26 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-3-(4-chlorophenyl)-1,5-

dimethyl-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5aq).

Meo,c Me O

Cl

Saq

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2q (33.9 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 5aq as a white
solid (54.2 mg, 91% yield) and 90% ee. Mp: 180-181 °C. 'H NMR (300 MHz, CDCl;)
0 7.30-7.22 (m, 4 H), 7.20-7.17 (m, 3 H), 6.91 (dd, J = 6.6, 2.9 Hz, 2 H), 4.64 (d, J =
9.4 Hz, 1 H), 3.84 (s, 3 H), 2.90 (t, J=9.6 Hz, 1 H), 2.80 (s, 2 H), 2.48 (d, /= 9.8 Hz,
1 H), 2.11 (s, 1 H), 1.45 (s, 3 H), 1.01 (s, 3 H). 3C NMR (101 MHz, CDCls) 6 216.23,
215.09, 173.12, 135.93, 135.50, 133.44, 129.61, 128.48, 128.39, 128.27, 127.15,
68.74, 63.02, 61.97, 60.16, 56.47, 52.39, 44.02, 24.12, 18.11. ESI-MS calculated for
Cy4Hy5CINOy: m/z (%): 426.1467 (M+H™), found: 426.1476. Enantiomeric excess
was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 95:5,
0.8 mL/min, 210 nm); minor enantiomer tr = 23.6 min, major enantiomer tr = 29.0

min. [a]p2 = -32.6 (¢ = 0.25, CHCL,).

3.27 Synthesis of methyl (1R,3S,3aR,5R,6aS)-5-benzyl-1,5-dimethyl-4,6-dioxo-3-(p-

tolyl)octahydrocyclopenta[c]pyrrole-1-carboxylate (5ar).
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Sar

Prepared according to general procedure B from cyclo-pentenedione 4a (33 mg, 0.165
mmol) and imino ester 2p (30.8 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sap as a white
solid (45.6 mg, 80% yield) and 91% ee. Mp: 156-157 °C. 'H NMR (300 MHz, CDCl;)
0 7.16 (dt, J=12.6, 5.8 Hz, 7 H), 6.92 (dd, J = 6.6, 2.9 Hz, 2 H), 4.65 (d, J = 9.4 Hz,
1 H), 3.85 (s, 3 H), 2.92 (t, /= 9.6 Hz, 1 H), 2.80 (s, 2 H), 2.50 (d, /= 9.8 Hz, 1 H),
2.34 (s, 3 H), 2.18 (s, 1H), 1.46 (s, 3 H), 1.03 (s, 3 H). *C NMR (101 MHz, CDCl3) &
216.65, 215.22, 173.28, 137.48, 135.62, 134.02, 129.69, 128.86, 128.44, 127.08,
126.87, 68.94, 63.90, 62.48, 60.21, 57.05, 52.41, 43.98, 24.19, 21.14, 18.13. ESI-MS
calculated for CpsHysNO,4: m/z (%):406.2013 (M+HY), found: 406.2015. Enantiomeric
excess was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol
=90:10, 0.8 mL/min, 254 nm); minor enantiomer tr = 12.5 min, major enantiomer tr =

15.9 min. [a]p® = -44.1 (¢ = 0.25, CHCl).

3.28 Synthesis of methyl (1R,3S,3aR,5R,6aS)-3-(4-bromophenyl)-5-(4-fluorobenzyl)-

5-methyl-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (Sca).

MeO,C O F
HN 't,//©/
(0]
Br 5ca

Prepared according to general procedure B from cyclo-pentenedione 4¢ (36 mg, 0.165
mmol) and imino ester 2a(38.4 mg, 0.15 mmol) at -30 °C, after flash column

chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sca as a white
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solid (58.7 mg, 83% yield) and 95% ee. Mp: 169-170 °C. 'H NMR (300 MHz, CDCl;)
0744 (d,J=8.4Hz 2H), 7.18 (d, J= 8.4 Hz, 2 H), 6.88-6.85 (m, 4 H), 4.32 (d, J =
7.8 Hz, 1 H), 2.94-2.92 (m, 1 H), 3.84 (s, 3 H), 2.81-2.78 (m, 4 H), 2.25 (s, 1H), 1.11
(s, 3 H). °F NMR (282 MHz, CDCls) 8 -115.08 - -115.13 (m). 3C NMR (101 MHz,
CDCl3) 6 217.18, 215.35, 170.40, 161.85 (d, J = 246.1 Hz), 136.04, 131.47 (d,J=3.3
Hz), 131.31 (d, /= 1.9 Hz), 131.24, 128.59, 121.77, 115.33 (d, J = 21.2 Hz), 65.46,
63.52,60.17, 55.77,54.21, 52.11, 42.44, 18.28. ESI-MS calculated for C,3H,,BrFNO,:
m/z (%): 474.0711 (M+HY), found: 474.0722. Enantiomeric excess was determined
by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 80:20, 0.8 mL/min,
210 nm); minor enantiomer tr = 14.8 min, major enantiomer tr = 18.4 min. [a]p?® = -

2.2 (¢ = 0.25, CHCL).

3.29 Synthesis of methyl (1R,3S,3aR,5R,6aS)-3-(4-bromophenyl)-5-methyl-5-(4-
methylbenzyl)-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (Sda).
M902C 0

Br

S5da

Prepared according to general procedure B from cyclo-pentenedione 4d (35.4 mg,
0.165 mmol) and imino ester 2a (38.4 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sda as a white
solid (56.9 mg, 81% yield) and 95% ee. Mp: 131-132 °C. 'TH NMR (400 MHz, CDCls)
0743 (d,J=8.4Hz,2H),7.17(d,J=8.3 Hz,2 H), 6.98 (d, /= 7.8 Hz, 2 H), 6.79 (d,
J=79 Hz, 2 H), 4.28-4.27 (m, 1 H), 3.88 (d, /= 6.8 Hz, 1 H), 3.84 (s, 3 H), 2.77-
2.73 (m, 4 H), 2.23 (d, J=17.7 Hz, 4 H), 1.08 (s, 3 H). *C NMR (101 MHz, CDCl3)
0 217.39, 215.55, 170.54, 136.66, 136.25, 132.42, 131.21, 129.44, 129.14, 128.62,
121.64, 65.34, 63.37, 60.25, 55.77, 54.25, 52.04, 43.56, 20.93, 18.03. ESI-MS
calculated for CyyH,sBrNO4: m/z (%): 470.0961 (M-+H"), found: 470.0967.

23/132



Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 80:20, 0.8 mL/min, 210 nm); minor enantiomer tr = 13.2 min,

major enantiomer tr = 18.6 min. [a]p> = -14.3 (¢ = 0.25, CHCl3).

3.30 Synthesis of methyl (1R,3S,3aR,5R,6aS)-3-(4-bromophenyl)-5-(3-chlorobenzyl)-

5-methyl-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (Sea).
MeO,C o)

Br

Sea

Prepared according to general procedure B from cyclo-pentenedione 4e (38.7 mg,
0.165 mmol) and imino ester 2a (38.4 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product Sea as a white
solid (60.4 mg, 82% yield) and 95% ee. Mp: 159-160 °C. 'H NMR (300 MHz, CDCl;)
0745 (d, J=8.4 Hz, 2 H), 7.20-7.08 (m, 4 H), 6.91 (s, 1 H), 6.80 (d, /= 6.9 Hz, 1 H),
434 (d,J=7.8 Hz, 1 H), 3.95 (d,J= 7.0 Hz, 1 H), 3.84 (s, 3 H), 2.88-2.84 (m, 2 H),
2.79 (s, 2 H), 2.27 (s, 1 H), 1.13 (s, 3 H). 3C NMR (101 MHz, CDCl;) 3 216.69,
214.84, 170.38, 137.81, 135.98, 134.23, 131.31, 129.74, 129.57, 128.60, 128.00,
127.36, 121.80, 65.46, 63.52, 59.89, 55.75, 54.20, 52.13, 42.52, 18.50. ESI-MS
calculated for C,3Hp,BrCINO4: m/z (%): 490.0415 (M+HT), found: 490.0433.
Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 80:20, 0.8 mL/min, 210 nm); minor enantiomer tr = 16.6 min,

major enantiomer tr = 21.6 min. [a]p> =-18.7 (¢ = 0.25, CHCl).

3.31 Synthesis of methyl (1R,3S,3aR,5R,6aS)-3-(4-bromophenyl)-5-(2-chlorobenzyl)-

5-methyl-4,6-dioxooctahydrocyclopenta[c]pyrrole-1-carboxylate (5fa).
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5fa

Prepared according to general procedure B from cyclo-pentenedione 4f (38.7 mg,
0.165 mmol) and imino ester 2a(38.4 mg, 0.15 mmol) at -30 °C, after flash column
chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 5fa as a white
solid (63.2 mg, 86% yield) and 85% ee. Mp: 198-199 °C. 'H NMR (300 MHz, CDCl;)
0743 (d,J=8.4 Hz, 2 H), 7.31-7.28 (m, 1 H), 7.19-7.12 (m, 4 H), 7.00 (dd, J = 6.9,
2.4 Hz, 1 H), 4.39 (d, J=9.0 Hz, 1 H), 3.97 (d, /= 6.8 Hz, 1 H), 3.86 (s, 3 H), 3.32
(dd, /=9.8, 6.9 Hz, 1 H), 3.23-3.17 (m, 1 H), 3.06 (d, /= 13.5 Hz, 1 H),2.93 (d, J =
13.5 Hz, 1 H), 2.26 (s, 1 H), 1.06 (s, 3 H). 3C NMR (101 MHz, CDCl;) 8 215.06,
213.48, 170.65, 136.40, 134.53, 133.18, 131.90, 131.35, 129.91, 128.77, 128.77,
126.75, 121.81, 65.20, 62.93, 58.76, 55.52, 53.70, 52.12, 39.80, 17.15. ESI-MS
calculated for C,;Hp,BrCINO4: m/z (%): 490.0415 (M+H), found: 490.0422.
Enantiomeric excess was determined by HPLC with a Chiralpak IE column (hexanes:
2-propanol = 70:30, 0.8 mL/min, 200 nm); major enantiomer tr = 12.3 min, minor

enantiomer tr = 20.1 min. [a]p?® = -30.7 (¢ = 0.25, CHCI;).

3.32 Synthesis of methyl (1R,3S,3aR,6aS)-5-(2-(tert-butyl)phenyl)-3-(4-chlorophenyl)-

4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7ab).

MeO,C o)
tBU /,,
0
Cl
Tab

Prepared according to general procedure C from N-(2-t-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 2b (31.7 mg, 0.15 mmol) at -30 °C, after flash
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column chromatography (Petroleum ether : AcOEt = 1:1) afforded the product 7ab as
a white solid (48.1 mg, 73% yield) and 90% ee. Mp: 191-192 °C. 'H NMR (400 MHz,
CDCl3) 6 7.49 (d, J=7.3 Hz, 1 H), 7.41 (d, J= 8.4 Hz, 2 H), 7.33 (dd, J = 12.3, 8.0
Hz, 3 H), 7.28-7.24 (m, 1 H), 6.86 (dd, J= 7.6, 0.9 Hz, 1 H), 4.53 (dd, /= 7.8, 3.0 Hz,
1 H), 4.12 (dd, J=6.7, 3.2 Hz, 1 H), 3.84 (s, 3 H), 3.68 (t,J=7.5 Hz, 1 H), 3.54 (t, J
= 8.1 Hz, 1 H), 2.48 (s, 1 H), 1.22 (s, 9 H). 3C NMR (101 MHz, CDCl3) 8 176.05,
174.64, 169.87, 147.67, 135.09, 133.89, 130.81, 129.90, 129.79, 128.77, 128.54,
128.37, 127.55, 63.51, 61.81, 52.30, 49.05, 47.72, 35.59, 31.57. ESI-MS calculated
for C,4H,5CIN,NaOy: m/z (%):463.1395 (M+H"), found: 463.1402. Enantiomeric
excess was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol
= 50:50, 1.0 mL/min, 220 nm); minor enantiomer tr = 5.6 min, major enantiomer tr =

8.8 min. [o]p2 = -88.6 (¢ = 0.25, CHCly).

3.33  Synthesis of methyl (1R,3S,3aR,6aS)-5-(2-(tert-butyl)phenyl)-3-(3-

fluorophenyl)-4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7ad).

MeO,C O
tBU/,'
(0]
F
Tad

Prepared according to general procedure C from N-(2-t-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 2d (29.3 mg, 0.15 mmol) at -30 °C, after flash
column chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 7ad as
a white solid (45.7 mg, 72% yield) and 90% ee. Mp: 203-204 °C. 'H NMR (400 MHz,
CDCl;) & 7.49 (dd, J = 8.1, 1.3 Hz, 1 H), 7.35-7.30 (m, 2 H), 7.28-7.21 (m, 3 H),
6.98-6.93 (m, 1 H), 6.88 (dd, J= 7.7, 1.4 Hz, 1 H), 4.54 (dd, J = 8.2, 3.3 Hz, 1 H),
4.11(dd,J=6.8,3.4 Hz, 1 H), 3.84 (s, 3 H), 3.68 (t, /= 7.5 Hz, 1 H), 3.54 (t, J= 8.1
Hz, 1 H), 2.49 (s, 1 H), 1.22 (s, 9 H). IF NMR (282 MHz, CDCl;) 8 -112.65 (td, J =
8.8, 5.3 Hz). 3C NMR (101 MHz, CDCl;) & 176.05, 174.53, 169.84, 162.78 (d, J =
246.1 Hz), 147.63, 139.32 (d, J = 7.2 Hz), 130.86, 129.90 (d, J = 3.9 Hz), 129.80,
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129.75, 128.72, 127.54, 122.72 (d, J = 2.8 Hz), 115.08 (d, /= 21.1 Hz), 114.03 (d, J =
22.5 Hz), 63.47, 61.71, 52.28, 49.05, 47.71, 35.58, 31.56. ESI-MS calculated for
Co4HysFNyNaOy4: m/z (%): 447.1691 (M+H), found: 447.1704. Enantiomeric excess
was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol =
80:20, 1.0 mL/min, 210 nm); minor enantiomer tr = 11.3 min, major enantiomer tr =

24.4 min. [a]p> =-75.5 (¢ = 0.25, CHCl5).

3.34  Synthesis of methyl (1R,3S,3aR,6aS)-5-(2-(tert-butyl)phenyl)-3-(4-

cyanophenyl)-4,6-dioxooctahydropyrrolo[3.,4-c]pyrrole-1-carboxylate (7af).

MeO,C 0
tBU /,,
O
NC
7af

Prepared according to general procedure C from N-(2-t-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 2f (30.3 mg, 0.15 mmol) at -30 °C, after flash
column chromatography (hexanes : AcOEt = 1:1) afforded the product 7af as a white
solid (63.2 mg, 98% yield) and 95% ee. Mp: 123-124 °C. 'H NMR (400 MHz, CDCl;)
0 7.63-7.58 (m, 4 H), 7.49 (dd, /= 8.1, 1.2 Hz, 1 H), 7.33 (t, J=7.7 Hz, 1 H), 7.25 (t,
J=75Hz 1H),6.82(dd,J="7.7,1.4Hz 1 H),4.61 (dd, J=8.2,4.3 Hz, 1 H), 4.16
(dd,J=7.2,4.1 Hz, 1 H),3.83 (s, 3 H), 3.72 (t,J="7.5 Hz, 1 H), 3.60 (t, /= 8.1 Hz, 1
H), 2.55 (s, 1 H), 1.21 (s, 9 H). 3C NMR (101 MHz, CDCl3) & 175.78, 174.46, 169.65,
147.64, 142.22, 132.06, 130.68, 129.85, 129.76, 128.78, 127.84, 127.53, 118.57,
111.90, 63.42, 61.79, 52.33, 48.97, 47.45, 35.54, 31.52. ESI-MS calculated for
CysHysN3NaOy: m/z (%): 454.1737 (M+HY), found: 454.1749. Enantiomeric excess
was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol =
50:50, 1.0 mL/min, 220 nm); minor enantiomer tr = 8.3 min, major enantiomer tr =

10.0 min. [a]p2 = -140.6 (¢ = 0.25, CHCL;).
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3.35  Synthesis of methyl (1R,3S,3aR,6aS)-5-(2-(tert-butyl)phenyl)-3-(4-

(methylthio)phenyl)-4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7ag).

MeO,C o)
tBU /,,

0]

MeS Tag

Prepared according to general procedure C from N-(2-f-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 2g (33.5 mg, 0.15 mmol) at -30 °C, after flash
column chromatography (hexanes : AcOEt = 1:1) afforded the product 7ag as a white
solid (66.7 mg, 98% yield) and 98% ee. Mp: 219-220 °C. 'H NMR (400 MHz, CDCl;)
0749 (d,J="7.1Hz, 1 H),7.38(d,J=8.2 Hz, 2 H), 7.35-7.31 (m, 1 H), 7.28-7.24 (m,
1 H), 7.21 (d, J= 8.3 Hz, 2 H), 6.88 (dd, /= 7.6, 1.1 Hz, 1 H), 4.51 (d, /= 8.1 Hz, 1
H), 4.10 (d, /= 6.9 Hz, 1 H), 3.84 (s, 3 H), 3.67 (t, J="7.5 Hz, 1 H), 3.52 (t, J = 8.1
Hz, 1 H), 2.46 (s, 1 H), 2.43 (s, 3 H), 1.22 (s, 9 H). 3C NMR (101 MHz, CDCl;) &
176.19, 174.76, 170.00, 147.69, 138.46, 133.14, 130.90, 129.99, 129.75, 128.75,
127.56, 127.51, 126.22, 63.97, 61.88, 52.29, 49.16, 47.87, 35.61, 31.58, 15.49. ESI-
MS calculated for C,sH,sN,NaO4S: m/z (%): 475.1662 (M+HY), found: 475.1675.
Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 50:50, 1.0 mL/min, 210 nm); minor enantiomer tr = 7.0 min,

major enantiomer tr = 12.2 min. [a]p> = -106.4 (¢ = 0.25, CHCl5).

336  Synthesis of Dbenzyl (1R,3S,3aR,6aS)-3-(4-bromophenyl)-5-(2-(tert-

butyl)phenyl)-4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7al).

BnO,C @]
tBU /,,
(@]
Br
7al
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Prepared according to general procedure C from N-(2-f-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 21 (49.8 mg, 0.15 mmol) at -30 °C, after flash
column chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 7al as
a white solid (74.6 mg, 89% yield) and 96% ee. Mp: 96-97 °C. 'H NMR (400 MHz,
CDCl,) 6 7.52-7.44 (m, 5 H), 7.41-7.33 (m, 6 H), 7.25 (td, J= 7.6, 1.3 Hz, 1 H), 6.86
(dd,J=7.7,1.3 Hz, 1 H),5.33 (d,J=12.1 Hz, 1 H), 5.21 (d, J=12.1 Hz, 1 H), 4.47
(d,/=83Hz,1H),4.11(d,J=7.1Hz, 1 H), 3.68 (t,J=7.5Hz, 1 H), 3.51 (t,J=28.1
Hz, 1 H), 2.48 (s, 1 H), 1.25 (s, 9 H). 3C NMR (101 MHz, CDCl3) § 176.03, 174.59,
169.35, 147.63, 135.67, 135.37, 131.41, 131.41, 130.83, 129.93, 129.77, 128.69,
128.69, 128.47, 128.35, 127.54, 122.00, 67.33, 63.48, 61.85, 48.93, 47.71, 35.55,
31.54. ESI-MS calculated for C;0H,9BrN,;NaOy4: m/z (%): 583.1203 (M+H™), found:
583.1205. Enantiomeric excess was determined by HPLC with a Chiralpak ASH
column (hexanes: 2-propanol = 80:20, 1.0 mL/min, 220 nm); minor enantiomer tr =

15.1 min, major enantiomer tr = 43.6 min. [a]p?° = -94.1 (¢ = 0.25, CHCI;).

3.37 Synthesis of ethyl (1R,3S,3aR,6aS)-5-(2-(tert-butyl)phenyl)-3-(4-chlorophenyl)-

4,6-dioxooctahydropyrrolo[3.,4-c]pyrrole-1-carboxylate (7ao).

EtO,C o)
tBU /,
(@]
Cl
Tao

Prepared according to general procedure C from N-(2-t-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 20 (33.9 mg, 0.15 mmol) at -30 °C, after
flash column chromatography (Petroleum ether : AcOEt = 2:1) afforded the product
7a0 as a white solid (49.4 mg, 72% yield) and 91% ee. Mp: 202-203 °C. '"H NMR
(400 MHz, CDCl3) 6 7.49 (dd, J = 8.1, 1.2 Hz, 1 H), 7.41 (d, J = 8.4 Hz, 2 H), 7.35-
7.30 (m, 3 H), 7.25 (td, J= 7.5, 1.3 Hz, 1 H), 6.86 (dd, J= 7.7, 1.3 Hz, 1 H), 4.53 (d, J
=8.1 Hz, 1 H), 4.31 (q,/J=6.8 Hz, 2 H), 4.11 (d, /= 7.0 Hz, 1 H), 3.69 (t,J = 7.5 Hz,
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1 H), 3.54 (t, J=8.1 Hz, 1 H), 2.48 (s, 1 H), 1.34 (t, /= 7.2 Hz, 3 H), 1.22 (s, 9 H).
3C NMR (101 MHz, CDCl;) & 175.89, 174.70, 169.43, 147.67, 135.10, 133.89,
130.87, 129.94, 129.77, 128.79, 128.55, 128.38, 127.53, 63.57, 62.04, 61.54, 49.18,
47.78, 35.62, 31.58, 14.09. ESI-MS calculated for C,sH,;CIN,NaO4: m/z (%):
477.1552 (M+H"), found: 477.1565. Enantiomeric excess was determined by HPLC
with a Chiralpak ASH column (hexanes: 2-propanol = 80:20, 1.0 mL/min, 220 nm);
minor enantiomer tr = 9.6 min, major enantiomer tr = 21.2 min. [a]p?® = -96.6 (¢ =

0.25, CHCL;).

3.38 Synthesis of methyl (1R,3S,3aR,6aS)-3-(4-bromophenyl)-5-(2-(tert-butyl)phenyl)-
1-methyl-4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7ap).

Meo,c Me 0,

Br
7ap

Prepared according to general procedure C from N-(2-t-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 2p (40.5 mg, 0.15 mmol) at -30 °C, after flash
column chromatography (hexanes : AcOEt = 2:1) afforded the product 7ap as a white
solid (52.3 mg, 70% yield) and 88% ee. Mp: 109-110 °C. 'H NMR (400 MHz, CDCl;)
0749 (dd, J=11.5,4.8 Hz, 3 H), 7.37-7.31 (m, 3 H), 7.25-7.22 (m, 1 H), 6.78 (dd, J
=7.7,1.3 Hz, 1 H), 4.83-4.79 (m, 1 H), 3.84 (s, 3 H), 3.66 (t,J=8.3 Hz, 1 H), 3.42 (d,
J=7.9Hz, 1 H), 2.51 (d, J= 6.6 Hz, 1 H), 1.66 (s, 3 H), 1.21 (s, 9 H). 3C NMR (101
MHz, CDCl;) 6 175.83, 174.52, 172.60, 147.63, 135.80, 131.44, 130.66, 129.77,
129.65, 128.88, 128.76, 127.46, 122.05, 67.38, 61.44, 55.32, 52.71, 49.79, 35.63,
31.57, 23.86. ESI-MS calculated for C,5sH»7BrN,NaO4: m/z (%): 521.1046 (M+H"),
found: 521.1056. Enantiomeric excess was determined by HPLC with a Chiralpak
ASH column (hexanes: 2-propanol = 80:20, 1.0 mL/min, 220 nm); minor enantiomer

tr = 9.6 min, major enantiomer tr = 21.2 min. [a]p? = -88.2 (¢ = 0.25, CHCly).
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3.39 Synthesis of methyl (1R,3S,3aR,6aS)-5-(2-(tert-butyl)phenyl)-3-(4-chlorophenyl)-
1-methyl-4,6-dioxooctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7aq).

MGOZC Me O tBU,

>

HN

Cl
Taq

Prepared according to general procedure C from N-(2-t-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 2q (33.9 mg, 0.15 mmol) at -30 °C, after flash
column chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 7aq as
a white solid (56.7 mg, 83% yield) and 94% ee. Mp: 99-100 °C. 'H NMR (400 MHz,
CDCl;) 6 7.49 (dd, J= 8.1, 1.4 Hz, 1 H), 7.42 (d, J=8.5 Hz, 2 H), 7.33 (dd, J = 11.4,
5.1 Hz, 3 H), 7.26-7.22 (m, 1 H), 6.78 (dd, J= 7.7, 1.5 Hz, 1 H), 4.83 (d, /J=8.6 Hz, 1
H), 3.84 (s, 3 H), 3.69-3.64 (m, 1 H), 3.42 (d, /= 7.9 Hz, 1 H), 2.52 (s, 1 H), 1.67 (s,
3 H), 1.21 (s, 9 H). 13C NMR (101 MHz, CDCl;) & 175.86, 174.56, 172.64, 147.66,
135.26, 133.90, 130.67, 129.79, 129.66, 128.91, 128.55, 128.43, 127.47, 67.40, 61.42,
55.36, 52.73, 49.88, 35.65, 31.58, 23.89. ESI-MS calculated for C,sH,7CIN,NaQOy:
m/z (%): 477.1552 (M+HY), found: 477.1563. Enantiomeric excess was determined
by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 80:20, 1.0 mL/min,
220 nm); minor enantiomer tr = 7.3 min, major enantiomer tr = 10.8 min. [a]p> = -

87.7 (¢ = 0.25, CHCL,).

3.40 Synthesis of methyl (1R,3S,3aR,6aS)-5-(2-(tert-butyl)phenyl)-1-methyl-4,6-

dioxo-3-(p-tolyl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7ar).
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Tar

Prepared according to general procedure C from N-(2-t-butylphenyl)maleimide 6
(37.8 mg, 0.165 mmol) and imino ester 2r (30.8 mg, 0.15 mmol) at -30 °C, after flash
column chromatography (Petroleum ether : AcOEt = 2:1) afforded the product 7ar as
a white solid (46.0 mg, 71% yield) and 88% ee. Mp: 86-87 °C. 'H NMR (400 MHz,
CDCl3) 6 7.48 (dd, J=8.1, 1.2 Hz, 1 H), 7.36-7.32 (m, 3 H), 7.26-7.22 (m, 1 H), 7.17
(d,/J=79Hz, 2H), 6.84(dd,J=7.7,1.3 Hz, 1 H),4.84 (d,J=7.1 Hz, 1 H), 3.85 (s,
3H),3.68(dd,/J=19.3,11.1 Hz, 1 H),3.43 (d,J=7.9 Hz, 1 H), 2.67 (s, 1 H), 2.31 (s,
3 H), 1.68 (s, 3 H), 1.21 (s, 9 H). 3C NMR (101 MHz, CDCl;) 8 176.12, 174.76,
172.81, 147.70, 137.91, 133.40, 130.79, 129.80, 129.68, 129.13, 128.89, 127.43,
126.89, 67.55, 62.25, 55.86, 52.73, 50.40, 35.68, 31.61, 23.95, 21.17. ESI-MS
calculated for C,sH30N,NaO4: m/z (%): 457.2098 (M+H'), found: 457.2108.
Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 80:20, 1.0 mL/min, 210 nm); minor enantiomer tr = 6.8 min,

major enantiomer tr = 10.7 min. [a]p> = -90.8 (¢ = 0.25, CHCls)

3. 'H, F, 3C NMR and HPLC Spectra
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<Chromatogram>

mAU
| PDA Multi 1 210nm, 4nm
15[}: MeO,C y O
] HN N—Ph
] = Ho
1004 ~
T |”|| Brracemic-3aa
| |
|
50 A 5
) R 3
- I (o8]
] | /\
5 \
— — — — T
10 20 30 40 50 60
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 17.714 4680020 50.421 88801 77.059
2 39.001 4601802 49 579 26436 22941
Total 9281822 100.000 115237 | 100.000
<Chromatogram>
mAU
U DA Multi 2 210nm.4nm
] MeO,C O
T5—_ HN N—Ph
] o
™
b /‘\ & 3aa
1 [
- |II |
25 i
_ . [
I . J / - . -
ir —— 2‘0 — 3‘0 — . 4,0 ——— 5,0 — IBU
min
<Peak Table>
PDA Ch2 210nm
Peak# Ret. Time Area Area% Height Height%
1 17.909 291637 3.577 5175 10.182
2 39.131 7861029 96.423 45651 89.818
Total 8152666 100.000 50826 | 100.000
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<Chromatogram>

mAU
1 o PDA Multi 1 220nm,4nm|
1 8
300+ 199 MeOC 1 O
1 f
1 ||| HN N—Ph
] I "o
200 | |
J | | cl
d | P racemic-3ab
: | &
100+ | =
] I| |
- |
7 | I|I
4 | \
0 / h —
> —— QID — SIU —— 4|0 — SID — ISD
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret Time Area Area% Height Height%
1 18.000| 17300629 50.337 285480 76.922
2 39.870| 17068829 49.663 85648 23.078
Total 34369458 100.000 3Nz 100.000
<Chromatogram>
mAU
754 PDA Multi 1 220nm,4nm|
7 MeO,C o]
g o HN N—Ph
50 /:’ o
_ a\
b IIIII cl 3ab
1 f
25 \
J - /
i 2 f
4 @ J,u'
o/ / .
i o e e e o o o L B o B B B e e e e e
15 20 25 30 35 40 45 50
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret Time Area Area% Height Height%
1 18.495 483198 4433 7681 13.306
2 41.392| 10416890 95.567 50042 86.694
Total 10900087 100.000 57723 100.000
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<Chromatogram>

mAU
30 :
i PDA Multi 1 220nm,4nrm|
] MeO,C H O
20_' HN N—Ph
J E_ A
] &
[ i |
10+ || \ racemic-3ac
- | |I ;
4 [ 74
[ =]
] ll ll /‘_P\\-\—_
ol /N s —
il T T | T T T | T T T | T T T T | T T T T | T T
20 30 40 50 60
min
<Peak Table>
PDACh1 220nm
Peak# Ret. Time Area Area% Height Height%
1 20.159 1276953 49.982 14510 80.865
2 50.437 1277865 50.018 3433 19.135
Total 2554818 100.000 17943 100.000
<Chromatogram>
mAL
1 PDA Multi 1 200nm,4nm|
30_' MeO,C o)
1 HN N—Ph
1 o]
20+
: : 3ac
4 o
] &
Q
10+ g
] 5
; g
t}*——ﬁ...‘-."r—. - e
20 30 40 50 60 70
min
<Peak Table>
PDA Ch1 200nm
Peak# Ret. Time Area Area% Height Height%
1 20.181 199045 5.178 2269 19.694
2 50.239 3645339 94 822 9254 80.306
Total 3844384 100.000 11623 100.000
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FIXRTIRIZISIZIER R[22 MSLREBJAB S
SEEBTARRAAASSHNRAIT PregegEngy
R B e e
MeO,C H-\\/Z)
HN(:I’ N—Ph
g
)
3ad
[
1
| 1
H ‘ | | ‘ ‘ ” l \
210 2‘00 lQIU llﬁo 1‘:?0 lflﬂ 1-10 1:‘50 1‘20 110 IIDO o0 8‘0 ‘?IO SIO 5‘0 -1"3 3‘0 2‘0 1‘0 ID —1‘0
1 (ppa)
<Chromatogram>
mAU
75 i
| PDA Multi 1 270nm.4nm|
J MeO,C O
| HN N-Ph
50+ HY
1 F
1 E racemic-3ad
1 o
25 i\
- II || o
i [ =
| I| |||I ’5
4 i
H— ."II \ Zues = i _/ \x—_
1GIIII1|5I ..2|D....25....Slo....glﬁ....m
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 14.920 1078958 49 454 26752 74.385
2 31.703 1102761 50.546 9213 25615
Total 2181719 100.000 35965 100.000
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<Chromatogram>

mAU
50 -
] PDA Multi 1 210nm 4nm|
] MeO,C o)
40
1 HN N—Ph
] o)
30+ g .
1 > 3ad
201 a/\‘
] [
- III IIllll
10 8 /
1 = /
G- _/\\ — S _.; — |
1DIIIl‘llﬁlIIIZIDIIIIEISIIIISIDIII|3|5||||40|||I45
min
<Peak Table>
PDACh1 210nm !
Peak# Ret. Time Area Area% Height Height%
1 14.934 148857 4.998 3707 13.704
2 31.605 2829346 95.002 23343 86296
Total 2978203 100.000 27050 100.000
SERREEELL [T = TTEC2CILEEEEEE 7
rir-iriririr-‘r"zriréﬁh‘ri T F TS S mmmmnm ol
et e ———— R e
MeO,C 0
HN N—Ph
“ o)
}\
FC 3ae
|
L
\ ‘
\ il H
‘ (1 -l
I' |i‘ ‘,‘.“‘ [ I'
J.Mll | Ao AL

~ | 400

7
2.00-1
LO0H =
.| 1002
=73

o]
| 1.002
11.00 =

72,03
1.03

=
=
-
I
13
=
=
=

8.0
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<Chromatogram>

mAL
50 -
] PDA Multi 1 220nm.4nm|
1 MeO,C 1 O
407 HN N—Ph
i H 0
30
] F4C

racemic-3ae

[=2]
2
20+ iz
] N
!
] [ >
o] I\
4 |
1 )\
. Se
I‘l[]ll_[]I I I‘IZI’_SI o I‘15|_[]I o 'I?l_ﬁI o I2E|!_[]I o I22|.5I o I25|.[}I o I2?1.5I I I3-[I}_[]
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 11.829 817401 50.757 19413 74970
2 20.242 793021 49.243 6481 25030
Total 1610422 100.000 25894 | 100.000
<Chromatogram>
mAU
i PDA Multi 1 220nm.4nm|
Sl " MeO,C 0
] i HN N-Ph
] S o}
75
] f/\
] \\ FC  3ae
50+ |
; [\
] [
25 ]
] o
G_ . e ——
10.0 12|'.5 15|.0 1?1.5 2EII.D 22|'.5 25|.D 2?1.5 30.0
min
<Peak Table>
PDACh1 220nm
Peak# Ret. Time Area Area% Height Height%
1 12.188 527184 4.740 11170 12.325
2 20.790| 10594941 95.260 79463 87675
Total 11122125 100.000 90633 | 100.000
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<Cnromatogram=

mAL
30_ PDA Multi 1 220nm,4nm|
1 MeO,C o]
4 HN N—Ph
20+ -
_ 2 o
_ &
J I.f‘-II
i [ i NC
104 [ ey racemic-3af
4 [ S
| [
[
! F %
{4 i o
[}_
i T T T T T T T T T T T T T T T T T T T L T T T
15 20 25 30 35 40 45 50
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret Time Area Area% Height Height%
1 24041 1082525 49 812 14170 70722
2 37.877 1090699 50.188 5866 29278
Total 2173224 100.000 20036 | 100.000
<Chromatogram>
mAU
30 -
| PDA Multi 1 220nm,4nm
J MeO,C o]
: HN N—Ph
20 e}
] g
o
1 = NC
j /\ 3af
10+ /
B )
i |
] 8 /
L]
J o f o
0 — e —
i T T T | T T T T | T T T | T T T | T T T | T T T T | T T T T
19 20 25 30 35 40 45 20
min
<Peak Table>
PDACh1 220nm
Peak# Ret. Time Area Area% Height Height%
1 23.830 18645 0734 296 2.101
2 372N 2522556 99.266 13796 97.899
Total 2541202 100.000 14082 | 100.000
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<Chromatogram>

mAU
a0 -
i PDA Multi 1 254nm,4nrm|
] Me0,C o}
40
] HN N-Ph
30 o
20_: 5 MeS
] & racemic-3ag
] |"\1 ord
104 [ S
1 [ B
AA——— —— — T
20 30 40 50 60 70
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 26.371 1466516 50.389 15384 75231
2 59.053 1443864 49611 5065 24769
Total 2910380 100.000 20449 100.000
<Chromatogram>
mALU
10'0_ PDA Multi 1 254nm,4nm|
] Me0,C 0
75 HN N—Ph
] o)
5.0—_ MeS
p < 3ag
J w
1 a
2.5
A w
1 =
] g
0.0+~ omeins oo o e — .
ic —— 2ID T — 3,0 —— 4ID —— 5ID —— E»ID —— =
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 26.416 46331 4238 525 13.865
2 59.549 1046923 95.762 3263 86.135
Total 1093253 100.000 3788 100.000
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<Chromatogram>

mAU
20 -
i PDA Multi 1 254nm.4nm
] MeO,C O
15_' HN N—Ph
1 o)
1 =
107 i Ph
] I|ﬁ|I racemic-3ah
] | I|
5 I >
i [ i
: |I Ill 2
| I\
gl ) o - S
0 — 2‘0 — T GID — .4|0 — T 5IU — E»ID — ?'@ — IBD
min
<Peak Table>
PDACh1 254nm
Peak# Ret Time Area Area% Height Height%
1 22176 878195 49 874 9183 78.393
2 53.191 882630 50.126 2531 21.607
Total 1760825 100.000 11714 100.000
<Chromatogram>
mAU
30 -
] PDA Multi 1 254nm.4nm|
J MeO,C o)
| HN N—Ph
20+ o
7 (2]
1 b
o Ph
h w0 3ah
104 /
J /
J {
] 5 /
=+
] 3 j
0 g
m.. 2IDII .3|U....4|0.. .5|0.. E»ID II?IDIIIIBD
min
<Peak Table>
PDACh1 254nm
Peak# Ret. Time Area Area% Height Height%
1 22427 42356 0.901 434 3.235
2 53.563 4661007 99.099 12995 96.765
Total 4703363 100.000 13429 100.000
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<Chromatograms>

mAU
400_ PDA Multi 7 210nm.4nm|
i MeO,C H O
300_' § HN N-Ph
] |1|F oo
] ||
200 | | racemic-3ai
] ||
100 | || =
i | || E
7 | | _‘—\\_
o N —
T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 60
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 14.081] 12821883 50.183 270312 87.11
2 37.387| 12728119 49.817 39996 12.889
Total 25550002 100.000 310309 100.000
<Chromatogram>
mAU
200_ PDA Multi 1 270nm_ 4nm|
] MeO,C O
150+ HN N—Ph
g o}
1 ©
e 2 3ai
I 8 /
1 i /
50 I|'|I I|'
] A [
1\ /
A . S — — e
1DII IIQID — SIUI r I4IUI — ISIDII r ISD
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 14.567 2649010 7.872 49923 37790
2 38961 31001955 92.128 82183 62.210
Total 33650964 100.000 132106 | 100.000
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N—Ph
-10

3aj

BuO,C
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110
1 (ppa)
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<unromatograms=>
mALl

b PDA Multi 1 190nm.4nm|
: BuOC H O
204 HN N—Ph
] T H o
1 &
1 =
1 0__ |'ﬂ"| % racemic-3aj
- A 3
< II |II
: /| \ A
D_..-n_._,_A_,_/‘H._\. - ._._..__L i
1D.DI — .12|.5. — .15,0. — .1_}.5. — I2DI.0| — .22|.5. .250. — .2_;.5. . .3[.}-0
min
<Peak Table>
PDACh1 190nm
Peak# Ret. Time Area Height Area% Height%
1 16.285 541806 12274 50.878 65.745
2 24 287 523114 6395 49.122 34.255
Total 1064920 18669 100.000 | 100.000
scnromatogram=
mAU
75 PDA Multi 1 190nm,4nm|
] Bu0,C o]
] HN N—Ph
50+ %
: g
. &
J 3aj
25+
1 &
1 =
o R = o —
10.[}I o I12|.5I o 15|.CrI o I1'.n‘|'.5I o I2llll.t}I o I22|.5 I25|.E}I o I2'.n‘|'.5I I ISE).D
min
<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time Area Height Height% Area%
1, 16275 91895 2103 6.001 | 3.272|
2 24 067 2716695 32950 93.999 96.728
Total 2808590 35054 100.000 100.000

55/132




MeO,C

N—Ph

HN

Ph

3ak

w0t

oot

=0T

Foos

MeO,C

9T 8P,
¥E6b—
il
W19~
919
SL9L

STLL

SO9Cl
QLTI
6571
£FRTI
96°8TI

95 1€1 %
o

Casmas

£00LT~,
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N—Ph

HN
Ph

3ak

=10

T T
120 Lo

T
130

T T
200 190

T
210

£l (ppa)
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<Chromatogram>

mALU
75 PDA Multi 1 210nm_4nm|
J MeO,GC O
1 HN N—Ph
b 0
1 & ph H ©
w0
50—_ |"|1- racemic-3ak
| I| |I
4 | -
i [ =
25| |' '|I s
J .
p I| \ /\
J | /
: )\ LN
0_
I — T 1|5 — 2ID — 2|5 — SID 3|5 — .40
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 16.928 2271922 50.542 44209 68.136
2 31171 2223238 49 458 20674 31.864
Total 4495160 100.000 64883 100.000
<Chromatogram>
mAU
150_ PDA Multi 1 210nm,4nm
§ MeO,C o)
i HN N-Ph
100+ Ph o
1 3ak
- 5
: 3
- .’(\'.I
50 [
- ||
i o [ Illl'.
= /
(N . T J N\
hn — T 1,5 — 2ID — 2|5 — 3,0 3|5 —— .
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.783 533375 7.880 12336 15.748
2 28 141 6235203 92.120 65996 84 252
Total 6768578 100.000 78331 100.000

57 /132




=
£ T
|
o o -
- e
Lag}
Qq Nz S
e T @ = .
o
o
12
i 8Ly~
[ 1687
- £8°19
Fed _.v..m@M
66°L9—
= Foots SR
00'LL
. STLL
FOOT4E
00t 2 0T Ty
Le S09T1
007 Er'8Tl
o £5°8T1
OO LS8TIF
e B TL8TIN
— O | Lo F.mﬁw
o 90°6T1
— : —= F 107 SEIET
|MM — S0T17 | £ 1€
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N—Ph
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BnO,C

100
1 (ppa)

110

120

200 190 180 170 160 150 140 130

210
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<Chromatogram>

mAL
o PDA Ml 1 210nm Anm]
b BnO.C y O
: HN N—Ph
200+ g MO
. ]
- I|
4 | Br
] | racemic-3al
100+ || 3
i | ]
E | d
. /\
_ '.
. II
R T A Al " A A AR AT
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1, 20.049 9797632 49.726 170046 74.236
2] 48.091 9905597 50.274 59015 25.764
Total 19703229 100.000 229061  100.000
<Chromatogram>
mAU
L BDA Mult 1 210nm,4nm]
3 BnO,C o]
150’__ HN N—Ph
] o)
1004 = .
| 2 " zal
50- / \
] . [\
- F, |l
: 8 / \
G T _I T T T | T T T | T T T | T T T T | T T
20 30 40 50 60
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 20.545 341867 2.478 5729 6.947
2] 49509 13453821 97.522 76743 93.053
Total 13795688 100.000 82473]  100.000
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S0°L
oT'L
1L
L
£T'L
9L
cmnw
g

oF L

MeO,C

Br

3ba
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Moy
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10T
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0ETIT-
|CTTIN-
9TTII-
STl

MeO,C

Br

3ba

T T T T T
-0 -110 -120 -130 -140 -150 -160 -1T0 -180 -180 -200 -210
1 (ppa)

T T
-0 -0

50

T
-3 40

-2

-10
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292 $ERRIRANSE  ysg genss
TPgEE So&RNNRHSZ EES 35535
St et ettt N Y
MeO,C 0o
HN NOF
o
Br
3ba
|
|
I ! .
210 20‘0 1‘.‘)0 1‘%0 1(“»0 50 l-lm 150 15)0 lilJ IIUU 9‘0 BIO 'Flt) 9'0 5‘0 4‘0 3‘0 2‘0 ]ID (I! -'m
f1 (ppm)
<Chromatogram>
mAU
o PDA Ml 1210nm anm]
8 MeO,C 6]
T HN NOF
1004 3 o}
T lln'| Br
p [ racemic-3ba
_ II |
50 I\ 5
- n 5
i o o
[
B III |
i Y
0 / ——
-—Y—F—V——————F— 77—
10 15 20 25 30 35 40
min
<Peak Table>
PDACh1210nm
Peak# Ret. Time Area Area% Height Height%
1 15747 4321491 50.442 82833 73708
2| 28.785| 4245334 49.553 29547 26.292
Total B5BT325 100.000 112380 100.000
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<Chromatogram>
mAU

25 -
] PDA Multi 1 210nm,4nm|
] MeO,C o}
20 HN NOF
1 o}
L
] g B 3ba
10 b
z A
o 9 f'll
] p .lIll
il o - i
T T T T | T T T T T T T T T T T T T T T T | T T T T T T | T T T T
10 12 20 30 35 40 45 30
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.725 49057 3.487 1022 9.921
2 28.846 1357720 96.513 9282 90.079
Total 1406777 100.000 10304 | 100.000
FERRIZ[=E GRS EREERTH 2
A RO e ot et B R e e ol et
i, [t St e N e |
%3 an8sg ¥ MeOC o
o ' HN NOCI
i o}
Br
‘ ’ ‘ 3ca
| |
| il U:
} Il
||| i
| T (
| U f
i i = e =
Blﬂ 7.‘5 7‘0 l'n.IE G.IU 5.‘5 5 -t.lEn -t.ID 3‘5 3.0 2.‘5 2.‘0 l_l.r» lIO 0‘5 0‘0
1 (ppa)
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aoR 8R888{8YS5 NS Ca
SEE S2R33888 EEE T
S et g S
MeO,C o}
HN NOCI
o}
Br
3ca
|
: |
I I
2]‘0 2'.‘]0 160 léﬂ l%U l!lm l'l'_ﬂ l-lm 150- ]5)0 1 IllJ 1‘00 9‘0 BIG '.’::) EIU 5‘0 -1‘0 3‘0 2‘0 1‘0 IU =] Il(!
f1 (ppa)
<Chromatogram>
mAU
?5_ PDA Multi 1 210nm,4nm|
1 MeO,C H O
] HN NOCI
50+ H O
: Br
i racemic-3ca
25+ g
1 w
_ .-h\‘- 0
J [ i
| \'-. S
o ,/ X et e
.1|5....2|U....2|5....3|0....3|5...
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.165 841677 49.847 16494 74213
2 30.355 846845 50.153 5731 25787
Total 1688523 100.000 22225 100.000
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<Chromatogram>

mAU
s i
| PDA Multi 1 210nm,4nm|
i MeO,C 0
i HN NOCI
50+ o
] Br
B 3ca
25+ §
i b
n o
. T
e e e
19 20 25 30 35 40
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.419 228319 7.843 3925 18 935
2 31.290 2682828 92 157 16802 81.065
Total 2911147 100.000 20727 | 100.000
$9555858382 g2388%8%RIY 8 7
Lol noll ol wll wall uudl ol ool bl S i T e T B T W} o~y —
O [ I
' BuO,C o]
HN NOCI
o
Br
3cm
|
| ‘ ] ‘\ ‘ ‘
| |
‘}”- I i I I
L . Lu J
eied el el - ——— - =
&.ID ‘]‘.IS ‘i‘.IO B_I 5 E_I o 5.' 5 5.I o .I .I :3.I 5 3.‘0 2.‘5 2.‘0 l_IS l_IO D.I.": D.IG
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588 ESRR5NEAY LI
SEE G2n 8888 EEE g¢ 9§ %
Se e - I
BuO,C o]
3 HN N@CI
o]
Br
3cm
i |
|
L I n
; ) ! : T IR il
2]‘0 ZIJIU léﬂ léﬂ 1%0 ltliﬂ l.'lit} lAIm l:lm léﬂ 1 Ilc} IIUU 9‘1} 8‘0 7‘0 Elﬂ * -1‘0 3‘0 2‘0 ]ID tl} —iﬂ
1 (ppa)
<Chromatogram=
mAU
4 PDA Multi 2 230nm,4nm
] BuOGC 1 O
10.04
] HN NOQ
] H o
7.5
: g B/
5.0+ - racemic-3cm
- o :
:
25_ /ﬁ_x\
00— < =
—— 77T
25.0 275 30.0 32.5 35.0 375 40.0
min
<Peak Table>
PDA Ch2 230nm
Peak# Ret. Time Area Height Height% Area%
1 29.826 442682 4187 60.140 50.034
2 3411 442089 2775 39.860 49.966
Total 884770 6963 100.000 100.000
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<Chromatogram>

maAL
10.0_ PDA Multi 5 230nm,4nm|
] Bu0,C o}
?5— HN NOCI
| o]
i o
5.0 8
: 9 Br
] 3ecm
25
] -y
. 3 .
0.0+ — -
250I L IQ]}_SI o I3[5(3I I325I o I35|_[]I o I3?5I I I-:Ilt}_[J
min
<Peak Table>
PDA Ch5 230nm
Peak# Ret. Time Area Height Height% Area%
1 29.716 12366 140 3457 1.989
2 33.980 609347 3918 96.543 98.011
Total 621713 4058 100.000 100.000
$¥0895838588332¢8 f8=88s588949S 3
== = = [~ =~ [~ = M~ [~ 0~ 0~~~ = e B T R T e T B T e el
oty e et -t Sat e e et — |
MeO,C o) Cl
o
[
‘ J‘ Br
3da
I
|
(|
[ —
| \ i
! ." Ml
ok L . .
ik ol
e85 g 383% S
] o — - — —ry e —
?_IE T.I!J 6.‘5 B_IO 5‘5 .'iIU -LI.". -t.ID :LIE 3.‘0 2.‘5 ?.IO 1‘5 1.‘0 D.I.'l UID
f1 (ppa)
MeO,C o) Cl
w o)
o)
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=~ -] ~ o ~ocoml = S ot
$=. saiasand H8% BR=EY
SEE S2andSS38 EES g@ggs
w7 bl et e YA
| Tl
I
| ‘
21‘0 ZOIO léﬂ 1%0 ltlﬂ l.'l'.O l:lm ulao 150 | 'm 1‘00 90 8‘0 ‘?IO Blﬂ é 4‘0 3‘0 20 1‘0 IE! -10
f1 (ppa)
<Chromatogram>
mAU
e PDA Multi 1 210nm Anm]
J 2] MeO,C o] Cl
k.
_ 1
200 |'| 0
: |
Bi
1 || || ' racemic-3da
1004 |
] | | 2
£
| | =
i |1 2y
i
1 I|I \ / \‘““w-__
0 o oo
—— 77—
10 15 20 25 30 35 40 45 50
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15213 11369665 50.914 224411 82573
2|  38.735| 10961670 49.086 47361 17.427
Total 22331335 100.000 271771 100.000
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<Chromatogram>

mAU
. i PDA Multi 1 210nm.4nmy
] MeO,C o cl
75 o T
] o)
50+ &
1 ) Br
4 g 3da
25
B -] I
] 2 /;
ol . . o —
— — — T —
10 20 30 40 50 60
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.338 362227 4032 7137 16.974
2 39.367 8622556 95.968 34910 83.026
Total 8984783 100.000 42047 100.000
$%558823% 53252858988 23
B =D b - s B Bt R B it Bt et Rt It o
P, et L R LY
MeO,C o)
o)
Br
3ea
N\_UM J A L
ik [
g528 g 3z£% e
ool — — e — - cn
8.‘0 T.I.'i ‘J‘_IU 6‘5 E_IU ::_IE a'o y ! 1‘5 3.‘0 2.‘: 2.‘0 1‘5 ]ID D.IS U_ID
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uN_‘O\ 30\!{'&!“10‘\0\-‘: S
Do granisn M8 28455 3
B aoodddadd ECg ggdey =
S e b NS N |
MeO,C e}
o
Br
3ea
1 \
| |
|
'y L L
2‘]0 ZOIO 160 lSIU 1]“0 lllaﬂ l.'ISO lfm ulm 15)0 i 'm 1‘00 9‘0 8‘0 ‘]‘IO Blo @ 4‘0 3‘0 2‘0 ]ID (I!
1 (ppa)
<Chromatogram>
mAU
1 PDA Multi 1 210nm.4nm
2004 MeO,C 0
] q i T v )—
[
4 e O
E |II
200 I
4 f || Br
i [ racemic-3ea
: R
100 Il '| %
] | '. ,
|
1 -
4 ,I \ —//
G T —
e e T S e AN EENNEEESESEENENIESS——
10 15 20 25 30 35 40 45 50

<Peak Table>
PDA Ch1 210nm

Peak# Ret. Time Area Area% Height Height%
1 17.228| 15304608 49.711 232174 71.993
2 34.729| 15482338 50.289 90322 28.007
Total 30786947 100.000 322496 100.000
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<Chromatogram>

mAU
Ly PDA Multi 1 210nm 4nn
] MeO,C 0
< o )
| o
50__ % Br
J by 3ea
25+ { o\
4 |,' \
] e [\
m....1|5....2|n....2|5....Slu....3|5....4|0....4|5....50
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 17.218 313786 4 376 4922 10.655
2 34 693 6856128 95.624 41268 89345
Total 7169914 100.000 46190 100.000
Yo RmoeE e 535888 3888 § =
M~~~ 00 b - N T ) o o o T o o B o | —
b e L et B N I

201
~1s.024
71205

A B
[ ] —
—_— W — —_ 8
oS e =% < < ]
il R = e 3 b
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 3.5 %0 2.5 2.0 LS Lo 0.5
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S 2 CENEERSE H8% IARSEES 8
S & = Snasaany EEE g89dy 2
o [ Rt et LT e [
MeO,C o]
HN 7 _Ph
o]
Br
Saa
1
1
i ]
2]‘0 20‘0 160 léﬂ 1‘%0 1(“»0 .'IEO l-'m 150 15)0 lil) IIDU 9‘0 éﬂ 'F::) B0 5‘0 4‘0 3‘0 2‘0 ]ID 6 -'m
f1 (ppm)
<Chromatogram>
mAU
| PDA Multi 1 210nm_4nm
. MeO,C o]
750
] HN Ph
] ” 4
] S
] R
500+ N Br
[ & @ racemic-5aa
a |I l', =+
4 i (7]
] | =
250+ [ /
| AN /
ol / - o -
8 Eli ‘IIO 1I1 ‘II2 ‘l|3 ‘II4 ‘II5 16
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 9.423| 15982387 50.020 514927 62.735
2 13.419| 15969831 49 980 305874 37.265
Total 31952218 100.000 820801 100.000

71/132




<Chromatogram>

mAU
400_ PDA Multi 1 210nm,4nm|
| MeO,C O
300 8 < _Ph
] =
i ﬁ \
200+ \ B
1 / \ S5aa
i { \
N J \
100+ f \
J © f.-"
] 3
B
8 9 10 11 12 13 14 15 16 17
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 9.356 32532 2284 10178 3.810
2 13.281| 13372971 97.716 256974 96.190
Total 13685504 100.000 267152 100.000
anaR38S98985883 LY SREER § Z
e~ F~ P~~~ ~ [~~~ 0~ W8S = = & oen e Ll B o I o B o | —
o e e e = R R Y |
“ C sap
| ‘I‘
I
1] | l
‘\! .I | 14‘||'
1| |/
b A h A ; o
I?-i
3 < B e c8 & S
= o0l — — [a Nl i 2]
T_IS 7.‘0 EI 5 G_IO 5.‘5 5.‘0 -t_l o ."LIS 3.‘0 2.‘5 2.‘0 1I 5 1 IU U.I 5 0.‘0
f1 (ppm)
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ol oo =+ [=a) ™~
2 :  ZA3asds gghIsaa=y
] S i} {5k LS EEfggeEning
e I R et Y A
I
I 1l 1 |
| 1
1
2]‘0 20‘0 1‘.‘)0 léﬂ 1‘%0 1(“»0 l.'lio l:m 150 15)0 lilJ IIUU 9‘0 BIG 'Flt) 9'0 5‘0 -1‘0 3‘0 2‘0 ]ID (I! -'m
f1 (ppm)
<Chromatogram>
mAU
el BOA Mult 1 210nm 4nm
i MeO,C o]
7 HN Ph
200 o
] o
g cl
i o racemic-5ab
1N
100 [ o
1 \ / 43
: / \'\ /
%I L 5
——Y¥————————r—————————1——————
8 ] 10 11 12 13 14

min
<Peak Table>
PDA Ch1 210nm

Peak# Ret. Time Area Area% Height Height%
1 8.730 3396526 50.377 130172 61.508
2 12.038 3345741 49.623 81461 38492
Total B742268 100.000 211633 100.000
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<Chromatogram>

mAU
) J PDA Multi 1 210nm 4nm
] MeO,C 0
400
] 7 _Ph
. 2
300+ o
] ,/\\ C sap
200 [\
] | '\\
] /
100 ff \
] § ¥
] @
|||||q_|||||||||||||||||||_||||||||||||||
8 9 10 11 12 13 14 15 16
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 §.768 395157 3.166 15166 5.106
2 12.087( 12086409 96.834 281864 94 894
Total 12481566 100.000 297030 100.000
28822588858 5898865d £E8LIL § =
Lol nall nlll nall ol nall ulll nall wollh =0 -0 =1 b i i o T T o W ) Lot o o T o I o B o | —i
et~ et et | [

L2

e
] o= —
cSce 2 = 2
enoed ed — ool —
T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 2.0 2.5 20 L5 Lo 0.5 0.0
£l (ppa)
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= v . R I Do pa. § H8¥ErR¥yr§=Ex d
e = mEnsaaN R ERLE882iag =
e I ey e | ST e [
|
| 1 |
; ]
H | ‘
2]‘0 ZIJIU 160 léﬂ 1%0 1!“»0 ﬁo l-lm 150 15)0 1 IllJ IIUD 90 éﬂ '.'::) E:G 5‘0 4‘0 3‘0 2‘0 ]ID (I! =] 'm
f1 (ppm)
<Chromatogram>
mAU
Ees PDA MUt 1 270nm.4nny
B MeO,C 0o
il HN Ph
150+
1 2 0
g o
4 =2
] A |
100 [ @ racemic-5ac
g [ S
i \ o
o foo /
II I'
4 | Y
f Y
] /
i i \__ _/ i
0
I e R S A e S A S A S S o T
9 10 11 12 13 14 15 16 17
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 9.850 3969097 50.468 117226 65.921
2 14.856 3895447 49 532 60603 34079
Total 7864544 100.000 177829 100.000
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<Chromatogram>

mAU
300_ PDA Multi 1 210nm,4nm
1 MeO,C o}
d a:, ", ~Ph
200 o
1 /"'l Y Sac
100—_ .flll \
| /
I = //
0t = - =
I 1[]|.0 I I I I 12|.5 I I I I 15|.G I I I 1?|.5 I I
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 9.816 351577 2.818 10662 5445
2 14794 | 12123282 97.182 185136 94 555
Total 12474858 100.000 195797 | 100.000
FNRE822=2=-88ER3IR8 sasEs FeEn =
= =~ = = = [~ [~ [~ = [~ [~ O \O 5 O WO = = e oenoen L N R ] -
St i sl = YR P et |

(734
732

I 5ad
I
IR
11 1
”l' | | I ‘\Ji
|
WL 1 TORY I
,*ﬂ»v" Mty
s 2 =)
1
1
JIUUM i k[ ; h ‘_Ll J
$3? g £3 £ g
wy —_—
3 <2 ] > S 2= = >
— W — — [l — ]
7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 35 30 2.5 20 1.5 Lo 0.5 oo
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MeO,C

SRTIT-
ERTI
8TII-
08°CIL-
6L°CIT-
LLTIT-

#,_Ph

Sad

HN

T T T T T T T
=50 -l00 -110 -120 ~-130 -140 -150 ~-160 -1TOD -180 -190 -2DD -210
f1 (ppa)

T
=80

T
-0 =30

=10

6C81—

16'€t
Al
1TFs

Pl
LT09~
S'59—
159’
89°9L~

MeO,C

~., -Ph

HN

Sad

00°LT
Nm.hhw

8¢l
LOFLL
IR A
P61
172!
_ﬁ.ﬁLf
FILTI
55821 A
ro'6T1
L96T1
el
OL'SEL
£9°6€1
06'6€1
£5° 191~
L6
5oL —

PECIT
EELIT

100
1 (ppa)

110

T
120

170

T
200

T
210
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<Chromatogram>

mAU
o) BDA Multi 7 210nm 4nm
i MeO,C o]
1 HN Ph
200+ ©
k uw F
] =
i A = racemic-5ad
] lf'||
-
100 [ 8
i I |
] III I||I
0___/-\__)1 \_~___ ——
10.0 125 15.0 175 20,0 25 25.0 275 30.0
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 12.405 3508487 49.300 138307 68.023
2 23.927 3608088 50.700 65015 M.977
Total 7116576 100.000 203322] 100.000
<Chromatogram>
mAU
iy BOA Multi 1 210nm 4nm
] MeO,C o]
150—- _Ph
] E -
1004 3 Sad
] &S
i {0
] [\
50 [
1 8 [
- a] l‘\
4 o / \
U'—_ _&. i ] TS =&
Fri T e AN TS A A T
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 12.870 322629 5.207 12005 11618
2] 25371 5873308 94.793 01328 88.382
Total 6195937 100.000 103332] 100.000
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tll—=

81
0L
”L

wi~
sy

8L
0L

Sae

F3C

M

wz|”

009

H't

—v::

10T
W 0T

H.rNc..N
=0'E
7 10T

Tl

%, Ph

MeO,C
H

LFT9—

Sae

F3C

-80 80 -0 -110 -120 -130 -140 -150 -160 -170 -180 -180 200 -Z210
1 (ppa)

=70

-50

-30 —40

-2

-10

10
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5 LR R REL EETT Y SN 9
HE EITRR RSN NEC88N2 crduggnngs %
i |, Sl T i e = i RO e |
1
FsC Sae
| 0 |
I
e
2]‘0 2'.‘]0 léﬂ lé.O l%ﬂ l(lm l'l'_ﬂ l-lm lil!iﬂ- ]I20 1 IllJ 160 o0 : 7::) EIU 5‘0 4‘0 3‘0 2‘0 1‘0 o = IlO
1 (ppa)
<Chromatogram>
mAU
2 DA MUl 1 220nm 4nm
i MeO,C o}
150_’ HN Ph
] o
100—_ -+ Cl
b a racemic-5ae
J & 2
] N\ 5
50+ / \
| ! A
g / \
i /’ \\
[]___ = — —
II6|5|'||?IUIII'?I5'||'8_|0'||'8J5'|||9|0||'|95||'1|00
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 6.884 1568728 49 847 74264 56.668
2 §.149 1578340 50.153 56787 43.332
Total 3147068 100.000 131051 100.000
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<Chromatogram>

mAU
i PDAMuIt 1220nm 4nm|
. MeO,C O
| < _Ph
200
1 =
1 =
J = FC 5ae
_ N
100+ / \
4 =z
] 2 \
_{-D
o] e
e
65 70 75 80 85 9.0 95 100 105 110
min

<Peak Table>
FDA Ch1 220nm

Peak# Ret. Time Area Area% Height | Height%
1 6.899 130061 3.254 6273 4405
2 8.170 3866675 96.746 136140 95.595
Total 3996737 100.000 142413 100.000

28398225328 an 3Izz ER=RE g
[ e e A ol kY- Y- -] = =t e oen ceicicied ol -
S e R St |

7.60
744
742
7.26
119
708
691
691
6,90

200] =
2.00 ——

51300 -
200

1.0 ~
00~
00<
]0]{ -
3011
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83 7 RISQRSR2Y RSLRINBL LS 5
Wy bt B O — H . . 1 . : . . . N
Sa = s fe e EREgEgundy °_°
i [ ey i, e —y Y e I
| I
1 1
i 1 !
I
| ] | H ‘
21{! 2‘00 19|0 1‘50 lflﬂ 1"30 140 1:‘&0 1‘20 110 1‘00 o0 8‘0 TIO SIO .';IO -1"3 3‘0 2‘0 IID ID —iD
1 (ppa)
<Chromatogram>
mAU
100 i PDA Multi 1 210nm, 4nm|
] Me0,C o}
?5—_ HN Ph
] o}
50—-
1 o NC )
] ':T: E racemic-5af
25 N =
1 [
_ / \.\ //\
13... 1|4....1|5.... ....1|8....1|9....2|0....21
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 14751 708110 50.165 30536 56986
2 17.774 703459 49 835 23049 43.014
Total 1411569 100.000 53584 | 100.000
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<Chromatogram>

mAL
] BDA Multi 1 210nm,4nm]
i MeO,C 0
150 & Ph
] :1._ ‘"
| I\
4 |I I',
100 |" | NG
: || I| Saf
i | I|I
m || II
50 [
E | \
) [\ 2
_ II| \ :E
o / _ e L
rt+r o~ 1~ ¢+ o~ o~ .~~~ o+~ o~ .1 [ T T T T [ T T T
13 14 15 16 17 18 19 20 21
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 14.624 2957085 97.354 128587 98.072
2 17.689 80380 2.646 2528 1.928
Total 3037465 100.000 131116 | 100.000
822533858 R85 2EEE RRCERS a
=== 000D b A i i R R B e e B o ] -
et | et el b A | |
‘ MeS Sag
|
|
\N‘II
|
b U ]L L lLL_._.-L_ w ) n|
H i L e o
g s & o Z8d o g
~ o — — o o en — L]
T.I 5 ‘F.I o E.I 5 E.IG) 5.I 5 5.I o -t.l.'] -t.lﬂ 3.I 5 3‘0 2.‘5 2.I [1] l.l 5 1.'0 D.I,'i D.I o
1 (ppa)
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S8 2 2328833 o = o
< v g ZnrASRS ] JESESHIIRE B3
Il ™ vy v v Lyl i Y - 2 - vy wy v — =
" I e e Y
MeS Sag
|I
1
o i
|
2]‘0 20‘0 150 150 1]“0 ltliﬂ l.'lio l-lm l:lm léﬂ 1‘[0 IIDD 9‘0 8‘0 '|'|0 ] ﬁ 4‘0 3‘0 2‘0 ]ID [} -10
£l (ppa)
<Chromatogram>
mAU
=00 ] PDA Multi 1 210nm_4nm|
J Me0,C 0
] ] HN Ph
200 ,r-.IF o
| Il || i MeS .
| lI ?3 racemic-5ag
7 1
q [
100 [ /\\\
1 | | /
| | / \
b f \ |
- III |II JII \
0 __A_L L _ T /
10.0. — .12,5. — .15,-0. — I1?I.5l — .20,[,. —
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 11.927 6044705 49.859 205262 63.554
2 18.731 8078772 50.141 117709 36.446
Total 12123476 100.000 322971 100.000
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<Chromatogram>
mAU

300

11.850

PDA Multi 1 210nm,4nm|

MeO,C o)

MeS

Sag

<Peak Table>
PDA Ch1 210nm

Peak# Ret. Time Area
1 11.850 212657
2 18.542 6866853
Total 7079510

437
393
391
387
2.86
2.83
2.80
278

439

0
5
/
]

min

Sah
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no 5 BE2n2EINILN 825885830 R
shs E SSRHANTRANSRS EES8eggsdy E
e | emeehmemie e e = |
Sah
|
[T .
H | [
2]‘0 20‘0 150 la!D 1‘1“0 l(liﬂ 1&0 1-‘10 1:‘50 léﬂ 110 IIDD 9‘0 8‘0 'Flt) BIQ ﬁ 4‘0 3‘0 2‘0 ]ID (I! —10
£l (ppa)
<Chromatogram>
mAU
40 :
i PDA Multi 1 254nm,4nm|
] Me0,C 0
30 HN Ph
| o
Z 8
20 = Ph
p Ip.l racemic-5ah
4 | |I
4 I| |I 5
7 f [ ]
104 { \ II | {"
: |II Il'. |I Il'I ."f\" / \
4 I| \ I| 4 .'l 4
U__ L - _/‘)l \-.AJ \ - - / -
10 1|5 2IU 2|5 SIU 3:5 40
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 17.385 1062462 49.290 18368 66.829
2 33101 1093068 50.710 9117 33.171
Total 2155529 100.000 27485 100.000
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<Chromatogram>

mAU
2 PDA Multi 1 254nm,4nm
] MeO,C o)
20 7 _Ph
15
] = Ph
i E Sah
1[}—_ =
5] . /
] o /
o] 5 e e g — e -
15 2|[} 2|5 3|[] 3|5 40
min
<Peak Table>
PDACh1 254nm
Peak# Ret. Time Area Area% Height Height%
1 17.403 29134 2.596 520 5437
2 33.168 1093053 97.404 9036 94 563
Total 1122187 100.000 9555 | 100.000
F8R882=258883 583 A388852 IER2L =
=00 00D e i I T I o N s Lo o B o B e B ] =
e e St et St |
|
|
’l | ‘ I
‘I‘ \| ‘\|
KA ‘
AR “"M
;Iw 1| | |
I
_/UUU Ao M |
T,
f258 g @t g8 & g
[ R W] — — [ ol — 2t
T.IS ?.IO E_IS G.IU .';_IS S.ID -1‘5 -!_IO 3.‘5 3.‘0 2‘.'1 2.‘0 1.‘5 1‘0 U_IS 0.‘0
1 (ppa)
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MeO,C

88 448
OT#Il-
8011
LOFIL-
901~

_Ph

HN

San

T T T T
-120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-110

T
=100
1 (ppa)

T
=70

T
—60

T
=

-2

-10

w8l—

68°ch
z6
TS
96'56-L
1209~
Sb'£9—
w59’
89°9L
00°LL
7L

00°ST1
[ragl| by
[Ay At
(4314
6581 W
L9'6C1
6L7TE1
8TEl
B9°GEl

SO'I91—
£5°E91+
190L1—

%.m_m
_E:NM

MeO,C

"///Ph

San

110

T T T T
200 190 130 170 160 15

T
210

1 (ppa)
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<Chromatogram>

mAU
| PDA Multi 1 220nm,4nm|
1 MeO,C o)
150+
J HN Ph
1 o)
T -
100 N
- e F
: Ill .’/\\ % racemic-5an
- o~
50+ [ \'
g i \
1 [\
1/ \ .
ol
.15;_0. — 1%_5. . .200. — 22|5 — .251_0.
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 15.214 3017117 50.654 81728 59.969
2 21.891 2939204 49 346 54555 40.031
Total 5956321 100.000 136284 100.000
<Chromatogram>
mAU
LS PDA Multi 1 220nm,4nm
] MeO,C O
75 7_Ph
] 2
1 =
. N
50+ F
: San
: I\
/
] [\
J 5 J
] - /
0 : ST =
T T T T T T T T T T T T T T T T T T T T T
15.0 W.o 200 225 250
min
<Peak Table>
PDACh1 220nm
Peak# Ret. Time Area Area% Height Height%
1 16.327 120032 4.000 3318 5964
2 22.036 2881134 96.000 52289 94 036
Total 3001166 100.000 55606 100.000
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~,-Ph

Sao

EtO,C
HN
cl

FI0'E
EI0E

T
T

Ho'T

Ho'e

0T
10°¢
ey

1 (ppa)

0581—

SL'SS
6865
EE9
oﬂ..nwxf_r

GevE,
\

89°9L

TLL

SE0LI—

PIT
69°917-4

i

T
100

1 (ppa)

110

T T T T T T T
200 190 180 170 160 150 140

T
210
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<Chromatogram>
mAU

s PDA MUl 1 210nm,4nm
] EO.C O
150—_ HN Ph
] o)
- 8
1004 - ci
B ﬂ & racemic-5a0
1 \ b
1 [ B
4 [ )
50 ' iy
4 [ /
% II |I
AN J
10 i 12 13 14 15 16 17 18
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 11.106 1658508 50.229 97690 60.079
2 16.482 1643397 49.771 64914 39921
Total 3301904 100.000 162604 | 100.000
<Chromatogram>
mAU
i PDA Multi 1 210nm 4nm
500_: EtO,C 0
] E ~,Ph
400 <
] ||n||
300 i i
4] || lI 5a0
200 I
|
] II I|I
1004 g -
- i |I uwn
] / '\ ;
0—_—-‘....,...“ ——— T T T T T
10 11 12 13 14 12 16 17 18
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 11.193 6350962 96.861 370567 97.865
2 16.653 205833 3.139 8086 2135
Total 6556795 100.000 378653 100.000
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0i—

SFi—

E8'E—

09'f-.
£9'p~

0]

MeO,c Me

e WS

00

Wit
B3

Floe

H'e

Ho'l

Yoot
ki

H'E

oot

1 (ppa)

19°1T1
S _,nm_/
@.mm_w
rLBTI

196217

aﬂ_m_
cn.nm_%
oF'9El

OTELT—

LOSIT
_NE%/_,

Wb

T T T T T T T T
190 180 170 le0 15 140 130 120 110 100
£l (ppa)

T
200
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<Chromatogram>

mAU
| PDA Multi 1 210nm_4nm|
1504 Meo,c Me 9O
] HN Ph
] ¢}
100+ =
: E v Br
_ ™ 8 racemic-5ap
- [\ :
20+ / i}
4 II.' \
1 Y
] / K
a i .
7T T T T T T T T T T T T T T T [T T [T [T
12 13 14 15 16 T 18 19 20 21
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 16.371 2994336 50.579 78871 b8.367
2 17.955 2925838 49.421 56282 41643
Total 5920174 100.000 135153 100.000
<Chromatogram>
mAU
cLy PDA MUl 1 210nm.4nn
] Meo,c Me O
150 2 ph
: ™
1 s
100 ~ Br
i 5 Sap
504
] 3
] E
N —
14IIII1|5||||1|6 III1I?IIII1|8||||1|9||||20
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.184 177221 3.883 5171 5.447
2 17.472 4387027 96.117 89767 94 553
Total 4564248 100.000 94939 100.000
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mﬂ.m%

Is¢

BB
we-f
S6'T

SBE—

or-,
Loy

Cl

Sag

lILLJLW*_ W

|

-

i3

e

Ho'e

HW'T
Ho'L

5aq

Cl

1 (ppa)

STLgl
LT8TI
681

BFBLT

19621/
el
05 SEl
£6'5€1

TIELl—

60°S1T
£T91TL

T
0

110

1 (ppa)
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<Chromatograms>

mAU
p PDA Multi 1 210nm,4nm
100] Meo,c Me O
] HN Ph
] o
75+
T =T
] 2 o
50_' o racemic-5aq
- /\
[
] ! |I w0
25 /o :
] _&
] I 2 \\
U = e e —
22|.5 25|.D 2?!.5 SEII.D 321_5
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 23.494 1676028 49.329 47289 77.953
2 29.145 1721653 50.671 13374 22.047
Total 3397680 100.000 60663 | 100.000
<Chromatogram>
mAL
= PDAMuTt 12100m 4nm
1 Meo,c Me O
i 7 _Ph
100+ "o
i =5
1 S
_ &
1 Cl
50 Saq
T o
1 g
J R
[}__ —-r_/ l__ - - — il
22[_5 25|.[]' 21;.5 35.0 32|.5
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 23622 339546 4712 7905 10.985
2 28974 6866253 95288 64063 89.015
Total 7205799 100.000 71968 100.000
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Sar

LTI
80°LTT
ezl
98'8T1
69°6L1 Lﬁ
TPEl
79°6E1
8FLET

BUELI—

mﬁ _9(
91T

Sar

-10

T
90

110

T
200

T
210

1 (ppa)
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<Chromatogram>

mAU
i PDA Multi 1 254nm.4nm
] MeO,C Me O
10.04
] HN Ph
] o}
7.5+
] racemic-5ar
5.0+ o
5 w
1 o
o a
25 / S
7 TR
] / / \\‘xhx
B e e T
12 13 14 15 16 17 18
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 12.512 114732 50.058 3228 63.107
2 16.092 114465 49 942 1887 36.893
Total 229197 100.000 5114 100.000
<Chromatogram>
mAU
20 -
J PDA Multi 1 254nm.4nm|
] Meo,c Me O
15__ "'//Ph
104 .
] 55 Sar
i
] 2
] <
1 =
D—“___&___ i o
..1|2. ..1|3. ..1,4.. .1|5... 1|6....1|?....1,8....1|9....2U
min
<Peak Table>
PDACh1 254nm
Peak# Ret. Time Area Area% Height Height%
1 12.478 20416 4516 667 9.189
2 15.877 431710 95 484 6595 90.811
Total 452126 100.000 7263 100.000
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STT—

6L'T
_m.mW
ER'T

P8'E
mn...mu,r

1€t
£

(5]

Sbha

L

H'€

ooy

e
200'1

Ho't

Yoo

o'y

9E'81—

LLUTEL
hm.mm_/
E..mw_%
LOTET

Om._m_ur

Loeel
TPt

009¢1

9L0Ll—

LTSTT
00 LI

[$)

Sba

-0

T T
100 90

1 (ppa)

110

T
200

T
210
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<Chromatogram>

mAU
2DD_ PDA Multi 1 210nm_ 4nm
] MeO,C O .
150—_ HN . O
] 0
| ) )
100 = © B
] = 3 racemic-Sha
] N\ ®
] I \1
50+ [\ /\
|
P J" '|I {
o~ SR s W J_ L/’ m_/ \
T T T T T T T T T T T T T T T T T T T T T
15.0 175 200

5.

10.0 12.5

<Peak Table>

min

PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.197 3255268 49.939 822486 55.043
2 18.266 3263172 50.061 67175 44 957
Total 6518440 100.000 149420 | 100.000
<Chromatogram>
mAL
200 POA NIt 1 210nm,4nm|
] MeO,C O a
400—_ /©/
: -
300+ //\
] o s
200 [\
_ [
100+
: \
e —.*"’._1:". ——— \ —
10.0 125 15.0 175 200
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 15.121 358253 2.347 9367 3.003
2 18.113| 14904197 97 653 302538 96.997
Total 15262450 100.000 311905 | 100.000
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S¢T—

8L'T
08'C
08T
I8¢

$8°9
889

LTLA,
617

9TL
mﬂ.h%x
oL

0y
989
389

e

6L’
9L~

ri~

WL

Sca

Br

e,

H't

Fioy

#00°E
001

o't

H__.:_.__.._q

=0T

Sca

Br

T T T T
-120 -130 -140 -150 -160 -1TO -180 190 -200 -210

-110

T
-100
1 (ppa)

-2

-1o
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28 22c oaxhAd 2838 asz sana= 8
pori= L= R SR S S e EEE 883 =
— bos e 5 P e [
1 1 1
|
1
. 1
| ) ‘ l
2]‘0 20‘0 160 léﬂ 1‘;0 ltliﬂ l.'lio l-lm l:lm 15)0 1 IlO IIUU 9‘0 éﬂ 'F::) 9'0 ﬁ 4‘0 3‘0 2‘0 ]ID é = Ilﬁ
£l (ppa)
<Chromatogram>
mAU
75 -
| PDA Multi 1 210nm 4nm
e MeO,C 0 F
! 1)
S0+ i ¢}
] ®
i E ﬁ Br
25__ I,r/\\ _ = racemic-5ca
J / \ /
] [\ /
o — \ - / \
B L A e S T I e L e
12 13 14 15 16 17 18 19 20 21
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 14.762 1014559 49.205 28539 55.701
2 18.326 1047358 50.795 22697 44.299
Total 2061917 100.000 51236 100.000
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<Chromatogram>

mAU
5 BDA Multi 1 210nm,4nm]
J MeO,C 0 F
2004 2
4 /\\ Br Sca
100+ / \
i / \
. |l|I
1 2 / \
w
] = R,
U _: p:
12 1|3 1I4 1|5 1|6 1I?' 1|8 1|9 2IG 21
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 14.806 176898 2375 4997 3.083
2 18.373 7272236 97 6256 167101 96 917
Total 7449134 100.000 162098 | 100.000
IS8228882K SEEEE EER 88 g
| sl il il il Y =T =T = =) = = n e el el ey e ]
by g Lt e R . |

744
742
726
718
699
~697
680
678

716

2,00
2,00
2,00
2.00
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8 2 8395343 H8BILQEQZR 28
a8 = ol fu g S EEEgEsnadg 8%
o I | e T = N/
| LY
I
I I
1
[/
1
2‘]0 260 160 lSID 1%0 1(‘30 l.'ISO l-lm l:liﬂ- léﬂ 1 'm 160 9‘0 &IO TIO E:ﬂ ﬁ iAIO 3‘0 2‘0 ]ID 6
f1 (ppm)
<Chromatogram>
mAlL
20 FDA Multi 1 210nm 4nm|
b MeO,C 0o
150-] HN .
] o
] 8 a
100 2| Br
i = o racemic-5da
] ."p\". )
] [ E-
501 / ™\
] .'|I ll".l / \'\
3 / \.I\\ / \
U i s o —
wo 125 w0 15 20
min
<Peak Table>
FDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 13.200 3029915 50.267 85662 60.110
2| 18501 2097676 49733 56846 39.890
Total 6027592 100.000 142508 100.000
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<Chromatogram>

mAU
L PDA Multi 7 210nm.4nm
1 MeO,C o
100
i B
] E Sda
i e
50+
_ /
| I
o \
- g \
1 ]
0 - — i
10.0 12.5 15.0 17.5 20.0
min
<Peak Table>
PDA Ch1 210nm _
Peak# Ret. Time Area Area% Height Height%
1 13.227 89570 2.556 2497 3.744
2 18.545 3415076 97 444 64193 96.256
Total 3504646 100.000 66689 | 100.000
S8 833 BRL8ILH p
= e e on N Lo o B I o B I il
N s R

691
681
679

‘ Sea

2.00
14.03
1.00
100
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<Chromatogram>

mALU
m_ PDA Multi 1 210nm.4nm|
]
3
i wy
] g
b =
2{’__ g racemic-5ea
1 &~
10
i
15.0 1]‘|’_5 200 22|5 250
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 16.675 806378 50.526 19936 59428
2 21.803 789591 49 474 13610 40572
Total 1595969 100.000 33546 100.000
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<Chromatogram>

mAL
L PDA Multi 1 210nm.4nm
] cl
g MeO,C 0o
400__ /@
1 w
3004 =
4 [y}
i /'\
i L% Br
k| Sea
200 / \
T |
] /
100 f \
- o3 !
] & / \
3 Li=]
e s ./. —
15.0 17.5 20.0 22.5 250
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 16.623 394302 2.370 10074 3.560
2] 21618] 16240112 97.630 272903 96.440
Total 16634413 100.000 282976 100.000
ITSA8822830083588 TREEE SAN{EZ ST 2
Lot inc i e ol i S ol o o ol ol o o ol =] = e oenoenen o0 enoen enoenoen ol —
b i L N Sttt | |

“ Sfa
||
!- \H
\ 1%
Ul
K | A
(I
I
il |‘| | ‘\‘
Wb W v LT
TIS = 5 ey
]
]
iy il
|
P e e i e 3 B (2 g — o
T . T : . . T : . ; . : . . . . . .
8.5 a.0 7.5 T 6.5 6.0 5.5 5.0 4.5 4.0 a5 3.0 25 20 L5 Lo 05 0o
1 (ppa)
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215.06
21348

\

—170.65

27200

—29.68

Wy
=
I

[

210 21‘]0 léﬂ lSIO l%ﬂ 160 l'l'_ﬂ 140 ]ISU 1 IIIJ 100 o0 BD 70 &0 50 40
1 (ppa)
<Chromatogram>
mAU
30 -
| PDA Multi 1 200nm,4nm|
1 Me0,C 0
: Nen'9s
20—_ X al
: Br
104 a racemic-5fa
1 2
i fl
i
b 1 ©
i II | -
0+ { &
1A i
T .12|.5. — I15|.UI .1%.5. — |20|.U| — 22,5 — .25_0
min
<Peak Table>
PDA Ch1 200nm
Peak# Ret. Time Area Area% Height Height%
1 12.393 208288 49.519 10995 76.793
2 20.148 212334 50.481 3323 23.207
Total 420622 100.000 14317 100.000
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<Chromatogram>

mAU
d DA Multi 1 200nm. 4nm|
1 MeO,C o)
200+ - o]
&
| =
| 'ﬂﬂ B st
J |
|
100+ |I \
1 I| |I
4 | |I
J [ ~
| \ [=]
il | '.\‘ 3
0+ ____/ m—— . R —
: 12|_5. T T T 15|.D| T ; T 1_}.5. T T .2[,'_0 T :
min
<Peak Table>
PDA Ch1 200nm
Peak# Ret. Time Area Area% Height Height%
1 12.341 3086819 92270 165287 96.723
2 20.071 258607 7730 5261 3277
Total 3345426 100.000 160549 100.000
FEITSETILAIAGGSILEIEISCSSEZREESINE R &
Ll el et el o il B el il B e el il B il i =TT i e ol e e s i i T B T B M T T e | Lol
“““““ e e e T B e
MeO,C 0,
Bu.,,
HN N
o)
Br
Taa

|
i_)l._._JLM J\ I A_.JI\. Ly
SRR g 2£5¢ g S
e o= O —_ — ) e — — o
T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 38 30 25 20 1.5 Lo 0.5 0.0 -0.5
£l (ppa)
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[ai R ] Wy e (= = WL s
32z SBIRasoEas H8%8 ZRAKE BY
S SERRAANRAN EEE QEH2y 25
S | b, el —— - YA A
MeO,C .
Bu.,,
I (o]
I
Br
Taa
! 1
I
2‘]0 260 160 18‘0 1%0 ltliﬂ l.'ISO l-liﬂ ulm- | 'm 160 9‘0 &IO TIO Elﬂ ﬁ 4‘0 3‘0 2‘0 ]ID o —10
1 (ppa)
<Chromatogram>
mAL
A PDA Multi 1 220nm,4nm]
i MeO,C 0By
] HN| N
] @
100+ 28 o
i |'IAI'.
] [ Br
i || \ racemic-7aa
|
1 [ w
50 f '.I b
. |I _Cﬂ‘
4 II
i | \
. ..'II I\
1 s i e e e e
4 5 8 9 10 1 12
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 5.806 1817999 49.578 88680 70.024
2 0.245 1848976 50.422 37944 29.966
Total 3666975 100.000 126623 100.000
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<Chromatogram>

mAU
300_ PDA Multi 1 220nm, 4nm|
J MeO,C o[B
Uy,
] S o
200+ f\:‘
1 ! Br
B f Taa
100+ ;'/ Y
g { \
| s ,/
j 3 /
0+ — — —
bEI;]I' 2‘35‘;1‘0 ..1,1....12
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 5.803 170429 1.874 8280 4313
2 9.207 8923006 98.126 183709 95 687
Total 9093435 100.000 191988 100.000
829908982 IO a9ooIngew 4
r-—tut-—ntt}t-—‘t-—muo\o o e o wf wf oenoen enoen e +
Pl et | MeO,C [o]

6.87
686
6.85

Cl
7ab
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835 G2ExRREAST 888 QBN A%
\D?S b~ vy e O Oy O8O0 00 00 D~ E . z
£E8 SRR A8SSS EEe ggg wX
R [ R e S e 2!
MeO,C 0
Bu,,,
HN N
o]
Cl
7ab
!
I
[T
160 150 140 130 120 110 100 0 a0 T0 1) 50 40 30 20 10 (1] -10

T T T T T
210 200 190 180 170
1 (ppa)

<Chromatogram>
mALl
| PDA Multi 1 220nm_4nm|
i MeO,C 0 By
150+
1 HN N
J o]
100+
J cl
| s racemic-7ab
] @
50+ N @
4 [ o
| 1 w0
i | \ w0
4 I|I I|'|| /\
/ 4
1 i :
4 2 6 a 8 10 1 12
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 5625 1119910 50.675 58892 £69.974
2 8.829 1090056 49.325 25270 30.026
Total 2209967 100.000 84162 100.000
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<Chromatogram>

mAL
Stk PDA Multi 1 220nm 4nm]
] MeO,C otB
-l us,.
= W <
] -2 o)
150+ N
] /\ cl
] [\ 7ab
100+ / \
] / \
' FA
501 o / \
D__ P \ _
e s
4 5 6 7 8 9 10 1 12
min
<Peak Table>
PDACh1 220nm
Peak# Ret. Time Area Area% Height Height%
1 5615 310571 4.997 16330 10.663
2 8.774 5904293 95.003 136815 89337
Total 6214863 100.000 153145 100.000
SREIZIDALSEAIS[SELTEER®ITR CoIRBLEFE pai]
e e O R . N e 2y
I R e e |
MeO,C 0,
cevs . Bu,,,
o
| F
Tad
|\
{
i f
[} \1
| (A |
f ‘\l‘ ‘ Wvl ‘\ i | |\
| TN [l
I "‘_‘ | AT |
s
£2588 g s£sg ) g
gk o - S = &
S.I ] 'i‘.IS T.I(! l'n.li E.I (1] .'1.‘5 5.‘0 -t.l 5 -LIU 3.I 5 iLI 1] 2.‘5 2.I a 1.‘5 l_ID D.I 5 U_I 0
1 (ppa)
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Bu,,,

MeO,C
HN

69°CIL-
89°CI1-
99°CII-
POZIl-
£9°TI1-
19¢in-

Tad

T T T T
-120 -130 -140 -150 -160 -1TO -180 190 -200 -210

=110

T
-100
1 (ppa)

-2

-1o

Bu,,,

Tad

MeO,C
HN

L

-0
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<Chromatogram>

mAU
150 PDA Multi 1 210nm,4nm|
i MeO,C 0O Bu
J HN N
100+ °
J F
4 + racemic-7ad
1 &
50 S
p f\
I o
B I| '.I b
h I|I \\ &
s % e
8 — — _
—1TT————7 "7 T T [ T T T [ T T T
10.0 12.5 15.0 17.5 200 225 250 275 300
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 11.244 1288029 49 249 41818 75.399
2 24 451 1327299 50.751 13645 24 601
Total 2615329 100.000 55463 100.000
<Chromatogram>
mAU
o PDA Mufti T 270nm,4nm|
] MeOC O,
] Bu.,,
150 HN N@
] o)
] F
100+ @ 7ad
] /\f‘*"
50—_ ."'I
] 8 /
L _ .
I'IEII_DI — .12|_5. T .1‘%.0. — .”1_5 — .26_0. — .22!_5. — 25,.0. — .2_}_5. — ISEIJ_DI —
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 11.283 402740 4.826 12711 14.249
2 24 361 7941743 95.174 76496 85751
Total 8344483 100.000 89207 | 100.000
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Bu,,

7

MeO,C
HN
NC

£9°E
Lt

o0t}

001 | =

00p [

=6

Ho't

£idy ¢

1 (ppa)

06111
LS8
£5°LT1
LTl
8871
aL'6cl
ceR'6ll
89°0E1-F
a0l
Cirl—
Fivl—

SO691~
O PLL-
8LSLT

-10
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<Chromatogram>

mAU
) DA Multi T 220nm 4nm
J MeO,C 0 By
] W L)
100+ o}
| NC
racemic-7af
50+ =
: 3 3
_ w0 o
o
10— — —
6 T:" IIS S['Il 1|[] 1I1 1|2 13
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 8.308 1039231 50.605 28199 59.742
2 10.024 1014381 49.395 19002 40.258
Total 2053611 100.000 47201 100.000
<Chromatogram>
mAU
ok POA Mult 1 220nm,4nm
J MeO,C o}
Bu.,,,
2004 5 o
4 =
1 / \ NG
4 Taf
100+
_ /
4 =
| &
[-s]
o e
6 T 8 10 11 12 13 14
min
<Peak Table>
PDACh1 220nm
Peak# Ret. Time Area Area% Height Height%
1] 8.304 22581 2310 6312 3574
2 10.011 9550258 97.690 170279 96.426
Total 9778070 100.000 176591 100.000
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ErT-.
T
0S°E

LEL]

Bu,,

MeO,C
H

Tag

MeS

— = 6670 |°

Hi'6

gu_
hooe

'l

Ho'l

EE

—cl = =i S

£2

61—

8S°1€

19°5€-
8L
916
6TsY

ww.wh
S_.QW
TELL

-0

T T
100 90

1 (ppa)

110

T
200

T
210
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<Chromatogram>

mAU
40 -
] PDA Multi 1 210nm.4nm|
] MeO,G  O'Bu
30_' HN N
1 le]
20__ MeS
- racemic-7ag
10+ O
4 8 =
i - /\ er
LN, =
B e T e
6 7 9 10 11 12 13 14 15
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 7.005 90813 50.043 3753 72744
2 12.244 90656 49.957 1406 27256
Total 181469 100.000 5159 100.000
<Chromatogram>
mAU
i PDA Multi 1 210nm,4nm
1 Me0,C otB
75 Y
] S o
o
= /_\ Mes
: / \-. © Tag
] /
_ I %
25 J."
. f
] @
a 7
d i B
e ——————
7.5 10.0 125 15.0
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 6.969 31167 0.857 1329 2421
2 12.207 3603659 99.143 53548 97.579
Total 3634826 100.000 54877 100.000
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Bu,,

BnO,C
HN

Br

7al

un
-

8FT—

6F't
IS'E
£5'E
o@.m/.

0LE
[1]& 2%
ran o4
-,
sy

61
NN‘mM
I£'s
pes

89
189

=6

be e~
5% i

ILLp~
€68

SBI9-
8e9-"

89'9L
8_..__.&%
TELL

00Tl
Pe LTl
SEBTI
L¥8L1
69'8¢1
LL6CT
£6'6C1
£8°0El
IFIE1-
LESET
LOGEL
£9'Lrl—

SEB91~
65PLI~
E09LT-"

Bu,,.

BnO,C
HN

Br

7al

-10

T T T T T T T T T
2 190 180 170 160 150 140 130 120 110 100
1 (ppa)

T
210
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<Chromatogram>

mAU
Ly PDA Mult 2 220nm 4nm
] BnO,C 0'Bu
?5_‘ HN N
] o}
5[]—_ Br
L racemic-7al
] B
J =]
25 =
i N\ ]
4 f \ g
i | \ =
o / B - il
T T T T
10 19 20 25 30 35 40 45 50
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time Area Area% Height Height%
1 16.052 1661034 50.188 22453 76.632
2 43.681 1648558 49812 6847 23.368
Total 3309593 100.000 29299 | 100.000
<Chromatogram>
mAU
i PDA Multi 1 220nm_ 4nm|
] BnO,C o}
1004 Bu,,,
1 HN N
] o]
75+
] Br
J o7al
50 8"
] =
25}
] 3 \
o _
— ———— 7
10 15 20 25 30 35 40 45 50
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 15.109 212186 2171 2953 6.991
2 43.568 9563055 97.829 39286 93.009
Total 9775241 100.000 42239 | 100.000
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N U//O
3 FS &
3 . o *° g
Oy 20 H] =
~
rs Q Nz
Iz ovi— & © 5 -
Q o) o
why “ R
g6l =00'6
Qm._w % 200'€ [, 8 1E~
9f = ¢ s
Lo 8L Lt~ -
SI6b
8rT— Tx: L
e L= 299,
¥S'E sy
. 00'Lt-
95'€ e/
19 Epginl S
69°€ i
(TR :
1, = \w
0T, 1S
N—.&T\ sv9, | [ va— Fe) €5°LT1
8T oy = Nid? - E0T! SE'STI
0gy | L. S§'8TI
zwh . 6871
€ Lo LL6T1
wr ¢ = 16671 ~
t5% LYOELE
mm@._ — = . w1 | |”.“ Qm‘mﬂ—%
L8N —_— — os] WMMM“
L8971 . o -
mN,___.._ - 00T [ ]
STL = wils
97 L , L
0g'L _. EF691 -
€L | L Foo't OLHLT~,
€44 vl 68'SL1~
Ly €
£EL- E= 7l
oF'L | ™
i
8t'L =
8t'L :
0S'L

-0

30

40

90 a0 0

100
1 (ppa)
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120

200 190 180 170
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<Chromatogram>

mAU
50 -
] PDA Multi 1 220nm 4nm|
1 EtO,C 0 'Bu
9= HN N
] o)
304
] cl
- racemic-7ao
20+ 5
- D
5 [\m
104 [ 8
. I -
- III I\ R
] |I \
b - _ P |

10.0 12.5 15.0 1T|.5 I Qd.U I 25.0
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 9.607 510483 50.423 14512 73.468
2 21.165 501912 49.577 5241 26.532
Total 1012395 100.000 19752 | 100.000
<Chromatogram>
mAL
200 POA Mult 1 220nm,4nm
] EtO,C 0,
| Bu,,,
150 i [ N>
] o
] a
100 < cl
E % Tao
i ,r/\
1 /
. f
50+ i \
] 2 /
4 & /
e s e T R o o
10.0 12.5 15.0 17.5 200 225 250 275 30.0
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 9.635 423990 4 555 11964 11.558
2 21.128 8883597 95445 91551 88.442
Total 9307588 100.000 103515 | 100.000
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Tap

LL9
LL9
6L'9
§c2
STL
£EL
£E°L
SEL
LEL

8L
05°L

660 o

00|

5660
#00'T
0t

oot

1 (ppa)

98°ET
LSl

Tap

5L

661~
LT85~
wes
19—
8°L9~
89°9L

00°LL

-0
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<Chromatogram>
mAU

200_ PDA Multi 1 210nm.4nm|

] Meo,c e 0 Bu
150+ HN N

1 o)
100+ 2 /

© .

7 ~ racemic-7ap

] N

J \ =
50 \ &

L I _ o /\h_

75
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 7.659 2364001 50.624 80021 67.463
2 11.974 2305712 49.376 38594 32537
Total 4669712 100.000 118615 100.000
<Chromatogram:>
mALU
Gty PDA Multi 1 210nm,4nn
] Me0,c Me O'Bu,,
3004 >
] o}
1 B
200—_ @ ' Tap
o
] A
100+
. /
4 w /
| 2 /
e - =
75 10.0 12.5 15.0
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 7.685 566185 6.230 19298 12.319
2 12.018 8522134 93.770 137354 87.681
Total 9088319 100.000 156653 | 100.000
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Taq

wi—

Ire
£r'E
e
L9E

69t
e‘m.m%

F:4 oV
¥y

001
=10°T
F00'E

Foot

1 (ppa)

68°EC"
8SIE

Taq

SO°CE~

88°61~,

-0

T
100

1 (ppa)

110

T T T T T T T
200 190 180 170 160 150 140

T
210
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<Chromatogram>

mAU
Ly PDA Multi 1 220nm.Ann
] Meo,c Me  O®Bu
?5__ HN N
1 o
50—_ 2 racemic-7aq
L &
] /\ ©
25 [\ S
1 /
7 8 9 10 i 12 13 14 15
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 7.285 848337 50.173 33951 65.614
2 10.716 842497 49 827 17793 34 386
Total 1690833 100.000 51743 100.000
<Chromatogram>
mAL
e PDA Multi 1 220nm 4nn]
: Meo,c M O
] N>
200 %
- e i
1 =
(=]
J - cl
J Taq
100+
I g
D_- /"r“;____ i 2
—— R A L B B T S e
7 8 9 10 1" 12 13 14 15
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time Area Area% Height Height%
1 7.327 223301 3.224 9065 6.237
2 10.814 6703686 96.776 136264 93.763
Total 6926987 100.000 145329 100.000
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5891 i M 1641
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81 s _ L&
_TN___P._ o SIS —= €21 «
YTiA - ——
9ty : L= ’
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€L F = oLt/
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beL 33
9f'L 01 22
L
i .
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100
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£l (ppa)
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<Chromatogram>

mAU
L DA Multi 1 210nm,4nm
1 MeO,C Me OBu
: HN N
100+ o)
1 E racemic-7ar
50- e
] ![\'. g
1 1 =
. [\ /—"\
L I "
50 75 10.0 125 15.0
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time Area Area% Height Height%
1 6.811 1302116 50.395 51403 71.559
2 10 665 1281715 49 605 20430 28 441
Total 2583831 100.000 71833 100.000
<Chromatogram>
mAU
2oy DA Multi 1 210nm,4nm
| Meo,c M P,
150 >
] o]
100+ B Tar
1 @
] =
504
] 3
i r~
| Li=]
e - —
50 75 10.0 12.5 15.0
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time Area Area% Height Height%
1 6.789 295418 6.038 11034 13.381
2 10.667 4597057 93.962 71429 86619
Total 4892475 100.000 82463 100.000
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1 (ppa)
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<Chromatogram>

mALU
200_ PDA Multi 1 254nm,4nm|
| Me0,C 0
150 HN Ph
p s o]
i &
1 &«
100} ﬁl" i B/
] || | & racemic-8
_ | | ,'ﬂ'lI
| | | &)
50_ | I| II |I
1 || | 1
p I| II | III
. | || )
] )\ J \
e R Wk R T T T A
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 13.297 2109789 49 869 99461 56.007
2 17.152 2120835 50.13 78125 43993
Total 4230624 100.000 177586 100.000
<Chromatogram>
mAU
i DA Multl 1 254nm 4nm
1 Me0,C 0
E 7, _Ph
750 w -
1 g
| N\ .
!
500 | '|| 8
1 |
J [
] |
250+ I| |
J || 2
J a'l N
0' - f s T
: : : : ; : ; - - ; : © : : ; : : : :
10.0 12.5 15.0 17.5 20.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 13405 13143644 97.938 605564 98.273
2 17.408 276755 2.062 10642 2T
| Tota 13420399 100.000 616206 100.000
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