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1. General information

All reactions were carried out in Schlenk tube under a dry argon atmosphere. All solvents
were purified and dried according to standard methods prior to use. Reactions were monitored by
thin layer chromatography (TLC) using silica gel plates. Flash chromatography was carried out
utilizing silica gel 200-300 mesh. *H NMR, *F NMR spectra were recorded on a Bruker Avance
II 400 MHz and Bruker Avance III 471 MHz respectively, *C NMR spectra were recorded on a
Bruker AvanceIl 101 MHz or Bruker Avance III 126 MHz. The solvent used for NMR
spectroscopy was CDClg, using tetramethylsilane as the internal reference. Data for *H NMR are
recorded as follows: chemical shift (5, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m =
multiplet or unresolved, br = broad singlet, dd = doublet doublet, coupling constants in Hz,
integration). Data for *C NMR and *F NMR are reported in terms of chemical shift (8, ppm).
HRMS (ESI) was determined by a HRMS/MS instrument (LTQ Orbitrap XL TM). Enantiomeric
excess values were determined by HPLC employing a chiral column on Agilent 1100 series.
Optical rotations were reported as follows: [a]’; (c g/100 mL, solvent). IR spectra were recorded
using Nicolet-20DXB IR instrument and are reported in wavenumbers (cm™). The absolute
configurations of 5s were assigned by the X-ray analysis.

Starting materials: All the aldehydes were commercially obtained and recrystallized or
distilled prior to use. 3-Amino oxindoles were prepared following the reported procedures: (1) W.
B. Chen, Z. J. Wu, J. Hu., L. F. Cun, X. M. X. M Zhang and W. C. Yuan, Org. Lett., 2011, 13,
2472. Nitroolefins were synthesized according to following literature procedures: (a) B. M. Trost
and C. Mller, J. Am. Chem. Soc. 2008, 130, 2438; (b) P. Cheng, J. J. Chen, N. Huang, R. R. Wang,
Y. T. Zheng and Y. Z. Liang, Molecules, 2009, 14, 3176; (c) P. Jakubec, D. M. Cockfield, P. S.
Hynes, E. Cleator and D. J. Dixon, Tetrahedron: Asymmetry, 2011, 22, 1147.
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2. Experimental sections
General procedure for the synthesis of spiro[indoline-3,2'-pyrrolidin]-2-one

NH,HCI NaHCO; (1.5 equiv. ),

Cat. (10 mol% )
o + - X NO;
" Ph-CHO + Ph TS

R solvent, temp.

2 3a 4a endo-5 (major) exo-5" (minor)

In a Schlenk tube, 3-amino oxindole 2 (0.2 mmol) and NaHCO;3; (0.3 mmol) were added into
solvent (2 mL) under an argon atmosphere. After the solution was stirred for 20 minutes at 25°C,
3A MS (200 mg) was added and stirred for 20 minutes again. Then catalyst (0.02 mmol), aldehyde
3a and nitroalkene 4a were added to this flask in turn at the same temperature. The reaction
mixture was stirred at the same temperature. After the reaction was complete (monitored by TLC),
the crude product was purified by column chromatography (ethyl acetate/petroleum ether = 1/20
to 1/4) on silica gel to give the product 5.

Screening of catalysts and optimization of conditions
Table 1: Optimization of reaction conditions.? CPA=chiral phosphoric acid.

1a, Ar = Ph
Ar 1b, Ar = 4-MeO-CgH, O O
OO 1c, Ar = 4-Ph-CgH,
o 1d, Ar = 2-naphthyl o) N
3
O.P// >< >—

1e, Ar = SiPh,

N
LN “,
O OH  1f, Ar = 2,4,6-(-Pr)3-CgHy O™ " —NH
OO 19, Ar = 9-phenanthryl
s -

1h, Ar = 9-anthryl
CPA-1

G1
OMe % OMe %
N N CF,
CF3
= | NH = | NH
N g2k N
N o N CF3
H CF, H
O
Q1 Q2
NH,HCI NaHCO;3 (1.5 equiv. ),
Cat. (10 mol% )
O + - X NO;
\ Ph-CHO + Ph 3AMS,
h solvent, T
2 3a 4a endo-5 (major) exo-5"' (minor)
2a, R=Me 5a, R=Me
2b,R=Bn
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Entry R Cat. Solvent T[C] t[h]  Yield [%]° d.rf o]
1 Me G1 CH,ClI, 25 47 99 7:1 2
2 Me Q1 CH,ClI, 25 12 98 9:1 -24
3 Me Q2 CH,CI, 25 12 96 9:1 -6
4 Me 1la CH,Cl, 25 12 98 8:1 23
5 Me 1b CH,Cl, 25 12 96 9:1 26
6 Me 1le CH,Cl, 25 12 94 6:1 1
7 Me 1f CH,ClI, 25 12 99 >20:1 75
8 Me 1g CH,CI, 25 12 96 20:1 67
9 Me 1h CH,CI, 25 12 99 12:1 44
10 Me 1f (CH,CI), 25 12 99 17:1 65
11 Me 1f CHCl, 25 12 95 >20:1 74
12 Me 1f THF 25 24 99 4:1 2
13 Me 1f Et,0 25 40 99 5:1 21
14 Me 1f toluene 25 65 98 >20:1 89
15° Me 1f toluene 25 65 98 >20:1 89
16° H 1f toluene 25 144 29 >20:1 85
17° Bn 1f toluene 25 65 99 12:1 93
18° Bn 1f toluene 15 65 93 13:1 92
19° Bn 1f toluene 35 24 99 11:1 91
20° Bn 1f toluene 25 65 99 10:1 90
21%  Bn 1f toluene 25 48 99 15:1 93
22" Bn 1f  toluene 25 65 98 12:1 92
23° Bn 1f toluene 25 65 95 10:1 92
249 Bn 1f toluene 25 65 82 14:1 90
25% Bn 1f toluene 25 82 96 10:1 92

®The reaction was carried out on a 0.1 mmol scale with 3A MS (100 mg), 1 (10 mol%) in 1.0 ml solvent, the ratio
of 2/3a/4a was 1/2/1. "Isolated yield. °The dr was determined by 'H NMR. 9The ee was determined by HPLC. ®The
ratio of 2/3a/4a was 1/1.2/1.1. f in the presence of 5 mol% 1f. g in the presence of 15 mol% 1f. "By using 4A MS
(100 mg). 'By using 5A MS (100 mg). The reaction was performed at a 0.2 M concentration. “The reaction was

performed at a 0.05 M concentration.
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Table 2: Optimization of base in the reaction ®

NHHCI Base (1.5 equiv. )
0 + PncHO + prSNO: f(omo%)
N 3A MS (100 mg),

Bn toluene, 25 °C, 48 h Bn
2b 3a 4a 5b
Entry Base Yield [%)] d.r. ee [%]
1 K,HPO, 82 11:1 89
2 KHCO; 72 11:1 88
3 KF 72 12:1 88
4 Li,CO3 99 10:1 90

®The reaction was carried out on a 0.1 mmol scale with 3A MS (100 mg), 1 (10 mol%) in 1.0 ml solvent, the ratio

of 2b/3a/4a was 1/1.2/1.

Procedure for asymmetric catalytic [3+2] cycloaddition of isatin with
benzylamine and nitroolefin in the presence CPA-1f

(e}
1f (10 mol% )
@E/g:o + BaNH, + ph N2
N 3A MS,
Bn toluene, 25°C. 48 h
6 7 4a 5 b (endo-major)  (exo-minor)

63% yield, 79% ee, 4:1 d.r.

In a Schlenk tube, isatin 6 (0.1 mmol) and 3A MS (100 mg) were added in toluene (1 mL)
under an argon atmosphere. After the solution was stirred for 20 minutes at 25°C, 1f (0.01mmol),
benzylamine 7 and nitroalkene 4a were added to this flask in turn at the same temperature. The
reaction mixture was stirred at the same temperature for 48 h. the crude product was purified by
column chromatography (ethyl acetate/petroleum ether = 1/20 to 1/4) on silica gel to give the
product 5b with 4:1 dr and 79% ee, and the product was purified again by column
chromatography (ethyl acetate/petroleum ether = 1/10) give 63% yield.
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Procedure for gram-scale reactions

NHyHCI NaHCOs (1.5 equiv. )
1f (10 mol% )
NO
O + PhCHO + pp~ "2
N 3AMS,
Bn toluene, 25 °C

5b 1.05 g, 99% yield,
94% ee, 12:1 d.r.

In a Schlenk tube, 3-amino oxindole (2.2 mmol) and NaHCO; (3.3 mmol) were added in
solvent (22 mL) under an argon atmosphere. After the solution was stirred for 20 minutes at 25 °C,
3R MS (2.2 g) was added and stirred for 20 minutes again. Then 1f (0.22 mmol), benzaldehyde
and nitrostyrene were added to this flask in turn at the same temperature for 65 h. The crude
product was purified by column chromatography on silica gel to give the product 5b.

Procedure for the Synthesis of Compound 8 and 9

NO,
BnBr (1.1 equiv.)

“pp  Ra-Ni (7 drops), H, K,CO3 (1.1 equiv.)

Y

EtOH, 25 °C, 60 h DMF, 40°C, 2 h

Bn

5b, 96% ee 8, 88% yield 9, 70% yield, 96% ee

The spiro[indoline-3,2'-pyrrolidin]-2-one 5b (0.2 mmol, 95.1 mg) was added in EtOH (5 mL),
Raney nickel (7 drops of the commercially available suspension in water) was added, and the
reaction mixture was stirred at 25 °C under an H, balloon for 60 h. Then the mixture was filtered
and washed with EtOH. The solvent was removed under reduced pressure, and the residue was
purified by silica gel column chromatography (ethyl acetate/petroleum ether = 1/4 to 1/2) to afford
product 8 (78 mg, 88% yield).

The spiro[indoline-3,2'-pyrrolidin]-2-one 8 (0.2 mmol, 89 mg) and K,COj3 (0.22 mmol, 30
mg ) was added in DMF (5 mL) under an argon atmosphere , then BnBr (0.22 mmol, 37.6 mg)
was added. The reaction mixture was stirred 40 °C for 2 h. The reaction mixture was cooled to
room temperature and quenched with ethyl acetate (5 mL) and water (5 mL). Then this solution
was extracted with ethyl acetate (5x2 mL). The organic phases were washed with water (10 ml),
brine (10 ml) and dried over Na,SO,. The solvent was evaporated under reduced pressure, and the
crude product was purified by silica gel column chromatography (ethyl acetate/petroleum ether =
1/20 to 1/10) to afford product 9 (75 mg, 70% yield).
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Characterization data of spiro[indoline-3,2'-pyrrolidin]-2-one

(2'S,3'S,4'S,5'S)-1-methyl-4'-nitro-3',5'-diphenylspiro[indoline-3,2'-pyr
rolidin]-2-one (5a)

White solid, mp: 167-169 ‘C, 92% ee. [a]"y = 11.1 (c 0.69, CH,Cl,);

'H NMR (400 MHz, CDCl;) 6 7.77 (dd, J = 7.3, 1.0 Hz, 1H), 7.61 — 7.59 (m,
2H), 7.37-7.25 (m, 4H), 7.22 — 7.20 (m, 1H), 7.13 — 7.07 (m, 3H), 6.98 (dd,
J=8.0,1.3 Hz, 2H), 6.57 (d, J = 7.6 Hz, 1H), 6.38 (t, J = 9.9 Hz, 1H), 5.86
(d, 3=9.7 Hz, 1H), 4.56 (d, J = 10.1 Hz, 1H), 2.79 (s, 3H), 2.59 (s, 1H); ©*C
NMR (101 MHz, CDCls) 5 178.1, 143.8, 138.1, 132.1, 130.0, 128.8, 128.4, 128.3, 128.3, 127.9, 127.9,
123.8,123.4,108.3, 91.1, 72.0, 61.5, 56.4, 25.7; IR (thin film): 3340.0, 1704.7, 1614.4, 1552.6, 1493.4,
1470.1, 1373.0, 1350.2, 1112.2, 749.2, 699.1 cm™; HRMS (ESI) for C,H»N3;O; [M+H]" calcd
400.1656, found 400.1649. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column. (n-hexanes: i-propanol = 90:10, 0.8 mL/min, X = 254 nm) tg (major) = 21.8 min, tg (Minor) =
21.8 min.

(2'S,3'S,4'S,5'S)-1-benzyl-4'-nitro-3',5'-diphenylspiro[indoline-3,2'-pyrr
olidin]-2-one (5b)

White solid, mp: 97-99°C, 93% ee. [a]; =69.3 (c 1.00, CH,Cl,);

'H NMR (400 MHz, CDCls) & 7.82 (dd, J = 7.2, 0.9 Hz, 1H), 7.61 (d, J =
7.1 Hz, 2H), 7.38 — 7.29 (m, 3H), 7.25 — 7.12 (m, 6H), 7.06 (t, J = 8.1 Hz,
4H), 6.49 — 6.42 (m, 3H), 6.38 (d, J = 7.3 Hz, 1H), 5.92 (dd, J = 9.6, 5.5 Hz,
1H), 5.02 (d, J = 16.0 Hz, 1H), 4.69 (d, J = 9.8 Hz, 1H), 4.18 (d, J = 16.0
Hz, 1H), 2.66 (d, J = 5.6 Hz, 1H); *C NMR (126 MHz, CDCl3) 5 178.0, 143.1, 137.9, 134.7, 132.2,
130.0, 128.8, 128.7, 128.4, 128.2, 127.9, 127.9, 127.3, 126.4, 124.0, 123.5, 109.6, 91.3, 71.9, 61.6, 56.2,
43.5; IR (thin film): 3332.3, 1705.4, 1614.3, 1552.9, 1490.8, 1467.4, 1454.3, 1365.6, 1176.4, 748.7,
697.7 cm™; HRMS (ESI) for CaoH,sN303 [M+H]" caled 476.1969, found 476.1961. Enantiomeric
excess was determined by HPLC with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.5

mL/min, A = 254 nm) tg (Major) = 25.2 min, tg (minor) = 29.5 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5'-(4-fluorophenyl)-4'-nitro-3'-phenylspiro[in

doline-3,2'-pyrrolidin]-2-one (5c¢)

White solid, mp:104-106°C, 93% ee. [a]'s = 65 (c 0.84, CH,Cl,);

'"H NMR (400 MHz, CDCl3) 4 7.80 (dd, J=7.2, 1.2 Hz, 1H), 7.61 — 7.57 (m,
2H), 7.27 — 7.20 (m, 2H), 7.18 — 7.15 (m, 2H), 7.13 (d, J = 7.5 Hz, 2H),
7.08 — 7.01 (m, 6H), 6.44 (dd, J = 11.6, 8.3 Hz, 3H), 6.38 (d, J = 7.2 Hz,
1H), 5.90 (dd, J = 9.6, 5.0 Hz, 1H), 5.00 (d, J = 16.0 Hz, 1H), 4.67 (d, J =
9.8 Hz, 1H), 4.17 (d, J = 16.0 Hz, 1H), 2.66 (d, J = 5.2 Hz, 1H); **C NMR
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(101 MHz, CDClg) 3 178.0, 163.0(d, J=247.4 Hz), 143.1, 134.6, 133.7(d, J=3.0 Hz), 132.1, 130.1,
129.6(d, J=9.1 Hz), 128.9, 128.7, 128.4, 128.2, 127.7, 127.4, 126.4, 124.0, 123.5, 115.3(d, J=22.2 Hz)
109.7, 91.1, 71.8, 60.7, 56.0, 43.4; 9F NMR (471 MHz, CDCls) 6 -113.05; IR (thin film): 3346.2,
1704.4, 1614.7, 1552.3, 1508.2, 1467.7, 1365.8, 1223.9, 1176.2, 741.8, 697.3 cm™ ;HRMS (ESI) for
C3oH24FN3O5 [M+H]" calcd 494.1874, found 494.1865. Enantiomeric excess was determined by HPLC
with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) =
14.1 min, tg (minor) = 21.2 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5'-(4-chlorophenyl)-4'-nitro-3'-phenylspiro[in
doline-3,2'-pyrrolidin]-2-one (5d)

White solid, mp: 99-101°C, 97% ee. [0]" = 70.7 (¢ 0.79, CH,CL,);

'H NMR (400 MHz, CDCl3) § 7.81 — 7.79 (m, 1H), 7.55 (d, J = 8.5 Hz, 2H),
7.32 (d, J = 8.4 Hz, 2H), 7.27 — 7.17 (m, 3H), 7.14 (t, J = 7.3 Hz, 3H), 7.06
(dd, J = 13.8, 7.4 Hz, 4H), 6.47 — 6.42 (m, 3H), 6.38 (d, J = 7.2 Hz, 1H),
5.89 (dd, J =9.7,5.2 Hz, 1H), 5.00 (d, J = 16.0 Hz, 1H), 4.66 (d, J = 9.8 Hz,
1H), 4.18 (d, J = 16.0 Hz, 1H), 2.67 (d, J = 5.3 Hz, 1H); *C NMR (126
MHz, CDClg) & 178.0, 143.1, 136.5, 134.6, 132.0, 130.1, 129.2, 128.9,
128.7, 128.6, 128.4, 128.2, 127.6, 127.4, 126.4, 124.0, 123.5, 109.7, 91.0, 71.8, 60.7, 56.0, 43.4; IR
(thin film): 3347.3, 1704.2, 1615.0, 1552.5, 1490.0, 1467.4, 1365.7, 1176.4, 1088.8, 742.8, 697.2 cm™;
HRMS (ESI) for CsH,,CIN;O; [M+H]" caled 510.1579, found 510.1569. Enantiomeric excess was
determined by HPLC with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A =
254 nm) tg (major) = 15.3 min, tg (Minor) = 24.2 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5'-(3,4-dichlorophenyl)-4'-nitro-3'-phenylspi
ro[indoline-3,2'-pyrrolidin]-2-one (5¢)
White solid, mp: 105-107°C, 96% ee. [a]"s =55.2 (c 0.88, CH,Cl,);
'H NMR (400 MHz, CDCl3) 6 7.81 — 7.76 (m, 2H), 7.40 (s, 2H), 7.28 — 7.18
(m, 3H), 7.14 (t, J = 7.7 Hz, 3H), 7.06 (dd, J = 15.3, 7.7 Hz, 4H), 6.48 —6.38
(m, 4H), 5.85 (dd, J = 9.7, 5.2 Hz, 1H), 5.00 (d, J = 16.0 Hz, 1H), 4.63 (d, J
=10.0 Hz, 1H), 4.18 (d, J = 16.0 Hz, 1H), 2.69 (d, J = 5.3 Hz, 1H);
B3C NMR (126 MHz, CDCl,) & 177.9, 143.1, 138.3, 134.6, 132.8, 132.6,
131.7, 130.3, 130.2, 129.9, 128.9, 128.7, 128.5, 128.1, 127.4, 127.3, 126.4,
124.1, 123.6, 109.8, 90.8, 71.8, 60.0, 55.9, 43.5; IR (thin film): 3324.8, 1704.6, 1614.5, 1552.8, 1489.3,
1467.6, 1365.4, 1176.8, 1030.2, 742.8, 696.9 cm™; HRMS (ESI) for CsHp3CI,N;05 [M+H]* calcd
544.1189, found 544.1173. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) = 18.3 min, tg (Minor) =
30.1 min.
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(2'S,3'S,4'S,5'S)-1-benzyl-5'-(4-bromophenyl)-4'-nitro-3'-phenylspiro[in
doline-3,2'-pyrrolidin]-2-one (5f)

White solid, mp: 95-97°C, 97% ee. [a]®, = 62.7 (c 0.94, CH,Cl,);

'H NMR (400 MHz, CDCl3) 6 7.80 (dd, J = 7.1, 1.2 Hz, 1H), 7.50 — 7.45 (m,
4H), 7.25 - 7.19 (m, 2H), 7.18 — 7.11 (m, 4H), 7.05 (dd, J = 14.7, 7.6 Hz,
4H), 6.48 — 6.39 (m, 3H), 6.47 — 6.41 (m, 1H), 5.86 (dd, J = 9.7, 5.2 Hz,
1H), 4.99 (d, J = 16.0 Hz, 1H), 4.65 (d, J = 9.8 Hz, 1H), 4.16 (d, J = 16.0
Hz, 1H), 2.67 (d, J = 5.3 Hz, 1H); *C NMR (101 MHz, CDCl5) & 178.0,
143.1, 137.0, 134.6, 131.9, 131.5, 130.1, 129.6, 128.9, 128.7, 128.5, 128.2,
127.6, 127.4, 126.4, 124.0, 123.5, 122.9, 109.7, 91.0, 71.8, 60.8, 56.0, 43.4; IR (thin film): 3332.3,
1705.2, 1614.3, 1552.4, 1488.3, 1467.3, 1364.6, 1176.4, 1011.2, 742.8, 697.0 cm™; HRMS (ESI) for
C3oH24BrN;O3 [M+H]" caled 554.1074, found 544.1043; Enantiomeric excess was determined by
HPLC with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg
(major) = 16.1 min, tg (minor) = 21.8 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5'-(4-bromo-2-fluorophenyl)-4'-nitro-3'-phenyls
piro[indoline-3,2'-pyrrolidin]-2-one (59)

White solid, mp: 175-177°C, 95% ee. [a] s = 57.3 (¢ 0.81, CH,Cl,);

'H NMR (400 MHz, CDCl3) & 7.80 — 7.78 (m, 1H), 7.72 (t, J = 8.0 Hz, 1H),
7.33 - 7.31 (m, 1H), 7.28 — 7.22 (m, 2H), 7.12-7.21 (m, J = 5H), 7.06 (t, J =
8.2 Hz, 4H), 6.44 — 6.39 (m, 4H), 6.23 (dd, J = 9.3, 5.6 Hz, 1H), 5.00 (d, J =
16.0 Hz, 1H), 4.67 (d, J = 9.0 Hz, 1H), 4.17 (d, J = 16.0 Hz, 1H), 2.59 (d, J =
3.8 Hz, 1H); *C NMR (126 MHz, CDCl3) & 177.7, 160.4(d, J = 254.5 Hz),
143.2, 134.6, 132.1, 130.2, 128.9, 128.7, 128.5, 128.3, 127.6, 127.5, 127.4,
126.5, 124.3(d, J = 12.6 Hz), 124.0, 123.5, 122.9(d, J = 10.8 Hz), 119.0(d, J = 25.2 Hz), 109.7, 90.9,
71.9, 56.9, 55.0, 43.4; F NMR (471 MHz, CDCl,) & -114.03; IR (thin film): 3339.6, 1707.9, 1614.2,
1553.3, 1486.7, 1467.7, 1363.0, 1177.1, 863.1, 744.0, 696.9 cm™; HRMS (ESI) for CzyH,3BrFN3O;
[M+H]" calcd 572.0980, found 572.0950. Enantiomeric excess was determined by HPLC with a
Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) = 11.2

min, tg (minor) = 15.2 min.

4-((2'S,3'S,4'S,5'S)-1-benzyl-4'-nitro-2-oxo-3'-phenylspiro[indoline-3,2
'-pyrrolidin]-5'-yl)benzonitrile (5h)

White solid, mp: 115-117 ‘C, >99% ee. [a]’s =61.4 (c 0.75, CH,Cly);

'H NMR (400 MHz, CDCl3) & 7.81 — 7.79 (m, 1H), 7.55 (d, J = 8.5 Hz, 2H),
7.32 (d, J = 8.4 Hz, 2H), 7.27 — 7.20 (m, 2H), 7.18 — 7.12 (m, 4H), 7.06 (dd, J
=13.8, 7.4 Hz, 4H), 6.47 — 6.37 (m, 4H), 5.89 (dd, J = 9.7, 5.2 Hz, 1H), 5.00 (d,
J=16.0 Hz, 1H), 4.66 (d, J = 9.8 Hz, 1H), 4.18 (d, J = 16.0 Hz, 1H), 2.67 (d,
J = 5.3 Hz, 1H); *C NMR (126 MHz, CDCl,) & 177.9, 143.4, 143.1, 134.5,
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132.1, 131.6, 130.3, 128.9, 128.7, 128.7, 128.6, 128.1, 127.4, 127.3, 126.4, 124.0, 123.6, 118.6, 112.6,
109.8, 90.9, 71.9, 60.6, 55.9, 43.5; IR (thin film): 3324.8, 2229.2, 1705.1, 1614.2, 1552.7, 1495.8,
1467.6, 1366.2, 1176.9, 742.6, 697.6 cm™; HRMS (ESI) for C5H,N,O5 [M+H]" caled 501.1921,
found 501.1912. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column.
(n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) = 26.0 min.

(2'S,3'S,4'S,5'S)-1-benzyl-4'-nitro-5'-(4-nitrophenyl)-3'-phenylspiro[ind
oline-3,2'-pyrrolidin]-2-one (5i)

White solid, mp: 116-118°C, 98% ee. [a] s =51.3 (c 0.95, CH,Cl,);

'H NMR (400 MHz, CDCls) & 8.18 (d, J = 8.7 Hz, 2H), 7.84 — 7.79 (m, 3H),
7.29 — 7.23 (m, 2H), 7.21 — 7.14 (m, 4H), 7.09 — 7.05 (m, 4H), 6.54 (t, J =
9.9 Hz, 1H), 6.45 (d, J = 7.4 Hz, 2H), 6.41 (d, J = 7.2 Hz, 1H), 6.02 (d, J =
9.8 Hz, 1H), 5.01 (d, J = 16.0 Hz, 1H), 4.66 (d, J = 9.9 Hz, 1H), 4.22 (d, J =
16.0 Hz, 1H), 2.79 (s, 1H); *C NMR (126 MHz, CDCl3) & 177.9, 148.1,
145.4, 143.1, 134.5, 131.5, 130.3, 128.9, 128.8, 128.7, 128.6, 128.1, 127 .4,
127.2, 126.4, 124.0, 123.6, 123.5, 109.8, 90.9, 71.9, 60.4, 56.0, 43.5; IR (thin film): 3332.3, 1704.9,
1614.2, 1552.8, 1521.9, 1467.6, 1347.2, 1176.6, 857.3, 747.7, 697.4 cm™; HRMS (ESI) for
C3oH2sN4Os [M+H]" caled 521.1819, found 521.1814; Enantiomeric excess was determined by HPLC
with a Chiralpak AD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) =
21.2 min. tg (minor) = 39.6 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5'-(4-methoxyphenyl)-4'-nitro-3'-phenylspi
ro[indoline-3,2'-pyrrolidin]-2-one (5j)
White solid; mp: 99-101°C, 90% ee. [o]*. = 68.7 (¢ 0.77, CH,CL,);
'H NMR (400 MHz, CDCly) & 7.82 — 7.80 (m, 1H), 7.48 (d, J = 8.0 Hz,
2H), 7.21 (dd, J = 15.5, 7.1 Hz, 2H), 7.14 (dd, J = 14.7, 7.1 Hz, 6H), 7.05
(dd, J = 11.8, 4.7 Hz, 4H), 6.46 — 6.40 (m, 3H), 6.36 (d, J = 7.3 Hz, 1H),
5.88 (dd, J = 9.6, 5.4 Hz, 1H), 5.01 (d, J = 16.0 Hz, 1H), 4.68 (d, J = 9.8
Hz, 1H), 4.16 (d, J = 16.0 Hz, 1H), 2.63 (d, J = 5.4 Hz, 1H), 2.31 (s, 3H);
3C NMR (101 MHz, CDCly) & 178.1, 143.1, 138.6, 134.9, 134.7, 132.3,
130.0, 129.1, 128.8, 128.7, 128.3, 128.2, 128.0, 127.8, 127.3, 126.4, 124.0,
123.4, 109.6, 91.3, 71.9, 61.5, 56.2, 43.4, 21.3; IR (thin film): 3334.5, 1705.9, 1614.3, 1552.5, 1489.1,
1467.4, 1364.3, 1176.2, 742.5, 697.0 cm™; HRMS (ESI) for C3;H»N3Os [M+H]" calcd 490.2125,
found 490.2115. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column.
(n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) = 13.4 min. tg (minor) = 17.0 min.

S10



(2'S,3'S,4'S,5'S)-1-benzyl-5'-(4-methoxyphenyl)-4'-nitro-3'-phenylspiro[
indoline-3,2'-pyrrolidin]-2-one (5k)

White solid, mp: 96-98°C, 99% ee. [a]*: = 78.3 (c 0.48, CH,Cl,);

'H NMR (400 MHz, CDCl;) & 7.83 — 7.81 (m, 1H), 7.54 (d, J = 8.7 Hz,
2H), 7.23 - 7.21 (m, 1H), 7.20 — 7.13 (m, 5H), 7.07 (t, J = 8.2 Hz, 4H), 6.89
(d, J=8.7 Hz, 2H), 6.42 (t, J = 9.0 Hz, 3H), 6.40 — 6.37(m, 1H), 5.89 (d, J =
9.6 Hz, 1H), 5.02 (d, J = 16.0 Hz, 1H), 4.69 (d, J = 9.8 Hz, 1H),4.19 (d, J =
16.0 Hz, 1H), 3.77 (s, 3H), 2.65 (s, 1H). *C NMR (126 MHz, CDCl;) &
159.9, 134.7, 132.3, 130.0, 129.0, 128.8, 128.7, 128.3, 128.2, 127.3, 126.4,
124.0, 123.4, 113.7, 109.6, 91.3, 71.8, 61.2, 56.1, 55.2, 43.4; IR (thin film): 3332.3, 1705.0, 1613.1,
1551.8, 1511.3, 1364.0, 1249.2, 1173.5, 1030.9, 743.5, 697.3 cm™ ; HRMS (ESI) for CsH»N;0O,
[M+H]" calcd 506.2074, found 506.2068. Enantiomeric excess was determined by HPLC with a
Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) = 19.7
min. tg (Minor) = 24.5 min.

(2'S,3'S,4'S,5'R)-1-benzyl-4'-nitro-3'-phenyl-5'-(thiophen-2-yl)spiro[ind
oline-3,2'-pyrrolidin]-2-one (51)

White solid, mp: 93-95°C, >99% ee. [o] "5 = 38.3 (¢ 0.95, CH.Cl,);

'H NMR (400 MHz, CDCl;) 6 7.86 (d, J = 7.1 Hz, 1H), 7.28 (d, J = 5.0 Hz,
1H), 7.24-7.17 (m, 2H), 7.12 (q, J = 7.5 Hz, 4H), 7.07 — 6.99 (m, 6H), 6.60
—6.55 (m, 1H), 6.38 (d, J = 7.5 Hz, 2H), 6.34 (d, J = 7.6 Hz, 1H), 6.00 (dd,
J =9.4, 5.7 Hz, 1H), 4.99 (d, J = 16.0 Hz, 1H), 4.66 (d, J = 11.0 Hz, 1H),
4.13 (d, J = 16.0 Hz, 1H), 3.02 (d, J = 5.6 Hz, 1H); *C NMR (126 MHz, CDCl3) & 178.1 (s), 143.8 (d,
J=1.3 Hz), 143.0 (s), 134.6 (s), 131.7 (s), 130.1 (s), 128.8 (d, J = 15.9 Hz), 128.4 (s), 128.0 (d, J = 9.7
Hz), 127.5 (s), 127.3 (s), 126.4 (s), 125.8 (s), 125.4 (s), 124.3 (s), 123.6 (S), 109.7 (), 89.4 (S), 71.4 (),
57.0 (s), 54.6 (s), 43.5(s); IR (thin film): 3329.9, 1705.7, 1614.2, 1553.6, 1489.0, 1454.5, 1365.5,
1177.6, 796.4, 742.0, 697.1 cm™; HRMS (ESI) for CiHy»N3;O, [M+H]" calcd 482.1533, found
482.1521.Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column.

(n-hexanes:i-propanol = 60:40, 0.8 mL/min, A = 254 nm) tg (major) = 12.5 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5'-cyclohexyl-4'-nitro-3'-phenylspiro[indoline
-3,2'-pyrrolidin]-2-one (5m)

White solid, mp: 163-165°C, 4% ee. *H NMR (400 MHz, CDCls) & 7.69 —
7.67 (m, 1H), 7.26 (dd, J = 13.1, 5.8 Hz, 1H), 7.11-7.20 (m, 5H), 7.05 (t, J =
7.4 Hz, 2H), 7.00 (d, J = 7.5 Hz, 2H), 6.43 — 6.37 (m, 3H), 5.97 (t, J = 6.4
Hz, 1H), 5.04 (d, J = 15.9 Hz, 1H), 4.59 — 4,55 (m, 1H), 4.43 (d, J = 5.7 Hz,
1H), 4.09 (d, J = 15.9 Hz, 1H), 2.84 (s, 1H), 1.89 (d, J = 10.5 Hz, 2H), 1.73
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(s, 2H), 1.66 (d, J =9.0 Hz, 1H), 1.49 (d, J = 8.7 Hz, 1H), 1.30 — 1.17 (m, 5H).

3C NMR (101 MHz, CDCly) & 176.5, 143.0, 134.9, 133.9, 129.9, 128.7, 128.6, 128.5, 128.3, 128.1,
127.2,126.5, 123.4, 123.3, 109.4, 93.8, 72.8, 67.3, 61.5, 43.4, 39.2, 31.1, 30.4, 26.2, 25.7, 25.7.

IR (thin film): 3339.8, 2926.1, 2852.7, 1712.3, 1614.1, 1547.6, 1493.8, 1468.2, 1362.8, 1175.5, 745.4,
697.0 cm’; HRMS (ESI) for CgoH3N3O; [M+H]" calcd 482.2438 found 482.2430. Enantiomeric
excess was determined by HPLC with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8
mL/min, A = 254 nm) tg (major) = 9.5 min. tg (minor) = 7.9 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5-methyl-4-nitro-3',5'-diphenylspiro[indol
ine-3,2'-pyrrolidin]-2-one (5n)

White solid, mp:118-120°C, 87% ee. [0]"; = 80 (c 0.44, CH,Cl,);

'H NMR (400 MHz, CDCls) & 7.62 (d, J = 8.4 Hz, 3H), 7.40 — 7.32 (m,
3H), 7.28 — 7.23 (m, 1H), 7.18 — 7.12 (m, 3H), 7.06 (t, J = 7.5 Hz, 4H),
6.96 (d, J = 7.9 Hz, 1H), 6.45 (dd, J = 18.2, 8.5 Hz, 3H), 6.27 (d, J = 7.9
Hz, 1H), 5.94 (dd, J = 9.5, 5.0 Hz, 1H), 5.01 (d, J = 16.0 Hz, 1H), 4.68 (d, J = 9.7 Hz, 1H), 4.18 (d, J =
16.0 Hz, 1H), 2.65 (d, J = 5.1 Hz, 1H), 2.43 (s, 3H); *C NMR (101 MHz, CDCl;) & 178.0, 140.7,
137.9, 134.8, 133.1, 132.4, 130.3, 128.8, 128.7, 128.4, 128.3, 128.2, 127.9, 127.3, 126.4, 124.6, 109.4,
91.5, 72.0, 61.6, 56.3, 43.4, 21.3; IR (thin film): 3332.3, 1704.1, 1603.7, 1553.6, 1496.7, 1454.1,
1366.5, 1167.2, 809.7, 738.3, 697.5 cm™; HRMS (ESI) for C3H,;N5O; [M+H]+ calcd 490.2125 ,
found 490.2116. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column.
(n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg (major) = 14.3 min, tg (Minor) = 16.3 min.

(2'S,3'S,4'S,5'S)-1-benzyl-5-fluoro-4'-nitro-3',5'-diphenylspiro[indol

ine-3,2'-pyrrolidin]-2-one (50)

White solid; mp: 93-95°C, 97% ee. [a]'s =61 (c 0.67, CH,Cl,);

'H NMR (400 MHz, CDCl3) & 7.60 — 7.56 (m, 3H), 7.38 — 7.26 (m, 4H),
7.16 (dd, J = 15.5, 7.8 Hz, 3H), 7.09 — 7.05 (m, 4H), 6.84 (td, J = 8.8,
2.6 Hz, 1H), 6.43 (dd, J = 20.3, 8.6 Hz, 3H), 6.28 (dd, J = 8.5, 4.0 Hz,
1H), 5.91 (dd, J = 9.6, 5.1 Hz, 1H), 5.01 (d, J = 16.0 Hz, 1H), 4.64 (d, J
=9.8 Hz, 1H), 4.16 (d, J = 16.0 Hz, 1H), 2.67 (d, J = 5.3 Hz, 1H).

3C NMR (101 MHz, CDCl3) § 177.9, 159.7(d, J = 243.4 Hz ), 138.9(d, J=2.0 Hz), 137.6, 134.4, 131.9,
130.0(d, J=7.1 Hz), 128.9, 128.8, 128.6, 128.4, 128.2, 127.9, 127.5, 126.4, 116.4(d, J = 23.3 Hz),
112.1(d,J = 25.3 Hz),110.4(d,J=7.1 Hz), 91.0, 72.0, 72.0, 61.5, 56.3, 43.6; °F NMR (471 MHz, CDCl)
8 -118.67; IR (thin film): 3332.3, 1707.8, 1616.0, 1555.3, 1492.6, 1366.1, 1266.7, 1172.0, 814.4, 737.9,
697.9 cm™; HRMS (ESI) for C3yH,4FN3Os [M+H]+ calcd 494.1874 , found 494.1857. Enantiomeric
excess was determined by HPLC with a Chiralpak OD-H column.(n-hexanes:i-propanol = 90:10, 0.8
mL/min, A = 254 nm), tg (major) = 44.2 min, tg (minor) = 54.0 min.
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(2'S,3'S,4'S,5'S)-1-benzyl-3'-(4-fluorophenyl)-4'-nitro-5'-phenylspir
NO, o[indoline-3,2'-pyrrolidin]-2-one (5p)
White solid, mp: 104-106°C, 91% ee. [a] s = 54.4 (c 0.55, CH,Cl,);

' '”@F 'H NMR (400 MHz, CDCl;) § 7.83 — 7.81 (m, 1H), 7.61 (d, J = 7.2 Hz,
2H), 7.38 — 7.32 (m, 3H), 7.21 — 7.18 (m, 3H), 7.12 (t, J = 7.3 Hz, 2H),
7.01 (dd, J = 8.5, 5.3 Hz, 2H), 6.81 (t, J = 8.6 Hz, 2H), 6.50 (d, J = 7.4
Hz, 2H), 6.46 — 6.38 (m, 2H), 5.90 (d, J = 9.2 Hz, 1H), 5.01 (d, J = 15.9
Hz, 1H), 4.65 (d, J = 9.9 Hz, 1H), 4.22 (d, J = 15.9 Hz, 1H), 2.67 (s, 1H); *C NMR (101 MHz, CDCl5)
d 177.9, 162.8(d, J=248.5 Hz), 143.1, 137.8, 134.7, 130.2, 129.9(d,J=8.1 Hz), 128.9, 128.7, 128.4,
128.0 (d,J=4.0 Hz), 127.8, 127.7, 127.6, 126.5, 124.0, 123.6, 115.8(d, J=22.2Hz), 109.6, 91.2, 71.8,
61.4, 55.4, 43.5; 9F NMR (471 MHz, CDCls) & -113.31; IR (thin film): 3332.3, 1704.8, 1614.1, 1554.3,
1512.7, 1467.5, 1366.2, 1235.5, 1176.9, 751.7, 698.9 cm™; HRMS (ESI) for CzoH»FN3O5 [M+H]*
calcd 494.1874 found 494.1866. Enantiomeric excess was determined by HPLC with a Chiralpak AS-H
column. (n-hexanes:i-propanol = 90:10, 0.8 mL/min, A = 254 nm) tg (major) = 35.8 min. tg (minor) =
48.9 min.

(2'S,3'S,4'S,5'S)-1-benzyl-3'-(3,4-dichlorophenyl)-4'-nitro-5'-pheny
Ispiro[indoline-3,2'-pyrrolidin]-2-one (5q)

White solid, mp: 115-117°C, 84% ee. [a]"s = 78.4 (c 0.62, CH,Cl,);

'H NMR (400 MHz, CDCl3) & 7.81 (dd, J = 6.1, 2.3 Hz, 1H), 7.60 (d, J
= 7.1 Hz, 2H), 7.39 — 7.30 (m, 3H), 7.21 — 7.14 (m, 5H), 7.11 (d, J =
8.5 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.48 (d, J = 6.5 Hz, 2H), 6.44 —
6.39 (m, 2H), 5.89 (d, J = 9.5 Hz, 1H), 5.05 (d, J = 15.9 Hz, 1H), 4.65
(d, 3 =9.9 Hz, 1H), 4.19 (d, J = 16.0 Hz, 1H), 2.67 (d, J = 2.8 Hz, 1H); *C NMR (126 MHz, CDCls) 5
177.8, 143.1, 137.7, 134.6, 134.5, 130.8, 130.2, 129.5, 129.0, 128.9, 128.7, 128.4, 127.8, 127.6, 127.5,
126.4, 124.0, 123.6, 109.7, 91.0, 71.7, 61.4, 55.5, 43.5; IR (thin film): 3329.9, 1705.2, 1614.4, 1554.6,
1493.8, 1467.3, 1364.4, 1176.1, 1094.0, 751.5, 698.6 cm™; HRMS (ESI) for C3H,,CIN;O3 [M+H]*
calcd 510.1579 found 510.1576; Enantiomeric excess was determined by HPLC with a Chiralpak
OD-H column. (n-hexanes:i-propanol = 70:30, 0.5 mL/min, A = 254 nm) tg (major) = 30.2 min. tg

(minor) = 27.7 min.

(2'S,3'S,4'S,5'S)-1-benzyl-3'-(3,4-dichlorophenyl)-4'-nitro-5'-phen
ylspiro[indoline-3,2'-pyrrolidin]-2-one (5r)
White solid, mp: 95-97°C, 88% ee. [a] s = 74.4 (c 0.51, CH,Cl,)
'H NMR (400 MHz, CDCl5) & 7.80 (dd, J = 5.3, 3.2 Hz, 1H), 7.59 (d, J
Cl = 7.1 Hz, 2H), 7.39 — 7.31 (m, 3H), 7.24 — 7.15 (m, 7H), 6.85 (dd, J =
8.4, 1.6 Hz, 1H), 6.59 (d, J = 7.1 Hz, 2H), 6.52 (dd, J = 5.4, 3.2 Hz,
1H), 6.37 (t, J = 9.8 Hz, 1H), 5.90 — 5.88 (m, 1H), 5.06 (d, J = 15.8 Hz,
1H), 4.62 (d, J = 9.9 Hz, 1H), 4.24 (d, J = 15.8 Hz, 1H), 2.68 (s, 1H); **C NMR (126 MHz, CDCl3) &

Cl
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177.6, 143.1, 137.5, 134.6, 133.0, 132.8, 132.6, 130.7, 130.4, 130.0, 129.0, 128.8, 128.4, 127.8, 127.7,
127.5, 127.2, 126.5, 124.0, 123.7, 109.8, 90.8, 71.5, 61.4, 55.0, 43.6; IR (thin film): 3333.9, 1704.5,
1614.4, 1553.4, 1467.9, 1489.5, 1365.6, 1177.0, 1029.9, 750.9, 698.8 cm™; HRMS (ESI) for
C3oH23ClLN30; [M+H]" calcd 544.1189 found 544.1180. Enantiomeric excess was determined by
HPLC with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A = 254 nm) tg
(major) = 20.0 min. tg (minor) = 17.3 min.

(2'S,3'S,4'S,5'S)-1-benzyl-3'-(4-bromophenyl)-4'-nitro-5'-phenylspi
ro[indoline-3,2'-pyrrolidin]-2-one (55s)

White solid, mp: 128-130°C, 86% ee. [a]": = 74.3 (c 0.46, CH,Cl,);

'H NMR (400 MHz, CDClg) & 7.83 — 7.81 (m, 1H), 7.61 (d, J = 7.3 Hz,
2H), 7.39 — 7.33 (m, 3H), 7.27 (d, J = 8.4 Hz, 2H), 7.20 — 7.18 (m, 5H),
6.92 (d, J = 8.4 Hz, 2H), 6.50 — 6.48 (m, 2H), 6.43 (dd, J = 18.6, 9.0
Hz, 2H), 5.91 (d, J = 9.6 Hz, 1H), 5.07 (d, J = 15.9 Hz, 1H), 4.64 (d, J
= 9.9 Hz, 1H), 4.21 (d, J = 15.9 Hz, 1H), 2.68 (s, 1H); *C NMR (126 MHz, CDCl;) & 177.8 ,143.1,
137.7, 134.6, 131.9, 131.3, 130.2, 129.9, 128.9, 128.8, 128.4, 127.8, 127.6, 127.5, 126.4, 124.0, 123.6,
122.7, 109.7, 90.9, 71.7, 61.4, 55.5, 43.6; IR (thin film): 3333.9, 1705.2, 1614.2, 1553.5, 1489.9,
1467.3, 1365.9, 1176.2, 751.4, 698.2 cm™; HRMS (ESI) for CsoH24BrN3;O; [M+H]" calcd 554.1074
found 554.1045. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column.

(n-hexanes:i-propanol = 70:30, 0.8 mL/min, X = 254 nm) tg (major) = 16.1 min. tg (minor) = 13.6 min.

(2'S,3'S,4'S,5'S)-1-benzyl-4'-nitro-5'-phenyl-3'-(p-tolyl)spiro[indolin
e-3,2"-pyrrolidin]-2-one (5t)

White solid, mp: 99-101°C, 94% ee. [0]', = 72.6 (c 0.74, CH,CL,);

'H NMR (400 MHz, CDCl3)  7.81 (d, J = 7.0 Hz, 1H), 7.60 (d, J = 7.3
Hz, 2H), 7.37 — 7.29 (m, 3H), 7.15 (dd, J = 15.8, 6.7 Hz, 3H), 7.05 (t, J
= 7.5 Hz, 2H), 6.93 (s, 4H), 6.44 (dd, J = 14.3, 8.7 Hz, 3H), 6.37 (d, J =
7.5 Hz, 1H), 5.89 (d, J = 9.6 Hz, 1H), 5.04 (d, J = 16.0 Hz, 1H), 4.64 (d,
J = 9.8 Hz, 1H), 4.16 (d, J = 16.0 Hz, 1H), 2.68 (s, 1H), 2.27 (s, 3H); *C NMR (101 MHz, CDCl;) &
178.2, 143.2, 138.0, 138.0, 134.8, 123.0, 129.5, 129.2, 128.8, 128.5, 128.4, 128.1, 128.1, 127.9, 127.3,
126.6, 124.0, 123.4, 109.6, 91.4, 71.9, 61.5, 55.9, 43.5, 21.2; IR (thin film): 3344.0, 1705.0, 1614.8,
1553.9, 1490.3, 1467.4, 1365.9, 1177.4, 751.2, 698.9 cm™ ;HRMS (ESI) for C3;H,7N303 [M+H]" calcd
490.2125 found 490.2118. Enantiomeric excess was determined by HPLC with a Chiralpak AS-H
column. (n-hexanes:i-propanol = 70:30, 0.5 mL/min, A = 254 nm) tg (major) = 35.8 min. tg (minor) =
22.1 min.
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(2'S,3'S,4'S,5'S)-1-benzyl-3'-(4-methoxyphenyl)-4'-nitro-5'-phen

ylspiro[indoline-3,2'-pyrrolidin]-2-one (5u)

White solid, mp: 186-188°C, 97% ee. [a]'y = 0.768 (c 0.77, CH,Cl,);
'H NMR (400 MHz, CDCls) & 7.81 (dd, J = 7.1, 1.3 Hz, 1H), 7.61
(d, 3 =7.1Hz, 2H), 7.38 — 7.30 (m, 3H), 7.21 — 7.13 (m, 3H), 7.07
(t, J=7.4 Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H), 6.66 (t, J = 5.9 Hz, 2H),
6.46 — 6.38 (m, 4H), 5.89 (d, J = 9.6 Hz, 1H), 5.05 (d, J = 16.0 Hz,
1H), 4.63 (d, J = 9.9 Hz, 1H), 4.18 (d, J = 16.0 Hz, 1H), 3.70 (s, 3H), 2.66 (s, 1H); **C NMR (101 MHz,
CDCly) 6 178.2, 159.7, 143.2, 138.0, 134.7, 130.0, 129.3, 128.8, 128.6, 128.3, 128.1, 127.9, 127.4,
126.5, 124.1, 124.0, 123.4, 114.1, 109.6, 91.4, 71.9, 61.4, 55.6, 55.1, 43.4; IR (thin film): 3325.8,
1705.8, 1613.6, 1553.0, 1515.6, 1467.1, 1364.7, 1253.1, 1180.8, 1030.2, 750.7, 698.7 cm™; HRMS
(ESI) for C3;H»;N30,4 [M+H]" calcd 506.20745 found 506.2066. Enantiomeric excess was determined
by HPLC with a Chiralpak AD-H column. (n-hexanes:i-propanol = 70:30, 0.5 mL/min, A = 254 nm) tg
(major) = 28.1 min. tg (minor) = 30.5 min.

(2'S,3'S,4'S,5'S)-1-benzyl-3'-(4-isopropylphenyl)-4'-nitro-5'-phenyl
spiro[indoline-3,2*-pyrrolidin]-2-one (5v)

White solid, mp: 94-96°C, 92% ee. [a]; =65.8 (¢ 0.69, CH,Cl,);

'H NMR (400 MHz, CDCls) & 7.81 (dd, J = 7.0, 1.2 Hz, 1H), 7.60 (d, J
= 7.1 Hz, 2H), 7.38 — 7.28 (m, 3H), 7.20 — 7.11 (m, 3H), 7.08 (dd, J =
10.0, 4.6 Hz, 2H), 7.03 - 6.98 (m, 4H), 6.59 (d, J = 7.3 Hz, 2H), 6.44 —
6.37 (m, 2H), 5.91 (d, J = 9.8 Hz, 1H), 5.01 (d, J = 16.0 Hz, 1H), 4.65
(d, J = 9.7 Hz, 1H), 4.23 (d, J = 16.0 Hz, 1H), 2.84 (hept, J = 6.9 Hz, 1H), 2.64 (s, 1H), 1.18 (dd, J =
6.9, 2.2 Hz, 6H); *C NMR (101 MHz, CDCl5) & 178.2, 148.8, 143.2, 137.9, 134.9, 130.0, 129.6, 128.8,
128.6, 128.3, 128.2, 128.1, 127.9, 127.4, 126.8, 126.6, 124.0, 123.4, 109.7, 91.9, 71.8, 61.5, 56.0, 43.6,
33.6, 23.9, 23.8; IR (thin film): 3339.8, 2961.5, 1706.3, 1614.3, 1553.4, 1489.8, 1467.3, 1364.7, 1175.3,
750.4, 698.1 cm™; HRMS (ESI) for Cs3H3;N305 [M+H]" calcd 518.2438 found 518.2430.Enantiomeric
excess was determined by HPLC with a Chiralpak AD-H column. (n-hexanes:i-propanol = 90:10, 0.8

mL/min, A = 254 nm) tg (Major) = 22.8 min. tg (minor) = 17.2 min.

(2'S,3'S,4'S,5'S)-1-benzyl-3'-(naphthalen-2-yl)-4'-nitro-5'-phenyls
piro[indoline-3,2'-pyrrolidin]-2-one(5w)

White solid, mp: 96-98°C, >99% ee. [a]’y = -58 (c 0.60, CH,Cl,);

'H NMR (400 MHz, CDCl3) § 8.03 (d, J = 7.3 Hz, 1H), 7.79 (d, J =
7.3 Hz, 1H), 7.76 — 7.74 (m, 2H), 7.67 — 7.64 (m, 3H), 7.39 (t, J = 7.6
Hz, 3H), 7.35 — 7.27 (m, 2H), 7.14-7.18 (m, 2H), 7.07 — 6.99 (m, 2H),
6.93 (t, J = 7.6 Hz, 2H), 6.36 (t, J = 8.2 Hz, 1H), 6.21 (d, J = 7.6 Hz,
2H), 6.15 (t, J = 7.1 Hz, 2H), 5.72 (d, J = 7.6 Hz, 1H), 4.93 (d, J =

S15



16.0 Hz, 1H), 4.07 (d, J = 16.0 Hz, 1H), 2.89 (s, 1H); *C NMR (101 MHz, CDCl3) § 178.2, 143.0,
137.2, 134.6, 133.7, 132.1, 130.0, 129.6, 128.9, 128.9, 128.6, 128.5, 128.5, 128.2, 127.6, 127.2, 126.2,
126.1, 126.0, 125.8, 125.5, 124.3, 123.2, 122.9, 109.6, 95.4, 72.4, 63.4, 51.4, 43.3; IR (thin film):
3329.9, 3062.4, 1705.2, 1614.0, 1553.2, 1489.9, 1467.7, 1364.5, 1177.0, 789.6, 750.9, 698.2 cm™;
HRMS (ESI) for CisH,;N;05; [M+H]* calcd 526.2125 found 526.2118. Enantiomeric excess was
determined by HPLC with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.8 mL/min, A =
254 nm) tg (major) = 21.8 min.

(2'S,3'S,4'S,5'S)-1-benzyl-4'-nitro-5'-phenyl-3'-(thiophen-2-yl)spiro[indo
line-3,2'-pyrrolidin]-2-one (5x)
White solid, mp: 101-103°C, 96% ee. [a]"s = 41.5 (¢ 0.70, CH,Cl,);
'H NMR (400 MHz, CDCl;) & 7.76 (dd, J = 5.7, 2.9 Hz, 1H), 7.58 (d, J = 6.9
Hz, 2H), 7.37 — 7.30 (m, 3H), 7.21 — 7.19 (m, 2H), 7.17 — 7.11 (m, 3H), 7.05
(dd, J =5.0, 0.9 Hz, 1H), 6.84 — 6.82 (m, 1H), 6.80 (d, J = 3.4 Hz, 1H), 6.62
(d, J=6.4 Hz, 2H), 6.50 — 6.48 (m, 1H), 6.40 (t, J = 10.0 Hz, 1H), 5.86 (dd, J
=9.8, 5.0 Hz, 1H), 5.02 (d, J = 15.9 Hz, 1H), 4.89 (d, J = 10.1 Hz, 1H), 4.27 (d, J = 15.9 Hz, 1H), 2.62
(d, J = 5.1 Hz, 1H); °C NMR (101 MHz, CDCl3) & 178.2, 148.8, 134.9, 129.9, 128.8, 128.6, 128.3,
128.2,127.9,127.4, 126.8, 126.6, 124.0, 123.4, 109.7, 91.9, 71.8, 61.5, 56.0, 43.6, 33.6, 23.9, 23.8.
IR (thin film): 3338.1, 1705.4, 1615.0, 1554.5, 1490.1, 1467.4, 1367.2, 1177.5, 750.8, 699.2 cm™
HRMS (ESI) for C,gH,3N305S [M+H]" caled 482.1533 found 482.1526. Enantiomeric excess was
determined by HPLC with a Chiralpak AD-H column. (n-hexanes:i-propanol = 90:10, 0.8 mL/min, A =
254 nm) tg (major) = 56.9 min. tg (minor) = 42.4 min.

(2'S,3'S,4'S,5'S)-1-benzyl-3'-(furan-2-yl)-4'-nitro-5'-phenylspiro[indoline
-3,2'-pyrrolidin]-2-one (5y)

White solid, mp: 89-91°C, 96% ee. [a]" = 28.9 (c 0.43, CH,Cl,);

'H NMR (400 MHz, CDCl3) & 7.74 (dd, J = 7.2, 1.2 Hz, 1H), 7.57 — 7.55 (m,
2H), 7.37 — 7.31 (m, 3H), 7.25 — 7.18 (m, 5H), 7.16 — 7.15 (m, 1H), 6.92 —
6.89 (m, 2H), 6.60 — 6.58 (m, 1H), 6.17 (dd, J = 3.3, 1.9 Hz, 1H), 5.97 (d, J =
3.3 Hz, 1H), 5.88 (dd, J = 9.6, 4.5 Hz, 1H), 5.05 (d, J = 15.8 Hz, 1H), 4.79 (d,
J = 9.4 Hz, 1H), 4.39 (d, J = 15.8 Hz, 1H), 2.60 (d, J = 4.5 Hz, 1H); °C
NMR (126 MHz, CDCl3) 6 177.7, 147.4, 143.3, 142.8, 137.4, 135.1, 130.1,
128.8,128.8, 128.3, 127.9, 127.6, 127.6, 127.1, 124.0, 123.5, 110.5, 109.5, 108.4, 90.8, 70.1, 61.4, 50.3,
43.6; IR (thin film): 3337.1, 1707.9, 1614.6, 1553.6, 1489.6, 1467.4, 1365.3, 1176.3, 744.0, 698.7 cm™
HRMS (ESI) for CygH,3N30, [M+H]" calcd 466.1761 found 466.1754. Enantiomeric excess was
determined by HPLC with a Chiralpak AD-H column. (n-hexanes:i-propanol = 90:10, 0.8 mL/min, A =

254 nm), tg (major) = 55.7 min. tg (minor) = 37.7 min.
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(2'S,3'S,4'S,5'S)-1-benzyl-4'-nitro-5'-phenyl-3'-propylspiro[indoline-3,2'-
pyrrolidin]-2-one (5z)

White solid, mp: 66-68°C, 93% ee. [a]s =-38.6 (¢ 0.22, CH,Cl,);

'H NMR (400 MHz, CDCl3) & 7.66 (dd, J = 7.4, 0.8 Hz, 1H), 7.49 — 7.47 (m,
2H), 7.34 — 7.24 (m, 9H), 7.16 (td, J = 7.6, 0.9 Hz, 1H), 6.76 (d, J = 7.7 Hz,
1H), 5.78 (d, J = 8.7 Hz, 1H), 5.51 (dd, J = 8.9, 7.3 Hz, 1H), 5.05 (d, J = 15.5
Hz, 1H), 4.69 (d, J = 15.5 Hz, 1H), 3.42 (ddd, J = 10.0, 7.2, 5.2 Hz, 1H), 2.52
(s, 1H), 1.58 — 1.47 (m, 1H), 1.27 — 1.19 (m, 1H), 1.18 — 1.08 (m, 1H), 1.03 —
0.94 (m, 1H), 0.72 (t, J = 7.2 Hz, 3H); *C NMR (126 MHz, CDCl5) & 178.3,
143.2, 137.0, 135.7, 129.8, 128.9, 128.8, 128.6, 128.3, 127.9, 127.5, 127.5, 124.1, 123.5, 109.3, 94.7,
70.1, 62.6, 52.5, 43.7, 31.1, 20.9, 13.9; IR (thin film) 3329.9, 2964.9, 2927.4, 1705.7, 1613.9, 1551.8,
1489.2, 1466.8, 1361.7, 1174.7, 752.0, 698.6 cm™; HRMS (ESI) for C,;H,;N30; [M+H]" calcd
442.2125 found 422.2118. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column. (n-hexanes:i-propanol = 70:30, 0.5 mL/min, A = 254 nm), tg (major) = 22.9 min. tg (minor) =
24.9 min.

(2'S,3'S,4'S,5'S)-4"-amino-1-benzyl-3',5'-diphenylspiro[indoline-3,2"-pyr
rolidin]-2-one (8)

White solid, mp: 89-91°C; *H NMR (400 MHz, CDCl3) & 7.73 (d, J = 6.6
Hz, 1H), 7.67 (d, J = 7.3 Hz, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.32 (t, J = 7.3
Hz, 1H), 7.22 (d, J = 7.8 Hz, 1H), 7.17 — 7.03 (m, 10H), 6.41 (d, J = 7.3 Hz,
2H), 6.31 (d, J = 7.6 Hz, 1H), 5.33 (d, J = 9.2 Hz, 1H), 5.02 (dd, J = 18.6,
9.9 Hz, 2H), 4.17 (d, J = 16.1 Hz, 1H), 3.41 (d, J = 11.0 Hz, 1H), 1.46 (br s,
2H); C NMR (126 MHz, CDCl;) & 179.5, 143.0, 142.7, 135.1, 134.7, 130.5, 129.1, 128.7, 128.6,
128.6, 128.4, 128.3, 127.6, 127.4, 127.1, 126.4, 123.6, 122.9, 109.2, 71.7, 62.1, 61.5, 55.6, 43.5; IR
(thin film): 3338.0, 1710.1, 1613.4, 1489.1, 1466.3, 1453.3, 1353.4, 1176.0, 740.8, 698.3 cm™; HRMS
(ESI) for C3oH,7N30 [M+H]" calcd 446.2227 found 446.2220.

(2'S,3'S,4'S,5'S)-1-benzyl-4'-(benzylamino)-3',5'-diphenylspiro[indoline
-3,2"-pyrrolidin]-2-one (9)

White solid, 97% ee. mp: 67-69°C; 'H NMR (400 MHz, CDCl5) § 7.71 (t, J
=9.0 Hz, 3H), 7.46 (t, J = 7.5 Hz, 2H), 7.35 (t, J = 7.3 Hz, 1H), 7.23 - 7.05
(m, 12H), 6.96 (d, J = 7.5 Hz, 2H), 6.82 (dd, J = 6.6, 2.8 Hz, 2H), 6.41 (d, J
= 7.3 Hz, 2H), 6.30 (d, J = 7.3 Hz, 1H), 5.49 (d, J = 8.9 Hz, 1H), 5.00 (d, J
= 16.0 Hz, 1H), 4.82 (dd, J = 10.7, 9.0 Hz, 1H), 4.17 (d, J = 16.0 Hz, 1H),
3.65 (d, J = 10.8 Hz, 1H), 3.45 (s, 2H), 2.55 (br s, 1H); *C NMR (101 MHz, CDCls) & 179.5, 143.0,
142.4, 140.1, 135.2, 135.1, 130.4, 129.0, 128.9, 128.8, 128.6, 128.3, 128.3, 128.2, 128.1, 127.6, 127.3,
127.0, 126.8, 126.4, 123.6, 122.9, 109.2, 71.7, 61.8, 61.1, 60.4, 52.3, 43.4; IR (thin film): 3340.0,
2954.5, 2924.0, 1707.4, 1613.8, 1489.8, 1466.1, 1453.5, 1355.6, 1174.4, 742.0, 697.4 cm™; HRMS
(ESI) for C37H33N30 [M+H]" calcd 536.2696 found 536.2706. Enantiomeric excess was determined by
HPLC with a Chiralpak OD-H column. (n-hexanes:i-propanol = 70:30, 0.5 mL/min, A = 254 nm) tg
(major) = 12.3 min. tg (minor) = 14.4 min.
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3. Copies of 1H NMR and 13C NMR spectra of the compounds
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4. Copies of HPLC chromatographs
HPLC Chromatographs of 5a

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122105.D) N
mAU 2
] w 2
175 “ <
1 |
150 | \ \‘ "(\
125; | ‘l ( ‘I‘
1 ‘ \‘ |
100 | ‘ \‘ \l \‘
] |
75 \‘ l“ n
0 | ]
] | | N | \ \‘ \
oE /" \ / \‘ \‘ \ /
1 |
0_}.__.»&_.____/\/&”,»—7~¥‘ﬁ.7. _.“_/‘1 \K__w,‘_._., \J_ \& _ \\r —
0 5 10 15 a0 2 min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 19.286 8134.95947 203.58200 50.0912
2 21.757 8105.33838 163.92245 49.9088
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122106.D)
mAU 3 N
175; b _@Q‘
] [ ¥
¥
150 |
125 -] ‘ ‘.
100 N
?5—:
) o @“?‘1@ \
25— i
1 =
0_: T ma
0 f") 10 1‘5 2b ‘ 2‘5 I I ‘ ‘mi
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
19.552 390.70813 9.65274 4.1765
2 21.763 8964.11426 185.40921 95.8235
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HPLC Chromatographs of 5b

S47

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122103.D) B
mAU
200 |
175 ] I
] I o
150 | B
] ‘ f *° 8
125i | ‘ ", ‘-"‘.‘ 3]
100- | Ho
8 | A :'
50 N | |
2- | |
I IR B
0 5 ‘ 10 1|5 B 20 ‘ 2|5 - 3‘0 ‘ 3‘5 min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 24.758 7525.09229 129.46397 49,9089
2 28.565 7552.57715 115.31859 50.0911
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122104.D) )
mAU 4
400{
300—:
200{
100{
0-
0 5 10 15 " 3% 30 35 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 25.184 2.91387e4 490.88147 96.3169
2 29.490 1114.24695 17.52676 3.6831



HPLC Chromatographs of 5¢

DAD1 A, Sig=254.4 Ref=360,100 (ZGD\14121909.D)
mAU 1 2 @
200 %,\u!’“
] | &
1754 Hv‘z
150—2 ‘| ‘I E
1 \ b
1251 I N i
] - | A
100 \l‘ I | a
5 I | N
™ Il N m
. ‘ | “ “ \ \ "‘ \
A |
25 ‘| ‘I\ | '\ J \ j \
% U~ N
0 5 o 45 20 25 30 min
Peak RT Area Heighe % Area
(min) (MAU*s) (MAU) ’
1 13.848 8144.68652 206.79213 50.2910
2 21.754 8050.42139 128.23347 49,7090
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122008.D)
mAU 3 8
E T
400 ﬂ
350 “ l\‘
300 ] ‘ ‘I
] |
250—; | \‘
200% | l\‘
150 \ “|‘
100 |‘ “.‘
] L 2
50*: " \ ::1
0 NS R S N
9 5 1 15 20 2% 30 min
Peak RT Area Heighe % Area
(min) (MAU*s) (MAU) ’
14.105 1.74384e4 444.03928 96.4333
2 21.209 644.98792 10.65072 3.5667
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HPLC Chromatographs of 5d

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121913.D) -
mAU | 3
120 ‘\"
\
100 |‘ ‘\ _
80 | |ﬂ|\ | l‘\ g
1 || |
1 I | /\
60 i | | \
] i “ [ | f/ |
40 | | | ‘ \ '\‘ [
i m a |
20 | H \ | |
] AR J‘ \ [
0;,,¥A¥,,,Jf\a__u/\_,kﬁfwf‘ \wﬂj, - &\W - U f\\,\w S
R N T T Y
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
15.108 6214.87598 134.36545 50.1301
2 25.071 6182.60840 79.15697 49.8699
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122412.D) )
mAU*: o
400—3 %
] I
350 ‘l
f |
300% ‘| “
250% ‘ \
200% |‘ ‘|‘
150 ‘ \|
100—? “ “\
. | =
%0 J \ <
O_:—__A_A_,fﬁ_i_/\,_/N . _ \\Y, &
E)I“‘S““‘1‘()I "1‘5I“‘2‘0I“‘2‘5I“‘3‘03|5
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
15.286 1.99069e4 435.32956 98.3531
2 24.164 333.34573 4.83869 1.6469
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HPLC Chromatographs of 5e

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122607.D) )
mAU 7
400 F‘
350—5 H |
300 ‘ |||
250-f ‘ H
|
| || || o
1 5 40 ' o
I :°
E [ ]| K
50 |
| |
Df _\_ri)rjl\__i__j b \\,4/\_/-.7,, —_— . /\\ -
T A T N 35 min
Peak RT Area Heighe % Area
0
(min) (mAU*s) (mAU)
18.307 37682.13135 64.60121 49,8518
2 30.136 3804.62427 42.96786 50.1482
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122606.D) )
mAU | g ¥
2501 E @;L
200{ “ ‘\‘
|
150{ ‘| ‘I‘
||
f |
100_, |
n
4 ‘I
50 “ \ \F;’*;b
/\ \‘l \ g efz&-rbb
ol A )N .. o
0 o 5‘ 1‘() T 1‘5 ‘ ZIO ‘ 2|5 3|() s 3‘5 min|
Peak RT Area Heighe % Area
0
(min) (MmAU*s) (mAU)
18.323 1.54212e4 255.18507 97.7722
2 30.117 351.38312 4.27291 2.2278
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HPLC Chromatographs of 5f
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DAD1 A, Sig=254 4 Ref=360,100 (ZGD\14122011.D)

mAU _| n .
: |

100 | H &
] | 5

80| ‘ | | | ?V@

: ‘ | ‘ “ M o ‘bd‘"b%
4 5 47
A i
] i R /\
40+ | [| \ \l ‘ /
| | |
1 -
207, I ‘ U |\ ‘\I \ /
I |‘ L / \ / \
[ [
od oo N N
0 C 5 1 " I min
Peak RT Area Heighe % Area
(min) (MAU*s) (MAU) ’
16.347 3852.85449 77.70826 50.3323
2 25.579 3801.98437 50.94347 49.6677
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122010.D)

mAU J 2 6\9‘9

400—; EL&,Q?

350 ‘\ ‘I

300—? | “\

250 ‘\ |‘

200% \ “|‘

15o—§ ‘| ‘\’

100—; ‘\ 0\ g'\{”
50 ‘I‘ \ E q.’_'b'ﬁa‘
Oé —— N o~ N 71/ \ ; ,u—(\’&@ :

5 U 5 10 15 o 20 25 30 min
Peak RT Area Heighe % Area
(min) (MAU*s) (MAU) ’
16.115 2.15498e4 443.30603 98.5102
2 25.807 325.91199 4.41010 1.4898



HPLC Chromatographs of 5g

DAD1 A, Sig=254 4 Ref=360,100 (ZGD\14122609.D)
mAU
] f\
(|
1 1
250 \‘ \‘
] |
] || &
200 [ o &
§ | ‘I \qo—]'@'&&b
] | ‘ Ans
150 | \‘ fﬂ\ g
: HE =
100 Ll A
’ BEi / \
] l
50 ol \ '
’ . T AV
O_: - /JI \“m”\,\/»‘\ij\_ﬂi s j \ \\\ 7/»_] \4/ \;_77__/*7_ B
0 25 75 "0 135 15 175 20 min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 11.088 4832.85937 156.95360 49.9076
2 14.843 4850.75830 112.92374 50.0924
DADT A, Sig=254 4 Ref=360,100 (ZGD\14122604 D)
mAU ] 2
soo—f H
1 [
500 | ‘\
] | I‘
400 “ \‘
1 \
300 “ '\
] [
200 ‘\ ‘|‘
1 \ ©
0: B /’,\j . o~ :
0 25 5 75 10 135 15 175 20 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 11.209 2.100194 689.25537 97.4626
2 15.166 546.77405 12.44795 2.5374
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HPLC Chromatographs of 5h

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122504.D) )

mAU ] f
7 |
160 ] ﬂ ‘\‘
| |
120 || |
| i
100 -] | \‘ | ‘|
] ||| &
80 |‘ ‘\ |‘ “ § 6_@;@“’
] I~ (@ A
60—; “ ‘l U\‘ ‘I‘ 2"“‘ 5 -.%é;,?’
40| |‘ ‘\ j \ gv@"’
] I‘ |
20{ “\‘ \ | \ /
()7: _ JM\A\,—//LIJ : — RN - ]
0 ‘ I ‘ I 1b I ‘ I ‘ 2‘0 ‘ Bb I ‘ 4‘0 5‘0 éIO min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
27.029 6468.90869 58.31380 50.0582
2 50.082 6453.87012 35.71738 49,9418
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122505.D) )
mAU ] 2
200—% ﬁ
1 \
175 | l\
] |
1507; |‘ l\‘
125% “ ‘|‘
|
n
50—2 ‘\ ‘\\
262 [\
O_Zi,i,,J\&, . ,_/’/_.‘_“\m\n___vj_ I -\\ﬁ
0 ‘ ‘ 1|0 ‘ I 2‘0 ‘ 3b ‘ 4‘() I 5|O g{) min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 25.989 2.14691e4 223.24588 100
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HPLC Chromatographs of 5i

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122801.D)

mAU ] 2
140
120
100 é o
80—2 %
60
40
20
0 —fM
;J ‘ ‘ I I 1IO I ‘ Zb Sb 4‘0 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 20.919 8653.52734 145.27211 49.5959
2 39.142 8794.53906 79.75707 50.4041
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122802.D0)
mAU | B ©
] % &
300 | &
] I
250 . ‘I
1 [
200 - ‘
150 |
] |
100 | :
50 i “ for)
1 “I 5 @:b‘.
0 _: _____ B S J — : - el . -
0 1b 2‘0 3|0 4‘0 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 21.155 1.9886e4 337.31702 98.9130
2 39.563 218.57323 2.34055 1.0870
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HPLC Chromatographs of 5j

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121911.D)

mAU ©
200 % qj.o"
: | g &
175 “ | B
1 |
150—E |‘ ‘\ ‘I‘\.‘
125 ‘ "‘ ‘I\‘ \‘
100% “ “ ‘\‘ |
z | | |
50 Mol I \‘
; A2 A
e ay Lo \
o o V) AN _—
0 s w0 " 15 T @ min
RT Area Heighe
Peak . . % Area
(min) (mAU*s) (mAU)
1 13.461 8172.76123 216.56232 50.3084
2 17.458 8072.56592 162.06212 49.6916
DADT A, Sig=254,4 Ref=360,100 (ZGD\14122012.D)
mAU ] P
| i
600 ‘\ \‘
1 |
500 ‘| \
1 \
1 |
400 - “ \
] | \
300 ‘ '\‘
] |
200 | I‘\
] [ b
100 ‘\l ~k § ez,s-'\rg)%
] | S
0 f - /\/\\ j N L/{I
0 5 0 {5 20 min
RT Area Heighe
Peak . . % Area
(min) (MmAU*s) (mAU)
1 13.364 2.59024e4 708.85284 94.9819
2 16.958 1368.47046 31.82646 5.01818
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HPLC Chromatographs of 5k
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DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122408.D) )
mAU 4
1 |
100 | ‘I“
) \
— |
80—_ | ‘
1 I
60 “ |‘ 5 >
4 ‘ ‘Q_) 8-
] B /\ b3
40 | [ \ \
] ‘ I‘ / \ /\
20| \h\ \‘ “ »’ s"
| . A
dooa g A NN
E) T 5‘ T 1IO T 1‘5 T ZIO o I 2‘5 T 3‘03‘5 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 19.879 3271.51245 50.18114 50.1427
2 24.009 3252.89722 43.66678 49.8573
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122409.D)
mAU 2
] ﬁ o
500 ‘ &
1 [
400 |‘ “w
R
300 4 “ "\
7 |
|
200{ “ ‘.
] \
100 I o
: | | \ g 7
oL R | )
0 5 T T 15 0 25 3035 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 19.749 3.76210e4 559.19189 99.3834
2 24510 233.42668 3.78906 0.6166



HPLC Chromatographs of 5I

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15020606.D)

S57

mAU
i |
800 | I
] 1
] |
600 ‘ \
- ‘ ‘
i | |
400 — ‘ ‘
] |
, ‘\ |
_ |
200 ] |ﬂ'\ | o / \
1— S 8 [
A A ‘ < 2 j \
oA )N - N -
E) ‘ ‘ 5 ‘ 10 ‘ ‘ ‘ ‘ 1‘5 I 20 25 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 12.111 1156.81079 30.38846 49.3222
2 13.208 1188.60425 28.06830 50.6778
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15020608.D) -
mAU ] @ W
j ﬁ (50‘
v
1 &
40*7 / ‘
|
30 "‘
2()—: “
] |
10 |
I
] [
0 iMW,M/'kvmwmwwﬁw%Wmuﬂf—\ MMMMM A P as b Nt o oA e pemir |
EJ 5 ‘ 10 I I ‘ ‘ I
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 12.462 2130.47437 50.86459 100.0000




HPLC Chromatographs of 5m

S58

DAD1 A, Sig=254.4 Ref=360,100 (ZGD\14122410.D)
mAU 7 8
3 i
800 |‘ 2
] | ©
700 “ " ?\)
] | I
600 - \l ‘|‘ ‘|“ K
5001 \‘ “ | \‘
] | |
400 |‘ “ ‘l I‘\‘
1 [ [
300 — ‘\ ‘l“ ‘I‘ '\
200 3 ‘l ‘|‘ I\‘ \
] [ |
100 — R | \ f \
0 f o o \/\\L,J/ K_r J K_ﬁ
0 2 4 6 8 10 12 min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
7.990 1.61564e4 859.98309 50.3163
2 9.593 1.59533e4 709.94983 49,6837
DAD1 A, Sig=254 4 Ref=360,100 (ZGD\14122411.D)
mAU *: © =
800 1 I >
] | "‘ m
700 . ‘\ ‘ “ I“
soo—f |\ ‘I ‘|‘ ‘I‘
| |
500 ‘\ “ \l
] |
400 ] I‘ ‘\ \\
] N
] | Lo
I
100 \‘ "\ j‘l \
0 é o~ /\‘“\\A_j \\\,_ j N
0 2 4 6 8 10 12 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
7.918 1.61426e4 875.02179 47.9898
2 9.491 1.74949e4 796.38147 52.0102



HPLC Chromatographs of 5n

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122707.D) )

mAU
1 |
400 ‘H
350 \'\
300—? |
250—2 ‘ ‘ ‘(\
200—? ‘ ‘| I\“ I‘\
1 \ I o
150—E ‘ ‘ “\ ‘\I E E @@P‘
100 | ‘I “' \ e} 5 &
] \
A || A A
o+~ _ L/'\_/\/ \/ ~
T T T T min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
13.974 3583.67017 84.72951 50.0015
2 15.543 3583.45459 78.12737 49,9985
DAD1 A, Sig=254.4 Ref=360,100 (ZGD\15011704.D)
mAU = Ng
i Ked
300 &
; ¥
250 “ '\‘
] ‘| ‘|
200 ‘ ‘\‘
] |
150 | [
| .
100 / \‘ \‘
: “ |‘ | <+ qs\r’;?
i A s
] \ | \
1 N NANA
T T T min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
14.311 1.36440e4 318.66226 93.4819
2 16.304 951.33441 19.69536 6.5181
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HPLC Chromatographs of 50

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15011801.D)

S60

mAU —
80;
i L
7 g -Q’%%b‘ °
60 s & g &
i ?\“?‘ ~ @fé'
\ P
40 ‘ |‘ \ "/\
4 | | ‘ f‘ |
H ‘ \ \ I \
| | | |
27 W M a f \\
o f\“ﬁl /\‘w ,\ |\ |
O;—_—J ‘\} VWWJAJ, \w, -~ LMN
E) s 1|0 Zb T 3b - 4|0 - Sb - ('IBIO min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 43.627 6883.48047 54.49902 50.0217
2 52.779 6877.49512 48.71394 49,9783
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15011706.D) )
mAU s ©
] 0.-5‘1"
80 s
1 S
70 |‘
] R
60—; | \‘
50 ¥‘
1 |
404 [
30E ‘ s‘
-
] |\ LS
10—; § i
Oé.__,J, . .,JL__\/\‘._ - jf - Lﬁﬁ: )
;J R T Y T min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 44211 1.13326e4 87.12114 98.3033
2 53.953 195.60104 1.65826 1.6967



HPLC Chromatographs of 5p
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DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15010201.D) N
mAU ] 2 q
1 8 &
60 b &rs-\
50—5
40—5
30—5
20%
10—?
0 ‘ 1b ‘ ‘ 2‘0 ‘ I 3b ‘ I 4‘0 I ‘ 5‘0 I gO min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
36.015 1.10053e4 67.14655 49.8259
2 47.039 1.10822e4 60.22472 50.1741
DAD1 A, Sig=254 4 Ref=360,100 (ZGD\15010203.D) B
mAU § h\t_x
1 IR
160 F‘ Q;a'.fﬁj
] It
140 H ‘\ ‘,‘
120 -] " Ikl
100? |‘ ‘I\I
eoi |‘
60 “ \
] [
40_: I‘ \I“"- & '\“6]:}
20 I J \ o
1 s [\ ;‘I _1’?
ol— A~ e — T e
0 I 1b I 2‘0 3|0 4b ‘ 5|0 gO min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
35.756 2.86514e4 176.34558 95.3343
2 48.884 1402.20276 7.88333 4.6657



HPLC Chromatographs of 5q

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15013004.D)

S62

mAU 1 3 ©
: f eé»'\bq;:\r .'\b‘b@%
200i | hs gv‘:éb‘
i
] )
150 | ‘ | ‘|\
] R
| [
] |
100 | “\ H
| NER
50— |
] \ \
Y
] | / \
o4~ N ,k,A,___._,)l _ 7\‘% o —
0 T é T 1b T 1|5 o 20 ‘ ‘ 2‘5 T 3‘0 I ] 3|5 4‘0 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
27.244 1.58560e4 231.96855 49.9860
2 30.047 1.58648e4 189.10829 50.0140
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15013005.D) 3
mAU ] g2 2
:
250 -] | L&
] i
200—; | '\
150 l\ 0‘
] [
100 ‘\ \
! . 1
50 i \
4 (\‘?- |
ol AV R
0 é T 1b 1‘5I 2‘0 ‘ 2‘5 T IE‘OI T 3‘5 4‘0 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
27.728 2088.89893 32.133.62 8.0798
2 30.161 2.37643e4 287.99234 91.9202



HPLC Chromatographs of 5r
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DAD1 A, Sig=254 4 Ref=360,100 (ZGD\15013001.D)
mAU; ) &
I”" S
100{ “ ?‘?@ N
_ | | g &
80 O-&fo-
| I
60 \ n |“ 0
4 | ‘ ‘ | | |‘
] | ‘l “ a
40 | | l‘ \‘ ;
[
, i e / \
20 R [ | \
oY \
ol e~ N ) N N —
0 5 10 15 20 25 30 35 40 min
Peak RT Area Heighe % Area
0
(min) (mAU*s) (mAU)
17.177 5348.09229 97.21286 50.4761
2 20.005 5247.20947 73.71542 49,5239
DADA A, Sig=254,4 Ref=360,100 (ZGD\15013002.D) _
mAU | 3 A2
] § ,f:?%
300 | | ks &
] I
250 ] I
! i
200 | ‘|
1 |
150 | | “I
| a
100
| o 7@"‘*
50| = v'-‘q'(&" \\
I AW A B
0 5 10 15 2 25 30 35 40 min
Peak RT Area Heighe % Area
0
(min) (MmAU*s) (mAU)
17.295 1594.40930 30.00825 6.2326
2 19.660 2.39873e4 339.32184 93.7674



HPLC Chromatographs of 5s

mAU |
120
100—?
80|
60|
40|

20

] N |
ol oM \

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122702.D) )

<'J\
o
g o i
& © Ny
=¥ & éé.“’
| &
| N

RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 13.492 3132.50903 76.94271 50.1439
2 16.128 3114.52490 68.11089 49.8561
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122703.D)
mAU _| o
I
400 a ‘ l
[
1 | \
] [
300 ‘ I‘
|
200 4 ‘ ‘l
4 | “
] N
100+ @2 | |
] s
. |
0 N ,,,,/ \ ]\ J \,, N
;) o é C 1b ‘ 1‘5 o Zb 2‘5 “ 3b ‘ ‘3‘5 min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 13.589 1730.33899 42.58423 6.8707
2 16.112 2.34539%¢4 492.95691 93.1293
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HPLC Chromatographs of 5t
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DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122808.D)
mAU g
140 ﬁ
] a
120 | ‘\ |
] |
|
80*: \‘ “ /‘:\
1 | \
] [ \
60 ‘\ ‘.\ \
1 L \
40 I\ \ \
1 J
20 | \ / \¢
0 T N S \ —— M,,/ - _ — —_
0 R 20 T 4 min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
22.143 1.47529¢4 154.08113 50.4444
2 35.492 1.44930e4 84.89651 49,5556
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122809.D)
mAU - b N
1 > rL'\'
250 | ﬁ ,5.'1*&
1 [\
| |
1 [
200 | [
|
] |
150 |
A
100 — \‘ “5
|
] ‘\ \ o
50 ] | \ - A
/‘, ‘I\ \’ \ E &@_;(\'\
0 - ] \\J . 7/\@f\k e S
0 1b ‘ ‘ Zb I ‘ ‘ 3|O 4‘0 min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
22.054 2.52211e4 271.01450 97.0085
2 35.803 777.75964 5.11109 2.9915



HPLC Chromatographs of 5u
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DAD1 A, Sig=254 4 Ref=360,100 (ZGD\14122112.D)
mAU ] g =
100 { :ﬁ 8
] Iml
80 \ ()
‘\ | | ‘|
60 | [ NN
1 | | |
] I ||
40 — [ [
Il |
20 N \|
0 1b Zb 3|0 ‘ 4‘0 I I SIB ‘GIO min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 28.215 7996.54932 112.14704 49.0536
2 30.671 8305.11035 99.16809 50.9464
DAD1 A, Sig=254.,4 Ref=360,100 (ZGD\14122113.D) )
mAU ;
200
175 7
150 —
125 —
100 —
755
50—f
zs—f
0]
0 1|0 ‘ 2|0 ‘ 3|0 40 ‘ 50 I(-‘:IO min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 28.134 1.52171e4 212.35622 98.2523
2 30.502 270.67783 3.89468 1.7477



HPLC Chromatographs of 5v
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DADT A, Sig=254 4 Ref=360,100 (ZGD\14121408.D)
mAU A S ’\,_(\
175—; % zr;b\"‘ . Q@PP
] [ R 8 ;2
150 [ Rfviéb
] [
125 ‘ ‘|
: B |
100 ‘| ‘\‘ | \‘
] [ '\
75 | ‘|
; B \
50 “ \‘ ’
] [
| | |
25—: / \\ | \ /\ /
o R S, N — ,Aj -V \*_J W/ —
o T E T T T min
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
17.100 9147.16992 185.88162 50.2244
2 22.831 9065.44043 140.18929 49,7756
DAD1 A, Sig=254.4 Ref=360,100 (ZGD\14121409.D)
mAU 8 2
1 rg;\‘?"
200—; | &q;-'\
1753 1
1 ||
150 | \‘
125 ] \‘ l‘
] [
100 ||
: |
75 |
] |
b QA |
50 E o 6;;;9 IJ \
25 EVS“"(& J‘ \
0}+— ,4\_/\‘"/\_ ,,,,, AN - ™ - S N ’J ,
;J S5 " 1o 15 C 25 30 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
17.173 533.57678 13.02085 3.7811
2 22.790 1.35782e4 222.42790 96.2189



HPLC Chromatographs of 5w

mAU |
200 —
150 —

100

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121904.D) )

D

>

9_)’
w Q
B o a2
& A

1 |
SOi ‘
] AN
s T

0
0 ‘ 1‘5 2|0 2‘5 3b ‘3‘5 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 22.525 5875.87793 54.21181 49,9200
2 29.723 5894.72070 56.31526 50.0800
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121905.D) -
mAU_: %
300—3 \‘ I‘\
. I
250 \‘ ‘\
200 E |‘ \‘
] \
] ‘ |
150 - \ \
] |
100 |
| | \
50 |
] N |
0{ — N \7,_4}, _ &h, o -
0 5‘ 10 ‘ I 1‘5 2|0 C ‘ ‘ 2‘5 I ‘ 3‘03‘5 min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 21.841 2.72013e4 344.12561 100.0000
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HPLC Chromatographs of 5x

mAU |
80

60 |
40 |
20

o]

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121107.D)

|
/ |
f\ f\!
0;;_/U_~”h e N } ‘_./\j / —

wa
VAR U

0 1b 2‘0 T 3b ‘ I 4|0 I ‘ 5‘() ‘ ‘ Sb 7‘0 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
42.790 9468.70410 82.44812 49.9294
2 51.598 9495.47363 37.33463 50.0706
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121406.D) )
mAU | 8 o
7(),: //Exrb_fb‘&b
1 ¥
60 / |
| /]
50 / \‘
] |
40 ‘I‘
] \
30 \
' \‘
20 . 'p@_b:; / .\
14N \ /o \
0 iﬂJ LA W/\.M,_;‘ﬂ_q/ N/ - '
;J T 1b T 2‘0 T 3b T 4|0 I ‘ 5‘0 ‘ Gb 7|0 min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
42.384 828.42517 8.21677 2.1314
2 56.850 3.80391e4 75.70667 97.8686
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HPLC Chromatographs of 5y

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121106.D)

mAU ] ~ K
] -
80 I
| o
60 ' I\ 5 ,59&6
40-, [ / /\
20 (\\ ’I“ 1‘ I“!
] J‘ / i k
0l n L‘ N J \.
] \
20 ‘
40 ‘
0 1b 2b SIO ‘ 4‘0 I I Sb ‘ ‘ 6‘0 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 38.321 9941.89160 93.98986 49.8645
2 52.517 9995.90430 47.82924 50.1355
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14121407.D) -
mAU 7
120
] ,\u-b‘
100 - o
80 /N
60—: // \‘
] / |
40
: o/
20 g A / \
| ¥ /|
ol lpw,f%,__/\_/L_w_H_ﬁﬁ_ﬂJ NEVANGEE :
0 1‘0 T ZIO T 30 40 5|O 60 min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 37.681 717.01965 7.99870 2.1131
2 55.732 3.32144e4 84.75545 97.8869
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HPLC Chromatographs of 5z

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\14122007.D)
mAU 4
300 \"I‘
] |
250 |‘
] \ I
f I I
200 ‘ | ‘\ l\
] |
1 |
150 ‘ ‘\ \‘ ‘|
1 | | g
100 - | \ B a5
] | ‘ \‘ ~ 3
| | N7
50 ‘\ ‘\‘ [ | / \
] [ A | |
ol A \/\k__ J \\,_ y/ \/ _¥_ .
0 5 0 15 " 20 ) min
RT Area Heighe
Peak . % Area
(min) (mAU%*s) (mAU)
1 22.856 4173.46631 86.00167 49,7487
2 24.715 4215.62256 79.99422 50.2513
DAD1 A, Sig=254 4 Ref=360,100 (ZGD\14122008 D)
mAU % &
] N ,\Q;b\
300 “ &
1 [
250 | ‘\
1 N
200 | | ‘\
] | |
] ||
150 ‘ |
] \ |
100 \ \ \‘
] . @
A A
o] I (Y A Y
0 L‘"; 1b ‘ ‘ I ‘ 1‘5 ‘ ‘ ‘ 2|0 ‘ ‘ I 2‘5 ‘ ‘ ‘ 3‘0 min|
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 22.874 1.63155e4 346.73935 96.2684
2 24.905 632.42474 12.35190 3.7316
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HPLC Chromatographs of 9

DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15032108.D)
mAU § S
60 ?f g &
] <+ &
| |
50 —: ‘ ‘ ‘|| ||
||l
30- | || || '|‘
20 | ‘| |‘ l"
] A
10 ‘| l‘. I‘ |
] | |
0 _i o H/\Jf M / ,I et e et -
0 é I 1|0 ‘ ‘ I 1“5 Zb ‘ 2|5 min|
RT Area Heighe
Peak . % Area
(min) (mAU*s) (mAU)
1 12.333 1964.61816 67.50786 49,9835
2 14.442 1965.91248 56.07698 50.0165
DAD1 A, Sig=254,4 Ref=360,100 (ZGD\15032109.D)
mAU ] =
400 %
1 \
350 ‘\ ‘I
300% | “
2505 ‘ ‘l
3 R
200 ‘ \‘
150—2 ‘| ‘I
] \
100 ||
] | ‘5‘ ggq’q}
501 |‘ k 3 b’);\
1 | < &
0 i _ N _/\\,J\,, ,Jj — 4‘/‘_\.?5%, S
0 5 s 20 2 min
RT Area Heighe
Peak . % Area
(min) (MmAU*s) (mAU)
1 12.270 1.15167e4 420.62274 98.1256
2 14.432 219.98599 6.13325 1.8744
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5. Crystal data for 5s and the proposed transition state model for the [3+2]
cycloaddition reaction.

Characterized by x-ray
[— — crystallography

endo-TS
Ar = 2,4,6-(Pr)3-CgH,

Proposed transition state model for the [3+2] cycloaddition reaction.

Empirical formula C30 H24 Br N3 O3
Formula weight  554.43

Crystal dimensions (mm?®) 0.36x0.33x0.29
Temperature (K)  296(2)

Crystal system Orthorhombic

Space group P2(1)2(1)2(1)
a(h) 10.8543(2)
b(R) 13.1630(2)
c(h) 17.7406(3)
a(®)  90.00

B(°) 90.00

¥(°)  90.00

Volume (A %) 2534.69(7)
z 4

Deaca (g cm®) = 1.453

p(mm™) = 1.660

F (000) = 1136

Theta range for data collection 1.93 to 24.99°

Index ranges -12<=h<=12, -14<=k<=15, -21<=I<=20
Reflections collected 13755

Independent reflections 4435 [R(int) = 0.0308]
Data/restraints/parameters  4435/0/334

GOF (on F%) 1.000

Final R indexes [I>=2c (I)] R1 =0.0321, wR2 = 0.0736
Final R indexes [all data] R1=0.0423, wR2 =0.0766
Largest diff. peak and hole (e A ®) 0.377/-0.353

Flack parameter 0.012(7)
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