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General Experimental

'H and '3C NMR were recorded on a Bruker 400 spectrometer. '"H NMR data are
reported as follows: chemical shift in ppm (6), multiplicity (s = singlet, d = doublet, t
= triplet, m = multiplet), coupling constant (Hz), relative intensity. '*C NMR data are
reported as follows: chemical shift in ppm (6). LC/MS analyses were performed on a
Shimadzu-2020 LC-MS instrument using the following conditions: Shim-pack VP-
ODS C18 column (reverse phase, 150 x 4.6 mm); a linear gradient from 10% water
and 90% acetonitrile to 75% acetonitrile and 25% water over 6.0 min; flow rate of 0.5
mL/min; UV photodiode array detection from 200 to 400 nm. High-resolution mass
spectra (HRMS) were recorded on Thermo Scientific Exactive Plus System. The
products were purified by Biotage Isolera™ Spektra Systems and hexane/EtOAc
solvent systems. All reagents and solvents were obtained from commercial sources
and used without further purification. All microwave irradiation experiments were
carried out in a Biotage® Initiator Classic microwave apparatus with continuous
irradiation power from 0 to 400W with utilization of the standard absorbance level of
250W maximum power. The reactions were carried out in 10 mL glass tubes, sealed
with microwave cavity. The reaction was irradiated at a required ceiling temperature
using maximum power for the stipulated time. Then it was cooled to 50 °C with gas

jet cooling.



Table S1. Optimization for synthesizing compound cis-6a.

entry solvt. cat. eq. '(‘Sg)p' Eimmii) yicel.l(_ié;/:)
1 DMF DBU 2.0 MW 150 10 NR
2 DMF EtN 2.0 MW 110 10 5
3 DMF TEOA 2.0 MW 110 10 8
4 DMF TEOA 2.0 MW 130 10 45
5 DMF TEOA 5.0 MW 130 10 72
6 DMF TEOA 8.0 MW 130 10 65
7 DMF TEOA 5.0 MW 150 10 33
8 DMF TEOA 5.0 MW 170 10 3
9 MeCN TEOA 5.0 MW 130 10 29
10 DMSO TEOA 5.0 MW 130 10 35
11 THF TEOA 5.0 MW 130 10 NR
12 DCE TEOA 5.0 MW 130 10 NR

“Yield of isolated product. MW = microwave irradiation. Reaction conditions: 5a (0.2 mmol), base
(relative equiv.) in solvent (1.0 mL) under microwave irradiation.

General procedures for compound cis-6.

A solution of benzoylformic acid (1.0 mmol), isocyanide (1.0 mmol), aniline (1.0
mmol) and ethyl glyoxylate (2.0 mmol) was stirred overnight in MeOH (2.0 mL) at
room temperature. The reaction mixture was monitored by TLC. When the reaction
was completed, the solvent was removed under reduced pressure. Then the crude
residue was subjected to triethanolamine (TEOA) (5.0 equiv.) and DMF (3.0 mL)
solution under microwave irradiation condition at 130 °C for 10 min. After the
microwave vial was cooled to room temperature, the reaction mixture was diluted
with EtOAc (15.0 mL), washed with sat. NaCOs3 and brine. The organic layer was
dried over MgSO4 and concentrated. The residue was purified by silica gel column
chromatography using a gradient of ethyl acetate/hexane (0-100%) to afford the

relative targeted product cis-6.



Table S2. Optimization for synthesizing compound 7a.
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entry solvt. cat. eq. E‘ig‘)p ' Enmifl) ylel;ia( %) -‘/1616‘;[,( %)

1 DMF TEOA 5.0 MW 130 10 12 72
2 DMF TEOA 2.0 MW 130 10 43 45
3 DMF TEOA 2.0 MW 140 10 37 47
4 DMF TEOA 1.0 MW 140 10 32 24
5 DMF TEOA 2.0 MW 150 10 28 19
6 DMSO TEA 2.0 MW 140 10 36 25
7 DCE TEA 2.0 MW 140 10 Trace 5
8 MeCN TEA 2.0 MW 140 10 68

9 MeCN TEA 2.0 MW 140 20 61 17
10 MeCN TEA 2.0 MW 150 10 50 14
11 MeCN DIPEA 2.0 MW 140 10 33 32
12 MeCN DIPA 2.0 MW 140 10 37 51

“Yield of isolated product. MW = microwave irradiation. Reaction conditions: 5a (0.2 mmol), base
(relative equiv.) in solvent (1.0 mL) under microwave irradiation.

General procedures for compound #rans-7.

A solution of benzoylformic acid (1.0 mmol), isocyanide (1.0 mmol), aniline (1.0

mmol) and ethyl glyoxylate (2.0 mmol) was stirred overnight in MeOH (2.0 mL) at

room temperature. The reaction mixture was monitored by TLC. When the reaction

was completed, the solvent was removed under reduced pressure. Then the crude

residue was subjected to TEA (2.0 equiv.) and MeCN (3.0 mL) solution under

microwave irradiation condition at 140 °C for 10 min. After the microwave vial was

cooled to room temperature, the reaction mixture was diluted with EtOAc (15.0 mL),

washed with sat. Na,COs and brine. The organic layer was dried over MgSO4 and

concentrated. The residue was purified by silica gel column chromatography using a

gradient of ethyl acetate/hexane (0-100%) to afford the relative targeted product



trans-17.

Table S3. Optimization for synthesizing compound 8a.

) 13 (0
Entry Solvt. Cat. Eq. ;l;ecn)lp. Ergﬁle) Yleéia( %)
1° 10%TFA/DCE MW 120 10 NR
2b 10%HC1l/AcOH MW 120 10 NR
3 DMF KoCO; 2.0 MW 120 10 NR
4 DMF EtONa 2.0 MW 120 30 NR
5 DMF NaOH 2.0 MW 120 10 NR
6 DMF KOAc 2.0 MW 120 10 NR
7 DMF DIPA 2.0 MW 120 10 20
9 DMF DIPEA 2.0 MW 120 10 32
10 DMF DABCO 2.0 MW 120 10 50
11 DMF DBU 2.0 MW 120 10 57
12 DMF DBU 2.0 MW 120 10 63
13 DMF DBU 2.0 MW 140 10 75
14 DMF DBU 2.0 MW 150 10 60

“Yield of isolated product. MW = microwave irradiation. Reaction conditions: 5a (0.2 mmol), base
(0.4 mmol) in DMF (1.0 mL) under microwave irradiation. ® The solvent was used as 1.0 mL.

General procedure for compound 8a from compound cis-6a

In a solution of compound cis-6a (86 mg, 0.2 mmol) in DMF (3.0 mL), DBU (60

mg, 0.4 mmol) was added and treated in microwave at 170 °C for 10 min. After the

microwave vial was cooled to room temperature, the reaction mixture was diluted

with EtOAc (15.0 mL), washed with sat. Na,CO3 and brine. The organic layer was

dried over MgSO4 and concentrated. The residue was purified by silica gel column

chromatography using a gradient of ethyl acetate/hexane (0-100%) to afford the

relative targeted product 8a with 81% yield.

General procedures for compound 8.

A solution of benzoylformic acid (1.0 mmol), isocyanide (1.0 mmol), aniline (1.0

mmol) and ethyl glyoxylate (2.0 mmol) was stirred overnight in MeOH (2.0 mL) at

room temperature. The reaction mixture was monitored by TLC. When no isonitrile



was left, the solvent was removed under nitrogen blowing and the crude residue was
dissolved in DBU (2.0 equiv.) and DMF (3.0 mL) solution and treated in microwave
at 140 °C for 10 min. After the microwave vial was cooled to room temperature, the
reaction mixture was diluted with EtOAc (15.0 mL), washed with sat. NaxCO3 and
brine. The organic layer was drie d over MgSO4 and concentrated. The residue was
purified by silica gel column chromatography using a gradient of ethyl acetate/hexane

(0-100%) to afford the relative targeted product 8.

General procedures for compound 10.

A solution of benzoylformic acid (1.0 mmol), benzyl lsocyanide (1.0 mmol), 4-
bromoaniline (1.0 mmol) and cyclohexanone (1.0 mmol) was stirred overnight in
MeOH (2.0 mL) at room temperature. The reaction mixture was monitored by TLC.
The reaction mixture was monitored by TLC. When the reaction was completed, the
solvent was removed under reduced pressure. The residue was purified by silica gel
column chromatography using a gradient of ethyl acetate/hexane (0-20%) to afford

the relative targeted product 10 with 67% yield.

Density functional theory (DFT) calculations

The mechanism was investigated via DFT using the B3LYP functional' with the 6-
31G* basis sets® as implemented in Gaussian 09 package,® which was used in the
geometric optimizations of intermediates (IMs) and transition states (TSs). To
considerate the weak interaction, the D3 version of Grimme’s dispersion with Becke-
Johnson damping were employed during the optimization*. To check the IMs and TSs
structures, vibrational frequency calculations at the same level of theory were
performed. Intrinsic reaction coordinates (IRC)> were performed to confirm the
transition states connecting with the corresponding reactant and product intermediates.
According to reaction conditions, the solvent effect of N, N-dimethylformamide (¢ =
37.2) was evaluated using the Polarizable Continuum Model (PCM).° Natural charges
were calculated via natural population analysis at the same level as that used for

geometry optimization.
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Figure S1. Calculated activation modes and potential energy profiles of the post-Ugi cascade
reaction.

As shown in Figure 1, carbanion formation is exothermic (-11.12 kcal/mol),
while amide anionic formation is endothermic (+4.90 kcal/mol). Further, the
energy barrier for carbanion formation (4.07 kcal/mol) is lower than that of
amide anionic formation (5.61 kcal/mol). Therefore, the formation of the
carbanion is favourable thermodynamically and kinetically. The negative
charge of the carbanion can delocalize between two adjacent carbonyls, while
the amide anion can only delocalize to one carbonyl. Most importantly the
o-amino group of compound 5 is neutralized with the substitutions of two
adjacent carbonyl and a benzyl functional groups, which would further stabilize
the enolate ion (carbanion). For the formation of the 4-membered azetidin-2-
one ring 11, the energy barrier of isomer IM3 (R, R) (0.06 kcal/mol) is lower
than another IM3’ (R, S) (7.98 kcal/mol). Therefore, the DFT results supported
the formation of IM3 (R, R) would be the major pathway and also proved the

reversible formation of compound cis-6.
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Materials and methods
1. cell lines and culture

The human tumor cells (Huh-7, Hep3B, A549, H460, LN229, DU145, PC3, MDA-
MB-468, MCF-7, PANC, SW1990, HCT116, SW620, Hela) were purchased
from American Type Culture Collection (ATCC, Manassas, VA, USA). The Huh-7,
Hep3B, LN229, DU145, MDA-MB-468, MCF-7, SW1990, SW620 and Hela cells
were cultured with high-glucose DMEM (Hyclone, SH30022.01, USA) medium
supplemented with 10% fetal bovine serum (FBS, Gibco, 10099, Australia origin).
The A549 and PC3 cells were cultured in the Ham's F-12K (Kaighn's) Medium
(GIBCO, 21127022, USA) with 10% FBS. The H460 and PANC cells were cultured
with the RPMI 1640 Medium (GIBCO, 61870044, USA) added with 10% FBS. The
cells were cultured in an incubator at the 37 °C and 5% CO; with humidified
atmosphere.
2. MTT assay

The anticancer activity and the ICso value of compound 8i in the human tumor

cells were measured by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT, Beyotime, ST316, Shanghai, China) assay. Briefly, the tumor cells

were counted and seeded into the 96-well plate with density of 1 x 10° cells per well
8



containing 100 pL. complete medium. After incubation for 24 h, added another 100 uL

complete medium containing 10 uM compounds and incubated with 3 days for the

initial screening. To further evaluate the ICso of compound 8i, tumor cells were

incubated with various concentrations (0, 2.5, 5, 10, 20, 40, 80, 160, 320 uM) of

compound 8i for 7 days. Then, 20 uL. MTT (5 mg/mL) was added to each well and

incubated with 4 h. After incubation, removed the medium and added 200 uL. DMSO

into each well to dissolve the formazan product. The absorbance was measured at 570

nm (Bio-Tek, Winooski, VT, USA) and the inhibition values of compounds or ICso

values were analyzed by GraphPad Prism 8.

(Inhibition values%) 10 pM concentration of compounds was used for the following cell lines.

Huh7 Hep3B A549 H460 LN229 DU145 PC3 |MDA-MB-| MCF7 PANC SW1990 HCT116 | SW620

Hela

Entry | name
468

1 8a 6.6 17.9 148 | 115 138 | 6.7 116 | 5.0 194 | 168 | 254 | 127 240 | 297
P gp | 224 |78 121 | 226 | 58 105 | 9.8 159 | 243 | 289 | 215 [17.7 | 69 26.1
3 gc | 205 | 145 | 189 | 286 | 158 | 131 |94 240 | 235 | 225 | 122 | 260 | 206 | 222
4 8a | 51 104 | 107 | 176 | 74 5.9 276 | 276 | 228 | 254 | 150 | 154 | 239 | 174
5 ge | 137 107 | 293 | 190 | 109 | 158 | 212 | 212 |59 134 | 292 | 276 | 207 | 57
6 ¢f | 153 | 189 | 282 | 157 | 127 | 105 | 275 | 82 239 | 166 | 9.0 212 | 106 | 15.9
7 8g 154 | 8.0 110 | 271 134 | 139 | 240 | 113 249 | 112 | 240 | 240 | 122 | 94
3 gh | 185 | 66 109 | 205 | 64 110 | 249 | 64 174 | 180 | 181 | 159 | 240 | 9.8
9 8i 562 | 503 | 281 | 129 | 118 | 138 | 57 170 | 139 | 292 | 238 | 249 | 259 | 116
10 sl 29.2 5.2 116 | 83 173 | 6.7 8.2 189 245 | 257 | 173 | 275 | 264 | 240
11 gm | 136 | 130 | 84 47 131 | 185 | 159 | 105 | 57 256 | 243 | 82 236 | 275
12 8n 7.8 235 152 | 9.8 104 | 6.7 16.1 | 22.7 9.8 251 | 174 | 197 216 | 30.1
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Figure 2. Anticancer activities ICso (uM) of compound 8i. A) Screening and activity analysis

of compound 8i in cancer cell lines using MTT assay for 3 days. B) The ICso values

compound 8i against Huh-7 and Hep3B (7days). C) Data Compare.’

of

7.(a) S. H. Yoo, Y. G. Yoon, J. S. Lee, Y. S. Song, J. S. Oh, B. S. Park, T. K.

Kwon, C. Park, Y. H. Choi, Y. H. Yoo, Int. J. Oncol., 2012, 41, 1443; (b) J. Liu,

Y. Liu, L. Meng, B. Ji, D. Yan, Int. J. Med. Sci., 2017, 14, 523.

10



NMR Characterization Data and Figures of Products
Ethyl 3-(benzylamino)-2-(/N-(4-bromophenyl)-2-0xo-2-phenylacetamido)-3-
oxopropanoate
. Compound 5a (white solid, 520 mg, yield 78%, R¢ =
0.29 (EA/Hex=25%)) 'H NMR (400 MHz, ds-
? o DMSO) 6 9.06 (t, J = 5.6 Hz, 1H), 7.91 (d, J = 8.0
WNIJ\N/@ Hz, 2H), 7.71 (t, J= 7.4 Hz, 1H), 7.56 (t, J = 7.7 Hz,
0 5o 2H), 7.43 (d, J = 8.7 Hz, 2H), 7.38-7.19 (m, 5H),
k 7.13 (d, J=7.9 Hz, 2H), 5.71 (s, 1H), 4.33-4.16 (m,
4H), 1.22 (t, J= 7.1 Hz, 3H). 3C NMR (100 MHz, ds-DMSO) 6 190.4, 167.1, 167.0,
163.5, 138.6, 136.8, 135.8, 132.8, 132.5, 131.9, 129.7,129.6, 128.7, 127.8, 127.4,
122.7, 64.3, 62.4, 43.2, 14.3. HRMS (ESI) m/z calcd for C26H24BrN>Os" (M+H)*
523.0863, found 523.0864.

3-benzyl-6-(4-bromophenyl)-1-phenyl-3,6-diazabicyclo[3.1.0]hexane-2,4-Dione

Compound cis-6a (white solid, 290 mg, yield 67%,
Q o Rr = 0.35 (EA/Hex=15%)). '"H NMR (400 MHz,
N NOBr CDCl3) 6 7.55 (dd, J= 6.6, 3.1 Hz, 2H), 7.47-7.40 (m,

0]

3H), 7.24 (d, J= 7.5 Hz, 1H), 7.14 (t, J = 7.6 Hz, 2H),
7.08 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 7.4 Hz, 2H), 6.70 (d, J = 8.7 Hz, 2H), 4.37 (s,
2H), 3.75 (s, 1H). 3C NMR (100 MHz, CDCls) & 168.74, 167.53, 142.61, 133.62,
131.38, 129.10, 128.26, 127.80, 127.75, 127.51, 126.78, 126.52, 119.99, 116.65,
51.19, 46.71, 41.00. HRMS (ESI) m/z caled for CosHisBrN2O, * (M+H)* 433.0546,
found 433.0544.

6-(4-Bromophenyl)-1-(4-methoxyphenyl)-3-(4-methylbenzyl)-3,6-diazabicyclo

o~ [3.1.0]hexane-2,4-dione
o Compound cis-6b (white solid, 331 mg, yield 72%,
N N 5 R¢=0.33 (EA/Hex=15%)). '"H NMR (400 MHz,
< > ,
0]

11
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CDCLs) § 7.49-7.44 (m, 2H), 7.23 (d, J = 7.4 Hz, 1H), 7.13 (t, J = 7.6 Hz, 2H),
7.09-7.04 (m, 2H), 6.94 (t, J = 5.8 Hz, 2H), 6.91 (d, J = 7.4 Hz, 2H), 6.69 (t, J= 5.8
Hz, 2H), 4.36 (s, 2H), 3.83 (s, 3H), 3.71 (s, 1H). 3C NMR (100 MHz, CDCl3) §
170.07, 168.72, 160.39, 143.79, 134.70, 132.38, 129.16, 128.76, 128.52, 127.52,
121.93, 121.02, 117.57, 114.31, 55.41, 52.02, 47.57, 41.98. HRMS (ESI) m/z calcd
for Ca4HaoBrN,03" (M+H)* 463.0652, found 463.0649.

3-Benzyl-1,6-diphenyl-3,6-diazabicyclo[3.1.0]hexane-2,4-dione
Compound cis-6¢ (white solid, 212 mg, yield 60%, Rf=
Q O 0.34 (EA/Hex=15%)). '"H NMR (400 MHz, CDCl3) 5
N N@ 7.63-7.54 (m, 2H), 7.43 (dd, J = 5.0, 2.3 Hz, 3H), 7.13
o (ddd, J = 15.8, 8.2, 5.7 Hz, 6H), 6.99-6.87 (m, 5H), 4.27
(s, 2H), 3.77 (s, 1H). 3C NMR (100 MHz, CDCl3) & 170.17, 169.01, 144.69, 135.03,

130.50, 129.52, 129.15, 128.76, 128.56, 127.91, 127.48, 124.68, 119.44, 52.34, 47.93,
41.87. HRMS (ESI) m/z caled for C23Hi9oN>O," (M+H)* 355.1441, found 355.1442.

3-Benzyl-6-(3-chlorophenyl)-1-phenyl-3,6-diazabicyclo[3.1.0]hexane-2,4-dione
Compound cis-6d (white solid, 252 mg, yield 65%, Ry =
Q ?@ \CI 0.30 (EA/Hex=15%)). '"H NMR (400 MHz, CDCls) 6
N N 7.54 (dd, J = 6.6, 3.1 Hz, 2H), 7.43 (dd, J = 5.1, 1.9 Hz,
o 3H), 7.18-7.09 (m, 3H), 6.97 (dd, J= 6.4,2.9Hz, 2H),
6.93-6.83 (m, 2H), 6.80-6.69 (m, 2H), 4.35 (s, 2H), 3.74 (s, 1H). *C NMR (100 MHz,
CDCl3) 6 169.80, 168.57, 145.74, 135.04, 134.96, 130.44, 130.02, 129.32, 128.84,

128.50, 127.86, 127.68, 125.16, 119.55, 117.66, 52.07, 47.64, 41.91. HRMS (ESI)
m/z calcd for C23H17CIN2Q * (M+Na)* 411.0871, found 411.0969.

3-Benzyl-6-(3-bromophenyl)-1-phenyl-3,6-diazabicyclo[3.1.0|hexane-2,4-dione
Compound cis-6e (white solid, 260 mg, yield 60%, R¢ =
Q 0 B 0.34 (EA/Hex=15%)). 'H NMR (400 MHz, CDCL) $

0 12
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7.54 (dd, J = 6.5, 3.0 Hz, 2H), 7.49-7.40 (m, 3H), 7.19-7.12 (m, 3H), 7.01 (s, 1H),
6.97 (dd, J = 6.4, 2.6 Hz, 2H), 6.92 (d, J = 7.9 Hz, 1H), 6.83 (t, J= 7.9 Hz, 1H), 6.77
(d, J= 8.1 Hz, 1H), 4.36 (s, 2H), 3.75 (s, IH). 3C NMR (100 MHz, CDCl3) § 169.77,
168.53, 145.83, 134.93, 130.67, 129.99, 129.32, 128.84, 128.51, 128.08, 127.84,
127.67, 123.07, 122.37, 118.09, 52.06, 47.64, 41.91. HRMS (ESI) m/z calcd for
Ca3HisBrN,O,' (M+H)* 433.0546, found 433.0613.

3-Benzyl-6-(4-chlorophenyl)-1-phenyl-3,6-diazabicyclo[3.1.0]hexane-2,4-dione
Compound cis-6f (white solid, 264 mg, yield 68%, R¢

0 =031 (EA/Hex=15%)). 'H NMR (400 MHz, CDCl;)
N NOCI 5 7.55 (dd, J = 6.6, 3.0 Hz, 2H), 7.46-7.40 (m, 3H),
4 723 (t, J=7.4 Hz, 1H),7.13 (t, J=7.6 Hz, 2H),

6.96-6.86 (m, 4H), 6.75 (d, J = 8.7 Hz, 2H), 4.37 (s, 2H), 3.75 (s, 1H). 3C NMR (100
MHz, CDCl:) & 169.80, 168.59, 143.13, 134.66, 130.16, 129.83, 129.51, 129.28,
128.82, 128.48, 127.82, 127.51, 120.63, 52.26, 47.79, 42.00. HRMS (ESI) m/z calcd
for Co3H1sCIN2O," (M+H)* 389.1051, found 389.1045.

3-Benzyl-1-phenyl-6-(3-(trifluoromethyl)phenyl)-3,6-diazabicyclo[3.1.0|hexane-2,

4-dione
Compound cis-6g (white solid, 282 mg, yield 67%, Rt
Q ] P2 20,30 (EA/Hex=15%)). 'H NMR (400 MHz, CDCl3)
N N@ 8 7.56 (dd, J = 6.5, 3.1 Hz, 2H), 7.44 (dd, J = 5.0, 1.8

o Hz, 3H), 7.13-7.03 (m, 6H), 6.9 (dd, J = 5.5, 3.4 Hz,
1H), 6.96-6.90 (m, 2H), 4.33 (s, 2H), 3.79 (s, 1H). 3C NMR (100 MHz, CDCls) &
169.71, 168.45, 145.10, 134.87, 129.97, 129.40, 128.89, 128.55, 127.81, 127.60,
124.80, 122.55, 121.52, 116.30, 52.10, 47.70, 41.89. HRMS (ESI) m/z calcd for
Ca4HisF3sN,0," (M+H)* 423.1315, found 423.1307.

3-Benzyl-1,6-bis(4-bromophenyl)-3,6-diazabicyclo[3.1.0]hexane-2,4-dione
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Br Compound cis-6h (white solid, 312 mg, yield 61%, R¢
\ — 033 (EA/Hex=15%)). 'H NMR (400 MHz, CDCls)
Q ] 57.57(d, J=8.5 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H),
N N{\}Br 7.4 (d, J=17.5 Hz, 1H), 7.14 (t, J = 7.6 Hz, 2H), 7.07
O (d, J = 8.6 Hz, 2H), 6.90 (d, J = 7.5 Hz, 2H), 6.67 (d,
J=8.6 Hz, 2H), 4.36 (s, 2H), 3.73 (s, 1H). 13C NMR (100 MHz, CDCl3) 5 169.36,
168.19, 14331, 134.50, 132.47, 132.03, 129.41, 129.25, 128.79, 128.57, 127.62,

123.60, 120.95, 117.89, 51.60, 47.91, 42.08. HRMS (ESI) m/z caled for
C23H17BroaN0 © (M+H)* 510.9651, found 510.9653.

6-(4-Bromophenyl)-3-phenethyl-1-phenyl-3,6-diazabicyclo[3.1.0]hexane-2,4-
dione
Compound cis-6i (white solid, 280 mg, yield

@1 Q L 63%, Re= 0.32 (EA/Hex=15%)). 'H NMR (400

N NUBr MHz, CDCl3) § 7.57-7.49 (m, 3H), 7.44 (dd, J =

o 5.0, 1.9 Hz, 3H), 7.39 (d, /= 8.7 Hz, 2H), 7.25 (s,
1H), 7.21 (d, J= 7.2 Hz, 1H), 7.08 (d, J = 7.0 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 3.76
(s, 1H), 3.38 (ddd, /= 9.4, 7.1, 3.8 Hz, 2H), 2.13 (td, J = 7.1, 4.6 Hz, 2H). 3C NMR
(100 MHz, CDCl3) 8 169.78, 168.67, 144.44, 137.45, 132.55, 131.52, 129.31, 128.85,

128.57, 127.78, 126.67, 121.52, 117.28, 52.42, 47.97, 39.04, 32.96. HRMS (ESI) m/z
calcd for C24H20BrN2O>" (M+H)* 447.0703, found 447.0702.

6-(4-Bromophenyl)-3-(4-methylbenzyl)-1-phenyl-3,6-diazabicyclo[3.1.0|hexane-2,
4-dione
Compound cis-6j (white solid, 315 mg, yield 71%, Ry
=0.31 (EA/Hex=15%)). '"H NMR (400 MHz, CDCl3)

§ 7.55-7.52 (m, 2H), 7.43 (dd, J = 5.0, 1.7 Hz, 3H),
N N Br
O 7.10 (d, J = 8.6 Hz, 2H), 6.96 (d, J = 7.8 Hz, 2H),

° 6.81 (d, J = 7.9 Hz, 2H), 6.71 (d, J = 8.6 Hz, 2H),

4.33 (s, 2H), 3.74 (s, 1H), 2.34 (s, 3H). 3C NMR (100 MHz, CDCls) & 169.82, 168.64,
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143.62, 137.50, 132.25, 129.26, 128.81, 128.63, 127.81, 121.46, 121.00, 117.81,
52.15, 47.68, 41.74, 21.36. HRMS (ESI) m/z caled for Co4HooBrN Q* (M+H)*
447.0703, found 447.0701.

6-(4-Bromophenyl)-3-(4-chlorobenzyl)-1-phenyl-3,6-diazabicyclo[3.1.0]hexane-2,
4-dione
Compound cis-6k (white solid, 270 mg, yield 58%,
“ Rr = 0.33 (EA/Hex=3%)). '"H NMR (400 MHz,
Q N CDCl3) 6 7.54 (dd, J= 6.5, 3.2 Hz, 2H), 7.44 (dd, J
N N{\}Br = 5.0, 1.9 Hz, 3H), 7.08 (d, J = 8.8 Hz, 3H), 6.96
0 (m, 1H), 6.75-6.61 (m, 4H), 4.36 (s, 2H), 3.76 (s,
1H). BC NMR (100 MHz, CDCIl3) 6 169.69, 168.43, 143.50, 136.90, 132.34, 130.10,

129.36, 128.86, 127.79, 124.50, 120.97, 52.16, 47.65, 41.32. HRMS (ESI) m/z calcd
for Cz3H17BI‘ClN202Jr (M‘f'H)+ 467.0156, found 467.0160.

3-cyclohexyl-6-(3,5-dimethylphenyl)-1-phenyl-3,6-diazabicyclo[3.1.0] hexane-2,4-
dione
Compound cis-61 (light yellow solid, 259 mg, yield 71%,
3\7:9 Rf=0.35 (EA/Hex=15%)) '"H NMR (400 MHz, CDCI3) &
QN>\ N‘Cé 7.58 —7.52 (m, 2H), 7.42 (tt, J = 6.6, 3.4 Hz, 3H), 6.67 (s,
O/ 1H), 6.58 (s, 2H), 3.62 (d, ] = 0.9 Hz, 1H), 3.59 — 3.48 (m,
1H), 2.21 (s, 6H), 1.72 — 1.58 (m, 4H), 1.51 (s, 1H), 1.06 (t, J = 10.2 Hz, 3H), 0.86 (d,
J=10.9 Hz, 1H), 0.76 (d, J = 12.7 Hz, 1H). '*C NMR (100 MHz, CDCI3) § 170.29,
169.39, 145.06, 139.26, 130.93, 128.90, 128.64, 127.87, 125.87, 117.60, 109.99,

51.69, 51.19, 47.75, 28.58, 28.32, 25.79, 25.75, 24.87, 21.14. HRMS (ESI) m/z calcd
for C24H27N>0," (M+H)* 375.2067, found 375.2072.

Ethyl 3-(benzylcarbamoyl)-1-(4-bromophenyl)-3-phenylaziridine-2-carboxylate
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Compound trans-7a (white solid, 325 mg, yield 68%,
= 0.18 (EA/Hex=20%)). 'H NMR (400 MHz,
CDCls) & 7.56 (dd, J=17.5, 1.8 Hz, 2H), 7.48-7.37
(m, 3H), 7.31-7.26 (m, 5H), 7.05 (dd, J= 6.8, 2.5 Hz,
XA_//( 2H), 6.81 (d, J = 8.7 Hz, 2H), 6.07 (t, J = 5.7 Hz,
— H 1H), 4.43 (dd, J = 14.8, 6.5 Hz, 1H), 4.24 (s, 1H),
@ 4.17 (dd, J = 14.8, 5.6 Hz, 1H), 4.07-3.85 (m, 2H),
0.93 (t,J=7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3)
8 166.84, 164.46, 146.63, 137.45, 133.15, 131.93, 129.38, 129.01, 128.68, 127.78,
121.05, 116.06, 61.26, 56.01, 47.23, 44.35, 13.81. HRMS (ESI) m/z calcd for
CasH24BrN2Os™ (M+H)* 479.0965, found 479.0960.

Ethyl 3-(benzylcarbamoyl)-1,3-diphenylaziridine-2-carboxylate
Compound trans-Te (white solid, 245 mg, yield 61%,
Rr = 0.21 (EA/Hex=20%)). 'H NMR (400 MHz,
CDCl3) 6 7.59 (d, J= 7.4 Hz, 2H), 7.40 (t, J= 6.6 Hz,

M 3H), 7.26 (d, J = 13.0 Hz, 5H), 7.06 (dd, J=9.9, 4.6
@H Hz, 3H), 6.96 (d, J= 7.5 Hz, 2H), 6.03 (t, J= 5.5 Hz,
1H), 4.43 (dd, J = 14.8, 6.5 Hz, 1H), 4.29 (s, 1H),

4.18 (dd, J = 14.9, 5.5 Hz, 1H), 3.96 (ddd, J = 34.8,
10.8, 7.1 Hz, 2H), 0.93 (d, J=7.1 Hz, 3H). *CNMR (100 MHz, CDCl3) & 167.09,
164.94, 147.54, 137.76, 133.81, 129.21, 128.97, 128.94, 128.87, 127.89, 127.51,
123.23, 119.45, 61.37, 55.54, 46.84, 43.88, 13.48. HRMS (ESI) m/z calcd for
CasH2sN2O3" (M+H)* 401.1859, found 401.1859.

Ethyl 3-(benzylcarbamoyl)-1-(3-bromophenyl)-3-phenylaziridine-2-carboxylate
Compound trans-Te (white solid, 286 mg, yield 60%,
Rr = 0.19 (EA/Hex=20%)). 'H NMR (400 MHz,
CDCl3) 6 7.56 (dd, J=7.5, 1.5 Hz, 2H), 7.41 (q, J =

M

RX®;
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5.3 Hz, 3H), 7.33 — 7.21 (m, 4H), 7.17 (d, J= 8.5 Hz, 1H), 7.10 (dd, J= 7.1, 5.7 Hz,

3H), 6.88 (d, J= 8.1 Hz, 1H), 6.13 (t, J= 5.6 Hz, 1H), 4.46 (dd, J = 14.9, 6.6 Hz, 1H),

4.25 (s, 1H), 4.19 (dd, J =

14.9, 5.4 Hz, 1H), 4.03 — 3.85 (m, 2H), 0.93 (t, /= 7.1 Hz,

3H). 13C NMR (100 MHz, CDCl3) & 166.98, 162.36, 149.28, 137.23, 132.87, 130.38,

129.48, 129.23, 128.50, 128.29, 127.74, 126.35, 122.95, 122.42, 118.56, 118.35,

61.47,55.88,47.41,44.27, 13.74. HRMS (ESI) m/z calcd for C2sH24BrN2O3" (M+H)*

479.0965, found 479.0981.

Ethyl 3-(benzylcarbamoyl)-3-phenyl-1-(3-(trifluoromethyl)phenyl)aziridine-2-

carboxylate

m._//<

s

0.94 (t, J=7.1 Hz, 3H). 3C NMR (100 MHz, CDClz) 8 166.69, 164.35, 148.27,

Compound trans-7g (white solid, 318 mg, yield
68%, R = 0.16 (EA/Hex=20%)). '"H NMR (400
MHz, CDCl3) 6 7.61-7.54 (m, 2H), 7.43 (q, J=5.4

Hz, 3H), 7.35 (t, J= 7.8 Hz, 1H), 7.32-7.27 (m, 3H),
7.21 (s, 1H), 7.13-7.04 (m, 3H), 6.11 (t, J = 5.5 Hz,
1H), 4.38 (dd, J = 14.9, 6.2 Hz, 1H), 4.29 (s, 1H),
4.25 (dd, J = 14.9, 5.6 Hz, 1H), 4.06-3.89 (m, 2H),

137.24, 132.88, 129.55, 129.09, 128.74, 127.70, 122.49, 120.08, 116.07, 61.35, 55.94,

47.46,44.37,13.81. HRMS (ESI) m/z caled for CosH3 5N O (M+H)" 469.1734,

found 469.1734.

Ethyl 3-(benzylcarbamoyl)-1,3-bis(4-bromophenyl)aziridine-2-carboxylate

-
-

B

Br

N O
o\,\M
b i

O
Y

r

Compound trans-Th (white solid, 320 mg, yield
58%, Rr = 0.20 (EA/Hex=20%)). 'H NMR (400
MHz, CDCl;) 6 7.56 (d, J = 8.5 Hz, 2H), 7.44 (d, J
= 8.4 Hz, 2H), 7.30 (dd, J = 6.4, 1.8 Hz, 5H), 7.06
(d, J=9.3 Hz, 2H), 6.78 (d, J = 8.7 Hz, 2H), 6.00 (s,
1H), 4.44 (dd, J = 14.7, 6.6 Hz, 1H), 4.24 (s, 1H),
4.16 (dd, J=14.7, 5.5 Hz, 1H), 4.07 — 3.89 (m, 2H),
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1.00 (t, J=7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) 6 166.45, 163.34, 146.54,
137.65, 132.58, 132.37, 131.65, 130.94, 129.27, 128.28, 127.83, 123.51, 121.35,
60.82, 54.81, 46.41, 43.76, 13.27. HRMS (ESI) m/z calcd for CasH2BroDNO *
(M+H)* 557.0070, found 557.0077.
Ethyl 1-(4-bromophenyl)-3-((4-methylbenzyl)carbamoyl)-3-phenylaziridine-2-
carboxylate
Compound trans-7j (white solid, 295 mg, yield 60%,
Rf = 0.15 (EA/Hex=20%)). '"H NMR (400 MHz,
CDCl3) 6 7.57 (d, J=30.0 Hz, 2H), 7.41 (d, J=19.2
Hz, 3H), 7.28 (dd, J=10.9, 8.0 Hz, 2H), 7.09 (d, J =
7.8 Hz, 2H), 6.99 — 6.88 (m, 2H), 6.81 (t,J=5.7 Hz,
2H), 6.04 (s, 1H), 4.38 (dd, J = 14.7, 6.5 Hz, 1H),
'/ @ 4.26 (s, 1H), 4.12 (dd, J = 14.6, 5.4 Hz, 1H), 4.06 —
3.83 (m, 2H), 2.36 (s, 3H), 0.94 (t, J = 4.2 Hz, 3H).
BC NMR (100 MHz, CDCl3) § 167.65, 164.17, 146.02, 137.05, 134.60, 132.60,
131.91,131.57, 129.35, 129.11, 128.15, 127.62, 121.17, 116.45, 60.79, 55.52, 47.59,
44.64, 20.26, 12.54. HRMS (ESI) m/z calcd for CosHasBrN2Q * (M+H)™ 493.1121,
found 493.1129.
Ethyl 1-(4-bromophenyl)-3-((4-chlorobenzyl)carbamoyl)-3-phenylaziridine-2-
carboxylate
Compound trans-7k (white solid, 328 mg, yield
64%, Rr = 0.22 (EA/Hex=20%)). 'H NMR (400
| MHz, CDCl3) 6 7.57 (dd, J = 7.5, 1.8 Hz, 2H),
7.47-7.39 (m, 3H), 7.32 (d, J = 8.7 Hz, 2H),
M//<O 7.26-7.19 (m, 1H), 6.96 (td, J = 8.4, 2.1 Hz, 1H),
: 6.87-6.72 (m, 4H), 6.09 (t, /= 5.9 Hz, 1H), 4.42 (dd,
@H J=15.0,6.6 Hz, 1H), 4.23 (s, 1H), 4.15 (dd, J =
15.0, 5.8 Hz, 1H), 3.90-4.03 (m, 2H), 0.93 (t, J =

7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) 8 166.77, 164.64, 146.52, 140.03, 133.07,
131.98, 129.47, 129.09, 123.30, 121.03, 116.18, 114.73, 61.30, 55.93, 47.20, 43.77,
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13.81. HRMS (ESI) m/z calcd for C2sHa3BrCIN O * (M+H)* 513.0575, found
513.0600.

1-Benzyl-3-((4-bromophenyl)amino)-4-phenyl-1H-pyrrole-2,5-dione

Compound 8a (yellow solid, 307 mg, yield 71%, Rf =

K© 0.27 (EA/Hex=15%)) 'H NMR (400 MHz, CDCls) &

o i O 7.47-7.41 (m, 2H), 7.38-7.27 (m, 3H), 7.21-7.17 (m, 2H),

BFON\H 7.16-7.11 (m, 3H), 7.03 (dd, J = 8.1, 1.5 Hz, 2H), 6.48 (d,
J=8.7 Hz, 2H), 4.78 (s, 2H). *C NMR (100 MHz,

CDCl3) 6 171.54, 168.08, 136.44, 135.56, 135.44, 131.31, 129.77, 129.04, 128.70,

127.86, 127.80, 127.50, 122.76, 117.36, 103.71, 41.91. HRMS (ESI) m/z calcd for

C23H17BrN202" (M+H)* 433.0546, found 433.0546.

1-Benzyl-3-((4-bromophenyl)amino)-4-(4-methoxyphenyl)-1H-pyrrole-2,5-dione
Compound 8b (yellow solid, 345 mg, yield 75%, R¢ =
K© 0.24 (EA/Hex=15%)) 'H NMR (400 MHz, CDCl3) &
0N =0 7.47-7.38 (m, 2H), 7.36-7.27 (m, 3H), 7.16 (d, J = 8.8
BrONpﬁ Hz, 2H), 7.12 (s, 1H), 7.06-6.94 (m, 2H), 6.77-6.65 (m,
2H), 6.49 (d, J = 8.8 Hz, 2H), 4.76 (s, 2H), 3.77 (s,
3H). 3C NMR (100 MHz, CDCl3) & 171.81, 168.35,
159.27, 136.52, 135.64, 134.34, 131.34, 131.13, 128.70, 127.84, 122.51, 121.50,

117.01, 113.10, 104.22, 55.32, 41.88. HRMS (ESI) m/z caled for CosH1oBrNo@® *
(M+H)" 463.0652, found 463.0653.

1-Benzyl-3-phenyl-4-(phenylamino)-1H-pyrrole-2,5-dione

Compound 8c (light yellow solid, 260 mg, yield 73%, R¢=
K@ 0.23 (EA/Hex=15%)) '"H NMR (400 MHz, CDCl3) § 7.45 (d, J

OxN\_0 = 7.0 Hz, 2H), 7.38-7.27 (m, 3H), 7.15 -7.06 (m, 3H),
@N\* 7.05-6.95 (m, 5H), 6.62 (d, J = 7.6 Hz, 2H), 4.78 (s, 2H). *C
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NMR (100 MHz, CDCl3) & 171.81, 168.25, 136.59, 136.28, 136.13, 129.74, 129.32,
128.69, 128.67, 128.31, 127.81, 127.34, 127.27, 124.55, 121.55, 102.79, 41.87.
HRMS (ESI) m/z caled for CEidN © ©(M+H)"355.1441, found 355.1441.

1-Benzyl-3-((3-chlororinphenyl)amino)-4-phenyl-1H-pyrrole-2,5-dione

(EA/Hex=15%)). 'HNMR (400 MHz, CDCls)§ 7.44 (d,J
O

H = 6.9 Hz, 2H), 7.38-7.28 (m, 3H), 7.21-7.14 (m, 3H), 7.04
N

(dd, J = 8.0, 1.5 Hz, 2H), 6.97-6.91 (m, 2H), 6.58 (s, 1H),

6.52(dt,J = 6.7, 2.3 Hz, 1H), 4.78 (s, 2H). 3C NMR (100

MHz, CDCl3) 6 171.51, 168.08, 137.46, 136.43, 135.50,

Q\CI Compound 8d (white solid, 325 mg, yield 61%, Rf = 0.20
N
|
(0]

134.23, 129.72, 129.20, 129.02, 128.70, 128.64, 127.90, 127.86, 127.48, 124.36,
121.79, 119.32, 104.25, 41.93. HRMS (ESI) m/z calcd for C23HisCIN20>" (M+H)*
389.1051, found 389.1051.

1-Benzyl-3-((3-bromophenyl)amino)-4-phenyl-1H-pyrrole-2,5-dione
Compound 8e (white solid, 325 mg, yield 75%, R¢ = 0.20
p (EA/Hex=15%)) 'H NMR (400 MHz, CDCl3) § 7.47-7.41 (m,
Br 0= N~-0 2H), 7.38-7.27 (m, 3H), 7.22-7.16 (m, 3H), 6.89 (t, J = 8.0
@_M\f Hz, 1H), 6.73 (t, J = 1.9 Hz, 1H), 6.58 (dd, J = 8.1, 1.6 Hz,
1H), 4.78 (s, 2H). 13C NMR (100 MHz, CDCls) & 171.51,
168.07, 137.54, 136.43, 135.42, 129.74, 129.46, 128.99, 128.71, 127.98, 127.52,

127.27, 124.72, 122.10, 119.74, 104.29, 41.94. HRMS (ESI) m/z calcd for
C23Hi1sBrN20>" (M+H)* 433.0546, found 433.0546.

1-Benzyl-3-((4-chlorophenyl)amino)-4-phenyl-1H-pyrrole-2,5-dione
Compound 8f (yellow solid, 264 mg, yield 68%, Rr=0.28
(© (EA/Hex=15%)) '"H NMR (400 MHz, CDCl3) 6 7.44 (d, J
o N0 =70 Hz, 2H), 7.37-7.28 (m, 3H), 7.21 (s, 1H), 7.20-7.12
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(m, 3H), 7.02 (dd, J= 7.9, 1.3 Hz, 2H), 6.98 (d, J = 8.7 Hz, 2H), 6.54 (d, /= 8.7 Hz,
2H), 4.78 (s, 2H). 3C NMR (100 MHz, CDCl3) 6 171.57, 168.09, 136.46, 135.69,
134.93, 129.79, 129.77, 129.05, 128.71, 128.67, 128.37, 127.87, 127.77, 127.48,
122.49, 103.54, 41.91. HRMS (ESI) m/z calcd for C23HisCIN Q © (M+H)" 389.1051,
found 389.1051.
1-Benzyl-3-phenyl-4-((3-(trifluoromethyl)phenyl)amino)-1H-pyrrole-2,5-dione
Compound 8¢ (yellow solid, 330 mg, yield 78%, Rr= 0.29
/© (EA/Hex=15%)) '"H NMR (400 MHz, CDCl3) 6 7.44 (d, J =
OxNz0 71 Hz, 2H), 7.33 (dd, J=13.9, 6.6 Hz, 3H), 7.22-7.09 (m,
@\Nh_ 5H), 7.02 (d, J = 6.9 Hz, 2H), 6.92-6.84 (m, 1H), 6.75 (s,
FsC 1H), 4.79 (s, 2H). 3C NMR (100 MHz, CDCls) 8 171.43,
168.07, 136.85, 136.39, 135.31, 131.02, 130.69, 129.67, 128.96, 128.68, 128.01,
127.91, 127.56, 124.69, 124.01, 120.78, 118.00, 117.97, 104.69, 41.97. HRMS (ESI)
m/z calcd for C24Hi3F3N20," (M+H)*" 423.1315, found 423.1315.

1-Benzyl-3-(4-bromophenyl)-4-((4-bromophenyl)amino)-1H-pyrrole-2,5-dione
Compound 8h (light yellow solid, 285 mg, yield 56%,
p Rr= 0.31 (EA/Hex=15%)) 'H NMR (400 MHz, CDCls)
o=N_0 6742 (d, J=17.6 Hz, 2H), 7.36-7.27 (m, 5H), 7.20 (d, J
Br\@\N\H_ = 8.7 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 6.51 (d, J = 8.7
Hz, 2H), 4.76 (s, 2H). 3C NMR (100 MHz, CDCl3) &
Br 171.24, 167.78, 136.27, 135.70, 135.21, 131.57, 131.22,
130.66, 128.73, 127.94, 122.88, 122.00, 117.87, 102.34, 41.99. HRMS (ESI) m/z
calcd for Co3Hi7BraN0 * (M+H)*" 510.9651, found 510.9649.

3-((4-Bromophenyl)amino)-1-phenethyl-4-phenyl-1H-pyrrole-2,5-dione
Compound 8i (light yellow solid, 320 mg, yield 72%, R¢ =
0.20 (EA/Hex=15%)). '"H NMR (400 MHz, CDCl3) &
7.32-7.27 (m, 3H), 7.19 (s, 2H), 7.16 (dd, J=10.0, 8.2 Hz,

Br N 21
N
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5H), 7.03 (dd, J = 8.0, 1.5 Hz, 2H), 6.49 (d, J = 8.7 Hz, 2H), 3.89-3.83 (dd, J = 8.6,
6.9 Hz, 2H), 3.08-2.89 (m, 2H). 3C NMR (100 MHz, CDCls) & 171.74, 168.19,
138.11, 135.52, 131.32, 129.78, 129.12, 128.89, 128.59, 127.80, 127.53, 126.67,
122.74, 117.31, 103.68, 39.62, 34.79. HRMS (ESI) m/z calcd for CasHaoBrN,O,"
(M+H)" 447.0703, found 447.0703.

1-cyclohexyl-3-((3,5-dimethylphenyl)amino)-4-phenyl-1H-pyrrole-2,5-dione
Compound 8l (yellow solid, 243 mg, yield 69%, R¢= 0.40
Q (EA/Hex=15%)) '"H NMR (400 MHz, CDCl3) 8 7.13 (dd, J =
O N =0 5.2, 2.1 Hz, 3H), 7.02 — 6.97 (m, 2H), 6.57 (s, 1H), 6.21 (s,
Nh 2H), 4.06 — 3.95 (m, 1H), 2.11 (dt, J = 15.7, 10.9 Hz, 2H),
1.98 (s, 6H), 1.84 (d, J = 13.4 Hz, 2H), 1.75 (d, J = 10.7 Hz,
2H), 1.67 (d, J=12.0 Hz, 2H), 1.35 (dd, J = 13.1, 3.1 Hz, 2H). *C NMR (100 MHz,
CDCl3) 6 172.23, 168.34, 137.98, 135.91, 135.76, 129.92, 128.64, 127.87, 127.09,
127.02, 125.83,119.41, 117.59, 50.81, 30.10, 25.99, 25.14, 20.88. HRMS (ESI) m/z
calcd for C24H27N20," (M+H) * 375.2067, found 375.2071.

1-Benzyl-3-((2-fluorophenyl)amino)-4-phenyl-1H-pyrrole-2,5-dione
Compound 8m (yellow solid, 257 mg, yield 69%, Rr= 0.26

/@ (EA/Hex=15%)) '"H NMR (400 MHz, CDCls) & 7.48-7.42 (m,
2H), 7.37-7.28 (m, 3H), 7.15-7.10 (m, 3H), 7.06-7.01 (m, 2H),

o= N_o
B 7.01-6.96 (m, 1H), 6.96-6.89 (m, 1H), 6.60 (t, J=7.7 Hz, 1H),
\
QNH 6.28 (td, J = 8.2, 1.4 Hz, 1H), 4.78 (s, 2H). '3C NMR (100
F MHz, CDCls) 6 171.51, 167.91, 155.72, 153.26, 136.49,

135.77, 129.65, 128.97, 128.69, 127.84, 127.62, 127.38, 125.36, 115.36, 115.17,
104.35, 41.90. HRMS (ESI) m/z caled for Co3H sFNo@ * (M+H)* 373.1347, found
373.1347.

1-Benzyl-3-((4-bromophenyl)amino)-4-(furan-2-yl)-1H-pyrrole-2,5-dione

22



Compound 8n (white solid, 300mg, yield 71%, R¢= 0.24
(EA/Hex=15%)) '"H NMR (400 MHz, CDCls) & 7.42-7.37
(m, 2H), 7.33-7.27 (m, 5H), 7.20 (d, J = 1.7 Hz, 1H),
6.84-6.77 (m, 2H), 6.74 (d, J = 3.4 Hz, 1H), 6.42 (dd, J =

3.4, 1.8 Hz, 1H), 4.72 (s, 2H). C NMR (100 MHz,
CDCl) 6 169.48, 167.19, 144.26, 142.59, 136.90, 136.32, 134.52, 131.62, 128.71,
128.55, 127.88, 123.07, 118.00, 111.76, 111.44, 97.65, 41.77. HRMS (ESI) m/z calcd
for C21H16BrN2Os" (M+H)* 423.0339, found 423.0331.

1-Cyclohexyl-3-phenyl-4-(phenylamino)-1H-pyrrole-2,5-dione

Compound 8o ( light yellow solid, 266 mg, yield 77%, R¢=
Q 0.28 (EA/Hex=15%)) 'H NMR (400 MHz, CDCL:) 8 7.30 (d, J
| =12.0 Hz, 1H), 7.06 (d, J = 12.6 Hz, 7H), 6.64 (s, 2H), 4.02 (s,
O © 1H), 2.13 (d, J=10.4 Hz, 2H), 1.75 (m, 5H), 1.32 (m, 3H). 13C
@NH NMR (100 MHz, CDCl3) & 172.12, 168.40, 136.53, 135.96,
129.78, 129.59, 12822, 127.21, 127.17, 12431, 121.51,
102.27, 50.95, 30.16, 26.04 , 25.20. HRMS (ESI) m/z calcd for C2H23N>O," (M+H)*

347.1754, found 347.1752.

N-benzyl-1-(N-(4-bromophenyl)-2-o0xo-2-phenylacetamido)cyclohexanecarboxam

ide, Compound 9 (white solid, 350 mg, yield 67%, Rf=0.42 (EA/Hex=20%)) 'H

Br NMR (400 MHz, CDCI3) 6 7.78 —7.69 (m, 2H),

7.52 (t,J=17.4 Hz, 1H), 7.43 —7.35 (m, 6H), 7.31 —

o O 7.26 (m, 5H), 6.76 (t, J = 5.1 Hz, 1H), 4.62 (d, J =

©)J\IO(N H@ 5.6 Hz, 2H), 2.27 — 2.20 (m, 2H), 1.93 — 1.86 (m,

2H), 1.53 — 1.52 (m, 4H), 1.40 — 1.24 (m, 2H). 13C

NMR (100 MHz, CDCIl3) 6 189.7, 173.1, 168.6, 138.2, 135.7, 134.3, 133.7, 133.1,
131.8, 129.5, 128.8, 128.7, 127.9, 127.5, 123.3, 66.7, 44.3, 33.5, 25.2, 22.5. HRMS

(ESI) m/z calcd for C2gH2sBrN,Os" (M+H) * 519.1278, found 519.1274.
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NMR spectrum of Sa.
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"H NMR and *C NMR spectrum of cis-6a.
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'"H NMR and *C NMR spectrum of cis-6b.
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"H NMR and *C NMR spectrum of cis-6¢.
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"H NMR and *C NMR spectrum of cis-6d.

bLE—

ser—
Zi9
249
zL9
Lo
29
291
S0
520
5.9
1079
109}
58'9]
98'9]
98°9]
88°9]
0691
2691
96°91
96°91
1691
8691
g1
1]
CI
2
£
e/
L
£6°/
=2
¥G'L
95/

H20

EtOAc

e

=00}
N

cl

=llC

W

m_jw_‘.N
14
Wm_‘.w

Agze

e
sz

i

10

11

12

13

14

15

L6 Ly~
Yo'l
1028~

£5°89L~
08'691L-"

60 50 40 30 20 10

70

200 190 180 170 160 150 140 130 120 110 100 20

210

31



"H NMR and *C NMR spectrum of cis-6e.
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"H NMR and *C NMR spectrum of cis-6f.
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"H NMR and *C NMR spectrum of cis-6g.
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'"H NMR and *C NMR spectrum of cis-6h.
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'"H NMR and *C NMR spectrum of cis-6i.
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"H NMR and *C NMR spectrum of cis-6j.
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'"H NMR and *C NMR spectrum of cis-6k.
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'"H NMR and *C NMR spectrum of cis-6l.
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"H NMR and *C NMR spectrum of trans-7a.
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"H NMR and *C NMR spectrum of trans-Tec.
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"H NMR and *C NMR spectrum of trans-Te.
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"H NMR and *C NMR spectrum of trans-7g.
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'"H NMR and *C NMR spectrum of trans-7h.

qrqé

Sl
1o

009—
1497
mw@/
502

hqhﬁ
9T LA

=pC'e

reez|

Pzl
X601
51

=00'L

6L
6T°L
0g'L
Led
ep'L
Syl
§5°L
L5'L

66’}
7822
o0s
88
=£zZ

0.0

10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05

11.5

LTel—

9L'er—~
L7 er—

L8 PE—
Z8'09—

AR

15€2hy
£8'4Z1,
TATAR
LZ6Th

PEOCL~
SgLELT
hmmmfﬁ

reEEol—
Spegl—

LA

L

180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10

190

46



'"H NMR and *C NMR spectrum of trans-7j.
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"H NMR and *C NMR spectrum of trans-7Kk.
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"H NMR and *C NMR spectrum of 8a.
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'"H NMR and *C NMR spectrum of 8b.
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"H NMR and *C NMR spectrum of 8c.
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"H NMR and *C NMR spectrum of 8d.
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"H NMR and *C NMR spectrum of 8e.
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"H NMR and *C NMR spectrum of 8f.
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"H NMR and *C NMR spectrum of 8g.
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'"H NMR and *C NMR spectrum of 8h.

oL'v—
059,
259
06'97
2691
6L
122
92 4L
621~
oo f
eel
el
ge' 2
L2
£v'2]

O

Br

HzO‘-\

*=00¢

=€0C
Lo'e
0T
mm_‘mw‘m
02

10

11

12

13

14

15

66'Ly—

veZ0L—
18211y
00'zzk
88'ezl
v6°LZL
59'8ZL
£L'8zt
99°0€L~"
Nm._mdw
1G°LEL
1Z'sEl
0L'SEL
1295l

8L 91—
Ve lil—

Br

50 40 30 20 10

70

200 19 180 170 160 150 140 130 120 110 100

210

56



"H NMR and *C NMR spectrum of 8i.
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"H NMR and *C NMR spectrum of 8.
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'"H NMR and *C NMR spectrum of $m.
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'"H NMR and *C NMR spectrum of 8n.
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"H NMR and *C NMR spectrum of 8o.
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'"H NMR and *C NMR spectrum of 9.
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