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1. General Information

Unless otherwise stated, all solvents and reagents were purchased from commercial sources
(Energy or Meryer Chemicals etc.), they were analytically pure and used without further purification.
Anhydrous solvents were dried and distilled by standard techniques before use or were purchased
from commercial sources (Energy Chemicals etc.).

Silica gel GF2s4 and column chromatography silica gel for isolation (200-300 mesh) were both
purchased from Qingdao Broadchem Industrial Co., Ltd. Reaction progress was monitored by thin-
layer chromatography (TLC) on silica gel GF2ss with ultraviolet (UVasanm or UVagsnm) detection.
'HNMR and *CNMR spectra were recorded on a Bruker AV 400 spectrometers with CDCl; as
solvent and tetramethylsilane as the internal standard. The chemical shifts (3) were recorded in parts
per million (ppm). Data for *H NMR are reported as follows: chemical shift (8: ppm), multiplicity (s,
singlet; d, doublet; t, triplet; g, quartet; and m, multiplet), coupling constant (Hz), integration and
assignment (H). Data for 3C NMR are reported in terms of chemical shift (8: ppm).

The agriculturally important plant pathogens were provided by the College of Plant Protection,

Nanjing Agricultural University (Nanjing, China).



2. Synthesis and Structural Elucidation of Ligands

2.1 Synthesis of Ligand L15

OH
- L-tert-Leucinol — HN_’/_ _ O
\ % COOH - > \ 7 2 DAST (2.0 eq) > \ 7 \ ]/,
N EDCi, HOBt, DCM VA WA DCM. -78°C NN I<
Br
Br Br s1 s2
Carbazole (1.1 eq) = O
CuCl (10 mol%) . \ j’
N-Me-Imidazole (20 mol%) N N '/,[<

tBUOLI (1.5 eq) o O N
toluene (0.25 M), 130°C
Q L15: 6-N-carbazole-PyOx

To a dried Schlenk flask charged with 6-Br-pyridine-2-carboxylic acid (10 mmol, 2.04 g)
and L-tert-Leucinol (10 mmol, 1.17 g) was added anhydrous dichloromethane (100 mL) for
dissolution. Hydroxybenzotriazole (HOBt) (1.75 g, 13 mmol) and N-(3-(dimethyl amino)-
propyl)-N'"-ethylcarbodiimide hydrochloride (EDC-HCI) (2.50 g, 13 mmol) were then added
while the reaction flask was in an ice bath. The mixture was allowed to gradually warm to
room temperature, and it was stirred overnight until full consumption of the carboxylic acid
detected by thin layer chromatography (TLC). The mixture was quenched by the addition of
a saturated aqueous solution of NaHCO3 (50 mL) and separated. The water phase was
extracted with dichloromethane (50 mL x 3), and the combined organic phase was
sequentially washed with water (30 mL x 2) and saturated aqueous NaCl (30 mL), dried over
anhydrous sodium sulfate, and concentrated under vacuum. Purification by silica gel column
chromatography on silica gel with hexane/EtOAc (2:1, v/v) as the eluent gave the amide S1
in 63% yield as white solid.

To a Schlenk tube charged the amide (5.0 mmol) was added anhydrous DCM (20.0 mL)
under N> atmosphere. Diethylaminosulfur trifluoride (DAST) (1.6 g, 10 mmol) was added

dropwise at -78°C. The reaction mixture was stirred at -78°C until the full consumption of



the starting material was detected by TLC. The mixture was quenched by the addition of a
saturated aqueous solution of NaHCO3 (20 mL) and separated, The water phase was extracted
with dichloromethane (20 mL X 3), and the combined organic phase was sequentially washed
with water (20 mL x 2) and saturated aqueous NaCl (20 mL), dried over anhydrous sodium
sulfate, and concentrated under vacuum. Purification by silica gel column chromatography
on silica gel (200-300 m) with hexane/EtOAc (2:1, v/v) as the eluent gave the ligand S2 in
65% yield as white solid.

To a Schlenk tube charged the S2 (0.2 mmol), tBuOL.i (0.3 mmol, 1.5 equiv), CuCl (0.02
mmol, 10 mol%), N-Me-Imidazole (0.04 mmol, 20 mol%) and carbazole (0.22 mmol, 1.1
equiv) was added anhydrous toluene (0.8 mL, 0.25 M) under N2 atmosphere. The reaction
mixture was stirred at 130° C until the full consumption of the starting material was detected
by TLC. The mixture was quenched by the addition of H,O (5 mL) and separated, the water
phase was extracted with EtOAc (5 mL x 3), dried over anhydrous sodium sulfate, and
concentrated under vacuum. Purification by silica gel column chromatography on silica gel
(200-300 m) with hexane/EtOAc (15:1, v/v) as the eluent gave the ligand L15 in 53% vyield
as white solid.

M.p.75-76 °C. 'HNMR (500 MHz, CDCls) & 8.13-8.08 (m, 3H), 7.99 (t, J = 7.8 Hz, 1H),
7.92 (d, J = 6.6 Hz, 2H), 7.75 (dd, J1 = 8.1 Hz, J» = 0.9 Hz, 1H), 7.47 - 7.44 (m, 2H), 7.34-
7.31 (m, 2H), 4.50 (dd, J; = 10.2 Hz, J; = 8.7 Hz, 1H), 4.36 (t, J = 8.5 Hz, 1H), 4.17 (dd, J,
=10.2 Hz, J> = 8.3 Hz, 1H), 1.01 (s, 9H). 3CNMR (126 MHz, CDCls) §162.5, 151.6, 147.0,

139.5, 139.1, 126.5, 124.6, 121.3, 121.2, 120.4, 120.3, 111.4, 69.6, 34.2, 26.1.



2.2 Synthesis of Ligand L.16, L17 and L18

— — L-tert leuminol
, \ N/ m-CPBA ] \ N/ TMSON, TEA \ / CN ! ZnOAc), j
DCM b _MeCN, 110°C__ “Phol, 140°C

H
S3

Iz

To a dried Schlenk flask charged with 7-azaindole (10 mmol, 1.18 g) was added anhydrous
dichloromethane (100 mL) for dissolution. m-CPBA (15 mmol, 1.5 equiv) was then added
while the reaction flask was in an ice bath. The mixture was allowed to gradually warm to
room temperature, and it was stirred overnight until full consumption of the pyridine-2-ethyl
detected by thin layer chromatography (TLC). The mixture was quenched by the addition of
a saturated aqueous solution of NaHCOs3; (100 mL) and separated. The water phase was
extracted with dichloromethane (100 mL x 3), dried over anhydrous sodium sulfate, and
concentrated under vacuum to give the product S3, which can be used in next step without
further purification.

To a Schlenk flask charged the nitrogen oxide S3 (5.0 mmol) and TMSCN (18 mmol, 3.6
equiv) was added anhydrous MeCN (20 mL). Triethylamine (TEA) (7.5 mmol, 1.5 equiv)
was added dropwise. The reaction mixture was stirred at 110°C until the full consumption of
the starting material was detected by TLC. The mixture was quenched by the addition of a
saturated aqueous solution of NaHCO3 (30 mL) and separated, The water phase was extracted
with EtOAc (30 mL x 3), and the combined organic phase was sequentially washed with
water (20 mL x 2) and saturated aqueous NaCl (20 mL), dried over anhydrous sodium sulfate,
and concentrated under vacuum. Purification by silica gel column chromatography on silica

gel (200-300m) with hexane/EtOAc (10:1, v/v) as the eluent gave the cyanated compound



S4 (47% yield in two steps) as white solid.

To a Schlenk flask charged the compound S4 (1.0 mmol) and Zn(OAc). (0.2 mmol, 0.2
equiv) was added anhydrous PhCI (5 mL). Then L-tert-Leucinol (1.5 mmol, 1.5 equiv) was
added. The reaction mixture was stirred at 140°C until the full consumption of the starting
material was detected by TLC. The mixture was quenched by the addition of a saturated
aqueous solution of NaHCO3 (5 mL) and separated. The water phase was extracted with
EtOAc (5 mL x 3), and the combined organic phase was sequentially washed with water (5
mL x 2), dried over anhydrous sodium sulfate, and concentrated under vacuum. Purification
by silica gel column chromatography on silica gel (200-300m) with hexane/EtOAc (5:1, v/v)
as the eluent gave the I Ligand L18 as white solid in 61% yield. M.p.189-192°C. 'H NMR
(500 MHz, CDCl;) 6 8.03 (dd, J1 = 0.7 Hz, J> = 0.7 Hz, 1H), 7.95 (d, J = 8.1 Hz, 1H), 7.63
(dd, /1 =3.4Hz,J. =2.6 Hz, 1H), 6.55 (dd, J1 =3.4 Hz, /.= 1.9 Hz, 1H), 4.54 (dd, J1 = 10.2
Hz J> = 8.4 Hz, 1H), 4.43 (t, J= 8.1 Hz, 1H), 4.21 (dd, Ji1 = 10.1 Hz, J, = 7.8 Hz, 1H), 1.02
(s,9H). *C NMR (126 MHz, CDCl3) § 163.4, 148.3,138.9, 129.6, 128.9, 122.9, 116.2, 100.3,
76.6, 69.2, 34.3, 26.1.

Ligands L16 and L17 were synthesized according to the same procedure as above.
— 0]
g \Nl,,<

White solid. M.p.111 - 113°C. 'H NMR (500 MHz, CDCls) § 9.48 — 9.27 (m, 1H), 8.37 (d,

L16

J=8.3Hz, 1H), 8.23 (d, J = 8.3 Hz, 1H), 7.92 — 7.89 (m, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.77



—7.69 (M, 3H), 4.59 (dd, J1 = 10.3 Hz, J2 = 8.6 Hz, 1H), 4.44 (t, J = 8.5 Hz, 1H), 4.21 (dd,
J1 = 10.3 Hz, J2 = 8.4 Hz, 1H), 1.03 (s, 9H).
13C NMR (126 MHz, CDCls) § 163.4, 146.1, 145.7, 136.4, 133.8, 131.6, 129.4, 128.7,

127.9, 127.5, 127.4, 125.1, 125.0, 122.1, 69.7, 34.3, 26.2.

— 0
N \
= =, <
L17
Colorless oil. *H NMR (400 MHz, CDCls) § 8.98 (dd, J1 = 4.1 Hz, J, = 1.7 Hz, 1H), 8.40 (m,
2H), 8.33 (m, 1H), 7.65 (dd, J1 = 8.6 Hz, J2 = 4.2 Hz, 1H), 4.12 — 3.98 (m, 2H), 3.74 (dd, J1

=10.2 Hz, Jo = 8.0 Hz, 1H), 1.04 (s, 9H). 3C NMR (101 MHz, CDCl3) & 164.7, 152.5, 150.3,

1445, 142.0, 138.7, 137.8, 125.0, 122.6, 62.9, 60.4, 34.1, 27.1.

3. Enantioselective Addition of Arylboronic Acid to Maleamide
3.1. General Procedure

B(OH), o Bn Ligand (6 mol%) Bn 2
/©/ N PA(TFA), (5 mol%) _ N J
o * ~/° T DCE(02M),60°C
o
8a 10a

9a

To a Schlenk tube charged with Pd(TFA) (0.01 mmol, 3.3 mg, 5 mol%), ligand (0.012
mmol, 6 mol%) and 4-OMe-PhB(OH), (60.8 mg, 0.4 mmol, 2.0 eq) was added DCE (0.5
mL). The mixture was stirred at 60 °C for 15 min to afford the catalyst solution.

To the above solution was added N-Bn-Maleimide (37.4 mg, 0.2 mmol) and 0.5 mL DCE

(The volume of DCE is 1.0 mL). The tube was placed in the modules of the reactor which



was set at 60°C. After stirring for 36 h, the solvent was removed by rotary evaporation.
The residue was purified by column chromatography (petroleum ether/EtOAc = 10/1, v/v)
to give the desired chiral pyrrolidine-2,5-dione product 10a as white solid.

Bpy (2,2- Bipyridine) was utilized as a ligand for the preparation of the racemic products.

3.2. Optimization of the Reaction Conditions

3.2.1 Ligand Screening® ”

To select the appropriate chiral nitrogen-containing chiral ligand(s), N-benzylmaleimide and
4-methoxyphenylboronic acid were chosen as benchmark reaction partners. Versatile chiral
ligands developed by our groups or synthesized according to the previous reports, were

thoroughly tested.



B(OH), o Bn Ligand (6 mol%) Bn O
/©/ N PA(TFA), (5 mol%) =N J
o * ~/ 2 " DCE (0.2 M), 60°C 5
10a

8a 9a
7 “NH
- ° HN—( ° B ¢ T °
y) \j S/ \],, / \]
\_/ \Nj""l< \_7 N\, [< NN [< \_7 -, /<
L1 L2

L3 L4
31% yield, 80% ee 37% vyield, 86% ee 43% yield, 62% ee 52% vyield, 67% ee
— o) — 0 — o) — 0
S0 S0, 00, Q0
L5 L5-1 L5-2 L6
64% yield, 91% ee 15% vyield, 60% ee 34% yield, 65% ee 68% yield, 58% ee
L G O 0
Fsc‘<\jN>_<\N ] ,< N7\, [< Q_ﬂ' [< i} 7N\, [<
L7 L8 L9 L10
43% vyield, 44% ee 34% vyield, 60% ee 63% yield, 92% ee 31% yield, 90% ee

o — O
— — O — O
V=9
\ \], / \j / \] N N
Q_<N "/K \ N N— ", \ N N=— %, C K
T O O
L11 L12 L13 L14

24% vield, 28% ee 25% yield, 87% ee 29% vield, 14% ee 17% yield, < 10% ee

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase.

3.2.2 Solvent Screening *

B(OH), o Bn L9 (6 mol%) Bn,
- /©/ . N PA(TFA), (5 mol%) bml@o/
o =~/ O “solvent(0.2M),60°C 4
8a 9a 10a
entry solvent Yield (%) ® ee (%)°
1 DMF 19% 46%
2 THF 31% 20%
3 Toluence 19% 63%

10



4 MeCN 15% 34%
5 DMSO N.D.

6 Butyl acetate 17% 61%
7 CHCl3 9% 57%
8¢ MeOH 22% 17%
9d DCM 53% 78%

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase. ¢ f!-CarOx as Ligand. d temp as 40°C. N.D. = not detected.

3.2.3 Metal Screening *

(0]
B(OH), Bn L9 (6 mol%) Bn_
/©/ O, N Metal (5 mol%) N nnleO/
~N + o >
0 \I\;)‘: DCE (0.2 M), 60°C 5
8a 9a 10a
entry metal Yield (%) © ee (%)°
1 Pd(OAC), 17% 84%
2 PdCl, N.D.
3 Cu(TFA)yH,0 N.D.
4 Ni(OAc),4H,0 N.D.
5 Ag.OTf N.D.

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase. N.D. = not detected.

3.2.4 Temperature Screening *

B(OH), o Bn L9 (6 mol%) Bn, 7
R /©/ . N PA(TFA), (5 mol%) bllll@_(}/
0 ~/ °© TDCE(02M), Temp.
8a 9a 10a
entry Temp. (°C) Yield (%) ° ee (%) °
1 40 17% 83%
2 60 63% 91%
3 80 9% 77%

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

11



stationary phase.

3.2.5 The Effect of the Amount of PMP-B(OH)2?

(0]
Bn L9 (6 mol%) Bn.
B(OH), . 0 N, Pd(TFA), (5 mol%) - bun@—o/
<o ~/ 0 DCE(02M),60°C
8a 9a 10a
entry Amount of PMP-B(OH), Yield (%) ° ee (%) °
1 1.5eq 46% 92%
2 2.0eq 63% 92%
3 3.0eq 33% 89%
4 4.0eq 31% 89%

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase.

3.2.6 The Effect of Aryl Boron Variants *
0]

L9 (6 mol%) Bng
©/ PA(TFA); (5 mol%) N @
DCE (0.2 M), 60°C 5
10a
entry PhBX Yield (%) ® ee (%) °
1 PhBPin N.D.
2 PhBF;K N.D.
3 (PhBO); N.D.
4 PhBneop N.D.

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase. N.D. = not detected.

3.2.7 The Effect of the ratio of L11 to Pd(TFA)2?

O
Bn L9 (x mol%) Bn
/ N
B(OH), . Ox N PA(TFA), (y mol%) b"“QO/
~ <~/ ° "DCE (0.2 M), 60°C 5
2a 9a 10a

12



entry  Pd(TFA)»/mol% L9/mol% Yield(%) ® ee (%) P

1 5% 7.5% 29% 2%
2 5% 6% 63% 92%
3 10% 12% 46% 77%

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase.

3.2.8 The Effect of the Reaction Concentration ?

O
Bn son, L9 (6 moi%) Bn.
Ox N /©/ > _P(TFA), (5 mol%) b,,,,@_o
+
\I\;):O o DCE (x M), 60°C 5 \
9a 8a 10a

entry Amount of DCE Yield (%) ® ee (%) °
1 0.4 M (0.5 mL) 70% 83%
2 0.2 M (1.0 mL) 63% 92%
3 0.1 M (2.0 mL) 55% 96%

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase.

3.2.9 Screening of Additive *

L9 (6 mol%) o

Bn Pd(TFA), (5 mol%) Bn
Os_N B(OH)2  agditive (0.5 eq) N
\I\;):O + - nn O\
~ MeO DCE (0.2 M), 60°C o
9a 8a 10a
entry Additive Yield (%) ® ee (%) °
1 K>COs 89% 30.2%
2 tBuOk 57% 79.9%
3 PhCOOH N.D.

a All reactions were run at 0.2 mmol scale. b Isolated yield and ee determined by HPLC on a chiral

stationary phase. N.D. = not detected.

13



4. Substrate Scopes of this Methodology

4.1 Substrate Scope of Maleimides

0O

B(OH), R L5/ L9 (6 mol%) R
/©/ \V\bﬁ Pd(TFA), (5 mol%) b,PMP
o - O

DCE (0.2 M), 60°C

8a 9a-9x PMP = 4-OMe-Ph 10a-10x
0 0 0 OMe o
PR Ny N N
PMP PMP PMP N
MeO PMP
o o o G
MeO 10c 10d

10a
L5: 64% yield, 91% ee
L9: 63% yield, 92% ee

[¢)
10e
L5: 46% yield, 86% ee
L9: 32% yield, 44% ee

F
Ty
Jﬁ
PMP

oi
L5: 58% yield, 89% ee
L9: 53% yield, 91% ee

g

(6]
10m
L5: 56% vyield, 84% ee
L9: 72% yield, 84% ee

0O

N
tBu HPMP

O
10q
L5: 37% yield, 74% ee
L9: 48% vyield; 76% ee

10b
L5: 38% yield, 87% ee
L9: 46% yield, 99% ee

L5: 36% yield, 88% ee
L9: 33% yield 63% ee

O
10f 10g
L5: 43% yield, 90% ee L5: 58% yield, 90% ee
L9: 36% yield, 79% ee L9: 49% yield, 83% ee
o (0]
mpPNP "PMP
o
° 10] 10k

L5: 59% yield, 94% ee

L5: 56% vyield, 98% ee
L9: 62% yield, 88% ee

L9: 34% yield, 85% ee

10n 100
L9: 62% yield; 62% ee L9: 58% vyield; 58% ee

O
HN
b'“PMP
O
10r

L5: 58% yield, 87% ee
L9: 44% yield, 73% ee

L5: 32% yield, 88% ee
L9: 43% yield 51% ee

o
\/\
\ PMP PMPMeO b_

10h0O
L5: 45% yield, 92% ee
L9: 48% yield, 82% ee

N Wi
J§
"PMP
(0]

101
L5: 72% yield, 95% ee
L9: 65% yield, 91% ee

O

Ph
b-upmp

o
10p
L5: 57% yield, 81% ee
L9: 64% yield, 84% ee

Unsuccessful examples H
= 0
0 B0 PhHN %
X
e} N PMP 0
PMP PMP o N
o) o) o]
10s 10t 10u 10v PMP

14



4.2 Substrate Scope of Ar-B(OH)2

I|3n
9a

B(OH)2

8b-8m

L5/ L9 (6 mol%)

O
Bn

PA(TFA), (5mol%) N @

DCE (0.2 M), 60°C

(o)
11b-11m

O
O
nn OBn
o]

11b
L5: 63% vyield, 75% ee
L9: 56% yield, 67% ee
0O

u

O

1Me
L5: 54% vyield, 75% ee
L9: 46% vyield, 47% ee

0O

Bn\NI >—< >—CF
3

© 11h
L5: 46% vyield, 46% ee
L9: 37% vyield, 0 ee

11k
L5: 54% vyield, 80% ee
L9: 47% yield, 61% ee

Bn\N ff :

o]
1c
L5: 68% yield, 65% ee
L9: 61% yield, 45% ee

O
Pees
" Ph
O

11f
L5: 78% yield, 54% ee
L9: 82% vyield, 61% ee

o 0

B g :/< \,O

T
L5: 40% vyield, 88% ee
L9: 45% vyield, 60% ee

O OMe
Bn\N ff j
(o]
1l

L5: 58% yield, 38% ee
L9: 66% yield, 46% ee

Bn

\E /
Z
|

o]
11d

L5: 57% yield, 84% ee

L9: 48% vyield, 57% ee

Bn

O,
E /
=z
|
i

Mg
L5: < 5% yield, n.d.
L9: 49% vyield, 45% ee

L5: 42% vyield, 53% ee
L9: 55% vyield, 95% ee

MeO
11m

L5: < 5% yield, n.d.
L9: < 5% yield, n.d.

15



5. Antifungal Bioassay of 3-Arylsuccinimides

5.1 Initial Antifungal Screening

The antifungal activity of the target compounds was tested in vitro against the plant

pathogenic fungi using the mycelium growth rate test. All the tested compounds were

dissolved in DMSO at a concentration of mmol/mL. The media containing compounds at a

concentration of 0.1 mmol/mL were then poured into Petri dishes for initial screening.
Inhibition rate (%) = (C—T) / (C—5 mm) x 100%

Where C: The average diameter (in mm) of mycelia in the blank test, 7: The average diameter

(in mm) of mycelia on treated PDA with tested compounds.

Inhibitory Rate at 100 uM (%)
R.s S.s B.c F.g P.o
rac-10a | 79 236 | 63 P32 | 113
10 [NO0SN NG6Y NO00N WBsc S8
rac-10b | 34 MB179 | 1.1 BMogs BBoo
10p 05 Bhos BooN N 141 B4
rac-10e 803 B8 B 135 Bl201 BBoo
10c P8 N o Poso 534
rac-10c 236 6.1 B156 BSE: 809
10c a7 B2z B0l M 158 BRos
rac-10h [Nedn 6E Bz BSE: BSic

Compds.

10n [NS6A WS33 WESE W05 [W6ib
rac -10i o BB1s PF2io B 20 Phoo
100 BEbi1 BB2s Bi167 | 49 Phrs
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rac -10;
10j
rac-10k
10k
rac-101
101
rac-10m
10m
rac-10n
10n
rac-100
100
rac-10p
10p
rac-11lc
11c
rac-11d
11d
rac-11f
11f
rac-11g
l1g
rac-11h
11h
rac-11j
11j
S-11;
boscalid

b
.
o0

(]
oo
-]
=

]
k2
L
N

[
[a—
M .
=

]

O A

oo W
=

k-2
\O

o

19.7

b 7
N 1456
I 101
8.1
1
7

= II.

=Y

s 8
845

I;

=

~]
[a—

I k2
ot =
th =1 b2

II\F>:h
el 4 DL ]

I

O

==
— ]

26

s~
[a—
iyl :
= O Oy
.
oo

ll&m N

6
7.5
234
0.5

)




5.2 Precise Antifungal Test

In the precision antifungal test, the 20 mg/mL stock solution was diluted to 100, 50, 25, 12.5,

6.25, 3.125 uM and the above experiments were repeated for three times, the inhibition rates

were calculated separately. The statistical analyses were performed by SPSS software version

20.0. Inhibition rate was calculated as follows,

Inhibition rate (%) = (C—T) / (C—5 mm) % 100%

Where C: The average diameter (in mm) of mycelia in the blank test, T: The average diameter

(in mm) of mycelia on treated PDA with tested compounds.

Compds. ECso (uM)

R.s S.s B.c P.o
rac-10m  69.83 3999 21404 128.76
10m 3931 2571 30451 32826
rac-11d 93.68 13438 107.06 40091
11d 4699 4301 4399 46.79
rac-11h 1824 1432 3327 29.65
11h 3203 1333 15.14 22.27
rac-11j 127.52 3498 7334 11.83
11j 2631 50.11 4441 16.12

S-11; 118.7 70.7 163.7 21.2

boscalid 1.22 1.56 538 1.02
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6. Characterization of Chiral 3-Arylsuccinimides

(R)-1-benzyl-3-(4-methoxyphenyl) pyrrolidine-2,5-dione (10a)

O

Bn\N! >—< >—0|v|
e

)

White solid. Yield: 64% yield (L5); 63% yield (L9).

The '"H NMR data is in accordance with that of previous publications. (Chem. Eur. J. 2015,
21, 11050-11055)

'"H NMR (500 MHz, CDCl;3): § 7.41-7.39 (m, 2H), 7.34-7.29 (m, 3H), 7.10-7.07 (m, 2H),
6.89-6.86 (m, 2H), 4.72 (dd, Ji1 = 29.3 Hz, J» = 14.1 Hz, 2H), 3.98 (dd, J1 = 9.6 Hz, J» = 4.8
Hz, 1H), 3.79 (s, 3H), 3.18 (dd, J1 = 18.5 Hz, J>» = 9.5 Hz, 1H), 2.79 (dd, J1 = 18.5 Hz, J» =
4.8 Hz, 1H).

HPLC trace: Daicel chiralcel OD-H, hexane/ i -PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 17.4 min (major), tr2 = 20.8 min (minor); ee = 90.5%.

L9: tr1 = 17.0 min (major), tr2 = 20.6 min (minor); ee = 91.7%.

mv Max Intensity . 78,864
FaTIEE A 2200m) Time 20137 Inten -02855
100+
504
e k'3
T T
50
T T T T T T T T T T T T T T T T T
15.0 155 16.0 16.5 17.0 17.5 18.0 18.5 198.0 19.5 20.0 205 2.0 215 220 225 230 min
< >
B ¢ £RUE - &%
BE  jkaw oA ot
oS fENE [ ] =K #Fid *E il dv #&59ms #ahE s
il 17 611 2600141 Tarez 60964 50954
2 20, 951 2406519 64090 49. 046 489, 46
=i 4806660 143511 100. 000 100. 000
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my Max Intensity : 245 619
75 A Z30nm Time 21867 Mien. 5.607]
50
25
v v
© 7w G
T T T T T T T T T T T T T T 1
150 155 18.0 165 17.0 175 18.0 185 18.0 185 200 205 210 215 min
< 2>
B¢ S£RUE - Ex
B {kay @ fE
351 fEHE [ =13 #FiG *E HEH #*HEPns #*EPE il
T 17260 2136434 EE G B B
H 20,821 107082 ME| W 1772 1772
X 2243495 72489 100, 000 100, 000
mv Max Intensity - 4,000,000
AZZ00m Time 21932 Tten 7,000
1000
500
v y
0 6 (3
180 185 180 185 17.0 175 18.0 185 18.0 195 200 205 210 215 220 min
O < ZRUE - Bx
B=  waw A BrEhE
s frEnE mi =k {#ic HE KRN f&hns tahE s
T 16 588 R56RTEAE BRI G 54 617
B 20 616 22E7064 G § 385 BEE
[ 41545505 1274754 160060 160, 00

(R)-1-(4-methoxybenzyl)-3-(4-methoxyphenyl) pyrrolidine-2,5-dione (10b)

0O

N
/©/\ OMe
MeO

o)

Colorless oil. Yield: 38% yield (LS); 46% yield (L.9).

'H NMR (500 MHz, CDCls) § 7.40 — 7.30 (m, 2H), 7.12 — 6.99 (m, 2H), 6.89-6.82 (m, 4H),
4.70 — 4.59 (dd, J = 2H), 3.94 (dd, J:= 9.5 Hz, J» = 4.7 Hz, 1H), 3.78 (s, 6H), 3.15 (dd, J1=
18.0 Hz, J2=9.6 Hz, 1H), 2.75 (dd, J1= 18.5 Hz, J>=4.7 Hz, 1H).

13C NMR (126 MHz, CDCl3) § 177.9, 176.1, 159.5, 159.3, 130.5, 129.3, 128.6, 128.3,
114.7,114.1,55.5, 55.4, 45.3, 42.3, 37.4.

HPLC trace: Daicel chiralcel AD-H, hexane/ i -PrOH = 70/30, 220 nm, 1.0 mL/min.

LS: tr1 = 12.4 min (minor), trz = 15.6 min (major); ee = 86.6%.

L9: tr1 = 12.2 min (minor), trz = 15.2 min (major); ee = 98.6%.
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(R)-1-(3-methoxybenzyl)-3-(4-methoxyphenyl) pyrrolidine-2,5-dione (10c)

MeO O

OMe
(0]

Colorless oil. Yield: 36% yield (LS); 33% yield (L9).

mv Max Intensity : 160,636
1e0 JEATEEAZZ00 Time TE427 Tten. EEL>
1009
50
110 115 12.0 125 130 135 1do 1ls 12,0 125 18.0 min
< >
B < HROE - Ex
B= (a8 firciiii-
|33 #HNE [ i = iFie i HEPf tLEPns taPs [k
i 1z, 427 2636913 (G 35563 45 563
B 15. 600 2062276 127943 | ¥ 50,117 50,117
ot B631185 289577 100. 000 100, 000
mv Max Intensity : 2,605,146
00 PETIEEA 530nm Time 14779 Ten. T8
100
o] - = - W
-1004
110 115 12.0 125 130 135 140 145 120 185 16.0 min
< >
0 <& SERNE - EE
BE (aw | it
s #eEnE [ = e R RERE LESPns tams s
T 1z.411 B G 52, 224 52 424
B 16,561 210310 1034z| M 7576 TET6
21t 2775862 162125 100000 100000
mv Max Intensity : 204,366
A Z200m Time 12845 hten. 7393
10
0 &
*
. ¥
180 175 1200 1225 1280 1275 1300 1325 1350 1375 1400 1425 1450 1475 1500 1525 1550 1575 1600 1625 min
€ >
O < £R0HE - Ex
B= waw A fioddiit=
gs S hE i =1 iFiL *E RESFH #tEaPns #&hE s
T 12286 295124 I 5. 301 55, 301
5 15 243 IS i 0659 655
23 297203 7484 100, 000 100,000

IH NMR (400 MHz, CDCls) § 7.45 — 7.35 (m, 1H), 7.32 — 7.19 (m, 2H), 7.18 — 7.08 (m, 2H),

7.08 - 6.93 (M, 3H), 4.94 — 4.75 (m, 2H), 4.13 (dd, J1= 9.5 Hz, Jo=4.8 Hz, 1H), 3.94 (d, J =

3.6 Hz, 6H), 3.34 (dd, J1= 18.0 Hz, Jo =9.6 Hz, 1H), 2.94 (dd, J:= 18.5 Hz, J,=4.8 Hz, 1H).
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13C NMR (101 MHz, CDCl3) § 177.8, 176.0, 159.8, 159.3, 137.3, 129.8, 129.2, 128.5, 121,0,
114.6, 114.1, 113.8, 55.4, 55.3, 45.2, 42.7, 37.3.

HPLC trace: Daicel chiralcel OD-H, hexane/ i -PrOH = 70/30, 220 nm, 1.0 mL/min.

LS: tr1 = 17.4 min (major), tr2 = 24.8 min (minor); ee = 88.0%.

L9: tr1 = 17.4 min (major), tr2 = 24.8 min (minor); ee = 63.4%.

my Wax Intensity : 81,523
mﬁﬂ FEA2200m] Time 26.391 Iiten 0.000
1004
504
& *
B T T T T T T + T T T T 1
16.0 17.0 18.0 15.0 200 21.0 220 230 240 250 260 min
8o Z£RuE - gk
Ex  (kaw 4 e
L35 HiHE il =1 1Fic HE KEFN #EPns ke [7itt]
T 17,364 TEUZE2T 52051 50,170 50170
24 E65 2674342 52110 45830 45830
it E366963 134154 100. 000 100, 000
mv Max Intensity : 84,58
100-FEWEEA Z200m] Time nfen.
50
" i
T T
_spd
16.0 17.0 16.0 16.0 200 210 20 230 240 280 260 270 mr
< >
0o #RNE - IEE
BF  zw A T
L3 fERE mi =1 iFic HE EPN ft&Hns #tEaha mis
T 17.391 1173568 ECIG 54030 94030
H 24,801 74508 1751 K 5.970 5.970
= 1248077 0461 100, 000 100,000
oMY Max Intensity : 19,713
a0 A 220nm Time 23437 Tnien. T.055|
25
L\ i
£ 13 w
T T T T T T T T T T T T T T T T T T T T
16.0 16. 17.0 17 18.0 18 15.0 18. 200 20 210 21 2z 2 230 2 240 245 250 @ 2 min
B¢ #RWE - gk
B wawm 4 ficeazt=o
g5 RENHE il =k #Fid KE KEPH fapmns #*Eaha mis
T 17,441 453200 T37e0 L. 727 L. 727
B 24,622 101327 1960 18.273 18.273
=T 554528 15670 100. 000 100. 000

(R)-1-(2-methoxybenzyl)-3-(4-methoxyphenyl) pyrrolidine-2,5-dione (10d)

OMe
0]

OMe
(o]

Colorless oil. Yield: 32% yield (LS); 43% yield (L9).
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IH NMR (400 MHz, CDCls) § 7.22 — 7.13 (m, 1H), 7.10 — 7.00 (m, 3H), 6.86 — 6.76 (m, 4H),

4.79 - 4.62 (m, 2H), 3.92 (dd, J1= 9.5 Hz, J2=4.7 Hz, 1H), 3.72 (d, J = 3.4 Hz, 6H), 3.13 (dd,

3= 18.4 Hz, J,=9.6 Hz, 1H), 2.73 (dd, J1= 18.5 Hz, J,=4.7 Hz, 1H).

13C NMR (101 MHz, CDCl3) § 176.7, 175.1, 158.3, 156.3, 128.5, 128.1, 128.1, 127.6, 122.5,

1195, 113.7, 109.6, 54.5, 54.5, 44.3, 37.3, 36.3.

HPLC trace: Daicel chiralcel OD-H, hexane/ i -PrOH = 70/30, 220 nm, 1.0 mL/min.

LS: tr1 = 9.6 min (major), trz = 19.5 min (minor); ee = 87.8%.

L9: tr1 = 9.6 min (major), trz = 19.5 min (minor); ee = 50.6%.

Max Intensity : 385,327

my
750 PEEEA Z20nm| Time 20577 _Infen 5133
5004
2504 /\
i i
2 T T T T T T T T T T T T
9.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 min
< >
0o ER0E - Ex
E=E  jkaw | Tt
L3 #EHA mi =i i HE REER t5Hns jIASEE] [t
T 9 618 6210835 32580 50566 50. 566
H 19. 668 6071592 182296 M 43,434 49,434
=it 12282730 EE4E76 100. 000 100. 000
mv Max Intensity : 2,157 549
FIEE A 220nm Time 17.183 Inten 1279
500
250 /\J
0 = o
T T T T T T T T T T T T
9.0 10.0 11.0 12.0 13.0 14.0 5.0 16.0 17.0 18.0 19.0 200 min
< >
8o EREE - IEE
BE ey 2 firdadiii=
s fanE =k i HE sl ftEHns hlA=s k] [ it
T G 624 6205745 362608 53919 53919
H 19. 494 401792 12081 . 031 6. 061
St 6607530 374789 100. 000 100. 000
my Max Intensity : 573,994
1000-FETEEA Z200m] Time_ 16.385__Inten 0.755]
» i
B e
9.0 10.0 110 12.0 13.0 140 15.0 16.0 17.0 16.0 18,0 200 min
O < £RUE - 18X
E=  waw | o
s frEmA wi =11 i RE FeRrf #apns #athE mins
T 9. 629 9300746 573699 75. 320 5. 320
B 19. 458 3047665 87709 24,680 24680
= 12345301 661308 100. 000 100. 000

(R)-1-(4-fluorobenzyl)-3-(4-methoxyphenyl) pyrrolidine-2,5-dione (10e)
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Colorless oil. Yield: 46% yield (LS); 32% yield (L9).

IH NMR (400 MHz, CDCls) § 7.41-7.36 (m, 2H), 7.12 — 7.03 (m, 2H), 7.03 — 6.96 (m, 2H),

6.94 — 6.79 (m, 2H), 4.80 — 4.58 (m, 2H), 3.96 (dd, J1= 9.5 Hz, J,=4.7 Hz, 1H), 3.79 (s, 3H),

3.18 (dd, J1= 18.5 Hz, J.=9.5 Hz, 1H), 2.78 (dd, J1= 18.5 Hz, J.=4.7 Hz, 1H).

13C NMR (101 MHz, CDCls) § 177.8, 176.0, 162.6 (d, J = 247.8 Hz), 159.4, 131.8 (d, J =

3.3 Hz), 130.9 (d, J = 8.2 Hz), 129.1, 128.5, 115.7 (d, J = 21.7 Hz), 114.8, 55.5, 45.3, 42.1,

37.4.

HPLC trace: Daicel chiralcel OD-H, hexane/ i -PrOH = 70/30, 220 nm, 1.0 mL/min.

LS: tr1 = 19.2 min (major), tr2 = 24.7 min (minor); ee = 86.2%.

L9: tr1 = 19.3 min (major), tr2 = 24.9 min (minor); ee = 44.4%.

my Max Intensity : 228 416
FEEEA S Tinm Tie 23795 Mien. E
250
v v
T T
18.0 185 18.0 185 200 205 210 215 220 25 230 235 240 245 250 225 20 265 min
< >
B O SR0E - Bk
B=  wew A ToHHhEE
Bgs fEHE mi =5 {Fit. *E HE B #&Pns &HE s
T 15 250 556073 T2RA06 e e
24 987 ] 178153 ¥ [ [
B 11769622 407538 100, 000 100, 000
m Max Intensity : 612,755
£ 2300m T Tme 28357 Inen 3533
500
250
v T =2 T T T T \l’\ T T T T T T n3 T 2
180 185 18.0 185 200 205 210 215 20 25 230 25 240 245 220 2 min
< >
0 ¢ ZRNE - EE
B ey 2 frEraE
gs A il =13 1w REE RERL ftapns #taha mils
T 15 168 16577017 s04Eez| M 53 068 53 55
B 24 851 1154508 379E| W & 602 & 902
Ei 16731526 B4Z4TT 100, 000 100, 0o
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Max Intensity - 199,514

my
200-JETEEA 2100 3 Time 23137 ten 5724
1004 /\

o ¥ /\_\u

LN
180 185 19.0 195 200 205 210 218 220 25 230 238 240 245 280 225 min
< >

B ¢ ZRUE - B%
E= ey A AR

g fREnE i =5 #Fid HE FEPR #&ns atE s
T 19,302 5056579 155508 (= (=
B 24.934 1955562 61541 27, 765 27, 765
[=s 042541 260743 100,000 100, 000

=

=

(3R)-3-(4-methoxyphenyl)-1-(1-phenylethyl) pyrrolidine-2,5-dione (10f)

OO

0]

White solid. Yield: 43% yield (L5); 36% yield (L9).
'H NMR (500 MHz, CHCl3) § 7.38 (d, J = 7.3 Hz, 2H), 7.28 — 7.16 (m, 3H), 7.02 — 6.93
(m, 2H), 6.82 —6.74 (m, 2H), 5.42-5.36 (m, 1H), 3.80 (ddd, J;= 12.2 Hz, J,=9.7 Hz, J3=
4.8 Hz, 1H), 3.70 (d, J = 4.7 Hz, 3H), 3.03 (dt, J1= 18.4 Hz, J2=9.4 Hz, 1H), 2.64 (ddd, J1=
18.3 Hz, J,=8.5 Hz, J3= 4.6 Hz, 1H), 1.76 (dd, J1= 12.6 Hz, J,=7.4 Hz , 3H).
13C NMR (126 MHz, CHCI3) § 178.0, 177.9, 176.1, 176.1, 159.3, 159.3, 139.7, 139.6, 129.5,
128.6,128.5, 128.0, 127.9, 127.7,127.6, 114.7, 114.6, 55.4, 50.8, 50.5, 45.0, 37.3, 37.2, 16.8,
16.5.
HPLC trace: Daicel chiralcel OD-H, hexane/ i -PrOH = 70/30, 220 nm, 1.0 mL/min.
LS: tri1 = 10.8 min (major), trz = 13.2 min (minor), ee = 90.2%.

tr1 = 12.5 min (major), trz = 14.6 min (minor), ee = 8§9.0%.
L9: tr; = 10.9 min (major), trz = 13.2 min (minor), ee = 83.8%.

tr1 = 12.5 min (major), tr2 = 14.6 min (minor), ee = 75.2%.
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mv Max Intensity : 286,035
FETEA 200m Time 712965 Mien 50,321
500
250 M
0 v " &
— T T T Ty T P T e T T
o5 10.0 105 110 115 12.0 125 13.0 135 140 145 150 min
< >
o< HRNE - gE
E= (wawm A HOEHRE
S f£aHE = fa i N &S ftahs s
T 10. 743 5370115 231067 24357 24 307
B 12,411 GZTIEE0 780341 | V . 627 7 627
3 13. 208 GO0GZE5 TEGATZ| ¥ 24547 74 B4T
3 12,258 A BRI 7 439 75 435
X 24450425 1050558 100. 000 100, 000
Max Intensity : 105,947
10 AZ20nm Time 14613 Mnien. 2487
50
u | ¥ ¥
| T T r : 2 | = : i T T
95 10.0 105 110 15 12.0 125 13.0 135 140 145 15.0 min
I >
0o HRuE - EE
B= (ay A iz
s fEnE =113 iFiC HE HEP fL&5Hns #EPE s
T 1025 1092605 52413 [T T
3 12.479 1249618 54381 | ¥ 50.570 50.570
3 13.239 A 2453 | ¥ 7277 7277
1 14578 2564 7655 7937 7937
=X 7471066 112462 100, 000 100, 000
mv Max Intensity : 64,215
HETIEEA 220nm Time 13350 e 5001
=]
J /\ , s *
0 : = .- o
95 10.0 105 110 15 12,0 125 130 135 140 145 min
0 & SRNE - EE
B ey oA T
gs s H il &= {Fic HE REPN ftEPns #Eaha mils
T 10. 536 e B [ENEY 43,542
B 12.543 60691 2324 46,086 46.086
3 13.229 5064 220 V 3. 646 3,646
3 14 580 =D 2 5 526 5 526
it 131681 5336 100,000 100. 000

(R)-3-(4-methoxyphenyl)-1-phenethylpyrrolidine-2,5-dione (10g)

Ph ?
\/\N

o]

OMe

White solid. Yield: 58% yield (L5); 49% vield (L9).

IH NMR (500 MHz, CHCls) § 7.21 (dd, J1= 7.9 Hz, J,= 6.4 Hz, 2H), 7.18 — 7.08 (m, 3H),

6.87 (d, J = 8.7 Hz, 2H), 6.76 (d, J = 8.7 Hz, 2H), 3.83 — 3.71 (m, 3H), 3.71 (s, 3H), 3.01 (dd,
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Ji= 18.4 Hz, Jo=9.6 Hz, 1H), 2.87 (t, J = 7.8 Hz, 2H), 2.59 (dd, J1= 18.4 Hz, J, = 4.8 Hz,

1H).

13C NMR (126 MHz, CHCI3) § 178.0, 176.2, 159.3, 137.7, 129.3, 129.1, 128.7, 128.5, 126.9,

114.6,55.4,45.1, 40.1, 37.3, 33.4.

HPLC trace: Daicel chiralcel AD-H, hexane/ i -PrOH = 70/30, 220 nm, 1.0 mL/min.

L5: tr1 = 9.5 min (major), tr2 = 22.5 min (minor); ee = 8§9.8%.

L9: tri = 9.6 min (major), trz = 22.6 min (minor); ee = 82.8%.

(R)-1-(3,4-dimethoxyphenethyl)-3-(4-methoxyphenyl)pyrrolidine-2,5-dione (10h)

27

mv. Max Intensity : 2,160,318
FETEA 2200m Time 15756 ten 0.857]
2500
/\ i e
" i
90 100 110 120 130 140 150 16.0 170 180 190 200 210 20 230 min
< >
0 & #ERNE - lEE
B= awm 4| fdadiiit=
s #aiE [ il =k 1Fid S REHEA LEPns tEPE s
T 5 Fod 26815336 ziEgiza | W 35 708 45 708
B 7% Edn EENE] SR 50 252 B0 257
= 57977614 3044645 100 000 100,000
mv Max Intensity : 601,017
JEIEE A 2200m)| Time 22.197 Inten. 2.118)
1000
500-] j\
i _ v
9.0 10.0 110 12.0 13.0 140 1.0 18.0 17.0 160 18.0 200 210 220 230 min
< >
0o #RIE - IEx
EB=E ey @ T ERE
S #£EEA il =B {Fic HE HEF R fE&fns {t&tE mils
T 5,519 5030934 559504 M 94,920 94,520
B 22 B45 425539 13536 W B B
Bt 5460673 13152 160, 000 100, 000
my Max Intensity : 285,957
RTIEE A 2200m| Time 21.423 Inten. -0.195]
s00-
250 /\
ol i L ¥
: ; : ; : , , | , ' ; : ]
90 10.0 110 120 130 140 120 18.0 17.0 180 18.0 200 210 220 230 min
B¢ SR0E - IEE
B= ey | s
;e fFEHAE =14 LT R REHE ta&mne ta&thaE wmils
T 5. 600 3624687 8400 | 51,358 51358
B 22,631 355950 11486| M 5,602 5. 602
3 1164635 296416 100, 000 100, 000



MeO.

0
MeO
N
OMe

0]

Colorless oil. Yield: 45% yield (LS); 48% yield (L9).

The 'H NMR data is in accordance with that of previous publications. (Chem. Eur. J. 2015,

21, 11050-11055.)

IH NMR (400 MHz, CHCl3) & 8.32-8.27 (m, 2H), 7.79-7.75 (m, 1H), 7.64-7.60 (m, 1H), 6.82

— 6.69 (M, 3H), 5.36 (dd, Ji= 8.7 Hz, J» = 4.7 Hz, 1H), 4.09 — 3.98 (m, 2H), 3.87 (s, 3H),
3.86-3.83 (m, 3H), 3.80 — 3.70 (m, 3H), 3.10 (dd, J1= 18.3 Hz, J,=8.7 Hz, 1H), 2.90 — 2.81

(m, 2H), 2.61 (dd, J1= 18.3 Hz, J,=4.8 Hz, 1H).

HPLC trace: Daicel chiralcel AD-H, hexane/ i-PrOH = 70/30, 220 nm, 1.0 mL/min.

LS: tri = 9.5 min (major), tr2 = 22.5 min (minor); ee = 92.2%.

L9: tr1 = 9.6 min (major), trz = 22.6 min (minor); ee = 82.4%.

mv

Max Intensity : 1,436,605

A230nm

Time 25189 Inten .150]
50
o & = *
50
215 220 225 230 235 240 2ls 220 225 260 245 min
< >
0o ERNE - iR
= wew & fi- it
S #ERA [ = e RE wERl | taPNS | aPE [ 1L
T 72280 BEE 165 15641 M 49018 45 018
i 74 796 EI1B19 [EY 50082 50582
=21 1956962 29612 100. 000 100, 000

Max Intensity : 1,190,563

my
sofiEIEE A 220nm

ZE—/\
o ol

Time- 25.526 - Inten 1.128]

£l

2175 2200 2225 2250 2275 2300 2325 2350 2375 2400 2425 2450 2475 2500 2525

2600 2625 2650 2675 min
€ >
0O ¢ #R0E - 1%
EF  wawm 4 OERiE
L] #EnA [T =1 i REE REEBf #apns #*&a9a s
T 2. 363 1119736 25367 | M 96. 083 96. 063
H 2. 067 45647 943 3.917 3.917
21t 1165383 26315 1000900 100 ooo
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mv Max Intensity : 1,955,611

A 230nm Time 24414 nfen 0.524]
25
i3
o b T
2178 22100 2228 2250 2278 23.00 2325 2350 2375 2400 2425 2450 2475 2500 2528 2550 " min
€ >

9O ERNE - IEE
EE (AW @ a3

L] frEna [0 =15 tFic RE FEFEL | kaPS | dahs 17} L]
T 22, 312 1086125 E 51164 51 164
H 24,930 105013 L 8516 8.516
B 1191142 27490 100, 000 100. 000

(S)-1-(4-fluorophenethyl)-3-(4-methoxyphenyl)pyrrolidine-2,5-dione (10i)

F

o

0]

Colorless oil. Yield: 58% yield (LS5); 53% yield (L9).

"HNMR (400 MHz, CDCl3) § 7.21 —7.13 (m, 2H), 7.02 — 6.91 (m, 4H), 6.89 — 6.82 (m, 2H),
3.88 (dd, J1= 9.6 Hz, J2=4.6 Hz, 1H), 3.86 — 3.74 (m, 5H), 3.11 (dd, J1= 18.5 Hz, J=9.5
Hz, 1H), 2.94 (td, J1= 7.4 Hz, J.=1.7 Hz, 2H), 2.68 (dd, J1= 18.5 Hz, J>=4.7 Hz, 1H).

3C NMR (101 MHz, CDCl3) § 178.0, 176.2, 162.5 (d, J = 245.7 Hz), 159.3, 133.3 (d, J =
3.2 Hz), 130.6, 130.5 (d, /= 8.1 Hz), 129.2, 128.5, 115.5 (d, /= 21.3 Hz), 114.7, 55.5, 45.1,
40.0,37.2, 32.6.

HPLC trace: Daicel chiralcel AD-H, hexane/ i -PrOH = 70/30, 220 nm, 1.0 mL/min.

LS: tr1 = 26.5 min (minor), trz = 27.5 min (major); ee = 89.2%.

L9: tr; = 26.6 min (minor), trz = 27.6 min (major); ee = 91.2%.
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(5)-3-(4-methoxyphenyl)-1-methylpyrrolidine-2,5-dione (10j)

O

20O
nn OMe

(0]
Colorless oil. Yield: 56% yield (LS); 34% yield (L9).
"H NMR (500 MHz, CDCls): § 7.16-7.13 (m, 2H), 6.91-6.88 (m, 2H), 3.98 (dd, J1 = 9.6 Hz,

Jo = 4.8 Hz, 1H), 3.80 (s, 3H), 3.20 (dd, Ji = 18.5 Hz, J» = 9.6 Hz, 1H), 3.06 (s, 3H), 2.80

(dd, Ji = 18.5 Hz, J» = 4.8 Hz, 1H).

3C NMR (126 MHz, CDCl3): & 178.3, 176.5, 159.3, 129.1, 128.6, 114.7, 55.4, 45.3, 37.3,

25.3.
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HPLC trace: Daicel chiralcel OD-H, hexane/ i -PrOH = 80/20, 220 nm, 1.1 mL/min.
L5: tr; = 17.6 min (major), trz = 18.8 min (minor); ee = 97.6%.

L9: tr; = 17.4 min (major), trz = 18.6 min (minor); ee = 85.0%.

v Max Intensity - 219,442
soo- PRI A 2200m] Time 17755 _Imen 57 58|
250
¥ 4
v - 4
16,00 16028 16150 18175 1700 17725 1750 17775 18700 18725 1850 18775 1900 19025 19’50 "min
0o #R0E - B
B=  wawoa| Bt
HS #EnE wil = #Fic R =Ll ft&hns tEPE mils
T 17,271 EOEATO6 219475 49658 43 6ea
g 18. 408 AU3EEIE 195950 | ¥ E0.342 B0 342
=5 11991629 418425 100. 000 100, 000
W Mk Intensity - 239,443
P 7200w Time 19058 ntén 770
2004
1003
L
0 = T L
-1004
. T : . : . T T T T T {
16:50 1875 17.00 1725 1750 1775 18,00 18125 18150 18175 19.00 19.25 min
< >
B¢ SR0E - IEE
B= s oA Tt
i3] fErHAE il =l #Fit. e R &S *EhE mis
17,628 G270 lo0el| | 9. 757 3. 757
15,642 o918 TG 1253 1243
[=Xia 6349368 Z13679 100.000 100, 000
my Max Intensity - 73,230
A 7200m| e 15.180 nen 0.317
10
v v
o T F
1850 18775 1700 17725 1750 17775 1800 18725 18150 18775 19100 19125 1950 min
B < HRNE - IR
e A i -iiit= o
L3 f#EHA mil =E #Fic RE REPR A=t 00 HamE [Tt
17,354 3TTend IE=ARE 92540 ]
2 18.878 30408 1192 M 7.482 7452
=538 40E06Z 15445 100. 000 100, 000

(8)-1-ethyl-3-(4-methoxyphenyl) pyrrolidine-2,5-dione (10k)

0O
Ppetes
nn OMe
)

Colorless oil. Yield: 59% yield (LS); 62% yield (L9).
"H NMR (500 MHz, CDCl5): § 7.14-7.11 (m, 2H), 6.91-6.88 (m, 2H), 3.95 (dd, J; =9.7 Hz,

J> = 4.6 Hz, 1H), 3.80 (s, 3H), 3.63 (dd, Ji = 14.4 Hz, J» = 7.9 Hz, 2H), 3.16 (dd, J, = 18.4
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Hz, J,=9.8 Hz, 1H), 2.77 (dd, J1 = 18.3 Hz, J» = 4.5 Hz, 1H), 1.21 (t, J= 7.0 Hz, 3H).

3C NMR (126 MHz, CDCl3): § 178.0, 176.3, 159.3, 129.3, 128.5, 114.7, 55.4, 45.2, 37.4,
34.1, 13.2.

HPLC trace: Daicel chiralcel OD-H, hexane/ i -PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 12.9 min (major), tro = 14.2 min (minor); ee = 93.9%.

L9: tr1 = 12.4 min (major), trz = 13.9 min (minor); ee = 88.0%.
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(S)-1-(tert-butyl)-3-(4-methoxyphenyl) pyrrolidine-2,5-dione (101)
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Colorless oil. Yield: 72% yield (LS); 65% yield (L9).

'H NMR (500 MHz, CDCl3): § 7.14-7.11 (m, 2H), 6.91-6.88 (m, 2H), 3.82-3.79 (m, 4H),
3.06 (dd, J1 = 17.9 Hz, J>» = 9.8 Hz, 1H), 2.69 (dd, J1 = 18.3 Hz, J> = 4.9 Hz, 1H), 1.60 (s,
9H).

3C NMR (126 MHz, CDCl3): § 179.3, 177.5, 159.2, 130.0, 128.4, 114.6, 58.6, 55.4, 45.3,
37.6,28.5.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tri = 7.1 min (major), trz = 9.0 min (minor); ee = 94.5%.

L9: tr; = 7.1 min (major), trz = 9.0 min (minor); ee = 90.6%.
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1-cyclohexyl-3-(4-methoxyphenyl)pyrrolidine-2,5-dione (10m)

L ¢

-0

a OMe

o
White solid. Yield: 56% yield (L5); 72% yield (L9).
!H NMR (500 MHz, CHCI3) § 7.13 — 7.07 (m, 2H), 6.92 — 6.84 (m, 2H), 4.05- 4.02 (m, 1H),
3.88 (dd, J1 =9.6 Hz, J» = 4.5 Hz, 1H), 3.79 (s, 3H), 3.12 (dd, J1 = 18.4 Hz, J» = 9.6 Hz, 1H),
2.71 (dd, J1 = 18.4 Hz, J>» = 4.6 Hz, 1H), 2.26 — 2.09 (m, 2H), 1.82 (m, 2H), 1.63 (m, 3H),
1.34 -1.21 (m, 3H).
13C NMR (126 MHz, CHCI3) § 178.3, 176.7, 159.3, 129.8, 128.4, 114.7, 55.4, 52.1, 44.9,
37.3, 29.0, 28.8, 26.0, 25.9, 25.1.
HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 8.2 min (minor), tr2 = 10.2 min (major); ee = 84.3%.

L9: tr1 = 9.0 min (major), tro = 11.2 min (minor); ee = 84.0%.
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(R)-1-cyclopentyl-3-(4-methoxyphenyl)pyrrolidine-2,5-dione (10n)

O

a

(0]

White solid. Yield: 62% yield (L9).

IH NMR (500 MHz, CHCl3) § 7.14 — 7.08 (m, 2H), 6.91 — 6.86 (m, 2H), 4.57-4.50 (m, 1H),

3.88 (dd, J1 =9.7 Hz, J» = 4.6 Hz, 1H), 3.78 (s, 3H), 3.12 (dd, Ji = 18.3 Hz, J» = 9.7 Hz, 1H),

2.72 (dd, Ji = 18.3 Hz, J» = 4.6 Hz, 1H), 2.01 (m, 2H), 1.93 — 1.79 (m, 4H), 1.64 — 1.51 (m,

2H).

13C NMR (126 MHz, CHCls) § 178.3, 176.5, 159.3, 129.6, 128.5, 114.7, 55.4, 51.9, 44.9,

37.2,28.9, 28.8, 25.4.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.0 mL/min.

L9: tr; = 8.8 min (major), tro = 11.0 min (minor); ee = 62.4%.
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(R)-1-cyclopropyl-3-(4-methoxyphenyl)pyrrolidine-2,5-dione (100)

A f
Jos s
OMe
o
White solid. Yield: 58% yield (L9).
H NMR (500 MHz, CDCl3) § 7.15 — 7.07 (m, 2H), 6.92 — 6.85 (m, 2H), 3.89 (dd, J; = 9.6
Hz, J, = 4.8 Hz, 1H), 3.79 (s, 3H), 3.12 (dd, J1 = 18.5 Hz, J>, = 10.2 Hz, 1H), 2.73 (dd, J1 =
18.5 Hz, J,=9.8 Hz, 1H), 2.70 — 2.63 (m, 1H), 1.01 — 0.93 (m, 4H).
13C NMR (126 MHz, CDCl;) § 178.6, 176.8, 159.4, 129.3, 128.5, 114.7, 55.5, 44.8, 37.1,
22.7,5.04, 5.01.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.0 mL/min.

L9: tr1 = 30.3 min (major), tr2 = 34.4 min (minor); ee = 57.8%.
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(5)-3-(4-methoxyphenyl)-1-phenylpyrrolidine-2,5-dione (10p)

h o

Yellow solid. Yield: 57% yield (LS5); 64% yield (L9).

"H NMR (500 MHz, CDCl;3): § 7.50-7.46 (m, 2H), 7.42-7.38 (m, 1H), 7.33-7.31 (m, 2H),
7.25-7.21 (m, 2H,), 6.94-6.91 (m, 2H), 4.14 (dd, J1 = 9.7 Hz, J> = 4.8 Hz, 1H), 3.81 (s, 3H),
3.35(dd, J1 =18.5 Hz, J. = 9.8 Hz, 1H), 2.96 (dd, J1 = 18.6 Hz, J> = 4.8 Hz, 1H).

BBCNMR (125 MHz, CDCl3): § 177.1,175.4,159.4,132.0, 129.3, 129.1, 128.8, 128.6, 126.6,
114.8, 55.5,45.3,37.4.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 26.4 min (major), tr2 = 31.8 min (minor); ee = 8§1.4%.

L9: tr1 = 25.8 min (major), tr2 = 30.9 min (minor); ee = 84.4%.
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(8)-1-(2-(tert-butyl)phenyl)-3-(4-methoxyphenyl)pyrrolidine-2,5-dione (10q)

Yo

White solid. Yield: 37% yield (L5); 48% vield (L9).

IH NMR (400 MHz, CHCls) § 7.58 (dd, Ji =

8.2 Hz, J, = 1.5 Hz, 1H), 7.44 — 7.33 (m, 1H),

7.31-7.19 (m, 3H), 6.98 — 6.88 (m, 2H), 6.84 (dd, J; = 7.7 Hz, J> = 1.5 Hz 1H), 4.13 (dd, J;

= 9.8 Hz, J» = 4.6 Hz, 1H), 3.80 (s, 3H), 3.35 (dd, J; = 18.8 Hz, .» = 9.6 Hz, 1H), 2.96 (dd,

Ji=18.6 Hz, J» = 4.6 Hz, 1H), 1.33 (s, 9H).
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13C NMR (101 MHz, CHCIl3) § 178.2, 176.7, 159.5, 148.2, 130.9, 130.5, 129.9, 129.2, 129.1,
128.7, 127.6, 114.8, 55.5, 45.7, 37.9, 35.8, 31.8.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 90/10, 220 nm, 1.0 mL/min.

LS: tr1 = 17.9 min (major), tr2 = 31.9 min (minor); ee = 74.4%.

L9: tr; = 16.3 min (major), trz = 28.1 min (minor); ee = 75.8%.
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(8)-3-(4-methoxyphenyl)pyrrolidine-2,5-dione (10r)

0O
1o
nun OMe
)

White solid. Yield: 56% yield (L5); 44% yield (L9).

'H NMR (500 MHz, CDCls) § 8.67 (s, 1H), 7.21 — 7.10 (m, 2H), 6.98 — 6.80 (m, 2H), 4.04
(dd, J1=9.7Hz, J» = 5.1 Hz, 1H), 3.80 (s, 3H), 3.23 (dd, J1 = 18.6 Hz, J>» = 9.6 Hz, 1H), 2.85
(dd, J1 =18.6 Hz, J» = 5.1 Hz, 1H).

13C NMR (126 MHz, CDCl5) § 178.6, 176.6, 159.4, 128.7, 128.6, 114.7, 55.5, 46.7, 38.4.
HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 90/10, 220 nm, 1.1 mL/min.

LS: tr1 = 46.9 min (major), trz = 58.0 min (minor); ee = 87.0%.

L9: tr1 = 48.0 min (minor), trz = 51.2 min (major); ee = 73.4%.
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(S)-1-benzyl-3-(4-(benzyloxy)phenyl)pyrrolidine-2,5-dione (11b)

O

Bn_

0
White solid. Yield: 63% yield (LS); 56% yield (L9).
'H NMR (500 MHz, CDCl3) § 7.39 — 7.34 (m, 2H), 7.32 — 7.22 (m, 6H), 7.14 — 7.09 (m, 2H),
4.76 — 4.60 (m, 2H), 3.97 (dd, J1= 9.6 Hz, J.=4.7 Hz, 1H), 3.15 (dd, J1= 18.5 Hz, J.=9.7
Hz, 1H), 2.77 (dd, J1= 18.0 Hz, J.=4.8 Hz, 1H).
13C NMR (126 MHz, CDCl3) § 177.6, 175.9, 137.3, 135.9, 129.3, 128.9, 128.8, 128.2, 128.1,
127.5, 45.9, 42.8, 37.3.
HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 70/30, 220 nm, 1.1 mL/min.
LS: tr1 = 30.8 min (minor), tr2 = 37.2 min (major); ee = 75.0%.

L9: tr1 = 30.7 min (minor), trz = 37.1 min (major); ee = 66.6%.
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(R)-1-benzyl-3-phenylpyrrolidine-2,5-dione (11c)

0O

Bn\N f'f :

o)

White solid. Yield: 68% yield (L5); 61% yield (L9).

"H NMR (500 MHz, CDCls3): § 7.41-7.39 (m, 2H), 7.36-7.28 (m, 6H), 7.16-7.14 (m, 2H),
4.71 (dd, J1 =29.6 Hz, J> = 14.2 Hz, 2H), 4.01 (dd, J1 = 9.8 Hz, J>» = 4.8 Hz, 1H), 3.20 (dd,
J1=18.3 Hz, J,=9.7 Hz, 1H), 2.82 (dd, J1 = 18.3 Hz, J. = 4.8 Hz, 1H).

BBCNMR (126 MHz, CDCls): § 177.6, 175.9, 137.3, 135.8,129.3, 129.1, 128.9, 128.8, 128.2,
128.1, 127.5, 46.0, 42.8, 37.3.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 12.2 min (minor), tr2 = 15.1 min (major); ee = 64.6%.

L9: try = 12.3 min (minor), tr2 = 15.3 min (major); ee = 45.2%.
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(R)-1-benzyl-3-(p-tolyl)pyrrolidine-2,5-dione (11d)

0]
Bn

N

N

0]
White solid. Yield: 57% yield (L5); 48% vield (L9).
'H NMR (500 MHz, CDCls): § 7.41-7.39 (m, 2H), 7.34-7.29 (m, 3H), 7.14 (d, J = 8.0 Hz,
2H), 7.04 (d, J = 8.4 Hz, 2H), 4.73 (dd, J, = 29.8 Hz, > = 14.0 Hz, 2H), 3.98 (dd, Ji = 9.6
Hz, J> = 4.6 Hz, 1H), 3.19 (dd, Ji = 18.5 Hz, J» = 9.3 Hz, 1H), 2.80 (dd, /i = 18.7 Hz, .J» =

5.0 Hz, 1H).

BCNMR (126 MHz, CDCl3): § 177.8,176.1,137.9, 135.9, 134.2, 130.0, 128.9, 128.8, 128.1,
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127.3,45.6,42.8,37.3,21.2.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm,

LS: try

11.9 min (minor), trz = 12.8 min (major); ee = 84.0%.

L9: tr; = 11.9 min (minor), tr2

12.8 min (major); ee = 56.8%.

1.1 mL/min.
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(R)-1-benzyl-3-(4-(tert-butyl)phenyl)pyrrolidine-2,5-dione (11e)

0]
Bn

N

N

o

White solid. Yield: 54% yield (L5); 46% yield (L9).
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'H NMR (500 MHz, CDCl3) § 7.43 — 7.38 (m, 2H), 7.38 — 7.28 (m, 5H), 7.12 — 7.07 (m, 2H),
4.89 —4.60 (m, 2H), 4.00 (dd, J1 = 9.5 Hz, J» = 4.8 Hz, 1H), 3.18 (dd, J1 = 18.6 Hz, /> = 9.5
Hz, 1H), 2.82 (dd, J1 = 18.6 Hz, J> = 4.7 Hz, 1H), 1.30 (s, 9H).

13C NMR (126 MHz, CDCl3) § 177.8, 176.1, 151.0, 135.9, 134.1, 128.9, 128.8, 128.1, 127.1,
126.3, 45.6,42.8, 37.3, 34.7, 31.4.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS5: tr1 = 9.6 min (minor), tr2 = 11.4 min (major); ee = 75.2%.

L9: tr1 = 9.6 min (minor), trx = 11.4 min (major); ee = 46.6%.

my Max Intensity : 204,208
250-FEIIEEA 220nm Time_ 11347 _Infen. 140.368]
; /\ . )

T T
T T T T T T T T T T T T T T T
9.00 9.25 950 975 10.00 1025 1050 10.75 11.00 1125 1150 1175 12.00 1225 1250 1275 min
< >

O < SRNE - IER
BFE  waw & RO

| f#EHA il =k #Fic RE R, ftSins #*athE mils
T 3,560 3999179 BT 43601 43601
2 11.421 4083562 185600 B0. 399 B0, 399
B ERE] 110045 100, 000 100,600
m Max Intensity : 4,000,000
FETEE Z0m Time 12872 Iten 7533
s0]
———— v
H - T
9.00 925 550 975 10700 10725 10’50 075 11700 11725 11’50 7S 1200 12725 12’50 12775 min
< >
0 < ERNE - LR
B ey 4| rEHE
gs A il =k i RE RERL #E&Ps tahs wils
T 3 BGE 7965 BT W 1% 425 17 458
B 11 445 19831 B &7 572 &7 B2
= 707796 34532 100. 000 100, oo0
mh Max Intensity : 4,000,000
750 HETEEA 2300m] Time 71.503 Inten 176.314]
5004
2504
T T
T T T T T . T T T T . T : y T
9.00 925 9.50 975 10.00 1025 10.50 10.75 11.00 11.25 11.50 1175 12.00 1225 12.50 min
< >

B O HEREE - Bk
BE  aw g HetieE

] frEnA [ = i HE Lol #&tns #atE s
T EES 1660507 105146 1 6. 146 6. 146
B 11414 4547839 Z09964| M 73.254 73.254
i 6205346 313110 100. Go0 100. Go0

(S)-3-([1,1'-biphenyl]-4-yl)-1-benzylpyrrolidine-2,5-dione (11f)
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White solid. Yield: 78% yield (L5); 82% yield (L9).
'H NMR (400 MHz, CDCl3) § 7.62 — 7.52 (m, 4H), 7.50 — 7.39 (m, 4H), 7.39 — 7.27 (m, 4H),
7.26 —7.22 (m, 2H), 4.86 — 4.65 (m, 2H), 4.07 (dd, J1 = 9.5 Hz, J>» = 4.8 Hz, 1H), 3.24 (dd,
J1=18.5Hz, J» =9.6 Hz, 1H), 2.87 (dd, J1 = 18.5 Hz, J> = 4.8 Hz, 1H).
13C NMR (101 MHz, CDCl5) § 177.6, 175.9, 141.1, 140.5, 136.2, 135.9, 129.0, 128.9, 128.9,
128.2,128.1, 127.9, 127.7, 127.2, 45.7, 42.9, 37.3.
HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.
LS: tr1 = 21.2 min (major), tr2 = 30.5 min (minor); ee = 54.0%.

L9: tr1 = 21.2 min (major), tr2 = 30.5 min (minor); ee = 61.4%.
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(R)-1-benzyl-3-(4-fluorophenyl)pyrrolidine-2,5-dione (11g)

0O

Bn\N f’f : i

0]

White solid. Yield: 49% yield (L9).

'H NMR (400 MHz, CDCl3) § 7.47 — 7.37 (m, 2H), 7.37 — 7.27 (m, 3H), 7.18 — 7.09 (m, 2H),
7.08 — 6.98 (m, 2H), 4.80 — 4.62 (m, 2H), 4.01 (dd, J1 = 9.6 Hz, J>» = 4.9 Hz, 1H), 3.20 (dd,
J1=18.5Hz, /> =9.6 Hz, 1H), 2.78 (dd, J; = 18.5 Hz, J> = 4.8 Hz, 1H).

13C NMR (101 MHz, CDCl3) § 177.4, 175.6, 162.5 (d, J = 63.7 Hz), 135.8, 132.9 (d, J = 3.4
Hz), 129.1 (d, J = 8.2 Hz), 128.9, 128.8, 128.2, 116.3 (d, J = 15.7 Hz), 45.2, 42.9, 37.2.
HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

L9: tr; = 13.4 min (minor), tr2 = 14.7 min (major); ee = 44.8%.
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(R)-1-benzyl-3-(4-(trifluoromethyl)phenyl)pyrrolidine-2,5-dione (11h)

O

Bn\N! >—< >—CF
3

o]

White solid. Yield: 46% yield (L5); 37% yield (L9)

'H NMR (500 MHz, CDCl3) § 7.61 — 7.53 (m, 2H), 7.36 (dd, Ji = 7.9 Hz, J» = 1.7 Hz, 2H),
7.33-7.23 (m, 5H), 4.75 — 4.62 (m, 2H), 4.05 (dd, J1 = 9.6 Hz, J> = 4.9 Hz, 1H), 3.20 (dd,
J1=18.5Hz, J» =9.6 Hz, 1H), 2.77 (dd, J1 = 18.5 Hz, J> = 4.9 Hz, 1H).

13C NMR (126 MHz, CDCl3) § 176.7, 175.3, 141.1, 135.7, 130.4 (d, J = 251.2 Hz), 128.9 (d,
J = 115.0 Hz), 128.32, 128.01, 126.3 (dd, J. = 77.1 Hz, J2 = 38.6 Hz), 125.0, 122.9, 45.7,
43.0, 36.9.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 15.8 min (major), trz = 18.2 min (minor); ee = 46.4%.

L9: tr; = 15.7 min, trx = 18.2 min; ee = 0.
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White solid. Yield: 40% yield (L5); 45% yield (L9)

IH NMR (400 MHz, CDCls) & 7.43 — 7.33 (m, 2H), 7.32 — 7.23 (m, 3H), 6.79 — 6.66 (m,

1H), 6.62 — 6.51 (m, 2H), 5.90 (s, 2H), 4.75 - 4.59 (m, 2H), 3.88 (dd, J1 =9.5 Hz, . =4.8

Hz, 1H), 3.13 (dd, J; = 18.5 Hz, J» = 9.5 Hz, 1H), 2.71 (dd, Ji = 18.5 Hz, J> = 4.8 Hz, 1H).

13C NMR (101 MHz, CDCl5) § 177.6, 175.8, 148.4, 147.5, 135.8, 130.8, 128.9, 128.8,

128.2, 120.9, 108.9, 107.8, 101.4, 45.7, 42.8, 37.4.
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HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 19.7 min (minor), trz = 23.1 min (major); ee = 88.4%.

L9: tr1 = 19.6 min (minor), trz = 23.0 min (major); ee = 59.6%.
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(R)-1-benzyl-3-(naphthalen-1-yl)pyrrolidine-2,5-dione (11j)

White solid. Yield: 42% yield (L5); 55% vield (L9)

IH NMR (400 MHz, CDCl3) & 7.89 (dd, Ji = 8.1 Hz, J» = 1.4 Hz, 1H), 7.81 (d, J = 8.3 Hz,

1H), 7.65 (d, J = 8.5 Hz, 1H), 7.55 — 7.47 (m, 3H), 7.47 — 7.31 (m, 5H), 7.21 (dd, Ji = 7.1
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Hz, J>= 1.2 Hz, 1H), 4.83 (dd, J; = 13.8 Hz, > = 2.3 Hz, 2H), 4.70 (dd, J: = 9.7 Hz, /, = 5.0
Hz, 1H), 3.35 (dd, Ji = 18.5 Hz, J» = 9.7 Hz, 1H), 2.82 (dd, Ji = 18.5 Hz, > = 5.0 Hz, 1H).

13C NMR (101 MHz, CDCl3) § 177.6, 175.8, 148.4, 147.5, 135.8, 130.8, 128.9, 128.8, 128.2,

120.9, 108.9, 107.8, 101.4, 45.7, 42.8, 37.4.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 24.0 min (minor), trz = 29.7 min (major); ee = 52.6%.

L9: tr1 = 24.2 min (minor), trz = 29.6 min (major); ee = 95.0%.
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(8)-1-benzyl-3-(naphthalen-2-yl)pyrrolidine-2,5-dione (11k)
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White solid. Yield: 54% yield (LS5); 47% yield (L9)

'H NMR (500 MHz, CDCl3) & 7.88 — 7.82 (m, 2H), 7.82 — 7.76 (m, 1H), 7.66 (d, J = 1.8 Hz,
1H), 7.56 — 7.47 (m, 4H), 7.42 — 7.33 (m, 3H), 7.25 (dd, J1 = 8.5 Hz, J> = 1.9 Hz, 1H), 4.81
(dd, J1 = 28.5 Hz, J> = 14.1 Hz, 2H), 4.17 (dd, J1 = 9.5 Hz, J>» = 4.7 Hz, 1H), 3.26 (dd, J1 =
18.5 Hz, J> = 9.6 Hz, 1H), 2.92 (dd, Ji = 18.5 Hz, J> = 4.7 Hz, 1H).

13C NMR (126 MHz, CDCl3) § 177.5, 175.9, 135.9, 134.6, 133.4, 132.8, 129.3, 128.9, 128.8,
128.1, 127.8, 127.7, 126.6, 126.6, 126.4, 124.8, 46.0, 42.8, 37.2.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 17.2 min (major), tr2 = 21.5 min (minor); ee = 80.4%.

L9: tr1 = 17.1 min (major), trz = 21.5 min (minor); ee = 61.2%.
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Max Intensity : 2,926,610
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(R)-1-benzyl-3-(3-methoxyphenyl)pyrrolidine-2,5-dione (111)

O OMe

Bn\N f'f j

o)

White solid. Yield: 58% yield (LS); 66% yield (L9)

'H NMR (400 MHz, CDCl3) & 7.38 — 7.28 (m, 2H), 7.27 — 7.09 (m, 4H), 6.74 (dd, J; = 8.1
Hz, J» =2.5 Hz, 1H), 6.68 — 6.60 (m, 1H), 6.57 (t, J = 2.2 Hz, 1H), 4.72 — 4.52 (m, 2H),
3.88 (dd, J1 =9.5 Hz, J» = 4.6 Hz 1H), 3.64 (s, 3H), 3.09 (dd, J1 = 18.5 Hz, J> = 9.5 Hz,
1H), 2.71 (dd, J1 = 18.5 Hz, J>» = 4.6 Hz, 1H).

13C NMR (101 MHz, CDCl3) § 177.4, 175.9, 160.2, 138.8, 135.9, 130.4, 128.9, 128.8,
128.1, 119.6, 113.5, 113.2, 55.3, 46.0, 42.8, 37.3.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

LS: tr1 = 16.6 min (minor), tr2 = 22.8 min (major); ee = 37.6%.

L9: tr; = 16.6 min (minor), tr2 = 22.8 min (major); ee = 45.6%.

53



Max Intensity 319,315
FSTEEA Z20nm Time 24220 mien. 0.647
2004
1003
o i3 & "3 &
155 16.0 165 170 178 18.0 185 18.0 195 200 205 210 215 20 25 230 235 240 245 min
< >
B SRNE - lEx
B= ey A Bt
gs S E = Fie R KRR #EH0sS A= EE] mils
T 16.545 9626609 319514 M 50. 162 50. 162
A 22,553 566604 230628| M 39,538 39,538
=5 15195213 EE0laz 100, 000 160, 000
my Max Intensity : 4,000,000
RIS A 72 00m] Time 22696, Mten 301,605
300+
2004
1003
I - iy —
185 180 185 170 BT 185 18.0 185 200 s | 210 205 230 | 225 | 230 235 | 240 245 mn
< >
0 <& ERNE - 18E
BE ey @ TrERE
s fFEnE =k {Fic *E REBE &S tahE mils
T 16 £62 5325563 BESIIG BUE 31155
B B 13573807 W2eeE| W EES %5845
=7 20257070 EI5356 160, 000 100, 000
m Max Intensily - 1,788,578
300-[ETEEAZZ00m] e 21512 Ten 7233
2004
100
g e
Im T T T T T T T T T T T T T
185 16.0 165 170 1758 180 185 18.0 195 20.0 205 210 215 220 25 230 235 240 min
< >
0 o FRNE - EE
B= A% oA HOfHE
| fEEA =k #Fit e REPh &S tEtE s
T 16603 4626873 6653 M 27 159 27,169
B 22 505 12409629 257313 M 72 841 72 84l
B 17036502 [ 100, 000 100, 000

54



7. Heterocycle-oxazolines for Asymmetric Synthesis of 11h

0 0
Bn_ B(OH), Ligand (6 mol%) Bn\N
b + /©/ PA(TFA); (5 mol%) -
o FaC DCE (0.2 M), 60°C
9a 8h

(0]
11h

Ligand Screening

7 “NH

— (o) — O - 0 — 0

%@ %] -, & &,
UL A T NS

L3
16% yield, 55% ee N.D. 45% yield, < 10% ee 28% vyield, 32% ee
Q- 04 pe
F3;C
7N ] TNV j j 7N j
\_/ N[< ,< \_// N/<
iP
6 FsC L1 o
17% vyield, 61% ee 10% vyield, < 10% ee 25% vyield, 13% ee

/ \ j
. @
Q

O L14 L21

17% yield, < 10% ee 25% yield, 25% ee

New heterocycle-oxazolines Ligand

Q\( <, o <
N / \j / \]
9] w 8D, (50
N L8

H
L15 L16 L17 .
17% yield, 18% ee 52% yield, 0 ee 29% yield, 0 ee 38% yield, 83% ee
’ ’ 48% yield ®, 83% ee

a, unless otherwise mentioned, the yields referred to HPLC yield. The ee values were determined by
HPLC analysis on a chiral phase. b, Isolated yield. N.D. = not detected.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.1 mL/min.

L18: tr1 = 15.7 min (minor), tr2 = 18.0 min (major); ee = 82.7%.
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11f: 76% isolated yield.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.2 mL/min.

L18: tr1 = 19.7 min (major), trz = 28.1 min (minor); ee = 66.0%.
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11g: 58% isolated yield.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.2 mL/min.

L18: tr1 = 12.0 min (major), trz = 13.4 min (minor); ee = 71.6%.
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111: 53% isolated yield.

HPLC trace: Daicel chiralcel OD-H, hexane/i-PrOH = 80/20, 220 nm, 1.2 mL/min.

L18: tr1 = 15.3 min (minor), tr2 = 20.3 min (major); ee = 57.6%.
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8. NMR spectra
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