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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers and used without
further purification. Column chromatography was performed on silica gel (200~300 mesh). Enantiomeric
excesses (ee) were determined by HPLC using corresponding commercial chiral columns as stated at
30 °C with UV detector at 254 nm. Optical rotations were reported as follows: [a]} (c g/100 mL, solvent).
All "TH NMR spectra were recorded on Bruker Avance I 400 MHz or Bruker Avance 111 500 MHz, *C

NMR spectra were recorded on Bruker Avance Il 101 MHz, '°F NMR spectra were recorded on Bruker
Avance 1l 377 MHz with chemical shifts reported as ppm (in CDCl3 or DMSO-ds, TMS as an internal

standard). Data for 'H NMR are recorded as follows: chemical shift (8, ppm), multiplicity (s = singlet, d
= doublet, t = triplet, m = multiplet, br = broad singlet, dd = double doublet, ddd = doublet of doublet of
doublets, dt = doublet of triplets, coupling constants in Hz, integration). HRMS (ESI) was obtained with
a HRMS/MS instrument (LTQ Orbitrap XL TM). The absolute configuration of 3xa was assigned by the
X-ray analysis.

Allyl pyrazolones 1 were prepared according to literature methods!.
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2. Experimental procedures of compounds 22
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Aryl isocyanate S1: EtsN (0.03 mL, 0.01 equiv) was added to a stirring solution of triphosgene (2.97
g, 10.0 mmol, 0.5 equiv) in dry DCE (50 mL) at 0 °C. After stirring 5 minutes, aromatic amine (20.0
mmol) in dry DCE (50 mL) was added slowly over 2 h. The reaction mixture was then refluxed and
stirred under nitrogen for 4 h. After cooling to room temperature, the mixture was evaporated under
reduced pressure to afford S1 as a yellow liquid.

4-Ar-1-carbethoxysemicarbazide S2: To a solution of methyl carbazate (1.8 g, 20.0 mmol) in
anhydrous THF under argon atmosphere, aryl isocyante S1 (20.0 mmol, 1.0 equiv.) was added over 1-2
minutes. The resulting mixture was stirred at room temperature for 1 h. After the reaction completion
(monitored by TLC), the white solid product was collected by filtration or by simple evaporation to
dryness.

4-Ar-urazole S3: To a solution of intermediate S2 in methanol, potassium carboxylate (2.0 equiv.)
was added and the reaction mixture was refluxed overnight. After the reaction completion (monitored by
TLC), the resulting mixture was condensed and re-dissolved with small amount of water. The pH of
resulting mixture was adjusted to the range of 3~4 with the drop-wise addition of 1N aqueous HCI. The
desired product S3 was collected by simple filtration and washed with cold deionized water prior to
drying.

4-aryl-1,2,4-triazoline-3,5-diones 2: N-Bromosuccinimide (20 mmol) was added to an ice-cold
suspension of urazoles (10 mmol) in 150 mL of CH,C1,. After being stirred for 30 min, the resulting red
solution was extracted five times with water. The CH,Cl, layer was then dried over MgSQOy, filtered, and

concentrated under reduced pressure. Purple or dark red solid of various triazolinediones were obtained.
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3. Experimental procedures and characterization of compound 3
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To a tube charged with compound 1 (0.2 mmol), C1 (0.01 mmol)followed with Tol (2 mL),
compound 2 (0.24 mmol) were then added in one portion. The reaction mixture was stirred at 25 °C for
0.2 hours. When compound 1 was consumed as checked by TLC, then the reaction was stopped and
purified by column chromatography on silica gel directly to give the product 3.
1-(4-benzyl-5-0x0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)phenyl)-1,2 4-
triazolidine-3,5-dion (3aa)

Ph White solid, mp 131-133 °C, 80% yield, 98% ee, dr = 13:1. [a]%,5 =-1.205 (c =

N=—
pthT;‘-'Bn 0.2, CH,CL). '"H NMR (400 MHz, CDCls) & 8.33 (s, 1H), 8.10 - 8.03 (m, 2H),
N—NH
Q %N Mo, 757-745(n,6H),7.39-734 (n, 1H),7.31-727 (n, 2H), 7.23 (dd, /= 7.5, 1.5

Hz, 1H), 7.20 - 7.04 (m, 4H), 6.98 (ddd, /=11.2, 8.1, 1.6 Hz, 3H), 4.01 - 3.84 (m,
2H), 1.16 (s, 9H). ®*C NMR (101 MHz, CDCl3) § 170.0, 156.1, 153.3,152.6, 148.9,
136.6, 132.5, 131.4, 130.5, 130.0, 128.8, 128.6, 128.6, 128.3, 128.3, 128.2, 128.1,

127.7, 126.4, 125.5, 120.4, 71.7, 39.6, 35.3, 31.3. HRMS (ESI) m/z: [M + Na]*
Calcd for C34H31NsNaO3s, 580.2325; Found 580.2316. The enantiomeric ratio was determined by HPLC

3aa

analysis on a chiral AD-H column. n-Hexane/i-PrOH = 7:3, flow rate = 0.8 mL/min., A = 240 nm, tr =

8.3 min. (minor), 5.5 min. (major).

VWD1 A, Wavelength=254 nm (WWH\25071101.D)
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Peak RetTime Type Width Area Height Area

# [min] [min] mAU *3 [mAU ] %
e e | s | s || |
1 6.836 MM 0.5744 2582.87451 74.94954 49,8537
2 9.115 MM 1.2221 25598.03198 35.43270 50.1463

VWD1 A, Wavelength=254 nm (WWH\25112705.D) )
mAU

5.534
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8.336

0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
el [ [ ========== | =========- | ======== |
1 5.534 VB 0.7492 3333.26831 66.18851 98.6511

2 8+336 PB 0.2954 45.57866 2.34242 1.348¢9

1-(4-benzyl-1-(2-fluorophenyl)-5-oxo0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3ba)

Fone™ White solid, mp 174-1176 °C, 87% yield, 98% ee, dr = 13:1. [a]3’ = +1.835 (c =
@NWX}\FT\,H 0.4, CH2Cl,). "H NMR (400 MHz, CDCls) & 8.09 - 8.06 (m, 2H), 7.53 (dd, J=11.8,
OO%N%O 7.2 Hz, 4H), 7.43 -7.34 (m, 1H), 7.34 -6.98 (m, 12H), 3.88 (d, /=5.7 Hz, 2H), 1.13
©)< (s, 9H).'*C NMR (101 MHz, CDCl3) 8 170.6, 154.7 (d,J=243.6 Hz), 153.3, 149.2,
135.7, 133.5, 131.5, 131.5, 131.1, 130.7, 130.6, 130.3, 130.2, 129.7, 129.3, 129.0,
128.6 (d, J = 8.5 Hz), 128.5, 128.1(d, J = 17.7 Hz), 127.6 (d, J = 2.6 Hz), 126.7,
121.9(d,J=28.9 Hz), 121.1, 116.4 (d,J=24.1 Hz), 71.1, 39.1, 35.3, 31.2. ’F NMR (377 MHz, CDCl;)
8 -117.78. HRMS (ESI) m/z: [M + Na]* Calcd for C34sH30FNsNaOs, 598.2230; Found 598.2223. The

3ba

enantiomeric ratio was determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 8:2,

flow rate = 0.8 mL/min., A = 254 nm, tg = 6.7 min. (minor), 8.2 min. (major).
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VWD1 A, Wavelength=254 nm (WWH\25120204.D)
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0 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
| IS==SlEESs s [ [ e
1 7.876 MM 0.5439 1023.10980 31.34987 49.8726
2 10.008 MM 1.6155 1028.3349¢6 10.60889 50.1274
VWD1 A, Wavelength=254 nm (WWH\25082509.D)
mAU
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Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
mmme| | mmmmmme | o] e oo | memmmemme | P [ mrmmmnnmn |
1 6.775 MM 0.2269 14.071.97 1..03359 0..5527
2 8.222 MM 1.7654 2532.01978 23.90362 99,4473

1-(4-benzyl-1-(2-bromophenyl)-5-0xo0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dion (3ca)
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PN Ph White solid, mp 160-162 °C, 70% yield, > 99% ee, dr = 14:1. [@]3° = -0.855 (c =
®/N Br;\jH 0.1, CH2CL,). "H NMR (400 MHz, CDCl5) § 9.09 (s, 1H), 8.08 -8.02 (m, 2H), 7.56
<o -7.42 (m, 5H), 7.36 (ddd, J=10.2, 5.8, 2.1 Hz, 1H), 7.25 - 7.12 (m, 6H), 7.08 -6.93

@X (m, 4H), 3.88 (d, J= 6.9 Hz, 2H), 1.12 (s, 9H) 3C NMR (101 MHz, CDCl3) § 169.1,

sca 156.0, 153.4,150.1, 149.1, 136.6, 133.5, 131.4, 130.4, 130.1, 130.0, 129.9, 129.7,

129.0, 128.7, 128.6, 128.4, 128.2, 128.1, 127.8, 127.6, 126.3, 120.5, 72.0, 39.7, 35.3, 31.1. HRMS (ESI)
m/z: [M + Na]" Calcd for C34H30BrNsNaOs, 658.1430; Found 658.1423. The enantiomeric ratio was

N
oA

N

determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 7:3, flow rate = 0.8 mL/min.,

A =254 nm, tg = 11.3 min. (major).

VWDT A, Wavelength=254 nm (WWHZ5100805.0)
mAU ]
60
50 —
40 -
304
20
g i
. o o
X R 52
o o — T
0 é 1Iﬂ 1‘5 2‘0 Imin
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e e frmmmmesa= | = s fmmmmm=a== |
1 11.281 PB 1.0551 9828.00977 11.86554 49.6954
2 15.745 MM 2.1856 939.38409 7.16353 50.3046
VWD A, Wavelengih=254 nm (NWHZ5 100807 D)
mAU ]
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Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
i ety || s s —— e |m—— |
1 11.313 BB 0.9779 1059.08801 12.86499 100.0000

1-(4-benzyl-5-ox0-3-phenyl-1-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)phenyl)-
1,2,4-triazolidine-3,5-dione (3da)

N= Ph White solid, mp 163-165 °C, 68% yield, > 99% ee, dr = 10:1. [a]3® = -1.389 (c =
é/Ng'N\B?\,H 0.1, CHCL,). '"H NMR (400 MHz, CDCl;) & 8.00 -7.92 (m, 2H), 7.51 (ddd, J = 8.2,
OO%N/&O 3.6, 1.4 Hz, 3H), 7.37 (ddd, J = 8.1, 6.0, 1.5 Hz, 1H), 7.31 - 7.27 (m, 5H), 7.17 -
©)< 7.05 (m, 5H), 6.98 (ddd, J=11.9, 7.3, 1.6 Hz, 3H), 3.98 (d, /= 12.6 Hz, 1H), 3.94

3da -3.82 (m, 1H), 2.46 (s, 3H), 1.17 (s, 9H). 3C NMR (101 MHz, CDCls) & 169.9,

155.8, 153.5, 149.2, 141.6, 136.9, 131.4, 130.4, 130.4, 130.1, 130.0, 128.7, 128.6, 128.3, 128.1, 127.5,
126.9, 126.6, 126.1, 120.2, 39.6,35.4, 31.3, 21.7. HRMS (ESI) m/z: [M + Na]* Calcd for C3sH33NsNaOs,
594.2481; Found 594.2473. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H

column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min., A = 254 nm, tr = 7.4 min. (major).

VWO A, Wavelength=254 nm (WWH\25072405.0)
mAU
60
N
50 N _,\ri:\’
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0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
el e | === | = | == | s | e |
1 7.517 MM 0.4699 1217.15259 43.17379 49.9792

2 10.072 MM 0.0424 1218.16614 31.60362 50.0208
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VWDT A, Wavelength=254 nm (WWH\25120709.0)
mAU
N
3
~
60
50
40
30
20
10
oy — o
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 7.042 VB

0.9541 3972.41772 60.48380 100.0000

1-(4-benzyl-1-(3-bromophenyl)-5-0xo0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-

butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3ea)

Br. N
O
N—NH

Ph
''Bn
oOﬁkN/\*O

o)

White solid, mp 163-165 °C, 71% yield, 98% ee, dr = 10:1. [a]4® = +14.921 (c =
0.1, CHxCLy). '"H NMR (400 MHz, CDCl3) & 8.09 -8.02 (m, 2H), 7.71 - 7.69 (m,
1H), 7.58 (dd, J = 8.2, 2.1 Hz, 1H), 7.55 -7.43 (m, 4H), 7.41 -7.27 (m, 2H), 7.24
-6.98 (m, 7H), 6.90 (d, J = 7.5 Hz, 2H), 3.87 - 3.77 (m, 2H), 1.10 (d, /= 3.3 Hz,

3ea 9H). 3C NMR (101 MHz, CDCl3) & 169.2, 156.1, 153.4, 150.1, 149.1, 136.6,
133.5, 131.5, 130.4, 130.1, 130.0, 129.8, 129.7, 129.0, 128.7, 128.5, 128.4, 128.2, 128.1, 127.6, 126.3,
120.6, 107.1, 100.0, 71.9, 39.7, 35.3, 31.1. HRMS (ESI) m/z: [M + Na]" Calcd for C34H3BrNsNaOs,
658.1430; Found 658.1418. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H

column. n-Hexane/i-PrOH = 15:2, flow rate = 0.8 mL/min., A = 254 nm, tg = 15.2 min. (minor), 18.7

min. (major).
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VWD1 A, Wavelength=254 nm (WWH\25082802.D)
mAU
45
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25
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10 E,,-,.‘"@w & _u"gc'g?’
g@ %0@»
5
0
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e e [ mome | mmm———— | mommmm——— | mommmmm——— | mmmmm——— |
1. 16570 MM 1..2619 40329037 6.09982 49.5314
2 18.967 MM 1.3226 410.92160 5.17820 50.4686
fuouttiieu diler 1uau1ug)
VWD1 A, Wavelength=254 nm (WWH\25082803.D)
mAU E
60
50
40 ‘
30
20
10 %
0 L N . - - o L o < L -
0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU As [mAU ] %
aane lnesaas | S]] e | | e R
1 15.164 BP 0.4840 76.95125 1.96088 1.:2574

2 18.670 PB 1.3772 6042.91602 64.74623 98.7426

1-(4-benzyl-5-0x0-3-phenyl-1-(m-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)phenyl)-
1,2,4-triazolidine-3,5-dion (3fa)
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N White solid, mp 170-172 °C, 76% yield, 96% ee, dr = 12:1. [a]3° = +12.871 (c =
\®/N NT\IH 0.1, CHxCl,). '"H NMR (400 MHz, CDCI;) & 8.12 -8.03 (m, 2H), 7.56 -7.43 (m,
N 4H), 7.39 -7.07 (m, 9H), 7.07 -6.90 (m, 4H), 3.96 -3.81 (m, 2H), 2.29 (s, 3H), 1.13

(s, 9H). BC NMR (101 MHz, CDCl3) 8 170.0, 156.0, 153.4, 153.1, 149.1, 138.7,

3fa 136.7,131.5, 131.0, 130.3, 130.1, 129.7, 129.2, 128.5, 128.4, 128.3, 128.2, 127.5,

127.1, 126.7, 121.1, 117.7, 72.0, 39.6, 35.3, 31.2, 21.4. HRMS (ESI) m/z: [M + Na]® Calcd for
C35H33NsNaOs, 594.2481; Found 594.2476. The enantiomeric ratio was determined by HPLC analysis
on a chiral AD-H column. n-Hexane/i-PrOH = 15:2, flow rate = 0.8 mL/min., A =232 nm, tg = 14.5 min.

(minor), 18.3 min. (major).

AAAAAAAAAAAAAAAAAAAAAAA

VWD1 A, Wavelength=254 nm (WWH\25082702.D)
mAU X
>
o
25
g
20 e
15—+
10
5]
.
0 ‘ 5 ‘ 10 15 2‘0 ‘ 25 ‘ ‘ 30 min
Peak RetTime Type Width Area Height Area
7 [min] [min] mAU *g [mAlU ] %

=l sl = [ e |
1 14.977 PB 0.8462 1577.65479 27.00233 49.8309

2 18.961 MM 1.3750 1588.36145 19.25307 50.1691

VWD1 A, Wavelength=254 nm (WWH\25082705.D) B
mAU

--18.305

50

40

30

20

14.549
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Peak RetTime Type Width Area Height Area

# [min] [min] mAU *s [mAU ] %
=] == = == | mrrree |
1 14.549 VB 0.7331 141.56720 2.28457 2.5724
2 18.305 BB 1.4263 5361.66504 55.18008 97.4276

1-(4-benzyl-1-(3-methoxyphenyl)-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dion (3ga)
MeO, N White solid, mp 159-161 °C, 87% yield, > 99% ee, dr = 12:1. [a]3° = +0.645 (c
O/NAA]BT“H =0.3, CH,ClL;). "H NMR (400 MHz, CDCl3) § 9.21 (s, 1H), 8.10 -8.02 (m, 2H),
OO%N\/QO 7.48 (ddd,J=9.7,7.3,5.4 Hz,4H), 7.37 - 7.33 (m, 1H), 7.24 -6.99 (m, 8H), 6.97
[EIL< -6.87 (m, 2H), 6.99 - 6.73 (m, 1H), 3.92 (dd, J=12.5, 1.9 Hz, 1H), 3.84 (d, J =
368 12.5 Hz, 1H), 3.75 (s, 3H), 1.14 (s, 9H). 3C NMR (101 MHz, Chloroform-d) &
159.8, 153.2, 137.9, 131.5, 131.1, 130.3, 130.1, 129.6, 129.5, 129.2, 128.5, 128.4, 128.3, 128.2, 127.5,
126.7, 112.6, 112.1, 105.9, 72.1, 55.4, 39.7, 35.3, 31.2. HRMS (ESI) m/z: [M + Na]" Calcd for
C35H33NsNaOs, 610.2430; Found 610.2421. The enantiomeric ratio was determined by HPLC analysis
on a chiral AD-H column. n-Hexane/i-PrOH = 7:3, flow rate = 0.8 mL/min., A = 232 nm, tg = 7.5 min
(major).

VVVVVVVVVVVVVVVVVVVVVVVV

VWD1 A, Wavelength=254 nm (WWH\25082513.D)
mAU

90

80

70

7.274
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0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU xS [mAU ] %
== sl s s ===cS=s=sc=s [EE=s=c=ssss ====s=s=ss | ====——== |
1 7.274 VB 0.5005 2153.91577 64.45762 49.5814

2 10.203 vv 0.8657 2150.28320 38.02136 50.4186
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VWD1 A, Wavelength=254 nm (WWH\25110316.D)
mAU
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20

o I - .
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 7.517 MM 1.3903 7346.24219 88.06552 100.0000

1-(4-benzyl-1-(4-chlorophenyl)-5-oxo0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3ha)

Ne Ph White solid, mp 152-154 °C, 77% yield, > 99% ee, 13:1. [a]3° =+15.76 (c = 0.6,
C|/®N7;‘N\BT\JH CH>Cl,). 'TH NMR (400 MHz, CDCl3) § 9.14 (s, 1H), 7.58 (d, J = 8.2 Hz, 2H),
OO%N/&O 7.30-7.12 (m, 5H), 7.08 -6.92 (m, 4H), 6.86 - 6.82 (m, 2H), 6.79 - 6.75 (m, 2H),
©/k 6.72-6.67 (m, 1H), 6.63 -6.53 (m, 2H), 3.62 -3.47 (m, 1H), 3.42 (d, J=12.6 Hz,
3ha 1H), 0.83 (s, 9H). 3C NMR (101 MHz, CDCl3) § 170.0, 156.1, 153.3, 152.6,
148.9, 136.6, 132.5, 131.4, 130.5, 130.0, 128.8, 128.6, 128.6, 128.4, 128.3, 128.3, 128.1, 127.7, 126 .4,
125.5, 1204, 71.7, 39.6, 35.4, 31.3, 31.3. HRMS (ESI) m/z: [M + Na]" Calcd for C34H30CINsNaOs,
614.1935; Found 614.1930. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H

column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min., A = 254 nm, tr = 6.1 min. (major).

VWD1 A, Wavelength=254 nm (WWH\25082101.D)
mAU
40
30
20
o
» >
10 o ¥ o®
- N}
R Sg
. \
0 2 4 6 8 10 12 14 16 18 min




Peak RetTime Type Width Area Height Area

# [min] [min] mAU *s [mAU ] )
i e e S e [SE==aaSaas e sss e \
1 5.915 MM 0.5483 212.47543 645885 50. 3521
2 8.621 MM 0.6680 209.50403 522915 49,6479

VWDT A, Wavelength=254 nm (WWH26120210.0)
mAU
90
80
70
60

50

40

6.116

30

20

0 25 5 75 10 12.5 15 17.5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
S e e e s e e s | Eess |
i) 6.116 VB 0.8626 1784.41882 31.18735 100.0000

1-(4-benzyl-1-(4-bromophenyl)-5-oxo0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3ia)

N= Ph White solid, mp 153-155 °C, 73% yield, 94% ee, dr = 13:1. [a]3° = +23.810 (c
BrQNg'N\B”NH = 0.4, CH,Cl,). "H NMR (400 MHz, CDCl;) 6 8.08 -8.01 (m, 2H), 7.57 -7.32 (m,
OO%N#O 10H), 7.25 -6.96 (m, SH), 6.95 -6.86 (m, 2H), 3.91 - 3.82 (m, 2H), 1.12 (s, 9H).
©)< 13C NMR (101 MHz, CDCls) § 170.6, 155.9, 153.5, 153.3, 149.2, 135.7, 133.5,
sia 131.5,131.1,130.7,130.4,130.2, 129.7,129.3, 129.0, 128.7, 128.6, 128.2, 128.0,
127.6, 126.8, 121.1, 71.1, 39.1, 35.3, 31.2. HRMS (ESI) m/z: [M + Na]" Calcd for C34H30BrNsNaOs,
658.1430; Found 658.1426. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H
column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min., A = 232 nm, tg = 8.7 min. (minor), 14.1 min.

(major).
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VWDT A, Wavelength=254 nm (WWH25120206.D)
mAU 3
35 2
30
25
20 §
15 ! a
10 |
5
0
0 5 10 15 20 25 30 35 40  min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU s [mAU ] %
e e e [ s === |
1 8.594 VB 1.2408 3044.78833 35.34923 50.1320

2 15.763 BB 2. 08453 302875928 17.12042 49.8680

ULUUL L1SUW Gl LSl luadiliy)

VWD1 A, Wavelength=254 nm (WWH\25120207.D)
mAU
60
50 |
40
30 3
20
10 <\°>r§b
E
0
0 25 5 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *35 [mAU ] %
meme | messmms | s srsmsmss | semssmmam= | serrsmmmm— === |
1 8.721 MM 15294 175.36275 1..911.01 2.8020

2 14.100 BB 2.3852 b6083.02837 29,9548 97,1980

1-(4-benzyl-5-0x0-3-phenyl-1-(p-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl) phenyl)-
1,2,4-triazolidine-3,5-dione (3ja)
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Ph White solid, mp 167-169 °C, 73% yield, 84% ee, dr = 15:1. [a]3® = +16.956 (c =
0.4, CHyCL). "H NMR (400 MHz, CDCl3) 8 9.53 (s, 1H), 8.11 -8.02 (m, 2H),
A0 750 7,44 (m, 4H), 7.38 - 7.32 (m. 3H), 7.24 -7.13 (m, 2H). 7.11 - 7.01 (i, SH),
@k 6.94 (dd, J = 11.5, 7.6 Hz, 2H), 3.86 (m, 2H), 2.29 (d, J = 6.3 Hz, 3H), 1.11 (s,
9H). 3C NMR (101 MHz, CDCls) § 170.0, 156.1, 153.5, 153.1, 149.1, 136.1,

134.3, 131.6, 130.9, 130.3, 130.3, 130.1, 129.7, 129.3, 129.2, 128.5, 128.3, 128.2, 127.6, 126.7, 120.7,
71.8, 39.7, 35.3, 31.2, 21.1. HRMS (ESI) m/z: [M + Na]* Calcd for C3sH33NsNaOs, 594.2481; Found

=z

/®/N

594.2468. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H column. n-
Hexane/i-PrOH = 3:2, flow rate = 0.8 mL/min., A = 254 nm, tg = 22.1 min. (minor), 20.0 min. (major).

VWD1A, Wavelenglh 254 nm (WWH\25082312 D)

mAU
40
30
20
10 > N
8 AN 8 .f\""\@
gd" $z°
0
10 12 14 16 18 20 2 24 2 28 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
I EEEE e e |-—-= o - R |
1 20.495 MM 0.6057 71.36836 1.96367 49,5089
2 22.522 MM 0.6201 7298415 1.95637 50.4911
VWD A, Wavelength=254 nm (WWH\25082506.0)
mAU
40
30
20
10 & i\’,\"q'
éﬁﬁu\ © \(.’Pq
v
0
10 12,5 15 17.5 20 225 25 275 30 min
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Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
= | === === | === | ========== | ======== |
1 19.958 MM 0.5619 127.74215 3.78914 91.7346
2 22.068 MM 05102 11.5097L 3:75967e-1 8.2654

1-(4-benzyl-3-(2-fluorophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-

butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3ka)

White solid, mp 266-268 °C, 71% yield, > 99% ee, dr = 12:1. [«] %,5 =45.556 (¢=0.05,
CH>Cl,). 'TH NMR (400 MHz, CDCI3) § 9.20 (s, 1H), 8.12 - 8.08 (m, 1H), 7.57 - 7.54
(m, 4H), 7.43 -7.27 (m, 6H), 7.25 -7.15 (m, 4H), 7.09 (d, /= 7.4 Hz, 3H), 4.01 (d, J =
12.5 Hz, 1H), 3.88 (d, J = 12.5 Hz, 1H), 1.25 (s, 9H). 3C NMR (101 MHz, CDCl;) §
170.0, 161.4, 154.1 (d, J=291.1 Hz), 151.0, 149.8, 149.0, 136.7, 132.6, 131.5, 130.4
(d, J=17.5Hz), 130.1, 129.8 (d, J = 7.0 Hz), 128.7, 128.6, 128.3, 128.2,127,7, 127.5,

126.2,125.0 (d, J=3.1 Hz), 120.2, 118.0 (d, /= 21.2 Hz), 117.0 (d, J=23.0 Hz), 71.9, 38.9, 35.5, 31.3.
BF NMR (377 MHz, CDCl3) & -107.47. HRMS (ESI) m/z: [M + Na]* Caled for C3sH30FNsNaOs,
598.2230; Found 598.2219. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H

column. n-Hexane/i-PrOH = 15:2, flow rate = 0.8 mL/min., A =232 nm, tg = 13.3 min. (major).

uuuuuuuuuuuuuuuuuuuuuuuu

mAU

40

30

@ .NQ’Q;Y 2 _.{t’)\‘bl
20 ;};@’b' gmfb‘
10
0
0 25 5 75 10 125 15 17.5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
S e eeesilEessssSe = scss [SeesSeaSais [SEEEEaSs |
1 9.969 MM 1.5900 1381.82615 14.48521 50.099%9¢
2 12.963 MM 1 8028 1376.43359 12.72490 49.9004
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VWD1 A, Waveleﬁglh=254 nm (WWH\25120202.D) B
mAU

40

30

20

©13.325

0 25 5 7.5 10 12.5 15 17.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
s | ———— [ | —— [ —— (i [[mem— |
1. 13:325 BB 1.1177 1046.78723 13.42755 100.0000

1-(4-benzyl-5-0x0-1-phenyl-3-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl) phenyl)-
1,2,4-triazolidine-3,5-dione (31a)
White solid, mp 127-129 °C, 68% yield, 96% ee, dr = 15:1. [a]3® = +2.333 (c = 0.3,
CH>Cl,). 'TH NMR (400 MHz, CDCl3) & 8.11 -8.02 (m, 2H), 7.52 - 7.44 (m, 4H), 7.38
-7.32 (m, 3H), 7.26 -6.99 (m, 8H), 6.94 (dd, J=11.5, 7.6 Hz, 2H), 3.92 - 3.82 (m, 2H),
2.29 (s, 3H), 1.11 (d, J = 4.5 Hz, 9H). *C NMR (101 MHz, CDCl;) & 170.6, 156.1,
154.2, 149.0, 131.5, 131.0, 130.3, 130.1, 129.8, 129.8, 129.6, 129.2, 128.5, 128.4,
3a 128.2, 127.6, 127.2, 126.7, 124.3, 116.7, 100.0, 70.9, 39.3, 35.3, 31.1, 29.6. HRMS
(ESI) m/z: [M + Na]* Calcd for C3sH33NsNaOs, 594.2481; Found 594.2473. The enantiomeric ratio was

determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min.,

A =232 nm, tg = 8.8 min (minor), 13.6 min. (major).

(moditied atter loading)

VWD1 A, Wavelength=254 nm (WWH\25091806.D)
mAU
>
40 S
g &
e
30
20 ©
N
@
10
0 _
0 2 4 6 8 10 12 14 min
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Peak RetTime Type Width Area Height Area

i [min] [min] mAU s [mAU ] %
= [ a——— [ [Fre=——— |
1 7.882 MM 0:7574 154823181 34,07030 49.9535
2 11.826 BP 1.2016 1551.1149%% 15.17085 50.0465
VDT A, Wavelength=254 nm (WWHZ5091902.D)
mAU %
40
)
30 Ef;g\/.\‘x
’d;@
20
10
0
0 2 4 6 8 10 12 14 16 18min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

il 8.770 MM 0.6785 937.74854 23.03412 13.1348
2 13:639 BB 1.6442 6201.66016 49.98106 86.8652

1-(4-benzyl-5-0x0-1-phenyl-3-(m-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)phenyl)-
1,2,4-triazolidine-3,5-dion (3ma)

White solid, mp 130-132 °C, 78% yield, 84% ee, dr = 11:1. [a]3® = +6.215 (c =
0.3, CH2Cly). "H NMR (400 MHz, CDCl3) 8 8.14 (d, J = 7.3 Hz, 2H), 7.67 -7.53
(m, 6H), 7.47 -7.28 (m, 6H), 7.12 (dd, J=16.9, 7.9 Hz, 3H), 6.96 (d, J = 8.3 Hz,
2H), 3.97 (d, J = 12.8 Hz, 1H), 3.91 (d, J = 11.9 Hz, 1H), 2.83 (s, 3H), 1.20 (s,
9H). 3C NMR (101 MHz, CDCl3) § 171.0, 155.7, 154.3, 153.9, 149.2, 135.7,
133.6,131.3,131.1, 130.7, 130.4, 130.3, 129.8, 129.3, 129.0, 128.7, 128.2, 128.1,
128.0, 127.5, 126.6, 121.2, 72.1, 39.0, 35.8, 31.7, 31.2. HRMS (ESI) m/z: [M +
Na]* Calcd for C35H33NsNaOs, 594.2481; Found 594.2473. The enantiomeric ratio

3ma

was determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8

mL/min., A =232 nm, tr = 8.3 min (major).
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seaea s e mes s tasnesaaingy

VWD1 A, Wavelen‘gtn=254 nm (WWH\25091807.D)
mAU ]
60—
50
40—
30 &
&
&
20—
10
0-
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 7.937 MM 0.7314 2037.%2310 45.20157 49.8832
2 11.%964 MM 1.7077 2046.64392 19.97480 50.1068

VWD1 A, Wavelength=254 nm (WWH\25092506 D)
mAU §

160
140
120
100-:
80—
60—
40

20

T T T T T T T

0 8 10 15 20 25 30 mit
Peak RetTime Type Width Area Height Area
7 [min] [min] mAU *s [mAU ] %

Su A e iflesSLotcin il L [=eeracatiace g |
1 8.346 VvV 1.5727 1.89919e4 171.34476 100.0000

1-(4-benzyl-3-(4-methoxyphenyl)-5-0xo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3na)
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White solid, mp 145-147 °C, 86% yield, 90% ee, dr = 15:1. [a]3® = +1.431 (c =
0.4, CH,CLy). "TH NMR (400 MHz, CDCl5) 8 8.30 (s, 1H), 8.11 -8.03 (m, 2H), 7.57
-7.45 (m, 4H), 7.39 - 7.35 (m, 1H), 7.25 -7.17 (m, 2H), 7.17 -7.12 (m, 2H), 7.12 -
7.05 (m, 3H), 7.05 -6.99 (m, 1H), 6.96 (ddd, /= 8.6, 7.2, 1.6 Hz, 2H), 6.73 - 6.70
(m, 1H), 3.97 (d, J=12.5 Hz, 1H), 3.93 -3.83 (m, 1H), 3.77 (s, 3H), 1.17 (s, 9H).
13C NMR (101 MHz, CDCl3) § 169.9, 156.0, 153.9, 153.0, 149.0, 135.9, 131.7,
131.5,131.2, 130.4, 130.0, 129.4, 129.3, 128.5, 128.4, 128.3, 127.6, 126.8, 121.5,
119.1, 71.8, 39.7, 35.3, 31.2, 29.7. HRMS (ESI) m/z: [M + Na]* Calcd for

3na
C35H33NsNaOs, 610.2430; Found 610.2421. The enantiomeric ratio was determined by HPLC analysis

on a chiral AD-H column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min., A =232 nm, tg = 11.4 min.

(major).

\moaliriea arter loaaing)
VWD1 A, Wavelength=254 nm (WWH\25091905.D)

mAU

11.208

25

20

23.009

0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU %S [mAU ] %
el e el e e | == | e |
1 11.208 BB 0.9807 1734.54077 28.16127 49.8882
2 23.009 BB 20953 177140317877 9.74866 50.1118
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VWD1 A, Wavelength=254 nm (WWH25092504 D)
mAU
175
150
125

100

75

o htf‘?
50 saob:\
'7*\
25
0
0 5 10 15 20 25 mir
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 11.405 MM 2.3601 4758.32764 33.60316 100.0000

1-(4-benzyl-3-(4-fluorophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dione (30a)
White solid, mp 147-149 °C, 68% yield, 96% ee, dr = 12:1. [a]3® = +5.993 (c =
0.3, CH2Cl,). "TH NMR (400 MHz, CDCl3) § 9.17 (s, 1H), 7.84 (d, J= 3.7 Hz, 1H),
7.55 -7.42 (m, 4H), 7.37 - 7.33 (m, 1H), 7.29 -7.17 (m, 4H), 7.17 -7.08 (m, 5H),
7.05 - 6.99 (m, 3H), 3.84 (d, J=12.4 Hz, 1H), 3.76 (d, /= 12.3 Hz, 1H), 1.14 (s,
9H). BC NMR (101 MHz, CDCl3) 8 169.2, 158.9, 154.7 (d, J=271.7 Hz), 150.2,
150.1, 149.1, 136.6, 133.5, 131.5, 130.4 (d, J = 3.5 Hz), 130.0 (d, J = 7.2 Hz),
129.7,129.0, 128.7, 128.6, 128.4, 128.3, 128.1, 127.6, 126.3, 120.6, 116.6 (d, J =
30a 22.0 Hz), 107.1, 72.0, 39.7, 35.3, 31.1. ’F NMR (377 MHz, DMSO) § -109.22.
HRMS (ESI) m/z: [M + Na]" Calcd for C3sH30FNsNaOs, 598.2230; Found 598.2225. The enantiomeric

ratio was determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 8:2, flow rate =

0.8 mL/min., A = 254 nm, tg = 8.7 min. (minor), 11.8 min. (major).
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VWD1 A, Wavelength=254 nm (WWH\25091906.D) -
mAU 2
o
60 =
50
40
2
30 N
20
10
0 £
0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

— [ R [ e |
1 9.079 vv 07411 2513.,03979 61.42910 49.5574
2 1l 553 VY 1.1860 2965.07764 30.20660 50.4426
VWDT A, Wavelength=254 nm (WWH\25110313.D)

mAU

80

60

40

11756

20

8682

0

0 25 5 7.5 10 12.5 15 17.5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU g [mAU ] %
e |===sEssssss |E===ssssss e s j======s==
1 8.682 PB 0.4029 114.63318 3.62004 Z. 1163

2 115756 EP 19024 5301 91895 37,35766 97,8837

1-(4-benzyl-5-ox0-1-phenyl-3-(p-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)phenyl)-
1,2,4-triazolidine-3,5-dione (3pa)
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White solid, mp 140-142 °C, 68% yield, > 99% ee, dr = 13:1. [a]3® = +6.977 (c =
0.3, CH,Cl,). '"H NMR (400 MHz, CDCls) § 7.96 (dd, J = 8.4, 3.2 Hz, 2H), 7.50
(ddd, J=10.1, 7.5, 1.5 Hz, 3H), 7.40 -6.90 (m, 14H), 3.96 -3.79 (m, 2H), 2.45 (s,
3H), 1.15 (s, 9H). BC NMR (101 MHz, CDCl;) § 141.5, 131.5, 130.3, 130.1, 130.0,
128.7,128.5,128.2,128.1,127.5,126.9, 126.7,126.1, 120.3,72.2,39.7, 35.3,31.3,
21.6. HRMS (ESI) m/z: [M + Na]" Calcd for C3sH33NsNaQOs, 594.2481; Found

594.2473. The enantiomeric ratio was determined by HPLC analysis on a chiral
3pa AD-H column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min., A = 254 nm, tg

= 6.9 min. (major).

VWD1 A, Wavelength=254 nm (WWH\25091808.D)
mAU
80
60
40
20 7
§ .
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
R o | et | i | | e | |
1 7.725 MM 0.6428 2399.76025 62.21721. 49.8556
2 12.486 BP 1.2066 2413.66455 24.21463 50.1444
VWDT A, Wavelength=254 nm (WWH25120705.D)
mAU

175

150

125

6.876

100

75

50

25

S23



Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] ]

1 6.876 BB 0.9485 6967.37207 105.44959 100.0000

1-(4-benzyl-5-oxo0-1-phenyl-3-(thiophen-2-yl)-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3qa)

White solid, mp 134-136 °C, 76% yield, > 99% ee, dr = 10:1. [a]3® = +5.242 (c =
0.2, CH2Cl). 'TH NMR (400 MHz, CDCl3) 8 9.12 (s, 1H), 7.87 - 7.82 (m, 1H),
7.55-7.41 (m, 4H), 7.38 - 7.34 (m, 1H), 7.32 - 7.17 (m, 4H), 7.17 - 7.08 (m, 5H),
7.07 - 6.94 (m, 3H), 3.85 (d, J=12.4 Hz, 1H), 3.77 (d, /= 12.4 Hz, 1H), 1.14 (s,
9H). 3C NMR (101 MHz, CDCls) § 169.2, 156.0, 153.4, 150.1, 149.1, 136.6,
133.5,131.5, 130.4, 130.1, 130.0, 129.7, 129.0, 128.7, 128.6, 128.4, 128.3, 128.1,
127.6, 126.3, 120.5, 77.3, 72.0, 39.7, 35.3, 31.1. HRMS (ESI) m/z: [M + Na]"
Calcd for Cs;Hz9NsO3NaS, 586.1889; Found 586.1884. The enantiomeric ratio

was determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 15:2, flow rate = 0.8

mL/min., A =254 nm, tg = 26.3 min. (major).

VWD1 A, Wavelength=254 nm (WWH\25101301.D)

mAU

40

30

20

3 - \%"3’
10 5 %?-."
0
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e e e e [memmmmmm= [ [memm———— \

1 13.153 BB 1.8773 1173.43059 7.34410 49.7598

2 25.206 MM 2.9474 1184.80994 6.69977 50.2402
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“VWOT A Wavelength=254 nm (WWH2S101302.0)
Norm.
40
30
20 ®
»
b 4 ©
5
10
o |
-10
0 5 10 15 20 25 30 35 40 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *g [mAU ] %

e i s [ aim i e [ |
1 26.344 MM  10.8405 6930.47852  10.65521 100.0000

4-(2-(tert-butyl)phenyl)-1-(4-(2-fluorobenzyl)-5-o0xo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-
1,2,4-triazolidine-3,5-dion (3ra)
White solid, mp 249-251 °C, 73% yield, 94% ee, dr = 12:1. 'H NMR (400 MHz,
. N};\ /Q CDCl3) 6 9.19 (s, 1H), 8.08 -8.01 (m, 2H), 7.61 -7.40 (m, 6H), 7.38 -7.24 (m, 3H),
N- 7.24 -7.03 (m, 4H), 6.99 (dd, /=7.8, 1.5 Hz, 1H), 6.91 -6.81 (m, 2H), 4.04 (d, J =
o¢LN)so 12.9 Hz, 1H), 4.00 -3.89 (m, 1H), 1.11 (s, 9H). ®*C NMR (101 MHz, CDCl;) &
@k 170.0, 160.1 (d, J=253.7 Hz), 155.5, 152.6, 151.0 (d, J = 3.6 Hz), 148.9, 136.7,

132.6 (d, /= 8.8 Hz), 131.5, 130.4, 130.3, 130.1, 130.1, 129.8, 129.8, 128.7 (d, J

3ra =9.2 Hz), 128.3, 128.2, 127.5, 126.2, 125.0, 125.0, 122.6 (d, J=25.5 Hz), 120.2,
118.1,117.0 (d, J = 23.0 Hz), 71.9, 35.5, 31.3 . YF NMR (377 MHz, CDCls) § -113.71. HRMS (ESI)
m/z: [M + Na]" Caled for C34H30FNsNaQOs, 598.2230; Found 598.2224. The enantiomeric ratio was
determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min.,

A =254 nm, tg = 9.1 min. (minor), 14.7 min. (major).
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VWD1 A, Wavelength=254 nm (WWH\25091006.D)
mAU
60
50 |
40
30 §
@
20 9 .\0";\
™
10
0
0 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1. 9.376 PB 0.5898 1106.36414 28.58725 50.1926
2 15.7/25 MM 1.4241 1097.87158 12.84876 49.8074

AAAAAAAAAAAAAAAAAAAAAAAA

VWD1 A, Wavelength=254 nm (WWH\25091204.D)
mAU
60
50
40
30
20—
10 o _ng'?’@
&
" i
0 2.5 5 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 9.085 MM 0.7657 56.30904 1 222557 306738
2 14,711 VB 1.0641 1779.482¢67 20.34599 96.9327

4-(2-(tert-butyl)phenyl)-1-(4-(2-methylbenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-
1,2,4-triazolidine-3,5-dione (3sa)
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White solid, mp 150-152 °C, 85% yield, > 99% ee, dr = 10:1. [a]3° = +0.8 (c =

Ph’N'N_ 0.8, CH2Cl,). "H NMR (400 MHz, CDCl5) § 8.45 (s, 1H), 7.87 (d,J= 7.3 Hz, 2H),

N-NH 7.55-7.45 (m, 3H), 7.44 - 7.26 (m, 5H), 7.25 - 6.90 (m, 8H), 4.01 - 3.85 (m, 2H),
oL

153.3,149.1, 136.7,134.2, 131.4, 131.3, 130.4, 129.5, 129.4, 128.8, 128.6, 128.5,
128.3, 127.6, 126.6, 126.4, 120.2, 71.8, 38.9, 35.3, 31.2, 29.6. HRMS (ESI) m/z:
[M +Na]* Caled for C3sH33N5NaOs, 594.2481; Found 594.2473. The enantiomeric

ratio was determined by HPLC analysis on a chiral IF-H column. n-Hexane/i-PrOH = 8:2, flow rate =

2.43 (s, 3H), 1.15 (s, 9H). 3C NMR (101 MHz, CDCl5) § 177.7, 169.8, 156.0,

3sa

0.8 mL/min., A =254 nm, tg = 6.2 min. (major).

VWD1 A, Wavelength=254 nm (WWH\25091009.D)
mAU
140

120

100

80

7.182

60

9.294

40

20

[ R — S — - - . .

0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU #S [mAU ] %
| o i | ====|======= | —========= | =========- i i e \
il 7.182 VB 0.4365 1977.604282 70.80798 50.4170

2 9.294 BB 0.6725 1944.92480 44,66753 49.5830

Uoullied diler 1uddlily)

VWD1 A, Wavelength=254 nm (WWH\25120708.D)

mAU
140

120 -

100

80

60

6.233

40

20

0 2 4 6 8 10 min
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Peak RetTime Type Width Area Height Area

# [min]

[min] mAU *3 [mAU ] %

1 6.233 VB 0.9922 3130.54761 43.36574 100.0000

4-(2-(tert-butyl)phenyl)-1-(4-(2-chlorobenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-
1,2,4-triazolidine-3,5-dione(3ta)

Ne P \ )
Ph-N_ A\

3ta

White solid, mp 245-247 °C, 85% yield, > 99% ee, dr = 10:1. [a]3° = +3.917 (c =
0.4, CH,CL,). '"H NMR (400 MHz, CDCl3) § 9.20 (s, 1H), 8.13 - 8.06 (m, 2H),
7.67 - 7.57 (m, 2H), 7.57 - 7.44 (m, 4H), 7.42 - 7.16 (m, 6H), 7.15 - 7.10 (m, 1H),
7.03 (dd, J=17.8, 1.5 Hz, 1H), 6.94 - 6.88 (m, 2H), 4.09 (d, /= 12.9 Hz, 1H), 4.05
- 3.94 (m, 1H), 1.17 (s, 9H). *C NMR (101 MHz, CDCls) § 169.2, 156.1, 153 4,
153.3, 150.1, 149.1, 136.6, 131.5, 130.4, 130.1, 130.0, 129.7, 129.0, 128.7, 128.5,
128.4, 128.2, 128.1, 127.6, 126.3, 120.6, 71.9, 39.7, 35.3, 31.1. HRMS (ESI) m/z:

[M + Na]" Caled for CssH3oCINsNaOs, 614.1935; Found 614.1921. The enantiomeric ratio was

determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 7:3, flow rate = 0.8 mL/min.,

A =254 nm, tg = 8.2 min. (major).

WUUL L IO U G Lo auuuLiyy

mAU
140

120

100

80 K
g v
&
60
40 E
20
0 e — =]
0 2 4 5] 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 7.766 MM 0.5482 2153.10596 65:46516 5H0.1117
2 11.975 PB 1.1193 2143.50879 30.14425 49,8883
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VWD A, Wavelength=264 nm (WWH\25120701.D)
mAU
140
120
100
80
40
20
" S
0 2 4 6 8 10 12 14 16 _min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== == | ====|======= | ========== | ========== | ======== |
L 5.829 VB 0:7890 3131:16943 54.79317 100.0000

1-(4-(3-bromobenzyl)-5-o0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)phenyl)-
1,2,4-triazolidine-3,5-dione(3ua)

White solid, mp 151-153 °C, 83% yield, > 99% ee, dr = 10:1. [a]3° = +0.725
Ph- );\ Q\ (¢ = 0.1, CHCl,). 'H NMR (400 MHz, CDCls) § 9.29 (s, 1H), 8.15 -8.11 (m,
N- 2H), 7.65 (ddd, J=7.7,4.4, 1.6 Hz, 2H), 7.57 (ddd, J = 14.6, 7.9, 6.3 Hz, 3H),
Og(N/&o 7.50 -7.44 (m, 1H), 7.41 -7.31 (m, 3H), 7.29 -7.22 (m, 3H), 7.15 -7.08 (m, 2H),
@k 6.95 (dd, J = 7.5, 2.0 Hz, 1H), 6.81 (d, J = 7.7 Hz, 1H), 4.11 -3.98 (m, 2H),
1.48 (s, 9H). *C NMR (101 MHz, CDCl3)  170.0, 156.1, 152.6, 148.9, 132.5,
3ua 131.4, 130.5, 130.0, 129.9, 128.8, 128.8, 128.6, 128.6, 128.3, 128.3, 128.2,
128.1, 127.7, 126.4, 125.5, 120.4, 71.7, 39.6, 35.3, 31.3, 31.3. HRMS (ESI) m/z: [M + Na]" Calcd for
C34H30BrNsNaOs, 658.1430; Found 658.1423. The enantiomeric ratio was determined by HPLC analysis

on a chiral AD-H column. n-Hexane/i-PrOH = 15:2, flow rate = 0.8 mL/min., A = 254 nm, tg = 7.9 min.

(minor), 10.5 min. (major).
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VWD1 A, Wavelength=254 nm (WWH\25091805.D) B
mAU ]
40
g
30 =
20 z
10
. o
0 ﬁ nlt Eli é 1!ﬂ mir
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e R | ~—mmm R | -—=—m——- |
1 6.851 BB 0.4450 822.62286 29.34192 50.1283
2 9.448 PR 0.7028 818.41113 18.38618 49.8717

VWD1 A, Wavelength=254 nm (WWH\25072406.D) =
mAU ]
40
304
20+
g &
10 3‘?’
&
<
o _4/\__7
0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
me | e Batedaded felacelacoiac: [fetacpdncodet o ode Badededodocoracoacs | e I
1 7.930 MM 0..2725 10.46797 6.40325e-1 2.3457

2 10.449 MM 0.8613 435.80139 8.43319 97.6543

4-(2-(tert-butyl)phenyl)-1-(4-(3-methylbenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-
1,2,4-triazolidine-3,5-dione (3va)
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PhQ\ White solid, mp 152-154 °C, 80% yield, 86% ee, dr = 12:1. [a]3® = +5.067 (c =

0.7, CH,Cl,). 'TH NMR (400 MHz, CDCl3) & 9.40 (s, 1H), 8.12 -8.03 (m, 2H),

N—NH 7.53 - 7.45 (m, 4H), 7.29 (d, J = 7.0 Hz, 2H), 7.26 -6.90 (m, 10H), 3.92 - 3.83

N (m, 2H), 2.28 (s, 3H), 1.12 (s, 9H). 1*C NMR (101 MHz, CDCl5) § 170.0, 156.1,

[:%:I/L<: 153.5,153.1,149.1, 138.7,136.7, 131.5, 131.0, 130.4, 130.2, 130.1, 129.7, 129.2,

128.5, 128.4, 128.3, 128.2, 127.6, 127.1, 126.7, 121.1, 117.8, 71.9, 39.6, 35.3,

3va 31.2,21.4. HRMS (ESI) m/z: [M + Na]" Calcd for C34H30BrNsNaOs, 658.1430;

Found 658.1423. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H column.
n-Hexane/i-PrOH = 8:2, flow rate = 0.8 mL/min., A = 254 nm, tg = 9.0 min. (major).

UlouLLleu dllel 1udullly)

VWD1 A, Wavelength=254 nm (WWH\25100902.D)
mAU

40

30
20

5 &”9%
10 © q:g\é\
0
0 2 4 8 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 5.921 MM 0.3520 233.98009 11.07988 49.6194

2 7.236 MM 0.9065 237.56998 4.36778 50.3806
VWD A, Wavelength=254 nm (WWH25100912.D)
mAU 8 >
S S
100 _ @’ﬂu
8
80
60
40~
©
= e
R
0 = e
0 2 4 6 8 10 12 14 min
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Peak RetTime Type Width Area Height RArea
# [min] [min] mAU s [mAU ] %

1 6.030 MM 0.3826 2401.04053 104.58047 082.5315
2 7.532 MM 0.7399 193.79587 4.36530 7.4685

4-(2-(tert-butyl)phenyl)-1-(4-(4-methylbenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-
1,2,4-triazolidine-3,5-dione (3wa)

White solid, mp 145-147 °C, 85% yield, 90% ee, dr = 13:1. [a]3° = -0.585 (c =
Ph/©/ 0.4, CHyCLy). 'H NMR (400 MHz, CDCl3) § 8.14 - 8.06 (m, 2H), 7.57 - 7.48 (m,
NI,NH 4H), 7.41 - 7.36 (m, 3H), 7.31 - 7.02 (m, 8H), 6.98 (dd, J=11.5, 7.5 Hz, 2H), 3.92
OO%N/EO (d, J=12.5 Hz, 1H), 3.87 (d, J = 12.3 Hz, 1H), 2.33 (d, /= 6.2 Hz, 3H), 1.15 (s,
©)< 9H). 3C NMR (101 MHz, CDCl3) § 178.1, 169.9, 156.1, 153.8, 153.0, 149.0,
135.4,131.4,131.3,131.2,130.4, 130.0, 129.4, 129.3, 128.8, 128.5, 128.3, 128.3,
3wa 128.3, 127.6, 126.8, 121.3, 71.8, 39.7, 35.3, 31.2, 29.6. HRMS (ESI) m/z: [M +
Na]" Calcd for C3sH33NsNaOs, 594.2481; Found 594.2473. The enantiomeric ratio was determined by
HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 3:2, flow rate = 0.8 mL/min., A =254 nm,

tr = 7.1 min. (minor), 4.6 min. (major).

VHoULL led diLer 1udullly)

VWD1 A, Wavelength=254 nm (WWH\25120403.D)
mAU

180

160

140

o?
120 ° _q:\%
m@’b'
100 hd
80
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60 b _'1330
X 5
ped
40—
20
0 PP = s T i e
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area

# [min] [min] mAU %5 [mAU ] %

1 4.586 MM 0.4782 2785.30420 97.07089 49.8622
2 7.144 MM 1.0792 2800.69971 43.25322 50.1378
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VWD1 A, Wavelength=254 nm (WWH\25120404.D)
mAU
\e)
250 %‘99
@ (:)b
8
E
200
150
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50 0
'\’\@
84"
S
0 I I I
0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 4.593 MM 0.4471 5585.95361 208.21674 95.2641

2 7.125 MM 0.7565 277.69528 6.11781 4.7359
4-(2-(tert-butyl)phenyl)-1-(4-(4-chlorobenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-
1,2,4-triazolidine-3,5-dione (3xa)

N= = 0.5, CH,CL). 'TH NMR (400 MHz, CDCls) & 8.06 -7.97 (m, 2H), 7.55 -7.39
Ph’Ng&'NH (m, 6H), 7.38 -7.09 (m, 6H), 7.06 -6.93 (m, 3H), 6.86 -6.75 (m, 2H), 3.91 -3.79
NS0 (m, 1H), 3.75 (d, J = 12.7 Hz, 1H), 1.10 (s, 9H) 3C NMR (101 MHz, CDCl;) 3
169.9, 156.0, 153.3, 153.2, 149.1, 136.7, 134.2, 131.4, 131.4, 131.2, 130.4, 129.5,
129.3, 128.8, 128.6, 128.5, 128.4, 127.6, 126.6, 126.4, 120.2, 71.8, 38.9, 35.3,
31.2. HRMS (ESI) m/z: [M + Na]" Calcd for C34H30CINsNaOs, 614.1935; Found

614.1927. The enantiomeric ratio was determined by HPLC analysis on a chiral

Cl White solid, mp 125-127 °C, 85% vield, > 99% ee, dr = 12:1. [a]%5 = +8.931 (c

AD-H column. n-Hexane/i-PrOH = 3:2, flow rate = 0.8 mL/min., A = 254 nm, tg = 6.2 min. (major).

S33



VWD1 A, Wavelength=254 nm (WWH\25091209.D)
mAU
90
80
&
70 -
60 i
50
| >
40 A%
o &
o
30 &
20~
10
o . _— ’ e A
0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

= [o———f———r e [ [ |
1 5.491 MM 0.3600 1267.51648 58.67917 49.8003
2 8.529 MM  0.7786 1277.68384  27.35143 50.1997

VWD A, Wavelength=254 nm (WWH\25091803 D)

mAU

175

180 8

N b

100

75

50

25

0

0 2 4 6 8 10 min

Peak RetTime Type Width Area Height Area

# [min] [min] mAU *g [mAU ] %

e I e = e |
1 6.168 W 0.7608 6154.94971 133.45183 100.0000
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VWD1 A, Wavelength=254 nm (WWH\25112301.D)
mAU

350
300

250

4.433

200

150

100

50

o]

0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

el | === | ==mm—=- R o o |
1 4.433 BV 0.4343 7193.96875 229.41437 100.0000

1-(4-(4-bromobenzyl)-5-oxo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)phenyl)-
1,2,4-triazolidine-3,5-dione (3ya)

N— D CH>Cl,). 'H NMR (400 MHz, CDCl5) 8 8.90 (s, 1H), 8.11 - 8.04 (m, 2H), 7.58
Ph’N};\}l"NH - 7.50 (m, 6H), 7.41 - 7.34 (m, 3H), 7.28 (d, J=2.9 Hz, 1H), 7.23 (dd, J=7.8,
OO%N/&O 4.5 Hz, 3H), 7.04 (d, /J="7.8 Hz, 1H), 6.81 (d, J = 8.1 Hz, 2H), 3.90 (d, /= 12.7

< Hz, 1H), 3.81 (d, J=12.6 Hz, 1H), 1.16 (s, 9H). 3C NMR (101 MHz, CDCls) &

Br  White solid, mp 134-136 °C, 83% yield, 80% ee, dr = 13:1. [0(]%,5 =+2(c=0.1,

170.0, 156.2,153.4,153.2, 149.0, 136.7,131.7,131.4, 131.3, 130.5, 129.3, 129.2,

3ya 128.9, 128.6, 128.2, 127.6, 126.6, 126.4, 122.4, 120.3, 71.7, 38.9, 35.3, 31.2.

HRMS (ESI) m/z: [M + Na]* Calcd for C34H30BrNsNaOs, 658.1430; Found 658.1428. The enantiomeric
ratio was determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 3:2, flow rate =

0.8 mL/min., A = 254 nm, tr = 8.5 min. (minor), 6.4 min. (major).
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(modified after loading)
VWD1 A, Wavelength=254 nm (WWH\25120405.D)

mAU

350

300

250

200

150

4.327

100

/5328

50

0 1 2 3 4 5 6 7 8 min
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAU %S [mAU ] %
== [l [Fe———re—e [ [ |
1 4.327 BV 0.4144 3417.57080 114.29707 49.9766

2 5.328 VB 0.6470 3420.77734 78.00625 50.0234

N e C cemcoe ey,

VWD1 A, Wavelength=254 nm (WWH\25091804.D)

mAU

250

200

150

©

100 ) qf;\b"b

| - .
50 ) q:\/\b?g
0 : : = ———
4] 2 4 6 8 10 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

ik 6.358 MM 0.7358 2576.85596 58.36792 90.2800
2 8.508 MM 0.7804 277.43579 5.92484 9.7200

1-(4-(3,5-bis(trifluoromethyl)benzyl)-5-oxo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-
butyl)phenyl)-1,2,4-triazolidine-3,5-dione (3za)
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F3C
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N—NH

qthN/xto

>

White solid, mp 148-150 °C, 85% vield, 90% ee, dr = 10:1. [a]2° = +30.963 (¢
=0.5, CHaCl,). 'H NMR (400 MHz, CDCl3) § 8.49 (s, 1H), 7.95 (d, J="7.5 Hz,
2H), 7.61 (s, 1H), 7.51 - 7.43 (m, 6H), 7.36 - 7.32 (m, 1H), 7.26 (s, 6H), 7.16 -
7.12 (m, 1H), 6.98 (d, J = 7.7 Hz, 1H), 4.10 (d, J = 12.9 Hz, 1H), 3.82 (d, J =
12.8 Hz, 1H), 1.21 (s, 9H). ®C NMR (101 MHz, DMSO-ds) & 170.1, 154.0,
149.0, 136.7, 134.6, 132.1, 132.1, 132.0, 131.9, 131.2, 131.2, 131.2, 131.1,
130.9, 130.6, 130.5, 130.2, 129.8, 129.4, 129.3, 129.0 (d, J = 28.1 Hz), 127.9
(q,J = 3.5 Hz), 127.3, 126.5, 125.7 (d, J = 222.0 Hz), 124.0, 122.5 (q, J = 4.2

Hz), 121.9, 119.0, 40.9, 38.8, 35.4, 31.4. F NMR (377 MHz, CDCl;) § -63.14. HRMS (ESI) m/z: [M
+ Na]* Caled for C36H20FsNsNaQs, 716.2072; Found 716.2062. The enantiomeric ratio was determined
by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = §8:2, flow rate = 0.8 mL/min., A = 254

nm, tr = 6.1 min. (minor), 4.9 min. (major).

UUULL1SU alLeL  1uaulily)

VWD1 A, Wavelength=254 nm (WWH\25091008.D)
mAU
()
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175 8 ¥
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0 4 6 8 10 12 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *ig [mAU ] g

1 4.956 MM 0.4310 4085.26245 157.99005 49.7688
2 6.706 VB 0.5283 4123.22607 122.9029%96 50.2312
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VWD1 A, Wavelength=254 nm (WWH\25120707.D) N
mAU
400
A
2 .QS"&D
300 &
200
100 >
7] b“gép
&
Gl —— = ]
0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 4.899 MM 0.5241 8843.70117 281.24863 95.1636
2 6.115 MM 0.6189 449,45132 1210271 4.8364

1-(4-benzyl-5-o0x0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(4-bromo-2-(tert-butyl)phenyl)-
1,2,4-triazolidine-3,5-dione (3ab)

N Ph White solid, mp 151-153 °C, 85% yield, 99% ee, dr = 18:1. [a]3® = +0.917 (c =
pthlgan 0.1, CHxCL).. '"H NMR (500 MHz, CDCl3) § 9.18 (s, 1H), 8.07 - 8.01 (m, 2H),
Ooi_’jio 7.60 (d, J=2.3 Hz, 1H), 7.53 - 7.45 (m, 5H), 7.33 - 7.26 (m, 3H), 7.18 - 7.13 (m,
N 2H), 7.09 - 7.06 (m, 2H), 6.95 (d, J="7.2 Hz, 2H), 6.84 (d, /= 8.3 Hz, 1H), 3.92
(d,J=12.6 Hz, 1H), 3.85(d,J=12.7 Hz, 1H), 1.11 (s, 9H). 3C NMR (101 MHz,
CDCls) 6 169.9, 155.6, 153.5, 152.7, 151.4, 136.7, 133.1, 131.9, 131.1, 130.8,
Br 130.0, 129.5, 129.3, 128.8, 128.3, 128.3, 127.6, 126.7, 126.3, 124.8, 120.5, 72.0,
3ab 39.7, 35.5, 30.9. HRMS (ESI) m/z: [M + Na]" Caled for CssH3BrNsNaOs,
658.1430; Found 658.1427. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H

column. n-Hexane/i-PrOH = 15:2, flow rate = 0.8 mL/min., A = 254 nm, tr = 8.9 min. (major).
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VWD1 A, Wavelength=254 nm (WWH\25112706.D)
mAU
40
30 o
© \bé?
fg??l o«
20 /N &
g &
10 i
00— =
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU bl [mAU ] %

1 8.516 MM 1.4101 1666.58044 19.69799 49,9848
2 12.590 MM 22858 166759143 1215881 50.:0152

VWD A, Wavelength=254 nm (WWH\25112708D)
mAU 8
R}
0o
30
25
20
15 |
10
5
0
0 2.5 5 75 10 125 15 17.5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e ===~ lrmmmmes [crmmrmmem B [====—=== |
1 8.900 PB L4167 315636182 31+ #353530 1000000

1-(4-benzyl-5-o0x0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-(2-(tert-butyl)-4-iodophenyl)-
1,2,4-triazolidine-3,5-dione(3ac)
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Ph—N_ _\"Bn

3ac

White solid, mp 142-144 °C, 83% yield, 99% ee, dr = 18:1. [a]3® = +3.047 (c =
0.2, CH,Cl,). 'TH NMR (400 MHz, CDCI5) 8 9.50 (s, 1H), 8.06 (d, J = 7.5 Hz,
2H), 7.57 - 7.48 (m, 6H), 7.40 - 7.33 (m, 3H), 7.28 (s, 1H), 7.23 (dd, /= 8.3, 3.6
Hz, 3H), 7.05 (d, J= 7.7 Hz, 1H), 6.79 (d, J="7.9 Hz, 2H), 3.92 - 3.76 (m, 2H),
1.13 (s, 9H). 13C NMR (101 MHz, CDCl;) § 169.2, 156.1, 153.4, 150.2, 149.1,
136.6,133.5,131.5,130.4, 130.1, 129.7, 129.0, 128.7, 128.6, 128.4, 128.3, 128.1,
127.6, 126.3, 120.6, 72.0, 39.7, 35.3, 31.1. HRMS (ESI) m/z: [M + Na]* Caled
for Cs4H30INsNaOs, 706.1291; Found 706.1280. The enantiomeric ratio was

determined by HPLC analysis on a chiral AD-H column. n-Hexane/i-PrOH = 15:2, flow rate = 0.8

mL/min., A =254 nm, tg = 9.2 min. (major).

UIUULL1SU AL LSl LUGULLlY/

mAU

40

30

VWD1 A, Wavelength=254 nm (WWH\25112707.D)

@Q’é’%
34

20 Qr

10

0 -

0 25 5 75 10 125 15 17.5 20 min
Peak RetTime Type Width Area Height Area

# [min] [min] mAU *5 [mAU ] %
=== | === === | —===——=—== | —========- | —======- |

s 9.194 MM 1.4929 1588.86279 1773801 50.0530

2 14.382 BB 1.7164 1585.49512 10.84133 49.9470

UIUULL 1eU dlLler 1udullly)

mAU

25

20

VWD1 A, Wavelength=254 nm (WWH\25112709.D)

9162

S40



Peak RetTime Type Width Area Height Area

# [min] [min] mAU *3 [mAU ] %
mmme [ mmmm——— [====[mreme—— [memme————— [memmee———e [mrrmmmm= |
1 9.162 BB 1.4713 2017.15356 28.07757 100.0000

Gram scale synthesis of the product 3xa

Cl
N=N N= P“/@
9 0 N/¥§O c1 Ph-N N NH
Ph—N + - .
i\I\@\ Tol, r.t. OoﬁLN\/Qo
Ph cl
1x, 2.5 mmol 2a, 3 mmol 3xa, 1.22 g

83% yield, >99% ee, 12:1 dr
A tube was charged with 1x (900 mg, 2.5 mmol, 1.0 eq.), 2a (693 mg, 3 mmol, 1.2 eq.), C1 (160
mg, 0.25 mmol, 0.1 eq.), followed with Tol (25 mL). The reaction mixture was stirred at 25 °C for 1 h.
When compound 1x was consumed as checked by TLC, the reaction was stopped and purified by column

chromatography on silica gel directly to give the product 3xa as white solid (yield 83%, > 99% ee, dr =
12:1).

Synthesis of the products 4

cl cl
(5 i (
Pt A Mel/K,COs Pty A
OoﬁkN)%o 1,4-dioxane OoﬁkN/&o
3xa 4, 67% yield

92% ee, > 20:1 dr
Potassium carbonate (0.4 mmol, 2.0 equiv) was added to a solution of products 3xa (0.2 mmol, 1.0
equiv) and iodomethane (2.0 mmol, 10 equiv) in dioxane (1 mL) at room temperature. The solution was
stirred at room temperature for 5 h. When compound 3xa was consumed as checked by TLC, the reaction
was stopped and purified by column chromatography on silica gel directly to give the product 4 as white

solid (yield 67%, ee 92%, dr > 20:1).
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Br Ph
Ph -
N— N
N . PhB(OH), (1.5 eq) N \
— L _ .
P Pd(PPhg), (1.5 mol%) Ph ‘
N—NH Cs3C04 (1.5 eq) N—NH
o ,k k THE/H.O = 10:1. 70 ° o [ /&
o= o ,0=10:1,70 °C o o
é)< N
3ya
Ph Ph
N— N
/ /
ph—N 1B PN B
N—NH PhB(OH), (1.5 eq) N NH
o ( )s Pd(PPh3)4 (1.5 mol%) o /&
0=y o Cs3CO4 (1.5 eq) O’(/ N °
THF/H,0 = 10:1, 70 °C
Br Ph

3ab

To a solution of 3ya/3ab (1.0 equiv, 0.1 mmol) in 2.0 mL THF/H,O (10:1) was added phenylboronic
acid (1.5 equiv, 0.15 mmol), Pd(PPhs3)4 (0.15 equiv, 0.015 mmol), Cs,COs (1.5 equiv, 0.15 mmol). Then,
the reaction system was degassed and filled with nitrogen for three times. The reaction mixture was
stirred under N, at 70 °C for 14 h. TLC monitoring showed no significant change in the spot
corresponding to the starting material. Subsequently, the reaction mixture was purified by silica gel
column chromatography, and the isolated product was analyzed by 'H NMR spectroscopy, which
confirmed its identity to be consistent with that of the starting material.

3ya

isolated product

"H NMR (400 MHz, CDCl;) 6 9.16 (s, 1H), 8.08 (d, J = 7.5 Hz, 2H), 7.61 - 7.47 (m, 6H), 7.41 -
7.34 (m, 3H), 7.28 (d, /= 5.6 Hz, 1H), 7.23 (dd, J= 7.9, 3.9 Hz, 3H), 7.05 (d, J = 7.8 Hz, 1H), 6.81 (d,
J=28.0 Hz, 2H), 3.88 (d, J=12.7 Hz, 1H), 3.80 (d, /= 12.6 Hz, 1H), 1.16 (s, 9H).
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6.0

1 (ppm)
8.3 Hz, 1H), 3.96 (d, J=12.6 Hz, 1H), 3.87 (d, /= 12.5 Hz,

7.2 Hz, 2H), 6.84 (d, J =

H NMR (500 MHz, CDCls) § 8.59 (s, 1H), 8.05 (d, J
- 7.46 (m, 5H), 7.35 (dd, J = 8.3, 2.3 Hz, 1H), 7.31 - 7.28 (m, 2H), 7.20 - 7.12 (m, 2H), 7.10 - 7.07 (m,

isolated product
2H), 6.95 (d, J

3ab
1H), 1.14 (s, 9H).

¥6°9
96'9
202
80°2
oL'2
el
GL'Z
oL’L
LVL
61721
82°L1
8z L1
0€Z1
LE L
LE LT
veL
ve LY
9g'/ 1
9g° L
LY LN
VAN
6V

/l

G0'8

J k98

= {00}

260

S43




3ya

3ab

Ph (1.2 equiv)

PdCI,(PPh3), (10 mol%)

_— =

N—
/
Cul (5 mol%), EtzN (15 equiv)  Ph—N
N—NH

DMF, 80 °C

——Ph (1.2 equiv)
PdCl,(PPhg) (10 mol%)

Cul (5 mol%), Et3N (1.5 equiv)
B —

DMF, 80 °C

Ph
ol
N
o= N o

complex

Chemical Formula: C4;H35Ns05
Molecular Weight: 657.7740

Ph
WB;

N—
/
ph—N n
N—NH

o L,

Ph
complex

Chemical Formula: C4,H35N505
Molecular Weight: 657.7740

To a solution of 3ya/3ab (1.0 equiv, 0.1 mmol), EtzN (0.07 mL) in 1.0 mL DMF was added
ethynylbenzene (2.5 equiv, 0.25 mmol), Cul (5.0 mol%), PdCl>(PPhs), (10 mol%). Then, the reaction

system was degassed and filled with nitrogen for three times. The reaction mixture was stirred under N>

at 80 °C for 17 h. TLC analysis revealed a complex reaction mixture with multiple product spots.

Subsequent HRMS analysis of the crude reaction mixture indicated the absence of the desired compound.

3ya

reaction system

2026032505 7 (0.273) AM2 (Ar,20000.0,556.28,0.00,LS 3); Cm (7-1:3)

oy 301.0768
a?_
] 219.0M3 |59 0415
2431472
0_
100 200 300 400

500

5791613

600
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2026032505 7 (0.273) AM2 (Ar,20000.0,556.28,0.00,LS 3); Cm (7-1:3)
100

3ab

1: TOF MS ES+

reaction system

100+

0_

667.2534 3.05e!
668.2568
669.2653
660.1415
658.1412 670.2695
Fﬁ1'1432 ( 6712551 ©680.1246
||l|'|||||||||||||I|'|||||||l||||‘|||||||||||r||||‘||"||'||‘|l'|| m].rz
640 645 650 655 660 665 er0 675 680
2026032513 18 (0.380) AM2 (Ar,20000.0,554.26,0.00,LS 3); Cm (18-1:5) 1: TOF MS ES-
405.0424 5.48e5
636.1433
406.0453
637.1450
A B R e AR R A e pama el 111/
100 200 300 400 500 600 700 800 S00 1000

S45



2026032513 18 (0.380) AM2 (Ar,20000.0,554.26,0.00,LS 3); Cm (18-1:5) 1: TOF MS ES-

100- 636.1433 2.49e5
634.1448
3“0\_
637 1450
| 638.1477
e e TR
625 630 635 640 645 650 655
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4-(2-(tert-butyl)phenyl)-1-(4-(4-chlorobenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-
2-methyl-1,2,4-triazolidine-3,5-dione (4):

Cl  White solid, mp 135-137 °C, 67% yield, 92% ee, dr > 20:1. [a]3° = +20.972
Phg (c = 0.2, CH,CLy). "TH NMR (400 MHz, CDCl5) 5 8.18 - 8.09 (m, 2H), 7.67 -
ph—N Nl N/ 7.52 (m, 6H), 7.51 - 7.41 (m, 1H), 7.40 - 7.36 (m, 2H), 7.32 - 7.28 (m, 1H),

ooka\AO 7.25-17.21 (m, 1H), 7.02 (d, J = 8.0 Hz, 2H), 6.99 - 6.92 (m, 1H), 6.81 (d, J =

8.0 Hz, 2H), 4.05 (s, 2H), 3.21 (s, 3H), 1.38 (s, 9H). *C NMR (101 MHz,

CDCl) 6 169.8, 155.3, 149.5, 136.7, 134.1, 131.5, 131.4, 131.2, 130.4, 129.9,

129.5,129.1, 129.0, 128.7, 128 .4, 127.6, 126.6, 126.3, 119.7, 75.0, 39.3, 35.6,

4 31.4,29.7. HRMS (ESI) m/z: [M + Na]" Calcd for C35H3,CINsNaO3, 628.2091;

Found 628.2088. The enantiomeric ratio was determined by HPLC analysis on a chiral AD-H column.

n-Hexane/i-PrOH = 3:2, flow rate = 0.8 mL/min., A =254 nm, tr = 14.5 min. (minor), 42.7 min. (major).

VWD1 A, Wavelength=254 nm (WWH\25121302.D) -
mAU

80

14.475

60

40

20 2.7
$®
i o - ==
0 5 10 15 20 25 30 35 40 45 min
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAU *s [mAU ] %
el [momr [rrmeeme [rrmmcmme [rmmmrmm—en [rmmmm—m |
1 14.475 BB 06216 2807.32178 67.56274 50.1787
2 42.750 MM 3.5130 2787.32422 13.22387 49.8213
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e =103

VWD1 A, Wavelength=254 nm (WWH\25121303.D)

mAU 2 N
5 b"&
&
200 —
150
100
\"'@h
g o
© o
50 $
0 o s It = J o _ _ . P4 \\\ B o o
0 10 20 30 40 50 60 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

—less Iesallesssas s B e |
1 14.549 MM 0.6993 2112.63550 50.35394  3.6057
2 42.708 MM 4.0230 5.64781e4 233.97810 186.3943
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4. The racemization experiment®

The enantiomerisation barrier was obtained by kinetic of racemization of an enantiomer™. The slope

of the first order kinetic line gives the racemization (k.p; = 3

z Krqc ). Erying equation gives the

enantiomerisation barrier (AG7) from enantiomerisation constant (kep), R = 8.31451 J-K-'mol!, h =

6.62608%x103* J-s, ky = 1.38066 x 102 J-K'!. Enantiomeric excess values were determined by HPLC.

Ph-

P CF3 pr CF3
,N‘ N=
ot

FaC FaC

DMSO Ph~N
i N—NH N—NH
373.15k o]
o¢LN 0 oé/\Nko
3za rac-3za

Table S1. Racemization of 3za in mesitylene at 100 °C.

t/h dr de t(s) In(deo/dey)
0 1 0 0
1 39 0.95 3600 0.051293294
1.5 36 0.945945946 5400 0.055569851
2 29 0.933333333 7200 0.068992871
2.5 19 0.9 9000 0.105360516
3 14 0.866666667 10800 0.143100844
3.5 11 0.833333333 12600 0.182321557
4.5 9 0.8 16200 0.223143551
5.5 8 0.777777778 19800 0.251314428
03
g = 1E-05x - 0.0074
EO 0.25 . R?= 09764
E 02
0.15
0.1
0.05
0
0.0 0 5000 10000 15000 20000 25000
t(s)

Figure S1. The plot of In[(deo/de;)] vs time of 3za at 100 °C

T =100 °C (DMSO); kop; =§ Koo = %slope =5x107%t, = In2/kyqe = 19 h;

AGY = In(

kpT
hxkent

) RT = 129.96 kJ-mol! = 31.1 kcal-mol!
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6. NMR spectra copies

"H NMR spectra of 3aa
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"H NMR spectra of 3ba
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"H NMR spectra of 3ca
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"H NMR spectra of 3da
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"H NMR spectra of 3ea
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"H NMR spectra of 3fa
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"H NMR spectra of 3ga
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"H NMR spectra of 3ha
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"H NMR spectra of 3ia
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"H NMR spectra of 3ja
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"H NMR spectra of 3ka
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"H NMR spectra of 3la
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"H NMR spectra of 3ma
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"H NMR spectra of 3na
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"H NMR spectra of 30a
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F NMR spectra of 30a
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"H NMR spectra of 3pa
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"H NMR spectra of 3qa
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"H NMR spectra of 3ra
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"H NMR spectra of 3sa
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"H NMR spectra of 3ta
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"H NMR spectra of 3ua

8¥ 1)
€0y
SO0'v
90'v
289
969

969

L2
(A

S

Sz

sz

22

Vx4

8z,

8z,

622

0eL
og L1
AR
Ge'/1
Ge/1
9/ 1
111
1YL
Ly LA
GG/
96/
1672
652
652
6521
192
v9° L]
v9'L]
G9'/
5921
G9'/
99/
192
192
zL'e
zL'e

vL'8

*€L81

T
10. 0

.0

(ppm)

fl

13C NMR spectra of 3ua

gle
mém/

ege
968\
L2y
vozl
g'szl
v'ozl
YEA
(14}
z'8zL

© 8¢l

€8zl |
98z |
9'8z1 |
8'8Z1 |
8'821 |
6621
0°0El |
G0El
vIEL Y

Gl
szel
99t
6871\
9251
eesl
()

<

00LL —

Br

80

200

210

60 50 40

70

180 170 160 150 140 130 120 110 100 90

190

(ppm)

fl

S75



"H NMR spectra of 3va
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"H NMR spectra of 3wa
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"H NMR spectra of 3xa
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"H NMR spectra of 3ya
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"H NMR spectra of 3za
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"H NMR spectra of 3ab
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"H NMR spectra of 3ac
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7. X-ray crystal structure of 3xa.

CCDC: 2526445

Bond precision: C-C = 0.0038 A Wavelength=0. 71073
Cell: a=8.5157(11) b=12.5173(16) c=13.9114(17)

alpha=90. 342 (3) beta=91. 011(4) gamma=97. 382 (4)
Temperature: 120 K

Calculated Reported

Volume 1470.3(3) 1470. 3(3)
Space group | P-1
Hall group 2 | P 1
Moiety formula C34 H31 C1 N5 03 C34 H31 C1 N5 03
Sum formula C34 H31 C1 N5 03 C34 H31 C1 Nb 03
Mr 593. 09 593.09
Dx, g cm—3 1. 340 1. 340
# 2 2
Mu (mm-1) 0.175 0.175
F000 622.0 622.0
F000’ 622. 53
h, k, lmax 10, 15, 17 10, 15, 17
Nref 6126 6038
Tmin, Tmax 0.983,0. 983 0.604, 0. 745
Tmin’ 0. 983

Correction method= # Reported T Limits: Tmin=0. 604 Tmax=0. 745 AbsCorr =
NONE

Data completeness= (. 986 Theta (max)= 26. 543

wR2 (reflections)= 0.1554(

R(reflections}= 0. 0576( 4326) 6038)

S =1.051 Npar= 391
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