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1. General Information

All reactions were performed in oven-dried glassware under a nitrogen atmosphere. All
photoreactions were performed using a blue LED light source (456 nm, 50 W). Photoreactions
were prepared in a nitrogen-filled glovebox and set up with three lamps (10 cm distance from
the reaction flask) and the temperature maintained by fan cooling. Unless specified, all reagents
and starting materials were purchased from commercial companies and used as received.
Anhydrous solvents were freshly degassed following standard procedures using three freeze-
pump-thaw cycles. Analytical thin layer chromatography (TLC) was performed using pre-
coated silica gel plates. Visualisation was achieved by UV light (254 nm). Flash
chromatography was performed using silica gel and gradient solvent system (eluent: 40-60 °C
fraction of petroleum benzine:EtOAc). 'H, 13C and '°F NMR spectra were recorded on 400 and
600 MHz spectrometers. Chemical shifts (ppm) were recorded with tetramethylsilane (TMS)
as the internal reference standard. Multiplicities are given as: s (singlet), br s (broad singlet), d
(doublet), t (triplet), dd (doublet of doublets), dt (double of triples), ddd (doublet of doublet of
doublets), ddt (doublet of doublet of triplets), dtt (doublet of triplet of triplets), ddq (doublet of
doublet of quintets), dddd (doublet of doublet of doublet of doublets), dtd (doublet of triplet of
doublets), dt (doublet of triplets), dp (doublet of pentents), dq (doublet of quintets), td (triplet
of doublets), tdd (triplet of doublet of doublets), tt (triplet of triplets), qd (quintet of doublets),
qt (quintet of triplets) or m (multiplet). The number of protons (n) for a given resonance is
indicated by nH and coupling constants are reported as a J value in Hz. Infrared spectra were
recorded on an FTIR spectrometer (thin film). High resolution mass spectra (HRMS) were

obtained on a LC/HRMS TOF spectrometer using simultaneous electrospray (ESI).
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2. Experimental Procedures

2.1 General procedure for the synthesis of azomethine imines (1a—q)"!

0 )OL o)
OMe  NH,NH,-H,O
/\n/ oNFlp+H3 ﬁ{NH R™ "H / @,EN@
o} EtOH N MeOH N
reflux, 3 h H rt, 16 h J
R
S1 S2 1

To a round bottom flask containing a magnetic stirring bar was added hydrazine hydrate (1.0
mL, 20 mmol, 1.0 equiv.) in EtOH (20 mL). Methyl acylate (2.0 mL, 22.5 mmol, 1.1 equiv.)
was added at 0 °C and the resulting reaction mixture was stirred for 30 min before heating at
reflux for 3 h. On completion, the solvent was removed under reduced pressure and the
resulting residue (S2) was used in the next step without further purification. The residue (S2)
was dissolved in MeOH (5 mL) and the appropriate aldehyde (30 mmol, 1.5 equiv.) was added.
The reaction was stirred at room temperature for 14 h. Upon completion, the solvent was
removed under reduced pressure and the ensuing residue was recrystallised from hot EtOH
(Et2O was added to aid crystallisation if required). The crystals were filtered and dried under
vacuum to afford the title compound.

2.2 General procedure for the synthesis of 4-alkyl-substituted DHPs (2a—0)5>54

R
LiAIH, DMP O O NH,OAc EtO,C CO,Et
RCOOH RCHO +
THF ROH ~hem MeMOEt E{OH |
S3 0°C,1h S4 rt,2h S5 reflux, 16 h Me H Me
2

To a round bottom flask containing a magnetic stirring bar and the appropriate carboxylic acid
(S3, 10 mmol, 1.0 equiv.) in freshly distilled THF (20 mL) was added LiAlH4 solution (2.0 M
in THF, 6.0 mL, 12 mmol, 1.2 equiv.) slowly at 0 °C. The reaction mixture was stirred at 0 °C
for a further 1 h. Upon completion, the reaction mixture was quenched by addition of cold

water until no more hydrogen gas formed. The reaction mixture was extracted with EtOAc (3
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x 20 mL). The combined organic phase was washed with brine (20 mL), dried over anhydrous
Na>SO4 and concentrated in vacuo to give the corresponding S4, which was used in the next
step without further purification.

To S4 (10 mmol, 1.0 equiv.) in DCM (50 mL) was added DMP (6.4 g, 15 mmol, 1.2 equiv.).
The reaction mixture was stirred at room temperature for 2 h. Upon completion, the reaction
mixture was quenched by addition of saturated sodium thiosulfate (50 mL) and stirred until the
organic phase become clear (approximately 30 min). Then, the organic phase was washed with
brine (20 mL), dried over anhydrous Na>SO4 and concentrated in vacuo to give a residue that
was purified by flash column chromatography on silica gel (eluent: petroleum benzine:EtOAc
=10:1) to provide SS.

To a round bottom flask containing a magnetic stirring bar and the appropriate aldehyde S5
(5.0 mmol, 1.0 equiv.) in EtOH (10 mL) was added ethyl acetoacetate (1.27 mL, 10 mmol, 2.0
equiv.) and ammonium acetate (385 mg, 5 mmol, 1.0 equiv.). The reaction mixture was heated
to reflux and stirred at this temperature for 16 h. Upon completion, the reaction mixture was
concentrated in vacuo. The crude residue was dissolved in EtOAc (20 mL) and washed with
brine (20 mL). The aqueous phase was extracted with EtOAc (2 x 50 mL). The combined
organic phase was washed with brine (20 mL), dried over anhydrous Na;SO4 and concentrated
in vacuo to give a residue that was purified by flash column chromatography on silica gel

(eluent: petroleum benzine:EtOAc = 4:1) to provide the title compound.
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2.3 General procedure for the synthesis of 2i5-57

CO.H CO,Me CO,Me HO
SOCl, BzCl KBH,
MeOH, TEA
R R
H 20 h H 0 °C—rt By eiw L
S6 s7 16 h s8 so
gHO NH,OA R
4 C
DMP ﬁj ethyl acetoacetate Eto2oﬁ0025t o
DCM =
oh N EtOH Me™ N~ Me N
Bz reflux H \
16 h _ Bz
S10 2i

To a round bottom flask containing a magnetic stirring bar and S6 (1.9 g, 15 mmol, 1.0 equiv.)
in MeOH (20 mL) was added SOCL (2.0 mL, 27 mmol, 1.8 equiv.) dropwise at 0 °C and the
reaction mixture was stirred at room temperature for 20 h. Upon completion, the reaction
mixture was concentrated in vacuo to afford S7 in quantitative yield, which was used in the
next step without further purification.

To S7 (6.0 g, 15 mmol, 1.0 equiv.) in DCM (50 mL) was added TEA (6.5 mL, 45 mmol, 3.0
equiv.), followed by BzCl (1.9 mL, 16.5 mmol, 1.1 equiv.). The reaction mixture was stirred
at room temperature for 16 h. Upon completion, the reaction was quenched by addition of water
(50 mL) and extracted with EtOAc (3 x 20 mL). The combined organic phase was washed with
brine (20 mL), dried over anhydrous Na>SO4 and concentrated in vacuo to give a residue that
was purified by flash column chromatography on silica gel (eluent: petroleum benzine:EtOAc
=4:1) to provide S8 in 97% yield (3.6 g) as a white solid.

To S8 (3.6 g, 14.6 mmol, 1.0 equiv.) in MeOH was added KBH4 (1.2 g, 22.2 mmol, 1.5 equiv.)
portion-wise and the reaction mixture refluxed for 16 h. Upon completion, the reaction mixture
was quenched by addition water (20 mL) and the excess methanol removed in vacuo. The

aqueous phase was extracted with EtOAc (3 X 50 mL). The combined organic phase was

S4



washed with brine (20 mL), dried over anhydrous Na;SO4 and concentrated in vacuo to afford
S9 in 90% yield, which was used in the next step without further purification.

To S9 (2.9 g, 13.2 mmol, 1.0 equiv.) in DCM (50 mL) was added DMP (8.3 g, 19.8 mmol, 1.2
equiv.). The reaction mixture was stirred at room temperature for 2 h. Upon completion, the
reaction mixture was quenched by addition of saturated sodium thiosulfate (50 mL) and stirred
until the organic phase become clear (approximately 30 min). Then, the organic phase was
washed with brine (20 mL), dried over anhydrous Na>SO4 and concentrated in vacuo to give a
residue that was purified by flash column chromatography on silica gel (eluent: petroleum
benzine:EtOAc = 4:1) to provide S10 in 83% yield (2.4 g) as a yellow solid.

To a round bottom flask containing a magnetic stirring bar and S10 (2.4 g, 11 mmol, 1.0 equiv.)
in EtOH (20 mL) was added ethyl acetoacetate (2.86 mL, 22 mmol, 2.0 equiv.) and ammonium
acetate (852 mg, 11 mmol, 1.0 equiv.). The reaction mixture was heated to reflux and stirred
at this temperature for 16 h. Upon completion, the reaction mixture was concentrated in vacuo.
The crude residue was dissolved in EtOAc (20 mL) and washed with brine (20 mL). The
aqueous phase was extracted with EtOAc (2 X 50 mL). The combined organic phase was
washed with brine (20 mL), dried over anhydrous Na>SO4 and concentrated in vacuo to give a
residue that was purified by flash column chromatography on silica gel (eluent: petroleum
benzine:EtOAc = 2:1) to provide the title compound 2i (2.0 g, 42% yield) as yellow solid.

2.4 General procedure for the synthesis of 4-acyl-substituted DHPs (4a—0)3

(0] R
0] SeO, (0] (0] (@] NH, O 120-130 °C EtO,C CO,Et
2 2
+ +
R)J\Me dioxane:water RJK&O MeMOEt MeMOEt 1h | |
(10:1) Me N Me
s11 reflux, 16 h S12 H
4

To a round bottom flask containing a magnetic stirring bar and the appropriate ketone S11 (10
mmol, 1.0 equiv.) in dioxane (20 mL) and water (2 mL) was added SeO> (1.3 g, 12 mmol, 1.2

equiv.) and the reaction mixture was heated to reflux for 24 h. Upon completion, the reaction

S5



mixture was filtered through a thin pad of celite to remove the dark insoluble impurities. The
filtrate was concentrated in vacuo and the residue was used in the next step without further
purification.

A solution of a-keto aldehyde S12 (5.0 mmol, 1.0 equiv.) in ethyl acetoacetate (0.65 mL, 5.0
mmol, 1.0 equiv.) was stirred at 130 °C for 5—15 min. The reaction mixture was cooled to 80 °C,
ethyl 3-aminocrotonate (0.65 g, 5.0 mmol, 1.0 equiv.) was added portion-wise (exothermic
reaction), and then the reaction mixture was heated to 120 °C for another 5-15 min and
monitored by TLC. The residue was cooled to ambient temperature and the corresponding 4
was purified by flash column chromatography on silica gel (eluent: petroleum benzine:EtOAc
= 4:1) to provide the title compound.

2.5 Procedure for the synthesis of 4CzPN%°

CN CN
NC F NaH NC Cz
+ —_—
E E N THF it 12h o, .
F Cz
CzH 4CzPN

To a round bottom flask containing a magnetic stirring bar and carbazole (0.84 g, 5.0 mmol,
5.0 equiv.) in THF (20 mL), was slowly added NaH (60% in oil, 0.60 g, 15.0 mmol, 15 equiv.).
The reaction mixture was stirred at room temperature for 30 min, then tetrafluorophthalonitrile
(0.20 g, 1.00 mmol, 1.0 equiv.) was added and the resulting reaction mixture stirred at room
temperature for 12 h. Upon completion, the reaction mixture was quenched with water (2 mL)
and concentrated in vacuo. The residue was washed with water (20 mL) and EtOH (20 mL),
then recrystalised from petroleum benzine/dichloromethane. The crystals were filtered and

dried under vacuum to provide the title compound 4CzPN (0.71 g, 90% yield) as yellow solid.
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S2.6 Procedure for the synthesis of DPZ51?

|cE:;|2%IBZD)
r
MeO_ g dfbpy MeO I ICN Pd,(dba)s/Sphos NICN
+
\E/) n- heptane UBpln CSCO3 N/ CN
80°C, 16 h TH6'; 'jéoé‘;"”

DPZ

To a round bottom flask containing a magnetic stirring bar and bis(pinacolate)diboron (508 mg,
2.0 mmol, 1 equiv.) in n-heptane (6 mL) were added 2-methoxythiophene (2.3 g, 20.0 mmol),
IrCI(COD) (12 mg, 0.03 mmol, 0.015 equiv.) and dtbpy (8 mg, 0.03 mmol, 0.015 equiv.) and
the reaction mixture stirred at 80 °C for 16 h. Upon completion, the reaction mixture was
diluted with toluene (20 mL) and washed with brine (20 mL). The organic phase was
concentrated in vacuo to give a residue that was purified by flash column chromatography on
silica gel (eluent: petroleum benzine:EtOAc = 10:1) to provide (5-methoxythiophen-2-
yl)boronic acid pinacol ester S13 in 75% yield (170 mg) as a yellow solid.

To a round bottom flask containing a magnetic stirring bar, 5,6-dichloropyrazine-2,3-
dicarbonitrile (147 mg, 0.74 mmol, 1 equiv.) and (5-methoxythiophen-2-yl)boronic acid
pinacol ester (360 mg, 1.5 mmol, 2 equiv.) were dissolved in a THF/water mixture (4:1; 20
mL). Niteogen was bubbled through the reaction mixture for 15 min whereupon Pd>(dba); (34
mg, 0.037 mmol, 0.05 equiv.), SPhos (16 mg, 0.037 mmol, 0.05 equiv.) and Cs2CO3 (506 mg,
1.5 mmol, 2 equiv.) were added and the reaction mixture stirred at 65 °C for 6 h. Upon
completion, the reaction mixture was diluted with water (20 mL) and extracted with
dichloromethane (3 x 20 mL). The combined organic phase was washed with brine (20 mL),
dried over anhydrous Na>SO4 and concentrated in vacuo to give a residue that was purified by
filtration through a short plug of silica gel (eluent: dichloromethane:n-hexane = gradient 1:2 to
2:1) and subsequent recrystallisation from dichloromethane/n-hexane to provide the title

compound DPZ (184 mg, 70% yield) as orange solid.
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2.7 General procedure for the 4-CzPN-catalysed photoredox reaction of 1 and 2

@)

R2
o Etozcj\)\/[coza 4CzPN (1 mol %) | <NH
+ |

blue LED light j\'\
Me ” Me MeCN (0.1 M) R R2
25°C, 16 h, N,
2 3

BeA
- \:Z/G—i\l\
Z

To a 10 mL glass screw cap reaction tube equipped with a magnetic stirring bar, was added
azomethine imine 1 (0.3 mmol, 1.0 equiv.), DHP 2 (0.6 mmol, 2.0 equiv.) and 4CzPN (0.003
mmol, 1 mol %). The reaction tube was transferred to an inert atmosphere glovebox and
anhydrous degassed MeCN (3.0 mL, 0.1 M) were added via a gastight syringe. The reaction
tube was sealed, and the reaction mixture stirred under blue LED light irradiation (456 nm, 10
cm distance from the lamp) at 25 °C (maintained by fan cooling) for 16 h. Upon completion,
the reaction mixture was concentrated in vacuo. The crude residue was purified by flash column
chromatography on silica gel (eluent: EtOAc) to provide the title compound.

2.8 General procedure for the photoredox reaction of 1a and 4

o O R 0
[ @’EN@ EtO,C CO,Et [ /iNH
N + || , N
| blue LED light
Ph Me™ N° Me MeCN (0.1 M) Ph)YO
25°C, 16 h, N &
1a 4 5

To a 10 mL glass screw cap reaction tube equipped with a magnetic stirring bar, was added the
azomethine imine 1 (0.3 mmol, 1.0 equiv.) and DHP 4 (0.6 mmol, 2.0 equiv.). The reaction
tube was transferred to an inert atmosphere glovebox and anhydrous degassed MeCN (0.1 M,
3.0 mL) were added via a gastight syringe. The reaction tube was sealed, and the reaction
mixture stirred under blue LED light irradiation (456 nm, 10 cm distance from the lamp) at 25
°C (maintained by fan cooling) for 16 h. Upon completion, the reaction mixture was
concentrated in vacuo. The crude residue was purified by flash column chromatography on

silica gel (eluent: EtOAc) to provide the title compound.
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2.9 Procedure for the gramme-scale reaction of 1a and 2a

0
o i-Pr
o N2 EtOsz\/ECOZEt 4CzPN (1 mol %) NH
N | N’
| blue LED light
Ph) Me™ "N° Me MeCN (0.1 M) Ph)\i-Pr
25°C, 16 h
1a 2a 3aa

To a 100 mL round bottle flask equipped with a magnetic stirring bar, was added azomethine
imine 1a (0.88 g, 5 mmol, 1.0 equiv.), DHP 2a (1.9 g, 6.5 mmol, 1.5 equiv.) and 4CzPN (40
mg, 0.05 mmol, 1 mol %). The round bottle flask was transferred to an inert atmosphere
glovebox and anhydrous degassed MeCN (50 mL, 0.1 M) were added via a syringe. The round
bottle flask was sealed, and the reaction mixture stirred under blue LED light irradiation (456
nm, 10 cm distance from the lamp) at 25 °C (maintained by fan cooling) for 16 h. Upon
completion, the reaction mixture was concentrated in vacuo. The crude residue was purified by
flash column chromatography on silica gel (eluent: EtOAc) to provide the 3aa (1.9 g, 99%
yield).

2.10 Procedures for the selective transformations of 3aa and Saa

2.10.1 Procedure for the N-amidation of 3aaS!!-14

0] O
{ < Ac,0 (1.0 M) / f o
.NH ,N\(
N A 2h N
A e
Ph i-Pr Ph i-Pr
3aa 6aa, 88% vyield

To a round bottom flask containing a magnetic stirring bar, was added 3aa (65.4 mg, 0.3 mmol,
1.0 equiv.) in acetic anhydride (0.3 mL, 3.0 mmol, 10.0 equiv.). The reaction mixture was
stirred under reflux for 2 h. Upon completion, the reaction mixture was quenched by the
addition of saturated NaHCO3 (20 mL). The aqueous phase was extracted with EtOAc (3 x 20
mL). The combined organic phase was washed with brine (20 mL), dried over anhydrous

Na;SO4 and concentrated in vacuo to give a residue that was purified by flash column
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chromatography on silica gel (eluent: EtOAc) to provide 6aa (68.7 mg, 88% yield) as white
solid.
2.10.2 Procedure for the N-carbamation of 3aaS!!-14

0 CICO,Et 0

(1.1 equiv.)
L NH n-BuLi (1.2 equiv.) L N_O
N N
)\ THF (0.03 M) OEt
Ph i-Pr -78-25°C,1h Ph i-Pr
3aa 7aa, 83% yield

To a round bottom flask containing a magnetic stirring bar, was added 3aa (65.4 mg, 0.3 mmol,
1.0 equiv.) in THF (10 mL). »BuLi (2.0 M in 0.18 mL, 0.36 mmol, 1.2 equiv.) was added
dropwise at —78 °C. The reaction mixture was stirred at this temperature for 1 h before adding
CICOzEt (0.036 mL, 0.33 mmol, 1.1 equiv.) and the reaction mixture was stirred at room
temperature for a further 1 h. Upon completion, the reaction mixture was quenched by the
addition of water (10 mL). The aqueous phase was extracted with EtOAc (3 x 20 mL). The
combined organic phase was washed with brine (20 mL), dried over anhydrous Na>SO4 and
concentrated in vacuo to give a residue that was purified by flash column chromatography on
silica gel (eluent: EtOAc) to provide 7aa (72.3 mg, 83% yield) as yellow wax.

2.10.3 Procedure for the reduction of SaaS!!-14

O O

L 'NH KBH4 (1.1 equiv.) Z _NH
N N
o EtOH (0.05 M) OH
Ph)\f 25°C, 2 h Ph™ Y

Ph Ph
5aa 8aa, 82% yield, >20:1 dr

To a round bottom flask containing a magnetic stirring bar, was added KBH4 (18 mg, 1.1
equiv.), pyrazolidin-3-one 1a (84 mg, 0.3 mmol) in EtOH (0.5 M, 6 mL), and the resulting
reaction mixture was stirred at room temperature for 2 h. Upon completion, the reaction
mixture was quenched by the addition of water (10 mL). The aqueous phase was extracted with

EtOAc (3 X 10 mL). The combined organic phase was washed with water (10 mL), brine (20
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mL), dried over anhydrous Na>SO4 and concentrated in vacuo to give a residue that was
purified by flash column chromatography on silica gel (eluent: dichloromethane:methanol =
9:1) to provide 8aa (70 mg, 82% yield) as white solid.

2.10.4 Procedure for the reductive ring-opening of SaaS!1-14

0O H.N__O
Raney Ni, H f
Z N,NH y 2(9) HN )2
O MeOH (0.04 M) OH
Ph)\f 25°C, 1h Ph
Ph Ph
Baa 9aa, 86% vyield, >20:1 dr

To a round bottom flask containing a magnetic stirring bar, was added Raney nickel (400 mg
in 2 mL MeOH) and 5aa (84 mg, 0.3 mmol, 1 equiv.) in MeOH (7 mL). The reaction mixture
was stirred at room temperature for 1 h under a hydrogen atmosphere. Upon competition, , the
reaction mixture was filtered through Celite, and washed with MeOH (20 mL) to remove the
Raney-nickel. The filtrate was concentrated in vacuo and the residue was purified by flash
column chromatography on silica gel (eluent: dichloromethane:methanol = 9:1) to provide 9aa

(73 mg, 86% yield) as white solid.
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3. Control Experiments

3.1 Control reactions with 1a and 2a

Table S1. Reactions of 1a and 2a deviated from the optimised 4CzPN-catalysed

conditions”
O
N i-Pr
[e EN@+ EtOZCfICOZEt 4CzPN (1 mol %) NH
N | N
| blue LED light
e Me™ "N Me MeCN (0.1 M) T
25°C,16 h

1a 2a 3aa
entry deviation from the standard reaction conditions yield (%)
1 no light b
2 no 4CzPN b
3 BHT (3.0 equiv.) 99%
4 TEMPO (3.0 equiv.) 4

¢ Unless stated otherwise, all reactions were performed with 1a (0.3 mmol), 2a (0.6 mmol,
2.0 equiv.), 4CzPN (1 mol %) in MeCN (0.1 M, 3 mL) under blue LED light (Amax = 456 nm)

and nitrogen atmosphere at 25 °C for 16 h. ® No reaction detected by TLC analysis and 'H

NMR measurements.
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3.2 Deuterium labelling experiments

Table S2. Control experiments with 1a and 2a“

Ph solvent (0.1 M)
25°C, 16 h
1a 2a
entry solvent
1 MeCN
2 d3-MeCN
3 MeCN:D20 (9:1 v/v)

0 )
-Pr
{®,<N@+ Et0,C f\/[cozEt 4CzPN (1 mol %)
N |
g Mo N e blue LED light

o] o]
[ _NH Z ND
N + N’

Ph)\i-Pr Ph)\i-Pr

3aa d,-3aa
3aa:d;-3aa®

100:0

100:0

64:36

¢ Unless stated otherwise, all reactions were performed with 1a (0.3 mmol), 2a (0.6 mmol, 2.0

equiv.), 4CzPN (1 mol %) in solvent (0.1 M, 3 mL) under blue LED light (Amax = 456 nm) and

nitrogen atmosphere at 25 °C for 16 h. ? Product ratio of 3aa:d;-3aa was determined by 'H

NMR measurements.
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(0] (0]
-Pr o
®N°  EtOL CO,Et  4CzPN (1 mol %) NH ND
' [ oo

.
| blue LED light
Ph Me™ 'N° Me  MecN/D,O (9:1,0.1 M) Ph)\i-Pr Ph)\i-Pr
25°C, 16 h
1a 2a 3aa d,-3aa

(0]
a / E
_NH
N
N O
© CHs i
: oy 3
L e |
J\ . - 4-LI_J‘,,,/' A_,J‘ hu W A
T T
3 8
- o
JO 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
o fl(ppm)
NH
b N’ 53
CH [eNe]
0 Ph/K( 8 Y
> Me
|
_A ) L U“L,L, JA AN
SR T
<t o
© S
o o
) 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -
f1 (ppm)
(0]
Z _NH
C N
]
CH
. Ph)\( ; |
_,‘" \ Me J_____J luhL_Jq‘;_)\Jx_/\L,/" N
T i
3 8
o (]
) 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

f1(ppm)
Figure S1. '"H NMR analysis of deuterium control experiments: (a) reaction performed with
1a and 2a in d3-MeCN, 'H NMR in d3-MeCN; (b) reaction performed with 1a and 2a in

MeCN:D>O (9:1), 'HNMR in CDCls; (¢) reaction performed with 3aa in MeCN:D»O (9:1), 'H

NMR in CDCls.
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3.3 UV-vis spectroscopic measurements

The solution of azomethine imine (1a) was prepared by adding 1a (53.1 mg, 0.3 mmol) in
MeCN (3 mL). The solution of DHP-iPr (2a) was prepared by adding 2a (88.6 mg, 0.3 mmol)
in MeCN (3 mL). The solution of DHP-COPh (4a) was prepared by adding 4a (107.2 mg, 0.3
mmol) in MeCN (3 mL). The solution of 4CzPN was prepared by adding 4CzPN (2.4 mg,
0.003 mmol) in MeCN (3 mL). The fresh standard solutions were transferred to four separate

4 mL glass cuvettes and scanned from the 300—-700 nm region in a UV-vis spectrometer.

4
- — 1a (0.1 M)
3
— 2a(0.1M)
2 25
<
2 — 4a (0.1 M)
15
. —— 4CzPN (0.001 M)
0
400 450 500

Wavelength (nm)
Scheme 1. UV-vis spectroscopic measurements of azomethine imine 1a (0.1 M), DHP 2a (0.1

M), DHP 4a (0.1 M) and 4CzPN (0.001 M) in MeCN.
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4. Compound Analytical Data

2-Benzylidene-5-oxopyrazolidin-2-ium-1-ide (1a)3!

(@)

Z@N@
N
J

White solid (1.9 g, 55% yield); 'H NMR (600 MHz, CDCl3) § 8.26 (dd, J = 7.8, 2.1 Hz, 2H),

Ph

7.48 — 7.37 (m, 3H), 7.14 (s, 1H), 4.55 — 4.41 (m, 2H), 2.80 — 2.67 (m, 2H); '3C NMR (151
MHz, CDCls) § 184.9 (C=0), 132.7 (C=N), 131.8 (Ar), 131.6 (Ar), 129.2 (Ar), 128.8 (Ar),
57.9 (CHa), 29.4 (CHa).

2-(4-Chlorobenzylidene)-5-oxopyrazolidin-2-ium-1-ide (1b)5!®

0

Z@N@
N
o
cl

White solid (1.6 g, 40% yield): "H NMR (600 MHz, CDCls) 8 8.22 (d, J = 8.7 Hz, 2H), 7.40
(d, J = 8.8 Hz, 2H), 7.09 (s, 1H), 4.55 — 4.48 (m, 2H), 2.82 — 2.73 (m, 2H); 13C NMR (151
MHz, CDCls) § 184.9 (C=0), 137.8 (C=N), 132.6 (Ar), 131.0 (Ar), 129.2 (Ar), 127.7 (Ar),
58.1 (CHa), 29.3 (CHa).

2-(4-Fluorobenzylidene)-5-oxopyrazolidin-2-ium-1-ide (1¢)3'®

0

Z@N@
N
d
F

White solid (1.8 g, 47% yield); 'H NMR (600 MHz, CDCl3) § 8.32 (dd, J = 8.8, 5.6 Hz, 2H),
7.17 —7.06 (m, 3H), 4.51 (t, J = 8.4 Hz, 2H), 2.84 —2.73 (m, 2H); *C NMR (151 MHz, CDCl5)
5 184.9 (C=0), 164.3 (d, Jer = 255.2 Hz, C=N), 134.0 (d, Je.r = 9.1 Hz, Ar), 131.34 (Ar),
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125.6 (d, Jc.r = 3.0 Hz, Ar), 116.2 (d, Jo.r = 21.1 Hz, Ar), 57.86 (CHz), 29.36 (CH>); °F NMR
(376 MHz, CDCl3) 6 —104.9.
2-(4-(Trifluoromethyl)benzylidene)pyrazolidin-2-ium-1-ide (1d)S'3

o)

Z@N@
N
jot
CFs

White solid (1.45 g, 30% yield): "H NMR (600 MHz, CDCls) & 8.39 (d, J = 8.3 Hz, 2H), 7.67
(d,J=8.3 Hz, 2H), 7.15 (s, 1H), 4.58 (t, J= 8.1 Hz, 2H), 2.97 — 2.72 (m, 2H); '3C NMR (151
MHz, CDCl3) § 185.2 (C=0), 132.5 (d, Je.r = 33.2 Hz, Ar), 132.2 (Ar), 131.4 (Ar), 129.9 (Ar),
125.7 (q, Jer = 3.0 Hz, CF3), 58.5 (CHz), 29.1 (CH,); '°F NMR (376 MHz, CDCls) 5 —63.1.
2-(4-Methylbenzylidene)-5-oxopyrazolidin-2-ium-1-ide (1e)5"’

0]

Z@N@
N
o
Me

White solid (1.2 g, 32% yield); 'H NMR (600 MHz, CDCls) & 8.16 (dd, J = 6.1, 2.6 Hz, 2H),
7.23 (dd, J = 5.6, 2.8 Hz, 2H), 7.09 (s, 1H), 4.47 (t, J = 8.3 Hz, 2H), 2.79 — 2.70 (m, 2H), 2.38
(s, 3H); °C NMR (151 MHz, CDCLs) § 184.8 (C=0), 142.9 (C=N), 133.0 (Ar), 131.7 (Ar),

129.6 (Ar), 126.6 (A1), 57.7 (CHa), 29.5 (CHa), 21.8 (CHs).
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2-(4-Methoxybenzylidene)-5-oxopyrazolidin-2-ium-1-ide (1f)5

o)

Z@N@
N
o
MeO

White solid (1.0 g, 25% yield): '"H NMR (600 MHz, CDCls) 5 8.27 — 8.19 (m, 2H), 7.09 (s,
1H), 6.94 — 6.86 (m, 2H), 4.44 (dt, J = 7.5, 3.3 Hz, 2H), 3.82 (s, 3H), 2.77 — 2.66 (m, 2H); 13C
NMR (151 MHz, CDCls) & 184.6 (C=0), 162.4 (C=N), 133.8 (Ar), 133.0 (Ar), 122.1 (Ar),
114.3 (Ar), 57.3 (CHa), 55.5 (CHs), 29.6 (CHa).
2-(Naphthalen-2-ylmethylene)-5-oxopyrazolidin-2-ium-1-ide (1g)5"’

o)

Z@N@
N

9

White solid (1.8 g, 40% yield); '"H NMR (600 MHz, CDCls) & 9.06 (s, 1H), 8.08 — 8.00 (m,
1H), 7.96 (d, J= 8.1 Hz, 1H), 7.82 (dd, J = 14.7, 8.3 Hz, 2H), 7.54 (dd, J = 19.2, 7.6 Hz, 2H),
7.20 (s, 1H), 4.53 (t, J = 8.1 Hz, 2H), 2.82 (t, J = 8.1 Hz, 2H); '>*C NMR (151 MHz, CDCls) §
185.1 (C=0), 162.3 (C=N), 134.5 (A1), 133.0 (Ar), 133.0 (Ar), 132.5 (Ar), 129.7 (Ar), 128.5
(Ar), 128.4 (Ar), 127.6 (Ar), 127.1 (Ar), 127.0 (Ar), 126.4 (Ar), 58.0 (CHa), 29.4 (CHo).

5-Oxo-2-(pyridin-2-ylmethylene)pyrazolidin-2-ium-1-ide (1h)S®

o)
Z@N@
N
N\l
\/

Yellow solid (1.2 g, 33% yield); '"H NMR (600 MHz, CDCl3)  9.20 (d, /= 8.1 Hz, 1H), 8.68

(d,J=4.7Hz, 1H), 7.83 (td, J="7.9, 1.8 Hz, 1H), 7.37 (s, 1H), 7.33 (ddd, J=7.7,4.7, 1.2 Hz,
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1H), 4.67 — 4.52 (m, 2H), 2.94 — 2.78 (m, 2H); *C NMR (151 MHz, CDCls) 5 185.2 (Ar),
150.0 (C=N), 148.1 (Ar), 137.0 (Ar), 132.4 (Ar), 127.7 (A1), 125.0 (Ar), 58.4 (CHa), 29.1
(CH2).

5-Oxo-2-(pyridin-3-ylmethylene)pyrazolidin-2-ium-1-ide (1i)5!3

(0]
Z@N@
)
N\
\/

White solid (1.0 g, 29% yield); 'H NMR (400 MHz, CDCl3) 8 9.16 (dt, J = 8.2, 2.0 Hz, 1H),
8.92 (d,J=2.3 Hz, 1H), 8.62 (dd, J= 4.8, 1.7 Hz, 1H), 7.41 (dd, J=8.2, 4.8 Hz, 1H), 7.17 (d,
J=1.6 Hz, 1H), 4.66 — 4.51 (m, 2H), 2.90 — 2.77 (m, 2H); *C NMR (151 MHz, CDCls) &
185.1 (C=0), 151.6 (C=N), 151.5 (Ar), 138.1 (Ar), 128.6 (Ar), 125.9 (Ar), 123.9 (Ar), 58.3
(CHa), 29.3 (CHa).

2-(Furan-2-ylmethylene)-5-oxopyrazolidin-2-ium-1-ide (1j)5!°

o]

Z@N@
N

|
\
White solid (1.3 g, 40% yield); "H NMR (600 MHz, CDCl3) § 7.91 (d, J = 3.7 Hz, 1H), 7.58
(d,J=1.7Hz, 1H), 7.21 (d, /= 0.8 Hz, 1H), 6.66 — 6.60 (m, 1H), 4.46 (t, /= 8.1 Hz, 2H), 2.88
—2.80 (m, 2H); 3C NMR (151 MHz, CDCls) 8 184.4 (C=0), 146.2 (C=N), 145.8 (Ar), 121.4

(Ar), 121.1 (Ar), 113.7 (Ar), 56.3 (CHo), 30.1 (CHo).
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5-Oxo-2-(thiophen-2-ylmethylene)pyrazolidin-2-ium-1-ide (1k)5!’

o)

Z@N@
N

l
\ |
White solid (0.76 g, 21% yield); '"H NMR (600 MHz, CDCl3) § 7.76 (d, J = 5.0 Hz, 1H), 7.55
(d, J=3.3 Hz, 1H), 7.49 (s, 1H), 7.17 (dd, J = 5.1, 3.9 Hz, 1H), 4.52 — 4.42 (m, 2H), 2.91 —
2.82 (m, 2H); 3C NMR (151 MHz, CDCl3) & 183.2 (C=0), 135.5 (C=N), 133.2 (Ar), 132.3
(Ar), 127.6 (Ar), 126.6 (Ar), 55.5 (CH>), 30.5 (CH>).
2-(Benzofuran-2-ylmethylene)-5-oxopyrazolidin-2-ium-1-ide (11)

0

Z@N@
N

0]

White solid (2.0 g, 48% yield); m.p. 255-256 °C 'H NMR (600 MHz, CDCl;) & 8.34 (s, 1H),
7.69 (d, J=17.9 Hz, 1H), 7.48 (d, J = 8.3 Hz, 1H), 7.42 (ddd, J = 8.4, 7.0, 1.3 Hz, 1H), 7.32 —
7.28 (m, 2H), 4.55 (t, J = 7.5 Hz, 2H), 2.95 — 2.86 (m, 2H); 3C NMR (151 MHz, CDCls) &
184.8 (C=0), 155.5 (C=N), 146.4 (Ar), 128.5 (Ar), 127.6 (Ar), 123.9 (Ar), 123.1 (Ar), 117.3
(Ar), 111.4 (Ar), 57.0 (CHa), 29.9 (CH,); HRMS (ESI) calcd. for C1oH;N2Oy (M* + H):

215.0821, found 251.0818; IR (neat cm™): 3052, 1672, 1654, 1495, 1274, 1105, 964, 769, 756.
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2-(Benzo[b]thiophen-3-ylmethylene)-5-oxopyrazolidin-2-ium-1-ide (1m)

0

Z@N@
N

White solid (2.0 g, 44% yield); m.p. 249-250 °C 'H NMR (600 MHz, CDCl3) 8 9.55 (s, 1H),
7.86 (dd, J = 29.6, 8.0 Hz, 2H), 7.54 — 7.39 (m, 3H), 4.58 (t, /= 8.1 Hz, 2H), 2.88 (t, J = 8.1
Hz, 2H); 3C NMR (151 MHz, CDCl3) 8 185.0 (C=0), 139.4 (C=N), 137.7 (Ar), 136.8 (Ar),
125.4 (Ar), 125.3 (Ar), 124.1 (Ar), 123.5 (Ar), 123.2 (Ar), 119.9 (Ar), 57.1 (CH2), 29.9 (CH>);
HRMS (ESI) calcd. for C12H1i1N>OS (M* + H): 231.0592, found 231.0589; IR (neat cm™): 3157,
3065, 1674, 1601, 1552, 1280, 1106, 953, 741.
2-(2-Ethylbutylidene)-5-oxopyrazolidin-2-ium-1-ide (1n)

o)

Z@N@
N
Et
White solid (1.0 g, 30% yield); m.p. 56-57 °C; '"H NMR (600 MHz, CDCl3) & 6.41 (s, 1H),
4.33 (t,J=28.2 Hz, 2H), 3.14 (s, 1H), 2.81 — 2.70 (m, 2H), 1.65 — 1.56 (m, 2H), 1.53 — 1.47 (m,
2H), 0.90 (m, 6H); 3C NMR (151 MHz, CDCls) § 183.6 (C=0), 56.3 (CH>), 42.1 (CH), 30.2

(CH,), 24.3 (CH,), 11.6 (CHs); HRMS (ESI) calcd. for CoH17N20 (M* + H): 169.1341, found

169.1338; IR (neat cm™): 2961, 2930, 1675, 1601, 1459, 1295, 1080, 951, 790.
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2-(2-Methylbutylidene)-5-oxopyrazolidin-2-ium-1-ide (10)

o)

[oN©
N

Me\‘)l

Et
White wax (1.0 g, 30% yield);"H NMR (400 MHz, CDCls) § 6.69 (d, J= 7.9 Hz, 1H), 4.40 (d,
J=8.7 Hz, 2H), 3.08 (p, J = 7.1 Hz, 1H), 2.72 — 2.57 (m, 2H), 1.49 (ddq, J = 35.5, 13.9, 7.2
Hz, 2H), 1.07 (d, J = 6.8 Hz, 3H), 0.86 (t, J = 7.5 Hz, 3H); 13C NMR (151 MHz, CDCl3) &
183.5 (C=0), 145.6 (C=N), 55.9 (CHa), 35.2 (CHa), 30.1 (CH), 26.4 (CH), 15.6 (CHs), 11.3
(CH3); HRMS (ESI) caled. for CgHisN,O (M* + H): 155.1184, found 155.1181; IR (neat cm
1): 3380, 2967, 1675, 1601, 1440, 1221, 1087, 956, 790.
5-Oxo-2-pentylidenepyrazolidin-2-ium-1-ide (1p)52°

o)

LoNO
N

J
n-Bu
White wax (0.34 g, 11% yield); 'H NMR (400 MHz, CDCl3) & 6.55 (¢, J = 6.2 Hz, 1H), 431
(t,J=8.4 Hz, 2H), 2.82 — 2.64 (m, 4H), 1.62 — 1.52 (m, 2H), 1.39 (q, J = 7.5 Hz, 2H), 0.92 (t,
J=17.3 Hz, 3H); ®C NMR (101 MHz, CDCls) & 183.5 (C=0), 140.3 (C=N), 56.0 (CH), 30.3
(CHa), 29.2 (CHa), 27.5 (CHa), 22.5 (CHa), 13.6 (CH3).
2-(Cyclohexylmethylene)-5-oxopyrazolidin-2-ium-1-ide (1q)5"’

o)

Z@N@
N
d
White solid (0.72 g, 20% yield); 'H NMR (600 MHz, CDCl3) § 6.39 (d, J = 5.9 Hz, 1H), 4.29

(t,J=8.3 Hz, 2H), 3.12 (dtq, J = 12.0, 8.3, 3.7 Hz, 1H), 2.73 (ddt, /= 10.7, 5.9, 2.8 Hz, 2H),
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1.91 (d, J = 12.0 Hz, 2H), 1.73 — 1.62 (m, 3H), 1.39 — 1.28 (m, 2H), 1.20 (q, J = 12.8 Hz, 3H);
13C NMR (151 MHz, CDCLs) § 183.5 (C=0), 143.5 (C=N), 56.2 (CH.), 37.8 (CHa), 30.1 (CH),
28.6 (CHa), 25.6 (CHy), 24.9 (CHa).

Diethyl 4-isopropyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2a)%2!

-Pr
EtO,C CO,Et
|
Me N Me
H

Yellow solid (0.66 g, 45% yield); 'H NMR (600 MHz, CDCL) & 4.26 — 4.08 (m, 4H), 3.90 (d,
J=5.4Hz, 1H),2.28 (s, 6H), 1.28 (t, /= 7.1 Hz, 6H), 0.73 (d, J = 6.9 Hz, 6H); '*C NMR (151
MHz, CDCls) § 168.7 (C=0), 144.6 (C=C), 101.8 (C=C), 59.5 (CH), 38.8 (CHa), 35.5 (CH>),
19.3 (CHs), 18.5 (CHs), 14.4 (CHs).

Diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2b)5!

Bn
EtO,C CO,Et
|
Me N Me
H

Yellow solid (0.57 g, 33% yield); 'H NMR (600 MHz, CDCL3) & 7.13 (dd, J= 17.9, 7.3 Hz,
3H), 7.07 — 6.92 (m, 2H), 5.87 (s, 1H), 4.18 (t,J= 5.6 Hz, 1H), 4.11 — 3.93 (m, 4H), 2.56
(d, J=5.7 Hz, 2H), 2.16 (s, 6H), 1.21 (t, J = 7.2 Hz, 6H); '°*C NMR (151 MHz, CDCls) § 167.9
(C=0), 145.7 (C=C), 139.3 (Ar), 130.1 (Ar), 127.3 (Ar), 125.6 (Ar), 101.7 (C=C), 59.6 (CH),

42.4 (CH,), 35.5 (CHa), 19.1 (CHs), 14.3 (CHs).
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Diethyl 4-(4-bromobenzyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2¢)5*!

Br

EtO,C CO,Et

Me N Me
H

Yellow solid (0.21 g, 10% yield); 'H NMR (400 MHz, CDClz) 8 7.29 (d, J = 8.2 Hz, 2H), 6.89
(d,J=8.3 Hz, 2H), 5.22 (s, 1H), 4.18 (t, /= 5.4 Hz, 1H), 4.15 — 4.03 (m, 4H), 2.54 (d, J = 5.4
Hz, 2H), 2.17 (s, 6H), 1.25 (t, J = 7.1 Hz, 6H); '3C NMR (151 MHz, CDCl;) § 167.7 (C=0),
145.4 (C=C), 138.3 (Ar), 131.8 (Ar), 130.3 (Ar), 119.7 (Ar), 101.6 (C=C), 59.7 (CH), 41.6
(CHa), 35.4 (CHz), 19.3 (CHs), 14.4 (CHs).

Diethyl 4-(4-chlorobenzyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2d)522

Cl

EtO,C CO,Et
|

Me N Me
H

Yellow solid (0.57 g, 30% yield); '"H NMR (600 MHz, CDCls) § 7.13 (d, J = 8.3 Hz, 2H), 6.94
(d, J= 8.3 Hz, 2H), 5.29 (s, 1H), 4.17 (t, J = 5.4 Hz, 1H), 4.08 (dddd, J = 17.9, 10.8, 7.1, 3.7
Hz, 4H), 2.55 (d, J = 5.4 Hz, 2H), 2.17 (s, 6H), 1.24 (t, J= 7.1 Hz, 6H); 3C NMR (151 MHz,
CDCl3) § 167.7 (C=0), 145.5 (C=C), 137.8 (Ar), 131.6 (Ar), 131.4 (Ar), 127.3 (Ar), 101.6

(C=C), 59.7 (CH), 41.5 (CHa), 35.4 (d, J= 6.5 Hz, CHy), 19.3 (d, J=2.2 Hz, CHs), 14.4 (CHs).
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Diethyl 4-(4-fluorobenzyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2¢)52!

F

EtO,C CO,Et

Me N Me
H

Yellow solid (0.63 g, 35% yield); "H NMR (600 MHz, CDCls) § 7.00 — 6.78 (m, 4H), 5.47 (d,
J=62Hz, 1H), 4.16 (d,J= 1.4 Hz, 1H), 4.07 (ddd, J=9.3, 7.1, 2.3 Hz, 4H), 2.58 — 2.48 (m,
2H), 2.15 (s, 6H), 1.24 (t, J = 7.1 Hz, 6H); '3C NMR (151 MHz, CDCl3) § 167.8 (C=0), 161.5
(d, Je.r=242.9 Hz, C=0), 145.6 (C=C), 134.9 (d, Jo.r = 3.2 Hz, Ar), 131.4 (d, Jo.r = 7.7 Hz,
Ar), 113.9 (d, Jer = 21.0 Hz, Ar), 101.5 (C=C), 59.6 (h, Jer = 5.0 Hz, CH), 41.3 (t, Jer = 4.5
Hz, CHa), 35.4 (d, Jer = 6.0 Hz, CHz), 19.2 (CHs), 14.3 (CHs). '°F NMR (376 MHz, CDCls)
0—-118.2.

Diethyl 4-(4-methoxybenzyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2f)52!

MeO

Et0,C CO,Et

Me N Me
H

Yellow solid (0.47 g, 25% yield); '"H NMR (400 MHz, CDCls) § 7.19 (d, J = 8.7 Hz, 2H), 6.74
(d, J=8.6 Hz, 2H), 5.52 (s, 1H), 4.93 (s, 1H), 4.09 (qd, J= 7.1, 5.3 Hz, 4H), 3.75 (s, 3H), 2.33
(s, 6H), 1.22 (t,J=7.1 Hz, 6H); >*C NMR (151 MHz, CDCL) § 167.9 (C=0), 157.9 (Ar), 145.3
(C=C), 131.4 (Ar), 131.0 (Ar), 112.7 (A1), 101.9 (C=C), 59.6 (CH), 55.24 (d, J= 6.0 Hz, CH3),

41.2 (CHa), 35.5 (d, J= 7.4 Hz, CH,), 19.2 (CH3), 14.4 (CH3).
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Diethyl 4-((1,3-dioxoisoindolin-2-yl)methyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-

dicarboxylate (2g)5*
O
N
0]
EtO,C CO,Et
|
Me N~ Me
H

Yellow solid (1.0 g, 50% yield); "H NMR (400 MHz, CDCls) § 7.80 (dd, J = 5.4, 3.1 Hz, 2H),
7.67 (dd, J=5.5, 3.0 Hz, 2H), 6.11 (s, 1H), 4.37 (t, J = 6.6 Hz, 1H), 4.08 — 3.90 (m, 4H), 3.60
(d,J= 6.5 Hz, 2H), 2.28 (s, 6H), 1.19 (t, /= 7.1 Hz, 6H); *C NMR (101 MHz, CDCls) 5 168.5
(C=0), 167.3 (C=0), 146.9 (C=C), 133.7 (Ar), 132.2 (Ar), 122.9 (Ar), 100.2 (C=C), 59.8 (CH),
41.0 (CH,), 33.1 (CHa), 19.3 (CHs), 14.2 (CHs).

Diethyl 2,6-dimethyl-4-(thiophen-2-ylmethyl)-1,4-dihydropyridine-3,5-dicarboxylate

(Zh)szz
/|
S
EtO,C CO,Et
|
Me N Me
H

Yellow solid (0.52 g, 30% yield); 'H NMR (600 MHz, CDCls) § 7.08 (d, J = 5.1 Hz, 1H), 6.86
~ 6.82 (m, 1H), 6.61 (d, J= 2.9 Hz, 1H), 5.40 (s, 1H), 4.19 (t, J= 5.2 Hz, 1H), 4.11 (qdd, J =
7.1,2.3,0.9 Hz, 4H), 2.82 (d, J= 5.2 Hz, 2H), 2.20 (s, 6H), 1.26 (t, J = 7.2 Hz, 6H); '*C NMR
(151 MHz, CDCLs) § 167.7 (C=0), 145.7 (C=C), 141.4 (Ar), 126.2 (Ar), 126.2 (Ar), 123.8 (Ar),

101.5 (C=C), 59.7 (CH), 36.1 (CHo), 35.7 (CH,), 19.4 (CH3), 14.4 (CH;).
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Diethyl 4-(1-benzoylpiperidin-4-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate

(2D
I|32
N
EtO,C CO,Et
||
Me N Me
H

Yellow solid (2.0 g, 42% yield); m.p. 96-97 °C; 'H NMR (600 MHz, CDCls) & 7.35 (dddd, J
=12.5,7.0,2.7, 1.8 Hz, 5H), 6.19 (d, J= 75.6 Hz, 1H), 4.67 (s, 1H), 4.26 — 4.11 (m, 4H), 4.01
(dd, J=5.6, 2.4 Hz, 1H), 3.68 (s, 1H), 2.81 (d, J = 13.3 Hz, 1H), 2.67 — 2.55 (m, 1H), 2.28 (d,
J=5.0 Hz, 6H), 1.61 (d, J = 13.2 Hz, 1H), 1.47 (dq, J=9.2, 2.9 Hz, 2H), 1.31 — 1.26 (m, 6H),
1.18 — 1.07 (m, 1H); '*C NMR (151 MHz, CDCl3) § 170.2 (C=0), 168.2 (C=0), 145.5 (C=C),
136.4 (Ar), 129.4 (Ar), 128.4 (Ar), 126.8 (Ar), 59.8 (CH), 48.4 (CHo), 43.9 (CHy), 42.7 (CH),
37.4 (CHy), 37.4 (CHy), 37.3 (CHa), 19.4 (CHs), 14.4 (CHs), 14.4 (CH); HRMS (ESI) calcd.
for CasH33N20s (M* + H): 441.2389, found 441.2398; IR (neat cm™): 3289, 2936, 1687, 1601,
1443, 1297, 1207, 1084, 1016, 952, 777, 709.

Diethyl 4-(sec-butyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2j)5**

Me Et
EtO,C CO,Et
||
Me N Me
H

Yellow solid (0.62 g, 40% yield);'H NMR (600 MHz, CDCL:) & 5.68 (s, 1H), 4.21 — 3.99 (m,
4H), 3.95 (s, 1H), 2.22 (s, 6H), 1.22 (tt, J= 7.1, 1.9 Hz, 7H), 0.93 — 0.85 (m, 1H), 0.77 (ddt, J
= 7.5, 4.0, 2.4 Hz, 3H), 0.65 (dt, J = 6.8, 2.0 Hz, 3H); 3C NMR (151 MHz, CDCls) & 169.0
(C=0), 168.6 (C=0), 144.7 (C=C), 144.5 (C=C), 102.3 (C=C), 101.3 (C=C), 59.6 (CH), 43.1
(CHa), 37.5 (CHa), 25.2 (CHa), 19.4 (CHa), 19.3 (CHa), 14.7 (CHs), 14.3 (CHs), 14.3 (CHs),

12.2 (CHs).
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Diethyl 2,6-dimethyl-4-(pentan-3-yl)-1,4-dihydropyridine-3,5-dicarboxylate (2k)5%*

Et Et

EtO,C CO,Et

Me N Me
H

Yellow solid (0.76 g, 47% yield); "H NMR (600 MHz, CDCl3) & 5.89 (s, 1H), 4.20 — 4.07 (m,
5H), 2.82 (s, 1H), 2.25 (s, 6H), 1.40 — 1.36 (m, 1H), 1.27 (t, J = 7.2 Hz, 6H), 1.13 (ddq, J =
279, 13.9, 7.2 Hz, 4H), 1.01 (tt, J = 6.6, 3.3 Hz, 1H), 0.83 (t, J = 7.4 Hz, 6H); '°*C NMR (151
MHz, CDCls) § 168.9 (C=0), 144.8 (C=C), 102.0 (C=C), 59.6 (CH), 49.8 (CH,), 34.5 (CH>),
21.1 (CH), 19.2 (CHa), 14.3 (CHs), 11.7 (CHz).

Diethyl 2,6-dimethyl-4-(1-phenoxyethyl)-1,4-dihydropyridine-3,5-dicarboxylate (21)

Me OPh
EtO,C CO,Et
||
Me N Me
H

Yellow wax (0.28 g, 15% yield); "H NMR (400 MHz, CDCLs) & 7.22 (t, J = 8.0 Hz, 2H), 6.97
—6.91 (m, 2H), 6.89 — 6.84 (m, 1H), 5.57 (s, 1H), 4.55 (d, J = 4.4 Hz, 1H), 4.38 (dd, J = 6.6,
4.6 Hz, 1H), 4.33 — 4.19 (m, 2H), 4.02 (dq, J = 10.8, 7.1 Hz, 1H), 3.75 (dq, J = 10.7, 7.1 Hz,
1H), 2.29 (d, J=21.2 Hz, 6H), 1.39 (t, J = 7.1 Hz, 3H), 1.17 (d, J = 6.3 Hz, 3H), 0.90 (t, J =
7.2 Hz, 3H); 3C NMR (101 MHz, CDCL) § 166.8 (C=0), 166.3 (C=0), 156.8 (Ar), 145.3
(C=C), 142.9 (C=C), 127.4 (Ar), 118.1 (Ar), 113.2 (Ar), 97.9 (C=C), 97.1 (C=C), 59.7 (CH),
58.1 (CH), 58.0 (CH), 35.6 (CH,), 23.0 (CHa), 17.8 (CH3), 16.8 (CHs), 13.5 (CHs), 12.7 (CHs),
12.4 (CHs), 11.8 (CHs); HRMS (ESI) caled. for CoiHasNOs (M* + H): 374.1967, found

374.1966; IR (neat cm™): 3300, 2956, 1687, 1597, 1440, 1297, 1189, 1083, 997, 952, 771, 710.
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Diethyl 4-cyclopentyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2m)52

EtO,C CO,Et

Me N Me
H

White solid (0.61 g, 38% yield); 'H NMR (600 MHz, CDCls) & 5.72 (s, 1H), 4.24 — 4.10 (m,
4H), 3.99 (d, J = 7.2 Hz, 1H), 2.29 (s, 6H), 1.76 — 1.69 (m, 1H), 1.54 (dtd, J = 6.6, 3.8, 2.1 Hz,
2H), 1.50 — 1.43 (m, 2H), 1.42 — 1.36 (m, 2H), 1.29 (t, J = 7.1 Hz, 6H), 1.19 — 1.11 (m, 2H);
13C NMR (151 MHz, CDCL:) § 168.6 (C=0), 144.5 (C=C), 102.8 (C=C), 59.6 (CH), 48.2 (CH),
35.8 (CH,), 28.4 (CH,), 24.0 (CH), 19.4 (CHs), 14.4 (CHs).

Diethyl 4-cyclohexyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2n)5!

EtO,C CO,Et
||

Me N Me
H

White solid (0.67 g, 40% yield); "H NMR (600 MHz, CDCls) § 5.87 (s, 1H), 4.15 (ddq, J =
43.8,10.8, 7.1 Hz, 4H), 3.90 (d, J= 5.7 Hz, 1H), 2.28 (s, 6H), 1.63 (d, J = 8.1 Hz, 2H), 1.57 —
1.47 (m, 3H), 1.27 (t, J= 7.2 Hz, 6H), 1.16 — 1.21 (m, 1H), 1.08 — 1.00 (m, 3H), 0.89 (qd, J =
12.6, 12.0, 4.8 Hz, 2H); *C NMR (151 MHz, CDCL;) & 168.8 (C=0), 144.6 (C=C), 101.8
(C=C), 59.5 (CH), 45.8 (CHa), 38.4 (CH,), 28.8 (CH), 26.7 (CHa), 26.6 (CH,), 19.3 (CHs),

14.4 (CHs).
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Diethyl 4-(cyclohex-3-en-1-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate

(20)S24
EtO,C CO,Et
|
Me N Me
H

Yellow solid (0.88 g, 53% yield); 'H NMR (600 MHz, CDCls) & 5.68 (s, 1H), 5.58 (d, J=11.3
Hz, 2H), 4.28 — 4.09 (m, 4H), 4.02 (d, J = 5.8 Hz, 1H), 2.30 (d, J = 2.6 Hz, 6H), 2.05 — 1.97
(m, 1H), 1.96 — 1.91 (m, 1H), 1.90 — 1.83 (m, 1H), 1.81 — 1.72 (m, 1H), 1.67 — 1.60 (m, 1H),
1.58 — 1.49 (m, 1H), 1.32 — 1.24 (m, 6H), 1.23 — 1.14 (m, 1H); 3C NMR (151 MHz, CDCls) &
168. 6 (C=0), 168.5 (C=0), 144.8 (C=C), 144.7 (C=C), 127.1 (C=C), 126.7 (C=C), 101.7
(C=C), 59.6 (CH), 41.5 (CH»), 37.8 (CH3), 27.5 (CH>), 26.0 (CH>), 25.0 (CH), 19.5 (CH>),
19.4 (CHs), 14.4 (CHs).

Diethyl 4-benzoyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4a)%3

Ph.___O

Et0,C CO,Et
|

Me N Me
H

Yellow solid (0.71 g, 40% yield); "H NMR (600 MHz, CDCl3) & 8.19 — 8.11 (m, 2H), 7.57 —
7.50 (m, 1H), 7.44 (dd, J= 8.3, 7.2 Hz, 2H), 7.04 (s, 1H), 5.73 (s, 1H), 3.97 (ddq, J = 40.8,
10.9, 7.1 Hz, 4H), 2.28 (s, 6H), 1.03 (t, J= 7.1 Hz, 6H); 3C NMR (151 MHz, CDCLs) § 204.4
(C=0), 167.0 (C=0), 147.1 (C=C), 137.0 (A1), 132.8 (Ar), 129.7 (Ar), 128.0 (A1), 99.6 (C=C),

59.9 (CH), 41.8 (CHo), 19.2 (CHs), 14.1 (CHs).
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Diethyl 4-(4-bromobenzoyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4b)32¢

Yellow solid (1.18 g, 54% yield); "H NMR (600 MHz, CDCL) & 8.03 (d, J = 8.6 Hz, 2H), 7.58
(d, J = 8.6 Hz, 2H), 6.53 (s, 1H), 5.64 (s, 1H), 4.05 — 3.93 (m, 4H), 2.29 (s, 6H), 1.06 (t, J =
7.1 Hz, 6H); 3C NMR (151 MHz, CDCL) § 203.2 (C=0), 166.9 (C=0), 146.9 (C=C), 135.8
(Ar), 131.3 (Ar), 131.2 (A1), 128.0 (Ar), 99.8 (C=C), 60.0 (CH), 41.7 (CH,), 19.5 (CHs), 14.2
(CHs).

Diethyl 4-(4-chlorobenzoyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4¢)526

Yellow solid (0.96 g, 49% yield); 'H NMR (600 MHz, CDCL) & 8.10 (d, J = 8.6 Hz, 2H), 7.41
(d, J = 8.6 Hz, 2H), 6.09 (s, 1H), 5.64 (s, 1H), 4.06 — 3.94 (m, 4H), 2.32 (s, 6H), 1.06 (t, J =
7.1 Hz, 6H); 3C NMR (151 MHz, CDCL3) § 202.5 (C=0), 166.8 (C=0), 146.6 (C=C), 139.1
(Ar), 135.3 (Ar), 131.1 (Ar), 128.3 (Ar), 100.0 (C=C), 60.0 (CH), 41.6 (CH), 19.7 (CHs), 14.2

(CH3).
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Diethyl 4-(4-fluorobenzoyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4d)526

Yellow solid (0.82 g, 47%); '"H NMR (400 MHz, CDCl3) 8 8.21 (dd, J= 8.8, 5.6 Hz, 2H), 7.11
(t,J=8.7Hz, 2H), 6.88 (s, 1H), 5.68 (s, 1H), 3.99 (dddd, J=14.9,9.2, 7.2, 3.8 Hz, 4H), 2.28
(s, 6H), 1.05 (t,J= 7.1 Hz, 6H); 13C NMR (101 MHz, CDCl3) 4 202.9 (C=0), 166.0 (d, Jc.r =
252.5 Hz, C=0), 147.0 (C=C), 133.3 (d, Jcr= 10.1 Hz, Ar), 132.4 (d, Jcr = 10.1 Hz, Ar),
115.2 (Ar), 114.9 (Ar), 99.7 (C=C), 59.9 (CH), 41.7 (CH>), 19.4 (CH3), 14.2 (CH3); 'F NMR
(376 MHz, CDCl3) 6 —105.9.

Diethyl 2,6-dimethyl-4-(4-(trifluoromethyl)benzoyl)-1,4-dihydropyridine-3,5-

dicarboxylate (4¢)58

Yellow solid (0.57 g, 27% yield); 'H NMR (600 MHz, CDCls) § 8.25 (d, J = 8.1 Hz, 2H), 7.71
(d, J= 7.9 Hz, 2H), 6.35 (s, 1H), 5.68 (s, 1H), 4.06 — 3.88 (m, 4H), 2.31 (s, 6H), 1.03 (t,J =
7.2 Hz, 6H); *C NMR (151 MHz, CDCL) § 203.3 (C=0), 166.8 (C=0), 146.8 (C=C), 140.1
(Ar), 134.0 (q, Je.r = 30.2 Hz, Ar), 129.8 (Ar), 125.3 (q, Jer = 15.1 Hz, Ar), 121.1 (q, Jer =
271.8 Hz, CF3), 99.8 (C=C), 60.1 (CH), 42.2 (CHa), 19.6 (CHz); '°F NMR (376 MHz, CDCl;)

0 —63.1.
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Diethyl 2,6-dimethyl-4-(4-methylbenzoyl)-1,4-dihydropyridine-3,5-dicarboxylate (4£)526

Yellow solid (1.30 g, 70% yield); "H NMR (600 MHz, CDCls) 8 8.06 (d, J = 8.2 Hz, 2H), 7.23
(d, J=7.8 Hz, 2H), 7.10 (s, 1H), 5.71 (s, 1H), 3.98 (ddq, J = 38.9, 10.9, 7.1 Hz, 4H), 2.40 (s,
3H), 2.27 (s, 6H), 1.05 (t,J= 7.1 Hz, 6H); 3*C NMR (151 MHz, CDCl3) § 203.8 (C=0), 167.1
(C=0), 147.1 (C=C), 143.6 (Ar), 134.3 (Ar), 129.9 (Ar), 128.7, 99.6 (Ar), 59.8 (CH), 41.5
(CH»), 21.7 (CH3), 19.2 (CH3), 14.1 (CH3).

Diethyl 4-(4-methoxybenzoyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate
(4g)>

MeO

Yellow solid (1.26 g, 65% yield); "H NMR (600 MHz, CDCL:) & 8.17 (d, J = 8.9 Hz, 2H), 7.48
(s, 1H), 6.92 (d, J= 8.9 Hz, 2H), 5.70 (s, 1H), 4.06 — 3.91 (m, 4H), 3.85 (s, 3H), 2.25 (s, 6H),
1.06 (t, J=7.1 Hz, 6H); 3C NMR (151 MHz, CDCl3) § 202.9 (C=0), 167.1 (C=0), 163.6 (Ar),
147.2 (C=C), 132.2 (Ar), 129.6 (Ar), 113.2 (Ar), 99.6 (C=C), 59.8 (CH), 55.4 (CHs), 41.2

(CHb), 19.1 (CHs), 14.2 (CHs).
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Diethyl 4-([1,1'-biphenyl]-4-carbonyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-

dicarboxylate (4h)526

Yellow solid; (0.85 g, 39% yield); "H NMR (600 MHz, CDCl3) & 8.23 (d, J= 8.5 Hz, 2H), 7.68
(d, J=8.4 Hz, 2H), 7.64 (d, J= 7.0 Hz, 2H), 7.47 (t, J= 7.6 Hz, 2H), 7.39 (t, J = 7.4 Hz, 1H),
6.70 (s, 1H), 5.75 (s, 1H), 4.08 — 3.93 (m, 4H), 2.32 (s, 6H), 1.07 (t, /= 7.1 Hz, 6H); *C NMR
(151 MHz, CDCL) § 203.7 (C=0), 167.0 (C=0), 146.9 (Ar), 145.4 (C=C), 140.2 (Ar), 135.7
(Ar), 130.3 (Ar), 128.9 (Ar), 128.1 (A1), 127.3 (Ar), 126.6 (Ar), 99.9 (C=C), 60.0 (CH), 41.7
(CHa), 19.4 (CHa), 14.2 (CH).

Diethyl 4-(2-chlorobenzoyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4i)5?’

Yellow solid (0.88 g, 45% yield); "H NMR (600 MHz, CDCL) & 7.53 (d, J = 8.9 Hz, 1H), 7.36
—7.27 (m, 3H), 6.44 (s, 1H), 5.46 (s, 1H), 4.11 — 3.85 (m, 4H), 2.34 (d, J = 2.0 Hz, 6H), 1.12
(td, J= 7.1, 1.3 Hz, 6H); '>*C NMR (151 MHz, CDCL) § 200.8 (C=0), 166.8 (C=0), 147.2
(C=C), 139.8 (Ar), 130.9 (Ar), 130.6 (Ar), 129.7 (Ar), 128.7 (Ar), 126.1 (Ar), 97.3 (C=C), 60.0

(CH), 46.6 (CHo), 19.4 (CHs), 14.1 (CHs).
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Diethyl 4-(benzol|d][1,3]dioxole-5-carbonyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-

dicarboxylate (4j)58

Yellow solid (1.2 g, 60% yield); "H NMR (600 MHz, CDCL:) & 7.86 (dd, J= 8.2, 1.8 Hz, 1H),
7.60 (d, J = 1.7 Hz, 1H), 6.86 (d, J = 8.2 Hz, 2H), 6.02 (s, 2H), 5.63 (s, 1H), 4.10 — 3.96 (m,
4H), 2.28 (s, 6H), 1.11 (t, J= 7.1 Hz, 6H); 3C NMR (151 MHz, CDCls) § 202.0 (C=0), 167.0
(C=0), 151.7 (Ar), 147.7 (C=C), 146.9 (A1), 131.3 (Ar), 126.4 (Ar), 109.5 (Ar), 107.5 (Ar),
101.7 (C=C), 99.7 (CHz), 59.9 (CH), 41.4 (CHa), 19.4 (CH3), 14.2 (CHa).

Diethyl 4-(2-naphthoyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4k)58

Yellow solid (0.88 g, 43% yield); 'H NMR (600 MHz, CDCls) 5 8.77 (s, 1H), 8.15 (dd, J= 8.6,
1.8 Hz, 1H), 8.00 (d, J = 8.1 Hz, 1H), 7.90 — 7.85 (m, 2H), 7.56 (dddd, J = 27.2, 8.1, 6.9, 1.3
Hz, 2H), 6.87 (s, 1H), 5.90 (s, 1H), 3.95 (ddq, J= 62.3, 10.9, 7.1 Hz, 4H), 2.33 (s, 6H), 0.98 (t,
J=7.1Hz, 6H); 3C NMR (151 MHz, CDCl3) § 203.9 (C=0), 167.0 (C=0), 147.1 (C=C), 135.6
(Ar), 134.1 (Ar), 132.5 (Ar), 131.7 (Ar), 129.7 (Ar), 128.2 (Ar), 127.7 (A1), 126.5 (Ar), 125.3

(Ar), 99.8 (C=C), 59.9 (CH), 41.7 (CH,), 19.4 (CH3), 14.1 (CHs).
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Diethyl 4-(furan-2-carbonyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (41)52

Brown solid (0.42 g, 24% yield); '"H NMR (400 MHz, CDCls3) & 7.64 (s, 1H), 7.50 (d, J = 3.6
Hz, 1H), 6.71 (s, 1H), 6.55 (dd, J = 3.6, 1.6 Hz, 1H), 5.44 (s, 1H), 4.05 (qd, J = 7.2, 2.4 Hz,
4H), 2.29 (s, 6H), 1.11 (t,J= 7.1 Hz, 6H); *C NMR (151 MHz, CDCl;3) § 192.3 (C=0), 167.0
(C=0), 152.0 (Ar), 147.3 (Ar), 147.2 (C=C), 120.8 (Ar), 112.2 (Ar), 99.1 (C=C), 59.9 (CH),
42.7 (CHz), 19.3 (CH3), 14.2 (CHa).

Diethyl 2,6-dimethyl-4-(thiophene-2-carbonyl)-1,4-dihydropyridine-3,5-dicarboxylate

(4m)S26

Brown solid (0.63 g, 35% yield); 'H NMR (600 MHz, CDCl3) § 8.12 (d, J = 4.0 Hz, 1H), 7.65
(dt, J= 4.6, 1.5 Hz, 1H), 7.54 (s, 1H), 7.13 (q, J = 4.3 Hz, 1H), 5.56 (s, 1H), 4.03 (ddq, J =
10.3, 7.0, 3.6 Hz, 4H), 2.31 — 2.12 (m, 6H), 1.13 — 0.98 (m, 6H); '*C NMR (151 MHz, CDCl)
5 196.8 (C=0), 167.0 (C=0), 147.5 (Ar), 143.5 (C=C), 135.2 (Ar), 134.7 (Ar), 128.0 (Ar), 99.0

(C=C), 59.9 (CH), 43.4 (CHo), 19.1 (CHs), 14.2 (CH3).
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Diethyl 4-(benzo[b]thiophene-3-carbonyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-

dicarboxylate (4n)

Yellow solid (0.91 g, 44% yield); m.p. 125-126 °C; 'H NMR (400 MHz, CDCls) & 8.96 (s,
1H), 8.69 (d, J = 7.2 Hz, 1H), 7.86 (d, J = 7.9 Hz, 1H), 7.49 — 7.36 (m, 2H), 7.29 (d, J = 4.2
Hz, 1H), 5.70 (s, 1H), 4.04 (qd, J=7.1, 5.1 Hz, 4H), 2.34 (s, 6H), 1.10 (t, /= 7.1 Hz, 6H); 1*C
NMR (151 MHz, CDCls) § 198.5 (C=0), 167.1 (C=0), 147.2 (Ar), 140.9 (C=C), 139.5 (Ar),
137.3 (Ar), 133.7 (Ar), 125.7 (Ar), 125.4 (Ar), 125.2 (A1), 122.3 (Ar), 99.4 (C=C), 60.0 (CH),
44.0 (CH,), 19.5 (CHz), 14.3 (CHs); HRMS (ESI): caled. for C2:H24NOsS (M + H)* 414.1375,
found 414.1407; IR (neat cm'): 3313, 3223, 3125, 2978, 2924, 1686, 1639, 1491, 1366, 1266,
1188, 1088, 1046, 1019 884, 839, 754.

Diethyl 2,6-dimethyl-4-pivaloyl-1,4-dihydropyridine-3,5-dicarboxylate (40)5?

tBu 0]
EtO,C CO,Et
|
Me N Me
H

Yellow solid (0.24 g, 14% yield); '"H NMR (400 MHz, CDCL3) & 6.04 (s, 1H), 5.26 (s, 1H),
4.19 (q, J= 7.1 Hz, 4H), 2.29 (s, 6H), 1.31 (d, J= 7.1 Hz, 6H), 1.20 (s, 9H); 13C NMR (151
MHz, CDCl5) § 217.1 (C=0), 167.1 (C=0), 146.4 (C=C), 99.3 (C=C), 60.1 (CH), 43.7 (CHa),

41.2 (C), 27.1 (CHs), 19.6 (CHs), 14.4 (CHs).
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1-(2-Methyl-1-phenylpropyl)pyrazolidin-3-one (3aa)

o)

Z _NH
N

/ki-Pr

Light yellow solid (65.5 mg, 99% yield); m.p. 112.2-113.2 °C; 'H NMR (400 MHz, CDCls) &

Ph

8.07 (s, 1H), 7.36 — 7.14 (m, 5H), 3.29 (d, /= 6.6 Hz, 2H), 3.12 (dt, J=11.1, 8.4 Hz, 1H), 2.21
(dt,J=16.8, 8.4 Hz, 1H), 2.10 (h, J= 6.7 Hz, 1H), 1.98 — 1.85 (m, 1H), 0.84 (d, /= 6.7 Hz,
3H), 0.73 (d, J= 6.7 Hz, 3H); 1*C NMR (151 MHz, CDCl3) § 175.5 (C=0), 137.1 (Ar), 129.3
(Ar), 128.2 (Ar), 127.8 (Ar), 77.6 (CH2), 50.6 (CH), 30.3 (CH»), 29.4 (CH), 20.5 (CH3), 17.3
(CH3); HRMS (ESI) caled. for C13H19N2O (M™ + H): 219.1497, found 219.1475; IR (neat cm™
1): 3149, 2872, 1716, 1682, 1458, 1366, 1292, 1080, 1015, 761, 711.
1-(1-(4-Chlorophenyl)-2-methylpropyl)pyrazolidin-3-one (3ba)

o)

{ _NH

N

Cl

White solid (72.0 mg, 95% yield); m.p. 115.5-116.5 °C; 'H NMR (400 MHz, CDCls) § 8.72
(s, 1H), 7.30 (d, J= 8.5 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 3.34 (d, /= 6.6 Hz, 1H), 3.30 - 3.13
(m, 2H), 2.30 (dt, J = 16.7, 8.3 Hz, 1H), 2.15 (h, J = 6.7 Hz, 1H), 2.00 (dt, /= 16.3, 7.9 Hz,
1H), 0.89 (d, J = 6.8 Hz, 3H), 0.76 (d, /= 6.8 Hz, 3H); *C NMR (151 MHz, CDCl3) § 175.7
(C=0), 135.7 (Ar), 133.6 (Ar), 130.6 (Ar), 128.3 (Ar), 76.8 (CHz), 50.4 (CH), 30.2 (CH>), 29.4
(CH), 20.4 (CH3), 17.2 (CH3); HRMS (ESI) calcd. for C13H1sCIN2O (M™ +H): 253.1108, found
253.1109; IR (neat cm™): 3161, 3066, 2963, 1681, 1491, 1363, 1298, 1087, 1014, 824, 799,

738.
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1-(1-(4-Fluorophenyl)-2-methylpropyl)pyrazolidin-3-one (3ca)

White solid (70.0 mg, 98% yield); m.p. 118-119 °C; 'H NMR (400 MHz, CDCls) & 8.73 (s,
1H), 7.23 (dd, J = 8.5, 5.6 Hz, 2H), 7.01 (t, J = 8.7 Hz, 2H), 3.34 (d, /= 6.7 Hz, 1H), 3.26 (s,
1H), 3.17 (q, J = 10.8, 9.6 Hz, 1H), 2.28 (dt, J = 16.6, 8.4 Hz, 1H), 2.15 (h, J = 6.7 Hz, 1H),
1.97 (dt, J = 16.5, 8.0 Hz, 1H), 0.89 (d, J = 6.7 Hz, 3H), 0.76 (d, J = 6.8 Hz, 3H); *C NMR
(151 MHz, CDCl3) 6 175.7 (C=0), 162.4 (d, Jc.r =-241.6 Hz, Ar), 132.9 (d, Jcr =3.2 Hz,
Ar), 130.8 (d, Jc.r =7.7 Hz, Ar), 115.1 (d, Jcr = 21.1 Hz, Ar), 76.7 (CHz), 50.4 (CH), 30.3
(CH»), 29.5 (CH), 20.4 (CH3), 17.3 (CH3); ’F NMR (376 MHz, CDCl3) § —114.5; HRMS (ESI)
calcd. for C13HisFN,O (M* + H): 237.1403, found 237.1403; IR (neat cm™): 3145, 3057, 2963,
1694, 1507, 1364, 1220, 1158, 1088, 842, 722.

1-(2-Methyl-1-(4-(trifluoromethyl)phenyl)propyl)pyrazolidin-3-one (3da)

White solid (77 mg, 89% yield); m.p. 135.5-136.5 °C; 'H NMR (400 MHz, DMSO-ds) & 9.58
(s, 1H), 7.74 (d, J= 7.9 Hz, 2H), 7.54 (d, /= 7.9 Hz, 2H), 3.56 (d, /= 7.5 Hz, 1H), 3.29 - 3.03
(m, 2H), 2.24 (h, J = 6.8 Hz, 1H), 2.16 — 1.99 (m, 1H), 1.70 — 1.49 (m, 1H), 0.93 (d, J = 6.6
Hz, 3H), 0.68 (d, /= 6.7 Hz, 3H); *C NMR (151 MHz, DMSO-ds) 8 175.1 (C=0), 143.0 (Ar),
130.6 (Ar), 128.4 (q, Jc.r =31.6 Hz, Ar), 125.7 (Ar), 125.0 (q, Jc-r = 3.8 Hz, CF3), 123.9 (Ar),

75.8 (CHa), 50.2 (CH), 29.8 (CHa), 29.1 (CH), 20.8 (CHs), 18.4 (CHs); '°F NMR (376 MHz,
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DMSO) § —60.9; HRMS (ESI) caled. for C14HigF3N>O (M* + H): 287.1371, found 287.1377;
IR (neat cm™): 3164, 2962, 1679, 1320, 1167, 1115, 1066, 1023, 762, 707.

1-(2-Methyl-1-(p-tolyl)propyl)pyrazolidin-3-one (3ea)

White solid (70 mg, 99% yield); m.p. 132.4-133.4 °C; 'H NMR (400 MHz, CDCl3) 6 8.35 (s,
1H), 7.13 (s, 4H), 3.30 (d, /= 6.9 Hz, 2H), 3.18 (dt,J=11.1, 8.3 Hz, 1H), 2.33 (s, 3H), 2.29 —
2.08 (m, 2H), 1.94 (dt, J=16.4, 8.0 Hz, 1H), 0.91 (d, J= 6.7 Hz, 3H), 0.78 (d, /= 6.8 Hz, 3H);
BC NMR (151 MHz, CDCl3) & 162.9 (C=0), 152.1 (Ar), 133.4 (Ar), 130.9 (Ar), 129.2 (Ar),
127.7 (Ar), 113.4 (Ar), 84.1 (CH»), 82.1 (CH), 65.9 (CH>), 55.5 (CH3), 28.2 (CH3), 27.6 (CHa);
HRMS (ESI) calcd. for C14H21N>O (M + H):233.1654, found 233.1656; IR (neat cm™): 3145,
2867, 1677, 1427, 1365, 1312, 1185, 1026, 795, 724.
1-(1-(4-Methoxyphenyl)-2-methylpropyl)pyrazolidin-3-one (3fa)

o)

Z _NH
N
MeO

White solid (62.0 mg, 83% yield); m.p. 114.6-115.6 °C; 'H NMR (400 MHz, CDCls) § 8.37
(s, 1H), 7.17 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 3.79 (s, 3H), 3.30 (t, J = 10.5 Hz,
2H), 3.16 (dt, J= 11.2, 8.3 Hz, 1H), 2.23 (dt, J = 16.6, 8.5 Hz, 1H), 2.12 (dt, J= 13.4, 6.7 Hz,
1H), 1.94 (dt, J = 16.4, 8.1 Hz, 1H), 0.90 (d, J = 6.8 Hz, 3H), 0.77 (d, J = 6.8 Hz, 3H); 13C
NMR (151 MHz, CDCL) § 175.6 (C=0), 159.2 (Ar), 130.3 (Ar), 129.1 (Ar), 113.6 (A1), 77.0

(CHa), 55.2 (CH3), 50.4 (CH), 30.4 (CHa), 29.5 (CH) , 20.5 (CHs), 17.6 (CHs); HRMS (ESI)
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calcd. for C1sH21N>O (M* + H): 249.1603, found 249.1599; IR (neat cm™): 2956, 1695, 1655,
1582, 1509, 1248, 1181, 1034, 826, 800.

1-(2-Methyl-1-(naphthalen-2-yl)propyl)pyrazolidin-3-one (3ga)

White solid (77.0 mg, 96% yield); m.p. 146-147 °C; '"H NMR (400 MHz, CDCl3) & 8.46 (s,
1H), 7.90 — 7.77 (m, 3H), 7.73 (s, 1H), 7.54 — 7.41 (m, 3H), 3.55 (d, J = 6.4 Hz, 1H), 3.44 —
3.19 (m, 2H), 2.42 — 2.22 (m, 2H), 2.11 — 1.94 (m, 1H), 0.95 (d, J= 6.7 Hz, 3H), 0.86 (d, J =
6.8 Hz, 3H); 1°C NMR (151 MHz, CDCl3) § 175.5 (C=0), 134.9 (Ar), 133.1 (Ar), 133.0 (Ar),
128.6 (Ar), 127.9 (Ar), 127.7 (Ar), 127.7 (Ar), 127.1 (Ar), 126.2 (Ar), 126.0 (Ar), 77.7 (CH>),
50.7 (CH), 30.4 (CH>), 29.7 (CH), 20.6 (CHz3), 17.4 (CH3); HRMS (ESI) calcd. for Ci7H21N2O
(M* +H): 269.1654, found 269.1662; IR (neat cm™'): 3150, 2964, 1681, 1654, 1368, 1068, 790,
743.

1-(2-Methyl-1-(pyridin-2-yl)propyl)pyrazolidin-3-one (3ha)

White solid (64.4 mg, 98% yield); m.p. 109-110 °C; '"H NMR (400 MHz, CDCl3) & 8.91 (s,
1H), 8.59 — 8.48 (m, 1H), 7.60 (td, /= 7.7, 1.8 Hz, 1H), 7.23 (d, /= 7.8 Hz, 1H), 7.20 — 7.12
(m, 1H), 3.51 (d, /= 8.1 Hz, 1H), 3.40 (ddd, /= 11.3, 9.1, 7.3 Hz, 1H), 3.30 (ddd, J = 11.3,
9.0, 7.5 Hz, 1H), 2.32 - 2.16 (m, 1H), 2.02 (dq, J = 17.7, 9.5, 8.8 Hz, 1H), 1.73 (dt, J = 16.5,
8.3 Hz, 1H), 0.96 (d, /= 6.7 Hz, 3H), 0.71 (d, J= 6.7 Hz, 3H); 3C NMR (151 MHz, CDCl3) &

176.0 (C=0), 157.7 (Ar), 149.2 (Ar), 136.0 (Ar), 124.2 (Ar), 122.7 (Ar), 78.1 (CHz), 49.4 (CH),
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30.2 (CHz), 29.2 (CH), 20.3 (CH3), 18.4 (CH3); HRMS (ESI) calcd. for C12H1sN3O (M* + H):
220.1450, found 220.1450; IR (neat cm™): 3145, 2953, 1682, 1581, 1482, 1298, 1019, 994,
774, 751.
1-(2-Methyl-1-(pyridin-3-yl)propyl)pyrazolidin-3-one (3ia)

O

Z _NH
N

N i-Pr

~

White solid (65.7 mg, 99% yield); m.p. 128.4-129.4 °C; 'H NMR (400 MHz, CDCl3) 6 9.11
(s, 1H), 8.50 (dd, J=4.8, 1.7 Hz, 1H), 8.44 (d, /J=2.2 Hz, 1H), 7.58 (d, /= 7.9 Hz, 1H), 7.23
(dd, J=8.0,4.7 Hz, 1H), 3.36 (d, J = 6.7 Hz, 1H), 3.28 — 3.03 (m, 2H), 2.28 (dt, /= 16.8, 8.4
Hz, 1H),2.16 (h,J=6.7 Hz, 1H), 1.94 (dt, /= 16.3, 8.1 Hz, 1H), 0.86 (d, /= 6.7 Hz, 3H), 0.72
(d,J=6.7 Hz, 3H); 3*C NMR (151 MHz, CDCl3) § 175.8 (C=0), 150.5 (Ar), 149.2 (Ar), 136.5
(Ar), 132.7 (Ar), 123.2 (Ar), 74.9 (CHz), 50.5 (CH), 30.2 (CH>), 29.4 (CH), 20.3 (CH3), 17.2
(CH3); HRMS (ESI) caled. for C12H1sN3O (M™ + H): 220.1450, found 220.1472; IR (neat cm™
1): 3149, 2872, 1682, 1458, 1366, 1257, 1080, 1015, 819, 761, 711.

1-(1-(Furan-2-yl)-2-methylpropyl)pyrazolidin-3-one (3ja)

White solid (62.4 mg, 99% yield); m.p. 103.4-104.4 °C; '"H NMR (600 MHz, CDCl3) & 8.84
(s, 1H), 7.41 (dd, J=1.9, 0.8 Hz, 1H), 6.36 (dd, /= 3.2, 1.8 Hz, 1H), 6.23 (dd, /= 3.2, 0.8 Hz,
1H), 3.51 - 3.42 (m, 1H), 3.36 (d, J=9.7 Hz, 1H), 3.26 (ddd, /= 11.7, 9.0, 6.7 Hz, 1H), 2.10
(dp,J=9.6, 6.6 Hz, 1H), 1.92 (ddd, J=16.0, 9.1, 6.6 Hz, 1H), 1.78 (dd, J=16.7, 9.0 Hz, 1H),

1.06 (d, J = 6.6 Hz, 3H), 0.81 (d, J = 6.6 Hz, 3H); '>*C NMR (151 MHz, CDCls) & 176.4 (C=0),
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151.8 (A1), 142.2 (A1), 110.8 (A1), 109.9 (A1), 70.7 (CH,), 49.5 (CH), 29.8 (CH,), 29.4 (CH),
20.3 (CHs), 19.6 (CHs); HRMS (ESI) caled. for CiiH17N20, (M* + H): 209.1290, found
209.1282; IR (neat cm™): 3141, 2962, 1677, 1423, 1371, 1159, 1016, 916, 805, 766.

1-(2-Methyl-1-(thiophen-2-yl)propyl)pyrazolidin-3-one (3ka)

White solid (64.0 mg, 95% yield); m.p. 93.6-94.6 °C; 'H NMR (400 MHz, CDCls) & 8.75 (s,
1H), 7.29 (dd, J = 5.1, 1.2 Hz, 1H), 7.00 (dd, J = 5.1, 3.5 Hz, 1H), 6.95 (dd, J = 3.4, 1.2 Hz,
1H), 3.60 (d, J = 8.3 Hz, 1H), 3.52 — 3.35 (m, 1H), 3.24 (ddd, /=11.4, 9.1, 6.6 Hz, 1H), 2.10
(dddd, J=23.9,13.4, 8.8, 6.8 Hz, 2H), 1.88 (dt,J=16.9, 8.6 Hz, 1H), 1.02 (d, J = 6.6 Hz, 3H),
0.84 (d, J= 6.7 Hz, 3H); *C NMR (151 MHz, CDCl3) § 176.3 (C=0), 139.4 (Ar), 127.3 (Ar),
126.5 (Ar), 125.7 (Ar), 73.1 (CH>), 50.2 (CH), 31.2 (CH>), 30.3 (CH), 20.5 (CH3), 18.9 (CHa);
HRMS (ESI) calcd. for C11H17N20S (M* + H): 225.1062, found 225.1057; IR (neat cm™): 3069,
2962, 1687, 1650, 1459, 1365, 1278, 1231, 1098, 1012, 800, 709.
1-(1-(Benzofuran-2-yl)-2-methylpropyl)pyrazolidin-3-one (31a)
O

Z _NH
N

0 i-Pr

White wax (72.0 mg, 93% yield); m.p. 106.1-107.1 °C; 'H NMR (600 MHz, CDCls) § 8.82 (s,
1H), 7.48 (d, J = 7.8 Hz, 1H), 7.43 — 7.37 (m, 1H), 7.21 — 7.17 (m, 1H), 7.15 (td, J = 7.4, 1.1
Hz, 1H), 6.60 (s, 1H), 3.47 (d, J= 9.1 Hz, 2H), 3.31 (ddd, J=11.5, 9.1, 7.1 Hz, 1H), 2.17 (dp,
J=9.0,6.6 Hz, 1H), 2.00 (ddd, J= 16.4,9.1, 7.1 Hz, 1H), 1.93 — 1.84 (m, 1H), 1.03 (d, /= 6.7
Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H); *C NMR (151 MHz, CDCl3) § 176.0 (C=0), 154.8 (Ar),
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128.1 (Ar), 124.2 (Ar), 122.9 (Ar), 121.0 (Ar), 111.3 (Ar), 106.8 (Ar), 71.2 (CH2), 49.7 (CH),
30.0 (CHy), 29.5 (CH), 20.3 (CH3), 19.3 (CHs); HRMS (ESI) calcd. for C1sH19N202 (M* + H):
259.1447, found 259.1444; IR (neat cm™): 3148, 3052, 2957, 1682, 1452, 1365, 1247, 1171,
1008, 937, 744, 675.
1-(1-(Benzo[b]thiophen-3-yl)-2-methylpropyl)pyrazolidin-3-one (3ma)

O

Z _NH
N

~ i-Pr

White solid (67.0 mg, 82% yield); m.p. 182.5-183.5 °C; '"H NMR (600 MHz, CDCl;3) & 8.58
(s, 1H), 7.95 — 7.84 (m, 2H), 7.38 (dtd, J = 15.0, 7.1, 5.9 Hz, 3H), 3.98 (d, J = 7.0 Hz, 1H),
3.35(s, 1H), 3.27 - 3.09 (m, 1H), 2.27 (dt, J= 13.3, 6.8 Hz, 2H), 1.95 (s, 1H), 0.99 (d, /= 6.7
Hz, 3H), 0.88 (d, J = 6.7 Hz, 3H); 3*C NMR (151 MHz, CDCl3) § 175.8 (C=0), 140.2 (Ar),
139.6 (Ar), 132.6 (Ar), 124.9 (Ar), 124.5 (Ar), 124.2 (Ar), 122.9 (Ar), 122.1 (Ar), 51.0 (CH),
31.0 (CH>), 30.3 (CH), 20.7 (CH3), 18.0 (CH3); HRMS (ESI) calcd. for C1sHioN20S (M* + H):
275.1218, found 275.1218; IR (neat cm™): 3160, 2962, 1709, 1668, 1460, 1424, 1364, 1295,
1243, 1079, 1015, 795, 761, 736.

1-(4-Ethyl-2-methylhexan-3-yl)pyrazolidin-3-one (3na)

Z _NH

N

Et\H\i-Pr

Et
Colourless wax (16 mg, 25% yield); '"H NMR (600 MHz, CDCl3) & 6.96 (s, 1H), 3.39 — 3.22
(m, 2H), 2.51 (t, J= 8.3 Hz, 2H), 2.41 (s, 1H), 2.00 (pd, J = 6.9, 4.2 Hz, 1H), 1.56 — 1.49 (m,

1H), 1.48 — 1.42 (m, 1H), 1.41 — 1.36 (m, 1H), 1.34 (dq, J= 9.0, 2.5, 2.1 Hz, 1H), 1.30 — 1.19
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(m, 2H), 1.02 — 0.87 (m, 11H); *C NMR (151 MHz, CDCl3) 8 174.4 (C=0), 51.2 (CH,), 41.8
(CH), 30.4 (CH>), 27.8 (CH), 24.8 (CH>), 24.0 (CHz), 20.8 (CH3), 20.1 (CHz3), 12.8 (CH3), 12.7
(CH3); HRMS (ESI) caled. for C12H2sN2O (M™ + H): 213.1967, found 213.1959; IR (neat cm™
1): 2960, 1740, 1699, 1456, 1369, 1268, 1231, 1043, 833, 757, 749.

1-(2,4-Dimethylhexan-3-yl)pyrazolidin-3-one (30a)

Z _NH

N

Me\(ki-Pr

Et

Colourless wax (30 mg, 50% yield, 1:1 dr); '"H NMR (400 MHz, CDCl3) & 7.56 (s, 1H), 3.38 —
3.24 (m, 2H), 2.58 — 2.45 (m, 2H), 2.30 (ddd, /= 7.8, 5.4, 3.4 Hz, 1H), 2.09 — 1.90 (m, 1H),
1.77 - 1.63 (m, 1H), 1.53 — 1.43 (m, 1H), 1.28 — 1.13 (m, 1H), 1.02 - 0.81 (m, 12H); 3*C NMR
(151 MHz, CDCl3) 6 174.4 (C=0), 74.4 (CH»), 51.3 (CH), 50.6 (CH>), 34.7 (CH>), 34.4 (CH>),
30.7 (CH), 30.5 (CH), 28.4 (CH), 27.9 (CH), 27.5 (CH»), 27.4 (CH>), 21.5 (CH»), 20.9 (CH>),
20.6 (CH»), 19.9 (CH3), 16.8 (CH3), 16.6 (CHs), 12.3 (CHs3); HRMS (ESI) caled. for
C11H23N20 (M* + H): 199.1810, found 199.1808; IR (neat cm™): 3148, 2959, 1678, 1459, 1369,
1303, 1072, 744, 701.

1-(2-Methylheptan-3-yl)pyrazolidin-3-one (3pa)

0

u)\i-Pr

Colourless wax (50 mg, 84% yield); '"H NMR (400 MHz, CDCls) & 8.49 (s, 1H), 3.26 (t, J =

n-B

8.4 Hz, 2H), 2.48 (td, /= 8.3, 4.9 Hz, 2H), 2.29 (d, /= 4.6 Hz, 1H), 1.90 — 1.77 (m, 1H), 1.45

~ 1.25 (m, 6H), 0.89 (m, 9H); '>*C NMR (151 MHz, CDCl;) § 174.6 (C=0), 71.4 (CH»), 49.5

(CH), 31.5 (CHa), 30.9 (CHa), 29.8 (CHa), 26.8 (CHa), 23.1 (CH), 19.8 (CHs), 17.8 (CH3), 14.0
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(CH3); HRMS (ESI) caled. for C11H23N20 (M™ + H): 199.1810, found 199.1809; IR (neat cm™
1): 3162, 2956, 1682, 1504, 1365, 1255, 1039, 735.
1-(1-Cyclohexyl-2-methylpropyl)pyrazolidin-3-one (3qa)

0

{ _NH
N
O)\i-Pr

White wax (58 mg, 86% yield); 'H NMR (400 MHz, CDCl3) 4 7.73 (s, 1H), 3.31 (t,J= 8.5 Hz,
2H), 2.58 — 2.45 (m, 2H), 2.17 (t, J=3.9 Hz, 1H), 1.99 (ddd, /=9.7, 7.0, 3.5 Hz, 1H), 1.78 —
1.56 (m, 6H), 1.31 — 1.06 (m, 5H), 0.96 (dd, /= 7.0, 2.5 Hz, 6H); 3C NMR (151 MHz, CDCl;)
0 174.2 (C=0), 75.1 (CH>), 50.8 (CH), 38.3 (CH»), 31.4 (CH»), 31.2 (CH), 30.8 (CH), 27.6
(CH»), 26.8 (CH>), 26.8 (CH>), 26.5 (CH»), 20.8 (CH3), 20.7 (CH3); HRMS (ESI) calcd. for
C13H2sN20 (M* + H): 225.1961, found 225.1940; IR (neat cm™): 2924, 1774, 1678, 1439, 1369,
963, 723, 702.

1-(1,2-Diphenylethyl)pyrazolidin-3-one (3ab)

(0]

Z _NH
N

)\Bn

White solid (56.7 mg, 71% yield); m.p. 134.3-135.3 °C; 'H NMR (400 MHz, CDCls) & 7.70

Ph

(s, 1H), 7.18 (dd, J=5.1, 1.9 Hz, 3H), 7.12 — 7.00 (m, SH), 6.83 (dd, J= 7.4, 2.0 Hz, 2H), 3.69
(dd, J=9.5, 4.9 Hz, 1H), 3.33 (s, 1H), 3.22 — 3.10 (m, 2H), 2.86 (dd, J = 13.2, 9.5 Hz, 1H),
2.35 (dt, J= 17.1, 8.6 Hz, 1H), 2.15 (ddd, J = 16.7, 8.7, 6.3 Hz, 1H); 3C NMR (151 MHz,
CDCls) § 175.1 (C=0), 139.0 (A1), 137.6 (Ar), 129.4 (Ar), 128.6 (Ar), 128.4 (Ar), 128.2 (Ar),
128.1 (A1), 126.3 (Ar), 74.6 (CH), 50.9 (CH), 40.9 (CHa), 30.2 (CH,); HRMS (ESI) caled. for
C17H1sN20 (M + H): 267.1476, found 267.1497; IR (neat cm'): 3080, 1691, 1450, 1240, 1120,

1089, 954, 803, 715.
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1-(2-(4-Bromophenyl)-1-phenylethyl)pyrazolidin-3-one (3ac)

o)

[ NH B
o
Ph

White solid (45 mg, 43% yield); m.p. 194.7-195.7 °C; 'H NMR (600 MHz, CDCl3) § 7.25 —
7.15 (m, 5H), 7.09 (t, J= 3.6 Hz, 2H), 6.69 (d, J= 8.1 Hz, 2H), 3.70 (dd, /= 9.9, 4.8 Hz, 1H),
3.33 (s, 1H), 3.25 — 3.14 (m, 2H), 2.85 (dt, J = 21.2, 9.7 Hz, 1H), 2.35 (dt, J = 16.9, 8.5 Hz,
1H), 2.13 (dt, J= 16.3, 7.8 Hz, 1H); *C NMR (151 MHz, CDCl3) 4 175.2 (C=0), 136.4 (Ar),
131.2 (Ar), 131.2 (Ar), 128.7 (Ar), 128.5 (Ar), 128.4 (Ar), 120.3 (Ar), 74.3 (CHz), 50.8 (CH),
40.1 (CHy), 30.1 (CHz); HRMS (ESI) calcd. for Ci7HisBrN.O (M* + H): 345.0603 and
347.0582, found 345.0612 and 347.0593; IR (neat cm™): 3151, 3052, 2925, 1671, 1486, 1070,
1012, 808, 753, 700.

1-(2-(4-Chlorophenyl)-1-phenylethyl)pyrazolidin-3-one (3ad)

o)

[ NH I
ges
Ph

White solid (57 mg, 63% yield); m.p. 177.8-178.8 °C; 'H NMR (400 MHz, CDCl3) § 7.25 —
7.15 (m, 3H), 7.14 — 7.06 (m, 2H), 7.06 — 6.99 (m, 2H), 6.75 (d, J = 8.4 Hz, 2H), 3.71 (dd, J =
9.9,4.7 Hz, 1H), 3.35 (s, 1H), 3.20 (td, /= 11.4, 8.6 Hz, 2H), 2.87 (dd, J = 13.3, 9.7 Hz, 1H),
2.37 (dt, J = 17.0, 8.6 Hz, 1H), 2.23 — 2.08 (m, 1H); 3C NMR (151 MHz, CDCl3) § 175.0
(C=0), 135.8 (Ar), 132.2 (Ar), 130.8 (Ar), 128.7 (Ar), 128.6 (Ar), 128.5 (Ar), 128.3 (Ar), 74.4
(CH2), 50.8 (CH), 39.9 (CH2), 30.0 (CH2); HRMS (ESI) calcd. for C17H13CIN2O (M + H):
301.1108, found 301.1103; IR (neat cm™): 3179, 1691, 1489, 1452, 1183, 1092, 1015, 816,

702.
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1-(2-(4-Fluorophenyl)-1-phenylethyl)pyrazolidin-3-one (3ae)

o)

[ .NH F
Ly
Ph

White solid (48 mg, 56% yield); m.p. 150.8-151.8 °C; 'H NMR (400 MHz, CDCl3) 6 7.19 (q,
J=3.0 Hz, 3H), 7.13 — 7.05 (m, 2H), 6.75 (dt, J= 8.2, 2.8 Hz, 4H), 3.70 (dd, /= 9.8, 4.7 Hz,
1H), 3.34 (s, 1H), 3.27 - 3.12 (m, 2H), 2.87 (dd, J = 13.2, 9.8 Hz, 1H), 2.37 (dt, /= 16.9, 8.5
Hz, 1H), 2.15 (dt, J = 16.1, 7.9 Hz, 1H); *C NMR (151 MHz, CDCl3) § 175.1 (C=0), 161.5
(d, Je.r=241.6 Hz, Ar), 133.1 (Ar), 130.8 (d, Jc.r = 7.8 Hz, Ar), 128.6 (d, Jc.r = 16.5 Hz, Ar),
128.4 (Ar), 114.9 (d, Jc.r = 21.1 Hz, Ar), 74.6 (CHz), 50.8 (CH), 39.8 (CH>), 30.1 (CH>); °F
NMR (376 MHz, CDCl3) 6 —116.7; HRMS (ESI) calcd. for C17HisFN,O (M* + H): 285.1403,
found 285.1453; IR (neat cm™): 2935, 1691, 1676, 1508, 1208, 1158, 840, 825, 701.
1-(2-(4-Methoxyphenyl)-1-phenylethyl)pyrazolidin-3-one (3af)

o)

[ .NH oM
o
Ph

White solid (37.3 mg, 42% yield); m.p. 149.6-150.6 °C; 'H NMR (400 MHz, CDCls) & 8.00
(s, 1H), 7.18 (dd, J = 5.1, 1.6 Hz, 3H), 7.15 — 7.05 (m, 2H), 6.73 (d, J = 8.6 Hz, 2H), 6.60 (d,
J=8.6 Hz, 2H), 3.65 (s, 4H), 3.29 (s, 1H), 3.21 — 3.07 (m, 2H), 2.80 (dd, J = 13.4, 9.4 Hz, 1H),
2.33 (dt, J = 17.0, 8.6 Hz, 1H), 2.18 — 2.06 (m, 1H); '*C NMR (151 MHz, CDCL) § 175.2
(C=0), 158.0 (Ar), 139.1 (Ar), 130.4 (Ar), 129.7 (Ar), 128.5 (Ar), 128.0 (Ar), 113.5 (Ar), 74.7
(CHa), 55.1 (CHs), 50.9 (CH), 40.0 (CHa), 30.3 (CH,); HRMS (ESI) calcd. for C1sHaN>O;
(M* + H): 297.1597, found 297.1574; IR (neat cm'): 3211, 2910, 1692, 1511, 1453, 1244,

1179, 1033, 832, 813, 712, 688.
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2-(2-(3-Oxopyrazolidin-1-yl)-2-phenylethyl)isoindoline-1,3-dione (3ag)

o)

q:/{“*' 0
Ph/‘\N;b
0

White solid (61 mg, 61% yield); m.p. 245.2-246.2 °C; '"H NMR (400 MHz, DMSO-ds) 6 9.51
(s, 1H), 7.79 (s, 4H), 7.33 (dd, J= 6.7, 3.0 Hz, 2H), 7.29 — 7.23 (m, 3H), 4.17 (dd, /= 8.6, 6.8
Hz, 1H), 3.99 (qd, J = 13.8, 7.7 Hz, 2H), 3.21 (td, J = 11.1, 10.6, 5.9 Hz, 2H), 1.94 (dt, J =
16.4, 8.1 Hz, 1H), 1.64 (s, 1H); *C NMR (151 MHz, DMSO-ds) § 175.2 (C=0), 167.9 (C=0),
135.0 (Ar), 131.7 (Ar), 129.4 (Ar), 128.7 (Ar), 128.6 (Ar), 123.5 (Ar), 68.0 (CH2), 49.7 (CH),
40.7 (CHz), 29.7 (CH2); HRMS (ESI) caled. for CioH1sN3O3 (M + H): 336.1348, found
336.1357; IR (neat cm™): 3120, 2830, 1773, 1703, 1397, 963, 722, 702.
1-(1-Phenyl-2-(thiophen-2-yl)ethyl)pyrazolidin-3-one (3ah)

O

.NH
N
Ph

White solid (22 mg, 27% yield); m.p. 111.8-112.8 °C; 'H NMR (600 MHz, CDCl3) 8 7.85 (s,
1H), 7.33 - 7.27 (m, 3H), 7.24 (dd, J = 7.3, 2.3 Hz, 2H), 7.05 (dd, J = 5.2, 1.2 Hz, 1H), 6.79
(dd,J=5.1,3.4 Hz, 1H), 6.55 (d, J=2.3 Hz, 1H), 3.82 (dd, J=9.1, 5.1 Hz, 1H), 3.45 (dd, J =
14.6, 5.1 Hz, 2H), 3.31 — 3.17 (m, 2H), 2.45 — 2.32 (m, 1H), 2.18 (ddd, J = 16.7, 8.7, 6.4 Hz,
1H); 1*C NMR (151 MHz, CDCl3) § 175.3 (C=0), 139.6 (Ar), 138.7 (Ar), 128.7 (Ar), 128.5
(Ar), 128.3 (Ar), 126.6 (Ar), 126.2 (Ar), 124.1 (Ar), 73.9 (CH>), 50.8 (CH), 34.9 (CH>), 30.1
(CH2); HRMS (ESI) calcd. for Ci1sH17N2OS (M* + H): 273.1062, found 273.1066; IR (neat cm"

1): 3147, 2931, 1672, 1453, 1356, 1246, 1179, 1031, 831, 751, 699.
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1-((1-Benzoylpiperidin-4-yl)(phenyl)methyl)pyrazolidin-3-one (3ai)

0

1 _NH
N
Ph)\G
N.
Bz

White solid (83.0 mg, 76% yield); m.p. 107.8-108.8 °C; 146147 °C 'H NMR (400 MHz,
CDCl3) 6 9.08 (s, 1H), 7.50 — 7.20 (m, 10H), 4.69 (d, J = 29.8 Hz, 1H), 3.71 (d, J = 33.5 Hz,
1H), 3.61 —3.17 (m, 3H), 3.14 — 2.62 (m, 2H), 2.21 (s, 2H), 2.06 — 1.50 (m, 3H), 1.06 (m, 2H);
BCNMR (151 MHz, CDCl3) § 175.9 (C=0), 170.2 (C=0), 136.2 (Ar), 129.5 (Ar), 129.3 (Ar),
128.7 (Ar), 128.5 (Ar), 128.4 (Ar), 126.9 (Ar), 126.8 (Ar), 77.3 (CHz), 77.1 (CHz), 76.8 (CH>),
76.2 (CH»), 50.5 (CH), 47.7 (CH»), 42.1 (CH»), 38.0 (CH), 30.9 (CH»), 30.0 (CH2); HRMS
(ESI) calcd. for C22H26N302 (M* + H): 364.2025, found 364.2038; IR (neat cm™): 3168, 2933,
1682, 1601, 1438, 1279, 911, 727, 725.

1-(2-Methyl-1-phenylbutyl)pyrazolidin-3-one (3aj)

o)

Z .NH
N
Et
on

Me
Light yellow wax (69.7 mg, 99% yield, 1:1 dr); '"H NMR (400 MHz, CDCl3)  7.30 (ddd, J =
14.8,10.4, 6.7 Hz, 5H), 3.61 —3.33 (m, 2H), 3.23 (d, /= 9.9 Hz, 1H), 2.33 (ddt, J=50.8, 16.7,
8.6 Hz, 1H), 2.23 — 1.89 (m, 2H), 1.70 — 1.38 (m, 1H), 0.94 (dd, J = 6.0, 3.9 Hz, 3H), 0.87 —
0.79 (m, 3H); *C NMR (151 MHz, CDCl3) 8 175.5 (C=0), 175.2 (C=0), 136.9 (Ar), 129.4
(Ar), 129.3 (Ar), 128.3 (Ar), 128.2 (Ar), 127.9 (Ar), 127.9 (Ar), 76.2 (CHz), 50.6 (CH), 50.5
(CH»), 36.0 (CH2), 36.0 (CH2), 30.2 (CH), 26.9 (CH>), 24.1 (CH>), 16.7 (CH3), 14.1 (CHj3),
11.5 (CHs), 11.1 (CHs); HRMS (ESI) caled. for Ci4H2:1N2O (M™ + H): 233.1654, found

233.1665; IR (neat cm™):3165, 2962, 1682, 1453, 1370, 1302, 1077, 704.
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1-(2-Ethyl-1-phenylbutyl)pyrazolidin-3-one (3ak)

0]

Z .NH
N
Et
oy

Et

White solid (73.2 mg, 99% yield); m.p. 84.4-85.4 °C; '"H NMR (400 MHz, CDCls) & 7.87 (s,
1H), 7.22 (t, J= 7.2 Hz, SH), 3.48 (d, J = 7.3 Hz, 1H), 3.32 (s, 1H), 3.21 — 3.02 (m, 1H), 2.10
(dt,J=16.5, 8.3 Hz, 1H), 1.80 (dt, /= 16.4, 8.1 Hz, 1H), 1.67 (ddd, J=9.7, 5.9, 2.6 Hz, 1H),
1.48 (ddd, J=13.5,7.3,3.2 Hz, 1H), 1.43 — 1.34 (m, 1H), 1.27 (dt, /= 14.1, 7.1 Hz, 1H), 0.89
(t,J=7.4 Hz, 3H), 0.86 —0.78 (m, 1H), 0.74 (t, J= 7.3 Hz, 3H); *C NMR (151 MHz, CDCl;)
0 175.4 (C=0), 137.4 (Ar), 129.3 (Ar), 128.3 (Ar), 127.8 (Ar), 73.8 (CHz), 50.5 (CH), 42.2
(CHy), 30.4 (CH), 22.1 (CH»), 21.2 (CH2), 11.2 (CH3), 11.2 (CH3); HRMS (ESI) calcd. for
Ci5sH23N20 (M* + H): 247.1810, found 247.1820; IR (neat cm™): 3167, 2962, 1679, 1454, 1365,
1304, 1077, 914, 733, 704.

1-(2-Phenoxy-1-phenylpropyl)pyrazolidin-3-one (3al)

White wax (69 mg, 77% yield, 1:1 dr); 'H NMR (400 MHz, CDCl3) § 7.71 (d, J = 123.1 Hz,
1H), 7.43 —7.15 (m, 7H), 7.02 — 6.79 (m, 3H), 4.68 (ddt, J=27.2,9.4, 6.2 Hz, 1H), 3.83 —3.62
(m, 1H), 3.39 — 2.81 (m, 2H), 2.31 — 2.04 (m, 2H), 1.08 (dd, /= 116.2, 6.3 Hz, 3H); 3*C NMR
(151 MHz, CDCl3) 6 174.0 (C=0), 173.6 (C=0), 157.0 (Ar), 156.6 (Ar), 136.6 (Ar), 136.2
(Ar), 129.8 (Ar), 129.7 (Ar), 129.4 (Ar), 129.1 (Ar), 128.9 (Ar), 128.7 (Ar), 128.7 (Ar), 128.4
(Ar), 122.0 (Ar), 121.6 (Ar), 116.8 (Ar), 116.3 (Ar), 78.0 (CH>), 76.4 (CH>), 76.4 (CH), 74.6

(CH), 52.1 (CH), 51.6 (CH), 30.3 (CHo), 30.1 (CH,), 16.9 (CHs), 15.2 (CHs); HRMS (ESI)
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calcd. for CisH21N20> (M™ + H): 297.1603, found 297.1608; IR (neat cm™): 3170, 2953, 1686,
1598, 1492, 1369, 1229, 1071, 754, 705.
1-(Cyclopentyl(phenyl)methyl)pyrazolidin-3-one (3am)

0

Z 'NH
N
Ph)\o

White solid (73.2 mg, 99% yield); m.p. 126.4-127.4 °C; 'H NMR (600 MHz, CDCl3) & 8.71
(s, IH), 7.36 — 7.27 (m, 5H), 3.42 (dd, J = 26.4, 9.9 Hz, 2H), 3.21 (ddd, J=11.5, 9.1, 6.3 Hz,
1H), 2.39 (dtd, J=16.2, 9.0, 7.2 Hz, 1H), 2.00 — 1.90 (m, 2H), 1.68 (dt, J = 16.6, 8.4 Hz, 1H),
1.55(ddd, J=8.8, 6.8, 4.7 Hz, 2H), 1.51 — 1.39 (m, 4H), 1.00 (ddd, /= 10.9, 8.9, 5.8 Hz, 1H);
BC NMR (151 MHz, CDCl3) & 176.1 (C=0), 138.0 (Ar), 129.3 (Ar), 128.3 (Ar), 127.9 (Ar),
76.1 (CHz), 49.9 (CH), 41.8 (CH»), 30.9 (CH), 30.3 (CH>), 29.9 (CH>»), 25.3 (CH>), 25.0 (CHb);
HRMS (ESI) calcd. for CisH21N2O (M* + H): 245.1654, found 245.1646; IR (neat cm™): 3160,
2923, 2854, 1674, 1451, 1347, 1295, 1017, 766, 700.
1-(Cyclohexyl(phenyl)methyl)pyrazolidin-3-one (3an)

0

Z _NH

N

de

White solid (51.2 mg, 66% yield); m.p. 162.5-163.5 °C 'H NMR (400 MHz, CDCls) & 7.88 (s,
1H), 7.28 — 7.03 (m, 5H), 3.37 — 3.20 (m, 2H), 3.12 (q, /= 9.2 Hz, 1H), 2.20 (dt, /= 16.9, 8.5
Hz, 1H), 1.92 (td, /= 16.4, 8.2 Hz, 1H), 1.81 — 1.69 (m, 2H), 1.68 — 1.47 (m, 4H), 1.25 - 1.06
(m, 2H), 1.01 - 0.85 (m, 1H), 0.73 (qd, J=13.7, 12.7, 3.6 Hz, 2H); 3C NMR (151 MHz, CDCls)
0 175.4 (C=0), 137.6 (Ar), 129.3 (Ar), 128.2 (Ar), 127.7 (Ar), 50.5 (CHz), 39.5 (CH), 31.0

(CH,), 30.3 (CH), 27.9 (CHa), 26.5 (CHa), 26.3 (CHa), 26.0 (CH,). HRMS (ESI) calcd. for
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Ci6H23N20 (M" + H): 259.1789, found 259.1810; IR (neat cm™): 3187, 2920, 1675, 1438, 1328,
1295, 1016, 751, 701.
1-(Cyclohex-3-en-1-yl(phenyl)methyl)pyrazolidin-3-one (3a0)

o)

z _NH
N

White solid (74 mg, 96% yield, 1:1 dr); m.p. 153—154 °C; 'H NMR (600 MHz, CDCls)  8.51
(s, 1H), 7.39 — 7.24 (m, 5H), 5.69 — 5.50 (m, 2H), 3.57 — 3.30 (m, 2H), 3.29 — 3.17 (m, 1H),
2.21 —1.55 (m, 8H), 1.25 — 1.00 (m, 1H); 3C NMR (151 MHz, CDCl3) 8 175.9 (C=0), 137.1
(Ar), 136.8 (Ar), 129.4 (Ar), 129.4 (Ar), 128.4 (Ar), 128.0 (Ar), 127.0 (Ar), 127.0 (Ar), 126.1
(C=0), 125.9 (C=C), 75.9 (CH»), 75.8 (CH»), 35.2 (CH), 35.1 (CH), 30.2 (CH>), 30.2 (CH>),
29.4 (CH), 27.5 (CH), 26.5 (CH>), 25.0 (CH), 24.8 (CH>), 24.2 (CHz); HRMS (ESI) calcd.
for Ci1¢H21N20 (M* + H): 257.1648, found 257.1663; IR (neat cm™!): 3144, 3024, 2904, 1681,
1492, 1368, 1075, 1007, 745, 704.

1-(2-Oxo-1,2-diphenylethyl)pyrazolidin-3-one (5aa)

(@)

[ 'NH
N
o)
Ph)\}//

Ph
White solid (51.3 mg, 61% yield); m.p. 148-149 °C; 'H NMR (400 MHz, CDCL3) & 7.92 — 7.83
(m, 2H), 7.56 (s, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.42 (dd, J= 7.8, 1.9 Hz, 2H), 7.38 — 7.31 (m,
5H), 5.33 (s, 1H), 3.38 (s, 1H), 3.29 (ddd, /= 11.3, 8.9, 6.7 Hz, 1H), 2.45 — 2.32 (m, 1H), 2.15
(dd, J = 15.6, 7.9 Hz, 1H); 3C NMR (151 MHz, CDCL) § 196.0 (C=0), 174.9 (C=0), 135.1

(Ar), 133.6 (Ar), 133.1 (A1), 129.6 (A1), 129.4 (A1), 129.3 (Ar), 128.8 (Ar), 128.6 (Ar), 50.0
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(CHa), 29.8 (CHa); HRMS (ESI) caled. for Ci7H17N20, (M* + H): 281.1284, found 281.1268;
IR (neat cm'): 3186, 2937, 1673, 1449, 1352, 1213, 1171, 979, 694.

1-(2-(4-Bromophenyl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (5ab)

@)
K _NH
N
Ph ©
Br

White solid (54 mg, 50% yield); m.p. 150 — 151 °C; 'H NMR (400 MHz, CDCl3)  7.74 (d, J
= 8.6 Hz, 2H), 7.50 (d, /= 8.6 Hz, 2H), 7.37 (ddd, /= 7.9, 4.7, 2.1 Hz, 5H), 5.32 (s, 1H), 3.41
(s, 1H), 3.32 (ddd, /= 11.4, 8.9, 6.7 Hz, 1H), 2.39 (s, 1H), 2.17 (s, 1H); *C NMR (151 MHz,
CDCl3) 6 194.9 (C=0), 174.8 (C=0), 133.6 (Ar), 132.0 (Ar), 130.3 (Ar), 129.6 (Ar), 129.6
(Ar), 129.6 (Ar), 129.0 (Ar), 50.0 (CHz), 29.7 (CHz); HRMS (ESI): calcd. for C17H16BrN2O:
(M* + H) 359.0395 and 361.0375, found 359.0401 and 361.0381; IR (neat cm™): 3149, 3051,
1686, 1583, 1400, 1355, 1219, 1071, 976, 832, 730, 700.
1-(2-(4-Chlorophenyl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (5ac)

0

K .NH

N

Ph ©

Cl
White solid (59 mg, 62% yield); m.p. 179 — 180 °C; 'H NMR (400 MHz, CDCl3) § 7.82 (d, J
= 8.6 Hz, 2H), 7.43 — 7.30 (m, 7H), 5.34 (s, 1H), 3.42 (s, 1H), 3.33 (ddd, J=11.2, 8.8, 6.6 Hz,
1H), 2.49 — 2.32 (m, 1H), 2.25 — 2.06 (m, 1H); 3C NMR (151 MHz, CDCIl3) § 194.7 (C=0),

174.8 (C=0), 140.2 (Ar), 133.2 (Ar), 130.2 (Ar), 129.6 (Ar), 129.6 (Ar), 129.6 (Ar), 129.0 (Ar),
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50.0 (CH>), 29.7 (CHz); HRMS (ESI): calcd. for Ci7H1sCIN2O> (M* + H) 315.0900, found
315.0900; IR (neat cm™): 3143, 3050, 2945, 1684, 1585, 1454, 1401, 1355, 1219, 1092, 976,
833, 732, 700.

1-(2-(4-Fluorophenyl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (Sad)

0O
1 _NH
N
Ph ©
F

White solid (68 mg, 76% yield); m.p. 131-132 °C; 'H NMR (400 MHz, CDCl3) & 7.99 — 7.86
(m, 2H), 7.68 (s, 1H), 7.44 — 7.30 (m, 5H), 7.02 (t, J = 8.6 Hz, 2H), 5.29 (s, 1H), 3.37 (s, 1H),
3.29(ddd,J=11.3,9.0, 6.8 Hz, 1H), 2.37 (dd, J=16.6, 8.4 Hz, 1H), 2.14 (dd, /= 16.6, 8.4 Hz,
1H); BC NMR (151 MHz, CDCl3) § 194.4 (C=0), 175.0 (C=0), 165.8 (d, Jc.r=256.5 Hz, Ar),
132.9 (Ar), 131.6 (d, Jc.r = 15.1 Hz, Ar), 131.4 (d, Jc.r = 15.1 Hz, Ar), 129.6 (Ar), 129.5 (d,
Je.r=15.1 Hz, Ar), 115.9(d, Jc.r = 15.1 Hz, Ar), 76.7 (CH), 50.0 (CH>), 29.8 (CHz); ’F NMR
(376 MHz, CDCl3) 6 —103.6; HRMS (ESI) calcd. for C17H16FN2O> (M* + H): 299.1196, found
299.1203; IR (neat cm™): 3181, 3049, 1679, 1597, 1509, 1221, 1158, 997, 839, 737, 701.

1-(2-Oxo-1-phenyl-2-(4-(trifluoromethyl)phenyl)ethyl)pyrazolidin-3-one (Sae)

O
Z _NH
N
Ph ©
CF3

White solid (30.3 mg, 29% yield); m.p. 93-94 °C; 'H NMR (600 MHz, CDCl3) § 7.97 (d, J =

8.2 Hz, 2H), 7.62 (d, J = 8.2 Hz, 2H), 7.44 — 7.34 (m, 5H), 5.33 (s, 1H), 3.44 (s, 1H), 3.32
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(ddd, J=11.3, 9.0, 6.6 Hz, 1H), 2.42 (s, 1H), 2.16 (s, 1H); '3C NMR (151 MHz, CDCL) &
195.1 (C=0), 175.0 (C=0), 137.7 (Ar), 134.7 (q,J= 30.2 Hz, Ar), 132.3 (Ar), 129.7 (Ar),
129.6 (Ar), 129.1 (Ar), 125.7 (q, Jer = 15.1 Hz, Ar), 123.2 (q, Jer = 271.8 Hz, CF3), 50.1
(CHa), 29.7 (CH,). '°F NMR (376 MHz, CDCl3) & —63.3; HRMS (ESI) caled. for C1sHisF3N20;
(M* + H): 349.1158, found 349.1142; IR (neat cm’'): 3185, 3055, 1687, 1410, 1323, 1161,
1130, 1111, 1066, 982, 840, 699.

1-(2-Oxo-1-phenyl-2-(p-tolyl)ethyl)pyrazolidin-3-one (Saf)

(0]
[ _NH
N
Ph o
Me

White solid (51 mg, 58% yield); m.p. 174 — 175 °C; 'H NMR (400 MHz, CDCl3) § 7.79 (d, J
= 8.3 Hz, 2H), 7.46 — 7.41 (m, 2H), 7.36 (ddd, J = 6.1, 2.6, 1.4 Hz, 3H), 7.16 (d, J = 8.3 Hz,
2H), 5.46 (s, 1H), 3.55 — 3.30 (m, 2H), 2.38 (s, 1H), 2.33 (s, 3H), 2.17 (s, 1H); '*C NMR (151
MHz, CDCl5) § 195.1 (C=0), 174.4 (C=0), 144.8 (Ar), 132.2 (Ar), 129.8 (Ar), 129.6 (Ar),
129.5 (Ar), 129.4 (A1), 129.1 (Ar), 49.9 (CH,), 29.5 (CHs), 21.7 (CH,); HRMS (ESI): calcd.
for C1sHi9N202 (M + H)* 295.1447, found 295.1453; IR (neat cm™'): 3176, 3052, 2882, 2903,

1678, 1604, 1409, 1247, 1227, 1184, 968, 731, 701.
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1-(2-(4-Methoxyphenyl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (S5ag)

L NH
N
(0]

Ph

OMe
White solid (66 mg, 71% yield); m.p. 159-160 °C; 'H NMR (400 MHz, CDCls) 6 7.87 (d, J =
8.9 Hz, 2H), 7.53 (s, 1H), 7.41 (dd, J= 7.9, 1.8 Hz, 2H), 7.37 — 7.28 (m, 3H), 6.81 (d,J=9.0
Hz, 2H), 5.26 (s, 1H), 3.78 (s, 3H), 3.37 (s, 1H), 3.26 (ddd, /= 11.3, 8.9, 6.7 Hz, 1H), 2.37 (s,
1H), 2.14 (s, 1H); *C NMR (151 MHz, CDCl3) § 194.4 (C=0), 174.8 (C=0), 163.8 (Ar), 133.5
(Ar), 131.2 (Ar), 129.5 (A1), 129.3 (Ar), 129.2 (Ar), 127.9 (Ar), 113.9 (A1), 55.5 (CHs), 50.0
(CH2), 29.8 (CHz); HRMS (ESI) calcd. for C1sH1oN203 (M* + H): 311.1389, found 311.1373;
IR (neat cm™): 3134, 2963, 1678, 1598, 1574, 1421, 1220, 1176, 1026, 983, 839, 816, 699.

1-(2-([1,1'-Biphenyl]-4-yl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (S5ah)

o)
{ NH
N
o)
Ph
Ph

White solid (42.7 mg, 40% yield); m.p. 152153 °C; '"H NMR (400 MHz, CDCls) § 7.97 (d, J
= 8.4 Hz, 2H), 7.62 — 7.51 (m, 4H), 7.49 — 7.33 (m, 8H), 5.37 (s, 1H), 3.43 (s, 1H), 3.32 (ddd,
J=113, 89, 6.6 Hz, 1H), 2.51 — 2.33 (m, 1H), 2.27 — 2.08 (m, 1H); °*C NMR (151 MHz,
CDCl3) & 195.5 (C=0), 174.9 (C=0), 146.3 (A1), 139.5 (Ar), 133.6 (Ar), 133.1 (Ar), 129.7

(Ar), 129.5 (Ar), 129.4 (Ar), 129.0 (Ar), 128.4 (Ar), 127.3 (Ar), 127.2 (Ar), 50.1 (CHo), 29.8
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(CHz); HRMS (ESI) calcd. for C23H21N>02 (M* + H): 357.1603, found 357.1617; IR (neat cm
1):3051, 1678, 1602, 1408, 1248, 1224, 1180, 984, 759, 690.
1-(2-(2-Chlorophenyl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (5ai)

0

1 .NH

N

Ph ©

Cl

White solid (53 mg, 56% yield); m.p. 99.5-100.5 °C; '"H NMR (400 MHz, CDCls3) § 7.41 (s,
1H), 7.29 —7.17 (m, 7TH), 7.06 (td, J= 7.4, 1.5 Hz, 1H), 6.90 (dd, J=7.7, 1.6 Hz, 1H), 5.16 (s,
1H), 3.29 (ddd, J=11.2, 8.8, 7.0 Hz, 2H), 2.53 — 2.37 (m, 1H), 2.22 (dt, /= 16.7, 8.3 Hz, 1H);
BCNMR (151 MHz, CDCl3) § 199.3 (C=0), 174.9 (C=0), 137.5 (Ar), 132.1 (Ar), 131.7 (Ar),
130.5 (Ar), 130.3 (Ar), 129.6 (Ar), 129.5 (Ar), 129.2 (Ar), 129.1 (Ar), 126.6 (Ar), 80.0 (CH),
50.2 (CH2), 29.7 (CHz); HRMS (ESI) caled. for Ci7H1sCIN2O (M* + H): 315.0900, found
315.0918; IR (neat cm™): 3196, 1682, 1590, 1432, 1221, 1185, 1067, 972, 845, 740, 703.
1-(2-(Benzo|d][1,3]dioxol-5-yl)-2-0x0-1-phenylethyl)pyrazolidin-3-one (5aj)

o)

N

Ph ©

oJO
White solid (64 mg, 66% yield); m.p. 164165 °C; 'H NMR (600 MHz, CDCls3) § 7.56 (s, 1H),
7.50 (dd, J = 8.3, 1.8 Hz, 1H), 7.42 — 7.38 (m, 2H), 7.38 — 7.30 (m, 4H), 6.73 (d, J = 8.3 Hz,
1H), 5.98 (d, J= 1.4 Hz, 2H), 5.25 (s, 1H), 3.38 (s, 1H), 3.27 (ddd, /= 11.3, 9.0, 6.7 Hz, 1H),
2.38 (s, 1H), 2.14 (s, 1H); 3C NMR (151 MHz, CDCIl3) 4 194.0 (C=0), 174.8 (C=0), 152.2

(Ar), 148.2 (Ar), 133.3 (Ar), 129.6 (Ar), 129.5 (Ar), 129.4 (Ar), 129.3 (Ar), 125.4 (Ar), 108.6
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(Ar), 108.0 (Ar), 102.0 (CHz), 76.5 (CH), 50.0 (CH»), 29.8 (CHz); HRMS (ESI) calcd. for
CisH17N204 (M* + H): 325.1188, found 325.1202; IR (neat cm'): 3046, 2890, 1683, 1485,
1434, 1348, 1254, 1098, 1038, 940, 888, 735, 698.
1-(2-(Naphthalen-2-yl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (5ak)

O

1 _NH
N

Ph ©

White solid (71 mg, 72% yield); m.p. 174 — 175 °C; 'H NMR (400 MHz, CDCl3) & 8.43 (s,
1H), 7.94 — 7.85 (m, 2H), 7.78 (dd, J = 8.4, 4.0 Hz, 2H), 7.59 — 7.47 (m, 4H), 7.39 — 7.30 (m,
3H), 5.61 (s, 1H), 3.50 (s, 1H), 3.40 (ddd, /= 11.1, 8.9, 6.6 Hz, 1H), 2.55 - 2.36 (m, 1H), 2.30
—2.15 (m, 1H); *C NMR (151 MHz, CDCI3) § 195.8 (C=0), 174.7 (C=0), 135.6 (Ar), 132.2
(Ar), 131.0 (Ar), 129.7 (Ar), 129.7 (Ar), 129.5 (Ar), 129.5 (Ar), 129.0 (Ar), 128.6 (Ar), 127.7
(Ar), 127.0 (Ar), 124.1 (Ar), 50.0 (CHy), 29.7 (CHz); HRMS (ESI): caled. for C21H19oN202 (M*
+ H) 331.1447, found 331.1447; IR (neat cm™'): 3149, 3047, 2923, 1691, 1677, 1467, 1342,
1261, 1216, 1124, 984, 826, 799, 751, 722, 699.
1-(2-(Furan-2-yl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (5al)

O
Z .NH
N

Ph ©

o)

White solid (23 mg, 28% yield); m.p. 173 — 174 °C; 'H NMR (600 MHz, CDCls) 8 7.52 (d, J
= 1.6 Hz, 1H), 7.47 (dd, J= 7.9, 1.7 Hz, 2H), 7.39 — 7.31 (m, 3H), 7.21 (d, J = 3.7 Hz, 1H),

6.47 (dd, J = 3.6, 1.7 Hz, 1H), 5.17 (s, 1H), 3.41 — 3.23 (m, 2H), 2.48 (s, 1H), 2.29 — 2.17 (m,
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1H); 3*C NMR (151 MHz, CDCl;3) & 184.7 (C=0), 174.9 (C=0), 151.1 (Ar), 147.0 (Ar), 133.2
(Ar), 129.5 (Ar), 129.3 (Ar), 129.2 (Ar), 119.2 (Ar), 112.6 (Ar), 50.0 (CHz), 29.6 (CHz); HRMS
(ESI): caled. for CisH sN2Os (M*™ + H) 271.1083, found 271.1085; IR (neat cm™): 3028, 3118,
3099, 1694, 1660, 1462, 1397, 1274, 1167, 1031, 990, 793, 699.
1-(2-Oxo-1-phenyl-2-(thiophen-2-yl)ethyl)pyrazolidin-3-one (Sam)

O

1 .NH

N

Ph ©

NS

White solid (40 mg, 47% yield); m.p. 128 — 129 °C; 'H NMR (600 MHz, CDCl3) § 7.71 — 7.67
(m, 1H), 7.60 (dd, J = 4.9, 1.1 Hz, 1H), 7.47 (dd, J = 7.9, 1.7 Hz, 2H), 7.40 — 7.34 (m, 3H),
7.04 (dd, J=4.9,3.9 Hz, 1H), 5.13 (s, 1H), 3.36 (s, 1H), 3.29 (ddd, J=11.4, 8.9, 7.0 Hz, 1H),
2.44 (s, 1H), 2.21 (s, 1H); 13C NMR (151 MHz, CDCl;3) 8 188.7 (C=0), 174.9 (C=0), 141.5
(Ar), 134.7 (Ar), 133.4 (Ar), 129.5 (Ar), 129.5 (Ar), 129.4 (Ar), 128.3 (Ar), 50.1 (CH>), 29.7
(CHz); HRMS (ESI) calcd. for CisHisN20>S (M* + H): 287.0848, found 287.0832; IR (neat
cm): 3148, 1690, 1663, 1410, 1353, 1222, 1066, 947, 752, 718.
1-(2-(Benzo|[b]thiophen-3-yl)-2-oxo-1-phenylethyl)pyrazolidin-3-one (5an)

o)
K _NH
N

Ph ©

White solid (69 mg, 68% yield); m.p. 181 — 182 °C; 'H NMR (400 MHz, CDCls) & 8.72 (d, J
= 8.2 Hz, 1H), 8.29 (s, 1H), 7.82 — 7.74 (m, 1H), 7.56 — 7.46 (m, 3H), 7.42 — 7.33 (m, 4H),
5.46 (s, 1H), 3.43 (dd, J = 20.2, 11.8 Hz, 2H), 2.51 — 2.33 (m, 1H), 2.32 — 2.11 (m, 1H); 13C

NMR (151 MHz, CDCl3) 8 190.7 (C=0), 174.8 (C=0), 139.3 (A1), 138.2 (Ar), 136.8 (Ar),
360



133.6 (A1), 132.7 (A1), 129.5 (A1), 129.5 (A1), 129.4 (A1), 126.2 (A1), 125.8 (A1), 125.6 (AT),
122.2 (Ar), 78.0 (CH), 50.1 (CH), 29.7 (CHa); HRMS (ESI): calcd. for CioH7N205S (M* +
H) 337.1011, found 337.1010; IR (neat cm™): 3177, 3068, 2992, 2891, 1688, 1674, 1490, 1454,
1421, 1145, 1059, 860, 742, 710, 695.

1-(3,3-Dimethyl-2-oxo-1-phenylbutyl)pyrazolidin-3-one (5a0)

0]
1 _NH
N
Ph o
t-Bu

White solid (15.6 mg, 20% yield); m.p. 121-122 °C; '"H NMR (400 MHz, CDCl3) § 7.31 (m,
5H), 3.48 (dt, J=11.0, 8.2 Hz, 1H), 3.36 (s, 1H), 3.18 (ddd, J=11.1, 8.8, 7.2 Hz, 1H), 2.13
(ddd, J=16.3, 8.8, 7.2 Hz, 1H), 1.93 (ddd, J = 16.5, 8.8, 7.6 Hz, 1H), 1.00 (s, 9H); *C NMR
(151 MHz, CDCl) 6 175.5 (C=0), 138.4 (Ar), 129.9 (Ar), 128.2 (Ar), 127.7 (Ar), 81.6 (CH),
53.4 (CHy), 35.5 (CH), 30.4 (CHz), 29.0 (CH3); HRMS (ESI) calcd. for C1sH21N202 (M* + H):
261.1597, found 261.1583; IR (neat cm™): 3176, 2955, 2887, 1703, 1655, 1451, 1369, 1180,
1071, 754, 711.

2-Acetyl-1-(2-methyl-1-phenylpropyl)pyrazolidin-3-one (6aa)

Me
Ph i-Pr

White solid (68.7 mg, 88%); m.p. 66 — 67°C; '"H NMR (400 MHz, CDCls) & 7.36 — 7.30 (m,
3H), 7.17 (dd, J = 6.4, 3.0 Hz, 2H), 3.78 (d, J = 10.8 Hz, 1H), 3.43 — 3.31 (m, 2H), 2.49 (s,
3H), 2.35-2.24 (m, 1H), 1.93 (ddd, J=17.7, 7.7, 2.6 Hz, 1H), 1.51 — 1.38 (m, 1H), 1.30 (d, J
= 6.5 Hz, 3H), 0.81 (d, J = 6.5 Hz, 3H); 1*C NMR (151 MHz, CDCl3) § 175.0 (C=0), 166.9
(C=0), 136.8 (Ar), 129.1 (Ar), 128.8 (Ar), 128.4 (Ar), 72.8 (CH>), 42.5 (CH3), 32.1 (CH), 28.5
(CH), 24.9 (CHy), 20.8 (CH3), 20.3 (CH3); HRMS (ESI) calcd. for Ci1sH21N202 (M* + H):
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261.1597, found 261.1570; IR (neat cm™): 2954, 1739, 1701, 1368, 1267, 1232, 1070, 833,
757, 710.
Ethyl 2-(2-methyl-1-phenylpropyl)-5-oxopyrazolidine-1-carboxylate (7aa)
O

o

e
Ph” i-Pr
Yellow wax (72.3 mg, 83%); 'H NMR (400 MHz, CDCl3) 8 7.36 — 7.28 (m, 3H), 7.20 (dt, J =
6.8,2.2 Hz, 2H), 4.47 — 4.28 (m, 2H), 3.61 (dd, J=10.4, 2.2 Hz, 1H), 3.34 (ddd, /=113, 7.2,
2.3 Hz, 2H), 2.23 (ddt, J=12.9, 10.4, 4.4 Hz, 1H), 1.84 (ddd, /= 17.6, 7.0, 3.4 Hz, 1H), 1.38
(t, /= 7.1 Hz, 3H), 1.22 (dd, J = 6.5, 2.2 Hz, 3H), 0.80 (dd, J = 6.5, 2.1 Hz, 3H); *C NMR
(151 MHz, CDCl3) 6 173.6 (C=0), 150.3 (C=0), 136.3 (Ar), 129.3 (Ar), 128.8 (Ar), 128.8
(Ar), 128.4 (Ar), 128.3 (Ar), 74.6 (CH>), 63.1 (CH»), 43.7 (CH), 31.7 (CH>), 28.5 (CH>), 20.6
(CH2), 20.6 (CHs), 14.4 (CH3), 14.3 (CH3); HRMS (ESI) calcd. for C16H23N203 (M* + H):
291.1702, found 291.1696; IR (neat cm™): 2960, 1783, 1731, 1274, 1235, 1045, 912, 837, 734,
705.

1-(2-Hydroxy-1,2-diphenylethyl)pyrazolidin-3-one (8aa)

Ph
Ph

White solid (70 mg, 82% yield, > 20:1 dr); m.p. 183 — 184 °C; 'H NMR (600 MHz, CDCls) &
7.25-17.21 (m, 1H), 7.21 — 7.14 (m, 5H), 7.05 (d, J = 7.1 Hz, 2H), 7.01 — 6.97 (m, 2H), 5.23
(d,J=3.6 Hz, 1H), 3.78 (d, /= 3.6 Hz, 1H), 3.30 (dt, /= 11.2, 8.5 Hz, 1H), 3.16 (s, 1H), 2.49
(dt, J=16.9, 8.5 Hz, 1H), 2.23 (ddd, J=16.7, 8.7, 6.5 Hz, 1H); 1*C NMR (151 MHz, CDCl;)
0 175.3 (C=0), 140.4 (Ar), 134.8 (Ar), 129.7 (Ar), 128.1 (Ar), 128.0 (Ar), 127.9 (Ar), 127.5

(Ar), 126.6 (Ar), 77.6 (CHy), 74.3 (CH), 51.4 (CH), 29.9 (CH,); HRMS (ESI): caled. for

S62



C17H19N202 (M* + H) 283.1447, found 283.1433; IR (neat cm™): 3539, 3030, 2797, 1687, 1650,
1453, 1365, 1299, 1193, 1056, 782.
3-((2-Hydroxy-1,2-diphenylethyl)amino)propenamide (9aa)

H,N__O
b,

HN
\\OH
Ph '

Ph

White solid (73 mg, 86% yield, > 20:1 dr); m.p. 249 — 250 °C; '"H NMR (400 MHz, MeOD-
d4) 6 7.21 —7.11 (m, 5H), 7.08 (dd, J= 5.1, 1.9 Hz, 3H), 6.99 (dd, J = 7.0, 2.8 Hz, 2H), 5.15
(d, J=4.2 Hz, 1H), 4.24 (d, J = 4.2 Hz, 1H), 3.06 — 2.96 (m, 1H), 2.91 (dt, J = 12.8, 6.7 Hz,
1H), 2.55 — 2.46 (m, 2H).3C NMR (151 MHz, MeOD—-d4) & 176.2 (C=0), 141.9 (Ar), 139.1
(Ar), 128.5 (Ar), 127.6 (Ar), 127.5 (A1), 127.1 (Ar), 127.0 (Ar), 126.7 (Ar), 76.5 (CH), 68.4
(CH), 42.8 (CH), 34.3 (CH2); HRMS (ESI): calcd. for Ci17H21NO> (M* + H) 285.1603, found
285.1595; IR (neat cm™): 3624, 3564, 3523, 3495, 3421, 3353, 1661, 1548, 1454, 1422, 1387,
1224, 1062, 980.

4CzPN®

Yellow solid (0.71 g, 90% yield); 'H NMR (600 MHz,CD,Cl,) § 7.80 (d, J= 7.0 Hz, 4H), 7.34
(d, J = 7.6 Hz, 4H), 7.26 (d, J = 8.0 Hz, 4H), 7.17 — 7.09 (m, 8H), 6.94 (d, J = 8.2 Hz, 4H),
6.80 (t, J = 7.5 Hz, 4H), 6.63 — 6.59 (m, 4H); '3C NMR (151 MHz, (CD3),S0) & 142.1 (Ar),
141.6 (Ar), 139.2 (A1), 138.0 (A1), 125.6 (A1), 124.5 (A1), 123.5 (A1), 123.3 (A1), 121.6 (AT),
121.0 (Ar), 120.6 (A1), 119.8 (Ar), 119.5 (Ar), 113.9 (Ar), 111.7 (CN), 111.6 (CN).

DPZsIO
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Orange solid (184 mg, 70% yield); '"H NMR (600 MHz, CDCls) & 7.68 (d, J = 4.4 Hz, 2H),
6.19 (d, J = 4.4 Hz, 2H), 4.00 (s, 6H); 3C NMR (151 MHz, CDCl3) & 173.7 (Ar), 146.6 (Ar),

131.1 (Ar), 126.1 (A1), 124.5 (Ar), 113.5 (A1), 106.1 (CN), 60.6 (CHs).
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5.H, 3C and YF NMR Spectra

Figure S1.'H and '3C NMR spectra of 2-benzylidene-5-oxopyrazolidin-2-ium-1-ide (1a)
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Figure S2.'H and '*C NMR spectra of 2-(4-chlorobenzylidene)-5-oxopyrazolidin-2-ium-1-ide

(1b)
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Figure S3.'H, 13C and 'F NMR spectra of 2-(4-fluorobenzylidene)-5-oxopyrazolidin-2-ium-

1-ide (1c)
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Figure S4. 'H, 13C and '°F NMR spectra of 2-(4-(trifluoromethyl)benzylidene)pyrazolidin-2-

fum-1-ide (1d)
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Figure S5.'H and '3C NMR spectra of 2-(4-methylbenzylidene)-5-oxopyrazolidin-2-ium-1-

ide (1e)

ljc-16.30.fid N~ © © W10 OITITONOD DN © NNOOWOUTOMD
bbb NNANNQ h A NS ERSER®
2T RIS Y  ddddddddq

Me

T T T T T
= ~o o @ =
) ~S S o o
- - N - o
T T T T T T T T T T T T T T T T T T T T
95 9.0 85 80 75 70 65 60 55 0 a5 a0 35 30 25 20 15 1.0 05 0.0
1 (ppm)
lic-16.31.fid © » ON®©®©
N OO R ~ 0 o
3 ¥ ©odd NN ~ > =
T T NP7 P 1 T
’C-\?/ N
| ’
|
r T T T T T T T T T T T T T T T T T T T T T T T
0 210 200 190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10 0 10
1 (ppm)

S71



Figure S6.'H and 1C NMR spectra of 2-(4-methoxybenzylidene)-5-oxopyrazolidin-2-ium-1-

ide (1f)
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Figure S7. 'H and *C NMR spectra of 2-(naphthalen-2-ylmethylene)-5-oxopyrazolidin-2-

ium-1-ide (1g)
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Figure S8. 'H and *C NMR spectra of 5-ox0-2-(pyridin-2-ylmethylene)pyrazolidin-2-ium-1-

ide (1h)
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Figure S9. 'H and *C NMR spectra of 5-ox0-2-(pyridin-3-ylmethylene)pyrazolidin-2-ium-1-

ide (1i)
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Figure S10. 'H and '3C NMR spectra of 2-(furan-2-ylmethylene)-5-oxopyrazolidin-2-ium-1-

ide (1j)
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Figure S11.'H and '3C NMR spectra of 5-0x0-2-(thiophen-2-ylmethylene)pyrazolidin-2-ium-

1-ide (1K)
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Figure S12. 'H and *C NMR spectra of 2-(benzofuran-2-ylmethylene)-5-oxopyrazolidin-2-

ium-1-ide (11)
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Figure S13. 'H and 3C NMR spectra of 2-(benzo[b]thiophen-3-ylmethylene)-5-

oxopyrazolidin-2-ium-1-ide (1m)
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Figure S14.'H and *C NMR spectra of 2-(2-ethylbutylidene)-5-oxopyrazolidin-2-ium-1-ide

(1n)
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Figure S15. 'H and 'C NMR spectra of 2-(2-methylbutylidene)-5-oxopyrazolidin-2-ium-1-

ide (10)
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Figure S16.'H and '*C NMR spectra of 5-ox0-2-pentylidenepyrazolidin-2-ium-1-ide (1p)
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Figure S17.'H and '*C NMR spectra of 2-(cyclohexylmethylene)-5-oxopyrazolidin-2-ium-1-

ide (1q)
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Figure S18. 'H and !’C NMR spectra of diethyl 4-isopropyl-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (2a)
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Figure S19.'H and '*C NMR spectra of diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-

3,5-dicarboxylate (2b)
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Figure S20. 'H and 3C NMR spectra of diethyl 4-(4-bromobenzyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (2¢)
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Figure S21. 'H and "*C NMR spectra of diethyl 4-(4-chlorobenzyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (2d)
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Figure S22. 'H, 13C and "F NMR spectra of diethyl 4-(4-fluorobenzyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (2e)
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Figure S23. 'H and '3C NMR spectra of diethyl 4-(4-methoxybenzyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate (2f)
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Figure S24. 'H and *C NMR spectra of diethyl 4-((1,3-dioxoisoindolin-2-yl)methyl)-2,6-

dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2g)
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Figure S25. 'H and *C NMR spectra of diethyl 2,6-dimethyl-4-(thiophen-2-ylmethyl)-1,4-

dihydropyridine-3,5-dicarboxylate (2h)
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Figure S26.'H and '3C NMR spectra of diethyl 4-(1-benzoylpiperidin-4-yl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate (2i)
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Figure S27. 'H and '3C NMR spectra of diethyl 4-(sec-butyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate (2j)
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Figure S28. 'H and 3C NMR spectra of diethyl 2,6-dimethyl-4-(pentan-3-yl)-1,4-

dihydropyridine-3,5-dicarboxylate (2k)
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Figure S29. 'H and *C NMR spectra of diethyl 2,6-dimethyl-4-(1-phenoxyethyl)-1,4-

dihydropyridine-3,5-dicarboxylate (21)
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S30. 'H and ’C NMR spectra of diethyl 4-cyclopentyl-2,6-dimethyl-1,4-

Figure

dihydropyridine-3,5-dicarboxylate (2m)
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Figure S31. 'H and BC NMR spectra of diethyl 4-cyclohexyl-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (2n)
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Figure S32. 'H and '3C NMR spectra of diethyl 4-(cyclohex-3-en-1-yl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (20)
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Figure S33.'H and '3C NMR spectra of diethyl 4-benzoyl-2,6-dimethyl-1,4-dihydropyridine-

3,5-dicarboxylate (4a)
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Figure S34. 'H and 3C NMR spectra of diethyl 4-(4-bromobenzoyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (4b)
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Figure S35. 'H and '3C NMR spectra of diethyl 4-(4-chlorobenzoyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (4¢)
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Figure S36.'H, '*C and '°F NMR spectra of diethyl 4-(4-fluorobenzoyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (4d)
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Figure S37. 'H, BC and "“F NMR spectra of diethyl 2,6-dimethyl-4-(4-

(trifluoromethyl)benzoyl)-1,4-dihydropyridine-3,5-dicarboxylate (4e)
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Figure S38. 'H and '3C NMR spectra of diethyl 2,6-dimethyl-4-(4-methylbenzoyl)-1,4-

dihydropyridine-3,5-dicarboxylate (4f)
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Figure S39.'H and '*C NMR spectra of diethyl 4-(4-methoxybenzoyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (4g)
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Figure S40. 'H and '*C NMR spectra of diethyl 4-([1,1'-biphenyl]-4-carbonyl)-2,6-dimethy]-
1,4-dihydropyridine-3,5-dicarboxylate (4h)
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Figure S41.'H and '*C NMR spectra of diethyl 4-(2-chlorobenzoyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (4i)
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Figure S42.'H and '*C NMR spectra of diethyl 4-(benzo[d][1,3]dioxole-5-carbonyl)-2,6-

dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4j)
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Figure S43. 'H and BC NMR spectra of diethyl 4-(2-naphthoyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (4k)
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Figure S44.'H and '*C NMR spectra of diethyl 4-(furan-2-carbonyl)-2,6-dimethyl-1,4-

dihydropyridine-3,5-dicarboxylate (41)
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Figure S45. 'H and '3C NMR spectra of diethyl 2,6-dimethyl-4-(thiophene-2-carbonyl)-1,4-

dihydropyridine-3,5-dicarboxylate (4m)
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Figure S46. 'H and '*C NMR spectra of diethyl 4-(benzo[b]thiophene-3-carbonyl)-2,6-

dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4n)
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Figure S47.'H and 1*C NMR spectra of diethyl 2,6-dimethyl-4-pivaloyl-1,4-dihydropyridine-

3,5-dicarboxylate (40)
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Figure S48. 'H and '*C NMR spectra of 1-(2-methyl-1-phenylpropyl)pyrazolidin-3-one (3aa)
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Figure S49.'H and '3C NMR spectra of 1-(1-(4-chlorophenyl)-2-methylpropyl)pyrazolidin-3-

one (4ba)
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1-(1-(4-fluorophenyl)-2-

Figure S50. 'H, "C and “F NMR spectra of
methylpropyl)pyrazolidin-3-one (4ca)
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1-(2-methyl-1-(4-

of

spectra

H, BC  and PFNMR

SS51.

Figure

(trifluoromethyl)phenyl)propyl)pyrazolidin-3-one (3da)

[r)

1jc-851-2. 1. fid oo

i-Pr

CF;

Feo1

5.0
1 (ppm)

5.5

6.0

9.0

10.0 9.5

10.5

L8 81~
¥8 02—
11°62~
¥8 607
78 '6¢
86 "6
210

€2 06—

6L°GL—

S0

1jc-851-2. 30. fid

GLT—

O
NH

.5

-Pr

CF5

2(')0 léO 1§o I%O léO léO I'IIO léO léO

T
210

20

f1 (ppm)

S121



1jc-851-2. 20. fid ©

)

S

)

T

N,NH
i-Pr
CF3
T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 ~-160 -170 -180 -190 -200 -210 -2
f1 (ppm)

S122



Figure S52.'H and '3C NMR spectra of 1-(2-methyl-1-(p-tolyl)propyl)pyrazolidin-3-one (3ea)

1jc-851-1. 1. fid 0w OO MMN — DT DR —=NO=OF NVON—AOFIN—~RVOINNOD~
= SRR E e DONN—~A—— = BANNN—A—A—A A~ DO D DD~
Y] o e e e R R R I B R L R L Bk o o R R o o Rk A A
T PSS A NPIAMAMAANED, A oo 2299S
N,NH
i-Pr
Me
! 1
| i l
' I )
—— R oy e Paiy
o~ =) = X © =¥
© & @ >~ S
S o) —— IR Rl Ny
T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 L5 LO 05 00 -0.5 -1(
f1 (ppm)
1jc-851-1. 30. fid o~ ™ TNOW =2}
=9 — TONO ) — -y © o~ © =
. o s o e . —ONO® =] < —i0
o o e =g N [ T S R . .
© o NONN — s~~~ O [T-] e} o0 =
— = —— — 00 G0 b~ b~ = © =} NN
SN2 NN~ N
N,NH
i-Pr
Me
1l
| ! 1
| Ll I '. .
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

S123



Figure S53.'H and 1*C NMR spectra of 1-(1-(4-methoxyphenyl)-2-methylpropyl)pyrazolidin-

3-one (3fa)
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Figure S54.'H and '*C NMR spectra of 1-(2-methyl-1-(naphthalen-2-yl)propyl)pyrazolidin-

3-one (3ga)
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Figure S55.'H and '*C NMR spectra of 1-(2-methyl-1-(pyridin-2-yl)propyl)pyrazolidin-3-one

(3ha)
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Figure S56. 'H and '*C NMR spectra of 1-(2-methyl-1-(pyridin-3-yl)propyl)pyrazolidin-3-one

(3ia)
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Figure S57.'H and '3C NMR spectra of 1-(1-(furan-2-yl)-2-methylpropyl)pyrazolidin-3-one
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Figure S58. 'H and *C NMR spectra of 1-(2-methyl-1-(thiophen-2-yl)propyl)pyrazolidin-3-

one (3ka)
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Figure S59. 'H and *C NMR spectra of 1-(1-(benzofuran-2-yl)-2-methylpropyl)pyrazolidin-

3-one (3la)
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Figure S60. 'H and !C NMR spectra of 1-(1-(benzo[b]thiophen-3-yl)-2-

methylpropyl)pyrazolidin-3-one (3ma)
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Figure S61. 'H and '3C NMR spectra of 1-(4-ethyl-2-methylhexan-3-yl)pyrazolidin-3-one

(3na)
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Figure S62.'H and '*C NMR spectra of 1-(2,4-dimethylhexan-3-yl)pyrazolidin-3-one (30a)
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Figure S63.'H and '*C NMR spectra of 1-(2-methylheptan-3-yl)pyrazolidin-3-one (3pa)
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Figure S64. 'H and '3C NMR spectra of 1-(1-cyclohexyl-2-methylpropyl)pyrazolidin-3-one

(3qa)
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Figure S65.'H and '*C NMR spectra of 1-(1,2-diphenylethyl)pyrazolidin-3-one (3ab)
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Figure S66. 'H and '*C NMR spectra of 1-(2-(4-bromophenyl)-1-phenylethyl)pyrazolidin-3-
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Figure S67. 'H and *C NMR spectra of 1-(2-(4-chlorophenyl)-1-phenylethyl)pyrazolidin-3-

one (3ad)
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Figure S68. 'H, °C and 'F NMR spectra of 1-(2-(4-fluorophenyl)-1-phenylethyl)pyrazolidin-
3-one (3ae)
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Figure S69. 'H and '3C NMR spectra of 1-(2-(4-methoxyphenyl)-1-phenylethyl)pyrazolidin-

3-one (3af)
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of  2-(2-(3-oxopyrazolidin-1-yl)-2-

BC  NMR spectra

'H and

S70.

Figure

phenylethyl)isoindoline-1,3-dione (3ag)
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Figure S71.'H and 1*C NMR spectra of 1-(1-phenyl-2-(thiophen-2-yl)ethyl)pyrazolidin-3-one
(3ah)
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1-((1-benzoylpiperidin-4-

BC NMR  spectra  of

'H and

S72.

Figure

yl)(phenyl)methyl)pyrazolidin-3-one (3ai)
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Figure S73.'H and '*C NMR spectra of 1-(2-methyl-1-phenylbutyl)pyrazolidin-3-one (3aj)
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Figure S74.'H and '*C NMR spectra of 1-(2-ethyl-1-phenylbutyl)pyrazolidin-3-one (3ak)
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Figure S75.'H and '3C NMR spectra of 1-(2-phenoxy-1-phenylpropyl)pyrazolidin-3-one (3al)
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Figure S76. 'H and '3C NMR spectra of 1-(cyclopentyl(phenyl)methyl)pyrazolidin-3-one

(3am)
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Figure S77.'H and '*C NMR spectra of 1-(cyclohexyl(phenyl)methyl)pyrazolidin-3-one (3an)
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Figure S78. 'H and 'C NMR spectra of 1-(cyclohex-3-en-1-yl(phenyl)methyl)pyrazolidin-3-

one (3a0)
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Figure S79.'H and '*C NMR spectra of 1-(2-oxo0-1,2-diphenylethyl)pyrazolidin-3-one (5aa)

€e "

1jc-789-2. 2. f,

e SN\ =

B R R R o o AN KN RN S RS N S TN

Foo-
o0

61"
g8

For-

—

NS —aig . S
9.0 8.5 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)
OO MO

9.5

1jc-789-2. 20. fid>

10.0

8'60—

0°05—

6'9L
1°LL
€°LL

821
‘821
‘621
‘621
621

€€l
eel
‘gel

YL

S151

90

f1 (ppm)

|1.




Figure S80. 'H and "C NMR spectra of 1-(2-(4-bromophenyl)-2-oxo-1-

phenylethyl)pyrazolidin-3-one (5ab)

JP-9-Br-F2.20.fidiomm w0 0= t- 0 1D © N HOFONNHOO0 D
JP-9-Br-F2-in CDCZ =B SR XM M 0 M > ® FODNANNNODODON B —
0= 0 b b O O B 0 0 O B w R L G I B B i i ;T

Br
|
flj‘( M
R e ERla s
=3 © — v ©
S ~ = S o
— S — - o
T T T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
JP-9-Br-F2. 30. fish © womwwwwwwo
. ST T T N o o o~
< < BNS T oo f
=) ~ NOAONNNN = =] =]
— = G RIACI A — &~~~ n N
| | =\ ~~ | |

Br

0 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30
f1 (ppm)

S152



Figure S81. 'H and !*C NMR spectra of 1-(2-(4-chlorophenyl)-2-oxo-1-

phenylethyl)pyrazolidin-3-one (5ac)
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Figure S82. 'H, C and "F NMR spectra of 1-(2-(4-fluorophenyl)-2-oxo-1-

phenylethyl)pyrazolidin-3-one (5ad)
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Figure S83. 'H, BC and YF NMR spectra of 1-(2-oxo-1-phenyl-2-(4-
(trifluoromethyl)phenyl)ethyl)pyrazolidin-3-one (5ae)
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Figure S84.'H and '*C NMR spectra of 1-(2-0xo-1-phenyl-2-(p-tolyl)ethyl)pyrazolidin-3-one

(Saf)
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1-(2-(4-methoxyphenyl)-2-oxo-1-

of

BC  NMR spectra

'H and

S8s.

Figure

phenylethyl)pyrazolidin-3-one (5ag)
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1-(2-([1,1'-biphenyl]-4-yl)-2-ox0-1-

of

BC NMR spectra

'H and

S86.

Figure

phenylethyl)pyrazolidin-3-one (5ah)
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Figure S87. 'H and !C NMR spectra of 1-(2-(2-chlorophenyl)-2-oxo-1-

phenylethyl)pyrazolidin-3-one (5ai)
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Figure S88. 'H and ’C NMR spectra of 1-(2-(benzo[d][1,3]dioxol-5-yl)-2-0x0-1-
phenylethyl)pyrazolidin-3-one (5aj)
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1-(2-(naphthalen-2-yl)-2-oxo-1-

of

3C  NMR spectra

'H and

S89.

Figure

phenylethyl)pyrazolidin-3-one (5ak)
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Figure S90. 'H and *C NMR spectra of 1-(2-(furan-2-yl)-2-oxo-1-phenylethyl)pyrazolidin-3-

one (5al)
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Figure S91. 'H and !C NMR spectra of 1-(2-oxo-1-phenyl-2-(thiophen-2-

yl)ethyl)pyrazolidin-3-one (5am)
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Figure S92. 'H and C NMR

phenylethyl)pyrazolidin-3-one (5an)
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Figure S93. 'H and '*C NMR spectra of 1-(3,3-dimethyl-2-oxo-1-phenylbutyl)pyrazolidin-3-

one (5a0)
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Figure S94. 'H and '*C NMR spectra of 2-acetyl-1-(2-methyl-1-phenylpropyl)pyrazolidin-3-

one (6aa)
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Figure S95. 'H and !’C NMR spectra of ethyl 2-(2-methyl-1-phenylpropyl)-5-

oxopyrazolidine-1-carboxylate (7aa)
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Figure S96. 'H and 3C NMR spectra of 1-(2-hydroxy-1,2-diphenylethyl)pyrazolidin-3-one

(8aa)
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Figure S97. 'H and '*C NMR spectra of 3-((2-hydroxy-1,2-diphenylethyl)amino)propenamide

(9aa)
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Figure S98. 'H and 1*C NMR spectra of 4CzPN
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Figure S99. 'H and '*C NMR spectra of DPZ
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