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Characterization data along with scanned spectra of all the synthesized compounds are given
below:
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Methyl-4-(4-chlorophenyl)-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-
carboxylate (4a). Light yellow solid, yield 97%; mp 142°C; FTIR (cm™): 3421, 1726, 1682, 1359,
1219, 1087, 615, 507, 434; 'H NMR (500 MHz, DMSO-ds) 8n/ppm: 8.67 (s, 1H, -NH), 7.39 (d, J =
8.5 Hz, 2H, aromatic H), 7.33 (d, J = 8.5 Hz, 2H, aromatic H), 6.57 (s, 1H, -OH), 4.33, (d, J =12 Hz,
1H, -CH), 3.91 (t, J = 12.5 Hz, 1H, -CH ), 3.69 (d, J = 12.5 Hz, 1H, aromatic H), 3.62 (s, 3H, -OCH3)
3.33 (s, 3H, -OCHs), 2.87 (d, J = 17 Hz, 1H), 2.77 (d, J = 17 Hz, 1H); 13C NMR (125 MHz, DMSO-ds)
dc/ppm:170.22, 169.88, 168.84, 162.94, 159.07, 138.59, 132.82, 130.49 (2C), 129.09 (2C), 80.75,
52.57,52.14,52.07, 43.11, 41.97); HRMS (ESI-TOF) m/z: For C17H17CIN,O¢ Calcd. [M]* 380.0775;
Found [M-H]  379.0355.
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Figure S1. FTIR spectrum of 4a
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Figure S2. 'H NMR spectrum of 4a
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Figure S4. HRMS spectrum of 4a
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Methyl-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-4-(2-nitrophenyl)-6-oxopiperidine-3-
carboxylate (4b). Light yellow solid, yield 90%; mp 153-155°C; FTIR (cm™): 3423, 2355, 1681,
1344, 1218 848, 699, 617; *H NMR (500 MHz, DMSO-ds) 81/ppm: 8.80 (s, 1H, -NH), 7.88-7.86 (m,
1H, aromatic H), 7.77-7.69 (m, 2H, aromatic H), 7.52-7.49 (m, 1H, aromatic H), 6.79 (s, 1H, OH),
4.65-4.63 (m, 2H, -CH), 3.71-3.69 (m, 1H, -CH), 3.68 (s, 3H, -OCHs), 3.26 (s, 3H, -OCHs), 2.88 (dd, J
=17 Hz, 2H, -CH,); 3C NMR (125 MHz, DMSO-de) 8c/ppm: 170.25, 168.73, 167.74, 162.86, 151.05,
134.05, 133.74, 129.48, 128.96, 124.96, 116.66, 80.74, 53.61, 52.41, 52.11, 42.94, 40.94); HRMS
(ESI-TOF) m/z: For C17H17N30s Calcd. [M+Na]*414.1016; Found [M+Na]*414.1050.
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Figure S5. FTIR spectrum of 4b
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Figure S6. 'H NMR spectrum of 4b
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Figure S7. 13C NMR spectrum of 4b
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Figure S8. HRMS spectrum of 4b
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Methyl-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-4-(4-nitrophenyl)-6-oxopiperidine-3-
carboxylate (4c). Light yellow solid, yield 94%; mp 140°C; FTIR (cm™): 3423, 2355, 1681, 1344,
1218, 848, 699, 617; 'H NMR (500 MHz, DMSO-ds) 51/ppm: 8.75 (s, 1H, -NH), 8.19 (d, J = 9Hz, 2H,
aromatic H), 7.61 (d, J = 8.5 Hz, 2H, aromatic H), 6.64 (s, 1H, -OH), 4.46 (d, J =12.5 Hz, 1H, -CH ),
4.09 (t,J = 12.5 Hz, 1H, -CH ), 3.81 (d, J = 12.5 Hz, 1H, aromatic H), 3.63 (s, 3H, -OCH3), 3.32 (s,
3H, -OCHs), 2.85 (dd, J = 17 Hz, 2H, -CH,); *C NMR (125 MHz, DMSO-ds) 8c/ppm: 170.20, 168.68,
162.63, 147.59 (2C), 147.18, 130.02, 124.32 (2C), 124.12 (2C), 117.13, 117.10, 80.83, 52.11,
40.62, 40.46); HRMS (ESI-TOF) m/z: For Ci7H17N30s Calcd. [M+Na]* 414.1016; Found
[M+Na]*414.1050
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Figure S9. FTIR spectrum of 4c
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Figure S10. *H NMR spectrum of 4c
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Figure S11. 3C NMR spectrum of 4c
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Figure S12. HRMS spectrum of 4c
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Methyl-5-cyano-4-(3-cyanophenyl)-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-
carboxylate (4d) White solid, yield 91%; mp 163°C; 3422, 2355, 1722, 1679, 1348, 1216, 619, 548,
458; 'H NMR (500 MHz, DMSO-ds) du/ppm: 8.77 (s, 1H, -NH), 7.81 (s, 1H, aromatic H), 7.75 (d, J =
8 Hz, 1H, aromatic H), 7.75 (d, J = 8 Hz, 1H, -CH), 7.55 (d, J = 8 Hz, 1H, -CH ), 6.65 (s, 1H, -OH),
4.47 (d, J = 12Hz, 1H, -CH), 3.99 (t, J = 12.5 Hz, 1H, -CH), 3.75 (d, J = 12.5 Hz, 1H, -CH), 3.63 (s, 3H,
-OCHs), 3.32 (s, 3H, -OCHs), 2.83 (dd, J = 17 Hz, 2H, -CH.); 13C NMR (125 MHz, DMSO-ds) 8¢/ppm:
170.17,168.75, 162.81, 141.18, 134.14,132.20, 132.00 (2C), 119.10, 117.24,112.10, 80.76, 52.27
(2C), 52.09 (2C), 42.97, 41.60); HRMS (ESI-TOF) m/z: For C1gH17N306 Calcd. [M]*371.1117; Found
[M-H] 370.0476.
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Figure S13. FTIR spectrum of 4d
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Figure S15. 3C NMR spectrum of 4d

Page S17 ©AUTHOR(S)



Special Issue 'Heterocyclic Chemistry' ARKIVOC 2024, viii, S1-S49

Display Report

Analysis Info Acquisition Date  1/9/2024 12:58:01 PM
Analysis Name D:\Data\User Data\External Samples\Bubun\MB-S15-3-NEG.d

Method Tune_neg_Standard.m Operator HRMS

Sample Name Instrument maXis impact 1819696.00160
Comment

Acquisition Parameter

Source Type ESI lon Polarity Negative Set Nebulizer 0.3 Bar
Focus Active Set Capillary 4000 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 /'min
Scan End 3000 m/z Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0°C
Intens. MB-515-3-NEG.d: -MS, 0.1min #3
x104
61 3700476
5_
4
3_
173.0105
2_
406.0214
1 B
140.9895 3111233 7A1:1097
. IS T I WU TN U UV S -
100 200 300 400 500 600 700 800 m/z

MB-S15-3-NEG.d
Bruker Compass DataAnalysis 4.1 printed: 1/9/2024 2:22:00 PM by: HRMS Page 1 of 1

Figure S16. HRMS spectrum of 4d
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Methyl-5-cyano-4-(4-cyanophenyl)-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-

carboxylate (4e). White solid, yield 95%; mp 151°C; FTIR (cm™): 3422, 2355, 1722, 1679, 1348,
1216, 619, 548, 458;'H NMR (500 MHz, DMSO-ds) 51/ppm: 8.73 (s, 1H, -NH), 7.81(d, J = 8.5 Hz,
2H, aromatic H), 7.52 (d, J = 8 Hz, 2H, aromatic H), 6.61 (s, 1H, -OH), 4.43 (d, J =12 Hz, 1H, -CH ),
4.02 (t,J=12.5Hz, 1H, -CH ), 3.77 (d, J = 12 Hz, 1H, aromatic H), 3.63 (s, 3H, -OCHs), 3.32 (s, 3H,
-OCHs), 2.84 (dd, J = 17 Hz, 2H, -CH; ); 3C NMR (125 MHz, DMSO-ds) 8c/ppm: 170.18, 168.71,
162.72, 145.15, 133.05 (2C), 129.80 (2C), 119.03, 117.15, 111.20, 80.81, 52.23 (2C), 52.07 (2C),
43.06, 41.54); HRMS (ESI-TOF) m/z: For C1gH17N306 Calcd. [M]*371.1117; Found [M-H] 370.0476
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Figure S20. HRMS spectrum of 4e
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Methyl-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxo-4-(3,4,5-trimethoxyphenyl)piperidine-

3-carboxylate (4f) White solid, yield 98%; mp 181-182°C; 'H NMR (500 MHz, DMSO-d¢) 6x/ppm:
8.65 (s, 1H, -NH), 6.59 (s, 2H, aromatic H), 6.61 (s, 1H, -OH), 4.41 (d, /=12 Hz, 1H, -CH ), 3.80 (t, J
=12.5Hz, 1H, -CH ), 3.73 (s, 6H, 2X -OCH3), 3.64 (d, J = 8.5 Hz, 1H, -CH ), 3.62 (s, 3H, -OCH3s), 3.61
(s, 3H, -OCHs), 3.36 (s, 3H, -OCHs), 2.79 (dd, J = 16.5 Hz, 2H, -CH; ); 3*C NMR (125 MHz, DMSO-
ds) dc/ppm: 170.25, 169.07, 163.31, 153.21 (2C), 137.23, 135.07, 117.65, 105.99, 80.67, 60.48
(2C), 56.49 (2C), 52.84 (2C), 52.14, 52.09, 43.06, 41.99); HRMS (ESI-TOF) m/z: For CzoH24N209
Calcd. [M+Na]*459.1482; Found [M+Na]* 459.1274
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Figure S21. *H NMR spectrum of 4f
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Ethyl-5-cyano-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-4-(2-nitrophenyl)-6-oxopiperidine-3-
carboxylate (4g). Light yellow solid, yield 89%; mp 161-163°C; FTIR (cm™): 3742, 3307, 3153, 2361,
1738, 1356, 1053, 649, 537, 436; *H NMR (500 MHz, DMSO-ds) dn/ppm: 8.76 (s, 1H, -NH), 7.89 (d,
J=8.5Hz, 1H, aromatic H), 7.76-7.71 (m, 1H, aromatic H), 7.70 (d, J = 8 Hz, 1H, aromatic H), 7.51
(td, /=17 Hz, J=8 Hz, J= 7.5 Hz, 1H, aromatic H), 6.71, (s, 1H, OH), 4.69-4.59 (m, 2H, -CH ), 4.11-
4.060 (m, 2H, -OCH>), 3.80-3.77 (m, 1H, -CH), 3.71-3.67 (m, 2H, -OCH;), 2.88 (d, J = 17 Hz, 1H, -
CH»),2.76 (d,J=17 Hz, 1H, -CH, ), 1.17 (t, J = 7 Hz, 3H, -CH3), 0.78 (t,J=7 Hz, 3H, -CHs); 3C NMR
(125 MHz, DMSO-ds) dc/ppm: 169.74, 168.21 (2C), 162.86, 134.07, 133.99, 129.39, 128.96,
125.02, 116.64, 80.74, 61.17, 60.70, 53.41, 41.15, 40.56, 33.43, 14.58, 13.91; HRMS (ESI-TOF)
m/z: For C19H21N30s Calcd. [M+Na]*442.1329; Found [M+Na]*442.1194
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Figure S26. 3C NMR spectrum of 4g
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CN
0
H,CH,CO CN
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4h

Ethyl-5-cyano-4-(4-cyanophenyl)-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-6-oxopiperidine-3-
carboxylate (4h). Light yellow solid, yield 93%; mp 155°C; FTIR (cm™): 3741, 3304, 3192, 2361,
1733, 1318, 1060, 721, 526, 437; *H NMR (500 MHz, DMSO-ds) 81/ppm: 8.78 (s, 1H, -NH), 7.82 (d,
J =8 Hz, 2H, aromatic H), 7.51 (d, J = 8.5 Hz, 2H, aromatic H), 6.60 (s, 1H, OH), 4.57-4.33 (d, J =
12 Hz, 1H, -CH ), 4.10-4.078 (m, 2H, -OCH), 4.00 (t, J = 12.5 Hz, 1H, -CH), 3.85-3.81 (m, 1H, -CH),
3.75-3.70 (m, 2H, -OCH.), 2.88 (d, J = 17 Hz, 1H, -CH, ), 2.76 (d, J = 17 Hz, 1H, -CH2 ), 1.77 (t, J=7
Hz, 3H, -CHs), 0.82 (t, J = 7 Hz, 3H, -CH3); 13C NMR (125 MHz, DMSO-ds) 8¢/ppm: 169.67, 168.19
(2€), 162.76, 145.20, 133.07 (2C), 129.89, 119.22, 119.072, 111.10, 107.99, 80.78, 60.94, 60.70,
51.95, 43.03, 41.58, 14.59, 14.03; HRMS (ESI-TOF) m/z: For C20H21N30sg Calcd. [M+K]* 438.1430;
Found [M+K]*438.1109
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Ethyl-5-cyano-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-4-(4-nitrophenyl)-6-oxopiperidine-3-
carboxylate (4i). Light yellow solid, yield 91%; mp 162°C; FTIR (cm™): 3742, 3307, 3153, 2361,
1738, 1356, 1053, 649, 537, 436; *H NMR (500 MHz, DMSO-ds) 81/ppm: 8.76 (s, 1H, -NH), 8.20 (d,
J =9 Hz, 2H, aromatic H), 7.61 (d, J = 8.5 Hz, 2H, aromatic H), 6.61 (s, 1H, OH), 4.45 (d, J =12.5
Hz, 1H, -CH ), 4.11-4.06 (m, 2H, -OCHs, 1H, -CH), 3.85-3.71 (m, 2H, -OCHa, 1H, -CH), 2.89 (d, J = 17
Hz, 1H, -CH, ), 2.78 (d, J = 17 Hz, 1H, -CH, ), 1.87 (t, J =7 Hz, 3H, -CH3), 0.84 (t, J = 7 Hz, 3H, -CH3);
13C NMR (125 MHz, DMSO-ds) 8c/ppm: 169.70, 168.15, 162.65, 147.58, 147.23, 130.22 (2C),
124.17 (2C), 117.14, 80.84, 61.01, 60.72, 52.04, 43.10, 41.61 (2C), 14.58, 14.04; HRMS (ESI-TOF)
m/z: For C19H21N30s Calcd. [M+Na]*442.1329; Found [M+Na]*442.1194
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Ethyl-5-cyano-4-(2,4-dichlorophenyl)-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-6-oxopiperidine-3-
carboxylate (4j). White solid, yield 94%; mp 174°C; FTIR (cm™): 3741, 3377, 3297, 2360, 1717,
1519, 1355, 1054, 625, 518, 436; *H NMR (500 MHz, DMSO-ds) 81/ppm: 8.70 (s, 1H, -NH), 7.60 (d,
J =2 Hz, 1H, aromatic H), 7.48 (d, J = 8.5 Hz, 1H, aromatic H), 7.43 (dd, J = 2 Hz, 1H, aromatic H)
6.66 (s, 1H, OH), 4.60 (d,J=12Hz, 1H,-CH),4.31 (d, /=12 Hz, 1H, -CH), 4.12-4.08 (m, 2H, -OCH.),
3.87-3.83 (m, 1H, -CH), 3.76-3.71 (m, 2H, -OCH), 2.90 (d, J = 16.5 Hz, 1H, -CH, ), 2.78 (d, J = 17
Hz, 1H, -CH2 ), 1.18 (t, J =7 Hz, 3H, -CH3), 0.84 (t,J =7 Hz, 3H, -CH3); 13C NMR (125 MHz, DMSO-
de) Oc/ppm: 169.77, 168.16, 162.74, 136.91, 136.03, 133.22, 129.72, 128.42, 117.47, 116.75,
80.83, 60.96, 60.71, 52.54, 43.26, 41.59 (2C), 14.57, 13.96; HRMS (ESI-TOF) m/z: For
C19H20CI2N206 Caled. [M+Na] *465.0596; Found [M+Na]*465.0704

Page S40 ©AUTHOR(S)



Special Issue 'Heterocyclic Chemistry' ARKIVOC 2024, viii, S1-S49

PID = 19204072-060908

VGTDHT HD X
100
H]
‘[\‘\U\' i
NI,
b1t < W\
80f & £ }
Q EEE \
— ~ G
.5 385 J\
N
HE I
(32}
l

%T

()]
o
T T
=
1455.99 cm-1——~
= @@
1200.47 omet———
1054.87 ome————
936,271 cm-1——

n 5 ﬁ /
& G- S
5 o o
40t 3 38 5 © 5§
2 o 2R 2 33
Q N PSR
ol (Y5 ot O 0w
~ o0 N —m
30 I | ! | - T - = | © <
4000 3000 2000 1000 400

Wavenumber [cm-1]

Figure S36.FTIR spectrum of 4j

Page S41 ©AUTHOR(S)



ARKIVOC 2024, viii, S1-549

Special Issue 'Heterocyclic Chemistry'

rio

ré

r7

r6

5

r3

r2

]

9E0°0-—
8Z8'0
e QW-
L5810
Rar't
281 ﬁw

de
[
59T
[
Edp T

95T F
nog m%

&
Fal m*
BLEE
ElLE
LELE
EPLE
CERE
EBO'F
60+
L0601
901+
Z0E'H
9ZE
865+

999 g
[
9 L
BER £
b £
Seb s
b £
965 £
ooy h.__
$0£8—

e

f1 (ppm)

=0TE
=0'E

=801
g

=t
Szt
S-6 T
S50t

=80t

]
._h:.ﬂ

(A}
.J.vn_.o

=l

10

11

12

13

14

15

16

Figure S37.1H NMR spectrum of 4j

©AUTHOR(S)

Page S42



Special Issue 'Heterocyclic Chemistry' ARKIVOC 2024, viii, S1-S49

r0.85

80 .826
{60 964
60.710
43.259
f41 593
}40 597
40:253
40096
[-39.930
39.762
1‘-39 596
“35.103

169772

"N 168,157
162744

_~117.473
116749
—52 554
_~14.560
T-13.959

r0.80
-*D.?S
;D.?D
;0.65
-—U.SU
-—0.55
-—D.SD
I 0.45
:0.40
;0.35
;D.BD
-—0.25
-—0.20
-—0.15

r0.10

| F0.05

~0.00

—0.05

T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 an a0 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

Figure S38.13C NMR spectrum of 4j

Page 543 ©AUTHOR(S)



Special Issue 'Heterocyclic Chemistry' ARKIVOC 2024, viii, S1-S49

Display Report

Analysis Info Acquisition Date  5/27/2024 12:09:41 PM
Analysis Name  D:\Data\Bubun\MB-S16-11.d
Method Tune_pos_Standard.m Operator HRMS
Sample Name Instrument maXis impact 1819696.00160
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.5 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 /'min
Scan End 1500 m/z Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0°C
Intens. MB-516-11.d: +MS, 0.1min #3
x104
4_
465.0704
3
24
909.1481
575.0241
1
405.4299
731.p962
l 1136.1750 1351.2362
0 Lodaaitinn bunabil ik Ll |nl e i
200 400 600 800 1000 1200 1400 m/z
MB-S16-11.d
Bruker Compass DataAnalysis 4.1 printed: 5/27/2024 12:16:04 PM by: HRMS Page 1 of 1

Figure S39.HRMS spectrum of 4j
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Ethyl-5-cyano-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-6-oxo-4-(3,4,5-trimethoxyphenyl)piperidine-3-

carboxylate (4k). White solid, yield 98%; mp 197°C; FTIR (cm™): 3741, 3305, 3155, 2361, 1725,
1517, 1317, 1054, 627, 519, 435; 'H NMR (500 MHz, DMSO-ds) 81/ppm: 8.67 (s, 1H, -NH), 6.59 (s,
2H, aromatic H), 6.49 (s, 1H, OH), 4.39 (d, J = 12.5 Hz, 1H, -CH ), 4.11 (m, 2H, -OCH,), 3.88-3.79
(m, 2H, -OCH,, 1H, -CH), 3.72 (s, 6H, 2 x -OCHS3), 3.6 (t, 3H, -OCHs, 1H, -CH), 2.85 (d, J = 16.5 Hz,
1H, -CH2 ), 2.70 (d, J = 17 Hz, 1H, -CH ), 1.19-1.165 (m, 3H, -CH3), 0.83 (t,J = 7 Hz, 3H, -CH3); 13C
NMR (125 MHz, DMSO-ds) c/ppm: 169.71, 168.55, 164.54, 163.30, 153.18, 137.30, 135.05,
117.66, 106.05, 80.68, 78.71, 60.74, 60.64, 60.49, 56.47, 52.64 (2C), 43.24, 42.12 (2C), 14.54,
14.12; HRMS (ESI-TOF) m/z: For C23H2sN20s Caled. [M+Na] *487.1693; Found [M+Na]* 487.1756
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Figure S40. FTIR spectrum of 4k
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Figure S41. *H NMR spectrum of 4k
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Figure S42. 3C NMR spectrum of 4k
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Figure S43. HRMS spectrum of 4k
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