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Experimental
General

The various amines, 1,1-bis(methylthio)-2-nitroethene, terephthalaldehyde, Isophthalaldehyde, 2-
hdroxy-1,4-naphthoquinone, 4-hydroxycumarin, and solvents were purchased from Sigma-Aldrich
chemical company and were used as received without further purification. Melting points were
determined with an electrothermal 9100 apparatus. Infrared (IR) spectra were recorded on a Bruker
Tensor 27 spectrometer. Nuclear magnetic resonance (NMR) spectra were obtained on a Bruker
DRX-300 Avance instrument (300 MHz for 'H and 75.4 and 62.8 MHz for '3C) with DMSO as
solvent. Chemical shifts are expressed in parts per million (ppm), and coupling constant (J) are
reported in hertz (Hz). Mass spectra were recorded with an Agilent 5975C VL MSD with Triple-

Axis Detector operating at an ionization potential of 70 eV.

General procedure for the synthesis of product 6 and 7

A mixture of amine (2 mmol), 1,1-bis(methylthio)-2-nitroethene (2 mmol, 0.330 g) and 10 mL
EtOH/H,O (85:15) in a 50 mL flask was stirred for 6 hours at 89 °C. After completion of the
reaction (monitored by TLC, ethyl acetate/n-hexane, 1:1), phthaldialdehyde (1 mmol), 2-hydroxy-
1,4-naphthoquinone (2 mmol, 0.348 g) or 4-hydroxycumarin (2 mmol, 0.324 g) were added to the
reaction mixture, and it was stirred at 89 "C for the time given in Table 5. Then, the reaction
mixture was filtered to give the crude product. The solid was washed with EtOH to give pure

product 6 or 7 in good to high yield.
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Figure 1. Structure of all products 6a-e and 7a-e.
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Current Data Parameters

NAME Afshar

EXPNO 175
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170611
Time 13.43
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg
TD 16384
SOLVENT DMSO
NS 32
DS 0
SWH 5995.204 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 574.7
DW 83.400 usec
DE 6.00 usec
TE 300.0K
D1 2.00000000 sec
=== CHANNEL f]l =—
NUCI IH
P1 9.00 usec
PL1 3.00 dB
SFO1 299.8729987 MHz
F2 - Processing parameters
SI 32768
SF 299.8700035 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
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Current Data Parameters

NN\ 2y Y B

FZ - Bcguisition Parameters

—176.55

Date_ 20170520
Time 15.02
INSTRUM spect
PROBHD S mm BBO BE-1H
PULPROG Zgpg
7D 65536
SOLVENT DMSO
N5 2200
D3 0
SWH 17585.611 Hz
FICRES 0.274439 Hz
RO 1.8219508 sec
RG 32768
oW 27.800 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
411 0.03000000 sec
diz 0.00002000 sec
CHANNEL f]l ====m===
13C
14.00 usec

-5.00
75.4099117 MHz

CPDPRGZ

¥uca
BCPD2
PL2
PL1Z
PL13 23.00 dB
3F02 298.8711995 MHz
F2 Processing parameters
51 32768
SF 75.4023710 MHz
WO EM
j S5B 0

e ey - 1.00 #z
GB L

T T T T T T T T T T T BC 1.40
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I3C NMR of 6a
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NAME Afshar
EXPNO 132
PROCNO 1

F2 - Acquisition Paramete
Date_ 20170514
Time 11.58

INSTRUM spect
PROBHD 5 mm BBO B]

PULPROG 7g
D 16384
SOLVENT DMSO
NS 16
DS 0
SWH 5995.204 He
FIDRES 0.365918 H
AQ 1.3664756 sec
RG 362
DW 83.400 usec
DE 6.00 usec
TE 3000K
DI 2.00000000 sec
==—=——— CHANNEL fl
NUCI1 1H
P1 9.00 usec
PL1 3.00 dB
SFO1 299.8729987 M
F2 - Processing parameter
SI 32768
SF 299.8700035 MI
WDW EM
SSB 0
LB 0.30 Hz
GB 0
M PC 1.00
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'"H NMR of 6b
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urrent Data Parameters

F2 - Acquisition Parameters

Date_ 20180723
—NH N02 02N HN— Time 14.03
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG zZgpg
TD 65536
SOLVENT DMSO
NS 10000
DS 0
SWH 15060.241 Hz
(@] FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 1625.5
DW 33.200 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
dl2 0.00002000 sec
======== CHANNEL f1l ==
NUC1 13C
P1 10.00 usec
PL1 0.00 dB
SFO1 62.9015280 MHz
CHANNEL f2
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 21.50 dB
PL13 23.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
SI 32768
SF 62.8951754 MHz
WDW EM
SSB 0
LB 6.00 Hz
GB 0
" T " T " T " T " T " T " T " T " T " T " e 1420
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13C NMR of 6b



—— GDHEEF
— 01925
—— BOLZH

— LEOLL
— 0L

— LLC9E
— OL'E501

S
60 ol
ch lBCl

96 E9EL
00 L5t

L1485

— MCIED

85 0288
— £fE'0882

— PFFRI0E

0L ECCE

89C Bl 5E

' BELE

—— BO0°998E

06 02 0L 09 0% OF
[5:] @auepwsue. |

500

1000

1500

2000

2500

3000

3500

4000

Wavenumber cm-1

IR of 6b



Abundance

m/z-->

180000
170000 1
160000 4
150000 1
140000 1
130000 4
120000 1
110000 A
100000 1
90000 1
80000 1
70000 1
60000 1
50000 1
40000 1
30000 1
20000 4
10000

0

116.1

Average of 0.192 to 1.761 min.:

333 .1

179.0 233.1276.1
"

M8-3.d\data.ms

444 .1 489 1

532.5 577.6

636

50

100

150

bl
!
00 250 300 350

Mass of 6b

400

450

500

550

600

.5
\



N NQOMODHOMmO T T D M OO T © o=~
S S83IRebsZ2Ad5Y § SHR3SES sehiBRUKER
@ BNNNNRNRNNNNENN B soomoaaa ‘-.-"-.-‘-‘-'C.X_)
Current Data Parameters
NAME Afshar
EXPNO 147
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170521
Time 14.46
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg
TD 16384
SOLVENT DMSO
NS 16
DS 0
SWH 5995.204 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 574.7
Dw 83.400 usec
DE 6.00 usec
TE 300.0K
D1 2.00000000 sec
=====—= CHANNEL f] ==
NUC1 1H
P1 9.00 usec
PL1 3.00:dB
SFO1 299.8729987 MHz
F2 - Processing parameters
S1 32768
SF 299.8700035 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T [ I T T T | T PRt I b | B i
13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
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I'H NMR of 6¢
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Abundance

Scan 327 (3.179 min): M8-16.d\data.ms
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Current Data Parameters

NAME Afshar
EXPNO 148
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170521

Time 14.49

INSTRUM spect
PROBHD 5 mm BBO BB-1H

PULPROG zg
TD 16384
SOLVENT DMSO
NS 16

DS 0

SWH 5995.204 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 574.7

DW 83.400 usec
DE 6.00 usec
TE 3000K

D1 2.00000000 sec

======== CHANNEL fl
NUC1 IH

Pl 9.00 usec
PL1 3.00dB

SFO1  299.8729987 MHz

F2 - Processing parameters

SI 32768

SF 299.8700035 MHz
WDW EM

SSB 0

LB 0.30Hz

GB 0

PC 1.00
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Current Data Parameters

NAME Afshar
EXPNO 146
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170521

Time 14.43

INSTRUM spect
PROBHD 5 mm BBO BB-1H

1.144

0.853
1.765
1.81

I'H NMR of 6e

w

1.000
0.886
2.051

PULPROG zg

D 16384

SOLVENT DMSO

NS 16

DS 0

SWH 5995.204 Hz

FIDRES 0.365918 Hz

AQ 1.3664756 sec

RG 1024

DW 83.400 usec

DE 6.00 usec

TE 300.0K

Di 2.00000000 sec
CHANNEL f] ====

NUCI 1H

P1 9.00 usec

PL1 3.00dB

SFO1 299.8729987 MHz

F2 - Processing parameters

SI 32768

SF 299.8700035 MHz

WD EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

ppm
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NAME other
EXPNO 106
PROCNO 1
F2 = Acquisition Parameters
Date_ 20180731
Time 1.57
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG zZgpg
TD 65536
SOLVENT DMSO
NS 10000
DS Q
SWH 15060.241 Hz
FIDRES 0.229801 H=z
AQ 2.1758451 sec
RG 1625.5
DW 33.200 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
dlz 0.00002000 sec
CHANNEL f1 ==
13c
10.00 usec
0.00 dB
62.9015280 MHz
CHANNEL £2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 21.50 dB
PL13 23.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
SI 32768
SF 62.8951754 MHz
WDwW EM
SSB Q
LB 6.00 Hz
GB Q
T T T T T T T T T T T e 1.40
200 180 160 140 120 100 80 60 40 20 ppm

3BC NMR of 6e
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Current Data Parameters

NAME Afshar
EXPNO 139
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170518
Time 11.42

INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2
™D 16384
SOLVENT DMSO
NS
DS 0
SWH 5995.204 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 362
DW 83.400 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
== CHANNEL fl ==
NUC1 1H
Pl 9.00 usec
PL1 3.00 dB
SFO1 299.8729987 MHz
F2 - Processing parameters
SI 32768
SF 299.8700035 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
—_,J PC 1.00
T I 1 TTrTTTTT I T | I I e T ~
11 10 9 8 7 6 4 3 2 1 pPpm
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I'H NMR of 7a
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13C NMR of 7a
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e B R B B B B B B B R | S L = = s Mo ] EXPNO 100
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180727
Time 23.12
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG 2gpg
TD 65536
SOLVENT DMSO
NS 10000
DS ]
SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 1625.5
DW 33.200 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
diz 0.00002000 sec
== CHANNEL f1l =
NUCl 13¢C
P1 10.00 usec
PL1 0.00 dB
SFOl 62.9015280 MHz
CHANNEL £2
CPDPRG2 waltzlé
NuUC2 1H
PCPD2 80.00 usec
PLZ 3.00 dB
PL12 21.50 dB
PL13 23.00 dB
SF02 250.1310005 MHz
F2 - Processing parameters
SI 32768
SF 62.8951754 MHz
WDW EM
SSB Q
e 6.00 Hz
GB ]
T T T T T TF 1.40
100 80 60 40 20 ppm
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Abundance
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Average of 0.107 to 1.156 min.: M8-8-.d\data.ms
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Current Data Parameters

NAME Afshar
EXPNO 174
PROCNO 1
F2 - Acquisition Parameters
Date 2017081 1
Time 13.3

—NH  NO, ON  HN— INSTRUM  spect
PROBHD 5 mm BBO BB-1}
PULPROG zg
TD 16384
SOLVENT DMSO
NS 32
DS 0
SWH 5995.204 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 574.7
DW 83.400 usec
DE 6.00 usec
TE 300.0K
D1 2.00000000 sec
NUC1 1H
P1 9.00 usec
PL1 3.00 dB
SFO1 299.8729987 MHz

‘ F2 - Processing parameters

SI 32768
SF 299.8700035 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T E ! I UREEH RESTEE: I T ] T ] I I

12 1 10 9 8 5 4 3 2 1 ppm
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1H NMR of 7b
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o™

S ? g Current Data Parameters
NAME other
EXPNO 102
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180728
Time 14.01
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG 2gpg
TD 65536
SOLVENT DMSO
NS 10000
DS ]
SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 1625.5
DW 33.200 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
diz 0.00002000 sec

== CHANNEL f1l =

NUCl 13¢C
P1 10.00 usec
PL1 0.00 dB
SFOl 62.9015280 MHz
======== CHANNEL f2 ===
CPDPRGZ waltzlé
NuUC2 1H
PCPD2 80.00 usec
PLZ 3.00 dB
PL12 21.50 dB
PL13 23.00 dB
SF02 250.1310005 MHz
F2 - Processing parameters
SI 32768
SF 62.8951754 MHz
WDW EM
SSB Q
LB 6.00 Hz

iy 0

T T P 1.40
20 ppm
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Current Data Parameters
NAME M.Masumi
EXPNO 168
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170528

Time 8.37
INSTRUM spect
PROBHD 5 mm BBO BB-11

PULPROG zg
™D 16384
SOLVENT DMSO
NS 16

DS 0

SWH 6172.839 Hz
FIDRES 0.376760 Hz

AQ 1.3271540 sec
G 8127
DWW 81.000 usec
DE 6.00 usec
TE 300.0K
D1 2.00000000 sec
====——=CHANNEL fl ==
NUC1 1H
P1 9.00 usec
PL1 3.00 dB

SFO1 299.8729987 MHz

F2 - Processing parameters
68

SI
SF 299.8700023 MHz
WDW EM
SSB 0
LB 0.30Hz
GB
PC 1.00
e | ] T [ I T T PRREREEE ] nh i T T I T ] o
13 12 M 10 9 8 7 6 5 4 3 2 1 ppm
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'H NMR of 7¢
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13C NMR of 7¢
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v 4 e 4 4 s s s s s s s s s e s OWVMNMOVUMOL MM
PFOEMANITNONN-WIN T —HOOTNHOT o I S N I B
FOOOLIONONOONNNNNNNNAAATOOD NAdAA1OOOW®MS O Current Data Parameters
AHAA A A A A AA A A AAAAAA A A A A A SIS OONAAA NAME other
EXPNO 98
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180726
Time 13.30
/ INSTRUM spect
F{rq PROBHD 5 mm Multinucl
PULPROG 2gpg
TD 65536
SOLVENT DMSO
NS 10000
DS ]
SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 1625.5
DW 33.200 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
diz 0.00002000 sec
== CHANNEL f1l =
NUCl 13¢C
P1 10.00 usec
PL1 0.00 dB
SFOl 62.9015280 MHz
CHANNEL £2
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PLZ 3.00 dB
PL12 21.50 dB
PL13 23.00 dB
SF02 250.1310005 MHz
F2 - Processing parameters
SI 32768
SF 62.8951754 MHz
WDW EM
SSB Q
LB 6.00 Hz
GB ]
T T T T T T T F 1.40
160 100 80 60 40 20 ppm
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Abundance
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Current Data Parameters

NAME M.Masumi
EXPNO 169
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170528

HN _/_ Time 8.40

INSTRUM spect

PROBHD 5 mm BBO BB-1H

PULPROG zg

D 16384
SOLVENT DMSO
NS 16

DS 0

SWH 6172.839 Hz
FIDRES 0.376760 Hz
AQ 1.3271540 sec
RG 574.7

Dw 81.000 usec
DE 6.00 usec

TE 300.0K

D1 2.00000000 sec
=======CHANNEL f] =—
NUC1 1H

Pl 9.00 usec

PL1 3.00 dB
SFO1 299.8729987 MHz
F2 - Processing parameters
SI 32768

SF 299.8700023 MHz
WDW EM

SSB 0

1.015

0
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'H NMR of 7d
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PROCNO 1
F2 - Acquisition Parameters
Date_ 20180725
Time 2.52
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG zgpg
TD 65536
_\_ _/_ SOLVENT DMSO
NS 10000
NH NO,  O,N HN s 0
SWH 15060.241 Hz
— FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 1625.5
DW 33.200 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
d12 0.00002000 sec
== CHANNEL f1l =
NUC1 13C
P1 10.00 usec
PL1 0.00 dB
SFOl 62.9015280 MHz
= CHANNEL £2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PLZ 3.00 dB
PL12 21.50 dB
PL13 23.00 dB
SF02 250.1310005 MHz
F2 - Processing parameters
ST 32768
SF 62.8951754 MHz
WDW EM
SSB Q
LB 6.00 Hz
s GB ]
T T T T T T T T T TF 1.40
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13C NMR of 7d



Current Data Parameters

NAME M.Masumi
EXPNO 170
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170528

Time 8.33
INSTRUM spect
PROBHD 5 mm BBO BB-1
PULPROG g

TD 16384
SOLVENT DMSO
NS 16

DS 0

SWH 6172.839 Hz
FIDRES 0.376760 Hz
AQ 1.3271540 sec
RG 574.7

DW 81.000 usec
DE 6.00 usec

TE 300.0K

Dl 2.00000000 sec
========CHANNEL fl =
NUCI1 1H

P1 9.00 usec

PL1 3.00dB

SFOl  299.8729987 MH.

F2 - Processing parameters

SI 32768

SF 299.8700023 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0
PC 1.00
T T T T [y T T

T T
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Current Data Parameters

NAME

EXPNO

PROCNO

F2 - Acquisition Parameters
20180703

other
83
1

Date_
Time 5.09
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG 2gpg
TD 65536
SOLVENT DMSO
NS 10000
DS ]
SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 1625.5
DW 33.200 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
diz 0.00002000 sec
== CHANNEL f1l =
NUCl 13¢C
P1 10.00 usec
PL1 0.00 dB
SFOl 62.9015280 MHz
= CHANNEL £2

CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PLZ 3.00 dB
PL12 21.50 dB
PL13 23.00 dB
SF02 250.1310005 MHz
F2 - Processing parameters
SI 32768
SF 62.8951754 MHz
WDW EM
SSB Q
LB 6.00 Hz
'GB ]

T T T T T T T T T T T R 1.40
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13C NMR of 7e



