Electronic supplementary Materials for the article
Synthesis of antiviral drug tecovirimat and its key maleimide intermediates

using organocatalytic Mumm rearrangement at ambient conditions

Przemystaw Szafranski!”, Wojciech Trybata!, Adam Mazur, Katarzyna Panczyk-Straszak', Alicja
Kacprzak, Vittorio Canale!, Pawet Zajdel!

! Department of Organic Chemistry, Faculty of Pharmacy, Jagiellonian University Medical College,
9 Medyczna Street, 30-688 Krakow, Poland

Contents
S1. Synthetic and physicochemical data for hydrazides 1a-1h, pp. 2-4
S2. NMR spectra and UPLC/MS datasets, pp. 5-61

S3. Computational results, pp. 62-78



1. SYNTHETIC PROCEDURES AND PHYSICOCHEMICAL DATA FOR
HYDRAZIDES 1a-1h

1.1. 4-trifluoromethylbenzohydrazide (1a)
O

_NH
o
H
FsC

White solid; 783 mg, (72.6% vield); CsH7F3N2O; MW 204.15; 'H NMR (500 MHz, CDCls) § (ppm)
4.12 (br. s., 2H, -NH,), 7.68 (d, J=8.2 Hz, 2H, Ar-H), 7.86 (d, J=8.1 Hz, 2H, Ar-H), 7.93 (br. s., 1H,
-NH-); HPLC 99.6%, tz=1.23 min.

1.2. Tert-butyl hydrazinecarboxylate (1b)
CH; O

H3C/}\OJ\N’NH2

CHy H

Hydrazine monohydrate (3.44 g, 0.0687 mole, 3 eq.) was dissolved in isopropanol (13 mL) in a 100
mL round-bottom flask. Di-tert-butyl dicarbonate (5 g, 0.0229 mole, 1 eq.) in isopropanol (5 mL)
was added dropwise to the prepared solution. After the entire volume was added, the reaction mixture
was left at room temperature on a magnetic stirrer for 2 hours. After this time, the reaction mixture
was evaporated to dryness. The residue was dissolved in CH>Cl, and dried over MgSOusann). After
filtration and distillation of the solvent, the crude product was obtained and used in further stages of
the synthesis.

White solid; 2400 mg (79% yield); CsHi2N202; MW 132.16; 'H NMR (500 MHz, CDCl3) § (ppm)
1.36 - 1.5 (s, 9H, (-CH3)3), 3.17 - 3.48 (br. s., 2H, -NH>»), 5.70 - 5.98 (br. s., 1H, -NH-).

_NH
©)J\N 2
H

White solid; 760 mg (68% yield); C7HsN>O; MW 136.15; 'H NMR (500 MHz, CDCIs) & (ppm) 3.40
(br. s., 2H, NH) 7.40 - 7.47 (m, 2H, Ar-H) 7.48 - 7.54 (m, 1H, Ar-H) 7.70 - 7.77 (m, 2H, Ar-H).

1.3. Benzohydrazide (1¢)

1.4. 4-(Dimethylamino)benzohydrazide (1d)
O

_NH
/@)J\N 2
H4C.
3N

|
CH3



White solid; 640 mg (59% yield); CoHi3N30; MW 179.22; 'TH NMR (500 MHz, DMSO-d3) & (ppm)
2.86 - 2.96 (m, 6H, (CH3)2), 4.20 - 4.38 (m, 2H, NH»), 6.58 - 6.70 (m, 2H, Ar-H), 7.58 - 7.70 (m, 2H,
Ar-H), 9.25 - 9.43 (m, 1H, NH); HPLC 99.53%, tr=0.853 min.

1.5. 4-Methoxybenzohydrazide (1e)

_NH
HC .
>0

White solid; 680 mg (62% yield); CsHioN202; MW 166.18; "H NMR (500 MHz, CDCls) & (ppm)
3.83 -3.84 (m, 3H, -OCH3), 6.89 - 6.93 (m, 2H, Ar-H) 7.70 - 7.74 (m, 2H, Ar-H).

1.6. Phyenylhydrazine (1f)
H

N.
Sl

Phenylhydrazine hydrochloride (3 g, 0.0207 mole) was dissolved in a minimum volume of distilled
water and treated with 40% NaOH(aq). The resulting base was extracted into CH>Cl, dried over
Na>SO4ann) and the solvent was distilled off. The crude product was used in isomaleimide synthesis.

Yellow oil; 1953 mg (87% yield); C¢HsN2; MW 108.14; 'H NMR (500 MHz, CDCls3) § (ppm) 3.00
-4.13 (m, 2H, NH»), 6.79 - 6.84 (m, 2H, Ar-H(3,5)), 7.21 - 7.27 (m, 3H, Ar-H(2,4,6)).

1.7. Benzenesulfonohydrazide (1g)

\//

S. .NH
©/ N 2
H

Sulfonyl chloride (1,77 g, 0.0100 mole, 1 eq.) was added dropwise to a stirring solution of hydrazine
monohydrate in CH2Cl; in a 100 mL round-bottom flask. After the entire volume was added, the
reaction mixture was stirred for another 15 minutes at room temperature, and then alkalized with 10%
NaxCOs3aq) to pH=11. The reaction mixture was diluted with CH2Cl,. After phase separation, the
organic layer was dried over Na>SOusqnny and the solvent was distilled off. The crude product was
crystallized from EtOH and used in the next step of the synthesis.

White solid; 1498 mg (87% yield); CeHsN202S; MW 172.20; 'H NMR (500 MHz, DMSO-de) &
(ppm) 4.07 (d, J=2.3 Hz, 2H, NH>), 7.53 - 7.59 (m, 2H, Ar-H(3,5)), 7.59 - 7.64 (m, 1H, Ar-H(4)),
7.74 - 7.79 (m, 2H, Ar-H(2,6)), 8.36 (br. s., 1H, NH); HPLC 99.33% (MaxPlot, 200-800 nm),
tr=0.861 min.



1.8 thiophene-2-carbohydrazide 1h

S N/NHz
\ /| H

Tiophenecarbonyl chloride (1 g, 0.0068 mol, 1 eq) dissolved in CH2Cl> (10 mL) was added dropwise
over one hour to a mixture of hydrazine hydrate (4.5 mL, 13 equiv) and dichloromethane (10 mL), at
0°C. After the addition was completed, the stirring continued overnight. After that, the reaction
mixture was diluted with CH>Cl, (20 mL). The aqueous phase was separated and extracted with ethyl
acetate (3x20 mL). Both organic phases were then extracted with 5% aqueous hydrochloric acid
(3x20 mL). The combined acidic aqueous phase was neutralized with NaHCOj to slightly basic pH
and extracted with ethyl acetate (4x15 mL). The combined organic phase was dried with anhydrous
NaxSOs4 and evaporated to yield the product, which was used without further purification.

White solid; 360 mg (37%), 'H NMR (500 MHz, DMSO-ds) d ppm 4.42 (br. s., 2 H) 7.09 (dd, J=4.98,
3.76 Hz, 1 H) 7.67 (dd, J=3.72, 1.07 Hz, 1 H) 7.70 (dd, J=5.01, 1.07 Hz, 1 H) 9.72 (s, 1 H);



2. SPECTRA

2.1. 4-(Trifluoromethyl)benzohydrazide (1a)

O

_NH,

N
H

F3C
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2.2. Tert-butyl hydrazinecarboxylate (1b)
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2.3. Benzohydrazide (1c)

2.3.1.

"H NMR
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2.4. 4-(Dimethylamino)benzohydrazide (1d)

(0]
_NH,
N
H
HsC.
N
CH;
1
24.1. 'HNMR
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2.5. 4-Methoxybenzohydrazide (1e)

N Hz
H3C. o
1
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2.6. Phenylhydrazine (1f)

H
N.
NH»>
1
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2.7. Benzenesulfonohydrazide (1g)
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2.9. N'-(5-Oxofuran-2(5H)-ylidene)-4-(trifluoromethyl)benzohydrazide (2a)
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2.9.2. *C NMR
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2.9.4. LCMS
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2.10. Tert-butyl 2-(5-oxofuran-2(5H)-ylidene)hydrazine-1-carboxylate (2b)
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2.10.2. *C NMR

Aequisition Time (sec) 1.9996 | pate 15 Nov 2023 10:10:44 Date (dd/mm/yyyy): 28 10 2025
Date Stamp 15 New 2023 09:18:41 Page: 1
File Name WhppServerhWyniki NMR\ 43 \2023KPS23-5 035 43 CARBON-1-1jdf
Fi (MHz) 125.7653 Nuelous 130
Number of Transients 1024 Origin ECA
Original Points Count  TBG04 Owner delta
Points Count 131072 Pulse Si carbon jxp O 1 4
Solvent DMSO0-d& trum Offset (Hz)  12576.5293
Sweep Width (Hz) 3831018 Temperature (degree C) 20600 | | | 15
~
11

N 9
— O\?¢ SNH Yo7 D2
4

pry
3
2

e s 8 8

g o 8% 3 8

- vg =

260 240 220 200 180 160 140 120 100 80 60 40 20 0 Chemical Shift (ppm)



2.10.3. LCMS
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2.11.N'-(5-Oxofuran-2(5H)-ylidene)benzohydrazide (2c)

2.11.1. '"H NMR
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Temperature (degree C) 21.500

748

MO4(or d)

746

oo 2 g 8
5 3 8 8 3
iyl Ryt S -
T T T T T — 5
80 75 Chernical Shift (ppm) ™ B
=8
@
o
% g3 3
~gl®
5 8|
=
[ I
|
— B LY - |
0.89 0.92 1,87 1.032.00 0.89
16 15 14 13 12 1 10 9 8 7 ] 5 4
13
2.11.2. "CNMR
Acquisition Time (sec) 1.9996 | Date 15 Nov 2023 08.14:52
Date Stamp 15 Nov 2023 08:22:49
File Name WAppServeriai iki_NMR\_43_\2023\KPS-15_935 43 CARBON-1-1.jdf
Frequency (MHz) 125 7863 Nucleus 13C
MNumber of Transients 1024 Origin ECA
Original Points Count 78604 Owner deita
Points Count 131072 Pulse carbon jxp.
Solvent DM30-de ectrum Offset (Hz)  12576.5293
Sweep Width (Hz) 39310.18 Temperature (degree C) 20.800
157 X1
MOg(m} | | |
MOT(br 5}
MOB(s) 1 4\ /,v 1
= 13
B
8 MO5(s)
=
= =
bl
@
&
WO4{m) T
Mog(m) MO3(m)

|

0] ~
He ) Mo2(d / N H \\
() 0O
J(M03)=5.40 Hz, 5 o 8 |
; Mos(d) 7| 2%
; ' =

Date (dd/mmfyyyy): 29 10 2025
Page: 1

O

— 12 4
13
Water
DMSO
{
L SR i S
3 2 1 0 Chemical Shift (ppm)

Date (dd/mm/yyyy): 29 10 2025

Page: 1
0]
g
-~ N O
ONH NeTUN

1%? 136 IZI§5 134 13‘3 132 13‘! 150 129 1&8 1‘27 155 m Cv;emilca\ éniﬂ‘{pp(l\\)
B
o8
g fas
2 7 83
2 h o
i
260 240 220 200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)
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2.11.3. LCMS

A n
dva ced Mo, | iR (min) | Peak Area (Y units"min) | Area (%)
Chemistry 1 | 0835 13915439 0146
pevelopment 2 | oesr 58882.070 0618
3 | nosa 12784 523 0.134
448 4 | a0z 20060.084 0315
5 | <nea 30974.262 0.325
6 | 4218 47547.813 0.490
7 | 447 9258320.000 97.075
5 | 53m 18494.358 0.194
g | ss0e 20752.229 0312
10 | Beaz 12200273 0.128
11 | 7868 24147623 0.253
||
088
oFAL ooz 202 400 422 535 581 888 767
||
. .27 ! | ras0 614 755 11.13
307 | )
MOESH MS2) 20y M lasasennde A
X (217.1) 41 2.90
||
e 2287 || . —
TIC (ES-, MS2) > | 5827 87! ! o
s i ,\."kL_ PP, | I\-\_,I -'-4’;\5—2:-\-! -‘J\,:"\-'-\/-‘;‘_IJ‘,J.___ .‘_,-\_.,I.\.—.-_ — NPT P e gpmpon et e Mot
428 ||
XIC (215.0) 414 |
U
A A AN S
1 2 3 4 5 8 7 8 2 10 11 Retenticn Time (min)
tR Mass [M+H]+ [M-H]- Area
(min) (A0) (%)
TIC (ES-, MS2) = 69.94
XIC = 76.88
4477 216.053 217.061 215.046 TIC (ES+, MS2) = 70.06
XIC = 89.10
TAC = 97.08
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2.12.4-(Dimethylamino)-N'-(5-oxofuran-2(5H)-ylidene)benzohydrazide (2d)

—
HaCu
|
CHs
1
2.12.1. HNMR
Time (sec) 4.3647 Date 17 Jan 2024 12:48:14 Date (dd/mmiyyyy): 29 10 2025
Date Stamp 17 Jan 2024 12:48:05 Page: 1
File Name \AppServerMEWyniki NWMRI_43_2024IKPS23-38 835 43_PROTON-1-1jdf :
Frequency (MHz) 500,150 Nucteus H
Number of 8 Origin ECA o
Original Points Count 40960 Owner defta
Points Count 104858 Puise Sequence single_pulse.jxp 16
SW{cyclical) {Hz) 750754 Solvent DMSO-d8 o} \
Spectrum Offset (Hz) 32510042 Spectrum Type standard 15
Sweep Width (Hz) 750746 Temperature (degree C) 20,900 6 N
M03(m, 15,16) ~
. T NH
N | "
8 4 e}
~ /
N 3
9
MO4(r), 4,6) Moz(r, 1,3) L
geegrEh:
e o
[}
£ & E
e 16,16
78 77 76 75 74 73 72 71 70  69Chemica Shift(ppm) o
| omsos
1]
1 146 13
22
[ 2
1 . .
095 198 182 188 6.00
14 13 12 1 10 9 8 7 6 5 4 3 2 1 Chemical Shift (ppm)
13
2.12.2. °C NMR
Acquisition Time (sec) 18996 Date 18 Jan 2024 06:41:37 Date (dd/mmiyyyy): 29 10 2025
Date Stamp 18 Jan 2024 05:48:34 Page: 1
File Name WAppServerMBW yniki_NMRI_43_(20241KPS23-38_835 43_CARBON-1-1.Jdf ge-
Frequency (MHz) 125.7653 Nucleus
Number of Transients 1024 Grigin ECA 4
Griginal Points Count 78504 Gwner delta
Points Count 131072 Pulse Sequence carbon jxp 0 o::"'.,_s/ \
Solvent DMSO-d6 Spectrum Offset {Hz)  12576.5293 3
Sweep Width (Hz) 39310.18 Temperature (degree C) 21.200 | | \ /
16 7 N—2
- I -
157 11 NH N\
Il
- 18 14 12
] 8 N N v
3 N 13
Mot} I
5 19
g (-CH3)2 and DMSO-6 |
MO2(s) o3 108(s) .
8 g 'q 8
g g s ¥
R AL kL AL L st
165 160 155 150 145 140 135 130 Cherical Shift (ppm)
2 8
8 38 =
g3 9 T ]
%8 3 | B |
Ll I | —
260 240 220 200 180 160 140 120 100 80 60 40 20 0 Chemical Shift (ppm)
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2.12.3. LCMS

Development

No. | 1R (min) | Peak Area (Y units"min) | Area (%)
402 1 3874 148050.000 1.991
’ 2 4433 21418.916 0.290
3 4.523 44510.508 0.803
4 4.803 1E354.870 0.282
5 5251 7132842 500 BE.652
B 6,130 14785.882 0.200
TA 3.38 - 526 B48 745
_[FI .97 I‘x_,. -
I
TIC (ES+, MS2) amy ol 11.34
e . N S —— R
II
Az (260.1) 406 II\\J\ 532 7.5
a3 { WM
e | st MR
M\"H«"M LW mwh-mwﬁ.ww"w"-
=
Nl &53-13 174277 5.90 488 ",
 — —
1 11 Retention Time (min)
R Mass [M+H]+ M-H]- Area
(min) (Ac) (%)
TIC (ES-, MS2) = 82.72
XIC =55.17
5251 259.096 260103 258.088 TIC (ES+, MS2) = 86.09
XIC = 75.98
TAC = 96.65
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2.13.4-Methoxy-N'-(5-oxofuran-2(5H)-ylidene)benzohydrazide (2e)

2.13.1. '"H NMR

Acquisition Time (sec) 1.9984

O

H3C.

Date 03 Nov 2023 10:52:32

Date (dd/mm/yyyy): 29 10 2025

Date Stamp 03 Nov 2023 10:51:64 Page: 1
File Name. \WhppServerWyniki NMR\ 43 \2023KPS23-22 936 43 PROTON-1-1df ge:
Frequency (MHz) 500.1589 Nucleus 1H
Number of Transtents & Origin ECA 0
Original Points Count 18757 Ower delta
Points Count 131072 Pulse single_pulse.po
Solvent CHLOROFORM-d o

Offset(Hz) 22510306 | Spectrum Type STANDARD /k 3
Sweap Width (Hz) 9385.89 | Temperature (degree C) 20.800 0 ';'IH-.N/ 4//
MO4(m)
«
cocis 28 1277 8
M02(d) { - MOS(d) | ‘ |
13 15
2 ] T X
g3 = e
= o
| o]
MO3br d) “CHs3
18
E
-
8 8 2 8
] [t [t [
T T T T T T T
8.0 75 7.0 Chemical Shift {(ppm)
cocis]
gs
23 & “3g
2R N ©g
Bm
e
e shh lde 4 ! B V| 1
082 2001.00 199105 285
16 15 14 13 12 10 9 8 7 6 5 4 2 1 0 Chemical Shift (ppm)
13
2.13.2. °C NMR
Acquisition Time (sec) 1.9996 | Date 03 Nov 2023 11:45:08 Date (dd/mm/yyyy): 29 10 2025
Date Stamp 03 Now 2023 10:63.05 Page: 1
File Name WAPpServerMOUAyniki NMR\ 43 \2023IKPS23-22 935 43 CARBON-1-1.jdf .
Frequency (MHz) 125 7653 MNueleus 13C
Number of Transfents 1024 Origin ECA o
Original Points Count  TB604 Owner defta / /
Points Count 131072 Pulse carbon.jxp 2
Selvent CHLOROFORM-d (SN
trum Offset (Hz)  12576.5293 Sweep Width (Hz) 39310.18 o NH E! y 3
Temperature (degree C) 20.900 | Dpg
11
g
3. 15
\1| 4
MO8(m) 0.
Mosie) MDB(s) %_'3
' k=]
M10| % b
MO2(s) Moa(s) (s) 5 e
MO3(s) e MOBbrs) =
5
b S MO7(br s)
33 853
[T 8ag
- Ji - rnih .)U ah A
!
T T T T T T T T T T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 Chesical Shift (ppem)
5 B
53 8 zaf 2 3
2@ F oggd < #
L
260 240 220 200 180 160 140 120 100 80 60 40 20 0 Chemical Shift (ppm)

26



2.13.3. LCMS

-

Advanced Mo [ Rimin) [ Peak Arsa (Y unis'min) [ Area %)
Chemistry 1 | 351s 243333.007 36
pevaiopmant T 0093, 151 0513
3 | 45 55464715 LEEE
451 4 [ 4813 SE39303.500 EE.EED
5 | S6ia 30455 016 DETS
£ | 5655 TETIA.EAT 1.106
7 | 583 14364 716 0218
5 | 70 435911.535 E.E24
g [ 7 15543.152 023
5E6 7D
351 & 77
TAC | as _.'%*Ed?‘ [rsae )7
7.15
| | 750
356
0717 090 ase || h NJ'. |Il.
i
W_ES*': !'152] s f'lN_JHMJL,J "4:&7-'“' Mo bl "‘--—"H-r-\_p’\-.-m_,-._,_.-ww;—a—"_""“'\mx
|
XIC (247.1) st | 7.00
EET) | 71
.12
555 ;
567 'II i ' 76
C JES-, M3 ! (W el b
u"j«-ww-ﬁ.}:} II',,-'r"‘-x.,-..,..J‘"u-I l—'LEEr'\-..l"I-n' LI WL L R
452 L
XIC (245.1) AJ L:

R Mass [M+H]+ [M-H]- Area
(min) (Ao) (%)
TIC (ES-, MS2) = 44 57
XIC =79.58
4813 246.064 247.071 245057 TIC (ES+, MS2) =49.85
XIC =90.98
TAC=85.70

27



20231 10?_KPsza_ﬂA_1_Proﬁlﬁ_cUmbined_4_s2_252

247.071
135.095 248.136
134.829 248 402
254 922
255454
ES+
o I n N Hl = Jl . -
e A e e o e e BT s

80 160 240 320 400 480 560 640 720 800 880 960 miz



2.14.5-(2-Phenylhydrazineylidene)furan-2(5H)-one (2f)

2.14.1. '"H NMR

Acquisition Time (sec) 4.3647

| Date

09 Feb 2024 13:32:57

Date (dd/mm/yyyy): 29 10 2025

Date Stamp 09 Feb 2024 13:31:47 F’age‘ 2
File Name WAppSererMEW ik NMR\_43_\2024\KPS24-7-1114-25_935_43_PROTON-1-1jd )
f
Frequency (MHz) 500.15%% Nucleus 1H
Number of Transients & Origin ECA 3 NH
Original Points Count 40960 Owner delta e \\ L
Points Count 104856 Pulse Sequence single_pulse.jxp 5 7 N
SWicyclical) (Hz) 7507 .54 Solvent CHLOROFORM-d
Spectrum Offset (Hz| 3251.0042 Spectrum Type standard
Sweep Width (Hz) 7507 46 Temperature (degree C) 20.200 6 / 2
Moz(m, 11) 4 11 o)
Mod(m, 2,3) \\
MO3(m, 4,5) 13
MO5im, €) o
CHLOROFORM-d|
. MOB(m, 13)
e 2 & = =2
[ il [ — I -
T T P T T T T T O T L UARAAAAARALAARS Sadad - - = T
7.40 7 T.30 7.25 2 7.15 7.0 7.05 7.00 Cherical Shift (ppm) 6.325 6.300 Chemical Shift (ppm)
a3 3
5
[ TMS
HLOROFQRM-d |
WE
7 .
L ‘ Water|
i f
100 1132332321.141.10
14 13 12 11 10 9 8 T 6 5 4 3 2 1 Chemical Shift (ppm}
13
2.14.2. °"CNMR
Acquisition Time {sec) 1.9996 [ Date 09 Feb 2024 12:20:12 Date Stamp 09 Feb 2024 11:28:09
File Name Cil KPS PZINMR\Z024\KPS24-7-f114-25 %35 43 CARBOM-1-1.jdf F (MHz) 12577
Nucleus 13C Number of Transients 1024 Origin ECA ginal Points Count 78604
Owner delta Points Count 131072 Pulse Sequence carbon.jxp Solvent CHLOROFORM-d
Spectrum Offset (Hz| 12576 5293 Sweep Width (Hz) 39310.18 Temperature (degree C) 20.100

13C NMR (126 MHz, CHLOROFORM-d) & ppm 113.41 (s, 1 C), 120.11 (s, 1 C), 122.29 (s, 1 C), 129.57 (s, 1 C), 139.77 (s, 1 C), 141 41 (s, 1 ©),
142.54 (s, 1 C), 166.42 (s, 1 C)

@]
2,;6
0™\
14 _NH i Ve
ﬁ/ \\QT/” W
7 P
-
10 e
~i7 b
M5
MO4(s) Ble) Mo8(s)
N
Mo3s) g ME =
’ o 2
Mo2(s) | MOBig) T
= b=
=~ ! -
Mo(e) 2 N8
g 27 Tl
g ¥
T by
| [ .
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 T T T T T T T T T T T T T T
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2.14.3. LCMS

Mo | 1R jmin) | Peak Area (¥ unks'min) | Area (%)
1 | 250 3752794 0.057
2 | 3a==s 985,523 0.5
3 | e 12785152 .15
4 | am 6817278 0.0
5 | 47 2193.344 0.033
6 | 450 1704158 0.026
Advanced 7| 4= 16545208 0.025
Chemistry [ 2014 1244 0.238
peveiopment g | s 003,124 0.031
i0 | 60N 10M5.550 0.045
ET5 i1 | 604 5554078 10.084
12 | 6ES 7171.550 0.305
13 | 6@ 1652544 0.026
14 | 621D 2555533 0.035
15 | 6748 6453140500 99,728
R 3351904 0.051
17 | 77 1253181 0.0
15 | 7951 1960272 0045
[CHEEE 7189134 0.105
. £.08 '21!'2‘*'125 o | T IaATTZ 0057
] Sl =% 51136044 0. [T —
TAL 35 k30473 | Ea0adt &%1: = H[ 7 1530826 0.025%
—_— L 4. E T
| 11.36
0.5
fﬂ&_ll | M.‘.\AV‘\_AI‘-
. e
a.61 d
|
XIC (1B9.1) 5.30] 'l'h_,.._..___ )
AL
U | N"M Nﬁ;
Y A

TIC igﬁirlwx;w%w. e lrmwﬁﬁmw*‘wﬁm

XIC (187.1) |
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R Mass [M+H]+ [M-H]- Structure Area
(min) (Ao) (%)
NH\
N
| TIC (ES-, MS2) = 100.00
XIC=7261
6.749 188.059 189.066 187.051 0 TIC (ES+, MS2) = 80.71
\ XIC = 69.61
\ TAC=9873
Retention Timel 88890 lon Mode: ES+
170.959
170.826-
93.173
92.041
91.908
+
el b i - o ket N
LRI LI LI BN LU LN LI LI LI LI LI L L L L L L L L L L LN L LN L L L L L L BN LB B ELEN BN R B
80 160 240 320 400 480 560 640 720 800 880 960 miz
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2.15. N'-[5-0x0-2,5-dihydrofuran-2-ylidene]thiophene-2-carbohydrazide (2h)

2.15.1. '"H NMR

05.12.2025 01:36:44

Acquisition Time (sec)

2.0479

Date

02 Dec 2025 12:02:31

Date Stamp

02 Dec 2025 12:01:52

File Name CUsers\Admin\OneDrive - Uniwersytet Jagiellonski\nmri2025\izomal-tiof 935 03 PROTON-1-1 jdf Frequency (MHz) 500.16
Nucleus 1H Number of Transients 8 Origin ECA Original Points Count 19225
Owner delta Points Count 131072 Pulse Sequence single pulse jxp Solvent CHLOROFORM-d
Spectrum Offset (Hz) 3251.0396 Spectrum Type STANDARD Sweep Width (Hz) 9387.80 Temperature (degree C) 20.800
MO1(d) MO1(d)
[l —
22 23
b
Q ‘E,T Mo2(m) ‘EF
=
MOB(m MO3(br.s.) N
M02(m)
T
. MOB(m)
M03£r. s.)
M04(m)
- 0
3e ~
w7 T
o
)
— T T T T T T T T T T T
8.0 75 70 6.5
Chemical Shift (ppm)
]
~
|
MOS(br. s) S% ‘
~ P~ ,
23 g I
@/ @D \
i I wUJ v
/ LA V!
_______,_#ﬁ/"/\w | .I&_w“‘k’\ S “\_‘_,J\Lf'g,}\______,_____‘,]‘u‘ Lwl\
078 104102106
[ — U Y
100 95 9.0 85 8.0 75 70 6.5 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 4]

Chemical Shift (ppm)
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2.15.2. UPLC-MS

444

‘ 0512 2025
MNo. tR (min)Peak Area (Y units*min) Area (%)
1 4039 54383.883 0.73%

|| 2 4224 30951.369 0.420
3 4439 T1B62861.000 97825
4 4838 35354 434 0.480
5 5.303 26960.227 0.366
& 5.783 27156.203 0.369

| 484

TAL:. | 5.30
1 o e | (5P

I

[

I

(| |

Il A i |
| A N
| Aadad WM | e et ey i, ok

I F | .
A - Sah T
M Al v,
o tEs.*;m-"""w’J‘ i [

444 Mo,

XIC (223.0) 4.04 hlzz

| AN P g
Ti¢|ES~ sy s
443 e s bl P
I
|
|
|
4.04
XIC (221.0) Aol
LA B B B o L B O L s e o L e N e s e e
2 3 4 3 6 7 L] 9 10 11 12 Retention Time (min)
somg tR{min} Mass(Ao) M+H]+ [M-H}- M+ M- MF Structure Area
(%)
i TIC (ES-, M52) = 100.00
2 et Single XIC = 91.98
1 4.440 222010 223017 221003 | 222.009 222010 | CHMN,0.5 (.'\\t| N 2 TIC (ES+, M52) = 100,00
\f,’j-sc Single XIC = 96.78
= TAC =97.63
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2.16.N-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)-4-(trifluoromethyl)benzamide (3a)

2.16.1. '"H NMR

090"\
H 0]
c

1H NMR (500 MHz, DMSO-d ) & ppm

12 Sep 2025 07:48:02 Date Stamp 12 Sep 2025 07:47:23
KPS _PZINMRZ025\PS525003 - Frequency (MHz) 50016
Number of Transients 8 ECA Original Points Count 19225
Points Count 131072 Pulse Sequence single pulse.jxp | Solvent DMSO-d&
Spectrum Type STANDARD Sweep Width (Hz) 9387 80 Temperature (degree C) 21.100

11.32 (s, 1H), 8.08 (d, J=8.17 Hz, 2H), 7.92 (d, /=8.31 Hz, 2H), 7.22 - 7.26 (m, 2H)

Mog(m)
-
| MO3(d
Oy o MO2(d) o MO(d)
o 9\12—’“\\ 2 2
B 4 o=
A N g7 Pe
157 NH 1 8 i |
o
F 194 12
18\1?_: ~i 1o
™
F 20 |
19
215 223
| —— e —
T T T e e
8.10 8.05 8.00 7.95 7.90 785
m Chamical Shift (ppm)
MO3(d) 4! !
M02(d)
g8
Mot(s) gl
&
. n m
]
0.99 215223 184
L H H [
" 10 8 8 7 6 5 4 3 2 1 [}
‘Chemical Shift {ppm)
13
2.16.2. °C NMR
Acquisition Time (sec) 19996 I Date 12 Sep 2025 10:13:01 Date Stamp 12 Sep 2025 09:20:58
File Name CiUsers\panczykkiDesktop\Widma KPS PZINMR\Z025\KPS25003 935 43 CARBOMN-1-1.jdf Frequency (MHz) 125.77
Nucleus 13C Number of Ti 1024 Origin ECA Original Points Count TEE04
Orwner delta Points Count 131072 Pulse Sequence carbon jxp Solvent DMSO-d6
Spectrum Offset (Hz) 12575.5293 Si Width 39310.18 Temperature ree C) 21 500
MOS(s)
- 13C NMR (126 MHz, DMSO-d ) 8 ppm 124.26 (g, J=272.00 Hz, 0 C),
MO4(s) g; 12643 (q, /=3.60 Hz, 1 C), 12922(; 1C), 132.96 (q, /=32.10 Hz, 1
MO3(s) T C), 13451 (5.1 C), 13491 (s, 1 C), 16494 (5,1 C), 168.64 (s, 1 C)
5
2
N
MOBig) o M-y
e,
57 e “*NH’\"“{
/DI
fi < N# 10
[
F 20
19
T T T T T T T T T T T T T T T T T
136 134 132 130 128 126 124 122 120
Chemical Shift (ppm)
MO7ig)
MUIS(S]
MOB(q)
MOI(s) MO(s) wosta)
M0.2(3) Mﬂﬁts)
- &
2 w & ow
. 2 EEEE SRR E-E P
g 3 ;T‘gwﬁfggmms
I T 2 ?J f_J N85 J
| Sl
I1+6‘16‘a‘1é0‘1.":2‘14‘4‘13& a12‘0‘11‘2‘164‘9‘8‘8‘8‘8;)‘7‘2I6|4I5|SI4|8I4|0I3I2I2‘4I1‘ﬁl8“0‘

Chemical Shift (ppm)
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2.16.3. F NMR

Acquisition Time (sec)  2.9861 ‘ Date 26 Mar 2024 11:29:23 Date Stamp 26 Mar 2024 11:28:36
File Name C:\Users\Przemek\OneDrive - Uniwersytet Jagiellonskinmrio2024\CF3-mal 935 03 Fluorine-1-1.jdf Frequency (MHz) 47062
Nucleus 19F Number of Transients 8 Origin ECA Original Points Count 352967
Owner delta Points Count 524288 Pulse Sequence single pulse.jxp Solvent DMSO-d6
Spectrum Offset (Hz) -47062.0469 Spectrum Type STANDARD Sweep Width (Hz) 118203.65 Temperature (degree C) 20.700
MOW(rt‘)r. s.)
g
o
|
F
F
(o]
’ J
NH\
N

3.00
d

LAALN LaANN S ey s a ey e L L L L s A AR L R LN R R L A s L A LA s L e e
-60 -0 -80 -90 -100 -110 -120 130 -140 -150 -160 -170 -180 190 -200 -210 220 -230
Chemical Shift (ppm)
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2.16.4.

LCMS

15 Sep 2025 12:38:46
) .08 Na. | 1R (min) | Peak Area ¥ units*min) | Area (%)
100 1 | 4862 £725.550 1.163
] 2 | 4850 B634.403 1.148
B 3 | BTG 551358.188 95.381
0 - - 4 | Bo4p £305.573 1.106
] ' 5 | 10.776 £047.162 1.202
E 895 10.78
0
E 401
0 3 748 e
] £.84
400 A
] 283
150 4
; U
-200 '5 x_nan........m.._._Ic (285.0) fomedd PR WA A MWH etin Sl ———
F 217
203 217 o
1 180 i
] ars 5.88
w ] ES Ms2) T m_ﬁx_
w0
400 4 XIC(283.0) \_
1 2 3 4 5 B 7 8 g 10 1 12 13 14
Mo | tR(min) | Mass(&o)| [M+H]+ | [M-H}- MF Struciure Mame| Ares
(%)
TIC (ES-, MS2) = 8904
Single XIC = 100.00
1| 608 |284.0400|285.0482|283.0336|C H.F N0, |, T TIC (ES+, M52) = 15.54
hﬂ" Single XIC = 100.00
TAC =9538
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2.17.Tert-butyl (2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)carbamate (3b)
CHy 00"\

_N
HsC O N
% CH; H 0

2.17.1. '"H NMR

Acquisition Time (sec) 1.9984 ‘ Date 06 Fab 2024 10:10:22

Date (dd/mm/yyyy): 29 10 2025
Date Stamp 06 Feb 2024 10:09.44 Page: 1
File Name \AppServerMaW yriki_NMR\_43_2024KPS24-8-fr-14-22_835_43_PROTON-1-1 :
of
Frequency (MHz) 500.1599 Nucleus 1H
Number of Transients 8 Origin ECA CH
Original Points Count 18757 Owner deita H3C 10
Points Count 131072 Pui single_pulse.jxp 15
Solvant DMSO0-dE Spectrum Offset (Hz) _ 3251.0386
Spectrum Type STANDARD | Sweep Width (Hz) 936589 0 CH3
Temperature (degree C) 20,300 /& 14
HN (@]
¢
N
(0] (o]
3—4
|omso-de
H-grease
5 [water
L ale
L 1 TR P
083 167 240
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 [i] Chemical Shift (ppm)
13
2.17.2. °C NMR
Acquisition Time (sec) 1.9998 | Date 06 Fab 2024 11:02:55 Date (dd/mmfyyyy): 29 10 2025
Date Stamp 06 Feb 2024 10:10:52 Page: 1
Fite Name WAppServerMIN yniki_NMR\_43 12024 KPS24-8-7-14-22_035_43 CARBON-1-1] ge:
df
Frequency (MHz 1257653 Mueleus 130
Number of Transfents 1024 Origin ECA CH
Original Points Gount 78604 Owner delta HaCc _10
Points Count 131072 Pulse Sequence carbon_jxp 15\9
Solvent DMS0-d6 Spectrum Offset (Hz)  12576.5293 P
Sweep Width (Hz) 39310.18 Temperature (degrea C) 20.300 O‘ Cﬂ 3
1
PN
Hl\|l o]
O~ N ~.—0
3—/4
]
- g
g 9 3 g
2 h =z
= 3 =
260 240 220 200 180 160 140 120 100 80 60 40 20 V] Chemical Shift (ppm)



2.17.3. LCMS

487
[ 'Mo. | 1R (min} | Peak Area (Y units*min) | Area (%)
1| 4873 2225601.750 95.800
2 | 5086 | 73579.781 | 3200

508

T“_C 492
5.13
6.45
110
566

TIC (ES+, MS2)

if'Fl'l#-"?-'ﬂj A

6.44
B4
TIC (ES-, MS2) 2
514
6.47
0.62
124 2525 4.11
XIC (211406 s16 378
1 2 3 4 5 [ 7 & 9 10 11 Retention Time {min}
Compal tR{min} Mags{Ao) [M+H]+ M-H)- M+ M- MF Structure Area
(%)
H,
H,>|\
= TIC (ES-, MS2) = 49,86
1 4873 212.080 213,087 211072 212079 212.080 CH MO, S Single XIC = 42.95

I TIC (ES+, MS2) = 34.81
1) TAC = 05.80

~~



|Ratention Tinld3.438801 lon Mode: ES+

Relative Intensity (%)

2 2
vl

&
|

|Retention Time: 4 8272 817327 lan Mode: ES-

Relative Intensity (%)

236.22T338
1455415489

£ B

37722087

576187650

a0 3
| T13.514478 BT 67054

0 -

20 -
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]

‘ TR P 110 |
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]
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2.17.4. Data before purification by column chromatography
"H NMR (500 MHz, DMSO-ds) & (ppm) 1.38 (s, 9H, CH3) 7.11 (s, 2H, >CH-) 9.57 (s, 1H, NH)



[ pate 08 Feb 2024 09:12:17 Date (dd/mmi/yyyy): 28 10 2025

Acquisition Time (sec) 4.3647
Date Stamp 06 Feih 2024 08:11:23 F’age' 1
File Name AppServarMSWyniki NMRY 43 \2024KPS24-8 935 43 PROTOMN-1-1.jdf )
Frequency (MHz) 500.1599 Nucleus 1H
Number of Transients & Origin ECA
Original Points Count 40960 Owner delta
Points Count 131072 Puise single_pulse,
t DMSO-d& Spectrum Offset (Hz) 3251.0396
trum STANDARD | Sweep Width (Hz) 9364.38
Tamperature (degree C) 20.100
@
“
[omso
&
8
H-grease
[Wmer '
i B
f ] ) -
uw’amr: | DMSO0-d6| J !
L .I A .
DMSO
B ¥
T
T T T T T T T T T T T T
4.0 35 30 25 2.0 1.5 Chermical Shift (ppm)
p} | H-grease|
[Watau !
w
. ] | o
b}
= i
Water DOMSO-d& |
] A S R S L P R P
083 162
10 9 8 7 [} 4 3 2



2.18.N-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)benzamide (3c)

2.18.1. '"H NMR

Acquisition Time (sec) 1.9984

o)

0] N

_N
N

H @)

| Date 27 Oct 2023 09:01:31

Date Stamp

27 Oct 2023 08.00:53

Date (dd/mm/yyyy): 29 10 2025

Page: 1

File Name

WAppServertSW yniki NMRL 43 \2023\KPS23-19 935 43 PROTOMN-1-1.jdf

Fraquency (MHz)

500.1599 Nucleus 1H

Number of Transients

8 Origin ECA

Original Points Count

18757 Owner delia

Points Count

uence Ise.

131072 single

Pulse

Sol

[o]l}
trum
Temperature {degree C) 20.700

STANDARD

Mos(d)

(7.89

Spectrum Offset {Hz)
Sweep Width (Hz)

3251.0396

9385.89

Mo2(s)
B

..;

2.18.2. ’C NMR

1.6996

Date

[ras =

Waler|  biss0-d6

220100211188

8 Chemical Shift (ppm)

27 Oct 2023 08:54:04 Date (dd/mm/yyyy): 29 10 2025

Date Stamp

27 Oct 2023 08:02:01

File Name

NppServerMSWyniki_NMR)_ 43 \20231KPS23-18_935 43 CARBON-1-1.jdf

Page: 1

Frequency (MHz)

1257653

Nucleus

13C

Number of Transients
Original Points Count

1024

Origin

ECA

TBE04

Owner

delta

Points Count

131072

Pulse

carbon jxp

Solvent

DMSO-dé

Spectrum Offset (Hz)

12576.5293

Sweep Width (Hz)

3831018

MO3(s)

Temperature (degree C)

20.900

Mo7(s)

@
&

Mg}
2

&
&

@
8

168 87
16590

e
129 Chemical Shift (ppm)

260 240

220

200

1.03052

180 160

2.471.150522.51248

140 120 100 80 60 40 Chemical Shift (ppm)
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2.18.3. LCMS

Chemistry Mo. | tR (min) | Pesk Area (¥ units'min) | Area (%)
Development 1 3.040 8107.781 0.150
2 | 4202 3576106.750 05223
4.20 3 | 4ame 118048.672 2.900
4 | 4510 0611.770 0.236
5 5414 5105.151 0.125
[ 6.115 12105.104 0.300
7 7ATT 4410718 0.108
5 | 11573 35256371 0.957
l 438
A | | ra-52
' j."[ ) 3.04 | assil 5417 &1 7.18 1157
|' 442 756 11.48
1 - B
+ W
TC(ESMSZ) aomi e
XIC (217.1) a26))\ 530 R
TIC (ES-, MS2) \ .82 .
- 1 g,
S M) a8 e o
062 |
XCHEBW, 2o I
AL A ERA A R B o o B N AR aE B s o E R aas Ae s e L E e
1 2 3 4 5 ] 7 8 [ 10 11 Retention Time {min}
R Mass [M+H]+ [M-H]- Area
(min) (Ac) (%)
TIC (ES-, MS2) = 93.99
XIC = 89,86
4.202 216.053 217.061 215.046 TIC (ES+, MS2) =81.15
XIC =59.03
TAC=09522
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105217
M+Na
106.016 f‘
106.149
192 084 217 067
ES ‘
l ") l WY A A
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2.19.4-(Dimethylamino)-/N-(2,5-dioxo-2,5-dihydro-7H-pyrrol-1-yl)benzamide (3d)

OOQ
_N
H3C\N

2.19.1. '"H NMR

Acquisition Time (sec) _4.3647

|
CHj;

| Date 17 Jan 2024 12:49.14

Date (dd/mm/yyyy): 29 10 2025

Date Stamp 17 Jan 2024 12:48:05 Page: 1
File Name WAppServerMAWyniki NMRL 43 \2024\KPS23-38 935 43 PROTOM-1-1.jdf ge:
Frequency (MHz) 500.1599 Nucleus 1H
Number of Transients & Origin ECA
Original Points Count 40860 Owner deila O
Points Count 104858 Pulse single_pulsejxp 16
SWcyclical) (Hz) TE07.54 Solvent DMSO-d& 0 \
Spectrum Offset (Hz 3251.0042 Spectrum Type standard \
Sweep Width (Hz) 7507 .46 Temperature (degree C) 20.900 15
~ é N
177 NH
MO4(m, 4,6) Mo2({m, 1 | B
m, 4, b
8 4 0]
~ //I
N 3
9
89
& &
L N | L - |
: - - - = - . - - T r Water
775 774 Chenmical Shift (ppm) 6.750 6.725 Chemical Shift {pprm) 5
15,16
]
| Dms0-as
¥
1 ﬂ‘ﬁ 1;5
@2
[ S
i 1 "
095 198 192 199 6.00
14 13 12 11 10 9 8 7 6 5 4 3 2 1 Chemical Shift (ppm)
13
2.19.2. "CNMR
Aequisition Time (sec) 1.9996 Date 18 Jan 2024 06:41:37 Date (dd/mmiyyyy): 29 10 2025
Date Stamp 18 Jan 2024 05:49:34 Page: 1
File Name miki_ NMR' 43 \2024'KPS23-38 935 43 CARBOMN-1-1.jdf ge:
Frequency (MHz) 125.7853 Nucleus 13C
Number of Transients 1024 Origin ECA 4
Original Points Count 78804 Owner delta
Points Count 131072 Pulse carbon o 0 O\“Qs/ \
Solvent DMSO-d6 Spectrum Offset (Hz)  12576.5293 3
Swoep Width (Hz) 3931018 Temperatura (degree C) 21.200 | | \ /
18 7 N—2
NN NG -
(-CH3)2 and DMSO-d8 ‘i |5 2 i 1 NH \\
2]
18 14 12
-3 N ~~ /';
N 13
19
(-CH3)2 and DMSO-d6
8
g
T T T T T T T T T T T T T T T
8 46 44 4z 40 38 k' 34 Chamical Shift {ppm)
2 8
8 - F
2% ¥ T 8
T8 B ‘ = ‘
.l | I | —
260 240 220 200 180 160 140 120 100 80 60 40 20 0 Chemical Shift (ppm)
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2.19.3. LCMS

4%
TAC 2887 Lol (520 easy 745
|
[
I
TIC (ES+, MS2) i ag7h \ 5 37/\-—
l
XI5 (260.1) ‘Mj LE 7.50

£ f{ 3
| l*!"ﬁ "\WW M A
ﬁé’iﬁs‘-mlmm\,, | I\ A Welhy

. WY o
O Y Lo . e i gt

xi€as8.1) 174277 3907 488\

[

T T T TS T
] 10 1" Retertion Time (min)

tR Mass [M+H]+ [M-H- Area
(min} (Ao0) (%)

TIC (ES-, MS2)=91.98
XIC =8552
4919 259.096 260.103 258.088 TIC (ES+, MS2) = 86853
XIC=7793
TAC =97.284




202401 17_PS—KP323—38A_1_Prof_Combined_4.92_258
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2.20.N-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)-4-methoxybenzamide (3e)
09N\
_N
N

o
HsC-. H

2.20.1. '"H NMR

Acquisition Time (sec) 1.9984 Date 19 Jan 2024 10:50:11 Date (dd/mmiyyyy): 29 10 2025
Date Stamp 19 Jan 2024 10:49:33 Page: 1
File Name WAppSarverMaWyniki NMRY 43 \20241KPS23-24 936 43 PROTON-1-1jdf

Frequency (MHz) 500,159 Nucleus 1H

Number of 8 Origin ECA

Original Points Count 18757 Owner delta o 4

Points Count 131072 Pulse Sequence single_pulse o \
Solvent DMSO-d6 Spectrum Offset (Hz)  3251.0396 0 ~3 \ 3
Spectrum Type STANDARD | Sweep Width (Hz) 9385.89

Temperature (degree C) 20.600 M0a(s)

=)
8
A

Mot ity 18 12
g2 - ~0 13//
=
gtz i
==
2 = = 8
= R | h
' 80 ! 75 ! Chemical Shift (ppm)
£ 28 8z
2 Lk T DMSO-d6
Water ‘
B 3
= ~
)
1.00 210 187211 330
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Chemical Shift (ppm}
13
2.20.2. °C NMR
Acquisition Time (sec) 1.9996 Date 19 Jan 2024 11:42:45 Date (dd/mm/yyyy): 29 10 2025
Date Stamp 19 Jan 2024 10:50:42 Page: 1
File Name WAppServerMBWyniki NMR!_43 \2024\KPS23-24_935 43 CARBON-1-1.jdf :
Frequency (MHz) 125.7663 Nucleus 13C
Number of Transients 1024 Origin ECA
Original Points Count 78804 Owner delta O 4
Points Count 131072 Pulss carbon.jxp = / \
Solvent DMSO-d5 Spectrum Offset (Hz) 125765293 O ~35 \ 3
Sweep Width (Hz) 3931018 Temperature (degree C) 20.800 | | \
hs N i1 NH A
18 14 12
SNo” NE
CEI
2 &= = 3
B84 & !
“gs e
| | |

|oMs0-d8
260 240 220 200 180 160 140 120 100 80 60 40 20 0 Chemical Shift (ppm)



2.20.3. LCMS

CmeEmMmMISTry

Development Mo. | tR (min} | Peak Area (Y units"min) | Area (%)
1 4513 5366451.500 95452
4.5 2 5.358 103326858 1.838
3 5872 57842 258 1.029
4 8.780 568407.230 1.003
5 7.188 20820.408 0.370
g 7.355 16708.883 0.287
718
TAC [| 538587, &78 7.35
_ I =< N AR W N
|
|
'I 540
TIC (ES+, MS2) ! j 8027 Be3 11.03
i _U_____._‘_q_-é_ﬁu \“—-_._-' LI, Y S e ) S S
|
|
| 544
XIC (247.1) ass) | 54
| 5.91
| 541 B.82
LSSl ol IO L Wl WD SR SIS
4574
4 |
XI6: (245 1) \
- | '\
1 2 3 4 5 g8 T a a 10 11 Retention Time (min)
R Mass [M+H]+ [M-H]- Area
(min) (Ao) (%)

TIC (ES-, MS2) = 86 41
XIC = 8824
4513 246 064 247 071 245,057 TIC (ES+ MS2) = 82 61
XIC = 65 51
TAC = 9546
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2.21. N-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-yl)thiophene-2-carboxamide 3h

09\

2.21.1. "TH NMR

05.12.2025 02:07:09

Acquisition Tirme (sec) 19984 Date 04 Dec 2025 10:21:44 Date Stamp 04 Dec 2025 10:21:06
File Name C:\Users\Admin\OneDrive - Uniwersytet Jagiellonski\nmr2025\Tiof-mal 935 03 PROTON-1-1jdf Frequency (MHz) 500.16
Nucleus 1H Number of Transients 8 Origin ECA Original Points Count 18757
Owner delta Points Count 131072 Pulse Sequence single pulse jxp | Solvent DMSO-d6
Offset (Hz) 3251.0396 Type STANDARD Sweep Width (Hz) 9385.89 T (degree C) 20.800
MO3(dd)
(¢]
MO4(s) X
5 o) AN
N
e

j 7 2‘25 ' ' 7 2‘00 '
Chemical Shift (ppm)

T T T T T
7950 7925 70900 7875 7.850

MU?(S) Chemical Shift (ppm)

11.07

7.22

723

" l 1 i J L
12.0 11.5 10.5 100 95 9.0 85 80 75 70 6.5 6.0 55 5.0 45 40 35 3.0 25 20 1.5 10 0.5 0
Chemical Shift (ppm)
13
C NMR
06.12.2025 12:54:56
Acquisition Time (sec) 1.9996 ‘ Date 04 Dec 2025 11:14:18 Date Stamp 04 Dec 2025 10:22:15
File Name C\Users\Admin\OneDrive - Uniwersytet Jagiellonski\nmr'2025\Tiof-mal 935 03 CARBON-2-1.jdf F (MHz) 125.77
Nucleus 13C Number of Transients 1024 Origin ECA Original Points Count 78604
Owner delta Points Count 131072 Pulse Sequence carbon.jxp Solvent DMSO-d6
Spectrum Offset (Hz) 12576.5293 Sweep Width (Hz) 39310.18 Temperature (degree C) 20.800
o]
X
9 A\
N
e
s N
3 ©
M03(s)
MO4(s)
MO7(s,
M1 (s) oM7)
" FMo6(s)
o 3.0
8 188
T 35
T
MO;Z(S) s P
o
s gl =
= 3 -
7 T
" N " " A )
168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
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2.21.2. UPLC-MS

05 12 2025
Mo. tR (min)Peak Area (Y units*min) Area (%)
1 3253 11075857 1.475
3.86 2 3864 T13162.688 94996
1 3 4455 26489334 3.528
TAQ 325 4.46
[RNS | Fg— .—__\_,-\.,__,_,,_J L — —
l
0.93 358 i
} ; f u“lww ”'"I“' "Jn-""l“ d ‘h' r""u irp\'w !.r
Y
| A 'ﬂ m i)
w|| l Jr'”\‘ |
Vo 11, i e "‘L«.11L "
I"',
+ ﬁJlJL\‘
TIC (ES+, MS2) - Mr-u-_.-,,.___h______
I4.45
325 ‘ ||
XIC (223.0 |
.,_,.U_E_._H_m._}_.._w.ﬂ_, JGL'E-E}.,I l""v\-n-r‘ U N
0.92 ‘l
\
1
M ,-l I'"f“.z'uiw.’\"\ﬁa'. ..‘J" 1"\-‘ IIJ""\' ity TRYY
\‘.rr ' : W 'Hw\'h‘-u"'\r.%
,\.\, _—_— et ANy
TIC (ES-, M\§2) e,
3.86 A e ol e
XIC (221.0) 324 | ||
S — e M P B
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
1 2 3 [+ 11 12 Retention Time (min)
Comyg  tR{min) Mass(Ao) [M+H]+ [M-H}- M+ M-- MF Structure Area
(%)
“ J TIC (ES-, MS2) 4 87.18
2= Single XIC = 9p.39
1 3.860 222010 223017 221.003 222009 222010 CH:N.J i TIC (ES+, MS2) + 5637
N~ Single XIC =815
> TAC =93.00
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2.22.N'-(3-0x0-3,4,4a,5,5a,6-hexahydro-1H-4,6-ethenocyclopropa|f]isobenzofuran-1-

ylidene)-4-(trifluoromethyl)benzohydrazide (4)

0]

0]

\
N~NH

o CF;

2.22.1. '"HNMR

22112025 103315
Acquisttion Time (sec) 10084 Date 20 May 2023 04.06.23 Date Stamp 20 May 2023 040544
Filo Namo F tokowirymat LCMS\widma_brakujaca\izosuke 4AMSI20 035 03 PROTON-1-1idf Froquency (MHz) 500,16
Nuclous 1H Number of Transients 8 Origin ECA Original Points Count 18757
Owner. delta Points Count 131072 Pulse Sequence. ingle_pulse jxp | Solvent CHLOROFORM-d
Spectrum Offset (Hz) 32510396 ____| Spectrum Typo STANDARD __| Sweep Wicth (Hz) 9385 80 (dogree €) 21600
o
N (o]
-, o
NS
F 5 b
587
7 F &Tﬁ
8 ol
iF
3
~
I
T T T T P T T T P T T
8 35 34 33 32 3
(g Chemical Shift (ppm)
500 585 580
Chemical Shift (ppm)
D
~
8 T a
el
~ a8a 3 035 030 025 020
2% [ gkg > 33,'7’ o TRLSZ @z Chemical Shift (ppm)
T e r T : L S .
85 84 83 82 81 80 79 718 77 76 75 Q@ =T 00! r TEL 15 g doo?
Chemical Shift (ppm) © J = [ | U =
—: - 1 35 oo e ‘\ul.-_:‘*')uw}“‘_f‘_.ﬂ ‘ —
0.62 1.67 2.00 073143 071 2240.74147 191124294 1.111.12
I " '} | ' [} ] 1 \ ] b d "
T T
16 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3
Chemical Shift (ppm)
13
2.22.2. °CNMR
22112026 11:16.03
Acquisition Time (se) 19996 [ Dare 20 May 2023 0458.55 Date Stamp 20 May 2023 04.06.62
File Name Ftekowirymat LCMS\widma brakujacelizosukcynd AMGI20 835 03 CARBON-1-1 jdf Frequency (MHz) 12577
Nucleus 13C Number of Transients 1024 ‘ Origin ECA Original Points Count 78604
Owner delta | Poines count 131072 | Puise Sequence carbon xp Solvent CHLOROFORM.4
Specoum Offsot(Hz) 125765203 | Swoep Width (Hz) 3931018 [ re (dogroo €) 21400
&5
Py
fols]
@all
E ]
- N (o]
| < o]
NS
F
¢ F
g3 g 2 g
. A 87 $e s
] 8.7 g! g 32
2% o 8%l 8g AT O 5
(R 8 ‘= M 7| e
7T T, | } | {
- ¥ J , y
B S A e o e R o s a2 et
260 240 220 200 180 160 140 120 100 80 80 40 20 0 -20 -40 E

Chemical Shift (ppm)
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2.22.3. LCMS

o 21 11 2025
/".b’_-‘\
A c D / L a b s Mo. R (min)Peak Area (¥ units*min) Area (%)
1 5223 3514.301 5232
2 5414 6281450 9.351
[8.85 3 G854 43853102 85.283
4 7097 4060958 6.045
5 9257 3968.920 5.906
8 9434 5495.079 8.180
943+
522 641 | 70 9.25—%
“ 1 L_-JH'W‘M - i
BE."—J-LM 685
10.12
692 926 |
TIC(ESY) U MJ-WWM._«WkMH___ -

XIC

}LG.BS

B.427

522
. 1 |
T ICEEALMMMMMWWWL itk

|
|
IM,J\.-'\”W.»MWWWNM

XIC (375.0) | sos
I L
LR L N R R R RN RN R R R R R R RN RN R RN RR R
11 Retention Time (min)
Compo tR(min) Mass(Ac) [M+H]+ [M-HJ- M+ M- MF Structure Area
(%)
TIC (ES-) = 82.16
Single XIC = 98.69
1 6.846 376.103 37N 375.096 376.103 376.104 CgHysF3N,0y TIC (ES+) =41.10
Single XIC = 99.66
TAC =65.28
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2.23.N-(1,3-Dioxo0-3,3a,4,4a,5,5a,6,6a-octahydro-4,6-ethenocyclopropa|f]isoindol-2(1 H)-

yD)-4-(trifluoromethyl)benzamide (Tecovirimat, 5)
O O
N—NH
(@)
2.23.1. 'H NMR

Aequisition Time (sec) 4.3847 Date 02 Jun 2023 11:50:56 Date (dd/mmfyyyy): 04 11 2025
Date Stamp 02 Jun 2023 11:48:45 Page‘ 1
File Name FiWidma_KPS_PZiwidma_teco PSZITECOVIRIMAT-R_935 03 PROTON-1-1.jdf )
Frequency (MHz) 500.1599 Nucleus 1H
Number of 8 Origin ECA
Original Points Count 40960 Owner delta
Points Count 104858 Pulse ence single_pulse.

Receiver Gain 52.00 SW(cyclical) (Hz) 7507.54 O O 4—2 F
Solvent DMSO-d6 ectrum Offset {Hz) 3251.0042
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2.23.3. F NMR

Acquisition Time (sec) 29881 Date 02 Jun 2023 11:53:41 Date (dd/mm/yyyy): 03 11 2025
Date Stamp 02 Jun 2023 11:52:3% F’age: 1
File Name FiWidma KPS PZwidma_teco PSZITECOVIRIMAT-R_935 03 Fluarine-1-1jdf
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2.23.4. LCMS

TAC

TIC (ES+, MS2)

XIC (377.1)

TIC (ES-, MS2)

XIC (375.1)

Compol tR{min} Mass{Ao)

1 7.007 376.103

710

7.09,

5.90 706

[M+H+ [M-H}- M+

arran 375.096 376.103

IR {min) | Peak Area (Y units"min} | Area (%)

7.097 138975.781 95229 |

7.351 1029.510 0.705

| 10851 5933 636 | 4.086
735 10.89

758 11.97
11.54
10.80
8 9 10 " Retention Time (min)

MF Struc
£ o

A

CatFiN:0, <[ T bt

fure Area
(%)

. 3 TIC (ES-, M52) = 95.69

4 . Single XIC = 100.00

"0 |TIC (ES+ M52) = BT.09

Single XIC = 99.86
TAC =95.23
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3. Computational results

The computational results for isomaleimides 2a-f, 2h and isosuccinimide 4 listed below include cartesian
coordinates and heat of formation values for the lowest-AHf conformations, charge distribution and graphical
representations of Molecular Electrostatic Potential (MEP) as well as LUMO and HOMO orbitals with
respective energies given in eV.

3.8. N'-(5-Oxofuran-2(5H)-ylidene)-4-(trifluoromethyl)benzohydrazide (2a)

Table S1: Heat of formation, atomic coordinates and Net charges for compound 2a

AHs= 195.81666 kcal/mol
Al\t;:'n Element X Y Z Charge
1 C -2.794885 3.172267 -0.563112 -0.103436
2 C -2.385314 3.923163 -1.663580 -0.120605
3 C -3.129861 3.874683 -2.840226 -0.094041
4 C -4.268431 3.070335 -2.901056 -0.117186
5 C -4.686355 2.332116 -1.794332 -0.096921
6 C -3.943694 2.384254 -0.615951 -0.104778
7 C -2.036781 3.224658 0.712077 0.571875
8 N -0.709562 2.821553 0.624449 -0.395417
9 o -2.517299 3.567497 1.774465 -0.560471
10 F -5.812211 1.940966 -4.348482 -0.207149
11 N 0.204203 2.904457 1.628264 -0.220851
12 C -0.078893 2.709416 2.874185 0.296128
13 C 0.667532 2.646329 5.027432 0.615774
14 o 1.054296 2.882417 3.682339 -0.392251
15 C -1.211862 2.333277 3.754364 -0.073356
16 C -0.769055 2.295861 5.022102 -0.248698
17 o 1.505079 2.757675 5.869056 -0.435558
18 C -5.062016 3.029493 -4.174216 0.552244
19 F -4.332102 3.084940 -5.289749 -0.209010
20 F -5.923572 4.041821 -4.297248 -0.208564
21 H -1.493643 4.554952 -1.610519 0.186590
22 H -2.808946 4.473646 -3.698273 0.187278
23 H -5.589118 1.714647 -1.824244 0.186669
24 H -4.264936 1.811428 0.259162 0.185279
25 H -0.244999 2.640945 -0.280223 0.374824
26 H -2.203164 2.119376 3.373690 0.213373
27 H -1.297606 2.056938 5.933788 0.218259
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Figure S1: Molecular Electrostatic Potential surface for compound 2a

Model 1.1 MO 10/16
Energy =-1.6777999 ¢V
Occupancy =

Figure S2: Graphical representation of LUMO orbital for compound 2a

Model 1.1 MO 9/16
Encrgy = -9.8779 ¢V
Occupancy = 2

Figure S3: Graphical representation of HOMO orbital for compound 2a
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Tert-butyl 2-(5-oxofuran-2(5H)-ylidene)hydrazine-1-carboxylate (2b)

Table S2: Heat of formation, atomic coordinates and Net charges for compound 2b

AH¢=-132.16417 kcal/mol

AI;[I(())I'H Element X Y Z Net Charge
1 (0] 2.742612 0.122851 -1.614114 -0.485113
2 C 3.913625 0.899692 -2.041306 0.395310
3 C 2.665697 -1.181438 -1.887277 0.741281
4 N 1.459548 -1.739011 -1.417344 -0.419945
5 0] 3.497242 -1.883693 -2.423133 -0.592498
6 N 0.381691 -0.984376 -1.036904 -0.227382
7 C 0.498070 -0.052069 -0.149209 0.303401
8 C -0.462010 1.598249 1.087817 0.613281
9 (0] -0.715893 0.585400 0.123560 -0.381658
10 C 1.546830 0.566779 0.699936 -0.083448
11 C 0.977631 1.540144 1.428633 -0.243231
12 0] -1.382348 2.270581 1.437021 -0.433696
13 C 5.122899 0.396687 -1.273339 -0.518344
14 C 4.060890 0.784931 -3.547710 -0.518497
15 C 3.476158 2.296838 -1.606859 -0.493627
16 H 1.142057 -2.617730 -1.872952 0.373309
17 H 2.572363 0.220244 0.694918 0.208414
18 H 1.412323 2.202747 2.162898 0.216716
19 H 4.944221 0.380343 -0.190661 0.165712
20 H 5.997334 1.037458 -1.450392 0.173016
21 H 5.405294 -0.622951 -1.572627 0.177092
22 H 4.415489 -0.208613 -3.856346 0.177379
23 H 3.108500 0.966482 -4.063539 0.170908
24 H 4.783824 1.517256 -3.932097 0.173321
25 H 4.243458 3.038918 -1.863863 0.174104
26 H 2.544826 2.602774 -2.102367 0.170904
27 H 3.307402 2.359432 -0.524909 0.163291




Figure S4: Molecular electrostatic potential surface for compound 2b

2a_bock3.mgf

Model 1.1 MO 10/16
Energy =-1.6777999 ¢V
Occupancy =0

Figure S5: Graphical representation of LUMO orbital for compound 2b
2a_bock3.mgf
Model 1.1 MO 9/16
Energy = -9.8349 ¢V
Occupancy =2

Figure S6: Graphical representation of HOMO orbital for compound 2b
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N'-(5-Oxofuran-2(5H)-ylidene)benzohydrazide (2¢)

Table S3: Heat of formation, atomic coordinates and Net charges for compound 2¢

AH¢= -30.79529 kcal/mol
Atom No. Element X Y Z Charge
1 C -3.310300169 | 1.988749772 | -1.270934116 -0.158576
2 C -2.567828802 | 2.488296597 | -2.354330800 -0.072560
3 C -3.020474927 | 3.599728154 | -3.056250856 -0.191219
4 C -4.201605065 | 4.235984237 | -2.671855214 -0.092312
5 C -4.934714881 | 3.746419904 | -1.594370550 -0.186713
6 C -4.498237304 | 2.618760939 | -0.902543246 -0.073179
7 C -2.782374657 | 0.780710958 | -0.612377349 0.639709
8 N -3.391356606 | 0.067762765 0.434710891 -0.421094
9 0] -1.764717768 | 0.225908866 | -1.007156648 -0.594337
10 N -4.373273138 | 0.589883446 1.217055032 -0.184113
11 C -4.990500624 | -0.211693496 | 2.031364634 0.237159
12 C -6.380721606 | -0.602974586 | 3.781806320 0.609023
13 0] -5.904585270 | 0.401344514 2.888991203 -0.364700
14 C -4.959477727 | -1.661356140 | 2.334554122 -0.102946
15 C -5.779997279 | -1.892241949 | 3.372389592 -0.229614
16 o -7.130735286 | -0.261193296 | 4.643455042 -0.440169
17 H -1.633149164 | 2.001177273 | -2.651139682 0.177157
18 H -2.458385497 | 3.976043957 | -3.911032826 0.168189
19 H -4.551456731 | 5.115957483 | -3.214800708 0.161602
20 H -5.857240426 | 4.239671336 | -1.288990585 0.169723
21 H -5.104051152 | 2.238968161 | -0.075561302 0.186044
22 H -2.913079134 | -0.795347692 | 0.740391584 0.341023
23 H -4.376272106 | -2.362438041 1.753920795 0.206228
24 H -6.024913612 | -2.819185241 | 3.872344935 0.215673

66



Figure S7: Molecular electrostatic potential surface for compound 2¢

2¢_bzkl.mgf

Model 1.1 MO 10/16
Energy =-1.7238 ¢V
Occupancy =

Figure S8: Graphical representation of LUMO orbital for compound 2¢

2¢_bzkl.mgf

Model 1.1 MO 9/16
Energy =-9.6381 ¢V
Occupancy = 2

Figure S9: Graphical representation of HOMO orbital for compound 2¢

67



4-(Dimethylamino)-N'-(5-oxofuran-2(5H)-ylidene)benzohydrazide (2d)

Table S4: Heat of formation, atomic coordinates and net charges for compound 2d

AHf =-41.95193 kcal/mol
AI\tI(())rn Element X Y V4 Charge
1 C -2.908996771 2.966759508 0.628357206 -0.296697
2 C -2.394197058 4.163955151 0.111242429 0.012251
3 C -2.608737519 5.363084042 0.762202807 -0.341241
4 C -3.349917066 5.402793804 1.971892572 0.291036
5 C -3.819211445 4.175950726 2.510904344 -0.335304
6 C -3.608441175 2.986682198 1.840961065 -0.008013
7 C -2.652362812 1.736682358 -0.122105243 0.618385
8 N -3.642282456 0.743212255 -0.042464058 -0.410460
9 O -1.658303782 1.529659317 -0.794627719 -0.592676
10 N -3.700503321 6.606351290 2.548074245 -0.381793
11 N -3.662581777 -0.397012431 -0.774762073 -0.211612
12 C -2.608858731 -1.062100254 -1.114108275 0.274847
13 C -1.764652380 -2.871100472 -2.215258301 0.620152
14 O -2.958622887 -2.191804290 -1.878550869 -0.395961
15 C -1.136481527 -1.064006790 -0.956386209 -0.058659
16 C -0.640434264 -2.130948398 -1.606665924 -0.267784
17 O -1.859249434 -3.858746650 -2.880194173 -0.455458
18 C -2.988976355 7.826286773 2.141940307 -0.260837
19 C -4.171080868 6.622711848 3.939630309 -0.261345
20 H -1.814571399 4.143871096 -0.819428358 0.173884
21 H -2.200226132 6.277505785 0.337702396 0.178438
22 H -4.351213008 4.161902962 3.459801408 0.177025
23 H -3.981930959 2.054854547 2.278862879 0.168618
24 H -4.584615134 0.953461171 0.323374168 0.367555
25 H -0.608566079 -0.311522123 -0.382055216 0.214778
26 H 0.381070962 -2.463943459 -1.710730789 0.215144
27 H -1.900854431 7.766338430 2.321117657 0.153258
28 H -3.373271633 8.703610615 2.692954647 0.165791
29 H -3.161845031 8.026187101 1.067623794 0.164386
30 H -3.409427059 6.257756488 4.650376483 0.152250
31 H -4.453869252 7.647467198 4242136539 0.167014
32 H -5.078952254 6.000959857 4.045227047 0.163024
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Figure S10: Graphical representation molecular electrostatic potential for compound 2d

LUMO

2d_nme2k7.mgf
Model 1.1 MO 10/16
Energy =-1.5159 ¢V
Occupancy = 0

Figure S11: Graphical representation LUMO orbital for compound 2d

2d_nme2k7.mgf
Model 1.1 MO 9/16
Energy = -8.629 ¢V
Occupancy = 2

Figure S12: Graphical representation HOMO orbital for compound 2d
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4-Methoxy-N'-(5-oxofuran-2(5H)-ylidene)benzohydrazide (2¢)

28

Table S5: Heat of formation, atomic coordinates and Net charges for compound 2e

AHf = -79.61865 kcal/mol

Alfgn Element X Y V4 Charge
1 C -2.506009457 2.619469738 -1.513766588 -0.252353
2 C -3.657687287 2.115131807 -0.902753804 -0.000541
3 C -4.771150357 2.928198124 -0.729205868 -0.323797
4 C -4.715838697 4247491928 -1.187263260 0.304150
5 C -3.566664155 4.764359789 -1.815433463 -0.286565
6 C -2.465308012 3.942096510 -1.974510680 -0.027169
7 C -1.366310729 1.705592206 -1.689423862 0.605044
8 N -0.101855128 2.259946786 -1.454758789 -0.404911
9 0] -1.463012113 0.540810144 -2.026754921 -0.579122
10 0) -5.714840538 5.152089890 -1.091109463 -0.345969
11 N 1.061787962 1.561344363 -1.429972887 -0.216686
12 C 1.321052101 0.562591241 -2.206980372 0.282986
13 C 2.812335268 -1.048854674 -2.820509638 0.618537
14 (0] 2.598908433 0.040128898 -1.940424659 -0.394690
15 C 0.734164846 -0.223512406 -3.317619899 -0.064430
16 C 1.614778212 -1.172833859 -3.677467194 -0.260720
17 0] 3.847936425 -1.635894644 -2.731402910 -0.448251
18 C -6.933386281 4736811288 -0.480569417 -0.201509
19 H -3.682325320 1.075376549 -0.557989472 0.177711
20 H -5.663325392 2.533688472 -0.247010046 0.186831
21 H -3.559361398 5.795162495 -2.167338903 0.187453
22 H -1.569125805 4.327915244 -2.471286909 0.176794
23 H 0.005957998 3.159513116 -0.957677481 0.370386
24 H -0.240889988 -0.005757423 -3.737608080 0.214568
25 H 1.543359478 -1.927239426 -4.446915299 0.216486
26 H -7.398205504 3.923602866 -1.048062657 0.149910
27 H -7.546772008 5.647865327 -0.540490497 0.166359
28 H -6.771330216 4.453801083 0.564954217 0.149500
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Figure S13: Graphical representation molecular electrostatic potential for compound 2e

LUMO
2¢_omek2.mgf
Model 1.1 MO 10/16
Energy =-1.5738 ¢V
Occupancy = 0

Figure S14: Graphical representation LUMO orbital for compound 2e
2e_omek2.mgf

Madel 1.1 MO 9/16

Energy =-9.5131 ¢V

Occupancy = 2

Figure S15: Graphical representation HOMO orbital for compound 2e
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5-(2-Phenylhydrazineylidene)furan-2(5H)-one (2f)

Table S6: Heat of formation, atomic coordinates and Net charges for compound 2f

AHf = 10.56278 kcal/mol

Atom

No. Element X Y Z Charge
1 N 1.936337379 -0.292358032 0.216521163 -0.354656
2 N 1.134468845 -0.771609912 1.236336034 -0.263508
3 C 1.654659060 -1.193024473 2.343313264 0.295418
4 C 1.467978746 -1.873779574 4.501832827 0.605076
5 0] 0.734908449 -1.477800958 3.346403340 -0.373273
6 C 3.020295137 -1.463403442 2.865441272 -0.135747
7 C 2.906599743 -1.884093398 4.133913437 -0.198914
8 (0] 0.853525284 -2.104766930 5.494957866 -0.418401
9 C 2.142576254 -1.190074144 -0.881385011 0.152482
10 C 1.363144956 -2.330884145 -1.096187704 -0.223075
11 C 1.577046340 -3.092532930 -2.242675839 -0.105316
12 C 2.551336004 -2.722805319 -3.167024381 -0.201708
13 C 3.336062194 -1.592424038 -2.938095678 -0.103153
14 C 3.142668432 -0.824169060 -1.796967853 -0.243846
15 H 2.813538046 0.161142642 0.536780545 0.296340
16 H 3.906202704 -1.347168257 2.257799588 0.204837
17 H 3.664761985 -2.200516263 4.837030627 0.218172
18 H 0.601878258 -2.631640615 -0.376172450 0.181610
19 H 0.983748953 -3.993558271 -2.410853165 0.165265
20 H 2.710376469 -3.320795182 -4.063153311 0.164798
21 H 4.116724080 -1.315749006 -3.649458282 0.163081
22 H 3.767375494 0.050108651 -1.614675656 0.174517
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Figure S16: Graphical representation of molecular electrostatic potential for compound 2f

2f_phhkl.mgf
Model 1.1 MO 10/16
Energy = -1.7045 ¢V
Occupancy =0

Figure S17: Graphical representation of LUMO orbital for compound 2f
2f_phhkl.mgf
Model 1.1 MO 9/16
Energy =-9.1692 ¢V
Occupancy =2

Figure S18: Graphical representation of HOMO orbital for compound 2f
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N'-[5-0x0-2,5-dihydrofuran-2-ylidene|thiophene-2-carbohydrazide (2h)

Table S7: Heat of formation, atomic coordinates and net charges for compound 2h

AHs= -28.06851 kcal/mol
Atom No | Element X y z Charge

1 O 0,50333 | -2,9166 |-0,78211 | -0,37475
2 C -0,12238 | -3,97455 | -1,50627 | 0,602352
3 C -1,30993 | -3,40239 | -2,18703 | -0,21296
4 C -1,39186 | -2,1007 | -1,87407 | -0,1184
5 C -0,26246 | -1,76995 | -0,96558 | 0,316244
6 O 0,380073 | -5,05164 | -1,44911 | -0,40975
7 N 0,178959 | -0,74362 | -0,3114 | -0,23698
8 N -0,49694 | 0,451409 | -0,38245 | -0,42544
9 C -1,7892510,671153 | 0,098 |0,624138
10 C -2,62996 | -0,43885 1 0,518493 | -0,37197
11 o -2,15291 | 1,83807 |0,105924 | -0,58069
12 S -4,28771 | -0,56677 | 0,003176 | 0,313625
13 C -2,32078 | -1,44268 | 1,402242 | -0,07312
14 C -3,411 | -2,33716 | 1,632285| -0,20791
15 C -4,53866 | -1,99971 | 0,935138 | -0,21495
16 H -1,94182 | -4,008 |-2,8217710,218232
17 H -2,10002 | -1,35617 | -2,20938 | 0,208704
18 H 0,158378|1,248482| -0,4617 |0,373274
19 H -1,36188 | -1,56412 | 1,897383 | 0,187015
20 H -3,32519 | -3,18896 | 2,295774 | 0,186359
21 H -5,48427 | -2,52439 | 0,9353 |0,196959
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Figure S19: Graphical representation of molecular electrostatic potential for compound 2h

Model 1.1 MO 10/16
Energy = -1.7853999 ¢V
Occupancy = 0

Figure S20: Graphical representation of LUMO orbital for compound 2h

Model 1.1 MO 9/16
Energy =-9.5148 ¢V
Occupancy =2

Figure S21: Graphical representation of HOMO orbital for compound 2h
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N'-(3-0x0-3,4,4a,5,5a,6-hexahydro-1H-4,6-ethenocyclopropa|flisobenzofuran-1-ylidene)-4-
(trifluoromethyl)benzohydrazide (4)

Table S8: Heat of formation, atomic coordinates and net charges for compound 4

32

AHf =-180.02504 kcal/mol
AI:[Ic())m Element X Y V4 Charge

1 C 0.736164350 -1.571609311 0.877008494 -0.093137
2 C -0.142536648 -2.266674886 1.709714742 -0.117370
3 C -0.242312948 -3.650471087 1.599273770 -0.106344
4 C 0.543095645 -4.322960547 0.660609430 -0.118645
5 C 1.435875874 -3.632420823 -0.155744079 -0.097263
6 C 1.533774489 -2.245358712 -0.044378615 -0.106421
7 C 0.815965565 -0.098655244 1.037655670 0.599307

8 N 0.526064563 0.747345780 -0.022380162 -0.423611
9 O 1.018853705 0.431085415 2.120637990 -0.596176
10 C 0.397274339 -5.812941701 0.563918456 0.556291

11 N 0.627187376 0.295391959 -1.335129721 -0.325546
12 C -0.479152443 0.044181977 -1.967005534 0.398981

13 C -1.496312603 -0.589951314 -3.925222598 0.616800

14 (0] -0.262844129 -0.320762174 -3.278494843 -0.394075
15 C -1.948203372 0.117709107 -1.661974452 -0.189014
16 C -2.630055875 -0.270584065 -3.004036446 -0.225758
17 O -1.428983799 -0.980685238 -5.048145270 -0.427994
18 C -2.472115225 -0.797896819 -0.526139990 -0.087123
19 C -2.331507098 -2.294829078 -0.807829378 -0.175688
20 C -3.007240079 -2.663313966 -2.131550539 -0.180110
21 C -3.633878793 -1.427641392 -2.779364514 -0.080387
22 C -1.526899009 -2.879582265 -1.940178486 -0.332405
23 C -3.978272275 -0.567839081 -0.549959962 -0.163032
24 C -4.573991682 -0.889755014 -1.707495739 -0.162922
25 F 0.729755658 -6.459791521 1.683831114 -0.214598
26 F -0.849758589 -6.218159999 0.311656439 -0.212728
27 F 1.122011603 -6.415116127 -0.378482821 -0.207761
28 H -0.746920331 -1.730038448 2.446417094 0.183218
29 H -0.933280929 -4.192193033 2.251858363 0.184839
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30 H 2.066434781 -4.147575084 -0.886231238 0.187646
31 H 2.232603683 -1.694500734 -0.683121765 0.190950
32 H 0.713135760 1.758532512 0.064723545 0.361024
33 H -2.200866587 1.178931886 -1.385384870 0.207056
34 H -3.195521803 0.606159001 -3.426888678 0.215916
35 H -2.004336444 -0.523269372 0.440684497 0.160203
36 H -2.474230904 -2.903152800 0.089151481 0.170167
37 H -3.644631959 -3.547181669 -2.217138917 0.172156
38 H -4.151393153 -1.683306033 -3.727702505 0.170221
39 H -0.762180742 -2.334711876 -2.469059111 0.165474
40 H -1.176142115 -3.911157109 -1.839039206 0.172863
41 H -4.455837476 -0.177501698 0.332953754 0.163043
42 H -5.623626893 -0.806764128 -1.934222699 0.161953

Figure S22: Graphical representation of molecular electrostatic potential for compound 4

Model 1.1 MO 10/16
Energy =-1.1416 ¢V
Occupancy = (

Figure S23: Graphical representation of LUMO orbital for compound 4
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Model 1.1 MO 11/16

Energy = -0.4535 eV

Occupancy = 0

Graphical representation of second unoccupied molecular orbital (LUMO+1) for compound 4

Figure S24

Model 1.1 MO 12/16

Energy = -0.3538 eV

Occupancy =
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Graphical representation of third unoccupied molecular orbital (LUMO+2) for compound 4

Graphical representation of HOMO orbital for compound 4

Model 1.1 MO 9/16

Energy = -10.0138 eV

Figure S25
Occupancy =2
Figure S26



