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1. Geometrical data for 7-chlorobenzothiophenyl-a-hydroxy-
methylphosphonate (2f) obtained from the X-ray measurements

Sl Table 1. Selected bond lengths (A) of hydroxy-methylphosphonate 2f.

S1-C9 1.730(2) | CIA-04B  1.392(3)
S1-C2  1.742(2)| C5-C6 1.386(3)
C3-C2 1.352(3)| PLA—0O3A  1.480(6)
C3-C4 1.436(2)| PLA—02A  1.534(4)
Cl1-C8 1.732(2)| PILA—O1A  1.569(4)
C7-C8 1.374(3)| PILA—C1A  1.824(3)
C7-C6  1.403(3)| O2A—CI12A  1.421(1)
C9-C8  1.396(2)| C12A - C13A 1.540(1)
C9-C4  1.405(2)| OLA—C10A  1.433(5)
C4-C5 1.401(2)| CI0A - C11A 1.496(6)
C2-ClA 1.506(2)

Sl Table 2. Selected bond angles (°) of hydroxy-methylphosphonate 2f.

C9-S1-C2 90.6(1) |C5-C6-C7 121.3(2)
C2-C3-C4 113.3(2) | 04B — C1A - C2 111.1(2)
C8-C7-C6 119.8(2) | 04B-CIA-PIA  110.3(2)
C8-C9-C4 120.4(2) | C2—ClA-PIA 114.9(1)

C8-C9-S1 127.1(1) | O3A—P1A—-02A  113.8(2)
C4-C9-S1 1125(1) | O3A—P1A—OIA  113.6(2)
C5-C4-C9 119.7(2) | O2A—P1A—OIA  1055(2)
C5-C4-C3 129.6(2) | O3A—P1A—C1A  113.4(3)
C9-C4-C3 1107(2) | 02A—P1IA-C1A  105.9(2)
C3-C2-CIlA 129.3(2) | OIA—P1IA-C1A  103.7(2)
C3-C2-S1 112.9(1) | C12A—02A—P1A  125.1(3)
ClA-C2-S1 117.8(1) | 02A—C12A - C13A 107.7(5)
C6-C5-C4 118.9(2) | CI0OA—O1A-P1A  122.8(3)
C7-C8-C9 119.9(2) | O1A - C10A - C11A  109.5(4)
C7-C8-CI1 120.9(1) | C9-C8-Cl1 119.2(1)
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Sl Table 3. Selected torsion angles (°) of hydroxy-methylphosphonate 2f.

C2-S1-C9-C8  178.4(2) |C4-C5-C6-C7 -0.1(3)
C2-S1-C9-C4  -07(1) |C8-C7-C6-C5 0.3(3)
C8-C9-C4-C5  1.2(2) C3-C2-ClA-04B 170.6(2)
S1-C9-C4-C5  -179.6(1) |S1-C2-ClA-04B -8.2(2)
C8-C9-C4-C3  -1785(2) |C3-C2-ClA-P1A -63.4(2)
S1-C9-C4-C3  0.7(2) S1-C2-ClA-P1A 117.8(2)

C2-C3-C4-C5  -180.0(2) | O3A—P1A-ClA-04B  -53.5(2)
C2-C3-C4-C9  -04(2) |O2A-PIA-CIA-04B  72.0(2)
C4-C3-C2-CIA -179.0(2) | OIA-PIA-ClA-04B  -177.2(2)
C4-C3-C2-S1  -02(2) |O3A-PIA-ClA-C2 -179.9(2)
C9-S1-C2-C3  0.5(1) 02A — P1A — C1A - C2 -54.4(2)
C9-S1-C2-CIA 1795(1) |OlA-P1A-ClA-C2 56.4(2)
C9-C4-C5-C6  -0.6(2) |OIA-PIA-02A-CI2A 160.1(5)
C3-C4-C5-C6  178.9(2) |CLA—P1A—0O2A-CI2A -90.3(5)
C6-C7-C8-C9  0.2(3) P1A - 02A — C12A - C13A -138.2(6)
C6-C7-C8-Cll  -178.1(1) | O3A—P1A - OIA - CI10A 43.1(5)
C4-C9-C8-C7  -1.0(3) |O2A-PlA-OlA-CI0A -82.2(4)
S1-C9-C8-C7  180.0(1) |ClA-P1A—OI1A-Cl0A 166.7(3)
C4-C9-C8-CIl  177.3(1) |PlA-OlA-CI0A-Cl1A 121.7(5)
S1-C9-C8-Cll  -17(2) |O3A-PlA-02A-CI2A 34.9(6)
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2. 3P, 3C, 'H NMR and IR spectra for the hydroxy-
methylphosphonates 2a-w synthesized

3P NMR (242 MHz, CDCls3) spectra for compound 2a
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'H NMR (600 MHz, CDCls) spectra for compound 2a
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3P NMR (242 MHz, CDCls3) spectra for compound 2b
2b
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'H NMR (600 MHz, CDCls) spectra for compound 2b
2b

0.000

W\ Uy W

Current Data Parameters
N 150

11

INSTRUM
PROBHD
FULFROG

O
\P\/OEt
OEt

L

T T T T T T T T T T T T
6.0 75 70 85 6.0 55 5.0 4.5 4.0 35 3.0 25

fle @ W
IR (KBr) spectra for compound 2b

143469 Milen Matyas Kp BRUKER Alpha
Resolution: 2 em-1
3113’10631_1 KBr 9/9/2024 Number of Scans: 16
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1900 1800 1700 1600 1300 1400 1300 1200 1100 1000 900 800 700 600 300
=1 .ﬂ{\ FI | J IrI (Y )
| I ||!‘nl H\ ‘ /‘J‘ IIMI
TR . A
ﬁ"p/ R R 1 IRV
i AN ik | Il ‘#
. [ Wl HI |'H e e
L T e
\ ‘I ‘i b ‘ | i I |
o I BN
. N R .
7 || 2b ‘ | {l" ] |
| R \
|| | . [H“ U |
| I
2 V W BT
| il |
1 i
I
=3 U ﬁ
| | | | \ \
| LT LTI I VI
3 %?m? ETE i %%3 HARE2ZE0rzzngz 2 B R 2E43ES
‘38‘00‘36‘00‘34:00 32‘00 3000 28‘00I GIOOI 4‘00I 7‘00‘ 0‘00 19‘00 1800 100 1600 15‘00 14—00 1300 11‘00 11‘00 10‘00 9‘;0 S“)O T*IJO 6(‘]0 :clm

Wavemmiber cro-1

S7



3P NMR (242 MHz, CDCls) spectra for compound 2c

2¢
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'H NMR (600 MHz, CDCls3) spectra for compound 2¢
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1P NMR (242 MHz,
2d

DMSO-ds) spectra for compound 2d
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'H NMR (600 MHz, DMSO-ds) spectra for compound 2d
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3P NMR (242 MHz, CDCls) spectra for compound 2e
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'H NMR (600 MHz, CDCls) spectra for compound 2e
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1P NMR (242 MHz, CDCls) spectra for compound 2f
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Processing parameters
32768
242.8844520 MHZ
EM
1.00 Hz
1.40
BRUKER
1 T T T T T T T
35 30 25 20 15 10 3 ppm

13C NMR (150 MHz, CDCls) spectra for compound 2f
2f

Standard 13C

83 o ariaw
it 5 z932 143294
S - w00 MIMO617_1
i w Ty Milen Matyas
2024.08.13. (KP)
i (NI A
Current Data Parameters
NAME 143294
EXPNO 12
PROCKO 1
F2 - Acquisition Parameters
Date 20240814
Time 7.44 b
INSTRUM spect
PROBHD  Z145856_0002 [
PULBROG 2apg30
™ 65536
SOLVENT coe1s
2048
4
36231.883 Hz
5
71
60
CPDERG (2
D2
2 32.
PLW12 0.
PLW13 0.
F2 - Processing parameters
sI 131072
SF 150.8701286 MHz
WoW EM
SSB ]
LB 1.00 Hz
cB 0
BC 1.40
BRUKER
T T T T T T T T T T T T T T T (’-N
140 130 120 110 100 90 80 70 60 90 40 30 20 10 ppm
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'H NMR (600 MHz, CDCls) spectra for compound 2f

2f

0.000

Standard 1H

NAME 15g
EXPNO 11

F2 - Acquisitio n Paramerers
Date_ 408

Time
INSTRUM

SEC &00.00
If I;'Ll,'C]
PLW1 28.0000
E: - Processing paran
E_I GDC.IJIJCSE
WDW
SSB 0
LB ).30 Hz
GB 0
FC .00
L L
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 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 ppm B R
i e !
IR (KBr) spectra for compound 2f
143294 Milen Matyas KP BRUKER Alpha
Resolution: 2 em-1
MIMO0617_1 KBr 8/12/2024 Number of Scans: 16
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3P NMR (242 MHz, CDCls) spectra for compound 2g
2g

0 31F CFD
= 143485
< 10622_1
Milen Matyas
2024.09.11. (KP)
Current Data Parameters
NAME 143485
EXPNO 1s
PROCNO 1
F2 - Acquisition Parameter
20240911
21.57 h
TRUM spect
PROBHD Z145B56_0002 |
PULPROG Zgpg3o
TD 65536
SOLVENT CDC13
NS 16
Ds 4
SWH 96153.844 Hz
FIDRES 2.934382 Hz
AQ 0.3407872 sec
RG 1%€.07
oW 5.200 usec
o 18.00 usec
TE 295.0 K
D 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 242.8723078 MHzZ
NUC1 31p
Pl 12.00 usac
PLW1 66.12100220 W
SFO2 600.0024000 MHZ
NUC2 1H
CPDPRG[2 waltzle
PCPD2 B80.00 usec
PLW2 32.90000153 W
PLW12 0.70270001 W
PLW13 0.35333001 W
F2 - processing parameters
=3 32768
242.8844520 MHz
EM
SN 0
1.00 Hz
o
T T T T T T T 1
35 30 25 20 15 10 5 ppm

)
BRUKER
(>0

78

Standard 13C

Milen Matyas
2024.09.11. (KP)

: i3 soq Jag

= o bl :53 143485

B ma e o w0 0 MIMO632 1
3 oa 200 A

| T ' [

Current Data Paramsters
NAME 143485
EXPNO 12
PROCNO 1

- Acquisition Parame:
2

p—OEt f
: ,
OEt

20.53 h
spect
A145856_0002 |
“=zgpg30
65536
cDCls
2048
4

36231.883 Hz

oo

.90000153 W
.70370001 W
.35339001 W

F2 - Processing paramsters
51 131072
sF 150.8701277 MHz
WoW EM
SSB o
1B 1.00 Hz
cB o
BC 1.40
»
BRUKER

140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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'H NMR (600 MHz, CDCls) spectra for compound 2g

2g

o oow e o = Standard 1H
= oesn = > 143485
* R G S MIM0632_1
L Milen Matyas
y e 2024.09.11. (KP)
Current Data Parameters
NAME 1432485
EXFNO 11
PROCNO 1
Fz - R:Dj_l:i:'_o:‘l Parameters
Date 20240911
Tima 19.44 h
INSTRUM spect
PROBHD Z145856_0002 {
PULPROG £g3o
TD 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 12019.230 Hz
FIDRES 0.366798 Hz
AD 2.7262376 sec
RG 196.07
DW 41.600 usec
DE 25.00 usec
TE 295.0 K
D1 1.00000000 sec
TDO 1
SFO1 600.0037050 MHzZ
NUC1 1H
Pl 11.50 usec
PLW1 28.00000000 W
Fz - PrDCasslrg ;\araneter:
5I 65536
SF 600.0000125 MHZ
WDW EM
S8B 1]
LB 0.30 Hz
GB o
PC 1.00
J ’l J‘L L JL.A e
I T T T T T T T T T T T T T T T T T (_‘_X-)
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm BRUKER
) - =|=]
1812 2] I . [
IR (KBr) spectra for compound 2g
143485 Milen Matyas KP BRUKER Alpha
Resolution: 2 cm-1
MIMO0632_1 KBr 911172024 Number of Scans: 16
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 Joo 500 500
g 1 L L Il 1 1 1 1 1 1 1 1 1 1 L 1 L L Il L L | 1 1 1 1 Il Il 1 g
E S—— %N =
/‘\_,-/‘- m}mlw ﬂ\' 'I | Ali'\ Pﬂgﬂ‘h ul] "f\.
[ | ‘ |
F 7 \‘IlllillI I \ ”|‘ \ |I|"| H l | lll ll -—=
| “’Il fu f | l l" |
L/ . 'l||n | |
| {
b i | \ | ‘ o
1| 1 | 1 I ! 1
| | | |
| | | |
L i |
& |I | | | | e
‘i || r‘ | | |‘ |
Il |
s \f I | | Lz
8- v | @
e |
Ee ] ' i
Es H ‘ ‘1 i E
b~ OEt i
% 1 \ ‘ I -z
. ( N
OEt i /
| [
& [ ‘ \ S
I |
5 8 353 2 3 23 .
2 = EE= = = g 3
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
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 SO0 700 600 500

Wavemmber cm-1
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3P NMR (242 MHz, CDCls) spectra for compound 2h
2h

31FP CFD
143462

18 .71,

Milen Matyas
2024.09.06. (KP)

current Data Parameters

NAME 143462
EXPNO 16
PROCNO 1

F2 - Acqguisition Parameters
Date_ 20240306
Time 23.23 h

\\P/OEt INSTRUM spect

PROBHD  E145856_0002 |

\ PULPROG 2gpgan
OEt D 65536
SOLVENT corls
OH us 18
D! 4
SWE 96153.844 Hz
FIDRES 2.934382 Hz
a0 0.3407872 sec
EC 156.07
DW 5.200 usec
DI 18.00 usec

295.0 K
2.00000000 Sec
0.03000000 sec

1
242.8723078 MHz
ERS
12.00 usec
66.12100220 W
00.0024000 MHZ
1H
waltzle

80.00

2.90000153
0.70370001
0.35339001

w
nE

=

=

F2 - Processing parameters
SI 32768
| I SF 242.8844520 MHz
A e bl . ol \ph " ik i ot " - WOW M
S5B 0
LB 1.00 Hz
GB ]

w |
(4]
@ |
r |
o
n |
[=]
GA
5‘_
P
=]
=
=
L]
s}
o
)

c
A
m
a

g o tn [ Standard 13C
Gedded 22 Se3s 143462
TE T o o @ w0 MIMO629_1
TN 9 T Milen Matyas
2024.09.06. (KP)
T W i | o {
Current Data Parameters
HAME
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date 20240006
Tiz 2150 h
INSTRUM spect
PROBHD  Z145856_0002 |
PULPROG 2gpa30
D 55536
SOLVENT cne13
ns 2048
DS 1
swH 36231.883 Hz
FIDRES 1.105709 Hz
B 0.9043968 sec
RG
o
DE
TE
D1
D11
DO
SFOL
jraret
1
PLWL 71.00000000 W
SFOZ 0 s
wuc2
cPDPRG (2
BCPD2
32.
0.70370001 W
0.35335001 W
F2 - Processing parameters
s1 131072
SF 150.8701263 MHz
WDW EM
SSE o
LB 1.00 Hz
aB 0
BC 1.40
BRUKER
T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 a0 40 30 20 10 ppm
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'H NMR (600 MHz, CDCls) spectra for compound 2h

2h

- R, 3 Standard 1H
v ﬁz:zﬂ = 143462
“ S 2 N_l\',DSZB_l
[ [ 1 Milen Matyas
Y l 2024.09.06. (KP)
Current Data Parameters
NAME 143462
EXPNO 11
PROCNO 1
F2 - AC‘G:.LlSitLOfl Parameters
20240906
20.50 h
spect
Z145856_0002 {
zg30
65536
cDcl3
16
2
12015.230 Hz
0.366798 Hz
2.7262376 sec
196.07
41.600 usec
25.00 usec
295.0 K
{ 1.00000000 sec
GCD.CU3TOSé MHZ
1H
11.50 usec
28.00000000 W
F2 - Proceesing parameters
SI 65536
SF 6€00.0000132 MHZ
WDW EM
SSB o
LB 0.30 Hz
cGB o
BC 1.00
JL JLA
T T T T T T T T T T T T T T T T T T
80 75 70 6.5 60 55 50 45 40 35 30 25 20 15 10 05 ppm an
Il 1l I 11 (] 11
— - f e
BE Fl B Ee O
IR (KBr) spectra for compound 2h
143462 Milen Matyas KP BRUKER Alpha
Resolution: 2 cm-1
3113'10629_1 KBr 9/9/2024 Number of Scans: 16
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3P NMR (242 MHz, CDCls) spectra for compound 2i
2i

31F CPD

142412

MIMO625_ 1

Milen Matyas
2024.09.02. (KP)

| Current Data Parameters

NAME 143212
EXPNO 13
PROCNO 1

Fz - Acquisition Parameters

20240903
9.42 h
™M spect
PROBHD Z145856_0002 {
PULPROG zgpg3o
T 65536
SOLVENT cpela
Ng 16
D! 4
SWH 96153.844 Hz
FIDRES 2.934382 Hz
AQ 0.3407872 sec
RG 196.07
DwW 5.200 us
DI 18.00 us
255.0 K
2.00000000 sec
0.0300000 sec

1
242.8723078 MHz

31p
12.00 usec

66.12100220 W

600.0024000 MHZ

1H

waltzle
BO.00 usec
30000153
70370001
35339001

w
oo

===

EE - Processing ;al’?‘;ﬁ;er:
3|5 alu 2‘5 2|U 1‘5 wlu é ppmI = BROKER
(<O
13C NMR (150 MHz, CDCls) spectra for compound 2i
2i

o 4 Standard 13C

an 143412

oo MIMO&25_1

Milen Matyas
2024.0%.02. (EP)

Current Data Parameters
NAME 143412
EXPNO 12
DROCNO 1

F2 - Acquisition Parameters

Date 20240902
21.31 h
spect

Z145856_0002 |

32.90000153 W
PLW12 0.70370001 W
PLW13 0.35339001 W
F2 - Processing paramsters
SI 131072
SF 150.8701274 MHz
WoW EM
SSB o
1B 1.00 Hz
cB o
PC 1.20

T T T T
140 130 120 110
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'H NMR (600 MHz, CDCls) spectra for compound 2i

JR— - o - = Standard 1H
ARESR oo @ = 143412
P oo - <@ MIMO625_1
LT ) Milen Matyas
] “r.:" / W 2024.09.02. (KP)
Ccurrent Data Parameters
NAME 143412
EXPNO 11
PROCNO 1
F2 - ACU;_']'.S:L:'_O.'] Parameters
Date 20240302
T. 20.22 h
INSTRUM spect
PROBHD Z145856_0002
PULPROG zg3o
TD €5536
SOLVENT cDCla
NS 16
Ds 2
SWH 12019.230 Hz
FIDRES 0.36679%8 Hz
AQ 2.726297€ sec
RG 0
DW
DE
TE
D1
TDO
SFOL1
NUCl 1H
Pl 11.50 usec
PLW1 28.00000000 W
F2 - Pruce:slr.g parar\eter:
5I 65536
8F 600.0000135 MHz
WDW EM
l 55B 1]
s LB 0.30 Hz
GB 1]
PC 1.00
I - 1.
I T T T T T T T T T T T T T T
8.0 75 70 6.5 6.0 55 50 4.5 4.0 3.5 3.0 25 20 1.5 1.0 05
I L 1 [ I 1 ppm BRUKER
i o N .
B [k E g E B
IR (KBr) spectra for compound 2i
143412 Milen Matyas KP BRUKER Alpha
Resolution: 2 em-1
MIM(1625_1 KBr 9/2/2024 Number of Scans: 16
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‘Wavemmber cmo-1
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3P NMR (242 MHz, CDCls) spectra for compound 2j
2j

18.608
B.980

Current Data Parameters
MAME 124477
EXPNO 1z
PROCNO 1

F2 - Acqu ition Parameters
20250404
14.55 h
spect
£145B56_0002 |
Zgpg30
65536
cpels
16
2
SWH 95153.844 Hz
FIDRES 2.934382 Hz
AQ 0.3407872 sec
RG 196.07
DW 5.200 usec
Dl 18.00 usec
295.0 K
2.00000000 sec
0.03000000 Sec
1
242.8723078 MHZ
31p

w

con

F2 - Processing parameters
81 32768

T T T T T T T T T T T T T
24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7

T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40

S22

76
EF 242.8844520 MHz
WDW M
SSB o
LB 1.00 Hz
GB o
m
Standard 13C
143235
MIMO&18_ 1
Milen Matyas
2024.08.13. (KP)
Current Data Parameters
NAME 143295
EXPNO 12
PROCNO 1
F2 - Rcquisition Darameters
Dal 20240814
i 9.00
spect
Z145856_0002
zgpg30
65536
cocls
2048
4
36231.883 Hz
1.105709 Hz
295.0 K
1.00000000 sec
0.03000000 sec
150.8852070 MHz
13c
9.80 usec
71.00000000 W
F2 - Processing parameters
sI 131072
SF 150.8701270 MHz
WoW EM
SSB o
LB 1.00 H=z
B o
pC 1.40
BRUKER
T T
10 ppm



'H NMR (600 MHz, CDCls) spectra for compound 2j

NNV

e 5.4l6

=

—— 4. 9095

F2 - Acquisition

Date_ 20250404
Time 14.56 h
INSTRUM spect

3

E 536

Parameters

600.000 Ell}: MHZ
/ ¢ 0.30 Hz
i | o
| 1.00
|
_ l . k_j'k_ J L J k, _
T T T T T T T T T T T T T T T
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o e 1 b
IR (IR) spectra for compound 2j
143295 Milen Matyas KP BRUKER Alpha
Resolution: 2 cm-1
)113’[0618_1 KBr 8/12/2024 Number of Scans: 16
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1P NMR (242 MHz, CDCls) spectra for compound 2k
2k

19.895
8.649

Current Data Parameters

NAME 143461
EXPNO 24
PROCKRO 1

F2 - Acquisition Paramet.
20240906
20.46 h
spect
Z145856_0002 |
Zgpg30
65536
cpols
16
4
96153.844 Hz
2.934382 Hz
0.3207872 sec
196.0

242.8723078 MHzZ
3ip

12.00 us

66.12100220 W

0.0024000 MHZ

1H
CPDPRG[2 waltzle
PCFD 80.00 usec
DPLW2 32.30000153 W
PLW1Z 0.70370001 W
PLW13 0.35339001 W

F2 - Processing parameters

sI 32768

EF 242.8844520 MHzZ
EM

LB 1.00 Hz

T T T T T T T T T T T T T T T T T T T T T T T T 1 »C
24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 ppm BE?I’E-E)R

13C NMR (150 MHz, CDCls) spectra for compound 2k
2k

a3 a & - Standard 13C
@ @ @ 5 143461

@ & 2 = MIMO628_1

5 A 3 5

| \ ) .

Milen Matyas
2024.09.06. (KP)

i nir

Current Data Parameters

NAME 143461

EXDNO 26

PROCHO 1
P2 - Acquisition Darameters

Date_ 20240906

Time 15.23 h

spect

%145856_0002 (

zgpg30

EE536

CDC13

2048

4

36231.883 Hz
1.105709 Hz
0.9043968 sec

0 usec
usec

sec

sec
MHz
usec
W
MHz
CEDERG (2
D2 80.00 usec
2 32.90000153 W
PLW12 0.70370001 W
PLW13 0.35339001 W
F2 - Processing parameters
s1 131072
sF 150.8701284 MHz
WO EM
SSB 0
LE 1.00 Hz
aB 0
BC 1.40

C><)
BROKER

T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 7o 60 50 40 30 20 10  ppm
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'H NMR (600 MHz, CDCls) spectra for compound 2k
2k

tyas
2024.09.06. (KP)

Current Data Parameters
NAME 15¢c
EXPNO 25
PROCNO

F2 - Acguisition Parameter.
Date_ 202409
Time
INSTIRUM
PROI

75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

IR (KBr) spectra for compound 2k

143461 Milen Matyas KP

MIMO0628_1 KBr 9/9/2024
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1P NMR (242 MHz, CDCls3) spectra for compound 2l
21

o 31P CFD
= 144019
= MIMO612_1A
Milen Matyas
2024.12.13. (KP)
current Data Parameters
NAME 144019
EXPNO 13
PROCND 1
Fz - Acquisition Parameters
Date_ 20241213
Time 16.22 h
spect
PROBHD  £145856_0002 (
PULPROG Zgpg30
TD 65536
SOLVENT cDcla
NS 16
D 4
SWH 96153.844 Hz
FIDRES 2.934382 Hz
AQ 0.3407872 sec
RG 1%6.07
oW 5.200 usec
D 18.00 usec
295.0 K
2.00000000 sec
0.03000000 sec
1
242.8723078 MHZ
31p
12.00 usec
66.12100220 W
600.0024000 MHZ
1H
walbzlé
80.00 usec
32.390000153 W
PLW12 0.703270001 ¥
PLW13 0.35339001 W
F2z - Processing parameters
ST 32768
SF 242.8844520 MHZ
WDW EM
SSB ]
LB 1.00 Hz
GB o
T T T T T T T 1 BPC
35 30 25 20 15 10 ] ppm

)
BRUKER
(>0

Standard 13C

= eg
g =2 EHE ;
i S R 144019
- o 09 19 W oY MIMOS12 12
T T T Milen Matyas
o 2024.12.13. (KP)

Current Data Paramet
NAME 4

EXPNO
PROCNO 1
F2 - Acquisition Parameters
e 20241213
16.19 h
spect
856_0002 |
2gpg30
65536
SOLVENT CcDCls
us 2048
s 4
SWH 36231.883 Hz
FIDRES 1.105709 Hz
Elel
oW
DE
TE
D1 1.00000
D11 0.03000
TDOD 1
SFO1 150.8852070 MH=z
nuc1 13C
Pl 9.90 usec
PLW1 71.00000000 W
SFO2 600.0024000 MH=z
H
5
12
PLW13 0.35339001 W
F2 - Processing parameters
=3 131072
SF 150.8701291 MHz
WDW EM
SSB o
LB 1.00 Hz
cB 0
BC 1.40

T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 20 40 30 20 10 ppm

<)
BRUKER
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'H NMR (600 MHz, CDCls) spectra for compound 2l
21

o
I
=

W2

WO

current Data Parameters

15w_2
o 11
PROCNO
F2 - Acguisition Parameters
Date 20241213

Time
INSTRUM
PROBHD
PULPROG

2
1.0000

600.0

29.0000

Processing p.

600.000

8“0 ?JS T:O 6:5 6.‘0 5.‘5 5:0 4:5 4jO 3?5 3:0 2‘.5 2‘.0 1.‘5 1!0 0“5 ‘ppm -%ﬂ
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1P NMR (242 MHz, CDCls3) spectra for compound 2m
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!H NMR (600 MHz, CDCls) spectra for compound 2m
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3P NMR (242 MHz, CDCls) spectra for compound 2n
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3‘5 3‘[] 2‘5 EIEI 1 ‘5 1I[) é ppm
13C NMR (150 MHz, CDCls) spectra for compound 2n
2n
"'l‘\l\\l‘1‘ IIT” L I.I]‘IIII - I ‘]I \.I

31r CFD

144020
MIMO613_1A
Milen Matyas
2024.12.13. (EP)

Current Data Parameters

NAME 144020
EXPNO 13
PROCNOD 1

F2 - Acquisition Parameters

Data_ 20241213
Time 17.38 h
I M spect
PROBHD Z145856_0002 (
PULPROG 2gpg30
65536
CDCl3
16
D: 2
SWH 96153.844 Hz
FIDRES 2.934382 Hz
AQ 0.3407872 sec
RG 196.07
oW 5.200 usec
DE 18.00 usec
TE 295.0 K
o 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 242.8723078 MHzZ
NUC1 ERSY

1 12.00 usec
PLW1 66.12100220 W
SFO2 600.0024000 MHZ
NUC2 1H
CPDPRG [2 waltzle
PCPD2 80.00 usec
PLW2 32.90000153 W
PLW12 0.70370001 W
PLW13 0.35339001 W

F2 - Processing parameters

a1 32768

SF 242.8844520 MHZ
WDW EM

E8B ]

LB 1.00 Hz
GB 0

PC

<)
BROKER

Standard 13C
144020
MIMO&13_12
Milen Matyas
2024.12.13. (KP)

Current Data Parameters
NAME 144020
EXPNO 12
PROCNO 1
F2 - Acquisition Paramsters
Date_ 20241213
17.35 h
spect
DROEHD  Z145856_0002 {
2gpg30
£5536
coels
2048

4
36231.883 Hz
1.105709 Hz
0.9043968 sec

196.0

8
9
1.00000
0.03000

71.00000000

600.0024000 MHz
NuC2 1H
waltzl6
80.00 usec
32.90000153 W
0.70370001 W
0.35330001 W
F2 - Processing paramsters
sI 131072
SF 150.8701287 MHz
WDW EM
S5B o
LE 1.00 Hz
cB o
BC 1.40

150 140 130 120 110 100 90 80 70 60 50 40 30 20

S30

ppm



'H NMR (600 MHz, CDCls) spectra for compound 2n
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1P NMR (242 MHz, CDCls) spectra for compound 20
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'H NMR (600 MHz, CDCls) spectra for compound 20

20

-2.338
904

-2.333

1

Standard 1H
143348
MIMO61S 1
Milen Matyas

2024.08.23. (KP)

Current Data Parameters
NAME 143348
EXFNO 11
PROCNO 1
F2 - ACEL'_lEl:;OI] Parameters
Date_ 20240823
Time 23.30 h
INSTRUM spect
PROBHD Z145856_0002 {
PULPROG Zg30
TD 65536
SOLVENT cpcls
NS 16
Ds F4
SWH 12019.230 Hz
FIDRES 0.366798 HZ
AQ 2.7262376 sec
RG 133.88
oW 41.600 usec
DE 25.00 usec
TE 295.0 K
D1 1.00000000 sec
TDO 1
SFO1 600.0037050 MHz
NUC1 1H
Pl 11.50 usec
PLW1 28.00000000 W
F2 - Processing parameters
81 65536
SF 600.0000112 MHZ
WDW EM
S5SB o
LB 0.30 HZ
GB ]
PC 1.00
J II ] B JL_ wl L 1
I T T T T T T T T T T T T T T T
70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm BRUKER
n I [N} (NN I [
A X .
= Y B2 Bl Bl
IR (KBr) spectra for compound 20
143348 Milen Mtyds HZs BRUKER Alpha
Resolution: 2 em-1
MIMO0619_1A KBr 8/16/2024 Number of Seans: 16
2000 1900 1800 900 800 00 600 300

3800 3600 3400 3200 3000 2800 2600 2400 2200
|

1700 1600 1500 1400 1300 1200 1100 1000
1 1 1 1

\ﬂ'n H\ II‘ ‘l || I |'f{ “ raﬂ If|]]||r ﬁ l\wl' L
f“nl/ H | W||||||’I” | "|“\1 | H"H[ .
| 2 TR
. il U, N llﬁ "
4 LI LA
| W U L
|| [ it 11
: N 20 ‘ I | [imii
s 'l F ‘( ‘ ‘ | | | 2
i || | H “ M |
|| ‘ | ‘
| | i _
! | A
LY
[l il \\ ‘\\\\\\\\\
iOBE §57 88 A LIS R L
I 58‘00 I 36‘00 I 54‘100 I 31:)0 ‘ 30‘00 ‘ 28‘00 ‘ 26‘00 ‘ 24—‘00 I 22‘00 I ]0‘00 19‘00 13‘00 17‘00 16‘00 1‘00 14‘00 13‘00 1200 11‘00 1000 900 SL‘KJ TL‘KJ 6‘1‘}0 5‘.!}0
‘Wavenumber cm-1

S33



3P NMR (242 MHz, CDCls) spectra for compound 2p
2p
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'H NMR (600 MHz, CDCls) spectra for compound 2p
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3P NMR (242 MHz, CDCls) spectra for compound 2q
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'H NMR (600 MHz, CDCls) spectra for compound 2q
2q

. o
e e
e
'\‘,f . (ER)
current Data >ara'n9[s>'=
NAME 15r_
F2 - Rcquisition Parameters
Date_ 20240807
Time 0h
INSTRUM spect
PROBHD Z145856_0002 |
PULFROG £g30
1.00000i
D0
SFO1 600.00
[ NUC1
21 1
fl PLW1 28.000
‘| F2 - Processing parameters
| 51 65536
| SF 600.0000124 MHz
| WDW EM
| ss5B a
| LB 0.30 Bz

T T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05  ppm B%ﬂ
EN e 5 g g

IR (KBr) spectra for compound 2q

LI T T T T T T T T T T T T T T T T
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500
Wavemmber em-1

143266 MDMO606_1A KP BRUKER Alpha
Resolution: 2 em-1
3’.[11\10606_1;& KBr 8/6/2024 Number of Scans: 16
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 '00 600 500
= 1 Il 1 Il Il Il Il Il Il Il Il L Il L L L L 1 L 1 1 1 L Il Il Il Il Il Il 1 1
g l / VR A NIP’\‘ F J”r\
" I ﬂl, ﬁl W\ “| Il"“ Wy f”.‘
: ! P I 11 1 fl
E3 [WLE! |
u IR A ||‘|
| | | / ‘ H|
| \ AL ” |
' \ ] |
R | { | . l -
| | I t
| I
llf L[
=7 v ‘ | L i
E | Vo |
2q o | |
I N
| | |
# | | F &
| \
% L
||)
4
| H
T T T T T T T T T T

S37

100

90

60



3P NMR (242 MHz, DMSO-ds) spectra for compound 2r
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'H NMR (600 MHz, DMSO-ds) spectra for compound 2r
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3P NMR (600 MHz, CDCls3) spectra for compound 2s
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'H NMR (600 MHz, CDCls) spectra for compound 2s
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3P NMR (242 MHz, CDCls) spectra for compound 2t
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'H NMR (600 MHz, CDCls) spectra for compound 2t
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3P NMR (242 MHz, CDCls) spectra for compound 2u
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'H NMR (600 MHz, CDCls) spectra for compound 2u
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3P NMR (242 MHz, CDCls) spectra for compound 2v
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'H NMR (600 MHz, CDCls) spectra for compound 2v
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1P NMR (242 MHz, CDCls) spectra for compound 2w
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'H NMR (600 MHz, CDCls3) spectra for compound 2w
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3. HSQC, HMBC and COSY NMR spectra for the compounds
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HSQC NMR (140 Hz) spectra for compound 2b
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COSY NMR spectra for compound 2b
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2c
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HMBC NMR (8Hz, 140 Hz) spectra for compound 2d
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2e
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HSQC NMR (140 Hz) spectra for compound 2f
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HSQC NMR (140 Hz) spectra for compound 2g
2g
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COSY spectra for compound 2g

2g

|

i

]

L

70

75

70

65

6.0

40

35

HSQC NMR (140 Hz) spectra for compound 2h

2h

Ll

30 25 20 15 10

ppm

80

90

100

110

120

130

140

4.0

35

S58

30 25 20 15 ppm

80
ppm

HSQC (140Hz)
l432462
MIMOG29 1
Milen Matyas
2024.09.08

Milen Matyas
2024.09.11.

(KP)

(KP)

sRGRER
Lo



HMBC NMR (8 Hz, 140 Hz) spectra for compound 2h
2h

HMEC (BHz, 140Hz)
1434862

MIMO&29 1

Milen Matyas
2024.09.06. (KP)

L u J

20

30

40

70

80

100

110

120

130

140

L J
=
o

150 )
8.0 75 70 65 60 55 50 45 40 35 30 25 20 15 ppm Btgﬁfﬂ

COSY NMR spectra for compound 2h
2h

cosY
143462
MIMO629 1

Milen Matyas
doild ] | o

2024.09.06. (KP)
:% ]
" 15

25

30

35

40

<)
75 70 65 6.0 55 5.0 45 40 35 30 25 20 15 m BROKER
PP (<D

S59



HSQC NMR (140 Hz) spectra for compound 2j
2

LA | .

ppm

20

20

40

60

o

ul

80

90

100

110

‘¢ 120

I

o
ISHE ]
-
2

70 65 6.0 55 50 45 40 35 30 25 20 15 ppm
2j

Lk

20

30

40

0

il

80

a0

100

110

120

)

130

140

I

8.0 75 7.0 6.5 6.0 55 50 45 40 35 30 25 20 15 ppm

S60

HEQC

143295
MIMOE18_1
Milen Matyas
2024.09.27.

HMEC

143285
MIMOS18_ 1
Milen Matyas
2024.09.27.

(GZ8)

(GZ8)

shGReR
>0



COSY NMR spectra for compound 2j
2j

COsY
143235
MIMOE18_1

NN

ppm
J 10
— - L4
IR 15
2.0
25
20
35
4.0
45
g 50
— .
0
] 5
7.0
————3| ¢ e 5
e e |.
- 20
(o)
Bku‘ll!
80 75 70 65 60 55 50 45 40 35 30 25 20 15  ppm )
HSQC NMR (140 Hz) spectra for compound 2k
HSQC (140Hz)
1432461
MIMO&G28 1
Milen Matyas
2024.0%.06. (KP)
l IA l LL J\ L ppm
20
EN)
40
50
60
—— o
70
80
50
100
—_ 110
o 120
—_— .
75 70 65 60 55 50 45 40 35 30 25 20 15  ppm

S61




HMBC NMR (8Hz, 140 Hz) spectra for compound 2k
2k

| by

ppm

20

30

40

60

70

80

90

100

10

120

130

75 70 40 35 3.0 25

COSY NMR spectra for compound 2k
2k

| k) |

20

ppm

25

30

35

40

70

75 70 6.5 60 35 30

S62

25

20

75

ppm

HMBEC (8Hz,
142481
MIMOS28_1
Milen Matya
2024.09.06.

Co8sY

143461
MIMOE28_1
Milen Matyas
2024 .05.06.

140Hz)

(KP)

(KP)



HSQC NMR (140 Hz) spectra for compound 2|
21

HSQC (140Hz
143155
MIMOG612_1
Milen Matyas
2024.07.18.

ppm

|

80

90

100

]

110

|

120

L

130

HMBC NMR (8 Hz, 140 Hz) spectra for compound 2|
21

70 65 6.0 55 5.0 45 40 35 3.0 25

A

20 15 ppm

HMBC (8Hz,
143155

MIMO612 1

(KP)

)

UKER
D

140H=z)

Milen Matyas

2024.07.18.

ppm

L

mEl

@

.0 75 70 6.5 6.0 40 35 30

S63

25 20 15

(KP)

shGRER
L



COSY NMR spectra for compound 2|
21

ppm

20

25

30

70

75

L. i

8.0

HSQC NMR (140 Hz) spectra for compound 2m

2m

Sy )

25

20

ppm

60

70

|

80

90

100

110

| |

120

_

S64

25

20

ppm

COsY
1432155
¥

MOE12 1

Milen Matyas
2024.07.18

- (EP)

aRGReER
>

HSQC (140Hz)
143413



HMBC NMR (8Hz, 140 Hz) spectra for compound 2m

2m
1] |

N

L

L1l I

-
-

50 45 40 35 3.0

COSY NMR spectra for compound 2m
2m

1 )

}‘ i L__)L oo

ppm

HMBC (8Hz, 140Hz)

14324132
MIM0626 1
Milen Matyas
2024.09.02.

(KP}

20

30

40

70

20

a0

100

110

120

130

COSY

1432412
MIMOS26_ 1
Milen Matyas
2024.08.02.

ppm

i

\

70

1

75

50 45 40 3.0 25

S65

ppm

RGrur
(S S]

(KP)
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HSQC NMR (140 Hz) spectra for compound 2r
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HSQC NMR (140 Hz) spectra for compound 2s
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HSQC NMR (140 Hz) spectra for compound 2u
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2v
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