New potential multifunctional agents for the Alzheimer's
disease treatment based on tacrine conjugates with 2-
arylhydrazilidene-1,3-diketones

Natalia A. Elkina ', Maria V. Grishchenko ', Evgeny V. Shchegolkov !, Galina F. Makhaeva 2, Nadezhda V.
Kovaleva 2, Elena V. Rudakova 2, Natalia P. Boltneva 2, Sofya V. Lushchekina 23, Tatiana Y. Astakhova 3,
Eugene V. Radchenko 24, Vladimir A. Palyulin 24, Ekaterina F. Zhilina !, Anastasiya N. Perminova !, Luka S.
Lapshin 1, Yanina V. Burgart 1, Victor I. Saloutin 1, and Rudy J. Richardson 5678

1 Postovsky Institute of Organic Synthesis, Urals Branch of Russian Academy of Sciences,
Yekaterinburg, 620990, Russia; natali741258@mail.ru (N.A.E.); morozmv@gmail.com (M.V.G.);
e.schegolkov@yandex.ru (E.V.S.); efzhilina@ios.uran.ru (E.F.Z.); nastena_pn@mail.ru (A.N.P.);
lapshin.luka@mail.ru (L.S.L.); ya.burgart@yandex.ru (Y.V.B.); saloutin@ios.uran.ru (V.I.S.)

2 Institute of Physiologically Active Compounds Russian Academy of Sciences, Chernogolovka,
142432, Russia; gmakh@ipac.ac.ru (G.F.M.); kovalevanv@ipac.ac.ru (N.V.K.); rudakova@ipac.ac.ru
(E.V.Ru.); boltneva@ipac.ac.ru (N.P.B.); sofya.lushchekina@gmail.com (S.V.L.)

3 Emanuel Institute of Biochemical Physics Russian Academy of Sciences, Moscow, 119334, Russia;
sofya.lushchekina@gmail.com (S.V.L.); astakhoval967.t@yandex.ru (T.Y.A.

¢ Department of Chemistry, Lomonosov Moscow State University, Moscow, 119991, Russia;
genie@qgsar.chem.msu.ru (E.V.R.); vap@qgsar.chem.msu.ru (V.A.P.)

5 Department of Environmental Health Sciences, University of Michigan, Ann Arbor, MI 48109 USA

¢ Department of Neurology, University of Michigan, Ann Arbor, MI 48109 USA

7 Center of Computational Medicine and Bioinformatics, University of Michigan, Ann Arbor, MI
48109 USA

8 Michigan Institute for Computational Discovery and Engineering, University of Michigan, Ann
Arbor, MI 48109 USA

* Correspondence: rjrich@umich.edu; Tel.: +1-734-936-0769

Table of contents

Figure S1. Absorption spectra of compound 6a (40uM), Cu®* ions solution (40uM), a sum of 6a and Cu®,
their mixture, and the shift of the spectra caused by the formation of a complex. .....cccccvvviiviieiiiiiieeeenee. 4

Figure S2. Absorption spectra of compound 6a (40uM), Zn?* ions solution (40uM), a sum of 6a and Zn%,
their mixture, and the shift of the spectra caused by the formation of a complex. .......ccccoeeeeciieiicciieeeenee. 5

Figure S3. Absorption spectra of compound 6a (40uM), Fe?* ions solution (40uM), a sum of 6a and Fe?,
their mixture, and the shift of the spectra caused by the formation of a complex. .....ccccccvviivciieeiiiieeeennee, 6

Figure S4. Absorption spectra of compound 7a (40uM), Cu®* ions solution (40uM), a sum of 7a and Cu?*,
their mixture, and the shift of the spectra caused by the formation of a complex. .......ccccoveeecieiiecrineeennee. 7

Figure S5. Absorption spectra of compound 7a (40uM), Zn?* ions solution (40uM), a sum of 7a and Zn%,
their mixture, and the shift of the spectra caused by the formation of a complex. .....ccccccvvvivciieiiicieneenee, 8

Figure S6. Absorption spectra of compound 7a (40uM), Fe?* ions solution (40uM), a sum of 7a and Fe?*,
their mixture, and the shift of the spectra caused by the formation of a complex. .......ccccoveveciiiieecieeeennee. 9

Figure S7. Absorption spectra of compound 8a (40uM), Cu®* ions solution (40uM), a sum of 8a and Cu?*,
their mixture, and the shift of the spectra caused by the formation of a compleX.......ccccceeeeviiieiiciienennee. 10

Figure S8. Absorption spectra of compound 8a (40uM), Fe?* ions solution (40uM), a sum of 8a and Fe?,
their mixture, and the shift of the spectra caused by the formation of a compleX......ccccoceeeivcieiiiiieeennnen. 11

1


mailto:ya.burgart@yandex.ru
mailto:kovalevanv@ipac.ac.ru
mailto:rudakova@ipac.ac.ru
mailto:boltneva@ipac.ac.ru
mailto:sofya.lushchekina@gmail.com

Figure S9. IC50 values for AChE inhibition by compounds 6a,7a,8a (MEAN £ SEM, N =3) ......cccceeiviineeenns 12

Figure $10. IC50 values for BChE inhibition by compounds 6a,7a,8a (MEAN £ SEM, n =3)......ccccceeviineennes 13
Figure S11. IR spectrum of COMPOUNGT 2@ .......ccccuiiiiiiiiiie et etre e e e ette e e e e bee e e e e bteeeeebeeeeseseaeaeeans 14
Figure $12. 'H NIVIR spectrum of COMPOUNGT 2@.........ceeuieuieeeiieierieteeteeteereeteeteeteseeeeeae e eseebeetestessesensenseseas 15
Figure $13. 3C NMR spectrum of COMPOUNG 2@..........ccieuieieiieieiieieeeeteere ettt ettt ete et eaesaeeenseaeas 16
Figure S14. IR spectrum of COMPOUNT 2D ........cuuiiiiiiiie ettt e e e e bre e e e e reaeeeeans 17
Figure S15. TH NMR spectrum of COMPOUNG 2B ......c.oooviirieeiiriiieeiicteeecte ettt et sbe e 18
Figure $16. 3C NMR spectrum of compPound 2B ..........c.oouiiuiiiieiiieieeceeeeteetetee ettt eneas 19
Figure S17. IR spectrum of COMPOUNGT 2C .....ccoiviiiiiiiiiiie ittt e st e e s s e e s sbee e e s sbeeeessbeeeessans 20
Figure S18. *H NIVIR spectrum Of COMPOUNT 2C.........ceirieuieieieieeieteetieeeteeteeteeteereeeeeaeeteeteeteeteetessesensenseseas 21
Figure $19. 3C NMR spectrum of COMPOUNG 2C........coovivuieueeieeeieteeeeeteeeeeteeteetesee e ess et ereereeteesesaeeeeessesea 22
Figure S20. F NMR Spectrum Of COMPOUNG 2C ......cveeviirieeiciiieeeeiecteeie e ereeete e e sreereesessreetesteeseesbssreenenens 23
Figure S21. IR spectrum of COMPOUNT B ........cccuiiiiiiiiiie ittt e e st e e s bre e e e s breeeesbeaeeesans 24
Figure $22. 'H NIMR spectrum Of COMPOUNG Ba ........ceevievirveienierierieteeteeteeteeteeteseeeeeseeseeseeteesessessessesesseseas 25
Figure $23. 3C NMR spectrum Of COMPOUNG Ba........cccviiriereieriieeeieiiteeeeeteeseeete st eeesreeseestssneensesteeseessssreeneens 26
Figure S24. IR spectrum of COmMPOUNd BB ............oiiiiiiiie ettt e e e e reee e e eans 27
Figure $25. TH NMR spectrum of COMPOUNG BB .........ccuvivieviiiiieiieicteccce ettt te st e sbs s 28
Figure $26. 3C NMR spectrum of COMPOUN BB ..........c.ccuovuiiieiiieieieeeececteetee ettt et eaea 29
Figure S27. IR spectrum of COMPOUNGT BC .......cccuiiiiiiiiiie ittt e e e st e e e sbee e e e ssbreeessreaeeesans 30
Figure $28. TH NMR spectrum Of COMPOUNG BC.........ocevivreeeiiriirieiiiiteeee e ereete st eee st sseestssneetssteeseesrssreeneeene 31
Figure $29. 3C NMR spectrum Of COMPOUNG BC........occviirieeiiriirieieiteeesteereete st eee st sreestssreeeesteeseesbssreeneene 32
Figure S30. IR spectrum of COMPOUNT 7@ ......ocoiiiiiiiiieee ettt e et e e e e tte e e e e etae e e e sbteeeeebeeeeeessaeaeanns 33
Figure S31. 'H NIMR spectrum Of COMPOUNT 7@......c..ceerieriveeeenieeeetieieeeereeteeteeteseseeeseeseeseeteesesseesesesenseseas 34
Figure $32. 3C NMR spectrum of COMPOUNG Z@........c.coeevieieiieieierieeeeeteeteeteeteet e ere e eteeresteesessesensenea 35
Figure S33. IR spectrum of COMPOUNT 7D ......ocoeriiiiieee ettt e et e e e e bt e e e e e beeeeeeaes 36
Figure S34. TH NMR spectrum of COMPOUNT 7B ......c.oeoviirieeiiiceieeeictece ettt ettt sbssre e 37
Figure $35. 3C NMR spectrum of COMPOUNA 7B .........oouivuieiiieieieeeeeeeetecte ettt et e e enea 38
Figure S36. IR spectrum of COMPOUNT 7C .....ooiiiiiiieiciiee ettt e st e e et e e e et e e e e e bteeeesbtaeaeeans 39
Figure S37. *H NIMR spectrum Of COMPOUNT 7C......c.ocviirieriereeeietieeeeseeteeteeteeseeseeseseseseeseeseeseesessessesesessesens 40
Figure $38. 3C NIMR sSpectrum Of COMPOUNG TC.....ocvviuiiiieiiitiieieitecteeteste ettt eee st st sts v etssteeneesbesreenee e 41
Figure S39. IR spectrum of COMPOUNT 8@ .......cccuiiiiiiiiie ettt e et e e e et e e e e e ab e e e e ebeeeeeenseeaeeans 42
Figure S40. *H NIMR spectrum Of COMPOUNGT 8@.........ceevierirvereeierierierieteeteeteereeseseeeseseeseeseeseesessessessesesseseas 43
Figure S41. 3C NMR spectrum of COMPOUNG 8@..........oceevivveveeeeierietieteerecteereeteeeeeee e ee e ereeresteesesesesseneas 44
Figure S42. 5F NMR spectrum Of COMPOUNT 8@........cccivuieeiiriieiiiiicticieseereete st eee st st sts e essteenee st sre e 45
Figure S43. IR spectrum of COMPOUN 8D ........c.uviiiiieie et et e e e et e e e eareeaeeaes 46
Figure S44. 'H NMR spectrum of COMPOUNGT 8B ........cccuivuiiiiiiiieiiictiee ettt ettt sb s s 47
Figure $45. 3C NMR spectrum of COMPOUN 8D ..........c.oouivviiiieieeieieetectectecteete ettt eesseaea 48
Figure $46. °F NMR spectrum of compound 8h...........c.oouivuiiiiiieieieiceectecteeteeee ettt eaea 49



Figure S47. IR spectrum of COMPOUNT 8C ......ccociiiiiiiiiiie ettt e et e e et e e e et e e e s e bteeesebeaeeeeans 50

Figure S48. TH NMR spectrum of COMPOUNG 8C.......ccveoviirieveiiricrientecteeiecteeeeereete e ereeeesrseaeensesreessessesreeeeens 51
Figure $49. 3C NMR spectrum of COMPOUNG 8C........ceoivuivuereeeeeeeriereeteetecteeteetee e eeeeereereeteeressessessesenseseas 52
Figure S50. °F NMR spectrum of COMPOUN 8C ........coouiiuiiiieieiieieee ettt ettt a e nseneas 53



6a
242 Cu(l)

Mix 6a + Cu(ll)

Sum: 6a + Cu(ll)
" I shift of absorbance
[ d II
s ! /N
5 ", 310 321
W |
o
4 - \
1 253
— , —
zpe\_/ 25 308 339 358 :

408

508
350

Wavelength, nm

Figure S1. Absorption spectra of compound 6a (40pM), Cu? ions solution (40uM), a sum of 6a and Cu?, their mixture, and the shift of the
spectra caused by the formation of a complex.
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Figure S2. Absorption spectra of compound 6a (40uM), Zn?* ions solution (40pM), a sum of 6a and Zn?, their mixture, and the shift of the
spectra caused by the formation of a complex.
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Figure S3. Absorption spectra of compound 6a (40puM), Fe?* ions solution (40puM), a sum of 6a and Fe*,
their mixture, and the shift of the spectra caused by the formation of a complex.
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Figure S4. Absorption spectra of compound 7a (40pM), Cu? ions solution (40uM), a sum of 7a and Cu?, their mixture, and the shift of the
spectra caused by the formation of a complex.
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Figure S5. Absorption spectra of compound 7a (40uM), Zn?* ions solution (40puM), a sum of 7a and Zn?*, their mixture, and the shift of the
spectra caused by the formation of a complex.
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Figure S6. Absorption spectra of compound 7a (40pM), Fe?* ions solution (40puM), a sum of 7a and Fe?¥,
their mixture, and the shift of the spectra caused by the formation of a complex.
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Figure S7. Absorption spectra of compound 8a (40puM), Cu? ions solution (40uM), a sum of 8a and Cu?, their mixture, and the shift of the
spectra caused by the formation of a complex
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Figure S8. Absorption spectra of compound 8a (40uM), Fe?* ions solution (40puM), a sum of 8a and Fe*, their mixture, and the shift of the spectra
caused by the formation of a complex
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Figure S9. ICso values for AChE inhibition by compounds 6a,7a,8a (MEAN +* SEM, n = 3)
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Figure S11. IR spectrum of compound 2a
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Figure $13. 3C NMR spectrum of compound 2a
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Figure S15. 'H NMR spectrum of compound 2b
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Figure 519. 3C NMR spectrum of compound 2¢
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D1 0.85000002 sec
| ; D11 0.03000000 sec
I TDO 1
i I ==== CHANNEL f1 =====
NUC1 13C
P1 10.00 usec
PLL 0.00 dB
PLIW 115.29558563 W
SFO1 125.7703648 MHz
==== CHANNEL f2 =====
CPDPRG2 waltz16
NUC2 1H
PCPD2 75.00 usec
1 PL2 120.00 dB
PL12 16.30 dB
PL13 19.30 dB
PL2W 0.00000000 W
i PLI2W 0.47519693 W
I I | | PL13W 0.23816262 W
s et SFO2 500.1320005 MHz
SI 32768
HZpPT 0.770646 Hz
SR 4.35 Hz
WDW EM
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 LB 100 HZ
170 150 130 110 90 30 20 10 Ocs 0
ppm SSB 0



" NAME ENA334
o EXPNO 19
o PROCNO 1
| USER uralnmr
Date_ 20210524
Time 13.05
Tol INSTRUM AV500
N PROBHD 5 mm PABBO BB-
N PULPROG 2930
FiC m)\r H. SOLVENT CDCB
Ceis ™ 131072
O Me sw 120.7506 ppm
2¢ o1pP 55.000 ppm
FIDRES 0.433488 Hz
NS 16
DS 2
AQ 1.1534836 sec
RG 203
TE 295.0 K
DE 6.50 usec
D1 1.00000000 sec
TDO 1
=====CHANNEL fl =====
NUCL 19F
P1 15.50 usec
PL1 -5.00 dB
PLIW 46.07103729 W
SFO1 470.5417584 MHz
SI 131072
HzpPT 0.433488 Hz
SR 404.95 Hz
WDW EM
LB 0.00 Hz
GB 0
SSB 0
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 T T T T T T T
105 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5

ppm

Figure 520. F NMR spectrum of compound 2¢
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Figure 522. '"H NMR spectrum of compound 6a
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NAME ENA361a

EXPNO 1
PROCNO 1
USER uralnmr
Date_ 20210730
Time 16.47
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zg30
SOLVENT CDCI3
D 32768
SW 18.0240 ppm
O1P 8.000 ppm
FIDRES 0.275098 Hz
NS 16
DS 2
AQ 1.8175818 sec
RG 64
TE 295.3K
DE 6.50 usec
D1 1.00000000 sec
TDO 1
CHANNEL f1 =====
NUC1 1H
P1 12.00 usec
PL1 0.30 dB

PLIW 18.91792679 W
SFO1 500.1340010 MHz

SI 32768
HZpPT 0.275098 Hz
SR 10.09 Hz
WDW EM

LB 0.00 Hz

GB 0

SSB 0
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Figure 523. 13C NMR spectrum of compound 6a
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NAME ENA361al
EXPNO 13
PROCNO 1

USER uralnmr
Date_ 20211007
Time 15.31
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
SOLVENT CDCB

TD 32768

SwW 219.2360 ppm
o1pP 105.000 ppm
FIDRES 0.841477 Hz
NS 1024

DS 8

AQ 0.5942430 sec
RG 203

TE 296.4 K

DE 6.50 usec

D1 0.80000001 sec
D11 0.03000000 sec
TDO 1

==== CHANNEL fl =====
NUC1 13C

P1 10.00 usec
PL1 0.00 dB
PL1IW 115.29558563 W
SFO1 125.7709936 MHz
==== CHANNEL f2 ======
CPDPRG2 wakz16
NUC2 1H

PCPD2 75.00 usec
PL2 0.30 dB
PL12 16.30 dB
PL13 19.30 dB
PL2W 18.91792679 W
PL12W 0.47519693 W
PL13W 0.23816262 W
SFO2 500.1320005 MHz
SI 65536

HZpPT 0.420739 Hz
SR 4.94 Hz
WDW EM

LB 1.00 Hz

GB 0

SSB 0
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Figure S24. IR spectrum of compound 6b
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NAME ENA362a

EXPNO 1
-PROCNO 1

USER uralnmr

Date 20210730

Time 17.25

INSTRUM AV500

PROBHD 5 mm PABBO BB-

PULPROG zg30

SOLVENT CDCB

TD 32768

SwW 18.0240 ppm

o1pP 8.000 ppm

FIDRES 0.275098 Hz

NS 16

DS 2

AQ 1.8175818 sec

RG 64

TE 295.4 K

DE 6.50 usec

D1 1.00000000 sec

TDO 1

==== CHANNEL f1 ====

NUC1 1H

P1 12.00 usec

PL1 0.30 dB

PLIW 18.91792679 W

SFO1 500.1340010 MHz

SI 32768

HZpPT 0.275098 Hz

SR 10.93 Hz

WDW EM

LB 0.00 Hz

GB 0

SSB 0
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Figure 525. 'H NMR spectrum of compound 6b
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Figure 526. °*C NMR spectrum of compound 6b
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NAME ENA362a1
EXPNO 13
PROCNO 1
USER uralnmr
Date_ 20211007
Time 17.55
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
SOLVENT CDCI3
TD 32768

SwW 219.2360 ppm
O1P 105.000 ppm
FIDRES 0.841477 Hz
NS 1024

DS 8

AQ 0.5942430 sec
RG 203

TE 296.5K

DE 6.50 usec
D1 0.80000001 sec
D11 0.03000000 sec
TDO 1

==== CHANNEL f1 ====
NUC1 13C

P1 10.00 usec
PL1 0.00 dB
PLIW 115.29558563 W
SFO1 125.7709936 MHz
==== CHANNEL f2 ====
CPDPRG2 waltz16
NUC2 1H
PCPD2 75.00 usec
PL2 0.30dB
PL12 16.30 dB
PL13 19.30dB
PL2W 18.91792679 W
PL12W 0.47519693 W
PL13W 0.23816262 W
SFO2 500.1320005 MHz
SI 65536
HZpPT 0.420739 Hz
SR 4.94 Hz
WDW EM

LB 1.00 Hz

GB 0

SSB 0
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Figure S27. IR spectrum of compound 6¢
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Figure S28. 'H NMR spectrum of compound 6¢
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NAME ENA363
EXPNO 1
PROCNO d
USER urahmr
Date, 20210722
Time 13.52
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG 2930
SOLVENT CDCB
TD 32768

SwW 18.0240 ppm
O1pP 8.000 ppm
FIDRES 0.275098 Hz
NS 16

DS 2

AQ 1.8175818 sec
RG 203

TE 295.6 K

DE 6.50 usec
D1 1.00000000 sec
TDO 1

==== CHANNEL f1 ===
NUC1 1H

P1 12.00 usec
PL1 0.30dB
PL1W 18.91792679 W
SFO1 500.1340010 MHz
SI 32768
HZpPT 0.275098 Hz
SR 9.97 Hz
WDW EM

LB 0.00 Hz

GB 0

SSB 0
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NAME ENA363
N o= N NEXPNO 13
aecga %00
N NN o~ \JSER uralnmr
|t ——yate 20210804
Time 14.58
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
SOLVENT CDCB
TD 32768
Sw 219.2360 ppm
o1pP 105.000 ppm
FIDRES 0.841477 Hz
NS 3072
DS 8
AQ 0.5942430 sec
RG 203
TE 296.8 K
DE 6.50 usec
D1 0.85000002 sec
D11 0.03000000 sec
TDO 2
==== CHANNEL f1 =====
NUC1 13C
P1 10.00 usec
PL1 0.00 dB
PLIW 115.29558563 W
SFO1 125.7709936 MHz
==== CHANNEL f2 ======
| CPDPRG2 wakz16
NUC2 1H
PCPD2 75.00 usec
PL2 120.00 dB
PL12 16.30 dB
PL13 19.30dB
PL2W 0.00000000 W

PL12W 0.47519693 W
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Figure S29. *C NMR spectrum of compound 6¢
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PL13W 0.23816262 W
FO2 500.1320005 MHz

SI 32768

HZpPT 0.841477 Hz

SR 5.92 Hz

WDW EM

LB 3.00 Hz

GB 0

SSB 0
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Figure S30. IR spectrum of compound 7a
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Figure S31. '"H NMR spectrum of compound 7a
34

p = 8 8 NAME ENA366

- « « EXPNO 1

- PROCNO 1
USER uralnmr
Date_ 20210722
Time 13.59
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zg30
SOLVENT CDCI3
TD 32768
SwW 18.0240 ppm
O1P 8.000 ppm
FIDRES 0.275098 Hz
NS 16
DS 2
AQ 1.8175818 sec
RG 203
TE 295.6 K
DE 6.50 usec
D1 1.00000000 sec
TDO 1
===== CHANNEL f1 ===
NUC1 1H
P1 12.00 usec
PL1 0.30dB
PLIW 18.91792679 W
SFO1 500.1340010 MHz
SI 32768
HZpPT 0.275098 Hz
SR 12.56 Hz
WDW EM
LB 0.00 Hz
GB 0
SSB 0
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Figure $32. 3C NMR spectrum of compound 7a
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NAME ENA366
EXPNO 13
PROCNO 1
USER uralnmr
Date_ 20210802
Time 16.48
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
SOLVENT CDCB

D 32768

SwW 219.2360 ppm
O1P 105.000 ppm
FIDRES 0.841477 Hz
NS 1024

DS 8

AQ 0.5942430 sec
RG 203

TE 296.6 K

DE 6.50 usec
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

=== CHANNEL fl =====
NUC1 13C

P1 10.00 usec
PL1 0.00 dB
PLIW 115.29558563 W
SFO1 125.7709936 MHz
==== CHANNEL f2 ====
CPDPRG2 wakz16
NUC2 1H
PCPD2 75.00 usec
PL2 120.00 dB
PL12 16.30 dB
PL13 19.30dB
PL2W 0.00000000 W
PL12W 0.47519693 W
PL13W 0.23816262 W
SFO2 500.1320005 MHz
SI 32768
HZpPT 0.841477 Hz
SR 7.56 Hz
WDW EM

LB 1.00 Hz

GB 0

SSB 0



95
905
855
80%
?5§
?oé
65%
60%
555
505
45§
40§
35§
30§

25

JENA-367; uatr, Sp. two; 30.07.2021 A

3370

3057 .
L
Z
D
ot
TZ
{
=

2930 0
2858
" =
T >
\Y
a_

20

1626

1515

1499

1563

1578

1445

1416

1366

1305

1335

1244

1220

1176

1107

981

1073
1025

908

861

822

759

694

723

3000 2000

Figure S33. IR spectrum of compound 7b
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NAME ENA367a
GHBBRARGYY 8835885 8 8RRCEINEERY  EXPNO 2
et Uil el : el By ek PROCNO 1
e — )
T USER uralnmr
Date_ 20210804
Time 10.39
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zg30
SOLVENT CDCI3
TD 32768
SwW 19.9946 ppm
o1pP 9.000 ppm
FIDRES 0.305176 Hz
NS 16
DS 2
AQ 1.6384500 sec
RG 64
TE 295.5K
DE 6.50 usec
D1 1.00000000 sec
TDO 1
==== CHANNEL f1 ====
NUC1 1H
P1 12.00 usec
PL1 0.30dB
PL1W 18.91792679 W
SFO1 500.1345012 MHz
SI 32768
HZpPT 0.305176 Hz
SR 13.29 Hz
WDW EM
LB 0.00 Hz
1l GB 0
SSB 0
Nl
|
l | Y\ %
i VN T — .
3 NEReIRES IBIBIRBH
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Figure S34. '"H NMR spectrum of compound 7b
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Figure S35. 3C NMR spectrum of compound 7b

38

NAME ENA367a
EXPNO 13
PROCNO 1
USER uralnmr
Date_ 20210804
Time 10.43
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
SOLVENT CDCI3
TD 32768

SwW 219.2360 ppm
0o1P 105.000 ppm
FIDRES 0.841477 Hz
NS 1024

DS 8

AQ 0.5942430 sec
RG 203

TE 296.2 K

DE 6.50 usec
D1 1.00000000 sec

D11 0.03000000 sec
TDO 1

=== CHANNEL f1 =====
NUC1 13C

P1 10.00 usec
PL1 0.00 dB
PLIW 115.29558563 W
SFO1 125.7709936 MHz
==== CHANNEL f2 ====
CPDPRG2 waltz16
NUC2 1H
PCPD2 75.00 usec
PL2 120.00 dB
PL12 16.30 dB
PL13 19.30dB
PL2W 0.00000000 W
PL12W 0.47519693 W
PL13W 0.23816262 W
SFO2 500.1320005 MHz
SI 32768

HZpPT 0.841477 Hz
SR 7.30 Hz
WDW EM

LB 3.00 Hz

GB 0

SSB 0



95%
905
85
801
751
70-
65
60%
55%
50]
45]

40

257

JENA-368; uatr, Sp.two; 30.07.2021

3262

3057

2027
2855

20

1628

1576

1501

1514

1445

1415

1366

1306

1335

1220

1177

1137

1072

822

760

723

694

564'

628
540
o1y

645

669

3000 2000

Figure S36. IR spectrum of compound 7¢
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Figure S37. '"H NMR spectrum of compound 7¢

Current Data Parameters

& NAME ENA368
- « EXPNO 1
PROCNO 1
USER uralnmr
F2 - Acquisition Parameters
Date_ 20210723
Time 15.59

INSTRUM DRX400
PROBHD 5 mm SEF 19F-1

PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 16

DS 2

SWH 7183.908 Hz
FIDRES 0.219235 Hz
AQ 2.2807028 sec
RG 2874

DwW 69.600 usec
DE 6.00 usec
TE 297.2 K

D1 1.00000000 sec

MCREST 0.00000000 sec
MCWRK 0.01500000 sec

==== CHANNEL f1 ====
NUC1 1H

P1 15.25 usec
PL1 -2.00 dB

SFO1 400.1332010 MHz

F2 - Processing parameters
SI 32768

HZpPT 0.219235 Hz
SF 400.1300085 MHz

SR 8.52 Hz
WDW EM
LB 0.00 Hz
GB 0
SSB 0

PC 4.00



NAME ENA368
) OCNMNOIONNOIIO T ®ODO © é PNO A1336
@ qONOAOBCONM T NTOND0 O ™ © v > w2 2823Lr3ICY
) NOTENUTrNOOODNNONONMO T N NS M= ON NN N BRONO 1
o COUVMITITITONONNNNNNNN~ — ~ N © o) -0 0O NN DSER urahmr
- T T T T T T T T T T T T T T e N~ NN~ b e 1 MOANNNNNNN
| e P - i \ Dt oy i
Time 15.19
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
SOLVENT cpbcB
™ 32768
SwW 219.2360 ppm
O1P 105.000 ppm
FIDRES 0.841477 Hz
Me O NS 2048
/GET )\I/LL DS 8
HN H Ph AQ 0.5942430 sec
N RG 203
| 3 N TE 296.2 K
b Tol DE 6.50 usec
N D1 1.00000000 sec
Tc Dil 0.03000000 sec
TDO 1
==== CHANNEL fl =====
NUC1 13C
P1 10.00 usec
PL1 0.00 dB
PLIW  115.29558563 W
SFO1 125.7709936 MHz
i ==== CHANNEL f2 ======
| CPDPRG2 wakz16
: 'I NUC2 1H
PCPD2 75.00 usec
! PL2 120.00 dB
PL12 16.30 dB
PL13 19.30 dB
PL2W 0.00000000 W
: tha il i3 | PL12W 0.47519693 W
| ! I | I PL13W 0.23816262 W
o G l L l N 1 Lvm SFO2  500.1320005 MHz
VR s T P . T T SI 32768
HZpPT 0.841477 Hz
SR 8.71 Hz
WDW EM
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Figure S38. 1*C NMR spectrum of compound 7¢
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Figure S40. '"H NMR spectrum of compound 8a
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NAME GMV149a
EXPNO 1
PROCNO 1
USER urahmr
Date_ 20210721
Time 13.44
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG 2930
SOLVENT CDCB
TD 32768

SW 18.0240 ppm
O1P 8.000 ppm
FIDRES 0.275098 Hz
NS 16

DS 2

AQ 1.8175818 sec
RG 203

TE 295.7 K

DE 6.50 usec
D1 1.00000000 sec
TDO 1
===== CHANNEL f1 ====
NUC1 1H

P1 12.00 usec
PL1 0.30dB
PLIW 18.91792679 W
SFO1 500.1340010 MHz
SI 32768
HZpPT 0.275098 Hz
SR 12.55 Hz
WDW EM

LB 0.20 Hz
GB 0
SSB 0
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NAME GMV149a

OO UTOOMTANTORND N ™ N
ONUMNMeENOTETMOOOMOT MO NANTNDNOONDON EXPNO 13
ONNNTOOONODOOMOANGS S © O DO T NN O O N PROCNO 1
Ce e RTINS EIS8rE SIIXRKIN{S= USER urahmr
7 NS e \ee—— [ SN ——" Date_ 202108205
Time 11.4
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Figure S41. 3C NMR spectrum of compound 8a
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Figure S42. F NMR spectrum of compound 8a
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Figure S44. '"H NMR spectrum of compound 8b
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Figure 545. 3C NMR spectrum of compound 8b
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Figure 546. °F NMR spectrum of compound 8b
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Figure S48. '"H NMR spectrum of compound 8¢
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Figure 549. 1°C NMR spectrum of compound 8c
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Figure S50. F NMR spectrum of compound 8¢
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