Conjugates of Tacrine and Salicylic Acid Derivatives as
New Promising Multitarget Agents for Alzheimer’s Disease

Galina F. Makhaeva !, Nadezhda V. Kovaleva 1, Elena V. Rudakova 1, Natalia P. Boltneva },

Maria V. Grishchenko 2, Sofya V. Lushchekina 13, Tatiana Y. Astakhova 3, Olga G. Serebryakova ?,
Elena N. Timokhina 3, Ekaterina F. Zhilina 2, Evgeny V. Shchegolkov 2, Mariya V. Ulitko ¢,
Eugene V. Radchenko 15, Vladimir A. Palyulin 1%, Yanina V. Burgart 2, Victor I. Saloutin 2,

Sergey O. Bachurin ! and Rudy J. Richardson 6789*

1 Institute of Physiologically Active Compounds at Federal Research Center of Problems of Chemical
Physics and Medicinal Chemistry, Russian Academy of Sciences, Chernogolovka 142432, Russia

2 Postovsky Institute of Organic Synthesis, Urals Branch of Russian Academy of Sciences,
Yekaterinburg 620990, Russia

3 Emanuel Institute of Biochemical Physics Russian Academy of Sciences, Moscow 119334, Russia

4 Institute of Natural Sciences and Mathematics of the Ural Federal University Named after the First

President of Russia B. N. Yeltsin, Ekaterinburg 620083, Russia

Department of Chemistry, Lomonosov Moscow State University, Moscow 119991, Russia

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

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

Center of Computational Medicine and Bioinformatics, University of Michigan,

Ann Arbor, MI 48109, USA

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

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

® N o w

Table of contents
Figure S1. IR spectrum of COMPOUNG B ........ccociiiiiiiiiie ettt e e e et ee e e et e e e e e bt e e e esabeeeeenraeeeennreas 4
Figure S2. 'H NMR spectrum of COMPOUNG Ba..........cc.coueuieuiiiieiiieieeieteeteetee ettt st s s eereeteeaesae s enseseas 5
Figure S3. 13C NIVIR spectrum Of COMPOUNT Ba.........ccocvvereeuiireereereieneeteeteeteetesteeeeeseeseeesesseseseeseeseesessensensesens 6
Figure S4. IR spectrum of COMPOUNT BB .........cccuviiiiiie e e e e e e e are e e e enreas 8
Figure S5. 1H NMR spectrum of COMPOUNG BB ..........c.coveuieuiiiiiiieieieeeeteeteeteeteeeeeee ettt eae et saesenseaea 9
Figure S6. 13C NIMR spectrum of COMPOUNT BB ...........oerviiriieiieieeieiete ettt ere et sae e nens 10
Figure S7. IR spectrum of COMPOUNT BC ......cccoviiiiiiiiiie et ee e e e e e s s sabee e e s nree e e nanes 12
Figure S8. 'H NMR spectrum of COMPOUNG BC..........ccocveueiriericiiireieeetecte ettt ettt eeveee e eeteereeteeaenseneens 13
Figure S9. 13C NIMR spectrum Of COMPOUNT BC.......c.cveueereerieriereieeieeeteeteeteeteeeeeseeseeteessesesseseeseeseesessensensens 14
Figure S10. HRMS spectrum of COMPOUNG BC........ccccuiiiiiiiiieeeiiee ettt et e e e e tre e e e sabae e e e earae e e nnees 15
Figure S11. IR spectrum of COMPOUNT 7@ ....cccooiiiiiiiiiieiiiee et e s e e e s e aree e e saree e s snnes 16
Figure $12. *H NIMR spectrum Of COMPOUNT 7@ ....cc.cviuieuierieieciieieeeeete ettt ettt ettt e e eaeebe b aesae s ensens 17
Figure $13. 3C NMR spectrum of COMPOUNG 7@.......ccocveieuiiriiiireeeeete ettt ettt et e e ete v eveesenseneens 18
Figure S14. F NMR spectrum of COMPOUNG 7@........c.cveieriiriiiiereeeeeiecteeteeteeeeeee et ete v e e ete v etesaeseneens 19
Figure S15. HMRS spectrum of COMPOUNG 7@ .....cooooiiiiiiiiiee ettt et e et e e e eabae e e e earee e e nnees 20
Figure S16. IR spectrum of COMPOUN 7B .....coooiiiiiiiiiii e e are e e s 21
Figure S17. *H NMR spectrum of COMPOUNT 7B .......ccoooviiiuiiiiiiteeeeeeeteeteetee ettt et ere e ere e 22



Figure S18. 3C NMR spectrum of cOmMPOUNd 7B ........ccoouiiiieieiieeieeeeeetee ettt ee 23
Figure $19. °F NMR spectrum of cOMPOUNd 7B.........c.ccooviuiiuiiuiieeieeeieetecteetee ettt et ae e 24
Figure S20. HRMS spectrum of cOompPouNnd 7h ........oouiiiiiiiiie ettt 25
Figure S21. IR spectrum of COMPOUNG 7C ....ocoouiiiiiiiiie ettt e tee e e e e e bae e e e e e e e e eeabee e e eateeeeennees 26
Figure $22. *H NIMR spectrum Of COMPOUNT 7C......c.cveuiiuieriiricieeteieeete et ete et e et eve et et e e eteereetesaessensens 27
Figure $23. 3C NMR spectrum of COMPOUNT ZC.......cueveviiireieteeeteeeteeetee ettt eeee e s ese s seesese s 28
Figure $24. °F NMR spectrum of COMPOUNGT 7C .......ccvoviuieuiiiieiiieeeeeteete ettt ettt vt ete v veere s eneens 29
Figure S25. HMRS spectrum of COMPOUNG 7C......ciiiiiiiiiiiiiie ettt e e etee e e e e aae e e e sabae e e e eatae e e ennees 30
Figure S26. IR spectrum of COMPOUNG 8@ .......ccuiiiiiiiiie ettt e et e e aee e e e sabee e e e aree e e nnees 31
Figure $26. 'H NIVIR spectrum of COMPOUNGT 8a@.........c.coveieuiirieiiieieiete et ete ettt ee et ereete et eaeere b teeaesseneens 32
Figure $27. 3C NMR spectrum of COMPOUNG 8a........c.cceeiiuiiriiiiireieeeteete ettt ettt v e e ese s eveere s eneens 33
Figure $28. °F NMR spectrum of COMPOUNG 8@........c.ccoeviuiirieiicieicieieeteeteeteee ettt vt et e a s eneens 34
Figure $29. HRMS spectrum of COMPOoUNd 8@ ........ccciiiiiiiiieiciee ettt e e et eatae e e 35
Figure S30. IR spectrum of compPoUuNnd 8B ............ooiiiiiiiiie e e e 36
Figure S31. *H NMR spectrum of compound 8b ...........c.coucuiiiiiiiiieieieeeeceeeeeeee ettt 37
Figure $33. 3C NMR spectrum of COMPOUN 8D .........cc.cveuiiiiiiiieicieieeecteeteee ettt a e 38
Figure $34. F NMR spectrum of COMPOUNd 8B..........cc.ccviuiiuiiiieieieieictecteeteeeeee ettt eve et eae e 39
Figure S35. HRMS spectrum of compound 8b ...........c.ooiiiiiii i e et 40
Figure S36. IR spectrum of COMPOUNG 8C ......cccuviiiiiiiie ettt e e e tte e e e ree e e esabee e e e nree e e nnees 41
Figure $37. 'H NIMR spectrum of COMPOUNT 8C........cc.coiiuiiuiiriiiieieieiete ettt et e et te et e a e ereereetesae s ensens 42
Figure $38. 3C NMR spectrum of COMPOUNG 8C.......c.cveuiiriiriiriireeeeete et eteeteee ettt eae e eeteereeaeerensensens 43
Figure $39. F NMR spectrum of COMPOUNG 8C .........cveiiriirieriieeieeetectecteeteeeeee et ete v e eseereereereerenseneens 44
Figure S40. HRMS spectrum of COMPOUNG 8C......cccoccuiiiiiiiiee ettt et e e e e ate e e e sbae e e e earee e e nnes 45
Figure S41. IR spectrum of cOMPOUN L0@ ........c.coiiiiiiiieiiiiiie it eeee et e e esee e e sbee e s s sbee e e ssnbee e e ssnreeessnnees 46
Figure $42. 'H NMR spectrum of cOMPOUNT 108 ........ccocoeeuieriiriiieieieteeteereeteeeeeeeeteereeteesse e eseeseeseesessessensens 47
Figure $43. 3C NMR spectrum of COMPOUN L0@..........c.ccocierierierereeiereeteeteereeeeeeeseereeteesseseseeseereeaeeseseneens 48
Figure S44. HRMS spectrum of compound 108 ..........coeiiiiiiiiiiiiie et etee e eere e e e are e e e sbae e e e earae e e nnees 49
Figure S45. IR spectrum of compound 0B ..........coooiiiiiiiiiic et e et eare e e e 50
Figure $46. 'H NIMR spectrum of compound 10D ...........cccceouiiuiiieiieiieietecteeteeeeeee et eaae et bt ae e 51
Figure $47. 3C NMR spectrum of compound 10D ..........cccccooiiriiriiieieieeceecteeeeeee et et 52
Figure S48. HMRS spectrum of compound 10D ...........oooiiiiiiiiiiiic e e e 53
Figure S49. IR spectrum of COMPOUN L0C ........uviiiiiiiieicciie et ee e e e ae e s e ebee e e esatae e e enteeeeennees 54
Figure $50. *H NIMR spectrum of COMPOUNT 10C.........ccooiiiirieeieeeieeeteeteeteeteeeeeeeseeteeteesseeessessereeressesseneens 55
Figure S51. 3C NMR spectrum of COMPOUNT 1OC........c.ceeveveiereeereiereeeteeeeteeeteeeteseeteseeseeseeseseesesesseseesesenes 56
Figure S52. HRMS spectrum of COMPOUNT L0C........c.ueiiiiiiiiiiiiieeeeiee e eiee e e e eetee e e e eire e e e sabee e e e eareeeesnnees 57
Figure $53. Absorption spectra of: compound 6b, Cu?* ions solution, a sum of 6b and Cu?*, their mixture,

and the shift of the spectra caused by the formation of a compleX. ......cccccovviririiiiiicceeccee e 58
Figure S54. UV spectra of compound 7b and mixture of 7b with Cu(ll), Fe(ll) and Zn(ll) ions. ........cccu.e.. 58

2



Figure S55. UV spectra of compound 8b and mixture of 8b with Cu(ll), Fe(ll) and Zn(ll) ions. .........cc.u.... 59
Figure S56. UV spectra of compound 10b and mixture of 10b with Cu(ll), Fe(Il) and Zn(ll) ions. ................ 59

Figure S57. (a) UV absorption spectra of 6b (20 uM) in ethanol after addition of increasing concentrations
of CuCl; (2-34 uM). (b) the differential spectra due to 6b-Cu?* complex formation obtained by numerical
subtraction from the spectra of the mixture of the spectra of the Cu?* alone and 6b alone at the

(oo Ta Y=ty o o] aTe [TgY-qole]gTol=T o} d =] dTo] o TSN 60

Figure S58. (a) UV absorption spectra of 10b (20 uM) in ethanol after addition of increasing
concentrations of CuCl; (2-34 uM). (b) the differential spectra due to 10b-Cu?* complex formation
obtained by numerical subtraction from the spectra of the mixture of the spectra of the Cu?* alone and
10b alone at the corresponding CONCENTIAtiONS. ....ccvviviiiciiiiii e e e s sree e e e e snes 60

Figure S59 . ICso values for AChE inhibition by compounds 5¢,6c¢,7¢,8c and 10c (MEAN + SEM, n = 3) ....... 61
Figure S60. |Cso values for BChE inhibition by compounds 5¢,6¢,7¢,8c and 10c (MEAN + SEM, n = 3) ........ 62

Figure S61. Lineweaver-Burk double-reciprocal plots of steady state inhibition of AChE by compounds

5¢,6¢,7¢,8c. Each plot indicates mixed-type inhibition. ... 63
Figure S62. Lineweaver-Burk double-reciprocal plots of steady state inhibition of BChE by compounds

5¢,6¢,7¢,8c. Each plot indicates mixed-type iNhibitioN.........ccccie oo 64
Table S1. pKa values and charges of the investigated compounds..........ccceeieiniviinineicecce s 65



102_‘:3[‘»-1‘-;“-1:5435; uatr; Sp.two; 09.08.2021

1 00-5
98;
96
941
92-3
901

88|

84
821
801
78%
761

74-

3072

2862

3393

HNTTY
NHN
=

N

2834

O OCH

B

1640

1533

1238

1106

1045

1020

943

861

752

4000

3000 2000

Figure S1. IR spectrum of compound 6a

1500

1000

500




MAME @MV 156a

Figure S2. '"H NMR spectrum of compound 6a
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Figure S9. *C NMR spectrum of compound 6¢
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Figure S10. HRMS spectrum of compound 6¢
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Figure S12. 'H NMR spectrum of compound 7a
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Figure S13. 3C NMR spectrum of compound 7a
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Figure S14. F NMR spectrum of compound 7a
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273.22,279.16, 291.27, 293.28, 304.30, 307.30, 321.31, 326.38, 332.33, 335.33, 349.35, 413.27, 1259.95,
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F
F
HN
AN |
= o 0
N N4
H
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Institute of Organic Synthesis UB RAS (‘)(7
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Figure S15. HMRS spectrum of compound 7a
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Figure S17. 'H NMR spectrum of compound 7b
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Figure S18. *C NMR spectrum of compound 7b
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Figure S19. F NMR spectrum of compound 7b
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Figure S20. HRMS spectrum of compound 7b
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Figure S21. IR spectrum of compound 7c
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Figure 523. 1¥*C NMR spectrum of compound 7c
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PLIW 4507103729 W
SFO1  470,5229377 MHz
s 131072
HZpPT 0.178814 Hz
SR 408,15 Hz
WD EM
LB 1,00 He
o3 0
SSB 0
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Figure S24. "F NMR spectrum of compound 7c¢
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Compound Spectrum SmartFormula Report

Analysis Info
Analysis Name
Method

Sample Name
Comment

Acquisition Date 9/23/2021 12:35:03 PM
D:\Datat\ING21'GMV-162d.23i-C.EP180.6239_23i1230.d
EP180UI21HPC50-1600_500-3500-0.4-4-200_1f2002f200hrf Operator
70ie5Im70ce10pps6erf300-1200tt40-110_F3x1_Segm1.m

admin

Instrument maXis impact 1819696.00172
2/09/2022: +Bckgnd: 118.09, 322.05, 622.03, 922.01, 1221.99, 1521.97, 1821.95, 2121.93, 2421.91,
2721.89 (G1969-85000; +/-299.981 HPC); other intense peaks (>2%e4): 102.13 (NEt3); 132.91 (*2-PrOH),
391.28&413.26 (DOP); 86.10, 113.13, 140.07, 149.02, 158.96, 167.03, 187.07. 194.10, 203.14, 207.17,
209.19, 214.25, 217.10, 223.21, 227.23, 237.22, 245.19, 249.22, 251.24, 255.27, 259.20, 263.23, 265.25,
273.22, 279.16, 291.27, 293.28, 304.30, 307.30, 321.31, 326.38, 332.33, 335.33, 349.35, 413.27, 1259.95,
1307.08, 1559.93: background (prev. analyzed samples and impurities); 188.09 (#6216); 588.32 (#6218);
404.23 (#6219); 376.20 (#6220); 440.21 (#6221); 460.30 (#6224)

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 3500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 Vv Set Dry Gas 4.0 l/min
Scan End 1600 m/z Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0 nA Set APCI| Heater 0°c
Intens 3
x107]
1.5
o 1 1

1.07
0,52

0.0 . T . ; . , : - : : : T

2 4 6 8 10 Time [min]

+MS, 7.0-7.5min #403-434

|"t3”57-- C28H34F2N302, [M+H] +MS, 7.0-7.5min #403-434
x107] !
1.59
1705 4822609
0.5
] 440.2136
.o+ ———T——T—T——T—7————
100 200 300 400 500 600 700 800 900 miz
Meas.m/z # lon Formula m/z err [ppm] mSigma #mSigma Score rdb e Conf N-Rule
482.2609 1 C31H33FN30 482.2602 -1.5 379 1 100.00 165 even ok
2 C28H34F2N302 482.2614 0.9 62.1 2 41.94 125 even ok
3  C23H32N903 482.2623 2.7 808 3 12.69 125 even ok
4 C21H40NO11 482.2596 -2.8 93.3 4 9.61 25 even ok
5 (C22H3BN507 482.2609 -0.1 94.3 5 13.78 7.5 even ok
6 C21H31F3N90O 482.2598 -2.3 94.3 6 7.92 9.5 even ok
7 C19H28N150 482.2596 -2.8 94 .4 7 6.81 135 even ok
8 C19H37FN508 482.2621 2.3 112.9 8 3.23 35 even ok
9 C16H29FN1502 482.2607 -0.5 113.1 9 5.04 95 even ok
10 C13H30F2N1503 482.2619 1.9 131.7 10 1.28 55 even ok
11 C12H34F2N1107 482.2605 -0.9 144.9 11 0.73 05 even ok
F
HN/\/M
N HN |
P o_ 0
GMV-162d.23i-C.EP180.6239_23i1230.d N N
Bruker Compass DataAnalysis 4.2 printed: 9/23/2021 12:56:16 PM by: admin Page 1 of 1
Institute of Organic Synthesis UB RAS M
22 S.Kovalevskoy, 20 Akademicheskaya str, Yekaterinburg, Russian Federation BRUKER
Phone: +7 (343) 362-34-56 C.X_)

Figure S25. HMRS spectrum of compound 7c¢
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Figure S26. IR spectrum of compound 8a
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PO ITOOO DTN TO -~ OFODNMrrOF~DITNTIND OO MmN N NAME GMV133a
CogQooOaO@huuuuuOMOKNMKNMNMNOQUUITYOOMRMKMNOOONMM
WOOWOM~MMEMNMEEENNEENEN OO TOMOOOO NN~ « EXPNO 1
e = N === PROCNO 1
USER ural nmr
Date_ 20210622
Time 10.38
INSTRUM AV500
PROBHD 5 mm PABBO BB-
PULPROG 230
SOLVENT D3
D 32768
sw 16.0214 ppm
01P 7.000 ppm
F FIDRES 0.244532 Hz
NS 16
F DS 2
HN/\/\ AQ 2.0447731 sec
HN RG 144
N TE 2955 K
o~ O OMe DE 6.50 usec
N D1 1.00000000 sec
TDO 1
==== CHANNEL f1 ====
NUCL 1H
P1 12.00 usec
PL1 0.30dB
PLIW 18.91792679'W
SFO1 500.1335009 MHz
sI 32768
HZpPT 0.244532 Hz
n SR 7.88 Hz
wow EM
' LB 0.00 Hz
GB 0
. A SSB 0

L S ol I LT E s S LS
O~ 0D oW TOMWOW~TTD O
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Figure S26. '"H NMR spectrum of compound 8a
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MNAME GV 133a

MM ONOONOOr~~MMO™ TN O EXPNO 13
MW QOQINNG MM QOEQMN NN M © ORI RN PROCNO 1
MOMOOMOMOc- - O~V OM®O ©oMN L A A B B R B USER -~
OCVLWVWVYODWOLLDITITT T NN N O 000 MO~ TN
T Y T TS T YT TU Y- T T T T T T T T T T % [Ty] 'ﬂ‘(‘?f‘eﬁNNNN—CJ\I DéiE_ 20210622
- —r?‘l:h%“‘/l‘ﬂ'__ '\1/ er — | | T T __I:_%L\ !”‘ Time 10.3
INSTRUM AVS00
PRCEHD 5 mm PABBO BB-
PULPROG zapg30
SCLVENT a3
T 32768
sw 200, 7828 ppm
or 100,000 ppm
FIDRES 0.770546 He
NS 1024
DS 8
AQ 05488564 sec
RG 203
F TE 2550 K
DE 6.50 usec
F D1 0.85000002 sec
HN /\/\ D11 0.03000000 sec
HN TDO 1
N === CHANMEL f1 ====
NUC1 13C
— (@] OMe P1 10.00 tsec
N PL1 0.00 B
PLIW  115.29558563 W
SFOl 1257703548 MHz
=====CHANNEL f2 =====
CPOPRG2  waltzls
NUC2 1H
PCPD2 75.00 wsec
PL2 120,00 B
PL12 16,30 dB
PL13 19.30 b
! PL2W 0.00000000 W
| ! PLIZNW  0.47519693 W
' | PLI3W  0.23816262 W
SFO2  500,1320005 MHz
! s1 32768
HZpPT 0.770646 He
| | o SR 6.71Hz
| WDW EM
| l LB 1.00 Hz
|
Ll | ) ol &

L L B | r—— 1 -~ T ‘"~ T ‘" T * T ‘" [ T T ‘' T " T ‘T T ‘" T " T ‘" T T T T T " 1
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Figure S27. 1*C NMR spectrum of compound 8a
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Figure S28. 9F NMR spectrum of compound 8a
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NAME GMV133
EXPNO 19
PROCNO 1
USER ural nmr
Date_ 20210603
Time 13.39
INSTRUM AVS00
PROBHD 5 mm PABBO BB-
PULPROG 2g30
SOLVENT cDd3
TD 131072

sSwW 49.8114 ppm
01P 20.000 ppm
FIDRES 0.178814 Hz
NS 16

Ds 2

AQ 2. 7962527 sec
RG 203

TE 295.8 K

DE 6.50 usec
D1 1.00000000 sec
TDO 1

==== CHANMNEL f1 ====
NUC1 19F

P1 15.50 usec
PL1 -5.00dB

PLIW 46.07103729 W
SFO1 470.5252903 MHz

SI 131072
HZpPT 0.178814 Hz
SR 404.64 Hz
WowW EM

LB 0.00 Hz

GB 0

558 0



Compound Spectrum SmartFormula Report

Analysis Info
Analysis Name
Method

Sample Name
Comment

Acquisition Date 9/22/2021 2:38:48 PM

D:\Data\ING21\GMV-133.22i-C.EP180.6221_22i1440.d
EP180UI21HPC50-1600_500-3500-0.4-4-200_1f2002f200hrf Operator ~ admin
70ie5lm70ce10pps6erf300-1200tt40-110_F3x1_Segm1.m

Instrument makXis impact 1819696.00172
22/09/2022: +Bckgnd: 118.09, 322.05, 622.03, 922.01, 1221.99, 1521.97, 1821.95, 2121.93, 2421.91,
2721.89 (G1969-85000; +/-299.981 HPC); other intense peaks (>2*e4): 102.13 (NEt3); 132.91 (*2-PrOH);
391.28&413.26 (DOP); 86.10, 113.13, 140.07, 149.02, 158.96, 167.03, 187.07. 194.10, 203.14, 207.17,
209.19, 214.25, 217.10, 223.21, 227.23, 237.22, 245.19, 249.22, 251.24, 255.27, 259.20, 263.23, 265.25,
273.22,279.16, 291.27, 293.28, 304.30, 307.30, 321.31, 326.38, 332.33, 335.33, 349.35, 413.27, 1259.95,
1307.08, 1559.93: background (prev. analyzed samples and impurities); 188.09 (#6216); 588.32 (#6218);
404.23 (#6219); 376.20 (#6220)

Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 3500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 v Set Dry Gas 4.0 I/min
Scan End 1600 m/z Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0°C
Intens. ]
x107:
1.59
1.0
0.5
1 T T T T T T T T T T T T T |. N T
2 4 6 8 10 12 Time [min]

+MS, 13.7-14.3min #791-821

In::r;)sf C25H28F2N302, [M+H] +MS, 13.7-14.3min #791-821
253
203
3 440.2137
1.53
1.03
3 404.2326
0'55 \ \ 510.2557
0.0+— P B e e e e PRI S S e s s e e e e e e B P WL s S s S e
100 200 300 400 500 600 700 800 900 miz
Meas.m/z # lon Formula m/z err [ppm] mSigma # mSigma Score rdb e Conf N-Rule
440.2137 1 C25H28F2N302 440.2144 1.7 15.0 1 87.43 125 even ok
2 C19H30N507 440.2140 0.7 18.8 2 100.00 7.5 even ok
3 C28H27FN30 440.2133 -0.9 33.8 3 67.65 16.5 even ok
F
F
HN
HN
X
= O OMe
N
GMV-133.22i-C.EP180.6221_22i1440.d

Bruker Compass DataAnalysis 4.2 printed: 9/22/2021 4:19:21 PM by: admin Page 1 of 1

Institute of Organic Synthesis UB RAS
22 S.Kovalevskoy, 20 Akademicheskaya str, Yekaterinburg, Russian Federation BRUKER
Phone: +7 (343) 362-34-56

Figure S29. HRMS spectrum of compound 8a
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Figure S30. IR spectrum of compound 8b
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avvi2ad
1
1
uralnmr

Date_ 20210617
Time 15.16
IMSTRUM AV500
PROBHD 5mm PABBO BB-
PULPROG 2030
SOLVENT cocl3
™ 3278
Sw 14,0019 ppm
a1p 5.000 ppm
FIDRES 0.213709 Hz
NS 16
DS 2
A0 2.3%06852 sec
RS 718
TE 2958 K
CE 6,50 usec
DL 1.00000000 sec
D0 1
===== (HANMEL f1 ====
MUCL H
F Pl 12.00 usec
L1 0.30 dB
F AW 18.9179379 W
HN m SFOL  500.1330008 MHz
sl 32768
AN HN HEpPT 0213709 Hz
SR 7.24Hz
WO =0
N/ o OMe LB 0.00 He
@ 0
ssB 0
I
|
II
I
|
_.-’l I
B e L A L
TOOMNOO M~ DT NN RO OO
aQQ®mAQa ~MOQQQOQOOQQ«w Q-
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Figure S31. 'H NMR spectrum of compound 8b

37



ONWMOMOMMN—-—OTOMNND O c-WTTO DD NAME GMV129d
NTQOQUNO-QOI RO~ QNWNK =R N 0 WROIOITODM EXPNO :
MOMOMOOO- -0 NLD®M COMONS O T R s e B A B PROCNG 1
WL WwDITITITT NNNNN N OO O OOM OO0 TN
T T YT TYN T T T TTTT T T e U SR D O LER ralrmr
_—, A N e Y L s B e Date_ 20210517
Time 16.16
INSTRUM AV500
PROEHD 5mm PAEBO BB-
PLLPROG 130
SOLVENT cocl3
™ 32768
SW 14,0019 ppm
o1p 5.000 ppm
FLRES  0.213708Hz
NS 16
s 2
A0 2,339852 sec
R 718
TE MEEK
F CE 5.50 Eec
b1 1,00000000 sec
F TDO 1
HN/\/\/\
===== CHANNEL i =====
N HN MJC1 1H
Pl 12,00 usec
PL1 0,30 dB
= O OMe PLIW  18.91792673 W
N SFO1  500.1330008 MHz
sl 3278
HZpPT 0.213709 He
SR 7.24He
WoW EM
LB 0,00 He
@ 0
SSB 0
| I
| |
| \
{ |
|
J_d I !
- i — -
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Figure S33. 3C NMR spectrum of compound 8b
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Figure S34. YF NMR spectrum of compound 8b
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MAME GMV 129d

EXPNO 13
PROCMO 1
USER wralrmr
Date_ 20210617
Time 16.22
TNSTRUM AVS00
PROBHD 5 mm PABBO BB-
PLLPROG z0pg30
SOLVENT CchoCI3
TD 3278

SW 200.7838 ppm
QP 95,000 ppm
FIDRES 07064 Hz
NS 1024

oS 8

AQ 0.6483564 s=C
RG 203

TE 258K

DE 5.50 sec
D1 0.85000002 sec
D11 0,03000000 sec
TDO 2

==== (HANMEL f1 ====
NUC1 13C

F1 10,00 usec
PLL 0.00 d&

PLIW 115. 29558563 W
SFO1 125.7637360 MHz

===== CHANMEL f2 ====
CPOPRG2 waltz16
MUC2 1H
PCPD2 75.00 usec
PL2 120,00 dB
PL12 16.30 dB
PL13 19,30 dB

PL2W 0.00000000 W
PL12W 047519693 W
PL13W 0.23816262 W
SFD2 300,1320005 MHz

51 65536
HZpPT 0.385323 Hz
SR 740 He
WDwW EM

LB 1.00 Hz

GB 0

S5B 0



Compound Spectrum SmartFormula Report

Analysis Info
Analysis Name
Method

Sample Name
Comment

Acquisition Date 6/25/2021 4:20:38 PM
D:\Data\ING21\GMV-129.25F-C.6122_EP_22_01_1072.d
ep180_50-1300_tuneposstd-hoona-uf19_1f2002f200hrf80ie5l0perator
m70ce6crf300-1200tt50-110pps6x1_fst_segm3.m

admin

GMV-129.25F-C.6122_EP

Instrument

maXis impact

1819696.00172

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 4.0 Bar
Focus Active Set Capillary 3500V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 8.0 IImin
Scan End 1300 m/z Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0 nA Set APCI| Heater 0°C
Intensjj
%1017
] 1
1.5
1.04
057
1 2 3 4 5 7 8 9 Time [min]
# RT [min] Area Int. Type | SIN Chromatogram Max. miz FWHM [min]
1 38 3662201856 Manual 18331640 7520.5 BPC +All MS 468.2456
Cmpd 1, 3.8 min
In;irhs?; C2TH32F2N302, [M+H] +MS, 2.0-5.9min #115-343, -Peak Bkgrnd
2.5
2.0 4682456
1.5
1.0
0.5
0.0t+———F———— —T —— —— ——
100 200 300 400 500 600 700 800 900 miz
Meas. m/z # lon Formula m/z err[ppm] mSigma # mSigma Score rdb e Conf N-Rule
468.2456 1 C2TH32F2N302 468.2457 0.3 181.3 1 100.00 12,5 even ok
2 C21H34N50T7 468.2453 -0.6 213.4 2 6.39 7.5 even ok
3 C18H35FN508 468.2464 1.8 2321 3 0.85 3.5 even ok
4 C15H27FN1502 468.2451 -1.1 232.4 4 0.99 9.5 even ok
5 C12H28F2N1503 468.2462 1.4 251.0 5 0.14 5.5 even ok
6 C11H32F2N1107 468.2449 -1.5 264.2 6 0.03 0.5 even ok
1 C1TH32FN9NaO4 468.2453 -0.5 2315 1 100.00 5.5 even ok
2 C14H33F2N8NaO5 468.2465 2.0 250.1 2 10.94 1.5 even ok
490.2261 1 C15H26FN15Na02 490.2270 2.0 39.2 1 100.00 9.5 even ok
1 C11H31F2N11NaO7 490.2268 1.6 T70.2 1 100.00 0.5 even ok
+MS, 6.1-6.5min #352-377 F
F
HN/\/\/\
HN
X
— O OMe
N
GMV-129.25F-C.6122_EP_22_01_1072.d
Bruker Compass DalaAnalysis 4.2 printed: 6/25/2021 5:27:23 PM by: admin Page 1 of 2
Institute of Organic Synthesis UB RAS C'}(j
22 S Kovalevskoy, 20 Akademicheskaya str, Yekaterinburg, Russian Federation BRUKER

Phone: +7 (343) 362-34-56

Figure S35. HRMS spectrum of compound 8b
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Figure S36. IR spectrum of compound 8c
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Figure S37. 'H NMR spectrum of compound 8¢
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MAME GMV134a
EXPMO 1
PROCNO 1
USER uralnmr
Date_ 0210622
Time 11.13
MSTRUM AVS500
PROBHD 5mm PABEC EB-
PLLPROG zg30
SOLVENT CcDCl3
TD 3278

SW 16,0214 ppm
a1p 70000 ppm
FORES 0,244532 Hz
NS 15

o5 2

AQ 2,0447731 sec
RG 144

TE 295.5K

DE 6,50 usec
D1 1.00000000 sec
TDO 1

==== (HAMMNEL f1 ===
MUC1 1H

P1 12,00 usec
PL1 0.30dB

PL1W 18.91792079 W
SFO1 500.1335009 MHz

a1 32768
HZpPT 0.244532 Hz
SR 6.54Hz
WD EM

LB 0,00 Hz

e} i}

558 1}



W OoOWwooM™NMOoOM~FOO DO M~ =M 00 0o

TN OUOW=ORTOARORGO —OONKINUT M @

W wwwwwww wu <t < <= N NN N NN O w

TTTTT T T T T T TTTT T T T T T 10
——l N ] e |

\

F
F
HNT S
N HN
O OMe
1"

T T * T " T T T " T * T " T " T * T T T " T * T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
ppm

Figure S38. 13C NMR spectrum of compound 8c
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MNAME MV 1343
EXPNO 13
PROCMO 1
USER uralnmr
Date_ 20210622
Time 11.18
INSTRUM AV 500
PROBHD 5 mm PABBO BB-
PULPROG zgpa3
SOLVENT [anla k]
TD 32758

SW 200, 7828 ppm
or 100,000 ppm
FIDRES 0.770546 Hz
N5 153

Ds 8

AQ 0.6488564 sec
RG 203

TE 2%, 7K

DE .50 usec
D1 0,85000002 sec
D11 0.03000000 sec
TDO 1
=====CHANNEL fl =====
MUC1 13C

P1 10.00 wsec
PL1 0.00 d&

PL1W 115.2955853 W
5FO1 125.7703548 MHz

=====CHANMNEL f2 =====
CPOPRG2 waltz1s
MNUC2 1H

PCPD2 75.00 usec
PL2 120.00 B
PL12 16.30 B
PL13 19.30 B
PL2W 0.00000000 W
PL12W 047519693 W
PL13W 0.23810262'W
SF02 500,1320005 MHz
51 32753

HZpPT 0770646 Hz
SR 6.80 Hz

WDwW EM

LB L00Hz

GB 0

558 0
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MNAME GMV134

EXPNO 19
PROCND 1
USER uralnmr

F2 - Acquisition Parameters

Date_ 20210608
Time 15.32
TMSTRUM DRX400
PRCEBHD Smm 5EF 19F-1
PULPROG zg30

™ 131072
SCLVENT @Cl3
NS 15

Cs 2

SWH 2252523 He
FIDRES 0.171833Hz
A 29098455 sec
RG 409

oY 22,200 usec
CE 6.50 usec
TE 296.2K

(53 1,00000000 sec

MOREST 0.00000000 sec
MCWRE 0.01500000 sec

====CHAMNEL fl =====
MNJCL 19F

P1 20,25 usec
AL 0.00 dB

SFOL 3764448137 MHz

F2 - Processing parameters

a1 131072

HZpPT 0.171833 Hz
SF 376.4374890 MHz
SR 0399 H
wow B4

LB 0.00 Hz

£} 0

558 1}

PC 4,00
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N
s
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o o
S o
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Figure S39. “F NMR spectrum of compound 8¢
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Compound Spectrum SmartFormula Report

Analysis Info Acquisition Date 9/23/2021 10:46:14 AM

Analysis Name  D:\Data\ING21\GMV-134.22i-C.EP180.6223_23i1045.d

Method EP180UI21HPC50-1600_500-3500-0.4-4-200_1f2002f200hrf70ie5im70ce 10pps6crf300-1200tt40-110_F3x
1_Segm1.m

Sample Name Instrument maXis impact

Comment 2/09/2022: +Bckgnd: 118.09, 322.05, 622.03, 922.01, 1221.99, 1521.97, 1821.95, 2121.93, 2421.91,

2721.89 (G1969-85000; +/-299.981 HPC); other intense peaks (>2*e4): 102.13 (NEt3); 132.91 (*2-PrOH);
391.28&413.26 (DOP); 86.10, 113.13, 140.07, 149.02, 158.96, 167.03, 187.07. 194.10, 203.14, 207.17,
209.19, 214.25, 217.10, 223.21, 227.23, 237.22, 245.19, 249.22, 251.24, 255.27, 259.20, 263.23, 265.25,
273.22, 279.16, 291.27, 293.28, 304.30, 307.30, 321.31, 326.38, 332.33, 335.33, 349.35, 413.27, 1259.95,
1307.08, 1559.93: background (prev. analyzed samples and impurities); 188.09 (#6216); 588.32 (#6218);
404.23 (#6219); 376.20 (#6220); 440.21 (#6221)
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Figure S42. '"H NMR spectrum of compound 10a
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Figure S43. *C NMR spectrum of compound 10a
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26/04/2021: +Bckgnd: 118.09, 322.05, 622.03, 922.01, 1221.99, 1521.97, 1821.95, 2121.93, 2421.91,
2721.89 (G1969-85000; +/-299.981 HPC); other intense peaks (>2e4): 102.13 (NEt3); 132.91 (2-PrOH);
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Figure S44. HRMS spectrum of compound 10a
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Figure S46. '"H NMR spectrum of compound 10b
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Figure S47. 3C NMR spectrum of compound 10b
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Compound Spectrum SmartFormula Report

Analysis Info
Analysis Name
Method

Sample Name
Comment

Acquisition Date 4/26/2021 3:41:41 PM
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Instrument maXis impact 1819696.00172
26/04/2021: +Bckgnd: 118.09, 322.05, 622.03, 922.01, 1221.99, 1521.97, 1821.95, 2121.93, 2421.91,
2721.89 (G1969-85000; +/-299.981 HPC); other intense peaks (>2e4): 102.13 (NEt3); 132.91 (2-PrOH);
391.28 (DOP); 79.0, 86.10, 111,09, 157.03 (DMSQ); 129.05, 132.91, 144.98, 140.02, 161.08, 165.13,
175.10, 183.17, 194.12, 199.12, 209.19, 214.25, 223.21, 227.24, 237.24, 249.22, 251.24, 251.24, 255.27,
277.25, 293.28, 299.19, 304.30, 307.30, 344.19, 407.10, 430.17, 707.12, 1007.10, 1307.08, 1557.95:
background (prev. analyzed samples and impurities); 339.12 (#5451); 446.28 (#5721); 390.22 (#5874);
430.29 (#5876); 419.25 (#5878)
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Figure S48. HMRS spectrum of compound 10b
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Figure S50. 'H NMR spectrum of compound 10c
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Compound Spectrum SmartFormula Report

Analysis Info
Analysis Name

Method

Sample Name

Comment

Acquisition Date  4/26/2021 2:59:56 PM
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Instrument maXis impact 1819696.00172
26/04/2021: +Bckgnd: 118.09, 322.05, 622.03, 922.01, 1221.99, 1521.97, 1821.95, 2121.93, 2421.91,
2721.89 (G1969-85000; +/-299.981 HPC); other intense peaks (>2e4): 102.13 (NEt3); 132.91 (2-PrOH);
391.28 (DOP); 79.0, 86.10, 111,09, 157.03 (DMSO); 129.05, 132.91, 144.98, 140.02, 161.08, 165.13,
175.10, 183.17, 194.12, 199.12, 209.19, 214.25, 223.21, 227.24, 237.24, 249.22, 251.24, 251.24, 255.27,
277.25, 293.28, 299.19, 304.30, 307.30, 344.19, 407.10, 430.17, 707.12, 1007.10, 1307.08, 1557.95:
background (prev. analyzed samples and impurities); 339.12 (#5451); 446.28 (#5721); 309.02/311.02
(#5899); 155.08 (#5898); 231.11 (#5901); 321.14 (#5990); 367,19 (#5873); 390.22 (#5874)
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Figure S52. HRMS spectrum of compound 10c¢
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Figure S53. Absorption spectra of: compound 6b, Cu?* ions solution, a sum of 6b and Cu?, their mixture, and
the shift of the spectra caused by the formation of a complex.
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Figure S54. UV spectra of compound 7b and mixture of 7b with Cu(Il), Fe(Il) and Zn(II) ions.
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Figure S55. UV spectra of compound 8b and mixture of 8b with Cu(Il), Fe(Il) and Zn(II) ions.
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Figure §56. UV spectra of compound 10b and mixture of 10b with Cu(Il), Fe(II) and Zn(II) ions.
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Figure S57. (a) UV absorption spectra of 6b (20 uM) in ethanol after addition of increasing concentrations of
CuCl2 (2-34 uM). (b) the differential spectra due to 6b-Cu?* complex formation obtained by numerical
subtraction from the spectra of the mixture of the spectra of the Cu?* alone and 6b alone at the corresponding

concentrations.
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Figure S58. (a) UV absorption spectra of 10b (20 pM) in ethanol after addition of increasing concentrations of
CuCl2 (2-34 uM). (b) the differential spectra due to 10b-Cu?* complex formation obtained by numerical
subtraction from the spectra of the mixture of the spectra of the Cu?* alone and 10b alone at the corresponding

concentrations.
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Figure S59. ICso values for AChE inhibition by compounds 5c¢,6¢,7¢,8c and 10c (Mean + SEM, n = 3)
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Figure S60. ICso values for BChE inhibition by compounds 5¢,6¢,7c,8c and 10c (Mean + SEM, n = 3)
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Figure S61. Lineweaver-Burk double-reciprocal plots of steady state inhibition of AChE by compounds 5c,6¢,7c,8c. Each plot indicates
mixed-type inhibition.
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Figure S62. Lineweaver-Burk double-reciprocal plots of steady state inhibition of BChE by compounds 5¢,6¢,7c,8c. Each plot indicates

mixed-type inhibition.
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Table S1. pKa values and charges of the investigated compounds.

. Charge of
Compound Tacrine N Spacer N Ar-OH the Molecule
5a 7.5 - 8.3 +1
6a 7.5 - - +1
7a 7.5 - 7.3 +1
10a 7.5 8.4 9 +2
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