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Experimental procedures
Preparation of EYPC vesicles

Vesicles for chloride efflux were prepared completely according to the reported protocols, !
except that they were formed in 25 mM HEPES buffer (500 mM NaCl, pH 7.0), whereas the
external solution was 25 mM HEPES buffer (500 mM NaNOs;, pH 7.0).

Vesicles for calcein leakage experiments were prepared in a similar fashion, except that they
were formed in a 100 mM calcein solution in 25 mM HEPES buffer (500 mM NaCl, pH 7.0);
and 25 mM HEPES buffer (500 mM NaCl, pH 7.0) was used to elute the Sephadex G-25

column to remove the non-entrapped calcein.
Measurement of anionophoric activity

Literature protocols described by us 2# and others >7 were used to conduct the chloride efflux,

cation and anion selective transport, and calcein leakage experiments of each compound.
TH NMR titrations ®

'H NMR titrations were performed by keeping the concentrations of each compound constant,
while gradually increasing the concentration of TBACI. Typically, to a solution of each
compound (I mM) in 4:1 CD;CN-DMSO-ds were added aliquots of each compound (1 mM)
and TBACI (4-50 mM) in the same solvent. The association constants (K,’s) were derived
from nonlinear least-square fit of the experimental data according to a 1 : 1 binding model, &
= 80+((8:-00)/2[Clo) { ((N]o+H[Clo+1/Ka)~(([N]o+HClo+1/K,)*~4[N]o[Clo) '}, wherein [N], and
[C]o are the initial analytical concentrations of TBACI and each compound, respectively; 6
and 9, represent the chemical shifts of the sample and compound alone, respectively, and d,,

is the chemical shift when compound is totally bound.
MTT-based cytotoxicity assay >’

The cytotoxicity was measured in standard DMEM/high glucose media. Specifically, cells
were dispersed in a 96-well flat bottom tissue culture treated plates (Corning) at density of
3000 cells/well (per 100 pL) and incubated at 37 °C in a 5% CO, incubator for 24 h. Then,

they were treated for 48 h with each compound (50 uM). A solution of MTT (Amresco) in
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PBS buffer (5 mg MTT/mL) was added to each well and incubation continued for an
additional 4 h. Then, the MTT solution was removed and DMSO (100 puL) was added in each
well to dissolve the formed formazan crystals. The absorbance at 570 nm was recorded in a
microplate reader (Tecan Infinite M1000 PRO). For each condition, at least three independent
experiments were performed and the mean value was taken. DMSO (1%) was used as a
control. Cell viability was expressed as a percentage of control cells, and the data are reported
as the mean value + S.D. The concentration of each compound resulting in 50% inhibition in
cell growth (ICso value) was calculated from the dose-cell viability curves, by using GraphPad

Prism v8.0 software.
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Fig. S2. 13C NMR (DMSO-dj, 125 MHz) of compound 1.
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Fig. S3. Negative ESI-MS of compound 1.
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Fig. S4. Negative HR-ESI-MS of compound 1.
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Fig. S5. 'H NMR (DMSO-d;, 400 MHz) of compound 2.
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Fig. S7. Negative ESI-MS of compound 2.
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Fig. S8. Negative HR-ESI-MS of compound 2.
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Fig. S11. Negative ESI-MS of compound 3.
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Fig. S12. Negative HR-ESI-MS of compound 3.
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Fig. S15. Negative ESI-MS of compound 4.
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Fig. S16. Negative HR-ESI-MS of compound 4.
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Fig. S19. Negative ESI-MS of compound 5.
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Fig. S20. Negative HR-ESI-MS of compound 5.
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Fig. S23. Negative ESI-MS of compound 6.
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Fig. S24. Negative HR-ESI-MS of compound 6.
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Fig. S27. Negative ESI-MS of compound 7.

06/15/19 10:35:48

460

465

470

475

480

WZK1-42-2#288 RT:0.71 AV:1 NL:3.87E8
T: FTMS - p ESIFull ms [100.0000-1500.0000]

1004
95;
90%
i
80%

Relative Abundance

o

=)
Ll

o

438.80521

439.04749

439.29510

T T T
437.8 438.0 438.2

T
4384

T
438.6

T T T
4388
miz

T
439.0

T
439.2

T
4394

Fig. S28. Negative HR-ESI-MS of compound 7.
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Fig. S31. Negative ESI-MS of compound 8.
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Fig. S32. Negative HR-ESI-MS of compound 8.
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Fig. S34. 13C NMR (DMSO-dg, 125 MHz) of compound 9.
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WZK 1-46_190826110654 #1 RT:0.00 AV:1 NL: 1.69E4
T: ITMS - ¢ ESIFull ms [300.00-600.00]

Relative Abundance

1005

954

90
85

o

44299

44387

44‘5.11
T

'S
53
&
N
=)

T LIS A it LA L M L LA W i A AR AR L L R
435 440 445 450
miz

T T T T LALLM L) L A LA LA L UAM Ll Mk LA LA W
415 420 425 430 455 460 465

Fig. S35. Negative ESI-MS of compound 9.
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Fig. S36. Negative HR-ESI-MS of compound 9.
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Fig. S37. '"H NMR (DMSO-dj, 400 MHz) of compound 10.
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Fig. S38. 13C NMR (DMSO-ds, 125 MHz) of compound 10.
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Fig. S39. Negative ESI-MS of compound 10.
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Fig. S40. Negative HR-ESI-MS of compound 10.
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Fig. S41. '"H NMR (DMSO-d,, 400 MHz) of compound 11.
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Fig. S43. Negative ESI-MS of compound 11.
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Fig. S44. Negative HR-ESI-MS of compound 11.
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Fig. S46. 13C NMR (DMSO-ds, 125 MHz) of compound 12.
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D:\DATA\.\WZK 1-52_190826145315 08/26/19 15:23:09

WZK 1-52_190826145315#1 RT:0.00 AV:1 NL: 1.61E3
T: ITMS - ¢ ESIFull ms [200.00-800.00]

1004 442.94
95

90

85

80
75;
707
65

60

555

504

Relative Abundance

44401

o
Lt

o

LA LA T [T T
440 445 450 455 460

miz

iz
Fig. S47. Negative ESI-MS of compound 12.
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Fig. S48. Negative HR-ESI-MS of compound 12.
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Fig. S49. '"H NMR (DMSO-dj, 400 MHz) of compound 13.
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D:\DATA\.\WZK 1-54_190820181027 08/26/19 09:16:40

WZK 1-54_190820181027 #1 RT:0.00 AV:1 NL: 9.57E3
T: ITMS - ¢ ESIFull ms [200.00-600.00]
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Fig. S51. Negative ESI-MS of compound 13.
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Fig. S52. Negative HR-ESI-MS of compound 13.
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Fig. S53. 'TH NMR (DMSO-d,, 500 MHz) of compound 14.
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Fig. S55. Negative ESI-MS of compound 14.

Z\DATA\CWH\CWX\20201010\HDAC_10 10/10/20 11:51:57

HDAC_10#1681 RT:4.02 AV:1 NL:4.82E8
T: FTMS - p ESIFull ms [100.0000-1500.0000]

1005 283.11703

953

90

Relative Abundance
123
T

] 384.24619
288.09595

£ 22508551 319.00323 397.10849
o 153.06386 19305919 "| 235.84204 271.16330 || | 34O a74 91741 41147416 420,04572 47209464 49406662
‘ ‘ ‘ e e T

!
L T T T L L U L A Lt T T T

T T T LN T T T T T T T
140 160 180 200 220 240 260 280 300 340 360 380 400 420 440 460 480

f
320
miz

Fig. S56. Negative HR-ESI-MS of compound 14.
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Fig. S57. Negative ESI MS spectra of compounds (a) 2, (b) 3, (c) 4, (d) 5, (e) 6, (f) 7, (g) 8 and (h) 9
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(1.0x1073 M) mixed with TBACI (1.5%x1072 M) in 4:1 CH;CN-DMSO.
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Fig. S58. Negative ESI MS spectra of compounds (a) 10, (b) 11, (¢) 12, (d) 13 and (e) 14 (1.0x1073 M)
mixed with TBACI (1.5%x1072 M) in 4:1 CH3;CN-DMSO.
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Fig. S59. 'H NMR spectra (4:1 CD3;CN-DMSO-d;;, 500 MHz) of compound 2 (1.0x1073 M) in the presence

of TBACI of varying concentrations.
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Fig. S60. 'H NMR spectra (4:1 CD3;CN-DMSO-d;, 500 MHz) of compound 3 (1.0x1073 M) in the presence

15.0 14.0 13.0
of TBACI of varying concentrations.
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Fig. S61. 'H NMR spectra (4:1 CD3;CN-DMSO-d;;, 500 MHz) of compound 4 (1.0x1073 M) in the presence

of TBACI of varying concentrations.
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Fig. S62. '"H NMR spectra (4:1 CD;CN-DMSO-ds, 500 MHz) of compound 5 (1.0x1073 M) in the presence

of TBACI of varying concentrations.
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Fig. S63. '"H NMR spectra (4:1 CD;CN-DMSO-ds, 500 MHz) of compound 6 (1.0x1073 M) in the presence

of TBACI of varying concentrations.
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Fig. S64. '"H NMR spectra (4:1 CD;CN-DMSO-ds, 500 MHz) of compound 7 (1.0x1073 M) in the presence

of TBACI of varying concentrations.
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Fig. S65. '"H NMR spectra (4:1 CD;CN-DMSO-ds, 500 MHz) of compound 8 (1.0x1073 M) in the presence

14.5 13.5

of TBACI of varying concentrations.
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Fig. S66. 'H NMR spectra (4:1 CD3;CN-DMSO-d;, 500 MHz) of compound 9 (1.0x1073 M) in the presence

of TBACI of varying concentrations.
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Fig. S67. 'H NMR spectra (4:1 CD;CN-DMSO-ds, 500 MHz) of compound 10 (1.0x1073 M) in the

presence of TBACI of varying concentrations.
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Fig. S68. 'H NMR spectra (4:1 CD;CN-DMSO-ds, 500 MHz) of compound 11 (1.0x1073 M) in the

presence of TBACI of varying concentrations.
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Fig. S69. 'H NMR spectra (4:1 CD3;CN-DMSO-ds, 500 MHz) of compound 12 (1.0x1073 M) in the

presence of TBACI of varying concentrations.
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Fig. S70. 'H NMR spectra (4:1 CD3;CN-DMSO-ds, 500 MHz) of compound 13 (1.0x1073 M) in the

presence of TBACI of varying concentrations.
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Fig. S74. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 1 of
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S43



a) 1 = 500mon% (b)
( 191 @ 230 moi% 094
A 125 mol% w
v 0625 mol% ; 2 g4 I
% 5] ¢ v3ma P ] b 8
= 4 0156mol% i & -
E > 0.00 mol% = 1 : 074
& ] I @ 2 4 El
= . s et * * * v gsd Equation y = START + (END - START) * x n / (k
= L4 3 < n+xn)
%ﬁ 0.4 i 4 4« 1 4 S i
2 ! < < = 044 f Adj. R-Squar 0. 90231
= H < o [ Value  Standard Erro
= 8 e v 03 |
T o2 [ R = | B START 0 [
o4 j! 4 . ® » E 4] | B END i 0
SR8 e 2 o B k 0. 27463 0. 09286
004 ‘. [ g i | B n 0. 18845 0. 11951
|
T T 1 T T T T T T
0 50 100 150 200 250 300 350 0 1 2 4 5
t(s) mol%
d = s500moe
c 10O d
® 250mol%
A w0l%
- «
o8 5 2 a6 e
” 4 000mol% o~ /_,/"’
= & //l//"’
=
z .
o 0.6 4 - E
] i " & o 4l A ——
= @ u 044 Equation  y= START + (END - START) * x*n/
N
=) " [ . i A = (K°n + x*n)
5 0.4 . I i ry : - _‘5
P ns Tzitg ¥ ¥ ol AdjR-Squa  0.98271
2 o B8 g : v 7 . * L4 s / Value  Standard E
= 02 $a3 el gm? g 02 B START 0 0
~ i $L2e® = { B END 1 0
3 . o | B K o262 020596
00 i WA TR S . B n 0.5039 0.054
T T T T T T T 0 | . , . . ;
0 50 100 150 200 250 300 ! : 3 Y A ]
t(s) mol%
(e) ®
! P
¥ 0.625mol%
+ 0313 mol% % 0.6
e 981 « 000mors a
] | -
i 5
&3]
o 06 . =
=] & oo,
& . . 2"
= e | & k= ) Equation y=START + (END-S
6 0.4 . [ 3 : i = % TART) * x*n / (k*n + x*
2 L i 2 : v ¥ &) n)
& i T ] ¥ 3 u Adj. R-Squar 007647
= 02 n g L § ¢+ ¢ 2 024 Value  Standard Erro
é) - " ‘ 3 s ¢ + ¢ = / B START 0 (]
i ! s & * &2 | B END 1 0
| B k 3.7200 084715
< <4
0.0 t oot A AH A LAy Y + B n 0.4202 0.05529
T T T T T T T 0.0 r T T T T T
0 50 100 150 200 250 300 H H 2 3 5
t(s) mol%
(g) 104 = s00more (h)
: ® 250mol%
A 125mol% 2
v 0.625 mol%
Xosd ¢ 033man & o061
= 4 0156 mol% =
“L:: b 0.00mol% w
o =
S 06+ : %
z . o 04
z - 1. %
C [ ] = FY Faquat ion ¥ = START + (E\D ~ STARD # x'n / (Kn *
3 04 al;d s i 5 EC ! %)
B = s it 4y v &)
2 L] iy s o AdJ. R-Square 0,958
G 024 - | 5 v 7 s & * = 929 Value  Standard Ervor
o u ‘ 5 v e * L g & 4 = [ START 0 o
;!'.:<‘4<<‘ - ;’ ® B i o
$ <« > > b > o | B k
0.0 ‘ SRR S S 'I B n
T T T T T T 1 0.0 T T T T T T
0 50 100 150 200 250 300 350 0 1 2 3 5
t(s) mol%

Fig. S75. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 2 of
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Fig. S76. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 3 of
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Fig. S78. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 5 of
varying concentrations at pH 4.0 (a), 5.0 (c), 6.0 (e) and 7.0 (g). (b, d, f, h) Dose-response plots of the
relative chloride efflux at 260 s versus the mol% concentrations of compound S in EYPC liposomes at pH
4.0 (b), 5.0 (d), ® 7.0 (h).
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Fig. S80. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 7 of
varying concentrations at pH 4.0 (a), 5.0 (c), 6.0 (e) and 7.0 (g). (b, d, f, h) Dose-response plots of the
relative chloride efflux at 260 s versus the mol% concentrations of compound 7 in EYPC liposomes at pH
4.0 (b), 5.0 (d), ® 7.0 (h).
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Fig. S81. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 8 of
varying concentrations at pH 4.0 (a), 5.0 (c), 6.0 (e) and 7.0 (g). (b, d, f, h) Dose-response plots of the
relative chloride efflux at 260 s versus the mol% concentrations of compound 8 in EYPC liposomes at pH
4.0 (b), 5.0 (d), ® 7.0 (h).
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Fig. S82. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 9 of
varying concentrations at pH 4.0 (a), 5.0 (c), 6.0 (e) and 7.0 (g). (b, d, f, h) Dose-response plots of the
relative chloride efflux at 260 s versus the mol% concentrations of compound 9 in EYPC liposomes at pH
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Fig. S83. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 10 of
varying concentrations at pH 4.0 (a), 5.0 (c), 6.0 (e) and 7.0 (g). (b, d, f, h) Dose-response plots of the
relative chloride efflux at 260 s versus the mol% concentrations of compound 10 in EYPC liposomes at pH

4.0 (b), 5.0 (d), 6.0 () and 7.0 (h).
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Fig. S84. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 11 of
varying concentrations at pH 4.0 (a), 5.0 (c), 6.0 (e) and 7.0 (g). (b, d, f, h) Dose-response plots of the
relative chloride efflux at 260 s versus the mol% concentrations of compound 11 in EYPC liposomes at pH

4.0 (b), 5.0 (d), 6.0 () and 7.0 (h).

S53



(@)

107 o so0mol
A 400mol% n
v v 250 mol% 2 064 //,/’1
<1 1 * 125mol% = i
= 081 ¢ 000mol% s -
= ]
m T »
L T L] =
T 06+ i " =
B i S 41
- 2 & (]
= - s 3
S [ ® a = . . -
o 041 _ m % Lk 5 Eauation 7 START = (8% = ST+ %1 7 B
M = *n
= F . L e =
.- . Ld v
= - s : i n v ¥ G i s: Adj. R-Square 0.92005
E 02 "e 2 A . I~ + Z 024 ‘ Valoe Standard Brror
=9 = P * =] B START o 0
2 v PR P a = B A ' 0
x e ¢ < 4 4 4 < SR
i Q4 H 4 a4 : B k 6.06514 080489
004 3 n 0. 92874 0. 17576
T T T T T T T | T T T T T T
0 50 100 150 200 250 300 350 0 2 4 6 8 10
t(s) mol%
(©) 5] wass (d)
® 50 0.6
A "
¥ 125m
& 0625 mol*s %
0.5 L
; 08 A Omar :] e
= : e
S 04 [ s
3 06 =
2 ) =
= & & < 03
5 z I .= F k=
044 § & [ =) Equaton y=START + (END - STA
4 B0 pr1 RT)* x*n f (k*n + xn)
£ - O 024
=] ® ¢ .2
= - : ' z x A ’-\}) Adj. R-Square 086351
& 02 L £ & X £ Vake  Standard Eror
1 3w ¥ v = 414 [ START o
[} Pl 133 I ¢ * c 5 = : s
X 3 ¥ 33 a i M [ B k 10.00051 1.47001
004 ¥ ¥ ! 4 4 44444 0.0 I B n 075195 009293
T T T T T T T ) T T T T T
o 50 100 150 200 250 300 0 2 4 6 8 10
t(s) mol%
(C) Lo = 10omes (f)
® 500man 0.6
»
=
; 08 4 omors :E?] 054
g =
= ==
5 4 =
._:9: 06 z 04 o
Bl = u /‘/
= 2 03 -
O ] s 5
o & & =2
= "L = Equaton y = START 7 (END- START
= a "G ® T 024 } "X (o + )
= . ° ©
2 02 -3 e® i & & A Z Ad] Resquare osests
g e &k X = Velve  Standard Error
I} [} a &K b4 ¥ - 0l 8 START o
$ 45 $1333 3 3 4 = 8 END 1 ]
0.0 st ¥ FE I T4 9¢ & = ] s « 1430063 230062
0.0 8 n o077 009121
T T T T T T T
0 50 100 150 200 250 300 T T T T T T
0 2 4 6 8 10
t(s) mol%
(g) 10d = 100man (h)
“1 e soomoi 064
A 250 mol% -
¥ 125mol%
% =
§ 084 : E::-ﬂluswuyl\‘\«c g 05 Eauation [ }YI\W < {END - START) = «'n / (k'n
= s
o =1 Value o ©
2 o064 = 04
=2 Y g
=) e
= 2 034 =il
O 44 =
g 5 =
L =
=] .« ¥ 3 ® o 02
o L] L]
= T °
L 02 ] HE 2 & =
& s ! st ol Ry & ; : = 01
a a2 b4 * I}
09_‘:”i§1¥§§§<< < ~
0.0+
T T T T T T T |
0 50 100 150 200 250 300 350 IID

B 10.0 mol%

t(s)

(b)

4
mol%

Fig. S85. (a, c, e, g) Typical plots of the chloride efflux against time in the presence of compound 12 of
varying concentrations at pH 4.0 (a), 5.0 (c), 6.0 (e) and 7.0 (g). (b, d, f, h) Dose-response plots of the
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Fig. S89. The relative efflux of chloride anions over time in the presence of different cations, enhanced by

5 mol% of compounds 2 (a), 3 (b), 4 (c), 5 (d), 6 (e) and 7 ().
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Fig. S90. The relative efflux of chloride anions over time in the presence of different cations, enhanced by

5 mol% of compounds 8 (a), 9 (b), 10 (c), 11 (d), 12 (e) and 13 (%).

S59



(a) i ms; (b) il

. o)
® o, ® o,
A 5o} A s0f
¥ DMSO (HCO) ¥ OMSO(HCO,)
£ 084 4 omso(NO) é 084 o DPBO(ND‘)‘
= P DMSO (50,") &= P DMSO(50)
= 3]
5 06 - 2 o064
= ! = i
= ; ; L4 £ | W E .
= - = 'l
&) Q 19 *
2 04+ ; ; ; o 04 "
S H = p: 3"
= 5 2] 3
& 024 [ § & & & 02+ ] ' a 4 G
s PR v ! L ek
.' a A K P
a4 A
w/MESesesr s 3 3 o_m“"“"""i ¥
é Slﬂ 1[‘)0 1;‘] Z[I)ﬂ 2;0 J(Ilﬂ ‘I) 5'0 1&0 lISD 200 Zéﬂ 3[‘)1}
t(s) t(s)
(C) 104 W Ho, (d) 104 W HCO,
® nNO; ® 1o,
A sof A so}
¥ omso(Heo) ;
= 4 i ¥ DMSO (HCO,)
E 081 4 omsoqmo) ,’_:<| 084 o osornoy
= b oMso (50 = :
= = P M0 (50,") E i
3 06 B 06 (]
& = f [
£ k=) ! '
2 5 :
o 04 © ad H
> Q :
= i H a
k| 3 5 s ! : &k
—_ ® ° - A
£ 024 ]ii 1 . 2 024 .l ““
g8 8 i & & 5 a
g & s 4 5 & 2 & 2 B4 *
ol M IEEEIIT4 4 8 R e SRR § W 9
T T T T T T T
0 50 100 150 200 250 300 0 s0 100 150 200 250 300
t(s) t(s)
(e) 1.0- W rHco (f) 104 ® Hoo
800, ® N,
A 50} A sof
¥ OMSO (HCD,) o] ¥ owOCHO)
,_E 081 4 DMSO (NO,) Z 08 < os0(m0,)
= > OMSO(50,7) = B OMS0(50,)
= 23]
S 06 2 05
£ " s
S g e 8 S
% 04+ R < 04|
2 " e g
2 et S
S
& 02 'l' o 024 gat 1 i i
i [
-'. ..44“'“‘ . 1122444“‘
Y
wlMEE ST rr e e v v 1R R I I R
T T T T T T T
0 50 100 150 200 2% 300 0 50 100 150 200 250 300
t(s) t(s)

Fig. S91. The relative efflux of chloride anions over time in the presence of different anions, enhanced by 5

mol% of compounds 2 (a), 3 (b), 4 (¢), 5 (d), 6 (¢) and 7 (f).
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Fig. S92. The relative efflux of chloride anions over time in the presence of different anions, enhanced by 5

mol% of compounds 8 (a), 9 (b), 10 (c), 11 (d), 12 (e) and 13 ().
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Fig. S95. Typical dose-cell viability curves for (a, €) HeLa, (b, f) MCF-7 and (c, d, g) HepG2 cells treated

with varying doses of compounds 4 (a, b, ¢), 5 (d) and 7 (e, f, g).
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Fig. S96. Typical dose-cell viability curves for (a, d) HeLa, (b, ¢) MCF-7 and (c, f) HepG2 cells treated

with varying doses of compounds 8 (a, b, ¢) and 11 (d, e, f).
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