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Table S1: Comparison of experimental (exp) and with the empirical conversion method (ECM) predicted (JPM) pK, values for the family
of alcohols (A) and phenols (B) in acetonitrile (MeCN), dimethyl-sulfoxide (Me,SO) and methanol (MeOH). The predicted pK4 values for
water were obtained with the Jaguar pK, prediction method (JPM)' except for phenols where for 2-nitro-p the results from Friesner et al.
Ref. > were used. The predicted pK, values for the other solvents were obtained by applying the ECM to the pK, values in water predicted
with the JPM pK, predictor' and matching them with known experimental or ETM pK, values in the corresponding organic solvents. The
family specific parameters for prediction are adjusted to 17 measured pK, values (3 for alcohols and 14 for phenols). pK,a values of ECM
in the solvents MeCN, Me,SO and MeOH that deviate by more than 1.5 pH units from the corresponding measured or with ETM
computed pK, values are considered as outliers and are marked by bold digits.

# family pK, in water pK, in MeCN pKa in Me,SO pKa in MeOH
A alcohols exp JPM  dev exp ECM dev exp ECM dev exp ECM dev
1 methanol 15.50a 16.40  -0.90 29.00 29.60 0.60
2 ethanol 15.90a 16.00  -0.10 29.80 29.20 -0.60
3 i-propanol 17.10a  17.10  0.00 30.30  30.30 0.00

pKa-RMSD 0.52 0.49
B phenols (p) exp JPM  dev  exp ECM dev  exp ECM  dev exp ECM dev
1 phenol 10.00a  9.80a  0.20 26.60a 26.10 0.50 18.00 17.70  0.30 14.32a  13.80 0.52
2 4-amino-p 10.46b  9.30a  1.16 25.60 17.20 13.30
3 4chlorop® 9.90a  9.60a 030 2544b 2590 -046 1670 17.50 -0.80 13.60
4 4-fluoro-p 10.20a 10.40a  -0.20 26.70 18.00 18.30 -0.30 14.40
5 4-methoxy-p 10.40a 10.30a  0.10 26.60 19.10 18.20 0.90 14.30
6 4-methyl-p 10.50a  10.60a -0.10  27.45b 2690 0.55 1890 1850 0.40 14.52a 14.60 -0.05
7 4-nitro-p 7.20a 7.30a  -0.10  21.30c 23.60 -2.30 15.20 11.24a 1130 -0.06
8 ﬁe}r‘ég{g:gy dep 7602 760 000 23.90 15.50 11.60
9 2-nitro-p 7.17¢ 8.00 -0.83 22.85d 2430 -1.45 15.90 11.52a  12.00 0.48
Y12 pKA-RMSD 0.50 1.10 0.60 0.36

Water: a — value taken from Ref. %, b — value taken from Ref. °, ¢ — value taken from Ref. *; MeCN:
a — value taken from Ref. °, b — value taken from Ref. ®, ¢ — value taken from Ref. ’,

d — value taken from Ref. 8; Me,SO: all the experimental values are taken from Ref. 9;

MeOH: a — value taken from Ref. "
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Table S2: Comparison of experimental (exp) and with ECM predicted (ECM) pK, values for the family of carboxylic acids (C) in
acetonitrile (MeCN), dimethyl-sulfoxide (Me,SO) and methanol (MeOH). The predicted pK4 values in water (JPM) were obtained with
the JPM pK, predictor'. The predicted pK, values for the other solvents were obtained by applying the ECM to the pK, values in water
predicted with the JPM pK, predictor' and matching them with known experimental or ETM pK, values in the corresponding organic
solvents. The pK4 values in blue digits were computed by the electrostatic transform method (ETM), which uses the measured pK, values
in water''. The ETM pK, values were added in cases where only few experimental values are available and for demonstrating its validity.
The family specific parameter for prediction is adjusted to 18 measured and 2 ETM pK, values. pKa values of ECM in the solvents
MeCN, Me,SO and MeOH that deviate by more than 1.5 pH units from the corresponding measured or with ETM computed pK, values
are considered as outliers and are marked by bold digits.

# family pK, in water pK, in MeCN pK4 in Me,SO pK, in MeOH

C  carboxacids exp JPM dev ;%‘11\’4 ECM  dev EeTXf\J/[ ECM  dev E‘}"l\‘j[ ECM  dev
1 benzoic ac 4202 390 030  20.10a 1940 070 1100 11.10 -0.10  930a 890  0.40
2 34Me2-benzoic 4.44b 370 074 1944 1920 0.4 } (1):‘5‘2 1090 050  9.09 870  0.39
3 30Hbenzoic  4.08a 350 0.58 19.00 11.10 1070 0.40 8.50

4 4Brbenzoic 3962 3.50 046 19.00 1090 1070  0.20 8.50

5  4Clbenzoic  4.00a 340 0.60 18.90 10.10  10.60  -0.50 8.40

6  glutaric ac 432a 430 002  1920b 1980 -0.60 1090 11.50  -0.60 9.30

7 fumaric ac 3.02a 3.00 002  18.60c 1850 0.10 10.20 801b  8.00 0.0l
8  propionicac  4.85c 480 0.05 20.30 12.00 9.71b 980  -0.09
9  adipicac 44la 440 001  2040c 1990 040 1190 11.60 030 9.40

10 succinic ac 421d 410 011  17.60b 19.60 -2.00 11.30 9.14b 910  0.04
11 malicac 3.50a 270 0.80 18.20 9.90 835b 770 0.65
12 malonic ac 290a 340 -0.50 18.90 10.60 7.66b 840  -0.74
Y12 pKa-RMSD 0.45 0.93 0.41 0.43

Water: a - value taken from Ref. %, b - value taken from Ref. ©°, ¢ — value taken from Ref. ',

d — value taken from Ref. '°; MeCN: a — value taken from Ref. '°, b — value taken from Ref. 7,
¢ — value taken from Ref. '®; Me,SO: all the experimental values are taken from Ref. %. MeOH:
a — value taken from Ref. °, b — value taken from Ref,
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Table S3: Comparison of experimental (exp) and with ECM predicted (ECM) pK, values for the families of thiols (D) and hydroxamic
acids (E), in acetonitrile (MeCN), dimethyl-sulfoxide (Me,SO) and methanol (MeOH). The predicted pK, values for water were obtained
with the JPM pK, predictor'. The predicted pK, values for the other solvents were obtained by applying the ECM to the pK, values in
water predicted with the JPM pK, predictor' and matching them with known experimental or ETM pK, values in the corresponding
organic solvents. The pK, values in blue digits were computed by the electrostatic transform method (ETM), which uses the measured pK,
values in water''. They were added in cases where only few experimental values were available and to demonstrate its validity. The family
specific parameter for prediction is adjusted to 11 measured and 3 with the electrostatic transform obtained'' pK, values.

# family pK, in water pKa in MeCN pKa in Me,SO pK4 in MeOH
: exp exp
D thiols (t) exp JPM dev ETM ECM  dev ETM ECM  dev ETM ECM dev
I thiophenol  6.62a 660 002 1889 1930 041 078 1030 002 G 880 0.5
2 4CH3-t 6826 660 022 1932 1930 002 052 1030 052 ¢ 880 0.6
3 3CH3-t 666c 650 016 1951 1920 031 030 1020 035 844 870 -026
4 Mtoluidine 678 660 0.18 19.30 1119 1030 089 952 880  0.15
5 2chlorot 590 550  0.40 18.20 855 920  -0.65 7.70
6 20Me-benz-t  689d 680  0.09 19.50 1135 10.50 085 9.00
7 2Me-benzt 664 650 0.14 19.20 1070 1020 0.50 8.70
8  4Brbenz-t 602 620 -0.18 18.90 898 990  -0.92 8.40
¥8  pKa-RMSD 0.20 0.30 0.65 0.19
hydroxamic exp
E acids exp JPM dev ETM ECM  dev ETM ECM  dev ETM ECM dev
I benzhydac  880a 850 030 2234 2350 -1l6 270 1510 140 1325 1350 025
2 methyl-hyd-ac 870b 810 060 2427 2310 117 }ggg 1470 130 1341 1310 031
3 capryl-hyd-ac  9.00c 850 050 2455 2350 105 1558 1510 048 1348 1350  -0.02
pKA-RMSD 0.48 113 1.14 0.23

Water: a — value taken from Ref. '’, b — value taken from Ref. °, ¢ — value taken from Ref. *'', d — value taken from Ref. *,
e — value taken from Ref. 22; Me,SO: all the experimental values are taken from Ref. 9; MeOH: a - value taken from Ref, 2
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Table S4: Comparison of experimental (exp) and ECM predicted (ECM) pK, values for the following three families: barbituric acids (F),
sulfonamides (G) and imides (H) in acetonitrile (MeCN), dimethyl-sulfoxide (Me,SO) and methanol (MeOH). The predicted pK, values
for water were obtained with the Jaguar pK, predictor (JPM)'. The predicted pK, values for the other solvents were obtained by applying
the ECM to the pK, values in water predicted with the Jaguar pK, predictor' and matching them with known experimental or ETM pK,
values in the corresponding organic solvents. The pK, values in blue digits were computed by the electrostatic transform method (ETM),
which uses the measured pK, values in water''. They were added in cases where only few experimental values were available and to
demonstrate its validity. The family specific parameters for prediction are adjusted to 7 measured and 23 with the electrostatic transform
obtained '' pK, values. pK, values of ECM in the solvents MeCN, Me,SO and MeOH that deviate by more than 1.5 pH units from the
corresponding measured or with ETM computed pK4 values are considered as outliers and are marked by bold digits.

families pK4 in water pKx in MeCN pK4 in Me,SO pK, in MeOH
barbit-acids exp JPM dev ETM ECM dev ETM ECM dev ETM ECM  dev

#
F
1 55dimeth-bar-ac 8.00a 8.10 -0.10 23.74 2350 024 1479 14.60 0.19 1271 1280 -0.09
2 55meth-phen-bar-ac 7.40a 7.50 -0.10 22.58 2290 -032 13.70 14.00 -0.30 11.77 1220 -0.43
3

hexobarbital 8202 820 000 2390 2360 030 1497 1470 027 1321 1290 031
pKA-RMSD 0.10 0.29 0.26 0.26
. exp exp
G sulfonamides exp JPM dev ETM ECM  dev ETM ECM dev ETM ECM  dev
| saccharin 180d 300  -140 1]45‘59713 1580 -123 664 750 -086 607 720 -1.13
2 piloty's acid 929¢ 980 051 2378 2260 113 1540 1430 110 1325 1400 -0.75
24.61b 16.10
3 phenyl-SA 1010f 1020 000 50 2300 156 (%00 1470 140 1570 1440 130
4 methyl-SA 1087¢ 1200 -113 2576 2480 091 };;g 1650 100 1500 1620 -120
Y10 pKax-RMSD 0.94 1.26 111 L1
H imides exp JPM  dev ETM ECM  dev Ee;& ECM dev ETM ECM  dev
1 succinimide 9.60a 870 090 2432 2370  0.62 }ﬂ? 1440 030 1376 1280 096
2 dimethadione 6102 7.60  -1.50 2179 2260 -081 1347 1330 0.17 1078 1170 -0.92
3 phenytoin 8302 800 030 2238 2300 -0.62 1342 1370 -028 1208 1210 -0.02
pKaA-RMSD 1.02 0.69 0.26 0.85

Water: a — value taken from Ref. %, b — value taken from Ref. '', ¢ — value taken from Ref. >, d — value taken from Ref. %, e — value taken from Ref. %, f
— value taken from Ref. %/, g — value taken from Ref. % MeCN: a — value taken from Ref. °, b — value taken from Ref. *; Me,SO: all the experimental
values are taken from Ref. ’
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Table S5: Comparison of experimental (exp) and with ECM predicted (ECM) pK, values for the following four families: indoles&pyrroles (I), primary
amines (J), secondary amines (K), and tertiary amines (L) in acetonitrile (MeCN), dimethyl-sulfoxide (Me,SO) and methanol (MeOH). The predicted
pK, values for water were obtained with the Jaguar pK, predictor (JPM)'. The predicted pK, values for the other solvents were obtained by applying the
ECM to the pK, values in water predicted with the JPM pK, predictor' and matching them with known experimental or ETM pK, values in the
corresponding organic solvents. The pK, values in blue digits were computed by the electrostatic transform method (ETM), which uses the measured
pK, values in water''. They were added in cases where only few experimental values were available and to demonstrate its validity. The family specific
parameters for prediction are adjusted to 16 measured and 26 with the electrostatic transform obtained'' pK, values.

ili A in water A in Me A in Me, A in Me
# families K t K MeCN K Me,SO K MeOH
[ indoles & exp JPM  dev ETM ECM  dev P ECM  dev ETM ECM  dev
pyrroles N ETM
1 indole 16200 1550 070 2861 2970  -1.09 gégg 2030 -030 2069 2090 -0.21
2 pyrrole 16505 1680 -030 3204 3100 104 0% 2260 040 2246 2220 026
pKa-RMSD 0.54 1.06 0.35 0.23
J prim-amin ~ exp JPM  dev Ee%‘f/[ ECM dev ETM ECM  dev 15;11\)/[ ECM  dev
. 18.37b 11.00a
I methylamin 1060 1050 010 ‘870 1820 007 1097 1000 097 0% 1080 020
2 ethylamin 1087 1100 013 '84% 1870 030 1038 1050 -0.02 N7 1130 -0.30
3 butylamin 1078 10.70 008 1868 1840 028 1035 1020 0.5 5o 1100 047
pKa-RMSD 0.11 0.26 0.57 0.34
K  secon-amin  exp JPM  dev Ee%‘f/[ ECM dev ETM ECM  dev 1«:6%{)/[ ECM  dev
. . 18.70¢ 11.20a
I dimethamin 10730 1090 017 7% 1880 010 1030 1110 -080 g 1110 0.10
2 diethamin 11094 1110 -0.01 'S¢ 1900 020 1215 1130 085 11.04 1130 -0.26
3 dipropylamin  11.00d 1060 040 1881 1850 031 1073 10.80 -0.07 1108 1080  0.28
4 ethylpropylamin 1100 1040  0.60 1847 1830  0.17 1041 1060 -0.19 1089 10.60  0.29
pKa-RMSD 037 021 0.59 0.21
L tert-amin exp  JPM  dev g}‘l{’/{ ECM dev ETM ECM  dev ;}‘1{’4 ECM  dev
| wimeth-amin  9.80f 1000 030 7% 1840 080 889 970 081 5% 1030 -0.50
. . 18.50 10.78a
2 tiethylamin 1078z 1060 018 53 1890 040 966 1020 054 78 1080 002
tripropyl-amin 10654 920 145 1792 17.50 070 959 880 079 1001 940 0.6
Y13 pKa\-RMSD 0.86 0.66 0.72 0.46

Water: a — value taken from Ref. *°, b — value taken from Ref. >, ¢ — value taken from Ref. *%, d — value taken from Ref. **, ¢ — value taken from Ref. **, f
— value taken from Ref. ¥, g — value taken from Ref. 3% MeCN: a — value taken from Ref. *’, b — value taken from Ref. !!, ¢ — value taken from Ref. '’;
Me,SO: all the experimental values are taken from Ref. 9; MeOH: a — value taken from Ref. 38, b — value taken from Ref. *°
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Table S6: Comparison of experimental (exp) and with ECM predicted (JPM) pK, values for the following three families: anilines (M), heterocycles (N),
and amidines (O) in water, acetonitrile (MeCN), dimethyl-sulfoxide (Me,SO) and methanol (MeOH). The predicted pK, values for water were obtained
with the JPM pK, predictor'. The predicted pK, values for the other solvents were obtained by applying the ECM to the pK, values in water predicted
with the JPM pK, predictor' and matching them with known experimental or ETM pK values in the corresponding organic solvents. The pK, values in
blue digits were computed by the electrostatic transform method (ETM), which uses the measured pK, values in water''. They were added in cases
where only few experimental values were available and to demonstrate its validity. The family specific parameters for prediction are adjusted to 20
measured and 13 with the electrostatic transform obtained'' pK, values.

# families pK, in water pKa in MeCN pK, in Me,SO pK4 in MeOH
- exp exp exp
M anilines exp JPM dev ETM ECM dev ETM ECM dev ETM ECM dev
. 10.56a 3.82 6.05a
1 aniline 4.60a 4.70 -0.10 11.48 11.50 -0.94 368 4.00 -0.18 397 5.50 0.55
2 ochloro-a® 266a 260 006  9.66 940 026 194 190 004 37la 340 031
3 M-toluidine 4.69b 4.60 0.09 11.40 3.90 5.95a 5.40 0.55
4 4chloro-a® 400c 400  0.00 10.80 3.30 4952 480  0.15
S 3chloroa® 3522 370 008 1094 1050 044 208 300 002 361 450 089
6 4-methyl-a 5106 490 020 1252 1170  0.82 j“s‘g 420 0.8 65'51713 570  -0.87
pKA-RMSD 0.13 0.67 0.17 0.62
i exp exp exp
N hetero-cycles exp JPM dev ETM ECM dev ETM ECM dev ETM ECM  dev
.. 15.05d 6.40
1 imidazole 7.05d 6.80 0,25 14.72 14.50 0.55 6.55 5.80 0.60 7.02 7.10 -0.08
2 piperidine 11.10e  11.10 0.00 18.92b 18.80 0.12 10.42 11.10 0.32 10.76a 11.40 -0.64
3 quinoline 4.90f 5.00 -0.10 11.96d 12.70 0.74 4.00 591a 5.30 0.61
4 pyridine 5.23¢g 5.20 0.03 12.53a 12.90 -0.37 3.50 4.20 -0.70 5.44a 5.50 -0.06
pKA-RMSD 0.14 0.30 0.65 0.36

O amidines exp JPM dev ETM ECM dev ETM ECM dev ETM ECM dev

1 benzamidine ~ 11.53» 1140  0.13  21.81 2130 056 1359 1320 039 1298 12,60  0.38
2 acetamidine ~ 1025i  10.60  -035  19.98 2050  -0.52 1198 1240  -042 1144 11.80 -036
Y14 pKa-RMSD 0.26 0.54 0.41 0.37

® For the electrostatic transform ETM ! a chloride radius of 1.92 A was used.

Water: a — values taken from Ref. *°, b — values taken from Ref. 33, ¢ — values taken from Ref. %, d — values taken from Ref. *°, e — values taken from Ref.
4 £ values taken from Ref. *, g — values taken from Ref. 3 h — values taken from Ref. 44, i — values taken from Ref, ¥ ; MeCN: a — values taken from
Ref. 46, b — values taken from Ref. *’, ¢ — values taken from Ref. *; d - values taken from Ref. 48; Me,SO: all the experimental values are taken from Ref.
9. MeOH: a — values taken from Ref. 3
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Table S7: Comparison of experimental (exp) and with ECM predicted (ECM) pK, values for the following four families: guanidines (P),
benzodiazepines (Q), pyrroles C2 (R), and indoles C3 (S) in acetonitrile (MeCN), dimethyl-sulfoxide (Me,SO) and methanol (MeOH).
The predicted pK, values for water were obtained with the JPM pK, predictor (JPM)'. The predicted pK, values for the other solvents
were obtained by applying the ECM to the pK, values in water predicted with the JPM pK, predictor' and matching them with known
experimental or ETM pK, values in the corresponding organic solvents. The pK, values in blue digits were computed by the electrostatic
transform method (ETM), which uses the measured pK, values in water''. They were added in cases where only few experimental values
were available and to demonstrate its validity. The family specific parameters for prediction are adjusted to 36 with the electrostatic
transform obtained'' pK, values.

# families pKa in water pKa in MeCN pK, in Me,SO pKy in methanol

P guanidines exp JPM dev ETM ECM dev ETM ECM dev ETM ECM dev

1 guanidine 13.80a 12.50 1.30 2291 22.00 0.91 14.85 13.90 0.95 13.67 13.10 0.57

2 methylguanidine 13.40a 13.40 0.00 23.43  22.90 0.53 15.78  14.80 0.98 14.18  14.00 0.18

3 debrisoquine 11.90a  13.00 -1.10 21.59 2250  -091 1336 1440  -1.04 13.00 13.60  -0.60
pKa-RMSD 0.98 0.80 0.99 0.36

Q benzodiaz exp JPM dev ETM ECM dev ETM ECM dev ETM ECM dev
1,3-dihydro-1-

1 methyl-5phenyl-1,4- 3.30a 3.80 -0.50 10.83  11.10 -0.27 2.95 3.20 -0.25 3.29 3.50 -0.21
bzodiaz-2-one
1,3-dihydro-3-hydro-

2 Sphen-1,4-bzodiaz- 1.70a 1.90 -0.20 9.41 9.20 0.21 1.54 1.30 0.24 1.94 1.60 0.34
2-one
1,3-dihydro-

3 5phenyl-1,4- 3.50a  4.00 -0.50 11.07 1130  -0.23 3.20 3.40 -0.20 3.52 3.70 -0.18

bzodiaz-2-one

pKa-RMSD 0.42 0.24 0.23 0.25
R pyrroles C2 exp JPM dev ETM ECM dev ETM ECM dev ETM ECM dev
1 pyrrole -3.80a  -4.10 0.30 2.74 2.50 0.24 -5.23  -5.60 0.37 -4.16  -4.40 0.24
2 Imethylpyrrole -2.90a  -2.30 0.60 3.81 430 -0.49 -421  -3.80 -0.41 -3.36  -2.60 -0.76
3 3methylpyrrole  -1.00a  -090  -0.0 605 570 035  -2.02 -240 038  -128 -120  -0.08

pKa-RMSD 0.39 0.37 0.39 0.46
S indoles C3 exp JPM dev ETM ECM dev ETM ECM dev ETM ECM dev
1 indole -3.60a  -3.70 0.10 3.42 3.20 0.22 -4.64 -4.80 0.16 -3.89  -4.00 0.11
2 Imethylindole -2.30a  -2.00 0.30 480  4.90 -0.10 -325  -3.10 -0.15 -2.58 230 -0.28
3 3methylindole -4.60a  -4.60 0.00 2.42 2.30 0.12 -5.65 -5.70 0.05 -496  -5.20 0.24

Y12 pKA-RMSD 0.18 0.16 0.13 0.19

a — pK, values taken from Ref. 2
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Table S8: Empirical pK, estimates in water for 17 species of the molecular family of squaramids using measured pK, values in DMSO 2. The results
for water are compared with the ETM ® and the pKa prediction tool of Jaguar (JPM)®. In case there are two nearly equivalent protons the electrostatic
transform method yields two different pK, values. pK, values of ECM in water that deviate by more than 1.5pH units from the corresponding pK,
values they are based on (which are ETM or JPM pK, values in water) are considered as outliers and are marked by bold digits. The pK,-RMSD

between the predicted pK, values in water from Jaguar and the ETM is 1.62. For the prediction with Jaguar the atomic radii with pbf radii=0 are used.
p p p g p
number . ECM pK ECM pK
abbreviated | exp.pKs | JPMpPKa | ETM pKa M PRA JPM pKa oV PA
No | of name inDMSO | inDMSO® | inH,0 in H,0 in H,0 in H,0
atoms® 2 based on ETM 2 based on JPM
squaramids
1 32 sq1 12.48 7.60 7.88 9.17 7.98
sq2_H34 6.77
2 38 sq2 H35 10.55 6.57 5.95 7.02 6.05
3 44 sq3 8.37 5.22 3.77 6.94 3.87
4 70 sq4 _H47 12.17 9.64 7.57 5.89 7.67
sq5_H49 7.24
5 73 sq5_H50 10.54 511 5.94 6.43 6.04
sq6_H50 11.01
6 76 sg6_H51 14.99 950 10.39 10.87 10.49
sq7_H44 7.40
7 66 sq7_H45 12.18 6.83 7.58 5.68 7.68
sq8_H47 7.91
8 69 sq8 H48 11.03 6.18 6.43 5.93 6.53
sq9_H48 9.89
9 72 sq9_H49 15.13 052 10.53 9.83 10.63
sq10_H32 9.21
10 49 sq10_H33 13.10 761 8.50 8.7 8.60
11 52 sq11_H35 11.83 7.41 7.23 7.52 7.33
sq12_H36 12.09
12 55 sq12 H37 16.28 0.94 11.68 10.69 11.78
sq13_H35 9.28
13 56 sq13_H36 13.30 810 8.70 8.33 8.80
sq14_H38 7.65
14 59 sq14 H39 11.87 705 7.27 8.24 7.37
sq15_H39 11.88
15 62 sq15_HA40 16.46 10.39 11.86 9.18 11.96
sq16_H66 9.58
16 70 sq16_H67 10.78 853 6.18 5.85 6.28
sq17_H43 7.00
17 62 sq17_Ha4 11.42 6.06 6.82 8.67 6.92
pKa-RMSD relative to ETM in H,O JPMin H,O
values without outliers in brackets 1.18 (0.61) 1.48 (0.71)
>17 shift parameter ApKa 4.60 4.50

3 pK 4 values taken from Ref. ¥’

® pK 4 values computed with ETM !

¢ pK 4 values computed with the Jaguar prediction scheme. *°

4 humber of atoms refer to the protonated state.

¢ JPM pK, values in DMSO are not available yet for these compounds (work in progress).
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Table S9: Empirical pK, estimates in water for 13 species of the molecular family of thiourea using measured pK, values in DMSQ?. The results for
water are compared with the electrostatic transform method ® and the pK, prediction tool of Jaguar (JPM). In case there are two nearly equivalent
protons the electrostatic transform method yields two different pK, values. pKa values of ECM in water that deviate by more than 1.5pH units from the
corresponding pK, values they are based on (which are ETM or JPM pK, values in water) are considered as outliers and are marked by bold digits. The
pKA-RMSD between the predicted pK, values in water from Jaguar and ETM is 2.75. For the prediction with Jaguar the atomic radii with pbf radii=0
are used.

W iad abbreviated exp. pKa | JPMpKa | ETM pKa Eﬁ“ﬁfg“ JPM pKa Ei?\cifclfA
: . . | = !
atoms ° name in DMSO in DMSO in H20O based on ETM in H20O based on JPM
thiourea
1 28 thiourea19_OL8 13.40 9.96 9.60 11.34 12.00
2 62 thiourea22_OL2_H58 11.98 9.09 8.16 11.16 10.56
thiourea22 OL2_H59 8.35
3 69 thiourea23_OL4_H44 | 1339 781 8.59 11.02 10.99
thiourea23_OL4 H45 7.80
4 48 thiourea25_OL3_H28 13.65 10.06 9.85 11.26 12.25
thiourea25 OL3 H29 9.97
5 34 thiourea_OL11_H28 10.70 6.90 6.90 10.91 9.30
thiourea_OL11_H29 6.15
6 34 thiourea_OL12 10.90 6.72 7.10 10.56 9.50
7 64 thiourea_OL14_H44 10.72 7.51 6.92 10.06 9.32
thiourea OL14 H45 6.65
8 57 thiourea_OL15_H36 12.54 6.90 8.74 10.39 11.14
thiourea_OL15_H37 9.75
9 59 thiourea_OL16_H35 12.57 10.25 8.77 10.68 1117
thiourea_OL16_H36 9.32
10 42 thiourea_OL17_H29 12.98 10.12 9.18 11.14 11.58
11 39 thiourea_OL18_H25 13.38 9.79 9.58 11.25 11.98
thiourea_OL18_H26 9.44
12 93 thiourea_OL20_H41 18.30 12.40 14.50 15.16 16.90
thiourea_OL20 H42 16.52
13 69 thiourea_OL21_H30 19.60 16.40 15.80 18.38 18.20
thiourea_OL21_H31 16.24
14 31 thiourea_OL9_H25 12.10 7.48 8.30 11.49 10.70
thiourea_OL9 H26 7.07
pKa-RMSD relative to ELMO'” JPM in H,0
values without outliers in brackets 0.82 ?O 66) 0.90 (0.68)
shift parameter ApKa . .
Y14 hift p ter ApK 3.70 1.40

2 pK , values taken from Ref. *'

b pK, values computed with ETM !

¢ pK, values computed with the Jaguar prediction scheme °
¢ humber of atoms refer to the protonated state.

¢ JPM pK, values in DMSO are not available yet for these compounds (work in progress).
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Table S10: Empirical pK, estimates in water for 10 species of the molecular family cyano compounds using measured pK, values in
DMSO ?. The results for water are compared with the electrostatic transform method ® and the pK, prediction tool of Jaguar (JPM)°. pK4
values of ECM in water that deviate by more than 1.5pH units from the corresponding pK, values they are based on (which are ETM or
JPM pK, values in water) are considered as outliers and are marked by bold digits. The pKA-RMSD between the predicted pK, values in
water from Jaguar and the ETM is 3.53. For the prediction with Jaguar the atomic radii with pbf radii=0 are used.

number exp. pKa JPM pK, E_TM pKa EQM pKa JPM pKa E_CM pKa
No. of name in DMSO in DMSO © in H,O in H,O in H-0 in H,O
atoms ¢ ' (exp) based on ETM 2 based on JPM
cyano compounds
1 28 10-cyano-9- 20.00 21.87 14.37 13.60 14.97 14.00
methylanthracene
9-cyano-
2 27 dihydroanthracene 14.30 16.43 8.72 7.90 11.94 8.30
9-cyano-
3 27 dihydrophenanthrene 21.90 22.68 16.41 15.50 15.95 15.90
4 7 CH,(CN), 11.00 11.19 4.25 (11.2") 4.60 7.96 5.00
5 6 CH5CN 31.30 29.33 20.89 (25.09) 24.90 19.23 25.30
6 16 p-cyanotoluene 30.80 29.63 23.39 24.40 19.74 24.80
7 16 PhCH,CN 21.90 21.77 14.45 15.50 14,86 15.90
8 19 PhCHCH;CN 23.00 23.18 16.95 16.60 16.05 17.00
pKA-RMSD relative to S)I\(/Ipég' ETM in H,0 JPM in H,0
values without outliers in brackets 132 ) 1.57 (0.81) 3.30 (0.85)
>8 shift parameter ApKa 6.40 6.00

% pK, values taken from Ref. >

® pK 4 values computed with ETM "'

° pK, values computed with the Jaguar prediction scheme »°

 humber of atoms refer to the protonated state.

¢ JPM pK, values in DMSO are not available yet for these compounds (work in progress).
" pK 4 values taken from Ref. >

9 pK 4 values taken from Ref. **
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Table S11: Empirical pK, estimates in water for 23 species of the molecular family keto using measured pK, values in DMSO. The
results for water are compared with the electrostatic transform method # and the pK, prediction tool of Jaguar (JPM)b. pKa4 values of ECM
in water that deviate by more than 1.5pH units from the corresponding pK, values they are based on (which are ETM or JPM pK, values
in water) are considered as outliers and are marked by bold digits. The pK,-RMSD between the predicted pK, values in water from Jaguar
and the ETM is 2.50. For the prediction with Jaguar the atomic radii with pbf radii=0 are used.

number abbreviated exp. pKa | JPM pKy ETM pK, ECMPKa 1 jpmpk, | . ECM pKa
No. of § name i DMSO © i DMSO © in H,0 (exp) in H,O in H.O in H,O based
atoms 2 P} | based on ETM 2 on JPM
keto compounds
1 10 acetone 26.50 24.70 18.17 (19.3h) 20.20 17.55 20.30
2 22 N-acetyl-2-oxindole 13.80 13.00 8.32 7.20 9.47 7.30
3 21 2,2,5-trimethyl-1,3- 7.40 6.95 2.84 1.10 4.89 1.20
dioxane-4,6-dione

4 27 camphor 30.40 30.95 24.27 24.10 21.96 24.20
5 23 CHx(COOC;Hs). 16.40 14.72 10.80 10.10 6.95 10.20
6 20 CHy(COCHj3),» 13.30 10.48 6.54 7.00 5.59 7.10
7 15 CH,CH(COCHj3), 15.05 11.79 9.88 8.70 6.89 8.80
8 20 CH3;COCH,Ph 19.90 19.25 13.37 13.60 15.66 13.70
9 17 CH5;COPh 24.70 24.59 16.56 18.40 18.05 18.50
10 23 CH(COOCH;); 10.81" 12.80 5.00 4.50 5.91 4.60
11 20 CH(COCH,;); 8.60 5.74 3.77 2.30 3.82 2.40
12 11 cyclobutanone 25.05 25.70 17.72 (20.0') 18.70 18.53 18.80
13 14 cyclopentanone 25.80 23.08 18.66 (18.5) 19.50 18.82 19.60
14 17 cyclohexanone 26.40 23.49 19.03 20.10 18.96 20.20
15 20 cycloheptanone 27.80 24.49 20.59 21.50 19.53 21.60
16 15 delta-valerolactone 25.20 24.49 18.72 18.90 20.11 19.00
17 22 ((CH3),CH),C=0 28.20 28.53 22.45 21.90 21.06 22.00
18 22 1,3-cyclopentanedione | 11.20 8.77 4.93 (5,239 4.90 4.71 5.00
19 20 CH3;CH(COOCH:s5), 18.04 ' 19.15 12.74 11.70 8.05 11.80
20 20 CH3COCH2CON(CHs), 18.20 ¢ 16.63 12.02 11.90 7.65 12.00
21 20 N-methyloxindole 18.50 18.75 12.19 12.20 11.77 12.30
22 25 PhCH,CON(CHs), 26.60 ° 25.80 21.26 20.30 20.09 20.40
23 18 PhCOCH,CN 10.20 11.59 3.63 3.90 10.78 4.00

pKA-RMSD relative to S’,\‘A"ég_ ETM in H,0 JPM in H,0

values without outliers in brackets 185 ' 0.98 (0.77) 2.68 (0.89)
>23 shift parameter ApKx 6.30 6.20

4 pK4 values computed with ETM ! ® pK, values computed with the Jaguar prediction scheme

50¢c

If not otherwise noted experimental pK, values can be found in Ref.

2

4 number of atoms refer to the protonated state. ° JPM pK, values in DMSO are not available yet for these compounds (work in progress). f pK values taken from Ref. *°
9 value taken from Ref. " pK 4 values taken from Ref. ** ' pK,, values taken from Ref. * J pK , values taken from Ref. > k pK 4 values taken from Ref. *°
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Table S12: Empirical pK, estimates in water for 14 species of the molecular family BINOL using measured pK, values in DMSO ®. The
results for water are compared with the electrostatic transform method ® and the pK, prediction tool of Jaguar (JPM)°. pK, values of ECM
in water that deviate by more than 1.5pH units from the corresponding pK, values they are based on (which are ETM or JPM pK, values
in water) are considered as outliers and are marked by bold digits. The pK,-RMSD between the predicted pK, values in water from Jaguar
and the ETM is 1.12. For the prediction with Jaguar the atomic radii with pbf radii=0 are used.

d | number of abbreviated exp. pKa JPM pKa ETM pKa ECM pKa JPM pKa ECM pKa
No e . . f . in H.O . in H.O
atoms name in DMSO in DMSO in H,O based on ETM in H,O based on JPM
BINOL compounds
1 24 Binol-H, 12.98 9.44 10.58 8.51 10.38
2 30 Binol-(CH3)» 11.95 8.55 9.55 8.93 11.00
3 24 Binol-F, 10.39 7.78 7.99 7.45 9.60
4 24 Binol-Cl, 9.78 6.61 7.38 7.15 9.30
5 24 Binol-Br, 9.44 7.57 7.04 7.03 9.00
6 24 Binol-I, 9.30 8.26 6.90 7.05 8.70
7 44 Binol-Ph, 10.93 8.43 8.53 8.88 11.30
8 64 Binol(4phenyl-Ph), 10.89 8.25 8.49 8.76 11.20
9 48 Binol(4-NO,-Ph), 9.99 8.28 7.59 7.98 10.20
10 56 Binol(3,5(CF3),Ph), 9.68 7.70 7.28 7.75 9.40
11 56 Binol(2naphthyl), 10.73 5.72 8.33 6.68 11.20
13 77 diBinol 11.92 10.26 9.52 8.90 12.40
14 57 Vanol 10.45 6.72 8.05 8.00 11.50
pKa-RMSD relative to ETM in H,O JPMin H,O
values without outliers in brackets 1.07 (0.82) 0.76 (0.25)
>13 shift parameter ApKa 2.40 2.60

% pK 4 values taken from Ref. ©

® pK x values computed with ETM !

° pK, values computed with the Jaguar prediction scheme »°

4 Numbers refer to the notation in Ref. ©

¢ number of atoms refer to the protonated state.

" JPM pK, values in DMSO are not available yet for these compounds (work in progress).
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