SUPPORTING INFORMATION

Thermodynamic Approaches to the Challenges of Solubility in Drug Discovery
and Development

German L. Perlovich™

TDepartment of Physical Chemistry of Drugs, Krestov’s Institute of Solution Chemistry, Russian
Academy of Sciences, 153045 Akademicheskaya str. 1, Ivanovo, Russia;

iDepartment of Computer-Aided Molecular Design, Institute of Physiologically Active
Compounds, Russian Academy of Sciences, 142432, Chernogolovka, Russia;

CONTENT: Page

Table 1SI. Thermodynamic characteristics of sublimation, solubility and hydration S2
processes of the sulfonamides studied in water at 298 K

Table 2SI. Thermodynamic characteristics of solubility and solvation processes of the S3
sulfonamides studied in 1-octanol at 298 K

Table 3SI. Thermodynamic characteristics of sublimation, solubility and hydration S4 —S6
processes of the compounds studied in buffer with pH 7.4 at 298 K

Table 4SI. Thermodynamic characteristics of solubility and solvation processes of the ~ S7 — S8
compounds studied in 1-octanol at 298 K

References of SI S9 —S11

* To whom correspondence should be addressed:

Telephone: +7-4932-533784; Fax: +7-4932- 336237; E-mail glp@isc-ras.ru

S1



Table 1SI.
Thermodynamic characteristics of sublimation, solubility and hydration processes of the sulfonamides studied in water at 298 K

Drug  AG?, AH, TAS?, AG!, AH!, TAS?, -AG,, -AHp, -TAS,,
(kJmol")  (kJmol")  (klmol") | (mol')  (kfmol")  (kJmol") | (kJmol")  (kJmol") (kJ-mol™)
0° 53.4 111.5+1.1 58.1+23 29.0 274409  -1.6+0.3 24.4 84.1+2.0 59.7+26
4° 67.7 1325+1.6 64.7+2.1 32.7 36.1+0.4 3.4+04 35.0 96.4+2.0 614425
5° 50.4 114 + 1 63.6 + 0.9 34.6 146+0.8  -20.0+0.9 15.8 994+1.8 83.6+18
6 54.1 1249+1.6 70.8+1.5 36.4 283+0.8  -8.1+0.6 17.7 96.6+2.4  78.9+2.1
8 5714 126.8+0.9° 69.7+1.8° 32.7 342+12° 1.5+0.6° 24.4 92.6+2.1 682+24
9° 49.9 98.6+1.6 48.7+1.5 33.0 379+1.4 49+1.1 16.9 60.7+3.0 43.8+2.6
15 78.0°  131.4+26° 53.4+2.1° 31.0° 43.0+1.0° 12.0+0.6° 47.0 88.4+3.7 414427
19° 74.0 134.1+1.2  60.1+0.9 33.8 38.0+2 42+0.7 41.0 96.1+32 551+1.6
20' 74.2 143.6+0.9 69.4+0.6 35.9 493+13 134406 38.3 943+22 56.0+1.2
22! 72.4 124 + 1 51.6+0.6 33.5 426+12 9.1+0.6 38.9 814+22 425412
23° 61.7 141.1+£0.7 79.4+0.6 37.0 140+06 -23.0+1.3 24.7 127.1+1.3 102.4+3.2
24° 85.8 167.5+3.6 81.7+2.4 38.2 30.0+£0.8  -8.240.8 47.6 137.5+44 89.9+32
25° 88.0 168.3+2.3 803+2.7 30.0 459+0.6 159406 58.0 1224+29 644433
26° 75.7 1554+1.6 79.7+1.2 35.1 242+09  -109+0.9 40.6 131.2+25 90.6+2.1
38! 68.5 130.0+1  61.5+0.6 34.9 469+15 120403 33.6 83.1+2.5 495409
41 76.4°  1446+1.6° 68.2+2.1¢ 38.9* 247+0.7° -142+03° 37.5 1199+23 824+24
42 735 1472+15% 73.7+2.1¢ 33.7° 449+12* 11.2+0.6° 39.8 1023+2.7 62.5+2.7
43 723 1428+1.9¢ 70.5+2.4¢ 37.2° 37.7+0.6° 0.5+0.2° 35.1 105.1+25 70+2.6
*Ref. [1];
b Ref. [2];
°Ref. [3];
4 Ref. [4];
“Ref. [5];
Ref. [6].
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Table 2SI.

Thermodynamic characteristics of solubility and solvation processes of the sulfonamides studied in

1-octanol at 298 K

Dmg AGO AH 5001 TAS soal - AGsOolv -AH soolv -T ASsOalv
(kJmol™ (kJmol")  (kImol") | (kImol") (kJmol') (kJ-mol™)

0° 268+0.7 18.4+0.6 45.0 84.7+18 397429
4° 29.1+0.7 18.0+0.6 56.6  103.4+23 46.8+2.7
5° 33+1 19.1+1.1 36.5 81.0+2.0 445420
6 23+1 124+0.9 435  101.9+2.6 584+24
8 41401 -72+03 458  1227+10 769+2.1
9° 24+1  16.15+1.16 | 4205  74.6+2.6 32.55+2.66
15° 275+1.0 13.1+06 63.6  103.9+3.6 403+2.7
19° 10.74£0.7 -55+0.5 57.8 123.4+19 656+1.4
20° 33.0+1.1  16.0+06 572 110.6+2.0 534+12
22° 354+0.8 14.7+0.6 51.7 88.6+1.8 369+1.2
23¢ 36.5+0.7 18.4+0.38 43.6  1046+14 61.0+1.4
24° 250+04  5.7+05 66.5 1425440 76.0+29
25 258407 9.4+0.6 716 142.5+3.0 70.9+33
26° 351+£0.8 16.4+0.8 570 1203+24 633420
38° 257406 10.1£0.3 529  1043+1.6 51.4+09
41° 21.6+0.7 3.0+0.3 57.8  123.0+23 652424
42° 245406 10.7+0.6 59.7 1227421 63.0+2.7
43° 373+02 17.3+03 523 105.5+2.1 532427

*Ref. [3];

Ref. [7];

‘Ref. [6];

dRef. [2];

“Ref. [1];
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Table 3SI.

Thermodynamic characteristics of sublimation, solubility and hydration processes of the compounds studied in buffer with pH 7.4 at 298 K

Dmg AGsOub AH soub TAS soub AGsooz AH 5001 TAS soal - AG/(t)yd -AH }(z)yd -TAS }(z)yd
(kJmol")  (kKJmol')  (kJmol") | (kJmol')  (kJmol')  (Kmol") | (kImol")  (kKJmol") (kJ-mol™)
KETO 57.0° 110.1£0.5* 53.1+0.3 27.0° 16.0+£03° -11.0+£0.3° 30.0 95.9+0.8 65.9+0.6
(+)-IBP 41.6° 107.7+0.5°  66.1 + 0.3 28.8° 13.9+0.5° -149+0.3° 12.8 93.8+1.0 81.0+0.6
IBP 44.2° 116.1+0.6° 71.9+0.3° 29.8° 19.5+04° -103+0.3° 14.4 96.6+1.0 82.2+0.6
(+)-NAP 5854 130.1+05% 71.6+0.6° 27.7° 52+04>  -225+0.1° 30.8 1249+0.9 94.1+0.7
FBP 53.3° 110.2+0.5° 56.9+0.6° 28.7° 6.7+0.5° -22.0+0.6° 24.6 103.5+1.0 78.9+1.2
4-benzyl" 57.8 111.0+3.0 53.2+3.0 18.0 22.5+0.9 4.5+0.9 39.8 88.5+39 487+3.9
BA 34.4" 90.5+0.3" 56.1+0.3" 16.1 10.1£02  -6.0+03 18.3 80.4+0.5 50.1+0.6
ASA 43.6¢ 1102+0.5"  66.6+0.6° 14.8° 61.4+09° 46.6+0.9° 28.8 488+14 200+1.5
DIF 57.6°  120.1+£0.6° 62.5+0.6° 29.2° 79+0.5° -21.3+0.6° 28.4 1122+1.1 83.8+1.2
2-OMe-BA’ 43.7 110.7+0.8 67.0+0.6 14.1 3.4+0.1 -10.7+0.3 29.6 107.3+0.9 77.7+0.9
3-OMe-BA’ 41.8 1147+0.8  72.9+0.6 15.3 6.3+0.1 9.0+0.3 26.5 108.4+0.9 81.9+0.9
4-OMe-BA’ 46.9 111.6+0.6 64.7+0.6 16.2 4.8+0.1 11.4+0.3 30.7 106.8 0.9 76.1+0.9
2-OH-BA' 38.5 96.6+0.8 58.1+0.9 20.3 25.5+0.6 52+03 18.2 711+14 529+1.2
3-OH-BA' 50.6 105.2+0.8 54.6+0.6 16.2 321+0.6  15.9+0.7 34.4 731+14 38.7+1.3
4-OH-BA' 55.0 113.3+0.7 583+0.6 17.7 403+08  22.6+0.1 37.3 73.0+1.5 35.7+0.7
Fluf(form 1)’ 54.3 1212407  66.9+1.1 22.8 37.4+0.7  14.6+0.6 31.5 83.8+14 523+17
Niflum' 61.3 1302+ 0.8 68.9+1.2 21.0 39.5+0.5  18.5+0.6 40.3 90.7+1.3 50.4+25
Mefen(form I)| 59.2™  136.2+0.8™ 76.2 +0.9™ 30.4° 485+04° 18.140.5° 28.8 87.7+12 589+1.4
Tolf(formI) | 53.9™  1284+0.8™ 748+12™ 28.9" 38.0+1.2"  9.0+0.6" 25.0 90.5+2.0 65.5+1.8
N-Ph-Ant 58.9™  126.0+1.3™ 68.0+1.8" 27.9° 29.0+0.4° 1.1+0.1° 31.0 97.0+1.7 66.0+1.9
Dic(form I)* | 49.3 115.6+13  663+1.6 33.8 102+1.0 -23.6+12 15.5 1054+23 89.9+28
MePBP 422 98.8+0.8  56.6+0.6 20.5 27.2+0.9 6.7+1.2 21.9 71.6+1.7 49.7+1.8
EtPBP 43.4 1009+0.7 57.5+0.6 22.9 28.9+0.8 6.0+ 1.1 20.5 720+1.5 51.5+1.7
PrPBP 46.7 1237406 77.0+0.6 25.3 35.1+0.9 9.8+1.2 21.4 88.6+1.5 67.2+1.8
BuPB? 45.0 108.4+0.8  63.4+0.6 26.5 36.7+12  10.2+1.4 18.5 71.7+2.0 53.2+2.0
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Table 3SI. (Continued)

Drug

AG’

sub

(kJ-mol™)

AH'

sub

(kJ-mol™)

TAS"

sub

(kJ-mol™)

AG’

sol

(kJ-mol™)

AH

sol

(kJ-mol™)

TAS"

sol

(kJ-mol™)

-AGy,
(kJ-mol™)

-AH®

hyd

(kJ-mol™)

-TAS),
(kJ-mol™)

AcAm'
2-OH-AcAm‘
3-OH-AcAm‘
Parac(form I)"

Phenac’
2-AcAm-BA'
3-AcAm-BA'
4-AcAm-BA'

2-OH-BZA
3-OH-BZA
4-OH-BZA

40.5
52.8
56.4
60.0
523
54
73.2
72
44 4°
60.3°
58.9°

99.8 £ 0.8
121.8+0.9
111 +1
117.9£0.7
121.8 0.7
116 £1
137+1
138 £2
106.6 = 1.0°
122+ 1°
117.8 +1.0°

59.3+0.3
69.0+£0.3
54.6+£0.2
57.9+0.6
69.5+£0.3
62+2
63.8 £ 1.8
66+3
62.2£2.3°
61.7+2.8
58.9+2.8°

17.7
22.1
16.0
15.8
24.5
17.0
17.8
17.9
19.6'
15.9"
15.3"

17.3+0.5
20.7+0.7
35.6+0.9
21.840.1
31.1+1.6
14+0.1
7.9+0.3
74+0.7
419+ 1.1
32.9+0.8'
363+ 1.7

-0.4+0.2
-1.4+£0.2
19.6 0.3
6.0+0.2
6.6+0.5
-15.6+0.3
-9.9+0.7

-10.5+1.3
223+1.3"
16.9+0.9'
21.0+ 1.0"

22.8
30.7
40.4
44.2
27.8
37.4
55.4
54.4
24.8
44.5
43.7

82.5+13
101.1+1.6
75419
96.1 £0.8
90.7+2.3
112.0t1.1
1285+1.3
130.6 £2.7
64.2+2.1
873+ 1.8
79.4+£2.7

59.7+£0.5
70.4£0.5
35.0x£0.5
51.9%£0.8
62.9+£0.8
74.6+2.3
73.1+£2.5
76.2+4.3
39.4+£3.6
42.8+3.7
35.7+£3.8

'Ref. [16];
JRef. [17];
“Ref. [18];
'Ref. [19];
™ Ref. [20];
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" Ref. [25];
* Ref. [26];
'Ref. [27];
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Table 4SI.

Thermodynamic characteristics of solubility and solvation processes of the compounds studied in 1-

octanol at 298 K

Dmg AGsoal AH soal TAS 5001 - AGsOolv -AH soazv -T ASsoolv
(kImol)  (Klmol")  (kKJmol") | (kJmol")  (klmol") (kJmol™)
KETO® 6.6 455+13  389+1.5 50.4 664+18 16.0+1.8
(+)-IBP* 7.1 203+12  132+12 34.5 87.4+15 529+1.5
IBP* 12.9 265+1.1  13.6+12 31.3 89.3+1.7 58.0+1.5
(+)-NAP? 10.5 23.8+0.7  13.3+0.6 48.0 106.3+1.2 583+1.2
FBP* 13.7 27.9+0.8  14.2+0.6 39.6 823+13 42.7+12
4-benzyl® 9.9 33.6+0.7  23.7+0.6 47.9 774+3.7 295+3.6
BA® 4.0 11.8+0.3 78403 -30.4 78.7+0.6 -48.3+0.6
ASA? 8.4 25+14  141+15 35.2 87.7+19 525+2.1
DIF* 8.3 10.2+0.3 1.9+0.3 493 109.9+0.9 60.6+0.9
2-OMe-BA® 7.8 32.1+£0.6  243+09 35.9 78.6+14 427+1.5
3-OMe-BA® 5.0 244+02  19.4+09 36.8 90.3+1.0 53.5+1.5
4-OMe-BA® 10.4 28.6+0.3  18.2+0.6 36.5 83.0+0.9 46.5+12
2-OH-BA‘ 4.2 13.1£0.6 8.9+0.7 34.3 83.5+1.4 492+1.6
3-OH-BA* 5.9 12.9+0.7 7.0+ 0.6 44.7 923+1.5 47.6+12
4-OH-BA* 4.9 13.5+0.6 8.6+ 0.6 50.1 99.8+1.3 49.7+12
Fluf(form D)8 5.9 226+07  16.7+0.6 48.4 98.6+1.4 502+1.7
Niflumé 8.7 207+04  12.0+0.6 52.6 109.5+1.2 569+24
Mefen(form 1)’ 12.2 320412 197412 47.0 1042420 573+2.1
Tolf(form I)" 8.4 159+04 75403 45.5 112.8+1.2 673+1.5
N-Ph-Ant' 9.1 16.8£0.2 7.7+0.2 49.8 109.2+1.5 59.4+2.0
Dic(form II)' 11.4 20.1£03  17.7+03 37.9 86.5+1.6 48.6+19
MePB’ 5.45 219404  165+0.5 37.0 76.9+1.2 399+1.1
EtPB’ 4.61 189+0.6  143+0.6 38.8 820+13 432+12
PrPB' 3.99 212405  17.2+07 42.7 102.5+1.1 59.8+1.3
BuPB’ 2.74 212+07  185+0.8 42.3 87.2+15 449+14
AcAm" 4.9 199406  15.0+1.0 35.6 799+ 1.4 443413
2-OH-AcAm 12.8 246+07 11.8+0.5 40.0 972+1.6 57.2+0.8
3-OH-AcAm 8.1 182+03  10.1+0.6 48.3 92.8+1.3 445+0.8
Parac(form D)* 6.0 11.7+0.2 57403 54.0 1062+0.9 522409
Phenac* 9.4 27.7+0.7  183+02 42.9 94.1+14 512405
2-AcAm-BA! 9.4 13.3+0.2 3.9+0.2 45.0 100.1+1.2 55.1+22
3-AcAm-BA' 15.1 13.0£04 -23+14 58.1 1234+1.4 653+32
4-AcAm-BA! 13.3 13.1£0.5 02+1.4 59.0 124.9+2.5 659+44
2-OH-BZA' 8.3 30.7+1.0 224+14 36.1 754420 393437
3-OH-BZA! 10.4 207+1.8  103+1.2 50.0 99.5+2.8 49.5+4.0
4-OH-BZA' 8.9 198410 10.8+0.9 50.0 95.9+2.0 459+3.7
TRef. [9];
b Ref. [13];
Ref. [28];
dRef. [16];
“Ref. [17];
TRef. [18];
¢ Ref. [19];
" Ref. [21];
"Ref. [22];
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I Ref. [23];
KRef. [25];
IRef. [27];
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