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3.1. Studies of Drug-Like Properties of Sulfoximine Tool Compounds and Matched Molecular Pair Analysis

Table 1. Categories applied for the rating of experimental data by Gnamm and coworkers.

Molecular Property Unit Definition “Desirable” Definition Definition
“Acceptable” “Undesirable”
Stability in human liver [min] >120 25-120 <25
microsomes (Tav2) (<25% Qu) (25-75% Qu) (>75% Qu)
Aqueous solubility (Sy) [ng mLY] >100 10-100 <10
Caco-2 permeability 10 cmi/s >5 5-0.5 <05
(Papp A—B)
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3.2. Sulfoximine Analogs of Marketed Drugs and Clinical Candidates

Table 2. Measured in vitro properties of compounds 27-38.2

Cpd. Kq [NM] Sw | logD Cly PAMPA | Efflux | MW | TPSA | HB | HB
PH65 |pH75| [Lhikgy] | Pupas Ratio | pa] | (A% | D | A
ABL1 | KIT | PDGFRp | [mgL™] rHep | hLMs | [10° cmis] | (PappB—a/
PappA—>B)
27 | 11 13 14 112 19 | 23 | 048 39 2.7 4936 | 8628 | 2 | 7
28 | 79 11 19 54 20 | 19 | 034 <2 >134 | 5276 | 1239 | 3 | 8
6
Cpd. 1Cs0 [NM] Sw | logD Cly PAMPA | Efflux | MW | TPSA | HB | HB
PH6.5 |pH75| [Lhikg' | Pappaos Ratio | pa] | [A71 | D | A
CDK2 | CDK9 | A2780 |[mgL™] rHep | hL | [20%cm/s] | (PappB—a/
Ms Papp A-B)
29 | 96 6 131 1524 | 1.3 1.7 | 024 1.0 92 3822 | 9891 | 4 | 4
30 | 522 | 124 351 52 16 | 006 |006 1.4 37 4303 | 1278 | 4 | 5
9
Cpd. 1Cs0 [NM] Sw | logD Cly PAMPA | Efflux | MW | TPSA | HB | HB
PH65 |pH75| [Lh'kgy] | Pupas | RAUO | [Da] | [A7 | D | A
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CDK4 | CDK6 | MOLM- | [mgL™] rHep | hL | [10°cm/s] | (PappBoa/
i it Papp A-5)
31 7 57 41 34 1.9 13 | 045 70 2.6 4475|1033 | 2 | 8
5
32 | 101 | 240 128 30 2.0 11 | 024 25 9.1 4956 | 1322 | 2 | 9
4
33 | 67 803 89 334 1.7 23 | 052 135 1.3 4345 | 9121 | 2 | 7
34 | 216 |>1000| 1150 22 1.8 11 | o021 22 11 4826 | 1201 | 2 | 8
0
Cpd. ICso [NM] Sw logD Clp PAMPA Efflux | MW | TPSA | HB | HB
PH6.5 | pH75| [Lhikg' | Pappaos Ratio | pa] | [A77 | D | A
PDES5 [mg L™ rHep | hL | [10%cmis] | (PappB—a/
Ms Papp A-B)
35 0.029 220 2.6 30 | 11 206 087 | 4886|1091 | 1 | 7
2
36 0.025 52 2.0 21 | 043 0.71 288 508.6 | 1468 | 2 | 8
0
Cpd. ICso [NM] Sw logD Clp PAMPA Efflux | MW | TPSA | HB | HB
PH65 |pH75| [Lhikg'l | Pappaos Ratio | pa] | [A% | D | A
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ESR1IWT MCF7 E2 [mg L] rHep hL | [10°cmi/s] | (PappBoa/

stim. Ms Papp A—B)
37 2.0 9.2 <0.1 4.2 3.5 1.2 0 0 606.7 | 57.53
38 1.8 7.1 <0.1 3.8 3.5 11 0 0 621.7 | 81.38

For assay details, refer to.” rHep = rat hepatocytes; hLMs = pooled human liver microsomes.
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Table 3. Biological activities of compounds 39-42.%

Compound? ICso [NM] sI® LogD®
APB1-42 Notch

39 5 132 26 3.6
rac-40 40 1050 26 2.5
41b 98 3150 32 2.7

42 3 111 40 3.8

42a 63 1600 25 2.6
42b 78 2300 29 2.6

% Sulfonimidamides 40 and 42 have two diastereoisomers (a and b) depending on the chirality of the stereogenic sulfur center.

® Selectivity index (SI) is given by the ratio of 1Csy (Notch)/ICso (AB1-42).

¢ Experimental lipophilicity distribution coefficient.
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Table 4. (ADME)-related properties of the matched sulfonamide (39/41) and sulfonimidamide (40/42) pairs.®

Entry Parameter Compound pairs

39 40° 41 422
1 Anhydrous DMSO solubility [uM] 360 330 160 > 330
2 Human plasma protein binding [% free] 11 27 8 25
3 Fraction unbound in rat brain [% free] 7 8 4 10
4 Unbound brain/plasma ratio in mouse - - 1.0 0.7
5 Caco-2 AB/BA (x 10°) [em 5] 51/26 41/28 37/19 52/34
6 Caco-2 efflux ratio 0.5 0.7 0.5 0.7
7 CLix (microsomes/hepatocytes)” <26/<5 10/- 56/61 77/51
8 GSH adducts in human microsomes (ratio)* <LOQ 0.05 <LOQ <LOQ

? Diastereoisomers of 40 and 42 showed similar data for these properties, which explains why the data for only one stereoisomer are

shown.

® Intrinsic clearance (CLin) by human microsomes (mL min™® mg™) and human hepatocytes (mL/min/10E6 cells).

¢ Limit of quantification (LOQ).
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4.1 Antineoplastic Agents

4.1.1 CDK Inhibitors

Table 5. Properties of BAY-1000394 (47) and its sulfone analog (48).*°

Entry Parameter Compound
47 48
1 Aqueous thermodynamic solubility at pH = 7.4 [mg L™] 182 25
Human liver microsome stability [% recovery rate]? 94 93
2 Mouse liver microsome stability [% recovery rate]® 100 91
Rat liver microsome stability [% recovery rate]® 100 96
3 Caco-2 Permeability (Papp —5) [nm/s™] 79 ND
CLin (mouse) [mL/min mg™] 0.51
4 CLin (rat) [mL/min mg™] 0.78 ND
CLin (dog) [mL/min mg™] 0.50
5 T1p (rat) [h] 2.1 ND
6 In vivo efficacy (daily dosing scheme) [T/C]° 3% at 2 mg kg™ 2% at 5 mg kg™
7 In vivo efficacy (intermittent dosing scheme) [T/C]™© 2% at 2.5 mg kg™ 25% at 5 mg kg™
8 Average F (rat, mouse, dog) [%] 50 ND
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ND = not determined
% 60 min incubation time.
® Use of HeLa—MaTu human cervical tumor xenograft model in athymic mice.

°b.i.d. 2 days on/5 days off.
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Table 6. Key properties of CDK9-selective inhibitors 49-53.°3

Entry Parameter Compound

49 50 51 52 53
1 ICso (CDK9) [nM] 11 13 37 104 4
2 ICso (CDK2) [nM] 1,078 1,300 3,959 10,504 2,920
3 Aqueous solubility (pH = 6.5) [mg L] 11 479 24 91 699
4 Caco-2 permeability (Papp a_s) [NM/s™] 22 35 ND ND ND
5 Efflux ration 15 6 ND ND ND
6 F (p.o., rat) [%] 10 54 ND ND ND
7 Frmax (tHeps) [%] ND ND 54 51 84
8 CLy (rat) [L/h kg™ ND ND 1.3 3.3 1.1
9 Vss (rat) [L kg™] ND ND 1.6 2.2 0.74

ND = not determined
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4.1.2 Ataxia Telangiectasia and Rad3 Related (ATR) Kinase Inhibitors

Table 7. Results of the biochemical and cellular assays of selected ATR inhibitors.”

.

R
Entr | Cpd R R ATR | ATRcell | LogD7s | LLE* | Sw CYP3A4
y ICso [NM] | 1Cs [NM] (pH 7.4) [%0]
[UM] TDI, 10 uM
1 54 o = 5 61 25 | 47 10 50
SgT L NH
A
2 = 5 100 26 | 44 8 <10
Osg’ NH
/K I\
=N
3 0 = 2 12 21 | 58 108 <20
O\\S// AN NH
/K ;N
N/
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4 57 o O . — 5 100 2.6 4.4 8 <10
ST NNH
/ .
A [
5 (R)-56 O . — 16 180 2.5 4.2 240 ND
I AN
/S - / X\ NH
A /N
6 | (S)-56 o . = 11 90 25 4.6 198 ND
\\S - / N\ NH
A /N
7 55 HN //O / . \NH 4 74 1.9 5.2 661 <20
K I
=N
8 (@) . —= ND 240 1.8 4.8 179 <11
HN\\ /7
=N
9 (@) . — ND 14 1.4 6.5 >2120 <20
HN\\ /7 B NH
R
N/

ND = not determined

? Lipophilicity ligand efficiency: ATR cell pICso — log D7.4.
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Table 8. Physicochemical and ADME characterization of compounds 54 and 55.°

# o4 95

1 logD7 4 2.5 1.9

2 solubility, pH 7.4 [uM] 10 661

3 PPB (mouse/human) [% free] 14/9.2 54/26
4 CYP3A4 ICso [uM]? >10 >10
5 CYP3A4 %TDI, 10 uM 50 <20
6 hERG ICso [UM] 50 166
7 Caco-2 Pap(A—B) (pH 6.5/7.4)° 23/37 6.8/12
8 CLin (rat/human)® 25/<3 <3.5/<3
9 rat AUC [uM h] 1.0 0.8

#>10 uM against 1A2, 2C19, 2C9, and 2D6.

®10 UM compound concentration.

1 uM compound concentration.
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4.2.1 Antimalarial Agents

Table 9. Available classes of antimalarial drugs and their mode of action.

10-15

Class Selected Drug Mode of Action
Examples
Quinoline chloroquine Binding of heme (or FP) to form the FP-drug complex
derivatives amodiaquine Inhibition of heme polymerase activity
quinine Accumulation of cytotoxic-free heme
quinidine As a result: cell lysis, and parasite cell autodigestion
mefloquine
primaquine
Antifolates pyrimethamine/ | Competitive inhibition of dihydrofolate reductase
sulfadoxine (DHFR) activity of DHFR-thymidylate synthetase (TS)
atovaquone/ protein
proguanil or
Competitive inhibition of dihydropteroate synthetase
(DHPS) activity of hydroxymethylpterin
pyrophosphokinase (HPPK)-DHPS
Artemisinin artesunate Interaction of endoperoxide moiety with heme iron in the
derivatives artemether parasite and generation of oxygen radicals

dihydroartemisinin

Induction of membrane protein binding, lipid

peroxidation, damage of endoplasmic reticulum, and

inhibition of protein synthesis

As a result: lysis of the parasite

Antimicrobials

tetracycline
doxycycline

clindamycin

Inhibition of 70S ribosomes in the parasite mitochondrion
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azithromycin
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4.3 Antidiabetic Agents

Table 10. Results of the biochemical and cellular assays of selected GK-GKRP disruptors.*®

O\\S//O
5
R’Ng QN
I NH,

Entry | Cpd. R Results of the biochemical and cellular assays
hGK-hGKRP Mouse translocation RLM CLjnt
1Cs0 [NM] ECso [NM] [UL/min/mg]
1 88 CF, 4 202 42
< :)—éOH
CF3
2 89 @ 25,000 NA >399
3 : CF, 10,500 15,600 >399
4 0 33,600 >12,500 17
RS
\
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401

936

34

61

37

30

310

704

<14

45

567

38

9 | (R)-92

182

22,200

47

10 | (S)-92

17

388

21

11 93

266

20,600

257

NA = not active
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Table 11. Pharmacokinetic properties of selected GK-GKRP disruptors.*®

Entry | Cpd. In vivo rat PK In vivo mouse PK
iv.? p.0.° iv.? p.o.
CL t]_/2 F AUC CL t]_/z F AUC Cmax Tmax
[Lkg*h™] | [h] [%0] [uMh] | [Lkg™h?] [h] [%0] [uMb] | [uM] [h]
1 88 0.75 3.6 75 20.0 0.11 6.7 40 64.8 5.82 5.0
2 90 2.82 1.6 5 0.26 ND
3 (S)-92 0.42 2.8 51 25.3 0.025 3.1 53 362 46.6 1.0

ND = not determined

% Dosed at 2 mg/kg as a solution in DMSO.

® Dosed orally at 10 mg/kg (in 1% Tween 80 containing 2% hydroxypropyl methylcellulose (90); in 1% Tween 80, 2% hydroxypropyl

methylcellulose, pH 2.2 with methanesulfonic acid.
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4.5 Agents for Treatment of Skin Diseases

Table 12. Results of the biochemical and cellular assays of selected inverse agonist of RORy.!"*®

‘.?
O § N
o \—<
O
Entry | Cpd. R RORy-GAL4 CD4 1L17 ChromLog
ICso [NM] 1Cs0 [NM] Des/LipE
1 100 HO™ ™ 17 3.2 5.9/1.9
2 H 390 ND 7.2/-0.8
3 O 97 ND 5.4/1.6
I
S
4 210 ND 5.8/0.9
\ 7/
O
5 89 ND 5.3/1.7
\\S//
H,N™
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3] rac- ¥ 47 ND 4.6/2.7
101 -8
7 (9)- HN_O 26 17
101 R
8 (R)- 45 20
101 g
S
9 —N O 290 ND 5.2/1.4
_s.
10 HN ¢ 81 ND 3.1/-0.4
\/S‘\
11 H,N \H/ 39 ND 4.8/2.6
o)

ND = not determined
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4.8 Proline-Rich Tyrosine Kinase 2 (PYK2) Inhibitors

Table 13. Biological data on arylsulfoximine-substituted PYK2 inhibitors 117-120."

R NN -CFa
\©\ )\\/I \‘Q
N N N*
H ON<

Entry | Cpd. R PYK?2 PYK?2 Cell FAK HLM MDCK (A > B) Dofetilide
Eh Papp X 10 cm/s % bindin
ICso [nM] | 1Cso[NM] | 1Cso [NM] o ° t
1 117 ./ 95 60 1,000 <0.29 95 48
O’/S\\
2 118 H 140 88 1,300 0.66 5.3 50
AN /N\
/;S\\
o O
3 119 \S/ 65 320 ND <0.29 1 12
O// \\NH
4 120 \\S 67 76 1,800 0.46 4.4 11
0 N~
5 (S)- N 43 29 1,100 0.45 5.1 11
120 /Se
O N—
6 (R)- ANV 67 98 2,300 0.52 5.7 4
120 /Se
O N—
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ND = not determined

S23



References

(1) Frings, M.; Bolm, C.; Blum, A.; Gnamm, C. Sulfoximines from a Medicinal Chemist's
Perspective: Physicochemical and in vitro Parameters Relevant for Drug Discovery. Eur. J. Med.
Chem. 2017, 126, 225-245.

(2) Sirvent, J. A.; Lucking, U. Novel Pieces for the Emerging Picture of Sulfoximines in Drug
Discovery: Synthesis and Evaluation of Sulfoximine Analogues of Marketed Drugs and
Advanced Clinical Candidates. ChemMedChem 2017, 12, 487-501.

(3) Sehgelmeble, F.; Janson, J.; Ray, C.; Rosqvist, S.; Gustavsson, S.; Nilsson, L. I.; Minidis,
A.; Holenz, J.; Rotticci, D.; Lundkvist, J.; Arvidsson, P. I. Sulfonimidamides as Sulfonamides
Bioisosteres: Rational Evaluation through Synthetic, in Vitro, and in Vivo Studies with y-
Secretase Inhibitors. ChemMedChem 2012, 7, 396-399.

(4) Lucking, U.; Jautelat, R.; Kriiger, M.; Brumby, T.; Lienau, P.; Schéfer, M.; Briem, H.;
Schulze, J.; Hillisch, A.; Reichel, A.; Wengner, A. M.; Siemeister, G. The Lab Oddity Prevails:
Discovery of Pan-CDK Inhibitor (R)-S-Cyclopropyl-S-(4-{[4-{[(1R,2R)-2-Hydroxy-1-
Methylpropyl]Oxy}-5-(Trifluoromethyl)Pyrimidin-2-ylJAmino}Phenyl)Sulfoximide (BAY
1000394) for the Treatment of Cancer. ChemMedChem 2013, 8, 1067-1085.

(5) Siemeister, G.; Lucking, U.; Wengner, A. M.; Lienau, P.; Steinke, W.; Schatz, C.;
Mumberg, D.; Ziegelbauer, K. BAY 1000394, a Novel Cyclin-Dependent Kinase Inhibitor, with
Potent Antitumor Activity in Mono- and in Combination Treatment upon Oral Application. Mol.
Cancer Ther. 2012, 11, 2265-2273.

(6) Lucking, U.; Scholz, A.; Lienau, P.; Siemeister, G.; Kosemund, D.; Bohlmann, R.; Briem,
H.; Terebesi, I.; Meyer, K.; Prelle, K.; Denner, K.; Bémer, U.; Schafer, M.; Eis, K.; Valencia, R.;

Ince, S.; von Nussbaum, F.; Mumberg, D.; Ziegelbauer, K.; Klebl, B.; Choidas, A.; Nussbaumer,

S24



P.; Baumann, M.; Schultz-Fademrecht, C.; Ruhter, G.; Eickhoff, J.; Brands, M. Identification of
Atuveciclib (BAY 1143572), the First Highly Selective, Clinical PTEFb/CDKS9 Inhibitor for the
Treatment of Cancer. ChemMedChem 2017, 12, 1776-1793.

(7) Lucking, U.; Scholz, A.; Lienau, P.; Siemeister, G.; Bohlmann, R.; Bémer, U. Disubstituted
5-Fluoro Pyrimidine Derivatives Containing a Sulfodiimine Group. WO/2015/150273, Oct 8,
2015.

(8) Liicking, U. Neglected Sulfur(vi) Pharmacophores in Drug Discovery: Exploration of
Novel Chemical Space by the Interplay of Drug Design and Method Development. Org. Chem.
Front. 2019, 6, 1319-1324.

(9) Foote, K. M.; Nissink, J. W. M.; McGuire, T.; Turner, P.; Guichard, S.; Yates, J. W. T.;
Lau, A.; Blades, K.; Heathcote, D.; Odedra, R.; Wilkinson, G.; Wilson, Z.; Wood, C. M.;
Jewsbury, P. J. Discovery and Characterization of AZD6738, a Potent Inhibitor of Ataxia
Telangiectasia Mutated and Rad3 Related (ATR) Kinase with Application as an Anticancer
Agent. J. Med. Chem. 2018, 61, 9889-9907.

(10) Schlesinger, P. H.; Krogstad, D. J.; Herwaldt, B. L. Antimalarial Agents: Mechanisms of
Action. Antimicrob. Agents Chemother. 1988, 32, 793-798.

(11) Warhurst, D. C. Antimalarial Drugs: Mode of Action and Resistance. J. Antimicrob.
Chemother. 1986, 18, 51-59.

(12) O'Neill, P. M.; Barton, V. E.; Ward, S. A. The Molecular Mechanism of Action of
Artemisinin--the Debate Continues. Molecules 2010, 15, 1705-1721.

(13) Divo, A. A,; Geary, T. G.; Jensen, J. B. Oxygen- and Time-Dependent Effects of
Antibiotics and Selected Mitochondrial Inhibitors on Plasmodium falciparum in Culture.

Antimicrob. Agents Chemother. 1985, 27, 21-27.

S25



(14) Geary, T. G.; Jensen, J. B. Effects of Antibiotics on Plasmodium falciparum in Vitro. Am.
J. Trop. Med. Hyg. 1983, 32, 221-225.

(15) Mishra, M.; Mishra, V. K.; Kashaw, V.; lyer, A. K.; Kashaw, S. K. Comprehensive
Review on Various Strategies for Antimalarial Drug Discovery. Eur. J. Med. Chem. 2017, 125,
1300-1320.

(16) Nishimura, N.; Norman, M. H.; Liu, L.; Yang, K. C.; Ashton, K. S.; Bartberger, M. D.;
Chmait, S.; Chen, J.; Cupples, R.; Fotsch, C.; Helmering, J.; Jordan, S. R.; Kunz, R. K;
Pennington, L. D.; Poon, S. F.; Siegmund, A.; Sivits, G.; Lloyd, D. J.; Hale, C.; St Jean, D. J., Jr.
Small Molecule Disruptors of the Glucokinase-Glucokinase Regulatory Protein Interaction: 3.
Structure-Activity Relationships within the Aryl Carbinol Region of the N-Arylsulfonamido-N'-
Arylpiperazine Series. J. Med. Chem. 2014, 57, 3094-3116.

(17) Smith, S. H.; Peredo, C. E.; Takeda, Y.; Bui, T.; Neil, J.; Rickard, D.; Millerman, E.;
Therrien, J. P.; Nicodeme, E.; Brusq, J. M.; Birault, V.; Viviani, F.; Hofland, H.; Jetten, A. M.;
Cote-Sierra, J. Development of a Topical Treatment for Psoriasis Targeting RORy: From Bench
to Skin. PLoS One 2016, 11, e0147979.

(18) Ouvry, G.; Bihl, F.; Bouix-Peter, C.; Christin, O.; Defoin-Platel, C.; Deret, S.; Feret, C.;
Froude, D.; Hacini-Rachinel, F.; Harris, C. S.; Hervouet, C.; Lafitte, G.; Luzy, A.-P.; Musicki,
B.; Orfila, D.; Parnet, V.; Pascau, C.; Pascau, J.; Pierre, R.; Raffin, C.; Rossio, P.; Spiesse, D.;
Taquet, N.; Thoreau, E.; Vatinel, R.; Vial, E.; Hennequin, L. F. Sulfoximines as Potent RORYy
Inverse Agonists. Bioorg. Med. Chem. Lett. 2018, 28, 1269-1273.

(19) Walker, D. P.; Zawistoski, M. P.; McGlynn, M. A,; Li, J.-C.; Kung, D. W.; Bonnette, P.
C.; Baumann, A.; Buckbinder, L.; Houser, J. A.; Boer, J.; Mistry, A.; Han, S.; Guzman-Perez, L.

X.; Angel. Sulfoximine-Substituted Trifluoromethylpyrimidine Analogs as Inhibitors of Proline-

S26



Rich Tyrosine Kinase 2 (PYK2) Show Reduced hERG Activity. Bioorg. Med. Chem. Lett. 20009,

19, 3253-3258.

S27



