Discovery and optimization of indoline derivatives as new LXR agonists
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= Liver X receptors are members of the nuclear receptor J\ E — {ngimL) (hngimi) (h) |
superfamily of ligand activated transcription factors. \’T' Y OH e

= They act by forming heterodimers with retinoid X receptor WX H 1
(RXR). [ i
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- LXRais the predominant isoform in the liver ‘o 24 2-Me4-F-Ph 42 91 545 6T 74 45 I /]Y
= Oxysterols (e.g. 24,25-epoxycholesterol) are LXR 25 2-OMe-4-F-Ph 142 85 1017 68 &9 54 o S ap S oH
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S = Biphenyl moieties bring high activity with :
= Objective of the program : Identification of orally active . - Ortho substitution inducing high potency N /1R Q
partial LXRs agonists (devoid of side effects) and subtype & Ly S0 H My 28 s B 1 L - Para substitution improving microsomal stability m‘.\v@ \NJYN\V
selective ligands (B-selective preferred) to elucidate the _— e
functional roles of LXRs. . ¢
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(@) (i) NEts, THF, rt; or (i) NEt;, CH,Cl,, rt or NMM, CH,CN, reflux ; (b) (i)
o NaOH, Dioxane, H,0, rt ; or (ii) LiOH, THF, H,O, rt or LiOH, Dioxane, H,0,
2- HTS 7 AN S0, W o228 48 se3 62 2 1 rt; (€) (i) resin PS-carbodiimide, HOAt, CH,Cly, rt ; or (ii) EDCI, DIPEA,
T g = Position of 21 in X-ray CH,Cl,, 1t ; or (iii) EDCI, DIPEA, CH,Cl,, rt
= Compounds were assayed for agonist activity on LXR- similar to the one OY—,'
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p ) s -7 . 8 W~ SO, H 44 48 213 80 5 1 proposed in docking of ° YY) OO
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= Proline derivative hit 1 was identified through a 3 I\ CH, H B40 10 NC 1 NT NT = H-bond between SO, Eav l“ L
transactivation cell based HTS assay. the objective was ¥ & and alcohol of Thr316. QY; Ik
to improve potency and Emax using a structure-based > e 0 e a
design strategy. " 10 'N — SO, H NC 1 NG 1 NT NT = H-bond between NH 4 "
WN\/\© L and Ser278. (a) resin PS-carbodiimide, HOAt, CH,Cl,, rt ; (b) TFA, CH,Cl,, 1t ; () (i)
HO CF,

IRA400, CH,Cl,, rt (ii) sulfonyl chloride, PS-DIEA, CH,Cl,, rt ; (d) Na,CO,,

N : (S)-configuration is required for activity (1 vs 2) tonitrile, rt (€) BHy-SMe,, THF, refl
3=0 O - - - R acetonitrile, rt (€) BH;-SMe,, THF, reflux
©\so /©)<CF3 wz ° = Linker X : SO, preferred over CO (1 vs 4). V:pf;swlfzal:s?ontacts o o
o \Nk 4 = Aromatic addition increases activity (5,8 vs 1 and 7 vs 6). §3hI5271, Pr;) 346 Q:)\«% + R*@fu o o vy
CFy = Amide : C=0 (10 vs 8) and NH (3 vs 1) mandatory for 6271, Phe340). "o i3
T0901317 hLXRa. ECs0 = 1.4 M (Emax =45%) activity. Ronme R =B
hLXRB ECs0 = 2.8 M (Emax =15%) = Microsomal stability needs to be improved. Co-crystal of Cpd 21 and hLXRp LBD. Q
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3- DOCKING OF COMPOUND 1 5- MICROSOMAL STABILITY IMPROVEMENT 8- MODULATION OF a/p SELECTIVITY e (Method A, B or C) i

If R=Me, () (i) NEt,, THF, rt; or (ii) NMM, CH,CN, rt; (b) (i) NaOH, Dioxane, H,0 rt; or
(ii) LIOH, THF, H,0, rt ;

Compound 1 was docked into H R H If R=H, (a) LiOH, CHyCN, H,0, rt
the pocked of human LXRB @b\/\ N-g2 Method A : (c) (i) oxalyl chloride, toluene, DMF, rt (ii) Et;N, CH,Cl,, rt or (i) EDCI,
N
N \

N~ C , CH,Cly, rt ; (d) (if) LIOH, THF, H,0, rt; or (if) HCI di .
(PDB ID : 1P8D). Ligand was X a ! HOAT, CH,Cl,, rt ; (d) (ii) LIOH, THF, H,0, rt; or (i) HCI dioxane (4N), AcOEt
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$=0 Method B : (c) (i) EDCI, HOAT, CH,Cly, rt; (d) (i) ArB(OH),, PdCl,dppf (cat), DME/H20,
submitted to the Ligprep module s=0 © [¢] Na,CO; (e) (i) HCI dioxane (4N), AcOEt
of Maestro and docked using u assay Sabiity Method C : with R1=I (c) ArB(OH),, PdCl,dppf (cat), DME/H,0, Na,CO3; (d) (i) EDCI,
| o hiXRa HLXR] Hisman Musrine HOAT, CH,Cl,, rt; or (i) oxalyl chloride, toluene, DMEF, rt; (iii) Et;N, CH,Cl,, rt
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= Compound 1 is nicely positioned LR nLg Vi, i (M) (%) (aM) (%) 30 min 30 min
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" Imp.rovement in binding could be 12 M K e n e 6 o : The discovery and structure activity optimization of new
achlev_e_d through : 8 i g‘g‘f"fl-; o W & ™ I X % 2LFPh O ow s omo s 4 2 indoline agonists of LXR has been developed. Compounds
- Additional Van der Waals 15 1co0M N % M e 3 '] n W CReRE R S % i & with different LXRo/p profiles and good PK parameters have
interactions with aromatic i o boirill O M ” = et been identified. Derivatives bearing acidic moieties are more
[;T\ld;?']s oFf’r:hgng)cket W 3EHEO0H o e W WO 1s 2 & N 2LRPH B R U R R 8 a2 LXRa selective. LXRp activity was restored by switching to a
e s e. . 19 ALO0H A 1085 40 NO £ ] 2 41 . N . .
- Iniroduction of polar residues % eromi o, [ETREE S ——— = . I N A % . 1o tgelr;{ary amino group leading to dual LXRa/p agonists (e.g.
Docking in hLXRB (PDB : 1P8D). to_get an H_—bond with Arg$1_9. - Ch?’.‘ge in the X-linker length has little effect on the B 204FFN o~ TN 288 @ 228 %2 92 % This series has been further developed delivering two clinical
Only key residues of the binding  (Depicted as light blue arrows in activity (Cpds 8-14). — - — candidates.
pocket displayed in blue. the figure) = Microsomal stability is increased with the addition of a = Acidic moiety gave LXRa activity (e.g. 27)
Docking solution for 1 depicted carboxylic acid in para position of the phenyl ring. = Amides or amines led to dual LXR o/p agonists (28-32)
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