wo 2017/053510 A1 I} 1] A0 0000 OO0 R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/053510 A1

30 March 2017 (30.03.2017) WIPO I PCT
(51) International Patent Classification: (74) Agents: FITTING, Thomas et al.; The Scripps Research
A61K 36/82 (2006.01) A61P 3/04 (2006.01) Institute, 10550 North Torrey Pines Road, TPC-8, La Jolla,
. . CA 92037 (US).
(21) International Application Number:
PCT/US2016/053005 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
22 September 2016 (22.09.2016) BZ, CA. CH. CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
62/222323 23 September 2015 (23.09.2015) US OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(71) Applicants: THE SCRIPPS RESEARCH INSTITUTE TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
[US/US]; 10550 North Torrey Pines Road, La Jolla, CA ZW.
92037 (US). WAYNE STATE UNIVERSITY [US/US]; . L
656 West Kirby, Detroit, MI 48202 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: ROUSH, William, R.; 1013 Town Hall Aven- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

ue, Jupiter, FL 33458 (US). GRANNEMAN, James, G.;
9109 Yorkshire Drive, Saline, MI 48176 (US).
HALVORSEN, Geoff, T.; 29625 N. Waukegan Road,
#206, Lake Bluff, IL 60044 (US).

TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: SMALL MOLECULE MODULATORS OF CELLULAR LIPOLYSIS

Figura 1
& " N
O
g 1 .
: e ges 3
S £ ‘?;\,i\s\

%

3% Dapviggaty

BB LI Crestivay

Hinding

(57) Abstract: The invention provides a
compound which binds ABHDS, dis-
rupts complexes of ABHDS and PLIN1
or PLINS, and stimulates cellular lipoly-
sis. The compound can be used, in an
effective dose, to promote fat catabol-
ism. Consequently, the invention also
provides a method of treatment of
obesity, diabetes, cardiovascular dis-
ease, or cancer when an effective
amount of the compound is admin-

istered to a patient. The invention fur-
ther provides a method of treatment of
icthyosis and a method of increasing the
content in skin of skin barrier lipids,

comprising applying an eftective
amount or concentration of the com-
pound topically.



WO 2017/053510 A1 AT 00T 000 O A A

Published:
—  with international search report (Art. 21(3))



WO 2017/053510 PCT/US2016/053005

Small Molscule Modulators of Cellutar Lipolysis
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This application claims the priorty of U.8. provisional application serial number
821322 323, filed Sept. 23, 2015, the disclosure of which is incorporated herein in ils entirsty.
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This Invention was made with government support under MH084512, DKE2292,
DK78628, DKOB1741, and NS21081834 awarded by the National Institutes of Health. The

government has cerlain rights in the invention.

BACKGROUND

The slorage and mobilization of lipld energy are fundamental processes of virtually all
syukaryotic cells, it is well known that chronic mebifization of fatly acids in brown and white
adipocyies by agents that elevate protein kinase A (PKA) aclivity has potent anti-obesity effects
in animal models." in fat cells, the mobilliization of fatty acids from stored triacyiglveerol is
thought fo involve the functional inferactions of three highly conserved proteins: adipose
triglyceride lipase (ATGL), o-B hydrolase-containing protein § (ABHDS), and perilipin-1 (PLINT).
% ABMDS is 3 potent activator of ATGL:® however, this lipase-promoting activity is suppressed
under basal conditions when ABHDS is bound fo PLINT on the surface of lipid droplets.”
Extraceliviar signals that lead {o the phosphorylation of PLINY by protein kinase A (PKA)
release ABHDS, which activates ATGL, the rate limiting step in lipolysis. Presently, PRA-
medisted phosphoryiation ke the only known mechanism for the rapid {ssconds o minutes)
mobilization of lipid energy from adipocyies,

Tha storage and mobilization of lipid energy are fundamental processes of virtually all
gukaryctic cells, Mobilization of falty acids from stored {racylgivesrol is thought to ocour on the
surface of intraceliular lipid droplets (LD}, and recent work indicates that lipolysis s controlled by
the functional interactions of thres highly conserved proteing: perilipin (PLINY, o-8 hydrolase-
gontaining protein 5 (ABHDS), and adipose triglveeride lipase (ATGLYL*® ATGL is responsible
for the first and rate limiting step of triacyiglycerol hydrolysis in adipocyies, skeletal muscle, and
heart. ABHDE {also known as CGLE8) is a critical upstream regulator of ATGL that potendly
increases the lipase activity of ATGL and possibly other ipases.® importantly, human mulations
of ATGL and ABHDS lead fo an overlapping spectrum of disease involving ectopic neutral lipid

accumulation in several tissues, %"
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ABHDS has also basn implicated in intracellular lipolysis in Hesues that lack PLINT, such
as skeletal muscle and hear, where PLINS binds ABHDS and suppresses bassl and stimulated
lipolysis. "™ Interestingly, the interaction of PLING and ABHDS i3 not affected by PKA-madiated
phosphoryiation, ™ suggesting that ARHDS might regulate lipolysis independently of PKA in
other celf fypes.

SUBMARY

Here we identify novel synthetic ligands that disrupt complexes of ABHDS and PLINT or
PLING, and rapidly active lipolysis in adipooytes and muscle in the absence of PKA activation,
We found that activating ligands directly bind to ABHDS within a highly conserved substrate-
hinding motif near the o-terminus. This work demonstrates that ABHDS s a ligand-regulated
lipase co-activator that lies downsiream of extraceliular signaling pathways. We propose that
ABHDS ligands might be developsd into a novel class of therapeutics that more directly
promotes fat catabolism® and overcomes fimitations associated with extraceliular signaling
pathways.®

Drugs that stimulate lipid breakdown in adipocyies and muscle currently rely on the
activation of ransmembrane signaling. The compounds we have identified bypass
fransmembrane signaling and activate lipolysis directly. The gosl is to develop clinically useful
agents targeting lipid disorders such as obesity, diabeles, and cardiovascular disease,

Accordingly, the invention provides, in varicus embodiments, a mathod of stimulating
callular lipolysis by disrupting complexes of PLINT-ABHDS or PLINS-ABHDS, comprising
contacting ABMHDS with an effective amount or concentration of a compound wherein the

compound is of formula (I

< — AF
R :
5 A.f" :}“"\» Nji
S /i "
M&J formuta (1),

wherain

ring A and ring B are gach independently aryl, S-membered hetercaryl, or S-membered
hetsroanyd;

wharain ring A and ring B sach oplionally bear 1-3 independently selscted V, where
gach V is independently at each cccurrence halogen, cyano, nifro, OF,, lower alkyl, lower
athoxy, COuH, COLR, or CONR;;
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X and W are sach independenily 8, O, NR or CR, wherein R is H, alkyl or aryl;
Y and £ are each independently CO or 80y,
Ar is substituted arvl or hetsroanyd;
= O-5;
or & pharmaceutically scceplable salt thereof;
or wherein the compound is of formula (I)

P ,./Y
TN
Het"ﬁ\‘){”N\}%
e formula (1),

whersin

Het is a S-membered hetercaryl, & 6-membered heteroaryl, or a bicyclic heteroangd;

Ar ie aryl or heterpary!,

wherein Het and Ar each optionally bear 1-3 independently selected V, where sach V is
independently at each ocowrence halogen, cyano, nitro, CF;, lower alkyl, lower alkoxy, COpH,
CO:R, or CONR,,

X and ¥ are each independently CO or 8Qy;

or a pharmaceutically acceptable salf thereof.

The invention further provides a compound of formula (1) or of formula (1), in various
gmbodiments, the compound is not BR4885 or SR4558.

in various embodiments of a method of the invention, the compound is

G
. Ve /
;,;5','\ "’J}Lh 3 ®) /""'“J
O 34
RN g "f_,\f{ \:/\““"NAH
e (SR4085),
ar
2
o T N S i /ﬁf’{)i
T~ ~N /"5""" -~
N/ /\r’ 7 &
SR
- {SR4559;,

or a pharmacsutically acceptable salt thersof,
in various embodiments of a msthod of the invention, the compound is any one of the

compounds shown in Table 1, below.
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The invention further provides & method of promoting fat catabolism, comprising
administering fo & patient an sffective dose of a compound of formula () or formula (5.
Consequently, in various embodiments, the invention can provide a msthod of treatment of
obasity, diabstes, cardiovascular disease, or cancer, comprising administering {o a patient
afflicted therewith an sffective dose of a compound of formula {1} or formuda ().

The invention furthsr provides a method of treatment of icthyosis, comprising applying to
the skin of a patient afflicted therswith an sffective amount of 2 topical formulation comprising a
compound of formula (1) or formuda (1}, and a method of increasing the content in skin of skin
barrier lipids, comprising applying {o skin an sffective amount of 3 topical formulation comprising
a compound of formula (1) or formuda (1.

The invention furthsr provides a compound of formula (1) or of formula (1}, In various
embodiments, the compound is not SR4895 or SR45S58. In various embodiments, the invention
provides a compound of formula (1) or formula (1) for disrupting a PLINT-ABHDS complex to
stimulale adipocylie lipolysis, for promoting fat catabolism, for treatment of icthyosis, and for

increasing the content in skin of skin barrier lipids.

BRIEF DESCRIPTION OF THE FIGURES

Figurs 1. HTS identification of compounds that disrupt the inferaction of PLINT with
ABHDE, A Strudture of the tricyclic thio wres (TTU) SR-48085 (Compound 34}, and the sulfonyt
piperazine (SPZ) SR-455% (Compound 44). B. Compounds SR-49985 and SR-4559 block the
interaction of PLINT with ABHDS in the luciferase complementation assay (Binding) and
stimuiate lipolysis in cultured brown adipocyles nearly as seffectively as madmal stimudation by
10 1M isoprotersnol. C; Compound 8R-4985 dissociates EYPF-PLINT from lipid droplet-
targsted ECFF-ABHDS {red pseudo-golor in five brown adipocyles within 2 minules.

Figure 2. TTU and SPZ ligands activate brown adipocyie lipolysis potently and
independantly of PKA-signaling A Compounds SR-4885 {Compound 34} and SR-4558
{Compound 44} stimulale lipolysis with ECe of 47 plM and maxdmal effect is » 78% of the
maximal effect produced by isoproterenc! (10 uhM). B: Compound SR-4558 rapidly stimulates
lipolysis, indicated by fluorescence increass on lipid droplets (arrows), in live brown adipocyies,
Lipohysis is observed within 4 minutes of celiular application. Details of this imaging assay are
published in.”® Although not shown, both compounds are active in sach assay. C: Stimulation of
ipolysis by compounds SR-4885 and SR-4558 is independent of PKA-meadiated
phosphoryiation. Brown adipocyles were freated with isoproterenc! (10 nb} or compounds SR~
4985 and SR-4858 (10 W) for 30 minutes before delermining falty acid release and
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phosphorylation status of hormone-sensitive pass (HEL). Left; Agents produced similar levels
of Hpolysis. Right, isoproterengd treatment triggered strong phosphorviation of HSL on
established PKA farget sites, whereas compounds SR-4005 and 8R-455% were without effect.

Figure 3. Stimulation of lipolysis by compounds SR-4885 (Compound 34) and SR-45858
{Compound 44) depends on ABHDS and ATGL. A: Compounds SR-4885 and SR-4558 (10 uM)
stimulate lipolysis in wild type (WT) brown adipocytes and stable knockdown of ABHDS by
shRNA {insert} sliminates compound efficacy. B Rescue of ABHDS expression reinstates
compound efficacy. The brown adipocyte ABHDS knockdown cell fine was transduced with 8
lentiviral vector that aliowed doxyeycline {Dox) induction of ABHDS that is resistant to shRNA
{insert}. inthe absencs of Dox, compounds 8R-4895 and SR-4588 are inactive and the efficacy
of isoproferencl {Iso) is severely reduced. Expression of ABHDS by doxyeydline {(Dox)
reinstates the efficacy of compounds SR-4895 and SR-4558, and increases responsiveness o
isoproterenc! by 5-fold. C: Compounds SR-4885 and SR-4550 stimulate lipolysis in isolated
white adipopeyies, and this effect is abolished by adipocyte-specific knockout of ATGL, B
Compounds do not augment the ability of ABHDS {o stimulale lipase activity of ATGL using
artificial substrates in vitro,

Figure 4, NDB affinity ligand identifles ABHDE as the target of compounds SR-4885 and
BR-4588. A: Cos7? cells sxpressing ABHDE wers labelsd with NBD (50 pb) in DMSQ or
compounds SR-4885 or SR-4558 (80 ub) for indicate times, Cellular proteins wers resolved by
508 PAGE and labeled proteins imaged by laserscanning flucrometry, Compounds SR-4885
and SR-4558 blocked NED labeling of ABHDS. B: NBD iabels both H8L and ABHDS in
transfected Cos7 cells, and compound BR-4995 potently blocks labeling of ABHDS, byt nat
HEL. © Mass spectrometry of NBD-labelsd ABHDS identifiss Y330 as the amino acid
covalently modified by the affinity ligand. D Mutation of Y330 to slanine (&) or phenyialaning (F)
sliminates covalent modification of ABHDS by NBD. Non, nonfransfected cells.

BETAILED DESCRIPTION

Based on the fact that binding of PLINT to ABHDS potantly inhibits #s ability to aclivate
ATGL, we hypothesized that agents which disrupt PLINT-ABHDS complexes would stimulate
adipocyte ipolysis.” To find such agents, we devised an assay for the interaction of ABHDS
with PLINT or PLINS using luciferase complemsntation. ™" In this assay, inactive N- and C-
tarminal fragments of luciferase were fused fo PLINY, PLING or ABHDS, respectively, and the
binding reaction, which ocours in cell-fres lysales, was reported by the restoration of luciferase
activity (PubChem AID 453807, AID 651674). The primary screen monitored the ability of
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compounds {o suppress the interaction of ABHDS with PLING. Hits from this soreen were then
gvalualed for non-specific inhibition of a control protein-protein interaction Formation of hepatic
nuclear factor-4 (HNF4) dimers}, as well as inhibition of ABHDE-PLINT luciferase
complementation. Screening of >384 000 compounds from the NiM chemical library identified §
compounds, repressnting 3 independent chemical scaffolds, that inhibited the interaction of
ABMHDS with PLINT and PLINSG, and stimulated lipolysis in cultured brown adipocytes.

Shown in Figure 1A are representative members of two scaffolds, thiaza-tricyclo-ureas
{TTU) representad by SR-4885 (Compound 34 hersin}, and sulfony! piperazines (8P&)
representad by SR-4550 (Compound 44 herein). These compounds prevented binding of
ABHDS to PLINT in luciferase complamentation assays with 1C;s <1 M (Figure 1B). The high
throughput protein complementation assays were performed in celi-fres lysates, and
luminescence is an indirect read-oul of protein-protein interaction. To venly thal compounds
disrupt the direct interaction of ABHDS with PLINT in live cells, we identified a minimal fragment
of human PLINT {amino acids 3588-417) that binds ABHDS in Cos7 cells. Importantly, this
PLINT fragment does not bind lipid droplets in the absence of ABHDS, so the effect of
compounds can be readily observed as the release of the EYTFP-lagged PLINT fragment from
LE containing ECFP-fagged ABHDS. in ths resting state, PLINT and ABHDS wers colocalized
on lipid droplet swiaces. Compound SR-4588 {1 ubM final} triggered the release of the PLINA
fragment from ABHDS within 1 minute of extraceliular application (Figure 1C).

We next tested the effects of compounds on lipolvsis in cultured brown adipocytes. We
found that compounds SR-4895 and BR-4558 stimuladed lipolvsis with ECgs of about 4 uM, and
that maximaliy-effective concenirations produced lipolvtic rates that wers > 78% of that
produced by isoproterencl, a full beta receptor agonist. We examined the temporal relation
betwaen compound application and intraceliular falty acid mobilization in Hve cells by
fluorescence microscopy. In this assay, mobilized falty acid trigger that franslocation of EYFP-
{agged SRO1 o lipid droplsts to where the ligand binding domain of PPARg has besn {argeled
(Figure 2B).7%° We found that compounds rapidly trigger lipolysis (within 3 minutes) on a
timeframe that is similar fo the dissociation of PLINT-ABHDS complexes. As mentioned above,
activation of cAMP-dependant PKA ig the only known mechanism for rapid activation of
adipooyie lipolysis, As sxpected, stimulation of Hpolysis by the B-adrenergic agonist
isoproterenol was associated with strong phosphoryiation of hormone sensiiive lipass (HSL) on
established PKA sites, whereas equally-effective concentrations of reference compounds BR-
4985 and SR-4559 triggered Hpolysis in the absence of phosphorylation activation {Figure 20}
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To verify the meachanism of action, we performed knockdown and rescue sxperiments
with ABHDE, As shown in Figure 3A and B, TTU and SPZ compounds (10 uM) increased
lipolysis by ~7 fold in cullured brown adipocytes, and stable knockdown of ABHDS by lentiviral
shiRNA {inserl) abolished the ability of compounds 1o stimulate lipolysis. We transduced the
knockdown cell line with a doxyeydiine-inducible ABHDS construct that is resistant {o the viral
shRNA (Figure 3B), When tested in knockdown adipocytes, compounds were completely
inactive in the absencs of doxyeoycline, and the activity induced by isoproterenc! was also
reduced by ~85%. Reinstatement of ABHDS expression with doxyeyeline complately restored
the efficacy of the TTU and SPZ agonists as well as isoproterenc, establishing that stimulation
of tipolysis by compounds reguires ABRDS. Compounds SR-4885 and SR-4558 stimulated
lipolysis in freshiy-isolated mouse white adipocytss, and this effect was sliiminated by adipocyte-
specific knockout of ATGL {Figurs 30), the lipase target of ABHDS, We confirmed that ABHDS
potently increases the aclivity of ATGL against artificial lipid droplets in vilro (Figurs 30}, and
found that SR-4885 and SR-45858 did not modify this sffect. These cbservations indicats that
the compounds mainly act by relisving inhibition by PLIN1, and that binding of compounds per
se does not affect the ability of ABHDS to aclivals ATGL.

in theory, compounds that dissociate complexes could bind either ABHDS or PLINT, or
perhaps an interface created by the inferaction of thess profeins. As mentioned above, ABHDS
binds fo PLINT and PLINS, and we found that compounds were similarly polent in disrupting the
interaction of ABHDS with PLINT or PLINS suggesting that ABHDES was the likely targel. To
determing whether ABHDE i3 the direct binding target, we made use of an affinily probe, NBD-
HE-HP (NBD) that was previously shown o covalently modify ABHDS.® As shown In Figure
44, the NBD-HE-HP (NBD) affinity tag covalently modified ABHDS in transfected Cos7 calls,
and this labsling was blocked by co-incubation with TTU and SPZ ligands (80 uM}. Importantly,
SR-4885 blocked NED binding to ABHDS with 3 potency naarly identical to that observed for
disrupting the interaction of ABHDS with PLINT (Figure 4B). As expected,™ the NBD affinity
probe also labsled HSL expressed in ransfected COSY calls; however, SR-4885 did not block
NBD binding to HSL, demonstrating the specificity of this ligand for binding ABHDS (Figurs 4B).

MOE was deveioped as an active sile affinity labed of serine hydrolases; howeaver,
because ABMDS lacks the conserved catalvtic sering seen in rolated o-p hydrolases, 1Y
reasoned that the site of modification and ligand inferactions likely involves a novel binding
domain. To determine the site of prolein modification, we subjected purified NBD-Iabeled and
unisbeled ABMDS 10 LOMBME analysis and observed 10 unigus spectrs demonstrating that

Wer
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Y330 is modified by NBD. Shown in Figure 4C are represantative MS-2 spectra of peptide
Thr32 t-Lys34Z from unmodified (lop) and NBD-Iabelad ABHDS {boltom). The miz difference of
8; 8nd by lons in uniabeled and labsled ABMDS unambigucusly identified Y330 as the site of
NBD modification, which was confirmed by the mass shift of the remaining b ions. As expectad,
mutation of Y330 to alanine or phenylalanine prevented fagging by NBD (Figure 40}, The
labsling of Y330 in ABHDS by the serine hydroiase activity probe likely represants an interaction
at a promiscuous substrate-like binding site.” In this regard, Y330 lies within the highly
conserved seguencs HYVYAD sequence of ABHDS that resembles the MH4XD (where X is any
aming acid} motif observed in numerous hydrolases and acyl-transferases %

The mechanism by which ABHDS aclivates lipolysis has not been established, butis
thought to involve aliosteric interactions with ATGL.5™® ABHDS has no established enzymatic
activity™ and, es mentioned above, the nucleophilic serine found in closely-related o-8
hydrolases is g catalvtically-inactive asparagine in ABHDS. interestingly, the asparagine
substitution is conserved in chordates, suggesting that the ligand/substrate binding pocket, but

not enzymatic activity, may be functionally importani for ABHDS,

Cur current understanding indicates that rapid control of lipolysis involves the integration
of extraceliular stimulatory and inhibitory signals by PKA, which phosphorylates the key lipolytic
effectors PLINT and MSL. ™ The demonstration that ABHDS is sensitive to gotivating ligands
exposes a new regulation of lipolysis that bypasses the PKA signaling pathway, and raises
several important guestions. Firstly, do ABHDS synthetic ligands exploit binding siles used by
andogencus ligands? Most of cur understanding of infraceliular lipolysis comes from analysis of
adipocytes whereby extraceliular signals, such as catecholamines, mobilize fatty acids for
sxport and systemic oxidation. Numsrous tissues, such as contracting muscle, mobilize fally
acids from intraceliular lipid droplets for oxidation in sty howsver, the mechanisms that link
energy demand {o intemal supply are poorly understood. We note that PLING is the major
ABHDS binding protein of heart and oxidative muscle, ™™ and speculate that these complexes
are well positionad to respond {o endogenous ligands thal might couples infernal demand o fally
acid supply. Secondly, might ABHDS ligands be developad into novel therapsutic entilies? His
well-established that persistent activation of adipocyte lipolysis by cold siress or B3 adrenergic
receptors has potent anti-obesity and anti-giabetes properties in rodent models ® Under thess
conditions, mobilized fatty acids upreguiate fat oxidation and thermogenesis within brown and
white adipose tissues, resulting in lower cireulating fatty acids, reduced adiposify, and improved
insulin action.® Given that falty acids are necessary and sufficient for brown adipocyte
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thermogenesis®™ ™ and adipose issus-spacific overexpression of ATGL improves metabolic
status of obese mice,” ABHDS lgands might provide a more direct maans of promoting fat
catabolism iy numerous tissues tha! overcomes limitations associated with surface receptor

SXPression.

in summary, we have discoverad a new molecular phammacology of lipolysis that
involves figand-mediated activation of ABHDS, a coritical lipase-activating profein. Given the high
degree of conservation in the ligand binding domain of ABHDS, we hypothesize that the probes
we have identified mimic endogenous igands and suggest a new site of lipolytic regulation.
Morsover, we anlicipate that development of these novel chemical scaffolds may lsad to
modulators of tissus lipolysis that might be uselul in the reatment of metabolic dissass.

Table 1 provides a summary of compounds and the corresponding bioactivitiss of selected
examples. PCA refers to Protein fragment Complementation Assay, which measures disruption
of the PLINS-ABHDS interaction. NA = not active. 180 ~ isoproterenol
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All single enantiomer, diastereomeric, and racemic forms of a struciure ars
intended, uniess a particular stersgchemistry or isomeric form is specifinally indicated.
iy several instances though an individua! slereoisomer is described among specifically
claimed compounds, the stereochemical designation does not imply that altemate
isomeric forms are less preferred, undssired, or not claimad. Compounds used inthe
present invertion can include enriched or reselved optical isomers at any or all
asymmelric atoms as are apparent from the depictions, at any degree of enrichment.
Hoth racemic and diastereomeric midures, as well as the individual oplical isomers can
be isolated or synthesized so as o be substantially free of their enantiomeric or
diastereomeric partners, and these are all within the scope of the Invention.

Aryl groups are cyclic aromatic hydrocarbons that do not contain hetercatoms in
the ring. An aromatic compound, as is well-known in the arl, is a mulliply-unsaturated
cyclic system that contains 4n+2 w sleclrons where n is an integer. Thus aryl groups
include, but are not limited to, phenyl, azuleny!, heptalenyl, biphenyl, indacenyl,
fluarenyl, phenanthrenyl, triphenyienyl, pyrenyl, naphthacenyl, chrysenyl, biphenylenyl,
anthracery!, and naphthyl groups. In some embodiments, aryl groups contain about 6
to about 14 carbons in the ring portions of the groups. Aryl groups can be unsubstituted
or substituted.

Heteroaryl groups are aromatic ring compounds containing 5 or more ring
members, of which, one or more is a hetergatom such as, but not limited to, N, O, and
8; for instance, heteroary! rings can be monoccyelic ring systems having § or 8 ring
members, or can be bioyolic ring systems, having 5:5, §:8, or 8:8 configurations. Ina
bicyclic heteroaryi ring system, either one ring or both rings can contain one or more
hetersatoms,

Standard abbreviations for chemical groups such as are well known in the art are
used; 8.9., Me = methyl, Ef = ethyl, Pr = isopropyl, Bu = bulyl, +Bu ~ tert-butyl, Ph =
phemyl, Bn = benzyl, Ac = acelyl, Bz = benzoyl, and the ke

The term “pharmaceutically acceptable salt” refers o salts which possass foxicity
profiies within a range that affords utility in pharmaceutical applications.
FPharmaceutically unacceplable salls may nonetheless possess properties such as high
crystallinity, which have utility in the practice of the present invention, such as for
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example ulility in process of synthesis, purification or formulation of compounds of the
invention. “Pharmaceutically or pharmacologically accepiable” include molecular
entities and compositions that do not produce an adverse, allergic or other untoward
reaction when administered t© an animsl, or a human, as appropriate. For human
administration, preparations should meet sierilily, pyrogenicity, and general safety and
purity standards as required by FDA Office of Bivlogics standards.

if a value of a variable that is necessarily an integer, .¢., the number of carbon
atoms in an alkyl group or the number of substituents on a ring, is described as a rangs,
e.g., U4, whal is meant is thal the value can be any integer between 0§ and 4 inclusive,
e, 0,1, 2,3, ord

In varicus embodiments, the compound or set of compounds, such as are used
in the inventive methods, can be any one of any of the combinations and/or sub-
sombinations of the sbhove-listed embodiments.

in various embodiments, a compound as shown in any of the Examples, or
among the exemplary compounds, is provided. Provisos may apply to any of the
disclosed categories or embodimants wherein any ong or more of the other above
disclosed embodiments or species may be excluded from such calegorias or
embodiments,

The compounds described herein can be prepared in a number of ways based
on the teachings contained herein and synthetic procedures known in the art. Inthe
description of the synthstic methods described below, it is {0 be understood that all
proposed reaction conditions, including cholcs of solvent, reaction atmosphere, reaction
temperature, duration of the sxperiment and workup procedures, can be chosen to be
the conditions standard for that reaction, unless ctherwise indicated. it is undersioad by
one skilled in the ant of organic synthesis that the funclionality present on various
portions of the molecule should be compatible with the reagents and reactions
oroposed. Substituents not compatible with the reaction conditions will be apparent to
one skilled in the art, and alternate methods are therefore indicated. The starling
materials for the examples are either commercially available or are readily prepared by
standard methods from known materials. All commercially available chemicals were
ghtained from Aldrich, Alfa Aesare, Wako, Acros, Fisher, Fluka, Maybridge or the like
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and wers used without further purification, except where noted. Dry solvents are
abtained, for example, by passing these through activated aluming columns,

The present invention further embraces isclated compounds of the invention.
The expression “isolated compound” refers to a preparation of a compound of the
invention, or a mixture of compounds the invention, wherein the isolated compound has
been separated from the reagents used, andfor byproducts formed, in the synthesis of
the compound or compounds. isclated” does not mean that the preparation is
technically pure (homogeneous), but it is sufficiently pure to compound in a form in
which it can be used therapeutically, Preferably an "isolated compound” refers to a
preparation of a compound of the invention or a mixiure of compounds of the invention,
which contains the named compound or mixture of compounds of the invention in an
amount of at least 10 percent by weight of the total weight. Preferably the preparation
contains the named compound or mixture of compounds in an amount of at least 50
parcent by weight of the fotal weight; more preferably at least 80 percent by weight of
the total weight; and most preferabiy at least 80 percent, at loast 85 percent or at least
88 percent by weight of the total weight of the preparation.

The compounds of the invention and inlermediales may be isolated from thelr
reaction mixiures and purified by standard technigues such as filtration, liquid-iquid
axiraction, solid phase exiraction, distillation, recrystaliization or chromatography,
including flash column chromatography, or HPLE

Another aspect of an embodiment of the invention provides compositions of the
compounds of the invention, alonse or in combination with another medicament. As set
forth herein, compounds of the invention include sterecisomers, tautomers, solvatas,
prodrugs, pharmaceutically acceptable salts and mixtures thereof. Compositions
confaining a compound of the invention can be prepared by conventional technigues,
g.g. as described in Reminglon: The Science and Practice of Pharmacy, 18th &d., 1885,
or later versions theredof, incorporated by reference herein. The compositions can
appear in conventional forms, for example capsules, tablets, aerosols, solutions,
suspensions or topical applications.

“Treating” or "reatment” within the meaning herain refers {0 an alleviation of

symptoms associated with a disorder or disease, or inhibition of further progression or
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worsening of those symptoms, or prevention or prophviaxis of the disease or disorder,
or curing the diseass or disorder.  Similarly, 85 used herein, an "effective amount” or 8
“therapeutically effective amount” of 2 compound of the invention refers o an amount of
the compound that alleviates, in whole or in parl, symploms associaied with the disorder
or condition, or halts or slows further progression or worsening of those symploms, or
prevents, or provides prophyiaxds for, the disorder or condition. In particular, &
“therapsutically effective amount” refers to an amount effective, at dosages and for
periods of ime necessary, (o achieve the desired therapsutic resull. A thergpeutically
effective amount is aiso one in which any toxic or detrimental effects of compounds of
the invention are outweighed by the therapsutically beneficial effects.

it is within ordinary skill {0 evaluate any compound disclosed and claimed herein
for effectiveness using the procedures described above or found in the scientific
Iterature. Accordingly, the person of ordinary skill can prepare and svaluate any of the
claimed compounds without undue experimentation.

Any compound found fo be an effective agent for disrupting 3 PLINT-ABHDS
complex to stimulate adipocyte lipolysis can likewise be tested in animal models and in
human clinical studies using the skill and experience of the investigator to guide the
selection of dosages and treatment regimens.

A typical dosage is about 10 mg to about 1000 mg per day. In choosing a
regimen for patients it can frequently be necessary {o begin with a higher dosage and
when the condition is under controf to reduce the dosags. The exact dosage will
depend upon the activity of the compound, mode of administration, on the therapy
desired, form in which administered, the subject o be treated and the body weight of

the subject to be treated, and the preference and sxperience of the physician in charge.

i oom

s

S

ng soreeningy Luciferase complamentation constructs were generated

as previously described” ™ and proteins were produced in 2837 or S8 ceils. High throughpa
compound screening was performed at by the Molecular Screening Center at the Scripps
Research Institute in Jupiter Florida. The assays and primary screening methods and resulls
are detalled in PubChem AID 453807, AlD 681674,
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Molacular and blochemical lechnigues for secondary analyses: Csliular lvsates were prapared
from transfected 2037 celis”™ ™ and complementation assays were performed in 88 well plates
using 50 mi of sach lysate and 1 mi of compounds dissolved in DMSO or DMEBQ vehicle,

Luciferase activily was determined after incubation for 4 hours at room femperature.
Immuncblotting was performad as previously desoribed.™ In vitro lipolysis assays were
parformed using ABMDS purified from S8 calls and ATGL overexpresssd in Cos? cells, as
detalled. ® Cloning and mutagenesis were performed using PCR, and all constructs wers
confirmed by sequencing.

Anaivsis of brown adinoovts lipolysls: Immortalized brown adipocyles were seeded in 98 wall
nlates and diferentiated, as described.'® Thres fo four days after induction of differentiation,
cells were washed and placed in HEPES-buffered Kreb's Ringer buffer containing 1% bovine
serum albumin, and freated with DMSQ (vehidis) or activalors at concentrations specified in the
figures. Accumulated fatty acids of glycerol were determined using WAKQO kits, as described."
Stable knockdown and indusible resoue of ABHDS in brown sdipocyies: Lentiviral shRNA to
Abhds was created from a plasmid purchased from Sigma (TRCNOQOO032737 NM_028178.1-
106838101}, and used to stably transduce mouse brown adipocyles.  Knockdown was confirmed
by immunobilotting of differentiated adipooytes. To create an inducible rescue cell line we
performed silent mutagenesis of three amino acids targeted by the shRNA and tagged the
construct with mCherry, Doxyeyeline-inducible expression was achieved by transferring the
shRNA-resistant construct inte pINDUCER20,.* and resulting lentivirus used 1o infect the brown
adipocytes in which endogenous ABHDS was stably knocked down.

imaging compound action in Bve gells: Full-length human ABHDS and g fragment of human
FLINT encoding amino acids 358 to 417 wers amplified by PCR and cloned into the expression
vectors ECFP-C1 and EYFP-N1, respectively. CosT oslls were plated onto coverslips, and
transfected and loaded with oleic acid, as previously described.”®® For imaging of fatty acid
production in live celis, we created s brown adipocyte cell iine that expresses a falty acid
reporter system’® under the control of doxyovoline-sensitive promoter. In this system, PLINT is
fused to ligand binding domain (LBD) of PPARg, thus targsting the fally acid-sensing domain of
PPARs o lipid droplets. Mobilized fatty acids that are bound by the PPARz LBD are detected
by the accumulation of EYFPagged SRC1 coactivator binding domain at the lipid droplst

surface
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peptides: NBD affinity labs! was synthesized and purified as described. ™ Cos? cells transfectsd
with PLINT and wild type or mutant ABHDS were lipid losded ovemnight with 200 uM oleic acid.
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One day after transfection, cells labsled with 50 pbd NBD-HE-HR in serum-free DMEM for one
hour at 37°C. Celis were rinsed with FBS and protein-matched sliuots of cell lvsates were
separated by SDE-PAGE. Two gels were run in parallel, ona for fluorescent scanning and one
for immunobiot detection of ABHDS. Gels for scanning were fixed (45% MeOH, 10% acstic acid)
then visualized on a Typhoon 8410 Variable Mode nager (GE Healthoare, excitation 488 nm,
snission 520 nm).

; ; holed ABHDS 283-T celis transfectsd with His-
tagged ABHDS were labeled with NBD in serum-free DMEM for 3 hours af 37°C. His-tagged
ABHDS was partially purified by His80 Ni®° Superfiow Resin column chromatography (Clontech),
as described by the manufaciurer. Labelsd ABHDS was further resolved by SDS-PAGE and gsl
bands containing labeled ABHDS wers subjected fo LO/MS analysis. Proteins wers reduced,
alkyiated, and digested with sither trypsin or chymotrypsin in-gsl, and separated by reverse

3o A T T N P YT L T L e
I 3 ™ SRS -3 Vel g
LSS SNaracianzaton of NRnl-MNEe-mb

phase chromatography. In the first experiment, peplides were analyzed with a LTG-XL linear ion
trap mass spectromester {Thermo Fisher). Settings included: dynamic exclusion turned on {1 fon
in 8s then excluded for 10s, 200 list size); op 7 lons fragmentsd by collision-induced
dissociation (CID) i above a 500 threshold; Normalized Collision Energy = 35%; and Aclivation
& = 0.25. In the sscond experiment, samples wers analyzed in an Orbilrap Fusion Tribrid mass
spectrometer {Thermo Fisher), All scans were performed at a resolution of 130,000, lons with
charge siates of 2 or 3 were fragmented by CID (35% collision ensrgy?, and those with higher
charge states were fragmentsd with electron ransfer dissociation (ETD}). Dynamic exclusion
was tumed on {1 ion in 30 s, then excluded for 80s). Peak lists wers generated with Proleome
Discoverer 1.4 (Tharmo) and peptide assigrments were scored against a mouse protain
database {Swissprol; March 2014, 18722 eniries) using Mascot (Matrix Sciences, ver 2.4}
Static modification of +87 (carbamidomesthylation, C) and dynamic modifications of -17
{acetylation, N-terminal), +18 {oxidation, M), +1 {deamidation, NG} and +4867 (NBD modification,
ADEGHILSTY) were included. Mascot data was impoeriad into Scaffold 4.3 (Proteome Software}
which reanalyzed a subse! protein list using XiTandem (ver 2010.12.01.1}, and calculated
peptide and probabilities using Peptide Prophet. Peptides were scored as positive if they scored
above a 88% threshold,
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While the invention has been described and exemplified in sufficlent detail for those
skilled in this art to make and use #, various allematlives, modifications, and improvements will
be apparent to those skilled in the art without departing from the spirit and scope of the claims.

All patents and publications referred to herein are incorporated by refersnce herein io
the same extent as i each individual publication was specifically and individually indicated to be

incorporgted by reference in ils entirety.

The terms and expressions which have been employed are used as terms of description
and not of imitation, and there is no intention that in the use of such terms and expressions of
axcluding any equivalents of the features shown and described or portions thereof, but it is
recognized that various modifications are possible within the scope of the invention claimed.
Thus, it should be understood that although the present invention has been specifically
disciosed by preferred embodiments and optiona! featurss, modification and variation of the
concepls herein disclosed may be resorted o by those skilled in the art, and that such
modifications and variations are considered to be within the scops of this invention as defined

by the appended claims.
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CLAIMS
What is claimed is:

i A method of stimulating cellular lipolysis by disrupting complexes of PLINT-ABHDS or
PLINS-ABHDS, comprising contacting ABHDS with an effective amount or concentration of a
compound whersin the compound is of formuda (1)

- AF
LA

/‘ A
Gy
_’ y-»NH
whearein

ring A and ring § are each independently aryl, S-membered hetercaryl, or 8-membered

formula (),

heteroaryl;

wherein ring A and ring B each optionally bear 1-8 independently seiacied V, where
gach V is independently at each ocourrence halogen, cyang, nitro, OF;, lower alkyl, lower
alkoxy, COM, CO:R, or COMRg;

X and W are sach independently 8§, O, NR or CR, wherein R is H, alkyl or anyl;

Y and £ are each independently CO or 80y

Ay is substituted aryl or heleroaryl;

1= 5

or & pharmaceutically accepiable sall thereof,
or wherein the compound is of formula (1)

¥
TR A

E
P N\V\}(\J

Het X

v v

ne formuta (1),
wherein

Het is a8 S-memberad heteroaryl, a -memberad heteroaryl, or & bicyclic heteroaryl,

Ar ig arvl or heteroary;

wherein Het and Ar each optionally bear 1-3 independently selaecled V, where sach Vis
ndependantly 8t sach occurrence halogen, cyano, nifra, CF;, lower alkyl, lower alkoxy, COH,
CO.R, or CONR,;

X and Y are sach indepsndently OO or 8Qy;
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of g pharmacautically accspiable salt thereof

Tha method of claim 1, whersin the compound is

I '3

\‘.
905
NH
S MNH

{SR4DBE},

or

(SR4558),

of 8 pharmacsutically accapiable salt thereof,

3. A method of promoting fat catabolism, comprising administering to a patient an effective

dose of a compound of formula (1) or formuia (1) of claim 1.

4, A method of treatment of obeslty, diabeles, cardiovascular disease, or cancer,
comprising administering to a patient afflicted therewith an effective dose of 2 compound of

formula (1) or formula (1) of claim 1.

8. & method of treatment of icthyosis, comprising apolying to the skin of a patient afflicted
therewith an effective amount of a topical formulation comprising a compound of formuda (1) or

formula (1) of claim 1.

8. A method of increasing the content In skin of skin barrier lipids, comprising applying o
skin an effsctive amount of a topical formuiation comprising & compound of formula (1) or

formula (Il) of claim 1.
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