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The aim was to identify a novel selective PP&Rgonist with full efficacy on free fatty acid (FFA) oxidation

in vitro and plasma lipid correction in vivo. Using the triple PP&R,0 agonistl as the structural starting

point, we wanted to investigate the possibility of obtaining selective RPagonists by modifying only

the acidic part ofl, while holding the lipophilic half of the molecule constant. The structaivity
relationship was guided by in vitro transactivation data using the human PPAR receptors, FFA oxidation
efficacy performed in the rat muscle L6 cell line, and in vivo rat pharmacokinetic properties. Compound
([4-[3,3-bis-(4-bromo-phenyl)-allylthio]-2-chloro-phenoxy]-acetic acid) was identified as a selective, partial
agonist with good oral pharmacokinetic properties in rat. Chronic treatment of high fat fed ApoB100/CETP-
Tgn mice with7 corrected the plasma lipid parameters and improved insulin sensitivity. These data suggest
that selective PPAR agonists have the potential to become a novel treatment of dyslipidemia.

Introduction L-165041 ((4-(3-(4-acetyl-3-hydroxy-2-propyl-phenoxy)-pro-
poxy)-acetic acidy. Later, an increase in plasma HDL-
cholesterol (79%) and a decrease in plasma LDL-c (29%), TG
(56%), and insulin (48%) in obese, normo-glycemic rhesus
]monkeys after treatment with the PPARselective agonist
GW501516 {2-methyl-4-[4-methyl-2-(4-trifluoromethyl-phen-
yl)-thiazol-5-yImethylsulfanyl]-phenoxyacetic acid, Table 1)
has increased the therapeutic interest in this third PPAR
recepto An up-regulation of the expression of the reverse
cholesterol transporter ATP-binding cassette A1 (ABC-A1) in
macrophages, fibroblasts, and intestinal cells and an increase
of apolipoprotein A1 (Apo-Al) specific cholesterol efflux was
observed as part of the mechanism responsible for the effects
of GW501516 on plasma cholesterol parametts.addition
to the effects on cholesterol homeostasis, GW501516 treatment
. o was observed to lower plasma glucose and insulin and improve
The use of PPAR activators, for example, rosiglitazone jnqjin sensitivity in diabetic ob/ob mice and high fat diet
(Table 1) and pioglitazone (glitazones), in the treatment of type jnqced insulin resistant midéIncreased oxygen consumption
2 diabetes have been established due to their abilities to lower;;, iy suggesting a fuel switch from glucose to free fatty acids
blood glucose and insulin levels and improve insulin sensitiv- (FFA), as well as increased FFA oxidation in skeletal muscle
ity.>® Similarly, PPARx activators, for example, fenofibrate |, o< demonstrated both in vivo and in Vi, '
(Table 1) and clofibrate (fibrates), have been used clinically Two different transgenic mouse models overexpressin
for more than three decades for their ability to lower plasma PPARS in either adi oge tissibor in muscle tissué hgve 9
triglycerides (TG) and moderately raise high-density lipoprotein shown up-requlation gf enes (LPL, FABP, FAT, CD36, CPT1b
(HDL)-cholesterof. There is no d(ug available target!ng the third and ACS) a%d proteing (UCP-2) ,respon:sible ,for Iipifj uptaké
EF;?)T? t:?)(r:r?gg:t;s)ilg there is evidence that PRARInvolved and metabolism and energy uncoupling. Both types of mice had
. : . . reduced adipose tissue and were protected against high fat diet
The flrst_proposed pharmacological rple for PRARaS in induced body weight gain. Supportive for the hypothesis of
the regulathn of .cholesterollhomeostass.. Total plasma ChOIes'skeletaI muscle being a major target organ were in vitro
terol was raised in db/db mice treated with the PRAIgand treatment of C2C12 muscle cells with GW501516 showing up-
regulated genes involved with TG hydrolysis and FFA oxidation
“To whom correspondence should be addressed. Telephone: (LPL, ACS4, CPT1), preferential lipid utilization (PDK4),
+4T5éé13518\;53|.:gax:+4544663939. E-mail: psa@novonordisk.com. energy expenditure (UCP1,-2, -3), and lipid efflux (ABCAL/
a Abbreviations: FFA, free fatty acid; PPAR, peroxisome proliferator- G1)1314 Further, GW501516 was found to increase glucose
activated receptor; TG, triglycerides; HDL, high density lipoprotein; ABC-  uptake independently of insulin and enhance subsequent insulin

Al, ATP-binding cassette Al; LDL, low density lipoprotein; Apo-Al, ; i i i
apolipoprotein Al; ApoB100/CETP, apo-lipoprotein B/cholesterol ester stimulation in cultured primary human skeletal muscle célls.

transfer protein; ADDP, azodicarboxylic dipiperidide; PK, pharmacokinetic; AS @ possible mechanism, the phosphorylation and expression
EDL, musculus extensor digitorum longus. of AMP-activated protein kinase were likewise increased.

The peroxisome proliferator-activated receptors (PPAR®
transcription factors known to play a central role in regulating
the storage and catabolism of dietary fat. The PPARs were
cloned a little more than a decade ago as orphan members o
the nuclear receptor gene family that includes the steroid,
retinoid, and thyroid hormones receptéfsThere are three
PPAR subtypes: PPAR PPARy, and PPAR.2 The PPAR
receptors heterodimerize with the RXR receptor, and the PPAR/
RXR heterodimers then bind to DNA sequences known as DR-1
response elementsAs with other members of the nuclear
receptor gene family, the PPARs are ligand-activated transcrip-
tion factors. Agonist activation of the receptor results in changes
in the expression level of MRNAs encoded by PPAR target
genes.
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Table 1. In Vitro hPPARy, rPPARy, hPPAR/, and hPPAR Transactivation of Test and Reference Compoénds

O
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Br

hPPAR(LBD)-GAL4 hPPARY(LBD)-GAL4 hPPARS(LBD)-GAL4
% max
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no uM +SEM’ uM +SEM' uM
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COOH
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' (55)

/@/vcoo'* 12748
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47
12343
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° 57
QOVCOOH 2006
T NeNg >10 >12 >10 >18  0.0530.003
(73)
0._COOH 17946
8 \S/GECH3 >10 >22 >10 >29  0.017£0.001
(66)
Rosigli
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bric BORALL %ﬁ” >10 >94 <10 >10 >34

acid
GW50 . 0.0079 272+11
516, OO 3.9203 684 >10 >22 +0.0008

(100)

a Compounds were tested in at least three separate experiments in at least five concentrations ranging from 0/d1 EC30s the concentration
giving 50% of the maximal activity observed for a given compoutior each compound, the efficacy (% max) is given as a relative compared to the
maximal activity of NNC 6146552 for PPARu. ¢ Rosiglitazone for PPAR 9 Carbacyclin for PPAR. The results are expressed as me#nSEM. If a
plateau was not reached at the highest concentration of compound testdt) (8% effect at this concentration was calculated and the maximal effect was
indicated to be greater than this value. In such cases, thgds assigned as10 M. If the maximal effect of a compound was less than 10%, ngoEC
could be calculatect Percent relative to GW501516 (272%).
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In addition to the effects on cholesterol homeostasis and
glycemic control, PPAR activation has been suggested to
attenuate inflammation and slow the progression of atheroscle-
rosis by direct and indirect mechanis#iNevertheless, these
effects could not be detected in low-density lipoprotein (LDL)-
receptor knock-out mice after treatment with the PBARonist
GWO0742 (2-methyl-4-[4-methyl-2-(4-fluoro-phenyl)-thiazol-
5-yImethylsulfanyl]-phenoxj~acetic acid), a close analogue to
GW501516'7 Recently, the same agonist was used to show that
PPAR) treatment increased HDL-cholesterol by 50% and
lowered cholesterol absorption in wild-type mice by 43%.

Human polymorphism studies further suggested that RPAR
is involved in cholesterol metabolisth.Recently, phase 1
clinical trial data from healthy normolipidemic male volunteers
treated for 2 weeks with GW501516 showed that HDL-
cholesterol increased by 19% and TG decreased by 20%,
compared to placeb®.GW501516 is reported to be in phase 2
clinical trials.

The aim of the present work was to identify novel selective
PPAR) agonists with full efficacy on FFA oxidation in vitro
and plasma lipid correction in vivo. The structural starting point
was the previously published triple PPAR,0 agonistl.?! The
structure-activity relationship (SAR) was guided by in vitro
transactivation data using the human PPAR receptoFsA
oxidation efficacy performed in the rat muscle L6 cell line, and
in vivo rat pharmacokinetic properties. Compouiidwas
identified as a selective, partial agonist with good oral rat
pharmacokinetic properties in vivo and full efficacy on plasma
lipids in the lipid-metabolism humanized double transgenic apo-
lipoprotein B/cholesterol ester transfer protein (ApoB100/CETP
Tgn) mouse model.

Chemistry

We have earlier described the synthesis of 3,3-bis-(4-
bromophenyl)-prop-2-en-1-dl0, from 4,4-dibromo-benzophen-
one (Scheme 1t Coupling of10 with the hydroxyl/mercapto-
phenylalkylesterd 1—16 was done under nonoptimized Mitsunobu
conditions using ADDP (azodicarboxylic dipiperidide) and
tributylphosphine to give the estetg—23in good to high yields
(Scheme 2). Basic hydrolysis of the ester intermedia#e23
gave the desired target molecu2s8.

Table 2. The Effect of PPAR Agonists on Fatty Acid Oxidation in Rat
L6 Muscle Cell8

ECso += SEM % max increase
compound (nM) of GW &+ SEMP

2 212492 69+ 5

3 615+ 265 59+ 5

4 204+ 40 62+ 5

5 2244 42 78+ 11

6 379+ 113 85+ 8

7 30+3 109+ 6

8 3+1 75+ 14
Rosiglitazone ~5000 58+ 6
fenofibric acid ~3000 70+ 1
GW501516 61 100

a Average of 3-4 experiments made in triplicate Maximal increase is
given as % of maximal increase by GW501516. Maximal increase for
GW501516 was 12& 21% over basal.

Results and Discussion

We have previously published on our design of the triple
PPARu,y,0 activatorl (Table 1)?! The aim of the present work
was to investigate if it was possible to obtain selective PRPAR
agonists by only modifying the acidic part df while holding
the lipophilic half of the molecule constafftAt the same time,
we wanted to identify selective PPARagonists using trans-
activation assays to investigate the possibility of getting a full
pharmacological response on the desired FFA oxidation/lipid
lowering effects with such agonists.

Removal of the ethoxy groug to the carboxylic acid irl
gave immediately a selective partial PPARgonist2 (Table
1). The PPAR transactivation potency and efficacy ®fwas
retained compared tb, but unfortunately?2 did not give full
efficacy in the in vitro FFA oxidation assay (Table 2) compared
to GW501516 (which was considered a full PPARgonist).
Furthermore, the pharmacokinetic (PK) evaluation in rats
revealed tha®R had very poor oral bioavailability and a very
short half-life (Table 3). This finding is in agreement with a
previous observation on a related compound, where extensive
beta-oxidation was suggested to be the reason for the poor PK
properties?® The meta-substituted analogB8avas a ten times
less potent PPAR agonist thar2. Compound3 had slightly
better PK properties, but the exposure was still very low. The
one carbon shorter analogues2adind3, 4 and>5, respectively,
were also partial PPAR agonists. Even though and 5 had
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Table 3. Single Dose Rat Pharmacokinétic

single dose rat pharmacokinetic

dose Cma? AUC® Fd Ty
i.v./p.o. p.o. p.o. p.o. CLe Ved p.o.
cmpd (mg/kg) (ng/mL) (ng x min)/mL (%) (mL/min/kg) (L/kg) (min)
1 1.08/2.29 554 83534 78 21.4 2.3 85
2 0.20/0.43 bt b bd" bd bd" b
3 0.20/0.45 51 67 560 407 27 5.3 953
4 0.20/0.43 252 156 709 210 6.0 14 447
5 0.20/0.45 419 119 351 Bd bd bd" 153
6 0.20/0.45 241 84108 130 7 1.4 181
7 1.06/2.06 508 79294 46 11.9 0.3 59
8 1.18/2.35 887 179 505 95 10 0.9 151
GW501516 1.09/2.13 454 127 478 136 7 1.0 612

aRats were given either a single dose iw= 8) or a single dose p.on(= 8) of each of the test compounds. At each of the time points (5, 15, 30, 60,
90, 120, 240, and 360 min), one animal was sacrificed and blood samples were analyzed for compound plasma conthferatiom plasma concentration
after oral dosing® Estimated area under the plasa@ncentration time curve after oral dosiigOral bioavailability.¢ Clearance’ Volume of distribution
during steady staté.Oral half-life. " Below detection limit.
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Figure 1. Concentration dependent activation of HEK293 cells
transfected with the hPPARLBD)-GAL4 receptor. Comparison of

the hPPAR potency and efficacy between carbacyclin, and
GW501516.
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better PK properties in the rat (Table 3), none of the compounds
induced full FFA oxidation in the muscle cell line in vitro.
Examination of the published crystal structure of the PBAR 0 T T T T )
receptor protein suggested room for a substituent on the central 0.1 1 10 100 1000 10000
phenyl group (Figure 3% The 3-chlorine-substituted analogue log [compound], nM
of 4, compoundb, had higher PPAR efficacy but lower potency Figure 4. Dose response curves fgrand GW501516 on fatty acid
in the transactivation assay. To improve the potency, the chlorine ©Xidation in rat L6 muscle cells. Effect of increasing concentration of
group was next introduced in the 2-position and oxygen was coryppund for 48 h on fatty acid oxidation in L6 muscle cells expressed

. as % increase as compared to untreated cells. The curves represent the
replaced by sulfur, as in GW5015_§%In an attempt to block average of experiments in triplicate SEM.
the metabolism, oxygen was also inserted giving compatind
which had 73% PPAR transactivation efficacy (Table 1 and was added to a fully efficacious concentration (100 nM) of the
Figure 1) but 113% efficacy in the FFA oxidation assay (Table full agonist GW501516 (Figure 2). The transactivation efficacy
2 and Figure 4) compared to GW501516. Further, compadund of GW501516 was reduced to the max efficacy7pidemon-
and GW501516 had no effect on glucose oxidation in the rat strating the partial agonist/antagonist properties. @ompound
muscle L6 cell line (data not shown). To verify thatreally 7 was approximately seven times less potent than GW501516,
was a partial PPAR agonist, increasing concentrations bf whereas the methyl analog@was nearly equipotent to the

Fatty acid oxidation
(% stimulation)
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Figure 5. Plasma drug concentration versus time curves obtained from

rats dosed with7 orally by gavage and intravenously. At each time

point, one rat was sacrificed and drug plasma concentration was

measured.

structurally similar GW501516. The partial agoniturther
had the desired PK properties with high exposure, good oral
bioavailability, low clearance, and sufficiently long half-life
(Table 3 and Figure 5). The methyl analogBédiad slightly
higher exposure and a longer half-life, B8itwas not a full
agonist in the FFA oxidation assay.

The similar rank order of potency and the actual potencies
(ECsp values) of the tested compounds in PRARansactivation
(Table 1) and in FFA oxidation in vitro (Table 2), and the
relative lack of FFA oxidation by rosiglitazone and fenofibrate,
support previous findings of FFA oxidation in muscles primarily
being mediated by PPAR!314

Based on the above datawas selected for further in vivo
evaluation in mice. Before testing in micéwas evaluated for

Journal of Medicinal Chemistry, 2007, Vol. 50, NA499

In support of the published literatut&,1> FFA oxidation in
skeletal muscles was increased (Figure 7), indicating that at least
part of plasma lipid correcting and insulin resistance improving
effects were through this mechanism. The fact that plasma levels
of total ketone bodies (Table 4) were decreased rather than
increased, as seen after fenofibrate treatment (data not shown),
indicated that the beta-oxidation in liver was not part of the
lipid lowering mechanism. Interestingly, the partial agonist
corrected the plasma lipid and glucose profile as good as or
even better than the full agonist GW501516. Compound
therefore fulfils the criteria of being a selective partial PRAR
agonist with full efficacy on the desired effects in vivo.

In conclusion, through systematic structural modifications of
the PPARpan agonidt we have identified, which is a partial
PPAR) agonist in transactivation assay but a full agonist on
FFA oxidation in muscle cells both in vitro and in vivo. Further,
chronic treatment of high fat fed ApoB100/CETP-Tgn mice with
7 corrected the plasma lipid parameters and improved insulin
sensitivity. Although the mechanism behind PRA& tivation
is not fully understood and the side effect profile is not explored,
the data in this report support the notion that selective PiPAR
agonists have the potential to become a novel treatment of
dyslipidemia.

Experimental Section

Chemistry. The compound47—23 and2—8 (Scheme 2) were
synthesized without optimization of the reaction conditiols.
NMR data were recorded on a 300 or 400 MHz spectrometer, with
solvent peak as internal reference value (DMSO, 2.50; TMS peak
was used in CDGJ.

Ethyl 3-(4-Hydroxy-phenyl)-propionate, 11.To an ice-cooled
solution of 3-(4-hydroxy-phenyl)-propionic acid (8.3 g, 50.0 mmol)
in ethanol (100 mL) was added dropwise thionyl chloride (3.7 mL,
50.7 mmol). The mixture was stirred at room temperature overnight,
concentrated in vacuo, and the residue was purified by kugelrohr
distillation to give 9.6 g (99%) ol1 as a colorless oil.

Ethyl 3-{4-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny} -pro-
pionate, 17.Under an atmosphere of nitrogen, azodicarboxylic
dipiperidide (504 mg, 2.0 mmol) was added at®°C to a stirred

PPAR activity at the mouse receptors. Transactivation data Solution of tributylphosphine (404 mg, 2.0 mmol)1 (388 mg,

showed similar mPPARactivity (7: ECso= 0.30+£ 0.11uM,
167 + 15%; GW501516: E& = 0.054+ 0.022uM, 269 +

2.0 mmol), andL®?X(736 mg, 2.0 mmol) in dry THF (50 mL). The
reaction mixture was warmed to room temperature and stirred for
48 h. The reaction mixture was concentrated in vacuo, and water

39%), as seen in the human assay, although potencies WerSnd ethyl acetate (75 mL each) were added. The aqueous layer

slightly lower. Likewise,7 had no mPPAR or mPPAR/
activity up to 30uM. The effects on plasma lipids af and

was collected and further extracted with ethyl acetate (@5 mL).
The organic layers were combined, washed with water, dried

GW501516 were evaluated in the double transgenic mouse(MgSQy), and evaporated. The crude product was then purified by

model (ApoB100/CETP-Tgn). The ApoB100/CETP-Tgn mouse

column chromatography on silica (25% ethyl acetate in heptane as

had received the human genes for ApoB100 and CETP. Thiseluent) to give 1.0 g (92%) of the title compound.

resulted in a changed plasma lipid profile from a typical rodent
profile, with high levels of HDL and low levels of LDL, to a
human-like lipid profile, with lower HDL levels and higher LDL
levels. In addition to the genetic modifications, the mice were
fed a high fat diet to induce dyslipidemia and insulin resistance.

3+{4-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny} -propionic
Acid, 2. To a solution oflL7 (1.0 g, 2.0 mmol) in toluene (20 mL)
and ethanol (50 mL) was addel N NaOH (10.0 mL), and the
reaction mixture was stirred for 16 h at room temperature. The
reaction mixture was concentrated in vacuaj &N HCI (10 mL)
was added. The product was extracted with ethyl acetate $8

At the end of the study, skeletal muscles were removed and | ) The organic layers were combined, washed with water, dried

tested for FFA oxidation activity ex vivo.

(MgSQy), filtered, and concentrated in vacudhe residue was

GW501516 was tested at 6 mg/kg/day p.o., a dose shown torecrystallized from warm ethanol (100 mL), which was concentrated

give full efficacy in mice without liver weight increas@The
less-potent compound was tested in three doses: 5, 10, and
20 mg/kg/day p.o. Unlike in previously published studies in
high fat fed C57BL/6J mic&? PPARS treatment did not change
food intake or body weight in ApoB100/CETP-Tgn mice (data
not shown). However, treatment withchanged plasma lipid

to 60 mL and cooled, to give 600 mg (56%) of the title compound.
Anal. (C24H2()BI'203) C, H.

Ethyl 3-(3-Hydroxy-phenyl)-propionate, 12.To an ice-cooled
solution of 3-(3-hydroxy-phenyl)-propionic acid (20.0 g, 120 mmol)
in ethanol was added dropwise thionyl chloride (8.8 mL, 120 mmol).
The mixture was stirred at room temperature overnight, concentrated
in vacuo, and submitted to flash chromatography (10% ethyl acetate

parameters in a dose-dependent manner to a less atherogenig, to|uene eluent) to give 23.3 g (100%) be.

profile, with increased HDL and decreased LDL and TG (Figure
6A,B and Table 4). At the same time, HbAlc levels were
lowered, suggesting improved insulin sensitivity (Table 4).

34 3-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny} -propionic
Acid Ethyl Ester, 18. The compound was synthesized frat
and 10 as described for compouri in a 756 mg (93%) yield.
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Figure 6. Plasma HDL cholesterol (panel A) and LDL cholesterol (panel B) after 6 weeks treatment of ApoB100/CETP-Tgn mice with GW501516
(m) and7 (v).
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Figure 7. FFA oxidation in skeletal muscle of ApoB100/CETP-Tgn mice after 6 weeks treatmen?witid GW501516. The mainly oxidative/
slow, musculus soleus (type | fibers), is shown in panel A. The mainly glycolytic/fast, musculus extensor digitorum longus (EDL; type I fibers),
is shown in panel B. There was a significant correlation between increasing dosemdfFFA-oxidation in both soleus and EDL.

Table 4. Treatment Effects on Plasma Parameters in ApoB100/CETP-Tgn Mice

% change from vehicle treated controls (6 weeks treatment)

total
total ketone
cmpd cholesterol HDL LDL triglycerides bodies glucose insulin HbAlc

GW501516 —-15 4 —19 —-14 —49 —4 —41 —13
(6 mg/kg)

7 —-19 24 -7 -15 5 -3 —-11 -4
(5 mg/kg)

7 —-14 14 —-12 -7 -10 -2 -8 -9
(10 mg/kg)

7 2 33 —35 -5 —29 -5 3 —12
(20 mg/kg)

34 3-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny} -propionic and washed with ethanol to give 375 mg (81%). AnalsfGs
Acid, 3. The esterl8 (755 mg, 1.4 mmol) was hydrolyzed in 1 N Br,03, CsH14aN4O) C, H, N, arginine salt.
NaOH (5.6 mL) and ethanol (15 mL) for 16 h at room temperature.  Ethyl 3-(3-Hydroxy-phenyl)-acetate, 14.To an ice-cooled
Water (5 mL) was added, and the ethanol was removed by solution of 3-(3-hydroxyphenyl)-acetic acid (21.0 g, 138 mmol) in

concentration in vacuo. The mixture was neutralizedh\8itN HCI. ethanol was added dropwise thionyl chloride (10.1 mL. 138 mmol).
The crude product was extracted with ethyl acetate (30 mL). The mixture was stirred at room temperature overnight, concentrated
The organic layers were combined, dried (Mgg@nd evaporated. in vacuo, and submitted to flash chromatography (10% ethyl acetate

The residue was dissolved in toluene, and the product was in toluene eluent) to give 23.8 g (77%) bé.

precipitated with petroleum ether to give 430 mg (60%) of the title Ethyl 3-{3-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny}-ac-

compound. Anal. (gH»:Br,0s) C, H. etate, 20. The compound was synthesized fra4 and 10 as
Methyl {4-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny} -ac- described for compountl7 in a 701 mg (88%) yield.

etate, 19.The compound was synthesized from methyl 4-hydroxy-  343-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny} -acetic Acid,

phenyl-acetatel 327and 10 as described for compourd in a 480 5. Compound20 was hydrolyzed as described for compougtd

mg (62%) yield give 5in a 701 mg (76%) yield. Anal. (£H1sBr,03) C, H.
{4-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-pheny} -acetic Acid, 4. Ethyl 3-Chloro-4-hydroxyphenylacetate, 15To an ice-cooled

To a solution ofl9 (473 mg, 0.9 mmol) in THF (5 mL) and ethanol  solution of 3-chloro-4-hydroxyphenylacetic acid (10.0 g, 53.0

(3 mL) was addé 1 N NaOH (3 mL), and the reaction mixture mmol) in ethanol was added dropwise thionyl chloride (3.9 mL,

was stirred at 60C for 1 h and at room temperature overnight. 53.5 mmol). The mixture was stirred at room temperature for 48 h,

The title compound was isolated as the sodium salt, by filtration, concentrated in vacuo, and submitted to flash chromatography
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(graduated from toluene to 5% ethyl acetate in toluene eluent) to (6 x 1 cells/flask) the day before transfection to give a confluence

give 11.0 g (97%) ofL5. of ~50% at transfection. A total of 23g of DNA containing 17.5
Ethyl {4-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-3-chloro-phen- ug pM1(x)LBD(a, y, or d), 2.7ug pRLCMV, 2.2ug pGL2(Gal4),

yl}-acetate, 21.The compound was synthesized frdrd and 10 and 0.55ug pADVANTAGE was transfected per flask using

as described for compourk¥ in a 1.0 g (89%) yield. FuGene transfection reagent according to the manufacturers instruc-
{4-[3,3-Bis-(4-bromo-phenyl)-allyloxy]-3-chloro-pheny} -ace- tions (Roche). The cells were harvested from the flasks2Dh

tic Acid, 6. Compound21 was hydrolyzed as described for after transfection and plated in 96-well plates (110.000 cells/well

compound4 to give6in a 817 mg (82%) yield, isolated by filtration ~ in media w/o phenol red). The relevant dilutions of test compound

as the sodium salt. Anal. 6gH;0Br,ClOz, CsH14N4O2) C, H, N, were added immediately thereafter. The plates were further
arginine salt. incubated for 20 h before measurement of luciferase activity. The
Methyl (2-Chloro-4-mercapto-phenoxy)-acetate, 16A solution luciferase assay was performed using the LucLite kit according to

of 2-chlorophenol (25.7 g, 200 mmol), potassium carbonate (41.4 the manufacturers’ instructions (Perkin-Elmer). Briefly, media
g, 300 mmol), and ethyl bromoacetate (35.1 g, 210 mmol) in including test compound was aspirated and replaced with PBS.
2-butanone (240 mL) was stirred at 100 for 24 h. The reaction LucLite substrate was added and light emission was quantified on
mixture was filtered and evaporated. The residue was dissolved ina Packard TopCount.
toluene (100 mL), washed with water (3 25 mL), dried, and Human PPARq, y, or 6 were obtained by PCR amplification
evaporated. The residue (37 g, 172 mmol) was dissolved in using cDNA synthesized by reverse transcription of mMRNA from
dichloromethane (50 mL) and chlorosulfonic acid (93 g, 800 mmol) human liver, adipose tissue, and placenta, respectively. Amplified
was added slowly at-10 °C. The reaction mixture was stirred at  cDNAs were cloned into pCR2.1 and sequenced. The ligand binding
room temperature for 1 h. Ice water (25 mL) was added carefully, domain (LBD) of each PPAR isoform was generated by PCR
and the mixture was extracted with dichloromethane (B00 mL). (PPAR a: aa 167, C-terminus; PPAR: aa 165, C-terminus,
The combined organic phases were washed with water, dried, andPPAR): aa 128, C-terminus) and fused to the DNA binding domain
evaporated to give crude ethyl (4-chlorosulfonyl-2-chloro-phenoxy)- of the yeast transcription factor GAL4 by subcloning fragments in
acetate as an oil in a 47.5 g (76%) yield. frame into the vector pM28 generating the plasmids pMLBD,

To a refluxing solution of red phosphorus (17 g, 566 mmol) and pM1yLBD, and pMIWLBD. Ensuing fusions were verified by
I, (2.4 g, 9.4 mmol) in glacial acetic acid (100 mL) was added sequencing. The reporter gene was constructed by inserting an
slowly a solution of ethyl (4-chlorosulfonyl-2-chloro-phenoxy)- oligonucleotide encoding five repeats of the GAL4 recognition
acetate (47.5 g, 151 mmol) in glacial acetic acid (1000 mL). The sequence (5% CGGAGTACTGTCCTCCG(AGYY into the vector
reaction mixture was refluxed for 24 h. Water (20 mL) was added pGL2 promotor plasmid (Promega), generating the plasmid pGL2-
carefully, and the mixture was refluxed for an additional 1 h. After (GAL4)s. The plasmid pRLCMV (Promega) encodes a Renilla
cooling, the reaction mixture was filtered and the filtrate was diluted luciferase used in the validation of the assay. The presence of the
with water (500 mL). The mixture was extracted with dichlo- PADVANTAGE plasmid (Promega) leads to an enhancement of
romethane (3x 100 mL), and the organic phases were washed the luciferase signal.
with water. After drying, the dichloromethane phase was evaporated All compounds were dissolved in DMSO and diluted at least
to give crude (2-chloro-4-mercapto-phenoxy)-acetic acid in a 17 g 1:1000 upon addition to the cells.
(52%) yield. The crude acid was dissolved in methanol (50 mL), = Raw data is expressed in relative light units. All curve fittings
and a solution of acetyl chloride (24 g, 310 mmol) in methanol were done by nonlinear regression using GraphPad PRISM (Graph-
(200 mL) was added slowly at 1TC. The reaction mixture was  Pad Software, San Diego, CA).
stirred for 2 h. The reaction mixture was evaporated and the residue In the experiment designed to shawvas a partial agonist that
was purified by column chromatography (eluent: ethyl acetate/ competes with GW501516 for binding to PPARa dose response

heptane (4:1)) to give purg6in a 17 g (93%) yield. curve of 7 was generated in the presence of 100 nM GW501516.
Methyl {4-[3,3-Bis-(4-bromo-phenyl)-allylsulfanyl]-2-ethyl- Fatty Acid Oxidation in L6 Line. The rat skeletal muscle cell
phenoxy} -acetate, 22.Intermediate10 (2.1 g, 5.5 mmol) and line L6 was cultured at 37C in a humidified atmosphere containing

tributylphosphine (1.7 g, 8.6 mmol) were dissolved in dry THF 5% CQ, in MEM Alpha (Gibco; 32571-028) supplemented with
(50 mL) and cooled to OC under an atmosphere of nitrogen. 10% foetal bovine serum, 100 U/mL penicillin, and 106/mL
Azodicarbonyl dipiperidide (2.1 g, 8.6 mmol) was added, and the streptomycin. When confluent, the cells were differentiated by
reaction mixture was stirred for 5 min. Compouté (1 g, 4.2 changing the medium to MEM Alpha (Gibco; 3257028)
mmol) was slowly added (5 min) and the stirring was continued supplemented with 2% foetal calf serum, 100 U/mL penicillin, and
for 12 h at 5°C. Water (10 mL) was added, and the mixture was 100 ug/mL streptomycin. Experiments were performed after five
extracted with ethyl acetate (2 50 mL). The combined organic  days of differentiation.
extracts were dried and evaporated. The residue was purified by Differentiated L6 muscle cells were stimulated with PRAR
HPLC to give the title compound in a 2.4 g (100%) yield. agonist for 42 h (fresh medium and compound were given after
{4-[3,3-Bis-(4-bromo-phenyl)-allylsulfanyl]-2-chloro-phenoxy- 24 h) in differentiation medium, followedyb6 h of stimulation in
acetic Acid, 7.The este22 (350 mg, 0.6 mmol) was dissolved in  differentiation medium supplemented with 0.4 mM palmitate
ethanol (10 mL). NaOH (1 N, 3 mL, 3 mmol) was added at room containing 1Q:Ci/mL [9,10-*H]-palmitic acid (Perkin-Elmer; NET-
temperature, and the reaction mixture was stirred for 18 h°&t,5 043) conjugated to 2% fatty acid free BSA (Sigma; A7030) by
after which it was treated wit1 N HCI (15 mL) and extracted  sonication. The assay was terminated by the addition of 10% TCA.
with dichloromethane (% 20 mL). The combined organic phases Upon oxidation of the tritiated palmitatéi—H,O is generated and
were dried and evaporated to give the title compound in a 230 mg appears in the mediuriH—H,O was separated from the medium

(68%) yield. Anal. (GsH17Br,ClOsS, GH14N4O2, H,0) C, H, N, by equilibration with water in a separate container at°’60o/n.
arginine salt. The quantity offH—H,0 transferred to the water was measured
Methyl {4-[3,3-Bis-(4-bromo-phenyl)-allylsulfanyl]-2-methyl- by liquid scintillation counting. Compounds tested were diluted in

phenoxy} -acetate, 23The compound was synthesized from methyl DMSO as 100& stocks, giving a final concentration of 0.1%
(4-mercapto-2-methyl-phenoxy)-acetdté2.06 g, 9.7 mmol) and DMSO in the medium upon stimulation. Concentrations ranging

10, as described for compourg®, in a 4.0 g (88%) yield. from 0 to 30x ECs for the individual compounds (determined in
{4-[3,3-Bis-(4-bromo-phenyl)-allylsulfanyl]-2-methyl-phenoxy - the hPPAR transactivation assay) were tested.

acetic Acid, 8. Compound23 was hydrolyzed as described for Glucose oxidation was measured in the same way as fatty acid

compound? to give 8 in a 482 mg (93%) yield. Anal. (&H2o- oxidation, with the exception that the tritiated palmitate was replaced

Br,0sS) C, H. by 10 uCi/mL [5-®H]-D-glucose (Perkin-Elmer; NET-530). As a

PPAR In Vitro Transactivation Assay. HEK293 cells were positive control for the assay, FCCP (mesoxalonitrile 4-trifluo-
grown in DMEM + 10% FCS. Cells were seeded in T-175 flasks romethoxyphenylhydrazone (Fluka; 21857), a known uncoupler of
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oxidative phosphorylation) was included in the glucose oxidation 10-*H]-palmitic acid (Perkin-Elmer; NET-043) conjugated to 2%
measurements, and in addition, fatty acid oxidation measurementfatty acid free BSA (Sigma; A7030, as described in Thompson et

for GW501516 was performed simultaneous with the glucose
oxidation assay.

Data were expressed as fold over unstimulated cells, and curve
fitting was done by nonlinear regression using GraphPad Prism
(GraphPad software, SanDiego, CA). &£@s the concentration
giving 50% of maximal response observed for a given compound.
To compare the efficacy of each compound, GW501516 was
included in every experiment, and maximal response is given as
% of maximal response of GW501516. Results are given as mean
+ SEM from three to four experiments performed in triplicates.

Pharmacokinetics.The procedure has previously been described
in detail3° Briefly, the compounds were dosed p.o. and i.v. to male
SD rats. The compounds were dissolved in 5% ethanol, 10% HPCD,
and phosphate buffer; pH 7#8.0. Blood samples were collected
in EDTA tubes. Each data point represents one animal.

Plasma samples were analyzed by high turbulence liquid chro-
matography combined with tandem mass spectrometry.

ApoB100/CETPtgn Mice.ApoB100/CETPtgn double transgenic
female mice (B6;SJL-Tgn(CETP)-Tgn(APOB100), Taconic Europe,
8680 Ry, Denmark), 911 weeks old, with a mean body weight
of 19.2 g+ 1.4,n = 8/group, were fed a high fat diet (D01111201,
Research Diets Inc., USA) containing 17 kcal % protein, 43 kcal
% carbohydrate, and 40 kcal % fat to induce dyslipidemia and
insulin resistance. Fresh diet from the freezer was supplied every
day (5 g/mouse), which corresponds to ad libitum feeding. The
high fat feeding was started 3 weeks prior to administration of
compounds and was continued throughout the 6-weeks dosing
period. The animals were allowed to adapt to the laboratory
conditions during the 3-weeks prefeeding period. Tap water was
freely available in the home cages throughout the studies. A normal
12 h/12 h light/dark regime was operative (lights on at 0600 h) in
the stables and room temperature was held a220C. All animal
procedures were conducted according to Novo Nordisk A/S Animal
Care approved protocols, and the experiments were done in
compliance with internal animal welfare and national guidelines.

Suspensions of compounds were made in the standard vehicle Supporting Information Available:

0.2% CMC (Merch Eurolab 279294T, Lot 100985%) 0.4%
Tween-80 (Merch Eurolab 8.22187.0500, Lot S31764043) in saline.

al.)3! Incubations were performed at 3C, with gentle agitation
(120/min), under continuous gassing with 95%-6% CQ,. The
assay was terminated by addition of 10% TCA. Upon oxidation of
the tritiated palmitate3H—H,O is generated and appears in the
medium.3H—H,0 was separated from the medium by equilibration
with water in a separate container at 8D o/n. The quantity of
3H—H,0 transferred to the water was measured by liquid scintil-
lation counting.

Data are presented as me&#nSEM. Statistical analyses were
done using one-way ANOVA, followed by Dunnett's multiple
comparison test or unpaired t-test with Welch correct®malues
less than 0.05 were considered significamt,< 0.05 and *p <
0.01.

Glide2.5 Docking. The structure manipulation and surface
generation was performed in Maestro version®? Glide calcula-
tions were performed with Impact version 35> Compound?
was built in Maestro version 7.0, a formal charge -e1 was
assigned, and the molecule was minimized with the MMFFs force
field. The crystal structure of the PPAReceptor crystallized with
GW2433 was used (LGWX) for dockirt§ Default neutralization
zone (16-20 A) and minimization (0.30 A) was used in the
preparation of the protein. In the generation of the grid, default
vdW scaling was used (1.00) and the enclosing box was set 20 A.
Compound? was docked with Glide version 2.5 using the SP mode
and the van der Waals radii of the ligand atoms were scaled by
0.8. Ten poses were generated in the docking procedure, and the
first pose was used.
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Fresh suspensions were made for seven days of dosing and kept at

+4 °C.

The animals were dosed orally by gavage twice daily with either
vehicle or test compound. The dose volume was 10 mL/kg.

Body weight and food intake were measured once weekly. Blood
was drawn after 23 and 46 days treatment from the orbital plexus
(250 uL) in overnight fasted animals under isoflurane anesthesia.

The blood samples were collected in EDTA coated Eppendorf
tubes, centrifuged at 4000 g for 10 min at 4°C, and plasma was
transferred to Hitachi cups for analyses on a Hitachi 912 auto-
analyzer (Roche).

The measured parameters were as follows: total cholesterol,
HDL, LDL, triglycerides, glucose, HbAlc (all Roche), total ketone
bodies, and CETP (Wako) and insulin (Screening and Assay Dept.
244). CETP and insulin were measured by ELISA. The CETP level
in plasma was tested after three weeks of treatment with the BPAR
agonists included in this study. The results showed that the CETP
level was not reduced. In contrast, CETP levels were found to be
up-regulated (data not shown). Why the beneficial effects found
(e.g., high HDL) after the treatment cannot be due to lack of CETP.

At the final blood collection on day 46, musculus soleus (mainly
red muscle, type | oxidative fibers) and musculus extensor digitorum
longus (EDL, mainly white muscle, type Ilb glycolytic fibers) were

gently dissected and immediately transferred to pregassed (95%

0,—5% CQ) Krebs—Henseleit (KRH) buffer (in mM: 118.5,
NaCl; 4.7, KCI; 1.2, KHPOy; 25, NaHCQ; 2.5, CaCj; 1.2,
MgSQO;; and 10, HEPES) supplemented with 10 mM glucose and
2% BSA. Fatty acid oxidation capacity was determined by
incubating the muscles for 90 min in pregassed KRH buffer
supplemented with 10 mM glucose, 60 nM insulin (human from
Novo Nordisk) and 0.2 mM palmitate containing ACi/mL [9,-
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