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The design, synthesis and pharmacological properties of a novel class of PPARa agonists is described.
Compound 2 is a novel, potent and specific glycine amide with oral bioavailability in rodents. The com-
pound is active in vivo and alters plasma lipids in hAPO-A1 transgenic mice after oral administration.
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Coronary heart disease (CHD) is the leading cause of death in
industrialized countries and coronary events are among the top
ranking reasons for working disability in the western world. Lipid
disorders are well recognized as one of the leading risk factors for
the development of atherosclerosis, cardiovascular morbidity and
mortality. Peroxisome proliferator-activated receptors (PPAR’s)
are a family of nuclear hormone receptors that act as ligand-acti-
vated transcription factors and offer the potential to have benefi-
cial effects on cardiovascular disease.

PPARa is one member of this family regulating arteriosclerosis
relevant genes by binding to upstream promoter elements. PPARo
is highly expressed in liver and its activation leads to plasma tri-
glyceride decrease and high density lipoprotein (HDL) increase in
man. Fibrates, which are on the market since many years, have re-
cently been shown to act via PPARa agonism, however, only in the
micromolar range and with low specificity. Thus, the idea of iden-
tifying potent and specific PPARo agonists has inspired many
groups, resulting more recently in new clinical compounds.!

In an earlier Letter, we have described a glycine amide lead
template that can be utilised to achieve different receptor specific-
ities against the known PPAR subtypes, o, B (8) and 7.2 This lead is
derived from GW 9578 (1), a known PPAR«a agonist which contains
a urea moiety. In this study we explore shifting 1’s proximal urea
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NH by one position to furnish glycine amides A as novel PPARa
agonists. This structural modification leads to zwitterions and of-
fers synthetically convenient options for structural modifications
of R! and R? (Fig. 1).

Due to their zwitterionic nature we were expecting these com-
pounds to display favorable physicochemical properties like higher
polarity, lower binding affinity to human serum albumin, better
solubility and possibly an improved therapeutic window. We also
wanted to evaluate whether such modifications alter the struc-
ture-activity relationship (SAR) of the side chains.
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Figure 1. Design of glycine amides (A). Shifting 1's urea nitrogen by one position
leads to more hydrophilic zwitterions.
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Figure 2. Synthesis of 2. Reagents and conditions: (a) Cs,CO3, DMF, 90 °C, 12 h, 30%; (b) 2-furfurylamine, 1,2-dichloroethane, NaB(OAc)sH, 5 h, rt, 72%; (c) THF/Et3N (20:1),
0.05 equiv (tBu)4N'T-, 1.5 equiv BrCH,COOEt, 3 h 60 °C, 100%; (d) EtOH, 3 equiv NaOH, 1 h 80 °C, 74%; (e) 2,4-dimethyl aniline (1.5 equiv), hydroxy-1H-benzotriazole
(1.3 equiv), EDC (1.3 equiv), 4-methyl morpholine (3 equiv), DMAP (cat.), 12 h, rt, 78%; (f) CH,Cl,/TFA (1:1), 2 h, rt, 82%.

The compounds were synthesized according to Figure 2 via
ether synthesis of iii using standard conditions. Reductive amina-
tion with furfuryl amine yielded the central building block iv. Sim-
ilar reductive aminations were carried out with a variety of
primary amines.

The resulting secondary amines were then coupled with o-bro-
mo ethyl acetate under phase transfer conditions. Selective sapon-
ification of the ethyl ester yielded the corresponding acetic acid,
which was then coupled with a set of primary amines. For exam-
ple, the use of 2,4-dimethyl aniline furnished 2 after deprotection
of the tert-Bu ester.*”

Table 1
Structure-activity relationship of glycine amide PPARo agonists. Variation of the
tertiary amine residue R2. K; values are medians of three dose-response curves.
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Compound R? h-PPARa ECsp (nM)
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6 /w 1000
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The SAR around the R? position displayed clear steric and elec-
tronic requirements of the corresponding binding pocket (Table 1).
The furanyl methyl moiety in 2 was well tolerated, yielding a po-
tent and full PPARa agonist with up to 1000-fold enhanced potency
as compared to marketed fibrates like Gemfibrozil (100 pM), Clofi-
brate (55 pM), Bezafibrate (30 pM) or Fenofibrate (25 pM). Replac-
ing the furfuryl moiety with an electron rich benzyl system (3, 5) or
a thiophene methyl system (4) resulted in a significant drop in
activity indicating rather tight SAR in this region. We also intro-
duced aliphatic side chains in order to probe whether substituents
corresponding to urea 1 would improve receptor affinity. Interest-
ingly, the introduction of such side chains resulted in a significant
loss of activity, indicating different SAR for the glycine amide series

Table 2
Structure-activity relationship of glycine amide PPARa agonists. Variation of the
amide part R'. K; values are medians of three dose-response curves.
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Table 3
Direct comparison of selected in vitro parameters of 1 and 2
2 1
h-PPARo, (nM) 20 100
h-PPPARY (nM) 800 1000
h-PPARS (nM) 6000 2000
m-PPARo, (nM) 20 10
m-PPARy (nM) 300 2500
m-PPARS (nM) 2000 2000
Membrane affinity 480 13,500
HSA (uM) 10 13
Solubility (mg/1) 500 100
Fmax (rat microsomes) 57% 73%
1000 1
¢ [ug/1
100 -
10 1
1 4
0 1 2 3 4 5 6
t[h]

Figure 3. Pharmacokinetic profile of 2. Dose-normalised (1 mg/kg) plasma con-
centrations in male NMRI mice after oral (10 mg/kg, n = 3, O) and iv administration
(3 mg/kg, n =3, W) in 20% PEG400.
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Figure 4. Investigation of 2 in the human APO-A1 transgenic mouse. The left hand
column of each pair indicates triglyceride (TG) levels at day 1 (control), the right
hand column indicates triglyceride levels after 7 days of oral treatment.

and may be suggesting an overall different orientation of the mol-
ecule in the binding site (6, 7 and 8).

Keeping the furan substituent constant, we investigated a series
of amide substitutions in the R' position (Table 2). Removal of 2’s
para methyl group resulted in a 100-fold loss of activity (9). Simi-
larly, shifting it into the meta-position (10) resulted a 30-fold loss,
highlighting the steric requirements of the binding pocket. Inter-
estingly, the 2,4-difluoro substitution pattern that confers potency
and seems essential in urea 1 doesn’t seem to have a beneficial ef-
fect in the glycine amide series (13). Changing the electronic nat-
ure of 13’s substituents renders a fivefold improvement (11).
Neither the heterocyclic pyridine 14 nor the benzylamides 15, 16
seemed to be effective.
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Figure 5. Investigation of 2 in the human APO-A1 transgenic mouse. The left hand
column indicates total cholesterol (TC) levels at day 1 (control), the right hand
column indicates total cholesterol levels after 7 days of oral treatment.

As the most potent compound in this series, compound 2 has been
selected for further characterization and direct comparison to 1
invitro (Table 3).In mice and humans, 2 displays improved selectivity
to PPARy and & subtypes over 1.° As expected, the zwitterion 2 is more
polar than urea 1, as demonstrated by its lower affinity to mem-
branes,® human serum albumin (HSA)” and its enhanced solubility.

Given the in vitro rat microsomal clearance data,® we decided to
investigate 2’s pharmacokinetics in male NMRI mice and were
pleased to see bioavailability acceptable for oral dosing (F = 20%,
10 mg/ke, Fig. 3).°

We therefore investigated 2’s ability to reduce triglyceride lev-
els and elevate serum total cholesterol levels in human APO-A1
transgenic mice. These mice express the human APO-A1 gene un-
der the control of the natural APO-A1 promotor and have been
widely used in the evaluation of PPARa agonists. In contrast to
wild-type mice, these transgenic species respond to PPARa agonist
treatment with increased HDL levels. As most of the serum choles-
terol exists in the form of HDL, we used serum total cholesterol as a
surrogate for HDL.!°

Gratifyingly, 2 altered lipid parameters in this species in a dose-
dependent manner after 7 d once daily oral treatment (Figs. 4 and
5). It was also evident that 2 reduced triglyceride levels and en-
hanced serum total cholesterol levels. This is in line with observa-
tions made with other PPARa agonists in this species and confirms
2’s proposed mechanism of action.!

In summary, we have identified novel glycine amides as potent
and selective PPARo agonists, starting from urea 1. Modifying the
urea motif to a glycine amide markedly changed structure-activity
trends. An optimized derivative 2'? is orally bioavailable and alters
triglyceride and cholesterol levels in rodents after oral
administration.
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