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Abstract—A series of 1-(biphenylmethylamidoalkyl)-pyrimidones has been designed as nanomolar inhibitors of recombinant lipo-
protein-associated phospholipase A2 with high potency in whole human plasma. 5-(Pyrazolylmethyl) derivative 16 and 5-
(methoxypyrimidinylmethyl) derivative 27 demonstrated excellent pharmacodynamic profiles which correlated well with their
pharmacokinetic effects. # 2001 Elsevier Science Ltd. All rights reserved.

The regulation of plasma lipid levels, particularly LDL
cholesterol, represents the focus of current therapy for
atherosclerosis. Whilst the statins have achieved both
medical and commercial success in this role,1 they are
only particularly effective in about 30% of patients.
With the aim of treating many more of the at risk
population, we have focussed our attention on treating
the inflammatory nature of the disease2 and, in parti-
cular, targeted the enzyme lipoprotein-associated phos-
pholipase A2 (Lp-PLA2). This enzyme has been shown
to release pro-inflammatory mediators from oxidatively
modified phosphatidylcholines.3 Furthermore, a strong
positive correlation has been shown between Lp-PLA2

levels and coronary events in asymptomatic hypercho-
lesterolemic males, suggesting that Lp-PLA2 is a new

independent marker of coronary heart disease.4 We
therefore wished to identify potent, orally effective inhi-
bitors of this enzyme in order to assess its role in the
atherosclerotic disease process.

In two recent reports,5,6 we described the identification
of a series of 1-((amidolinked)-alkyl)-pyrimidones 1 and
a related series of 1-(arylpiperazinylamidoalkyl)-pyrim-
idones 2 as inhibitors of Lp-PLA2 which showed
activity in the Watanabe hereditable hyperlipidaemic
rabbit (WHHL rabbit). In the belief that additional
enhancements in oral performance could be achieved
through further modification of the pyrimidone N-1
substituent, we investigated the replacement of this
group with a series of biarylmethyl amides and now
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report the result of these studies alongside the effect
of introducing some novel 5 substituents into the
pyrimidone ring.

The synthesis of inhibitors 10–13, 26–29 and 34–38
started from substituted pyrimidines 3 and used meth-
ods similar to those previously reported (Scheme 1).5,6

The related 2-trifluoromethyl derivative 43 was pre-
pared via aldehyde 8 which was itself prepared in three
steps from pyrimidone ester 7 (Scheme 2).7 Knoevenagel
reaction, esterification and reduction gave the propionic
ester 9 which was converted through to acid 4 as before.
The corresponding 1-methylpyrazol-4-yl derivatives 14–
25 and 30–33 were prepared in a similar fashion from
1-methylpyrazole-4-carboxaldehyde.8 Biarylmethylami-
nes 6 were prepared via reductive amination of the cor-
responding aldehydes 5 (R=Me) or by reduction of 5
followed by Mitsonobu reaction with phthalimide and
deprotection (R=H). Subsequent carbodiimide coupl-
ing proceeded smoothly. All compounds in Tables 1–3
were evaluated using recombinant human Lp-PLA2

(rhLp-PLA2). In order to include non-specific binding
effects in plasma, compounds were assessed against the
plasma enzyme in both whole human and WHHL rab-
bit plasma.5 Good activity in rabbit and human plasma
was required before compounds were evaluated in vivo
in WHHL rabbits.9

We initially investigated the biphenyl moiety and the
effect of substitution of this group in the pyrimidone
acetamide and butyramide series (Tables 1 and 2,
respectively). Although secondary amides were initially
prepared, they proved particularly insoluble and as a
result, we quickly moved to the corresponding N-methyl
derivatives. For similar solubility issues, much of the
SAR was developed in the 5-(1-methylpyrazol-4-yl)me-
thyl and 5-(2-methoxypyrimidin-5-yl)methyl series. Pre-
liminary work indicated the 4-biaryl substitution
pattern to be preferred over either 3- or 2-substitu-
tion (cf. 10 vs 12 and 13). Substitution of the 4-
biphenyl moiety proved advantageous (e.g., 16 vs 14)
with 4-substitution being somewhat favoured over the
2- or 3-substituted derivatives (cf. 16 with 20 and 21). A
lipophilic 4-substituent proved optimal for potency
against rhLp-PLA2 with the more bulky bromo and
trifluoromethyl groups the most potent. More polar
electron withdrawing or strongly donating groups were
less well tolerated (see 16, 18, 19 and 22–25).

In contrast to our previous work with long-chain
amides at the pyrimidone N-1 position,5 activity in the
related butyramide series proved somewhat disappoint-
ing (Table 2). In this series, no additional advantage was
seen on increasing the size of the 4-substituent from
fluoro to chloro and although secondary amides showed

Scheme 1. Reagents and conditions: (i) (a) NaOMe, MeOH or (b) amine, CH2Cl2; (ii) for elaboration to acid 4, see ref 6; (iii) for R=H: (a) NaBH4,
EtOH; (b) phthalimide, DEAD, PPh3, THF; (c) NH2NH2, EtOH; for R=Me (a) MeNH2, 4 Å molecular sieves, CH2Cl2; (b) NaBH4, EtOH; (iv)
EDC, HOBT, CH2Cl2 or DMF; for subsequent transformations within Ar (Ar=2-oxo-pyrimidin-5-yl and derivatives), see ref 6.

Scheme 2. Reagents and conditions: (i) (a) (COCl)2, CH2Cl2; (b) H2, Pd/C, iPr2NEt, EtOH; (c) iBu2AlH, THF; (ii) (a) CH2(CO2H)2, piperidine,
pyridine; (b) EtOH, H2SO4; (c) H2, Pd/C, EtOH.
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better activity in whole human plasma than their ter-
tiary counterparts (see 31 and 32, 37 and 38), activity
was reduced when compared with the best acetamide
derivatives (cf. 16 with all compounds in Table 2).

With these results in hand, we decided to concentrate
our efforts on the pyrimidone acetamide series and,
conscious of the rather lipophilic nature of these mole-
cules, we targeted the 4-chlorobiphenyl derivatives as a

Table 1. Acetamides: biaryl variation

No.a X RN Ar % Inhibition in plasma

IC50 (nM) Human (10 nM) Human (100 nM) Rabbit (100 nM)

10 4-Ph H Pyrimidin-5-yl 4 8 50 42
11 4-Ph Me Pyrimidin-5-yl 8 66 41
12 3-Ph H Pyrimidin-5-yl 24 23 18
13 2-Ph H Pyrimidin-5-yl 194 NTb NT

14 4-Ph Me 1-Me-pyrazol-4-yl 5 4 9
15 4-(4-F-Ph) Me 1-Me-pyrazol-4-yl 2.7 78 44
16 4-(4-Cl-Ph) Me 1-Me-pyrazol-4-yl 1 43 88 55
17 4-(4-Cl-Ph) H 1-Me-pyrazol-4-yl 1.6 28 83 50
18 4-(4-Br-Ph) Me 1-Me-pyrazol-4-yl 0.5 53 53
19 4-(4-CF3-Ph) Me 1-Me-pyrazol-4-yl 0.7 70 96 69
20 4-(3-Cl-Ph) Me 1-Me-pyrazol-4-yl 1.6 13 65 40
21 4-(2-Cl-Ph) Me 1-Me-pyrazol-4-yl 1.6 18 70 35
22 4-(4-Me-Ph) Me 1-Me-pyrazol-4-yl 0.9 43 44
23 4-(4-MeO-Ph) Me 1-Me-pyrazol-4-yl 17 13 64 23
24 4-(4-NC-Ph) Me 1-Me-pyrazol-4-yl 2.6 43 42
25 4-(4-MeO2S-Ph) Me 1-Me-pyrazol-4-yl 5 8 12

26 4-(4-F-Ph) Me 2-MeO-pyrimidin-5-yl 0.6 37 84 51
27 4-(4-Cl-Ph) Me 2-MeO-pyrimidin-5-yl 0.2 51 93 65
28 4-(4-Cl-Ph) H 2-MeO-pyrimidin-5-yl 0.5 42 90 52
29 4-(4-CF3-Ph) Me 2-MeO-pyrimidin-5-yl 0.2 75 97 78

aAll new compounds gave satisfactory analytical/spectral data.10
bNot tested.

Table 2. Biaryl butyramides

No.a Y RN Ar % Inhibition in plasma

IC50 (nM) Human (10 nM) Human (100 nM) Rabbit (100 nM)

30 H H 1-Me-pyrazol-4-yl 5 6 28 18
31 F H 1-Me-pyrazol-4-yl 4 19 69 33
32 F Me 1-Me-pyrazol-4-yl 8 8 36 25
33 Cl Me 1-Me-pyrazol-4-yl 5 8 36 15

34 H H 2-MeO-pyrimidin-5-yl 4 4 55 22
35 F H 2-MeO-pyrimidin-5-yl 3 27 83 36
36 F Me 2-MeO-pyrimidin-5-yl 15 12 52 34
37 Cl H 2-MeO-pyrimidin-5-yl 4 29 81 31
38 Cl Me 2-MeO-pyrimidin-5-yl 5 3 46 20

aAll new compounds gave satisfactory analytical/spectral data.10
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compromise between potency and lipophilicity/mole-
cular weight (16 vs 18 and 19) or reduced potential for
metabolic liability (16 vs 22). We then investigated the
effect of varying the pyrimidone 5-substituent in these
biphenyl derivatives and showed that high potency
could be achieved with a wide variety of pyrimidine
substituents (Table 3).

Based on these encouraging results, all compounds from
Table 3 (with the exception of trifluoromethyl derivative
43) were evaluated in WHHL rabbits at 10 mg/kg po.9

From this study, compounds 16 and 27 proved of most
interest, displaying prolonged inhibition (> 8 h) (Fig. 1)
with an excellent correlation of pharmacodynamic effect
with pharmacokinetic effect (Fig. 2). Furthermore, the
inhibition profiles of 16 and 27 (clogP11 5.5 and 5.9
respectively) match or better the best previously repor-
ted in the WHHL rabbit (compound 1, Ra=C18H35,
Rb=H, n=3, clogP 9.2).5 These very promising results
alongside a much greater activity in human rather than
in rabbit plasma would suggest that compounds 16 and
27 have the potential for potent inhibition of Lp-PLA2

in man.

In conclusion, we have shown that compounds of high
potency against rhLp-PLA2 may be obtained by replac-
ing the long lipophilic chain present in our pre-
viously described orally active inhibitors5 with a
series of 4-biphenylacetamide derivatives. Compounds
16 and 27 show excellent activity in vivo and possess
enhanced physicochemical properties over our pre-
viously described orally active leads (in particular a
reduced clogP). These compounds should be of con-
siderable value in our evaluation of the role of Lp-PLA2

in atherosclerosis.
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