Pergamon

Bioorganic & Medicinal Chemistry Letters 12 (2002) 817-821

BIOORGANIC &
MEDICINAL
CHEMISTRY

LETTERS

Synthesis and Antiplatelet Activity of Gemfibrozil
Chiral Analogues

Alessandra Ammazzalorso,® Rosa Amoroso.? Mario Baraldi,? Giancarlo Bettoni,*
Daniela Braghiroli,* Barbara De Filippis,* Andrea Duranti,* Marco Moretti,d
Paolo Tortorella,® Maria Luisa Tricca® and Francesca Vezzalini®

aDipartimento di Scienze del Farmaco, Universita degli Studi ““G. D’Annunzio”, Via dei Vestini, 66100 Chieti, Italy
®Dipartimento di Scienze Farmaceutiche, Universita degli Studi di Modena e Reggio Emilia, Via Campi 183, 41100 Modena, Italy
CIstituto di Chimica Farmaceutica, Universita di Urbino, P.zza Rinascimento 6, 61029 Urbino, Italy
dLaboratorio di Analisi Chimico Cliniche, Ospedale Civile S. Agostino, P.le S. Agostino 228, 41100 Modena, Italy

Received 19 September 2001; accepted 3 January 2002

Abstract—The chiral analogues of gemfibrozil 5-(2,5-dimethylphenoxy)-2-methylpentanoic acid and 5-(2,5-dimethylphenoxy)-2-
ethylpentanoic acid were synthesized in optically active form using (S)-4-(1-methylethyl)-2-oxazolidinone as chiral auxiliary. All
compounds inhibit human platelet aggregation. From these data, one can surmise that all tested compounds and gemfibrozil act at
the platelet level with different mechanism than that of ASA, even if with a different potency. © 2002 Elsevier Science Ltd. All

rights reserved.

Introduction

Gemfibrozil, 5-(2,5-dimethylphenoxy)-2,2-dimethylpenta-
noic acid, is a widely used hypolipidemic drug related to
fibrates.!> In previous works, the synthesis of chiral ana-
logues of clofibrate was described?® and it exhibited differ-
ent biological activity related to the stereochemistry.*
Likewise, as part of an ongoing research on fibrates, chiral
analogues of gemfibrozil were prepared with an asym-
metric carbon atom next to the carboxyl group (Fig. 1).
Recent studies have shown that in addition to its effects
on lipids, gemfibrozil may modulate the fibrinolytic
system.” Therefore, the optical pure analogues were tes-
ted in biological experiments in order to evaluate their
capability to inhibit the human platelet aggregation.

Chemistry

The 5a-b acids were synthesized as outlined in Scheme 1.
The ethyl 5-(2,5-dimethylphenoxy)pentanoate (3) was
obtained by SN2 reaction from the commercially available
ethyl 5-bromopentanoate (1) and sodium 2,5-dimethyl-
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phenolate (2) in EtOH at reflux. Treatment of 1 with
LDA and alkylation of the anion formed with methyl
iodide or ethyl iodide gave in good chemical yield the
monoalkylated compounds rac-4a—b, that were easily
hydrolyzed in the presence of KOH to give the racemic
acids rac-5a-b.

The (S)-4-isopropyl-2-oxazolidinone seems to be very
efficient as chiral auxiliary in the optical resolution of
the a-aryloxyacetic acids® because of its well established
capacity of resolution via silica gel column and its abil-
ity to hydrolyze the N-acylated heterocycles under mild
conditions.
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Figure 1.
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After their transformation into the corresponding im-
ides with (S)-4-isopropyl-2-oxazolidinone, the chroma-
tographic resolution of the gemfibrozil chiral analogues
5a-b was performed. The chiral auxiliary was N-acyl-
ated” with acyl chlorides rac-6a-b. The equimolar dia-
stereomeric mixtures of chiral imides 7a-b were
obtained in good chemical yield, detected by TLC and
GC and separated on silica gel;® unfortunately, only the
less polar isomer of 7b mixture was obtained in diastereo-
merically pure form. The cleavage with lithium hydro-
peroxyde’ led to both enantiomers of optically active
acid 5a and only dextrorotatory isomer of 5b (the more
polar imide of 7b was not hydrolyzed).'® Unfortunately,
the levorotatory enantiomer of acid Sb was not obtained
in enantiomerically pure form (Scheme 2).
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Alternatively, the less polar diastereomers of the mix-
tures 7a-b were synthesized in diastereomerically en-
riched form by diastereoselective alkylation (Scheme 3).
After basic hydrolysis of ester 3, the acid 8 was treated
with thionyl chloride, to give the 9 acyl chloride. The
coupling with the Evans (S)-oxazolidinone afforded the
imide 10. The asymmetric alkylation'! of 10 was per-
formed using methyl iodide and ethyl iodide as electro-
philes, giving only the less polar diastereomers of the
mixtures 7a-b, which, as illustrated above, were
obtained by chromatographic separation. The diaster-
eomeric excesses of 98 and 99%, respectively, were
evaluated by means of GC analysis, by assuming that
the ratio of areas were equivalent to the molar ratios.
After purification on silica gel of the less polar imides

Lt
O'Na a o) b O
o~ -
o o™ ONO/\
1 R
3

rac-4a-b

Scheme 1. Reagents and conditions: (a) EtOH, reflux; (b) Mel or Etl, LDA, HMPA, THF, —78°C/—20°C; (c) KOH, EtOH, reflux.
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Scheme 2. Reagents and conditions: (a) SOCl,, CH,Cl,, 40°C, 98%; (b) BuLi, oxazolidinone, THF, —78°C, 81-85%; (c) LiOOH, THF/H,O0, rt,

88-97%.
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Scheme 3. Reagents and conditions: (a) KOH, EtOH, 70°C, 91%:; (b) SOCl,, CH,Cl,, 40°C, 97%:; (c) BuLi, oxazolidinone, THF, —78 °C, 94%; (d)

LDA, RI, THF, —78°C, 52-69%; (e) LIOOH, THF/H,0, rt, 88-97%.
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Figure 2. Effect of gemfibrozil analogues on human platelet aggregation.

7a-b, their hydrolysis was carried out with lithium
hydroperoxyde and led to the (+)-enantiomers of 5a—b
acids in enantiomerically pure form. Studies are in pro-
gress to use the (R)-oxazolidinone as chiral auxiliary in
asymmetric alkylation to obtain the levorotatory acids
Sa-b.

Pharmacology

Traditionally optical aggregometry'? was used to assess
platelet function, however this assay is highly dependent
on sample preparation and technical procedure; so, as a
result, data from various laboratories can be quite vari-
able. Hence we decided to assess platelet aggregation
using a recently developed Platelet Function Analyzer
PFA-100®, a system which allows for rapid evaluation

Table 1. Inhibitory effect of gemfibrozil analogues against human
platelet aggregation by COL/EPI cartridges

Entry Compd 1C50*
1 rac-5a 2.47
2 rac-5b 2.42
3 (+)-5a 3.09
4 (—)-5a 2.61
5 (+)-5b 4.12
6 Gemfibrozil 2.67
7 Acetylsalicilic acid 0.05

2Average 50% inhibitory concentration (mM).
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of platelet function'*!* on small samples of antico-

agulated whole blood based on work described by
Kratzer and Born.!>!¢ This method has been designed
to provide an in vitro measure of primary platelet-rela-
ted hemostasis simply, quickly, quantitatively and
accurately to aid in the routine screening of patients
with potential hemorrhagic risk due to abnormal plate-
let plug formation.!” Herein we report the results
obtained by comparing acids rac-5a, rac-5b, (+)-5a,
(—)-5a, (+)-5b with gemfibrozil and acetylsalicylic acid
(ASA).'® Unfortunately, (—)-5b was not supplied and
thus not tested. All tested compounds revealed a dose-
dependent inhibitory activity toward human platelet
aggregation. Moreover, a similar inhibitory effect is
detectable in their precursor, the well-known gemfi-
brozil (Fig. 2) used as basic reference compound. The
inhibitory activity of these compounds is generally
detectable at concentrations ranging from 1 to SmM.
Their activity is probably affected by the size of the
substituents: in this case compound rac-5b seems to be
the most active, probably because of the substitution of
the methyl group with an ethyl group. As shown in
Table 1, the two racemates rac-5a and rac-5b and the
enantiomer (—)-5a are more active (their ICsy being
2.47,2.42 and 2.61 mM for, respectively, entries 1, 2 and
4), when compared with the two (+)-enantiomers which
have an ICsy of 3.09mM for (+)-5a (entry 3) and
4.12mM for (+)-5b (entry 5). Considering the well-
known activity of ASA against platelet aggregation, we
used ASA as a well established reference compound.
Utilizing the PFA-100® assay, we confirmed that ASA
exerts an anti-aggregating activity at low doses, being its
ICs59 0.05mM (entry 7) as described with other meth-
odologies.'” These data clearly indicate that ASA is still
the most potent compound in comparison with the new
synthesized analogues of gemfibrozil. All these results
were obtained using COL/EPI Cartridges, able to detect
platelet dysfunction induced by exposure to platelet
inhibiting agents. The other test was performed using
COL/ADP Cartridges which are able to indicate if an
abnormal result obtained with the COL/EPI Test Car-
tridge may have been caused by the presence of ASA in
the blood of the patient (Table 2). In accordance with
our expectation, when the test was performed on ASA
(entry 7) and on compounds rac-5a, rac-5b and (+)-5a
(entries 1, 2 and 3), Test Cartridges detected the effect of
ASA or similar medications. On the contrary when the
test was performed on compounds (—)-5a and (+)-5b
and on gemfibrozil, (entries 4, 5 and 6) we detected an
inhibitory effect on platelet aggregation also by ADP
Cartridges. From these data we can surmise a different

Table 2. Inhibitory effect of gemfibrozil analogues against human platelet aggregation by COL/ADP cartridges

% Inhibition
Entry Compd I1x107*M 2x1073M 3x107*M 4x1073M 51073 M
1 rac-5a 0 0 0.49 4.39 24.39
2 rac-5b 0 0 3.30 5.51 2.57
3 (+)-5a 0 0 0.97 0 5.36
4 (—)-5a 0 0 0 0 100
5 (+)-5b 0 0 0 0 100
6 Gemfibrozil 0 2. 17 100 100
7 Acetylsalicilic acid 0 0 0 6.76 17.12




820 A. Ammazzalorso et al. | Bioorg. Med. Chem. Lett. 12 (2002) 817-821

mechanism of action of these last three compounds in
comparison with rac-Sa, rac-5b and (+)-5a which seem
to work as ASA.

In conclusion, this work describes a simple method for
the synthesis and covalent resolution of chiral analogues
of gemfibrozil. This procedure offers various advantages
over the conventional resolution methods such as a
cheaper access to the enantiomers, and their preparation
on a multigram scale. However, the simplicity of the
PFA-100® system would facilitate its use in preliminary
screening tests to find new anti-aggregating compounds.
The use of this method allows us to demonstrate that
the synthesized gemfibrozil analogues exert an anti-
aggregating effect.
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