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Synthesis and structure-activity relationships of new ACAT inhibitors
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Summary — A series of heterocyclic ureas were synthesized and their ability to inhibit arterial and intestinal ACAT was assessed in
animals. The structural modifications carried out in this series led to N,-(2,4-difluorophenyl)-N,-8-(4-fluorophenyl)-2,3,4,5-tetrahydro-
1-benzoxepin-5-yl-N,-n-heptylurea 21, which proved to be very active on both the inhibition of aortic ACAT and the inhibition of rat

cholesterol intestinal absorption, thus exhibiting a strong hypocholesterolemic effect po in the rat (ED,s = 0.2 mg/kg).
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Introduction

Acyl-CoA, cholesterol O-acyl transferase (ACAT, EC
2.3.1.26), is the enzyme naturally responsible for
cholesterol intracellular esterification [1]. Many phar-
macological studies demonstrated that feeding
animals with a cholesterol-enriched diet caused athero-
sclerotic lesions in the arterial wall, especially in
rabbits and monkeys [2-5]. These lesions are charac-
terized by macrophage accumulations in which ACAT
activity is enhanced, causing ester accumulation. In
humans, large amounts of cholesteryl esters have been
found in atherosclerotic plaques [6] with macrophagic
tissues [7], thus reflecting the process observed in
animals. As a consequence, the pharmacological inhi-
bition of arterial ACAT is expected to stop or reduce
the development of the disease.

Other works have demonstrated the essential func-
tion of ACAT in cholesterol intestinal absorption,
mainly in the jejunum [8, 9] where the highest ACAT
activity and most of the cholesterol absorption are
observed. The inhibition of jejunal ACAT should help
reduce this absorption.

A number of compounds described in the literature
and especially a series of N-benzyl-N-alkylureas [10]
were identified as ACAT inhibitors. A large number of
animal and human studies [11] have been performed
on compound 1.
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We decided to modify the benzyl part of compound
1 and study the effect of these modifications on the
ACAT-inhibiting activity. We first tried to reduce the
number of degrees of freedom of the benzyl group
towards the urea function, which led us to prepare
the bicyclic ureas 2. Substitution variations in the
aromatic part of these bicyclic compounds and in the
adjacent nitrogen atom finally gave ACAT-inhibiting
molecules with a level of activity significantly higher
than that of compound 1. Some of these compounds
exhibited a strong hypocholesterolemic effect in

vivo.
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Chemistry

The analogs of compound 2 (table I) were prepared by
reaction of 2,4-difluorophenylisocyanate with the
corresponding amines 3 (table II), which were ob-
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Scheme 1. (a) R,NH,/toluene; (b) NaBH,/THF; (c) 2,4-(F),-
CH,NCO.

tained by amination reduction of the carbonyl deriva-
tives 4 (scheme 1).

The compounds 4, for which X = O and n = 0 and
X = CH, or S and n = 1, are commercially available or
described in the literature. Benzoxepin-5-ones (table III)
were prepared according to a process described by
Fontaine [12] which consists of cyclizing the corre-
sponding 4-phenoxybutyric acid § (table IV) with
polyphosphoric acid (PPA). Compounds § were ob-
tained by condensation of y-butyrolactone on phenols
6 (scheme 2).
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Scheme 2. (a) NaOH/y-butyrolactone; (b) HCI; (c) PPA/
toluene.

Most of the phenols 6 used are commercially avail-
able except meta-arylphenols (table V) which were
prepared by aromatization [13] of 3-arylcyclohex-2-
enones 7 (scheme 3, table VI). Compounds 7 were
obtained by addition of a Grignard reagent to 3-
ethoxycyclohex-2-enone [14].

To study and compare the biological and pharmaco-
logical activity exhibited by the enantiomers of
compounds 2, two enantiomers 2x and 2y of the most
active compound 21 (scheme 4) were prepared from
the corresponding enantiomeric amines 3x and 3y
obtained by resolution of the racemic compound 31
with (+) and (-)mandelic acids. The enantiomeric
excess of compounds 3x and 3y was determined by
HPLC assay of the diastercoisomer ureas prepared by
condensation with S-(—)-c-methylbenzylisocyanate.

Biology

The arterial and intestinal ACAT inhibiting effects of
compound 2 were assessed in three pharmacological
tests. One was representative of the arterial ACAT
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Scheme 3. (a) R,MgX/ether; (b) Pd/C/p-cymene.
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Scheme 4. (a) (+)Mandelic acid for 3x or (—)mandelic acid
for 3y; (b) NaHCO;; () 2,4-(F),-C{H;NCO.

activity, while the others represented the intestinal
ACAT activity. To assess the arterial impact, the in
vivo effect of the studied compounds was directly
measured on a rabbit aorta microsomal preparation.

The intestinal impact was assessed by measuring
the in vivo effect on cholesterol absorption in the rat
according to two methods: 1) the absorption of 3H-
labelled cholesterol in the normolipidemic animal
(basic intestinal ACAT); and 2) hypercholesterolemic
animals fed a cholesterol-enriched diet (induced intes-
tinal ACAT).

Results and discussion

Table VII shows the results of the in vitro pharmaco-
logical activities of compounds 2 obtained for the
rabbit microsomal ACAT and the in vivo absorption of
3H-labelled cholesterol in the normolipidemic rat. The
results for compound 1 are given for comparison.

The preliminary modifications aiming at constrain-
ing the benzyl part of compound 1 led to benzopyran
and benzothiapyran (2a and 2b). These compounds
both inhibit in vitro aortic ACAT and in vivo choleste-
rol intestinal absorption, but only compound 2b shows
a higher aortic ACAT inhibiting activity than com-
pound 1. Unfortunately, these compounds proved to
have little or no activity on rat cholesterolemia (table
VIII). Among the oxygen 2¢, sulphur 2d and carbon
2e homocycles, benzoxepin 2¢ showed an effect equi-
valent to that of compound 1 on the absorption of 3H-
labelled cholesterol (6.2 mg/kg) and proved to be
significantly more active on the inhibition of aortic
ACAT (0.75 uM). The fivefold increase of in vitro
ACAT inhibition exhibited by 2¢ in comparison with
compound 1 led us to study the variations of substitu-
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No X n R, R,

22 0 0 H n.CsHy;
2b S 0 H n.CoH;;5
2c O 1 H n.C5H 5
2d S 1 H n.CoH 5
2¢ CH, 1 H n.C/Hys
2f O 1 8-Br n.C4Hs
2g O 1 8-F n.CoHys
2h O | 8-Cl n.CoH;;
% 0 1 7-Cl n.CoHjs
2j O 1 9-Cl n.C/H5
%k O 1 8-C¢Hs n.CoHs
2 0 1 8-(4-F-CgH,) n.CoHy;
2Zm O | 8-(4-CI-C¢Hy) n.CqH;;
2n O | 8-(4-Me-C¢Hy) n.C;H;
2¢ O 1 8-(4-MeO-C¢H,) n.CsH5
2p O 1 8-(3-F-C¢H,) n.CoH;
2q O 1 8(3,4-Fp-C¢Hy) n.C;H,s
2r O 1 8-4-F3-Me-CgH;)  n.CiHs
25 0 1 8-(4-F-C4Hy) n.CeH,3
2t O 1 8-(4-F-C4Hy) n.CsH),y
2u O | 8-(4-F-CgHy) n.CoH|q
2v O | 8-(4-F-CgHy) 1-Me-C5H, 4
2w O I 8-(4-F-C4Hy) PrO-(CH,)4
2x O 1 8-(4-F-C4Hy) n.CoH s
%y 0 1 8-(4-F-C¢H,)

n.C7H15

Yiel MP Cryst

%) C) solvent® Formula®

11 oil b C,y3H,5F,N,0,
52 79-81 A C,3H,3F,N,08
75 oil b Cy4H30F,N,0,
84  67-70 b Cp4H3oF,N,08
24 oil b C,5H3,F,N,04
95 77-79 B Cp4H,9BrF,N,0,
81 oil b Cy4H,9F3N,0,
70 65-68 B CyHyoCIF,N,0,
a1 il b C,4H,4CIF;N,0,
49 9396 C C,4H,9CIF;N;0,
56 8991 A C3oH34F;N,0,
81 9193 D C30H33F3N,0,
56  85-87 A CyH3;CIF,N,0,
54 101-103 B C3,H36FoN,0,
81 127-129 E C3;H;6F;N;04
80 8284 A C30H33F3N,0,
40 88-90 A C30H3,F4N,0,
25 97-99 A C3,H35F3N,0,
57 87-89 A C,H3,F3N,0,
59 135-137 F C,3H,9F3N,0,
50 oil b C3,H37F;N,0,
30 108-110 D C3H;5F3N,0,
75 104106 A C3gH33F3N,04
56 85-92 b C3oH33F3N,0,
50 72-86 b C30H33F3N;0,

A = hexane; B = pentane; C = pentane/iPr,0; D = hexane/pentane; E = iPr,0; F = hexane/iPr,0. tPurified by chromatography
on silica gel. <C, H, N were analyzed for all the compounds as well as Cl, Br, F and S when present; the values obtained are at
*+ 0.4% of the theoretical values. dCalculated for C,sH;,F,N,001/2 H,O: C = 70.89, H = 7.85, F = 897, N = 6.61; found C =

71.20,H="7.88, F =8.97, N = 6.58.

tion in the benzoxepin cycle to increase the inhibitory
effect on 3H-cholesterol absorption. This is the reason
why we chose it as a starting point to study the varia-
tions of substitution.

The substitution of position 8 in the benzoxepin
cycle by a halogen atom led to compounds that are
very active on both the inhibition of aortic ACAT and

the intestinal absorption of cholesterol (2f, 2g, 2h). A
substituent effect is observed on in vitro and in vivo
ACAT inhibition (F = Cl < Br) {15]. However, the
reverse effect is obtained on intestinal absorption. The
substitution of positions 7 or 9 led to compounds as
active or less active than 2h on in vitro and in vivo
ACAT inhibition, but with no antihypercholestero-
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Table IL. Physical data for compounds 3.

No X n R R, ’;‘,“‘)" ?fcf, Hydrcaryd's:.mde
solvent¢
3a 0 0 H n.CsH;5 62 oil -
3 S 0 H n.CsH;;s 65 140-143 A
3c 0 1 H n.C5H;;s 53 157-159 A
3d S 1 H n.CsH,;s 48 127-129 A
3¢ CH, 1 H n.C;H;s 92 145-147 A
it o 1 8-Br n.CsH;s 63 138-140 A
3g 0 1 8-F n.C;H;s 74 148-151 A
3n 0 1 8-Cl n.C/H;s 72 142-144 A
3i 0 1 7-Cl n.C;H)s 72 142-144 A
3j, 0 1 9-Cl n.CoHig 61 172-174 A
3k O 1 8-CgH; n.C7H;s 53 126-129 A
30 1 8-(4-F-C4H,) n.CoH,s 70 oil -
d3m O 1 8-(4-CI-C¢H,) n.CoH;s 83 oil -
3n 0 1 8-(4-Me-C¢H,) n.CqH;s 87 oil -
30 0 1  8-4-MeO-C¢Hy) n.CoH,s 57 oil -
3p 0 1 8-(3-F-C¢Hy) n.CsH,s 7 137-140 A
3g 0 1 8(34-F)-CeHy) n.C;H s 80 oil -
3r O 1 8-(4-F3-Me-C¢H,) n.CoHs 73 oil -
33 O 1 8-(4-F-C¢H,) n.C¢H,3 36 oil -
3k 0 1 8-(4-F-CgH,) n.CsHy, 52 oil -
3u 0 1 8-(4-F-C¢H,) n.CoH)q 51 oil -
v 0 1 8-(4-F-CgH,) 1-Me-CH 4 59 132-135 B
3w O 1 8-(4-F-C¢Hy) (CH,)4-OPr 42 oil -
3x 0 1 8-(4-F-C¢H,) n.C;Hs 27 oilb -
3y 0 1 8-(4-F-C¢H,) n.CoHs 22 oilb -

aCharacterized as the hydrochloride salt; the melting point indicated is that of the hydrochloride salt. PMelting point of the
mandelate salt = 149-151°C (iPr,0/AcOEv); A = iPr,0/iPrOH; B = Et,0.

lemic effect (2i, 2j). These results show the importance
of the substitution of benzoxepin in the para position
of the urea function by a large halogen (Br).

These results led us to increase the steric bulk of
position 8 in the benzoxepin cycle and increase lipo-
philicity with the introduction of a phenyl group. The
replacement of the chlorine atom 2h with a phenyl
group 2Kk causes an eightfold increase in the inhibiting

effect of cholesterol absorption. Substitution of posi-
tion 4 on the phenyl ring by a fluorine atom
yielded the most active compound of the series 21 in
all three tests. Several analogs of 21, produced by
replacement of the fluorine atom with a chlorine,
methyl or methoxy group (2m, 2n and 20 respec-
tively), a fluorine atom in the 3 position (2p) or
difluoro substitution (2q, 2r), significantly reduce
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Table IIL. Physical data for compounds 4.

v F LTS
af 8-Br 74 BP (,=109-113 -
4 9-Cl 36 BP,,=112-114 .
ak 8-C¢Hs 66 81-83 A
4l 8-(4-F-C4Hy) 78 107-110 B
4m 8-(4-CI-CgH,) 60 141-143 C
4n 8-(4-Me-CgH,) 64 127-129 D
40 8-(4-MeO-C¢H,) 56 88-92 A
dp 8-(3-F-C4H,) 90 oil? .
4q 8-(3.4-F-C4Hy) 49 79-81 C
ar 8-(4-F.3-Me-C4Hy) 55 oil? -

*Purified by chromatography on silica gel; PA = hexane; B = EtOH; C = iPr,0.

Table IV. Physical data for compounds 5.

“ m o o
st 3-Br 66 4347 A
5 2-Cl 25 85-88 A
sk 3-CgH 55 94-98 C
51 3-(4-F-CgH,) 79 77-79 B
5m 3-(4-Cl-CgH,) 36 oil® .
Sn 3-(4-Me-CgH,) 82 97-100 o
50 3-(4-MeO-CH,) 39 99-101 D
Sp 8-(3-F-C¢H,) 66 57-62 A
5q 8-(3,4-F,-C4H3) 96 oil® -
Sr 8-(4-F,3-Me-CgHj) 24 oil® -

2Purified by chromatography on silica gel; A = hexane/iPr,O; B = iPr,0; C = hexane; D = pentane/iPr,0.

anti-ACAT activity and therefore the hypocholestero- phenyl ring and the limited amount substitution in the
lemic activity. other positions (perhaps because of steric effects).
These results show both the importance of the Compounds 2f, 2i and 2m are effective on 3H-

substitution of a small halogen (F) at position 4 on the cholesterol absorption but not on diet-induced hyper-
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Table V. Physical data for compounds 6.

No R Yield MP Cryst
1 (%) (°C) solvent
6n 3+(4-Me-CgHy) 47 76-78 hexane
6q 3-(3.4-F3-C¢Hy) 52 67-69 hexane/iPr,0
6r 3-(4-F.3'MC'C6H3) 83 o2 -
2Purified by chromatography on silica gel.
Table VI. Physical data for compounds 7.
No R, Yield MP or Cryst
(%) BP . (°0) solvent
Tn 3-(4-Me-C4Hy) 75 30-55 pentane
7q 3(3,4-F,-CgH3) 64 34-39 hexane/iPr,0
Tr 3-(4-F 3-Me-CgHy) 72 B Py 4=122-125 -

cholesterolemia. This can be explained by the fact that
intestinal ACAT has been largely induced in the latter
(in contrast to the former) and the inhibitory effect of
these compounds is then probably overcome.

We have also studied the effect of the length or
branching of the n-heptyl chain (substituent R,) on
ACAT inhibition. Reducing or lengthening the alkyl
chains (2s, 2t and 2u), branching the chain 2v and
insertion of an oxygen atom 2w all reduced ACAT
inhibition. The two enantiomers (2x and 2y) of
compound 2l were equally active in vitro, but the
() isomer 2y appeared to be slightly more potent than
2x in both tests in vivo.

Conclusion

This study led us to synthesize a series of heterocyclic
ureas which inhibited aortic and intestinal ACAT. N,-
(2,4-Difluorophenyl)-N,-8-(4-fluorophenyl)-2,3,4,5-
tetrahydro-1-benzoxepin-5-yl-N,-n-heptyl urea 21
proved to be particularly active both in vitro (rabbit
aortic ACAT) and in vivo (intestinal absorption of *H-
labelled cholesterol). These activities were character-
ized by a strong in vivo hypocholesterolemic effect
with a po effective dose 25 of 0.18 mg/kg. This
compound was chosen to be developed as a potential
hypocholesterolemic and antiatherosclerotic drug.

Experimental protocols
Chemistry

The melting points were determined in a capillary tube with a
Gallenkamp apparatus and are not corrected. The IR spectra

were recorded with a Perkin-Elmer spectrophotometer type 881
and are expressed in wavenumber (cm!). The 'H NMR spectra
were recorded in a Briicker spectrometer WP60 CW at 60 MHz
using tetramethylsilane as an internal standard. The chemical
shifts are expressed in ppm. The abbreviations s, d, t, q and m
are used for singlet, doublet, triplet, quartet and multiplet
respectively. Optical rotations were determined with a Gyromat
apparatus. The elementary analyses were carried out by the
Service Central d’Analyses du CNRS (Vernaison, France). The
thin-layer chromatography (TLC) was performed on silica-gel
sheets 60F254 Merck and column chromatography over silica
gel 60 (Merck, 230400 mesh). The HPLC analyses were
conducted on a Shimadzu LC-9A instrument using a Spherisorb
column 5 p of 25 cm (mobile phase: ethyl acetate/hexane: 1:3).

The operating conditions described in the following
examples can be applied to the various compounds shown in
tables I-VI.

The following phenols 6 are described in the literature: 1,1'-
biphenyl-3'-fluoro-3-ol [16], 1,1'-biphenyl-4'-chloro-3-ol [17],
1,1'-biphenyl-4'-methoxy-3-ol [18], 1,1'-biphenyl-4'-fluoro-3-ol
[13], 1,1'-biphenyl-3-0l [19]. The 3,4-dihydro-2H-1-benzoxe-
pin-5-ones 3 are also described in the literature. Their substi-
tuent R1 is as follow: 8-Cl [20}; H [21]; 8-F [22]; 7-CI [23]; 8-
CH; [24}; and 3,4-dihydro-2H-1-benzothiapin-5-one [25].

3-(4-Methylphenyl)cyclohex-2-enone 7n

Under a nitrogen atmosphere, 4-bromotoluene (45.5 g, 0.266 mol)
was added over a 45 min period to a stirred suspension of 6.4 g
(0.266 atom-gram) of magnesium turnings in 130 ml dry di-
ethylether. Once the reaction had started, the addition of 4-
bromotoluene was adjusted to obtain a slight reflux of the reac-
tion medium. After the addition, the mixture was further stirred
for 1 h at room temperature, and then 25 g (0.178 mol) of 3-
ethoxycyclohex-2-enone 8 was added within 15 min. The reac-
tion medium was stirred for 2 h at room temperature, and then
acidified by addition at 15°C of 1 N hydrochloric acid. The
mixture was extracted with diethylether, and then the extract
was washed with water, dried over Na,SO, and the solvent
evaporated. A yellow solid (25.9 g, 78%) was thus isolated



mp = 50-55°C (pentane). IR (KBr): 1650 cm-1. 'H NMR
(CDCly): 2.35 (s, 3H), 1.70-3.05 (m, 6H), 6.35 (s, 1H), 7.1 (d,
J =7.5Hz, 2H), 7.4 (d,J = 7.5 Hz, 2H).

1,1'-Biphenyl-4'-methyl-3-ol 6n

A suspension of 24 g (0.129 mol) of 3-(4-methylphenyl)cyclo-
hex-2-enone 7m and 8.7 g of 5% Pd/C in 77 mol of p-cymene
was heated at reflux under nitrogen atmosphere for 2 h. The
organic phase was then filtered, the solvent evaporated, and the
residue dissolved in an 1 N ethanol potassium hydroxide solu-
tion. This solution was evaporated to dryness. The raw potas-
sium phenate thus obtained was dissolved in water. The
aqueous phase was then washed with diethylether, acidified
with 1 N hydrochloric acid and then extracted with diethyl-
ether. This extract was dried over Na,SO, and the solvent
evaporated. Phenol 6n was thus isolated as an oil which crys-
tallized at room temperature (11.6 g, 47%), mp = 76-78°C
(hexane). IR (KBr): 3280 cm-l. TH NMR (CDCl,): 2.42 (s,
3H), 4.75 (s, 1H), 6.5-7.75 (m, 8H).

4-[3-(4-Fluorophenyl)phenoxy]butanoic acid 51
A solution of 100 g (0.531 mol) of 1,1'-biphenyl-4'-fluoro-3-ol
[13] and 21.2 g (0.531 mol) of solid sodium hydroxide in 40 ml

Table VIL In vitro and in vivo activities of compounds 2 on
ACAT.

Compound  Inhibition of Inhibition of
rabbit aortic intestinal absorption
ACAT, of 3H-cholesterol,
ICsy (uM) EDs, (mg/kg) po
2a >10 13.7
2b 0.51 22
2¢c 0.75 6.2
2d 1.1 ~10
2e ~7 ~20
2f 0.83 2.83
2g 1.13 5.7
2h 1.14 5.8
2i 5.6 4.32
2j 1.0 ~10
2k 8.2 0.7
2] 0.79 0.97
2m ~7 55
2n 5.7 ~10
20 6 =10
2p 7.8 1.81
2q 29 1.38
2r >5 >5
2s 1.2 1.76
2t 29 2.65
2u 6.4 >5
2v ~5 ~5
2w 1.62 ~5
2x 0.96 Inactive at 3
2y 1.28 <3
1 3.54 4
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Table VIII. Antihypercholesterolemic activity of com-
pounds 2.

Compound Rat, ED,; (mglkg)
2a <10
2b > 10
2c > 10
2d ~10
2e > 10
2f > 10
2g 104
2h 8.3
2i > 10

2j >10
2k 2.66
21 0.18
2m > 10
2n > 10
20 9.7
2p 1.91
2q <10
2r <5

2s 0.68
2t <3
2u ~5

2v <5
2w <5

2x ~3
2y <3

1 4.03

of ethanol was heated at reflux for 1 h. After evaporation of the
solvent, 59.4 g (0.690 mol) y-butyrolactone was rapidly added
under a nitrogen atmosphere at 150°C. The solution obtained
was heated for 4 h at 190°C, and then cooled, taken up with
water, and acidified with concentrated hydrochloric acid. The
solution was extracted with diethylether, dried (Na,SO,) and
evaporated. Compound 51 was thus isolated in the form of a
beige solid (35 g, 65%), mp = 77-79°C (hexane). IR (KBr):
1695 cm-1.

8-(4-Fluorophenyl)-3,4-dihydro-2H-1-benzoxepin-5-one 4l

A solution of 95 g (0.346 mol) of 4-[3-(4-fluorophenyl)phenoxy]-
butanoic acid 51 was added over 45 min to a hot suspension of
570 g polyphosphoric acid in 1250 ml xylene and heated to
reflux. It was then further heated at reflux for 4 h. The organic
phase was then decanted and the xylene was evaporated under
reduced pressure. A solid (69.2 g, 78%) is thus isolated, mp =
111-113°C (ethanol). IR (KBr): 1685 cm-!. 1H NMR (CDCl,):
2.20 (9, J = 6.7 Hz, 2H), 2.92 (1, J = 6.7 Hz, 2H), 4.25 (t, J =
6.7 Hz, 2H), 6.75-8 (m, 7TH). Analysis: C,(H;;FO, (C, H, F).

(*)-N-8-(4-Fluorophenyl)-2,3,4,5-tetrahydro-1-benzoxepin-5-yl-
N;-n-heptylamine 31

In a reactor equipped with a Dean—Stark apparatus, a mixture of
32.5 g (0.127 mol) 8-(4-fluorophenyl)-3,4-dihydro-2H-1-ben-
zoxepin-5-one 41 in 31 ml of n-heptylamine, 490 ml xylene and
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a trace of para-toluenesulfonic acid was heated at reflux for
14 h. The solvent was then evaporated and 560 ml ethanol and
13 ml water were added; 2.2 g of sodium borohydride were
then added. This solution was stirred for 12 h at room tempera-
ture and then the solvent was evaporated and the residue was
taken up with water, extracted with ether, dried (Na,SO,) and
evaporated. The oil 31 dissolved in ethanol was added to a
solution of ethanol saturated with HCl. After evaporation of the
solvent, the residue was dispersed into ethyl and then filtered
(69.2 mg, 78%), mp = 142-144°C (diisopropylether). TH-NMR
(CDCL,): 0.8-1.5 (m, 13H), 1.7-2.2 (m, 4H), 2.3-2.6 (m, 3H),
3.54.5 (m, 3H), 6.8-7.7 (m, 7TH).

The 31 basis was obtained by neutralization of the hydro-
chloride salt formed above in an aqueous solution of sodium
bicarbonate. After extraction of the aqueous phase with ethyl
ether, then drying and evaporation of the organic phase, the
amine 31 was obtained as an oil with a quantitative yield.

(£)-N2-(2,4-Difluorophenyl)-N -8-(4-fluorophenyl)-2,3,4,5-
tetrahydro-1-benzoxepin-5-yl-N-n-heptylurea 21
2,4-Difluorophenylisocyanate (15.2 g, 0.098 mol) was added
dropwise to a solution of 36.2 g (0.102 mol) of (+)-N-8-(4-fluoro-
phenyl)-2,3,4,5-tetrahydro-1-benzoxepin-5-yl-N,-n-heptylamine
3l in 730 ml hexane under a dry nitrogen atmosphere. The
mixture was then further stirred for 1 h and the precipitate was
filtered and dried (40 g, 79%), mp = 91-93°C (hexane). IR
(KBr): 3460, 1670 cm-1. TH-NMR (CDCl,): 0.7-1.7 (m, 13H),
1.7-2.5 (m, 4H), 3-3.6 (m, 2H), 3.8-4.7 (m, 3H), 5-5.2 (m,
1H), 6.2-7.7 (m, 9H), 7.7-8.6 (m, 1H). Analysis: C3,H;;F;N,0,
(C,H,F,N).

(+)-N,-(2,4-Difluorophenyl)-N -8-(4-fluorophenyl)-2,3,4,5-tetra-
hydro-1-benzoxepin-5-yl-N,-n-heptylurea 2x

To a solution of 18.8 g (0.051 mol) of (+)-N-8-(4-fluorophenyl)-
2,3,4,5-tetrahydro-1-benzoxepin-5-yl-N,-n-heptylamine 31 in
150 ml ethanol was added a solution of 7.76 g (0.051 mol) of
(+) mandelic acid in 50 ml ethanol. After 1 h stirring at room
temperature, the precipitate (6.7 g, 26.7%) was filtered, mp =
149-151°C, [a]p?0 = +39° (C = 2.5-CHCl,).

Neutralization of the mandelate salt gave the dextrogyre
enantiomer 3x of 3L The enantiomeric purity of 3x was
measured from the HPLC chromatogram of the urea formed
by condensation with S-(-)-a-methylbenzylisocyanate (RT =
15.2 min; ee = 95.4%).

(+)-N-(2,4-Difluorophenyl)-N,-8-(4-fluorophenyl)-2,3,4,5-
tetrahydro-1-benzoxepin-5-yl-¥,-n-heptylurea 2x was prepared
by reaction with 2,4-difluorophenylisocyanate according to the
method described for compound 2l (56%), mp = 85-92°C,
[ak,)zo +39° (C = 2.5-CHCl). Analysis: C;0H33F3N,0, (C, H,

(-)-N,-(2,4-Difluorophenyl)-N,-8-(4-fluorophenyl)-2,3,4,5-tetra-
hydro-1-benzoxepin-5-yl-N-n-heptylurea 2y

The levogyre amine 3y was obtained in the same way as 3x by
replacing (+)mandelic acid by (-)mandelic acid with an enan-
tiomeric excess of more than 96%. The urea 2y was obtained
with a yield of 50% according to the operatm§ sequence used
to prepare the urea 2x, mp = 72-86°C, a]D =-374° (C =
2.5-CHCY;). Analysis: C,Hy,FsN,O, (C, H, F, N).

Biology

Measurement of rabbit aortic microsomal ACAT

Male New-Zealand rabbits weighing from 2 to 2.5 kg (Elevage
Scientifique des Dombes, Chéatillon-sur-Chalaronne) were fed
for 2 weeks on a 1.25% cholesterol-enriched diet to activate

ACAT in vivo. After sacrifice, 20 ml blood was withdrawn
from the ear vein and the thoracic aorta was removed. After
coagulation, the plasma was isolated by centrifugation (30 min
at 2000 g). The plasma was incubated for 30 min at 60°C to
suppress the LCAT activity. After cooling, the plasma choleste-
rol level was measured enzymatically using cholesterol
oxidase.

The aortic segment was opened longitudinally, rinsed with
iced physiological salt solution (NaCl 154 mM +4°C), and then
dissected to eliminate the adventice. The remaining tissue was
homogenized in 5 ml of the following ice-cold buffer: Tris
HC] 100 mM, saccharose 0.25%, KCl 150 mM, EDTA 2 mM,
dithiothreitol 2 mM, adjusted to pH = 7.4 with 1 N HCI (buffer
A). The homogenate was centrifuged for 10 min at 18 000 g
and +4°C. The supernatent was centrifuged for 2 h at 150 000 g
and +4°C. The microsome pellet was then taken up with 200 pl
buffer A and kept in liquid nitrogen until use. An aliquot was
used to determine the protein level by the Lowry method [26].

ACAT was measured according to Gillies and coworkers
[27]. The microsomes were first activated by a 1 h incubation at
37°C in the presence of deactivated plasma (15-20 pg of
microsomal proteins for 20 pug plasma cholesterol). The com-
pound to be tested was then added (variable concentrations,
adapted solvent and corresponding controls). Two minutes
later, the enzymatic reaction was initiated by addition of 30 uM
of 14C-oleyl-CoA (1.96 GBg/mmol) and incubated for 90 min
at 37°C.

The reaction was stopped by addition of Folch solvent [28].
The organic phase containing 14C-labelled lipids was collected.
14C-Oleyl cholesterol was separated by TLC (silica gel G25-
Merck) using diethylether/petroleum ether/acetic acid (10:90:1
v/v).

The radioactivity of the samples was measured by liquid
scintillation (Dynagel 10 ml, on Packard counter 1900 CA).
Each measurement was carried out four times at each concen-
tration.

The final enzymatic activity was expressed in picomoles of
14C-oleyl-cholesterol formed per minute and per milligram of
microsomal proteins (pmol/min/mg).

Effect on the absorption of 3H-labelled cholesterol in the normo-
lipidemic rat

Male Wistar rats weighing from 200 to 220 g were randomized
into groups of six (1 cage per group). Following an overnight
fasting, each animal was treated orally with a bolus of 3H-
labelled cholesterol (1a, 2a-3H-cholesterol, 750 kBqg/kg) dis-
solved in a 10% aqueous solution of bovine bile (Sigma
B3883). Three hours later, 1 ml blood was withdrawn on hepa-
rine from each animal, through the retroorbitary sinus and
under ether anaesthesia. Plasma was then isolated by centrifu-
gation (30 min at 2000 g). The plasmatic 3H-radioactivity was
measured on a 100 pl sample by liquid scintillation (Dynagel
10 ml, counter Packard 1900 CA). This value (dpm/ml) was
used as a measure of the basic intestinal ACAT activity
(normolipidemic animals).

Effect on the hypercholesterolemic rat

Male Wistar rats weighing from 160 to 180 g (IFFA Credo, Les
Oncins, Saint-Germain-sur-1’Arbresle) were randomized into
groups of six (1 cage per group). They were fed a 2.5% choles-
terol-enriched diet for 8§ d without restriction in order to
increase their blood cholesterol level and saturate their intesti-
nal ACAT activity. On the last two days of this diet period,
each animal was orally treated with the compound to be tested,
24 and 4 h before the sacrifice by total exsanguination (abdo-
minal aorta puncture under ether anaesthesia). After coagu-



lation, the blood was centrifuged for 30 min at 2000 g and the
supernatent was withdrawn to assay the plasmatic cholesterol
level by cholesterol-oxidase. Hypercholesterolemia was used as
a measure of diet-induced intestinal ACAT activity.

Statistics

Our biological data were considered a priori as random variables.
The comparison between groups was performed using Student-
Fischer’s t-tests and Mann and Whitney’s U-test [29]. The active
compound were taken up with several doses (or concentrations).
An effective dose (or concentration) was calculated with 95%
confidence limits and variance analysis to validate the regres-
sion models [29].
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