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New indole derivatives as ACAT inhibitors: synthesis and
structure-activity relationships
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Summary — A series of ureas containing the indole group were synthesized and assessed for their ability to inhibit arterial and intes-
tinal ACAT and to lower plasma total cholesterol in a cholesterol-fed rat model. The structural modulations carried out in this series
led to compounds which proved to be very active in both the inhibition of aortic ACAT in vitro and the inhibition of rat cholesterol
intestinal absorption in vivo. Several compounds from this series exhibit a remarkable hypocholesterolaemic effect with ED;; less than

0.1 mg/kg po.

indole derivative / aortic ACAT inhibition / intestinal ACAT inhibition / hypocholesterolaemic effect

Introduction

Since Framingham's study [1], hypercholesterolaemia
has been known as an independent risk factor in the
development of atherosclerosis. Many clinical studies
have demonstrated that lowering plasma cholesterol
(total cholesterol and LDL cholesterol) reduces cardio-
vascular morbidity and mortality [2—4].

Acyl-CoA cholesterol O-acyl transferase (ACAT,
EC 2.3.1.26) is the enzyme responsible for cholesterol
intracellular esterification [5]. The essential function
of this enzyme was shown in cholesterol intestinal
absorption and thus in very low density lipoprotein
(VLDL) packaging and lipid secretion in the lympha-
tic system [5-8]. ACAT is also present in the liver,
where it is responsible for the formation of cholesterol
esters prior to their inclusion in VLDLs, which them-
selves precede low density lipoproteins (LDL) [9].
ACAT is also involved in macrophage-induced chole-
sterol ester accumulation in the artery, and thus contri-
butes to the development of atherosclerotic lesions
[10]). Many studies have demonstrated that feeding
animals with a cholesterol-enriched diet causes
lesions in the arterial wall, especially in rabbits and
monkeys [11-14]. These lesions are characterized by
macrophage accumulation when ACAT activity is
significantly enhanced.

*Correspondence and reprints

Because of these three levels of action, ACAT inhi-
bition has become a target in the development of new
hypolipidaemic and anti-atherosclerotic agents. The
various classes of currently known ACAT inhibitors
have been summarized in two recent reviews [15, 16].

In the present article, we will describe the prepara-
tion, biological properties and structure—activity rela-
tionships of a new series of formula 1 ureas derived
from indole. Some of the compounds prepared proved
to be very active in the in vitro inhibition of ACAT
and the in vivo inhibition of cholesterol intestinal
absorption. They were characterized by a remarkable
hypocholesterolaemic effect by oral route in the rat
with extremely low effective doses 25 (ED,;), ie, some-
times less than 0.1 mg/kg.

Chemistry

Compounds 1 (table I) were prepared by reaction of
amines 2 with the suitable isocyanate or the corres-
ponding trichloroacetanilide, or by treatment of the
corresponding morpholinomethyl-1-substituted com-
pounds 1 with gaseous hydrochloric acid in solution
in ethanol (scheme 1). Amines 2 (table II) were pre-
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Scheme 1. (a) R,X/base/phase-transfer reagent; (b) R;X/
NaH or R,;X/NaH then R,X/NaH or X-(CH,),-X/NaH;
(c) LiAlH, /ether/A; (d) H,/Ni/NH;; (¢) R;NCO; (f) R;NH-
COCCl/K,CO,/DMF/A; (g) HCI/C,H;OH/A.
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Scheme 2. (a) Diisobutylaluminium hydride; (b) 2,4,6-tri-
isopropylbenzenesulfonylhydrazide; (c¢) KCN/A; (d) LiAIH,/
4; (&) (GH;0),P(O)CH,CN/NaH; (f) Hy/Ni/NH;; (g) 2,6-
diisopropylphenylisocyanate.
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Scheme 3. (a) H,/Ni/NH;; (b) 2,6-diisopropylphenyliso-
cyanate/THE,

pared by reduction with lithium and aluminium hydride
or by catalytic hydrogenation of nitriles 3 (table III),
the latter being obtained by the mono- or dialkylation
of nitriles 4 (table I11). Nitriles 4 were prepared by N-
alkylation of the corresponding indol-3-ylacetonitriles
5 with the suitable halide in the presence of a base and
a phase-transfer reagent. Indol-3-ylacetonitrile was
prepared classically from the gramine [17] and the
5-substituted indol-3-ylacetonitriles 5 (R, # H) were
prepared by Fischer synthesis from the corresponding
para-substituted phenylhydrazine chlorhydrate and
from 4,4-diethoxybutyronitrile [18-20]

Compound 1t (R, =R, =H, R;-R, = -(CH,)),-~, R; =
2,6-diisopropylphenyl) proved to be one of the most
active compounds of the series. The homologues 6a
and 6b (scheme 2, table I) were therefore prepared to
determine the influence of the lateral chain length-
ening on the level of activity of this compound.

Amine 7a, which leads to compound 6a, was pre-
pared by reduction of nitrile 9 with lithium and alumi-
nium hydride. The nitrile 9 was obtained by succes-
sive reaction of aldehyde 10 with 2.4,6-tri-
isopropylbenzenesulfonylhydrazide and then potas-
sium cyanide. Amine 7b, which leads to compound
6b, was prepared by catalytic hydrogenation of nitrile
8. Compound 8 which was obtained by Wittig—Horner
reaction of aldehyde 10, which was prepared by reduc-
tion of nitrile 3t with diisobutylaluminium hydride.

The influence exerted by the position of substitution
in the lateral chain on the biological activity of
compound 1t was also assessed by preparing the
analogous compounds 11 and 12, which were substi-
tuted in the 1 and 2 positions of the indole respecti-
vely (table I). These two compounds were obtained
(scheme 3) from the corresponding indol-1- [21] and
indol-2-ylacetonitriles [22] via the amines 13 and 14
(table IT) and nitriles 15 and 16 (table III).

The butyl compound 1g (R, = CH;, R, = R, = H,
R, = n-C;H,, R¢ = 2,6-diisopropylphenyl) also proved
to be very active, and so it was interesting to compare
the activity of the corresponding enantiomers 1h
and li. These were prepared from the enantiomeric
amines 2h and 2i obtained by resolution of the race-
mic amine 2g with the (+)- and (-)-mandelic acids
(scheme 4).
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Scheme 4. (a) (+)-Mandelic acid; (b) (-)-mandelic acid;
(c) NaOH/H;O/ether; (d) 2,6-diisopropylphenylisocyanate.



Table I. Physical data for ureas 1, 6, 11 and 12.
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Com- R, R, R; R, R; Yield Mp Crystal- Formula®
pound (%) (°C) lization
solvent®

e
1a H H H H CH,(CH,), 82 96-99 B C.H;yN;O
ib H H H H 4-MeOC¢H, 44 200204 A C,:H,sN;O,
lc¢ H H H H 2,6-(i-Pr),C¢H; 86 160-162 1 CHoN;O
1d CH, H CH; H 2,6-(i-Pr),C¢H; 70 207209 C C,H33N;O
le CH, H CH; H 2,6-(i-Pr),CH, 68 159-161 C CyH3sN30O
if CH; H a-GH, H 2,6-(i-Pr),CcH; 78 133-135 C C,;Hy;N;O
1g CH, H nCH H 2,6-(i-Pr),CsH; 35 143-145 C sH3oN3
1h CH, H »n-CH, H 2,6-(i-Pr),C¢H; 88 138-142 D CysH1oN;O
1i CH; H »nCH, H 2,6-(i-Pr),C¢H; 87 138-142 D C,sH3oN;O
1j H H »nCH H 2,6-(i-Pr),C¢H,4 52 128-132 E C,7H;;N;O
1k CH, H n-CH;s H 2,6-(i-Pr),CH; 41 120-122 B Cy HsN;O
11 CH, H i-Pr H 2,6-(i-Pr),CH; 57 156-157 C C,-H;N;O
im CH, H c<¢CH,y H 2,6-(i-Pr),CH; 79 169-171 C CoH;oN;O
In CH; H allyl H 2,6-(i-Pr),CcH,; 87 148-150 B C,,H3sN;0
lo CH; H (CH;),N(CH,), H 2,6-(i-Pr),CH, 78 172-173 C CsHyoN,O
1p CH, H CH, CH, 2,6-(i-Pr),CH; 94 172-174 C 16H 35N 3
1q CH, H CH; C,H; 2,6-(i-Pr),C¢H; 58 183-184 C C,sH;3N,0
Ir CH; H 7n-Bu n-Bu 2,6-(i-Pr),C¢H; 14 93-96 B C;,H4N;O
1s CH, H Allyl Allyl 2,6-(i-Pr),CH; 50 121-123 G CyoH3N;O
1t CH, H -(CHy)s- 2,6-(i-Pr),CsH, 46 193-195 F C,3Hy;N;O
lu CH, H -(CH,)s- 2,6-(i-Pr),C¢H; 85 187-189 F 2oH 30N
iv CH, H -(CH,)s- 2,6-(i-Pr),C¢H; 41 182-184 C C;Hy N;O
iw CH, H -(CH,),O(CH,),- 2,6-(i-Pr),CH, 53 197-201 C CyH;; N0,
ix CH; H -(CH,),- Ce¢Hs 80 214216 A C,H,sN;O
ly CH, H -(CH,),- 2,4-F,CH, 69 226-228 C C,,H,;F,N;0
1z CH, H -(CH,),- 2,6-(i-PrO),C,H;, 64 145-147 C C,sHy;:N,O,
laa CH, H -(CH,)4- 2,5-(t-Bu),CsH, 38 184-186 C C,H, N;O
lab CH; H -(CH,)4- 2,4-(i-Pr),CH, 63 205208 A ,sH37N3
lac CH; H -(CH,),- 2-Pr-6-i-PrC,H, 54 180-183 A ,sH N,
lad CH, H -(CH,),- 2,6-C1,C¢H; 50 199-201 1 C,,H,;CLN;O
lae CH; H -(CH,),- 2,6-(C,H;),CH, 83 171-173 C C,H;;N;O
laf CH; H -(CH,)s- 2,4,6-(MeO);C,H, 79 176-178 C ,sH3 N3O,
lag H H -(CH,),- 2,6-(i-Pr),C¢H; 28 95-107 G C,HisN;
lah CH; H -(CH,),- 2,6-(i-Pr),CsH; 80 166-168 D C,H3N,O
lai »n-C,H, H -(CH,),- 2,6-(i-Pr),C¢H, 31 128-130 B C, H;sN;0
laj n-CHis H -(CHy),- 2,6-(i-Pr),CsH, 73 74-80 G C;.H,,N;O
lak i-Pr H -(CH,),- 2,6-(i-Pr),CH, 82 168-170 F s0H4 N3
1lal allyl H -(CH,),- 2,6-(i-Pr),CcH, 21 131-133 J C,H3N,0
lam (CH,),NCH, H -(CH,)s- 2,6-(i-Pr),C¢H,4 62 203-205¢ A C,,H,; CIN,Od
lan (CH;),N(CH,), H -(CH,),- 2,6-(i-Pr),CH; 84 228-230¢ K C;,H,sCIN,Od
lao (CH,),N(CH,), H -(CH,),- 2,6-(i-Pr),CH, 44 122-130¢  F C;,H,,CIN,Od
lap CH,OCH, H -(CH,),4- 2,6-(i-Pr),C{H; 71 135-137 C C,oH3oN;O,
laq CH:CH, H -(CH,),- 2,6-(i-Pr),CsH; 39 83-86 A 14H4 N3
lar 4F-C,H,CH, H -(CH,)s- 2,6-(i-Pr),CH; 52 68-74 A C,,H,FN;O
las CHCH, H -(CH,)s- 2,6-(i-Pr),CH; 82 151-153 C C;sHysN
lat 2-Morpholino(CH,), H -(CH,),- 2,6-(i-Pr),CH, 83 241-243¢ A C,,H,;CIN,O¢
lan 2-Pyrrolidino(CH,), H -(CH,),- 2,6-(i-Pr),C¢H, 77 216-221¢ K C,,H,,CIN,Od
lav CH, CH, -(CH,),- 2,6-(i-Pr),C¢H,4 58 188-190 G C,H3N,O
law CH, CH,O -(CH,),- 2,6-(i-Pr),CH; 57 157-160 C CyoH3oN;0,
lax CH, Br -(CH,),- 2,6-(i-Pr),CcH; 66 186-191 C CysH;BrN,O
6a 25 239241 F C,oH3oN;O
6b 75 194-196 A 0H4 N3
11 63 188-190 F C,,H;sN,
12 45 206208 G C,,H3oN;O

ap = ethanol; B = i-Pr,0; C = CH,CO,C,Hs; D = CH,CO,C,Hy/i-Pr,0; E = i-Pr,0/hexane; F = CH,COCH,/i-Pr,0; G = hexane;
K = CH,CN/CH,;CO,C,H;s; bC, H, N were analyzed for all the compounds as
d are at + 0.4% of the theoretical values; ‘mp of the HCI salt; danalyzed as the

H = i-PrOH/i-Pr,0; I = CH,COCHj,; J = pentane;
well as Cl, Br, F when present; the values obtaine
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Table 11. Physical data for amines 2, 7, 13 and 14.

Compound R, R, R; R, Yield* Mp Crystalli-
(%) (°C) zation solvent
2d CH, H CH, H 63 Oil -
2e CH, H C,H; H 72 Qil -
2f CH, H n-C,H, H 77 Oil -
2g CH, H n-C,H, H 58 Oil -
2h CH, H n-C,H, H 200 Oil -
2i CH, H n-C,H, H 15 0il -
2§ H H n-C,H, H 92 Oil -
2k CH, H n-C;H,; H 64 Oil -
21 CH, H i-Pr H 74 Oil -
2m CH, H ¢c-CsHy H 76 il -
2n CH, H allyl H 92 Oil -
20 CH, H (CH;),N(CH,), H 57 0il -
2p CH, H CH, CH, 76 0il -
2q CH, H C,H; C,H; 83 Oil -
2r CH, H n-C,H, n-C.H, 75 0il -
2s CH, H Allyl Allyl 75 Qil -
2t CH, H -(CH,);- 88 Oil -
2u CH, H -(CH,)s- 53 Oil -
2v CH, H -(CH,)s- 60 87-90 Hexane
2w CH, H -(CH,),O(CH,),- 57 Oil -
2ah C,H; H -(CH,)4- 82 Oil -
2ai n-C,H, H -(CH,),- 86 Oil -
2aj n-C,H,s H -(CH,),- 85 Oil -
2ak i-Pr H -(CH,),- 66 il -
2al allyl H -(CH,),- 78 Oil -
2am (CH;),NCH, H -(CH,),- 62 Qil -
2an (CH3),N(CH,), H -(CH,),- 77 Oil -
2ao0 (CH,),N(CH,), H -(CH,),- 96 il -
2ap CH;0CH, H -(CH,),- 95 0il -
2aq CH;CH, H -(CH,),- 52 Oil -
2ar 4F-C¢H,CH, H -(CH,)s- 97 Oil -
2as CHCH, H -(CH,)s- 67 il -
2at 2-morpholino(CH,), H -(CH,),- 76 Oil -
2au 2-pyrrolidino(CH,), H -(CH,).- 83 Oil -
2av CH, CH, -(CH,),- 63 Oil -
2aw CH, CH,O -(CH,),- 70 0il -
2ax CH;, Br -(CH,),- 70 Oil -
7a 74 Oil -
7b 83 Oil -
13 81 Oil -
14 57 Oil -

Calculated after purification by dissolution in pentane followed by filtration then evaporation; bcalculated from the correspond-

ing racemic amine.

Biology

The arterial and intestinal ACAT inhibiting effect of
compound 1 was assessed in three pharmacological
tests. One was representative of the arterial ACAT
activity, while the others represented the intestinal
ACAT activity. To assess the arterial impact, the in
vitro 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 was monitored in the normo-
lipidaemic animal (basic intestinal ACAT); and
2) hypercholesterolemic animals were fed a cholesterol-
enriched diet (induced intestinal ACAT).

Results and discussion

Table IV shows the pharmacological results obtained
with compounds 1 in vitro on rabbit aortic ACAT



inhibition and in vivo (po) on rat 3H-cholesterol
absorption and on cholesterolaemia in diet-induced
hyperlipidemic rats. The lack of activity observed
with compounds 1a, 1b and 1x confirmed the conclu-
sions from previous work [23, 24], ie, the radical R of
the -CONHR pharmacophore group must meet two
conditions to exhibit a satisfactory in vitro effect on
ACAT: it must be aromatic and substituted in at least
one of the 0,0' positions.

Table III. Physical data for nitriles 3, 4, 8,9, 15 and 16.
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In the present case, the condition is not sufficient as
shown by the negative results of compound 1c. The
comparison of the results obtained with compounds
1d to 1k demonstrated the importance of an alkyl
substituent (R;) in o position of the indole. The
compounds o-ethyl 1e, o-propyl 1f and o-butyl 1g are
extremely potent on in vitro ACAT inhibition and in
vivo cholesterol intestinal inhibition. This action was
characterized by a strong hypocholesterolaemic effect

Compound R, R, R; R, Yield Mp Crystalli-
(%) (°C) zation solvent®

3d CH, H CH, H 19 61-64 A
3e CH, H C,H; H 40 Oil —
af CH, H n-C;H, H 26 43-46 B
3g CH, H n-CH, H 41 63-66 B
3j H H n-CH, H 47 Oil -
3k CH, H n-C;H; H 28 43-45 B
31 CH, H i-Pr H 57 80-81 C
3m CH; H c-C,H, H 37 76-78 C
3n CH, H Allyl H 23 60-62 B
30 CH, H (CH,),N(CH,), H 32 Oil -
3p CH, H CH, CH, 51 44-46 B
3q CH, H C,H; C,H; 60 58-60 C
r CH, H n-C,H, n-CH, 26 73-75 D
3s CH, H Allyl Allyl 30 76-78 A
3t CH, H -(CH,).- 54 118-120 C
3u CH, H -(CH,)s- 58 128-130 A
3v CH, H ~(CH,)¢- 10 99-101 C
3w CH, H -(CH,),O(CH.),- 62 178-180 A

3ah C,H, H -(CH,),- 46 76-78 C
3ai n-C.H, H -(CH,),- 57 Oil -
3aj n-CH,s H -(CH,),- 20 Oil -
3ak i-Pr H -(CH,),- 50 69-71 C
3al Allyl H -(CH,),- 38 56-58 C
3am (CH,),NCH, H -(CH,),- 48 111-113 E
3an (CH,),N(CH,), H -(CH,)s- 46 56-58 C
3ao (CH,),N(CH,), H -(CH,):- 45 Liquid? —
3ap CH,0CH, H -(CH,),- 77 4648 B
3aq C.H.CH, H -(CH,),- 87 144146 A
3ar 4F-C,H,CH, H -(CH,),- 56 80-82 A
3as C:H.CH, H -(CH,)- 44 139~-141 A
3at 2-Morpholino(CH,), H -(CH,),- 58 110-112 B
3au 2-Pyrrolidino(CH,), H -(CH,).- 46 73-75 B
3av CH, CH, -(CH,).- 94 Oil -
3aw CH, CH,0 -(CH,),- 53 100-101 F
3ax CH, Br -(CH,).- 50 149-151 B
4a CH, H H H 48 59-60 C
4b CH, CH, H H 90 il -
4c CH, CH,0 H H 51 104-106 F
4d CH, Br H H 50 118-120 B
8 73 57-59 B
9 25 Oil -
15 77 Oil -
16 60 135-137 B

abp,4 = 175-180°C. A =i-Pr,O; B = hexane; C = pentane; D = heptane; E = ether; F = CH,CO,C,H..
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Table IV. In vitrofin vivo activities on ACAT and in vivo antihypercholesterolaemic effect of compounds 1, 6, 11 and 12.

Compound Inhibition of rabbit aortic Inhibition of 3H-cholesterol Antihypercholesterolaemic effect

ACAT, ICs, (nM) intestinal absorption in rat, ED,s (mg/kg) po
ED;, (uglkg) po

1a Inactive at 1000 Inactive at 1000 Inactive at 3

1b Inactive at 1000 Inactive at 1000 Inactive at 3

1c Inactive at 1000 Inactive at 1000 Inactive at 5

1d ~ 750 Inactive at 1000 Inactive at 5

le 68 94 0.58

1f ~50 167 0.51

1g ~ 380 83 0.63

1h ~450 90 1.94

1i 25.2 77 0.086

1j ~ 120 147 0.42

1k ~ 350 Inactive at 1000 Inactive at 3

11 ~110 198 1.41

1m ~ 330 290 Inactive at 3

In ~ 400 380 0.142

1o Inactive at 1000 Inactive at 1000 Inactive at 3

1p ~ 250 Inactive at 1000 ~29

1q ~ 100 800 ~2.8

1r ~ 750 Inactive at 1000 ~1.8

1s 68 420 Inactive at 3

1t 46 176 0.098

1u 340 60 0.063

1v ~ 340 590 1.66

1w ~ 370 160 0.680

1x Inactive at 1000 Inactive at S000 Inactive at 5

1y Inactive at 1000 Inactive at 5000 Inactive at 5

1z ~ 370 Inactive at 1000 Inactive at 3

laa Inactive at 1000 Inactive at 1000 Inactive at 3

1ab Inactive at 1000 Inactive at 1000 Inactive at 3

lac 99 ~ 1100 Inactive at 3

1ad Inactive at 1000 Inactive at 3000 Inactive at 3

lae ~ 350 ~ 150 1.6

laf Inactive at 1000 Inactive at 1000 [nactive at 3

lag ~ 170 ~ 180 ~1

1ah 99 101 0.53

lai 13.5 208 1.43

1aj ~ 440 Inactive at 1000 ~29

lak ~710 490 1

1al 13 93 0.57

lam 71 280 0.6

lan 22 168 0.097

lao 38 510 0.65

lap 42 250 0.62

laq 32 82 0.37

lar 32.1 340 0.066

las ~330 840 0.86

lat ~ 70 ~ 800 ~0.8

lau Not determined ~ 800 Inactive at 3

lav ~110 145 1.5

law ~ 390 ~ 700 Inactive at 3

lax ~ 50 600 ~ 1.1

6a Inactive at 1000 Inactive at 3000 Inactive at 3

6b Inactive at 1000 Inactive at 3000 Inactive at 3

11 ~250 950 0.63

12 ~370 Inactive at 3000 2.67




in rats per os with an ED,, value lower than 1 mg/kg
for each of them. The enantiomers lh and 1li of
compound 1g were both active in the three tests but
the (-) isomer proved to be the most active with an
ED,; value lower than 0.1 mg/kg.

The introduction of an unsaturation in 1n markedly
improved the hypocholesterolaemic effect with an
ED,; = 0.14 versus 0.58 mg/kg for the corresponding
saturated homologue o-propyl 1f.

There is a limit to increasing size or lipophilicity
since the lengthening to seven carbon atoms (1K) or
the substitution by the cyclopentyl radical (1m) abo-
lished the hypocholesterolaemic effect. Compound 1k
also proved to be inactive on ACAT in vivo. Unlike
the observation made by Trivedi et al [25] in the
phenyl series, adding a second substituent (1p to 1s)
was not favourable either and according to the compa-
rison of compounds 1f and 11 the ramification was
also characterized by a loss of activity in the three
tests.

In the same way as in phenyl series [25, 26], the
introduction of a geminal ring in C4 and C5 conferred
a remarkably potent hypocholesterolaemic activity to
the corresponding compounds 1t and 1u as shown by
the ED,; values of 0.098 and 0.063 mg/kg respec-
tively. On the other hand, adding another link (1v) or
introducing an oxygen atom (I1w) markedly reduced
this activity and the ACAT-inhibiting effect in vitro
and in vivo.

Compound 1t, which was the most active of the
series, was chosen as starting point in the study of
structure—activity relationships according to the nature
of the substituent R;, R, and R;. The replacement of
the methyl group in position 1 by a hydrogen atom
(lag) markedly reduced the ACAT-inhibiting effect
and hypocholesterolaemic activity of compound 1t.
The activity in the overall tests was also decreased
when the carbon chain was lengthened (1ah—1aj)
except for the in vitro ACAT-inhibiting effect of the
butyl compound 1lai. In an unexplained manner, the
latter was one of the most potent in vitro ACAT inhi-
bitors of the series (IC5, = 13.5 nM). This was also the
case for the substituted allyl compound lal (ICs, =
13 nM).

The replacement of the methyl group in position 1
by an N,N-dimethylaminoethyl radical (1an) generally
maintained the activity of the compound 1t in the
tests. On the other hand, the lower and upper homo-
logues 1am and 1ao were significantly less active in
vivo. The inclusion of the nitrogen atom into a pyrro-
lidine or morpholine ring (lat and lau) reduced the
hypocholesterolaemic activity and the in vivo ACAT-
inhibiting effect of the parent compound lan. The
replacement of the methyl group in position 1 by a
methoxymethyl (1ap) or benzyl (laq) radical reduced
the hypocholesterolaemic activity of compound 1t.

129

However, these two compounds still had a good
ACAT-inhibiting effect in vitro and in vivo. The intro-
duction of a fluorine atom in position 4 of the benzyl
radical gave compound lar an excellent aortic ACAT-
inhibiting activity (IC,, = 32 nM) with a strong hypo-
cholesterolaemic activity (ED,; = 0.066 mg/kg).

The few substitutions attempted in position 5 of the
indole core (1av, law and lax) were also character-
ized by a marked reduction of the activity. The corres-
ponding methylated and brominated compounds were
even inactive at 3 mg/kg po on rat cholesterolemia.

The R, variations (compounds 1ly-laf) were
characterized by a marked reduction or loss of activity
in the overall tests. This was especially the case of the
2,4-difluorophenyl and 2,4,6-trimethoxyphenyl substi-
tuents, although these substituents are known to
confer a good level of activity in other series of ACAT
inhibitors [27].

We have also studied how lengthening the support-
ing chain of the pharmacophore group and its substi-
tution site could influence the ACAT-inhibiting and
hypocholesterolaemic properties of compound 1t.
Lengthening the lateral chain by 1 or 2 links (6a and
6b) led to compounds inactive in the three tests and
changing it to position 1 or 2 was not favourable
either.

Conclusion

This study investigated new indoles derivatives as
ACAT inhibitors. The structural modulations carried
out in this series gave compounds which proved to be
very active on both the inhibition of aortic ACAT in
vitro and the inhibition of cholesterol intestinal
absorption in vivo with ICs, < 100 nM and ED,; <
0.1 pg/kg po. These compounds exhibited a very
potent hypocholesterolaemic effect in the rat with
ED,; < 0.1 mg/kg po. Compound 1t and the corres-
ponding N,N-dimethylaminoethyl-1-substituted deri-
vative 1lan was chosen to be developed as a potential
hypocholesterolaemic 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 wavenumbers (cm-!). The 'H NMR
spectra were recorded on 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 multi-
plet, respectively. Optical rotations were determined with a
Gyromat apparatus. The elementary analyses were carried out
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by the Service Central d'Analyses du CNRS (Vernaison,
France). Thin-layer chromatography (TLC) was performed on
silica-gel sheets 60F254 Merck and column chromatography
over silica gel 60 (Merck, 230-400 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-III.

1-Methylindole-3-acetonitrile 4a

To a stirred mixture of 492 g (3.15 mol) of indol-3-acetonitrile,
894 g (6.3 mol) of methyl iodide and 55.7 g of a 35% methano-
lic solution of triton B, was added dropwise 1260 mL of a 50%
aqueous solution of sodium hydroxide. The mixture was
further stirred for 3 h at room temperature then extracted with
diethylether. The extract was washed to neutrality, dried over
Na,SO,, filtered and concentrated to 1500 mL. The precipitate
of nitrile 4a formed upon cooling was filtered and dried (324 g,
60%), mp = 59-60°C. IR (KBr): 2240 cm-!, 'H NMR
(CDCly): 3.65 (s, 3H), 3.70 (s, 2H), 6.9-7.6 (m, 5H).

1-(1-Methylindol-3-yl)cyclopentanecarbonitrile 3t

A mixture of 164 g (0.96 mol) of nitrile 4a, 228 g (0.96 mol +
10%) of 1,4-dibromobutane, 150 mL of DMSO and 2400 mL
of diethylether was added dropwise to a stirred suspension of
84.5 g (1.92 mol + 10%) of sodium hydride (60% in oil) in
1200 mL of DMSO under a dry nitrogen atmosphere. The addi-
tion was adjusted to obtain a slight reflux of the reaction
medium. After the addition, the mixture was further stirred and
heated for 4 h; cold water (2000 mL) was then added and the
mixture was extracted with diethylether. The extract was washed
with water to neutrality, dried over Na,SO, and the solvent
evaporated. The residue thus obtained was washed with diiso-
propyloxide to give nitrile 3t as a white solid (133.2 g, 62%),
mp = 118-120 °C. IR (KBr): 2223 cm-!; 'TH NMR (CDCl;):
1.8-2.2 (m, 4H), 2.2-2.7 (m, 4H), 3.7 (s, 3H), 6.9-7.8 (m, SH).

1-(1-Methylindol-3-yl)cyclopentylmethylamine 2t

Under a nitrogen atmosphere, a solution of 101 g (0.45 mol) of
nitrile 3t in 760 mL of tetrahydrofuran was added dropwise to
a suspension of 25.6 g (0.45 mol) of LiAlH, in 680 mL of
diethylether so as to maintain a slight reflux of the reaction
medium. The mixture was heated at reflux for 4 h, and a 20%
aqueous solution of sodium hydroxide was then added. The
organic phase was decanted, dried over Na,SO, and the solvent
was evaporated. The amine 2t was thus isolated as an oil (70.5
8, 69%). IR (film): 3370 and 3380 cm-!.

N-(2,6-Diisopropylphenyl)-N'-[1-(1-methylindol-3-yl}]cyclo-
pentylmethylurea 1t

A mixture of 4.8 g (0.02 mol + 5%) of the amine 2t, 6.45 g
(0.02 mol) of 2,2,2-trichloro-N-(2,6-diisopropylphenyl)aceta-
mide and 8.3 g (0.06 mol) of K,CO; in 30 mL of DMF was
heated at 110 °C for 30 min. Water (200 mL) was then added
and the precipitate formed was filtered, washed with water and
dried (6.8 g, 79%), mp = 198-199 °C (CH,CO,C,H;). IR
(Kbr): 1638 cm-1; 1TH NMR (CDCl;): 0.9 (d, 12H), 1.5-2 (m,
8H), 3 (hept, 2H), 3.4 (gs, 2H), 3.4 (s, 3H), 3.8 (s, 1H), 5.8 (gs,
1H), 6.2 (s, 1H), 6.8-7.6 (m, 7H). Analysis: CyH;;N;0 (C, H,
N).

(% )-a-Butyl-1-methylindole-3-acetonitrile 3g

To a suspension of 12 g (0.3 mol) of sodium hydride (60% in
oil) in 200 mL of DMF was added a solution of 51.1 g
(0.3 mol) of 1-methylindol-3-acetonitrile 4a in 200 mL of
DME. During the addition, the temperature of the medium was

kept at 25 °C by ice cooling. The mixture was further stirred
for 3 h, a solution of 41.1 g (0.3 mol) of 1-bromobutane in
400 mL of DMF was then added dropwise while ice cooling.
The addition was adjusted to maintain the temperature of the
medium between 25 and 35 °C. The mixture was further stirred
for 4 h then cooled to 10 °C. Water was added until the precipi-
tation was complete; the precipitate was filtered, washed with
water and dried. The nitrile 3g was isolated as a white solid by
chromatography on silica gel (hexane/CH,Cl,: 5:1; 443 g,
65%), mp = 63-66°C (hexane). IR (KBr): 2235 cm!;
TH NMR (CDClLy): 0.7-2.3 (m, 9H), 3.7 (s, 3H), 4 (1, 1H),
7-7.8 (m, SH).

(£)-2-(1-Methylindol-3-yl)hexylamine 2g

A solution of 44.2 g (0.195 mol) of nitrile 3g in 300 mL of
diethylether was added dropwise to a suspension of 11.4 g (0.3
mol) of LiAlH, in 1000 mL of diethylether under dry nitrogen
atmosphere. The addition was adjusted to obtain a slight reflux
of the reaction medium. The mixture was then heated at reflux
for 2 h and treated with a 20% aqueous solution of sodium
hydroxide. The organic phase was then decanted, dried over
sodium sulfate and distillated. Amine 2g was thus obtained as a
beige oil (37.9 g, 84%), bp,s = 138-140 °C. IR (film): 3372
and 3297 cm-1; 'H NMR (CDCl;): 0.5-2 (m, 9H), 1 (s, 2H),
2.5-3.2 (m, 3H), 3.65 (s, 3H), 6.8 (s, 1H), 6.8-7.7 (m, 4H).

(+)-N-(2,6-Diisopropylphenyl)-N’-[2-(1-methylindol-3-yl)-
hexyllurea 1g

A mixture of 3.05 g (0.015 mol) of 2,6-diisopropylphenyliso-
cyanate and 3.6 g (0.0156 mol) of amine 2g in 30 mL of diiso-
propylether was stirred at room temperature for 16 h. The
precipitate obtained was filtered then washed with diisopropyl-
ether. The urea 1g was thus isolated as a white solid (2.5 g,
38.5%), mp = 143-145 °C (ethylacetate). IR (KBr): 1648 cm1;
IH NMR (CDCly): 0.7-2 (m, 21H), 2.8-3.6 (m, SH), 3.6 (s,
3H), 4 (s, 1H), 5.6 (s, 1H), 6.4 (s, 1H), 6.8-7.6 (m, 7H).
Analysis: C,gH3N;0 (C, H, N).

(=)-N-(2,6-Diisopropylphenyl)-N'-[2-(1-methylindol-3-yl}-
hexyljurea 1i

A 24 g (0.104 mol) portion of racemic amine 2g and 15.8 g
(0.104 mol) of R-(—)-mandelic acid were dissolved into 600 mL
of diethylether. The solution obtained was stirred at 20 °C for
3 h; the precipitate formed was filtered off and then crystallized
twice from ethyl acetate while the filtrate was kept in order
to prepare the corresponding enantiomeric amine 2h. The
(-)-2-(1-methylindol-3-yhhexylamine mandelate salt was thus
isolated as a white solid (6.8 g, 15%, mp = 115-116 °C).
Neutralization of the mandelate salt gave the levogyre enantio-
mer 2i of 2g. (83.3%), mp = 88-90 °C, [a]p?0 = —22.9° (C =3,
CHCl,).

The enantiomeric purity of 2i was measured from the HPLC
chromatogram of the urea formed by condensation with S-(-)-
a-methylbenzylisocyanate (83.3%), mp = 88-90°C, RT =
14.79 min, ee = 98%.

(-)-N-(2,6-Diisopropylphenyl)-N'-[2-(1-methylindo!-3-
yDhexyl]urea 1i was prepared by reaction with 2,6-diisopropyl-
phenylisocyanate according to the method described for
compound 1g (86.7%), mp = 138-142 °C (diisopropyloxide/
CH,CO,C,Hs 3:1), [0]p20 = -23° (C = 3, CHCly). Analysis:
CysHyN,O (C, H, N).

(+)-N-(2,6-Diisopropylphenyl)-N'-[2-(1-methylindol-3-yl)-
hexyl]urea 1h

The dextrogyre amine 2h was prepared with a 99.6% enantio-
meric excess in the same way as for 2i by neutralization of the



mother liquors obtained from the preparation of the (-)-2-(1-
methylindol-3-yl)hexylamine followed by salification with (+)-
mandelic acid and then neutralization. The urea 1h was ob-
tained in a 87.7% yield according to the operating sequence
used to prepare the urea 1i, mp = 138-142 °C (diisopropyl-
oxide/CH;CO,C,Hs 3:1), [a]p?0 = +23.6° (C = 3, CHCL,).
Analysis: C,3H3gN;O (C, H, N).

1-(1-Methylindol-3-yl)cyclopentanecarboxaldehyde 10

A 94.4 mL (0.094 mol) portion of a 1 N toluenic solution of
diisobutylaluminium hydride was added at —60 °C under dry
nitrogen atmosphere to a stirred solution of 13.3 g (0.059 mol)
of nitrile 3t in 230 mL of toluene. The mixture was further
stirred until its temperature reached room temperature then 50
mL of methanol and 230 mL of 3 N hydrochloric acid were
added. The solution was extracted with dichloromethane, the
extract was then washed with water, dried over sodium sulfate
and the solvent evaporated. A white solid was thus isolated
(7.1 g, 53%), mp = 69-70 °C. IR (KBr): 1714 cm-1; 'H NMR
(CDCl3): 1.4-3 (m, 8H), 3.7 (s, 3H), 6.9 (s, 1H), 6.9-7.6 (m,
4H), 9.4 (s, 1H).

1-(1-Methylindol-3-yl)cyclopentaneacetonitrile 9

A solution of 2.9 g (0.0134 mol) of the aldehyde 10 and 5 g of
2,4,6-triisopropylbenzenesulfonylhydrazide in 30 mL of tetra-
hydrofuran was stirred at room temperature for 3 h. The tetra-
hydrofuran was then evaporated and replaced by 30 mL of
methanol and 2.6 g (0.0402 mol) of KCN was added. The
mixture was heated at reflux for 4.5 h and then extracted with
dichloromethane/water. The extract was washed with aqueous
NaHCO;, dried over Na,SO, and the solvent evaporated. The
residue was chromatographed on silica-gel (dichloromethane).
Compound 9 was thus isolated as an oil (0.8 g, 25%). IR (film):
2250 cm-1; 'H NMR (CDCl,): 1.5-2.7 (m, 8H), 2.8 (s, 2H), 3.7
(s, 3H), 6.8-8 (m, 5H).

E.,Z-3-[1-(1-Methylindol-3-yl)cyclopentyl]acrylonitrile 8

Under a dry nitrogen atmosphere, diethylcyanomethylphospho-
nate (5.3 mL, 0.033 mol) was added between 20 and 25 °C to a
stirred suspension of 1.4 g (0.033 mol + 5%) of sodium hydride
(60% in oil) in 40 mL of tetrahydrofuran. A solution of 7.5 g
(0.033 mol) of aldehyde 10 in 40 mL of tetrahydrofuran was
then added and the mixture further stirred at room temperature
for 1 h and then heated at reflux for 2 h 30 min. Cold water was
added, the mixture was then extracted with diethylether, the
extract washed with water, dried over sodium sulfate and the
solvent evaporated. The residue was crystallized by dispersion
into hexane (6 g, 73%), mp = 57-59 °C. 'H NMR (CDCl,):
1.5-2.5 (m, 8H), 3.7 (s, 3H), 4.95 and 5.1 (dd, J, = 16.5 Hz,
J, =12 Hz, 1H), 6.6-7.7 (m, 6H).

3-[1-Methylindol-3-yl)cyclopentyl]propylamine 7b

A solution of 1.92 g (0.0077 mol) of nitrile 8 in SO mL of etha-
nol saturated with NH; was hydrogenated (150 bars) in the
presence of Raney nickel (1 g) at 50 °C for 5 h. The amine 7b
was isolated as an oil (1.65 g, 83.6%). IR (film): 2360 cm;
'H NMR (CDCl;): 0.8-3 (m, 16H), 3.6 (s, 3H), 6.7 (s, 1H),
6.8-7.6 (m, 4H).

Biology

Measurement of rabbit aortic microsomal ACAT

Male New-Zealand rabbits weighing 2-2.5 kg (Elevage Scien-
tifique des Dombes, Chétillon-sur-Chalaronne) were fed for
2 weeks a 1.25% cholesterol-enriched diet to activate ACAT in
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vivo. After sacrifice, 20 mL of 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 cholesterol 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-HCl 100 mM, saccharose 0.25%, KCl 150 mM, EDTA
2 mM, dithiothreitol 2 mM, adjusted to pH = 7.4 with HCl 1 N
(Buffer A).

The homogenate was first centrifuged for 10 min at 18 000 g
and at +4 °C. The supernatant was centrifuged for 2 h at
150 000 g and +4 °C. The microsome pellet was then taken up
with 200 uL Buffer A and kept in liquid nitrogen until use. An
aliquot was used to determine the protein level by the Lowry
method [28].

ACAT was measured according to Gillies and coworkers
[29]. 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 pg of plasma cholesterol). The
compound to be tested was then added (variable concentra-
tions, 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 {30]:
the organic phase containing 4C-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 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 SH-labelled cholesterol in the normo-
lipidaemic rat

Male Wistar rats weighing 200-220 g were randomized into
groups of six (one cage per group). Following an overnight
fasting, each animal was treated orally with a bolus of
3H-labelled cholesterol (la, 2a-3H-cholesterol, 750 kBq/kg)
dissolved in a 10% aqueous solution of bovine bile (Sigma
B3883). Three hours later, 1 mL of blood was withdrawn on
heparine 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 uL. sample by liquid scintillation (Dynagel
10 mL, counter Packard 1900 CA). This value (dpm/mL) was
used as measurement of the basic intestinal ACAT activity
(normolipidaemic animals).

Effect on the hypercholesterolaemic rat
Male Wistar rats weighing 160-180 g (IFFA Credo, Les
Oncins, Saint-Germain-sur-1’Arbresle) were randomized into
groups of six (one cage per group). They were fed a 2.5%
cholesterol-enriched diet for 8 days without restriction in order
to increase their blood cholesterol level and saturate their intes-
tinal ACAT activity.

The last 2 days of this diet period, each animal was orally
treated with the compound to be tested, 24 and 4 h before the
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sacrifice by total exsanguination (abdominal aorta puncture
under ether anaesthesia). After coagulation, the blood was
centrifuged for 30 min at 2000 g and the supernatant was with-
drawn to assay the plasmatic cholesterol level by cholesterol
oxidase. Hypercholesterolaemia was used as measurement of
the 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
(31].

The active compounds 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 regression models [31].

References

Kannel WB, Castelli WP, Gordon T (1979) Ann Intern Med 90, 85-91

The lipid research clinics coronary primary prevention trial results (1984)
J Am Med Assoc 251, 351-364 and 365-374

Frick MH, Elo O, Hampa K (1987) N Engl J Med 317, 12371245
Blankerhorn DH, Nessim SA, Johnson RL, San Marco ME, Azen SP, Cashin-
Hempill L (1987) J Am Med Assoc 257, 3233-3243

Suckling KE, Stange EF (1985) J Lipid Res 26, 647-671

Sliskovic DR, White AD (1991) Trends Pharm Sci 12, 194-199

Heider JG, Pickens CE, Kelly LA (1983) J Lipid Res 24, 1127-1134

™~

N0 bW

oc

10
11
12
13

14
15
16
17
18

19
20

21
22
23

24
25
26

27
28

29

30
31

Helgerud P, Soarem K, Morum KR (1981) J Lipid Res 22, 271-277

Krause BR, Anderson M, Bisgaier CL et al (1993) J Lipid Res 34, 279-294
Brown MS, Goldstein JL (1983) Ann Rev Biochem 52, 223-261

Hashimoto S, Dayton S (1977) Atheroscierosis 28, 447-452

Bell F, Schaub RG (1986) Arteriosclerosis 6, 4249

Del Boccio G, Lapenna D, Porreca E, Pennelli A, Savini F (1990)
Atherosclerosis 81, 127-135

Ross R (1986) New Eng J Med 314, 488-500

Matsuda K (1994) Med Res Rev 14, 271-305

Sliskovic DR, Trivedi BK (1994) Cur Med Chem 1, 204225

Geismann TA, Armen A (1952) J Am Chem Soc 74, 3916-3920

Gaddun JH, Hameed KA, Hathway DE, Stephens FF (1955) Quart J Exptl
Physiol 40, 49-74

Desaty D, Keglevic D (1965) Croat Chem Acta 37, 25-36

Colwell WT, Homer JK, Skinner WA (1964) US Dept Com Office Tech Serv
AD 435889; Chem Absir 63, 11763

Sterling Drug Inc (1964) Belgian patent 659467; Chem Abstr 64, 2099
Thesing J, Binger P (1957) Chem Ber 90, 1419-1424

Largis EE, Wang CH, De Vries VG, Schaffer SA (1989) J Lipid Res 30,
681-690

Roth BD, Blankley CJ, Hoefie ML et al (1992) J Med Chem 35, 1609-1617
Trivedi BK, Holmes A, Stoeber TL et al (1993} J Med Chem 36, 3300-3307
Trivedi BK, Purchase TS, Holmes A et al (1994) J Med Chem 37, 1652—
1659

Roark WH, Roth BD, Holmes A et al (1993) J Med Chem 36, 1662-1668
Lowry OH, Randall RJ, Rosenbrough NG, Farral L (1951) J Biol Chem 193,
265-275

Gillies PJ, Rathbert KA, Perri MA, Robinson CS (1986) Exp Mol Pathol 44,
329-339

Folch J, Lees M, Sloane-Stanley (1957) J Biol Chem 226, 497-509

Delaunois AL (1973) In: Biostatistics in Pharmacology, Pergamon Press, UK



