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Synthesis of 4-[1-(substituted phenyl)-2-oxo-pyrrolidin-4-yljmethyloxybenzoic
acids and related compounds, and their inhibitory capacities
toward fatty-acid and sterol biosyntheses
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Summary — The synthesis of a series of 4-[1-(substituted phenyl)-2-oxo-pyrrolidin-4-yllmethyloxybenzoic acids and related
compounds, and their evaluation for inhibitory capacity toward fatty-acid and sterol biosyntheses using rats’ liver slices in vitro and
rabbits in vivo, are described. Among the compounds synthesized, 7e, 7g, 7h, 7i, 7k, 7r, 21, 23 and 29a, b showed a potent inhibitory
activity toward fatty-acid and sterol biosyntheses. Their IC5es were 4.4-6.8 x 10-6 M and 6.6-9.8 X 10-6 M, respectively. These
activities were always superior to those of compounds I, I, I and Clinofibrate as references. The inhibitory activity toward the sterol
biosynthesis of these compounds was inferior to that of Pravastatin. The reducing effects of the representative compounds (7e and 71)
toward plasma cholesterols and triglyceride were evaluated in Japanese white rabbits (30 and 100 mg/kg, po) and compared with
those of Clinofibrate and Pravastatin. The compounds showed a similar hypocholesterolemic effect to Pravastatin and a more potent
hypotriglycemic effect than Clinofibrate and Pravastatin in this animal model. Thus, a dual action of hypolipidemic effects was noted
in 7e and 71 compared with the references.
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Introduction

It is well known that an elevated serum level of total
cholesterol is a factor etiologically related to athero-
sclerotic vascular diseases, particularly coronary heart
diseases (CHD) [1-6]. However, the relationship
between serum levels of triglyceride and CHD was
recently clarified by an epidemiological survey in the
Framingham Heart Study [7] and the Helsinki Heart
Study [8] of hypertriglyceridemia as a risk factor of
CHD. The role of elevated triglyceride levels com-
bined with hypercholesterolemia in the development
of CHD is supported by evidence from numerous epi-
demiological studies and reports [7-11]. A decrease in
plasma cholesterol and triglyceride levels is thus
important for reducing the incidence of CHD. We
were thus prompted to investigate a novel hypolipi-
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demic agent, which reduced both plasma cholesterol
and triglyceride levels. Since it is recognized that the
liver is the major site of fatty-acid and sterol bio-
syntheses, a compound with inhibitory capacities
toward both of these biosyntheses is attractive as a
novel hypolipidemic agent.
4-[2-(4-Isopropylbenzoylamino)ethoxy]benzoic
acid (II) [12, 13] and 4-(4-chlorobenzyloxy)benzoic
acid (III) [14, 15] were previously reported as
hypolipidemic agents possessing inhibitory effects
toward both of these biosyntheses. We have also
reported 4-[3-(phenylamino)propyloxylbenzoic acid
(I) [16], which has a similar mechanism. To develop
structurally diverse, yet biologically potent, alterna-
tives to these compounds (I, II and III), efforts were
made to replace the linear linkages between the
benzene ring on the left-hand side and the benzoic
acid moiety of compounds I, IT and III with hetero-
cyclic ring components containing a nitrogen atom in
the ring as shown in figure 1. We believed that the
introduction of cyclic components involving hetero-
cyclic ring systems instead of linear linkages would
fix the stereo-structure of the test compound. If this
stereo-structure fits the target enzyme then its intro-
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1 Linkage parts

Fig 1. Linkages in compounds I-IV.

duction would lead to an increase in inhibitory
activity. Thus, 2-oxo-pyrrolidine, 2-oxo-piperidine,
pyrrolidine and piperidine components were adopted
as heterocyclic ring systems in the linkage of
compound IV. Here we wish to report the syntheses
of compound IV, which contains heterocyclic ring
components as linkages, and their inhibitory activity
toward fatty-acid and sterol biosyntheses in vitro
using rats’ liver slices and their hypolipidemic effects
(7e and 71) in rabbits in comparison with Clinofibrate
[17] and Pravastatin [18] references.

Chemistry

The intermediates and compounds were prepared as
racemates according to schemes 1-6 and tables I-IL
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The general method used to construct the lactam ring
(pyrrolidone and piperidone components) involved
Michael additions of methylenesuccinic acid or
methyleneglutaric acid [19] with aniline derivatives 1
and subsequent ring closure to lactam according to the
method of Paytash [20] (see schemes 1 and 2). Methyl
benzoate derivatives, precursors of final target mole-
cules, were prepared by coupling of phenol deriva-
tives with mesylates 5, 11, 17 and 27. Most of the
compounds in this study were synthesized as shown in
scheme 1.

1-Phenylpyrrolidine-3-carboxylic acids 2g-r and
the known compounds, 2a [21], 2b—g, 2m, 2n and
2q [20], were prepared by heating a mixture of appro-
priate aniline with itaconic acid. Acids 2a-r were
esterified in the presence of catalytic conc H,SO, in a
solution of methanol and dichloromethane to give the
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Scheme 1. Reagents: a) itaconic acid, A; b) MeOH, catalytic conc H,S0,, CH,Cl,; ¢} MaBH,, THF/MeOH; d) MsCl, E;N,
CH,Cl,; ¢) R1Br, K,CO;, DMF,; f) 4-HOC¢H,CO,CH,, K,CO,, DMF; g) KOH, MeOH/H,U.
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Scheme 2. Reagents: a) 10% Pd-C, H,, MeOH/CHCl;; b) KOH, MeOH/H,0.
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Scheme 3. Reagents: a) H,OCC(=CH,)CH,, CH,CO,H, A;
b) MeOH, catalytic conc H,SO,, CH,Cl,; c¢) NaBH,,
THF/MeOH; d) MsCL EtN, CH,Cl,; e) 4-HOCH,-
CO,CH;, K,CO,, DMF; f) KOH, MeOH/H,0.

esters 3a-n and 3s—v. Methyl 1-(alkoxyphenyl)-5-
oxo-pyrrolidine-3-carboxylates 3o0-r were prepared
by alkylation with 3m and appropriate alkyl bromides
in the presence of anhydrous potassium carbonate
(K,CO,) in N,N-dimethylformamide (DMF). Reduc-
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tion of methylester 3 by sodium borohydride (NaBH,)
gave the hydroxymethyl derivatives 4, which were
esterified by methanesulfonyl (mesyl) chloride in the
presence of triethylamine in dichloromethane to
afford 5. Without purifying §, its coupling with
4-hydroxybenzoate under anhydrous K,CO; in DMF
gave 6a-1 and 6n-v, which were converted into the
target-free acids, 7a—1 and 7n-v by alkaline hydrolysis
(scheme 1). Compound 7m, which contains the
4-hydroxyphenyl moiety, was obtained through the
benzyl deprotection of 6r by catalytic hydrogenation
over 10% palladium-carbon (Pd-C), followed by
alkaline hydrolysis of 6m (scheme 2).

The preparation of target molecule 13 containing
the 2-oxo-piperidine moiety is outlined in scheme 3.
The condensation of 4-chloroaniline le with 2-
methyleneglutaric acid [19] and heating gave 1-(4-
chlorophenyl)-6-oxo-piperidine-3-carboxylic acid 8.
Target-free acid 13 was prepared through the general
sequence 8 — 9 — 10 — 11 — 12 — 13 in a manner
similar to the preparation of 7.

The synthesis of the target molecule, 2-[4-[1-(4-
chlorophenyl)-2-oxo-pyrrolidin-4-yl]ethyloxy]benzoic
acid 19, is shown in scheme 4. The condensation of
mesylate 5e with sodium cyanide in DMF afforded
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Scheme 4. Reagents: a) NaCN, DMF; b) NaOH, EtOH/H,O; ¢) MeOH, catalytic conc H,SO,; d) NaBH,, THF/CH,Cl,;
e) MsCl, Et;N, CH,Cl,; ) p-HO/C,H,CO,CH;, K,CO,;, DMF; g) KOH, MeOH/H,0.
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Scheme 5. Reagents: a) 4-HOC,H,CH=CHCO,CH,, K,CO,;, DMF; b) KOH, MeOH/H,0; ¢) 10% Pd-C, H,, AcOEt; d) 2- or
3-HOC,H,CO,CHs;, K,CO,;, DMF. (a: -CO,CH; at 2-position; b: -CO,CHj at 3-position).
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Scheme 6. Reagents: a) LiAlH,, THF; b) MsCl, Et;N,
CH,Cl,; ¢) 4-HOC,H,CO,CH,, K,CO,, DMF; d) KOH,
MeOH/H,0.

the cyanomethyl 14. Alkaline hydrolysis of 14, and
subsequent esterification with methanol gave the
methyl acetate 15. Target-free acid 19 was prepared
through the reduction of 15 with NaBH,, methane-
sulfonylation (mesylation) of 16 with mesyl chloride,
coupling of 17 with 4-hydroxybenzoate, and alkaline
hydrolysis of 18.

The preparations of the cinnamic acid analogue 21,
the phenylpropionic acid analogue 23 and the regio-
isomeric compounds 25a, b with the 4-substituted
benzoic acid analogue 7 are outlined in scheme 5. The
cinnamic acid analogue 21 was prepared by coupling
Se with methyl 4-hydroxycinnamate [22] under
anhydrous K,CO; in DMF, followed by alkaline
hydrolysis of 20. The phenylpropionic acid analogue
23 was prepared by a catalytic hydrogenation of 20
over 10% Pd-C, followed by alkaline hydrolysis of
22. Regioisomers, 24a and 24b were synthesized by

coupling Se with methyl 2- or 3-hydroxybenzoates,
respectively. Alkaline hydrolysis of 24a and 24b gave
the target acids 25a and 25b, respectively.

The preparations of compounds 29a and 29b are
outlined in scheme 6. The reduction of 2 functional
groups (carbonyl and carboxyl groups) on 2e and 8
was performed with lithium aluminum hydride
(LiAIH,) in tetrahydrofuran (THF) to give 26a and
26b, respectively. Target-free acid 29 was prepared
through a mesylation of 26, followed by coupling of
27 with methyl 4-hydroxybenzoate and alkaline
hydrolysis of 28.

Results and discussion

The target compound, 4-[1-(substituted phenyl)-2-
oxo-pyrrolidin-4-ylJmethyloxybenzoic acids 7 and
related compounds 13, 19, 21, 23, 25 and 29 were
obtained in fair yields as shown in table II and the
Experimental protocols. The inhibitory activities of
these compounds toward fatty-acid and sterol bio-
syntheses in vitro were evaluated by measuring the
rate of conversion of [14CJacetate to fatty acids and
sterols using rats’ liver slices according to Bortz [23]
or Tsujita [18]. Biological activities are reported as
the ICs, values in table III. The structure—activity
relationships of the target compounds were studied
and compared with compounds L, II, III, Clinofibrate
[17] and Pravastatin [18] as references for the
inhibitory capacities toward fatty-acid and sterol
biosyntheses. Most of the 2-oxo-pyrrolidine analogues
showed inhibitory activities of the order of 105 M to
10-6 M (ICs,) toward fatty-acid and sterol biosyn-
theses.

Although the compounds synthesized had only
narrow inhibitory activity ranges for fatty-acid and
sterol biosyntheses, we determined the following
structure—activity relationships from the results
obtained. The compounds 7b, 7e—i and 7k, which
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Compound R Yield (%) Mp (°C) Formula Analr
2a H 93.3 192-194 C H;NO, b
2b 4-F 80.6 169-172 C, H,,FNO, -
2¢ 2-Cl 58.6 143-145 C;H,;(,CINO, -
2d 3-C1 97.7 130-132 CyH;(CINO, -
2e 4-Cl1 93.5 138-139 C,H,,CINO;, —c
2f 4-Br 86.0 170-173 C,,H,,BrNO; <
2g 4-CH, 96.9 185-187 C,H;;NO, <
2h 4-C,H; 88.3 144-146 13HsNO; C,H,N
2i 4-C;H; 90.9 129-132 1aH;NO; C,H,N
2j 4-iC5H, 84.6 166-168 1«H;NO; C,HN
2k 4-C,H, 94.5 133-135 15H1oNO; C,H N
21 4-1C,H, 95.1 208209 15H;oNO5 C,H. N
2m 4-OH 93.5 201204 C, H;NO, —c
2n 4-OCH; 94.6 171-172 C,H{3NO, -
20 3,4-OCH,0O 91.3 171-173 C,H;NOs C,H,N
2p 3,4-(CD), 83.7 165-168 C Hy,CLNO, C,H,N
2q 2-OCH,, 5-Cl1 65.8 193-195 C,H,,CINO, —
2r 3,5-(CH;), 90.2 172-175 CHsNO, C,H,N
3a H 90.5 68-69 C,,H,;NO, C,H N
3b 4-F 98.2 93-95 C,H,,FNO, C,H,N
3c 2-Cl 94.3 —d C,,H,,CINO, -
3d 3-C1 90.6 —d C,,H,,CINO, -
3e 4-Cl1 92.6 85-87 C,H,,CINO, C,HN
3f 4-Br 91.5 6668 C;,H;,BINO, C,H,N
3g 4-CH, 95.2 72-74 13H{sNO, C,H,N
3h 4-C,H;, 93.2 54-55 C,H;NO;-1/10H,0 C,H,N
3i 4-C;H;, 96.7 —d CsH oNO, -~
3j 4-iC;H, 92.3 —d C,sH gNO, —e
3k 4-C,H, 95.5 —d Ci¢H, NO4 -
31 4-1C,H, 98.4 114-115 16H21NO; C,H,N
3m 4-OH 94.7 —d C,H;;NO, —e
3n 4-OCH;, 89.3 84-86 C;:H;sNO, C,H. N
30 4-OC,H, 91.4 67-69 C.H;-NO,1/10H,0 C,H N
3p 4-OC;H, 96.1 6869 CisHgNO, C,H N
3q 4-0-iC,H, 97.3 —d C,sH(NO, &
3r 4-OCH,CH; 96.0 112-114 CoH(NO, C.H,N
3s 3,4-OCH,0- 91.5 144-146 13H3NO; C,H,N
3t 3,4-(Cl), 99.0 110-113 C,H,,CL,NG; C,H,N
3u 2-OCH;, 5-C1 95.9 -4 C3H,,CINO, -
3v 3,5-(CH;), 98.4 74-75 1aH;NO; C,H.N
4a H 95.5 91-92 CHiz:NO, C,H,N
4b 4-F 99.0 —d C;H,,FNO, —e
4c 2-Cl 98.5 —d CH,CINO, -
4d 3-C1 99.5 —d C,H,,CINO, —-
4e 4-C1 99.0 88-87 C,;H,,CINO, C,H N
4f 4-Br 72.6 79-82 CiH,BtNO,.1/10H,O C,H,N
4g 4-CH, 98.3 107-110 C,H,5sNO,-1/10H,0 C,H,N
4h 4-C,H; 81.1 55-57 C3H;NO,.1/5H,0 C,H,N
4i 4-C,H, 99.1 —d C,H,;;NO, -
4j 4-iC;H, 98.3 66—68 C,H;;NO,-1/5H,0 C,H,N
4k 4-C,H, 99.7 —d 15H,;NO, -
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Table I. Continued.

Compound R Yield (%) Mp (°C) Formula Anal?
41 4-1C,H, 98.5 89-90 C,sH,,NO, C,H,N
4m 4-OCH, 98.8 105-107 C,H | sNO; C,H,N
4n 4-OC,H; 96.2 104-106 C5H;NO; C,H,N
40 4-OC;H, 99.3 —d C,,H;oNO; —
4p 4-0-iC3H; 99.0 —d 1aH oNO; —
4q 4-OCH,C4H; 94.5 108-110 C,H,oNO; C,H,N
ar 3,4-OCH,0- 98.9 111-114 C,,H,;NO, C,H,N
4s 3,4~(Cl), 99.0 —d C,H;,CLLNO, —e
4t 2-OCH,, 5-C1 98.2 —d C,,H,,CINO, —e
4u 3,5-(CH,), 98.5 132-133 C5H;NO, C,H,N
6a H 79.5 114-116 C,oH;oNO,+1/4H,0 C,H,N
6b 4-F 54.9 114-116 C1oHsFNO, C,H,N
6c 2-Cl 80.4 77-78 C,oH sCINO, C,H,N
6d 3-Cl 81.3 90-91 C,oH,5CINO, C,H,N
6e 4-C1 61.6 122-124 C1oH CINO, C,H,N
6f 4-Br 64.0 130-132 C,oH ¢BrNO, C,H,N
6g 4-CH, 89.5 110-112 C,oH,NO, C,H,N
6h 4-C,H, 57.4 87-88 C,H,;NO, C,H,N
6i 4-C3H; 77.4 97-98 C,,H,sNO, C,H,N
6j 4-iCH, 87.2 104-105 CpH,sNO,-1/5H,0 C,H,N
6k 4-C,H, 92.5 83-85 C,;H,,NO, C,H,N
6l 4-rC,H, 89.3f 142144 C,;H,,NO, C,H,N
6m 4-OH 93.8f 141-143 C1oH oNOs1/5H,0 C,H,N
6n 4-OCH, 87.7 109-111 CyoH,, NO; C,H,N
60 4-OC,Hs 79.8 117-118 C,,H,3NO; C,H,N
6p 4-OC,H, 79.3 104-105 Co,H,sNO; C,H,N
6q 4-0-iC,H, 82.1 99~100 CaHy5NO5 C,H,N
6r 4-OCH,C¢H; 86.3 124-126 CogH,sNO; C,H, N
6s 3,4-OCH,0- 57.6 157-159 CooH gNO1/5H,0 C,H,N
6t 3,4-(Cl), 68.2 124-127 CoH;CLLNO, C,H,N
6u 2-OCH;, 5-Cl 88.5 105-106 C,oH,CINO, C,H,N
6v 3,5-(CHy), 89.2 147-148 C, Hp3NO, C,H,N

aAnalytical results were within + 0.4% of the theoretical values unless otherwise noted; bsee reference [21]; csee reference
[20]; 9compounds obtained as a viscous oil; ccompounds assigned by 'H-NMR; fall compounds 6, except for 6l and 6m, were
obtained from 4; 61 and 6m were obtained from 5l and 6r, respectively.

have a halogen atom and straight alkyl-chain
substituents at the 4-position on the benzene ring,
showed potent inhibitory activities toward both fatty-
acid and sterol biosyntheses. However, unsubstituted
compounds 7a and halogenated compounds 7c¢ and 7d
at the 2- or 3-position on the benzene ring tended to
decrecase slightly the inhibitory activity of the sterol
biosynthesis, whereas that of fatty-acid biosynthesis
was retained. Moreover, in compounds 7j and 71 with
bulky alkyl substituents and compounds 70—q
(except 7n) with alkoxy substituents, the same ten-
dencies were observed. From these results, it was
suggested that the effects of both inhibitory activities
did not depend upon an electron-donating or electron-
withdrawing nature (for example, 7e-g and 7e—0).
For the disubstituted compounds (7s—v), the intro-
duction of a substituent at the 2-position on the
benzene ring decreased both inhibitory activities (see,

for example, 7u and 7v). Potent inhibitory activity
against both fatty-acid and sterol biosyntheses
requires a mono-substituent at the 4-position on
the benzene ring with the exception of 4-alkoxy
substituents, which do not cause activity. Thus,
substituents at the 4-position focused on 4-Cl and
further structure—activity relationships were studied
on several derivatives (13-29b). Ring expansion of
2-oxo-pyrrolidine nucleus (7e) into 2-oxo-piperidine
nucleus (13) and extension of the alkyl chain on the
4-position of 2-oxo-pyrrolidine ring in 7e to
compound 19 retained the inhibitory potency of fatty-
acid biosynthesis, but considerably reduced the
inhibitory activity toward sterol biosynthesis.
Replacement of the benzoic acid analogue (7e) by
cinnamic acid (21) or phenylpropionic acid analogues
(23), or replacement of the 2-oxo-pyrrolidine (7e) or
2-oxo-piperidine (13) moiety by the pyrrolidine (29a)
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Compound R Yield (%) Mp (°C) Formula Anal?
7a H 94.9 198-199 C,gH7NO, C,H,N
7b 4-F 98.8 230-232 CigH (FNO, C,H,N
Tc 2-Cl 83.9 220-222 C,gH,CINO,-1/2H,0 C,H,N
7d 3-Cl 911 221-223 CgH;cCINO, C,H,N
Te 4-Cl 93.5 214-215 CgH,cCINO, C,H,N
7t 4-Br 90.8 218-220 CgH(BrNO, C,H,N
7g 4-CH, 91.7 212213 CioH (NO, C,H,N
7h 4-C,Hs 93.7 195-197 C,oH, NO, C,H,N
7i 4-C;H; 95.0 193-195 C,H,;3NO, C,H,N
7j 4-iC;H; 96.9 209-210 C,;Hy3NO, C,H,N
7k 4-C,H, 93.2 186-188 Cy,H,sNO, C,H,N
71 4-1C,H, 98.1 258-260 C,,H,5sNO, C,H,N
7m 4-OH 99.1 247-249 C;sH;NOs1/4H,0 C,H,N
Tn 4-OCH,4 85.1 193-195 CoH oNO4 C,H,N
70 4-OC,Hs 99.8 218-220 CyoH,NO; C,H,N
7p 4-OC;H, 99.0 197-198 C,1H,3NO4 C,H,N
7q 4-0-iC3H, 99.5 186188 C,;H,5NO; C,H,N
r 4-OCH,C4H; 97.3 208-210 25H73NO5 C,H,N
7s 3,4-OCH,0- 95.2 236-238 CioH7NOy C,H,N
7t 3,4-(Ch), 95.4 240-242 CgH sCLNO, C,H,N
Tu 2-OCH;, 5-C1 92.0 172-173 CyoH 5CINO; C,H,N
7v 3,5-(CH3), 98.6 215-217 CyoH, NO, C,H,N

aAnalytical results were within  0.4% of the theoretical values.

or piperidine (29b) moiety, respectively, retained
both inhibitory activities around ICs, 106 M.
Exchanging the benzoic acid moiety at the 4-position
(R") on the benzene ring in 7e for a 2- or 3-position
moiety caused a large decrease in both inhibitory acti-
vities.

Among all the compounds, 7e, 7g-i, 7k, 7r, 21, 23
and 29a showed the most potent activities with a good
balance between the inhibition of fatty-acid and sterol
biosyntheses. The ICs, of these compounds were on
average 106 M, slightly higher than that of I, IT and
III. Moreover, these compounds were more potent
than Clinofibrate. However, the inhibitory activity
of these compounds toward sterol biosynthesis was
less potent than that of Pravastatin. The inhibitory
activities toward sterol and fatty-acid biosyntheses of
all of the synthesized compounds were first measured
using rats’ liver slices. Furthermore, the inhibitory
activities of a representative compound (71) toward
partially isolated HMG-CoA reductase and acyl-CoA
carboxylase were recently identified in our laboratory.
(These inhibitory activities and the details of the

mechanism of action against these enzymes will be
presented in another communication in the near
future.) In farther investigations, in order to certify the
hypolipidemic effects in vivo, the representative
compounds, 7e and 71, were selected as the high and
middle activity compounds in vitro, respectively. It is
generally known [24] that in the case of the in vivo
evaluation of the hypolipidemic activities of com-
pounds based on the inhibition of sterol biosynthesis,
the use of rabbits or dogs is preferable to the use of
rodents. Thus, the evaluation of the hypolipidemic
effect of 7e and 71 was carried out at 2 doses (30 and
100 mg/kg) in rabbits according to the method of
Okada [25] and compared with Clinofibrate (100 mg/ kg)
or Pravastatin (30 mg/kg). These data are shown in
table IV.

When 7e and 71 were orally administered at
100 mg/kg/d, plasma cholesterol and triglyceride
levels were reduced on day 10 by about 30-44% and
34-35%, respectively. However, the hypolipidemic
effects at 30 mg/kg were poor on day 10. The hypo-
cholesterolemic activity of these compounds at
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Table IIIL. Biological data of compounds 7, 13, 19, 21, 23, 25 and 29.
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Compound R X m n R’ Inhibition of biosynthesis (UM )2
Fatty acids Sterols

7a H 0 1 1 4-CO,H 8.1 19.1
7b 4-F 0 1 1 4-CO,H 8.0 9.5
Te 2-Cl 0 1 1 4-CO,H 9.1 24.1
7d 3-Cl 0 1 1 4-CO,H 8.6 21.2
Te 4-Cl1 0 1 1 4-CO,H 6.2 7.5
7f 4-Br 0 1 1 4-CO,H 6.2 9.3
g 4-CH,4 0 1 1 4-CO,H 6.7 7.9
7h 4-C,Hs 0 1 1 4-CO,H 6.4 8.6
7i 4-C;H, 0 1 1 4-CO,H 4.2 7.8
7§ 4-iC;H, 0 1 1 4-COH 7.6 15.5
7k 4-C,H, 0 1 1 4-CO,H 5.9 7.5
71 4-1C,H, 0 1 1 4-CO,H 53 12.0
7m 4-OH 0 1 1 4-CO,H 6.0 19.2
7n 4-OCH; 0 1 1 4-CO,H 17.9 34.2
70 4-OC,H; 0 1 1 4-CO,H 8.6 18.2
p 4-OC;H, 0 1 1 4-CO,H 8.6 194
7q 4-0-iC4H; 0 1 1 4-CO,H 7.3 31.1
r 4-OCH,C¢Hs 0 1 1 4-CO,H 5.9 9.8
7s 3, 4-OCH,0O- 0 1 1 4-COH 94 24.7
7t 3,4-(Cl), 0 1 1 4-CO,H 7.7 10.5
7u 2-OCHj,, 5-Cl 0 1 1 4-CO,H 25.6 43.4
v 3,5-(CH,), 0 1 1 4-CO,H 16.5 30.6
13 4-Cl1 0 1 2 4-CO,H 8.9 23.0
19 4-C1 0 2 1 4-CO,H 8.5 > 50
21 4-C1 0 1 1 4-CH=CHCO,H 4.4 6.6
23 4-Cl1 0 1 1 4-CH,CH,CO,H 6.0 7.4
25a 4-Cl1 0 1 1 2-CO,H > 50 > 50
25b 4-Cl1 0 1 1 3-CO,H 44.6 > 50
29a 4-Cl1 H, 1 1 4-CO,H 6.7 8.6
29b 4-C1 H, 1 2 4-CO,H 6.0 9.6
I 8.2 19.1
II 7.1 32.8
m 15.8 33.1
Pravastatin > 500 0.2
Clinofibrate 81.4 > 500

aSee Experimental protocols.
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Table IV. Hypolipidemic effects on Japanese white rabbits of 7e and 7t in comparison with Pravastatin and Clinofibrate.

Compound Dose? (mg/kg) % of reduction from control valueb
3d 10d
TCe TGd TCe 7G4
Te 30 12.1 12.1 2.1 -7.4
100 342 24.5 44.2 33.9
71 30 24.0 14.3 18.1 18.2
100 29.7%* 40.2%%* 29.1%%* 35.4%
Pravastatin 30 39.2% -0.2 46.4% —14.2
Clinofibrate 100 6.6 -1.3 1.5 27.9

aQrally administered once a day for 10 d; Pthe student’s ¢-test was used for the statistical calculations, statistically significant at
*P < 0.05, **P < 0.01; ctotal cholesterol in plasma; diriglyceride in plasma.

100 mg/kg was similar to that of Pravastatin at
30 mg/kg and the hypotriglycemic activity of these
compounds was better than that of Clinofibrate at the
same dose. The inhibitory activities of 7e and 71 were
lower than Pravastatin by a factor of 1/60-1/37 (ICs,
= 0.2 x 10-¢ M), but the hypocholesterolemic activity
of these compounds was nearly the same. The reason
for this is suggested by the pharmacokinetics as
follows. The plasma and liver concentrations of 71 in
rabbits (n = 3) were measured simultaneously during
an in vivo study, before feeding and after final oral
administration (dose: 71; 100 mg/kg, Pravastatin;
30 mg/kg, for 10 d) of the compounds. The plasma
and liver concentrations were 3.4 + 1.5 pg/ml, 23.0 +
1.2 ug/g for 71 and < 0.1 pg/ml, < 0.1 ug/g for
Pravastatin, respectively. As can be seen from the
above data, the plasma and liver concentrations of 71
were higher than that of Pravastatin. Therefore, in
spite of the lower inhibitory activity in vitro of 71
toward sterol biosynthesis in comparison with Pra-
vastatin, the cholesterol-lowering effect of 71 in vivo
was nearly equal to that of Pravastatin.

Conclusions

4-[1-(Substituted phenyl})-2-oxo-pyrrolidin-4-ylJmethyl-
oxybenzoic acids and related compounds were
prepared and evaluated for their abilities to inhibit
fatty-acid and sterol biosyntheses using rats’ liver
slices in vitro. The compounds 7e, 7g—i, 7k, 7r, 21, 23
and 29a showed potent inhibitory activities for fatty-
acid and sterol biosyntheses. These compounds were

also slightly more potent than compounds I, II and
III, and more potent than the reference Clinofibrate.
Compound 21 was the most potent, having ICs, of
44 x 106 M and 6.6 x 10-¢ M for the inhibition of
fatty-acid and sterol biosyntheses, respectively.
Several compounds possessing inhibitory capacities
toward both biosynthetic pathways in vifro were
found in this series. Moreover, from the results of the
in vivo study on 7e and 71, we found that these
compounds had dual action, reducing both plasma
cholesterols and triglycerides, a feature not possessed
by Clinofibrate or Pravastatin. Toxicological evalua-
tion of the potent compounds in vitro and in vivo has
led us to select compound 71 as a candidate for further
development.

Experimental protocols
Chemistry

Melting points were obtained on a Yanagimoto micromelting
apparatus and are uncorrected. 'H-NMR spectra were recorded
on a Hitachi R-90H spectrometer using tetramethylsilane
(TMS) as an internal standard. Chemical shifts are expressed as
O values (ppm). Elemental analysis were carried out with a
Yanagimoto C, H, N Corder MT-2.

1-(4-t-Butylphenyl)-5-oxo-pyrrolidine-3-carboxylic acid 21

The title compound 21 was prepared from itaconic acid (9.1 g,
70 mmol) and 4-t-butylaniline (10.4 g, 70 mmol) according to
the method of Paytash [20] and Anschiitz [21]. Yield: 17.3 g,
95.1%; mp: 208-209°C. The other compounds 2a—k and 2m-r
were prepared by the same method as 21 using appropriately
substituted anilines. Physical and chemical data are listed in
table I.
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Methyl 1-(4-t-butylphenyl)-5-oxo-pyrrolidine-3-carboxylate 31
Catalytic conc H,SO, (0.3 ml) was added to a solution of 2]
(16.1 g, 61.7 mmol) in dichloromethane (80 ml) and methanol
(25 ml). The reaction mixture was refluxed for 14 h and
evaporated in vacuo. The residue was triturated with water, the
resulting precipitate was collected and washed with sodium
bicarbonate solution to give the ester 3l (16.7 g, 98.4%) as a
white solid; mp: 114-115°C; 1H-NMR (CDCl;) 6 1.31 (9H, s),
2.81-2.92 (2H, m), 3.21-3.57 (1H, m), 3.77 (3H, s), 4.00-4.11
(2H, m), 7.31-7.56 (4H, m); anal C,;H,,NO; (C, H, N).

The other compounds 3a-k, 3m, 3n and 3s-v were
prepared by the same method as 3l. In the cases of 3¢, 3d,
3i-3k, 3n and 3u, after the trituration with water, the whole
was extracted with chloroform, the organic layer was dried
(MgS0O,) and evaporated in vacuo. The crude product was
purified by column chromatography to give the ester 3.
Physical and chemical data are listed in table 1.

Methyl 1-(4-ethoxyphenyl)-5-oxo-pyrrolidine-3-carboxylate 30
A mixture of 3m (5.0 g, 21.3 mmol), ethyl bromide (3.0 g,
27.5 mmol) and potassium carbonate (4.5 g, 32.6 mmol) in
DMF (50 ml) was stirred for 12 h at 80°C. The reaction
mixture was evaporated in vacuo. The residue was triturated
with ice-water, the resulting precipitate was collected and
washed with water to give 30 (5.1 g, 91.4%) as a white solid;
mp: 67-69°C; 'H-NMR(CDCl;) & 1.40 (3H, t, J = 6.9 Hz),
2.85-2.91 (2H, m), 3.30-3.42 (1H, m), 3.78 (3H, s), 3.96-4.11
(4H, m), 6.89 (2H, d, J = 9.0 Hz), 7.45 (2H, d, J = 9.0 Hz); anal
C,.H;;NO, (C, H, N).

The other compounds 3p-r were prepared by the same
method as 3o. Physical and chemical data are listed in table I,

1-(4-1-Butylphenyl)-4-hydroxymethyl-2-oxo-pyrrolidine 41
Methanol (17.6 ml) was added dropwise to a suspension of 31
(16.5 g, 60 mmol) and sodium borohydride (NaBH,) (2.5 g,
66 mmol) in THF (100 ml) under refluxing. The reaction
mixture was stirred for 2 h at the same reaction temperature
and evaporated in vacuo. The residue was triturated with ice-
water, the resulting precipitate was collected and washed with
water to give 41 (14.6 g, 98.5%) as a white solid; mp: §9—-90°C;
IH-NMR (CDCl,) & 1.30 (9H, s), 2.83-2.93 (5H, m), 3.53-4.05
(4H, m), 7.39 (2H, d,J = 9.2 Hz), 7.49 (2H, d, J = 9.2 Hz); anal
CsH;NO, (C, H, N).

The other compounds 4a-k and 4m-v were prepared by
the same method as 41. In the cases of 4b—d, 4i, 4k, 40, 4p, 4s
and 4t, after the trituration with water, the resulting residue was
extracted with chloroform. The organic layer was dried
(MgS0O,) and evaporated in vacuo. The crude product was
purified by column chromatography to give the alcohol 4.
Physical and chemical data are listed in table 1.

Methyl 4-[1-(4-t-butylphenyl)-2-oxo-pyrrolidin-4-yl]-methyloxy-
benzoate 61

A solution of mesyl chloride (5.8 g, 11.1 mmol) in dichloro-
methane (20 ml) was added dropwise to a solution of 41
(25.0 g, 10.1 mmol) and triethylamine (16.8 ml) in dichloro-
methane (150 ml) under ice cooling. The reaction mixture was
stirred at the same temperature for 1 h and evaporated in vacuo.
The resulting residue was extracted with chloroform and then
washed with water. The organic layer was dried (MgSO,) and
evaporated in vacuo. The crude product was purified by a
column chromatography to give 51 (32.5 g, 98.7%) as a viscous
oil; TH-NMR(CDCly) & 1.31 (9H, s), 2.40-2.50 (1H, m),
2.76-3.00 (2H, m), 3.05 (3H, s), 3.68-3.80 (1H, m), 3.94-4.08
(1H, m), 4.20-4.30 (2H, m), 7.39 (2H, d, J/ = 8.9 Hz), 7.49 (2H,
d,J=8.9 Hz).

A mixture of 51 (9.0 g, 27.7 mmol), methyl 4-hydroxy-
benzoate (4.2 g, 27.7 mmol) and potassium carbonate (5.7 g,
41.5 mmol) in DMF (100 ml) was stirred for 8 h at 80°C. The
reaction mixture was evaporated in vacuo. The residue was
triturated with ice-water, the resulting precipitate was collected
and washed with water to give 6l (8.9 g, 89.3%) as a white
solid; mp: 142-144°C; 'H-NMR(CDCl;) 8 1.27 (9H, s), 2.55
(1H, d), 2.80-3.10 (2H, m), 3.78-3.88 (1H, m), 3.34 (3H, s),
4.00-4.20 (3H, m), 7.04 (2H, d, J = 8.6 Hz), 7.38 (2H, d, J =
8.6 Hz), 7.56 (2H. d, J = 8.6 Hz), 7.88 (2H, d, J = 8.6 Hz); anal
C,;H,;NO, (C, H, N).

The other compounds 6a—k and 6n—v were prepared by the
same method as 6l. All compounds 6 except for 61 were used
immediately without purification of 5 in the next step. Physical
and chemical data are listed in table I.

4-[1-(4-t-Butylphenyl)-2-oxo-pyrrolidin-4-yl]methyloxybenzoic
acid 71
A suspension of 61 (22.5 g, 59 mmol), 2 N KOH (45 ml) in
ethanol (150 ml) was- refluxed for 16 h. The reaction mixture
was concentrated up to about 50 ml in vacuo and acidified with
conc HCI under ice cooling. The resulting precipitate was
collected and washed with water to give 71 (21.3 g,98.1%) as a
white solid; mp: 238-260°C; TH-NMR(CDCl,) 6 1.27 (9H, s),
2.55 (1H, d), 2.65-3.00 (2H, m), 3.68-3.80 (1H, m), 3.95-4.20
(3H, m), 7.04 (2H, d, J = 8.6 Hz), 7.38 (2H, d, J = 8.6 Hz),
7.57 2H, d, J = 8.6 Hz), 7.89 (2H, d, J = 8.9 Hz); anal
C,,H,sNO, (C, H, N).

The other compounds 7a-k and 7m-v were prepared by the
same method as 71. Physical and chemical data are listed in
table IL.

Methyl 4-[1-(4-hydroxypheny]-2-oxo-pyrrolidin-4-yl]methyloxy-
benzoate 6m

A suspension of 6r (2.0 g, 4.6 mmol), 10% Pd-C (0.2 g)
in methanol (20 ml) and chloroform (50 ml) was stirred at
atmospheric pressure under a hydrogen atmosphere at room
temperature for 22 h. The reaction mixture was filtered and the
filtrate was evaporated in vacuo. The residue was triturated with
50% aqueous methanol, the resulting precipitate was collected
and washed with water to give 6m (1.48 g, 93.8%) as a white
solid; mp: 141-143°C; anal C;,H;(NO;-1/5H,0 (C, H, N).

1-(4-Chlorophenyl)-6-oxo-piperidine-3-carboxylic acid 8
Compound 8 was prepared from 4-chloroaniline (15.0 g,
11.8 mmol) and methyleneglutaric acid [19] (18.4 g, 11.8 mmol)
by the same method as 2l. Yield 22.5 g, 75.6%; mp: 184—
187°C; anal C,H;,CINO; (C, H, N).

Methyl 1-(4-chlorophenyl)-6-oxo-piperidine-3-carboxylate 9
Compound 9 was prepared from 8 (10.0 g, 39.4 mmol) by
the same method as 3l. Yield: 9.5 g, 90.0%; viscous oil;
IH-NMR (CDCl,) & 2.15-2.20 (2H, m), 2.50-2.70 (2H, m),
2.95-3.10 (1H, m), 3.76 (3H, s), 3.85-3.98 (2H, m), 7.20 (2H,
d,J=8.9Hz),7.35 (2H, d, J = 8.9 Hz),

1-(4-Chlorophenyl)-5-hydroxymethyl-2-oxo-piperidine 10
Compound 10 was prepared from 9 (9.5 g, 35.5 mmol) by the
same method as 41. Yield 4.5 g, 53.3%; viscous oil; TH-NMR
(CDCl,) & 1.48-2.94 (6H, m), 3.36-3.81 (4H, m), 7.13-7.40
(4H, m).

Methyl  4[1-(4-chlorophenyl)-2-oxopiperidin-5-yl]methyloxy-
benzoate 12

Compound 12 was prepared from 10 (4.0 g, 16.8 mmol) via 11
by the same method as 6l. Yield 4.0 g, 63.6%; mp: 148-150°C;



IH-NMR (CDCL) & 1.78 (2H, m), 2.57-2.74 (3H, m), 3.49—
424 (TH, m), 6.89 (21, d, J = 9.0 Hz), 7.22 (2H, d, J = 9.0 Hz),
733 (2H, d, J = 9.0 Hz), 7.99 (2H, d, J = 9.0 Hz); anal
CaoH,,CINO, (C, H, N).

4-[1-(4-Chlorophenyl)-2-oxo-piperidin-5-ylJmethyloxybenzoic
acid 13

Compound 13 was prepared from 12 (4.0 g, 10.7 mmol) by the
same method as 71. Yield 2.4 g, 62.3%; mp: 195-197°C; anal
C,oHsCINO, (C, H, N).

1-(4-Chlorophenyl)-4-cyanomethyl-2-oxo-pyrrolidine 14

A suspension of mesylate 5e (8.0 g, 26.4 mmol) and sodium
cyanide (1.6 g, 32.7 mmol) in DMF (40 ml) was stirred at
100°C for 22 h. The reaction mixture was evaporated in vacuo,
the residue was extracted with ethyl acetate, and then
washed with water. The organic layer was dried (MgSQO,) and
evaporated in vacuo. The residue was triturated with 20%
aqueous methanol, the resulting precipitate was collected and
washed with water to give 14 (5.2 g, 84.1%) as a white solid;
mp: 92-94°C; 1H-NMR (CDCl;) 6 2.28 (5H, m), 3.56-3.73
(1H, m), 7.34 (2H, d, J = 9.3 Hz), 7.52 (2H, d, J = 9.3 Hz); anal
C,H;;CIN,O (C, H, N).

Methyl 1-(4-chlorophenyl)-5-oxo-pyrrolidine-3-acetate 15

A mixture of 14 (5.0 g, 21.3 mmol) and NaOH (2.6 g, 65 mmol),
ethanol (2.5 ml) in water (15 ml) was refluxed for 8 h. The
reaction mixture was acidified with conc HCI under ice cooling
and extracted with dichloromethane. The organic layer was
dried (MgSO,) and evaporated in vacuo to give a carboxylic
acid as a crude oily product. A catalytic conc H,SO, (0.11 ml)
was added to a solution of the obtained crude carboxylic acid
in methanol (50 ml). The reaction mixture was refluxed for
15 h and evaporated in vacuo. The residue was extracted with
ethyl acetate and washed with water. The organic layer was
dried (MgSQO,) and evaporated in vacuo to give 15 (5.4 g,
94.7%) as a white solid; mp: 65-67°C; 'H-NMR (CDCl;) &
2.17-3.00 (5H, m), 3.47-3.71 (4H, m), 3.96-4.16 (1H, m), 7.32
(2H, d, J =9.2 Hz), 7.54 (2H, d, J = 9.2 Hz); anal C,;H,,CINO,
(C.H,N).

1-(4-Chlorophenyl)-4-hydroxyethyl-2-oxo-pyrrolidine 16
Compound 16 was prepared from 15 (5.2 g, 19.4 mmol) by the
same method as 41. Yield 4.2 g, 90.2%; viscous oil; TH-NMR
(CDCl,) 6 1.69-1.89 (3H, m), 2.15-2.91 (3H, m), 3.45-4.05
(4H, m), 7.31 (2H, d,J =9.0Hz), 7.53 (2H, d, J = 9.0 Hz).

Methyl 4-[2-[1-(4-chlorophenyl)-2-oxo-pyrrolidin-4-yl]ethyloxy]-
benzoate 18

Compound 18 was prepared from 16 (4.2 g, 17.5 mmol) via 17
by the same method as 6l. Yield 5.4 g, 82.4%; mp: 126-128°C;
ITH-NMR(CDCL) 6 1.96-2.15 (2H, m), 2.34-2.96 (3H, m),
6.90 (2H, d, / = 8.8 Hz), 7.32 (2H, d, J = 8.8 Hz), 7.54 (2H, d,
J = 8.8 Hz), 799 (2H, d, J = 8.8 Hz); anal C, H,,CINO,
(C, H, N).

4-[2-[1-(4-Chlorophenyl)-2-oxo-pyrrolidin-4-yljethyloxy]-
benzoic acid 19

Compound 19 was prepared from 18 (5.2 g, 13.9 mmol) by the
same method as 71. Yield 4.8 g, 96.0%; mp: 228-229°C; anal
C,0H,,CINO,+1/2H,0 (C, H, N).

Methyl 4-f1-(4-chlorophenyl)-2-oxo-pyrrolidin-4-yl]methyloxy
cinnamate 20

Compound 20 was prepared from Se (3.0 g, 10 mmol) and
methyl 4-hydroxycinnamate [22] (1.8 g, 10 mmol) by the same
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method as 6l. Yield 3.3 g, 85.6%; mp: 137-138°C; 1H-NMR
(CDCLy) & 2.34-3.13 (3H, m), 3.704.13 (7H, m), 6.31 (2H, d,
J=6.0Hz), 6.89 (2H, d, J = 8.8 Hz), 7.26-7.73 (7TH, m); anal
C, H,,CINO, (C, H, N).

4-[1-(4-Chlorophenyl)-2-oxo-pyrrolidin-4-yl]methyloxycinna-
mic acid 21

Compound 21 was prepared from 20 (3.0 g, 7.8 mmol) by the
same method as 71. Yield 2.5 g, 86.5%; mp: 206-207°C; anal
C,H 3sCINO, (C, H, N).

Methyl 3-[4-[1-(4-chlorophenyl)-2-oxo-pyrrolidin-4-yljmethyl-
oxyphenyl] propionate 22

A suspension of 20 (3.0 g, 7.8 mmol), 10% Pd-C (0.5 g) in
ethyl acetate (50 ml) was stirred at atmospheric pressure under
hydrogen atmosphere at room temperature for 12 h. The reac-
tion mixture was filtered and the filtrate was evaporated
in vacuo. The residue was triturated with 10% aqueous metha-
nol and the resulting precipitate was collected and washed with
water to give 22 (2.5 g, 83.0%) as a white solid; mp: 113~
115°C; TH-NMR(CDCl,) 8 2.39-3.04 (7H, m), 3.66-4.12 (7H,
m), 6.81 2H, d, J = 8.8 Hz), 7.12 (2H, d, J = 8.8 Hz), 7.31
(2H, d, J =9.2 Hz), 7.59 (2H, d, J = 9.2 Hz); anal C,,;H,,CINO,
(C, H,N).

3-[4-[1-(4-Chlorophenyl)-2-oxo-pyrrolidin-4-yl]methyloxy-
phenyl]propionic acid 23

Compound 23 was prepared from 22 (2.0 g, 5.2 mmol) by the
same method as 71. Yield 1.6 g, 83.0%; mp: 122-123°C; anal
C,H,,CINO, (C, H, N).

Methyl 2-[1-(4-chlorophenyl)-2-oxo-pyrrolidin-4-ylJmethyloxy-
benzoate 24a
Compound 24a was prepared from 5e (3.0 g, 10 mmol) and
methyl 2-hydroxybenzoate (1.6 g, 10.5 mmol) by the same
method as 6l. Yield 3.5 g, 98.5%; viscous oil; !H-NMR
(CDCly) & 2.34-3.17 (3H, m), 3.83-4.24 (7H, m), 6.91-7.09
(2H, m), 7.26-7.36 (3H, m), 7.61 (2H, d, J = 9.2 Hz), 7.75-
7.84 (1H, m).

Compound 24b: yield: 77.5%; mp: 106-107°C; 1H-NMR
(CDCl,) 6 2.36-3.14 (3H, m), 3.57-4.12 (7H, m), 7.04-7.71
(8H, m); anal C,;H3,CINO, (C, H, N).

2-[1-(4-Chlorophenyl)-2-oxo-pyrrolidin-4-yl]methyloxybenzoic
acid 25a
Compound 25a was prepared from 24a (3.0 g, 8.3 mmol) by
the same method as 7L Yield 1.5 g, 52.0%; mp: 155-156°C;
anal C ;3 H,CINO, (C, H, N).

Compound 25b: vyield: 84.5%; mp: 156-158°C; anal
CsHsCINO, (C, H, N).

1-(4-Chlorophenyl)-3-hydroxymethylpyrrolidine 26a
Lithium aluminum hydride (2.93 g, 77.1 mmol) was added
in several portions to a suspension of 2e (4.6 g, 19.2 mmol)
in THF (90 ml) under ice cooling and the reaction mixture
was gently refluxed for 20 h. A mixture of small amount
of water and ethyl acetate (100 ml) was then added and the
reaction mixture was filtered. The filtrate was evaporated
in vacuo and the crude product was purified by a column
chromatography to give 26a (4.0 g, 99.0%) as a viscous oil;
TH-NMR (CDCl,) 6 1.63-2.71 (4H, m), 2.99-3.49 (4H, m),
3.66 (2H, d, J = 6.4 Hz), 6.45 (2H, d, J = 8.9 Hz), 7.14 (2H, d,
J=8.9 Hz).

Compound 26b: yield: 97.3%; viscous oil; H-NMR
(CDCLy) & 1.15-1.98 (6H, m), 2.43-2.87 2H, m), 3.37-3.73
(4H, m), 6.87 (2H, d,J=9.1 Hz), 7.17 (2H, d, J = 9.1 Hz).
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Methyl 4-[1-(4-chlorophenyl)pyrrolidin-3-yl]methyloxybenzoate
28a '
Compound 28a was prepared from 26a (3.0 g, 14.2 mmol) via
27a by the same method as 6l. Yield: 2.6 g, 55.1%; mp: 89—
90°C; H-NMR (CDCly) § 1.82-2.43 (2H, m), 2.70-3.61
(5H, m), 3.88 (3H, s), 4.03 2H, d, /= 6.6 Hz), 6.48 (2H, d,J =
9.0 Hz), 691 (2H, d,J=9.0 Hz), 7.16 (2H, d, J = 9.0 Hz), 7.99
(2H, d,J = 9.0 Hz); anal C;oH;,CINO;-1/5H,0 (C, H, N).
Compound 28b: yield: 54.5%; mp: 150-151°C; anal
C,HL,CINO; (C, H, N).

4-[1-(4-Chlorophenyl)pyrrolidin-3-ylJmethyloxybenzoic acid 29a
The: title compound 29a was prepared from 28a (2.0 g,
5.8 mmol) by the same method as 71. Yield: 1.7 g, 88.6%; mp:
200-203°C; anal C,sH,sCINO41/2H,0 (C, H, N).

Compound 29h: vyield: 80.7%; mp: 214-217°C; anal
C,H, CINO, (C, H, N).

Biology -

Inhibitory activities toward sterol and fatty-acid biosyntheses -

using rats’ liver slices in vitro -
Male Wistar rats (weighing about 200 g) were killed, their
livers were taken out, perfused with cold Krebs-Ringer bicar-
bonate (KRB) solution and cut into small slices. Using the
small liver slices, the test was carried out according :to the
methods of Bortz [23] and Tsujita [18]. Small liver slices
(100 mg) were weighed and added into the KRB (1 ml) con-
taining [!4Clacetic acid (2 'uCi/2 umol) and the prescribed
amount of test compounds, and the mixture was reacted with
shaking at 37°C for 2 h under an atmosphere of 95% O,/5%
CO,. Thereafter, to the reaction mixture was added 15%
solution of potassium hydroxide in ethanol (1 ml), and further
heated at 75°C for 2 h, After cooling, petroleum ether (2 ml)
was added to the mixture, and it was shaken and separated into
layers. The organic layer (upper layer) was extracted and
concentrated to dryness. Digitonin solution (1 ml) was then
added and sterols were collected in the resulting precipitation
fraction. This fraction was washed with diethyl ether and
dissolved in acetic acid (1 ml), and the radioactivity of the
sample was measured to determine the inhibitory activity
toward sterol biosynthesis. On the basis of the value obtained
in the control test, in which the above procedure was repeated
except that no test compound was used, the concentration (UM)
of the test compound inhibiting 50% inhibitory concentration
(IC5,) was obtained. On the other hand, hydrochloric acid was
added to the lower layer obtained by extraction with petroleum
ether in the above procedure, and the mixture was extracted
with petroleum ether under acidic conditions and the organic
layer was concentrated and then the radioactivity was measured
likewise to determine-the inhibitory activity toward fatty-acid
biosynthesis. In the same way as above, on the basis of the
inhibitory aetivity for fatty-acid biosynthesis obtained in the
control test, the 50% inhibitory concentration (ICy,) toward
fatty-acid biosynthesis of the test compounds was determined,
The results obtained are shown in table III.

Hypolipidemic effects in Japanese white rabbits in vivo
This test was carried out according to the method of Okada
[25] and male Japanese white rabbits (weighing 1.9-2.1 kg)

were fed a normal commercial chaw pallet (CR-2, Clea Japan
Inc) alone or the same chaw containing an added test
compound, The rabbits were used after they had been subjected
to 2 weeks prefeeding. The test compounds were dissolved in
chloroform/methanol (3:1) and the mixture was homo-
geneously blended into CR-2 solid feed at a percentage of
0.25%, and then the solvent was removed. The rabbits were
divided into groups (3 rabbits per each group) and were fed
with 100-120 g feed (100 g/less than 2.5 kg body weight,
110 g/2.5-3.0 kg body weight, 120 g/more than 3.0 kg body
weight) at 9 am each day for 10 d. Before the feeding, blood
was taken from ear venula with the lapse of time and at the
same time their weight and the uptake of feed were measured.
The plasma lipids (total cholesterols and triglyceride) were
determined by enzyme assay with an automatic analyzer using
commercial Kits, Kyowa Medex (total cholesterol; Determiner-
TC 555, triglyceride; Determiner-TG-S). After administration
of the compound for 10 d, the plasma lipids of rabbits were
measured using the same procedure as described above. The
reducing effects of plasma cholesterols and triglyceride were
revealed as the changing rate (%) from the control value.

References

1 Keys A, Aravanis C, Blackbumn H ¢z al (1972) Circulation 45, 815—

828

Gorden T, Castelli WP, Hjorthand MC, Kannel WB, Dawber TR (1977) Am

J Med 62, 707-714

Heiss G, Johnson NJ, Reiland S (1980) Circulation 62, 116-136

Rifkind BM (1984) JAMA 25, 365-374

Castelli WP, Garrison RJ, Wilson PWF, Abbott PD, Kalousdian S (1986)

JAMA 256, 2835-2838

Manninen V, Elo O, Frick MH er a/ (1988) JAMA 260, 641-651

Castelli WP (1986) Am Hert J 112, 432437

Manninen V, Tenkanen L, Koskinen P ez al (1992) Circulation 85, 37-45

Castelli WP (1988) Am J Obstet Gynecol 158, 1553-1560

10 Austin MA (1992) Circulation 85, 365-367

11 Assmann G, Schulte H (1992) Am J Cardiol 70, 733-737

12 Prous JR (1990) Drugs of the Future, Prous Science Publishers, Barcelona,
Spain, vol 15, 682-684

13 Yoshikumi Y, Chokai S, Qzaki T, Yoshida H, Nakane M, Kwabara K (1988)
Atherosclerosis 74, 149-156

14 Yagazaki K, Okada T, Motizuki T, Takagi K, Irikura T (1981) Seikagaku 53,
924

15 Okada T, Yagazaki K, Itiba S, Motizuki T, Takagi K, Irikura T (1980)
Seikagaku 52, 691

16 Fujii S, Kawamura H, Watanabe S (1990) Jpn Patent 56452, Chem Abstr
(1990) 112, 55245v

17 Suzuki K, Aono S, Nakatani H (1974) Jpn J Pharmacol 24, 407-414

18 Tsujita Y, Kuroda M, Shimada Y et al (1986) Biochim Biophys Acta 877,
50-60

19 Weiss F, Rusch R, Lantz A (1965) Bull Soc Chim Fr 490493

20 Paytash PL, Sparrow E, Gath JC (1950) J Am Chem Soc 72, 1415-1416

21 Anschiitz R, Reuter F (1889) Justus Liebigs Ann Chem 254, 129-149

22 Freudenberg K, Gehrke G (1951) Chem Ber 84, 443-451

23 Bortz WM, Steele LA (1973) Biechim Biophys Acra 306, 85-94

24 Endo A, Tsujita Y, Kuroda M, Tanzawa K (1979) Biochim Biophy Acta 575,
266-276

25 Okada K, Mochizuki T, Abe Y (1985) Pharmacometrics 29, 633-645

[T .}

oo~ >N

O



