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New products

Oxadiazoles as bioisosteric transformations of carboxylic functionalities. II*
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Summary — In order to improve the in vivo efficacy of a series of known benzodiazepine receptor (BZR) ligands, 1-(2-phenyl-4-
quinolinyl)-4-piperidinecarboxamides, a series of analogs has been prepared in which the amide group of these ligands has been
replaced by a 1,2,4-oxadiazole moiety or converted to other carboxylic isosters such as esters or nitriles. An increase in the in vivo
efficacy was observed for some of the compounds prepared in this investigation compared to the parent carboxamide derivatives.

2-aryl-4-aminoquinoline / 2-aryl-4-oxyquinoline / benzodiazepine receptor / 1,2,4-oxadiazole

Introduction

2-Aryl-4-piperidinoquinoline derivatives of general
formula I (fig 1) have been reported [2] to displace
3H-diazepam from the benzodiazepine receptor (BZR)
in a nanomolar concentration. Other research groups
have successfully replaced ester groups in known
BZR ligands with oxadiazole moieties and thereby
obtained compounds with generally higher in vivo
efficacies [3-5]. In a continuation of our investigations
of agonists on the BZR published earlier [1] we now
wish to report the results of replacing the carboxamide
group in compounds of general formula I (R =
CONH,) with an oxadiazole moiety (I, R = 1,2,4-
oxadiazol-3-yl or 1,2,4-oxadiazol-5-yl). Other modifi-
cations of the carboxamide group in compounds of
general formula I (R = CONH,) into acid derivatives
such as carboxylic esters and carbonitriles (I, R =
CO,R', CN) have also been investigated. Further, the
influence of the substitution pattern (R! and R2) on
binding to the BZR in compounds of general formula I
(R = CONH, or 1,2,4-oxadiazol-5-y1) has been inves-
tigated.

Considering the piperidine moiety as a spatial
linker between the carboxylic-derived groups and the
quinoline moiety, we have tried to modify this linker
by preparing compounds of general formula II (fig 1)
in which the nitrogen bound directly on the quinoline
nucleus in the 4-position has been exchanged by

*For Part I see [1]

oxygen. Oxygen was chosen instead of nitrogen for
two reasons; firstly, oxygen substitution is known to
be allowed in this position [6] in other analogous BZR
ligands of the quinoline type; secondly, if a nitrogen
was retained, a secondary amine instead of a tertiary
amine would have been formed which may have led
to quite different binding properties of this part of the
molecule. Two linker units, 1,3-propylene and 1,3-
phenylene, were found to fulfil a steric requirement
for the spatial linker A. This was found by compar-
ison of known receptor active structures of general
formula 1 with structures of general formula II in
which A represented various alkylene and phenylene
moieties [7]. Compounds of the general formula II,
with A represented by a 1,3-propylene or 1,3-phenyl-
ene moiety, have been prepared together with other
2-aryl-4-alkoxyquinolines.

Fig 1.
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Chemistry

The starting 2-arylquinolines la—c and 2a-i were
prepared essentially by known methods {2, 8, 9]
herein denoted method A (scheme 1) and methods B,
C and D (scheme 2) as shown in table I.

In method A (scheme 1) the 2-phenyl-4-hydroxy-
quinolines 1a—c were prepared by condensation of the
appropriate substituted aniline with ethyl benzoyl-
acetate in the presence of polyphosphoric acid [9].
The 4-hydroxyquinolines 1la—¢ were then heated with
phosphorous oxychloride to afford the 2-aryl-4-chloro-
quinolines 2—c [8]. The 4-chloroquinolines leading to
compounds 2d—-i were prepared from the appropriate
substituted aniline and ethoxymethylenemalonic acid
diethyl ester in three steps as previously described [2]
(scheme 2). In method B the 4-chloroquinolines were
allowed to react with the appropriate substituted aryl-
lithio derivative at room temperature to give the
corresponding  1,2-dihydro-2-aryl-4-chloroquinolines
as intermediates. These dihydro intermediates were
oxidized in situ with iodine to give the 2-aryl-4-chloro-
quinolines 2d.f.h.i in 30-64% yield. Compounds of
general formula 2 with an unprotected hydroxy group
(R2 = OH) could be obtained by either method C or D
(scheme 2). In method C compound 2e (R! = H; R2 =
2-OH) was obtained in a similar way to method B, by
reacting the dilithio compound derived from 2-bromo-
phenol with 4-chloroquinoline followed by iodine
oxidation. In method D the hydroxy derivative 2g
(R! = F; R2 = OH) was obtained in 81% yield by
O-demethylation of 2f (R! = F; R2 = OCH,) with BBr,
at low temperature.

The 2-aryl-4-chloroquinolines 2a—i described above
were converted into the 4-amino derivatives of
general formulae 3—7 by methods E-K as outlined in
scheme 3. The piperazine derivatives 3a (R* =
CONHE) and 3b (R4 = CSNHCH;) were prepared by
method E in which 2a was allowed to react with
piperazine in 2-ethoxyethanol to give N-(2-phenyl-4-
quinolinyl)piperazine. This crude piperazine deriva-
tive was allowed to react with ethyl isocyanate or
methyl isothiocyanate in THF to give 3a and 3b with
yields of 81 and 21% respectively. In method F the
2-aryl-4-chloroquinolines 2a—-i were allowed to react
with 4-piperidinecarboxamide in an appropriate alco-
hol. This afforded the amide derivatives 4a—i in 11—
85% yields. The ethyl ester derivatives 4j and 4k were
prepared in 60-86% yield by heating the respective
2-aryl-4-chloroquinolines 2a and 2g with an excess of
ethyl 4-piperidinecarboxylate (method G). In method
H the 1,2,4-oxadiazole derivatives Sa—i were prepared
in 14-82% yield by heating the amide derivatives
4a—i with N,N-dimethylacetamide dimethyl acetal and
hydroxylamine successively. The nitrile derivatives 6a
and 6b were prepared by the two different methods I
and J. In method I the amide derivative 4a (R! = H;
R2 = H) was dehydrated by heating with phosphorous
oxychloride to give the nitrile 6a (R! = H; R2=H) in
57% yield. In method J the nitrile 6b (R! = F; R2 =
OH) was prepared in 37% yield by heating the 2-aryl-
4-chloroquinoline 2g (R! = F; R? = OH) with an
excess of 4-piperidinecarbonitrile [10]. In method K
the nitrile 6a (R! = H; R2 = H) was reacted with
hydroxylamine affording the intermediate amidoxime
derivative which was then heated with acetic
anhydride to give 7 in 27% yield.
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Alkylation of the 2-aryl-4-hydroxyquinolines la—c
with various alkyl or aralkylhalides in acetone in
the presence of K,CO, afforded the corresponding
O-alkylated derivatives 8a—e (scheme 4, method L) in
32-69% yield. In the methylation of la the N-alkyl-
ated product 9a was produced in an amount which
allowed it to be isolated by column chromatography.
Structural assignment of 8a and 9a to the O- and
N-alkylated products respectively were based on IR
and 13C NMR measurements. For compound 9a the
band observed in the IR spectrum at 1673 ¢cm-! and a
low field chemical shift in the 13C NMR spectrum at
177.6 ppm were assigned to the carbonyl group.
Further, compounds 8a and 9a have been prepared
previously by other methods, and the structural as-
signments in this paper were in agreement with those
already described [11-14].

Reaction of 2-aryl-4-chloroquinoline 2a and the
sodium salt of ethyl 3-hydroxybenzoate in DMF
afforded the ethyl ester derivative 10 in 62% yield

(scheme 4, method M). The amide derivative 11 was
then prepared from 10 in 63% yield via the acid
chloride (method N).

Results and discussion
In vitro study

The compounds 1 and 3-11 were tested for their
affinity to the benzdiazepine receptor (BZR) using
3H-flunitrazepam as radioligand; the test results are
shown in table I. As can be seen from these results,
the affinity to the BZR of compounds 4a-i is gener-
ally lowered when the amide group is changed to a
1,2.,4-oxadiazol-5-yl moiety as in compounds Sa-i, a
1,2,4-oxadiazol-3-yl moiety as in compound 7, an
ethyl ester as in compounds 4j and 4k or a carbonitrile
as in compounds 6a and 6b.
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Table I. Chemical and biological data of 2-arylquinolines 1-11.

No R! R? R3 R4 RS Method  Mp(°C) Formula or In vitro In vivo Relative
litmp (°C) 3H-FNM 3H-FNM invivo
ICsy (nM)°  EDsy (mgikg)P efficacyd
la H H - - - A 250-2522 254 19] 6390 £ 286 ND -
1b CH, H - - - A 298-300b 296-297 [9] 587+34 >100 >0.2
lec Cl H - - - A > 300b 351-352[9] 430 £18 >100 >0.2
2d H 2-OCH;,4 - - - B 92-94a C¢H,CINO ND ND -
2 H 2-0H - - - C 145-1481  C;3H,(CINOJH,0 ND ND -
o F 2-OCH, - - - B 151-152¢  C,H,,CIFNO ND ND -
2g F 2-OH - - - D 126-1302 C,sHs,CIFNO ND ND -
2h F 4-F - - - B 121-1242 130-133 (2] ND ND -
2i F 4-Cl - - - B 171-174¢ 169-172 [2] ND ND -
3a H H - CONHE: - E 180-182d Cy,HyN,O 85+18 62135 0.6-1.0
3 H H - CSNHCH, - E gum®  CyHN,SIH,0 504+ 1.1 35425  06-08
4a H H NH, - - F 200-2012  CyHy N0 113405 >100 >8.8
4b CH, H NH, - - F 232-2352 245-247 [2] 1044 ND -
4c Cl H NH, - - F 245-2462 253-255[2] 20.6+3.0 ND -
d H 20CH;  NH, - - F 227-228¢  CyuHaN:0, 1062 £ 21 ND -
4 H 2.0H NH, - - F 237-23%  CyHyuN:0,3H;0 19.4£09 3149 1122
4§ F 2.0CH,  NH, - - F 227229 CpH,FN:0, H,0 507415 634 11-14
d4g F 2.0H NH, - - F 257-2580  CyHaFN:0,H,0 71407 >100 >14.1
4h F 4-F NH, - - F 234-235¢ 244-246 [2] 87109 64103 0.6-0.9
4i F 4-Cl NH, - - F 249-250¢ 259-261 [2] 36.0+0.8 ND -
4 H H OEt - - G 85861 CyHrMN,0,3H,0 181+19 ND -
& F 2-04 OEt - - G 1401428 CpaHy0FN,O; 138 £ 11 ND -
52 H H - - - H 1251270 CyH,uN,O 634469 28465  03-06
5b CH, H - - - H 141-1430  CoyHyN,OACH;0; 250 £ 10 ND -
s5¢ H - - - H  123-125m  CuH,CIN,O 81.9+33 >100 >1.2
sd H 2-0CH, - - - H 127-129¢  CoHuN,0, 1721 £ 221 ND -
¢ H 2-0H - - - H 177-178n  CpHpN.O,CHO,  31.5£38 >100 >3.2
5t F 2-0CH, - - - H 125-127m Gy Hy;FN,0,3H,0 192 +0 ND -
Ssg F 2.0H - - - H 181-18%  CyH,FN,0, 359407 >100 >2.8
5h F 4F - - - H 147-149m  CpHFN,0ICHO, 292347 >100 >34
5i F 4C1 - - - H 174-176  CpHyCIFN,0 21919 ND -
6a H H - - - I 140-1421  CyH,oN, 682143 29+3 0405
6b F 2-OH - - - J 220-221i C,,H;gFN;0 50354 >30 >0.6
7 H H - - - K 149-150k  CyH,N,0 68.4% 1.4 ND -
8a H H - - CH, L 64-661 66 [12] 466 £ 111 >100 >0.2
8b CH, H - - CH, L 1341361 CpH,;NO 4450179 ND -
8c H H - - (CHCH, L 106-109i 92-94 [14] 2291 £ 365 ND -
84 CH, H - - CHCH, L 140-1425  CyH,NO 23500 + 1970 ND -
8 H H - ~ (CH),COEt L 74760 CyHyNO, 645 £ 53 ND -
9a H H - - - L 1420 142-145 [11] 27800 £ 4500 ND -
0 - - - - - M 122-1241  CyH,oNO, 38300 + 3100 ND -
n - - - - - N 146-149¢  CpHyN,0, 499+ 44 ND -

Crystallized from 2ethanol; bwater; cethyl acetate; ddiethyl ether; epyridine/water; fchloroform/ethanol; 82-ethoxyethanol/water;
heyclohexane/diethyl ether; i2-propanol; cyclohexane; kdiisopropyl ether/ethyl acetate; ldiethyl ether/ligroin; isolated by
column chromatography on silica gel using as eluent Methyl acetate/n-heptane (1:1); nethylacetate/petrolether (1:9); °mean +
SEM (n = 2-4); Pmean * SEM (n = 2-6); ddefined as EDs, (mg/kg)/ICs, (nM). ND = not determined. 3H-FNM is
3H-flunitrazepam.
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Changing the substituents R! and R? on the 2-
phenylquinoline moiety in both the amide series 4a-1
and the oxadiazole series 5a—~i, did not improve the
affinity for the BZR compared to the unsubstituted
(R1 = Rz = H) examples, 4a and Sa respectively.
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Interestingly, introduction of a 2-OCH, substituent is
generally not well tolerated as seen in compounds 4d,
4f, 5d and 5f, but demethylation of these compounds
produced compounds 4e, 4g, Se, and 5g with up to
60 times better binding affinity for the BZR.
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As previously mentioned, it should be possible
spatially to replace the piperidine moiety by either a
1,3-propylene or 1,3-phenylene moiety. Compounds
with these structural features, 8¢ and 11, actually
show a reasonable affinity for the BZR compared to
their corresponding piperidine analogs 4j and 4a. The
affinities of compounds 8e and 11 are, however, still
considered too weak for further optimization.

Animal study

Compounds with the highest in vitro affinity on the
BZR found in this study were selected for in vivo
testing. The selected compounds were tested for their
in vivo affinity on the BZR in NMRI mice using
3H-flunitrazepam as radioligand (table I). Further, the
relative in vivo efficacy defined as the ratio ED,
(mg/kg)/1Cs, (nM) was calculated and is presented in
table I. This relative in vivo activity can be considered
as a relative measurement of bioavailability of the
compounds tested. As can be seen from table I all the
compounds tested for in vivo binding to the BZR
were moderately active or inactive except for
compound 4h which showed a resonable in vivo affi-
nity. From the relative in vivo efficacy (table I) it is

evident that the bioavailability of the compounds
tested is more dependent on substitution on the
2-phenylquinoline moiety than on substitution on
the piperidine moiety. Actually, the aim of this inves-
tigation was to improve the bioavailability of
compounds 4a—4i by replacing the amide group on the
piperidine ring with a 1,2,4-oxadiazolyl moiety.
Therefore, in conclusion, it seems that the opposite
has been obtained as generally a lower bioavailability
is observed for compounds having an 1,2.4-oxadia-
zolyl moiety. However, replacing the amide group on
the piperidine ring with a nitrile group as in
compound 6a, or replacing the piperidinecarboxamide
with a piperazinecarboxamide as in compounds 3a
and 3b, seems beneficial to the bioavailability.

Experimental protocols

Chemistry

Melting points are uncorrected. !H NMR spectra were run on a
Bruker WM 400 MHz apparatus and chemical shifts (8) are in
parts per million relative to tetramethylsilane. Column chroma-
tography was performed using Merck silica gel 938S5.
Microanalyses were performed at Novo-Nordisk A/S, 2880



Bagsvaerd, supervised by R Amsler. All the new compounds
gave C, H, N analyses within +0.4% unless otherwise stated.
Compounds la—c, 2a—c, 2h—i, 4a— and 4h-j were prepared
according to published methods [2, §, 9].

Method B

4-Chloro-6-fluoro-2-(2-methoxyphenyl)quinoline 2f. To a stir-
red mixture of z-butyl lithium (80 mL, 2.5 M in hexane) and
dry diethyl ether (150 mL) cooled in an ice-bath, a solution of
2-bromoanisol (35 g, 0.20 mol) in diethyl ether (75 mL) was
added dropwise. When addition was complete the reaction
mixture was stirred at room temperature for 1 h. A solution of
4-chloro-6-fluoroquinoline [2] (18.2 g, 0.10 mol) in dry diethyl
ether (100 mL) was added at room temperature within 15 min.
The mixture was stirred at room temperature for 1 h and
then cooled in an ice-bath. Water (15 mL) and iodine (15.2 g,
0.12 mol) were added and stirring was continued for another
10 min. A 4 N aqueous sodium hydroxide solution (25 mL)
was added and the mixture was stirred at room temperature for
30 min. The yellow pricipitate was isolated by filtration and
dried in air to give a first crop of crude 2f. From the filtrate the
organic phase was separated, washed with water, dried
(Na,S0,) and the solvent evaporated in vacuo to give a second
crop of crude 2f. The two crops were combined and recrystal-
lized from ethyl acetate to give 9.8 g (34%) of 2f; mp 151~
152 °C; 'H NMR (CDClL) & 3.92 (s, 3H); 7.06 (d, 1H); 7.16
(t, 1H); 7.48 (dt, 1H); 7.55 (m, 1H); 7.88 (m, 2H); 8.09 (s, 1H);
8.21 (dd, 1H). Anal C,(H;;CIFNO (C, H, N).

Compounds 2d and 2h-i were prepared by a procedure
similar to that described above in 30-64% yield (table I).

Method C

4-Chioro-2-(2-hydroxyphenyljquinoline 2e. To a stirred
mixture of n-butyl lithium (50 mL, 2.5 M in hexane) and dry
diethyl ether (50 mL) a solution of 2-bromophenol (10.8 g,
62.5 mmol) in diethyl ether (25 mL) was added dropwise at
such a rate that reflux was maintained. When addition was
complete the reaction mixture was stirred at room temperature
for 0.5 h. A solution of 4-chloroquinoline [2] (10.2 g,
62.5 mmol) in dry THF (50 mL) was added at room
temperature within 15 min and the mixture was stirred at room
temperature for 1.5 h. Water (12 mL), iodine (12.7 g, 0.1 mol)
and a 4 N aqueous sodium hydroxide solution (25 mL) were
added and the mixture was stirred at room temperature for
30 min. The phases were separated and the organic phase was
washed with water then a 2 N sodium hydroxide solution, and
dried (Na,S0O,). The solvent was evaporated in vacuo to give a
solid which was stirred with ethanol (30 mlL), filtered and
dried. The crude product was recrystallized from cyclohexane
to give 2.4 g (15%) of 2e; mp 145-148 °C; 'H NMR (DMSO-
dg) & 6.95-7.05 (m, 2H); 7.42 (t, 1H); 7.80 (t, 1H); 7.95 (t,
1H); 8.17 (d, 1H); 8.22-8.25 (m, 2H); 8.12 (s, 1H); 14.15 (s,
1H). Anal C,5H10C1NO-15H20 (C,H, N).

Method D

4-Chloro-6-fluoro-2-(2-hydroxyphenyl)quinoline 2g. A stirred
solution of 2f (7.5 g, 26 mmol) in dry toluene (150 mL) was
cooled to =78 °C and BBr; (15 mL) was added. The tempera-
ture was kept at —78 °C for 15 min and then the cooling bath
was removed. The reaction mixture was stirred for 2.5 h at
room temperature and then poured into iced water (500 mL).
After adjusting the pH of the solution to 6 with a 4 N aqueous
sodium hydroxide solution it was exfracted with ethyl acetate
(3 x 300 mL). The combined organic extracts were dried
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(Na,SO,) and the solvent was evaporated in vacuo to give a
solid which was recrystallized from ethanol. This afforded
5.8 g (81%) of 2g; mp 126-130 °C; 'H NMR (DMSO-d;) 8
6.93-6.98 (m, 2H); 7.36 (t, 1H}); 7.75 (dt, IH); 7.83 (dd, 1H);
8.12 (d, 1H); 8.17 (dd, 1H); 8.52 (s, 1H); 13.74 (br, s, 1H).
Anal C;sH,CIFNO (C, H, N).

Method E

N-Ethyl-4-(2-phenyl-4-quinolinyl)-1-piperazinecarboxamide
3a. To a solution of 4-chloro-2-phenylquinoline 2a [8] (2.3 g,
9.6 mmol) in 2-ethoxyethanol (40 mL) was added piperazine
(2.5 g, 29.0 mmol) and the mixture was heated at reflux tempe-
rature for 18 h. The reaction mixture was cooled and filtered to
remove insoluble material. The solvent was evaporated in
vacuo leaving a residue which was dissolved in hot pyridine
(25 mL) and subsequently diluted with water (500 mL). On
standing a precipitate formed which was isolated by filtration,
washed with water and dried in air. The solid was stirred with
diethyl ether and filtered to give 1.3 g of crude N-(2-phenyl-4-
quinolinyl)piperazine.

Ethyl isocyanate (0.43 mL) was added to a solution of crude
N-(2-phenyl-4-quinolinyl)piperazine (0.80 g, 2.8 mmol) in dry
THF (25 mL) and the mixture was stirred for 18 h at room
temperature. The solvent was evaporated in vacuo to give a
residue that was trituated with diethyl ether. The solid was
isolated by filtration and dried in air to give 0.80 g (81%) of 3a;
mp 180-182 °C; 'H NMR (CDCl;) 8 1.20 (t, 3H); 3.30-3.38
(m, 6H); 3.70 (m, 4H); 3.54 (br, t, 1H); 7.31 (s, 1H); 7.46-7.56
(m, 4H); 7.70 (t, 1H); 8.03 (d, 1H); 8.10 (d, 2H); 8.18 (d, 1H).
Anal C,,H,,N,O (C, H, N).

By using methyl isothiocyanate instead of ethyl isocyanate,
compound 3b was prepared by a procedure similar to that
described above, in 21% yield (table I).

Method F

1-(2-Phenyl-4-quinolinyl)-4-piperidinecarboxamide ~ 4a. A
mixture of 4-chloro-2-phenylquinoline 2a [8] (9.8 g, 41 mmol),
4-piperidinecarboxamide (10.5 g, 82 mmol) and ethanol
(50 mL) was heated at reflux temperature for 78 h. The mixture
was cooled and the solvent was evaporated in vacuo to give an
oil which was treated with a mixture of water (100 mL) and
ethanol (20 mL). The solid formed was isolated by filtration
and recrystallized from ethanol to give 5.3 g (39%) of 4a; mp
200-201 °C; 'H NMR (DMSO-dy) § 1.96 (m, 4H); 2.36-2.44
(m, 1H); 2.91-2.98 (m, 2H); 3.67-3.71 (m, 2H); 6.93 (br, s,
1H); 7.46 (br, s, 1H); 7.53-7.62 (m, 5H); 7.76 (t, 1H);
8.04-8.08 (m, 2H); 8.30 (d, 2H). IR (KBr) v 3394 (NH), 1664
(C=O) cm-!. Anal C21H21N30 (C, H, N)

Compounds 4b—c and 4i were prepared by a procedure
similar to that described above in 11-85% yield (table I).

1-(2-(2-Hydroxyphenyl)-6-fluoro-4-quinolinyl)-4-piperidine-
carboxamide 4g. A mixture of 2g (2.0 g, 7.3 mmol) and
4-piperidinecarboxamide (2.3 g, 18.3 mmol) in 2-ethoxy-
ethanol (30 mL) was heated at reflux temperature for 8 h.
The hot reaction mixture was poured into ethanol (150 mL)
and allowed to cool to room temperature. The solid was
isolated by filtration, washed with ethanol and dried in air.
Recrystallization from a 1:1 mixture of chloroform/ethanol
(400 mL) afforded 1.0 g (36%) of 4g; mp 263-265 °C;
1H NMR (DMSO-d;) 8 1.93-1.94 (m, 4H); 2.35-2.43 (m, 1H);
2.94-3.01 (m, 2H); 3.63-3.66 (m, 2H); 6.88 (br, s, 1H); 6.92—
6.96 (m, 2H); 7.34 (t, 1H); 7.38 (br, s, 1H); 7.56-7.68 (m, 3H);
8.04-8.06 (m, 1H); 8.17 (d, 1H); 14.86 (s, 1H). Anal
CZIHZOFN302-‘ZHZO (C,H, N).
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Compounds 4d-e were prepared by a procedure similar to
that described above (table I).

1-(6-Fluoro-2-(2-methoxyphenyl)-4-quinolinyl)-4-piperidine-
carboxamide 4f. A mixture of 2f (1.44 g, 5.0 mmol), 4-piper-
idinecarboxamide (1.60 g, 12.5 mmol) and phenol (3.0 g) was
heated on an oil bath at 180 °C for 3 h. Water was added
(75 mL) and the mixture was stirred vigorously for 30 min. A
mixture of 4 N aqueous sodium hydroxide solution (3 mL),
ethyl acetate (25 mL) and isopropyl ether (25 mL) was then
added and the mixture was stirred for another 15 min. The solid
was isolated by filtration, washed with water and recrystallized
from a 1:10 mixture of pyridine/water to give 1.0 g (41%) of
4f; mp 227-229 °C; 'TH NMR (CDCl;) 8 2.08-2.14 (m, 4H);
2.42 (m, 1H); 2.87 (m, 2H); 3.62-3.66 (m, 2H); 3.85 (s, 3H);
5.50 (br, s, 1H); 5.58 (br, s, 1H); 7.01 (d, 1H); 7.10 (1, 1H);
7.34 (s, 1H); 7.38-7.43 (m, 2H); 7.59 (d, 1H); 7.75 (d, 1H);
8.10 (dd, 1H). Anal C22H22FN302-~H20 (C, H,N).

Compound 4h was prepared by a procedure similar to that
described above in 51% yield (table I).

Method G

1-(6-Fluoro-2-(2-hydroxyphenyl)-4-quinolinyl)-4-piperidine-
carboxylic acid ethyl ester 4k. A mixture of 2g (1.37 g,
5.0 mmol) and 4-piperidinecarboxylic acid ethyl ester (2.36 g,
15.0 mmol) was heated with stirring on an oil-bath at 150 °C
for 1.5 h. The reaction mixture was allowed to cool to 100 °C
and water (75 mL) was added. An oil separated immediately
which crystallized on cooling. The solid was isolated by filtra-
tion and recrystallized from ethanol (60 mL) to give 1.7 g
(86%) of 4k; mp 140-142 °C; '"H NMR (CDCl;) & 1.32 (t, 3H);
2.06-2.20 (m, 4H); 2.56-2.62 (m, 1H); 2.94-3.01 (m, 2H);
3.60-3.62 (m, 2H); 4.21 (q, 2H); 6.92 (t, 1H); 7.05 (d, 1H);
7.31-7.44 (m, 3H); 7.56 (dd, 1H); 7.85 (dd, 1H); 7.94 (dd, 1H);
15.18 (br, s, 1H). Anal Cy3H,3FN,Os (C, H, N).

Compound 4j was prepared by a procedure similar to that
described above in 60% yield (table I).

Method H

5-(1-(6-Fluoro-2-(2-hydroxyphenyl)-4-quinolinyl)-4-piperidi-
nyl)-3-methyl-1,2 4-oxadiazole 5g. A mixture of 4g (0.60 g,
1.6 mmol) and 85% dimethyl acetamide dimethylacetal (3.0 g,
19.1 mmol) was heated at reflux temperature for 1 h and then
evaporated to an oil in vacuo. Dioxane (5 mL), hydroxylamine
hydrochloride (0.20 g, 2.9 mmol), acetic acid (5 mL) and a2 N
aqueous sodium hydroxide solution (2.2 mL) was added and
the mixture was stirred at room temperature for 2 h. Then the
reaction mixture was heated at reflux temperature for 30 min,
cooled to room temperature and poured into iced water
(150 mL). After the pH of the aqueous solution had been adjusted
to 7-8 using a 4 N aqueous sodium hydroxide solution, it was
extracted with ethyl acetate (2 X 75 mL). The combined orga-
nic phase was dried (Na,SO,) and the solvent evaporated in
vacuo. The residue was recrystallized from ethanol to give
0.34 g (52%) of 5g; mp 181-183 °C; 'H NMR (DMSO-d;) &
2.10-2.30 (m, 4H); 2.38 (s, 3H); 3.14-3.20 (m, 2H); 3.32-3.37
(m, 1H); 3.63-3.67 (m, 2H); 6.94-6.96 (m, 2H); 7.36 (1, 1H);
7.65-7.68 (m, 3H); 8.04-8.08 (m, 1H); 8.20 (d, 1H); 14.83
(s, TH). Anal Cp;H,, FN,O, (C, H, N).

Compounds 5a—f and Sh-i were prepared by a procedure
similar to that described above in 14-82% yield (table I).

Method |

1-(2-Phenyl-4-quinolinyl)-4-piperidinecarbonitrile 6a. A mix-
ture of 4a (7.0 g, 21.0 mmol) and phosphorous oxychloride

(50 mL) was heated on an oil bath at 90 °C for 5.5 h. The reac-
tion mixture was cooled and excess phosphorous oxychloride
was evaporated in vacuo. The solid residue was scraped onto
crushed ice (40 g) and the mixture was stirred for 20 min. The
resulting acidic suspension was neutralized with a 4 N aqueous
sodium hydroxide solution and then stirred for 5 min. The solid
was isolated by filtration, washed with water and dried in air.
The solid was then stirred with a 1 N ageous hydrochloric acid
solution for 1.5 h. The mixture was neutralized with a 4 N
aqueous sodium hydroxide solution and the solid isolated
by filtration. The solid was dissolved into dichloromethane
(150 mL) and washed with a 10% aqueous sodium bicarbonate
solution, brine and dried (Na,SO,). The solvent was evaporated
in vacuo to give a residue which was recrystallized from cyclo-
hexane. This afforded 3.8 g (57%) of 6a; mp 140-142 °C;
'H NMR (DMSO-d;) 6 2.04-2.20 (m, 4H); 3.20-3.45 (m, SH);
7.50-7.58 (m, 5H); 7.74 (1, 1H); 8.03 (t, 2H); 8.28 (d, 2H). IR
(KBr) v 2231 (CN) em-!. Anal C,;H )N, (C, H, N).

Method J

1-(6-Fluoro-2-(2-hydroxyphenyl)-4-quinolinyl)-4-piperidine-
carbonitrile 6b. A mixture of 4-piperidinecarbonitrile [10]
(1.2 g, 11.0 mmol) and 2g (1.0 g, 3.7 mmol) was heated with
stirring on an oil bath at 150 °C for 1 h. The reaction mixture
was allowed to cool to 100 °C and ethanol (50 mL) was added.
The precipitate was collected and recrystallized from iso-
propanol to give 0.35 g (37%) of 6b; mp 220-221 °C; 'H NMR
(CDCl,) & 2.24 (m, 4H); 3.00 (m, 1H); 3.25 (m, 2H); 3.48 (m,
2H); 6.95 (t, 1H); 7.06 (d, 1H); 7.36 (t, 1H); 7.44-7.54 (m,
3H); 7.85 (d, 1H); 7.98 (dd, 1H). IR (KBr) v 2241 (CN) cm-.
Anal C,,H,;FN,O (C, H, N).

Method K

5-Methyl-3-(1-(2-phenyl-4-quinolinyl)-4-piperidinyl)-1,2 ,4-
oxadiazole 7. A mixture of 6a (1.25 g, 4.0 mmol), hydroxyl-
amine hydrochloride (0.40 g, 6.0 mmol), potassium carbonate
(1.10 g, 8.0 mmol) and ethanol (20 mL) was heated at reflux
temperature for 60 h. The solvent was evaporated in vacuo to
give a solid residue containing crude 1-(2-phenyl-4-quino-
linyl)-4-piperidinecarboxamide oxime.

The crude amidoxime obtained above (1.4 g) was dissolved
into glacial acetic acid (10 mL) and a solution of acetic
anhydride (0.45 g, 4.4 mmol) in glacial acetic acid (5 mL) was
added. The reaction mixture was heated at reflux temperature
for 10 min. Acetic anhydride (1 g) was added and heating was
continued for another 50 min at reflux temperature. The cooled
reaction mixture was poured into iced water (25 mL) and
extracted with ethyl acetate (3 x 25 mL). The combined orga-
nic phase was dried (Na,SO,) and the solvent was evaporated
in vacuo to give an oil which was submitted to column
chromatography using ethy! acetate as eluent. Collecting the
proper fractions afforded 0.4 g (27% calculated from 6a) of 7
as an oil which crystallized on standing. Recrystallization from
diisopropy! ether/ethyl acetate afforded an analytically-pure
sample of 7; mp 149-150 °C; 'H NMR (CDCl,) 8 2.22-2.28
(m, 4H); 2.62 (s, 3H); 3.02-3.12 (m, 3H); 3.73-3.76 (m, 2H);
7.32 (s, 1H); 7.42-7.52 (m, 4H); 7.64-7.68 (m, 1H); 8.01 (dd,
1H); 8.07-8.12 (m, 4H). Anal C,;H;,N,,0 (C, H, N).

Method L
4-Methoxy-2-phenylquinoline 8a and I-methyl-2-phenylquino-

lin-4(1H)-one 9a. A mixture of 1la (2.2 g, 10.0 mmol), dry
potassium carbonate (1.0 g, 7.2 mmol) and methyl iodide (8 mL)



in dry acetone (200 mL) was heated at reflux temperature for
9 h, where additional portions of methyl jodide (2 x 8 mL)
were added after 3 and 6 h of reaction. The reaction mixture
was filtered and the solvent evaporated in vacuo leaving an oil
which was purified by chromatography using a 1:9 mixture of
ethyl acetate/petrol ether as eluent. This afforded 1.1 g (47%)
of 8a and 0.32 g (14%) of 9a. Compound 8a: mp 64-66 °C; lit
[12] mp 66 °C; 'H NMR (CDCl,) 8 4.13 (s, 3H); 7.19 (s, 1H);
7.44-7.55 (m, 4H); 7.68-7.73 (m, 1H); 8.10-8.13 (m, 3H);
8.20 (dd, 1H); 13C NMR (DMSO-d,) 8 56.1; 98.2; 119.9;
121.3; 125.5; 127.3; 128.6; 128.9; 129.4; 130.0; 139.3; 148.5;
157.6; 162.4. Compound 9a: mp 142 °C, lit [11] mp 142-145 °C;
TH NMR (DMSO-d,) 8 3.59 (s, 3H); 6.01 (s, 1H); 7.44-7.49
(m, 1H); 7.58 (s, SH); 7.82-7.83 (m, 2H); 8.25 (d, 1H);
13C NMR (DMSO-dg) & 37.3; 111.2; 117.2; 123.4; 125.3;
126.3; 128.5; 128.6; 129.4; 132.2; 135.7; 141.7; 154.6; 175.6;
IR (KBr) v 1673 (C=0) cm-1.

Compound 8b was prepared by a procedure similar to that
described above in 55% yield (table I).

4-Benzyloxy-6-methyl-2-phenylquinoline 8d. To a mixture of
1b [9] (1.2 g, 5.0 mmol) and dry potassium carbonate (0.5 g,
3.6 mmol) in dry acetone (100 mL) was added a solution of
benzyl bromide (1.1 g, 6.4 mmol) in dry acetone (20 mL). The
reaction mixture was heated at reflux temperature for 22 h,
cooled to room temperature and the solvent evaporated in
vacuo. The solid residue was dissolved into a mixture of ethyl
acetate (50 mL) and iced water (25 mL). The organic phase
was separated and washed with water (15 mL) then brine
(15 mL) and dried (Na,SO,). Evaporation of the solvent in
vacuo gave a solid which was recrystallized from cyclohexane
to give 1.3 g (81%) of 8d; mp 140-142 °C; 'H NMR (CDCl,) 8
2.52 (s, 3H); 5.32 (s, 2H); 7.21 (s, 1H); 7.37-7.56 (m, 9H),
8.08-8.09 (m, 4H). Anal C,;H,(NO (C, H, N).

Compounds 8c and 8e were prepared by a procedure similar
to that described above in 32-69% yield (table I).

Method M

3-((2-Phenyl-4-quinolinyl)oxy)benzoic acid ethyl ester 10.
Sodium hydride as 80% oil dispersion (1.25 g, 41.8 mmol) was
added slowly to a stirred solution of 3-hydroxybenzoic acid
ethyl ester (6.9 g, 41.8 mmol) in dry DMF (50 mL). When
addition was complete the mixture was stirred for 30 min at
room temperature. A solution of 2a (5.0 g, 20.9 mmol) in dry
DMF (10 mL) was added and the reaction mixture was heated
at reflux temperature for 2 h. The mixture was cooled to room
temperature, poured into iced water (500 mL) and extracted
with ethyl acetate (2 X 200 mL). The organic phase was dried
(Na,SO,) and the solvent evaporated in vacuo to give a residue
which was dissolved into diethyl ether (200 mL). This organic
solution was washed with a 2 N aqueous sodium hydroxide
solution (25 mL), dried (Na,SO,) and concentrated in vacuo to
50 mL. Addition of ligroin (40:60) (100 mL) to the solution
resulted in crystallization. The solid was isolated by filtration
and dried in air to give 4.75 g (62%) of 10; mp 122-124 °C;
IH NMR (CDCl,) 6 1.38 (t, 3H); 4.38 (q, 2H); 6.99 (s, 1H);
7.39-7.58 (m, 6H); 7.76 (t, 1H); 7.90-8.00 (m, 4H); 8.17
(d, 1H); 8.31 (dd, 1H). Anal C,;H;;NO, (C, H, N).

Method N

N-Ethyl-3-((2-phenyl-4-quinolinyl joxy)benzamide 11. To a
solution of 10 (3.0 g, 8.1 mmol) in THF (50 mL) a 12 N
sodium hydroxide solution (10 mL) was added and the mixture
was heated at reflux temperature for 2 h. The phases were
separated and the organic phase was washed with brine (2 X
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50 mL). A 4 N aqueous hydrochloric acid solution was added
to the organic solution until a pH of 1 was obtained, and the
precipitate formed was isolated by filtration, washed with THF
and dried in air to give 3.0 g of crude 3-((2-phenyl-4-quino-
linyl)oxy)benzoic acid.

A mixture of the above acid (2.5 g, 6.6 mmol) and thionyl
chloride (50 mL) was heated at reflux temperature for 1 h.
Excess thionyl chloride was removed in vacuo to give a residue
which was dissolved into dichloromethane (100 mL). This
solution was cooled on an ice-bath and excess ethylamine in
dry diethyl ether (1:1) was added. The mixture was stirred at
room temperature for 1 h and then poured into iced water
(50 mL). The phases were separated and the organic phase was
washed with water and dried (K,CO,). The solvent was evapo-
rated in vacuo to give 1.55 g (63% calculated from 10) of 11;
mp 146-149 °C; 'H NMR (DMSO-d;) & 1.13 (t, 3H); 3.31
(q, 2H); 7.25 (s, 1H); 7.49~7.58 (m, 4H); 7.66-7.75 (m, 2H);
8.84 (s, 1H); 8.89-8.94 (m, 2H); 8.09 (d, 2H); 8.18 (d, 1H);
8.34 (d, 1H); 8.64 (br, t, 1H). Anal C,,H,N,O, (C, H, N).

Pharmacology

In vitro inhibition of 3H-flunitrazepam binding

In vitro inhibition of 3H-flunitrazepam (3H-FNM) binding was
performed according to general methods [15] using a final
concentration of 1 nM of 3H-FNM at 0 °C for 40 min. The
concentrations necessary for 50% inhibition (ICs,) are shown in
table I.

In vivo inhibition of SH-flunitrazepam binding

Inhibition of specific 3H-FNM binding in the forebrain of
living NMRI mice was determined according to the published
method [16]. The doses of test compound used were 30 and
100 mg/kg. The doses for 50% inhibition (EDj;) are shown in
table I.
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