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Abstract. A series of [-[2-[(2-phenoxyphenyl)methoxylethyl]-4-(3-phenylpropyl)piperazines 17-50
(Figure 1) were prepared and tested as inhibitors of biogenic amine re-uptake. In our scarch for
antidepressants, the relationship between their in vitro and in rvivo activity as dopamine-re-uptake
inhibitors is described quantitatively by using Retention Index values determined by reversed-phase

liquid chromatography.

Introduction

Inhibitors of neuronal re-uptake of monoamine neuro-
transmitters have been of interest since the recognition
that re-uptake mechanisms are important in rerminating
the actions of released neurotransmitters.
First-generation antidepressants, such as amitriptyline,
imipramine, and their descendants, maprotiline, clomi-
pramine, desmethylimipramine, doxepine and amoxapine
are said to derive their antidepressant effects from more
or less selective inhibition of noradrenaline and serotonin
re-uptake. However, all of these compounds show equal
or higher affinity for, and functional antagonism at neuro-
transmitter receptors for histamine and serotonin, the
a,-adrenergic receptor and (to a lesser extent) acetyl-
choline receptor!.

The second generation of antidepressants derived its ther-
apeutic success mainly from improvements in side-effect
profiles, which in turn were mediated predominantly by
this neurotransmitter receptor antagonism?.

These improvements were realised by retaining a more
sclective neurotransmitter antagonistic profile, thereby
creating safer compounds with a desired sedative clinical
profile (e.g., mianserin and setiptiline, which lack antago-
nism towards acetylcholine receptors).

Another approach was to create a full selectivity for the
neurotransmitter carriers to the detriment of all receptor
antagonism, thereby creating a neutral to slightly stimulat-
ing clinical profile.

In the latter case, effective antidepressants with re-uptake
inhibitory subspecificity were discernible. A major effort
was made by the pharmaceutical industry towards selec-
tive inhibitors of serotonmin re-uptake, exemplified by
zimelidine (withdrawn), fluoxetine and the more recent
sertraline, fluvoxamine, citalopram and paroxetine. Com-
pounds with sclective inhibition of noradrenaline and
dopamine re-uptake were developed, exemplified by

" Deceased.

nomifcnsine and bupropion. In this area, induced by the
carly withdrawal of nomifensine due to severe side effects
and the modest impact of bupropion, additional cfforts to
gencrate structurally unrelated antidepressants with a
similar mechanism of action seemed justificd.

Among the various series of compounds displaying high
affinity for the dopamine-re-uptake carrier, an outstand-
ing position is taken by those synthesised around GBr
12909 (see Figure 1)

The apparent limited specificity of this compound and its
congeners for noradrenaline and dopaminc-re-uptake in-
hibition (sec Table Il and Refs. 3 and 4) triggered our
effort to design a series of related compounds using an
unusual and novel bioisosteric replacement of substituted
diphcenylmethyl groups by substituted phenoxyphenyl
groups (Figure 2). The synthetic feasibility, in combina-
tion with the possibility to avoid the introduction of chiral-
ity in the case of single aromatic substitution, made this
effort worthwhile.

We describe in this paper the synthesis® and biochemical
evaluation of a novel series of dopamine-re-uptake in-
hibitors: viz. 1-2-[(2-phenoxyphenylmethoxylethyl]-4-(3-
phenylpropyl)piperazines and derivatives thereof, viz., 17-
50.

Chemistry

Several major synthetic routes, illustrated in the following
schemes (Schemes 1-4), were used for the synthesis of
our target compounds (Table I). The choice of a specific
synthetic route was guided by the availability of starting
materials.

Route 1

The route mainly used for the synthesis of the derivatives
17-45 (Figurc 1 and Scheme 1), started with the treat-
ment of acid 1 with thionyl chloride. Subscquent reaction
of the resulting acid chioride with an excess of piperazine
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Table I Compounds investigated.
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Compd. X y R RY R} MplOMol formula® Route
7 20 A 4C H H 225 CuHyCIN,O; 2HCT 1
3 20 A H H H 216 CuHuNO,2HCIT !
1 20 A A4F 4F H 26 CpHyFaN,052HCH 1
w20 A AF 3 N 220 CpHuEN, 0, 2HCH 1
u 3o A L H 30 212 CyuHyCINGD, 2HCIT 1
2 30 A H H  4Me 221 CyHyuNOp2HCIT 1
3 30 A H H  30Me 208 CxHyuNO;2HCIT 1
4 30 A H H 20 218 CyuHyCING, 2HCIT 1
3 20 A H U 30Mc 187 CuHyN:Oy2HCT 1
% 20 A H Il 4Me 235 CxHyuNO,2HCIT '
7 30 A H H H 216 CyHyN,0; 2HCI 1
B 20 A H H 20 0 CuHuCING, 2HCIT 1
» 30 A H H  20Mc 195 CyHuNO, 2HCIT 1
0 2s A H H H 213 CpHyN,0S 2HCH 1
31 20CH, A H H H 6 CpyHyN,0, 2HOT 1
2 20 A H H 30 19 CuHyCIND, 2HCIF 1
3 40 A H H 301 212 CuHuCINO, 2HCI* 1
M 40 A H  H  4Me 218 CpHyN0,2HOT 1
33  20CH, A H H  4Me 195 CyHyNO,2HCHK t
6 40 A H U 2.0Me 201 CxHyNOy 2HCIT 1
7 2s A H H  2.0Me 186  CrHyuNOS 2HOT 1
33  200H, A H H  20Me 191  CyHyNO;2HCT 1
» 20 A H H  20Me I8  CrHyNO,ZHCI ]
@ 2CH, A H H H AW CpHuNO2HCP !
4 40 A H H n 200 CpHiaN,0; 2HOW 1
2 2NMe A H H W 20 CauHyNO, 2HCT 1
a4 20 A H H  3NH, 182 CyHyNyOp 3HCI |
# 20 A0 H 200 207 ChxHyNO2HOT !
s 20 B H H W 221 CpHyN0; 2HCE i
6 30 c H H u 195 CyHyN;O; 2HCI 2
7 20 ¢C H B W 20 CoH N0, 2HCT 2
s 30 Db W U 197 CylhyuN,0; 2HCH 3
49 2-0 [b] 1 H i AN Oyl N0 2HO! 3
s 20 R TR TR T 221 CubhaN 05 2HCH 4

* Compounds marked with (7) or (*) gave satisfactory microanalyses
for C, H and N and satisfactory exact m /z data, respectively.

in acetic acid gave the monoacylated piperazine 2 in
70-92% yield. The monoalkyl piperazine derivatives 3
were obtained in 67-92% yield by lithium aluminium
hydride reduction of the amides 2. Treatment of 3 with
chloroacetyl chloride gave 4 in 57-100% vyield. The cou-
pling of 4 with the benzyl alcohol derivatives 6, prepared
by lithium-aluminium-hydride reduction from commercial
available benzoic acid derivatives S, was troublesome and
was only possible in moderate yields of 7 (35-51%) and
when freshly prepared chloroacetamides 4 were used.
Finally, reduction of the amide function of 7 using lithium
aluminium hydride gave the desired piperazine derivatives
17-45 in 60-78% yield. In order to improve the water
solubility of the compounds, all derivatives were con-
verted into their hydrochloride salts (see also Table I and
Experimental).

2o L OO
ol L <

GBR 12909

3 R
oD w o
7 2
<

6
on S o*0H
s
f
3
2 R 2
R R
; O N /‘En ¢ X NN
X NN L 0/ N
R"<’I> , R 17-44 n=2
- 45 n=1

Scheme 1. Route I: a) SOCI,; b) piperazine; ¢) LiAlH ,, diethyl ether;
d) chloroacetyl chloride; e) LiAlH,, diethyl ether; f) 33% NaOH:
g) LiAlH ,, diethyl ether.
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Scheme 2. Route 2: a) dioxane, reflux; b) 4N NaOH; c) K,CO; /K,
4-methyl-2-butan one.

46,47

Route 2

For synthesis of the alkyne derivatives 46 and 47 (Scheme
2), we chose phenylacetylene (9) as starting material.
Mannich reaction of 1-piperazinecarboxaldehyde (8) with
paraformaldehyde and 9 in dioxane using a catalytic
amount of copper(Il) acetate gave the desired piperazine
derivative 10 in 88% yield. Removal of the protecting
formyl group gave 11 (95%). The coupling of 11 with 12,
prepared from benzyl-alcohol derivatives 6 in a one-step
process using published procedures in the presence of

o) NST
o/
4849
Scheme 3. Route 3: a) Lindlar catalyst, H,.

4647
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Scheme 4. Route 4: a) NaHCO;, dioxane, 85°C; b) KOC(CH,),,
DME, 40°C.

potassium carbonate and a catalytic amount of potassium
iodide in refluxing 4-methyl-2-pentanone, gave derivatives
46, 47 in 43% yield.

Route 3

The synthesis of alkene derivatives was then attempted.
Two routes were investigated: one for the (Z)-alkenes
(Route 3) and another for the (F)-alkenes (Route 4).
Thus, hydrogenation of the alkyne derivatives 46, 47 with
Lindlar’s catalyst in a Parr apparatus (Scheme 3) gave
access to (Z)-alkene derivatives 48, 49 (67% yield).

Route 4

For the preparation of a ( E)-phenylpropene derivative 50,
1-piperazineethanol (13) and (E)-cinnamyl bromide (14)
were chosen as starting materials (Scheme 4). The cou-
pling reaction of 13 and 14 using NaHCO; as basc gave
15 in 76% yield. Subsequent coupling of 15 with 2-pheno-
xybenzyl chloride (16) using potassium tert-butoxide as
base gave the desired (E)-alkene derivative 50 in 14%
yield.

Evaluation of biological results
In vitro activity

The pharmacological data given in Table 11 indicate that
most of the compounds we have prepared are very potent
inhibitors of dopamine-(DUP) and noradrenalinc-(NUP)
re-uptake in vitro, while serotonin-re-uptake (SUP) is less
effectively inhibited.

The position of the Ar-X- group on the phenyl ring of
the 2-(phenylmethoxy)ethyl chain is important for the in
vitro profile. The most potent dopamine and nora-
drenaline-re-uptake inhibitors are obtained with thec Ar-
X— substituent at the 2-position. If this Ar-X- sub-
stituent is moved from the 2-position towards the 3- or
4-position, the DUP and NUP values are decreased to a
higher extent than the SUP values. This can be concluded
by comparing the data in Table II of the pairs of entries:
18, 27; 26, 2h2; 25, 23; 28, 24; 39, 29 (2-t's. 3-substitutions);
18, 41; 26, 34; 39, 26 (2- versus 4-substitutions). Some
4-substituted derivatives, such as 33, 34 and 36, equally
affect dopamine-, noradrenaline- and serotonin-re-up-
take.

For the 2-substituted derivatives, the nature of the —X-
group has little effect upon the in vitro profile: compare

Table Il Pharmacological data; calculated log(P) values

Compd. NUP* sup oup CIRC IPSIP LOG(P)¢
pKi pKi pKY LAD tmp/kyg) caled,
17 7.6 5% %0 20 6.51
18 7.7 6.2 X0 1 577
19 7.6 6.4 8.1 15 6.26
20 R0 5.8 7.7 8 6.26
2 7.2 6.1 6.7 >32 7.06
22 69 59 7.3 >22 683
23 8.0 59 74 32 6.12
24 6.0 6.0 7.4 >32 533
25 X5 0.4 LAY 25 591
2 7.5 6.1 75 25 6.37
27 7.2 6.4 715 >32 577
28 7.7 6.5 79 30 6.60
29 79 6.7 1.7 >32 6.34
k] 79 6.1 X1 is 6.63
3 6.8 6.3 77 >32 598
32 7.8 6.2 79 2 6.80
33 6.1 bR o0 >32 6.80
M 6.0 5.7 6.1 >32 6.83
35 6.9 6.0 6.9 >32 6.52
k3 6.5 6.5 [ >32 591
» 8.0 6.7 LA 25 6.71
s 7.1 6.7 7.6 >32 6.06
3 8.3 6.9 .2 15 6.37
0 76 6.0 .2 7 6.44
41 6.5 59 07 >32 577
2 7.2 6.6 ¥4 30 5.46
43 K.l 6.0 L 25 5.40
4 8.2 6.5 R 10 594
45 76 6.4 83 5 5.58
46 6.2 19 65 >32 5.56
47 6.9 5.5 X0 10 5.56
48 0.6 54 74 0 6.25
19 7.3 0.3 X0 15 6.25
50 6.7 0.1 74 10 5.9%
GBR129509 7.1 0.0 7.X8 Y] 547

# NUP: Noradrenaline-re-uptake inhibition

SUP: Serotonin-re-uptake inhibition

DUP: Dopamine-re-uptake inhibition

Specific re-uptake of radiolabelled transmitters is defined as the
total amount of radioactivity taken up in tissue, corrected for the
amount of radioactivity taken up in the presence of 10 *M de-
sipramine (for noradrenaline), 10 *M nomifensis (for dopamine)
and 10 *M imipramine (for serotonin).

Data are expressed as pK; values. The pK; represents —log(K;)
and the K; value is calculated from the ICq, value from inhibition
curves, using the formula K, = ICq,- K, /(K + C), with the ICy,
representing the concentration of the compound showing 50% inhi-
bition of specific re-uptake, with C representing the concentration of
the ligand and with K, as the Michaelis constant, calculated from
Lineweave-Burke plots measured separately. ™ CIRC 1PS1 LAD:
Lowest active dose in the ipsiversive circling test.  © LOG(P) caled:
calculated log( P) values, using the Rekker system ®.

cntrics 18 (X = 0), 30 (X = 8), 31 (X = 0-CH,), 40 (X =
CH,) and 42 (X = N-CH ;).

Concerning the nature of -Y- (A, B, C, D and E), it is
clear that the molccular variations used do not have a
great impact upon the in vitro profile: compare 18 with
45, 47, 48 and 50 (all X =2-O, R' = R?=R*=H).
Finally, the extent of dopamine-re-uptake inhibition of
the 1-[2-(diphenylmethoxy)ethyllpiperazines described in
Van der Zee et al.® and the values for 1-[2-[(2-pheno-
xyphenyl)methoxylethyllpiperazines described in this pa-

2
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R

Figure 2.
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per, are very similar. Therefore, the 2-(diphenylmethoxy)
ethyl moiety I (Figure 2) and the 2-{(2-phenoxyphenyl)-
methoxylethyl moiety II can be considered as bioisosters
for recognition at the monoamine-re-uptake carriers,

Compared to GBR 12909, compound 47 has improved
potency and selectivity as a dopamine-re-uptake inhibitor.

In vivo activity

In order to assess the in viro efficacy, all derivatives were
tested in the circling test in rats. In this test, dopamine-
re-uptake inhibitors induce ipsiversive circling, i.e., cir-
cling towards the site of the unilateral lesion induced by
6-hydroxydopamine in the nigro-striatal dopaminergic
pathway®.

It is obvious from Table II that certain compounds, al-
though being potent dopamine-re-uptake inhibitors in
vitro, are only moderately active in vivo (e.g., 32, 37 and
42). This phenomenon is illustrated further in Figure 3:
the relationship between the in vitro (DUP: pK;) and in
vivo data (CIRC IPSI: LAD) is not straightforward.
These discrepancies might be related to differences in
bio-availability for the title compounds. Therefore, we
examined the lipophilicity of the prepared compounds by
calculating log(P) values. It is generally accepted that
log( P) values can be used as physicochemical parameters
relevant for the bio-availability of drugs. An optimal log( P)
value of 2.0-2.5 has been suggested for several classes of
Central Nervous System (CNS) agents with divergent
structures’. The log( P) values given in Table II have been
calculated using the Rekker system®. The values obtained
clearly indicate that all prepared compounds should be
considered as being “over”-lipophilic.

Therefore, it is tempting to assume that these compounds
probably pass the blood-brain barrier quickly, after which
they preferentially diffuse into lipophilic arcas in the
brain. From these sites, re-diffusion into the central spinal
fluid and, finally, into the central site responsible for
activity is very slow, resulting in very low local concentra-
tions. The possibility of initial diffusion into hydrophobic
areas in the periphery may also play a role.

In order to describe these effects quantitatively, we have
used the hypothesis that the in vico activity of a drug is
determined by its efficacy, on the one hand, and its local
concentration, on the other °. This implies that, for a
dopamine-re-uptake inhibitor, in vico activity (CIRC IPSI:
LAD) can be described as a common function of its
efficacy (DUP: pK;) and its ability to reach the site of

Table 111
Compd. oup® RI% 1000 DUP/RI __ CRCIPSE
PA; LAD umg/kg) LAD (umol/kg)
18 8.0 1293 6.187 10 199
19 8.1 1295 6.255 15 27.8
25 8.0 1263 6.334 EN] 6.8
26 7.5 1368 5.482 25 48.3
28 7.9 1343 5.874 A0 KRR
30 8.1 1161 5952 15 289
32 7.9 1403 5031 32 59.5
37 X1 1350 6.000 25 455
39 8.2 1350 6.074 15 28.1
40 8.2 1323 6.19¥ 7 14.0
43 8.5 1061 8011 25 4.5
4 8.1 1180 6.804 10 19.2
45 8.3 1199 0.922 5 10.2
Nomifensine 708 759 9.290 2 57
GBR 12909 785 1212 6.477 10 19.1

DUP: Dopamine re-uptake inhibition (see legend Table ).
RI: Retention index on reversed-phase HPLC
CIRC IPSI LAD: lowest active dose in the ipsiversive circling test.

action (1 /[log(P)], as the title compounds are over-lipo-
philic. Provided a low correlation exists between DUP:
pK; and log(P). As this seems largely to be the case
(R =0.26 for the relationship) DUP: pK, versus log(P)
for the derivatives given in Table [I), we have examined
the relationship between the activity in the ipsiversive
circling model and DUP, corrected for over-lipophilicity,
i.e., divided by log(P).

Information on the polarity of a given molecule can be
casily obtained by reversed-phase liquid chromatography.
A relative measure that was introduced some years ago is
the retention index (RI)'. Therefore, we decided to
concentrate on RI values as experimentally derived esti-
mates of log( P). Numerous methods have been described
for the determination of RI values'’. In our work we used
the method of Baker and Ma'"', which is based on a
homologous series of 2-alkanones (for details, sce Experi-
mental).

In Table III, the data for the anticipated linear regression
analysis are presented for those compounds whose R/
value could be calculated. Figure 4 shows the results of
this analysis, as well as the calculated linear regression
curve, described by Eqn. 1. In view of the parabolic

l Eg 1 : 1/log LAD(umol/kg) = 0.292°DUP*1000/R! - 1.087 , N=13 , R=0.01 J
1.50
1.40
1.30
=~ 1.20
x
TED 1.10
2 1.00
Q
< 0.90
—
_g’ 0.80
- 0.70
0.60
0.50
0.40
5 6 7 8 9
1000*DUP/RI
Figure 4.
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[ Eq 2: Y/log LAD(umol/kg) = 0.282*DUP*1000/A) - 1.030 , N=15, R=0.96 )

/Nou(w
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Figure 5.

relationship betwecen log( ) and the CNS availability”,
and the over-lipophilic character of the title derivatives,
Eqgn. 1 only describes the in rivo activity of compounds
with a log( P) value well above 2.0.

L /[log[ LAD(mmol/kg)]]
=0.292 - DUP(pK;) - 1000/RI — 1.087
(n=13, R=091) (1)

Although the usefulness of physicochemical parameters in
QSAR (Quantitative Structure—Activity Rclationship)
studies is sometimes limited to specific series of closely
related compounds, the data of some reference com-
pounds were added {(sec also Table I1I). The results given
in Figure 5 are described by Eqgn. 2.

1 /log[ LAD( umol /kg)]
=0.282 - DUP(pK;) - 1000/RI — 1.030

(n=15, R=0.96) (2)

Taking into account the lipophilic character of the com-
pounds described and Egns. 1 and 2, we conclude that the
factor 1/RI is an adequate, experimentally derived,
physicochemical parameter to describe at least part of the
pharmacokinetic profile.

Experimental
Chemistry, general

Melting points (m.p.) were taken on a Buechi capillary melting point
apparatus and are uncorrected. The microanalytical values for C, H,
and N reported were within (.45 of the theoretical values. 'H-NMR
spectra were measured on a Bruker WP200, -AC200 or AM360
instrument (using standard conditions). Chemical shifts are reported
as & values (ppm) relative to Me,Si as internal standard.

Thin-layer chromatography (TLC) was carried out using Merck pre-
coated silica gel F-254 plates (thickness (.25 mm); R, values between
0.35 10 0.5 were found; eluent system: toluene /ethanol, 8/2, v/v:
(unless, stated otherwise). Spots were visualized with a UV hand
lamp and Cl, /tetramethylbenzidine. For column chromatography,
Merck silica gel 60 was used. The retention index by reversed-phase
liquid chromatography was determined as follows: the compounds
were chromatographed on a reversed-phase C18 column using an
eluent of methanol and buffer (50 mM tetramethylammonium hy-
droxide, pH 7.4 with concentrated phosphoric acid). The eluent
composition was chosen to give a capacity factor (k') of the sub-
stance between 3 and 30. A series of 2-alkanones (preferably 3 to 5)
was then injected. The RI values of the 2-alkanones arc by definition
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100- 1. in which 7 = the number of C atoms. From the lincar graph
of log(k') rs. RI of these 2-alkanones, the R/ values of the deriva-
tives examined were determined by interpolation.
Fast-Atom-Bombardment (FAB) mass spectra were recorded with a
Finnigan MAT 90 mass spectrometer {(Finnigan MAT, Bremen,
FRG). Samples were dissolved in methanol and mixed with the
matrix compounds on standard stainless-steel targets. Exact masses
of the protonated molecular jons were determined with the peak-
matching technique at a mass resolution of > 8900 (10 valley
definition) in the positive-ion mode using two reference masses
either from poly(ethylene glycol), average molecular mass 400, or
polylpropylene glycol), average molecular mass 425, Average exact
masses were calculated from at least 10 computer-controlled mea-
surements using the bracketing method.

Method 1 (compounds 17 -45)

1-[3-(2-Methoxyphenyl)-I-oxopropyl]piperazine  (2). 3-(2-Metho-
xyphenyl)propionic acid chloride (55.75 g, 310 mmol; prepared quan-
titatively from 3-(2-methoxyphenybpropionic acid (1) using thionyl
chloride as reagent) was added dropwise to a stirred solution of
piperazine (41.57 g; 483 mmol) in acetic acid (830 ml). After stirring
for 16 h at 20°C, the crystals were filtered off and the solvent was
evaporated. Ethanol (500 ml) was added to the residue, the suspen-
sion was filtered, and the solvent was then evaporated. The resulting
material was partitioned between CH,CI5 and an aqueous in HCT
solution. The latter was separated, the pH adjusted to pH 9-10,
saturated with NaCl and subsequently extracted with toluene. Evap-
oration of the dried organic layer gave 2 as an oil, which was
homogeneous by TLC (R, 0.3; butanol /acetic acid /water, 4/1/1,
v/v/v)in 86% (60.5 g) yield. "H NMR (CDCl,): 8 7.1-7.25, 6.8-6.9
(m, CHy), 3.8 (s, OCH), 3.6 and 3.4 [2. t, (CH,). ] 2.5-3.0 (m, 8
piperazine Hs).

1-[ 3-(2-Methoxyphenyl)propyl [piperazine (3). A solution of piperazine
amide 2 (6(.5 g. 244 mmol) in dry diethyl ether (324 ml) was added
dropwise to a stirred suspension of LIAIH ; (27.33 g, 718.8 mmol) in
dry diethyl cther (979 ml) under nitrogen. After stirring for 3 h at
20°C, the reaction mixture was cooled to 0°C and water (109 ml) was
added dropwise. The suspension was filtered and the solvent was
evaporated to give 3 as an oil, which was homogencous by TLC
(R, = 0.1; butanol /acetic acid/water, 4/1/1, v/v/v) in 77% (44 p)
yield. '"H NMR (CDCl,): 8 7.1-7.25, 6.8-6.9 (m. C,H,). 3.8 (s,
OCH ), [.7-2.9 (m, -(CH,);— + 8 piperazine Hs).

1-(2-Chloro-1-oxoethyl)-4-(3-[ 2-methoxyphenyvl [propyl)piperazine  (4).
Chloroacetyl chioride (13.57 ml) was added dropwise 1o a cooled and
stirred solution of 3 in (39 g, 166.7 mmol) and triethylamine (25.5 ml)
under nitrogen, After stirring for 16 h at 20°C, the reaction mixture
was poured into ice water and the extracted with CH,(l,. The
aqueous phase was then adjusted 1o pH 9-10, saturated with NaCl
and extracted with toluene. Evaporation of the dried organic layer
(MgS0,) gave 4 as an oil in quantitative yield. '"H NMR ({CDCly): 8
6.8-7.25 (m, CH ), 4.0 (s, CH,), 3.75 (s, OCH ). 3.6 (t, ArCH,),
3.5 (t. CH,-N), 2.35-2.65 (m, 8 piperazine Hs), 1.75 (m, C-CH,~C).

1-]3-(2-MethoxyphenyDpropyl]-4-1 1-oxo-2-[{ 2-phenoxyphenylmeth -
oxy fethyl [piperazine (7). 2-Phenoxybenzylalcohol (6) (5.8 g, 29 mmol)
was added to a suspension of 4 (9 g, 29 mmol) in an aqueous solution
of NaOH (101.9 ml of a 339% solution). After stirring for 3 h at 60°C,
the reaction mixture was cooled and diluted with water. Extraction
of the aqueous phase with toluene, evaporation of the solvents and
subsequent purification of the crude product by column chromatog-
raphy (silica gel, cluent: ethyl acetate) gave 7 as an oil in S0% yield
(6.9 g). '"H NMR (CDCl): 8 6.8-7.25 (m, C H, +C Hy), 4.65 (s,
OCH, Ar) 4.15 (s, COCH ), 3.8 (s, OCH ), 3.6 (1, ArCH,), 3.45 (t,
CH,-N), 2.35-2.65 (m, 8 piperazine Hs). 1.75 (m, C-CH,-Q).

1-[3-(2-Methoxyphenylpropyl]-4-[ 2-[(2-phenoxyphenyl) methoxy feth-
yllpiperazine dihydrochloride (39). A solution of 7 (6.9 g. 14.6 mmol)
in dry diethyl ether (200 ml) was added dropwise to a stirred
suspension of LiAIH, (2.5 g, 58 mmol) in dry dicthyl ether (100 ml)
under nitrogen. After stirring for 2 h at 20°C, the reaction mixture
was cooled to 5°C and water (8.8 ml) was added dropwise. The
suspension was filtered and the solvent was evaporated. The crude
product was dissolved in ethanol and a solution of HCl in ethanol
(2.1 equivalent of HCI) was added. After evaporation of the solvent
in racuo, the solid product 39 was recrystallized from ethanol. Yield
5.1 g(65%). M.p. 186°C. "H NMR (CDCl, + CD;0D): 8 6.8-7.6 (m,
13 aromatic Hs), 4.65 (s, Ar—-CH,-0), 3.91 (m, O-CH,-C-N), 3.83
(s. OCH;), 3.4-4.0 (br, 5, 8 piperazine Hs), 3.47 (m. N-CH,-C-0),
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3.22 {m, N-CH,-C-C-Ar), 2.72 (1, Ar-
C-CH,-C).
Using the above procedure, the following derivatives were prepared:

CH,-C-0), 207 (m. Ar-

1-[2-{(#-Chloro-2-phenoxy)methoxy Jethyl]-4-( 3-phenylpropyl)pipera -
zine dihydrochloride (17). M.p. 225°C. 'H NMR (CDCly): 8 6.9-74
(m, 13 aromatic Hs), 4.55 (s, Ar-CH,-0), 3.98 (m, O-CH,-C-N),
3.5-4.0 (m. 8 piperazine Hs), 3.33 (m. N-CH,-C-0), 3.05 (m,
N-CH,-C-C-Ar), 2.76 (t, Ar-CH,-C-(C), 2.12 (m, Ar-C-CH, -
)

1-[2-(2-Phenoxyphenyl)methoxy Jethyl[-4-(3-phenyipropyl)piperazine di-
hydrochloride hemihivdrate (18). M.p. 216°C. "H NMR (CDCl,): &
6.9-7.4 (m, 14 aromatic Hs), 4.57 (s, Ar-CH,-0)., 4.00 (m, O-CH, -
C-N), 3.5-4.0 (m, 8 piperazine Hs), 3.22 (m, N-CH,-C-0), 2.98
(N-CH,-C-C-Ar), 2.72 (t, Ar-CH,-C-C), 2.15 (m, Ar-C-CH, -
)

1-1 2-[ [4-Fluoro-2-(4-fluorophenoxy )phenyl [methoxy [ethyl |- 4-(3-phen-

vipropylpiperazine (Ii/z_u[mdlloridc (19). M.p. 216°C. 'H NMR
(CDCLL): 6 6.4-7.7 (m, 12 aromatic Hs), 4.58 (s, Ar—-CH,-0), 4.02
(m, O-CH,-C-N), 3.4-3.9 (m, 8 piperazine Hs), 3.33 (m, N-CH, -
C-0), 3.03 (m, N-CH,-C-C-Ar-), 2.72 (t, Ar-CH,-C-C), 2.19
(m, Ar-C-CH,-C).

1-12-1 [4-Fluoro-2-(3-fluorophenoxy)phenyl [methoxy [ethyl]-4-(3-phen-

vipropylpiperazine  dihydrochioride (20). M.p. 220°C. 'H NMR

(CD,0D): 5 6.7-7.6 (m, 12 aromatic Hs), 4.62 (s, Ar-CH,~-0), 3.95

(m, O- CH,-C-N), 3.4-3.9 (m, Xplpuazmc Hs), 3.49 (m, N-CH, -

( ())ljx(mN(H -C-C-Ar), 2.75 (t, Ar-CH,-C C)212(m
-C-CH, -C).

1-{3-(3-ChlorophienyDpropyl]-4-1 2-[ (3-phenoxyphenylmethoxy [etiy!]
piperazine dihvdrochloride (21). M.p. 212°C. TH NMR (CDCl;): 8
6.9-7.4 (m, 13 aromatic Hs), 4.52 (s, Ar-CH, -0), 3.95 (m, O-CH , -
C-N). 3.5-4.1 (m. & piperazinc Hs), 3.39 (m, N-CH,-C-0), 3.09
(m, N-CH,-C-C-Ar), 2.70 (1, Ar-CH,-C-C), 2.18 (m, Ar-C-
"H,-C).

1-[3-(4-MethyiphenyDpropyl]-4-[2-f (J-plwn()xyphz’ny/)meth()xy/cthy/]
piperazine dihvdrochloride (22). M.p. 221°C. '"H NMR (CDCl,): &
6.9-7.4 (m, 13 aromatic Hs), 4.51 (s, Ar-CH, -0), 3.98 (m, O-CH, -
C-N), 3.5-4.1 (m, 8 piperazine Hs), 3.37 (m, N-CH,-C-0), 3.04
(m, N-CH,-C-C-Ar), 2.68 (t, Ar—-CH,-C-0), 2.31 (s, Ar— CH ),
2,18 (m, Ar-C-CH,-C).

1-13-(3-Methoxyphenylpropyl]-4-12-](3-phenoxyphenyl)methoxy|
ethvipiperazine dihydrochloride (23). M.p. 208°C. "H NMR (CDCl,):
3 6.7-7.4 (m. 13 aromatic Hs), 451 (s, Ar—-CH,-0). 3.98 (m.
O-CH,-C=N), 3.79 (s. OCH ;). 3.5-4.1 (m, 8 plpcrdzme Hs), 3.35
(m. N-CH,—-C-0), 3.06 (m, N -CH,-C-C-Ar), 2.69 (t, Ar-CH, -

C-C), 2.19 (m. Ar-C-CH, -C).

1-13-02-ChlorophenvDpropyl]-4-1 2- (3-phenoxyphenyl) methoxy lethyl]
piperazine dihydrochloride (24). M.p. 218°C. 'H NMR (CDCl, +
CD,0OD) § 6.9-7.4 (m, 13 aromatic Hs), 4.55 (s, Ar—CH,-0), 395
(m, () CH,-C-N), 3.6-3.9 (m, 8 piperazine Hs), 3.41 (m. N— CH, -

C-0), 3. lS(m.N CH,-C-C-Ar), 2.87 (t, Ar-CH,-C- ), 2.19 (m,
Ar-C-CH,-C).

[-13-(3-MethoxyphenylDpropyl]-4-2-[ (2-phenoxyphenyl)methoxy]
ethvllpiperazine dihydrochloride (25). M.p. 187°C. 'H NMR (CDCl ,):
5 6.7-7.4 (m, 13 aromatic Hs). 4.59 (s, Ar-CH,-0), 3.98 (m,
O-CH,-C-N). 3.4-3.9 (m, 8 piperazine Hs), 3.26 (m, N-CH,-C-
0), 3.00 (m, N~CH,-C-C~Ar). 2.68 (t, Ar—CH,-C-C), 2.14 (m,
Ar-C-CH,-C).

1-{3-(4-MethyIphenyl)propyl]-4-1 2-[(2- plz('n()xyphcn_v/)merlz(u‘y/ethyl/
piperazine dilydrochloride (26). M.p. 225°C. '"H NMR (CDCl,)
6.9-7.4 (m, 13 aromatic Hs), 4.59 (s, Ar CH,~0), 4.00 (m, O- CH7
C-N). 3.3-3.9 (m, 8 piperazine Hs), 3.26 (m, N-CH,-C-0), 2.96
(m, N-CH,-C-C-Ar). 2.67 (t. Ar—-CH,-C-0), 2.32 (s, Ar-CH ),
2.12 (m, Ar-C-CH,-C).

1-12-[(3-Phenoxyphenvl)methoxy Jethyl[-4-(3-phenylpropyl)piperazine
dihvdrochloride (27). M.p. 216°C. '"H NMR (CDCl,): 8 6.9-7.4 (m,
13 aromatic Hs), 4.51 (s, Ar-CH,~-0), 3.98 (m, O-CH,-C-N),
3.5-4.1 (m, piperazine Hs), 3.35 (m, N-CH,-C-0), 3.06 (m, N-
CH,-C-C-Ar), 272 (1. Ar-CH,-C-C), 2.18 (m, Ar-C-CH,-C).

1-]3-(2-ChiorophenyDpropyl]-4-] 2-[ (2-phenoxyphenyl) methoxy [ethyl]
piperazine dihydrochloride (28). M.p. 200°C. '"H NMR CDCI,): §
6.9-7.4 (m, 13 aromatic Hs), 4.59 (s, Ar-CH,-0), 3.99 (m, O- (H7
C-N), 3.4-39 (m, 8 piperazine s}, 3.28 (m, N- CH,-C-0), 3.06
(m, N-CH,-C-C-Ar), 2.82 {t, Ar—-CH,-C-C), 2.15 (m, Ar-C-
CH,-QO).

1-]3-(2-Methoxyphenyl)propyl]-4-[ 2-[ (3-phenoxyphenyl) methoxy [eth-

ylpiperazine dihydrochloride (29). M.p. 195°C. '"H NMR (CDCl,): 6
6.8-7.4 (m, 13 aromatic Hs), 451 (s, Ar—-CH,-0), 3.98 (m, O-CH, -
C-N), 3.82 (s, OCH;), 3.5-4.1 (m, 8 piperazine Hs), 3.35 (m, N-
CH,-C-0), 3.06 (m, N-CH,-C-C-Ar), 2.70 (t, Ar-CH,-C-C).
2.16 (m, Ar—C-CH, Q).

1-(3-Phenylpropyl)-4- 2- [ 2-(phenylthio)phenyl[methoxy [ethyl [ pipera-
zine dihydrochloride (30). M.p. 213°C. "H NMR (CDCl, + CD,0OD):
§ 7.2-7.6 (m, 14 aromatic Hs), 4.72 (s, Ar-CH,-0), 392 (m,
O-CH,-C-N), 3.5-4.0 (br.s, 8 piperazine Hs), 3.30 (m, N-CH , -C-
0), 3.25 (m, N-CH,-C-C-Ar), 2.73 (t, Ar-CH,-C-(), 2.14 (m,
Ar-C—CH, -C).

1-{2-1{2-(Phenyimethoxy)phenyllmethoxy Jethyl[-4-(3-phenylpropyl)pi-
perazine dihydrochloride (31). M.p. 206°C. 'H NMR (CDCl,): &
6.9-74 (m, 14 aromatic Hs), 5.12 (5, Ar-CH,-O-Ar), 4.61 (s,
Ar—-CH,-0), 4.00 (m, O-CH,-C-N), 3.2-4.0 (m, 8 piperazine Hs),
3.20 (m, N-CH,-C-0), 2.92 (m, N-CH,-C-C-Ar), 2.70 (t, Ar-
CH,-C-C), 2.11 (m, Ar—-C-CH,-C).

1-13-(3-Chlorophenyl)propyl[-4-{ 2-[ (2-phenoxyphenyl)methoxy [ethyl]
piperazine dihydrochloride (32). M.p. 199°C. 'H NMR (CDCl,): &
6.9-7.4 (m, 13 aromatic 11s), 4.58 (s, Ar—CH,-0), 4.00 (m, O-CH , -
C-N), 3.4-4.0 (m, 8 piperazine Hs), 3.27 (m, N-CH,-C-0), 3.03
(m. N—CH,-C—C-Ar), 2.68 (1. Ar-CH,~C~0), 2.12 (m, Ar-C-
CH,-C).

1-[3-(3-Chlorophenyl) propyl]-4-[ 2-[ (4-phenoxyphenyl)methoxy Jethyl]
piperazine dihydrochloride (33). M.p. 212°C. 'H NMR (CDCl, +
CD;0D): § 7.0-7.4 (m, 13 aromalic Hs), 4.54 (s, Ar—-CH,-0), 3.9
(m, O- CH,-C-N), 3.6-4.0 (m, 8 piperazine Hs), 3.40 (m, N- CH,-

C-0), 3l§(m N-CH,-C-C-Ar), 2.71 (t, Ar—-CH,-C-C), 2l8(m
Ar—-C-CH,-0).

1-/3- (4—Merhylphen,\f/)propy//—4—/2—/(4—[)hcm)xyphmyl)mcth()xy/('Ihy[/
piperazine dihydrochloride (34). M.p. 218°C. "H NMR (CDC!,): &
7.0-7.4 (m, 13 aromatic Hs), 4.52 (s, Ar—-CH,-0), 3.98 (m, O- CHw
C—N), 3.5-4.1 {m, 8 piperazine Hs), 3.36 (m, N~ CH2 C-0), 3.05 (m
N-CH,-C-C-Ar), 2.68 (t. Ar—-CH,-C-C). 2.31 (s, Ar-CH ), 2.18
(m., Ar-C-CH,-C).

1-13-(4-MethylphenyDpropyl]-4-{2-[[ 2-(phenylmethoxy)phenyl]
methoxyfethyl[piperazine dihydrochloride (35). M.p. 195°C. 'l NMR
(CDCl,): 6 6.9~7.4 (m, 13 aromatic Hs), 5.10 (s, Ar-CH,-0-Ar),
4.59 (s, Ar-CH,-0), 3.96 (m, O~-CH,—-C-N), 3.3-3.9 (m, 8 pipera-
zine Hs), 3.23 (m, N-CH,-C-0). 2.92 (m. N-CH, -C-C-Ar), 2.65
(t, Ar—-CH,-C-C), 2.31 (s Ar—CHy), 2.08 (m, Ar- C- CH,-C).

-] 3-(2-Methoxyphenyl)propyl]-4-{ 2-[ (4-phenoxyphenyl) methoxy Jeth-
ylipiperazine dihydrochloride (36). M.p. 201°C. "H NMR (CDCl,): &
6.8-7.4 (m, 13 aromatic Hs), 4.51 (s, Ar—CH ,-0), 3.98 (m, O-CH, -
C-N), 3.80 (s, OCH), 3.5-4.1 (m, 8 piperazine Hs), 3.36 (m, N-
CH,-C-0), 3.06 {m, N-CH,-C-C-Ar), 2.71 (1, Ar-CH,-C-C),
2.16 (m, Ar-C-CH,-C).

1-13-(2-Methoxyphenylipropyl]-4-[ 2-1 [ 2-(phenyithio )phenyl [methoxy |
ethyllpiperazine dihydrochioride {37). M.p. 186°C. '"H NMR (CDCl5):
& 6.8-7.5 (m, 13 aromatic Hs), 4.65 (s, Ar—-CH,-0), 4.00 (m,
O-CH,-C-N), 38l (s, OCH,), 3.4-4.0 (m, 8 piperazine Hs), 3.26
(m. N-CH,-C-0). 3.03 (m, N-CH,-C~C-Ar), 2.69 (t, Ar-CH, -
C-C), 2.14 (m, Ar-C-CH,-C),

1-13-(2-Methoxyphenyl propyl]-4-{ 2-[ 2-(phenyimethoxy ) phenyl)meth-
oxylethyllpiperazine diydrochloride (38). M.p. 191°C. '"H NMR
(CDCl,): & 6.8-7.4 (m, 13 aromatic Hs), 5.11 (s, Ar-CH,-O-Ar),
4.61 (s, Ar-CH,-0), 4.00 (m, O-CH,-C-N), 382 (s, OCH,),
3.2-4.0 (m, 8 piperazine Hs), 3.2 {(m, N-CH,-C-0), 2.93 (m,
N—CH,—C_C-Ar). 2.69 (t, Ar-CH,-C-C), 2.07 (m, Ar-C-CH -
).

1-{2-][2-(Phenylmethyl)phenyl]methoxyJethyl]-4-(3-phenoxyprop-
vl)piperazine dihydrochloride (40). M.p. 209°C. 'H NMR (CDCl,): &
7.0-7.4 (m, 14 aromatic Hs), 4.51 (s, Ar—CH,-0), 404 (s, ar-CH , -
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Ar). 385 (m, O-CH ;~C=-N), 3.4-4.0 (br.s, 8 piperazine ) Is). 3.08 (m,
N-CH, -C-0), 3.05 (m, N-CH , -C-C-Ar), 2.70 (t, Ar—-CH , -C-Q),
216 (m, Ar—-C-CH,-(").

1-[ 2-[(4-Phenoxyphenylimethoxy Jethyl ] -4-( 3-phenylpropel) piperazine
dilvdrochloride (41). M.p. 210°C. 'H NMR (CDCl, + CD;0D): 3
7.0~7.4 (m, 14 aromatic Hs). 4.54 (s. Ar—CH,-0), 3.95 (m, O-CH, -
C-=N), 3.6-4.0 (br.s, 8 piperazine Hs), 3.30 (m, N-CH, -C-0), 3.12
(m, N-CH,--C-C-Ar), 2.74 (1, Ar-CH,-C-C), 2.19 (m. Ar-C-
CHL-O).

N-Mcthyl-N-phenyl-2-[ [ 2-[4-(3-phenylpropyl) - 1-piperaz invl[ethoxy |
methyl[benzenamine  dihvdrochloride (42). M.p. 220°C. 'H NMR
(CDCl, +CDL0OD): 8 6.55 (m, 2 aniline o-Hs). 6.72 (tt, aniline p-H),
7.1=-7.5 (m, 13 other aromatic Hs), 4.46 (s. Ar—CH,-0), 3.90 (m,
O-CH,-C-N). 3.4-3.9 (m, 8 piperazine Hs), 3.49 (s, NCH;), 3.29
(m, N-CH,-C-0), 3.08 (m, N-CI,-C-C-Ar), 2.73 (1, Ar-CH,~
C-C) 2.16 (m, Ar-C-CH,-C).

3-13-[4-[ (2-Phenoxyphenylmethoxy [ethyl]- [-piperazinvl [ propyl [ ben-
zenamine tribvdrochloride (43). M.p. 182°C. '"H NMR (CDCl,): 8
6.9-7.5, (m, 13 aromatic Hs). 4.61 (s, Ar—-CH,-0). 3.96 (m, O-
CH,-C-N), 3.6-3.9 (m, 8 piperazine Hs), 3.36 (m, N-CH,-C-0),
316 (m, N-CH,-C-C-Ar). 2.76 (t, Ar-CH,-C-C), Z.16 (m, Ar-
C-CH,-Q).

2-[3-[4-1 2-[(2-PhenoxyphenyDmethoxy [ethyvi] -1 -piperazinyl]propyl]
phenol  dilivdrochloride  (44). M.p. 217°C. 'I11 NMR (CDCly +
CD;0D): 6 6.8-7.5 (m, 13 aromatic Hs), 4.62 (s, Ar-CH,-0), 3.96
(m. O-CH,-C=N), 3.4-3.9 (m, 8 piperazine Hs), 3.33 (m, N-CH, -
C-0), 3.10 (m, N-CH , -C-C-Ar), 2.70 (1. Ar—-CH,-C--C), 2.10 (m.
Ar-C-CH, -O).

1-[ 2-[(2-Phenoxyphenylmethoxy Jethvl]-4-( 2-phenviethvDpiperazine di-
Ivdrochloride (48). M.p. 221°C. 't NMR (CD,0D). § 6.9-7.6(m, 14
aromatic Hs). 4.67 (s, Ar-CH,-0), 3.91 (m. O-CH,-C-N), 3.5-39
(br.s, 8 piperazine Hs). 3.50 (m. 4 other N-CH,’s), 3.13 (in, Ar-CH,).

Method 2 (compound 46. 47)

H-(3-Phenyl-2-propynvl)piperazine- I-carboxaldehyde  (10)  Copper(11)
acctate (0.25 g) was added to a solution of paraformaldehyde (2.5 g)
and piperazinecarboxaldehyde (18) (6.3 g, 55 mmol) in dry dioxane.
The resulting mixture was heated to 100°C and a solution of pheny-
lacetylene (9) (5.85 2. 57 mmol) in dry dioxane (10 ml) was added
dropwise. After 3 h, the reaction mixture was cooled 1o 20°C. The
resulting suspension was thea filtered and the solvent was evapo-
rated. The crude product was puritied by column chromatography
(silica gel, eluent: toluene /ethanol, 9/1, v/v) to give 10 as an oil in
83% yield (104 g). R; 0.4 (toluene/ethanol, 9/1, v/v). '"H NMR
(CDCTL): 8 8.05 (s, COH), 7.25-7.5 (m, C Hg), 3.6 (s, Cil,), 3.6-3.7,
3.4-3.5, 2.6-2.7 (m. ¥ piperazine Hs).

A-{3-Phenyl-2-propyyDpiperazine (11). 10 (9.5 g) was added to a
aqueous 4 N NaOHH solution (100 ml) and refluxed. After § h, the
reaction  mixture  was  cooled 10 20°C  and  extracted  with
dichloromethane. The organic layer was washed with brine, and
dried over MgSOy,. Evaporation of the solvent gas 11 ¢uantitatively
as an oil. R 0.6 (toluene /ethanol, 8/2, v/v). "H NMR (CDCl;) 8
7.25-7.5 (m, C,H). 3.5 (s, CH>), 2.8-2.9, 2.6-2.7 (m. & piperazine
Hs).

1-[2-1(3-Phenoxyphenvihnethoxy fethylchloride  (12). Conce. sulfuric
acid (0.55 mD) was added to a mixture of 2-chloroethanol (6.22 g, 77.5
mmol) and 3-phenoxybenzyl aleohol (10 g, 50 mmol). After stirring
tor 20 h at 100°C, the reaction mixture was cooled, water was added
and the aqueous layer was extracted with toluene. The organic layer
was washed with saturated NaHCO, and brine, dried over MgSO,
and cvaporated in vacuo. The residue was subjected to column
chromatography (silica gel, eluent: hexane /ethanol, 98/2. v/v) to
yicld 4.5 g (35%) of 12 as an oil, which was homogencous on TLC
(R; 0.6: hexane/ethyl-acetate, 8/2, v/v). '"H NMR (CDCl,): 6
6.9-7.4 (m, 9 aromatic Hs), 4.55 (s, CH,). 3.6-3.8 [m, (CH,),].

1-12-[(3-PhenoxyphenyDimethoxy Jethvl[-4-( 3-phenyl-2-propynyDpipera-
zine difvdroctloride (461 A stirred suspension of 11 (0.91 g, 4.54
mmol), potassium carbonate (.35 g), a catalytic amount of potassium
iodide (0.03 g) and 12 (1.19 g, 4.5 mmol) in dry 4-methyl-2-pcatanone
were refluxed for 18 h. The reaction mixture was then cooled to
20°C. The resulting suspension was filtered and the solvent was
cvaporated in vacuo. The crude material was purified by column
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chromatography (silica gel, eluent: toluene /ethanol. 8/2, v /v). The
product was dissolved in ethanol and a 5 N solution of HCI in
ethanol (1 ml) was added. causing the product to crystallize. The HCI
salt was recrystallized twice from cthanol /dicethyl cther. Yield 797%
(0.91 g) of 46. M.p. 195°C. 'H NMR C€DC): & 6.9-7.6 (m, 14
aromatic Hs), 4.55 (s, Ar-CH,-0), 4.32 (s, N-CH,=C), 3.96 (m,
O-CH,-C-N), 3.6-4.1 (m, 8 piperazine Hs), 3.45 (m, N-CH,-C

0).

Using the above procedure, the following other derivative was pre-
pared:

- 2-[(2-Phenoxyphenyl)methoxy Jethyl [-4-(3-phenyi-2-propynyi)pipera-
zine dihvdrochloride (47). M.p. 200°C. 'H NMR (CDCL): 8 6.9-7.6
(m. 14 aromatic Hs), 4.60 (s, Ar-CH,-0), 4.14 (s, N-CH[,-(=(),
401 (m, O-CH,-C-N). 3.4-42 (m, 8 piperazinc Hs), .24 (m,
N-CH,-C-0).

Method 3 (componunds 48—49)

(Z)-1-12-[(3-PhenoxyphenylDmethoxy [ethyl[-4-( 3-phenyl-2-propenyl)
piperazine dilydrochloride (48). Lindlar catalyst ((1.25 ¢) was added to
a solution of 46 (2.1 g, S mmol) in toluene. The resulting suspension
was trcated for 2 h with hydrogen in a Parr apparatus (£ 23 psi) at
room temperature. Filtration and evaporation of the solvent was
followed by column chromatography (silica gel. eluent: toluene/
cthanol, 9/1, v/v). Addition of 2.1 equivalent HCT in cthanol and
evaporation gave white solid material which was recrystallized to give
.67 g of 48 (67% yield). M.p. 197°C. R, 0.5 (toluene /ethanol, 8 /2,
v/v). "H NMR (CDCl): 8 6.9-7.4 (m, 13 aromatic Hs+ Ar-CH=C),
6.08 (dt, Ar-C=CH), 4.52 (5. Ar—-CH,0). 4.00 (m. O-CH,-C-N),
398 (d. N-CH,-C=C), 3.5-4.1 (m. 8 piperazine Hs), 330 (m.
N-CH,-C-0).

Using the above procedure also the following derivative was
prepared:

(Z)-1-[2-[(2-1Phenoxyphenylymethoxy [ethyl[-4-(3-phenyi-2-propenyl)
piperazine dihvdrochloride (49). M.p. 201°C. 'H NMR CDCLLY 8
6.9-7.4 (m, 14 aromatic Hs+ Ar—-CH=0), 6.03 (dt, Ar—(=CH). 4.58
(s, Ar—CH,-0), 4.0 (m. O-CH, -C-N+ N-CH, -(=(), 3.3-3.9 (m,
8 piperazine Hs), 3.25 {m, N-CH,-C-0O).

Method 4 (compound 50)

(E)-4-(3-Phenyl-2-propenyl)-1-piperazinecthanol (15). Cinnamyl bro-
mide (14) (9.9 g, 65 mmol) in dioxane (15 mD was added dropwise to
a suspension of N-(2-hydroxyethylpiperazine (8.5 g. 65 mmol) (13)
and NallCO, (6.5 g) in dioxane (15 ml). The reaction mixture was
stirred for 16 h at 85°C. The reaction mixture was then cooled to
room temperature, filtered and the solvent was evaporated in vacuo.
The residue was subjected to column chromatography (silica gel,
cluent: toluene /ethanol, 9/1, v/v) to yield 8.82 g (55%) of 15 as an
oil. R 0.4, CH,Cl, /MeOH. 8/1. v/v. "HH NMR (CDCl,) 6 7.2-7.4
(m, CoH), 6.55 (d. C H-CH=C), 6.2-6.5 (m, Ar-CH=CH). 3.6 (1,
CH,0H), 3.2 (dd. C=CH-CH,N), 2.5-2.7 (m. NCH, and piperazine
Hs).

(L)-1-[2-[(2-Phenoxyphenyl)methoxy [ethyl[4-(3-phenyl-2-propenyvi)
piperazine dibydrochloride (50). A solution of 2-phenoxybensyl chlo-
ride (16) (7.82 g, 35.8 mmol) in dry 1.2-dimethoxyethane (8 ml) was
added dropwise to a stirred solution of 15 (8.82 g, 35.8 mmol) and
potassium tert-butoxide (4.4 g) in dry 1.2-dimethoxyethane (125 ml)
at room temperature. After stirring for 3 days at 40°C, the reaction
mixture was cooled to 20°C. The suspension was then filtered and
the solvent was evaporated in vacuo. The crude product was purificd
by column chromatography (silica gel, eluent: toluene /ethanol, 9/1,
v/v). The HCT salt of 50 was recrystallized twice from ethanol. Yield
2.4 g (14%). M/o. 199°C. '"H NMR (CDCl,): 8 6.8-7.4 (m, 14
aromatic Hs), 6.77 (d. Ar-CH=C), 6.37 (d1, Ar—C-CH). 4.59 (s,
Ar-CH,-0), 4.03 (m, O-CH, -C-N}, 3.4-3.9 ppm (m. & pipcrazine
Hs), 3.23 ppm (m, N-CH,-C-0).

Pharmacology

Re-uptake studies of monoamines. Male Wistar rats (Hsd /Cpb:WU),
weighing between 150-200 g, were killed by decapitation and the
brains were rapidly removed. Corpora striata and hypothalami were
dissected out; weighed and homogenized using a Potter-Elvehjem
homogenizer (with a total clearance of 0.25 mm: 10 strokes up and
down at 850 rpm) in 20 volumes (w/v) of ice-cold solution containing
0.32M sucrose and 0.01M glucose. adjusted to pH 7.4 with 0.05M
Tris-HCL. A crude mitochondrial pellet (Py) was obtained by cen-
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trifugation for 30 min at 11500 g and was used for re-uptake
experiments. Further details are described by Nickolson and
Wieringa'?. Synaptosomes from the hypothalamus were used to mea-
sure the re-uptake of [*H]noradrenaline, and synaptosomes from the
striatum were employed for re-uptake experiments with ['*Cldopa-
mine and [*H]serotonin.

Ipsiversive circling. Male rats (Hsd/Cpb:WU), weighing between
350-550 g were lesioned under methohexital sodium (Brietal sodium)
(80 mg /kg) anaesthesia, by infusion over a S-min period of 4 ul of a
freshly prepared solution of 6-hydroxydopamine HCI (2.5 mg/ml),
NaCl 0.9% and ascorbic acid (0.1 mg/ml in water, into the left
median forebrain bundle using a stereotactic frame. The coordinates
of the injection point were A =45, L =1.7, H = 1.5 according to the
atlas of Paxinos and Watson'?. Over a recovery period of at least 3
weeks, the rats were selected for having been successfully denervated
by injecting them twice with apomorphine HCI (0.1 mg/kg s.c.) and
once with SKF 38393 (2 mg/kg s.c.) with an interval of at least 5
days. Only those rats that showed 200 complete circlings per 60 min
after apomorphine and 400 complete circlings per 120 min after SKF
38393 treatment were selected for drug testing. Drugs were injected
subcutaneously and, immediately thereafter, a belt was fitted around
the chest of the rat, after which it was placed in a perspex hemi-
spherical bowl (40 cm diameter) in which it could move freely. A thin
steel wire, connected to the belt, transferred the movements of the
rat to a device which detected left and right circlings. 10 Rats were
measured simultaneously in a battery of 10 bowls.

The results are expressed as the mean total number of circlings over
a period of 60 min + /— S.E.M. The final result was given as the
threshold dose indicating the lowest dose of the compound that
induced at least 50 circlings in at least 50% of the animals within the
group treated with this dose.
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