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Abstract. A series of I-[2-[(2-phenoxyphenyl)methoxy]ethyl]-4-~3-ph~nylpropyl~pipcr~izinc~~ 17-50 
(Figurc 1) wcrc prcparcd and tested as  inhibitors o f  biogcnic amine rc-uptakc. In our  search for 
antidepressants, the reliltionship between their in i i tro and in i.ii.0 activity as  dopaminc-re-uptake 
inhibitors is described quantitatively by using Retention Index values determined by reversed-phase 
liquid chromatography. 

Introduction 

Inhibitors of neuronal re-uptake o f  monoamine neuro- 
transmitters havc bcen o f  interest since the recognition 
that re-uptake mechanisms are important in 1:erminating 
the actions of released neurotransmitters. 
First-generation antidepressants, such as aniitriptyline, 
imipraminc, and their descendants, maprotiline, clomi- 
pramine, dcsmethylimipramine. doxepine and amoxapine 
are said t o  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 histaminc and serotonin, the 
a , -adrenergic  rcccptor and (to a lesser extent) acetyl- 
choline rcceptor I .  
The  second generation of antidepressants derived its ther- 
apeutic success mainly from improvements in side-effect 
profiles, which in turn were mediated predorninantly by 
this neurotransmitter receptor antagonism'. 
These improvements were realised by retaining a more 
selective neurotransmitter antagonistic profile, thereby 
creating safer compounds with a desired sedative clinical 
profile (e .g. ,  mianserin and setiptiline, which Lick antago- 
nism towards acetylcholine receptors). 
Another approach was to create a full selecti,vity for the 
neurotransmitter carriers to the  detriment of ;i l l  receptor 
antagonism, thereby creating a neutral to  slightly stimulat- 
ing clinical profile. 
In the lattcr case, effective antidepressants witli re-uptake 
inhibitory subspecificity were discernible. A major effort 
was made by the pharmaceutical industry towards selec- 
tive inhibitors of serotonin re-uptake, exernplified by 
zimelidine (withdrawn), tluoxetine and the more recent 
sertraline, fluvoxamine, citalopram and paroxetine. Com- 
pounds with selective inhibition of noradrenaline and 
dopaniine rc-uptake were developed, exemplified by 

' Deceased. 

nomifcnsinc and bupropion. In this area. induced by the 
early withdrawal of nomifcnsinc due t o  severe side effects 
and the modest impact o f  bupropion, additional efforts t o  
gencrate structurally unrelated antidepressants with i i  

similar mechanism of action seemed justified. 
Among the various series of compounds displaying high 
affinity for thc dopamine-re-uptake carrier, an outstand- 
ing position is taken by those synthcsiscd around G13r 
12009 (see Figure 
The  apparent limited specificity of this compound and i t s  
congeners for noradrenaline and dopaminc-rc-upi.akc in- 
hibition (see Table 11 and Refs. 3 and 4) triggered our  
effort to  design a series of related compounds using an 
unusual and novel bioisosteric replaccmcnt of substituted 
diphenylmethyl groups by substituted phenoxyphenyl 
groups (Figure 2). T h e  synthetic feasibility, in combina- 
tion with the possibility t o  avoid the introduction o f  chiral- 
ity in the case of single aromatic substitution, made this 
effort worthwhile. 
W e  describe in this paper the synthesis5 and biochemical 
evaluation of a novel series of dopamine-re-uptnke in- 
hibitors: viz. 1-[2-[(2-phenoxyphenyl)mcthoxy]cthyl]-4-(3- 
phenylpropy1)piperazines and derivatives thereof, viz., 17- 
50. 

Chemistry 

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

The  route mainly used for the synthesis o f  the derivatives 
17-45 (Figure 1 and Schemc I ) ,  started with the treat- 
ment of  acid 1 with thionyl chloride. Subsequent reaction 
of the resulting acid chloride with an excess of piperazinc 
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Table I Compounds inuestigated. 

1. Wwringa el al. / Monoamine-re-uptake inhibiting I-/2-[(phenaryphenyl)methoxy]ethyl]piperazines as potential antidepressants 

X =O,S,CH2 ,OCH2 ,NMc 
Y = N-CH2CH2CY-Ar =A :. ,-N N-Y'  ' N-CH$H,-Ar = E  

n 
1 

2 - 0  A 
2 -0  A 
2 - 0  A 

2 - 0  A 
3 - 0  A 
3-0  A 
3-0 A 
3 - 0  A 

2 - 0  A 
2.0 A 

3-0  A 
2-0  A 

3 - 0  A 

2-s A 
2-OCHz A 
2 - 0  A 
4-0 A 
4-0 A 

2-OCHz A 
4-0 A 

2-s A 

2-OCHz A 
2-0 A 

2-CHz A 
4-0 A 

2-NMc A 

2 -0  A 
2-0 A 

2 - 0  I3 

3 - 0  C 
2 - 0  c 
3 - 0  D 

2 - 0  I> 
2 - 0  li 
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" Compounds marked with (T) 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% yield. The cou- 
pling of 4 with the benzyl alcohol derivatives 6, prepared 
by lithium-aluminium-hydride reduction from commercial 
available benzoic acid derivatives 5, was troublesome and 
was only possible in moderate yields of 7 (3551%) 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). 

- r 

- _  17-50 R F GBR 12909 

' 1  

+ 

R' Q" eR2 - c "YXQ" 
a 0 OH OH 

I 

- 
n=l 

Schemr I .  Route I :  a )  SOCI,; b) piperazine; c) LUIH,,  diethyl ether; 
d )  chloroacetyl chloride; e)  LUIH, ,  diethyl cther; f) 33% NaOH; 
g) LLIIH,. diethyl ether. 

b 

C 

Schrme 2. 
4-methyl-2-hutan one. 

Route 2: a )  dioxane, rejlux; h) 4N NaOH; c) K,CO,/KI,  

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(l1) 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 

488 
Scheme 3. Route 3: a )  Lindlar catalyst, H,. Figure I .  
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Scheme 4. 
DME. 40°C. 

Route 4: u )  NuHCO,, diiixune, 85°C; h) KOC(CH,,).,. 

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

Evaluation of biological results 

In ritro actiiity 

The pharmacological data given in Table I I  indicate that 
most of the compounds we have prepared are very potent 
inhibitors of dopamine4DUP) and noradrenalinc-(NUP) 
re-uptake in ritro, while serotonin-re-uptake (SUP) is less 
effectively inhibited. 
The position of the Ar-X- group on  the phenyl ring o f  
the 2-(phenylmethoxy)ethyl chain is important for the in 
iirro profile. The most potent dopamine and nora- 
drenaline-re-uptake inhibitors are obtained with the Ar- 
X- substituent at the 2-position. If  this Ar-X- sub- 
stituent is moved from the 2-position towards the 3- o r  
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 11 of the pairs of entries: 
18, 27; 26,2h2; 25,23; 28.24; 39, 29 (2-1,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 iitro profile: compare 
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SUP' 

PKI 

11 7 I, 

m 7.7 
19 7.6 
ZP n.o 
11 7 2  
22 6 Y  

23 X . 0  

2_4 6 h 

25 X S  

26 7 s  
27 7.2 
2!! 7 7  
z_u 7 Y  

?o 7.Y 

31 0.8  

32 7 X  

32 6 I 

3!! 6.11 

2 6.Y 

.y x 0 

3 7.7 

3Y x 3  
40 7 6 

4! h S  

42 7 2  
g X I  

L! X ?  

.% 6 5  

45 7 6  
46 h ?  

47 h Y 

48 I, 0 

4Y 7 3  
50 h 7 
GBR12.709 7 I 

~ 

IN 11' 

pK I 

x 11 

x 11 

X I  

7 7  
b 7 

7 1  

7 4  

7 '  
x II 
7 5  

7 5  

7 9  
7 7  
X I  

7 7  
7 Y 

h I1 

6 I 

6 Y 

6' 

X I  

7 h 

X ?  

X ?  

I, 7 

n 4  
x 5  

x i  
x 1  

I> 5 

n (1 

7 J  
x II 
7 4  

7 x5 

2 0  6.51 

1 0  5.77 
IS 6.X 
X 6 ?h 
>7? 7 Iffi 
>?? 6 83 
1? 6 I2 
>3? 5 33 
? S  S Y I  

2 5  6.37 
>3? 5.77 
31) 6.N) 

>l? h 34 
I S  h 63 
>3? S.YX 

72 6.no 
>l? h no 
>2? 6 . ~ 3  
>3? 6 5 2  
>7? S Y I  

? S  6.7 I 
>7? h lffi 
I S  6.37 
7 h 44 

>12 s 77 

11 I S.46 

2 5  S.4(1 

10 S.Y4 

5 s.sn 
>1? s Sh 
71 I 5 56 

111 h 2s 
I 5  h ?5 
I 0  S YX 

I0 s ni 

' I )  NUP: Noradrenaline-re-upt~ike inhihition 
SUP: Serotonin-re-uptake inhihition 
DUP: Dopamine-re-uptake inhihition 
Specific re-upt;tke of radiolahelled transmitters is defined ;is the 
tolal amount of ritdioactivity taken up in tissue, corrected for the 
amount of radioactivity taken up in the presence of 10 'M de- 
sipramine (for nofiidrenalinc), 10 'M nomifcnsis (for dopamine) 
and 10 'M imipritmine (for serotonin). 
Data itre expressed its pKi values. The pKi  represents -log(h',) 
and the K ,  value is  calculated from the /C5,1 viiluc from inhihition 
CUIV~S. using the formula K ,  = /C5,1- K,, /( K,, + C). with the /C5,, 
representing the concentration of  the compound showing 50% inhi- 
hition of specific re-uptake. with <' representing the concentration of 
the ligand and with K,, iis the Michaelis constant. calculitted from 
Lineweave-Burke plots measured separately. ''I CIRC IPS1 IAD: 
Lowest active dose in the ipsiversive circling test. LOG( P )  ctlcd: 
calculated log(:(') vitlues. using the Rekkcpr system '. 

entries 18 (X = 0). 30 (X = S), 31 (X = O-CH?), 40 (X = 

Concerning the nature o f  -Y- (A, B, C, D and E), it is 
clear that the molecular variations used do  not  have a 
great impact upon the in i'itro profile: compare 18 with 
45, 47, 48 and 50 (all X = 2-0 ,  R' = R' = R3 = HI. 
Finally, the extent of dopamine-re-uptakc inhibition of 
the 1-[2-(diphenylmethoxy)ethyl]piperazines described in 
Van der Zee et al., and the values for 1-[2-[(2-phcno- 
xyphenyl)methoxy]ethyl]pipcrazincs described in this pa- 

CH,) and 42 (X = N-CH,). 

Figure 2. 
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0- 
5.50 6.00 

26 --I 25-C 37 

e 17 

50- 18-w 44 

6.50 7.00 7.50 8.00 8.50 9.00 

DUP (pKi) 

per, are very similar. Therefore, the 2-(diphenylmethoxy) 
ethyl moiety I (Figure 2) and the 2-[(2-phenoxyphenyl)- 
methoxylethyl moiety I1 can be considered as bioisosters 
for recognition at the monoamine-rc-uptake carriers. 
Compared to GBR 12909, compound 47 has improved 
potency and selectivity as a dopamine-re-uptake inhibitor. 

I n  i-iiw activity 

In order to assess the in r s i i ~ ~  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". 
I t  is obvious from Table I1 that certain compounds, al- 
though being potent dopaminc-re-uptake inhibitors in 
i i tm ,  are only moderately active in (iiv (e.g., 32, 37 and 
42). This phenomenon is illustrated further in Figure 3: 
the relationship between the in iitro (DUP: pK, )  and in 
iiii~o data (CIRC IPSI: L A D )  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(!') values given in Table I1 have been 
calculated using the Rekker systemx. 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 rira 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 Lii'o activity (CIRC IPSI: 
L A D )  can be described as a common function of its 
efficacy (DUP: pK,)  and its ability to reach the site of 

Table 111 

Coinpd DUP' 

IPK, 
~~- 

x 0 

X I  

x 0 
7 s  

7 Y  

X I  

7 1) 

x i  
8.2 
x 2  

8 5  
X I  

X 3  

7 0 5  
7 x5 

DUP: Dopamine re-uptake inhihition (see legend Tahle 11). 
R I :  Retention index on  reversed-phase HPLC 
CIRC IPSI I.AD: lowest active dose in the ipsiversive circling test. 

action (I/[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 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 
easily obtained by reversed-phase liquid chromatography. 
A relative measure that was introduced some years ago is 
the retention index ( R I  ) lo .  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, see Experi- 
mental). 
In Table 111, the data for the anticipated linear regression 
analysis are presented for those compounds whose RI 
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 
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Figure 4. 
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1 Eq 2. lllog LAD(pmol/kp) = 0 ZBZ*DUP*lOOOIRI - 1 030 , N 1 5 ,  R=O 86 1 
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1.00 
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- 

- 

- 

5 6 7 0 !I 10 

1000*DUPIRI 
Fljytrc, 5. 

relationship between log( P )  and the CNS awilability ', 
and the over-lipophilic character of the title derivatives, 
Eqn.  1 only describes the in ~iiv activity of compounds 
with a log(P)  value well above 2.0. 

I / [  log[ m D ( p m o l / k g )  I ]  
= 0.292 ' D U P ( p K , )  . 1 0 0 0 / H I  ~ I .OX7 

( r z  = 13, K = 0.91) 

Although the usefulness of  physicochemical parameters in 
QSAR (Quantitative Structure-Activity Rclationship) 
studies is sometimes limited to  specific serie: of closely 
related compounds, the data  of some reference com- 
pounds were added (see also Table 111). The results given 
in Figure 5 are  described by Eqn. 2. 

I/log[ L A / ) (  wmol/kg)] 

= 0.282. D U P ( p K , )  . 1 0 0 0 / K I  ~ 1.030 
( n  = 15, K = 0.96) ( 2 )  

Taking into account the lipophilic character of the  com- 
pounds described and Eqns. 1 and 2, we conclude that the 
factor I / H I  is an adequate, experimentally derived, 
physicoehemical parameter to  describe at  least part o f  the  
pharmacokinetic profile. 

Experimental 

Melting points (m.p.) were taken on a Buechi capillary melting point 
apparatus and itre uncorrected. The  microannlyticiil values for C, H. 
and N reported were within 0.45 of the theoretical v;ilues. 'H-NMR 
spectra were measured o n  ;I Bruker WP200, -AC2OO or  AM360 
instrument (using standard conditions). Chemical shifts are reported 
a s  I7 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 0.25 mm); R ,  vdues  between 
0.35 t o  0.5 were found; eluent system: toluene/ethanol. X/2. v/v; 
(unless, stated otherwise). Spots were visualized with a UV hand 
lamp and CI /tetramethylbenzidine. For column chromatography, 
Merck silica gel 60 was used. The retention index by rwersed-phase 
liquid chromatography was determined as follows: the compounds 
were chromatographed o n  a reversed-phase C1X column using an 
eluent o f  methanol and buffer (50  mM tetramethylainmonium 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 (prel'erably 3 to 5 )  
was then injected. The RI values of the 2-;ilkanones arc by definition 

100.11, in which 11 = the numher o f  C atoms. From the linciir graph 
of  l o g ( k ' )  I,.\. K I  of  thcsc 2-alknnones, the KI vducs  o f  the dcriv:i- 
tives examined were determined by interpolation. 
Fast-Atom-Bombardment (FAB) mass spectra were recorded with ;I 

Finnigan MAT YO mass spectrometer (Finnigan MAT. I3reincn. 
FRG). Samples were dissolved in methanol and mixed with the 
matrix compounds on standard stainless-steel targcts. Exact miisse\ 
o f  the protonated molecular ions were determined with 11-IC peak- 
matching technique a t  II mass resolution o f  > 8900 ( I ( ) ( ;  vsllcy 
definition) in the positive-ion mode using two reference masses 
either from poly(ethylenc glycol), average molecular mass 400, o r  
polytpropylene glycol), average molecular mass 425. Aver;i?e cx:ict 
miisses were c;ilculated f tom at least 10 computer-contro1I-d mea- 
surements using the bracketing method. 

I-/.?- ( 2 - M e ~ l ~ o . ~ - ~ ~ ~ h c n y l ) -  I - ( ixo / )ro / )~I / / ) I / ) i , ru~; t i f ,  3 4  2 - M  K t h o -  
xypheny1)propionic acid chloride (55.75 g, 3 10 mmol: prepurcd quail- 
titatively from 3-(2-methosyphenyl)propionic acid ( 1 )  using thionyl 
chloride a s  reagent) was added dropwise to ii stirred solution o f  
pipernzinc (41.57 g: 483 mmol)  in acetic acid (X30 ml). After stirring 
for 16 h at  20°C. the crystals were filtered of f  and the solvent was 
evaporated. Ethanol (500  ml) was added t o  the residue. the \uspen- 
sion was filtered, and the wlvent  was then evaporated. The rc\ulting 
material was partitioned between C'HzC12 and an aqueous i n  I l('1 
solution. The latter was separated, the pH adjusted to pll  0-10. 
saturated with NaCl and subsequently extracted with toluene. Evap- 
oration o f  the dried organic layer gave 2 as irn oil, which b a s  
homogeneous by TLC ( K ,  0.3: butanol/acetic ;icid/watcr, 4/ I / I .  
v /v /v)  in 80% (00.5 g )  yield. ' € 1  NMR (CDC'I ? I :  6 7.1-7.25. 0.X-0.0 
(m, C,,H4),  3.8 (s ,  OC'H,). 3.0 and 3.4 [2.  t. ( C l 1 2 ) : ] ,  2.5-.1.0 (ni. X 
piperazinc Hs). 

( 2 I .  

I-/.?- ( 2 - M i ~ t h o x y p / i e n y l ~ ~ ~ r ~ 1 ~ ~ y l / ~ ~ r ~ ~ ~ ~ r r 1 ~ 1 ~ i ~ ~  ( 3 ) .  A sol ii t ion of pipe r i u i  nc 
amide 2 (60.5 g, 244 nimol) in dry diethyl ether (324 ml) w,i\ ;icldcd 
dropwise to  a stirred suspension o f  LiAIlI, (27.33 g. 71X.X mmol) in  
dry diethyl ether (979 ml) under nitrogen. After stirring for 3 h at  
20°C. the reaction mixture was cooled to 0°C and water (10') ml) was 
added dropwise. T h e  suspension was filtered and the solvent wa5 

evaporated to give 3 as an oil, which wiis homogeneous b y  TLC' 
( K ,  = 0.1; butanol/acetic acid/wyater. 4/1/l. v/v /v)  i n  77% (44 g )  
yield. ' H  NMK (CDCI,): 6 7.1-7.25. 0 . X - 0 . Y  (in. ('(,li4). 3.X (s. 
OC'H,), 1.7-2.0 (ni, - (Cl l , ) , -+X piperazine 11s). 

l - ( 2 - C ' l i l o r o - l - o ~ - o c t l i y l ~ - J - 1 3 - ~ 2 - r i 1 e i l ~ o ~ y ~ ~ l ~ c ~ 1 1 ~ l / ~ ~ r o ~ ~ ~ l I ~ ~ i ~ ~ c ~ r ~ 1 : r ~ ~ c  ( 4 ) .  
Chloroacetyl chloride (13.57 ml) was addcd tlropwiw to ii cc~oled and 
stirred solution of 3 in (39 g. 160.7 nimol) and triethqlamine (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 C'll,C'IL. The 
aqueous phase was then adjusted to pH 0- 10, \aturatcd with NaC'l 
and extracted with toluene. Evaporation of the dried organic layer 
(MgSO,) gave 4 a\ an oil in quantitative yield. ' I 1  NMR (('DC'l.3): I7 
6.8-7.25 (in, C,II,) ,  4.0 (s, CII:), 3.75 (s. OCII,). 3.0 ( I .  ArCl12), 
3.5 (t.  CH,-N), 2.35-2.65 (ni, X pipernrine 11s). 1.75 (m. C-C'ii2-C). 

I - / .3 -  ( 2 - M c ~ t / r r , x ~ ~ i ) h e r i y l I / ~ r ~ ~ / ~ ~ l / - ~ - /  I -oxo-2-/ ( ~ - ~ ~ / I ~ ~ ~ ~ ~ I . ~ ~ ~ I ~ I ~ ~ ~ I ~ I ~ I ~ I ~ ~ I I I  - 
/erhyl / i~i~c~ruzi~le  (7) .  2-Phenoxybenzylalcohol (6) (5.X g. 20 mmol) 
. added to a suspension o f  4 (9 g, 29 mmol)  in an aqueou!; solution 

of NaOH (101.0 ml of :I 33% solution). After stirring lor 3 h ;it 00°C'. 
the reaction mixture was cooled and diluted with water. E:xtrnction 
of the aqueous phase with toluene. evaporation ot the solvents and 
subsequent purification of the crude product hy column chromatog- 
raphy (silica gel, eluent: cthyl acetate) gave 7 iis an oil in  .W4 yield 
(0.9 g). ' H  NMR (CDCI,): ii 6.X-7.25 (m, Cf,l14 +(. , , I l5l .  4.05 (s ,  
O C H 2 A r )  4.15 (s, COCH,), 3.X (s, OCII,), 3.6 (t.  ArC'ilL), 3.45 ( t ,  
CHz-N) ,  2.35-2.65 (m. 8 piperarine Hs). 1.75 (m. C-CII:-C), 

1 - / . ~ - ( ~ - ~ e t l ~ o x ~ ~ ~ h e n y l ) ~ ~ r o ~ ~ y 1 / - ~ - / 2 - /  ( ~ - ~ ~ h c i ~ o ~ ) p l r c ~ r r ~ l ) t r i c ~ r I r o r y / i ~ r / r  - 

yl/pr[xwziiii, dih)lrlroi.hloritlc (39). A solution of 7 (0.Y g. 14.6 nimol) 
in dry diethyl ether (200 ml) was added dropwise to ;I stirred 
suspension o f  LiAIH, (2.5 g, 58 mmol)  in dry dietliyl ether (I00 n i l )  
under nitrogen. After stirring for 2 h at 20°C. the reaction mixture 
was cooled to 5°C and water  (8.X ml) was added dropwive. The 
suspension was filtered and the solvent was evaporated. The crude 
product was dissolved in ethanol and a solution of I iCI  i n  ethanol 
(2.1 equivalent of HCI) was added. After evaporation of the solvent 
it7 i'ucim, the solid product 3Y was recrystallized from e1h;inol. Yield 
5.1 g(65%).  M.p. 186°C. ' H  NMR (CDCI, +C'D,OL)): 6 6.X-7.6 (m. 
13 aromatic Hs), 4.65 (s, Ar-Cl1 :-Oh 3.9 1 (m. O-C'I1 ?-C -N) .  3.X3 
(s. OCH,), 3.4-4.0 (br. s, 8 piperazine I ~ s ) ,  3.47 (m. N-C.1 12-C' -O) .  



3.22 (m. N-CW-C-C.-Ar). 2.72 (t, Ar-CH,-C-C). 2.07 (m, Ar- 

Using the ahove procedure. the following derivatives were prepared: 
C.-CT 1 2  4.). 

1-12-1 ( . ~ - P l r c ~ r i o ~ ~ ~ ~ l i c ~ r r p l ~ r ~ r c ~ r / r ~ ~ , ~ - y / c t l r y l ~ - 4 -  (3-phriiyli,ropyl)piperuziirc 
c/iiryt/roc~/il~~ride (271 .  M.p. 1lh"C. 'El NMR (CDCI,): 6 6.9-7.4 (m. 
13 nromatic lls), 4.51 (s. Ar-CI12-O), 3.98 (m, O-CH,-C-N), 
3.5-4.1 (m. piperarine 11s). 3.35 (m. N-C1I2-C-O), 3.06 (m, N- 
CH 4 - C - A r ) .  2.72 (t, Ar-CH -C-C), 2.18 (m, Ar-C-CH , -C). 

I-/.?- ~2-Chloro~~lrrtryl~pro~~yl/-4-12-~(2-plrerroxppkenyl~tnctlroxy~rthyl/ 
piperuzine dihydroeliloridt.~ridi, (28). M.p. 200°C. ' H  NMR CDCI,): 6 
6.Y-7.4 (m, 13 aromatic 11s). 4.59 (s, Ar-CH,-O), 3.99 (m, 0-CI1,- 
C-N), 3.4-3.9 (m, 8 piperazine Ils), 3.28 (m, N-CI12-C-O), 3.06 
(m, N-CII,-C-C-Ar), 2.82 (t, Ar-CH,-C-C). 2.15 (m. Ar-C- 
CH 2 -0. 

1-13- ( 2 - ~ e t i 1 o ~ - y ~ ~ h r ~ t i y l i ~ ~ r ~ ~ ~ ~ y I / - 4 - I Z - l  ~~?-phcrroxyi~lienylinretiioxy/et~i- 
yl/piperuzinr diIiydroc.hlori~1~~ (29). M.p. 195°C. I H NMR (CDCI ,): 6 
6.8-7.4 (m. 13 aromatic Hs). 4.51 (s, Ar-CH,-O). 3.98 (m, 0 - C W -  
C-N), 3.82 (s, OCH,). 3.5-4.1 (ni, 8 piperazine Hs). 3.35 (m. N- 
CH,-C-O), 3.06 (m, N-CH, -C-C-Ar). 2.70 ( t ,  Ar-CH, -C-C), 
2.16 (m, Ar-C-CH -0. 

1 - (.?-~lri~n~~/~~ro~~~~l) -4-I2-/12- ( ~ , l r e r i y l t h i o ~ p l r e r r y l l n r r t l r ~ ~ . ~ ~ l i ~ t ~ r y / ~ p i ~ ~ c ~ r u  - 
zinc cli/rydrochloritl. (30). M.p. 213°C. ' 11 NMR (CDCI, + CD,OD): 
6 7.2-7.6 (m, 14 ;rromatic Hs). 4.72 (s. Ar-CH,-O). 3.92 (m, 
O-CIl,-C-N). 3.5-4.0 (hr.s, 8 piperazine l la),  3.30 (m, N-Cli -C- 
O) ,  3.25 (m, N-CIl,-C-C-Ar), 2.73 (t. Ar-CH,-C-C), 2.14 (m, 
Ar-C-CH -C). 

1-1 2.112- (P~rc~nylmctlroxy)pl1or~l/tn~~r~r~1xy/c~thyl/-4- (.?-phrriyIi~rol)~l)pr- 
peruzirrc' dihydrochlondc (31). M.p. 200°C. ' H  NMR (CDC13): S 
6.9-7.4 (m, 14 aromatic IIs), 5.12 (s. Ar-CH-0-Ar) ,  4.61 (s. 
Ar-CHz -0). 4.00 (m, 0-CH , -C-N), .2-4.0 (m, X piperazine Hs), 
3.20 (m. N-CH,-C-O), 2.92 (m, N- H,-C-C-Ar), 2.70 (t, Ar- 
CH,-C-C), 2.1 1 (m. Ar-C-CH -C). 

1-15 (3-C'hloroplrcr1ylipr.o~~yl/-4-/2-/~2-plrcnoxy~~herryl)mcrhoxy/ethq'l/ 
piperminil dihydrocliloride (321 .  M.p. IY9T. H NMR (CDCI 3 ) :  6 
6.9-7.4 (m, 13 aromatic I Is). 4.58 (s. Ar-CH -0). 4.00 (m, 0-CI1 - 

C-N), 3.4-4.0 (m, 8 pipcrazine Hs), 3.27 (m. N-CH,-C-OX 3.03 
(m. N-CH-C-C-Ar). 2.68 (t, Ar-CH-C-C), 2.12 (m, Ar-C- 
CH ,-C). 

1-15 (3-C'I1loro~~hoiyl~pro~~yl~--1-~2-~(4-p/ii~noxyplrenyl)me~hox~/rth~l~ 
pipwuzirrc t/ihyciroc.hloritle (33). M.p. 212°C. ' H  NMR (CDCI, + 
CD,OD): 6 7.0-7.4 (m, 13 aromatic Hs), 4.54 (s, Ar-CI12-O), 3.9 
(m, O-CH,-C-N), 3.6-4.0 (m. 8 piperazine Hs), 3.40 (m, N-CI1,- 
C-O), 3.15 (m, N-CH-C-C-Ar), 2.71 ( t ,  Ar-C1l2-C-C), 2.18 (m. 
Ar-C-CH , -0. 

I -I.?- (4- M e t k y l p h ~ ~ n y l ) p r ( ~ ~ ~ y l ~ - 4 - ~ 2 - /  (4-~~licnttxyphe1ryl)1n~~tlroxy~ctiiyl~ 
pipc~ruziric dihyt/roc.lriol.idc.~rid~ (34). M.p. 21x"C. ' H  NMR (CDCI ,): S 
7.0-7.4 (m,  13 aromatic Hs), 4.52 (s, Ar-CH,-O), 3.98 (m. 
C-N), 3.5-4. I (m, 8 piperazine Hs), 3.36 (m, N-CH2-C-0 
N-CH,-C-C-ArL 2.68 (t. Ar-CH-C-C). 2.31 (a, Ar-Cll.l). 2.18 
(m, Ar-C-CII,-C). 

I - 13- (4- M r tl i  y l p l i  c ~ n y l ) p r o p y l /  - -1- 2 - / /  2 - ( p l i  ('ti y lrn ctli 0.x-y ) ph en y 11 
riic,thoxyl(.rhy(/i)ipi,ru~inc, diirydroclrloride (351. M.p. 105°C. ' I 1  NMR 
(CDCI,): 15 6.9-7.4 (m,  13 aromatic Hs). 5.10 (s, Ar-Ctl,-O-Ar), 
4.59 (s, Ar-CH,-O). 3.96 (m, O-CH,-C-N), 3.3-3.9 (m, 8 pipera- 
zine Hs), 3.23 (m, N-CH2-C-O), 2.92 (m. N-CH,-C-C-Ar), 2.65 
(t, Ar-CH,-C-C), 2.31 (a,  Ar-CH,), 2.08 (m. Ar-C-CH,-C). 

1-1.3- (2- Mcthot.~yphcnyl)pr~tpyll--1-/2-/ (4-pker~oxyplien~l1nictlroxy/i~tl1- 
yl/pipcwzirre diliydrt,c~hloricle ( 3 6 ) .  M.p. 201°C. I H NMR (CDCI ,): 6 
6.8-7.4 (m, 13 aromatic Hs), 4.51 (s. Ar-Cf12-O), 3.Y8 (m. 0-CH,-  
C-N), 3.80 (s, OCIl,), 3.5-4.1 (m, 8 piperazine IIs), 3.36 (m, N- 
CH -C-0), 3.06 (m, N-CH, -C--C-Ar), 2.71 (t, Ar-CH , -C-C), 
2.16 (m, Ar-C-CI l 2  -0. 

1- /3 - (2 -M( , thoxyph i , t i y / )~ ) r~py / / -~ - [2 -~[2 -  ( p h e t i y / t h i o ) p ~ i e t i y ~ ~ n i e I f ~ o x y /  
e//iyllpiperuzirrr diliydroc.liloridi~ (37). M.p. 186°C. f 1  NMR (CDCI,): 
S 6.8-7.5 (m, 13 aromatic Hs), 4.65 (s, Ar-CH,-O), 4.00 (m, 
O-CH2-C-N), 3.81 (s, OCH ?), 3.4-4.0 (m. 8 piperazinc Hs), 3.26 
(m, N-CH,-C-O), 3.03 (m, N-Cll,-C-C-Ar), 2.69 (t,  Ar-Cl1,- 
C-C), 2.14 (m, Ar-C-CH-C). 

I - [.?- (2- M r t  hoxypli m y I ) p r o p y l /  - 4- 2-1 2- fpli  env lrri et ii oxy ipheti y l )  n~ i't h - 
oxy/cthyl/pii,cruzirie dihydrochloridc (38).  M.p. 19 1°C. I H NMR 
(CDCI,): 6 6.8-7.4 (m, 13 aromatic Hs), 5.1 I (s, Ar-CH,-O-Ar), 
4.61 (s, Ar-CH,-O), 4.00 (m, 0-CH-C-N) ,  3.82 (s, OCtl,), 
3.2-4.0 (m. 8 piperazine Hs), 3.2 (m. N-CH,-C-O), 2.93 (m, 
N-CH,-C'-C-Ar). 2.69 (t, Ar-CH,-C-C), 2.07 (m, Ar-C-CH,- 
C). 

I-/2-((2-(Pkc~i1yln~i~tliyl)phL.,,yl/n1i~t~ioxy~i~th~~l~-4- (3-pket ioxyprop-  
y1)piperuzine rlihydrocliloridc (40). M.p. 209°C. ' H NMR (CDCI,): 6 
7.0-7.4 (m, 14 aromatic Hs), 4.51 (s, A r - W - 0 ) .  4.04 (s, ar-CH2- 



I 40  

I - / ~ - / ( . ~ - / ' l r ~ ~ i t t r ~ ~ ~ ~ l r n r ~ I J ~ ~ r c / l r o . ~ ~ ~ / c / l r ~ l i ~ l r l ~ ~ r . i ~ / c  ( 12). C( inc. sulfuric 
;icitl (0.55 ml)  was added to ii mixture o f  2-chloroethanol (0 .22  g. 77.5 
mmol) ant1 3-phcnoxyhenzyl alcohol  ( I 0  g, 5 0  mmol).  After stirring 
toi- 20 h at IIIOT, the reaction mixture wa\ cooled. watt,r was added 
;ind the iiqucoii\ layer was extracted with toluene. The 8,rg;inic layer 
was w;ished with s;ilur;itcd NallCO, and hrine. dried over MgSO, 
and evaporated i n  v:ic[io. The residue win suhjrcted to column 
cliromatogr;iI,Iiy (silica gel, eluent: hexane/ethanol, Y:{/2. v /v )  to 
yield 4.5 g ( 3 5 % )  of 12 a s  a n  oil. which was homogcncous o n  TLC 
( R ,  0.0; l icx; inc/el l iy l -acet~i te,  X/2. v/v).  I H N M R  (C'DCI ,): 6 
0.0-7.4 (m. 0 aromatic 11s). 43.5 (s. CI 1 2 ) ,  3.h-3.8 [m, (I~I~)~]. 

I - /2 - /  ~ . ? - / ' l r ~ ~ i r i i ~ ~ ~ ~ ~ l ~ i ~ i i ~ l J i i ~ i ~ / l r o . ~ ~ ~ / ~ ~ ~ l i ~ l / - ~ -  ~ . ? - ~ ~ / ~ ~ ~ I I ~ / - ~ - ~ J ~ ~ ~ ~ ~ ~ I I ~ ~ ~ ~ ~ ~ ~ J ~ ~ ~ ~ I -  

ziiw t l i i r~clr .oc~l~l~~i- i~ /~~ 1.16). A stirred suspenGon o f  1 1  *:0.9l g, 4.54 
mmol). potassium carhonate (0.35 g). :I catalytic amoun t  of potassium 
iodide (0.03 g )  m c i  12 (1.10 g. 4.5 mmol) i n  dry 3-metliyl-2-pentanc,ne 
were rct'luxetl for I X  h. The rciiction mixture was then cooled to 
70°C'. The resulting suspension was filtered and the solvent was 
cv;iporated i n  v~ieuo .  The crude material was purified hy column 

ch roniatograptiy (si I icii ge I .  c I ti e n t : to1 ue n c /c t ha nol. X / 7. \. l ' v  ). 'l'he 
product was dissolved in e thanol  and ;I 5 N \elution o f  Il('1 i n  
e l  h a n o l  (I nil) was added. causing the product t o  crystalli/c. The I IC'I 
salt w a  recryhtallized twice f r o m  eth;inol/diethyl ether. YicItl 70',; 
( l l . Y l  g) o f  46. M.p. IYS'Y7. ' 1 1  N M R  (C'DCl>): 6 h.0-7.0 (in. 14 
aromatic Hs), 4.55 (s ,  Ar--Cl12-0) ,  4.32 (5, N - ( I 1 2 = ( ' ) 3  :\.YO (111. 

0-Ct1 -C-N). 3.6-4.1 (m. X piperu ine  I Is). 3.45 (m. N-< I I ~ ( ' 

0). 
Using the above procedure. the following other tlci-iv;itivc v*';is pre- 
pa red: 

( f i ) - l - / 2 - /  ~ 2 - ~ ' l l ~ ~ l l o ~ - ? . / ~ l ~ ~ ~ l l ~ l ~ l l ~ ~ ~ / l ~ ~ l ~ - y / c / l l ? . l / 4 ~  ~ . ~ ~ / i l l l ~ l l \ ~ l - _ ) - / ~ r . l l ~ ~ l ~ l l \ ~ l ~  

pi/)cruzirw clilr?.tlroc.lrlor.itk. (50). A w l u t i o n  of 7-phenoxvlicn ryl chlo- 
ride (16) (7.82 g, 35.8 mmol) i n  d r y  1.7-dinicthoxyetli;Iiic (8 nil) wa\ 
added dropwise to :I ctirred solution of 15 (8.82 g3 .35.X iiirliol) ;ind 
potassium tert-hutoxide (4.4 g) in dry 1.7-dinietlioxyetli~11ic ( 125 nil)  
a t  room temperature. Atter stirring for 3 clay\ :it 411Y'. the i-c;iction 
mixture was cooled to 2o'C. The suspension wa\ then filtered i t n d  
the solvent was evaporated in  vacuo. The crude pi-oduct w:is purified 
by column chromatography (silica gel, eluent: toluene/ctli;i~~ol. O /  I .  
v/v). The HC1 \alt of 50 was recry\tallized twice l roni  etliiim)l. Yield 
2.4 g (14%). M / o .  10Y°C. ' 11  N M R  (C'LX'I,): ii 6.8-7.4 (111. 14 
:iromatic Hs), 6.77 ( d .  Ar-Cll=C). 0.37 ((11, Ar-('-('ll).  4.50 (s ,  
Ar-CH,-O). 4.03 (n i ,  O-Cl12 -('-N), 3.4-3.0 ppni (ni. X pipcra/inc 
11s).  3.23 ppm (n i ,  N-Cf12-C'-O). 

flirrrri~crc~olon.,. 

Rc-rrp/(rhe s / r r d i c , . c  of i ~ i ( i i r o i r i i i i i r ~ , . \ .  Male  Wistar rats ( 1  l\d/('pli:WLl). 
weighing between 150-200 g. were killed by dec:ipit;ition and the 
brains were rapidly removed. Corpor;i striat;i xnd hypot1i:ilami wcIc 
di\sccted out;  weighed and homogeniml using i~ Potter- L:Ivchicm 
homogenizer (with a total cIcar;ince o f  0.25 mm: 10 strtrkc, 1111 iilid 

down :it X50 rpm) in 20 volumes (w/v) of ice-cold solution cont;iining 
0.32M sucrose a n d  0.OIM gluco.;e. adju\ted to pl I 7.4 wit11 0.05M 
Tris-H(1. A crude mitochondrial pellet ( P , )  was oht;iinctl hy cc11- 



trifugation for  30 min at 11 500 g and was used for re-uptake 
experiments. Further details are  described by Nickolson and 
Wic.ririgcr". Synaptosomes from the hypothalamus were used to mea- 
sure the re-uptake of [ 'Hlnoradrenaline, and synaptosomes from the 
strintum were employed for re-uptake experiments with [ "Cldopa- 
mine and [.'I ~Iserotonin. 

Ip.siwrsii,r circlirrg. Male rats (Iisd/Cph:WU), weighing between 
350-550 g were lesioned under methohexital sodium (Brietal sodium) 
(80 mg/kg) anaesthesia, by infusion over ii 5-min period of 4 PI of ii 

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 = 4.5. L = 1.7, H = 1.5 according to the 
irtIas o f  Pux-inos and Wutson". 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 a n  interval of at least 5 
days. Only those rats that showcd 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 
subcut:ineously and, immediately thereafter, a helt was fitted around 
the chest of the rat, after which i t  was placed in a perspex hemi- 
spherical howl (40 cm diameter) in which it could move freely. A thin 
steel wire, connected t o  the helt, transferred the movements of the 
rat  t o  it device which detected left and right circlings. 10 Rats were 
measured simultaneously in a battery of 10 howls. 
T h e  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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