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Summary - A series of 3-(methyleneaminoxy)methylpiperidines (5a-h) and their corresponding N-methyl derivatives (6a-h) with 
a variety of substituents on the imino carbon were synthesized and tested for their potential antidepressant properties; their capacity to 
inhibit the re-uptake of biogenic amines (NA, 5-HT and DA) in rabbit brain synaptosomal fractions was also evaluated. The biological 
results obtained for the piperidine derivatives 5a-h and 6a-h and viloxazine 1, the reference drug, on the 3 re-uptake systems revealed 
that compounds 5 and 6 are generally able to inhibit biogenic amine uptake. The IC,, values for 5 and 6 were often lower than that of 
viloxazine 1, in particular for the serotonin- and/or dopamine-uptake systems. A higher activity was found for compounds substituted 
with at least one phenyl ring on the imino carbon with respect to completely aliphatic systems, and for N-unsubstituted compounds 
with respect to N-methyl-substituted compounds. 

3-(methyleneaminoxy)methylpiperidine derivative / NA uptake inhibitor / 5-HT uptake inhibitor / DA uptake inhibitor / anti- 
depressant drug 

Introduction 

Depression is a central nervous system (CNS) disease 
believed to be associated with a perturbation of 
central monoamine transmission. Most of the drugs 
employed for clinical purpo’ses in the treatment of 
depression are either’ tricyclic antidepressants or 
monoamineoxidase inhibitors (MAO-I). These drugs 
induce a potentiation of the monoaminergic trans- 
mission obtained by an increase in the ‘intersynaptic 
concentration of neurotransmittors, which, for tri- 
cyclic antidepressants, is due to a more or less 
selective inhibition of the re-uptake systems of the 
mediators themselves. For MAO-I, this is due to a 
slowing down of their catabolic processes through the 
inhibition of monoaminoxidases [2]. 

The tricyclic drugs possess good antidepressant 
activity, but those available at present have substantial 
undesirable secondary effects [3], partly due to the 
lack of specificity of their pharmacological action [4]. 
As regards MAO-I, their use is limited by the 
development of cardiovascular effects [3] and by the 
risk of serious hypertensive crises [3, 51 as a result of 

*Part of this work has been reported previously [ 11. 

an interaction with sympathomimetic amines. For 
both these types of antidepressants, the therapeutic 
response to administration is observed after about 
2 weeks’ latency [6]. 

As a result, research in the field of antidepressant 
drugs has received increasing attention in recent 
years. This research is aimed at developing new 
compounds that possess a different chemical structure 
and pharmacological profile from the antidepressants 
in use at present, together with more limited side 
effects, faster pharmacological action, and lower risks 
in the case of overdosing [4,7]. 

Viloxazine 1 has been the leading compound for 
targeting new molecules with a potential antidepress- 
ant activity belonging to a different class of non- 
tricyclic antidepressants with an aryloxyalkylaminic 
structure [8-121. Even if these drugs do not exhibit a 
very high degree of activity and show, in some cases, 
a certain sympathomimetic activity, they are devoid of 
some of the secondary effects of imipramine-like and 
MAO-I drugs [3]. For these drugs too, the mechanism 
of action can be traced to a more or less selective 
interaction with biogenic monoamine uptake mech- 
anisms which, for the most interesting drugs from an 
application point of view, appears to concern mainly 
the serotoninergic system [ 131. 
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Our research in the field of antidepressants has been 
concentrated for some time on the study of the effects 
produced by various structural modifications of 
the viloxazine molecule 1 on its pharmacological 
properties. 

A previous paper [14] reported that the substitution 
of the morpholinic ring of viloxazine 1 with a piperi- 
dinic ring leads to compound 2, which possesses an 
antidepressant activity together with a profile of the 
inhibitory properties of the various monoamine- 
uptake systems comparable with that of viloxazine 
itself 1. Furthermore femoxetine 3a and paroxetine 3b 
present a piperidinic ring in their structure, even if it is 
substituted with a phenyl group on the ring. Unlike 
viloxazine 1, which is not particulary specific [2], 
these compounds appear to be selective for the sero- 
tonin-uptake system [2,4, 13, 151. 

A subsequent study [16] aimed to verify the possi- 
bility of the existence of a bioisosterism between the 
ArOCH, group and the (methyleneaminoxy)methyl 
moiety (MAOMM) in the field of antidepressant 
drugs. Morpholinic derivatives of type 4 were synthe- 
sized and described as analogues of viloxazine 1 with 
an MAOMM in the place of the ArOCH, group of 
viloxazine 1, ie the o-ethoxyphenoxymethylic group. 
Some compounds of type 4 were tested in vivo for 

their antagonism to reset-pine-induced hypothermy in 
the mouse and were found to possess a pharmaco- 
logical profile similar to that of the model compound 
1. 

Compounds of types 5 and 6 include both the 
piperidinic ring (which is unsubstituted on the nitro- 
gen of compound 2 and paroxetine 3b, or N-methyl- 
substituted in femoxetine 3a) and an MAOMM from 
morpholinic derivatives of type 4. The combination of 
these different molecular portions in single structures 
like those of 5 and 6 might lead to compounds which 
interact with biogenic amine-uptake systems like 
compounds l-4 and also possess the selectivity for 
the serotonin-uptake system, which is typical of the 
more interesting antidepressants, such as 3a and 3b. 

This paper describes the synthesis of a series of 3- 
(methyleneaminoxy)methylpiperidines of types 5 and 
6 (see table I), together with the results obtained for 
these compounds in screening tests for their potential 
antidepressant properties, based on their capacity to 
inhibit the re-uptake of biogenic amines in rabbit 
brain synaptosomal fractions. The choice of the 
substituents R, and R, of compounds 5 and 6 was 
made in such a way as to have various combinations 
of the possible substituents on the iminic carbon, such 
as a hydrogen atom and aliphatic, cycloaliphatic, aryl 
and heteroaromatic groups. 

Chemistry 
The general procedure for the synthesis of 3-(methylene- 
aminoxy)methylpiperidines 5a-h and 6a-h is 
described in scheme 1. The 3-chloromethylpiperidine 
9 and the 3-chloromethyl- 1 -methylpiperidine 10 were 
obtained by treatment of the corresponding 3- 
hydroxymethylpiperidine 7 and 8, respectively, with 
thionyl chloride and anhydrous hydrogen chloride 
[171. 

Reaction of 9 and 10 with the appropriate oximes 
11 and potassium hydroxide in DMSO or t-BuOH in 
the presence of 1%crown-6, led to the corresponding 
crude 3-(methyleneaminoxy)methylpiperidines 5 and 
6, which were chromatographed using a silica-gel 
column and then transformed into the corresponding 
oxalate salts. 

The structures of compounds 5 and 6 were con- 
firmed by their spectral data. In particular, the 
chemical shift differences of the signal of the protons 
of the methylenic group linked to the piperidine ring 
for the 3-hydroxymethyl derivatives 7, 8, the 3-chloro- 
methyl derivatives 9, 10 and the oxime ethers 5, 6 are 
in accordance with the different paramagnetic effects 
of the hydroxylic or amino ethereal oxygen of 7,s and 
5, 6, respectively, or the chlorine atom of 9, 10 linked 
to the same methylenic group. An upfield shift of the 
signal was observed on passing from 7, 8 to 9, 10 and 
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Table I. Chemical data of 3-(methyleneaminoxy)methylpiperidines 5a-g and 1-methyl-3-(methyleneaminoxy)methylpiperi- 
dines 6a-g. 

CT 

(yN\(-/ RI 

I 
N R2 

li 

compd R R7 x2 mp “C recrystn % formuld 
solventa yiedb 

5b.H2C204 H 

6b.H2C204 Me 

5d:H2C204 

6d.H2C204 

5f.H2C204 H Ph Ph 158-163 
6f*H2C204 Me Ph Ph 150-151 

5h.H2C204 

6h’H2C204 

H 

Me 

H I’h H 110-114 
Me Ph H 148-150 

H 

Me 

H Ph Me 118-123 
Me Ph Me 152-154 

H 

Me 

H 

Me 

i-I% 

i-l? 

i-l? 

i-l? 

f 

0 

0 

-b 0 H 

CT H 
N 

102-105 

132-140 

152-155 

172-178 

113-120 

212-215 

162-164 

178-179 

125-127 

149-150 

B 23 

A 43 

A 27 

A 66 

A 31 

A 66 

A 62 

A 27 

A 42 
A 64 

A 57 

A 51 

A 52 

A 75 

B 30 

A 24 

aA = i-PrOH, B = MeOH/Et,O; bno effort was made to optimize yields; Cproducts purified by column chromatography on silica 
gel: toluene/AcOEt/MeOH 7:3:1. 

a downfield shift of the signal on passing from 9, 10 h), was deduced on the basis of the configuration of 
to 5, 6. the starting oximes llc-e, h, bearing in mind that the 

The geometry around the double bond of the latter have been proved to be configurationally stable 
methyleneaminoxy group of compounds 5, 6, in the under the reaction conditions that lead from 9, 10 to 5, 
cases where a c&tram isomerism is possible (c-e, 6, respectively. 
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Scheme 1. 

Biochemistry 

Compounds 5, 6 were submitted to in vitro screening 
in order to evaluate their ability to inhibit the re- 
uptake of the biogenic amines norepinephrine (NE), 
serotonin (5-HT) and dopamine (DA) in synaptosomal 
fractions from the rabbit occipital and frontal cerebral 
cortex and the striatum nucleus, respectively. [sH]NE, 
[sH]DA, and [3H]5-HT were used as specific tritiated 
ligands. The results obtained for the compounds 
tested, together with those obtained in the same tests 
for the reference drug, viloxazine 1, are shown in 
table II. 

[JH]NE uptake inhibition 

All the compounds examined (5 and 6), with the 
exception of 5a, h and 6e, proved to be capable of 
inhibiting the uptake of NE. The greatest affinity was 
exhibited by derivatives unsubstituted on the nitrogen, 
SC, d, f, and by the N-methyl-substituted derivatives 
6c, f. In particular, compound 5f revealed a greater 
capacity to inhibit NE re-uptake than the reference 
drug 1, with an IC,, value of 0.10, compared with 
0.22. 

(3H]5-HT uptake inhibition 

The results obtained for compounds 5 and 6 on 
the serotonin uptake system (see table II) indicate 
that most of the compounds examined exhibit a good 
inhibition capacity. The compounds unsubstituted on 
the nitrogen are those which exhibit the lowest IC,, 
values, which, in the cases of 5c and 5g, are more 
than one order of magnitude lower than that of 
the reference drug 1 (0.65 and 1.10, respectively, 

compared with 20.4). Among the N-methyl- 
substituted piperidinic derivatives, the greatest affinity 
was shown by compound 6g, with an IC,, value 
almost one order of magnitude lower than that of 1 
(2.30 compared with 20.4). 

[3H]DA uptake inhibition 

The IC,, values shown in table II indicate that most of 
the compounds 5 and 6 exhibit a good capacity to 
inhibit DA uptake in striatal synaptosomal fractions. 
Both the compounds unsubstituted on the nitrogen, 
5c-f, and the N-methyl-substituted derivatives, 6b, f, 
h, exhibit a greater capacity to inhibit DA uptake than 
the reference drug, viloxazine 1. Furthermore for 
this uptake system, the compound unsubstituted 
on the nitrogen, 5f, exhibited the lowest IC,, value 
(0.15 PM), which is considerably lower than the 
findings for viloxazine 1 (38.2 FM). The derivatives 
5a, b, h and 6e, g proved to be devoid of any capacity 
to inhibit DA uptake. 

Discussion 

The data shown in table II indicate that all the piper- 
idinic derivatives, both N-unsubstituted 5 and N- 
methyl-substituted 6, interact significantly with at 
least one of the biogenic amine (NE, 5-HT, DA) 
uptake systems examined. In general, the compounds 
that contain at least one aromatic nucleus in their 
structure are more active than those that are com- 
pletely aliphatic, even if the norbornilidene derivative 
6b possesses a lower IC,, value for the DA system 
than that of viloxazine 1; this value is comparable to 
that of the aryl-substituted compounds (5d, 5e and 5f) 
which present a higher inhibition capacity. The 
aromatic compounds that exhibit the highest affinity 
proved to be 5c and Sf, in which the imino carbon is 
substituted by a phenyl and a hydrogen or by 
2 phenyls, respectively. In particular, compound 5f, in 
which the imino carbon is linked with 2 phenyl 
groups, presents much lower IC,, values than 
viloxazine 1 for all 3 uptake systems. With the 
exception of the couples of completely aliphatic 
compounds 5a, 6a and 5b, 6b and the pyridinic 
derivatives 5h and 6h for the NE and DA re-uptake 
systems, all the compounds unsubstituted on the nitro- 
gen 5 possess a greater capacity to interact with all 
3 uptake systems considered than the corresponding 
N-methyl-substituted derivatives 6. 

An examination of the results obtained for 5, 6 and 
viloxazine 1 for the single uptake systems (see table II) 
shows that the affinity of compounds of types 5 and 6 
improves, with respect to viloxazine 1, on passing 
from the NE uptake system to those of DA and 5-HT. 
For the NE uptake system, only compound 5f shows 
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Table II. In vitl-o re-uptake inhibition in rabbit occipital (NE), frontal (5FIT) and striatal (DA) synaptosomes by piperidine 
derivatives 5a-g and 6a-g and viloxazine 1. 

CT 

O/N\c/Rl 
HzW, 

N 
I 

1: 
R2 

wmpd R R7 R2 3H-NE 3H5HT 3H-DA 

5a H i-l3 i-l? b 30.2(27.4-32.7) b 

6a Me i-l? i-l? 45.2(39.4-50.2) b 42.3(39.0-45.0) 

5b H 

6b Me 

43.2(39.5-4.8) b b 

10.0(8.2-12.0) b 9.20(8.0-10.5) 

5C H Ph H 

6c Me Ph H 

l;lo(p.7-1.5) 0.65(0.45-0.83) 

5,iO(4.5-6.0) b 

5.50(4.5-6.0) 

48.3(44.0-52.0) 

5d H 

6d Me 
H 

2.40&B-3.2) 2.80(2.0-3.2) 10.2(8.8-11.6) 

38.1(35.2-40.2) 18.4(16.6-20.1) 30.4(28.3-32.1) 

5e H Ph Me 13.2(11.3-14.8) 4.20(3.3-4.9) 8.20(6.9-9.5) 

6e Me Ph Me b 20.1(18.1-22.0) b 

5f H Ph Ph 0.10(0.09-0.11) 8.10(4.5-8.6) 0.15(0.12-0.18) 

6f Me Ph Ph 5.00(4.5-5.5) 30.2(28.3-32.0) 12.2(11.5-13.0) 

% H 

6g Me 

10.3(8.3-12.5) 1.10(0.9-1.2) 20.1(18.8-21.7) 

25.1(23.1-27.1) 2.30(1.8-2.8) b 

5h 

6h 

H 

Me 
H 

b 5.10(4.0-6.5) b 

41.1(38.3-44.2) 10.2(8.0-12.5) 24.3(22.0-27.0) 

viloxazine 0.22(0.15-0.30) 20.4(13.6-27.2) 38.2(30.1-46.0) 

aConcentrations necessary for 50% inhibition are geometric means of three separate determinations; confidence limits are 
shown in parentheses. bIC,, > 50 PM. 



972 

an IC,, value lower than that of viloxazine 1; for the 
DA and 5-HT uptake systems, compounds 5c-e and 
6b, f, and compounds 5c-h and 6g, respectively, exhi- 
bit IC,, values lower than those of 1. 

In contrast with the findings for viloxazine 1, which 
is selective for NE uptake, the new compounds have a 
higher affinity (5c, d, f, g) and appear to possess a 
good degree of affinity for all 3 uptake systems. 
However, compounds 5c, d, g are more selective for 
5-HT, whereas 5f possesses a greater affinity for the 
NE and DA uptake systems. 

Conclusions 

The aim of the present study was to verify whether the 
combination of the piperidinic ring of 2 and 3b or 3a 
and the bioisoster MAOMM in a single structure leads 
to compounds that are capable of inhibiting more or 
less selectively biogenic amine uptake, and are thus 
potentially active as antidepressants. 

Compounds in which the imino carbon is linked 
with aliphatic groups and those in which the same 
carbon is linked with aromatic groups inhibit biogenic 
amine uptake, even if they do not generally possess a 
high selectivity for the serotoninergic system. The 
uptake inhibition capacity of the aryl-substituted 
derivatives is higher than that of the aliphatic 
compounds, which, in the case of 5c and 5f, clearly 
exhibit lower IC,, values than viloxazine for the DA 
and 5-HT uptake systems. Moreover, 5f shows an IC,, 
value lower than that of 1. In compounds of types 
5 and 6, therefore, the aromatic substituent linked to 
the imino carbon of the MAOMM appears to be 
capable of playing a role in the interaction with the 
biological structures governing biogenic amine re- 
uptake. Analogous results were also found for type 4 
compounds [16], which were evaluated for their 
potential antidepressant properties by means of the 
in vivo test of antagonism to reserpine-induced hypo- 
thermy in the mouse. Type 4 compounds substituted 
with an aromatic group on the imino carbon revealed 
a considerably higher activity than the analogues 
substituted only with aliphatic groups. On the basis of 
these results we hypothesized a possible participation 
of the aromatic systems in the bioisosterism between 
the MAOMM of 4 and the ArOCH, system of viloxa- 
zine [16]. 

Finally, in the case of femoxetine 3a and paroxetine 
3b [ 131, the compound with an N-methyl-substituted 
piperidinic nucleus (3a) reveals a lower affinity, at 
least for the serotoninergic system, than the one with 
an N-unsubstituted piperidinic ring (3b). It is interes- 
ting to note that also for type 5 and 6 compounds, the 
introduction of a methyl group on the nitrogen of the 
piperidinic ring of 5 has negative effects, generally 
leading to compounds with a marked increase in the 
inhibition indices. 

Experimental protocols 

Chemistry 

Melting points were determined on a Kofler hot-stage appar- 
atus and are uncorrected. Boiling points refer to the air-bath 
temperature of bulb-to-bulb distillation using a Buchi GKR-5 1 
apparatus. IR spectra for comparison of compounds were taken 
as paraffin oil mulls or as liquid films, on a Perkin-Elmer 
Model 13 10 instrument. rH-NMR spectra were obtained with a 
Varian EM 360 instrument in = 10% CDCl, (for the free bases 
Me,Si) or D,O (for the salts Me,SiCD,CD,CO,Na) solution. 
The proton magnetic resonance assignments were established 
on the basis of the expected chemical shifts and the multiplicity 
of the signals. Oximes of symmetrical ketones and E-oximes of 
aldehydes or asymmetrical ketones were prepared by the usual 
methods and their physical constants were in accordance with 
those reported in literature. 

Analytical TLC was carried out on 0.25 mm layer silica-gel 
plates (Merck F& containing a fluorescent indicator; spots 
were detected under UV light (254 nm) (in the case of com- 
pletely or partially aromatic compounds), ‘or by spraying with 
0.2 M KCr,O, in 40% aaueous suluhuric acid followed bv 
gentle heating (in the case of completily aliphatic compoundsj. 
Column chromatographies were performed using 70-230 mesh 
silica gel. Magnesium sulphate was always used as the 
drying agent. Evaporations were performed in vacua (rotary 
evaporator). Elemental analyses were carried out by our 
analytical laboratory and agreed with theoretical values to 
within f 0.4%. 

3-Chloromethylpiperidine hydrochloride 9.HCl 
A solution of 3-hvdroxvmethvlnioeridine 7 (10.0 e. 87 mmol) 
in anhydrous CHCl, (68 ml)‘Gai saturated ‘with EC1 (g) and 
then treated dropwise at reflux temperature with SOCl, (27.6 g; 
0.23 mol). The resulting mixture was refluxed for 1.5 h and 
evaporated to yield a solid residue (15 g) which was crystal- 
lized from EtOH/Et,O to yield 9.HCl (13.3 g, 89%); mp 153- 
155°C. rH-NMR 8 3.42 (d, 2H, J = 6 Hz, CH,Cl). Anal 
C,H,,NCl (C, H, N). 

1 Xethyl-3-chloromethylpiperidine hydrochloride lOaHC1 
This compound was prepared from the 1-methyl-3-hydroxy- 
methylpiperidine 8 (50 g, 0.38 mol) following the procedure 
described above for the preparation of compound 9.HCl 
to yield lO.HCI (58 g, 81%); mp 16X-169°C (EtOH/Et,O). 
tH-NMR 6 3.45 (d, 2H, J = 6 Hz, CH,Cl) (lit [171 169.1- 
170.2”C). Anal C,H,,NCl (C, H, N). 

General procedure for the synthesis of the 3-(methylene- 
aminoxy)methylpiperidine derivatives Sa-cH,C,O, and I - 
methyl-3-(methyleneaminoq) methylpiperidine derivatives 
6a-g.H,C,O, 
The appropriate oxime (lla-g, 6 mmol) was added to a 
mixture of 9 or 10 (5.81 mmol) and KOH (21.38 mmol) in 
DMSO (5 ml) (in the case of 5b, c, e-g and 6b, c, e-h) or 
t-BuOH (10 ml) and 18-crown-6 (22 mmol) (in the case of 
Sa, d, h and 6a, d). The reaction mixture was stirred at 40°C for 
4-6 d, then diluted with H,O and extracted with CHCl,. The 
chloroformic layer was washed (10% aqueous NaOH and 
H,O), dried, filtered and evaporated to dryness to yield crude 
Sa-g or 6a-g, which was chromatographed through a silica-gel 
column, eluting with a mixture of toluene, AcOEt and MeOH 



in the ratio 7:3: 1. The oily products were dissolved in Et,0 and 
then treated with a solution of a molar equivalent of oxalic acid 
in a 29 mixture of MeOH/Et,O. The crude products were 
filtered and crystallized from the proper solvent to give the 
pure oxalate saits of 5a-g and 6a-g (see table I). - 

In the t H-NMR snectra of 5 and 6 there is a multinlet 
attributed to the hydrbgens of the methylenic group linked to 
the piperidine system (middle-point of the signals: 3.76- 
4.25 ppm). For other physical and microanalytical data, see 
table I. 

The configurational stability of the E-oximes of asymmetri- 
cal carbonyl-compounds (11&e, h) was tested by treating the 
aonronriate oxime with KOH in DMSO under the above- 
de&bed conditions. The usual work-up made it possible to 
recover the unaltered starting oximes. 

[3HJNorepinephrine, [3H]dopamine and [3H]seuotonin uptake 
inhibition 

Rabbit brains were rapidly dissected to remove the occipital 
and frontal cortex and the corpus striatum; synaptosomal frac- 
tions were then prepared as previously described [ 181. The 
uptake of [3H]NE (15 nM), [sH]-5HT (4 nM), and [sH]DA 
(2 nM) into occipital and frontal cortex, and corpus striatum 
synaptosomes, respectively, was measured as previously 
described [18], in the presence of various concentrations of the 
compounds tested. Non-specific transport was determined by 
measuring the amount of uptake in the-presence of desipramine 
110 uM). chloriminramine (10 uM). or benzotronine (100 uM). 
for ‘NE:’ 5-HT, &d DA ‘u&p&, respectively. This ‘non: 
specific transport was also evaluated by measuring the radio- 
activity of the synaptosomal preparations in the absence of 
drugs when the temperature of the incubation mixture 
was between 0 and 4°C. The concentrations of the compounds 
that inhibit specific monoamine uptake by 50% (IC,,j were 
determined by log-probit analysis with 4 concentrations of the 
displacers, each performed in triplicate. 

The following labelled compounds were used: dl-[7-sH(N)] 
norepinephrine (11.8 Ci/mmol) hydrochloride, [7-sH(N)]dop- 
amine (28 Ci/mmol) free base, and [l&sH(N)]serotonin 
(26.2 Ci/mmol) bioxalate. 
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