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The synthesis, pharmacology and toxicology of four morpholine derivatives from 1-(2-arylmorpholino)-3-phenyl-3-propa-
nonoxime and the synthesis of two anilides are described. The structures of the synthesized derivatives were proved by
IR, 1H NMR and occasionally with 13C NMR. The acute toxicity of the compounds in mice was determined. A compara-
tive pharmacological study of the in vivo effect on the central nervous system was realised by the following screening
tests: pentobarbital induced sleeping time, locomotor activity and behaviour despair test for antidepressive activity. The
most active compound was 1-(2-phenylmorpholino)-3-phenyl-3-propanonoxime (2b) which showed low toxicity and anti-
depressive activity at a dose of 1/10 LD50.

1. Introduction

Moclobemide and fluvoxamine belong to the class of aty-
pical antidepressants, which are widely used in the ther-
apy of depression [1, 2]. Moclobemide is a reversible
MAO-A inhibitor [3], while fluvoxamine is an inhibitor of
the 5-HT uptake [4]. The present paper deals with the
synthesis and pharmacological activity of four new com-
pounds, chemically related to moclobemide (morpholine
ring) and fluvoxamine (oxime group).

2. Investigations, results and discussion

The 2-aryl-4-(2-benzoylethyl)morpholines 1a±d were ob-
tained through Mannich condensation of morpholine or 2-
arylmorpholines with paraformaldehyde and acetophe-
nones. Further the 2-aryl-4-(2-benzoylethyl)morpholines
reacted with hydroxylamine to yield the 1-(2-aryl morpho-
lino)-3-phenyl-3-propanone oximes 2a±d in 31±75%
yield.
By a Beckmann rearrangement of ketoximes with phos-
phorus(V) chloride the aminoanilides 3a, c were obtained
(oil liquids) [5]. They were isolated with methyl iodide as
their methoiodides 4a, c in 70±85% yield (Scheme).
The structure of compounds 2a±d and 4a, c was con-
firmed by IR and 1H NMR spectroscopy. IR spectra of the
compounds were recorded on solid state in nujol. The
C�N groups absorb in the 1603±1630 cmÿ1 region. All
aminooximes have absorption in the 3159±3180 cmÿ1 re-
gion, due to the hydroxyl groups. In the proton NMR

spectra of 2a±d, there is a signal in weak field at approx.
11.2 ppm due to the oxime group. The signal is sharp
except for compound 2d. The chemical shift of this signal
cannot give a definite answer whether the hydroxyl group
is in syn- or anti-configuration to the benzene ring. After
addition of the shift reagent (Eu(FOD)3) to the compound
2d the chemical shifts of the aromatic protons do not
change significantly, which is an evidence that this group
is in anti-position to the benzene fragment. With the ami-
noamides 3a, c a signal between 10.0 and 10.15 ppm is
observed, which is the signal of the amide proton. Theore-
tically, it is possible to obtain two isomers because of the
Beckmann's rearrangement (A and B).
The isomers can be distinguished by means of selective
decoupling of the amide proton and with model com-
pounds [6]. After selective decoupling of the amide proton
in 4a � CH3l only a very small increase in the signal inten-
sity of the methylene group at 2.90 ppm was observed and
the kind of the signal was not influenced. These circum-
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Table 1: Physical and analytical data of compounds 2a±d and
4a±c

Compd. Y R M.p. (�C) Yield
(%)

Formula
(molecular mass)

2a H 150±152 40 C13H18O2

(234.3)

2b 151±153 82 C19H22N2O2

(310.4)

2c 129±131 46 C19H21ClN2O2

(344.8)

2d 156±158 35 C19H21BrN2O2

(389.3)

4a* NH±±CO H 146±148 86 C14H21IN2O2

(376.2)

4c* NH±±CO 160±161 84 C19H21ICIN2O2

(486.8)

* as methoiodide salts
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stances confirm a presence of a Ar±±NH±±CO±±CH2-, in-
stead of a Ar±±CO±±NH±±CH2-group, because in the second
case the multiplicity and the dimensions of the CH2 signal
should be changed. The weak increase of the signal, due
to the Overhauser effect, shows that the methylene group
is not located in direct neighbourhood to the ±±NH-group;
otherwise, a greater increase of the signal would be ex-
pected.
In the 13C NMR spectra of 2a±d, a good correlation be-
tween the positions of the carbon atoms and their chemi-
cal shifts is observed. The region of the oxime carbon
atom is 153±158 ppm; the aliphatic and aromatic carbon
atoms give signals in their usual regions.
The newly synthesized compounds were investigated in
mice for acute toxicity and their influence on pentobarbi-
tal sleeping time. The compounds were tested for in vivo
antidepressive activity using the ªbehaviour despairº test.
The compounds were also studied for the influence on
spontaneous locomotor activity of mice. Moclobemide
was used as a reference compound in all the pharmacolo-
gical tests.
Determination of the acute toxicity (LD50) showed that
compounds 2b, 2c and 2d were less toxic than the stan-
dard moclobemide. Compound 2a had a significantly
higher acute toxicity than moclobemide (Table 2). The ef-

fect of the compounds on pentobarbital induced sleeping
time at doses 1/10 and 1/20 of LD50 are shown in Table 3.
All tested compounds and moclobemide statistically sinni-
ficant caused a prolongation of the pentobarbital sleeping
time.
As shown by the influence of the compounds on locomo-
tor activity of mice all tested compounds and moclobe-
mide decreased the locomotor activity (Table 4) except
compound 2b.
The antidepressive activity was determined by the beha-
viour despair test; the results are shown in Table 5. Com-
pound 2b showed antidepressive activity at the dose
which was 1/10 of LD50 (0.32 mmol/kg i.p.). All other
compounds did not show any antidepressive activity at
doses 1/10 and 1/20 of LD50. The reference compound
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Scheme

Table 2: Acute toxicity (LD50) of the compounds

Compd. LD50 (mmol/kg i.p.) and 95%
confidence interval

2a 0.94 (0.90 � 0.99)*
2b 3.18 (2.46 � 3.11)*
2c >11:61*
2d >10.27*
Moclobemide 2.22 (1.89 � 2.52)

* p � 0.05, statistically significant difference in comparison with moclobemide

Table 3: Effect of the compounds on the pentobarbital sleep-
ing time

Compd. Doses (part of LD50) Sleeping time (min)

Control ÿ 34� 7:63
2a 1/10 59� 3:16*
2a 1/20 56:4� 3:13*
Control ÿ 34� 7:63
2b 1/10 71:3� 4:89*
2b 1/20 > 80*
Control ÿ 35� 5:3
2c 1/10 > 90*
2c 1/20 > 90*
Control ÿ 34� 7:63
2d ÿ ÿ
2d 1/20 105:4� 17:8*
Control ÿ 37:6� 7:7
Moclobemide 1/10 61:6� 11:5*
Moclobemide 1/20 ÿ
* statistically significant difference in comparison with the control group



moclobemide exerted antidepressive activity at doses 0.11
and 0.22 mmol/kg b.w.i.p. (Table 5).
The results of the in vivo pharmacological screening show
that compound 2b has an antidepressive effect and a sig-
nificantly lower acute toxicity than the standard drug mo-
clobemide. On the other hand this compound significantly
increased the pentobarbital sleeping time and decreased
locomotor activity, similar to the effect of Moclobemide.
This observation could be explained by interference of the
sedative component of 2b and moclobemide activity. In
this regard more compounds should be synthesized in or-
der to find out some structure-activity relationship.

3. Experimental
3.1. Chemistry

Melting points were measured on a Boetius hot plate microscope (Ger-
many) and were corrected. IR spectra (Nujol) were recorded in a UR 20
(Carl Zeiss, Jena, Germany) apparatus. 1H NMR spectra were recorded at
room temperature on a Brucker WP 100 (100 MHz) spectrometer in
CDCl3 or DMSO-D6.
Chemical shifts are given in ppm. TMS was used as internal standard. 13C
NMR spectra were recorded at room temperature on a Brucker WP 100
(25.18 MHz). TLC was performed on 0.25 mm precoated plates Kieselgel
60 Merck (Germany) with chloroform petroleum ether/acetone/methanol
(4 : 4 :1.5 : 0.5) and detected with Dragendorff reagent. The novel structures
were supported by characteristic IR and NMR data and by microanalyses
(Microanalytical Unit. Faculty of Pharmacy, Sofia).

3.1.1. General method for 2-aryl-4-(2-benzoylethyl)morpholines 1a±d

To 30 mmol of the 2-arylmorpholine hydrochloride, solved in 20 ml etha-
nol, 90 mmol paraformaldehyde, 30 mmol of the respective substituted

acetophenone and 1 ml conc. HCl were added. The reaction mixture was
refluxed 8 h (water bath) with a reflux condenser. After that the solvent
was removed on a rotary vacuum evaporator. The residue was recrystal-
lised from ethanol [7].

3.1.2. General method for 1-(2-arylmorpholino)-3-phenyl-3-propanone oxi-
mes 2a±d

To 20 mmol 1a±d in 10 ml ethanol 40 mmol hydroxylamine hydrochloride
and 80 mmol KOH in 20 ml water were added. The solution was refluxed
for 2 h (water bath) and left at room temperature for 12 h. The precipitated
3-(2-arylmorphino-1-phenyl-1-propanone oximes 2a±d were filtered and
recrystallized from ethanol/water 2 :1 (Table 1).

3.1.3. General method for 3-(2-arylmorpholino)-N-phenylpropionamides
3a, c

To an anh. benzene solution of 10 mmol 2a, c in 20 ml benzene, 11 mmol
(2.29 g) PCl5 were added. The mixture was mixed with cooling and al-
lowed to stand at room temperature for 1 h. Ice was then added, the water
layer was separated and 4N NaOH was added. The crude product was
extracted with ether and the ethereal solution was evaporated. The residue
was gently heated in dry ether with CH3l (10 mmol) for 30 min.
The 3-(2-arylmorpholino)-N-phenylpropionamides were isolated as their
methoiodides and recrystallised from ethanol (Table 1).

3.2. Pharmacology

The experiments were conducted on 300 male H-albino mice (body weight
18±20 g). The acute toxicity (LD50) of the studied compounds was as-
sessed after solubilisation in saline with 1±2 drops Tween 80 and i.p. ad-
ministration in mice. LD50 was calculated according the lethality of mice
at for 4 or 5 different doses (Litchfield-Wilcoxon). At least 6 animals per
experimental group were used [8].

3.2.1. Influence on pentobarbital sleeping time

The investigated compounds were administered to male mice i.p. at doses
1/10 of LD50 (the same volume ±± 0.1 g � b.w. of the solvent 0.9% NaCl ±±
was administered to the animals in control group). The solution of pento-
barbital sodium at a dose of 50 mg/kg b.w. was administered i.p. to the
animals 30 min after administration of the solutions of the investigated
compounds. The sleeping time was measured in min by observing the
righting reflex recovery.

3.2.2. Influence on locomotor activity

A group of 6 animals was put into an actometer (Activity Gage, Ugo Ba-
sile, Italy) and the locomotor activity in arbitrary units was measured at
10 min intervals during 90 min. The tested compounds were administered
at a dose 1/10 of LD50 to the animals and their effect on the locomotor
activity was measured during 120 min under analogical conditions. The
total locomotor activity was compared to that of the control (vehicle-treat-
ed) group.
The antidepressive activity was examined using the ªbehaviour despairº
screening test [9], calculating the time of immobilisation of the mice in
seconds over a 5 min observation.
The results of pharmacological experiments underwent statistical proces-
sing by the Student-Fisher t-test at p � 0.05.
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Table 4: Effect of the compounds on the locomotor activity of
mice

Compd. Doses (mmol/kg i.p.) Total locomotor activity
(arbitrary units � SD)

Control ÿ 2650� 264
2a 0.094 168� 21:4*
2a 0.047 796� 84:5*
Control ÿ 2320� 301
2b 0.32 1796� 352
2b 0.16 2540� 196
Control ÿ 1948� 211
2c 1.16 511� 62*
Control ÿ 2075� 241
2d 1.02 711� 96*
Control ÿ 2028� 229
Moclobemide 0.22 796� 98*

* p � 0:05 compared with control group

Table 5: Effect of the compounds on the time of immobiliza-
tion in the behaviour despair test

Compd. Doses (part of LD50) Time of immobilization
(s � SD)

Control ÿ 210� 18:7
2a 1/10 147:5� 95:4
2a 1/20 185� 72:3
Control ÿ 143:0� 11:4
2b 1/10 50:0� 33:0*
2b 1/20 115:0� 72:0
Control ÿ 251:3� 40:1
2c 1/10 188:8� 40:1
2c 1/20 219:8� 18:4
Control ÿ 143� 11:4
2d 1/10 121:2� 31:8
2d 1/20 107:5� 51:2
Control ÿ 242� 26
Moclobemide 1/10 127:0� 27*
Moclobemide 1/20 163:0� 39*

* p � 0:05 compared with control group


