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Synthesis of some tropane derivatives of anticipated activity
on the reuptake of norepinephrine and/or serotonin
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Abstract—A variety of tropane derivatives 14a–g were prepared via the reaction of the alcohol analogs 12a and 12b with substituted
fluorobenzenes 13a–f. The prepared compounds were tested for their activity and selectivity toward the norepinephrine transporter
(NET) and serotonin transporter (SERT) using yohimbine-induced mortality and 5-hydroxytryptophan-induced neurotoxicity in
mice, respectively. All the tested compounds were found to be NE and 5-HT reuptake inhibitors except 14d which exhibited selective
5-HT reuptake inhibition activity.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Major depression is one of the most common psychiatric
disorders. By 2020 it will be expected that depression
will be the second most serious medical condition with
respect to global disease burden.1 Over the last two dec-
ades, a new generation of antidepressant resulted from
the discovery of selective serotonin-reuptake inhibitors
(SSRIs) such as fluoxetine (Prozac�) 1 and paroxetine
(Paxil�) 2.2 Although SSRIs are very effective antide-
pressants with substantially fewer side effects than the
older tricyclic antidepressants (TCAs), they are not uni-
versally effective and can also have bothersome side
effects of their own, such as anxiety, sleep disturbance,
weight gain, sexual dysfunction, and gastrointestinal dis-
turbances.3 In addition, they have a delayed onset of
antidepressant effect that is attributed to the action of
released serotonin (5-HT) on the presynaptic receptor
5-HT1A leading to feed back inhibition of 5-HT release,
then by time the adaptive changes and desensitization of
this receptor result in the antidepressant effect.2,4 It is
reported that potent and selective 5-HT and norepi-
nephrine (NE) reuptake inhibitors desensitize, respec-
tively, terminal autoreceptors and a2 adrenergic
heteroreceptors on 5-HT fibers, that it can be argued
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that the combination of these two treatments might
result in a greater increase in the 5-HT neurotransmis-
sion than either treatment alone, and thereby, achieve
a greater antidepressant efficacy.5 Therefore, the dual
NET/SERT reuptake inhibitors, venlafaxine (Effexor�)
36,7 and duloxetine (Cymbalta�) 4,8–10 have been intro-
duced, representing a new class of antidepressants with a
higher rate of efficacy and fewer side effects than TCAs
and SSRIs. Furthermore, the venlafaxine analogs
PRC025 and PRC050 5a and 5b have demonstrated a
higher affinity than venlafaxine itself for all human
monoamine transporters (norepinephrine, serotonin,
and dopamine transporters).11 Moreover, different
non-selective constrained amines have been prepared
aiming to increase their onset of antidepressant effect
such as DOV 21,947 6 which is found to have a high
affinity to SERT and NET.12 In addition, compound 7
has a potent and rapid antidepressant activity as it acts
as non-selective monoamine reuptake inhibitor.13 In the
literature, several tropane derivatives have been pre-
pared and tested for their selective binding to SERT
and/or NET. The substituted 3-phenoxynortropane 8
has been prepared and tested for its antidepressant
activity by the LL-5-hydroxytryptophan potentiation
assay, it has ED50 8.4 mg/kg.14 Structural modifications
result in increased affinity to both SERT and NET as
represented by 9a–c.15,16 Recently, the conformationally
constrained tricyclic tropane analogs 10a–d represent a
new class of selective drugs at SERT and NET;17–20 it
is important to note that 10d is a potent and a dual
SERT/NET inhibitor with Ki values around 1 nM
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having a selectivity profile like venlafaxine 3 and duloxe-
tine 4.20 In the light of these facts, it deemed of interest
to rigidify the skeleton of fluoxetine into a tropane struc-
ture retaining the phenoxy and phenyl moieties of fluox-
etine, to study the effect of this conformation-lock on
the activity and selectivity toward norepinephrine and
serotonin-reuptake blockade. Furthermore, in fluoxe-
tine, the para CF3 group is essential for the activity
and selectivity,21 therefore, in the present work, it is in-
tended to investigate synthesis of novel tropane contain-
ing compounds with different electron deficient groups
attached on the phenoxy moiety and evaluate their NE
and 5-HT reuptake inhibition activity, aiming to pro-
duce safer, faster acting, and better tolerated antidepres-
sants that overcome the problem of suicidality in
patients being treated with other antidepressants.
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2. Results and discussion

2.1. Chemistry

The target compounds were prepared according to
Scheme 1, where the alcohol 12a was obtained by addi-
tion of tropinone 11 to the ethereal solution of phenylli-
thium as previously reported.22 However, compound
12b was prepared by the addition of tropinone 11 to
ethereal solution of n-butyllithium treated with 4-fluo-
robromobenzene 13e according to the reported proce-
dure.23 Compounds 14a–g were prepared from their
precursor alcohols 12a and 12b by the action of sodium
hydride in dry DMF to form the corresponding sodium
salt.16 The substituted fluorobenzene derivatives 13a–f
were then added to obtain the required compounds
through aromatic nucleophilic substitution reaction.24

The temperature of the reaction was varied according
to the electro-negativity of the substituent at the fluoro-
benzene. Thus, for the preparation of compound 14a the
reaction was conducted at �70 �C,25 as the 4-fluoroni-
trobenzene 13a is the most reactive reagent. Trials to
achieve the reaction at higher temperatures �15 �C
and room temperature26 failed to give the target com-
pound. Likewise, the reaction temperature and reaction
time adopted for the preparation of compounds 14b–g
were determined according to the reactivity of the
reagent. IR spectra of compounds 14a–g showed the
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disappearance of the OH band of the corresponding
parent alcohols, and the presence of a nitrile stretching
vibrational band at 2226–2223 cm�1 in case of 14b and
14g. Additionally, all compounds were confirmed by
1H NMR spectra that revealed the presence of addi-
tional aromatic protons with respect to the alcohol
precursors 12a and 12b besides the expected tropane
protons. Single crystal X-ray diffraction studies of 14a
(Fig. 1) revealed the appearance of endo configuration.
In addition the piperidinyl function of the tropane moi-
ety adopted a distorted chair form configuration.

2.2. Pharmacological screening

All compounds were tested for their serotonin-reuptake
inhibition by measuring potentiation of 5-hydroxytry-
ptophan (5-HTP)-induced neurotoxicity in mice. They
also were tested for their norepinephrine reuptake inhi-
bition by measuring yohimbine-induced mortality. Flu-
oxetine and citalopram were used as standard drugs
Figure 1. Ortep preview of compound 14a.
with selective serotonin reuptake inhibitory effect, clo-
mipramine was used as non-selective drug with 5-HT
and NE reuptake inhibitory effects. The observed data
were summarized in Table 1 which show the response%
of the tested animals showing positive response (mice
head twitches) to the total number of mice in each group
and Table 2 which shows the response% of the tested
animals showing positive response (mice death) to the
total number of mice in each group. The doses were cal-
culated in mM/kg and administered intraperitoneally
(ip). ED50 5-HT/ED50 NE ratio was calculated (Table
3) as a parameter for selectivity. Therefore, if the value
of this ratio is significantly less than one, the compound
will be SSRI, and if it is non-significantly different from
one, the compound will be non-selective 5-HT/NE reup-
take inhibitor.

From the obtained data (Tables 1–3 and Fig. 2), all
compounds were found to inhibit the reuptake of 5-
HT and NE except 14d, that showed selectivity toward



Table 1. Response% of the tested compounds (mM/kg) toward potentiation of 5-HTP induced neurotoxicity

Compound Response%a of the tested animals towards dose (mM/kg)

1.62 3.24 4.86 6.47 12.94 25.89

Fluoxetine NTb 16.67% NT 50% 100% NT

Clomipramine 50% 50% NT 83.33% NT NT

Citalopram 50% 83.33% NT 100% NT NT

14a 33.33% 50% 66.67% Toxic NT NT

14b 16.67% 33.33% NT 66.67% NT NT

14c NT 50% NT 66.67% 83.33% NT

14d NT 33.33% NT 50% 83.33% NT

14e NT 33.33% NT 50% 66.67% NT

14f NT 33.33% NT 66.67% 83.33% NT

14g 33.33% 50% 66.67% Toxic NT NT

a Response% of the tested animals showing positive response (mice head twitches) to the total number of mice in each group.
b NT, not tested.

Table 2. Response% of the tested compounds (mM/kg) toward potentiation of yohimbine induced mortality

Compound Response%a of the tested animals towards dose (mM/kg)

1.62 3.24 4.86 6.47 9.71 12.94 19.42 25.89

Fluoxetine NTb 0% NT 0% NT 0% NT NT

Clomipramine NT 16.67% NT 50% 66.67% NT NT NT

Citalopram NT NT NT 0% NT 16.67% NT 83.33%

14a NT 0% NT 50% NT 50% NT Toxic

14b NT 50% NT 50% NT 83.33% NT NT

14c NT NT NT 0% NT 66.67% 66.67% 100%

14d NT 0% NT 16.67% NT 33.33% Toxic Toxic

14e NT NT NT 16.67% NT 50% NT 100%

14f NT NT NT 33.33% NT 33.33% NT 66.67%

14g NT 16.67% NT 66.67% NT 100% NT NT

a Response% of the tested animals showing positive response (mice death) to the total number of mice in each group.
b NT, not tested.

Table 3. Potency (ED50) in potentiation of 5-HTP induced neurotox-

icity, yohimbine induced mortality and the 5-HT/NE selectivity ratio

of the tested compounds

Compound ED50 (mM/kg)

5-HTP

ED50 (mM/kg)

NE

5-HT/NE

selectivity

Fluoxetine 5.09 >12.90 <0.39

Clomipramine 2.00 5.78 0.35

Citalopram 1.58 13.73 0.12a

14a 2.94 10.27 0.29

14b 4.44 4.08 1.08

14c 3.30 11.27 0.29

14d 5.46 53.13 0.10a

14e 6.47 11.41 0.56

14f 4.72 16.06 0.29

14g 2.94 5.02 0.59

a Significantly different from one at p < 0.05.
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5-HT reuptake inhibition. This suggests that the rigidifi-
cation of fluoxetine structure resulted in loss of selectiv-
ity toward SERT as compound 14c showed both NE
and 5-HT reuptake inhibitory activity. A hypothetical
explanation for this shift in activity is that the rigidifica-
tion of fluoxetine structure into tropane nucleus resulted
in reduction of the distance between the para substitu-
tion and the nitrogen of the bridge which may facilitate
the binding of the derivatives to both transporters. On
the other hand, the presence of CF3 group at meta-
rather than para-position 14d restored the selectivity to-
wards SERT. Also, there was no significant difference
between 14e and 14f in potency and selectivity, indicat-
ing that the para-position can accommodate a bulky
moiety without alteration in activity or selectivity. Fur-
thermore, the electronegativity did not affect the activity
or selectivity as all para-substituted derivatives showed
comparable activity to clomipramine. Moreover, intro-
duction of the para fluorine moiety at the phenyl ring
of 14b to produce 14g did not affect neither selectivity
nor activity. Additionally, although compound 14g
was non-selective, its effect on 5-HT reuptake inhibition
did not differ significantly from that of citalopram.

In conclusion, it could be assumed that, all the para-
substituted derivatives adopted in the present study ex-
erted non-selective 5-HT and NE reuptake inhibition
regardless of the electronegativity or the size of the para
substituent. The meta substituted derivative 14d had
selective 5-HT reuptake inhibition activity. Introduction
of the para fluorine moiety at the phenyl ring of 14b to
produce 14g did not affect the selectivity or activity.
3. Experimental

Melting points were determined on Electrothermal 9100
digital melting point apparatus and were uncorrected.
Elemental microanalyses were performed at the micro-
analytical center, Faculty of Science, Cairo University.
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Figure 2. Dose–response% curves showing pharmacological activity of the tested compounds in potentiation of 5-HTP induced neurotoxicity and

yohimbine induced mortality.
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The IR spectra were recorded on a Bruker FT-IR spec-
trophotometer as potassium bromide discs in case of sol-
ids and as thin films in case of oils. The 1H NMR spectra
were recorded in CDCl3 on a Varian Mercury spectrom-
eter (300 MHz). Mass spectra were performed on HP
MODEL: MS_5988 mass spectrometer (EI, 70 eV). All
compounds 14a–g were purified by column chromatog-
raphy using silica gel 60 (Fluka, 70–230 mesh) as sta-
tionary phase and chloroform/methanol (10:1 v/v) as
mobile phase. Thin layer chromatography was carried
out on silica gel TLC plates with fluorescence indicator
(F254). Tropinone 11,27,28 3-phenyltropine 12a,22 and 3-
(p-fluorophenyl)tropine 12b23 were prepared according
to the previously reported procedures.

3.1. General procedure for preparation of 14a–g

To a suspension of sodium hydride (0.14 g; 60% in min-
eral oil, washed with n-hexane) in dry DMF (1.5 ml), a
suspension of the corresponding alcohol 12a or 12b
(2.3 mmol) in dry DMF (5 ml) was added. The mixture
was stirred at 80 �C for 1 h. Then the reaction mixture
was cooled to the specified temperature where a solution
of the appropriate substituted fluorobenzene 13a–f
(2.88 mmol) in dry DMF (2 ml) was added dropwise.
After stirring for the specified period of time, the reac-
tion was allowed to reach the room temperature and
poured on ice water (25 ml), stirred for 5 min, and ex-
tracted with chloroform (3· 30 ml). The extracts were
dried over anhydrous magnesium sulphate, filtered and
evaporated under vacuum leaving an oily residue. Puri-
fication by column chromatography and evaporation of
the eluate under vacuum resulted in separation of 14a–g
in pure form.

3.1.1. 8-Methyl-3-(4 0-nitrophenoxy)-3-phenyl-8-azabicy-
clo[3.2.1]octane (14a). Compound 14a was prepared
from 12a and 4-fluoronitrobenzene 13a at �70 �C for
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2 h. Colorless crystals, from methanol mp 128 �C, yield
40%. IR: tmax/cm�1 3025 (CH aromatic), 2995–2800
(CH aliphatic), 1591, 1342 (NO2 group). 1H NMR: d
2.11–2.21 (m, 4H, tropane), 2.41–2.47 (m, 2H, tropane),
2.49 (s, N-CH3), 2.72–2.78 (d, J = 16.5 Hz, 2H, tro-
pane), 3.42 (s, 2H, tropane at C-1 and C-5), 6.61–6.64
(d, J = 9 Hz, 2H, aromatic protons C 0-2, C 0-6), 7.26–
7.45 (m, 5H of the phenyl ring), 8.00–8.03 (d,
J = 9 Hz, 2H, aromatic protons C 0-3, C 0-5) MS:
m/z (%) 338 (M+, 3), 201 (16), 200 (100), 170 (8), 94
(2), 82 (28), 57 (1). Anal. Calcd for C20H22N2O3

(338.41): C, 70.98; H, 6.55; N, 8.28. Found: C, 71; H,
6.66; N, 8.26.

3.1.2. 3-(4 0-Cyanophenoxy)-8-methyl-3-phenyl-8-azabicy-
clo[3.2.1]octane (14b). Compound 14b was prepared
from 12a and 4-fluorobenzonitrile 13b at room temper-
ature and stirring overnight. Brown crystals purified by
column chromatography mp 91–93 �C, yield 30%. IR:
tmax/cm�1 3059 (CH aromatic), 2928–2855 (CH ali-
phatic), 2223 (CN group). 1H NMR: d 1.99–2.07 (m,
4H, tropane), 2.31–2.46 (m, 7H, tropane protons includ-
ing N-CH3), 3.23 (s, 2H, tropane at C-1 and C-5), 6.58–
6.61 (d, J = 9 Hz, 2H, aromatic protons C 0-2, C 0-6),
7.24–7.39 (m, 5H, phenyl ring and C 0-3, 5); MS: m/z
(%) 318 (M, 1), 201 (16), 200 (100), 170 (10), 118 (3),
94 (4), 82 (32), 57 (13). Anal. Calcd for C21H22N2O
(318.42): C, 79.21; H, 6.96; N, 8.8. Found: C, 79.14;
H, 6.94; N, 8.52.

3.1.3. 8-Methyl-3-(4 0-trifluoromethylphenoxy)-3-phenyl-
8-azabicyclo[3.2.1]octane (14c). Compound 14c was pre-
pared from 12a and 4-fluorobenzotrifluoride 13c at
70 �C and stirring for 5 h. Colorless crystals purified
by column chromatography mp 103–105 �C, yield
25%. IR: tmax/cm�1 3040 (CH aromatic), 2971–2851
(CH aliphatic). 1H NMR: d 2.05–2.08 (m, 2H, tropane),
2.21–2.23 (d, J = 8 Hz, 2 H, tropane), 2.41–2.47 (m, 5H,
tropane protons including N-CH3), 2.64–2.69 (d,
J = 15 Hz, 2H, tropane protons), 3.37 (s, 2H, tropane
at C-1 and C-5), 6.61–6.64 (d, J = 9 Hz, 2H, aromatic
protons C 0-2, C 0-6), 7.25–7.47 (m, 7H, aromatic pro-
tons). MS: m/z (%) 361 (M, 2), 201 (17), 200 (100), 170
(11), 161 (2), 94 (4), 82(45), 57(5). Anal. Calcd for
C21H22F3NO (361.41): C, 69.79; H, 6.14; N, 3.88.
Found: C, 69.52; H, 6.38; N, 3.71.

3.1.4. 8-Methyl-3-(3 0-trifluoromethylphenoxy)-3-phenyl-
8-azabicyclo[3.2.1]octane (14d). Compound 14d was pre-
pared from 12a and 3-fluorobenzotrifluoride 13d at
70 �C and stirring for 12 h. Yellow crystals purified by
column chromatography mp 80–83 �C, yield 20%. IR:
tmax/cm�1 3061–3030 (CH aromatic), 2924–2852 (CH
aliphatic). 1H NMR: d 2.03–2.09 (m, 2H, tropane pro-
tons), 2.14–2.19 (m, 2H, tropane protons), 2.37–2.41
(m, 5H, tropane protons including N-CH3), 2.50–2.56
(m, 2H, tropane protons), 3.30 (s, 2H, tropane at C-1
and C-5), 6.60–6.62 (d, J = 8 Hz,1H, aromatic proton
C- 06), 6.88 (s, 1H, aromatic proton C- 02), 7.06–7.09 (d,
J = 8 Hz, 1H, aromatic proton C- 04), 7.13–7.18 (t,
J = 8 Hz, 1H, C- 05), 7.29–7.44 (m, 5H, phenyl protons).
MS: m/z (%) 361 (M, 2), 201 (18), 200 (100), 170 (9), 161
(1), 94 (3), 82 (18), 57 (2). Anal. Calcd for C21H22F3NO
(361.41): C, 69.79; H, 6.14; N, 3.88. Found: C, 70.11; H,
5.8; N, 3.78.

3.1.5. 3-(4 0-Bromophenoxy)-8-methyl-3-phenyl-8-azabi-
cyclo[3.2.1]octane (14e). Compound 14e was prepared
from 12a and 4-fluorobromobenzene 13e at 70 �C and
stirring for 48 h. Brown oil purified by column chroma-
tography, yield 10%. IR: tmax/cm�1 3060–3030 (CH aro-
matic), 2925–2856 (CH aliphatic). 1H NMR: d 2.00–2.05
(m, 2H, tropane protons), 2.20–2.22 (m, 2H, tropane
protons), 2.36–2.48 (m, 5H, tropane protons including
N-CH3), 2.55–2.60 (m,2H, tropane protons), 3.37 (s,
2H, tropane at C-1 and C-5), 6.40–6.43 (d, J = 9 Hz,
2H, aromatic protons C 0-2, C 0-6), 7.17–7.42 (m, 7H,
aromatic protons). Anal. Calcd for C20H22BrNO
(372.31): C, 64.52; H, 5.95; N, 3.76; Br, 21.46. Found:
C, 65.19; H, 5.8; N, 3.73; Br, 21.85.

3.1.6. 3-(4 0-Chlorophenoxy)-8-methyl-3-phenyl-8-azabi-
cyclo[3.2.1]octane (14f). Compound 14f was prepared
from 12a and 4-fluorochlorobenzene 13f at 70 �C and
stirring for 48 h. Brown oil purified by column chroma-
tography, yield 12%. IR: tmax/cm�1 3088–3022 (CH aro-
matic), 2927–2817 (CH aliphatic). 1H NMR: d 2.00–2.04
(m, 2H, tropane protons), 2.15–2.20 (m, 2H, tropane
protons), 2.35–2.42 (m, 5H, tropane protons including
N-CH3), 2.49–2.55 (m, 2H, tropane protons), 3.31 (s,
2H, tropane at C-1 and C-5), 6.45–6.47 (d, J = 7 Hz,
2H, aromatic protons C 0-2, C 0-6), 7.03–7.05 (d,
J = 7 Hz, 2H, aromatic protons C 0-3, 5), 7.22–7.42 (m,
5H, phenyl protons). Anal. Calcd for C20H22ClNO
(327.86): C, 73.27; H, 6.76; N, 4.27; Cl, 10.81. Found:
C, 73.29; H, 7.01; N, 4.29; Cl, 10.92.

3.1.7. 3-(4 0-Cyanophenoxy)-3-(400-fluorophenyl)-8-methy-
lazabicyclo[3.2.1]octane (14g). Compound 14g was pre-
pared from 12b and 4-fluorobenzonitrile 13b at room
temperature and stirring overnight. Yellow crystals puri-
fied by column chromatography mp 210–214 �C, yield
25%. IR: tmax/cm�1 3031 (CH aromatic), 2850 (CH ali-
phatic), 2226 (CN group). 1H NMR: d 2.07–2.09 (m,4H,
tropane protons), 2.40–2.50 (m, 5H, tropane protons
including N-CH3), 2.68 (d, 2H, tropane protons), 3.43
(s, 2H, tropane at C-1 and C-5), 6.59–6.62 (d, J = 9
Hz, 2H, aromatic protons C 0-2, C 0-6), 6.98–7.04 (t,
2HC00-3, C00-5), 7.38–7.44 (m, 4H, aromatic protons).
MS: m/z (%) 336 (M, 1), 219 (17), 218 (100), 188 (10),
118 (1), 94 (4), 82 (27), 57 (6). Anal. Calcd, for
C21H21FN2O.2H2O: C, 67.72; H, 6.77; N, 7.52. Found:
C, 68.19; H, 6.98; N, 7.46.

3.2. Single crystal X-ray crystallographic data of (14a)

Compound 14a was recrystallized as prismatic colorless
crystals from methanol. The crystallographic data were
collected at T = 298 K on a Kappa CCD Enraf Nonius
FR 590 diffractometer using a graphite monochromator
with Mo-Ka radiation (k = 0.71073 Å). The crystal
structure was determined by SIR9229 and refined by
maXus30 (Bruker Nonius, Delft and MacScience, Ja-
pan). Chemical formula C20H22N2O3, Mr = 338.407,
monoclinic, crystallizes in space group P21/C, cell
lengths ‘a = 7.4365(3), b = 14.0326(6), c = 16.8885(9)
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Å’, cell angles ‘a = 90.00, b = 99.271(2), c = 90.00�’,
V = 1739.34(14)Å3, Z = 4, Dc = 1.292 mg/m3, h values
2.910–25.682�, absorption coefficient l (Mo-Ka) = 0.09
mm�1, F(000)=720. The unique reflections measured
5689 of which 1765 reflections with threshold expression
I > 3r(I) were used in the structural analysis. Conver-
gence for 226 variable parameters by least-squares
refinement on F2 with w ¼ 1=½r2ðF 2

oÞ þ 0:10000F 2
o�:

The final agreement factors were R = 0.044 and
wR = 0.105 with a goodness-of-fit of 1.300.

3.3. Pharmacological studies

3.3.1. Potentiation of 5-HTP-induced neurotoxicity in
mice.31 The 5-HT reuptake inhibition activity was
determined in vivo by potentiation of 5-HTP induced
neurotoxicity in mice.31 The animals were divided into
ten groups each of six male mice (18–22 g) to test com-
pounds 14a–g and fluoxetine, citalopram, and clomipra-
mine as standard drugs (Table 1). They were treated
with the test drug ip in the dose of 6.47 mM/kg as a sus-
pension in saline and Tween 80. Thirty minutes later, the
mice received 75 mg/kg pargyline HCl subcutaneously
(sc). Ninety minutes after pargyline, the animals were
injected with 10 mg/kg DL-5-HTP ip. An additional
group of six animals was used as a control group which
was injected with water–Tween 80 as a suspending
agent. An animal was considered to give positive
response if it showed head twitches 20 min after 5-HTP
injection. According to the observed response%, the
experiment was repeated similarly using either higher
or lower doses. Enhancement was observed after treat-
ment with serotonin uptake blockers relative to animals
pretreated with pargyline only (control).

3.3.2. Potentiation of yohimbine-induced mortality in
mice.31 The NE reuptake inhibition activity was deter-
mined in vivo by potentiation of yohimbine-induced
mortality in mice.31 The animals were divided into ten
groups each of six male mice (18–22 g) to test com-
pounds 14a–g and fluoxetine, citalopram and clomipra-
mine as standard drugs (Table 2). They were treated
with the test drug ip in the dose of 6.47 mM/kg as a sus-
pension in saline and Tween 80. The animals received the
test compound or water–Tween 80 as a suspending agent
(control) by ip administration. Thirty min later, a dose of
25 mg/kg yohimbine (a sublethal dose) was given sc. The
mortality rate was assessed 24 h after dosing. According
to the observed response%, the experiment was repeated
similarly using either higher or lower doses.

Using yohimbine-induced mortality, the effects of the
treatment with fluoxetine, citalopram, clomipramine
and new tropane derivatives on dose–response% were
graphically illustrated in Figure 2 in comparison with
their effect on 5-HTP-induced neurotoxicity.

Potency (ED50) of these compounds were calculated by
InStat 3 and were given in Table 3 and statistical com-
parisons between effect on 5-HTP treatment and yohim-
bine treatment were carried out by using Litchfield and
Wilcoxon method (1949)32 except for fluoxetine tested
by Fischer’s exact test.
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