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A series of amine substituted 3-phenyl coumarin derivatives were designed and synthesized as potential
antidepressant agents. In preliminary screening, all compounds were evaluated in forced swimming test
(FST), a model to screen antidepressant activity in rodents. Among the series, compounds 5c and 6a
potentially decreased the immobility time by 73.4% and 79.7% at a low dose of 0.5 mg/kg as compared
to standard drug fluoxetine (FXT) which reduced the immobility time by 74% at a dose of 20 mg/kg, ip.
Additionally, these active compounds also exhibited significant efficacy in tail suspension test (TST)
(another model to screen antidepressant compounds). Interestingly, rotarod and locomotor activity tests
confirmed that these two compounds do not have any motor impairment effect and neurotoxicity in
mice. Our studies demonstrate that the new 3-phenylcoumarin derivatives may serve as a promising
antidepressant lead and hence pave the way for further investigation around this chemical space.

� 2014 Elsevier Ltd. All rights reserved.
Depression, is a widespread and burdensome psychiatric disor-
der. It affects approximately 350 million people globally.1 The
World Health Organization has indicated that by year 2020,
depression will be the second leading cause of disability through-
out the world.2 Pathophysiology of depression is commonly
associated with decrease in the synaptic concentration of mono-
aminergic neurotransmitters. All the available antidepressants
increase the synaptic concentration of these neurotransmitters.
The commercially available of antidepressants such as tricyclic
antidepressants (TCA), monoamine oxidase inhibitors (MAOI),
selective serotonin reuptake inhibitors (SSRI) and serotonin nor-
adrenaline reuptake inhibitors (SNRI) require several weeks for
onset of action, and are associated with numerous side effects such
as, emesis and sexual dysfunction.3 Moreover approximately 30%
of patients do not respond to the currently available antidepres-
sants and the remaining 70% do not experience remission.4,5

Hence, discovery and development of new antidepressants with
greater efficacy is still desirable.

Coumarins (chromen-2-ones or benzopyran-2-ones) are inter-
esting heterocyclic molecules, which are present as a structural
motif in numerous natural products. Many coumarins and their
derivatives are known to possess a broad range of biological activ-
ities depending on their substitution pattern.6–11 The activity
reported for coumarins include anticancer, antioxidant, anti-
inflammatory, antimicrobial, and antiviral.12–15 In particular, sev-
eral coumarin derivatives have been reported for their significant
antidepressant activities (Fig. 1).16,17

Several reports have appeared in the literature that 4-methyl
and 3,4-dimethyl-7-oxycoumarins incorporated with oxadiazoles,
thiadiazoles, triazoles and thiazolidinones preferentially inhibit
MAO activity.17 Psoralen, a major furocoumarin isolated from
Psoralea corylifolia, displayed antidepressant activity in the FST in
mice, a model of ‘learned helplessness’ that is used in the antide-
pressant screening.18 Psoralen has been reported to decrease the
immobility time of the animal in FST. In previous work, our
research group had reported the design, synthesis and pharmaco-
logical evaluation of 3-phenylcoumarin derivatives as potential
antidepressant agents.19 The good results encouraged us to explore
the chemical diversity around this pharmacophore. In addition,
since the structures of well known antidepressants like nefazo-
done, aripiprazole bear a piperazine ring in their molecular
makeup, and also the drugs like fluoxetine, duloxetine, amitifadine
have secondary amine in their structures, it was of interest to syn-
thesize a series of new amine substituted 3-phenylcoumarin deriv-
atives. These derivatives had a number of substituents that could
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Figure 1. Chemical structures of some biologically important coumarins and our prototype.
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influence lipophilic or electronic characteristics (H-bonding prop-
erties). Figure 1 shows the chemical structures of some coumarin
containing potent antidepressant molecules and our designed
prototype.

Synthetic procedure for the preparation of substituted 3-phen-
ylcoumarins is presented in Scheme 1. The 2-alkyl phenols (1a,b) were
subjected to the Duff formylation in the presence of hexamethylenetet-
ramine (HMTA) and trifluoroacetic acid (TFA) at 120 �C to furnish the
dicarbaldehyde intermediates (2a,b).20 These intermediates were then
reacted with different substituted phenyl acetic acids in the presence of
Scheme 1. Synthesis of 3-phenylcoumarin derivatives. Reagents and conditions: (i) HM
cyanuric chloride, N-methylmorpholine, DMF, reflux, 1 h; (iv) NaBH4, rt, 5 min; (v) PBr3

Please cite this article in press as: Sashidhara, K. V.; et al. Bioorg. Med.
cyanuric chloride and N-methylmorpholine to give 3-arylcoumarins
(3a–d).21 Reduction of 3-arylcoumarins with NaBH4 in methanol gave
primary alcohol derivatives (4a–d). Nucleophilic substitution of these
alcohols with PBr3 gave alkyl bromides (5a–d),22 which on reaction
with amines produced N-substituted products (6a–g).23 All the new
synthesized compounds were characterized by using 1H NMR, 13C
NMR, 2D NMR, Mass spectrometry and IR spectroscopy (see Support-
ing information).

Screening of compounds for antidepressant activity in FST model:
To see the antidepressant activity of 3-phenylcoumarins, FST was
TA, TFA, 120 �C, 4 h; (ii) aq H2SO4, 100 �C, 2 h; (iii) phenylacetic acid derivatives,
, benzene, reflux, 30 min; (vi) different amines, EtOH, reflux, 1 h.

Chem. Lett. (2014), http://dx.doi.org/10.1016/j.bmcl.2014.08.037
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Figure 2. Effect of 3-phenylcoumarin derivatives on the immobility duration of mice in the FST. Results are expressed as mean ± SEM (n = 8 each). Mice were
intraperitoneally administrated 1% DMSO, 3-phenylcoumarin derivatives (0.5 mg/kg) and FXT (20 mg/kg), respectively. ⁄⁄⁄p < 0.001 when compared with the control.
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Figure 3. Graded dose response of effective compounds 5c and 6a shows significant reduction in immobility time of mice. Data are represented as mean ± SEM (n = 8).
⁄⁄⁄p < 0.001 versus control.
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Figure 4. Effect of compounds 5c and 6a (0.5 mg/kg, ip) and FXT (20 mg/kg, ip) on
immobility duration in TST. Results are expressed as mean ± SEM (n = 8).
⁄⁄⁄p < 0.001 when compared with the control.
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performed.24 Compounds were administered intraperitoneally (ip)
at a dose of 0.5 mg/kg into Swiss mice. After 30 min, mice were
subjected to FST and immobility time was recorded by using
ANY-maze software. Results in Figure 2 indicate that compounds
4d, 5b, 5c, 5d and 6a significantly reduced the immobility time
(p < 0.001) of mice, when compared with vehicle treated group.
This figure further suggest that compounds 4d, 5b and 5d reduced
the immobility time by 58%, 61% and 55%, respectively, while 5c
and 6a reduced it by 73% and 80%, respectively. The standard drug
FXT, however was able to reduce the immobility time by 74% only,
at a dose of 20 mg/kg body weight (Fig. 2).

Evaluation of effect of active compounds on immobility time in
dose dependant manner in FST model: Further effective compounds
(>60% activity) were studied at graded doses (0.25, 0.5 and 1.0 mg/
kg, ip) in the FST model. Compounds 5c and 6a reduced immobility
time by 16% and 17%, respectively at a dose of 0.25 mg/kg, ip. Inter-
estingly, compound 5c at the higher doses of 0.5 and 1.0 mg/kg sig-
nificantly reduced the immobility duration by 73% and 71%,
respectively. Similarly, compound 6a reduced the immobility time
by 80% and 75% at 0.5 and 1.0 mg/kg doses, respectively (Fig. 3).
However, since the difference in percentage between the two doses
(0.5 and 1 mg/kg) of both compounds was not statistically signifi-
cant, we selected the lower dose of both compounds for further
screening on TST model of depression.

Effect of active compounds on immobility in tail suspension test
(TST): In order to confirm the activity of compounds 5c and 6a at
the effective dose of 0.5 mg/kg, TST was performed.25 Compounds
5c and 6a significantly reduced the immobility time by 49% and
Please cite this article in press as: Sashidhara, K. V.; et al. Bioorg. Med.
53% (p < 0.001), respectively, which is comparable to 54% reduction
in immobility time shown by standard drug FXT (Fig. 4).

Effect of active compounds on locomotor activity: In order to
examine the effect of 3-phenylcoumarins on central nervous sys-
tem stimulating/depressing effect, we performed open field loco-
motor activity test. Locomotor activity is a standard test
performed during drug discovery phase.26 Effect of compounds
5c and 6a were examined on horizontal activity counts (HC) and
total distance travelled (TD) at the dose of 0.5 mg/kg ip. For this,
mice were placed into digiscan test chambers and after 30 min,
active compounds were administered. The activity of mice was
Chem. Lett. (2014), http://dx.doi.org/10.1016/j.bmcl.2014.08.037
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Figure 5. Effect of compounds on locomotor activity (a) horizontal activity (HC) and (b) Total distance travelled (TD). Compounds were administered at 30 min time point
and counts were recorded for total 120 min in digiscan animal activity monitor. Values are expressed as mean ± SEM (n = 8).

Figure 6. SAR of synthesized hybrid.

0 5 10 15 20 25
0.1

1

10

100

1000 Intravenous
Oral

Time(h)

C
on

c.
(n

g/
m

L)

Figure 7. Pharmacokinetic profile of Compound 6a after ip and iv administration.
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monitored up to 120 min. Mice treated with compounds did not
show any statistical significant difference from the vehicle-treated
control groups in both the parameters (HC and TD). This confirms
that the active compounds at their effective dose did not altered
locomotor activity in mice as shown in Figure 5. Further, com-
pounds were tested on rotarod27 to rule out any effect on neuro-
muscular coordination and no fall was observed in any animal dur-
ing the entire 120 s duration of the trial (Supporting information
Table S1).

Structure–activity relationships (SARs) were inferred from
in vivo activity on Swiss albino mice. The initial examination of
SAR revealed that the presence of methyl group at position 8 of
the phenyl ring and the presence of 3-phenylcoumarin scaffold is
crucial for activity. Substituents such as bromomethyl, (p-tolylami-
no)methyl at position 6 are favoured (5b, 5c and 6a) as these consid-
erably enhanced the antidepressant activity. A pictorial
representation of the SAR is depicted in Figure 6.

Intraperitoneal and intravenous pharmacokinetics of compound 6a
in mice: The pharmacokinetic studies were conducted in the
pharmacological activity model (Swiss albino mice). Compound
6a shows �73% bioavailability at 10 mg i.p dose. The pharmacoki-
netic estimates such as Cmax were 105.00 ± 9.89 and
256.00 ± 46.66 ng/mL while AUC0–1 were 315.78 ± 31.48 and
2329.00 ± 440.17 h ng/mL for intravenous and ip, respectively
(Fig. 7 and Table 1). Longer half-life after ip administration
(7.57 ± 1.27 h) favors the once a day dosing interval. Compound
Please cite this article in press as: Sashidhara, K. V.; et al. Bioorg. Med.
6a shows rapid absorption after ip dose helps in the rapid onset
of action. This pharmacokinetic study underscores the utility of
6a as potential antidepressant lead. Positive control FXT bioavail-
ability was 60–90% as reported in the literature.28

In conclusion, among all the compounds prepared, compounds
5b, 5c and 6a displayed significant antidepressant-like activity in
the FST model. Interestingly compounds 5c and 6a exhibited
higher potency in reducing immobility time by 73% and 80% at a
dose of 0.5 mg/kg, which is comparable to the standard drug FXT.
Chem. Lett. (2014), http://dx.doi.org/10.1016/j.bmcl.2014.08.037
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Table 1
Pharmacokinetic parameters of compound 6a

Parameters Intravenous (1 mg/kg) Intraperitoneal (10 mg/kg)

Cmax (ng/mL) 105.00 ± 9.89 256.00 ± 46.66
Tmax (h) 2.00 ± 0.00
AUC0–1(h ng/mL) 315.78 ± 31.48 2329.00 ± 440.17
Vd (L/kg) 18.01 ± 3.84 30.45 ± 1.64
Cl (L/h/kg) 4.04 ± 1.57 2.83 ± 0.62
t1/2 (h) 3.21 ± 0.58 7.57 ± 1.27
F (%) 73.42 ± 6.62

Tmax, time at which maximum concentration achieved in plasma; Cmax, maximum
concentration achieved in plasma; AUC0–1, area under the curve from 0 to1 h; Vd,
volume of distribution; Cl, clearance; t1/2, terminal half-life; F, absolute
bioavailability.
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However, 6a was more effective than FXT in this antidepressant
model. Further, the potency of compound 5c and 6a was also con-
firmed by TST model. In addition, active compounds did not exhibit
any motor impairment effect as confirmed by rotarod and digiscan
animal activity monitor. Taken together, among the 3-phenyl-
coumarin derivatives, we identified compound 6a as a potential
antidepressant lead candidate.
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