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A second wave of potential SSRIs with high ease of synthetic accessibility were designed based on the
reported selective serotonin re-uptake inhibitor litoxetine and our own previous work in this area. Prep-
aration and subsequent optimisation yielded a range of potent and highly selective SSRIs.

� 2009 Elsevier Ltd. All rights reserved.
Over the last 25 years selective serotonin re-uptake inhibitors

(SSRIs) have emerged as a key mechanistic class in the treatment
of depression.1 Sertraline (Zoloft�) 1, paroxetine (Paxil�) 2 and flu-
oxetine (Prozac�) 3 have, amongst others, been utilised extensively
in the clinical treatment of this debilitating condition (Fig. 1).

Our own interest in this area stemmed from the potential ben-
efit of SSRIs in a range of other indications including pre-men-
strual-syndrome and male sexual dysfunction. For these acute
therapy compatible indications we felt that targeting SSRIs which
demonstrated very short pharmacokinetic Tmax’s would potentially
offer significant benefit over currently available SSRIs, which have
relatively long Tmax’s (typically 4–8 h in the clinic).2

To facilitate this approach we set out to identify rapidly a range of
structurally diverse, potent, selective SSRIs for subsequent pharmaco-
kinetic profiling. A decision was therefore taken to target systems
with a high degree of synthetic accessibility. With this in mind atten-
tion was focused on the previously reported SSRI litoxetine3, 4—a po-
tent, selective inhibitor with a very low level of synthetic complexity.
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SRI 5.9nM; DRI 6.7μM, NRI 1.4μΜ
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n).
We have previously reported how, using litoxetine as a starting

point we identified a range of selective SSRIs, illustrated by com-
pounds 5–8 (Fig. 2).4 These systems were designed based on the
simple principles of maintaining the relative orientation of the
naphthyl (benzene) ring to a basic centre (vs litoxetine) and ensur-
ing that targets had high synthetic accessibility. Encouraged by this
success we utilised the same principles to design and prepare a sec-
ond wave of targets, 9–12 (Fig. 3).5

Key data for representative examples of each of these series,
including serotonin re-uptake inhibition (SRI) potency, selectivity
over the related Dopamine and Noradrenalin transporters (Dopa-
mine re-uptake inhibition and Noradrenaline re-uptake inhibition,
DRI and NRI, respectively) 6 and binding to the IKr channel7,8 are
detailed in Table 1.

Key SAR points for each of these series are as follows.
For the naphthoic acid amides 13–20 good SRI potency could be

attained provided the amide was tertiary. Molecular modelling
suggested that such systems were significantly twisted out of the
plane around the amide bond/aromatic ring. By way of contrast
secondary amide 13 modelled as essentially flat around the amide
bond/aromatic ring and was found to have no significant SRI activ-
ity. In these naphthoic acid amides it was possible to attain excel-
lent levels of SRI potency as well as NRI, DRI and IKr selectivity in
both 4-piperidine and 3-(R)-pyrrolidine based analogues (see, e.g.,
compounds 15 and 19, respectively). In the 3-(R)-pyrrolidine ser-
ies, it was possible to replace the naphthyl substituent with a suit-
ably substituted phenyl substituent whilst retaining good levels of
potency and selectivity (see, e.g., 23). However, it was found that in
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Figure 2. Litoxetine and analogues with high synthetic accessibility previously reported by our group.
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Figure 1. Representative approved SSRIs.

Table 1
Potency and selectivity of new SRIs

Structure SRI IC50 NRI IC50 DRI IC50 IKr Ki

O

N
H

Litoxetine, 4 

5.9 nM 1.4 lM 6.7 lM n.t.a

NH

N
H

O

13 

>400 nM n.t.a n.t.a n.t.a

N

N
H

O

14 

28.3 nM >40 lM >40 lM 12.7 lM

N

N
H

O

15 

10 nM >40 lM >40 lM >10 lM
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the 3-(S)-pyrrolidine naphthoic acid amides larger right hand side
substituents often resulted in somewhat reduce NRI selectivity (as
illustrated by compound 25).

The corresponding 3-(S)-pyrrolidine naphthoic acid amides
(e.g., 20) typically carried significant NRI activity as compared to
the corresponding 3-(R) enantiomers (compare 20 with 19). As a
result these compounds were not pursued further for our SRI
programme.

N-Naphthylmethylsulphonamides 26–29 showed excellent SRI
activity. Once more the 4-piperidine and 3-(R)-pyrrolidine
analogues typically carried good to excellent selectivity (see, e.g.,
compounds 27 and 28, respectively). In contrast the corresponding
3-(S)-pyrrolidine systems (as in compound 29) typically carried in-
creased NRI activity.

N-Naphthylmethylamides also demonstrated excellent levels of
SRI potency and selectivity, both in 4-piperidine based systems
(30, 31) and in the corresponding 3-(R)-pyrrolidine analogues (33
and 34). Interestingly, increasing the right hand side substituent
from acetyl to propionyl (30 to 31 and 33 to 34) gave significantly
increased DRI activity. Indeed 31 and 34 displayed amongst the
highest degrees of DRI activity observed throughout our work on
this litoxetine based programme.

Finally, replacement of the right hand side acetyl substituent
with a pyrimidine gave 32 which also demonstrated good levels
of SRI activity, albeit with a somewhat reduce NRI selectivity
window.

The preparation of a representative analogue, compound 25 is
described in Scheme 1.9 Commercially available 2,3-dichlorophe-
nol was regioselectively carboxylated using the Kolbe–Schmitt
reaction10 to give 36. Conversion to the corresponding ester/triflate
gave 37 which smoothly underwent Suzuki coupling with trim-
ethylboroxine. Hydrolysis then gave key 1,2,3,4-substituted



Table 1 (continued)

Structure SRI IC50 NRI IC50 DRI IC50 IKr Ki
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Table 1 (continued)

Structure SRI IC50 NRI IC50 DRI IC50 IKr Ki
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32 

10 nM 1.2 lM 1.3 lM n.t.a
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Table 1 (continued)

Structure SRI IC50 NRI IC50 DRI IC50 IKr Ki
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5.2 nM 726 nM >12 lM 8 lM
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2.4 nM 224 nM 266 nM n.t.a

a Not tested.
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Figure 3. A second wave of targets with high synth

OH

Cl

Cl

OH

Cl

Cl

Me

N
Cl

Cl

O

N
H

(i)

(vi), (Vi

3635

(viii)

25

Scheme 1. Synthesis of compound 25. Reagents and conditions: (i) K2CO3/CO2, 10
trimethylboroxine, Pd(Ph3)4, K2CO3, aq Dioxan, (quant, two steps); (v) 1 N NaOH (quant);
(quant).
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benzoic acid 38 which was coupled (via the acid chloride) to BOC
diamine 39. Acid deprotection then furnished benzamide 25.

In summary, using litoxetine as a starting point we have identi-
fied a range of potent, highly selective SSRIs all of which have a
high degree of synthetic accessibility, compared to existing SSRIs
such as Sertraline, Paroxetine and Fluoxetine. Compounds 15, 19,
28, 31 and 33 in particular, represent attractive potential leads in
the search for a short Tmax SSRI.11
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