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The structure–activity relationship and the synthesis of novel N-benzyl-N-(pyrrolidin-3-yl)carboxamides
as dual serotonin (5-HT) and noradrenaline (NA) monoamine reuptake inhibitors are described. Com-
pounds such as 18 exhibited dual 5-HT and NA reuptake inhibition, good selectivity over dopamine
(DA) reuptake inhibition and drug-like physicochemical properties consistent with CNS target space.
Compound 18 was selected for further preclinical evaluation.
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Selective inhibition of serotonin (5-HT) and noradrenaline (NA)
reuptake constitutes an attractive dual pharmacology approach to
the treatment of a number of diseases. For example, venlafaxine 1
and duloxetine 2 have become established drugs for the treatment
of depression.1,2 Duloxetine has also shown clinical efficacy for the
treatment of diabetic neuropathic pain3 and stress urinary inconti-
nence (SUI).4

As part of our research efforts to identify new dual serotonin
and noradrenaline reuptake inhibitors (SNRI) as potential drug
candidates, we recently reported several new templates5–8 that
delivered potent selective dual serotonin/noradrenaline reuptake
inhibitors (SNRI), and notably a 3-amino-pyrrolidine template that
furnished compound 3 (Fig. 1). Unfortunately, when the metabolic
profile of compound 3 was investigated, we found that it was
mainly metabolized by the cytochrome P450 enzyme CYP2D6
through oxidation of the benzylic ring (Fig. 2).

As a consequence of the potential for drug–drug interactions
and the risk of overexposure in poor metabolizers,9 the progression
of compound 3 was halted. In order to block the CYP2D6 mediated
oxidation pathway, our initial strategy was to replace the 2,3-di-
Me benzylic substituents of compound 3 with 2,3-di-Cl (Fig. 3)
All rights reserved.
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leading to compound 4. This strategy was successful and N-dealky-
lation was identified to be the major route of metabolism for com-
pound 4. However, the metabolizing enzyme had also swapped in
the process and this metabolic pathway was now mainly mediated
by CYP2D6 and not CYP3A4, as for compound 3, resulting in no
mitigation of the drug–drug interaction risk.

We therefore decided to try blocking the N-dealkylation path-
way and to do so we elected to replace the 4-tetrahydropyranyl
group with carboxamides (Fig. 4). The structure–activity relation-
ship of these amides 8–29 is reported in this letter.

Test compounds were conveniently prepared from commer-
cially available homochiral N-BOC 3-amino pyrrolidine 5 by the
general method described in Scheme 1. Standard reductive amina-
tion with the appropriate benzaldehydes followed by acylation of
the resulting amines 6 afforded amides 7. Finally HCl or TFA depro-
tection of the N-BOC amines provided required targets 8–29. It is
worth noting that this synthetic route was highly amenable to par-
allel synthesis and this greatly facilitated SAR exploration. Initial
investigations focused on the variation of the carboxamide group
(R1) with the benzylic substitution (R) maintained as 2,3-di-Cl
and 2,4-di-Cl (Table 1). A series of analogues 8–21 were prepared
with R1 alkyls of increasing size. Interestingly, both benzylic sub-
stitution patterns afforded good dual serotonin/noradrenaline
reuptake inhibition although 2,4-di-Cl analogues generally exhib-
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Figure 2. Metabolic profile of compound 3.
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Figure 3. Metabolic profile of compound 4.
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Figure 4. Structure of new amino-pyrrolidine carboxamides 8–29.
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Figure 1. Structures of duloxetine, venlafaxine and recently disclosed SNRI 3.
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ited slightly weaker activity for the 5-HT transporter, as can be
seen when comparing compounds 19 and 12. From this analysis,
the isopropyl group emerged as our preferred R1 substituent and
compounds 11 and 18 gave potent SNRI activity, and excellent
selectivity against dopamine reuptake activity (DRI). Replacing
the alkyl groups with either a phenyl group (compound 17) or a
more polar branched 4-tetrahydropyranyl group (compound 21)
resulted in a drop in both SRI and NRI activities.
Having identified the isopropyl group as our preferred R1 sub-
stituent a broader set of R substituents with different substitution
patterns was investigated (compounds 22–28). This analysis affor-
ded additional compounds with excellent SNRI activity and good
selectivity against dopamine reuptake activity (compound 24).
Interestingly, it also demonstrated that, depending on the choice
of R substituents, the series could deliver selective inhibitors of
the noradrenaline transporter (NRI) as illustrated by compound
22 with a single 2-Ph substituent, or selective inhibitors of the
serotonin transporter (SRI), for example, compound 26 with a 2-
F, 4-CF3 substitution pattern. Finally, it is worth noting that both
aminopyrrolidine enantiomers possessed SNRI activity but that
the (S) enantiomer provided more balanced SNRI activities (com-
pounds 18 and 29).

Based on that observation, assuming that the remaining sub-
structures overlap, there are two distinct overlaps possible for
the pyrrolidine portion of the two enantiomers. In an overlap dri-
ven by H-bonding complementarity (Fig. 5), in this case, the pro-
jection of the N–H moieties to a common acceptor atom position,
the rings do not sterically overlap perfectly, but certainly should
be able to occupy the same pocket.

In an overlap driven by steric complementarity (Fig. 6), the two
nitrogen atoms do not superimpose, and it is assumed that the pre-
sumably acidic moiety of the transporter can flex to accommodate
these alternative positions.

From these experiments, compounds 11, 18 and 24 emerged as
preferred compounds, exhibiting a superior combination of dual
SNRI activity and good selectivity against dopamine reuptake
activity. The three compounds also exhibited attractive drug-like
physicochemical properties consistent with CNS target space11 as
illustrated in Table 2.

Additional screening in in vitro ADME assays (Table 3) demon-
strated that compounds 11, 18 and 24 all exhibited good metabolic
stability in human liver microsomes, therefore predicting low
in vivo clearance. To further rank them, the three analogues were
tested in a human hepatocyte assay and compound 18 was found
to be the more metabolically robust, therefore, predicting lowest
clearance. All three compounds were weak CYP2D6 inhibitors with
compound 24 being the most potent. This may be attributed to its
higher lipophilicity as it is well established that lipophilic com-
pounds tend to have an increased risk of off-target promiscuity.12

Compounds 11, 18 and 24 all exhibited good membrane perme-
ability in the CaCO-2 cell line,13 therefore, predicting good oral
absorption.

Compounds 11, 18 and 24 were tested for their ability to block
the hERG channel, as it is well established that compounds that
block this ion channel have the potential to cause QT prolongation
and cardiac arrhythmia in man.14 The three analogues were found
to be selective with compound 24 being the least selective proba-
bly also as a result of its higher lipophilicity.

Based on its promising profile, including notably exquisite met-
abolic stability and weak CYP2D6 inhibition, compound 18 was se-
lected to further evaluate the series.
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Scheme 1. Reagents and conditions: (a) Benzaldehyde, toluene, Dean–Stark apparatus, reflux, 18 h then NaBH4, MeOH, RT, 2 h; (b) R1COCl, dioxane, Et3N, 70 �C, 2 h; (c) TFA,
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Table 1
In vitro inhibition of human monoamine reuptake,a,b and c logP for compounds 8–29

N

N
H

O

R

N

N
H

O

Cl

Cl
8-28 29

R1

Compound R R1 Stereochemistry 5-HT IC50 (nM) NA IC50 (nM) DA IC50 (nM) c logP

3 9 7 727
8 2,4-di-Cl Ethyl S 25 60 NTc 3.1
9 2,4-di-Cl Propyl S 72 31 NT 3.6
10 2,4-di-Cl Butyl S 33 70 NT 4.1
11 2,4-di-Cl Isopropyl S 13 28 >40,000 3.4
12 2,4-di-Cl Isobutyl S 93 31 NT 4
13 2,4-di-Cl Tertbutyl S 41 92 NT 3.7
14 2,4-di-Cl Neopentyl S 27 39 10,200 4.4
15 2,4-di-Cl Cyclopropyl S 38 25 NT 3.1
16 2,4-di-Cl Cyclobutyl S 41 64 NT 3.4
17 2,4-di-Cl Phenyl S 195 94 NT 4.2
18 2,3-di-Cl Isopropyl S 12 23 1270 3.3
19 2,3-di-Cl Isobutyl S 17 62 NT 3.9
20 2,3-di-Cl Tertbutyl S 26 >322 NT 3.8
21 2,3-di-Cl 4-Tetrahydropyranyl S 123 300 NT 2
22 2-Phenyl Isopropyl S >400 14 NT 3.5
23 2-Cl Isopropyl S 91 114 NT 2.7
24 2,3,4-tri-Cl Isopropyl S 5 16 5870 3.8
25 2,3,5-tri-Cl Isopropyl S 44 29 21,600 4
26 2-F, 4-CF3 Isopropyl S 24 >400 NT 2.9
27 2-Cl, 4-F Isopropyl S 161 98 NT 2.8
28 2-F,4-F Isopropyl S >400 >400 NT 2.2
29 2,3-di-Cl Isopropyl R 5 37 1120 3.3

a See Ref. 10 for complete details of assay conditions.
b Monoamine reuptake IC50 are geometric means of a minimum of two experiments. Differences of <2-fold should not be considered significant.
c NT denotes not tested.

Figure 5. Overlap of compounds 18 and 29 driven by H-bonding complementarity. Figure 6. Overlap of compounds 18 and 29 driven by steric complementarity.
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Table 2
Physicochemical properties of compounds 11, 18 and 24a

11 18 24

MW 315 315 348
c logP 3.4 3.3 3.8
LogD7.4 0.8 0.8 1.3
HBD/HBA count 1/3 1/3 1/3
pKa ND 9.4 ND
TPSA 32 32 32

a ND denotes not determined.

Table 3
ADME profiles and K+ channel affinities of compounds 11, 18 and 24a

11 18 24

HLM, t1/2 (min) >120 >120 >120
h.heps, Clint (ll/min/million cells) 4.8 2.7 8.8
CYP2D6 inhibition, IC50 (lM) 21.8 27.1 17.6
CaCO-2, AB/BA at 10 lM 16/24 19/28 15/18
K+, hERG binding IC50 (nM) 40,200 24,700 >6870b

a Maximum measurable half life (t1/2) was 120 min in human liver microsomes.
b Geometric mean of nine experiments, two of which >10,000 nM.

Table 4
Pharmacokinetics of compound 18 in doga

Blood parameter Dog (n = 2)

IV
Dose (mg/kg) 0.01
t1/2 (h) 5.7
Cls (ml/min/kg) 1.1
Vd (L/kg) 0.5

Oral
Dose (mg/kg) 0.013
t1/2 (h) 5.7
F (%) 91

a Dog liver microsomes t1/2 = 35 min.
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Compound 18 exhibited no significant inhibition of other
CYP450 enzymes (1A2, 2C9, 2C19, IC50s >30 lM; 3A4 IC50

17.9 lM). We were also pleased to find that it demonstrated
>200-fold selectivity for serotonin and noradrenaline-reuptake
inhibition when assessed against the CEREP/bioprintTM panel of
receptors, enzymes and ion channels.

When we investigated the metabolic profile of compound 18,
we were pleased to find that our strategy of blocking the route of
metabolism had been successful. Indeed, the compound was so
metabolically stable in in vitro microsomal preparations that no
measurable turnover was observed. Although this result was very
encouraging, it does not guarantee that compound 18 will not be
a CYP2D6 substrate in human and differences in exposures be-
tween poor and extensive metabolizers need to be monitored in
clinical studies.

Finally, pharmacokinetic data for compound 18 were generated
in the dog following intravenous and oral administration (Table 4).
Compound 18 exhibited an encouraging pharmacokinetic profile
with a combination of very low clearance, low volume of distribu-
tion, long half-life and very high bioavailability. Based on these
data, compound 18 was predicted to exhibit good pharmacokinet-
ics in humans.
To summarise, we have described the discovery of novel amides
derived from the 3-amino-pyrrolidine template we previously re-
ported6 as potent SNRIs. More specifically, compound 18 exhibited
good SNRI activity in combination with good selectivity against the
dopamine transporter and no significant off-target pharmacology.
Compound 18 also exhibited a very encouraging ADME profile
and pharmacokinetics potentially compatible for bid dosing.

As a result compound 18 was selected for further evaluation in
preclinical disease models. The results of these studies will be re-
ported in future publications.
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