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Synthesis and biological evaluation of diamine-based histamine
H3 antagonists with serotonin reuptake inhibitor activity
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Abstract—The synthesis and structure–activity relationships of a series of novel phenoxyphenyl diamine derivatives with affinity for
both the histamine H3 receptor and the serotonin transporter is described.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of marketed anti-depressants: fluoxetine (1),

citalopram (2), and venlaflaxine (3).
Depression is a common and potentially debilitating dis-
ease with global prevalence. A widely held neurochemis-
try-based theory for depression is that it is caused by a
deficiency or an imbalance of the biogenic amines nor-
adrenaline (NE) and serotonin (5-HT) in the brain.1–3

Thus, current forms of treatment for depression focus
on increasing the levels of these neurotransmitters in
the synaptic cleft. Selective serotonin reuptake inhibitors
(SSRIs), such as fluoxetine (1), citalopram (2), paroxe-
tine, and sertraline, work by inhibiting serotonin reup-
take by the serotonin transporter (SERT) thereby
increasing concentrations of serotonin in the synaptic
cleft.3 The SSRIs have become a standard treatment
for depression because of their safety profile and rela-
tively low incidence of side effects. However, one
remaining drawback is a slow onset of anti-depressant
activity (Fig. 1).

One strategy for improving the onset of action of SSRIs
is to expand their pharmacological profile. For example,
the dual SERT/NE reuptake inhibitor (SNRI) venlaflax-
ine (3) is reported to have an early onset of action, albeit
at high dosages.2 The combination of a 5-HT1A antago-
nist with an SSRI has also been explored.4–7 Finally, the
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wake-promoting medication modafinil has been used to
augment traditional anti-depressant therapy with data
indicating that the combination therapy begins working
earlier than an SSRI alone.8,9 Despite these observa-
tions, there still remains a need for anti-depressants with
a fast onset of action.2

Noting the potential limitations of existing anti-depres-
sants we have explored the possibility of combining
the pharmacology of a serotonin reuptake inhibitor with
an H3 antagonist.10 Our rationale for this is based on the
neurochemical and pharmacological effects observed for
histamine H3 antagonists. Antagonism at the H3 recep-
tor increases neurotransmitter (histamine, 5-HT, NE)
release into the synaptic cleft.11 In addition, H3 antago-
nists are known to decrease REM sleep in animals and
to have a mild stimulatory effect. It is believed that sup-
pression of REM sleep is involved in anti-depressant
activity.12 Thus, the combination of an H3 antagonist
and a serotonin reuptake inhibitor may provide more
immediate benefits to patients suffering from depression.
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Figure 2. Structures of reported diamine-based H3 antagonists (4–

7).13–17

E. M. Stocking et al. / Bioorg. Med. Chem. Lett. 17 (2007) 3130–3135 3131
Our group has previously disclosed the diamine-based
H3 antagonists exemplified by structures 4–7 in Figure
2.13–17 The pharmacophore model for the diamine-based
H3 derivatives consists of two basic functional groups
flanking a lipophilic core that contains an aromatic
ring.13,14 We thought we might be able to use this model
to construct a dual histamine H3 receptor antagonist/
serotonin reuptake inhibitor utilizing the known SSRI,
fluoxetine (1).

Fluoxetine already contains a basic amine flanked by a
lipophilic moiety (Fig. 3).13 Therefore, placing known
H3 components containing the second basic amine (I–
IV) on either the A or B ring of fluoxetine as shown in
Figure 3 should provide a compound with affinity for
both the H3 receptor and serotonin transporter. As part
of our efforts to design small molecules with both activ-
ities, we examined the SAR around the templates 8 and
9 in order to determine the best placement of the 3-pipe-
ridinyl-propyloxy H3-component (I), the incorporation
of the most preferred H3-component (I–IV), and the
optimal substitution of the phenoxy ring (B). For sim-
plicity, we chose to synthesize H3/SERT derivatives
where R1 and R2 (Fig. 3) are methyl since the N,N-di-
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Figure 3. Proposed construction of dual H3 antagonist/SERT inhib-

itors from fluoxetine (1) and known H3 antagonist components (I–IV).
methyl derivative of fluoxetine 10 (Table 1) has compa-
rable in vitro activity to fluoxetine itself (1).18

The synthesis of H3/SERT analogs with the 3-piperidi-
nyl-propyloxy H3-component (I) on the phenyl ring
(A) of fluoxetine is shown in Scheme 1. Alkylation of
4-hydroxyacetophenone with 1-bromo-3-chloropropane
was followed by displacement of the chloride with piper-
idine to give 11. Mannich reaction of 11 with parafor-
maldehyde and dimethylamine followed by reduction
with sodium borohydride gave the alcohol 12. Mitsun-
obu reaction with 4-trifluoromethyl phenol or phenol
gave 13 and 14, respectively. The meta-substituted ana-
log 15 was synthesized in the same fashion as 14 starting
from 3-hydroxyacetophenone. Additional phenyl (A)
ring 3-piperidinyl-propyloxy derivatives with substitu-
tion on the phenoxy (B) ring shown in Table 3 were also
prepared via the synthesis outlined in Scheme 1 using
various substituted phenols.

The synthesis of analogs with the 3-piperidinyl-propyl-
oxy H3-component (I) on the phenoxy (B) ring of fluox-
etine is shown in Scheme 2. The Mitsunobu reaction
between 4-benzyloxyphenol and 3-piperidinyl-propan-
1-ol gave 16. Hydrogenation of 16 afforded 17, which
was treated with 18 under Mitsunobu conditions to give
19. The meta-substituted compound 21 was synthesized
from 18 via a Mitsunobu reaction with 3-methoxyphe-
nol followed by BBr3 mediated deprotection of 20 and
Mitsunobu reaction with 3-piperidinyl-propan-1-ol.

Analogs with the conformationally restricted H3 compo-
nents (II) and (III) were synthesized as shown in Schemes
3 and 4. In both cases, the H3 component was introduced
early in the synthesis. Either 4-fluoroacetophenone was
treated with 1-isopropyl-piperidin-4-ol14 in a SNAr reac-
tion to give 22 (Scheme 3), or 4-acetyl-benzoic acid was
converted to the amide (24) with 1-isopropyl piperazine
(Scheme 4). The substituted acetophenones were then
converted to the final products 23, 25, and 26 in three
steps as previously described.

The alkyne-linked H3-component (IV) analogs were syn-
thesized in four steps (Scheme 5). Compounds 27 and 28
were prepared under the aforementioned conditions.
The resultant bromides were then coupled to 1-but-3-
ynl-piperidine under Sonogashira conditions using the
microwave or conventional heating to provide 29 and
30.19

The regioisomers (14, 15, 19, and 21) of the 3-piperidi-
nyl-propyloxy (I) series of compounds were tested
in vitro for rat SERT binding affinity (rSERT), human
SERT binding affinity (hSERT), and human H3 recep-
tor binding affinity (hH3) as shown in Table 1. Although
all of the regioisomers had high affinity for the hH3

receptor, the para-3-piperidinyl-propyloxy phenyl (A)
ring analog 14 had the greatest affinity for rSERT.
Therefore, we chose to further explore the substitution
at this position with different H3-components (II–IV).

As seen in Table 2, all of the side chains provided excel-
lent affinity for the hH3 receptor. However, varying the



Table 1. Structures and in vitro H3/SERTdata for 3-piperidinyl-propyloxy (I) regioisomers

N

O

Y1

X1

X2 N O
Y2

I

Compound X1
a X2

a Y1
a Y2

a rSERT Ki
b (nM) hSERT Ki

b (nM) hH3 Ki
b (nM)

10 — — CF3 — 7.7 ± 1.5 8.3 ± 0.4 6633 ± 108

13 I — CF3 — 10 ± 2 14 ± 3 2.7 ± 0.8

14 I — — — 1.0 ± 0.0 26 ± 1 0.6 ± 0.2

15 — I — — 16 ± 3 199 ± 47 3.3 ± 0.4

19 — — I — 18 ± 2 281 ± 20 1.0 ± 0.0

21 — — — I 65 ± 7 1480 ± 342 0.7 ± 0.2

a —, indicates hydrogen.
b Ki values are reported as means ± SEM of three independent determinations.
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H3 side chain did have an effect on the SERT activity.
The 3-piperidinyl-propyloxy side chain (I) provided the
highest affinity at both rSERT and hSERT. Interest-
ingly, the unsubstituted phenoxy (B) ring derivative 14
displayed less affinity in the hSERT assay than the
rSERT assay. This trend was observed for all the deriv-
atives in Table 2 when the phenoxy (B) ring bore no sub-
stitution. When the phenoxy (B) ring was substituted
with 4-trifluoromethyl (i.e., 13), there was less discrep-
ancy between rSERT and hSERT affinity. In addition,
a loss of rSERT affinity was observed when 4-trifluo-
romethyl substitution on the phenoxy (B) ring was
paired with either the I or IV side chains on the phenyl
(A) ring (13, 29). The marked effect of the 4-trifluorom-
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Scheme 1. Synthesis of phenyl-ring 3-piperidinyl-propyloxy analogs.

Reagents and conditions: (a) 1-bromo-3-chloro-propane, K2CO3,

acetone, reflux, 16 h (97%); (b) piperidine, Na2CO3, KI, n-BuOH,

105 �C, 36 h (100%); (c) paraformaldehyde, dimethylamine hydrochlo-

ride, HCl (concd), EtOH, 90 �C, 24 h (32%); (d) NaBH4, EtOH, rt,

16 h (73%); (e) phenol, PS–PPh3, DBAD, DCM, rt, 20 h (32–56%).
ethyl substituents on hSERT and rSERT activity war-
ranted further exploration of the phenoxy (B) ring
substitution.

All of the phenoxy (B) ring derivatives synthesized
(Table 3) displayed excellent binding affinity for the
hH3 receptor. Affinity was also maintained in the rSERT
assay. However, in the hSERT assay, some SAR
emerged. Among the compounds tested with electron
donating substituents, the 4-methoxy derivative (33)
gave the poorest affinity. Interestingly, the affinity of
the 3-methoxy derivative (34) at hSERT was better, indi-
cating position may have an effect on the affinity. The
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Scheme 2. Synthesis of phenoxy-ring 3-piperidinyl-propyloxy analogs.

Reagents and conditions: (a) 3-piperidinyl-propan-1-ol, PS–PPh3,

DBAD, DCM, rt, 20 h (57%); (b) 10% Pd/C, EtOH, 1 atm. H2, 72 h

(85%); (c) PS–PPh3, DBAD, DCM, rt, 20 h (10%); (d) 3-methoxy

phenol, PS–PPh3, DBAD, DCM, rt, 20 h (47%); (e) BBr3, DCM, rt,

3 h (14%); (f) 3-piperidinyl-propan-1-ol, PS–PPh3, DBAD, DCM, rt,

20 h (17%).



Table 2. Structures and in vitro H3/SERT data for compounds containing s

N

O

Y1

X1

N

N

Compound X1
a Y1

a rSERT Ki

10 — CF3 7.7 ± 1.5

13 I CF3 10.0 ± 1.9

14 I — 1.0 ± 0.0

23 II — 36 ± 9

25 III CF3 44 ± 3

26 III — 63 ± 6.2

29 IV CF3 33 ± 14

30 IV — 6.0 ± 1.9

a —, indicates hydrogen.
b Ki values are reported as means ± SEM of at least three independent deter
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Scheme 3. Synthesis of H3/SERT analogs with a conformationally

restricted H3 component (II). Reagents and conditions: (a) NaH (60%),

DMF, 1-isopropylpiperidin-4-ol, 120 �C, 20 h (67%); (b) paraformal-

dehyde, dimethylamine hydrochloride, concd HCl, EtOH, 90 �C, 24 h

(31%); (c) NaBH4, EtOH, 3 h (73%); (d) phenol, PS–PPh3, DBAD,

DCM, rt, 20 h (24%).
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Scheme 4. Synthesis of H3/SERT analogs with a conformationally

restricted piperazine amide H3 component (III). Reagents and condi-

tions: (a) 1-isopropyl-piperazine dihydrochloride, NMM, HOBT,

EDCI, DMF, 0 �C to rt, 16 h (79%); (b) paraformaldehyde, dimeth-

ylamine hydrochloride, concd HCl, EtOH, 90 �C, 24 h (21%); (c)

NaBH4, EtOH, rt, 16 h (64%); (d) phenol, PS–PPh3, DBAD, DCM, rt,

20 h (51%).
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Scheme 5. Synthesis of H3/SERT analogs with an alkyne-linked H3

component (IV). Reagents and conditions: (a) paraformaldehyde,

dimethylamine hydrochloride, concd HCl, 0.6 M EtOH, 90 �C, 24 h

(71%); (b) NaBH4, EtOH, rt, 16 h (79%); (c) phenol, PS–PPh3, DBAD,

0.1 M DCM, rt, 20 h (55%); (d) 1-but-3-ynyl-piperidine, Pd(PPh3)2Cl2,

CuI, HNEt2, DMF, 120 �C, 25 min (39%).
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position of the substituents also seemed to be a factor
for the electron withdrawing chlorinated derivatives.
The 3-chloro-derivative, 37, was more potent at hSERT
than 36 (4-chloro) or 38 (2-chloro). Among the electron
withdrawing substituents, 35 (4-fluoro) and 44 (4-cyano)
provided the poorest affinity for hSERT. The enantio-
mers of 39 were separated via chiral HPLC to determine
the eudismic ratio.20 No significant differences in affinity
were observed for hH3, rSERT or hSERT for the
enantiomers.

To ascertain the selectivity of these compounds, a proto-
typical compound 14 was screened against a panel of
over 50 receptor targets, representing the major classes
of biogenic amines and neuropeptide receptors, ion
channels, and neurotransmitter transporters.21 With
the exception of histamine H2 (66% binding at 1 lM)
and noradrenaline transporter (73% binding at 1 lM),
ide chains I–IV on the phenyl (A) ring

O N O

N
O

N

I II

III IV

b (nM) hSERT Ki
b (nM) hH3 Ki

b (nM)

8.3 ± 0.4 6633 ± 108

13.7 ± 3.2 2.7 ± 0.8

26 ± 1 0.6 ± 0.2

169 ± 30 0.8 ± 0.2

42 ± 8 2.3 ± 0.4

245 ± 22 0.8 ± 0.2

61 ± 4 5.0 ± 2.1

29 ± 2 1.3 ± 0.4

minations.



Table 3. Structures and in vitro H3/SERT data for 3-piperidinyl-propyloxy derivatives with varying substitution on the phenoxy (B) ring

N

O

Y1

ON

Y2

Y3

Compound Y1
a Y2

a Y3
a rSERT Ki

b (nM) hSERT Ki
b (nM) hH3 Ki

b (nM)

13 CF3 — — 10.0 ± 1.9 14 ± 3 2.7 ± 0.8

14 — — — 1.0 ± 0.0 26 ± 1.1 0.6 ± 0.2

31 SCH3 — — 1.3 ± 0.4 10 ± 4 0.9 ± 0.1

32 CH3 — — 1.5 ± 0.6 16 ± 4 0.7 ± 0.2

33 OCH3 — — 2.0 ± 0.0 60 ± 26 1.0 ± 0.0

34 — OCH3 — 2.0 ± 0.0 11 ± 0 0.7 ± 0.2

35 F — — 1.3 ± 0.4 46 ± 13 1.0 ± 0.0

36 Cl — — 2.3 ± 0.42 16 ± 4 1.7 ± 0.4

37 — Cl — 1.7 ± 0.4 2.7 ± 0.4 0.9 ± 0.0

38 — — Cl 9.3 ± 1.5 21 ± 3 0.9 ± 0.1

39 Cl Cl — 7.0 ± 2.1 5.3 ± 0.8 6.7 ± 3.6

(�)-39 Cl Cl — 11 ± 3 3.0 ± 1.2 4.0 ± 1.2

(+)-39 Cl Cl — 9.7 ± 1.8 7.3 ± 0.7 4.3 ± 1.2

40 Cl — Cl 7.7 ± 2.7 9.7 ± 1.6 0.9 ± 0.1

41 Br — — 5.0 ± 0.7 9.0 ± 2.8 1.7 ± 0.4

42 — Br — 2.3 ± 0.8 4.0 ± 0.7 1.0 ± 0.0

43 NO2 — — 3.7 ± 0.4 8.7 ± 1.1 0.9 ± 0.1

44 CN — — 7.7 ± 0.4 159 ± 59 0.2 ± 0.0

a —, indicates hydrogen.
b Ki values are reported as means ± SEM of at least three independent determinations.
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the affinities in the screen were all less than 40% binding
at 1 lM. Compound 14 was tested against human nor-
adrenaline transporter in-house and was shown to have
a Ki of 201 nM. Compound 14 was also tested in a func-
tional assay and was found to be an antagonist with a
pA2 of 9.3 at the human histamine H3 receptor. The
H3 binding affinity of 14 (pKi = 9.2) correlated well with
the functional activity.

In summary, we have synthesized potent selective phen-
oxyphenyl diamine histamine H3 receptor antagonists
with affinity for the serotonin transporter. In the course
of exploring the SAR of these compounds, we deter-
mined that the type (I–V) and position of H3 side chain,
as well as substitution on the phenoxy (B) ring, signifi-
cantly affected the affinity at rSERT and/or hSERT,
but had little effect on the hH3 affinity. Overall, the 3-
piperidinyl-propyloxy (I) side chain in the para-position
of the phenyl (A) ring provided the highest affinity for
SERT. In addition, we found that varying the substitu-
tion on the phenoxy (B) ring provided significant species
differences in the hSERT and rSERT binding affinities
with a few exceptions, including 3-chloro (37) and 3-bro-
mo (42), which were nearly equipotent at both the hu-
man and rat serotonin transporters. Finally, these dual
affinity aryloxyamine compounds represent a potential
new class of anti-depressants with prospects for an im-
proved clinical profile over currently prescribed SSRIs.
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