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Abstract—A series of tetrahydroisoquinolines acting as dual histamine Hi/serotonin transporter ligands is described. A highly regio-
selective synthesis of the tetrahydroisoquinoline core involving acid mediated ring-closure of an acetophenone intermediate followed
by reduction with NaCNBH; was developed. In vitro and in vivo data are discussed.
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More than 340 million people suffer from depression
worldwide, making it a serious global health issue.!
One of the potentially debilitating symptoms of depres-
sion is fatigue.? Selective serotonin reuptake inhibitors
(SSRIs), including fluoxetine 1 and sertraline 2, are the
most frequently prescribed antidepressant drugs, howev-
er, these drugs often fail to improve the symptom of
fatigue even as mood improves.** Some SSRIs even
induce fatigue and excessive sleepiness.>-°

One possible approach to mitigating the fatigue associ-
ated with depression and/or its treatment is through
the use of a wake promoting agent such as modafinil
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(3), a drug which has been shown to increase wakeful-
ness. Histamine Hj receptor antagonists also increase
wakefulness’ without showing nonspecific stimulant ef-
fects such as increased locomotor activity.® Thus, the
case can be made that H3 antagonists would be useful
adjuncts to antidepressant therapy. As one part of our
efforts to determine the usefulness of H; antagonism
as adjunct therapy for the treatment of depression we
now describe a medicinal chemistry effort to synthesize
molecules combining H; receptor antagonism and
blockade of serotonin reuptake.’

Numerous H; pharmacophores have been reported in
the literature over the past few years,” including several
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from our laboratories.!%!! Herein we describe the combi-
nation of our potent H; antagonist 4'> with tetrahydro-
isoquinoline derived serotonin transporter (SERT)
inhibitors such as 5'3 to give potent dual H; antago-
nist/SERT inhibitors 6.'* In this paper, we describe our
efforts to optimize the binding affinity at H; and the
physical properties of molecules 6, while retaining SERT
activity, through modification of the H; pharmacophore.

Synthesis of tetrahydroisoquinolines 6a—6cc was accom-
plished according to the procedure outlined in Scheme
1.'5 Thus, 3-hydroxybenzaldehyde (7) was treated with
3-bromo-propan-1-ol to give 3-(3-hydroxy-propoxy)-
benzaldehyde 8. Subsequent reductive amination with
methylamine afforded intermediate 9 in quantitative
yield. Alkylation of the resulting secondary amine gave
10, which underwent an acid catalyzed ring-closure reac-
tion with methanesulfonic acid (MSA). The ring-closure
afforded the expected 1,2-dihydro-isoquinoline 11 along
with the ring oxidized isoquinolinium salt 12. The latter
product was generally found to be the predominant
component following workup and the product mixture
was carried forward without further purification. The
ring-closed products were treated with 1.25M HCI in
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Scheme 1. Synthesis of tetrahydroisoquinolines. Reagents and condi-
tions: (a) K,COs3, 3-bromo-propan-1-ol, acetonitrile, reflux, 48 h, 90%;
(b) 40% aqueous MeNH,, MeOH, 0 °C, then NaBHy, 0 °C, 0.5 h, then
23°C 18 h, 100%; (c) Hunig’s base, 2-bromo-4'-methoxy-acetophe-
none, THF, 23 °C, 45 min; (d) MSA, 60 °C, 18 h; (¢) NaCNBH;,
MeOH, bromocresol green, 23 °C, 5 min, then 1.25M MeOH-HCI,
0.5 h, 28% three steps; (f) MeSO,Cl, Et;N, DCM, 0-23 °C, 20 min; (g)
R'R?NH, Na,COs, K1, n-BuOH, 50-80 °C, 18 h, 0.4-58%, two steps.

MeOH in the presence of NaCNBHj3;, bromocresol
green, and MeOH until a color change, generally from
green/brown to yellow, persisted to give 13. Conversion
of the alcohol to the mesylate was accomplished under
standard conditions and the mesylate used immediately
in the subsequent step. Displacement of the mesylate
was generally carried out in a parallel fashion using a
variety of primary and secondary amines to provide
the desired products 6a—6c¢c. To improve yields, hydro-
chloric acid salts of the amines were neutralized with
NaOrz-Bu in #-BuOH prior to use. Yields ranged from
0.4% to 58%.

Rat and human SERT and human histamine H; binding
data'® for the tetrahydroisoquinolines 6 are shown in
Tables 1 and 2.!7 Modifications to the pendant amine
portion of the molecule had little effect on the SERT
affinity of the compounds. All were generally potent
serotonin transporter ligands with good correlation be-
tween the human and rat transporters. Affinity for the
human histamine Hj receptor varied greatly. Morpho-
line and substituted piperidines usually gave potent
compounds with the exception of 6j. Analogs bearing
a tertiary amine were consistently more potent than
the corresponding secondary amines (e.g., 6n and 60).

Substituted piperazines generally had high affinity for
the Hj receptor when the substituent was small (e.g.,
6r and 6s) although a cyclopropyl group had a detrimen-
tal effect on potency (6t). In all but one case, aryl piper-
azines displayed weak affinity for the H; receptor. The
exception was the 4-pyridyl-piperazine derivative 6x,
which had high affinity. All piperazine amides examined
displayed low affinity for the Hj receptor, regardless of
the substitution (6aa—6c¢cc).

Compounds 6b and 6¢ were examined in the 5-hydroxy-
tryptophan (5-HTP) induced head twitch model in
mice.'® This animal model gives a qualitative measure
of the blockade of the SERT, with a behavioral output.
The mice were dosed at 10 mg/kg, ip (n = 4 for each) and
observations made at 1 and 24 h. At 1h both com-
pounds gave a very robust response (>500% of control)
and in each case, the response was diminished at 24 h,
suggesting the compounds penetrate the brain quickly
but are subsequently eliminated. To verify this interpre-
tation, blood-brain barrier (BBB) experiments were per-
formed on 6b and 6c¢ to compare pharmacological
responses to brain and plasma concentrations. Com-
pounds were dosed 10 mg/kg, ip and brain concentra-
tions determined at 1 and 24 h (r = 3). Compounds 6b
and 6c showed high brain concentrations at 1h (12.5
and 6.1 uM, respectively) and significantly lower brain
concentrations at 24 h (<1 and 2.5 uM, respectively).
These observed brain concentrations correlate well with
the 5-HTP induced head twitch data.

Compounds 6b and 6¢c were also examined in an hHj
functional assay and were found to be potent antago-
nists (pA4, = 8.6 and 9.6, respectively).'”

In conclusion, we have found a wide range of amine sub-
stituents tolerated by the Hj; receptor and the SERT.
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Table 1. Binding data®® for the rat and human serotonin reuptake transporters and for the human histamine H; receptor for compounds 6a—q

Compound R!'R’NH Comb. yield for Rat SERT K;* (nM) Human SERT K;* (nM) Human H; K;* (nM)
steps f & g
1 Fluoxetine — 2.8 (£0.7) 2.0 (£0.2) 7300 (+1080)
6a { NH b 2.0 (£0.7) 5.1 (£0.8) 2.0 (£0)
6b 0 NH 2 4.8 (£0.7) 6.5 (+2) 3.8 (£0.9)
\__/
6¢ F—CNH 25 1.6 (£0.6) 29 (1) 2.0 (£0.5)
F
6d >CNH 30 5.7 (£0.4) 6.5 (+0.9) 8.7 (£3)
F
NH
6e FQ 11 10 (£2.6) 8.2 (£1.4) 14 (+4.6)
F
6f HO—CNH 13 1.2 (£0.5) 3.8 (+0.7) 11 (£1.4)
HO
62 \_CNH 13 2.0 (+0.7) 3.2 (+1.2) 9.5 (+4.4)
6h NCCNH 14 53 (+2.2) 5.3 (+0.4) 7.4 (£2.7)
6i FSC—CNH 9 19 (+7.5) 14 (+3.5) 40 (+12)
o./ "\
6i S NH 12 6.3 (+2.2) 12 (+1.1) 106 (+27)
o'\
6k <>NH 0.4 1.0 (£0) 4.8 (£1) 4.0 (£0.7)
F
6l NH 13 2.0 (£0.7) 2.9 (£0.7) 69 (£7.2)
>C
F
6m F—b 14 8.0 (£1.9) 73 (£1.5) 9.5 (£3)
NH
6n ~"NH, 4 0.73 (£0.2) 3.4 (+1.2) 47 (£3.7)
60 W 30 2.2 (+0.4) 4.0 (£0) 1.7 (£0.5)
_/
6p QNH 58 3.0 (£0.7) 19.3 (£9.4) 38 (£9.9)
2
6q <LNH 9 7.6 (£1.2) 9.7 (+1.8) 7.4 (£1.5)

#Values are means of at least three experiments in triplicate, standard error of the mean is given in parentheses.

®Prepared by different route (see Ref. 17).

Two compounds, 6b and 6¢, were examined in the
5-HTP induced head twitch PD model and in BBB
experiments. These compounds demonstrated a good
correlation of behavioral pharmacology with brain con-

centrations. Additional SAR studies describing optimi-
zation of the SERT pharmacophore, and separation
and characterization of enantiomerically pure products
are described in the subsequent paper.
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Table 2. Binding data for the rat and human serotonin reuptake transporters and for the human histamine Hj; receptor for compounds 6r-6cc

Compound R'R°NH Comb. yield for Rat SERT K;* (nM) Human SERT K;* (nM) Human H; K;* (nM)
steps f & g
6r N 28 1.5 (£0.6) 2.0 (£0) 12 (22)
/
6s }N NH 17 1.3 (£0.4) 1.8 (£0.5) 9.7 (£2.7)
/
6t N NH 6 10 (1.2 18 (£6 30 (8.3
>— (£1.2) (£6) (£8.3)
OH
6u N/ \NH 31 5.7 (£1.8) 7.2 (£0.5) 1108 (£551)
/
6v NC N NH 34 3.3 (20.4) 8.0 (+0) 144 (£7.6)
/
6w [S%N NH 15 2.7 (£0.4) 5.3 (£1.6) 268 (+£59)
N/ . —J. . — 1. —_
6x N DN NH 13 5.3 (£2.9) 4.0 (x1.4) 3.3 (£1.6)
— _/
6y F3C N NH 27 25 (£12) 33 (£5.3) 1440 (+347)
6z N NH 7 15 (£1.2) 42 (£12) 267 (£225)
o _/
6aa %ﬁN/ “H 5 15 (7.4) 15 (£2.9) 509 (£211)
fo) _/
9
6bb /N N/ \NH 12 8.4 (£2.6) 8.8 (£3.9) 2606 (£606)
o _/
N=
6cc \_/ 11 21 (%£7.6) 19 (£2.9) 2840 (£1408)
/\ = - -
N NH
fo} _/

References and notes

#Values are means of at least three experiments in triplicate, standard error of the mean is given in parentheses.

Letavic, M. A.; Barbier, A. J.; Dvorak, C. A.; Carruthers,
N. L. Prog. Med. Chem. 2006, 44, 181.

. Jane-Llopis, E.; Hosman, C.; Jenkins, R.; Anderson, P. 10. Dvorak, C. A.; Apodaca, R.; Barbier, A. J.; Berridge, C.
Br. J. Psychiatry, J. Ment. Sci. 2003, 183, 384. W.; Wilson, S. J.; Boggs, J. D.; Xiao, W.; Lovenberg, T.
2. Tylee, A.; Gastpar, M.; Lepine, J. P.; Mendlewicz, J. Int. W.; Carruthers, N. 1. J. Med. Chem. 2005, 48, 2229.
Clin. Psychopharmacol. 1999, 14, 139. 11. Chai, W.; Breitenbucher, J. G.; Kwok, A.; Li, X.; Wong,
3. Nierenberg, A. A.; Keefe, B. R.; Leslie, V. C.; Alpert, J. V.; Carruthers, N. 1.; Lovenberg, T. W.; Mazur, C;
E.; Pava, J. A.; Worthington, J. J., 3rd; Rosenbaum, J. F; Wilson, S. J.; Axe, F. U.; Jones, T. K. Bioorg. Med. Chem.
Fava, M. J. Clin. Psychiatry 1999, 60, 221. Lett. 2003, 13, 1767.
4. Fava, G. A.; Fabbri, S.; Sonino, N. Prog. Neuro-Psycho- 12. Apodaca, R.; Dvorak, C. A.; Xiao, W.; Barbier, A. J.;
pharmacol. Biol. Psychiatry 2002, 26, 1019. Boggs, J. D.; Wilson, S. J.; Lovenberg, T. W.; Carruthers,
5. Beasley, C. M, Jr.; Koke, S. C.; Nilsson, M. E.; Gonzales, N. L. J. Med. Chem. 2003, 46, 3938.
1. S. Clin. Ther. 2000, 22, 1319. 13. Maryanoff, B. E.; McComsey, D. F.; Gardocki, J. F.;
6. Zajecka, J. M. J. Clin. Psychiatry 2000, 61(Suppl. 2), 20. Shank, R. P.; Costanzo, M. J.; Nortey, S. O.; Schneider,
7. Monti, J. M.; Jantos, H.; Boussard, M.; Altier, H.; C. R.; Setler, P. E. J. Med. Chem. 1987, 30, 1433.
Orellana, C.; Olivera, S. Eur. J. Pharmacol. 1991, 205, 283. 14. Jesudason, C. D.; Beavers, L. S.; Cramer, J. W.; Dill, J;
8. Barbier, A. J.; Berridge, C.; Dugovic, C.; Laposky, A. D; Finley, D. R; Lindsley, C. W.; Stevens, F. C.; Gadski, R.
Wilson, S. J.; Boggs, J.; Aluisio, L.; Lord, B.; Mazur, C.; A.; Oldham, S. W ; Pickard, R. T.; Siedem, C. S.; Sindelar,
Pudiak, C. M.; Langlois, X.; Xiao, W.; Apodaca, R.; D. K,; Singh, A.; Watson, B. M.; Hipskind, P. A. Bioorg.
Carruthers, N. I; Lovenberg, T. W. Br. J. Pharmacol. Med. Chem. Lett. 2006, 16, 3415.
2004, 143, 649. 15. Venkov, A.; Vodenicharov, D. Synthesis 1990, 3, 253.



706

16.
17.

18.

J. M. Keith et al. | Bioorg. Med. Chem. Lett. 17 (2007) 702-706

Data obtained on the racemates.

Carruthers, N. I.; Gomez, L. A.; Jablonowski, J. A.;
Keith, J. M.; Letavic, M. A.; Ly, K. S.; Miller, J. M. B,;
Stocking, E. M.; Wolin, R. L. PCT Int. Appl. 2006, WO
2006066197, 192 pp.

Darmani, N. A.; Reeves, S. L. Pharmacol. Biochem.
Behav. 1996, 55, 387.

19.

20.

The apparent disconnect between the observed K;’s
and the pA, values likely arises from the differ-
ences in the assays: K;s are determined using
membrane-bound protein, pA,’s from a whole cell
assay.

Cheng, Y.-C.; Prusoff, W. H. Biochem. Pharmacol. 1973,
22, 3099.



	Dual serotonin transporter/histamine H3 ligands: Optimization of the H3 pharmacophore
	References and notes


