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Abstract—The optimisation of affinity and selectivity in a novel series of dual 5-HTsa/5-HT receptor ligands is described. Brain
penetrant 2-aminodihydroquinazolines with low nanomolar affinities were identified.
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Since the initial discovery of 5-hydroxytryptamine (5-
HT) receptor (R) subtypes in 1957,! 14 different 5-
HTR subtypes have been identified.> For many of these
receptors, selective ligands have been discovered, and
advanced compounds are in clinical development, or
are marketed drugs. The physiological functions of the
5-HTs4R and the 5-HT-R, which were first cloned in
1993-1994,>% are not yet well understood. Especially
the investigation of the 5-HTsaR has been hampered
by the lack of selective ligands until very recently. The
expression of the 5-HTs,R3> and the 5-HT,;R*° in the
hippocampus, thalamus, hypothalamus, amygdale and
cerebral cortex suggests a potential role for these recep-
tors in the pathology or modulation of mood disor-
ders.?*t7 Indeed, selective 5-HT,R antagonists®>% 15 as
well as recently discovered, selective 5-HTs,R antago-
nists!®"!® have shown promising results in behavioural
models. Also, both receptors are expressed in the sup-
rachiasmatic nucleus of the hypothalamus, which func-
tions as the circadian clock,!® and are therefore a
potential target for the treatment of sleep disorders.’
Together, these results suggest that selective or dual 5-
HT5A/5-HT5R ligands might be useful for the treatment
of psychiatric diseases and/or sleep disturbances.
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We originally set out to identify novel 5-HTs5R ligands
and screened the Roche compound library using recom-
binant, human 5-HTs5Rs in a radioligand (["H]LSD)
binding displacement assay. Although the screen deliv-
ered a large number of hits, most compounds were not
selective against a panel of related monoaminergic
receptors. 2-Aminodihydroquinazolines 1 and 2%°
emerged as novel tractable hits, even though 1 and 2
were only partially selective over all other human 5-
HTRs tested (Table 1).2! A prominent feature of 1 and
2 is their guanidine motif, a feature also found in the re-
cently disclosed, guanidine-based 5-HTspR antagonist
A-843277'8 that was not known to us at this time.

For an initial SAR elucidation, we prepared single-
substituted derivatives (Tables 2 and 3), whose 5-HTs5aR
affinities were compared with that of the unsubstituted
3,4-dihydroquinazolin-2-ylamine (3-H, Table 2). A
methyl or an ethyl substituent in the 4-position leads
to a large improvement in 5-HTsaR binding affinity
(4, 5), whereas a 4-propyl substituent is already too
big (6); likewise, di-methyl substitution does not im-
prove affinity (7). Mono- and bis-alkylation of the exo-
cyclic 2-amino function leads to a progressive reduction
of 5-HTsaR affinity (NH, [3-H] > NHMe [9] > NMe,
[10]), and alkylation of the 3-N leads to a complete loss
of activity (8). A substituent in the 5-position (Cl or Me,
but not F), or an 8-MeO substituent, improves the
5-HTsaR affinity; other aromatic substituents have
less pronounced effects or lead to an affinity reduction
(Table 3, compare with 3-H, Table 2).


mailto:jens-uwe.peters@roche.com
mailto:jens-uwe.peters@roche.com

J.-U. Peters et al. | Bioorg. Med. Chem. Lett. 18 (2008) 256-261 257

Table 1. Binding profile of screening hits 1 and 2

1 2
K; (nM)
5-HTsa 5-HTa 5-HTp 5-HTsa 5-HTzc 5-HT; 5-HT¢ 5-HT,
1° 99 1701 3594 1164 658 1051 >10* 793
28 43 1080 1265 208 172 1157 294

% As HBr salt.

Table 2. SAR exploration of the dihydropyrimidine ring motif

1 2
RR3
R
Cr
4
= R
N
R5

R! R? R3 R* R® 5-HTss K; (nM)
3-H* H H H H H 658
4° Me H H H H 38
5 Et H H H H 24
6 Pr H H H H 805
7° Me Me H H H 1172
8° H H Me H H >10,000
9° H H H Me H 1791
10 H H H Me Me 2800
2 As HBr salt.
> As HI salt.

Table 3. SAR exploration of aromatic ring substituents (5-HTsa K;
[nM])

R 5
7 N” ONH,
8
3R
R Cl Me MeO F
5 992 145° N.D. 550°
6 807% 882° N.D. 911°
7 347° 274* 1375° 6474
8 892 463° 97° 1990°
N.D., not tested.
2 As HBr salt.
b As HI salt.

These findings led to a series of compounds which com-
bined affinity-increasing 4-methyl/ethyl substitution
with beneficial aromatic substituents (Table 4). Gratify-
ingly, the effects were in general additive, and high-affin-
ity compounds were obtained (12, 13, 15-22).
Exceptions were two derivatives 11 and 14 combining
an ethyl substituent with a 5-Cl substituent, which were
less active than expected. We speculate that the reduced
affinity of these compounds might be due to a steric
interaction between the 5-Cl and the ethyl group, which
forces the ethyl group out of an optimal binding confor-
mation. Compounds 11-22 were tested in a functional
assay and were found to be antagonists at the human

5-HTsoR, with the functional inhibition constants
(Kb’s) correlating with binding affinities (K;’s). Further-
more, 12 and 13 (pK; 8.29 and 7.97, respectively) were
evaluated in a [>°S]GTPyS assay, and were found to be
competitive antagonists at the 5-HTs5R with pA, values
of 8.52 and 8.13, respectively.??

All compounds were cross-screened against a panel of
other human 5-HTRs. We found that none of our com-
pounds was more than 4-fold selective over the 5-HT-R.
However, due to the expression of the 5-HTs4 and the 5-
HT-Rs in similar brain regions,>® and based on pub-
lished preclinical results,>11:12.15.16 we considered dual
5-HT5A/5-HT-R ligands to be a viable alternative wor-
thy of investigation in addition to selective 5-HTs5R
ligands in our drug discovery programme. Whereas
5-HTsaR selectivity over the 5-HT,5, 5-HT;3, and
5-HT¢Rs was generally greater than 30-fold, few com-
pounds had greater than 30-fold selectivity over the 5-
HT;5 and 5-HT,cRs. Compounds 18 and 19 with an
8-isopropoxy substituent also had low selectivity (~7-
fold) over the 5-HT pR. In general, it was observed that
the selectivity profile improved with increasing 5-HTsa/
5-HT,R affinity. 15 and 16 were of especially high affin-
ity, however it was later found that all 5,6-dichloro
derivatives also have a high affinity for the human
H;R. For instance, mono-chloro derivative 12 had only
micromolar (K; 1100 nM) hH;R affinity, whereas the di-
chloro-derivative 15 had low nM affinity (K; 8 nM) for
this receptor. Thus, 12 emerged as the most selective
compound and was further profiled at 1 uM at 75 tar-
gets (CEREP) including many aminergic GPCRs.
Greater than 60% inhibition of binding was observed
only for the o, adrenoR and the 5-HT,gR. This finding
was followed up by Ki/ICs, determination which was
found to be >400 nM for both.

Brain concentrations of 12 were sustained at >200 nM
over a time course of 0.8-3 h after an oral dose of
10 mg/kg (mice). This concentration might be sufficient
to achieve an adequate receptor occupancy in-vivo.
However, if the compound has similar protein binding
in the brain as in plasma (84%), there will be an accord-
ingly decreased free fraction. For a pharmacological tool
to be used in proof-of-concept studies, an improved
brain concentration would be desirable, to ensure suffi-
cient receptor occupancy during in-vivo experiments.
Further efforts focusing on the improvement of the brain
concentration will be described in the following paper.



258 J.-U. Peters et al. | Bioorg. Med. Chem. Lett. 18 (2008) 256-261

Table 4. Combination of beneficial substituents as identified in Tables
2 and 3

al cl Cl
NH
seqlee:
. A
N/)\NHZ N™ NH, NN
1 12 13
cl cl ¢
“ NH CK@\)\)N\,_‘ cl NH
Pz ~ -
N)\NHZ N™ 'NH, NN
14 15 16
NH NH
NH
PN ; :N/)\NHZ ; :N/ N
N "NH, H
o) o)
- i i
17 18 19
cl
cl o~
NH cl NH
_ NH _
N™ 'NH, ~ N7 "NH,
/O N NH, cl
20 21 22
K; (nM)
5-HTsx  5-HTiso  5-HTip 5-HT,c  5-HT,
11* 844 1081 >10,000 380 97.4
12° 5.1 192 1272 152 15.9
13° 10.8 389 1457 235 15.3
14 265 765 1275 155 73.0
15° 2.0 181 260 26 8.7
16° 6.3 246 454 94 13.2
17° 6.3 32 446 556 8.2
18° 10.0 265 70 488 1.0
19° 254 669 160 970 24
20° 47 105 143 19 25
218 229 339 1156 74 12.4
22° 6.5 91 966 74 2.4

Compound 12 has a particularly high 5-HTs5R affinity combined with
~30-fold selectivity over related receptors (except 5-HT).

#Low selectivity over other 5-HT subtypes.

®>30-Fold selective over 5-HT,4, 5-HT;, 5-HT.

Dihydroquinazolinylamines without a substituent in the
4-position (e.g. Table 3) were prepared from aminoben-
zylamines such as 26 and 27 (Scheme 1). These aminob-
enzylamines are available, for example, by the method
of Trinka et al.?® from commercially available nitro-
benzonitriles such as 23 or by LAH-reduction of amin-
obenzamides such as 25. The aminobenzylamines can
be converted into aminodihydroquinazolinylamines 2
and 3 in low yield by reaction with cyanogen bromide.?*
Alternatively, reaction with thiophosgene gives cyclic
thioureas, which can be further converted in analogy
to 30 (Scheme 2).

Dihydroquinazolinylamines with an alkyl substituent in
the 4-position, such as 12, were obtained as outlined in
Scheme 2. The addition of a Grignard reagent to amin-
obenzonitrile 28 and hydrolysis of the resulting imine

N
cl N a cl Z
—
NO, NH
23 24
‘b
o) R
cl
—
NH, NH
25 R=H: 26
R=Cl: 27
R
d © NH
Py
N~ NH,
R = H: 3-6-Cl
R=Cl: 2

Scheme 1. Representative preparations of 4-unsubstituted dihydro-
quinazolinylamines, 2 and 3-6-Cl. Reagents and conditions: (a) Pd/C
(10%), H; (5 atm), THF/HCl,q, 3 h rt, 82%; (b) KBH4, TFA, THF, 3 h
rt, 72%; (c) LiAlHy, dioxane, 4 h reflux, 88%; (d) BrCN, toluene, reflux
overnight, 15% (R = H).

Cl Cl
//N
a o b
NH, NH,

28 29

cl cl
@%NH - g
N/gs N
H
30 31
cl
—
~
N7 NH,

12

Scheme 2. Representative preparation of a 4-alkyl-substituted dihy-
droquinazolinylamine, 12. Reagents and conditions: (a) MeMgBr,
Et,0, 3 h reflux; then 6 N HCI, 4 h reflux, 67%; (b) NaBH,, EtOH,
65 °C overnight; then KSCN, HCI, 3 h 65 °C, 43%; (c) Mel (3 equiv),
acetone, weekend rt, 87%; (d) NH4OH, H,O/CH;CN, microwave
30 min 170 °C, 62%.

gave an aminoacetophenone 29.%° This amino-ketone
was converted in a one-pot reduction-HSCN sequence
to a cyclic thiourea 30. Methylation provided isothiou-
rea 31 as its hydroiodide. Nucleophilic replacement of
the methylsulfanyl leaving group by ammonia then gave
the target compound 12.7°

For the preparation of certain dihydroquinazolinylam-
ines such as 20 and 22, for which the corresponding
highly substituted aminobenzonitriles were not commer-
cially available, alternative methods were used.
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Cl Cl O |
COOH .0
a N
- |
NH, NH,
Cl Cl
32 33
Cl
LI 0
NH,
Cl
34

Scheme 3. Alternative preparation of amino-ketone intermediate 34.
Reagents and conditions: (a) CH;NH-OCH3+*HCI, N-methylmorpho-
line, HBTU, DMF, rt overnight, 100%; (b) MeLi, THF, —78 °C—rt,
29%.

Aminobenzophenone 34 (Scheme 3) was available from
anthranilic acid 32 via Weinreb amide 33 and could be
converted to dihydroquinazolinylamine 20 in analogy
to 29 (Scheme 2).

The cyclic thiourea 40 was available by the reaction se-
quence outlined in Scheme 4: bromination of 35 and
protection of 36 with Boc?” led to 37. Lithiation of 37
at low temperature and subsequent reaction with acetal-
dehyde was expected to give the corresponding benzyl
alcohol, which was obtained as a cyclic carbamate, 38.
Hydrolysis led to the aminobenzylalcohol 39, which is
the analogue of a non-isolated intermediate in step b,
Scheme 2. Following the conditions of Scheme 2, 39
was first converted into the cyclic thiourea 40 and subse-

Cl a Cl Br
—
NH, NH,
OMe OMe
35 36
b Cl BrO c
— XL —
N (o]
OMe H
37
cl o d cl OH
A -
NTTO NH,
ome OMe
38 39
e c NH
s
OMe H

40

Scheme 4. Alternative preparation of thiourea intermediate 40.
Reagents and conditions: (a) NBS, CH;CN, rt overnight, 62%; (b)
Boc,O, DMAP, THF, 20 h reflux, then K,CO;, MeOH, 2d reflux,
62%; (c) n-BuLi, then CH;CHO, THF, —78 °C—rt, 79%; (d) KOH,
H,0, MeOH, 6 h reflux, 88%; (e¢) KSCN, HCI, H,0O, 2 h 95 °C, 78%.

quently into dihydroquinazolinamine 18. Full experi-
mental details can be found in Ref. 28.

In conclusion, we have investigated the SAR of a series
of novel 2-aminodihydroquinazolines as dual 5-HT5A/5-
HT-R ligands. We identified substitution patterns that
lead to low nM affinities and reasonable selectivity pro-
files. 12 was the best compound with high affinity for the
5-HTs4 and 5-HT5Rs, and with more than 30-fold selec-
tivity for the 5-HTs4R over related receptors. 12 distrib-
utes to the brain after oral administration; however, an
improved brain penetration would be desirable for in-
vivo pharmacological studies. Our efforts to improve
our series of 2-aminodihydroqinazolines in this regard
by a modulation of molecular properties will be the sub-
ject of the subsequent paper.
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10puM pargiline and dithiothreitol 100 uM (pH 7.4)) alone
or containing 5-HT (11 concentrations ranging from
100 uM  to 0.1 nM) or non-specific definer GTPyS
(100 uM), and GDP (3 uM). Compound (25 pl) was tested
at three different concentrations per experiment (ranging
from 1 uM to 1nM). Each well contained an aliquot
(50 ul) of receptor membrane homogenate (5-HTs cell
homogenates prepared for the radioligand binding were
used) premixed with (1.5 mg/well) PVT-WGA SPA beads
(Amersham). Plates were incubated at 30 °C for 30 min,
then centrifuged for 5 min, before rapidly (within 15 min)
counting the radioactivity using a Packard Topcount
scintillation counter.

Trinka, P.; Slegel, P.; Reiter, J. J. Prakt. Chem. 1996, 338, 675.

Sikkar, R.; Martinson, P. Acta Chem. Scand. B 1980, B34,
SS1.

Preparation of 12: (a) 1-(2-amino-6-chloro-phenyl)-etha-
none (29): a suspension of 2-amino-6-chlorobenzonitrile
(28, 3.67g, 24 mmol) in diethyl ether (60 ml) was added
slowly to methylmagnesium bromide (56 ml, 3 M in Et,0,
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170 mmol), and the mixture was heated to reflux, until all
starting material was consumed (3 h, HPLC control). The
mixture was then placed in an ice bath, and HCI (6 M,
58 ml) was slowly added (vigorous reaction). The mixture
was then again heated to reflux, cooled and made alkaline
by addition of solid Na,COj;. The mixture was extracted
several times with ethyl acetate, the combined organic
layers were dried (Na,SO,4) and the solvent was evapo-
rated under reduced pressure. Purification of the residue
by column chromatography (silica gel, solvent gradient n-
heptane/ethyl acetate = 100/0-60/40) gave the title com-
pound (2.72 g, 67%). "H NMR (CDCl;): § 2.65 (3H, s),
491 (2H, br s), 6.58 (1H, d), 6.73 (1H, d), 7.07 (1H, t); (b)
5-chloro-4-methyl-3,4-dihydro-1H-quinazoline-2-thione
(30): at a temperature of 65°C, sodium borohydride
(411 mg, 10.9 mmol) was added to a solution of 1-(2-
amino-6-chloro-phenyl)-ethanone (3.07 g, 18.1 mmol) in
ethanol (10 ml), and the mixture was heated overnight
(65°C). Water (8 ml), KSCN (1.93g in 4ml H,O,
19.9 mmol) and HCI (7 ml, 20%) were then added subse-
quently, and the mixture was again heated (3 h, 65 °C).
The majority of the title compound precipitated upon
cooling and could be isolated in sufficiently pure form by
filtration. A small additional amount of the product was
obtained by workup of the mother liquor (evaporation of
solvent, column chromatography [silica gel, solvent gra-
dient n-heptane/ethyl acetate = 100/0-60/40]). The title
compound was obtained in a combined yield of 2.08 g
(52%). "H NMR (d®*-DMSO): 6 1.26 (3H, d), 4.58 (1H, q),
6.97 (1H, d), 7.09 (1H, d), 7.23 (1H, t), 8.99 (1H, br s),

217.

28.

10.73 (1H, br s); (¢) 5-chloro-4-methyl-2-methylsulfanyl-
3,4-dihydroquinazoline hydroiodide (31): methyl iodide
(1.16 ml, 19 mmol) was added to a suspension of 5-chloro-
4-methyl-3,4-dihydro-1 H-quinazoline-2-thione (30, 1.32 g,
6.2 mmol) in acetone (15 ml) and the mixture was stirred
at rt over the weekend (the reaction is usually complete
after 12 h). The precipitated product (2.08 g, 87%) was
sufficiently pure for the next step. 'H NMR (°-DMSO): 6
1.42 (3H, d), 2.76 (3H, s), 4.97 (1H, q), 7.11-7.14 (1H, m),
7.39-7.43 (2H, m), 10.58 (1H, br s), 12.38 (1H, br s); (d) 5-
chloro-4-methyl-3,4-dihydroquinazolin-2-ylamine (12): 5-
chloro-4-methyl-2-methylsulfanyl-3,4-dihydroquinazoline
hydroiodide (31, 100 mg, 0.28 mmol) was suspended in a
mixture of ammonium hydroxide (1 ml, 25% in H,O) and
acetonitrile (1 ml), and heated in a microwave oven to
130 °C (15 min) and subsequently to 170 °C (30 min). The
title compound (35mg, 62%) was isolated from the
reaction mixture by preparative, reverse-phase HPLC
(YMC CombiPrep C18 column 50X 20 mm, solvent
gradient 5-95% CH3CN in 0.1% TFA (aq) over 6.0 min,
A=230nm, flow rate 40 ml/min) as a white solid. 'H
NMR (CDCl;): ¢ 1.35 (3H, d), 4.83 (1H, q), 6.85 (1H, d),
6.92 (1H, d), 7.06 (3H, t).
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