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Hit-to-lead optimization of a HTS hit led to new carbamoyloxime derivatives. After identification of an
advanced hit (8d) the CYP enzyme inhibitory activity of this class of compounds was successfully elim-
inated. Systematic exploration of different parts of the advanced hit led us to some promising lead com-
pounds with mGluR5 affinities comparable to that of MPEP.

� 2010 Elsevier Ltd. All rights reserved.
In the early 1990s, a new family of receptors mediating the
intracellular metabolic effects of glutamate via coupling to second-
ary messenger systems was cloned. There are eight metabotropic
glutamate (mGlu1–mGlu8) receptor subtypes known to date
which have been clustered into three groups (I–III)1 according to
their amino acid sequence, pharmacology, and second-messenger
coupling. In contrast to the glutamate-gated ion channels (NMDA,
AMPA, and kainate receptors), which are responsible for fast excit-
atory transmission, mGlu receptors have been shown to play a
modulatory role in the glutamatergic synaptic transmission either
by modulating the ion channel activity or by influencing neuro-
transmitter release.2 Since mGlu receptors are G-protein coupled,
they obviously constitute a new attractive group of ‘druggable’ tar-
gets for the treatment of various CNS disorders.3 The recent discov-
ery of small molecules that selectively bind to group I (mGlu1 and
mGlu5) and group II (mGlu2 and mGlu3) receptors4 has signifi-
cantly facilitated the understanding of their roles in brain physiol-
ogy and pathophysiology.

Identification of the first selective, non-competitive mGluR5
antagonist, 2-methyl-6-(phenylethynyl)pyridine (MPEP, 1)5

(Fig. 1) initiated the pharmacological evaluation of this class of
compounds. Subsequent behavioral studies revealed that mGlu5
receptor antagonists exhibit profound anxiolytic effects in animal
models and are remarkably free of the adverse effects characteris-
tic of either benzodiazepines or iGlu receptor antagonists.6 These
preclinical data added support for the mGlu5 receptor as a poten-
tially important therapeutic target for anxiety.7
ll rights reserved.

y).
Before metabotropic glutamate receptor subtypes were cloned,
the non-GABAergic agent fenobam (2) (Fig. 1) was investigated in a
double-blind, placebo-controlled clinical trial in which it showed
efficacy and onset of action comparable with that of diazepam.8

In 2005 Roche reported that fenobam, like MPEP, is a negative allo-
steric modulator of mGluR59 that provided clinical proof of princi-
ple for the mGluR5 approach in anxiety.

There is a large unmet medical need for new anti-anxiety agents
that relieve symptoms quickly yet lack (benzodiazepine-like) side-
effects. Recent findings have suggested an important role for the
mGlu5 receptor in anxiolysis. Consequently, several pharmaceuti-
cal companies have initiated mGluR5 discovery programmes. The
most important chemotypes of negative allosteric modulator of
mGluR5 were reviewed recently.10

High throughput screening (HTS) of our corporate compound
collection resulted in several hit clusters, which were further opti-
mized as reported in our previous communication11 and several
patent applications.12 This Letter describes the optimization of
one structural family, the carbamoyloximes, represented by com-
Figure 1. Proof of concept mGluR5 antagonists.
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Figure 2. The HTS hit and its isomer served as starting point of hit-to-lead optimization. Binding and functional data (value ± SD (N)) and CYP inhibitory activity (inhibition%)
were obtained as described in Refs. 13–15.
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pound 3 (Fig. 2), which showed moderate affinity to mGluR5.13

From functional assays these compounds were shown to be non-
competitive antagonists.14 The original HTS hit (3) was resynthe-
sized yielding a 4:1 mixture of E and Z isomers having a Ki value
of 156 nM. Isomers were separated and the E isomer (4) shown
to be the more active. The hit-to-lead process was started with
compound 4.

Multiple objectives were set for our hit-to-lead optimization,
for this purpose, the hit compound 4 was divided into four regions
(Fig. 2). These included identification of the optimal substitution
pattern of the aromatic ring (A), optimal replacements for the
imidazole ring (I) and the cyclohexane moiety (C), and finding
the best spacer unit (S) and the active enantiomer. In order to an-
Scheme 1. Reagents and conditions: (a) NH2OH�HCl, NaOAc, MeOH, H2O, 45 �C, 2–8 h, th
(c) CH2O, AcOH, 75 �C, 10 h, 50–70%; (d) NaOH, H2O, rt, 12 h, 50–70%; (e) H2 (1 bar), Pd
swer these questions we systematically investigated the respective
regions of our hit.

The synthesis of carbamoyloximes 8 was realized by preparing
oximes 6 from suitable ketones 5 stirred under mild conditions in
aqueous methanol with hydroxylamine (Scheme 1). The Z and E
isomers of oximes 6 were then separated by crystallization or by
column chromatography. In the second step, carbamoyloximes
(8) were prepared from oximes 6 and commercially available
appropriate phenylisocyanates 7 in dichloromethane. The final
products were purified by crystallization or by column chromatog-
raphy to >95% purity (HPLC, 1H, and 13C NMR). Depending on the Y
substituents, the cyclic ketones 5 were synthesized by different
pathways. If Y was a nitrogen heterocycle connected via its nitro-
en separation of Z and E isomers, 50–80%; (b) dichloromethane, rt, 6–24 h, 40–70%;
/C, MeOH, rt, 3 h, 80–90%.



Table 1
Early optimization of 4

Compd X mGluR5 CYP inhib.15

Ki
13 (nM) IC50

14 (nM)

8a CF3 78 ± 26 (2) 775 ± 175 (3) 61/57/58
8b CN 38 ± 10.8 (2) 561 ± 115 (3) 50/32/53
8c F 30.6 ± 4.78 (2) 92.3 ± 37 (7) 62/52/69
8d Cl 10.8 ± 2.28 (2) 116.5 ± 60 (9) 61/53/61
(+)-8d Cl 8.78 (1) 76 ± 0 (3) 50/51/45
(–)-8d Cl >1000 — —

Y = 1-imidazolyl; R1, R2 = cyclohexane, formed with the intermediate two carbon
atoms; value ± SD (N).

Table 3
Replacement of imidazole to different heteroaryl groups

Compd X Y rmGluR5 CYP inhib.15

Ki
13 (nM) IC50

14 (nM)

8o Cl 2-Furanyl 438 (1) 130 ± 26 (9) 7/0/0
8p Cl 3-Thiophenyl 13.8 ± 4.78 (3) 477 ± 89 (3) 14/0/0
8q Cl 2-Thiophenyl 9.1 ± 1.18 (2) 109 ± 15 (4) 0/0/0
8r F 2-Thiophenyl 12.3 ± 3.38 (2) 46 ± 16 (5) 17/0/1
8s Me 2-Thiophenyl 8.3 ± 1.88 (2) 48 ± 14 (4) 13/0/1
8t MeO 2-Thiophenyl 88 ± 7.8 (2) 181 ± 43 (4) 18/0/4

R1, R2 = cyclohexane, formed with the intermediate two carbon atoms; value ± SD
(N).
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gen atom (5a), cyclic ketones 9 and N-containing heterocycles 10
were reacted with formaldehyde in acetic acid. If Y was an aryl
or heteroaryl group (5b), the reaction of cyclic ketones 9 and suit-
able arylaldehydes 11 was performed with NaOH in water to afford
a,b-unsaturated ketones 12, that were reduced with palladium un-
der hydrogen in methanol. The structures of all intermediates and
end products were confirmed by IR, NMR, and MS spectroscopy.16

Early optimization of 4 yielded compound 8d as an advanced
hit. In accord with the results of others,10,17 we found that substit-
uents at position 3 of the phenylcarbamoyl moiety increased the
affinity to mGlu5 receptors (Table 1). Compound 8d showed im-
proved affinity relative to MPEP and was active in vivo as well
(Fig. 3).18 Its enantiomers were separated by preparative HPLC
revealing the (+) enantiomer as the eutomer.

Although both the in vitro and in vivo activity of 8d was prom-
ising, its CYP inhibitory activity15 prompted us to either substitute
the imidazole moiety or to replace it by other N-heterocycles.

Unfortunately, most modifications of the imidazole ring re-
sulted in either inactive compounds (8e–i) or active compounds
with retained CYP inhibitory activity (8k, 8l and 8n) (Table 2). Sub-
stitution of the imidazole by pyridine resulted in active compounds
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Figure 3. Effect of MPEP (1) and 8d in the Vogel punished drinking test in rats

Table 2
Replacement of imidazole to N-heterocycles

Compd X Y

8e H 1-Piperidinyl
8f H 4-Phenyl-piperazin-1-yl
8g H Tetrahydro-isoquinoline-2-yl
8h Cl 4-Morpholinyl
8i Cl 2-Methyl-imidazol-1-yl
8j Cl 4-Methyl-imidazol-1-yl
8k Cl 4-Pyridyl
8l Cl 3-Pyridyl
8m Cl 2-Pyridyl
8n Cl 4-Pyrrolyl

R1, R2 = cyclohexane, formed with the intermediate two carbon atoms; value ± SD (N).
(8k–m) in which the activity depended on the position of the pyr-
idine nitrogen. The 2-pyridyl analog 8m was the only compound
lacking CYP inhibitory property that showed moderate in vitro
activity. Compound 8l was the most active derivative, but showed
moderate CYP inhibition.

Another option was to substitute the imidazole for different
heteroaryl groups that—in most cases—eliminated the CYP inhibi-
tion yet maintained, or in some cases increased, the affinity to
mGluR5 receptors (Table 3). The good activity of furan (8o) and
the excellent activities of the thiophene (8p–s) derivatives were
somewhat surprising. These results suggested that the presence
of at least one well positioned H-bond acceptor could replace the
basic N (H-bond donor when protonated) in active compounds.
Elimination of the CYP inhibitory activity was successful in the case
of the highly active compounds 8q–s.

It was interesting that mGluR5 affinity was maintained by
replacing the imidazole with (substituted)phenyl groups. In these
compounds essentially hydrophobic forces are expected to play a
major role in binding. Non-specific hydrophobic contacts resulted
in moderately active compounds (8u, 8w). Substituents on the
phenyl ring decreased activity (8v, 8x, 8y) (Table 4).
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. +, ++, and +++: p <0.05, p <0.01, and p <0.001 versus control, respectively.

rmGluR5 CYP inhib.15

Ki
13 (nM) IC50

14 (nM)

Inactive — —
>1000 — —
>1000 — —
>1000 — —
>1000 — 6/0/44
43.7 ± 19.5 (4) 311 ± 56 (4) 42/0/58
117 (1) — 56/60/46
3.35 ± 0.5 (2) 15 ± 7 (9) 22/12/50
40.4 ± 16.2 (7) 65 ± 14 (3) 0/0/27
16.1 ± 4.6 (2) 194 (1) 44/0/14
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Next we aimed to investigate the role of the cyclohexane moi-
ety in mGluR5 binding. The analog of 8d with an unsubstituted
cyclohexane ring (13) lost activity. Changing the benzylcyclohex-
ane moiety to tricyclic systems (14–16) also eliminated mGluR5
affinity. Other modifications of the cyclohexane ring (e.g., tetrahy-
dronaphthyl 17, cyclopentyl 18, and propyl 19, 20) generally re-
sulted in much weaker compounds (Fig. 4). These observations
support our hypothesis that in addition to diastereomeric and
Figure 4. Modification of the cycloh

Figure 5. Modifications o

Table 4
Replacement of imidazole to (substituted) phenyl groups

Compd X Y rmGluR5 Ki (nM) CYP
inhib.15

Ki
13 (nM) IC50

14 (nM)

8u Me Phenyl 29.7 ± 10.8 (3) 152 ± 39 (4) 0/0/0
8v Me 3-F-phenyl 56.4 ± 4 (2) 224 ± 67 (15) 9/0/0
8w Cl Phenyl 16 ± 1.4 (2) 151 ± 37 (3) 9/0/0
8x Cl 3-F-phenyl 39.5 ± 8.8 (2) 127 ± 27 (5) 0/0/0
8y Cl 4-Me2N-

phenyl
>1000 — —

R1, R2 = cyclohexane, formed with the intermediate two carbon atoms; value ± SD (N).
enantiomeric constraints this part of the carbamoyloximes is
rather sensitive to conformational changes.

In the final part of our hit-to-lead program we modified the car-
bamoyloxime spacer. Thus, reduction of the oxime to hydroxyl-
amine (21) decreased the affinity. Modification of the
carbamoyloxime to semicarbazone (22) also resulted in an inactive
compound (Fig. 5), indicating the carbamoyloxime moiety as a
privileged moiety for mGluR5 binding.
exane ring; value ± SD (n = 2).

f the spacer (n = 2).

Table 5
Functional activity at mGluR1 (group I) and mGluR2 (group II)19

Compd mGluR1 inhib.% (10 lM) mGluR2 inhib.% (10 lM)

MPEP 15.7 ± 8.1 (2) 10.0 ± 3.5 (4)
8d 30.6 ± 10.1 (2) �6.2 ± 3.0 (4)
(+)-8d 26.9 ± 14.2 (2) �6.7 ± 2.9 (4)
8o 20.9 ± 11.9 (2) 33.3 ± 7.6 (4)
8p 15.2 ± 4.3 (2) 22.8 ± 9.3 (4)
8q 11.0 ± 4.2 (2) 32.0 ± 4.9 (4)

Value ± SD (N).
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Functional activity data show high selectivity against other
mGluR subtypes both in the same group I and also in group II as
exemplified by mGluR1 and mGluR2, respectively (Table 5).

In summary, hit-to-lead optimization of a HTS hit identified car-
bamoyloxime derivatives as a novel class of non-competitive
mGlu5 receptor antagonists. Early optimization of the validated
hit (4) by identification of the optimal substitution pattern of the
aromatic ring, resulted in an advanced hit (8d). Further optimiza-
tion of 8d successfully eliminated its CYP enzyme inhibitory activ-
ity. Modification of the cyclohexane ring, or the spacer diminished
the affinity. Replacement of the imidazole ring by aryl or hetero-
aryl groups yielded active mGluR5 antagonists one of which (8q)
was identified as a promising lead with affinity, and selectivity
comparable to that of MPEP.
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