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Abstract
This Letter describes the synthesis and SAR of the novel positive allosteric modulator, VU0155041,
a compound that has shown in vivo efficacy in rodent models of Parkinson's disease. The synthesis
takes advantage of an iterative parallel synthesis approach to rapidly synthesize and evaluate a
number of analogs of VU0155041.
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In recent years there has been great progress in the discovery and clinical development of
allosteric modulators of several GPCR targets.1,2 There are several advantages of allosteric
modulators over traditional orthosteric agonists/antagonists. First, specific allosteric
modulators (i.e., those with no intrinsic agonist activity) only exert their effect in the presence
of the endogenous ligand. Second, the potential exists for greater receptor selectivity due to
sequence divergence in allosteric binding sites.1 Third, for targets such as metabotropic
glutamate receptors, orthosteric ligands are most often amino acid analogs with poor brain
penetration and suboptimal pharmacokinetic parameters. Our interest in allosteric modulation
is centered on metabotropic glutamate receptor 4 (mGluR4), a member of the larger mGluR
family of class C GPCRs. mGluR4 has been shown by a number of groups to be a potential
drug target in a variety of disease states, including Parkinson's disease (PD).3-7

The first positive allosteric modulator (PAM) of mGluR4, (−)-PHCCC, 13,8,9, has been studied
extensively by a number of groups and has shown efficacy in a number of PD rodent models.
3,5 Despite these initial findings and the promise of mGluR4 activation as a treatment for PD,
until 2008 very few mGluR4 PAMs had been reported in the literature.10 Recently, our
laboratories have published several reports of mGluR4 PAMs; all compounds were discovered
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after a successful high-throughput screening (HTS) campaign initiated at Vanderbilt
University.4,11-13

Previously, we disclosed VU0155041, 2, a novel mGluR4 positive allosteric modulator (PAM)
that showed in vivo efficacy in two anti-Parkinsonian rodent models (haloperidol-induced
catalepsy and reserpine-induced akinesia).4 Limited structure-activity relationship (SAR) was
explored in that previous report and was restricted to the compounds found in the HTS at
Vanderbilt as well as the cis/trans isomers of VU0155041 (the cis compounds were found to
be significantly more active than the trans4) and the enantiomerically pure cis isomers. Herein
we report a detailed SAR analysis surrounding VU015504114 as a novel mGluR4 positive
allosteric modulator tool compound.4

The SAR surrounding compound 2 centered around three structural motifs: 1, exploring the
3,5-dichloroamide; 2, exploring the carboxylic acid; and 3, exploring the cyclohexyl ring
(Figure 1).

Starting from the commercially available cis-1,2-cyclohexanedicarboxylic anhydride, the
carboxylic acid amide was generated after ring opening with the appropriate amine (20-84%)
(Scheme 1). The 3,5-dichlorophenyl, 2, was the original hit previously reported (740 nM,
GluMax = 127%).4 A number of compounds were synthesized to explore substitution around
the phenyl amide 4a–n (Table 1). Similarly substituted mono- and di-substituted halogenated
phenyl analogs were evaluated, and only the 3-chloro-5-fluoro, 4e, displayed any activity (2.0
μM, GluMax = 138%).15 The unsubstituted phenyl, 4h, was found to be a weak PAM (>10
μM, GluMax = 39%); whereas the benzyl analog, 4i, was inactive. Two heteroaryl compounds
were also evaluated (1,3-dimethyl-1H-1,2,4-triazole, 4j, 2-pyridyl, 4k); however, these
compounds were also inactive. Lastly, replacements for the phenyl group including
morpholino, 4l, cyclohexyl, 4m, and cyclobutyl, 4n, were synthesized and found to be inactive.
This rather ‘shallow’ SAR is a hallmark of allosteric modulators.13,16

We next turned our attention to finding a suitable replacement for the carboxylic acid moiety
as this group often possesses low membrane permeability across the blood-brain barrier.
19-21 A variety of amide compounds were made via activation of the acid with EDC, HOBt
and then coupling with the appropriate amine (Scheme 2, Table 2). The primary carboxamide,
5a, gave similar potency to the carboxylic acid 2 (950 nM vs. 740 nM). All the other secondary
or tertiary amides that were evaluated were either inactive or gave a >10-fold loss in potency
(5b-i). A major byproduct of the reaction, due to the proximity of the activated acid to the
amide, is cyclization to form the cyclic imide, 5i, (3.3 μM, GluMax = 152%). Although this
analog is more active than many of the other acid replacements; it still shows a 5-fold loss of
activity versus 2, and a 3-fold loss versus 5a.

Three other acid replacements were evaluated (Table 3). The synthesis of the nitrile 7a,
tetrazole 7b, and thiadiazolone 7c, is shown in Scheme 3. The nitrile compound 7a was active
(2 μM, GluMax = 55%); however, the GluMax was much less than either the carboxylic acid
or carboxamide. The tetrazole mimetic 7b also was active as an mGluR4 PAM (>10 μM,
GluMax = 152%); however, this substitution led to a 10-fold loss in potency. The other known
carboxylic acid bioisostere 7c (thiadiazolone) was inactive.20,21

Lastly, the cyclohexyl moiety was modified in order to determine the optimal orientation of
the acid and amide. Starting from the commercially available cyclic anhydrides 8a-k (Table
4), the desired target compounds were synthesized by ring opening of the anhydride with 3,5-
dichloroaniline (THF, 55 °C, 15-56%)(Scheme 4). All of the cyclohexyl replacements that
were evaluated were uniformly inactive, with the exception of the cyclohexene analog, 9e (2.7
μM, GluMax = 150%). However, substitution on the cyclohexene ring system again produced
an inactive compound, 9f. Moving the carboxylic acid and the amide moieties one carbon away
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(1,3-orientation) also led to an inactive compound, 9i. An additional ring system that was
evaluated was the piperidine-3-carboxylic acid, 9j. This series was synthesized by reacting the
commercially available 3-piperidine carboxylic acid with 3,5-dichlorophenyl isocyanate. A
number of compounds were synthesized; however, all compounds were inactive. Lastly, having
shown the primary carboxamide was an active carboxyclic acid replacement, 9k was
synthesized and evaluated. The primary carboxamide cyclohexene was also active and was
equipotent with the acid analog (3.1 μM, GluMax = 94%).

As was reported in our initial publication4, the two enantiomers of VU0155041 (1R,2S) and
(1S,2R) were of equal potency and efficacy (1.1 μM, 6.7 fold shift and 1.1 μM, 8.6 fold shift,
respectively). To determine if these new analogs displayed enantioselective receptor activation;
the cyclohexyl carboxamide 5a, cyclohexene carboxylic acid 9e, and the cyclohexene
carboxamide, 9k, were resolved into pure enantiomers by chiral HPLC. For both 5a and 9e,
the resolved enantiomers were of equivalent potency and efficacy (for 5a, >5 μM, 5.4 fold
shift; 2.4 μM, 4.4 fold shift and for 9e, 2.5 μM, GluMax = 76% and 2.7 μM, GluMax = 72%,
respectively). However the (+)-isomer of 9k was 15-fold more potent than the (−)-isomer (2.1
μM, 5.5 fold shift and >30 μM, 3.6 fold shift, respectively).22

In conclusion, we report the SAR evaluation of a novel mGluR4 positive allosteric modulator,
2, that was recently shown to be active in two anti-Parkinsonian in vivo rodent models.4 The
SAR around this scaffold proved to be very challenging in that limited modification of the
original hit was tolerated. It was found that only substituted phenyl amides were tolerated with
the optimal substitution being the 3,5-dichlorophenyl amide. In addition, carboxylic acid
replacements were also evaluated with only the primary carboxamide having activity similar
to the acid. Utilizing known carboxylic acid mimetics proved unfruitful in this scaffold. Lastly,
modification of the cyclohexyl ring system allowed only minor modifications. In fact, only the
cyclohexene derivative was active, and that compound exhibited a 3-fold loss of activity
compared to the original hit. However, the cyclohexene ring system with the primary
carboxamide showed specificity for one enantiomer ((+)-isomer) allowing for the identification
of a compound with activity similar to the original lead (506 nM vs. 740 nM). The limited SAR
in scaffolds that have been identified as allosteric modulators is a well-documented
phenomenon in this area.11-13,16,23 Even though the SAR was limited around this scaffold,
compound 2 has been shown to be efficacious in preclinical PD models further validating
mGluR4 as a potential therapeutic treatment for alleviating PD symptoms.
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Figure 1.
Structures of (−)-PHCCC, 1, and VU0155041, 2, two mGluR4 PAMs that show activity in
vivo.
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Figure 2.
Areas of SAR exploration of VU0155041, 2.
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Scheme 1.
Library synthesis of 4a–n. Reagents and conditions: (a) RR'NH, THF, 55 °C, (24-80%). All
library compounds were purified by mass-directed prep LC where required.17,18
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Scheme 2.
Library synthesis of 5a-i. Reagents and conditions: (a) RR'NH, EDC, HOBt, DIPEA, DMF
(18-56%). EDC = 1-ethyl-3-(3′-dimethylaminopropyl)carbodiimide, HOBt =
hydroxybenzotriazole, DIPEA = diisopropyl ethylamine. All library compounds were purified
by mass-directed prep LC where required.17,18
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Scheme 3.
Synthesis of the nitrile 7a, tetrazole 7b and thiadiazolone 7c. Reagents and conditions: (a)
NH4OH, 88% (b) DIC, pyridine, carried on w/o purification (c) 3,5-dichloroaniline, EDC,
HOBt, DMF, 60–73% (d) Bu3SnN3, toluene, μW, 30 min., 160 °C, 10%, (e)
hydroxylamine·HCl, DMSO, DEA, (f) thiocarbonyl diimidazole, THF, rt 15% (two steps). DIC
= N,N′-carbonyl diimidazole, DEA = diethylamine.
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Scheme 4.
Library synthesis of 9a-k. Reagents and conditions: (a) 3,5-dichloroaniline, THF, 55 °C
(15-56%). All library compounds were purified by mass-directed prep LC where required.17,
18
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Table 1
SAR evaluation of the amide substitution, 4a-4i.

Compound R EC50 (μM)
hmGluR44,a

% Glu
Max

2 3,5-dichlorophenyl 0.740 127

4a 3,5-difluorophenyl inactive

4b 3,5-dimethylphenyl inactive

4c 3,5-
di(trifluoromethyl)phenyl

inactive

4d 3,4-dimethylphenyl inactive

4e 3-chloro-5-fluorophenyl 2.0 138

4f 3-bromophenyl inactive

4g 3,4-difluorophenyl inactive

4h phenyl >10 39

4i benzyl inactive

4j inactive

4k 2-pyridyl inactive

4l morpholine inactive

4m Cyclohexyl inactive

4n Cyclobutyl inactive
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Compound R EC50 (μM)
hmGluR44,a

% Glu
Max

a
Represents the average of at least one experiment performed in triplicate.
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Table 2
SAR evaluation of carboxylic acid replacements, 5a-h.

Compound R1 R
EC50(μM)
hmGluR44,a

% Glu
Max

5a H H 0.95 104

5b H Me 10 106

5c H DiMe Inactive

5d H Propyl 9.6 57

5e H Cyclopropyl Inactive

5f H Cyclopentyl Inactive

5g H Cyclopropylmethyl 10 80

5h Morpholine Inactive

5i 3.3 152

a
Represents the average of at least one experiment performed in triplicate.
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Table 3
SAR evaluation of carboxylic acid mimetics, 7a-c.

Compound
EC50 (μM)
mGluR44,a % Glu Max

7a 2.0 55

7b >10 152

7c Inactive

a
Represents the average of at least one experiment performed in triplicate.
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Table 4

Compound R,R′
EC50 (μM)
hmGluR44,a % Glu Max

2 -(CH2)4- 0.75 127

9a H,H Inactive

9b -(CH2)2- Inactive

9c -(CH2)3- Inactive

9d -(CH(CH3)2)- Inactive

9e 2.7 150

9f Inactive
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Compound R,R′
EC50 (μM)
hmGluR44,a % Glu Max

9g Inactive

9h Inactive

9i inactive
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Compound R,R′
EC50 (μM)
hmGluR44,a % Glu Max

9j inactive

9k 3.1 94

a
Data for inactive compounds represents the average of at least one experiment performed in triplicate; active compounds were assessed in three

independent experiments in triplicate.
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