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Abstract

Allosteric inhibitors of glutaminase (GAC), such as BPTES, CB-839 and UPGL00019, have great 

promise as inhibitors of cancer cell growth, but potent inhibitors with drug-like qualities have been 

difficult to achieve. Here, a small library of GAC inhibitors based on the UPGL00019 core is 

described. This set of derivatives was designed to assess if one or both of the phenylacetyl groups 

flanking the UPGL00019 core can be replaced by smaller simple aliphatic acyl groups without 

loss in potency. We found that one of the phenylacetyl moieties can be replaced by a set of small 

aliphatic moieties without loss in potency. We also found that enzymatic potency co-varies with 

the VDW volume or the maximum projection area of the groups used as replacements of the 

phenylacetyl moiety and used literature X-ray data to provide an explanation for this finding.
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Most cancer cells engage in an altered metabolic program that includes an addiction to 

glutamine. This glutamine addiction is satisfied in part by the enzymatic action of kidney 

type glutaminase (GLS), which has two splice variants: KGA, and the shorter variant GAC.1 

Cumulative evidence suggests that GAC in particular is an important target for anticancer 

therapy. Upregulation of GAC, is seen in a number of human tumor cell lines and correlates 

with increased proliferative rates and in certain instances with tumor progression.2–9

Evidence suggest that KGA/GAC exist as a dimer in the inactive state, and as tetramer in the 

active state.10 BPTES was the first allosteric small molecule inhibitor of KGA/GAC 

reported.11 It binds to KGA/GAC at the interface between two symmetrical dimers 

apparently stabilizing an inactive tetrameric form of the protein.10,12–13 Since its disclosure, 

a number of BPTES-based analogs have been reported with CB-839 being the most 

advanced.14

In an earlier report we described a series of KGA/GAC inhibitors with heteroatom 

substituted cyclic spacers as surrogates for the straight chain spacers seen in BPTES and 

CB-839.15 These analogs were prepared in an effort to improve potency by minimizing the 

entropic penalty for binding flexible linkers impose and also improve the physicochemical 

properties of the BPTES-class of compounds by reducing rotational bonds and improving 

logP.

Among the compounds we disclosed was UPGL00019 (Figure 1), a compound with a 4-

hydroxypiperidine linker and high potency in enzymatic and cell assays. In our earlier report 

we also showed that removal of phenyl moieties from this compound, reduces potency 

(Figure 1, UPGL00020).15

We were interested in identifying drug-like Lipinski/Veber compliant derivatives of 

UPGL00019 that have equal or better potency than the parent, and in which one or both of 

the phenyl moieties are replaced by simple low MW non-aromatic surrogates.16–17 We were 

also interested in understanding terminal group requirements and their relation to potency. 

Available x-ray structures of KGA and GAC in complex with BPTES (PDB: 3UO9, 3V0Z), 

or GAC in complex with CB-839 (PDB: 5HL1), UPGL00019 (PDB: 5I94) and other analogs 

show that the terminal phenylacetyl groups present in the compounds are mobile and always 
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have higher b-factors than the core of the compound they are attached to. Furthermore, these 

groups have variable orientations in the x-ray structures which cannot be explained by 

simple differences in overall compound structure. For example, overlaying the 3VOZ and 

3UO9 x-ray structures (Fig 2A) the terminal phenyls of BPTES are seen to have high b-

factors and occupy different areas in the allosteric pocket but the BPTES cores (thiadiazoles 

and flexible chain) in both structures align perfectly and occupy identical space. An overlay 

of the 3UO9 and 5I94 similarly shows that the phenyl groups are highly mobile but the 

compounds’ cores occupy identical space (Fig 2B). The apparent mobility of the aryl 

substituents would suggest that they should be dispensable with respect to potency yet the 

SAR we and others have disclosed suggests otherwise.

To achieve our goals we decided on a two stage strategy. In the first stage we would pursue 

the synthesis of UPGL00019 derivatives that contained one phenylacetic acid moiety and 

one simple small non-aromatic acid moiety. In this stage, our objective was to identify small 

simple non-aromatic moieties that could serve as possible replacements for one of the 

UPGL00019 phenylacetic acid moieties and which could yield derivatives with equal or 

better potency than the parent molecule in enzyme and cell assays. In the second stage of our 

strategy, the best stage-1 replacement moieties identified would be combined with the 

UPGL00019 core to form new Lipinski compliant derivatives that hopefully would be 

equipotent or more potent than UPGL00019.

The allosteric pocket where BPTES and UPGL00019 bind is symmetric. It is formed at the 

interface of KGA/GAC dimers via the antiparallel arrangement of identical residues from 

each of the monomers participating in the dimer. As such, although UPGL00019 derivatives 

with one phenylacetic acid moiety and one smaller group are inherently asymmetric, the 

symmetry of the binding pocket makes the inherent asymmetry of such derivatives irrelevant 

with respect to their binding orientation in the pocket and precludes potency differences 

between them because of differential binding orientation alone.

In the first stage of our strategy we prepared derivatives 6a–f with one phenyl acetic acid 

group and one simple aliphatic acyl group from key intermediate 3, which we have 

previously described, as shown in scheme 1.15 Each derivative was then tested for potency 

against our GAC biochemical assay and against the MDA-MB-231 cancer cell line.18

With the exception of 6a, all of the stage-1 derivatives had similar potency to that of 

UPGL00019 in enzymatic assays, suggesting that –isopropyl, -cyclopropyl, -cyclobutyl, -

CH2(cyclopropyl) and -tert-butyl groups are good surrogates for the -CH2Phe moieties 

present in that compound (Table 1).

With the exception of 6f, which had MW that exceeded the Lipinski cut-off (MW≤500), 

derivatives also had physicochemical properties well within the Lipinski/Veber drug-like 

space and all compounds had excellent ligand efficiency (LE) (Table 2).

From the simple aliphatic moieties investigated, -cyclobutyl, -isopropyl and the -

CH2(cyclopropyl) groups provided derivatives with best potency in enzyme and cell assays 

(Table 1). As such, these groups were chosen for synthesis of derivatives where both 

phenylacetyl moieties were replaced by them.
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Compound asymmetry is not a factor with respect to binding orientation. As such, in order 

to efficiently explore the viability of these groups as replacements for both of the 

phenylacetic acid groups we pursued the synthesis of ‘mixed’ derivatives 6g-i in which the 

UPGL00019 core is flanked by combinations of the best groups identified. Testing of these 

derivatives revealed that they were 5–8 fold less potent than UPGL00019 in the biochemical 

assay, 2–3 fold less potent in the MDA-MB-231 cell assay and all had potency similar to 

compound 6j, a compound we had prepared during our initial SAR investigation in the 

broader class.15

The mobility of the phenyl groups seen in the available crystal structures of BPTES-class 

derivatives led us to hypothesize that potency in the UPGL00019 series, and possibly the 

BPTES-class in general, may be driven simply by the volume (physical and/or rotational) 

displaced by the acyl groups flanking the UPGL00019 core.

We calculated the Van der Walls (VDW) volumes and maximum projection area (MPA) for 

each of the acyl-R1 and acyl-R2 groups present in UPGL00019, UPGL00020 and derivatives 

6a–j and found that these parameters, correlate very well with potency. As the cumulative 

VDW volume or the cumulative MPA values of the acyl-R1 and acyl-R2 groups flanking the 

UPMP00019 core increase the potency of derivatives increases and vice versa (Table 1, 

Figure 3).19 The data suggests that acyl-R1/R2 groups with cumulative VDW volume equal 

or greater than 160 Å3 and/or cumulative MPA values greater than 49 Å2 provide 

UPGL00019 derivatives that are equipotent or more potent than the parent.

The symmetric BPTES binding pocket is formed in part by two antiparallel identical loops 

(Ser314-Asp327), each from the monomers that form a dimer. To understand the correlation 

between the size/mobility of the groups flanking the UPGL00019 core and potency we 

overlayed the UPGL00019-GAC X-ray structure (PDB 5I94) with publicly available X-ray 

structures of KGA in complex with non-potent BPTES derivatives that lack phenylacetic 

acid moieties (PDBs: 3VP2, 3VP3, 3VP4).12 This overlay (Figure 4) showed that in the 

3VP2, 3VP3 and 3VP4 structures the Gly315-Lys320 segment of the Ser314-Asp327 loop is 

particularly disordered and, based on the positioning of the resolved residues, is at a 

different location from the location of the same segment in the 5I94 structure. In the latter 

structure, the Gly315-Lys320 segments from either side of the symmetric pocket are 

“pushed back” by the phenylacetyl groups of UPGL00019 leading to a drastically different 

orientation of the amino acids involved in this segment. A similar “pushed back” orientation 

for the Gly315-Lys320 segment can be seen in the BPTES-GAC (PDB: 3UO9), CB-839-

GAC (5HL1), BPTES-KGA (3V0Z), and other publicly available x-ray structures with 

potent inhibitors.20

The crystallographic data appears to suggest that symmetric or asymmetric substitution of 

the UPGL00019 core with acyl groups can provide derivatives equipotent to the parent as 

long as these groups have adequate cumulative size (physical and/or rotational) to effectively 

“push back” the Gly315-Lys320 segment at both sides of the symmetric binding pocket. 

This aligns well with our observation that UPGL00019 derivative potency co-varies with the 

cumulative VDW volume and/or the MPA values of the acyl moieties flanking its core.
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In summary, we prepared a small library of UPGL00019 derivatives in an effort to identify 

Lipinski/Veber compliant derivatives of this compound and to understand how the observed 

mobility and size of its terminal phenylacetic acid groups imparts potency. We found that 

activity of derivatives correlates with cumulative terminal group size (VDW volume and/or 

MPA). Examination of available x-ray data appears to suggest that larger groups through 

their size and mobility are better able to deflect a 5 amino acid segment composed by 

residues Gly315-Lys320.
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Figure 1. 
BPTES, CB-839 and 4-hydroxypiperidine-containing analogs UPGL00019 and UPGL00020
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Figure 2. 
Overlay of 3UO9 (green) and 3VOZ (cyan) (A), 3UO9 and 5I94 (clay) (B) X-rays. Heat 

map of b-factors for BPTES and UPGL00019
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Figure 3. 
Correlation of pIC50 with the cumulative values of VDW volume or MPA of the acyl-R1 and 

acyl-R2 groups of UPGL000019 and its derivatives.
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Figure 4. 
Overlay of 5I94 (brown), 3VP2 (magenta), 3VP3 (blue), and 3VP4 (green) x-ray structures.
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Scheme 1. 
Synthesis of UPGL00019 derivatives. Reagents and conditions: a) NaH, CS2, MeI, THF, rt; 

b) NH2NH2 MeOH, rt; c) BrCN, Et3N, MeOH, rt; d) R1/R2-acyl chloride or R1/R2-acyl 

anhydride, Et3N, DMF, rt; e) R1/R2-acid HATU, Et3N, DMF, rt; f) 4N HCl in Dioxane, rt; g) 

2-bromo-4-aminothiadiazole, K2CO3, DMSO, 50–55 °C or 2-bromo-4-aminothiadiazole, 

Et3N, EtOH, 80 °C.
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Table 2.

Physicochemical properties of UPGL00019, UPGL00020 and derivatives 6a–j

Cmpd MW cLogP
a NRB LE

b

UPGL00019 535.6 4.2 9 0.28

UPGL00020 383.5 0.5 5 0.33

6a 473.6 3.0 8 0.31

6b 487.6 3.6 8 0.32

6c 485.6 3.1 8 0.34

6d 499.6 3.6 8 0.32

6e 499.6 3.3 9 0.31

6f 501.6 4.1 8 0.31

6g 463.6 2.7 8 0.31

6h 451.6 3.0 7 0.31

6i 451.6 2.7 8 0.31

6j 463.6 2.4 9 0.31

a
Calculated using Chemaxon’s Chemicalize web portal

b
LE:=∆G/N=−1.4log(IC50)/N
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