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ABSTRACT
Despite its wide use, not every high-throughput screen (HTS) yields chemical matter suitable for
drug development campaigns, and seldom are ‘go/no-go’ decisions in drug discovery described
in detail. This case report describes the follow-up of a 4-aroyl-1,5-disubstituted-3-hydroxy-2H-
pyrrol-2-one active from a cell-free HTS to identify small-molecule inhibitors of Rtt109-catalyzed
histone acetylation. While this compound and structural analogs inhibited Rtt109-catalyzed
histone acetylation in vitro, further work on this series was halted after several risk mitigation
strategies were performed. Compounds with this chemotype had a poor structure-activity
relationship, exhibited poor selectivity among other histone acetyltransferases, and tested
positive in a B-lactamase counter-screen for chemical aggregates. Furthermore, ALARM NMR
demonstrated compounds with this chemotype grossly perturbed the conformation of the La
protein. In retrospect, this chemotype was flagged as a ‘frequent hitter’ in an analysis of a large
corporate screening deck, yet similar compounds have been published as screening actives or
chemical probes versus unrelated biological targets. This report — including the decision-making
process behind the ‘no-go’ decision — should be informative for groups engaged in post-HTS
triage and highlight the importance of considering physicochemical properties in early drug

discovery.
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High-throughput screening (HTS) has become an indispensible part of both academic and
industrial early drug discovery. Identifying useful chemical matter for drug development
campaigns is the goal for most real and virtual HTS. However, not every discovery campaign is
a ‘success’ by this metric. Sometimes HTS fails to identify any confirmed actives, which can be
the result of assay design, the chemical library employed, and/or the druggability of the target.
Other points where discovery campaigns can fail to progress include the post-HTS triage and
the hit-to-lead phases. There are many reasons why projects fail to progress past these critical
stages: inability to confirm primary assay activity by orthogonal assays, poor lead-like
properties, target non-selectivity, or synthetic inaccessibility, to name a few'. However, despite
their potential utility, rarely are the details of the decision-making process behind ‘go/no-go’

decisions described in the scientific literature*.

Rtt109 is a fungal histone acetyltransferase (HAT) that catalyzes the acetylation of histone H3
lysine 56 (H3K56ac)®. Rtt109 and H3K56ac are crucial for replication-coupled nucleosome
assembly in yeast, and fungi with defects in Rtt109 functioning or H3K56 acetylation show
defects in cell growth and proliferation, genomic stability, and resistance to genotoxins®. Rtt109
forms a stable complex with the histone chaperone Vps75. In vivo, the histone chaperone Asf1
is essential for H3K56ac, and the Asf1-H3-H4 complex is considered the physiological substrate
for the Rtt109-Vps75 complex®. Importantly, there is no known mammalian Rtt109 homolog,
which has led to the hypothesis that selective, potent inhibitors of Rtt109-catalyzed histone

acetylation can function as minimally-toxic antifungal agents’'°.

Our group reported the results of a cell-free fluorometric HTS to identify small-molecule
inhibitors of Ritt109-catalyzed histone acetylation''. This assay utilized the thiol-scavenging
probe N-[4-(7-diethylamino-4-methylcoumarin-3-yl)phenyllmaleimide (CPM) to quantify the
amount of free coenzyme A (CoA) byproduct produced by the Rtt109 HAT reaction. The primary
assay screened 225K compounds, and 1.5K primary actives were initially identified. The post-
HTS triage utilized substructure filters to remove pan-assay interference compounds (PAINS), a
series of compounds with substructures that are associated with promiscuous bioactivity and
assay interference, often due to non-specific thiol reactivity'*'°. These compounds are generally
considered nonviable lead compounds. The post-HTS triage also included several counter-
screens to remove assay interference compounds. The screening cascade identified only three
non-PAINS compounds with confirmed activity suitable for more detailed follow-up studies.

Many of the compounds initially discarded were thiol-reactive, and compounds with several



prominent chemotypes were shown to form covalent adducts with biological thiols including

CoA, glutathione (GSH), and protein cysteines'®.

In this case report, we describe the follow-up for one of the three compounds surviving our initial
triage, compound 1a. Work on this compound was eventually halted, though only after
considerable time and resources were spent investigating it as a potential lead compound.
Despite its promising initial in vitro potency and confirmed activity in two orthogonal assays,
compound 1a and close analogs failed to show selectivity towards Rtt109 or any. meaningful
structure-activity relationship (SAR). Several lines of experimental evidence including ALARM
NMR suggest the promiscuity of compound 1a is due to its tendency to form chemical
aggregates and engage in non-specific compound-protein interactions. Importantly, we describe
the rationale for its eventual dismissal as well as the accompanying experimental processes that
ultimately drove this decision. We discuss strategies that, in retrospect, could have led to a
quicker ‘no-go’ decision. It is hoped this case report can enhance the process of making ‘go/no-
go’ decisions, highlight the scholarly importance: of investigating the causes behind assay
promiscuity, and guide better data- and medicinal chemistry-driven decisions earlier in the

discovery process before consuming increasingly precious resources.

As described above, our group screened approximately 225K small-molecules for inhibitors of
Rtt109-catalyzed histone acetylation'’. During an extensive triage, the approximately 1.5K
actives from the primary HTS were triaged by cheminformatics and several counter-screens to
yield only three active compounds before the commencement of more in-depth studies such as
the ones described in this report. One of these three remaining compounds, named 1a, and its
associated 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-one  chemotype 1 (‘chemical
structural motif’) are the subjects of this case report. In the primary HTS, it had a single-point
percent inhibition of 47% at 10 uM final compound concentration. Notably, this production run of
the HTS did not include detergent in the assay buffer. Several descriptors were calculated for
compound 1a, indicating it did not posses many ‘lead-like’ properties (Table 1) '®. However,
the paucity of active compounds from the HTS (that were not PAINS) led us to follow-up on this
compound, despite its lack of desirable lead-like traits including calculated physicochemical
properties. Notably, compound 1a was not flagged as a PAINS in our cheminformatics filters ™.
It showed promising activity at low micromolar concentrations in vitro in early dose-response
confirmation experiments (Figure 1A). These follow-up experiments were performed with a

standard amount of non-ionic detergent (0.01% Triton X-100), as including detergents is now a



standard strategy to mitigate micelle formation in HTS. These data demonstrated that the assay
readout for compound 1a in the HTS format was dose-dependent, and that the primary HTS

result was not the result of a random error'®?'.

The activity of compound 1a was quickly re-confirmed with a commercially obtained sample that
was re-purified in-house by HPLC prior to re-testing (Figure 1A). To note, the original library
sample of compound 1a was of commercial origin with an unspecified synthetic route. Our in-
house purification was performed to mitigate the risk of bioactive compound impurities®* 2%. We
did not attempt enantiomeric separation on the samples for compound 1a-or its analogs, as this
project was in the early stage and the chemotype 1 would likely under facile epimerization in
solution. As additional quality-control, we confirmed the structural identity and purity of the
commercial sample to avoid follow-up on a sample with bioactive impurities or an incorrectly
assigned chemical structure (Figures S1-S5)**%. We note the structure of compound 1a allows
for tautomerization. Ab initio calculations (B3LYP/6-31G**; gas-phase) predict compound 1a
exists primarily in the tautomeric form depicted throughout this text. However, calculations
(SM6/B3LYP/6-31G**//B3LYP/6-31G**) that also take into account solvation do not rule out

some fraction of the molecules existing as other tautomers in solution (Table S1).

Importantly, the inhibitory activity of compound 1a was reconfirmed in an orthogonal slot blot
assay, a Western blot that utilizes antibodies to specific histone modifications to directly quantify
the acetylated histone products (H3K56ac) in reaction aliquots, rather than the CoA by-product
of the HAT reaction (Figure 1B). These data confirmed that compound 1a was capable of
inhibiting Rtt109-catalyzed histone acetylation in vitro in both the primary CPM-based HTS
assay (using samples from two independent sources) and an orthogonal antibody-based assay

for the commercial re-supply sample.

Although they are relatively straightforward and inexpensive, we and others have demonstrated
CPM-based thiol-scavenging HTS assays are prone to a variety of compound-mediated
interference mechanisms® ' '® 2", This includes fluorescence interference, either by fluorescent
compounds that can give false-negative readouts, or fluorescence quenchers, which can lead to
false-positive readouts®®. Another source of assay interference are reactive compounds that
form adducts with the assay reagents. One example is nucleophilic compounds, which can form
adducts with the electrophilic CPM to form fluorescent adducts, leading to either false-positive

or false-negative readouts depending on the fluorescent properties of the adducts. Another



concerning interference mechanism is through electrophilic compounds, which can (1) trap thiol
by-products of the enzymatic reaction, leading to a false-positive readout, or (2) react with

protein residues, which most often leads to off-target effects and bioassay promiscuity.

As part of the Rtt109 post-HTS triage, we tested compound 1a in a series of counter-screens for
the aforementioned interference types. In the context of the CPM-based readout, compound 1a
did not form fluorescent adducts with any of the assay reagents (CPM, acetyl-CoA, CoA) nor
was it fluorescent in the assay buffer by itself (data not shown). One concern with fluorescence-
based assays is fluorescence interference®*. Indeed, compound 1a was able to quench the
fluorescence readout fluorescence quenching counter-screen, albeit at relatively high compound
concentrations (Figure 2B). Consistent with a quenching mechanism, absorption spectra of
compound 1a in assay buffer showed the compound absorbed light in the UV and violet regions
(Figure 2B). Fluorescence emission sweeps of compound 1a in assay buffer did not show
appreciable fluorescence when the compound was excited at 405 nm (data not shown). These
data show that compound 1a is capable of absorbing the assay excitation wavelength, but not
capable of significantly fluorescing in the same wavelength as the fluorescent CPM-CoA adduct
when excited at 405 nm. Lastly, we tested compound 1a for evidence of thiol-trapping in another
counter-screen and found it showed a nearly identical interference pattern as the quenching
counter-screen (Figure 2C). Given'that both the thiol-trapping and quenching counter-screen
share the same readouts, one can deduce that the decrease in readout in the thiol-trapping
counter-screen is due to fluorescence interference and not CoA-trapping. To summarize to this
point, the slot blot data demonstrate compound 1a can inhibit Rtt109-catalyzed histone
acetylation in vitro, whereas the CPM assay readout for compound 1a reflects a mixture of true
inhibition and assay interference. With this admittedly less-than-ideal profile — and given the
scarcity of “‘compounds identified in our HTS that could inhibit Rtt109-catalyzed histone

acetylation in.vitro — we still chose to cautiously continue more experiments with compound 1a.

Compound stability is another important consideration throughout the drug discovery process>.
Previously, we and others reported classes of compounds that were not stable to assay

conditions™® *°.

One class, p-hydroxyarylsulfonamides, decomposed to form a reactive
intermediate (likely a quinone) capable of forming covalent adducts with biological thiols
including protein cysteines residues’®. Therefore, we assessed the stability of compound 1a.
Unremarkably, samples of compound 1a incubated in our HTS-like conditions did not show

gross evidence of instability in the assay buffer when analyzed over time by UPLC-MS (Figure



S6). These data demonstrated compound 1a was grossly stable to the assay conditions and

that its inhibitory activity in vitro was not due to a degradation product detectable by UPLC-MS.

To reconcile the observed activity in the CPM-based HTS assay and the orthogonal slot blot
assay with the assay interference, compound 1a was also tested in a second orthogonal assay.
This method utilizes the radiolabeled substrate [*H]-acetyl-CoA and quantifies the amount of
[*H]-acetate incorporated into histone substrates. Importantly, this readout is not subject to the
interference in the CPM-based method and has an improved signal:noise ratio. However, its
throughput is much lower, it is more costly, and it requires additional safety precautions and
disposal procedures®. Compound 1a demonstrated reproducible, low micromolar activity (ICso =
6 + 2 yM; Table 2). During the commercial re-supply of compound 1a, we also purchased
several close structural analogs that were also commercially available in an attempt to establish
preliminary evidence of SAR (‘SAR-by-commerce’). One of the favorable attributes of this series
was the number of analogs commercially available. For example, 612 structural analogs with at
least 80% 2-D similarity were available from a ‘popular vendor at one point (eMolecules,
accessed 2 December 2014). Furthermore, ‘this chemical scaffold appeared amenable to

chemical analog expansion by straightforward synthetic routes®’*2.

To this end, we obtained
commercial analogs 1b-1u and 2a-2I for further testing versus Ritt109-Vps75. In our experience,
one major drawback to SAR-by-commerce (compared to performing in-house synthesis) is that
the choice of analogs is limited by .commercial availability. The plan at the time was to generate
more preliminary data with readily available commercial compounds, which if the data showed

promise, could then be used to justify a more resource-intensive medicinal chemistry effort.

The structural analogs 1b-1p all showed low micromolar ICs, values in the same radiolabeled
orthogonal HAT assay (Table 2). Notably, compounds with an N-alkyl substituent such as 1s-1u
were inactive (Table 2). We additionally tested a small number of compounds from the AZ
corporate library, compounds 1v-1z. Of this subset, only compound 1z showed any activity
versus Rtt109-Vps75. The other AZ compounds, which had an N-alkyl substituent (1v-1y), were
inactive versus Rtt109-Vps75. We also tested the most structurally-similar 4-aroyl-1,5-
disubstituted-3-amino-2H-pyrrol-2-ones  (chemotype 2, compounds 2a-2l) that were
commercially available. All of these analogs failed to inhibit Rtt109-catalyzed histone acetylation
at less than 125 uM final compound concentrations (Table 3). These latter data suggested that
the 3-hydroxy component was an important structural component for inhibiting Rtt109 activity in

vitro. While we were confident that 1a and its close analogs with chemotype 1 could inhibit



Rtt109-Vps75 HAT activity, the lack of an interpretable SAR at several structural positions

raised our suspicions about non-specific inhibition'* **.

With its activity observed in one primary and two orthogonal assays, compound 1a was
subsequently assessed for redox-activity, a widely reported source of promiscuous bioactivity**
“6_Using a horseradish peroxidase-phenol red (HRP-PR) surrogate assay for H,O, production®’,
compound 1a was found to be only slightly redox-active at relatively high compound
concentrations (i.e. 160 pM), independent of DTT in the HAT assay buffer (Figure S7).
Compounds 11 (+ DTT only), 2¢, 2d, and 2j showed similar low-level redox-activity at high
compound concentrations (data not shown). All the other structural analogs of compound 1a

were inactive in this assay both in the presence and absence of DTT (data not shown).

Generally consistent with these results at low micromolar compound concentrations, 8/8 (100%)
of compound 1a structural analogs were inactive for H,O, production in a previously reported
HTS for redox-active compounds (Table S3)*. In this screen, compounds were tested at 10 uM
final concentrations. Along with our observations that Rtt109-Vps75, p300 and Gen5-Ada2-Ada3
are not overly sensitive to H,O, in our ‘standard in vitro assay conditions*® and that the
production of H,O, by compound 1a was only observed at concentrations an order of magnitude
greater than its anti-HAT 1Cs, values, the results of this counter-screen demonstrate that

compound 1a is highly unlikely to inhibit HAT activity in vitro by the production of H,0..

In parallel, we also assessed compound 1a and chemical analogs for promiscuous enzymatic
inhibition via chemical aggregation using another surrogate enzymatic assay based on the 3-
lactamase AmpC, a structurally unrelated enzyme whose activity is sensitive to compound
aggregates®®. Compound 1a inhibited AmpC activity in the absence of detergent at low
micromolar compound concentrations (10 uM), but this inhibition could be attenuated by the
inclusion of detergent (0.01% Triton X-100) in the buffer (Figure 3A). We also tested several
structural analogs that were active versus Rtt109-Vps75, compounds 1b-1f, all of which showed
inhibition patterns consistent with chemical aggregate formation (Figure 3A). We also tested
several analogs that were inactive against Rtt109-Vps75, compounds 1g-1t and 2a-2I, and
found that all of them did not significantly inhibit AmpC regardless of detergent status (data not
shown). These data suggest that the 3-hydroxy group is an important component of AmpC

inhibition, and that substitution with a 3-amino group likely prevents AmpC inhibition in the



absence of detergent. These data also show alkyl substitutions at the N1 position of chemotype

1 (i.e. compounds 1s and 1t) appear to prevent AmpC inhibition in the absence of detergent.

We note, however, that 24/24 (100%) of compound 1a analogs were not flagged as potential
chemical aggregators in an independent HTS using AmpC (Table S3). This observed difference
between the two similar assays may result from the differences in assay buffers (Tris-HCI, pH
8.0 versus sodium phosphate, pH 7.0)*° or perhaps more subtle inter-assay differences such as
the timing of the assay steps and/or the nature of intra-well solution mixing, both of which can

be crucial parameters in this assay.

Since compound 1a was flagged by the aggregation counter-screen, we reasoned structural
analogs might also act as chemical aggregators that could contribute to enzymatic inhibition in
our assay systems, even though we had included detergent in our post-HTS assays to mitigate
this possibility. We therefore investigated the effect of detergent on compound 1a using the [°H]-
acetyl-CoA-based HAT assay, given the multiple sources of interference associated with the
CPM-based assay. The omission of standard @amounts of detergent (0.01% Triton X-100) and
BSA (50 ng/uL) led to only a 2-fold more potent inhibition for compound 1a versus Rtt109-
Vps75, while higher concentrations of BSA (which may also mitigate the impact of chemical
aggregators in biochemical assays®') with standard amounts of Triton X-100 also did not lead to
large differences in the ICsq values for compound 1a (Figure 3B). Surprisingly, the inclusion of
10-fold higher concentrations of Triton X-100 led to an approximate 10-fold less potent inhibition
of Rtt109-Vps75 activity by compound 1a (Figure 3B).

Analysis of dose-response curves is another important consideration in HTS triage and can
provide clues about the molecular mechanism(s) of target engagement such as cooperativity °*
A promising sign was that compound 1a and all its analogs showed complete dose-
responses (i.e. 0 to 100 percent inhibition for inhibitors) with two horizontal asymptotes in both
the HTS assay and the orthogonal radiolabeled HAT assay. Steeper Hill slopes have also been
associated with anomalous binding behavior such as aggregation®®°. Consistent with this
phenomenon, compound 1a had steeper Hill slopes in follow-up assays versus three different
HATs (Table 4). In addition, examination of the slot blot results demonstrated a sharp cut-off in

activity, consistent with a steeper Hill slope (Figure 1B).

While ICs, values are by themselves an imperfect measure of selectivity56, one of our initial
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project criteria for progression to a ‘hit-to-lead’ (H2L) phase was a compound with at least 5-fold
selectivity by 1Csy value (but preferably greater) for Rtt109 versus other HATs. In parallel with
the aggregation and redox-activity screens, we tested compounds 1a-1h versus two other HATs
using the [°H]-acetyl-CoA-based HAT assay. We performed a selectivity counter-screen versus
(1) p300, the human HAT that catalyzes H3K56ac and shares only gross tertiary structure with
yeast Rit109, and (2) Gen5-Ada2-Ada3, a yeast HAT that is implicated in yeast RCNA and
acetylates N-terminal H3 residues like H3K27 and H3K9°" %8, Compound 1a inhibited both p300
and Gcn5-Ada2-Ada3 at low micromolar concentrations with no apparent selectivity towards
Rtt109 (Table 2). Likewise, analogs 1b-1h showed similar ICs, values and failed to show any
convincing selectivity towards Rtt109-Vps75, demonstrating this compound series inhibited

HATs non-selectively (Table 2).

Given the lack of any observed selectivity in the HAT counter-screen, we examined whether the
observed anti-HAT activity for chemotype 1 was isolated to HATSs, or represented even broader
target promiscuity as the AmpC counter-screen suggested. Therefore, we tested the ability of
compound 1a and its chemical analogs 1b-1f to. modulate the conformation of the human La
antigen, a protein completely unrelated from Rtt109. This assay, ALARM NMR, has been useful
for identifying thiol-reactive compounds, as it contains several cysteines that when covalently
modified, induce characteristic peak shifts and line broadening in nearby residues® .
Importantly, this method also utilizes an orthogonal detection method (2D 'H-"C HMQC) for

assaying target engagement.

As expected for a ‘frequent hitter’ and not a simple, non-specific HAT inhibitor, compound 1a
perturbed the La protein conformation as evidenced by the signal decreases relative to DMSO
controls, while the inactive analog compound 2i did not perturb the La protein conformation
when tested (Figure 4). The inclusion of DTT in the assay buffer did not attenuate the line
broadening for compound 1a, which is consistent with a non thiol-reactive mechanism of action
in this experimental setting® . Similar results were observed for compounds 1b-1f (data not
shown). This non-specific interaction is consistent with the lack of any apparent in vitro
selectivity for chemotype 1 against a panel of HATs. Another possibility is H,O, production by
compound 1a and analogs®®, but this explanation is less likely in our setting given the low levels
of redox-activity observed only at relatively high compound concentrations in our HRP-PR

counter-screen.
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We have previously shown certain compound classes can interfere with assay readouts by
multiple chemical mechanisms'®. One of the main mechanisms causing non-specific bioactivity

is electrophilic reaction of compounds with cysteines on proteins®®®'

. Other biologically
important thiols include CoA and glutathione (GSH), the latter of which can be used as a
surrogate assay for thiol-reactivity®® . Since compound 1a was ALARM NMR positive with and
without DTT in the reaction mixture, thiol-reactivity could not be clearly established. Therefore,
we next sought to determine whether compound 1a was thiol-reactive by alternate assays. We
first incubated compound 1a with either CoA or GSH in assay buffer and analyzed reaction
aliquots by UPLC-MS. However, we were unable to observe any compound-thiol adducts (data
not shown). Using the radiolabeled HAT assay versus Ritt109, we also assessed whether the
addition of DTT in the assay buffer could attenuate the inhibitory activity of compound 1a
against Rtt109. There was no significant difference between the ICs, values for compound 1a in
either the presence or absence of DTT and BSA (p = 0.61, n = 3; Figure S8). By contrast, the
positive control CPM probe showed a significant decrease in ICso when DTT and BSA were
omitted from the reaction mixture. These results' suggest that compound 1a is not a thiol-
reactive chemotype in our assay conditions. However, we note a related compound has shown
evidence of time-dependent and irreversible inhibition using kinetic studies, although isolation of
a covalent adduct was not performed®. These data leave open the possibility this series may be

reactive under certain conditions.

Certain compounds can react non-enzymatically with protein lysine side chains®. As such, we
explored this possibility for compound 1a. However, we did not observe any detectable amine-
compound 1a adducts by UPLC-MS when compound 1a was incubated with either Na-acetyl-L-
lysine methyl ester or-N-butylamine. Furthermore, the addition of excess N-butylamine did not
attenuate the perturbation of the La protein conformation by compound 1a when tested by
ALARM NMR (data not shown).

We also performed additional experiments to characterize the basic mechanism of Rtt109-
\/ps75 inhibition by compound 1a using the [*H]-acetyl-CoA HAT assay. One hallmark of
reactive compounds (and also slow, tight binders) is time-dependent inhibition. Therefore, we
assessed whether the enzymatic inhibition was time-dependent by varying the amount of time
compound 1a was allowed to pre-incubate with Ritt109-Vps75 prior to initiating the HAT
reaction®®. We found no significant difference in the IC5, values of compound 1a between 5, 15

and 30 min pre-incubation time (Figure 5A). This result demonstrates Rtt109-Vps75 inhibition by
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compound 1a is not enhanced by prolonged pre-incubation times.

Another important distinction is whether a compound exerts its mechanism of action by
reversible or irreversible means. Making this distinction is important for interpreting experiments
and performing structure-based drug design. Compounds that covalently react with theirtarget
generally show irreversible target modification, whereas compounds not covalently reacting with
their target show reversible modification. Therefore, we also examined for evidence of
reversible/irreversible inhibition of Rtt109-Vps75 in vitro HAT activity by compound 1a. We
performed a modified jump dilution experiment® % . We observed that Rtt109-Vps75 activity
was restored upon dilution, which is consistent with a reversible type of enzymatic inhibition
(Figure 5B). These data suggest compound 1a, and most likely/its other structural analogs,
inhibit Rtt109-Vps75 activity in vitro by a non-specific, reversible process. This is consistent with
our other data, including the positive AmpC counter-screen, the non-specific compound-protein
interactions observed by ALARM NMR, and the lack of observed thiol reactivity in multiple

assays.

In a recent report, we advocated for examinations of bioactive compounds in the context of
previous studies’. As such, we examined the scientific literature for reports of bioactivity for
compound 1a and close structural‘analogs. The number of publications and patents invoking
screening ‘hits’ similar to compound 1a has grown exponentially in the past decade (Figure 7).
We found that related compounds have been published as active versus targets and/or systems
unrelated to our screening target, Rtt109. These include both real and virtual screens, with

several of the reported targets being protein-protein interactions® 4?4 64,6884

We also examined repositories of HTS data for indication of bioassay and target promiscuity for
compound 1a-and structural analogs. There were no reports of compound 1a in any PubChem
bioassay. However, analysis of PubChem records showed several analogs of compound 1a
were active in a variety of bioassays (Figure 6)**®". Furthermore, we also utilized an open-
source tool for predicting bioactivity promiscuity, BadApple (Bioactivity data associative
promiscuity pattern learning engine). We found that compound 1a and several related

substructures were predicted to be highly promiscuous (Table 4).

Finally, we examined the HTS records from AZ for evidence of assay promiscuity in an industrial

setting®. These records include over 1M compounds tested in up to hundreds of HTS

-13 -



campaigns, with wide ranges of assay types. Mining of this screening deck demonstrated that
the compound class of 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-ones showed an
increased incidence of promiscuous bioactivity profiles, indicating their frequent-hitting behavior
is not exclusive to academic screening campaigns or screening libraries (Table 6). Looking
more closely at the substitution patterns of compounds in the corporate data set and their
alignment with frequent-hitter behavior in historical assay data, we found that aromatic
substitution at all three positions poses the highest risk of such behavior. These data suggest
that aliphatic substitutions at any of the three positions lessen the risk of anomalous behavior,
as does substitution of the hydroxyl. These observations align closely with-our Rtt109 structure -
activity data (Figure 8), suggesting that the empirical observations for the smaller set of

compounds in this paper apply to the larger class as well.

It remains unclear what properties modulate the indiscriminate binding behavior. Properties of
the class, in particular of the poly-aromatic examples, are predominantly non-lead-like, with
most compounds in this report exhibiting high lipophilicity. Modification of the structure with
aliphatic groups or O-substitution will modulate properties including fluorescence, lipophilicity,
and acidity of the hydroxyl group, but no clear relationship could be found between promiscuous
behavior and predicted pK,, lipophilicity (logP, logD), or polar surface area (Nissink, unpublished

observations).

This case report describes the follow-up of a 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-
one active, compound 1a, from a cell-free HTS to identity small-molecule inhibitors of Rtt109-
catalyzed histone acetylation. This compound showed publication-quality low micromolar ICsq
values in a set.of three orthogonal in vitro assays. However, during subsequent experiments, it
became clear that this compound and its structural analogs have several problematic features.
Due to the conjugated nature of its poly-aromatic structure, compound 1a is able to interfere
with the fluorescence-based readout of our CPM-based HTS, and conceivably other optical-
based assays as well. Compound 1a showed evidence of redox-activity, but only at relatively
high compound concentrations. Compound 1a does not appear to be thiol reactive in our
system, as shown by the CoA-CPM counter-screen, the lack of detectable adducts by UPLC-
MS, and the additional mechanistic experiments for time-dependence and reversibility. While
compound 1a was not flagged as a PAINS, in retrospect it was flagged by the ‘Rapid Elimination

of Swill (REOS) filters our group periodically employs (Table 1)%.
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Compound 1a was flagged for its aggregation tendencies in a B-lactamase counter-screen for
chemical aggregators. A teaching point is the importance of detergent concentration, as the ICsg
values of compound 1a varied by at least an order of magnitude depending on the amount of
Triton X-100 present (Figure 3B). While we and others have used 0.01% Triton X-100 as our
default detergent concentration, our data suggest even higher concentrations of detergent can
further attenuate the potency of certain compounds like compound 1a. Therefore, if non-specific
inhibition or chemical aggregation is suspected, it may be worth testing the effect of additional
detergent on the bioactivity of a test compound. One possible explanation for this observation is
that aggregate formation may not be completely attenuated at this standard detergent
concentration for chemotype 1, or that this additional detergent disrupts some non-aggregate-
related compound-protein interactions. There are also examples of screening compounds
forming bioactive aggregates in the presence of detergent. For instance, the compound titled
‘1541’ assembles into non-globular nanofibrils capable of activating procaspase-3*. These and
other explanations for the assay behavior of compound 1a and analogs are possible, and are

the subject of ongoing studies.

Only after performing extensive studies did our project team abandon further work on this
scaffold. A summary of the pros and cons of this scaffold is provided (Table 7). Notable
arguments supporting the utility of compound 1a and its analogs include its low micromolar in
vitro 1Csg values, its activity in_several orthogonal assays, its synthetic accessibility and its lack
of identifiable redox-activity or thiol-reactivity in our hands. Counter-arguments include its poor
calculated physicochemical properties, its lack of selectivity, its tendency to form chemical
aggregates in our assay buffer, its perturbation of the unrelated ALARM NMR protein and the
bioassay promiscuity of related compounds. One reason this compound was pursued, despite
its lack of lead-like characteristics, was because so few compounds were identified in our HTS.
Our experience with this compound argues against pursuing compounds with few lead-like
characteristics and known liabilities. Of course, we note ours is only a case report and care
should be taken to draw broader conclusions, yet it is clear that progression of such compounds

with adverse properties incurs a higher risk of failure.

Our experiments and cheminformatics analyses provide several insights into the SAR/SIR of
chemotype 1 (Figure 8). For example, the 3-hydroxy position is critical for in vitro activity in
multiple assays, including anti-HAT activity, ALARM NMR and an AmpC chemical aggregation

counter-screen. Strikingly, all 3-amino analogs that we tested were inactive in these assays.
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Next, no dramatic differences were observed with regard to anti-HAT activity of the furan and
thiophene analogs connected to the C4-position, suggesting these two groups, and possibly
other aromatic groups, are interchangeable at this position. The types and positions on the
phenyl ring connected at the C5-position were also interchangeable. Similarly, the
heteroaromatic substituents anchored at the N1-position appeared interchangeable. Direct N-
alkyl substituents at this position showed reduced potency (e.g. compounds 1s-1y), with the

exception of compound 1i.

Though N1-alkyl substitution was predicted to have an effect on acidity of the 3-hydroxy group
(median predicted pK, 3.8 for poly-aromatic compounds; 5.1 for N1-alkyl substituted compounds
in the sets E and C from Table 6), acidity of the group was not predictive of anomalous behavior
in assays, nor could a relationship be identified with other properties like solubility or lipophilicity.
Subsequent measurement of aliphatic-substituted compounds 1w and 1x, and the aromatically-
substituted compound 1z suggested that their acidity was even more similar than predicted, with
experimental pK, values of 3.3 and 3.6 for 1w and 1x; and 3.0 for 1z (Nissink, unpublished

results).

Work on this compound could have been halted earlier with a better-designed post-HTS system
and project management. In hindsight, a more thorough literature and database search prior to
performing more labor-intensive .in vitro assays could have prevented further work on this
series. We should alsohave more strongly weighted the contribution of calculated
physicochemical properties in our triage. We also encountered some opposition from members
of the project team who had more experience with the biological sciences and were less familiar
with medicinal chemistry and HTS. Last but not least, there was also some reluctance to cease
work on a project many years in the making; an example of a sunk cost conundrum. In several
projects. we have encountered hesitancy from non-chemists to make key project decisions
based on structural arguments alone, and it was only after generating experimental data that
these. members of the project could be convinced otherwise. This is in contrast with best
practice in corporate screening environments where historical data are available and used
extensively to triage HTS outcome upfront and provide annotation of hits*® 8 8% 91 Better
communication at the start of the project between members of the chemistry and biology arms

of the project would likely have led to earlier agreement on a ‘no-go’ decision.

Our experience with chemotype 1 leads us to make several recommendations. It may be useful
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to include this substructure in future HTS cheminformatics filters, such as those used for
flagging PAINS and other liable substructures. Annotation through use of such filters as a first
step could highlight issues for scaffolds, or at least alert researchers to the chemotype so that
wasteful follow-up can be prevented. Use of such information as an annotation together with a
wider ‘body of evidence’ for or against a compound is preferred, as application of such alerts for
the purpose of elimination could lead to ‘throwing the baby out with the bathwater’s Some 4-
aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-ones may actually represent true hits. and bona
fide lead compounds, and data mining of the wider class in a corporate collection suggests that
incidence of anomalous behavior is elevated, but not across all of the class. There appears to

t%. Based on

be one example of this scaffold forming a crystal structure with its proposed targe
the body of work pertaining to chemotype 1, we believe investigators should carefully consider
the wisdom of working with this particular compound class in an early drug discovery setting,
unless there is confirmation of useful target engagement (plus selectivity) and ways can be
envisaged to move away from the 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-one

chemotype.

The observation that compounds with chemotype 1 are active against a variety of biological
targets in multiple assay systems should cause concern and instigate closer inspection if these
compounds show up as actives. Of course, the counter-argument is that specificity may be
attainable with sufficient medicinal chemistry optimization. This is certainly feasible, but it may
not be without expending considerable resources (including financial, animal, and personnel
costs) or a high likelihood of failure. One may also invoke this scaffold as ‘privileged’ but the
overwhelming majority of reports using this scaffold do not provide evidence of specific and
therapeutically-useful target engagement such as protein-ligand crystal structures. Because of
the concerns raised in this report, we believe those choosing to work with this scaffold should
carefully evaluate such compounds for selectivity, stability, redox-activity, aggregation, and thiol-
reactivity in their specific systems. Adverse observations increase the level of risk that a

compound will fail, and a researcher should consider the cost of taking on that risk.

Our experience with this scaffold supports the use of ALARM NMR and other triage tools in the
post-HTS setting. Compound 1a and some of its analogs were ALARM NMR-positive
independent of DTT concentration. This finding supports another (simultaneous) benefit of
performing ALARM NMR in HTS triage, as it can help identify compounds that likely non-

specifically modulate the conformation of the La antigen. In our case, compounds that can
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modulate a protein like the La antigen, a target that is completely unrelated to Rtt109, should
raise suspicions about their utility as potential therapeutics or chemical probes. Employing such

a strategy to gauge off-target modulation is likely broadly applicable to HTS triage.

In summary, the 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-one chemotype 1 discussed in
this report has been shown to have poor properties including indiscriminate binding behavior,
and our experience highlights the importance of considering historical” knowledge,
physicochemical properties and a suitable triaging cascade of post-HTS assays to-identify truly
promising leads. We also recommend the more frequent publication of ‘no-go’ compound

decisions, especially where the compounds are not recognized by known substructure filters®.
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Figure 1 | Inhibitory activity of a 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-one
screening compound against Rtt109-catalyzed histone acetylation in vitro. (A) Dose-
response curves for compound 1a in library cherry-pick (mean for two replicates) and
commercial resupply compound samples (mean + SD for three replicates). Shown is the
chemical structure of compound 1a. (B) HAT inhibition of compound 1a in the orthogonal slot
blot assay using the commercial resupply sample.
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Figure 2 | CPM-based assay interference counter-screens for compound 1a. (A)
Compound 1a weakly interferes with the HTS assay in a fluorescence quenching counter-
screen. BHQ-1 and fluconazole are positive and negative quenching controls, respectively. (B)
Absorption profile for compound 1a in assay buffer. (C) Compound 1a does not interfere with
the HTS assay readout via CoA-trapping (n.b. compare to panel 2A). PC (positive control; 4-
((9H-purin-6-yl)thio)-7-bromo-5-nitrobenzo[c][1,2,5]thiadiazole) and fluconazole are positive and
negative thiol-trapping controls, respectively'®. Data are mean + SD for three replicates.
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Figure 3 | Assessment of compound 1a and related analogs for chemical aggregation. (A)
B-lactamase counter-screen for chemical aggregators. Compounds were tested for inhibition of
the B-lactamase AmpC + non-ionic detergent (0.01% Triton X-100) in Tris buffer pH 8.0.
Rottlerin and lidocaine were included as positive control (PC) and negative control (NC)
compounds, respectively. Data are mean + SD for three replicates. (B) Inhibition of compound
1a against Rtt109-Vps75 as a function of Triton X-100 and BSA concentration using the [*H]-
acetyl-CoA-based HAT assay in the presence of 5 mM DTT. Data are mean + SD for three
replicates. Data shown for compound 1a under standard conditions (1X detergent and BSA) is

taken from Table 2.
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Figure 4 | Effect of the 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-one active
(compound 1a) on La protein conformation using ALARM NMR. Shown are 2D 'H-"*C
HMQC spectra of selected "*C-labelled methyl groups for compound 1a as tested by ALARM
NMR. Compounds were incubated with the La protein in either the presence (blue) or absence
(red) of 20 mM DTT. 2-Chloro-1,4-naphthoquinone (PC) and fluconazole are shown as positive
and negative compound controls, respectively. A scaled-up view of compound 1a is shown (‘“1a
zoom’). Note the spectra with and without DTT are nearly identical. Compound 2i, an inactive
analog, was also included as a negative control compound. Signals were normalized to DMSO
controls. Shown are representative results from one of three independent experiments.
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Figure 5 | Additional mechanistic experiments for compound 1a. (A) Dependence of
incubation time on activity of compound 1a against Rtt109-Vps75 activity. Compound 1a was
allowed to pre-incubate with Rtt109-Vps75 for 5, 15 or 30 min prior to initiating the HAT reaction
with [*H]-acetyl-CoA. Data are mean + SD for three replicates. (B) Dilution-based experiment to
examine reversibility of Rtt109-Vps75 inhibition by compound 1a. Data are mean + SD for nine
replicates.
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Figure 6 | Selected examples of bioactive 4-aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-
ones in PubChem. The compounds shown are structurally similar to compound 1a and are
active in multiple PubChem bioassays versus a variety of protein targets. There is no PubChem
bioactivity data reported for compound 1a. Data accessed 2 December 2014.
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chemotype 1. Shown is compound 1a, the parent compound originally identified in a cell-free
fluorometric HTS for inhibitors of Rtt109-catalyzed histone acetylation.
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Descriptor Value Remarks
Molecular weight 491.5 Pass™
cLogP 5.4 Fail®
H-bond donors 1 Pass™®
H-bond acceptors 6 Pass®
Rotatable bonds 6 Pass™
Stereocenters 1 -
tPSA 172 High | Fail®
Aromatic rings 4 -

Fsp® 0.13 Calculated in Pipeline Pilot 8.5
PAINS No Calculated in Canvas 2.0
REOS Yes Canvas 2.0 (-NO2)*

Tier 7 Least favorable®

Table 1 | Selected descriptors for compound 1a.
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1u NCTL ¥—<::>—F \S/ Inactive - -
1v {L/ ‘—@— \S/ Inactive - -
1w O\/\)\ }—@—F \S/ Inactive - -
1x [:>_:7\ }—<:j>—F \S/ Inactive - -
1y \o/\»j\ P—<::>>—pm \S/ Inactive - p-
1z ~ fz)\ ) ® 80 (54 to 120) - p

% 1Cs values shown are means + SD of six independent experiments.
ICso values shown are means + SD of three independent experiments.

Table 2 | SAR-by-commerce: inhibitory activity of compound 1a and structural analogs
(chemotype 1) using an in vitro [*H]-acetyl-CoA HAT assay. Except for the data for
compound 1a, the data are ICs, values with 95% confidence ‘intervals in parentheses.
Compounds 1v-1z were obtained from the AZ corporate library.
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Rtt109-Vps75 p300 Gcn5-Ada2-Ada3

1 2 3 4
ID R R R R ICso (MM)  ICso (UM) < ICs0 (UM)

H
2a -Ph -Ph \S/ \(N\©/ Inactive Inactive Inactive

=N . . .
2b <\:/)_* -Ph -Ph /H(N_Q_OB Inactive Inactive Inactive

2c -Ph -Ph -Ph 1—N®0 Inactive Inactive Inactive

F
2d -Ph '_© -Ph -NHPh Inactive Inactive Inactive

H
2e -Ph -Ph \S y \(N\© Inactive Inactive Inactive
=N /( . . .
2f @_* -Ph -Ph HN@ Inactive Inactive Inactive

NO,

2g -Ph A@ -Ph -NHPh Inactive Inactive Inactive
2h -Ph -Ph \O ) ’ﬁ;_@_ Inactive Inactive Inactive
2i -Ph -Ph \s/ -NHPh Inactive Inactive Inactive
2j -H -Ph -Ph /.ﬂ,@_ Inactive Inactive Inactive
2k -Ph }-@-ar -Ph -NHPh Inactive Inactive Inactive

/—\ .
21 -Ph -Ph }—@— F{ % Inactive - -

Table 3 | Inactive structural analogs of compound 1a. Compounds 2 were purchased from
commercial vendors and then tested for inhibition of Rtt109-Vps75 activity using the [*H]-acetyl-
CoA-based HAT assay. Compounds 2a-2k were purified by standard RP-HPLC procedures and
were also tested for inhibition of p300 and Gcn5-Ada2-Ada3 activity in vitro using same HAT
assay. All the.compounds were ‘Inactive’ (ICso values > 125 uM) versus these HATSs. All purified
compounds had acceptable purities (> 95% by ELS and UV 254 nm) and parent ions consistent
with the vendor-supplied structures (LRMS-ESI) when analyzed by UPLC-MS.
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ID Hill slope, Rtt109-Vps75 Hill slope, p300 Hill slope, Gecn5-Ada2-Ada3

1a 2.0+0.6° 1.5+0.3° 1.8+0.4°

: ICso values shown are means + SD of six independent experiments.
ICso values shown are means + SD of three independent experiments.

Table 4 | Hill slopes of compound 1a using an in vitro [*H]-acetyl-CoA HAT assay. The
calculations are based on the data from Table 2 for compound 1a).
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Structural query Remarks pScore BadApple advisory

Parent compound 1463 High
- 689 High
- 944 High
- 506 High
- 678 High
- 176 Moderate

Table 5 | BadApple bioactivity promiscuity analysis of compound 1a, 4-aroyl-1,5-
disubstituted-3-hydroxy-2H-pyrrol-2-ones and related substructures. A, any atom. pScore:
0-100, low advisory for promiscuity; 101-300, moderate advisory; > 300, high advisory.
Accessed 1 June 2014 (http://pasilla.health.unm.edu/tomcat/badapple/badapple).
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Query - b b A° P(a2

a
D Substructure query Description N Ndata (PBSF > 2) A|p=0.06)°
R 53 . Unsubstituted hydroxyl
A “N Jfen R and monosubstituted at 537 483 22 0.93
Ch R? position
s1
R2 Compounds substituted
at hydroxyl position; no
or disubstitution at R
B Q;\L > osition (0 28 27 0 1.00
Ores monosubstituted
(s2) examples found)
i § Aliphat link
R3 iphatic non- rmg inker
C /Cchh at position R’ 413 371 1 1.00
0(s1
(83)
D RN Jon R Aromaticgroupat ‘454 g3 21 <0.001
ch position R’
Os1)
(r2,u)
53 Aromatic groups at
3
E 9N e R Sostion R RE R 85 TS 20 <0.001
Ch
Os1)
Aromatic groups at
(rO)RZ position R' R
(s3) e} aliphatic at posmon R?
R- 3 Note — both
F 2 WR (r2.0) compounde are 2 2 0 1.00
g e disubstituted at R® (no
Os1) mono-substituted
examples found)
(r2 u)

(53 Aromatic groups at
G r2u) NT e R3(r0) position R", R?; , 19 18 1 0.67
Ch aliphatic at posmon R

# Structure annotations: sn, number of nonhydrogen substituents (e.g. “s2”); rn, number of connected ring bonds (e.g. “r2); u,
aromatic bonds.

® N is the number of compounds having the substructure, and Ngai» designates the subset of compounds for which a pBSF score had
been derived. This is dependent on the availability of HTS screening data. A is the count of compounds with a pBSF score = 2.

¢ Cumulative binomial probability of seeing A or more compounds with a pBSF score in a set of Ngaa compounds when the expected
incidence is 0.06. A very low chance (bolded) suggests that the observed count is unexpected, i.e. the set of compounds shows an
unexpectedly high incidence of anomalous binders. Expected incidence of anomalous binders is 6% (averaged over all compounds
with data in the AZ collection).

Table 6 | 3-hydroxy-pyrrolidin-2-ones bioassay promiscuity analysis in an industrial HTS
setting. Structure-property-relationships-by-data suggest that aromatic substitutions at all three
positions R', R? and R® lead to an increased incidence of anomalous behavior. Data patterns
suggest that aliphatic substitution at any of the three positions, or substitution of the hydroxyl
alleviates this behavior.
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‘GO’

‘No-go’

Active in HTS
Dose-response confirmed in HTS
Activity confirmed in slot blot orthogonal asasy

Activity re-confirmed by commercial re-supply

Activity confirmed by radiolabeled HAT assay (second
orthogonal assay)

Low micromolar activity in multiple in vitro assays
Minimal redox-activity in counter-screen (HRP-PR)
Synthetically and commercially accessible analogs

Stable in assay conditions

No thiol adducts detected (UPLC-MS)

Lack of lead-like qualities
Lack of interpretable SAR (‘flat SAR’)

No apparent selectivity between relevant HATs
Positive in aggregation counter-screen (B-lactamase)
Poor aqueous solubility?

Fluorescent interference
ALARM NMR positive £ DTT
Promiscuous bioactive analogs in PubChem
Publications with analogs active versus unrelated targets

Frequent hitters in corporate HTS setting

# <50 ug/mL solubility in assay buffer (precipitation observed at higher concentrations).

Table 7 | Factors behind a ‘go/no-go’ decision. The attributes of compound 1a and its 4-
aroyl-1,5-disubstituted-3-hydroxy-2H-pyrrol-2-one chemotype 1 were divided into factors that
were generally favorable (‘go’) or unfavorable (‘no-go’) for project progression.
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