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ABSTRACT: The development of new therapeutics targeting enzymes involved in .

epigenetic pathways such as histone modification and DNA methylation has Rezulatos Rﬁ >
received a lot of attention, particularly for targeting diverse cancers. Unfortunately, ® . XH\Q X
irreversible nucleoside inhibitors (azacytidine and decitabine) have proven highly & \C(Rv MO
cytotoxic, and competitive inhibitors are also problematic. This work describes
synthetic and structural investigations of a new class of allosteric DNA
methyltransferase 3A (DNMT3A) inhibitors, leading to the identification of several
critical pharmacophores in the lead structure. Specifically, we find that the tetrazole and phthalazinone moieties are indispensable for
the inhibitory activity of DNMT3A and elucidate other modifiable regions in the lead compound.

KEYWORDS: Allosteric inhibitor, DNMT3A, SAR, Phthalazinone derivatives, Acute myeloid leukemia

DNMT3A

Enzymes involved in epigenetic regulation often have
essential roles in cellular processes, including develop-
ment, differentiation, and cell cycle regulation.'”> The
dynamic nature of epigenetic regulation involves intricate
communication between various players, including readers,

writers, erasers, and transcription factors, to modulate gene N
expression.”” Among these players, DNMT3A stands out as a 1 ome i
central regulator, and not surprisingly, DNMT3A mutations Figure 1. Lead DNMT3A allosteric inhibitors la and 1b and
are key drivers for diverse cancers.” For example, DNMT3A is potential structural zones for further refinement and improvement of
the most frequently mutated gene in acute myeloid leukemia inhibition by 1a.

(AML).° The mutations are concentrated at interfaces that

stabilize the DNMT3A homotetramer as well as heterote-

tramers, resulting in aberrant methylation patterns caused by nearly 1:1 ratio of 1H and 2H tautomeric forms,'® potentially
dramatic reductions in the ability of DNMT3A to processively serving as distinct bioisosteres of different carboxylic acids.'”
methylate DNA.” Current FDA-approved drugs targeting Earlier studies with these compounds were aimed at
DNMT3A (azacytidine and decitabine) have limitations due identifying their mechanisms of action. Compound 1a showed
to their incorporation into DNA, which leads to unintended a K; of 9.16—18.85 uM with S-adenosyl methionine (SAM,
effects and limited effectiveness while also posing significant AdoMet), whereas compound 1b showed a K; of 3.70-7.06
cytotoxicity risks.*'" As a result, there is growing interest in M ‘l";ith SAM; both inhibitors were found to act allosteri-
developing novel DNMT3A inhibitors with alternative cally.” In a subsequent publication, these two compounds (1a
mechanisms that can offer improved patient outcomes.' !¢ and 1b) were reported as first-in-class allosteric inhibitors of

DNMT3A, which act by disrupting protein—protein inter-
actions (PPIs) and induce acute myeloid leukemia cell
differentiation (Figure 2).”° Importantly, compounds 1a and

We recently reported a screening effort surveying an open-
source chemical library derived from the Medicines for Malaria
Venture (MMV) Pathogen Box. Twelve compounds showed on :
greater than 90% inhibition of DNMT3A at 60 uM. The three ,lb Jare szlgmﬁcantly less cytotoxic than FDA-approved
most potent compounds were identified as hydrophthalazinone inhibitors.
1a and its five-membered-ring derivative 1b (Figure Y along

‘SMedicinal

with a familiar phenylurea known as suramin. The latter Received: November 21, 2023 iy et
compound was omitted from further studies due to our Revised: ~ March 12, 2024 pa
familiarity with its indiscriminate enzyme inhibitory activity. As Accepted:  April 2, 2024

lead structures, compounds la and 1b both provided Published: April 8, 2024

numerous hydrogen-bond donor and acceptor sites. In
addition, their tetrazole moieties are known to exist in a

© 2024 The Authors. Published b
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DNMT3A

DNMT3L
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Figure 2. Structure of DNMT3A—DNMTS3L in complex with DNA
(PDB entry SYX2); compound 1la interferes with the PPIs of
DNMT3A and its regulatory partners. Binding of compound 1la
reduces DNMT3A tetramers to dimers, disabling processive DNA
methylation and decreasing enzyme activity.

In view of these biological and chemical properties and the
increasing need for small-molecule inhibitors of DNMT3A
with new mechanisms of action, we concluded that compounds
la and 1b and their unique allosteric mechanism offered an
exceptionally fertile terrain for continued chemical prospecting.
Herein we report on our efforts to identify the features of
compounds 1a and 1b which are essential for their inhibitory
activity.

Compounds 1a and 1b had been previously synthesized and
investigated by Timmerman in 2001 as potential therapeutics
for African sleeping sickness due to their selective, albeit
unrelated, inhibition of cyclic nucleotide phosphodiesterase
(PDE) enzymes found in Trypanosoma brucei.”” His prior
strategy was readily amenable to various structural modifica-
tions for future synthetic pursuits, particularly within the six
colored zones indicated within the structure shown in Figure 3,
which encompass the lead compounds. However, the six-
membered skeleton 1a clearly offered more options for
perturbation than the corresponding five-membered analog 1b.
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Figure 3. Timmerman’s original 2001 synthetic route to compounds
1a, 1b, 2, and 3 converted A to B, added the difunctional linker C and
then phenol D to arrive at E, which was converted to F. For other
compounds, we instead chose to couple B with various linkers to
provide G and thereby increase synthetic convergence.

Timmerman’s 1a, 1b, 2, and 3 all displayed a four-carbon
linker. The syntheses of these had begun with the requisite aryl
bromide A. This material was sequentially converted to the
desired keto acid and then to the corresponding phthalazinone
derivative B. Further introduction of linker C and phenol D
provided nitrile E, whereupon the fragile acidic tetrazole motif
shown in F was introduced by cycloaddition. To determine the
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compound’s ICs, with DNMT3A, we began by resynthesizing
the lead structure 1a using the identical route and observed an
ICy, of 14 + 2 uM (Figures 4 and S1). Next, we examined the
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Figure 4. Derivatives tested and respective ICy, values (uM) with
errors. Compounds 1la, 2, and 3 were previously synthesized by
Timmerman.

nitrile precursor 2, which was the penultimate intermediate
leading to compound la. Compound 2 (destetrazole)
exhibited an ICy, of >300 uM toward DNMT3A. Thus,
without the tetrazole, which likely serves as a hydrogen-bond
donor, compound 2 proved only < 4% as potent as the lead
compound la. We next prepared carboxylic acid 3 according to
the Timmerman protocol and discovered that it was 60% as
potent as the lead compound [ICs, = 23 pM]. When
considered together, these three results indicated that the
acidic hydrogens in the tetrazole moiety of 1a and carboxylic
acid 3 are critical for inhibition, presumably serving as
hydrogen-bond donors—functionality which is absent from
nitrile 2.

We next prepared and studied compounds not previously
synthesized but readily accessible through Timmerman’s
general synthetic strategy, but diverging somewhat from his
strategy. Removal of the aryl methoxy residue in the starting
brominated aromatic sped construction of analogs by removing
protecting group regimes and presumably provided additional
degrees of freedom of rotation about the neighboring aliphatic
C—O bond. Thus, we were very gratified to find that the
desmethoxy compound 4 [ICy, = 10 uM] resulted in a slight
increase in potency (140% of 1a). In view of this finding, we
chose to continue the exploration of chemical space with this
simpler scaffold.

Next, we focused on modifications of the R* substituent.
Replacing the Timmerman seven-membered ring in analogue 4
with the smaller methyl residue in compound § resulted in
decreased potency (ICs, = 41 uM, 34% of 1a). Utilization of a

https://doi.org/10.1021/acsmedchemlett.3c00528
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benzyl residue as R* provided activity closer to the initial lead
structure (compound 6: ICy, = 13 uM, 107% of la).
Thereafter, we chose to examine the bisfluorinated compound
7 and found that its potency had decreased (ICs, = 18 uM,
77% of 1a). When considered together, these three R*
modifications indicated that this residue was likely positioned
either in a lipophilic region or adjacent to an aqueous interface,
as both scenarios would be expected to lead to greater potency
when a hydrophobic substituent is present.”’

Our attention next turned toward perturbations within the
linker interconnecting the two aryl motifs. Replacement of the
original C, intervening chain with a C; chain provided a slight
increase in potency (compound 8: ICy, = 11 uM, 127% of 1a),
whereas replacement of the C, chain with a C; residue led to
further improvement (compound 9: ICs, = 9 uM, 155% of 1a).
Remarkably, introduction of a cis double bond into the C,
linkage (compound 10: ICs, = 11 uM, 127% of la), as
compared with introduction of a C, trans linkage (compound
11: ICsy = 13 uM, 107% of 1a) resulted in similar outcomes.
Indeed, the two-carbon linker in the amide derivative 12
provided inhibition [ICg, = 38 uM] that was 36% of that of the
initial lead structure la. When pondered together, these five
linker modifications indicate that this chain likely folds back
upon itself and does not interact with any protein residues.
However, the decrease in potency seen from 12 compared to
the other linker derivatives indicates that the linker chain is
proximal to a hydrophobic region of DNMT3A. Next, we
examined deshydrophthalazinone derivative 14, which without
its potential hydrogen-bond acceptor displayed reduced
activity with an IC, of >100 uM, <14% of the inhibition of
1a. This result indicated that a lone pair of either the carbonyl
moiety or the phthalazinone residue is important in interacting
with a proton donor and is critical for allosteric inhibition. We
then examined the flat achiral phthalazinone derivative 13. It is
inhibitory activity (IC5y = 13 M) was nearly identical to that
of the initial lead compound 1a, demonstrating that whatever
allosteric binding interface had accommodated the cis-fused
cyclohexane of la also tolerated a robust, flat, and less
conformationally mobile aromatic ring. Moreover, the absence
of increased potency with the presumably more electron-rich
phthalazinone carbonyl leads us to speculate that the carbonyl
oxygen atom does not serve as the principal hydrogen-bond
acceptor for this motif.

To identify potential binding sites of compound la on
DNMT3A, docking studies were conducted using AutoDock
Vina. By minimizing the free energy of the inhibitor—
DNMT3A complex, we identified the most energetically
favorable pose in silico, which showed compound la bound
near the tetramer interface (Figure SA). In its binding
conformation, the compound occupied a location adjacent to
the tetramer interface, providing distinctive pockets for the
tetrazole and phthalazinone moieties connected by a folded
linker chain (Figure SB). This orientation supports our
functional data with linker analogs and suggests that residues
Q606 and R742 may interact with the tetrazole and carbonyl of
1a, respectively (Figure SC). Although this binding site is not a
critical part of the tetramer interface, the binding of compound
1a could potentially modulate the orientations and reactivity of
other pivotal residues essential for PPIs.

We then sought to determine whether selected analogs of 1a
(3, 4, 5, and 10) also displayed allosteric forms of inhibition.
Using methylation assays with and without inhibitor and varied
concentrations of DNA or SAM, we generated nonlinear
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Figure S. (A) Docking studies with compound 1a indicate that it and
its analogs bind to the DNMT3A homotetramer on the subunit,
which is also bound to DNA near the tetramer interface (PDB entry
Syx2). (B) Close-up view showing the binding pocket of compound
la. (C) This binding pose implicates potential interactions of the
tetrazole and phthalazinone carbonyl with residues Q606 and R742,
respectively.

Michaelis—Menten curves with corresponding double-recip-
rocal plots (Figure S2) and fit them to classical inhibition
models. All inhibitors best fit a mixed-type inhibition model
with DNA and SAM (Table S1), meaning that the inhibitor
binds both the free enzyme and enzyme—substrate complex
with different affinities. By analyzing double-reciprocal plots,
this mechanistic model was confirmed because the changes in
y-intercept and slope are inconsistent with competitive and
uncompetitive forms of inhibition, respectively. Furthermore,
the linear regressions converge at, below, and above the x-axis
on double-reciprocal plots between compounds and/or the
substrate being varied, indicating that the affinity of the
inhibitors for the free enzyme and enzyme—substrate complex
can be modified with small changes to the inhibitor structure.
Extraction of the kinetic parameter @ from the mixed-type
model (Figure S3) revealed that compound la has a
preference toward the enzyme—substrate complex (a < 1)
with both DNA and SAM (Table S2). Furthermore, the
selected analogs also bind more tightly to the enzyme-—
substrate complex than to the free enzyme with both DNA and
SAM (Table S2). This preference could be beneficial since
DNMT3A bound to DNA is likely the dominant species in a
cellular context.

This study provides key insights into the pharmacophores of
compound la for DNMT3A, which itself is significantly
improved over currently used drugs to treat AML.”’ By
synthesizing a set of 13 derivative compounds, we showed that
the tetrazole and phthalazinone moieties are critical for
inhibitory activity. Moreover, the elimination of a lipophilic
R* moiety led to a decrease in potency. Furthermore, docking
studies predict that residues Q606 and R742 have interactions
with la. Additionally, our mechanistic investigations showed
that 1a and four derivatives display a mixed-type inhibition
mechanism with a general preference for the enzyme—
substrate complex. Taken together, these findings provide a
scaffold for further optimization of compound 1a.

https://doi.org/10.1021/acsmedchemlett.3c00528
ACS Med. Chem. Lett. 2024, 15, 590—594


https://pubs.acs.org/doi/suppl/10.1021/acsmedchemlett.3c00528/suppl_file/ml3c00528_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmedchemlett.3c00528/suppl_file/ml3c00528_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmedchemlett.3c00528/suppl_file/ml3c00528_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmedchemlett.3c00528/suppl_file/ml3c00528_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmedchemlett.3c00528/suppl_file/ml3c00528_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00528?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00528?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00528?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00528?fig=fig5&ref=pdf
pubs.acs.org/acsmedchemlett?ref=pdf
https://doi.org/10.1021/acsmedchemlett.3c00528?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Medicinal Chemistry Letters

pubs.acs.org/acsmedchemlett

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00528.

Full details of all materials and methods used in this
work, including protein production, assay methods, and
chemical synthesis; full spectroscopic data for com-
pounds la—14 along with procedures; and 'H and *C
NMR data for all new derivatives (PDF)

B AUTHOR INFORMATION

Corresponding Authors

Thomas R. R. Pettus — Department of Chemistry and
Biochemistry, University of California, Santa Barbara,
California 93106-9510, United States; © orcid.org/0000-
0001-5462-3973; Phone: (805) 637-5651;
Email: trrpettus@ucsb.edu

Norbert O. Reich — Department of Chemistry and
Biochemistry, University of California, Santa Barbara,
California 93106-9510, United States; Biomolecular Science
and Engineering, University of California, Santa Barbara,
California 93106-9510, United States; ©® orcid.org/0000-
0001-6032-2704; Phone: (805) 893-8368; Email: reich@
chem.ucsb.edu

Authors
Ivan Hernandez — Department of Chemistry and
Biochemistry, University of California, Santa Barbara,
California 93106-9510, United States
Ethan Ward — Department of Chemistry and Biochemistry,
University of California, Santa Barbara, California 93106-
9510, United States

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsmedchemlett.3c00528

Author Contributions

SLH. and EW. contributed equally. The manuscript was
written through contributions of all authors. All of the authors
approved the final version of the manuscript.

Funding

National Science Foundation Grant CHE1808775 supported
N.O.R. and EW. research efforts, while T.R.R.P. and LH.
acknowledge a 2022 UCSB Senate Faculty Research Award,
which afforded supplies used in the synthetic efforts.

Notes
The authors declare no competing financial interest.

B ABBREVIATIONS

DNMT3A, DNA methyltransferase 3A; AML, acute myeloid
leukemia; MMV, Medicines for Malaria Venture; PPI,
protein—protein interaction; SAM, S-adenosyl methionine;
PDE, phosphodiesterase

B REFERENCES

(1) Alvarez—Errico, D.; Vento-Tormo, R.; Sieweke, M.; Ballestar, E.
Epigenetic Control of Myleoid Cell Differentiation, Identity and
Function. Nat. Rev. Immunol. 2015, 15, 7—17.

(2) Kiefer, J. C. Epigenetics in Development. Dev. Dyn. 2007, 236
(4), 1144—1156.

(3) Biswas, S.; Rao, C. M. Epigenetic Tools (The Writers, The
Readers and the Erasers) and their Implications in Cancer Therapy.
Eur. J. Pharmacol. 2018, 837, 8—24.

593

(4) Ye, F; Huang, J; Wang, H,; Luo, C,; Zhao, K. Targeting
Epigenetic Machinery: Emerging Novel Allosteric Inhibitors.
Pharmacol. Ther. 2019, 204, No. 107406.

(5) Zucconi, B. E.; Cole, P. A. Allosteric Regulation of Epigenetic
Modifying Enzymes. Curr. Opin. Chem. Biol. 2017, 39, 109—115.

(6) Yang, L; Rau, R; Goodell, M. DNMT3A in Hematological
Malignancies. Nat. Rev. Cancer 2018, 15, 152—165.

(7) Holz-Schietinger, C.; Matje, D. M.; Reich, N. O. Mutations in
DNA Methyltransferase (DNMT3A) Observed in Acute Myeloid
Leukemia Patients Disrupt Processive Methylation. J. Biol. Chem.
2012, 287, 30941—30951.

(8) Yu, J.; Xie, T.; Wang, Z.; Wang, X,; Zeng, S.; Kang, Y.; Hou, T.
DNA Methyltransferases: Emerging Targets for the Discovery of
Inhibitors as Potent Anticancer Drugs. Drug Discovery Today. 2019,
24 (12), 2323-2331.

(9) Santi, D. V,; Norment, A; Garrett, C. E. Covalent Bond
Formation between a DNA-Cytosine Methyltransferase and DNA
Containing S-Azacytosine. Proc. Natl. Acad. Sci. U.S.A. 1984, 81 (22),
6993—6997.

(10) Stresemann, C.; Lyko, F. Modes of Action of the DNA
Methyltransferase Inhibitors Azacytidine and Decitabine. Int. J. Cancer
2008, 123 (1), 8—13.

(11) Stillson, N.; Anderson, K.; Reich, N. In silico study of selective
inhibition mechanism of S-adenosyl-L-methionine analogs for human
DNA methyltransferase 3A. Comput. Biol. Chem. 2023, 102,
No. 107796.

(12) Shao, Z; Xu, P,; Xu, W,; Li, L;; Liu, S.; Zhang, R; Liu, Y.-C,;
Zhang, C.; Chen, S.; Luo, C. Discovery of novel DNA
methyltransferase 3A inhibitors via structure-based virtual screening
and biological assays. Bioorg. Med. Chem. Lett. 2017, 27 (2), 342—346.

(13) Erdmann, A.; Menon, Y.; Gros, C.; Molinier, N.; Novosad, N.;
Samson, A, Gregoire, J. M.; Long, C.; Ausseil, F; Halby, L,;
Arimondo, P. B. Design and synthesis of new non-nucleoside
inhibitors of DNMT3A. Bioorg. Med. Chem. 2015, 23 (17), 5946—
5953.

(14) Valente, S; Liu, Y.; Schnekenburger, M.; Zwergel, C.;
Cosconati, S.;; Gros, C; Tardugno, M.; Labella, D.; Florean, C,;
Minden, S.; Hashimoto, H.; et al. Selective non-nucleoside inhibitors
of human DNA methyltransferases active in cancer including in
cancer stem cells. J. Med. Chem. 2014, 57 (3), 701—713.

(15) Erdmann, A; Halby, L.; Fahy, ].; Arimondo, P. Targeting DNA
Methylation with Small Molecules: What’s Next? J. Med. Chem. 2018,
58 (6), 2569—2583.

(16) Xu, P,; Hu, G; Luo, C.; Liang, Z. DNA Methyltransferase
inhibitors: an updated patent review (2012—2015). Expert Opin. Ther.
Pat. 2016, 26 (9), 1017—1030.

(17) Huang, S.; Stillson, N. J.; Sandoval, J. E.; Yung, C.; Reich, N. O.
A Novel Class of Selective Non-Nucleoside Inhibitors of Human
DNA Methyltransferase 3A. Bioorg. Med. Chem. Lett. 2021, 40,
No. 127908.

(18) Wei, C.-X;; Bian, M.; Gong, G.-H. Tetrazolium Compounds:
Synthesis and Applications in Medicine. Molecules 2015, 20 (4),
5528—-5553.

(19) Zou, Y; Liu, L.; Liy, J.; Liu, G. Bioisosteres in drug discovery:
focus on tetrazole. Future Med. Chem. 2020, 12 (2), 91—93.

(20) Sandoval, J. E.; Ramabadran, R; Stillson, N.; Sarah, L.
Fujimori, D. G.; Goodell, M. A,; Reich, N. O. First-in-Class Allosteric
Inhibitors of DNMT3A Disrupt Protein-Protein Interactions and
Induce Acute Myeloid Leukemia Cell Differentiation. J. Med. Chem.
2022, 65 (15), 10554—10566.

(21) Veerman, J.; van den Bergh, T.; Orrling, K. M.; Jansen, C.; Cos,
P.; Maes, L.; Chatelain, E.; Ioset, J. R;; Edink, E. E; Tenor, H,;
Seebeck, T.; de Esch, I; Leurs, R; Sterk, G. J. Synthesis and
evaluation of analogs of the phenylpyridazinone NPD-001 as potent
trypanosomal TbrPDEB1 phophodiesterase inhibitors and in vitro
trypanocidals. Bioorg. Med. Chem. 2016, 24 (7), 1573—1581.

(22) Van der Mey, M.; Hatzelmann, A.; Van Klink, G. P. M.; Van
der Laan, L J; Sterk, G. J,; Thibaut, U.; Ulrich, W. R;; Timmerman,
H. Novel Selective PDE4 Inhibitors. 2. Synthesis and Structure-

https://doi.org/10.1021/acsmedchemlett.3c00528
ACS Med. Chem. Lett. 2024, 15, 590—594


https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00528?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsmedchemlett.3c00528/suppl_file/ml3c00528_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Thomas+R.+R.+Pettus"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-5462-3973
https://orcid.org/0000-0001-5462-3973
mailto:trrpettus@ucsb.edu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Norbert+O.+Reich"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-6032-2704
https://orcid.org/0000-0001-6032-2704
mailto:reich@chem.ucsb.edu
mailto:reich@chem.ucsb.edu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ivan+Hernandez"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ethan+Ward"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00528?ref=pdf
https://doi.org/10.1038/nri3777
https://doi.org/10.1038/nri3777
https://doi.org/10.1002/dvdy.21094
https://doi.org/10.1016/j.ejphar.2018.08.021
https://doi.org/10.1016/j.ejphar.2018.08.021
https://doi.org/10.1016/j.pharmthera.2019.107406
https://doi.org/10.1016/j.pharmthera.2019.107406
https://doi.org/10.1016/j.cbpa.2017.05.015
https://doi.org/10.1016/j.cbpa.2017.05.015
https://doi.org/10.1038/nrc3895
https://doi.org/10.1038/nrc3895
https://doi.org/10.1074/jbc.M112.366625
https://doi.org/10.1074/jbc.M112.366625
https://doi.org/10.1074/jbc.M112.366625
https://doi.org/10.1016/j.drudis.2019.08.006
https://doi.org/10.1016/j.drudis.2019.08.006
https://doi.org/10.1073/pnas.81.22.6993
https://doi.org/10.1073/pnas.81.22.6993
https://doi.org/10.1073/pnas.81.22.6993
https://doi.org/10.1002/ijc.23607
https://doi.org/10.1002/ijc.23607
https://doi.org/10.1016/j.compbiolchem.2022.107796
https://doi.org/10.1016/j.compbiolchem.2022.107796
https://doi.org/10.1016/j.compbiolchem.2022.107796
https://doi.org/10.1016/j.bmcl.2016.11.023
https://doi.org/10.1016/j.bmcl.2016.11.023
https://doi.org/10.1016/j.bmcl.2016.11.023
https://doi.org/10.1016/j.bmc.2015.06.066
https://doi.org/10.1016/j.bmc.2015.06.066
https://doi.org/10.1021/jm4012627?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm4012627?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm4012627?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm500843d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm500843d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1080/13543776.2016.1209488
https://doi.org/10.1080/13543776.2016.1209488
https://doi.org/10.1016/j.bmcl.2021.127908
https://doi.org/10.1016/j.bmcl.2021.127908
https://doi.org/10.3390/molecules20045528
https://doi.org/10.3390/molecules20045528
https://doi.org/10.4155/fmc-2019-0288
https://doi.org/10.4155/fmc-2019-0288
https://doi.org/10.1021/acs.jmedchem.2c00725?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.2c00725?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.2c00725?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmc.2016.02.032
https://doi.org/10.1016/j.bmc.2016.02.032
https://doi.org/10.1016/j.bmc.2016.02.032
https://doi.org/10.1016/j.bmc.2016.02.032
https://doi.org/10.1021/jm010838c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/acsmedchemlett?ref=pdf
https://doi.org/10.1021/acsmedchemlett.3c00528?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Medicinal Chemistry Letters pubs.acs.org/acsmedchemlett

Activity Relationships of 4-Aryl-Substituted cis-Tetra- and cis-
Hexahydrophthalazinones. J. Med. Chem. 2001, 44 (16), 2523—2535.

(23) Jeffries, B.; Wang, Z.; Graton, J.; Holland, S. D.; Brind, T,;
Greenwood, R. D. R;; Le Questel, J.-Y.; Scott, J. S.; Chiarparin, E,;
Linclau, B. Reducing the lipophilicity of Perfluoroalkyle Groups by
CF,-F/CF,-Me or CF;/CHj exchange. ]. Med. Chem. 2018, 61 (23),
10602—10618.

594

https://doi.org/10.1021/acsmedchemlett.3c00528
ACS Med. Chem. Lett. 2024, 15, 590—594


https://doi.org/10.1021/jm010838c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm010838c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.8b01222?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.8b01222?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/acsmedchemlett?ref=pdf
https://doi.org/10.1021/acsmedchemlett.3c00528?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as



