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e are pleased to present the “Advances Toward
COVID-19 Therapies Special Issue” detailing select
examples of medicinal chemistry approaches to develop small-
molecule drugs for the treatment of SARS-CoV-2 infection.
Two years into the COVID-19 pandemic, SARS-CoV-2 and
its increasing number of variants have wreaked havoc on our
lives and livelihoods at a global scale. Although the exact
number of cases and the death toll may never be established,
the official number of people infected with the virus globally is
>371 million and >5.7 million have died as of February 1,
2022. In the United Sates alone, >75 million individuals have
been infected, resulting in >906 000 deaths. As fast as the virus
spreads and mutates, innovative vaccine technologies, rapid
testing, and highly effective drugs are also being developed to
prevent and stop the pandemic. We have witnessed remarkable
progress in numerous types of technologies and disciplines to
help us understand the virus and the pandemic. Unfortunately,
at the same time the fake news regarding the virus origin, its
infectious capabilities, and the safety and efficacy of the
approved vaccines fueled by certain social media has not
abated. What has clearly emerged during these two years is that

(1) Vaccines are safe and work! Currently, there are over a
dozen types of vaccines around the world. A major
breakthrough in this pandemic has been the discovery,
production, and regulatory approval of mRNA-based
vaccines in such an unprecedented timeline. Although
mRNA vaccines do not produce lifelong immunity, they
have proven to be remarkably safe and efficacious in
preventing viral spread and hospitalization.

(2) Masks work! It is now clear that masks, especially the
high quality N9S models, are quite effective in
preventing viral spread.

(3) Social distancing works! Avoiding close contacts
especially in a confined environment is effective in
reducing viral spread.

(4) Antiviral drugs work! Several monoclonal antibodies and
small-molecule drugs have been shown to be safe and
efficacious in treating SARS-CoV-2 infection. The
discovery of such drugs and their regulatory approval
in such a short time have been unprecedented.

As a community of medicinal chemists, we are in a unique
position to significantly contribute to the field. Through design
of innovative assays in drug screening, modern computer-aided
drug design,and machine learning technologies, high through-
put synthetic chemistry, and deep knowledge in drug design
and preclinical studies, we can expedite our efforts in rapidly
producing highly effective antiviral drugs. It is expected that
safe, effective, and “direct” acting drugs will become the front
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runners in eliminating the virus especially when these drugs are
used in combination.

The collection of papers presented in this special issue are
examples of what our colleagues have successfully produced
while working safely under all the strict conditions with which
we are all familiar. Two in-depth Perspectives and 14 original
Articles detail some of the key discoveries achieved in the past
two years. The first Perspective by Cannalire et al. focuses on
drug discovery efforts to develop inhibitors of SARS-CoV-2
proteases and polymerase,’ while the second Perspective by
Osman et al. focuses on the cellular protease, furin, which has
been recognized as a potential target for the treatment of
SARS-CoV-2 infection.”

All coronaviruses use an RNA-dependent RNA polymerase
(RdRp) essential for efficient replication and transcription of
their RNA. Therefore, RdRp has been recognized as a high-
value target for designing effective drugs against coronaviruses.
Remdesivir, originally developed for the treatment of Ebola,
was the first-in-class U.S. Food and Drug Administration
(FDA)-approved RdRp inhibitor of SARS-CoV-2. The second
nucleoside analogue, molnupiravir (a N*hydroxycytidine),
originally designed for influenza (alphavirus or seasonal
influenza infections), was approved in December 2021.
Molnupiravir increases the frequency of viral RNA mutations
by acting as a substrate for RdRp, leading to inhibition of
SARS-CoV-2 replication.”* Both remdesivir and molnupiravir
escape viral RNA proofreading exonuclease. Other RdRp
targeted drugs (e.g, bemnifosbuvir and galidesivir) are
currently under clinical development. Li et al. demonstrate
that remdesivir metabolite GS-441524 effectively inhibits
SARS-CoV-2 infection in mouse models.” Because GS-
441524 is easier to synthesize than remdesivir, it can serve as
a safe and cheaper alternative.

The third FDA-approved drug, sold under the brand name
paxlovid, is a two-drug combination of nirmatrelvir and
ritonavir. Paxlovid is currently the most effective orally active
drug against COVID-19 that reduced the risk of hospitalization
or death by 89% in a Phase 2/3 EPIC-HR study.’ Nirmatrelvir
inhibits the 3-chymotrypsin-like protease (3CLpro) also
known as MP® or main protease. Other 3CLpro inhibitors
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(e.g., lufotrelvir and rupintrivir and analogs) are under clinical
development.

It is well established that SARS-CoV-2 enters cells through
the interaction of the receptor binding domain (RBD) of its
surface spike protein with the host receptor, angiotensin-
converting enzyme 2 (ACE2). Subsequent proteolytic cleavage
by the host serine proteases such as TMPRSS2 allows entry
into the infected cell through endocytosis.” Therefore, blocking
the interaction of RBD with ACE2 provides a unique
opportunity to develop viral entry inhibitors. Sadremomtaz et
al. used protein contact atlas data and molecular dynamics
simulations to identify interaction hotspots on the secondary
structure elements of ACE2.® The authors designed a library of
discontinuous peptides based on a combination of these
hotspot interactions that showed binding affinity to RBD in
nanomolar range. Qian Wang et al. discuss a coarse-grained
dynamic simulation method to explore conformational
transitions between the closed state and the open state of
the spike protein.” This approach was used to design allosteric
regulators that inhibit the open state of the spike protein. Chao
Wang et al. describe a peptide mimetic of the HIV-1 gp4l
helical repeat (HR1) trimer as an effective inhibitor of SARS-
CoV-2 infection.'’ Finally, Luan and Huynh performed all-
atom molecular dynamics simulations for the bound (the
RBD—ACE2 complex) and free (stand-alone RBD) states to
better assess SARS-CoV-2’s mutations that evade therapeutic
human antibodies."'

Highly potent, safe, and efficacious protease inhibitors have
changed the landscape of effective therapy for HIV and
hepatitis C virus infection. Similarly, proteases implicated in
efficient SARS-CoV-2 replication are promising drug targets.
For example, Konno et al. describe the design and synthesis of
peptidomimetics 3CLpro inhibitors having a benzothiazolyl
ketone as a warhead."” An optimized inhibitor blocks viral
replication and exhibits favorable PK properties. Dai et al.
present the design and synthesis of a series of peptidomimetics
having an aldehydes warhead as inhibitors of the 3CLpro of
enterovirus 71 (EV71)."> An optimized analogue also inhibits
SARS-CoV-2 replication and shows desirable PK properties.
Bai et al. discuss the design and synthesis of peptidomimetics
having an a-acyloxymethylketone warhead as potent inhibitors
of SARS-CoV-2 3CLpro."* Several compounds inhibit viral
replication with minimal cytotoxicity. Starting from ebselen, a
promiscuous protease inhibitor, Huff et al. designed and
synthesized a series of 2-phenyl-1,2-benzoselenazol-3-one
analogs as inhibitors of SARS-CoV-2 3CLpro."”” A lead
compound shows potent inhibition of viral replication in
lung epithelial cells and 3D lung organoids. Starting from a
probe compound ML300, Han et al. performed a structure-
based optimization campaign to design potent inhibitors of
3CLpro.'® The authors further solved the X-ray structures of
several inhibitors in complex with SARS-CoV-1 and SARS-
CoV-2 3CLpro enzymes, paving the way for further
optimization to select a compound for pharmacology studies.
Kitamura et al. describe the discovery of a highly potent and
selective noncovalent SARS-CoV-2 inhibitor that binds to a
novel binding pocket in 3CLpro.'” These manuscripts clearly
illustrate that 3CLpro can be effectively targeted as there are
already numerous crystal structures and lead compounds are
available for further optimization.

The second viral protease, papain-like protease (PLpro), is
also a fascinating drug target, and several PLpro inhibitors are
currently under development. Shen et al. designed a series of
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noncovalent PLpro inhibitors showing slow off-rates, improved
binding affinities, and low micromolar antiviral potency in
SARS-CoV-2-infected human cells."® The authors also solved
the crystals of SARS-CoV-2 PLpro in complex with select
inhibitors, providing a platform for further structure-based
drug design.

Elastase is a serine protease that is mainly expressed on
neutrophils and is an important cellular target to prevent acute
lung injury/acute respiratory distress syndrome in COVID-19
patients. Cui et al. describe the first total synthesis of
cyclotheonellazole A, a natural macrocyclic peptide elastase
inhibitor, in 24 linear steps.'” Ashhurst et al. show that the
marine natural product, gallinamide A, and several synthetic
analogues are potent inhibitors of cathepsin L, a key host
cysteine protease important for viral entry.”’ Gallinamide A
directly interacts with cathepsin L in cells and potently inhibits
SARS-CoV-2 infection in the nanomolar range. Similar to furin
inhibitors, these results clearly show that certain cellular targets
can be effectively inhibited to block viral replication or reduce
certain symptoms uniquely associated with SARS-CoV-2
infection.

In summary, abundant viral and cellular targets are currently
being investigated as potential targets to develop effective
therapy to stop the pandemic. We hope that the readers of this
Special Issue will benefit from the wealth of new information
provided on the development of new therapeutics to combat
SARS-CoV-2.
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