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"l_“ Let’s Get Social!

Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.

. . linkedin.com/company/
@AmerChemsSociety | @AmericanChemicalSociety @amerchemsociety american-chemical-society

Contact ACS Webinars® at acswebinars@acs.org
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Where is the Webinar Recording?

All Registrants ACS Members w/Premium Package
Watch the unedited recording Visit the ACS Webinars® Library
linked in the Thank You Email to watch the edited and

for 24 hours. captioned recording.
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A Career Planning Tool For Chemical Scientists

ChemlIDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org ¢
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Career Consultant Directory

ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.

* Consultants provide personalized career advice to ACS Members.

Browse our Career Consultant roster and request your one-on-one appointment today!
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www.acs.org/careerconsulting

Get in touch with the Office of Diversity,
Equity, Inclusion & Respect

The Office of Diversity, Equity, Inclusion & Respect (DEIR)
is the central hub at the American Chemical Society that
coordinates, supports, and guides all efforts by staff,
members, and governance toward Strategic Goal 5,
“Embrace and Advance Inclusion in Chemistry.” The Office
of DEIR at ACS is committed to empowering everyone,
irrespective of lived experience and intersectionality of
identities, to fully participate in the chemistry enterprise.
The Office of DEIR welcomes comments, suggestions,
and questions around issues of diversity, equity, inclusion,
and respect from members at any time. Please do not
hesitate to reach out to the Office through this form.

Please do not hesitate to reach out to the Office of
DEIR at diversity@acs.org

https://fs7.formsite.com/acsdiversity/ACSMemberFeedback/index.html
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Join the Division Today!

For $25 membership (510 for students), You Will Receive:

¢ A free digital copy of our annual medicinal chemistry
review volume (over 772 pages, $160 retail price)

e Abstracts of MEDI programming at national meetings

e Access to student travel grants and fellowships

Find out more about the ACS MEDI Division! www.acsmedchem.org 13

CO-PRODUCED WITH
ORGANIZERS

Next Event in the Series is in April 2022!

SPEAKERS FROM

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery.html
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Wed, March 2, 2022 | 2pm - 3pm ET Thurs, March 3, 2022 | 2pm - 3:15pm ET Tues, March 8, 2022 | 2pm - 3pm ET
Essentials of Pharmacokinetics = The Research Landscape for Launch Your Career to the
for Drug Development RNA Therapeutics Next Level

Co-produced with the ACS Office of Careers and Co-produced with Chemical Abstracts Service (CAS) Co-produced with the ACS Women Chemists Committee

Professional Education

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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questions window!
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Small Molecule COVID Antivirals:
New Game Changing Treatments for COVID-19

GEORGE PAINTER JAMISON TUTTLE CHRISTOPHER CUNNINGHAM

Associate Research
Fellow, Pfizer

Professor of Pharmacology and Chemical
Biology, Emory University School of
Medicine and Director, Emory Institute
of Drug Development, CEO, Drug
Innovation Ventures at Emory

Associate Professor,
Concordia University Wisconsin
School of Pharmacy

This ACS Webinar ® is co-produced with ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications.
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A COVID-19 Timeline
Status on 2-18-2022: 421,113,202 Cases and 5,912,871 Deaths

12/31/19: WHO China country office notified of a number of cases of pneumonia of unknown etiology

1/7/2020: The causative agent is identified as a novel coronavirus

1/22/20: Human-to-human transmission confirmed as the virus rapidly spreads around the world. Disease
resulting from the novel coronavirus (SARS-CoV-2) is named COVID-19

> 3/11/20: WHO declares COVID-19 a pandemic

3/18/20: Cases multiply exponentially and more countries begin to take measures to arrest spread of virus

1/2021: Multiple vaccines are approved and the world begins a race to vaccinate. Several anti-SARS-CoV-2
antibodies and three direct acting antiviral agents become available. Death rates fall as countermeasures
become available and physicians learn best practices for patient management

2021: Concern increases as variants arise that are vaccine and monoclonal antibody resistant

3/16/22: The world has experienced 5 waves (epidemiologically) of SARS-CoV-2 infection with the latest, and
largest, wave fueled by emergence of the Omicron variant

Audience Survey Question

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

Some Human Coronaviruses cause mild respiratory disease and some are
highly pathogenic. How many Human Coronaviruses exist?

+ One
* Three
» Four
» Five
+ Seven

* If your answer differs greatly from the choices above tell us in the chat!

20
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There are 7 Human Coronaviruses: Four that cause mild
Respiratory Disease and Three Highly Pathogenic

3 ¥

Alpha: HCoV-229E, HCoV-NL63  Beta: HCoV-HKU1, HCoV-OC43, MERS-CoV, SARS-CoV, SARS-CoV-2

2/24/2022

A Focus Developing Therapeutics to Treat

Viral Infections of Global Concern
» RNA viruses are a leading cause of epidemic/pandemic disease and at any given time are
responsible for 80% of the viral disease burden worldwide. They are major contributors to the
pool of emerging and reemerging infectious disease

» As of 2013, there were 180 recognized species of RNA viruses that infect humans and on average
two new species are added every year

» Anthropogenic changes of ecosystems and population growth will likely continue to drive
infection rates

» There are no drugs available for the prophylaxis or treatment of the vast majority of RNA viral
infections. DRIVE is focused on the following families:
(+) Single-Stranded RNA Viruses
Flaviviradae: HCV, Dengue, West Nile, Zika, Tick Borne Encephalitis Complex
Togaviridae: EEEV, VEEV, WEEV, CHIKV
Coronaviridae: SARS-CoV, MERS-CoV and SARS-CoV-2
Picornaviridae: Rhinovirus and Enterovirus (68 and 71)

(-) Single-Stranded RNA Viruses
Paramyxoviridae: Respiratory syncytial virus (RSV)
Orthomyxoviridae: Influenza A and B
Filoviridae: Ebola
Arenaviridae: Lassa virus, Junin, Tacaribe

DRIVE 7@
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RNA-directed RNA-polymerases (RdRps):
Ideal Targets for Antiviral Therapy

» Viral RdRps are essential enzymes with the dual roles of transcribing mRNA from templates
and acting as a replicase to copy genomic RNA; there are no known host cell equivalents

» Viral RdRps share mechanistic similarities with all nucleic acid polymerases

» RdRps are the most conserved of the RNA virus encoded proteins

 Crystal structures to date have shown that all RdRps adopt a canonical “right hand
shape” with three conserved sub-domains referred to as fingers, thumb and palm

» All RdRps contain a series of eight conserved primary sequence motifs, three of which
are located in the palm domain and are critical to catalysis

» The overall structural similarity and the conservation of secondary and tertiary structural
elements in the palm and thumb domains of RdRps has led to speculation that these
enzymes may have evolved from a common ancestor

DRIVE 7®

RNA Viruses Encode a Multiprotein Replicase Complex

nonstructural proteins (nsps 1-16) structural and accessory
| proteins

RdRp ExoN
5 12 3 4 56 711 1o 13 14 1516 S

R — L o  —
E

PLPro SE_pro

nsp14-(ExoN) o

Nsp14-
ExoN

\ A
i ¥ & R 4 2 3

Helicase-

nsp9 ATPase
RNA binding

K nsp12-RdRp

Polymerase

Beta-coronavirus replicase model
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Nucleosides Play a Critical Role in Antiviral Therapy

» Of the 55 approved antiviral therapeutics for the prophylaxis and/or treatment of viral
infections, 28 are nucleoside/nucleotide analogs or include them in a combination
dosage

» Nucleoside analogs act as competitive alternative substrates and block nucleic acid
synthesis by the virally encoded polymerases

» In general, there is a high barrier to the development of resistance to nucleoside
analog polymerase inhibitors. Consequently, they have become the backbone of
modern antiviral therapy

» The toxicities of nucleoside analogs are well understood and generally derive from off-
target activity against host polymerases: human DNA polymerase y and mitochondrial
DNA directed RNA polymerase are prime examples

» Nucleoside analogs are amenable to multiple prodrug strategies that can facilitate
efficient distribution to the appropriate anatomical site of action

DRIVE 7®

Pathway of Neuroinvasion by Aerosolized Venezuelan
Equine Encephalitis Virus

Swanson Il, Phillip A. & McGavern, Dorian. (2015). Portals of Viral Entry into the Central Nervous System. 23-47. 10.1201/b19299-3.

DRIVE 7@
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Transporters of Nucleosides and Nucleoside
Analogs in the Blood Brain Barrier

hENT1 (es)

hENT2 (ei)/hE™™"

hENT4

oo ST, <J$ O,

Adenine Guanosine Adenosine Uridine Cytidine Thymidine

Nucleobases Purine Nucleosides Pyrimidine Nucleosides

hCNT1 (cir)

hCNT2 (cif)

hCNTS3 (cib)

Taken from: Parkinson, F. E.; Damaraju, V. L.; Graham, K.; Yao, S. Y.; Baldwin, S. A;; Cass, C. E.; Young, J.
D. Current Topics in Medicinal Chemistry 2011, 11 (8), 948-972.

DRIVE 7®

EIDD-2801/1931 is a Broadly Active Ribonucleoside Analog

Virus EC;, (nM) CCyy (pM) Selectivity Index Assay
CHKV 1.0 338 >300 Plaque reduction assay in Vero cells
VEEV 1.4 >500 >300 Plaque reduction assay in Vero cells
WEEV 0.73 247 >300 Neutral Red CPE assay in Vero 76 cells
EEEV 0.93 123 132 Visual CPE assay in Vero 76 cells
Human-CoV 0.20 224 21100 Neutral Red CPE assay in HEL cells
SARS-CoV <04 139 2300 Neutral Red CPE assay in Vero 76 cells
SARS-CoV-2 0.08 >125 > 1500 TCIDg, viral titer reduction assay in Calu-3 cells
MERS-CoV <0.8 20 >25 TCIDg, viral titer reduction assay in Vero E6 cells
Ebola 4.7 >100 >21 Plaque reduction assay in Vero cells
RSV 2.5 >300 >120 Replicon assay in Huh-7 cells
Enterovirus-D68 2.3 52 23 Neutral Red CPE assay in RD cells
Rhinovirus 0.48 44 92 Neutral Red CPE assay in Hela cells
Influenza A 1.1 >300 >270 HAU titer assay in MDCK cells
(HIN1)
Influenza B 0.015 >100 > 6000 HAU titer assay in MDCK cells
(Yamagata)
-
DRIVE 7/®
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Structures of EIDD-2801, EIDD-1931 and the Active Antiviral
Agent EIDD-1931 5’-Triphosphate

HO

OH

EIDD-2801

DRIVE 7®
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Mechanism of Action of Molnupiravir: Viral Error Catastrophe

The triphosphate metabolite of molnupiravir can
tautomerize and mimic both uridine and cytidine.
Through tautomerization of the incorporated
triphosphate, pairing can occur with adenosine or
guanosine.

Adenosine with uridine mimic Guanosine with cytidine mimic

HO HO
HO (o] /=N H HO (o] /=N 9
N ] N
HO 2N N, HO Z =0
N H MNe N "H. .OH
\\/N‘ QN,O Q“r H. N
I N
H. N, N7
N H™ "HL |
A | PN
0% N o N
]
HO (o] HO [s}
OH OH OH OH

Figure adapted from: Moriyama et al. Nucleic Acids Research 1998, 26 (9): 2015-2111

Kabinger et al. Nature 2021 https://doi.org/10.1038/s41594-021-00651-0

EIDD-2801 is Efficiently Distributed to and Anabolized in Key Tissues in
the Pathogenesis of RNA Viral Diseases

EIDD-1931 levels in mouse tissues after a single oral dose

1000-
c
% 100- —=- Spleen, 50 mg/kg
%'g: 10 —e- Lung, 50 mgkg
s 8 ~+ Brain, 50 mglkg
0L 1
o
3
8 o1
g

0.01 P

0123456 8121620 24
Time after dose (hr)

100
5
H 10¢ -~ Spleen, 500 mgkg
E’g? 4 - Lung, 500 mg/kg
5 g =+ Brain, 500 mg/kg
il
3
2 01
=

0123456 B12162024
Time after dose (hr)

EIDD-1931 5'-triphosphate in mouse tissues after a single dose of EIDD-1931

3

-=- Spleen, 50 mglkg
—e— Lung, 50 mg/kg

h %i =+ Brain, 50 mglkg
0.1
0.01

0123 456 812162024
Time after dose (hr)

Tissue Concentration
(nmol/g)

100

(nmolig)

Tissue Concentration
°

-=- Spleen, 500 mg/kg
-e- Lung, 500 mg/kg
=+ Brain, 500 mg/kg

1 2 3 4 5 6 512162024
Time after dose (hr)

b

Painter et al., Antiviral Res 2019, 171: 104597 doi: 10.1016/j.antiviral.2019.104597
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Prophylactic treatment with EIDD-2801 potently inhibit SARS-CoV-2 infection in vivo

e SARS-CoV-2 titers in the human lung tissue of LoM administered EIDD-2801 (n = 8 per experiment) or
control vehicle (n = 8 per experiment) 12 h before exposure to virus in two independent experiments shown
separately (c) and combined (d)

Wahl, A. et al. SARS-CoV-2 infection is effectively treated and prevented by EIDD-2801. Nature, Vol 591, March 2021

There Is a Very High Barrier to the Development of Resistance to Molnupiravir

Toots et al. (2019) employed both dose-escalation and fixed-dose passaging strategies to induce influenza A virus (IAV)

resistance to NHC.

(1) Gradual dose-escalation consistently resulted in virus extinction at drug concentrations >4 uM, which is
approximately 2-times the EIDD-1931 (NHC) ECj, concentration against representative IAVs in MDCK cells.

(i1) Serially passaged virus in the presence of fixed drug concentrations: 4 and 10 uM NHC doses were rapidly
sterilizing; 1 and 2 uM were tolerated for >10 passages, however, virus replication efficiency was impaired even at
sublethal NHC concentrations.

Toots et al. Science Translational Medicine. 2019, 11(515) doi: 10.1126/scitranslmed.aax5866

Urakova et al. (2018) showed that only a low-level resistance of VEEV to EIDD-1931 (NHC) can be developed and
became clearly detectable only after 15 passages in the presence of NHC; that resistance [up to 3.2 uM NHC] likely
requires acquisition and cooperative function of more than one mutation.

Urakova et al. Journal of Virology. 2018, 92(3):e01965-17. doi: 10.1128/JV1.01965-17

Agostini et al. (2019) showed that passage of coronaviruses in the presence of EIDD-1931 yields low-level resistance
associated with multiple transition mutations and that EIDD-1931 mutagenesis may hinder emergence of robust
resistance to EIDD-1931.

Agostini et al. Journal of Virology, 2019, doi: 10.1128/JV1.01348-19

EMORY Emory Institute for
UNIVERSITY Drug Development

DRIVE 7@
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Non-clinical Toxicology

* Molnupiravir and NHC were positive in the in vitro bacterial reverse mutation assay
(Ames assay) with and without metabolic activation.

* In 2 distinct in vivo rodent mutagenicity models (Pig-a mutagenicity assay and Big
Blue® [clI Locus] transgenic rodent assay), molnupiravir did not induce increased
mutation rates relative to untreated historical control animals, and therefore is not
mutagenic in vivo.

* Molnupiravir was negative for induction of chromosomal damage in in vitro
micronucleus (with and without metabolic activation) and in vivo rat micronucleus
assays.

* Based on the totality of the genotoxicity data, molnupiravir is of low risk for
genotoxicity or mutagenicity in clinical use.

www.medicines.org.uk/emc/product/13044/smpc

DRIVE 7®

A Randomized, Double-Blind, Placebo-controlled, First-in-Human Study
Designed to Evaluate Safety, Tolerability, and Pharmacokinetics of EIDD-2801
Following Administration to Healthy Volunteers

» Concentrations of molnupiravir were generally
below the limit of quantification (BLQ) at
doses up to 800 mg. At doses of 1200 and
1600 mg, concentrations of molnupiravir were
quantifiable at 1 or more time points between
0.25 and 1.5 hours postdose in all subjects.

Painter et al. Antimicrob Agents Chemother 2021, 65(5):e02428-20

» EIDD-1931 appeared rapidly in plasma.

* Median time of maximum observed
concentration (T,,,,) of 1.00 to 1.75 hours.

* Geometric half-life of approximately 1 to 4.6
hours.

» Slower elimination phase apparent following
higher doses.

* Mean maximum observed concentration (C,,,,,)
and area under the concentration versus time
curve increased in a dose-proportional manner.

Painter, W et al., Antimicrob Agts Chemother, February 2021, doi.org/10.1128/AAC.02428.20

18
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PHASE 2 EIDD-2801-2003: Infectivity Key Virology Endpoint

* Viral cultures were done at Baseline, Day 3, and Day 5. Clearance of infectious virus was
faster for participants treated with molnupiravir 800 mg compared with participants treated
with placebo, molnupiravir 200 mg, or molnupiravir 400 mg.

* On Day 3, the proportions of participants with positive infectivity results had decreased to
1/53 (1.9%) in the molnupiravir 800 mg group compared with 9/54 (16.7%), 4/22 (18.2%),
and 5/43 (11.6%) in the placebo, molnupiravir 200 mg, and molnupiravir 400 mg groups, respectively.

* On Day 5, none of the participants in the molnupiravir 400 mg or 800 mg groups had
positive results compared with 11.1% of participants in the placebo group and 4.5% of
participants in the molnupiravir 200 mg group

Fischer, W et al., Molnupiravir, an Oral Antiviral Treatment for COVID-19,
doi.org/10.1101/2021.06.17.21258639

Emergency Use Authorization Has Been Granted in Multiple
Countries Around the World

Therapeutic indications

» Lagevrio is indicated for treatment of mild to moderate COVID-19 in adults with a positive SARS-COV-2
diagnostic test and who have at least one risk factor for developing severe illness

Posology and method of administration

* The recommended dose of Lagevrio is 800 mg (four 200 mg capsules) taken orally every 12 hours for 5 days, with
or without food.

* The safety and efficacy of molnupiravir when administered for periods longer than 5 days have not been
established.

» Lagevrio should be administered as soon as possible after a diagnosis of COVID-19 has been made and within 5
days of symptom onset

Additional information:

* Elderly: No dose adjustment of Lagevrio is required based on age

» Pregnancy: Not recommended during pregnancy. Use contraception during treatment and for 4 days after last dose

* Renal impairment, hepatic impairment: No dose adjustment is required for patients with renal or hepatic impairment

*» Paediatric population: The safety and efficacy of Lagevrio in patients below 18 years of age have not been
established. No data are available

* Potential to interact with concomitant medications is considered unlikely

www.medicines.org.uk/emc/product/13044/smpc
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Oral Inhibitors of the SARS-CoV-2 Main
Protease for the Treatment of COVID-19

Jamison Tuttle

Medicine Design
Pfizer WRD&M
Cambridge, MA
USA

ACS Webinar 2022

epﬁzer Medicine Design, WRDM

Pfizer External Use
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. PAXLOVID™ has not been approved, but has been authorized for emergency use by FDA under an EUA, for the
treatment of mild-to moderate COVID-19 in adults and pediatric patients (12 years of age and older weighing at least
40 kg) with positive results of direct SARS CoV-2 viral testing, and who are at high-risk for progression to severe

COVID-19, including hospitalization or death.

. The emergency use of PAXLOVID™ is only authorized for the duration of the declaration that circumstances exist
justifying the authorization of the emergency use of drugs and biological products during the COVID-19 pandemic
under Section 564(b)(1) of the Act, 21 U.S.C. § 360bbb-3(b)(1), unless the declaration is terminated or authorization
revoked sooner.

e Pfizer

Main protease (MP™) has an Important Role in Viral Replication

@Pﬁzer Medicine Design, WROM Mengist, H.M., Fan, X. & Jin, T. Designing of improved drugs for COVID-19: Crystal structure of SARS-CoV-2
main protease MP™. Sig Transduct Target Ther 5, 67 (2020). https://doi.org/10.1038/s41392-020-0178-y
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SARS-CoV-2 Polyprotein Substrate and Mp™ Function

SN RE
H
o Y .
SARS-CoV-2 polyprotein substrate

Mpre exclusively cleaves polypeptide sequences at 11 Gln P, sites

No human equivalent host cell proteases cleave at GIn. MP™© has selectivity attractions.

Proximal P, from polyprotein cleavage site is a leucine >90% of the time

epﬁzer Medicine Design, WRDM

PF-7304814 is an IV SARS-CoV-2 Inhibitor in Clinical Trials

@Pﬁzer Medicine Design, WRDM
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IV to Oral: Design Challenges

GIn 189

epﬁzer Medicine Design, WRDM

Tactics Employed to Increase Oral Bioavailability of Mpr Inhibitors

@Pﬁzer Medicine Design, WRDM
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Challenging Need For Certain H-Bonds in Benzothiazoles

Gt

Acycllc P2

HBonds 4
EnzICsy,  39nM
CellEC5, 383nM

HLM 350 pl/min/mg

RRCK 43P
LogD 4.0
Rat F, <1%

app

v

AB (106 cm/sec)

Design hypothesis: Can P, substituent be

cyclized, eliminating an H-Bond?

Model and screen cyclic P, contenders

that are available, and scalable

Cyclic P,

H Bonds
Enz ICsq
Cell ECy
HLM
RRCK
LogD
Rat Fv:JraI

S\N

@

3

511 nM

4.1uM

388 pl/min/mg

7.3 Py, AB (106 cm/sec)
4.2

NT

Incremental improvement to permeability but why the potency loss?
epﬁzer Medicine Design, WRDM

Xtal Structure Reveals Cyclic P2 Loses GIn 189 Interaction

@”?

Cyclic P,

H Bonds
Enz ICs,
Cell ECy
HLM
RRCK
LogD
Rat Foral

3

511nM

4.1uM

388 ul/min/mg

7.3 Papp AB (106 cm/sec)
4.2

NT

@Pﬁzer Medicine Design, WRDM

Gin 189
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Improving a Backbone Interaction and Engaging the S4 Pocket

Py
o= \ .0
0, NH HN/S/:O 0 NH
< z \ o o
o} 0
Hoaol e = Kﬁ LA o
H P, H
§"SN s7SN
HBonds 3 H Bonds 3
EnzICs, 511nM Enz ICy, 36nM
CellEC5y  4.1uM CellEC5y,  1.1uM
HLM 388 pl/min/mg HLM 70 pl/min/mg
RRCK 7.3 Pypp AB RRCK 1.7 Py, AB
LogD 4.2 LogD 24
RatF,, NT Rat Fya 7%
epﬁzer Medicine Design, WRDM

P, Cap Effect on Permeability

Xtal structure overlay with indole shows sulfonamide:

1) Fills the S4 protease pocket and
2) Improves the H bond interaction with the protease backbone

\,/9 (0] o) F)4 :> FsC
HN/S Z NH HN\A\OO NH W O NH
\\( 0 \\( o} \\«\\(/o o}
P> | a0 vl Ao 7oA Lo
H H H
g S" N S”SN Xi s 3N
HBonds 3 HBonds 3 HBonds 3
EnzICs, 36nM EnzICs, 37nM EnzICs,  45nM
CellECg,  1.1uM CellEC5y,  702nM CellEC5,  85nM
HLM 70 wl/min/mg HLM 27 pl/min/mg HLM 25 pl/min/mg
RRCK 1.7 P,,p AB (106 cm/sec) RRCK 0.7 P,p, AB (106 cm/sec) RRCK 13 P,,, AB (10 cm/sec) ‘
LogD 24 LogD 2.4 LogD 3.0
RatFy., 7% RatF,, NT RatF,,  48%

e Pﬁzer

Medicine Design, WRDM
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A_pplying the Lessons Learned from the Btz to the Nitrile

\O ° NH
(o]
{ / oH
N NJKH OH
H oo \( o

PF-835231
HBonds 5
EnzICs,, 10nM
CellEC5, 231nM
HLM 7 pl/min/mg
RRCK 0.2 P,,, AB
(10 cm/sec)
LogD 1.7
RatF,,  <0.5%
@Pﬁzer

2/24/2022

Rat % oral bioavailability

@® PF-835231
@ Btz warhead
@® CN warhead

‘5231

RRCK (10-6 cm/sec)

Tk( 2 J;E)Q

H Bonds
Enz ICs,
Cell ECs,
HLM
RRCK

LogD
Rat F,,

3

45 nM

85 nM

25 pl/min/mg

13 P,y AB (10

app
6 cm/sec)

3.0
48%

Medicine Design, WRDM

A_pplying the Lessons Learned from the Btz to the Nitrile

Yo ON—NH
[ z—j o
\H
N N\AN OH
H 0o \(H o)

PF-835231
HBonds 5
EnzICsxy, 10nM
CellECs, 231nM
HLM 7 w/min/mg
RRCK 0.2P,,, AB

(10 cm/sec)

LogD 1.7
RatF,,  <0.5%

@ Pﬁzer

Rat % oral bioavailability

@ PF-835231
® Btz warhead
@ CN warhead

H Bonds 4
Enz ICs, 77 nM
% o CellECg 1.36 uM
Cpp & Hh
Ho g i H N app
™ hd (106 cm/sec)

LogD 2.6

5231 RatFon 4%

RRCK (10-6 cm/sec)

WK(O X J;‘E)ﬁ

H Bonds
Enz ICs,
Cell ECg
HLM
RRCK

LogD
Rat Fyq

3

45 nM

85 nM

25 pl/min/mg

13 P,pp AB (10

app
6 cm/sec)

3.0
48%

Medicine Design, WRDM
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Applying the Lessons Learned from the Btz to the Nitrile
° HBonds 3 @® PF-835231

}O - Cell ECgy 74 nM
% N 8 J}) HLM 22 pl/min/mg
oo A QH S RRCK ﬁk( L j@
DA o
o \( e}

2) Learn from

Z ot PFOT321332 LoD 17 H Bonds 3
§  same Rat Fo  30-50% EnzICsqy  450M
PF-835231 T Western MWt 499 CellEC5,  85nM
HBonds 5 é fragment HLM 25 pl/min/mg
EnzICs;, 10 nM g RRCK 13 P, AB (10
CellECs,  231nM N H Bonds 4 6 cm/sec)
HLM 7 wimin/mg 8 EnzICsy 77 nM LogD 3.0
RRCK 0.2P,,, AB Y ogw CellECs  1.36 uM RatFo.  48%
(106 cm/sec) Q‘%U’ E) HLM 22 pl/min/mg
LogD 17 D SR RRCK 0.8 P,,, AB
Rat Foy  <0.5% [ he (10 cm/sec)
1) Mod. wrhd LogD 26
5231 Rat Fy.y 4%

RRCK (10-6 cm/sec)

epﬁzer Medicine Design, WRDM

PF-7321332: Oral SARS-CoV-2 MPr |nhibitor Candidate

FiC
=0 ON—NH
HN
o)
AT R
N oY
SN
HBonds 3

EnzICs  190M
CellECy,  74nM

HLM 22 pl/min/mg
RRCK

LogD 1.7

RatF,,  30-50%
MWt 499

@Pﬁzer Medicine Design, WRDM
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PF-7321332 Profile

F3C

=0

HN &
AL R
H

O NH

SN

PF-7321332
M [Cs, 19nM, Ki 3nM

Coronavirus Family Cell EC5,

229E MRCS5 Cell EC5, = 190 nM
SARS 1 Vero 61 Cell ECs, (+2uM EI) = 151 nM
MERS Vero 81 Cell ECs, (+1uM El) = 166 nM

SARS-CoV-2 Cell EC5,
Human Airway Epithelial Cell EC5, =62 nM
Hela ACE2 Cell EC5,= 77 nM
A549 Cell ECy= 56 M
Vero Cell ECg, (+2uM El) = 75 nM
Bi istry Panel
Selectivity IC5y

Cathepsin B, Cathepsin D, Chymotrypsin,
Thrombin a, Caspase 2, Elastase, HIV >10uM

IV P

Coronavirus Family Main Protease F
Biochemistry IC5,
SARS-CoV-1 29nM, HKU1 39nM, OC43 78nM,
229E 113nM, MERS 402nM, NL63 479nM

2/24/2022

10uM kinome profile on 376 kinases

« Highly soluble, developable solid form

« Clean safety pharmacology mini
established

panel & hERG
+ Clean Gentox profile
« Stable to epimerization

« Amenable to synthetic scale up
« Good gastric/intestinal stability

@Pﬁzer Medicine Design, WRDM

How to Make PF-7321332 on Scale

With supply of key starting materials the route is peptide chemistry

e o)
NH .
1. NH;
2. HCI . . . .
—_— Lactam from IV candidate, 3.1.0 proline is commercial

o
BoCN HoN
0o Fgc Fgc
ONNH

EDCI/HOPO \\(O Burgess \\(O
‘ J
k NHz Dehydratlon >\ ‘ k SN
FaC

Used for IV candidate

H ﬁi 1. HATU amidation HN
BOCNH N -Ng~  2.LioH o
o - o PF-7321332
3. Hel >\ N
OH 4. Ethyl trifluoroacetate OH
3.1.0 proline

@Pﬁzer Medicine Design, WRDM
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In vivo efficacy of PF-07321332 in SARS-CoV2 MA 10 infected mice

By

100000

=

L
1000017,

1000-{ §\ —

-

(=3

1=
1

o
Percent Initial Body Weight

Unbound Plasma
Concentration (nM)
- N W A O O
R W T |
]

10

Limit of

T T 2 3
0 10 Day Post-infection

Detection

Virus Titer CCIDsp/mL (Log4o)

Timse (hours) © Mock infection e
= 300 -+ 1000 SARS-CoV-2[¥ 0 I 300## & 10004k

0 300 1000
PF-07321332 (mg/kg) infection[ PF-07321332 (mglkg) PF-07321332 (mglkg)

1000 and 300 mg/kg PF-07321332 dosed orally BID (n=6 mice/grp), 4h post infection

Viral titers and lung histopath analyses performed on day 4

PF-07321332 doses cover ECgy,, prevents body weight loss and lowers viral titer in SARS

CoV-2 infected mice
epﬁzer Medicine Design, WRDM

In vivo efficacy of PF-07321332 in SARS-CoV2 MA 10 infected mice

Histopathology Score

©

3

IS

* %k k

N

* ok kK
0 300 1000

PF-07321332 Mock
777777 ( mglkg) infection

SARS-CoV-2
infection

°

Histopathological analysis of lung tissue from PF-07321332 treated mice

Untreated mice show evidence of increased perivascular inflammation ( a) and alveolar

thickening (y9 compared to treated cohorts

@Pﬁzer Medicine Design, WRDM
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In vivo efficacy of PF-07321332 in SARS-CoV2 MA 10 infected mice

Lung tissues from infected mouse-adapted SARS-CoV-2 at 4 days post infection, fixed and stained with

antibody to the SARS-CoV-2 N protein
Brown staining indicates the presence of replicating virus as demonstrated by expression of the N viral

protein.

@Pﬁzer Medicine Design, WRDM

SAD Exposures of PF-07321332 +/- Ritonavir in healthy patients

Randomized, double-blind, placebo
controlled study in healthy adults. 4 received

1332, 2 received placebo
Co-dosing with Ritonavir (100 mg att = -
12 h, 0 h, and 12 h) increases exposure

above the antiviral EC90 value

Doses were safe and well tolerated

@Pﬁzer Medicine Design, WRDM
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MAD Exposures of PF-07321332 + Ritonavir in Healthy Patients

10 day MAD study

Achieved 5x exposure over the antiviral

EC90 value

Safe and well tolerated

epﬁzer Medicine Design, WRDM

Summary
P, Py P, P, Py Pe o Py
0 (@]
OsNH, HN>: NH
0
o o o |:> 7\\\\// ?L
H H H N
RTNQKI\I(NQLN N R P, NN Py
o) :\ H o z H o) B H
OH
Polyprotein Substrate P Substrate Mimetic
2 PF-7321332

Targeting H-bond donors, toral PK studies and designing for scale-up paid off

First oral SARS-CoV-2 protease inhibitor for COVID-19 to reach the clinic - 11 months
Science (2021) 374, 1586-1593

@Pﬁzer Medicine Design, WRDM
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CO-PRODUCED WITH
ORGANIZERS

Next Event in the Series is in April 2022!
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https://www.acs.org/content/acs/en/acs-webinars/drug-discovery.html ®
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www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

~3——— are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the

ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to
register® for upcoming webinars.

*Requires FREE ACS ID
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products or services. The views expressed in
this presentation are those of the presenter
and do not necessarily reflect the views or
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org
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